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�I�j�_�^�b�k�e�h�\�b�_ 
 
�< 2024 �]�h�^�m �k 1 �i�h 5 �b�x�e�y �\ �]. �K�Z�j�h�\�_, �G�b�`�_�]�h�j�h�^�k�d�h�c �h�[�e. �i�j�h�\�_�^�_�g�Z 8-�y 

�F�_�`�^�m�g�Z�j�h�^�g�Z�y �d�h�g�n�_�j�_�g�p�b�y �b 17-�y �F�_�`�^�m�g�Z�j�h�^�g�Z�y �R�d�h�e�Z �f�h�e�h�^�u�o �m�q�_�g�u�o 
�b �k�i�_�p�b�Z�e�b�k�l�h�\ �b�f. �: . �: . �D�m�j�^�x�f�h�\�Z «�<�a�Z�b�f�h�^�_�c�k�l�\�b�_ �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z 
�k �d�h�g�k�l�j�m�d�p�b�h�g�g�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b» (IHISM’24).  

�G�Z�q�Z�e�h �^�Z�g�g�h�f�m �f�_�j�h�i�j�b�y�l�b�x �[�u�e�h �i�h�e�h�`�_�g�h �\ 1999 �]. �i�j�h�\�_�^�_�g�b�_�f 
�F�_�`�^�m�g�Z�j�h�^�g�h�]�h �k�_�f�b�g�Z�j�Z «�I�h�l�_�g�p�b�Z�e �j�h�k�k�b�c�k�d�b�o �y�^�_�j�g�u�o �p�_�g�l�j�h�\ �b �f�_� -̀
�^�m�g�Z�j�h�^�g�h�]�h �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�h�]�h �p�_�g�l�j�Z �\ �l�j�b�l�b�_�\�u�o �l�_�o�g�h�e�h�]�b�y�o». �J�_�r�_�g�b�_ 
�h�[ �h�j�]�Z�g�b�a�Z�p�b�b �b �i�j�h�\�_�^�_�g�b�b �F�_�`�^�m�g�Z�j�h�^�g�u�o �R�d�h�e �i�h �l�_�f�Z�l�b�d�_ «�<�a�Z�b�f�h-
�^�_�c�k�l�\�b�_ �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �k �d�h�g�k�l�j�m�d�p�b�h�g�g�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b» �b �i�j�_�^�Z�g�b�y 
�k�l�Z�l�m�k�Z �d�h�g�n�_�j�_�g�p�b�b �^�Z�g�g�h�f�m �g�Z�m�q�g�h�f�m �f�_�j�h�i�j�b�y�l�b�x �[�u�e�h �i�j�b�g�y�l�h 
�\ 2004 �]�h�^�m �\ �]. �K�Z�j�h�\�_ �\ �o�h�^�_ �<�l�h�j�h�]�h �f�_�`�^�m�g�Z�j�h�^�g�h�]�h �k�_�f�b�g�Z�j�Z �k �h�^�g�h-
�b�f�_�g�g�u�f �g�Z�a�\�Z�g�b�_�f. �K 2008 �]�h�^�Z �R�d�h�e�Z �g�h�k�b�l �b�f�y �\�_�e�b�d�h�]�h �m�q�_�g�h�]�h �b �h�j�]�Z-
�g�b�a�Z�l�h�j�Z, �i�j�h�n�_�k�k�h�j�Z �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�h�]�h �=�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �m�g�b�\�_�j�k�b�l�_�l�Z 
�: . �: . �D�m�j�^�x�f�h�\�Z, �k�l�h�y�\�r�_�]�h �m �b�k�l�h�d�h�\ �_�_ �h�j�]�Z�g�b�a�Z�p�b�b. �H�j�]�Z�g�b�a�Z�l�h�j�Z�f�b �f�_-
�j�h�i�j�b�y�l�b�y �k�j�Z�a�m �`�_ �[�u�e �\�u�[�j�Z�g �i�_�j�_�^�\�b�`�g�h�c �k�l�b�e�v �i�j�h�\�_�^�_�g�b�y �d�h�g�n�_�j�_�g�p�b�c 
�b �R�d�h�e. �A�Z �w�l�h �\�j�_�f�y �f�_�j�h�i�j�b�y�l�b�_ �i�j�h�\�h�^�b�e�Z�k�v: �\ �K�Z�j�h�\�_ (2001, 2004, 2009, 
2014, 2019 �b 2023 �]�].), �\ �I�_�l�j�h�a�Z�\�h�^�k�d�_ (2005, 2006 �b 2016 �]�].), �\ �K�Z�g�d�l-
�I�_�l�_�j�[�m�j�]�_ (2007 �].), �g�Z �l�_�i�e�h�o�h�^�_ «�=�_�h�j�]�b�c �@�m�d�h�\» (2008 �b 2012 �].), �\ �<�h�j�h-
�g�_�`�_ (2010 �].), �\ �A�\�_�g�b�]�h�j�h�^�_ (2011 �].), �\ �F�h�k�d�\�_ (2015 �].), �I�j�h�l�\�b�g�h (2017 �].), 
�=�Z�l�q�b�g�_ (2021 �]) �b �H�d�m�e�h�\�d�_ (2022 �].). 

�< �j�Z�[�h�l�_ �d�h�g�n�_�j�_�g�p�b�b �b �R�d�h�e�u �i�j�b�g�y�e�h �m�q�Z�k�l�b�_ �[�h�e�_�_ 120 �k�i�_�p�b�Z�e�b�k�l�h�\ 
�b�a 34 �h�j�]�Z�g�b�a�Z�p�b�c �F�h�k�d�\�u, �G�b�`�g�_�]�h �G�h�\�]�h�j�h�^�Z, �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�Z, �?�d�Z�l�_-
�j�b�g�[�m�j�]�Z, �L�h�f�k�d�Z, �I�_�l�j�h�a�Z�\�h�^�k�d�Z, �=�Z�l�q�b�g�u, �L�m�e�u, �>�b�f�b�l�j�h�\�h�]�j�Z�^�Z �b �K�Z�j�h�\�Z 
(�J�h�k�k�b�y), �:�e�f�Z�l�u, �M�k�l�v-�D�Z�f�_�g�h�]�h�j�k�d�Z (�D�Z�a�Z�o�k�l�Z�g). �;�u�e�h �i�j�_�^�k�l�Z�\�e�_�g�h 56 �h�[-
�s�_�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o �b �k�i�_�p�b�Z�e�v�g�u�o �e�_�d�p�b�c �b �^�h�d�e�Z�^�h�\, �Z �l�Z�d�`�_ 17 �^�h�d�e�Z�^�h�\ 
�f�h�e�h�^�u�o �m�q�_�g�u�o �b �k�i�_�p�b�Z�e�b�k�l�h�\ �i�h �r�b�j�h�d�h�f�m �d�j�m�]�m �\�h�i�j�h�k�h�\, �k�\�y�a�Z�g�g�u�o 
�k �l�_�f�Z�l�b�d�h�c �R�d�h�e�u. �Q�Z�k�l�v �w�l�b�o �f�Z�l�_�j�b�Z�e�h�\ �i�m�[�e�b�d�m�_�l�k�y �\ �g�Z�k�l�h�y�s�_�f �k�[�h�j-
�g�b�d�_. 

�< �j�Z�f�d�Z�o �R�d�h�e�u �]�j�Z�f�h�l�Z�f�b �a�Z �e�m�q�r�b�_ �^�h�d�e�Z�^�u �g�Z �k�_�d�p�b�b �g�Z�]�j�Z�`�^�_�g�u: 
�D�m�a�_�g�h�\ �K. �J. (�K�I�[�=�M�L) �b �I�_�j�k�b�Z�g�h�\�Z �: . �I . (�G�B�P «�D�m�j�q�Z�l�h�\�k�d�b�c �b�g�k�l�b�l�m�l») – 
�k�_�d�p�b�y «�D�b�g�_�l�b�d�Z �b �l�_�j�f�h�^�b�g�Z�f�b�d�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �k �l�\�_�j�^�u�f�b �l�_-
�e�Z�f�b, �\�d�e�x�q�Z�y �w�n�n�_�d�l�u �j�Z�^�b�h�]�_�g�g�h�]�h �]�_�e�b�y»; �K�Z�\�h�l�b�g �B. �F. (�F�=�M) – �k�_�d�p�b�y 
«�=�b�^�j�b�^�u �b �]�b�^�j�b�^�g�u�_ �i�j�_�\�j�Z�s�_�g�b�y»; �Q�m�]�j�h�\ �B. �: . (�J�N�Y�P-�<�G�B�B�W�N), 
�K�f�b�j�g�h�\�Z �?. �<. (�N�L�B �b�f. �: . �N. �B�h�n�n�_)  – �k�_�d�p�b�y «�F�h�^�_�e�b, �f�_�l�h�^�u �b �Z�i�i�Z�j�Z-
�l�m�j�Z». 

�H�j�]�d�h�f�b�l�_�l �[�e�Z�]�h�^�Z�j�b�l �a�Z �i�h�f�h�s�v �\ �h�j�]�Z�g�b�a�Z�p�b�b �f�_�j�h�i�j�b�y�l�b�y �b �k�i�h�g�k�h�j-
�k�d�m�x �i�h�^�^�_�j�`�d�m �N�=�M�I «�J�N�Y�P-�<�G�B�B�W�N» �b �=�h�k�d�h�j�i�h�j�Z�p�b�x «�J�h�k�Z�l�h�f», 
�G�Z�p�b�h�g�Z�e�v�g�u�c �p�_�g�l�j �n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b (�G�P�N�F), �d�h�f�i�Z�g�b�x Vigor Tritium 
Retention Systems. 

�H�k�h�[�m�x �[�e�Z�]�h�^�Z�j�g�h�k�l�v �h�j�]�d�h�f�b�l�_�l �\�u�j�Z�`�Z�_�l �P�Z�j�_�\�h�c �B�j�b�g�_, �K�_�g�y�]�b�g�h�c 
�F�Z�j�b�g�_, �F�Z�d�k�b�f�d�b�g�m �B�]�h�j�x, �R�_�\�g�b�g�m �?�\�]�_�g�b�x �b �X�o�b�f�q�m�d�m �:�e�_�d�k�Z�g�^�j�m, 
�m�k�b�e�b�y�f�b �d�h�l�h�j�u�o �k�l�Z�e�h �\�h�a�f�h�`�g�u�f �i�j�h�\�_�^�_�g�b�_ �f�_�j�h�i�j�b�y�l�b�y, �Z �l�Z�d�`�_ �d�h�f-
�n�h�j�l�g�h�_ �i�j�_�[�u�\�Z�g�b�_ �_�]�h �]�h�k�l�_�c.  

 

�H�j�]�d�h�f�b�l�_�l 
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�J�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �^�_�]�Z�a�Z�p�b�y �i�e�Z�k�l�b�g�u, �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �g�Z�k�u�s�_�g-

�g�h�c �\�h�^�h�j�h�^�h�f. �W�d�k�i�_�j�b�f�_�g�l �i�j�h�\�h�^�b�l�k�y �f�_�l�h�^�h�f �l�_�j�f�h�^�_�k�h�j�[�p�b�h�g�g�h�c 
�k�i�_�d�l�j�h�f�_�l�j�b�b (�L�>�K). �< �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �d�j�Z�_�\�h�c �a�Z�^�Z�q�_ �k �g�_�e�b�g�_�c�g�u-
�f�b �]�j�Z�g�b�q�g�u�f�b �m�k�e�h�\�b�y�f�b �m�q�l�_�g�u �h�k�g�h�\�g�u�_ �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �i�j�h-
�p�_�k�k�u: �^�b�n�n�m�a�b�y �b �^�_�k�h�j�[�p�b�y. �I�j�_�^�k�l�Z�\�e�_�g�u �f�_�l�h�^�b�d�Z �h�p�_�g�d�b �i�Z�j�Z�f�_�l-
�j�h�\ �f�h�^�_�e�b �i�h �j�_�a�m�e�v�l�Z�l�Z�f �b�a�f�_�j�_�g�b�c �b �j�_�a�m�e�v�l�Z�l�u �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b-
�j�h�\�Z�g�b�y. 

�I�h�k�l�Z�g�h�\�d�Z �a�Z�^�Z�q�b 

�<�h�^�h�j�h�^ �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�Z�d �h�^�b�g �b�a �i�_�j�k�i�_�d�l�b�\�g�u�o �w�d�h�e�h�]�b�q�_�k�d�b �q�b-
�k�l�u�o �w�g�_�j�]�h�g�h�k�b�l�_�e�_�c. �D�j�h�f�_ �l�h�]�h, �[�_�a�h�i�Z�k�g�h�k�l�v �k�b�k�l�_�f �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b 
�b �i�_�j�_�j�Z�[�h�l�d�b �m�]�e�_�\�h�^�h�j�h�^�g�h�]�h �k�u�j�v�y �\�h �f�g�h�]�h�f �h�i�j�_�^�_�e�y�_�l�k�y �m�j�h�\�g�_�f �a�Z�s�b-
�l�u �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �h�l �\�h�^�h�j�h�^�g�h�c �d�h�j�j�h�a�b�b. �F�_�l�h�^ �l�_�j�f�h�^�_-
�k�h�j�[�p�b�h�g�g�h�c �k�i�_�d�l�j�h�f�_�l�j�b�b (�L�>�K) �y�\�e�y�_�l�k�y �h�^�g�b�f �b�a �h�k�g�h�\�g�u�o �i�j�b �b�k�k�e�_�^�h-
�\�Z�g�b�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �k �l�\�_�j�^�u�f �l�_�e�h�f [1–3]. �I�e�Z�k�l�b�g�Z �l�h�e�s�b�g�u �• 
�b�a �f�_�l�Z�e�e�Z �b�e�b �k�i�e�Z�\�Z, �g�Z�]�j�_�l�Z�y �^�h �l�_�f�i�_�j�Z�l�m�j�u���6 
L �6, �g�Z�o�h�^�b�l�k�y �\ �d�Z�f�_�j�_ 
�k �]�Z�a�h�h�[�j�Z�a�g�u�f �\�h�^�h�j�h�^�h�f �i�h� ̂�^�Z�\�e�_�g�b�_�f���L�§. �I�h�k�e�_ �j�Z�\�g�h�\�_�k�g�h�]�h �j�Z�\�g�h�f�_�j�g�h-
�]�h �g�Z�k�u�s�_�g�b�y �j�Z�k�l�\�h�j�_�g�g�u�f �Z�l�h�f�Z�j�g�u�f �\�h�^�h�j�h�^�h�f �h�[�j�Z�a�_�p �[�u�k�l�j�h �h�o�e�Z�`�^�Z-
�_�l�k�y (�h�l�d�e�x�q�Z�_�l�k�y �l�h�d �g�Z�]�j�_�\�Z), �d�Z�f�_�j�Z �\�Z�d�m�m�f�b�j�m�_�l�k�y, �b �\ �m�k�e�h�\�b�y�o �f�_�^�e�_�g-
�g�h�]�h �g�Z�]�j�_�\�Z �k �i�h�f�h�s�v�x �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�Z �h�i�j�_�^�_�e�y�_�l�k�y �^�_�k�h�j�[�p�b�h�g�g�u�c �i�h-
�l�h�d. �I�h �w�l�h�c �b�g�n�h�j�f�Z�p�b�b �k�m�^�y�l �h �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z 
�k �b�k�k�e�_�^�m�_�f�u�f �f�Z�l�_�j�b�Z�e�h�f. �< �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �i�j�Z�d�l�b�d�_, �h�k�h�[�_�g�g�h �^�e�y 
�f�_�f�[�j�Z�g�g�u�o �l�_�o�g�h�e�h�]�b�c �\�u�^�_�e�_�g�b�y �h�k�h�[�h �q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z �b�a �]�Z�a�h�\�u�o �k�f�_-
�k�_�c, �^�Z �b �k �p�_�e�v�x �k�h�d�j�Z�s�_�g�b�y �\�j�_�f�_�g�b �w�d�k�i�_�j�b�f�_�g�l�Z, �q�Z�k�l�h �b�k�i�h�e�v�a�m�x�l�k�y 
�l�h�g�d�b�_ �h�[�j�Z�a�p�u (�• �\ �i�j�_�^�_�e�Z�o �f�f ). �:  �^�e�b�g�Z �b �r�b�j�b�g�Z �í �i�h�j�y�^�d�Z �k�f. �B�f�_�y �w�l�h 
�\ �\�b�^�m, �^�e�y �h�i�j�_�^�_�e�_�g�g�h�k�l�b, �^�Z�e�_�_ �i�j�b �f�h�^�_�e�b�j�h�\�Z�g�b�b �i�j�h�p�_�k�k�Z �^�_�]�Z�a�Z�p�b�b 
�[�m�^�_�f �i�j�_�g�_�[�j�_�]�Z�l�v �l�h�j�p�Z�f�b �l�h�g�d�h�c �i�e�Z�k�l�b�g�u. 

�J�Z�k�k�f�h�l�j�b�f �k�b�f�f�_�l�j�b�q�g�m�x �g�_�e�b�g�_�c�g�m�x �d�j�Z�_�\�m�x �a�Z�^�Z�q�m �L�>�K-�^�_�]�Z�a�Z-
�p�b�b: 



�D�b�g�_�l�b�d�Z �b �l�_�j�f�h�^�b�g�Z�f�b�d�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z…��
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�ò�?
�ò�P��


 L � &�:�6�;
�ò�6�?
�ò�T�6

� á � �� P � Ð�:�r�á �P�Û�;�á ���������?�:�r�á �T�; 
 L � î�:�T�; 
 L � î�:� º 
 F � T�;�á���� 

���T �Ð�>�r�á �º�?�á ���������������������������������������������������������������������������������������������:�s�; 

�&�:�6�;
�ò�?�:�P�á �r�;

�ò�T��

 L � >�:�6�;�?�4

�6�:�P�;�á ���������&�:�6�;
�ò�?�:�P�á �º�;

�ò�T��

 L 
 F� >�:�6�;�?�º

�6�:�P�;� á � �� � 

� P � Ð�>�r�á �P�Û�?�ä�����������������������������������������������������������������������������������������������������:�t�; 
�A�^�_�k�v �?�:�P�á �T�;��— �d�h�g�p�_�g�l�j�Z�p�b�y �Z�l�h�f�Z�j�g�h�]�h �\�h�^�h�j�h�^�Z (H), �j�Z�k�l�\�h�j�_�g�g�h�]�h 

�\ �i�e�Z�k�l�b�g�_,���?�4�:�P�; �  � ?�:�P�á �r�;, �?�º�:�P�; �  � ?�:�P�á �º�;,�����?�4�:�P�; 
 L � ?�º�:�P�;; �P�Û — �\�j�_�f�y �^�_�]�Z�a�Z-
�p�b�b; �&, �> — �d�h�w�n�n�b�p�b�_�g�l�u �^�b�n�n�m�a�b�b �b �^�_�k�h�j�[�p�b�b; �,�:�P�; 
 L � >�:�6�;�?�4�á�º

�6 �:�P�; — 
�i�e�h�l�g�h�k�l�v �^�_�k�h�j�[�p�b�h�g�g�h�]�h �i�h�l�h�d�Z (�k �^�\�m�o �k�l�h�j�h�g, �l�h�j�p�Z�f�b �i�e�Z�k�l�b�g�u �i�j�_�g�_-
�[�j�_�]�Z�_�f). �D�\�Z�^�j�Z�l�b�q�g�h�k�l�v �^�_�k�h�j�[�p�b�b �k�\�y�a�Z�g�Z �k �l�_�f, �q�l�h �\�h�^�h�j�h�^ �^�b�n�n�m�g�^�b�j�m-
�_�l �\ �f�_�l�Z�e�e�_ �\ �Z�l�h�f�Z�j�g�h�f �k�h�k�l�h�y�g�b�b, �Z �i�h�d�b�^�Z�_�l �i�h�\�_�j�o�g�h�k�l�v (�i�j�b � T 
 L � r� � �b 
� T 
 L � º) �\ �f�h�e�_�d�m�e�y�j�g�h�c �n�h�j�f�_. �D�h�w�n�n�b�p�b�_�g�l�u �^�b�n�n�m�a�b�b �b �^�_�k�h�j�[�p�b�b (�w�n�n�_�d-
�l�b�\�g�h�c �j�_�d�h�f�[�b�g�Z�p�b�b) �a�Z�\�b�k�y�l �h�l �l�_�d�m�s�_�c �l�_�f�i�_�j�Z�l�m�j�u �6. �D�Z�d �i�j�Z�\�b�e�h, 
�\ «�j�Z�[�h�q�_�f �^�b�Z�i�Z�a�h�g�_» �\�u�i�h�e�g�y�_�l�k�y �a�Z�d�h�g �:�j�j�_�g�b�m�k�Z: ���&�:�6�; 
 L � &�4�‡�š�’�<
F�'�½��
�>�4�6�?�=, ���>�:�6�; 
 L � >�4�‡�š�’�<
F�'�Õ���>�4�6�?, �&�4, �' �½, �>�4, �' �Õ, �4 
L �…�‘�•�•�– (�' �½, �' �Õ — �w�g�_�j�]�b�b 
�Z�d�l�b�\�Z�p�b�b, �4 
L �z�ä�u�s�v�v�s�>� /̀[�f�h�e�v·�D] — �m�g�b�\�_�j�k�Z�e�v�g�Z�y �]�Z�a�h�\�Z�y �i�h�k�l�h�y�g�g�Z�y). 
�G�Z�]�j�_�\ �h�[�u�q�g�h �e�b�g�_�c�g�u�c: �6�:�P�; 
 L � 6�4 
 E � R� P, � R 
 P � r. �K�h�d�j�Z�s�_�g�g�h �h�[�h�a�g�Z�q�Z�_�f 
�&�:�P�; �  � &
 k� 6�:�P�;
o, �>�:�P�; �  � >� :� 6�:�P�;�;. 

�Q�l�h �d�Z�k�Z�_�l�k�y �g�Z�q�Z�e�v�g�u�o �^�Z�g�g�u�o �î �:�T�;, �l�h �\ �k�b�e�m �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b 
�g�Z�k�u�s�_�g�b�y �b �g�_�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b �i�h�^�]�h�l�h�\�b�l�_�e�v�g�h�]�h �w�l�Z�i�Z (�h�o�e�Z�`�^�_�g�b�_ �b 
�\�Z�d�m�m�f�b�j�h�\�Z�g�b�_) �h�[�u�q�g�h �k�q�b�l�Z�x�l �g�Z�q�Z�e�v�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �j�Z�\�g�h�f�_�j�g�u�f: 
�î �:�T�; 
 L � ?�§
L �…�‘�•�•�–. �A�^�_�k�v �?�§
 L � ?�§�:�L�§� á � 6
$�;��—�j�Z�\�g�h�\�_�k�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y. �G�_�k�h�]�e�Z�k�h-
�\�Z�g�g�h�k�l�v �g�Z�q�Z�e�v�g�u�o �b �]�j�Z�g�b�q�g�u�o �m�k�e�h�\�b�c �i�j�b �w�l�h�f �g�_�i�j�b�g�p�b�i�b�Z�e�v�g�Z, �i�h-
�k�d�h�e�v�d�m �[�m�^�_�f �b�k�i�h�e�v�a�h�\�Z�l�v �e�b�r�v �b�g�l�_�]�j�Z�e�v�g�u�_ �k�h�h�l�g�h�r�_�g�b�y (�j�_�r�_�g�b�_ �d�j�Z�_-
�\�h�c �a�Z�^�Z�q�b (1)–(2) �i�h�g�b�f�Z�_�l�k�y �d�Z�d �h�[�h�[�s�_�g�g�h�_). �>�e�y �l�h�g�d�b�o �f�_�f�[�j�Z�g �k�e�_�^�m�_�l 
�m�q�_�k�l�v «�g�Z�q�Z�e�v�g�u�c �i�j�h�]�b�[» �d�h�g�p�_�g�l�j�Z�p�b�b �i�h �d�j�Z�y�f. �H�]�j�Z�g�b�q�b�f�k�y �i�Z�j�Z�[�h�e�b-
�q�_�k�d�h�c �Z�i�i�j�h�d�k�b�f�Z�p�b�_�c �î �:�T�; 
 L � ?�§
 F � #�4�>� T 
 F � º�4�?�6, �º�4 
 L � º� �� t, �#�4 
 P � r. 

�P�_�e�v �j�Z�[�h�l�u �k�h�k�l�h�b�l �\ �j�Z�a�j�Z�[�h�l�d�_ �\�u�q�b�k�e�b�l�_�e�v�g�h�]�h �Z�e�]�h�j�b�l�f�Z �^�e�y 
�h�i�j�_�^�_�e�_�g�b�y �i�h �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �l�_�j�f�h�^�_�k�h�j�[�p�b�b �,�:�P�;, � P � Ð�>�r�á �P�Û�? ( �,�:�P�; 
 N � r, 
� P 
 R � P�Û), �i�Z�j�Z�f�_�l�j�h�\���Ï�Ñ�Ç�È�Î�Ë���>�4, �' �Õ, �&�4, �' �½, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o �\�h�^�h�j�h�^�h�i�j�h�g�b-
�p�Z�_�f�h�k�l�v �d�h�g�k�l�j�m�d�p�b�h�g�g�h�]�h �f�Z�l�_�j�b�Z�e�Z. 

�L�j�m�^�g�h�k�l�b �j�_�r�_�g�b�y �h�[�j�Z�l�g�u�o �a�Z�^�Z�q �o�h�j�h�r�h �b�a�\�_�k�l�g�u [4, 5]. �< �q�Z�k�l�g�h-
�k�l�b, �j�Z�a�j�Z�[�h�l�Z�g�u �]�j�Z�^�b�_�g�l�g�u�_ �Z�e�]�h�j�b�l�f�u �f�b�g�b�f�b�a�Z�p�b�b �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �i�Z�j�Z-
�f�_�l�j�h�\ �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�c �g�_�\�y�a�d�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b �f�h�^�_�e�v�g�u�o �d�j�b�\�u�o 
[6]. �G�h �g�Z �d�Z�`�^�h�c �b�l�_�j�Z�p�b�b �\ �h�[�s�_�f �k�e�m�q�Z�_ �i�j�b�o�h�^�b�l�k�y �q�b�k�e�_�g�g�h �j�_�r�Z�l�v �d�j�Z-
�_�\�u�_ �a�Z�^�Z�q�b �i�j�b �l�_�d�m�s�b�o �i�j�b�[�e�b�`�_�g�b�y�o �i�Z�j�Z�f�_�l�j�h�\. �D �l�h�f�m �`�_, �d�Z�d �i�j�Z�\�b�e�h, 
�k�o�h�^�b�f�h�k�l�v �e�b�r�v �e�h�d�Z�e�v�g�Z�y. �M�q�_�l �k�i�_�p�b�n�b�d�b �f�_�l�h�^�Z �l�_�j�f�h�^�_�k�h�j�[�p�b�b �i�h�a�\�h-
�e�b�e �j�Z�a�j�Z�[�h�l�Z�l�v �Z�e�]�h�j�b�l�f �b�^�_�g�l�b�n�b�d�Z�p�b�b, �\ �d�h�l�h�j�h�f �h�k�g�h�\�g�Z�y �\�u�q�b�k�e�b�l�_�e�v-
�g�Z�y �g�Z�]�j�m�a�d�Z �k�\�y�a�Z�g�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �d�\�Z�^�j�Z�l�m�j�g�u�o �n�h�j�f�m�e, �Z �g�_ �j�_�r�_�g�b�_�f 
�d�j�Z�_�\�u�o �a�Z�^�Z�q. 

�>�e�y �l�_�k�l�b�j�h�\�Z�g�b�y �Z�e�]�h�j�b�l�f�Z �j�_�r�_�g�b�y �h�[�j�Z�l�g�h�c �a�Z�^�Z�q�b �k�g�Z�q�Z�e�Z �q�b�k�e�_�g-
�g�h �]�_�g�_�j�b�j�h�\�Z�e�b�k�v �f�h�^�_�e�v�g�u�_ �d�j�b�\�u�_, �i�h�j�h�`�^�Z�x�s�b�_ �i�Z�j�Z�f�_�l�j�u �d�h�l�h�j�u�o �a�Z-
�l�_�f «�a�Z�[�u�\�Z�e�b�k�v». �B�a-�a�Z �[�h�e�v�r�h�]�h �j�Z�a�[�j�h�k�Z �i�h�j�y�^�d�h�\ �\�_�e�b�q�b�g �i�j�b �q�b�k�e�_�g�g�h�f 
�f�h�^�_�e�b�j�h�\�Z�g�b�b���,�:�P�; �i�j�h�\�h�^�b�e�h�k�v �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_:�����T 
L �º�V,���V 
L�>�r�á �s�?,������
���Q 
L �?���?�§,�������Q�ç 
 L � &� Q�í�í,�������&�Q�í���4�á�5
 L 
 G� >� Q�4�á�5

�6 ,�����& 
L �&���º�6,���> 
L �>�?�§���º, �Q�:�r�á �V�; 
 L � s 
 F
�#�4�:� V 
 F � r� ä� w�;�6, �#�4 
 L � #�4�º�6���?�§. �A�^�_�k�v �a�Z �i�j�_�h�[�j�Z�a�h�\�Z�g�g�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b �f�h�^�_�e�b 
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�h�k�l�Z�\�e�y�_�f �i�j�_�`�g�b�_ �h�[�h�a�g�Z�q�_�g�b�y �&, �>, �#�4. �W�l�b �g�h�j�f�b�j�h�\�d�b �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 
�\ �j�Z�f�d�Z�o �i�j�h�]�j�Z�f�f�g�h�]�h �h�[�_�k�i�_�q�_�g�b�y �b �g�_ �h�l�g�h�k�y�l�k�y �d �^�Z�e�v�g�_�c�r�_�f�m �b�a�e�h�`�_-
�g�b�x. �>�e�y �h�i�j�_�^�_�e�_�g�g�h�k�l�b �Z�\�l�h�j�u �h�j�b�_�g�l�b�j�h�\�Z�e�b�k�v �g�Z �^�Z�g�g�u�_ �i�h �\�h�e�v�n�j�Z�f�m, 
�y�\�e�y�x�s�_�f�m�k�y �h�^�g�b�f �b�a �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �\ �j�_�Z�d�l�h�j�Z�o [7]: 
�?�§
L �w�ä�r�z�v 
H �s�r�5�: 1/�k�f3 (�6
$�� 
L �s�u�r�r �D), �6�4 
L �u�r�r �D, �6���6= 2 �D/c, ���P�Û
L �w�r�r c, 
� º 
 L � r� ä� s �k�f, �>�4 
 L � x 
 H � s� r�?�5�6 �k�f4/c; �' �Õ
L �u�{�ä�w�w�{ �d�>�/̀�f�h�e�v, ���&�4 
L �v�ä�s 
H ������
H
�s�r�?�7 �k�f2/c; �' �½=37.629 �d�>�/̀�f�h�e�v. 

�I�Z�j�Z�[�h�e�b�q�_�k�d�h�_ �i�j�b�[�e�b�`�_�g�b�_ 

�K�o�h�^�b�f�h�k�l�v �\ �g�_�e�b�g�_�c�g�u�o �h�[�j�Z�l�g�u�o �a�Z�^�Z�q�Z�o �i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�c �b�^�_�g�l�b-
�n�b�d�Z�p�b�b, �d�Z�d �i�j�Z�\�b�e�h, �e�h�d�Z�e�v�g�Z�y. �< �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f �L�>�K-�w�d�k�i�_�j�b�f�_�g�l�_ 
� º 
 L � s� �� Ï� Ï, �b�f�_�_�l �f�_�k�l�h «�d�m�i�h�e�h�h�[�j�Z�a�g�u�c» �o�Z�j�Z�d�l�_�j �j�Z�k�i�j�_�^�_�e�_�g�b�y �?�:�P�á �T�;. �I�h-
�w�l�h�f�m �p�_�e�_�k�h�h�[�j�Z�a�g�h �\ �d�Z�q�_�k�l�\�_�g�g�h�f �i�e�Z�g�_ �a�Z �i�_�j�\�h�_ �i�j�b�[�e�b�`�_�g�b�_ �\�a�y�l�v �i�Z-
�j�Z�[�h�e�b�q�_�k�d�m�x �Z�i�i�j�h�d�k�b�f�Z�p�b�x 
�?�:�P�á �T�; 
 N � ?�Á�:�P�á �T�; 
 L � $�:�P�; 
 F � #�:�P�;�:� T 
 F � º�4�;�6�á ���������t�º�4 
 L � º� á � �� �� #�:�r�; 
 L � #�4�á �������$�:�r�; 
 L � ?�§. 

�K�q�b�l�Z�_�f �b�a�\�_�k�l�g�h�c �j�Z�\�g�h�\�_�k�g�m�x �j�Z�k�l�\�h�j�b�f�h�k�l�v �?�§
 L � � � ?�§�:�L�§� á � 6
$�; �ß 
¥�L�§, �h�g�Z 
�h�i�j�_�^�_�e�y�_�l�k�y �^�Z�\�e�_�g�b�_�f �f�h�e�_�d�m�e�y�j�g�h�]�h �\�h�^�h�j�h�^�Z, �l�_�f�i�_�j�Z�l�m�j�h�c �g�Z�k�u�s�_�g�b�y �b 
�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �d�h�j�g�x �b�a �^�Z�\�e�_�g�b�y. �K�b�f�f�_�l�j�b�y �\�u�i�h�e�g�_�g�Z; �n�m�g�d�p�b�y 
�$�:�P�; 
 P � r �Z�i�i�j�h�d�k�b�f�b�j�m�_�l �k�j�_�^�b�g�g�m�x �d�h�g�p�_�g�l�j�Z�p�b�x �?�:�P�á �º�4�;,���#�:�P�; 
 P � r, � P 
 P � r. 
�I�h�k�d�h�e�v�d�m �d �f�h�f�_�g�l�m �h�d�h�g�q�Z�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z���P�Û �i�j�h�b�a�h�r�e�Z �i�j�Z�d�l�b�q�_�k�d�b 
�i�h�e�g�Z�y �^�_�]�Z�a�Z�p�b�y �h�[�j�Z�a�p�Z (�?�:�P�á �T�; 
 N � r, � P 
 R � P�Û), �h�i�j�_�^�_�e�b�f �d�h�g�k�l�Z�g�l�m 
�#�4�����\ �g�Z�q�Z�e�v�g�u�o �^�Z�g�g�u�o  �î �:�T�; 
 L � ?�§
 F � #�4�>� T 
 F � º�4�?�6 �b�a �f�Z�l�_�j�b�Z�e�v�g�h�]�h �[�Z�e�Z�g�k�Z 

�5�Û
L 
± �,�:�ì�;���@�ì 
L
�ç�Û

�4

± �<�?�§
 F � #�4�>� T 
 F � º�4�?�6�=���@�T 
L

�º�,

�4
�?�§�º�4 
F

�#�4�º�4
�7��

�u
�ä������������������������ �:�u�; 

�H�l�k�x�^�Z �i�h�e�m�q�Z�_�f �#�4 
 L � u� :� ?�§�º�4 
 F � 5�Û�;���º�4
�7. �B�a�\�_�k�l�g�Z�y �i�h �b�l�h�]�Z�f �w�d�k�i�_�j�b-

�f�_�g�l�Z �\�_�e�b�q�b�g�Z �5�Û �j�Z�\�g�Z �i�h�e�h�\�b�g�_ �d�h�e�b�q�_�k�l�\�Z �^�_�k�h�j�[�b�j�h�\�Z�\�r�_�]�h�k�y �\�h�^�h�j�h�^�Z 
(�\ �Z�l�h�f�Z�o), �h�l�g�_�k�_�g�g�h�]�h �d �Ô�Ï�6 �i�h�\�_�j�o�g�h�k�l�b (� T 
 L � r �b�e�b � T 
 L � º �g�_ �\�Z�`�g�h �\ �k�b�e�m 
�k�b�f�f�_�l�j�b�b). �D�j�h�f�_ �l�h�]�h, �m�k�e�h�\�b�y �k�h�]�e�Z�k�h�\�Z�g�b�y �&�?�ë���4�á�º
 L 
 G� >� ?�4�á�º

�6 �� �i�j�b � P 
 L � r 
�g�Z�q�Z�e�v�g�u�o �^�Z�g�g�u�o �b �]�j�Z�g�b�q�g�u�o �m�k�e�h�\�b�c �^�Z�_�l �a�Z�\�b�k�b�f�h�k�l�v �&�4���>�4 
 L � B�4�:�'�Õ
F
�' �½�;: 

�&�:�r�;�#�4� º 
 L � >�:�r�;�>�?�§
 F � #�4�º�4
�6�?�6� � � œ 

� � � œ � �
�&�4

�>�4
�#�4� º 
 L � ‡� š� ’ 
 \

�' �½
 F � '�Õ
�4�6�4


`�>�?�§
 F � #�4�º�4
�6�?�6�ä���������������������������������������������������������� �:�v�; 

�I�_�j�_�c�^�_�f �d �d�h�g�d�j�_�l�b�a�Z�p�b�b �n�m�g�d�p�b�c �#�:�P�;, ���$�:�P�;���\ �d�\�Z�^�j�Z�l�b�q�g�h�c �Z�i�i�j�h�d-
�k�b�f�Z�p�b�b �?�Á�:�P�á �T�;. �B�a �m�k�e�h�\�b�y �f�Z�l�_�j�b�Z�e�v�g�h�]�h �[�Z�e�Z�g�k�Z �\�u�j�Z�a�b�f �$�:�P�; 
 P � r �b �i�h�-̂
�k�l�Z�\�b�f �\�����?�Á�:�P�á �T�;: 


± �î �:�T�;���@�T 
F �5�:�P�; 
L 
± �?�Á�:�P�á �T�;���@�T�á
�º�,

�4
��

�º�,

�4
�������5�:�P�; � 
± �,�:�ì�;���@�ì�� �œ

�ç

�4
 

�?�§�º�4 
F
�#�4�º�4

�7

�u

 F � 5�:�P�; 
 L � $�:�P�;�º�4 
F

�#�:�P�;�º�4
�7

�u
� á � �� �� � 

���$�:�P�; 
L �#�:�P�;�º�4
�6���u 
E �?�§
 F � #�4�º�4

�6���u 
F �5�:�P�;���º�4�á 
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� œ � ?�Á�:�P�á �T�; 
L �3�:�P�;���º 
F �#�:�P�;�>�T�6 
 F � º� T 
 E � º�6���x�?�á�����������3�:�P�; �  � t
± �,�:�ì�;�@�ì
�ç�Û

�ç
�ä 

�Q�l�h�[�u �g�Z�c�l�b �h�k�l�Z�\�r�b�c�k�y �n�m�g�d�p�b�h�g�Z�e�v�g�u�c �i�Z�j�Z�f�_�l�j �#�:�P�;, �i�h�^�k�l�Z�\�b�f 
�i�h�e�m�q�_�g�g�h�_ �\�u�j�Z�`�_�g�b�_ �^�e�y �?�Á�:�P�á �T�; �\ �]�j�Z�g�b�q�g�h�_ �m�k�e�h�\�b�_ �&�:�6�;�?�Á�ë�:�P�á �r�; 
L
�>�:�6�;�?�Á�4

�6�:�P�;. �W�l�h �k�h�h�l�g�h�r�_�g�b�_ �i�h�a�\�h�e�y�_�l �\�u�j�Z�a�b�l�v �n�m�g�d�p�b�x �#�:�P�; 
 P � r �q�_�j�_�a �d�h-
�w�n�n�b�p�b�_�g�l�u �f�h�^�_�e�b �&, �> �b �b�a�\�_�k�l�g�m�x �i�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �^�Z�g�g�u�f �b�g�n�h�j-
�f�Z�p�b�x �3�:�P�;. �H�[�Z �d�h�j�g�y �d�\�Z�^�j�Z�l�g�h�]�h �m�j�Z�\�g�_�g�b�y �h�l�g�h�k�b�l�_�e�v�g�h �#�:�P�; �i�h�e�h�`�b-
�l�_�e�v�g�u�_, �\�u�[�b�j�Z�_�f �f�_�g�v�r�b�c �b�a �g�b�o (�i�h �n�b�a�b�q�_�k�d�h�f�m �k�f�u�k�e�m �?�4�:�P�; 
 R � r). �B�a 
�m�k�e�h�\�b�y 
¥�, 
 L � ?�Á�4�¾�>�����:���, 
L �>�?�4�á�º

�6 , [���,]=1/[c�f2á�k]) �i�h�e�m�q�Z�_�f �k�h�h�l�g�h�r�_�g�b�_ �^�e�y 
�h�p�_�g�d�b �&�4, �' �½, �>�4, �' �Õ: 


¨
�,�:�P�;

�>�:�6�;

L

�u�&�:�6�;

�º�>�:�6�;
�N
¨ � s 
 E � 3� :� P� ;

�t�>�:�6�;

�u�&�:�6�;

F �s�O�á�������������������������������������������������������������������� �:�w�; 

� 6 
 L � 6�:�P�;, � P � Ð�>�r�á �P�Û�?�ä���I�h�k�d�h�e�v�d�m �i�e�h�l�g�h�k�l�v �^�_�k�h�j�[�p�b�b ���,�:�P�; �k�h�h�l�\�_�l�k�l�\�m�_�l �b�k-
�o�h�^�g�h�c �f�h�^�_�e�b (1)��(2), �Z �g�Z �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�f �w�l�Z�i�_ �h�p�_�g�d�b �>, �& �b�k�i�h�e�v�a�m�_�l�k�y 
�i�Z�j�Z�[�h�e�b�q�_�k�d�h�_ �i�j�b�[�e�b�`�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b H �\ �h�[�t�_�f�_, �l�h �w�l�h �j�Z�\�_�g�k�l�\�h �y�\-
�e�y�_�l�k�y �i�j�b�[�e�b�`�_�g�g�u�f. 

�=�j�Z�n�b�d  �,�:�P�;���b�f�_�_�l �o�Z�j�Z�d�l�_�j �\�k�i�e�_�k�d�Z �k �i�h�k�e�_�^�m�x�s�b�f �a�Z�l�m�o�Z�g�b�_�f, �i�j�b-
�q�_�f �g�Z �g�Z�q�Z�e�v�g�h�f �b �d�h�g�_�q�g�h�f �w�l�Z�i�Z�o �b�a�f�_�j�_�g�b�y �f�_�g�_�_ �l�h�q�g�u. �I�h�w�l�h�f�m �h�]�j�Z-
�g�b�q�b�f�k�y � P � Ð�>�P�5� á � P�6�?�? �:�r�á �P�Û�;, �g�h�j�f�b�j�m�_�f �m�j�Z�\�g�_�g�b�_ �g�Z  �+�à�_�v 
L 
¥�,�à�_�v��
k�+�:�P�; � 


¥�,�:�P�;
o �b �\�u�^�_�e�b�f �[�_�a�j�Z�a�f�_�j�g�u�_ �i�_�j�_�f�_�g�g�u�_: 

�+�:�P�;�+�k�_�v
�?�5 
 L � F
§� s 
 E � t� 3�:�P�;�P�Û�?�5�,�k�_�v

�?�5 �: 
 F � s� G � ;� á � �� �� �� � 

� : �  
�P�Û�,�k�_�v�>�:�6�;

�u�&�:�6�;
�á���������; � 

�u�&�:�6�;

�+�k�_�v�º
¥�>�:�6�;
�ä���������������������������������������������������������������� �:�x�; 

�N�h�j�f�Z�e�v�g�h �^�h�i�m�k�d�Z�y �a�g�Z�q�_�g�b�y�����' 
O �r, �m�^�h�[�g�h �k�q�b�l�Z�l�v �g�h�\�u�_ �i�_�j�_�f�_�g-
�g�u�_ �: �:�P�; �  � :� :� 6�:�P�;�;, �; �:�P�; �  � ;� :� 6�:�P�;�; «�Z�j�j�_�g�b�m�k�h�\�k�d�b�f�b» �i�h �n�h�j�f�_: 

�: �4 � 
�P�Û�,�k�_�v�>�4

�u�&�4
�á���������� �;�4 � 

�u�&�4
�+�k�_�v�º
¥�>�4

�á���������� �'�Ñ 
 L � '�Õ
 F � '�½�á�����������'�Ò
 L � '�½
 F � '�Õ���t�ä 

�L�h�]�^�Z, �h�[�h�a�g�Z�q�Z�y  �M�:�P�; � �t�3�P�Û
�?�5�,�k�_�v

�?�5  (�[�_�a�j�Z�a�f�_�j�g�Z�y �i�_�j�_�f�_�g�g�Z�y),  �i�h�e�m-
�q�Z�_�f �m�j�Z�\�g�_�g�b�_: 

�B�:�P�â �:�4� á � '�Ñ� á � ;�4� á � '�Ò�; �  � +�:�P�;�+�k�_�v
�?�5 
F �@
¥� s 
 E � M�:�P�;�: 
 F � s�A�; 
L �r�á�������� 

���P �Ð�>�P�5� á � P�6�?�ä�������������������������������������������������������������������������������������������������������������������������������:�y�; 
�A�Z�f�_�l�b�f, �q�l�h �i�Z�j�Z�f�_�l�j�u  �#�4, �?�§  �\�o�h�^�y�l �\ �k�h�h�l�g�h�r�_�g�b�_ �e�b�r�v �g�_�y�\�g�h �i�h-

�k�j�_�^�k�l�\�h�f  �,�:�P�;. 
�I�j�_�h�[�j�Z�a�m�_�f �\�_�e�b�q�b�g�m  �;  �k �m�q�_�l�h�f �k�\�y�a�b  �&�4���>�4 
 L � B�4�:�' �Ñ�;����(�k�f. (4)): 
� ; 
 L � ;�4�‡�š�’���<
F�'�Ò���>�4�6�:�P�;�?�= 
L �<�4�‡�š�’�<
F�'�Ñ���>�4�6�4�?�=�‡�š�’���<
F�'�Ò���>�4�6�:�P�;�?�=�á 

�<�4 � 
�u�>�?�§
 F � #�4�º�4

�6�?�6
¥�>�4
�#�4�º�6�+�k�_�v

�á���������� �<�4 
 L � <�4�:�>�4�; � ^ � >�4�ä�����������������������������������������������:�z�; 

�<�_�e�b�q�b�g�Z �+�k�_�v �a�Z�\�b�k�b�l �h�l �\�k�_�o �\�o�h�^�g�u�o �^�Z�g�g�u�o � <� î� á � &� á � >� =. �A�Z�i�b�k�v 
�<�4 
 L � <�4�:�>�4) �h�a�g�Z�q�Z�_�l, �q�l�h �a�g�Z�q�_�g�b�y �?�§, �#�4���m�`�_ �g�Z�c�^�_�g�u, �Z �,�:�P�; �i�j�b �j�_�r�_�g�b�b �h�[-
�j�Z�l�g�h�c �a�Z�^�Z�q�b �\�h�k�i�j�b�g�b�f�Z�_�l�k�y �d�Z�d �a�Z�^�Z�g�g�Z�y �n�b�d�k�b�j�h�\�Z�g�g�Z�y �n�m�g�d�p�b�y �\�j�_�f�_�g�b. 
�:�g�Z�e�h�]�b�q�g�h �i�j�_�^�k�l�Z�\�b�f���:: 
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� : 
 L � :�4�‡�š�’ 
\
F
�' �Ñ

�4�6�:�P�;

 ` 
 L

�P�Û�,�k�_�v�#�4�•

�u
c�?�§
 F � #�4�•�4
�6
g

�6�‡�š�’ 
\
�' �Ñ
�4�6�4


 ` � ‡� š� ’ 
 \
 F
�' �Ñ

�4�6�:�P�;

`�ä 

�I�h�^�k�l�Z�\�e�y�y �\�u�j�Z�`�_�g�b�y �\�_�e�b�q�b�g �: , �;�����\ �m�j�Z�\�g�_�g�b�_ (7), �i�h�e�m�q�Z�_�f �a�Z�\�b�k�b-
�f�h�k�l�v � B 
 L � B�:�P�â �<�4� á � '�Ñ� á � '�Ò�;. �>�Z�e�_�_ �k �m�q�_�l�h�f �a�Z�r�m�f�e�_�g�g�h�k�l�b �j�_�Z�e�v�g�u�o �b�a�f�_�j�_-
�g�b�c �b �i�h�]�j�_�r�g�h�k�l�b �i�Z�j�Z�[�h�e�b�q�_�k�d�h�c �Z�i�i�j�h�d�k�b�f�Z�p�b�b �p�_�e�_�k�h�h�[�j�Z�a�g�h �k�e�_�^�h�\�Z�l�v 
�f�_�l�h�^�m �g�Z�b�f�_�g�v�r�b�o �d�\�Z�^�j�Z�l�h�\ (�F�G�D): 

�(�:�<�4� á � '�Ñ� á � '�Ò�; � 
± �B�6�:�ì�;���@�ì �\ �•�‹�•�ä
�ç�.

�ç�-

 

�I�j�b �g�_�h�[�o�h�^�b�f�h�k�l�b �i�j�h�b�a�\�h�^�g�u�_ �n�m�g�d�p�b�b �( �i�h �m�d�Z�a�Z�g�g�u�f �Z�j�]�m�f�_�g�l�Z�f 
�f�h�`�g�h �\�u�i�b�k�Z�l�v �y�\�g�h (�i�h�^�k�q�_�l �b�g�l�_�]�j�Z�e�Z �i�h �d�\�Z�^�j�Z�l�m�j�g�h�c �n�h�j�f�m�e�_ �k�q�b�l�Z�_�f 
�w�e�_�f�_�g�l�Z�j�g�h�c �h�i�_�j�Z�p�b�_�c). �A�Z�^�Z�q�Z �h�i�l�b�f�b�a�Z�p�b�b �j�_�r�Z�_�l�k�y �k�l�Z�g�^�Z�j�l�g�u�f�b �k�j�_�^-
�k�l�\�Z�f�b (�Z�\�l�h�j�u �b�k�i�h�e�v�a�h�\�Z�e�b �i�Z�d�_�l Scilab) �\ �n�b�a�b�q�_�k�d�b �h�i�j�Z�\�^�Z�g�g�h�f �^�b�Z�i�Z-
�a�h�g�_ �i�Z�j�Z�f�_�l�j�h�\ (�\ �i�j�_�^�_�e�Z�o �g�_�k�d�h�e�v�d�b�o �i�h�j�y�^�d�h�\). 

�I�_�j�_�c�^�_�f �d �b�a�e�h�`�_�g�b�x �j�_�a�m�e�v�l�Z�l�h�\ �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y. �J�Z�a-
�g�h�k�l�g�Z�y �k�o�_�f�Z �j�_�r�_�g�b�y �a�Z�^�Z�q �l�_�j�f�h�^�_�k�h�j�[�p�b�b �b�a�e�h�`�_�g�Z �\ [8], �a�^�_�k�v �g�Z �w�l�h�f �g�_ 
�h�k�l�Z�g�Z�\�e�b�\�Z�_�f�k�y. �=�j�Z�n�b�d �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �\�h�^�h�j�h�^�Z �^�e�y �i�Z�j�Z�f�_�l�j�h�\, �m�d�Z�a�Z�g-
�g�u�o �\�u�r�_ (�\ �d�h�g�p�_ �i�j�_�^�r�_�k�l�\�m�x�s�_�]�h �j�Z�a�^�_�e�Z), �i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k. 1, 2. �A�^�_�k�v  
[t] = c,  [T] = K,  [J] = 1H/(�k�f2�k),  [���6] = K/c. 
 

��
�J�b�k. 1. �I�e�h�l�g�h�k�l�v �l�_�j�f�h�^�_�k�h�j�[�p�b�b. �<�e�b�y-

�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �g�Z�k�u�s�_�g�b�y 
�J�b�k. 2. �L�>�K-�k�i�_�d�l�j. �<�e�b�y�g�b�_  

 �k�d�h�j�h�k�l�b �g�Z�]�j�_�\�Z 
 

�>�e�y �h�p�_�g�d�b �a�g�Z�q�_�g�b�c �i�j�_�^�w�d�k�i�h�g�_�g�l �b �w�g�_�j�]�b�c �Z�d�l�b�\�Z�p�b�b �^�b�n�n�m�a�b�b 
�b �^�_�k�h�j�[�p�b�b (�&�4� á � �� '�½� á � �� >�4� á � �� '�Õ�;�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �f�_�l�h�^ �g�Z�b�f�_�g�v�r�b�o �d�\�Z�^�j�Z�l�h�\ 
(�F�G�D) �b �f�_�l�h�^ �f�h�f�_�g�l�h�\ (�F�F) �i�j�b�f�_�g�b�l�_�e�v�g�h �d �m�j�Z�\�g�_�g�b�x (7) (���B 
L �r), 
�\ �d�h�l�h�j�h�_ �i�h�^�k�l�Z�\�e�_�g�u �\�u�j�Z�`�_�g�b�y �:�á �����; �k�h�]�e�Z�k�g�h �n�h�j�f�m�e�Z�f (6), �&�:�6�; 
L
�&�4�‡�š�’�<
F�'�½���>�4�6�?�=, �>�:�6�; 
 L � >�4�‡�š�’�<
F�'�Õ���>�4�6�?�=, ���6�:�P�; 
 L � 6�4 
 E � R� P� � �b �\�u�j�Z�`�_�g�b�_ 
�&�4 
 L � &�4�:�>�4� á � '�½� á � '�Õ�; �b�a �k�h�h�l�g�h�r�_�g�b�y (4). �G�Z �j�b�k. 3, 4 �i�h�d�Z�a�Z�g�h, �q�l�h �a�Z�^�Z�q�Z 
�!�B�!�Å�. � 7 � •� ‹� • (�.�6 
 L � .�6�>�P�5� á � P�6�?� á � �� �� P�5 
L �w�r���Ô�á �����P�6 
L �v�w�r���Ô) �o�h�j�h�r�h �h�[�m�k�e�h�\�e�_�g�Z �i�h 

�d�Z�`�^�h�f�m �b�a �d�h�w�n�n�b�p�b�_�g�l�h�\ �&�á �����> (�h�^�b�g �b�a �g�b�o �n�b�d�k�b�j�h�\�Z�e�k�y �j�Z�\�g�u�f «�b�k�l�b�g-
�g�h�f�m»). �I�j�b �w�l�h�f �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �k�h�h�l�g�h�r�_�g�b�_ (4) �g�_ �m�q�b�l�u�\�Z�e�h�k�v �i�j�b �i�h-
�k�l�j�h�_�g�b�b �i�h�\�_�j�o�g�h�k�l�b �g�Z �j�b�k. 4, �g�h �^�e�y �j�b�k. 3 �h�g�h �h�d�Z�a�Z�e�h�k�v �g�_�h�[�o�h�^�b�f�u�f, 
�b�g�Z�q�_ �h�l�k�m�l�k�l�\�m�_�l �w�d�k�l�j�_�f�m�f �\ �n�b�a�b�q�_�k�d�b �h�i�j�Z�\�^�Z�g�g�h�f �^�b�Z�i�Z�a�h�g�_. 

�;�h�e�_�_ �i�h�^�j�h�[�g�h �h�k�l�Z�g�h�\�b�f�k�y �g�Z �m�j�Z�\�g�_�g�b�b �B�:�P�â �<�4� á � '�Ñ� á � '�Ò�; 
 L � r, �i�h�e�m-
�q�_�g�g�h�f �i�h�k�e�_ �i�h�^�k�l�Z�g�h�\�d�b �\ (7) �\�u�j�Z�`�_�g�b�c �:�á �����;�á �����&�4 �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �n�h�j-
�f�m�e�Z�f�b (4), (6). «�B�k�l�b�g�g�u�_» �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\: �<�4

�Û
L �r�ä�s�s�{, �' �Ñ
�Û
L ���s�ä�{�t�{, 
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�' �Ò
�Û
L ���s�y�ä�z�v�{, [E]=�d�>�/̀�f�h�e�v. �G�Z �j�b�k. 5, 7, 9 �\�Z�j�v�b�j�m�_�f �e�b�r�v �h�^�b�g �b�a �i�Z�j�Z�f�_�l-

�j�h�\ �<�4� á � �� �� '�Ñ� á � �� �� '�Ò�ä�� �J�_�r�_�g�b�_ �a�Z�^�Z�q�b �!�B�!�Å�. � \ � •� ‹� •  �i�h �<�4 (�k�f. �j�b�k. 5) �^�Z�_�l �h�l�g�h�k�b-
�l�_�e�v�g�m�x �i�h�]�j�_�r�g�h�k�l�v �Ü�:�<�4�; 
 L � �� <�4 
 F � <�4

�Û�����<�4
�Û
L �r�ä�w�t��. �W�l�h �i�j�b�\�h�^�b�l �\ �k�h�h�l�\�_�l-

�k�l�\�b�b �k �n�h�j�f�m�e�h�c (8) �d �Ü�:�>�4�; 
 L � r� ä� y� y �b ���Ü�:�&�4�; 
L �r�ä�s�y�� �\ �k�b�e�m (4). �I�h�k�l�h�y�g�k�l�\�h 
�' �Ñ� á � �� �� '�Ò �h�a�g�Z�q�Z�_�l �i�h�k�l�h�y�g�k�l�\�h �' �½� á � �� '�Õ�ä 
�H�[�j�Z�l�b�f�k�y �d �f�_�l�h�^�m �f�h�f�_�g�l�h�\. �H�[�h�a�g�Z�q�b�f  

�� �Ü
 L � /�Ü�:�<�4� á � '�Ñ� á � '�Ò�; 
L 
± �2�Ü�:�P�;�B�:�P�â �<�4� á � '�Ñ� á � '�Ò�;�@�P�ä
�ç�.

�ç�-

 

�H�]�j�Z�g�b�q�b�f�k�y �n�m�g�d�p�b�y�f�b �2�5�:�P�; 
 L � P� �� P�Û, �2�6�:�P�; 
 L � P�6���P�Û�6, �2�7�:�P�; 
 L � s� r�?�5�P�Û��
�P, � P � Ð�>�P�5� á � P�6�?, �����P�5 
 L � w� r �k, �P�6 
L �v�w�r �k (�P�Û
L �w�r�r���Ô�;. �W�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b, �q�l�h 
�b�k�i�h�e�v�a�h�\�Z�g�b�_ �f�_�l�h�^�Z �f�h�f�_�g�l�h�\ �^�Z�_�l �l�h�q�g�h�k�l�v �\ �k�j�_�^�g�_�f �l�Z�d�m�x �`�_, �d�Z�d �b �f�_-
�l�h� ̂�g�Z�b�f�_�g�v�r�b�o �d�\�Z�^�j�Z�l�h�\ (�k�f. �j�b�k. 6, 8, 10). �J�_�a�m�e�v�l�Z�l�u �i�j�b�f�_�g�_�g�b�y �i�Z�j�Z�[�h-
�e�b�q�_�k�d�h�]�h �i�j�b�[�e�b�`�_�g�b�y �i�h�a�\�h�e�b�e�h �j�_�r�b�l�v �h�[�j�Z�l�g�m�x �a�Z�^�Z�q�m �^�e�y �b�k�o�h�^�g�h�c 
�j�Z�k�i�j�_�^�_�e�_�g�g�h�c �f�h�^�_�e�b �k �i�h�]�j�_�r�g�h�k�l�y�f�b, �m�d�Z�a�Z�g�g�u�f�b �\ �l�Z�[�e�b�p�_ 1. �I�h�^�q�_�j�d-
�g�_�f, �q�l�h �i�Z�j�Z�[�h�e�b�q�_�k�d�h�_ �i�j�b�[�e�b�`�_�g�b�_ �y�\�e�y�_�l�k�y �]�j�m�[�u�f �^�e�y �d�j�Z�_�\�h�c �a�Z�^�Z�q�b 
(1)–(2). �?�]�h �a�Z�^�Z�q�Z — «�i�h�i�Z�k�l�v �\ �i�h�j�y�^�d�b» �h�p�_�g�b�\�Z�_�f�u�o �d�h�w�n�n�b�p�b�_�g�l�h�\ �&, �>. 
�A�g�Z�q�_�g�b�_ �i�j�_�^�w�d�k�i�h�g�_�g�l�u �>�4 �h�i�j�_�^�_�e�y�_�l�k�y �a�Z�f�_�l�g�h �o�m�`�_, �q�l�h �h�[�t�y�k�g�y�_�l�k�y �_�]�h 
�f�Z�e�u�f �Z�[�k�h�e�x�l�g�u�f �a�g�Z�q�_�g�b�_�f (�d�h�w�n�n�b�p�b�_�g�l �i�j�b �d�\�Z�^�j�Z�l�_ �d�h�g�p�_�g�l�j�Z�p�b�b). 
�F�h�`�g�h �[�u�e�h �[�u �i�_�j�_�c�l�b �d �^�\�h�c�g�h�c �l�h�q�g�h�k�l�b �\�u�q�b�k�e�_�g�b�c �g�Z �\�k�_�o �w�l�Z�i�Z�o �f�h-
�^�_�e�b�j�h�\�Z�g�b�y, �g�h �w�l�h �b�a�e�b�r�g�_ �i�j�b �a�Z�r�m�f�e�_�g�g�u�o �\�o�h�^�g�u�o �^�Z�g�g�u�o �h�[�j�Z�l�g�h�c 
�a�Z�^�Z�q�b. 

�L�Z�[ �e�b�p�Z 1 
�H�p�_�g�d�b �i�Z�j�Z�[�h�e�b�q�_�k�d�h�]�h �i�j�b�[�e�b�`�_�g�b�y 

 

�I�Z�j�Z�f�_�l�j �B�k�o�h�^�g�u�_ 
�^�Z�g�g�u�_ 

�I�h�e�m�q�_�g�g�u�_ 
�a�g�Z�q�_�g�b�y 

�H�l�g�h�k�b�l�_�e�v�g�Z�y 
�i�h�]�j�_�r�g�h�k�l�v 

�>�4, �k�f4/�k � x 
 H � s� r�?�5�6 �s�ä�w�s�v 
H �s�r�?�5�5 �s�w�t�ä�u�¨ 

�' �Õ,���d�>�/̀�f�h�e�v�� �u�{�ä�w�w�{ �v�w�ä�s�r�r �s�{�ä�z�¨ 

�&�4, �k�f2/�k �v�ä�s 
H �s�r�?�7 �t�ä�z�z�r 
H �s�r�?�7 �t�{�ä�y� ̈

�' �½, �d�>�/̀�f�h�e�v �u�y�ä�x�t�{ �u�x�ä�y�v�w �y�ä�s�¨ 
 

 
�J�b�k. 3. �W�d�k�l�j�_�f�m�f �i�h b  �J�b�k. 4. �W�d�k�l�j�_�f�m�f �i�h D  
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�J�b�k. 5. �F�G�D. �I�h�b�k�d Z0  

 
�J�b�k. 6. �F�F. �I�h�b�k�d Z0  

�J�b�k. 7. �F�G�D. �I�h�b�k�d EX  
 

�J�b�k. 8. �F�F. �I�h�b�k�d EX 

 
�J�b�k. 9. �F�G�D. �I�h�b�k�d EY  �J�b�k. 10. �F�F. �I�h�b�k�d EY  

 
�G�Z�q�Z�e�v�g�u�_ �i�j�b�[�e�b�`�_�g�b�y �w�g�_�j�]�b�c �Z�d�l�b�\�Z�p�b�b �' �½, �' �Õ �\ �^�b�Z�i�Z�a�h�g�_ �g�_-

�k�d�h�e�v�d�b�o �^�_�k�y�l�d�h�\ �d�>�/̀�f�h�e�v �f�h�`�g�h �m�d�Z�a�Z�l�v �^�e�y �d�h�g�d�j�_�l�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �b�a 
�n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �k�h�h�[�j�Z�`�_�g�b�c. �I�j�b�[�e�b�`�_�g�b�_ �>�4�:�<�4�; �[�_�j�_�f �\ �k�b�e�m ���,�:�r�; 
L
�>�4�:�6�4�;�?�4�á�º

�6 �:�r�; 
 L � >�4�‡�š�’�<
F�'�Õ���>�4�6�4�?�=�>�?�§
 F � #�4�º�4
�6�?�6. �B�f�_�g�g�h �d�Z�d �i�j�b�[�e�b�`�_�g�b�_, 

�\ �L�>�K-�w�d�k�i�_�j�b�f�_�g�l�_  �,�:�r�; �b�a�\�_�k�l�g�h �k �[�h�e�v�r�h�c �i�h�]�j�_�r�g�h�k�l�v�x. 
�A�Z�^�Z�q�Z �g�_�k�d�h�e�v�d�h �m�k�e�h�`�g�y�_�l�k�y, �d�h�]�^�Z �j�Z�\�g�h�\�_�k�g�m�x �d�h�g�p�_�g�l�j�Z�p�b�x���?�§ 

�l�Z�d�`�_ �i�j�b�o�h�^�b�l�k�y �k�q�b�l�Z�l�v �g�_�b�a�\�_�k�l�g�h�c. �L�h�]�^�Z �a�Z�^�Z�q�Z �q�_�l�u�j�_�o�f�_�j�g�Z�y �\ �k�h�h�l-
�\�_�l�k�l�\�b�b �k (7). �I�h �h�p�_�g�d�Z�f �: �4, �' �Ñ, �;�4, �' �Ò �a�g�Z�q�_�g�b�y �?�§, �#�4 �g�Z�o�h�^�y�l�k�y �b�a �m�j�Z�\�g�_-
�g�b�c (3), (4). �>�Z�e�_�_ �i�_�j�_�o�h�^�b�f �d �e�h�d�Z�e�v�g�h�f�m �m�l�h�q�g�_�g�b�x �h�p�_�g�h�d �&�4, �' �½, �>�4, �' �Õ�� 
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�\ �k�h�h�l�\�_�l�k�l�\�b�b �k �b�k�o�h�^�g�h�c �f�h�^�_�e�v�x (1)��(2). �I�j�b �w�l�h�f �m�q�b�l�u�\�Z�_�f, �q�l�h �b�k�d�h-
�f�u�o �g�_�a�Z�\�b�k�b�f�u�o �i�_�j�_�f�_�g�g�u�o 3 �\ �k�b�e�m �&�4���>�4 
 L � B�4�:�'�Õ
 F � '�½�;. 

�K�h�i�j�y�`�_�g�g�u�_ �m�j�Z�\�g�_�g�b�y 

�>�e�y �m�l�h�q�g�_�g�b�y �h�p�_�g�h�d ���&, �> �g�_�h�[�o�h�^�b�f�h �b�f�_�l�v �\ �j�Z�k�i�h�j�y�`�_�g�b�b �k�_�f�_�c-
�k�l�\�h �m�j�Z�\�g�_�g�b�c, �k�\�y�a�u�\�Z�x�s�b�o �i�Z�j�Z�f�_�l�j�u �k �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�_�c. 
�M�d�Z�`�_�f �h�^�b�g �b�a �\�h�a�f�h�`�g�u�o �i�h�^�o�h�^�h�\, �h�k�g�h�\�Z�g�g�u�c �g�Z �h�[�s�_�c �b�^�_�_ �b�k�i�h�e�v�a�h-
�\�Z�g�b�y �k�h�i�j�y�`�_�g�g�u�o �m�j�Z�\�g�_�g�b�c [9]. 

�B�g�l�_�]�j�b�j�h�\�Z�g�b�_�f �i�h �q�Z�k�l�y�f �^�e�y �^�h�k�l�Z�l�h�q�g�h �]�e�Z�^�d�h�c �n�m�g�d�p�b�b ���ð�:�P�á �T�; 
�i�h�e�m�q�b�f: 

� r 
 L
 ± 
 ±�ð�:�P�á �T�;�>�?�ç
 F � &� ?�ë�ë�?���@�T���@�ì 
L
�º

�4

�ç�Û

�4

± �,�:�P�;�ð�:�P�á �r�;���@�P 
E

�ç�Û

�4

± �,�:�P�;�ð�:�P�á �º�;���@�P 
E

�ç�Û

�4
 


E
± �&�:�P�;
¥�,�:�P�;�>�?�5�:�P�;�ð�ë�:�P�á �º�;���@�P 
F
�ç�Û

�4

± �&�:�P�;
¥�,�:�P�;�>�?�5�:�P�;�ð�ë�:�P�á �r�;���@�P 
F

�ç�Û

�4
 


F�?�§
± �ð�:�r�á �T�;���@�T 
E �#�4
± �:� T 
 F � º�4�;�6�ð�:�r�á �T�;���@�T
�º

�4

�º

�4
�ä������������������������������������������ �:�s�r�; 

�A�^�_�k�v �h�i�m�s�_�g �^�\�h�c�g�h�c �b�g�l�_�]�j�Z�e, �i�h�k�d�h�e�v�d�m �\ �^�Z�e�v�g�_�c�r�_�f �b�a�e�h�`�_�g�b�b 
�k�q�b�l�Z�_�f �n�m�g�d�p�b�x ���ð�:�P�á �T�; �i�h�^�q�b�g�_�g�g�h�c �k�h�i�j�y�`�_�g�g�h�f�m �m�j�Z�\�g�_�g�b�x���ò�ð���ò�P 
L

F�&�ò�6�ð���ò�T�6. �D�j�h�f�_ �l�h�]�h, �i�j�_�g�_�[�j�_�]�Z�_�f �b�g�l�_�]�j�Z�e�h�f �h�l �ð�:�P�Û� á � T�;�?�:�P�Û� á � T�; �i�h �T�����k 
�m�q�_�l�h�f �?�:�P�Û� á � T�; 
 N � r. �D�h�k�\�_�g�g�h �h�]�j�Z�g�b�q�b�\�Z�_�f�k�y �g�_ �k�e�b�r�d�h�f �[�u�k�l�j�h �j�Z�k�l�m�s�b�f�b 
�i�h �P�� �n�m�g�d�p�b�y�f�b �ð�:�P�á �T�;. �I�h�^�q�_�j�d�g�_�f, �q�l�h �d�j�Z�_�\�u�_ �m�k�e�h�\�b�y �g�_ �k�l�Z�\�y�l�k�y, 
«�i�j�h�[�g�u�o» �n�m�g�d�p�b�c  �ð �[�_�k�d�h�g�_�q�g�h �f�g�h�]�h. �I�j�h�k�l�u�_ �\�Z�j�b�Z�g�l�u � ð 
 L � s� á � �� T �i�j�b-
�\�h�^�y�l �d �m�j�Z�\�g�_�g�b�x �f�Z�l�_�j�b�Z�e�v�g�h�]�h �[�Z�e�Z�g�k�Z, �d�h�l�h�j�h�_ �m�`�_ �b�k�i�h�e�v�a�h�\�Z�e�h�k�v �^�e�y 
�h�p�_�g�d�b �d�h�g�k�l�Z�g�l�u �#�4. �<�u�[�_�j�_�f, �g�Z�i�j�b�f�_�j, �ð�:�P�á �T�; 
 L � Ú�:�P�;�‡�š�’ �ê�T. �I�j�b �g�h�j�f�b-
�j�h�\�d�_  �Ú�:�P�Û�; 
 L � s �i�h�e�m�q�Z�_�f 

�ð�:�P�á �T�; 
 L � ‡� š� ’� < � ê�6�Û�:�P�Û�á �P�;�=�‡�š�’���<�ê�T�=�á���������Û�:�P�á �ì�; � 
± �&�:�O�;���@�O
�ç

��
�ä 

�I�_�j�_�i�b�r�_�f �k�h�h�l�g�h�r�_�g�b�_ (10) �\ �h�[�h�a�g�Z�q�_�g�b�y�o 

� : �  
± �,�Ú���@�P
�ç�Û

�4
�á���������; � 
± �&
¥�,�>�?�5

�ç�Û

�4
�Ú���@�P�á���������â � 

�‡�š�’ �ê�º 
E �s
�‡�š�’ �ê�º 
F �s

�ã 

�(�:�ê�; 
 L � â� ê� : 
 E � ê�6� ; 
 E
�Ú�:�r�;

�ê�6
�<�t�#�4 
 F � ê�6�:�?�§
 F � #�4�>�º�4

�6 
 F � º� â� �� ê� ?�;�=
L �r�ä�������������������������������������������:�s�s�; 

�I�h�e�m�q�Z�_�f �k�_�f�_�c�k�l�\�h �m�j�Z�\�g�_�g�b�c. �I�Z�j�Z�f�_�l�j �ê �p�_�e�_�k�h�h�[�j�Z�a�g�h �\�Z�j�v�b�j�h�\�Z�l�v 
�\ �i�j�_�^�_�e�Z�o �ê�º�1�s. �< �l�Z�[�e�b�p�_ 2 �i�j�b�\�_�^�_�g�u �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\, �i�h�e�m�q�_�g�g�u�_ 
�j�_�r�_�g�b�_�f �k�b�k�l�_�f�u �m�j�Z�\�g�_�g�b�c (11) �^�e�y �P 
L �z�á �����{�á �����s�r�á ���s�s, [�P]=1/�k�f. �W�g�_�j�]�b�b 
�Z�d�l�b�\�Z�p�b�b �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y �k �[�h�e�v�r�h�c �l�h�q�g�h�k�l�v�x (�b�o �\�e�b�y�g�b�_ �g�Z �d�b�g�_�l�b�d�m 
�^�_�]�Z�a�Z�p�b�b �h�q�_�g�v �\�_�e�b�d�h). �I�j�_�^�w�d�k�i�h�g�_�g�l�Z �>�4 �h�i�j�_�^�_�e�y�_�l�k�y �o�m�`�_ �\ �k�b�e�m �_�_ �f�Z-
�e�h�]�h �Z�[�k�h�e�x�l�g�h�]�h �a�g�Z�q�_�g�b�y. 
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�L�Z�[ �e�b�p�Z 2 
�I�j�b�f�_�g�_�g�b�_ �k�h�i�j�y�`�_�g�g�u�o �m�j�Z�\�g�_�g�b�c 

�I�Z�j�Z�f�_�l�j �B�k�o�h�^�g�u�_ 
�^�Z�g�g�u�_ 

�I�h�e�m�q�_�g�g�u�_ �a 
�g�Z�q�_�g�b�y 

�H�l�g�h�k�b�l�_�e�v�g�Z�y 
�i�h�]�j�_�r�g�h�k�l�v 

b0, �k�f4/�k 6×10–12 5,468×10–12 8,7 % 
Eb, �d�>�/̀�f�h�e�v�� 39,559 39,559 0 % 

D0, �k�f2/�k 4,1×10–3 4,104×10–3 0,1 % 
ED, �d�>�/̀�f�h�e�v 37,629 37,629 0 % 

 
��

 
��

�J�b�k. 11. �W�d�k�l�j�_�f�m�f G(b)  �J�b�k. 12. �W�d�k�l�j�_�f�m�f G(D)  
 

�G�Z �j�b�k�m�g�d�Z�o 11, 12 �i�j�_�^�k�l�Z�\�e�_�g�u �i�h�\�_�j�o�g�h�k�l�b � ) 
 L � (�6�:�{�; 
 E � (�6�:�s�s�;, �i�j�b 
�n�b�d�k�b�j�h�\�Z�g�g�h�f � & 
 L � &�Û �b�e�b � > 
 L � >�Û �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �G�Z �j�b�k�m�g�d�_ 11 �\�b�^�g�h, �q�l�h 
�^�e�y �d�h�w�n�n�b�p�b�_�g�l�Z �^�_�k�h�j�[�p�b�b �> �\�Z�`�g�h �g�Z�c�l�b �o�h�j�h�r�_�_ �g�Z�q�Z�e�v�g�h�_ �i�j�b�[�e�b�`�_-
�g�b�_. �G�Z �j�b�k�m�g�d�Z�o 13�í16 �d�j�b�\�u�f 1, 2, 3 �k�h�h�l�\�_�l�k�l�\�m�x�l �P 
L �z�á �{�á �s�r, [�P]=1/�k�f, 
�m�d�Z�a�Z�g�h �f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h�c �i�h�]�j�_�r�g�h�k�l�b �i�j�b 
�g�u�o���ê. �H�^�b�g �i�Z�j�Z�f�_�l�j �\�Z�j�v�b�j�m�_�f, �h�k�l�Z�e�v�g�u�_ �i�h�^�k�l�Z�\�e�y�_�f «�b�k�l�b�g�g�u�_». �<�b�^�g�h, 
�q�l�h �m�j�Z�\�g�_�g�b�_ � ( 
 L � r �o�h�j�h�r�h �h�[�m�k�e�h�\�e�_�g�h �i�h �d�Z�`�^�h�f�m �b�a �i�Z�j�Z�f�_�l�j�h�\ �f�h�^�_�e�b. 
�;�h�e�_�_ «�m�^�Z�q�g�u�f» �y�\�e�y�_�l�k�y � ê 
 L � {. 
 

 
�J�b�k. 13. �<�Z�j�b�Z�p�b�y b0  �J�b�k. 14. �<�Z�j�b�Z�p�b�y Eb  
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�J�b�k. 15. �<�Z�j�b�Z�p�b�y D0  �J�b�k. 16. �<�Z�j�b�Z�p�b�y ED  

�A�Z�d�e�x�q�_�g�b�_ 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �w�l�Z�i�h�\ �i�Z�j�Z�f�_�l�j�b-
�q�_�k�d�h�c �b�^�_�g�l�b�n�b�d�Z�p�b�b �i�h�a�\�h�e�y�_�l �\�h�k�k�l�Z�g�h�\�b�l�v �i�Z�j�Z�f�_�l�j�u �f�h�^�_�e�b �k �h�l�g�h�k�b-
�l�_�e�v�g�h�c �i�h�]�j�_�r�g�h�k�l�v�x, �d�h�l�h�j�Z�y �k �a�Z�i�Z�k�h�f «�i�h�]�e�h�s�Z�_�l�k�y» �l�h�q�g�h�k�l�v�x �L�>�K-
�w�d�k�i�_�j�b�f�_�g�l�Z. �<�o�h�^�g�u�_ �^�Z�g�g�u�_ �,�:�P�;���\ �m�j�Z�\�g�_�g�b�b �k�l�h�y�l �i�h� ̂�a�g�Z�d�h�f �b�g�l�_�]�j�Z�e�Z, 
�q�l�h �h�[�_�k�i�_�q�b�\�Z�_�l �h�i�j�_�^�_�e�_�g�g�m�x �i�h�f�_�o�h�m�k�l�h�c�q�b�\�h�k�l�v. �?�k�e�b �f�_�f�[�j�Z�g�m �g�_�e�v�a�y 
�k�q�b�l�Z�l�v �l�h�g�d�h�c (�w�l�h �a�Z�\�b�k�b�l �h�l �f�Z�l�_�j�b�Z�e�Z �b �m�k�e�h�\�b�c �w�d�k�i�_�j�b�f�_�g�l�Z), �k�e�_�^�m�_�l 
�b�k�i�h�e�v�a�h�\�Z�l�v �\�Z�j�b�Z�g�l���î�:�T�; 
 L � ?�§
 F � #�4�>� T 
 F � º�4�?�6�Þ� á � G 
 P � s (�\ �k�_�j�_�^�b�g�_ �i�e�Z�k�l�b�g�u 
�j�Z�\�g�h�\�_�k�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �b �l�h�e�v�d�h �m �k�Z�f�h�]�h �d�j�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �g�_�f�g�h�]�h 
�f�_�g�v�r�_). 
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1. �<�a�Z�b�f�h�^�_�c�k�l�\�b�_ �\�h�^�h�j�h�^�Z �k �f�_�l�Z�e�e�Z�f�b / �J�_�^. �: . �I . �A�Z�o�Z�j�h�\. �F.: 
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5. �L�b�o�h�g�h�\ �: . �G., �:�j�k�_�g�b�g �<. �Y. �F�_�l�h�^�u �j�_�r�_�g�b�y �g�_�d�h�j�j�_�d�l�g�u�o �a�Z�^�Z�q. 
�F.: �G�Z�m�d�Z, 1979. C. 288. 

6. �:�e�b�n�Z�g�h�\ �H. �F, �:�j�l�x�o�b�g �?. �: ., �J�m�f�y�g�p�_�\ �K. �<. �W�d�k�l�j�_�f�Z�e�v�g�u�_ �f�_�l�h-
�^�u �j�_�r�_�g�b�y �g�_�d�h�j�j�_�d�l�g�u�o �a�Z�^�Z�q. �F. : �G�Z�m�d�Z, 1988.  288 �k. 
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�I�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�Z �i�Z�j�Z�f�_�l�j�h�\ �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_-
�f�h�k�l�b �h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6, �i�h�e�m�q�_�g�g�u�o �Z�^�^�b�l�b�\�g�u�f �f�_�l�h�^�h�f �i�h�k�e�h�c-
�g�h�]�h �e�Z�a�_�j�g�h�]�h �k�i�_�d�Z�g�b�y, �g�Z �h�k�g�h�\�Z�g�b�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o.  
�J�Z�k�k�f�h�l�j�_�g�h �\�e�b�y�g�b�_ �]�_�h�f�_�l�j�b�b �d�h�g�k�l�j�m�d�p�b�b �f�h�^�_�e�v�g�h�c �k�[�h�j�d�b �k �f�_�f-
�[�j�Z�g�g�u�f �h�[�j�Z�a�p�h�f �g�Z �o�Z�j�Z�d�l�_�j �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �d�j�b�\�h�c �i�j�h�g�b�p�Z�_�f�h-
�k�l�b, �Z �l�Z�d�`�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�h�\ �^�b�n�n�m-
�a�b�b �b �j�Z�k�l�\�h�j�b�f�h�k�l�b �h�l �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z �g�Z �\�o�h�^�g�h�c �k�l�h�j�h�g�_ �f�_�f-
�[�j�Z�g�g�h�]�h �h�[�j�Z�a�p�Z. 

�<�\�_�^�_�g�b�_ 

�>�Z�g�g�Z�y �j�Z�[�h�l�Z �y�\�e�y�_�l�k�y �i�j�h�^�h�e�`�_�g�b�_�f �k�_�j�b�b �j�Z�[�h�l [1-2], �i�h�k�\�y�s�_�g�g�u�o 
�b�a�m�q�_�g�b�x �k�\�h�c�k�l�\ �f�Z�l�_�j�b�Z�e�h�\, �i�h�e�m�q�_�g�g�u�o �k �i�h�f�h�s�v�x �Z�^�^�b�l�b�\�g�u�o �l�_�o�g�h�e�h-
�]�b�c, �Z �b�f�_�g�g�h �f�_�l�h�^�h�f �i�h�k�e�h�c�g�h�]�h �e�Z�a�_�j�g�h�]�h �k�i�_�d�Z�g�b�y (�I�E�K). �< �^�Z�g�g�h�c �j�Z�[�h-
�l�_ �h�i�b�k�u�\�Z�x�l�k�y �i�_�j�\�u�_ �w�d�k�i�_�j�b�f�_�g�l�u �i�h �h�i�j�_�^�_�e�_�g�b�x �i�Z�j�Z�f�_�l�j�h�\ �\�h�^�h�j�h�^�h-
�i�j�h�g�b�p�Z�_�f�h�k�l�b �g�Z �I�E�K-�h�[�j�Z�a�p�Z�o �i�h�i�m�e�y�j�g�h�]�h �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6. 

1. �H�[�j�Z�a�p�u, �h�[�h�j�m�^�h�\�Z�g�b�_ �b �f�_�l�h�^�b�d�Z �b�a�f�_�j�_�g�b�c 

�L�b�i�b�q�g�u�_ �h�[�j�Z�a�p�u �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �b �j�Z�k�l�\�h�j�b�f�h�k�l�b, 
�b�a�]�h�l�h�\�e�_�g�g�u�_ �i�h �I�E�K-�l�_�o�g�h�e�h�]�b�b [1–3] �i�h�d�Z�a�Z�g�u �g�Z �e�_�\�h�f �n�h�l�h �j�b�k. 1, �g�h 
�^�e�y �k�i�e�Z�\�Z �<�L6, �\ �k�b�e�m �j�y�^�Z �h�k�h�[�_�g�g�h�k�l�_�c, �k�\�y�a�Z�g�g�u�o �k�h �k�i�h�k�h�[�h�f �]�_�j�f�_�l�b�a�Z-
�p�b�b �f�_�f�[�j�Z�g�g�h�]�h �h�[�j�Z�a�p�Z, �[�u�e�b �k�^�_�e�Z�g�u �h�[�j�Z�a�p�u �k�h �k�i�_�p�b�Z�e�v�g�u�f�b �k�l�_�g�d�Z�f�b, 
�i�h�a�\�h�e�y�x�s�b�f�b �b�a�h�e�b�j�h�\�Z�l�v �b�k�k�e�_�^�m�_�f�u�c �f�Z�l�_�j�b�Z�e �h�l �k�l�_�g�h�d �b�k�i�u�l�Z�l�_�e�v�g�h�c 
�d�Z�f�_�j�u �q�_�j�_�a �f�_�^�g�u�_ �i�j�h�d�e�Z�^�d�b (�j�b�k�m�g�h�d 1 – �k�i�j�Z�\�Z). �D�Z�d �i�h�d�Z�a�Z�g�h �g�Z �b�a�h�[-
�j�Z�`�_�g�b�b �k�_�q�_�g�b�y �h�[�j�Z�a�p�Z, �^�e�y �b�a�f�_�j�_�g�b�y �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b �b�k�i�h�e�v�a�h-
�\�Z�e�b�k�v �k�i�_�p�b�Z�e�v�g�h �g�Z�i�_�q�Z�l�Z�g�g�u�_ �h�[�j�Z�a�p�u �k �w�n�n�_�d�l�b�\�g�u�f �^�b�Z�f�_�l�j�h�f �f�_�f-
�[�j�Z�g�u 32 �f�f  �b �l�h�e�s�b�g�h�c 1 �f�f , �d�h�l�h�j�u�_ �h�[�`�b�f�Z�e�b�k�v �f�_�^�g�u�f�b �i�j�h�d�e�Z�^�d�Z�f�b 
�k �^�\�m�o �k�l�h�j�h�g �k�l�_�g�d�Z�f�b �b�k�i�u�l�Z�l�_�e�v�g�h�c �y�q�_�c�d�b. 
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�J�b�k. 1. �L�b�i�b�q�g�u�_ �I�E�K-�h�[�j�Z�a�p�u �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�c �i�Z�j�Z�f�_�l�j�h�\ �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h-
�k�l�b (�k�e�_�\�Z: �Z – �^�e�y �b�k�i�u�l�Z�g�b�c �g�Z �j�Z�k�l�y�`�_�g�b�_; �[ – �f�_�f�[�j�Z�g�Z �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�g�b-
�p�Z�_�f�h�k�l�b; �\ – �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �j�Z�k�l�\�h�j�b�f�h�k�l�b) �b �\�b� ̂�k�i�_�p�b�Z�e�v�g�h�]�h �h�[�j�Z�a�p�Z (�k�i�j�Z�\�Z) 
                            �b�a �k�i�e�Z�\�Z �<�L6, �b�a�]�h�l�h�\�e�_�g�g�h�]�h �i�h �I�E�K-�l�_�o�g�h�e�h�]�b�b  

 
�J�Z�k�l�\�h�j�b�f�h�k�l�v �\�h�^�h�j�h�^�Z �\ �k�i�e�Z�\�_ �<�L-6 �b�a�m�q�Z�e�Z�k�v �g�Z �h�[�j�Z�a�p�Z�o �l�b�i�Z «�\» 

�j�Z�a�f�_�j�h�f 3×3×8 �f�f , �f�Z�k�k�h�c 300 �f�]. 
�F�_�l�h�^ �i�j�h�g�b�p�Z�_�f�h�k�l�b �d�Z�d �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �f�_�l�h�^ �b�a�m�q�_�g�b�y �i�Z�j�Z-

�f�_�l�j�h�\ �f�Z�k�k�h�i�_�j�_�g�h�k�Z �\ �f�_�l�Z�e�e�Z�o �b�f�_�_�l �i�j�_�b�f�m�s�_�k�l�\�h �i�h �k�j�Z�\�g�_�g�b�x �k �^�j�m-
�]�b�f�b �f�_�l�h�^�Z�f�b [3], �b�k�i�h�e�v�a�m�_�f�u�f�b �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�y�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �b�a�h-
�l�h�i�h�\ �\�h�^�h�j�h�^�Z �k �d�h�g�k�l�j�m�d�p�b�h�g�g�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b, �l�Z�d �d�Z�d �^�Z�_�l �\�h�a�f�h�`�g�h�k�l�v 
�\ �h�^�g�h�f �w�d�k�i�_�j�b�f�_�g�l�_ �b�a�f�_�j�b�l�v �d�h�w�n�n�b�p�b�_�g�l�u �i�j�h�g�b�p�Z�_�f�h�k�l�b, �^�b�n�n�m�a�b�b 
�b �d�h�g�k�l�Z�g�l�u �j�Z�k�l�\�h�j�b�f�h�k�l�b.  

�G�Z �j�b�k. 2 �i�h�d�Z�a�Z�g�Z �l�b�i�b�q�g�Z�y �k�o�_�f�Z �h�i�u�l�Z �i�h �b�a�f�_�j�_�g�b�x �\�h�^�h�j�h�^�h�i�j�h-
�g�b�p�Z�_�f�h�k�l�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�l�h�^�Z «�i�j�h�j�u�\�Z» �g�Z �f�_�f�[�j�Z�g�g�h�f �h�[�j�Z�a�p�_, �]�^�_ 
�k �\�o�h�^�g�h�c �k�l�h�j�h�g�u �b�k�k�e�_�^�m�_�f�h�c �f�_�f�[�j�Z�g�u �i�j�b �a�Z�^�Z�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_, �b�a�f�_-
�j�y�_�f�h�c �l�_�j�f�h�i�Z�j�h�c �L, �\ �d�h�f�f�m�g�b�d�Z�p�b�x �h�[�t�_�f�h�f V�\�o �b�a �]�_�g�_�j�Z�l�h�j�Z �i�h�^�Z�_�l�k�y 
�\�h�^�h�j�h�^ �i�j�b �^�Z�\�e�_�g�b�b p�\�o, �Z �i�j�h�g�b�d�Z�x�s�b�c �i�h�l�h�d F �\ �\�u�o�h�^�g�h�f �h�[�t�_�f�_ V�\�u�o 
�i�j�b �^�Z�\�e�_�g�b�b p�\�u�o �b�a�f�_�j�y�_�l�k�y �k �i�h�f�h�s�v�x �\�Z�d�m�m�f�_�l�j�Z �b�e�b �]�Z�a�h�\�h�]�h �f�Z�k�k-
�k�i�_�d�l�j�h�f�_�l�j�Z QMS �b �h�l�d�Z�q�b�\�Z�_�l�k�y �g�Z�k�h�k�h�f �k �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x Svac. �G�b�`�_ 
�i�j�b�\�_�^�_�g�Z �k�l�Z�g�^�Z�j�l�g�Z�y �n�h�j�f�m�e�Z �j�Z�k�q�_�l�Z �d�h�w�n�n�b�p�b�_�g�l�Z �i�j�h�g�b�p�Z�_�f�h�k�l�b PH, �]�^�_ 
�^�e�y �j�Z�k�q�_�l�Z �b�k�i�h�e�v�a�m�_�l�k�y �k�l�Z�p�b�h�g�Z�j�g�h�_ �a�g�Z�q�_�g�b�_ �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z F. 
 

 
 
�J�b�k. 2. �L�b�i�b�q�g�Z�y �]�Z�a�h�\�Z�d�m�m�f�g�Z�y �k�o�_�f�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �k�l�_�g�^�Z �^�e�y �b�a�m�q�_�g�b�y �i�Z-
�j�Z�f�_�l�j�h�\ �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b �b �n�h�j�f�m�e�Z �j�Z�k�q�_�l�Z �d�h�w�n�n�b�p�b�_�g�l�Z �i�j�h�g�b�p�Z�_�f�h�k�l�b 
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�B�a �b�a�f�_�j�_�g�b�c �\�u�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y �\ �j�Z�k�k�f�h�l�j�_�g�g�h�c �\�u�r�_ �k�b�k�l�_�f�_ 
�f�h�`�g�h �l�Z�d�`�_ �\�u�q�b�k�e�b�l�v �d�h�w�n�n�b�p�b�_�g�l�u �^�b�n�n�m�a�b�b, �b�k�i�h�e�v�a�m�y �j�Z�a�e�b�q�g�u�_ �\�j�_-
�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �d�j�b�\�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b. �G�Z �j�b�k. 3 �i�h�d�Z�a�Z�g�u �l�b�i�b�q-
�g�u�_ �\�j�_�f�_�g�Z, �b�k�i�h�e�v�a�m�_�f�u�_ �^�e�y �j�Z�k�q�_�l�Z �^�b�n�n�m�a�b�b: �W �d – �\�j�_�f�y �d�Z�k�Z�l�_�e�v�g�h�c, 
�l.�_. �\�j�_�f�y, �i�j�b �d�h�l�h�j�h�f �d�Z�k�Z�l�_�e�v�g�Z�y, �i�j�h�\�_�^�_�g�g�Z�y �d �d�j�b�\�h�c J(t) �\ �l�h�q�d�_ �i�_�j�_-
�]�b�[�Z, �i�_�j�_�k�_�d�Z�_�l �h�k�v �Z�[�k�p�b�k�k;  �W�i�_�j – �\�j�_�f�y �l�h�q�d�b �i�_�j�_�]�b�[�Z �g�Z �d�j�b�\�h�c J(t), �g�m-
�e�_�\�Z�y �l�h�q�d�Z �g�Z �\�l�h�j�h�c �i�j�h�b�a�\�h�^�g�h�c �h�l J(t);  �W1/2 – �\�j�_�f�y �^�h�k�l�b�`�_�g�b�y �i�h�e�h�\�b�g-
�g�h�]�h �a�g�Z�q�_�g�b�y �k�l�Z�p�b�h�g�Z�j�g�h�]�h �i�h�l�h�d�Z. 
 

 
 

�J�b�k. 3. �K�i�h�k�h�[�u �g�Z�o�h�`�^�_�g�b�y �\�j�_�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b �n�h�j�f�m�e�u �j�Z�k�q�_�l�Z  
�d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z 

 
�K �p�_�e�v�x �g�Z�o�h�`�^�_�g�b�y �j�Z�k�l�\�h�j�b�f�h�k�l�b �\�h�^�h�j�h�^�Z �^�e�y �]�b�^�j�b�^�h�h�[�j�Z�a�m�x�s�_�]�h 

�k�i�e�Z�\�Z �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z �b �b�a�]�h�l�h�\�e�_�g�Z �k�i�_�p�b�Z�e�v�g�Z�y �m�k�l�Z�g�h�\�d�Z �]�b�^�j�b�j�h�\�Z�g�b�y, 
�i�j�b�g�p�b�i�b�Z�e�v�g�Z�y �]�Z�a�h�\�Z�y �k�o�_�f�Z �d�h�l�h�j�h�c �i�j�b�\�_�^�_�g�Z �k�e�_�\�Z �g�Z �j�b�k. 4. 
 

 
 

�J�b�k. 4. �=�Z�a�h�\�Z�y �k�o�_�f�Z �m�k�l�Z�g�h�\�d�b �^�e�y �]�b�^�j�b�j�h�\�Z�g�b�y (�k�e�_�\�Z) �b �k�l�j�m�d�l�m�j�g�Z�y �k�o�_�f�Z �]�Z�a�h-
�Z�g�Z�e�b�a�Z�l�h�j�Z ELTRA (�k�i�j�Z�\�Z) 

 
�L�Z�d �d�Z�d �i�h�\�_�j�o�g�h�k�l�v �l�b�l�Z�g�Z �b �k�i�e�Z�\�h�\ �g�Z �_�]�h �h�k�g�h�\�_ �b�a�g�Z�q�Z�e�v�g�h �\�k�_�]�^�Z 

�i�h�d�j�u�l�Z �h�d�k�b�^�g�h�c �i�e�_�g�d�h�c, �i�j�_�i�y�l�k�l�\�m�x�s�_�c �i�j�h�p�_�k�k�m �]�b�^�j�b�j�h�\�Z�g�b�y, �^�e�y �_�_ 
�m�^�Z�e�_�g�b�y (�j�Z�k�l�\�h�j�_�g�b�y) �i�j�h�\�h�^�b�e�k�y �i�j�h�p�_�k�k �Z�d�l�b�\�Z�p�b�b, �a�Z�d�e�x�q�Z�x�s�b�c�k�y 
�\ �g�Z�]�j�_�\�_ �h�[�j�Z�a�p�h�\ �\ �Z�f�i�m�e�_ �: (�k�f. �j�b�k�m�g�h�d 4) �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �h�l 660 °�K �^�h 
770 °�K  �\ �^�b�g�Z�f�b�q�_�k�d�h�f �\�Z�d�m�m�f�_ �\ �l�_�q�_�g�b�_ 1 �q�Z�k�Z. �L�_�f�i�_�j�Z�l�m�j�Z �Z�d�l�b�\�Z�p�b�b �\�u-
�[�b�j�Z�e�Z�k�v �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �i�_�j�_�^ �i�h�k�e�_�^�m�x�s�_�c �i�h�^�Z�q�_�c �\�h�^�h�j�h�^�Z �g�_ �[�u-
�e�h �g�_�h�[�o�h�^�b�f�h�k�l�b �\ �_�_ �b�a�f�_�g�_�g�b�b. 
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�I�h�k�e�_ �Z�d�l�b�\�Z�p�b�b �\�Z�d�m�m�f�b�j�h�\�Z�g�b�_ �i�j�_�d�j�Z�s�Z�e�h�k�v, �Z �\�h�^�h�j�h�^ �b�a �[�Z�e�e�h�g�Z 
�;�E �q�_�j�_�a �j�_�]�m�e�y�l�h�j �j�Z�k�o�h�^�Z �J�J �i�h�^�Z�\�Z�e�k�y �\ �Z�f�i�m�e�m �:, �g�Z�o�h�^�y�s�b�c�k�y �i�j�b �a�Z-
�^�Z�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_.  

�J�Z�[�h�l�Z �j�_�]�m�e�y�l�h�j�Z �j�Z�k�o�h�^�Z �]�Z�a�Z �J�J �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h-
�[�u �i�h�^�^�_�j�`�b�\�Z�l�v �\ �Z�f�i�m�e�_ �: �i�h�k�l�h�y�g�g�h�_ �a�Z�^�Z�g�g�h�_ �^�Z�\�e�_�g�b�_, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ 
�j�Z�\�g�h�\�_�k�g�h�f�m �^�e�y �^�Z�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�u �b �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �\ �h�[�j�Z�a�p�_. 
�>�Z�\�e�_�g�b�_ �\ �Z�f�i�m�e�_ �: �d�h�g�l�j�h�e�b�j�h�\�Z�e�h�k�v �k �i�h�f�h�s�v�x �^�Z�l�q�b�d�Z �^�Z�\�e�_�g�b�y �>�>2. 

�I�h�k�e�_ �h�d�h�g�q�Z�g�b�y �]�b�^�j�b�j�h�\�Z�g�b�y, �h�i�j�_�^�_�e�y�_�f�h�]�h �d�Z�d �h�l�k�m�l�k�l�\�b�_ �b�a�f�_�g�_-
�g�b�y �^�Z�\�e�_�g�b�y �\ �_�f�d�h�k�l�b �;�E (�d�h�g�l�j�h�e�v �k �i�h�f�h�s�v�x �^�Z�l�q�b�d�Z �^�Z�\�e�_�g�b�y �>�>1), �k�h�[-
�k�l�\�_�g�g�u�c �\�_�g�l�b�e�v �Z�f�i�m�e�u �i�_�j�_�d�j�u�\�Z�e�k�y, �Z �h�[�j�Z�a�_�p �j�_�a�d�h �h�o�e�Z�`�^�Z�e�k�y �a�Z �k�q�_�l 
�i�h�]�j�m�`�_�g�b�y �Z�f�i�m�e�u �\ �\�h�^�m. 

�N�Z�d�l�b�q�_�k�d�h�_ �k�h�^�_�j�`�Z�g�b�_ �\�h�^�h�j�h�^�Z �\ �h�[�j�Z�a�p�Z�o �h�i�j�_�^�_�e�y�e�h�k�v �f�_�l�h�^�h�f 
�i�e�Z�\�e�_�g�b�y �h�[�j�Z�a�p�Z �\ �i�h�l�h�d�_ �b�g�_�j�l�g�h�]�h �]�Z�a�Z-�g�h�k�b�l�_�e�y �k �i�h�f�h�s�v�x �]�Z�a�h�Z�g�Z�e�b�a�Z-
�l�h�j�Z ELTRA, �k�o�_�f�Z �d�h�l�h�j�h�]�h �i�j�_�^�k�l�Z�\�e�_�g�Z �k�i�j�Z�\�Z �g�Z �j�b�k. 4. 

2. �J�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�c 

�L�Z�d �d�Z�d �h�k�g�h�\�g�h�c �i�j�h�[�e�_�f�h�c �i�j�b �i�j�h�\�_�^�_�g�b�b �w�d�k�i�_�j�b�f�_�g�l�Z �[�u�e�Z �\�h�a-
�f�h�`�g�h�k�l�v �\�h�^�h�j�h�^�g�h�]�h �h�o�j�m�i�q�b�\�Z�g�b�y �h�[�j�Z�a�p�Z �b�a-�a�Z �\�h�a�f�h�`�g�h�k�l�b �h�[�j�Z�a�h�\�Z�g�b�y 
�]�b�^�j�b�^�Z �l�b�l�Z�g�Z, �l�h �[�u�e�b �b�a�m�q�_�g�u �j�Z�a�e�b�q�g�u�_ �a�Z�j�m�[�_�`�g�u�_ �j�Z�[�h�l�u �b �g�Z�c�^�_�g 
�^�b�Z�i�Z�a�h�g �l�_�f�i�_�j�Z�l�m�j �b �^�Z�\�e�_�g�b�c, �]�^�_ �\�h�a�f�h�`�g�u �[�u�e�b �^�e�b�l�_�e�v�g�u�_ �b�a�f�_�j�_�g�b�y 
�[�_�a �j�Z�a�j�m�r�_�g�b�y �k�Z�f�h�]�h �h�[�j�Z�a�p�Z [4–5]. �B�a�f�_�j�_�g�b�y �i�j�h�\�h�^�b�e�b �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f-
�i�_�j�Z�l�m�j �h�l 550 �q�K �^�h 750 �q�K �b �^�Z�\�e�_�g�b�b �h�l �i�j�b�f�_�j�g�h 5 �f�[�Z�j �^�h 100 �f�[�Z�j. 
�G�Z �j�b�k. 5 �i�h�d�Z�a�Z�g�u �i�j�b�f�_�j�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �d�j�b�\�u�o �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z 
�g�Z �\�u�o�h�^�g�h�c �k�l�h�j�h�g�_ �h�[�j�Z�a�p�Z (�\�j�_�f�y �\ �e�h�]�Z�j�b�n�f�b�q�_�k�d�b�o �d�h�h�j�^�b�g�Z�l�Z�o) �i�j�b 
�j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �b �a�g�Z�q�_�g�b�y�o �\�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y. �J�_�a�m�e�v�l�Z�l�u �h�i�u�l�h�\ 
�i�h�d�Z�a�u�\�Z�x�l �g�_ �l�h�e�v�d�h �j�Z�a�g�u�_ �k�l�Z�p�b�h�g�Z�j�g�u�_ �a�g�Z�q�_�g�b�y, �g�h �b �g�Z�e�b�q�b�_ �f�g�h�]�h-
�k�l�m�i�_�g�q�Z�l�h�]�h �o�Z�j�Z�d�l�_�j�Z �d�j�b�\�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b. �H�q�_�\�b�^�g�h, �q�l�h �g�Z �i�h�^�h�[�g�u�c 
�o�Z�j�Z�d�l�_�j �d�j�b�\�h�c �f�h�]�m�l �\�e�b�y�l�v �d�Z�d �[�h�d�h�\�u�_ �k�l�_�g�d�b �d�h�g�k�l�j�m�d�p�b�b �h�[�j�Z�a�p�Z [3], 
�l�Z�d �b �n�Z�a�h�\�u�_ �i�_�j�_�o�h�^�u �\ �k�l�j�m�d�l�m�j�_ �b�k�k�e�_�^�m�_�f�h�]�h �f�Z�l�_�j�b�Z�e�Z. �G�Z �j�b�k. 6 �i�j�_�-̂
�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�c �w�n�n�_�d�l�b�\�g�h�c �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �i�h �^�Z�g�g�u�f 
�w�d�k�i�_�j�b�f�_�g�l�Z �k �I�E�K-�h�[�j�Z�a�p�Z�f�b �k�i�e�Z�\�Z �<�L6 �b �^�Z�g�g�u�_ �j�Z�[�h�l�u [4] �^�e�y �k�j�Z�\�g�_-
�g�b�y, �i�h�e�m�q�_�g�g�u�_ �d�h�e�e�_�]�Z�f�b �b�a �=�_�j�f�Z�g�b�b �^�e�y �k�i�e�Z�\�Z Ti-6Al-4V, �k�h�h�l�\�_�l�k�l�\�m-
�x�s�_�]�h �k�i�e�Z�\�m �<�L6. �J�Z�k�q�_�l �w�n�n�_�d�l�b�\�g�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �i�j�h�\�h�^�b�e-
�k�y �i�h �\�j�_�f�_�g�b �i�_�j�\�h�c �l�h�q�d�b �i�_�j�_�]�b�[�Z �b �\�j�_�f�_�g�b �d�Z�k�Z�l�_�e�v�g�h�c (�f�g�h�]�h�k�l�m�i�_�g�q�Z-
�l�u�c �o�Z�j�Z�d�l�_�j �i�j�h�g�b�p�Z�_�f�h�k�l�b �a�Z�l�j�m�^�g�y�_�l �b�^�_�g�l�b�n�b�d�Z�p�b�x �g�_�h�[�o�h�^�b�f�h�]�h 
�k�l�Z�p�b�h�g�Z�j�g�h�]�h �a�g�Z�q�_�g�b�y �i�h�l�h�d�Z), �i�j�b �w�l�h�f �h�l�g�h�k�b�l�_�e�v�g�u�c �j�Z�a�[�j�h�k �a�g�Z�q�_�g�b�c 
�i�h �^�\�m�f �k�i�h�k�h�[�Z�f �j�Z�k�q�_�l�Z �g�_ �i�j�_�\�u�r�Z�e 10 %. �D�Z�d �\�b�^�g�h �b�a �]�j�Z�n�b�d�h�\ �g�Z �j�b-
�k�m�g�d�_ 6 �\ �h�i�j�_�^�_�e�_�g�g�h�f �^�b�Z�i�Z�a�h�g�_ �\�o�h�^�g�u�o �^�Z�\�e�_�g�b�c (10…30 �f�[�Z�j) �g�Z�[�e�x�^�Z-
�_�l�k�y �d�Z�j�l�b�g�Z, �Z�g�Z�e�h�]�b�q�g�Z�y �^�e�y �d�h�f�i�Z�d�l�g�h�]�h �k�i�e�Z�\�Z Ti-6Al-4V, �]�^�_ �a�g�Z�q�_�g�b�y 
�^�b�n�n�m�a�b�b «�i�j�h�\�Z�e�b�\�Z�x�l�k�y».  
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�J�b�k. 5. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �d�j�b�\�u�_ �i�j�h�g�b�p�Z�_�f�h�k�l�b �\�h�^�h�j�h�^�Z (�\�u�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y) 
�\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �e�h�]�Z�j�b�n�f�Z �\�j�_�f�_�g�b �^�e�y �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j �b �\�o�h�^�g�u�o �^�Z�\�e�_�g�b�c 
 
 

 
 
�J�b�k. 6. �A�Z�\�b�k�b�f�h�k�l�b �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �h�l �\�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y �\�h�^�h�j�h-
�^�Z �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �^�e�y �I�E�K-�h�[�j�Z�a�p�Z �b�a �k�i�e�Z�\�Z �<�L6 (�k�e�_�\�Z) �b �g�Z �h�[�j�Z�a�p�Z�o 
                �Z�g�Z�e�h�]�b�q�g�h�]�h �k�i�e�Z�\�Z Ti-6Al-4V (�k�i�j�Z�\�Z), �i�h�e�m�q�_�g�g�u�o �\ �j�Z�[�h�l�_ [4]  
 

�?�k�e�b �i�_�j�_�\�_�k�l�b �j�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�c �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �\ �l�b-
�i�b�q�g�m�x �^�e�y �\�h�k�i�j�b�y�l�b�y �a�Z�\�b�k�b�f�h�k�l�v �h�l �h�[�j�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u, �l�h �f�h�`�g�h �a�Z-
�f�_�l�b�l�v, �j�Z�a�e�b�q�g�m�x �Z�j�j�_�g�b�m�k�h�\�k�d�m�x �a�Z�\�b�k�b�f�h�k�l�v �^�e�y �j�Z�a�g�h�]�h �^�b�Z�i�Z�a�h�g�Z �^�Z�\-
�e�_�g�b�c �\�h�^�h�j�h�^�Z �g�Z �\�o�h�^�g�h�c �k�l�h�j�h�g�_ �f�_�f�[�j�Z�g�g�h�]�h �h�[�j�Z�a�p�Z (�j�b�k. 7). �K�j�Z�\�g�_�g�b�_ 
�k �e�b�l�_�j�Z�l�m�j�g�u�f�b �^�Z�g�g�u�f�b [4] �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �i�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �m�d�e�Z-
�^�u�\�Z�x�l�k�y �\ �l�b�i�b�q�g�m�x �h�[�e�Z�k�l�v �^�e�y �d�h�w�n�n�b�p�b�_�g�l�h�\ �^�b�n�n�m�a�b�b �\ �D-�l�b�l�Z�g�_. �?�k�e�b 
�j�Z�k�k�f�Z�l�j�b�\�Z�l�v �i�h�e�m�q�_�g�g�u�_ �a�g�Z�q�_�g�b�y �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b �^�b�n�n�m�a�b�b, �l�h �f�h�`�g�h 
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�h�l�f�_�l�b�l�v �l�j�b �^�b�Z�i�Z�a�h�g�Z �a�g�Z�q�_�g�b�c �k �j�_�a�d�b�f�b �i�_�j�_�o�h�^�Z�f�b �f�_�`�^�m �g�b�f�b, �q�l�h �\�_-
�j�h�y�l�g�h �k�h�h�l�\�_�l�k�l�\�m�_�l �j�Z�a�e�b�q�g�u�f �n�Z�a�Z�f �k�l�j�m�d�l�m�j�g�h�c �j�_�r�_�l�d�b �k�i�e�Z�\�Z. 

�D�j�h�f�_ �l�h�]�h, �i�h�g�b�`�_�g�g�u�_ �a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �i�h �k�j�Z�\�g�_-
�g�b�x �k �e�b�l�_�j�Z�l�m�j�g�u�f�b �^�Z�g�g�u�f�b �f�h�]�m�l �[�u�l�v �k�\�y�a�Z�g�u �k �g�Z�e�b�q�b�_�f �i�h�j �\ �I�E�K-
�h�[�j�Z�a�p�Z�o, �d�h�l�h�j�u�_, �k�h�]�e�Z�k�g�h �l�_�h�j�_�l�b�q�_�k�d�b�f �j�Z�k�q�_�l�Z�f [6], �k�g�b�`�Z�x�l �w�n�n�_�d�l�b�\-
�g�u�_ �a�g�Z�q�_�g�b�y �^�b�n�n�m�a�b�b. 
 
 

 
 

�J�b�k. 7. �A�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �h�l �l�_�f�i�_�j�Z�l�m�j�u �b �_�]�h �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b 
�h�l �\�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y 

 
�K�h�\�h�d�m�i�g�h�k�l�v �b�a�f�_�j�_�g�g�u�o �a�g�Z�q�_�g�b�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �\�h�^�h�j�h�^�Z �h�l �h�[�j�Z�l-

�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �q�_�j�_�a �f�_�f�[�j�Z�g�g�u�c �h�[�j�Z�a�_�p �i�h�d�Z�a�Z�g�Z �k�e�_�\�Z �g�Z �j�b�k. 8, �Z �k�i�j�Z�\�Z 
– �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �i�_�j�_�j�Z�k�q�_�l �d�h�w�n�n�b�p�b�_�g�l�Z �j�Z�k�l�\�h�j�b�f�h�k�l�b �^�e�y �j�Z�a�e�b�q�g�u�o 
�\�o�h�^�g�u�o �^�Z�\�e�_�g�b�c. �A�^�_�k�v �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �i�h�e�m�q�_�g�g�u�_ �a�g�Z�q�_�g�b�y �d�Z�d �^�e�y 
�i�j�h�g�b�p�Z�_�f�h�k�l�b, �l�Z�d �b �^�e�y �j�Z�k�l�\�h�j�b�f�h�k�l�b �y�\�e�y�x�l�k�y �a�Z�g�b�`�_�g�g�u�f�b, �l�Z�d �d�Z�d �Z�g�Z-
�e�b�a �i�h�\�_�j�o�g�h�k�l�b �b �k�l�j�m�d�l�m�j�u �h�[�j�Z�a�p�Z (�n�h�l�h�\ �p�_�g�l�j�_ �g�Z �j�b�k. 8) �i�h�d�Z�a�Z�e �g�Z�e�b-
�q�b�_ �g�Z �\�o�h�^�g�h�c �k�l�h�j�h�g�_ �a�Z�s�b�l�g�h�]�h �i�h�d�j�u�l�b�y (�g�b�l�j�b�^�Z �b �h�d�k�b�^�Z �l�b�l�Z�g�Z), �d�h�l�h-
�j�h�_ �h�[�j�Z�a�h�\�Z�e�h�k�v �\�k�e�_�^�k�l�\�b�_ �i�e�h�o�h�c �]�_�j�f�_�l�b�a�Z�p�b�b �\�o�h�^�g�u�o �d�h�f�f�m�g�b�d�Z�p�b�c. 
�K�g�b�`�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �\ �f�_�l�Z�e�e�_ �\�_�^�_�l �d �k�g�b�`�_�g�b�x �\�_�j�h�y�l�g�h�k�l�b 
�h�[�j�Z�a�h�\�Z�g�b�y �]�b�^�j�b�^�g�u�o �n�Z�a �b �i�h�\�u�r�_�g�b�x �i�j�h�q�g�h�k�l�b �b �j�_�k�m�j�k�Z �b�a�^�_�e�b�c 
�b�a �k�i�e�Z�\�Z �<�L6. 
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�J�b�k. 8. �L�_�f�i�_�j�Z�l�m�j�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�h�\ �i�j�h�g�b�p�Z�_�f�h�k�l�b �I�E�K-�h�[�j�Z�a�p�Z �b�a 
�k�i�e�Z�\�Z �<�L6 (�k�e�_�\�Z), �j�Z�k�l�\�h�j�b�f�h�k�l�b (�k�i�j�Z�\�Z) �b �n�h�l�h �r�e�b�n�Z �k�h �k�l�j�m�d�l�m�j�h�c �h�[�j�Z�a�p�Z 

 
�H �a�Z�g�b�`�_�g�g�u�o �a�g�Z�q�_�g�b�y�o �d�h�w�n�n�b�p�b�_�g�l�Z �j�Z�k�l�\�h�j�b�f�h�k�l�b, �i�h�e�m�q�_�g�g�u�o �b�a 

�b�a�f�_�j�_�g�b�c �i�j�h�g�b�p�Z�_�f�h�k�l�b, �l�Z�d�`�_ �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l �i�j�y�f�u�_ �b�a�f�_�j�_�g�b�y �k�h�^�_�j-
�`�Z�g�b�y �\�h�^�h�j�h�^�Z �\ �I�E�K-�h�[�j�Z�a�p�Z�o �b�a �k�i�e�Z�\�Z �<�L6, �d�h�l�h�j�u�_ �i�h�e�m�q�_�g�u �g�Z �h�[�j�Z�a-
�p�Z�o �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �j�Z�k�l�\�h�j�b�f�h�k�l�b (�h�[�j�Z�a�p�u �l�b�i�Z «�\», �j�b�k. 1) �g�Z �m�k�l�Z�g�h�\�d�_ 
�]�b�^�j�b�j�h�\�Z�g�b�y �b �]�Z�a�h�Z�g�Z�e�b�a�Z (�k�f. �j�b�k. 4). 

�< �l�Z�[�e�b�p�_ 1 �i�h�d�Z�a�Z�g�u �j�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�c �g�Z�\�h�^�h�j�h�`�_�g�g�u�o �h�[�j�Z�a�p�h�\ 
(�l�b�i�Z «�\») �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l 660 �q�K �^�h 770 �q�K �i�j�b �^�Z�\�e�_�g�b�y�o �h�l 
5 �f�[�Z�j �^�h 50 �f�[�Z�j. �K�j�Z�\�g�_�g�b�_ �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ (�\ �_�^�b�g�b�p�Z�o �d�h�g�p�_�g-
�l�j�Z�p�b�b [�Z�l.%]) �k �e�b�l�_�j�Z�l�m�j�g�u�f�b �^�Z�g�g�u�f�b �^�j�m�]�b�o �Z�\�l�h�j�h�\ [4], �d�Z�d �i�h�d�Z�a�Z�g�h �g�Z 
�j�b�k. 9, �o�h�j�h�r�h �k�h�]�e�Z�k�m�x�l�k�y �f�_�`�^�m �k�h�[�h�c. �G�_�[�h�e�v�r�b�_ �h�l�e�b�q�b�y �\ �j�_�a�m�e�v�l�Z�l�Z�o 
�k�\�y�a�Z�g�u, �i�h-�\�b�^�b�f�h�f�m, �k �f�_�l�h�^�h�e�h�]�b�_�c �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z (�d�h�g�l�j�h�e�v 
�l�_�f�i�_�j�Z�l�m�j�u, �i�h�^�^�_�j�`�Z�g�b�_ �^�Z�\�e�_�g�b�y, �h�o�e�Z�`�^�_�g�b�_, �b�k�i�h�e�v�a�m�_�f�u�_ �k�l�Z�g�^�Z�j�l�g�u�_ 
�h�[�j�Z�a�p�u �i�j�b �d�Z�e�b�[�j�h�\�d�_ �]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�Z). 
 

�L�Z�[ �e�b�p�Z 1  

�K�h�^�_�j�`�Z�g�b�_ �\�h�^�h�j�h�^�Z �\ �I�E�K-�h�[�j�Z�a�p�Z�o, �g�Z�k�u�s�_�g�g�u�o �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z-
�l�m�j�Z�o �b �^�Z�\�e�_�g�b�y�o �\�h�^�h�j�h�^�Z 

 

�>�Z�\�e�_�g�b�_, 
�f�[�Z�j 

�K�h�^�_�j�`�Z�g�b�_ �\�h�^�h�j�h�^�Z, ppm 

660 °�K 690 °�K 720 °�K 770 °�K 

5 1059 1024 697 515 

10 1665 1499 1255 959 

15 2684 2134 1474 1249 

25 3716 3420 2525 1745 

50 5950 4343 3945 2757 
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�J�b�k. 9. �K�j�Z�\�g�_�g�b�_ �j�_�a�m�e�v�l�Z�l�h�\ �b�a�f�_�j�_�g�b�c �j�Z�k�l�\�h�j�b�f�h�k�l�b �g�Z�\�h�^�h�j�h�`�_�g�g�u�o �h�[�j�Z�a�p�h�\ 

(�p�\�_�l�g�u�_ �k�b�f�\�h�e�u �k �e�b�g�b�_�c) �k �e�b�l�_�j�Z�l�m�j�g�u�f�b �^�Z�g�g�u�f�b [4] 
 
 
 

�A�Z�\�b�k�b�f�h�k�l�v �a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �j�Z�k�l�\�h�j�b�f�h�k�l�b (�d�h�g�k�l�Z�g�l�u �K�b-
�\�_�j�l�k�Z) �h�l �h�[�j�Z�l�g�h�]�h �a�g�Z�q�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �i�h�d�Z�a�Z�g�Z �g�Z �\�_�j�o�g�_�f �]�j�Z�n�b�d�_ 
�j�b�k. 10 �^�e�y �j�Z�a�e�b�q�g�u�o �a�g�Z�q�_�g�b�c �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z, �i�j�b �d�h�l�h�j�h�f �i�j�h�o�h�^�b�e�h 
�g�Z�\�h�^�h�j�Z�`�b�\�Z�g�b�_ �h�[�j�Z�a�p�h�\. �G�Z �]�j�Z�n�b�d�_ �k�g�b�a�m �i�h�d�Z�a�Z�g�u �j�Z�k�k�q�b�l�Z�g�g�u�_ �a�g�Z�q�_-
�g�b�y �w�g�l�Z�e�v�i�b�b �j�Z�k�l�\�h�j�_�g�b�y �h�l �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z. �A�^�_�k�v �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v 
�h�k�h�[�_�g�g�h�k�l�v �\ �m�a�d�h�f �^�b�Z�i�Z�a�h�g�_ �^�Z�\�e�_�g�b�c (5..15 �f�[�Z�j), �]�^�_ �g�Z�[�e�x�^�Z�_�l�k�y «�i�j�h-
�\�Z�e» �a�g�Z�q�_�g�b�c, �i�j�Z�d�l�b�q�_�k�d�b �Z�g�Z�e�h�]�b�q�g�u�c «�i�j�h�\�Z�e�m» �^�e�y �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n-
�n�m�a�b�b, �q�l�h �]�h�\�h�j�b�l �h �y�\�g�h�f �g�Z�e�b�q�b�b �\ �^�Z�g�g�h�f �^�b�Z�i�Z�a�h�g�_ �d�h�g�p�_�g�l�j�Z�p�b�c �\�h�^�h-
�j�h�^�Z �g�_�d�h�c �h�l�e�b�q�b�l�_�e�v�g�h�c �k�l�j�m�d�l�m�j�g�h�c �n�Z�a�u.  
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�J�b�k. 10. �L�_�f�i�_�j�Z�l�m�j�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�Z �j�Z�k�l�\�h�j�b�f�h�k�l�b �^�e�y �j�Z�a�e�b�q�g�u�o 
�a�g�Z�q�_�g�b�c �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z (�k�\�_�j�o�m) �b �a�g�Z�q�_�g�b�y �w�g�l�Z�e�v�i�b�b �j�Z�k�l�\�h�j�_�g�b�y �h�l �^�Z�\�e�_�g�b�y 
                  �\�h�^�h�j�h�^�Z, �i�j�b �d�h�l�h�j�h�f �i�j�h�\�h�^�b�e�h�k�v �g�Z�\�h�^�h�j�Z�`�b�\�Z�g�b�_ (�k�g�b�a�m) 

3. �F�h�^�_�e�b�j�h�\�Z�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z 

�I�h�e�m�q�_�g�g�u�c �\ �h�i�u�l�Z�o �k�e�h�`�g�u�c �b �f�g�h�]�h�k�l�m�i�_�g�q�Z�l�u�c �o�Z�j�Z�d�l�_�j �d�j�b�\�h�c 
�i�j�h�g�b�p�Z�_�f�h�k�l�b �l�j�_�[�m�_�l �h�[�t�y�k�g�_�g�b�y, �i�h�w�l�h�f�m �^�e�y �\�u�y�k�g�_�g�b�y �w�l�b�o �i�j�b�q�b�g �[�u-
�e�h �i�j�h�\�_�^�_�g�h �f�h�^�_�e�b�j�h�\�Z�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �]�_�h�f�_�l�j�b�b �h�[-
�j�Z�a�p�Z �b �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �f�h�^�_�e�b �d�e�Z�k�k�b�q�_�k�d�h�c �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b �q�_�j�_�a 
�i�e�h�k�d�b�_ �f�_�f�[�j�Z�g�u. �<�u�[�j�Z�g�g�Z�y �]�_�h�f�_�l�j�b�y �h�[�j�Z�a�p�Z, �b�k�i�h�e�v�a�h�\�Z�g�g�h�]�h �^�e�y �b�k-
�k�e�_�^�h�\�Z�g�b�c �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b, �b�f�_�_�l, �d�Z�d �h�d�Z�a�Z�e�h�k�v, �k�\�h�b �h�k�h�[�_�g�g�h�k�l�b, 
�d�h�l�h�j�u�_ �i�j�b �i�j�h�\�_�^�_�g�b�b �q�b�k�e�_�g�g�h�]�h �j�Z�k�q�_�l�Z �w�d�k�i�_�j�b�f�_�g�l�Z �f�h�]�m�l �q�Z�k�l�b�q�g�h 
�h�i�b�k�Z�l�v �g�Z�[�e�x�^�Z�_�f�u�c �^�e�y �k�i�e�Z�\�Z �<�L6 �o�Z�j�Z�d�l�_�j �d�j�b�\�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b.  

�Q�b�k�e�_�g�g�u�c �j�Z�k�q�_�l �k �i�h�f�h�s�v�x �i�Z�d�_�l�Z Comsol Multiphysics [7] �k �b�k�i�h�e�v-
�a�h�\�Z�g�b�_�f �l�b�i�b�q�g�u�o �a�g�Z�q�_�g�b�c [3] �d�h�w�n�n�b�p�b�_�g�l�h�\ �j�Z�k�l�\�h�j�b�f�h�k�l�b �b �^�b�n�n�m�a�b�b 
�^�e�y �k�l�Z�e�b, �f�_�^�b �b �k�i�e�Z�\�Z �<�L6 �i�h�d�Z�a�Z�e �d�Z�d �[�m�^�_�l �\�u�]�e�y�^�_�l�v �d�j�b�\�Z�y �i�j�h�g�b�p�Z�_-
�f�h�k�l�b �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �g�Z�]�j�_�\�Z �h�[�j�Z�a�p�Z (�k�f. �j�b�k. 11). �G�Z �i�j�Z�\�h�f 
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�]�j�Z�n�b�d�_ �j�b�k. 11 �i�h�d�Z�a�Z�g�u �l�Z�d�b�_ �d�j�b�\�u�_, �g�h�j�f�b�j�h�\�Z�g�g�u�_ �g�Z �a�g�Z�q�_�g�b�y �k�l�Z�p�b�h-
�g�Z�j�g�h�]�h �i�j�h�g�b�p�Z�_�f�h�]�h �i�h�l�h�d�Z �q�_�j�_�a �i�h�\�_�j�o�g�h�k�l�v �f�_�f�[�j�Z�g�u, �\ �k�h�h�l�\�_�l�k�l�\�b�b 
�k �m�j�Z�\�g�_�g�b�_�f �N�b�d�Z �b �a�Z�^�Z�g�g�u�f�b �]�j�Z�g�b�q�g�u�f�b �m�k�e�h�\�b�y�f�b (�b�k�o�h�^�y �b�a �i�j�Z�d�l�b�d�b, 
�i�h�l�h�d �g�Z �\�g�_�r�g�x�x �k�l�h�j�h�g�m �i�j�b�j�Z�\�g�b�\�Z�_�l�k�y �g�m�e�x). �A�^�_�k�v �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v 
�g�Z�e�b�q�b�_ �^�\�m�o �k�l�Z�^�b�c, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �i�j�h�g�b�p�Z�_�f�h�k�l�b �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �q�_-
�j�_�a �k�Z�f�m �f�_�f�[�j�Z�g�m �b �i�j�h�g�b�p�Z�_�f�h�k�l�b �a�Z �k�q�_�l �\�d�e�Z�^�Z �h�l �[�h�d�h�\�u�o �k�l�_�g�h�d. 
 

 
 
�J�b�k. 11. �J�Z�k�i�j�_�^�_�e�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �\ �I�E�K-�h�[�j�Z�a�p�_ (�k�e�_�\�Z �b �i�h �p�_�g�l�j�m) 
�b �\�e�b�y�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �g�Z �h�l�g�h�k�b�l�_�e�v�g�m�x �i�j�h�g�b�p�Z�_�f�h�k�l�v, �g�h�j�f�b�j�h�\�Z�g�g�m�x �g�Z �k�l�Z�p�b- 
       �h�g�Z�j�g�u�c �i�h�l�h�d �q�_�j�_�a �f�_�f�[�j�Z�g�m, �i�j�b �\�u�[�j�Z�g�g�h�c �]�_�h�f�_�l�j�b�b �h�[�j�Z�a�p�Z (�k�i�j�Z�\�Z) 
 
 

�K�l�m�i�_�g�q�Z�l�u�c �\�b� ̂�d�j�b�\�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �k�\�y�a�Z�g �k �l�_�f, �q�l�h �g�Z �\�_�e�b�q�b�g�m 
�\�u�o�h�^�g�h�]�h �i�h�l�h�d�Z �\�e�b�y�_�l �k�h�k�l�h�y�g�b�_ �\�k�_�c �\�u�o�h�^�g�h�c �i�h�\�_�j�o�g�h�k�l�b (�g�Z �j�b�k. 12 
�k�e�_�\�Z �h�l�f�_�q�_�g�Z �k�i�e�h�r�g�u�f �k�b�g�b�f �p�\�_�l�h�f). �D�j�h�f�_ �l�h�]�h, �g�Z �o�Z�j�Z�d�l�_�j �d�j�b�\�h�c 
�i�j�h�g�b�p�Z�_�f�h�k�l�b �[�h�e�v�r�h�_ �\�e�b�y�g�b�_ �h�d�Z�a�u�\�Z�x�l �i�Z�j�Z�f�_�l�j�u �j�Z�k�l�\�h�j�b�f�h�k�l�b �\�h�^�h-
�j�h�^�Z �\ �f�Z�l�_�j�b�Z�e�Z�o �k�[�h�j�d�b. �H�q�_�\�b�^�g�h, �q�l�h �\�Z�j�v�b�j�h�\�Z�g�b�_ �w�l�b�o �i�Z�j�Z�f�_�l�j�h�\ 
(�i�j�_�^�w�d�k�i�h�g�_�g�l�u �b �w�g�l�Z�e�v�i�b�b �j�Z�k�l�\�h�j�_�g�b�y, �d�Z�d �i�h�d�Z�a�Z�g�h �g�Z �j�b�k. 12 �^�e�y �k�i�e�Z�\�Z 
�<�L6), �f�h�`�_�l �a�g�Z�q�b�l�_�e�v�g�h �b�a�f�_�g�b�l�v �\�b� ̂�d�j�b�\�h�c. �N�Z�d�l�b�q�_�k�d�h�_ �`�_ �g�Z�e�b�q�b�_ �j�Z�a-
�e�b�q�g�u�o �n�Z�a �^�e�y �j�Z�a�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�c �\�h�^�h�j�h�^�Z �\ �k�l�j�m�d�l�m�j�_ �<�L6 (�\ �j�Z�k�q�_�l�Z�o 
�b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �h�^�g�h�n�Z�a�g�Z�y �f�h�^�_�e�v), �l�j�_�[�m�_�l �m�`�_ �[�h�e�v�r�_�]�h �d�h�e�b�q�_�k�l�\�Z �i�Z�j�Z-
�f�_�l�j�h�\ �b �[�h�e�_�_ �l�s�Z�l�_�e�v�g�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �^�Z�g�g�h�]�h �k�i�e�Z�\�Z �k �\�u�y�\�e�_�g�b�_�f �]�j�Z-
�g�b�p �n�Z�a�h�\�h�]�h �i�_�j�_�o�h�^�Z �i�j�b �j�Z�a�e�b�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�y�o (�b�e�b �^�Z�\�e�_�g�b�y�o �\�h�^�h�j�h-
�^�Z). �:  �m�q�_�l �\�h�a�f�h�`�g�h�]�h �i�j�b�k�m�l�k�l�\�b�y �j�Z�a�e�b�q�g�u�o �i�h�d�j�u�l�b�c (�d�Z�d �g�Z �\�o�h�^�g�h�c, 
�l�Z�d �b �\�u�o�h�^�g�h�c �k�l�h�j�h�g�Z�o �f�_�f�[�j�Z�g�g�h�]�h �h�[�j�Z�a�p�Z) �k �b�a�f�_�g�y�_�f�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b 
�\ �l�_�q�_�g�b�_ �w�d�k�i�h�a�b�p�b�b �m�`�_ �^�h�e�`�_�g �\�e�b�y�l�v �g�Z �^�b�g�Z�f�b�d�m �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z. 
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�J�b�k. 12. �<�e�b�y�g�b�_ �i�Z�j�Z�f�_�l�j�h�\ �j�Z�k�l�\�h�j�b�f�h�k�l�b �k�i�e�Z�\�Z �<�L6 (�i�h �p�_�g�l�j�m – �i�j�_�^�w�d�k�i�h�g�_�g-
�l�u; �k�i�j�Z�\�Z – �w�g�l�Z�e�v�i�b�b) �g�Z �h�l�g�h�k�b�l�_�e�v�g�m�x �i�j�h�g�b�p�Z�_�f�h�k�l�v, �g�h�j�f�b�j�h�\�Z�g�g�m�x �g�Z �k�l�Z�p�b- 
                       �h�g�Z�j�g�u�c �i�h�l�h�d �q�_�j�_�a �\�u�o�h�^�g�m�x �i�h�\�_�j�o�g�h�k�l�v �f�_�f�[�j�Z�g�u  

 
 
�H�q�_�\�b�^�g�h, �q�l�h �k�m�s�_�k�l�\�m�_�l �h�i�l�b�f�Z�e�v�g�Z�y �]�_�h�f�_�l�j�b�y �h�[�j�Z�a�p�Z, �i�h�a�\�h�e�y�x-

�s�Z�y �b�a�[�Z�\�b�l�v�k�y �h�l �\�e�b�y�g�b�y �i�h�[�h�q�g�h�]�h �i�h�l�h�d�Z �h�l �[�h�d�h�\�u�o �k�l�_�g�h�d. �G�Z�i�j�b�f�_�j, 
�m�f�_�g�v�r�_�g�b�_ �l�h�e�s�b�g�u �k�Z�f�h�c �f�_�f�[�j�Z�g�u. �G�h �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �h�]�j�Z�g�b�q�_�g�b�y �i�j�b 
�b�a�]�h�l�h�\�e�_�g�b�b �I�E�K-�h�[�j�Z�a�p�h�\, �l�Z�d�b�_ �d�Z�d �j�Z�a�f�_�j �q�Z�k�l�b�p �b �g�Z�e�b�q�b�_ �i�h�j, �g�_ �i�h�a-
�\�h�e�y�x�l �m�f�_�g�v�r�Z�l�v �w�l�h�l �]�_�h�f�_�l�j�b�q�_�k�d�b�c �i�Z�j�Z�f�_�l�j. �I�h�w�l�h�f�m �\ �d�Z�q�_�k�l�\�_ �h�^�g�h�]�h 
�b�a �l�_�o�g�b�q�_�k�d�b�o �j�_�r�_�g�b�c �f�h�`�g�h �j�Z�k�k�f�h�l�j�_�l�v �j�Z�a�f�_�s�_�g�b�_ �\ �[�h�d�h�\�u�o �k�l�_�g�d�Z�o 
�I�E�K-�h�[�j�Z�a�p�Z �h�l�d�Z�q�b�\�Z�_�f�h�c �i�h�e�h�k�l�b, �d�h�l�h�j�Z�y �f�h�`�_�l �i�j�b�\�_�k�l�b, �i�j�b �k�h�[�e�x�^�_-
�g�b�b �h�i�j�_�^�_�e�_�g�g�u�o �m�k�e�h�\�b�c (�d�h�g�p�_�g�l�j�Z�p�b�y �\�h�^�h�j�h�^�Z �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�e�h�k�l�b 
Cext=0), �d �b�a�[�Z�\�e�_�g�b�x �h�l �i�h�[�h�q�g�u�o �[�h�d�h�\�u�o �i�h�l�h�d�h�\, �i�j�b�[�e�b�`�Z�y �\�b� ̂ �d�j�b�\�h�c 
�i�j�h�g�b�p�Z�_�f�h�k�l�b �d �b�^�_�Z�e�v�g�h�f�m �d�Z�g�h�g�b�q�_�k�d�h�f�m �\�b�^�m, �d�Z�d �i�h�d�Z�a�Z�g�h �g�Z �j�b�k�m�g�d�_ 
13. �L�Z�d�h�_ �d�h�g�k�l�j�m�d�l�b�\�g�h�_ �j�_�r�_�g�b�_ �f�_�f�[�j�Z�g�g�h�]�h �h�[�j�Z�a�p�Z �i�h�a�\�h�e�b�l �i�h�e�m�q�b�l�v 
�e�_�]�d�h �h�[�j�Z�[�Z�l�u�\�Z�_�f�m�x �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�m�x �d�j�b�\�m�x �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �d�h�j-
�j�_�d�l�g�h �j�Z�k�k�q�b�l�Z�l�v �d�h�w�n�n�b�p�b�_�g�l�u �i�_�j�_�g�h�k�Z �b�k�k�e�_�^�m�_�f�h�]�h �f�Z�l�_�j�b�Z�e�Z, �g�Z�b�[�h�e�_�_ 
�[�e�b�a�d�b�_ �d �b�k�l�b�g�g�u�f �a�g�Z�q�_�g�b�y�f. 
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�J�b�k. 13. �J�Z�k�q�_�l�g�u�_ �d�j�b�\�u�_ �h�l�g�h�k�b�l�_�e�v�g�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �i�j�b �j�Z�a�e�b�q�g�u�o �k�h�k�l�h�y�g�b�y�o 

�h�l�d�Z�q�b�\�Z�_�f�h�c �i�h�e�h�k�l�b �k �h�i�l�b�f�Z�e�v�g�h�c �]�_�h�f�_�l�j�b�_�c �I�E�K-�h�[�j�Z�a�p�Z 

�A�Z�d�e�x�q�_�g�b�_ 

�I�j�b�\�_�^�_�g�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �j�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�c �i�Z�j�Z�f�_�l�j�h�\ �\�h-
�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b �h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6, �i�h�e�m�q�_�g�g�u�o �Z�^�^�b�l�b�\�g�u�f �f�_�l�h-
�^�h�f �i�h�k�e�h�c�g�h�]�h �e�Z�a�_�j�g�h�]�h �k�i�_�d�Z�g�b�y. �J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�Z �i�h�d�Z�a�Z�e�b, �q�l�h �a�g�Z�q�_-
�g�b�y �d�h�w�n�n�b�p�b�_�g�l�h�\ �w�n�n�_�d�l�b�\�g�h�c �^�b�n�n�m�a�b�b �b �j�Z�k�l�\�h�j�b�f�h�k�l�b �\�h�^�h�j�h�^�Z �^�e�y 
�l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6 �b�f�_�x�l, �d�j�h�f�_ �d�e�Z�k�k�b�q�_�k�d�h�c �l�_�f�i�_�j�Z�l�m�j�g�h�c �a�Z�\�b�k�b�f�h-
�k�l�b (�i�h �:�j�j�_�g�b�m�k�m), �l�Z�d�`�_ �a�Z�\�b�k�b�f�h�k�l�v �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �\ �j�_�r�_�l�d�_ 
�f�_�l�Z�e�e�Z, �d�h�l�h�j�Z�y �\ �k�\�h�x �h�q�_�j�_�^�v �a�Z�\�b�k�b�l �h�l �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z �g�Z�^ �h�[�j�Z�a�p�h�f. 
�>�Z�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�Z �d�h�j�j�_�e�b�j�m�x�l �k �e�b�l�_�j�Z�l�m�j�g�u�f�b �^�Z�g�g�u�f�b, �Z �g�Z�e�b�q�b�_ �a�Z-
�s�b�l�g�h�]�h �i�h�d�j�u�l�b�y �^�_�f�h�g�k�l�j�b�j�m�_�l �\�h�a�f�h�`�g�h�k�l�v �k�m�s�_�k�l�\�_�g�g�h�]�h �k�g�b�`�_�g�b�y �j�Z�k-
�l�\�h�j�b�f�h�k�l�b �\�h�^�h�j�h�^�Z �\ �k�i�e�Z�\�_ �<�L6 �b �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �m�\�_�e�b�q�_�g�b�y �i�j�h�q-
�g�h�k�l�g�u�o �k�\�h�c�k�l�\ �b �j�_�k�m�j�k�Z �b�a�^�_�e�b�c �b�a �^�Z�g�g�h�]�h �k�i�e�Z�\�Z. 

�Q�b�k�e�_�g�g�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�j�h�p�_�k�k�Z �i�j�h�g�b�p�Z�_�f�h�k�l�b �\�h�^�h�j�h�^�Z �q�_�j�_�a 
�I�E�K-�h�[�j�Z�a�_�p �i�h�a�\�h�e�b�e�h �d�Z�q�_�k�l�\�_�g�g�h �h�[�t�y�k�g�b�l�v �k�l�m�i�_�g�q�Z�l�u�c �o�Z�j�Z�d�l�_�j �d�j�b�\�h�c 
�i�j�h�g�b�p�Z�_�f�h�k�l�b. �H�l�^�_�e�v�g�h �j�Z�k�k�f�h�l�j�_�g�u �\�e�b�y�g�b�_ �]�_�h�f�_�l�j�b�b �h�[�j�Z�a�p�Z �b �i�Z�j�Z-
�f�_�l�j�h�\ �j�Z�k�l�\�h�j�b�f�h�k�l�b �\�h�^�h�j�h�^�Z �g�Z �^�b�g�Z�f�b�d�m �i�j�h�g�b�p�Z�_�f�h�k�l�b, �Z �l�Z�d�`�_ �\�h�a-
�f�h�`�g�h�k�l�v �b�a�f�_�g�_�g�b�y �d�h�g�k�l�j�m�d�p�b�b �h�[�j�Z�a�p�h�\ �k �i�h�f�h�s�v�x �Z�^�^�b�l�b�\�g�u�o 3D-
�l�_�o�g�h�e�h�]�b�c �^�e�y �d�Z�q�_�k�l�\�_�g�g�h�]�h �m�e�m�q�r�_�g�b�y �f�_�l�h�^�b�d�b �b�a�f�_�j�_�g�b�c �\�h�^�h�j�h�^�h�i�j�h-
�g�b�p�Z�_�f�h�k�l�b. 

�B�k�k�e�_�^�h�\�Z�g�b�y �\�u�i�h�e�g�_�g�u �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h�c �i�j�h�]�j�Z�f�f�u �G�Z�p�b�h�g�Z�e�v�g�h�]�h 
�p�_�g�l�j�Z �n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b, �g�Z�i�j�Z�\�e�_�g�b�_ �‹  8 «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z». 
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�F�_�l�h�^�h�f �f�h�e�_�d�m�e�y�j�g�h�c �^�b�g�Z�f�b�d�b �b�k�k�e�_�^�h�\�Z�g�Z �^�b�n�n�m�a�b�y �\�h�^�h�j�h-
�^�Z �\ �g�b�d�_�e�_ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�h�^�_�e�b �i�h�]�j�m�`�_�g�g�h�]�h �Z�l�h�f�Z EAM. �M�k�l�Z-
�g�h�\�e�_�g�u �l�_�f�i�_�j�Z�l�m�j�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �i�j�b �j�Z�a-
�e�b�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�y�o �\�h�^�h�j�h�^�Z. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �^�_�f�h�g�k�l�j�b-
�j�m�x�l �o�h�j�h�r�_�_ �k�h�h�l�\�_�l�k�l�\�b�_ �k �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b �^�Z�g�g�u�f�b. 

�<�\�_�^�_�g�b�_ 

�<�h�^�h�j�h�^ �\�k�e�_�^�k�l�\�b�_ �f�Z�e�u�o �f�Z�k�k�u �b �j�Z�a�f�_�j�h�\ �i�h �k�j�Z�\�g�_�g�b�x �k �^�j�m�]�b�f�b 
�Z�l�h�f�Z�f�b �]�Z�a�h�\ �b �f�_�l�Z�e�e�h�\ �h�[�e�Z�^�Z�_�l �q�j�_�a�\�u�q�Z�c�g�h �\�u�k�h�d�h�c �^�b�n�n�m�a�b�h�g�g�h�c �i�h-
�^�\�b�`�g�h�k�l�v�x. �>�e�y �k�l�j�h�]�h�]�h �h�i�b�k�Z�g�b�y �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �\ �f�_�l�Z�e�e�Z�o �^�h�e�`�g�u 
�[�u�l�v �b�k�k�e�_�^�h�\�Z�g�u �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �d�Z�d �^�j�m�] 
�k �^�j�m�]�h�f, �l�Z�d �b �k �f�_�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�h�c. �J�Z�k�l�\�h�j�_�g�g�u�c �Z�l�h�f �\�h�^�h�j�h�^�Z �f�h� -̀
�g�h �k�q�b�l�Z�l�v �l�h�q�_�q�g�u�f �^�_�n�_�d�l�h�f �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �k�l�j�m�d�l�m�j�u, �h�[�j�Z�a�m�x�s�b�f�k�y 
�\ �j�_�a�m�e�v�l�Z�l�_ �i�_�j�_�o�h�^�Z �Z�l�h�f�Z �\�h�^�h�j�h�^�Z �b�a �\�g�_�r�g�_�c �k�j�_�^�u �\ �f�_�`�^�h�m�a�e�b�_ �d�j�b-
�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�b �f�_�l�Z�e�e�Z. �F�_�`�m�a�_�e�v�g�u�c �f�_�o�Z�g�b�a�f �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z – 
�h�k�g�h�\�g�h�c �f�_�o�Z�g�b�a�f �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �\ �f�_�l�Z�e�e�Z�o, �i�j�b �d�h�l�h�j�h�f �Z�l�h�f �i�_�j�_-
�f�_�s�Z�_�l�k�y �i�h �f�_�`�^�h�m�a�e�b�y�f �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�z�l�d�b, �q�l�h �k�\�y�a�Z�g�h �k �f�Z�e�u�f 
�Z�l�h�f�g�u�f �h�[�t�_�f�h�f �\�h�^�h�j�h�^�Z.  

�I�j�h�p�_�k�k �^�b�n�n�m�a�b�b �a�Z�d�e�x�q�Z�_�l�k�y �\ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�f �j�Z�k�i�h�e�h�`�_�g�b�b 
�f�_�`�^�h�m�a�e�b�c. �< �j�_�a�m�e�v�l�Z�l�_ �k�h�\�_�j�r�_�g�b�y �d�h�e�_�[�Z�g�b�c �w�g�_�j�]�b�y �Z�l�h�f�Z �m�\�_�e�b�q�b�\�Z�_�l-
�k�y, �q�l�h �i�h�a�\�h�e�y�_�l �i�j�_�h�^�h�e�_�l�v �g�_�d�h�l�h�j�u�c �i�h�l�_�g�p�b�Z�e�v�g�u�c �[�Z�j�v�_�j, �b �Z�l�h�f �i�_�j�_-
�f�_�s�Z�_�l�k�y �\ �^�j�m�]�h�_ �j�Z�\�g�h�\�_�k�g�h�_ �i�h�e�h�`�_�g�b�_ �g�Z �j�Z�k�k�l�h�y�g�b�_ �i�h�j�y�^�d�Z �i�Z�j�Z�f�_�l�j�Z 
�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�z�l�d�b. �< �j�_�a�m�e�v�l�Z�l�_ �Z�l�h�f �k �l�_�q�_�g�b�_�f �\�j�_�f�_�g�b �h�k�m�s�_�k�l�\-
�e�y�_�l �k�e�m�q�Z�c�g�u�_ �[�e�m�`�^�Z�g�b�y.   

�G�Z �d�h�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b �\�e�b�y�x�l �j�Z�a�e�b�q�g�u�_ �n�Z�d�l�h�j�u, �g�Z�i�j�b�f�_�j: 
�y  �d�h�g�p�_�g�l�j�Z�p�b�y �\�h�^�h�j�h�^�Z: �k �_�z �m�\�_�e�b�q�_�g�b�_�f �\�k�_ �k�h�k�_�^�g�b�_ �f�_�`�^�h�m�a�e�b�y 

�[�m�^�m�l �a�Z�g�y�l�u �^�j�m�]�b�f�b �Z�l�h�f�Z�f�b �\�h�^�h�j�h�^�Z, �b �^�b�n�n�m�a�b�h�g�g�u�_ �i�j�u�`�d�b �\ �w�l�b 
�f�_�`�^�h�m�a�e�b�y �k�l�Z�g�m�l �g�_�\�h�a�f�h�`�g�u�f�b (�w�n�n�_�d�l �a�Z�i�h�e�g�_�g�b�y �b�e�b �[�e�h�d�b�j�h�\�d�b �f�_� -̀
�^�h�m�a�e�b�c);   
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�y  �i�Z�j�Z�f�_�l�j �j�_�r�_�l�d�b: �i�j�b �m�\�_�e�b�q�_�g�b�b �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �i�Z�j�Z-
�f�_�l�j �j�_�r�_�l�d�b �\�h�a�j�Z�k�l�Z�_�l, �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �^�e�b�g�u �^�b�n�n�m�a�b�h�g�g�u�o �i�j�u�`�d�h�\, 
�]�e�m�[�b�g�u �f�_�`�^�h�m�a�_�e�v�g�u�o �i�h�l�_�g�p�b�Z�e�v�g�u�o �y�f �b �w�g�_�j�]�_�l�b�q�_�k�d�b�_ �[�Z�j�v�_�j�u �b�a�f�_-
�g�y�x�l�k�y;   

�y  �g�_�h�^�g�h�j�h�^�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �\�h�^�h�j�h�^�Z �\ �f�_�l�Z�e�e�_: �_�k�e�b �j�Z�k�i�j�_�^�_�e�_-
�g�b�_ �\�h�^�h�j�h�^�Z �\ �f�_�l�Z�e�e�_ �g�_�h�^�g�h�j�h�^�g�h, �l�h �\�h�a�g�b�d�Z�x�l �i�h�e�y �m�i�j�m�]�b�o �g�Z�i�j�y�`�_�g�b�c 
(«�\�h�^�h�j�h�^�g�u�_» �d�h�g�p�_�g�l�j�Z�p�b�h�g�g�u�_ �g�Z�i�j�y�`�_�g�b�y), �q�l�h �\�u�a�u�\�Z�_�l �^�h�i�h�e�g�b�l�_�e�v-
�g�u�_ �^�b�n�n�m�a�b�h�g�g�u�_ �i�h�l�h�d�b. 

�F�_�l�h�^�b�d�Z �b�k�i�u�l�Z�g�b�c 

�F�h�^�_�e�b�j�h�\�Z�g�b�_ �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �\ �f�_�l�Z�e�e�Z�o �k �]�j�Z�g�_�p�_�g�l�j�b�j�h�\�Z�g�g�h�c 
�d�m�[�b�q�_�k�d�h�c �j�_�r�_�l�d�h�c �g�Z �i�j�b�f�_�j�_ �g�b�d�_�e�y �[�u�e�h �i�j�h�\�_�^�_�g�h �g�Z �h�k�g�h�\�_ �f�_� -̀
�m�a�_�e�v�g�h�]�h �f�_�o�Z�g�b�a�f�Z – �^�b�g�Z�f�b�d�b �i�_�j�_�f�_�s�_�g�b�y �Z�l�h�f�Z �\�h�^�h�j�h�^�Z �b�a �h�^�g�h�]�h �i�h-
�e�h�`�_�g�b�y �\ �^�j�m�]�h�_ �[�_�a �_�]�h �e�h�d�Z�e�b�a�Z�p�b�b �\ �m�a�e�Z�o �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�b 
�\ �i�j�h�]�j�Z�f�f�g�h�f �i�Z�d�_�l�_ LAMMPS [1] c �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�h�^�_�e�b �i�h�]�j�m�`�_�g�g�h�]�h 
�Z�l�h�f�Z EAM (embedded atom method). 

�W�g�_�j�]�b�y �k�b�k�l�_�f�u �\ �^�Z�g�g�h�c �f�h�^�_�e�b �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �k�m�f�f�m �w�g�_�j�]�b�b 
�i�Z�j�g�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �Z�l�h�f�h�\ �b �w�g�_�j�]�b�x �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �d�Z�`�^�h�]�h �Z�l�h�f�Z �k 
�w�e�_�d�l�j�h�g�g�h�c �i�e�h�l�g�h�k�l�v�x, �k�h�a�^�Z�\�Z�_�f�h�c �^�j�m�]�b�f�b �Z�l�h�f�Z�f�b. �I�h�e�g�Z�y �w�e�_�d�l�j�h�g�g�Z�y 
�w�g�_�j�]�b�y �i�j�h�b�a�\�h�e�v�g�h �m�i�h�j�y�^�h�q�_�g�g�u�o �y�^�_�j �a�Z�i�b�k�u�\�Z�_�l�k�y �d�Z�d �h�^�g�h�a�g�Z�q�g�Z�y 
�n�m�g�d�p�b�y �i�h�e�g�h�c �w�e�_�d�l�j�h�g�g�h�c �i�e�h�l�g�h�k�l�b. �L�Z�d�b�f �h�[�j�Z�a�h�f, �i�h�l�_�g�p�b�Z�e�v�g�Z�y �w�g�_�j-
�]�b�y i-�]�h �Z�l�h�f�Z �\ �k�b�k�l�_�f�_ �k�d�e�Z�^�u�\�Z�_�l�k�y �b�a «�w�g�_�j�]�b�b �i�h�]�j�m�`�_�g�b�y» emU  �b �w�g�_�j-

�]�b�b �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h �i�Z�j�g�h�]�h �i�h�l�_�g�p�b�Z�e�Z pairU : 
 

  � � � ��� �� � � � �1
2

em pair
i i i j i ji j i j iU U U F r r� z � z�  � � �  � U � � � M� ¦ � ¦                      (1) 

 

�]�^�_ ijr  – �j�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �b�k�o�h�^�g�u�f �Z�l�h�f�h�f i  �b �h�d�j�m�`�Z�x�s�b�f �Z�l�h�f�h�f ,j  

�� ��r�M  – �n�m�g�d�p�b�y �i�Z�j�g�h�]�h �i�h�l�_�g�p�b�Z�e�Z, �� ��F �U  – �n�m�g�d�p�b�y «�i�h�]�j�m�`�_�g�b�y», �� ��ijr� U � � 

�\�d�e�Z�^ �\ �i�e�h�l�g�h�k�l�v �a�Z�j�y�^�Z �w�e�_�d�l�j�h�g�h�\ �h�l j-�]�h �Z�l�h�f�Z.  
�>�e�y �j�Z�k�q�_�l�Z �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �\ �f�_�l�Z�e�e�Z�o �f�_�l�h�^�h�f �f�h�e�_�d�m�e�y�j�g�h�c �^�b-

�g�Z�f�b�d�b �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �k�b�k�l�_�f�Z �k �i�h�k�l�h�y�g�g�u�f �q�b�k�e�h�f �q�Z�k�l�b�p N, �h�[�t�_�f�h�f V, 
�g�Z�o�h�^�y�s�Z�y�k�y �\ �l�_�j�f�h�k�l�Z�l�_ �k �l�_�f�i�_�j�Z�l�m�j�h�c T (�d�Z�g�h�g�b�q�_�k�d�b�c �Z�g�k�Z�f�[�e�v NVT).  

�>�e�y �k�b�k�l�_�f �l�b�i�Z NVT �h�[�u�q�g�h �b�k�i�h�e�v�a�m�x�l�k�y �i�_�j�b�h�^�b�q�_�k�d�b�_ �]�j�Z�g�b�q�g�u�_ 
�m�k�e�h�\�b�y. �W�l�b �m�k�e�h�\�b�y, �n�Z�d�l�b�q�_�k�d�b, �m�k�l�j�_�f�e�y�x�l �h�[�t�_�f �k�b�k�l�_�f�u �d �[�_�k�d�h�g�_�q�g�h-
�k�l�b, �q�l�h �i�j�b�\�h�^�b�l �d �m�f�_�g�v�r�_�g�b�x �\�e�b�y�g�b�y �h�]�j�Z�g�b�q�b�\�Z�x�s�b�o �i�h�\�_�j�o�g�h�k�l�_�c �g�Z 
�i�h�\�_�^�_�g�b�_ �k�b�k�l�_�f�u. �?�k�e�b �Z�l�h�f �\�u�o�h�^�b�l �a�Z �h�^�g�m �b�a �]�j�Z�g�b�p �k�b�k�l�_�f�u, �h�g �\�o�h�^�b�l 
�\ �g�_�_ �q�_�j�_�a �i�j�h�l�b�\�h�i�h�e�h�`�g�m�x �]�j�Z�g�b�p�m. �I�j�b �\�u�q�b�k�e�_�g�b�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�c 
�f�_�`�^�m �Z�l�h�f�Z�f�b �h�k�g�h�\�g�h�c �y�q�_�c�d�b �b �Z�l�h�f�Z�f�b �\ �_�_ �i�_�j�b�h�^�b�q�_�k�d�b�o �h�[�j�Z�a�Z�o 
�h�[�u�q�g�h �b�k�i�h�e�v�a�m�_�l�k�y �k�h�]�e�Z�r�_�g�b�_ �[�e�b�`�Z�c�r�_�]�h �h�[�j�Z�a�Z, �d�h�l�h�j�h�_ �l�j�_�[�m�_�l, �q�l�h�[�u 
�l�h�e�v�d�h �h�^�b�g �h�[�j�Z�a �d�Z�`�^�h�c �q�Z�k�l�b�p�u �i�j�b �i�_�j�b�h�^�b�q�_�k�d�b�o �]�j�Z�g�b�q�g�u�o �m�k�e�h�\�b�y�o 
�m�q�Z�k�l�\�h�\�Z�e �\ �i�Z�j�g�u�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�o. 

�A�g�Z�q�_�g�b�y �b�k�d�h�f�u�o �i�Z�j�Z�f�_�l�j�h�\, �l�Z�d�b�o �d�Z�d �^�Z�\�e�_�g�b�_, �j�Z�k�i�j�_�^�_�e�_�g�b�_ �q�Z-
�k�l�b�p �i�h �i�j�h�k�l�j�Z�g�k�l�\�m �b�e�b �\�j�_�f�_�g�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �^�h�k�l�b�]�g�m�l�h�f�m �j�Z�\�g�h�\�_-
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�k�b�x �i�j�b �a�Z�^�Z�g�g�u�o �m�k�e�h�\�b�y�o, �h�i�j�_�^�_�e�y�x�l�k�y �i�m�l�_�f �m�k�j�_�^�g�_�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x-
�s�_�]�h �i�Z�j�Z�f�_�l�j�Z �g�Z �i�h�k�e�_�^�g�b�o 10 % �\�j�_�f�_�g�b �j�Z�k�q�_�l�Z, �d�h�]�^�Z �n�e�m�d�l�m�Z�p�b�b �\�_�e�b-
�q�b�g �g�_ �i�j�_�\�u�r�Z�x�l 5 %. 

�< �j�_�a�m�e�v�l�Z�l�_ �f�h�e�_�d�m�e�y�j�g�h-�^�b�g�Z�f�b�q�_�k�d�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �h�i�j�_�^�_�e�y�x�l�k�y 
�l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b, �\ �l�h�f �q�b�k�e�_ �b �g�_�h�[�o�h�^�b�f�u�_ �^�e�y �j�Z�k�q�_�l�Z 
�k�\�h�c�k�l�\ �i�_�j�_�g�h�k�Z. �I�h�^�\�b�`�g�h�k�l�v �Z�l�h�f�h�\ �\ �f�h�e�_�d�m�e�y�j�g�h�c �^�b�g�Z�f�b�d�_ �h�i�j�_�^�_�e�y-
�_�l�k�y �q�_�j�_�a �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�_ �k�f�_�s�_�g�b�_ (MSD, Mean Square Displacement) 
�a�Z �\�j�_�f�y �g�Z�[�e�x�^�_�g�b�y � � � �0 ,t t��  �k�h�^�_�j�`�Z�s�_�_ �b�g�n�h�j�f�Z�p�b�x �h�l�g�h�k�b�l�_�e�v�g�h �d�h�w�n-

�n�b�p�b�_�g�l�Z �Z�l�h�f�g�h�c �^�b�n�n�m�a�b�b, �i�h �n�h�j�f�m�e�_: 
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�D�h�w�n�n�b�p�b�_�g�l �k�Z�f�h�^�b�n�n�m�a�b�b �k�\�y�a�Z�g �k�h �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�u�f �k�f�_�s�_�g�b�_�f 
�q�Z�k�l�b�p�u �\ �\�b�^�_ �n�m�g�d�p�b�b �\�j�_�f�_�g�b �g�Z�[�e�x�^�_�g�b�y [2], �i�j�b �m�k�e�h�\�b�b, �q�l�h �\�j�_�f�y 
�g�Z�[�e�x�^�_�g�b�y �k�l�j�_�f�b�l�k�y �\ �[�_�k�d�h�g�_�q�g�h�k�l�v. �L�h �_�k�l�v, �_�k�e�b  – �b�a-
�f�_�g�_�g�b�_ �i�h�e�h�`�_�g�b�y �^�b�n�n�m�g�^�b�j�m�x�s�_�c �q�Z�k�l�b�p�u, �l�h �^�e�y �d�h�w�n�n�b�p�b�_�g�l�Z �k�Z�f�h-
�^�b�n�n�m�a�b�b �k�i�j�Z�\�_�^�e�b�\�h �k�e�_�^�m�x�s�_�_ �k�h�h�l�g�h�r�_�g�b�_ [1, 3]: 
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�]�^�_ d – �j�Z�a�f�_�j�g�h�k�l�v �k�b�k�l�_�f�u. 
�W�l�h �\�u�j�Z�`�_�g�b�_ �k�\�y�a�u�\�Z�_�l �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b�c �d�h�w�n�n�b�p�b�_�g�l D �k �f�b�d�j�h-

�k�d�h�i�b�q�_�k�d�h�c �b�g�n�h�j�f�Z�p�b�_�c �h �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�f �k�f�_�s�_�g�b�b �^�\�b�`�_�g�b�y �q�Z-
�k�l�b�p. �M�]�e�h�\�u�_ �k�d�h�[�d�b �h�a�g�Z�q�Z�x�l �j�Z�k�q�_�l �k�j�_�^�g�_�]�h �a�g�Z�q�_�g�b�y �i�h �Z�g�k�Z�f�[�e�x. �L�Z-
�d�b�f �h�[�j�Z�a�h�f, �k�e�_�^�y �a�Z �^�b�g�Z�f�b�d�h�c �^�\�b�`�_�g�b�y �Z�l�h�f�h�\, �f�h�`�g�h �j�Z�k�k�q�b�l�Z�l�v �k�j�_�^-
�g�_�d�\�Z�^�j�Z�l�b�q�g�h�_ �k�f�_�s�_�g�b�_ �Z�l�h�f�h�\ MSD, �b�k�i�h�e�v�a�m�y �a�g�Z�q�_�g�b�_ �_�]�h �i�j�h�b�a�\�h�^�g�h�c 
�g�Z �i�h�a�^�g�b�o �r�Z�]�Z�o �j�Z�k�q�_�l�Z: 
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�< �o�h�^�_ �\�u�i�h�e�g�_�g�b�y �l�_�k�l�h�\�u�o �j�Z�k�q�_�l�h�\ �^�e�y �h�i�j�_�^�_�e�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z 
�^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �\ �g�b�d�_�e�_ �[�u�e�Z �i�j�b�f�_�g�_�g�Z �f�_�l�h�^�b�d�Z �f�h�e�_�d�m�e�y�j�g�h-
�^�b�g�Z�f�b�q�_�k�d�h�]�h (�F�>) �f�h�^�_�e�b�j�h�\�Z�g�b�y. �I�_�j�\�u�f �w�l�Z�i�h�f �j�Z�[�h�l�u �k�l�Z�e�h �k�h�a�^�Z�g�b�_ 
�j�Z�k�q�_�l�g�h�c �y�q�_�c�d�b �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�b �g�b�d�_�e�y �k �]�j�Z�g�_�p�_�g�l�j�b�j�h�\�Z�g�g�h�c 
�d�m�[�b�q�_�k�d�h�c (�=�P�D) �k�l�j�m�d�l�m�j�h�c. �J�Z�k�q�_�l�g�Z�y �k�m�i�_�j�y�q�_�c�d�Z �k�h�^�_�j�`�Z�e�Z 500 �Z�l�h�f�h�\ 
�g�b�d�_�e�y. �< �k�h�h�l�\�_�l�k�l�\�b�b �k �e�b�l�_�j�Z�l�m�j�g�u�f�b �^�Z�g�g�u�f�b [4] �i�Z�j�Z�f�_�l�j �j�_�r�_�l�d�b �[�u�e 
�m�k�l�Z�g�h�\�e�_�g �j�Z�\�g�u�f 3,524 Å. �>�e�y �h�i�b�k�Z�g�b�y �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �Z�l�h�f�h�\ �\ �k�b�k�l�_�f�_ 
�b�k�i�h�e�v�a�h�\�Z�e�k�y �f�g�h�]�h�q�Z�k�l�b�q�g�u�c �i�h�l�_�g�p�b�Z�e �i�h�]�j�m�`�_�g�g�h�]�h �Z�l�h�f�Z EAM c �i�Z�j�Z-
�f�_�l�j�b�a�Z�p�b�_�c [5], �j�Z�a�j�Z�[�h�l�Z�g�g�u�c �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z 
�\ �^�_�n�_�d�l�Z�o �g�b�d�_�e�y �b �\�d�e�x�q�_�g�g�u�c �\ �k�h�k�l�Z�\ �i�j�h�]�j�Z�f�f�g�h�]�h �i�Z�d�_�l�Z LAMMPS [1]. 
�J�Z�k�k�q�b�l�Z�g�g�Z�y �i�e�h�l�g�h�k�l�v �f�Z�l�_�j�b�Z�e�Z �k�h�k�l�Z�\�b�e�Z 8,902 �]/�k�f³, �q�l�h �l�Z�d�`�_ �k�h�]�e�Z�k�m-
�_�l�k�y �k �e�b�l�_�j�Z�l�m�j�g�u�f�b �a�g�Z�q�_�g�b�y�f�b. 

�I�h�k�e�_ �i�h�k�l�j�h�_�g�b�y �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�b �[�u�e�Z �i�j�h�\�_�^�_�g�Z �i�j�h�p�_�^�m-
�j�Z �k�l�j�m�d�l�m�j�g�h�c �j�_�e�Z�d�k�Z�p�b�b, �g�Z�i�j�Z�\�e�_�g�g�Z�y �g�Z �f�b�g�b�f�b�a�Z�p�b�x �w�g�_�j�]�b�b �k�b�k�l�_�f�u 
�b �^�h�k�l�b�`�_�g�b�_ �h�i�l�b�f�Z�e�v�g�h�]�h �j�Z�\�g�h�\�_�k�g�h�]�h �k�h�k�l�h�y�g�b�y.  
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�G�Z �k�e�_�^�m�x�s�_�f �w�l�Z�i�_ �\ �j�Z�k�q�_�l�g�h�c �y�q�_�c�d�_ �g�b�d�_�e�y �[�u�e�b �k�h�a�^�Z�g�u �\�Z�d�Z�g�k�b-
�h�g�g�u�_ �^�_�n�_�d�l�u, �\ �d�h�l�h�j�u�_ �i�h�f�_�s�_�g�u 6 �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z. �>�Z�g�g�u�c �i�h�^�o�h�^ �i�h�a-
�\�h�e�y�_�l �b�a�m�q�b�l�v �f�_�o�Z�g�b�a�f�u �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �\ �f�_�l�Z�e�e�_, �m�q�b�l�u�\�Z�y �\�a�Z�b�f�h-
�^�_�c�k�l�\�b�_ �Z�l�h�f�h�\ H �k �^�_�n�_�d�l�Z�f�b �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�b. �I�h�k�e�_ �\�g�_�^�j�_�g�b�y 
�\�h�^�h�j�h�^�Z �k�b�k�l�_�f�Z �[�u�e�Z �i�h�\�l�h�j�g�h �j�_�e�Z�d�k�b�j�h�\�Z�g�Z �^�e�y �^�h�k�l�b�`�_�g�b�y �m�k�l�h�c�q�b�\�h�c 
�d�h�g�n�b�]�m�j�Z�p�b�b. 

�F�h�e�_�d�m�e�y�j�g�h-�^�b�g�Z�f�b�q�_�k�d�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�j�h�\�h�^�b�e�h�k�v �\ �^�\�Z �w�l�Z�i�Z: 
1. NVT-�Z�g�k�Z�f�[�e�v (�d�Z�g�h�g�b�q�_�k�d�b�c �Z�g�k�Z�f�[�e�v) – �f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�j�b �i�h�k�l�h-

�y�g�g�h�f �d�h�e�b�q�_�k�l�\�_ �q�Z�k�l�b�p N, �h�[�t�_�f�_ V �b �l�_�f�i�_�j�Z�l�m�j�_ T �\ �l�_�q�_�g�b�_ 200 �i�k. �W�l�h�l 
�w�l�Z�i �h�[�_�k�i�_�q�b�\�Z�_�l �k�l�Z�[�b�e�b�a�Z�p�b�x �l�_�f�i�_�j�Z�l�m�j�u �b �j�Z�\�g�h�\�_�k�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ 
�Z�l�h�f�h�\. �< �^�Z�g�g�h�c �j�Z�[�h�l�_ �[�u�e�h �\�u�i�h�e�g�_�g�h �g�_�k�d�h�e�v�d�h �g�_�a�Z�\�b�k�b�f�u�o �j�Z�k�q�_�l�h�\ 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 400, 500, 700 �b 900 K �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �l�_�f�i�_�j�Z�l�m-
�j�u �g�Z �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�_ �k�f�_�s�_�g�b�_ �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ �g�b�d�_�e�_. 

2. NVE-�Z�g�k�Z�f�[�e�v (�f�b�d�j�h�d�Z�g�h�g�b�q�_�k�d�b�c �Z�g�k�Z�f�[�e�v) – �f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�j�b 
�i�h�k�l�h�y�g�g�h�c �w�g�_�j�]�b�b E �\ �l�_�q�_�g�b�_ 180 �i�k. �< �w�l�h�f �j�_�`�b�f�_ �b�a�m�q�Z�e�Z�k�v �^�b�g�Z�f�b�d�Z 
�Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �[�_�a �\�g�_�r�g�_�]�h �l�_�j�f�h�k�l�Z�l�b�j�m�x�s�_�]�h �\�h�a�^�_�c�k�l�\�b�y, �q�l�h �\�Z�`�g�h 
�^�e�y �d�h�j�j�_�d�l�g�h�]�h �j�Z�k�q�_�l�Z �^�b�n�n�m�a�b�h�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d. 

�>�e�y �Z�g�Z�e�b�a�Z �^�b�n�n�m�a�b�h�g�g�h�]�h �i�j�h�p�_�k�k�Z �g�Z �d�Z�`�^�h�c �b�l�_�j�Z�p�b�b �\�u�q�b�k�e�y�e�h�k�v 
�k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�_ �k�f�_�s�_�g�b�_ �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z. �<�h �\�o�h�^�g�h�f �k�d�j�b�i�l�_ �f�h�^�_�e�b-
�j�h�\�Z�g�b�y �[�u�e �j�_�Z�e�b�a�h�\�Z�g �^�h�i�h�e�g�b�l�_�e�v�g�u�c �[�e�h�d �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �h�i�_�j�Z�p�b�c, 
�i�h�a�\�h�e�y�x�s�b�c �h�i�j�_�^�_�e�b�l�v �g�Z�d�e�h�g �a�Z�\�b�k�b�f�h�k�l�b MSD �h�l �\�j�_�f�_�g�b. �< �w�l�h�f �k�e�m-
�q�Z�_ �d�h�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b D �i�j�h�i�h�j�p�b�h�g�Z�e�_�g �l�Z�g�]�_�g�k�m �m�]�e�Z �g�Z�d�e�h�g�Z �w�l�h�c 
�a�Z�\�b�k�b�f�h�k�l�b (4). 

�G�Z �j�b�k. 1 �i�j�_�^�k�l�Z�\�e�_�g�u �i�h�e�m�q�_�g�g�u�_ �\ �j�_�a�m�e�v�l�Z�l�_ �F�>-�f�h�^�_�e�b�j�h�\�Z�g�b�y 
�a�Z�\�b�k�b�f�h�k�l�b MSD �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �h�l �\�j�_�f�_�g�b �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o. 
�:�g�Z�e�b�a �w�l�b�o �d�j�b�\�u�o �i�h�a�\�h�e�y�_�l �h�i�j�_�^�_�e�b�l�v �l�_�f�i�_�j�Z�l�m�j�g�m�x �a�Z�\�b�k�b�f�h�k�l�v �d�h�w�n-
�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �b �k�^�_�e�Z�l�v �\�u�\�h�^�u �h �f�_�o�Z�g�b�a�f�Z�o �f�b�]�j�Z�p�b�b �\�h�^�h�j�h�^�Z 
�\ �y�q�_�c�d�_ �g�b�d�_�e�y. 
 

 
 
�J�b�k. 1. �A�Z�\�b�k�b�f�h�k�l�v MSD �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ Ni �h�l �\�j�_�f�_�g�b �^�e�y �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j 
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�G�Z �j�b�k. 2 �i�j�_�^�k�l�Z�\�e�_�g�u �]�j�Z�n�b�q�_�k�d�b�_ �a�Z�\�b�k�b�f�h�k�l�b, �h�l�j�Z�`�Z�x�s�b�_ �^�b�g�Z-
�f�b�d�m �i�_�j�_�f�_�s�_�g�b�y �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ �y�q�_�c�d�_ Ni �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 700 K. �A�_�e�_-
�g�Z�y �e�b�g�b�y �g�Z �j�b�k. 2 �h�l�h�[�j�Z�`�Z�_�l �b�a�f�_�g�_�g�b�_ �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�]�h �k�f�_�s�_�g�b�y 
(MSD) �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �h�l �\�j�_�f�_�g�b �f�h�^�_�e�b�j�h�\�Z�g�b�y, �^�_�f�h�g�k�l�j�b�j�m�x�s�_�_ �o�Z�j�Z�d-
�l�_�j�g�u�c �e�b�g�_�c�g�u�c �j�h�k�l, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �^�b�n�n�m�a�b�h�g�g�h�f�m �j�_�`�b�f�m. �G�Z�d�e�h�g 
�w�l�h�c �a�Z�\�b�k�b�f�h�k�l�b �i�h�a�\�h�e�y�_�l �d�h�e�b�q�_�k�l�\�_�g�g�h �h�p�_�g�b�l�v �i�h�^�\�b�`�g�h�k�l�v �Z�l�h�f�h�\ �\�h-
�^�h�j�h�^�Z �\ �j�_�r�_�l�d�_ �g�b�d�_�e�y. �K�b�g�y�y �e�b�g�b�y �b�e�e�x�k�l�j�b�j�m�_�l �j�Z�k�q�_�l�g�u�_ �a�g�Z�q�_�g�b�y �d�h-
�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b D �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ �y�q�_�c�d�_ �g�b�d�_�e�y �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
700 K �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �\�j�_�f�_�g�b �j�Z�k�q�_�l�Z. 
 

 
 

�J�b�k. 2. �A�Z�\�b�k�b�f�h�k�l�v MSD �b D �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ Ni �h�l �\�j�_�f�_�g�b �^�e�y 700 �D 
 

�D�Z�q�_�k�l�\�_�g�g�h �a�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �h�l �l�_�f�i�_�j�Z�l�m�j�u 
�f�h�`�g�h �h�i�b�k�Z�l�v �m�j�Z�\�g�_�g�b�_�f �:�j�j�_�g�b�m�k�Z D = D0 exp (–Ea / RT), �]�^�_ D0 – �f�Z�d�k�b-
�f�Z�e�v�g�u�c �d�h�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b (�i�j�b �[�_�k�d�h�g�_�q�g�h�c �l�_�f�i�_�j�Z�l�m�j�_), �a�Z�\�b�k�y�s�b�c 
�h�l �k�l�j�m�d�l�m�j�u �d�j�b�k�l�Z�e�e�Z �b �f�_�o�Z�g�b�a�f�Z �^�b�n�n�m�a�b�b, Ea – �w�g�_�j�]�b�y �Z�d�l�b�\�Z�p�b�b �^�b�n-
�n�m�a�b�b. 

�J�_�a�m�e�v�l�b�j�m�x�s�b�_ �a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �\ �g�b�d�_�e�_, 
�i�h�e�m�q�_�g�g�u�_ �\ �w�l�h�c �j�Z�[�h�l�_, �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�_�f�i�_�j�Z�l�m�j�u �\ �k�j�Z�\�g�_�g�b�b 
�k �^�h�k�l�m�i�g�u�f�b �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b [6–11] �b �j�Z�k�q�_�l�g�u�f�b [12] �^�Z�g�g�u�f�b 
�i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 3.  

�D�Z�q�_�k�l�\�_�g�g�h �a�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �h�l �l�_�f�i�_�j�Z�l�m�j�u 
�f�h�`�g�h �h�i�b�k�Z�l�v �m�j�Z�\�g�_�g�b�_�f �:�j�j�_�g�b�m�k�Z D = D0 exp (–Ea / RT), �]�^�_ D0 – �f�Z�d�k�b-
�f�Z�e�v�g�u�c �d�h�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b (�i�j�b �[�_�k�d�h�g�_�q�g�h�c �l�_�f�i�_�j�Z�l�m�j�_), �a�Z�\�b�k�y�s�b�c 
�h�l �k�l�j�m�d�l�m�j�u �d�j�b�k�l�Z�e�e�Z �b �f�_�o�Z�g�b�a�f�Z �^�b�n�n�m�a�b�b, Ea – �w�g�_�j�]�b�y �Z�d�l�b�\�Z�p�b�b �^�b�n-
�n�m�a�b�b. 

�J�_�a�m�e�v�l�b�j�m�x�s�b�_ �a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �\ �g�b�d�_-
�e�_, �i�h�e�m�q�_�g�g�u�_ �\ �w�l�h�c �j�Z�[�h�l�_, �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�_�f�i�_�j�Z�l�m�j�u �\ �k�j�Z�\�g�_�g�b�b �k 
�^�h�k�l�m�i�g�u�f�b �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b [6–11] �b �j�Z�k�q�_�l�g�u�f�b [12] �^�Z�g�g�u�f�b �i�j�_�-̂
�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 3.  
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�J�b�k. 3. �D�h�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b H �\ Ni, �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_ [6–11], �j�_�a�m�e�v�l�Z�l�u 
�F�> �f�h�^�_�e�b�j�h�\�Z�g�b�y [12] 

 
 

�J�Z�a�e�b�q�b�y �\ �a�g�Z�q�_�g�b�y�o �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �\ �g�b�d�_�e�_ �h�[�m-
�k�e�h�\�e�_�g�u �h�l�e�b�q�b�y�f�b �\ �m�k�e�h�\�b�y�o �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\. �L�Z�d, �\ �j�Z�[�h�l�Z�o [6], 
[8] �h�i�u�l�u �i�j�h�\�h�^�b�e�b�k�v �\ �^�b�Z�i�Z�a�h�g�_ �^�Z�\�e�_�g�b�c �\�u�k�h�d�h�]�h �\�Z�d�m�m�f�Z �k�h�k�l�Z�\�e�y�_�l 
�h�l 10–3 �^�h 10–8 �L�h�j�j.  

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �b�a�f�_�g�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z 
�\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�_�f�i�_�j�Z�l�m�j�u �\ �g�b�d�_�e�_ �k�h�]�e�Z�k�m�x�l�k�y �k �b�f�_�x�s�b�f�b�k�y �e�b�l�_�j�Z-
�l�m�j�g�u�f�b �^�Z�g�g�u�f�b [6–12].  

�A�g�Z�q�_�g�b�_ �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b �^�b�n�n�m�a�b�b �f�h�`�_�l �[�u�l�v �h�p�_�g�_�g�h �i�h �e�b�g�_�c-
�g�h�f�m �i�j�b�[�e�b�`�_�g�b�x �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �h�l �h�[�j�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u D(1/T) 
�\ �e�h�]�Z�j�b�n�f�b�q�_�k�d�h�f �f�Z�k�r�l�Z�[�_ �i�h �l�Z�g�]�_�g�k�m �m�]�e�Z �g�Z�d�e�h�g�Z �Z�i�i�j�h�d�k�b�f�Z�p�b�h�g�g�h�c 
�i�j�y�f�h�c. �B�a �j�b�k. 3 �\�b�^�g�h, �q�l�h �w�g�_�j�]�b�y �Z�d�l�b�\�Z�p�b�b, �h�p�_�g�_�g�g�Z�y �i�h �j�_�a�m�e�v�l�Z�l�Z�f 
�F�> �f�h�^�_�e�b�j�h�\�Z�g�b�y �w�l�h�c �j�Z�[�h�l�u, �k�h�]�e�Z�k�m�_�l�k�y �k �j�Z�[�h�l�Z�f�b [7], [11–12] �b �h�[�a�h-
�j�h�f �\ [13]. 

�< [14] �i�j�_�^�e�Z�]�Z�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�l�v �\�u�j�Z�`�_�g�b�y �k�l�Z�l�b�k�l�b�q�_�k�d�h�c �f�h�^�_�e�b 
�^�e�y �i�j�_�^�w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z. �L�Z�d�h�c �i�h�^�o�h�^, �h�k�g�h�\�Z�g�g�u�c 
�g�Z �i�_�j�\�u�o �i�j�b�g�p�b�i�Z�o �k�l�Z�l�b�k�l�b�q�_�k�d�h�c �l�_�j�f�h�^�b�g�Z�f�b�d�b, �i�h�a�\�h�e�y�_�l �Z�^�_�d�\�Z�l�g�h 
�m�q�b�l�u�\�Z�l�v �k�l�Z�l�b�k�l�b�q�_�k�d�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �Z�l�h�f�h�\ �i�j�b�f�_�k�b �i�h �b�o �w�g�_�j�]�b�b. 

�A�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z 
�l�j�_�[�m�_�l �^�Z�e�v�g�_�c�r�_�]�h �b�a�m�q�_�g�b�y. �< �q�Z�k�l�g�h�k�l�b, �b�a�f�_�g�y�_�l�k�y �e�b �k �d�h�g�p�_�g�l�j�Z�p�b-
�_�c �\�h�^�h�j�h�^�Z �w�g�_�j�]�b�y �Z�d�l�b�\�Z�p�b�b �^�b�n�n�m�a�b�b �\ �f�_�l�Z�e�e�_ �b�e�b �h�g�Z �y�\�e�y�_�l�k�y �o�Z-
�j�Z�d�l�_�j�g�h�c �^�e�y �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h �d�j�b�k�l�Z�e�e�Z. �L�Z�d�`�_ �i�j�_�^�k�l�Z�\�e�y�_�l �b�g�l�_�j�_�k 
�\�u�y�\�e�_�g�b�_ �\�e�b�y�g�b�y �^�_�n�_�d�l�h�\ �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�_ �f�_�l�Z�e�e�h�\ �g�Z 
�^�b�n�n�m�a�b�x �\�h�^�h�j�h�^�Z. 
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�A�Z�d�e�x�q�_�g�b�_ 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �Z�i�j�h�[�b�j�h�\�Z�g�Z �b �\�Z�e�b�^�b�j�h�\�Z�g�Z �f�_�l�h�^�b�d�Z �d�h�f�i�v�x�l�_�j�g�h-
�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �f�_�l�h�^�Z�f�b �f�h�e�_�d�m�e�y�j�g�h�c �^�b�g�Z�f�b�d�b �^�b�n�n�m�a�b�b �Z�l�h�f�h�\ �\�h�^�h-
�j�h�^�Z �\ �f�_�l�Z�e�e�b�q�_�k�d�h�c �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�_ �g�Z �i�j�b�f�_�j�_ �g�b�d�_�e�y.  

�;�u�e�b �k�n�h�j�f�b�j�h�\�Z�g�u �b �h�i�l�b�f�b�a�b�j�h�\�Z�g�u �f�h�^�_�e�b �w�e�_�f�_�g�l�Z�j�g�h�c �y�q�_�c�d�b 
�b �k�m�i�_�j�y�q�_�c�d�b �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�b �g�b�d�_�e�y.  

�<�u�i�h�e�g�_�g�u �l�_�k�l�h�\�u�_ �j�Z�k�q�_�l�u �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �Z�l�h�f�h�\ �\�h�^�h�j�h-
�^�Z �\ �g�b�d�_�e�_ �i�j�b �j�Z�a�e�b�q�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �\ �^�b�Z�i�Z�a�h�g�_ �h�l 400 �^�h 900 K. �I�h�e�m-
�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �k�h�]�e�Z�k�m�x�l�k�y �k �^�h�k�l�m�i�g�u�f�b �e�b�l�_�j�Z�l�m�j�g�u�f�b �j�Z�k�q�_�l�g�u�f�b 
�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b �^�Z�g�g�u�f�b. 

�I�j�h�\�_�^�_�g�g�Z�y �j�Z�[�h�l�Z �y�\�e�y�_�l�k�y �h�k�g�h�\�g�u�f �w�l�Z�i�h�f �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�h�\ 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �k �f�_�l�Z�e�e�Z�f�b �b �d�h�g�k�l�j�m�d�p�b�h�g�g�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b. 

 
�B�k�k�e�_�^�h�\�Z�g�b�y �\�u�i�h�e�g�_�g�u �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h�c �i�j�h�]�j�Z�f�f�u �G�Z�p�b�h�g�Z�e�v�g�h�]�h 

�p�_�g�l�j�Z �n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b, �g�Z�i�j�Z�\�e�_�g�b�_ �‹  8 «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z». 
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�J�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �g�_�e�b�g�_�c�g�Z�y �d�j�Z�_�\�Z�y �a�Z�^�Z�q�Z �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_-
�f�h�k�l�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �k�e�_�^�m�x�s�_�f�m �w�d�k�i�_�j�b�f�_�g�l�m. �G�Z�]�j�_�l�Z�y �^�h �^�h�k�l�Z-
�l�h�q�g�h �\�u�k�h�d�h�c �l�_�f�i�_�j�Z�l�m�j�u �f�_�f�[�j�Z�g�Z �k�e�m�`�b�l �i�_�j�_�]�h�j�h�^�d�h�c �\�Z�d�m�m�f�g�h�c 
�d�Z�f�_�j�u. �I�h�k�e�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �\�Z�d�m�m�f�b�j�h�\�Z�g�b�y �g�Z �\�o�h�^�g�h�c �k�l�h�j�h�g�_ 
�k�h�a�^�Z�_�l�k�y �i�h�k�l�h�y�g�g�h�_ �^�Z�\�e�_�g�b�_ �]�Z�a�h�h�[�j�Z�a�g�h�]�h �\�h�^�h�j�h�^�Z. �K �\�u�o�h�^�g�h�c 
�k�l�h�j�h�g�u �\ �m�k�e�h�\�b�y�o �\�Z�d�m�m�f�b�j�h�\�Z�g�b�y �h�i�j�_�^�_�e�y�_�l�k�y �i�j�h�g�b�d�Z�x�s�b�c �i�h�l�h�d. 
�I�j�b�g�y�l�Z �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�Z�y �f�h�^�_�e�v �a�Z�\�b�k�b�f�h�k�l�b �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m-
�a�b�b �h�l �d�h�g�p�_�g�l�j�Z�p�b�b, �i�h �l�_�f�i�_�j�Z�l�m�j�_ �a�Z�\�b�k�b�f�h�k�l�v �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �a�Z-
�d�h�g�h�f �:�j�j�_�g�b�m�k�Z. �I�h�\�_�j�o�g�h�k�l�g�u�_ �i�j�h�p�_�k�k�u �j�Z�k�l�\�h�j�_�g�b�y �b �k�h�j�[�p�b�b-
�^�_�k�h�j�[�p�b�b �m�q�l�_�g�u �\ �n�h�j�f�_ �g�_�e�b�g�_�c�g�u�o �^�b�g�Z�f�b�q�_�k�d�b�o �]�j�Z�g�b�q�g�u�o �m�k�e�h-
�\�b�c: �a�Z�i�b�k�Z�g�u �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�_ �m�j�Z�\�g�_�g�b�y �^�b�g�Z�f�b�d�b �i�h�\�_�j�o�g�h�k�l�g�u�o 
�d�h�g�p�_�g�l�j�Z�p�b�c �Z�l�h�f�Z�j�g�h�]�h �\�h�^�h�j�h�^�Z. �I�j�_�^�k�l�Z�\�e�_�g �b�l�_�j�Z�p�b�h�g�g�u�c �\�u�q�b�k-
�e�b�l�_�e�v�g�u�c �Z�e�]�h�j�b�l�f �\�l�h�j�h�]�h (�i�h�\�u�r�_�g�g�h�]�h) �i�h�j�y�^�d�Z �l�h�q�g�h�k�l�b �j�_�r�_�g�b�y 
�g�_�e�b�g�_�c�g�h�c �d�j�Z�_�\�h�c �a�Z�^�Z�q�b �g�Z �h�k�g�h�\�_ �y�\�g�h-�g�_�y�\�g�u�o �j�Z�a�g�h�k�l�g�u�o �k�o�_�f. 
�Y�\�g�Z�y �k�h�k�l�Z�\�e�y�x�s�Z�y �i�j�b�f�_�g�y�_�l�k�y �d �[�h�e�_�_ �f�_�^�e�_�g�g�u�f �i�h�^�i�j�h�p�_�k�k�Z�f, �q�l�h 
�i�h�a�\�h�e�y�_�l �g�Z �d�Z�`�^�h�f �r�Z�]�_ �b�a�[�_�]�Z�l�v �j�_�r�_�g�b�y �g�_�e�b�g�_�c�g�h�c �k�b�k�l�_�f�u �m�j�Z�\-
�g�_�g�b�c. �I�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y, �i�h�^�l�\�_�j�`�^�Z-
�x�s�b�_ �Z�^�_�d�\�Z�l�g�h�k�l�v �f�h�^�_�e�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �^�Z�g�g�u�f. 

�<�\�_�^�_�g�b�_ 

�B�g�l�_�j�_�k �d �\�a�Z�b�f�h�^�_�c�k�l�\�b�x �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �k �d�h�g�k�l�j�m�d�p�b�h�g�g�u�f�b �f�Z-
�l�_�j�b�Z�e�Z�f�b �\�u�a�\�Z�g, �\ �q�Z�k�l�g�h�k�l�b, �i�j�h�[�e�_�f�Z�f�b �a�Z�s�b�l�u �h�l �\�h�^�h�j�h�^�g�h�c �d�h�j�j�h�a�b�b 
�b �i�_�j�k�i�_�d�l�b�\�Z�f�b �\�h�^�h�j�h�^�g�h�c �w�g�_�j�]�_�l�b�d�b. �G�Z�k�l�h�y�s�Z�y �j�Z�[�h�l�Z �y�\�e�y�_�l�k�y �i�j�h�^�h�e-
�`�_�g�b�_�f [1], �\ �d�h�l�h�j�h�c �i�h�^�j�h�[�g�h �h�i�b�k�Z�g�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �m�k�l�Z�g�h�\�d�Z �\ �B�g-
�k�l�b�l�m�l�_ �f�_�l�Z�e�e�m�j�]�b�b �M�j�H �J�:�G, �g�Z �[�Z�a�_ �d�h�l�h�j�h�c �i�j�h�\�h�^�b�e�b�k�v �i�j�_�^�k�l�Z�\�e�_�g�g�u�_ 
�b�k�k�e�_�^�h�\�Z�g�b�y. �J�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �g�_�e�b�g�_�c�g�Z�y �d�j�Z�_�\�Z�y �a�Z�^�Z�q�Z, �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y 
�f�_�l�h�^�m �i�j�h�j�u�\�Z �k �h�l�d�Z�q�d�h�c �g�Z �\�u�o�h�^�_. �F�_�f�[�j�Z�g�Z �b�a �b�k�k�e�_�^�m�_�f�h�]�h �f�Z�l�_�j�b�Z�e�Z 
�y�\�e�y�_�l�k�y �i�_�j�_�]�h�j�h�^�d�h�c �\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�u �b �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �^�_�]�Z�a�b�j�h�\�Z�g�Z, 
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�l�_�f�i�_�j�Z�l�m�j�Z �h�[�j�Z�a�p�Z �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�Z �b �i�h�k�l�h�y�g�g�Z. �G�Z �\�o�h�^�g�h�c �k�l�h�j�h�g�_ 
�k�d�Z�q�d�h�h�[�j�Z�a�g�h �k�h�a�^�Z�_�l�k�y �i�h�k�l�h�y�g�g�h�_ �^�Z�\�e�_�g�b�_ �]�Z�a�h�h�[�j�Z�a�g�h�]�h �\�h�^�h�j�h�^�Z. �K �\�u-
�o�h�^�g�h�c �k�l�h�j�h�g�u �\ �m�k�e�h�\�b�y�o �\�Z�d�m�m�f�b�j�h�\�Z�g�b�y �h�i�j�_�^�_�e�y�_�l�k�y �i�j�h�g�b�d�Z�x�s�b�c �i�h-
�l�h�d. �>�e�y �g�_�d�h�l�h�j�u�o �f�Z�l�_�j�b�Z�e�h�\ �b �h�i�j�_�^�_�e�_�g�g�u�o �m�k�e�h�\�b�c �w�d�k�i�_�j�b�f�_�g�l�Z (�k�f., 
�g�Z�i�j�b�f�_�j, �j�Z�[�h�l�m [2]) �g�Z�[�e�x�^�Z�_�l�k�y �b �g�_�f�h�g�h�l�h�g�g�h�_ �m�k�l�Z�g�h�\�e�_�g�b�_ �\�u�o�h�^�g�h�]�h 
�i�h�l�h�d�Z �\�h�^�h�j�h�^�Z. 

�G�Z�j�Z�k�l�Z�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �j�Z�k�l�\�h�j�_�g�g�h�]�h �Z�l�h�f�Z�j�g�h�]�h �\�h�^�h�j�h�^�Z �^�h �h�i�j�_-
�^�_�e�_�g�g�h�]�h �m�j�h�\�g�y �i�j�b�\�h�^�b�l �d �i�h�k�l�_�i�_�g�g�h�f�m �a�Z�f�_�^�e�_�g�b�x �^�b�n�n�m�a�b�b. �< �l�Z�d�b�o 
�m�k�e�h�\�b�y�o �i�j�b�g�y�l�Z �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�Z�y �f�h�^�_�e�v �a�Z�\�b�k�b�f�h�k�l�b �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n-
�n�m�a�b�b �h�l �d�h�g�p�_�g�l�j�Z�p�b�b (�l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�_ �h�[�h�k�g�h�\�Z�g�b�_ �k�f. �\ [3, �k. 196]). �I�h 
�l�_�f�i�_�j�Z�l�m�j�_ �a�Z�\�b�k�b�f�h�k�l�v �& – �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �a�Z�d�h�g�h�f �:�j�j�_�g�b�m�k�Z. �L�Z�d�b�_ �a�Z-
�^�Z�q�b �o�h�j�h�r�h �b�a�m�q�_�g�u, �g�h �\ �j�Z�f�d�Z�o �k�l�Z�g�^�Z�j�l�g�u�o �]�j�Z�g�b�q�g�u�o �m�k�e�h�\�b�c. �G�Z �\�u-
�o�h�^�g�h�c �k�l�h�j�h�g�_ �\ �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�f �h�[�t�_�f�_ �i�j�b�g�b�f�Z�_�l�k�y �g�m�e�_�\�Z�y �d�h�g�p�_�g�l�j�Z-
�p�b�y �^�b�n�n�m�a�Z�g�l�Z. �G�Z �\�o�h�^�_ �h�[�u�q�g�h �k�q�b�l�Z�_�l�k�y, �q�l�h �i�j�Z�d�l�b�q�_�k�d�b �f�]�g�h�\�_�g�g�h (�i�j�b 
�h�l�g�h�k�b�l�_�e�v�g�h �[�h�e�v�r�h�f �^�Z�\�e�_�g�b�b) �d�h�g�p�_�g�l�j�Z�p�b�y �^�h�k�l�b�]�Z�_�l �e�h�d�Z�e�v�g�h �j�Z�\�g�h-
�\�_�k�g�h�]�h �m�j�h�\�g�y, �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�]�h �d�h�j�g�x �b�a �^�Z�\�e�_�g�b�y (�a�Z�d�h�g �K�b�\�_�j�l�k�Z). 

�G�_�^�h�k�l�Z�l�d�h�f �l�Z�d�h�c �f�h�^�_�e�b �y�\�e�y�_�l�k�y �l�h, �q�l�h �b�a �j�Z�k�k�f�h�l�j�_�g�b�y �b�k�d�e�x�q�Z�_�l-
�k�y �^�b�g�Z�f�b�d�Z �i�h�\�_�j�o�g�h�k�l�g�u�o �i�j�h�p�_�k�k�h�\ �j�Z�k�l�\�h�j�_�g�b�y �b �k�h�j�[�p�b�b-�^�_�k�h�j�[�p�b�b. 
�< �i�j�_�^�k�l�Z�\�e�_�g�g�h�c �j�Z�[�h�l�_ �w�l�b �i�j�h�p�_�k�k�u �m�q�l�_�g�u �\ �n�h�j�f�_ �g�_�e�b�g�_�c�g�u�o �^�b�g�Z�f�b-
�q�_�k�d�b�o �]�j�Z�g�b�q�g�u�o �m�k�e�h�\�b�c: �a�Z�i�b�k�Z�g�u �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�_ �m�j�Z�\�g�_�g�b�y �^�e�y �i�h-
�\�_�j�o�g�h�k�l�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�c �Z�l�h�f�Z�j�g�h�]�h �\�h�^�h�j�h�^�Z. �L�_�f �k�Z�f�u�f, �i�j�h�b�a�\�h�^�g�Z�y �i�h 
�\�j�_�f�_�g�b �m�q�Z�k�l�\�m�_�l �g�_ �l�h�e�v�d�h �\ �^�b�n�n�m�a�b�h�g�g�h�f �m�j�Z�\�g�_�g�b�b, �g�h �b �\ �]�j�Z�g�b�q�g�u�o 
�m�k�e�h�\�b�y�o. �W�l�h �k�m�s�_�k�l�\�_�g�g�h �m�k�e�h�`�g�y�_�l �d�j�Z�_�\�m�x �a�Z�^�Z�q�m. �?�k�e�b �b�f�_�l�v �\ �\�b�^�m 
�h�[�s�m�x �l�_�h�j�b�x �n�m�g�d�p�b�h�g�Z�e�v�g�h-�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o �m�j�Z�\�g�_�g�b�c, �l�h �i�h�^�h�[�g�u�_ 
�a�Z�^�Z�q�b �h�l�g�h�k�y�l�k�y �d �l�Z�d �g�Z�a�u�\�Z�_�f�h�f�m �g�_�c�l�j�Z�e�v�g�h�f�m �l�b�i�m �b �l�j�_�[�m�x�l �j�Z�a�\�b�l�b�y 
�[�h�e�_�_ �k�e�h�`�g�h�]�h �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h �Z�i�i�Z�j�Z�l�Z. 

�E�h�\�m�r�d�b (�a�Z�o�\�Z�l �g�_�h�^�g�h�j�h�^�g�h�k�l�y�f�b �f�Z�l�_�j�b�Z�e�Z), �[�_�a�m�k�e�h�\�g�h, �k�m�s�_�k�l�\�m-
�x�l. �G�h �h�i�j�_�^�_�e�y�x�s�_�_ �\�e�b�y�g�b�_ �a�Z�o�\�Z�l�Z �\ �h�[�t�_�f�_ �i�h �k�m�s�_�k�l�\�m �i�j�b�d�e�Z�^�g�h�c �a�Z-
�^�Z�q�b �g�_�h�[�o�h�^�b�f�h �h�[�h�k�g�h�\�u�\�Z�l�v. �< �a�Z�^�Z�q�_ �]�Z�a�h�j�Z�a�^�_�e�_�g�b�y �^�e�y �l�h�g�d�b�o �b �[�u�k�l�j�h 
�i�j�h�g�b�p�Z�_�f�u�o �f�_�f�[�j�Z�g �e�h�\�m�r�d�Z�f�b �i�j�_�g�_�[�j�_�]�Z�_�f �\ �k�b�e�m �h�l�g�h�k�b�l�_�e�v�g�h�c �f�Z�e�h-
�k�l�b �h�[�t�_�f�Z �b �\�u�k�h�d�h�c �k�l�_�i�_�g�b �h�^�g�h�j�h�^�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z. 

�< �j�Z�[�h�l�_ �i�j�_�^�k�l�Z�\�e�_�g�Z �f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y �f�h�^�_�e�v �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b 
�k �m�q�_�l�h�f �^�b�g�Z�f�b�d�b �i�h�\�_�j�o�g�h�k�l�g�u�o �i�j�h�p�_�k�k�h�\ �b �d�h�g�p�_�g�l�j�Z�p�b�h�g�g�h-�a�Z�\�b�k�b�f�h�]�h 
�d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b. �J�Z�a�j�Z�[�h�l�Z�g �b�l�_�j�Z�p�b�h�g�g�u�c �\�u�q�b�k�e�b�l�_�e�v�g�u�c �Z�e�]�h-
�j�b�l�f �i�h�\�u�r�_�g�g�h�]�h �i�h�j�y�^�d�Z �l�h�q�g�h�k�l�b �j�_�r�_�g�b�y �i�h�k�l�Z�\�e�_�g�g�h�c �g�_�e�b�g�_�c�g�h�c �d�j�Z-
�_�\�h�c �a�Z�^�Z�q�b �g�Z �h�k�g�h�\�_ �y�\�g�h-�g�_�y�\�g�u�o �j�Z�a�g�h�k�l�g�u�o �k�o�_�f �b �Z�e�]�h�j�b�l�f�Z �i�j�h�]�h�g�d�b, 
�i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y. �I�h�k�e�_ �\�_�j�b�n�b�d�Z�p�b�b �f�h�^�_-
�e�b �f�h�`�g�h �m�`�_ �q�b�k�e�_�g�g�h �f�h�^�_�e�b�j�h�\�Z�l�v �j�Z�a�e�b�q�g�u�_ �k�b�l�m�Z�p�b�b (�g�Z�i�j�b�f�_�j, �j�_�Z�d-
�p�b�x �g�Z �k�d�Z�q�d�h�h�[�j�Z�a�g�u�c �k�l�m�i�_�g�q�Z�l�u�c �o�Z�j�Z�d�l�_�j �\�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y), �w�d�h�g�h�f�y 
�g�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �a�Z�l�j�Z�l�Z�o. 

�F�h�^�_�e�v �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b 

�M�j�Z�\�g�_�g�b�_ �^�b�n�n�m�a�b�b. �J�Z�k�k�f�h�l�j�b�f �i�_�j�_�g�h�k �\�h�^�h�j�h�^�Z �k�d�\�h�a�v �h�[�j�Z�a�_�p 
�f�Z�l�_�j�b�Z�e�Z (�i�e�Z�k�l�b�g�m �b�a �b�k�k�e�_�^�m�_�f�h�]�h �k�i�e�Z�\�Z �l�h�e�s�b�g�u �•). �L�_�f�i�_�j�Z�l�m�j�Z �6 �h�[-
�j�Z�a�p�Z �i�h�k�l�h�y�g�g�Z �\ �l�_�q�_�g�b�_ �h�^�g�h�]�h �w�d�k�i�_�j�b�f�_�g�l�Z. �D�h�g�p�_�g�l�j�Z�p�b�y �j�Z�k�l�\�h�j�_�g�g�h�]�h 
�Z�l�h�f�Z�j�g�h�]�h �\�h�^�h�j�h�^�Z �h�l�g�h�k�b�l�_�e�v�g�h �f�Z�e�Z, �b �^�b�n�n�m�a�b�h�g�g�u�c �i�h�l�h�d �f�h�`�g�h �k�q�b-
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�l�Z�l�v �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u�f �]�j�Z�^�b�_�g�l�m �d�h�g�p�_�g�l�j�Z�p�b�b. �< �d�Z�q�_�k�l�\�_ �f�h�^�_�e�b �^�b�n�n�m-
�a�b�b �i�j�b�f�_�f �m�j�Z�\�g�_�g�b�_ 
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�]�^�_ �k�:�P�á �T�; �Å �d�h�g�p�_�g�l�j�Z�p�b�y �^�b�n�n�m�g�^�b�j�m�x�s�_�]�h �Z�l�h�f�Z�j�g�h�]�h �\�h�^�h�j�h�^�Z �\�g�m�l�j�b 
�f�_�f�[�j�Z�g�u, �& �Å �d�h�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b (�i�h�^�j�h�[�g�h�_ �h�i�b�k�Z�g�b�_ �a�Z�\�b�k�b�f�h�k�l�b 
�&�:�?�; �k�f. �g�b�`�_). �G�Z�q�Z�e�v�g�u�_ �^�Z�g�g�u�_ (�\ �k�b�e�m �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c �^�_�]�Z�a�Z�p�b�b) �g�m�e�_-
�\�u�_: �?�:�r�á �T�; 
 L � r� á � T � Ð�>�r�á�•�?. �I�j�_�h�[�j�Z�a�m�_�f �m�j�Z�\�g�_�g�b�_ �^�b�n�n�m�a�b�b: 
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�D�h�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b. �G�Z�j�Z�k�l�Z�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �j�Z�k�l�\�h�j�_�g�g�h�]�h �\�h-
�^�h�j�h�^�Z �\�g�m�l�j�b �f�_�f�[�j�Z�g�u �\ �g�Z�i�j�Z�\�e�_�g�b�b �j�Z�\�g�h�\�_�k�g�h�]�h �m�j�h�\�g�y (�k�h�h�l�\�_�l�k�l�\�m�x-
�s�_�]�h �l�_�d�m�s�b�f �i�h�k�l�h�y�g�g�u�f �^�Z�\�e�_�g�b�x � L 
 L � L�§ �b �l�_�f�i�_�j�Z�l�m�j�_ � 6 
 L � 6
$�; �i�j�b�\�h�^�b�l �d 
�a�Z�f�_�^�e�_�g�b�x �^�b�n�n�m�a�b�b, �i�h�w�l�h�f�m �i�j�b�g�b�f�Z�_�f: 

1. �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�m�x �f�h�^�_�e�v �a�Z�\�b�k�b�f�h�k�l�b �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �& 
�h�l �d�h�g�p�_�g�l�j�Z�p�b�b (�g�Z�i�j�b�f�_�j, �i�Z�e�e�Z�^�b�_�\�u�_ �n�b�e�v�l�j�u, �j�Z�[�h�l�Z�x�s�b�_ �g�Z �[�h�e�v�r�b�o 
�i�e�h�l�g�h�k�l�y�o �i�h�l�h�d�Z): �� �� �� �� �^ �`*,  exp / ,D D c T D T ac c�  �  � ���  �]�^�_ c c� � � � �( , ;T p  �i�Z�j�Z-

�f�_�l�j�u �f�h�^�_�e�b) �Å �j�Z�\�g�h�\�_�k�g�Z�y �h�[�t�_�f�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y, �=
ä 
L 
F�=���?�Á�� �Å �i�Z�j�Z�f�_�l�j 
�\�e�b�y�g�b�y �\�h�^�h�j�h�^�Z �g�Z �k�h�[�k�l�\�_�g�g�m�x �Z�d�l�b�\�g�h�k�l�v.  

2. �l�_�f�i�_�j�Z�l�m�j�g�m�x �a�Z�\�b�k�b�f�h�k�l�v �i�h �a�Z�d�h�g�m �:�j�j�_�g�b�m�k�Z �&�Û
 L � &�Û�:�6�; 
L
�&�4�‡�š�’�<
F�'�½���>�4�6�?�=, �]�^�_ �&�4 �Å �i�j�_�^�w�d�k�i�h�g�_�g�p�b�Z�e�v�g�u�c �f�g�h�`�b�l�_�e�v, �' �½ �Å �w�g�_�j�]�b�y 
�Z�d�l�b�\�Z�p�b�b. 

�?�k�e�b ~ 0,c  �l�h *~ .D D  �I�Z�j�Z�f�_�l�j 0 :a �!  �i�j�b �^ �`~ expc c a� Ÿ � ���
 – �^�h�k�l�Z-

�l�h�q�g�h �f�Z�e�h � � � �2,  3, .a � �}   
 
 

�=�j�Z�g�b�q�g�u�_ �m�k�e�h�\�b�y. �B�a �[�Z�e�Z�g�k�Z �i�h�l�h�d�h�\ �i�h�e�m�q�Z�_�f �g�_�e�b�g�_�c�g�u�_ �]�j�Z�g�b�q-
�g�u�_ �m�k�e�h�\�b�y: 
 

 � � � �0
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dq
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dt
�  � � � � �                               (2) 
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�A�^�_�k�v �M�4�:�P�;, �M�º�:�P�; �Å �d�h�g�p�_�g�l�j�Z�p�b�y �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �g�Z �\�o�h�^�g�h�c �b �\�u�o�h�^-
�g�h�c �i�h�\�_�j�o�g�h�k�l�y�o �f�_�f�[�j�Z�g�u, �M
ä – �j�Z�\�g�h�\�_�k�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y (�k�h�h�l�\�_�l�k�l�\�m�x-
�s�Z�y �i�h�k�l�h�y�g�g�u�f �6, �L). �=�Z�a�h�h�[�j�Z�a�g�u�c �\�h�^�h�j�h�^ �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f �w�d�k�i�_�j�b-
�f�_�g�l�_ �g�Z�o�h�^�b�l�k�y �\ �f�h�e�_�d�m�e�y�j�g�h�c �n�h�j�f�_, �g�h �^�e�y �_�^�b�g�h�h�[�j�Z�a�b�y, �i�h�k�d�h�e�v�d�m 
�^�b�n�n�m�g�^�b�j�m�_�l �Z�l�h�f�Z�j�g�u�c �\�h�^�h�j�h�^, �i�h�^�k�q�_�l �[�m�^�_�f �\�_�k�l�b �\ �Z�l�h�f�Z�o. �K�h�]�e�Z�k�g�h 
�d�b�g�_�l�b�q�_�k�d�h�c �l�_�h�j�b�b �]�Z�a�h�\ �i�e�h�l�g�h�k�l�v �,�ã �i�Z�^�Z�x�s�_�]�h �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�h�l�h�d�Z 
�q�Z�k�l�b�p (�����^�Z�g�g�h�f �k�e�m�q�Z�_ �f�h�e�_�d�m�e �*�6�; �k�\�y�a�Z�g�Z �k �^�Z�\�e�_�g�b�_�f �L �i�h �n�h�j�f�m�e�_ �=�_�j-
�p�Z–�D�g�m�^�k�_�g�Z: �,�ã 
 L � L� ��¾�t�è�I�G�6 (�G �Å �i�h�k�l�h�y�g�g�Z�y �;�h�e�v�p�f�Z�g�Z, �I  �Å �f�Z�k�k�Z �f�h�e�_�d�m-
�e�u �\�h�^�h�j�h�^�Z). �< �d�Z�q�_�k�l�\�_ �_�^�b�g�b�p �b�a�f�_�j�_�g�b�y �\�u�[�_�j�_�f �>�º�? 
L�k�f, �>�L�? 
L�l�h�j�j. 
�L�h�]�^�Z �q�b�k�e�_�g�g�h �i�h�e�m�q�Z�_�f �a�Z�\�b�k�b�f�h�k�l�v �,�ã 
 L � ä� L, �ä�:�6�; 
N �t�ä�v�y�v �„ �s�r�6�6���¾�6�:�>�ä�? 
L

 L � s�Á�.

���:�l�h�j�j�x�k�f�6�Ô�;�á �>�6�? 
L �-�;. �G�Z �i�h�\�_�j�o�g�h�k�l�b �i�j�h�b�k�o�h�^�y�l �i�j�h�p�_�k�k�u �n�b�a�b�q�_-
�k�d�h�c �Z�^�k�h�j�[�p�b�b, �o�_�f�h�k�h�j�[�p�b�b, �^�b�k�k�h�p�b�Z�p�b�b �f�h�e�_�d�m�e �g�Z �Z�l�h�f�u, �j�Z�k�l�\�h�j�_�g�b�y. 
�E�b�r�v �f�Z�e�Z�y �q�Z�k�l�v «�g�Z�e�_�l�Z�x�s�b�o» �Z�l�h�f�h�\ �*  �h�d�Z�`�_�l�k�y �\ �Z�^�k�h�j�[�b�j�h�\�Z�g�g�h�f �k�h-
�k�l�h�y�g�b�b. �W�l�h �h�l�j�Z�`�Z�_�l�k�y �f�g�h�`�b�l�_�e�_�f �t�O. �F�h�`�g�h �\�f�_�k�l�h �t�O �g�Z�i�b�k�Z�l�v �O (�d�Z�d 
�i�Z�j�Z�f�_�l�j �f�h�^�_�e�b), �g�h �m�^�h�[�g�_�_ �\ �a�Z�i�b�k�b �t�O �[�_�a�j�Z�a�f�_�j�g�u�c �\�_�j�h�y�l�g�h�k�l�g�u�c �f�g�h-
�`�b�l�_�e�v �O �b�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v �d�Z�d �^�h�e�x �Z�^�k�h�j�[�b�j�m�_�f�u�o �Z�l�h�f�h�\ �* . �B�l�Z�d, �t�ä�O�L �Å 
�j�_�a�m�e�v�l�b�j�m�x�s�b�c �i�h�l�h�d �Z�l�h�f�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�v �[�_�a �j�Z�a�^�_�e�_�g�b�y �g�Z �[�h�e�_�_ �w�e�_-
�f�_�g�l�Z�j�g�u�_ �k�l�Z�^�b�b �b �m�q�_�l�Z �h�]�j�Z�g�b�q�_�g�g�h�c �_�f�d�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b. �M�q�l�_�f �_�f�d�h�k�l�v 
�i�h�\�_�j�o�g�h�k�l�b, �\�\�_�^�y �k�h�f�g�h�`�b�l�_�e�v �>�s 
F �M�4���M�k�_�v�?�6�ã �q�_�f �[�e�b�`�_ �a�g�Z�q�_�g�b�_ �i�h�\�_�j�o-
�g�h�k�l�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �M�4 �d �f�Z�d�k�b�f�Z�e�v�g�h�c �\�h�a�f�h�`�g�h�c �M�k�_�v, �l�_�f �g�b�`�_ �i�h�l�h�d 
�Z�^�k�h�j�[�p�b�b �,�ƒ�†�•�ä  

�B�a �]�_�h�f�_�l�j�b�q�_�k�d�b�o �k�h�h�[�j�Z�`�_�g�b�c (�k �m�q�_�l�h�f �j�Z�a�f�_�j�Z �Z�l�h�f�Z �\�h�^�h�j�h�^�Z) 
�i�j�b�f�_�j�g�h (�i�h �i�h�j�y�^�d�m �\�_�e�b�q�b�g�u) 15 2

max H10  1 ./ �k�fq �  �>�Z�e�_�_, �,�†�‡�•�á�<�4�á�º�=
L


 L � >�:�5�á�6�;�M�4�á�º
�6 �:�>�,�†�‡�•� ? 
 L � s�Á���:�Ô�Ï�6�x�Ô�;�; �Å �w�l�h �i�e�h�l�g�h�k�l�b �i�h�l�h�d�h�\ �^�_�k�h�j�[�p�b�b �b�a �h�[�j�Z�a-

�p�Z (�d�\�Z�^�j�Z�l�b�q�g�h�k�l�v �y�\�e�y�_�l�k�y �k�e�_�^�k�l�\�b�_�f �k�h�_�^�b�g�_�g�b�y �^�\�m�o �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ 
�f�h�e�_�d�m�e�m), �>�:�5�á�6�; �Å �d�h�w�n�n�b�p�b�_�g�l�u �^�_�k�h�j�[�p�b�b. �>�e�y �O �b �>�:�5�á�6�; �l�Z�d�`�_ �i�j�_�^�i�h�e�Z�]�Z-
�_�f �Z�j�j�_�g�b�m�k�h�\�k�d�m�x �a�Z�\�b�k�b�f�h�k�l�v �h�l �l�_�f�i�_�j�Z�l�m�j�u. �I�h �d�j�Z�c�g�_�c �f�_�j�_ �n�h�j�f�Z�e�v-
�g�h: �\ �w�d�k�i�h�g�_�g�l�_ «�w�g�_�j�]�b�y �Z�d�l�b�\�Z�p�b�b» �' �æ �f�h�`�_�l �h�d�Z�a�Z�l�v�k�y �b �h�l�j�b�p�Z�l�_�e�v�g�h�c 
�\�_�e�b�q�b�g�h�c �d�Z�d �e�b�g�_�c�g�Z�y �d�h�f�[�b�g�Z�p�b�y �w�g�_�j�]�b�c �Z�d�l�b�\�Z�p�b�c �b �l�_�i�e�h�l �i�h�\�_�j�o�g�h�k�l-
�g�u�o �i�j�h�p�_�k�k�h�\ �g�Z �i�m�l�b «�b�a �]�Z�a�Z �\ �j�Z�k�l�\�h�j». 

�K�\�y�a�v �d�h�g�p�_�g�l�j�Z�p�b�c q �b c. �H�Z�\�e�_�g�b�_ �L �b �l�_�f�i�_�j�Z�l�m�j�Z �6 �n�b�d�k�b�j�h�\�Z�g�u 
�\ �l�_�q�_�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z, �k�e�_�^�h�\�Z�l�_�e�v�g�h �g�m�`�g�h �h�j�b�_�g�l�b�j�h�\�Z�l�v�k�y �g�Z �j�Z�\�g�h�\�_�k-
�g�u�_ �d�h�g�p�_�g�l�j�Z�p�b�b �b�f�_�g�g�h �i�j�b �w�l�b�o �m�k�e�h�\�b�y�o. �?�k�e�b �k �h�[�_�b�o �k�l�h�j�h�g �f�_�f�[�j�Z�g�u 
�i�h�^�^�_�j�`�b�\�Z�l�v �i�h�k�l�h�y�g�g�u�_ �^�Z�\�e�_�g�b�_ �g�Z�k�u�s�_�g�b�y � L 
 L � L�æ (s �Å saturation) �f�h�e�_-
�d�m�e�y�j�g�h�]�h �\�h�^�h�j�h�^�Z �b �l�_�f�i�_�j�Z�l�m�j�m �6, �l�h �q�_�j�_�a �g�_�d�h�l�h�j�h�_ �\�j�_�f�y �m�k�l�Z�g�h�\�y�l�k�y 
�j�Z�\�g�h�\�_�k�g�u�_ �i�h�\�_�j�o�g�h�k�l�g�Z�y �b �h�[�t�_�f�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�b �M
ä, �?�Á. �< �j�Z�\�g�h�\�_�k�b�b 
�i�j�b�j�Z�\�g�b�\�Z�_�f �i�e�h�l�g�h�k�l�b �Z�^�k�h�j�[�p�b�h�g�g�h�]�h �b �^�_�k�h�j�[�p�b�h�g�g�h�]�h �i�h�l�h�d�h�\ 

ads desJ J�  (�\ �m�j�Z�\�g�_�g�b�b (2) �i�j�b�j�Z�\�g�b�\�Z�_�f �i�j�h�b�a�\�h�^�g�u�_ �d �g�m�e�x): 
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� � � �
2

2

max max

2
2 1 , 1 , ; �i�Z�j�Z�f�_�l�j�u �f�h�^�_�e�b.s

s s
q sp q

sp bq q q q p T
q b q

� ª � º � ª � º�P
� P � � �  � � �  � Ÿ �  � « � » � « � »

� ¬ � ¼ � ¬ � ¼

� � � �
� � � �� �� �

 

�I�h �h�i�j�_�^�_�e�_�g�g�h�f�m �l�Z�d�b�f �h�[�j�Z�a�h�f �a�g�Z�q�_�g�b�x �M
ä �\�u�q�b�k�e�y�_�l�k�y �?�Á
L �C�:�6�;�M
 ä 
 Q
�?�à�Ô�ë �Å �j�Z�\�g�h�\�_�k�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �? (�i�j�b �l�_�d�m�s�b�o �L�æ� á � x� 6). �A�^�_�k�v �C �Å �i�Z�j�Z�f�_�l�j 
�[�u�k�l�j�h�]�h �j�Z�k�l�\�h�j�_�g�b�y �b�e�b �e�h�d�Z�e�v�g�h�]�h �j�Z�\�g�h�\�_�k�b�y «�i�h�\�_�j�o�g�h�k�l�v–�h�[�t�_�f». �B�a 
�n�b�a�b�q�_�k�d�b�o �k�h�h�[�j�Z�`�_�g�b�c (�i�h �i�h�j�y�^�d�Z�f) �?�k�_�v 
 L � s� r�6�5���Ô�Ï�?�7, �M�k�_�v 
 L � s� r�5�9�Ô�Ï�?�6, 
�b �l�h�]�^�Z �h�]�j�Z�g�b�q�b�f�k�y � C 
 Q � s� r�:. �< �w�d�k�i�_�j�b�f�_�g�l�_ �g�Z �\�u�o�h�^�_ �i�h�^�^�_�j�`�b�\�Z�_�l�k�y �\�Z-
�d�m�m�f, �i�h�w�l�h�f�m �M
ä, �?�Á �Å �w�l�h �\�_�j�o�g�b�_ �h�p�_�g�d�b �l�_�d�m�s�b�o �d�h�g�p�_�g�l�j�Z�p�b�c. 

�;�h�e�_�_ �l�h�q�g�Z�y �f�h�^�_�e�v �j�Z�k�l�\�h�j�_�g�b�y �g�Z �i�h�\�_�j�o�g�h�k�l�b �b�f�_�_�l �n�h�j�f�m �[�Z�e�Z�g�k�Z 
�i�h�l�h�d�h�\: 
 

� � � � � � � � � � � � � � � � � � � � � � � ��� ��1 1
0, 0, max 0, 0, max 0, 0,

1 1 , ,xk T q t c t c k T c t q t q D c T c� � � �� � � �� ª � º � ª � º� � � � � � �  � ¬ � ¼ � ¬ � ¼� A � A � A � A � A�A
�B

�^ �`�� ��0, , 0, .c c t� �A �A  
 

�H�[�j�Z�a�g�h: «�\�u�o�h�^ �g�Z �i�h�\�_�j�o�g�h�k�l�v – �\�o�h�^ �\ �h�[�t�_�f = �i�h�l�h�d�m �^�b�n�n�m�a�b�b». 
�F�g�h�`�b�l�_�e�b […] �m�q�b�l�u�\�Z�x�l �k�l�_�i�_�g�b �a�Z�i�h�e�g�_�g�b�y �i�h�\�_�j�o�g�h�k�l�b �b �i�j�b�i�h�\�_�j�o-
�g�h�k�l�g�h�]�h �h�[�t�_�f�Z. 

�G�h �d�h�]�^�Z �^�b�n�n�m�a�b�y �a�g�Z�q�b�l�_�e�v�g�h �f�_�^�e�_�g�g�_�_ �j�Z�k�l�\�h�j�_�g�b�y (�l�_�f�i�_�j�Z�l�m�j�Z 
�g�_ �k�e�b�r�d�h�f �g�b�a�d�Z�y) �b �d�h�g�p�_�g�l�j�Z�p�b�b �f�Z�e�u, �i�h�e�m�q�Z�_�f �m�k�e�h�\�b�_ �[�u�k�l�j�h�c �j�Z�k�l�\�h-
�j�b�f�h�k�l�b �?�4�á�º
 L � :
 N� ;� C� M�4�á�º, �]�^�_ � C 
 L � G�?���G�>. �?�k�e�b �i�h�\�_�j�o�g�h�k�l�v �b�a�h�l�j�h�i�g�Z 
(�\ �k�f�u�k�e�_ �' �Þ�7 
 N � '�Þ�6�;, �l�h �i�Z�j�Z�f�_�l�j �C �k�e�Z�[�h �k �Z�\�b�k�b�l �h�l �l�_�f�i�_�j�Z�l�m�j�u �6. �< 
�^�Z�e�v�g�_�c�r�_�f �h�[�h�a�g�Z�q�_�g�b�_ �' �Ú �b�k�i�h�e�v�a�m�_�f �m�k�e�h�\�g�h: �w�l�h �g�_ �w�g�_�j�]�b�y �Z�d�l�b�\�Z�p�b�b, �Z 
�j�Z�a�g�h�k�l�v �' �Þ�7 
 F � '�Þ�6, �d�h�l�h�j�Z�y �f�h�`�_�l �[�u�l�v �b �h�l�j�b�p�Z�l�_�e�v�g�h�c. 

 
�D�j�Z�_�\�Z�y �a�Z�^�Z�q�Z. �A�Z�i�b�r�_�f �f�h�^�_�e�v �\ �d�h�f�i�Z�d�l�g�h�c �n�h�j�f�_: 
 

� � � � � � � � � � � �� > � @
2

* 2 , exp , 0, , 0, 0, 1, 0, ,
u u ac

D T u u x t u x x
t cx

� w � w� § � ·�  � {� �� •� !�  � •� ¨ � ¸�w �w � © � ¹
� A � A

��
   (4) 

 

� � � � � � � �0
ads des,0 diff ,0 0 0, 0,, 0 0,   exp , 

dq a
J J J q u gq t

dt c
� § � ·�  � � � � �  �  � �� ¨ � ¸
� © � ¹

� A � A��
 

� ^ � *̀diff , 0,
0,

1
  

c u
J D

a u x
�w

� 
�w�A

�A

��
                                      (5) 

 

� � � �des, diff , , 0 0,
dq

J J q
dt

�  � � � � �  �A
� A � A � A 

 � � � � � � � �� � � � � � � � � � � ��� ��� � � � � � � �1 22 2
des,0 0 des,, . J t b T q t J t b T q t�  �  � A � A                  (6) 

 
�M�l�h�q�g�_�g�b�_ �i�h�k�l�Z�g�h�\�d�b �a�Z�^�Z�q�b. �P�_�e�v �j�Z�[�h�l�u �k�h�k�l�h�b�l �\ �j�Z�a�j�Z�[�h�l�d�_ �j�Z�a-

�g�h�k�l�g�h�c �k�o�_�f�u �b �\�u�q�b�k�e�b�l�_�e�v�g�h�]�h �Z�e�]�h�j�b�l�f�Z �^�e�y �f�h�^�_�e�b�j�h�\�Z�g�b�y �^�_�k�h�j�[�p�b-
�h�g�g�u�o �,�†�‡�•�á�<�4�á�º�= �b �^�b�n�n�m�a�b�h�g�g�u�o �,�†�‹�ˆ�ˆ�á�<�4�á�º�= �i�h�l�h�d�h�\, �h�[�t�_�f�g�h�c �?�:�P�á �T�; �b �i�h�\�_�j�o-
�g�h�k�l�g�u�o �M�4�á�º�:�P�; �d�h�g�p�_�g�l�j�Z�p�b�c. �J�_�a�m�e�v�l�Z�l �k�q�_�l�Z �d�h�g�l�j�h�e�b�j�h�\�Z�e�k�y �n�b�a�b�q�_�k�d�b�f�b 



�D�b�g�_�l�b�d�Z �b �l�_�j�f�h�^�b�g�Z�f�b�d�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z…��
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�k�h�h�[�j�Z�`�_�g�b�y�f�b �d�Z�q�_�k�l�\�_�g�g�h�]�h �o�Z�j�Z�d�l�_�j�Z, �\�u�o�h�^�h�f �j�Z�k�i�j�_�^�_�e�_�g�b�y �?�:�P�á �T�; �g�Z 
�k�l�Z�p�b�h�g�Z�j �b �k�h�[�e�x�^�_�g�b�_�f �k�e�_�^�m�x�s�b�o �f�Z�l�_�j�b�Z�e�v�g�u�o �[�Z�e�Z�g�k�h�\. 

 
�D�j�b�l�_�j�b�c I. �H�[�s�_�_ �d�h�e�b�q�_�k�l�\�h �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ �h�[�j�Z�a�p�_ �\ �e�x�[�h�c �f�h-

�f�_�g�l �\�j�_�f�_�g�b �P �j�Z�\�g�h �j�Z�a�g�h�k�l�b �a�g�Z�q�_�g�b�c �d�h�e�b�q�_�k�l�\�Z �\�h�^�h�j�h�^�Z, �^�b�n�n�m�a�b�h�g�g�h 
�i�h�k�l�m�i�b�\�r�_�]�h �\ �h�[�j�Z�a�_�p �q�_�j�_�a �\�o�h�^�g�m�x �i�h�\�_�j�o�g�h�k�l�v (�i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�c �h�[�t-
�_�f) �b �d�h�e�b�q�_�k�l�\�Z �\�h�^�h�j�h�^�Z, �^�b�n�n�m�a�b�h�g�g�h �\�u�r�_�^�r�_�]�h �q�_�j�_�a �\�u�o�h�^�g�m�x �i�h-
�\�_�j�o�g�h�k�l�v (�i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�c �h�[�t�_�f) �a�Z �\�j�_�f�y �P: 

diff ,0 diff ,0 0 0
( , ) ( ) ( ) .

t t
c t x dx J d J d�  � W� W� � � W� W� ³ � ³ � ³

�A
�A  

 

�D�j�b�l�_�j�b�c II. �<�u�o�h�^�g�Z�y �i�h�\�_�j�o�g�h�k�l�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �h�i�j�_�^�_�e�y�_�l�k�y �j�Z�a-
�g�h�k�l�v�x �f�_�`�^�m �d�h�e�b�q�_�k�l�\�h�f �\�h�^�h�j�h�^�Z, �^�b�n�n�m�a�b�h�g�g�h �i�h�^�h�r�_�^�r�_�]�h �d �\�u�o�h�^�g�h�c 
�i�h�\�_�j�o�g�h�k�l�b �b �d�h�e�b�q�_�k�l�\�h�f �\�h�^�h�j�h�^�Z, �^�_�k�h�j�[�b�j�h�\�Z�\�r�_�]�h �k �w�l�h�c �i�h�\�_�j�o�g�h�k�l�b: 

� � � � � � � � � � � �diff, des,
0 0

.
t t

q t J d J d�  � W� W� � � W� W� ³ � ³� A � A � A   

 

�D�j�b�l�_�j�b�c III. �I�h�^�k�q�_�l �i�h�e�g�h�]�h �f�Z�l�_�j�b�Z�e�v�g�h�]�h �[�Z�e�Z�g�k�Z �l�j�m�^�g�h�h�k�m�s�_-
�k�l�\�b�f (�g�Z �\�o�h�^�_ �l�j�m�^�g�h �h�p�_�g�b�l�v �j�Z�k�o�h�^ �\�h�^�h�j�h�^�Z �i�j�b �i�h�^�^�_�j�`�Z�g�b�b �h�l�g�h�k�b-
�l�_�e�v�g�h �\�u�k�h�d�h�]�h �^�Z�\�e�_�g�b�y), �g�h �g�Z �\�u�o�h�^�_ �\ �m�k�e�h�\�b�y�o �\�Z�d�m�m�f�b�j�h�\�Z�g�b�y �^�h�k�l�Z-
�l�h�q�g�h �l�h�q�g�h �h�i�j�_�^�_�e�y�_�l�k�y �i�j�h�g�b�d�Z�x�s�b�c �i�h�l�h�d. �I�h�k�e�_ �\�u�o�h�^�Z �d�h�g�p�_�g�l�j�Z�p�b�b 
�*  �b �i�h�l�h�d�Z �g�Z �k�l�Z�p�b�h�g�Z�j�u, �f�h�`�g�h �i�j�b�g�y�l�v �� ��st t�t   
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�I�h�e�m�q�b�e�b �m�j�Z�\�g�_�g�b�_ �^�e�y �k�l�Z�p�b�h�g�Z�j�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �?�:�T�;. �?�k�e�b �d�h-
�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b �g�_ �a�Z�\�b�k�b�l �h�l �d�h�g�p�_�g�l�j�Z�p�b�b, �Z �l�h�e�v�d�h �h�l �l�_�f�i�_�j�Z�l�m�j�u, 
�i�h�e�m�q�b�f �e�b�g�_�c�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_. �A�g�Z�y (�i�h�k�e�_ �\�u�q�b�k�e�_�g�b�c) �k�l�Z�p�b�h�g�Z�j�g�u�_ 
�a�g�Z�q�_�g�b�y �?�§�4 �i�j�b � T 
 L � r �b �?�§�º �i�j�b � T 
 L � º (�e�_�\�u�_ �q�Z�k�l�b �m�j�Z�\�g�_�g�b�y �^�e�y �?�:�T�;), �g�Z�o�h-
�^�b�f �d�h�w�n�n�b�p�b�_�g�l�u �=�5, �=�4 �b�a �k�b�k�l�_�f�u �^�\�m�o �e�b�g�_�c�g�u�o �m�j�Z�\�g�_�g�b�c. �J�_�r�Z�y �^�Z�e�_�_ 
�w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�_ �m�j�Z�\�g�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h �d�h�g�p�_�g�l�j�Z�p�b�b �\ �h�[�t�_�f�_, �g�Z�o�h�^�b�f 
�k�l�Z�p�b�h�g�Z�j�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �� ��:c c x�   
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�D�j�b�l�_�j�b�c IV. � � � � �� ��� � � � � � � �2 2
diff 1 ,a J t b T qJ t�  � | �  �A  ,st t�t  � � � �� > � @1

1 * 0 .a cD A A a ���  � ��A �A�� ��
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�J�Z�a�g�h�k�l�g�Z�y �k�o�_�f�Z �b �\�u�q�b�k�e�b�l�_�e�v�g�u�c �Z�e�]�h�j�b�l�f 

�H�l�f�_�l�b�f, �q�l�h �^�Z�`�_ �d�j�Z�_�\�Z�y �a�Z�^�Z�q�Z I �j�h�^�Z �^�e�y �m�j�Z�\�g�_�g�b�y �^�b�n�n�m�a�b�b �y�\�e�y-
�_�l�k�y �`�_�k�l�d�h�c, �d�Z�d �b �k�b�k�l�_�f�Z �H�>�M, �i�h�e�m�q�_�g�g�Z�y �f�_�l�h�^�h�f �i�j�y�f�u�o [�D�Z�e�b�l�d�b�g, 
�D�h�j�y�d�b�g, 2013, c. 175]. �< �i�j�b�g�y�l�h�c �f�h�^�_�e�b �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b �^�b�g�Z�f�b-
�q�_�k�d�b�_ �]�j�Z�g�b�q�g�u�_ �m�k�e�h�\�b�y (5), (6) �l�h�`�_ �y�\�e�y�x�l�k�y �`�_�k�l�d�b�f�b, �i�h�k�d�h�e�v�d�m �h�g�b 
�h�i�b�k�u�\�Z�x�l �k�m�s�_�k�l�\�_�g�g�h �j�Z�a�g�h�k�d�h�j�h�k�l�g�u�_ �i�j�h�p�_�k�k�u (�n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ 
�i�j�h�p�_�k�k�u �g�Z �i�h�\�_�j�o�g�h�k�l�b �b �^�b�n�n�m�a�b�x). �I�h�w�l�h�f�m �g�_�h�[�o�h�^�b�f�h �h�j�b�_�g�l�b�j�h�\�Z�l�v-
�k�y �g�Z �g�_�y�\�g�u�_ �j�Z�a�g�h�k�l�g�u�_ �k�o�_�f�u. �H�^�g�Z�d�h �\ �g�_�e�b�g�_�c�g�h�c �d�j�Z�_�\�h�c �a�Z�^�Z�q�_ �g�_�y�\-
�g�u�_ �k�o�_�f�u �i�j�b�\�_�^�m�l �d �g�_�h�[�o�h�^�b�f�h�k�l�b �g�Z �d�Z�`�^�h�f �r�Z�]�_ �i�h �\�j�_�f�_�g�b �j�_�r�Z�l�v  
�g�_�e�b�g�_�c�g�m�x �k�b�k�l�_�f�m �m�j�Z�\�g�_�g�b�c. �Q�l�h�[�u �w�l�h�]�h, �i�h �\�h�a�f�h�`�g�h�k�l�b, �b�a�[�_�`�Z�l�v, �[�m-
�^�_�f �b�k�i�h�e�v�a�h�\�Z�l�v �y�\�g�h-�g�_�y�\�g�u�_ �k�o�_�f�u. �I�h�k�d�h�e�v�d�m �Z�^�k�h�j�[�p�b�y, �^�_�k�h�j�[�p�b�y 
�b �j�Z�k�l�\�h�j�_�g�b�_ �i�j�b �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o (�\ �j�Z�[�h�q�_�f �^�b�Z�i�Z�a�h�g�_ 
300–500 °�K) �a�g�Z�q�b�l�_�e�v�g�h �[�u�k�l�j�_�_ �^�b�n�n�m�a�b�b, �[�m�^�_�f �h�i�b�k�u�\�Z�l�v �w�l�b �i�j�h�p�_�k�k�u 
�g�_�y�\�g�u�f�b �k�h�h�l�g�h�r�_�g�b�y�f�b. �L�_�f �k�Z�f�u�f �i�j�b�g�b�f�Z�_�f �g�_�d�h�l�h�j�m�x �b�_�j�Z�j�o�b�x 
(�j�Z�k�s�_�i�e�_�g�b�_) �f�h�^�_�e�b�j�m�_�f�u�o �i�h�^�i�j�h�p�_�k�k�h�\ �h�[�s�_�]�h �j�_�a�m�e�v�l�b�j�m�x�s�_�]�h �i�_�j�_-
�g�h�k�Z. �G�Z�p�_�e�b�f�k�y �g�Z «�f�b�g�b�f�Z�e�v�g�m�x �g�_�y�\�g�h�k�l�v», �q�l�h�[�u �b�a�[�_�`�Z�l�v �j�_�r�_�g�b�y �g�_-
�e�b�g�_�c�g�u�o �k�b�k�l�_�f �g�Z �d�Z�`�^�h�f �r�Z�]�_, �g�h �k�h�o�j�Z�g�b�l�v �m�k�l�h�c�q�b�\�h�k�l�v �b �Z�^�_�d�\�Z�l�g�h�k�l�v 
�\�u�q�b�k�e�_�g�b�c �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �^�Z�g�g�u�f. 

�K�e�_�^�m�y �l�_�o�g�b�d�_ �j�Z�a�g�h�k�l�g�u�o �k�o�_�f, �\�\�_�^�_�f �k�_�l�d�m �i�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c 
�i�_�j�_�f�_�g�g�h�c � × 
 L � <� T�à 
L �I�D�á �x�x�I 
L �r�á�s�á �å �á �/�á �x�x�D 
L �º���/�= �b �k�_�l�d�m �i�h �\�j�_�f�_�g�b  
� ñ 
 L � <� P�á 
 L � J� ì� á � x� x� J 
 L � r� á � x� s� á � å � á � 0� á � x� ì 
 L � P�‡�•�†���0�=. �D�h�g�_�q�g�h�_ �\�j�_�f�y �w�d�k�i�_�j�b�f�_�g�l�Z 
�h�[�u�q�g�h �h�i�j�_�^�_�e�y�_�l�k�y �\�u�o�h�^�h�f �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �g�Z �k�l�Z�p�b�h�g�Z�j�g�h�_ �a�g�Z�q�_-
�g�b�_. �H�[�h�a�g�Z�q�b�f �Z�i�i�j�h�d�k�b�f�Z�p�b�b �� ��1

ˆ , ,m n mU u t x���|  �� ��, ,m n mU u t x�|  

� � � �0, 0, 1 ,ˆ
nQ q t ���|� A � A  �� ��0, 0, .nQ q t�|� A � A   

�J�Z�k�k�f�h�l�j�b�f �j�Z�a�g�h�k�l�g�u�_ �h�i�_�j�Z�l�h�j�u 
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�A�g�Z�q�_�g�b�y �g�Z �g�Z�q�Z�e�v�g�h�f �k�e�h�_ 0n �  (�i�j�b 0)t �  �b�a�\�_�k�l�g�u: 0, 0,Q � �A  

1,mU �  0 .m M� d � d �G�_�h�[�o�h�^�b�f�h �h�i�b�k�Z�l�v �Z�e�]�h�j�b�l�f �i�_�j�_�o�h�^�Z �k n-�]�h �g�Z 
( 1)-�cn ��  �\�j�_�f�_�g�g�h�c �k�e�h�c.  

 
�H�[�s�Z�y �k�o�_�f�Z �\�u�q�b�k�e�b�l�_�e�v�g�h�]�h �Z�e�]�h�j�b�l�f�Z (�i�h�w�l�Z�i�g�h) 
�Y�\�g�h-�g�_�y�\�g�Z�y �k�o�_�f�Z. �I�j�b�f�_�f �k�e�_�^�m�x�s�m�x �j�Z�a�g�h�k�l�g�m�x �k�o�_�f�m �^�e�y �m�j�Z�\-

�g�_�g�b�y �^�b�n�n�m�a�b�b: 
 

  � � � � 1 1
* * 2
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�  � | � / � Ÿ �  

� W � W
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�J�Z�k�k�f�h�l�j�b�f �i�_�j�_�o�h�^ �k n-�]�h �g�Z ( 1)-�cn ��  �k�e�h�c �i�h �\�j�_�f�_�g�b ( 0,n �t  
0 ):m M� � � � 
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�M�k�e�h�\�b�_ �m�k�l�h�c�q�b�\�h�k�l�b �f�_�l�h�^�Z �i�j�h�]�h�g�d�b �\�u�i�h�e�g�_�g�h �Å �l�j�_�o�^�b�Z�]�h�g�Z�e�v�g�Z�y 
�f�Z�l�j�b�p�Z �h�[�e�Z�^�Z�_�l �^�b�Z�]�h�g�Z�e�v�g�u�f �i�j�_�h�[�e�Z�^�Z�g�b�_�f (���t 
E �O�� 
P �t, �l.�d. � O 
 P � r). �A�g�Z-
�q�_�g�b�y �\ �g�Z�q�Z�e�v�g�u�c �f�h�f�_�g�l �\�j�_�f�_�g�b �b�a�\�_�k�l�g�u: �7�à

�4 
 L � s,���3�4�á�º
 L � r� �� :� r 
 Q � I 
 Q � /� ;� ä� x 
�K�e�_�^�m�y �f�_�l�h�^�m �i�j�h�]�h�g�d�b, �b�s�_�f �i�j�b�[�e�b�`�_�g�g�u�_ �a�g�Z�q�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b �\ �m�a-
�e�Z�o �k�_�l�d�b �g�Z �:�J 
E �s�; -�f  �k�e�h�_ �i�h �\�j�_�f�_�g�b �\ �\�b�^�_ �7
á�à 
 L � Ù�à�>�5�7
á�à�>�5
 E � Ú�à�>�5,���I 
L
�r�á �å �á �/ 
F �s�ä�x �I�j�h�]�h�g�h�q�g�u�_ �d�h�w�n�n�b�p�b�_�g�l�u �k�e�_�^�m�x�s�b�_: 

 

     1 1
1

, , 1, , 1.
2 2

m m
m m

m m

f
m M

s s� � � �
� E � �

�D �  � E�  �  � }� �
� � � � � D � � � � � D

              (8) 

 

�>�e�y �g�Z�o�h�`�^�_�g�b�y �g�Z�q�Z�e�v�g�u�o �d�h�w�n�n�b�p�b�_�g�l�h�\ �=�5, �>�5 �\�h�k�i�h�e�v�a�m�_�f�k�y �k�e�_-
�^�m�x�s�b�f�b �k�h�h�[�j�Z�`�_�g�b�y�f�b. �I�h�^�k�q�b�l�Z�_�f �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �a�g�Z�q�_�g�b�y �7
á�5�á�6 �i�h �y�\-
�g�h�c �j�Z�a�g�h�k�l�g�h�c �k�o�_�f�_ (�\ �j�Z�\�_�g�k�l�\�_ (7) �k�i�j�Z�\�Z �a�Z�f�_�g�y�_�f �7
á�Ü �g�Z���7�Ü). �>�e�y �g�Z�o�h�`-
�^�_�g�b�y �g�Z�q�Z�e�v�g�u�o �d�h�w�n�n�b�p�b�_�g�l�h�\ �Ù�5, �Ú�5, �j�Z�k�k�f�Z�l�j�b�\�Z�_�f �Z�i�i�j�h�d�k�b�f�Z�p�b�x �d�j�Z�_-
�\�h�]�h �m�k�e�h�\�b�y (5) �g�Z �e�_�\�h�c �]�j�Z�g�b�p�_ �:�P�á � \ � P�á�>�5�;:���Æ�7�4 
 N � :
 F� u� 7�4 
 E � v� 7�5 
F
�7�6�;���:�t�D�; �b �b�k�i�h�e�v�a�m�_�f �k�\�y�a�v �7
á�4 �  � ‡� š� ’� �� <
 F� =� C� 3
à�4���?�Á�=. �< �b�l�h�]�_ �i�h�e�m�q�Z�_�f �m�j�Z�\�g�_-
�g�b�_ �^�e�y �g�Z�o�h�`�^�_�g�b�y �7
á�4. �A�g�Z�y �a�g�Z�q�_�g�b�_ �7
á�4 �b �\�u�j�Z�`�_�g�b�_ �7
á�4 
 L � Ù�5�7
á�5 
 E � Ú�5, �i�h�e�m-
�q�Z�_�f �Ù�5 
 L � r, �Ú�5 
 L � 7
á�4. �I�h �=�5, �>�5 �\�u�q�b�k�e�y�_�f �h�k�l�Z�\�r�b�_�k�y �d�h�w�n�n�b�p�b�_�g�l�u �=�à , 
�Ú�à , � I 
 L � t� á � å � á � /� á �i�h �n�h�j�f�m�e�Z�f (8). 

�;�e�b�`�Z�c�r�Z�y �p�_�e�v �Å �g�Z�c�l�b �a�g�Z�q�_�g�b�_ ˆ ,MU  �g�_�h�[�o�h�^�b�f�h�_ �^�e�y �j�_�Z�e�b�a�Z�p�b�b 

�h�[�j�Z�l�g�h�]�h �w�l�Z�i�Z �f�_�l�h�^�Z �i�j�h�]�h�g�d�b. �I�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�h�^�k�q�b�l�Z�_�f 1, 2
ˆ

M MU � � � � 

�i�h �y�\�g�h�c �j�Z�a�g�h�k�l�g�h�c �k�o�_�f�_. �J�Z�k�k�f�h�l�j�b�f �j�Z�a�g�h�k�l�g�m�x �Z�i�i�j�h�d�k�b�f�Z�p�b�x �m�j�Z�\�g�_-

�g�b�y (6): �� �� �� ��2 14 3 2 ,/M M M MU U U U h� � � �� < � | � � � � � � � �2 2
ˆ
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�B�k�i�h�e�v�a�m�y �k�\�y�a�v �d�h�g�p�_�g�l�j�Z�p�b�c �^ �`eˆ p ,ˆx /MU agQ c� { � ��A ��  �i�h�e�m�q�Z�_�f �m�j�Z�\-

�g�_�g�b�_ �^�e�y �a�g�Z�q�_�g�b�y ˆ
MU . �H�[�j�Z�l�g�u�f �o�h�^�h�f �i�j�h�]�h�g�d�b �j�_�r�Z�_�f �l�j�_�o�^�b�Z�]�h�g�Z�e�v-

�g�m�x �k�b�k�l�_�f�m �e�b�g�_�c�g�u�o �m�j�Z�\�g�_�g�b�c, �g�Z�o�h�^�y �g�h�\�u�_ �i�j�b�[�e�b�`�_�g�b�y 1,2
ˆ ,U  

1, 2 ˆM MU � � � �  (�b �h�k�l�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y 3,ˆ , , 3).mU m M� � } � �  

�B�l�_�j�Z�p�b�h�g�g�u�c �\�u�q�b�k�e�b�l�_�e�v�g�u�c �Z�e�]�h�j�b�l�f. �D�j�Z�l�d�h �b�a�e�h�`�b�f �Z�e�]�h-
�j�b�l�f �\�u�q�b�k�e�_�g�b�c. 

1. �<�u�q�b�k�e�y�_�f �i�j�b�[�e�b�`�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�c 0
ˆ ˆ, .MU U   

2. �D�h�j�j�_�d�l�b�j�m�_�f �a�g�Z�q�_�g�b�y �i�j�h�]�h�g�h�q�g�u�o �d�h�w�n�n�b�p�b�_�g�l�h�\ ,�D�E �i�h �n�h�j�f�m-
�e�Z�f (8). 

3. �A�g�Z�y 0,
ˆ

MU  �b �\�k�_ �=, �>, �h�i�j�_�^�_�e�y�_�f �g�h�\�u�_ �i�j�b�[�e�b�`�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b 

�\�h �\�k�_�o �\�g�m�l�j�_�g�g�b�o �m�a�e�Z�o: 1 1 1 1, , 1.ˆ ˆ ,m m m mU U m M� � � � � �� � D � �� E �  � }� � 
4. �I�h�\�l�h�j�y�_�f �\�u�q�b�k�e�_�g�b�y, �\�h�a�\�j�Z�s�Z�y�k�v �d �i�m�g�d�l�m 1, �^�h �m�k�l�Z�g�h�\�e�_�g�b�y 

�]�j�Z�g�b�q�g�u�o �a�g�Z�q�_�g�b�c 0,
ˆ

MU  (�h�[�u�q�g�h 2–3 �b�l�_�j�Z�p�b�b). 
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5. �<�u�q�b�k�e�y�_�f �a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b (�g�Z �k�e�h�_ 1) :nt t ���  

�� �� �^ �`* *,  exp / 0 .ˆ ,mD c T D ac c D U m M�  � � � | � d� d��     

6. �I�_�j�_�o�h�^�b�f �d �k�e�_�^�m�x�s�_�f�m �k�e�h�x �i�h �\�j�_�f�_�g�b �� ��1 2 .n nt t� � � ��o  

�J�_�a�m�e�v�l�Z�l�u �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y 

�< �k�j�_�^�_ Scilab �j�Z�a�j�Z�[�h�l�Z�g�h �i�j�h�]�j�Z�f�f�g�h�_ �h�[�_�k�i�_�q�_�g�b�_ �^�e�y �q�b�k�e�_�g�g�h�]�h 
�f�h�^�_�e�b�j�h�\�Z�g�b�y �^�_�k�h�j�[�p�b�h�g�g�u�o �,�†�‡�•�á�<�4�á�º�= �b �^�b�n�n�m�a�b�h�g�g�u�o �,�†�‹�ˆ�ˆ�á�<�4�á�º�= �i�h�l�h�d�h�\, 
�h�[�t�_�f�g�h�c �?�:�P�á �T�; �b �i�h�\�_�j�o�g�h�k�l�g�u�o �M�4�á�º�:�P�; �d�h�g�p�_�g�l�j�Z�p�b�c �k �m�q�_�l�h�f �d�h�g�p�_�g�l�j�Z-
�p�b�h�g�g�h-�a�Z�\�b�k�b�f�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z �&�:�?�á �6�;. �I�j�_�^�k�l�Z�\�e�_�g�g�Z�y �f�h�^�_�e�v �Z�^�Z�i�l�b�j�h-
�\�Z�g�Z �d �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �m�k�e�h�\�b�y�f �b �^�b�Z�i�Z�a�h�g�m �^�Z�g�g�u�o �i�h �k�i�e�Z�\�Z�f �k �\�u�k�h-
�d�h�c �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�v�x �g�Z �h�k�g�h�\�_ �f�_�l�Z�e�e�h�\ 5-�c �]�j�m�i�i�u, �i�j�_�^�k�l�Z�\�e�_�g-
�g�u�o �\ �i�m�[�e�b�d�Z�p�b�y�o [4�Å7]. �F�h�^�_�e�b �b �q�b�k�e�_�g�g�u�_ �f�_�l�h�^�u �^�e�y �a�Z�^�Z�q �k�h �k�\�h�[�h�^-
�g�h�c �]�j�Z�g�b�p�_�c (�^�_�]�b�^�j�b�j�h�\�Z�g�b�y) �b�a�e�h�`�_�g�u �\ [8�í10]. �F�h�^�_�e�v �[�u�k�l�j�h�c �\�h�^�h�j�h-
�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b �\ �d�e�Z�k�k�_ �H�>�M �i�j�_�^�e�h�`�_�g�Z �\ [11]. �H�l�f�_�l�b�f �l�Z�d�`�_ �h�[�k�l�h�y-
�l�_�e�v�g�u�_ �j�Z�[�h�l�u [12�í14], �k�h�^�_�j�`�Z�s�b�_ �h�[�a�h�j�u (�k�h�l�g�b �k�k�u�e�h�d), �\ �l�h�f �q�b�k�e�_ �b �i�h 
�\�h�^�h�j�h�^�g�u�f �f�_�f�[�j�Z�g�g�u�f �l�_�o�g�h�e�h�]�b�y�f. 

�A�^�_�k�v �i�j�b �q�b�k�e�_�g�g�h�f �f�h�^�_�e�b�j�h�\�Z�g�b�b �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �k�e�_�^�m�x�s�b�_ «�[�Z�a�h-
�\�u�_» �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ (�i�h �i�h�j�y�^�d�Z�f �\�_�e�b�q�b�g): �> �@0,1 ,� H � •  0,04 �k�f,� �A  

300 C,T �  � q 35 �l�h�j�j,p �  �� �� 6 2 –1
* 10 �k�f c ,D T ���  �� ��1 17 2 –110 c ,3 �k�fb ���  � ˜  

�� ��2 17 2 –110 �k�f ,cb ���  65 1 ,0s ���  � ˜ ��
3 –110 �k�f ,� g  3 3

max 10 �f , �kc �� ���  16 2
max 10 c ,�fq ���  

22 –2 –1 –12,474 10 �k�f �l�h�j .�j/ T c� P �  � ˜  �<�Z�j�b�Z�p�b�b �i�Z�j�Z�f�_�l�j�h�\ �f�h�^�_�e�b �h�i�j�_�^�_�e�y-
�x�l�k�y �d�h�g�d�j�_�l�g�u�f �f�Z�l�_�j�b�Z�e�h�f �f�_�f�[�j�Z�g�u. 

�I�j�_�^�k�l�Z�\�b�f �g�_�d�h�l�h�j�u�_ �j�_�a�m�e�v�l�Z�l�u �\�u�q�b�k�e�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\, �d�h-
�l�h�j�u�_ �i�h�d�Z�a�u�\�Z�x�l �d�Z�q�_�k�l�\�_�g�g�u�_ �w�n�n�_�d�l�u (�k�e�_�^�k�l�\�b�y) �m�q�_�l�Z �� ��,D D c T�  

�b �g�_�e�b�g�_�c�g�u�o �^�b�g�Z�f�b�q�_�k�d�b�o �]�j�Z�g�b�q�g�u�o �m�k�e�h�\�b�c. �D�j�h�f�_ �l�h�]�h, �\�Z�j�b�Z�p�b�b �i�Z�j�Z-
�f�_�l�j�h�\ �f�h�^�_�e�b �i�h�a�\�h�e�y�x�l �h�p�_�g�b�l�v �k�l�_�i�_�g�v �b�o �\�e�b�y�g�b�y �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�_-
�j�_�g�h�k�Z (�\ �q�Z�k�l�g�h�k�l�b, �g�Z �k�l�Z�p�b�h�g�Z�j�g�u�c �i�j�h�g�b�d�Z�x�s�b�c �i�h�l�h�d), �\�u�y�\�b�l�v �e�b�f�b�l�b-
�j�m�x�s�b�_ �n�Z�d�l�h�j�u �i�j�b �d�h�g�d�j�_�l�g�u�o �m�k�e�h�\�b�y�o �w�d�k�i�e�m�Z�l�Z�p�b�b �f�Z�l�_�j�b�Z�e�Z. 

�G�Z �b�e�e�x�k�l�j�Z�p�b�y�o �g�b�`�_ �m�d�Z�a�Z�g �e�b�r�v �\�Z�j�v�b�j�m�_�f�u�c �i�Z�j�Z�f�_�l�j �i�j�b �i�j�h�q�b�o 
�n�b�d�k�b�j�h�\�Z�g�g�u�o. �G�Z�q�g�_�f �k �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b �&. �I�h�k�e�_ �q�b�k�e�_�g�g�h�]�h �j�_-
�r�_�g�b�y �d�j�Z�_�\�h�c �a�Z�^�Z�q�b (�d�h�]�^�Z �m�`�_ �b�a�\�_�k�l�g�u �\�k�_ �d�h�g�p�_�g�l�j�Z�p�b�b: �j�Z�\�g�h�\�_�k�g�u�_, 
�i�h�\�_�j�o�g�h�k�l�g�u�_ �b �h�[�t�_�f�g�u�_) �i�h�e�m�q�Z�_�f �n�h�j�f�Z�e�v�g�h �a�Z�\�b�k�b�f�h�k�l�v � & 
 L � &� :� P� á � T� ;� ä 
�B�g�l�_�j�_�k�g�h �i�j�h�k�e�_�^�b�l�v �d�Z�q�_�k�l�\�_�g�g�u�_ �b �d�h�e�b�q�_�k�l�\�_�g�g�u�_ �j�Z�a�e�b�q�b�y �m�k�l�Z�g�h�\�e�_-
�g�b�y �&�:�P�; �g�Z �\�o�h�^�_ �b �\�u�o�h�^�_ �f�_�f�[�j�Z�g�u �:�T 
L �r�á �º�; �\�h �\�j�_�f�_�g�b �i�j�b �j�Z�a�e�b�q�g�u�o 
�a�g�Z�q�_�g�b�y�o �i�Z�j�Z�f�_�l�j�Z�Ý, �j�_�]�m�e�b�j�m�x�s�_�]�h�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �d �i�j�b�[�e�b�`�_�g�b�x �d�h�g-
�p�_�g�l�j�Z�p�b�b �d �j�Z�\�g�h�\�_�k�g�h�c. �I�j�b �w�l�h�f �k�e�_�^�m�_�l �b�f�_�l�v �\ �\�b�^�m, �q�l�h �k�l�Z�p�b�h�g�Z�j�g�h�_ 
�j�Z�k�i�j�_�^�_�e�_�g�b�_ �g�_ �y�\�e�y�_�l�k�y �e�b�g�_�c�g�u�f (�k�f. �\�u�r�_ �D�j�b�l�_�j�b�c III ). �=�j�Z�^�b�_�g�l�u 
�d�h�g�p�_�g�l�j�Z�p�b�b �j�Z�a�e�b�q�g�u �i�h �l�h�e�s�b�g�_ �f�_�f�[�j�Z�g�u �i�j�b �j�Z�\�_�g�k�l�\�_ �^�b�n�n�m�a�b�h�g�g�u�o 
�i�h�l�h�d�h�\ �h�^�g�h�f�m �b �l�h�f�m �`�_ �k�l�Z�p�b�h�g�Z�j�g�h�f�m �a�g�Z�q�_�g�b�x (�i�j�h�b�a�\�_�^�_�g�b�_ �d�h�w�n�n�b-
�p�b�_�g�l�Z �& �g�Z �]�j�Z�^�b�_�g�l �i�h�k�l�h�y�g�g�h �\ �h�l�e�b�q�b�_ �h�l �d�Z�`�^�h�]�h �b�a �k�h�f�g�h�`�b�l�_�e�_�c). 
  



�D�b�g�_�l�b�d�Z �b �l�_�j�f�h�^�b�g�Z�f�b�d�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z…��
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�A�Z�\�b�k�b�f�h�k�l�v �&�:�P�; �i�j�b���= 
L �<�r�á �x�r�ä�t�á �x�r�ä�v�á �x�r�ä�x�á �x�r�ä�z�á �x�r�ä�{�w�= 

 
 
                           �J�b�k. 1. �x�T 
L �r                                                  �J�b�k. 2. �x�T 
L�• 
 

�F�h�`�g�h �i�j�h�k�e�_�^�b�l�v �w�l�m �^�b�g�Z�f�b�d�m �b �i�h �l�h�e�s�b�g�_ (�i�j�b �d�Z�`�^�h�f �n�b�d�k�b�j�h-
�\�Z�g�g�h�f �=). 
 

�A�Z�\�b�k�b�f�h�k�l�v �&�:�P�; �i�j�b � T 
 L � <�•���u�á �x�•���t�á �x�t�•���u�= 
 

 
 
                           �J�b�k. 3.�x�= 
L �r�á�w�����������������������������������������������������������������������������������������������J�b�k. 4. �x�= 
L �r�á�{         ��
 

�A�Z�\�b�k�b�f�h�k�l�v �?�É�:�T�; �i�j�b �= 
L �<�r�á �x�r�ä�t�á �x�r�ä�v�á �x�r�ä�x�á �x�r�ä�z�á �x�r�ä�{�w�= 
��

 
 
                       �J�b�k. 5. �º 
L �r�á�r�v�x�Ô�Ï���������������������������������������������������������������������������������������J�b�k. 6. �K
 L � r� á� r� u� x�-�% 
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�A�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b D �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �i�j�b�\�h�^�b�l 
�d �l�h�f�m, �q�l�h �k�l�Z�p�b�h�g�Z�j�g�u�c �i�j�h�n�b�e�v �m�`�_ �g�_ �e�b�g�_�c�g�u�c, �Z �\�u�i�m�d�e�u�c («�\�u�i�m�d�e�u�c 
�\�g�b�a»), �k�f. �j�b�k. 5, 6. 

�H�k�l�Z�g�h�\�b�f�k�y �l�_�i�_�j�v �g�Z �k�e�m�q�Z�_, �d�h�]�^�Z �i�h�\�_�j�o�g�h�k�l�b �[�e�b�a�d�b �i�h �k�h�k�l�Z�\�m: 
�\ �f�h�^�_�e�b �j�Z�\�g�u �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �d�h�w�n�n�b�p�b�_�g�l�u �^�_�k�h�j�[�p�b�b. �B�g�l�_�j�_�k�g�h �h�l�f�_-
�l�b�l�v, �q�l�h �k �j�h�k�l�h�f �> �k�g�Z�q�Z�e�Z �k�l�Z�p�b�h�g�Z�j �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �j�Z�k�l�_�l, �Z �i�h�l�h�f 
�g�Z�q�b�g�Z�_�l �k�g�b�`�Z�l�v�k�y. �I�h�k�e�_ �g�_�d�h�l�h�j�h�]�h �d�j�b�l�b�q�_�k�d�h�]�h �a�g�Z�q�_�g�b�y (�l�h�q�d�b �i�_�j�_�]�b-
�[�Z) �^�_�k�h�j�[�p�b�y �g�Z �\�o�h�^�_ �g�Z�k�l�h�e�v�d�h �[�h�e�v�r�Z�y (�h�l�g�h�k�b�l�_�e�v�g�h), �q�l�h �k�m�s�_�k�l�\�_�g�g�h 
�k�g�b�`�Z�_�l�k�y �i�j�h�g�b�d�g�h�\�_�g�b�_ �\ �h�[�t�_�f �b �j�h�k�l �> �g�Z �\�u�o�h�^�_ �m�`�_ �g�_ �f�h�`�_�l �w�l�h �d�h�f-
�i�_�g�k�b�j�h�\�Z�l�v. 
 

�A�Z�\�b�k�b�f�h�k�l�v �,�†�‡�•�á�º �h�l � > 
 L � >�:�5�á�6�;
L �<�s�á �x�t�á �x�w�á �x�s�r�á �x�w�r�á �x�s�r�r�= �„ �s�r�?�5�; 
 

 
 
                             �J�b�k. 7. �Òa = 0                                               �J�b�k. 8. �Òa = 0,5 

 
�< �l�h �`�_ �\�j�_�f�y �m�\�_�e�b�q�_�g�b�_ �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f �^�b�Z�i�Z�a�h�g�_ �i�Z�j�Z�f�_�l�j�h�\ �d�h-

�w�n�n�b�p�b�_�g�l�Z �[�u�k�l�j�h�]�h �j�Z�k�l�\�h�j�_�g�b�y (�e�h�d�Z�e�v�g�h�]�h �j�Z�\�g�h�\�_�k�b�y «�i�h�\�_�j�o�g�h�k�l�v-
�h�[�t�_�f») �i�j�b�\�h�^�b�l �d �f�h�g�h�l�h�g�g�h�f�m �j�h�k�l�m �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z (�_�]�h �\�e�b�y�g�b�_ 
�g�Z �\�o�h�^�_ �k�m�s�_�k�l�\�_�g�g�_�_). �H�l�f�_�l�b�f «�f�Z�e�m�x �k�d�h�j�h�k�l�v» (�i�j�h�b�a�\�h�^�g�m�x) �\�e�b�y�g�b�y: 
�m�\�_�e�b�q�_�g�b�_g�g�Z �^�\�Z �i�h�j�y�^�d�Z �^�Z�_�l �j�h�k�l �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �e�b�r�v �\ �j�Z�a�u (�g�Z 
�\�o�h�^�_ �[�h�e�v�r�_ �j�Z�k�l�\�h�j�y�_�l�k�y, �g�h �g�Z �\�u�o�h�^�_ �f�_�g�v�r�_ �\�u�o�h�^�b�l �g�Z �i�h�\�_�j�o�g�h�k�l�v). 
 

�A�Z�\�b�k�b�f�h�k�l�v �,�†�‡�•�á�º  �h�l �C 
L �<�w�á �x�s�r�á �x�w�r�á �x�s�r�r�= �„ �s�r�6 
 

 
 
                          �J�b�k. 9. �x�= 
L �r                                                 �J�b�k. 10. �x�= 
L �r�ä�w   
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�A�Z�\�b�k�b�f�h�k�l�v �]�j�Z�g�b�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�c �?�4�á�º�:�P�; �h�l 
�Ý 
L �<�r�á �x�r�ä�t�á �x�r�ä�v�á �x�r�ä�x�á �x�r�ä�z�á �x�r�ä�{�w�= 

 
 

 
 
               �J�b�k. 11. �A�Z�\�b�k�b�f�h�k�l�v �?�4�:�P�â �=�;                       �J�b�k. 12. �A�Z�\�b�k�b�f�h�k�l�v �?�•�:�P�â �=�; 

 

 
�I�j�h�d�h�f�f�_�g�l�b�j�m�_�f �a�Z�\�b�k�b�f�h�k�l�b �g�Z �j�b�k. 11, 12. �G�Z �\�o�h�^�_ �i�j�h�b�k�o�h�^�b�l �h�l-

�g�h�k�b�l�_�e�v�g�h �[�u�k�l�j�Z�y �k�l�Z�[�b�e�b�a�Z�p�b�y �d�h�g�p�_�g�l�j�Z�p�b�b. �I�j�b �w�l�h�f �d�h�g�p�_�g�l�j�Z�p�b�y �j�Z�k-
�l�_�l �k �m�\�_�e�b�q�_�g�b�_�f �=, �i�h�k�d�h�e�v�d�m �k �m�f�_�g�v�r�_�g�b�_�f D �k�g�b�`�Z�_�l�k�y �h�l�l�h�d �\�h�^�h�j�h�^�Z �\ 
�h�[�t�_�f. �G�Z �\�u�o�h�^�_ �a�Z�\�b�k�b�f�h�k�l�v �h�l �= �h�[�j�Z�l�g�Z�y. 

�:�g�Z�e�h�]�b�q�g�Z�y �k�b�l�m�Z�p�b�y �k �i�h�l�h�d�h�f �^�_�k�h�j�[�p�b�b: �g�Z �\�o�h�^�_ �h�g �j�Z�k�l�_�l �k �m�\�_-
�e�b�q�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b (�\�k�e�_�^�k�l�\�b�_ �m�f�_�g�v�r�_�g�b�y �^�b�n�n�m�a�b�h�g�g�h�]�h �h�l�l�h�d�Z �\ �h�[�t-
�_�f), �Z �g�Z �\�u�o�h�^�_ �i�Z�^�Z�_�l. �>�b�n�n�m�a�b�h�g�g�u�_ �k�l�Z�p�b�h�g�Z�j�g�u�_ �i�h�l�h�d�b �i�Z�^�Z�x�l �f�h�g�h-
�l�h�g�g�h �b �g�Z �\�o�h�^�_ �b �g�Z �\�u�o�h�^�_. 

 

 
�A�Z�\�b�k�b�f�h�k�l�v �a�g�Z�q�_�g�b�c �k�l�Z�p�b�h�g�Z�j�g�u�o �i�h�l�h�d�h�\ �h�l a 

 

 
 
                �J�b�k. 13. �A�Z�\�b�k�b�f�h�k�l�v �,�†�‡�•�á�4 �h�l �=                     �J�b�k. 14. �A�Z�\�b�k�b�f�h�k�l�v �,�†�‡�•�á�º �h�l �= 
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               �J�b�k. 15. �A�Z�\�b�k�b�f�h�k�l�v �,�†�‹�ˆ�ˆ�á�4 �h�l���=                   �J�b�k. 16. �A�Z�\�b�k�b�f�h�k�l�v �,�†�‹�ˆ�ˆ�á�º �h�l �= 

 
 
�< �a�Z�d�e�x�q�_�g�b�_ �i�j�h�d�h�f�f�_�g�l�b�j�m�_�f �k�e�_�^�m�x�s�_�_ �y�\�e�_�g�b�_. �K�h �a�g�Z�q�b�l�_�e�v�g�u�f 

�j�h�k�l�h�f �\�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y �\ �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ �i�j�h�b�k�o�h�^�b�l �[�u�k�l�j�Z�y �k�l�Z�[�b-
�e�b�a�Z�p�b�y �\�o�h�^�g�h�c �h�[�t�_�f�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b, �g�h �i�h�\�_�j�o�g�h�k�l�v �g�_ �\�u�o�h�^�b�l �g�Z �i�h�e-
�g�h�_ �a�Z�i�h�e�g�_�g�b�_: �k �j�h�k�l�h�f �Z�^�k�h�j�[�p�b�b �g�Z�j�Z�k�l�Z�_�l �b �\�k�l�j�_�q�g�u�c �i�h�l�h�d �^�_�k�h�j�[�p�b�b. 
�< �l�h �`�_ �\�j�_�f�y �\�u�o�h�^�g�h�c �k�l�Z�p�b�h�g�Z�j �i�h�l�h�d�Z �i�j�h�^�h�e�`�Z�_�l �f�h�g�h�l�h�g�g�h �j�Z�k�l�b (�k�f. 
�j�b�k. 17, 18). �W�l�h �k�h�h�l�\�_�l�k�l�\�m�_�l �k�e�_�^�m�x�s�_�f�m �\�u�\�h�^�m [15, �k�l�j. 31]. «�<�Z�`�g�h, �q�l�h 
�g�Z�k�u�s�_�g�b�_ �i�h�\�_�j�o�g�h�k�l�b, �i�j�b�\�h�^�y�s�_�_ �d �i�j�_�d�j�Z�s�_�g�b�x �^�Z�e�v�g�_�c�r�_�]�h �j�h�k�l�Z 
�i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z, �^�h�e�`�g�h �i�j�h�b�k�o�h�^�b�l�v �i�j�b �l�Z�d�b�o �\�u�k�h�d�b�o �^�Z�\�e�_�g�b�y�o, 
�d�h�l�h�j�u�_ �g�b�d�l�h �b�a �w�d�k�i�_�j�b�f�_�g�l�Z�l�h�j�h�\ �g�_ �b�k�i�h�e�v�a�m�_�l. �B�f�_�g�g�h �i�h�w�l�h�f�m �g�b 
�\ �h�^�g�h�f �b�a �w�d�k�i�_�j�b�f�_�g�l�h�\ �g�Z�k�u�s�_�g�b�y �i�j�h�g�b�d�g�h�\�_�g�b�y �i�j�b �m�\�_�e�b�q�_�g�b�b �^�Z�\�e�_-
�g�b�y �g�_ �g�Z�[�e�x�^�Z�e�h�k�v». 
 
 

�A�Z�\�b�k�b�f�h�k�l�v �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �h�l �\�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y 
�L 
L �<�u�w�á �x�y�r�á �x�s�w�r�á �x�u�w�r�á �x�y�x�x�= 

 

 
 
                            �J�b�k. 17. �x�= 
L �r                                         �J�b�k. 18. �x�= 
L �r�ä�x  
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�A�Z�d�e�x�q�_�g�b�_ 

�< �j�Z�[�h�l�_ �i�j�_�^�k�l�Z�\�e�_�g�Z �f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y �f�h�^�_�e�v �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b 
�d�h�g�k�l�j�m�d�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �k �g�_�e�b�g�_�c�g�u�f�b �^�b�g�Z�f�b�q�_�k�d�b�f�b �]�j�Z�g�b�q�g�u�f�b 
�m�k�e�h�\�b�y�f�b �b �d�h�g�p�_�g�l�j�Z�p�b�h�g�g�h-�a�Z�\�b�k�b�f�u�f �d�h�w�n�n�b�p�b�_�g�l�h�f �^�b�n�n�m�a�b�b. �J�Z�a�j�Z-
�[�h�l�Z�g �b�l�_�j�Z�p�b�h�g�g�u�c �\�u�q�b�k�e�b�l�_�e�v�g�u�c �Z�e�]�h�j�b�l�f �j�_�r�_�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c 
�g�_�e�b�g�_�c�g�h�c �d�j�Z�_�\�h�c �a�Z�^�Z�q�b �g�Z �h�k�g�h�\�_ �g�_�y�\�g�u�o �j�Z�a�g�h�k�l�g�u�o �k�o�_�f �b �i�j�b�\�_�^�_�g�u 
�j�_�a�m�e�v�l�Z�l�u �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y. �I�j�h�b�e�e�x�k�l�j�b�j�h�\�Z�g�Z �k�l�_�i�_�g�v �\�e�b�y�g�b�y 
�\�Z�j�b�Z�p�b�c �i�Z�j�Z�f�_�l�j�h�\ �f�h�^�_�e�b �g�Z �^�_�k�h�j�[�p�b�h�g�g�u�_, �^�b�n�n�m�a�b�h�g�g�u�_ �i�h�l�h�d�b �b �b�o 
�k�l�Z�p�b�h�g�Z�j�u. �I�h�k�e�_ �\�_�j�b�n�b�d�Z�p�b�b �f�h�^�_�e�b �g�Z �d�h�g�d�j�_�l�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o 
�^�Z�g�g�u�o �f�h�`�g�h �q�b�k�e�_�g�g�h �f�h�^�_�e�b�j�h�\�Z�l�v �j�Z�a�e�b�q�g�u�_ �k�b�l�m�Z�p�b�b (�g�Z�i�j�b�f�_�j, �j�_�Z�d-
�p�b�x �g�Z �k�d�Z�q�d�h�h�[�j�Z�a�g�u�c �k�l�m�i�_�g�q�Z�l�u�c �o�Z�j�Z�d�l�_�j �\�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y, �j�Z�[�h�l�m 
�\ �w�d�k�l�j�_�f�Z�e�v�g�u�o �m�k�e�h�\�b�y�o �w�d�k�i�e�m�Z�l�Z�p�b�b), �w�d�h�g�h�f�y �g�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �a�Z-
�l�j�Z�l�Z�o �b �\�u�y�\�e�y�y �e�b�f�b�l�b�j�m�x�s�b�_ �n�Z�d�l�h�j�u. 

 
�N�b�g�Z�g�k�b�j�h�\�Z�g�b�_ �b�k�k�e�_�^�h�\�Z�g�b�c �h�k�m�s�_�k�l�\�e�y�e�h�k�v �b�a �k�j�_�^�k�l�\ �n�_�^�_�j�Z�e�v�g�h-

�]�h �[�x�^�`�_�l�Z �g�Z �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�_ �a�Z�^�Z�g�b�_ �D�Z�j�G�P�J�:�G (�B�g�k�l�b�l�m�l �i�j�b�d�e�Z�^�g�u�o 
�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c). 
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�G�_�k�f�h�l�j�y �g�Z �l�h, �q�l�h �i�h�\�_�j�o�g�h�k�l�v �\�u�k�h�d�h�i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�o �f�_�f-
�[�j�Z�g (�h�[�e�Z�^�Z�x�s�b�o �\�u�k�h�d�b�f�b �a�g�Z�q�_�g�b�y�f�b �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �\�h�^�h�j�h-
�^�Z) �b�a �f�_�l�Z�e�e�h�\ 5 �]�j�m�i�i�u �b �b�o �k�i�e�Z�\�h�\ �i�h�d�j�u�l�Z �i�Z�e�e�Z�^�b�_�f, �j�h�e�v �o�b�f�b�q�_-
�k�d�b �Z�d�l�b�\�g�u�o �]�Z�a�h�\ �b �\ �i�_�j�\�m�x �h�q�_�j�_�^�v �i�j�h�^�m�d�l�h�\ �d�h�g�\�_�j�k�b�b �m�]�e�_�\�h�^�h-
�j�h�^�h�\ �f�h�`�_�l �[�u�l�v �a�^�_�k�v �k�m�s�_�k�l�\�_�g�g�h �[�h�e�_�_ �a�g�Z�q�b�f�h�c, �q�_�f �\ �k�e�m�q�Z�_ 
�f�_�f�[�j�Z�g �b�a �i�Z�e�e�Z�^�b�y �b �b�o �k�i�e�Z�\�h�\ �i�h �^�\�m�f �i�j�b�q�b�g�Z�f: �a�Z �k�q�_�l �[�h�e�v�r�_�]�h 
�\�d�e�Z�^�Z �i�j�h�p�_�k�k�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b �g�Z �i�_�j�_�g�h�k �\�h�^�h�j�h�^�Z �q�_�j�_�a �f�_�f�[�j�Z�g�m 
(�k�d�h�j�h�k�l�v �d�h�l�h�j�u�o �h�i�j�_�^�_�e�y�_�l�k�y �o�b�f�b�q�_�k�d�b�f �k�h�k�l�h�y�g�b�_�f �i�h�\�_�j�o�g�h�k�l�b), 
�b �a�Z �k�q�_�l �[�h�e�_�_ �g�b�a�d�b�o �l�_�f�i�_�j�Z�l�m�j �j�Z�[�h�l�u �f�_�f�[�j�Z�g �b�a �f�_�l�Z�e�e�h�\ 5 �]�j�m�i-
�i�u �k �i�Z�e�e�Z�^�b�_�\�u�f �i�h�d�j�u�l�b�_�f �i�h �k�j�Z�\�g�_�g�b�x �k �i�Z�e�e�Z�^�b�_�\�u�f�b �f�_�f�[�j�Z�g�Z-
�f�b (�\�u�k�h�d�Z�y �k�l�_�i�_�g�v �i�h�d�j�u�l�b�y �i�h�\�_�j�o�g�h�k�l�b �i�Z�e�e�Z�^�b�_�\�h�]�h �i�h�d�j�u�l�b�y,  
�o�_�f�h�k�h�j�[�b�j�h�\�Z�g�g�u�f�b �f�h�e�_�d�m�e�Z�f�b �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �]�Z�a�h�\, �[�e�h�d�b�j�m-
�x�s�b�f�b �^�b�k�k�h�p�b�Z�l�b�\�g�m�x �Z�[�k�h�j�[�p�b�x �f�h�e�_�d�m�e �G2). �< �j�Z�[�h�l�_ �w�d�k�i�_�j�b�f�_�g-
�l�Z�e�v�g�h �h�i�j�_�^�_�e�_�g�h �\�e�b�y�g�b�_ �j�Z�a�e�b�q�g�u�o �m�]�e�_�j�h�^�k�h�^�_�j�`�Z�s�b�o �]�Z�a�h�\ �g�Z 
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �f�_�f�[�j�Z�g�u �b�a �H�P�D �k�i�e�Z�\�Z V-Pd �k �i�Z�e�e�Z�^�b�_�\�u�f �i�h-
�d�j�u�l�b�_�f �\ �m�k�e�h�\�b�y�o �_�_ �w�d�k�i�e�m�Z�l�Z�p�b�b �b �i�j�_�^�k�l�Z�\�e�_�g�h �k�j�Z�\�g�_�g�b�_ �b�o �k�l�_-
�i�_�g�b �\�e�b�y�g�b�y �k �\�e�b�y�g�b�_�f �g�_�c�l�j�Z�e�v�g�h�]�h �]�Z�a�Z �g�Z �d�Z�l�Z�e�b�l�b�q�_�k�d�m�x �Z�d�l�b�\-
�g�h�k�l�v �i�Z�e�e�Z�^�b�_�\�h�]�h �i�h�d�j�u�l�b�y. 

1. �<�\�_�^�_�g�b�_ 

�I�j�y�f�h�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �o�b�f�b�q�_�k�d�h�c �w�g�_�j�]�b�b �l�h�i�e�b�\�Z �\ �w�e�_�d�l�j�b�q�_�k�l�\�h 
�[�_�a �l�_�i�e�h�\�h�]�h �p�b�d�e�Z �b �f�_�o�Z�g�b�q�_�k�d�b�o �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�_�c �\�h�a�f�h�`�g�h �k �i�h�f�h�s�v�x 
�l�h�i�e�b�\�g�u�o �w�e�_�f�_�g�l�h�\ [1, 2]. �G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �k�j�_�^�b �l�h�i�e�b�\�g�u�o �w�e�_�f�_�g-
�l�h�\ �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b �y�\�e�y�x�l�k�y �\�h�^�h�j�h�^�g�u�_ �l�\�_�j�^�h�i�h�e�b�f�_�j�g�u�_ 



  �K�_�d�p�b�y 1 56

�l�h�i�e�b�\�g�u�_ �w�e�_�f�_�g�l�u (PEMFC), �d�h�l�h�j�u�_ �h�[�e�Z�^�Z�x�l �\�u�k�h�d�h�c �m�^�_�e�v�g�h�c �f�h�s�g�h-
�k�l�v�x �b �b�f�_�x�l �g�b�a�d�m�x �j�Z�[�h�q�m�x �l�_�f�i�_�j�Z�l�m�j�m [3].  

�H�^�g�b�f �b�a �l�j�_�[�h�\�Z�g�b�c �^�h�e�]�h�\�j�_�f�_�g�g�h�c �j�Z�[�h�l�u PEMFC �y�\�e�y�_�l�k�y �f�b�g�b-
�f�Z�e�v�g�h�_ (�g�Z �m�j�h�\�g�_ ppm) �d�h�e�b�q�_�k�l�\�h �i�j�b�f�_�k�_�c �\ �\�h�^�h�j�h�^�_, �d�h�l�h�j�u�_ �k�i�h�k�h�[�g�u 
�h�l�j�Z�\�e�y�l�v �i�e�Z�l�b�g�h�\�u�_ �d�Z�l�Z�e�b�a�Z�l�h�j�u. �I�j�_�`�^�_ �\�k�_�]�h �w�l�h �m�]�e�_�j�h�^�k�h�^�_�j�`�Z�s�b�_ 
�]�Z�a�u, �k�h�^�_�j�`�Z�s�b�_�k�y �\ �[�h�e�v�r�b�o �d�h�e�b�q�_�k�l�\�Z�o �\ �i�j�h�^�m�d�l�Z�o �d�h�g�\�_�j�k�b�b �m�]�e�_�\�h�^�h-
�j�h�^�g�u�o �l�h�i�e�b�\. �I�h�k�d�h�e�v�d�m �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\ �f�b�j�_ �[�h�e�_�_ 80 % �\�h�^�h�j�h�^�Z 
�i�j�h�b�a�\�h�^�b�l�k�y �b�a �i�j�h�^�m�d�l�h�\ �d�h�g�\�_�j�k�b�b �m�]�e�_�\�h�^�h�j�h�^�g�u�o �l�h�i�e�b�\, �b�f�_�x�s�b�o 
�[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �m�]�e�_�j�h�^�k�h�^�_�j�`�Z�s�b�o �]�Z�a�h�\ [4], �\�h�^�h�j�h�^ �^�e�y �i�b�l�Z�g�b�y 
PEMFC �^�h�e�`�_�g �i�j�h�c�l�b �k�l�Z�^�b�x �]�e�m�[�h�d�h�c �h�q�b�k�l�d�b �h�l �i�h�^�h�[�g�u�o �i�j�b�f�_�k�_�c. 
�< �i�j�h�f�u�r�e�_�g�g�h�k�l�b �^�e�y �h�q�b�k�l�d�b �\�h�^�h�j�h�^�Z �b�k�i�h�e�v�a�m�_�l�k�y �l�_�o�g�h�e�h�]�b�y �Z�^�k�h�j�[-
�p�b�b �k �i�_�j�_�f�_�g�g�u�f �^�Z�\�e�_�g�b�_�f (PSA) [5, 6]. 

�H�^�g�Z�d�h, �^�h�k�l�b�`�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �m�]�e�_�j�h�^�k�h�^�_�j�`�Z�s�b�o �i�j�b�f�_�k�_�c �\ �\�h�^�h-
�j�h�^�_ �^�h �m�j�h�\�g�y ppm �k �i�h�f�h�s�v�x �k�h�\�j�_�f�_�g�g�u�o PSA-�l�_�o�g�h�e�h�]�b�c �y�\�e�y�_�l�k�y �l�_�o-
�g�b�q�_�k�d�b �k�e�h�`�g�h�c �a�Z�^�Z�q�_�c [7, 8]. �D �l�h�f�m �`�_, �l�_�o�g�h�e�h�]�b�y �h�q�b�k�l�d�b �\�h�^�h�j�h�^�Z 
�k �i�h�f�h�s�v�x PSA �\ �f�_�g�v�r�_�c �k�l�_�i�_�g�b �i�h�^�o�h�^�b�l �^�e�y �i�h�j�l�Z�l�b�\�g�u�o �w�e�_�d�l�j�h�o�b�f�b-
�q�_�k�d�b�o �]�_�g�_�j�Z�l�h�j�h�\ �g�Z �h�k�g�h�\�_ PEMFC, �b�k�i�h�e�v�a�m�x�s�b�o �\ �d�Z�q�_�k�l�\�_ �i�_�j�\�b�q�g�h�]�h 
�k�u�j�v�y �m�]�e�_�\�h�^�h�j�h�^�g�h�_ �l�h�i�e�b�\�h, �b�a-�a�Z �\�u�k�h�d�b�o �i�_�j�\�h�g�Z�q�Z�e�v�g�u�o �b�g�\�_�k�l�b�p�b�c 
�b �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o �j�Z�k�o�h�^�h�\ [9]. 

�>�j�m�]�b�f �k�i�h�k�h�[�h�f �h�q�b�k�l�d�b �\�h�^�h�j�h�^�Z �y�\�e�y�_�l�k�y �f�_�f�[�j�Z�g�g�u�c �f�_�l�h�^. �K�j�_�^�b 
�d�h�f�f�_�j�q�_�k�d�b �^�h�k�l�m�i�g�u�o �f�_�f�[�j�Z�g, �f�_�l�Z�e�e�b�q�_�k�d�b�_ �f�_�f�[�j�Z�g�u �h�[�e�Z�^�Z�x�l 100 % 
�k�_�e�_�d�l�b�\�g�h�k�l�v�x �d �\�h�^�h�j�h�^�m [12, 13], �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �k �i�h�f�h�s�v�x �f�_�l�Z�e�e�b�q�_-
�k�d�b�o �f�_�f�[�j�Z�g �f�h�`�g�h �i�h�e�m�q�Z�l�v �k�\�_�j�o�q�b�k�l�u�c �\�h�^�h�j�h�^. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �^�e�y 
�i�h�e�m�q�_�g�b�y �\�h�^�h�j�h�^�Z �q�b�k�l�h�l�h�c �\�u�r�_ 99,9999 % �b�k�i�h�e�v�a�m�x�l�k�y �f�_�f�[�j�Z�g�u �g�Z 
�h�k�g�h�\�_ �i�Z�e�e�Z�^�b�_�\�u�o �k�i�e�Z�\�h�\, �h�^�g�Z�d�h �b�o �\�u�k�h�d�Z�y �k�l�h�b�f�h�k�l�v �b �g�_�^�h�k�l�Z�l�h�q�g�Z�y 
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �j�_�a�d�h �h�]�j�Z�g�b�q�b�\�Z�_�l �\�h�a�f�h�`�g�h�k�l�b �b�o �i�j�b�f�_�g�_�g�b�y. �Q�l�h�[�u 
�k�g�b�a�b�l�v �j�Z�k�o�h�^ �^�j�Z�]�f�_�l�Z�e�e�Z �b �h�^�g�h�\�j�_�f�_�g�g�h �i�h�\�u�k�b�l�v �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v 
�f�_�f�[�j�Z�g, �i�j�_�^�e�Z�]�Z�_�l�k�y �\�f�_�k�l�h �i�e�h�l�g�u�o �i�Z�e�e�Z�^�b�_�\�u�o �f�_�f�[�j�Z�g �b�k�i�h�e�v�a�h�\�Z�l�v 
�d�h�f�i�h�a�b�l�g�u�_ �i�h�j�b�k�l�u�_ �f�_�f�[�j�Z�g�u, �i�j�_�^�k�l�Z�\�e�y�x�s�b�_ �k�h�[�h�c �l�h�g�d�b�c �]�Z�a�h�j�Z�a�^�_-
�e�b�l�_�e�v�g�u�c �k�e�h�c �b�a �i�Z�e�e�Z�^�b�y (�b�e�b �k�i�e�Z�\�Z �i�Z�e�e�Z�^�b�y) �l�h�e�s�b�g�h�c �g�_�k�d�h�e�v�d�h �f�d�f, 
�g�Z�g�_�k�_�g�g�u�c �g�Z �i�h�j�b�k�l�m�x �i�h�^�e�h�`�d�m [14–16]. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �i�h�j�b�k�l�u�_ 
�i�h�^�e�h�`�d�b, �b�a�]�h�l�Z�\�e�b�\�Z�x�l�k�y �b�a �k�l�_�d�h�e [14, 15], �d�_�j�Z�f�b�d�b [15, 16] �b�e�b �g�_�j�`�Z-
�\�_�x�s�_�c �k�l�Z�e�b [17]. �G�_�^�h�k�l�Z�l�d�h�f �d�h�f�i�h�a�b�l�g�u�o �f�_�f�[�j�Z�g �y�\�e�y�_�l�k�y �k�g�b�`�_�g�b�_ �b�o 
�k�_�e�_�d�l�b�\�g�h�k�l�b �\ �i�j�h�p�_�k�k�_ �w�d�k�i�e�m�Z�l�Z�p�b�b �a�Z �g�_�i�j�b�_�f�e�_�f�h �f�Z�e�h�_ �\�j�_�f�y [18]. 

�:�e�v�l�_�j�g�Z�l�b�\�h�c �i�Z�e�e�Z�^�b�x �b �_�]�h �k�i�e�Z�\�Z�f �f�h�]�m�l �k�e�m�`�b�l�v �f�_�l�Z�e�e�u 5 �]�j�m�i-
�i�u (V, Nb, Ta), �\ �d�h�l�h�j�u�o �k�d�h�j�h�k�l�v �l�j�Z�g�k�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �i�_�j�_�g�h�k�Z �\�h�^�h�j�h�^�Z 
�g�Z �^�\�Z �i�h�j�y�^�d�Z �i�j�_�\�h�k�o�h�^�b�l �k�d�h�j�h�k�l�v �l�j�Z�g�k�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �i�_�j�_�g�h�k�Z �\�h�^�h-
�j�h�^�Z �\ �i�Z�e�e�Z�^�b�b �b �_�]�h �=�P�D �k�i�e�Z�\�Z�o [19–21]. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �b�a �f�_�l�Z�e�e�h�\ 
5 �]�j�m�i�i�u �f�h�`�g�h �b�a�]�h�l�h�\�b�l�v �[�h�e�_�_ �q�_�f �g�Z �i�h�j�y�^�h�d �i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�_ �f�_�f�[�j�Z-
�g�u, �h�[�e�Z�^�Z�x�s�b�_ 100 % �k�_�e�_�d�l�b�\�g�h�k�l�v�x �d �\�h�^�h�j�h�^�m. 

�>�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �f�_�f�[�j�Z�g�u �b�a �f�_�l�Z�e�e�h�\ 5 �]�j�m�i�i�u, �g�_�h�[�o�h�^�b�f�h �h�[�_ �_�_ 
�k�l�h�j�h�g�u �i�h�d�j�u�l�v �l�h�g�d�b�f �k�e�h�_�f �i�Z�e�e�Z�^�b�y, �d�h�l�h�j�u�c, �\�h-�i�_�j�\�u�o, �h�[�_�k�i�_�q�b�l �d�Z-
�l�Z�e�b�a �^�b�k�k�h�p�b�Z�l�b�\�g�h-�Z�k�k�h�p�b�Z�l�b�\�g�u�o �i�j�h�p�_�k�k�h�\ �Z�[�k�h�j�[�p�b�b-�^�_�k�h�j�[�p�b�b �f�h�e�_-
�d�m�e�y�j�g�h�]�h �\�h�^�h�j�h�^�Z, �\�h-�\�l�h�j�u�o �a�Z�s�b�l�b�l �f�_�f�[�j�Z�g�m �h�l �d�h�j�j�h�a�b�b �\ �k�e�m�q�Z�_ �i�j�b-
�k�m�l�k�l�\�b�y �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �]�Z�a�h�\ �\ �\�h�^�h�j�h�^�_ [22]. �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b 
�i�h�^�Z�q�_ �g�Z �\�o�h�^�g�m�x �k�l�h�j�h�g�m �\�Z�g�Z�^�b�_�\�h�c �f�_�f�[�j�Z�g�u �l�_�o�g�b�q�_�k�d�b �q�b�k�l�h�]�h �\�h�^�h-
�j�h�^�Z �_�_ �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �[�h�e�_�_ �q�_�f �g�Z �i�h�j�y�^�h�d �\�u�r�_ �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b 
�i�Z�e�e�Z�^�b�_�\�h�c �f�_�f�[�j�Z�g�u �Z�g�Z�e�h�]�b�q�g�h�c �l�h�e�s�b�g�u [23]. 
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�H�^�g�Z�d�h, �^�e�y �w�d�k�i�e�m�Z�l�Z�p�b�b �f�_�f�[�j�Z�g �b�a �f�_�l�Z�e�e�h�\ 5 �]�j�m�i�i�u, �i�h�d�j�u�l�u�o 
�k�e�h�_�f �i�Z�e�e�Z�^�b�y, �b�f�_�x�l�k�y �`�_�k�l�d�b�_ �l�_�f�i�_�j�Z�l�m�j�g�u�_ �h�]�j�Z�g�b�q�_�g�b�y. �<�h-�i�_�j�\�u�o, 
�b�a-�a�Z �i�j�h�p�_�k�k�h�\ �\�a�Z�b�f�g�h�c �^�b�n�n�m�a�b�b �f�_�`�^�m �h�k�g�h�\�g�u�f �f�Z�l�_�j�b�Z�e�h�f �f�_�f�[�j�Z�g�u 
�b �i�Z�e�e�Z�^�b�_�\�u�f �i�h�d�j�u�l�b�_�f �h�[�j�Z�a�m�x�l�k�y �f�Z�e�h�i�j�h�g�b�p�Z�_�f�u�_ �^�e�y �\�h�^�h�j�h�^�Z  
Pd-V �k�i�e�Z�\�u, �Z �l�Z�d�`�_ �b �b�g�l�_�j�f�_�l�Z�e�e�b�^�u, �[�e�h�d�b�j�m�x�s�b�_ �l�j�Z�g�k�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�c 
�i�_�j�_�g�h�k �\�h�^�h�j�h�^�Z �q�_�j�_�a �f�_�f�[�j�Z�g�m. �>�e�y �a�Z�f�_�^�e�_�g�b�y �i�j�h�p�_�k�k�h�\ �\�a�Z�b�f�g�h�c �^�b�n-
�n�m�a�b�b �f�_�`�^�m �f�Z�l�_�j�b�Z�e�Z�f�b �g�_ �j�_�d�h�f�_�g�^�m�_�l�k�y �w�d�k�i�e�m�Z�l�b�j�h�\�Z�l�v �f�_�f�[�j�Z�g�u 
�k �i�h�d�j�u�l�b�_�f �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �\�u�r�_ 400 °�K [24, 25]. 

�<�h-�\�l�h�j�u�o, �i�j�h�[�e�_�f�h�c �b�k�i�h�e�v�a�h�\�Z�g�b�y �f�_�f�[�j�Z�g �b�a �q�b�k�l�u�o �f�_�l�Z�e�e�h�\ 
5 �]�j�m�i�i�u �y�\�e�y�_�l�k�y �q�j�_�a�f�_�j�g�h �\�u�k�h�d�Z�y �j�Z�k�l�\�h�j�b�f�h�k�l�v �\ �g�b�o �\�h�^�h�j�h�^�Z, �i�j�b�\�h-
�^�y�s�Z�y �d �\�h�^�h�j�h�^�g�h�f�m �h�o�j�m�i�q�b�\�Z�g�b�x �f�_�f�[�j�Z�g�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �\ �m�k�e�h�\�b�y�o �_�]�h 
�w�d�k�i�e�m�Z�l�Z�p�b�b (�^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z �• 0,1 �F�I�Z). �>�Z�`�_ �\ �k�e�m�q�Z�_ �q�b�k�l�h�]�h �\�Z�g�Z�^�b�y, 
�h�[�e�Z�^�Z�x�s�_�]�h �f�_�g�v�r�_�c �j�Z�k�l�\�h�j�b�f�h�k�l�v�x �\�h�^�h�j�h�^�Z �q�_�f �g�b�h�[�b�c �b �l�Z�g�l�Z�e, �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�_ 400 °�K  �b �j�Z�\�g�h�\�_�k�g�h�f �^�Z�\�e�_�g�b�b �\�h�^�h�j�h�^�Z 0,1 �F�I�Z �d�h�g�p�_�g�l�j�Z�p�b�y 
�j�Z�k�l�\�h�j�_�g�g�h�]�h �\ �\�Z�g�Z�^�b�b �\�h�^�h�j�h�^�Z �i�j�_�\�u�r�Z�_�l �l�m �d�h�g�p�_�g�l�j�Z�p�b�x, �i�j�b �d�h�l�h�j�h�c 
�i�j�h�b�k�o�h�^�b�l �i�_�j�_�o�h�^ �\�Z�g�Z�^�b�y �\ �o�j�m�i�d�h�_ �k�h�k�l�h�y�g�b�_ (H/M �§ 0,22) [21, 26]. 

�I�j�h�[�e�_�f�Z �\�u�k�h�d�h�c �j�Z�k�l�\�h�j�b�f�h�k�l�b �\�h�^�h�j�h�^�Z �\ �q�b�k�l�u�o �f�_�l�Z�e�e�Z�o 5 �]�j�m�i-
�i�u �f�h�`�_�l �[�u�l�v �j�_�r�_�g�Z �i�m�l�_�f �b�o �e�_�]�b�j�h�\�Z�g�b�y �w�e�_�f�_�g�l�Z�f�b, �k�g�b�`�Z�x�s�b�f�b �j�Z�k-
�l�\�h�j�b�f�h�k�l�v �\�h�^�h�j�h�^�Z. �I�j�b �w�l�h�f �e�_�]�b�j�h�\�Z�g�b�_ �g�_ �^�h�e�`�g�h �k�m�s�_�k�l�\�_�g�g�h �k�g�b�`�Z�l�v 
�^�b�n�n�m�a�b�h�g�g�m�x �i�h�^�\�b�`�g�h�k�l�v �j�Z�k�l�\�h�j�_�g�g�u�o �\ �j�_�r�_�l�d�_ �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z, �l�h 
�_�k�l�v �k�i�e�Z�\ �^�h�e�`�_�g �i�j�_�^�k�l�Z�\�e�y�l�v �k�h�[�h�c �g�_�m�i�h�j�y�^�h�q�_�g�g�u�c �k�i�e�Z�\ �a�Z�f�_�s�_�g�b�y 
�e�_�]�b�j�m�x�s�_�]�h �w�e�_�f�_�g�l�Z �k �H�P�D �j�_�r�_�l�d�h�c �\�Z�g�Z�^�b�y. �< �i�h�k�e�_�^�g�_�_ �^�_�k�y�l�b�e�_�l�b�_ 
�\ �^�Z�g�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �\�_�^�m�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�y �f�g�h�]�b�o �g�Z�m�q�g�u�o �]�j�m�i�i [25–32].  

�H�^�g�Z�d�h, �b�a�]�h�l�h�\�e�_�g�b�_ �\�u�k�h�d�h�i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�o �f�_�f�[�j�Z�g �b�a �H�P�D-
�k�i�e�Z�\�h�\ �\�Z�g�Z�^�b�y �^�e�y �i�j�Z�d�l�b�q�_�k�d�h�]�h �b�o �b�k�i�h�e�v�a�h�\�Z�g�b�y �y�\�e�y�_�l�k�y �a�Z�l�j�m�^�g�b�l�_�e�v-
�g�u�f, �i�h�k�d�h�e�v�d�m �e�_�]�b�j�h�\�Z�g�b�_ �k�m�s�_�k�l�\�_�g�g�h �m�o�m�^�r�Z�_�l �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z 
�f�_�f�[�j�Z�g�g�h�]�h �f�Z�l�_�j�b�Z�e�Z. �G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �f�_�f�[�j�Z�g�u �b�a �\�Z�g�Z�^�b�_�\�u�o 
�k�i�e�Z�\�h�\, �d�Z�d �i�j�Z�\�b�e�h, �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �e�b�r�v �e�Z�[�h�j�Z�l�h�j�g�u�_ �h�[�j�Z�a�p�u 
�\ �n�h�j�f�_ �^�b�k�d�h�\ �^�b�Z�f�_�l�j�h�f �§ 1 �k�f �b �l�h�e�s�b�g�h�c �^�h 1 �f�f . 

�H�l�g�h�k�b�l�_�e�v�g�h �g�_�^�Z�\�g�h �[�u�e�b �b�a�]�h�l�h�\�e�_�g�u �l�h�g�d�h�k�l�_�g�g�u�_ �[�_�a�h�i�h�j�g�u�_ 
�l�j�m�[�q�Z�l�u�_ �f�_�f�[�j�Z�g�u �b�a �\�Z�g�Z�^�b�_�\�u�o �k�i�e�Z�\�h�\ (V-Pd) �k �l�h�g�d�b�f Pd-�i�h�d�j�u�l�b�_�f 
�g�Z �\�g�m�l�j�_�g�g�_�c �b �\�g�_�r�g�_�c �k�l�h�j�h�g�Z�o �f�_�f�[�j�Z�g�u. �L�j�m�[�q�Z�l�u�_ �f�_�f�[�j�Z�g�u �b�f�_�x�l 
�k�\�Z�j�g�u�_ �k�h�_�^�b�g�_�g�b�y �h�[�h�b�o �d�h�g�p�h�\ �k �g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�v�x �^�e�y �]�_�j�f�_�l�b�q�g�h�]�h 
�f�h�g�l�Z�`�Z �f�_�f�[�j�Z�g�u �k �]�Z�a�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�v�g�h�c �Z�j�f�Z�l�m�j�h�c. �>�Z�g�g�u�_ �f�_�f�[�j�Z�g�u 
�f�h�]�m�l �k�e�m�`�b�l�v �i�j�h�l�h�l�b�i�Z�f�b �f�_�f�[�j�Z�g�g�u�o �n�b�e�v�l�j�h�\ �^�e�y �w�d�k�i�e�m�Z�l�Z�p�b�b �\ �m�k�e�h-
�\�b�y�o, �[�e�b�a�d�b�o �d �m�k�e�h�\�b�y�f �j�Z�[�h�l�u �d�h�f�f�_�j�q�_�k�d�b �^�h�k�l�m�i�g�u�o �i�Z�e�e�Z�^�b�_�\�u�o �f�_�f-
�[�j�Z�g. �I�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�Z �j�Z�[�h�l�Z �d�Z�d �_�^�b�g�b�q�g�u�o �f�_�f�[�j�Z�g �b�a �H�P�D-�k�i�e�Z�\�h�\ 
V-Pd, �l�Z�d �b �f�_�f�[�j�Z�g�g�h�c �k�[�h�j�d�b �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x �g�_ �f�_�g�_�_ 1 �f3 (�g.�m.)/�q. 
�k�\�_�j�o�q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z, �b�a�\�e�_�d�Z�_�f�h�]�h �f�_�f�[�j�Z�g�Z�f�b �b�a �i�j�h�^�m�d�l�h�\ �d�h�g�\�_�j�k�b�b 
�m�]�e�_�\�h�^�h�j�h�^�g�u�o �l�h�i�e�b�\ �^�e�y �i�b�l�Z�g�b�y PEMFC �f�h�s�g�h�k�l�v�x 1 �d�<�l [33, 34].  

�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �k�b�k�l�_�f�Z�l�b�q�_�k�d�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �i�j�h�b�a�\�h-
�^�b�l�_�e�v�g�h�k�l�b �f�_�f�[�j�Z�g�u �b�a �H�P�D-�k�i�e�Z�\�Z V-Pd �i�j�b �_�_ �j�Z�[�h�l�_ �k �l�Z�d�b�f�b �m�]�e�_�j�h�^-
�k�h�^�_�j�`�Z�s�b�f�b �i�j�b�f�_�k�y�f�b �d�Z�d �K�H, �K�H2 �b �K�G4, �k�h�^�_�j�`�Z�s�b�_�k�y �\ �i�j�h�^�m�d�l�Z�o �i�Z-
�j�h�\�h�]�h �j�b�n�h�j�f�b�g�]�Z �f�_�l�Z�g�Z, �Z �l�Z�d�`�_ �h�i�l�b�f�b�a�Z�p�b�y �j�_�`�b�f�h�\ �j�Z�[�h�l�u �f�_�f�[�j�Z�g�u 
�i�m�l�_�f �\�Z�j�v�b�j�h�\�Z�g�b�y �i�h�l�h�d�h�\ �b �k�h�k�l�Z�\�Z �i�h�^�Z�\�Z�_�f�u�o �g�Z �\�o�h�^ �f�_�f�[�j�Z�g�u �]�Z�a�h�\�u�o 
�k�f�_�k�_�c. 
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2. �L�_�h�j�_�l�b�q�_�k�d�h�_ �h�i�b�k�Z�g�b�_ �i�_�j�_�g�h�k�Z �\�h�^�h�j�h�^�Z �q�_�j�_�a  
�l�j�_�o�k�e�h�c�g�u�_ �f�_�f�[�j�Z�g�u �\ �k�e�m�q�Z�_ �i�h�^�Z�q�b �k�f�_�k�b �]�Z�a�h�\,  

�k�h�^�_�j�`�Z�s�b�o �\�h�^�h�j�h�^ 

2.1. �H�i�b�k�Z�g�b�_ �i�_�j�_�g�h�k�Z �\�h�^�h�j�h�^�Z �q�_�j�_�a �f�g�h�]�h�k�e�h�c�g�u�_ �f�_�f�[�j�Z�g�u  
�k �m�q�z�l�h�f �^�b�k�k�h�p�b�Z�l�b�\�g�h-�Z�k�k�h�p�b�Z�l�b�\�g�u�o �i�j�h�p�_�k�k�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b 

�K�l�Z�p�b�h�g�Z�j�g�u�c �i�h�l�h�d �\�h�^�h�j�h�^�Z, �i�j�h�o�h�^�y�s�b�c �q�_�j�_�a �f�g�h�]�h�k�e�h�c�g�m�x 
(�\ �g�Z�r�_�f �k�e�m�q�Z�_ �l�j�_�o�k�e�h�c�g�m�x) �f�_�f�[�j�Z�g�m �y�\�e�y�_�l�k�y �f�g�h�]�h�k�l�Z�^�b�c�g�u�f �i�j�h�p�_�k-
�k�h�f, �b �d�Z�`�^�Z�y �k�l�Z�^�b�y �\�g�h�k�b�l �k�\�h�c �\�d�e�Z�^ �\ �h�]�j�Z�g�b�q�_�g�b�_ �i�h�l�h�d�Z. �J�Z�k�k�f�h�l�j�b�f 
�^�e�y �h�i�j�_�^�_�e�z�g�g�h�k�l�b �f�_�f�[�j�Z�g�m, �b�a�]�h�l�h�\�e�_�g�g�m�x �b�a �k�i�e�Z�\�Z V-��Pd (�� – �k�h�^�_�j�`�Z-
�g�b�_ �e�_�]�b�j�m�x�s�_�]�h �w�e�_�f�_�g�l�Z �\ �k�i�e�Z�\�_ �\ �Z�l.%), �l�h�e�s�b�g�h�c dV-��Pd, �i�h�d�j�u�l�m�x �\�g�m�l-
�j�b �b �k�g�Z�j�m�`�b �k�e�h�_�f �i�Z�e�e�Z�^�b�y �l�h�e�s�b�g�h�c dPd. �I�h�k�d�h�e�v�d�m �\�h�^�h�j�h�^ �g�Z�o�h�^�b�l�k�y 
�\ �f�_�l�Z�e�e�_ �\ �\�b�^�_ �Z�l�h�f�h�\, �f�h�e�_�d�m�e�u �G2 �i�h�]�e�h�s�Z�x�l�k�y �\ �i�Z�e�e�Z�^�b�_�\�h�_ �i�h�d�j�u�l�b�_, 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �^�b�k�k�h�p�b�b�j�m�y �g�Z �_�]�h �i�h�\�_�j�o�g�h�k�l�b. �;�m�^�_�f �k�q�b�l�Z�l�v, �q�l�h �l�Z�d�Z�y 
�^�b�k�k�h�p�b�Z�l�b�\�g�Z�y �Z�[�k�h�j�[�p�b�y �i�j�h�b�k�o�h�^�b�l �k �\�_�j�h�y�l�g�h�k�l�v�x �. �a�Z �h�^�g�h �k�l�h�e�d�g�h�\�_-
�g�b�_ �f�h�e�_�d�m�e�u �G2 �k �i�h�\�_�j�o�g�h�k�l�v�x. �J�Z�k�k�f�h�l�j�b�f �k�e�m�q�Z�c, �d�h�]�^�Z �w�l�Z �\�_�j�h�y�l�g�h�k�l�v 
�h�^�b�g�Z�d�h�\�Z �g�Z �\�o�h�^�g�h�c �b �\�u�o�h�^�g�h�c �i�h�\�_�j�o�g�h�k�l�y�o �f�_�f�[�j�Z�g�u. �L�h�]�^�Z �m�k�l�Z�g�h�\�b�\-
�r�b�c�k�y �i�j�h�g�b�d�Z�x�s�b�c �i�h�l�h�d �[�m�^�_�l �k�\�y�a�Z�g �k �^�Z�\�e�_�g�b�_�f �\�h�^�h�j�h�^�Z �g�Z �\�o�h�^�g�h�c, 
Pin, �b �\�u�o�h�^�g�h�c, Pout, �k�l�h�j�h�g�Z�o �f�_�f�[�j�Z�g�u �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f [23, 35] 
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�]�^�_ ZH2 – �]�Z�a�h�d�b�g�_�l�b�q�_�k�d�b�c �d�h�w�n�n�b�p�b�_�g�l, �-�Z�?���É�× �b �-�T�b, �&�Z�?���É�× �b �&�T�b – �d�h�g-
�k�l�Z�g�l�u �j�Z�k�l�\�h�j�b�f�h�k�l�b �b �d�h�w�n�n�b�p�b�_�g�l�u �^�b�n�n�m�a�b�b �\�h�^�h�j�h�^�Z �^�e�y �k�i�e�Z�\�Z V-��Pd 
�b �i�Z�e�e�Z�^�b�y (�\ �i�Z�e�e�Z�^�b�_�\�h�f �i�h�d�j�u�l�b�b). 

�M�j�Z�\�g�_�g�b�_ (1) �k�i�j�Z�\�_�^�e�b�\�h �\ �l�h�f �^�b�Z�i�Z�a�h�g�_ �d�h�g�p�_�g�l�j�Z�p�b�c �j�Z�k�l�\�h�j�z�g�g�h-
�]�h �\�h�^�h�j�h�^�Z, c, �]�^�_ �&�Z�?���É�× �b �&�T�b – �g�_ �a�Z�\�b�k�y�l �h�l c �b �]�^�_ c �b �^�Z�\�e�_�g�b�_ �\�h�^�h�j�h�^�Z, 
P, �k�\�y�a�Z�g�u �a�Z�d�h�g�h�f �K�b�\�_�j�l�k�Z �\ �m�k�e�h�\�b�y�o �j�Z�\�g�h�\�_�k�b�y  
 

� ? 
 L � -�Ï�?�Þ�É�×�¾�2   .                                           (2) 
 

�B�a �m�j�Z�\�g�_�g�b�y (1) �f�h�`�g�h �g�Z�c�l�b �m�k�e�h�\�b�_, �i�j�b �d�h�l�h�j�h�f �i�j�h�g�b�d�Z�x�s�b�c �i�h-
�l�h�d �g�_ �a�Z�\�b�k�b�l �h�l �d�b�g�_�l�b�d�b �i�j�h�p�_�k�k�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b (�l.�_. �h�l �.) �b, �k�e�_�^�h�\�Z-
�l�_�e�v�g�h, �h�]�j�Z�g�b�q�_�g �i�_�j�_�g�h�k�h�f �q�_�j�_�a �h�[�t�_�f �f�_�f�[�j�Z�g�u. �I�j�b�g�b�f�Z�y �\�h �\�g�b�f�Z�g�b�_, 
�q�l�h �., KPd, KV-��Pd, DPd �b DV-��Pd �y�\�e�y�x�l�k�y �n�m�g�d�p�b�y�f�b �l�_�f�i�_�j�Z�l�m�j�u, T, �w�l�h �m�k�e�h-
�\�b�_ �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_ 
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�?�k�e�b �m�k�e�h�\�b�_ (3) �\�u�i�h�e�g�y�_�l�k�y, �i�j�h�g�b�d�Z�x�s�b�c �q�_�j�_�a �f�_�f�[�j�Z�g�m �i�h�l�h�d 
�f�h�`�_�l �[�u�l�v �g�Z�c�^�_�g �k �i�h�f�h�s�v�x (1) �\ �y�\�g�h�c �n�h�j�f�_: 
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�< �i�j�h�l�b�\�h�i�h�e�h�`�g�h�f �k�e�m�q�Z�_, �l.�_. �d�h�]�^�Z  
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�Z�k�k�h�p�b�Z�l�b�\�g�h-�^�b�k�k�h�p�b�Z�l�b�\�g�u�_ �i�j�h�p�_�k�k�u �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�Z�e�e�Z�^�b�_�\�h�]�h �i�h-
�d�j�u�l�b�y �h�]�j�Z�g�b�q�b�\�Z�x�l �i�_�j�_�g�h�k �\�h�^�h�j�h�^�Z �q�_�j�_�a �f�_�f�[�j�Z�g�m, �b �\ �k�h�h�l�\�_�l�k�l�\�b�b �k 
�m�j�Z�\�g�_�g�b�_�f (1) �i�e�h�l�g�h�k�l�v �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �f�h�`�_�l �[�u�l�v �\�u�j�Z�`�_�g�Z �\ �\�b�^�_ 
[23, 35] 
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�K�h�]�e�Z�k�g�h �\�u�r�_�k�d�Z�a�Z�g�g�h�f�m, �m�j�Z�\�g�_�g�b�y (1) �b (4) �i�j�b�f�_�g�b�f�u �\ �^�b�Z�i�Z�a�h�g�_ 
�d�h�g�p�_�g�l�j�Z�p�b�c �j�Z�k�l�\�h�j�_�g�g�h�]�h �\�h�^�h�j�h�^�Z, c, �]�^�_ (i) �^�_�c�k�l�\�m�_�l �a�Z�d�h�g C�b�\�_�j�l�k�Z, 
�Z (ii) DPd �b �&�Ï�?���É�× �g�_ �a�Z�\�b�k�y�l �h�l c. �H�^�g�Z�d�h, �\ �k�e�m�q�Z�_ �i�_�j�_�g�h�k�Z �\�h�^�h�j�h�^�Z  
�\ �H�P�D-�k�i�e�Z�\�Z�o �\�Z�g�Z�^�b�y �k �i�h�g�b�`�_�g�g�h�c �j�Z�k�l�\�h�j�b�f�h�k�l�v�x �w�l�h �h�]�j�Z�g�b�q�_�g�b�_ �g�_ 
�y�\�e�y�_�l�k�y �d�j�b�l�b�q�g�u�f. �W�l�h �k�\�y�a�Z�g�h �k �l�_�f, �q�l�h �e�_�]�b�j�h�\�Z�g�b�_ �\�Z�g�Z�^�b�y �i�Z�e�e�Z�^�b�_�f 
�i�j�b�\�h�^�b�l �d �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�x �a�Z�d�h�g�Z �K�b�\�_�j�l�k�Z �g�Z �h�[�e�Z�k�l�v �\�_�k�v�f�Z �d�h�g�p�_�g�l�j�b-
�j�h�\�Z�g�g�u�o �j�Z�k�l�\�h�j�h�\ �\�h�^�h�j�h�^�Z, �\�i�e�h�l�v �^�h H/M �§ 0,4. 
 

2.2. �<�_�j�h�y�l�g�h�k�l�v �^�b�k�k�h�p�b�Z�l�b�\�g�h�c �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e �G2 �g�Z �i�Z�e�e�Z-
�^�b�_�\�h�f �i�h�d�j�u�l�b�b 

�< �h�l�e�b�q�b�_ �h�l �l�Z�d�b�o �\�_�e�b�q�b�g �d�Z�d �d�h�g�k�l�Z�g�l�u �j�Z�k�l�\�h�j�b�f�h�k�l�b �b �d�h�w�n�n�b�p�b-
�_�g�l�u �^�b�n�n�m�a�b�b, �\�_�j�h�y�l�g�h�k�l�v �^�b�k�k�h�p�b�Z�l�b�\�g�h�]�h �i�j�b�e�b�i�Z�g�b�y �. �d �i�Z�e�e�Z�^�b�_�\�h�f�m 
�i�h�d�j�u�l�b�x �g�_ �y�\�e�y�_�l�k�y �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c �f�Z�l�_�j�b�Z�e�Z (Pd),  
�i�h�k�d�h�e�v�d�m �. �i�h�e�g�h�k�l�v�x �h�i�j�_�^�_�e�y�_�l�k�y �o�b�f�b�q�_�k�d�b�f �k�h�k�l�h�y�g�b�_�f �i�h�\�_�j�o�g�h�k�l�b 
[35–37]. 

�L�Z�d, �\ �k�e�m�q�Z�_ �Z�l�h�f�Z�j�g�h-�q�b�k�l�h�c �i�h�\�_�j�o�g�h�k�l�b �i�h�e�b�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h 
�i�Z�e�e�Z�^�b�y �f�h�e�_�d�m�e�u �G2 �^�b�k�k�h�p�b�Z�l�b�\�g�h �Z�[�k�h�j�[�b�j�m�x�l�k�y �k �\�_�j�h�y�l�g�h�k�l�v�x �., �g�_ 
�a�Z�\�b�k�y�s�_�c �h�l �L �b �[�e�b�a�d�h�c �d 1 [35–37]. �H�^�g�Z�d�h �i�h�e�m�q�_�g�b�_ �b �i�h�^�^�_�j�`�Z�g�b�_ �Z�l�h-
�f�Z�j�g�h-�q�b�k�l�h�c �i�h�\�_�j�o�g�h�k�l�b �i�Z�e�e�Z�^�b�y �l�j�_�[�m�_�l �k�i�_�p�b�Z�e�v�g�u�o �f�_�j, �g�_�k�h�\�f�_�k�l�b-
�f�u�o �k �j�Z�[�h�l�h�c �f�_�f�[�j�Z�g �i�j�b �^�Z�\�e�_�g�b�y�o �f�Z�k�r�l�Z�[�Z �Z�l�f�h�k�n�_�j�g�h�]�h �b �\�u�r�_, �^�Z�`�_ 
�_�k�e�b �g�Z �\�o�h�^ �f�_�f�[�j�Z�g�u �i�h�^�Z�z�l�k�y �m�e�v�l�j�Z�q�b�k�l�u�c �\�h�^�h�j�h�^ [19, 20], �g�_ �]�h�\�h�j�y 
�m�`�_ �h �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �]�Z�a�h�\�u�o �k�f�_�k�y�o. �K�h�h�l�\�_�l�k�l�\�_�g�g�h, �h�[�u�q�g�h �\ �w�d�k�i�_-
�j�b�f�_�g�l�Z�o �k �f�_�f�[�j�Z�g�Z�f�b �b�a �\�Z�g�Z�^�b�_�\�u�o �k�i�e�Z�\�h�\, �i�h�d�j�u�l�u�f�b Pd, �i�h�\�_�j�o�g�h�k�l�v 
�i�Z�e�e�Z�^�b�y �i�h�d�j�u�l�Z �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�f�b �i�j�b�f�_�k�y�f�b (�d�Z�d �i�j�Z�\�b�e�h, �w�l�h �K [19] 
�b, �d�Z�d �k�e�_�^�k�l�\�b�_, �. �k�b�e�v�g�h �a�Z�\�b�k�b�l �h�l �L �b �f�h�`�_�l �b�a�f�_�g�y�l�v�k�y �\ �i�j�_�^�_�e�Z�o �h�l 10–6 
�^�h 10–3 [19, 23]. �D�Z�d �k�e�_�^�m�_�l �b�a �m�j�Z�\�g�_�g�b�c (1) – (4), �\�e�b�y�g�b�_ �i�j�h�p�_�k�k�h�\ �g�Z �i�h-
�\�_�j�o�g�h�k�l�b �g�Z �i�_�j�_�g�h�k �\�h�^�h�j�h�^�Z �q�_�j�_�a �f�_�f�[�j�Z�g�m �h�k�e�Z�[�_�\�Z�_�l �k �j�h�k�l�h�f �l�h�e�s�b�g�u 
�f�_�f�[�j�Z�g�u �b �i�j�b �m�\�_�e�b�q�_�g�b�b �^�Z�\�e�_�g�b�y, �Z �l�Z�d�`�_ �i�j�b �k�g�b�`�_�g�b�b �i�j�h�g�b�p�Z�_�f�h�k�l�b 
�h�k�g�h�\�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �f�_�f�[�j�Z�g�u (�l. �_. �i�j�b �k�g�b�`�_�g�b�b �\�_�e�b�q�b�g�u �i�j�h�b�a�\�_�^�_�g�b�y 
�- �:�6�; � ® � &�:�6�;). �I�h�k�e�_�^�g�_�_ �h�a�g�Z�q�Z�_�l, �q�l�h (i) �\ �k�e�m�q�Z�_ �f�_�f�[�j�Z�g �b�a �k�i�e�Z�\�h�\ �\�Z�g�Z�^�b�y 
�j�h�e�v �i�j�h�p�_�k�k�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b �k�i�_�p�b�n�b�q�_�k�d�b (specifically) �\�_�e�b�d�Z, �[�e�Z�]�h�^�Z�j�y 
(particularly) �\�u�k�h�d�h�c �k�d�h�j�h�k�l�b �l�j�Z�g�k�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �i�_�j�_�g�h�k�Z �j�Z�k�l�\�h�j�z�g�g�h-
�]�h �\�h�^�h�j�h�^�Z (�l.�_. �[�e�Z�]�h�^�Z�j�y �[�h�e�v�r�h�c �\�_�e�b�q�b�g�_ �- �:�6�; � ® � &�:�6�;), (ii) c �j�h�k�l�h�f �k�l�_-
�i�_�g�b �e�_�]�b�j�h�\�Z�g�b�y �� �\�e�b�y�g�b�_ �i�j�h�p�_�k�k�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b �m�f�_�g�v�r�Z�_�l�k�y (�[�e�Z�]�h-
�^�Z�j�y �k�g�b�`�_�g�b�x �- �:�6�; � ® � &�:�6�;�; �< �e�x�[�h�f �k�e�m�q�Z�_, �g�_�e�v�a�y �Z�i�j�b�h�j�b �b�]�g�h�j�b�j�h�\�Z�l�v 
�j�h�e�v �Z�k�k�h�p�b�Z�l�b�\�g�h-�^�b�k�k�h�p�b�Z�l�b�\�g�u�o �i�j�h�p�_�k�k�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�Z�e�e�Z�^�b�_�\�h�]�h 
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�i�h�d�j�u�l�b�y. �< �^�Z�e�v�g�_�c�r�_�f �i�j�b �j�Z�k�q�_�l�_ �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �\ �f�_�f�[�j�Z�g�_ �f�u 
�[�m�^�_�f �b�k�i�h�e�v�a�h�\�Z�l�v �w�f�i�b�j�b�q�_�k�d�m�x �a�Z�\�b�k�b�f�h�k�l�v �.(T) �\ �\�b�^�_ [23] 
 

� � � � 50 �d�>�/̀�f�h�e�v
0,6 .T exp

RT
��� § � ·� D �  � ˜� ¨ � ¸

� © � ¹
                                (7) 

 
 
2.3. �B�a�\�e�_�q�_�g�b�_ �\�h�^�h�j�h�^�Z �b�a �i�h�l�h�d�Z �]�Z�a�h�\�h�c �k�f�_�k�b �k �i�h�f�h�s�v�x  

�l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u 
�J�Z�k�k�f�h�l�j�b�f �k�o�_�f�m �j�Z�[�h�l�u �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u, �i�j�_�^�k�l�Z�\�e�_�g�g�m�x �g�Z 

�j�b�k. 1. �F�_�f�[�j�Z�g�Z �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �l�h�g�d�h�k�l�_�g�g�m�x �l�j�m�[�d�m, �h�^�b�g �d�h�g�_�p �d�h�l�h-
�j�h�c �a�Z�]�e�m�r�z�g (�:  �g�Z �j�b�k. 1), �Z �^�j�m�]�h�c (�;) - �]�_�j�f�_�l�b�q�g�h �i�j�b�k�h�_�^�b�g�z�g �d �]�Z�a�h�j�Z�k-
�i�j�_�^�_�e�b�l�_�e�v�g�h�c �Z�j�f�Z�l�m�j�_. 

�I�h�l�h�d �k�f�_�k�b �]�Z�a�Z �i�h �l�j�m�[�d�_ 
�i�h�^�Z�q�b �i�h�^�Z�_�l�k�y �\ �h�[�e�Z�k�l�v �]�e�m�o�h�]�h 
�d�h�g�p�Z �f�_�f�[�j�Z�g�u (�a�h�g�Z �: ) �b �^�Z�e�_�_ 
�i�j�h�l�_�d�Z�_�l �i�h �a�Z�a�h�j�m �f�_�`�^�m �\�g�_�r�g�_�c 
�i�h�\�_�j�o�g�h�k�l�v�x �l�j�m�[�d�b �i�h�^�Z�q�b �b 
�\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�v�x �f�_�f�[�j�Z-
�g�u. �I�h �f�_�j�_ �i�j�h�l�_�d�Z�g�b�y, �\�h�^�h�j�h�^, 
�k�h�^�_�j�`�Z�s�b�c�k�y �\ �k�f�_�k�b, �i�j�h�o�h�^�b�l 
�k�d�\�h�a�v �f�_�f�[�j�Z�g�m (�k�l�_�g�d�b �l�j�m�[�d�b) �b, 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h, �_�]�h �i�Z�j�p�b�Z�e�v�g�h�_ 
�^�Z�\�e�_�g�b�_ �i�j�b �i�j�h�o�h�`�^�_�g�b�b �i�h �a�Z�a�h-
�j�m �k�g�b�`�Z�_�l�k�y. �L�Z�d�b�f �h�[�j�Z�a�h�f, �f�Z�d-
�k�b�f�Z�e�v�g�h�_ �i�Z�j�p�b�Z�e�v�g�h�_ �^�Z�\�e�_�g�b�_ 
�\�h�^�h�j�h�^�Z, �j�Z�\�g�h�_ �^�Z�\�e�_�g�b�x �G2 �\ �i�h-
�k�l�m�i�Z�x�s�_�c �k�f�_�k�b, �b�f�_�_�l �f�_�k�l�h 
�\ �a�h�g�_ �:  (�h�[�e�Z�k�l�v �]�e�m�o�h�]�h �d�h�g�p�Z). 

�I�h �f�_�j�_ �i�j�h�l�_�d�Z�g�b�y �k�f�_�k�b 
�\�^�h�e�v �f�_�f�[�j�Z�g�u, �k�h�^�_�j�`�Z�s�b�c�k�y 
�\ �k�f�_�k�b �\�h�^�h�j�h�^ �i�j�h�o�h�^�b�l �k�d�\�h�a�v �_�_ 
�k�l�_�g�d�b (�a�_�e�_�g�u�_ �e�b�g�b�b) �\ �\�u�o�h�^�g�h�c 
�h�[�t�_�f. �A�Z �k�q�_�l �g�_�i�j�_�j�u�\�g�h�]�h �m�^�Z�e�_-
�g�b�y �\�h�^�h�j�h�^�Z �b�a �i�h�k�l�m�i�Z�x�s�_�c �k�f�_-
�k�b, �_�]�h �i�Z�j�p�b�Z�e�v�g�h�_ �^�Z�\�e�_�g�b�_ �i�h �f�_-
�j�_ �i�j�h�o�h�`�^�_�g�b�y �k�f�_�k�b �\�^�h�e�v �i�h-
�\�_�j�o�g�h�k�l�b �f�_�f�[�j�Z�g�u �k�g�b�`�Z�_�l�k�y. �K�h�h�l�\�_�l�k�l�\�_�g�g�h, �k�g�b�`�Z�_�l�k�y �b �i�e�h�l�g�h�k�l�v �i�j�h-
�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �\�h�^�h�j�h�^�Z (�k�o�_�f�Z�l�b�q�_�k�d�b �g�Z �j�b�k�m�g�d�_ �w�l�h �i�h�d�Z�a�Z�g�h �j�Z�a�g�h�c 
�l�h�e�s�b�g�h�c �a�_�e�_�g�u�o �e�b�g�b�c). 

 
 

2.4. �F�Z�d�k�b�f�Z�e�v�g�Z�y �b «�h�i�l�b�f�Z�e�v�g�Z�y» �k�l�_�i�_�g�v �b�a�\�e�_�q�_�g�b�y �G2 
�H�i�j�_�^�_�e�b�f �a�Z�\�b�k�b�f�h�k�l�v �f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�h�c �k�l�_�i�_�g�b �b�a�\�e�_�q�_�g�b�y 

�\�h�^�h�j�h�^�Z �f�_�f�[�j�Z�g�h�c �b�a �\�h�^�h�j�h�^�k�h�^�_�j�`�Z�s�_�c �]�Z�a�h�\�h�c �k�f�_�k�b �h�l �^�Z�\�e�_�g�b�y �k�f�_�k�b 
P�� �b �i�Z�j�p�b�Z�e�v�g�h�c �k�h�k�l�Z�\�e�y�x�s�_�c �\�h�^�h�j�h�^�Z �ß. �>�Z�e�_�_ �j�Z�k�k�q�b�l�Z�_�f �\ �j�Z�f�d�Z�o �h�i�j�_-
�^�_�e�z�g�g�u�o �^�h�i�m�s�_�g�b�c �j�Z�k�i�j�_�^�_�e�_�g�b�_ �i�h �^�e�b�g�_ �f�_�f�[�j�Z�g�u: �Z) �i�Z�j�p�b�Z�e�v�g�h�]�h 
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�G2+�i�j�b�f�_�k�v

�Q�b�k�l�u�c �G2

�i�j�b�f�_�k�v+�G2

1 
�F�_�f�[�j�Z�g�Z

3
�<�u�o�h�^�g�Z�y

�d�Z�f�_�j�Z

2 
�<�o�h�^�g�Z�y
�d�Z�f�_�j�Z

4
�L�j�m�[�d�Z 
�i�h�^�Z�q�b

�G2+�i�j�b�f�_�k�v

�:

�;

 
 

�J�b�k. 1. �K�o�_�f�Z �j�Z�[�h�l�u �f�_�f�[�j�Z�g�u  
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�^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z, �[) �i�j�h�g�b�d�Z�x�s�b�c �i�h�l�h�d �b �\) �k�l�_�i�_�g�v �b�a�\�e�_�q�_�g�b�y �\�h�^�h�j�h�^�Z 
�b�a �]�Z�a�h�\�h�c �k�f�_�k�b. 

�F�b�g�b�f�Z�e�v�g�h�_ �i�Z�j�p�b�Z�e�v�g�h�_ �^�Z�\�e�_�g�b�_ �\�h�^�h�j�h�^�Z �g�Z �\�o�h�^�g�h�c �k�l�h�j�h�g�_ �f�_�f-
�[�j�Z�g�u �j�Z�\�g�h �^�Z�\�e�_�g�b�x �\�h�^�h�j�h�^�Z �g�Z �\�u�o�h�^�g�h�c �k�l�h�j�h�g�_ �f�_�f�[�j�Z�g�u (�m�k�e�h�\�b�_, 
�i�j�b �d�h�l�h�j�h�f �i�h�l�h�d, �i�j�h�g�b�d�Z�x�s�b�c �q�_�j�_�a �f�_�f�[�j�Z�g�m �j�Z�\�_�g 0). 

 

�2�Ü�á�Á�6
�à�Ü�á
 L � 2�â�è�ç�Á�6�ä                                                   (8) 

 

�K�e�_�^�h�\�Z�l�_�e�v�g�h, �f�Z�d�k�b�f�Z�e�v�g�h�_ �^�Z�\�e�_�g�b�_ �g�_ �b�a�\�e�_�d�Z�_�f�h�c �d�h�f�i�h�g�_�g�l�u 
(N2) �\ �\�u�o�e�h�i�g�h�c �k�f�_�k�b �[�m�^�_�l �j�Z�\�g�h: 

 

 
�2�Ç�6

�à�Ô�ë
 L � � � 2�Š
F � � �2�Ü�á�Á�6
�à�Ü�á
 L � � � 2�Š
 F � 2�â�è�ç�Á�6�ä                                     (9) 

 

�H�l�g�h�r�_�g�b�_ �i�h�l�h�d�Z �\�h�^�h�j�h�^�Z JH2 �d �i�h�l�h�d�m �g�_ �b�a�\�e�_�d�Z�_�f�h�c �d�h�f�i�h�g�_�g�l�u 
JN2 �\ �d�Z�`�^�h�f �i�h�i�_�j�_�q�g�h�f �k�_�q�_�g�b�b �f�_�f�[�j�Z�g�u, �j�Z�\�g�h �h�l�g�h�r�_�g�b�x �i�Z�j�p�b�Z�e�v�g�u�o 
�^�Z�\�e�_�g�b�c �\�h�^�h�j�h�^�Z PH2 �b �g�_ �b�a�\�e�_�d�Z�_�f�h�c �d�h�f�i�h�g�_�g�l�u PN2. �K�h�h�l�\�_�l�k�l�\�_�g�g�h, �k 
�m�q�_�l�h�f �l�h�]�h, �q�l�h, �\ �k�b�e�m �i�j�b�g�p�b�i�Z �g�_�i�j�_�j�u�\�g�h�k�l�b, �i�h�l�h�d �g�_ �b�a�\�e�_�d�Z�_�f�h�c �d�h�f-
�i�h�g�_�g�l�u �\ �d�Z�`�^�h�f �k�_�q�_�g�b�b �l�j�m�[�d�b-�f�_�f�[�j�Z�g�u �i�h�k�l�h�y�g�_�g, �f�b�g�b�f�Z�e�v�g�u�c �i�h�l�h�d 
�\�h�^�h�j�h�^�Z, �d�h�l�h�j�u�c �f�h�`�_�l �[�u�l�v �^�h�k�l�b�]�g�m�l �g�Z �\�u�o�e�h�i�_, �[�m�^�_�l �j�Z�\�_�g: 

 

�,�Á�6
�à�Ü�á
 L � � � ,�Ç�6�®

�É�Ô�Ù�¹�.
�Ø�Ô�Ù

�É�¿�.
�Ø�Ì�ã 
 L � ,�Ç�6�®

�É�Ú�à�ß�¹�.��

�É�‚ �?�É�Ú�à�ß�¹�.�ä

 L � ,�Š�®�:� s 
 F � ß�; �®

�É�Ú�à�ß�¹�.��

�É�‚ �?�É�Ú�à�ß�¹�.�ä
�á          (10) 

 

�]�^�_ �� – �^�h�e�y �G2 �\ �i�h�^�Z�\�Z�_�f�h�c �k�f�_�k�b, �,�Ç�6
 L � ,�Š�®�:� s 
 F � ß�; �i�h�l�h�d �g�_ �b�a�\�e�_�d�Z�_�f�h�c 
�d�h�f�i�h�g�_�g�l�u, �j�Z�\�g�u�c �h�[�s�_�f�m �i�h�^�Z�\�Z�_�f�h�f�m �i�h�l�h�d�m J��, �m�f�g�h�`�_�g�g�h�f�m �g�Z �^�h�e�x 
�Z�a�h�l�Z �\ �i�h�^�Z�\�Z�_�f�h�c �b�k�o�h�^�g�h�c �k�f�_�k�b. 

�I�h�^�Z�\�Z�_�f�u�c �i�h�l�h�d �\�h�^�h�j�h�^�Z: 
 

�,�Á�6�:�r�; 
 L � ß � ® � ,�Š�ä��                                             (11) 
 

�F�Z�d�k�b�f�Z�e�v�g�Z�y �k�l�_�i�_�g�v �b�a�\�e�_�q�_�g�b�y �\�h�^�h�j�h�^�Z, �Zmax, �j�Z�\�g�Z�y �h�l�g�h�r�_�g�b�x 
�j�Z�a�g�h�k�l�b �i�h�^�Z�\�Z�_�f�h�]�h �i�h�l�h�d�Z �G2 �b �f�b�g�b�f�Z�e�v�g�h�]�h �\�u�o�e�h�i�g�h�]�h �i�h�l�h�d�Z �G2 �d 
�i�h�^�Z�\�Z�_�f�h�f�m �i�h�l�h�d�m �G2: 

�ñ�à�Ô�ë�  � � � ,�Ç�6�®
�Ã�¹�. �:�4�;�?���Ã�¹�.

�Ø�Ô�Ù

�Ã�¹�. �:�4�;
�ä                                       (12) 

 
�K �m�q�z�l�h�f (8) – (11), �[�m�^�_�l �j�Z�\�g�Z 
 

�ñ�à�Ô�ë
 L � �
�É�‚ �?

�Á�Ú�à�ß�¹�.��

�

�É�‚ �?�É�Ú�à�ß�¹�.��
�ä                                              (13) 

 

�D�Z�d �f�h�`�g�h �\�b�^�_�l�v, �\ �^�\�m�o �k�e�m�q�Z�y�o �Z max �: 1:  
�i�j�b ���: 1 (�g�Z�i�j�b�f�_�j, �i�h�^�Z�q�Z �g�Z �\�o�h�^ �f�_�f�[�j�Z�g�u �q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z) �b �i�j�b �Jout 

H2�: 0 (�k�e�m�q�Z�c �\�Z�d�m�m�f�g�u�o �^�Z�\�e�_�g�b�c �g�Z �\�u�o�h�^�g�h�c �k�l�h�j�h�g�_ �f�_�f�[�j�Z�g�u). �I�j�b�\�_-
�^�z�f �i�j�b�f�_�j: �i�j�b P��  = 1,2 MPa, Pout H2 = 0,1MPa �b �� = 0,6 �m�j�Z�\�g�_�g�b�_ (12) �^�Z�z�l 
�Zmax = 0,94. 

�H�q�_�\�b�^�g�h, �q�l�h �i�j�b �a�Z�^�Z�g�g�u�o P��, Pout H2, �� �b L �d �Zmax �f�h�`�g�h �i�j�b�[�e�b�a�b�l�v�k�y 
�i�m�l�z�f �k�l�j�_�f�e�_�g�b�y �i�h�l�h�d�Z �k�f�_�k�b �d 0, �l.�_. �k�l�j�_�f�e�_�g�b�_�f �d 0 �k�j�_�^�g�_�c �i�e�h�l�g�h�k�l�b 
�i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z (�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b). �K �^�j�m�]�h�c �k�l�h�j�h�g�u, �i�j�b �f�Z�d�k�b-
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�f�Z�e�v�g�h�c �k�j�_�^�g�_�c �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �\�h�^�h�j�h�^�Z, ���§�ã
�à�Ô�ë, �i�j�h�g�b�d�Z�x�s�_�]�h �q�_�j�_�a �f�_�f-

�[�j�Z�g�m �b�a �]�Z�a�h�\�h�c �k�f�_�k�b, �l.�_. �i�j�b  
 

���§�ã
�à�Ô�ë
 L � #
 k
¥�2�Ü�á�Á�6

�à�Ô�ë
F 
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�]�^�_ �2�Ü�á�Á�6
�à�Ô�ë – �i�Z�j�p�b�Z�e�v�g�h�_ �^�Z�\�e�_�g�b�_ �G2 �\ �i�h�^�Z�\�Z�_�f�h�c �k�f�_�k�b, �d�h�l�h�j�h�_ �\ �j�_�Z�e�v�g�h-

�k�l�b �b�f�_�_�l �f�_�k�l�h �e�b�r�v �\ �k�e�m�q�Z�_ �h�q�_�g�v �d�h�j�h�l�d�h�c �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u, �^�h�e�y �b�a-
�\�e�_�d�Z�_�f�h�]�h �\�h�^�h�j�h�^�Z �i�j�_�g�_�[�j�_�`�b�f�Z, �l.�_. �&�: 0. �K�h�h�l�\�_�l�k�l�\�_�g�g�h, «�h�i�l�b�f�Z�e�v-
�g�Z�y» �k�l�_�i�_�g�v �b�a�\�e�_�q�_�g�b�y �f�h�`�_�l �[�u�l�v �^�h�k�l�b�]�g�m�l�Z �i�m�l�z�f �d�h�f�i�j�h�f�b�k�k�Z, �d�h�]�^�Z  �& 
�^�h�k�l�Z�l�h�q�g�h �[�e�b�a�d�Z �d �Zmax, �b �i�j�b �w�l�h�f �k�j�_�^�g�y�y �i�h �^�e�b�g�_ �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u 
�i�e�h�l�g�h�k�l�v �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �\�h�^�h�j�h�^�Z, ���ã
% �h�k�l�Z�z�l�k�y �\�_�e�b�q�b�g�h�c �f�Z�k�r�l�Z�[�Z 
���§�ã
�à�Ô�ë (�g�Z�i�j�b�f�_�j, �f�h�`�g�h �^�h�i�m�k�l�b�l�v ���ã
 % 
 N � r� ä� w� ��§�ã

�à�Ô�ë�;�ä 
 

2.5. �J�Z�k�i�j�_�^�_�e�_�g�b�_ �i�h �^�e�b�g�_ �f�_�f�[�j�Z�g�u �i�Z�j�p�b�Z�e�v�g�h�]�h �^�Z�\�e�_�g�b�y �\�h-
�^�h�j�h�^�Z �b �k�l�_�i�_�g�b �b�a�\�e�_�q�_�g�b�y �\�h�^�h�j�h�^�Z �f�_�f�[�j�Z�g�h�c �b�a �]�Z�a�h�\�h�c �k�f�_�k�b 

 
�I�j�b �j�_�r�_�g�b�b �w�l�h�c �a�Z�^�Z�q�b �i�j�b�g�b�f�Z�x�l�k�y �k�e�_�^�m�x�s�b�_ �m�k�e�h�\�b�y �b �^�h�i�m�s�_-

�g�b�y. 
�: ) �G�_�k�f�h�l�j�y �g�Z �b�a�\�e�_�q�_�g�b�_ �\�h�^�h�j�h�^�Z �q�_�j�_�a �k�l�_�g�d�b �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u 

(�j�b�k�m�g�h�d 1), �i�h�i�_�j�_�q�g�u�c �]�j�Z�^�b�_�g�l �i�Z�j�p�b�Z�e�v�g�h�]�h �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z �h�l�k�m�l-
�k�l�\�m�_�l. �G�Z �i�j�Z�d�l�b�d�_ �w�l�h �]�Z�j�Z�g�l�b�j�m�_�l�k�y �^�h�k�l�Z�l�h�q�g�h �f�Z�e�h�c (�§1 �f�f ) �\�_�e�b�q�b�g�h�c 
�a�Z�a�h�j�Z �f�_�`�^�m �f�_�f�[�j�Z�g�h�c �b �]�Z�a�h�g�Z�i�m�k�d�g�h�c �l�j�m�[�d�h�c (4 �g�Z �j�b�k�m�g�d�_ 1).  

B) �<�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�f�[�j�Z�g�u �g�_ �a�Z�\�b�k�b�l �h�l �l�b�i�Z �i�j�b�f�_�k�b �\ �\�h-
�^�h�j�h�^�_. �L�h �_�k�l�v, �\�u�o�h�^�g�h�c �i�h�l�h�d �g�_ �f�_�g�y�_�l�k�y �i�j�b �a�Z�f�_�g�_ �K�G4, �K�H2, �K�H �b �G2�H 
�g�Z �o�b�f�b�q�_�k�d�b �g�_�c�l�j�Z�e�v�g�u�c �]�Z�a. (�g�Z�i�j�b�f�_�j, N2). �I�j�h�\�_�j�d�Z �d�h�j�j�_�d�l�g�h�k�l�b �w�l�h�]�h 
�^�h�i�m�s�_�g�b�y �^�e�y �d�h�g�d�j�_�l�g�u�o �k�f�_�k�_�c �y�\�e�y�_�l�k�y �h�^�g�h�c �b�a �p�_�e�_�c �^�Z�g�g�h�c �k�l�Z�l�v�b. 
�< �j�Z�f�d�Z�o �^�Z�g�g�h�]�h �i�j�_�^�i�h�e�h�`�_�g�b�y �\�f�_�k�l�h �f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�h�c �k�f�_�k�b �f�h�`�g�h 
�j�Z�k�k�f�Z�l�j�b�\�Z�l�v �w�d�\�b�\�Z�e�_�g�l�g�m�x (�l.�_. �k �l�h�c �`�_ �^�h�e�_�c �G2, ��) �^�\�m�o�d�h�f�i�h�g�_�g�l�g�m�x 
�g�_�c�l�j�Z�e�v�g�m�x �k�f�_�k�v (�g�Z�i�j�b�f�_�j, �G2 + N2).  

C) �A�Z�\�b�k�b�f�h�k�l�v �\�u�o�h�^�g�h�]�h �i�h�l�h�d�Z �h�l �^�Z�\�e�_�g�b�y �Z�i�i�j�h�d�k�b�f�b�j�m�_�l�k�y �n�m�g�d-
�p�b�_�c �\�b�^�Z 
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�\ �d�h�l�h�j�h�c �d�h�w�n�n�b�p�b�_�g�l �:  �h�i�j�_�^�_�e�y�_�l�k�y �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o �k �q�b�k�l�u�f �\�h�^�h�j�h�^�h�f. 
�N�b�a�b�q�_�k�d�b �a�Z�\�b�k�b�f�h�k�l�v �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �h�l �^�Z�\�e�_�g�b�y, �\�u�j�Z�`�Z�_�f�Z�y �n�h�j-
�f�m�e�h�c (14), �h�a�g�Z�q�Z�_�l, �q�l�h �i�h�l�h�d �h�i�j�_�^�_�e�y�_�l�k�y �i�_�j�_�g�h�k�h�f �\�h�^�h�j�h�^�Z �q�_�j�_�a �h�[�t�z�f 
�f�_�f�[�j�Z�g�u (�\�d�e�x�q�Z�y �i�Z�e�e�Z�^�b�_�\�h�_ �i�h�d�j�u�l�b�_), �Z �g�_ �Z�k�k�h�p�b�Z�l�b�\�g�h-�^�b�k�k�h-
�p�b�Z�l�b�\�g�u�f�b �i�j�h�p�_�k�k�Z�f�b �g�Z �i�h�\�_�j�o�g�h�k�l�b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �i�h�d�j�u�l�b�y (�k�j�Z�\�g�b 
�m�j�Z�\�g�_�g�b�_ (14) �k �k�h�h�l�g�h�r�_�g�b�_�f (4)).  

D) �G�_�k�f�h�l�j�y �g�Z �l�h, �q�l�h �i�Z�j�p�b�Z�e�v�g�h�_ �^�Z�\�e�_�g�b�_ �\�h�^�h�j�h�^�Z �k�g�b�`�Z�_�l�k�y �\�g�b�a 
�i�h �i�h�l�h�d�m �k�f�_�k�b, �i�h�e�g�h�_ �^�Z�\�e�_�g�b�_ �k�f�_�k�b, P��, �\�^�h�e�v �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u �h�k�l�Z-
�z�l�k�y �i�j�Z�d�l�b�q�_�k�d�b �i�h�k�l�h�y�g�g�u�f.  

E) �<�u�o�h�^�g�h�_ �^�Z�\�e�_�g�b�_ �q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z Pout H2 �l�Z�d�`�_ �i�h�k�l�h�y�g�g�h  
(Pout �G2 = 0,1 MPa).  

�< �j�Z�f�d�Z�o �i�j�b�g�y�l�u�o �m�k�e�h�\�b�c �j�Z�k�i�j�_�^�_�e�_�g�b�_ �i�Z�j�p�b�Z�e�v�g�h�]�h �^�Z�\�e�_�g�b�y �\�h-
�^�h�j�h�^�Z �i�h �^�e�b�g�_, Pin H2(x), �b �i�h�l�h�d �\�h�^�h�j�h�^�Z, Jp(x), �i�j�h�g�b�d�Z�x�s�b�c �g�Z �m�q�Z�k�l�d�_ �h�l 
0 �^�h �o, �f�h�`�g�h �g�Z�c�l�b �k �i�h�f�h�s�v�x �w�e�_�f�_�g�l�Z�j�g�h�]�h �q�b�k�e�_�g�g�h�]�h �b�g�l�_�]�j�b�j�h�\�Z�g�b�y, 
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�h�k�g�h�\�u�\�Z�y�k�v �g�Z �i�j�b�g�p�b�i�_ �g�_�i�j�_�j�u�\�g�h�k�l�b �i�h�l�h�d�Z �b, �i�h�e�Z�]�Z�y, �q�l�h �i�e�h�l�g�h�k�l�v 
�i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z, jp, �h�i�j�_�^�_�e�y�_�l�k�y �k�h�h�l�g�h�r�_�g�b�_�f (14). �B�g�l�_�]�j�b�j�m�y �h�l 
�o=0 �^�h x=L0, �i�h�e�m�q�Z�_�f �i�h�e�g�u�c �i�j�h�g�b�d�Z�x�s�b�c �i�h�l�h�d Jp �b, �^�Z�e�_�_, �k�l�_�i�_�g�v �b�a�\�e�_-
�q�_�g�b�y �\�h�^�h�j�h�^�Z, �&, �d�Z�d  
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�L�_�o�g�b�q�_�k�d�b �q�b�k�e�_�g�g�h�_ �b�g�l�_�]�j�b�j�h�\�Z�g�b�_ �b �i�h�k�l�j�h�_�g�b�_ �]�j�Z�n�b�d�h�\ �i�j�h�\�h-
�^�b�l�k�y �\ �i�j�h�]�j�Z�f�f�_ ORIGIN LAB. 

�G�Z �j�b�k�m�g�d�_ 2 �i�j�_�^�k�l�Z�\�e�_�g�h �j�Z�k�k�q�b�l�Z�g�g�h�_ �m�d�Z�a�Z�g�g�u�f �h�[�j�Z�a�h�f �j�Z�k�i�j�_�^�_-
�e�_�g�b�_ �i�Z�j�p�b�Z�e�v�g�h�]�h �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z, PinH2 (x), �i�h �^�e�b�g�_ �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z-
�g�u �b�a �q�b�k�l�h�]�h �\�Z�g�Z�^�b�y �^�b�Z�f�_�l�j�h�f 6 �f�f  �b �^�e�b�g�h�c 27 �k�f, �Z �l�Z�d�`�_ �k�l�_�i�_�g�v �b�a-
�\�e�_�q�_�g�b�y �\�h�^�h�j�h�^�Z, �&(x), �g�Z �m�q�Z�k�l�d�_ �h�l 0 �^�h �o (�\�d�e�x�q�Z�y x = L0). �J�Z�k�q�z�l �i�j�h�\�h-
�^�b�e�k�y �^�e�y �k�f�_�k�b �k �b�k�o�h�^�g�u�f �k�h�k�l�Z�\�h�f 0,57�G2+0,43N2, �i�h�l�h�d �d�h�l�h�j�h�c 
�k�h�k�l�Z�\�e�y�e J��  = 44,9 �k�f3(�g.�m.)/�k �b �i�h�^�Z�\�Z�e�k�y �g�Z �\�o�h�^ �f�_�f�[�j�Z�g�u �i�h� ̂ �^�Z�\�e�_�g�b�_�f 
1,3 M�I a �i�j�b �\�u�o�h�^�g�h�f �^�Z�\�e�_�g�b�b Pout = 0,1 M�I a.  
 

 
 
�J�b�k. 2. �J�Z�k�i�j�_�^�_�e�_�g�b�_ �i�Z�j�p�b�Z�e�v�g�h�]�h �^�Z�\�e�_�g�b�y �G2, PinH2(x) �i�h �^�e�b�g�_ �l�j�m�[�q�Z�l�h�c  
�f�_�f�[�j�Z�g�u �^�b�Z�f�_�l�j�h�f 6 �f�f   �b �^�e�b�g�h�c 27 �k�f, �j�Z�k�k�q�b�l�Z�g�g�h�_ �^�e�y �i�h�l�h�d�Z �k�f�_�k�b  
J��  = 44.9 �k�f3(�g.�m.)/�k �k �b�k�o�h�^�g�u�f �k�h�k�l�Z�\�h�f 0,57�G2+0,43N2, �i�h�^�Z�\�Z�_�f�h�c �i�h� ̂ �^�Z�\�e�_�g�b�_�f 
1,3 M�I a (�d�j�Z�k�g�u�_ �l�h�q�d�b, �i�j�Z�\�Z�y �h�k�v). �>�Z�\�e�_�g�b�_ �q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z �g�Z �\�u�o�h�^�g�h�c �k�l�h-
�j�h�g�_ Pout H2=0,1 M�I a. �I�j�b �j�Z�k�q�z�l�_ �d�h�w�n�n�b�p�b�_�g�l �:  �\ �m�j�Z�\�g�_�g�b�b (14) �[�u�e �\�a�y�l �j�Z�\�g�u�f 
0,38 (�l�b�i�b�q�g�h�_ �a�g�Z�q�_�g�b�_ �^�e�y �f�_�f�[�j�Z�g�g�u�o �h�[�j�Z�a�p�h�\ �\ �^�Z�g�g�h�c �j�Z�[�h�l�_). �A�^�_�k�v �`�_ �i�j�_�-̂ 
                 �k�l�Z�\�e�_�g�Z �k�l�_�i�_�g�v �b�a�\�e�_�q�_�g�b�y �\�h�^�h�j�h�^�Z, �&(x), �g�Z �m�q�Z�k�l�d�_ �h�l 0 �^�h �o  
 

�D�Z�d �f�h�`�g�h �\�b�^�_�l�v �i�j�b �^�Z�g�g�u�o �m�k�e�h�\�b�y�o �k�l�_�i�_�g�v �b�a�\�e�_�q�_�g�b�y �\�h�^�h�j�h�^�Z 
�^�e�y �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u �^�e�b�g�h�c 27 �k�f �k�h�k�l�Z�\�e�y�_�l 82 %, �q�l�h �[�e�b�a�d�h �d �l�_�h�j�_�l�b-



  �K�_�d�p�b�y 1 64

�q�_�k�d�h�f�m �i�j�_�^�_�e�m (�&max=0,94 �k�h�]�e�Z�k�g�h �m�j�Z�\�g�_�g�b�x (13)). �B�g�l�_�j�_�k�g�h, �q�l�h, �o�h�l�y �b�a 
�i�h�^�Z�\�Z�_�f�h�c �k�f�_�k�b �b�a�\�e�_�d�Z�_�l�k�y �i�h�q�l�b �\�_�k�v �\�h�^�h�j�h�^ (82%), �i�Z�j�p�b�Z�e�v�g�h�_ �^�Z�\�e�_-
�g�b�_ �G2 �k�g�b�`�Z�_�l�k�y �e�b�r�v �g�Z 35%, �Z �i�e�h�l�g�h�k�l�v �i�h�l�h�d�Z jp, �i�j�h�g�b�d�Z�x�s�_�]�h �\ �d�h�g�p�_ 
�l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u, �e�b�r�v �\ 1.3 �j�Z�a�Z �g�b�`�_, �q�_�f �\ �g�Z�q�Z�e�_ (�w�l�h �k�e�_�^�m�_�l �b�a (14)). 
�W�l�h �h�a�g�Z�q�Z�_�l, �q�l�h �^�e�y �m�d�Z�a�Z�g�g�u�o �\�u�r�_ �i�Z�j�Z�f�_�l�j�h�\ �k�f�_�k�b (�^�h�e�y �G2, �j�Z�k�o�h�^ �b 
�^�Z�\�e�_�g�b�_) �f�_�f�[�j�Z�g�Z �j�Z�[�h�l�Z�_�l �\�_�k�v�f�Z �w�n�n�_�d�l�b�\�g�h �b �_�z �^�Z�e�v�g�_�c�r�_�_ �m�^�e�b�g�_�g�b�_ 
�_�^�\�Z �e�b �p�_�e�_�k�h�h�[�j�Z�a�g�h.   

3. �F�_�l�h�^�b�d�Z �w�d�k�i�_�j�b�f�_�g�l�Z 

3.1. �F�_�f�[�j�Z�g�g�u�c �h�[�j�Z�a�_�p �b �d�h�g�k�l�j�m�d�p�b�y �f�_�f�[�j�Z�g�g�h�]�h �f�h�^�m�e�y 
�;�u�e �b�k�k�e�_�^�h�\�Z�g �h�[�j�Z�a�_�p �f�_�f�[�j�Z�g�u �b�a �H�P�D �k�i�e�Z�\�Z �\�Z�g�Z�^�b�y V-7,0�Z�l.%Pd. 

�>�Z�g�g�u�c �k�i�e�Z�\ �y�\�e�y�e�k�y �g�Z�b�[�h�e�_�_ �h�i�l�b�f�Z�e�v�g�u�f�b �k �l�h�q�d�b �a�j�_�g�b�y �m�k�l�h�c�q�b�\�h�k�l�b 
�f�_�f�[�j�Z�g�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �d �\�h�^�h�j�h�^�g�h�f�m �h�o�j�m�i�q�b�\�Z�g�b�x �\ �m�k�e�h�\�b�y�o �i�j�h�\�_�^�_�g�b�y 
�f�_�f�[�j�Z�g�g�h�]�h �w�d�k�i�_�j�b�f�_�g�l�Z: �^�Z�\�e�_�g�b�_ PH2 �” 0,9 �F�I�Z [23, 32, 39]. 

�N�h�l�h�]�j�Z�n�b�y �f�_�f�[�j�Z�g�g�h�]�h �h�[�j�Z�a�p�Z �b �w�k�d�b�a�g�u�c �q�_�j�l�z�` �f�_�f�[�j�Z�g�g�h�]�h �f�h-
�^�m�e�y �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k�m�g�d�_ 3. �F�_�f�[�j�Z�g�Z �b�f�_�_�l �n�h�j�f�m �l�j�m�[�d�b �^�b�Z�f�_�l�j�h�f 
6 �f�f , �^�e�b�g�h�c 270 �f�f  �b �l�h�e�s�b�g�h�c �k�l�_�g�d�b �§150 �f�d�f. �<�g�m�l�j�_�g�g�y�y (�\�o�h�^�g�Z�y) 
�b �\�g�_�r�g�y�y (�\�u�o�h�^�g�Z�y) �k�l�h�j�h�g�u �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u �i�h�d�j�u�l�u �o�b�f�b�q�_�k�d�b 
�h�k�Z�`�^�z�g�g�u�f �k�e�h�_�f �i�Z�e�e�Z�^�b�y �l�h�e�s�b�g�h�c �§ 1,5 �f�d�f (�j�b�k. 4). �H�^�b�g �b�a �d�h�g�p�h�\ 
�l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u (�e�_�\�u�c, �j�b�k. 3) �]�_�j�f�_�l�b�q�g�h (�i�m�l�z�f �k�\�Z�j�d�b) �k�h�_�^�b�g�z�g 
�k �i�_�j�_�o�h�^�h�f �b�a �g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�b, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�f �^�e�y �k�\�Z�j�g�h�]�h �i�j�b�k�h-
�_�^�b�g�_�g�b�y �d �]�Z�a�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�v�g�h�c �Z�j�f�Z�l�m�j�_, �^�j�m�]�h�c �d�h�g�_�p – �a�Z�]�e�m�r�z�g.  �D�h�g-
�k�l�j�m�d�p�b�y �f�_�f�[�j�Z�g�g�h�]�h �n�b�e�v�l�j�Z (�j�b�k. 3) �k�h�h�l�\�_�l�k�l�\�m�_�l �i�j�b�g�p�b�i�b�Z�e�v�g�h�c �k�o�_�f�_, 
�i�j�_�^�k�l�Z�\�e�_�g�g�h�c �g�Z �j�b�k�m�g�d�_ 1.  

 

 
 

 
�J�b�k. 3. �N�h�l�h�]�j�Z�n�b�y �h�[�j�Z�a�p�Z �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u �b�a �k�i�e�Z�\�Z V-7,0�Z�l.%Pd �b �w�k�d�b�a�g�u�c 

�q�_�j�l�z�` �f�_�f�[�j�Z�g�g�h�]�h �f�h�^�m�e�y 
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�J�b�k. 4. �N�h�l�h�]�j�Z�n�b�y �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b �o�b�f�b�q�_�k�d�b �h�k�Z�`�^�_�g�g�h�]�h �i�h�d�j�u�l�b�y 
 
�L�_�f�i�_�j�Z�l�m�j�Z �f�_�f�[�j�Z�g�u �f�h�`�_�l �\�Z�j�v�b�j�h�\�Z�l�v�k�y �\ �i�j�_�^�_�e�Z�o 300–450 �h�K. 

�F�_�f�[�j�Z�g�g�u�c �f�h�^�m�e�v �i�h�f�_�s�Z�_�l�k�y �\ �l�_�j�f�h�k�l�Z�l, �Z�\�l�h�f�Z�l�b�q�_�k�d�b �i�h�^�^�_�j�`�b�\�Z�x-
�s�b�c �a�Z�^�Z�g�g�m�x �l�_�f�i�_�j�Z�l�m�j�m �b �h�[�_�k�i�_�q�b�\�Z�x�s�b�c �_�z �j�Z�\�g�h�f�_�j�g�h�k�l�v �i�h �^�e�b�g�_ 
�f�_�f�[�j�Z�g�u �\ �i�j�_�^�_�e�Z�o ±5o. �I�h�^�Z�\�Z�_�f�Z�y �]�Z�a�h�\�Z�y �k�f�_�k�v �i�_�j�_�^ �\�o�h�^�h�f �\ �f�_�f�[�j�Z�g-
�g�u�c �n�b�e�v�l�j �i�h�^�h�]�j�_�\�Z�_�l�k�y �^�h �l�_�f�i�_�j�Z�l�m�j�u �f�_�f�[�j�Z�g�u.   

�J�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�Z �b �h�[�k�m�`�^�_�g�b�_ 

4.1.  �W�d�k�i�_�j�b�f�_�g�l�u �k �q�b�k�l�u�f �G2 
�G�Z �j�b�k�m�g�d�_ 5 �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�j�b �i�h�^�Z�q�_ 

�g�Z �\�o�h�^ �f�_�f�[�j�Z�g�u �l�_�o�g�b�q�_�k�d�b �q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z. �A�^�_�k�v �a�Z�\�b�k�b�f�h�k�l�v �i�e�h�l�g�h-
�k�l�b �i�h�l�h�d�Z �\�h�^�h�j�h�^�Z, jp, �i�j�h�g�b�d�Z�x�s�_�]�h �q�_�j�_�a �f�_�f�[�j�Z�g�m, �i�j�_�^�k�l�Z�\�e�_�g�Z �\ �d�h�h�j-
�^�b�g�Z�l�Z�o �j�Z�a�g�h�k�l�b �d�\�Z�^�j�Z�l�g�u�o �d�h�j�g�_�c �f�_�`�^�m �^�Z�\�e�_�g�b�y�f�b �\�h�^�h�j�h�^�Z �g�Z �\�o�h�^�g�h�c 
�b �\�u�o�h�^�g�h�c �k�l�h�j�h�g�Z�o �f�_�f�[�j�Z�g�u. �>�e�y �k�j�Z�\�g�_�g�b�y �i�j�b�\�_�^�_�g�u �e�b�l�_�j�Z�l�m�j�g�u�_ 
�^�Z�g�g�u�_ �^�e�y �f�_�f�[�j�Z�g�u �b�a �q�b�k�l�h�]�h Pd �Z�g�Z�e�h�]�b�q�g�h�c �l�h�e�s�b�g�u [40]. �W�d�k�i�_�j�b�f�_�g-
�l�Z�e�v�g�u�_ �^�Z�g�g�u�_ �i�h�e�m�q�_�g�u �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �f�_�f�[�j�Z�g�u �b�a �k�i�e�Z�\�Z V-7,0�Z�l.%Pd 
T = 370 °C, �e�b�l�_�j�Z�l�m�j�g�u�_ �^�Z�g�g�u�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �f�_�f�[�j�Z�g�u T = 350 °C, �^�Z�\-
�e�_�g�b�_ �g�Z �\�u�o�h�^�g�h�c �k�l�h�j�h�g�_ �f�_�f�[�j�Z�g �b �i�h�k�l�h�y�g�g�h�f �\�u�o�h�^�g�h�f �^�Z�\�e�_�g�b�b PoutH2 
�§ 0,1 �F�I a �D�Z�d �f�h�`�g�h �\�b�^�_�l�v, �m�^�_�e�v�g�Z�y �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �f�_�f�[�j�Z�g�u �b�a 
�k�i�e�Z�\�Z V-7,0�Z�l.%Pd �d�j�Z�l�g�h �\�u�r�_, �q�_�f �q�_�j�_�a �i�Z�e�e�Z�^�b�_�\�m�x �f�_�f�[�j�Z�g�m �i�j�b �i�h�q�l�b 
�h�^�b�g�Z�d�h�\�u�o �m�k�e�h�\�b�y�o.  

�I�j�_�^�k�l�Z�\�e�_�g�g�u�_ �g�Z �j�b�k. 5 �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_ �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v-
�g�h �h�i�b�k�u�\�Z�x�l�k�y �k�h�h�l�g�h�r�_�g�b�_�f �F�ã 
 L � #
 k
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o. �K�h�]�e�Z�k�g�h �k�d�Z�a�Z�g-
�g�h�f�m �\ �j�Z�a�^�_�e�_ 2.1, �w�l�h �f�h�`�_�l �h�a�g�Z�q�Z�l�v, �q�l�h �i�_�j�_�g�h�k �\�h�^�h�j�h�^�Z �q�_�j�_�a �f�_�f�[�j�Z�g�m 
�h�i�j�_�^�_�e�y�_�l�k�y �\ �h�k�g�h�\�g�h�f �k�l�Z�^�b�_�c �l�j�Z�g�k�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �i�_�j�_�g�h�k�Z �\�h�^�h�j�h�^�Z, 
�j�Z�k�l�\�h�j�_�g�g�h�]�h �\ �f�Z�l�_�j�b�Z�e�_ �f�_�f�[�j�Z�g�u, �Z �g�_ �Z�k�k�h�p�b�Z�l�b�\�g�h-�^�b�k�k�h�p�b�Z�l�b�\�g�u�f�b 
�i�j�h�p�_�k�k�Z�f�b �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�Z�e�e�Z�^�b�_�\�h�]�h �i�h�d�j�u�l�b�y. 
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�J�b�k. 5. �I�e�h�l�g�h�k�l�v �i�h�l�h�d�Z �G2, �i�j�h�g�b�d�Z�x�s�_�]�h �q�_�j�_�a �f�_�f�[�j�Z�g�m �b�a �k�i�e�Z�\�Z  
V-7,0�Z�l.%Pd, �Z �l�Z�d�`�_ �q�_�j�_�a �f�_�f�[�j�Z�g�m �b�a �q�b�k�l�h�]�h Pd [40] �i�j�b T = 370 °C �b �\�u�o�h�^�g�h�f 
           �^�Z�\�e�_�g�b�b Pout H2 = 0,1 �F�I a �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �j�Z�a�g�h�k�l�b �� ��2 2  inH outHP P��   

 
 

�<�f�_�k�l�_ �k �l�_�f, �f�h�`�g�h �\�b�^�_�l�v, �q�l�h �k�i�j�y�f�e�_�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g-
�g�u�o �\ �d�h�h�j�^�b�g�Z�l�Z�o �F�ã�1
k
¥�2�Ü�á�Á�6
F 
¥�2�â�è�ç�Á�6��
o �g�_ �i�j�b�\�h�^�b�l �\ �l�h�q�g�h�k�l�b �\ �g�Z�q�Z�e�h 
�d�h�h�j�^�b�g�Z�l (�j�b�k. 5). �W�l�h �f�h�`�_�l �h�a�g�Z�q�Z�l�v, �q�l�h �\�d�e�Z�^ �i�j�h�p�_�k�k�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b 
�\�k�z-�l�Z�d�b �g�_ �i�j�_�g�_�[�j�_�`�b�f, �h�k�h�[�_�g�g�h �i�j�b �f�Z�e�u�o �a�g�Z�q�_�g�b�y�o �i�_�j�_�i�Z�^�Z �^�Z�\�e�_�g�b�c 
�\�h�^�h�j�h�^�Z �f�_�`�^�m �\�o�h�^�g�h�c �b �\�u�o�h�^�g�h�c �k�l�h�j�h�g�Z�f�b �f�_�f�[�j�Z�g�u.  

�B�k�i�h�e�v�a�m�y �i�h�e�m�q�_�g�g�u�_ �a�g�Z�q�_�g�b�y �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z �\�h�^�h�j�h�^�Z, �i�j�h�g�b�d�Z-
�x�s�_�]�h �q�_�j�_�a �f�_�f�[�j�Z�g�m, �Z �l�Z�d�`�_ �e�b�l�_�j�Z�l�m�j�g�u�_ �^�Z�g�g�u�_ �i�h �l�j�Z�g�k�d�j�b�k�l�Z�e�e�b�q�_-
�k�d�h�f�m �i�_�j�_�g�h�k�m �\�h�^�h�j�h�^�Z �\ �H�P�D-�k�i�e�Z�\�Z�o V-Pd [32], �k �i�h�f�h�s�v�x �m�j�Z�\�g�_�g�b�y (1) 
�m�^�Z�e�h�k�v �h�p�_�g�b�l�v �\�_�e�b�q�b�g�m �\�_�j�h�y�l�g�h�k�l�b �^�b�k�k�h�p�b�Z�l�b�\�g�h�c �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e 
�\�h�^�h�j�h�^�Z �g�Z �i�Z�e�e�Z�^�b�_�\�h�f �i�h�d�j�u�l�b�b �. �§ 5,6*10–5. �D�Z�d �w�l�h �^�_�f�h�g�k�l�j�b�j�m�_�l�k�y �g�Z 
�j�b�k�m�g�d�_ 6, �l�Z�d�h�_ �a�g�Z�q�_�g�b�_ �. �\�i�h�e�g�_ �h�[�u�q�g�h �\ �k�e�m�q�Z�_ �i�h�^�Z�q�b �g�Z �\�o�h�^ �f�_�f�[�j�Z�g, 
�b�f�_�x�s�b�o �i�Z�e�e�Z�^�b�_�\�h�_ �i�h�d�j�u�l�b�_ �f�h�e�_�d�m�e�y�j�g�h�]�h �\�h�^�h�j�h�^�Z [19, 20, 32, 41].  

�< �k�e�m�q�Z�_ �Z�l�h�f�g�h-�q�b�k�l�h�c �i�h�\�_�j�o�g�h�k�l�b Pd �. �§ 1. �K�h�]�e�Z�k�g�h �b�k�k�e�_�^�h�\�Z�g�b�y�f, 
�i�j�h�\�_�^�_�g�g�u�f �k �f�_�f�[�j�Z�g�Z�f�b �b�a �f�_�l�Z�e�e�h�\ 5 �]�j�m�i�i�u, �i�h�d�j�u�l�u�o �i�Z�e�e�Z�^�b�_�f [19, 
20, 35–38], «�j�_�Z�e�v�g�Z�y» �i�h�\�_�j�o�g�h�k�l�v �i�h�d�j�u�l�b�y �i�j�b �j�Z�[�h�l�_ �f�_�f�[�j�Z�g�u �k �f�h�e�_�d�m-
�e�y�j�g�u�f �\�h�^�h�j�h�^�h�f �i�j�Z�d�l�b�q�_�k�d�b �\�k�_�]�^�Z �i�Z�k�k�b�\�b�j�h�\�Z�g�Z �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�f�b 
�i�j�b�f�_�k�y�f�b, �b, �\ �l�_�f�i�_�j�Z�l�m�j�g�h�f �^�b�Z�i�Z�a�h�g�_ 350–400 °�K �\�_�j�h�y�l�g�h�k�l�v �^�b�k�k�h�p�b�Z-
�l�b�\�g�h�c �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e �G2 �g�Z �i�Z�e�e�Z�^�b�_�\�h�f �i�h�d�j�u�l�b�b �j�Z�\�g�Z �. �§ 10–4, �q�l�h 
�\�i�h�e�g�_ �k�h�]�e�Z�k�m�_�l�k�y �k �j�Z�k�k�q�b�l�Z�g�g�u�f�b �a�g�Z�q�_�g�b�y�f�b �. �\ �g�Z�r�_�f �w�d�k�i�_�j�b�f�_�g�l�_. 
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�J�b�k. 6. �L�_�f�i�_�j�Z�l�m�j�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �\�_�j�h�y�l�g�h�k�l�b �^�b�k�k�h�p�b�Z�l�b�\�g�h�c �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e 
H2 �g�Z �i�Z�e�e�Z�^�b�_�\�h�f �i�h�d�j�u�l�b�b Pd �f�_�f�[�j�Z�g�u Pd-(V-7,0�Z�l.%Pd)-Pd �i�j�b �i�h�^�Z�q�_ �g�Z �\�o�h�^ 
�[�b�g�Z�j�g�u�o �k�f�_�k�_�c: 0,8H2 + 0,2N2, 0,8H2 + 0,2CO2, 0,8H2 + 0,2CO, 0,8H2 + 0,2CH4. �>�e�y  
    �k�j�Z�\�g�_�g�b�y �i�j�_�^�k�l�Z�\�e�_�g�u �e�b�l�_�j�Z�l�m�j�g�u�_ �^�Z�g�g�u�_ �^�e�y �k�e�m�q�Z�y �q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z [23] 
 

 
4.2. �W�d�k�i�_�j�b�f�_�g�l�u �k �^�\�m�o�d�h�f�i�h�g�_�g�l�g�u�f�b �k�f�_�k�y�f�b 
�W�d�k�i�_�j�b�f�_�g�l�u �k �m�]�e�_�j�h�^�k�h�^�_�j�`�Z�s�b�f�b �]�Z�a�Z�f�b �i�j�h�\�h�^�b�e�b�k�v �k �p�_�e�v�x 

�m�k�l�Z�g�h�\�b�l�v �k�i�_�p�b�n�b�q�_�k�d�b�_ (�o�b�f�b�q�_�k�d�b�_) �w�n�n�_�d�l�u �m�]�e�_�j�h�^�k�h�^�_�j�`�Z�s�b�o �d�h�f-
�i�h�g�_�g�l �]�Z�a�h�\�h�c �k�f�_�k�b, �i�h�e�m�q�Z�_�f�h�c �\ �j�_�a�m�e�v�l�Z�l�_ �i�Z�j�h�\�h�]�h �j�b�n�h�j�f�b�g�]�Z �K�G4 
(�K�H, �K�H2, �G2�H, �K�G4) �g�Z �d�Z�l�Z�e�b�l�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v �i�Z�e�e�Z�^�b�_�\�h�]�h �i�h�d�j�u�l�b�y 
(�b �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �f�_�f�[�j�Z�g�u). 

�>�e�y �h�p�_�g�d�b �o�b�f�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z �d�Z�`�^�h�]�h �b�a �i�_�j�_�q�b�k�e�_�g�g�u�o �m�]�e�_�j�h�^-
�k�h�^�_�j�`�Z�s�b�o �]�Z�a�h�\ �g�Z �d�Z�l�Z�e�b�l�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v �i�h�d�j�u�l�b�y �j�_�r�_�g�h �[�u�e�h �i�j�h-
�\�h�^�b�l�v �w�d�k�i�_�j�b�f�_�g�l �k �[�b�g�Z�j�g�u�f�b �k�f�_�k�y�f�b (�\�h�^�h�j�h�^ + �i�j�b�f�_�k�v). �>�e�y �h�i�j�_�^�_-
�e�_�g�b�y �\�_�j�o�g�_�c �]�j�Z�g�b�p�u �w�n�n�_�d�l�Z �l�h�c �b�e�b �b�g�h�c �b�a �i�_�j�_�q�b�k�e�_�g�g�u�o �d�h�f�i�h�g�_�g�l, 
�\ �[�b�g�Z�j�g�u�o �k�f�_�k�y�o �k�h�^�_�j�`�Z�g�b�_ �g�_ �\�h�^�h�j�h�^�g�h�c �d�h�f�i�h�g�_�g�l�u �a�Z�\�_�^�h�f�h �\�u�r�_, 
�q�_�f �k�h�^�_�j�`�Z�g�b�_ �w�l�h�c �d�h�f�i�h�g�_�g�l�u �\ �j�_�Z�e�v�g�u�o �k�f�_�k�y�o, �h�[�j�Z�a�m�_�f�u�o �i�j�b �i�Z�j�h-
�\�h�f �j�b�n�h�j�f�b�g�]�_ �f�_�l�Z�g�Z (20 % �i�j�b�f�_�k�v + 80 % �\�h�^�h�j�h�^). �< �^�Z�g�g�u�o �w�d�k�i�_�j�b-
�f�_�g�l�Z�o �g�_ �k�l�Z�\�b�e�Z�k�v �p�_�e�v �^�h�k�l�b�`�_�g�b�y �\�u�k�h�d�h�c �k�l�_�i�_�g�b �b�a�\�e�_�q�_�g�b�y. �G�Z�i�j�h�l�b�\, 
�^�e�y �l�h�]�h �q�l�h�[�u �b�a�f�_�g�_�g�b�_ �k�h�k�l�Z�\�Z �k�f�_�k�b �\�^�h�e�v �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u �g�_ �[�u�e�h 
�a�g�Z�q�b�l�_�e�v�g�u�f, �i�h�l�h�d �i�h�^�Z�\�Z�_�f�h�c �k�f�_�k�b (J��  = 30 �k�f3/�k �i�j�b �� = 0,8) �k�m�s�_�k�l�\�_�g-
�g�h �i�j�_�\�u�r�Z�e �l�h�l, �d�h�l�h�j�u�c �[�u �k�h�h�l�\�_�l�k�l�\�h�\�Z�e �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �l�j�m�[�q�Z�l�h�c 
�f�_�f�[�j�Z�g�u �^�Z�g�g�h�c �^�e�b�g�u �^�Z�`�_ �i�j�b �f�Z�d�k�b�f�Z�e�v�g�h�f �\�o�h�^�g�h�f �^�Z�\�e�_�g�b�b �k�f�_�k�b Pin 
(�k�f. �i�m�g�d�l 2.5).  
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4.2.1. �M�k�e�h�\�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �k �[�b�g�Z�j�g�u�f�b �k�f�_�k�y�f�b 
�K�h�]�e�Z�k�g�h �\�u�r�_�k�d�Z�a�Z�g�g�h�f�m, �i�Z�j�p�b�Z�e�v�g�Z�y �^�h�e�y �\�h�^�h�j�h�^�Z �\�h �\�k�_�o �k�f�_�k�y�o 

�k�h�k�l�Z�\�e�y�e�Z 0,8. �I�h�l�h�d �k�f�_�k�b �\ �f�_�f�[�j�Z�g�g�u�c �f�h�^�m�e�v �\�h �\�k�_�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �[�u�e 
�h�^�b�g �b �l�h�l �`�_: J��  = 30 �k�f3/�k (�k�h�h�l�\�_�l�k�l�\�_�g�g�h �i�Z�j�p�b�Z�e�v�g�u�_ �i�h�l�h�d�b �\�h�^�h�j�h�^�Z 
�b �g�_ �\�h�^�h�j�h�^�g�h�c �d�h�f�i�h�g�_�g�l�u �k�h�k�l�Z�\�e�y�e�b 24 �k�f3/�k �b 6 �k�f3/�k, �k�h�h�l�\�_�l�k�l�\�_�g�g�h). 
�I�j�b �i�h�k�l�h�y�g�g�h�f �i�h�l�h�d�_ �k�f�_�k�b �\ �i�j�h�p�_�k�k�_ �w�d�k�i�_�j�b�f�_�g�l�Z �\�Z�j�v�b�j�h�\�Z�e�h�k�v �\�o�h�^-
�g�h�_ �^�Z�\�e�_�g�b�_, �\ �l�h �\�j�_�f�y �d�Z�d �\�u�o�h�^�g�h�_ �^�Z�\�e�_�g�b�_ �h�k�l�Z�\�Z�e�h�k�v �i�h�k�l�h�y�g�g�u�f (�q�m�l�v 
�i�j�_�\�u�r�Z�x�s�b�f �Z�l�f�h�k�n�_�j�g�h�_ �^�Z�\�e�_�g�b�_). 

 
4.2.2. �W�d�k�i�_�j�b�f�_�g�l �k �g�_�c�l�j�Z�e�v�g�h�c �k�f�_�k�v�x H2+N2 
�I�h�k�d�h�e�v�d�m N2 �g�_ �h�d�Z�a�u�\�Z�_�l �d�Z�d�h�]�h-�e�b�[�h �\�h�a�^�_�c�k�l�\�b�y �g�Z �d�Z�l�Z�e�b�l�b�q�_�k�d�m�x 

�Z�d�l�b�\�g�h�k�l�v �i�Z�e�e�Z�^�b�y, �i�h�d�j�u�\�Z�x�s�_�]�h �\�o�h�^�g�m�x �i�h�\�_�j�o�g�h�k�l�v �f�_�f�[�j�Z�g�u, �k�f�_�k�v 
(�G2+N2) �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �\ �d�Z�q�_�k�l�\�_ �j�_�n�_�j�_�g�k�g�h�c �^�e�y �i�h�k�e�_�^�m�x�s�_�]�h �k�j�Z�\�g�_�g�b�y 
�k �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�f�b �k�f�_�k�y�f�b. �G�Z �j�b�k�m�g�d�_ 7 �i�j�_�^�k�l�Z�\�e�_�g�u �w�d�k�i�_�j�b�f�_�g-
�l�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �k�j�_�^�g�_�c �i�h �^�e�b�g�_ �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u �i�e�h�l�g�h�k�l�b �i�h�l�h�d�Z 
�\�h�^�h�j�h�^�Z, ���§�ã, �i�j�h�g�b�d�Z�x�s�_�]�h �q�_�j�_�a �f�_�f�[�j�Z�g�m �b�a �k�i�e�Z�\�Z  V-7.0�Z�l.%Pd �\ �a�Z�\�b�k�b-
�f�h�k�l�b �h�l �i�h�e�g�h�]�h �^�Z�\�e�_�g�b�y �k�f�_�k�b (0,8�G2+0,2N2), �i�h�^�Z�\�Z�_�f�h�c �\ �f�_�f�[�j�Z�g�g�u�c 
�f�h�^�m�e�v �^�e�y �l�j�z�o �l�_�f�i�_�j�Z�l�m�j: 350, 400 �b 450 °�K.  �A�^�_�k�v �`�_ �i�j�_�^�k�l�Z�\�e�_�g�u �w�d�k�i�_-
�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_ �^�e�y �k�e�m�q�Z�y, �d�h�]�^�Z �\. �f�_�f�[�j�Z�g�g�u�c �f�h�^�m�e�v �i�h�^�Z�z�l�k�y �q�b-
�k�l�u�c �G2 �i�j�b 350 �h�K.   

�I�j�_�`�^�_ �\�k�_�]�h, �f�h�`�g�h �\�b�^�_�l�v, �q�l�h �i�j�h�g�b�d�Z�x�s�b�c �i�h�l�h�d �i�j�Z�d�l�b�q�_�k�d�b �g�_ 
�a�Z�\�b�k�b�l �h�l �l�_�f�i�_�j�Z�l�m�j�u, �L, �q�l�h �\ �^�Z�g�g�h�c �h�[�e�Z�k�l�b �L �\�i�h�e�g�_ �h�[�u�q�g�h �^�e�y �f�_�f-
�[�j�Z�g �b�a �k�i�e�Z�\�h�\ �\�Z�g�Z�^�b�y, �i�h�d�j�u�l�u�o �i�Z�e�e�Z�^�b�_�f [32, 41].  

�J�Z�a�m�f�_�_�l�k�y, �i�e�h�l�g�h�k�l�v �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z �\ �k�e�m�q�Z�_ �i�h�^�Z�q�b �g�Z �\�o�h�^ 
�f�_�f�[�j�Z�g�u �k�f�_�k�b �g�b�`�_, �q�_�f �\ �k�e�m�q�Z�_ �i�h�^�Z�q�b �q�b�k�l�h�]�h �G2 �i�j�b �_�]�h �^�Z�\�e�_�g�b�b �j�Z�\-
�g�h�f �^�Z�\�e�_�g�b�x �k�f�_�k�b (�j�b�k�m�g�h�d 7). 

�J�Z�k�q�z�l (�i�m�g�d�l�b�j, �j�b�k�m�g�h�d 7) �^�e�y �k�f�_�k�b, �\�u�i�h�e�g�_�g�g�u�c �i�h �f�_�l�h�^�m, �h�i�b-

�k�Z�g�g�h�f�m �\�u�r�_  (�j�Z�a�^�_�e 2.3 �b 2.4) �\ �i�j�_�^�i�h�e�h�`�_�g�b�b, �q�l�h �F�ã 
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o, �]�^�_ �d�h�w�n�n�b�p�b�_�g�l �: , �g�Z�c�^�_�g  �b�a �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o �^�e�y �q�b-
�k�l�h�]�h �\�h�^�h�j�h�^�Z (�: = 0,38 �k�f3(�[�Z�j)0.5/�k�f2�k, �j�b�k�m�g�h�d 7), �^�Z�z�l �o�h�j�h�r�_�_ �i�j�b�[�e�b�`�_-
�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o �^�e�y �k�f�_�k�b (�j�b�k�m�g�h�d 7). �W�l�h �i�h�^�l�\�_�j�`�^�Z�_�l �h�l-
�k�m�l�k�l�\�b�_ �o�b�f�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z N2 �g�Z �d�Z�l�Z�e�b�l�b�q�_�k�d�m�x �Z�d�l�b�\�g�h�k�l�v �i�h�d�j�u�l�b�y 
(�\ �i�j�h�l�b�\�g�h�f �k�e�m�q�Z�_ �^�e�y �Z�i�i�j�h�d�k�b�f�Z�p�b�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o �i�h�l�j�_-
�[�h�\�Z�e�h�k�v �[�u �[�h�e�_�_ �g�b�a�d�h�_ �a�g�Z�q�_�g�b�_ �:).    

�>�Z�e�_�_ �i�h �f�_�l�h�^�m, �h�i�b�k�Z�g�g�h�f�m �\ �j�Z�a�^�_�e�_ 2.1, �k �i�h�f�h�s�v�x �m�j�Z�\�g�_�g�b�y (1) 
�k �m�q�z�l�h�f �^�Z�g�g�u�o �i�h �l�j�Z�g�k�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�f�m �i�_�j�_�g�h�k�m �\�h�^�h�j�h�^�Z �\ �H�P�D-
�k�i�e�Z�\�Z�o V-Pd [32] �g�Z�c�^�_�g�Z �\�_�j�h�y�l�g�h�k�l�v �^�b�k�k�h�p�b�Z�l�b�\�g�h�c �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e 
�G2, �., �i�j�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �f�_�f�[�j�Z�g�u �k�h �k�f�_�k�v�x 0,8�G2+0,2N2 �^�e�y �l�j�z�o �l�_�f�i�_-
�j�Z�l�m�j (350, 400 �b 450°�K). �I�h�e�m�q�_�g�g�u�_ �a�g�Z�q�_�g�b�y �. �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k�m�g�d�_ 6. 
�F�h�`�g�h �\�b�^�_�l�v, �q�l�h �h�g�b �h�`�b�^�Z�_�f�h �[�e�b�a�d�b �d �^�Z�g�g�u�f �^�e�y �q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z �d�Z�d 
�e�b�l�_�j�Z�l�m�j�g�u�f [23], �l�Z�d �b �i�h�e�m�q�_�g�g�u�f �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_.   
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�J�b�k. 7. �K�j�_�^�g�y�y �i�h �^�e�b�g�_ �f�_�f�[�j�Z�g�u �i�e�h�l�g�h�k�l�v �i�h�l�h�d�Z �G2, ���§�ã, �i�j�h�g�b�d�Z�x�s�_�]�h �q�_�j�_�a 
�f�_�f�[�j�Z�g�m �b�a �k�i�e�Z�\�Z V-7,0�Z�l.%Pd, �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l  �^�Z�\�e�_�g�b�y �k�f�_�k�b �]�Z�a�h�\ �g�Z �\�o�h�^�g�h�c 
�k�l�h�j�h�g�_ �f�_�f�[�j�Z�g�u PoutH2 = 0,1 �F�I a �i�h�^�Z�z�l�k�y �k�f�_�k�v 0,8�G2+0,2N2 �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
  350 �h�K, 400 �h�K �b 450 �h�K �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �i�h�^�Z�z�l�k�y �q�b�k�l�u�c �G2 �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 350°�h�K 
 

 
4.2.3. �W�d�k�i�_�j�b�f�_�g�l�u �k �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�f�b �[�b�g�Z�j�g�u�f�b �k�f�_�k�y�f�b 
�G�Z �j�b�k�m�g�d�_ 8 �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�h�\, �i�j�h�\�_�^�z�g�g�u�o 

�i�j�b �h�i�b�k�Z�g�g�u�o �\�u�r�_ �m�k�e�h�\�b�y�o (�j�Z�a�^�_�e 4.2.1) �k �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�f�b �m�]�e�_-
�j�h�^�k�h�^�_�j�`�Z�s�b�f�b �k�f�_�k�y�f�b 0,8�G2 + 0,2�K�H2, 0,8�G2 + 0,2�K�G4 �b 0,8�G2 + 0,2�K�H. 
�>�e�y �d�Z�`�^�h�c �k�f�_�k�b �k�j�_�^�g�y�y �i�h �^�e�b�g�_ �f�_�f�[�j�Z�g�u �i�e�h�l�g�h�k�l�v �i�h�l�h�d�Z ���ã
% �^�Z�g�Z �\ �a�Z-
�\�b�k�b�f�h�k�l�b �h�l �i�h�e�g�h�]�h �\�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y �k�f�_�k�b Pin (�l.�_. �l�Z�d �d�Z�d �w�l�h �g�_�i�h�k�j�_�^-
�k�l�\�_�g�g�h �g�Z�[�e�x�^�Z�_�l�k�y �\ �w�d�k�i�_�j�b�f�_�g�l�_) �b �h�l �j�Z�a�g�h�k�l�b �d�\�Z�^�j�Z�l�g�u�o �d�h�j�g�_�c �f�_� -̀
�^�m �i�Z�j�p�b�Z�e�v�g�u�f �^�Z�\�e�_�g�b�_�f �\�h�^�h�j�h�^�Z �g�Z �\�o�h�^�g�h�c �k�l�h�j�h�g�_ �f�_�f�[�j�Z�g�u �b �^�Z�\�e�_-
�g�b�_�f �\�h�^�h�j�h�^�Z �g�Z �\�u�o�h�^�g�h�c �k�l�h�j�h�g�_ �f�_�f�[�j�Z�g�u,��
k
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�I�Z�j�Z�f�_�l�j�h�f �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �k�_�f�_�c�k�l�\ �d�j�b�\�u�o (�b�a�h�l�_�j�f) �y�\�e�y�_�l�k�y �l�_�f�i�_�j�Z�l�m-
�j�Z (300, 350, 400 �b 450 °�K). �>�Z�g�g�u�_ �^�e�y �d�Z�`�^�h�c �b�a �i�_�j�_�q�b�k�e�_�g�g�u�o �o�b�f�b�q�_�k�d�b 
�Z�d�l�b�\�g�u�o �k�f�_�k�_�c �k�j�Z�\�g�b�\�Z�x�l�k�y �k �^�Z�g�g�u�f�b �^�e�y �g�_�c�l�j�Z�e�v�g�h�c �k�f�_�k�b 
0,8�G2 + 0,2N2, �i�h�e�m�q�_�g�g�u�f�b �i�j�b �l�_�o �`�_ �m�k�e�h�\�b�y�o (�j�b�k. 7). �>�Z�g�g�u�_ �^�e�y �o�b�f�b�q�_-
�k�d�b �Z�d�l�b�\�g�u�o �k�f�_�k�_�c �h�[�h�a�g�Z�q�Z�x�l�k�y �l�j�_�m�]�h�e�v�g�u�f�b �k�b�f�\�h�e�Z�f�b, �^�Z�g�g�u�_ �^�e�y 
�g�_�c�l�j�Z�e�v�g�h�c �k�f�_�k�b – �a�\�z�a�^�Z�f�b.  

�:�i�j�b�h�j�b �f�h�`�g�h �i�j�_�^�i�h�e�Z�]�Z�l�v, �q�l�h �l�Z�d�b�_ �o�b�f�b�q�_�k�d�b �h�l�g�h�k�b�l�_�e�v�g�h �[�h�e�_�_ 
�k�l�Z�[�b�e�v�g�u�_ �f�h�e�_�d�m�e�u �d�Z�d �K�H2 �b �K�G4 �k�d�h�j�_�_ �[�m�^�m�l �\�_�k�l�b �k�_�[�y �d�Z�d �g�_�c�l�j�Z�e�v�g�u�_ 
(�i�h�^�h�[�g�h N2) �b �\ �h�l�e�b�q�b�_, �g�Z�i�j�b�f�_�j, �h�l �K�H, �\ �^�b�Z�i�Z�a�h�g�_ �j�Z�[�h�q�b�o �l�_�f�i�_�j�Z�l�m�j 
�f�_�f�[�j�Z�g �b�a �\�Z�g�Z�^�b�_�\�u�o �k�i�e�Z�\�h�\ (300–400 °�K).  

�H�^�g�Z�d�h, �l�Z�d�h�]�h �j�h�^�Z �k�h�h�[�j�Z�`�_�g�b�y �k�d�h�j�_�_ �i�j�b�f�_�g�b�f�u �d �q�b�k�l�h�c �i�h�\�_�j�o-
�g�h�k�l�b �i�Z�e�e�Z�^�b�y, �^�e�y �d�h�l�h�j�h�c �. – �\�_�e�b�q�b�g�Z �f�Z�k�r�l�Z�[�Z 1, �g�_ �a�Z�\�b�k�y�s�Z�y �h�l �l�_�f�i�_-
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�j�Z�l�m�j�u [35–38]. �H�^�g�Z�d�h, �\ �l�b�i�b�q�g�u�o �f�_�f�[�j�Z�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �\�_�j�h�y�l�g�h�k�l�v 
�^�b�k�k�h�p�b�Z�l�b�\�g�h�c �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e �G2 �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�e�b�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h 
�i�Z�e�e�Z�^�b�y (�i�Z�e�e�Z�^�b�_�\�h�]�h �i�h�d�j�u�l�b�y) �e�_�`�b�l �\ �i�j�_�^�_�e�Z�o �h�l 10–5 �^�h 2�„10–4 �b �k�b�e�v�g�h 
(�w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h) �a�Z�\�b�k�b�l �h�l �L (�j�b�k. 6, [19, 20]). �W�l�h �h�a�g�Z�q�Z�_�l, �q�l�h �i�h�\�_�j�o-
�g�h�k�l�v �i�Z�e�e�Z�^�b�y �^�Z�`�_ �\ �m�k�e�h�\�b�y�o �e�Z�[�h�j�Z�l�h�j�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �k �q�b�k�l�u�f �\�h�^�h-
�j�h�^�h�f (�j�b�k. 5) �i�h�d�j�u�l�Z �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�f�b �i�j�b�f�_�k�y�f�b.  �K�h�h�l�\�_�l�k�l�\�_�g�g�h, �o�_�f�h-
�k�h�j�[�p�b�y �b �d�Z�l�Z�e�b�l�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u �i�j�h�b�k�o�h�^�y�l �g�Z �g�_�d�b�o �Z�d�l�b�\�g�u�o �p�_�g�l�j�Z�o, 
�i�j�b�j�h�^�Z �d�h�l�h�j�u�o �g�_ �\�i�h�e�g�_ �y�k�g�Z �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �^�e�y �h�i�j�_�^�_�e�_�g�b�y �o�b�f�b�q�_-
�k�d�h�]�h �w�n�n�_�d�l�Z �l�_�o �b�e�b �b�g�u�o �f�h�e�_�d�m�e �l�j�_�[�m�_�l�k�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_ �b�k�k�e�_�^�h-
�\�Z�g�b�_ (�b �m� ̀�\�h �\�k�y�d�h�f �k�e�m�q�Z�_ �g�_ �i�h�e�m�q�_�g�g�u�_ �a�g�Z�q�_�g�b�y �d�b�g�_�l�b�q�_�k�d�b�o �i�Z�j�Z�f�_�l-
�j�h�\ �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e �G2  [42], �d�h�l�h�j�u�_ �^�_�e�Z�x�l�k�y �b�k�d�e�x�q�b�l�_�e�v�g�h �b �l�h�e�v�d�h 
�^�e�y �h�i�j�_�^�_�e�z�g�g�u�o �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �]�j�Z�g�_�c �Z�l�h�f�g�h �q�b�k�l�h�c �i�h�\�_�j�o�g�h�k�l�b �Z�[�k�h-
�e�x�l�g�h �g�_ �j�_�e�_�\�Z�g�l�g�u �\ �m�k�e�h�\�b�y�o �g�Z�r�_�]�h �w�d�k�i�_�j�b�f�_�g�l�Z).  

�F�h�`�g�h �\�b�^�_�l�v (�j�b�k. 8), �q�l�h �a�Z�f�_�g�Z N2 �g�Z �K�H2 �b�e�b �K�G4 �i�j�b�\�h�^�b�l 
�d �\�i�h�e�g�_ �a�Z�f�_�l�g�h�f�m, �o�h�l�y �b �g�_ �j�Z�^�b�d�Z�e�v�g�h�f�m �k�g�b�`�_�g�b�x �k�j�_�^�g�_�c �i�e�h�l�g�h�k�l�b 
�i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z. �W�l�h �h�a�g�Z�q�Z�_�l, �q�l�h, �\ �h�l�e�b�q�b�_ �h�l N2, �K�H2 �b �K�G4 �k�g�b�`�Z�x�l 
�\�_�j�h�y�l�g�h�k�l�v �^�b�k�k�h�p�b�Z�l�b�\�g�h�c �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e �G2 �g�Z �i�Z�e�e�Z�^�b�_�\�h�f �i�h�d�j�u�l�b�b 
�\�o�h�^�g�h�c �i�h�\�_�j�o�g�h�k�l�b. �<�e�b�y�g�b�_ �K�H, �K�H2 �b �K�G4 �i�j�_�^�k�l�Z�\�e�_�g�h �\ �Z�j�j�_�g�b�m�k�h�\-
�k�d�b�o �d�h�h�j�^�b�g�Z�l�Z�o �g�Z �j�b�k�m�g�d�_ 6. 

�B�g�l�_�j�_�k�g�h �h�l�f�_�l�b�l�v, �q�l�h �g�_�k�f�h�l�j�y �g�Z �l�h, �q�l�h, �[�e�Z�]�h�^�Z�j�y �i�j�b�k�m�l�k�l�\�b�x 
�K�H2, �w�n�n�_�d�l�u �i�h�\�_�j�o�g�h�k�l�b �a�Z�f�_�l�g�h �k�g�b�`�Z�x�l �i�j�h�g�b�d�Z�x�s�b�c �i�h�l�h�d (�\ �§ 2 �j�Z�a�Z 
�i�h�q�l�b �g�_�a�Z�\�b�k�b�f�h �h�l �L)),  �a�Z�\�b�k�b�f�h�k�l�v jp �h�l �j�Z�a�g�h�k�l�b �d�h�j�g�_�c �b�a �\�o�h�^�g�h�]�h �b �\�u-
�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�c �k�i�j�y�f�e�y�_�l�k�y �\ �d�h�h�j�^�b�g�Z�l�Z�o  �F�É�1
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�g�h�d 8, �i�j�Z�\�u�_ �]�j�Z�n�b�d�b) �b �i�j�b �w�l�h�f �i�h�e�m�q�_�g�g�u�_ �l�Z�d�b�f �h�[�j�Z�a�h�f �i�j�y�f�u�_ �i�j�h�o�h-
�^�y�l �h�q�_�g�v �[�e�b�a�d�h �h�l �g�Z�q�Z�e�Z �d�h�h�j�^�b�g�Z�l. (�j�Z�a�g�b�p�Z �f�_�`�^�m �^�Z�\�e�_�g�b�y�f�b �g�Z �\�o�h�^-
�g�h�c �b �\�u�o�h�^�g�h�c �k�l�h�j�h�g�Z�o �f�_�f�[�j�Z�g�u �k�l�j�_�f�b�l�k�y �d �g�m�e�x, �^�Z�\�e�_�g�b�_ �g�Z �\�u�o�h�^�g�h�c 
�k�l�h�j�h�g�_ �f�_�f�[�j�Z�g�u 0,1 �F�I�Z). �W�l�h �g�Z�]�e�y�^�g�h �^�_�f�h�g�k�l�j�b�j�m�_�l, �q�l�h �l�Z�d�h�_ �k�i�j�y�f-
�e�_�g�b�_ �h�l�g�x�^�v �g�_ �h�a�g�Z�q�Z�_�l, �q�l�h �w�n�n�_�d�l�u �i�h�\�_�j�o�g�h�k�l�b �i�j�_�g�_�[�j�_�`�b�f�u �\ �i�j�h�p�_�k-
�k�_ �l�j�Z�g�k�f�_�f�[�j�Z�g�g�h�]�h �i�_�j�_�g�h�k�Z �G2, �d�Z�d �w�l�h �h�[�u�q�g�h �i�j�b�g�y�l�h �k�q�b�l�Z�l�v.  

�;�e�Z�]�h�^�Z�j�y �g�_�g�Z�k�u�s�_�g�g�h�c �o�b�f�b�q�_�k�d�h�c �k�\�y�a�b, �K�H �Z�i�j�b�h�j�b �i�j�_�^�k�l�Z�\�e�y�_�l-
�k�y �[�h�e�_�_ �k�b�e�v�g�u�f �b�g�]�b�[�b�l�h�j�h�f �^�b�k�k�h�p�b�Z�l�b�\�g�h�c �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e �G2, �q�_�f 
�K�H2 �b �K�G4. �G�Z�i�j�b�f�_�j, �K�H2 �b �K�G4 �i�j�Z�d�l�b�q�_�k�d�b �g�_ �\�e�b�y�x�l �g�Z �j�Z�[�h�l�m PEMFC, 
�l�h�]�^�Z �d�Z�d  �K�H �y�\�e�y�_�l�k�y �k�b�e�v�g�_�c�r�b�f �d�Z�l�Z�e�b�l�b�q�_�k�d�b�f �y�^�h�f, �b�g�]�b�[�b�j�m�x�s�b�f 
�^�b�k�k�h�p�b�Z�l�b�\�g�m�x �o�_�f�h�k�h�j�[�p�b�x �f�h�e�_�d�m�e  �G2 �g�Z �i�e�Z�l�b�g�h�\�h�f �i�h�d�j�u�l�b�b  PEMFC. 
�K �^�j�m�]�h�c �k�l�h�j�h�g�u, �_�k�e�b �i�j�h�^�h�e�`�Z�l�v �w�l�m �Z�g�Z�e�h�]�b�x, �l�h �k�j�_�^�k�l�\�h�f �i�j�_�h�^�h�e�_�g�b�y 
�w�l�h�c �i�j�h�[�e�_�f�u �y�\�e�y�_�l�k�y �i�h�\�u�r�_�g�b�_ �j�Z�[�h�q�_�c �l�_�f�i�_�j�Z�l�m�j�u PEMFC: �h�l �§ 80 °C 
�\ �k�e�m�q�Z�_ �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �^�h 200 °�K �\ �k�e�m�q�Z�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o 
PEMFC [43]. �J�Z�[�h�q�Z�y �l�_�f�i�_�j�Z�l�m�j�Z �f�_�f�[�j�Z�g �b�a �\�Z�g�Z�^�b�_�\�u�o �k�i�e�Z�\�h�\ �k �i�Z�e�e�Z�^�b-
�_�\�u�f �i�h�d�j�u�l�b�_�f �_�s�z �\�u�r�_ (300–400 °�K) �b �f�h�`�g�h �g�Z�^�_�y�l�v�k�y, �q�l�h �w�n�n�_�d�l�u �K�H 
�g�_ �[�m�^�m�l �k�e�b�r�d�h�f �k�b�e�v�g�u�f�b �^�Z�`�_ �\ �h�l�k�m�l�k�l�\�b�_ �\�h�^�y�g�h�]�h �i�Z�j�Z. 

�F�h�`�g�h �\�b�^�_�l�v (�j�b�k. 7), �q�l�h �a�Z�f�_�g�Z N2 �g�Z �K�H �i�j�b�\�h�^�b�l �d �w�n�n�_�d�l�m �l�h�]�h 
�`�_ �f�Z�k�r�l�Z�[�Z, �q�l�h �b �\ �k�e�m�q�Z�_ �K�H2 (�j�b�k. 8), �g�h �k �[�h�e�_�_ �\�u�j�Z�`�_�g�g�h�c �l�_�f�i�_�j�Z�l�m�j-
�g�h�c �a�Z�\�b�k�b�f�h�k�l�v�x: �i�j�b 400 °�K �b �h�k�h�[�_�g�g�h �i�j�b 450 °�K �g�Z�[�e�x�^�Z�_�l�k�y �e�b�r�v �g�_-
�k�m�s�_�k�l�\�_�g�g�h�_ �k�g�b�`�_�g�b�_ �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z, �g�h �i�j�b �k�g�b�`�_�g�b�b �L �^�h 300 °�K 
�F�É �i�Z�^�Z�_�l �m�`�_ �a�Z�f�_�l�g�h �k�b�e�v�g�_�_, �q�_�f �\ �k�e�m�q�Z�_ �K�H2 (�\ �§ 2,5 �j�Z�a�Z). �K�h�h�l�\�_�l�k�l�\�_�g-
�g�h, �\ �k�e�m�q�Z�_ �k�f�_�k�b 0,8 �G2 + 0,2 �K�H �b�f�_�_�l �f�_�k�l�h �[�h�e�_�_ �k�b�e�v�g�Z�y �l�_�f�i�_�j�Z�l�m�j�g�Z�y 
�a�Z�\�b�k�b�f�h�k�l�v �\�_�j�h�y�l�g�h�k�l�b �^�b�k�k�h�p�b�Z�l�b�\�g�h�c �Z�[�k�h�j�[�p�b�b �f�h�e�_�d�m�e �G2, �. (�j�b�k. 6).  
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0.8H2 + 0.2CO2 
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�J�b�k. 8. �K�j�_�^�g�y�y �i�h �^�e�b�g�_ �l�j�m�[�q�Z�l�h�c �f�_�f�[�j�Z�g�u �i�e�h�l�g�h�k�l�v �i�h�l�h�d�Z �G2, �i�j�h�g�b�d�Z�x�s�_�]�h 
�q�_�j�_�a �f�_�f�[�j�Z�g�m Pd-(V-7,0�Z�l.%Pd)-Pd �b�a �k�f�_�k�_�c 0,8�G2+0,2�K�H2, 0,8�G2+0,2�K�G4  
                              �b  0,8�G2+0,2�K�H �\ �k�j�Z�\�g�_�g�b�b �k�h �k�f�_�k�v�x 0,8�G2+0,2N2 

 

 
�< �j�Z�f�d�Z�o �^�Z�g�g�h�c �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �w�n�n�_�d�l �K�H �[�u�e �i�h�e�g�h�k�l�v�x �h�[�j�Z-

�l�b�f�u�f: �a�Z�f�_�g�Z �k�f�_�k�b 0,8�G2 + 0,2�K�H �g�Z 0,8�G2 + 0,2N2 �i�j�b�\�h�^�b�e�Z �d �\�h�k�k�l�Z�g�h�\-
�e�_�g�b�x �i�e�h�l�g�h�k�l�b �i�j�h�g�b�d�Z�x�s�_�]�h �i�h�l�h�d�Z jp.  
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�B�a �k�d�Z�a�Z�g�g�h�]�h �f�h�`�g�h �a�Z�d�e�x�q�b�l�v, �q�l�h, �i�h �d�j�Z�c�g�_�c �f�_�j�_, �h�k�g�h�\�g�h�c �f�_�o�Z-
�g�b�a�f �k�g�b�`�_�g�b�y jp �i�h� ̂ �^�_�c�k�l�\�b�_�f �K�H – �w�l�h �h�[�j�Z�l�b�f�Z�y �o�_�f�h�k�h�j�[�p�b�y �f�h�e�_�d�m�e  
�K�H �g�Z �l�_�o �p�_�g�l�j�Z�o �i�h�\�_�j�o�g�h�k�l�b �i�Z�e�e�Z�^�b�_�\�h�]�h �i�h�d�j�u�l�b�y, �q�_�j�_�a �d�h�l�h�j�u�_ �i�j�h-
�b�k�o�h�^�b�l �^�b�k�k�h�p�b�Z�l�b�\�g�Z�y �Z�[�k�h�j�[�p�b�y �f�h�e�_�d�m�e �G2, �Z �g�Z�[�e�x�^�Z�_�f�Z�y �l�_�f�i�_�j�Z�l�m�j�g�Z�y 
�a�Z�\�b�k�b�f�h�k�l�v �w�n�n�_�d�l�Z �K�H – �w�l�h �l�_�f�i�_�j�Z�l�m�j�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �k�l�_�i�_�g�b �i�h�d�j�u�l�b�y 
�m�d�Z�a�Z�g�g�u�o �Z�d�l�b�\�g�u�o �p�_�g�l�j�h�\ �o�_�f�h�k�h�j�[�b�j�h�\�Z�g�g�u�f�b �f�h�e�_�d�m�e�Z�f�b �K�H, �d�h�l�h�j�u�_ 
�g�Z�o�h�^�b�l�k�y �\ �^�b�g�Z�f�b�q�_�k�d�h�f �j�Z�\�g�h�\�_�k�b�b �k �f�h�e�_�d�m�e�Z�f�b �K�H �\ �]�Z�a�h�\�h�c �n�Z�a�_.    

�M�q�b�l�u�\�Z�y, �q�l�h �h�[�e�Z�k�l�v �h�i�l�b�f�Z�e�v�g�u�o �j�Z�[�h�q�b�o �l�_�f�i�_�j�Z�l�m�j �f�_�f�[�j�Z�g �b�a 
�\�Z�g�Z�^�b�_�\�u�o �k�i�e�Z�\�h�\ �k �i�Z�e�e�Z�^�b�_�\�u�f �i�h�d�j�u�l�b�_�f – �w�l�h 340–370 °�K, �f�h�`�g�h �a�Z-
�d�e�x�q�b�l�v, �q�l�h �^�Z�`�_ �\ �h�l�k�m�l�k�l�\�b�_ �i�Z�j�Z �w�n�n�_�d�l �K�H �g�Z �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �f�_�f-
�[�j�Z�g Pd-(V-Pd)-Pd �h�l�g�h�k�b�l�_�e�v�g�h �g�_�\�_�e�b�d. �K�h�h�l�\�_�l�k�l�\�_�g�g�h, �\�i�h�e�g�_ �\�h�a�f�h�`�g�h 
�j�Z�k�k�f�Z�l�j�b�\�Z�l�v �\�h�a�f�h�`�g�h�k�l�v �\�u�^�_�e�_�g�b�y �\�h�^�h�j�h�^�Z �b�a �i�j�h�^�m�d�l�h�\ �i�Z�j�h�\�h�c �d�h�g-
�\�_�j�k�b�b �K�G4 �e�b�[�h �\�h�\�k�_ �g�_ �b�k�i�h�e�v�a�m�y �d�h�g�\�_�j�k�b�x �K�H (�l.�_. �i�j�h�\�h�^�b�l�v �i�Z�j�h�\�m�x 
�d�h�g�\�_�j�k�b�x �K�G4 �\ �h�^�g�m �k�l�Z�^�b�x), �e�b�[�h, �\ �d�j�Z�c�g�_�f �k�e�m�q�Z�_, �b�k�i�h�e�v�a�m�y �e�b�r�v �h�^�g�m 
(�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�m�x) �k�l�Z�^�b�x WGS (�[�_�a �^�Z�e�v�g�_�c�r�_�c �[�h�e�_�_ �]�e�m�[�h�d�h�c �h�q�b�k�l-
�d�b �d�h�g�\�_�j�k�b�h�g�g�h�c �k�f�_�k�b �h�l �K�H �\ �i�h�k�e�_�^�m�x�s�b�o �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o WGS 
�j�_�Z�d�l�h�j�Z�o) [34].   

�G�Z �k�Z�f�h�f �^�_�e�_ �k�b�l�m�Z�p�b�y �[�h�e�_�_ �[�e�Z�]�h�i�j�b�y�l�g�Z. �K�g�b�`�_�g�b�x �g�_�]�Z�l�b�\�g�h�]�h 
�w�n�n�_�d�l�Z �K�H �k�i�h�k�h�[�k�l�\�m�_�l �i�Z�j, �d�h�l�h�j�u�c �\�k�_�]�^�Z �i�j�b�k�m�l�k�l�\�m�_�l �\ �d�h�g�\�_�j�k�b�h�g�g�h�c 
�k�f�_�k�b �k �h�i�j�_�^�_�e�z�g�g�u�f �b�a�[�u�l�d�h�f (�^�e�y �i�j�_�^�h�l�\�j�Z�s�_�g�b�y �g�Z�m�]�e�_�j�h�`�b�\�Z�g�b�y �d�Z-
�l�Z�e�b�a�Z�l�h�j�h�\). �G�Z�i�j�b�f�_�j, �l�b�i�b�q�g�h�_ �a�g�Z�q�_�g�b�_ �h�l�g�h�r�_�g�b�y steam-carbon �i�j�b �i�Z-
�j�h�\�h�c �d�h�g�\�_�j�k�b�b �K�G4 S/C = 3, �l�h�]�^�Z �d�Z�d �i�h �m�j�Z�\�g�_�g�b�x �j�_�Z�d�p�b�b �^�h�k�l�Z�l�h�q�g�h   
S/C = 2. �L�Z�d�b�f �h�[�j�Z�a�h�f, �f�h�`�g�h �j�Z�k�k�q�b�l�u�\�Z�l�v �g�Z �l�h, �q�l�h �i�j�b �i�j�b�f�_�g�_�g�b�b �f�_�f-
�[�j�Z�g �b�a �k�i�e�Z�\�h�\ V-Pd �^�e�y �\�u�^�_�e�_�g�b�y �G2 �b�a �i�j�h�^�m�d�l�h�\ �i�Z�j�h�\�h�c �d�h�g�\�_�j�k�b�b �K�G4 
�w�n�n�_�d�l �K�H �[�m�^�_�l �k�m�s�_�k�l�\�_�g�g�h �g�b�`�_, �q�_�f �g�Z�[�e�x�^�Z�\�r�b�c�k�y �\ �h�i�b�k�Z�g�g�h�f �\�u�r�_ 
�w�d�k�i�_�j�b�f�_�g�l�_,  �b�e�b �_�]�h �g�_ �[�m�^�_�l �\�h�\�k�_.  

�K �^�j�m�]�h�c �k�l�h�j�h�g�u, �i�Z�j �j�Z�a�[�Z�\�e�y�_�l �d�h�g�\�_�j�k�b�h�g�g�m�x �k�f�_�k�v �b, �k�g�b�`�Z�y �l�Z-
�d�b�f �h�[�j�Z�a�h�f �i�Z�j�p�b�Z�e�v�g�h�_ �^�Z�\�e�_�g�b�_ �G2, �k�g�b�`�Z�_�l �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �f�_�f�[�j�Z-
�g�u. �I�h�w�l�h�f�m, �i�h �d�j�Z�c�g�_�c �f�_�j�_ �q�Z�k�l�b�q�g�h, �b�a�[�u�l�h�d �i�Z�j�Z, �g�_�h�[�o�h�^�b�f�u�c �^�e�y �k�l�Z-
�[�b�e�v�g�h�c �j�Z�[�h�l�u �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �i�Z�j�h�\�h�c �d�h�g�\�_�j�k�b�b �K�G4, �[�u�e�h �[�u �i�h�e�_�a�g�h �i�_-
�j�_� ̂ �\�o�h�^�h�f �\ �f�_�f�[�j�Z�g�g�u�c �f�h�^�m�e�v �k�d�h�g�^�_�g�k�b�j�h�\�Z�l�v [39]. �J�_�a�m�e�v�l�Z�l�u 
�h�i�b�k�Z�g�g�h�]�h �\�u�r�_ �w�d�k�i�_�j�b�f�_�g�l�Z �k�h �k�f�_�k�v�x �G2+�K�H �\ �h�l�k�m�l�k�l�\�b�b �i�Z�j�Z �i�h�d�Z-
�a�u�\�Z�x�l, �q�l�h �w�l�h �\�i�h�e�g�_ �\�h�a�f�h�`�g�u�c �i�m�l�v �i�h�\�u�r�_�g�b�y �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b 
�f�_�f�[�j�Z�g�g�h�c �k�b�k�l�_�f�u.   

�<�u�\�h�^�u 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �f�_�f�[�j�Z�g �b�a 
�H�P�D �k�i�e�Z�\�h�\ �\�Z�g�Z�^�b�y �k �i�h�g�b�`�_�g�g�h�c �j�Z�k�l�\�h�j�b�f�h�k�l�v�x �\�h�^�h�j�h�^�Z, �i�h�d�j�u�l�u�o 
�i�Z�e�e�Z�^�b�_�f, �g�_ �k�g�b�`�Z�_�l�k�y �j�Z�^�b�d�Z�e�v�g�h �i�j�b �g�Z�e�b�q�b�b �\ �\�h�^�h�j�h�^�_ �\ �[�h�e�v�r�h�f �d�h-
�e�b�q�_�k�l�\�_ �m�]�e�_�j�h�^�k�h�^�_�j�`�Z�s�b�o �]�Z�a�h�\ (�\�d�e�x�q�Z�y �K�H) �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 400 °�K. 
�H�`�b�^�Z�_�l�k�y, �q�l�h �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �f�_�f�[�j�Z�g�u �i�j�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �k �j�_�Z�e�v-
�g�h�c �d�h�g�\�_�j�k�b�h�g�g�h�c �k�f�_�k�v�x �\ �m�k�e�h�\�b�y�o �w�d�k�i�e�m�Z�l�Z�p�b�b �f�_�l�Z�e�e�b�q�_�k�d�b�o �f�_�f�[�j�Z�g 
�[�m�^�_�l �e�b�r�v �g�_�f�g�h�]�h �g�b�`�_, �q�_�f �\ �k�e�m�q�Z�_ �_�_ �j�Z�[�h�l�u �k �o�b�f�b�q�_�k�d�b �g�_�c�l�j�Z�e�v�g�h�c 
�k�f�_�k�v�x. �G�Z�b�[�h�e�v�r�b�f �o�b�f�b�q�_�k�d�b�f �w�n�n�_�d�l�h�f �\ �h�l�g�h�r�_�g�b�b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c 
�Z�d�l�b�\�g�h�k�l�b �i�Z�e�e�Z�^�b�_�\�h�]�h �i�h�d�j�u�l�b�y �h�[�e�Z�^�Z�_�l �K�H, �h�^�g�Z�d�h �w�l�h�l �w�n�n�_�d�l �g�Z�]�e�y-
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�^�_�g �e�b�r�v �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �g�b�`�_ 400 °�K. �L�Z�d�b�f �h�[�j�Z�a�h�f, �^�e�y �j�Z�[�h�l�u �f�_�f-
�[�j�Z�g�g�u�o �n�b�e�v�l�j�h�\ �b�a �H�P�D �k�i�e�Z�\�h�\ �\�Z�g�Z�^�b�y �g�_ �l�j�_�[�m�_�l�k�y �k�i�_�p�b�Z�e�v�g�h �k�g�b�`�Z�l�v 
�K�H �\ �i�j�h�^�m�d�l�Z�o �i�Z�j�h�\�h�]�h �j�b�n�h�j�f�b�g�]�Z �i�j�b�j�h�^�g�h�]�h �]�Z�a�Z. �I�j�b �b�a�\�e�_�q�_�g�b�b 
�g�_ �f�_�g�_�_ 80 % �G2 �b�a �d�h�g�\�_�j�k�b�h�g�g�h�c �k�f�_�k�b, �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �f�_�f�[�j�Z�g �H�P�D 
�k�i�e�Z�\�h�\ �\�Z�g�Z�^�b�y �i�j�Z�d�l�b�q�_�k�d�b �g�_ �k�g�b�`�Z�_�l�k�y �b �h�k�l�Z�_�l�k�y �\ �g�_�k�d�h�e�v�d�h �j�Z�a �\�u�r�_ 
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �i�Z�e�e�Z�^�b�_�\�u�o �f�_�f�[�j�Z�g. 
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�G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �\�h�e�v�n�j�Z�f – �g�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�c �h�[�j�Z-
�s�z�g�g�u�c �d �i�e�Z�a�f�_ �f�Z�l�_�j�b�Z�e �l�_�j�f�h�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�h�d. �G�_�k�h�f�g�_�g�g�u�_  
�^�h�k�l�h�b�g�k�l�\�Z �\�h�e�v�n�j�Z�f�Z – �\�u�k�h�d�Z�y �l�_�j�f�h�k�l�h�c�d�h�k�l�v �b �g�b�a�d�Z�y �Z�d�l�b�\�Z�p�b�y 
�i�h� ̂�g�_�c�l�j�h�g�g�u�f �h�[�e�m�q�_�g�b�_�f. �H�k�g�h�\�g�h�c �g�_�^�h�k�l�Z�l�h�d �\�h�e�v�n�j�Z�f�Z �d�Z�d �f�Z�l�_-
�j�b�Z�e�Z �l�_�j�f�h�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�h�d – �o�j�m�i�d�h�k�l�v. �I�j�b �l�_�f�i�_�j�Z�l�m�j�_ �g�b�`�_  
200 – 400 �q�K �\�h�e�v�n�j�Z�f �o�j�m�i�h�d, �Z �b�a-�a�Z �g�_�c�l�j�h�g�g�h�]�h �h�[�e�m�q�_�g�b�y �l�_�f�i�_�j�Z-
�l�m�j�Z �\�y�a�d�h-�o�j�m�i�d�h�]�h �i�_�j�_�o�h�^�Z �i�h�\�u�r�Z�_�l�k�y �^�h �[�h�e�_�_ 700 °�K, �b �\�h�e�v�n�j�Z-
�f�h�\�Z�y �h�[�e�b�p�h�\�d�Z �f�h�`�_�l �h�d�Z�a�Z�l�v�k�y �o�j�m�i�d�h�c �i�j�b �j�Z�[�h�q�b�o �m�k�e�h�\�b�y�o �l�_�j�f�h-
�y�^�_�j�g�h�]�h �j�_�Z�d�l�h�j�Z. �I�j�b �i�h�\�u�r�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �\ �d�h�g�l�Z�d�l�_ �k �d�b�k�e�h-
�j�h�^�h�f �\�h�e�v�n�j�Z�f �b�g�l�_�g�k�b�\�g�h �h�d�b�k�e�y�_�l�k�y, �b�a-�a�Z �q�_�]�h �k�e�_�^�k�l�\�b�_�f �i�j�h�j�u�\�Z 
�\ �d�Z�f�_�j�m �j�_�Z�d�l�h�j�Z �\�h�^�u �b�e�b �Z�l�f�h�k�n�_�j�u �f�h�`�_�l �k�l�Z�l�v �g�_�h�[�o�h�^�b�f�h�k�l�v 
�f�Z�k�r�l�Z�[�g�u�o �j�_�f�h�g�l�g�u�o �j�Z�[�h�l. �>�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �i�j�h�f�u�r�e�_�g�g�u�o 
�m�k�l�Z�g�h�\�d�Z�o �`�_�e�Z�l�_�e�v�g�h �b�a�[�Z�\�b�l�v�k�y �h�l �g�_�^�h�k�l�Z�l�d�h�\ �\�h�e�v�n�j�Z�f�Z, �g�_ �k�g�b�a�b�\ 
�^�h�k�l�h�b�g�k�l�\ �w�l�h�]�h �f�Z�l�_�j�b�Z�e�Z. �>�Z�g�g�u�c �h�[�a�h�j �i�h�k�\�y�s�z�g �m�k�b�e�b�y�f �f�b�j�h�\�h�]�h 
�g�Z�m�q�g�h�]�h �k�h�h�[�s�_�k�l�\�Z �i�h �h�i�l�b�f�b�a�Z�p�b�b �k�\�h�c�k�l�\ �\�h�e�v�n�j�Z�f�Z. 

1. �<�\�_�^�_�g�b�_ 

�< �l�_�j�f�h�y�^�_�j�g�h�f �j�_�Z�d�l�h�j�_ �[�m�^�_�l �h�k�m�s�_�k�l�\�e�_�g�Z �j�_�Z�d�p�b�y �k�b�g�l�_�a�Z �g�Z �k�f�_�k�b 
�l�y�`�z�e�u�o �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z  
 

D + T �o  4�G�_ (3.5 �F�w�<) + n (14.1 �F�w�<).                               (1) 
 

�Q�l�h�[�u �i�j�h�b�a�h�r�e�Z �j�_�Z�d�p�b�y (1), �^�_�c�l�_�j�b�c �b �l�j�b�l�b�c �^�h�e�`�g�u �k�[�e�b�a�b�l�v�k�y, 
�i�j�_�h�^�h�e�_�\ �d�m�e�h�g�h�\�k�d�h�_ �h�l�l�Z�e�d�b�\�Z�g�b�_ �y�^�_�j, �^�e�y �q�_�]�h �Z�l�h�f�u �^�h�e�`�g�u �h�[�e�Z�^�Z�l�v 
�[�h�e�v�r�h�c �k�d�h�j�h�k�l�v�x �^�j�m�] �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�]�Z. �I�h�w�l�h�f�m �l�Z�d�m�x �j�_�Z�d�p�b�x �[�m�^�m�l 
�h�k�m�s�_�k�l�\�e�y�l�v �\ �\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�_, �\ �]�h�j�y�q�_�c �i�e�Z�a�f�_ �k �l�_�f�i�_�j�Z�l�m�j�h�c �i�h�j�y�^�d�Z 
20 �d�w�<. �G�b �h�^�b�g �f�Z�l�_�j�b�Z�e �g�_ �f�h�`�_�l �\�u�^�_�j�`�Z�l�v �l�Z�d�m�x �l�_�f�i�_�j�Z�l�m�j�m, �i�h�w�l�h�f�m 
�]�h�j�y�q�Z�y �i�e�Z�a�f�Z �[�m�^�_�l �m�^�_�j�`�b�\�Z�l�v�k�y �\�g�m�l�j�b �k�b�k�l�_�f�u �f�Z�]�g�b�l�g�u�o �i�h�\�_�j�o�g�h�k�l�_�c 
�l�h�j�h�b�^�Z�e�v�g�h�c �n�h�j�f�u, �\�e�h�`�_�g�g�u�o �^�j�m�] �\ �^�j�m�]�Z �d�Z�d �f�Z�l�j�z�r�d�b. �< �w�l�h�c �k�b�l�m�Z�p�b�b 
�g�Z �k�l�_�g�d�b �d�Z�f�_�j�u �[�m�^�m�l �i�h�i�Z�^�Z�l�v �\ �h�k�g�h�\�g�h�f �q�Z�k�l�b�p�u �b�a �i�_�j�b�n�_�j�b�c�g�h�c, �i�j�b-
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�k�l�_�g�h�q�g�h�c �i�e�Z�a�f�u, �]�^�_ �l�_�f�i�_�j�Z�l�m�j�Z �]�h�j�Z�a�^�h �g�b�`�_. �H�^�g�Z�d�h �^�Z�`�_ �g�Z �i�_�j�b�n�_�j�b�b 
�i�e�Z�a�f�u �m�k�e�h�\�b�y �l�Z�d�h�\�u, �q�l�h �k�l�Z�e�v �b�o �\�u�^�_�j�`�Z�l�v �g�_ �k�f�h�`�_�l.  

�K�_�c�q�Z�k �\ �]. �D�Z�^�Z�j�Z�r, �N�j�Z�g�p�b�y, �k�l�j�h�b�l�k�y �f�_�`�^�m�g�Z�j�h�^�g�u�c �l�_�j�f�h�y�^�_�j�g�u�c 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �j�_�Z�d�l�h�j �B�L�W�J [1] – �d�j�m�i�g�_�c�r�b�c �\ �f�b�j�_ �l�h�d�Z�f�Z�d, �g�Z �d�h�l�h-
�j�h�f �\�i�_�j�\�u�_ �[�m�^�_�l �h�k�m�s�_�k�l�\�e�_�g�Z �j�_�Z�d�p�b�y (1) �i�j�b �^�e�b�l�_�e�v�g�h�k�l�b �m�^�_�j�`�Z�g�b�y 
�i�e�Z�a�f�u 400 �k. �H�`�b�^�Z�_�l�k�y, �q�l�h �B�L�W�J �[�m�^�_�l �b�k�l�h�q�g�b�d�h�f �l�_�j�f�h�y�^�_�j�g�u�o �g�_�c�l�j�h-
�g�h�\ �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x 1020 n/�k [2]. �B�L�W�J �i�h�k�e�m�`�b�l �^�e�y �h�l�j�Z�[�h�l�d�b �l�_�o�g�h-
�e�h�]�b�c �b �l�_�k�l�b�j�h�\�Z�g�b�y �f�Z�l�_�j�b�Z�e�h�\, �g�_�h�[�o�h�^�b�f�u�o �^�e�y �^�Z�e�v�g�_�c�r�_�]�h �j�Z�a�\�b�l�b�y 
�l�_�j�f�h�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�h�d1. 

�< �j�_�Z�d�l�h�j�_ �B�L�W�J �k�l�Z�p�b�h�g�Z�j�g�u�_ �i�h�l�h�d�b �w�g�_�j�]�b�b �g�Z �k�l�_�g�d�m �[�m�^�m�l �k�h�k�l�Z�\-
�e�y�l�v 1–7 �F�<�l/�f2, �Z �\ �g�Z�b�[�h�e�_�_ �w�g�_�j�]�h�g�Z�i�j�y�`�z�g�g�h�c �h�[�e�Z�k�l�b – �^�b�\�_�j�l�h�j�_ –  
10–20 �F�<�l/�f2 [3]. �G�_�e�v�a�y �l�Z�d�`�_ �b�k-
�d�e�x�q�b�l�v �\�g�_�r�l�Z�l�g�u�_ �k�h�[�u�l�b�y – �k�j�u�\�u 
�i�e�Z�a�f�u, �d�h�]�^�Z �\�k�e�_�^�k�l�\�b�_ �i�h�l�_�j�b 
�m�i�j�Z�\�e�y�_�f�h�k�l�b �\�k�y �a�Z�i�Z�k�z�g�g�Z�y �\ �i�e�Z�a-
�f�_�g�g�h�f �r�g�m�j�_ �w�g�_�j�]�b�y �m�o�h�^�b�l �g�Z �k�l�_�g-
�d�m �a�Z 0,1–2 �f�k. �I�j�b �k�j�u�\�_ �g�Z�]�j�m�a�d�Z �g�Z 
�k�l�_�g�d�m �f�h�`�_�l �^�h�k�l�b�]�Z�l�v 0.2–5 �F�>�`/�f2 
(0,2–50 �=�<�l/�f2). 

�Q�l�h�[�u �a�Z�s�b�l�b�l�v �k�l�Z�e�v�g�m�x �k�l�_�g�d�m 
�d�Z�f�_�j�u �h�l �i�h�\�j�_�`�^�_�g�b�c, �g�m�`�g�Z �a�Z�s�b�l-
�g�Z�y �h�[�e�b�p�h�\�d�Z. �< �d�Z�q�_�k�l�\�_ �f�Z�l�_�j�b�Z�e�Z 
�a�Z�s�b�l�g�h�c �h�[�e�b�p�h�\�d�b �j�_�Z�d�l�h�j�Z �B�L�W�J �g�Z 
�k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �\�u�[�j�Z�g �\�h�e�v�n�j�Z�f.  

�J�Z�k�k�f�h�l�j�b�f, �]�^�_ �[�m�^�_�l �j�Z�k�i�h�e�h-
�`�_�g�Z �b �d�Z�d �[�m�^�_�l �h�j�]�Z�g�b�a�h�\�Z�g�Z �\�h�e�v-
�n�j�Z�f�h�\�Z�y �h�[�e�b�p�h�\�d�Z. �< �k�h�\�j�_�f�_�g�g�u�o 
�l�h�d�Z�f�Z�d�Z�o �]�_�h�f�_�l�j�b�y �f�Z�]�g�b�l�g�u�o �i�h-
�\�_�j�o�g�h�k�l�_�c �i�h�^�h�[�g�Z �b�a�h�[�j�Z�`�z�g�g�h�c �g�Z 
�j�b�k. 1, �]�^�_ �i�j�_�^�k�l�Z�\�e�_�g�h �k�o�_�f�Z�l�b�q�g�h�_ 
�b�a�h�[�j�Z�`�_�g�b�_ �k�_�q�_�g�b�_ �d�Z�f�_�j�u �B�L�W�J. 
�<�e�h�`�_�g�g�u�_ �^�j�m�] �\ �^�j�m�]�Z �a�Z�f�d�g�m�l�u�_ 
�f�Z�]�g�b�l�g�u�_ �i�h�\�_�j�o�g�h�k�l�b �k�g�Z�j�m�`�b �h�]�j�Z-
�g�b�q�_�g�u �k�_�i�Z�j�Z�l�j�b�k�h�c, �d�h�l�h�j�Z�y �b�f�_�_�l �\�u�o�h�^ �g�Z �i�h�\�_�j�o�g�h�k�l�v �d�Z�f�_�j�u �\ �h�[�e�Z�k�l�b 
�^�b�\�_�j�l�h�j�Z – �k�i�_�p�b�Z�e�v�g�h�]�h �m�k�l�j�h�c�k�l�\�Z, �k�e�m�`�Z�s�_�]�h �^�e�y �i�j�b�z�f�Z �d�h�e�h�k�k�Z�e�v�g�u�o 
�i�h�l�h�d�h�\ �q�Z�k�l�b�p �b �w�g�_�j�]�b�b, �i�h�k�l�m�i�Z�x�s�b�o �l�m�^�Z �\�^�h�e�v �k�_�i�Z�j�Z�l�j�b�k�u. �H�[�e�Z�k�l�v 
�i�e�Z�a�f�u �\�g�_ �k�_�i�Z�j�Z�l�j�b�k�u �g�Z�a�u�\�Z�_�l�k�y �h�[�^�b�j�h�q�g�u�c �k�e�h�c (scrape-of-layer, SOL). 
�Q�Z�k�l�b�p�u, �k�h�k�l�Z�\�e�y�x�s�b�_ �w�l�h�c �k�e�h�c, �g�_ �m�^�_�j�`�b�\�Z�x�l�k�y �f�Z�]�g�b�l�g�u�f �i�h�e�_�f �b �i�h-
�i�Z�^�Z�x�l �g�Z �k�l�_�g�d�b. 

                                                 
1 �I�h�k�e�_ �Z�g�Z�e�b�a�Z �j�_�a�m�e�v�l�Z�l�h�\ �B�L�W�J �^�h�e�`�g�u �m�k�d�h�j�b�l�v�k�y �j�Z�[�h�l�u �g�Z�^ �l�_�j�f�h�y�^�_�j-

�g�u�f�b �j�_�Z�d�l�h�j�Z�f�b �k�e�_�^�m�x�s�b�o �i�h�d�h�e�_�g�b�c, �j�Z�a�j�Z�[�h�l�d�Z �d�h�l�h�j�u�o �b�^�z�l �\ �^�\�m�o �g�Z�i�j�Z�\�e�_-
�g�b�y�o:   

 – �l�_�j�f�h�y�^�_�j�g�u�c �w�g�_�j�]�_�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j – �m�k�l�Z�g�h�\�d�Z, �h�k�g�h�\�g�Z�y �a�Z�^�Z�q�Z �d�h�l�h�j�h�c 
�a�Z�d�e�x�q�Z�_�l�k�y �\ �i�j�h�b�a�\�h�^�k�l�\�h �w�g�_�j�]�b�b; 

– �l�_�j�f�h�y�^�_�j�g�u�c �b�k�l�h�q�g�b�d �g�_�c�l�j�h�g�h�\ (�L�B�G) – �m�k�l�Z�g�h�\�d�Z, �h�k�g�h�\�g�Z�y �a�Z�^�Z�q�Z �d�h�l�h-
�j�h�c – �i�j�h�b�a�\�h�^�b�l�v �g�_�c�l�j�h�g�u �\ �j�_�Z�d�p�b�b (1). �M�k�l�Z�g�h�\�d�b �L�B�G �f�h�]�m�l �[�u�l�v �\�_�k�v�f�Z �\�h�k-
�l�j�_�[�h�\�Z�g�u �^�e�y �k�h�a�^�Z�g�b�y �]�b�[�j�b�^�g�u�o �j�_�Z�d�l�h�j�h�\ �k�b�g�l�_�a – �^�_�e�_�g�b�_. 

 

 
 
�J�b�k. 1. �K�o�_�f�Z�l�b�q�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �k�_�q�_-
�g�b�y �d�Z�f�_�j�u �j�_�Z�d�l�h�j�Z �B�L�W�J. �D�j�Z�k�g�u�c
�p�\�_�l – �h�[�e�b�p�h�\�d�Z �^�b�\�_�j�l�h�j�Z, �h�j�Z�g�`�_�\�u�c
     �p�\�_�l – �h�[�e�b�p�h�\�d�Z �i�_�j�\�h�c �k�l�_�g�d�b  
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�< �j�_�Z�d�l�h�j�_ �B�L�W�J �b �i�h�^�h�[�g�u�o �_�f�m �m�k�l�Z�g�h�\�d�Z�o �g�Z�]�j�m�a�d�Z �\ �h�[�e�Z�k�l�b �^�b�\�_�j-
�l�h�j�Z �k�m�s�_�k�l�\�_�g�g�h �\�u�r�_, �q�_�f �g�Z �k�l�_�g�d�m, �k�f. �l�Z�[�e�b�p�m 1.  
 

�L�Z�[ �e�b�p�Z 1 

�G�Z�]�j�m�a�d�Z �g�Z �h�[�j�Z�s�z�g�g�u�_ �d �i�e�Z�a�f�_ �i�h�\�_�j�o�g�h�k�l�b �B�L�W�J. �?�k�e�b �i�j�b�\�_�^�_�g�u  
�^�\�Z �a�g�Z�q�_�g�b�y, �l�h �p�b�n�j�u �i�_�j�_�^ �k�d�h�[�d�Z�f�b – �^�e�y �k�l�Z�p�b�h�g�Z�j�g�u�o �j�_�`�b�f�h�\, �p�b�n�j�u 

 �\ �k�d�h�[�d�Z�o – �^�e�y �i�_�j�_�o�h�^�g�u�o �i�j�h�p�_�k�k�h�\ 
 

�H�[�e�Z�k�l�v �I�h�l�h�d �w�g�_�j�]�b�b,  
�F�<�l/�f2 

�I�h�l�h�d �q�Z�k�l�b�p, 
1/�f2 

�L�_�f�i�_�j�Z�l�m�j�Z,  
K 

�I�_�j�\�Z�y �k�l�_�g�d�Z 1 – 4,7 (7) 1020 – 1021 450–900 (1300) K 

�>�b�\�_�j�l�h�j 10 (20) 1021 – 1024 1473 (�^�h �L �i�e) 
 

�H�[�e�b�p�h�\�d�Z �\ �^�b�\�_�j�l�h�j�_ �B�L�W�J �[�m�^�_�l �h�j�]�Z�g�b�a�h�\�Z�g�Z �i�m�l�z�f �i�Z�c�d�b �\�h�e�v-
�n�j�Z�f�Z �d �l�_�i�e�h�h�l�\�h�^�y�s�_�f�m �f�Z�l�_�j�b�Z�e�m – �h�o�e�Z�`�^�Z�_�f�h�c �\�h�^�h�c CuCrZr �[�j�h�g�a�_. 
�< �J�h�k�k�b�b �l�_�o�g�h�e�h�]�b�x �i�j�h�b�a�\�h�^�k�l�\�Z �^�b�\�_�j�l�h�j�g�u�o �d�Z�k�k�_�l �^�e�y �j�_�Z�d�l�h�j�Z �B�L�W�J 
�m�k�i�_�r�g�h �h�l�j�Z�[�h�l�Z�e�b �\ �G�B�D�B�W�L [4]. �G�Z �j�b�k. 2 �i�j�_�^�k�l�Z�\�e�_�g�h �b�a�h�[�j�Z�`�_�g�b�_ �d�m-
�i�h�e�Z �^�b�\�_�j�l�h�j�Z �B�L�W�J �b�a [4]. �<�h�e�v�n�j�Z�f�h�\�u�_ �i�e�b�l�d�b �l�h�e�s�b�g�h�c 8 �f�f  �i�j�b�i�Z�y�g�u 
�d CuCrZr �[�j�h�g�a�_ �q�_�j�_�a �f�_�^�g�u�c �i�h�^�k�e�h�c �l�h�e�s�b�g�h�c 2 �f�f .  
 

 
 

�J�b�k. 2. �D�m�i�h�e �^�b�\�_�j�l�h�j�Z �^�e�y �B�L�W�J, �h�l�_�q�_�k�l�\�_�g�g�Z�y �j�Z�a�j�Z�[�h�l�d�Z, �j�b�k�m�g�h�d �b�a �k�l�Z�l�v�b [4] 
 

�K�e�h�`�g�h�k�l�v �k�h�_�^�b�g�_�g�b�y �\�h�e�v�n�j�Z�f�Z �b �[�j�h�g�a�u �a�Z�d�e�x�q�Z�_�l�k�y �\ �l�h�f, �q�l�h �[�m-
�^�m�q�b �g�Z�]�j�_�l�Z �^�h �l�_�f�i�_�j�Z�l�m�j�u �\�u�r�_ 450 �q�K, CuCrZr �[�j�h�g�a�Z �l�_�j�y�_�l �f�_�o�Z�g�b�q�_-
�k�d�m�x �i�j�h�q�g�h�k�l�v, �i�j�b�q�z�f �m�o�m�^�r�_�g�b�_ �i�j�h�]�j�_�k�k�b�j�m�_�l �k �m�\�_�e�b�q�_�g�b�_�f �l�_�f�i�_�j�Z�l�m-
�j�u �b �^�e�b�l�_�e�v�g�h�k�l�b �g�Z�]�j�_�\�Z. �< �G�B�D�B�W�L �h�l�j�Z�[�h�l�Z�e�b �l�_�o�g�h�e�h�]�b�x �[�u�k�l�j�h�c 
(�a�Z 10–20 �f�b�g�m�l) �i�Z�c�d�b, �^�e�y �d�h�l�h�j�h�c �m�o�m�^�r�_�g�b�_ �k�\�h�c�k�l�\ �[�j�h�g�a�u �h�d�Z�a�u�\�Z�_�l�k�y 
�g�_ �d�j�b�l�b�q�g�u�f. 

�J�_�r�_�g�b�_ �h �l�h�f, �q�l�h �\�h�e�v�n�j�Z�f �\ �j�_�Z�d�l�h�j�_ �B�L�W�J �[�m�^�_�l �b�k�i�h�e�v�a�h�\�Z�g �^�e�y 
�a�Z�s�b�l�u �g�_ �l�h�e�v�d�h �\ �^�b�\�_�j�l�h�j�Z, �g�h �b �i�_�j�\�h�c �k�l�_�g�d�b, �[�u�e�h �i�j�b�g�y�l�h �\ 2023 �]. 
�G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �g�_�l �b�g�n�h�j�f�Z�p�b�b, �d�Z�d�b�f �h�[�j�Z�a�h�f �[�m�^�_�l �m�k�l�j�h�_�g�Z �h�[�e�b-
�p�h�\�d�Z �i�_�j�\�h�c �k�l�_�g�d�b. 

�<�h�e�v�n�j�Z�f �g�_ �l�h�e�v�d�h �y�\�e�y�_�l�k�y �f�Z�l�_�j�b�Z�e�h�f �a�Z�s�b�l�g�h�c �h�[�e�b�p�h�\�d�b �j�_�Z�d�l�h�j�Z 
�B�L�W�J, �h�g �l�Z�d�`�_ �n�b�]�m�j�b�j�m�_�l �d�Z�d �h�[�j�Z�s�z�g�g�u�c �d �i�e�Z�a�f�_ �f�Z�l�_�j�b�Z�e �^�b�\�_�j�l�h�j�Z �\�h 
�\�k�_�o �a�Z�j�m�[�_�`�g�u�o �i�j�h�_�d�l�Z�o �k�e�_�^�m�x�s�_�]�h �j�_�Z�d�l�h�j�Z �>�?�F�H [5] – �l�_�j�f�h�y�^�_�j�g�h�c 
�m�k�l�Z�g�h�\�d�b, �d�h�l�h�j�Z�y �^�h�e�`�g�Z �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�l�v �i�h�e�m�q�_�g�b�_ �w�e�_�d�l�j�b�q�_�k�d�h�c 
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�w�g�_�j�]�b�b �b�a �j�_�Z�d�p�b�b (1). �I�j�b�q�b�g�Z �l�Z�d�h�c �i�h�i�m�e�y�j�g�h�k�l�b – �\ �m�g�b�d�Z�e�v�g�u�o �k�\�h�c-
�k�l�\�Z�o �\�h�e�v�n�j�Z�f�Z. �<�h-�i�_�j�\�u�o, �\�h�e�v�n�j�Z�f – �k�Z�f�u�c �l�m�]�h�i�e�Z�\�d�b�c �b �h�^�b�g 
�b�a �g�Z�b�[�h�e�_�_ �l�_�j�f�h�k�l�h�c�d�b�o �f�Z�l�_�j�b�Z�e�h�\ �g�Z �A�_�f�e�_: �_�]�h �l�_�f�i�_�j�Z�l�m�j�Z �i�e�Z�\�e�_�g�b�y 
�k�h�k�l�Z�\�e�y�_�l 3420 �q�K [6], �Z �l�_�f�i�_�j�Z�l�m�j�Z �d�b�i�_�g�b�y – 5680 [6] (�i�h �g�_�d�h�l�h�j�u�f �b�k-
�l�h�q�g�b�d�Z�f 5555 �q�K [7]). �<�h-�\�l�h�j�u�o, �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v �\�h�e�v�n�j�Z�f�Z �\�u�k�h�d�Z:  
�\ 7–8 �j�Z�a �\�u�r�_, �q�_�f �m �k�l�Z�e�_�c. �<�u�k�h�d�Z�y �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v �h�q�_�g�v �\�Z�`�g�Z �^�e�y 
�[�u�k�l�j�h�]�h �h�l�\�h�^�Z �l�_�i�e�Z �k�h �k�l�_�g�d�b �j�_�Z�d�l�h�j�Z. �<-�l�j�_�l�v�b�o, �\�h�e�v�n�j�Z�f �h�l�g�h�k�b�l�k�y 
�d �f�Z�e�h�q�b�k�e�_�g�g�h�c �]�j�m�i�i�_ �g�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�o �w�e�_�f�_�g�l�h�\. �D�h�g�p�_�i�p�b�y �g�b�a�d�h�Z�d-
�l�b�\�b�j�m�_�f�u�o �f�Z�l�_�j�b�Z�e�h�\ �i�j�_�^�i�h�e�Z�]�Z�_�l, �q�l�h �q�_�j�_�a �g�_ �[�h�e�_�_ 100 �e�_�l �i�h�k�e�_ �\�u�\�h-
�^�Z �j�_�Z�d�l�h�j�Z �b�a �w�d�k�i�e�m�Z�l�Z�p�b�b �g�Z�\�_�^�z�g�g�Z�y �Z�d�l�b�\�g�h�k�l�v �k�i�Z�^�Z�_�l �^�h �l�Z�d�h�]�h �m�j�h�\�g�y, 
�q�l�h �d�h�g�k�l�j�m�d�p�b�x �f�h�`�g�h �^�_�f�h�g�l�b�j�h�\�Z�l�v, �Z �f�Z�l�_�j�b�Z�e�u – �i�_�j�_�j�Z�[�h�l�Z�l�v [8].  
�<-�q�_�l�\�z�j�l�u�o, �^�h�k�l�h�b�g�k�l�\�h�f �\�h�e�v�n�j�Z�f�Z �y�\�e�y�_�l�k�y �g�b�a�d�h�_ �j�Z�k�i�u�e�_�g�b�_ �i�j�b�k�l�_-
�g�h�q�g�h�c �i�e�Z�a�f�h�c. �;�e�Z�]�h�^�Z�j�y �\�u�k�h�d�h�c �Z�l�h�f�g�h�c �f�Z�k�k�_ �\�h�e�v�n�j�Z�f�Z – 183,84 �Z.�_.�f  – 
�i�h�j�h�]�h�\�u�_ �w�g�_�j�]�b�b �j�Z�k�i�u�e�_�g�b�y �\�h�e�v�n�j�Z�f�Z �d�h�f�i�h�g�_�g�l�Z�f�b �l�_�j�f�h�y�^�_�j�g�h�c 
�i�e�Z�a�f�u �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�_ [9]: 178 �w�< – �^�_�c�l�_�j�b�_�f, 129 �w�< – �l�j�b�l�b�_�f, 
107 �w�< – �]�_�e�b�_�f. �I�h�k�d�h�e�v�d�m �k�j�_�^�g�y�y �w�g�_�j�]�b�y �q�Z�k�l�b�p �i�j�b�k�l�_�g�h�q�g�h�c �i�e�Z�a�f�u 
�k�h�k�l�Z�\�e�y�_�l �f�_�g�_�_ 10 �w�<, �j�Z�k�i�u�e�_�g�b�_ �\�h�e�v�n�j�Z�f�Z �[�m�^�_�l �d�j�Z�c�g�_ �f�Z�e�h. �<-�i�y�l�u�o, 
�\�h�e�v�n�j�Z�f �h�l�g�h�k�b�l�_�e�v�g�h �g�_�^�h�j�h�]: �\ 24 �j�Z�a�Z �^�_�r�_�\�e�_ �[�_�j�b�e�e�b�y – �^�j�m�]�h�]�h �\�h�a-
�f�h�`�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �a�Z�s�b�l�g�h�c �h�[�e�b�p�h�\�d�b �L�Y�J. �G�Z�d�h�g�_�p, �\-�r�_�k�l�u�o, �\�h�e�v�n�j�Z�f 
�[�m�^�_�l �a�Z�o�\�Z�l�u�\�Z�l�v �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �j�Z�^�b�h�Z�d�l�b�\�g�h�]�h �l�j�b-
�l�b�y �\ �k�j�Z�\�g�_�g�b�b �k �^�j�m�]�b�f�b �\�h�a�f�h�`�g�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b �a�Z�s�b�l�g�h�c �h�[�e�b�p�h�\�d�b. 

�D�Z�d �b�a�\�_�k�l�g�h, �\ �d�Z�`�^�h�f �i�e�x�k�_ �k�b�^�b�l �^�\�Z �f�b�g�m�k�Z. �I�j�b �i�_�j�_�q�b�k�e�_�g�g�u�o 
�b�k�d�e�x�q�b�l�_�e�v�g�u�o �^�h�k�l�h�b�g�k�l�\�Z�o �[�u�e�h �[�u �k�l�j�Z�g�g�h, �_�k�e�b �[�u �m �\�h�e�v�n�j�Z�f�Z �g�_ �[�u-
�e�h �g�_�^�h�k�l�Z�l�d�h�\, �h�k�e�h�`�g�y�x�s�b�o �_�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �\ �l�_�j�f�h�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�d�Z�o. 
�>�Z�g�g�u�c �h�[�a�h�j �i�h�k�\�y�s�z�g �i�j�h�[�e�_�f�Z�f, �\�h�a�g�b�d�Z�x�s�b�f �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �\�h�e�v-
�n�j�Z�f�Z �\ �d�Z�q�_�k�l�\�_ �h�[�j�Z�s�z�g�g�h�]�h �d �i�e�Z�a�f�_ �f�Z�l�_�j�b�Z�e�Z, �b �i�h�b�k�d�Z�f �i�m�l�_�c �i�j�_�h�^�h-
�e�_�g�b�y �w�l�b�o �i�j�h�[�e�_�f. 

2. �I�j�h�[�e�_�f�u 

2.1. �<�u�k�h�d�b�c �Z�l�h�f�g�u�c �g�h�f�_�j 
�O�h�l�y, �d�Z�d �[�u�e�h �k�d�Z�a�Z�g�h �\�h �\�\�_�^�_�g�b�b, �j�Z�k�i�u�e�_�g�b�_ �\�h�e�v�n�j�Z�f�Z �i�j�b�k�l�_�g�h�q-

�g�h�c �i�e�Z�a�f�h�c �d�j�Z�c�g�_ �f�Z�e�h, �l�_�f �g�_ �f�_�g�_�_ �\ �k�h�\�j�_�f�_�g�g�u�o �l�h�d�Z�f�Z�d�Z�o �\�h�e�v�n�j�Z�f 
�j�Z�k�i�u�e�y�_�l�k�y, �i�h�k�d�h�e�v�d�m �h�[�j�Z�s�z�g�g�u�_ �d �i�e�Z�a�f�_ �i�h�\�_�j�o�g�h�k�l�b �l�Z�d�`�_ �h�[�e�m�q�Z�x�l�k�y 
�g�_�c�l�j�Z�e�Z�f�b �i�_�j�_�a�Z�j�y�^�d�b, �i�j�b�o�h�^�y�s�b�f�b �b�a �[�h�e�_�_ �]�e�m�[�h�d�b�o �k�e�h�z�\ �i�e�Z�a�f�u �b �h�[-
�e�Z�^�Z�x�s�b�f�b �w�g�_�j�]�b�_�c �\�u�r�_, �q�_�f �i�h�j�h�]�h�\�Z�y �w�g�_�j�]�b�y �j�Z�k�i�u�e�_�g�b�y �\�h�e�v�n�j�Z�f�Z. 
�I�j�b �i�h�i�Z�^�Z�g�b�b �Z�l�h�f�Z �\�h�e�v�n�j�Z�f�Z �\ �i�e�Z�a�f�m �h�g �b�h�g�b�a�m�_�l�k�y, �b, �i�h�k�d�h�e�v�d�m �m �Z�l�h-
�f�Z �\�h�e�v�n�j�Z�f�Z 74 �w�e�_�d�l�j�h�g�Z, �Z �l�_�f�i�_�j�Z�l�m�j�Z �\ �i�e�Z�a�f�_�g�g�h�f �r�g�m�j�_ �f�_�g�y�_�l�k�y �h�l 
�a1 �w�< �g�Z �i�_�j�b�n�_�j�b�b �^�h �a20 �d�w�< �\ �p�_�g�l�j�_ �i�e�Z�a�f�_�g�g�h�]�h �r�g�m�j�Z, �k�l�_�i�_�g�v �b�h�g�b�a�Z-
�p�b�b �\�h�e�v�n�j�Z�f�Z �\ �i�e�Z�a�f�_ �[�m�^�_�l �r�b�j�h�d�h �\�Z�j�v�b�j�h�\�Z�l�v�k�y �b �f�h�]�m�l �^�h�k�l�b�]�Z�l�v�k�y �\�u-
�k�h�d�b�_ �k�l�_�i�_�g�b �b�h�g�b�a�Z�p�b�b. �A�Z�j�y�`�_�g�g�Z�y �q�Z�k�l�b�p�Z �\ �i�e�Z�a�f�_ �b�a�e�m�q�Z�_�l �w�g�_�j�]�b�x, 
�i�j�b�q�z�f �i�h�l�_�j�b q �g�Z �l�h�j�f�h�a�g�h�_ �b�a�e�m�q�_�g�b�_ [10] 
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�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u 2Z  �b 4Z  �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �< �i�j�b�\�_�^�_�g�g�u�o �n�h�j�f�m�e�Z�o en  �b 

in ��  �d�h�g�p�_�g�l�j�Z�p�b�b �w�e�_�d�l�j�h�g�h�\ �b �b�h�g�h�\ �\ �i�e�Z�a�f�_, iZ  – �a�Z�j�y�^ �b�h�g�h�\, eT  – �w�e�_�d-
�l�j�h�g�g�Z�y �l�_�f�i�_�j�Z�l�m�j�Z. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �i�h�i�Z�^�Z�g�b�_ �i�j�b�f�_�k�b �\�h�e�v�n�j�Z�f�Z �\ �i�e�Z�a�f�m �q�j�_�\�Z�l�h �q�j�_�a-
�f�_�j�g�u�f �_�z �h�o�e�Z�`�^�_�g�b�_�f, �l�Z�d�b�f, �q�l�h �\�_�j�h�y�l�g�h�k�l�v �i�j�h�l�_�d�Z�g�b�y �j�_�Z�d�p�b�b �k�b�g�l�_�a�Z 
�j�_�a�d�h �m�f�_�g�v�r�b�l�k�y. �Q�l�h�[�u �w�l�h�]�h �g�_ �i�j�h�b�k�o�h�^�b�e�h, �g�Z �i�h�\�_�j�o�g�h�k�l�v �\�h�e�v�n�j�Z�f�h-
�\�h�c �h�[�e�b�p�h�\�d�b �f�h�`�g�h �g�Z�g�_�k�l�b �[�h�e�_�_ �e�z�]�d�b�_ �w�e�_�f�_�g�l�u, �i�j�b�f�_�k�v �d�h�l�h�j�u�o 
�\ �i�e�Z�a�f�_ �g�_ �[�m�^�_�l �k�l�h�e�v �d�j�b�l�b�q�g�Z. �K�Z�f�u�_ �e�z�]�d�b�_ �w�e�_�f�_�g�l�u, �d�h�l�h�j�u�_ �i�j�b �g�h�j-
�f�Z�e�v�g�u�o �m�k�e�h�\�b�y�o �g�_ �y�\�e�y�x�l�k�y �]�Z�a�Z�f�b – Li, Be, B, C. �<�k�_ �h�g�b �j�Z�k�k�f�Z�l�j�b�\�Z�x�l-
�k�y (�b�e�b �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v �\ �i�j�h�r�e�h�f) �d�Z�d �w�e�_�f�_�g�l�u �^�e�y �a�Z�s�b�l�u �i�_�j�\�h�c �k�l�_�g�d�b 
�l�_�j�f�h�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�h�d. �>�e�y �m�k�l�Z�g�h�\�h�d, �b�k�i�h�e�v�a�m�x�s�b�o �l�j�b�l�b�c, �h�l �b�k�i�h�e�v�a�h-
�\�Z�g�b�y �m�]�e�_�j�h�^�Z �^�e�y �a�Z�s�b�l�u �k�l�_�g�d�b �h�l�d�Z�a�Z�e�b�k�v �i�h �i�j�b�q�b�g�_ �\�u�k�h�d�h�]�h �b �g�_ �b�f�_-
�x�s�_�]�h �i�j�_�^�_�e�Z �g�Z�k�u�s�_�g�b�y �a�Z�o�\�Z�l�Z �l�j�b�l�b�y �\ �i�_�j�_�h�k�Z�`�^�z�g�g�u�o �m�]�e�_�\�h�^�h�j�h�^�g�u�o 
�k�e�h�y�o. �;�_�j�b�e�e�b�_�f �_�s�z �\ �g�Z�q�Z�e�_ 2023 �]. �i�e�Z�g�b�j�h�\�Z�e�b �h�[�e�b�p�_�\�Z�l�v �i�_�j�\�m�x �k�l�_�g-
�d�m �j�_�Z�d�l�h�j�Z �B�L�W�J, �h�^�g�Z�d�h �g�Z �l�_�d�m�s�b�c �f�h�f�_�g�l �h�l �_�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �h�l�d�Z�a�Z-
�e�b�k�v, �g�_ �\ �i�h�k�e�_�^�g�x�x �h�q�_�j�_�^�v �i�h �i�j�b�q�b�g�_ �^�h�j�h�]�h�\�b�a�g�u: �d�Z�d �m�`�_ �[�u�e�h �k�d�Z�a�Z�g�h 
�\�u�r�_, �[�_�j�b�e�e�b�c �\ 24 �j�Z�a�Z �^�h�j�h�`�_ �\�h�e�v�n�j�Z�f�Z.  

�E�b�l�b�c �b �[�h�j �g�Z �i�h�\�_�j�o�g�h�k�l�b �\�h�e�v�n�j�Z�f�Z �j�Z�k�k�f�Z�l�j�b�\�Z�x�l �d�Z�d �g�Z�b�[�h�e�_�_ 
�i�_�j�k�i�_�d�l�b�\�g�u�_ �g�Z �k�_�]�h�^�g�y �f�Z�l�_�j�b�Z�e�u �^�e�y �i�h�d�j�u�l�b�y �\�h�e�v�n�j�Z�f�h�\�h�c �h�[�j�Z�s�z�g-
�g�h�c �d �i�e�Z�a�f�_ �i�h�\�_�j�o�g�h�k�l�b. �I�h�d�j�u�l�b�y �b�a �[�h�j�Z �g�Z �i�h�\�_�j�o�g�h�k�l�v �\�h�e�v�n�j�Z�f�Z �\ �k�h-
�\�j�_�f�_�g�g�u�o �l�h�d�Z�f�Z�d�Z�o �g�Z�g�h�k�y�l �\ �o�h�^�_ �i�j�h�p�_�^�m�j �[�h�j�h�g�b�a�Z�p�b�b. �>�e�y �w�l�h�]�h �f�h�`�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �l�e�_�x�s�b�c �j�Z�a�j�y�^ �k �i�j�b�f�_�k�v�x �^�b�[�h�j�Z�g�Z B2H6, �d�Z�d, �\ �q�Z�k�l�g�h�k�l�b, 
�g�Z �l�h�d�Z�f�Z�d�_ TEXTOR [11], �b�e�b �d�Z�j�[�h�j�Z�g�Z, �d�Z�d �g�Z �l�h�d�Z�f�Z�d�Z�o �=�e�h�[�m�k-�F [12] 
�b EAST [13]. �G�Z�g�_�k�_�g�b�_ �e�b�l�b�y �f�h�`�g�h �h�k�m�s�_�k�l�\�b�l�v, �i�h�^�k�u�i�Z�y �\ �i�e�Z�a�f�m �e�b�l�b�_-
�\�m�x �i�u�e�v [14], �b�k�i�Z�j�y�y �e�b�l�b�c �\ �\�Z�d�m�m�f�_ �i�_�j�_�^ �i�e�Z�a�f�_�g�g�u�f �j�Z�a�j�y�^�h�f, �h�j�]�Z�g�b-
�a�h�\�Z�\ �p�b�j�d�m�e�y�p�b�x �`�b�^�d�h�]�h �e�b�l�b�y, �k�l�_�d�Z�x�s�_�]�h �i�h �k�l�_�g�d�_, �Z �l�Z�d�`�_ �b�k�i�h�e�v�a�m�y 
�d�Z�i�b�e�e�y�j�g�h-�i�h�j�b�k�l�u�_ �k�l�j�m�d�l�m�j�u �b�a �\�h�e�v�n�j�Z�f�h�\�h�]�h �\�h�c�e�h�d�Z �i�j�h�i�b�l�Z�g�g�h�]�h 
�e�b�l�b�_�f [15]. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �b �[�h�j�Z �b �e�b�l�b�y �\ �k�\�h�x �h�q�_�j�_�^�v �\�e�_�q�z�l �a�Z �k�h�[�h�c 
�j�y� ̂ �i�j�h�[�e�_�f (�l�h�d�k�b�q�g�h�k�l�v �^�b�[�h�j�Z�g�Z, �j�h�k�l �a�Z�o�\�Z�l�Z �l�j�b�l�b�y �i�j�b �k�h-�h�k�Z�`�^�_�g�b�b 
�k �[�h�j�h�f, �\�u�k�h�d�b�c �a�Z�o�\�Z�l �l�j�b�l�b�y �\ �e�b�l�b�b), �h�^�g�Z�d�h �i�j�h�[�e�_�f�m �\�u�k�h�d�h�]�h �a�Z�j�y�^�h-
�\�h�]�h �q�b�k�e�Z �\�h�e�v�n�j�Z�f�Z �\ �k�h�\�j�_�f�_�g�g�u�o �l�h�d�Z�f�Z�d�Z�o �g�Z�m�q�b�e�b�k�v �j�_�r�Z�l�v. 
 

2.2. �<�h�e�v�n�j�Z�f�h�\�Z�y �i�u�e�v �\ �l�h�d�Z�f�Z�d�Z�o 
�K�m�s�_�k�l�\�m�_�l �g�_�k�d�h�e�v�d�h �f�_�o�Z�g�b�a�f�h�\ �h�[�j�Z�a�h�\�Z�g�b�y �\�h�e�v�n�j�Z�f�h�\�h�c �i�u�e�b 

�\ �l�h�d�Z�f�Z�d�Z�o. �< �h�[�e�Z�k�l�y�o, �g�_ �j�Z�k�i�u�e�y�_�f�u�o �i�e�Z�a�f�h�c �i�j�h�b�k�o�h�^�b�l �h�k�Z�`�^�_�g�b�_ 
�j�Z�k�i�u�e�z�g�g�u�o �q�Z�k�l�b�p: �j�Z�k�l�m�l �i�e�z�g�d�b, �k�h�^�_�j�`�Z�s�b�_ �f�Z�l�_�j�b�Z�e �k�l�_�g�d�b �b �\�h�^�h�j�h�^. 
�H�l�k�e�Z�b�\�Z�g�b�_ �l�Z�d�b�o �i�e�z�g�h�d �i�j�b�\�h�^�b�l �d �h�[�j�Z�a�h�\�Z�g�b�x �\�h�e�v�n�j�Z�f�h�\�h�c �i�u�e�b. �?�s�z 
�h�^�b�g �f�_�o�Z�g�b�a�f �h�[�j�Z�a�h�\�Z�g�b�y �\�h�e�v�n�j�Z�f�h�\�h�c �i�u�e�b – �j�Z�a�[�j�u�a�]�b�\�Z�g�b�_ �d�Z�i�_�e�v �i�j�b 
�i�e�Z�\�e�_�g�b�b �i�h�\�_�j�o�g�h�k�l�b (�g�Z�i�j�b�f�_�j, �i�j�b �w�j�h�a�b�b �m�g�b�i�h�e�y�j�g�u�f�b �^�m�]�Z�f�b). 

�>�b�n�n�m�a�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �\ �\�h�e�v�n�j�Z�f�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 500–900 K 
[16] �f�_�^�e�_�g�g�Z�y �\ �k�j�Z�\�g�_�g�b�b �k �Z�m�k�l�_�g�b�l�g�u�f�b �k�l�Z�e�y�f�b [17]: �w�n�n�_�d�l�b�\�g�u�c �d�h-
�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b �^�_�c�l�_�j�b�y �\ �\�h�e�v�n�j�Z�f�_ �g�Z 2,5–3 �i�h�j�y�^�d�Z �g�b�`�_. �I�h�w�l�h�f�m 
�i�j�b �h�[�e�m�q�_�g�b�b �i�h�\�_�j�o�g�h�k�l�b �\�h�e�v�n�j�Z�f�Z �\�h�^�h�j�h�^�g�h�c �i�e�Z�a�f�h�c �i�h� ̂ �i�h�\�_�j�o�g�h-
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�k�l�v�x �g�Z �]�e�m�[�b�g�_ �i�h�j�y�^�d�Z �]�e�m�[�b�g�u �\�g�_�^�j�_�g�b�y �b�h�g�h�\ �f�Z�l�_�j�b�Z�e �h�d�Z�a�u�\�Z�_�l�k�y �i�_-
�j�_�g�Z�k�u�s�_�g�g�u�f �\�h�^�h�j�h�^�h�f, �b �]�Z�a �g�_ �m�k�i�_�\�Z�_�l �i�h�d�b�g�m�l�v �i�_�j�_�g�Z�k�u�s�_�g�g�u�c �k�e�h�c. 
�< �w�l�h�c �k�b�l�m�Z�p�b�b �\�h�^�h�j�h�^ �k�d�Z�i�e�b�\�Z�_�l�k�y �\ �^�_�n�_�d�l�Z�o, �n�h�j�f�b�j�m�y �g�Z�i�h�e�_�g�_�g�g�u�_ 
�]�Z�a�h�f �i�h�e�h�k�l�b – �[�e�b�k�l�_�j�u �f�b�d�j�h�f�_�l�j�h�\�h�]�h �j�Z�a�f�_�j�Z [18]. �I�h �f�_�j�_ �m�\�_�e�b�q�_�g�b�y 
�^�h�a�u �h�[�e�m�q�_�g�b�y �d�h�e�b�q�_�k�l�\�h �[�e�b�k�l�_�j�h�\ �\�h�a�j�Z�k�l�Z�_�l, �^�Z�e�_�_ �b�a-�a�Z �g�Z�j�Z�k�l�Z�g�b�y 
�g�Z�i�j�y�`�_�g�b�c �i�j�h�b�k�o�h�^�b�l �\�k�d�j�u�l�b�_ �[�e�b�k�l�_�j�h�\, �i�j�b �w�l�h�f �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�j�h-
�^�h�e�`�Z�x�l �h�[�j�Z�a�h�\�u�\�Z�l�v�k�y �g�h�\�u�_ �[�e�b�k�l�_�j�u. �H�l�e�_�l�Z�x�s�b�_ �d�j�u�r�d�b �[�e�b�k�l�_�j�h�\ – 
�h�^�b�g �b�a �b�k�l�h�q�g�b�d�h�\ �\�h�e�v�n�j�Z�f�h�\�h�c �i�u�e�b �\ �l�h�d�Z�f�Z�d�Z�o. 

�?�s�z �h�^�b�g �f�_�o�Z�g�b�a�f �h�[�j�Z�a�h�\�Z�g�b�y �\�h�e�v�n�j�Z�f�h�\�h�c �i�u�e�b – �j�h�k�l �\�h�e�v�n�j�Z-
�f�h�\�h�]�h �i�m�o�Z �i�j�b �h�[�e�m�q�_�g�b�b �]�_�e�b�_�f. �I�e�Z�a�f�Z �\ �l�_�j�f�h�y�^�_�j�g�h�f �j�_�Z�d�l�h�j�_ �[�m�^�_�l 
�k�h�k�l�h�y�l�v �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �b�a �^�_�c�l�_�j�b�y, �l�j�b�l�b�y �b �i�j�h�^�m�d�l�Z �b�o �k�b�g�l�_�a�Z – �]�_�e�b�y. 
�=�_�e�b�c, �\ �h�l�e�b�q�b�_ �h�l �\�h�^�h�j�h�^�Z, �\ �\�h�e�v�n�j�Z�f�_ �i�j�Z�d�l�b�q�_�k�d�b �g�_�i�h�^�\�b�`�_�g. �<�g�_�^-
�j�z�g�g�u�c �\ �\�h�e�v�n�j�Z�f �]�_�e�b�c �Z�]�e�h�f�_�j�b�j�m�_�l �\ �g�Z�i�h�e�g�_�g�g�u�_ �]�Z�a�h�f �i�m�a�u�j�v�d�b. 
�K �j�h�k�l�h�f �^�h�a�u �h�[�e�m�q�_�g�b�y �]�_�e�b�_�f �g�Z �i�h�\�_�j�o�g�h�k�l�b �\�h�e�v�n�j�Z�f�Z �n�h�j�f�b�j�m�_�l�k�y �l�Z�d 
�g�Z�a�u�\�Z�_�f�u�c �\�h�e�v�n�j�Z�f�h�\�u�c �i�m�o [19]. �L�Z�d �d�Z�d �h�g �o�j�m�i�d�b�c, �h�g �l�Z�d�`�_ �y�\�e�y�_�l�k�y 
�b�k�l�h�q�g�b�d�h�f �\�h�e�v�n�j�Z�f�h�\�h�c �i�u�e�b �\ �l�h�d�Z�f�Z�d�_. �K�h�]�e�Z�k�g�h �h�i�u�l�m �l�h�d�Z�f�Z�d�Z 
ASDEX-U �k �\�h�e�v�n�j�Z�f�h�\�h�c �h�[�e�b�p�h�\�d�h�c, �[�h�e�v�r�_ �\�k�_�]�h �i�u�e�b �h�[�j�Z�a�m�_�l�k�y �i�j�b 
�g�_�r�l�Z�l�g�u�o �k�[�h�y�o �\ �j�Z�[�h�l�_ [20].  

�<�h�e�v�n�j�Z�f�h�\�Z�y �i�u�e�v �\ �l�h�d�Z�f�Z�d�Z�o �[�m�^�_�l �g�_�b�a�[�_�`�g�h �k�h�^�_�j�`�Z�l�v �l�j�b�l�b�c. 
�L�Z�d �d�Z�d �b�a-�a�Z �j�Z�^�b�h�Z�d�l�b�\�g�h�k�l�b �l�j�b�l�b�y �g�Z �_�]�h �k�h�^�_�j�`�Z�g�b�_ �\ �d�Z�f�_�j�_ �g�Z�e�Z�]�Z�x�l�k�y 
�h�]�j�Z�g�b�q�_�g�b�y, �i�u�e�v �g�m�`�g�h �[�m�^�_�l �i�_�j�b�h�^�b�q�_�k�d�b �m�^�Z�e�y�l�v �b �b�a�\�e�_�d�Z�l�v �b�a �g�_�z �l�j�b-
�l�b�c. �D�j�h�f�_ �l�h�]�h, �i�u�e�v �f�h�`�_�l �g�_�k�l�b �j�b�k�d �\�a�j�u�\�Z. �H�l�g�h�k�b�l�_�e�v�g�h �d�h�e�b�q�_�k�l�\�Z 
�h�`�b�^�Z�_�f�h�c �\ �B�L�W�J �i�u�e�b �f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^�u �b�a �h�i�m�[�e�b�d�h�\�Z�g�g�u�o �^�Z�g�g�u�o 
�h�[ �h�]�j�Z�g�b�q�_�g�b�y�o �g�Z �_�z �^�h�i�m�k�l�b�f�h�_ �d�h�e�b�q�_�k�l�\�h. �< �j�Z�g�g�_�c �\�_�j�k�b�b �i�j�h�_�d�l�Z, �d�h-
�]�^�Z �k�l�_�g�d�Z �[�u�e�Z �h�[�e�b�p�h�\�Z�g�Z �[�_�j�b�e�e�b�_�f, �Z �\�h�e�v�n�j�Z�f �b �]�j�Z�n�b�l �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 
�^�e�y �h�[�e�b�p�h�\�d�b �^�b�\�_�j�l�h�j�Z, �[�u�e�b �m�k�l�Z�g�h�\�e�_�g�u �k�e�_�^�m�x�s�b�_ �h�]�j�Z�g�b�q�_�g�b�y: �i�h-
�^�\�b�`�g�Z�y �i�u�e�v – �g�_ �[�h�e�_�_ 100 �d�] �\�h�e�v�n�j�Z�f�h�\�h�c, 100 �d�] �[�_�j�b�e�e�b�_�\�h�c �b 200 �d�] 
�]�j�Z�n�b�l�h�\�h�c �i�u�e�b �\�g�m�l�j�b �\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�u, �b �i�h �g�_ �[�h�e�_�_ 6 �d�] �i�u�e�b �d�Z�`�^�h�]�h 
�\�b�^�Z �g�Z �]�h�j�y�q�b�o �i�e�Z�k�l�b�g�Z�o �^�b�\�_�j�l�h�j�Z [21]. �< �[�h�e�_�_ �i�h�a�^�g�_�c �i�m�[�e�b�d�Z�p�b�b [22] 
�i�j�b�\�h�^�b�l�k�y �h�]�j�Z�g�b�q�_�g�b�_ �g�Z �o�h�e�h�^�g�m�x �f�h�[�b�e�b�a�m�_�f�m�x �i�u�e�v �k �o�Z�j�Z�d�l�_�j�g�u�f 
�j�Z�a�f�_�j�h�f 150 �f�d�f – �g�_ �[�h�e�_�_ �l�h�g�g�u, �b �k�m�f�f�Z�j�g�u�c �\�_�k �i�u�e�b �g�Z �i�h�\�_�j�o�g�h�k�l�y�o 
�k �l�_�f�i�_�j�Z�l�m�j�h�c �\�u�r�_ 500 �q�K – �g�_ �[�h�e�_�_ 18 �d�]. �J�Z�a�m�f�_�_�l�k�y, �h�]�j�Z�g�b�q�_�g�b�y �^�h�e�`-
�g�u �[�u�l�v �i�_�j�_�k�f�h�l�j�_�g�u �i�h�k�e�_ 2023 �]., �d�h�]�^�Z �\ �i�j�h�_�d�l�_ �B�L�W�J �[�u�e�h �i�j�b�g�y�l�h 
�j�_�r�_�g�b�_ �b�k�i�h�e�v�a�h�\�Z�l�v �_�^�b�g�k�l�\�_�g�g�u�c �f�Z�l�_�j�b�Z�e �a�Z�s�b�l�g�h�c �h�[�e�b�p�h�\�d�b – �\�h�e�v-
�n�j�Z�f. �H�^�g�Z�d�h �w�l�b �h�]�j�Z�g�b�q�_�g�b�y, �\ �k�h�q�_�l�Z�g�b�b �k�h �f�g�h�`�_�k�l�\�h�f �i�m�[�e�b�d�Z�p�b�c,  
�i�h�k�\�y�s�z�g�g�u�o �k�i�h�k�h�[�Z�f �^�b�Z�]�g�h�k�l�b�d�b �b �m�^�Z�e�_�g�b�y �i�u�e�b �b�a �B�L�W�J, �^�Z�x�l �i�j�_�-̂
�k�l�Z�\�e�_�g�b�_ �h �i�h�l�_�g�p�b�Z�e�v�g�h �\�h�a�f�h�`�g�u�o �d�h�e�b�q�_�k�l�\�Z�o �i�u�e�b �\ �l�_�j�f�h�y�^�_�j�g�h�f �j�_-
�Z�d�l�h�j�_. 

�>�e�y �m�^�Z�e�_�g�b�y �i�u�e�b �_�z �g�m�`�g�h �i�j�b�\�_�k�l�b �\ �i�h�^�\�b�`�g�h�_ �k�h�k�l�h�y�g�b�_, �k�h�[�j�Z�l�v 
�b �\�u�g�_�k�l�b �a�Z �i�j�_�^�_�e�u �d�Z�f�_�j�u �j�_�Z�d�l�h�j�Z. �W�l�h �f�h�`�g�h �k�^�_�e�Z�l�v �j�Z�a�e�b�q�g�u�f�b �k�i�h-
�k�h�[�Z�f�b. �< �F�B�N�B, �g�Z�i�j�b�f�_�j, �j�Z�a�j�Z�[�h�l�Z�e�b �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�c �a�h�g�^ �^�e�y �k�[�h�j�Z 
�f�_�l�Z�e�e�b�q�_�k�d�h�c �i�u�e�b �b�a �B�L�W�J [23]. �>�e�y �f�h�[�b�e�b�a�Z�p�b�b �i�u�e�b �f�h�`�g�h �b�k�i�h�e�v�a�h-
�\�Z�l�v �e�Z�a�_�j�u, �Z �k�h�[�b�j�Z�l�v �_�z �i�j�b �i�h�f�h�s�b �a�Z�j�y�`�_�g�g�u�o �w�e�_�d�l�j�h�^�h�\ �b�e�b �j�h�[�h�l�b�a�b-
�j�h�\�Z�g�g�h�c �j�m�d�b [21]. �M�^�Z�e�_�g�b�_ �i�u�e�b �f�h�`�g�h �i�j�h�b�a�\�h�^�b�l�v, �d�h�]�^�Z �_�z �d�h�e�b�q�_�k�l�\�Z 
�[�m�^�m�l �i�j�b�[�e�b�`�Z�l�v�k�y �d �e�b�f�b�l�Z�f. �>�e�y �m�^�Z�e�_�g�b�y �l�j�b�l�b�y �b�a �i�u�e�b �f�h�`�g�h �i�j�h�\�h-
�^�b�l�v �_�z �i�j�h�]�j�_�\. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�h�e�v�n�j�Z�f�h�\�Z�y �i�u�e�v �\ �l�h�d�Z�f�Z�d�Z�o �i�j�_�^�k�l�Z�\�e�y-
�_�l �k�h�[�h�c �i�j�h�[�e�_�f�m, �b�g�`�_�g�_�j�g�u�_ �j�_�r�_�g�b�y �d�h�l�h�j�h�c �m�`�_ �g�Z�c�^�_�g�u. 
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2.3. �H�d�b�k�e�_�g�b�_ 
�G�Z �\�h�a�^�m�o�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �\�u�r�_ 400–500 �q�K �\�h�e�v�n�j�Z�f �h�d�b�k�e�y�_�l�k�y 

�k �h�[�j�Z�a�h�\�Z�g�b�_�f �`�z�e�l�h�]�h �i�h�j�h�r�d�Z – �l�j�b�h�d�k�b�^�Z �\�h�e�v�n�j�Z�f�Z WO3, �i�j�b�q�z�f �k�d�h-
�j�h�k�l�v �h�d�b�k�e�_�g�b�y �l�_�f �\�u�r�_, �q�_�f �[�h�e�v�r�_ �l�_�f�i�_�j�Z�l�m�j�Z. 

�< �d�h�g�l�Z�d�l�_ �k �i�Z�j�Z�f�b �\�h�^�u �g�Z�]�j�_�l�u�c �\�h�e�v�n�j�Z�f �l�h�`�_ �h�d�b�k�e�y�_�l�k�y, �k �h�[�j�Z-
�a�h�\�Z�g�b�_�f �^�b�h�d�k�b�^�Z �\�h�e�v�n�j�Z�f�Z WO2 (�[�m�j�u�c �i�h�j�h�r�h�d) �b �l�j�b�h�d�k�b�^�Z �\�h�e�v�n�j�Z�f�Z 
WO3.  

�< �j�Z�[�h�l�Z�x�s�_�f �j�_�Z�d�l�h�j�_ �B�L�W�J �\�h�e�v�n�j�Z�f �[�m�^�_�l �g�Z�]�j�_�l �^�h �l�_�f�i�_�j�Z�l�m�j �h�l 
500 �^�h 1500 �q�K, �Z �\ �^�b�\�_�j�l�h�j�_, �\�h�a�f�h�`�g�h, �b �\�u�r�_. �H�o�e�Z�`�^�Z�x�s�Z�y �`�b�^�d�h�k�l�v – 
�\�h�^�Z, �i�j�h�l�_�d�Z�x�s�Z�y �\ �l�h�f �q�b�k�e�_ �i�h �f�g�h�]�h�q�b�k�e�_�g�g�u�f �k�\�Z�j�g�u�f �k�h�_�^�b�g�_�g�b�y�f, 
�d�h�l�h�j�u�_ �[�m�^�m�l �k�h �\�j�_�f�_�g�_�f �^�_�]�j�Z�^�b�j�h�\�Z�l�v �b�a-�a�Z �h�[�e�m�q�_�g�b�y �g�_�c�l�j�h�g�Z�f�b �b �d�h�g-
�l�Z�d�l�Z �k �l�j�b�l�b�_�f. �K�b�l�m�Z�p�b�x, �\ �d�h�l�h�j�h�c �d�Z�d�h�c-�l�h �r�h�\ �i�h�l�_�q�z�l �b �\�h�^�Z �i�h�k�l�m�i�b�l 
�\ �d�Z�f�_�j�m, �g�_�e�v�a�y �i�h�e�g�h�k�l�v�x �b�k�d�e�x�q�b�l�v, �j�Z�\�g�h �d�Z�d �g�_�e�v�a�y �b�k�d�e�x�q�b�l�v, �q�l�h �i�h 
�d�Z�d�b�f-�e�b�[�h �i�j�b�q�b�g�Z�f �i�j�h�b�a�h�c�^�z�l �j�Z�a�]�_�j�f�_�l�b�a�Z�p�b�y �]�h�j�y�q�_�c �d�Z�f�_�j�u. �L�h�]�^�Z, 
�g�_�b�a�[�_�`�g�h, �\�h�e�v�n�j�Z�f�h�\�Z�y �h�[�e�b�p�h�\�d�Z �[�m�^�_�l �[�m�j�g�h �h�d�b�k�e�y�l�v�k�y, �q�l�h, �\�_�j�h�y�l�g�h, 
�i�h�l�j�_�[�m�_�l �j�_�f�h�g�l�Z �k �a�Z�f�_�g�h�c �h�[�e�b�p�h�\�h�q�g�u�o �w�e�_�f�_�g�l�h�\. �G�Z �w�l�h �f�h�`�g�h �i�h�c�l�b, 
�_�k�e�b �j�_�q�v �h�[ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �m�k�l�Z�g�h�\�d�_. �H�^�g�Z�d�h, �\ �i�_�j�k�i�_�d�l�b�\�_ �i�e�Z�g�b�j�m-
�_�l�k�y �k�h�h�j�m�`�Z�l�v �i�j�h�f�u�r�e�_�g�g�u�_ �l�_�j�f�h�y�^�_�j�g�u�_ �b �]�b�[�j�b�^�g�u�_ �j�_�Z�d�l�h�j�u, �Z �\�h�e�v-
�n�j�Z�f �i�h �j�y�^�m �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�_�\�h�k�o�h�^�b�l �^�j�m�]�b�_ �f�Z�l�_�j�b�Z�e�u �\ �d�Z�q�_�k�l�\�_ �h�[�j�Z-
�s�z�g�g�h�]�h �d �i�e�Z�a�f�_. �G�_�h�[�o�h�^�b�f�h �i�j�b�^�m�f�Z�l�v �k�i�h�k�h�[ �a�Z�s�b�l�u �\�h�e�v�n�j�Z�f�Z �h�l �h�d�b�k-
�e�_�g�b�y – �i�j�b �w�l�h�f �g�_ �a�Z�k�h�j�y�y �i�e�Z�a�f�m �g�_�`�_�e�Z�l�_�e�v�g�u�f�b �i�j�b�f�_�k�y�f�b �b �g�_ �m�o�m�^�r�Z�y 
�l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �f�Z�l�_�j�b�Z�e�Z. 

�>�e�y �h�[�_�k�i�_�q�_�g�b�y �m�k�l�h�c�q�b�\�h�k�l�b �d �h�d�b�k�e�_�g�b�x �\�h�e�v�n�j�Z�f �i�j�_�^�e�Z�]�Z�x�l �e�_-
�]�b�j�h�\�Z�l�v �w�e�_�f�_�g�l�Z�f�b, �d�h�l�h�j�u�_ �h�[�j�Z�a�h�\�u�\�Z�e�b �[�u �a�Z�s�b�l�g�m�x �h�d�b�k�g�m�x �i�e�z�g�d�m 
�g�Z �i�h�\�_�j�o�g�h�k�l�b �b �i�j�_�i�y�l�k�l�\�h�\�Z�e�b �[�u �^�Z�e�v�g�_�c�r�_�f�m �h�d�b�k�e�_�g�b�x – �d�j�_�f�g�b�_�f, 
�o�j�h�f�h�f �b�e�b �l�b�l�Z�g�h�f. �D �k�h�`�Z�e�_�g�b�x, �^�h�[�Z�\�e�_�g�b�_ �d�j�_�f�g�b�y �\ �\�h�e�v�n�j�Z�f �\�u�e�b�\�Z-
�_�l�k�y �\ �f�_�`�a�z�j�_�g�g�h�_ �j�Z�k�l�j�_�k�d�b�\�Z�g�b�_. �K�e�h�`�g�h�k�l�b, �k�\�y�a�Z�g�g�u�_ �k �e�_�]�b�j�h�\�Z�g�b�_�f 
�o�j�h�f�h�f �b �l�b�l�Z�g�h�f �h�[�k�m�`�^�Z�x�l�k�y �g�b�`�_ �\ �j�Z�a�^�_�e�_ 3. 
 

2.4. �O�j�m�i�d�h�k�l�v 
�H�k�g�h�\�g�h�c �g�_�^�h�k�l�Z�l�h�d �\�h�e�v�n�j�Z�f�Z – �o�j�m�i�d�h�k�l�v. �L�_�f�i�_�j�Z�l�m�j�Z �o�j�m�i�d�h-

�\�y�a�d�h�]�h �i�_�j�_�o�h�^�Z �\�h�e�v�n�j�Z�f�Z (�L�o) �\�h�e�v�n�j�Z�f�Z �\�u�r�_ �d�h�f�g�Z�l�g�h�c �b �\ �a�Z�\�b�k�b�f�h�k�l�b 
�h�l �f�b�d�j�h�k�l�j�m�d�l�m�j�u �k�h�k�l�Z�\�e�y�_�l 200–500 �q�K, �Z �b�a-�a�Z �g�_�c�l�j�h�g�g�h�]�h �h�[�e�m�q�_�g�b�y 
�[�m�^�_�l �\�h�a�j�Z�k�l�Z�l�v �^�h 700 °C �b �\�u�r�_. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�_�j�h�y�l�g�h, �q�l�h �\�h�e�v�n�j�Z�f 
�h�d�Z�`�_�l�k�y �o�j�m�i�d�b�f �i�j�b �j�Z�[�h�q�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o �w�d�k�i�e�m�Z�l�Z�p�b�b, �q�l�h �q�j�_�\�Z�l�h �j�Z�a-
�j�m�r�_�g�b�_�f �a�Z�s�b�l�g�h�c �h�[�e�b�p�h�\�d�b.  

�Q�l�h�[�u �j�_�r�b�l�v �i�j�h�[�e�_�f�m �o�j�m�i�d�h�k�l�b �\�h�e�v�n�j�Z�f�Z, �g�m�`�g�h �i�h�g�b�f�Z�l�v �_�z �i�j�b-
�q�b�g�u. �H�g�b �j�h�\�g�h �l�Z�d�b�_ �`�_, �d�Z�d �m �o�j�h�f�Z �b �f�h�e�b�[�^�_�g�Z – �^�j�m�]�b�o �w�e�_�f�_�g�l�h�\ VI�:  
�]�j�m�i�i�u �l�Z�[�e�b�p�u �F�_�g�^�_�e�_�_�\�Z. �I�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o < 0,1÷0,2 �i�e.T  �w�l�b �f�_�l�Z�e�e�u 
�b �i�h�q�l�b �\�k�_ �b�o �k�i�e�Z�\�u – �o�j�m�i�d�b�_. 

�I�_�j�\�Z�y �i�j�b�q�b�g�Z – �a�Z�[�e�h�d�b�j�h�\�Z�g�g�h�k�l�v �^�b�k�e�h�d�Z�p�b�c [24]. �<�h�e�v�n�j�Z�f – �f�_-
�l�Z�e�e �k �H�P�D-�j�_�r�z�l�d�h�c. �I�e�Z�k�l�b�q�g�h�k�l�v �H�P�D-�f�_�l�Z�e�e�h�\ �a�Z�\�b�k�b�l �h�l �i�h�^�\�b�`�g�h�k�l�b 
�\�b�g�l�h�\�u�o �^�b�k�e�h�d�Z�p�b�c. �< �\�h�e�v�n�j�Z�f�_ �h�q�_�g�v �\�u�k�h�d�h�_ �g�Z�i�j�y�`�_�g�b�_ �I�Z�c�_�j�e�k�Z2 – 
�\ 1,5–2 �j�Z�a�Z �\�u�r�_, �q�_�f �^�e�y �i�e�Z�k�l�b�q�g�u�o �f�_�l�Z�e�e�h�\ V�:  �]�j�m�i�i�u �l�Z�[�e�b�p�u �F�_�g�^�_-

                                                 
2 �G�Z�i�j�y�`�_�g�b�_, �g�_�h�[�o�h�^�b�f�h�_ �^�e�y �i�_�j�_�f�_�s�_�g�b�y �^�b�k�e�h�d�Z�p�b�b �i�m�l�z�f �k�d�h�e�v�`�_�g�b�y 

�i�j�b 0 �D. 
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�e�_�_�\�Z. �B�a-�a�Z �w�l�h�]�h �i�j�b �g�Z�j�Z�k�l�Z�g�b�b �g�Z�i�j�y�`�_�g�b�y �\ �\�h�e�v�n�j�Z�f�_ �k�d�e�Z�^�u�\�Z�_�l�k�y �k�b-
�l�m�Z�p�b�y, �d�h�]�^�Z �l�j�_�s�b�g�u �m�`�_ �j�Z�a�\�b�\�Z�x�l�k�y, �Z �^�b�k�e�h�d�Z�p�b�b �_�s�z �g�_�i�h�^�\�b�`�g�u. 

�<�l�h�j�Z�y �i�j�b�q�b�g�Z – �k�e�Z�[�h�_ �k�p�_�i�e�_�g�b�_ �f�_�`�^�m �a�z�j�g�Z�f�b [24]. �I�j�b �j�Z�a�j�m�r�_-
�g�b�b �\�h�e�v�n�j�Z�f�Z �q�b�k�l�h�l�h�c >99,97 �\�_�k.% �^�h 95,9 % �h�[�j�Z�a�h�\�Z�\�r�_�c�k�y �i�h�\�_�j�o�g�h�k�l�b 
�k�h�k�l�Z�\�e�y�_�l �f�_�`�a�z�j�_�g�g�h�_ �j�Z�a�j�m�r�_�g�b�_ [25]. �W�l�h �i�j�h�b�k�o�h�^�b�l �i�h�l�h�f�m, �q�l�h �j�Z�k-
�l�\�h�j�b�f�h�k�l�v �j�y�^�Z �i�j�b�f�_�k�_�c �\ �h�[�t�_�f�_ �\�h�e�v�n�j�Z�f�Z �g�b�a�d�Z, �l�Z�d �q�l�h �\ �\�h�e�v�n�j�Z�f�_ 
�\�u�k�h�d�h�c �q�b�k�l�h�l�u �b �^�Z�`�_ �\ �f�h�g�h�d�j�b�k�l�Z�e�e�_ �h�d�Z�a�u�\�Z�_�l�k�y �b�a�[�u�l�h�q�g�h�_ �d�h�e�b�q�_�k�l�\�h 
�i�j�b�f�_�k�_�c. �I�j�h�b�k�o�h�^�b�l �b�o �k�_�]�j�_�]�Z�p�b�y �\ �^�_�n�_�d�l�Z�o �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�z�l�d�b 
�\�h�e�v�n�j�Z�f�Z (�]�j�Z�g�b�p�u �a�z�j�_�g, �k�m�[�a�z�j�_�g, �y�^�j�Z �^�b�k�e�h�d�Z�p�b�c), �q�l�h �i�j�b�\�h�^�b�l 
�d �h�k�e�Z�[�e�_�g�b�x �k�\�y�a�b �]�j�Z�g�b�p �a�z�j�_�g, �q�l�h �b �y�\�e�y�_�l�k�y �h�^�g�h�c �b�a �]�e�Z�\�g�u�o �i�j�b�q�b�g 
�o�e�Z�^�g�h�e�h�f�d�h�k�l�b �\�h�e�v�n�j�Z�f�Z [24]. �I�j�b�f�_�k�v �d�b�k�e�h�j�h�^�Z �i�j�b�\�h�^�b�l �d �h�[�j�Z�a�h�\�Z�g�b�x 
�e�z�]�d�h�i�e�Z�\�d�b�o �o�j�m�i�d�b�o �h�d�k�b�^�h�\, �k�e�Z�[�h�k�\�y�a�Z�g�g�u�o �k �f�Z�l�j�b�p�_�c �b �h�k�e�Z�[�e�y�x�s�b�o 
�k�\�y�a�v �]�j�Z�g�b�p �a�z�j�_�g. �I�j�b�f�_�k�v �m�]�e�_�j�h�^�Z �i�j�b�\�h�^�b�l �d �\�u�^�_�e�_�g�b�x W2C �g�Z �]�j�Z�g�b-
�p�Z�o �a�z�j�_�g �b �^�_�n�_�d�l�Z�o. 

�Q�l�h�[�u �i�h�\�u�k�b�l�v �i�e�Z�k�l�b�q�g�h�k�l�v �\�h�e�v�n�j�Z�f�Z, �g�m�`�g�h 
– �k�^�_�e�Z�l�v �^�b�k�e�h�d�Z�p�b�b �i�h�^�\�b�`�g�u�f�b; 
– �b�a�[�Z�\�b�l�v�k�y �h�l �\�j�_�^�g�u�o �i�j�b�f�_�k�_�c �b�e�b �i�h�^�Z�\�b�l�v �b�o �g�_�]�Z�l�b�\�g�h�_ �\�h�a�^�_�c-

�k�l�\�b�_. 
�>�e�y �l�h�]�h, �q�l�h�[�u �k�^�_�e�Z�l�v �^�b�k�e�h�d�Z�p�b�b �i�h�^�\�b�`�g�u�f�b, �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v 

�e�_�]�b�j�h�\�Z�g�b�_ �b �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�m�x �h�[�j�Z�[�h�l�d�m (�f�_�o�Z�g�b�q�_�k�d�m�x �^�_�n�h�j�f�Z�p�b�x 
�i�j�b �i�h�\�u�r�_�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_). 

�;�h�j�h�l�v�k�y �k �\�e�b�y�g�b�_�f �i�j�b�f�_�k�b �d�b�k�e�h�j�h�^�Z �f�h�`�g�h, �k�i�_�d�Z�y �\�h�e�v�n�j�Z�f �k �g�_-
�d�h�l�h�j�u�f �d�h�e�b�q�_�k�l�\�h�f �Z�d�l�b�\�g�u�o �d �d�b�k�e�h�j�h�^�m �w�e�_�f�_�g�l�h�\, �q�l�h�[�u �b�e�b �m�^�Z�e�b�l�v 
�d�b�k�e�h�j�h�^ �b�a �\�h�e�v�n�j�Z�f�Z �\ �k�h�k�l�Z�\�_ �e�_�l�m�q�b�o �k�h�_�^�b�g�_�g�b�c �b�e�b �k�\�y�a�Z�l�v �_�]�h �\ �l�m�]�h-
�i�e�Z�\�d�b�_ �h�d�k�b�^�u �l�b�i�Z Y2O3 �b�e�b ThO2. �J�Z�a�\�b�\�Z�x�s�Z�y�k�y �l�j�_�s�b�g�Z, �\�k�l�j�_�q�Z�y �^�b�k-
�i�_�j�k�g�m�x �q�Z�k�l�b�p�m �h�d�k�b�^�Z, �a�Z�l�m�i�e�y�_�l�k�y �b �i�j�_�d�j�Z�s�Z�_�l �k�\�h�z �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ 
[24]. �E�_�]�b�j�h�\�Z�g�g�u�c �l�Z�d�b�f �h�[�j�Z�a�h�f �f�_�l�Z�e�e �e�m�q�r�_ �h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y, �_�]�h �i�e�Z-
�k�l�b�q�g�h�k�l�v �\�u�r�_. �>�e�y �i�h�^�Z�\�e�_�g�b�y �\�j�_�^�g�h�]�h �\�e�b�y�g�b�y �m�]�e�_�j�h�^�Z �f�h�`�g�h �m�\�_�e�b-
�q�b�l�v �j�Z�k�l�\�h�j�b�f�h�k�l�v �m�]�e�_�j�h�^�Z �\ �\�h�e�v�n�j�Z�f�_ �i�m�l�z�f �\�\�_�^�_�g�b�y �g�_�d�Z�j�[�b�^�h�h�[�j�Z�a�m-
�x�s�b�o �w�e�_�f�_�g�l�h�\ (�g�Z�i�j�b�f�_�j, Re) [24].  

3. �L�j�Z�^�b�p�b�h�g�g�u�_ �k�i�h�k�h�[�u �m�e�m�q�r�_�g�b�y �i�e�Z�k�l�b�q�_�k�d�b�o 
�k�\�h�c�k�l�\ 

�E�_�]�b�j�h�\�Z�g�b�_ – �i�h�i�m�e�y�j�g�u�c �k�i�h�k�h�[ �m�e�m�q�r�_�g�b�y �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �o�Z-
�j�Z�d�l�_�j�b�k�l�b�d �f�_�l�Z�e�e�h�\, �\ �l�h�f �q�b�k�e�_ �\�h�e�v�n�j�Z�f�Z [26]. �D�Z�d�b�_ �e�_�]�b�j�m�x�s�b�_ �^�h�[�Z�\-
�d�b �b�f�_�_�l �k�f�u�k�e �j�Z�k�k�f�h�l�j�_�l�v �\ �i�_�j�\�m�x �h�q�_�j�_�^�v? 

�I�j�_�`�^�_ �\�k�_�]�h, �\ �o�h�^�_ �j�Z�[�h�l�u �l�_�j�f�h�y�^�_�j�g�h�]�h �j�_�Z�d�l�h�j�Z �b�a-�a�Z �l�j�Z�g�k�f�m�l�Z-
�p�b�b �i�h� ̂ �^�_�c�k�l�\�b�_�f �g�_�c�l�j�h�g�h�\ �l�_�j�f�h�y�^�_�j�g�h�]�h �k�i�_�d�l�j�Z �\ �\�h�e�v�n�j�Z�f�_ �[�m�^�m�l 
�g�Z�j�Z�[�Z�l�u�\�Z�l�v�k�y �j�_�g�b�c �b �h�k�f�b�c, �Z �l�Z�d�`�_ �]�Z�n�g�b�c �b �l�Z�g�l�Z�e – �[�e�b�`�Z�c�r�b�_ �k�h�k�_�^�b 
�\�h�e�v�n�j�Z�f�Z �i�h �l�Z�[�e�b�p�_ �F�_�g�^�_�e�_�_�\�Z. �I�h�^�j�h�[�g�m�x �k�o�_�f�m �l�j�Z�g�k�f�m�l�Z�p�b�c �\ �\�h�e�v-
�n�j�Z�f�_ �i�h� ̂�^�_�c�k�l�\�b�_�f �h�[�e�m�q�_�g�b�y �g�_�c�l�j�h�g�Z�f�b �k �w�g�_�j�]�b�_�c 14 �F�w�< �f�h�`�g�h �g�Z�c�l�b 
�\ [27]. �K�h�]�e�Z�k�g�h �j�Z�k�q�z�l�Z�f [28], �i�h�k�e�_ �h�[�e�m�q�_�g�b�y �^�h�a�h�c 1023 n/�k�f2 �g�_�c�l�j�h�g�h�\ 
�l�_�j�f�h�y�^�_�j�g�h�]�h �k�i�_�d�l�j�Z �\ �\�h�e�v�n�j�Z�f�_ �[�m�^�_�l �k�h�^�_�j�`�Z�l�v�k�y 0,007 % Hf, 0,525 % Ta, 
1,24 % Re �b 0,38 % Os, �Z �q�_�j�_�a 5 �e�_�l �g�_�i�j�_�j�u�\�g�h�c �j�Z�[�h�l�u �i�j�b �g�_�c�l�j�h�g�g�h�c 
�g�Z�]�j�m�a�d�_ 6 M�<�l/�f2 �k�m�f�f�Z�j�g�h�_ �k�h�^�_�j�`�Z�g�b�_ �w�l�b�o �i�j�b�f�_�k�_�c �i�j�_�\�u�k�b�l 10 %.  
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�J�Z�k�k�f�Z�l�j�b�\�Z�y �\�h�a�f�h�`�g�u�_ �e�_�]�b�j�m�x�s�b�_ �^�h�[�Z�\�d�b, �k�l�h�b�l �g�Z�q�Z�l�v �k Hf, Ta, Re, Os, 
�d�h�l�h�j�u�_ �\ �e�x�[�h�f �k�e�m�q�Z�_ �[�m�^�m�l �g�Z�j�Z�[�Z�l�u�\�Z�l�v�k�y �\ �\�h�e�v�n�j�Z�f�_. 

�K �l�h�q�d�b �a�j�_�g�b�y �e�z�]�d�h�k�l�b �m�l�b�e�b�a�Z�p�b�b, �`�_�e�Z�l�_�e�v�g�h, �q�l�h�[�u �h�[�e�m�q�Z�_�f�u�c 
�g�_�c�l�j�h�g�Z�f�b �f�Z�l�_�j�b�Z�e �h�[�e�Z�^�Z�e �[�u�k�l�j�u�f �k�i�Z�^�h�f �g�Z�\�_�^�z�g�g�h�c �Z�d�l�b�\�g�h�k�l�b. �Q�b�k-
�e�h �g�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�o �w�e�_�f�_�g�l�h�\ �g�_ �\�_�e�b�d�h, �w�l�h: �K, Si, Ti, V, �Kr, Mg, Mn, Fe, 
Zr, O, Al [29] �Z �l�Z�d�`�_ Be, Ta, W [30]. �?�k�e�b �k�l�Z�\�b�l�v �p�_�e�v�x �[�u�k�l�j�u�c �k�i�Z�^ �g�Z�\�_-
�^�z�g�g�h�c �Z�d�l�b�\�g�h�k�l�b �m�k�l�Z�g�h�\�d�b, �\ �d�Z�q�_�k�l�\�_ �e�_�]�b�j�m�x�s�b�o �^�h�[�Z�\�h�d �b�f�_�_�l �k�f�u�k�e 
�j�Z�k�k�f�Z�l�j�b�\�Z�l�v �w�e�_�f�_�g�l�u �b�a �w�l�h�]�h �k�i�b�k�d�Z. �I�j�b �w�l�h�f �g�Z�d�e�Z�^�u�\�Z�x�l�k�y �\�_�k�v�f�Z 
�k�l�j�h�]�b�_ �h�]�j�Z�g�b�q�_�g�b�y �g�Z �b�k�i�h�e�v�a�h�\�Z�g�b�y �l�Z�d�b�o �\�u�k�h�d�h�Z�d�l�b�\�b�j�m�_�f�u�o �w�e�_�f�_�g�l�h�\ 
�d�Z�d Al, Ni, Mo, Nb. �G�Z�i�j�b�f�_�j, �i�j�b�f�_�k�b �g�b�h�[�b�y �g�Z �m�j�h�\�g�_ 1e-6 �^�h�k�l�Z�l�h�q�g�h, 
�q�l�h�[�u �f�Z�l�_�j�b�Z�e, �\ �k�h�k�l�Z�\�_ �d�h�l�h�j�h�]�h �h�g�Z �\�o�h�^�b�l, �g�_ �i�h�i�Z�e �\ �d�e�Z�k�k �g�b�a�d�h�Z�d�l�b-
�\�b�j�m�_�f�u�o �b �g�_ �i�h�^�e�_�`�Z�e �i�_�j�_�j�Z�[�h�l�d�_, �Z �i�j�b �k�h�^�_�j�`�Z�g�b�b �g�b�h�[�b�y �\�u�r�_ 9,4�_-6 
�f�Z�l�_�j�b�Z�e �g�_�e�v�a�y �[�m�^�_�l �^�Z�`�_ �i�_�j�_�f�_�s�Z�l�v [31].  

�D�Z�d �m�`�_ �]�h�\�h�j�b�e�h�k�v �\�u�r�_, �h�^�g�h �b�a �h�k�g�h�\�g�u�o �^�h�k�l�h�b�g�k�l�\ �\�h�e�v�n�j�Z�f�Z – 
�l�_�j�f�h�k�l�h�c�d�h�k�l�v. �< �k�h�\�j�_�f�_�g�g�u�o �l�h�d�Z�f�Z�d�Z�o, �^�Z�`�_ �l�_�o, �d�h�l�h�j�u�_ �i�h �i�Z�j�Z�f�_�l�j�Z�f 
�k�m�s�_�k�l�\�_�g�g�h �m�k�l�m�i�Z�x�l �k�l�j�h�y�s�_�f�m�k�y �j�_�Z�d�l�h�j�m �B�L�W�J, �m�k�e�h�\�b�y �g�Z �k�l�_�g�d�_  
�l�Z�d�h�\�u, �q�l�h �\�h�e�v�n�j�Z�f�h�\�u�_ �w�e�_�f�_�g�l�u �k�l�_�g�d�b �i�j�b �g�_�d�h�l�h�j�u�o �k�h�[�u�l�b�y�o �i�e�Z�\�y�l-
�k�y [32], �i�j�b�q�z�f �i�j�h�b�k�o�h�^�b�l �g�_ �l�h�e�v�d�h �j�Z�k�i�e�Z�\�e�_�g�b�_, �g�h �b �j�Z�a�[�j�u�a�]�b�\�Z�g�b�_ �i�h-
�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y, �^�Z�`�_ �g�Z �l�Z�d�h�c �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�h�c �m�k�l�Z�g�h�\�d�_,  
�d�Z�d �L-10.  

�I�j�b �k�j�u�\�_ �g�Z�]�j�m�a�d�Z �g�Z �a�Z�s�b�l�g�m�x �h�[�e�b�p�h�\�d�m �a�Z �\�j�_�f�y 0,1–2 �f�k �h�g�Z �k�h-
�k�l�Z�\�b�l 0,2–5 �F�>�`/�f2 (0,2–50 �=�<�l/�f2). �K�h�]�e�Z�k�g�h [33], �i�j�b �g�Z�]�j�m�a�d�_ 1 �F�>�`/�f2 
�i�h�\�_�j�o�g�h�k�l�v �\�h�e�v�n�j�Z�f�Z �[�m�^�_�l �i�e�Z�\�b�l�v�k�y, �i�j�b 1,2 �F�>�`/�f2 �[�m�^�_�l �i�j�h�b�k�o�h�^�b�l�v 
�j�Z�a�[�j�u�a�]�b�\�Z�g�b�_ �d�Z�i�_�e�v, �i�j�b 1,9 �F�>�`/�f2 �i�h�\�_�j�o�g�h�k�l�g�u�c �k�e�h�c �[�m�^�_�l �d�b�i�_�l�v. 
�=�e�m�[�b�g�Z �k�e�h�y, �a�Z�l�j�h�g�m�l�h�]�h �w�j�h�a�b�_�c, �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h �j�Z�k�l�z�l �k �j�h�k�l�h�f �f�h�s�g�h-
�k�l�b �g�Z�]�j�m�a�d�b �g�Z �i�h�\�_�j�o�g�h�k�l�v �b �i�j�b 9 �=�<�l/�f2 �k�h�k�l�Z�\�b�l 0,02 �f�f  [34]. �>�e�y �f�_�g�_�_ 
�l�_�j�f�h�k�l�h�c�d�b�o �f�_�l�Z�e�e�h�\ �i�h�k�e�_�^�k�l�\�b�y �[�u�e�b �[�u �k�_�j�v�z�a�g�_�_.  

�Q�l�h�[�u �k�h�o�j�Z�g�b�l�v �h�k�g�h�\�g�h�_ �^�h�k�l�h�b�g�k�l�\�h �\�h�e�v�n�j�Z�f�Z – �l�_�j�f�h�k�l�h�c�d�h�k�l�v, 
�`�_�e�Z�l�_�e�v�g�h �e�_�]�b�j�h�\�Z�l�v �_�]�h �w�e�_�f�_�g�l�Z�f�b �k �k�Z�f�u�f�b �\�u�k�h�d�b�f�b �l�_�f�i�_�j�Z�l�m�j�Z�f�b 
�i�e�Z�\�e�_�g�b�y. �I�h�g�y�l�b�_ «�l�m�]�h�i�e�Z�\�d�b�_ �f�_�l�Z�e�e�u» �h�i�j�_�^�_�e�y�x�l, �d�Z�d �f�_�l�Z�e�e�u, �l�_�f�i�_-
�j�Z�l�m�j�Z �i�e�Z�\�e�_�g�b�y �d�h�l�h�j�u�o �\�u�r�_ �g�_�d�h�l�h�j�h�c �\�_�e�b�q�b�g�u. �< �j�Z�a�e�b�q�g�u�o �e�b�l�_�j�Z-
�l�m�j�g�u�o �b�k�l�h�q�g�b�d�Z�o �g�Z�a�u�\�Z�x�l �l�_�f�i�_�j�Z�l�m�j�u 2200 �q�K, 2000 �q�K, �b �^�Z�`�_ �l�_�f�i�_�j�Z-
�l�m�j�m �i�e�Z�\�e�_�g�b�y �`�_�e�_�a�Z – 1535 �q�K [35]. �< �l�Z�[�e. 1 �i�j�b�\�_�^�_�g�u �l�_�f�i�_�j�Z�l�m�j�u �i�e�Z�\-
�e�_�g�b�y �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o �f�_�l�Z�e�e�h�\, �Z �l�Z�d�`�_ �l�m�]�h�i�e�Z�\�d�b�o �f�_�l�Z�e�e�h�\, �[�h�e�v�r�b�g-
�k�l�\�h �b�a �d�h�l�h�j�u�o – �i�j�h�^�m�d�l�u �l�j�Z�g�k�f�m�l�Z�p�b�b �\�h�e�v�n�j�Z�f�Z �\ �m�k�e�h�\�b�y�o �L�Y�J. 

�L�_�f�i�_�j�Z�l�m�j�u �d�b�i�_�g�b�y �d�j�_�f�g�b�y, �l�b�l�Z�g�Z, �\�Z�g�Z�^�b�y, �o�j�h�f�Z, �f�Z�j�]�Z�g�p�Z, �`�_�e�_-
�a�Z �g�b�`�_ �q�_�f �l�_�f�i�_�j�Z�l�m�j�Z �i�e�Z�\�e�_�g�b�y �\�h�e�v�n�j�Z�f�Z. �K�h�_�^�b�g�b�l�v �l�Z�d�b�_ �w�e�_�f�_�g�l�u 
�\ �d�e�Z�k�k�b�q�_�k�d�b�c �k�i�e�Z�\ �i�j�h�[�e�_�f�Z�l�b�q�g�h, �l. �d. �e�_�]�b�j�m�x�s�b�_ �^�h�[�Z�\�d�b �m�`�_ �d�b�i�y�l, 
�Z �h�k�g�h�\�g�h�c �f�_�l�Z�e�e �_�s�z �g�_ �j�Z�k�i�e�Z�\�e�_�g. �I�j�b �i�j�h�b�a�\�h�^�k�l�\�_ �k�h�_�^�b�g�_�g�b�c �e�z�]�d�h-
�i�e�Z�\�d�h�]�h �b �l�m�]�h�i�e�Z�\�d�h�]�h �d�h�f�i�h�g�_�g�l�Z �i�j�Z�d�l�b�q�_�k�d�b �g�_�b�a�[�_�`�g�h �[�m�^�_�l �i�h�e�m�q�_�g 
�i�h�j�b�k�l�u�c �f�Z�l�_�j�b�Z�e �k�h �k�g�b�`�_�g�g�h�c �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v�x, �q�l�h �f�h�`�_�l �h�d�Z�a�Z�l�v�k�y 
�d�j�b�l�b�q�g�u�f, �_�k�e�b �j�_�q�v �b�^�z�l �h �i�j�b�f�_�g�_�g�b�b �^�e�y �a�Z�s�b�l�u �i�_�j�\�h�c �k�l�_�g�d�b �L�Y�J, �]�^�_ 
�l�j�_�[�m�_�l�k�y �g�_�i�j�_�j�u�\�g�u�c �b �[�u�k�l�j�u�c �h�l�\�h�^ �d�h�e�h�k�k�Z�e�v�g�u�o �i�h�l�h�d�h�\ �l�_�i�e�Z. �D�j�h�f�_ 
�l�h�]�h, �l�_�f�i�_�j�Z�l�m�j�Z �i�e�Z�\�e�_�g�b�y �k�i�e�Z�\�Z �^�\�m�o �w�e�_�f�_�g�l�h�\ �h�[�u�q�g�h �i�j�h�f�_�`�m�l�h�q�g�Z�y 
�f�_�`�^�m �l�_�f�i�_�j�Z�l�m�j�Z�f�b �i�e�Z�\�e�_�g�b�y �d�h�f�i�h�g�_�g�l. �Q�_�f �[�u �f�u �g�_ �e�_�]�b�j�h�\�Z�e�b �\�h�e�v-
�n�j�Z�f, �l�_�f�i�_�j�Z�l�m�j�Z �i�e�Z�\�e�_�g�b�y �k�g�b�a�b�l�k�y, �b �l�_�f �[�h�e�v�r�_, �q�_�f �g�b�`�_ �l�_�f�i�_�j�Z�l�m�j�Z 
�i�e�Z�\�e�_�g�b�y �e�_�]�b�j�m�x�s�_�c �^�h�[�Z�\�d�b. �L�m�]�h�i�e�Z�\�d�b�c �f�h�e�b�[�^�_�g – �\�u�k�h�d�h�Z�d�l�b�\�b�j�m�_-
�f�u�c �w�e�_�f�_�g�l, �i�h�w�l�h�f�m �`�_�e�Z�l�_�e�v�g�h �b�a�[�_�`�Z�l�v �_�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y. �K�l�Z�\�y �p�_�e�v�x 
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�k�h�o�j�Z�g�_�g�b�_ �l�m�]�h�i�e�Z�\�d�h�k�l�b, �f�u �\�g�h�\�v �i�j�b�o�h�^�b�f �d �l�h�f�m, �q�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �j�_-
�g�b�y �b �l�Z�g�l�Z�e�Z, �]�Z�n�g�b�y �b �h�k�f�b�y, �d�h�l�h�j�u�_ �b �l�Z�d �[�m�^�m�l �g�Z�j�Z�[�Z�l�u�\�Z�l�v�k�y �\ �\�h�e�v-
�n�j�Z�f�_, �i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_ �^�j�m�]�b�o �\�Z�j�b�Z�g�l�h�\. �B�a �i�_�j�_�q�b�k�e�_�g�g�u�o �f�_�l�Z�e�e�h�\ �h�k-
�f�b�c – �[�e�Z�]�h�j�h�^�g�u�c �b �^�j�Z�]�h�p�_�g�g�u�c �f�_�l�Z�e�e �i�e�Z�l�b�g�h�\�h�c �]�j�m�i�i�u, �h�g �k�Z�f�u�c �^�h-
�j�h�]�h�c �b �g�Z�b�f�_�g�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�c �b�a �l�m�]�h�i�e�Z�\�d�b�o �f�_�l�Z�e�e�h�\. 
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�L�_�f�i�_�j�Z�l�m�j�u �i�e�Z�\�e�_�g�b�y �b �d�b�i�_�g�b�y �\�h�e�v�n�j�Z�f�Z �b �g�_�d�h�l�h�j�u�o �w�e�_�f�_�g�l�h�\,  
�d�h�l�h�j�u�_ �f�h�`�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �^�e�y �e�_�]�b�j�h�\�Z�g�b�y �\�h�e�v�n�j�Z�f�Z [35, 36] 
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�L�_�j�f�h�k�l�h�c�d�h�k�l�v 
�G�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�c 

�<�u�k�h�d�b�c  
�a�Z�o�\�Z�l �L 

Si 28 1414 2900 �g�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�c  

Ti 47,9 1670 3280 �g�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�c �=�_�l�l�_�j �G 

V 50,94 1920 3400 �g�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�c �=�_�l�l�_�j �G 

Cr 52 1900 2690 
�G�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�c 

�D�h�j�j�h�a�b�h�g�g�Z�y  
�k�l�h�c�d�h�k�l�v 

 

Mn 54,94 1246 2061 �G�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�c  

Fe 55,85 1538 2861 �G�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�c  

Mo 95.94 2623 4639 �L�m�]�h�i�e�Z�\�d�b�c 
�I�e�Z�k�l�b�q�g�u�c �i�j�b RT 

�<�u�k�h�d�h�Z�d�l�b�\�b-
�j�m�_�f�u�c 

Hf 178,49 2230 4600 �L�m�]�h�i�e�Z�\�d�b�c 
�G�Z�j�Z�[�Z�l�u�\�Z�_�k�y �\ W  

�L�Z 180,95 3020 5400 
�L�m�]�h�i�e�Z�\�d�b�c 

�F�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�c 
�G�Z�j�Z�[�Z�l�u�\�Z�_�k�y �\ W 

 

W 183,85 3420 5680 �L�m�]�h�i�e�Z�\�d�b�c, 
�g�b�a�d�h�Z�d�l�b�\�b�j�m�_�f�u�c �O�j�m�i�d�b�c 

Re 186, 3180 5600 �L�m�]�h�i�e�Z�\�d�b�c 
�G�Z�j�Z�[�Z�l�u�\�Z�_�k�y �\ W  

Os 190,23 3030 5030 �L�m�]�h�i�e�Z�\�d�b�c 
�G�Z�j�Z�[�Z�l�u�\�Z�_�k�y �\ W 

�>�j�Z�]�h�p�_�g�g�u�c  
�f�_�l�Z�e�e 

�H�q�_�g�v �^�h�j�h�] 

 
�F�b�j�h�\�h�_ �i�j�h�b�a�\�h�^�k�l�\�h �]�Z�n�g�b�y, �j�_�g�b�y �b �l�Z�g�l�Z�e�Z �k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 50, 70 

�b 420 �l�h�g�g �\ �]�h� ̂�k�h�h�l�\�_�l�k�l�\�_�g�g�h, �f�b�j�h�\�Z�y �^�h�[�u�q�Z �h�k�f�b�y – �\�k�_�]�h 120 �d�]. �D�b�e�h-
�]�j�Z�f�f Re �b Hf �k�l�h�b�l 140 �l�u�k. �j�m�[., �l�Z�g�l�Z�e �^�_�r�_�\�e�_ �\ �i�h�e�l�h�j�Z �j�Z�a�Z. �H�^�b�g �]�j�Z�f�f 
�h�k�f�b�y �k�l�h�b�l 10–200 �l�u�k. �^�h�e�e�Z�j�h�\ (1–20 �f�e�g �j�m�[�e�_�c) [37]. �D�h�g�_�q�g�h, �b�k�i�h�e�v�a�h-
�\�Z�g�b�_ �h�k�f�b�y �^�e�y �i�h�i�u�l�h�d �m�e�m�q�r�b�l�v �k�\�h�c�k�l�\�Z �\�h�e�v�n�j�Z�f�Z �w�d�h�g�h�f�b�q�_�k�d�b 
�g�_ �h�i�j�Z�\�^�Z�g�h.  
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�?�k�e�b �k�m�s�_�k�l�\�m�_�l �^�b�Z�i�Z�a�h�g �l�_�f�i�_�j�Z�l�m�j, �\ �d�h�l�h�j�h�f �\�h�e�v�n�j�Z�f �b �e�_�]�b�j�m�x-
�s�b�c �w�e�_�f�_�g�l �g�Z�o�h�^�y�l�k�y �\ �k�h�k�l�h�y�g�b�b �j�Z�k�i�e�Z�\�Z, �k�i�e�Z�\�b�l�v �f�_�l�Z�e�e�u �h�l�g�h�k�b�l�_�e�v�g�h 
�e�_�]�d�h. �K �w�l�h�c �l�h�q�d�b �a�j�_�g�b�y �i�j�h�s�_ �\�k�_�]�h �i�j�h�b�a�\�_�k�l�b �k�i�e�Z�\�u �\�h�e�v�n�j�Z�f�Z �k �^�h-
�[�Z�\�d�Z�f�b Re, Hf, Ta, �d�h�l�h�j�u�_, �d�Z�d �[�u�e�h �k�d�Z�a�Z�g�h �\�u�r�_, �\ �e�x�[�h�f �k�e�m�q�Z�_ �[�m�^�m�l 
�g�Z�j�Z�[�Z�l�u�\�Z�l�v�k�y �\ �\�h�e�v�n�j�Z�f�_ �i�h� ̂�g�_�c�l�j�h�g�g�u�f �h�[�e�m�q�_�g�b�_�f. 

�?�k�e�b �e�_�]�b�j�h�\�Z�g�b�_ �i�_�j�_�q�b�k�e�_�g�g�u�f�b �w�e�_�f�_�g�l�Z�f�b �g�_ �i�h�a�\�h�e�b�l �^�h�k�l�b�q�v 
�`�_�e�Z�_�f�h�c �i�e�Z�k�l�b�q�g�h�k�l�b, �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �b �^�j�m�]�b�_ �w�e�_�f�_�g�l�u – �b�e�b �g�Z�e�h-
�`�b�\ �h�]�j�Z�g�b�q�_�g�b�y �g�Z �b�o �k�h�^�_�j�`�Z�g�b�_, �b�e�b �h�l�d�Z�a�Z�\�r�b�k�v �h�l �g�Z�f�_�j�_�g�b�y �b�k�i�h�e�v�a�h-
�\�Z�l�v �b�k�d�e�x�q�b�l�_�e�v�g�h �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�_ �f�Z�l�_�j�b�Z�e�u.  

�?�s�z �h�^�b�g �k�i�h�k�h�[ �m�e�m�q�r�_�g�b�y �i�e�Z�k�l�b�q�g�h�k�l�b �\�h�e�v�n�j�Z�f�Z – �l�_�j�f�h�f�_�o�Z�g�b-
�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z, �d�h�l�h�j�Z�y �a�Z�d�e�x�q�Z�_�l�k�y �\ �^�_�n�h�j�f�Z�p�b�b �f�_�l�Z�e�e�Z �i�j�b �i�h�\�u�r�_�g-
�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �>�_�n�h�j�f�Z�p�b�y �\�h�e�v�n�j�Z�f�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �f�_�g�v�r�_ �l�_�f�i�_�j�Z-
�l�m�j�u �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �i�j�b�\�h�^�b�l �d �b�a�f�_�e�v�q�_�g�b�x �a�z�j�_�g �b �i�h�\�u�r�_�g�b�x �i�e�h�l�g�h-
�k�l�b �^�b�k�e�h�d�Z�p�b�c, �\�k�e�_�^�k�l�\�b�_ �q�_�]�h �l�_�f�i�_�j�Z�l�m�j�Z �\�y�a�d�h-�o�j�m�i�d�h�]�h �i�_�j�_�o�h�^�Z �f�h�`�_�l 
�[�u�l�v �k�g�b�`�_�g�Z �^�h �d�h�f�g�Z�l�g�h�c �b �^�Z�`�_ �g�b�`�_. �>�e�y �l�Z�d�h�c �^�_�n�h�j�f�Z�p�b�b �f�h�`�g�h �b�k-
�i�h�e�v�a�h�\�Z�l�v �i�j�h�d�Z�l, �d�h�\�d�m, �j�Z�\�g�h�d�Z�g�Z�e�v�g�h�_ �m�]�e�h�\�h�_ �i�j�_�k�k�h�\�Z�g�b�_.  

�K�e�_�^�m�_�l �b�f�_�l�v �\�\�b�^�m, �q�l�h �^�e�b�l�_�e�v�g�Z�y �j�Z�[�h�l�Z �f�Z�l�_�j�b�Z�e�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
�\�u�r�_ �l�_�f�i�_�j�Z�l�m�j�u �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �i�j�b�\�h�^�b�l �d �m�d�j�m�i�g�_�g�b�x �a�z�j�_�g �b �m�f�_�g�v-
�r�_�g�b�x �i�e�h�l�g�h�k�l�b �^�b�k�e�h�d�Z�p�b�c, �b �k�\�h�^�b�l �g�Z �g�_�l �m�e�m�q�r�_�g�b�y �i�e�Z�k�l�b�q�g�h�k�l�b, �^�h-
�k�l�b�]�g�m�l�u�_ �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�h�c [24].  

4. �G�Z�b�e�m�q�r�b�_ �^�h�k�l�b�]�g�m�l�u�_ �j�_�a�m�e�v�l�Z�l�u 

�<�h�e�v�n�j�Z�f �b�k�i�h�e�v�a�m�x�l �\ �j�y�^�_ �h�l�j�Z�k�e�_�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b (�f�Z�r�b�g�h�k�l�j�h-
�_�g�b�b, �w�e�_�d�l�j�h�l�_�o�g�b�d�_, �o�b�f�b�q�_�k�d�h�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b �b �^�j.), �i�h�w�l�h�f�m �i�j�h�[�e�_�f�m 
�o�j�m�i�d�h�k�l�b �\�h�e�v�n�j�Z�f�Z �i�u�l�Z�x�l�k�y �j�_�r�b�l�v �^�h�k�l�Z�l�h�q�g�h �^�Z�\�g�h. �< �k�h�\�_�l�k�d�h�f �k�i�j�Z-
�\�h�q�g�b�d�_ 1986 �]. [24] �k�m�f�f�b�j�m�x�l�k�y �^�h�k�l�b�]�g�m�l�u�_ �g�Z �l�h�l �f�h�f�_�g�l �j�_�a�m�e�v�l�Z�l�u: 

1) �e�_�]�b�j�h�\�Z�g�b�_ Mo, Nb �i�j�b�\�h�^�b�l �d �j�h�k�l�m xT ; 

2) �e�_�]�b�j�h�\�Z�g�b�_ �L�Z �g�_ �i�j�b�\�h�^�b�l �d �m�f�_�g�v�r�_�g�b�x xT ; 

3) �e�_�]�b�j�h�\�Z�g�b�_ ZrC �b HfC �\ �d�h�e�b�q�_�k�l�\�_ 0,1–0,2 �\�_�k. % �i�j�b�\�h�^�b�l �d �k�g�b-
�`�_�g�b�x �L�o �^�h �i�j�b�f�_�j�g�h 260 �b 170 �q�K �k�h�h�l�\�_�l�k�l�\�_�g�g�h;  

4) �e�_�]�b�j�h�\�Z�g�b�_ Re  
– 1–4 �\�_�k.% �k�g�b�`�Z�_�l xT  �^�h �a150 �q�K; 

– 5–15 �\�_�k. % �g�_ �m�f�_�g�v�r�Z�_�l xT ; 

– 25–30 �\�_�k. % �k�g�b�`�Z�_�l xT  �^�h �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u, �q�l�h �g�Z �f�h�f�_�g�l 

�\�u�o�h�^�Z [24] �[�u�e�h �e�m�q�r�b�f �j�_�a�m�e�v�l�Z�l�h�f. 
�L�h�]�h �`�_ �j�_�a�m�e�v�l�Z�l�Z �f�h�`�g�h �^�h�k�l�b�q�v �i�m�l�z�f �l�_�j�f�h�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l-

�d�b �\�h�e�v�n�j�Z�f�Z. �K�h�]�e�Z�k�g�h �l�h�f�m �`�_ �k�i�j�Z�\�h�q�g�b�d�m 1986 �]., �_�k�e�b �b�a�f�_�e�v�q�b�l�v �a�_�j�g�h, 
�i�h�\�u�k�b�\ �h�l�g�h�r�_�g�b�_ �^�e�b�g�u �d �i�h�i�_�j�_�q�g�h�f�m �j�Z�a�f�_�j�m, �l�h �i�e�h�l�g�h�k�l�v �^�b�k�e�h�d�Z�p�b�c 
�f�h�`�g�h �i�h�\�u�k�b�l�v �g�Z �l�j�b �i�h�j�y�^�d�Z, �Z �l�_�f�i�_�j�Z�l�m�j�m �o�j�m�i�d�h-�\�y�a�d�h�]�h �i�_�j�_�o�h�^�Z 
�\�h�e�v�n�j�Z�f�Z �k�^�_�e�Z�l�v �^�Z�`�_ �g�b�`�_ �d�h�f�g�Z�l�g�h�c. 
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�G�_�k�d�h�e�v�d�h �e�_�l �g�Z�a�Z�^ �\�u�r�_�e �h�[�a�h�j �i�m�[�e�b�d�Z�p�b�c, �i�h�k�\�y�s�z�g�g�u�o �i�h�i�u�l�d�Z�f 
�m�e�m�q�r�b�l�v �i�e�Z�k�l�b�q�g�h�k�l�v �\�h�e�v�n�j�Z�f�Z [25], �Z�\�l�h�j�u �d�h�l�h�j�h�]�h �b�k�i�h�e�v�a�h�\�Z�e�b 201 
�e�b�l�_�j�Z�l�m�j�g�u�c �b�k�l�h�q�g�b�d. �B�g�l�_�j�_�k�g�h, �q�l�h �g�_�k�f�h�l�j�y �g�Z �[�h�e�v�r�h�c �b�g�l�_�j�_�k �d �i�j�h-
�[�e�_�f�_ �b �d�h�e�h�k�k�Z�e�v�g�u�c �h�[�t�z�f �i�m�[�e�b�d�Z�p�b�c, �i�h�k�\�y�s�z�g�g�u�o �i�e�Z�k�l�b�q�g�h�k�l�b �\�h�e�v-
�n�j�Z�f�Z, �a�Z 32 �]�h�^�Z, �i�j�h�r�_�^�r�b�o �f�_�`�^�m �\�u�o�h�^�h�f �j�Z�[�h�l [24] �b [25] �g�_ �[�u�e�h �k�^�_-
�e�Z�g�h �g�b�q�_�]�h �i�j�b�g�p�b�i�b�Z�e�v�g�h �g�h�\�h�]�h. �:�\�l�h�j�u �h�[�a�h�j�Z [25] 2018 �]. �k�k�u�e�Z�x�l�k�y �g�Z 
�j�Z�[�h�l�u, �\ �d�h�l�h�j�u�o �h�i�b�k�Z�g�Z �g�Z�b�e�m�q�r�Z�y �i�e�Z�k�l�b�q�g�h�k�l�v �\�h�e�v�n�j�Z�f�Z, �^�h�k�l�b�]�g�m�l�Z�y 
�e�_�]�b�j�h�\�Z�g�b�_�f: �w�l�h �j�Z�[�h�l�Z �D�e�h�i�i�Z �b �^�j. 1966 �]. �]. [38], �]�^�_ �^�e�y W-1,9 �\�_�k.%Re 
�l�_�f�i�_�j�Z�l�m�j�Z �o�j�m�i�d�h-�\�y�a�d�h�]�h �i�_�j�_�o�h�^�Z �k�h�k�l�Z�\�e�y�e�Z xT  = 24 �qC, �Z �^�e�y W-26�\�_�k.% 

Re �[�u�e�Z �^�h�k�l�b�]�g�m�l�Z xT  = –101 �qC, �Z �l�Z�d�`�_ �k�l�Z�l�v�y �J�Z�n�n�h 1969 �]. [39], �]�^�_ �^�e�y  

W-25�\�_�k.%Re �i�h�e�m�q�b�g�h xT  = 77 �qC. 

�G�Z �j�b�k. 3, �]�^�_ �i�j�b�\�_�^�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v xT  �h�l �k�j�_�^�g�_�]�h �j�Z�a�f�_�j�Z �a�_�j�g�Z �g�Z 

�h�k�g�h�\�Z�g�b�b [25]. �B�a �j�b�k�m�g�d�Z �\�b�^�g�h, �q�l�h xT  �\�u�k�h�d�h�e�_�]�b�j�h�\�Z�g�g�h�]�h �j�_�g�b�_�f �\�h�e�v-

�n�j�Z�f�Z �i�j�b�f�_�j�g�h �g�Z 100 �q�K �f�_�g�v�r�_, �q�_�f �m �\�h�e�v�n�j�Z�f�Z, �b �q�l�h �b�a�f�_�e�v�q�_�g�b�_ �a�_�j�g�Z 
�\�u�k�h�d�h�e�_�]�b�j�h�\�Z�g�g�h�]�h �j�_�g�b�_�f �\�h�e�v�n�j�Z�f�Z �k�g�b�`�Z�_�l xT  �^�h �d�h�f�g�Z�l�g�h�c.  
 

 
 

�J�b�k. 3 �A�Z�\�b�k�b�f�h�k�l�v xT  �h�l �k�j�_�^�g�_�]�h �j�Z�a�f�_�j�Z �a�_�j�g�Z, �W�E�I – �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�Z�y �i�e�Z�\�d�Z, 
�>�I – �^�m�]�h�\�Z�y �i�e�Z�\�d�Z – �^�Z�g�g�u�_ �h�[�a�h�j�Z [25] 

 
�:�\�l�h�j�u �h�[�a�h�j�Z [25] �i�j�b�o�h�^�y�l �d �\�u�\�h�^�Z�f, �q�l�h �Z) �e�_�]�b�j�h�\�Z�g�b�_ �j�_�g�b�_�f 

�k�g�b�`�Z�_�l xT , �[) �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z �k �p�_�e�v�x �b�a�f�_�e�v�q�_�g�b�y �a�_�j�g�Z �k�g�b�`�Z�_�l xT ; 
�\) �h�i�l�b�f�Z�e�v�g�h �[�u�e�h �[�u �b�a�f�_�e�v�q�b�l�v �a�_�j�g�h �k�i�e�Z�\�h�\ W-Re. 

�I�j�_�^�i�h�e�h�`�b�f, �f�u �k�h�a�^�Z�e�b �\�h�e�v�n�j�Z�f�h�\�m�x �h�[�e�b�p�h�\�d�m �k �g�b�a�d�h�c xT . 
�H�k�l�Z�g�_�l�k�y �e�b �h�g�Z �l�Z�d�h�c �\ �o�h�^�_ �j�Z�[�h�l�u �l�_�j�f�h�y�^�_�j�g�h�]�h �j�_�Z�d�l�h�j�Z? �>�e�b�l�_�e�v�g�Z�y 
�j�Z�[�h�l�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �\�u�r�_ �l�_�f�i�_�j�Z�l�m�j�u �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �k�\�_�^�z�l �g�Z �g�_�l 
�\�k�_ �^�h�k�l�b�]�g�m�l�u�_ �m�e�m�q�r�_�g�b�y �i�e�Z�k�l�b�q�g�h�k�l�b. �I�h�w�l�h�f�m �l�_�f�i�_�j�Z�l�m�j�m �j�_�d�j�b�k�l�Z�e-
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�e�b�a�Z�p�b�b �g�m�`�g�h �m�\�_�e�b�q�b�l�v, �g�Z�k�d�h�e�v�d�h �\�h�a�f�h�`�g�h, �b �j�Z�[�h�l�Z�l�v �`�_�e�Z�l�_�e�v�g�h �l�Z�d�b�f 
�h�[�j�Z�a�h�f, �q�l�h�[�u �f�Z�l�_�j�b�Z�e �_�z �g�_ �^�h�k�l�b�]�Z�e. �< �l�Z�[�e�b�p�_ �g�b�`�_ �i�j�b�\�_�^�_�g�u �l�_�f�i�_�j�Z-
�l�m�j�u �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �\�h�e�v�n�j�Z�f�Z �b �g�_�d�h�l�h�j�u�o �_�]�h �k�i�e�Z�\�h�\. �<�b�^�g�h, �q�l�h �e�_�]�b-
�j�h�\�Z�g�b�_, �\ �l�h�f �q�b�k�e�_ �j�_�g�b�_�f – �k�i�h�k�h�[, �d�h�l�h�j�u�f �f�h�`�g�h �i�h�^�g�y�l�v �l�_�f�i�_�j�Z�l�m�j�m 
�j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b.  
 

�L�Z�[ �e�b�p�Z 3 

�L�_�f�i�_�j�Z�l�m�j�Z �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �\�h�e�v�n�j�Z�f�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\ 
 

�<�h�e�v�n�j�Z�f �K�h�k�l�Z�\ 
�L �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b,  

�q�K 

�F�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�c  
850–900 �q�K 

(0,3–0,35 �i�e.T ) 

�I�h�e�b�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�c (0,01 �\�_�k. % �K  
�b 0,005 �\�_�k. % �H 

1300 �q�K (0,42 �i�e.T ) 

�E�_�]�b�j�h�\�Z�g�g�u�c Re �b Os Re �b Os �^�h 10 �\�_�k. % 
�K �^�h  0,5 �\�_�k. % 1550–1600 �q�K 

�E�_�]�b�j�h�\�Z�g�g�u�c Nb, Hf, Zr, Ta 3–10 �Z�l.% 
�K < 0,005 �\�_�k. % 1550–1600 �q�K 

 
�I�h�f�b�f�h �\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j, �g�_�c�l�j�h�g�g�h�_ �h�[�e�m�q�_�g�b�_ �l�Z�d�`�_ �[�m�^�_�l �i�j�b-

�\�h�^�b�l�v �d �j�h�k�l�m .xT  �I�h�k�d�h�e�v�d�m �^�h �k�_�]�h �^�g�y �q�_�e�h�\�_�q�_�k�l�\�h �g�_ �k�h�a�^�Z�e�h �b�k�l�h�q�g�b�d�Z 
�g�_�c�l�j�h�g�h�\ �l�_�j�f�h�y�^�_�j�g�h�]�h �k�i�_�d�l�j�Z, �l�h�q�g�u�o �i�j�h�]�g�h�a�h�\ �\ �w�l�h�f �h�l�g�h�r�_�g�b�b �k�^�_-
�e�Z�l�v �g�_�e�v�a�y, �f�h�`�g�h �l�h�e�v�d�h �k�l�j�h�b�l�v �i�j�_�^�i�h�e�h�`�_�g�b�y �g�Z �h�k�g�h�\�Z�g�b�b �b�a�f�_�g�_�g�b�c, 
�i�j�h�b�k�o�h�^�y�s�b�o �k �f�Z�l�_�j�b�Z�e�h�f �\ �g�_�c�l�j�h�g�g�u�o �k�i�_�d�l�j�Z�o �y�^�_�j�g�u�o �j�_�Z�d�l�h�j�h�\. 

5. �:�e�v�l�_�j�g�Z�l�b�\�g�u�_ �k�i�h�k�h�[�u 

�< �i�h�k�e�_�^�g�b�_ �]�h�^�u �j�Z�k�l�z�l �b�g�l�_�j�_�k �d �i�j�b�f�_�g�_�g�b�x �Z�^�^�b�l�b�\�g�u�o �l�_�o�g�h�e�h-
�]�b�c (3D-�i�_�q�Z�l�v) �^�e�y �i�j�h�b�a�\�h�^�k�l�\�Z �w�e�_�f�_�g�l�h�\ �b�a �\�h�e�v�n�j�Z�f�Z, �\ �l�h�f �q�b�k�e�_ �^�e�y 
�l�_�j�f�h�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�h�d. �I�j�b�f�_�g�_�g�b�_ �Z�^�^�b�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�c �f�h�`�_�l �i�h�a�\�h-
�e�b�l�v �b�a�]�h�l�Z�\�e�b�\�Z�l�v �k�j�Z�a�m �^�_�l�Z�e�v �g�_�h�[�o�h�^�b�f�h�c �n�h�j�f�u, �b �k�j�Z�a�m �k�h�_�^�b�g�y�l�v �_�z 
�k �^�_�l�Z�e�y�f�b �b�a �^�j�m�]�b�o �f�Z�l�_�j�b�Z�e�h�\, �l�h �_�k�l�v �h�[�h�c�l�b �i�j�h�[�e�_�f�u �i�e�h�o�h�c �h�[�j�Z�[�Z�l�u-
�\�Z�_�f�h�k�l�b �\�h�e�v�n�j�Z�f�Z �b �k�e�h�`�g�h�k�l�b �k �_�]�h �i�Z�c�d�h�c �k �^�j�m�]�b�f�b �w�e�_�f�_�g�l�Z�f�b. �< �d�Z�q�_-
�k�l�\�_ �Z�^�^�b�l�b�\�g�u�o �f�_�l�h�^�h�\ �i�j�h�b�a�\�h�^�k�l�\�Z �\�h�e�v�n�j�Z�f�h�\�u�o �^�_�l�Z�e�_�c �j�Z�k�k�f�Z�l�j�b�\�Z-
�x�l [40]: 

1) �e�Z�a�_�j�g�h�_ �i�e�Z�\�e�_�g�b�_ �k�e�h�y �i�h�j�h�r�d�Z (laser powder bed fusion, L-PBF). 
�W�l�h�l �f�_�l�h�^ �l�Z�d�`�_ �g�Z�a�u�\�Z�x�l �k�_�e�_�d�l�b�\�g�u�f �e�Z�a�_�j�g�u�f �i�e�Z�\�e�_�g�b�_�f. �< �w�l�h�f �f�_�l�h-
�^�_ �i�h�j�h�r�h�d �h�k�Z�`�^�Z�_�l�k�y �i�h�k�e�h�c�g�h, �l�h�e�s�b�g�h�c 20–150 �f�d�f �b �i�e�Z�\�b�l�k�y �e�Z�a�_�j�h�f, 
�j�Z�[�h�l�Z�x�s�_�f �\ �b�f�i�m�e�v�k�g�h�f �b�e�b �i�h�k�l�h�y�g�g�h�f �j�_�`�b�f�_. �F�_�l�h�^ �l�j�_�[�m�_�l �Z�l�f�h�k�n�_-
�j�u �Z�j�]�h�g�Z. 

2) �I�j�y�f�h�_ �e�Z�a�_�j�g�h�_ �\�u�j�Z�s�b�\�Z�g�b�_ (laser directed energy deposition, L-DED). 
�< �w�l�h�f �f�_�l�h�^�_ �i�h�j�h�r�h�d �f�_�l�Z�e�e�Z �\�\�h�^�b�l�k�y �\ �h�[�e�Z�k�l�v, �j�Z�k�i�e�Z�\�e�_�g�g�m�x �e�Z�a�_�j�h�f. 
�>�Z�g�g�u�c �f�_�l�h�^ �h�[�u�q�g�h �l�j�_�[�m�_�l �Z�l�f�h�k�n�_�j�u �Z�j�]�h�g�Z. �I�j�b�f�_�g�y�_�l�k�y �^�e�y �b�a�]�h�l�h�\-
�e�_�g�b�y �h�l�g�h�k�b�l�_�e�v�g�h �d�j�m�i�g�u�o �^�_�l�Z�e�_�c. �>�h�k�l�h�b�g�k�l�\�h �f�_�l�h�^�Z – �g�Z�b�f�_�g�v�r�Z�y �i�h-
�l�_�j�y �f�Z�l�_�j�b�e�Z; 
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3) �i�e�Z�\�e�_�g�b�_ �k�e�h�y �i�h�j�h�r�d�Z �w�e�_�d�l�j�h�g�g�u�f �i�m�q�d�h�f (electron beam powder 
bed fusion, EB-PBF, �l�Z�d�`�_ electron beam melting, EBM). �>�Z�g�g�u�c �f�_�l�h�^ �h�k�m-
�s�_�k�l�\�e�y�x�l �\ �\�Z�d�m�m�f�_, �Z �a�g�Z�q�b�l, �]�b�i�h�l�_�l�b�q�_�k�d�b �_�]�h �f�h�`�g�h �i�j�b�f�_�g�y�l�v �g�_�i�h-
�k�j�_�^�k�l�\�_�g�g�h �\ �l�_�j�f�h�y�^�_�j�g�h�c �m�k�l�Z�g�h�\�d�_. 

�H�[�s�_�c �i�j�h�[�e�_�f�h�c �Z�^�^�b�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�c �i�j�b�f�_�g�b�l�_�e�v�g�h �d �\�h�e�v�n�j�Z�f�m 
�g�Z �^�Z�g�g�u�c �f�h�f�_�g�l �y�\�e�y�x�l�k�y �j�Z�k�l�j�_�k�d�b�\�Z�g�b�_ �b �i�h�j�b�k�l�h�k�l�v �f�Z�l�_�j�b�Z�e�h�\, �i�h�e�m-
�q�Z�_�f�u�o �i�_�j�_�q�b�k�e�_�g�g�u�f�b �k�i�h�k�h�[�Z�f�b. �:�\�l�h�j�u �h�[�a�h�j�Z [40] �h�l�f�_�q�Z�x�l, �q�l�h �^�Z�g-
�g�u�_ �h �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\�Z�o �\�h�e�v�n�j�Z�f�h�\�u�o �w�e�_�f�_�g�l�h�\, �i�j�h�b�a�\�_�^�z�g�g�u�o �Z�-̂
�^�b�l�b�\�g�u�f�b �f�_�l�h�^�Z�f�b, �h�]�j�Z�g�b�q�_�g�u �\ �h�[�e�Z�k�l�b �i�h�\�u�r�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j, �o�h�l�y 
�b�f�_�g�g�h �^�e�y �j�Z�[�h�l�u �\ �w�l�h�c �h�[�e�Z�k�l�b �l�Z�d�b�_ �w�e�_�f�_�g�l�u �b �k�h�a�^�Z�x�l�k�y.  

�K�m�s�_�k�l�\�m�x�l �i�j�_�^�e�h�`�_�g�b�y �j�Z�k�k�f�h�l�j�_�l�v �i�k�_�\�^�h�k�i�e�Z�\�u �\�h�e�v�n�j�Z�f�Z, �\ �l�h�f 
�q�b�k�e�_ �\�h�e�v�n�j�Z�f-�f�_�^�v [41, 42] �\ �d�Z�q�_�k�l�\�_ �Z�e�v�l�_�j�g�Z�l�b�\�u �l�j�Z�^�b�p�b�h�g�g�u�f �k�i�e�Z�\�Z�f 
�\�h�e�v�n�j�Z�f�Z. �I�k�_�\�^�h�k�i�e�Z�\�u – �k�h�_�^�b�g�_�g�b�y �\�_�s�_�k�l�\ �k �h�]�j�Z�g�b�q�_�g�g�h�c �\�a�Z�b�f�g�h�c 
�j�Z�k�l�\�h�j�b�f�h�k�l�v�x �h�l�e�b�q�g�u�f �h�l �k�i�e�Z�\�e�_�g�b�y �k�i�h�k�h�[�h�f. �I�k�_�\�^�h�k�i�e�Z�\ W-Cu �f�h-
�`�_�l �i�j�_�^�k�l�Z�\�e�y�l�v �k�h�[�h�c �f�_�^�g�m�x �f�Z�l�j�b�p�m, �\ �d�h�l�h�j�m�x �\�i�_�q�Z�l�Z�g�u �d�j�m�i�b�g�d�b 
�\�h�e�v�n�j�Z�f�h�\�h�]�h �i�h�j�h�r�d�Z, �b�e�b �\�h�e�v�n�j�Z�f�h�\�u�c �d�Z�j�d�Z�k, �i�j�h�f�_�`�m�l�d�b �\ �d�h�l�h�j�h�f 
�a�Z�i�h�e�g�_�g�u �f�_�^�v�x.  

�I�_�j�_�q�b�k�e�_�g�g�u�_ �i�j�_�^�e�h�`�_�g�b�y �g�Z�o�h�^�y�l�k�y �g�Z �k�l�Z�^�b�b �i�j�h�j�Z�[�h�l�d�b �b �g�Z �^�Z�g-
�g�u�c �f�h�f�_�g�l �g�_�l �i�h�g�b�f�Z�g�b�y, �k�f�h�`�_�l �e�b �^�\�b�`�_�g�b�_ �\ �w�l�b�o �Z�e�v�l�_�j�g�Z�l�b�\�g�u�o 
�g�Z�i�j�Z�\�e�_�g�b�y�o �k�i�j�Z�\�b�l�k�y �k �h�k�g�h�\�g�h�c �i�j�h�[�e�_�f�h�c �\�h�e�v�n�j�Z�f�Z – �o�j�m�i�d�h�k�l�v�x �i�j�b 
�d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_, �b �g�_ �i�h�l�_�j�y�_�l �e�b �i�j�b �w�l�h�f �\�h�e�v�n�j�Z�f �k�\�h�b�o �^�h�k�l�h-
�b�g�k�l�\ �d�Z�d �f�Z�l�_�j�b�Z�e�Z �i�_�j�\�h�c �k�l�_�g�d�b �L�Y�J. 

�A�Z�d�e�x�q�_�g�b�_ 

�<�h�e�v�n�j�Z�f – �i�h �j�y�^�m �i�h�d�Z�a�Z�l�_�e�_�c �e�m�q�r�b�c �f�Z�l�_�j�b�Z�e �i�_�j�\�h�c �k�l�_�g�d�b �L�Y�J. 
�I�j�h�[�e�_�f�m �\�u�k�h�d�h�]�h �a�Z�j�y�^�h�\�h�]�h �q�b�k�e�Z �\�h�e�v�n�j�Z�f�h�\�h�c �k�l�_�g�d�b �j�_�r�Z�x�l  �[�h�j�h�g�b-
�a�Z�p�b�_�c �b�e�b �e�b�l�b�b�a�Z�p�b�_�c. �I�j�h�[�e�_�f�Z �m�^�Z�e�_�g�b�y �h�[�j�Z�a�h�\�Z�\�r�_�c�k�y �\�h�e�v�n�j�Z�f�h�\�h�c 
�i�u�e�b �l�Z�d�`�_ �j�_�r�Z�_�f�Z. 

�H�d�b�k�e�_�g�b�_ �i�j�b �\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o �i�j�_�^�k�l�Z�\�e�y�_�l �[�_�a�m�k�e�h�\�g�m�x �i�j�h-
�[�e�_�f�m, �l�Z�d �d�Z�d �g�_�e�v�a�y �b�k�d�e�x�q�b�l�v �i�j�h�j�u�\�Z �Z�l�f�h�k�n�_�j�u �b�e�b �\�h�^�u �\ �d�Z�f�_�j�m �k �]�h-
�j�y�q�_�c �k�l�_�g�d�h�c. 

�H�k�g�h�\�g�Z�y �i�j�h�[�e�_�f�Z �\�h�e�v�n�j�Z�f�Z �a�Z�d�e�x�q�_�g�Z �\ �_�]�h �i�e�Z�k�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\�Z�o: 
�\�h�e�v�n�j�Z�f �o�j�m�i�h�d �i�j�b �L < 400 �qC. �I�h�  ̂ �g�_�c�l�j�h�g�g�u�f �h�[�e�m�q�_�g�b�_�f xT  �j�Z�k�l�z�l 

�b �f�h�`�_�l �i�j�_�\�u�k�b�l�v 700 �qC.  
�E�_�]�b�j�h�\�Z�g�b�_ �\�h�e�v�n�j�Z�f�Z �k�i�h�k�h�[�g�h �j�_�r�b�l�v �f�g�h�]�b�_ �i�j�h�[�e�_�f�u, �g�h �g�_ �\�k�_ 

�h�^�g�h�\�j�_�f�_�g�g�h. �>�e�y �a�Z�s�b�l�u �h�l �h�d�b�k�e�_�g�b�y �j�Z�k�k�f�Z�l�j�b�\�Z�x�l �e�_�]�b�j�h�\�Z�g�b�_ �o�j�h�f�h�f 
�b �l�b�l�Z�g�h�f, �\ �l�h�f �q�b�k�e�_ �h�^�g�h�\�j�_�f�_�g�g�h�_. 

�>�e�y �m�e�m�q�r�_�g�b�y �i�e�Z�k�l�b�q�g�h�k�l�b �\�h�e�v�n�j�Z�f�Z �e�m�q�r�b�_ �k�i�h�k�h�[�u – �b�a�f�_�e�v�q�_-
�g�b�_ �a�_�j�g�Z �i�m�l�z�f �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �Z �l�Z�d�`�_ �e�_�]�b�j�h�\�Z�g�b�_  �• 25 % Re. �H�[�Z �k�i�h�k�h�[�Z 
�f�h�]�m�l �i�h�a�\�h�e�b�l�v �^�h�k�l�b�q�v �i�e�Z�k�l�b�q�g�h�k�l�b �\�h�e�v�n�j�Z�f�Z �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m-
�j�_. �G�Z�b�e�m�q�r�b�c �k�i�h�k�h�[ – �k�h�q�_�l�Z�l�v �e�_�]�b�j�h�\�Z�g�b�_ �j�_�g�b�_�f �b �b�a�f�_�e�v�q�_�g�b�_ �a�_�j�g�Z.  

�K�e�_�^�m�_�l �b�f�_�l�v �\�\�b�^�m, �q�l�h �b�a-�a�Z �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �b �i�h�\�j�_�`�^�_�g�b�y 
�g�_�c�l�j�h�g�Z�f�b �i�j�b �^�e�b�l�_�e�v�g�h�c �j�Z�[�h�l�_ �\ �d�Z�q�_�k�l�\�_ �f�Z�l�_�j�b�Z�e�Z �i�_�j�\�h�c �k�l�_�g�d�b xT  
�[�m�^�_�l �g�_�b�a�[�_�`�g�h �j�Z�k�l�b. �I�h�k�d�h�e�v�d�m �g�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �q�_�e�h�\�_�q�_�k�l�\�h �g�_ �j�Z�k-
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�i�h�e�Z�]�Z�_�l �^�h�k�l�Z�l�h�q�g�h �f�h�s�g�u�f �b�k�l�h�q�g�b�d�h�f �g�_�c�l�j�h�g�h�\ �l�_�j�f�h�y�^�_�j�g�h�]�h �k�i�_�d�l�j�Z, 
�f�u �g�_ �f�h�`�_�f �l�h�q�g�h �i�j�_�^�k�d�Z�a�Z�l�v, �k �d�Z�d�h�c �k�d�h�j�h�k�l�v�x �[�m�^�_�l �i�j�h�b�k�o�h�^�b�l�v �^�_�]�j�Z-
�^�Z�p�b�y.  

�G�_�k�f�h�l�j�y �g�Z �i�_�j�_�q�b�k�e�_�g�g�u�_ �g�_�^�h�k�l�Z�l�d�b, �e�m�q�r�_�]�h, �q�_�f �\�h�e�v�n�j�Z�f, �f�Z�l�_-
�j�b�Z�e�Z �^�e�y �a�Z�s�b�l�u �i�_�j�\�h�c �k�l�_�g�d�b �i�h�d�Z �g�_ �i�j�b�^�m�f�Z�e�b. �G�_�k�f�h�l�j�y �g�Z �[�h�e�v�r�m�x 
�a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�h�k�l�v �\ �m�e�m�q�r�_�g�b�b �i�e�Z�k�l�b�q�g�h�k�l�b �\�h�e�v�n�j�Z�f�Z, �a�Z �i�h�k�e�_�^�g�b�_ 
40 �e�_�l �q�_�e�h�\�_�q�_�k�l�\�h �f�Z�e�h �i�j�h�^�\�b�g�m�e�h�k�v �\ �w�l�h�f �h�l�g�h�r�_�g�b�b. �<�h�a�f�h�`�g�h, �d�h�f-
�i�e�_�d�k�g�h�_ �j�_�r�_�g�b�_ �i�j�h�[�e�_�f �i�e�Z�k�l�b�q�g�h�k�l�b �b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �h�d�b�k�e�_�g�b�y 
�g�_�\�h�a�f�h�`�g�h �d�e�Z�k�k�b�q�_�k�d�b�f�b �f�_�l�h�^�Z�f�b �e�_�]�b�j�h�\�Z�g�b�y �b �l�_�j�f�h�h�[�j�Z�[�h�l�d�b, �b �^�e�y 
�m�k�l�j�Z�g�_�g�b�y �w�l�b�o �i�j�h�[�e�_�f �g�_�h�[�o�h�^�b�f�h �i�j�b�[�_�]�g�m�l�v �d �g�h�\�u�f �k�i�h�k�h�[�Z�f �i�j�h�b�a-
�\�h�^�k�l�\�Z �f�Z�l�_�j�b�Z�e�h�\. 

�J�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �\ �j�Z�f�d�Z�o �=�h�k�a�Z�^�Z�g�b�y �G�B�P «�D�m�j�q�Z�l�h�\�k�d�b�c �b�g�k�l�b�l�m�l». 
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�I�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �l�_�j�f�b�q�_�k�d�h�c �k�l�Z�[�b�e�v�g�h-
�k�l�b �g�h�\�u�o �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o �Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c �g�Z �h�k�g�h�\�_ �k�b�k�l�_�f�u 
Fe–11Cr–(26–27)Mn �k �i�h�\�u�r�_�g�g�h�c �k�l�Z�[�b�e�v�g�h�k�l�v�x �Z�m�k�l�_�g�b�l�Z. �H�[�k�m�`�^�Z-
�x�l�k�y �h�k�h�[�_�g�g�h�k�l�b �f�b�d�j�h�k�l�j�m�d�l�m�j�u �b �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �g�h�\�u�o �k�l�Z-
�e�_�c �\ �a�Z�d�Z�e�_�g�g�h�f �b �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f �k�h�k�l�h�y�g�b�y�o, �Z �l�Z�d�`�_ �i�h�k�e�_ 
�b�o �^�e�b�l�_�e�v�g�h�]�h (�^�h 500 �q) �k�l�Z�j�_�g�b�y �i�j�b 700 °C. �I�h�d�Z�a�Z�g�h, �q�l�h �^�e�y �f�b�d-
�j�h�k�l�j�m�d�l�m�j�u �k�l�Z�e�_�c �o�Z�j�Z�d�l�_�j�g�u �^�b�k�i�_�j�k�g�u�_ �q�Z�k�l�b�p�u �d�Z�j�[�b�^�h�\ MC (M – 
Ti, V, Ta, �b �^�j.) �b M23C6 (M – Cr, Mn, Fe), �\�u�k�h�d�Z�y �i�e�h�l�g�h�k�l�v �f�b�d�j�h- 
�b �g�Z�g�h�^�\�h�c�g�b�d�h�\ �^�_�n�h�j�f�Z�p�b�b. �>�e�b�l�_�e�v�g�h�_ �k�l�Z�j�_�g�b�_ �i�j�b�\�h�^�b�l �d �\�u�^�_�e�_-
�g�b�x �b �j�h�k�l�m �q�Z�k�l�b�p M23C6 �g�Z �]�j�Z�g�b�p�Z�o �a�_�j�_�g, �g�_�d�h�]�_�j�_�g�l�g�u�o �b �d�h�]�_-
�j�_�g�l�g�u�o �^�\�h�c�g�b�d�h�\�u�o �]�j�Z�g�b�p�Z�o �b �g�Z �]�j�m�[�h�^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p�Z�o MC.  
�A�_�j�_�g�g�Z�y �b �f�b�d�j�h�^�\�h�c�g�b�d�h�\�Z�y �k�l�j�m�d�l�m�j�u �\ �m�k�e�h�\�b�y�o �k�l�Z�j�_�g�b�y �h�k�l�Z�x�l�k�y 
�k�l�Z�[�b�e�v�g�u�f�b, �q�l�h �h�[�_�k�i�_�q�b�\�Z�_�l �k�h�o�j�Z�g�_�g�b�_ �o�h�j�h�r�_�]�h �m�j�h�\�g�y �f�_�o�Z�g�b�q�_-
�k�d�b�o �k�\�h�c�k�l�\. �>�h�k�l�b�]�g�m�l�u�c �d�h�f�i�e�_�d�k �i�j�h�q�g�h�k�l�g�u�o �b �i�e�Z�k�l�b�q�_�k�d�b�o 
�k�\�h�c�k�l�\ �g�h�\�u�o �k�l�Z�e�_�c, �b �b�o �l�_�j�f�b�q�_�k�d�Z�y �k�l�Z�[�b�e�v�g�h�k�l�v �i�h�a�\�h�e�y�x�l �j�Z�k-
�k�f�Z�l�j�b�\�Z�l�v �w�l�b �f�Z�l�_�j�b�Z�e�u �\ �d�Z�q�_�k�l�\�_ �i�_�j�k�i�_�d�l�b�\�g�u�o �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o 
�d�h�g�k�l�j�m�d�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �^�e�y �w�g�_�j�]�_�l�b�q�_�k�d�b�o �j�_�Z�d�l�h�j�h�\ �g�h�\�h�]�h �i�h-
�d�h�e�_�g�b�y �b �]�b�[�j�b�^�g�u�o �w�g�_�j�]�_�l�b�q�_�k�d�b�o �m�k�l�Z�g�h�\�h�d. 

1. �<�\�_�^�_�g�b�_ 

�D �d�h�g�k�l�j�m�d�p�b�h�g�g�u�f �f�Z�l�_�j�b�Z�e�Z�f �w�g�_�j�]�_�l�b�q�_�k�d�b�o �m�k�l�Z�g�h�\�h�d, �j�Z�[�h�l�Z�x-
�s�b�f �\ �`�_�k�l�d�b�o �m�k�e�h�\�b�y�o �h�[�e�m�q�_�g�b�y �b �\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j, �i�j�_�^�t�y�\�e�y�x�l�k�y 
�i�h�\�u�r�_�g�g�u�_ �l�j�_�[�h�\�Z�g�b�y �i�h �`�Z�j�h�i�j�h�q�g�h�k�l�b, �k�h�i�j�h�l�b�\�e�_�g�b�x �j�Z�k�i�m�o�Z�g�b�x �b 
�h�o�j�m�i�q�b�\�Z�g�b�x �\ �m�k�e�h�\�b�y�o �h�[�e�m�q�_�g�b�y, �d�h�j�j�h�a�b�h�g�g�h�c �k�l�h�c�d�h�k�l�b �i�j�b �\�a�Z�b�f�h-
�^�_�c�k�l�\�b�b �k �Z�]�j�_�k�k�b�\�g�u�f�b �l�_�i�e�h�g�h�k�b�l�_�e�y�f�b. �G�Z�b�[�h�e�v�r�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �^�e�y 
�w�l�b�o �p�_�e�_�c �i�h�e�m�q�b�e�b �g�_�j�`�Z�\�_�x�s�b�_ �o�j�h�f�h�g�b�d�_�e�_�\�u�_ �Z�m�k�l�_�g�b�l�g�u�_ �k�l�Z�e�b [1–5]. 
�K�m�s�_�k�l�\�_�g�g�h�c �i�j�h�[�e�_�f�h�c �l�Z�d�b�o �k�l�Z�e�_�c �y�\�e�y�_�l�k�y �b�o �l�_�g�^�_�g�p�b�y �d �j�Z�k�i�m�o�Z�g�b�x 
(�[�h�e�_�_ 6 %) �i�j�b �\�u�k�h�d�b�o �^�h�a�Z�o �h�[�e�m�q�_�g�b�y (�[�h�e�_�_ 100 �k.�g.�Z.) [2, 4, 5]. �I�j�b �w�l�h�f 
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�k�l�Z�e�b �k �f�_�g�v�r�_�c �k�l�Z�[�b�e�v�g�h�k�l�v�x �Z�m�k�l�_�g�b�l�Z (�g�Z�i�j�b�f�_�j, �k�l�Z�e�v �l�b�i�Z AISI 321) 
�b�f�_�x�l �[�h�e�v�r�m�x �l�_�g�^�_�g�p�b�x �d �j�Z�k�i�m�o�Z�g�b�x, �i�h �k�j�Z�\�g�_�g�b�x �k �[�h�e�_�_ �k�l�Z�[�b�e�v�g�u-
�f�b �k�l�Z�e�y�f�b. �< �m�k�e�h�\�b�y�o �h�[�e�m�q�_�g�b�y �b�a-�a�Z �a�g�Z�q�b�l�_�e�v�g�h�]�h �h�[�_�^�g�_�g�b�y �f�Z�l�j�b�p�u 
�Z�m�k�l�_�g�b�l�h�h�[�j�Z�a�m�x�s�b�f�b �w�e�_�f�_�g�l�Z�f�b (Ni, Mn, C), �f�h�`�_�l �i�j�h�b�k�o�h�^�b�l�v �n�Z�a�h�\�h�_ 
���:�.  �i�j�_�\�j�Z�s�_�g�b�_ (�Z�m�k�l�_�g�b�l �:  �n�_�j�j�b�l, �b�e�b �f�Z�j�l�_�g�k�b�l), �Z �f�_�`�n�Z�a�g�u�_ �]�j�Z�g�b-
�p�u ��-�. �f�h�]�m�l �y�\�e�y�l�v�k�y �f�_�k�l�Z�f�b �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�]�h �h�[�j�Z�a�h�\�Z�g�b�y �i�h�j [6]. �>�e�y 
�i�h�\�u�r�_�g�b�y �k�l�Z�[�b�e�v�g�h�k�l�b �Z�m�k�l�_�g�b�l�Z �b �k�h�i�j�h�l�b�\�e�_�g�b�y �j�Z�k�i�m�o�Z�g�b�x, �d�h�g�k�l�j�m�d-
�p�b�h�g�g�u�_ �Z�m�k�l�_�g�b�l�g�u�_ �k�l�Z�e�b �i�h�k�e�_�^�g�_�]�h �i�h�d�h�e�_�g�b�y �b�f�_�x�l �[�h�e�_�_ �\�u�k�h�d�h�_, �i�h 
�k�j�Z�\�g�_�g�b�x �k�h �k�l�Z�e�y�f�b �l�b�i�Z AISI 321 �b 316, �k�h�^�_�j�`�Z�g�b�_ �g�b�d�_�e�y (18–25 
�f�Z�k�k. %). �G�b�d�_�e�_�\�u�c �w�d�\�b�\�Z�e�_�g�l �i�h �^�b�Z�]�j�Z�f�f�_ �R�_�n�n�e�_�j�Z [7] (Ni�w�d�\ = �KNi + 
0,5·CMn + 30·(CC + �KN), �]�^�_ Cx – �f�Z�k�k�h�\�Z�y �^�h�e�y �w�e�_�f�_�g�l�Z �\ �k�h�k�l�Z�\�_ �k�l�Z�e�b) �^�e�y 
�k�h�\�j�_�f�_�g�g�u�o �o�j�h�f�h�g�b�d�_�e�_�\�u�o �k�l�Z�e�_�c �b�f�_�_�l �a�g�Z�q�_�g�b�y > 19, �q�l�h �h�i�j�_�^�_�e�y�_�l 
�\�u�k�h�d�m�x �k�l�Z�[�b�e�v�g�h�k�l�v �Z�m�k�l�_�g�b�l�Z.  

�< �d�Z�q�_�k�l�\�_ �a�Z�f�_�g�u �\�u�k�h�d�h�Z�d�l�b�\�b�j�m�_�f�u�o �o�j�h�f�h�g�b�d�_�e�_�\�u�o �Z�m�k�l�_�g�b�l�g�u�o 
�k�l�Z�e�_�c �[�u�e�b �i�j�_�^�e�h�`�_�g�u �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�_ �o�j�h�f�h�f�Z�j�]�Z�g�p�_�\�u�_ �Z�m�k�l�_�g�b�l�g�u�_ 
�k�l�Z�e�b [6, 7]. �< �w�l�b�o �k�l�Z�e�y�o �f�b�g�b�f�b�a�b�j�h�\�Z�g�h �k�h�^�_�j�`�Z�g�b�_ �\�u�k�h�d�h�Z�d�l�b�\�b�j�m�_�f�u�o 
�w�e�_�f�_�g�l�h�\ (Ni, Mo, Co, Nb, N) �b �k�l�Z�[�b�e�b�a�Z�p�b�y �Z�m�k�l�_�g�b�l�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �b�k-
�d�e�x�q�b�l�_�e�v�g�h �f�Z�j�]�Z�g�p�_�f �b �m�]�e�_�j�h�^�h�f. �I�j�b �w�l�h�f �g�_�h�[�o�h�^�b�f�h �h�l�f�_�l�b�l�v, �q�l�h 
�f�Z�j�]�Z�g�_�p �y�\�e�y�_�l�k�y �\ �^�\�Z �j�Z�a�Z �[�h�e�_�_ �k�e�Z�[�u�f �k�l�Z�[�b�e�b�a�Z�l�h�j�h�f �Z�m�k�l�_�g�b�l�Z �i�h 
�k�j�Z�\�g�_�g�b�x �k �g�b�d�_�e�_�f. �>�e�y �h�[�_�k�i�_�q�_�g�b�y �k�l�Z�[�b�e�v�g�h�k�l�b, �k�j�Z�\�g�b�f�h�c �k �o�j�h�f�h�g�b-
�d�_�e�_�\�u�f�b �Z�m�k�l�_�g�b�l�g�u�f�b �k�l�Z�e�y�f�b, �k�h�^�_�j�`�Z�g�b�_ �f�Z�j�]�Z�g�p�Z �b �m�]�e�_�j�h�^�Z �\ �f�Z�e�h�Z�d-
�l�b�\�b�j�m�_�f�u�o �k�l�Z�e�y�o �^�h�e�`�g�h �[�u�l�v �m�\�_�e�b�q�_�g�h. �< �d�h�g�p�_ XX �\�_�d�Z �[�u�e�b �j�Z�a�j�Z�[�h-
�l�Z�g�u �k�h�k�l�Z�\�u �g�Z �h�k�g�h�\�_ Fe–12Cr–(20–25)Mn–0,25C [7–10] �k �^�h�i�h�e�g�b�l�_�e�v�g�u�f�b 
�^�h�[�Z�\�d�Z�f�b V, W, Ti, B, P, �Z �l�Z�d�`�_ �j�Z�a�e�b�q�g�u�_ �\�Z�j�b�Z�g�l�u �l�Z�d�b�o �k�l�Z�e�_�c �k �[�e�b�a�d�b-
�f�b �k�h�k�l�Z�\�Z�f�b [6, 11–14]. �H�^�g�Z�d�h �k�l�Z�[�b�e�v�g�h�k�l�v �Z�m�k�l�_�g�b�l�Z �w�l�b�o �k�l�Z�e�_�c, �h�i�j�_�^�_-
�e�y�_�f�Z�y �g�b�d�_�e�_�\�u�f �w�d�\�b�\�Z�e�_�g�l�h�f (17–20), �[�u�e�Z �g�b�`�_ �q�_�f �m �o�j�h�f�h�g�b�d�_�e�_�\�u�o 
�k�l�Z�e�_�c �i�h�k�e�_�^�g�_�]�h �i�h�d�h�e�_�g�b�y (�g�b�d�_�e�_�\�u�c �w�d�\�b�\�Z�e�_�g�l 19–26). �G�_�^�Z�\�g�h �b�g�l�_�j�_�k 
�d �k�l�Z�e�y�f �k�b�k�l�_�f�u Cr-Mn �\�h�a�h�[�g�h�\�b�e�k�y. �< �j�Z�[�h�l�Z�o �b�j�Z�g�k�d�b�o �b �d�b�l�Z�c�k�d�b�o �m�q�_-
�g�u�o �[�u�e�b �i�h�e�m�q�_�g�u �k�l�Z�e�b �g�Z �o�j�h�f�h�f�Z�j�]�Z�g�p�_�\�h�c �h�k�g�h�\�_ [15–18], �\ �d�h�l�h�j�u�o 
�^�e�y �k�l�Z�[�b�e�b�a�Z�p�b�b �Z�m�k�l�_�g�b�l�Z �i�h�f�b�f�h Mn �b C �^�h�[�Z�\�e�_�g�u �\ �f�Z�e�u�o �d�h�e�b�q�_�k�l�\�Z�o 
Ni �b N. �G�Z�\�_�^�_�g�g�Z�y �j�Z�^�b�h�Z�d�l�b�\�g�h�k�l�v �l�Z�d�b�o �k�l�Z�e�_�c �k�i�Z�^�Z�_�l �[�u�k�l�j�_�_, �q�_�f 
�m �k�b�e�v�g�h�Z�d�l�b�\�b�j�m�_�f�u�o �k�l�Z�e�_�c, �q�l�h �i�h�a�\�h�e�y�_�l �h�l�g�_�k�l�b �b�o �d �f�Z�l�_�j�b�Z�e�Z�f c �i�h-
�g�b�`�_�g�g�h�c �Z�d�l�b�\�Z�p�b�_�c, �h�^�g�Z�d�h �h�g�b �g�_ �y�\�e�y�x�l�k�y �\ �i�h�e�g�h�c �f�_�j�_ �f�Z�e�h�Z�d�l�b�\�b�j�m-
�_�f�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b. 

�J�Z�g�_�_ �\ �g�Z�r�b�o �j�Z�[�h�l�Z�o �j�Z�a�j�Z�[�h�l�Z�g�u, �\�u�i�e�Z�\�e�_�g�u �b �b�k�k�e�_�^�h�\�Z�g�u �g�h�\�u�_ 
�f�Z�e�h�Z�d�l�b�\�b�j�h�\�Z�g�g�u�_ �o�j�h�f�h�f�Z�j�]�Z�g�p�_�\�u�_ �Z�m�k�l�_�g�b�l�g�u�_ �k�l�Z�e�b Fe–29Mn–12Cr–
W–Si–Ta–Ti–V–Zr–0,25C (�i�e�Z�\�d�Z �‹  3), Fe–26Mn–11Cr–W–Si–Ta–Ti–V–Zr–
0,32C (�i�e�Z�\�d�Z �‹  5) [19–21]. �< �d�Z�q�_�k�l�\�_ �^�Z�e�v�g�_�c�r�_�c �f�h�^�b�n�b�d�Z�p�b�b �k�h�k�l�Z�\�Z �[�u-
�e�Z �i�h�e�m�q�_�g�Z �k�l�Z�e�v Fe–11Cr–27Mn–W–Ti–V–Ta–Y–0,23C (�i�e�Z�\�d�Z �‹  7). �< �w�l�b�o 
�k�l�Z�e�y�o �i�h�\�u�r�_�g�h, �i�h �k�j�Z�\�g�_�g�b�x �k �o�j�h�f�h�f�Z�j�]�Z�g�p�_�\�u�f�b �Z�g�Z�e�h�]�Z�f�b, �k�h�^�_�j�`�Z-
�g�b�_ Mn �b �j�_�Z�e�b�a�h�\�Z�g�h �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �e�_�]�b�j�h�\�Z�g�b�_ �k�b�e�v�g�u�f�b �d�Z�j�[�b�^�h�h�[�j�Z-
�a�m�x�s�b�f�b �w�e�_�f�_�g�l�Z�f�b. �A�g�Z�q�_�g�b�_ �g�b�d�_�e�_�\�h�]�h �w�d�\�b�\�Z�e�_�g�l�Z �j�Z�a�j�Z�[�h�l�Z�g�g�u�o �k�l�Z-
�e�_�c (20,4–22) �i�j�_�\�u�r�Z�_�l �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �a�g�Z�q�_�g�b�y �^�e�y �b�a�\�_�k�l�g�u�o �j�Z�g�_�_ �f�Z-
�e�h�Z�d�l�b�\�b�j�m�_�f�u�o �Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c. �W�l�h �h�i�j�_�^�_�e�y�_�l �b�o �\�u�k�h�d�m�x �k�l�Z�[�b�e�v-
�g�h�k�l�v �i�h �h�l�g�h�r�_�g�b�x �d �f�Z�j�l�_�g�k�b�l�g�u�f �i�j�_�\�j�Z�s�_�g�b�y�f, �k�j�Z�\�g�b�f�m�x �k�h �k�l�Z�[�b�e�v-
�g�h�k�l�v�x �\�u�k�h�d�h�Z�d�l�b�\�b�j�m�_�f�u�o �o�j�h�f�h�g�b�d�_�e�_�\�u�o �k�l�Z�e�_�c.  

�B�k�k�e�_�^�h�\�Z�g�u �h�k�h�[�_�g�g�h�k�l�b �f�b�d�j�h�k�l�j�m�d�l�m�j�u, �w�e�_�f�_�g�l�g�h�]�h �b �n�Z�a�h�\�h�]�h �k�h-
�k�l�Z�\�Z �g�h�\�u�o �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o �Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c. �I�h�d�Z�a�Z�g�h [19–21], �q�l�h 
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�^�e�y �f�b�d�j�h�k�l�j�m�d�l�m�j�u �k�l�Z�e�_�c �\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b �o�Z�j�Z�d�l�_�j�g�u �i�e�h�k�d�b�_ �^�b�k-
�e�h�d�Z�p�b�h�g�g�u�_ �k�d�h�i�e�_�g�b�y �b �f�b�d�j�h�^�\�h�c�g�b�d�b. �< �m�k�e�h�\�b�y�o �o�h�e�h�^�g�h�c �^�_�n�h�j�f�Z�p�b�b 
(�O�>) �\ �k�l�Z�e�y�o �j�_�Z�e�b�a�m�_�l�k�y �b�g�l�_�g�k�b�\�g�h�_ �f�_�o�Z�g�b�q�_�k�d�h�_ �^�\�h�c�g�b�d�h�\�Z�g�b�_, �n�h�j�f�b-
�j�m�_�l�k�y �i�h�\�u�r�_�g�g�Z�y �i�e�h�l�g�h�k�l�v �^�b�k�e�h�d�Z�p�b�h�g�g�u�o �k�m�[�k�l�j�m�d�l�m�j. �N�h�j�f�b�j�h�\�Z�g�b�_ 
�m�d�Z�a�Z�g�g�u�o �h�k�h�[�_�g�g�h�k�l�_�c �^�_�n�_�d�l�g�h�c �k�m�[�k�l�j�m�d�l�m�j�u �k�\�y�a�Z�g�h �k �^�h�k�l�Z�l�h�q�g�h �g�b�a-
�d�h�c �w�g�_�j�]�b�_�c �^�_�n�_�d�l�h�\ �m�i�Z�d�h�\�d�b �k�l�Z�e�_�c (24–26 �f�>�`/�f2), �q�l�h �i�j�b�\�h�^�b�l �d �j�Z�k-
�s�_�i�e�_�g�b�x �i�h�e�g�u�o �^�b�k�e�h�d�Z�p�b�c a/2<110> �g�Z �i�Z�j�m �q�Z�k�l�b�q�g�u�o �^�b�k�e�h�d�Z�p�b�c 
a/6<112> (�\�_�^�m�s�Z�y �b �\�_�^�h�f�Z�y, �f�_�`�^�m �d�h�l�h�j�u�f�b �g�Z�o�h�^�b�l�k�y �^�_�n�_�d�l �m�i�Z�d�h�\�d�b). 
�F�_�o�Z�g�b�a�f �i�e�Z�k�l�b�q�_�k�d�h�c �^�_�n�h�j�f�Z�p�b�b �b�a�f�_�g�y�_�l�k�y �h�l �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�]�h 
�k�d�h�e�v�`�_�g�b�y �i�h�e�g�u�o �^�b�k�e�h�d�Z�p�b�c, �o�Z�j�Z�d�l�_�j�g�h�]�h �^�e�y �k�l�Z�e�_�c �k �\�u�k�h�d�h�c �w�g�_�j�]�b�_�c 
�^�_�n�_�d�l�h�\ �m�i�Z�d�h�\�d�b, �d �k�f�_�r�Z�g�g�h�f�m, �\�d�e�x�q�Z�x�s�_�f�m �f�_�o�Z�g�b�q�_�k�d�h�_ �^�\�h�c�g�b�d�h�\�Z-
�g�b�_. �W�l�h �i�j�b�\�h�^�b�l �d �n�h�j�f�b�j�h�\�Z�g�b�x �\ �a�_�j�g�Z�o �i�e�Z�k�l�b�g�q�Z�l�u�o �h�[�e�Z�k�l�_�c �k�m�[�f�b�d-
�j�h�g�g�u�o �i�h�i�_�j�_�q�g�u�o �j�Z�a�f�_�j�h�\ �k �q�_�j�_�^�h�\�Z�g�b�_�f �h�j�b�_�g�l�Z�p�b�b �^�\�h�c�g�b�d/�f�Z�l�j�b�p�Z. 
�>�\�h�c�g�b�d�h�\�u�_ �h�[�e�Z�k�l�b �b�f�_�x�l �h�j�b�_�g�l�Z�p�b�x, �i�h�e�m�q�_�g�g�m�x �a�_�j�d�Z�e�v�g�u�f �h�l�j�Z�`�_-
�g�b�_�f �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�b �f�Z�l�j�b�p�u �h�l�g�h�k�b�l�_�e�v�g�h �i�e�h�k�d�h�k�l�_�c {111}, �y�\-
�e�y�x�s�b�o�k�y �i�e�h�k�d�h�k�l�y�f�b �^�\�h�c�g�b�d�h�\�Z�g�b�y �\ �=�P�D �j�_�r�_�l�d�_. �< �a�Z�d�Z�e�_�g�g�h�f �b �O�> 
�k�h�k�l�h�y�g�b�y�o �\ �k�l�Z�e�y�o �h�[�g�Z�j�m�`�_�g�u �^�b�k�i�_�j�k�g�u�_ �q�Z�k�l�b�p�u MC (M – Ti, Ta, V, Zr, 
Si, W) �b (�\ �f�Z�e�u�o �^�h�e�y�o) M23C6 (M – Cr, Mn, Fe). �<�[�e�b�a�b �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p 
�i�e�h�l�g�h�k�l�v �^�b�k�e�h�d�Z�p�b�c �i�h�\�u�r�Z�_�l�k�y �d�Z�d �\ �j�_�a�m�e�v�l�Z�l�_ �a�Z�d�Z�e�d�b, �l�Z�d �b �i�h�k�e�_ �O�>.  

�B�k�k�e�_�^�h�\�Z�g�u �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �g�h�\�u�o �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o �Z�m�k�l�_-
�g�b�l�g�u�o �k�l�Z�e�_�c. �I�h�d�Z�a�Z�g�h [19–21], �q�l�h �b�o �i�j�h�q�g�h�k�l�g�u�_ �k�\�h�c�k�l�\�Z �k�h�i�h�k�l�Z�\�b�f�u 
�k �Z�g�Z�e�h�]�Z�f�b (�k�l�Z�e�y�f�b �g�Z Cr-Ni �b Cr-Mn �h�k�g�h�\�_). �M�k�l�Z�g�h�\�e�_�g�h [21], �q�l�h �k�l�Z�e�v 
�i�e�Z�\�d�b �‹  5 �h�[�e�Z�^�Z�_�l �o�h�j�h�r�b�f �k�h�q�_�l�Z�g�b�_�f �i�j�h�q�g�h�k�l�g�u�o �b �i�e�Z�k�l�b�q�_�k�d�b�o 
�k�\�h�c�k�l�\ �\ �r�b�j�h�d�h�f �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j (20 – 750°C). �?�_ �i�j�h�q�g�h�k�l�g�u�_ �k�\�h�c-
�k�l�\�Z �k�h�i�h�k�l�Z�\�b�f�u, �e�b�[�h �i�j�_�\�u�r�Z�x�l �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �k�\�h�c�k�l�\�Z �Z�g�Z�e�h�]�h�\ 
�b �i�j�_�\�u�r�Z�x�l �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �a�g�Z�q�_�g�b�y �^�e�y �k�b�e�v�g�h�Z�d�l�b�\�b�j�m�_�f�h�c �o�j�h�f�h�g�b-
�d�_�e�_�\�h�c �k�l�Z�e�b �W�D-164, �b�k�i�h�e�v�a�m�_�f�h�c �\ �d�Z�q�_�k�l�\�_ �h�k�g�h�\�g�h�]�h �d�h�g�k�l�j�m�d�p�b�h�g�g�h�]�h 
�f�Z�l�_�j�b�Z�e�Z �l�_�i�e�h�\�u�^�_�e�y�x�s�b�o �w�e�_�f�_�g�l�h�\ �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y. �W�l�h �h�[�_�k�i�_�q�b�\�Z-
�_�l�k�y �k�h�\�f�_�k�l�g�u�f �\�e�b�y�g�b�_�f �k�m�[�k�l�j�m�d�l�m�j�g�h�]�h, �^�b�k�i�_�j�k�g�h�]�h �b �l�\�_�j�^�h�j�Z�k�l�\�h�j�g�h-
�]�h �m�i�j�h�q�g�_�g�b�y. �J�Z�a�j�Z�[�h�l�Z�g�g�Z�y �k�l�Z�e�v �b�f�_�_�l �[�h�e�_�_ �\�u�k�h�d�b�_ (�^�h 3-�o �j�Z�a) �a�g�Z�q�_-
�g�b�y �m�^�e�b�g�_�g�b�y �^�h �j�Z�a�j�m�r�_�g�b�y, �i�h �k�j�Z�\�g�_�g�b�x �k �Z�g�Z�e�h�]�Z�f�b, �]�e�Z�\�g�u�f �h�[�j�Z�a�h�f �a�Z 
�k�q�_�l �i�e�Z�k�l�b�q�g�h�k�l�b, �g�Z�\�_�^�_�g�g�h�c �^�\�h�c�g�b�d�h�\�Z�g�b�_�f. �< �m�k�e�h�\�b�y�o �j�Z�k�l�y�`�_�g�b�y 
�\ �l�_�f�i�_�j�Z�l�m�j�g�h�f �b�g�l�_�j�\�Z�e�_ 20 – 750 °C �g�Z�[�e�x�^�Z�_�l�k�y �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �\�y�a�d�b�c 
�l�j�Z�g�k�d�j�b�k�l�Z�e�e�b�l�g�u�c �b�a�e�h�f. �>�b�k�i�_�j�k�g�u�_ �q�Z�k�l�b�p�u �d�Z�j�[�b�^�h�\ �l�b�i�Z MC 
�b M23C6, �j�Z�k�i�h�e�Z�]�Z�x�s�b�_�k�y �g�Z �]�j�Z�g�b�p�Z�o �a�_�j�_�g, �k�i�h�k�h�[�k�l�\�m�x�l �i�h�y�\�e�_�g�b�x �h�l-
�^�_�e�v�g�u�o �m�q�Z�k�l�d�h�\ �b�g�l�_�j�d�j�b�k�l�Z�e�e�b�l�g�h�]�h �j�Z�a�j�m�r�_�g�b�y �i�j�b �j�Z�k�l�y�`�_�g�b�b �i�j�b 
�d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_.  

�A�_�j�_�g�g�Z�y �b �^�\�h�c�g�b�d�h�\�Z�y �f�b�d�j�h�k�l�j�m�d�l�m�j�u �k�l�Z�e�_�c �i�e�Z�\�d�b �‹  3 �b �‹  5 
�\ �m�k�e�h�\�b�y�o �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�o (�^�h 10 �q) �h�l�`�b�]�h�\ �i�j�b 700 °C �h�k�l�Z�x�l�k�y �k�l�Z�[�b�e�v-
�g�u�f�b �i�j�b �g�_�a�g�Z�q�b�l�_�e�v�g�h�f �k�g�b�`�_�g�b�b �i�e�h�l�g�h�k�l�b �^�b�k�e�h�d�Z�p�b�c [22]. �I�j�b �m�\�_�e�b-
�q�_�g�b�b �^�e�b�l�_�e�v�g�h�k�l�b �h�l�`�b�]�h�\ (�^�h 50 �q) �l�_�g�^�_�g�p�b�y �d �n�h�j�f�b�j�h�\�Z�g�b�x �q�Z�k�l�b�p 
�F23�K6 �g�Z �]�j�Z�g�b�p�Z�o �a�_�j�_�g (�i�h�k�e�_ �a�Z�d�Z�e�d�b) �b �]�j�Z�g�b�p�Z�o �f�b�d�j�h- �b �g�Z�g�h�^�\�h�c�g�b�d�h�\ 
(�i�h�k�e�_ �O�>) �k�h�o�j�Z�g�y�_�l�k�y [23]. �I�j�b �w�l�h�f �m�\�_�e�b�q�b�\�Z�_�l�k�y �h�[�t�_�f�g�Z�y �^�h�e�y �q�Z�k�l�b�p 
�F23�K6 (�^�h 5 %), �h�[�g�Z�j�m�`�_�g�h �b�o �\�u�^�_�e�_�g�b�_ �g�Z �d�Z�j�[�b�^�Z�o �F�K (�i�h�k�e�_ �a�Z�d�Z�e�d�b) 
�b �n�h�j�f�b�j�h�\�Z�g�b�_ �i�e�Z�k�l�b�g �0-�f�Z�j�l�_�g�k�b�l�Z (�i�h�k�e�_ �O�>), �h�[�t�_�f�g�Z�y �^�h�e�y �d�h�l�h�j�h�]�h 
�^�h�k�l�b�]�Z�_�l 13 %. �H�[�_�^�g�_�g�b�_ �l�\�_�j�^�h�]�h �j�Z�k�l�\�h�j�Z �Z�m�k�l�_�g�b�l�Z �m�]�e�_�j�h�^�h�f �k�i�h�k�h�[-
�k�l�\�m�_�l �k�g�b�`�_�g�b�x �_�]�h �k�l�Z�[�b�e�v�g�h�k�l�b �i�h �h�l�g�h�r�_�g�b�x �d ��-�0 �f�Z�j�l�_�g�k�b�l�g�h�f�m �i�j�_-
�\�j�Z�s�_�g�b�x. �I�j�b �w�l�h�f �0-�n�Z�a�Z (�k �=�I�M �j�_�r�_�l�d�h�c) �n�h�j�f�b�j�m�_�l�k�y �^�_�n�h�j�f�Z�p�b�h�g�g�u�f 
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�i�m�l�_�f �\ �j�_�a�m�e�v�l�Z�l�_ �e�h�d�Z�e�v�g�u�o �\�g�m�l�j�_�g�g�b�o �g�Z�i�j�y�`�_�g�b�c, �\�h�a�g�b�d�Z�x�s�b�o �i�j�b �j�h-
�k�l�_ �d�Z�j�[�b�^�g�u�o �q�Z�k�l�b�p �F23�K6 [23]. �H�i�j�_�^�_�e�y�x�s�b�f �n�Z�d�l�h�j�h�f, �\�e�b�y�x�s�b�f �g�Z 
�\�u�^�_�e�_�g�b�_ �w�l�b�o �q�Z�k�l�b�p, �y�\�e�y�_�l�k�y �b�k�o�h�^�g�h�_ �k�h�k�l�h�y�g�b�_ �f�Z�l�_�j�b�Z�e�Z – �\ �q�Z�k�l�g�h�k�l�b, 
�g�Z�e�b�q�b�_ �\�u�k�h�d�h�m�]�e�h�\�u�o �]�j�Z�g�b�p �a�_�j�_�g �Z�m�k�l�_�g�b�l�Z �b�e�b �k�i�_�p�b�Z�e�v�g�u�o �]�j�Z�g�b�p 
�f�b�d�j�h�^�\�h�c�g�b�d�h�\, �Z �l�Z�d�`�_ �\�u�^�_�e�_�g�b�c �d�Z�j�[�b�^�h�\ �F�K. �I�h�\�u�r�_�g�g�Z�y �^�b�n�n�m�a�b�h�g-
�g�Z�y �i�h�^�\�b�`�g�h�k�l�v �m�]�e�_�j�h�^�Z �b �d�Z�j�[�b�^�h�h�[�j�Z�a�m�x�s�b�o �w�e�_�f�_�g�l�h�\ �i�h �]�j�Z�g�b�p�Z�f 
�k�l�j�m�d�l�m�j�g�u�o �w�e�_�f�_�g�l�h�\ �k�i�h�k�h�[�k�l�\�m�_�l �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�f�m �n�h�j�f�b�j�h�\�Z�g�b�x 
�\�[�e�b�a�b �g�b�o �q�Z�k�l�b�p �F23�K6.  

�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �f�b�d�j�h�l�\�_�j�^�h�k�l�b (Hµ) �i�h�d�Z�a�Z�e�b [23], �q�l�h �\ �b�k-
�o�h�^�g�u�o �k�h�k�l�h�y�g�b�y�o �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �i�h�k�e�_ �O�> �_�_ �k�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y �k�h�k�l�Z�\�e�y�x�l 
2,2 �b 3,5 �=�I�Z, �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �L�Z�d�b�_ �a�g�Z�q�_�g�b�y �f�b�d�j�h�l�\�_�j�^�h�k�l�b �l�b�i�b�q�g�u �^�e�y 
�Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c �\ �a�Z�d�Z�e�_�g�g�h�f �b �O�> �k�h�k�l�h�y�g�b�y�o. �I�h�k�e�_ �a�Z�d�Z�e�d�b �b �h�l�`�b�]�Z 
�^�e�b�l�_�e�v�g�h�k�l�v�x 50 �q Hµ �§ 2,4 �=�I�Z, �Z �i�h�k�e�_ �O�> �b �h�l�`�b�]�Z – Hµ �§ 3,6 �=�I�Z. �I�j�h-
�b�k�o�h�^�y�s�b�_ �\ �j�_�a�m�e�v�l�Z�l�_ �h�l�`�b�]�Z �i�j�b 700 °�K �\ �l�_�q�_�g�b�b 50 �q �b�a�f�_�g�_�g�b�y �f�b�d�j�h-
�k�l�j�m�d�l�m�j�u �g�_ �h�d�Z�a�u�\�Z�_�l �k�m�s�_�k�l�\�_�g�g�h�]�h �\�e�b�y�g�b�y �g�Z �\�_�e�b�q�b�g�m �f�b�d�j�h�l�\�_�j�^�h�k�l�b 
�k�l�Z�e�b. �W�l�h �k�\�y�a�Z�g�h �k �h�^�g�h�\�j�_�f�_�g�g�u�f �m�f�_�g�v�r�_�g�b�_�f �i�e�h�l�g�h�k�l�b �^�b�k�e�h�d�Z�p�b�c, 
�k�g�b�`�Z�x�s�b�f �w�n�n�_�d�l�b�\�g�h�k�l�v �k�m�[�k�l�j�m�d�l�m�j�g�h�]�h �m�i�j�h�q�g�_�g�b�y, �b �b�g�l�_�g�k�b�\�g�u�f 
�\�u�^�_�e�_�g�b�_�f �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p �F23�K6, �i�h�\�u�r�Z�x�s�_�f �w�n�n�_�d�l�b�\�g�h�k�l�v �^�b�k-
�i�_�j�k�g�h�]�h �m�i�j�h�q�g�_�g�b�y.  

�P�_�e�v�x �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�_ �l�_�j�f�b�q�_�k�d�h�c �k�l�Z�[�b�e�v-
�g�h�k�l�b �f�b�d�j�h�k�l�j�m�d�l�m�j�u �b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �g�h�\�u�o �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o 
�Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c �i�e�Z�\�d�b �‹  5 �b �‹  7 �\ �k�l�j�m�d�l�m�j�g�u�o �k�h�k�l�h�y�g�b�y�o �i�h�k�e�_ �a�Z�d�Z�e-
�d�b �b �O�> �\ �m�k�e�h�\�b�y�o �^�e�b�l�_�e�v�g�h�]�h (�^�h 500 �q) �k�l�Z�j�_�g�b�y �i�j�b 700 °�K. 

2. �F�Z�l�_�j�b�Z�e�u �b �f�_�l�h�^�b�d�Z �w�d�k�i�_�j�b�f�_�g�l�Z 

�W�e�_�f�_�g�l�g�u�c �k�h�k�l�Z�\ �k�l�Z�e�b �i�e�Z�\�d�b �‹  5 �i�j�_�^�k�l�Z�\�e�_�g �\ �l�Z�[�e. 1. �F�Z�e�h�Z�d�l�b-
�\�b�j�m�_�f�h�k�l�v �k�l�Z�e�b �i�h�^�l�\�_�j�`�^�Z�_�l�k�y �f�b�g�b�f�Z�e�v�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �\ �_�_ �k�h�k�l�Z�\�_ 
�l�Z�d�b�o �w�e�_�f�_�g�l�h�\, �d�Z�d Ni, Cu, Nb, Mo �b Co. �G�b�d�_�e�_�\�u�c �w�d�\�b�\�Z�e�_�g�l �i�h�e�m�q�_�g�g�h�]�h 
�k�h�k�l�Z�\�Z Ni�w�d�\ = 22,65, �o�j�h�f�h�\�u�c �w�d�\�b�\�Z�e�_�g�l – Cr�w�d�\ = 12 (Cr�w�d�\ = CCr + 
+ CMo + 1,5·CSi + 0,5·CTi, �k�h�]�e�Z�k�g�h [7]). �L�Z�d�h�_ �k�h�h�l�g�h�r�_�g�b�_ �g�b�d�_�e�_�\�h�]�h �b 
�o�j�h�f�h�]�h �w�d�\�b�\�Z�e�_�g�l�Z �h�i�j�_�^�_�e�y�x�l �g�Z�o�h�`�^�_�g�b�_ �k�l�Z�e�b �\ �i�j�_�^�_�e�Z�o �h�^�g�h�n�Z�a�g�h�c 
�Z�m�k�l�_�g�b�l�g�h�c �h�[�e�Z�k�l�b �g�Z �^�b�Z�]�j�Z�f�f�_ �R�_�n�n�e�_�j�Z [7].  

 

�L�Z�[ �e�b�p�Z 1 
 

�W�e�_�f�_�g�l�g�u�c �k�h�k�l�Z�\ �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�h�c �Z�m�k�l�_�g�b�l�g�h�c �k�l�Z�e�b  
�i�e�Z�\�d�b �‹  5 (�f�Z�k�k. %, �h�k�g�h�\�Z Fe) 

 

Cr Mn Ni Cu W V Ti Ta Zr Nb Mo Co Si S P C B 

11,2 26,1 0,02 0,02 1,2 0,3 0,11 0,08 0,07 0,001 0,008 0,009 0,5 0,008 0,008 0,32 0,004 
 

�>�e�y �h�]�j�Z�g�b�q�_�g�b�y �l�_�g�^�_�g�p�b�b �d �\�u�^�_�e�_�g�b�x �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p �d�Z�j�[�b�^�h�\ 
�F23�K6 �\ �m�k�e�h�\�b�y�o �^�e�b�l�_�e�v�g�u�o �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �h�l�`�b�]�h�\ (�k�l�Z�j�_�g�b�y) 
�g�Z�f�b �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z �b �\�u�i�e�Z�\�e�_�g�Z �g�h�\�Z�y �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�Z�y �Z�m�k�l�_�g�b�l�g�Z�y 
�k�l�Z�e�v �i�e�Z�\�d�b �‹  7, �^�h�i�h�e�g�b�l�_�e�v�g�h �e�_�]�b�j�h�\�Z�g�g�Z�y �j�_�^�d�h�a�_�f�_�e�v�g�u�f �w�e�_�f�_�g-
�l�h�f Y, �l�Z�[�e. 2 [24]. �< �k�h�k�l�Z�\�_ �k�l�Z�e�b �m�f�_�g�v�r�_�g�h �k�h�^�_�j�`�Z�g�b�_ �m�]�e�_�j�h�^�Z  
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(�k 0,32 �^�h 0,23 �f�Z�k�k. %) �b �k�b�e�v�g�u�o �d�Z�j�[�b�^�h�h�[�j�Z�a�m�x�s�b�o �w�e�_�f�_�g�l�h�\ Ti, Ta, V, 
�Z �l�Z�d�`�_ �b�k�d�e�x�q�_�g Zr. �P�_�e�v�x �e�_�]�b�j�h�\�Z�g�b�y �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�f Y �[�u�e�Z �q�Z�k�l�b�q-
�g�Z�y �a�Z�f�_�g�Z Ti, �d�Z�d �k�b�e�v�g�h�]�h �d�Z�j�[�b�^�h�h�[�j�Z�a�h�\�Z�l�_�e�y. �B�a �l�Z�[�e. 2 �l�Z�d�`�_ �k�e�_�^�m�_�l, 
�q�l�h �g�h�\�Z�y �k�l�Z�e�v �l�Z�d�`�_ �y�\�e�y�_�l�k�y �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�f �f�Z�l�_�j�b�Z�e�h�f.  
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�W�e�_�f�_�g�l�g�u�c �k�h�k�l�Z�\ �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�h�c �Z�m�k�l�_�g�b�l�g�h�c �k�l�Z�e�b  
�i�e�Z�\�d�b �‹  7 (�f�Z�k�k. %, �h�k�g�h�\�Z Fe) 

 

Cr Mn Ni Cu W V Ti Ta Y Nb Mo Co Si S P C B 

10,6 26,6 0,04 0,05 0,48 0,065 0,075 0,06 0,01 0,01 0,013 0,05 0,65 0,0035 0,009 0,226 0,006 

 
�H�[�j�Z�a�p�u �k�l�Z�e�_�c �i�e�Z�\�d�b �‹  5 �b �‹  7 �i�h�^�\�_�j�]�Z�e�b �^�e�b�l�_�e�v�g�u�f (100 �b 500 �q) 

�h�l�`�b�]�Z�f �i�j�b 700 °C �\ �^�\�m�o �k�l�j�m�d�l�m�j�g�u�o �k�h�k�l�h�y�g�b�y�o – �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �O�>. 
�L�_�f�i�_�j�Z�l�m�j�Z �h�l�`�b�]�Z �\�u�[�j�Z�g�Z �d�Z�d �\�_�j�o�g�y�y �]�j�Z�g�b�p�Z �b�g�l�_�j�\�Z�e�Z �i�j�_�^�i�h�e�Z�]�Z�_�f�u�o 
�j�Z�[�h�q�b�o �l�_�f�i�_�j�Z�l�m�j (650–700 °C). �I�h�k�e�_ �h�l�`�b�]�h�\ �i�j�h�\�h�^�b�e�b�k�v �k�l�j�m�d�l�m�j�g�u�_ 
�b�k�k�e�_�^�h�\�Z�g�b�y �f�_�l�h�^�Z�f�b �h�i�l�b�q�_�k�d�h�c �f�_�l�Z�e�e�h�]�j�Z�n�b�b (�H�F), �j�_�g�l�]�_�g�h�k�l�j�m�d�l�m�j-
�g�h�]�h �Z�g�Z�e�b�a�Z (�J�K�:), �j�Z�k�l�j�h�\�h�c �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b (�J�W�F), �\�d�e�x�q�Z�y 
�^�b�n�j�Z�d�p�b�x �h�[�j�Z�l�g�h-�j�Z�k�k�_�y�g�g�u�o �w�e�_�d�l�j�h�g�h�\ (�>�H�J�W) �b �i�j�h�k�\�_�q�b�\�Z�x�s�_�c �w�e�_�d-
�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b (�I�W�F), �Z �l�Z�d�`�_ �f�_�o�Z�g�b�q�_�k�d�b�_ �b�k�i�u�l�Z�g�b�y �g�Z �j�Z�k�l�y�`�_-
�g�b�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 20, 650 �b 700 °C. �I�h�^�j�h�[�g�h �f�_�l�h�^�b�d�b �k�l�j�m�d�l�m�j�g�u�o �b�k-
�k�e�_�^�h�\�Z�g�b�c �b �f�_�o�Z�g�b�q�_�k�d�b�o �b�k�i�u�l�Z�g�b�c �b�a�e�h�`�_�g�u �\ �j�Z�[�h�l�Z�o [19 24]. 

3.���F�b�d�j�h�k�l�j�m�d�l�m�j�Z �b �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�l�Z�e�b ��
�i�e�Z�\�d�b �‹  5 �i�h�k�e�_ �^�e�b�l�_�e�v�g�h�]�h �k�l�Z�j�_�g�b�y 

�B�k�k�e�_�^�h�\�Z�g�b�y [25], �i�j�h�\�_�^�_�g�g�u�_ �f�_�l�h�^�Z�f�b �H�F �b �J�W�F, �h�[�j�Z�a�p�h�\ �k�l�Z�e�b 
�i�h�k�e�_ �k�l�Z�j�_�g�b�y �i�j�b 700 °C �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x 100 �q �\ �a�Z�d�Z�e�_�g�g�h�f �b �O�> �k�h-
�k�l�h�y�g�b�y�o �i�h�d�Z�a�Z�e�b, �q�l�h �i�h�k�e�_ �i�h�e�b�j�h�\�d�b �g�Z �i�h�\�_�j�o�g�h�k�l�b �k�l�Z�e�b �k�l�Z�g�h�\�y�l�k�y �o�h-
�j�h�r�h �\�b�^�g�u �]�j�Z�g�b�p�u �a�_�j�_�g �b �^�\�h�c�g�b�d�h�\ (�j�b�k. 1). �W�l�h �h�[�m�k�e�h�\�e�_�g�h �\�u�^�_�e�_�g�b-
�_�f �g�Z �]�j�Z�g�b�p�Z�o �a�g�Z�q�b�l�_�e�v�g�h�]�h �d�h�e�b�q�_�k�l�\�Z �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p �d�Z�j�[�b�^�h�\ 
M23C6. �D�h�]�_�j�_�g�l�g�u�_ �]�j�Z�g�b�p�u �^�\�h�c�g�b�d�Z �h�l�`�b�]�Z, �i�Z�j�Z�e�e�_�e�v�g�u�_ �i�e�h�k�d�h�k�l�b 
�^�\�h�c�g�b�d�h�\�Z�g�b�y, �m�d�Z�a�Z�g�u �g�Z �j�b�k. 1, �\ �k�i�e�h�r�g�u�f�b �e�b�g�b�y�f�b �k�h �k�l�j�_�e�d�Z�f�b. �G�_�d�h-
�]�_�j�_�g�l�g�u�_ �]�j�Z�g�b�p�u �^�\�h�c�g�b�d�Z, �^�e�y �d�h�l�h�j�u�o �i�e�h�k�d�h�k�l�v �^�\�h�c�g�b�d�h�\�Z�g�b�y �g�_ �i�Z-
�j�Z�e�e�_�e�v�g�Z �]�j�Z�g�b�p�_, �b �h�[�u�q�g�h �g�Z�o�h�^�y�s�b�_�k�y �\ �l�h�j�p�_ �^�\�h�c�g�b�d�Z, �m�d�Z�a�Z�g�u �i�j�_�j�u-
�\�b�k�l�h�c �e�b�g�b�_�c �k�h �k�l�j�_�e�d�h�c. �K�l�Z�j�_�g�b�_ �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b �i�j�b�\�h�^�b�l �d �^�_�d�h-
�j�b�j�h�\�Z�g�b�x �f�g�h�`�_�k�l�\�_�g�g�u�o �^�\�h�c�g�b�d�h�\�u�o �]�j�Z�g�b�p �l�h�g�d�b�f�b �i�e�Z�k�l�b�g�d�Z�f�b �d�Z�j-
�[�b�^�g�u�o �q�Z�k�l�b�p (�j�b�k. 1, �_), �[�e�Z�]�h�^�Z�j�y �q�_�f�m �h�g�b �k�l�Z�g�h�\�y�l�k�y �\�b�^�g�u �g�Z �i�h�e�b�j�h-
�\�Z�g�g�h�c �i�h�\�_�j�o�g�h�k�l�b. 

�G�Z �J�W�F �>�H�J�W �b�a�h�[�j�Z�`�_�g�b�y�o �i�h�k�e�_ �k�l�Z�j�_�g�b�y �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b 
�\�b�^�g�h (�j�b�k. 2), �q�l�h �a�_�j�_�g�g�Z�y �b �^�\�h�c�g�b�d�h�\�Z�y �k�l�j�m�d�l�m�j�u �k�l�Z�e�b �\ �j�_�a�m�e�v�l�Z�l�_ �^�e�b-
�l�_�e�v�g�h�]�h �k�l�Z�j�_�g�b�y �h�k�l�Z�x�l�k�y �k�l�Z�[�b�e�v�g�u�f�b. �H�[�g�Z�j�m�`�b�\�Z�x�l�k�y �o�Z�j�Z�d�l�_�j�g�u�_ �^�e�y 
�O�> �\�u�l�y�g�m�l�u�_ �\ �g�Z�i�j�Z�\�e�_�g�b�b �i�j�h�d�Z�l�d�b �a�_�j�g�Z �k �f�b�d�j�h�^�\�h�c�g�b�d�Z�f�b �\�g�m�l�j�b.  
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�J�b�k. 1. �B�a�h�[�j�Z�`�_�g�b�y �k�l�j�m�d�l�m�j�u �k�l�Z�e�b, �i�h�e�m�q�_�g�g�u�_ �f�_�l�h�^�h�f OM (�Z, �[) �b �J�W�F (�\ – �_):  
�Z, �\, �  ̂ – �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C 100 �q;  �[, �], �_ – �i�h�k�e�_ �O�> �b �k�l�Z�j�_�g�b�y  
                                                             �i�j�b 700 °C 100 �q. 
 

 
 
�J�b�k. 2. �B�a�h�[�j�Z�`�_�g�b�y �J�W�F �>�H�J�W �k�l�j�m�d�l�m�j�u �k�l�Z�e�b �i�h�k�e�_ �O�> �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C 
100 �q.: �Z – �h�j�b�_�g�l�Z�p�b�h�g�g�Z�y �d�Z�j�l�Z �k �\�u�k�h�d�h- �b �f�Z�e�h�m�]�e�h�\�u�f�b �]�j�Z�g�b�p�Z�f�b, �h�[�h�a�g�Z�q�_�g- 
               �g�u�f�b �q�_�j�g�u�f�b �b �[�_�e�u�f�b �e�b�g�b�y�f�b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h; �[ – KAM-�d�Z�j�l�Z 
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�H�j�b�_�g�l�Z�p�b�h�g�g�Z�y �d�Z�j�l�Z (�j�b�k. 2, �Z) �i�j�_�^�k�l�Z�\�e�y�_�l �h�j�b�_�g�l�Z�p�b�x �a�_�j�_�g 
�\ �k�h�h�l�\�_�l�k�l�\�b�b �k �p�\�_�l�h�\�h�c �]�j�Z�^�Z�p�b�_�c, �m�d�Z�a�Z�g�g�h�c �g�Z �k�l�_�j�_�h�]�j�Z�n�b�q�_�k�d�h�f �l�j�_-
�m�]�h�e�v�g�b�d�_. �L�Z�d�`�_ �g�Z �h�j�b�_�g�l�Z�p�b�h�g�g�h�c �d�Z�j�l�_ �q�_�j�g�u�f �p�\�_�l�h�f �m�d�Z�a�Z�g�u �\�u�k�h�d�h-
�m�]�e�h�\�u�_ �]�j�Z�g�b�p�u (�]�j�Z�g�b�p�u �a�_�j�_�g) �b �[�_�e�u�f �p�\�_�l�h�f �f�Z�e�h�m�]�e�h�\�u�_ �]�j�Z�g�b�p�u (�^�b�k�e�h-
�d�Z�p�b�h�g�g�u�_ �k�m�[�k�l�j�m�d�l�m�j�u). �D�Z�j�l�u �k�j�_�^�g�b�o �j�Z�a�h�j�b�_�g�l�Z�p�b�c (KAM- �d�Z�j�l�u) – 
�j�b�k. 2, �[ �i�j�_�^�k�l�Z�\�e�y�x�l �p�\�_�l�h�\�m�x �]�j�Z�^�Z�p�b�x �j�Z�a�h�j�b�_�g�l�b�j�h�\�h�d �\ �h�[�j�Z�a�p�_ �k�l�Z�e�b 
�h�l 0° �^�h 5° (�h�l �k�b�g�_�]�h �^�h �d�j�Z�k�g�h�]�h �p�\�_�l�Z). �G�Z �h�j�b�_�g�l�Z�p�b�h�g�g�u�o �d�Z�j�l�Z�o �b �d�Z�j�l�Z�o 
�k�j�_�^�g�b�o �j�Z�a�h�j�b�_�g�l�Z�p�b�c �f�h�`�g�h �\�b�^�_�l�v �\�u�k�h�d�m�x �i�e�h�l�g�h�k�l�v �^�b�k�e�h�d�Z�p�b�h�g�g�u�o 
�k�m�[�k�l�j�m�d�l�m�j (�i�j�_�h�[�e�Z�^�Z�g�b�_ �a�_�e�_�g�h�]�h �p�\�_�l�Z �\ �h�l�^�_�e�v�g�u�o �h�[�e�Z�k�l�y�o �j�b�k. 2, �[), 
�d�h�l�h�j�Z�y �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �a�Z�l�h�j�f�h�`�_�g�g�h�k�l�b �i�j�h�p�_�k�k�h�\ �l�_�j�f�b�q�_�k�d�h�]�h �\�h�a�\�j�Z-
�l�Z. �G�Z �b�a�h�[�j�Z�`�_�g�b�y�o �k �[�h�e�_�_ �\�u�k�h�d�b�f �m�\�_�e�b�q�_�g�b�_�f (�j�b�k. 3) �o�h�j�h�r�h �\�b�^�g�u �i�Z-
�j�Z�e�e�_�e�v�g�u�_ �i�e�Z�k�l�b�g�u �f�b�d�j�h�^�\�h�c�g�b�d�h�\, �d�Z�d �h�[�e�Z�k�l�b �d�j�b�k�l�Z�e�e�Z, �b�f�_�x�s�b�_ �h�l-
�e�b�q�g�m�x �h�l �f�Z�l�j�b�p�u �h�j�b�_�g�l�b�j�h�\�d�m �b �\�u�k�h�d�h�m�]�e�h�\�u�_ �]�j�Z�g�b�p�u �k �f�Z�l�j�b�p�_�c. �G�Z 
�n�Z�a�h�\�h�c �d�Z�j�l�_ (�j�b�k. 3, �[) �g�Z �]�j�Z�g�b�p�_ �a�_�j�g�Z �\�b�^�g�u �^�b�k�i�_�j�k�g�u�_ �q�Z�k�l�b�p�u �d�Z�j�[�b-
�^�h�\ M23C6, �\�u�^�_�e�b�\�r�b�_�k�y �\ �j�_�a�m�e�v�l�Z�l�_ �k�l�Z�j�_�g�b�y [25]. �G�Z �d�Z�j�l�_ �k�j�_�^�g�b�o �j�Z�a�h-
�j�b�_�g�l�Z�p�b�c (�j�b�k. 3, �\) �i�h �i�j�_�h�[�e�Z�^�Z�g�b�x �a�_�e�_�g�h�]�h �p�\�_�l�Z �\ �h�l�^�_�e�v�g�u�o �h�[�e�Z�k�l�y�o 
�\�b�^�g�h �i�h�\�u�r�_�g�b�_ �i�e�h�l�g�h�k�l�b �^�b�k�e�h�d�Z�p�b�h�g�g�u�o �k�m�[�k�l�j�m�d�l�m�j �\�[�e�b�a�b �]�j�Z�g�b�p �a�_-
�j�_�g, �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p �b �]�j�Z�g�b�p �^�\�h�c�g�b�d�h�\. �D�Z�j�l�Z �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�f�_�g�l�h�\ 
(EDX) �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �l�h�f, �q�l�h �q�Z�k�l�b�p�u �i�h �]�j�Z�g�b�p�Z�f �a�_�j�_�g �h�[�h�]�Z�s�_�g�u Cr, 
�\ �l�h �\�j�_�f�y �d�Z�d �q�Z�k�l�b�p�u �\�g�m�l�j�b �a�_�j�g�Z �h�[�h�]�Z�s�_�g�u �\ �h�k�g�h�\�g�h�f Ti.  
 

 
 

�J�b�k. 3. �B�a�h�[�j�Z�`�_�g�b�y �J�W�F �>�H�J�W �k�l�j�m�d�l�m�j�u �k�l�Z�e�b �i�h�k�e�_ �k�l�Z�j�_�g�b�y �h�[�j�Z�a�p�h�\ �i�h�k�e�_ �O�> 
�b �k�l�Z�j�_�g�b�y �i�j�b 700 °C 100 �q. �Z – �h�j�b�_�g�l�Z�p�b�h�g�g�Z�y �d�Z�j�l�Z; �[ – �n�Z�a�h�\�Z�y �d�Z�j�l�Z, �]�^�_ �Z�m�k�l�_-
�g�b�l �h�[�h�a�g�Z�q�_�g �k�b�g�b�f �p�\�_�l�h�f, �d�Z�j�[�b�^ M23C6 – �d�j�Z�k�g�u�f �p�\�_�l�h�f; �\ – KAM-�d�Z�j�l�Z;  
                                        �] – �d�Z�j�l�Z EDX �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�f�_�g�l�h�\ 
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�B�a �Z�g�Z�e�b�a�Z �I�W�F �b�a�h�[�j�Z�`�_�g�b�c �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �k�l�Z�j�_�g�b�y (�j�b�k. 4) �\�b�^�g�h, 
�q�l�h �\�g�m�l�j�b �a�_�j�_�g, �\�[�e�b�a�b �q�Z�k�l�b�p �g�Z�[�e�x�^�Z�_�l�k�y �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�Z�y �i�e�h�l�g�h�k�l�v 
�^�b�k�e�h�d�Z�p�b�c (�^�h 1011 �k�f–2). �>�b�k�e�h�d�Z�p�b�b �f�h�]�m�l �n�h�j�f�b�j�h�\�Z�l�v�k�y �\ �j�_�a�m�e�v�l�Z�l�_ 
�g�_�k�h�h�l�\�_�l�k�l�\�b�y �i�Z�j�Z�f�_�l�j�h�\ �j�_�r�_�l�d�b �Z�m�k�l�_�g�b�l�Z �b �j�Z�k�l�m�s�b�o �q�Z�k�l�b�p �d�Z�j�[�b�^�h�\. 
�H�p�_�g�d�b �h�[�t�_�f�g�h�c �^�h�e�b �d�Z�j�[�b�^�g�u�o �q�Z�k�l�b�p �i�h �I�W�F �b�a�h�[�j�Z�`�_�g�b�y�f �^�Z�x�l �a�g�Z-
�q�_�g�b�y �§ 2,5 %. �:�g�Z�e�b�a �^�b�n�j�Z�d�p�b�h�g�g�u�o �d�Z�j�l�b�g �i�h�^�l�\�_�j�`�^�Z�_�l �i�j�b�g�Z�^�e�_�`�g�h�k�l�v 
�q�Z�k�l�b�p �d�Z�j�[�b�^�Z�f M23C6 (�j�b�k. 4). �G�Z�e�b�q�b�_ �o�Z�j�Z�d�l�_�j�g�h�c �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c 
�h�]�j�Z�g�d�b (�j�b�k. 4) �b �h�j�b�_�g�l�Z�p�b�h�g�g�u�o �k�h�h�l�g�h�r�_�g�b�c �f�_�`�^�m �d�Z�j�[�b�^�Z�f�b �b �Z�m�k�l�_�g�b-
�l�h�f �l�b�i�Z «�d�m�[ �g�Z �d�m�[�_» – {001}�� || {001}M23C6, �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �d�h�]�_�j�_�g�l�g�h-
�k�l�b �w�l�b�o �q�Z�k�l�b�p �k �f�Z�l�j�b�p�_�c [25]. 
 

 
 
�J�b�k. 4. �I�W�F-�b�a�h�[�j�Z�`�_�g�b�y �d�Z�j�[�b�^�h�\ M23C6 �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C 100 �q.: 
�Z, �] – �k�\�_�l�e�h�i�h�e�v�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y;  �[, �  ̂– �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �^�b�n�j�Z�d�p�b�h�g�g�u�_ �d�Z�j�l�b�g�u 
     �k �h�l�f�_�q�_�g�g�u�f�b �h�k�y�f�b �a�h�g; �\, �_ – �l�_�f�g�h�i�h�e�v�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y �\ �j�_�n�e�_�d�k�Z�o �F23�K6   

 
 
�K�l�Z�j�_�g�b�_ �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b �i�j�b�\�h�^�b�l �d �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�f�m �\�u�^�_-

�e�_�g�b�x �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p M23C6 �g�Z �d�h�]�_�j�_�g�l�g�u�o �]�j�Z�g�b�p�Z�o �f�b�d�j�h- �b �g�Z�g�h�^-
�\�h�c�g�b�d�h�\, �k�n�h�j�f�b�j�h�\�Z�g�g�u�o �\ �m�k�e�h�\�b�y�o �^�_�n�h�j�f�Z�p�b�b (�j�b�k. 5). �>�_�n�h�j�f�Z�p�b�h�g-
�g�u�_ �^�\�h�c�g�b�d�b �\�b�^�g�u �g�Z �l�_�f�g�h�i�h�e�v�g�h�f �b�a�h�[�j�Z�`�_�g�b�b (�j�b�k. 5, � )̂ �\ �\�b�^�_ �i�Z�j�Z�e-
�e�_�e�v�g�u�o �j�y�^�h�\ �l�h�g�d�b�o �i�e�Z�k�l�b�g. �I�h�i�_�j�_�q�g�u�_ �j�Z�a�f�_�j�u (�l�h�e�s�b�g�Z) �q�Z�k�l�b�p �g�_ 
�i�j�_�\�u�r�Z�_�l �^�_�k�y�l�d�h�\ �g�f, �q�l�h �f�h�`�g�h �\�b�^�_�l�v �i�h �l�_�f�g�h�i�h�e�v�g�h�f�m �b�a�h�[�j�Z�`�_�g�b�x 
�w�l�b�o �q�Z�k�l�b�p (�j�b�k. 5, �_). �Q�Z�k�l�b�p�u �j�Z�k�l�m�l �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �\�^�h�e�v �d�h�]�_�j�_�g�l�g�h�c 
�^�\�h�c�g�b�d�h�\�h�c �]�j�Z�g�b�p�u, �b �f�h�]�m�l �g�Z�o�h�^�b�l�v�k�y �\ �^�\�h�c�g�b�d�h�\�h�f �i�h�e�h�`�_�g�b�b �f�_�`�^�m 
�k�h�[�h�c, �h �q�_�f �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �Z�g�Z�e�b�a �^�b�n�j�Z�d�p�b�h�g�g�h�c �d�Z�j�l�b�g�u �g�Z �j�b�k. 5, �[ [25]. 
�G�Z �w�l�h�f �j�b�k�m�g�d�_ �h�k�v �a�h�g�u (�H�A) �f�Z�l�j�b�p�u [110]�� || [-1-10] �^�\�h�c�g�b�d�h�\ 
�b [110]M23C6 || [-1-10] �^�\�h�c�g�b�d�h�\ �\ �q�Z�k�l�b�p�Z�o M23C6. �G�Z �d�Z�j�l�_ �w�e�_�f�_�g�l�g�h�]�h �f�b�d-
�j�h�Z�g�Z�e�b�a�Z (EDX) �\�b�^�g�h, �q�l�h �q�Z�k�l�b�p�u, �e�_�`�Z�s�b�_ �i�h �]�j�Z�g�b�p�Z�f �f�b�d�j�h�^�\�h�c�g�b�d�h�\, 
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�h�[�h�]�Z�s�_�g�u �i�h Cr, �\ �l�h �\�j�_�f�y �d�Z�d �\ �f�Z�l�j�b�p�_ �g�Z�[�e�x�^�Z�x�l�k�y �q�Z�k�l�b�p�u, �h�[�h�]�Z�s�_�g-
�g�u�_ �i�h Ti (�j�b�k. 5, �\).  
 

 
 
�J�b�k. 5. �I�W�F-�b�a�h�[�j�Z�`�_�g�b�y �d�Z�j�[�b�^�h�\ M23C6 �\ �f�b�d�j�h�^�\�h�c�g�b�d�h�\�h�c �k�l�j�m�d�l�m�j�_ �i�h�k�e�_ �O�> 
�b �k�l�Z�j�_�g�b�y �i�j�b 700 °C 100 �q.:  �Z – �k�\�_�l�e�h�i�h�e�v�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_; �[ – �^�b�n�j�Z�d�p�b�h�g�g�Z�y 
�d�Z�j�l�b�g�Z �k �h�l�f�_�q�_�g�g�u�f�b �h�k�y�f�b �a�h�g �Z�m�k�l�_�g�b�l�Z �b �q�Z�k�l�b�p M23C6; �\ – �d�Z�j�l�u �W�>�K �Z�g�Z�e�b�a�Z; 
�], � ,̂ �_ – �l�_�f�g�h�i�h�e�v�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y �\ �j�_�n�e�_�d�k�Z�o �f�Z�l�j�b�p�u, �^�\�h�c�g�b�d�Z �b �q�Z�k�l�b�p �F23�K6,  
                                                             �k�h�h�l�\�_�l�k�l�\�_�g�g�h 
 
 

�I�j�b �k�l�Z�j�_�g�b�b �^�e�b�l�_�e�v�g�h�k�l�v�x 100 �q �h�[�g�Z�j�m�`�_�g�u �l�Z�d�`�_ �q�Z�k�l�b�p�u M23C6 
�\ �\�b�^�_ �h�[�h�e�h�q�_�d �g�Z �q�Z�k�l�b�p�Z�o MC. �I�h�f�b�f�h �f�b�d�j�h�^�\�h�c�g�b�d�h�\ �\ �k�l�j�m�d�l�m�j�_ �k�l�Z�e�b 
�i�h�k�e�_ �k�l�Z�j�_�g�b�y �g�Z�[�e�x�^�Z�x�l�k�y �i�e�Z�k�l�b�g�u �^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h �0-�f�Z�j�l�_�g�k�b�l�Z 
(�j�b�k. 6). �J�Z�a�f�_�j�u �i�e�Z�k�l�b�g �w�l�h�c �n�Z�a�u �f�h�`�g�h �h�p�_�g�b�l�v �i�h �l�_�f�g�h�i�h�e�v�g�u�f �b�a�h�[-
�j�Z�`�_�g�b�y�f (�j�b�k. 6, �]). �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �i�e�Z�k�l�b�g�u �0-�f�Z�j�l�_�g�k�b�l�Z �\ �k�l�j�m�d�l�m-
�j�_ �k�l�Z�e�b �\�k�l�j�_�q�Z�x�l�k�y �^�h�k�l�Z�l�h�q�g�h �j�_�^�d�h �b �n�h�j�f�b�j�h�\�Z�g�b�_ �w�l�h�c �n�Z�a�u �k�\�y�a�Z�g�h 
�k �e�h�d�Z�e�v�g�u�f�b �\�g�m�l�j�_�g�g�b�f�b �g�Z�i�j�y�`�_�g�b�y�f�b �\ �f�Z�l�_�j�b�Z�e�_ [21]. �W�l�Z �f�Z�j�l�_�g�k�b�l-
�g�Z�y �n�Z�a�Z �\ �h�l�e�b�q�b�_ �h�l �.-�f�Z�j�l�_�g�k�b�l�Z, �g�_ �y�\�e�y�_�l�k�y �f�Z�]�g�b�l�g�h�c, �d�Z�d �b �d�Z�j�[�b�^�u 
M23C6. �K�l�Z�j�_�g�b�_ �k�l�Z�e�b �g�_ �i�j�b�\�h�^�b�l �d �b�a�f�_�g�_�g�b�x �_�_ �f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\. �I�j�b 
�g�Z�]�j�_�\�_ �^�h �l�_�f�i�_�j�Z�l�m�j 500 – 590 °C �0-�f�Z�j�l�_�g�k�b�l �i�h�e�g�h�k�l�v�x �i�j�_�\�j�Z�s�Z�_�l�k�y 
�\ �Z�m�k�l�_�g�b�l, �d�Z�d �i�h�d�Z�a�Z�g�h �\ �i�j�h�p�_�k�k�_ in situ �j�_�g�l�]�_�g�h�\�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c [26].  
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�J�b�k. 6. �I�W�F-�b�a�h�[�j�Z�`�_�g�b�y �i�Z�j�Z�e�e�_�e�v�g�u�o �i�e�Z�k�l�b�g �0-�f�Z�j�l�_�g�k�b�l�Z �\ �k�l�j�m�d�l�m�j�_ �k�l�Z�e�b  
�i�h�k�e�_ �a�Z�d�Z�e�d�b �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C 100 �q.: �Z – �k�\�_�l�e�h�i�h�e�v�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_; �[ – �^�b-
�n�j�Z�d�p�b�h�g�g�Z�y �d�Z�j�l�b�g�Z �k �h�l�f�_�q�_�g�g�u�f�b �h�k�y�f�b �a�h�g �Z�m�k�l�_�g�b�l�Z �b �0-�f�Z�j�l�_�g�k�b�l�Z; �\, �] – �l�_�f- 
                       �g�h�i�h�e�v�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y �\ �j�_�n�e�_�d�k�Z�o �f�Z�l�j�b�p�u �b �0-�f�Z�j�l�_�g�k�b�l�Z 
 

�B�k�k�e�_�^�h�\�Z�g�b�y, �i�j�h�\�_�^�_�g�g�u�_ �f�_�l�h�^�h�f �J�K�:, �i�h�d�Z�a�Z�e�b, �q�l�h �m�\�_�e�b�q�_�g�b�_ 
�\�j�_�f�_�g�b �k�l�Z�j�_�g�b�y �^�h 500 �q �i�j�b�\�h�^�b�l �d �k�m�s�_�k�l�\�_�g�g�u�f �b�a�f�_�g�_�g�b�y�f �\ �n�Z�a�h�\�h�f 
�k�h�k�l�Z�\�_ �k�l�Z�e�b [27]. �G�Z �j�b�k. 7 �i�j�b�\�_�^�_�g�Z �^�b�n�j�Z�d�l�h�]�j�Z�f�f�Z �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h-
�\�Z�g�g�h�c �k�l�Z�e�b �i�h�k�e�_ �^�e�b�l�_�e�v�g�h�]�h �k�l�Z�j�_�g�b�y, �g�Z �d�h�l�h�j�h�c �i�h�f�b�f�h �Z�m�k�l�_�g�b�l�g�u�o 
�i�b�d�h�\ �\�b�^�g�u �^�h�i�h�e�g�b�l�_�e�v�g�u�_ �^�b�n�j�Z�d�p�b�h�g�g�u�_ �f�Z�d�k�b�f�m�f�u, �i�j�b�g�Z�^�e�_�`�Z�s�b�_  
�0-�f�Z�j�l�_�g�k�b�l�m, �d�Z�j�[�b�^�Z�f M23C6 �b �1-�n�Z�a�_ (FeCrMn). �I�j�b �w�l�h�f �k�h�]�e�Z�k�g�h �^�Z�g�g�u�f 
�J�K�: �k�h�^�_�j�`�Z�g�b�_ �0-�f�Z�j�l�_�g�k�b�l�Z �g�_ �i�j�_�\�u�r�Z�_�l 13 %, �d�Z�j�[�b�^�h�\ M23C6 �^�h 5 %, 
�Z �1-�n�Z�a�u 5–7 %.  
 

 
 

�J�b�k. 7. �J�_�g�l�]�_�g�h�]�j�Z�f�f�Z �k�l�Z�e�b �i�h�k�e�_ �o�h�e�h�^�g�h�c �^�_�n�h�j�f�Z�p�b�b �b �k�l�Z�j�_�g�b�y 500 �q 
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�B�k�k�e�_�^�h�\�Z�g�b�y, �i�j�h�\�_�^�_�g�g�u�_ �f�_�l�h�^�Z�f�b �J�W�F [27], �i�h�d�Z�a�Z�e�b, �q�l�h, �d�Z�d 
�b �i�j�b �k�l�Z�j�_�g�b�b �\ �l�_�q�_�g�b�_ 100 �q, �g�Z �i�h�\�_�j�o�g�h�k�l�b �a�Z�d�Z�e�_�g�g�u�o �h�[�j�Z�a�p�h�\ �i�h�k�e�_ 
�k�l�Z�j�_�g�b�y �^�e�b�l�_�e�v�g�h�k�l�v�x 500 �q �\ �i�j�h�p�_�k�k�_ �w�e�_�d�l�j�h�e�b�l�b�q�_�k�d�h�c �i�h�e�b�j�h�\�d�b �b�g-
�l�_�g�k�b�\�g�h �\�u�l�j�Z�\�e�b�\�Z�x�l�k�y �]�j�Z�g�b�p�u �a�_�j�_�g �b �^�\�h�c�g�b�d�h�\ �h�l�`�b�]�Z (�j�b�k. 8, �Z, �[). �G�Z 
�]�j�Z�g�b�p�Z�o �a�_�j�_�g �q�Z�k�l�b�p�u �F23�K6 �b�f�_�x�l �n�h�j�f�m �l�h�g�d�b�o �i�e�Z�k�l�b�g, �i�Z�j�Z�e�e�_�e�v�g�u�o 
�]�j�Z�g�b�p�_ �a�_�j�g�Z, �b�e�b �j�Z�k�i�h�e�h�`�_�g�g�u�o �i�h� ̂ �h�i�j�_�^�_�e�_�g�g�u�f �m�]�e�h�f �d �g�_�c 
(�j�b�k. 8, �Z, �[). �I�h�k�e�_ �k�l�Z�j�_�g�b�y �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b (�j�b�k. 8, �\, �]) �^�b�k�i�_�j�k�g�u�_ 
�q�Z�k�l�b�p�u M23C6 �\�u�^�_�e�y�x�l�k�y �i�h �]�j�Z�g�b�p�Z�f �f�b�d�j�h�^�\�h�c�g�b�d�h�\ (�i�e�h�k�d�h�k�l�y�f 
{111} ��). �K�m�s�_�k�l�\�_�g�g�h�c �h�k�h�[�_�g�g�h�k�l�v�x �k�l�j�m�d�l�m�j�u, �i�h�e�m�q�_�g�g�h�c �i�h�k�e�_ �o�h�e�h�^�g�h�c 
�i�j�h�d�Z�l�d�b �b �k�l�Z�j�_�g�b�y, �y�\�e�y�_�l�k�y �n�h�j�f�b�j�h�\�Z�g�b�_ �\ �Z�m�k�l�_�g�b�l�g�u�o �a�_�j�g�Z�o «�k�\�_�l�e�h-
�k�_�j�h�c» �n�Z�a�u (�1-�n�Z�a�Z) �\ �\�b�^�_ �^�h�k�l�Z�l�h�q�g�h �d�j�m�i�g�u�o �h�[�j�Z�a�h�\�Z�g�b�c �[�_�a �f�b�d�j�h�^�\�h�c-
�g�b�d�h�\�h�c �k�l�j�m�d�l�m�j�u (�j�b�k. 8, � ,̂ �_). �W�>�K (EDX) �Z�g�Z�e�b�a �i�h�d�Z�a�Z�e, �q�l�h �\ �w�l�h�c �n�Z�a�_ 
(�j�b�k. 8, �_, �l�h�q�d�b 2 �b 3), �i�h �k�j�Z�\�g�_�g�b�x �k �Z�m�k�l�_�g�b�l�g�h�c �f�Z�l�j�b�p�_�c (�j�b�k. 8, �_, �l�h�q�d�b 1 
�b 5), �m�\�_�e�b�q�_�g�h �k�h�^�_�j�`�Z�g�b�_ �o�j�h�f�Z �^�h 16 �f�Z�k�k. %, �Z �f�Z�j�]�Z�g�p�Z – �^�h 31 �f�Z�k�k. % 
(�l�Z�[�e. 3). 
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�W�e�_�f�_�g�l�g�u�c �k�h�k�l�Z�\ �k�l�Z�e�b �i�h �l�h�q�d�Z�f �i�h�k�e�_ �o�h�e�h�^�g�h�c �^�_�n�h�j�f�Z�p�b�b �b �k�l�Z�j�_�g�b�y 
(�k�h�h�l�\�_�l�k�l�\�m�_�l �j�b�k. 8, �_) 

 

�L�h�q�d�Z 

�Z�g�Z�e�b�a�Z 

�K�h�^�_�j�`�Z�g�b�_ �w�e�_�f�_�g�l�h�\, �f�Z�k�k. % 

Si Ti V Cr Mn Fe Ta W 

1 0,40 0,09 0,39 13,68 28,43 56,21 0,24 0,56 

2 0,18 0,14 0,90 16,76 31,02 49,32 0,43 1,26 

3 0,38 0,05 0,59 16,75 30,24 50,93 0,16 0,89 

4 2,80 31,68 1,24 3,26 4,77 9,12 38,22 8,90 

5 0,54 0,13 0,35 11,28 28,78 58,39 0,08 0,45 

 
 

�F�_�l�h�^�Z�f�b �I�W�F �i�h�d�Z�a�Z�g�h [27] �n�h�j�f�b�j�h�\�Z�g�b�_ �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�b �^�b�k-
�i�_�j�k�g�u�o �q�Z�k�l�b�p M23C6 �d�Z�d �\�g�m�l�j�b �a�_�j�_�g, �l�Z�d �b �i�h �b�o �]�j�Z�g�b�p�Z�f �b �]�j�Z�g�b�p�Z�f 
�f�b�d�j�h�^�\�h�c�g�b�d�h�\ �i�j�b �k�l�Z�j�_�g�b�b �k�l�Z�e�b �\ �a�Z�d�Z�e�_�g�g�h�f �b �O�> �k�h�k�l�h�y�g�b�y�o (�j�b�k. 9 
�b 10). �<�g�m�l�j�b �a�_�j�_�g �q�Z�k�l�b�p�u �b�f�_�x�l �n�h�j�f�m �d�m�[�h�b�^�h�\ �b�e�b �l�_�l�j�Z�w�^�j�h�\, �q�Z�k�l�h 
�k �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �h�]�j�Z�g�d�h�c �i�h �i�e�h�k�d�h�k�l�y�f {111}��; �b�o �j�Z�a�f�_�j�u �k�h�k�l�Z�\�e�y�x�l 
�k�h�l�g�b �g�Z�g�h�f�_�l�j�h�\ (�j�b�k. 9, �Z, �\). �:�g�Z�e�b�a �^�b�n�j�Z�d�p�b�h�g�g�u�o �d�Z�j�l�b�g �l�Z�d�`�_ �i�h�d�Z�a�u-
�\�Z�_�l, �q�l�h �w�l�b �q�Z�k�l�b�p�u �y�\�e�y�x�l�k�y �d�Z�j�[�b�^�Z�f�b M23C6 (�j�b�k. 9, �[ �b �j�b�k. 10, �[, � )̂. �G�Z 
�d�Z�j�l�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�f�_�g�l�h�\ (�j�b�k. 9, �]) �\�b�^�g�h, �q�l�h �h�[�h�]�Z�s�_�g�g�u�_ �o�j�h�f�h�f 
�q�Z�k�l�b�p�u �\ �\�b�^�_ �h�[�h�e�h�q�_�d �k�n�h�j�f�b�j�h�\�Z�e�b�k�v �g�Z �q�Z�k�l�b�p�Z�o, �h�[�h�]�Z�s�_�g�g�u�o �l�b�l�Z�g�h�f. 
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�J�b�k. 8. �J�W�F �b�a�h�[�j�Z�`�_�g�b�y �f�b�d�j�h�k�l�j�m�d�l�m�j�u �i�h�\�_�j�o�g�h�k�l�b �k�l�Z�e�b: �Z, �[ – �i�h�k�e�_ �a�Z�d�Z�e�d�b  
�b �k�l�Z�j�_�g�b�y �i�j�b 700 °C 500 �q; �\ – �_ – �i�h�k�e�_ �O�> �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C 500 �q. �P�b�n�j�Z�f�b 
                             �g�Z (�_) �h�l�f�_�q�_�g�u �h�[�e�Z�k�l�b �W�>�K �Z�g�Z�e�b�a�Z (�k�f. �l�Z�[�e. 3)  

 
 
�I�e�h�l�g�h�k�l�v �q�Z�k�l�b�p �d�Z�j�[�b�^�h�\ �o�j�h�f�Z �a�g�Z�q�b�l�_�e�v�g�h �\�h�a�j�Z�k�l�Z�_�l �i�j�b �m�\�_�e�b�q�_-

�g�b�b �\�j�_�f�_�g�b �k�l�Z�j�_�g�b�y �^�h 500 �q. �< �m�q�Z�k�l�d�Z�o �f�Z�l�j�b�p�u �\�[�e�b�a�b �q�Z�k�l�b�p M23C6 �k�h-
�^�_�j�`�Z�g�b�_ �o�j�h�f�Z �f�h�`�_�l �m�f�_�g�v�r�Z�l�v�k�y �^�h 9,78 % (�l�Z�[�e. 4, �l�h�q�d�Z 1) �i�h �k�j�Z�\�g�_�g�b�x 
�k �b�k�o�h�^�g�u�f �a�g�Z�q�_�g�b�_�f (11,2 % Cr). �K�m�s�_�k�l�\�_�g�g�u�f �h�l�e�b�q�b�_�f �f�b�d�j�h�k�l�j�m�d�l�m�j�u 
�k�l�Z�e�b �i�h�k�e�_ �o�h�e�h�^�g�h�c �^�_�n�h�j�f�Z�p�b�b �b �k�l�Z�j�_�g�b�y �y�\�e�y�x�l�k�y �q�Z�k�l�b�p�u �l�\�_�j�^�h�c 
�b �o�j�m�i�d�h�c �1-�n�Z�a�u, �h�[�g�Z�j�m�`�b�\�Z�_�f�u�_ �\ �Z�m�k�l�_�g�b�l�g�h�c �f�Z�l�j�b�p�_ (�j�b�k. 11). �I�h�k�e�_ 
�k�l�Z�j�_�g�b�y �k�l�Z�e�b �\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b �w�l�Z �n�Z�a�Z �g�_ �n�h�j�f�b�j�m�_�l�k�y. 
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�L�Z�[ �e�b�p�Z 4  
 

�O�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ Cr – Mn-�k�l�Z�e�b �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �k�l�Z�j�_�g�b�y (�W�>�K �Z�g�Z�e�b�a) 
 

�L�h�q�d�Z 
�Z�g�Z�e�b�a�Z 

�K�h�^�_�j�`�Z�g�b�_ �w�e�_�f�_�g�l�h�\, �f�Z�k�k. % 

Ti V Cr Mn Fe Ta W 

1 0,08 0,29 9,78 26,83 60,45 0,88 1,7 

2 15,08 1,98 25,60 10,41 13,09 25,78 8,06 

3 8,01 1,49 16,13 16,96 35,48 15,35 6,58 

4 0,07 0,82 19,06 24,57 50,69 0,49 4,30 

5 0,08 0,73 18,34 23,94 52,48 0,89 3,55 

6 18,27 2,24 22,40 8,90 10,28 28,83 9,08 

7 0,18 1,85 41,09 19,59 28,21 0,67 8,41 

 
 

 
 
�J�b�k. 9. �D�Z�j�[�b�^�u M23C6 �\ �k�l�j�m�d�l�m�j�_ �k�l�Z�e�b �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C, 500 �q.: 
�Z – �k�\�_�l�e�h�i�h�e�v�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_; �[ – �^�b�n�j�Z�d�p�b�h�g�g�Z�y �d�Z�j�l�b�g�Z �k �h�k�v�x �a�h�g�u [123]M23C6;  
�\ – �k�d�Z�g�b�j�h�\�Z�g�g�h�_ �I�W�F �b�a�h�[�j�Z�`�_�g�b�_ �k �l�h�q�d�Z�f�b �W�>�K �Z�g�Z�e�b�a�Z (�k�f. �l�Z�[�e. 3); �] – �d�Z�j�l�u  
                                                  �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�f�_�g�l�h�\  
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�J�b�k. 10. �D�Z�j�[�b�^�u M23C6 �\ �k�l�j�m�d�l�m�j�_ �k�l�Z�e�b �i�h�k�e�_ �O�> �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C, 500 �q.:  
�Z, �] – �k�\�_�l�e�h�i�h�e�v�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y; �[, �  ̂– �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �^�b�n�j�Z�d�p�b�h�g�g�u�_ �d�Z�j�l�b�g�u; 
                   �\, �_ – �l�_�f�g�h�i�h�e�v�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y �\ �j�_�n�e�_�d�k�Z�o �q�Z�k�l�b�p �F23�K6   
 
 

 
 

�J�b�k. 11. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�l�Z�e�b �i�h�k�e�_ �O�> �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C, 500 �q.: �Z – �k�\�_�l�e�h-
�i�h�e�v�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �^�\�m�o �a�_�j�_�g �Z�m�k�l�_�g�b�l�Z �b �1-�n�Z�a�u; �[, �\, �] – �^�b�n�j�Z�d�p�b�h�g�g�u�_ �d�Z�j�l�b-
�g�u, �k�g�y�l�u�_ �h�l �h�[�e�Z�k�l�_�c 1, 2, 3 �g�Z �j�b�k. 5, �Z; �  ̂– �^�b�n�j�Z�d�p�b�h�g�g�Z�y �d�Z�j�l�b�g�Z �h�l �^�\�m�o �a�_�j�_�g 
�Z�m�k�l�_�g�b�l�Z �b �1-�n�Z�a�u; �_, �` , �a – �l�_�f�g�h�i�h�e�v�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y �\ �j�_�n�e�_�d�k�Z�o g = [-1-3-1]�1,  
                                                    g = [11-1]�Û �b g = [-200]�Û 
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�B�a�m�q�_�g�b�_ �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �k�l�Z�e�b (�l�Z�[�e. 5) �i�h�d�Z�a�Z�e�h [26], �q�l�h �k�l�Z-
�j�_�g�b�_ �^�e�b�l�_�e�v�g�h�k�l�v�x 100 �q �k�l�Z�e�b �\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b, �k�i�h�k�h�[�k�l�\�m�_�l �i�h-
�\�u�r�_�g�b�x, �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�u�f �k�h�k�l�h�y�g�b�_�f, �i�j�_�^�_�e�Z �l�_�d�m�q�_�k�l�b �i�j�b �\�k�_�o 
�b�k�k�e�_�^�h�\�Z�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o. �I�j�_�^�_�e �i�j�h�q�g�h�k�l�b �i�j�b �w�l�h�f �g�_�a�g�Z�q�b�l�_�e�v�g�h (�g�Z 
�” 50 �F�I�Z) �k�g�b�`�Z�_�l�k�y. �M�^�e�b�g�_�g�b�_ �^�h �j�Z�a�j�m�r�_�g�b�y �k�g�b�`�Z�_�l�k�y �\ 1,5–1,8 �j�Z�a �h�l-
�g�h�k�b�l�_�e�v�g�h �a�Z�d�Z�e�_�g�g�h�]�h �k�h�k�l�h�y�g�b�y, �h�k�l�Z�\�Z�y�k�v �i�j�b �w�l�h�f �g�Z �m�j�h�\�g�_ �g�_ �f�_�g�_�_ 
�§ 30 %.   
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�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�h�c �Z�m�k�l�_�g�b�l�g�h�c �k�l�Z�e�b �i�e�Z�\�d�b �‹  5 
 

�K�h�k�l�h�y�g�b�_ �L�_�f�i�_�j�Z�l�m�j�Z  
�b�k�i�u�l�Z�g�b�c, °C �10,2, �F�I�Z �1�\, �F�I�Z �/, % 

�A�Z�d�Z�e�d�Z 
20 294 ± 3 719 ± 19 78,4 ± 0,2 
650 151 ± 2 413 ± 5 47,5 ± 3,3 
700 144 ± 1 350 ± 1 43 ± 3,9 

�A�Z�d�Z�e�d�Z + �k�l�Z�j�_�g�b�_ 
100 �q 

20 348 ± 13 712 ± 20 44,6 ± 3,1 
650 215 ± 3 383 ± 2 32,4 ± 1,1 
700 185 ± 4 309 ± 1 29,6 ± 2,7 

�A�Z�d�Z�e�d�Z + �k�l�Z�j�_�g�b�_ 
500 �q 

20 251 ± 2 646 ± 6 42,6 ± 0,7 
650 155 ± 8 366 ± 1 29,7 ± 1,7 
700 142 ± 13 297 ± 2 42,3 ± 2,5 

�O�> 
20 705 ± 3 959 ± 19 26,9 ± 5,3 
650 509 ± 15 571 ± 16 13,2 ± 0,2 
700 444 ± 2 483 ± 3 15,4 ± 0,9 

�O�> + �k�l�Z�j�_�g�b�_ 
100 �q 

20 552 ± 12 858 ± 31 15,5 ± 0,3 
650 386 ± 20 459 ± 5 15,1 ± 0,9 
700 347 ± 1 415 ± 18 14,1 ± 5,1 

�O�> + �k�l�Z�j�_�g�b�_ 
500 �q 

20 421 ± 1 734 ± 27 7,1 ± 0,8 
650 312 ± 0,5 428 ± 4 27,7 ± 1,6 
700 283 ± 1 372 ± 1 32,6 ± 4,8 

 
�K�l�Z�j�_�g�b�_ �^�e�b�l�_�e�v�g�h�k�l�v�x 100 �q �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b �i�j�b�\�h�^�b�l 

�d �m�f�_�g�v�r�_�g�b�x, �i�h �k�j�Z�\�g�_�g�b�x �k �O�>, �i�j�_�^�_�e�Z �l�_�d�m�q�_�k�l�b �g�Z �§ 100–150 �F�I�Z, 
�i�j�_�^�_�e�Z �i�j�h�q�g�h�k�l�b – �g�Z 68–112 �F�I�Z (�l�Z�[�e. 5). �M�^�e�b�g�_�g�b�_ �^�h �j�Z�a�j�m�r�_�g�b�y �l�Z�d-
�`�_ �m�f�_�g�v�r�Z�_�l�k�y �b �k�h�k�l�Z�\�e�y�_�l 13–15 % �i�j�b �\�k�_�o �b�k�k�e�_�^�h�\�Z�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o 
�j�Z�k�l�y�`�_�g�b�y.  

�I�h�k�e�_ �k�l�Z�j�_�g�b�y �^�e�b�l�_�e�v�g�h�k�l�v�x 500 �q �k�l�Z�e�b �\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b 
�i�j�_�^�_�e �l�_�d�m�q�_�k�l�b �m�f�_�g�v�r�Z�_�l�k�y �g�_�a�g�Z�q�b�l�_�e�v�g�h, �e�b�[�h �i�j�Z�d�l�b�q�_�k�d�b �k�h�h�l�\�_�l�k�l�\�m-
�_�l �a�g�Z�q�_�g�b�y�f �^�h �k�l�Z�j�_�g�b�y [27] (�l�Z�[�e. 5). �M�^�e�b�g�_�g�b�_ �^�h �j�Z�a�j�m�r�_�g�b�y �i�j�b �w�l�h�f 
�m�f�_�g�v�r�Z�_�l�k�y �i�j�b 20 �b 650 °�K �\ 1,8 �b 1,6 �j�Z�a, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �Z �i�j�b 700 °�K 
�i�j�Z�d�l�b�q�_�k�d�b �k�h�h�l�\�_�l�k�l�\�m�_�l �a�g�Z�q�_�g�b�y�f �^�h �k�l�Z�j�_�g�b�y. �K�l�Z�j�_�g�b�_ �k�l�Z�e�b �\ �O�> �k�h-
�k�l�h�y�g�b�b �i�j�b�\�h�^�b�l �d �m�f�_�g�v�r�_�g�b�x �i�j�_�^�_�e�Z �l�_�d�m�q�_�k�l�b �\ 1,6–1,7 �j�Z�a �i�j�b �\�k�_�o 
�b�k�k�e�_�^�h�\�Z�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o (�l�Z�[�e�b�p�Z 5). �I�j�_�^�_�e �i�j�h�q�g�h�k�l�b �i�h�k�e�_ �k�l�Z�j�_�g�b�y 
�k�l�Z�e�b �d�Z�d �a�Z�d�Z�e�_�g�g�h�f, �l�Z�d �b �O�> �k�h�k�l�h�y�g�b�y�o �^�e�y �\�k�_�o �l�_�f�i�_�j�Z�l�m�j �j�Z�k�l�y�`�_�g�b�y 
�m�f�_�g�v�r�Z�_�l�k�y. �G�Z�b�[�h�e�_�_ �a�g�Z�q�b�l�_�e�v�g�h�_ �k�g�b�`�_�g�b�_ �m�^�e�b�g�_�g�b�y �^�h �j�Z�a�j�m�r�_�g�b�y 
�g�Z�[�e�x�^�Z�_�l�k�y �i�j�b 20 °C  (�\ 3,8 �j�Z�a�Z �h�l�g�h�k�b�l�_�e�v�g�h �k�h�k�l�h�y�g�b�y �^�h �k�l�Z�j�_�g�b�y). �I�j�b 
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�i�h�\�u�r�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �j�Z�k�l�y�`�_�g�b�y (650–700 �h�K) �m�^�e�b�g�_�g�b�_ �i�h�k�e�_ �k�l�Z�j�_-
�g�b�y �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b �\�h�a�j�Z�k�l�Z�_�l �\ 1,5–2,1 �j�Z�a�Z (�l�Z�[�e. 5). 

�B�a�f�_�g�_�g�b�_ �i�j�h�q�g�h�k�l�g�u�o �b �i�e�Z�k�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �\ �j�_�a�m�e�v�l�Z�l�_ �k�l�Z�j�_�g�b�y 
�k�\�y�a�Z�g�h �k �h�k�h�[�_�g�g�h�k�l�y�f�b �\�u�^�_�e�_�g�b�y �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p M23C6, �k�g�b�`�_�g�b�_�f 
�i�e�h�l�g�h�k�l�b �^�b�k�e�h�d�Z�p�b�c �b �h�[�_�^�g�_�g�b�_�f �l�\�_�j�^�h�]�h �j�Z�k�l�\�h�j�Z �i�h �o�j�h�f�m �b �m�]�e�_�j�h�^�m 
�i�j�b �n�h�j�f�b�j�h�\�Z�g�b�b �q�Z�k�l�b�p �d�Z�j�[�b�^�h�\. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�_ 
�a�g�Z�q�_�g�b�y �i�j�_�^�_�e�Z �l�_�d�m�q�_�k�l�b �k�l�Z�e�b �i�h�k�e�_ �^�e�b�l�_�e�v�g�h�]�h �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h 
�k�l�Z�j�_�g�b�y �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b – �g�_ �f�_�g�_�_ 280 �F�I�Z �i�j�b 700 °�K, �q�l�h �i�j�_�\�u�r�Z-
�_�l �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �a�g�Z�q�_�g�b�y �^�e�y �n�_�j�j�b�l�g�h-�f�Z�j�l�_�g�k�b�l�g�h�c �k�l�Z�e�b �W�I-823 �i�h-
�k�e�_ �a�Z�d�Z�e�d�b �b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �h�l�i�m�k�d�Z (�[�_�a �^�e�b�l�_�e�v�g�h�]�h �k�l�Z�j�_�g�b�y) [28]. 
�W�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �\�u�k�h�d�h�c �l�_�j�f�b�q�_�k�d�h�c �k�l�Z�[�b�e�v�g�h�k�l�b �f�b�d�j�h�k�l�j�m�d�l�m�j�u 
�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �g�h�\�h�c �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�h�c �Z�m�k�l�_�g�b�l�g�h�c �k�l�Z�e�b �i�e�Z�\�d�b 
�‹  5. �A�g�Z�q�b�l�_�e�v�g�h�_ �k�g�b�`�_�g�b�_ (�^�h 7 %) �m�^�e�b�g�_�g�b�y �^�h �j�Z�a�j�m�r�_�g�b�y �i�j�b 20 °�K 
�i�j�b �k�l�Z�j�_�g�b�b �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b �^�e�b�l�_�e�v�g�h�k�l�v�x 500 �q �h�[�m�k�e�h�\�e�_�g�h �\�u�^�_-
�e�_�g�b�_�f �o�j�m�i�d�h�c �1-�n�Z�a�u. �I�j�b �i�h�\�u�r�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �\�e�b�y�g�b�y �w�l�h�c �n�Z�a�u 
�g�_ �g�Z�[�e�x�^�Z�_�l�k�y, �m�^�e�b�g�_�g�b�_ �^�h �j�Z�a�j�m�r�_�g�b�y �k�h�k�l�Z�\�e�y�_�l �g�_ �f�_�g�_�_ 27 %. �I�h-
�k�d�h�e�v�d�m �i�j�b �a�g�Z�q�b�l�_�e�v�g�u�o �^�h�e�y�o �w�l�Z �n�Z�a�Z �k�i�h�k�h�[�k�l�\�m�_�l �k�g�b�`�_�g�b�x �i�e�Z�k�l�b�q�g�h-
�k�l�b �b �f�h�`�_�l �i�j�b�\�h�^�b�l�v �d �h�o�j�m�i�q�b�\�Z�g�b�x �k�l�Z�e�b, �g�_�h�[�o�h�^�b�f�Z �d�h�j�j�_�d�l�b�j�h�\�d�Z 
�w�e�_�f�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �^�e�y �k�g�b�`�_�g�b�y �l�_�g�^�_�g�p�b�b �d �\�u�^�_�e�_�g�b�x �1-�n�Z�a�u.  

4. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �b �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z ��
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c Y �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�h�c �Z�m�k�l�_�g�b�l�g�h�c 

�k�l�Z�e�b �i�e�Z�\�d�b �‹  7 �i�h�k�e�_ �^�e�b�l�_�e�v�g�h�]�h �k�l�Z�j�_�g�b�y 

�>�e�y �k�g�b�`�_�g�b�y �l�_�g�^�_�g�p�b�b �d �b�g�l�_�g�k�b�\�g�h�f�m �j�Z�k�i�Z�^�m �l�\�_�j�^�h�]�h �j�Z�k�l�\�h�j�Z 
�\ �m�k�e�h�\�b�y�o �^�e�b�l�_�e�v�g�h�]�h �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �k�l�Z�j�_�g�b�y �[�u�e�Z �i�j�h�\�_�^�_�g�Z �f�h-
�^�b�n�b�d�Z�p�b�y �w�e�_�f�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�h�c �Z�m�k�l�_�g�b�l�g�h�c �k�l�Z�e�b – �j�Z�a-
�j�Z�[�h�l�Z�g�Z �b �\�u�i�e�Z�\�e�_�g�Z �k�l�Z�e�v �i�e�Z�\�d�b �‹  7, �\ �d�h�l�h�j�h�c �m�f�_�g�v�r�_�g�h �k�h�^�_�j�`�Z�g�b�_ 
�m�]�e�_�j�h�^�Z (0,23 �f�Z�k�k. % �i�h �k�j�Z�\�g�_�g�b�x �k 0,32 �f�Z�k�k. %) �b �k�b�e�v�g�u�o �d�Z�j�[�b�^�h�h�[�j�Z-
�a�m�x�s�b�o �w�e�_�f�_�g�l�h�\ (Ti, Ta, V). �D�j�h�f�_ �l�h�]�h, �\ �k�h�k�l�Z�\ �k�l�Z�e�b �[�u�e �^�h�[�Z�\�e�_�g �f�Z�e�h-
�Z�d�l�b�\�b�j�m�_�f�u�c �j�_�^�d�h�a�_�f�_�e�v�g�u�c �w�e�_�f�_�g�l Y.  

�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �h�k�h�[�_�g�g�h�k�l�_�c �f�b�d�j�h�k�l�j�m�d�l�m�j�u �b �f�_�o�Z�g�b�q�_-
�k�d�b�o �k�\�h�c�k�l�\ �w�l�h�c �k�l�Z�e�b �\ �b�k�o�h�^�g�u�o �k�h�k�l�h�y�g�b�y�o – �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �O�> �i�h�^�j�h�[-
�g�h �i�j�_�^�k�l�Z�\�e�_�g�u �\ [29]. �I�h�d�Z�a�Z�g�h, �q�l�h �h�k�g�h�\�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �f�b�d�j�h�k�l�j�m�d�l�m�j�u 
�k�l�Z�e�_�c �i�e�Z�\�d�b �‹  5 �b �‹  7 �d�Z�q�_�k�l�\�_�g�g�h �i�h�^�h�[�g�u �b �i�j�_�^�k�l�Z�\�e�_�g�u �h�^�g�h�n�Z�a�g�h�c 
�Z�m�k�l�_�g�b�l�g�h�c �k�l�j�m�d�l�m�j�h�c �k �i�e�Z�g�Z�j�g�u�f�b �^�b�k�e�h�d�Z�p�b�h�g�g�u�f�b �k�m�[�k�l�j�m�d�l�m�j�Z�f�b, 
�^�_�n�_�d�l�Z�f�b �m�i�Z�d�h�\�d�b �b �^�\�h�c�g�b�d�Z�f�b, �Z �l�Z�d�`�_ �d�Z�j�[�b�^�g�u�f�b �q�Z�k�l�b�p�Z�f�b �^�\�m�o �l�b-
�i�h�\ MC �b M23C6. �O�> �i�j�b�\�h�^�b�l �d �\�u�l�y�]�b�\�Z�g�b�x �b�k�o�h�^�g�h �j�Z�\�g�h�h�k�g�u�o �Z�m�k�l�_�g�b�l-
�g�u�o �a�_�j�_�g �\ �g�Z�i�j�Z�\�e�_�g�b�b �i�j�h�d�Z�l�d�b �b �n�h�j�f�b�j�h�\�Z�g�b�x �f�Z�e�h�m�]�e�h�\�u�o �]�j�Z�g�b�p 
(�^�b�k�e�h�d�Z�p�b�h�g�g�u�o �k�m�[�k�l�j�m�d�l�m�j). �K�j�_�^�g�b�c �j�Z�a�f�_�j �a�_�j�g�Z �k�h�k�l�Z�\�e�y�_�l 30,6 �f�d�f 
�b 17,7 �f�d�f �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �O�>, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �q�l�h �f�_�g�v�r�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o 
�a�g�Z�q�_�g�b�c (41,4 �f�d�f �b 33,9 �f�d�f) �^�e�y �k�l�Z�e�b �i�e�Z�\�d�b �‹  5 [21]. �W�l�h �f�h�`�_�l �[�u�l�v 
�k�\�y�a�Z�g�h �k �\�e�b�y�g�b�_�f �e�_�]�b�j�h�\�Z�g�b�y Y �g�Z �m�f�_�g�v�r�_�g�b�_ �j�Z�a�f�_�j�Z �a�_�j�g�Z, �q�l�h �h�l�f�_�q�Z-
�e�h�k�v �\ �j�Z�[�h�l�_ [30].  
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�K�j�_�^�g�b�_ �j�Z�a�f�_�j�u �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p �\ �k�l�Z�e�b �i�e�Z�\�d�b �‹  7 �k�h�k�l�Z�\�e�y�x�l 
0,8 �f�d�f, �b�o �h�[�t�_�f�g�Z�y �^�h�e�y �§ 0,005, �q�l�h �§ �\ 2 �j�Z�a�Z �f�_�g�v�r�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o 
�a�g�Z�q�_�g�b�c �^�e�y �k�l�Z�e�b �i�e�Z�\�d�b �‹  5 [21]. �I�j�b �w�l�h�f �]�j�m�[�h�^�b�k�i�_�j�k�g�u�_ �q�Z�k�l�b�p�u �j�Z�a-
�f�_�j�Z�f�b �[�h�e�_�_ �g�_�k�d�h�e�v�d�b�o �f�d�f �i�j�Z�d�l�b�q�_�k�d�b �g�_ �g�Z�[�e�x�^�Z�e�b�k�v. �< �e�h�d�Z�e�v�g�u�o �f�_-
�k�l�Z�o �h�[�j�Z�a�p�h�\ �h�[�g�Z�j�m�`�_�g�u �d�h�g�]�e�h�f�_�j�Z�l�u �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p. �M�f�_�g�v�r�_�g�b�_ 
�j�Z�a�f�_�j�h�\ �b �h�[�t�_�f�g�h�c �^�h�e�b �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p �h�[�m�k�e�h�\�e�_�g�h �m�f�_�g�v�r�_�g�b�_�f �k�h-
�^�_�j�`�Z�g�b�y �m�]�e�_�j�h�^�Z �b �k�b�e�v�g�u�o �d�Z�j�[�b�^�h�h�[�j�Z�a�m�x�s�b�o �w�e�_�f�_�g�l�h�\.  

�I�W�F �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�d�Z�a�Z�e�b (�j�b�k. 12), �q�l�h �i�h�k�e�_ �a�Z�d�Z�e�d�b �\ �k�l�Z�e�b 
�g�Z�[�e�x�^�Z�x�l�k�y �k�h�k�l�Z�\�g�u�_ �q�Z�k�l�b�p�u �d�Z�j�[�b�^�h�\ MC, �h�[�h�]�Z�s�_�g�g�u�_ Ti, V, Ta �b W 
�k �\�g�m�l�j�_�g�g�b�f �y�^�j�h�f, �h�[�h�]�Z�s�_�g�g�u�f Y. �I�j�b �w�l�h�f �\ �f�Z�l�j�b�p�_ (�\ �l�\�_�j�^�h�f �j�Z�k�l�\�h-
�j�_) �\�h�d�j�m�] �b�k�k�e�_�^�h�\�Z�g�g�u�o �q�Z�k�l�b�p Y �h�l�k�m�l�k�l�\�m�_�l (�l�Z�[�e. 6). �I�h-�\�b�^�b�f�h�f�m, �l�Z�d�b�_ 
�q�Z�k�l�b�p�u �y�\�e�y�x�l�k�y �k�e�h�`�g�h�e�_�]�b�j�h�\�Z�g�g�u�f�b �d�Z�j�[�b�^�Z�f�b, �k�n�h�j�f�b�j�h�\�Z�\�r�b�f�k�y 
�\ �\�b�^�_ �h�[�h�e�h�q�d�b �g�Z �b�k�o�h�^�g�u�o �q�Z�k�l�b�p�Z�o, �k�h�^�_�j�`�Z�s�_�c Y �\ �i�j�h�p�_�k�k�_ �f�_�l�Z�e�e�m�j-
�]�b�q�_�k�d�b�o �h�i�_�j�Z�p�b�c. �L�Z�d�`�_ �[�u�e�h �h�[�g�Z�j�m�`�_�g�h �^�\�h�c�g�b�d�h�\�Z�g�b�_ �\ �q�Z�k�l�b�p�Z�o �F23�K6, 
�q�l�h �f�h�`�_�l �[�u�l�v �k�\�y�a�Z�g�h �k �f�h�^�b�n�b�d�Z�p�b�_�c �w�e�_�f�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �k�l�Z�e�b, �d�h�l�h�j�Z�y 
�k�i�h�k�h�[�k�l�\�h�\�Z�e�Z �k�g�b�`�_�g�b�x �w�g�_�j�]�b�b �^�_�n�_�d�l�h�\ �m�i�Z�d�h�\�d�b �\ �w�l�b�o �d�Z�j�[�b�^�Z�o. 
 

 
 
�J�b�k. 12. �I�W�F �b�a�h�[�j�Z�`�_�g�b�y �q�Z�k�l�b�p �F�K �b �F23�K6 �\ �k�l�j�m�d�l�m�j�_ Y-�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c 
�k�l�Z�e�b �i�h�k�e�_ �a�Z�d�Z�e�d�b: �Z – �k�\�_�l�e�h�i�h�e�v�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_; �[ – �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �^�b�n�j�Z�d�p�b-
�h�g�g�Z�y �d�Z�j�l�b�g�Z; �\ – �l�_�f�g�h�i�h�e�v�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �\ �j�_�n�e�_�d�k�_ �F23�K6; �] – �d�Z�j�l�u �j�Z�k�i�j�_- 
                                                        �^�_�e�_�g�b�y �w�e�_�f�_�g�l�h�\ 
 

�L�Z�[ �e�b�p�Z 6 

�W�e�_�f�_�g�l�g�u�c �k�h�k�l�Z�\ �\ �l�h�q�d�Z�o, �h�l�f�_�q�_�g�g�u�o �g�Z �j�b�k�m�g�d�_ 12 �Z 
 

�L�h�q�d�Z 
�Z�g�Z�e�b�a�Z 

�K�h�^�_�j�`�Z�g�b�_ �w�e�_�f�_�g�l�h�\, �f�Z�k�k. % 

Fe Mn Cr V Ta Ti Y W 

1 3,29 1,41 1,54 0,97 38,59 44,15 6,99 3,05 

2 41,37 28,09 27,74 0,16 0,81 0,21 - 1,63 

3 61,04 25,86 11,46 0,24 0,79 0,05 - 0,53 

4 60,46 25,91 11,13 0,18 0,83 0,06 - 1,43 
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�B�k�k�e�_�^�h�\�Z�g�b�y, �i�j�h�\�_�^�_�g�g�u�_ �f�_�l�h�^�Z�f�b �J�W�F �i�h�d�Z�a�Z�e�b (�j�b�k. 13), �q�l�h �\ �j�_-
�a�m�e�v�l�Z�l�_ �k�l�Z�j�_�g�b�y �^�e�b�l�_�e�v�g�h�k�l�v�x 100 �q �i�j�b 700 °C �\ �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �b�l-
�l�j�b�_�f �k�l�Z�e�b �b�g�l�_�g�k�b�\�g�h �\�u�^�_�e�y�x�l�k�y �^�b�k�i�_�j�k�g�u�_ �q�Z�k�l�b�p�u �d�Z�j�[�b�^�h�\ M23C6. 
�< �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b �w�l�b �q�Z�k�l�b�p�u �\�u�^�_�e�y�x�l�k�y �i�h �]�j�Z�g�b�p�Z�f �a�_�j�_�g, �q�l�h �h�[�m-
�k�e�Z�\�e�b�\�Z�_�l �b�o �i�h�\�u�r�_�g�g�m�x �l�j�Z�\�b�f�h�k�l�v �i�j�b �w�e�_�d�l�j�h�e�b�l�b�q�_�k�d�h�c �i�h�e�b�j�h�\�d�_ 
�h�[�j�Z�a�p�h�\. �I�h�k�e�_ �k�l�Z�j�_�g�b�y �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b �g�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�g�Z�j�m�`�b�\�Z-
�x�l�k�y �f�g�h�`�_�k�l�\�_�g�g�u�_ �]�j�Z�g�b�p�u �f�b�d�j�h�^�\�h�c�g�b�d�h�\ (�j�b�k. 13, �[, �]).  
 

 
 
�J�b�k. 13. �J�W�F �b�a�h�[�j�Z�`�_�g�b�y �f�b�d�j�h�k�l�j�m�d�l�m�j�u Y-�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �k�l�Z�e�b: �Z, �\ – �i�h�k�e�_ 
�a�Z�d�Z�e�d�b �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C, 100 �q;  �[, �] – �i�h�k�e�_ �O�> �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C, 100 �q. 

 
�I�W�F �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�^�l�\�_�j�`�^�Z�x�l �g�Z�e�b�q�b�_ �f�g�h�`�_�k�l�\�Z �^�b�k�i�_�j�k-

�g�u�o �q�Z�k�l�b�p M23C6 �i�h�k�e�_ �k�l�Z�j�_�g�b�y �k�l�Z�e�b �\ �a�Z�d�Z�e�_�g�g�h�f �b �O�> �k�h�k�l�h�y�g�b�y�o 
(�j�b�k. 14, 15).  

�<�g�m�l�j�b �a�_�j�_�g �w�l�b �q�Z�k�l�b�p�u �b�f�_�x�l �k�m�[�f�b�d�j�h�g�g�u�_ �j�Z�a�f�_�j�u �b �d�j�b�k�l�Z�e�e�b-
�q�_�k�d�m�x �h�]�j�Z�g�d�m �i�h �i�e�h�k�d�h�k�l�y�f {111}�� (�j�b�k. 14, � )̂, �f�h�]�m�l �n�h�j�f�b�j�h�\�Z�l�v �h�[�h-
�e�h�q�d�b �g�Z �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p�Z�o MC (�j�b�k. 14, �_). �I�h �]�j�Z�g�b�p�Z�f �a�_�j�_�g �l�Z�d�b�_ �q�Z-
�k�l�b�p�u �f�h�]�m�l �n�h�j�f�b�j�h�\�Z�l�v �i�j�Z�d�l�b�q�_�k�d�b �k�i�e�h�r�g�u�_ �i�e�_�g�d�b (�j�b�k. 15, �Z, �\). �B�a 
�Z�g�Z�e�b�a�Z �l�_�f�g�h�i�h�e�v�g�u�o �b�a�h�[�j�Z�`�_�g�b�c �q�Z�k�l�b�p, �\�u�^�_�e�b�\�r�b�o�k�y �g�Z �^�\�h�c�g�b�d�h�\�u�o 
�]�j�Z�g�b�p�Z�o �i�j�b �k�l�Z�j�_�g�b�b �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b (�j�b�k. 15, �_), �\�b�^�g�h, �q�l�h �b�o �r�b�j�b-
�g�Z �g�_ �i�j�_�\�u�r�Z�_�l �i�h�i�_�j�_�q�g�u�_ �j�Z�a�f�_�j�u �^�\�h�c�g�b�d�h�\ �b �f�h�`�_�l �k�h�k�l�Z�\�e�y�l�v �^�_�k�y�l�d�b 
�g�Z�g�h�f�_�l�j�h�\, �\ �l�h �\�j�_�f�y �d�Z�d �^�e�b�g�Z �f�h�`�_�l �^�h�k�l�b�]�Z�l�v �k�h�l�g�b �g�Z�g�h�f�_�l�j�h�\. �< �f�h-
�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �b�l�l�j�b�_�f �k�l�Z�e�b �l�Z�d�`�_ �h�[�g�Z�j�m�`�b�\�Z�x�l�k�y �i�e�Z�k�l�b�g�u �^�_�n�h�j�f�Z-
�p�b�h�g�g�h�]�h �0-�f�Z�j�l�_�g�k�b�l�Z. �N�h�j�f�b�j�h�\�Z�g�b�_ �w�l�h�c �n�Z�a�u, �\�_�j�h�y�l�g�h, �k�\�y�a�Z�g�h 
�k �e�h�d�Z�e�v�g�u�f�b �\�g�m�l�j�_�g�g�b�f�b �g�Z�i�j�y�`�_�g�b�y�f�b, �\�h�a�g�b�d�Z�x�s�b�f�b �i�j�b �b�g�l�_�g�k�b�\�g�h�f 
�j�h�k�l�_ �d�Z�j�[�b�^�h�\ M23C6. 
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�J�b�k. 14. �I�W�F �b�a�h�[�j�Z�`�_�g�b�y �f�b�d�j�h�k�l�j�m�d�l�m�j�u Y-�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �k�l�Z�e�b �i�h�k�e�_ �a�Z�d�Z�e-
�d�b �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C, 100 �q.: �Z – �k�\�_�l�e�h�i�h�e�v�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �^�b�k�i�_�j�k�g�u�o �q�Z�k�l�b�p 
�b �f�b�d�j�h�^�\�h�c�g�b�d�h�\; �[ – �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �^�b�n�j�Z�d�p�b�h�g�g�Z�y �d�Z�j�l�b�g�Z; �\, �], �  ̂– �l�_�f�g�h�i�h�e�v-
�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y �\ �j�_�n�e�_�d�k�Z�o �f�Z�l�j�b�p�u, �^�\�h�c�g�b�d�h�\ �b �q�Z�k�l�b�p �F23�K6, �k�h�h�l�\�_�l�k�l�\�_�g�g�h;  
                                           �_ – �d�Z�j�l�u �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�f�_�g�l�h�\  
 

 
 
�J�b�k. 15. �I�W�F �b�a�h�[�j�Z�`�_�g�b�y �f�b�d�j�h�k�l�j�m�d�l�m�j�u Y-�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �k�l�Z�e�b �i�h�k�e�_ �a�Z�d�Z�e-
�d�b �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C, 100 �q (�Z – �\) �b �O�> �b �k�l�Z�j�_�g�b�y �i�j�b 700 °C, 100 �q (�] – �_): �Z, �] – 
�k�\�_�l�e�h�i�h�e�v�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y; �[, �  ̂ – �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �^�b�n�j�Z�d�p�b�h�g�g�u�_ �d�Z�j�l�b�g�u; �\ – 
�d�Z�j�l�u �W�>�K �f�b�d�j�h�Z�g�Z�e�b�a�Z; �_ – �l�_�f�g�h�i�h�e�v�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �q�Z�k�l�b�p �F23�K6 �\ �k�l�j�m�d�l�m�j�_ 
                                                           �f�b�d�j�h�^�\�h�c�g�b�d�h�\ 
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�L�Z�d�b�f �h�[�j�Z�a�h�f, �a�Z�d�h�g�h�f�_�j�g�h�k�l�b �\�u�^�_�e�_�g�b�y �d�Z�j�[�b�^�h�\ M23C6 �\ �a�Z�d�Z�e�_�g-
�g�h�f �b �O�> �k�h�k�l�h�y�g�b�y�o �^�\�m�o �k�l�Z�e�_�c �Z�g�Z�e�h�]�b�q�g�u. �M�\�_�e�b�q�_�g�b�_ �\�j�_�f�_�g�b �k�l�Z�j�_�g�b�y 
�^�h 500 �q �i�j�b�\�h�^�b�l �d �j�h�k�l�m �h�[�t�_�f�g�h�c �^�h�e�b �b �i�e�h�l�g�h�k�l�b �w�l�b�o �d�Z�j�[�b�^�h�\. �I�j�b 
�w�l�h�f, �g�_�k�f�h�l�j�y �g�Z �m�f�_�g�v�r�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �m�]�e�_�j�h�^�Z, �k�g�b�`�_�g�b�y �i�e�h�l�g�h�k�l�b 
�b �h�[�t�_�f�g�h�c �d�Z�j�[�b�^�h�\ M23C6 �\ Y-�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �k�l�Z�e�b, �i�h �k�j�Z�\�g�_�g�b�x �k�h 
�k�l�Z�e�v�x �i�e�Z�\�d�b �‹  5, �g�_ �h�[�g�Z�j�m�`�_�g�h. �I�h�k�e�_ �k�l�Z�j�_�g�b�y �k�l�Z�e�b �i�e�Z�\�d�b �‹  7 �\ �o�h-
�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f �k�h�k�l�h�y�g�b�b �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x 500 �q �h�[�g�Z�j�m�`�_�g�u 
�k�e�_�^�u �1-�n�Z�a�u, �i�j�b �w�l�h�f �_�_ �k�h�^�_�j�`�Z�g�b�_ �a�g�Z�q�b�l�_�e�v�g�h �f�_�g�v�r�_, �q�_�f �\ �k�l�Z�e�b 
�i�e�Z�\�d�b �‹  5. �A�_�j�_�g�g�Z�y �b �f�b�d�j�h�^�\�h�c�g�b�d�h�\�Z�y �k�l�j�m�d�l�m�j�Z �k�l�Z�e�b �i�e�Z�\�d�b �‹  7 
�\ �m�k�e�h�\�b�y�o �^�e�b�l�_�e�v�g�h�]�h �k�l�Z�j�_�g�b�y �l�Z�d�`�_ �h�k�l�Z�_�l�k�y �k�l�Z�[�b�e�v�g�h�c.  

�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �b�l-
�l�j�b�_�f �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�h�c �Z�m�k�l�_�g�b�l�g�h�c �k�l�Z�e�b �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 7. �B�a �Z�g�Z-
�e�b�a�Z �w�l�b�o �j�_�a�m�e�v�l�Z�l�h�\ �k�e�_�^�m�_�l, �q�l�h �i�j�h�q�g�h�k�l�g�u�_ �k�\�h�c�k�l�\�Z �b�k�k�e�_�^�h�\�Z�g�g�h�c �k�l�Z-
�e�b �l�b�i�b�q�g�u �^�e�y �k�l�Z�e�_�c �Z�m�k�l�_�g�b�l�g�h�]�h �d�e�Z�k�k�Z. �W�l�h �^�h�k�l�Z�l�h�q�g�h �g�b�a�d�b�_ (212 �F�I�Z 
�i�j�b 20 °C) �a�g�Z�q�_�g�b�y �i�j�_�^�_�e�Z �l�_�d�m�q�_�k�l�b �b �\�u�k�h�d�b�_ �a�g�Z�q�_�g�b�y �m�^�e�b�g�_�g�b�y �^�h �j�Z�a-
�j�m�r�_�g�b�y (76,1 %) �\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b. �I�h�k�e�_ �O�> �a�g�Z�q�_�g�b�y �i�j�_�^�_�e�Z �l�_�d�m-
�q�_�k�l�b �\�h�a�j�Z�k�l�Z�x�l (655 �F�I�Z �i�j�b 20 °C), �m�^�e�b�g�_�g�b�_ �^�h �j�Z�a�j�m�r�_�g�b�y �k�g�b�`�Z�_�l�k�y 
�^�h 21,8 %. �I�j�b �i�h�\�u�r�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �b�k�i�u�l�Z�g�b�c �i�j�h�q�g�h�k�l�g�u�_ �b �i�e�Z�k�l�b-
�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b �k�g�b�`�Z�x�l�k�y, �i�j�b �w�l�h�f �h�k�l�Z�\�Z�y�k�v �g�Z �^�h-
�k�l�Z�l�h�q�g�h �\�u�k�h�d�h�f �m�j�h�\�g�_ (�i�j�_�^�_�e �l�_�d�m�q�_�k�l�b �g�_ �f�_�g�_�_ 350 �F�I�Z, �m�^�e�b�g�_�g�b�_ 
�^�h �j�Z�a�j�m�r�_�g�b�y �g�_ �f�_�g�_�_ 17 % �i�j�b 700 °C). 
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�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z Y-�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �k�l�Z�e�b �i�e�Z�\�d�b �‹  7 
�^�h �b �i�h�k�e�_ �k�l�Z�j�_�g�b�y �i�j�b 700 °C 100 �q 

 

�K�h�k�l�h�y-
�g�b�_  

�k�l�Z�e�b 

T�b�k�i, 
°C 

�>�h �k�l�Z�j�_�g�b�y �I�h�k�e�_ �k�l�Z�j�_�g�b�y 

�10,2, �F�I�Z �1�\, �F�I�Z �/, % �10,2, �F�I�Z �1�\, �F�I�Z �/, % 

�A�Z�d�Z�e�d�Z 

20 212 ± 26 588 ± 17 76,1 ± 1 245 ± 12 629 ± 7 46,4 ± 1,5 

650 122 ± 25 321 ± 11 43,9 ± 1,9 139 ± 1 314 ± 3 36,4 ± 3,9 

700 124 ± 15 266 ± 6 50,5 ± 5,2 133 ± 1 266 ± 1 46,6 ± 5,9 

�O�> 

20 655 ± 45 785 ± 2 21,8 ± 5,5 318 ± 5 698 ± 1 21,3 ± 0,5 

650 411 ± 3 448 ± 4 17,2 ± 0,5 295 ± 28 379 ± 7 17,5 ± 2,6 

700 357 ± 14 393 ± 13 17,1 ± 2,8 283 ± 1 340 ± 1 19,4 ± 2,4 

 
�I�h�k�e�_ �k�l�Z�j�_�g�b�y �k�l�Z�e�b �\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b �i�j�_�^�_�e �l�_�d�m�q�_�k�l�b �g�_-

�k�d�h�e�v�d�h �m�\�_�e�b�q�b�\�Z�_�l�k�y, �h�l�g�h�k�b�l�_�e�v�g�h �b�k�o�h�^�g�h�]�h �k�h�k�l�h�y�g�b�y (�l�Z�[�e. 7) �i�j�b �\�k�_�o 
�b�k�k�e�_�^�h�\�Z�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �b�k�i�u�l�Z�g�b�c (�g�Z �” 33 �F�I�Z �i�j�b 20 °C). �I�j�b �w�l�h�f 
�m�^�e�b�g�_�g�b�_ �^�h �j�Z�a�j�m�r�_�g�b�y �m�f�_�g�v�r�Z�_�l�k�y, �g�Z�b�[�h�e�_�_ �a�g�Z�q�b�l�_�e�v�g�h (�\ 1,6 �j�Z�a�Z) �i�j�b 
�d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �b�k�i�u�l�Z�g�b�c. �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h, �g�_�k�f�h�l�j�y �g�Z �m�d�Z-
�a�Z�g�g�h�_ �k�g�b�`�_�g�b�_, �i�e�Z�k�l�b�q�g�h�k�l�v �h�k�l�Z�_�l�k�y �g�Z �\�u�k�h�d�h�f �m�j�h�\�g�_, �g�_ �f�_�g�_�_ 36 %. 
�K�l�Z�j�_�g�b�_ �k�l�Z�e�b �\ �O�> �k�h�k�l�h�y�g�b�b �i�j�b�\�h�^�b�l �d �k�g�b�`�_�g�b�x �i�j�_�^�_�e�Z �l�_�d�m�q�_�k�l�b  
�\ 1,3–2 �j�Z�a�Z. �I�j�b �w�l�h�f �a�g�Z�q�_�g�b�y �m�^�e�b�g�_�g�b�y �^�h �j�Z�a�j�m�r�_�g�b�y �i�j�Z�d�l�b�q�_�k�d�b �g�_ �b�a-
�f�_�g�y�x�l�k�y �h�l�g�h�k�b�l�_�e�v�g�h �b�k�o�h�^�g�u�o �k�h�k�l�h�y�g�b�c (�l�Z�[�e. 7). �G�_�k�f�h�l�j�y �g�Z �k�g�b�`�_�g�b�_ 
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�i�j�h�q�g�h�k�l�g�u�o �k�\�h�c�k�l�\ �i�h�k�e�_ �k�l�Z�j�_�g�b�y, �i�j�_�^�_�e �l�_�d�m�q�_�k�l�b �i�j�b 700 °C �g�Z�o�h�^�b�l�k�y 
�g�Z �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�h�f �m�j�h�\�g�_, �g�_ �f�_�g�_�_ 280 �F�I�Z, �Z �m�^�e�b�g�_�g�b�_ �^�h �j�Z�a�j�m�r�_-
�g�b�y �k�h�k�l�Z�\�e�y�_�l �g�_ �f�_�g�_�_ 19 %.  

�G�_�k�d�h�e�v�d�h �f�_�g�v�r�b�_ �a�g�Z�q�_�g�b�y �i�j�h�q�g�h�k�l�g�u�o �k�\�h�c�k�l�\ �k�l�Z�e�b �i�e�Z�\�d�b �‹  7 
(�l�Z�[�e. 7) �i�h �k�j�Z�\�g�_�g�b�x �k �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b �a�g�Z�q�_�g�b�y�f�b �^�e�y �k�l�Z�e�b �i�e�Z�\�d�b 
�‹  5 (�l�Z�[�e. 5) �f�h�]�m�l �[�u�l�v �k�\�y�a�Z�g�u �k �f�_�g�v�r�_�c �w�n�n�_�d�l�b�\�g�h�k�l�v�x �l�\�_�j�^�h�j�Z�k�l�\�h�j-
�g�h�]�h �m�i�j�h�q�g�_�g�b�y �a�Z �k�q�_�l �f�_�g�v�r�_�]�h �k�h�^�_�j�`�Z�g�b�_�f �m�]�e�_�j�h�^�Z �b �^�b�k�i�_�j�k�g�h�]�h 
�m�i�j�h�q�g�_�g�b�y �d�Z�j�[�b�^�g�u�f�b �q�Z�k�l�b�p�Z�f�b �a�Z �k�q�_�l �k�g�b�`�_�g�b�y �h�[�t�_�f�g�h�c �^�h�e�b �w�l�b�o �q�Z-
�k�l�b�p. �M�d�Z�a�Z�g�g�Z�y �l�_�g�^�_�g�p�b�y �d �k�g�b�`�_�g�b�x �i�j�h�q�g�h�k�l�g�u�o �k�\�h�c�k�l�\ �k�h�o�j�Z�g�y�_�l�k�y 
�b �i�h�k�e�_ �^�e�b�l�_�e�v�g�h�]�h �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �k�l�Z�j�_�g�b�y. �I�j�b �w�l�h�f �^�e�y  
Y-�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �k�l�Z�e�b, �\ �p�_�e�h�f, �i�h�k�e�_ �k�l�Z�j�_�g�b�y �o�Z�j�Z�d�l�_�j�g�u �[�h�e�_�_ �\�u�k�h-
�d�b�_ �a�g�Z�q�_�g�b�y �m�^�e�b�g�_�g�b�y �^�h �j�Z�a�j�m�r�_�g�b�y.  

�I�h�k�d�h�e�v�d�m �[�e�b�`�Z�c�r�b�_ �Z�g�Z�e�h�]�b �j�Z�a�j�Z�[�h�l�Z�g�g�u�o �k�l�Z�e�_�c – �o�j�h�f�h�g�b�d�_�e�_-
�\�u�_ �Z�m�k�l�_�g�b�l�g�u�_ �k�l�Z�e�b �d�Z�d �d�h�g�k�l�j�m�d�p�b�h�g�g�u�_ �f�Z�l�_�j�b�Z�e�u �h�[�h�e�h�q�_�d �l�_�i�e�h�\�u�^�_-
�e�y�x�s�b�o �w�e�_�f�_�g�l�h�\ �i�j�b�f�_�g�y�x�l�k�y �\ �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f �k�h�k�l�h�y�g�b�b, 
�g�Z�b�[�h�e�v�r�_�_ �a�g�Z�q�_�g�b�_ �^�e�y �i�h�k�e�_�^�m�x�s�_�]�h �i�j�b�f�_�g�_�g�b�y �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o 
�Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c �b�f�_�x�l �k�\�h�c�k�l�\�Z �i�h�k�e�_ �O�>. �F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �g�h�\�u�o 
�k�l�Z�e�_�c �g�Z �i�j�b�f�_�j�_ �i�e�Z�\�d�b �‹  5 �\ �O�> �k�h�k�l�h�y�g�b�b �\ �r�b�j�h�d�h�f �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z-
�l�m�j (20–700 °C) �\�u�r�_, �q�_�f �m �o�j�h�f�h�g�b�d�_�e�_�\�h�c �k�l�Z�e�b �W�D-164 [21] �b �\ �b�g�l�_�j�\�Z�e�_ 
�l�_�f�i�_�j�Z�l�m�j 650–700 °C �\�u�r�_, �q�_�f �m �n�_�j�j�b�l�g�h-�f�Z�j�l�_�g�k�b�l�g�h�c �k�l�Z�e�b �W�I-823 
�i�h�k�e�_ �a�Z�d�Z�e�d�b �b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �h�l�i�m�k�d�Z [30]. �I�j�b �w�l�h�f �g�_�h�[�o�h�^�b�f�h 
�m�q�b�l�u�\�Z�l�v �\�_�k�v �d�h�f�i�e�_�d�k �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\, �\�d�e�x�q�Z�y �k�l�j�m�d�l�m�j�g�h-
�n�Z�a�h�\�m�x �k�l�Z�[�b�e�v�g�h�k�l�v �\ �m�k�e�h�\�b�y�o �^�e�b�l�_�e�v�g�h�]�h �k�l�Z�j�_�g�b�y. �< �w�l�h�f �h�l�g�h�r�_�g�b�b 
�b�a 2-�o �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �i�e�Z�\�h�d, �k�l�Z�e�v �i�e�Z�\�d�b �‹  5 �b�f�_�_�l �[�h�e�_�_ �\�u�k�h�d�b�_ �i�j�h�q-
�g�h�k�l�g�u�_ �k�\�h�c�k�l�\�Z �i�h �k�j�Z�\�g�_�g�b�x �k �i�e�Z�\�d�h�c �‹  7. �H�^�g�Z�d�h �\ �g�_�c �g�Z�[�e�x�^�Z�_�l�k�y 
�[�h�e�_�_ �\�u�j�Z�`�_�g�g�Z�y �l�_�g�^�_�g�p�b�y �d �\�u�^�_�e�_�g�b�x �1-�n�Z�a�u �\ �m�k�e�h�\�b�y�o �^�e�b�l�_�e�v�g�h�]�h 
�\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �k�l�Z�j�_�g�b�y �\ �O�> �k�h�k�l�h�y�g�b�b. �W�l�h �h�i�j�_�^�_�e�y�_�l �g�_�h�[�o�h�^�b-
�f�h�k�l�v �d�h�j�j�_�d�l�b�j�h�\�d�b �k�h�k�l�Z�\�Z �k�l�Z�e�_�c �b (�b�e�b) �h�i�l�b�f�b�a�Z�p�b�b �b�o �l�_�j�f�h�f�_�o�Z�g�b�q�_-
�k�d�b�o �h�[�j�Z�[�h�l�h�d �^�e�y �i�h�^�Z�\�e�_�g�b�y �m�d�Z�a�Z�g�g�h�c �l�_�g�^�_�g�p�b�b. 

5. �A�Z�d�e�x�q�_�g�b�_ 

1. �I�h�d�Z�a�Z�g�h, �q�l�h �\ �m�k�e�h�\�b�y�o �k�l�Z�j�_�g�b�y �i�j�b 700 °C �^�e�b�l�_�e�v�g�h�k�l�v�x 100 
�b 500 �q �g�h�\�u�o �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o �Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c Fe–26Mn–11Cr–W–Si–
Ta–Ti–V–Zr–0,32C �b Fe–11Cr–27Mn–W–Ti–V–Ta–Y–0,23C (�i�e�Z�\�d�b �‹  5 
�b �‹  7) �a�_�j�_�g�g�Z�y �b �f�b�d�j�h�^�\�h�c�g�b�d�h�\�Z�y �k�l�j�m�d�l�m�j�Z �h�k�l�Z�_�l�k�y �k�l�Z�[�b�e�v�g�h�c. �H�k�g�h�\-
�g�u�f �i�j�h�p�_�k�k�h�f, �d�h�l�h�j�u�c �g�Z�[�e�x�^�Z�_�l�k�y �\ �w�l�b�o �m�k�e�h�\�b�y�o, �y�\�e�y�_�l�k�y �\�u�^�_�e�_�g�b�_ 
�^�b�k�i�_�j�k�g�u�o �d�Z�j�[�b�^�g�u�o �q�Z�k�l�b�p �F23�K6 (M – Cr, Mn, Fe). �I�j�b �k�l�Z�j�_�g�b�b �k�l�Z�e�_�c 
�\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b �w�l�b �d�Z�j�[�b�^�u �\�u�^�_�e�y�x�l�k�y �i�h �]�j�Z�g�b�p�Z�f �b �\�g�m�l�j�b �a�_�j�_�g, 
�Z �l�Z�d�`�_ �\ �\�b�^�_ �h�[�h�e�h�q�_�d �g�Z �q�Z�k�l�b�p�Z�o �d�Z�j�[�b�^�h�\ MC (M – Ti, Ta, V, Si, W). �I�j�b 
�k�l�Z�j�_�g�b�b �k�l�Z�e�_�c �\ �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f �k�h�k�l�h�y�g�b�b �d�Z�j�[�b�^�u �F23�K6 �\�u�^�_-
�e�y�x�l�k�y �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �\ �\�b�^�_ �i�Z�j�Z�e�e�_�e�v�g�u�o �i�e�Z�k�l�b�g�q�Z�l�u�o �q�Z�k�l�b�p �i�h �i�e�h�k-
�d�h�k�l�y�f {111} �Z�m�k�l�_�g�b�l�Z �g�Z �]�j�Z�g�b�p�Z�o �^�\�h�c�g�b�d�h�\. �B�o �i�h�i�_�j�_�q�g�u�_ �j�Z�a�f�_�j�u 
�h�]�j�Z�g�b�q�_�g�u �l�h�e�s�b�g�h�c �^�\�h�c�g�b�d�h�\. �K�l�Z�j�_�g�b�_ �k�l�Z�e�_�c �\ �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g-
�g�h�f �k�h�k�l�h�y�g�b�b �i�j�b�\�h�^�b�l �d �n�h�j�f�b�j�h�\�Z�g�b�x �0-�f�Z�j�l�_�g�k�b�l�Z (�^�h 13 %). �I�e�h�l�g�h�k�l�v 
�q�Z�k�l�b�p �F23�K6 �a�g�Z�q�b�l�_�e�v�g�h �\�h�a�j�Z�k�l�Z�_�l �i�j�b �m�\�_�e�b�q�_�g�b�b �\�j�_�f�_�g�b �k�l�Z�j�_�g�b�y 
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�^�h 500 �q (�i�h �k�j�Z�\�g�_�g�b�x �k 100 �q). �K�l�Z�j�_�g�b�_ �k�l�Z�e�_�c �\ �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f 
�k�h�k�l�h�y�g�b�b �^�e�b�l�_�e�v�g�h�k�l�v�x 500 �q �k�i�h�k�h�[�k�l�\�m�_�l �\�u�^�_�e�_�g�b�x �1-�n�Z�a�u. �I�h�k�e�_ �k�l�Z-
�j�_�g�b�y �k�l�Z�e�_�c �\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b �w�l�Z �n�Z�a�Z �g�_ �h�[�g�Z�j�m�`�_�g�Z. �< �k�l�Z�e�b, 
�k �f�_�g�v�r�b�f �k�h�^�_�j�`�Z�g�b�_�f �m�]�e�_�j�h�^�Z �b �d�Z�j�[�b�^�h�h�[�j�Z�a�m�x�s�b�o �w�e�_�f�_�g�l�h�\ �g�Z�[�e�x�^�Z-
�_�l�k�y �f�_�g�v�r�Z�y �l�_�g�^�_�g�p�b�y �d �\�u�^�_�e�_�g�b�x �1-�n�Z�a�u.  

2. �B�a�m�q�_�g�u �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z, �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o �Z�m�k�l�_�g�b�l�g�u�o 
�k�l�Z�e�_�c �i�e�Z�\�h�d �‹  5 �b 7 �i�h�k�e�_ �k�l�Z�j�_�g�b�y �i�j�b 700 º�K (�^�h 500 �q) �\ �a�Z�d�Z�e�_�g�g�h�f 
�b �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f �k�h�k�l�h�y�g�b�y�o �\ �m�k�e�h�\�b�y�o �b�k�i�u�l�Z�g�b�c �g�Z �j�Z�k�l�y�`�_�g�b�_ 
�i�j�b 20, 650 �b 700 º�K. �I�h�k�e�_ �k�l�Z�j�_�g�b�y �k�l�Z�e�_�c �\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b �g�Z�[�e�x�^�Z-
�_�l�k�y �k�h�o�j�Z�g�_�g�b�_, �b�e�b �^�Z�`�_ �g�_�d�h�l�h�j�h�_ �i�h�\�u�r�_�g�b�_ �i�j�h�q�g�h�k�l�g�u�o �k�\�h�c�k�l�\ 
�i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�u�f �k�h�k�l�h�y�g�b�_�f. �W�l�h �k�\�y�a�Z�g�h �k �i�j�_�\�Z�e�b�j�h�\�Z�g�b�_�f �w�n-
�n�_�d�l�h�\ �^�b�k�i�_�j�k�g�h�]�h �m�i�j�h�q�g�_�g�b�y �q�Z�k�l�b�p�Z�f�b M23C6 �g�Z�^ �w�n�n�_�d�l�Z�f�b �j�Z�a�m�i�j�h�q�g�_-
�g�b�y �a�Z �k�q�_�l �\�h�a�\�j�Z�l�Z �^�_�n�_�d�l�g�h�c �k�m�[�k�l�j�m�d�l�m�j�u. �K�l�Z�j�_�g�b�_ �k�l�Z�e�_�c �\ �o�h�e�h�^�g�h�^�_-
�n�h�j�f�b�j�h�\�Z�g�g�h�f �k�h�k�l�h�y�g�b�b �i�j�b�\�h�^�b�l �d �k�g�b�`�_�g�b�x �i�j�h�q�g�h�k�l�g�u�o �k�\�h�c�k�l�\. �W�l�h 
�k�\�y�a�Z�g�h �k �\�u�^�_�e�_�g�b�_�f �q�Z�k�l�b�p M23C6 �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �i�h �]�j�Z�g�b�p�Z�f �^�\�h�c�g�b�d�h�\ 
�b �m�k�d�h�j�_�g�g�u�f �h�l�i�m�k�d�h�f �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�c �k�l�j�m�d�l�m�j�u. �M�^�e�b�g�_�g�b�_ �^�h 
�j�Z�a�j�m�r�_�g�b�y �\ �j�_�a�m�e�v�l�Z�l�_ �k�l�Z�j�_�g�b�y �k�g�b�`�Z�_�l�k�y �\ �a�Z�d�Z�e�_�g�g�h�f �k�h�k�l�h�y�g�b�b. �>�e�b-
�l�_�e�v�g�h�_ �k�l�Z�j�_�g�b�_ (100 �q) �k�l�Z�e�b �i�e�Z�\�d�b �‹  7 �\ �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f �k�h�k�l�h-
�y�g�b�b �g�_ �k�g�b�`�Z�_�l �i�e�Z�k�l�b�q�g�h�k�l�v. �<�u�^�_�e�_�g�b�_ �1-�n�Z�a�u �i�h�k�e�_ �k�l�Z�j�_�g�b�y �i�j�h�^�h�e�`�b-
�l�_�e�v�g�h�k�l�v�x 500 �q �\ �k�l�Z�e�b �i�e�Z�\�d�b �‹  5 �\ �o�h�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f �k�h�k�l�h�y�g�b�b 
�i�j�b�\�h�^�b�l �d �k�g�b�`�_�g�b�x �^�h 7 % �m�^�e�b�g�_�g�b�y �^�h �j�Z�a�j�m�r�_�g�b�y �i�j�b 20 º�K. �I�j�b �i�h�\�u-
�r�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u �b�k�i�u�l�Z�g�b�c �\�e�b�y�g�b�y �1-�n�Z�a�u �g�Z �\�_�e�b�q�b�g�m �i�e�Z�k�l�b�q�g�h�k�l�b 
�g�_ �h�[�g�Z�j�m�`�_�g�h. �G�_�k�d�h�e�v�d�h �f�_�g�v�r�b�_ �a�g�Z�q�_�g�b�y �i�j�h�q�g�h�k�l�g�u�o �k�\�h�c�k�l�\  
Y-�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �k�l�Z�e�b, �i�h �k�j�Z�\�g�_�g�b�x �k�h �k�l�Z�e�v�x �i�e�Z�\�d�b �‹  5, �k�\�y�a�Z�g�u 
�k �f�_�g�v�r�_�c �w�n�n�_�d�l�b�\�g�h�k�l�v�x �l�\�_�j�^�h�j�Z�k�l�\�h�j�g�h�]�h �m�i�j�h�q�g�_�g�b�y (�a�Z �k�q�_�l �f�_�g�v�r�_�]�h 
�k�h�^�_�j�`�Z�g�b�_�f �m�]�e�_�j�h�^�Z), �b �k �f�_�g�v�r�_�c �w�n�n�_�d�l�b�\�g�h�k�l�v�x �^�b�k�i�_�j�k�g�h�]�h �m�i�j�h�q�g�_-
�g�b�y �d�Z�j�[�b�^�g�u�f�b �q�Z�k�l�b�p�Z�f�b.  

3. �I�j�h�q�g�h�k�l�g�u�_ �b �i�e�Z�k�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �j�Z�a�j�Z�[�h�l�Z�g�g�u�o �k�l�Z�e�_�c �\ �o�h-
�e�h�^�g�h�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�f �k�h�k�l�h�y�g�b�b �\ �r�b�j�h�d�h�f �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j �i�j�_�\�u-
�r�Z�x�l �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �a�g�Z�q�_�g�b�y �^�e�y �o�j�h�f�h�g�b�d�_�e�_�\�h�c �Z�m�k�l�_�g�b�l�g�h�c �k�l�Z�e�b �l�b-
�i�Z �W�D-164 �b �i�j�b �\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o �^�e�y �n�_�j�j�b�l�g�h-�f�Z�j�l�_�g�k�b�l�g�h�c �k�l�Z�e�b 
�W�I-823 �\ �k�l�j�m�d�l�m�j�g�h�f �k�h�k�l�h�y�g�b�b �i�h�k�e�_ �a�Z�d�Z�e�d�b �b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �h�l-
�i�m�k�d�Z. �>�e�y �h�]�j�Z�g�b�q�_�g�b�y �l�_�g�^�_�g�p�b�b �d �n�h�j�f�b�j�h�\�Z�g�b�x �1-�n�Z�a�u �\ �k�l�Z�e�y�o �i�j�b �i�h-
�\�u�r�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �b �i�j�h�^�h�e�`�b�l�_�e�v�g�u�o �\�j�_�f�_�g�Z�o �k�l�Z�j�_�g�b�y �g�_�h�[�o�h�^�b�f�Z 
�^�h�i�h�e�g�b�l�_�e�v�g�Z�y �d�h�j�j�_�d�l�b�j�h�\�d�Z �b�o �w�e�_�f�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �b �j�_�`�b�f�h�\ �l�_�j�f�h�f�_-
�o�Z�g�b�q�_�k�d�b�o �h�[�j�Z�[�h�l�h�d. �I�j�_�^�i�h�e�Z�]�Z�_�l�k�y, �q�l�h �m�f�_�g�v�r�_�g�b�_ �k�h�^�_�j�`�Z�g�b�_ Cr �\ �k�h-
�k�l�Z�\�_ �k�l�Z�e�_�c, �Z �l�Z�d�`�_ �m�f�_�g�v�r�_�g�b�_ �^�h�e�b �^�\�h�c�g�b�d�h�\�u�o �]�j�Z�g�b�p, �d�Z�d �f�_�k�l �a�Z�j�h�`-
�^�_�g�b�y �\�l�h�j�b�q�g�u�o �n�Z�a, �[�m�^�m�l �k�i�h�k�h�[�k�l�\�h�\�Z�l�v �k�g�b�`�_�g�b�x �l�_�g�^�_�g�p�b�b �d �\�u�^�_�e�_-
�g�b�x �1-�n�Z�a�u �b �d�Z�j�[�b�^�h�\ M23C6. 

4. �>�h�k�l�b�]�g�m�l�u�c �d�h�f�i�e�_�d�k �i�j�h�q�g�h�k�l�g�u�o �b �i�e�Z�k�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �j�Z�a�j�Z-
�[�h�l�Z�g�g�u�o �g�h�\�u�o �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o �Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c �b �b�o �l�_�j�f�b�q�_�k�d�Z�y 
�k�l�Z�[�b�e�v�g�h�k�l�v �\ �m�k�e�h�\�b�y�o �^�e�b�l�_�e�v�g�h�]�h (�^�h 500 �q) �k�l�Z�j�_�g�b�y �i�j�b 700 °C �i�h�a�\�h�e�y-
�_�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �w�l�b �k�l�Z�e�b �\ �d�Z�q�_�k�l�\�_ �i�_�j�k�i�_�d�l�b�\�g�u�o �f�Z�e�h�Z�d�l�b�\�b�j�m�_�f�u�o �d�h�g-
�k�l�j�m�d�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �^�e�y �w�g�_�j�]�_�l�b�q�_�k�d�b�o �j�_�Z�d�l�h�j�h�\ �g�h�\�h�]�h �i�h�d�h�e�_�g�b�y 
�b �]�b�[�j�b�^�g�u�o �w�g�_�j�]�_�l�b�q�_�k�d�b�o �m�k�l�Z�g�h�\�h�d. 
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6. �;�e�Z�]�h�^�Z�j�g�h�k�l�b 

�B�k�k�e�_�^�h�\�Z�g�b�_ �\�u�i�h�e�g�_�g�h �a�Z �k�q�_�l �]�j�Z�g�l�Z �J�h�k�k�b�c�k�d�h�]�h �g�Z�m�q�g�h�]�h �n�h�g�^�Z 
�‹  22-19-00802, https://rscf.ru/project/22-19-00802/ 

�B�k�k�e�_�^�h�\�Z�g�b�_ �i�j�h�\�_�^�_�g�h �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �h�[�h�j�m�^�h�\�Z�g�b�y �P�D�I «�G�Z�g�h-
�l�_�o» �B�N�I�F �K�H �J�:�G.  
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�g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �b�g�k�l�b�l�m�l �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �n�b�a�b�d�b,  
�i�j . �F�b�j�Z 37, �K�Z�j�h�\, �G�b�`�_�]�h�j�h�^�k�d�Z�y �h�[�e�Z�k�l�v, �J�h�k�k�b�y, 607188 

 
�I�j�h�\�_�^�_�g�u �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �\�h�^�h�j�h�^�Z �i�j�b �^�Z�\�e�_�g�b�b 80 �F�I�Z 

�\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l 20 �^�h 600 °�K �g�Z �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �l�b�l�Z-
�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6, �b�a�]�h�l�h�\�e�_�g�g�h�]�h �f�_�l�h�^�h�f �i�h�k�e�h�c�g�h�]�h �e�Z�a�_�j�g�h�]�h 
�k�i�e�Z�\�e�_�g�b�y (�I�E�K). �F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �I�E�K-�k�i�e�Z�\�Z �<�L6 �g�Z�o�h�^�y�l�k�y 
�g�Z �\�u�k�h�d�h�f �m�j�h�\�g�_ �b �g�_ �m�k�l�m�i�Z�x�l �a�g�Z�q�_�g�b�y�f �Z�g�Z�e�h�]�b�q�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d 
�k�i�e�Z�\�Z, �i�h�e�m�q�_�g�g�h�]�h �i�h �l�j�Z�^�b�p�b�h�g�g�u�f �l�_�o�g�h�e�h�]�b�y�f. �D�j�Z�l�d�h�\�j�_�f�_�g�g�h�_ 
(5 �f�b�g�m�l) �\�h�a�^�_�c�k�l�\�b�_ �\�h�^�h�j�h�^�Z �g�_ �h�d�Z�a�Z�e�h �k�m�s�_�k�l�\�_�g�g�h�]�h �\�e�b�y�g�b�y 
�g�Z �i�e�Z�k�l�b�q�g�h�k�l�v �I�E�K-�k�i�e�Z�\�Z �\�h �\�k�_�f �b�g�l�_�j�\�Z�e�_ �b�k�i�u�l�Z�l�_�e�v�g�u�o �l�_�f�i�_-
�j�Z�l�m�j, �Z �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�q�g�h�k�l�b �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �h�l �d�h�f�g�Z�l�g�h�c 
�^�h �i�e�x�k 400 °�K. �I�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 500 °�K �b 600 °�K �\�h�a�^�_�c�k�l�\�b�_ �\�h�^�h�j�h�^�Z 
�i�j�b�\�_�e�h �d �k�g�b�`�_�g�b�x �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�h�q�g�h�k�l�b �b �\ �f�Z�d�k�b�f�Z�e�v�g�h�c �k�l�_�i�_-
�g�b �w�l�h �k�g�b�`�_�g�b�_ �i�j�h�y�\�b�e�h�k�v �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K (�1�\ �g�Z 34 % �b �10,2 

�g�Z 36 %). �H�^�g�Z�d�h, �g�_�k�f�h�l�j�y �g�Z �k�m�s�_�k�l�\�_�g�g�h�_ �i�Z�^�_�g�b�_ �i�j�h�q�g�h�k�l�g�u�o �o�Z-
�j�Z�d�l�_�j�b�k�l�b�d �\ �\�h�^�h�j�h�^�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K, �h�l�g�h�k�b�l�_�e�v�g�h�_ �k�m�`�_�g�b�_ 
�I�E�K-�h�[�j�Z�a�p�h�\ �i�j�b �w�l�h�c �l�_�f�i�_�j�Z�l�m�j�_ �h�d�Z�a�Z�e�h�k�v �g�_�q�m�\�k�l�\�b�l�_�e�v�g�u�f �d �\�h�a-
�^�_�c�k�l�\�b�x �\�h�^�h�j�h�^�Z �b �k�h�k�l�Z�\�b�e�h �% �§ 100 %. �I�h �j�_�a�m�e�v�l�Z�l�Z�f �^�e�b�l�_�e�v�g�u�o 
�b�k�i�u�l�Z�g�b�c (2–5 �q�Z�k�h�\) �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K �\�h�a�^�_�c-
�k�l�\�b�_ �l�_�f�i�_�j�Z�l�m�j�u �b �\�h�^�h�j�h�^�Z �\ �l�_�q�_�g�b�_ �^�\�m�o �b �i�y�l�b �q�Z�k�h�\ �g�_ �h�d�Z�a�u�\�Z�_�l 
�\�e�b�y�g�b�y �g�Z �i�e�Z�k�l�b�q�g�h�k�l�v �I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6, �g�h �i�j�b�\�h�^�b�l �d �m�\�_-
�e�b�q�_�g�b�x �b�o �i�j�h�q�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d. �F�Z�d�k�b�f�Z�e�v�g�h�_ �m�i�j�h�q�g�_�g�b�_ 
�I�E�K-�k�i�e�Z�\�Z (�m�\�_�e�b�q�_�g�b�_ �10,2 �g�Z 149 %) �\ �\�h�^�h�j�h�^�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
600 °�K �i�j�h�b�k�o�h�^�b�l �i�h�k�e�_ �q�_�l�u�j�_�o�q�Z�k�h�\�h�c �\�u�^�_�j�`�d�b.  

1.���<�\�_�^�_�g�b�_ 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �r�b�j�h�d�h�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �i�h�e�m�q�b�e�Z �l�_�o�g�h�e�h�]�b�y �i�h-
�k�e�h�c�g�h�]�h �e�Z�a�_�j�g�h�]�h �k�i�e�Z�\�e�_�g�b�y (�I�E�K). �I�j�_�b�f�m�s�_�k�l�\�Z �w�l�h�c �l�_�o�g�h�e�h�]�b�b, �k�h-
�k�l�h�y�s�b�_ �\ �\�h�a�f�h�`�g�h�k�l�b �i�h�e�m�q�_�g�b�y �b�a�^�_�e�b�c �k �\�u�k�h�d�b�f�b �n�b�a�b�d�h-�f�_�o�Z�g�b-
�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b �b �f�b�g�b�f�Z�e�v�g�h�c �i�h�k�e�_�^�m�x�s�_�c �h�[�j�Z�[�h�l�d�h�c, �g�Z�j�y�^�m �k �\�u-
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�k�h�d�b�f �d�h�w�n�n�b�p�b�_�g�l�h�f �b�k�i�h�e�v�a�h�\�Z�g�b�y �f�Z�l�_�j�b�Z�e�Z �^�_�e�Z�_�l �w�l�h�l �f�_�l�h�^ �\�_�k�v�f�Z 
�i�_�j�k�i�_�d�l�b�\�g�u�f �^�e�y �k�h�a�^�Z�g�b�y �b�a�^�_�e�b�c �k�e�h�`�g�h�c �n�h�j�f�u �^�e�y �j�Z�a�e�b�q�g�u�o �h�l�j�Z�k-
�e�_�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b: �f�Z�r�b�g�h�k�l�j�h�_�g�b�y, �Z�l�h�f�g�h�c �w�g�_�j�]�_�l�b�d�b, �Z�\�b�Z�k�l�j�h�_�g�b�y, 
�[�b�h�f�_�^�b�p�b�g�u �b �^�j. 

�H�^�g�b�f �b�a �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\, �i�j�b�f�_�g�y�_�f�u�o 
�\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\ �Z�^�^�b�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�y�o, �y�\�e�y�_�l�k�y �l�b�l�Z�g�h�\�u�c �k�i�e�Z�\ �<�L6. 
�K�i�e�Z�\ �<�L6 �y�\�e�y�_�l�k�y �Z�g�Z�e�h�]�h�f �a�Z�j�m�[�_�`�g�h�]�h �k�i�e�Z�\�Z Ti-6Al-4V �b �\�u�[�h�j �_�]�h 
�\ �d�Z�q�_�k�l�\�_ �h�[�t�_�d�l�Z �b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e �h�[�m�k�e�h�\�e�_�g �l�_�f, �q�l�h �w�l�h�l �k�i�e�Z�\ �y�\�e�y�_�l�k�y 
�k�Z�f�u�f �b�k�i�h�e�v�a�m�_�f�u�f �l�b�l�Z�g�h�\�u�f �k�i�e�Z�\�h�f �d�e�Z�k�k�Z (�. + ��) �b �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h-
�k�l�j�Z�g�_�g�g�u�f �b�a �\�k�_�o �l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�h�\ (�a�Z�g�b�f�Z�_�l �[�h�e�_�_ 50 % �f�b�j�h�\�h�]�h �l�b�l�Z-
�g�h�\�h�]�h �i�j�h�b�a�\�h�^�k�l�\�Z). 

�< �g�Z�m�q�g�h�c �e�b�l�_�j�Z�l�m�j�_ �b�g�n�h�j�f�Z�p�b�y �h �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �k �\�h�^�h�j�h�^�h�f �k�i�e�Z-
�\�Z �<�L6, �i�h�e�m�q�_�g�g�h�]�h �f�_�l�h�^�h�f �I�E�K, �h�]�j�Z�g�b�q�_�g�Z �b �g�_ �h�^�g�h�a�g�Z�q�g�Z (�g�Z�i�j�b�f�_�j, 
[1–3]). �I�h�w�l�h�f�m �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �\�h�a�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �g�Z 
�f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �l�Z�d�h�]�h �f�Z�l�_�j�b�Z�e�Z �i�j�_�^�k�l�Z�\�e�y�x�l �b�g�l�_�j�_�k �b �f�h�]�m�l �[�u�l�v 
�\�h�k�l�j�_�[�h�\�Z�g�u �i�j�b �k�h�a�^�Z�g�b�b �h�[�h�j�m�^�h�\�Z�g�b�y, �j�Z�[�h�l�Z�x�s�_�]�h �\ �\�h�^�h�j�h�^�h�k�h�^�_�j�`�Z-
�s�b�o �k�j�_�^�Z�o, �\ �q�Z�k�l�g�h�k�l�b, �k�h�k�m�^�h�\ �\�u�k�h�d�h�]�h �^�Z�\�e�_�g�b�y. 

�>�Z�g�g�Z�y �j�Z�[�h�l�Z �i�h�k�\�y�s�_�g�Z �b�k�k�e�_�^�h�\�Z�g�b�x �\�e�b�y�g�b�y �\�h�a�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z 
�i�j�b �^�Z�\�e�_�g�b�b 80 �F�I�Z �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l �d�h�f�g�Z�l�g�h�c �^�h �i�e�x�k 600 °�K 
�g�Z �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �h�[�j�Z�a�p�h�\ �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6, �b�a�]�h�l�h�\�e�_�g�g�u�o 
�i�h �l�_�o�g�h�e�h�]�b�b �I�E�K. 

2.���F�Z�l�_�j�b�Z�e�u �b �f�_�l�h�^�u �b�k�k�e�_�^�h�\�Z�g�b�y 

2.1. �L�_�o�g�h�e�h�]�b�y �b�a�]�h�l�h�\�e�_�g�b�y �I�E�K-�h�[�j�Z�a�p�h�\ 
�B�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�\�h�^�b�e�b�k�v �g�Z �k�l�Z�g�^�Z�j�l�g�u�o (�‹  9, �l�b�i IV, �=�H�K�L 1497-

84) �p�b�e�b�g�^�j�b�q�_�k�d�b�o �h�[�j�Z�a�p�Z�o �g�Z �j�Z�k�l�y�`�_�g�b�_, �b�a�]�h�l�h�\�e�_�g�g�u�o �i�h �l�_�o�g�h�e�h�]�b�b 
�I�E�K �b�a �i�h�j�h�r�d�Z �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6 (�i�j�h�b�a�\�h�^�b�l�_�e�v �H�H�H «�G�h�j�f�b�g», �i�h-
�j�h�r�h�d �l�b�l�Z�g�h�\�u�c �f�Z�j�d�b �I�L�G-8.�<�L6, �n�j�Z�d�p�b�y +15–45 �f�d�f).  

�O�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �i�h�\�_�j�o�g�h�k�l�g�u�o �k�e�h�_�\ �q�Z�k�l�b�p �i�h�j�h�r�d�Z, �Z�g�Z�e�b�a �]�j�Z-
�g�m�e�h�f�_�l�j�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�Z, �k�n�_�j�b�q�g�h�k�l�b �q�Z�k�l�b�p �i�h�j�h�r�d�Z �b �h�p�_�g�d�Z �d�h�e�b�q�_�k�l�\�Z 
�q�Z�k�l�b�p-�k�Z�l�_�e�e�b�l�h�\ �i�j�h�\�h�^�b�e�b�k�v �g�Z �h�k�g�h�\�_ �Z�g�Z�e�b�a�Z �f�b�d�j�h�n�h�l�h�]�j�Z�n�b�c �i�h�j�h�r-
�d�h�\, �i�h�e�m�q�_�g�g�u�o �f�_�l�h�^�h�f �j�Z�k�l�j�h�\�h�c �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b (�J�W�F) �g�Z 
�f�b�d�j�h�k�d�h�i�_ Jeol JSM-6490 �k �i�j�b�k�l�Z�\�d�h�c �^�e�y �j�_�g�l�]�_�g�h�\�k�d�h�]�h �w�g�_�j�]�h�^�b�k�i�_�j�k�b-
�h�g�g�h�]�h �f�b�d�j�h�Z�g�Z�e�b�a�Z INCA350. 

�B�a�h�[�j�Z�`�_�g�b�y �q�Z�k�l�b�p �i�h�j�h�r�d�Z �i�j�b�\�_�^�_�g�u �g�Z �j�b�k. 1, �Z, �Z �]�b�k�l�h�]�j�Z�f�f�Z 
�j�Z�k�i�j�_�^�_�e�_�g�b�y �q�Z�k�l�b�p �i�h �j�Z�a�f�_�j�Z�f – �g�Z �j�b�k. 1, �[. 

�I�j�h�\�_�^�_�g�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�j�h�r�d�Z �k�i�e�Z�\�Z �<�L6 �i�h�d�Z�a�Z�e�b, �q�l�h �h�g �b�f�_�_�l 
�k�e�_�^�m�x�s�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b: 

– �o�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �i�h�j�h�r�d�Z �k�h�h�l�\�_�l�k�l�\�m�_�l �l�j�_�[�h�\�Z�g�b�y�f �=�H�K�L 19807-91 
«�L�b�l�Z�g �b �k�i�e�Z�\�u �l�b�l�Z�g�h�\�u�_ �^�_�n�h�j�f�b�j�m�_�f�u�_. �F�Z�j�d�b»; 

– �l�_�d�m�q�_�k�l�v �i�h�j�h�r�d�Z �j�Z�\�g�Z 22 �k; 
– �]�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c �k�h�k�l�Z�\ �i�h�j�h�r�d�Z �b�f�_�_�l �f�h�g�h�f�h�^�Z�e�v�g�h�_ �j�Z�k�i�j�_�^�_-

�e�_�g�b�_ �q�Z�k�l�b�p �i�h �j�Z�a�f�_�j�Z�f, �f�Z�d�k�b�f�m�f�u �j�Z�k�i�j�_�^�_�e�_�g�b�y �q�Z�k�l�b�p �i�h �j�Z�a�f�_�j�Z�f �e�_-
�`�Z�l �\ �^�b�Z�i�Z�a�h�g�_ �h�l 20 �^�h 30 �f�d�f; 
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– �n�h�j�f�Z �q�Z�k�l�b�p �b�k�k�e�_�^�h�\�Z�g�g�h�]�h �i�h�j�h�r�d�Z �k�n�_�j�b�q�_�k�d�Z�y (�h�[�t�_�f�g�Z�y �^�h�e�y 
98 %) �k �k�h�^�_�j�`�Z�g�b�_�f �h�[�t�_�f�g�h�c �^�h�e�b �h�d�j�m�]�e�u�o �q�Z�k�l�b�p 2 %;  

– �i�h�j�h�r�h�d �k�h�^�_�j�`�b�l �q�Z�k�l�b�p�u-�k�Z�l�_�e�e�b�l�u �\ �d�h�e�b�q�_�k�l�\�_ 5 �q�Z�k�l�b�p-
�k�Z�l�_�e�e�b�l�h�\ �g�Z 100 �q�Z�k�l�b�p �h�k�g�h�\�g�h�c �n�j�Z�d�p�b�b; 

– �g�Z�k�u�i�g�Z�y �b �i�b�d�g�h�f�_�l�j�b�q�_�k�d�Z�y �i�e�h�l�g�h�k�l�b �k�h�k�l�Z�\�e�y�x�l 2,5 �b 4,39 �]/�k�f3 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h. 
 

     
 

                            (�Z)                                                                        (�[)   
 

�J�b�k. 1. �J�W�F-�b�a�h�[�j�Z�`�_�g�b�_ �q�Z�k�l�b�p �i�h�j�h�r�d�Z �k�i�e�Z�\�Z �<�L6 (�Z) �b �]�b�k�l�h�]�j�Z�f�f�Z  
�b�o �j�Z�k�i�j�_�^�_�e�_�g�b�y �i�h �j�Z�a�f�_�j�Z�f (�[) 

 
�I�E�K-�h�[�j�Z�a�p�u �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6 �b�a�]�h�l�Z�\�e�b�\�Z�e�b�k�v �\ �h�k�_�\�h�f �g�Z�i�j�Z�\-

�e�_�g�b�b �g�Z �m�k�l�Z�g�h�\�d�_ �i�h�k�e�h�c�g�h�]�h �e�Z�a�_�j�g�h�]�h �k�i�e�Z�\�e�_�g�b�y Chamlion M2150T.  
�I�j�b �\�u�[�h�j�_ �j�_�`�b�f�Z �b�a�]�h�l�h�\�e�_�g�b�y �h�[�j�Z�a�p�h�\ �[�u�e�b �i�j�h�\�_�^�_�g�u �d�h�f�i�e�_�d�k-

�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �b�o �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �b �k�l�j�m�d�l�m�j�u �i�j�b �j�Z�a�e�b�q-
�g�u�o �a�g�Z�q�_�g�b�y�o �i�Z�j�Z�f�_�l�j�h�\ �I�E�K. �I�j�b �w�l�h�f �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h �q�l�h �i�Z�j�Z�f�_�l�j�u 
�j�_�`�b�f�Z �I�E�K �k�m�s�_�k�l�\�_�g�g�h �\�e�b�y�x�l �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ 
�l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6. �G�Z�i�j�b�f�_�j, �m�\�_�e�b�q�_�g�b�_ �k�d�h�j�h�k�l�b �k�d�Z�g�b�j�h�\�Z�g�b�y �k 1100 
�^�h 2500 �f�f /�k �i�j�b�\�h�^�b�l �d �k�g�b�`�_�g�b�x �\�j�_�f�_�g�g�h�]�h �k�h�i�j�h�l�b�\�e�_�g�b�y �k 1250 �^�h 
1050 �F�I�Z, �Z �i�h�\�u�r�_�g�b�_ �f�h�s�g�h�k�l�b �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �h�l 110 �^�h 250 �<�l �i�h�a-
�\�h�e�y�_�l �i�h�\�u�k�b�l�v �\�j�_�f�_�g�g�h�_ �k�h�i�j�h�l�b�\�e�_�g�b�_ �k 950 �^�h 1230 �F�I�Z.  

�B�a �Z�g�Z�e�b�a�Z �j�_�a�m�e�v�l�Z�l�h�\ �i�j�h�\�_�^�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e�b �h�i�j�_�^�_�e�_�g�u 
�h�i�l�b�f�Z�e�v�g�u�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �i�Z�j�Z�f�_�l�j�u �i�j�h�p�_�k�k�Z �I�E�K, �d�h�l�h�j�u�_ �h�[�_�k�i�_�q�b-
�\�Z�x�l �g�Z�b�e�m�q�r�_�_ �k�h�q�_�l�Z�g�b�_ �l�Z�d�b�o �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �d�Z�d 
�i�e�h�l�g�h�k�l�v, �i�j�h�q�g�h�k�l�v �b �i�e�Z�k�l�b�q�g�h�k�l�v: �k�d�h�j�h�k�l�v �k�d�Z�g�b�j�h�\�Z�g�b�y 1800 �f�f /�k; 
�f�h�s�g�h�k�l�v �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y 170 �<�l; �l�h�e�s�b�g�Z �k�e�h�y 30 �f�d�f; �j�Z�k�k�l�h�y�g�b�_ 
�f�_�`�^�m �e�b�g�b�y�f�b �r�l�j�b�o�h�\�d�b 80 �f�d�f; �l�Z�d�l�b�d�Z �r�l�j�b�o�h�\�d�b �Å �i�h�\�h�j�h�l �e�b�g�b�c �a�Z-
�r�l�j�b�o�h�\�d�b �k�_�q�_�g�b�y �g�Z 67° �\ �d�Z�`�^�h�f �i�h�k�e�_�^�m�x�s�_�f �k�e�h�_; �l�_�f�i�_�j�Z�l�m�j�Z �i�e�Z�l-
�n�h�j�f�u 120 °�K. 

�B�a�]�h�l�h�\�e�_�g�g�u�_ �i�h �w�l�h�f�m �j�_�`�b�f�m �I�E�K-�h�[�j�Z�a�p�u �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6 
�h�[�e�Z�^�Z�x�l �k�e�_�^�m�x�s�b�f�b �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b: �i�j�_�^�_�e �i�j�h�q�g�h�k�l�b 
�k�h�k�l�Z�\�e�y�_�l �g�_ �f�_�g�_�_ 1200 �F�I�Z, �m�k�e�h�\�g�u�c �i�j�_�^�_�e �l�_�d�m�q�_�k�l�b �g�_ �f�_�g�_�_ 
1160 �F�I�Z, �h�l�g�h�k�b�l�_�e�v�g�h�_ �m�^�e�b�g�_�g�b�_ �i�h�k�e�_ �j�Z�a�j�u�\�Z – 8 %, �h�l�g�h�k�b�l�_�e�v�g�Z�y 
�i�e�h�l�g�h�k�l�v 99,5 %, �f�h�^�m�e�v �k�^�\�b�]�Z �g�_ �f�_�g�_�_ 38 �=�I�Z, �l�\�_�j�^�h�k�l�v �g�_ �f�_�g�_�_ 41 
HRC, �f�b�d�j�h�l�\�_�j�^�h�k�l�v �g�_ �f�_�g�_�_ 3,8 �=�I�Z, �k�j�_�^�g�b�c �m�k�e�h�\�g�u�c �j�Z�a�f�_�j �a�_�j�g�Z �b�k-
�o�h�^�g�h�c ��-�n�Z�a�u �k�h�k�l�Z�\�e�y�_�l 50 �f�d�f, �f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h�c 
�i�e�h�l�g�h�k�l�b – 99,5 %. 
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�H�[�j�Z�a�p�u �b�a�]�h�l�Z�\�e�b�\�Z�e�b�k�v «�\ �j�Z�a�f�_�j» (�i�h�\�_�j�o�g�h�k�l�v �j�Z�[�h�q�_�c �p�b�e�b�g�^�j�b-
�q�_�k�d�h�c �q�Z�k�l�b �h�[�j�Z�a�p�h�\ �i�h�k�e�_ �b�a�]�h�l�h�\�e�_�g�b�y �g�_ �i�h�^�\�_�j�]�Z�e�Z�k�v �^�h�i�h�e�g�b�l�_�e�v�g�h�c 
�f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_) �b �i�h�k�e�_ �b�a�]�h�l�h�\�e�_�g�b�y �g�_ �l�_�j�f�h�h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v. 

 
2.2. �B�k�i�u�l�Z�g�b�y �h�[�j�Z�a�p�h�\ �g�Z �j�Z�k�l�y�`�_�g�b�_ �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z 
�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �I�E�K-�k�i�e�Z�\�Z �<�L6 �b �\�e�b�y�g�b�_ �g�Z �g�b�o �\�h�a�^�_�c�k�l�\�b�y 

�\�h�^�h�j�h�^�Z �h�i�j�_�^�_�e�_�g�u �i�h �j�_�a�m�e�v�l�Z�l�Z�f �b�k�i�u�l�Z�g�b�c �p�b�e�b�g�^�j�b�q�_�k�d�b�o �h�[�j�Z�a�p�h�\ �g�Z 
�j�Z�k�l�y�`�_�g�b�_ �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z �b �]�_�e�b�y �i�j�b �^�Z�\�e�_�g�b�b 80 �F�I�Z �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f-
�i�_�j�Z�l�m�j �h�l 20 °�K �^�h 600 °�K. �K�d�h�j�h�k�l�v �^�_�n�h�j�f�Z�p�b�b �h�[�j�Z�a�p�h�\ �i�j�b �b�k�i�u�l�Z�g�b�y�o 
�k�h�k�l�Z�\�e�y�e�Z 2·10–3 �k–1. �H�i�b�k�Z�g�b�_ �m�k�l�Z�g�h�\�d�b �b �f�_�l�h�^�b�d�b �i�j�h�\�_�^�_�g�b�y �b�k�i�u�l�Z�g�b�c 
�h�[�j�Z�a�p�h�\ �g�Z �j�Z�k�l�y�`�_�g�b�_ �\ �]�Z�a�h�\�u�o �k�j�_�^�Z�o �i�j�b �^�Z�\�e�_�g�b�b 80 �F�I�Z �i�j�b�\�_�^�_�g�u 
�\ �j�Z�[�h�l�Z�o [4, 5].  

�<�e�b�y�g�b�_ �\�h�^�h�j�h�^�Z �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ (�i�j�_�^�_�e 
�i�j�h�q�g�h�k�l�b �1�\, �i�j�_�^�_�e �l�_�d�m�q�_�k�l�b �10.2, �h�l�g�h�k�b�l�_�e�v�g�h�_ �m�^�e�b�g�_�g�b�_ �i�h�k�e�_ �j�Z�a�j�u-
�\�Z �/, �h�l�g�h�k�b�l�_�e�v�g�h�_ �k�m�`�_�g�b�_ �i�h�k�e�_ �j�Z�a�j�u�\�Z �%) �^�e�y �d�Z�`�^�h�c �l�_�f�i�_�j�Z�l�m�j�u �b�k�i�u-
�l�Z�g�b�c �h�p�_�g�b�\�Z�e�h�k�v �i�j�b �i�h�f�h�s�b �m�k�e�h�\�g�h�]�h �i�h�d�Z�a�Z�l�_�e�y �û(�O), �\�_�e�b�q�b�g�Z �d�h�l�h�j�h-
�]�h �\�u�q�b�k�e�y�e�Z�k�v �i�h �n�h�j�f�m�e�_ (1): 
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�]�^�_ HeX – �k�j�_�^�g�_�_ �Z�j�b�n�f�_�l�b�q�_�k�d�h�_ �a�g�Z�q�_�g�b�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �o�Z�j�Z�d�l�_�j�b�k�l�b-

�d�b, �i�h�e�m�q�_�g�g�h�_ �i�j�b �b�k�i�u�l�Z�g�b�y�o �\ �]�_�e�b�b; 2HX   – �l�h �`�_ �k�Z�f�h�_ �i�j�b �b�k�i�u�l�Z�g�b�y�o 
�\ �\�h�^�h�j�h�^�_. 

�B�k�i�u�l�Z�g�b�y �i�j�h�\�h�^�b�e�b�k�v �i�h �k�e�_�^�m�x�s�_�c �k�o�_�f�_. �I�h�k�e�_ �f�h�g�l�Z�`�Z �h�[�j�Z�a�p�Z 
�\ �d�Z�f�_�j�m �\�u�k�h�d�h�]�h �^�Z�\�e�_�g�b�y �b �_�_ �]�_�j�f�_�l�b�a�Z�p�b�b �m�k�l�Z�g�h�\�d�Z �b �_�_ �]�Z�a�h�\�u�_ �d�h�f�f�m-
�g�b�d�Z�p�b�b �\�Z�d�m�m�f�b�j�h�\�Z�e�b�k�v �^�h �h�k�l�Z�l�h�q�g�h�]�h �^�Z�\�e�_�g�b�y 1 �I�Z, �Z �a�Z�l�_�f �l�j�b�`�^�u 
�i�j�h�f�u�\�Z�e�b�k�v �]�_�e�b�_�f �i�j�b �^�Z�\�e�_�g�b�b �h�l 0,5 �^�h 1,0 �F�I�Z. �I�h�k�e�_ �g�Z�]�j�_�\�Z �h�l�\�Z�d�m�m-
�f�b�j�h�\�Z�g�g�h�c �d�Z�f�_�j�u �k �h�[�j�Z�a�p�h�f �^�h �l�_�f�i�_�j�Z�l�m�j�u �b�k�i�u�l�Z�g�b�c, �\ �g�_�_ �g�Z�i�m�k�d�Z�e�k�y 
�]�Z�a (�\�h�^�h�j�h�^ �b�e�b �]�_�e�b�c) �i�h� ̂ �^�Z�\�e�_�g�b�_�f 80 �F�I�Z. �I�j�b �b�k�i�u�l�Z�g�b�y�o �b�k�i�h�e�v�a�h-
�\�Z�e�k�y �]�Z�a�h�h�[�j�Z�a�g�u�c �\�h�^�h�j�h�^ �=�H�K�L 3022-80 �f�Z�j�d�b «�: ». 

�<�u�i�h�e�g�y�e�b�k�v �^�\�Z �l�b�i�Z �b�k�i�u�l�Z�g�b�c – �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�_ �b �q�Z�k�h�\�u�_. �I�j�b 
�d�j�Z�l�d�h�\�j�_�f�_�g�g�u�o �b�k�i�u�l�Z�g�b�y�o �\�j�_�f�y �\�h�a�^�_�c�k�l�\�b�y �]�Z�a�h�\�h�c �k�j�_�^�u �b �l�_�f�i�_�j�Z�l�m-
�j�u �g�Z �h�[�j�Z�a�_�p �^�h �g�Z�q�Z�e�Z �_�]�h �j�Z�k�l�y�`�_�g�b�y �k�h�k�l�Z�\�e�y�e�h 5 �f�b�g�m�l. �Q�Z�k�h�\�u�_ �b�k�i�u�l�Z-
�g�b�y �i�j�h�\�h�^�b�e�b�k�v �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K. �<�j�_�f�y �\�h�a�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �b �l�_�f-
�i�_�j�Z�l�m�j�u �g�Z �h�[�j�Z�a�_�p �^�h �g�Z�q�Z�e�Z �_�]�h �j�Z�k�l�y�`�_�g�b�y �i�j�b �q�Z�k�h�\�u�o �b�k�i�u�l�Z�g�b�y�o �k�h-
�k�l�Z�\�e�y�e�h 2, 4 �b 5 �q�Z�k�h�\. 

3. �J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �b �b�o �h�[�k�m�`�^�_�g�b�_ 

3.1. �J�_�a�m�e�v�l�Z�l�u �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�o �b�k�i�u�l�Z�g�b�c �g�Z �j�Z�k�l�y�`�_�g�b�_ 
�K�j�_�^�g�b�_ �i�h �l�j�_�f �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�f �b�k�i�u�l�Z�g�b�y�f (�\�j�_�f�y �\�h�a�^�_�c�k�l�\�b�y �b�k-

�i�u�l�Z�l�_�e�v�g�h�c �k�j�_�^�u �b �l�_�f�i�_�j�Z�l�m�j�u �g�Z �h�[�j�Z�a�p�u �^�h �g�Z�q�Z�e�Z �b�o �j�Z�k�l�y�`�_�g�b�y �k�h-
�k�l�Z�\�e�y�e�h 5 �f�b�g�m�l) �a�g�Z�q�_�g�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �I�E�K-
�h�[�j�Z�a�p�h�\ �b�a �k�i�e�Z�\�Z �<�L6, �i�h�e�m�q�_�g�g�u�_ �^�e�y �d�Z�`�^�h�c �l�_�f�i�_�j�Z�l�m�j�u �\ �]�_�e�b�b �b �\�h�^�h-
�j�h�^�_ �i�j�b �^�Z�\�e�_�g�b�b 80 �F�I�Z, �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 1 �b �g�Z �j�b�k. 2, 3. 
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�I�E�K-�h�[�j�Z�a�p�u �b�a �k�i�e�Z�\�Z �<�L6 (�b�k�i�u�l�Z�g�g�u�_ �\ �]�_�e�b�b �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f-
�i�_�j�Z�l�m�j�_) �h�[�e�Z�^�Z�x�l �\�u�k�h�d�b�f �m�j�h�\�g�_�f �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\: �1�\ = 1220 �F�I�Z, 
�10,2 = 1020 �F�I�Z, �/ = 10 % �b �% = 37 %. �I�h�e�m�q�_�g�g�u�_ �a�g�Z�q�_�g�b�y �g�_ �g�b�`�_, �q�_�f 
�m �k�i�e�Z�\�Z �<�L6, �b�a�]�h�l�h�\�e�_�g�g�h�]�h �i�h �l�j�Z�^�b�p�b�h�g�g�u�f �l�_�o�g�h�e�h�]�b�y�f, �b �k�h�h�l�\�_�l�k�l�\�m-
�x�l �l�j�_�[�h�\�Z�g�b�y�f �k�m�s�_�k�l�\�m�x�s�b�o �g�h�j�f (�k�f. �l�Z�[�e. 2).  

�< �l�Z�[�e. 1 �i�j�b�\�_�^�_�g�u �a�g�Z�q�_�g�b�y �h�l�g�h�k�b�l�_�e�v�g�h�]�h �k�g�b�`�_�g�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d 
�f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6 (�i�h�d�Z�a�Z�l�_�e�v �û(�O)), �\�u�a�\�Z�g-
�g�h�]�h �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�f �\�h�a�^�_�c�k�l�\�b�_�f �\�h�^�h�j�h�^�Z. 

�D�Z�d �\�b�^�g�h �b�a �l�Z�[�e. 1, �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�_ �\�h�a�^�_�c�k�l�\�b�_ �\�h�^�h�j�h�^�Z �g�_ �h�d�Z�a�Z�e�h 
�k�m�s�_�k�l�\�_�g�g�h�]�h �\�e�b�y�g�b�y �g�Z �i�j�h�q�g�h�k�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z-
�\�Z �<�L6 �^�h �l�_�f�i�_�j�Z�l�m�j�u 400 °�K. �<�_�e�b�q�b�g�u �i�Z�j�Z�f�_�l�j�Z �û�1�\ �’  ± 2,5 % �\ �b�g�l�_�j�\�Z-
�e�_ �l�_�f�i�_�j�Z�l�m�j �h�l �d�h�f�g�Z�l�g�h�c �^�h �i�e�x�k 400 °�K, �Z �i�Z�j�Z�f�_�l�j�Z �û�10,2 �” 3,3 % �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�Z�o �h�l �i�e�x�k 200 °�K �^�h �i�e�x�k 400 °�K (�q�l�h �g�_ �i�j�_�\�u�r�Z�_�l �i�h�]�j�_�r�g�h�k�l�v 
�b�a�f�_�j�_�g�b�y – ± 4,7 %). 

�I�j�b �l�_�f�i�_�j�Z�l�m�j�_ 500 °�K �\�h�a�^�_�c�k�l�\�b�_ �\�h�^�h�j�h�^�Z �\�u�a�\�Z�e�h �k�g�b�`�_�g�b�_ �i�j�h�q-
�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b �\ �f�Z�d�k�b�f�Z�e�v�g�h�c �k�l�_�i�_�g�b �w�l�h �k�g�b�`�_�g�b�_ �i�j�h�y�\�b�e�h�k�v 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K – �û�1�\ = 34 % �b �û�10,2 = 36 %. 
 

�L�Z�[ �e�b�p�Z 1 
 

�J�_�a�m�e�v�l�Z�l�u �b�k�i�u�l�Z�g�b�c �I�E�K-�h�[�j�Z�a�p�h�\ �b�a �k�i�e�Z�\�Z �<�L6 �g�Z �j�Z�k�l�y�`�_�g�b�_ �\ �]�_�e�b�b 
�b �\�h�^�h�j�h�^�_ �i�j�b �^�Z�\�e�_�g�b�b 80 �F�i�Z 

 

�L, 
0�K 

�1�\, �F�I�Z �û�1�\, 
% 

�10,2, �F�I�Z �û�10,2,
% 

�/, % �û�/, 
% 

�%, % �û�%, 
% �G�_ �G2 �G�_ �G2 �G�_ �G2 �G�_ �G2 

20 1220 1240 -1,6* 1020 1120 -9,8 10 9 10 37 32 13,5 
200 980 960 2 900 870 3,3 12,5 12,5 0 57 59 -3,5 
300 920 930 -1 840 830 1,2 12 13 -8 62 62 0 
400 880 860 2,3 790 780 1,3 13 12,5 3,8 65 82 -26 
500 720 630 12,5 620 530 14,5 31 41 -32 98 98 -1,9 
600 380 250 34 320 205 36 64 56 12,5 99,9 99,9 0 

* – �a�g�Z�d «-» �m �i�h�d�Z�a�Z�l�_�e�y �û(�O) �h�a�g�Z�q�Z�_�l �g�_ �k�g�b�`�_�g�b�_, �Z �m�\�_�e�b�q�_�g�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
  �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z 
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�K�j�Z�\�g�_�g�b�_ �i�h�e�m�q�_�g�g�u�o �k�\�h�c�k�l�\ �I�E�K-�h�[�j�Z�a�p�h�\ �k �l�j�_�[�h�\�Z�g�b�y�f�b �k�l�Z�g�^�Z�j�l�h�\ 
 

�B�k�l�h�q�g�b�d �K�i�e�Z�\ 
�1�\ �10,2 �/ �% 

�F�I�Z % 
�>�Z�g�g�Z�y �j�Z�[�h�l�Z 

(�b�k�i�u�l�Z�g�b�y �\ �]�_�e�b�b  
�i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_) 
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�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �m�q�b�l�u�\�Z�y �h�[�s�b�c �\�b� ̂�l�_�f�i�_�j�Z�l�m�j�g�h�c �a�Z�\�b�k�b�f�h�k�l�b 

�i�Z�j�Z�f�_�l�j�h�\ �û�1�\ �b �û�10,2, �m�\�_�e�b�q�_�g�b�_ �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �m�k�e�h�\�g�h�]�h 
�i�j�_�^�_�e�Z �l�_�d�m�q�_�k�l�b �\ �\�h�^�h�j�h�^�_ �g�Z 9,8 % �g�_�e�v�a�y �l�j�Z�d�l�h�\�Z�l�v �d�Z�d �m�i�j�h�q�g�_�g�b�_, �\�u-
�a�\�Z�g�g�h�_ �\�h�a�^�_�c�k�l�\�b�_�f �\�h�^�h�j�h�^�Z, �Z, �k�d�h�j�_�_ �\�k�_�]�h, �k�\�y�a�Z�g�h �k �i�j�h�y�\�e�_�g�b�_�f �g�_�k�l�Z-
�[�b�e�v�g�h�k�l�b �k�\�h�c�k�l�\ �i�h�j�h�r�d�h�\�h�]�h �f�_�l�Z�e�e�Z.  

�I�h �w�l�h�c �`�_ �i�j�b�q�b�g�_, �i�h-�\�b�^�b�f�h�f�m, �\ �h�l�e�b�q�b�_ �h�l �i�j�h�q�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_-
�j�b�k�l�b�d �\�e�b�y�g�b�_ �\�h�^�h�j�h�^�Z �g�Z �i�e�Z�k�l�b�q�g�h�k�l�v �k�i�e�Z�\�Z �<�L6 �g�_ �k�l�h�e�v �h�^�g�h�a�g�Z�q�g�h. 
�A�Z�f�_�l�g�h�_ �k�g�b�`�_�g�b�_ �i�e�Z�k�l�b�q�g�h�k�l�b, �\�u�a�\�Z�g�g�h�_ �\�h�a�^�_�c�k�l�\�b�_�f �\�h�^�h�j�h�^�Z, �g�Z�[�e�x-
�^�Z�_�l�k�y �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ (�û�/ = 10 % �b �û�% = 13,5 %). �< �b�g�l�_�j�\�Z�e�_ 
�l�_�f�i�_�j�Z�l�m�j �h�l �i�e�x�k 200 °�K �^�h �i�e�x�k 500 °�K �\�h�^�h�j�h�^ �h�l�j�b�p�Z�l�_�e�v�g�h�]�h �\�e�b�y�g�b�y 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�e�Z�k�l�b�q�g�h�k�l�b �g�_ �h�d�Z�a�Z�e. �I�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K �h�l�f�_�q�Z�_�l�k�y 
�\�u�a�\�Z�g�g�h�_ �\�h�^�h�j�h�^�h�f �m�f�_�g�v�r�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h�]�h �m�^�e�b�g�_�g�b�y �g�Z �û�/ = 12,5 % 
�i�j�b �l�h�f, �q�l�h �i�h �Z�[�k�h�e�x�l�g�h�c �\�_�e�b�q�b�g�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �/ �h�k�l�Z�_�l�k�y �g�Z �\�u�k�h�d�h�f 
�m�j�h�\�g�_ �/ = 56 %, �Z �h�l�g�h�k�b�l�_�e�v�g�h�_ �k�m�`�_�g�b�_ �[�e�b�a�d�h �d 100 %. 

�L�Z�d�`�_ �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �f�Z�e�h�\�_�j�h�y�l�g�u�f, �q�l�h �b�f�_�g�g�h �\�h�a�^�_�c�k�l�\�b�_ �\�h�^�h�j�h-
�^�Z �\�u�a�\�Z�e�h �m�\�_�e�b�q�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h�]�h �k�m�`�_�g�b�y �g�Z 26 % �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
400 °�K �b �m�\�_�e�b�q�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h�]�h �m�^�e�b�g�_�g�b�y �g�Z 32 % �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
500 °�K (�k�f. �l�Z�[�e. 1). �D �i�j�b�f�_�j�m, �_�k�e�b �\ �l�Z�[�e. 1 �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 400 °�K �j�Z�k-
�k�f�Z�l�j�b�\�Z�l�v �k�h�\�f�_�k�l�g�h �i�h�d�Z�a�Z�l�_�e�b �û�/ �b �û�%, �l�h �f�h�`�g�h �a�Z�f�_�l�b�l�v, �q�l�h �h�^�g�h�\�j�_-
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�f�_�g�g�h �k �j�h�k�l�h�f �h�l�g�h�k�b�l�_�e�v�g�h�]�h �k�m�`�_�g�b�y �g�Z�[�e�x�^�Z�_�l�k�y �m�f�_�g�v�r�_�g�b�_ �h�l�g�h�k�b-
�l�_�e�v�g�h�]�h �m�^�e�b�g�_�g�b�y. �W�l�h �f�h�`�_�l �[�u�l�v �\�u�a�\�Z�g�h �g�_ �k�l�h�e�v�d�h �\�h�a�^�_�c�k�l�\�b�_�f �\�h�^�h-
�j�h�^�Z, �k�d�h�e�v�d�h �[�h�e�_�_ �j�Z�g�g�_�c �e�h�d�Z�e�b�a�Z�p�b�_�c �^�_�n�h�j�f�Z�p�b�b �i�j�b �b�k�i�u�l�Z�g�b�y�o �h�[�j�Z�a-
�p�h�\ �\ �\�h�^�h�j�h�^�_ �k �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f �m�f�_�g�v�r�_�g�b�_�f �j�Z�\�g�h�f�_�j�g�h�c �^�_�n�h�j�f�Z�p�b�b 
�i�j�b �k�h�o�j�Z�g�_�g�b�b �k�m�f�f�Z�j�g�h�c �i�e�Z�k�l�b�q�g�h�k�l�b. 

�I�h�^�\�h�^�y �b�l�h�] �\�u�r�_�k�d�Z�a�Z�g�g�h�f�m, �f�h�`�g�h �k�^�_�e�Z�l�v �h�[�h�[�s�Z�x�s�b�c �\�u�\�h�^. 
�< �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j �h�l �d�h�f�g�Z�l�g�h�c �^�h �i�e�x�k 600 °�K �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z 
�h�[�j�Z�a�p�h�\ �b�a �i�h�j�h�r�d�Z �k�i�e�Z�\�Z �<�L6, �b�a�]�h�l�h�\�e�_�g�g�u�o �i�h �l�_�o�g�h�e�h�]�b�b �I�E�K, �g�Z�o�h-
�^�y�l�k�y �g�Z �\�u�k�h�d�h�f �m�j�h�\�g�_ �b �g�_ �m�k�l�m�i�Z�x�l �Z�g�Z�e�h�]�b�q�g�u�f �k�\�h�c�k�l�\�Z�f �k�i�e�Z�\�Z �<�L6, 
�i�h�e�m�q�_�g�g�h�]�h �i�h �l�j�Z�^�b�p�b�h�g�g�u�f �l�_�o�g�h�e�h�]�b�y�f. �D�j�Z�l�d�h�\�j�_�f�_�g�g�h�_ �\�h�a�^�_�c�k�l�\�b�_ 
�\�h�^�h�j�h�^�Z �i�j�b �^�Z�\�e�_�g�b�b 80 �F�I�Z �g�_ �h�d�Z�a�Z�e�h �k�m�s�_�k�l�\�_�g�g�h�]�h �\�e�b�y�g�b�y �g�Z �i�e�Z-
�k�l�b�q�g�h�k�l�v �I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6 �\ �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j �h�l �d�h�f�g�Z�l�g�h�c  
�^�h �i�e�x�k 600 °�K, �Z �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�q�g�h�k�l�b �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �h�l �d�h�f�g�Z�l-
�g�h�c �^�h �i�e�x�k 400 °�K. �I�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 500 °�K �b 600 °�K �\�h�a�^�_�c�k�l�\�b�_ �\�h�^�h�j�h�^�Z 
�i�j�b�\�_�e�h �d �k�g�b�`�_�g�b�x �k�h�i�j�h�l�b�\�e�_�g�b�y �^�_�n�h�j�f�Z�p�b�b �\ �\�h�^�h�j�h�^�_ �b �\ �f�Z�d�k�b�f�Z�e�v-
�g�h�c �k�l�_�i�_�g�b �w�l�h �k�g�b�`�_�g�b�_ �i�j�h�y�\�b�e�h�k�v �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K – �û�1�\ = 34 %  
�b �û�10,2 = 36 %. �H�^�g�Z�d�h, �g�_�k�f�h�l�j�y �g�Z �k�m�s�_�k�l�\�_�g�g�h�_ �i�Z�^�_�g�b�_ �i�j�h�q�g�h�k�l�g�u�o �o�Z-
�j�Z�d�l�_�j�b�k�l�b�d �\ �\�h�^�h�j�h�^�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K, �h�l�g�h�k�b�l�_�e�v�g�h�_ �k�m�`�_�g�b�_ 
�I�E�K-�h�[�j�Z�a�p�h�\ �i�j�b �w�l�h�c �l�_�f�i�_�j�Z�l�m�j�_ �h�d�Z�a�Z�e�h�k�v �g�_�q�m�\�k�l�\�b�l�_�e�v�g�u�f �d �\�h�a�^�_�c-
�k�l�\�b�x �\�h�^�h�j�h�^�Z �b �k�h�k�l�Z�\�b�e�h �% �§ 100 %. 

 
 
3.2. �J�_�a�m�e�v�l�Z�l�u �q�Z�k�h�\�u�o �b�k�i�u�l�Z�g�b�c �g�Z �j�Z�k�l�y�`�_�g�b�_ �\ �\�h�^�h�j�h�^�_ 
�L�b�l�Z�g �y�\�e�y�_�l�k�y �]�b�^�j�b�^�h�h�[�j�Z�a�m�x�s�b�f �f�_�l�Z�e�e�h�f. �I�h�w�l�h�f�m �^�e�y �k�i�e�Z�\�h�\ �g�Z 

�h�k�g�h�\�_ �l�b�l�Z�g�Z �i�j�b �d�h�g�l�Z�d�l�_ �k �\�h�^�h�j�h�^�h�f �k�m�s�_�k�l�\�m�_�l �h�i�Z�k�g�h�k�l�v �i�_�j�_�o�h�^�Z 
�\ �o�j�m�i�d�h�_ �k�h�k�l�h�y�g�b�_ �a�Z �k�q�_�l �h�[�j�Z�a�h�\�Z�g�b�y �o�j�m�i�d�h�c �]�b�^�j�b�^�g�h�c �n�Z�a�u. �D�Z�d �h�l�f�_-
�q�Z�_�l�k�y �\ �j�Z�[�h�l�Z�o [9], [10] �\ �^�\�m�o�n�Z�a�g�u�o (�.+��)-�l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�Z�o �h�[�j�Z�a�m�_�l�k�y  
�/-�]�b�^�j�b�^ �k �].�p.�d. �j�_�r�_�l�d�h�c �l�b�i�Z CaF2. �H�[�j�Z�a�h�\�Z�g�b�_ �]�b�^�j�b�^�g�h�c �n�Z�a�u �i�j�h�b�k�o�h-
�^�b�l, �d�h�]�^�Z �d�h�g�p�_�g�l�j�Z�p�b�y �\�h�^�h�j�h�^�Z �\ �k�i�e�Z�\�_ �i�j�_�\�u�r�Z�_�l �g�_�d�h�l�h�j�m�x �d�j�b�l�b�q�_-
�k�d�m�x �\�_�e�b�q�b�g�m. 

�K�h�]�e�Z�k�g�h �j�Z�[�h�l�_ [11], �i�j�h�p�_�k�k �i�h�]�e�h�s�_�g�b�y �\�h�^�h�j�h�^�Z �l�b�l�Z�g�h�\�u�f�b �k�i�e�Z-
�\�Z�f�b �b�f�_�_�l �k�b�e�v�g�m�x �a�Z�\�b�k�b�f�h�k�l�v �g�_ �l�h�e�v�d�h �h�l �l�_�f�i�_�j�Z�l�m�j�u �b �^�Z�\�e�_�g�b�y �\�h�^�h-
�j�h�^�Z, �g�h �b �h�l �j�y�^�Z �n�Z�d�l�h�j�h�\ (�k�h�k�l�Z�\ �b �d�h�e�b�q�_�k�l�\�h �i�j�b�f�_�k�_�c �\ �]�Z�a�_ �b �k�Z�f�h�f �f�_-
�l�Z�e�e�_, �\�h�a�f�h�`�g�h�k�l�v �h�[�j�Z�a�h�\�Z�g�b�y �l�h�g�d�h�c �]�b�^�j�b�^�g�h�c �i�e�_�g�d�b �g�Z �i�h�\�_�j�o�g�h�k�l�b 
�f�_�l�Z�e�e�Z, �l�h�j�f�h�a�y�s�_�c �i�j�h�p�_�k�k �i�h�]�e�h�s�_�g�b�y �\�h�^�h�j�h�^�Z) �b �i�j�_�`�^�_ �\�k�_�]�h – �h�l �l�h�e-
�s�b�g�u �b �k�l�j�h�_�g�b�y �h�d�b�k�g�h�c �i�e�_�g�d�b. �I�j�b �\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j�Z�o (�\�u�r�_ 
�§ 400 °�K) �q�_�j�_�a �h�i�j�_�^�_�e�_�g�g�h�_ �\�j�_�f�y �w�l�Z �i�e�_�g�d�Z �b�e�b �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �\�h�^�h-
�j�h�^�h�f, �b�e�b �j�Z�a�j�m�r�Z�_�l�k�y �\�k�e�_�^�k�l�\�b�_ �^�b�n�n�m�a�b�b �d�b�k�e�h�j�h�^�Z �\�]�e�m�[�v �f�_�l�Z�e�e�Z, 
�\ �j�_�a�m�e�v�l�Z�l�_ �q�_�]�h �k�d�h�j�h�k�l�v �i�h�]�e�h�s�_�g�b�y �j�_�a�d�h �m�\�_�e�b�q�b�\�Z�_�l�k�y.  

�G�Z �j�b�k. 4 �i�j�_�^�k�l�Z�\�e�_�g�Z �\�j�_�f�_�g�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �i�Z�^�_�g�b�y �^�Z�\�e�_�g�b�y �\�h�^�h-
�j�h�^�Z �\ �d�Z�f�_�j�_ �k �h�[�j�Z�a�p�h�f �b�a �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z Ti-6Al-4V �i�j�b �g�Z�q�Z�e�v�g�h�f �^�Z�\-
�e�_�g�b�b 4 �F�I�Z �b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K [12]. �A�Z�f�_�l�g�h�_ �i�Z�^�_�g�b�_ �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z, 
�h�[�m�k�e�h�\�e�_�g�g�h�_ �i�h�]�e�h�s�_�g�b�_�f �\�h�^�h�j�h�^�Z �l�b�l�Z�g�h�\�u�f �k�i�e�Z�\�h�f, �i�j�h�b�k�o�h�^�b�l 
�\ �^�b�Z�i�Z�a�h�g�_ �\�j�_�f�_�g�b �h�l 4 �^�h 5 �q�Z�k�h�\. 
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�J�b�k. 4. �A�Z�\�b�k�b�f�h�k�l�v �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z �\ �d�Z�f�_�j�_ �k �h�[�j�Z�a�p�h�f �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z  
Ti-6Al-4V �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K �h�l �\�j�_�f�_�g�b �\�u�^�_�j�`�d�b [12] 

 
�B�k�o�h�^�y �b�a �h�l�f�_�q�_�g�g�h�]�h �\�u�r�_, �q�l�h�[�u �h�p�_�g�b�l�v �\�j�_�f�_�g�g�m�x �]�j�Z�g�b�p�m �\�h�^�h-

�j�h�^�h�k�l�h�c�d�h�k�l�b �I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6, �[�u�e�b �i�j�h�\�_�^�_�g�u �b�o �q�Z�k�h�\�u�_ �b�k�i�u-
�l�Z�g�b�y �g�Z �j�Z�k�l�y�`�_�g�b�_ �i�j�b �^�Z�\�e�_�g�b�b �\�h�^�h�j�h�^�Z 80 �F�I�Z �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K  
�i�h�k�e�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y �g�Z �h�[�j�Z�a�p�u �l�_�f�i�_�j�Z�l�m�j�u �b �\�h�^�h�j�h�^�Z 
�\ �l�_�q�_�g�b�_ 2, 4 �b 5 �q�Z�k�h�\. �J�_�a�m�e�v�l�Z�l�u �q�Z�k�h�\�u�o �b�k�i�u�l�Z�g�b�c �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 3. 
�b �g�Z �j�b�k. 5. 

�I�h �j�_�a�m�e�v�l�Z�l�Z�f �q�Z�k�h�\�u�o �b�k�i�u�l�Z�g�b�c �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
600 °�K �\�h�a�^�_�c�k�l�\�b�_ �l�_�f�i�_�j�Z�l�m�j�u �b �\�h�^�h�j�h�^�Z �\ �l�_�q�_�g�b�_ �^�\�m�o �b �i�y�l�b �q�Z�k�h�\ �g�_ 
�h�d�Z�a�Z�e�h �k�m�s�_�k�l�\�_�g�g�h�]�h �\�e�b�y�g�b�y �g�Z �i�e�Z�k�l�b�q�g�h�k�l�v �I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6 
(�\�_�e�b�q�b�g�Z �% �§ 100 %), �g�h, �i�h �k�j�Z�\�g�_�g�b�x �k �j�_�a�m�e�v�l�Z�l�Z�f�b �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�o �b�k-
�i�u�l�Z�g�b�c �\ �\�h�^�h�j�h�^�_, �i�j�b�\�_�e�h �d �m�\�_�e�b�q�_�g�b�x �b�o �i�j�_�^�_�e�Z �i�j�h�q�g�h�k�l�b (�g�Z 56 % 
�b 80 % �k�h�h�l�\�_�l�k�l�\�_�g�g�h) �b �m�k�e�h�\�g�h�]�h �i�j�_�^�_�e�Z �l�_�d�m�q�_�k�l�b (�g�Z 68 % �b 93 % �k�h�h�l-
�\�_�l�k�l�\�_�g�g�h). 

�Q�_�l�u�j�_�o�q�Z�k�h�\�Z�y �\�u�^�_�j�`�d�Z �h�[�j�Z�a�p�h�\ �\ �\�h�^�h�j�h�^�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K 
�i�j�b�\�_�e�Z �d �b�o �f�Z�d�k�b�f�Z�e�v�g�h�f�m �m�i�j�h�q�g�_�g�b�x (�1�\ �m�\�_�e�b�q�b�e�k�y �g�Z 90 %, �Z �10,2 
�g�Z 149 %) �i�j�b �h�^�g�h�\�j�_�f�_�g�g�h�f �k�m�s�_�k�l�\�_�g�g�h�f �k�g�b�`�_�g�b�b �i�e�Z�k�l�b�q�g�h�k�l�b  
(�/ �g�Z 59 %, �Z �% – �g�Z 73 %). �<�b� ̂ �I�E�K-�h�[�j�Z�a�p�h�\ �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6 �i�h�k�e�_ 
�b�k�i�u�l�Z�g�b�c �g�Z �j�Z�k�l�y�`�_�g�b�_ �i�j�b�\�_�^�_�g �g�Z �j�b�k. 6. 
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�A�Z�\�b�k�b�f�h�k�l�v �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �I�E�K-�h�[�j�Z�a�p�h�\ �b�a �k�i�e�Z�\�Z �<�L6 �h�l �\�j�_�f�_�g�b 
�\�h�a�^�_�c�k�l�\�b�y �g�Z �g�b�o �l�_�f�i�_�j�Z�l�m�j�u 600 °�K �b �\�h�^�h�j�h�^�Z �i�j�b �^�Z�\�e�_�g�b�b 80 �F�i�Z 

 

�<�j�_�f�y �\�u�^�_�j�`�d�b 
�\ �\�h�^�h�j�h�^�_, �q�Z�k 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ 
�1�\ �10,2 �/ �% 

�F�I�Z % 
5 �f�b�g�m�l  
(�l�Z�[�e. 1) 250 205 56 99,9 

2 390 345 40 99,3 
4 580 510 23 27 
5 450 395 40 99,8 
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                                          (�Z)                                                                   (�[)   
 

�J�b�k. 5. �A�Z�\�b�k�b�f�h�k�l�v �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�h�q�g�h�k�l�b (�Z) �b �i�e�Z�k�l�b�q�g�h�k�l�b (�[) �I�E�K-�h�[�j�Z�a�p�h�\ 
�k�i�e�Z�\�Z �<�L6 �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K �h�l �\�j�_�f�_�g�b �\�u�^�_�j�`�d�b �\ �\�h�^�h�j�h�^�_ �i�j�b �^�Z�\�e�_�g�b�b  
                                                                    80 �F�I�Z 
 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �m�\�_�e�b�q�_�g�b�_ �i�j�h�q�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �I�E�K-
�h�[�j�Z�a�p�h�\ �i�j�b �q�Z�k�h�\�u�o �b�k�i�u�l�Z�g�b�y�o �y�\�e�y�_�l�k�y, �i�h-�\�b�^�b�f�h�f�m, �j�_�a�m�e�v�l�Z�l�h�f �\�h�a-
�^�_�c�k�l�\�b�y �l�_�f�i�_�j�Z�l�m�j�u, �Z �g�_ �\�h�^�h�j�h�^�Z. �H�^�g�Z�d�h �w�l�h �i�j�_�^�i�h�e�h�`�_�g�b�_ �l�j�_�[�m�_�l 
�i�j�h�\�_�j�d�b �b �[�h�e�_�_ �l�s�Z�l�_�e�v�g�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y. 
 

           
 

                                     (�Z)                                                                     (�[)      
 

      
 

                                    (�\)                                                                      (�])    
 
�J�b�k. 6. �<�b� ̂�I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6 �i�h�k�e�_ �b�k�i�u�l�Z�g�b�c �b�o �g�Z �j�Z�k�l�y�`�_�g�b�_ �\ �\�h�^�h�j�h�^�_ 
�i�j�b �^�Z�\�e�_�g�b�b 80 �F�I�Z �b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K �i�h�k�e�_ �\�h�a�^�_�c�k�l�\�b�y �l�_�f�i�_�j�Z�l�m�j�u �b �\�h�^�h- 
                          �j�h�^�Z �\ �l�_�q�_�g�b�_: �Z) 5 �f�b�g; �[) 2 �q�Z�k�Z; �\) 4 �q�Z�k�Z; �]) 5 �q�Z�k�h�\ 
 

�<�u�\�h�^�u 
 
�I�j�h�\�_�^�_�g�u �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �\�h�a�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �i�j�b �^�Z�\�e�_�g�b�b 

80 �F�I�Z �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l 20 °�K �^�h 600 °�K �g�Z �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z 
�l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6, �b�a�]�h�l�h�\�e�_�g�g�h�]�h �f�_�l�h�^�h�f �i�h�k�e�h�c�g�h�]�h �e�Z�a�_�j�g�h�]�h 
�k�i�e�Z�\�e�_�g�b�y, �\ �o�h�^�_ �d�h�l�h�j�u�o �m�k�l�Z�g�h�\�e�_�g�h �k�e�_�^�m�x�s�_�_: 

1. �<�h �\�k�_�f �b�g�l�_�j�\�Z�e�_ �b�k�i�u�l�Z�l�_�e�v�g�u�o �l�_�f�i�_�j�Z�l�m�j �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z 
�h�[�j�Z�a�p�h�\ �b�a �i�h�j�h�r�d�Z �k�i�e�Z�\�Z �<�L6, �b�a�]�h�l�h�\�e�_�g�g�u�o �i�h �l�_�o�g�h�e�h�]�b�b �I�E�K, �g�Z�o�h-
�^�y�l�k�y �g�Z �\�u�k�h�d�h�f �m�j�h�\�g�_ �b �g�_ �m�k�l�m�i�Z�x�l �Z�g�Z�e�h�]�b�q�g�u�f �k�\�h�c�k�l�\�Z�f �k�i�e�Z�\�Z, �i�h�e�m-
�q�_�g�g�h�]�h �i�h �l�j�Z�^�b�p�b�h�g�g�u�f �l�_�o�g�h�e�h�]�b�y�f. 

�L�j�_�s�b�g�u 
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2. �D�j�Z�l�d�h�\�j�_�f�_�g�g�h�_ (5 �f�b�g�m�l) �\�h�a�^�_�c�k�l�\�b�_ �\�h�^�h�j�h�^�Z �g�_ �h�d�Z�a�Z�e�h �k�m�s�_-
�k�l�\�_�g�g�h�]�h �\�e�b�y�g�b�y �g�Z �i�e�Z�k�l�b�q�g�h�k�l�v �I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6 �\�h �\�k�_�f �b�g�l�_�j-
�\�Z�e�_ �b�k�i�u�l�Z�l�_�e�v�g�u�o �l�_�f�i�_�j�Z�l�m�j, �Z �g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�q�g�h�k�l�b �i�j�b �l�_�f�i�_�j�Z-
�l�m�j�Z�o �h�l �d�h�f�g�Z�l�g�h�c �^�h �i�e�x�k 400 °�K. �I�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 500 °�K �b 600 °�K �\�h�a-
�^�_�c�k�l�\�b�_ �\�h�^�h�j�h�^�Z �i�j�b�\�_�e�h �d �k�g�b�`�_�g�b�x �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�h�q�g�h�k�l�b �b �\ �f�Z�d�k�b-
�f�Z�e�v�g�h�c �k�l�_�i�_�g�b �w�l�h �k�g�b�`�_�g�b�_ �i�j�h�y�\�b�e�h�k�v �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K (�1�\ �g�Z 
34 % �b �10,2 �g�Z 36 %). �H�^�g�Z�d�h, �g�_�k�f�h�l�j�y �g�Z �k�m�s�_�k�l�\�_�g�g�h�_ �i�Z�^�_�g�b�_ �i�j�h�q�g�h�k�l�g�u�o 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d �\ �\�h�^�h�j�h�^�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K, �h�l�g�h�k�b�l�_�e�v�g�h�_ �k�m�`�_�g�b�_ 
�I�E�K-�h�[�j�Z�a�p�h�\ �i�j�b �w�l�h�c �l�_�f�i�_�j�Z�l�m�j�_ �h�d�Z�a�Z�e�h�k�v �g�_�q�m�\�k�l�\�b�l�_�e�v�g�u�f �d �\�h�a�^�_�c-
�k�l�\�b�x �\�h�^�h�j�h�^�Z �b �k�h�k�l�Z�\�b�e�h �% �§ 100 %. 

3. �I�h �j�_�a�m�e�v�l�Z�l�Z�f �q�Z�k�h�\�u�o �b�k�i�u�l�Z�g�b�c �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �l�_�f�i�_�j�Z�l�m-
�j�_ 600 °�K �\�h�a�^�_�c�k�l�\�b�_ �l�_�f�i�_�j�Z�l�m�j�u �b �\�h�^�h�j�h�^�Z �\ �l�_�q�_�g�b�_ �^�\�m�o �b �i�y�l�b �q�Z�k�h�\ 
�g�_ �h�d�Z�a�Z�e�h �\�e�b�y�g�b�y �g�Z �i�e�Z�k�l�b�q�g�h�k�l�v �I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6, �g�h, �i�h �k�j�Z�\-
�g�_�g�b�x �k �j�_�a�m�e�v�l�Z�l�Z�f�b �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�o �b�k�i�u�l�Z�g�b�c �\ �\�h�^�h�j�h�^�_, �i�j�b�\�_�e�h 
�d �m�\�_�e�b�q�_�g�b�x �b�o �i�j�_�^�_�e�Z �i�j�h�q�g�h�k�l�b (�g�Z 56 % �b 80 % �k�h�h�l�\�_�l�k�l�\�_�g�g�h) 
�b �m�k�e�h�\�g�h�]�h �i�j�_�^�_�e�Z �l�_�d�m�q�_�k�l�b (�g�Z 68 % �b 93 % �k�h�h�l�\�_�l�k�l�\�_�g�g�h). �Q�_�l�u�j�_�o�q�Z-
�k�h�\�Z�y �\�u�^�_�j�`�d�Z �h�[�j�Z�a�p�h�\ �\ �\�h�^�h�j�h�^�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 °�K �i�j�b�\�_�e�Z  
�d �b�o �f�Z�d�k�b�f�Z�e�v�g�h�f�m �m�i�j�h�q�g�_�g�b�x (�1�\ �m�\�_�e�b�q�b�e�k�y �g�Z 90 %, �Z �10,2 �g�Z 149 %) �i�j�b 
�h�^�g�h�\�j�_�f�_�g�g�h�f �k�m�s�_�k�l�\�_�g�g�h�f �k�g�b�`�_�g�b�b �i�e�Z�k�l�b�q�g�h�k�l�b (�/5 �g�Z 59 %, �Z �% – �g�Z 
73 %). 

�J�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h�c �i�j�h�]�j�Z�f�f�u �G�Z�p�b�h�g�Z�e�v�g�h�]�h �p�_�g�l�j�Z 
�n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b, �g�Z�i�j�Z�\�e�_�g�b�_ �‹  8 «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z». 

 

�:�\�l�h�j�u �\�u�j�Z�`�Z�x�l �[�e�Z�]�h�^�Z�j�g�h�k�l�v �k�h�l�j�m�^�g�b�d�Z�f �G�b�`�_�]�h�j�h�^�k�d�h�]�h �]�h�k�m-
�^�Z�j�k�l�\�_�g�g�h�]�h �m�g�b�\�_�j�k�b�l�_�l�Z �b�f. �G. �B. �E�h�[�Z�q�_�\�k�d�h�]�h �K. �<. �R�h�l�b�g�m, �: . �<. �K�_�f�_-
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�J�h�k�k�b�c�k�d�b�c �n�_�^�_�j�Z�e�v�g�u�c �y�^�_�j�g�u�c �p�_�g�l�j – �<�k�_�j�h�k�k�b�c�k�d�b�c  

�g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �b�g�k�l�b�l�m�l �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �n�b�a�b�d�b,  
�i�j . �F�b�j�Z 37, �K�Z�j�h�\, �G�b�`�_�]�h�j�h�^�k�d�Z�y �h�[�e�Z�k�l�v, �J�h�k�k�b�y, 607188 

 
�< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�j�m�d�l�m-

�j�u �^�\�m�o �D�F (�k�l�Z�e�v 316L, �l�b�l�Z�g�h�\�u�c �k�i�e�Z�\ �<�L6), �b�a�]�h�l�h�\�e�_�g�g�u�o �i�h �l�_�o-
�g�h�e�h�]�b�b �I�E�K) �^�h �b �i�h�k�e�_ �b�k�i�u�l�Z�g�b�c �g�Z �j�Z�k�l�y�`�_�g�b�y �\ �\�h�^�h�j�h�^�_ �\�u�k�h�d�h�]�h 
�^�Z�\�e�_�g�b�y �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l �d�h�f�g�Z�l�g�h�c �^�h 873 K, �^�e�b�l�_�e�v�g�u�o 
(�^�h �k�h�l�_�g �q�Z�k�h�\) �b�k�i�u�l�Z�g�b�c �i�h �\�h�^�h�j�h�i�j�h�g�b�p�Z�_�f�h�k�l�b �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 
�h�l 673 �^�h 873 K, �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y �\ �w�l�h�f �`�_ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �i�j�b 
�^�Z�\�e�_�g�b�b 40 �F�I�Z �\ �l�_�q�_�g�b�_ �^�h 40 �q�Z�k�h�\. 

�I�h�d�Z�a�Z�g�h, �q�l�h �\ �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b �\ �j�_�a�m�e�v�l�Z�l�_ �[�u�k�l�j�u�o �g�Z�]�j�_-
�\�h�\ �b �h�o�e�Z�`�^�_�g�b�c �i�j�b �I�E�K �D�F �b�f�_�x�l �b�_�j�Z�j�o�b�q�_�k�d�m�x �k�l�j�m�d�l�m�j�m, �d�h�l�h-
�j�m�x �k�e�_�^�m�_�l �Z�g�Z�e�b�a�b�j�h�\�Z�l�v �g�Z �f�Z�d�j�h-, �f�_�a�h- �b �f�b�d�j�h�m�j�h�\�g�y�o. �<�e�b�y�g�b�_ 
�\�h�^�h�j�h�^�Z �g�Z �k�l�j�m�d�l�m�j�m �D�F �g�_ �m�k�l�Z�g�h�\�e�_�g�h. 

�<�\�_�^�_�g�b�_ 

�I�j�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ (�D�F) �k �\�h�^�h�j�h�^�h�f 
�b�o �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �f�h�]�m�l �m�o�m�^�r�Z�l�v�k�y �\�k�e�_�^�k�l�\�b�_ �y�\�e�_�g�b�y, �b�a�\�_�k�l�g�h�]�h 
�d�Z�d �\�h�^�h�j�h�^�g�h�_ �h�o�j�m�i�q�b�\�Z�g�b�_ (�<�H).  

�B�g�l�_�j�_�k �d �i�j�h�[�e�_�f�_ �\�e�b�y�g�b�y �\�h�^�h�j�h�^�Z �g�Z �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �D�F 
�k�\�y�a�Z�g �k �\�h�a�j�Z�k�l�Z�x�s�b�f�b �l�j�_�[�h�\�Z�g�b�y�f�b �d �g�Z�^�_�`�g�h�k�l�b �w�d�k�i�e�m�Z�l�Z�p�b�b �h�[�h�j�m�^�h-
�\�Z�g�b�y, �j�Z�[�h�l�Z�x�s�_�]�h �k �\�h�^�h�j�h�^�h�k�h�^�_�j�`�Z�s�b�f�b �k�j�_�^�Z�f�b �\ �j�Z�a�e�b�q�g�u�o �h�l�j�Z�k�e�y�o 
�i�j�h�f�u�r�e�_�g�g�h�k�l�b. �G�_�k�f�h�l�j�y �g�Z �f�g�h�]�h�e�_�l�g�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y �<�H �D�F, �f�_�o�Z�g�b�a-
�f�u �\�e�b�y�g�b�y �\�h�^�h�j�h�^�Z �g�Z �k�\�h�c�k�l�\�Z �D�F �^�h �d�h�g�p�Z �g�_ �\�u�y�k�g�_�g�u [1–5]. �L�Z�d�b�f �h�[-
�j�Z�a�h�f, �^�e�y �\�u�[�h�j�Z �D�F, �d�Z�d �i�j�Z�\�b�e�h, �l�j�_�[�m�_�l�k�y �i�j�h�\�_�^�_�g�b�_ �b�k�i�u�l�Z�g�b�c �w�l�b�o 
�f�Z�l�_�j�b�Z�e�h�\ �\ �m�k�e�h�\�b�y�o, �f�Z�d�k�b�f�Z�e�v�g�h �i�j�b�[�e�b�`�_�g�g�u�o �d �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�f. 

�< �f�g�h�]�h�e�_�l�g�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �k �D�F �[�u�e�b �j�Z�a-
�j�Z�[�h�l�Z�g�u �k�i�h�k�h�[�u �[�h�j�v�[�u �k �<�H [6]: 
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– �k�\�_�^�_�g�b�_ �d �f�b�g�b�f�m�f�m �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�_ �D�F �i�j�b �\�k�_�o �l�_�o�g�h�e�h�]�b�q�_-
�k�d�b�o �i�j�h�p�_�k�k�Z�o, �g�Z�q�b�g�Z�y �k �\�u�i�e�Z�\�d�b �k�e�b�l�d�h�\; 

– �\�\�_�^�_�g�b�_ �b�g�]�b�[�b�l�h�j�h�\ �\ �g�Z�\�h�^�h�j�h�`�b�\�Z�x�s�b�_ �j�Z�[�h�q�b�_ �k�j�_�^�u; 
– �g�Z�g�_�k�_�g�b�_ �a�Z�s�b�l�g�u�o �i�h�d�j�u�l�b�c; 
– �\�Z�d�m�m�f�g�u�c �h�l�`�b�] �^�e�y �m�f�_�g�v�r�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�c �\�h�^�h�j�h�^�Z �\ �D�F �^�h 

�[�_�a�h�i�Z�k�g�u�o �a�g�Z�q�_�g�b�c; 
– �j�Z�p�b�h�g�Z�e�v�g�h�_ �e�_�]�b�j�h�\�Z�g�b�_ �b �h�]�j�Z�g�b�q�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �\�j�_�^�g�u�o �i�j�b-

�f�_�k�_�c; 
– �k�h�a�^�Z�g�b�_ �k�l�j�m�d�l�m�j �k �g�Z�b�f�_�g�v�r�_�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �d �<�H. 
�>�e�y �[�h�e�v�r�b�g�k�l�\�Z �D�F �[�u�e�b �h�i�j�_�^�_�e�_�g�u �[�_�a�h�i�Z�k�g�u�_ �m�k�e�h�\�b�y �w�d�k�i�e�m�Z�l�Z-

�p�b�b �\ �\�h�^�h�j�h�^�h�k�h�^�_�j�`�Z�s�b�o �k�j�_�^�Z�o (�^�Z�\�e�_�g�b�_ �\�h�^�h�j�h�^�Z, �l�_�f�i�_�j�Z�l�m�j�Z, �\�j�_�f�y 
�\�h�a�^�_�c�k�l�\�b�y �j�Z�[�h�q�_�c �k�j�_�^�u). 

�<�u�r�_�k�d�Z�a�Z�g�g�h�_ �h�l�g�h�k�b�l�k�y �d �D�F, �b�a�]�h�l�h�\�e�_�g�g�u�f �i�h �l�j�Z�^�b�p�b�h�g�g�u�f �l�_�o-
�g�h�e�h�]�b�y�f (�e�b�l�v�_ �k �i�h�k�e�_�^�m�x�s�_�c �d�h�\�d�h�c, �r�l�Z�f�i�h�\�d�h�c, �i�j�h�d�Z�l�d�h�c, �l�_�j�f�b�q�_-
�k�d�h�c �h�[�j�Z�[�h�l�d�h�c �b �l. � .̂). 

�< �i�h�k�e�_�^�g�_�_ �\�j�_�f�y �\�h �\�k�_�f �f�b�j�_ �Z�d�l�b�\�g�h �j�Z�a�\�b�\�Z�x�l�k�y �Z�^�^�b�l�b�\�g�u�_ �l�_�o-
�g�h�e�h�]�b�b (�:�L), �i�j�_�^�k�l�Z�\�e�y�x�s�b�_ �k�h�[�h�c �k�h�\�h�d�m�i�g�h�k�l�v �f�_�l�h�^�h�\ �^�e�y �k�h�a�^�Z�g�b�y 
�l�j�_�o�f�_�j�g�u�o �b�a�^�_�e�b�c �\ �_�^�b�g�h�f �l�_�o�g�h�e�h�]�b�q�_�k�d�h�f �i�j�h�p�_�k�k�_ �i�h �^�Z�g�g�u�f �d�h�f�i�v�x-
�l�_�j�g�u�o �f�h�^�_�e�_�c [7–9]. �I�j�b�f�_�g�_�g�b�_ �:�L �i�h�a�\�h�e�y�_�l �j�_�Z�e�b�a�h�\�Z�l�v �b�g�g�h�\�Z�p�b�h�g�g�u�_ 
�d�h�g�k�l�j�m�d�l�h�j�k�d�b�_ �b�^�_�b, �k�m�s�_�k�l�\�_�g�g�h �k�h�d�j�Z�l�b�l�v �\�j�_�f�y �j�Z�a�j�Z�[�h�l�d�b �b �b�a�]�h�l�h�\�e�_-
�g�b�y �b�a�^�_�e�b�c, �j�Z�[�h�l�Z�x�s�b�o, �\ �l�h�f �q�b�k�e�_, �b �\ �\�h�^�h�j�h�^�h�k�h�^�_�j�`�Z�s�b�o �k�j�_�^�Z�o. �H�-̂
�g�h�c �b�a �g�Z�b�[�h�e�_�_ �\�h�k�l�j�_�[�h�\�Z�g�g�u�o �b �i�_�j�k�i�_�d�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�c �^�e�y �b�k�i�h�e�v�a�h-
�\�Z�g�b�y �\ �i�j�h�f�u�r�e�_�g�g�h�k�l�b �y�\�e�y�_�l�k�y �Z�^�^�b�l�b�\�g�Z�y �l�_�o�g�h�e�h�]�b�y �i�h�k�e�h�c�g�h�]�h �e�Z�a�_�j-
�g�h�]�h �k�i�e�Z�\�e�_�g�b�y (�I�E�K) �f�_�l�Z�e�e�b�q�_�k�d�b�o �i�h�j�h�r�d�h�\ [10]. 

�< �k�\�y�a�b �k �\�h�a�f�h�`�g�u�f �i�j�b�f�_�g�_�g�b�_�f �^�_�l�Z�e�_�c �b�a �D�F, �b�a�]�h�l�h�\�e�_�g�g�u�o �i�h 
�Z�^�^�b�l�b�\�g�u�f �l�_�o�g�h�e�h�]�b�y�f, �\ �\�h�^�h�j�h�^�h�k�h�^�_�j�`�Z�s�b�o �k�j�_�^�Z�o �i�j�_�^�k�l�Z�\�e�y�x�l �i�j�Z�d-
�l�b�q�_�k�d�b�c �b�g�l�_�j�_�k �b�k�k�e�_�^�h�\�Z�g�b�y �i�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�x �\�h�^�h�j�h�^�Z �k �w�l�b�f�b �f�Z�l�_�j�b-
�Z�e�Z�f�b  

�< �h�l�e�b�q�b�_ �h�l �D�F, �b�a�]�h�l�h�\�e�_�g�g�u�o �i�h �l�j�Z�^�b�p�b�h�g�g�u�f �l�_�o�g�h�e�h�]�b�y�f, �k�b-
�k�l�_�f�Z�l�b�q�_�k�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �k �D�F, �d�h�l�h�j�u�_ �b�a�]�h-
�l�h�\�e�_�g�u �i�h �:�L, �l�h�e�v�d�h �g�Z�q�b�g�Z�x�l�k�y [11–15].  

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �\�e�b�y�g�b�y �\�h�^�h-
�j�h�^�Z �g�Z �k�l�j�m�d�l�m�j�m �Z�m�k�l�_�g�b�l�g�h�c �g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�b 316L �b �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z 
�<�L6, �b�a�]�h�l�h�\�e�_�g�g�u�o �f�_�l�h�^�h�f �I�E�K.  

�<�u�[�h�j �D�F �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e �h�[�m�k�e�h�\�e�_�g �k�e�_�^�m�x�s�b�f. 
�K�l�Z�e�v 316L, �l�j�Z�^�b�p�b�h�g�g�h�]�h �k�i�h�k�h�[�Z �b�a�]�h�l�h�\�e�_�g�b�y, �h�l�g�h�k�b�l�k�y �d �d�e�Z�k�k�m 

�g�_�j�`�Z�\�_�x�s�b�o �k�l�Z�e�_�c �Z�m�k�l�_�g�b�l�g�h�]�h �d�e�Z�k�k�Z. �< �j�_�a�m�e�v�l�Z�l�_ �b�k�k�e�_�^�h�\�Z�g�b�c �\�e�b�y-
�g�b�y �\�h�^�h�j�h�^�Z �g�Z �k�\�h�c�k�l�\�Z �k�l�Z�e�b �l�b�i�Z 316L �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �w�l�b �D�F 
�g�Z�b�[�h�e�_�_ �m�k�l�h�c�q�b�\�u �d �<�H (�g�Z�i�j�b�f�_�j, [16–19]). �G�b�a�d�m�x �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v 
�d �<�H �k�l�Z�e�_�c �w�l�h�]�h �d�e�Z�k�k�Z �h�[�u�q�g�h �k�\�y�a�u�\�Z�x�l �k �h�l�k�m�l�k�l�\�b�_�f �b�e�b �g�_�[�h�e�v�r�h�c 
�k�l�_�i�_�g�v�x �f�Z�j�l�_�g�k�b�l�g�h�]�h �i�j�_�\�j�Z�s�_�g�b�y �i�j�b �b�o �^�_�n�h�j�f�Z�p�b�b �b �k�j�Z�\�g�b�l�_�e�v�g�h 
�g�b�a�d�h�c �^�b�n�n�m�a�b�_�c �\�h�^�h�j�h�^�Z ([20], [21]). �W�l�h �k�\�h�c�k�l�\�h �k�l�Z�e�_�c �l�b�i�Z 316L �i�j�_�-̂
�i�h�e�Z�]�Z�_�l �b�o �r�b�j�h�d�h�_ �i�j�b�f�_�g�_�g�b�_ �\ �\�h�^�h�j�h�^�h�k�h�^�_�j�`�Z�s�b�o �k�j�_�^�Z�o (�k�h�k�m�^�u �\�u-
�k�h�d�h�]�h �^�Z�\�e�_�g�b�y, �\�_�g�l�b�e�b, �l�j�m�[�h�i�j�h�\�h�^�u).  



�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �b �k�l�j�m�d�l�m�j�g�u�_ �i�j�_�\�j�Z�s�_�g�b�y… 133

�H�^�g�Z�d�h �g�_�j�`�Z�\�_�x�s�b�_ �Z�m�k�l�_�g�b�l�g�u�_ �k�l�Z�e�b �i�h �k�j�Z�\�g�_�g�b�x �k �d�h�g�k�l�j�m�d�p�b-
�h�g�g�u�f�b �k�l�Z�e�y�f�b �i�j�b �\�u�k�h�d�h�c �i�e�Z�k�l�b�q�g�h�k�l�b �b�f�_�x�l �g�b�a�d�b�_ �i�j�h�q�g�h�k�l�g�u�_ �o�Z-
�j�Z�d�l�_�j�b�k�l�b�d�b, �h�k�h�[�_�g�g�h �\ �h�l�h�`�`�z�g�g�h�f �k�h�k�l�h�y�g�b�b ([22]), �q�l�h �h�]�j�Z�g�b�q�b�\�Z�_�l �b�o 
�b�k�i�h�e�v�a�h�\�Z�g�b�_ �\ �d�Z�q�_�k�l�\�_ �D�F �b�a-�a�Z �m�\�_�e�b�q�_�g�b�y �f�Z�k�k�u �b�a�^�_�e�b�c. 

�O�Z�j�Z�d�l�_�j�g�h�c �h�k�h�[�_�g�g�h�k�l�v�x �g�_�j�`�Z�\�_�x�s�b�o �Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c, �i�h�e�m�q�Z-
�_�f�u�o �k �i�h�f�h�s�v�x �:�L, �y�\�e�y�_�l�k�y �o�h�j�h�r�_�_ �k�h�q�_�l�Z�g�b�_ �i�j�h�q�g�h�k�l�g�u�o �b �i�e�Z�k�l�b�q�_-
�k�d�b�o �k�\�h�c�k�l�\, �q�l�h �m�d�Z�a�u�\�Z�_�l �g�Z �i�h�l�_�g�p�b�Z�e�v�g�m�x �\�h�a�f�h�`�g�h�k�l�v �i�j�b�f�_�g�_�g�b�y �w�l�b�o 
�k�l�Z�e�_�c �\ �\�h�^�h�j�h�^�h�k�h�^�_�j�`�Z�s�_�c �k�j�_�^�_. �< �j�Z�[�h�l�Z�o [23–25] �h�l�f�_�q�Z�x�l�k�y �b�o �i�h�\�u-
�r�_�g�g�u�_ �f�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z, �d�h�l�h�j�u�_ �h�[�m�k�e�h�\�e�_�g�u �Z�g�b�a�h�l�j�h�i�g�h�k�l�v�x 
�k�\�h�c�k�l�\, �b�_�j�Z�j�o�b�q�_�k�d�h�c �f�b�d�j�h�k�l�j�m�d�l�m�j�h�c, �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�v�x �^�b�k�e�h�d�Z�p�b�c, 
�[�h�e�v�r�b�f�b �h�k�l�Z�l�h�q�g�u�f�b �g�Z�i�j�y�`�_�g�b�y�f�b (�^�h �| 500 �F�I�Z), �k�_�]�j�_�]�Z�p�b�_�c �o�b�f�b�q�_-
�k�d�b�o �w�e�_�f�_�g�l�h�\.  

�>�_�n�h�j�f�b�j�m�_�f�u�c �l�b�l�Z�g�h�\�u�c �k�i�e�Z�\ �<�L6 (�a�Z�j�m�[�_�`�g�u�c �Z�g�Z�e�h�] – �k�i�e�Z�\ Ti-
6Al-4V) �h�l�g�h�k�b�l�k�y �d �d�e�Z�k�k�m �\�u�k�h�d�h�i�j�h�q�g�u�o �l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�h�\ �k �^�\�m�o�n�Z�a�g�h�c 
�.+��-�k�l�j�m�d�l�m�j�h�c. �H�k�g�h�\�g�u�f�b �e�_�]�b�j�m�x�s�b�f�b �w�e�_�f�_�g�l�Z�f�b �w�l�h�]�h �k�i�e�Z�\�Z �y�\�e�y�x�l-
�k�y �Z�e�x�f�b�g�b�c �b �\�Z�g�Z�^�b�c, �d�h�l�h�j�u�_ �i�h�\�u�r�Z�x�l �_�]�h �i�j�h�q�g�h�k�l�v, �`�Z�j�h�i�j�h�q�g�h�k�l�v 
�b �i�e�Z�k�l�b�q�g�h�k�l�v. 

�K�i�e�Z�\ �<�L6 (Ti-6Al-4V) �y�\�e�y�_�l�k�y �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�f �b�a �\�k�_�o 
�l�b�l�Z�g�h�\�u�o �k�i�e�Z�\�h�\ �b �a�Z�g�b�f�Z�_�l �h�d�h�e�h 50 % �f�b�j�h�\�h�]�h �i�j�h�b�a�\�h�^�k�l�\�Z �l�b�l�Z�g�h�\�u�o 
�k�i�e�Z�\�h�\. �R�b�j�h�d�h�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �k�i�e�Z�\ �i�h�e�m�q�b�e �a�Z �k�q�z�l �m�g�b�d�Z�e�v�g�h�]�h �k�h�q�_-
�l�Z�g�b�y �l�Z�d�b�o �n�b�a�b�q�_�k�d�b�o �b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �d�Z�d �g�b�a�d�b�c �m�^�_�e�v�g�u�c �\�_�k, 
�\�u�k�h�d�Z�y �d�h�j�j�h�a�b�h�g�g�Z�y �k�l�h�c�d�h�k�l�v, �k�\�Z�j�b�\�Z�_�f�h�k�l�v �\�k�_�f�b �\�b�^�Z�f�b �k�\�Z�j�d�b, �i�j�h�q-
�g�h�k�l�v �b �i�e�Z�k�l�b�q�g�h�k�l�v �k�\�Z�j�g�h�]�h �r�\�Z �i�j�Z�d�l�b�q�_�k�d�b �g�_ �h�l�e�b�q�Z�_�l�k�y �h�l �k�\�h�c�k�l�\ �h�k-
�g�h�\�g�h�]�h �f�_�l�Z�e�e�Z, �k�i�e�Z�\ �o�h�j�h�r�h �j�Z�[�h�l�Z�_�l �\ �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l 
�d�j�b�h�]�_�g�g�u�o �^�h �m�f�_�j�_�g�g�h �\�u�k�h�d�b�o (�^�e�b�l�_�e�v�g�h�_ �\�j�_�f�y – �^�h 673 K, �d�j�Z�l�d�h�\�j�_-
�f�_�g�g�h – �^�h 1023 K) [26].  

�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�i�e�Z�\�Z �<�L6, �b�a�]�h�l�h�\�e�_�g�g�h�]�h �i�h �:�L, �g�Z�o�h�^�y�l�k�y 
�g�Z �\�u�k�h�d�h�f �m�j�h�\�g�_ �b �g�_ �m�k�l�m�i�Z�x�l �Z�g�Z�e�h�]�b�q�g�u�f �k�\�h�c�k�l�\�Z�f �k�i�e�Z�\�Z, �i�h�e�m�q�_�g�g�h-
�]�h �i�h �l�j�Z�^�b�p�b�h�g�g�u�f �l�_�o�g�h�e�h�]�b�y�f [27, 28]. 

�< �J�N�Y�P-�<�G�B�B�W�N �k�h�\�f�_�k�l�g�h �k �G�b�`�_�]�h�j�h�^�k�d�b�f �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�f �m�g�b-
�\�_�j�k�b�l�_�l�h�f �b�f. �G. �B. �E�h�[�Z�q�_�\�k�d�h�]�h (�G�G�=�M) �\ �j�Z�f�d�Z�o �G�Z�p�b�h�g�Z�e�v�g�h�]�h �p�_�g�l�j�Z 
�n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b, �g�Z�i�j�Z�\�e�_�g�b�_ �‹ 8 «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z» �\�k�_�k�l�h-
�j�h�g�g�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �k �D�F-�I�E�K �i�j�h�\�h�^�y�l�k�y 
�k 2022 �]. 

�F�_�l�h�^�b�d�Z �b�k�k�e�_�^�h�\�Z�g�b�c 

�B�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �\�h�^�h�j�h�^�Z �g�Z �k�l�j�m�d�l�m�j�m �k�l�Z�e�b 316L-�I�E�K �b �k�i�e�Z�\�Z 
�<�L6-�I�E�K �i�j�h�\�h�^�b�e�h�k�v �g�Z �h�[�j�Z�a�p�Z�o, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a �i�h�j�h�r�d�h�\ �k�l�Z�e�b 316L 
�b �k�i�e�Z�\�Z �<�L6 �g�Z �m�k�l�Z�g�h�\�d�Z�o Realizer SLM 100 �b Chamlion M2150T �k�h�h�l�\�_�l-
�k�l�\�_�g�g�h. 

�B�a�h�[�j�Z�`�_�g�b�y �q�Z�k�l�b�p �i�h�j�h�r�d�Z �k�l�Z�e�b 316L �b �]�b�k�l�h�]�j�Z�f�f�Z �j�Z�k�i�j�_�^�_�e�_�g�b�y 
�q�Z�k�l�b�p �i�h �j�Z�a�f�_�j�Z�f �i�j�b�\�_�^�_�g�u �g�Z �j�b�k. 1, �Z �b�a�h�[�j�Z�`�_�g�b�y �q�Z�k�l�b�p �i�h�j�h�r�d�Z 
�k�i�e�Z�\�Z �<�L6 �b �]�b�k�l�h�]�j�Z�f�f�Z �j�Z�k�i�j�_�^�_�e�_�g�b�y �q�Z�k�l�b�p �i�h �j�Z�a�f�_�j�Z�f – �g�Z �j�b�k. 2. 
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                                 �Z)                                                                         �[)   
 

�J�b�k. 1. �B�a�h�[�j�Z�`�_�g�b�_ �q�Z�k�l�b�p �i�h�j�h�r�d�Z (a) �b �]�b�k�l�h�]�j�Z�f�f�Z �j�Z�k�i�j�_�^�_�e�_�g�b�y �i�h �j�Z�a�f�_�j�Z�f  
�q�Z�k�l�b�p �i�h�j�h�r�d�Z �k�l�Z�e�b 316L (�[) 

 
 

 
 
                                  �Z)                                                                         �[)   

 
�J�b�k. 2. �B�a�h�[�j�Z�`�_�g�b�_ �q�Z�k�l�b�p �i�h�j�h�r�d�Z (a) �b �]�b�k�l�h�]�j�Z�f�f�Z �j�Z�k�i�j�_�^�_�e�_�g�b�y �i�h �j�Z�a�f�_�j�Z�f 

�q�Z�k�l�b�p �i�h�j�h�r�d�Z �k�i�e�Z�\�Z �<�L6 (�[) 
 

�O�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �i�h�j�h�r�d�h�\ �k�l�Z�e�b 316L �b �k�i�e�Z�\�Z �<�L6 �i�j�_�^�k�l�Z�\�e�_�g 
�\ �l�Z�[�e. 1. 

 
 

�L�Z�[ �e�b�p�Z 1 
 

�O�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �i�h�j�h�r�d�h�\ �k�l�Z�e�b 316L �b �k�i�e�Z�\�Z �<�L6, % (�i�h �f�Z�k�k�_) 
 

�D�F Fe Ni Cr Mo Mn Ti Al C V 

�K�l�Z�e�v 316L �h�k�g�h�\�Z 14,0 17,0 2,8 1,5 0,25 - 0,03 - 

�K�i�e�Z�\ �<�L6 - - - - - 90,5–89,9 5,8–6,3 - 3,7–3,9 

 
�H�k�g�h�\�g�u�_ �i�Z�j�Z�f�_�l�j�u �j�_�`�b�f�Z �I�E�K �i�h�j�h�r�d�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\ �b�a �k�l�Z�e�b 

316L �b �k�i�e�Z�\�Z �<�L6 �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 2. 
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�L�Z�[ �e�b�p�Z 2 
 

�H�k�g�h�\�g�u�_ �i�Z�j�Z�f�_�l�j�u �j�_�`�b�f�Z �I�E�K �i�h�j�h�r�d�h�\ �k�l�Z�e�b 316L �b �k�i�e�Z�\�Z �<�L6 
 

�G�Z�b�f�_�g�h�\�Z�g�b�_ �i�Z�j�Z�f�_�l�j�Z �K�l�Z�e�v 316L �K�i�e�Z�\ �<�L6 

�L�h�e�s�b�g�Z �k�e�h�y, �f�d�f 30 30 
�F�h�s�g�h�k�l�v �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y, �<�l 100 170 
�K�d�h�j�h�k�l�v �k�d�Z�g�b�j�h�\�Z�g�b�y, �f�f /�k 250 1800 
�>�b�Z�f�_�l�j �i�y�l�g�Z �e�Z�a�_�j�g�h�]�h �e�m�q�Z, �f�d�f �h�l 75 �^�h 80 - 
�J�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �e�b�g�b�y�f�b �r�l�j�b�o�h�\�d�b, �f�d�f �h�l 120 �^�h 130 80 
�M�]�h�e �i�h�\�h�j�h�l�Z �g�Z�i�j�Z�\�e�_�g�b�y �r�l�j�b�o�h�\�d�b �f�_�`�^�m  90 67 
�L�_�f�i�_�j�Z�l�m�j�Z �i�e�Z�l�n�h�j�f�u, �D 473 393 
�A�Z�s�b�l�g�Z�y �k�j�_�^�Z �:�j�]�h�g (99,998 % �i�h �f�Z�k�k�_) 

 
 

�<�e�b�y�g�b�_ �\�h�^�h�j�h�^�Z �g�Z �k�l�j�m�d�l�m�j�m �k�l�Z�e�b 316L �b �k�i�e�Z�\�Z �<�L6 �b�k�k�e�_�^�h�\�Z�e�h�k�v 
�k�e�_�^�m�x�s�b�f�b �f�_�l�h�^�Z�f�b:  

– �h�i�l�b�q�_�k�d�Z�y �f�b�d�j�h�k�d�h�i�b�y (�H�F) �i�j�b �m�\�_�e�b�q�_�g�b�y�o �^�h 1000 �j�Z�a; 
– �j�Z�k�l�j�h�\�Z�y �w�e�_�d�l�j�h�g�g�Z�y �f�b�d�j�h�k�d�h�i�b�y (�J�W�F) �i�j�b �m�\�_�e�b�q�_�g�b�y�o �^�h 3000 

�j�Z�a; 
– �b�a�f�_�j�_�g�b�_ �f�b�d�j�h�l�\�z�j�^�h�k�l�b �i�j�b �g�Z�]�j�m�a�d�_ 1,96 �G �b �\�u�^�_�j�`�d�_ 15 �k �i�h 

�=�H�K�L9450-76 «�B�a�f�_�j�_�g�b�_ �f�b�d�j�h�l�\�_�j�^�h�k�l�b �\�^�Z�\�e�b�\�Z�g�b�_�f �Z�e�f�Z�a�g�u�o �g�Z�d�h�g�_�q-
�g�b�d�h�\». 

�I�h�^�]�h�l�h�\�d�Z �h�[�j�Z�a�p�h�\ �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�c �i�j�h�\�h�^�b�e�Z�k�v �g�Z �r�e�b�n�h�\�Z�e�v�g�h-
�i�h�e�b�j�h�\�Z�e�v�g�h�f �k�l�Z�g�d�_ �i�m�l�_�f �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�c �b�o �h�[�j�Z�[�h�l�d�b �g�Z �r�e�b�n�h�\�Z�e�v-
�g�u�o �[�m�f�Z�]�Z�o �J120 �b �J240, �i�h�e�b�j�h�\�Z�g�b�_�f �Z�e�f�Z�a�g�u�f�b �i�Z�k�l�Z�f�b �a�_�j�g�b�k�l�h�k�l�v�x 9 
�b 3 �f�d�f �b �\�h�^�g�h�c �k�m�k�i�_�g�a�b�_�c �h�d�k�b�^�Z �d�j�_�f�g�b�y �k �j�Z�a�f�_�j�h�f �q�Z�k�l�b�p 0,04 �f�d�f. �I�h-
�k�e�_ �i�j�b�]�h�l�h�\�e�_�g�b�y �h�[�j�Z�a�p�u �b�a �k�l�Z�e�b 316L �l�j�Z�\�b�e�b�k�v �\ �]�h�j�y�q�_�f �j�_�Z�d�l�b�\�_ 
�D�j�m�i�i�Z (5 �f�e �Z�a�h�l�g�h�c �d�b�k�e�h�l�u, 50 �f�e �k�h�e�y�g�h�c �d�b�k�e�h�l�u, 50 �f�e �\�h�^�u), �Z �h�[�j�Z�a-
�p�u �b�a �k�i�e�Z�\�Z �<�L6 – �\ �j�_�Z�d�l�b�\�_ �D�j�h�e�e�Z (96 �f�e �\�h�^�u, 2 �f�e �i�e�Z�\�b�d�h�\�h�c �d�b�k�e�h�l�u, 
2 �f�e �Z�a�h�l�g�h�c �d�b�k�e�h�l�u). 

�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c 

�K�l�j�m�d�l�m�j�Z �k�l�Z�e�b 316L-�I�E�K �\ �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b �i�j�b�\�_�^�_�g�Z �g�Z   
�j�b�k. 3–5. �< �j�_�a�m�e�v�l�Z�l�_ �[�u�k�l�j�u�o �g�Z�]�j�_�\�h�\ �b �h�o�e�Z�`�^�_�g�b�c �k�h �k�d�h�j�h�k�l�y�f�b  
104…106 �]�j�Z�^�m�k�h�\ �\ �k�_�d�m�g�^�m �k�l�Z�e�v 316L-�I�E�K �b�f�_�_�l �b�_�j�Z�j�o�b�q�_�k�d�m�x �k�l�j�m�d�l�m�j�m. 
�< �g�Z�m�q�g�h�c �e�b�l�_�j�Z�l�m�j�_ [15, 29–33] �\ �l�Z�d�h�c �k�l�j�m�d�l�m�j�_ �\�u�^�_�e�y�x�l �l�j�b �m�j�h�\�g�y: 
�f�Z�d�j�h�m�j�h�\�_�g�v, �f�_�a�h�m�j�h�\�_�g�v �b �f�b�d�j�h�m�j�h�\�_�g�v. 
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                                  �\)                                                                            �])       
 

�J�b�k. 3. �K�l�j�m�d�l�m�j�Z �k�l�Z�e�b 316L-�I�E�K �\ �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b �\ �i�e�h�k�d�h�k�l�b, �i�_�j�i�_�g�^�b�d�m-
�e�y�j�g�h�c �g�Z�i�j�Z�\�e�_�g�b�x �i�h�k�l�j�h�_�g�b�y (�Z, �[), �b �\ �i�e�h�k�d�h�k�l�b, �i�Z�j�Z�e�e�_�e�v�g�h�c �g�Z�i�j�Z�\�e�_�g�b�x 
                                                          �i�h�k�l�j�h�_�g�b�y (�\, �])  

 
�F�Z�d�j�h�k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 316L-�I�E�K �n�h�j�f�b�j�m�_�l�k�y �b�a �q�Z�k�l�b�q�g�h �i�_�j�_�d�j�u�\�Z-

�x�s�b�o�k�y �k�e�_�^�h�\ �h�l �a�Z�k�l�u�\�r�b�o �\�Z�g�g �j�Z�k�i�e�Z�\�h�\, �\�b� ̂�b �]�_�h�f�_�l�j�b�q�_�k�d�b�_ �j�Z�a�f�_�j�u 
�d�h�l�h�j�u�o �h�i�j�_�^�_�e�y�x�l�k�y �j�_�`�b�f�h�f �b �k�l�j�Z�l�_�]�b�_�c �i�h�k�l�j�h�_�g�b�y �h�[�j�Z�a�p�h�\: �\ �i�e�h�k�d�h-
�k�l�b, �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�c �g�Z�i�j�Z�\�e�_�g�b�x �i�h�k�l�j�h�_�g�b�y, �h�g�Z �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �k�_�l-
�d�m �\�Z�g�g �j�Z�k�i�e�Z�\�h�\, �i�_�j�_�k�_�d�Z�x�s�b�o�k�y �i�h� ̂�m�]�e�h�f 90° (�j�b�k. 3, �Z, �[), �Z �\ �i�e�h�k�d�h�k�l�b, 
�i�Z�j�Z�e�e�_�e�v�g�h�c �g�Z�i�j�Z�\�e�_�g�b�x �i�h�k�l�j�h�_�g�b�y, �b�f�_�_�l �\�b� ̂«�j�u�[�v�_�c �q�_�r�m�b» (�j�b�k. 3, �\, �]) 
[34, 35]. �< �b�k�k�e�_�^�h�\�Z�g�g�u�o �h�[�j�Z�a�p�Z�o �r�b�j�b�g�Z �\�Z�g�g �j�Z�k�i�e�Z�\�h�\ �i�j�b�f�_�j�g�h �j�Z�\�g�Z 
h �| 100 �f�d�f, �Z �l�h�e�s�b�g�Z �k�e�h�_�\ t – �h�l 50 �^�h 70 �f�d�f. �< �f�Z�d�j�h�k�l�j�m�d�l�m�j�_ �h�[�j�Z�a�p�h�\ 
�\�k�l�j�_�q�Z�x�l�k�y �^�_�n�_�d�l�u �\ �\�b�^�_ �i�h�j �b �g�_�k�i�e�Z�\�e�_�g�b�c, �d�Z�d �i�j�Z�\�b�e�h, �j�Z�k�i�h�e�h�`�_�g-
�g�u�o �i�h �]�j�Z�g�b�p�Z�f �\�Z�g�g �j�Z�k�i�e�Z�\�Z (�j�b�k. 3, �Z). �I�j�b�g�y�l�h �k�q�b�l�Z�l�v [29, 31–33, 36], 
�q�l�h �h�[�j�Z�a�h�\�Z�g�b�_ �^�_�n�_�d�l�h�\ �h�[�m�k�e�h�\�e�_�g�h �g�_�h�i�l�b�f�Z�e�v�g�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b �j�_�`�b�f�Z 
�b�a�]�h�l�h�\�e�_�g�b�y �h�[�j�Z�a�p�h�\.  

�G�Z �j�b�k. 4 �i�j�b�\�_�^�_�g�u �f�_�a�h �b �f�b�d�j�h�k�l�j�m�d�l�m�j�u �k�l�Z�e�b 316L-�I�E�K �\ �i�h�i�_-
�j�_�q�g�h�f �k�_�q�_�g�b�b, �i�h�e�m�q�_�g�g�u�_ �k �i�h�f�h�s�v�x �J�W�F. �F�_�a�h�k�l�j�m�d�l�m�j�m �h�[�j�Z�a�m�x�l 
�k�l�h�e�[�q�Z�l�u�_ �a�z�j�g�Z, �i�h�i�_�j�_�q�g�h�_ �k�_�q�_�g�b�_ �d�h�l�h�j�u�o �i�h�d�Z�a�Z�g�h �g�Z �\�_�j�o�g�_�c �n�h�l�h�]�j�Z-
�n�b�b. �>�b�Z�f�_�l�j �k�l�h�e�[�q�Z�l�u�o �a�z�j�_�g �k�h�k�l�Z�\�e�y�_�l �h�l 5 �^�h 10 �f�d�f. �< �k�\�h�x �h�q�_�j�_�^�v 
�k�l�h�e�[�q�Z�l�u�_ �a�z�j�g�Z �k�h�k�l�h�y�l �b�a �k�h�l�h�\�u�o �y�q�_�b�k�l�u�o �k�m�[�a�z�j�_�g �k �^�b�Z�f�_�l�j�h�f  

                                             �Z)                                                                            �[)  
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0,5… 1 �f�d�f. �K�h�]�e�Z�k�g�h �e�b�l�_�j�Z�l�m�j�g�u�f �^�Z�g�g�u�f [30–32] �]�j�Z�g�b�p�u �k�m�[�a�z�j�_�g �h�[�j�Z-
�a�m�x�l �h�[�t�z�f�g�u�_ �k�d�h�i�e�_�g�b�y �^�b�k�e�h�d�Z�p�b�c �k �k�_�]�j�_�]�Z�p�b�y�f�b �Z�l�h�f�h�\ Cr �b �F�h.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�J�b�k. 4. �K�h�l�h�\�Z�y �y�q�_�b�k�l�h-�k�l�h�e�[�q�Z�l�Z�y �k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 316L-�I�E�K �\ �i�e�h�k�d�h�k�l�b, �i�_�j�i�_�g-

�^�b�d�m�e�y�j�g�h�c �g�Z�i�j�Z�\�e�_�g�b�x �i�h�k�l�j�h�_�g�b�y �h�[�j�Z�a�p�Z (�J�W�F) 
 

�G�Z �j�b�k. 5 �i�h�d�Z�a�Z�g�u �f�_�a�h �b �f�b�d�j�h�k�l�j�m�d�l�m�j�u �k�l�Z�e�b 316L-�I�E�K �\ �i�j�h�^�h�e�v-
�g�h�f �k�_�q�_�g�b�b. �<�b�^�g�h, �q�l�h �k�l�h�e�[�q�Z�l�u�_ �a�_�j�g�Z �b�f�_�x�l �\�u�l�y�g�m�l�m�x �n�h�j�f�m �k �^�b�Z-
�f�_�l�j�h�f �h�l 5 �^�h 10 �f�d�f �b �^�e�b�g�h�c �^�h 50 �f�d�f. �H�j�b�_�g�l�Z�p�b�y �a�z�j�_�g �h�i�j�_�^�_�e�y�_�l�k�y 
�]�j�Z�^�b�_�g�l�h�f �l�_�f�i�_�j�Z�l�m�j�u �\ �i�j�h�p�_�k�k�_ �i�h�k�l�j�h�_�g�b�y �h�[�j�Z�a�p�Z. �L�Z�d �d�Z�d �l�_�f�i�_�j�Z�l�m�j-
�g�h�_ �i�h�e�_ �\�_�k�v�f�Z �g�_�h�^�g�h�j�h�^�g�h�_, �l�h �b �a�z�j�g�Z �b�f�_�x�l �j�Z�a�g�m�x �d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x 
�h�j�b�_�g�l�Z�p�b�x, �q�l�h �o�h�j�h�r�h �\�b�^�g�h �g�Z �g�b�`�g�b�o �n�h�l�h�]�j�Z�n�b�y�o. 

�K�m�[�a�z�j�g�Z �\ �h�^�g�h�f �a�_�j�g�_ �d�j�b�k�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�b �h�j�b�_�g�l�b�j�h�\�Z�g�u �i�j�b�f�_�j�g�h 
�h�^�b�g�Z�d�h�\�h �b �i�j�b �^�b�Z�f�_�l�j�_ �h�l 0,5 �^�h 1 �f�d�f �b�f�_�x�l �h�q�_�g�v �\�u�k�h�d�h�_ �h�l�g�h�r�_�g�b�_ 
�^�e�b�g�u �d �^�b�Z�f�_�l�j�m. 

�F�Z�d�j�h�k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 316L-�I�E�K �i�h�k�e�_ �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y �i�j�b �^�Z�\�e�_�g�b�b 
40 �F�I�Z, �l�_�f�i�_�j�Z�l�m�j�Z�o 673, 773 �b 873 K �b �\�j�_�f�_�g�Z�o �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y 48, 16, 
4 �q, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �g�_ �i�j�_�l�_�j�i�_�\�Z�_�l �k�m�s�_�k�l�\�_�g�g�u�o �b�a�f�_�g�_�g�b�c (�j�b�k. 6, �Z–�]). 

�H�^�g�Z�d�h �i�j�b �b�a�m�q�_�g�b�b �k�l�j�m�d�l�m�j�u �k�l�Z�e�b 316L-�I�E�K �g�Z �f�b�d�j�h�m�j�h�\�g�_ �[�u�e�h 
�m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y 773 �b 873 K �i�j�h�b�k�o�h�^�y�l 
�k�l�j�m�d�l�m�j�g�u�_ �b�a�f�_�g�_�g�b�y (�j�b�k. 6, � ,̂ �_). �I�j�b �l�_�f�i�_�j�Z�l�m�j�_ 773 K �i�h�y�\�e�y�x�l�k�y �h�l-
�^�_�e�v�g�u�_ �j�_�d�j�b�k�l�Z�e�e�b�a�h�\�Z�g�g�u�_ �a�_�j�g�Z. �< �j�_�a�m�e�v�l�Z�l�_ �i�h�\�u�r�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u 
�g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y �g�Z �^�h 873 K �d�h�e�b�q�_�k�l�\�h �j�_�d�j�b�k�l�Z�e�e�b�a�h�\�Z�g�g�u�o �a�z�j�_�g �a�g�Z�q�b-
�l�_�e�v�g�h �m�\�_�e�b�q�b�\�Z�_�l�k�y. 
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�J�b�k. 5. �K�h�l�h�\�Z�y �y�q�_�b�k�l�h-�k�l�h�e�[�q�Z�l�Z�y �k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 316L-�I�E�K �\ �i�e�h�k�d�h�k�l�b,  
�i�Z�j�Z�e�e�_�e�v�g�h�c �g�Z�i�j�Z�\�e�_�g�b�x �i�h�k�l�j�h�_�g�b�y �h�[�j�Z�a�p�Z (�J�W�F) 

 
 

�B�g�l�_�j�_�k�g�u�_ �j�_�a�m�e�v�l�Z�l�u �[�u�e�b �i�h�e�m�q�_�g�u �\ �j�_�a�m�e�v�l�Z�l�_ �b�k�k�e�_�^�h�\�Z�g�b�y 
�k�l�j�m�d�l�m�j�u �k�l�Z�e�b 316L-�I�E�K �i�h�k�e�_ �b�k�i�u�l�Z�g�b�c �i�h �h�i�j�_�^�_�e�_�g�b�x �d�b�g�_�l�b�q�_�k�d�b�o 
�i�Z�j�Z�f�_�l�j�h�\ �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�b (�<�I), �\ �i�j�h�p�_�k�k�_ �d�h�l�h�j�u�o �h�[�j�Z�a�p�u �b�a 
�k�l�Z�e�b 316L-�I�E�K �i�h�^�\�_�j�]�Z�e�b�k�v �^�e�b�l�_�e�v�g�u�f �l�_�i�e�h�\�u�f �b �\�h�^�h�j�h�^�g�u�f �\�h�a�^�_�c-
�k�l�\�b�y�f (�l�Z�[�e. 3).   
 
 
 

�L�Z�[ �e�b�p�Z 3 
 

�M�k�e�h�\�b�y �b�k�i�u�l�Z�g�b�c �g�Z �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�v �h�[�j�Z�a�p�h�\ «1» �b «2» 
 

�H�[�j�Z�a�_�p 
�<�Z�d�m�m�f�g�u�c �h�l�`�b�] �<�h�a�^�_�c�k�l�\�b�_ �\�h�^�h�j�h�^�Z 

�l�_�f�i�_�j�Z�l�m�j�Z, K �\�j�_�f�y, �q�Z�k �l�_�f�i�_�j�Z�l�m�j�Z, K �\�j�_�f�y, �q�Z�k 

«1» 723 100 �h�l 573 �^�h 723 140 

«2» 873 91 �h�l 573 �^�h 823 120 

 
 
 
 

�=�j�Z�g�b�p�u �\�Z�g�g �j�Z�k�i�e�Z�\�Z 
�K�l�h�e�[�q�Z�l�u�_  

�a�_�j�g�Z 
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�J�b�k. 6. �K�l�j�m�d�l�m�j�Z �k�l�Z�e�b 316L-�I�E�K �\ �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b (�Z) �b �i�h�k�e�_ �g�Z�\�h�^�h�j�h�`�b�\�Z-
�g�b�y �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 673 (�[), 773 (�\, � )̂ �b 873 K (�], �_) �\ �i�e�h�k�d�h�k�l�b, �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�c 
                                 �g�Z�i�j�Z�\�e�_�g�b�x �i�h�k�l�j�h�_�g�b�y (�Z–�] – �H�F, � ,̂ �_ – �J�W�F) 
 

�B�k�k�e�_�^�h�\�Z�g�b�y �k�l�j�m�d�l�m�j�u �h�[�j�Z�a�p�Z «1» �i�h�d�Z�a�Z�e�b, �q�l�h �m�k�e�h�\�b�y �b�k�i�u�l�Z�g�b�c 
�i�h �<�I �g�Z �k�l�j�m�d�l�m�j�m �k�l�Z�e�b 316L-�I�E�K �g�_ �i�h�\�e�b�y�e�b. �F�Z�d�j�h�k�l�j�m�d�l�m�j�Z �b�f�_�_�l �\�b� ̂
«�j�u�[�v�_�c» �q�_�r�m�x, �f�_�a�h�k�l�j�m�d�l�m�j�Z �k�h�k�l�h�b�l �b�a �k�l�h�e�[�q�Z�l�u�o �\�u�l�y�g�m�l�u�o �a�z�j�_�g, 
�f�b�d�j�h�k�l�j�m�d�l�j�Z – �b�a �k�h�l�h�\�u�o �y�q�_�b�k�l�u�o �k�m�[�a�z�j�_�g (�j�b�k. 7, �Z, �[).  

�I�h�\�u�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �b�k�i�u�l�Z�g�b�c �^�h 873 K �i�j�b�\�_�e�h �d �a�Z�f�_�l�g�h�f�m �b�a-
�f�_�g�_�g�b�x �k�l�j�m�d�l�m�j�u �h�[�j�Z�a�p�h�\ – �]�j�Z�g�b�p�u �\�Z�g�g �j�Z�k�i�e�Z�\�Z �k�l�Z�e�b �f�_�g�_�_ �\�u�j�Z�`�_-
�g�u, �o�h�l�y �o�Z�j�Z�d�l�_�j �f�Z�d�j�h�k�l�j�m�d�l�m�j�u �g�_ �b�a�f�_�g�b�e�k�y, �i�h-�i�j�_�`�g�_�f�m «�j�u�[�v�y �q�_-

�J�_�d�j�b�k�l�Z�e�e�b�a�h�\�Z�g�g�u�_ �a�_�j�g�Z 
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�r�m�y», �m�f�_�g�v�r�b�e�h�k�v �d�h�e�b�q�_�k�l�\�h �k�l�h�e�[�q�Z�l�u�o �a�z�j�_�g, �i�h�y�\�b�e�b�k�v �j�_�d�j�b�k�l�Z�e�e�b�a�h-
�\�Z�g�g�u�_ �a�z�j�g�Z (�j�b�k. 7, �\, �]). 
 

 
 
�J�b�k. 7. �K�l�j�m�d�l�m�j�Z �h�[�j�Z�a�p�h�\ «1» (�Z, �[) �b «2» (�\, �]) �b�a �k�l�Z�e�b 316L-�I�E�K �i�h�k�e�_ �b�k�i�u�l�Z�g�b�c 
�g�Z �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�v �\ �i�e�h�k�d�h�k�l�b, �i�Z�j�Z�e�e�_�e�v�g�h�c �g�Z�i�j�Z�\�e�_�g�b�x �i�h�k�l�j�h�_�g�b�y   
                                                        (�Z, �\ – �H�F, �[, �] – �J�W�F) 

 
 
 

�I�h�e�g�h�k�l�v�x �j�_�d�j�b�k�l�Z�e�e�b�a�h�\�Z�g�g�Z�y �k�l�j�m�d�l�m�j�Z �k�l�Z�e�b 316L-�I�E�K �[�_�a �]�j�Z�g�b�p 
�\�Z�g�g �j�Z�k�i�e�Z�\�Z �b �k�h�l�h�\�h�c �y�q�_�b�k�l�h�c �k�l�j�m�d�l�m�j�u �g�Z�[�e�x�^�Z�_�l�k�y �i�h�k�e�_ �h�l�`�b�]�Z �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�_ 1348 K �\ �l�_�q�_�g�b�_ �q�Z�k�Z (�j�b�k. 8). 
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�J�b�k. 8. �K�l�j�m�d�l�m�j�Z �k�l�Z�e�b 316L-�I�E�K �\ �i�e�h�k�d�h�k�l�b, �i�Z�j�Z�e�e�_�e�v�g�h�c �g�Z�i�j�Z�\�e�_�g�b�x �i�h�k�l�j�h�_-

�g�b�y, �i�h�k�e�_ �h�l�`�b�]�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 1348 K �\ �l�_�q�_�g�b�_ �q�Z�k�Z (�Z – �H�F, �[ – �J�W�F) 
 

�< �j�Z�[�h�l�_ [30] �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �k �i�j�b�f�_�g�_�g�b�_�f 
�i�j�h�k�\�_�q�b�\�Z�x�s�_�c �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b �k�l�j�m�d�l�m�j�g�u�o �b�a�f�_�g�_�g�b�c �Z�m�k�l�_-
�g�b�l�g�h�c �k�l�Z�e�b, �i�h�e�m�q�_�g�g�h�c �f�_�l�h�^�h�f �k�_�e�_�d�l�b�\�g�h�]�h �e�Z�a�_�j�g�h�]�h �k�i�e�Z�\�e�_�g�b�y, �i�j�b 
�g�Z�]�j�_�\�_ �\ �l�_�q�_�g�b�_ 1 �q�Z�k�Z �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l 373 �^�h 1473 K. �I�j�b �g�Z�]�j�_-
�\�_ �^�h �l�_�f�i�_�j�Z�l�m�j�u 973 K �y�q�_�b�k�l�Z�y �k�l�j�m�d�l�m�j�Z �k�l�Z�e�b �k�h�o�j�Z�g�y�_�l�k�y �[�_�a �b�a�f�_�g�_-
�g�b�c, �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 1173 K �^�b�k�e�h�d�Z�p�b�h�g�g�Z�y �k�l�j�m�d�l�m�j�Z �i�j�b�g�p�b�i�b�Z�e�v�g�h �f�_-
�g�y�_�l�k�y, �y�q�_�c�d�b �b�k�q�_�a�Z�x�l. �:�\�l�h�j�u �j�Z�[�h�l�u [30] �h�[�t�y�k�g�y�x�l �w�l�h �j�Z�k�l�\�h�j�_�g�b�_�f 
�k�_�]�j�_�]�Z�p�b�c �Z�l�h�f�h�\ �i�h �]�j�Z�g�b�p�Z�f �y�q�_�_�d, �q�l�h �i�j�b�\�h�^�b�l �d �i�h�^�\�b�`�g�h�k�l�b �^�b�k�e�h�d�Z-
�p�b�c, �n�h�j�f�b�j�m�x�s�b�o �w�l�b �]�j�Z�g�b�p�u, �b, �d�Z�d �k�e�_�^�k�l�\�b�_ �d �i�_�j�_�k�l�j�h�c�d�_ �^�b�k�e�h�d�Z�p�b-
�h�g�g�h�c �k�l�j�m�d�l�m�j�u. 

�F�b�d�j�h�l�\�z�j�^�h�k�l�v �k�l�Z�e�b 316L-�I�E�K �b�a�f�_�j�y�e�Z�k�v �\ �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b, 
�i�h�k�e�_ �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y �i�j�b �^�Z�\�e�_�g�b�b 40 �F�I�Z �b �l�_�f�i�_�j�Z�l�m�j�Z�o 673, 773 �b 
873 K, �i�h�k�e�_ �b�k�i�u�l�Z�g�b�c �g�Z �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�v �b �i�h�k�e�_ �\�u�k�h�d�h�l�_�f�i�_�j�Z-
�l�m�j�g�h�]�h �h�l�`�b�]�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 1348 K �\ �l�_�q�_�g�b�_ �q�Z�k�Z (�j�b�k. 9). 
 
 

 
 
 
 
 
 
 
 
 
 
 
�J�b�k. 9. �J�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�y �f�b�d�j�h�l�\�z�j�^�h�k�l�b �k�l�Z�e�b 316L-�I�E�K: 1 – �b�k�o�h�^�g�h�_ �k�h�k�l�h�y-
�g�b�_; 2 – �i�h�k�e�_ �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y; 3 – �i�h�k�e�_ �b�k�i�u�l�Z�g�b�c �g�Z �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�v;  
4 – �i�h�k�e�_ �h�l�`�b�]�Z 1348 K, 1 �q�Z�k; 5 – �i�h�k�e�_ �h�l�`�b�]�Z 1348 K, 1 �q�Z�k �b �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y  
�i�j�b 40 �F�I�Z, 873 K, 44 �q�Z�k; 6 (�i�j�m�l�h�d �b�a �k�l�Z�e�b 12�O18�G10�L) – �i�h�k�e�_ �h�l�`�b�]�Z1348 K;  
7 (�i�j�m�l�h�d �b�a �k�l�Z�e�b 12�O18�G10�L) – �i�h�k�e�_  �h�l�`�b�]�Z 1348 K, 1 �q�Z�k �b �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y  
                                                       �i�j�b 40 �F�I�Z, 873 K, 44 �q�Z�k  
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�J�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�y �f�b�d�j�h�l�\�z�j�^�h�k�l�b �k�l�Z�e�b 316L-�I�E�K �i�h�d�Z�a�Z�e�b, �q�l�h 
�f�b�d�j�h�l�\�z�j�^�h�k�l�v �f�Z�l�_�j�b�Z�e�Z �i�j�Z�d�l�b�q�_�k�d�b �g�_ �b�a�f�_�g�b�e�Z�k�v �i�h�k�e�_ �g�Z�\�h�^�h�j�h�`�b�\�Z-
�g�b�y �b �b�k�i�u�l�Z�g�b�c �g�Z �\�h�^�h�j�h�^�h�i�j�h�g�b�p�Z�_�f�h�k�l�v – �h�l�g�h�k�b�l�_�e�v�g�h�_ �_�z �b�a�f�_�g�_�g�b�_ �g�_ 
�i�j�_�\�u�k�b�e�h �| 3 %. �H�l�`�b�] �i�j�b�\�_�e �d �k�g�b�`�_�g�b�x �f�b�d�j�h�l�\�z�j�^�h�k�l�b �g�Z �| 8 %, �Z �i�h-
�k�e�_ �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y �i�j�b �^�Z�\�e�_�g�b�b 40 �F�I�Z �b �l�_�f�i�_�j�Z�l�m�j�_ 873 K �f�b�d�j�h�l�\�z�j-
�^�h�k�l�v �\�_�j�g�m�e�Z�k�v �d �b�k�o�h�^�g�h�f�m �a�g�Z�q�_�g�b�x.  

�>�e�y �k�j�Z�\�g�_�g�b�y �g�Z �j�b�k. 9 �l�Z�d�`�_ �i�j�b�\�_�^�_�g�u �^�Z�g�g�u�_ �i�h �f�b�d�j�h�l�\�z�j�^�h�k�l�b 
�k�l�Z�e�b 12�O18�G10�L, �b�a�]�h�l�h�\�e�_�g�g�h�c �i�h �l�j�Z�^�b�p�b�h�g�g�h�c �l�_�o�g�h�e�h�]�b�b. �< �j�_�a�m�e�v�l�Z�l�_ 
�h�l�`�b�]�Z �f�b�d�j�h�l�\�z�j�^�h�k�l�v �k�l�Z�e�b 12�O18�G10�L �a�Z�f�_�l�g�h �g�b�`�_, �q�_�f �f�b�d�j�h�l�\�z�j�^�h�k�l�v 
�k�l�Z�e�b 316L-�I�E�K – 174 �b 232 HV �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �I�h�k�e�_ �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y 
�f�b�d�j�h�l�\�z�j�^�h�k�l�v �k�l�Z�e�b 12�O18�G10�L �i�h�\�u�k�b�e�Z�k�v �k 174 �^�h 195 HV. 

�;�h�e�_�_ �\�u�k�h�d�Z�y �f�b�d�j�h�l�\�z�j�^�h�k�l�v �k�l�Z�e�b 316L-�I�E�K �i�h �k�j�Z�\�g�_�g�b�x �k «�h�[�u�q-
�g�h�c» �k�l�Z�e�v�x 316L �\ �j�Z�[�h�l�_ [33] �h�[�t�y�k�g�y�_�l�k�y �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f. �W�d�k�i�_�j�b-
�f�_�g�l�Z�e�v�g�h �^�h�d�Z�a�Z�g�h, �q�l�h �f�b�d�j�h�l�\�z�j�^�h�k�l�v �b �i�j�_�^�_�e �l�_�d�m�q�_�k�l�b �V�L �f�_�l�Z�e�e�h�\ �b 
�k�i�e�Z�\�h�\ �\�a�Z�b�f�h�k�\�y�a�Z�g�u, �b �\ �k�h�h�l�\�_�l�k�l�\�b�_ �k �a�Z�\�b�k�b�f�h�k�l�v�x �O�h�e�e�Z-�I�_�l�q�Z 
�m�f�_�g�v�r�_�g�b�_ �\�_�e�b�q�b�g�u �a�_�j�g�Z �b�e�b �k�m�[�a�_�j�g�Z (�y�q�_�c�d�b) �i�j�b�\�h�^�b�l �d �i�h�\�u�r�_�g�b�x 
�f�b�d�j�h�l�\�z�j�^�h�k�l�b. �J�Z�a�f�_�j �y�q�_�c�d�b �\ �k�l�Z�e�b 316L-�I�E�K, �i�h �d�j�Z�c�g�_ �f�_�j�_, �g�Z �i�h�j�y-
�^�h�d �f�_�g�v�r�_ �\�_�e�b�q�b�g�u �a�_�j�g�Z �\ �k�l�Z�e�b 316L, �b�a�]�h�l�h�\�e�_�g�g�h�c �i�h �l�j�Z�^�b�p�b�h�g�g�h�c 
�l�_�o�g�h�e�h�]�b�b, �q�l�h �b �h�[�m�k�e�Z�\�e�b�\�Z�_�l �[�h�e�_�_ �\�u�k�h�d�m�x �f�b�d�j�h�l�\�z�j�^�h�k�l�v �k�l�Z�e�b 316L-
�I�E�K. 

�B�k�o�h�^�g�Z�y �k�l�j�m�d�l�m�j�Z �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6-�I�E�K �\ �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b 
�i�j�b�\�_�^�_�g�Z �g�Z �j�b�k. 10. �F�Z�d�j�h�k�l�j�m�d�l�m�j�Z �k�i�e�Z�\�Z �<�L6-�I�E�K �k�h�k�l�h�b�l �b�a �m�^�e�b�g�z�g-
�g�u�o �a�z�j�_�g, �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o �i�h �g�Z�i�j�Z�\�e�_�g�b�x �i�h�k�l�j�h�_�g�b�y, �k �^�e�b�g�h�c �g�_�k�d�h�e�v�d�h 
�k�h�l�_�g �f�b�d�j�h�g �b �r�b�j�b�g�h�c �h�l 50 �^�h 75 �f�d�f (�j�b�k. 10, �Z). �D�Z�d �h�l�f�_�q�Z�_�l�k�y �\ �j�Z�[�h�l�Z�o 
[37], [38], �n�h�j�f�Z �b �j�Z�a�f�_�j�u �a�z�j�_�g �h�i�j�_�^�_�e�y�x�l�k�y �]�j�Z�g�b�p�Z�f�b �i�_�j�\�h�g�Z�q�Z�e�v�g�h�c  
��-�n�Z�a�u �i�j�b �g�Z�]�j�_�\�_ �f�Z�l�_�j�b�Z�e�Z �\�u�r�_ �l�_�f�i�_�j�Z�l�m�j�u �n�Z�a�h�\�h�]�h �i�_�j�_�o�h�^�Z, �d�h�l�h�j�Z�y 
�k�h�k�l�Z�\�e�y�_�l �h�l 1233 �^�h 1273 K. 

�G�Z �f�b�d�j�h�m�j�h�\�g�_ �k�i�e�Z�\ �<�L6-�I�E�K �b�f�_�x�l �f�Z�j�l�_�g�k�b�l�g�m�x �l�h�g�d�h�b�]�h�e�v�q�Z-
�l�m�x �k�l�j�m�d�l�m�j�m �k �l�h�e�s�b�g�h�c �f�Z�j�l�_�g�k�b�l�g�u�o �b�]�e �g�_�k�d�h�e�v�d�h �f�b�d�j�h�g (�j�b�k. 10, �[). 
�H�[�j�Z�a�h�\�Z�g�b�_ �l�Z�d�h�c �k�l�j�m�d�l�m�j�u, �k�h�]�e�Z�k�g�h �j�Z�[�h�l�Z�f [39], [40], �i�j�h�b�k�o�h�^�b�l �b�a-�a�Z 
�h�q�_�g�v �\�u�k�h�d�h�c �k�d�h�j�h�k�l�b �h�o�e�Z�`�^�_�g�b�y �i�j�b �I�E�K (�h�l 104 �^�h 106 K/�k) �\�k�e�_�^�k�l�\�b�_ 
�q�_�]�h ��-�n�Z�a�Z �i�j�_�\�j�Z�s�Z�_�l�k�y �\ �l�h�g�d�h�b�]�h�e�v�q�Z�l�m�x �f�Z�j�l�_�g�k�b�l�g�m�x �.�‰-�n�Z�a�m. 
 

 
 

                                              �Z                                                          �[      
 

�J�b�k. 10. �K�l�j�m�d�l�m�j�Z �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6-�I�E�K �\ �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b  
(�Z – �H�F, �[ – �J�W�F) 
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�D�j�Z�l�d�h�\�j�_�f�_�g�g�u�c �g�Z�]�j�_�\ (�§ 5 �f�b�g) �k�i�e�Z�\�Z �<�L6-�I�E�K �^�h 873 K �d�Z�d �\ �Z�j-
�]�h�g�_, �l�Z�d �b �\ �\�h�^�h�j�h�^�_ �i�j�b �^�Z�\�e�_�g�b�b 80 �F�I�Z �\�e�b�y�g�b�y �g�Z �k�l�j�m�d�l�m�j�m �f�Z�l�_�j�b�Z�e�Z 
�g�_ �h�d�Z�a�Z�e (�j�b�k. 11).  
 

 
         
 
 
 
 
 
 
 
 
 

�J�b�k. 11. �K�l�j�m�d�l�m�j�Z �k�i�e�Z�\�Z �<�L6-�I�E�K �i�h�k�e�_ �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 873 K 

 
�A�Z�f�_�l�g�u�_ �b�a�f�_�g�_�g�b�y �k�l�j�m�d�l�m�j�u �k�i�e�Z�\ �<�L6-�I�E�K �i�j�h�b�a�h�r�e�b �i�h�k�e�_ �q�Z�k�h-

�\�u�o �b�k�i�u�l�Z�g�b�c �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 873 K �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z (�j�b�k. 12).  
 

 
 

�J�b�k. 12. �K�l�j�m�d�l�m�j�Z �k�i�e�Z�\�Z �<�L6-�I�E�K �i�h�k�e�_ �b�k�i�u�l�Z�g�b�c �g�Z �j�Z�k�l�y�`�_�g�b�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
873 K �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z �i�h�k�e�_ 2-�o (�Z, �[) �b 5-�l�b (�\, �]) �q�Z�k�h�\�h�c �\�u�^�_�j�`�_�d 

 

50 �f�d�f 10 �f�d�f 
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�< �i�_�j�\�m�x �h�q�_�j�_�^�v �w�l�h �i�j�h�y�\�b�e�h�k�v �\ �o�Z�j�Z�d�l�_�j�_ �l�j�Z�\�e�_�g�b�y �r�e�b�n�h�\. �R�e�b-
�n�u �h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6-�I�E�K �i�h�k�e�_ �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�o �b�k�i�u�l�Z�g�b�c �l�j�Z�\�b�e�b�k�v 
�i�h�k�l�_�i�_�g�g�h �\ �l�_�q�_�g�b�_ �h�l 2 �^�h 3 �f�b�g�m�l �b �i�h�k�e�_ �l�j�Z�\�e�_�g�b�y �i�h�\�_�j�o�g�h�k�l�v �[�u�e�Z 
�k�\�_�l�e�h�c. �K�l�j�m�d�l�m�j�Z �`�_ �h�[�j�Z�a�p�h�\ �i�h�k�e�_ �q�Z�k�h�\�u�o �b�k�i�u�l�Z�g�b�c �\ �i�j�h�p�_�k�k�_ �l�j�Z�\�e�_-
�g�b�y �\�u�y�\�e�y�e�Z�k�v �j�_�a�d�h �\ �l�_�q�_�g�b�_ �g�_�k�d�h�e�v�d�b�o �k�_�d�m�g�^ �b �i�h�\�_�j�o�g�h�k�l�v �r�e�b�n�h�\ 
�i�h�l�_�f�g�_�e�Z. �K�i�e�Z�\ �<�L6-�I�E�K �i�h�k�e�_ �q�Z�k�h�\�u�o �b�k�i�u�l�Z�g�b�c �b�f�_�_�l �[�h�e�_�_ �]�j�m�[�m�x 
�b�]�h�e�v�q�Z�l�m�x �k�l�j�m�d�l�m�j�m �b �m�q�Z�k�l�d�b �l�z�f�g�h�]�h �p�\�_�l�Z, �h�k�h�[�_�g�g�h �q�z�l�d�h �\�u�j�Z�`�_�g�g�u�_ 
�i�h�k�e�_ 5-�l�b �q�Z�k�h�\�h�c �\�u�^�_�j�`�d�b �\ �\�h�^�h�j�h�^�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 873 K (�j�b�k. 12, �\, �]).  

�G�Z �h�k�g�h�\�_ �Z�g�Z�e�b�a�Z �j�_�a�m�e�v�l�Z�l�h�\ �b�k�k�e�_�^�h�\�Z�g�b�c, �i�j�b�\�_�^�z�g�g�u�o �\ �j�Z�[�h�l�Z�o 
[37, 41–46], �f�h�`�g�h �i�j�_�^�e�h�`�b�l�v �k�e�_�^�m�x�s�_�_ �h�[�t�y�k�g�_�g�b�_ �g�Z�[�e�x�^�Z�_�f�u�o �b�a�f�_-
�g�_�g�b�c �k�l�j�m�d�l�m�j�u �I�E�K-�h�[�j�Z�a�p�h�\ �k�i�e�Z�\�Z �<�L6 �i�h�k�e�_ �^�e�b�l�_�e�v�g�h�]�h �g�Z�\�h�^�h�j�h-
�`�b�\�Z�g�b�y. 

�K�h�]�e�Z�k�g�h �j�Z�[�h�l�Z�f [41], [42] �i�j�b �^�e�b�l�_�e�v�g�u�o �g�Z�]�j�_�\�Z�o (2 �q�Z�k�Z �b �[�h�e�_�_) 
�I�E�K-�h�[�j�Z�a�p�h�\ �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6 �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l 673 �^�h 923 K 
�\ �f�Z�l�_�j�b�Z�e�_ �i�j�h�b�k�o�h�^�y�l �k�l�j�m�d�l�m�j�g�u�_ �b�a�f�_�g�_�g�b�y, �h�[�m�k�e�h�\�e�_�g�g�u�_ �j�Z�k�i�Z�^�h�f 
�f�Z�j�l�_�g�k�b�l�g�h�c �k�l�j�m�d�l�m�j�h�c (�.�‰-�n�Z�a�Z). 

�I�j�b �^�e�b�l�_�e�v�g�u�o �b�k�i�u�l�Z�g�b�y�o �I�E�K-�h�[�j�Z�a�p�h�\ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 873 K 
�\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z �.�‰-�n�Z�a�Z �g�Z�\�h�^�h�j�h�`�b�\�Z�_�l�k�y �b �q�Z�k�l�v �.�‰-�n�Z�a�u �f�h�`�_�l �i�j�_�l�_�j�i�_-
�\�Z�l�v �i�j�_�\�j�Z�s�_�g�b�y �\ �k�h�h�l�\�_�l�k�l�\�b�b �k�h �k�e�_�^�m�x�s�_�c �j�_�Z�d�p�b�_�c �.�‰�g �o  �.�g + ���g 
(�.�‰�g, �.�g, ���g-�n�Z�a�u, �g�Z�k�u�s�_�g�g�u�_ �\�h�^�h�j�h�^�h�f), �i�j�b �w�l�h�f �h�[�j�Z�a�m�_�l�k�y �m�e�v�l�j�Z�l�h�g�d�Z�y 
�b�]�h�e�v�q�Z�l�Z�y (�.�g + ���g) �k�l�j�m�d�l�m�j�Z [37]. �< �j�_�a�m�e�v�l�Z�l�_ �g�Z�\�h�^�h�j�h�`�b�\�Z�g�b�y �d�h�e�b�q�_�k�l�\�h 
��-�n�Z�a�u �\ �I�E�K-�k�i�e�Z�\�_ �<�L6 �m�\�_�e�b�q�b�\�Z�_�l�k�y [43–45]. �M�\�_�e�b�q�_�g�b�_ �d�h�e�b�q�_�k�l�\�Z 
��-�n�Z�a�u �\�u�j�Z�`�Z�_�l�k�y �\ �i�h�l�_�f�g�_�g�b�b �k�l�j�m�d�l�m�j�u, �l�Z�d �d�Z�d ��-�n�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x  
�k �.�‰ �b �.-�n�Z�a�Z�f�b �i�h�k�e�_ �l�j�Z�\�e�_�g�b�y �b�f�_�_�l �l�z�f�g�u�c �p�\�_�l [43, 46]. 

�I�h�l�_�f�g�_�g�b�_ �k�l�j�m�d�l�m�j�u �g�Z�\�h�^�h�j�h�`�_�g�g�u�o �I�E�K-�h�[�j�Z�a�p�h�\ �l�b�l�Z�g�h�\�h�]�h 
�k�i�e�Z�\�Z �i�j�h�b�k�o�h�^�b�l �l�Z�d�`�_ �\ �j�_�a�m�e�v�l�Z�l�_ �\�u�^�_�e�_�g�b�y �i�j�b �h�o�e�Z�`�^�_�g�b�b �g�Z�g�h�q�Z�k�l�b�p 
�/-�]�b�^�j�b�^�Z �l�b�l�Z�g�Z (TiH�o, �]�^�_ �a�g�Z�q�_�g�b�y �o �g�Z�o�h�^�y�l�k�y �\ �^�b�Z�i�Z�a�h�g�_ �h�l 1,5 �^�h 1,99) 
�k�h�]�e�Z�k�g�h �k�e�_�^�m�x�s�_�c �j�_�Z�d�p�b�b: �.�g + ���g �o  �. + �� + �/ [43]. 

�J�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�y �f�b�d�j�h�l�\�z�j�^�h�k�l�b �k�i�e�Z�\�Z �<�L6-�I�E�K �i�h�k�e�_ �b�k�i�u�l�Z-
�g�b�c �g�Z �j�Z�k�l�y�`�_�g�b�_ �i�j�b�\�_�^�_�g�u �g�Z �j�b�k. 13.  

�F�b�d�j�h�l�\�z�j�^�h�k�l�v �k�i�e�Z�\�Z �<�L6-�I�E�K �i�h�k�e�_ �b�k�i�u�l�Z�g�b�c �\ �j�Z�a�e�b�q�g�u�o �m�k�e�h-
�\�b�y�o �g�Z�o�h�^�b�l�k�y �i�j�b�f�_�j�g�h �g�Z �h�^�g�h�f �m�j�h�\�g�_ – �| 400 HV �k �g�_�[�h�e�v�r�h�c �l�_�g�^�_�g�p�b-
�_�c �d �k�g�b�`�_�g�b�x �i�j�b �q�Z�k�h�\�u�o �\�u�^�_�j�`�d�Z�o. �< �j�Z�[�h�l�_ [47], �g�Z�i�j�b�f�_�j, �l�Z�d�`�_ 
�g�_ �h�l�f�_�q�_�g�h �b�a�f�_�g�_�g�b�_ �l�\�z�j�^�h�k�l�b �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z Ti-6Al-4V, �i�h�e�m�q�_�g�g�h�]�h 
�f�_�l�h�^�h�f �k�_�e�_�d�l�b�\�g�h�]�h �e�Z�a�_�j�g�h�]�h �k�i�e�Z�\�e�_�g�b�y, �i�h�k�e�_ �h�l�`�b�]�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
913 K �\ �l�_�q�_�g�b�_ 2-�o �q�Z�k�h�\. 

�< �j�Z�[�h�l�_ [39] �b�k�k�e�_�^�h�\�Z�e�h�k�v �\�e�b�y�g�b�_ �^�\�m�o�q�Z�k�h�\�h�]�h �h�l�`�b�]�Z �i�j�b �l�_�f�i�_�j�Z-
�l�m�j�_ 973 K, �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�]�h �g�Z�]�j�_�\�Z (15 �f�b�g�m�l) �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 1200 K 
�b �h�o�e�Z�`�^�_�g�b�y �k �j�Z�a�e�b�q�g�u�f�b �k�d�h�j�h�k�l�y�f�b �g�Z �f�b�d�j�h�l�\�z�j�^�h�k�l�v �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z 
Ti-6Al-4V, �i�h�e�m�q�_�g�g�h�]�h �f�_�l�h�^�h�f �I�E�K. �I�h�k�e�_ �l�Z�d�h�c �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b 
�f�b�d�j�h�l�\�_�j�^�h�k�l�v �k�g�b�a�b�e�Z�k�v �k 408 HV �^�h 330 HV. �I�j�b �m�\�_�e�b�q�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u 
�h�l 1200 �^�h 1288 K �i�j�b �a�Z�d�Z�e�d�_ �\ �\�h�^�_ �f�b�d�j�h�l�\�z�j�^�h�k�l�v �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^-
�g�u�f �a�g�Z�q�_�g�b�_�f �m�f�_�g�v�r�b�e�Z�k�v �g�_�a�g�Z�q�b�l�_�e�v�g�h – �^�h 390 HV. 
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�J�b�k. 13. �F�b�d�j�h�l�\�z�j�^�h�k�l�v �k�i�e�Z�\�Z �<�L6-�I�E�K �i�h�k�e�_ �b�k�i�u�l�Z�g�b�c �g�Z �j�Z�k�l�y�`�_�g�b�_: 1 – Ar, 
293 K, �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�_ �b�k�i�u�l�Z�g�b�y; 2 – Ar, 873 �d, �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�_ �b�k�i�u�l�Z�g�b�y;  
3 – �G2, 873 K, �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�_ �b�k�i�u�l�Z�g�b�y; 4 – �G2, 873 K, 2 �q�Z�k�Z; 5 – �G2, 873 K, 4 �q�Z�k�Z;  
                                                        6 – �G2, 873 K, 5 �q�Z�k�h�\ 
 

�:�\�l�h�j�u �[�e�Z�]�h�^�Z�j�y�l �d�h�e�e�_�d�l�b�\ �k�h�l�j�m�^�g�b�d�h�\ �G�G�=�M �i�h� ̂ �j�m�d�h�\�h�^�k�l�\�h�f 
�\�_�^�m�s�_�]�h �g�Z�m�q�g�h�]�h �k�h�l�j�m�^�g�b�d�Z �d�Z�g�^. �n�b�a.-�f�Z�l. �g�Z�m�d �F. �X. �=�j�y�a�g�h�\�Z �b �i�j�h-
�n�_�k�k�h�j�Z �<. �G. �Q�m�\�b�e�v�^�_�_�\�Z �a�Z �i�j�_�^�h�k�l�Z�\�e�_�g�b�_ �h�[�j�Z�a�p�h�\, �b�a�]�h�l�h�\�e�_�g�g�u�o �i�h 
�l�_�o�g�h�e�h�]�b�b �I�E�K, �i�j�h�\�_�^�_�g�b�_ �b�k�k�e�_�^�h�\�Z�g�b�c �k�l�j�m�d�l�m�j�u �f�Z�l�_�j�b�Z�e�h�\ �k �i�h�f�h�s�v�x 
�J�W�F �b �h�[�k�m�`�^�_�g�b�_ �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\.  

�A�Z�d�e�x�q�_�g�b�_ 

�K�l�j�m�d�l�m�j�Z �D�F-�I�E�K �y�\�e�y�_�l�k�y �k�e�h�`�g�h�c, �k�h�k�l�h�y�s�_�c �b�a �l�j�z�o �m�j�h�\�g�_�c: 
�f�Z�d�j�h-, �f�_�a�h- �b �f�b�d�j�h�m�j�h�\�g�_�c. �L�Z�d�h�_ �k�l�j�h�_�g�b�_ �D�F-�I�E�K �h�[�m�k�e�Z�\�e�b�\�Z�_�l �b�o 
�[�h�e�_�_ �\�u�k�h�d�b�_ �i�j�h�q�g�h�k�l�g�u�_ �k�\�h�c�k�l�\�Z �i�h �k�j�Z�\�g�_�g�b�x �k �D�F, �b�a�]�h�l�h�\�e�_�g�g�u�f�b �i�h 
�l�j�Z�^�b�p�b�h�g�g�u�f �l�_�o�g�h�e�h�]�b�y�f. 

�<�e�b�y�g�b�_ �\�h�^�h�j�h�^�Z �g�Z �k�l�j�m�d�l�m�j�m �k�l�Z�e�b 316L-�I�E�K �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z-
�l�m�j �h�l 673 �^�h 973 K �g�_ �m�k�l�Z�g�h�\�e�_�g�h. �G�Z�[�e�x�^�Z�_�f�u�_ �b�a�f�_�g�_�g�b�y �k�l�j�m�d�l�m�j�u �k�l�Z-
�e�b 316L-�I�E�K �h�[�m�k�e�h�\�e�_�g�u �^�e�b�l�_�e�v�g�u�f�b �l�_�i�e�h�\�u�f�b �\�h�a�^�_�c�k�l�\�b�y�f�b �i�j�b �l�_�f-
�i�_�j�Z�l�m�j�Z�o �\�u�r�_ 823…873 K. �I�h�e�g�h�k�l�v�x �j�_�d�j�b�k�l�Z�e�e�b�a�Z�p�b�y �k�l�Z�e�b 316L-�I�E�K 
�i�j�h�b�k�o�h�^�b�l �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �g�Z�]�j�_�\�Z 1348 K, �i�j�b �w�l�h�f �_�z �f�b�d�j�h�l�\�z�j�^�h�k�l�v �g�Z 
25 % �\�u�r�_ �f�b�d�j�h�l�\�z�j�^�h�k�l�v �k�l�Z�e�b 12�O18�G10�L �i�h�k�e�_ �Z�g�Z�e�h�]�b�q�g�h�c �l�_�j�f�h�h�[�j�Z-
�[�h�l�d�b. 

�I�h �j�_�a�m�e�v�l�Z�l�Z�f �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �\�h�^�h�j�h�^�Z �g�Z �k�l�j�m�d�l�m�j�m �l�b�l�Z�g�h�\�h-
�]�h �k�i�e�Z�\�Z �<�L6-�I�E�K �m�k�l�Z�g�h�\�e�_�g�h: 

– �\ �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b �l�b�l�Z�g�h�\�h�]�h �k�i�e�Z�\�Z �<�L6-�I�E�K �b�f�_�_�l �l�h�g�d�h�b�]�h�e�v-
�q�Z�l�m�x �f�Z�j�l�_�g�k�b�l�g�m�x �k�l�j�m�d�l�m�j�m �k �l�\�_�j�^�h�k�l�v�x �| 400 HV; 

– �i�h�k�e�_ �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y �\�h�^�h�j�h�^�Z �\ �Z�j�]�h�g�_ �b �\�h�^�h�j�h�^�_ 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 873 �D �k�l�j�m�d�l�m�j�Z �b �l�\�z�j�^�h�k�l�v �k�i�e�Z�\�Z �<�L6-�I�E�K �g�_ �b�a�f�_�g�b-
�e�b�k�v; 

�F
�b
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�h
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�l�

v
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V
 404 424 408 374 392 373 
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– �i�h�k�e�_ �q�Z�k�h�\�u�o �\�h�a�^�_�c�k�l�\�b�c �\�h�^�h�j�h�^�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 873 K �i�j�h�b�a�h-
�r�e�b �k�l�j�m�d�l�m�j�g�u�_ �b�a�f�_�g�_�g�b�y �k�i�e�Z�\�Z �<�L6-�I�E�K, �h�[�m�k�e�h�\�e�_�g�g�u�_ �m�\�_�e�b�q�_�g�b�_�f 
�d�h�g�p�_�g�l�j�Z�p�b�b ��-�n�Z�a�u, �h�[�j�Z�a�h�\�Z�g�b�_�f �g�Z�g�h�q�Z�k�l�b�p �/-�q�Z�k�l�b�p �]�b�^�j�b�^�Z �l�b�l�Z�g�Z. 
�F�b�d�j�h�l�\�z�j�^�h�k�l�v �k�i�e�Z�\�Z �<�L6-�I�E�K �b�a�f�_�g�b�e�Z�k�v �g�_�a�g�Z�q�b�l�_�e�v�g�h. 

�B�k�k�e�_�^�h�\�Z�g�b�_ �\�u�i�h�e�g�_�g�h �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h�c �i�j�h�]�j�Z�f�f�u �G�P�N�F, �g�Z�i�j�Z�\-
�e�_�g�b�_ 8 «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z». 
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�J�Z�a�j�Z�[�h�l�Z�g�Z �f�_�l�h�^�b�d�Z �h�p�_�g�d�b �d�h�w�n�n�b�p�b�_�g�l�Z �Z�g�b�a�h�l�j�h�i�b�b (R) 
�b �i�h�d�Z�a�Z�l�_�e�_�c �g�_�h�^�g�h�j�h�^�g�h�k�l�b (H) �i�h �g�Z�i�j�y�`�_�g�b�x �b �^�_�n�h�j�f�Z�p�b�b �Z�g�b�a�h-
�l�j�h�i�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �l�_�o�g�h�e�h�]�b�b SLM, �[�Z�a�b�j�m�x�s�Z�y�k�y �g�Z �Z�g�Z�e�b�a�_ �d�j�b�\�u�o 
�m�i�j�h�q�g�_�g�b�y, �i�h�e�m�q�_�g�g�u�o �i�j�b �n�h�l�h�n�b�d�k�Z�p�b�b in situ �j�Z�k�l�y�`�_�g�b�y �h�[�j�Z�a�p�h�\.  

�F�_�l�h�^�b�d�Z �Z�i�j�h�[�b�j�h�\�Z�g�Z �g�Z �i�h�j�h�r�d�h�\�u�o �g�_�j�`�Z�\�_�x�s�b�o �b �`�Z�j�h-
�i�j�h�q�g�u�o �k�i�e�Z�\�Z�o SLM �j�Z�a�e�b�q�g�h�c �h�j�b�_�g�l�Z�p�b�b �b�a�]�h�l�h�\�e�_�g�b�y. 

�M�k�l�Z�g�h�\�e�_�g�Z �k�\�y�a�v R �b �G �k �o�Z�j�Z�d�l�_�j�h�f �m�i�j�h�q�g�_�g�b�y, �b�g�l�_�g�k�b�\�g�h-
�k�l�v�x �g�Z�i�j�y�`�_�g�b�c �b �^�_�n�h�j�f�Z�p�b�c �\ �f�b�d�j�h�h�[�t�z�f�Z�o �h�[�j�Z�a�p�h�\.  

�F�_�l�h�^�b�d�Z �Z�d�l�m�Z�e�v�g�Z �^�e�y �h�[�h�k�g�h�\�Z�g�b�y �k�\�y�a�b �f�_�o�Z�g�b�a�f�h�\ �m�i�j�h�q�g�_-
�g�b�y �\ �f�b�d�j�h�h�[�t�z�f�Z�o �Z�g�b�a�h�l�j�h�i�g�u�o �b�a�^�_�e�b�c (�i�j�h�d�Z�l, SLM, MIM, FDM) 
�k �i�Z�j�Z�f�_�l�j�Z�f�b �Z�g�b�a�h�l�j�h�i�b�b �b �g�_�h�^�g�h�j�h�^�g�h�k�l�b, �k�l�b�f�m�e�b�j�m�x�s�b�f�b  
�^�_�k�l�j�m�d�p�b�x �\ �j�_�Z�d�l�h�j�Z�o �j�Z�a�e�b�q�g�h�]�h �l�b�i�Z. 

�<�\�_�^�_�g�b�_ 

�>�e�y �b�a�]�h�l�h�\�e�_�g�b�y �h�l�\�_�l�k�l�\�_�g�g�u�o �^�_�l�Z�e�_�c �Z�]�j�_�]�Z�l�h�\ �Z�\�b�Z�p�b�h�g�g�h�c 
�b �j�Z�d�_�l�g�h�c �l�_�o�g�b�d�b, �Z �l�Z�d�`�_ �h�[�t�_�d�l�h�\ �Z�l�h�f�g�h�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b �b�k�i�h�e�v�a�m�x�l 
�Z�^�^�b�l�b�\�g�u�_ �l�_�o�g�h�e�h�]�b�b, �[�Z�a�b�j�m�x�s�b�_�k�y �g�Z �e�Z�a�_�j�g�h�f �k�b�g�l�_�a�_ (�i�h�k�e�h�c�g�h�f 
�e�Z�a�_�j�g�h�f �k�i�e�Z�\�e�_�g�b�b) �i�h�j�h�r�d�h�\�u�o �k�l�Z�e�_�c �b �k�i�e�Z�\�h�\ (SLM-�l�_�o�g�h�e�h�]�b�b). 
�B�a�^�_�e�b�y SLM �b�a �i�h�j�h�r�d�h�\�u�o �d�h�j�j�h�a�b�h�g�g�h�k�l�h�c�d�b�o �b �`�Z�j�h�i�j�h�q�g�u�o �k�i�e�Z�\�h�\, 
�g�_�k�h�f�g�_�g�g�h, �i�_�j�k�i�_�d�l�b�\�g�u �^�e�y �m�d�Z�a�Z�g�g�h�]�h �g�Z�a�g�Z�q�_�g�b�y �\ �k�b�e�m �k�\�h�b�o �\�u�k�h�d�b�o 
�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d. �H�^�g�Z�d�h, �k�l�Z�[�b�e�v�g�h�k�l�v �b�o �k�\�h�c�k�l�\ �i�j�b 
�`�z�k�l�d�h�f �l�_�f�i�_�j�Z�l�m�j�g�h-�k�b�e�h�\�h�f �\�h�a�^�_�c�k�l�\�b�b, �Z �l�Z�d�`�_ �d�h�g�l�Z�d�l�_ �k �i�j�h�^�m�d�l�Z�f�b 
�l�_�j�f�h�y�^�_�j�g�h�]�h �k�b�g�l�_�a�Z (�i�h�l�h�d�Z�f�b �]�_�e�b�y �b �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �q�_�j�_�a �w�e�_�f�_�g�l�u 
�d�h�g�k�l�j�m�d�p�b�b �j�_�Z�d�l�h�j�Z) �l�j�_�[�m�_�l �[�h�e�_�_ �i�h�^�j�h�[�g�h�]�h �b�a�m�q�_�g�b�y. �M�d�Z�a�Z�g�g�u�_ 
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�m�k�e�h�\�b�y �w�d�k�i�e�m�Z�l�Z�p�b�b �k�l�b�f�m�e�b�j�m�x�l �j�Z�a�\�b�l�b�_ �^�_�]�j�Z�^�Z�p�b�b, �\�h�^�h�j�h�^�g�h�c 
�o�j�m�i�d�h�k�l�b (�k�l�j�_�k�k-�d�h�j�j�h�a�b�b) �b �^�_�k�l�j�m�d�p�b�b �w�e�_�f�_�g�l�h�\ �d�h�g�k�l�j�m�d�p�b�c. �K �m�q�z�l�h�f 
�w�l�h�]�h �h�q�_�g�v �\�Z�`�g�Z �j�h�e�v �Z�g�b�a�h�l�j�h�i�b�b �b �g�_�h�^�g�h�j�h�^�g�h�k�l�b �k�\�h�c�k�l�\, �i�j�b�k�m�s�b�o 
�b�a�^�_�e�b�y�f �l�_�o�g�h�e�h�]�b�b SLM, �d�Z�d �k�l�b�f�m�e�y�l�h�j�h�\ �w�l�b�o �^�_�k�l�j�m�d�l�b�\�g�u�o �i�j�h�p�_�k�k�h�\.  

�I�j�h�[�e�_�f�Z �Z�g�b�a�h�l�j�h�i�b�b �b �g�_�h�^�g�h�j�h�^�g�h�k�l�b �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o 
�k�\�h�c�k�l�\ �e�b�k�l�h�\�h�]�h �i�j�h�d�Z�l�Z �b �b�o �\�e�b�y�g�b�_ �g�Z �i�j�h�p�_�k�k�u �i�e�Z�k�l�b�q�_�k�d�h�]�h �^�_�n�h�j-
�f�b�j�h�\�Z�g�b�y �h�[�k�m�`�^�Z�_�l�k�y �m�q�z�g�u�f�b �b �i�j�Z�d�l�b�d�Z�f�b �i�h�q�l�b �^�\�Z �k�l�h�e�_�l�b�y [1–4]. 
�M�d�Z�a�Z�g�g�Z�y �i�j�h�[�e�_�f�Z �Z�d�l�m�Z�e�v�g�Z �b �^�e�y �k�h�\�j�_�f�_�g�g�u�o �b�g�g�h�\�Z�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z-
�e�h�\, �d �d�h�l�h�j�u�f �h�l�g�h�k�y�l �b�a�^�_�e�b�y �Z�^�^�b�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�c (�l�Z�d�b�o �d�Z�d �i�h�k�e�h�c-
�g�h�_ (�k�_�e�_�d�l�b�\�g�h�_) �e�Z�a�_�j�g�h�_ �k�i�e�Z�\�e�_�g�b�_ (SLM) �b�a �i�h�j�h�r�d�h�\�u�o �k�l�Z�e�_�c �b �k�i�e�Z-
�\�h�\ [5–7].  

�< �h�l�e�b�q�b�b �h�l �Z�g�b�a�h�l�j�h�i�b�b �i�j�h�d�Z�l�Z �h�[�j�Z�a�h�\�Z�g�b�_ �l�_�d�k�l�m�j�u, �Z�g�b�a�h�l�j�h�i�b�y 
�b �g�_�h�^�g�h�j�h�^�g�h�k�l�v �b�a�^�_�e�b�c SLM �k�\�y�a�Z�g�u �k �i�h�k�e�h�c�g�u�f �j�Z�k�i�e�Z�\�e�_�g�b�_�f �i�h�j�h�r�d�Z 
�\ �o�h�^�_ �e�Z�a�_�j�g�h�]�h �k�b�g�l�_�a�Z [8, 9]. �I�j�b �h�k�l�u�\�Z�g�b�b �f�b�d�j�h�h�[�t�z�f�u �\�Z�g�g �j�Z�k�i�e�Z�\�Z 
�i�j�b�h�[�j�_�l�Z�x�l �i�j�_�b�f�m�s�_�k�l�\�_�g�g�m�x �h�j�b�_�g�l�b�j�h�\�d�m �i�Z�j�Z�e�e�_�e�v�g�m�x �g�Z�i�j�Z�\�e�_�g�b�x 
�\�u�j�Z�s�b�\�Z�g�b�y. �G�Z�i�j�Z�\�e�_�g�g�h�k�l�v �d�j�b�k�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�h�c �l�_�d�k�l�m�j�u �\�^�h�e�v �h�k�b 
�\�u�j�Z�s�b�\�Z�g�b�y �h�[�j�Z�a�p�h�\ SLM, �b�f�_�x�s�b�o �i�j�h�k�l�m�x �]�_�h�f�_�l�j�b�x (�i�Z�j�Z�e�e�_�e�_�i�b�i�_-
�^�h�\, �p�b�e�b�g�^�j�h�\) �h�l�f�_�q�_�g�Z �^�e�y �f�g�h�]�b�o �f�Z�l�_�j�b�Z�e�h�\, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �k�l�Z�g�^�Z�j-
�l�Z�f [10, 11], �g�_�j�`�Z�\�_�x�s�b�o �b �`�Z�j�h�i�j�h�q�g�u�o �Z�m�k�l�_�g�b�l�g�u�o �k�l�Z�e�_�c �b �k�i�e�Z�\�h�\ �k�b-
�k�l�_�f Fe-Cr-Ni-Mo-Nb-Ti, Fe-Cr-Ni-Mo-Ti-V-B �l�b�i�Z Inconel 718, Inconel 738LC, 
NiCr, NiTi �b �^�j. �K�l�j�h�q�_�q�g�Z�y �k�l�j�m�d�l�m�j�Z �k�h�o�j�Z�g�y�_�l�k�y �^�Z�`�_ �i�h�k�e�_ �^�h�i�h�e�g�b�l�_�e�v-
�g�h�]�h �h�l�`�b�]�Z, �h�i�j�_�^�_�e�y�y �j�Z�a�e�b�q�b�_ �k�\�h�c�k�l�\ �\�^�h�e�v �b �i�h�i�_�j�_�d �]�h�l�h�\�h�]�h �b�a�^�_�e�b�y 
[5, 8]. �I�_�j�_�q�b�k�e�_�g�g�u�_ �k�i�e�Z�\�u �l�_�o�g�h�e�h�]�b�b SLM �h�[�e�Z�^�Z�x�l �Z�g�Z�e�h�]�b�q�g�u�f�b �k�\�h�c-
�k�l�\�Z�f�b �b �^�Z�`�_ �i�j�_�\�h�k�o�h�^�y�l �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �k�i�e�Z�\�h�\ �Q�K-68, �W�D-164, �k �m�k�i�_�o�h�f 
�b�k�i�h�e�v�a�m�_�f�u�o �^�e�y �b�a�]�h�l�h�\�e�_�g�b�y �h�[�h�e�h�q�_�d �L�<�W�E�h�\ �b �^�_�l�Z�e�_�c �i�_�j�\�h�c �k�l�_�g�d�b 
�j�_�Z�d�l�h�j�h�\. �H�l�k�m�l�k�l�\�b�_ �^�h�k�l�h�\�_�j�g�h�c �b�g�n�h�j�f�Z�p�b�b �h �\�e�b�y�g�b�b �g�_�h�^�g�h�j�h�^�g�h�k�l�b 
�b �Z�g�b�a�h�l�j�h�i�b�b �k�\�h�c�k�l�\ �b�a�^�_�e�b�c �l�_�o�g�h�e�h�]�b�b SLM �g�Z �k�d�e�h�g�g�h�k�l�v �d �j�Z�^�b�Z�p�b�h�g-
�g�h�f�m �j�Z�k�i�m�o�Z�g�b�x �l�h�j�f�h�a�y�l �b�o �Z�d�l�b�\�g�h�_ �b�k�i�h�e�v�a�h�\�Z�g�b�_ �\ �d�Z�q�_�k�l�\�_ �f�Z�l�_�j�b�Z�e�h�\ 
�j�_�Z�d�l�h�j�h�\ IV �i�h�d�h�e�_�g�b�y [12–15]. 

 
1.1. �G�_�h�^�g�h�j�h�^�g�h�k�l�v �b �Z�g�b�a�h�l�j�h�i�b�y 
�I�h�  ̂�g�_�h�^�g�h�j�h�^�g�h�k�l�v�x �k�\�h�c�k�l�\ �f�Z�l�_�j�b�Z�e�Z �i�h�g�b�f�Z�x�l �j�Z�a�e�b�q�b�y �_�]�h �n�b�a�b-

�q�_�k�d�b�o �b �o�b�f�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �\ �j�Z�a�g�u�o �h�[�t�z�f�Z�o. �H�g�b �\�u�a�\�Z�g�u �b�a�f�_�g�_-
�g�b�y�f�b �k�h�k�l�Z�\�Z, �k�l�j�m�d�l�m�j�u, �\�g�_�r�g�b�f�b �n�Z�d�l�h�j�Z�f�b (�l�_�f�i�_�j�Z�l�m�j�h�c �b �^�Z�\�e�_�g�b�_�f 
�h�[�j�Z�[�h�l�d�b) �b �\�e�b�y�x�l �g�Z �i�j�h�q�g�h�k�l�v, �^�h�e�]�h�\�_�q�g�h�k�l�v �f�Z�l�_�j�b�Z�e�h�\ �b �b�o �j�_�Z�d�p�b�b �g�Z 
�\�g�_�r�g�b�_ �\�h�a�^�_�c�k�l�\�b�y. �W�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v, �k�g�b�`�Z�_�l �g�Z�^�_�`�g�h�k�l�v �b �i�j�_�^�k�d�Z�a�m-
�_�f�h�k�l�v �o�Z�j�Z�d�l�_�j�b�k�l�b�d �f�Z�l�_�j�b�Z�e�h�\ �\ �b�g�`�_�g�_�j�g�u�o �j�Z�k�q�z�l�Z�o �b �i�j�h�b�a�\�h�^�k�l�\�_�g-
�g�u�o �i�j�h�p�_�k�k�Z�o. �M �Z�g�b�a�h�l�j�h�i�g�h�]�h �l�_�e�Z (�b�e�b �\�_�s�_�k�l�\�Z) �k�\�h�c�k�l�\�Z �j�Z�a�g�u�_ �\ �a�Z�\�b-
�k�b�f�h�k�l�b �h�l �g�Z�i�j�Z�\�e�_�g�b�y �b�a�f�_�j�_�g�b�y. �<�_�s�_�k�l�\�h (�^�j�_�\�_�k�b�g�Z, �k�e�x�^�Z) �f�h�`�_�l �[�u�l�v 
�\�i�h�e�g�_ �h�^�g�h�j�h�^�g�h�c, �g�h �i�j�b �w�l�h�f �_�]�h �k�\�h�c�k�l�\�Z �\�^�h�e�v �b �i�h�i�_�j�z�d �\�h�e�h�d�h�g – �j�Z�a-
�g�u�_. �M �g�_�h�^�g�h�j�h�^�g�h�]�h �l�_�e�Z �j�Z�a�g�u�_ �k�\�h�c�k�l�\�Z �\ �j�Z�a�g�u�o �_�]�h �l�h�q�d�Z�o (�f�b�d�j�h�h�[�t�z-
�f�Z�o). �I�e�h�l�g�h�k�l�v �^�j�_�\�_�k�b�g�u �g�Z �f�b�d�j�h�m�j�h�\�g�_ �g�_�h�^�g�h�j�h�^�g�Z, �l. �d. �h�g�Z �i�h�j�b�k�l�u�c 
�f�Z�l�_�j�b�Z�e. �G�_�h�^�g�h�j�h�^�g�Z �d�b�j�i�b�q�g�Z�y �d�e�Z�^�d�Z �k �j�Z�k�l�\�h�j�h�f �f�_�`�^�m �d�b�j�i�b�q�Z�f�b. �G�_-
�h�^�g�h�j�h�^�_�g �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�c �d�j�b�k�l�Z�e�e �k �m�q�Z�k�l�d�Z�f�b �j�Z�a�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c 
�i�j�b�f�_�k�_�c. �L�h �_�k�l�v, �l�_�e�h �h�[�e�Z�^�Z�_�l �Z�g�b�a�h�l�j�h�i�g�u�f�b �k�\�h�c�k�l�\�Z�f�b. �?�k�e�b �j�Z�k�k�f�Z�l-
�j�b�\�Z�l�v �l�_�e�h �Z�g�b�a�h�l�j�h�i�g�u�f �\ �i�e�Z�g�_ �h�[�t�_�f�g�h�_ �i�e�h�l�g�h�k�l�b, �l�h �h�g�h �[�m�^�_�l �b�f�_�l�v 
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�k�f�_�s�_�g�g�u�c �p�_�g�l�j �l�y�`�_�k�l�b �i�h �k�j�Z�\�g�_�g�b�b �b�a�h�l�j�h�i�g�u�f (�h�^�g�h�j�h�^�g�u�f) �l�_�e�h�f. 
�< �g�z�f �[�m�^�m�l �g�Z�[�e�x�^�Z�l�v�k�y �j�Z�g�^�h�f�g�u�_ (�k�e�m�q�Z�c�g�u�_) �n�e�m�d�l�m�Z�p�b�b �h�l �h�^�g�h�j�h�^�g�u�o 
�a�g�Z�q�_�g�b�c �m�^�_�e�v�g�h�c �i�e�h�l�g�h�k�l�b �\ �d�Z�`�^�h�f �\�u�[�j�Z�g�g�h�f �d�h�g�_�q�g�h�f �f�b�d�j�h�h�[�t�_�f�_. 

�:�g�b�a�h�l�j�h�i�b�y �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �b�a�^�_�e�b�c SLM �i�j�h�y�\�e�y�_�l�k�y �\ �j�Z�a�e�b-
�q�b�b �i�j�_�^�_�e�h�\ �l�_�d�m�q�_�k�l�b �10,2, �\�j�_�f�_�g�g�h�]�h �k�h�i�j�h�l�b�\�e�_�g�b�y �j�Z�a�j�u�\�m �1�<, �h�l�g�h�k�b-
�l�_�e�v�g�h�]�h �m�^�e�b�g�_�g�b�y �/ �b �^�j�m�]�b�o �i�Z�j�Z�f�_�l�j�h�\ �\ �b�a�^�_�e�b�y�o, �\�u�j�Z�s�_�g�g�u�o �\ �]�h�j�b-
�a�h�g�l�Z�e�v�g�h�f �b �\�_�j�l�b�d�Z�e�v�g�h�f �g�Z�i�j�Z�\�e�_�g�b�y�o �h�l�g�h�k�b�l�_�e�v�g�h �i�e�Z�l�n�h�j�f�u  
3D-�i�j�b�g�l�_�j�Z [9,16]. �:�g�b�a�h�l�j�h�i�b�y, �g�_�h�^�g�h�j�h�^�g�h�k�l�v (�k�l�j�m�d�l�m�j�u �b �k�\�h�c�k�l�\) 
�k�g�b�`�Z�x�l �g�Z�^�z�`�g�h�k�l�v �w�l�b�o �b�a�^�_�e�b�c, �i�j�b�\�h�^�y�l �d �^�_�n�h�j�f�Z�p�b�h�g�g�h�c �g�_�k�l�Z�[�b�e�v�g�h-
�k�l�b �\ �\�b�^�_ �n�h�j�f�b�j�m�x�s�b�o�k�y �h�[�t�z�f�h�\ �e�h�d�Z�e�b�a�h�\�Z�g�g�h�c �i�e�Z�k�l�b�q�g�h�k�l�b, �\�h�e�g�h�\�h-
�]�h �o�Z�j�Z�d�l�_�j�Z �b�o �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y, �i�j�h�\�h�p�b�j�m�y �n�j�Z�]�f�_�g�l�Z�p�b�x �b �\�g�_�a�Z�i�g�h�_ �j�Z�a-
�j�m�r�_�g�b�_. �H�[�_�k�i�_�q�_�g�b�_ �g�Z�^�z�`�g�h�k�l�b �b�a�^�_�e�b�c SLM �\�h�a�f�h�`�g�h �i�j�b �b�a�m�q�_�g�b�b �f�_-
�o�Z�g�b�a�f�Z �\�e�b�y�g�b�y �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b �b �g�_�h�^�g�h�j�h�^�g�h�k�l�b �g�Z �k�\�h�c�k�l�\�Z 
SLM �f�Z�l�_�j�b�Z�e�h�\, �i�h�e�m�q�_�g�b�b �d�h�g�l�j�h�e�y �g�Z�^ �g�b�f�b �^�e�y �n�h�j�f�b�j�h�\�Z�g�b�y �k�l�Z�[�b�e�v-
�g�h�]�h �d�h�f�i�e�_�d�k�Z �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o �k�\�h�c�k�l�\ [9, 16].  

�G�_�h�[�o�h�^�b�f�Z �j�Z�a�j�Z�[�h�l�d�Z �n�b�a�b�q�_�k�d�b �h�[�h�k�g�h�\�Z�g�g�u�o �f�_�l�h�^�b�d �h�p�_�g�d�b �o�Z-
�j�Z�d�l�_�j�b�k�l�b�d �Z�g�b�a�h�l�j�h�i�b�b �b �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �b�a �Z�g�b�a�h-
�l�j�h�i�g�u�o �f�Z�l�_�j�b�Z�e�h�\, �l�Z�d�b�o �d�Z�d �b�a�^�_�e�b�y SLM, �^�e�y �i�h�k�e�_�^�m�x�s�_�]�h �Z�g�Z�e�b�a�Z �b�o 
�k�\�y�a�b �k �^�_�n�h�j�f�Z�p�b�h�g�g�u�f�b �b �d�h�j�j�h�a�b�h�g�g�u�f�b �i�j�h�p�_�k�k�Z�f�b �w�e�_�f�_�g�l�h�\ �d�h�g-
�k�l�j�m�d�p�b�c �\ �o�h�^�_ �w�d�k�i�e�m�Z�l�Z�p�b�b.  

�J�Z�k�q�z�l�u �i�Z�j�Z�f�_�l�j�h�\ �^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h �m�i�j�h�q�g�_�g�b�y �b �g�_�h�^�g�h�j�h�^�g�h�k�l�b 
�f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �e�b�k�l�h�\�h�]�h �i�j�h�d�Z�l�Z �i�j�h�\�h�^�y�l �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �f�_�l�h�^�b-
�d�h�c �=�H�K�L 11701-84 [17]. �H�^�g�Z�d�h �h�g�Z �b�k�i�h�e�v�a�m�_�l �k�m�s�_�k�l�\�_�g�g�h �m�k�j�_�^�g�_�g�g�u�_ 
�d�h�e�b�q�_�k�l�\�_�g�g�u�_ �i�Z�j�Z�f�_�l�j�u �]�_�h�f�_�l�j�b�b �g�_�k�d�h�e�v�d�b�o �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�c �g�Z 
�j�Z�k�q�z�l�g�h�c �^�e�b�g�_ �b�k�k�e�_�^�m�_�f�u�o �h�[�j�Z�a�p�h�\, �q�l�h �i�h �f�g�_�g�b�x �j�y�^�Z �b�k�k�e�_�^�h�\�Z�l�_�e�_�c 
�h�l�j�b�p�Z�l�_�e�v�g�h �k�d�Z�a�u�\�Z�_�l�k�y �g�Z �d�h�g�_�q�g�u�o �a�g�Z�q�_�g�b�y�o �h�i�j�_�^�_�e�y�_�f�u�o �o�Z�j�Z�d�l�_�j�b-
�k�l�b�d [18]. �G�_�h�[�o�h�^�b�f�Z �f�_�l�h�^�b�d�Z �j�Z�k�q�z�l�Z, �b�a�[�Z�\�e�_�g�g�Z�y �h�l �h�i�b�k�Z�g�g�u�o �g�_�^�h�k�l�Z�l-
�d�h�\. 

�P�_�e�v �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u – �j�Z�a�j�Z�[�h�l�d�Z �b �Z�i�j�h�[�Z�p�b�y �n�b�a�b�q�_�k�d�b �h�[�h�k�g�h-
�\�Z�g�g�h�c �f�_�l�h�^�b�d�b �h�p�_�g�d�b �d�h�w�n�n�b�p�b�_�g�l�Z �Z�g�b�a�h�l�j�h�i�b�b, �i�Z�j�Z�f�_�l�j�h�\ �g�_�h�^�g�h�j�h�^-
�g�h�k�l�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �b �g�_�j�Z�\�g�h�f�_�j�g�h�k�l�b �i�e�Z�k�l�b�q�_�k�d�h�]�h �l�_�q�_�g�b�y �b�a�^�_-
�e�b�c �l�_�o�g�h�e�h�]�b�b SLM. 

�F�Z�l�_�j�b�Z�e�u �b �f�_�l�h�^�u �b�k�k�e�_�^�h�\�Z�g�b�y 

2.1. �J�Z�a�j�Z�[�h�l�d�Z �f�_�l�h�^�b�d �h�p�_�g�d�b �g�_�h�^�g�h�j�h�^�g�h�k�l�b.  
�< �f�_�l�j�h�e�h�]�b�b �\ �k�h�h�l�\�_�l�k�l�\�b�b �k [19, 20] �i�h� ̂�g�_�h�^�g�h�j�h�^�g�h�k�l�v�x �k�l�Z�g�^�Z�j�l-

�g�h�]�h �h�[�j�Z�a�p�Z �i�h�g�b�f�Z�x�l �h�i�j�_�^�_�e�z�g�g�h�_ �k�\�h�c�k�l�\�h �f�Z�l�_�j�b�Z�e�Z �k�l�Z�g�^�Z�j�l�g�h�]�h �h�[-
�j�Z�a�p�Z, �\�u�j�Z�`�Z�x�s�_�_�k�y �\ �j�Z�a�e�b�q�b�b �a�g�Z�q�_�g�b�c �Z�l�l�_�k�l�m�_�f�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �\ �e�x-
�[�h�c �q�Z�k�l�b �k�l�Z�g�^�Z�j�l�g�h�]�h �h�[�j�Z�a�p�Z �f�Z�l�_�j�b�Z�e�Z (�\�_�s�_�k�l�\�Z), �b�k�i�h�e�v�a�m�_�f�h�c �i�j�b �_�]�h 
�i�j�b�f�_�g�_�g�b�b �k�h�]�e�Z�k�g�h �g�Z�a�g�Z�q�_�g�b�x. �F�Z�l�_�j�b�Z�e �k�l�Z�g�^�Z�j�l�g�h�]�h �h�[�j�Z�a�p�Z �k�q�b�l�Z�_�l�k�y 
�h�^�g�h�j�h�^�g�u�f �h�l�g�h�k�b�l�_�e�v�g�h �b�k�k�e�_�^�m�_�f�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b, �_�k�e�b �h�l�k�m�l�k�l�\�m�x�l 
�j�Z�k�o�h�`�^�_�g�b�y �f�_�`�^�m �a�g�Z�q�_�g�b�y�f�b �w�l�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �\ �j�Z�a�e�b�q�g�u�o �q�Z�k�l�y�o �f�Z-
�l�_�j�b�Z�e�Z [21].  

�B�k�k�e�_�^�h�\�Z�g�b�_ �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �k�l�Z�g�^�Z�j�l�g�h�]�h �h�[�j�Z�a�p�Z �^�h�e�`�g�h 
�i�j�h�\�h�^�b�l�k�y �i�h �g�_�d�h�l�h�j�h�c �b�k�k�e�_�^�m�_�f�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�_, �\�u�[�h�j �d�h�l�h�j�h�c �h�k�m-
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�s�_�k�l�\�e�_�g �k �m�q�_�l�h�f �m�k�l�Z�g�h�\�e�_�g�g�u�o �o�b�f�b�q�_�k�d�b�o �b�e�b �n�b�a�b�q�_�k�d�b�o �a�Z�\�b�k�b�f�h�k�l�_�c 
[20]. �K�e�_�^�m�_�l �l�Z�d�`�_ �i�h�e�m�q�b�l�v �^�h�i�h�e�g�b�l�_�e�v�g�u�_ �i�h�^�l�\�_�j�`�^�_�g�b�y �k�l�_�i�_�g�b �g�_�h�^-
�g�h�j�h�^�g�h�k�l�b �\�u�[�j�Z�g�g�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �^�j�m�]�b�f�b �f�_�l�h�^�Z�f�b �b�k�k�e�_�^�h�\�Z�g�b�c, �i�h-
�e�m�q�_�g�g�u�f�b �b�a �e�b�l�_�j�Z�l�m�j�u �b�e�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h.  

�F�Z�l�_�j�b�Z�e�u, �b�k�k�e�_�^�m�_�f�u�_ �\ �^�Z�g�g�h�c �j�Z�[�h�l�_, �h�l�g�h�k�y�l �d �\�_�s�_�k�l�\�Z�f (�l�_�e�Z) 
�k �g�_�i�j�_�j�u�\�g�h�c �g�_�h�^�g�h�j�h�^�g�h�k�l�v�x �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ [22]. �I�h �k�i�h�k�h�[�m �_�z 
�h�i�b�k�Z�g�b�y �h�g�b �m�k�e�h�\�g�h �j�Z�a�^�_�e�_�g�u �g�Z �^�\�_ �]�j�m�i�i�u: �l�_�e�Z �k �i�j�y�f�h�c �b �d�h�k�\�_�g�g�h�c 
(�g�Z�\�_�^�_�g�g�h�c) �g�_�h�^�g�h�j�h�^�g�h�k�l�v�x [23]. 

�D �i�_�j�\�h�c �]�j�m�i�i�_ �h�l�g�h�k�y�l�k�y �f�Z�l�_�j�b�Z�e�u, �f�_�o�Z�g�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�d�h�l�h�j�u�o �i�j�b�h�[�j�_�l�Z�x�l �j�Z�a�e�b�q�g�u�_ �a�g�Z�q�_�g�b�y �i�h �h�[�t�_�f�m �l�_�e�Z �\ �i�j�h�p�_�k�k�_ �b�a�]�h-
�l�h�\�e�_�g�b�y �b�e�b �h�[�j�Z�[�h�l�d�b �d�h�g�k�l�j�m�d�p�b�b �b�e�b �_�_ �w�e�_�f�_�g�l�h�\. �D �l�Z�d�h�c �g�_�h�^�g�h�j�h�^-
�g�h�k�l�b �i�j�b�\�h�^�y�l �\�a�j�u�\�g�h�_ �b�e�b �b�f�i�m�e�v�k�g�h�_ �e�Z�a�_�j�g�h�_ �\�h�a�^�_�c�k�l�\�b�y (�d�Z�d SLM), 
�i�h�\�_�j�o�g�h�k�l�g�u�_ �h�[�j�Z�[�h�l�d�b, �i�j�h�p�_�k�k�u �o�b�f�b�d�h-�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �f�_�l�Z�e-
�e�h�\ �b �l.� .̂ �I�j�b �\�u�[�h�j�_ �n�m�g�d�p�b�c, �h�i�b�k�u�\�Z�x�s�b�o �b�a�f�_�g�_�g�b�_ �k�\�h�c�k�l�\ �\�^�h�e�v �d�h�h�j-
�^�b�g�Z�l �l�_�e, �k �i�j�y�f�h�c �g�_�h�^�g�h�j�h�^�g�h�k�l�v�x �\ �h�k�g�h�\�m �^�h�e�`�g�u �[�u�l�v �\�a�y�l�u �e�b�r�v �j�_-
�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c. �D�h �\�l�h�j�h�c �]�j�m�i�i�_ �h�l�g�h�k�y�l �f�Z�l�_-
�j�b�Z�e�u, �k�\�h�c�k�l�\�Z �d�h�l�h�j�u�o �b�a�f�_�g�y�x�l�k�y �\ �i�j�h�p�_�k�k�_ �w�d�k�i�e�m�Z�l�Z�p�b�b �i�j�b �\�h�a�^�_�c-
�k�l�\�b�b �l�_�f�i�_�j�Z�l�m�j�g�u�o �i�h�e�_�c, �\�e�Z�`�g�h�k�l�b, �j�Z�^�b�Z�p�b�b �b �l. � .̂ �< �g�b�o �b�a�f�_�g�_�g�b�_ �f�_-
�o�Z�g�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �\�^�h�e�v �d�h�h�j�^�b�g�Z�l �h�[�m�k�e�h�\�e�_�g�h �a�Z�\�b�k�b�f�h�k�l�v�x �g�_ 
�l�h�e�v�d�h �h�l �i�h�j�h�`�^�Z�x�s�_�]�h �n�Z�d�l�h�j�Z (�l�_�f�i�_�j�Z�l�m�j�u, �j�Z�^�b�Z�p�b�b �b �i�j�h�q.), �g�h 
�b �h�l �_�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �\ �l�_�e�_.  

�>�e�y �\�u�y�\�e�_�g�b�y �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �d�h�e�b�q�_�k�l�\�_�g�g�h�c �h�p�_�g�d�b �g�_�h�^�g�h-
�j�h�^�g�h�k�l�b �\ �f�Z�l�_�j�b�Z�e�Z�o �b�k�i�h�e�v�a�m�x�l �f�_�l�h�^�u �f�b�d�j�h�k�d�h�i�b�b, �k�i�_�d�l�j�h�k�d�h�i�b�b, �f�_-
�o�Z�g�b�q�_�k�d�b�_ �b�k�i�u�l�Z�g�b�y. �K�h�\�j�_�f�_�g�g�u�_ �b�g�k�l�j�m�f�_�g�l�u �\�b�a�m�Z�e�b�a�Z�p�b�b �f�_�o�Z�g�b�q�_-
�k�d�b�o �\�h�a�^�_�c�k�l�\�b�c �i�j�b �g�Z�]�j�m�`�_�g�b�b �l�Z�d�b�_ �d�Z�d �f�Z�r�b�g�g�h�_ �a�j�_�g�b�_ (DIC –�l�_�o�g�h-
�e�h�]�b�b) �i�h�a�\�h�e�y�x�l �Z�g�Z�e�b�a�b�j�h�\�Z�l�v �b �d�h�e�b�q�_�k�l�\�_�g�g�h �h�p�_�g�b�\�Z�l�v �w�l�b �b�a�f�_�g�_�g�b�y �\ 
�j�Z�a�e�b�q�g�u�o �f�Z�k�r�l�Z�[�Z�o �^�e�b�g�u. �B�f�_�g�g�h �w�l�b �f�_�l�h�^�u �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �\ �^�Z�g-
�g�h�c �j�Z�[�h�l�_. 

 
2.2. �H�[�t�_�d�l�u �b�k�k�e�_�^�h�\�Z�g�b�y 
�H�[�t�_�d�l�u �b�k�k�e�_�^�h�\�Z�g�b�c – �i�e�h�k�d�b�_ �h�[�j�Z�a�p�u (100×10×2 �f�f ) �i�h�j�h�r�d�h�\�u�o 

�g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�b 03�O18�G12�F2 (�Z�g�Z�e�h�] AISI 316L) �b �`�Z�j�h�i�j�h�q�g�h�]�h �k�i�e�Z�\�Z 
08�O�G53�;�F�L�X (�Z�g�Z�e�h�] AISI Inconel 718), �b�a�]�h�l�h�\�e�_�g�g�u�_ �i�h SLM-�l�_�o�g�h�e�h�]�b�b 
�\ �j�Z�a�e�b�q�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �h�l�g�h�k�b�l�_�e�v�g�h �i�e�Z�l�n�h�j�f�u 3d-�i�j�b�g�l�_�j�Z SLM280 
2.0HL.  

�H�[�j�Z�a�p�u �[�u�e�b �b�a�]�h�l�h�\�e�_�g�u �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �l�j�_�[�h�\�Z�g�b�y�f�b �=�H�K�L 
11701-84. �I�h�e�g�Z�y �g�Z�q�Z�e�v�g�Z�y �^�e�b�g�Z �h�[�j�Z�a�p�h�\ �[�u�e�Z �j�Z�\�g�Z 140 ± 0,05 �f�f , �r�b�j�b�g�Z 
10 ± 0,5 �f�f  �b �l�h�e�s�b�g�Z 2 ± 0,05 �f�f . �A�Z �j�Z�k�q�z�l�g�m�x �^�e�b�g�m �h�[�j�Z�a�p�h�\ �i�j�b�g�b�f�Z�e�b 
�j�Z�k�k�l�h�y�g�b�_, �b�a�f�_�j�_�g�g�h�_ �i�j�b �i�h�f�h�s�b �l�_�o�g�h�e�h�]�b�b �n�h�l�h�]�j�Z�f�f�_�l�j�b�b (�g�Z 
�p�b�n�j�h�\�u�o �n�h�l�h�]�j�Z�n�b�y�o �k�_�l�d�b, �g�Z�g�_�k�z�g�g�h�c �g�Z �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�a�p�h�\), �f�_�`�^�m 
�a�Z�o�\�Z�l�Z�f�b �b�k�i�u�l�Z�l�_�e�v�g�h�c �f�Z�r�b�g�u. �M�k�e�h�\�g�h �j�Z�a�f�_�j �j�Z�k�q�z�l�g�h�c �h�[�e�Z�k�l�b 
�h�[�j�Z�a�p�h�\ �i�j�b�g�b�f�Z�e�b �j�Z�\�g�u�f (100×10×2) ± 0,033 �f�f . �<�_�e�b�q�b�g�Z ± 0,033 �f�f  
�k�h�h�l�\�_�l�k�l�\�h�\�Z�e�Z �i�h�]�j�_�r�g�h�k�l�b, �k �d�h�l�h�j�h�c �i�j�h�b�a�\�h�^�b�e�b �b�a�f�_�j�_�g�b�_ �j�Z�a�f�_�j�h�\ 
�y�q�_�_�d �\ �k�_�q�_�g�b�y�o �^�_�e�b�l�_�e�v�g�h�c �k�_�l�d�b �j�Z�k�q�z�l�g�h�c �h�[�e�Z�k�l�b �h�[�j�Z�a�p�Z �i�h �l�_�o�g�h�e�h�]�b�b 
�n�h�l�h�]�j�Z�f�f�_�l�j�b�b [24, 25]. 

 

�< �j�Z�k�q�_�l�g�h�c �a�h�g�_ �^�e�b�g�u �h�[�j�Z�a�p�h�\ �i�h �\�k�_�c �i�h�\�_�j�o�g�h�k�l�b �f�_�l�h�^�h�f �e�Z�a�_�j-
�g�h�c �]�j�Z�\�b�j�h�\�d�b �g�Z�g�h�k�b�e�b �^�_�e�b�l�_�e�v�g�m�x �k�_�l�d�m [24] �k �y�q�_�c�d�Z�f�b �j�Z�a�f�_�j�h�f 
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1×1 �f�f  (�j�b�k. 1). �D�Z�`�^�u�c �j�y� ̂�y�q�_�_�d �k�_�l�d�b �j�Z�k�k�f�Z�l�j�b�\�Z�e�b �d�Z�d �i�h�i�_�j�_�q�g�h�_ �k�_�q�_-
�g�b�_, �j�Z�a�f�_�j�u �d�h�l�h�j�h�]�h �b �g�Z�q�Z�e�v�g�Z�y �i�e�h�s�Z�^�v �b�a�\�_�k�l�g�Z.  

 

 
 
�J�b�k. 1. �J�Z�k�q�_�l�g�Z�y �^�e�b�g�Z lp �h�[�j�Z�a�p�Z �k �^�_�e�b�l�_�e�v�g�h�c �k�_�l�d�h�c �b �f�b�d�j�h�h�[�t�z�f�Z�f�b �j�Z�a�e�b�q�g�u�o 

�i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�c �f�_�`�^�m �a�Z�o�\�Z�l�Z�f�b �f�Z�r�b�g�u (�k�o�_�f�Z) 

 
�B�k�k�e�_�^�h�\�Z�e�b �e�h�d�Z�e�v�g�u�c �m�q�Z�k�l�h�d �h�[�j�Z�a�p�Z �h�[�t�z�f�h�f �j�Z�\�g�u�f �g�Z�q�Z�e�v�g�h�c 

�i�e�h�s�Z�^�b �i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�y, �m�f�g�h�`�_�g�g�h�f�m �g�Z �j�Z�a�f�_�j �y�q�_�_�d �j�y�^�Z �\ �i�j�h�^�h�e�v-
�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b (�j�b�k. 2). 
 
 

 
 

�J�b�k. 2. �J�Z�a�f�_�j�u �e�h�d�Z�e�v�g�h�]�h �m�q�Z�k�l�d�Z �h�[�j�Z�a�p�Z �k �i�h�i�_�j�_�q�g�u�f �k�_�q�_�g�b�_�f �h�[�t�z�f�h�f bsl,  
�i�h�e�m�q�_�g�g�u�_ �i�h �l�_�o�g�h�e�h�]�b�b �n�h�l�h�]�j�Z�f�f�_�l�j�b�b 

 
 

2.3. �N�h�l�h�]�j�Z�f�f�_�l�j�b�y. �F�_�l�h�^�b�d�Z �n�h�l�h�j�_�]�b�k�l�j�Z�p�b�b �j�Z�a�f�_�j�h�\ �i�h �^�_-
�e�b�l�_�e�v�g�h�c �k�_�l�d�_  

�B�k�k�e�_�^�h�\�Z�e�b �b�a�f�_�g�_�g�b�y �j�Z�a�f�_�j�h�\ �e�h�d�Z�e�v�g�h�]�h �h�[�t�z�f�Z �h�[�j�Z�a�p�Z �k �i�h�i�_-
�j�_�q�g�u�f �k�_�q�_�g�b�_�f �r�b�j�b�g�h�c b, �l�h�e�s�b�g�h�c s �b �^�e�b�g�h�c l (�j�b�k. 2). �D�Z�`�^�h�_ �i�h�i�_-
�j�_�q�g�h�_ �k�_�q�_�g�b�_ �h�[�j�Z�a�p�Z �b�f�_�e�h 10 �y�q�_�_�d �i�h �r�b�j�b�g�_, �b �h�^�g�m �i�h �^�e�b�g�_. �G�h�f�_�j 
�i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�_ �k�h�h�l�\�_�l�k�l�\�h�\�Z�e �_�]�h �j�Z�k�k�l�h�y�g�b�x �h�l �g�_�i�h�^�\�b�`�g�h�]�h �a�Z�o�\�Z�l�Z 
�b�k�i�u�l�Z�l�_�e�v�g�h�c �f�Z�r�b�g�u. �< �]�j�Z�n�b�q�_�k�d�h�f �j�_�^�Z�d�l�h�j�_ �n�b�d�k�b�j�h�\�Z�e�b�k�v �l�h�e�v�d�h 
�j�Z�a�f�_�j�u b �b l, �Z �j�Z�a�f�_�j �i�h �l�h�e�s�b�g�_ s �h�i�j�_�^�_�e�y�e�b �j�Z�k�q�z�l�g�u�f �i�m�l�z�f. 

�H�[�j�Z�a�p�u �i�h�^�\�_�j�]�Z�e�b �h�^�g�h�h�k�g�h�f�m �j�Z�k�l�y�`�_�g�b�x �g�Z �b�k�i�u�l�Z�l�_�e�v�g�h�c �f�Z-
�r�b�g�_ �J5-�I�D (�=�H�K�L 11701-84) �k �f�Z�d�k�b�f�Z�e�v�g�u�f �g�h�f�b�g�Z�e�v�g�u�f �m�k�b�e�b�_�f 50 kH 
�k �i�h�k�l�h�y�g�g�h�c �k�d�h�j�h�k�l�v�x �i�_�j�_�f�_�s�_�g�b�y �a�Z�o�\�Z�l�h�\ 5 �f�f /�f�b�g �g�Z �\�h�a�^�m�o�_ �i�j�b �d�h�f-
�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �k �a�Z�i�b�k�v�x �f�Z�r�b�g�g�h�c �d�j�b�\�h�c �j�Z�k�l�y�`�_�g�b�y («�g�Z�]�j�m�a�d�Z-
�i�_�j�_�f�_�s�_�g�b�_») (�j�b�k. 3). 
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�J�b�k. 3. �F�Z�r�b�g�g�Z�y �d�j�b�\�Z�y �j�Z�k�l�y�`�_�g�b�y �h�[�j�Z�a�p�Z Inconel 718 
 

�< �o�h�^�_ �b�k�i�u�l�Z�g�b�c �\ �j�Z�a�e�b�q�g�u�o �k�_�q�_�g�b�y�o �h�[�j�Z�a�p�h�\ �h�i�j�_�^�_�e�y�e�b �b�o �e�h�d�Z-
�e�b�a�h�\�Z�g�g�m�x �^�_�n�h�j�f�Z�p�b�x �i�m�l�z�f �b�a�f�_�j�_�g�b�y �]�_�h�f�_�l�j�b�b �p�b�n�j�h�\�u�o �b�a�h�[�j�Z�`�_�g�b�c 
�^�_�e�b�l�_�e�v�g�h�c �k�_�l�d�b. �>�e�y �n�b�d�k�Z�p�b�b �m�d�Z�a�Z�g�g�u�o �b�a�h�[�j�Z�`�_�g�b�c �b�k�i�h�e�v�a�h�\�Z�e�b �k�i�_-
�p�b�Z�e�v�g�h �j�Z�a�j�Z�[�h�l�Z�g�g�m�x �l�_�o�g�h�e�h�]�b�x �n�h�l�h�]�j�Z�f�f�_�l�j�b�b [24, 25]. �I�Z�j�Z�e�e�_�e�v�g�h 
�k �j�Z�k�l�y�`�_�g�b�_�f �h�[�j�Z�a�p�h�\ �\�_�e�b �n�h�l�h�n�b�d�k�Z�p�b�x �b�o �i�h�\�_�j�o�g�h�k�l�b �i�j�b �i�h�f�h�s�b 
�k�i�_�p�b�Z�e�v�g�h�c �k�b�k�l�_�f�u (�n�h�l�h�Z�i�i�Z�j�Z�l�Z Canon EOS R6 �k �n�h�d�m�k�g�u�f �j�Z�k�k�l�h�y�g�b�_�f 
24–105 �f�f  �b �j�Z�a�j�_�r�_�g�b�_�f 20.1 �F�i�b�d�k �b �h�[�t�_�d�l�b�\�Z Ef 24-105 f/4). �H�g�Z �h�[�_�k�i�_-
�q�b�\�Z�e�Z �i�h�e�m�q�_�g�b�y �p�b�n�j�h�\�u�o �b�a�h�[�j�Z�`�_�g�b�c �k �i�e�h�l�g�h�k�l�v�x 900 �i�b�d�k/�f�f 2. �N�h�l�h-
�k�t�_�f�d�m �b�k�i�u�l�Z�g�b�c �i�j�h�\�h�^�b�e�b �\ �^�\�m�o �\�j�_�f�_�g�g�u�o �j�_�`�b�f�Z�o: �k �b�g�l�_�j�\�Z�e�h�f �f�_� -̀
�^�m �d�Z�^�j�Z�f�b �\ 5 �b 10 �k�_�d [20]. �N�h�l�h�n�b�d�k�Z�p�b�x �b�k�i�u�l�Z�g�b�c �g�Z�q�b�g�Z�e�b �h�^�g�h�\�j�_-
�f�_�g�g�h �k �g�Z�q�Z�e�h�f �a�Z�i�b�k�b �f�Z�r�b�g�g�h�c �d�j�b�\�h�c �j�Z�k�l�y�`�_�g�b�y. �E�h�d�Z�e�v�g�u�_ �^�_�n�h�j�f�Z-
�p�b�b �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\ �h�i�j�_�^�_�e�y�e�b �k �i�h�f�h�s�v�x �Z�g�Z�e�b�a�Z �p�b�n�j�h�\�u�o �b�a�h�[�j�Z-
�`�_�g�b�c, �i�h�e�m�q�_�g�g�u�o �\ �o�h�^�_ �n�h�l�h�n�b�d�k�Z�p�b�b �w�d�k�i�_�j�b�f�_�g�l�Z. �I�h�e�m�q�_�g�g�u�_ �p�b�n�j�h-
�\�u�_ �b�a�h�[�j�Z�`�_�g�b�y �h�[�j�Z�[�Z�l�u�\�Z�e�b �\ �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�h�f �j�Z�k�l�j�h�\�h�f �]�j�Z�n�b�q�_-
�k�d�h�f �j�_�^�Z�d�l�h�j�_ Adobe Photoshop. �B�k�i�h�e�v�a�m�y �\�g�m�l�j�_�g�g�b�_ �b�g�k�l�j�m�f�_�g�l�u �I�H, 
�h�i�j�_�^�_�e�y�e�b �j�Z�a�f�_�j�u �i�h �^�e�b�g�_ �b �r�b�j�b�g�_ �h�l�^�_�e�v�g�u�o �y�q�_�_�d �^�_�e�b�l�_�e�v�g�h�c �k�_�l�d�b 
�\ �i�b�d�k�_�e�y�o �b �f�_�l�h�^�h�f �:�P�I  �m�k�l�Z�g�Z�\�e�b�\�Z�e�b �b�o �j�Z�a�f�_�j�u �\ �_�^�b�g�b�p�Z�o �^�e�b�g�u 
[24, 25].  

�< �i�j�h�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�y �b�f�_�_�l �f�_�k�l�h �g�_�j�Z�a�j�u�\�g�h�k�l�v �^�_�n�h�j�f�Z�p�b�c �\ �f�Z�l�_-
�j�b�Z�e�_, �i�h�w�l�h�f�m �k �i�h�k�l�h�y�g�g�h�c �k�d�h�j�h�k�l�v�x �^�h�e�`�g�u �m�f�_�g�v�r�Z�l�v�k�y �j�Z�a�f�_�j�u �i�h�i�_-
�j�_�q�g�u�o �k�_�q�_�g�b�c �i�h �r�b�j�b�g�_ �b �l�h�e�s�b�g�_ �^�h �f�h�f�_�g�l�Z �g�Z�q�Z�e�Z �h�[�j�Z�a�h�\�Z�g�b�y �r�_�c�d�b 
(�e�h�d�Z�e�b�a�Z�p�b�b �^�_�n�h�j�f�Z�p�b�c). �J�_�`�b�f �b�k�i�u�l�Z�g�b�y �i�h�a�\�h�e�y�e �k�b�g�o�j�h�g�b�a�b�j�h�\�Z�l�v 
�n�h�l�h�j�_�]�b�k�l�j�Z�p�b�x �i�h�\�_�j�o�g�h�k�l�b �k �d�j�b�\�h�c �j�Z�k�l�y�`�_�g�b�y �k �r�Z�]�h�f �\ 10 �k�_�d. �W�l�h �^�Z-
�\�Z�e�h �\�h�a�f�h�`�g�h�k�l�v �h�i�j�_�^�_�e�y�l�v �\�_�e�b�q�b�g�m �g�Z�]�j�m�a�d�b �\ �d�Z�`�^�u�c �f�h�f�_�g�l �n�h�l�h�j�_�]�b-
�k�l�j�Z�p�b�b �j�Z�a�f�_�j�h�\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�c. �I�j�b �k�b�g�o�j�h�g�b�a�Z�p�b�b �m�q�b�l�u�\�Z�e�b �h�k�h-
�[�_�g�g�h�k�l�b �^�_�n�h�j�f�b�j�h�\�Z�g�b�y �j�Z�a�e�b�q�g�u�o �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�c, �j�Z�k�i�h�e�h�`�_�g�g�u�o 
�g�Z �m�q�Z�k�l�d�Z�o �j�Z�k�q�z�l�g�h�c �^�e�b�g�u �h�[�j�Z�a�p�Z. �?�k�e�b �i�h�i�_�j�_�q�g�u�_ �k�_�q�_�g�b�y �[�u�e�b �j�Z�k�i�h-
�e�h�`�_�g�u �\�g�_ �a�h�g�u �h�[�j�Z�a�h�\�Z�g�b�y «�r�_�c�d�b» �b �i�h�k�e�_�^�m�x�s�_�]�h �j�Z�a�j�m�r�_�g�b�y, �l�h �^�_-
�n�h�j�f�Z�p�b�b �\ �w�l�b�o �k�_�q�_�g�b�y�o �i�j�_�d�j�Z�s�Z�x�l�k�y �h�^�g�h�\�j�_�f�_�g�g�h �\ �f�h�f�_�g�l �e�h�d�Z�e�b�a�Z-
�p�b�b �^�_�n�h�j�f�Z�p�b�c �\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o �h�d�h�e�h �r�_�c�d�b. �< �h�[�e�Z�k�l�b �`�_ �h�[�j�Z�a�h-
�\�Z�g�b�y �r�_�c�d�b �i�e�Z�k�l�b�q�_�k�d�h�_ �l�_�q�_�g�b�_ �f�Z�l�_�j�b�Z�e�Z �h�[�j�Z�a�p�Z �i�j�h�^�h�e�`�Z�e�h�k�v �^�h �_�]�h 
�j�Z�a�j�m�r�_�g�b�y. �M�q�b�l�u�\�Z�y �w�l�m �h�k�h�[�_�g�g�h�k�l�v �i�e�Z�k�l�b�q�_�k�d�h�]�h �^�_�n�h�j�f�b�j�h�\�Z�g�b�y, 
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�g�Z �]�j�Z�n�b�d�_ �j�b�k. 3 �h�l�d�e�Z�^�u�\�Z�e�b �h�l�j�_�a�h�d �i�_�j�_�f�_�s�_�g�b�y �i�h�^�\�b�`�g�h�]�h �a�Z�o�\�Z�l�Z, �a�Z-
�n�b�d�k�b�j�h�\�Z�g�g�u�c �\ �l�_�q�_�g�b�_ 100 �k�_�d �h�l �f�h�f�_�g�l�Z �g�Z�q�Z�e�Z �h�[�j�Z�a�h�\�Z�g�b�y �r�_�c�d�b 
�\ �k�l�h�j�h�g�m �g�Z�q�Z�e�Z �i�e�Z�k�l�b�q�_�k�d�h�]�h �^�_�n�h�j�f�b�j�h�\�Z�g�b�y �b �^�_�e�b�e�b �w�l�h�l �m�q�Z�k�l�h�d �]�j�Z-
�n�b�d�Z �g�Z �b�g�l�_�j�\�Z�e�u �i�_�j�_�f�_�s�_�g�b�y �i�h�^�\�b�`�g�h�]�h �a�Z�o�\�Z�l�Z, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �i�_-
�j�b�h�^�Z�f 10 �k�_�d. �G�Z �j�b�k. 3 �i�h�d�Z�a�Z�g�u �b�g�l�_�j�\�Z�e�u �i�_�j�_�f�_�s�_�g�b�y �i�h�^�\�b�`�g�h�]�h �a�Z-
�o�\�Z�l�Z, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �\�j�_�f�_�g�b 10 �k�_�d. �I�h �h�k�b �g�Z�]�j�m�a�d�b �h�i�j�_�^�_�e�y�e�b �_�z �\�_�e�b-
�q�b�g�m �Ji �^�e�y �d�Z�`�^�h�]�h �b�g�l�_�j�\�Z�e�Z �j�Z�k�l�y�`�_�g�b�y. 

�< �j�Z�[�h�l�_ �b�k�i�h�e�v�a�h�\�Z�e�b �^�Z�g�g�u�_ �h �g�Z�q�Z�e�v�g�u�o (�^�h �j�Z�k�l�y�`�_�g�b�y) �j�Z�a�f�_�j�Z�o 
�y�q�_�_�d, �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�_�q�_�g�b�c, �i�h �r�b�j�b�g�_ �k�_�q�_�g�b�y bo �b �^�e�b�g�_ �y�q�_�c�d�b lo �b �b�o 
�d�h�g�_�q�g�u�o �j�Z�a�f�_�j�Z�o: bk �b lk �\ �w�l�h�f �k�_�q�_�g�b�b �\ �i�j�h�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�y �q�_�j�_�a �b�g�l�_�j-
�\�Z�e �\�j�_�f�_�g�b 10 �k�_�d. �K �b�o �i�j�b�\�e�_�q�_�g�b�_�f �j�Z�k�k�q�b�l�u�\�Z�e�b �b�k�l�b�g�g�u�_ �^�_�n�h�j�f�Z�p�b�b 

�\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o 
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� H �   0lnli
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l
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� H �   �b, �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �m�k�e�h�\�b�_�f 

�g�_�j�Z�a�j�u�\�g�h�k�l�b �^�_�n�h�j�f�Z�p�b�c �\ �n�h�j�f�_ �K�_�g-�<�_�g�Z�g�Z [26], �h�i�j�_�^�_�e�y�e�b �^�_�n�h�j�f�Z-
�p�b�b �i�h �l�h�e�s�b�g�_ .si l i bi� H �  � �� H � � � H  

�I�h �i�h�e�m�q�_�g�g�h�c �^�_�n�h�j�f�Z�p�b�b si�H  �g�Z�o�h�^�b�e�b �l�_�d�m�s�m�x �l�h�e�s�b�g�m is  �b �i�e�h-

�s�Z�^�v iF  �\ �b�k�k�e�_�^�h�\�Z�g�g�u�o �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �\�j�_�f�_�g�b 
�j�Z�k�l�y�`�_�g�b�y. �D�h�w�n�n�b�p�b�_�g�l�u �Z�g�b�a�h�l�j�h�i�b�b R (�i�h�d�Z�a�Z�l�_�e�v �E�Z�g�d�n�h�j�^�Z) �\ �m�d�Z�a�Z�g-
�g�u�o �k�_�q�_�g�b�y�o �j�Z�k�k�q�b�l�u�\�Z�e�b [24, 25] �i�h �n�h�j�f�m�e�_ (1)  
 

 R = �-bi/(�-li  – �-bi).                                           (1) 
 

�< �i�j�h�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�y �h�[�j�Z�a�p�Z �i�j�h�b�k�o�h�^�b�l �m�i�j�h�q�g�_�g�b�_ �_�]�h �f�Z�l�_�j�b�Z�e�Z. 
�>�_�n�h�j�f�Z�p�b�h�g�g�h�_ �m�i�j�h�q�g�_�g�b�_ �b�k�k�e�_�^�h�\�Z�e�b �g�Z �h�k�g�h�\�_ �Z�g�Z�e�b�a�Z �d�j�b�\�u�o �m�i�j�h�q-
�g�_�g�b�y, �i�h�k�l�j�h�_�g�g�u�o �\ �d�h�h�j�^�b�g�Z�l�Z�o: �b�g�l�_�g�k�b�\�g�h�k�l�v �g�Z�i�j�y�`�_�g�b�_ *

i�V  �b�g�l�_�g�k�b�\-

�g�h�k�l�v �^�_�n�h�j�f�Z�p�b�b * ,i�H  �d�h�l�h�j�u�_ �j�Z�k�k�q�b�l�u�\�Z�e�b �\ �k�h�h�l�\�_�l�k�l�\�b�b �k [27, 28] �i�h �a�Z-
�\�b�k�b�f�h�k�l�y�f (2 �b 3):  
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�]�^�_ i�V �b i�H �b�k�l�b�g�g�u�_ �g�Z�i�j�y�`�_�g�b�_ �b �^�_�n�h�j�f�Z�p�b�b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �h�i�j�_�^�_�e�y�_-
�f�u�_ �d�Z�d �h�l�g�h�r�_�g�b�y �g�Z�]�j�m�a�d�b, �b�a�f�_�j�_�g�g�h�c �i�h �]�j�Z�n�b�d�m «�g�Z�]�j�m�a�d�Z-
�i�_�j�_�f�_�s�_�g�b�_», �d �i�e�h�s�Z�^�b �i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�y �h�[�j�Z�a�p�Z iF  �\ �i�j�h�p�_�k�k�_ �j�Z�k�l�y-

�`�_�g�b�y, �Z �^�_�n�h�j�f�Z�p�b�y – �i�h �a�Z�\�b�k�b�f�h�k�l�b 0ln .i
i

F
F

� H �                                   

�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �b �b�o �h�[�k�m�`�^�_�g�b�_ 

�< �o�h�^�_ �i�j�h�\�_�^�_�g�b�y �k�l�Z�l�b�k�l�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �j�_�a�m�e�v�l�Z�l�h�\ �b�a�f�_�j�_�g�b�y 
�k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�l�h�^�Z �g�Z�b�f�_�g�v�r�b�o �d�\�Z�^�j�Z�l�h�\ (�F�G�D) �h�i�j�_�^�_�e�y�e�b �a�Z�d�h�g�h-
�f�_�j�g�h�k�l�v �b�a�f�_�g�_�g�b�y �j�Z�a�f�_�j�h�\ �a�Z�^�Z�g�g�h�]�h �i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�y. �G�Z �j�b�k. 4 �i�j�b-
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�\�_�^�_�g�u �l�b�i�b�q�g�u�_ �]�j�Z�n�b�d�b �b�a�f�_�g�_�g�b�y �j�Z�a�f�_�j�Z �y�q�_�_�d �i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�y �‹  8 
�\ �i�j�h�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�y. 

 

 
 

                             �Z)                                                                  �[)               
 

�J�b�k. 4. �B�a�f�_�g�_�g�b�_ �l�_�d�m�s�b�o �j�Z�a�f�_�j�h�\ �i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�y �‹  8: �\ �i�j�h�^�h�e�v�g�h�f (�Z) 
�b �i�h�i�_�j�_�q�g�h�f (�[) �g�Z�i�j�Z�\�e�_�g�b�y�o �h�l �^�e�b�l�_�e�v�g�h�k�l�b �i�j�h�p�_�k�k�Z �j�Z�k�l�y�`�_�g�b�y (t, �k�_�d) 

 
�=�j�Z�n�b�d�b �a�Z�\�b�k�b�f�h�k�l�_�c l i �b bi �h�l �\�j�_�f�_�g�b t �^�e�y �y�q�_�_�d �k�_�q�_�g�b�c �‹�‹  12 �b 16 

�b�f�_�e�b �\�b� ̂�Z�g�Z�e�h�]�b�q�g�u�c �j�b�k.4. 
�B�a �j�b�k. 4 �\�b�^�g�h, �q�l�h �\ �i�j�h�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�y �^�e�b�g�Z �\�k�_�o �y�q�_�_�d �f�h�g�h�l�h�g�g�h 

�b �j�Z�\�g�h�f�_�j�g�h �m�\�_�e�b�q�b�\�Z�_�l�k�y, �Z �r�b�j�b�g�Z �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�c �f�h�g�h�l�h�g�g�h 
�b �j�Z�\�g�h�f�_�j�g�h �m�f�_�g�v�r�Z�_�l�k�y. �W�l�h�l �i�j�h�p�_�k�k �k �i�h�]�j�_�r�g�h�k�l�v�x �Z�i�i�j�h�d�k�b�f�Z�p�b�b �g�_ 
�[�h�e�_�_ 1 % �h�i�b�k�Z�e�b �e�b�g�_�c�g�u�f�b �m�j�Z�\�g�_�g�b�y�f�b. �G�Z�i�j�b�f�_�j, �^�e�y �y�q�_�_�d �k�_�q�_-
�g�b�y �‹  12: �l�b�i�Z: 0,0017 1,0016il t�  � � �b 9,3284 0,0112 ,ib t� ��  �]�^�_ t – �\�j�_�f�y 
�i�j�h�p�_�k�k�Z �j�Z�k�l�y�`�_�g�b�y. 

�M�j�Z�\�g�_�g�b�y �Z�i�i�j�h�d�k�b�f�Z�p�b�b �j�Z�a�f�_�j�h�\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�c, �b�a�f�_�g�y�x-
�s�b�o�k�y �\ �i�j�h�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�y �h�[�j�Z�a�p�Z, �i�h�a�\�h�e�b�e�b �h�i�j�_�^�_�e�b�l�v �b�k�l�b�g�g�u�_ (�e�h�]�Z-
�j�b�n�f�b�q�_�k�d�b�_) �^�_�n�h�j�f�Z�p�b�b �k�_�q�_�g�b�c �i�j�h�^�h�e�v�g�h�f li�H  �b �i�h�i�_�j�_�q�g�h�f bi�H  �g�Z�i�j�Z�\-

�e�_�g�b�y�o �\ �e�x�[�h�c �f�h�f�_�g�l �j�Z�k�l�y�`�_�g�b�y. �G�Z�i�j�b�f�_�j, �b�k�l�b�g�g�m�x �^�_�n�h�j�f�Z�p�b�x li�H  
�\ �i�j�h�^�h�e�v�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �\ �k�_�q�_�g�b�y�o �‹�‹  8, 12, 16 �h�i�j�_�^�_�e�y�e�b �i�h �m�j�Z�\�g�_�g�b-
�y�f (4–6): 

                        �\ �k�_�q�_�g�b�b �‹  8     8
0,0019 1

ln ln ,
1 1
i

l
l t ��

� H �  �                                  (4) 

                        �\ �k�_�q�_�g�b�b �‹  12   12
0,0017 1,0016

ln ln ,
1,0016 1,0016

i
l

l t ��
� H �  �               (5) 

                        �\ �k�_�q�_�g�b�b �‹  16   16
0,0018 1,0032

ln ln .
1,0032 1,0032

i
l

l t ��
� H �  �               (6) 

 

�:�g�Z�e�h�]�b�q�g�h �j�Z�k�k�q�b�l�u�\�Z�e�b �b�k�l�b�g�g�u�_ �^�_�n�h�j�f�Z�p�b�b �\ �i�h�i�_�j�_�q�g�h�f �g�Z�i�j�Z�\-
�e�_�g�b�b bi�H  �i�h �m�j�Z�\�g�_�g�b�y�f (7–9): 

                         �\ �k�_�q�_�g�b�b �‹  8   0
8

9,5394
ln ,

9,5394 0,0103b
i

b
b t

� H �  �  
��

                           (7) 

                         �\ �k�_�q�_�g�b�b �‹  12   0
12

9,5182
ln ,

9,5182 0,0097b
i

b
b t

� H �  �  
��

                      (8) 

                        �\ �k�_�q�_�g�b�b �‹  16   0
16

9,5442
ln .

9,5442 0,0100b
i

b
b t

� H �  �  
��

                        (9) 
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 (�B�k�i�h�e�v�a�h�\�Z�e�b �l�_�d�m�s�b�_ �j�Z�a�f�_�j�u �d�Z�`�^�h�]�h �k�_�q�_�g�b�y 0, ,ib b  �b�a�f�_�j�_�g�g�u�_ 
�k �l�h�q�g�h�k�l�v�x ±0,033 �f�f  �i�h �l�_�o�g�h�e�h�]�b�b �n�h�l�h�]�j�Z�f�f�_�l�j�b�b). �D�h�w�n�n�b�p�b�_�g�l�u �Z�g�b-
�a�h�l�j�h�i�b�b �\ �m�d�Z�a�Z�g�g�u�o �k�_�q�_�g�b�y�o �h�i�j�_�^�_�e�y�e�b �i�h �n�h�j�f�m�e�_ (1) [29–31]. �J�_�a�m�e�v�l�Z-
�l�u �j�Z�k�q�z�l�Z �d�h�w�n�n�b�p�b�_�g�l�h�\ �Z�g�b�a�h�l�j�h�i�b�b �\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o �\ �a�Z�^�Z�g�g�u�_ 
�f�h�f�_�g�l�u �j�Z�k�l�y�`�_�g�b�y �k �b�g�l�_�j�\�Z�e�h�f �\�j�_�f�_�g�b 10 �k�_�d �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 1. 
 

�L�Z�[ �e�b�p�Z 1  
 

�D�h�w�n�n�b�p�b�_�g�l�u �Z�g�b�a�h�l�j�h�i�b�b �\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o �\ �i�j�h�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�b 
�i�e�h�k�d�h�]�h �h�[�j�Z�a�p�Z 

 

�<�j�_�f�y  
�j�Z�k�l�y�`�_�g�b�y t, 

�k�_�d 
10 20 30 40 50 60 70 80 90 100 

R8 1,38 1,41 1,46 1,51 1,57 1,63 1,70 1,76 1,83 1,91 
R12 1,24 1,61 1,67 1,73 1,79 1,86 1,93 2,01 2,09 2,18 
R16 1,67 1,75 1,80 1,88 1,96 2,03 2,12 2,21 2,31 2,42 

 

�=�j�Z�n�b�d�b �b�a�f�_�g�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�h�\ �Z�g�b�a�h�l�j�h�i�b�b R �h�l �b�k�l�b�g�g�h�c �^�_�n�h�j-
�f�Z�p�b�b i�H �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 5. �< �o�h�^�_ �g�Z�]�j�m�`�_�g�b�y R �f�h�g�h�l�h�g�g�h �j�Z�k�l�z�l �\�h 
�\�k�_�o �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�_�q�_�g�b�y�o (�j�b�k. 5). 
 

�K�_�q�_�g�b�_ 8 �K�_�q�_�g�b�_ 12 �K�_�q�_�g�b�_ 16 

1,2771 3,4519iR �  � � � H 1,4342 4,5761iR � � � � H 1,551 5,2669iR � � � � H 

  
 

�J�b�k. 5. �B�a�f�_�g�_�g�b�_ �d�h�w�n�n�b�p�b�_�g�l�Z �Z�g�b�a�h�l�j�h�i�b�b R �\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o  
�\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �b�k�l�b�g�g�h�c �^�_�n�h�j�f�Z�p�b�b 

 
�< �i�j�h�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�y �h�[�j�Z�a�p�Z �i�j�h�b�k�o�h�^�b�l �m�i�j�h�q�g�_�g�b�_ �_�]�h �f�Z�l�_�j�b�Z�e�Z. 

�O�Z�j�Z�d�l�_�j �^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h �m�i�j�h�q�g�_�g�b�y �h�i�j�_�^�_�e�y�e�b �g�Z �h�k�g�h�\�_ �Z�g�Z�e�b�a�Z �d�j�b�\�h�c 
�m�i�j�h�q�g�_�g�b�y, �i�h�k�l�j�h�_�g�g�h�c �\ �d�h�h�j�^�b�g�Z�l�Z�o: �b�k�l�b�g�g�h�_ �g�Z�i�j�y�`�_�g�b�_ i�V �b�k�l�b�g�g�Z�y 

�^�_�n�h�j�f�Z�p�b�y .i�H  �B�k�l�b�g�g�u�_ �g�Z�i�j�y�`�_�g�b�y �h�i�j�_�^�_�e�y�e�b �d�Z�d �h�l�g�h�r�_�g�b�_ �g�Z�]�j�m�a�d�b, 
�b�a�f�_�j�_�g�g�h�c �i�h �]�j�Z�n�b�d�m (�j�b�k. 3), �d �i�e�h�s�Z�^�b �i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�y �h�[�j�Z�a�p�Z 
�\ �^�Z�g�g�u�c �f�h�f�_�g�l �b�k�i�u�l�Z�g�b�y .iF   

�>�e�y �g�Z�o�h�`�^�_�g�b�y �b�k�l�b�g�g�h�]�h �g�Z�i�j�y�`�_�g�b�y i�V �h�i�j�_�^�_�e�y�e�b �i�e�h�s�Z�^�v �i�h�i�_-
�j�_�q�g�h�]�h �k�_�q�_�g�b�y �h�[�j�Z�a�p�Z �b �k�h�h�l�\�_�l�k�l�\�m�x�s�m�x �_�f�m �g�Z�]�j�m�a�d�m �\ �a�Z�^�Z�g�g�u�c �f�h-
�f�_�g�l �\�j�_�f�_�g�b �j�Z�k�l�y�`�_�g�b�y � � � �.it   



�F�_�o�Z�g�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �b �k�l�j�m�d�l�m�j�g�u�_ �i�j�_�\�j�Z�s�_�g�b�y… 159

�G�Z �h�k�g�h�\�_ �i�h�e�m�q�_�g�g�u�o �^�Z�g�g�u�o �k�l�j�h�b�e�b �d�j�b�\�u�_ �m�i�j�h�q�g�_�g�b�y (�j�b�k. 6) �^�e�y 
�b�a�h�l�j�h�i�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �b �g�Z�o�h�^�b�e�b �m�j�Z�\�g�_�g�b�y �b�o �e�b�g�_�c�g�h�c �Z�i�i�j�h�d�k�b�f�Z�p�b�b 
�f�_�l�h�^�h�f �g�Z�b�f�_�g�v�r�b�o �d�\�Z�^�j�Z�l�h�\ (�F�G�D) (�j�b�k. 6). 

 
�K�_�q�_�g�b�_ 8 �K�_�q�_�g�b�_ 12 �K�_�q�_�g�b�_ 16 

* *826,7304 1974,0486i i� V �  � � � H * *820,5752 2265,3926i i� V �  � � � H* *831,3235 2235,7147i i�V �  � � � H 

 

 

  

 
   

                        �Z                                              �[                                              �\ 
 

�J�b�k. 6. �D�j�b�\�u�_ �m�i�j�h�q�g�_�g�b�y �\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o: �‹  8 (�Z); �‹  12 (�[); �‹  16 (�\) 
 
�K�j�_�^�g�y�y �h�r�b�[�d�Z �Z�i�i�j�h�d�k�b�f�Z�p�b�b �F�G�D �m�j�Z�\�g�_�g�b�c (�j�b�k. 6) �k�h�k�l�Z�\�b�e�Z 

�:  = 0,53; 0,91 �b 0,5 %, �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �G�Z �h�k�g�h�\�_ �i�h�e�m�q�_�g�g�u�o �m�j�Z�\�g�_�g�b�c �Z�i-
�i�j�h�d�k�b�f�Z�p�b�b �d�j�b�\�u�o �m�i�j�h�q�g�_�g�b�y �f�Z�l�_�j�b�Z�e�Z �\ �j�Z�a�e�b�q�g�u�o �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b-
�y�o �h�[�j�Z�a�p�Z �h�i�j�_�^�_�e�y�e�b �b�a�f�_�g�_�g�b�_ �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �\ �i�j�h�p�_�k�k�_ �j�Z�k-
�l�y�`�_�g�b�y �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�u�o �a�g�Z�q�_�g�b�y�o �e�h�]�Z�j�b�n�f�b�q�_�k�d�b�o �^�_�n�h�j�f�Z�p�b�c [32]. 

 
3.1. �H�i�j�_�^�_�e�_�g�b�_ �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �k �i�h�f�h�s�v�x 

�k�_�f�_�c�k�l�\ �d�j�b�\�u�o �m�i�j�h�q�g�_�g�b�y 
�J�Z�k�q�z�l�g�u�f �i�m�l�z�f �k �i�h�f�h�s�v�x �i�h�e�m�q�_�g�g�u�o �e�b�g�_�c�g�u�o �m�j�Z�\�g�_�g�b�c �j�_�]�j�_�k-

�k�b�b �d�j�b�\�u�o �m�i�j�h�q�g�_�g�b�y �h�i�j�_�^�_�e�y�e�b �a�g�Z�q�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�c �i�j�b 
�a�Z�^�Z�g�g�u�o �b�g�l�_�g�k�b�\�g�h�k�l�y�o �^�_�n�h�j�f�Z�p�b�c. �?�k�e�b �f�Z�l�_�j�b�Z�e �h�^�g�h�j�h�^�_�g �i�h �f�_�o�Z�g�b-
�q�_�k�d�b�f �k�\�h�c�k�l�\�Z�f, �l�h �i�j�b �a�Z�^�Z�g�g�u�o �a�g�Z�q�_�g�b�y�o �b�g�l�_�g�k�b�\�g�h�k�l�b �^�_�n�h�j�f�Z�p�b�c 
�a�g�Z�q�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�c �^�h�e�`�g�u �[�u�l�v �h�^�b�g�Z�d�h�\�u�f�b �i�h �\�_�e�b-
�q�b�g�_. �?�k�e�b �`�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�c �j�Z�a�e�b�q�g�u, �l�h �f�Z�l�_�j�b�Z�e �y�\�e�y�_�l�k�y 
�g�_�h�^�g�h�j�h�^�g�u�f �i�h �f�_�o�Z�g�b�q�_�k�d�b�f �k�\�h�c�k�l�\�Z�f.  

 
3.2. �G�_�j�Z�\�g�h�f�_�j�g�h�k�l�v �i�e�Z�k�l�b�q�_�k�d�h�]�h �l�_�q�_�g�b�y 
�G�_�h�^�g�h�j�h�^�g�h�k�l�v �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �f�Z�l�_�j�b�Z�e�Z �i�j�b�\�h�^�b�l �d �g�_�j�Z�\�g�h-

�f�_�j�g�h�k�l�b �i�e�Z�k�l�b�q�_�k�d�h�]�h �l�_�q�_�g�b�y �f�Z�l�_�j�b�Z�e�Z [33]. �< �f�b�d�j�h�h�[�t�z�f�_ �h�[�j�Z�a�p�Z �k 
�f�_�g�v�r�b�f�b �a�g�Z�q�_�g�b�y�f�b �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�c �i�e�Z�k�l�b�q�_�k�d�h�_ �l�_�q�_�g�b�_ �f�Z-
�l�_�j�b�Z�e�Z �i�j�h�l�_�d�Z�_�l �k �[�h�e�v�r�_�c �k�d�h�j�h�k�l�v�x, �q�_�f �\ �f�b�d�j�h�h�[�t�z�f�_ �k �[�h�e�v�r�b�f�b �a�g�Z-
�q�_�g�b�y�f�b �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�c.  

�L�Z�d�b�f �h�[�j�Z�a�h�f, �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �f�h�]�m�l �h�p�_-
�g�b�\�Z�l�v�k�y �^�\�m�f�y �\�b�^�Z�f�b �i�h�d�Z�a�Z�l�_�e�_�c �g�_�h�^�g�h�j�h�^�g�h�k�l�b: 1 – �i�h�d�Z�a�Z�l�_�e�_�f �g�_-
�h�^�g�h�j�h�^�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �i�h �f�_�o�Z�g�b�q�_�k�d�b�f �k�\�h�c�k�l�\�Z�f H i

�V
�H, �d�h�l�h�j�u�c �h�i�j�_�^�_-

�e�y�x�l �i�h �^�b�k�i�_�j�k�b�b �a�g�Z�q�_�g�b�c �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�y �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�h�c 
(�a�Z�^�Z�g�g�h�c) �^�_�n�h�j�f�Z�p�b�b �b 2 – �i�h�d�Z�a�Z�l�_�e�_�f �g�_�j�Z�\�g�h�f�_�j�g�h�k�l�b �i�e�Z�k�l�b�q�_�k�d�h�]�h 
�l�_�q�_�g�b�y �f�Z�l�_�j�b�Z�e�Z H i

�H
�V , �d�h�l�h�j�u�c �h�i�j�_�^�_�e�y�x�l �i�h �^�b�k�i�_�j�k�b�b �a�g�Z�q�_�g�b�c �b�g�l�_�g-
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�k�b�\�g�h�k�l�b �^�_�n�h�j�f�Z�p�b�b �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�u�o �a�g�Z�q�_�g�b�y�o �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y-
�`�_�g�b�c. �< �j�Z�[�h�l�_ �m�d�Z�a�Z�g�g�u�_ �i�h�d�Z�a�Z�l�_�e�b �j�Z�k�k�q�b�l�u�\�Z�e�b �k�h�h�l�\�_�l�k�l�\�_�g�g�h �i�h �a�Z�\�b-
�k�b�f�h�k�l�y�f (10,11): 
 

   
* *
max min

*
�k�j

H 100, %i i
i

i

�V
�H

� V � �� V
�  � u

�V
                                   (10) 

 

* *
max min

*
�k�j

H 100, %ii i
i

i

�H
�V

� H � �� H
�  � u

�H
                                   (11) 

 

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �i�h�d�Z�a�Z�l�_�e�y �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z �i�h �f�_�o�Z�g�b�q�_�k�d�b�f 
�k�\�h�c�k�l�\�Z�f H i

�V
�H �g�Z �h�k�g�h�\�_ �m�j�Z�\�g�_�g�b�c �Z�i�i�j�h�d�k�b�f�Z�p�b�b �d�j�b�\�u�o �m�i�j�h�q�g�_�g�b�y 

(�j�b�k. 5) �h�i�j�_�^�_�e�b�e�b �a�g�Z�q�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�y *
i�V  �i�j�b �a�Z�^�Z�g�g�u�o 

�b�g�l�_�g�k�b�\�g�h�k�l�y�o �^�_�n�h�j�f�Z�p�b�c * .i�H  �J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�z�l�h�\ �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 2.  
 

�L�Z�[ �e�b�p�Z 2  
 

�B�g�l�_�g�k�b�\�g�h�k�l�v �g�Z�i�j�y�`�_�g�b�c *
i�V  �b �i�h�d�Z�a�Z�l�_�e�v �g�_�h�^�g�h�j�h�^�g�h�k�l�b H i

�V
�H   

�h�l �a�Z�^�Z�g�g�u�o �b�g�l�_�g�k�b�\�g�h�k�l�_�c �^�_�n�h�j�f�Z�p�b�c *
i�H  

 

0,05 0,10 0,15 0,20 

�K�_�q�_�g�b�_ �‹  �B�g�l�_�g�k�b�\�g�h�k�l�v �g�Z�i�j�y�`�_�g�b�y *
i�V , �F�I�Z 

8 925,4 1024,1 1122,8 1221,5 
12 933,9 1047,1 1160,4 1273,7 
16 943,1 1054,9 1166,7 1278,4 
 �F�I�Z 934,1 1042,0 1150,0 1257,9 

�I�h�d�Z�a�Z�l�_�e�v �g�_�h�^�g�h�j�h�^�g�h�k�l�b �k�\�h�c�k�l�\ �h�l �^�_�n�h�j�f�Z�p�b�b H i
�V
�H, % 

 1,90 2,96 3,82 4,52 
 

�B�a �l�Z�[�e. 2 �k�e�_�^�m�_�l, �q�l�h �i�j�b �a�Z�^�Z�g�g�u�o �a�g�Z�q�_�g�b�y�o �b�g�l�_�g�k�b�\�g�h�k�l�b �^�_�n�h�j-
�f�Z�p�b�b *

i�H �a�g�Z�q�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�y *
i�V  �\ �j�Z�a�g�u�o �f�b�d�j�h�h�[�t�z�f�Z�o 

�i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�c �g�_�h�^�b�g�Z�d�h�\�u�_. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �f�Z�l�_�j�b�Z�e �h�[�j�Z�a�p�Z �b�f�_�_�l 
�g�_�h�^�g�h�j�h�^�g�h�k�l�v �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\, �d�h�l�h�j�m�x �h�p�_�g�b�\�Z�e�b �i�h�d�Z�a�Z�l�_�e�_�f �g�_-
�h�^�g�h�j�h�^�g�h�k�l�b H

i
�V
�H �i�h �m�j�Z�\�g�_�g�b�x (10).  

�< �l�Z�[�e. 2 �i�j�b�\�_�^�_�g�u �a�g�Z�q�_�g�b�y �i�h�d�Z�a�Z�l�_�e�y �g�_�h�^�g�h�j�h�^�g�h�k�l�b �\ �f�Z�d�j�h�h�[�t�z-
�f�_ �f�_�`�^�m �i�h�i�_�j�_�q�g�u�f�b �k�_�q�_�g�b�y�f�b �‹  8 �b �‹  16. �M�k�l�Z�g�h�\�b�e�b, �q�l�h �k �i�j�b�j�Z�s�_-
�g�b�_�f �b�g�l�_�g�k�b�\�g�h�k�l�b �^�_�n�h�j�f�Z�p�b�b * 0,05i�'�H �  �i�j�b�j�Z�s�_�g�b�_ �g�Z�i�j�y�`�_�g�b�c *

i�'�V  
�i�h�k�l�h�y�g�g�h �\ �d�Z�`�^�h�f �i�h�i�_�j�_�q�g�h�f �k�_�q�_�g�b�b, �g�h �b�g�^�b�\�b�^�m�Z�e�v�g�h �i�h �\�_�e�b�q�b�g�_. 
�L�Z�d, �\ �i�h�i�_�j�_�q�g�h�f �k�_�q�_�g�b�b �‹  8 *

i�' �V = 98,7 �F�I�Z, �Z �\ �i�h�i�_�j�_�q�g�h�f �k�_�q�_�g�b�b �‹  16 
*
i�'�V = 111,8 �F�I�Z, �q�l�h �g�Z 13,3 % �[�h�e�v�r�_. �I�j�b �w�l�h�f �i�h�d�Z�a�Z�l�_�e�v �g�_�h�^�g�h�j�h�^�g�h-

�k�l�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �j�Z�k�l�z�l.  
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�G�Z �j�b�k. 7 �i�h�d�Z�a�Z�g �o�Z�j�Z�d�l�_�j �b�a�f�_�g�_�g�b�y �i�h�d�Z�a�Z�l�_�e�y �g�_�h�^�g�h�j�h�^�g�h�k�l�b �\ �a�Z-
�\�b�k�b�f�h�k�l�b �h�l �b�g�l�_�g�k�b�\�g�h�k�l�b �^�_�n�h�j�f�Z�p�b�b �b �k�l�_�i�_�g�g�h�_ �m�j�Z�\�g�_�g�b�_ �Z�i�i�j�h�d�k�b�f�Z-
�p�b�b. 

�B�k�k�e�_�^�h�\�Z�e�b �\�e�b�y�g�b�_ �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �g�Z �j�Z�k�i�j�_-
�^�_�e�_�g�b�_ �b�k�l�b�g�g�u�o �^�_�n�h�j�f�Z�p�b�c �i�j�b �i�e�Z�k�l�b�q�_�k�d�h�f �l�_�q�_�g�b�b. �>�e�y �w�l�h�]�h, �b�k�i�h�e�v-
�a�m�y �m�j�Z�\�g�_�g�b�y �Z�i�i�j�h�d�k�b�f�Z�p�b�b (�j�b�k. 5) �d�j�b�\�u�o �m�i�j�h�q�g�_�g�b�y, �j�_�r�Z�e�b �b�o �h�l�g�h�k�b-
�l�_�e�v�g�h �b�g�l�_�g�k�b�\�g�h�k�l�b �^�_�n�h�j�f�Z�p�b�c *

i�H �b �j�Z�k�k�q�b�l�u�\�Z�e�b �i�h�e�m�q�_�g�g�u�_ �a�g�Z�q�_�g�b�y 

�i�j�b �a�Z�^�Z�g�g�u�o �b�g�l�_�g�k�b�\�g�h�k�l�y�o �g�Z�i�j�y�`�_�g�b�c *
i�V .  

�J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�z�l�h�\ �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 3. �B�a �l�Z�[�e. 3 �k�e�_�^�m�_�l, �q�l�h �\ �f�_-
�g�_�_ �i�j�h�q�g�h�f �i�h �f�_�o�Z�g�b�q�_�k�d�b�f �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f �k�_�q�_�g�b�b �‹  8 �\�h�a�g�b�d�Z�e�b �a�g�Z-
�q�b�l�_�e�v�g�h �[�h�e�v�r�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �^�_�n�h�j�f�Z�p�b�c, �q�_�f �\ �[�h�e�_�_ �i�j�h�q�g�h�f �k�_�q�_-
�g�b�b �‹  16 �i�j�b �a�Z�^�Z�g�g�u�o �a�g�Z�q�_�g�b�y�o �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�c. 
 

 
 

�J�b�k. 7. �A�Z�\�b�k�b�f�h�k�l�v �i�h�d�Z�a�Z�l�_�e�y �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\  
�h�l �b�g�l�_�g�k�b�\�g�h�k�l�b �^�_�n�h�j�f�Z�p�b�b (�k�j. �h�r�b�[�d�Z �Z�i�i�j�h�d�k�b�f�Z�p�b�b 0,5 %) 

 
 

�L�Z�[ �e�b�p�Z 3 
 

�L�_�d�m�s�Z�y �b �k�j�_�^�g�y�y �b�g�l�_�g�k�b�\�g�h�k�l�v �^�_�n�h�j�f�Z�p�b�c �\ �f�b�d�j�h�h�[�t�z�f�Z�o �k�_�q�_�g�b�c  
�b �g�_�j�Z�\�g�h�f�_�j�g�h�k�l�v �i�e�Z�k�l�b�q�_�k�d�h�]�h �l�_�q�_�g�b�y �i�j�b �a�Z�^�Z�g�g�u�o �b�g�l�_�g�k�b�\�g�h�k�l�y�o 

�g�Z�i�j�y�`�_�g�b�c 
 

�A�g�Z�q�_�g�b�y *
i�V , �F�I�Z 950 1050 1150 1250 

�K�_�q�_�g�b�_ �‹  �B�g�l�_�g�k�b�\�g�h�k�l�v �^�_�n�h�j�f�Z�p�b�c *
i�H  

8 0,0624 0,1131 0,1638 0,2144 
12 0,0571 0,1013 0,1454 0,1896 
16 0,0531 0,0978 0,1425 0,1873 

�k�j�V , �F�I�Z 0,0575 0,1041 0,1506 0,1971 

�G�_�j�Z�\�g�h�f�_�j�g�h�k�l�v �i�e�Z�k�l�b�q�_�k�d�h�c �^�_�n�h�j�f�Z�p�b�b H i
�H
�V , % 

 16,2 14,7 14,1 13,7 
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�I�j�b �i�j�b�j�Z�s�_�g�b�b �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�c * 100�F�I�Zi�'�V �  �i�j�b�j�Z-
�s�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�_�c �^�_�n�h�j�f�Z�p�b�c �\ �w�l�b�o �k�_�q�_�g�b�y�o �[�u�e�h �i�h�k�l�h�y�g�g�u�f, �g�h �b�g-
�^�b�\�b�^�m�Z�e�v�g�u�f. �L�Z�d, �\ �k�_�q�_�g�b�b �‹  8 * 0,0507i�'�H � , �l�h�]�^�Z �d�Z�d �\ �k�_�q�_�g�b�b �‹  16 

* 0,0447i�'�H � , �l. �_. �g�Z 14,7 % �f�_�g�v�r�_. �I�j�b �w�l�h�f �h�l�g�h�k�b�l�_�e�v�g�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z 

�g�_�j�Z�\�g�h�f�_�j�g�h�k�l�b �i�e�Z�k�l�b�q�_�k�d�h�c �^�_�n�h�j�f�Z�p�b�b H i
�H
�V  �m�f�_�g�v�r�Z�e�Z�k�v �k �j�h�k�l�h�f �b�g-

�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�c. �J�_�a�m�e�v�l�Z�l�u �k�l�Z�l�b�k�l�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �i�h �f�_�l�h�^�m 
�g�Z�b�f�_�g�v�r�b�o �d�\�Z�^�j�Z�l�h�\ �i�h�d�Z�a�Z�e�b, �q�l�h �k �i�h�]�j�_�r�g�h�k�l�v�x �Z�i�i�j�h�d�k�b�f�Z�p�b�b ~0,5 % 
�i�h�e�m�q�_�g�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v (�j�b�k. 8) �h�i�b�k�u�\�Z�_�l�k�y �m�j�Z�\�g�_�g�b�_�f (12): 

            *H 56,52 0,0686i i
�H
�V � � � � V                                      (12) 

 
 

�J�b�k. 8. �A�Z�\�b�k�b�f�h�k�l�v �g�_�j�Z�\�g�h�f�_�j�g�h�k�l�b �i�e�Z�k�l�b�q�_�k�d�h�c �^�_�n�h�j�f�Z�p�b�b  
�h�l �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�y 

 
�I�j�b �Z�g�Z�e�b�a�_ �l�Z�[�e. 2 �b 3 �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �b�f�_�_�l �f�_�k�l�h �\�a�Z�b�f�h�k�\�y�a�v 

�b �i�j�b�f�_�j�g�h�_ �j�Z�\�_�g�k�l�\�h �f�_�`�^�m �h�l�g�h�r�_�g�b�y�f�b �i�j�b�j�Z�s�_�g�b�b �b�g�l�_�g�k�b�\�g�h�k�l�b 
�g�Z�i�j�y�`�_�g�b�c �b �^�_�n�h�j�f�Z�p�b�c (13): 
 

� � � �
* *
max max

* *
min min

13,3 14,7i i
i

i i

H �H
�V

�'�H �'�V
� | � | � y

�'�H �'�V
                              (13) 

�<�u�\�h�^�u��

1. �M�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �h�^�g�h�h�k�g�h�f �j�Z�k�l�y�`�_�g�b�b �h�[�j�Z�a�p�h�\ �b�k�k�e�_�^�h�\�Z�g-
�g�u�o �k�i�e�Z�\�h�\ (�^�h �f�h�f�_�g�l�Z �e�h�d�Z�e�b�a�Z�p�b�b �^�_�n�h�j�f�Z�p�b�c �\ �r�_�c�d�_) �k �i�h�]�j�_�r�g�h�k�l�v�x 
�g�_ �[�h�e�_�_ 1 % �^�_�n�h�j�f�Z�p�b�b �i�h �h�[�t�z�f�m �h�[�j�Z�a�p�Z �Z�i�i�j�h�d�k�b�f�b�j�m�x�l�k�y �e�b�g�_�c�g�u�f�b 
�a�Z�\�b�k�b�f�h�k�l�y�f�b. �L. �_. �i�e�Z�k�l�b�q�_�k�d�h�_ �l�_�q�_�g�b�_ �f�Z�l�_�j�b�Z�e�Z �\ �l�j�z�o �h�j�l�h�]�h�g�Z�e�v�g�u�o 
�g�Z�i�j�Z�\�e�_�g�b�y�o �j�Z�\�g�h�f�_�j�g�h�_, �q�l�h �i�h�a�\�h�e�y�_�l �j�Z�k�q�z�l�g�u�f �i�m�l�z�f �g�Z�o�h�^�b�l�v �b�a�f�_�g�_-
�g�b�_ �j�Z�a�f�_�j�h�\ �h�[�j�Z�a�p�Z �\ �e�x�[�h�f �i�h�i�_�j�_�q�g�h�f �k�_�q�_�g�b�b �\ �h�[�e�Z�k�l�b �_�]�h �j�Z�k�q�z�l�g�h�c 
�^�e�b�g�u �b �m�k�l�Z�g�Z�\�e�b�\�Z�l�v �y�\�e�y�_�l�k�y �f�Z�l�_�j�b�Z�e �b�a�h�l�j�h�i�g�u�f �b�e�b �Z�g�b�a�h�l�j�h�i�g�u�f 
�i�h �f�_�o�Z�g�b�q�_�k�d�b�f �k�\�h�c�k�l�\�Z�f. 

2. �< �o�h�^�_ �Z�g�Z�e�b�a�Z �d�j�b�\�u�o �m�i�j�h�q�g�_�g�b�y �m�k�l�Z�g�h�\�b�e�b, �q�l�h �b�k�k�e�_�^�h�\�Z�g�g�u�_ 
�h�[�j�Z�a�p�u �b�f�_�x�l �g�_�h�^�g�h�j�h�^�g�h�k�l�v �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\, �d�h�l�h�j�Z�y �f�b�g�b�f�Z�e�v�g�Z 
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�\ �g�Z�q�Z�e�_ �j�Z�k�l�y�`�_�g�b�y �b �\�h�a�j�Z�k�l�Z�_�l �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �j�h�k�l�Z �b�g�l�_�g�k�b�\�g�h�k�l�b �^�_-
�n�h�j�f�Z�p�b�b.  

3. �I�j�_�^�e�h�`�_�g�g�u�_ �i�h�d�Z�a�Z�l�_�e�b �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �b�k-
�k�e�_�^�h�\�Z�g�g�u�o �k�i�e�Z�\�h�\ �a�Z�\�b�k�b�l �h�l �^�b�k�i�_�j�k�b�b �d�h�w�n�n�b�p�b�_�g�l�h�\ �Z�g�b�a�h�l�j�h�i�b�b 
�\ �i�h�i�_�j�_�q�g�u�o �k�_�q�_�g�b�y�o max min.R R R� ' �  � � �Q�_�f �[�h�e�v�r�_ �j�Z�a�g�b�p�Z �f�_�`�^�m �f�Z�d�k�b-
�f�Z�e�v�g�u�f �b �f�b�g�b�f�Z�e�v�g�u�f �d�h�w�n�n�b�p�b�_�g�l�Z�f�b �Z�g�b�a�h�l�j�h�i�b�b, �l�_�f �[�h�e�v�r�_ �g�_�h�^�g�h-
�j�h�^�g�h�k�l�v �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\. 

4. �A�Z�n�b�d�k�b�j�h�\�Z�g �j�h�k�l �i�h�d�Z�a�Z�l�_�e�y �g�_�h�^�g�h�j�h�^�g�h�k�l�b �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ 
�h�[�j�Z�a�p�h�\ �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�i�e�Z�\�h�\ iH �V

�H �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �b�g�l�_�g�k�b�\�g�h�k�l�b �^�_-
�n�h�j�f�Z�p�b�b �b �k�g�b�`�_�g�b�_ �i�h�d�Z�a�Z�l�_�e�y �g�_�j�Z�\�g�h�f�_�j�g�h�k�l�b �b�o �i�e�Z�k�l�b�q�_�k�d�h�c �^�_�n�h�j-
�f�Z�p�b�b iH �H

�V  �k �j�h�k�l�h�f �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�i�j�y�`�_�g�b�c. 

�A�Z�d�e�x�q�_�g�b�_ 

�J�Z�a�j�Z�[�h�l�Z�g�g�Z�y �f�_�l�h�^�b�d�Z �g�Z �[�Z�a�_ �n�h�l�h�]�j�Z�f�f�_�l�j�b�b �j�Z�a�f�_�j�h�\ �^�_�e�b�l�_�e�v�g�h�c 
�k�_�l�d�b �i�h�a�\�h�e�y�_�l �h�i�j�_�^�_�e�y�l�v �b�a�f�_�g�_�g�b�_ �_�z �j�Z�a�f�_�j�h�\ �b �o�Z�j�Z�d�l�_�j �i�e�Z�k�l�b�q�_�k�d�h�]�h 
�l�_�q�_�g�b�y �f�Z�l�_�j�b�Z�e�Z �h�[�j�Z�a�p�Z �i�j�b �j�Z�k�l�y�`�_�g�b�b �\ �i�j�_�^�_�e�Z�o �j�Z�k�q�z�l�g�h�c �^�e�b�g�u �h�[-
�j�Z�a�p�Z, �\ �i�j�h�^�h�e�v�g�h�f �b �i�h�i�_�j�_�q�g�h�f �g�Z�i�j�Z�\�e�_�g�b�y�o, �Z �i�j�b �m�k�e�h�\�b�b �g�_�j�Z�a�j�u�\�g�h-
�k�l�b �^�_�n�h�j�f�Z�p�b�c �b �i�h �_�]�h �l�h�e�s�b�g�_. 

�>�e�y �f�Z�l�_�j�b�Z�e�h�\ �k �Z�g�b�a�h�l�j�h�i�b�_�c �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �j�Z�a�j�Z�[�h�l�Z�g�g�Z�y 
�f�_�l�h�^�b�d�Z �k �k�b�g�o�j�h�g�b�a�Z�p�b�_�c �n�h�l�h�j�_�]�b�k�l�j�Z�p�b�b �b �a�Z�i�b�k�b �f�Z�r�b�g�g�u�o �d�j�b�\�u�o 
�j�Z�k�l�y�`�_�g�b�y �i�h�a�\�h�e�y�_�l �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �h�i�j�_�^�_�e�y�l�v �b�k�l�b�g�g�u�_ �g�Z�i�j�y�`�_�g�b�y 
�b �^�_�n�h�j�f�Z�p�b�b, �\�h�a�g�b�d�Z�x�s�b�o �\ �i�j�h�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�y �\ �e�x�[�h�f �i�h�i�_�j�_�q�g�h�f �k�_-
�q�_�g�b�b �\ �h�[�e�Z�k�l�b �j�Z�k�q�z�l�g�h�c �^�e�b�g�u �h�[�j�Z�a�p�Z. 

�F�_�l�h�^�b�d�Z �i�h�a�\�h�e�y�_�l �i�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �^�Z�g�g�u�f �k�l�j�h�b�l�v �k�_�f�_�c�k�l�\�Z 
�d�j�b�\�u�o �m�i�j�h�q�g�_�g�b�y �f�Z�l�_�j�b�Z�e�Z �\ �e�x�[�h�f �i�h�i�_�j�_�q�g�h�f �k�_�q�_�g�b�b �h�[�j�Z�a�p�Z �i�j�b �j�Z�\-
�g�h�f�_�j�g�u�o �i�e�Z�k�l�b�q�_�k�d�b�o �^�_�n�h�j�f�Z�p�b�y�o �b �h�i�j�_�^�_�e�y�l�v �g�_�h�^�g�h�j�h�^�g�h�k�l�v �f�_�o�Z�g�b-
�q�_�k�d�b�o �k�\�h�c�k�l�\ �f�Z�l�_�j�b�Z�e�Z �h�[�j�Z�a�p�Z. 

�K �i�h�f�h�s�v�x �j�Z�a�j�Z�[�h�l�Z�g�g�h�c �f�_�l�h�^�b�d�b �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �g�_�h�^�g�h�j�h�^�g�h�k�l�v 
�f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�i�e�Z�\�h�\ �\�e�b�y�_�l �g�Z �g�_�j�Z�\�g�h�f�_�j�g�h�k�l�v 
�i�e�Z�k�l�b�q�_�k�d�h�]�h �l�_�q�_�g�b�y �Z�g�b�a�h�l�j�h�i�g�u�o �f�Z�l�_�j�b�Z�e�h�\, �i�j�b�\�h�^�y �d �_�z �j�h�k�l�m �\ �i�j�h-
�p�_�k�k�_ �j�Z�k�l�y�`�_�g�b�y �h�[�j�Z�a�p�Z. 

�J�Z�a�j�Z�[�h�l�Z�g�g�Z�y �f�_�l�h�^�b�d�Z �f�h�`�_�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�Z �^�e�y �Z�g�Z�e�b�a�Z �\�e�b�y�g�b�y 
�g�_�h�^�g�h�j�h�^�g�h�k�l�b �b �Z�g�b�a�h�l�j�h�i�b�b �h�[�h�e�h�q�_�d �L�<�W�E�h�\ �b �w�e�_�f�_�g�l�h�\ �i�_�j�\�h�c �k�l�_�g�d�b 
�j�_�Z�d�l�h�j�h�\, �b�a�]�h�l�h�\�e�_�g�g�u�o �b�a �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�i�e�Z�\�h�\ �i�h �l�_�o�g�h�e�h�]�b�b SLM 
�g�Z �b�o �k�l�h�c�d�h�k�l�v �\ �i�j�h�p�_�k�k�_ �w�d�k�i�e�m�Z�l�Z�p�b�b. 

 
�J�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �i�j�b �n�b�g�Z�g�k�h�\�h�c �i�h�^�^�_�j�`�d�_ �]�j�Z�g�l�Z �J�h�k�k�b�c�k�d�h�]�h 

�g�Z�m�q�g�h�]�h �n�h�g�^�Z, �i�j�h�_�d�l �‹  23-29-00433 «�<�h�e�g�h�\�Z�y �^�_�n�h�j�f�Z�p�b�y �b �_�_ �\�a�Z�b�f�h-
�k�\�y�a�v �k �h�j�l�h�l�j�h�i�b�_�c �k�l�j�m�d�l�m�j�u �b �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �\ �b�a�^�_�e�b�y�o 
�k�_�e�_�d�l�b�\�g�h�]�h �e�Z�a�_�j�g�h�]�h �k�i�e�Z�\�e�_�g�b�y» (https://rscf.ru/project/�‹  23-29-00433/). 
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�I�_�j�k�i�_�d�l�b�\�Z �i�_�j�_�o�h�^�Z �k �l�j�Z�^�b�p�b�h�g�g�u�o �\�b�^�h�\ �w�g�_�j�]�h�g�h�k�b�l�_�e�_�c 
�g�Z �\�h�^�h�j�h�^ �k�l�b�f�m�e�b�j�m�_�l �i�h�b�k�d �d�h�f�i�Z�d�l�g�u�o �n�h�j�f �_�]�h �o�j�Z�g�_�g�b�y, �i�h�k�d�h�e�v-
�d�m �h�g �b�f�_�_�l �g�b�a�d�m�x �i�e�h�l�g�h�k�l�v �b �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �\�u�k�h�d�h�c �Z�]�j�_�k�k�b�\�g�h-
�k�l�v�x �i�h �h�l�g�h�r�_�g�b�x �d �j�Z�a�e�b�q�g�u�f �f�Z�l�_�j�b�Z�e�Z�f. �I�j�b �`�_�k�l�d�b�o �f�Z�k�k�h�]�Z�[�Z-
�j�b�l�g�u�o �h�]�j�Z�g�b�q�_�g�b�y�o �i�j�_�^�i�h�q�l�_�g�b�_ �h�l�^�Z�_�l�k�y �l�\�_�j�^�h�n�Z�a�g�u�f �n�h�j�f�Z�f 
�o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z – �]�b�^�j�b�^�g�u�f �k�h�_�^�b�g�_�g�b�y�f, �d�h�l�h�j�u�_ �h�[�_�k�i�_�q�b�\�Z�x�l 
�_�]�h �]�_�g�_�j�Z�p�b�x �i�j�b �h�l�g�h�k�b�l�_�e�v�g�h �m�f�_�j�_�g�g�h�f �g�Z�]�j�_�\�_ (80…250 �q�K). �>�e�y 
�k�g�b�`�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �j�Z�a�e�h�`�_�g�b�y �]�b�^�j�b�^�Z �\�Z�j�v�b�j�m�x�l �_�]�h �^�b�k�i�_�j�k-
�g�h�k�l�v, �^�_�n�_�d�l�g�h�k�l�v �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�_�l�d�b, �\�\�h�^�y�l �^�h�[�Z�\�d�b, �\�u�i�h�e-
�g�y�x�s�b�_ �j�h�e�v �p�_�g�l�j�h�\ �Z�^�k�h�j�[�p�b�b/�^�_�k�h�j�[�p�b�b, �k�i�b�e�e�h�\�_�j�Z �\�h�^�h�j�h�^�Z �b �d�Z-
�l�Z�e�b�l�b�q�_�k�d�b�o �i�j�_�\�j�Z�s�_�g�b�c. �< �g�Z�k�l�h�y�s�b�c �f�h�f�_�g�l �]�b�^�j�b�^�g�u�_ �]�Z�a�h�]�_�g�_�j�Z-
�l�h�j�u �m�k�i�_�r�g�h �i�j�h�l�_�k�l�b�j�h�\�Z�g�u �\ �d�Z�q�_�k�l�\�_ �b�k�l�h�q�g�b�d�h�\ �\�h�^�h�j�h�^�Z �^�e�y 
�l�h�i�e�b�\�g�u�o �w�e�_�f�_�g�l�h�\, �b�k�i�h�e�v�a�m�_�f�u�o �\ �[�_�k�i�b�e�h�l�g�h�c �e�_�l�Z�l�_�e�v�g�h�c �l�_�o�g�b-
�d�_ �b �Z�\�l�h�g�h�f�g�h�c �a�Z�j�y�^�d�_ �f�h�[�b�e�v�g�u�o �l�_�e�_�n�h�g�h�\, �Z �l�Z�d�`�_ �^�e�y �a�Z�i�j�Z�\�d�b 
�Z�w�j�h�k�l�Z�l�g�u�o �a�h�g�^�h�\. 

�<�\�_�^�_�g�b�_ 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �f�b�j�h�\�h�_ �k�h�h�[�s�_�k�l�\�h �h�a�Z�[�h�q�_�g�h �i�h�b�k�d�h�f �g�h�\�u�o 
�w�g�_�j�]�h�g�h�k�b�l�_�e�_�c, �Z �l�Z�d�`�_ �k�i�h�k�h�[�h�\ �a�Z�f�_�^�e�_�g�b�y �l�_�f�i�h�\ �]�e�h�[�Z�e�v�g�h�]�h �i�h�l�_�i�e�_-
�g�b�y. �I�h �i�j�h�]�g�h�a�Z�f, �]�e�Z�\�g�m�x �j�h�e�v �\ �j�_�r�_�g�b�b �w�l�b�o �i�j�h�[�e�_�f �[�m�^�_�l �b�]�j�Z�l�v �\�h�^�h-
�j�h� ̂ (�j�b�k. 1), �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�c �d�Z�d �\�l�h�j�b�q�g�u�c �w�g�_�j�]�h�g�h�k�b�l�_�e�v [1]. �I�j�b �w�l�h�f 
�k�l�h�b�f�h�k�l�v �_�]�h �[�m�^�_�l �a�Z�\�b�k�_�l�v �h�l �k�i�h�k�h�[�Z �i�h�e�m�q�_�g�b�y [2]. �K�Z�f�u�f �^�_�r�_�\�u�f �^�e�y 
�i�h�l�j�_�[�b�l�_�e�y �[�m�^�_�l «�a�_�e�_�g�u�c» �\�h�^�h�j�h�^, �i�h�e�m�q�Z�_�f�u�c �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�h�a�h�[-
�g�h�\�e�y�_�f�h�c �w�g�_�j�]�b�b. �H�^�g�Z�d�h �k�_�[�_�k�l�h�b�f�h�k�l�v �_�]�h �\�u�k�h�d�Z, �b �d�h�f�i�_�g�k�b�j�h�\�Z�l�v �_�z 
�[�m�^�m�l �a�Z �k�q�_�l �a�Z�d�m�i�h�d �i�h �k�Z�f�h�c �g�b�a�d�h�c �p�_�g�_ «�k�_�j�h�]�h» �\�h�^�h�j�h�^�Z, �i�h�e�m�q�Z�_�f�h�]�h 
�l�j�Z�^�b�p�b�h�g�g�h�c �d�h�g�\�_�j�k�b�_�c �m�]�e�_�\�h�^�h�j�h�^�h�\. �M�\�_�e�b�q�b�l�v �p�_�g�m �\�h�^�h�j�h�^�Z �^�e�y �i�h-
�k�l�Z�\�s�b�d�h�\ �f�h�`�g�h �a�Z �k�q�_�l �m�l�b�e�b�a�Z�p�b�b �h�[�j�Z�a�m�x�s�b�o�k�y �h�d�k�b�^�h�\ �m�]�e�_�j�h�^�Z �i�m�l�_�f 
�i�_�j�_�\�h�^�Z �_�]�h �\ �k�l�Z�l�m�k «�]�h�e�m�[�h�]�h». 
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�J�b�k. 1. �:�d�d�m�f�m�e�b�j�h�\�Z�g�b�_ �w�g�_�j�]�b�b �\ �\�h�^�h�j�h�^�g�h�f �p�b�d�e�_ 
 

�I�h�k�d�h�e�v�d�m �\�h�^�h�j�h�^ – �g�b�a�d�h�i�e�h�l�g�u�c �]�Z�a �k �\�u�k�h�d�h�c �Z�]�j�_�k�k�b�\�g�h�k�l�v�x �i�h 
�h�l�g�h�r�_�g�b�x �d �j�Z�a�e�b�q�g�u�f �f�Z�l�_�j�b�Z�e�Z�f, �l�h �_�]�h �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�_ �\ �o�b�f�b�q�_�k�d�b 
�k�\�y�a�Z�g�g�h�f �k�h�k�l�h�y�g�b�b �h�l�d�j�u�\�Z�_�l �i�_�j�k�i�_�d�l�b�\�u �k�h�a�^�Z�g�b�y �\�h�^�h�j�h�^�g�u�o �g�Z�d�h�i�b�l�_-
�e�_�c �k �\�u�k�h�d�h�c �_�f�d�h�k�l�v�x [3]. �< �w�l�h�f �k�e�m�q�Z�_ �i�j�_�^�i�h�q�l�_�g�b�_ �h�l�^�Z�z�l�k�y �l�\�_�j�^�h�n�Z�a-
�g�u�f �n�h�j�f�Z�f �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z, �]�b�^�j�b�^�g�u�f �k�h�_�^�b�g�_�g�b�y�f [4, 5]. �I�j�b �\�u�[�h�j�_ 
�]�b�^�j�b�^�Z �^�e�y �d�h�g�d�j�_�l�g�h�c �h�[�e�Z�k�l�b �i�j�b�f�_�g�_�g�b�y �m�q�b�l�u�\�Z�_�l�k�y �_�]�h �k�l�Z�[�b�e�v�g�h�k�l�v 
�b �\�h�a�f�h�`�g�h�k�l�v �h�j�]�Z�g�b�a�Z�p�b�b �i�j�h�p�_�k�k�Z �]�Z�a�h�]�_�g�_�j�Z�p�b�b �\ �h�]�j�Z�g�b�q�_�g�g�h�f �i�j�h-
�k�l�j�Z�g�k�l�\�_ �k �f�b�g�b�f�Z�e�v�g�h�c �a�Z�l�j�Z�l�h�c �w�g�_�j�]�b�b. 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�h �k�h�\�j�_�f�_�g�g�h�_ �k�h�k�l�h�y�g�b�_ �b�k�k�e�_�^�h�\�Z-
�g�b�c �\ �h�[�e�Z�k�l�b �]�b�^�j�b�^�g�u�o �n�h�j�f �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z �b �j�Z�k�k�f�h�l�j�_�g�u �i�_�j�k�i�_�d-
�l�b�\�g�u�_ �g�Z�i�j�Z�\�e�_�g�b�y �b�o �i�j�Z�d�l�b�q�_�k�d�h�]�h �i�j�b�f�_�g�_�g�b�y. 

�K�i�h�k�h�[�u �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z 

�L�j�Z�^�b�p�b�h�g�g�h �\�h�^�h�j�h�^ �o�j�Z�g�y�l �\ �f�_�l�Z�e�e�b�q�_�k�d�b�o �[�Z�e�e�h�g�Z�o �i�h� ̂�^�Z�\�e�_�g�b�_�f 
150 �Z�l�f. �< �g�Z�k�l�h�y�s�b�c �f�h�f�_�g�l �k�m�s�_�k�l�\�m�x�l �d�h�f�i�h�a�b�l�g�u�_ �[�Z�e�e�h�g�u, �k�i�h�k�h�[�g�u�_ 
�\�u�^�_�j�`�b�\�Z�l�v �^�Z�\�e�_�g�b�_ �^�h 700 �Z�l�f [6]. �L�_�f �g�_ �f�_�g�_�_, �\�h�i�j�h�k �b�o �[�_�a�h�i�Z�k�g�h�k�l�b 
[7] �h�k�l�Z�_�l�k�y �h�l�d�j�u�l�u�f (�j�b�k. 2). 

�<�l�h�j�u�f �k�i�h�k�h�[�h�f �i�_�j�_�\�h�^�Z �\�h�^�h�j�h�^�Z �\ �[�h�e�_�_ �d�h�f�i�Z�d�l�g�h�_ �k�h�k�l�h�y�g�b�_ �y�\-
�e�y�_�l�k�y �_�]�h �k�`�b�`�_�g�b�_ �k �i�_�j�_�o�h�^�h�f �h�j�l�Z- �\ �i�Z�j�h�\�h�^�h�j�h�^ [8]. �W�l�h�l �i�j�h�p�_�k�k �f�_�-̂
�e�_�g�g�u�c �b �i�j�h�l�_�d�Z�_�l �k �\�u�^�_�e�_�g�b�_�f �l�_�i�e�Z, �q�l�h �f�h�`�_�l �i�j�b�\�_�k�l�b �d �i�h�l�_�j�_ �h�d�h�e�h 
20% �\�h�^�h�j�h�^�Z. �>�e�y �_�]�h �m�k�d�h�j�_�g�b�y �b�k�i�h�e�v�a�m�x�l, �q�Z�s�_ �\�k�_�]�h, �g�b�d�_�e�v�k�h�^�_�j�`�Z�s�b�_ 
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�d�Z�l�Z�e�b�a�Z�l�h�j�u. �D �g�Z�k�l�h�y�s�_�f�m �f�h�f�_�g�l�m �\ �Y�i�h�g�b�b �m�`�_ �k�i�m�s�_�g �g�Z �\�h�^�m �l�Z�g�d�_�j 
�^�e�y �i�_�j�_�\�h�a�d�b �`�b�^�d�h�]�h �\�h�^�h�j�h�^�Z (�j�b�k. 3). 

 

   
 

                                    (�Z)                                                                    (�[)      
 

�J�b�k. 2. �D�h�f�i�h�a�b�l�g�u�c �[�Z�e�e�h�g (�Z)  �b (�[) – �_�]�h �j�Z�a�]�_�j�f�_�l�b�a�Z�p�b�y �i�j�b �\�g�_�r�l�Z�l�g�h�c  
�k�b�l�m�Z�p�b�b: 34 �d�], �h�[�t�_�f �\�h�^�h�j�h�^�Z 24 �f3, �^�Z�\�e�_�g�b�_ 700 �Z�l�f. 

 
 

 
 

�J�b�k. 3. �Y�i�h�g�k�d�b�c �l�Z�g�d�_�j �^�e�y �i�_�j�_�\�h�a�d�b �`�b�^�d�h�]�h �\�h�^�h�j�h�^�Z 
 
�G�_ �f�_�g�_�_ �\�h�k�l�j�_�[�h�\�Z�g�g�u�f�b �k�i�h�k�h�[�Z�f�b �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z �[�m�^�m�l �b �Z�-̂

�k�h�j�[�p�b�h�g�g�u�_ �l�_�o�g�h�e�h�]�b�b [9], �d�h�]�^�Z �\�h�^�h�j�h�^ �d�h�g�p�_�g�l�j�b�j�m�_�l�k�y �g�Z �i�h�\�_�j�o�g�h�k�l�b 
�l�\�_�j�^�h�]�h �f�Z�l�_�j�b�Z�e�Z, �g�Z�i�j�b�f�_�j, �h�^�g�h�k�l�_�g�g�u�o �m�]�e�_�j�h�^�g�u�o �g�Z�g�h�l�j�m�[�h�d �b�e�b �f�_-
�l�Z�e�e�h�j�]�Z�g�b�q�_�k�d�b�o �d�Z�j�d�Z�k�g�u�o �k�l�j�m�d�l�m�j. �>�e�y �h�[�e�_�]�q�_�g�b�y �^�b�k�k�h�p�b�Z�p�b�b �f�h�e�_�d�m-
�e�u �\�h�^�h�j�h�^�Z �b�o �i�h�\�_�j�o�g�h�k�l�v �f�h�^�b�n�b�p�b�j�m�x�l �^�h�[�Z�\�d�Z�f�b �f�_�l�Z�e�e�h�\, �d�Z�l�Z�e�b�a�b-
�j�m�x�s�b�f�b �w�l�h�l �i�j�h�p�_�k�k. �>�e�y �m�\�_�e�b�q�_�g�b�y �\�h�^�h�j�h�^�g�h�c �_�f�d�h�k�l�b �n�b�a�b�q�_�k�d�b�_ �k�i�h-
�k�h�[�u �o�j�Z�g�_�g�b�y �f�h�]�m�l �d�h�f�[�b�g�b�j�h�\�Z�l�v�k�y. �L�Z�d, �Z�^�k�h�j�[�p�b�y �\�h�^�h�j�h�^�Z �k�m�s�_�k�l�\�_�g�g�h 
�\�h�a�j�Z�k�l�_�l, �_�k�e�b �_�z �h�k�m�s�_�k�l�\�e�y�l�v �\ �d�j�b�h�]�_�g�g�u�o �m�k�e�h�\�b�y�o, �g�h �w�l�h �k�^�_�e�Z�_�l �\�h�^�h-
�j�h� ̂�_�s�_ �[�h�e�_�_ �^�h�j�h�]�b�f �w�g�_�j�]�h�g�h�k�b�l�_�e�_�f. 

�>�e�y �j�Z�k�r�b�j�_�g�b�y �h�[�e�Z�k�l�_�c �i�j�b�f�_�g�_�g�b�y �\�h�^�h�j�h�^�Z �k�l�h�b�f�h�k�l�v �_�]�h �Z�d�d�m�f�m-
�e�b�j�h�\�Z�g�b�y �d�j�Z�c�g�_ �\�Z�`�g�Z. �I�j�h�s�_ �b�k�i�h�e�v�a�h�\�Z�l�v �l�_�o�g�h�e�h�]�b�b, �d�h�l�h�j�u�_ �m�`�_ �o�h-
�j�h�r�h �h�k�\�h�_�g�u �\ �i�j�h�f�u�r�e�_�g�g�h�k�l�b. �I�j�_�`�^�_ �\�k�_�]�h, �d �g�b�f �h�l�g�h�k�y�l �i�h�e�m�q�_�g�b�_ 
�Z�f�f�b�Z�d�Z [10], �]�b�^�j�b�j�h�\�Z�g�b�_ �Z�j�h�f�Z�l�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c [11] �b �i�h�e�m�q�_�g�b�_ �m�]-
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�e�_�\�h�^�h�j�h�^�h�\ �k �\�h�\�e�_�q�_�g�b�_�f �h�d�k�b�^�h�\ �m�]�e�_�j�h�^�Z [12]. �< �i�h�k�e�_�^�g�_�f �k�e�m�q�Z�_ �h�^�g�h-
�\�j�_�f�_�g�g�h �[�m�^�m�l �j�_�r�Z�l�v�k�y �\�h�i�j�h�k�u �k�g�b�`�_�g�b�y �m�]�e�_�j�h�^�g�h�]�h �k�e�_�^�Z �i�j�h�f�u�r�e�_�g-
�g�h�k�l�b/�w�g�_�j�]�_�l�b�d�b/�l�j�Z�g�k�i�h�j�l�Z. �D�j�h�f�_ �l�h�]�h, �g�Z �^�Z�e�v�g�_�c�r�b�o �w�l�Z�i�Z�o �j�Z�a�\�b�l�b�y 
�g�b�a�d�h�m�]�e�_�j�h�^�g�h�c �w�d�h�g�h�f�b�d�b �w�l�b �l�_�o�g�h�e�h�]�b�b �[�m�^�m�l �\�h�k�l�j�_�[�h�\�Z�g�u �^�e�y �i�h�\�u-
�r�_�g�b�y �k�h�^�_�j�`�Z�g�b�y �f�_�l�Z�g�Z �\ �[�b�h�]�Z�a�_ [13] �b �i�h�^�^�_�j�`�Z�g�b�y �[�Z�e�Z�g�k�Z �K�H2 �\ �Z�l�f�h-
�k�n�_�j�_. �B�f�_�x�l�k�y �i�j�b�f�_�j�u �i�b�e�h�l�g�u�o �i�j�h�_�d�l�h�\ �b �^�e�y �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�]�h �i�h�e�m-
�q�_�g�b�y �f�_�l�Z�g�Z �b�a �K�H2 �\ �j�Z�f�d�Z�o �j�Z�a�\�b�l�b�y �g�b�a�d�h�m�]�e�_�j�h�^�g�h�c �w�d�h�g�h�f�b�d�b. �L�Z�d, �k�b-
�e�Z�f�b �=�_�j�f�Z�g�b�b, �R�\�_�c�p�Z�j�b�b �b �B�l�Z�e�b�b �\�u�i�h�e�g�y�_�l�k�y �i�j�h�_�d�l «Store & GO» [14], 
�b �g�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �i�h�k�l�j�h�_�g�h 3 �a�Z�\�h�^�Z, �j�Z�[�h�l�Z�x�s�b�o �g�Z �j�Z�a�e�b�q�g�u�o �i�j�b�g-
�p�b�i�Z�o �i�_�j�_�j�Z�[�h�l�d�b �m�]�e�_�d�b�k�e�h�]�h �]�Z�a�Z �b�a �j�Z�a�g�u�o �b�k�l�h�q�g�b�d�h�\: 

�9 �\ �=�_�j�f�Z�g�b�b �]�e�Z�\�g�u�f �h�[�t�_�d�l�h�f �i�_�j�_�j�Z�[�h�l�d�b �y�\�e�y�_�l�k�y �[�b�h�]�Z�a, �d�h�l�h�j�u�c 
�h�[�h�]�Z�s�Z�_�l�k�y �f�_�l�Z�g�h�f �k 50 �^�h 98 %. �B�k�l�h�q�g�b�d�h�f �w�g�_�j�]�b�b �k�e�m�`�b�l �\�_�l�j�h�k�l�Z�g-
�p�b�y, �Z �i�h�e�m�q�Z�_�f�u�c �]�Z�a �i�h�k�l�m�i�Z�_�l �\ �h�[�s�m�x �j�Z�k�i�j�_�^�_�e�b�l�_�e�v�g�m�x �]�Z�a�h�\�m�x �k�_�l�v 
�k�l�j�Z�g�u, �\ �l�h�f �q�b�k�e�_ �g�Z �]�Z�a�h�\�u�_ �a�Z�i�j�Z�\�d�b. 

�9 �\ �R�\�_�c�p�Z�j�b�b �^�b�h�d�k�b�^ �m�]�e�_�j�h�^�Z, �h�[�j�Z�a�m�x�s�b�c�k�y �i�j�b �i�_�j�_�j�Z�[�h�l�d�_ 
�`�b�^�d�b�o �h�l�o�h�^�h�\, �m�l�b�e�b�a�b�j�m�_�l�k�y �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�f �k�i�h�k�h�[�h�f. 

�9 �\ �B�l�Z�e�b�b �^�b�h�d�k�b�^ �m�]�e�_�j�h�^�Z �b�a�\�e�_�d�Z�x�l �b�a �\�h�a�^�m�o�Z �k �i�h�f�h�s�v�x �k�h�j�[�_�g-
�l�h�\ �b �i�h�^�\�_�j�]�Z�x�l �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f�m �f�_�l�Z�g�b�j�h�\�Z�g�b�x, �g�h �D�I�> �k�h�k�l�Z�\�e�y�_�l �\�k�_�]�h 
29 %. �>�e�y �_�]�h �i�h�\�u�r�_�g�b�y �g�_�h�[�o�h�^�b�f�h �j�Z�a�j�Z�[�h�l�Z�l�v �g�h�\�u�_ �d�h�f�i�h�a�b�p�b�h�g�g�u�_ 
�f�Z�l�_�j�b�Z�e�u �k �\�u�k�h�d�h�c �k�h�j�[�p�b�h�g�g�h�c �_�f�d�h�k�l�v�x �i�h �K�H2 �b �g�b�a�d�h�c �l�_�f�i�_�j�Z�l�m�j�h�c 
�f�_�l�Z�g�b�j�h�\�Z�g�b�y. �B�^�_�Z�e�v�g�h �h�k�m�s�_�k�l�\�e�y�l�v �w�l�b �i�j�h�p�_�k�k�u �\ �h�^�g�h�f �j�_�Z�d�l�h�j�_ �i�j�b 
200–300 °�K. 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �f�_�l�Z�g�b�j�h�\�Z�g�b�_ �K�H2 �g�_ �_�^�b�g�k�l�\�_�g�g�u�c �k�i�h�k�h�[ �\�h-
�\�e�_�q�_�g�b�y �w�l�h�]�h �]�Z�a�Z �\ �i�j�h�b�a�\�h�^�k�l�\�h �o�b�f�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c, �j�Z�k�k�f�Z�l�j�b�\�Z�_-
�f�u�o �d�Z�d �n�h�j�f�u �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z. �K�H2 �f�h�`�_�l �\�u�k�l�m�i�Z�l�v �b�k�o�h�^�g�u�f �k�u�j�v�_�f 
�^�e�y �i�j�h�b�a�\�h�^�k�l�\�Z �f�_�l�Z�g�h�e�Z, �f�m�j�Z�\�v�b�g�h�c �d�b�k�e�h�l�u, �w�l�Z�g�h�e�Z, �i�h�e�b�f�_�j�h�\, �f�h�q�_-
�\�b�g�u, �m�]�e�_�\�h�^�h�j�h�^�h�\, �^�b�f�_�l�b�e�h�\�h�]�h �w�n�b�j�Z, �m�d�k�m�k�g�h�c �d�b�k�e�h�l�u �b �l. � .̂ [15]. �G�_-
�d�h�l�h�j�u�_ �i�j�h�p�_�k�k�u �m�`�_ �j�_�Z�e�b�a�h�\�Z�g�u �\ �i�j�h�f�u�r�e�_�g�g�h�k�l�b. �L�Z�d, �\ �B�j�e�Z�g�^�b�b 
�k 2012 �]�h�^�Z �j�Z�[�h�l�Z�_�l �a�Z�\�h�^ �i�h �i�_�j�_�j�Z�[�h�l�d�_ �h�l�o�h�^�y�s�b�o �]�Z�a�h�\ �]�_�h�l�_�j�f�Z�e�v�g�u�o 
�k�l�Z�g�p�b�c �\ �f�_�l�Z�g�h�e�Z, �d�h�l�h�j�u�c �w�d�k�i�h�j�l�b�j�m�_�l�k�y �i�h� ̂�f�Z�j�d�h�c «�<�m�e�d�Z�g�h�e» (�j�b�k. 4). 

 

 
 

�J�b�k. 4. �A�Z�\�h�^ �i�h �i�j�h�b�a�\�h�^�k�l�\�m «�\�h�a�h�[�g�h�\�e�y�_�f�h�]�h» �f�_�l�Z�g�h�e�Z (George Olah plant), 
�J�_�c�d�v�y�g�_�k, �B�k�e�Z�g�^�b�y (�k 2012 �].) 

 
�D �^�j�m�]�h�f�m �g�Z�i�j�Z�\�e�_�g�b�x �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�y �\�h�^�h�j�h�^�Z �\ �o�b�f�b�q�_�k�d�b �k�\�y-

�a�Z�g�g�h�f �k�h�k�l�h�y�g�b�b �h�l�g�h�k�y�l �]�b�^�j�b�j�h�\�Z�g�b�_ �`�b�^�d�b�o �Z�j�h�f�Z�l�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c 
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[11]. �I�j�b �w�l�h�f �`�_�e�Z�l�_�e�v�g�h �h�j�]�Z�g�b�a�h�\�Z�l�v �w�l�h�l �i�j�h�p�_�k�k �\ �f�h�[�b�e�v�g�h�f �b�k�i�h�e�g�_-
�g�b�b. �G�Z�i�j�b�f�_�j, �d�j�m�i�g�h�l�h�g�g�Z�`�g�u�c �l�Z�g�d�_�j �k �i�j�h�f�u�r�e�_�g�g�h�c �m�k�l�Z�g�h�\�d�h�c �^�e�y 
�h�k�m�s�_�k�l�\�e�_�g�b�y �p�b�d�e�Z «�]�b�^�j�b�j�h�\�Z�g�b�y/�^�_�]�b�^�j�b�j�h�\�Z�g�b�y». �I�_�j�\�u�f �k�h�_�^�b�g�_�g�b�_�f, 
�i�h�i�Z�\�r�b�f �\ �i�h�e�_ �a�j�_�g�b�_ �b�k�k�e�_�^�h�\�Z�l�_�e�_�c, �[�u�e �l�h�e�m�h�e, �i�j�h�b�a�\�h�^�k�l�\�h �d�h�l�h�j�h�]�h 
�o�h�j�h�r�h �h�k�\�h�_�g�h �\ �i�j�h�f�u�r�e�_�g�g�h�k�l�b. �I�j�b �_�]�h �]�b�^�j�b�j�h�\�Z�g�b�b �h�[�j�Z�a�m�_�l�k�y �f�_-
�l�b�e�p�b�d�e�h�]�_�d�k�Z�g, �k�h�^�_�j�`�Z�s�b�c �i�h�q�l�b 6 �f�Z�k% �h�[�j�Z�l�b�f�h �\�u�^�_�e�y�_�f�h�]�h �\�h�^�h�j�h�^�Z 
(�j�b�k. 5). 
 

 
 

�J�b�k. 5. �P�b�d�e «�]�b�^�j�b�j�h�\�Z�g�b�y-�^�_�]�b�^�j�b�j�h�\�Z�g�b�y» �`�b�^�d�b�o �h�j�]�Z�g�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c 
 

�G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �k�m�s�_�k�l�\�_�g�g�h �j�Z�k�r�b�j�_�g �d�j�m�] �i�h�l�_�g�p�b�Z�e�v�g�u�o �d�Z�g-
�^�b�^�Z�l�h�\ �^�e�y �k�b�k�l�_�f �o�j�Z�g�_�g�b�y �b �]�_�g�_�j�Z�p�b�b �\�h�^�h�j�h�^�Z �g�Z �h�k�g�h�\�_ �p�b�d�e�Z «�]�b�^�j�b-
�j�h�\�Z�g�b�y/�^�_�]�b�^�j�b�j�h�\�Z�g�b�y» �`�b�^�d�b�o �Z�j�h�f�Z�l�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c [16]. �M�q�b�l�u�\�Z-
�_�l�k�y �g�_ �l�h�e�v�d�h �k�h�^�_�j�`�Z�g�b�_ �\�h�^�h�j�h�^�Z, �g�h �b �m�k�e�h�\�b�y �h�k�m�s�_�k�l�\�e�_�g�b�y �o�b�f�b�q�_�k�d�b�o 
�i�j�_�\�j�Z�s�_�g�b�c. �I�j�_�^�i�h�q�l�b�l�_�e�v�g�h �i�j�h�p�_�k�k�u �i�j�h�\�h�^�b�l�v �g�Z �h�^�g�h�f �d�Z�l�Z�e�b�a�Z�l�h�j�_ 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �g�_ �\�u�r�_ 200 °�K. �B�o �f�h�`�g�h �j�_�Z�e�b�a�h�\�Z�l�v �g�Z �\�u�k�h�d�h�Z�d�l�b�\�g�u�o 
�i�e�Z�l�b�g�h�\�u�o �b �i�Z�e�e�Z�^�b�_�\�u�o �k�b�k�l�_�f�Z�o, �g�h �h�g�b �l�Z�d�`�_ �d�Z�l�Z�e�b�a�b�j�m�x�l �i�j�h�p�_�k�k�u 
�i�h�e�g�h�]�h �]�b�^�j�b�j�h�\�Z�g�b�y, �i�j�b�\�h�^�y�s�b�_ �d �j�Z�a�j�m�r�_�g�b�x �Z�j�h�f�Z�l�b�q�_�k�d�h�]�h �d�h�e�v�p�Z, 
�q�l�h �k�l�Z�g�h�\�b�l�k�y �i�j�b�q�b�g�h�c �i�h�l�_�j�b �\�h�^�h�j�h�^�g�h�c �_�f�d�h�k�l�b. �>�e�y �k�g�b�`�_�g�b�y �d�h�e�b�q�_-
�k�l�\�Z �i�j�b�f�_�k�_�c �\ �\�h�^�h�j�h�^�k�h�^�_�j�`�Z�s�_�f �]�Z�a�_ �i�j�_�^�e�Z�]�Z�_�l�k�y �f�h�^�b�n�b�p�b�j�h�\�Z�l�v �i�e�Z-
�l�b�g�h�\�u�_ �b �i�Z�e�e�Z�^�b�_�\�u�_ �d�Z�l�Z�e�b�a�Z�l�h�j�u �^�h�[�Z�\�d�Z�f�b, �b�a�f�_�g�y�x�s�b�f�b �w�e�_�d�l�j�h�g�g�h�_ 
�k�h�k�l�h�y�g�b�_ �f�_�l�Z�e�e�Z. 

�;�_�a�m�]�e�_�j�h�^�g�u�_ �n�h�j�f�u �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z �\ �o�b�f�b�q�_�k�d�b 
�k�\�y�a�Z�g�g�h�f �k�h�k�l�h�y�g�b�b 

�K�_�j�v�_�a�g�m�x �d�h�g�d�m�j�_�g�p�b�x �`�b�^�d�b�f �h�j�]�Z�g�b�q�_�k�d�b�f �b�k�l�h�q�g�b�d�Z�f �\�h�^�h�j�h�^�Z 
�k�h�k�l�Z�\�e�y�_�l �Z�f�f�b�Z�d (�j�b�k. 6) – �h�^�b�g �b�a �h�k�g�h�\�g�u�o �d�j�m�i�g�h�l�h�g�g�Z�`�g�u�o �i�j�h�^�m�d�l�h�\ 
�k�h�\�j�_�f�_�g�g�h�c �o�b�f�b�q�_�k�d�h�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b [10]. �< �]�h� ̂ �_�]�h �i�j�h�b�a�\�h�^�b�l�k�y 
�^�h 130 �f�e�g. �l�h�g�g, �i�h�w�l�h�f�m �j�Z�k�r�b�j�_�g�b�_ �_�]�h �i�j�h�b�a�\�h�^�k�l�\�Z �^�e�y �g�m�`�^ �g�b�a�d�h�m�]�e�_-
�j�h�^�g�h�c �w�d�h�g�h�f�b�d�b �g�_ �i�j�_�^�k�l�Z�\�e�y�_�l �[�h�e�v�r�b�o �k�e�h�`�g�h�k�l�_�c. 
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�J�b�k. 6. �:�f�f�b�Z�d �d�Z�d �\�l�h�j�b�q�g�u�c �w�g�_�j�]�h�g�h�k�b�l�_�e�v 
 
�K�l�h�b�l �h�l�f�_�l�b�l�v, �q�l�h �h�k�g�h�\�g�Z�y �k�e�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �Z�f�f�b�Z�d�Z �d�Z�d 

�n�h�j�f�u �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z �k�h�k�l�h�b�l �\ �_�]�h �w�n�n�_�d�l�b�\�g�h�f �j�Z�a�e�h�`�_�g�b�b, �l. �d. �k�Z�f�h-
�i�j�h�b�a�\�h�e�v�g�h �w�l�h�l �i�j�h�p�_�k�k �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �\�u�r�_ 1000 °�K. 
�K�g�b�a�b�l�v �_�z �f�h�`�g�h �a�Z �k�q�_�l �b�k�i�h�e�v�a�h�\�Z�g�b�y �d�Z�l�Z�e�b�a�Z�l�h�j�h�\, �k�h�^�_�j�`�Z�s�b�o �g�b�d�_�e�v, 
�j�m�l�_�g�b�c �b�e�b �`�_�e�_�a�h. �H�^�g�Z�d�h �\�h�^�h�j�h�^ �f�h�`�g�h �g�_ �\�u�^�_�e�y�l�v �b�a �Z�f�f�b�Z�d�Z, �Z �i�j�b-
�f�_�g�y�l�v �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �\ �d�Z�q�_�k�l�\�_ �l�h�i�e�b�\�Z, �g�Z�i�j�b�f�_�j, �^�e�y �Z�\�l�h�l�j�Z�g�k�i�h�j�l�Z 
[17]. �;�h�e�_�_ �l�h�]�h, �i�j�h�p�_�k�k �h�d�b�k�e�_�g�b�y �Z�f�f�b�Z�d�Z �f�h�`�_�l �[�u�l�v �b�g�b�p�b�b�j�h�\�Z�g �g�Z �d�Z-
�l�Z�e�b�a�Z�l�h�j�Z�o �[�_�a �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �g�Z�]�j�_�\�Z, �l. �d. �i�j�b �_�]�h �Z�^�k�h�j�[�p�b�b �g�Z �h�d�k�b�^�_ 
�Z�e�x�f�b�g�b�y �\�u�^�_�e�y�_�l�k�y �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �l�_�i�e�Z, �a�Z�i�m�k�d�Z�y �i�j�h�p�_�k�k �h�d�b�k�e�_�g�b�y 
(�j�b�k. 7). �J�_�Z�e�b�a�Z�p�b�y �w�l�h�]�h �h�j�b�]�b�g�Z�e�v�g�h�]�h �i�h�^�o�h�^�Z �g�Z �i�j�Z�d�l�b�d�_ �k�l�h�e�d�g�m�e�Z�k�v 
�k �i�j�h�[�e�_�f�h�c �h�[�j�Z�a�h�\�Z�g�b�y �h�d�k�b�^�h�\ �Z�a�h�l�Z, �g�h �_�_ �m�^�Z�e�h�k�v �j�_�r�b�l�v �k �i�h�f�h�s�v�x �^�h-
�[�Z�\�d�b �f�_�^�b �\ �k�h�k�l�Z�\ �d�Z�l�Z�e�b�a�Z�l�h�j�Z [18]. 
 

 
 

�J�b�k. 7. �H�d�b�k�e�_�g�b�_ �Z�f�f�b�Z�d�Z �g�Z Ru/�J-Al 2O3 �d�Z�l�Z�e�b�a�Z�l�h�j�_ 
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�G�Z�j�y�^�m �k �Z�f�f�b�Z�d�h�f �d �[�_�a�m�]�e�_�j�h�^�g�u�f �n�h�j�f�Z�f �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�y �\�h�^�h�j�h-
�^�Z �h�l�g�h�k�y�l �l�\�_�j�^�u�_ �]�b�^�j�b�^�g�u�_ �k�h�_�^�b�g�_�g�b�y, �d�h�l�h�j�u�_ �h�[�_�k�i�_�q�b�\�Z�x�l �[�h�e�v�r�m�x 
�d�h�f�i�Z�d�l�g�h�k�l�v �k�b�k�l�_�f �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z. 

�=�b�^�j�b�^�g�u�_ �k�h�_�^�b�g�_�g�b�y – �d�h�f�i�Z�d�l�g�u�_ �n�h�j�f�u �o�j�Z�g�_�g�b�y 
�\�h�^�h�j�h�^�Z 

�R�b�j�h�d�b�c �k�i�_�d�l�j �]�b�^�j�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c (MgH2, LiAlH 4, NH3BH3 �b �^�j.) 
�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �\ �d�Z�q�_�k�l�\�_ �b�k�l�h�q�g�b�d�h�\ �\�h�^�h�j�h�^�Z [5], �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �_�]�h 
�]�_�g�_�j�Z�p�b�x �a�Z �k�q�_�l �l�_�j�f�h�e�b�a�Z �i�j�b �h�l�g�h�k�b�l�_�e�v�g�h �m�f�_�j�_�g�g�h�f �g�Z�]�j�_�\�_ 
(80…250 °�K) �b�e�b �]�b�^�j�h�e�b�a�Z �\ �i�j�b�k�m�l�k�l�\�b�b �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ (�j�b�k. 8). 
 

 
 

�J�b�k. 8. �K�i�h�k�h�[�u �]�_�g�_�j�Z�p�b�b �\�h�^�h�j�h�^�Z �b�a �]�b�^�j�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c 
 

�I�j�b �w�l�h�f �\ �i�_�j�k�i�_�d�l�b�\�_ �l�_�j�f�h�e�b�a �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�Z�d �h�[�j�Z�l�b�f�u�c �k�i�h-
�k�h�[ �]�_�g�_�j�Z�p�b�b �\�h�^�h�j�h�^�Z, �i�h�k�d�h�e�v�d�m �i�j�h�^�m�d�l�u �_�]�h �j�Z�a�e�h�`�_�g�b�y �f�h�`�g�h �i�h�\�l�h�j-
�g�h �i�j�h�]�b�^�j�b�j�h�\�Z�l�v. �H�^�g�b�f �b�a �h�k�g�h�\�g�u�o �d�Z�g�^�b�^�Z�l�h�\ �h�[�j�Z�l�b�f�h�c �]�_�g�_�j�Z�p�b�b �\�h-
�^�h�j�h�^�Z �\�u�k�l�m�i�Z�_�l �]�b�^�j�b�^ �f�Z�]�g�b�y [19], �g�h �a�Z�f�_�l�g�h�_ �\�u�^�_�e�_�g�b�_ �\�h�^�h�j�h�^�Z �g�Z�q�b-
�g�Z�_�l�k�y �l�h�e�v�d�h �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �\�u�r�_ 270 °�K. �>�h�[�Z�\�d�b �h�d�k�b�^�h�\ �i�_�j�_�o�h�^�g�u�o 
�f�_�l�Z�e�e�h�\ �k�m�s�_�k�l�\�_�g�g�h �m�k�d�h�j�y�x�l �w�l�h�l �i�j�h�p�_�k�k, �h�k�h�[�_�g�g�h �i�h�k�e�_ �f�_�o�Z�g�h�o�b�f�b-
�q�_�k�d�h�c �Z�d�l�b�\�Z�p�b�b. �< �[�h�e�v�r�_�c �k�l�_�i�_�g�b �k�g�b�`�Z�_�l�k�y �w�g�_�j�]�b�y �Z�d�l�b�\�Z�p�b�b �i�j�b �^�h-
�[�Z�\�d�_ �n�l�h�j�b�^�Z �l�b�l�Z�g�Z �a�Z �k�q�_�l �\�h�k�k�l�Z�g�h�\�e�_�g�b�y Ti4+, �Z �l�Z�d�`�_ �h�[�j�Z�a�h�\�Z�g�b�y �]�b�^�j�b-
�^�Z �l�b�l�Z�g�Z [20]. �>�e�y �i�h�\�u�r�_�g�b�y �[�_�a�h�i�Z�k�g�h�k�l�b �b �w�n�n�_�d�l�b�\�g�h�k�l�b �k�b�k�l�_�f �o�j�Z�g�_-
�g�b�y �\�h�^�h�j�h�^�Z �g�Z �h�k�g�h�\�_ �f�Z�]�g�b�c�k�h�^�_�j�`�Z�s�b�o �f�Z�l�_�j�b�Z�e�h�\ �[�u�e�b �i�j�_�^�e�h�`�_�g�u 
�d�h�f�i�h�a�b�p�b�h�g�g�u�_ �f�Z�l�_�j�b�Z�e�u, �k�h�k�l�h�y�s�b�_ �b�a �f�Z�]�g�b�_�\�h�]�h �y�^�j�Z, �i�h�d�j�u�l�h�]�h �h�[�h-
�e�h�q�d�h�c �b�a �k�m�e�v�n�b�^�Z �f�Z�]�g�b�y �k �^�h�[�Z�\�d�Z�f�b �g�Z�g�h�q�Z�k�l�b�p �g�b�d�_�e�y �b �f�Z�]�g�b�c-
�g�b�d�_�e�_�\�h�]�h �k�i�e�Z�\�Z [21]. �H�g�Z �\�u�i�h�e�g�y�_�l �a�Z�s�b�l�g�m�x �j�h�e�v �b �h�[�_�k�i�_�q�b�\�Z�_�l �l�j�Z�g�k-
�i�h�j�l �\�h�^�h�j�h�^�Z, �Z �g�b�d�_�e�_�\�u�_ �b �g�b�d�_�e�v-�f�Z�]�g�b�_�\�u�_ �q�Z�k�l�b�p�u �^�_�c�k�l�\�m�x�l �d�Z�d �Z�d�l�b-
�\�Z�l�h�j�u �\�h�^�h�j�h�^�Z �\ �p�b�d�e�_ «�]�b�^�j�b�j�h�\�Z�g�b�y/�^�_�]�b�^�j�b�j�h�\�Z�g�b�y». �L�_�f �g�_ �f�_�g�_�_, �^�h-
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�k�l�b�q�v �i�h�e�g�h�]�h �j�Z�a�e�h�`�_�g�b�y �]�b�^�j�b�^�Z �k �\�u�^�_�e�_�g�b�_�f �\�h�^�h�j�h�^�Z �g�_ �m�^�Z�_�l�k�y �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�Z�o �g�b�`�_ 200 °�K. 

�;�h�e�_�_ �g�b�a�d�m�x �l�_�f�i�_�j�Z�l�m�j�m �j�Z�a�e�h�`�_�g�b�y �b�f�_�x�l �d�h�f�i�e�_�d�k�g�u�_ �]�b�^�j�b�^�Z, 
�l�Z�d�b�_ �d�Z�d �Z�e�Z�g�Z�l�u, �i�h�k�l�Z�^�b�c�g�h �\�u�^�_�e�y�x�s�b�_ �\�h�^�h�j�h�^ [22]. �H�^�g�Z�d�h �h�[�j�Z�l�b-
�f�h�k�l�v �w�l�h�]�h �i�j�h�p�_�k�k�Z �^�h�e�]�h �h�k�l�Z�\�Z�e�Z�k�v �i�h� ̂ �\�h�i�j�h�k�h�f, �h�k�h�[�_�g�g�h �i�j�b�g�b�f�Z�y �\�h 
�\�g�b�f�Z�g�b�_ �^�Z�g�g�u�_ �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�o �j�Z�k�q�_�l�h�\. �L�h�e�v�d�h 2006 �]�h�^�m �;�h�]�^�Z�g�h�\�b�q 
[23] �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e �\�h�a�f�h�`�g�h�k�l�v �h�[�j�Z�l�b�f�h�c �]�_�g�_�j�Z�p�b�b �\�h�^�h�j�h�^�Z �b�a �Z�e�Z-
�g�Z�l�Z �g�Z�l�j�b�y, �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�b�^�Z�f�b �i�_�j�_�o�h�^�g�u�o �f�_�l�Z�e�e�h�\ �b �e�Z�g�l�Z-
�g�h�b�^�h�\. �G�Z�b�[�h�e�v�r�b�c �\�u�o�h�^ �\�h�^�h�j�h�^�Z �g�Z�[�e�x�^�Z�e�k�y �\ �k�e�m�q�Z�_ �o�e�h�j�b�^�Z �k�Z�f�Z�j�b�y 
�k �i�h�\�l�h�j�g�u�f �]�b�^�j�b�j�h�\�Z�g�b�_�f �\ �l�_�q�_�g�b�_ 20 �f�b�g�m�l �i�j�b 120 °�K �b �^�Z�\�e�_�g�b�b �\�h�^�h-
�j�h�^�Z 120 �[�Z�j. �Q�_�j�_�a 12 �e�_�l �[�u�e�Z �i�h�^�l�\�_�j�`�^�_�g�Z �w�n�n�_�d�l�b�\�g�h�k�l�v �b �^�j�m�]�b�o �k�h-
�_�^�b�g�_�g�b�c �\ �k�h�q�_�l�Z�g�b�b �k �f�_�o�Z�g�h�o�b�f�b�q�_�k�d�h�c �Z�d�l�b�\�Z�p�b�_�c [24], �d�h�l�h�j�Z�y �i�j�b�\�h�^�b�l 
�d �m�f�_�g�v�r�_�g�b�x �j�Z�a�f�_�j�Z �q�Z�k�l�b�p �\�h�^�h�j�h�^�Z�d�d�m�f�m�e�b�j�m�x�s�_�]�h �f�Z�l�_�j�b�Z�e�Z, �h�[�j�Z�a�h-
�\�Z�g�b�x �^�_�n�_�d�l�h�\, �^�b�k�i�_�j�]�b�j�h�\�Z�g�b�x, �e�h�d�Z�e�b�a�Z�p�b�b �i�j�h�^�m�d�l�h�\ �^�_�]�b�^�j�b�j�h�\�Z�g�b�y 
�b �i�h�\�u�r�_�g�b�x �b�o �k�l�Z�[�b�e�v�g�h�k�l�b. �D�j�h�f�_ �l�h�]�h, �f�h�]�m�l �h�[�j�Z�a�h�\�u�\�Z�l�v�k�y �p�_�g�l�j�u 
«�Z�^�k�h�j�[�p�b�b/�^�_�k�h�j�[�p�b�b» �\�h�^�h�j�h�^�Z, �h�[�e�_�]�q�Z�x�s�b�_ �_�]�h �k�i�b�e�e�h�\�_�j �\ �h�[�t�_�f �f�Z�l�_-
�j�b�Z�e�Z (�j�b�k. 9). �>�h�i�h�e�g�b�l�_�e�v�g�h �i�j�_�^�e�Z�]�Z�_�l�k�y �b�a�f�_�g�b�l�v �f�Z�j�r�j�m�l �o�b�f�b�q�_�k�d�b�o 
�i�j�_�\�j�Z�s�_�g�b�c, �Z �l�Z�d�`�_ �\�\�_�k�l�b �^�h�[�Z�\�d�b, �k�i�h�k�h�[�k�l�\�m�x�s�b�_ �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�x 
�w�e�_�d�l�j�h�g�g�h�c �i�e�h�l�g�h�k�l�b �\ �]�b�^�j�b�^�_ �k �h�k�e�Z�[�e�_�g�b�_�f �k�\�y�a�b �f�_�l�Z�e�e�Z �k �\�h�^�h�j�h�^�h�f, 
�q�l�h �k�g�b�a�b�l �l�_�f�i�_�j�Z�l�m�j�m �^�_�]�b�^�j�b�j�h�\�Z�g�b�y [25, 26]. 
 

 
 

�J�b�k. 9. �<�e�b�y�g�b�_ �^�h�[�Z�\�h�d �g�Z �l�_�j�f�h�e�b�a �]�b�^�j�b�^�h�\ �b �]�b�^�j�b�j�h�\�Z�g�b�_ �i�j�h�^�m�d�l�h�\ �b�o �j�Z�a�e�h-
�`�_�g�b�y �a�Z �k�q�_�l �h�[�j�Z�a�h�\�Z�g�b�y �p�_�g�l�j�h�\ �Z�^�k�h�j�[�p�b�b/�^�_�k�h�j�[�p�b�b �b �k�i�b�e�e�h�\�_�j�Z �\�h�^�h�j�h�^�Z 
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�I�h�e�m�q�_�g�b�_ �\�h�^�h�j�h�^�Z �b�a �[�h�j�]�b�^�j�b�^�g�u�o �k�h�_�^�b�g�_�g�b�c 

�D�h�g�d�m�j�_�g�p�b�x �Z�e�Z�g�Z�l�Z�f �i�h �k�h�^�_�j�`�Z�g�b�x �\�h�^�h�j�h�^�Z �k�h�k�l�Z�\�e�y�x�l �[�h�j�k�h�^�_�j-
�`�Z�s�b�_ �d�h�f�i�e�_�d�k�g�u�_ �]�b�^�j�b�^�u, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_�k�y �[�h�e�_�_ �g�b�a�d�h�c �l�_�f�i�_�j�Z�l�m-
�j�h�c �l�_�j�f�h�e�b�a�Z [27]. �L�_�f �g�_ �f�_�g�_�_, �l�j�_�[�m�_�l�k�y �m�\�_�e�b�q�b�l�v �i�h�^�\�b�`�g�h�k�l�v �\�h�^�h�j�h�^�Z 
�b �i�j�_�^�h�l�\�j�Z�l�b�l�v �h�[�j�Z�a�h�\�Z�g�b�_ �^�b�[�h�j�Z�g�h�\. �W�l�Z �i�j�h�[�e�_�f�Z �j�_�r�Z�_�l�k�y �^�h�[�Z�\�d�h�c 
�[�b�g�Z�j�g�u�o �]�b�^�j�b�^�h�\, �f�_�l�Z�e�e�]�b�^�j�b�^�h�\ �b�e�b �n�l�h�j�b�^�h�\. �L�Z�d, �w�n�n�_�d�l�b�\�g�u�f �f�h�^�b-
�n�b�d�Z�l�h�j�h�f �[�h�j�]�b�^�j�b�^�Z �e�b�l�b�y �\�u�k�l�m�i�Z�_�l �n�l�h�j�b�^ �p�_�j�b�y [28], �d�h�l�h�j�u�c �h�[�_�k�i�_-
�q�b�\�Z�_�l �\�h�^�h�j�h�^�g�m�x �_�f�d�h�k�l�v 9,3 �f�Z�k% �\ �i�h�\�l�h�j�g�h�f �p�b�d�e�_ «�]�b�^�j�b�j�h�\�Z�g�b�y-
�^�_�]�b�^�j�b�j�h�\�Z�g�b�y» (�J�b�k. 10�Z). �H�^�g�Z�d�h �h�k�g�h�\�g�u�f �g�_�^�h�k�l�Z�l�d�h�f �l�\�_�j�^�u�o �d�h�f�i�h-
�a�b�p�b�c «�[�h�j�]�b�^�j�b�^ �e�b�l�b�y-�Z�d�l�b�\�b�j�m�x�s�Z�y �^�h�[�Z�\�d�Z» �y�\�e�y�_�l�k�y �\�u�k�h�d�Z�y �q�m�\�k�l�\�b-
�l�_�e�v�g�h�k�l�v �d �\�e�Z�]�_ [29], �q�l�h �^�_�e�Z�_�l �b�o �b�k�i�h�e�v�a�h�\�Z�g�b�_ �g�_�[�_�a�h�i�Z�k�g�u�f (�J�b�k. 10�[). 

�I�h�b�k�d �k�l�Z�[�b�e�v�g�h�]�h �]�b�^�j�b�^�g�h�]�h �k�h�_�^�b�g�_�g�b�y �^�e�y �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�y �\�h�^�h-
�j�h�^�Z �k�l�b�f�m�e�b�j�h�\�Z�e �Z�d�l�b�\�g�h�_ �b�a�m�q�_�g�b�_ �Z�f�f�b�g�[�h�j�Z�g�Z [30]. �G�Z�j�y�^�m �k �\�u�k�h�d�h�c 
�k�l�Z�[�b�e�v�g�h�k�l�v�x �w�l�h�l �]�b�^�j�b�^ �k�h�^�_�j�`�b�l 19,6 �f�Z�k% �\�h�^�h�j�h�^�Z, �b�a �d�h�l�h�j�u�o �i�h�q�l�b 
6,5 �f�Z�k% �\�u�^�_�e�y�_�l�k�y �i�h �i�_�j�\�h�c �k�l�m�i�_�g�b �i�j�b 120 °�K. �I�j�b �j�Z�a�e�h�`�_�g�b�b �Z�f�f�b�g-
�[�h�j�Z�g�Z �i�h �\�l�h�j�h�c �k�l�Z�^�b�b �\ �l�_�f�i�_�j�Z�l�m�j�g�h�f �^�b�Z�i�Z�a�h�g�_ 150…170 °�K �f�h�]�m�l �h�[�j�Z-
�a�h�\�u�\�Z�l�v�k�y �i�h�[�h�q�g�u�_ �i�j�h�^�m�d�l�u �^�_�]�b�^�j�b�j�h�\�Z�g�b�y: 

 

1. BH3NH3      �o    (BH2NH2)x + H2 (6.45 %) 
2. (BH2NH2)x  �o    (BHNH)x + H2 (12.9 %)…+…(NH3, B6H6, BH2NH2) 
3. (BHNH)x    �o    BN + H2  (19.35 %) 
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�J�b�k. 10. (�Z) �P�b�d�e�u �^�_�]�b�^�j�b�j�h�\�Z�g�b�y �d�h�f�i�h�a�b�p�b�b LiBH4-CeF3; (�[) �\�h�k�i�e�Z�f�_�g�_�g�b�_ �d�h�f-
�i�h�a�b�p�b�b «LiBH4 + MgH2» �i�j�b �i�h�i�Z�^�Z�g�b�b �d�Z�i�e�b �\�h�^�u 
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�M�\�_�e�b�q�b�l�v �i�h�^�\�b�`�g�h�k�l�v �\�h�^�h�j�h�^�Z �\ �Z�f�f�b�g�[�h�j�Z�g�_ �b �k�g�b�a�b�l�v �d�h�e�b�q�_�k�l�\�h 
�i�j�b�f�_�k�_�c �f�h�`�g�h �a�Z �k�q�_�l �l�j�Z�^�b�p�b�h�g�g�u�o �i�h�^�o�h�^�h�\: �b�k�i�h�e�v�a�h�\�Z�g�b�y �\�u�k�h�d�h�d�b-
�i�y�s�b�o �j�Z�k�l�\�h�j�b�l�_�e�_�c, �\�\�_�^�_�g�b�y �]�b�^�j�b�^�Z �\ �i�h�j�b�k�l�h�_ �i�j�h�k�l�j�Z�g�k�l�\�h �g�_�h�j�]�Z�g�b�q�_-
�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\, �\ �l�h�f �q�b�k�e�_ �k�h�^�_�j�`�Z�s�b�o �d�Z�l�Z�e�b�l�b�q�_�k�d�b �Z�d�l�b�\�g�u�_ �q�Z�k�l�b�p�u. 
�H�^�g�Z�d�h �\ �i�h�k�e�_�^�g�_�_ �\�j�_�f�y �Z�d�p�_�g�l �b�k�k�e�_�^�h�\�Z�g�b�c �k�f�_�s�Z�_�l�k�y �g�Z �b�a�m�q�_�g�b�y �w�n-
�n�_�d�l�Z �^�h�[�Z�\�e�_�g�b�y �g�_�[�h�e�v�r�h�]�h �d�h�e�b�q�_�k�l�\�Z �\�h�^�u, �d�h�l�h�j�Z�y, �\�a�Z�b�f�h�^�_�c�k�l�\�m�y 
�k �]�b�^�j�b�^�h�f [31], �^�Z�_�l �l�_�i�e�h, �^�h�k�l�Z�l�h�q�g�h�_ �^�e�y �j�Z�a�e�h�`�_�g�b�y �h�k�g�h�\�g�h�c �q�Z�k�l�b  
�Z�f�f�b�g�[�h�j�Z�g�Z. �L�Z�d�h�_ �k�h�i�j�y�`�_�g�b�_ �i�h �l�_�i�e�m �j�_�Z�d�p�b�c �]�b�^�j�h�e�b�a�Z �b �l�_�j�f�h�e�b�a�Z  
�Z�f�f�b�g�[�h�j�Z�g�Z �i�h�e�m�q�b�e�h �b�g�^�b�\�b�^�m�Z�e�v�g�h�_ �g�Z�a�\�Z�g�b�_ – �]�b�^�j�h�l�_�j�f�h�e�b�a [32]. 
�M�i�j�Z�\�e�y�l�v �l�Z�d�b�f �i�j�h�p�_�k�k�h�f �k�e�h�`�g�h, �i�h�k�d�h�e�v�d�m �h�g �i�j�h�l�_�d�Z�_�l �k �\�u�k�h�d�h�c �k�d�h-
�j�h�k�l�v�x, �i�h�w�l�h�f�m �[�u�e�h �i�j�_�^�e�h�`�_�g�h �^�e�y �w�l�h�c �p�_�e�b �b�k�i�h�e�v�a�h�\�Z�l�v �n�h�l�h�d�Z�l�Z�e�b�a�Z-
�l�h�j�u �g�Z �h�k�g�h�\�_ �^�b�h�d�k�b�^�Z �l�b�l�Z�g�Z �k �a�Z�d�j�_�i�e�_�g�g�u�f�b �g�Z �i�h�\�_�j�o�g�h�k�l�b �g�Z�g�h�q�Z�k�l�b-
�p�Z�f�b �k�_�j�_�[�j�Z [33]. �G�_�k�f�h�l�j�y �g�Z �b�o �f�Z�e�h�_ �k�h�^�_�j�`�Z�g�b�_ �\ �d�Z�l�Z�e�b�a�Z�l�h�j�_, �h�g�b �w�n-
�n�_�d�l�b�\�g�h �Z�d�l�b�\�b�j�m�x�l �]�b�^�j�h�e�b�a �Z�f�f�b�g�[�h�j�Z�g�Z �i�h� ̂ �^�_�c�k�l�\�b�_�f �M�N-�b�a�e�m�q�_�g�b�y, 
�Z �\�u�^�_�e�y�x�s�_�_�k�y �l�_�i�e�h �j�Z�k�o�h�^�m�_�l�k�y �g�Z �l�_�j�f�h�e�b�a �]�b�^�j�b�^�Z. �I�j�b �w�l�h�f, �\�d�e�x�q�Z�y 
�b �\�u�d�e�x�q�Z�y �M�N �e�Z�f�i�m, �f�h�`�g�h �d�h�g�l�j�h�e�b�j�h�\�Z�l�v �]�Z�a�h�]�_�g�_�j�Z�p�b�x (�j�b�k. 11). 

 

 
 

�J�b�k. 11. �N�h�l�h�d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �]�b�^�j�h�l�_�j�f�h�e�b�a �Z�f�f�b�Z�g�[�h�j�Z�g�Z �\ �i�j�b�k�m�l�k�l�\�b�b 
0,06%Ag/TiO2 

 
�I�Z�j�Z�e�e�_�e�v�g�h �j�Z�[�h�l�Z�f �i�h �h�i�l�b�f�b�a�Z�p�b�b �i�j�h�p�_�k�k�Z �]�_�g�_�j�Z�p�b�b �\�h�^�h�j�h�^�Z 

�b�a �Z�f�f�b�g�[�h�j�Z�g�Z �\�_�^�m�l�k�y �i�j�b�d�e�Z�^�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y, �g�Z�i�j�Z�\�e�_�g�g�u�_ �g�Z �_�]�h �b�k-
�i�h�e�v�a�h�\�Z�g�b�_ �d�Z�d �b�k�l�h�q�g�b�d�Z �\�h�^�h�j�h�^�Z �^�e�y �l�h�i�e�b�\�g�u�o �w�e�_�f�_�g�l�h�\ �\ �[�_�k�i�b�e�h�l�g�h�c 
�e�_�l�Z�l�_�e�v�g�h�c �l�_�o�g�b�d�_, �]�^�_ �d�j�Z�c�g�_ �\�Z�`�g�h �k�h�q�_�l�Z�g�b�_ �\�u�k�h�d�h�c �\�h�^�h�j�h�^�g�h�c �_�f�d�h-
�k�l�b �k �h�]�j�Z�g�b�q�_�g�g�u�f�b �]�Z�[�Z�j�b�l�Z�f�b �e�_�l�Z�l�_�e�v�g�h�]�h �Z�i�i�Z�j�Z�l�Z. �< �w�l�h�f �g�Z�i�j�Z�\�e�_�g�b�b 
�g�Z�b�[�h�e�v�r�b�o �m�k�i�_�o�h�\ �^�h�k�l�b�]�e�b �b�k�k�e�_�^�h�\�Z�l�_�e�b �b�a �X�`�g�h�c �D�h�j�_�b �b �:�\�k�l�j�Z�e�b�b 
[34] (�j�b�k. 12), �Z �l�Z�d�`�_ �K�R�: [35] (�j�b�k. 13), �d�h�l�h�j�u�_ �i�j�_�^�e�h�`�b�e�b �]�_�g�_�j�b�j�h�\�Z�l�v 
�\�h�^�h�j�h�^ �a�Z �k�q�_�l �g�Z�]�j�_�\�Z �l�Z�[�e�_�l�b�j�h�\�Z�g�g�h�c �n�h�j�f�u �Z�f�f�b�g�[�h�j�Z�g�Z. 
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�J�b�k. 12. �B�k�i�u�l�Z�g�b�_ «�Z�f�f�b�g�[�h�j�Z�g�g�h�]�h» �b�k�l�h�q�g�b�d�Z �w�g�_�j�]�b�b �i�j�b �h�j�]�Z�g�b�a�Z�p�b�b �i�h�e�_�l�Z 
�[�_�k�i�b�e�h�l�g�h�]�h �e�_�l�Z�l�_�e�v�g�h�]�h �Z�i�i�Z�j�Z�l�Z �k�Z�f�h�e�_�l�g�h�]�h �l�b�i�Z, �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �d�h�j�_�c�k�d�b�f�b 
                                                          �b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b [34] 
 
 
 

 
 

�J�b�k. 13. �B�k�i�u�l�Z�g�b�_ «�Z�f�f�b�g�[�h�j�Z�g�g�h�]�h» �b�k�l�h�q�g�b�d�Z �w�g�_�j�]�b�b �i�j�b �h�j�]�Z�g�b�a�Z�p�b�b �i�h�e�_�l�Z 
�[�_�k�i�b�e�h�l�g�h�]�h �e�_�l�Z�l�_�e�v�g�h�]�h �Z�i�i�Z�j�Z�l�Z �k�Z�f�h�e�_�l�g�h�]�h �l�b�i�Z, �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �Z�f�_�j�b�d�Z�g- 
                                                  �k�d�b�f�b �b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b [35] 
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�<�k�_ �\�u�r�_�h�i�b�k�Z�g�g�u�_ �k�i�h�k�h�[�u �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�y �\�h�^�h�j�h�^�Z �i�j�_�^�i�h�e�Z�]�Z�x�l 
�a�Z�l�j�Z�l�m �w�g�_�j�]�b�b �g�Z �_�]�h �\�u�^�_�e�_�g�b�_, �g�h �\ �g�Z�r�_�c �k�l�j�Z�g�_ �g�_ �f�_�g�_�_ �\�Z�`�g�h �k�h�a�^�Z�g�b�_ 
�Z�\�l�h�g�h�f�g�u�o �b�k�l�h�q�g�b�d�h�\ �w�g�_�j�]�b�b �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �g�_�w�e�_�d�l�j�b�n�b�p�b�j�h�\�Z�g-
�g�u�o �j�Z�c�h�g�Z�o, �h�k�h�[�_�g�g�h �i�j�b �h�l�j�b�p�Z�l�_�e�v�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o. �=�b�^�j�h�e�b�a �]�b�^�j�b�^�h�\ 
�f�h�`�_�l �k�l�Z�l�v �h�^�g�b�f �b�a �k�i�h�k�h�[�h�\ �j�_�r�_�g�b�y �w�l�h�c �i�j�h�[�e�_�f�u [36], �i�h�k�d�h�e�v�d�m �h�g 
�i�j�h�l�_�d�Z�_�l �k �\�u�^�_�e�_�g�b�_�f �[�h�e�v�r�h�]�h �d�h�e�b�q�_�k�l�\�Z �l�_�i�e�Z. �< �w�l�h�f �k�e�m�q�Z�_ �\�u�k�h�d�h�j�_-
�Z�d�p�b�h�g�g�u�_ �]�b�^�j�b�^�u �]�j�Z�g�m�e�b�j�m�x�l �b �i�h�f�_�s�Z�x�l �\ �]�_�j�f�_�l�b�q�g�u�c �j�_�Z�d�l�h�j [37, 38], 
�Z �\�h�^�m �i�h�^�Z�x�l �\ �\�b�^�_ �i�Z�j�Z (�j�b�k. 14). 

 

 
 

�J�b�k. 14. �=�_�g�_�j�Z�p�b�y �\�h�^�h�j�h�^�Z �a�Z �k�q�_�l �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�^�y�g�u�o �i�Z�j�h�\ �k �\�u�k�h�d�h�j�_�Z�d�p�b-
�h�g�g�u�f �]�b�^�j�b�^�h�f – LiH 

 
�;�h�e�_�_ �d�h�g�l�j�h�e�b�j�m�_�f�u�c �i�j�h�p�_�k�k �]�_�g�_�j�Z�p�b�b �\�h�^�h�j�h�^�Z �f�h�`�g�h �h�j�]�Z�g�b�a�h-

�\�Z�l�v �k �f�_�g�_�_ �j�_�Z�d�p�b�h�g�g�u�f �]�b�^�j�b�^�h�f – �[�h�j�]�b�^�j�b�^�h�f �g�Z�l�j�b�y (NaBH4), �^�e�y �d�h-
�l�h�j�h�]�h �o�Z�j�Z�d�l�_�j�_�g �g�Z�b�f�_�g�v�r�b�c �l�_�i�e�h�\�h�c �w�n�n�_�d�l �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �\�h�^�h�c �k�j�_-
�^�b �]�b�^�j�b�^�h�\ (�j�b�k. 15). �H�^�g�Z�d�h �_�]�h �i�h�e�g�h�c �]�b�^�j�h�e�b�a �^�h�k�l�b�]�Z�_�l�k�y �l�h�e�v�d�h �\ �i�j�b-
�k�m�l�k�l�\�b�b �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ [39]. 
 
 

 
 

�J�b�k. 15. �K�h�h�l�g�h�r�_�g�b�_ �f�Z�k�k�h�\�h�]�h �k�h�^�_�j�`�Z�g�b�y �\�h�^�h�j�h�^�Z �\ �]�b�^�j�b�^�Z�o �b �l�_�i�e�h�\�h�]�h  
�w�n�n�_�d�l�Z �b�o �]�b�^�j�h�e�b�a�Z 
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�G�Z�b�[�h�e�_�_ �b�a�m�q�_�g�g�u�f�b �d�Z�l�Z�e�b�a�Z�l�h�j�Z�f�b �]�b�^�j�h�e�b�a�Z �[�h�j�]�b�^�j�b�^�Z �g�Z�l�j�b�y 
�y�\�e�y�x�l�k�y �d�h�[�Z�e�v�l�h�\�u�_ �k�b�k�l�_�f�u �b�a-�a�Z �b�o �i�j�b�_�f�e�_�f�h�c �k�l�h�b�f�h�k�l�b �b �\�u�k�h�d�h�c 
�Z�d�l�b�\�g�h�k�l�b [40]. �< �[�h�e�v�r�b�g�k�l�\�_ �k�e�m�q�Z�_�\ �h�g�b �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �k�h�_�^�b�g�_�g�b�y 
�d�h�[�Z�e�v�l�Z, �d�h�l�h�j�u�_ �f�h�`�g�h �^�h�[�Z�\�b�l�v �d �l�\�_�j�^�h�f�m �]�b�^�j�b�^�m �b �k�l�Z�[�e�_�l�b�j�h�\�Z�l�v, �i�h-
�e�m�q�b�\ «�\�h�^�h�j�h�^�g�m�x �l�Z�[�e�_�l�d�m» [41]. �W�l�h �g�_�f�g�h�]�h �k�g�b�a�b�l �\�h�^�h�j�h�^�g�m�x �_�f�d�h�k�l�v, 
�g�h �i�h�a�\�h�e�b�l �a�Z�i�m�k�d�Z�l�v �i�j�h�p�_�k�k �]�Z�a�h�]�_�g�_�j�Z�p�b�b �k�j�Z�a�m �i�h�k�e�_ �^�h�[�Z�\�e�_�g�b�y �\�h�^�u �b�a 
�e�x�[�h�]�h �i�j�b�j�h�^�g�h�]�h �b�k�l�h�q�g�b�d�Z �^�Z�`�_ �i�j�b �h�l�j�b�p�Z�l�_�e�v�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o. �I�h�e�m-
�q�Z�_�f�u�c �]�Z�a �k�h�^�_�j�`�b�l �l�h�e�v�d�h �i�j�b�f�_�k�b �i�Z�j�h�\ �\�h�^�u [42], �i�h�w�l�h�f�m �f�h�`�_�l �[�_�a �^�h-
�i�h�e�g�b�l�_�e�v�g�h�c �h�q�b�k�l�d�b �b �m�\�e�Z�`�g�_�g�b�y �i�h�^�Z�\�Z�l�v�k�y �\ �l�h�i�e�b�\�g�u�c �w�e�_�f�_�g�l, 
�g�Z�i�j�b�f�_�j, �i�j�b �w�d�k�i�e�m�Z�l�Z�p�b�b �[�_�k�i�b�e�h�l�g�u�o �f�Z�e�h�]�Z�[�Z�j�b�l�g�u�o �k�Z�f�h�e�_�l�h�\. �J�Z�a�j�Z-
�[�h�l�d�Z �l�Z�d�b�o �e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�h�\ �Z�d�l�b�\�g�h �\�_�^�_�l�k�y �\ �X�`�g�h�c �D�h�j�_�_ [43] 
(�j�b�k. 16), �L�m�j�p�b�b [44] �b �B�k�i�Z�g�b�b [45] (�j�b�k. 17). 
 
 

 
 

�J�b�k. 16. �;�_�k�i�b�e�h�l�g�u�c �e�_�l�Z�l�_�e�v�g�u�c �Z�i�i�Z�j�Z�l �k�Z�f�h�e�_�l�g�h�]�h �l�b�i�Z, �j�Z�a�j�Z�[�h�l�Z�g�g�u�c �b�k�k�e�_-
�^�h�\�Z�l�_�e�y�f�b �b�a �X�`�g�h�c �D�h�j�_�b [43] 

 
�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h, �\�Z�j�v�b�j�m�y �i�j�b�j�h�^�m �k�h�_�^�b�g�_�g�b�y �d�h�[�Z�e�v�l�Z �\ «�\�h�^�h-

�j�h�^�g�h�c �l�Z�[�e�_�l�d�_», �f�h�`�g�h �a�Z�^�Z�\�Z�l�v �l�j�_�[�m�_�f�m�x �k�d�h�j�h�k�l�v �]�Z�a�h�]�_�g�_�j�Z�p�b�b [46]. 
�I�j�b �w�l�h�f �d�h�g�l�Z�d�l �k�h�_�^�b�g�_�g�b�c �d�h�[�Z�e�v�l�Z �k �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�f �[�h�j�]�b�^�j�b�^�h�f 
�g�Z�l�j�b�y �h�[�_�k�i�_�q�b�\�Z�_�l �n�h�j�f�b�j�h�\�Z�g�b�_ �d�Z�l�Z�e�b�l�b�q�_�k�d�b �Z�d�l�b�\�g�h�c �n�Z�a�u – �g�b�a�d�h-
�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �[�h�j�b�^�Z �d�h�[�Z�e�v�l�Z [47, 48]. �H�^�g�Z�d�h �h�g �[�u�k�l�j�h �^�_�a�Z�d�l�b�\�b�j�m�x�l�k�y 
�\ �j�_�Z�d�p�b�h�g�g�h�c �k�j�_�^�_ �i�h� ̂ �^�_�c�k�l�\�b�_�f �h�[�j�Z�a�m�x�s�_�]�h�k�y �l�_�l�j�Z�]�b�^�j�h�d�k�h�[�h�j�Z�l�Z 
�g�Z�l�j�b�y, �d�h�l�h�j�u�c �m�\�_�e�b�q�b�\�Z�_�l �j�G �j�Z�k�l�\�h�j�Z �^�h 13. �< �g�Z�k�l�h�y�s�b�c �f�h�f�_�g�l �Z�d�l�b�\�g�h 
�\�_�^�m�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�y, �g�Z�i�j�Z�\�e�_�g�g�u�_ �g�Z �k�h�a�^�Z�g�b�_ �k�l�Z�[�b�e�v�g�u�o �d�h�[�Z�e�v�l�h�\�u�o 
�d�Z�l�Z�e�b�a�Z�l�h�j�h�\. �>�h�i�h�e�g�b�l�_�e�v�g�h �j�_�r�Z�_�l�k�y �\�h�i�j�h�k �m�k�b�e�_�g�b�y �b�o �f�Z�]�g�b�l�g�u�o 
�k�\�h�c�k�l�\ �^�e�y �m�\�_�e�b�q�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �h�l�^�_�e�_�g�b�y �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �h�l �`�b�^�d�h�c 
�j�_�Z�d�p�b�h�g�g�h�c �k�j�_�^�u �k �p�_�e�v�x �i�h�\�l�h�j�g�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y. 
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�J�b�k. 17. �;�_�k�i�b�e�h�l�g�u�_ �e�_�l�Z�l�_�e�v�g�u�_ �Z�i�i�Z�j�Z�l�u �k�Z�f�h�e�_�l�g�h�]�h �l�b�i�Z, �j�Z�a�j�Z�[�h�l�Z�g�g�u�_ �b�k�k�e�_-
�^�h�\�Z�l�_�e�y�f�b �b�a �B�k�i�Z�g�b�b [45] �b �L�m�j�p�b�b [44] 

 
 

�< �i�h�k�e�_�^�g�b�o �j�Z�[�h�l�Z�o �Z�d�l�b�\�g�h �h�[�k�m�`�^�Z�_�l�k�y �g�h�\�u�c �i�h�^�o�h�^ �d �k�b�g�l�_�a�m �k�l�Z-
�[�b�e�v�g�u�o �d�h�[�Z�e�v�l�h�\�u�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �g�Z �h�k�g�h�\�_ �f�_�l�h�^�Z �[�_�k�l�h�d�h�\�h�]�h �]�Z�e�v�\�Z�g�b-
�q�_�k�d�h�]�h �a�Z�f�_�s�_�g�b�y �Z�e�x�f�b�g�b�y �g�Z �d�h�[�Z�e�v�l [49]. �F�h�j�n�h�e�h�]�b�y �i�h�e�m�q�Z�_�f�u�o �q�Z-
�k�l�b�p �k�h�h�l�\�_�l�k�l�\�m�_�l �b�k�i�h�e�v�a�m�_�f�h�f�m �l�_�f�i�e�Z�l�m – �q�Z�k�l�b�p�Z�f �Z�e�x�f�b�g�b�y. �I�j�b �w�l�h�f 
�h�g�b �k�h�k�l�h�y�l �b�a �Z�e�x�f�b�g�b�_�\�h�]�h �y�^�j�Z �k �h�[�h�e�h�q�d�h�c �b�a �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �d�h�[�Z�e�v�l�Z 
�l�h�e�s�b�g�h�c �h�d�h�e�h 3 �f�d�f. �>�h�i�h�e�g�b�l�_�e�v�g�h�_ �\�u�s�_�e�Z�q�b�\�Z�g�b�_ �Z�e�x�f�b�g�b�y �i�h�a�\�h�e�y�_�l 
�k�n�h�j�f�b�j�h�\�Z�l�v �i�h�e�u�_ �h�[�h�e�h�q�d�b �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �d�h�[�Z�e�v�l�Z, �q�l�h �h�[�_�k�i�_�q�b�\�Z�_�l 
�m�\�_�e�b�q�_�g�b�_ �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �\ 1,8 �j�Z�a [50]. �L�Z�d�b�f �h�[�j�Z�a�h�f, �[�u�e 
�i�j�_�^�e�h�`�_�g �g�h�\�u�c �n�_�j�j�h�f�Z�]�g�b�l�g�u�c �d�Z�l�Z�e�b�a�Z�l�h�j, �h�l�^�_�e�y�_�f�u�c �h�l �j�_�Z�d�p�b�h�g�g�h�c 
�k�j�_�^�u �f�Z�]�g�b�l�h�f (�j�b�k. 18). 
 
 

 
 

�J�b�k. 18. �K�b�g�l�_�a �d�h�[�Z�e�v�l�k�h�^�_�j�`�Z�s�b�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �]�b�^�j�h�e�b�a�Z �[�h�j�]�b�^�j�b�^�Z �g�Z�l�j�b�y  
�f�_�l�h�^�h�f �[�_�k�l�h�d�h�\�h�]�h �]�Z�e�v�\�Z�g�b�q�_�k�d�h�]�h �a�Z�f�_�s�_�g�b�y 
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�A�Z�d�e�x�q�_�g�b�_ 

�<�u�i�h�e�g�_�g�g�u�c �h�[�a�h�j �g�Z�m�q�g�h�c �e�b�l�_�j�Z�l�m�j�u �i�h�d�Z�a�Z�e, �q�l�h �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�_ 
�\�h�^�h�j�h�^�Z �\ �o�b�f�b�q�_�k�d�b �k�\�y�a�Z�g�g�h�f �k�h�k�l�h�y�g�b�b �j�_�r�Z�_�l �\�h�i�j�h�k�u �_�]�h �[�_�a�h�i�Z�k�g�h�]�h 
�b �d�h�f�i�Z�d�l�g�h�]�h �o�j�Z�g�_�g�b�y, �i�h�a�\�h�e�y�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y �_�]�h �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b 
�k�m�s�_�k�l�\�m�x�s�m�x �b�g�n�j�Z�k�l�j�m�d�l�m�j�m, �Z �l�Z�d�`�_ �j�Z�k�r�b�j�y�_�l �k�u�j�v�_�\�m�x �[�Z�a�m �i�j�h�b�a�\�h�^-
�k�l�\�Z �o�b�f�b�q�_�k�d�b �p�_�g�g�u�o �i�j�h�^�m�d�l�h�\, �h�^�g�h�\�j�_�f�_�g�g�h �i�h�^�^�_�j�`�b�\�Z�y �[�Z�e�Z�g�k �K�H2 
�\ �Z�l�f�h�k�n�_�j�_ �^�e�y �a�Z�f�_�^�e�_�g�b�y �l�_�f�i�h�\ �]�e�h�[�Z�e�v�g�h�]�h �i�h�l�_�i�e�_�g�b�y �g�Z �A�_�f�e�_. �I�j�b 
�w�l�h�f �[�h�j�]�b�^�j�b�^�g�u�_ �k�h�_�^�b�g�_�g�b�y, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_�k�y �\�u�k�h�d�h�c �\�h�^�h�j�h�^�g�h�c �_�f-
�d�h�k�l�v�x, �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �d�Z�d �i�h�l�_�g�p�b�Z�e�v�g�u�_ �b�k�l�h�q�g�b�d�b �\�h�^�h�j�h�^�Z �^�e�y �w�g�_�j�]�h-
�m�k�l�Z�g�h�\�h�d �g�Z �h�k�g�h�\�_ �l�h�i�e�b�\�g�u�o �w�e�_�f�_�g�l�h�\, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�o �d �w�d�k�i�e�m�Z�l�Z�p�b�b 
�i�j�b �`�_�k�l�d�b�o �f�Z�k�k�h�]�Z�[�Z�j�b�l�g�u�o �h�]�j�Z�g�b�q�_�g�b�y�o, �g�Z�i�j�b�f�_�j, �\ �[�_�k�i�b�e�h�l�g�h�c �e�_�l�Z-
�l�_�e�v�g�h�c �l�_�o�g�b�d�b �k�Z�f�h�e�_�l�g�h�]�h �l�b�i�Z �k �m�\�_�e�b�q�_�g�g�h�c �^�Z�e�v�g�h�k�l�v�x �i�h�e�_�l�Z. 

 
�N�b�g�Z�g�k�b�j�h�\�Z�g�b�_ – �i�j�h�_�d�l �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �a�Z�^�Z�g�b�y FWUR-2024-0034. 

�K�i�b�k�h�d �e�b�l�_�j�Z�l�m�j�u 

1. Hermesmann M., Tsiklios C., Müller T. E. The environmental impact of 
renewable hydrogen supply chains: Local vs. remote production and long-distance 
hydrogen transport // Applied Energy. 2023. V. 351. P. 121920. 

2. Athia N., Pandey M., Sen M.,·Saxena S. Factors affecting the economy of 
green hydrogen production pathways for sustainable development and their 
challenges // Environmental Science and Pollution Research. 2024. V. 31. P. 44542–
44574. 

3. Anastasovski A. Is renewable energy storage sustainable? A review // Green 
Technologies and Sustainability. 2025. V. 3, N 3. P. 100176. 

4. Usman M.R. Hydrogen storage methods: review and current status // 
Renewable Sustainable Energy Rev. 2022. V. 167. P. 112743. 

5. Sinigaglia T., Lewiski F., Santos Martins M. E., Mairesse Siluk J.C. 
Production, storage, fuel stations of hydrogen and its utilization in automotive 
applications-a review // International Journal of Hydrogen Energy. 2017. V. 42, N 39. 
P. 24597–24611. 

6. Mikroni M., Koutsoukis G., Vlachos D. et al. Design, Analysis, and Testing 
of a Type V Composite Pressure Vessel for Hydrogen Storage // Polymers. 2024. 
V. 16, N 24. P. 3576. 

7. Khan S., Kumar A. Buckling behaviour for advance cylindrical shells 
(COPV) subjected to extreme pressure conditions: A comprehensive review // 
Polymer Composites. 2025. https://doi.org/10.1002/pc.29513. 

8. Cirrone D., Makarov D., Molkov V. Hydrogen safety for systems at ambient 
and cryogenic temperature: A comparative study of hazards and consequence 
modelling // Journal of Loss Prevention in the Process Industries. 2025. V. 95. 
P. 105606. 

9. Umar A.A., Hossain M.M. Hydrogen storage via adsorption: A review of 
recent advances and challenges // Fuel. 2025. V. 387. P. 134273. 



�=�b�^�j�b�^�u �b �]�b�^�j�b�^�g�u�_ �i�j�_�\�j�Z�s�_�g�b�y… 183

10. Estevez R., López-Tenllado F.J., Aguado-Deblas L. et al. Current Research 
on Green Ammonia (NH3) as a Potential Vector Energy for Power Storage and 
Engine Fuels: A Review // Energies. 2023. V. 16, N 14. P. 5451. 

11. Niermann M., Beckendorff A., Kaltschmitt M., Bonhoff K. Liquid Organic 
Hydrogen Carrier (LOHC) – Assessment based on chemical and economic properties 
// International Journal of Hydrogen Energy. 2019. V. 44. P. 6631–6654. 

12. D�
bek R., Azzolina-Jury F., Travert A., Maugé F. A review on plasma-
catalytic methanation of carbon dioxide – Looking for an efficient catalyst // 
Renewable and Sustainable Energy Reviews. 2019. V. 116. P. 109427. 

13. Morosanu E.A., Salomone F., Pirone R., Bensaid S. Insights on a 
Methanation Catalyst Aging Process: Aging Characterization and Kinetic Study // 
Catalysts. 2020. V. 10. P. 283. 

14. Azarova V., Cohen J., Friedl C., Reichl J. Designing local renewable 
energy communities to increase social acceptance: Evidence from a choice 
experiment in Austria, Germany, Italy, and Switzerland // Energy Policy. 2019. 
V. 132. P. 1176–1183. 

15. Centi G., Quadrelli E. A., Perathoner S. Catalysis for CO2 conversion: 
a key technology for rapid introduction of renewable energy in the value chain 
of chemical industries // Energy Environ. Science. 2013. V. 6. P. 1711–1731. 

16. Makepeace J. W., He T., Weidenthaler C. et al. Reversible ammonia-based 
and liquid organic hydrogen carriers for high-density hydrogen storage: Recent 
progress // International Journal of Hydrogen Energy. 2019. V. 44, N 15. P. 7746–
7767. 

17. Nagaoka K., Eboshi T., Takeishi Y. et al. Carbon-free H2 production from 
ammonia triggered at room temperature with an acidic RuO2 /��-Al2O3 catalyst // 
Science Advances. 2017. V. 3, N 4. P. e1602747. 

18. Hinokuma S., Araki K., Iwasa T. et al. Ammonia-rich combustion and 
ammonia combustive decomposition properties of various supported catalysts // 
Catalysis Communications. 2019. V. 123. P. 64–68. 

19. Shao L., Lin X., Yang X., Zhao Y., Zhang J., Cheng T., Zou J. Magnesium-
based hydrogen storage tanks: A review of research, development and simulation 
models // Renewable and Sustainable Energy Reviews. 2025. V. 211. P. 115332. 

20. Jangir M., Jain A., Yamaguchi S., Ichikawa T., Lal C., Jain I.P. Catalytic 
effect of TiF4 in improving hydrogen storage properties of MgH2 // International 
Journal of Hydrogen Energy. 2016. V. 41. P. 14178–14183. 

21. Xie X., Ma X., Liu P., Shang J., Li X., Liu T. Formation of Multiple-Phase 
Catalysts for the Hydrogen Storage of Mg Nanoparticles by Adding Flowerlike NiS // 
ACS Applied Materials & Interfaces. 2017. V. 9. P. 5937–5946. 

22. Mulana F., Nishimiya N. Application of mechanical milling to synthesize 
a novel quarterly hydride // Journ, of Alloys and Compounds. 2006. V. 413. P. 273–280. 

23. Bogdanovic B., Felderhoff M., Pommerin A., Schüth F., Spielkamp N. 
Advanced Hydrogen-Storage Materials Based on Sc-, Ce-, and Pr-Doped NaAlH4 // 
Advanced Materials. 2006. V. 18. P. 1198–1201. 

24. Liu Y., Ren Z., Zhang X., Jian N., Yang Y., Gao M., Pan H. Development 
of Catalyst�æEnhanced Sodium Alanate as an Advanced Hydrogen�æStorage Material 
for Mobile Applications // Energy Technology. 2018. V. 6. P. 487–500. 

25. Frankcombe T. J. Proposed Mechanisms for the Catalytic Activity of Ti in 
NaAlH4 // Chemical Reviews. 2012. V. 112, N 4. P. 2164–2178. 



�K�_�d�p�b�y 3 184

26. Ismail M., Zhao Y., Yu X. B., Ranjbar A., Dou S.X. Improved hydrogen 
desorption in lithium alanate by addition of SWCNT–metallic catalyst composite // 
International Journal of Hydrogen Energy. 2011. V. 36, N 5. P. 3593–3599. 

27. Li H.-W., Yan Y., Orimo Sh.-i., et al. Recent Progress in Metal 
Borohydrides for Hydrogen Storage // Energies. 2011. V. 4, N 1. P. 185–214. 

28. Zhou H., Zhang L., Gao Sh., Liu H., Xu L., Wang X., Yan M. Hydrogen 
storage properties of activated carbon confined LiBH4 doped with CeF3 as catalyst // 
International Journal of Hydrogen Energy. 2017. V. 42, N 36. P. 23010–23017. 

29. Jr C. W. J., Brinkman K. S., Gray J. R., Cortes-Concepcion J. A., Anton D. 
L. Fundamental environmental reactivity testing and analysis of the hydrogen storage 
material 2LiBH4·MgH2 // International Journal of Hydrogen Energy. 2014. V. 39, 
N 3. P. 1371–1381. 

30. Huo J., Zhang K., Wei H., Fu L., Zhao C., He C., Hu X. A review on 
hydrogen production from ammonia borane: Experimental and theoretical studies // 
Chinese Chemical Letters. 2023. V. 34, N 12. P. 108280. 

31. Li X., Zhang J., Liu J., Zhang J. A review on the modeling strategies for the 
heterogeneous catalytic hydrolysis of ammonia borane // Fuel. 2025. V. 392. 
P. 134774. 

32. O.V. Komova, N.L. Kayl, G.V. Odegova, O.V. Netskina, V.I. Simagina.  
Int. J. Hydrogen Energy, V. 41, 2016, P. 17484–17495. 

33. Simagina V. I. , Komova O. V., Ozerova A. M. et al. TiO2-Based 
Photocatalysts for Controllable Hydrogen Evolution from Ammonia Borane // 
Catalysis Today. 2021. V. 379. P. 149–158. 

34. Seo J.-E., Kim Y., Kim Y., Kim K. et al. Portable ammonia-borane-based 
H2 power-pack for unmanned aerial vehicles // Journal Power Sources. 2014. V. 254. 
P. 329–337. 

35. Izenson M., Magari P., Bieszczad J., Kiwada G. Ultra-Compact Power 
System for Long-Endurance Small Unmanned Aerial Systems // SAE International 
Journal of Aerospace. 2014. V. 5. �‹  2. P. 398–409. 

36. Yang N., Bu F., Gu M., Cheng Y., Zhang J. Interfacial Coating of 
Graphene Nanosheets to Control the Hydrolysis Kinetics of LiAlH4 at Subzero 
Temperatures // Energy & Fuels. 2024. V. 38, N 17. P. 17017–17025. 

37. Yao J., Wu Z., Wang H., Yang F., Ren J., Zhang Z. Application-oriented 
hydrolysis reaction system of solid-state hydrogen storage materials for high energy 
density target: A review // Journal of Energy Chemistry. 2022. V. 74. P. 218–238. 

38. Ashton E., Oakley W. C., Brack P., Dann S. E. Evaluation of the Vapor 
Hydrolysis of Lithium Aluminum Hydride for Mobile Fuel Cell Applications // ACS 
Applied Energy Materials. 2022. V. 5, N 7. P. 8336–8345. 

39. Chin S.X., Vincent J., Razak N. F. et al. Advancements and challenges in 
sodium borohydride hydrogen storage: A comprehensive review of hydrolysis, 
regeneration, and recycling technologies // Journal of Renewable and Sustainable 
Energy. 2025. V. 17, N 1. P. 012702. 

40. Xu F., Ren J., Ma J., Wang Y. et al. A review of hydrogen production 
kinetics from the hydrolysis of NaBH4 solution catalyzed by Co-based catalysts // 
International Journal of Hydrogen Energy. 2024. V. 50. P. 827–844.  

41. Netskina O. V., Tayban E. S., Ozerova A. M. et al. Solid-State NaBH4/Co 
Composite as Hydrogen Storage Material: Effect of the Pressing Pressure on 
Hydrogen Generation Rate // Energies. 2019. V. 12, N 7. P. 1184:1-7. 



�=�b�^�j�b�^�u �b �]�b�^�j�b�^�g�u�_ �i�j�_�\�j�Z�s�_�g�b�y… 185

42. Netskina O. V., Filippov T. N., Komova O. V., Simagina V. I. Hydrogen 
generation by both acidic and catalytic hydrolysis of sodium borohydride // Catalysis 
for Sustainable Energy. 2018. V. 5. P. 41–48. 

43. Kim T. NaBH4 (sodium borohydride) hydrogen generator with a volume-
exchange fuel tank for small unmanned aerial vehicles powered by a PEM (proton 
exchange membrane) fuel cell // Energy. 2014. V. 69. P. 721–727. 

44. Okumus E., Gul Boyaci San F., Okur O. et al. Development of boron-based 
hydrogen and fuel cell system for small unmanned aerial vehicle // International 
Journal of Hydrogen Energy. 2017. V. 42, N 4. P. 2691–2697. 

45. Lapena-Rey N., Blanco J. A., Ferreyra E. et al. A fuel cell powered 
unmanned aerial vehicle for low altitude surveillance missions // International Journal 
of Hydrogen Energy. 2017. V. 42, N 4. P. 2691–2697. 

46. Netskina O. V., Tayban E. S., Prosvirin I. P. et al. Hydrogen Storage 
Systems Based on Solid-State NaBH4/Co Composite: Effect of Catalyst Precursor on 
Hydrogen Generation Rate // Renewable Energy. 2020. V. 151. P. 278–285. 

47. Netskina O. V., Kochubey D. I., Prosvirin I. P. et al. Cobalt-Boron Catalyst 
for NaBH4 Hydrolysis: The State of the Active Component Forming from Cobalt 
Chloride in a Reaction Medium // Molecular Catalysis. 2017. V. 441. P. 100–108. 

48. Netskina O. V., Kellerman D. G., Ishchenko A. V. et al. Amorphous 
Ferromagnetic Cobalt-Boron Composition Reduced by Sodium Borohydride: Phase 
Transformation at Heat-Treatment and Its Influence on the Catalytic Properties // 
Colloids and Surfaces A: Physicochemical and Engineering Aspects. 2018. V. 537. 
P. 485–494. 

49. Butenko V. R., Komova O. V., Simagina V. I. et al. Co and Co3O4 in the 
Hydrolysis of Boron-Containing Hydrides: H2O Activation on the Metal and Oxide 
Active Centers // Materials. 2024. V. 17, N 8. P. 1794:1-23. 

50. Ozerova A. M., Skobelkina A. A., Simagina V. I. et al. Magnetically 
Recovered Co and Co@Pt Catalysts Prepared by Galvanic Replacement on 
Aluminum Powder for Hydrolysis of Sodium Borohydride // Materials. 2022. V. 15, 
N 9. P. 3010:1-19. 
 
 



�K�_�d�p�b�y 3 186

�u�f�l 537.622 
 

�n�Ë�’�Ö�Ò�Û�Ö�ã�Ï �Ú�Í�×�Ó�Ú�Û�Í�Ë �’�Ò�Î�Ù�Ò�Î�×�Í �Ù�Ï�Î�µ�×�Ñ�Ï�Õ�Ï�Ô�ä�Ö�ã�Ý 
�Ò�Ö�Û�Ï�Ù�Õ�Ï�Û�Ë�Ô�Ô�Ò�ß�Ï�Ú�µ�Ò�Ý �Ú�×�Ï�Î�Ò�Ö�Ï�Ö�Ò�Ó �Í �Ú�Ô�Ë�Ì�ã�Ý, 
�Ú�Ò�Ô�ä�Ö�ã�Ý �Ò �Ú�Í�Ï�Ù�Ý�Ú�Ò�Ô�ä�Ö�ã�Ý �Õ�Ë�’�Ö�Ò�Û�Ö�ã�Ý �Ø�×�Ô�Ê�Ý 

 
�j . �s. �t�Ï�Ù�É�à�Ò�Ö�Ë 

 
�N�_�^�_�j�Z�e�v�g�h�_ �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�_ �[�x�^�`�_�l�g�h�_ �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�_ �m�q�j�_�`�^�_�g�b�_  

�\�u�k�r�_�]�h �h�[�j�Z�a�h�\�Z�g�b�y «�F�h�k�d�h�\�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �m�g�b�\�_�j�k�b�l�_�l  
�b�f. �F. �<. �E�h�f�h�g�h�k�h�\�Z», �F�h�k�d�\�Z, �J�h�k�k�b�y 

 

tereshina@physics.msu.ru  
 
�< �j�Z�[�h�l�_ �h�i�b�k�Z�g�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �f�Z�]�g�b�l�g�u�o 

�k�\�h�c�k�l�\ (�l�_�f�i�_�j�Z�l�m�j�u �D�x�j�b, �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�Z�k�u�s�_�g�b�y, �i�h�e�y �f�Z�]�g�b-
�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b (�F�D�:) �b �^�j.), �j�_�^�d�h�a�_�f�_�e�v�g�u�o �b�g�l�_�j-
�f�_�l�Z�e�e�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c (�B�F�K) �k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f �`�_�e�_�a�Z 
R2Fe14B, R2Fe17 �b RFe11Ti (R – �j�_�^�d�h�a�_�f�_�e�v�g�u�c �f�_�l�Z�e�e (�J�A�F)), �Z �l�Z�d�`�_ �b�o 
�]�b�^�j�b�^�h�\ �\ �k�e�Z�[�u�o, �k�b�e�v�g�u�o �b �k�\�_�j�o�k�b�e�v�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o. �I�j�h�Z�g�Z-
�e�b�a�b�j�h�\�Z�g�u �f�Z�]�g�b�l�g�u�_ �n�Z�a�h�\�u�_ �^�b�Z�]�j�Z�f�f�u. �I�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�Z �j�h�e�v 
�h�[�f�_�g�g�u�o �b �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�c �Z�l�h�f�h�\ �J�A�F 
�k �Z�l�h�f�Z�f�b Fe. �I�j�_�^�e�h�`�_�g�u �\�h�^�h�j�h�^�k�h�^�_�j�`�Z�s�b�_ �k�h�k�l�Z�\�u �^�e�y �j�Z�a�j�Z�[�h�l�d�b 
�g�Z �b�o �h�k�g�h�\�_ �f�Z�l�_�j�b�Z�e�h�\ �^�e�y �^�Z�l�q�b�d�h�\ �b �i�h�k�l�h�y�g�g�u�o �f�Z�]�g�b�l�h�\, �j�Z�[�h�l�Z-
�x�s�b�o �\ �k�j�_�^�Z�o �k �i�h�\�u�r�_�g�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �\�h�^�h�j�h�^�Z. 

�<�\�_�^�_�g�b�_ 

�H�^�g�Z �b�a �\�Z�`�g�_�c�r�b�o �a�Z�^�Z�q �k�h�\�j�_�f�_�g�g�h�c �n�b�a�b�d�b �f�Z�]�g�b�l�g�u�o �f�Z�l�_�j�b�Z�e�h�\ 
�k�h�k�l�h�b�l �\ �k�h�a�^�Z�g�b�b �g�Z�m�q�g�u�o �h�k�g�h�\ �f�Z�]�g�b�l�g�h�]�h �f�Z�l�_�j�b�Z�e�h�\�_�^�_�g�b�y, �Z �l�Z�d�`�_ 
�\ �i�h�e�m�q�_�g�b�b �g�h�\�u�o �f�Z�]�g�b�l�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �k �a�Z�j�Z�g�_�_ �a�Z�^�Z�g�g�u�f �d�h�f�i�e�_�d�k�h�f 
�k�\�h�c�k�l�\ [1, 2]. �M�k�i�_�o�b, �^�h�k�l�b�]�g�m�l�u�_ �\ �w�l�h�f �g�Z�i�j�Z�\�e�_�g�b�b, �k�\�y�a�Z�g�u, �\ �a�g�Z�q�b-
�l�_�e�v�g�h�c �k�l�_�i�_�g�b, �k �k�b�g�l�_�a�h�f �b �b�k�k�e�_�^�h�\�Z�g�b�_�f �n�b�a�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �j�_�^�d�h�a�_-
�f�_�e�v�g�u�o (�J�A) �b�g�l�_�j�f�_�l�Z�e�e�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c [3]. �K�j�_�^�b �J�A �B�F�K �k�m�s�_�k�l�\�m-
�x�l �k�h�k�l�Z�\�u, �g�Z �h�k�g�h�\�_ �d�h�l�h�j�u�o �f�h�]�m�l �[�u�l�v �i�h�e�m�q�_�g�u �f�Z�]�g�b�l�h�l�\�_�j�^�u�_ �f�Z�l�_�j�b-
�Z�e�u (�F�L�F) [4, 5]. �L�Z�d�b�_ �k�h�k�l�Z�\�u �b�f�_�x�l �\�u�k�h�d�m�x �l�_�f�i�_�j�Z�l�m�j�m �D�x�j�b, 
�[�h�e�v�r�m�x �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �g�Z�k�u�s�_�g�b�y, �Z �l�Z�d�`�_ �h�^�g�h�h�k�g�u�c �l�b�i �f�Z�]�g�b�l�h�d�j�b-
�k�l�Z�e�e�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b. �K �w�d�h�g�h�f�b�q�_�k�d�h�c �l�h�q�d�b �a�j�_�g�b�y �g�Z�b�[�h�e�v�r�b�c �b�g�l�_-
�j�_�k �i�j�_�^�k�l�Z�\�e�y�x�l �k�i�e�Z�\�u �j�_�^�d�h�a�_�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\ �k �`�_�e�_�a�h�f. �H�^�g�Z�d�h �^�\�h�c-
�g�u�_ �b�g�l�_�j�f�_�l�Z�e�e�b�^�u �k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f �`�_�e�_�a�Z R2Fe17 �h�[�e�Z�^�Z�x�l �F�D�: 
�l�b�i�Z «�e�_�]�d�Z�y �i�e�h�k�d�h�k�l�v» �b �g�b�a�d�b�f�b �l�_�f�i�_�j�Z�l�m�j�Z�f�b �D�x�j�b. �I�h�w�l�h�f�m �^�e�b�l�_�e�v-
�g�h�_ �\�j�_�f�y �\ �i�j�h�f�u�r�e�_�g�g�h�k�l�b �i�j�b�f�_�g�y�e�b�k�v �J�A �B�F�K �g�Z �h�k�g�h�\�_ �d�h�[�Z�e�v�l�Z. �I�h-
�e�m�q�_�g�b�_ �F�L�F �g�Z �h�k�g�h�\�_ �k�h�_�^�b�g�_�g�b�y Nd2Fe14B �i�h�d�Z�a�Z�e�h, �q�l�h �l�j�h�c�g�u�_ �b�g�l�_�j-
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�f�_�l�Z�e�e�b�^�u �f�h�]�m�l �h�[�e�Z�^�Z�l�v �\�k�_�f�b �k�\�h�c�k�l�\�Z�f�b, �g�_�h�[�o�h�^�b�f�u�f�b �^�e�y �b�k�i�h�e�v�a�h�\�Z-
�g�b�y �b�o �\ �d�Z�q�_�k�l�\�_ �i�h�k�l�h�y�g�g�u�o �f�Z�]�g�b�l�h�\ (�\�d�e�x�q�Z�y �k�b�e�v�g�m�x �h�^�g�h�h�k�g�m�x �F�D�:) 
[6]. �I�j�b �w�l�h�f �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h �i�h�e�h�`�b�l�_�e�v�g�h�_ �\�e�b�y�g�b�_ �]�b�^�j�b�j�h�\�Z�g�b�y 
�g�Z �f�Z�]�g�b�l�g�u�_ �k�\�h�c�k�l�\�Z �k�h�_�^�b�g�_�g�b�y Nd2Fe14B, �Z �b�f�_�g�g�h �\�h�a�j�Z�k�l�Z�g�b�_ �l�_�f�i�_�j�Z-
�l�m�j�u �D�x�j�b �\ �j�_�a�m�e�v�l�Z�l�_ �g�Z�\�h�^�h�j�Z�`�b�\�Z�g�b�y [7]. �;�h�e�_�_ �l�h�]�h, �\�h�^�h�j�h�^�g�Z�y �h�[�j�Z-
�[�h�l�d�Z �f�Z�]�g�b�l�h�\ �g�Z �h�k�g�h�\�_ Nd2Fe14B �i�h�a�\�h�e�y�e�Z �m�\�_�e�b�q�b�l�v �d�h�w�j�p�b�l�b�\�g�m�x �k�b�e�m 
�k �i�h�f�h�s�v�x �i�j�h�p�_�k�k�h�\, �b�a�\�_�k�l�g�u�o �\ �e�b�l�_�j�Z�l�m�j�_, �d�Z�d HDDR – �i�h �g�Z�q�Z�e�v�g�u�f 
�[�m�d�\�Z�f �i�j�h�p�_�k�k�h�\ �]�b�^�j�b�j�h�\�Z�g�b�y, �^�b�k�i�j�h�i�h�j�p�b�h�g�b�j�h�\�Z�g�b�y, �^�_�k�h�j�[�p�b�b �b �j�_-
�d�h�f�[�b�g�Z�p�b�b [8]. 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �i�h�d�Z�a�Z�g�h, �q�l�h �d�h�g�d�m�j�_�g�p�b�x �k�h�_�^�b�g�_�g�b�x Nd2Fe14B 
�f�h�`�_�l �k�h�k�l�Z�\�b�l�v Sm2Fe17N3 [9], �\ �d�h�l�h�j�h�f �\�\�_�^�_�g�b�_ �l�j�_�o �Z�l�h�f�h�\ �Z�a�h�l�Z �\ �d�j�b-
�k�l�Z�e�e�b�q�_�k�d�m�x �j�_�r�_�l�d�m �b�k�o�h�^�g�h�]�h �k�h�_�^�b�g�_�g�b�y �i�j�b�\�h�^�b�l �d �i�h�y�\�e�_�g�b�x �h�^�g�h�h�k-
�g�h�c �F�D�:, �Z �l�Z�d�`�_ �d �a�g�Z�q�b�l�_�e�v�g�h�f�m �m�\�_�e�b�q�_�g�b�x �l�_�f�i�_�j�Z�l�m�j�u �D�x�j�b. �B�f�_�g�g�h 
�i�h�w�l�h�f�m �b�g�l�_�j�_�k �d �b�k�k�e�_�^�h�\�Z�g�b�x �f�Z�]�g�_�l�b�a�f�Z �k�h�_�^�b�g�_�g�b�c R2Fe14B �b R2Fe17, 
�Z �l�Z�d�`�_ �k�h�_�^�b�g�_�g�b�c �k �k�Z�f�u�f �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f �`�_�e�_�a�Z R(Fe,T)12 (�]�^�_ 
�L = �K�h, Ti, V �b �^�j.), �b�o �]�b�^�j�b�^�Z�f �b �g�b�l�j�b�^�Z�f �g�_�m�d�e�h�g�g�h �\�h�a�j�Z�k�l�Z�_�l. 

�B�k�k�e�_�^�h�\�Z�g�b�y �f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\ �J�A �B�F�K �k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f Fe 
�i�j�h�\�h�^�y�l�k�y �k �i�j�b�f�_�g�_�g�b�_�f �k�e�Z�[�u�o (�^�h 1 �L�e), �k�j�_�^�g�b�o (�^�h 14 �L�e), �k�b�e�v�g�u�o (�^�h 
100 �L�e) �b �k�\�_�j�o�k�b�e�v�g�u�o (�k�\�u�r�_ 100 �L�e) �f�Z�]�g�b�l�g�u�o �i�h�e�_�c [10]. �B�k�k�e�_�^�h�\�Z�g�b�y 
�\ �k�e�Z�[�u�o �b �k�j�_�^�g�b�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o �i�j�h�\�h�^�y�l �k �i�h�f�h�s�v�x �k�l�Z�g�^�Z�j�l�g�h�]�h �h�[�h-
�j�m�^�h�\�Z�g�b�y, �l�Z�d�h�]�h �d�Z�d �K�D�<�B�> – �f�Z�]�g�_�l�h�f�_�l�j, PPMS-14 �b �^�j. �>�e�y �]�_�g�_�j�b�j�h�\�Z-
�g�b�y �k�b�e�v�g�u�o �b �k�\�_�j�o�k�b�e�v�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�_�c �g�_�h�[�o�h�^�b�f�h �k�i�_�p�b�Z�e�v�g�h�_ �h�[�h-
�j�m�^�h�\�Z�g�b�_. �P�_�e�v�x �b�k�k�e�_�^�h�\�Z�g�b�c �y�\�e�y�_�l�k�y �m�k�l�Z�g�h�\�e�_�g�b�_ �h�k�g�h�\�g�u�o �a�Z�d�h�g�h�f�_�j-
�g�h�k�l�_�c �i�h�\�_�^�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �D�x�j�b, �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�Z�k�u�s�_�g�b�y, �d�h�g�k�l�Z�g�l 
�f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b, �l�_�f�i�_�j�Z�l�m�j�u �k�i�h�g�l�Z�g�g�u�o �b �b�g�^�m�p�b�j�h-
�\�Z�g�g�u�o �\�g�_�r�g�_�f �i�h�e�_�f �f�Z�]�g�b�l�g�u�o �i�_�j�_�o�h�^�h�\ �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �k�h�k�l�Z�\�Z, �k�l�_-
�o�b�h�f�_�l�j�b�b, �l�b�i�Z �J�A�F, �Z �l�Z�d�`�_ �h�l �k�h�^�_�j�`�Z�g�b�y �Z�l�h�f�h�\ �e�_�]�d�b�o �w�e�_�f�_�g�l�h�\ �\�g�_�^-
�j�_�g�b�y �\ �h�[�j�Z�a�p�Z�o [11, 12].  

�D�Z�d �m�`�_ �h�l�f�_�q�Z�e�h�k�v �\�u�r�_, �h�^�g�Z �b�a �\�Z�`�g�_�c�r�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �J�A �B�F�K 
�k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f Fe – �w�l�h �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�Z�y �Z�g�b�a�h�l�j�h�i�b�y. �J�Z�a-
�e�b�q�Z�x�l �l�j�b �l�b�i�Z �F�D�: – «�e�_�]�d�Z�y �h�k�v», «�e�_�]�d�Z�y �i�e�h�k�d�h�k�l�v» �b «�e�_�]�d�b�c �d�h�g�m�k» 
�\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �h�j�b�_�g�l�Z�p�b�b �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h �d�j�b-
�k�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�b�o �h�k�_�c. �L�b�i �F�D�: �f�h�`�_�l �i�j�_�l�_�j�i�_�\�Z�l�v �a�g�Z�q�b�l�_�e�v�g�u�_ �b�a�f�_-
�g�_�g�b�y �i�j�b �\�g�_�^�j�_�g�b�b �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �b�e�b �Z�a�h�l�Z (�d�Z�d �i�j�b�f�_�j, �k�h�_�^�b�g�_�g�b�_ 
Sm2Fe17 c �l�b�i�h�f �F�D�: «�e�_�]�d�Z�y �i�e�h�k�d�h�k�l�v» �b Sm2Fe17N3 c �l�b�i�h�f �F�D�: «�e�_�]�d�Z�y 
�h�k�v»). �G�Z�b�[�h�e�_�_ �^�h�k�l�h�\�_�j�g�u�_ �^�Z�g�g�u�_ �h �F�D�: �b �k�i�b�g – �i�_�j�_�h�j�b�_�g�l�Z�p�b�h�g�g�u�o 
�i�_�j�_�o�h�^�Z�o (�K�I�I , �k�\�y�a�Z�g�g�u�o �k �b�a�f�_�g�_�g�b�_�f �h�j�b�_�g�l�Z�p�b�b �\�_�d�l�h�j�Z �g�Z�f�Z�]�g�b�q�_�g�g�h-
�k�l�b �i�j�b �b�a�f�_�g�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u �b/�b�e�b �\�_�e�b�q�b�g�u �i�j�b�e�h�`�_�g�g�h�]�h �f�Z�]�g�b�l�g�h�]�h 
�i�h�e�y) �f�h�`�g�h �i�h�e�m�q�b�l�v �g�Z �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �h�[�j�Z�a�p�Z�o. �K�b�g�l�_�a �f�h�g�h�d�j�b-
�k�l�Z�e�e�b�q�_�k�d�b�o �]�b�^�j�b�^�h�\, �d�Z�d �i�h�d�Z�a�Z�e�b �g�Z�r�b �b�k�k�e�_�^�h�\�Z�g�b�y, �w�l�h �\�i�h�e�g�_ �h�k�m�s�_-
�k�l�\�b�f�Z�y �g�Z �i�j�Z�d�l�b�d�_ �a�Z�^�Z�q�Z [7, 13–15]. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �j�_�a�m�e�v�l�Z�l�u, �i�h�e�m-
�q�_�g�g�u�_ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�h�g�h�d�j�b�k�l�Z�e�e�h�\ �b �\�u�y�\�e�_�g�g�u�_ �i�j�b �w�l�h�f �a�Z�d�h�g�h-
�f�_�j�g�h�k�l�b, �d�j�Z�c�g�_ �\�Z�`�g�u �^�e�y �\�u�y�k�g�_�g�b�y �i�j�b�j�h�^�u �n�h�j�f�b�j�h�\�Z�g�b�y �\�u�k�h�d�b�o 
�n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o �b �i�j�b�d�e�Z�^�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �J�A �B�F�K �k �Z�l�h�f�Z�f�b �\�g�_�^�j�_�g�b�y 
�b �k�h�a�^�Z�g�b�y �g�h�\�u�o �f�Z�]�g�b�l�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �k �l�j�_�[�m�_�f�u�f�b �k�\�h�c�k�l�\�Z�f�b.  
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�J�_�a�m�e�v�l�Z�l�u �b �h�[�k�m�`�^�_�g�b�_ 

1. �B�k�k�e�_�^�h�\�Z�g�b�y �f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\ �J�A �B�F�K  
�\ �k�e�Z�[�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o 

�B�k�k�e�_�^�h�\�Z�g�b�y �l�_�f�i�_�j�Z�l�m�j�g�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �\ �k�e�Z�[�u�o 
�d�\�Z�a�b�k�l�Z�l�b�q�_�k�d�b�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o �i�h�a�\�h�e�y�x�l �i�h�e�m�q�b�l�v �b�g�n�h�j�f�Z�p�b�x �h �l�_�f-
�i�_�j�Z�l�m�j�_ �D�x�j�b (�i�_�j�_�o�h�^ �b�a �f�Z�]�g�b�l�h�m�i�h�j�y�^�h�q�_�g�g�h�]�h �\ �g�_�m�i�h�j�y�^�h�q�_�g�g�h�_ �k�h-
�k�l�h�y�g�b�_), �Z �l�Z�d�`�_, �q�l�h �g�_ �f�_�g�_�_ �\�Z�`�g�h, �h �l�_�f�i�_�j�Z�l�m�j�_ �k�i�h�g�l�Z�g�g�u�o �k�i�b�g-
�i�_�j�_�h�j�b�_�g�l�Z�p�b�h�g�g�u�o �i�_�j�_�o�h�^�h�\, �d�h�l�h�j�u�_ �f�h�]�m�l �\�h�a�g�b�d�Z�l�v �i�j�b �b�a�f�_�g�_�g�b�b 
�l�_�f�i�_�j�Z�l�m�j�u �h�[�j�Z�a�p�Z.  

�I�j�_�`�^�_ �\�k�_�]�h �j�Z�k�k�f�h�l�j�b�f �^�\�Z �h�k�g�h�\�g�u�o �i�h�^�o�h�^�Z �^�e�y �g�Z�o�h�`�^�_�g�b�y �l�_�f-
�i�_�j�Z�l�m�j�u �D�x�j�b (�L�K). �H�i�j�_�^�_�e�_�g�b�_ �L�K �k �i�h�f�h�s�v�x �l�_�j�f�h�f�Z�]�g�b�l�g�h�]�h �Z�g�Z�e�b�a�Z 
(�L�F�:) �^�e�y �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �h�[�j�Z�a�p�h�\ TbFe11Ti �b TbFe11TiH1 �i�h�d�Z�a�Z�g�h 
�g�Z �j�b�k. 1 (�k�e�_�\�Z). �B�a�f�_�j�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�g�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b 
�1(�L) (�^�Z�e�_�_ �i�h �l�_�d�k�l�m �\�h�a�f�h�`�g�u �b �^�j�m�]�b�_ �h�[�h�a�g�Z�q�_�g�b�y, �q�Z�k�l�h �b�k�i�h�e�v�a�m�_�f�u�_ 
�\ �e�b�l�_�j�Z�l�m�j�_: M(T), m(T), ��(�L)) �i�j�h�\�h�^�b�e�b�k�v �\ �f�Z�]�g�b�l�g�h�f �i�h�e�_ �G = 0,1 �L�e �b�e�b 
1 �d�W). �B�a�\�_�k�l�g�h [12], �q�l�h �i�j�b �\�\�_�^�_�g�b�b �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x 
�j�_�r�_�l�d�m �k�h�_�^�b�g�_�g�b�c RFe11Ti �l�_�f�i�_�j�Z�l�m�j�Z �D�x�j�b �\�h�a�j�Z�k�l�Z�_�l. �K�j�_�^�g�_�_ �\�h�a�j�Z�k-
�l�Z�g�b�_ TC �k�h�k�l�Z�\�e�y�_�l �i�j�b�[�e�b�a�b�l�_�e�v�g�h 50 �D �g�Z 1 �Z�l�h�f �\�h�^�h�j�h�^�Z. �>�e�y �]�b�^�j�b�^�Z 
�b�a�f�_�j�_�g�b�y �1(�L) �^�h�e�`�g�u �[�u�l�v �i�j�h�\�_�^�_�g�u �g�_ �l�h�e�v�d�h �i�j�b �g�Z�]�j�_�\�_ �h�[�j�Z�a�p�Z, �g�h 
�b �i�j�b �h�o�e�Z�`�^�_�g�b�b, �q�l�h�[�u �i�j�h�\�_�j�b�l�v �l�_�f�i�_�j�Z�l�m�j�g�m�x �k�l�Z�[�b�e�v�g�h�k�l�v �]�b�^�j�b�^�Z. 
�<�h�a�f�h�`�g�h �l�Z�d�`�_ �l�_�j�f�h�p�b�d�e�b�j�h�\�Z�g�b�_, �i�j�b �d�h�l�h�j�h�f �g�Z�]�j�_�\/�h�o�e�Z�`�^�_�g�b�_ �i�j�h�\�h-
�^�y�l�k�y �g�_�k�d�h�e�v�d�h �j�Z�a. �L�_�f�i�_�j�Z�l�m�j�Z �D�x�j�b �i�j�b �L�F�: �h�i�j�_�^�_�e�y�_�l�k�y �d�Z�d �l�_�f�i�_�j�Z-
�l�m�j�Z �g�Z�b�[�h�e�_�_ �j�_�a�d�h�]�h �i�Z�^�_�g�b�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �i�j�b �i�_�j�_�o�h�^�_ �b�a �n�_�j�j�h- 
(�n�_�j�j�b-) �f�Z�]�g�b�l�g�h�]�h �k�h�k�l�h�y�g�b�y �\ �i�Z�j�Z�f�Z�]�g�b�l�g�h�_, �l. �_. �l�_�f�i�_�j�Z�l�m�j�Z, �]�^�_ �i�j�h�b�a-
�\�h�^�g�Z�y d�1/dT �f�Z�d�k�b�f�Z�e�v�g�Z. 

 
 

 
 

�J�b�k. 1. �K�e�_�\�Z: �l�_�f�i�_�j�Z�l�m�j�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �b�k�o�h�^�g�h�]�h �k�h�_�^�b�g�_�g�b�y 
TbFe11Ti (�h) �b �_�]�h �]�b�^�j�b�^�Z (•), �b�a�f�_�j�_�g�g�u�_ �\ �k�e�Z�[�h�f �f�Z�]�g�b�l�g�h�f �i�h�e�_ (�G = 1 �d�W). �K�i�j�Z-
�\�Z: �d�j�b�\�u�_ �;�_�e�h�\�Z – �:�j�j�h�l�Z �^�e�y TbFe11Ti �\�[�e�b�a�b �l�_�f�i�_�j�Z�l�m�j�u �D�x�j�b (1 – �L = 545;  
                                                      2 – 555; 3 – 565 K) 
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�I�h�k�d�h�e�v�d�m �L�F�: �i�j�h�\�h�^�b�l�k�y �k �i�j�b�f�_�g�_�g�b�_�f �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y, 
�l�h �l�_�f�i�_�j�Z�l�m�j�Z �D�x�j�b �g�_ �f�h�`�_�l �[�u�l�v �h�i�j�_�^�_�e�_�g�Z �l�h�q�g�h, �l. �d. �f�Z�]�g�b�l�g�h�_ �i�h�e�_ 
(�^�Z�`�_ �^�h�k�l�Z�l�h�q�g�h �k�e�Z�[�h�_) �k�i�h�k�h�[�g�h �k�^�\�b�]�Z�l�v �l�_�f�i�_�j�Z�l�m�j�m �D�x�j�b. �>�e�y �[�h�e�_�_ 
�l�h�q�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y TC �g�_�h�[�o�h�^�b�f�h �b�k�i�h�e�v�a�h�\�Z�l�v �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�c �i�h�-̂
�o�h�^, �Z �b�f�_�g�g�h �f�_�l�h�^ �;�_�e�h�\�Z – �:�j�j�h�l�Z (�k�f. �j�b�k. 1 (�k�i�j�Z�\�Z)), �d�h�l�h�j�u�c �[�u�e �j�Z�a�j�Z-
�[�h�l�Z�g �i�j�Z�d�l�b�q�_�k�d�b �h�^�g�h�\�j�_�f�_�g�g�h �\ �g�Z�r�_�c �k�l�j�Z�g�_ �b �\ �K�R�:. �:�e�]�h�j�b�l�f �i�j�b�f�_-
�g�_�g�b�y �^�Z�g�g�h�]�h �f�_�l�h�^�Z �k�h�k�l�h�b�l �\ �k�e�_�^�m�x�s�_�f. �B�k�i�h�e�v�a�m�y �^�Z�g�g�u�_ �L�F�:, �i�h�a�\�h-
�e�y�x�s�b�_ �h�i�j�_�^�_�e�b�l�v �h�[�e�Z�k�l�v �\�[�e�b�a�b �l�_�f�i�_�j�Z�l�m�j�u �D�x�j�b, �g�m�`�g�h �i�j�h�\�_�k�l�b 
�b�a�f�_�j�_�g�b�_ �i�h�e�_�\�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �1(�G) �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�u�o 
�a�g�Z�q�_�g�b�y�o �l�_�f�i�_�j�Z�l�m�j�u. �I�h�e�m�q�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_ �a�Z�l�_�f �^�h�e�`-
�g�u �[�u�l�v �i�j�_�^�k�l�Z�\�e�_�g�u �\ �\�b�^�_ �e�b�g�_�c�g�u�o �n�m�g�d�p�b�c �G/�1 �h�l �d�\�Z�^�j�Z�l�Z �g�Z�f�Z�]�g�b-
�q�_�g�g�h�k�l�b �12. �L�_�f�i�_�j�Z�l�m�j�Z, �i�j�b �d�h�l�h�j�h�c �e�b�g�_�c�g�Z�y �n�m�g�d�p�b�y �i�_�j�_�k�_�q�_�l �g�Z�q�Z�e�h 
�d�h�h�j�^�b�g�Z�l, �b �[�m�^�_�l �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �m�l�h�q�g�_�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �D�x�j�b. �L�_�j�f�h�^�b-
�g�Z�f�b�q�_�k�d�b�c �f�_�l�h�^, �i�h �k�m�l�b, �i�h�a�\�h�e�y�_�l �b�k�d�e�x�q�b�l�v �\�e�b�y�g�b�_ �\�g�_�r�g�_�]�h �f�Z�]�g�b�l-
�g�h�]�h �i�h�e�y �g�Z �l�_�f�i�_�j�Z�l�m�j�m �D�x�j�b. 

 

 
 

�J�b�k. 2. �L�F�: �^�e�y �f�h�g�h�d�j�b�k�l�Z�e�e�Z ErFe11Ti (�d�j�b�\�Z�y �Z) �b �_�]�h �]�b�^�j�b�^�Z ErFe11TiH (�d�j�b�\�Z�y 
b), �h�k�l�Z�l�h�q�g�Z�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �f�h�g�h�d�j�b�k�l�Z�e�e�Z ErFe11Ti (�d�j�b�\�Z�y �k), �b�a�f�_�j�_�g�g�Z�y �\ �f�Z�]-
�g�b�l�g�h�f �i�h�e�_ �G = 5 �d�W. �G�Z �\�k�l�Z�\�d�_: �d�j�b�\�u�_ �g�Z�f�Z�]�g�b�q�b�\�Z�g�b�y, �b�a�f�_�j�_�g�g�u�_ �\�^�h�e�v  
               �b �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �h�k�b �k �^�e�y �f�h�g�h�d�j�b�k�l�Z�e�e�Z ErFe11Ti �i�j�b �L = 300 �D 

 
�D�j�h�f�_ �l�_�f�i�_�j�Z�l�m�j�u �D�x�j�b, �k �i�h�f�h�s�v�x �l�_�f�i�_�j�Z�l�m�j�g�u�o �b �i�h�e�_�\�u�o �a�Z�\�b-

�k�b�f�h�k�l�_�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �f�h�`�g�h �h�i�j�_�^�_�e�b�l�v �l�_�f�i�_�j�Z�l�m�j�u �K�I�I . �G�Z �j�b�k. 2 
�i�h�d�Z�a�Z�g�u �l�_�f�i�_�j�Z�l�m�j�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �f�h�g�h�d�j�b�k�l�Z�e�e�Z 
ErFe11Ti (�d�j�b�\�Z�y �Z) �b �_�]�h �]�b�^�j�b�^�Z ErFe11TiH (�d�j�b�\�Z�y b), �b�a�f�_�j�_�g�g�u�_ �\ �i�h�e�_ 
0,5 �d�W, �Z �l�Z�d�`�_ �l�_�f�i�_�j�Z�l�m�j�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �h�k�l�Z�l�h�q�g�h�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �f�h-
�g�h�d�j�b�k�l�Z�e�e�Z ErFe11Ti (�d�j�b�\�Z�y �k), �b�a�f�_�j�_�g�g�u�_ �\ �f�Z�]�g�b�l�g�h�f �i�h�e�_ �G = 5 �d�W. �<�b�-̂
�g�h, �q�l�h �\ �h�[�e�Z�k�l�b �K�I�I  �g�Z�[�e�x�^�Z�_�l�k�y �j�_�a�d�h�_ �m�f�_�g�v�r�_�g�b�_ �h�k�l�Z�l�h�q�g�h�c �g�Z�f�Z�]�g�b-
�q�_�g�g�h�k�l�b �i�j�Z�d�l�b�q�_�k�d�b �^�h �g�m�e�_�\�h�]�h �a�g�Z�q�_�g�b�y, �Z �l�Z�d�`�_ «�k�l�m�i�_�g�v�d�Z» �g�Z �d�j�b�\�h�c 
�F(�L) �^�e�y �b�k�o�h�^�g�h�]�h �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �h�[�j�Z�a�p�Z ErFe11Ti. �< �^�Z�g�g�h�f �k�h�_�^�b-
�g�_�g�b�b �k �i�h�g�b�`�_�g�b�_�f �l�_�f�i�_�j�Z�l�m�j�u �i�j�h�b�k�o�h�^�b�l �k�f�_�g�Z �l�b�i�Z �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b-
�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b �h�l «�e�_�]�d�h�c �h�k�b» �d «�e�_�]�d�h�f�m �d�h�g�m�k�m» �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
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�L�K�I = 50 �D (�l�b�i �i�_�j�_�o�h�^�Z �h�i�j�_�^�_�e�y�_�l�k�y �b�a �Z�g�Z�e�b�a�Z �d�j�b�\�u�o �F(�G)). �=�b�^�j�b�j�h�\�Z-
�g�b�_ �h�[�j�Z�a�p�Z �i�j�b�\�h�^�b�l �d �k�f�_�s�_�g�b�x �l�_�f�i�_�j�Z�l�m�j�u �K�I�I  �g�Z 9 �]�j�Z�^�m�k�h�\ �\ �h�[�e�Z�k�l�v 
�[�h�e�_�_ �g�b�a�d�b�o �l�_�f�i�_�j�Z�l�m�j (�L�K�I = 41 �D). �H�k�l�Z�l�h�q�g�Z�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �h�i�j�_�^�_-
�e�y�e�Z�k�v �b�a �Z�g�Z�e�b�a�Z �i�_�l�e�b �f�Z�]�g�b�l�g�h�]�h �]�b�k�l�_�j�_�a�b�k�Z (�i�j�b �G = 0). �G�Z �\�k�l�Z�\�d�_ 
�d �j�b�k. 2 �i�h�d�Z�a�Z�g�u �i�_�l�e�b �]�b�k�l�_�j�_�a�b�k�Z, �b�a�f�_�j�_�g�g�u�_ �\�^�h�e�v �b �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h 
�h�k�b �k �^�e�y �f�h�g�h�d�j�b�k�l�Z�e�e�Z ErFe11Ti �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �<�b�^�g�h, �q�l�h 
�h�k�l�Z�l�h�q�g�Z�y �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �\ �h�[�h�b�o �k�e�m�q�Z�y�o �j�Z�\�g�Z �g�m�e�x. 

�M�q�b�l�u�\�Z�y �i�h�e�m�q�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_ �h �a�g�Z�q�_�g�b�y�o �l�_�f�i�_-
�j�Z�l�m�j�u �D�x�j�b �b �l�_�f�i�_�j�Z�l�m�j�Z�o �K�I�I , �f�h�`�g�h �i�h�k�l�j�h�b�l�v �f�Z�]�g�b�l�g�u�_ �n�Z�a�h�\�u�_ 
�^�b�Z�]�j�Z�f�f�u (�k�f. �j�b�k. 3). �G�Z �j�b�k. 3 �m�d�Z�a�Z�g�u �h�[�e�Z�k�l�b �l�_�f�i�_�j�Z�l�m�j, �\ �d�h�l�h�j�u�o �k�h-
�_�^�b�g�_�g�b�y RFe11Ti �b �b�o �]�b�^�j�b�^�u RFe11Ti�G �y�\�e�y�x�l�k�y �f�Z�]�g�b�l�h�m�i�h�j�y�^�h�q�_�g�g�u�f�b, 
�Z �l�Z�d�`�_ �h�[�e�Z�k�l�b, �\ �d�h�l�h�j�u�o �\�_�d�l�h�j �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b M �k�h�_�^�b�g�_�g�b�y �e�b�[�h �i�Z-
�j�Z�e�e�_�e�_�g �h�k�b �k (�F�D�: «�e�_�]�d�Z�y �h�k�v» – �k�\�_�l�e�u�_ �m�q�Z�k�l�d�b), �e�b�[�h �i�_�j�i�_�g�^�b�d�m�e�y�j�_�g 
�h�k�b �k (�F�D�: «�e�_�]�d�Z�y �i�e�h�k�d�h�k�l�v» – �l�_�f�g�u�_ �m�q�Z�k�l�d�b), �e�b�[�h �k�h�k�l�Z�\�e�y�_�l �g�_�d�h�l�h-
�j�u�c �m�]�h�e �k �h�k�v�x �k (�F�D�: «�e�_�]�d�b�c �d�h�g�m�k» �b�e�b, �^�j�m�]�b�f�b �k�e�h�\�Z�f�b, �d�h�g�m�k �h�k�_�c 
�e�_�]�d�h�]�h �g�Z�f�Z�]�g�b�q�b�\�Z�g�b�y (�H�E�G) – �a�Z�r�l�j�b�o�h�\�Z�g�g�u�_ �m�q�Z�k�l�d�b). 
 

 
 

�J�b�k. 3. �F�Z�]�g�b�l�g�u�_ �n�Z�a�h�\�u�_ �^�b�Z�]�j�Z�f�f�u �k�h�_�^�b�g�_�g�b�c RFe11Ti �b �b�o �]�b�^�j�b�^�h�\ RFe11Ti�G 
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�:�g�Z�e�b�a �f�Z�]�g�b�l�g�h�c �n�Z�a�h�\�h�c �^�b�Z�]�j�Z�f�f�u �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �k�h�_�^�b�g�_�g�b�y �k Gd 
�b�f�_�x�l �k�Z�f�m�x �[�h�e�v�r�m�x �l�_�f�i�_�j�Z�l�m�j�m �D�x�j�b. �A�g�Z�q�_�g�b�y �L�K �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�b�i�Z 
�J�A�F, �Z �l�Z�d�`�_ �g�Z�e�b�q�b�y �b�e�b �h�l�k�m�l�k�l�\�b�y �\ �b�o �k�h�k�l�Z�\�_ �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �^�e�y �^�Z�g-
�g�h�c �k�b�k�l�_�f�u �d�h�e�_�[�e�x�l�k�y �\ �b�g�l�_�j�\�Z�e�_ 500 – 650 �D. �H�^�g�h�h�k�g�u�c �l�b�i �F�D�: �i�h�k�e�_ 
�]�b�^�j�b�j�h�\�Z�g�b�y �k�h�_�^�b�g�_�g�b�c RFe11Ti �k�h�o�j�Z�g�y�_�l�k�y, �d�h�]�^�Z R = Sm, Gd, Tm �b Lu. 
�< �k�h�_�^�b�g�_�g�b�b HoFe11Ti �\ �j�_�a�m�e�v�l�Z�l�_ �]�b�^�j�b�j�h�\�Z�g�b�y �\�h�a�g�b�d�Z�_�l �K�I�I . �<�g�_�^�j�_�g�b�_ 
�h�^�g�h�]�h �Z�l�h�f�Z �\�h�^�h�j�h�^�Z �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x �j�_�r�_�l�d�m �k�h�_�^�b�g�_�g�b�c TbFe11Ti 
�b DyFe11Ti �i�j�b�\�h�^�b�l �d �l�h�f�m, �q�l�h �Z�g�b�a�h�l�j�h�i�b�y �l�b�i�Z «�e�_�]�d�Z�y �i�e�h�k�d�h�k�l�v» �g�Z�[�e�x-
�^�Z�_�l�k�y �\�h �\�k�_�c �h�[�e�Z�k�l�v �l�_�f�i�_�j�Z�l�m�j �f�Z�]�g�b�l�g�h�]�h �m�i�h�j�y�^�h�q�_�g�b�y (�h�l 0 �^�h �L�K). 
�< �k�h�_�^�b�g�_�g�b�b NdFe11Ti, �d�Z�d �b �\ �k�h�_�^�b�g�_�g�b�b ErFe11Ti �]�b�^�j�b�j�h�\�Z�g�b�_ �i�j�b�\�h�^�b�l 
�d �m�f�_�g�v�r�_�g�b�x �l�_�f�i�_�j�Z�l�m�j�u �K�I�I . �;�h�e�_�_ �l�h�]�h, �_�k�e�b �\ �b�k�o�h�^�g�h�f �k�h�_�^�b�g�_�g�b�b 
NdFe11Ti �b�f�_�_�l �f�_�k�l�h �i�_�j�_�o�h�^ «�e�_�]�d�Z�y �h�k�v – �e�_�]�d�b�c �d�h�g�m�k», �l�h �\ �]�b�^�j�b�^�_ 
NdFe11TiH – �i�_�j�_�o�h�^ «�e�_�]�d�Z�y �h�k�v – �e�_�]�d�Z�y �i�e�h�k�d�h�k�l�v». 

�H�l�f�_�l�b�f, �q�l�h �f�Z�d�k�b�f�Z�e�v�g�h�_ �k�h�^�_�j�`�Z�g�b�_ �\�h�^�h�j�h�^�Z �k�h�_�^�b�g�_�g�b�y�o RFe11Ti 
�k�h�k�l�Z�\�e�y�_�l 1 �Z�l�h�f �G �g�Z �n�h�j�f�m�e�v�g�m�x �_�^�b�g�b�p�m (1�Z�l.�G/�n�h�j�f.�_�.̂). �< �l�h�`�_ �k�Z�f�h�_ 
�\�j�_�f�y �k�h�_�^�b�g�_�g�b�y R2Fe17 �b R2Fe14B �f�h�]�m�l �i�h�]�e�h�s�Z�l�v �^�h 5–5,5 �Z�l.�G/�n�h�j�f.�_�.̂ 

�J�b�k. 4 �b�e�e�x�k�l�j�b�j�m�_�l �f�Z�]�g�b�l�g�m�x �n�Z�a�h�\�m�x �^�b�Z�]�j�Z�f�f�m �^�e�y �k�b�k�l�_�f�u  
Tm2Fe17 – �G. �B�a �j�b�k. 4 �\�b�^�g�h, �q�l�h �l�_�f�i�_�j�Z�l�m�j�Z �D�x�j�b �\�h�a�j�Z�k�l�Z�_�l �i�j�b �m�\�_�e�b�q�_-
�g�b�b �k�h�^�_�j�`�Z�g�b�y �\�h�^�h�j�h�^�Z �\ �h�[�j�Z�a�p�_. �D�j�h�f�_ �l�h�]�h, �k �i�h�\�u�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u 
�\ �b�k�o�h�^�g�h�f �k�h�_�^�b�g�_�g�b�b �k�e�h�`�g�u�c �i�_�j�_�o�h�^ �b�a �k�h�k�l�h�y�g�b�y «�e�_�]�d�Z�y �h�k�v» �\ �k�h�k�l�h�y-
�g�b�_ «�e�_�]�d�b�c �d�h�g�m�k», �Z �a�Z�l�_�f �b �\ �k�h�k�l�h�y�g�b�_ «�e�_�]�d�Z�y �i�e�h�k�d�h�k�l�v» �i�h�e�g�h�k�l�v�x �i�h-
�^�Z�\�e�y�_�l�k�y �m�`�_ �i�j�b �\�\�_�^�_�g�b�_ 1 �Z�l.�G/�n�h�j�f.�_�.̂ �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x �j�_�r�_�l�d�m 
Tm2Fe17. 

 

 
 

�J�b�k. 4. �F�Z�]�g�b�l�g�Z�y �n�Z�a�h�\�Z�y �^�b�Z�]�j�Z�f�f�Z �k�b�k�l�_�f�u Tm2Fe17 – �G  
 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �\�b�^�g�h, �q�l�h �]�b�^�j�b�j�h�\�Z�g�b�_ �k�i�h�k�h�[�g�h �h�d�Z�a�u�\�Z�l�v �k�b�e�v�g�h�_ 
�\�e�b�y�g�b�_ �d�Z�d �g�Z �l�b�i �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b, �l�Z�d �b �g�Z �l�_�f�i�_�j�Z-
�l�m�j�u �k�i�h�g�l�Z�g�g�u�o �k�i�b�g-�i�_�j�_�h�j�b�_�g�l�Z�p�b�h�g�g�u�o �n�Z�a�h�\�u�o �i�_�j�_�o�h�^�h�\ �\ �J�A �B�F�K 
�k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f Fe. 
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2. �B�k�k�e�_�^�h�\�Z�g�b�y �f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\ �J�A �B�F�K  
�\ �k�b�e�v�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o 

�B�k�k�e�_�^�h�\�Z�g�b�y �i�h�e�_�\�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �\ �k�b�e�v�g�u�o �b�f-
�i�m�e�v�k�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o �i�h�a�\�h�e�y�x�l �i�h�e�m�q�b�l�v �b�g�n�h�j�f�Z�p�b�x �h �\�_�e�b�q�b�g�Z�o 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�Z�k�u�s�_�g�b�y, �d�h�g�k�l�Z�g�l�Z�o (�i�h�e�_�c) �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c 
�Z�g�b�a�h�l�j�h�i�b�b, �d�j�b�l�b�q�_�k�d�b�o �i�h�e�_�c �k�i�b�g-�i�_�j�_�h�j�b�_�g�l�Z�p�b�h�g�g�u�o �n�Z�a�h�\�u�o �i�_�j�_�o�h-
�^�Z�o (�b�g�^�m�p�b�j�h�\�Z�g�g�u�o �k�b�e�v�g�u�f �\�g�_�r�g�b�f �f�Z�]�g�b�l�g�u�f �i�h�e�_�f). �L�Z�d�b�_ �b�k�k�e�_�^�h-
�\�Z�g�b�y, �d�Z�d �i�j�Z�\�b�e�h, �h�k�m�s�_�k�l�\�e�y�x�l�k�y �\ �j�Z�f�d�Z�o �g�_�j�Z�a�j�m�r�Z�x�s�b�o �i�h�^�o�h�^�h�\, �i�j�b 
�d�h�l�h�j�u�o �k�h�o�j�Z�g�y�x�l�k�y �b �b�k�k�e�_�^�m�_�f�u�_ �h�[�j�Z�a�p�u �b �b�k�i�h�e�v�a�m�_�f�h�_ �k�i�_�p�b�Z�e�v�g�h�_ 
�h�[�h�j�m�^�h�\�Z�g�b�_. 

�G�Z �j�b�k. 5 �i�h�d�Z�a�Z�g�u �i�h�e�_�\�u�_ �a�Z�\�b�k�b�f�h�k�l�b �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b m(H) �f�h�g�h-
�d�j�b�k�l�Z�e�e�Z SmFe11Ti �b �_�]�h �]�b�^�j�b�^�Z SmFe11Ti�G, �b�a�f�_�j�_�g�g�u�_ �\ �b�f�i�m�e�v�k�g�u�o �f�Z�]-
�g�b�l�g�u�o �i�h�e�y�o, �i�j�b�e�h�`�_�g�g�u�o �\�^�h�e�v �b �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �d�j�b�k�l�Z�e�e�h�]�j�Z�n�b�q�_-
�k�d�h�f�m �g�Z�i�j�Z�\�e�_�g�b�x �k �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �<�b�^�g�h, �q�l�h �h�k�v �k �y�\�e�y�_�l�k�y 
�h�k�v�x �e�_�]�d�h�]�h �g�Z�f�Z�]�g�b�q�b�\�Z�g�b�y �^�e�y �h�[�h�b�o �k�h�k�l�Z�\�h�\. �=�b�^�j�b�j�h�\�Z�g�b�_ �i�j�b�\�h�^�b�l 
�d �g�_�[�h�e�v�r�h�f�m �m�\�_�e�b�q�_�g�b�x �d�Z�d �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�Z�k�u�s�_�g�b�y (mS), �l�Z�d �b �d �i�h-
�e�x �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b (HA). �A�g�Z�g�b�_ �w�l�b�o �\�_�e�b�q�b�g �i�h�a�\�h�e�y-
�_�l �h�i�j�_�^�_�e�b�l�v �d�h�g�k�l�Z�g�l�m �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b �D1 �^�e�y �h�^�g�h-
�h�k�g�h�]�h �f�Z�]�g�_�l�b�d�Z �i�h �n�h�j�f�m�e�_:  

 
�D1 = HA

.mS/2                                                (1) 
 

 

 
 

�J�b�k. 5. �I�h�e�_�\�u�_ �a�Z�\�b�k�b�f�h�k�l�b �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �f�h�g�h�d�j�b�k�l�Z�e�e�Z SmFe11Ti �b �_�]�h 
�]�b�^�j�b�^�Z SmFe11Ti�G, �b�a�f�_�j�_�g�g�u�_ �\ �f�Z�]�g�b�l�g�u�o �i�h�e�y�o, �i�j�b�e�h�`�_�g�g�u�o �\�^�h�e�v  
    �b �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �d�j�b�k�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�h�f�m �g�Z�i�j�Z�\�e�_�g�b�x �k �i�j�b �L = 300 �D 
 



�=�b�^�j�b�^�u �b �]�b�^�j�b�^�g�u�_ �i�j�_�\�j�Z�s�_�g�b�y 193

 
 
�J�b�k. 6. �L�_�f�i�_�j�Z�l�m�j�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �d�h�g�k�l�Z�g�l�u �f�Z�]�g�b�l�g�h�c �Z�g�b�a�h�l�j�h�i�b�b K1 �^�e�y �k�h�_�^�b-

�g�_�g�b�y SmFe11Ti, �_�]�h �]�b�^�j�b�^�Z SmFe11Ti�G �b �g�b�l�j�b�^�Z SmFe11TiN 
 
 

�G�Z �j�b�k. 6 �i�j�_�^�k�l�Z�\�e�_�g�Z �l�_�f�i�_�j�Z�l�m�j�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �d�h�g�k�l�Z�g�l�u �f�Z�]�g�b�l-
�g�h�c �Z�g�b�a�h�l�j�h�i�b�b K1 �^�e�y �k�h�_�^�b�g�_�g�b�y SmFe11Ti �b �_�]�h �]�b�^�j�b�^�Z SmFe11Ti�G, �Z �l�Z�d-
�`�_ �^�e�y �k�j�Z�\�g�_�g�b�y �^�e�y �g�b�l�j�b�^�Z SmFe11TiN. �B�a�f�_�j�_�g�b�y �^�e�y �g�b�l�j�b�^�Z �\�u�i�h�e�g�y-
�e�b�k�v �g�Z �i�h�j�h�r�d�h�\�u�o �h�[�j�Z�a�p�Z�o, �l�_�d�k�l�m�j�b�j�h�\�Z�g�g�u�o �k �i�h�f�h�s�v�x �\�g�_�r�g�_�]�h �f�Z�]-
�g�b�l�g�h�]�h �i�h�e�y. �<�b�^�g�h, �q�l�h �]�b�^�j�b�j�h�\�Z�g�b�_ �i�j�b�\�h�^�b�l �d �m�\�_�e�b�q�_�g�b�x K1, �l. �_. 
�m�k�b�e�_�g�b�x �h�^�g�h�h�k�g�h�c �Z�g�b�a�h�l�j�h�i�b�b. �< �l�h �`�_ �k�Z�f�h�_ �\�j�_�f�y, �Z�a�h�l�b�j�h�\�Z�g�b�_ �f�_�g�y�_�l 
�l�b�i �Z�g�b�a�h�l�j�h�i�b�b �k «�e�_�]�d�h�c �h�k�b» �g�Z «�e�_�]�d�m�x �i�e�h�k�d�h�k�l�v». �H�l�f�_�l�b�f �l�Z�d�`�_, �q�l�h 
�i�j�b �b�a�f�_�j�_�g�b�y�o �g�Z �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �b�e�b �l�_�d�k�l�m�j�b�j�h�\�Z�g�g�u�o �h�[�j�Z�a�p�Z�o �^�e�y 
�h�i�j�_�^�_�e�_�g�b�y �d�h�g�k�l�Z�g�l �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b (�g�_ �l�h�e�v�d�h �D1, �g�h 
�b �D2) �f�h�`�_�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g �r�b�j�h�d�h �b�a�\�_�k�l�g�u�c �f�_�l�h�^ �K�_�d�k�f�b�l�Z-�L�h�f�i�k�h�g�Z 
[16]. �F�_�l�h�^ �i�j�b�f�_�g�b�f �d�Z�d �^�e�y �h�^�g�h�h�k�g�u�o �f�Z�]�g�_�l�b�d�h�\, �l�Z�d �b �f�Z�]�g�_�l�b�d�h�\ �k �Z�g�b-
�a�h�l�j�h�i�b�_�c �l�b�i�Z «�e�_�]�d�Z�y �i�e�h�k�d�h�k�l�v». 

�<�k�_ �j�_�^�d�h�a�_�f�_�e�v�g�u�_ �w�e�_�f�_�g�l�u �^�_�e�y�l�k�y �g�Z �e�_�]�d�b�_ (�h�l La �^�h Eu) �b �l�y�`�_-
�e�u�_ (�h�l Gd �^�h Lu). �F�Z�]�g�b�l�g�u�_ �f�h�f�_�g�l�u �J�A �Z�l�h�f�h�\/�b�h�g�h�\ (�FR) �b �Z�l�h�f�h�\/�b�h�g�h�\ 
3d – �i�_�j�_�o�h�^�g�u�o �f�_�l�Z�e�e�h�\ (MT), �d �d�h�l�h�j�u�f �h�l�g�h�k�y�l�k�y Fe, �m�i�h�j�y�^�h�q�b�\�Z�x�l�k�y 
�i�Z�j�Z�e�e�_�e�v�g�h �\ �k�e�m�q�Z�_ �e�_�]�d�b�o �b �Z�g�l�b�i�Z�j�Z�e�e�_�e�v�g�h �\ �k�e�m�q�Z�_ �l�y�`�_�e�u�o �j�_�^�d�b�o  
�a�_�f�_�e�v, �n�h�j�f�b�j�m�y �n�_�j�j�h- �b �n�_�j�j�b�f�Z�]�g�b�l�g�h�_ �k�h�k�l�h�y�g�b�_ �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �< �i�h-
�k�e�_�^�g�_�f �k�e�m�q�Z�_ (�k�f. �j�b�k. 7 �Z, �]�^�_ �G = 0) �k�b�e�v�g�u�_ �f�Z�]�g�b�l�g�u�_ �i�h�e�y �f�h�]�m�l �i�j�b�\�h-
�^�b�l�v �d �j�Z�a�\�h�j�h�l�m �f�Z�]�g�b�l�g�u�o �f�h�f�_�g�l�h�\ (�j�b�k. 7 �\) �b �\�h�a�g�b�d�g�h�\�_�g�b�x �k�i�b�g-
�i�_�j�_�h�j�b�_�g�l�Z�p�b�h�g�g�u�o �n�Z�a�h�\�u�o �i�_�j�_�o�h�^�h�\, �d�h�l�h�j�u�_ �\�u�j�Z�`�Z�x�l�k�y �\ �g�_�i�j�_�j�u�\-
�g�h�f �b�e�b �k�d�Z�q�d�h�h�[�j�Z�a�g�h�f �j�h�k�l�_ �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �i�j�b �^�h�k�l�b�`�_�g�b�b �i�_�j�\�h�]�h 
�d�j�b�l�b�q�_�k�d�h�]�h �i�h�e�y �G1 (�b�e�b HC1) (�j�b�k. 7 �]). �;�h�e�_�_ �l�h�]�h, �i�h� ̂�^�_�c�k�l�\�b�_�f �k�b�e�v�g�h�]�h 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\ �n�_�j�j�b�f�Z�]�g�_�l�b�d�Z�o �f�h�`�_�l �g�Z�[�e�x�^�Z�l�v�k�y �y�\�e�_�g�b�_ �n�_�j�j�h�f�Z�]�g�_-
�l�b�a�f�Z, �b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h �\�g�_�r�g�b�f �i�h�e�_�f (�k�f. �j�b�k. 7 �[, �]�^�_ �G �• 0). 
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�\ 

�[ �] 
 
�J�b�k. 7. �K�o�_�f�Z �j�Z�k�i�h�e�h�`�_�g�b�y �f�Z�]�g�b�l�g�u�o �f�h�f�_�g�l�h�\ RE �b Fe �\ �h�l�k�m�l�k�l�\�b�_ (�Z) �b �\ �i�j�b�k�m�l-
�k�l�\�b�_ (�[) �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �j�Z�a�\�h�j�h�l �f�Z�]�g�b�l�g�u�o �f�h�f�_�g�l�h�\ MR �b MT �h�l�g�h�k�b-
�l�_�e�v�g�h�]�h �g�Z�i�j�Z�\�e�_�g�b�y �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y H (�\) �b �i�h�e�_�\�Z�y �a�Z�\�b�k�b�f�h�k�l�v �g�Z�f�Z�]- 
                      �g�b�q�_�g�g�h�k�l�b �V(H) (�]), �^�_�f�h�g�k�l�j�b�j�m�x�s�Z�y �k�d�Z�q�h�d �\ �i�h�e�_ �G1 
 

�I�h�\�_�^�_�g�b�_ �f�Z�]�g�b�l�g�u�o �f�h�f�_�g�l�h�\ MR �b MFe �\�h �\�g�_�r�g�_�f �f�Z�]�g�b�l�g�h�f �i�h�e�_ 
H �f�h�`�_�l �[�u�l�v �h�i�b�k�Z�g�h �f�Z�l�_�f�Z�l�b�q�_�k�d�b: �k�\�h�[�h�^�g�Z�y �w�g�_�j�]�b�y F �^�Z�g�g�h�c �k�b�k�l�_�f�u 
�b�f�_�_�l �\�b�:̂ 
 

F(MFe,MR,H) = �OMFe
.MR – �P0�G

.(MFe + MR) + �?�:
Fe + �?�:

R                (2) 
 
�a�^�_�k�v �?�:

Fe �b �?�:
R – �w�g�_�j�]�b�y �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b �i�h�^�j�_�r�_�l�h�d 

Fe �b R, �O - �h�[�f�_�g�g�u�c �i�Z�j�Z�f�_�l�j. �F�b�g�b�f�b�a�Z�p�b�y �k�\�h�[�h�^�g�h�c �w�g�_�j�]�b�b F �h�i�j�_�^�_�e�y-
�_�l �i�h�e�h�`�_�g�b�_ �f�Z�]�g�b�l�g�u�o �f�h�f�_�g�l�h�\ MR �b MFe �i�j�b �a�Z�^�Z�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �b �\�_-
�e�b�q�b�g�_ �i�h�e�y. 

�G�Z �j�b�k. 8 �i�j�_�^�k�l�Z�\�e�_�g�u, �^�e�y �i�j�b�f�_�j�Z, �i�h�e�_�\�u�_ �a�Z�\�b�k�b�f�h�k�l�b �g�Z�f�Z�]�g�b-
�q�_�g�g�h�k�l�b �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �h�[�j�Z�a�p�Z Er2Fe17 �b �_�]�h �]�b�^�j�b�^�Z Er2Fe17�G3, �b�a-
�f�_�j�_�g�g�u�_ �\ �i�h�e�y�o �^�h 40 �L�e �\�^�h�e�v �h�^�g�h�]�h �d�j�b�k�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�h�]�h �g�Z�i�j�Z�\�e�_�g�b�y, 
�Z �b�f�_�g�g�h [100] �i�j�b �L = 4.2 �D. �<�b�^�g�h, �q�l�h �]�b�^�j�b�j�h�\�Z�g�b�_ �h�d�Z�a�u�\�Z�_�l �\�e�b�y�g�b�_ �g�Z 
�\�_�e�b�q�b�g�m �k�d�Z�q�d�Z �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b (�'�V1), �d�Z�d �j�_�a�m�e�v�l�Z�l �b�a�f�_�g�_�g�b�y �d�h�g�k�l�Z�g�l 
�F�D�:, �b �k�e�Z�[�h �\�e�b�y�_�l �g�Z �\�_�e�b�q�b�g�m �d�j�b�l�b�q�_�k�d�h�]�h �i�h�e�_ �G1.  

                   �Z
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�J�b�k. 8. �I�h�e�_�\�u�_ �a�Z�\�b�k�b�f�h�k�l�b �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �f�h�g�h�d�j�b�k�l�Z�e�e�h�\ Er2Fe17 �b Er2Fe17�G3, 
�b�a�f�_�j�_�g�g�u�_ �i�j�b �L = 4.2 �D �\�^�h�e�v �d�j�b�k�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�h�]�h �g�Z�i�j�Z�\�e�_�g�b�y [100] 

 
 

�H�i�b�r�_�f �l�_�i�_�j�v, �d�Z�d �\ �j�Z�f�d�Z�o �l�_�h�j�b�b �f�h�e�_�d�m�e�y�j�g�h�]�h �i�h�e�y �f�h�`�g�h, �\ �i�_�j-
�\�h�f �i�j�b�[�e�b�`�_�g�b�b, �h�i�j�_�^�_�e�b�l�v �h�[�f�_�g�g�u�c �i�Z�j�Z�f�_�l�j (��), �^�e�y �\�u�q�b�k�e�_�g�b�y �d�h�l�h-
�j�h�]�h �\�Z�`�g�h �a�Z�n�b�d�k�b�j�h�\�Z�l�v �k�Z�f�u�c �i�_�j�\�u�c �k�d�Z�q�h�d �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �g�Z �i�h�e�_�\�u�o 
�a�Z�\�b�k�b�f�h�k�l�y�o �F(�G) �n�_�j�j�b�f�Z�]�g�_�l�b�d�h�\. �L�Z�d�h�c �k�d�Z�q�h�d �f�h�`�g�h �g�Z�[�e�x�^�Z�l�v �g�_ 
�l�h�e�v�d�h �^�e�y �f�h�g�h-, �g�h �b �^�e�y �i�h�e�b�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �h�[�j�Z�a�p�h�\. �;�h�e�_�_ �l�h�]�h, �g�Z 
�d�j�b�\�u�o �F(�G) �f�h�`�_�l �[�u�l�v �g�_�k�d�h�e�v�d�h �k�d�Z�q�d�h�\ [17-19]. �>�e�y �k�h�_�^�b�g�_�g�b�c R–Fe 
�\�_�e�b�q�b�g�Z �i�Z�j�Z�f�_�l�j�Z �f�_�`�i�h�^�j�_�r�_�l�h�q�g�h�]�h �h�[�f�_�g�g�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y (��) �i�j�h-
�i�h�j�p�b�h�g�Z�e�v�g�Z �\�_�e�b�q�b�g�_ �i�_�j�\�h�]�h �d�j�b�l�b�q�_�k�d�h�]�h �i�h�e�y �G�K1: 

 
�� = H�K1/(MR – MFe)                                            (3) 

 
�D�Z�d �j�_�a�m�e�v�l�Z�l, �f�h�`�g�h �d�h�g�k�l�Z�l�b�j�h�\�Z�l�v, �q�l�h, �\ �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b, �\�\�_-

�^�_�g�b�_ 3-�o �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x �j�_�r�_�l�d�m �k�h�_�^�b�g�_�g�b�y Er2Fe17 �g�_ 
�i�j�b�\�h�^�b�l �d �a�Z�f�_�l�g�h�f�m �i�h �\�_�e�b�q�b�g�_ �b�a�f�_�g�_�g�b�x �h�[�f�_�g�g�h�]�h �i�Z�j�Z�f�_�l�j�Z ��. 

�G�Z �j�b�k. 9 �i�h�d�Z�a�Z�g�u �i�h�e�_�\�u�_ �a�Z�\�b�k�b�f�h�k�l�b �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �F(�G) �^�e�y 
�k�_�j�b�b �h�[�j�Z�a�p�h�\ (Nd0.5R0.5)2Fe14B �b �b�o �]�b�^�j�b�^�h�\ �k �f�Z�d�k�b�f�Z�e�v�g�u�f �k�h�^�_�j�`�Z�g�b�_�f 
�\�h�^�h�j�h�^�Z (Nd0.5R0.5)2Fe14B�G5.5 (R = Dy, Ho, Er, Tm). �<�b�^�g�h, �q�l�h �^�e�y �b�k�o�h�^�g�u�o 
�k�h�_�^�b�g�_�g�b�c (Nd0.5R0.5)2Fe14B �h�k�h�[�_�g�g�h�k�l�_�c �g�Z �d�j�b�\�u�o �F(�G) �g�_ �g�Z�[�e�x�^�Z�_�l�k�y �g�b 
�^�e�y �h�^�g�h�]�h �b�a �b�k�k�e�_�^�m�_�f�u�o �k�h�k�l�Z�\�h�\. �< �l�h �`�_ �k�Z�f�h�_ �\�j�_�f�y �^�e�y �]�b�^�j�b�^�h�\ 
(Nd0.5R0.5)2Fe14B�G5.5 �\�b�^�g�u �h�k�h�[�_�g�g�h�k�l�b �^�e�y R = Ho, Er �b Tm. �H�p�_�g�d�Z �m�f�_�g�v-
�r�_�g�b�y �i�Z�j�Z�f�_�l�j�Z �� �k�h�k�l�Z�\�e�y�_�l 30, 40 �b 50 % �^�e�y �]�b�^�j�b�^�h�\ �k �f�Z�d�k�b�f�Z�e�v�g�u�f 
�k�h�^�_�j�`�Z�g�b�_�f �\�h�^�h�j�h�^�Z (Nd0.5Ho0.5)2Fe14BH5.5, (Nd0.5Er0.5)2Fe14BH5.5, 
(Nd0.5Tm0.5)2Fe14BH5.5 �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 
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�J�b�k. 9. �I�h�e�_�\�u�_ �a�Z�\�b�k�b�f�h�k�l�b �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �^�e�y �k�_�j�b�b �h�[�j�Z�a�p�h�\ (Nd0.5R0.5)2Fe14B 
�b (Nd0.5R0.5)2Fe14B�G5.5 (R = Dy, Ho, Er, Tm) [20].  

 

 
 
�J�b�k. 10. �I�j�b�\�_�^�_�g�g�u�_ �h�[�f�_�g�g�u�_ �i�Z�j�Z�f�_�l�j�u �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �h�l�g�h�k�b�l�_�e�v�g�h�]�h �b�a�f�_�g�_-
�g�b�y �h�[�t�_�f�Z �w�e�_�f�_�g�l�Z�j�g�h�c �y�q�_�c�d�b �' V/V �^�e�y �]�b�^�j�b�^�h�\ R2Fe17Hx (R = Ho, Tm), 
                              R2Fe14BHx �b (Nd,R)2Fe14BHx (R = Ho, Er �b Tm) [21]  

 
�G�Z �j�b�k. 10 �i�h�d�Z�a�Z�g�u �i�j�b�\�_�^�_�g�g�u�_ �a�g�Z�q�_�g�b�y �h�[�f�_�g�g�u�o �i�Z�j�Z�f�_�l�j�h�\ 

��(x)/��(0) �^�e�y �n�_�j�j�b�f�Z�]�g�_�l�b�d�h�\ R2Fe17Hx (R = Ho, Tm), R2Fe14BHx �b 
(Nd,R)2Fe14BHx (R = Ho, Er �b Tm) �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �h�l�g�h�k�b�l�_�e�v�g�h�]�h �b�a�f�_�g�_�g�b�y 
�h�[�t�_�f�Z �w�e�_�f�_�g�l�Z�j�g�h�c �j�_�r�_�l�d�b �ûV/V, �\�h�a�g�b�d�Z�x�s�_�]�h �i�j�b �]�b�^�j�b�j�h�\�Z�g�b�b. 
�B�a �j�b�k�m�g�d�Z �\�b�^�g�h, �q�l�h �a�Z�\�b�k�b�f�h�k�l�v ��(x)/��(0) �h�l �ûV/V �y�\�e�y�_�l�k�y �e�b�g�_�c�g�h�c �^�e�y 
�k�_�j�b�b R2Fe17-H (�\�k�_ �i�h�e�m�q�_�g�g�u�_ �a�g�Z�q�_�g�b�y «�e�h�`�Z�l�k�y» �g�Z �h�^�g�m �k�i�e�h�r�g�m�x �e�b-
�g�b�x). �H�^�g�Z�d�h �w�l�Z �l�_�g�^�_�g�p�b�y �g�_ �k�h�o�j�Z�g�y�_�l�k�y �^�e�y �Z�g�Z�e�h�]�b�q�g�u�o �k�h�k�l�Z�\�h�\ �k�_�j�b�b 
R2Fe14B-H, �Z �l�Z�d�`�_ �k�_�j�b�b (Nd0.5R0.5)2Fe14B (�i�m�g�d�l�b�j�g�u�_ �e�b�g�b�b �^�e�y R = Ho,  
Er �b Tm). �E�Z�g�l�Z�g�h�b�^�g�h�_ �k�`�Z�l�b�_ �h�d�Z�a�u�\�Z�_�l �[�h�e�_�_ �k�b�e�v�g�h�_ �\�e�b�y�g�b�_ �g�Z �\�_�e�b�q�b�g�m 
�f�_�`�i�h�^�j�_�r�_�l�h�q�g�h�]�h �h�[�f�_�g�g�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �^�e�y �k�l�_�o�b�h�f�_�l�j�b�b 2:14:1, �q�_�f 
�^�e�y 2:17.  
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3. �B�k�k�e�_�^�h�\�Z�g�b�y �f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\ �J�A �B�F�K  
�\ �k�\�_�j�o�k�b�e�v�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o 

�B�k�k�e�_�^�h�\�Z�g�b�y �i�h�e�_�\�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �\ �k�\�_�j�o�k�b�e�v�g�u�o 
�b�f�i�m�e�v�k�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o �i�h�a�\�h�e�y�x�l �i�h�e�m�q�b�l�v �b�g�n�h�j�f�Z�p�b�x �h �i�j�h�p�_�k�k�Z�o 
�i�h�e�g�h�]�h �g�Z�f�Z�]�g�b�q�b�\�Z�g�b�y, �\�d�e�x�q�Z�y �n�h�j�f�b�j�h�\�Z�g�b�_ �^�e�y �n�_�j�j�b�f�Z�]�g�_�l�b�d�h�\ �n�_�j-
�j�h�f�Z�]�g�b�l�g�h�]�h �k�h�k�l�h�y�g�b�y, �b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h �\�g�_�r�g�b�f �f�Z�]�g�b�l�g�u�f �i�h�e�_�f. �L�Z�d�b�_ 
�b�k�k�e�_�^�h�\�Z�g�b�y, �d�Z�d �i�j�Z�\�b�e�h, �h�k�m�s�_�k�l�\�e�y�x�l�k�y �\ �j�Z�f�d�Z�o �i�h�e�m�j�Z�a�j�m�r�Z�x�s�b�o �b�e�b 
�j�Z�a�j�m�r�Z�x�s�b�o �i�h�^�o�h�^�h�\ (�\�a�j�u�\�g�u�_ �l�_�o�g�h�e�h�]�b�b): �b�k�k�e�_�^�m�_�f�u�_ �h�[�j�Z�a�p�u 
�b �q�Z�k�l�v �h�[�h�j�m�^�h�\�Z�g�b�y �f�h�]�m�l �[�u�l�v �m�g�b�q�l�h�`�_�g�u �i�j�b �\�a�j�u�\�_. 

 

 
 

�J�b�k. 11. �I�h�e�_�\�u�_ �a�Z�\�b�k�b�f�h�k�l�b �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b M(H) �h�[�j�Z�a�p�h�\ (Nd0.5Ho0.5)2Fe14B  
�b �_�]�h �]�b�^�j�b�^�Z (Nd0.5Ho0.5)2Fe14BH5.5, �b�a�f�_�j�_�g�g�u�_ �i�j�b �L = 5 �D �\ �i�h�e�m�j�Z�a�j�m�r�Z�x�s�b�o �b�f-
�i�m�e�v�k�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o. �G�Z �\�k�l�Z�\�d�_: �k�j�Z�\�g�_�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �d�j�b�\�u�o 
�g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b M(H) �^�e�y �k�h�_�^�b�g�_�g�b�y (Nd0.5Ho0.5)2Fe14B �\ �i�h�e�m�j�Z�a�j�m�r�Z�x�s�_�f  
                           �b �g�_�j�Z�a�j�m�r�Z�x�s�_�f �b�f�i�m�e�v�k�g�h�f �f�Z�]�g�b�l�g�h�f �i�h�e�_ [21] 
 

�G�Z �j�b�k. 11 �^�e�y �k�h�_�^�b�g�_�g�b�c (Nd0.5Ho0.5)2Fe14B �b �_�]�h �]�b�^�j�b�^ �k �f�Z�d�k�b�f�Z�e�v-
�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �\�h�^�h�j�h�^�Z (Nd0.5Ho0.5)2Fe14BH5.5 �i�j�_�^�k�l�Z�\�e�_�g�u �d�j�b�\�u�_ �g�Z�f�Z�]-
�g�b�q�b�\�Z�g�b�y, �i�h�e�m�q�_�g�g�u�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 5 �D �\ �i�h�e�m�j�Z�a�j�m�r�Z�x�s�b�o �b�f�i�m�e�v�k-
�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o �^�h 135 �L�e. �B�a �j�b�k�m�g�d�Z �\�b�^�g�h, �q�l�h �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�v �]�b�-̂
�j�b�j�h�\�Z�g�g�h�]�h �h�[�j�Z�a�p�Z (Nd0.5Ho0.5)2Fe14BH5.5 �k�g�Z�q�Z�e�Z �[�u�k�l�j�h �\�u�o�h�^�b�l �g�Z 
�g�Z�k�u�s�_�g�b�_ �\ �n�_�j�j�b�f�Z�]�g�b�l�g�h�f �k�h�k�l�h�y�g�b�b, �a�Z�l�_�f �i�j�b �^�h�k�l�b�`�_�g�b�b �g�_�d�h�l�h�j�h�]�h 
�d�j�b�l�b�q�_�k�d�h�]�h �i�h�e�y Hc1 �i�j�h�b�k�o�h�^�b�l �j�_�a�d�b�c �j�h�k�l �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b. �>�e�y �h�i�j�_�^�_-
�e�_�g�b�y �\�l�h�j�h�]�h �d�j�b�l�b�q�_�k�d�h�]�h �i�h�e�y Hc2 (�i�h�e�g�h�_ �g�Z�k�u�s�_�g�b�_) �e�b�g�_�c�g�Z�y �q�Z�k�l�v 
M(H) �[�u�e�Z �w�d�k�l�j�Z�i�h�e�b�j�h�\�Z�g�Z �^�h �]�h�j�b�a�h�g�l�Z�e�v�g�h�c �e�b�g�b�b M = MFe + MNd + M�G�h 
(�n�_�j�j�h�f�Z�]�g�b�l�g�h�_ �k�h�k�l�h�y�g�b�_, �b�g�^�m�p�b�j�h�\�Z�g�g�h�_ �\�g�_�r�g�b�f �f�Z�]�g�b�l�g�u�f �i�h�e�_�f). 
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�L�Z�d�Z�y �`�_ �i�j�h�p�_�^�m�j�Z �[�u�e�Z �\�u�i�h�e�g�_�g�Z �^�e�y �b�k�o�h�^�g�h�]�h �k�h�k�l�Z�\�Z. �A�g�Z�q�_�g�b�_ H�K2 
�f�h�`�_�l �[�u�l�v �l�Z�d�`�_ �j�Z�k�k�q�b�l�Z�g�h �i�h �n�h�j�f�m�e�_:  
 

�� = H�K2/(MR + MFe)                                               (4) 
 

�I�h�e�m�q�_�g�g�u�_ �^�Z�g�g�u�_ �i�j�b�\�_�^�_�g�u �\ �L�Z�[�e�b�p�_. �G�Z�[�e�x�^�Z�_�l�k�y �o�h�j�h�r�_�_ �k�h-
�]�e�Z�k�b�_ �f�_�`�^�m �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b �b �j�Z�k�q�_�l�g�u�f�b �a�g�Z�q�_�g�b�y�f�b. �M�f�_�g�v�r�_�g�b�_ 
�h�[�f�_�g�g�h�]�h �i�Z�j�Z�f�_�l�j�Z �� �\ �j�_�a�m�e�v�l�Z�l�_ �]�b�^�j�b�j�h�\�Z�g�b�_ �k�h�k�l�Z�\�e�y�_�l 30 % �^�e�y �G�h – 
�k�h�^�_�j�`�Z�s�b�o �k�h�k�l�Z�\�h�\. 
 

�L�Z�[ �e�b�p�Z 

�H�k�g�h�\�g�u�_ �f�Z�]�g�b�l�g�u�_ �i�Z�j�Z�f�_�l�j�u (Nd0.5Ho0.5)2Fe14B �b �_�]�h �]�b�^�j�b�^�Z 
(Nd0,5Ho0,5)2Fe14BH5,5 

 

�K�h�k�l�Z�\ H�K1 (�L�e) 
�w�d�k�i./�j�Z�k�q. 

H�K2 (�L�e) 
�w�d�k�i./�j�Z�k�q. ��(�L�e/µB) 

(Nd0.5Ho0.5)2Fe14B 64/68 124/124 3.2 

(Nd0.5Ho0.5)2Fe14BH5.5 54/55 97/95 2.2 

 
�G�Z �\�k�l�Z�\�d�_ �d �j�b�k�m�g�d�m 11 �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h �g�_�[�h�e�v�r�h�_ �h�l�e�b�q�b�_ �d�j�b-

�\�u�o M(H), �i�h�e�m�q�_�g�g�u�o �\ �i�h�e�m�j�Z�a�j�m�r�Z�x�s�_�f (�^�h 135 �L�e) �b �g�_�j�Z�a�j�m�r�Z�x�s�_�f 
(�^�h 60 �L�e) �b�f�i�m�e�v�k�g�h�f �f�Z�]�g�b�l�g�h�f �i�h�e�_ �^�e�y �b�k�o�h�^�g�h�]�h �k�h�_�^�b�g�_�g�b�y 
(Nd0,5Ho0,5)2Fe14B. �L�Z�d�h�_ �h�l�e�b�q�b�_ �f�h�`�_�l �[�u�l�v �h�[�m�k�e�h�\�e�_�g�h �g�_�k�d�h�e�v�d�b�f�b �i�j�b-
�q�b�g�Z�f�b: �b�a�f�_�g�_�g�b�_�f �l�_�f�i�_�j�Z�l�m�j�u �h�[�j�Z�a�p�Z �\�h �\�j�_�f�y �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z 
�a�Z �k�q�_�l �f�Z�]�g�b�l�h�d�Z�e�h�j�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z, �d�h�g�k�l�j�m�d�p�b�h�g�g�u�f�b �h�k�h�[�_�g�g�h�k�l�y�f�b 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �m�k�l�Z�g�h�\�h�d �b �^�j. �O�h�j�h�r�_�_ �k�h�\�i�Z�^�_�g�b�_ �d�j�b�\�u�o �F(�G) 
�g�Z�[�e�x�^�Z�_�l�k�y �i�j�b �g�Z�f�Z�]�g�b�q�b�\�Z�g�b�b/�j�Z�a�f�Z�]�g�b�q�b�\�Z�g�b�b �h�[�j�Z�a�p�Z �\ �i�h�e�y�o �^�h 60 �L�e 
�b �i�j�b �j�Z�a�f�Z�]�g�b�q�b�\�Z�g�b�b �h�[�j�Z�a�p�Z �\ �i�h�e�y�o �h�l 135 �^�h 0 �L�e.  

�K�j�Z�\�g�b�l�_�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�h�\ �g�Z�f�Z�]�g�b�q�b�\�Z�g�b�y/ �j�Z�a�f�Z�]�g�b�q�b-
�\�Z�g�b�y �\�Z�`�g�h �i�j�h�\�h�^�b�l�v �g�_ �l�h�e�v�d�h �\ �k�b�e�v�g�u�o �b �k�\�_�j�o�k�b�e�v�g�u�o �f�Z�]�g�b�l�g�u�o �i�h-
�e�y�o, �g�h �b �\ �d�\�Z�a�b�k�l�Z�l�b�q�_�k�d�b�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o. �I�h�k�e�_�^�g�b�_, �d�Z�d �i�j�Z�\�b�e�h, �b�k-
�i�h�e�v�a�m�x�l�k�y �^�e�y �i�h�e�m�q�_�g�b�y �Z�[�k�h�e�x�l�g�u�o �a�g�Z�q�_�g�b�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b �b �g�h�j�f�b-
�j�h�\�d�b �d�j�b�\�u�o �F(�G), �i�h�e�m�q�_�g�g�u�o �\ �b�f�i�m�e�v�k�g�u�o �i�h�e�y�o. �:�g�Z�e�b�a �i�h�e�_�\�u�o 
�b �l�_�f�i�_�j�Z�l�m�j�g�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b, �g�Z�b�[�h�e�_�_ �b�g�n�h�j�f�Z�l�b�\�g�u 
�\ �k�e�m�q�Z�_ �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �h�[�j�Z�a�p�h�\, �i�h�k�d�h�e�v�d�m �i�h�a�\�h�e�y�x�l �i�h�e�m�q�b�l�v �b�g-
�n�h�j�f�Z�p�b�x �d�Z�d �h �i�Z�j�Z�f�_�l�j�Z�o �f�_�`�i�h�^�j�_�r�_�l�h�q�g�u�o �h�[�f�_�g�g�u�o �\�a�Z�b�f�h�^�_�c�k�l�\�b�c, 
�l�Z�d �b �h �d�h�g�k�l�Z�g�l�Z�o �f�Z�]�g�b�l�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�b. �J�h�e�v �w�l�b�o �\�_�e�b�q�b�g 
�y�\�e�y�_�l�k�y �h�i�j�_�^�_�e�y�x�s�_�c �i�j�b �n�h�j�f�b�j�h�\�Z�g�b�b �m�g�b�d�Z�e�v�g�u�o �f�Z�]�g�b�l�g�u�o �k�\�h�c�k�l�\ 
�j�_�^�d�h�a�_�f�_�e�v�g�u�o �b�g�l�_�j�f�_�l�Z�e�e�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c �k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f 
�`�_�e�_�a�Z (�b�e�b �^�j�m�]�b�o 3d – �i�_�j�_�o�h�^�g�u�o �f�_�l�Z�e�e�h�\). 

�A�Z�d�e�x�q�_�g�b�_ 

�:�g�Z�e�b�a�b�j�m�y �\�k�z �\�u�r�_�k�d�Z�a�Z�g�g�h�_, �f�h�`�g�h �a�Z�d�e�x�q�b�l�v, �q�l�h �k�b�k�l�_�f�u �j�_�^�d�h-
�a�_�f�_�e�v�g�u�o �b�g�l�_�j�f�_�l�Z�e�e�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c (�B�F�K) �k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f 
�`�_�e�_�a�Z R2Fe14B, R2Fe17 �b RFe11Ti �b �b�o �]�b�^�j�b�j�h�\�Z�g�g�u�_ �Z�g�Z�e�h�]�b �h�[�e�Z�^�Z�x�l 
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�h�]�j�h�f�g�u�f �i�h�l�_�g�p�b�Z�e�h�f �^�e�y �b�o �b�k�i�h�e�v�a�h�\�Z�g�b�y �g�Z �i�j�Z�d�l�b�d�_. �K�j�_�^�b �^�Z�g�g�u�o �k�b-
�k�l�_�f �h�k�h�[�_�g�g�h �\�u�^�_�e�y�_�l�k�y �k�b�k�l�_�f�Z RFe11Ti, �k�i�h�k�h�[�g�Z�y �i�h�]�e�h�s�Z�l�v 
1 �Z�l.�G/�n�h�j�f.�_�.̂ �K�h�k�l�Z�\ SmFe11Ti�G �f�h�`�_�l �[�u�l�v �i�j�_�^�e�h�`�_�g, �d�Z�d �\�h�^�h�j�h�^�k�h�^�_�j-
�`�Z�s�b�c �f�Z�l�_�j�b�Z�e �^�e�y �j�Z�a�j�Z�[�h�l�d�b �g�Z �_�]�h �h�k�g�h�\�_ �i�h�k�l�h�y�g�g�u�o �f�Z�]�g�b�l�h�\, �d�h�l�h�j�u�_ 
�k�f�h�]�m�l �j�Z�[�h�l�Z�l�v �\ �k�j�_�^�Z�o �k �i�h�\�u�r�_�g�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �\�h�^�h�j�h�^�Z �b �k�h�o�j�Z�g�y�l�v 
�k�\�h�b �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �k�\�h�c�k�l�\�Z, �[�e�Z�]�h�^�Z�j�y �h�l�k�m�l�k�l�\�b�x �\�h�a�f�h�`�g�h�k�l�b �^�Z�e�v-
�g�_�c�r�_�]�h �i�h�]�e�h�s�_�g�b�y �\�h�^�h�j�h�^�Z. �K�h�k�l�Z�\ TbFe11Ti �^�_�f�h�g�k�l�j�b�j�m�_�l �i�j�b T = 325 �D 
�K�I�I  �l�b�i�Z «�e�_�]�d�Z�y �h�k�v – �e�_�]�d�Z�y �i�e�h�k�d�h�k�l�v», �Z �\ �j�_�a�m�e�v�l�Z�l�_ �]�b�^�j�b�j�h�\�Z�g�b�y �k�l�Z-
�g�h�\�b�l�k�y �i�e�h�k�d�h�k�l�g�u�f �f�Z�]�g�_�l�b�d�h�f �\�h �\�k�_�c �h�[�e�Z�k�l�b �l�_�f�i�_�j�Z�l�m�j �f�Z�]�g�b�l�g�h�]�h 
�m�i�h�j�y�^�h�q�_�g�b�y. �L�Z�d�h�c �k�h�k�l�Z�\ �f�h�`�_�l �[�u�l�v �i�j�_�^�e�h�`�_�g �\ �d�Z�q�_�k�l�\�_ �j�Z�[�h�q�_�]�h �l�_�e�Z 
�^�Z�l�q�b�d�h�\ �k�i�_�p�b�Z�e�v�g�h�]�h �g�Z�a�g�Z�q�_�g�b�y (�l�_�f�i�_�j�Z�l�m�j�u, �^�Z�\�e�_�g�b�y, �k�h�^�_�j�`�Z�g�b�y �\�h-
�^�h�j�h�^�Z �\ �h�d�j�m�`�Z�x�s�_�f �i�j�h�k�l�j�Z�g�k�l�\�_ �b �^�j.).  

 

�N�b�g�Z�g�k�b�j�h�\�Z�g�b�_ �b�k�k�e�_�^�h�\�Z�g�b�c �h�k�m�s�_�k�l�\�e�y�_�l�k�y �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h�c �i�j�h-
�]�j�Z�f�f�u �G�Z�p�b�h�g�Z�e�v�g�h�]�h �p�_�g�l�j�Z �n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b (�G�P�N�F), �i�j�h�_�d�l «�B�k-
�k�e�_�^�h�\�Z�g�b�y �\ �k�b�e�v�g�u�o �b �k�\�_�j�o�k�b�e�v�g�u�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o» (�r�b�n�j «�G�P�N�F-7-
2325»). 
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�< �j�Z�[�h�l�_ �i�j�h�\�_�^�_�g�u �b�k�k�e�_�^�h�\�Z�g�b�y �o�e�Z�^�h�z�f�d�h�k�l�b �i�k�_�\�^�h�[�b�g�Z�j�g�u�o 

�k�h�_�^�b�g�_�g�b�c �j�_�^�d�h�a�_�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\ �k �g�b�d�_�e�_�f RNi, �f�h�^�b�n�b�p�b�j�h�\�Z�g-
�g�u�o �Z�l�h�f�Z�f�b �a�Z�f�_�s�_�g�b�y (�d�Z�d �\ �j�_�^�d�h�a�_�f�_�e�v�g�h�c, �l�Z�d �b �\ �g�b�d�_�e�_�\�h�c �i�h�-̂
�j�_�r�z�l�d�Z�o) �b �e�z�]�d�b�f�b �Z�l�h�f�Z�f�b �\�g�_�^�j�_�g�b�y (�\�h�^�h�j�h�^�h�f). �G�Z�b�[�h�e�_�_ �i�_�j-
�k�i�_�d�l�b�\�g�u�f�b �f�h�`�g�h �k�q�b�l�Z�l�v �k�h�k�l�Z�\�u �k �[�h�e�v�r�b�f �k�h�^�_�j�`�Z�g�b�_�f �Z�g�b�a�h-
�l�j�h�i�g�h�]�h �j�_�^�d�h�a�_�f�_�e�v�g�h�]�h �w�e�_�f�_�g�l�Z �^�b�k�i�j�h�a�b�y, �Z �b�f�_�g�g�h Gd0.1Dy0.9Ni 
�b �_�]�h �]�b�^�j�b�^. 

 
�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �j�_�^�d�h�a�_�f�_�e�v�g�u�_ �k�h�_�^�b�g�_�g�b�y �k �g�b�d�_�e�_�f, �]�b�^�j�b�^�u, �f�Z�]�g�b�l�g�u�_ 
�n�Z�a�h�\�u�_ �i�_�j�_�o�h�^�u, �f�Z�]�g�b�l�h�d�Z�e�h�j�b�q�_�k�d�b�c �w�n�n�_�d�l, �o�e�Z�^�h�z�f�d�h�k�l�v, �f�Z�]�g�b�l�g�h�_ 
�h�o�e�Z�`�^�_�g�b�_ 

�<�\�_�^�_�g�b�_ 

�F�Z�]�g�b�l�h�d�Z�e�h�j�b�q�_�k�d�b�c �w�n�n�_�d�l (�F�D�W) �b�f�_�_�l �f�_�k�l�h �\ �f�Z�]�g�b�l�g�u�o �f�Z�l�_�j�b-
�Z�e�Z�o �\ �h�[�e�Z�k�l�b �n�Z�a�h�\�u�o �i�_�j�_�o�h�^�h�\ [1]. �H�k�g�h�\�g�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b �f�Z�]�g�b�l�h�d�Z�e�h-
�j�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z �y�\�e�y�x�l�k�y �_�]�h �\�_�e�b�q�b�g�Z (�b�a�f�_�g�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �f�Z�]�g�_�l�b�d�Z 
�i�j�b �b�a�f�_�g�_�g�b�b �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\ �Z�^�b�Z�[�Z�l�b�q�_�k�d�b�o �m�k�e�h�\�b�y�o �b�e�b �b�a�f�_�g�_�g�b�_ 
�f�Z�]�g�b�l�g�h�c �q�Z�k�l�b �w�g�l�j�h�i�b�b �\ �b�a�h�l�_�j�f�b�q�_�k�d�b�o �m�k�e�h�\�b�y�o), �Z �l�Z�d�`�_ �l�_�f�i�_�j�Z�l�m�j�Z, 
�i�j�b �d�h�l�h�j�h�c �g�Z�[�e�x�^�Z�_�l�k�y �f�Z�d�k�b�f�Z�e�v�g�u�c �w�n�n�_�d�l (�LMAX ). �I�h�k�e�_�^�g�y�y, �d�Z�d �i�j�Z-
�\�b�e�h, �k�h�\�i�Z�^�Z�_�l �k �l�_�f�i�_�j�Z�l�m�j�h�c �n�Z�a�h�\�h�]�h �f�Z�]�g�b�l�g�h�]�h �i�_�j�_�o�h�^�Z (�g�Z�i�j�b�f�_�j, 
�k �l�_�f�i�_�j�Z�l�m�j�h�c �D�x�j�b (�LC) �b�e�b �l�_�f�i�_�j�Z�l�m�j�h�c �G�_�_�e�y (�LN)). �H�^�g�Z�d�h, �\ �a�Z�\�b�k�b�f�h-
�k�l�b �h�l �i�j�b�j�h�^�u �f�Z�]�g�_�l�b�d�Z, �i�j�b �i�j�b�e�h�`�_�g�b�b �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �f�h�`�_�l 
�g�Z�[�e�x�^�Z�l�v�k�y �k�f�_�s�_�g�b�_ �LMAX  �h�l�g�h�k�b�l�_�e�v�g�h �LC �b�e�b �LN �\ �h�[�e�Z�k�l�v �[�h�e�_�_ �\�u�k�h�d�b�o 
�b�e�b �[�h�e�_�_ �g�b�a�d�b�o �l�_�f�i�_�j�Z�l�m�j. �I�j�b �w�l�h�f �q�_�f �[�h�e�v�r�_ �\�_�e�b�q�b�g�Z �i�j�b�e�h�`�_�g�g�h�]�h 
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�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �l�_�f �[�h�e�v�r�_ �b �k�f�_�s�_�g�b�_ �LMAX , �b �\�_�e�b�q�b�g�Z �^�_�f�h�g�k�l�j�b�j�m�_�f�h�]�h 
�f�Z�]�g�b�l�h�d�Z�e�h�j�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z. 

�>�e�y �k�h�a�^�Z�g�b�y �f�Z�]�g�b�l�g�h�c �o�h�e�h�^�b�e�v�g�h�c �f�Z�r�b�g�u, �j�Z�[�h�q�b�f �l�_�e�h�f �\ �d�h�l�h-
�j�h�c �k�e�m�`�b�e �[�u �f�Z�]�g�_�l�b�d, �i�j�_�l�_�j�i�_�\�Z�x�s�b�c �f�Z�]�g�b�l�g�u�_ �n�Z�a�h�\�u�_ �i�_�j�_�o�h�^�u, 
�l�j�_�[�m�x�l�k�y �g�_ �k�l�h�e�v�d�h �]�b�]�Z�g�l�k�d�b�_ �a�g�Z�q�_�g�b�y �f�Z�]�g�b�l�h�d�Z�e�h�j�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z 
�i�j�b �LMAX , �k�d�h�e�v�d�h �^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�b�_ �a�g�Z�q�_�g�b�y �F�D�W �\ �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ 
�l�_�f�i�_�j�Z�l�m�j [2–4]. �G�Z�b�[�h�e�_�_ �m�^�h�[�g�u�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �^�e�y �k�j�Z�\�g�_�g�b�y �f�Z�l�_-
�j�b�Z�e�h�\, �i�h�l�_�g�p�b�Z�e�v�g�h �i�j�b�f�_�g�b�f�u�o �\ �f�Z�]�g�b�l�g�h�f �h�o�e�Z�`�^�_�g�b�b, �\ �l�Z�d�h�f �k�e�m�q�Z�_ 
�k�l�Z�g�h�\�y�l�k�y �i�j�_�^�e�h�`�_�g�g�u�_ �\ 1985 �]�h�^�m �<�m�^�h�f �b �I�h�l�l�_�j�h�f �\�_�e�b�q�b�g�u: �h�l�g�h�k�b-
�l�_�e�v�g�Z�y �o�h�e�h�^�b�e�v�g�Z�y �f�h�s�g�h�k�l�v (RCP(S)) �b �o�e�Z�^�h�z�f�d�h�k�l�v (q) [5]. �;�h�e�_�_ �l�h�]�h, 
�Z�\�l�h�j�u �k�l�Z�l�v�b �h�l�f�_�q�Z�x�l, �q�l�h �^�e�y �^�h�k�l�b�`�_�g�b�y �[�h�e�v�r�b�o �a�g�Z�q�_�g�b�c �F�D�W �l�j�_�[�m-
�_�l�k�y �i�h�f�_�k�l�b�l�v �f�Z�]�g�_�l�b�d �\ �[�h�e�v�r�h�_ �\�g�_�r�g�_�_ �f�Z�]�g�b�l�g�h�_ �i�h�e�_, �q�l�h �g�Z �i�j�Z�d�l�b�d�_ 
�\�h�a�f�h�`�g�h �l�h�e�v�d�h �k �i�h�f�h�s�v�x �k�\�_�j�o�i�j�h�\�h�^�y�s�_�]�h �f�Z�]�g�b�l�Z. �W�l�h �i�h�\�e�_�q�z�l �a�Z �k�h-
�[�h�c �g�Z�e�b�q�b�_ �a�g�Z�q�b�l�_�e�v�g�u�o �f�_�o�Z�g�b�q�_�k�d�b�o �k�b�e �f�_�`�^�m �j�Z�[�h�q�b�f �l�_�e�h�f �o�h�e�h-
�^�b�e�v�g�h�c �m�k�l�Z�g�h�\�d�b �b �f�Z�]�g�b�l�h�f �b �g�_ �i�h�a�\�h�e�b�l �k�^�_�e�Z�l�v �h�o�e�Z�`�^�Z�x�s�_�_ �m�k�l�j�h�c-
�k�l�\�h �i�j�h�k�l�u�f, �d�h�f�i�Z�d�l�g�u�f �b �g�Z�^�z�`�g�u�f �\ �b�k�i�h�e�v�a�h�\�Z�g�b�b. �B�f�_�g�g�h  �i�h�w�l�h�f�m 
�\�Z�`�g�h �i�j�h�\�_�k�l�b �k�j�Z�\�g�_�g�b�_ �a�g�Z�q�_�g�b�c �o�e�Z�^�h�z�f�d�h�k�l�b �b�k�k�e�_�^�m�_�f�u�o �f�Z�l�_�j�b�Z�e�h�\ 
�i�j�b �g�Z�e�b�q�b�b �g�_�[�h�e�v�r�b�o �f�Z�]�g�b�l�g�u�o �i�h�e�_�c (�^�h 1 �L�e). 

�J�Z�g�_�_ �g�Z�f�b �[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �h�k�h�[�_�g�g�h�k�l�b �F�D�W �\ �i�k�_�\�^�h�[�b�g�Z�j�g�u�o �k�h-
�_�^�b�g�_�g�b�y�o RNi �b �b�o �]�b�^�j�b�^�Z�o [6–11]. �>�Z�g�g�u�_ �k�h�_�^�b�g�_�g�b�y �y�\�e�y�x�l�k�y �i�_�j�k�i�_�d-
�l�b�\�g�u�f�b �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �d�Z�q�_�k�l�\�_ �j�Z�[�h�q�b�o �l�_�e �f�Z�]�g�b�l�g�u�o �o�h�e�h�^�b�e�v�g�u�o 
�m�k�l�j�h�c�k�l�\ �\ �h�[�e�Z�k�l�b �d�j�b�h�]�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j. �I�h�^�h�[�g�u�_ �m�k�l�j�h�c�k�l�\�Z �f�h�]�m�l 
�[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y �k�`�b�`�_�g�b�y, �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b �b �o�j�Z�g�_�g�b�y �d�j�b�h�]�_�g�g�u�o 
�`�b�^�d�h�k�l�_�c, �\�d�e�x�q�Z�y, �g�Z�i�j�b�f�_�j, �d�j�b�h�]�_�g�g�h�_ �l�h�i�e�b�\�h [12, 13]. 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �f�u �b�a�m�q�Z�_�f �i�h�\�_�^�_�g�b�_ �o�e�Z�^�h�z�f�d�h�k�l�b �k�h�_�^�b�g�_�g�b�c �j�_�-̂
�d�h�a�_�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\ �k �g�b�d�_�e�_�f �i�j�b�g�b�y�f�b �d�Z�d �\ �j�_�^�d�h�a�_�f�_�e�v�g�h�c, �l�Z�d �b �\ �g�b-
�d�_�e�_�\�h�c �i�h�^�j�_�r�z�l�d�_ �b �b�o �]�b�^�j�b�^�h�\. �O�e�Z�^�h�z�f�d�h�k�l�b �h�i�j�_�^�_�e�y�e�b�k�v �d�Z�d �\ �f�Z�e�u�o 
�i�h�e�y�o (�^�h 1 �L�e), �l�Z�d �b �i�j�b �g�Z�e�b�q�b�b �[�h�e�_�_ �k�b�e�v�g�u�o (�^�h 5 �L�e) �\�g�_�r�g�_�]�h �f�Z�]�g�b�l-
�g�h�]�h �i�h�e�y. 

�W�d�k�i�_�j�b�f�_�g�l �b �f�_�l�h�^�b�d�Z �h�[�j�Z�[�h�l�d�b ��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o 

�K�b�g�l�_�a �b�k�o�h�^�g�u�o �h�[�j�Z�a�p�h�\, �i�h�e�m�q�_�g�b�_ �]�b�^�j�b�^�h�\ �b �Z�l�l�_�k�l�Z�p�b�y �d�Z�d �b�k-
�o�h�^�g�u�o, �l�Z�d �b �]�b�^�j�b�j�h�\�Z�g�g�u�o �k�h�_�^�b�g�_�g�b�c �i�h�^�j�h�[�g�h �h�i�b�k�Z�g�u �\ �j�Z�[�h�l�_ [6]. 
�F�Z�]�g�b�l�g�u�_ �k�\�h�c�k�l�\�Z �k�h�_�^�b�g�_�g�b�c �b�k�k�e�_�^�h�\�Z�e�b�k�v �i�m�l�z�f �b�a�f�_�j�_�g�b�y �b �Z�g�Z�e�b�a�Z 
�i�h�e�_�\�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �g�Z�f�Z�]�g�b�q�_�g�g�h�k�l�b. �W�l�b �^�Z�g�g�u�_ �[�u�e�b �h�i�m�[�e�b�d�h�\�Z�g�u 
�\ �k�e�_�^�m�x�s�b�o �k�l�Z�l�v�y�o [7–11]. 

�O�e�Z�^�h�z�f�d�h�k�l�v �\ �^�Z�g�g�h�c �j�Z�[�h�l�_ �j�Z�k�k�q�b�l�u�\�Z�e�Z�k�v �^�\�m�f�y �f�_�l�h�^�Z�f�b. �H�[�Z 
�h�g�b �b�k�i�h�e�v�a�m�x�l �\�_�e�b�q�b�g�m �b�a�f�_�g�_�g�b�y �f�Z�]�g�b�l�g�h�c �q�Z�k�l�b �w�g�l�j�h�i�b�b (�4SM), �d�h�l�h-
�j�Z�y �\ �b�a�h�l�_�j�f�b�q�_�k�d�b�o �m�k�e�h�\�b�y�o �h�k�l�Z�z�l�k�y �i�h�k�l�h�y�g�g�h�c. �?�z �k�\�y�a�v �k �g�Z�f�Z�]�g�b�q�_�g-
�g�h�k�l�v�x (M) �b �l�_�f�i�_�j�Z�l�m�j�h�c (T) �i�h� ̂�^�_�c�k�l�\�b�_�f �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y (H) 
�h�i�j�_�^�_�e�y�_�l�k�y �k�h�h�l�g�h�r�_�g�b�_�f �F�Z�d�k�\�_�e�e�Z: 
 

  �� �� �� ��, ,M

T H

S T H M T H

H T

� w � w� § � ·� § � ·
� � ¨ � ¸� ¨ � ¸� w � w� © � ¹� © � ¹

                             (1). 

 



�=�b�^�j�b�^�u �b �]�b�^�j�b�^�g�u�_ �i�j�_�\�j�Z�s�_�g�b�y 203

�Q�l�h�[�u �i�h�e�m�q�b�l�v �b�a �w�l�h�]�h �j�Z�\�_�g�k�l�\�Z �4SM, �i�j�h�b�g�l�_�]�j�b�j�m�_�f �^�Z�g�g�h�_ �\�u�j�Z-
�`�_�g�b�_: 
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�I�_�j�\�u�c �f�_�l�h�^ �j�Z�k�q�z�l�Z �o�e�Z�^�h�z�f�d�h�k�l�b �h�k�g�h�\�Z�g �g�Z �\�u�q�b�k�e�_�g�b�b �b�g�l�_�]�j�Z�e�Z 
 

  � � � �,cold

hot

T
MT

q S T dt�  � '�³                                          (3) 
 

�]�^�_ coldT  �b hotT  – �g�Z�b�f�_�g�v�r�_�_ �b �g�Z�b�[�h�e�v�r�_�_ �a�g�Z�q�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �g�Z �i�h�e�h-
�\�b�g�_ �f�Z�d�k�b�f�m�f�Z �l�_�f�i�_�j�Z�l�m�j�g�h�c �a�Z�\�b�k�b�f�h�k�l�b �f�Z�]�g�b�l�g�h�c �q�Z�k�l�b �w�g�l�j�h�i�b�b – 

�� ��.MS T�'  �I�j�b�f�_�j �j�Z�k�q�z�l�Z �^�Z�g�g�h�c �\�_�e�b�q�b�g�u �^�e�y �h�^�g�h�]�h �b�a �b�k�k�e�_�^�h�\�Z�g�g�u�o 

�k�h�_�^�b�g�_�g�b�c �i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k. 1. 

 
 

�J�b�k. 1. �O�e�Z�^�h�z�f�d�h�k�l�v �k�h�_�^�b�g�_�g�b�y Gd0.9Tb0.1Ni, �\�u�q�b�k�e�_�g�g�Z�y �i�j�b �b�a�f�_�g�_�g�b�b 
�\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y ��0�ûH = 5 �L�e 

 
�<�l�h�j�h�c �f�_�l�h�^ �j�Z�k�q�z�l�Z �o�e�Z�^�h�z�f�d�h�k�l�b, �b�k�i�h�e�v�a�h�\�Z�g�g�u�c �\ �^�Z�g�g�h�c �j�Z�[�h�l�_, 

�h�i�b�j�Z�_�l�k�y �g�Z �\�u�q�b�k�e�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h�c �o�h�e�h�^�b�e�v�g�h�c �f�h�s�g�h�k�l�b, �d�h�l�h�j�Z�y 
�\ �Z�g�]�e�h�y�a�u�q�g�h�c �e�b�l�_�j�Z�l�m�j�_ �h�[�h�a�g�Z�q�Z�_�l�k�y �d�Z�d RCP(S): 
 

�� �� �� ��max ,M hot coldRCP S S T T�  � �� ' � �                                   (4) 
 

�\ �d�h�l�h�j�h�c max
MS�'  – �f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �� ��.MS T�'  �H�`�b�^�Z�_�l�k�y, �q�l�h �l�_�h�j�_-

�l�b�q�_�k�d�Z�y �\�_�e�b�q�b�g�Z �o�e�Z�^�h�z�f�d�h�k�l�b �[�m�^�_�l �k�\�y�a�Z�g�Z �k �h�l�g�h�k�b�l�_�e�v�g�h�c �o�h�e�h�^�b�e�v�g�h�c 
�f�h�s�g�h�k�l�v�x �k�e�_�^�m�x�s�b�f �k�h�h�l�g�h�r�_�g�b�_�f: 
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� � � �3
.

4
theoryq RCP S�                                          (5). 

 

�I�j�b�f�_�j �j�Z�k�q�z�l�Z �h�l�g�h�k�b�l�_�e�v�g�h�c �o�h�e�h�^�b�e�v�g�h�c �f�h�s�g�h�k�l�b �^�e�y �h�^�g�h�]�h 
�b�a �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�h�_�^�b�g�_�g�b�c �i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k. 2. 

 

 
 

�J�b�k. 2. �H�l�g�h�k�b�l�_�e�v�g�Z�y �o�h�e�h�^�b�e�v�g�Z�y �f�h�s�g�h�k�l�v �k�h�_�^�b�g�_�g�b�y Gd0.1Tb0.9NiH4, �\�u-
�q�b�k�e�_�g�g�Z�y �i�j�b �b�a�f�_�g�_�g�b�b �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y 0 5 �L�eH�P � ' �    

 

�J�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�Z �b �b�o �h�[�k�m�`�^�_�g�b�_ 

�H�i�j�_�^�_�e�z�g�g�u�_ �^�\�m�f�y �h�i�b�k�Z�g�g�u�f�b �\�u�r�_ �f�_�l�h�^�Z�f�b �\�_�e�b�q�b�g�u �o�e�Z�^�h�z�f�d�h-
�k�l�b �^�\�_�g�Z�^�p�Z�l�b �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�h�_�^�b�g�_�g�b�c, �\�u�q�b�k�e�_�g�g�u�o �i�j�b 0 5�L�e,H�P� ' �   

�i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 1. �<�b�^�g�h, �q�l�h, �d�Z�d �i�j�Z�\�b�e�h, �a�g�Z�q�_�g�b�y �o�e�Z�^�h�z�f�d�h�k�l�b, �\�u-
�q�b�k�e�_�g�g�u�_ �k �i�h�f�h�s�v�x �b�g�l�_�]�j�b�j�h�\�Z�g�b�y, �g�_�k�d�h�e�v�d�h �i�j�_�\�u�r�Z�x�l �a�g�Z�q�_�g�b�y �o�e�Z-
�^�h�z�f�d�h�k�l�b, �\�u�q�b�k�e�_�g�g�h�c �b�a �h�l�g�h�k�b�l�_�e�v�g�h�c �o�h�e�h�^�b�e�v�g�h�c �f�h�s�g�h�k�l�b. �K�j�_�^�g�y�y 
�j�Z�a�g�b�p�Z �f�_�`�^�m �\�u�q�b�k�e�_�g�g�u�f�b �j�Z�a�e�b�q�g�u�f�b �k�i�h�k�h�[�Z�f�b �a�g�Z�q�_�g�b�y�f�b �o�e�Z�^�h�z�f-
�d�h�k�l�b �k�h�k�l�Z�\�b�e�Z, �i�j�b�[�e�b�a�b�l�_�e�v�g�h, 4 %. �B�a �l�Z�[�e�b�p�u �l�Z�d�`�_ �\�b�^�g�h, �q�l�h �\�\�_�^�_�g�b�_ 
3–4 �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �g�Z �n�h�j�f�m�e�v�g�m�x �_�^�b�g�b�p�m �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x �j�_�r�z�l�d�m 
�b�k�k�e�_�^�h�\�Z�g�g�u�o �k�h�_�^�b�g�_�g�b�c �a�g�Z�q�b�l�_�e�v�g�h �m�f�_�g�v�r�Z�_�l �\�_�e�b�q�b�g�m �o�e�Z�^�h�z�f�d�h�k�l�b. 
�M�f�_�g�v�r�_�g�b�_ �f�h�`�_�l �^�h�k�l�b�]�Z�l�v 50 %.  
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�L�Z�[ �e�b�p�Z 1 
 

�<�_�e�b�q�b�g�u �o�e�Z�^�h�z�f�d�h�k�l�b �b �h�l�g�h�k�b�l�_�e�v�g�h�c �o�h�e�h�^�b�e�v�g�h�c �f�h�s�g�h�k�l�b �b�k�k�e�_�^�h-
�\�Z�g�g�u�o �k�h�_�^�b�g�_�g�b�c �i�j�b �b�a�f�_�g�_�g�b�b �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y 0 5�L�eH�P� ' �    

 

�H�[�j�Z�a�_�p 
q, �>� /̀�d�], 
(��0�ûH =  
= 5 �L�e) 

RCP S, �>� /̀�d�],
(��0�ûH = 5�L�e) 

qtheory, �>� /̀�d�],
(��0�ûH = 5�L�e)

 ,
theoryq q

q
�� % 

(��0�ûH = 5 �L�e)

,
hydridq q

q
��  

% 
( �ûH 5�L )

GdNi0.98Si0.02 381 508 381 0.1 - 

GdNi0.98Si0.02H3 251 325 244 2.6 34.2 

DyNi0.95Si0.05 408 492 369 9.5 - 

DyNi0.95Si0.05H4 296 369 277 6.4 27.4 

Gd0.1Dy0.9Ni 369 471 353 4.2 - 

Gd0.1Dy0.9NiH3 305 359 269 11.8 17.2 

Gd0.9Dy0.1Ni 421 562 421 0.0 - 

Gd0.9Dy0.1NiH3 217 282 212 2.5 48.5 

Gd0.1Tb0.9Ni 356 473 355 0.3 - 

Gd0.1Tb0.9NiH4 217 268 201 7.3 39.1 

Gd0.9Tb0.1Ni 356 460 345 3.3 - 

Gd0.9Tb0.1NiH4 235 306 229 2.5 34.0 

 
�G�Z�b�[�h�e�v�r�_�_ �a�g�Z�q�_�g�b�_ �o�e�Z�^�h�z�f�d�h�k�l�b �k�j�_�^�b �b�k�o�h�^�g�u�o �k�h�_�^�b�g�_�g�b�c  

�^�_�f�h�g�k�l�j�b�j�m�_�l �h�[�j�Z�a�_�p �k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f �]�Z�^�h�e�b�g�b�y Gd0.9Dy0.1Ni  
(q  = 421 �>� /̀�d�]). �K�j�_�^�b �]�b�^�j�b�^�h�\ �g�Z�b�[�h�e�v�r�_�c �o�e�Z�^�h�z�f�d�h�k�l�v�x �h�[�e�Z�^�Z�_�l �^�j�m�]�h�c 
�k�h�k�l�Z�\, �Z �b�f�_�g�g�h �k�h�k�l�Z�\ �k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f �^�b�k�i�j�h�a�b�y Gd0.1Dy0.9NiH3 
(q = 305 �>� /̀�d�]). �=�b�^�j�b�j�h�\�Z�g�b�_ Gd0.9Dy0.1Ni, �k�Z�f�h�]�h �i�_�j�k�i�_�d�l�b�\�g�h�]�h �b�a �j�Z�k-
�k�f�h�l�j�_�g�g�u�o �b�k�o�h�^�g�u�o �k�h�_�^�b�g�_�g�b�c, �m�f�_�g�v�r�Z�_�l �_�]�h �o�e�Z�^�h�z�f�d�h�k�l�v �g�Z 48 %, �q�l�h 
�g�Z�f�g�h�]�h �[�h�e�v�r�_, �q�_�f �m �h�k�l�Z�e�v�g�u�o �k�h�_�^�b�g�_�g�b�c (�k�f. �l�Z�[�e. 1). 

�G�Z �j�b�k. 3 �i�j�_�^�k�l�Z�\�e�_�g�u �i�h�e�_�\�u�_ �a�Z�\�b�k�b�f�h�k�l�b �o�e�Z�^�h�z�f�d�h�k�l�_�c �b�k�k�e�_�^�h-
�\�Z�g�g�u�o �k�h�_�^�b�g�_�g�b�c �\ �g�_�[�h�e�v�r�b�o �f�Z�]�g�b�l�g�u�o �i�h�e�y�o, �^�h 1 �L�e. �<�b�^�g�h, �q�l�h �\�k�_ 
�g�Z�[�e�x�^�Z�_�f�u�_ �a�Z�\�b�k�b�f�h�k�l�b �y�\�e�y�x�l�k�y �f�h�g�h�l�h�g�g�h �\�h�a�j�Z�k�l�Z�x�s�b�_ �b �g�_ �^�h�k�l�b�]�Z-
�x�l �g�Z�k�u�s�_�g�b�y �\ �^�Z�g�g�u�o �i�h�e�y�o. �F�h�`�g�h �a�Z�f�_�l�b�l�v, �q�l�h �\ �k�e�m�q�Z�_ �a�Z�f�_�s�_�g�b�c 
�\ �j�_�^�d�h�a�_�f�_�e�v�g�h�c �i�h�^�j�_�r�z�l�d�_ �g�Z�b�e�m�q�r�b�_ �j�_�a�m�e�v�l�Z�l�u �k�j�_�^�b �b�k�o�h�^�g�u�o �k�h�_�^�b-
�g�_�g�b�c �^�_�f�h�g�k�l�j�b�j�m�x�l �h�[�j�Z�a�p�u �k �g�Z�b�[�h�e�v�r�b�f �k�h�^�_�j�`�Z�g�b�_�f �]�Z�^�h�e�b�g�b�y 
(Gd0.9Dy0.1Ni �g�Z �j�b�k. 3, �[ �b Gd0.9Tb0.1Ni �g�Z �j�b�k. 3, �\). �I�j�b �w�l�h�f �]�b�^�j�b�j�h�\�Z�g�b�_ 
�h�q�_�g�v �k�b�e�v�g�h �m�f�_�g�v�r�Z�_�l �b�o �o�e�Z�^�h�z�f�d�h�k�l�v (�m�f�_�g�v�r�_�g�b�_ �f�h�`�_�l �^�h�k�l�b�]�Z�l�v 80 % 
�\ �k�e�Z�[�u�o �i�h�e�y�o). �:�g�Z�e�b�a�b�j�m�y �a�g�Z�q�_�g�b�y �o�e�Z�^�h�z�f�d�h�k�l�b �^�e�y �]�b�^�j�b�j�h�\�Z�g�g�u�o �h�[-
�j�Z�a�p�h�\ �k �a�Z�f�_�s�_�g�b�y�f�b �\ �j�_�^�d�h�a�_�f�_�e�v�g�h�c �i�h�^�j�_�r�z�l�d�_, �f�h�`�g�h �\�b�^�_�l�v, �q�l�h �]�b�-̂
�j�b� ̂ �k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f �Z�g�b�a�h�l�j�h�i�g�h�]�h �j�_�^�d�h�a�_�f�_�e�v�g�h�]�h �w�e�_�f�_�g�l�Z �^�b�k-
�i�j�h�a�b�y (Gd0.1Dy0.9NiH3 �g�Z �j�b�k. 3, �[) �k�h�o�j�Z�g�y�_�l �a�g�Z�q�_�g�b�_ �o�e�Z�^�h�z�f�d�h�k�l�b �d�Z�d �m �b�k-
�o�h�^�g�h�]�h �k�h�k�l�Z�\�Z �\ �i�h�e�y�o �^�h 0,6 �L�e, �q�l�h �d�j�Z�c�g�_ �\�Z�`�g�h �^�e�y �i�j�Z�d�l�b�q�_�k�d�h�]�h �i�j�b-
�f�_�g�_�g�b�y �^�Z�g�g�u�o �k�h�_�^�b�g�_�g�b�c. 
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�J�b�k. 3. �A�Z�\�b�k�b�f�h�k�l�v �o�e�Z�^�h�z�f�d�h�k�l�b �h�l �i�j�b�e�h�`�_�g�g�h�]�h �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\ �f�Z-
�e�u�o �i�h�e�y�o (�^�h 1 �L�e) �^�e�y �k�b�k�l�_�f �k�h�_�^�b�g�_�g�b�c (Gd,Dy)Ni1-xSixHy (x = 0,02 �b 0,05; y = 0, 3 
�b 4) (�Z), Gd1-xDyxNiHy (x = 0,1 �b 0,9; y = 0 �b 3) (�[); Gd1-xTbxNiHy (x = 0,1 �b 0,9; y = 0 �b 4) (�\); 
                                               �b �\�k�_�o �\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�o (�]) 

 
�A�g�Z�q�_�g�b�y �o�e�Z�^�h�z�f�d�h�k�l�b �\�k�_�o �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�h�_�^�b�g�_�g�b�c �i�j�b 

��0�ûH = 1 �L�e �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 2. 
�L�Z�[ �e�b�p�Z 2  

 

�<�_�e�b�q�b�g�Z �o�e�Z�^�h�z�f�d�h�k�l�b �b�k�k�e�_�^�h�\�Z�g�g�u�o �k�h�_�^�b�g�_�g�b�c �i�j�b �b�a�f�_�g�_�g�b�b �\�g�_�r�g�_�]�h 
�f�Z�]�g�b�l�g�h�]�h �i�h�e�y ��0�ûH = 1 �L�e. 

 

�H�[�j�Z�a�_�p q, �>� /̀�d�], (��0�ûH = 1 �L�e) 

GdNi0.98Si0.02 68 

GdNi0.98Si0.02H3 34 

DyNi0.95Si0.05 94 

DyNi0.95Si0.05H4 54 

Gd0.1Dy0.9Ni 56 

Gd0.1Dy0.9NiH3 50 

Gd0.9Dy0.1Ni 72 

Gd0.9Dy0.1NiH3 25 

Gd0.1Tb0.9Ni 53 

Gd0.1Tb0.9NiH4 12 

Gd0.9Tb0.1Ni 64 

Gd0.9Tb0.1NiH4 13 
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�K�Z�f�h�_ �[�h�e�v�r�h�_ �a�g�Z�q�_�g�b�_ �o�e�Z�^�h�z�f�d�h�k�l�b �\ �f�Z�e�u�o �i�h�e�y�o �i�h�d�Z�a�u�\�Z�x�l �k�h-
�_�^�b�g�_�g�b�_ �k �a�Z�f�_�s�_�g�b�_�f �\ �i�h�^�j�_�r�z�l�d�_ �g�b�d�_�e�y (DyNi0.95Si0.05) �b �_�]�h �]�b�^�j�b�^ 
(�j�b�k. 3, �Z; 3, �]), �q�l�h �m�d�Z�a�u�\�Z�_�l �g�Z �i�_�j�k�i�_�d�l�b�\�g�h�k�l�v �i�h�^�h�[�g�u�o �a�Z�f�_�s�_�g�b�c.   

�A�Z�d�e�x�q�_�g�b�_ 

�< �j�Z�[�h�l�_ �i�j�h�\�_�^�_�g�u �j�Z�k�q�z�l�u �o�e�Z�^�h�z�f�d�h�k�l�b �^�e�y �k�h�_�^�b�g�_�g�b�c �l�b�i�Z RNi 
�k �a�Z�f�_�s�_�g�b�y�f�b �d�Z�d �\ �j�_�^�d�h�a�_�f�_�e�v�g�h�c, �l�Z�d �b �\ �g�b�d�_�e�_�\�h�c �i�h�^�j�_�r�z�l�d�_, �b �b�o 
�]�b�^�j�b�^�h�\ �^�\�m�f�y �f�_�l�h�^�Z�f�b. �D�Z�d �i�h�d�Z�a�Z�e�b �j�Z�k�q�z�l�u, �h�p�_�g�h�q�g�u�c �f�_�l�h�^, �b�k�i�h�e�v-
�a�m�x�s�b�c �a�g�Z�q�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h�c �o�h�e�h�^�b�e�v�g�h�c �f�h�s�g�h�k�l�b, �^�Z�z�l �^�h�k�l�Z�l�h�q�g�h 
�[�e�b�a�d�b�_ �a�g�Z�q�_�g�b�y �d �f�_�l�h�^�m, �b�k�i�h�e�v�a�m�x�s�_�f�m �[�h�e�_�_ �l�j�m�^�h�_�f�d�m�x �i�j�h�p�_�^�m�j�m 
�b�g�l�_�]�j�b�j�h�\�Z�g�b�y. 

�< �j�Z�[�h�l�_ �i�j�_�^�k�l�Z�\�e�_�g�u �b �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u �j�Z�k�q�z�l�u �o�e�Z�^�h�z�f�d�h�k�l�b �^�e�y 
�^�\�_�g�Z�^�p�Z�l�b �h�[�j�Z�a�p�h�\ �j�Z�a�e�b�q�g�h�]�h �k�h�k�l�Z�\�Z �i�j�b �b�a�f�_�g�_�g�b�b �\�g�_�r�g�_�]�h �f�Z�]�g�b�l�g�h�]�h 
�i�h�e�y ��0�ûH = 1 �L�e �b ��0�ûH = 5 �L�e. �< �i�h�k�e�_�^�g�_�f �k�e�m�q�Z�_ �f�h�`�g�h �\�u�^�_�e�b�l�v �^�\�_ 
�]�j�m�i�i�u �h�[�j�Z�a�p�h�\: DyNi0.95Si0.05 �b DyNi0.95Si0.05H4, �Z �l�Z�d�`�_ Gd0.1Dy0.9Ni �b 
Gd0.1Dy0.9NiH3, �k�\�h�c�k�l�\�Z �d�h�l�h�j�u�o �h�i�l�b�f�Z�e�v�g�u �d�Z�d �i�h �\�_�e�b�q�b�g�_ �o�e�Z�^�h�z�f�d�h�k�l�b, 
�l�Z�d �b �i�h �\�e�b�y�g�b�x �g�Z �\�_�e�b�q�b�g�m �o�e�Z�^�h�z�f�d�h�k�l�b �]�b�^�j�b�j�h�\�Z�g�b�y. �I�j�b ��0�ûH = 1 �L�e 
�e�m�q�r�b�c �j�_�a�m�e�v�l�Z�l �i�h�d�Z�a�u�\�Z�x�l �h�[�j�Z�a�p�u Gd0.1Dy0.9Ni �b Gd0.1Dy0.9NiH3. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �h�[�j�Z�a�p�u, �k�h�^�_�j�`�Z�s�b�_ �l�Z�d�h�c �j�_�^�d�h�a�_�f�_�e�v�g�u�c �w�e�_�f�_�g�l, 
�d�Z�d �^�b�k�i�j�h�a�b�c, �d�h�l�h�j�u�c �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �f�Z�d�k�b�f�Z�e�v�g�u�f �f�Z�]�g�b�l�g�u�f �f�h�f�_�g-
�l�h�f 10 ���;, �g�_�k�f�h�l�j�y �g�Z �\�u�k�h�d�h�Z�g�b�a�h�l�j�h�i�g�u�_ �k�\�h�c�k�l�\�Z, �^�_�f�h�g�k�l�j�b�j�m�x�l �f�Z�]�g�b-
�l�h�l�_�i�e�h�\�u�_ �k�\�h�c�k�l�\�Z, �d�j�Z�c�g�_ �i�_�j�k�i�_�d�l�b�\�g�u�_ �^�e�y �k�h�a�^�Z�g�b�y �g�Z �b�o �h�k�g�h�\�_ �j�Z�[�h-
�q�b�o �l�_�e �f�Z�]�g�b�l�g�u�o �h�o�e�Z�`�^�Z�x�s�b�o �m�k�l�j�h�c�k�l�\ �^�e�y �k�`�b�`�_�g�b�y, �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b 
�b �o�j�Z�g�_�g�b�y �d�j�b�h�]�_�g�g�u�o �`�b�^�d�h�k�l�_�c.  
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�q�Ù�×�Ò�Ñ�Í�×�Î�Ú�Û�Í�× �Ù�Ï�Î�µ�Ò�Ý,  
�Ù�Ï�Î�µ�×�Ñ�Ï�Õ�Ï�Ô�ä�Ö�ã�Ý �Õ�Ï�Û�Ë�Ô�Ô�×�Í �Ò �Ú�Ø�Ô�Ë�Í�×�Í  

�Ö�Ë �Ò�Ý �×�Ú�Ö�×�Í�Ï �Î�Ô�Ê �×�Ì�Ï�Ú�Ø�Ï�ß�Ï�Ö�Ò�Ê �Û�Ï�Ý�Ö�×�Ô�×�’�Ò�ß�Ï�Ú�µ�×�’�× 
�Ù�Ë�Ñ�Í�Ò�Û�Ò�Ê �Ú�×�Í�Ù�Ï�Õ�Ï�Ö�Ö�ã�Ý �×�Û�Ù�Ë�Ú�Ô�Ï�Ó �å�µ�×�Ö�×�Õ�Ò�µ�Ò 

 
�d. �d. �s�Ë�Ö�Ò�Ö1,2, �c. �f . �y�Ï�Ù�Ö�ã�à�Ï�Í1,3, �s. �b. �n�Ï�Ô�ä�Ö�Ò�µ�×�Í1,  

�b. �b �r�Ð�Ï�Â�Þ�µ�Ò�Ó1, �s. �v. �l�×�Ô�Ï�’�×�Í1, �e. �s. �r�ã�Ð�µ�×�Í�Ë1,  
�g. �c. �s�×�Ô�Ö�Þ�Ï�Í�Ë1 

 
1 �:�H «�=�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �b �i�j�h�_�d�l�g�u�c �b�g�k�l�b�l�m�l 

�j�_�^�d�h�f�_�l�Z�e�e�b�q�_�k�d�h�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b «�=�b�j�_�^�f�_�l» �b�f. �G. �I . �K�Z�`�b�g�Z,  
�F�h�k�d�\�Z, �J�h�k�k�b�y; 

 

2 �F�h�k�d�h�\�k�d�b�c �n�b�a�b�d�h-�l�_�o�g�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l (�F�N�L�B); 
 

3 �N�_�^�_�j�Z�e�v�g�h�_ �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�_ �Z�\�l�h�g�h�f�g�h�_ �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�_ �m�q�j�_�`�^�_�g�b�_ 
�\�u�k�r�_�]�h �h�[�j�Z�a�h�\�Z�g�b�y «�G�Z�p�b�h�g�Z�e�v�g�u�c �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c 

�m�g�b�\�_�j�k�b�l�_�l «�F�B�K�B�K», �F�h�k�d�\�Z, �J�h�k�k�b�y 
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�< �k�l�Z�l�v�_ �i�j�_�^�k�l�Z�\�e�_�g �d�h�f�i�e�_�d�k�g�u�c �Z�g�Z�e�b�a �k�h�\�j�_�f�_�g�g�u�o �l�_�o�g�h�e�h-

�]�b�c �i�h�e�m�q�_�g�b�y �b �i�j�b�f�_�g�_�g�b�y �j�_�^�d�b�o �b �j�_�^�d�h�a�_�f�_�e�v�g�u�o �w�e�_�f�_�g�l�h�\, �j�Z�a-
�j�Z�[�h�l�Z�g�g�u�o �k�i�_�p�b�Z�e�b�k�l�Z�f�b �:�H «�=�b�j�_�^�f�_�l». �B�k�k�e�_�^�h�\�Z�g�b�_ �h�o�\�Z�l�u�\�Z�_�l 
�\�_�k�v �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�c �p�b�d�e – �h�l �i�_�j�_�j�Z�[�h�l�d�b �k�u�j�v�y, �i�j�_�^�k�l�Z�\�e�_�g�g�h�]�h 
�\ �\�b�^�_ �h�d�k�b�^�h�\ �j�_�^�d�b�o �b �j�_�^�d�h�a�_�f�_�e�v�g�u�o �w�e�_�f�_�g�l�h�\, �^�h �k�h�a�^�Z�g�b�y �]�h�l�h-
�\�u�o �f�Z�l�_�j�b�Z�e�h�\ �k �\�u�k�h�d�h�c �^�h�[�Z�\�e�_�g�g�h�c �k�l�h�b�f�h�k�l�v�x. �H�i�b�k�Z�g �f�_�l�h�^ 
�d�Z�e�v�p�b�_�l�_�j�f�b�q�_�k�d�h�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �h�d�k�b�^�h�\ �]�Z�n�g�b�y �b �p�b�j�d�h�g�b�y, �i�h�a-
�\�h�e�y�x�s�b�c �i�h�e�m�q�Z�l�v �\�u�k�h�d�h�d�Z�q�_�k�l�\�_�g�g�u�_ �i�h�j�h�r�d�h�\�u�_ �f�Z�l�_�j�b�Z�e�u 
�^�e�y �f�_�l�h�^�h�\ �Z�^�^�b�l�b�\�g�h�]�h �i�j�h�b�a�\�h�^�k�l�\�Z, �i�h�j�h�r�d�h�\�h�c �f�_�l�Z�e�e�m�j�]�b�b �b �i�j�h-
�b�a�\�h�^�k�l�\�Z �k�i�_�p�b�Z�e�v�g�u�o �k�i�e�Z�\�h�\. �H�i�b�k�Z�g�u �f�_�l�Z�e�e�m�j�]�b�q�_�k�d�b�_ �i�h�^�o�h�^�u 
�d �i�h�e�m�q�_�g�b�x �d�Z�q�_�k�l�\�_�g�g�u�o �f�_�l�Z�e�e�h�]�b�^�j�b�^�g�u�o �k�i�e�Z�\�h�\ �l�b�i�Z �:�< �b �:�<5.  

�<�\�_�^�_�g�b�_ 

�K�h�\�j�_�f�_�g�g�u�_ �l�_�o�g�h�e�h�]�b�b �b �i�j�h�f�u�r�e�_�g�g�h�k�l�v �\�k�z �[�h�e�v�r�_ �a�Z�\�b�k�y�l �h�l 
�m�g�b�d�Z�e�v�g�u�o �k�\�h�c�k�l�\ �j�_�^�d�h�a�_�f�_�e�v�g�u�o (�J�A�F) �b �l�m�]�h�i�e�Z�\�d�b�o �f�_�l�Z�e�e�h�\, �d�h�l�h�j�u�_ 
�b�]�j�Z�x�l �d�e�x�q�_�\�m�x �j�h�e�v �\ �k�h�a�^�Z�g�b�b �\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�h�c �i�j�h�^�m�d�p�b�b [1, 2]. 
�J�_�^�d�h�a�_�f�_�e�v�g�u�_ �f�_�l�Z�e�e�u, �l�Z�d�b�_ �d�Z�d �e�Z�g�l�Z�g, �g�_�h�^�b�f �b �b�l�l�j�b�c, �r�b�j�h�d�h �i�j�b�f�_-
�g�y�x�l�k�y �\ �w�e�_�d�l�j�h�g�b�d�_, �w�g�_�j�]�_�l�b�d�_ �b �i�j�h�b�a�\�h�^�k�l�\�_ �i�h�k�l�h�y�g�g�u�o �f�Z�]�g�b�l�h�\. �B�o 
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�i�h�e�m�q�_�g�b�_ �l�j�Z�^�b�p�b�h�g�g�h �h�k�m�s�_�k�l�\�e�y�_�l�k�y �f�_�l�h�^�Z�f�b �f�_�l�Z�e�e�h�l�_�j�f�b�b �b �w�e�_�d�l�j�h-
�e�b�a�Z, �d�h�l�h�j�u�_ �h�[�_�k�i�_�q�b�\�Z�x�l �\�u�k�h�d�m�x �q�b�k�l�h�l�m �b �w�n�n�_�d�l�b�\�g�h�k�l�v �\�u�^�_�e�_�g�b�y 
�p�_�e�_�\�u�o �i�j�h�^�m�d�l�h�\. 

�H�k�h�[�h�_ �\�g�b�f�Z�g�b�_ �m�^�_�e�y�_�l�k�y �i�j�h�b�a�\�h�^�k�l�\�m �i�h�j�h�r�d�h�\ �j�_�^�d�b�o �b �j�_�^�d�h�a�_-
�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\, �]�^�_ �f�_�l�h�^ �d�Z�e�v�p�b�_�l�_�j�f�b�q�_�k�d�h�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �^�_�f�h�g-
�k�l�j�b�j�m�_�l �k�\�h�b �i�j�_�b�f�m�s�_�k�l�\�Z, �i�h�a�\�h�e�y�y �i�h�e�m�q�Z�l�v �f�Z�l�_�j�b�Z�e�u �k �a�Z�^�Z�g�g�u�f�b �j�Z�a-
�f�_�j�Z�f�b �q�Z�k�l�b�p �b �l�j�_�[�m�_�f�u�f �o�b�f�b�q�_�k�d�b�f �k�h�k�l�Z�\�h�f. �L�Z�d�h�c �f�_�l�h�^ �h�k�h�[�_�g�g�h 
�i�j�b�f�_�g�b�f �^�e�y �i�h�e�m�q�_�g�b�y �\�u�k�h�d�h�q�b�k�l�u�o �l�m�]�h�i�e�Z�\�d�b�o �b �j�_�^�d�b�o �f�_�l�Z�e�e�h�\, �]�^�_ 
�\�Z�`�g�Z �f�b�g�b�f�Z�e�v�g�Z�y �a�Z�]�j�y�a�g�_�g�g�h�k�l�v �i�j�h�^�m�d�l�Z �\ �k�j�Z�\�g�_�g�b�b �k �f�_�l�h�^�Z�f�b Al- 
�b Mg-�l�_�j�f�b�b. �L�Z�d�b�_ �i�h�j�h�r�d�b �\�h�k�l�j�_�[�h�\�Z�g�u �\ �Z�^�^�b�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�y�o, �d�Z�l�Z-
�e�b�a�_ �b �k�h�a�^�Z�g�b�b �d�h�f�i�h�a�b�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ [3–5]. 

�H�[�t�_�^�b�g�_�g�b�_ �l�_�o�g�h�e�h�]�b�c �i�h�e�m�q�_�g�b�y �b �b�k�i�h�e�v�a�h�\�Z�g�b�y �j�_�^�d�b�o �b �j�_�^�d�h�a�_-
�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\ �g�Z �[�Z�a�_ �:�H «�=�b�j�_�^�f�_�l» �h�l�d�j�u�\�Z�_�l �g�h�\�u�_ �i�_�j�k�i�_�d�l�b�\�u �^�e�y 
�k�h�a�^�Z�g�b�y �b�g�g�h�\�Z�p�b�h�g�g�h�c �i�j�h�^�m�d�p�b�b, �h�l�\�_�q�Z�x�s�_�c �\�u�a�h�\�Z�f �k�h�\�j�_�f�_�g�g�h�c �i�j�h-
�f�u�r�e�_�g�g�h�k�l�b. �< �^�Z�g�g�h�c �k�l�Z�l�v�_ �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �d�e�x�q�_�\�u�_ �Z�k�i�_�d�l�u �l�_�o�g�h�e�h-
�]�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �i�h�e�m�q�_�g�b�y �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �]�Z�n�g�b�y �b �p�b�j�d�h�g�b�y �\�u�k�h�d�h�c 
�q�b�k�l�h�l�u, �j�_�^�d�h�a�_�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\ �b �k�i�e�Z�\�h�\ �^�e�y �o�j�Z�g�_�g�b�y �b �l�j�Z�g�k�i�h�j�l�b�j�h�\-
�d�b �\�h�^�h�j�h�^�Z. 

�F�_�l�h�^�u �i�h�e�m�q�_�g�b�y �j�_�^�d�b�o �b �j�_�^�d�h�a�_�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\ 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �g�Z�[�e�x�^�Z�_�l�k�y �a�g�Z�q�b�l�_�e�v�g�h�_ �m�\�_�e�b�q�_�g�b�_ �k�l�h�b�f�h�k�l�b 
�f�_�l�Z�e�e�b�q�_�k�d�h�]�h �]�Z�n�g�b�y, �h�k�g�h�\�g�u�f �i�j�h�b�a�\�h�^�b�l�_�e�_�f �d�h�l�h�j�h�]�h �y�\�e�y�_�l�k�y �D�G�J  
[6-8]. �D�j�h�f�_ �w�l�h�]�h, �\ �f�b�j�h�\�h�c �l�h�j�]�h�\�e�_ �i�j�b�k�m�l�k�l�\�m�x�l �k�m�s�_�k�l�\�_�g�g�u�_, �\�i�e�h�l�v 
�^�h �i�h�e�g�h�]�h �a�Z�i�j�_�l�Z, �h�]�j�Z�g�b�q�_�g�b�y �g�Z �i�j�h�^�Z�`�m �b �i�h�k�l�Z�\�d�m �\ �J�N �f�_�l�Z�e�e�b�q�_�k�d�h�]�h 
�]�Z�n�g�b�y. �I�h�^�h�[�g�u�_ �h�]�j�Z�g�b�q�_�g�b�y �g�_ �d�Z�k�Z�x�l�k�y �b�f�i�h�j�l�Z �h�d�k�b�^�Z �]�Z�n�g�b�y �\ �J�h�k�k�b�x. 
�I�h�w�l�h�f�m �\�Z�`�g�h�c �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �a�Z�^�Z�q�_�c �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �l�_�o�g�h�e�h�]�b�b 
�i�h�e�m�q�_�g�b�y �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �]�Z�n�g�b�y �b�a �h�d�k�b�^�Z, �\ �q�Z�k�l�g�h�k�l�b �\ �j�_�Z�e�b�a�Z�p�b�b �^�b�n-
�n�m�a�b�h�g�g�h-�\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�h�]�h �i�j�h�p�_�k�k�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\ �d�Z�q�_�k�l�\�_ �\�h�k�k�l�Z-
�g�h�\�b�l�_�e�y �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �d�Z�e�v�p�b�y �\ �k�h�h�l�\�_�l�k�l�\�b�_ �k �n�h�j�f�m�e�h�c (1): 
 

HfO2 + 2 Ca  Hf + 2CaO                                      (1) 
 

�>�e�y �j�_�Z�e�b�a�Z�p�b�b �w�d�k�i�_�j�b�f�_�g�l�Z �i�h �i�h�e�m�q�_�g�b�x �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �]�Z�n�g�b�y �\ 
�d�Z�q�_�k�l�\�_ �b�k�o�h�^�g�u�o �d�h�f�i�h�g�_�g�l�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b �k�e�_�^�m�x�s�b�_ �f�Z�l�_�j�b�Z�e�u: �h�d�k�b�^ 
�]�Z�n�g�b�y HfO2 �k �i�j�b�f�_�k�v�x  �p�b�j�d�h�g�b�y 2–2,5 % �f�Z�k�k., �Z �l�Z�d�`�_ �f�_�l�Z�e�e�b�q�_�k�d�b�c 
�d�Z�e�v�p�b�c �q�b�k�l�h�l�h�c �g�_ �f�_�g�_�_ 99,3 % �f�Z�k�k. �\ �\�b�^�_ �]�j�Z�g�m�e �n�j�Z�d�p�b�b 3 �f�f . �I�j�h�p�_�k�k 
�\�h�k�k�l�Z�g�h�\�e�_�g�b�y �i�j�h�\�h�^�b�e�b �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 1000 °�K �k �\�u�^�_�j�`�d�h�c �\ �l�_�q�_�g�b�_ 
3 �q �\ �\�_�j�l�b�d�Z�e�v�g�h�c �r�Z�o�l�g�h�c �i�_�q�b �k�h�i�j�h�l�b�\�e�_�g�b�y �k �\�Z�d�m�m�f�g�h-�i�e�h�l�g�h�c �j�_�l�h�j-
�l�h�c. �>�e�y �k�h�a�^�Z�g�b�y �a�Z�s�b�l�g�h�c �Z�l�f�h�k�n�_�j�u �b�k�i�h�e�v�a�h�\�Z�e�k�y �Z�j�]�h�g �\�u�k�h�d�h�c �q�b�k�l�h-
�l�u (�f�Z�j�d�Z 5.5). �F�Z�l�_�j�b�Z�e�u �r�b�o�l�u �\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�e�b �\ �]�j�Z�n�b�l�h�\�h�f �l�b�]�e�_, 
�i�h�e�m�q�_�g�g�h�f �f�_�l�h�^�h�f �f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �]�j�Z�n�b�l�h�\�u�o �[�e�h�d�h�\ �i�h�\�u�r�_�g-
�g�h�c �i�e�h�l�g�h�k�l�b, �b�a�]�h�l�Z�\�e�b�\�Z�_�f�u�o �f�_�l�h�^�h�f �b�a�h�k�l�Z�l�b�q�_�k�d�h�]�h �i�j�_�k�k�h�\�Z�g�b�y.  

�K�i�_�d �g�Z �h�k�g�h�\�_ Hf �b CaO �i�h�k�e�_ �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �k�h�o�j�Z�g�b�e �n�h�j�f�m �j�_�Z�d-
�p�b�h�g�g�h�]�h �l�b�]�e�y (�j�b�k. 1). �<�\�b�^�m �^�Z�g�g�h�c �i�j�b�q�b�g�u �i�_�j�_�^ �h�i�_�j�Z�p�b�_�c �\�u�s�_�e�Z�q�b-
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�\�Z�g�b�y �\�h�a�g�b�d�Z�e�Z �g�_�h�[�o�h�^�b�f�h�k�l�v �i�j�h�\�_�^�_�g�b�y �h�i�_�j�Z�p�b�b �^�_�n�j�Z�]�f�_�g�l�Z�p�b�b �k�i�_-
�q�_�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\. 
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�J�b�k. 1. �K�i�_�d �g�Z �h�k�g�h�\�_ Hf �b CaO, �i�h�e�m�q�_�g�g�u�c �i�h�k�e�_ �\�h�k�k�l�Z�g�h�\�e�_�g�b�y HfO 
 

�>�Z�e�_�_ �k�i�_�d �i�h�^�\�_�j�]�e�b �h�i�_�j�Z�p�b�b �^�j�h�[�e�_�g�b�y �\ �f�_�l�Z�e�e�b�q�_�k�d�h�c �k�l�m�i�d�_ �^�h 
�h�[�j�Z�a�h�\�Z�g�b�y �q�Z�k�l�b�p �n�j�Z�d�p�b�b 315 �f�d�f. �I�j�h�p�_�k�k �\�u�s�_�e�Z�q�b�\�Z�g�b�y �h�k�m�s�_�k�l�\�e�y�e�b 
�\ �[�h�d�k�_ �k �g�_�i�j�_�j�u�\�g�u�f �h�l�\�h�^�h�f �\�u�^�_�e�y�x�s�b�o�k�y �]�Z�a�h�\ �b �d�h�g�l�j�h�e�_�f �l�_�f�i�_�j�Z�l�m-
�j�u �r�b�o�l�u (�j�b�k. 2, �Z). �>�e�y �\�u�s�_�e�Z�q�b�\�Z�g�b�y �i�j�h�j�_�Z�]�b�j�h�\�Z�\�r�m�x �r�b�o�l�m �i�h�f�_�k�l�b-
�e�b �\ �k�l�_�d�e�y�g�g�m�x �_�f�d�h�k�l�v, �\ �d�h�l�h�j�m�x �^�h�[�Z�\�e�y�e�b �^�_�b�h�g�b�a�b�j�h�\�Z�g�g�m�x �\�h�^�m �h�[�t-
�_�f�h�f �^�h 1 �e. �I�h�k�e�_ �i�h�e�g�h�]�h �i�h�d�j�u�l�b�y �r�b�o�l�u �\�h�^�h�c, �i�j�h�\�h�^�b�e�b �i�_�j�_�f�_�r�b�\�Z-
�g�b�_ �r�b�o�l�u �b �i�_�j�b�h�^�b�q�_�k�d�h�_ �h�i�j�_�^�_�e�_�g�b�_ �j�G �`�b�^�d�h�k�l�b �\ �i�j�h�p�_�k�k�_ �\�u�s�_�e�Z�q�b-
�\�Z�g�b�y. �?�k�e�b �k�j�_�^�Z �k�l�Z�g�h�\�b�e�Z�k�v �h�k�g�h�\�g�h�c, �l�h �\ �j�Z�k�l�\�h�j �^�h�[�Z�\�e�y�e�b �k�h�e�y�g�m�x 
�d�b�k�e�h�l�m �^�h �i�h�e�m�q�_�g�b�y �k�e�Z�[�h�d�b�k�e�h�l�g�h�c �k�j�_�^�u. �I�h�k�e�_ �^�_�d�Z�g�l�Z�p�b�b �i�h�e�m�q�_�g�g�u�o 
�i�h�j�h�r�d�h�\ �b �`�b�^�d�h�c �n�Z�a�u (�j�b�k. 2, �[), �i�h�j�h�r�d�b �i�h�f�_�s�Z�e�b �g�Z �n�b�e�v�l�j�u �k �p�_�e�v�x 
�i�j�h�f�u�\�d�b �b �h�l�^�_�e�_�g�b�y �`�b�^�d�h�c �n�Z�a�u. 
 

      
 

                     �Z)                                            �[)                                                  �\)    
 

�J�b�k. 2. �I�j�h�p�_�k�k�u �\�u�s�_�e�Z�q�b�\�Z�g�b�y CaO �b�a �b�a�f�_�e�v�q�_�g�g�u�o �q�Z�k�l�b�p �k�i�_�d�Z (�Z), �^�_�d�Z�g�l�Z�p�b�b 
(�[) �b �\�b� ̂�i�h�j�h�r�d�Z �i�h�k�e�_ �k�m�r�d�b (�\) 
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�H�i�b�k�Z�g�g�u�c �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �i�j�h�p�_�k�k �\�u�s�_�e�Z�q�b�\�Z�g�b�y �y�\�e�y�_�l�k�y �m�g�b�\�_�j-
�k�Z�e�v�g�u�f �i�h�^�o�h�^�h�f, �q�l�h �h�[�_�k�i�_�q�b�e�h �\�h�a�f�h�`�g�h�k�l�v �_�]�h �i�j�b�f�_�g�_�g�b�y �^�e�y �i�h�e�m�q�_-
�g�b�y �i�h�j�h�r�d�h�\ �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �p�b�j�d�h�g�b�y �\ �k�h�h�l�\�_�l�k�l�\�b�_ �k �n�h�j�f�m�e�h�c (2): 
 

ZrO2 + 2 Ca  Zr + 2CaO                                 (2) 
 

�>�e�y �_�]�h �j�_�Z�e�b�a�Z�p�b�b �b�k�i�h�e�v�a�h�\�Z�e�b �h�d�k�b�^ �p�b�j�d�h�g�b�y ZrO2 �b �h�d�k�b�^ HfO2 
(�=�H�K�L 25655-2019). �I�j�h�p�_�k�k �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �i�j�h�\�h�^�b�e�b �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 900 
°�K �\ �l�_�q�_�g�b�_ 4 �q.  

�O�b�f�b�q�_�k�d�b�c �b �]�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c �k�h�k�l�Z�\ �i�h�e�m�q�_�g�g�u�o �i�h�j�h�r�d�h�\ �i�j�_�-̂
�k�l�Z�\�e�_�g �\ �l�Z�[�e�b�p�Z�o 1 �b 2 �k�h�h�l�\�_�l�k�l�\�_�g�g�h.  
 

�L�Z�[ �e�b�p�Z 1 
 

�K�h�^�_�j�`�Z�g�b�_ �i�j�b�f�_�k�_�c �\ �i�h�j�h�r�d�Z�o �]�Z�n�g�b�y �b �p�b�j�d�h�g�b�y �i�h�k�e�_ �\�h�k�k�l�Z�g�h�\�e�_�g�b�y 
 

�I�h�j�h�r�h�d 
�K�h�^�_�j�`�Z�g�b�_ �i�j�b�f�_�k�_�c, % �f�Z�k�k. 

Ca Fe Mg Si Al Ni Cr Mn Ti Cu 
Zr 0,03 0,007 0,0003 <0,0001 <0,0003 0,0015 <0,0003 0,0008 <0,001 0,0005 
Hf 0,04 0,003 0,0002 <0,0001 <0,0003 0,0021 <0,0003 0,0006 <0,001 0,0004 

 
�L�Z�[ �e�b�p�Z 2 

 

�=�j�Z�g�m�e�h�f�_�l�j�b�q�_�k�d�b�c �k�h�k�l�Z�\ �i�h�j�h�r�d�h�\ �]�Z�n�g�b�y �b �p�b�j�d�h�g�b�y  
�i�h�k�e�_ �\�h�k�k�l�Z�g�h�\�e�_�g�b�y 

 

�I�h�j�h�r�h�d d10, �f�d�f d50, �f�d�f d90, �f�d�f 
Zr 4,89 15,88 30,20 
Hf 2,09 11,72 26,69 

 
�< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�\�_�^�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �i�h�^�l�\�_�j�`�^�_�g�h, �q�l�h �^�e�y �i�h�e�m-

�q�_�g�b�y �f�_�l�Z�e�e�b�q�_�k�d�b�o �i�h�j�h�r�d�h�\ �p�b�j�d�h�g�b�y �b �]�Z�n�g�b�y �^�b�n�n�m�a�b�h�g�g�h-
�\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�u�f �f�_�l�h�^�h�f �\ �d�Z�q�_�k�l�\�_ �\�h�k�k�l�Z�g�h�\�b�l�_�e�y �\�h�a�f�h�`�g�h �b�k�i�h�e�v�a�h-
�\�Z�g�b�_ �i�h�j�h�r�d�Z �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �d�Z�e�v�p�b�y, �i�j�b �w�l�h�f �j�_�d�h�f�_�g�^�m�_�f�Z�y �l�_�f�i�_�j�Z�l�m-
�j�Z �i�j�h�\�_�^�_�g�b�y �i�j�h�p�_�k�k�Z �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �g�Z�o�h�^�b�l�k�y �\ �b�g�l�_�j�\�Z�e�_ �h�l 900 �^�h 
1000 °�K �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�b�i�Z �b�k�i�h�e�v�a�m�_�f�h�]�h �k�u�j�v�y. �>�Z�g�g�u�c �f�_�l�h�^ �i�h�a�\�h�e�y�_�l 
�i�h�e�m�q�Z�l�v �i�h�j�h�r�d�b �n�j�Z�d�p�b�b �^�h 30 �f�d�f, �q�l�h �h�[�m�k�e�Z�\�e�b�\�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �b�o 
�i�j�b�f�_�g�_�g�b�y �\ �d�Z�q�_�k�l�\�_ �b�k�o�h�^�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �^�e�y �f�_�l�h�^�h�\ �i�h�j�h�r�d�h�\�h�c �f�_�l�Z�e-
�e�m�j�]�b�b �b �Z�^�^�b�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�c. 

�< �e�Z�[�h�j�Z�l�h�j�b�b �f�_�l�Z�e�e�m�j�]�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �:�H «�=�b�j�_�^�f�_�l» �i�h�f�b�f�h 
�b�k�i�h�e�v�a�h�\�Z�g�b�y �i�_�q�_�c �k�h�i�j�h�l�b�\�e�_�g�b�y �k �\�Z�d�m�m�f�g�h-�i�e�h�l�g�u�f�b �j�_�l�h�j�l�Z�f�b �f�_�l�h�^ 
�f�_�l�Z�e�e�h�l�_�j�f�b�q�_�k�d�h�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �j�_�Z�e�b�a�h�\�Z�g �g�Z �[�Z�a�_ �\�Z�d�m�m�f�g�u�o �b�g�^�m�d-
�p�b�h�g�g�u�o �i�_�q�_�c �^�e�y �i�h�e�m�q�_�g�b�y �l�Z�d�b�o �j�_�^�d�h�a�_�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\, �d�Z�d �g�_�h�^�b�f, 
�i�j�Z�a�_�h�^�b�f, �^�b�k�i�j�h�a�b�c �b �l�_�j�[�b�c. 

�B�k�l�h�q�g�b�d�h�f �k�u�j�v�y �^�Z�g�g�u�o �J�A�F �y�\�e�y�x�l�k�y �h�d�k�b�^�u, �d�h�l�h�j�u�_ �i�_�j�_�\�h�^�y�l �\�h 
�n�l�h�j�b�^�u �J�A�F �i�m�l�_�f �g�Z�]�j�_�\�Z �b �\�u�^�_�j�`�d�b �r�b�o�l�u �k�f�_�k�b �h�d�k�b�^�Z �J�A�F �b �[�b�n�l�h-
�j�b�^�Z �Z�f�f�h�g�b�y �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 500–600 °�K �\ �f�m�n�_�e�v�g�u�o �i�_�q�Z�o. �>�Z�e�_�_ �n�l�h-
�j�b� ̂ �\�f�_�k�l�_ �k �f�_�l�Z�e�e�b�q�_�k�d�b�f �d�Z�e�v�p�b�_�f �i�h�f�_�s�Z�_�l�k�y �\ �l�b�]�_�e�v �^�e�y �i�j�h�\�_�^�_�g�b�y 
�j�_�Z�d�p�b�b �d�Z�e�v�p�b�_�l�_�j�f�b�q�_�k�d�h�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �\ �Z�l�f�h�k�n�_�j�_ �Z�j�]�h�g�Z. �>�Z�g�g�Z�y 
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�j�_�Z�d�p�b�y, �o�Z�j�Z�d�l�_�j�g�Z�y �^�e�y �i�_�j�_�q�b�k�e�_�g�g�u�o �\�u�r�_ �J�A�F, �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�Z �g�Z 
�i�j�b�f�_�j�_ �i�h�e�m�q�_�g�b�y �g�_�h�^�b�f�Z (�\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�b�i�Z �J�A�W �\ �j�_�Z�d�p�b�b �[�m�^�m�l �b�a-
�f�_�g�y�l�v�k�y �k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�b�_ �d�h�w�n�n�b�p�b�_�g�l�u) (3): 
 

2NdF3 + �A�K�Z = 2Nd + 3CaF2                                      (3) 
 

�>�e�y �h�[�_�k�i�_�q�_�g�b�y �\�u�k�h�d�h�c �q�b�k�l�h�l�u �f�_�l�Z�e�e �i�h�^�\�_�j�]�Z�_�l�k�y �j�Z�n�b�g�b�j�m�x�s�_-
�f�m �i�_�j�_�i�e�Z�\�m �\ �\�Z�d�m�m�f�g�h�c �^�m�]�h�\�h�c �i�_�q�b �k �g�_�j�Z�k�o�h�^�m�_�f�u�f �w�e�_�d�l�j�h�^�h�f, �q�l�h 
�i�h�a�\�h�e�y�_�l �b�a�]�h�l�Z�\�e�b�\�Z�l�v �\�u�k�h�d�h�d�Z�q�_�k�l�\�_�g�g�h�_ �k�u�j�v�_ �^�e�y �i�j�h�b�a�\�h�^�k�l�\�Z �i�h�k�l�h-
�y�g�g�u�o �f�Z�]�g�b�l�h�\ (�I�F ), �k�h�]�e�Z�k�g�h �l�j�_�[�h�\�Z�g�b�y�f �L�M. 

�< �k�b�e�m �h�k�h�[�_�g�g�h�k�l�_�c �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �k�Z�f�Z�j�b�c, �y�\�e�y�x�s�b�c�k�y 
�h�k�g�h�\�h�c �i�h�k�l�h�y�g�g�u�o �f�Z�]�g�b�l�h�\ �f�Z�j�h�d �D�K25 �b �D�K37 [9-12], �g�_ �f�h�`�_�l �[�u�l�v �b�a-
�]�h�l�h�\�e�_�g �i�h �^�Z�g�g�h�c �l�_�o�g�h�e�h�]�b�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\ �d�Z�q�_�k�l�\�_ �\�h�k�k�l�Z�g�h�\�b�l�_�e�y 
�d�Z�e�v�p�b�c. �I�j�h�p�_�k�k �i�h�e�m�q�_�g�b�y �k�Z�f�Z�j�b�y, �q�b�k�l�h�l�h�c �l�j�_�[�m�_�f�h�c �i�h �L�M, �h�k�g�h�\�u�\�Z-
�_�l�k�y �g�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �_�]�h �h�d�k�b�^�Z �b �e�Z�g�l�Z�g�Z, �d�h�l�h�j�u�c �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v 
�n�h�j�f�m�e�h�c (4): 
 

Sm2O3 +Ln �:  Ln2O3 + Sm�9                                       (4) 
 

�>�e�y �i�j�h�b�a�\�h�^�k�l�\�Z �p�_�j�b�y �q�b�k�l�h�l�h�c �g�_ �f�_�g�_�_ 99,0 �f�Z�k�k. % �j�Z�a�j�Z�[�h�l�Z�g�Z 
�l�_�o�g�h�e�h�]�b�y �w�e�_�d�l�j�h�e�b�l�b�q�_�k�d�h�]�h �i�h�e�m�q�_�g�b�y �f�_�l�Z�e�e�Z �b�a �j�Z�k�i�e�Z�\�Z �k�h�e�_�c. �I�_�j-
�\�u�f �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f �w�l�Z�i�h�f �y�\�e�y�_�l�k�y �i�h�e�m�q�_�g�b�_ �n�l�h�j�b�^�Z CeF3 �b�a �b�k�o�h�^�g�h�]�h 
�h�d�k�b�^�Z �p�_�j�b�y CeO2 �i�h �h�l�j�Z�[�h�l�Z�g�g�h�c �l�_�o�g�h�e�h�]�b�b, �i�j�b�f�_�g�y�x�s�_�c�k�y �^�e�y �i�h�e�m�q�_-
�g�b�y �k�u�j�v�y �\ �\�b�^�_ �n�l�h�j�b�^�h�\ �^�e�y �f�_�l�h�^�Z �d�Z�e�v�p�b�_�l�_�j�f�b�b. �J�Z�k�i�e�Z�\�e�_�g�g�u�c CeF3 
�k�f�_�r�b�\�Z�x�l �k �n�l�h�j�b�^�h�f �e�b�l�b�y LiF �^�e�y �k�g�b�`�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �i�e�Z�\�e�_�g�b�y. 

�G�Z �d�Z�l�h�^�_ �i�j�h�b�k�o�h�^�b�l �i�j�h�p�_�k�k �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �f�_�l�Z�e�e�b�q�_�k�d�h�]�h �p�_�j�b�y, 
�g�Z �Z�g�h�^�_ �i�j�h�b�k�o�h�^�b�l �j�Z�a�e�h�`�_�g�b�_ �i�j�h�^�m�d�l�h�\ �j�_�Z�d�p�b�b �k �\�u�^�_�e�_�g�b�_�f �d�b�k�e�h�j�h�^�Z. 
�>�Z�g�g�u�c �i�j�h�p�_�k�k, �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �g�b�a�d�h�c �l�_�f�i�_�j�Z�l�m�j�h�c �i�j�h�p�_�k�k�Z (900–
1000 °C) �i�h �k�j�Z�\�g�_�g�b�x �k �l�_�o�g�h�e�h�]�b�_�c �f�_�l�Z�e�e�h�l�_�j�f�b�q�_�k�d�h�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y 
�\ �\�Z�d�m�m�f�g�u�o �b�g�^�m�d�p�b�h�g�g�u�o �i�_�q�Z�o., �q�l�h �y�\�e�y�_�l�k�y �h�^�g�b�f �b�a �h�i�j�_�^�_�e�y�x�s�b�o 
�n�Z�d�l�h�j�h�\ �^�e�y �_�]�h �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y �b �h�j�]�Z�g�b�a�Z�p�b�b �d�j�m�i�g�h�l�h�g�g�Z�`�g�h�]�h �i�j�h�b�a-
�\�h�^�k�l�\�Z. 

�I�j�h�b�a�\�h�^�k�l�\�h �k�i�e�Z�\�h�\-�g�Z�d�h�i�b�l�_�e�_�c �\�h�^�h�j�h�^�Z 

�I�h�e�m�q�b�\ �f�_�l�Z�e�e�b�q�_�k�d�b�_ �J�F �b �J�A�F, �k�e�_�^�m�x�s�b�f �w�l�Z�i�h�f �\�g�_�^�j�_�g�b�y �y�\�e�y-
�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �b�o �\ �i�j�h�b�a�\�h�^�k�l�\�_ �j�Z�a�e�b�q�g�u�o �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �f�Z�l�_�j�b�Z-
�e�h�\, �d�h�l�h�j�u�_ �a�Z�l�_�f �k�l�Z�g�h�\�y�l�k�y �h�k�g�h�\�h�c �^�e�y �k�h�a�^�Z�g�b�y �k�e�h�`�g�u�o �m�k�l�j�h�c�k�l�\. �H�-̂
�g�b�f �b�a �g�Z�i�j�Z�\�e�_�g�b�c �f�Z�k�k�h�\�h�]�h �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h �i�j�b�f�_�g�_�g�b�y �k�i�e�Z�\�h�\ �k �\�u�k�h-
�d�b�f �k�h�^�_�j�`�Z�g�b�_�f �J�A�F �i�h�f�b�f�h �h�l�j�Z�k�e�b �I�F  – �y�\�e�y�_�l�k�y �Z�d�l�b�\�g�h�_ �\�g�_�^�j�_�g�b�_ 
�\�h�^�h�j�h�^�g�u�o �l�_�o�g�h�e�h�]�b�c.  

�G�Z�j�y�^�m �k �g�_�h�[�o�h�^�b�f�h�k�l�v�x �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b, �k�j�h�d�Z �k�e�m�`�[�u 
�b �k�g�b�`�_�g�b�y �k�l�h�b�f�h�k�l�b �h�k�g�h�\�g�u�o �d�h�f�i�h�g�_�g�l�h�\ �\�h�^�h�j�h�^�g�u�o �w�g�_�j�]�_�l�b�q�_�k�d�b�o 
�k�b�k�l�_�f (�w�e�_�d�l�j�h�e�b�a�_�j�h�\ �b �l�h�i�e�b�\�g�u�o �w�e�_�f�_�g�l�h�\), �j�_�r�_�g�b�_ �i�j�h�[�e�_�f, �k�\�y�a�Z�g-
�g�u�o �k �o�j�Z�g�_�g�b�_�f �b �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�h�c �\�h�^�h�j�h�^�Z, �y�\�e�y�_�l�k�y �h�i�j�_�^�_�e�y�x�s�b�f �n�Z�d-
�l�h�j�h�f �b�o �d�h�f�f�_�j�q�_�k�d�h�c �d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�b [13–16]. 
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�I�_�j�k�i�_�d�l�b�\�g�u�f �j�_�r�_�g�b�_�f �y�\�e�y�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �f�_�l�Z�e�e�h�]�b�^�j�b�^�h�\ 
(�F�=) �\ �d�Z�q�_�k�l�\�_ �i�_�j�k�i�_�d�l�b�\�g�h�c �Z�e�v�l�_�j�g�Z�l�b�\�u �l�j�Z�^�b�p�b�h�g�g�u�f �k�i�h�k�h�[�Z�f �o�j�Z�g�_-
�g�b�y �\�h�^�h�j�h�^�Z. �D �i�j�_�b�f�m�s�_�k�l�\�Z�f �F�= �d�Z�d �f�Z�l�_�j�b�Z�e�h�\ �^�e�y �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z 
�f�h�`�g�h �h�l�g�_�k�l�b �d�h�f�i�Z�d�l�g�h�k�l�v, �[�_�a�h�i�Z�k�g�h�k�l�v, �i�j�h�k�l�h�l�m �d�h�g�k�l�j�m�d�p�b�b �b �w�d�k�i�e�m�Z-
�l�Z�p�b�b, �Z �l�Z�d�`�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�m�x �]�b�[�d�h�k�l�v �k�b�k�l�_�f �g�Z �h�k�g�h�\�_ �F�=. �H�k�g�h�\�g�h�c 
�i�j�h�[�e�_�f�h�c �k�h�a�^�Z�g�b�y �\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�u�o �f�_�l�Z�e�e�h�]�b�^�j�b�^�g�u�o �k�b�k�l�_�f �y�\�e�y�_�l�k�y 
�i�h�^�[�h�j �b�e�b �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�Z�y �j�Z�a�j�Z�[�h�l�d�Z �f�Z�l�_�j�b�Z�e�h�\ �F�=, �k�\�h�c�k�l�\�Z �d�h�l�h�j�u�o 
�f�Z�d�k�b�f�Z�e�v�g�h �k�h�h�l�\�_�l�k�l�\�m�x�l �l�_�o�g�b�q�_�k�d�b�f �l�j�_�[�h�\�Z�g�b�y�f �d�h�g�_�q�g�h�]�h �i�h�l�j�_�[�b�l�_-
�e�y, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v, �i�h �j�Z�[�h�q�b�f �l�_�f�i�_�j�Z�l�m�j�Z�f �b �^�Z�\�e�_�g�b�y�f �\�h�^�h�j�h�^�Z. �D�j�h�f�_ 
�l�h�]�h, �g�_�h�[�o�h�^�b�f�h �h�[�_�k�i�_�q�b�l�v �k�l�Z�[�b�e�v�g�h�k�l�v �\�h�^�h�j�h�^�k�h�j�[�p�b�h�g�g�u�o �k�\�h�c�k�l�\ �i�j�b 
�f�g�h�]�h�d�j�Z�l�g�h�f �p�b�d�e�b�j�h�\�Z�g�b�b, �[�u�k�l�j�m�x �d�b�g�_�l�b�d�m �]�b�^�j�b�j�h�\�Z�g�b�y – �^�_�]�b�^�j�b�j�h-
�\�Z�g�b�y �b �\�u�k�h�d�m�x �w�n�n�_�d�l�b�\�g�m�x �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v �k�e�h�y �f�_�l�Z�e�e�h�]�b�^�j�b�^�Z. 

�G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �h�k�g�h�\�g�u�f �n�Z�d�l�h�j�h�f, �k�^�_�j�`�b�\�Z�x�s�b�f �d�h�f�f�_�j�p�b�Z-
�e�b�a�Z�p�b�x �w�g�_�j�]�h�l�_�o�g�h�e�h�]�b�c �g�Z �h�k�g�h�\�_ �f�_�l�Z�e�e�h�]�b�^�j�b�^�h�\, �y�\�e�y�_�l�k�y �\�u�k�h�d�Z�y 
�k�l�h�b�f�h�k�l�v �k�b�k�l�_�f �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z �g�Z �h�k�g�h�\�_ �F�=. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\ �d�Z-
�q�_�k�l�\�_ �h�k�g�h�\�g�h�]�h �f�Z�l�_�j�b�Z�e�Z �F�= �^�e�y �d�h�f�f�_�j�q�_�k�d�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �b�k�i�h�e�v�a�m-
�x�l�k�y �r�b�j�h�d�h �b�a�m�q�_�g�g�u�_ �k�i�e�Z�\�u �l�b�i�Z �:�<5 �w�l�h�c �k�b�k�l�_�f�u �g�Z �h�k�g�h�\�_ �g�b�d�_�e�y 
�k �j�_�^�d�h�a�_�f�_�e�v�g�u�f�b �f�_�l�Z�e�e�Z�f�b (La, Ce). �< �:�H «�=�b�j�_�^�f�_�l» �h�l�j�Z�[�h�l�Z�g�u �l�_�o�g�h-
�e�h�]�b�q�_�k�d�b�_ �f�Z�j�r�j�m�l�u �i�j�h�b�a�\�h�^�k�l�\�Z �b �\�g�_�^�j�_�g�u �l�_�o�g�h�e�h�]�b�b �f�Z�e�h�l�h�g�g�Z�`�g�h�c 
�\�u�i�e�Z�\�d�b �b�a �r�b�o�l�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\, �i�j�h�b�a�\�h�^�b�f�u�o �\ �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b. 
�K�i�e�Z�\�u �i�h�k�l�Z�\�e�y�x�l�k�y �h�k�g�h�\�g�u�f �g�Z�m�q�g�u�f �]�j�m�i�i�Z�f, �a�Z�g�b�f�Z�x�s�b�f�k�y �j�Z�a�j�Z�[�h�l-
�d�h�c �l�_�o�g�h�e�h�]�b�c �\�h�^�h�j�h�^�g�h�c �w�g�_�j�]�_�l�b�d�b. �K�g�b�`�_�g�b�_ �k�_�[�_�k�l�h�b�f�h�k�l�b  
�F�=-�f�Z�l�_�j�b�Z�e�h�\ �\�h�a�f�h�`�g�h �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �f�_�g�_�_ �^�h�j�h�]�h�k�l�h�y�s�b�o �k�i�e�Z�\�h�\ 
�g�Z �h�k�g�h�\�_ �l�b�l�Z�g�Z �k �`�_�e�_�a�h�f �l�b�i�Z �:�< (�k �f�b�d�j�h�e�_�]�b�j�h�\�Z�g�b�_�f �J�A�F-La,Ce) �b �:�<2 
(�k �e�b�]�b�j�h�\�Z�g�b�_�f �J�F (Zr, V �b �^�j.). �G�_�k�f�h�l�j�y �g�Z �l�h, �q�l�h �b�k�k�e�_�^�h�\�Z�g�b�y �b�g�l�_�j�f�_-
�l�Z�e�e�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c �g�Z �h�k�g�h�\�_ TiFe �\ �d�Z�q�_�k�l�\�_ �f�Z�l�_�j�b�Z�e�h�\ �^�e�y �o�j�Z�g�_�g�b�y 
�\�h�^�h�j�h�^�Z �\�_�^�m�l�k�y �m�`�_ �[�h�e�_�_ 50 �e�_�l, �b�g�l�_�g�k�b�\�g�h�k�l�v �j�Z�[�h�l �\ �w�l�h�f �g�Z�i�j�Z�\�e�_�g�b�b 
�\ �i�h�k�e�_�^�g�b�_ �]�h�^�u �j�_�a�d�h �\�h�a�j�h�k�e�Z [17]. �W�l�h �k�\�y�a�Z�g�h, �i�j�_�`�^�_ �\�k�_�]�h, �k �g�_�h�[�o�h�^�b-
�f�h�k�l�v�x �\�u�y�\�e�_�g�b�y �i�j�b�q�b�g �k�m�s�_�k�l�\�_�g�g�u�o �j�Z�a�e�b�q�b�c �\ �\�h�^�h�j�h�^�g�h�c �_�f�d�h�k�l�b 
�w�l�b�o �f�Z�l�_�j�b�Z�e�h�\ (�h�l 0,67 �^�h 1,86 �f�Z�k�k. % H).  

�H�k�g�h�\�g�u�f �g�_�^�h�k�l�Z�l�d�h�f �k�i�e�Z�\�h�\ �g�Z �h�k�g�h�\�_ TiFe �y�\�e�y�_�l�k�y �b�o �q�m�\�k�l�\�b-
�l�_�e�v�g�h�k�l�v �d �i�j�b�f�_�k�y�f �\ �]�Z�a�h�\�h�c �n�Z�a�_, �q�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v, �\�e�b�y�_�l �g�Z �\�h�^�h�j�h-
�^�h�i�h�]�e�h�s�Z�x�s�b�_ �k�\�h�c�k�l�\�Z. �<�j�_�^�g�u�f�b �i�j�b�f�_�k�y�f�b �\ �h�k�g�h�\�g�h�f �y�\�e�y�x�l�k�y �d�b�k�e�h-
�j�h� ̂�b �m�]�e�_�j�h�^, �k�h�^�_�j�`�Z�s�b�_�k�y �\ �b�k�o�h�^�g�h�f �k�u�j�v�_ �b�e�b �\�g�h�k�b�f�u�_ �i�j�b �\�u�i�e�Z�\�d�_ 
�k�i�e�Z�\�h�\. �I�h�w�l�h�f�m �\�h�i�j�h�k�u �b�k�i�h�e�v�a�h�\�Z�g�b�y �r�b�o�l�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\ �b �\�u�[�h�j�Z 
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �f�_�l�Z�e�e�m�j�]�b�q�_�k�d�h�]�h �i�j�h�b�a�\�h�^�k�l�\�Z �w�l�b�o �k�i�e�Z�\�h�\ 
�\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �y�\�e�y�x�l�k�y �Z�d�l�m�Z�e�v�g�u�f�b. 

�< �g�Z�k�l�h�y�s�b�c �f�h�f�_�g�l �:�H «�=�b�j�_�^�f�_�l» �j�Z�a�j�Z�[�Z�l�u�\�Z�_�l �d�h�f�i�e�_�d�k�g�u�_  
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �j�_�r�_�g�b�y �^�e�y �\�u�i�e�Z�\�d�b �k�i�e�Z�\�h�\ �k �\�u�k�h�d�b�f �k�h�^�_�j�`�Z�g�b�_�f Ti 
(�^�h 46 % �f�Z�k�k.), �\�d�e�x�q�Z�y �j�Z�a�j�Z�[�h�l�d�m �k�h�k�l�Z�\�Z �d�_�j�Z�f�b�q�_�k�d�b�o �k�f�_�k�_�c �^�e�y �n�m�l�_-
�j�h�\�d�b �l�b�]�e�y, �\�u�[�h�j �r�b�o�l�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\, �h�i�l�b�f�b�a�Z�p�b�x �i�j�h�p�_�k�k�h�\ �\�u�i�e�Z�\�d�b.  

�H�k�g�h�\�g�u�f �f�_�l�h�^�h�f �i�h�e�m�q�_�g�b�y �^�Z�g�g�u�o �k�i�e�Z�\�h�\ �y�\�e�y�_�l�k�y �\�Z�d�m�m�f�g�Z�y �b�g-
�^�m�d�p�b�h�g�g�Z�y �i�e�Z�\�d�Z �\ �b�g�^�m�d�p�b�h�g�g�h�c �i�_�q�b �k �a�Z�]�j�m�a�d�h�c �^�h 1,5 �d�] �i�h �`�_�e�_�a�m. 
�D�h�g�k�l�j�m�d�p�b�y �^�Z�g�g�h�c �i�_�q�b �i�h�a�\�h�e�y�_�l �\�\�h�^�b�l�v �r�b�o�l�h�\�h�c �f�Z�l�_�j�b�Z�e �\ �j�Z�k�i�e�Z�\ 
�\ �g�_�h�[�o�h�^�b�f�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b. �I�e�Z�\�d�b �i�j�h�\�h�^�b�e�b �\ �d�Z�f�_�j�_ �i�_�q�b �i�h�k�e�_ 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �\�Z�d�m�m�f�b�j�h�\�Z�g�b�y �^�h 0,25 �I�Z �b �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�]�h �g�Z�]�j�_�\�Z 
�r�b�o�l�u �^�h �L = 1000–1050 °C �k �i�h�k�e�_�^�m�x�s�_�c �\�u�^�_�j�`�d�h�c �\ �l�_�q�_�g�b�_ 3 �f�b�g�m�l 
�b �a�Z�i�h�e�g�_�g�b�_�f �d�Z�f�_�j�u �Z�j�]�h�g�h�f �\�u�k�h�d�h�c �q�b�k�l�h�l�u �i�j�b �^�Z�\�e�_�g�b�b �^�h 33 �d�I�Z. 
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�>�e�y �[�Z�a�h�\�h�]�h �:�<-�k�i�e�Z�\�Z FeTi (50/50 % �Z�l. ) �d�e�x�q�_�\�h�c �i�h�d�Z�a�Z�l�_�e�v �i�j�b-
�f�_�k�g�h�]�h �k�h�^�_�j�`�Z�g�b�y �d�b�k�e�h�j�h�^�Z �\ �k�i�e�Z�\�_ �k�h�k�l�Z�\�b�e: O2 = 0,008 % �f�Z�k�k., �\�u-
�i�e�Z�\�e�_�g�g�h�]�h �i�j�b �h�i�l�b�f�Z�e�v�g�u�o �j�_�`�b�f�Z�o �b �\ �g�h�\�h�f, �j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�f in-situ 
�n�h�j�f�b�j�m�_�f�h�f �l�b�]�e�_ [18]. �>�e�y �k�j�Z�\�g�_�g�b�y �[�u�e�b �i�j�h�\�_�^�_�g�u �i�e�Z�\�d�b �i�j�b �Z�g�Z�e�h-
�]�b�q�g�u�o �m�k�e�h�\�b�y�o, �k�h�^�_�j�`�Z�g�b�_ �k�h�k�l�Z�\�b�e�h: O2 = 0,23 % �f�Z�k�k. �^�e�y �d�h�j�m�g�^�h�\�h�]�h 
�l�b�]�e�y (Al2O3 – �h�k�g�h�\�Z) �b O2 = 0,2 % �f�Z�k�k. �^�e�y �]�j�Z�n�b�l�h�\�h�]�h �l�b�]�e�y. �J�Z�a�j�Z�[�Z�l�u�\�Z-
�_�f�u�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �j�_�r�_�g�b�y �i�e�Z�g�b�j�m�_�l�k�y �i�j�b�f�_�g�y�l�v �^�e�y �k�h�a�^�Z�g�b�y �g�h�\�u�o 
�k�i�e�Z�\�h�\ �k �g�b�a�d�b�f �i�j�b�f�_�k�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �w�e�_�f�_�g�l�h�\, �d�h�l�h�j�u�_ �\�g�h�k�y�l �d�e�x�q�_-
�\�u�_ �b�a�f�_�g�_�g�b�y �\ �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �k�\�h�c�k�l�\�Z �b�a�^�_�e�b�c �b�a �g�b�o. 

�A�Z�d�e�x�q�_�g�b�_ 

�K�u�j�v�_�\�Z�y �p�_�i�h�q�d�Z �g�Z�q�b�g�Z�_�l�k�y �k �f�b�g�_�j�Z�e�v�g�h�]�h �k�u�j�v�y �b �a�Z�d�Z�g�q�b�\�Z�_�l�k�y 
�n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b �b �\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�u�f�b �m�k�l�j�h�c�k�l�\�Z�f�b. 
�< �^�Z�g�g�h�c �k�l�Z�l�v�_ �d�j�Z�l�d�h �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �q�Z�k�l�b �w�l�h�c �[�h�e�v�r�h�c �p�_�i�h�q-
�d�b, �d�h�l�h�j�h�c �d�h�f�i�e�_�d�k�g�h �a�Z�g�b�f�Z�x�l�k�y �\ �:�H «�=�b�j�_�^�f�_�l» – �j�Z�a�j�Z�[�h�l�d�Z, �\�u�i�m�k�d 
�b �\�g�_�^�j�_�g�b�_ �f�_�l�Z�e�e�b�q�_�k�d�b�o �J�F �b �J�A�F.  

�< �j�_�a�m�e�v�l�Z�l�_ �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�h�e�m�q�_�g�b�_ 
�f�_�l�Z�e�e�b�q�_�k�d�b�o �i�h�j�h�r�d�h�\ �]�Z�n�g�b�y �b �p�b�j�d�h�g�b�y, �h�[�e�Z�^�Z�x�s�b�o �h�i�l�b�f�Z�e�v�g�u�f �]�j�Z-
�g�m�e�h�f�_�l�j�b�q�_�k�d�b�f �k�h�k�l�Z�\�h�f �^�e�y �l�_�o�g�h�e�h�]�b�c �i�h�j�h�r�d�h�\�h�c �f�_�l�Z�e�e�m�j�]�b�b �b �f�_�l�h-
�^�h�\ 3D-�i�_�q�Z�l�b �b �g�b�a�d�b�f �k�h�^�_�j�`�Z�g�b�_�f �i�j�b�f�_�k�_�c, �\�h�a�f�h�`�g�h �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�f�_�l�h�^�Z �d�Z�e�v�p�b�_�l�_�j�f�b�q�_�k�d�h�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y. �>�e�y �w�l�h�]�h �i�j�h�p�_�k�k �\�h�k�k�l�Z�g�h�\�e�_-
�g�b�y �j�_�d�h�f�_�g�^�m�_�l�k�y �i�j�h�\�h�^�b�l�v �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o �i�h�j�y�^�d�Z 900–1000 °�K �\ �l�_�q�_-
�g�b�_ �g�_ �f�_�g�_�_ 3 �q. �J�Z�a�j�Z�[�Z�l�u�\�Z�_�f�u�_ �l�_�o�g�h�e�h�]�b�b �i�e�Z�g�b�j�m�_�l�k�y �\�g�_�^�j�y�l�v �\ �h�l-
�j�Z�k�e�v �i�h�e�m�q�_�g�b�y �i�h�j�h�r�d�h�\ �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �k�i�e�Z�\�h�\ �k �i�Z�f�y�l�v�x �n�h�j�f�u 
�b �^�j.  

�<�_�^�m�l�k�y �j�Z�[�h�l�u �i�h �i�h�e�m�q�_�g�b�x �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �J�A�F (Nd, Pr, Dy, Ce, Sm 
�b �^�j.) �^�e�y �r�b�j�h�d�h�]�h �i�j�b�f�_�g�_�g�b�y �\ �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o �h�l�j�Z�k�e�y�o.  

�H�^�g�b�f �b�a �i�_�j�k�i�_�d�l�b�\�g�u�o �g�h�\�u�o �g�Z�m�q�g�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �\�g�_�^�j�_�g�b�c �J�F 
�b �J�A�F �f�_�l�Z�e�e�h�\ �y�\�e�y�_�l�k�y �g�Z�i�j�Z�\�e�_�g�b�_ �F�=-�k�i�e�Z�\�h�\ �^�e�y �[�_�a�h�i�Z�k�g�h�]�h �o�j�Z�g�_�g�b�y 
�b �h�q�b�k�l�d�b �G2. �I�j�h�\�h�^�y�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�y �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�o �f�_�l�Z�e�e�m�j�]�b�q�_�k�d�b�o 
�l�_�o�g�h�e�h�]�b�b �k �l�h�q�d�b �a�j�_�g�b�y �\�h�a�f�h�`�g�h�k�l�b �b�o �h�i�l�b�f�b�a�Z�p�b�b �^�e�y �f�Z�k�r�l�Z�[�g�h�]�h 
�i�j�h�b�a�\�h�^�k�l�\�Z �l�b�l�Z�g�k�h�^�_�j�`�Z�s�b�o �F�=-�k�i�e�Z�\�h�\ �b�a �k�u�j�v�y, �^�h�k�l�m�i�g�h�]�h �\ �J�h�k�k�b�c-
�k�d�h�c �N�_�^�_�j�Z�p�b�b. 

�H�i�b�k�Z�g�g�u�_ �\�u�r�_ �j�Z�a�j�Z�[�h�l�Z�g�g�u�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �p�_�i�h�q�d�b �i�h�a�\�h�e�y�x�l 
�m�`�_ �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �i�j�h�b�a�\�h�^�b�l�v �g�Z �[�Z�a�_ �:�H «�=�b�j�_�^�f�_�l» �^�Z�g�g�u�_ �f�Z�l�_�j�b�Z-
�e�u. �J�Z�a�j�Z�[�Z�l�u�\�Z�_�f�u�_ �m�d�j�m�i�g�_�g�g�u�_ �m�k�l�Z�g�h�\�d�b �i�h�a�\�h�e�y�l �j�Z�k�r�b�j�b�l�v �e�b�g�_�c�d�m 
�i�j�h�b�a�\�h�^�k�l�\�Z �j�_�^�d�b�o �f�_�l�Z�e�e�h�\, �\�u�i�m�k�d�Z�_�f�u�o �i�j�_�^�i�j�b�y�l�b�_�f, �\ �l�h�f �q�b�k�e�_ �^�e�y 
�k�h�a�^�Z�g�b�y �i�h�k�l�h�y�g�g�u�o �f�Z�]�g�b�l�h�\ �b �k�i�e�Z�\�h�\-�g�Z�d�h�i�b�l�_�e�_�c �\�h�^�h�j�h�^�Z �g�Z �h�k�g�h�\�_ 
�e�Z�g�l�Z�g�Z �b �p�_�j�b�y. 
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�B�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_ �\�b�^�h�\ �h�[�j�Z�[�h�l�d�b �g�Z �r�_�j�h�o�h�\�Z�l�h�k�l�v �h�[�j�Z�a-
�p�h�\ �b�a �]�b�^�j�b�^�Z �e�b�l�b�y. �H�i�j�_�^�_�e�_�g�Z �r�_�j�h�o�h�\�Z�l�h�k�l�v �h�[�j�Z�a�p�h�\ �i�h�k�e�_ �i�j�_�k-
�k�h�\�Z�g�b�y, �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b, �\�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b. �H�p�_�g�d�Z 
�i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�j�h�\�h�^�b�e�Z�k�v �g�Z �h�k�g�h�\�_ �k�j�_�^�g�_�]�h �Z�j�b�n�f�_�l�b�q�_-
�k�d�h�]�h �h�l�d�e�h�g�_�g�b�y �i�j�h�n�b�e�y �b �\�u�k�h�l�u �g�_�j�h�\�g�h�k�l�_�c �i�j�h�n�b�e�y �i�h �^�_�k�y�l�b �l�h�q-
�d�Z�f. �<�u�y�\�e�_�g�h, �q�l�h �g�Z�b�[�h�e�_�_ �j�h�\�g�u�c �i�j�h�n�b�e�v �k �g�Z�b�f�_�g�v�r�b�f�b �a�g�Z�q�_�g�b�y�f�b 
�g�_�j�h�\�g�h�k�l�_�c �g�Z�[�e�x�^�Z�_�l�k�y �m �l�_�j�f�h�h�[�j�Z�[�h�l�Z�g�g�h�]�h �h�[�j�Z�a�p�Z �]�b�^�j�b�^�Z �e�b�l�b�y 
�i�h�k�e�_ �i�h�\�l�h�j�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �i�h�\�_�j�o�g�h�k�l�b, �i�j�h�n�b�e�b 
�k �g�Z�b�[�h�e�v�r�b�f�b �a�g�Z�q�_�g�b�y�f�b �g�_�j�h�\�g�h�k�l�_�c – �m �i�j�_�k�k�h�\�Z�g�g�h�]�h �b �l�_�j�f�h�h�[�j�Z-
�[�h�l�Z�g�g�h�]�h �h�[�j�Z�a�p�Z �]�b�^�j�b�^�Z �e�b�l�b�y �i�h�k�e�_ �i�_�j�\�b�q�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b.  

�<�\�_�^�_�g�b�_ 

�=�b�^�j�b�^ �e�b�l�b�y (LiH) �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �[�b�g�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ �s�_�e�h�q�g�h-
�]�h �f�_�l�Z�e�e�Z �e�b�l�b�y �b �\�h�^�h�j�h�^�Z; �h�g �\�h�k�l�j�_�[�h�\�Z�g �b �i�j�b�f�_�g�y�_�l�k�y �\ �d�Z�q�_�k�l�\�_ �j�Z�^�b�Z-
�p�b�h�g�g�h�c �a�Z�s�b�l�u �b�e�b �a�Z�f�_�^�e�b�l�_�e�y �g�_�c�l�j�h�g�h�\, �l�h�i�e�b�\�Z �^�e�y �l�_�j�f�h�y�^�_�j�g�h�]�h �j�_-
�Z�d�l�h�j�Z, �f�b�r�_�g�b �^�e�y �i�h�e�m�q�_�g�b�y �l�j�b�l�b�y, �b�k�l�h�q�g�b�d�Z �]�Z�a�h�h�[�j�Z�a�g�h�]�h �\�h�^�h�j�h�^�Z 
�b �f�Z�l�_�j�b�Z�e�Z �^�e�y �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�y �l�_�i�e�Z. 

�B�a�\�_�k�l�g�h, �q�l�h �\ �i�j�h�f�u�r�e�_�g�g�h�f �i�j�h�b�a�\�h�^�k�l�\�_ �^�e�y �b�a�]�h�l�h�\�e�_�g�b�y �^�_�l�Z�e�_�c 
�b�a �]�b�^�j�b�^�Z �e�b�l�b�y �b�k�i�h�e�v�a�m�x�l �f�_�l�h�^ �i�j�y�f�h�]�h �i�j�_�k�k�h�\�Z�g�b�y �i�h�j�h�r�d�Z �i�j�b �d�h�f-
�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �I�j�_�k�k�h�\�Z�g�g�u�c �]�b�^�j�b�^ �e�b�l�b�y �b�f�_�_�l �i�e�h�l�g�h�k�l�v �[�e�b�a�d�m�x 
�d �l�_�h�j�_�l�b�q�_�k�d�b�f �a�g�Z�q�_�g�b�y�f �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �b �h�[�e�Z�^�Z�_�l �^�h�k�l�Z�l�h�q-
�g�h�c �i�j�h�q�g�h�k�l�v�x �^�e�y �h�[�j�Z�[�h�l�d�b �i�h�\�_�j�o�g�h�k�l�b �^�_�l�Z�e�b �l�h�q�_�g�b�_�f �b�e�b �n�j�_�a�_�j�h�\�Z-
�g�b�_�f [1]. �F�_�o�Z�g�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z �i�h�a�\�h�e�y�_�l �i�j�b�^�Z�l�v �n�h�j�f�m �b �^�h�j�Z�[�h�l�Z�l�v 
�j�Z�a�f�_�j�u �^�_�l�Z�e�b, �i�j�b �w�l�h�f �i�j�h�b�k�o�h�^�b�l �l�Z�d�`�_ �b�a�f�_�g�_�g�b�_ �d�Z�q�_�k�l�\�Z �i�h�\�_�j�o�g�h�k�l-
�g�h�]�h �k�e�h�y. �H�^�g�b�f �b�a �\�Z�`�g�u�o �i�h�d�Z�a�Z�l�_�e�_�c �d�Z�q�_�k�l�\�Z �i�h�\�_�j�o�g�h�k�l�b �b�a�^�_�e�b�c �y�\�e�y-
�_�l�k�y �r�_�j�h�o�h�\�Z�l�h�k�l�v, �d�h�l�h�j�Z�y �h�i�j�_�^�_�e�y�_�l �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �k�\�h�c�k�l�\�Z �i�h�\�_�j�o�g�h-
�k�l�b, �g�Z�i�j�b�f�_�j, �d�h�g�l�Z�d�l�g�m�x �i�j�h�q�g�h�k�l�v, �Z�^�]�_�a�b�x [2]. 
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�=�b�^�j�b�^ �e�b�l�b�y �k�j�_�^�b �]�b�^�j�b�^�h�\ �s�_�e�h�q�g�u�o �f�_�l�Z�e�e�h�\ �b�f�_�_�l �k�Z�f�m�x �\�u�k�h-
�d�m�x �l�_�j�f�b�q�_�k�d�m�x �k�l�Z�[�b�e�v�g�h�k�l�v, �_�]�h �l�_�f�i�_�j�Z�l�m�j�Z �i�e�Z�\�e�_�g�b�y �j�Z�\�g�Z 690,8 ± 0,2 °�K 
[3]. �I�h�w�l�h�f�m �l�_�j�f�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z �]�b�^�j�b�^�g�u�o �^�_�l�Z�e�_�c �\ �b�g�_�j�l�g�h�c �k�j�_�^�_ �b�e�b 
�\�Z�d�m�m�f�_ �\�h�k�l�j�_�[�h�\�Z�g�Z �b �i�j�b�f�_�g�y�_�l�k�y �i�j�b �g�Z�g�_�k�_�g�b�b �\�e�Z�]�h�a�Z�s�b�l�g�u�o �i�h�d�j�u-
�l�b�c, �i�h�e�m�q�_�g�b�b �f�g�h�]�h�k�e�h�c�g�u�o �^�_�l�Z�e�_�c, �Z �l�Z�d�`�_ �j�_�d�h�f�_�g�^�m�_�l�k�y �^�e�y �m�\�_�e�b�q�_-
�g�b�y �i�j�h�q�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �f�Z�l�_�j�b�Z�e�Z, �k�g�b�`�_�g�b�y �]�Z�a�h�\�u�^�_�e�_�g�b�y �i�j�b �w�d�k-
�i�e�m�Z�l�Z�p�b�b [4–7]. 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �q�Z�k�l�v 

�>�e�y �b�a�]�h�l�h�\�e�_�g�b�y �i�j�_�k�k�h�\�Z�g�g�u�o �h�[�j�Z�a�p�h�\ �^�b�Z�f�_�l�j�h�f 60 �f�f  �b �\�u�k�h�l�h�c 
40 �f�f  �b�k�i�h�e�v�a�h�\�Z�e�k�y �i�h�j�h�r�h�d �]�b�^�j�b�^�Z �e�b�l�b�y �i�j�b�j�h�^�g�h�]�h �b�a�h�l�h�i�g�h�]�h �k�h�k�l�Z�\�Z 
�k �j�Z�a�f�_�j�h�f �q�Z�k�l�b�p �h�l 0,2 �^�h 5 �f�f . �H�[�j�Z�a�p�u �b�a�]�h�l�Z�\�e�b�\�Z�e�b�k�v �f�_�l�h�^�h�f �i�j�y�f�h�]�h 
�i�j�_�k�k�h�\�Z�g�b�y �\ �k�l�Z�e�v�g�h�c �i�j�_�k�k-�n�h�j�f�_ �i�j�b �m�^�_�e�v�g�h�c �g�Z�]�j�m�a�d�_ �i�j�_�k�k�h�\�Z�g�b�y 
3 �l/�k�f2 �b �l�_�f�i�_�j�Z�l�m�j�_ �\ �i�h�f�_�s�_�g�b�b (20 ± 5) °�K. �<�a�y�l�b�_ �g�Z�\�_�k�d�b �i�j�h�\�h�^�b�e�h�k�v 
�\ �Z�l�f�h�k�n�_�j�_ �Z�j�]�h�g�Z �Z�[�k�h�e�x�l�g�h�c �\�e�Z�`�g�h�k�l�b �g�_ �[�h�e�_�_ 0,2 �]/�f3; �a�Z�k�u�i�d�Z �g�Z�\�_�k�d�b, 
�i�j�_�k�k�h�\�Z�g�b�_, �j�Z�k�i�j�_�k�k�h�\�d�Z �h�k�m�s�_�k�l�\�e�y�e�b�k�v �\ �Z�l�f�h�k�n�_�j�_ �\�h�a�^�m�o�Z �i�j�b �h�l�g�h�k�b-
�l�_�e�v�g�h�c �\�e�Z�`�g�h�k�l�b �g�_ �[�h�e�_�_ 50 %.  

�=�b�^�j�b�^ �e�b�l�b�y �h�l�g�h�k�b�l�k�y �d �b�h�g�g�u�f �]�b�^�j�b�^�Z�f, �g�h �i�j�h�y�\�e�y�_�l �g�_�d�h�l�h�j�u�_ 
�d�h�\�Z�e�_�g�l�g�u�_ �k�\�h�c�k�l�\�Z, �o�Z�j�Z�d�l�_�j�g�u�_ �^�e�y �d�h�\�Z�e�_�g�l�g�u�o �]�b�^�j�b�^�h�\ �Z�e�x�f�b�g�b�y, 
�h�e�h�\�Z, �[�h�j�Z, �]�_�j�f�Z�g�b�y. �I�h �^�Z�g�g�u�f [8] �l�\�_�j�^�h�k�l�v �]�b�^�j�b�^�Z �e�b�l�b�y �i�h �F�h�h�k�m �k�h-
�k�l�Z�\�e�y�_�l ~3,5, �q�l�h �g�_�k�d�h�e�v�d�h �f�_�g�v�r�_, �q�_�f �m �w�l�Z�e�h�g�g�h�]�h �f�b�g�_�j�Z�e�Z �n�e�x�h�j�b�l�Z 
(�l�\�_�j�^�h�k�l�v �i�h �F�h�h�k�m – 4; �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�k�l�v – �e�_�]�d�h �p�Z�j�Z�i�Z�_�l�k�y �g�h�`�h�f, �h�d�h�g-
�g�u�f �k�l�_�d�e�h�f). �K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �g�Z �d�Z�q�_�k�l�\�h �^�_�l�Z�e�b �i�j�b �f�_�o�Z�g�b�q�_�k�d�h�c 
�h�[�j�Z�[�h�l�d�_ �\�e�b�y�x�l �l�Z�d�`�_ �i�j�h�q�g�h�k�l�v �b �i�e�Z�k�l�b�q�g�h�k�l�v �f�Z�l�_�j�b�Z�e�Z. �I�h �j�_�a�m�e�v�l�Z�l�Z�f 
�f�_�o�Z�g�b�q�_�k�d�b�o �b�k�i�u�l�Z�g�b�c, �i�j�h�\�_�^�_�g�g�u�o �i�h �k�o�_�f�_ [9], �i�j�_�^�_�e �i�j�h�q�g�h�k�l�b �i�j�b 
�k�`�Z�l�b�b �i�j�_�k�k�h�\�Z�g�g�h�]�h �]�b�^�j�b�^�Z �e�b�l�b�y �k�h�k�l�Z�\�e�y�_�l (86 ± 10) �G/�f�f 2, �m�k�e�h�\�g�u�c 
�i�j�_�^�_�e �l�_�d�m�q�_�k�l�b – (85 ± 11) �G/�f�f 2, �h�l�g�h�k�b�l�_�e�v�g�Z�y �h�k�l�Z�l�h�q�g�Z�y �^�_�n�h�j�f�Z�p�b�y – 
(1,0 ± 0,4) %. �M �i�j�_�k�k�h�\�Z�g�g�u�o �h�[�j�Z�a�p�h�\, �i�j�h�r�_�^�r�b�o �^�h�i�h�e�g�b�l�_�e�v�g�h �\�Z�d�m�m�f-
�g�h-�l�_�j�f�b�q�_�k�d�m�x �h�[�j�Z�[�h�l�d�m, �i�j�_�^�_�e �i�j�h�q�g�h�k�l�b �i�j�b �k�`�Z�l�b�b �m�\�_�e�b�q�b�\�Z�_�l�k�y �^�h 
(118 ± 14) �G/�f�f 2, �m�k�e�h�\�g�u�c �i�j�_�^�_�e �l�_�d�m�q�_�k�l�b �k�g�b�`�Z�_�l�k�y �^�h (62 ± 8) �G/�f�f 2, �h�l-
�g�h�k�b�l�_�e�v�g�Z�y �h�k�l�Z�l�h�q�g�Z�y �^�_�n�h�j�f�Z�p�b�y �\�u�j�Z�k�l�Z�_�l �\ 8 �j�Z�a – (8 ± 4) %. �K�e�_�^�m�_�l 
�h�`�b�^�Z�l�v, �q�l�h �d�Z�q�_�k�l�\�h �h�[�j�Z�[�h�l�d�b �i�h�\�_�j�o�g�h�k�l�b �m �^�_�l�Z�e�_�c, �i�h�^�\�_�j�]�g�m�l�u�o �l�_�j-
�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �[�m�^�_�l �\�u�r�_, �q�_�f �m �g�_�l�_�j�f�h�h�[�j�Z�[�h�l�Z�g�g�u�o.  

�I�j�b �i�j�h�\�_�^�_�g�b�b �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a�p�h�\ �h�j�b�_�g�l�b�j�h�\�Z�e�b�k�v �g�Z �j�_�d�h-
�f�_�g�^�Z�p�b�b �i�h �h�[�j�Z�[�h�l�d�_ �f�Z�l�_�j�b�Z�e�h�\ �k �l�\�_�j�^�h�k�l�v�x �i�h �;�j�b�g�_�e�e�x �G�< ~200 [10]. 
�I�h�k�e�_ �i�j�_�k�k�h�\�Z�g�b�y �i�j�h�\�h�^�b�e�b �i�_�j�\�b�q�g�m�x �h�[�j�Z�[�h�l�d�m �h�[�j�Z�a�p�Z �g�Z �l�h�d�Z�j�g�h�f 
�k�l�Z�g�d�_ �i�j�h�o�h�^�g�u�f �h�l�h�]�g�m�l�u�f �j�_�a�p�h�f �b�a �l�\�_�j�^�h�]�h �k�i�e�Z�\�Z �<�D8. �>�e�y �h�[�j�Z�a�p�Z 
�^�b�Z�f�_�l�j�h�f 60 �f�f  �i�j�b �k�d�h�j�h�k�l�b �j�_�a�Z�g�b�y 65 �f /�f�b�g �q�b�k�e�h �h�[�h�j�h�l�h�\ �k�h�k�l�Z�\�e�y�e�h 
345 �f�f –1, �i�h�^�Z�q�Z 0,15 �f�f /�h�[, �]�e�m�[�b�g�Z �j�_�a�Z�g�b�y 0,5 �f�f . 

�<�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�m�x �h�[�j�Z�[�h�l�d�m �h�[�j�Z�a�p�Z �i�j�h�\�h�^�b�e�b �\ �d�h�g�l�_�c�g�_�j�_ �i�j�b 
�g�Z�q�Z�e�v�g�h�f �^�Z�\�e�_�g�b�b 10–20 �I�Z. �D�h�g�l�_�c�g�_�j �g�Z�]�j�_�\�Z�e�b �\ �r�Z�o�l�g�h�c �f�m�n�_�e�v�g�h�c 
�i�_�q�b �k�h �k�d�h�j�h�k�l�v�x 10°�K/�f�b�g �^�h �l�_�f�i�_�j�Z�l�m�j�u 550°�K. �L�_�f�i�_�j�Z�l�m�j�Z �d�h�g�l�j�h�e�b-
�j�h�\�Z�e�Z�k�v �l�_�j�f�h�i�Z�j�h�c, �m�k�l�Z�g�h�\�e�_�g�g�h�c �\ �i�_�q�b �\�[�e�b�a�b �l�h�j�p�_�\�h�c �k�l�h�j�h�g�u �h�[�j�Z�a-
�p�Z. �?�]�h �h�[�j�Z�[�h�l�d�Z �i�j�h�\�h�^�b�e�Z�k�v �\ �l�_�q�_�g�b�_ 3 �q�Z�k�h�\ �i�j�b �^�Z�\�e�_�g�b�b 140–170 �I�Z 
�b �l�_�f�i�_�j�Z�l�m�j�_ 550°�K. �H�o�e�Z�`�^�_�g�b�_ �d�h�g�l�_�c�g�_�j�Z �^�h �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u 
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�i�j�h�\�h�^�b�e�h�k�v �\�f�_�k�l�_ �k �i�_�q�v�x. �I�h�k�e�_ �\�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �i�j�h�\�h-
�^�b�e�Z�k�v �i�h�\�l�h�j�g�Z�y �h�[�j�Z�[�h�l�d�Z �h�[�j�Z�a�p�Z �g�Z �l�h�d�Z�j�g�h�f �k�l�Z�g�d�_ �i�h �Z�g�Z�e�h�]�b�q�g�h�f�m �j�_-
�`�b�f�m: �k�d�h�j�h�k�l�v �j�_�a�Z�g�b�y 65 �f /�f�b�g �i�j�b �i�h�^�Z�q�_ 0,15 �f�f /�h�[, �]�e�m�[�b�g�Z �j�_�a�Z�g�b�y 
0,5 �f�f . �G�_�h�[�o�h�^�b�f�h �h�l�f�_�l�b�l�v, �q�l�h �i�Z�j�Z�f�_�l�j�u �\�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z-
�[�h�l�d�b �[�u�e�b �h�i�l�b�f�b�a�b�j�h�\�Z�g�u �i�h �j�_�a�m�e�v�l�Z�l�Z�f �b�k�k�e�_�^�h�\�Z�g�b�y �b�o �\�e�b�y�g�b�y �g�Z �k�h-
�\�h�d�m�i�g�h�k�l�v �a�g�Z�q�b�f�u�o �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o, �f�_�o�Z�g�b�q�_�k�d�b�o �b �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o 
�k�\�h�c�k�l�\ �]�b�^�j�b�^�g�u�o �^�_�l�Z�e�_�c.  

�I�h�k�e�_ �b�a�]�h�l�h�\�e�_�g�b�y �h�[�j�Z�a�p�Z, �l�h�d�Z�j�g�h�c �b �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a-
�p�Z �i�j�h�\�h�^�b�e�b �b�a�f�_�j�_�g�b�y �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b, �i�h�k�l�j�h�_�g�b�_ �d�j�b�\�u�o �r�_-
�j�h�o�h�\�Z�l�h�k�l�b �b �b�o �h�[�j�Z�[�h�l�d�m.  

�I�h�j�h�r�h�d �]�b�^�j�b�^�Z �e�b�l�b�y �k�b�e�v�g�h �h�d�b�k�e�y�_�l�k�y �g�Z �\�h�a�^�m�o�_, �h�^�g�Z�d�h, �h�d�b�k�e�y-
�_�f�h�k�l�v �h�[�j�Z�a�p�h�\, �g�Z�o�h�^�y�s�b�o�k�y �\ �d�h�f�i�Z�d�l�g�h�f �\�b�^�_, �k�b�e�v�g�h �k�g�b�`�Z�_�l�k�y. �H�l�f�_-
�l�b�f, �q�l�h �h�[�j�Z�a�p�u �o�j�Z�g�b�e�b�k�v �\ �]�_�j�f�_�l�b�q�g�u�o �d�h�g�l�_�c�g�_�j�Z�o, �a�Z�i�h�e�g�_�g�g�u�o �Z�]�j�h-
�g�h�f, �Z �b�o �\�j�_�f�y �i�j�_�[�u�\�Z�g�b�y �g�Z �\�h�a�^�m�o�_ �\�h �\�j�_�f�y �h�[�j�Z�[�h�l�d�b �b �i�j�h�\�_�^�_�g�b�b �b�a-
�f�_�j�_�g�b�c �f�b�g�b�f�Z�e�v�g�h. �I�h�k�e�_ �i�j�_�k�k�h�\�Z�g�b�y, �l�_�j�f�b�q�_�k�d�h�c �b �f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z-
�[�h�l�d�b �g�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\ �g�_ �b�k�d�e�x�q�Z�_�l�k�y �i�j�b�k�m�l�k�l�\�b�_ �h�d�k�b�^�h�\, �h�^�g�Z�d�h, 
�m�q�b�l�u�\�Z�y �i�j�_�^�i�j�b�g�y�l�u�_ �f�_�j�u �i�h �a�Z�s�b�l�_ �h�[�j�Z�a�p�h�\, �k�q�b�l�Z�_�f, �q�l�h �b�o �g�Z�e�b�q�b�_ 
�f�b�g�b�f�Z�e�v�g�h �b �h�l�j�Z�`�Z�_�l �k�h�k�l�h�y�g�b�_ �^�_�l�Z�e�b �\ �j�_�Z�e�v�g�u�o �m�k�e�h�\�b�y�o �i�j�h�b�a�\�h�^�k�l�\�Z. 

�F�_�l�h�^�b�d�Z �b�k�k�e�_�^�h�\�Z�g�b�y 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �r�b�j�h�d�h �b�k�i�h�e�v�a�m�_�l�k�y �^�\�Z �h�k�g�h�\�g�u�o �f�_�l�h�^�Z �b�a�f�_�j�_-
�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b: �h�i�l�b�q�_�k�d�b�c �b �s�m�i�h�\�h�c. �;�h�e�v�r�h�_ �j�Z�k�i�j�h�k�l�j�Z-
�g�_�g�b�_ �^�e�y �h�i�j�_�^�_�e�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b �d�h�g�l�Z�d�l�g�u�f 
�f�_�l�h�^�h�f �i�h�e�m�q�b�e�b �s�m�i�h�\�u�_ �i�j�b�[�h�j�u, �j�Z�[�h�l�Z�x�s�b�_ �i�h �f�_�l�h�^�m �h�s�m�i�u�\�Z�g�b�y 
�i�h�\�_�j�o�g�h�k�l�b �Z�e�f�Z�a�g�h�c �b�]�e�h�c. �S�m�i�h�\�h�c �f�_�l�h�^ �i�h�a�\�h�e�y�_�l �[�u�k�l�j�h �\�u�i�h�e�g�b�l�v 
�b�a�f�_�j�_�g�b�y �h�[�j�Z�a�p�h�\, �b�f�_�x�s�b�o �i�j�h�k�l�u�_ �n�h�j�f�u �k �i�e�h�k�d�h�c �i�h�\�_�j�o�g�h�k�l�v�x, �q�l�h 
�h�k�h�[�_�g�g�h �\�Z�`�g�h �^�e�y �o�b�f�b�q�_�k�d�b �Z�d�l�b�\�g�u�o �f�Z�l�_�j�b�Z�e�h�\. �>�e�y �k�g�b�`�_�g�b�y �\�h�a�^�_�c-
�k�l�\�b�y �b�a�f�_�j�b�l�_�e�v�g�h�]�h �s�m�i�Z �g�Z �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�a�p�Z �b�k�i�h�e�v�a�h�\�Z�e�k�y �b�g�^�m�d�l�b�\-
�g�u�c �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�v �b �b�]�e�Z �k �j�Z�^�b�m�k�h�f 5 �f�d�f [11].  

�>�e�y �b�a�f�_�j�_�g�b�y �r�_�j�h�o�h�\�Z�l�h�k�l�b �h�[�j�Z�a�p�h�\ �i�h�k�e�_ �i�j�_�k�k�h�\�Z�g�b�y, �i�_�j�\�b�q�g�h�c 
�l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b, �\�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �b �i�h�\�l�h�j�g�h�c �l�h�d�Z�j�g�h�c 
�h�[�j�Z�[�h�l�d�b �b�k�i�h�e�v�a�h�\�Z�e�k�y �b�a�f�_�j�b�l�_�e�v TR 200 (�j�b�k. 1). �I�j�b�g�p�b�i �^�_�c�k�l�\�b�y �i�j�b-
�[�h�j�Z �k�e�_�^�m�x�s�b�c: �g�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �j�Z�k�i�h�e�Z�]�Z�x�l �^�Z�l�q�b�d �b �i�j�h�\�h�^�y�l �b�f 
�i�h �i�h�\�_�j�o�g�h�k�l�b �k �i�h�k�l�h�y�g�g�h�c �k�d�h�j�h�k�l�v�x. �>�Z�l�q�b�d �\�h�k�i�j�b�g�b�f�Z�_�l �g�_�j�h�\�g�h�k�l�b 
�i�h�\�_�j�o�g�h�k�l�b �h�k�l�j�u�f �Z�e�f�Z�a�g�u�f �i�_�j�h�f �k �j�Z�^�b�m�k�h�f �a�Z�d�j�m�]�e�_�g�b�y 5 �f�d�f. �G�_�j�h�\-
�g�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b �\�u�a�u�\�Z�x�l �k�f�_�s�_�g�b�y �\ �^�Z�l�q�b�d�_, �\ �j�_�a�m�e�v�l�Z�l�_ �q�_�]�h �b�a�f�_�g�y-
�_�l�k�y �b�g�^�m�d�l�b�\�g�h�k�l�v �d�Z�l�m�r�d�b, �d�h�l�h�j�Z�y �]�_�g�_�j�b�j�m�_�l �Z�g�Z�e�h�]�h�\�u�c �k�b�]�g�Z�e, �i�j�h�i�h�j-
�p�b�h�g�Z�e�v�g�u�c �j�Z�a�f�_�j�Z�f �g�_�j�h�\�g�h�k�l�_�c. �K�b�]�g�Z�e �i�h�k�l�m�i�Z�_�l �g�Z �n�Z�a�h�q�m�\�k�l�\�b�l�_�e�v�g�u�c 
�\�u�i�j�y�f�b�l�_�e�v. �I�h�k�e�_ �m�k�b�e�_�g�b�y �b �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �m�j�h�\�g�y �w�l�h�l �k�b�]�g�Z�e �i�h�k�l�m�i�Z�_�l 
�\ �k�b�k�l�_�f�m �k�[�h�j�Z �^�Z�g�g�u�o.  

�< �d�Z�q�_�k�l�\�_ �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �\�u�[�j�Z�g�h �k�j�_�^�g�_�Z�j�b�n�f�_�l�b�q�_�k�d�h�_ 
�h�l�d�e�h�g�_�g�b�_ �i�j�h�n�b�e�y �b �g�Z�b�[�h�e�v�r�Z�y �\�u�k�h�l�Z �i�j�h�n�b�e�y, �d�h�l�h�j�u�_ �k�h�]�e�Z�k�g�h �=�H�K�L 
2789-73 [12] �\�u�q�b�k�e�y�x�l�k�y �i�h �n�h�j�f�m�e�Z�f (1, 2):  
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�]�^�_ aR �� �k�j�_�^�g�_�_ �Z�j�b�n�f�_�l�b�q�_�k�d�h�_ �b�a �Z�[�k�h�e�x�l�g�u�o �a�g�Z�q�_�g�b�c �h�l�d�e�h�g�_�g�b�c �i�j�h-
�n�b�e�y �\ �i�j�_�^�_�e�Z�o �[�Z�a�h�\�h�c �e�b�g�b�b; zR ��  �k�m�f�f�Z �k�j�_�^�g�b�o �Z�[�k�h�e�x�l�g�u�o �a�g�Z�q�_�g�b�c 
�\�u�k�h�l �i�y�l�b �g�Z�b�[�h�e�v�r�b�o �\�u�k�l�m�i�h�\ �i�j�h�n�b�e�y �b �]�e�m�[�b�g �i�y�l�b �g�Z�b�[�h�e�v�r�b�o �\�i�Z�^�b�g 
�i�j�h�n�b�e�y �\ �i�j�_�^�_�e�Z�o �[�Z�a�h�\�h�c �e�b�g�b�b; iy ��  �h�l�d�e�h�g�_�g�b�y �i�j�h�n�b�e�y �h�l �k�j�_�^�g�_�c �e�b-

�g�b�b; piy ��  �\�u�k�h�l�Z i-�]�h �g�Z�b�[�h�e�v�r�_�]�h �\�u�k�l�m�i�Z �i�j�h�n�b�e�y; viy ��  �]�e�m�[�b�g�Z i-�c 

�g�Z�b�[�h�e�v�r�_�c �\�i�Z�^�b�g�u �i�j�h�n�b�e�y; n ��  �q�b�k�e�h �\�u�[�j�Z�g�g�u�o �l�h�q�_�d �i�j�h�n�b�e�y �g�Z �[�Z�a�h-
�\�h�c �e�b�g�b�b. 
 

 
 

�J�b�k. 1. �K�o�_�f�Z �e�b�g�_�c�g�h�]�h �b�a�f�_�j�_�g�b�y �l�h�j�p�_�\�h�c �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �g�Z TR200: 1 – �h�[-
�j�Z�a�_�p; 2 – �e�b�g�b�y �b�a�f�_�j�_�g�b�y �h�[�j�Z�a�p�Z; 3 – �g�Z�i�j�Z�\�e�_�g�b�_ �^�\�b�`�_�g�b�y �s�m�i�Z �i�j�b �b�a�f�_�j�_�g�b�b; 
4 – �i�h�^�k�l�Z�\�d�Z �^�e�y �h�[�j�Z�a�p�Z; 5 – �i�j�b�[�h�j TR200; 6 – �b�a�f�_�j�b�l�_�e�v�g�u�c �s�m�i (�l�b�i TS100);  
                                                      7 – �k�l�h�c�d�Z; 8 – �i�e�Z�l�n�h�j�f�Z 

 

�>�e�b�g�Z �[�Z�a�h�\�h�c �e�b�g�b�b �i�j�h�n�b�e�y �k�h�k�l�Z�\�e�y�e�Z 2,5 �f�f , �^�e�b�g�Z �h�p�_�g�d�b l = 10 �f�f . 
�H�l�g�h�k�b�l�_�e�v�g�Z�y �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�y �r 10 %.  

�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�y 

�G�Z �j�b�k. 2 �i�j�b�\�_�^�_�g�u �d�j�b�\�u�_ �r�_�j�h�o�h�\�Z�l�h�k�l�b, �i�h�e�m�q�_�g�g�u�_ �i�j�b �b�a�f�_�j�_�g�b�b 
�i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z, �b�a�]�h�l�h�\�e�_�g�g�h�]�h �b�a �]�b�^�j�b�^�Z �e�b�l�b�y, �i�h�k�e�_ �i�j�_�k�k�h�\�Z�g�b�y 
�b �i�h�k�e�_ �j�Z�a�e�b�q�g�u�o �\�b�^�h�\ �h�[�j�Z�[�h�l�d�b. �I�h �h�k�b �Z�[�k�p�b�k�k �h�l�e�h�`�_�g�Z �^�e�b�g�Z �h�p�_�g�d�b l, 
�\�^�h�e�v �d�h�l�h�j�h�c �i�h�e�m�q�_�g �i�j�h�n�b�e�v. �I�h �h�k�b �h�j�^�b�g�Z�l �h�l�e�h�`�_�g�u �a�g�Z�q�_�g�b�y �\�u�k�h�l�u 
�g�_�j�h�\�g�h�k�l�_�c �i�j�h�n�b�e�y h.  



�K�_�d�p�b�y 3 222

 

   
 

1  
 

     
2,�Z 2,�[ 

 

    
 

3,�Z 3,�[ 
 

    
 

4,�Z 4,�[ 
 
�J�b�k. 2. �D�j�b�\�u�_ �r�_�j�h�o�h�\�Z�l�h�k�l�b �h�[�j�Z�a�p�h�\: 1 – �i�h�k�e�_ �i�j�_�k�k�h�\�Z�g�b�y; 2 – �i�h�k�e�_ �i�_�j�\�b�q�g�h�c 
�l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b; 3 – �i�h�k�e�_ �i�_�j�\�b�q�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �b �\�Z�d�m�m�f�g�h-
�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b; 4 – �i�h�k�e�_ �i�_�j�\�b�q�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b, �\�Z�d�m�m�f�g�h-
�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �b �i�h�\�l�h�j�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b (a – �l�h�j�p�_�\�Z�y �k�l�h�j�h�g�Z 1;  
                                                  �[ – �l�h�j�p�_�\�Z�y �k�l�h�j�h�g�Z 2)  
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�A�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\, �b�a�]�h�l�h�\�e�_�g-
�g�u�o �b�a �]�b�^�j�b�^�Z �e�b�l�b�y, �b�a�f�_�j�_�g�g�u�o �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �i�h�k�e�_ �i�j�_�k�k�h�\�Z�g�b�y, �l�h�d�Z�j�g�h�c 
�h�[�j�Z�[�h�l�d�b, �\�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �b �i�h�\�l�h�j�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b, 
�Z �l�Z�d�`�_ �j�_�a�m�e�v�l�Z�l�u �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 1, 2 [13].  

 

�L�Z�[�e�b�p�Z 1 
�R�_�j�h�o�h�\�Z�l�h�k�l�v �i�h�\�_�j�o�g�h�k�l�b �i�h �i�Z�j�Z�f�_�l�j�m R�Z 

 

�<�b� ̂ 
�h�[�j�Z�[�h�l�d�b 

�L�h�j�p�_-
�\�Z�y 

�k�l�h�j�h�g�Z 

�K�j�_�^�g�_�_ 
�a�g�Z�q�_�g�b�_ 
�i�Z�j�Z�f�_�l�j�Z 

Ra, �f�d�f 

�<�_�e�b�q�b�g�Z 
�j�Z�a�f�Z�o�Z 
RRa, �f�d�f

�K�j�_�^�g�_�_  
�d�\�Z�^�j�Z�l�b�q�g�h�_ 

�h�l�d�e�h�g�_�g�b�_ �1Ra

�>�b�k�i�_�j�k�b�y 
DRa 

�D�h�w�n�n�b�p�b-
�_�g�l �\�Z�j�b�Z-
�p�b�b �D�\�Z�j, % 

�;�_�a  
�h�[�j�Z�[�h�l�d�b 

(�i�h�k�e�_ �i�j�_�k�k�h-
�\�Z�g�b�y) 

-* 3,04 4,34 1,41 1,99 46 

�I�_�j�\�b�q�g�Z�y �l�h-
�d�Z�j�g�Z�y �h�[�j�Z-

�[�h�l�d�Z 

1 5,88 3,74 1,47 2,16 25 

2 8,44 5,90 2,18 4,74 26 

�L�_�j�f�b�q�_�k�d�Z�y 
�h�[�j�Z�[�h�l�d�Z 

(�i�h�k�e�_ �l�h�d�Z�j-
�g�h�c �h�[�j�Z�[�h�l�d�b)

1 5,54 1,65 0,65 0,43 12 

2 8,49 3,25 1,20 1,44 14 

�I�h�\�l�h�j�g�Z�y �l�h-
�d�Z�j�g�Z�y �h�[�j�Z-

�[�h�l�d�Z 
(�i�h�k�e�_ �l�_�j�f�b-
�q�_�k�d�h�c �h�[�j�Z-

�[�h�l�d�b) 

1 1,67 0,58 0,23 0,05 14 

2 2,68 2,50 0,98 0,96 37 

* - �I�Z�j�Z�f�_�l�j�u �r�_�j�h�o�h�\�Z�l�h�k�l�b �m�k�l�Z�g�h�\�e�_�g�u �^�e�y �l�h�j�p�_�\�h�c �k�l�h�j�h�g�u 1, �i�h�k�d�h�e�v�d�m �r�_�j�h-
�o�h�\�Z�l�h�k�l�v �g�_�d�h�l�h�j�u�o �m�q�Z�k�l�d�h�\ �l�h�j�p�_�\�h�c �k�l�h�j�h�g�u 2 �i�j�_�\�u�r�Z�e�Z �b�a�f�_�j�b�l�_�e�v�g�u�_ �\�h�a-
�f�h�`�g�h�k�l�b �i�j�b�[�h�j�Z. 

 
� L �Z � [ � e � b � p �Z 2 

 

�R�_�j�h�o�h�\�Z�l�h�k�l�v �i�h�\�_�j�o�g�h�k�l�b �i�h �i�Z�j�Z�f�_�l�j�m Rz 
 

�<�b� ̂
�h�[�j�Z�[�h�l�d�b 

�L�h�j�p�_�\�Z�y 
�k�l�h�j�h�g�Z 

�K�j�_�^�g�_�_ 
�a�g�Z�q�_�g�b�_ 
�i�Z�j�Z�f�_�l�j�Z 

Rz, �f�d�f 

�<�_�e�b�q�b�g�Z 
�j�Z�a�f�Z�o�Z 
RRz, �f�d�f

�K�j�_�^�g�_�_ 
�d�\�Z�^�j�Z�l�b�q�g�h�_ 
�h�l�d�e�h�g�_�g�b�_ 

�1Rz 

�>�b�k�i�_�j-
�k�b�y DRz 

�D�h�w�n�n�b�p�b-
�_�g�l �\�Z�j�b�Z-
�p�b�b �D�\�Z�j, % 

�;�_�a �h�[�j�Z�[�h�l�d�b
(�i�h�k�e�_ �i�j�_�k�k�h-

�\�Z�g�b�y) 
-* 33,72 42,17 14,17 200,77 42 

�I�_�j�\�b�q�g�Z�y  
�l�h�d�Z�j�g�Z�y �h�[�j�Z-

�[�h�l�d�Z 

1 48,64 36,02 13,70 187,70 28 

2 63,31 47,37 16,58 274,94 26 

�L�_�j�f�b�q�_�k�d�Z�y 
�h�[�j�Z�[�h�l�d�Z 

(�i�h�k�e�_ �l�h�d�Z�j�g�h�c 
�h�[�j�Z�[�h�l�d�b) 

1 42,89 12,34 4,49 20,15 10 

2 61,45 23,51 9,07 82,20 15 
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�H�d�h�g�q�Z�g�b�_ �l�Z�[�e. 2 
 

�<�b� ̂
�h�[�j�Z�[�h�l�d�b 

�L�h�j�p�_�\�Z�y 
�k�l�h�j�h�g�Z 

�K�j�_�^�g�_�_ 
�a�g�Z�q�_�g�b�_ 
�i�Z�j�Z�f�_�l�j�Z 

Rz, �f�d�f 

�<�_�e�b�q�b�g�Z 
�j�Z�a�f�Z�o�Z 
RRz, �f�d�f

�K�j�_�^�g�_�_ 
�d�\�Z�^�j�Z�l�b�q�g�h�_ 
�h�l�d�e�h�g�_�g�b�_ 

�1Rz 

�>�b�k�i�_�j-
�k�b�y DRz 

�D�h�w�n�n�b�p�b-
�_�g�l �\�Z�j�b�Z-
�p�b�b �D�\�Z�j, % 

�I�h�\�l�h�j�g�Z�y �l�h-
�d�Z�j�g�Z�y �h�[�j�Z-
�[�h�l�d�Z (�i�h�k�e�_ 
�l�_�j�f�b�q�_�k�d�h�c 
�h�[�j�Z�[�h�l�d�b) 

1 15,01 6,38 2,17 4,72 14 

2 25,43 27,70 10,50 110,34 41 

* - �I�Z�j�Z�f�_�l�j�u �r�_�j�h�o�h�\�Z�l�h�k�l�b �m�k�l�Z�g�h�\�e�_�g�u �^�e�y �l�h�j�p�_�\�h�c �k�l�h�j�h�g�u 1, �i�h�k�d�h�e�v�d�m �r�_-
�j�h�o�h�\�Z�l�h�k�l�v �g�_�d�h�l�h�j�u�o �m�q�Z�k�l�d�h�\ �l�h�j�p�_�\�h�c �k�l�h�j�h�g�u 2 �i�j�_�\�u�r�Z�e�Z �b�a�f�_�j�b�l�_�e�v�g�u�_ 
�\�h�a�f�h�`�g�h�k�l�b �i�j�b�[�h�j�Z 

 
�< �l�Z�[�e. 3 �i�j�b�\�_�^�_�g�u �k�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b Ra, Rz 

�b �b�o �d�e�Z�k�k �r�_�j�h�o�h�\�Z�l�h�k�l�b �g�Z �h�k�g�h�\�Z�g�b�b �=�H�K�L 2789-73.  
 

�L�Z�[ �e�b�p�Z 3 
 

�D�e�Z�k�k �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �h�[�j�Z�[�h�l�d�b 
 

�<�b� ̂ 
�h�[�j�Z�[�h�l�d�b 

�L�h�j�p�_�\�Z�y 
�k�l�h�j�h�g�Z 

�K�j�_�^�g�_�_  
�a�g�Z�q�_�g�b�_ Ra, 

�f�d�f 

�D�e�Z�k�k  
�r�_�j�h�o�h�\�Z-

�l�h�k�l�b 

�K�j�_�^�g�_�_  
�a�g�Z�q�_�g�b�_ Rz, 

�f�d�f 

�D�e�Z�k�k  
�r�_�j�h�o�h�\�Z-

�l�h�k�l�b 
�;�_�a �h�[�j�Z�[�h�l�d�b 

(�i�h�k�e�_ �i�j�_�k�k�h�\�Z-
�g�b�y) 

- 3,04±1,48 5 33,72±14,87 4 

�I�_�j�\�b�q�g�Z�y  
�l�h�d�Z�j�g�Z�y �h�[�j�Z-

�[�h�l�d�Z 

1 5,88±1,54 
4 

48,64±14,38 
3 

2 8,44±2,28 63,31±17,40 

�L�_�j�f�b�q�_�k�d�Z�y 
�h�[�j�Z�[�h�l�d�Z 

(�i�h�k�e�_ �l�h�d�Z�j�g�h�c 
�h�[�j�Z�[�h�l�d�b) 

1 5,54±0,69 

4 

42,89±4,71 

3 
2 8,49±1,26 61,45±9,52 

�I�h�\�l�h�j�g�Z�y  
�l�h�d�Z�j�g�Z�y �h�[�j�Z-
�[�h�l�d�Z (�i�h�k�e�_ 
�l�_�j�f�b�q�_�k�d�h�c 
�h�[�j�Z�[�h�l�d�b) 

1 1,67±0,24 6 15,01±2,28 5 

2 2,68±1,03 5 25,43±11,03 4 

 
�K�l�Z�l�b�k�l�b�q�_�k�d�b�_ �b �d�h�e�b�q�_�k�l�\�_�g�g�u�_ �i�h�d�Z�a�Z�l�_�e�b �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�a�\�h�e�y-

�x�l �m�k�l�Z�g�h�\�b�l�v �k�e�_�^�m�x�s�_�_: 
�K�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �l�h�j�p�_�\�h�c �i�h�\�_�j�o�g�h�k�l�b 

�h�[�j�Z�a�p�Z �b�a �]�b�^�j�b�^�Z �e�b�l�b�y, �b�a�f�_�j�_�g�g�h�c �i�h�k�e�_ �i�j�_�k�k�h�\�Z�g�b�y �i�j�b�g�Z�^�e�_�`�Z�l  
�d 5 (Ra) �b 4 (Rz) �d�e�Z�k�k�Z�f �r�_�j�h�o�h�\�Z�l�h�k�l�b. �I�j�b �w�l�h�f �g�Z�[�e�x�^�Z�_�l�k�y �[�h�e�v�r�h�c �j�Z�a-
�[�j�h�k �a�g�Z�q�_�g�b�c �^�e�y �d�Z�`�^�h�]�h �i�Z�j�Z�f�_�l�j�Z (�h�p�_�g�d�Z �i�h �d�h�w�n�n�b�p�b�_�g�l�m �\�Z�j�b�Z�p�b�b). 

�K�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �l�h�j�p�_�\�u�o �i�h�\�_�j�o�g�h�k�l�_�c 
�h�[�j�Z�a�p�Z �b�a �]�b�^�j�b�^�Z �e�b�l�b�y, �b�a�f�_�j�_�g�g�h�c �i�h�k�e�_ �i�_�j�\�b�q�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b, 
�i�j�b�g�Z�^�e�_�`�Z�l �d 4 (Ra) �b 3 (Rz) �d�e�Z�k�k�Z�f �r�_�j�h�o�h�\�Z�l�h�k�l�b. �I�j�h�\�_�^�_�g�b�_ �l�_�j�f�h�h�[�j�Z-
�[�h�l�d�b �i�h�k�e�_ �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �g�_ �h�d�Z�a�u�\�Z�_�l �\�e�b�y�g�b�y �g�Z �i�Z�j�Z�f�_�l�j�u �r�_�j�h�o�h-
�\�Z�l�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\. �K�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b 
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�l�h�j�p�_�\�u�o �i�h�\�_�j�o�g�h�k�l�_�c, �b�a�f�_�j�_�g�g�h�c �i�h�k�e�_ �l�_�j�f�h�h�[�j�Z�[�h�l�d�b, �i�j�b�g�Z�^�e�_�`�Z�l  
�d 4 (Ra) �b 3 (Rz) �d�e�Z�k�k�Z�f �r�_�j�h�o�h�\�Z�l�h�k�l�b. �I�j�b �w�l�h�f �j�Z�a�[�j�h�k �a�g�Z�q�_�g�b�c �i�Z�j�Z�f�_�l-
�j�h�\ Ra, Rz, �i�h�k�e�_ �i�_�j�\�b�q�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �b �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �f�_�g�v�r�_ 
�j�Z�a�[�j�h�k�Z �a�g�Z�q�_�g�b�c �i�h�k�e�_ �i�j�_�k�k�h�\�Z�g�b�y. 

�K�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b �l�h�j�p�_�\�u�o 
�i�h�\�_�j�o�g�h�k�l�_�c �h�[�j�Z�a�p�Z �b�a �]�b�^�j�b�^�Z �e�b�l�b�y, �i�j�h�r�_�^�r�_�]�h �l�_�j�f�h�h�[�j�Z�[�h�l�d�m, �b�a�f�_-
�j�_�g�g�h�c �i�h�k�e�_ �i�h�\�l�h�j�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b, �i�j�b�g�Z�^�e�_�`�Z�l �d 6 (Ra) �b 5 (Rz) 
(�l�h�j�p�_�\�Z�y �k�l�h�j�h�g�Z 1), 5 (Ra) �b 4 (Rz) (�l�h�j�p�_�\�Z�y �k�l�h�j�h�g�Z 2) �d�e�Z�k�k�Z�f �r�_�j�h�o�h�\�Z�l�h-
�k�l�b. �I�j�b �w�l�h�f �j�Z�a�[�j�h�k �a�g�Z�q�_�g�b�c �^�e�y �d�Z�`�^�h�]�h �i�Z�j�Z�f�_�l�j�Z Ra, Rz �k�h�i�h�k�l�Z�\�b�f 
�k �j�Z�a�[�j�h�k�h�f �a�g�Z�q�_�g�b�c �i�j�b �l�_�j�f�h�h�[�j�Z�[�h�l�d�_ �b �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�_. 

�G�Z�[�e�x�^�Z�_�l�k�y �h�l�e�b�q�b�_ �k�j�_�^�g�b�o �a�g�Z�q�_�g�b�c �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �m 
�^�\�m�o �l�h�j�p�_�\�u�o �k�l�h�j�h�g �h�^�g�h�]�h �b �l�h�]�h �`�_ �h�[�j�Z�a�p�Z �i�h�k�e�_ �l�h�d�Z�j�g�h�c �b �l�_�j�f�b�q�_-
�k�d�h�c �h�[�j�Z�[�h�l�d�b, �q�l�h �\ �j�y�^�_ �k�e�m�q�Z�_�\ �h�d�Z�a�u�\�Z�_�l �\�e�b�y�g�b�_ �g�Z �d�e�Z�k�k �r�_�j�h�o�h�\�Z�l�h-
�k�l�b �i�h�\�_�j�o�g�h�k�l�b. �B�a-�a�Z �g�_�h�^�g�h�j�h�^�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �q�Z�k�l�b�p �k �j�Z�a�f�_�j�Z�f�b �h�l 
0,2 �^�h 5 �f�f  �i�h �h�[�t�_�f�m �h�[�j�Z�a�p�Z �i�j�b �i�j�_�k�k�h�\�Z�g�b�b �l�h�j�p�_�\�Z�y �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�a-
�p�Z, �k�n�h�j�f�b�j�h�\�Z�g�g�Z�y �f�Z�l�j�b�p�_�c, �b�f�_�_�l �f�_�g�v�r�m�x �r�_�j�h�o�h�\�Z�l�h�k�l�v, �q�_�f �i�h�\�_�j�o-
�g�h�k�l�v, �k�n�h�j�f�b�j�h�\�Z�g�g�Z�y �i�m�Z�g�k�h�g�h�f. �I�j�b �h�[�j�Z�[�h�l�d�_ �i�h�\�_�j�o�g�h�k�l�_�c �j�Z�a�e�b�q�b�_ �i�h 
�i�Z�j�Z�f�_�l�j�m �r�_�j�h�o�h�\�Z�l�h�k�l�b �g�Z�k�e�_�^�m�_�l�k�y, �g�h �\ �j�_�a�m�e�v�l�Z�l�_ �i�_�j�\�b�q�g�h�c �b �i�h�\�l�h�j-
�g�h�c �f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �a�g�Z�q�_�g�b�y �r�_�j�h�o�h�\�Z�l�h�k�l�b �g�_�k�d�h�e�v�d�h �k�[�e�b�`�Z�x�l�k�y. 

�< �j�_�a�m�e�v�l�Z�l�_ �b�a�f�_�j�_�g�b�c �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �g�Z�b�f�_�g�v�r�b�_ �k�j�_�^�g�b�_ �a�g�Z�q�_�g�b�y 
�r�_�j�h�o�h�\�Z�l�h�k�l�b �g�Z�[�e�x�^�Z�x�l�k�y �i�h�k�e�_ �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �l�_�j�f�h�h�[�j�Z�[�h�l�Z�g�g�h�]�h 
�h�[�j�Z�a�p�Z (�i�j�h�n�b�e�v �k �g�Z�b�f�_�g�v�r�b�f�b �a�g�Z�q�_�g�b�y�f�b �g�_�j�h�\�g�h�k�l�_�c), �g�Z�b�[�h�e�v�r�b�_ – 
�i�h�k�e�_ �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �b �i�h�k�e�_ �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a�p�Z (�i�j�h�n�b�e�b �k 
�g�Z�b�[�h�e�v�r�b�f�b �a�g�Z�q�_�g�b�y�f�b �g�_�j�h�\�g�h�k�l�_�c).  

�K �m�q�_�l�h�f �b�a�f�_�g�_�g�b�y �d�e�Z�k�k�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�k�e�_ �h�[�j�Z�[�h�l�d�b �i�h�\�_�j�o�g�h-
�k�l�b �\�u�y�\�e�_�g�h �l�_�o�g�h�e�h�]�b�q�_�k�d�h�_ �\�e�b�y�g�b�_ �i�_�j�\�b�q�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b, �\�Z�d�m-
�m�f�g�h-�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b, �i�h�\�l�h�j�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �g�Z �i�Z�j�Z�f�_�l�j�u 
�r�_�j�h�o�h�\�Z�l�h�k�l�b. �I�j�b�f�_�g�_�g�b�_ �i�_�j�\�b�q�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �i�j�b�\�h�^�b�l �d �j�h�k�l�m 
�r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b, �q�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �g�b�a�d�h�c �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�k�l�b 
�i�j�_�k�k�h�\�Z�g�g�h�]�h �h�[�j�Z�a�p�Z. �<�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z �g�_ �k�i�h�k�h�[�k�l�\�m�_�l 
�k�g�b�`�_�g�b�x �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b, �h�^�g�Z�d�h �m�e�m�q�r�Z�_�l �f�_�o�Z�g�b�q�_�k�d�m�x �h�[�j�Z-
�[�h�l�d�m (�m�f�_�g�v�r�Z�_�l �q�b�k�e�h �k�d�h�e�h�\ �b �\�u�d�j�Z�r�b�\�Z�g�b�c), �q�l�h �i�h�a�\�h�e�y�_�l �k�g�b�a�b�l�v �i�Z-
�j�Z�f�_�l�j�u �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�j�b �i�j�h�\�_�^�_�g�b�b �i�h�\�l�h�j�g�h�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�b �^�h 
�a�g�Z�q�_�g�b�c Ra= (1,67±0,24) �f�d�f, Rz= (15,01±2,28) �f�d�f. �<�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�Z�y 
�h�[�j�Z�[�h�l�d�Z �k�i�h�k�h�[�k�l�\�m�_�l �a�g�Z�q�b�l�_�e�v�g�h�f�m �m�\�_�e�b�q�_�g�b�x �f�_�o�Z�g�b�q�_�k�d�h�c �i�j�h�q�g�h�k�l�b 
�i�j�b �k�`�Z�l�b�b, �q�l�h, �\�_�j�h�y�l�g�h, �k�\�y�a�Z�g�h �k�h �k�l�j�m�d�l�m�j�g�u�f�b �b�a�f�_�g�_�g�b�y�f�b, �i�j�h�b�k�o�h-
�^�y�s�b�f�b �\�h �\�j�_�f�y �h�[�j�Z�[�h�l�d�b [6], �d�h�l�h�j�Z�y �\ �^�Z�e�v�g�_�c�r�_�f �k�d�Z�a�u�\�Z�_�l�k�y �g�Z �h�[�j�Z-
�[�Z�l�u�\�Z�_�f�h�k�l�b �h�[�j�Z�a�p�h�\. 

�A�Z�d�e�x�q�_�g�b�_ 

�B�a�m�q�_�g�h �b�a�f�_�g�_�g�b�_ �i�Z�j�Z�f�_�l�j�h�\ �r�_�j�h�o�h�\�Z�l�h�k�l�b �h�[�j�Z�a�p�Z, �b�a�]�h�l�h�\�e�_�g�g�h�]�h 
�b�a �]�b�^�j�b�^�Z �e�b�l�b�y, �\ �k�e�_�^�m�x�s�_�c �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b: �i�j�_�k�k�h-
�\�Z�g�b�_ – �i�_�j�\�b�q�g�Z�y �l�h�d�Z�j�g�Z�y �h�[�j�Z�[�h�l�d�Z – �\�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z – 
�i�h�\�l�h�j�g�Z�y �l�h�d�Z�j�g�Z�y �h�[�j�Z�[�h�l�d�Z. �G�Z �h�k�g�h�\�Z�g�b�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z-
�g�b�c �\�u�y�\�e�_�g�h, �q�l�h �i�j�b�f�_�g�_�g�b�_ �\�Z�d�m�m�f�g�h-�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �k �i�h�k�e�_�^�m-
�x�s�_�c �l�h�d�Z�j�g�h�c �h�[�j�Z�[�h�l�d�h�c �k�i�h�k�h�[�k�l�\�m�_�l �k�g�b�`�_�g�b�x �r�_�j�h�o�h�\�Z�l�h�k�l�b �\ 2 �j�Z�a�Z 
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�i�h �k�j�Z�\�g�_�g�b�x �k �i�j�_�k�k�h�\�Z�g�g�u�f �h�[�j�Z�a�p�h�f �b �i�h�a�\�h�e�y�_�l �^�h�j�Z�[�h�l�Z�l�v �i�h�\�_�j�o�g�h�k�l�v 
�h�[�j�Z�a�p�Z �^�h 5-6-�]�h �d�e�Z�k�k�Z �r�_�j�h�o�h�\�Z�l�h�k�l�b. 
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�H�^�g�h�c �b�a �[�Z�a�h�\�u�o �k�b�k�l�_�f, �g�_�h�[�o�h�^�b�f�u�o �^�e�y �h�[�_�k�i�_�q�_�g�b�y �j�Z�[�h�l�u 
�m�k�l�Z�g�h�\�d�b �m�i�j�Z�\�e�y�_�f�h�]�h �l�_�j�f�h�y�^�_�j�g�h�]�h �k�b�g�l�_�a�Z �g�Z �[�Z�a�_ �l�h�d�Z�f�Z�d�Z �y�\�e�y�_�l-
�k�y �d�h�f�i�e�_�d�k �k�b�k�l�_�f �l�j�b�l�b�_�\�h�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z. �D�h�f�i�e�_�d�k �l�Z�d�b�o �k�b-
�k�l�_�f �g�_�h�[�o�h�^�b�f �^�e�y �h�[�_�k�i�_�q�_�g�b�y �j�Z�[�h�l�u �m�k�l�Z�g�h�\�d�b, �b�k�i�h�e�v�a�m�x�s�_�c �l�j�b-
�l�b�c �\ �e�x�[�h�f (�^�Z�`�_ �k�Z�f�h�f �f�b�g�b�f�Z�e�v�g�h�f) �d�h�e�b�q�_�k�l�\�_. �H�g �y�\�e�y�_�l�k�y �g�_�h�[-
�o�h�^�b�f�h�c �k�h�k�l�Z�\�e�y�x�s�_�c �m�k�l�Z�g�h�\�h�d �l�b�i�Z �l�h�d�Z�f�Z�d �^�Z�`�_ �\ �k�e�m�q�Z�_ �j�Z�[�h�l�u 
�k �g�_�j�Z�^�b�h�Z�d�l�b�\�g�u�f�b �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z – �\ �w�l�h�f �k�e�m�q�Z�_ �k�h�k�l�Z�\ 
�b �k�l�j�m�d�l�m�j�Z �k�b�k�l�_�f �[�m�^�m�l �h�l�e�b�q�Z�l�v�k�y �h�l �l�j�b�l�b�_�\�h�]�h �b�k�i�h�e�g�_�g�b�y, �h�^�g�Z�d�h 
�d�e�x�q�_�\�u�_ �i�j�b�g�p�b�i�u �b �[�h�e�v�r�b�g�k�l�\�h �k�b�k�l�_�f �h�k�l�Z�g�m�l�k�y �i�j�_�`�g�b�f�b.  

�< �J�h�k�k�b�b �b�f�_�_�l�k�y �a�Z�^�_�e �\ �k�n�_�j�Z�o �i�j�b�f�_�g�_�g�b�y �l�j�b�l�b�_�\�u�o �l�_�o�g�h-
�e�h�]�b�c, �h�^�g�Z�d�h �^�h�k�l�b�]�g�m�l�u�c �m�j�h�\�_�g�v �b�o �]�h�l�h�\�g�h�k�l�b �g�_�^�h�k�l�Z�l�h�q�_�g �^�e�y 
�i�j�b�f�_�g�_�g�b�y �\ �l�h�i�e�b�\�g�h�f �p�b�d�e�_ �k�l�Z�p�b�h�g�Z�j�g�h�c �l�_�j�f�h�y�^�_�j�g�h�c �m�k�l�Z�g�h�\�d�b. 
�>�e�y �_�]�h �i�h�\�u�r�_�g�b�y �g�_�h�[�o�h�^�b�f�h �j�Z�a�\�b�l�b�_ �g�Z�i�j�Z�\�e�_�g�b�y «�N�b�a�b�d�Z �l�j�b�l�b�_-
�\�h�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z» �b �i�j�h�\�_�^�_�g�b�_ �k�b�k�l�_�f�g�u�o �j�Z�[�h�l �\ �b�g�l�_�j�_�k�Z�o �w�d�k-
�i�e�m�Z�l�b�j�m�_�f�u�o �b �k�h�a�^�Z�\�Z�_�f�u�o �\ �J�N �l�h�d�Z�f�Z�d�h�\. �J�Z�a�j�Z�[�h�l�d�m �b �k�h�a�^�Z�g�b�_ 
�k�l�_�g�^�h�\�h�c �[�Z�a�u �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �l�j�b�l�b�y �p�_�e�_�k�h�h�[�j�Z�a�g�h �i�j�h�\�h�^�b�l�v 
�\ �J�N�Y�P �<�G�B�B�W�N (�]. �K�Z�j�h�\), �f�_�`�^�m �l�_�f �j�Z�[�h�l�u �k �g�_�j�Z�^�b�h�Z�d�l�b�\�g�u�f�b 
�b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z �f�h�]�m�l �[�u�l�v �h�k�m�s�_�k�l�\�e�_�g�u �g�Z �i�e�h�s�Z�^�d�_ �G�P�N�F  
(�i. �K�Z�l�b�k, �].�h. �A�:�L�H �]�h�j�h�^ �K�Z�j�h�\). 

�< �j�Z�[�h�l�_ �i�j�_�^�e�h�`�_�g�u �j�_�r�_�g�b�y �i�h �n�h�j�f�b�j�h�\�Z�g�b�x �k�l�_�g�^�h�\�h�c 
�b �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c �[�Z�a, �d�h�l�h�j�u�_ �i�h�a�\�h�e�y�l �h�k�\�h�b�l�v �b �m�k�h�\�_�j-
�r�_�g�k�l�\�h�\�Z�l�v �l�_�o�g�h�e�h�]�b�b �h�[�j�Z�s�_�g�b�y �k �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z, �Z �l�Z�d�`�_ �[�m-
�^�m�l �k�h�^�_�c�k�l�\�h�\�Z�l�v �h�j�]�Z�g�b�a�Z�p�b�b �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b, �g�_�h�[�o�h-
�^�b�f�h�c �^�e�y �m�\�_�e�b�q�_�g�b�y �q�b�k�e�_�g�g�h�k�l�b �b �i�h�\�u�r�_�g�b�y �m�j�h�\�g�y �k�i�_�p�b�Z�e�v�g�u�o 
�a�g�Z�g�b�c �i�_�j�k�h�g�Z�e�Z �Z�l�h�f�g�h�c �b �l�_�j�f�h�y�^�_�j�g�h�c �h�l�j�Z�k�e�b. 

�<�\�_�^�_�g�b�_ 

�>�e�y �h�k�m�s�_�k�l�\�e�_�g�b�y �b �h�k�\�h�_�g�b�y �m�i�j�Z�\�e�y�_�f�u�o �j�_�Z�d�p�b�c �l�_�j�f�h�y�^�_�j�g�h�]�h 
�k�b�g�l�_�a�Z �b �h�k�\�h�_�g�b�y �l�_�o�g�h�e�h�]�b�c �i�j�h�b�a�\�h�^�k�l�\�Z �\�u�k�h�d�h�w�g�_�j�]�_�l�b�q�g�u�o �g�_�c�l�j�h�g�h�\ 
�l�j�_�[�m�x�l�k�y �g�h�\�u�_ �n�b�a�b�q�_�k�d�b�_ �m�k�l�Z�g�h�\�d�b. �Y�^�_�j�g�u�_ �j�_�Z�d�p�b�b �k�b�g�l�_�a�Z �i�j�_�^�i�h�e�Z-
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�]�Z�x�l �b�k�i�h�e�v�a�h�\�Z�g�b�_ �l�y�`�_�e�u�o �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z D �b T �\ �d�Z�q�_�k�l�\�_ �d�h�f�i�h�g�_�g-
�l�h�\ �l�h�i�e�b�\�Z. �>�e�y �w�d�k�i�e�m�Z�l�Z�p�b�b �l�_�j�f�h�y�^�_�j�g�h�c �m�k�l�Z�g�h�\�d�b, �b�k�i�h�e�v�a�m�x�s�_�c �l�j�b-
�l�b�c �\ �e�x�[�h�f, �^�Z�`�_ �k�Z�f�h�f �f�b�g�b�f�Z�e�v�g�h�f �d�h�e�b�q�_�k�l�\�_, �l�j�_�[�m�_�l�k�y �i�_�j�_�j�Z�[�Z�l�u�\�Z�l�v 
�]�Z�a�h�\�m�x �k�f�_�k�v – �\�u�o�e�h�i �l�h�d�Z�f�Z�d�Z, �k�h�^�_�j�`�Z�s�m�x �l�j�b�l�b�c, �\�u�^�_�e�y�l�v �b�a�h�l�h�i�u 
�\�h�^�h�j�h�^�Z �^�e�y �i�h�\�l�h�j�g�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �b �d�h�g�l�j�h�e�b�j�m�_�f�h�]�h �k�[�j�h�k�Z �\ �Z�l�f�h-
�k�n�_�j�m, �Z �l�Z�d�`�_ �j�Z�a�^�_�e�y�l�v �b�a�h�l�h�i�u �\�h�^�h�j�h�^�Z. �G�_�h�[�o�h�^�b�f�h �l�Z�d�`�_ �i�h�^�^�_�j�`�b�\�Z�l�v 
�k�Z�f�h�h�[�_�k�i�_�q�_�g�g�h�k�l�v �l�h�i�e�b�\�h�f, �g�Z�j�Z�[�Z�l�u�\�Z�y �l�j�b�l�b�c �k�h �k�d�h�j�h�k�l�v�x, �i�j�_�\�u�r�Z-
�x�s�_�c �k�d�h�j�h�k�l�b �\�u�]�h�j�Z�g�b�y �b �j�Z�^�b�h�Z�d�l�b�\�g�h�]�h �j�Z�k�i�Z�^�Z. �G�Z�j�Z�[�h�l�Z�g�g�u�c �\ �j�_�Z�d-
�p�b�b 6Li/ 7Li +n �l�j�b�l�b�c �g�_�h�[�o�h�^�b�f�h �b�a�\�e�_�q�v �b�a �[�e�Z�g�d�_�l�Z �b �\�u�^�_�e�b�l�v �b�a �]�Z�a�Z-
�g�h�k�b�l�_�e�y. �D�h�f�i�e�_�d�k �k�b�k�l�_�f �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z (�^�Z�e�_�_ – �L�P) [1, 2] �i�h �i�j�Z�\�m 
�f�h�`�g�h �k�q�b�l�Z�l�v �h�^�g�h�c �b�a �\�Z�`�g�_�c�r�b�o �k�b�k�l�_�f, �g�_�h�[�o�h�^�b�f�u�o �^�e�y �h�[�_�k�i�_�q�_�g�b�y 
�j�Z�[�h�l�u �m�k�l�Z�g�h�\�d�b �m�i�j�Z�\�e�y�_�f�h�]�h �l�_�j�f�h�y�^�_�j�g�h�]�h �k�b�g�l�_�a�Z (�M�M�L�K). �<�Z�`�g�u�f�b 
�a�Z�^�Z�q�Z�f�b �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �y�\�e�y�x�l�k�y �h�[�_�k�i�_�q�_�g�b�_ �[�_�a�h�i�Z�k�g�h�c �w�d�k�i�e�m�Z�l�Z�p�b�b 
�m�k�l�Z�g�h�\�d�b, �f�b�g�b�f�b�a�Z�p�b�y �j�Z�^�b�Z�p�b�h�g�g�h�c �g�Z�]�j�m�a�d�b �g�Z �i�_�j�k�h�g�Z�e �b �h�d�j�m�`�Z�x�s�m�x 
�k�j�_�^�m, �b�k�d�e�x�q�_�g�b�_ �m�l�_�q�_�d �l�j�b�l�b�y. �I�j�b �w�l�h�f �p�_�e�_�k�h�h�[�j�Z�a�g�h �k�h�d�j�Z�s�_�g�b�_ �a�Z�i�Z-
�k�h�\ �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �g�Z �m�k�l�Z�g�h�\�d�_ – �g�Z�k�d�h�e�v�d�h �w�l�h �\�h�a�f�h�`�g�h. 

�< �j�Z�[�h�l�_ �i�j�_�^�e�h�`�_�g�u �j�_�r�_�g�b�y �i�h �n�h�j�f�b�j�h�\�Z�g�b�x �k�l�_�g�^�h�\�h�c �b �g�Z�m�q�g�h-
�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c �[�Z�a, �d�h�l�h�j�u�_ �f�h�]�m�l �[�u�l�v �i�_�j�\�u�f �r�Z�]�h�f �i�h �h�k�\�h�_�g�b�x �b �k�h-
�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�x �k�h�\�j�_�f�_�g�g�u�o �l�_�o�g�h�e�h�]�b�c �h�[�j�Z�s�_�g�b�y �k �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z, 
�Z �l�Z�d�`�_ �[�m�^�m�l �k�h�^�_�c�k�l�\�h�\�Z�l�v �h�j�]�Z�g�b�a�Z�p�b�b �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b, �g�_-
�h�[�o�h�^�b�f�h�c �^�e�y �m�\�_�e�b�q�_�g�b�y �q�b�k�e�_�g�g�h�k�l�b �b �i�h�\�u�r�_�g�b�y �m�j�h�\�g�y �k�i�_�p�b�Z�e�v�g�u�o 
�a�g�Z�g�b�c �i�_�j�k�h�g�Z�e�Z �Z�l�h�f�g�h�c �b �l�_�j�f�h�y�^�_�j�g�h�c �h�l�j�Z�k�e�b. 

�:�d�l�m�Z�e�v�g�h�k�l�v �j�Z�[�h�l �i�h �l�_�f�Z�l�b�d�_ �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z 

�< �j�Z�[�h�l�_ [3] �i�h�^�j�h�[�g�h �h�[�h�k�g�h�\�Z�g�Z �Z�d�l�m�Z�e�v�g�h�k�l�v �j�Z�[�h�l �i�h �l�_�f�Z�l�b�d�_ �l�h�i-
�e�b�\�g�h�]�h �p�b�d�e�Z �l�h�d�Z�f�Z�d�h�\, �Z �l�Z�d�`�_ �\�h�a�f�h�`�g�Z�y �i�j�h�]�j�Z�f�f�Z �j�Z�[�h�l �i�h �i�h�\�u�r�_�g�b�x 
�m�j�h�\�g�y �]�h�l�h�\�g�h�k�l�b �l�j�b�l�b�_�\�u�o �l�_�o�g�h�e�h�]�b�c �\ �b�g�l�_�j�_�k�Z�o �k�h�a�^�Z�\�Z�_�f�u�o �\ �J�N �l�h-
�d�Z�f�Z�d�h�\ �b �j�_�Z�d�l�h�j�g�u�o �m�k�l�Z�g�h�\�h�d �g�Z �b�o �h�k�g�h�\�_. �I�h�f�b�f�h �h�k�\�h�_�g�b�y �b�k�i�h�e�v�a�m�_-
�f�u�o �\ �j�Z�a�e�b�q�g�u�o �g�Z�i�j�Z�\�e�_�g�b�y�o �g�Z�m�d�b �b �i�j�h�b�a�\�h�^�k�l�\�Z �l�_�o�g�h�e�h�]�b�c �h�[�j�Z�s�_�g�b�y 
�k �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z �b �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�c �\ �h�l�g�h�r�_�g�b�b �g�h-
�\�u�o/�i�_�j�k�i�_�d�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�c, �l�Z�d�`�_ �h�l�f�_�q�_�g�Z �g�_�h�[�o�h�^�b�f�h�k�l�v �k�\�h�_�\�j�_�f�_�g-
�g�h�c �i�_�j�_�^�Z�q�b �h�i�u�l�Z �b �a�g�Z�g�b�c �i�h �j�Z�[�h�l�_ �k �l�j�b�l�b�_�f – �q�l�h�[�u �g�_ �^�h�i�m�k�l�b�l�v �m�l�j�Z-
�l�u �m�g�b�d�Z�e�v�g�u�o �d�h�f�i�_�l�_�g�p�b�c. �< [4] �h�l�f�_�q�_�g�h, �q�l�h �i�_�j�k�i�_�d�l�b�\�g�u�_ �M�M�L�K 
�k �^�e�b�l�_�e�v�g�u�f�b �b�e�b �k�l�Z�p�b�h�g�Z�j�g�u�f�b �j�Z�a�j�y�^�Z�f�b �^�h�e�`�g�u �b�f�_�l�v �l�h�i�e�b�\�g�u�c �p�b�d�e 
�h�l�e�b�q�g�u�c �h�l �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �m�k�l�Z�g�h�\�h�d �b �h�[�_�k�i�_�q�b�\�Z�l�v �g�_�i�j�_�j�u�\�g�m�x 
(�k�l�Z�p�b�h�g�Z�j�g�m�x) �h�[�j�Z�[�h�l�d�m �]�Z�a�Z �[�_�a �_�]�h �q�j�_�a�f�_�j�g�h�]�h �g�Z�d�h�i�e�_�g�b�y �\ �d�h�e�b�q�_�k�l�\�_, 
�i�j�_�\�u�r�Z�x�s�_�f �l�_�f�i �\�u�]�h�j�Z�g�b�y �\ �j�_�Z�d�p�b�b �k�b�g�l�_�a�Z �\ 100–1000 �j�Z�a. 

�G�Z�j�y�^�m �k �m�q�Z�k�l�b�_�f �J�N �\ �j�Z�[�h�l�Z�o �i�h �k�h�a�^�Z�g�b�x �f�_�`�^�m�g�Z�j�h�^�g�h�]�h �l�h�d�Z�f�Z-
�d�Z-�j�_�Z�d�l�h�j�Z ITER �k 2021 �]�h�^�Z �^�_�c�k�l�\�m�_�l �n�_�^�_�j�Z�e�v�g�u�c �i�j�h�_�d�l «�J�Z�a�\�b�l�b�_ �l�_�j-
�f�h�y�^�_�j�g�u�o �b �b�g�g�h�\�Z�p�b�h�g�g�u�o �i�e�Z�a�f�_�g�g�u�o �l�_�o�g�h�e�h�]�b�c» �d�h�f�i�e�_�d�k�g�h�c �i�j�h-
�]�j�Z�f�f�u «�J�Z�a�\�b�l�b�_ �l�_�o�g�b�d�b, �l�_�o�g�h�e�h�]�b�c �b �g�Z�m�q�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �\ �h�[�e�Z�k�l�b �b�k-
�i�h�e�v�a�h�\�Z�g�b�y �Z�l�h�f�g�h�c �w�g�_�j�]�b�b �\ �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �g�Z �i�_�j�b�h�^ �^�h 2025 �].» 
�i�j�h�^�e�_�g�g�h�c �g�Z �k�j�h�d �^�h 2030 �]�h�^�Z �\ �\�b�^�_ �n�_�^�_�j�Z�e�v�g�h�]�h �i�j�h�_�d�l�Z «�L�_�o�g�h�e�h�]�b�b 
�l�_�j�f�h�y�^�_�j�g�h�]�h �k�b�g�l�_�a�Z» �\ �k�h�k�l�Z�\�_ �g�Z�p�i�j�h�_�d�l�Z «�G�h�\�u�_ �Z�l�h�f�g�u�_ �b �w�g�_�j�]�_�l�b�q�_-
�k�d�b�_ �l�_�o�g�h�e�h�]�b�b». �I�h�f�b�f�h �w�l�h�]�h �\ �i. �K�Z�l�b�k �\�[�e�b�a�b �]. �K�Z�j�h�\ �j�_�Z�e�b�a�m�_�l�k�y �i�j�h-
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�]�j�Z�f�f�Z �k�h�a�^�Z�g�b�y �G�Z�p�b�h�g�Z�e�v�g�h�]�h �p�_�g�l�j�Z �n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b (�G�P�N�F), 
�g�Z�i�j�Z�\�e�_�g�g�Z�y �g�Z �k�h�a�^�Z�g�b�_ �m�k�l�Z�g�h�\�h�d �d�e�Z�k�k�Z �f�_�]�Z-, �f�b�^�b-�k�Z�c�g�k, �Z �l�Z�d�`�_ �e�Z�[�h-
�j�Z�l�h�j�b�c �i�h 11 �g�Z�i�j�Z�\�e�_�g�b�y�f, �\ �l. �q. «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z». �< �j�Z�f�d�Z�o 
�w�l�h�]�h �g�Z�i�j�Z�\�e�_�g�b�y �g�Z �[�Z�a�_ �G�P�N�F �f�h�`�_�l �[�u�l�v �j�_�Z�e�b�a�h�\�Z�g �d�h�f�i�e�_�d�k �e�Z�[�h�j�Z-
�l�h�j�g�u�o �k�l�_�g�^�h�\ �^�e�y �h�k�\�h�_�g�b�y �b �h�l�j�Z�[�h�l�d�b �l�_�o�g�h�e�h�]�b�c �h�[�j�Z�s�_�g�b�y �k �b�a�h�l�h�i�Z�f�b 
�\�h�^�h�j�h�^�Z �\ �i�h�^�^�_�j�`�d�m �k�h�a�^�Z�g�b�y �M�M�L�K. �< �k�b�e�m �k�i�_�p�b�n�b�d�b �l�_�j�j�b�l�h�j�b�b �G�P�N�F 
(�a�Z �i�j�_�^�_�e�Z�f�b �i�e�h�s�Z�^�d�b �J�N�Y�P �<�G�B�B�W�N) �j�Z�[�h�l�Z �k �l�j�b�l�b�_�f �f�h�`�_�l �[�u�l�v �a�Z-
�l�j�m�^�g�_�g�Z – �\ �k�\�y�a�b �k �w�l�b�f �p�_�e�_�k�h�h�[�j�Z�a�g�h �h�]�j�Z�g�b�q�b�l�v�k�y �_�k�l�_�k�l�\�_�g�g�u�f �k�h�^�_�j-
�`�Z�g�b�_�f �l�j�b�l�b�y �\ �^�_�c�l�_�j�b�b �b �\�h�^�h�j�h�^�_ (�i�j�h�f�u�r�e�_�g�g�h�]�h �i�j�h�b�a�\�h�^�k�l�\�Z) �^�e�y 
�b�k�k�e�_�^�h�\�Z�g�b�c. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �G�P�N�F �f�h�`�_�l �[�u�l�v �j�_�Z�e�b�a�h�\�Z�g �i�_�j�\�u�c �w�l�Z�i 
�i�j�_�^�e�Z�]�Z�_�f�h�c �\ [3] �i�j�h�]�j�Z�f�f�u �j�Z�[�h�l �i�h �i�h�\�u�r�_�g�b�x �m�j�h�\�g�y �]�h�l�h�\�g�h�k�l�b �l�j�b-
�l�b�_�\�u�o �l�_�o�g�h�e�h�]�b�c �\ �b�g�l�_�j�_�k�Z�o �k�h�a�^�Z�\�Z�_�f�u�o �\ �J�N �l�h�d�Z�f�Z�d�h�\. �< �i�j�_�^�e�Z�]�Z�_�f�h�c 
�i�j�h�]�j�Z�f�f�_ �i�j�_�^�m�k�f�h�l�j�_�g�u:  

– �K�h�a�^�Z�g�b�_ �d�h�f�i�e�_�d�k�Z �e�Z�[�h�j�Z�l�h�j�g�u�o �k�l�_�g�^�h�\ �^�e�y �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_�^�h-
�\�Z�g�b�c �b �m�e�m�q�r�_�g�b�y �h�l�^�_�e�v�g�u�o �k�b�k�l�_�f �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z – �g�Z �g�h�\�u�o �n�b�a�b�q�_-
�k�d�b�o �i�j�b�g�p�b�i�Z�o �k �m�e�m�q�r�_�g�g�u�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b (�k�h�a�^�Z�g�b�_ �l�Z�d�b�o �k�l�_�g�^�h�\ 
�g�_�h�[�y�a�Z�l�_�e�v�g�h, �g�h �d�j�Z�c�g�_ �`�_�e�Z�l�_�e�v�g�h �^�e�y �i�h�^�]�h�l�h�\�d�b �i�_�j�k�h�g�Z�e�Z �b �m�e�m�q�r�_�g�b�y 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d �k�b�k�l�_�f�u �\ �p�_�e�h�f); 

– �K�h�a�^�Z�g�b�_ �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �k �g�_�j�Z�^�b�h�Z�d�l�b�\�g�u�f�b �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z, 
�l�_�k�l�b�j�h�\�Z�g�b�_ �b �j�_�k�m�j�k�g�u�_ �b�k�i�u�l�Z�g�b�y �\�k�_�o �k�b�k�l�_�f �\ �o�h�^�_ �k�h�\�f�_�k�l�g�h�c �j�Z�[�h�l�u 
(�b�g�l�_�]�j�Z�p�b�y) – �d�h�f�i�e�_�d�k �k�b�k�l�_�f �f�h�`�_�l �[�u�l�v �k�h�a�^�Z�g �g�Z �e�x�[�h�c �i�e�h�s�Z�^�d�_, �[�e�b-
�a�h�k�l�v �d �M�M�L�K/�l�h�d�Z�f�Z�d�m �g�_ �l�j�_�[�m�_�l�k�y. 

�< �k�\�y�a�b �k �w�l�b�f �Z�\�l�h�j�Z�f �\�b�^�b�l�k�y �p�_�e�_�k�h�h�[�j�Z�a�g�u�f �g�Z �i�_�j�\�h�f �w�l�Z�i�_ �j�_�Z�e�b-
�a�Z�p�b�b �i�j�h�]�j�Z�f�f�u �j�Z�a�\�b�l�b�y �l�_�o�g�h�e�h�]�b�c �L�P �k�n�h�j�f�b�j�h�\�Z�l�v �\ �G�P�N�F �i�j�_�^�e�Z�]�Z-
�_�f�u�c �d�h�f�i�e�_�d�k �k�l�_�g�^�h�\ �^�e�y �j�Z�[�h�l�u �k�h �k�l�Z�[�b�e�v�g�u�f�b �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z 
�k �\�h�a�f�h�`�g�h�k�l�v�x �\ �i�_�j�k�i�_�d�l�b�\�_ �i�h�e�m�q�_�g�b�y �e�b�p�_�g�a�b�b �g�Z �j�Z�[�h�l�u �k «�l�j�b�l�b�_�\�h�c 
�f�_�l�d�h�c». �I�h�^�]�h�l�h�\�d�Z �d�Z�^�j�h�\ �^�e�y �j�Z�[�h�l�u �g�Z �w�l�h�f �d�h�f�i�e�_�d�k�_ �f�h�`�_�l �h�k�m�s�_�k�l�\-
�e�y�l�v�k�y �\ �j�y�^�_ �i�j�h�n�b�e�v�g�u�o �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o �h�j�]�Z�g�b�a�Z�p�b�c �\ �l�_�k�g�h�f �d�h�g�l�Z�d�l�_ 
�k �i�e�h�s�Z�^�d�h�c, �g�Z �d�h�l�h�j�h�c �[�m�^�m�l �j�Z�a�f�_�s�_�g�u �k�l�_�g�^�u. �>�Z�g�g�u�c �w�l�Z�i �i�h�a�\�h�e�b�l  
�i�h�e�m�q�b�l�v �g�_�h�[�o�h�^�b�f�u�c �h�i�u�l �j�Z�[�h�l�u �k �l�_�o�g�h�e�h�]�b�y�f�b, �h�k�g�h�\�g�u�_ �i�Z�j�Z�f�_�l�j�u 
�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�h�\ (�\�\�b�^�m �[�e�b�a�h�k�l�b �k�\�h�c�k�l�\ �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z), �h�l-
�j�Z�[�h�l�Z�l�v �[�_�a�h�i�Z�k�g�u�_ �k�i�h�k�h�[�u �j�Z�[�h�l�u �k �b�k�k�e�_�^�m�_�f�u�f�b �l�_�o�g�h�e�h�]�b�b. �A�Z �k�q�_�l 
�h�l�k�m�l�k�l�\�b�y �g�_�h�[�o�h�^�b�f�h�k�l�b �k�i�_�p�b�Z�e�v�g�u�o �m�k�e�h�\�b�c, �w�l�h �i�h�a�\�h�e�b�l �a�g�Z�q�b�l�_�e�v�g�h 
�k�h�d�j�Z�l�b�l�v �k�j�h�d�b �i�h�^�]�h�l�h�\�d�b �i�h�f�_�s�_�g�b�c �^�e�y �j�Z�[�h�l�u �m�k�l�Z�g�h�\�h�d �b �i�h�e�m�q�_�g�b�y 
�j�Z�a�j�_�r�b�l�_�e�v�g�h�c �^�h�d�m�f�_�g�l�Z�p�b�b, �k�g�b�a�b�l�v �a�Z�l�j�Z�l�u �g�Z �h�[�_�k�i�_�q�_�g�b�_ �j�Z�^�b�Z�p�b�h�g-
�g�h�c �[�_�a�h�i�Z�k�g�h�k�l�b �\ �i�h�f�_�s�_�g�b�y�o �b �d�h�g�l�j�h�e�v �h�[�e�m�q�_�g�b�y �i�_�j�k�h�g�Z�e�Z. 

�>�Z�e�v�g�_�c�r�Z�y �j�Z�[�h�l�Z �k �f�b�g�b�f�Z�e�v�g�h �a�g�Z�q�b�f�h�c �Z�d�l�b�\�g�h�k�l�v�x �l�j�b�l�b�y �b�e�b 
�g�_�a�g�Z�q�b�l�_�e�v�g�u�f �d�h�e�b�q�_�k�l�\�h�f �l�j�b�l�b�y, �m�^�h�\�e�_�l�\�h�j�y�x�s�b�f �l�j�_�[�h�\�Z�g�b�y�f �d �j�Z�[�h-
�l�Z�f �\ �i�h�f�_�s�_�g�b�y�o �l�j�_�l�v�_�]�h �d�e�Z�k�k�Z �h�i�Z�k�g�h�k�l�b, (�g�Z �^�Z�g�g�h�f �w�l�Z�i�_ �l�j�b�l�b�c �[�m�^�_�l 
�\�\�_�^�_�g �\ �b�k�k�e�_�^�m�_�f�u�_ �k�j�_�^�u, �j�Z�a�^�_�e�y�_�f�u�_ �\�_�s�_�k�l�\�Z �b �l. � .̂ �\ �d�Z�q�_�k�l�\�_ �j�Z�^�b�h-
�Z�d�l�b�\�g�h�c �f�_�l�d�b) �i�h�a�\�h�e�b�l �\�_�j�b�n�b�p�b�j�h�\�Z�l�v �i�h�e�m�q�_�g�g�u�_ �g�Z �i�_�j�\�h�f �w�l�Z�i�_ �^�Z�g-
�g�u�_, �i�Z�j�Z�f�_�l�j�u �b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�h�\, �Z �l�Z�d�`�_ �i�h�e�m�q�b�l�v �^�Z�g�g�u�_ �h�k�g�h-
�\�Z�g�g�u�_ �g�Z �k�h�[�k�l�\�_�g�g�h�c �j�Z�^�b�h�Z�d�l�b�\�g�h�k�l�b �l�j�b�l�b�y �b �h�l�d�Z�e�b�[�j�h�\�Z�l�v �h�[�h�j�m�^�h�\�Z-
�g�b�_ �^�e�y �j�Z�[�h�l�u �k �b�h�g�b�a�b�j�m�x�s�b�f �b�a�e�m�q�_�g�b�_�f �l�j�b�l�b�y. �>�Z�g�g�u�_ �j�Z�[�h�l�u �\�h�a�f�h�`-
�g�h �h�k�m�s�_�k�l�\�e�y�l�v �g�Z �h�[�h�j�m�^�h�\�Z�g�b�b �b �\ �i�h�f�_�s�_�g�b�y�o, �d�h�l�h�j�u�_ �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 
�g�Z �i�_�j�\�h�f �w�l�Z�i�_ �j�Z�[�h�l�u, �i�j�b �m�k�e�h�\�b�b �i�h�e�m�q�_�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �j�Z�a�j�_�r�_-
�g�b�c �b �e�b�p�_�g�a�b�c �\ �d�h�f�i�_�l�_�g�l�g�u�o �h�j�]�Z�g�Z�o. �I�j�h�p�_�k�k �i�h�e�m�q�_�g�b�y �j�Z�a�j�_�r�b�l�_�e�v�g�h�c 
�^�h�d�m�f�_�g�l�Z�p�b�b �\�h�a�f�h�`�g�h �k�h�\�f�_�k�l�b�l�v �k �i�_�j�\�u�f �w�l�Z�i�h�f �j�Z�[�h�l�u. 
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�>�Z�e�v�g�_�c�r�b�_ �w�l�Z�i�u, �i�j�_�^�m�k�f�Z�l�j�b�\�Z�x�s�b�_ �k�h�a�^�Z�g�b�_ �k�b�k�l�_�f�u �l�j�b�l�b�_�\�h�]�h 
�l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �g�Z �l�h�d�Z�f�Z�d�_, �Z �l�Z�d�`�_ �f�h�^�_�e�b �l�j�b�l�b�_�\�h�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z 
�k �j�_�e�_�\�Z�g�l�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c �l�j�b�l�b�y �\ �j�Z�[�h�q�_�f �]�Z�a�_ (�b �j�Z�k�k�q�b�l�Z�g�g�h�c �g�Z 
�[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �l�j�b�l�b�y �\ �k�b�k�l�_�f�Z�o) �f�h�]�m�l �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �j�_�Z�e�b�a�h�\�Z�l�v�k�y 
�g�Z �i�e�h�s�Z�^�d�_ �l�h�d�Z�f�Z�d�Z �k �j�_�Z�d�l�h�j�g�u�f�b �l�_�o�g�h�e�h�]�b�y�f�b (�l�j�_�[�m�x�s�_�]�h �a�Z�f�d�g�m�l�u�c 
�l�h�i�e�b�\�g�u�c �p�b�d�e �^�e�y �i�j�_�^�h�l�\�j�Z�s�_�g�b�y �\�u�[�j�h�k�Z �\ �Z�l�f�h�k�n�_�j�m �l�j�b�l�b�y, �h�[�j�Z�a�m�x-
�s�_�]�h�k�y �\ �j�_�Z�d�p�b�b �k�b�g�l�_�a�Z �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �^�_�c�l�_�j�b�_�\�h�]�h �l�h�i�e�b�\�Z) �b �i�e�h-
�s�Z�^�d�_ �J�N�Y�P �<�G�B�B�W�N (�]�^�_ �_�k�l�v �j�Z�a�j�_�r�_�g�b�_ �b �h�i�u�l �j�Z�[�h�l�u �k �[�h�e�v�r�b�f �d�h�e�b-
�q�_�k�l�\�h�f �l�j�b�l�b�y) �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �g�_�h�[�o�h�^�b�f�h�k�l�v�x �b �^�h�j�h�`�g�h�c �d�Z�j�l�h�c �k�h�a�^�Z-
�g�b�y �i�_�j�k�i�_�d�l�b�\�g�u�o �M�M�L�K, �l�j�_�[�m�x�s�b�o �\ �k�\�h�_�f �k�h�k�l�Z�\�_ �i�h�e�g�h�f�Z�k�r�l�Z�[�g�u�c 
�l�j�b�l�b�_�\�u�c �l�h�i�e�b�\�g�u�c �p�b�d�e. 

�>�e�y �\�u�y�\�e�_�g�b�y �d�j�b�l�b�q�_�k�d�b�o �h�[�e�Z�k�l�_�c �b �l�_�o�g�h�e�h�]�b�c, �l�j�_�[�m�x�s�b�o �^�h�j�Z-
�[�h�l�d�b [2], �Z�\�l�h�j�Z�f�b �[�u�e �i�j�h�\�_�^�_�g �Z�g�Z�e�b�a �k�h�k�l�h�y�g�b�y �b �k�l�_�i�_�g�b �]�h�l�h�\�g�h�k�l�b �l�_�o-
�g�h�e�h�]�b�c �k �l�h�q�d�b �a�j�_�g�b�y �b�o �i�j�b�f�_�g�_�g�b�y �\ �L�P �l�h�d�Z�f�Z�d�Z [5–7]. �<�u�[�h�j �d�Z�g�^�b�^�Z�l-
�g�u�o �l�_�o�g�h�e�h�]�b�c �i�j�h�b�a�\�h�^�b�e�k�y �Z�\�l�h�j�Z�f�b �\ �i�j�h�p�_�k�k�_ �d�h�g�p�_�i�l�m�Z�e�v�g�h�]�h �i�j�h�_�d-
�l�b�j�h�\�Z�g�b�y �L�P, �\�u�[�h�j�Z �h�i�l�b�f�Z�e�v�g�h�c �Z�j�o�b�l�_�d�l�m�j�u [2, 8] �k�l�Z�p�b�h�g�Z�j�g�u�o �M�L�L�K 
(�\ �l�h�f �q�b�k�e�_, �l�_�j�f�h�y�^�_�j�g�u�o �b�k�l�h�q�g�b�d�h�\ �g�_�c�l�j�h�g�h�\), �Z �l�Z�d�`�_ �h�p�_�g�d�_ �p�_�e�_�\�u�o 
�i�h�l�h�d�h�\ �b �k�h�k�l�Z�\�Z �]�Z�a�Z [8–11]. 

�K�l�j�m�d�l�m�j�Z �b �k�h�k�l�Z�\ �d�h�f�i�e�_�d�k�Z 

�D�h�f�i�e�_�d�k �k�l�_�g�^�h�\ �^�e�y �h�l�j�Z�[�h�l�d�b �l�_�o�g�h�e�h�]�b�c �l�_�j�f�h�y�^�_�j�g�h�]�h �l�h�i�e�b�\�g�h�]�h 
�p�b�d�e�Z (�^�Z�e�_�_ – �D�h�f�i�e�_�d�k) �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�_ �e�Z�[�h�j�Z�l�h�j�g�u�_ 
�k�l�_�g�^�u, �k�h�k�l�h�y�s�b�_ �b�a �g�Z�m�q�g�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y (�k�l�Z�g�^�Z�j�l�g�h�]�h �b�e�b �k�i�_�p�b�Z�e�v�g�h 
�k�i�j�h�_�d�l�b�j�h�\�Z�g�g�h�]�h �b �b�a�]�h�l�h�\�e�_�g�g�h�]�h) �Z �l�Z�d�`�_ �i�h�f�_�s�_�g�b�c, �i�h�^�]�h�l�h�\�e�_�g�g�u�o 
�^�e�y �h�k�m�s�_�k�l�\�e�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �b �h�l�j�Z�[�h�l�d�b �l�_�o�g�h�e�h�]�b�c �l�_�j�f�h�y�^�_�j�g�h�]�h 
�l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �g�Z �f�h�^�_�e�v�g�u�o �]�Z�a�h�\�u�o �k�f�_�k�y�o (�\�d�e�x�q�Z�y �i�Z�j�u �\�h�^�u �b �]�_�e�b�c) 
�o�Z�j�Z�d�l�_�j�g�u�o �^�e�y �j�Z�a�e�b�q�g�u�o �k�b�k�l�_�f �L�P. �I�j�_�^�e�h�`�_�g�g�u�c �d �j�_�Z�e�b�a�Z�p�b�b �D�h�f-
�i�e�_�d�k �\�d�e�x�q�Z�_�l �\ �k�_�[�y �k�b�k�l�_�f�u �h�l�d�Z�q�d�b �b �i�h�^�^�_�j�`�Z�g�b�y �^�Z�\�e�_�g�b�y (�\ �f�h�^�_�e�v-
�g�h�c �\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�_ �l�h�d�Z�f�Z�d�Z), �i�_�j�_�j�Z�[�h�l�d�b �h�l�d�Z�q�b�\�Z�_�f�h�c �]�Z�a�h�\�h�c �k�f�_�k�b 
(«�\�u�o�e�h�i�Z» �l�h�d�Z�f�Z�d�Z), �\�u�^�_�e�_�g�b�y �b �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z, �o�j�Z�g�_�g�b�y 
�b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �b �^�j�m�]�b�o �]�Z�a�h�\, �Z�g�Z�e�b�a�Z �k�h�k�l�Z�\�Z �b �d�h�e�b�q�_�k�l�\�Z �]�Z�a�h�\ �b �l. � .̂ 

�>�Z�e�_�_ �h�i�b�k�Z�g�Z �h�[�s�Z�y �k�l�j�m�d�l�m�j�Z �D�h�f�i�e�_�d�k�Z, �h�k�g�h�\�g�u�_ �a�Z�^�Z�q�b, �j�_�r�_�g�b�_ 
�d�h�l�h�j�u�o �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �\ �o�h�^�_ �w�d�k�i�e�m�Z�l�Z�p�b�b, �k�h�k�l�Z�\ �D�h�f�i�e�_�d�k�Z, �h�k�g�h�\�g�u�_ 
�l�_�o�g�b�q�_�k�d�b�_ �i�Z�j�Z�f�_�l�j�u �_�]�h �q�Z�k�l�_�c, �l�j�_�[�h�\�Z�g�b�y �i�j�_�^�t�y�\�e�y�_�f�u�_ �d �\�g�_�r�g�_�c �b�g-
�n�j�Z�k�l�j�m�d�l�m�j�_ �D�h�f�i�e�_�d�k�Z. �G�_ �j�Z�k�k�f�h�l�j�_�g�u �d�h�e�b�q�_�k�l�\�h �i�_�j�k�h�g�Z�e�Z, �w�d�k�i�e�m�Z�l�b-
�j�m�x�s�_�]�h �D�h�f�i�e�_�d�k �b �k�l�h�b�f�h�k�l�v �h�[�h�j�m�^�h�\�Z�g�b�y �\�o�h�^�y�s�_�]�h �\ �k�h�k�l�Z�\ �D�h�f�i�e�_�d�k�Z. 

�D�h�f�i�e�_�d�k �m�k�e�h�\�g�h �j�Z�a�^�_�e�_�g �g�Z �k�l�_�g�^�u – �q�Z�k�l�b �D�h�f�i�e�_�d�k�Z, �\�d�e�x�q�Z�x�s�b�_ 
�\ �k�_�[�y �h�[�h�j�m�^�h�\�Z�g�b�_ �b �i�h�f�_�s�_�g�b�y, �h�[�t�_�^�b�g�_�g�g�u�_ �i�h �i�j�b�g�p�b�i�m �j�_�r�_�g�b�y �h�-̂
�g�h�c �h�k�g�h�\�g�h�c �a�Z�^�Z�q�b: 

- �K�l�_�g�^ «�G�Z�k�h�k�u �b �d�h�g�l�j�h�e�v �^�Z�\�e�_�g�b�y» 
- �K�l�_�g�^ «�I�_�j�_�j�Z�[�h�l�d�Z «�\�u�o�e�h�i�Z» �l�h�d�Z�f�Z�d�Z» 
- �K�l�_�g�^ «�O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�_ �j�Z�a�^�_�e�_�g�b�_ �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z» 
- �K�l�_�g�^ «�K�h�j�[�p�b�h�g�g�h�_ �b �[�Z�e�e�h�g�g�h�_ �o�j�Z�g�_�g�b�_ �\�h�^�h�j�h�^�Z» 
- �K�l�_�g�^ «�I�h�^�]�h�l�h�\�d�Z �b �Z�g�Z�e�b�a �]�Z�a�h�\�u�o �k�f�_�k�_�c». 
�< �h�[�s�_�f �k�e�m�q�Z�_ �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �k�h�\�f�_�k�l�g�h�_ �j�Z�a�f�_�s�_�g�b�_ �K�l�_�g�^�h�\ �b �\�k�i�h-

�f�h�]�Z�l�_�e�v�g�u�o �k�b�k�l�_�f, �l�Z�d�b�o �d�Z�d �n�h�j�\�Z�d�m�m�f�g�Z�y �h�l�d�Z�q�d�Z, �\�h�^�h�k�g�Z�[�`�_�g�b�_, �w�e�_�d-
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�l�j�h�k�g�Z�[�`�_�g�b�_. �K�h�k�m�^�u �i�h� ̂�^�Z�\�e�_�g�b�_�f �b �[�Z�e�e�h�g�u �k �]�Z�a�Z�f�b �f�h�]�m�l �[�u�l�v �j�Z�a�f�_�s�_-
�g�u �d�Z�d �\ �i�h�f�_�s�_�g�b�b �D�h�f�i�e�_�d�k�Z, �l�Z�d �b �a�Z �_�]�h �i�j�_�^�_�e�Z�f�b �\ �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�f 
�k�d�e�Z�^�_. �K�l�_�g�^�u �f�h�]�m�l �[�u�l�v �h�[�t�_�^�b�g�_�g�u �k�_�l�v�x �l�j�m�[�h�i�j�h�\�h�^�h�\ �\ �h�[�s�m�x �k�l�j�m�d-
�l�m�j�m �^�e�y �b�f�b�l�Z�p�b�b �i�j�h�o�h�`�^�_�g�b�y �]�Z�a�h�\�h�c �k�f�_�k�b �i�h �k�b�k�l�_�f�Z�f �l�j�b�l�b�_�\�h�]�h �l�h�i-
�e�b�\�g�h�]�h �p�b�d�e�Z �l�_�j�f�h�y�^�_�j�g�h�]�h �j�_�Z�d�l�h�j�Z (�Z�g�Z�e�h�]�b�q�g�h �i�j�_�^�e�h�`�_�g�b�y�f �\ [3]). 

�H�k�g�h�\�g�u�_ �i�Z�j�Z�f�_�l�j�u �k�l�_�g�^�h�\�h�c �q�Z�k�l�b �K�b�k�l�_�f�u: 
�G�_�h�[�o�h�^�b�f�Z�y �i�e�h�s�Z�^�v �i�h�f�_�s�_�g�b�y �D�h�f�i�e�_�d�k�Z    200 �f2 
�I�e�h�s�Z�^�v �k�l�_�g�^�h�\ �b �h�[�h�j�m�^�h�\�Z�g�b�y     120 �f2 
�H�n�b�k�g�Z�y �i�e�h�s�Z�^�v       50 �f2 

�I�e�h�s�Z�^�v �k�d�e�Z�^�Z/�^�j�m�]�h�_       30 �f2 
�D�h�e�b�q�_�k�l�\�h �\�h�^�h�j�h�^�Z �g�Z �i�e�h�s�Z�^�d�_    �^�h 2,5  �d�]. 
�K�l�_�g�^�u �D�h�f�i�e�_�d�k�Z �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �f�Z�d�_�l�u �h�l�^�_�e�v�g�u�o �k�b�k�l�_�f �l�h�i-

�e�b�\�g�h�]�h �p�b�d�e�Z �M�M�L�K �\ �m�f�_�g�v�r�_�g�g�h�f �f�Z�k�r�l�Z�[�_ (�k�f. �l�Z�[�e. 1 – �\ �d�Z�q�_�k�l�\�_ �j�_�n�_-
�j�_�g�k�g�u�o �a�g�Z�q�_�g�b�c �^�e�y �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �k�b�k�l�_�f �i�j�b�\�_�^�_�g�u �i�h�l�h�d�b �\ �l�h�i-
�e�b�\�g�h�f �p�b�d�e�_ �i�j�h�_�d�l�Z �>�?�F�H-�L�B�G [2, 10]). �D�h�f�i�e�_�d�k �k�h�^�_�j�`�b�l �l�h�e�v�d�h �k�b�k�l�_-
�f�u �L�P, �f�Z�d�_�l�b�j�h�\�Z�g�b�_ �d�h�l�h�j�u�o �p�_�e�_�k�h�h�[�j�Z�a�g�h �\ �[�_�a�l�j�b�l�b�_�\�h�f �b�k�i�h�e�g�_�g�b�b. 
�>�Z�g�g�h�_ �h�[�k�l�h�y�l�_�e�v�k�l�\�h �i�h�a�\�h�e�y�_�l �k�m�s�_�k�l�\�_�g�g�h �m�f�_�g�v�r�b�l�v �i�e�h�s�Z�^�b, �a�Z�g�b�f�Z-
�_�f�u�_ �D�h�f�i�e�_�d�k�h�f, �Z �i�j�_�^�e�Z�]�Z�_�f�u�c �f�Z�k�r�l�Z�[ �k�l�_�g�^�h�\ (�k�f. �l�Z�[�e. 1) �^�h�i�h�e�g�b-
�l�_�e�v�g�h �w�l�h�f�m �k�i�h�k�h�[�k�l�\�m�_�l. �K�b�k�l�_�f�u �l�j�b�l�b�_�\�h�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �M�M�L�K �[�m-
�^�m�l, �\ �q�b�k�e�_ �i�j�h�q�_�]�h, �k�h�^�_�j�`�Z�l�v �k�b�k�l�_�f�u �h�q�b�k�l�d�b/�^�_�l�j�b�l�b�a�Z�p�b�b �Z�l�f�h�k�n�_�j�u 
�i�h�f�_�s�_�g�b�c – �q�l�h �^�e�y �m�k�l�Z�g�h�\�d�b �f�Z�k�r�l�Z�[�Z �i�j�h�_�d�l�Z ITER �i�j�b�f�_�j�g�h �g�Z �i�h�j�y�^�h�d 
�\�_�e�b�q�b�g�u �i�j�_�\�u�r�Z�_�l �l�j�_�[�h�\�Z�g�b�y �d �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �k�b�k�l�_�f �i�j�h�_�d�l�Z 
�>�?�F�H-�L�B�G �b, �d�Z�d �k�e�_�^�k�l�\�b�_, �a�Z�g�b�f�Z�_�f�u�_ �b�f�b �i�e�h�s�Z�^�b. �L�Z�d�b�f �h�[�j�Z�a�h�f �g�_ 
�\�i�h�e�g�_ �d�h�j�j�_�d�l�g�h �k�j�Z�\�g�b�\�Z�l�v �i�j�_�^�e�Z�]�Z�_�f�u�c �D�h�f�i�e�_�d�k �k �i�h�e�g�h�f�Z�k�r�l�Z�[�g�u�f 
�l�h�i�e�b�\�g�u�f �p�b�d�e�h�f �M�M�L�K �b, �l�_�f �[�h�e�_�_, «�l�j�b�l�b�_�\�u�f �a�Z�\�h�^�h�f» �i�j�h�_�d�l�Z ITER – 
�^�e�y �i�j�_�^�e�Z�]�Z�_�f�h�]�h �D�h�f�i�e�_�d�k�Z �k�n�h�j�f�m�e�b�j�h�\�Z�g�u �k�\�h�b �p�_�e�b �b �a�Z�^�Z�q�b, �h�l�e�b�q�g�u�_ 
�h�l �i�j�b�\�_�^�_�g�g�u�o �i�j�b�f�_�j�h�\. 
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2,3×10�í3, 
�f�h�e�v/�k 

1:10 

�K�h�j�[�p�b�h�g�g�h�_  
�b �[�Z�e�e�h�g�g�h�_ �o�j�Z�g�_�g�b�_ 

�\�h�^�h�j�h�^�Z 
�>�h 100 �] D2

�K�b�k�l�_�f�Z �o�j�Z�g�_�g�b�y  
�b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z 500 �] �L2 1:5 

�I�h�^�]�h�l�h�\�d�Z �b �Z�g�Z�e�b�a 
�]�Z�a�h�\�u�o �k�f�_�k�_�c – 

�K�b�k�l�_�f�Z �d�h�g�l�j�h�e�y �b �Z�g�Z-
�e�b�a�Z �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o 

�i�Z�j�Z�f�_�l�j�h�\ �\ �L�P 
– – 
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�G�Z �k�l�_�g�^�Z�o �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �i�j�h�\�h�^�b�l�v �b�k�k�e�_�^�h�\�Z�g�b�y �i�h �g�Z�i�j�Z�\�e�_�g�b�y�f: 
– �h�l�j�Z�[�h�l�d�Z �j�y�^�Z �d�e�x�q�_�\�u�o �l�_�o�g�h�e�h�]�b�c �g�Z �k�h�\�j�_�f�_�g�g�u�o �k�l�_�g�^�Z�o; 
– �h�l�j�Z�[�h�l�d�Z �l�_�o�g�h�e�h�]�b�c �b �f�_�l�h�^�b�d �m�i�j�Z�\�e�_�g�b�y �b �Z�\�l�h�f�Z�l�b�a�Z�p�b�b �k�l�_�g�^�h�\; 
– �f�h�^�_�e�b�j�h�\�Z�g�b�_ �k�h�]�e�Z�k�h�\�Z�g�g�h�c/�k�h�\�f�_�k�l�g�h�c �j�Z�[�h�l�u �k�l�_�g�^�h�\; 
– �h�[�m�q�_�g�b�_ �b �i�h�\�u�r�_�g�b�_ �d�\�Z�e�b�n�b�d�Z�p�b�b �i�j�b �j�Z�[�h�l�_ �k �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z; 
– �j�_�k�m�j�k�g�u�_ �b�k�i�u�l�Z�g�b�y, �f�_�l�j�h�e�h�]�b�y �b �^�j. 

1. �K�l�_�g�^ «�G�Z�k�h�k�u �b �d�h�g�l�j�h�e�v �^�Z�\�e�_�g�b�y» 

�K�l�_�g�^ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �\�u�k�h�d�h�\�Z�d�m�m�f�g�m�x �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�m�x �m�k�l�Z-
�g�h�\�d�m �k �Z�g�Z�e�b�l�b�q�_�k�d�b�f �h�[�h�j�m�^�h�\�Z�g�b�_�f, �k�b�k�l�_�f�h�c �k�h�a�^�Z�g�b�y �b �i�h�^�]�h�l�h�\�d�b �]�Z�a�h-
�\�u�o �k�f�_�k�_�c, �j�_�k�b�\�_�j�h�f �b �\�h�a�f�h�`�g�h�k�l�v�x �i�j�b�k�h�_�^�b�g�_�g�b�y �\�Z�d�m�m�f�g�u�o �g�Z�k�h�k�h�\ 
�b �d�h�f�i�j�_�k�k�h�j�h�\. �K�l�_�g�^ �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �b �b�k�i�u�l�Z�g�b�y �\�Z�d�m�m�f�g�h-
�]�h �h�[�h�j�m�^�h�\�Z�g�b�y �b �g�Z�k�h�k�h�\ �j�Z�a�e�b�q�g�u�o �d�h�g�k�l�j�m�d�p�b�c �k �p�_�e�v�x �h�i�j�_�^�_�e�_�g�b�y �\�h�a-
�f�h�`�g�h�k�l�b �b�o �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �k�b�k�l�_�f�Z�o �l�j�b�l�b�_�\�h�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �M�M�L�K.  

�J�Z�[�h�l�Z �g�Z �k�l�_�g�^�_ �^�h�e�`�g�Z �k�h�i�j�h�\�h�`�^�Z�l�v�k�y �j�Z�k�q�_�l�Z�f�b �b �f�h�^�_�e�b�j�h�\�Z�g�b�_�f 
�k �p�_�e�v�x �l�s�Z�l�_�e�v�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y �f�_�o�Z�g�b�a�f�h�\ �b �h�k�h�[�_�g�g�h�k�l�_�c �j�Z�[�h�l�u �g�Z�k�h-
�k�h�\ �b �\�Z�d�m�m�f�g�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y. �< �b�l�h�]�_ �w�d�k�i�_�j�b�f�_�g�l�u �b �b�k�i�u�l�Z�g�b�y �h�[�h�j�m�^�h-
�\�Z�g�b�y �g�Z �k�l�_�g�^�_ �b �f�h�^�_�e�b�j�h�\�Z�g�b�_ �^�h�e�`�g�u �i�h�a�\�h�e�b�l�v �h�[�h�k�g�h�\�Z�l�v �b�k�i�h�e�v�a�h�\�Z-
�g�b�_ �l�_�o�g�h�e�h�]�b�c �^�e�y �h�l�d�Z�q�d�b �l�h�d�Z�f�Z�d�Z. �K�l�_�g�^ �^�h�e�`�_�g �i�h�a�\�h�e�y�l�v �i�j�h�\�h�^�b�l�v �b�k-
�i�u�l�Z�g�b�y �d�j�b�h�]�_�g�g�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y (�d�j�b�h�]�_�g�g�u�o �i�Z�g�_�e�_�c �b�e�b �g�Z�k�h�k�h�\), �j�l�m�l-
�g�u�o �^�b�n�m�a�b�h�g�g�u�o �g�Z�k�h�k�h�\, �n�h�j�\�Z�d�m�m�f�g�u�o �j�l�m�l�g�u�o �g�Z�k�h�k�h�\, �l�m�j�[�h�f�h�e�_�d�m�e�y�j-
�g�u�o �g�Z�k�h�k�h�\ �b �^�j�m�]�b�o �\�b�^�h�\ �h�[�h�j�m�^�h�\�Z�g�b�y. �K�l�_�g�^ �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �j�Z�[�h�l�u �k�h 
�k�l�Z�[�b�e�v�g�u�f�b �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z (�i�j�h�l�b�c �b �^�_�c�l�_�j�b�c), �Z �l�Z�d�`�_ �]�Z�a�h�\�u�o �k�f�_-
�k�_�c �g�Z �b�o �h�k�g�h�\�_. �H�k�g�h�\�g�u�_ �i�Z�j�Z�f�_�l�j�u �b�k�i�u�l�u�\�Z�_�f�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y (�g�Z�k�h-
�k�u), �d�h�l�h�j�u�_ �^�h�e�`�g�u �[�u�l�v �b�a�f�_�j�_�g�u �^�e�y �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\ �b �b�o �k�f�_�k�_�c �k �i�h-
�f�h�s�v�x �k�l�_�g�^�Z: �i�j�_�^�_�e�v�g�h�_ �^�Z�\�e�_�g�b�_; �a�Z�\�b�k�b�f�h�k�l�v �k�d�h�j�h�k�l�b �h�l�d�Z�q�d�b �h�l �i�j�h�b�a-
�\�h�^�b�l�_�e�v�g�h�k�l�b �i�h �]�Z�a�m; �k�l�_�i�_�g�v �d�h�f�i�j�_�k�k�b�b (�h�l�g�h�r�_�g�b�_ �\�u�o�h�^�g�h�]�h �^�Z�\�e�_�g�b�y 
�d �\�o�h�^�g�h�f�m �^�Z�\�e�_�g�b�x) �^�e�y �p�_�e�_�\�u�o �a�g�Z�q�_�g�b�c �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b. �H�k�g�h�\�g�u�_ 
�i�Z�j�Z�f�_�l�j�u �b�k�i�u�l�u�\�Z�_�f�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y (�^�Z�l�q�b�d�b �^�Z�\�e�_�g�b�y/�\�Z�d�m�m�f�Z), �d�h�l�h-
�j�u�_ �^�h�e�`�g�u �[�u�l�v �b�a�f�_�j�_�g�u �^�e�y �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\ �b �b�o �k�f�_�k�_�c �k �i�h�f�h�s�v�x 
�k�l�_�g�^�Z: �^�b�Z�i�Z�a�h�g�u �b�a�f�_�j�y�_�f�u�o �\�_�e�b�q�b�g �b �d�Z�e�b�[�j�h�\�h�q�g�u�_ �d�h�w�n�n�b�p�b�_�g�l�u �^�e�y 
�]�Z�a�h�\�u�o �k�f�_�k�_�c. �>�e�y �d�h�g�l�j�h�e�y �j�Z�k�o�h�^�Z �]�Z�a�Z �^�h�e�`�g�u �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �j�_�]�m-
�e�y�l�h�j�u �j�Z�k�o�h�^�Z �]�Z�a�Z. �>�e�y �d�h�g�l�j�h�e�y �^�Z�\�e�_�g�b�y �^�h�e�`�g�u �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �r�b-
�j�h�d�h�^�b�Z�i�Z�a�h�g�g�u�_ �_�f�d�h�k�l�g�u�_ �^�Z�l�q�b�d�b, �f�_�f�[�j�Z�g�g�u�_ �b �b�h�g�b�a�Z�p�b�h�g�g�u�_ �^�Z�l�q�b�d�b 
�^�e�y �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �^�b�Z�i�Z�a�h�g�Z �^�Z�\�e�_�g�b�c. 

�>�e�y �j�Z�a�f�_�s�_�g�b�y �k�l�_�g�^�Z �l�j�_�[�m�_�l�k�y �i�e�h�s�Z�^�v �g�_ �f�_�g�_�_ 40 �f2 �k �\�u�k�h�l�h�c �i�h-
�l�h�e�d�h�\ �g�_ �f�_�g�_�_ 3 �f . �K�l�_�g�^ �^�h�e�`�_�g �k�h�k�l�h�y�l�v �b�a �k�e�_�^�m�x�s�_�]�h �h�[�h�j�m�^�h�\�Z�g�b�y 
(�k�f. �j�b�k. 1): 

– �\�Z�d�m�m�f�g�u�c �h�[�t�_�f �^�e�y �^�h�a�b�j�h�\�d�b �]�Z�a�h�\ �\ �b�k�k�e�_�^�m�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_; 
– �k�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�Z; 
– �k�b�k�l�_�f�Z �i�h�^�Z�q�b �h�o�e�Z�`�^�Z�x�s�_�c �\�h�^�u (�g�Z �h�k�g�h�\�_ �l�_�i�e�h�h�[�f�_�g�g�b�d�Z (�q�b�e-

�e�_�j�Z) �b�e�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �l�_�o�g�b�q�_�k�d�h�c �\�h�^�u �k �l�j�_�[�m�_�f�u�f �j�Z�k�o�h�^�h�f); 
– �k�_�j�\�b�k�g�u�_ �\�Z�d�m�m�f�g�u�_ �g�Z�k�h�k�u �^�e�y �h�[�_�k�i�_�q�_�g�b�y �g�_�h�[�o�h�^�b�f�h�]�h �\�Z�d�m�m�f�Z 

�b �i�h�^�]�h�l�h�\�d�b �k�l�_�g�^�Z; 
– �k�b�k�l�_�f�Z �i�b�l�Z�g�b�y; 
– �s�b�l�u �m�i�j�Z�\�e�_�g�b�y �b �w�e�_�d�l�j�h�g�g�u�_ �r�d�Z�n�u; 
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– �k�b�k�l�_�f�Z �Z�g�Z�e�b�a�Z �]�Z�a�h�\ �b �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �i�j�h�p�_�k�k�Z (�^�Z�\�e�_�g�b�_ 
�b �l�_�f�i�_�j�Z�l�m�j�Z, �j�Z�k�o�h�^ �]�Z�a�h�\); 

– �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �g�Z�]�j�_�\�Z �\�Z�d�m�m�f�g�h�]�h �h�[�t�_�f�Z �b �b�k�k�e�_�^�m�_�f�u�o 
�m�k�l�j�h�c�k�l�\ �^�e�y �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�c �i�j�b �j�Z�a�e�b�q�g�h�c �l�_�f�i�_�j�Z�l�m�j�_; 

– �]�_�j�f�_�l�b�q�g�Z�y �]�Z�a�h�\�Z�y �Z�j�f�Z�l�m�j�Z �^�e�y �k�h�_�^�b�g�_�g�b�y �h�[�h�j�m�^�h�\�Z�g�b�y, �h�l�[�h�j�Z 
�]�Z�a�h�\�u�o �i�j�h�[ �b �l. � .̂; 

– �o�j�Z�g�b�e�b�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂ �^�Z�\�e�_�g�b�_�f �k �]�Z�a�Z�f�b �b �]�Z�a�h�\�u�f�b 
�k�f�_�k�y�f�b; 

– �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_. 
 

 
 

�J�b�k. 1. �K�o�_�f�Z �k�l�_�g�^�Z «�G�Z�k�h�k�u �b �d�h�g�l�j�h�e�v �^�Z�\�e�_�g�b�y» 
 
�<�Z�d�m�m�f�g�u�c �h�[�t�_�f �^�e�y �^�h�a�b�j�h�\�d�b �]�Z�a�h�\ �\ �b�k�k�e�_�^�m�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_: 
�<�Z�d�m�m�f�g�u�c �h�[�t�_�f �g�_�h�[�o�h�^�b�f �^�e�y �h�[�_�k�i�_�q�_�g�b�y �j�Z�\�g�h�f�_�j�g�h�]�h �j�Z�k�i�j�_�^�_-

�e�_�g�b�y �^�Z�\�e�_�g�b�y �]�Z�a�Z �g�Z �\�o�h�^�_ �\ �b�k�i�u�l�u�\�Z�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_. �=�j�Z�^�b�_�g�l �^�Z�\�e�_-
�g�b�y �g�Z �\�o�h�^�_ �\ �b�k�i�u�l�Z�l�_�e�v�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �g�_ �^�h�e�`�_�g �i�j�_�\�u�r�Z�l�v 5 % �\�^�h�e�v 
�^�b�Z�f�_�l�j�Z �k�h�_�^�b�g�b�l�_�e�v�g�u�o �i�h�j�l�h�\. �<�Z�d�m�m�f�g�u�c �h�[�t�_�f �^�h�e�`�_�g �[�u�l�v �h�[�h�j�m�^�h�\�Z�g 
�^�\�m�f�y �i�h�j�l�Z�f�b �^�e�y �i�j�b�k�h�_�^�b�g�_�g�b�y �b�k�i�u�l�u�\�Z�_�f�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y �i�j�h�o�h�^�g�u�f 
�^�b�Z�f�_�l�j�h�f �g�_ �f�_�g�_�_ 400 �f�f  �b 200 �f�f , �k�h�h�l�\�_�l�k�l�\�_�g�g�h. �D�h�e�b�q�_�k�l�\�h �i�h�j�l�h�\ 
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�f�h�`�_�l �[�u�l�v �m�\�_�e�b�q�_�g�h. �<�Z�d�m�m�f�g�u�c �h�[�t�_�f �^�h�e�`�_�g �[�u�l�v �g�_ �f�_�g�_�_ 0,5 �f3 �b �g�_ 
�[�h�e�_�_ 2 �f  �i�h �\�u�k�h�l�_.  

�K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �\�u�i�h�e�g�_�g �b�a �f�Z�l�_�j�b�Z�e�h�\, �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �h�k�l�Z�l�h�q-
�g�u�c �^�b�g�Z�f�b�q�_�k�d�b�c �\�Z�d�m�m�f �\ �\�Z�d�m�m�f�g�h�f �h�[�t�_�f�_ �g�_ �o�m�`�_ 10–5 �f�[�Z�j �i�j�b �d�h�f-
�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �>�e�y �^�_�]�Z�a�Z�p�b�b �\�Z�d�m�m�f�g�u�c �h�[�t�_�f �^�h�e�`�_�g �[�u�l�v �h�[�_�k�i�_�q�_�g 
�k�b�k�l�_�f�h�c �w�e�_�d�l�j�h�h�[�h�]�j�_�\�Z �^�h �l�_�f�i�_�j�Z�l�m�j�u �g�_ �f�_�g�_�_ 200 �h�K. �I�j�h�b�a�\�h�^�b�l�_�e�v-
�g�h�k�l�v �k�_�j�\�b�k�g�u�o �\�Z�d�m�m�f�g�u�o �g�Z�k�h�k�h�\ �k�l�_�g�^�Z �^�h�e�`�g�Z �h�[�_�k�i�_�q�b�\�Z�l�v �h�l�d�Z�q�d�m 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�h�^�]�h�l�h�\�e�_�g�g�h�]�h �b �^�_�]�Z�a�b�j�h�\�Z�g�g�h�]�h �\�Z�d�m�m�f�g�h�]�h �h�[�t�_�f�Z �h�l 
1 �[�Z�j �^�h 10–5 �f�[�Z�j �a�Z 30 �f�b�g�m�l. �I�j�h�p�_�^�m�j�Z �i�h�^�]�h�l�h�\�d�b �b �^�_�]�Z�a�Z�p�b�b �\�Z�d�m�m�f�g�h�]�h 
�h�[�t�_�f�Z �g�_ �^�h�e�`�g�Z �i�j�_�\�u�r�Z�l�v 24 �q�Z�k�Z. �G�Z�l�_�d�Z�g�b�_ �\ �\�Z�d�m�m�f�g�h�f �h�[�t�_�f�_ �i�h�k�e�_ 
�i�j�h�p�_�^�m�j�u �i�h�^�]�h�l�h�\�d�b �b �^�_�]�Z�a�Z�p�b�b �g�_ �^�h�e�`�g�h �i�j�_�\�u�r�Z�l�v 10–5 �I�Z×�f3/�k �i�j�b 
�d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �<�Z�d�m�m�f�g�u�c �h�[�t�_�f �^�h�e�`�_�g �[�u�l�v �b�k�i�u�l�Z�g �^�e�y �j�Z�[�h�l�u 
�k �\�h�^�h�j�h�^�h�f �\ �^�b�Z�i�Z�a�h�g�_ �^�Z�\�e�_�g�b�y �h�l 10–5 �f�[�Z�j �^�h 10 �[�Z�j �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f-
�i�_�j�Z�l�m�j�_ �b �^�h 5 �[�Z�j �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 200 �h�K.  

�K�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\: 
�>�h�a�b�j�h�\�d�Z �]�Z�a�h�\ �b�a�\�_�k�l�g�h�]�h �k�h�k�l�Z�\�Z �^�h�e�`�g�Z �[�u�l�v �h�k�m�s�_�k�l�\�e�_�g�Z �g�Z �a�Z-

�^�Z�g�g�h�f �b �j�_�]�m�e�b�j�m�_�f�h�f �m�j�h�\�g�_ �i�h�l�h�d�Z �]�Z�a�Z. �>�e�y �^�h�a�b�j�h�\�d�b �g�_�h�[�o�h�^�b�f�h �b�k-
�i�h�e�v�a�h�\�Z�l�v �p�b�n�j�h�\�u�_ �j�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z �]�Z�a�Z �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�_ �d �j�h�^�m �]�Z�a�Z, 
�_�]�h �^�Z�\�e�_�g�b�x �b �l�_�f�i�_�j�Z�l�m�j�_ �b�e�b �j�_�]�m�e�y�l�h�j�u �q�m�\�k�l�\�b�l�_�e�v�g�u�_ �d �j�h�^�m �]�Z�a�Z, �_�]�h 
�l�_�f�i�_�j�Z�l�m�j�_ �b �^�Z�\�e�_�g�b�x �k �g�_�h�[�o�h�^�b�f�u�f�b �d�Z�e�b�[�j�h�\�d�Z�f�b �b �j�Z�k�q�_�l�g�u�f�b �Z�e�]�h-
�j�b�l�f�Z�f�b. �H�l�d�e�h�g�_�g�b�_ �\�_�e�b�q�b�g�u �i�h�l�h�d�Z �]�Z�a�Z, �a�Z�^�Z�\�Z�_�f�h�c �j�_�]�m�e�y�l�h�j�h�f �i�h�l�h�d�Z 
�]�Z�a�Z, �g�_ �^�h�e�`�g�Z �i�j�_�\�u�r�Z�l�v 2 % �h�l �a�Z�^�Z�g�g�h�c �\�_�e�b�q�b�g�u. �J�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z 
�]�Z�a�Z �^�h�e�`�g�u �h�[�_�k�i�_�q�b�\�Z�l�v �j�Z�k�o�h�^ �]�Z�a�Z �\ �k�e�_�^�m�x�s�b�o �^�b�Z�i�Z�a�h�g�Z�o: 0,1–10,  
10–1000 �k�f3/�f�b�g. 

�>�h�a�b�j�h�\�d�Z �]�Z�a�h�\ �\ �\�Z�d�m�m�f�g�u�c �h�[�t�_�f �b �b�k�k�e�_�^�m�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ 
�^�h�e�`�g�u �h�k�m�s�_�k�l�\�e�y�l�v�k�y �\ �l�j�_�o �j�_�`�b�f�Z�o: 

– �j�_�`�b�f «�i�j�h�^�m�\�d�b», �g�_�h�[�o�h�^�b�f�u�c �]�Z�a �b�e�b �k�f�_�k�v �]�Z�a�h�\ �i�h�k�l�m�i�Z�x�l �b�a 
�\�g�_�r�g�_�]�h �b�k�l�h�q�g�b�d�Z (�k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f (�[�Z�e�e�h�g�h�\) �o�j�Z�g�b�e�b�s�Z) �b �i�h�k�e�_ 
�h�l�d�Z�q�d�b �k�[�j�Z�k�u�\�Z�x�l�k�y �\ �Z�l�f�h�k�n�_�j�m; 

– �j�_�`�b�f «�p�b�d�e�b�q�_�k�d�b�c», �g�_�h�[�o�h�^�b�f�u�c �]�Z�a �b�e�b �k�f�_�k�v �]�Z�a�h�\ �p�b�j�d�m�e�b�j�m-
�x�l �\ �a�Z�f�d�g�m�l�h�f �d�h�g�l�m�j�_ (�\�Z�d�m�m�f�g�u�c �h�[�t�_�f – �b�k�k�e�_�^�m�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ – 
�k�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\); 

– �i�j�h�f�_�`�m�l�h�q�g�u�c �j�_�`�b�f, �q�Z�k�l�v �]�Z�a�Z �p�b�j�d�m�e�b�j�m�_�l �\ �a�Z�f�d�g�m�l�h�f �d�h�g�l�m�j�_, 
�q�Z�k�l�v �]�Z�a�Z �i�h�k�l�m�i�Z�_�l �\ �\�Z�d�m�m�f�g�u�c �h�[�t�_�f �b�a �\�g�_�r�g�_�]�h �b�k�l�h�q�g�b�d�Z, �q�Z�k�l�v �]�Z�a�Z 
�i�h�k�e�_ �h�l�d�Z�q�d�b �k�[�j�Z�k�u�\�Z�x�l �\ �Z�l�f�h�k�n�_�j�m (�^�Z�g�g�u�c �j�_�`�b�f �^�h�e�`�_�g �i�h�a�\�h�e�y�l�v �d�Z�d 
�m�f�_�g�v�r�Z�l�v, �l�Z�d �b �m�\�_�e�b�q�b�\�Z�l�v �d�h�e�b�q�_�k�l�\�h �]�Z�a�Z). 

�>�j�m�]�b�_ �k�b�k�l�_�f�u: 
�K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �h�[�h�j�m�^�h�\�Z�g �^�Z�l�q�b�d�Z�f�b �^�e�y �b�a�f�_�j�_�g�b�y �^�Z�\�e�_�g�b�y 

�\ �^�b�Z�i�Z�a�h�g�_ �h�l 10–5 �f�[�Z�j �^�h 10 �[�Z�j. �G�_ �f�_�g�_�_ 3 �_�f�d�h�k�l�g�u�o �p�b�n�j�h�\�u�o �^�Z�l�q�b�d�h�\ 
�k �j�Z�a�e�b�q�g�u�f�b �^�b�Z�i�Z�a�h�g�Z�f�b �b�a�f�_�j�_�g�b�c �b �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 0,1 % �g�_ �q�m�\-
�k�l�\�b�l�_�e�v�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 2 �p�b�n�j�h�\�u�o �^�_�n�h�j�f�Z�p�b�h�g�u�o �^�Z�l�q�b�d�h�\ 
�k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 1 % �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 2 �p�b�n-
�j�h�\�u�o �b�h�g�b�a�Z�p�b�h�g�g�u�o �^�Z�l�q�b�d�h�\ �\�u�k�h�d�h�]�h �\�Z�d�m�m�f�Z �k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 
15 %, �d�Z�e�b�[�j�h�\�Z�g�g�u�_ �^�e�y �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\. �K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �h�[�h�j�m�^�h�\�Z�g 
�d�\�Z�^�j�m�i�h�e�v�g�u�f �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�h�f (100 �Z.�_.�f ) �^�e�y �Z�g�Z�e�b�a�Z �k�h�k�l�Z�\�Z �]�Z�a�h�\. 

�O�j�Z�g�b�e�b�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂ �^�Z�\�e�_�g�b�_�f �k �]�Z�a�Z�f�b �b �]�Z�a�h�\�u�f�b 
�k�f�_�k�y�f�b �^�h�e�`�g�h �[�u�l�v �j�Z�a�f�_�s�_�g�h �a�Z �i�j�_�^�_�e�Z�f�b �i�h�f�_�s�_�g�b�y �k�l�_�g�^�Z. �O�j�Z�g�b�e�b-
�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f �^�h�e�`�g�h �h�l�\�_�q�Z�l�v �l�j�_�[�h�\�Z�g�b�y�f �d �i�h�f�_-
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�s�_�g�b�y�f �^�e�y �o�j�Z�g�_�g�b�y �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f. �>�h�e�`�g�Z �[�u�l�v �h�[�h�j�m�^�h�\�Z�g�Z �e�b-
�g�b�y �i�h�^�Z�q�b �]�Z�a�h�\ �b�a �o�j�Z�g�b�e�b�s�Z �\ �k�b�k�l�_�f�m �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\. 
�I�h�l�j�_�[�g�h�k�l�b �\ �w�e�_�d�l�j�h�i�b�l�Z�g�b�b �b �\�h�^�h�h�o�e�Z�`�^�_�g�b�b �k�l�_�g�^�Z �g�_�h�[�o�h�^�b�f�h �m�l�h�q-
�g�b�l�v �i�h �f�_�j�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y. �<�Z�d�m�m�f�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �k�h�a�^�Z�g�b�y �k�l�_�g�^�Z, 
�\ �l�h�f �q�b�k�e�_ �\�Z�d�m�m�f�g�u�_ �d�j�Z�g�u, �d�e�Z�i�Z�g�u, �k�h�_�^�b�g�b�l�_�e�v�g�u�_ �n�e�Z�g�p�u, �\�Z�d�m�m�f�g�u�_ 
�^�Z�l�q�b�d�b �b �l. � .̂ �^�h�e�`�g�u �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �k�l�Z�g�^�Z�j�l�m ConFlat (CF). 

2. �K�l�_�g�^ «�I�_�j�_�j�Z�[�h�l�d�Z «�\�u�o�e�h�i�Z» �l�h�d�Z�f�Z�d�Z» 

�K�l�_�g�^ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �\�u�k�h�d�h�\�Z�d�m�m�f�g�m�x �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�m�x �m�k�l�Z-
�g�h�\�d�m �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �b �b�k�i�u�l�Z�g�b�y �f�_�f�[�j�Z�g�g�u�o �b �f�_�f�[�j�Z�g�g�h-�d�Z�l�Z�e�b�l�b-
�q�_�k�d�b�o �o�b�f�b�q�_�k�d�b�o �j�_�Z�d�l�h�j�h�\ �k �i�e�h�k�d�b�f�b �b �l�j�m�[�q�Z�l�u�f�b �f�_�f�[�j�Z�g�Z�f�b �g�Z �h�k�g�h-
�\�_ �i�Z�e�e�Z�^�b�_�\�u�o �b �\�Z�g�Z�^�b�_�\�u�o �k�i�e�Z�\�h�\. �< �j�Z�f�d�Z�o �b�k�k�e�_�^�h�\�Z�g�b�c �l�_�o�g�h�e�h�]�b�c 
�l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �M�M�L�K �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�_ �i�j�h�p�_�k�k�h�\ �h�q�b�k�l�d�b �\�h-
�^�h�j�h�^�Z �h�l �j�Z�a�e�b�q�g�u�o �i�j�b�f�_�k�_�c �f�_�f�[�j�Z�g�g�u�f�b �b �f�_�f�[�j�Z�g�g�h-�d�Z�l�Z�e�b�l�b�q�_�k�d�b�f�b 
�f�_�l�h�^�Z�f�b. �< �j�Z�f�d�Z�o �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �g�Z �i�_�j�\�h�f �w�l�Z�i�_ �b�k�i�h�e�v�a�h-
�\�Z�g�b�_ �k�l�Z�[�b�e�v�g�u�o �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z (�i�j�h�l�b�y �b �^�_�c�l�_�j�b�y), �g�Z �\�l�h�j�h�f �w�l�Z�i�_ 
�b�k�i�h�e�v�a�h�\�Z�g�b�_ �l�j�b�l�b�y �\ �d�Z�q�_�k�l�\�_ �f�_�l�d�b. 

�H�^�g�h�c �b�a �h�k�g�h�\�g�u�o �a�Z�^�Z�q �l�j�b�l�b�_�\�h�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �k�h�\�j�_�f�_�g�g�u�o 
�l�_�j�f�h�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�h�d �y�\�e�y�_�l�k�y �\�u�^�_�e�_�g�b�y �l�h�i�e�b�\�Z (�l�j�b�l�b�y �b �^�_�c�l�_�j�b�y) �b�a 
�]�Z�a�h�\�h�c �k�f�_�k�b, �h�l�d�Z�q�_�g�g�h�c �b�a �i�e�Z�a�f�_�g�g�h�c �d�Z�f�_�j�u, �l�Z�d �g�Z�a�u�\�Z�_�f�h�]�h «�\�u�o�e�h-
�i�Z» �b�e�b «�\�u�o�e�h�i�g�u�o �]�Z�a�h�\» (�h�l �Z�g�]�e. «exhaust gases»). �<�u�o�e�h�i�g�Z�y �]�Z�a�h�\�Z�y 
�k�f�_�k�v �k�h�^�_�j�`�b�l �^�h 95 % �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z (�b�a �g�b�o 50 % �l�j�b�l�b�y, 50 % �^�_�c�l�_-
�j�b�y �b �g�_�[�h�e�v�r�m�x �i�j�b�f�_�k�v�x �i�j�h�l�b�y), �^�h 4 % �]�_�e�b�y, �Z �l�Z�d�`�_ �i�j�b�f�_�k�g�u�_ �]�Z�a�u 
(�Z�l�f�h�k�n�_�j�g�u�_ �]�Z�a�u, �Z�j�]�h�g, �i�Z�j�u �\�h�^�u, �f�_�l�Z�g, �m�]�e�_�\�h�^�h�j�h�^�Z �b �^�j.), �\ �g�_�d�h�l�h-
�j�u�o �k�e�m�q�Z�y�o �\ �k�f�_�k�b �k�h�^�_�j�`�Z�l�k�y PEG-�]�Z�a�u (�Z�g�]�e. Plasma enchantment gases), 
�d�h�l�h�j�u�_ �^�h�[�Z�\�e�y�x�l �^�e�y �m�e�m�q�r�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �i�e�Z�a�f�u, �d �g�b�f �h�l�g�h�k�b�l�k�y �Z�a�h�l, 
�Z�j�]�h�g, �g�_�h�g �b �g�_�d�h�l�h�j�u�_ �^�j�m�]�b�_ �]�Z�a�u. 

�>�e�y «�[�u�k�l�j�h�]�h» �j�Z�a�^�_�e�_�g�b�y �]�Z�a�h�\�h�c �k�f�_�k�b �g�Z �i�_�j�k�i�_�d�l�b�\�g�u�o �l�_�j�f�h-
�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�d�Z�o �h�[�k�m�`�^�Z�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �f�_�f�[�j�Z�g �b�a �f�_�l�Z�e�e�h�\ V 
�]�j�m�i�i�u, �\ �d�h�l�h�j�u�o �j�_�Z�e�b�a�m�_�l�k�y �w�n�n�_�d�l �k�\�_�j�o�i�j�h�g�b�p�Z�_�f�h�k�l�b �^�e�y �b�a�h�l�h�i�h�\ �\�h-
�^�h�j�h�^�Z. �I�j�b �i�h�i�Z�^�Z�g�b�b �g�Z �i�h�\�_�j�o�g�h�k�l�v �f�_�l�Z�e�e�b�q�_�k�d�h�c �f�_�f�[�j�Z�g�u �Z�l�h�f�h�\ �\�h-
�^�h�j�h�^�Z �h�g�b �f�h�]�m�l �w�n�n�_�d�l�b�\�g�h �i�j�h�o�h�^�b�l�v �q�_�j�_�a �g�_�_ – �^�Z�`�_ �\ �h�l�k�m�l�k�l�\�b�_ �]�j�Z�^�b-
�_�g�l�Z �^�Z�\�e�_�g�b�y. �>�Z�g�g�u�c �f�_�l�h�^ �l�Z�d�`�_ �o�Z�j�Z�d�l�_�j�b�a�m�_�l ~100 % �k�_�e�_�d�l�b�\�g�h�k�l�v �i�h 
�\�h�^�h�j�h�^�m (�l�h �_�k�l�v �q�_�j�_�a �f�_�f�[�j�Z�g�m �i�j�h�o�h�^�b�l �l�h�e�v�d�h �b�a�h�l�h�i�u �\�h�^�h�j�h�^�Z), �h�^�g�Z�d�h 
�h�g �i�j�b�f�_�g�b�f �l�h�e�v�d�h �^�e�y �Z�l�h�f�Z�j�g�h�c �n�h�j�f�u �]�Z�a�Z – �l�j�_�[�m�_�l�k�y �_�]�h �Z�l�h�f�b�a�Z�p�b�y. 
�< �g�_�f�g�h�]�h�q�b�k�e�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �g�Z �l�h�d�Z�f�Z�d�Z�o �f�_�f�[�j�Z�g�u (Nb) �j�Z�a�f�_�s�Z-
�e�b�k�v �\ �h�[�t�_�f�_ �^�b�\�_�j�l�h�j�Z, �\ �i�_�j�k�i�_�d�l�b�\�g�u�o �l�h�d�Z�f�Z�d�Z�o �^�Z�g�g�m�x �l�_�o�g�h�e�h�]�b�x 
�i�e�Z�g�b�j�m�_�l�k�y �i�j�b�f�_�g�y�l�v �\ �h�l�d�Z�q�g�u�o �i�Z�l�j�m�[�d�Z�o �m�k�l�Z�g�h�\�d�b, �\�g�m�l�j�b �d�h�l�h�j�u�o 
�k�e�_�^�m�_�l �j�Z�a�f�_�s�Z�l�v �Z�l�h�f�b�a�Z�l�h�j. �:�l�h�f�b�a�Z�p�b�y �]�Z�a�Z �f�h�`�_�l �[�u�l�v �j�_�Z�e�b�a�h�\�Z�g�Z �e�b-
�[�h �i�h�k�j�_�^�k�l�\�h�f �g�Z�d�Z�e�v�g�u�o �g�b�l�_�c, �e�b�[�h �k�h�a�^�Z�g�b�_�f �\�u�k�h�d�h�q�Z�k�l�h�l�g�h�]�h �j�Z�a�j�y�^�Z. 
�I�h�b�k�d �g�Z�b�e�m�q�r�b�o �j�_�r�_�g�b�c �[�m�^�_�l �h�i�j�_�^�_�e�y�l�v �]�h�l�h�\�g�h�k�l�v �l�_�o�g�h�e�h�]�b�b �^�e�y �i�j�b-
�f�_�g�_�g�b�y �\ �l�h�i�e�b�\�g�h�f �p�b�d�e�_ �M�M�L�K. �P�_�e�_�k�h�h�[�j�Z�a�g�h �i�j�_�^�m�k�f�h�l�j�_�l�v �g�Z �k�l�_�g�^�_ 
�\�h�a�f�h�`�g�h�k�l�v �b�k�i�u�l�Z�g�b�y �k�\�_�j�o�i�j�h�g�b�p�Z�_�f�u�o �f�_�f�[�j�Z�g. 

�K�l�_�g�^ �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�Z �j�Z�a�^�_�e�_�g�b�y �\�h�^�h�j�h�^�k�h-
�^�_�j�`�Z�s�b�o �]�Z�a�h�\�u�o �k�f�_�k�_�c �k �i�h�f�h�s�v�x �f�_�f�[�j�Z�g�g�h�]�h �b�e�b �f�_�f�[�j�Z�g�g�h-�d�Z�l�Z�e�b-
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�l�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z, �h�i�j�_�^�_�e�_�g�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d �f�Z�l�_�j�b�Z�e�h�\ (�f�Z�l�_�j�b�Z�e�Z �f�_�f-
�[�j�Z�g�u �b �d�Z�l�Z�e�b�a�Z�l�h�j�Z/�g�h�k�b�l�_�e�y), �h�i�j�_�^�_�e�_�g�b�_ �i�Z�j�Z�f�_�l�j�h�\ �i�j�h�p�_�k�k�Z �j�Z�a�^�_�e�_-
�g�b�y �\ �j�Z�a�e�b�q�g�u�o �j�_�`�b�f�Z�o �b �b�k�i�u�l�Z�g�b�_ �f�_�f�[�j�Z�g�g�u�o �j�_�Z�d�l�h�j�h�\.  

�I�j�b �j�Z�[�h�l�_ �k�l�_�g�^�Z �\ �o�b�f�b�q�_�k�d�b�c �f�_�f�[�j�Z�g�g�u�c �b�e�b �f�_�f�[�j�Z�g�g�h-�d�Z�l�Z�e�b-
�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j �[�m�^�m�l �i�h�^�Z�\�Z�l�v �]�Z�a�h�\�m�x �k�f�_�k�v �i�h �k�h�k�l�Z�\�m �f�h�^�_�e�b�j�m�x�s�m�x 
«�\�u�o�e�h�i» �\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�u �l�h�d�Z�f�Z�d�Z, �Z �b�f�_�g�g�h �k�h�^�_�j�`�Z�s�m�x: �b�a�h�l�h�i�u �\�h�^�h-
�j�h�^�Z (�a�Z �b�k�d�e�x�q�_�g�b�_�f �l�j�b�l�b�y), �]�Z�a�u, �^�h�[�Z�\�e�y�_�f�u�_ �\ �i�e�Z�a�f�m �^�e�y �m�e�m�q�r�_�g�b�y �_�_ 
�k�\�h�c�k�l�\, �l�Z�d�b�_ �d�Z�d �Z�a�h�l, �Z�j�]�h�g, �g�_�h�g; �i�j�h�^�m�d�l�u �y�^�_�j�g�u�o �j�_�Z�d�p�b�c (4He); �i�j�h-
�^�m�d�l�u �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �i�e�Z�a�f�u �b �\�g�m�l�j�_�g�g�b�o �i�h�\�_�j�o�g�h�k�l�_�c �l�h�d�Z�f�Z�d�Z �b �^�b�\�_�j-
�l�h�j�Z (�K�G4, �G2�H) �b �l. � .̂ 

�K�l�_�g�^ �^�h�e�`�_�g �i�h�a�\�h�e�y�l�v �i�j�h�\�h�^�b�l�v �b�k�i�u�l�Z�g�b�y �h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y �h�q�b�k�l�d�b 
�\�h�^�h�j�h�^�Z �h�l �i�j�b�f�_�k�_�c �g�Z �h�k�g�h�\�_ �f�_�f�[�j�Z�g�g�u�o �j�_�Z�d�l�h�j�h�\, �Z �b�f�_�g�g�h �h�i�j�_�^�_�e�_�g�b�y 
�w�n�n�_�d�l�b�\�g�h�k�l�b �h�q�b�k�l�d�b �d�Z�d �h�l�g�h�r�_�g�b�y �\�o�h�^�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �\ �]�Z�a�h-
�\�h�c �k�f�_�k�b �d �\�u�o�h�^�g�h�c (C�g2�\�o/�K�g2�\�u�o,) �b �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b (�i�h �\�h�^�h�j�h�^�m) �\ �a�Z-
�\�b�k�b�f�h�k�l�b �h�l �^�Z�\�e�_�g�b�y, �l�_�f�i�_�j�Z�l�m�j�u, �k�h�k�l�Z�\�Z �]�Z�a�h�\�h�c �k�f�_�k�b �b �i�h�l�h�d�Z �]�Z�a�h�\�h�c 
�k�f�_�k�b �q�_�j�_�a �j�_�Z�d�l�h�j. �K�l�_�g�^ �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �j�Z�[�h�l�u �k�h �k�l�Z�[�b�e�v�g�u�f�b �b�a�h�l�h�i�Z-
�f�b �\�h�^�h�j�h�^�Z (�i�j�h�l�b�c �b �^�_�c�l�_�j�b�c), �Z �l�Z�d�`�_ �]�Z�a�h�\�u�o �k�f�_�k�_�c �g�Z �b�o �h�k�g�h�\�_. �< �d�h�g-
�k�l�j�m�d�p�b�b �k�l�_�g�^�Z �^�h�e�`�g�Z �[�u�l�v �i�j�_�^�m�k�f�h�l�j�_�g�Z �\�h�a�f�h�`�g�h�k�l�v �i�_�j�_�h�[�h�j�m�^�h�\�Z�g�b�y 
�^�e�y �j�Z�[�h�l�u �k �l�j�b�l�b�_�f, �^�h�[�Z�\�e�y�_�f�u�f �\ �]�Z�a�h�\�m�x �k�f�_�k�v �\ �d�Z�q�_�k�l�\�_ �f�_�l�d�b. 

�>�e�y �d�h�g�l�j�h�e�y �j�Z�k�o�h�^�Z �]�Z�a�Z �^�h�e�`�g�u �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �j�_�]�m�e�y�l�h�j�u �j�Z�k-
�o�h�^�Z �]�Z�a�Z. �>�e�y �d�h�g�l�j�h�e�y �^�Z�\�e�_�g�b�y �^�h�e�`�g�u �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �_�f�d�h�k�l�g�u�_ �^�Z�l-
�q�b�d�b, �f�_�f�[�j�Z�g�g�u�_ �b �r�b�j�h�d�h�^�b�Z�i�Z�a�h�g�g�u�_ �b�h�g�b�a�Z�p�b�h�g�g�u�_ �^�Z�l�q�b�d�b �^�e�y �k�h�h�l-
�\�_�l�k�l�\�m�x�s�_�]�h �^�b�Z�i�Z�a�h�g�Z �^�Z�\�e�_�g�b�c. 

�>�e�y �j�Z�a�f�_�s�_�g�b�y �k�l�_�g�^�Z �l�j�_�[�m�_�l�k�y �i�e�h�s�Z�^�d�Z �g�_ �f�_�g�_�_ 20 �f2 �k �\�u�k�h�l�h�c 
�i�h�l�h�e�d�h�\ �g�_ �f�_�g�_�_ 3 �f . �K�l�_�g�^ �^�h�e�`�_�g �k�h�k�l�h�y�l�v �b�a �k�e�_�^�m�x�s�_�]�h �h�[�h�j�m�^�h�\�Z�g�b�y: 

– �f�_�f�[�j�Z�g�g�u�c �j�_�Z�d�l�h�j �k�h �k�t�_�f�g�h�c �f�_�f�[�j�Z�g�h�c �g�Z �h�k�g�h�\�_ �k�i�e�Z�\�h�\ �i�Z�e�e�Z-
�^�b�y/�\�Z�g�Z�^�b�y; 

– �d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j �^�e�y �i�j�h�l�_�d�Z�g�b�y �i�j�h�p�_�k�k�h�\ �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z 
�b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �d�h�g�\�_�j�k�b�b; 

– �\�Z�d�m�m�f�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ (�g�Z�k�h�k�u);  
– �k�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �i�h�^�Z�q�b �]�Z�a�h�\�u�o �k�f�_�k�_�c �b�a�\�_�k�l�g�h�]�h �k�h�k�l�Z�\�Z; 
– �k�b�k�l�_�f�Z �Z�g�Z�e�b�a�Z �k�h�k�l�Z�\�Z �]�Z�a�h�\�u�o �k�f�_�k�_�c �b �d�h�g�l�j�h�e�y �h�k�g�h�\�g�u�o �i�Z�j�Z-

�f�_�l�j�h�\ �i�j�h�p�_�k�k�Z (�^�Z�\�e�_�g�b�_ �b �l�_�f�i�_�j�Z�l�m�j�Z �b �^�j�m�]�b�_); 
– �k�b�k�l�_�f�Z �g�Z�]�j�_�\�Z �b �d�h�g�l�j�h�e�y �l�_�f�i�_�j�Z�l�m�j�u �j�_�Z�d�l�h�j�h�\; 
– �]�_�j�f�_�l�b�q�g�Z�y �]�Z�a�h�\�Z�y �Z�j�f�Z�l�m�j�Z �^�e�y �k�h�_�^�b�g�_�g�b�y �h�[�h�j�m�^�h�\�Z�g�b�y, �h�l�[�h�j�Z 

�]�Z�a�h�\�u�o �i�j�h�[ �b �l. � .̂; 
– �k�b�k�l�_�f�Z �i�b�l�Z�g�b�y; 
– �s�b�l�u �m�i�j�Z�\�e�_�g�b�y �b �w�e�_�d�l�j�h�g�g�u�_ �r�d�Z�n�u; 
– �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_. 
�H�k�g�h�\�g�u�f�b �m�a�e�Z�f�b �k�l�_�g�^�Z �y�\�e�y�x�l�k�y: �f�_�f�[�j�Z�g�g�u�c �j�_�Z�d�l�h�j, �d�Z�l�Z�e�b�l�b�q�_-

�k�d�b�c �j�_�Z�d�l�h�j, �k�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �i�h�^�Z�q�b �]�Z�a�h�\�u�o �k�f�_�k�_�c, �k�b�k�l�_�f�Z �Z�g�Z�e�b�a�Z 
�k�h�k�l�Z�\�Z �]�Z�a�h�\�u�o �k�f�_�k�_�c �b �d�h�g�l�j�h�e�y �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �i�j�h�p�_�k�k�Z. 

�F�_�f�[�j�Z�g�g�u�c �j�_�Z�d�l�h�j: 
�F�_�f�[�j�Z�g�g�u�c �j�_�Z�d�l�h�j �^�h�e�`�_�g �i�j�_�^�k�l�Z�\�e�y�l�v �k�h�[�h�c �^�\�m�o�d�Z�f�_�j�g�u�c �\�Z�d�m-

�m�f-�i�e�h�l�g�u�c �h�[�t�_�f �k �d�h�j�i�m�k�h�f �b�a �g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�b. �D�Z�f�_�j�u �j�Z�a�^�_�e�_�g�u 
�f�_�`�^�m �k�h�[�h�c �f�_�f�[�j�Z�g�h�c �b�a �b�k�k�e�_�^�m�_�f�h�]�h �k�i�e�Z�\�Z �i�Z�e�e�Z�^�b�y/�\�Z�g�Z�^�b�y �l�h�e�s�b�g�h�c 
�h�l 0,025 �^�h 2 �f�f . �D�h�g�k�l�j�m�d�p�b�y �j�_�Z�d�l�h�j�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �d�j�_�i�e�_�g�b�_ �l�j�m�[�q�Z-
�l�u�o �f�_�f�[�j�Z�g �\�g�_�r�g�b�f �^�b�Z�f�_�l�j�h�f �h�l 2 �^�h 15 �f�f  �b �i�e�h�k�d�b�_ �f�_�f�[�j�Z�g�u �^�b�Z�f�_�l-
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�j�h�f �h�l 20 �^�h 100 �f�f . �<�h�a�f�h�`�g�h �i�j�h�_�d�l�b�j�h�\�Z�g�b�_ �h�l�^�_�e�v�g�h�]�h �j�_�Z�d�l�h�j�Z �^�e�y 
�d�Z�`�^�h�]�h �l�b�i�Z �f�_�f�[�j�Z�g. �D�Z�f�_�j�u �j�_�Z�d�l�h�j�Z �^�h�e�`�g�u �[�u�l�v �h�k�g�Z�s�_�g�u �\�o�h�^�g�u�f 
�b �\�u�o�h�^�g�u�f �i�Z�l�j�m�[�d�h�f �k �n�e�Z�g�p�_�f �k�l�Z�g�^�Z�j�l�Z CF. �I�h�e�h�`�_�g�b�_ �i�Z�l�j�m�[�d�h�\ �^�h�e�`-
�g�h �h�[�_�k�i�_�q�b�\�Z�l�v �f�Z�d�k�b�f�Z�e�v�g�h�_ �\�j�_�f�y �d�h�g�l�Z�d�l�Z �i�h�l�h�d�Z �]�Z�a�h�\�h�c �k�f�_�k�b �k �f�_�f-
�[�j�Z�g�h�c. �D�Z�f�_�j�u �f�_�f�[�j�Z�g�g�h�]�h �j�_�Z�d�l�h�j�Z �^�h�e�`�g�u �[�u�l�v �k�h�_�^�b�g�_�g�u �\�k�i�h�f�h�]�Z-
�l�_�e�v�g�u�f �[�Z�c�i�Z�k�g�u�f �l�j�m�[�h�i�j�h�\�h�^�h�f �k �\�_�g�l�b�e�_�f. 

 

 
 

�J�b�k. 2. �K�o�_�f�Z �k�l�_�g�^�Z «�I�_�j�_�j�Z�[�h�l�d�Z «�\�u�o�e�h�i�Z» �l�h�d�Z�f�Z�d�Z» 
 
�D�h�g�k�l�j�m�d�p�b�y �j�_�Z�d�l�h�j�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �g�Z�]�j�_�\�Z�l�v �f�_�f�[�j�Z�g�m �^�h 500 �h�K. 

�=�j�Z�^�b�_�g�l �l�_�f�i�_�j�Z�l�m�j�u �\�^�h�e�v �^�b�Z�f�_�l�j�Z �i�e�h�k�d�h�c �f�_�f�[�j�Z�g�u �b�e�b �^�e�b�g�u �l�j�m�[�q�Z-
�l�h�c �f�_�f�[�j�Z�g�u �g�_ �^�h�e�`�_�g �i�j�_�\�u�r�Z�l�v 10 %. �K�i�h�k�h�[ �g�Z�]�j�_�\�Z �k�e�_�^�m�_�l �h�i�j�_�^�_-
�e�b�l�v �g�Z �w�l�Z�i�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y. �=�Z�[�Z�j�b�l�g�u�_ �j�Z�a�f�_�j�u �j�_�Z�d�l�h�j�Z �g�_ �^�h�e�`�g�u �i�j�_-
�\�u�r�Z�l�v 0,6 �f . �D�h�g�k�l�j�m�d�p�b�y �f�_�f�[�j�Z�g�g�h�]�h �j�_�Z�d�l�h�j�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �j�Z�[�h�l�m 
�k �^�Z�\�e�_�g�b�y�f�b �]�Z�a�h�\ �^�h 5 �[�Z�j.  

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �w�n�n�_�d�l�Z �k�\�_�j�o�i�j�h�g�b�p�Z�_�f�h�k�l�b �f�_�f�[�j�Z�g�g�u�c �j�_�Z�d�l�h�j 
�^�h�e�`�_�g �i�j�_�^�m�k�f�Z�l�j�b�\�Z�l�v �Z�l�h�f�b�a�Z�p�b�x �j�Z�[�h�q�_�]�h �]�Z�a�Z – �^�e�y �w�l�h�]�h �p�_�e�_�k�h�h�[�j�Z�a�g�h 
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�i�j�b�f�_�g�_�g�b�_ �d�Z�d �g�Z�d�Z�e�v�g�h�]�h, �l�Z�d �b �\�u�k�h�d�h�q�Z�k�l�h�l�g�h�]�h �k�i�h�k�h�[�Z. �G�_�h�o�h�^�b�f�h 
�b�f�_�l�v �\�h�a�f�h�`�g�h�k�l�v �h�i�_�j�Z�l�b�\�g�h�c �a�Z�f�_�g�u �g�Z�d�Z�e�v�g�u�o �g�b�l�_�c, �Z �l�Z�d�`�_ �b�k�i�h�e�v�a�h-
�\�Z�g�b�y �h�[�h�b�o �k�i�h�k�h�[�h�\ �[�_�a �g�_�h�[�o�h�^�b�f�h�k�l�b �\�k�d�j�u�l�b�y �m�k�l�Z�g�h�\�d�b. 

�D�Z�l�Z�e�b�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j: 
�D�Z�l�Z�e�b�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j �^�h�e�`�_�g �i�j�_�^�k�l�Z�\�e�y�l�v �k�h�[�h�c �\�Z�d�m�m�f-�i�e�h�l�g�u�c 

�h�[�t�_�f �k �d�h�j�i�m�k�h�f �b�a �g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�b. �< �h�[�t�_�f�_ �j�_�Z�d�l�h�j�Z �^�h�e�`�g�Z �[�u�l�v 
�a�Z�d�j�_�i�e�_�g�Z �]�b�e�v�a�Z �k �d�Z�l�Z�e�b�a�Z�l�h�j�h�f �j�_�Z�d�p�b�c �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z �b�e�b �j�_�Z�d�p�b�c 
�d�h�g�\�_�j�k�b�b. �F�Z�l�_�j�b�Z�e�u �d�h�j�i�m�k�Z �]�b�e�v�a�u �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �]�Z�a�h�\�h�c �k�f�_�k�b �k�\�h-
�[�h�^�g�h �i�j�h�g�b�d�Z�l�v �\�g�m�l�j�v �]�b�e�v�a�u �b �d�h�g�l�Z�d�l�b�j�h�\�Z�l�v �k �d�Z�l�Z�e�b�a�Z�l�h�j�h�f. �D�h�g�k�l�j�m�d-
�p�b�y �]�b�e�v�a�u �b �j�_�Z�d�l�h�j�Z �g�_ �^�h�e�`�g�u �h�[�_�k�i�_�q�b�\�Z�l�v �k�\�h�[�h�^�g�h�_ �i�j�h�o�h�`�^�_�g�b�_ �]�Z�a�h-
�\�h�c �k�f�_�k�b �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �f�_�`�^�m �]�b�e�v�a�h�c �b �d�h�j�i�m�k�h�f �j�_�Z�d�l�h�j�Z. �J�_�Z�d�l�h�j�u 
�^�h�e�`�g�u �[�u�l�v �h�k�g�Z�s�_�g�u �\�o�h�^�g�u�f �b �\�u�o�h�^�g�u�f �i�Z�l�j�m�[�d�h�f �k �n�e�Z�g�p�_�f �k�l�Z�g�^�Z�j-
�l�Z CF. �I�h�e�h�`�_�g�b�_ �i�Z�l�j�m�[�d�h�\ �^�h�e�`�g�h �h�[�_�k�i�_�q�b�\�Z�l�v �f�Z�d�k�b�f�Z�e�v�g�h�_ �\�j�_�f�y �d�h�g-
�l�Z�d�l�Z �i�h�l�h�d�Z �]�Z�a�h�\�h�c �k�f�_�k�b �k �d�Z�l�Z�e�b�a�Z�l�h�j�h�f. 

�D�h�g�k�l�j�m�d�p�b�y �]�b�e�v�a�u �b �j�_�Z�d�l�h�j�Z �^�h�e�`�g�Z �h�[�_�k�i�_�q�b�\�Z�l�v �\�h�a�f�h�`�g�h�k�l�v �i�j�h-
�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �k �j�Z�a�e�b�q�g�u�f�b �d�Z�l�Z�e�b�a�Z�l�h�j�Z�f�b, �\ �l�h�f �q�b�k�e�_ �i�h�j�h�r�d�Z-
�f�b �f�_�l�Z�e�e�h�\ �g�Z �k�i�_�p�b�Z�e�v�g�u�o �g�h�k�b�l�_�e�y�o, �j�Z�a�f�_�j �q�Z�k�l�b�p �h�l 100 �f�d�f (�\ �k�e�m�q�Z�_ 
�i�h�j�h�r�d�Z) �^�h 5 �f�f  (�\ �k�e�m�q�Z�_ �d�Z�l�Z�e�b�a�Z�l�h�j�Z �g�Z �g�h�k�b�l�_�e�_, �g�Z�i�j�b�f�_�j �g�Z �k�i�b�j�Z�e�v�g�h-
�i�j�b�a�f�Z�l�b�q�_�k�d�h�c �g�Z�k�Z�^�d�_ �b�e�b �d�h�e�v�p�Z�o �J�Z�r�b�]�Z). �H�[�t�_�f �a�Z�k�u�i�d�b �d�Z�l�Z�e�b�a�Z�l�h�j�Z 
�h�l 20 �f�e �^�h 1000 �f�e. �<�h�a�f�h�`�g�h �k�i�j�h�_�d�l�b�j�h�\�Z�l�v �h�l�^�_�e�v�g�u�_ �j�_�Z�d�l�h�j�u �^�e�y �h�l-
�^�_�e�v�g�u�o �l�b�i�h�\ �d�Z�l�Z�e�b�a�Z�l�h�j�Z �b�e�b �h�[�t�_�f�h�\ �a�Z�k�u�i�d�b. 

�D�h�g�k�l�j�m�d�p�b�y �j�_�Z�d�l�h�j�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �g�Z�]�j�_�\�Z�l�v �]�b�e�v�a�m �k �d�Z�l�Z�e�b�a�Z�l�h-
�j�h�f �^�h 500 �h�K. �=�j�Z�^�b�_�g�l �l�_�f�i�_�j�Z�l�m�j�u �\�^�h�e�v �^�e�b�g�u �]�b�e�v�a�u �g�_ �^�h�e�`�_�g �i�j�_�\�u-
�r�Z�l�v 10 %. �K�i�h�k�h�[ �g�Z�]�j�_�\�Z �k�e�_�^�m�_�l �h�i�j�_�^�_�e�b�l�v �g�Z �w�l�Z�i�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y. �=�Z-
�[�Z�j�b�l�g�u�_ �j�Z�a�f�_�j�u �j�_�Z�d�l�h�j�Z �g�_ �^�h�e�`�g�u �i�j�_�\�u�r�Z�l�v 0,6 �f . �D�h�g�k�l�j�m�d�p�b�y �d�Z�l�Z-
�e�b�l�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �j�Z�[�h�l�m �k �^�Z�\�e�_�g�b�y�f�b �]�Z�a�h�\ �^�h 5 �[�Z�j. 

�K�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �i�h�^�Z�q�b �]�Z�a�h�\�u�o �k�f�_�k�_�c: 
�>�h�a�b�j�h�\�d�Z/�i�h�^�Z�q�Z �]�Z�a�h�\ �b�a�\�_�k�l�g�h�]�h �k�h�k�l�Z�\�Z �\ �f�_�f�[�j�Z�g�g�u�c �b�e�b �d�Z�l�Z�e�b-

�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j�u �b�e�b �\ �b�k�k�e�_�^�m�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�h�e�`�g�Z �[�u�l�v �h�k�m�s�_�k�l�\-
�e�_�g�Z �g�Z �a�Z�^�Z�g�g�h�f �b �j�_�]�m�e�b�j�m�_�f�h�f �m�j�h�\�g�_ �i�h�l�h�d�Z �]�Z�a�Z. �>�e�y �^�h�a�b�j�h�\�d�b �g�_�h�[�o�h-
�^�b�f�h �b�k�i�h�e�v�a�h�\�Z�l�v �p�b�n�j�h�\�u�_ �j�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z �]�Z�a�Z �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�_ 
�d �j�h�^�m �]�Z�a�Z, �_�]�h �^�Z�\�e�_�g�b�x �b �l�_�f�i�_�j�Z�l�m�j�_ �b�e�b �j�_�]�m�e�y�l�h�j�u �q�m�\�k�l�\�b�l�_�e�v�g�u�_ 
�d �j�h�^�m �]�Z�a�Z, �_�]�h �l�_�f�i�_�j�Z�l�m�j�_ �b �^�Z�\�e�_�g�b�x �k �g�_�h�[�o�h�^�b�f�u�f�b �d�Z�e�b�[�j�h�\�d�Z�f�b 
�b �j�Z�k�q�_�l�g�u�f�b �Z�e�]�h�j�b�l�f�Z�f�b. �H�l�d�e�h�g�_�g�b�_ �\�_�e�b�q�b�g�u �i�h�l�h�d�Z �]�Z�a�Z, �a�Z�^�Z�\�Z�_�f�h�c 
�j�_�]�m�e�y�l�h�j�h�f �i�h�l�h�d�Z �]�Z�a�Z, �g�_ �^�h�e�`�g�Z �i�j�_�\�u�r�Z�l�v 2 % �h�l �a�Z�^�Z�g�g�h�c �\�_�e�b�q�b�g�u. 
�J�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z �]�Z�a�Z �^�h�e�`�g�u �h�[�_�k�i�_�q�b�\�Z�l�v �j�Z�k�o�h�^ �]�Z�a�Z �\ �k�e�_�^�m�x�s�b�o �^�b�Z-
�i�Z�a�h�g�Z�o: 0,1–10, 10–1000 �k�f3/�f�b�g. 

�>�h�a�b�j�h�\�d�Z �]�Z�a�h�\ �\ �f�_�f�[�j�Z�g�g�u�c �b�e�b �d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j�u �b�e�b �b�k-
�k�e�_�^�m�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�h�e�`�g�u �h�k�m�s�_�k�l�\�e�y�l�v�k�y �\ �^�\�m�o �j�_�`�b�f�Z�o: 

– �j�_�`�b�f «�i�j�h�^�m�\�d�b», �g�_�h�[�o�h�^�b�f�u�c �]�Z�a �b�e�b �k�f�_�k�v �]�Z�a�h�\ �i�h�k�l�m�i�Z�x�l �b�a 
�\�g�_�r�g�_�]�h �b�k�l�h�q�g�b�d�Z (�k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f (�[�Z�e�e�h�g�h�\) �o�j�Z�g�b�e�b�s�Z) �b �i�h�k�e�_ 
�j�Z�a�^�_�e�_�g�b�y �\ �j�_�Z�d�l�h�j�Z�o �k�[�j�Z�k�u�\�Z�x�l�k�y �\ �Z�l�f�h�k�n�_�j�m; 

– �j�_�`�b�f «�p�b�d�e�b�q�_�k�d�b�c», �g�_�h�[�o�h�^�b�f�u�c �]�Z�a �b�e�b �k�f�_�k�v �]�Z�a�h�\ �p�b�j�d�m�e�b�j�m-
�x�l �\ �a�Z�f�d�g�m�l�h�f �d�h�g�l�m�j�_ (�d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j – �f�_�f�[�j�Z�g�g�u�c �j�_�Z�d�l�h�j – 
�k�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\). 

�K�b�k�l�_�f�Z �Z�g�Z�e�b�a�Z �k�h�k�l�Z�\�Z �]�Z�a�h�\�u�o �k�f�_�k�_�c �b �d�h�g�l�j�h�e�y �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l-
�j�h�\ �i�j�h�p�_�k�k�Z: 
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�K�b�k�l�_�f�Z �Z�g�Z�e�b�a�Z �k�h�k�l�Z�\�Z �]�Z�a�h�\�u�o �k�f�_�k�_�c �^�h�e�`�g�Z �\�d�e�x�q�Z�l�v �d�\�Z�^�j�m�i�h�e�v-
�g�u�c �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�Z (100 �Z.�_.�f ) �b �p�b�n�j�h�\�h�c �Z�g�Z�e�b�a�Z�l�h�j �\�h�^�h�j�h�^�Z. �K�b�k�l�_�f�Z 
�Z�g�Z�e�b�a�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �b�a�f�_�j�y�l�v �k�h�k�l�Z�\ �]�Z�a�h�\�u�o �i�h�l�h�d�h�\ �g�Z �\�o�h�^�_ �\ �f�_�f-
�[�j�Z�g�g�u�c/�d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j, �g�Z �\�u�o�h�^�_ �b�a �f�_�f�[�j�Z�g�g�h�]�h/�d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h 
�j�_�Z�d�l�h�j�Z, �i�h�l�h�d �i�_�j�f�_�Z�l�Z �f�_�f�[�j�Z�g�g�h�]�h �j�_�Z�d�l�h�j�Z (�]�Z�a�Z, �i�j�h�r�_�^�r�_�]�h �q�_�j�_�a 
�f�_�f�[�j�Z�g�m). �K�b�k�l�_�f�Z �Z�g�Z�e�b�a�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �i�j�h�b�a�\�h�^�b�l�v �h�l�[�h�j �]�Z�a�h�h�[�j�Z�a-
�g�u�o �i�j�h�[ �^�e�y �i�h�k�e�_�^�m�x�s�_�]�h �Z�g�Z�e�b�a�Z �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�f, �k�i�_�d�l�j�h�f�_�l�j�b�q�_-
�k�d�b�f �b �^�j�m�]�b�f�b �f�_�l�h�^�Z�f�b.  

�K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �h�[�h�j�m�^�h�\�Z�g �^�Z�l�q�b�d�Z�f�b �^�e�y �b�a�f�_�j�_�g�b�y �^�Z�\�e�_�g�b�y 
�\ �^�b�Z�i�Z�a�h�g�_ �h�l 10–5 �f�[�Z�j �^�h 10 �[�Z�j. �G�_ �f�_�g�_�_ 3 �_�f�d�h�k�l�g�u�o �p�b�n�j�h�\�u�o �^�Z�l�q�b�d�h�\ 
�k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 0,1 % �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 2 
�p�b�n�j�h�\�u�o �^�_�n�h�j�f�Z�p�b�h�g�u�o �^�Z�l�q�b�d�h�\ �k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 1 % �g�_ �q�m�\-
�k�l�\�b�l�_�e�v�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 2 �p�b�n�j�h�\�u�o �r�b�j�h�d�h�^�b�Z�i�Z�a�h�g�g�u�o �b�h�g�b�a�Z-
�p�b�h�g�g�u�o �^�Z�l�q�b�d�h�\ �\�u�k�h�d�h�]�h �\�Z�d�m�m�f�Z �k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 15 %, �d�Z�e�b�[-
�j�h�\�Z�g�g�u�_ �^�e�y �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\. 

�>�j�m�]�b�_ �k�b�k�l�_�f�u: 
�O�j�Z�g�b�e�b�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂ �^�Z�\�e�_�g�b�_�f �k �]�Z�a�Z�f�b �b �]�Z�a�h�\�u�f�b 

�k�f�_�k�y�f�b �^�h�e�`�g�h �[�u�l�v �j�Z�a�f�_�s�_�g�h �a�Z �i�j�_�^�_�e�Z�f�b �i�h�f�_�s�_�g�b�y �k�l�_�g�^�Z. �O�j�Z�g�b�e�b-
�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f �^�h�e�`�g�h �h�l�\�_�q�Z�l�v �l�j�_�[�h�\�Z�g�b�y�f �d �i�h�f�_-
�s�_�g�b�y�f �^�e�y �o�j�Z�g�_�g�b�y �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f. �>�h�e�`�g�Z �[�u�l�v �h�[�h�j�m�^�h�\�Z�g�Z �e�b-
�g�b�y �i�h�^�Z�q�b �]�Z�a�h�\ �b�a �o�j�Z�g�b�e�b�s�Z �\ �k�b�k�l�_�f�m �i�h�^�]�h�l�h�\�d�b �b �i�h�^�Z�q�b �]�Z�a�h�\. �I�h�l�j�_�[-
�g�h�k�l�b �\ �w�e�_�d�l�j�h�i�b�l�Z�g�b�b �b �\�h�^�h�h�o�e�Z�`�^�_�g�b�b �k�l�_�g�^�Z �g�_�h�[�o�h�^�b�f�h �m�l�h�q�g�b�l�v �i�h 
�f�_�j�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y. �<�Z�d�m�m�f�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �k�h�a�^�Z�g�b�y �k�l�_�g�^�Z, �\ �l�h�f 
�q�b�k�e�_ �\�Z�d�m�m�f�g�u�_ �d�j�Z�g�u, �d�e�Z�i�Z�g�u, �k�h�_�^�b�g�b�l�_�e�v�g�u�_ �n�e�Z�g�p�u, �\�Z�d�m�m�f�g�u�_ �^�Z�l-
�q�b�d�b �b �l.� .̂ �^�h�e�`�g�u �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �k�l�Z�g�^�Z�j�l�m ConFlat (CF). 

3. �K�l�_�g�^ «�K�h�j�[�p�b�h�g�g�h�_ �b �[�Z�e�e�h�g�g�h�_ �o�j�Z�g�_�g�b�_ �\�h�^�h�j�h�^�Z» 

�K�l�_�g�^ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �\�u�k�h�d�h�\�Z�d�m�m�f�g�m�x �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�m�x �m�k�l�Z-
�g�h�\�d�m �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �b �b�k�i�u�l�Z�g�b�y �]�b�^�j�b�^�h�h�[�j�Z�a�m�x�s�b�o �f�Z�l�_�j�b�Z�e�h�\ �b �k�h�j�[-
�p�b�h�g�g�u�o �Z�i�i�Z�j�Z�l�h�\ �j�Z�a�e�b�q�g�h�c �d�h�g�k�l�j�m�d�p�b�b �^�e�y �o�j�Z�g�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z, 
�Z �l�Z�d�`�_ �b�k�i�u�l�Z�g�b�y �_�f�d�h�k�l�_�c �b �k�h�k�m�^�h�\ �\�u�k�h�d�h�]�h �^�Z�\�e�_�g�b�y �^�e�y �o�j�Z�g�_�g�b�y �b�a�h-
�l�h�i�h�\ �\�h�^�h�j�h�^�Z. �< �j�Z�f�d�Z�o �b�k�k�e�_�^�h�\�Z�g�b�c �l�_�o�g�h�e�h�]�b�c �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �M�M�L�K 
�i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�_ �i�j�h�p�_�k�k�h�\ �o�j�Z�g�_�g�b�y �\�h�^�h�j�h�^�Z �\ �\�b�^�_ �]�b�^�j�b�^�h�\ 
�b �k�`�Z�l�h�]�h �]�Z�a�Z, �h�i�j�_�^�_�e�_�g�b�y �d�h�e�b�q�_�k�l�\�Z �]�_�e�b�y �b �l�j�b�l�b�y, �k�i�h�k�h�[�h�\ �i�h�\�u�r�_�g�b�y 
�[�_�a�h�i�Z�k�g�h�k�l�b �o�j�Z�g�_�g�b�y �l�j�b�l�b�y. 

�W�d�k�i�e�m�Z�l�Z�p�b�y �l�_�j�f�h�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�h�d �i�j�_�^�i�h�e�Z�]�Z�_�l �b�k�i�h�e�v�a�h�\�Z�g�b�_ 
�[�h�e�v�r�h�]�h �d�h�e�b�q�_�k�l�\�Z �l�j�b�l�b�y �b �^�j�m�]�b�o �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z. �< �q�Z�k�l�g�h�k�l�b, 
�\ �k�l�j�h�y�s�_�f�k�y �j�_�Z�d�l�h�j�_ ITER �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �^�h 4000 �] �l�j�b�l�b�y. 
�K�b�k�l�_�f�Z �o�j�Z�g�_�g�b�y �l�j�b�l�b�y �l�_�j�f�h�y�^�_�j�g�h�c �m�k�l�Z�g�h�\�d�b �^�h�e�`�g�Z �h�[�_�k�i�_�q�b�\�Z�l�v �[�_�a-
�h�i�Z�k�g�h�_ �b �g�Z�^�_�`�g�h�_ �o�j�Z�g�_�g�b�_ �\�k�_�]�h �l�j�b�l�b�y, �b�k�i�h�e�v�a�m�_�f�h�]�h �\ �L�P �g�Z �k�e�m�q�Z�c 
�g�_�r�l�Z�l�g�u�o �k�b�l�m�Z�p�b�c, �Z�\�Z�j�b�c. �L�Z�d �`�_ �q�Z�k�l�v �l�j�b�l�b�y �[�m�^�_�l �g�Z�o�h�^�b�l�v�k�y �g�Z �^�h�e�]�h-
�\�j�_�f�_�g�g�h�f �o�j�Z�g�_�g�b�b �^�e�y �\�h�k�i�h�e�g�_�g�b�y �j�Z�k�o�h�^�Z, �i�h�l�_�j�v (�a�Z �k�q�_�l �j�Z�^�b�h�Z�d�l�b�\�g�h-
�]�h �j�Z�k�i�Z�^�Z, �^�b�n�n�m�a�b�b �b �k�[�j�h�k�Z �h�k�l�Z�l�h�q�g�u�o �d�h�e�b�q�_�k�l�\ �\ �Z�l�f�h�k�n�_�j�m). �K�b�k�l�_�f�Z 
�o�j�Z�g�_�g�b�y �[�m�^�_�l �k�h�^�_�j�`�Z�l�v �g�Z�b�[�h�e�v�r�_�_ �d�h�e�b�q�_�k�l�\�h �l�j�b�l�b�y �i�h �k�j�Z�\�g�_�g�b�x 
�k �^�j�m�]�b�f�b �k�b�k�l�_�f�Z�f�b �l�_�j�f�h�y�^�_�j�g�h�c �m�k�l�Z�g�h�\�d�b, �i�h�w�l�h�f�m �h�g�Z �^�h�e�`�g�Z �h�l�\�_�q�Z�l�v 
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�f�Z�d�k�b�f�Z�e�v�g�u�f �l�j�_�[�h�\�Z�g�b�y�f �[�_�a�h�i�Z�k�g�h�k�l�b. �G�Z�b�[�h�e�_�_ �[�_�a�h�i�Z�k�g�u�f �y�\�e�y�_�l�k�y 
�o�j�Z�g�_�g�b�_ �l�j�b�l�b�y �\ �\�b�^�_ �]�b�^�j�b�^�h�\. �I�j�b �w�l�h�f �l�j�b�l�b�c �h�d�Z�a�u�\�Z�_�l�k�y �j�Z�k�l�\�h�j�_�g 
�\ �l�\�_�j�^�h�c �n�Z�a�_ (�h�[�u�q�g�h �i�h�j�h�r�h�d �m�j�Z�g�Z �b�e�b �^�j�m�]�h�]�h �]�b�^�j�b�^�h�h�[�j�Z�a�m�x�s�_�]�h �f�Z-
�l�_�j�b�Z�e�Z) �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �=�b�^�j�b�^�h�h�[�j�Z�a�x�s�b�c �f�Z�l�_�j�b�Z�e, �Z �l�Z�d�`�_ 
�d�h�e�b�q�_�k�l�\�h �a�Z�i�Z�k�_�g�g�h�]�h �l�j�b�l�b�y �\�u�[�b�j�Z�x�l �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �^�Z�\�e�_�g�b�_ 
�l�j�b�l�b�y �g�Z�^ �]�b�^�j�b�^�h�f �g�_ �i�j�_�\�u�r�Z�e�h 10–2 �I�Z. �L�Z�d�b�f �h�[�j�Z�a�h�f, �^�Z�`�_ �i�j�b �j�Z�a�]�_�j-
�f�_�l�b�a�Z�p�b�b �k�h�j�[�p�b�h�g�g�h�]�h �o�j�Z�g�b�e�b�s�Z �l�h�e�v�d�h �g�_�a�g�Z�q�b�l�_�e�v�g�Z�y �q�Z�k�l�v �l�j�b�l�b�y �i�h-
�i�Z�^�_�l �\ �Z�l�f�h�k�n�_�j�m. �L�j�b�l�b�c �b�a�\�e�_�d�Z�x�l �i�m�l�_�f �g�Z�]�j�_�\�Z �k�h�j�[�_�g�l�Z. 

�>�e�y �h�[�_�k�i�_�q�_�g�b�y �[�_�a�h�i�Z�k�g�h�k�l�b �k�h�j�[�p�b�h�g�g�u�o �o�j�Z�g�b�e�b�s �l�j�b�l�b�y, �h�k�h�[�_�g-
�g�h �\ �i�j�h�p�_�k�k�_ �k�h�j�[�p�b�b �b �^�_�k�h�j�[�p�b�b, �b�o �\�u�i�h�e�g�y�x�l �\ �\�b�^�_ �^�\�m�o�d�h�j�i�m�k�g�u�o �k�h-
�k�m�^�h�\, �i�j�h�k�l�j�Z�g�k�l�\�h �f�_�`�^�m �d�h�j�i�m�k�Z�f�b �\�Z�d�m�m�f�b�j�m�x�l. �W�l�h �^�_�e�Z�_�l �g�_�h�[�o�h�^�b-
�f�u�f �^�h�i�h�e�g�y�l�v �d�h�g�k�l�j�m�d�p�b�x �o�j�Z�g�b�e�b�s�Z �k�b�k�l�_�f�Z�f�b �Z�d�l�b�\�g�h�]�h �h�o�e�Z�`�^�_�g�b�y 
(�l�Z�d �d�Z�d �i�j�b �k�h�j�[�p�b�b �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �\�u�^�_�e�y�_�l�k�y �a�g�Z�q�b�l�_�e�v�g�h�_ �d�h�e�b�q�_�k�l�\�h 
�w�g�_�j�]�b�b) �b �\�g�m�l�j�b�d�h�j�i�m�k�l�g�h�]�h �g�Z�]�j�_�\�Z (�^�e�y �h�k�m�s�_�k�l�\�e�_�g�b�y �^�_�k�h�j�[�p�b�b). �>�h-
�i�h�e�g�b�l�_�e�v�g�u�f �l�j�_�[�h�\�Z�g�b�_�f �d �k�h�j�[�p�b�h�g�g�u�f �o�j�Z�g�b�e�b�s�Z�f �y�\�e�y�_�l�k�y �m�q�_�l �d�h�e�b-
�q�_�k�l�\�Z �g�Z�o�h�^�y�s�_�]�h�k�y �\ �g�b�o �l�j�b�l�b�y. �I�j�b �w�l�h�f �b�k�i�h�e�v�a�m�x�l �d�Z�e�h�j�b�f�_�l�j�b�q�_�k�d�b�c 
�f�_�l�h�^, �h�i�j�_�^�_�e�y�y �d�h�e�b�q�_�k�l�\�Z �l�_�i�e�Z, �\�u�^�_�e�_�g�g�h�]�h �\ �j�_�a�m�e�v�l�Z�l�_ �j�Z�^�b�h�Z�d�l�b�\�g�h�]�h 
�j�Z�k�i�Z�^�Z �l�j�b�l�b�y. �>�e�y �w�l�h�]�h �\ �k�e�h�_ �k�h�j�[�_�g�l�Z �m�k�l�Z�g�Z�\�e�b�\�Z�x�l �]�_�e�b�_�\�u�c �d�h�g�l�m�j, 
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �i�h�^�k�h�_�^�b�g�_�g�g�u�c �d �d�Z�e�h�j�b�f�_�l�j�m. �>�e�y �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�]�h �o�j�Z-
�g�_�g�b�y �l�j�b�l�b�y �b �^�j�m�]�b�o �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �g�_�h�[�o�h�^�b�f�u �k�h�k�m�^�u �i�h� ̂�^�Z�\�e�_�g�b�_�f, 
�d�h�l�h�j�u�_ �l�Z�d�`�_ �^�h�e�`�g�u �\�u�i�h�e�g�y�l�v�k�y �\ �^�\�m�o�d�h�j�i�m�k�g�h�f �b�k�i�h�e�g�_�g�b�b �b �i�h�a�\�h-
�e�y�l�v �b�a�f�_�j�_�g�b�y �d�h�e�b�q�_�k�l�\�Z �l�j�b�l�b�y �\�h�e�x�f�_�l�j�b�q�_�k�d�b�f �f�_�l�h�^�h�f. 

�K�l�_�g�^ �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �b �b�k�i�u�l�Z�g�b�y �]�b�^�j�b�^�h�h�[�j�Z�a�m�x-
�s�b�o �f�Z�l�_�j�b�Z�e�h�\ �b �k�h�j�[�p�b�h�g�g�u�o �Z�i�i�Z�j�Z�l�h�\ �j�Z�a�e�b�q�g�h�c �d�h�g�k�l�j�m�d�p�b�b �^�e�y �o�j�Z�g�_-
�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z, �Z �l�Z�d�`�_ �b�k�i�u�l�Z�g�b�y �_�f�d�h�k�l�_�c �b �k�h�k�m�^�h�\ �\�u�k�h�d�h�]�h �^�Z�\-
�e�_�g�b�y �^�e�y �o�j�Z�g�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z. �I�j�b �j�Z�[�h�l�_ �k�l�_�g�^�Z �\ �b�k�k�e�_�^�m�_�f�u�c 
�h�[�t�_�f �k �]�b�^�j�b�^�h�h�[�j�Z�a�m�x�s�b�f �f�Z�l�_�j�b�Z�e�h�f �[�m�^�m�l �i�h�^�Z�\�Z�l�v �b�a�h�l�h�i�u �\�h�^�h�j�h�^�Z 
(�i�j�h�l�b�c �b�e�b �^�_�c�l�_�j�b�c) �^�e�y �h�i�j�_�^�_�e�_�g�b�y �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�o �b �d�b�g�_�l�b�q�_�k�d�b�o 
�b �^�j. �k�\�h�c�k�l�\ �b�k�k�e�_�^�m�_�f�h�]�h �f�Z�l�_�j�b�Z�e�Z. �< �k�e�m�q�Z�_ �b�k�i�u�l�Z�g�b�y �h�[�h�j�m�^�h�\�Z�g�b�y 
(�k�h�j�[�p�b�h�g�g�u�_ �Z�i�i�Z�j�Z�l�u �b �k�h�k�m�^�u �\�u�k�h�d�h�]�h �^�Z�\�e�_�g�b�y �^�e�y �o�j�Z�g�_�g�b�y �b�a�h�l�h�i�h�\ 
�\�h�^�h�j�h�^�Z), �\ �g�_�]�h �[�m�^�m�l �i�h�^�Z�\�Z�l�v �\�h�^�h�j�h�^ �b �[�m�^�m�l �h�i�j�_�^�_�e�_�g�u �i�Z�j�Z�f�_�l�j�u �k�d�h-
�j�h�k�l�b �a�Z�i�h�e�g�_�g�b�y, �f�Z�d�k�b�f�Z�e�v�g�h�c �_�f�d�h�k�l�b, �f�Z�d�k�b�f�Z�e�v�g�h�c �m�l�_�q�d�_ �b �l. � .̂ 

�K�l�_�g�^ �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �j�Z�[�h�l�u �k�h �k�l�Z�[�b�e�v�g�u�f�b �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z 
(�i�j�h�l�b�c �b �^�_�c�l�_�j�b�c), �Z �l�Z�d�`�_ �]�Z�a�h�\�u�o �k�f�_�k�_�c �g�Z �b�o �h�k�g�h�\�_. �< �d�h�g�k�l�j�m�d�p�b�b 
�k�l�_�g�^�Z �^�h�e�`�g�Z �[�u�l�v �i�j�_�^�m�k�f�h�l�j�_�g�Z �\�h�a�f�h�`�g�h�k�l�v �i�_�j�_�h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y �j�Z�[�h�l�u 
�k �l�j�b�l�b�_�f, �^�h�[�Z�\�e�y�_�f�u�f �\ �]�Z�a�h�\�m�x �k�f�_�k�v �\ �d�Z�q�_�k�l�\�_ �f�_�l�d�b. �>�e�y �d�h�g�l�j�h�e�y �^�Z�\-
�e�_�g�b�y �^�h�e�`�g�u �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �r�b�j�h�d�h�^�b�Z�i�Z�a�h�g�g�u�_ �_�f�d�h�k�l�g�u�_ �b �f�_�f�[�j�Z�g-
�g�u�_ �b �b�h�g�b�a�Z�p�b�h�g�g�u�_ �^�Z�l�q�b�d�b �^�e�y �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �^�b�Z�i�Z�a�h�g�Z �^�Z�\�e�_�g�b�c. 

�>�e�y �j�Z�a�f�_�s�_�g�b�y �k�l�_�g�^�Z �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�l�v �i�e�h�s�Z�^�d�m �g�_ �f�_-
�g�_�_ 20 �f2 �k �\�u�k�h�l�h�c �i�h�l�h�e�d�h�\ �g�_ �f�_�g�_�_ 3 �f . �K�l�_�g�^ �^�h�e�`�_�g �k�h�k�l�h�y�l�v �b�a �k�e�_�^�m-
�x�s�_�]�h �h�[�h�j�m�^�h�\�Z�g�b�y: 

Š �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f; 
Š �\�Z�d�m�m�f�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �i�h�^�]�h�l�h�\�d�b �k�l�_�g�^�Z �b �b�k�k�e�_�^�m�_�f�u�o �f�Z-

�l�_�j�b�Z�e�h�\;  
Š �k�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\; 
Š �k�b�k�l�_�f�Z �^�e�y �Z�g�Z�e�b�a�Z �b �d�h�g�l�j�h�e�y �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �i�j�h�p�_�k�k�Z (�^�Z�\-

�e�_�g�b�_ �b �l�_�f�i�_�j�Z�l�m�j�Z, �k�h�k�l�Z�\ �]�Z�a�h�\�u�o �k�f�_�k�_�c �b �^�j�m�]�b�_); 
Š �k�b�k�l�_�f�Z �^�e�y �g�Z�]�j�_�\�Z �b�k�k�e�_�^�m�_�f�u�o �m�k�l�j�h�c�k�l�\ �^�e�y �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_-

�^�h�\�Z�g�b�c �i�j�b �j�Z�a�e�b�q�g�h�c �l�_�f�i�_�j�Z�l�m�j�_; 
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Š �]�_�j�f�_�l�b�q�g�Z�y �]�Z�a�h�\�Z�y �Z�j�f�Z�l�m�j�Z �^�e�y �k�h�_�^�b�g�_�g�b�y �h�[�h�j�m�^�h�\�Z�g�b�y, �h�l�[�h�j�Z 
�]�Z�a�h�\�u�o �i�j�h�[ �b �l. � .̂; 

Š �k�b�k�l�_�f�Z �i�b�l�Z�g�b�y; 
Š �s�b�l�u �m�i�j�Z�\�e�_�g�b�y �b �w�e�_�d�l�j�h�g�g�u�_ �r�d�Z�n�u; 
Š �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_. 
 

 
 

�J�b�k. 3. �K�o�_�f�Z �k�l�_�g�^�Z «�K�h�j�[�p�b�h�g�g�h�_ �b �[�Z�e�e�h�g�g�h�_ �o�j�Z�g�_�g�b�_ �\�h�^�h�j�h�^�Z» 
 
�H�k�g�h�\�g�u�f�b �m�a�e�Z�f�b �k�l�_�g�^�Z �y�\�e�y�x�l�k�y: �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f, �k�b�k�l�_�f�Z �i�h�-̂

�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\. 
 
�J�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f: 
�I�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �\�u�k�h�d�h�\�Z�d�m�m�f�g�u�c �h�[�t�_�f, �\ �d�h�l�h�j�h�f �j�Z�a�f�_�s�_�g�Z 

�]�b�e�v�a�Z �k �b�k�k�e�_�^�m�_�f�u�f �]�b�^�j�b�^�h�h�[�j�Z�a�m�x�s�b�f �f�Z�l�_�j�b�Z�e�h�f �b�e�b �m�a�_�e �Z�i�i�Z�j�Z�l�Z 
�o�j�Z�g�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z (�q�Z�k�l�v �Z�i�i�Z�j�Z�l�Z �o�j�Z�g�_�g�b�y, �d�h�l�h�j�Z�y, �i�h�f�b�f�h �]�b�-̂
�j�b�^�h�h�[�j�Z�a�m�x�s�_�]�h �f�Z�l�_�j�b�Z�e�Z, �f�h�`�_�l �\�d�e�x�q�Z�l�v: �d�h�g�k�l�j�m�d�p�b�b �^�e�y �h�l�\�h�^�Z �b �j�Z�k-
�i�j�_�^�_�e�_�g�b�y �l�_�i�e�Z, �Z�d�l�b�\�g�u�_ �b �i�Z�k�k�b�\�g�u�_ �k�b�k�l�_�f�u �h�l�\�h�^�Z �l�_�i�e�Z, �k�b�k�l�_�f�u 
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�g�Z�]�j�_�\�Z, �m�a�e�u �^�e�y �d�Z�e�h�j�b�f�_�l�j�b�q�_�k�d�b�o �b�a�f�_�j�_�g�b�c). �D�h�g�k�l�j�m�d�p�b�y �j�_�Z�d�p�b�h�g�g�h�]�h 
�h�[�t�_�f�Z, �]�b�e�v�a�u �^�h�e�`�g�u �i�h�a�\�h�e�y�l�v �k�h�j�[�b�j�h�\�Z�l�v �g�_ �f�_�g�_�_ 100 �] �^�_�c�l�_�j�b�y �\ �k�e�m-
�q�Z�_ �m�j�Z�g�Z �\ �d�Z�q�_�k�l�\�_ �k�h�j�[�_�g�l�Z. 

�K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �\�u�i�h�e�g�_�g �b�a �f�Z�l�_�j�b�Z�e�h�\, �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �h�k�l�Z�l�h�q-
�g�u�c �^�b�g�Z�f�b�q�_�k�d�b�c �\�Z�d�m�m�f �\ �\�Z�d�m�m�f�g�h�f �h�[�t�_�f�_ �g�_ �o�m�`�_ 10–5 �f�[�Z�j �i�j�b �d�h�f-
�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �>�e�y �^�_�]�Z�a�Z�p�b�b �\�Z�d�m�m�f�g�u�c �h�[�t�_�f �^�h�e�`�_�g �[�u�l�v �h�[�_�k�i�_�q�_�g 
�k�b�k�l�_�f�h�c �w�e�_�d�l�j�h�h�[�h�]�j�_�\�Z �^�h �l�_�f�i�_�j�Z�l�m�j�u �g�_ �f�_�g�_�_ 800 �h�K. �I�j�h�b�a�\�h�^�b�l�_�e�v-
�g�h�k�l�v �k�_�j�\�b�k�g�u�o �\�Z�d�m�m�f�g�u�o �g�Z�k�h�k�h�\ �k�l�_�g�^�Z �^�h�e�`�g�Z �h�[�_�k�i�_�q�b�\�Z�l�v �h�l�d�Z�q�d�m 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�h�^�]�h�l�h�\�e�_�g�g�h�]�h �b �^�_�]�Z�a�b�j�h�\�Z�g�g�h�]�h �\�Z�d�m�m�f�g�h�]�h �h�[�t�_�f�Z �h�l 
1 �[�Z�j �^�h 10–5 �f�[�Z�j �a�Z 30 �f�b�g�m�l. �I�j�h�p�_�^�m�j�Z �i�h�^�]�h�l�h�\�d�b �b �^�_�]�Z�a�Z�p�b�b �\�Z�d�m�m�f�g�h�]�h 
�h�[�t�_�f�Z �g�_ �^�h�e�`�g�Z �i�j�_�\�u�r�Z�l�v 24 �q�Z�k�Z. �G�Z�l�_�d�Z�g�b�_ �\ �h�[�t�_�f�Z�o �k�l�_�g�^�Z �i�h�k�e�_ �i�j�h-
�p�_�^�m�j�u �i�h�^�]�h�l�h�\�d�b �b �^�_�]�Z�a�Z�p�b�b �g�_ �^�h�e�`�g�h �i�j�_�\�u�r�Z�l�v 10–10 �I�Z×�f3/�k �i�j�b �d�h�f-
�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �J�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f �b �^�j�m�]�b�_ �m�a�e�u �k�l�_�g�^�Z �^�h�e�`�g�u �[�u�l�v 
�b�k�i�u�l�Z�g�u �^�e�y �j�Z�[�h�l�u �k �\�h�^�h�j�h�^�h�f �\ �^�b�Z�i�Z�a�h�g�_ �^�Z�\�e�_�g�b�y �h�l 10–5 �f�[�Z�j �^�h 
50 �[�Z�j �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �b �^�h 10 �[�Z�j �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 600 �h�K. 

�K�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\: 
�>�h�a�b�j�h�\�d�Z �]�Z�a�h�\ �b�a�\�_�k�l�g�h�]�h �k�h�k�l�Z�\�Z �^�h�e�`�g�Z �[�u�l�v �h�k�m�s�_�k�l�\�e�_�g�Z �g�Z �a�Z-

�^�Z�g�g�h�f �b �j�_�]�m�e�b�j�m�_�f�h�f �m�j�h�\�g�_ �i�h�l�h�d�Z �]�Z�a�Z. �>�e�y �^�h�a�b�j�h�\�d�b �g�_�h�[�o�h�^�b�f�h �b�k-
�i�h�e�v�a�h�\�Z�l�v �p�b�n�j�h�\�u�_ �j�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z �]�Z�a�Z �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�_ �d �j�h�^�m �]�Z�a�Z, 
�_�]�h �^�Z�\�e�_�g�b�x �b �l�_�f�i�_�j�Z�l�m�j�_ �b�e�b �j�_�]�m�e�y�l�h�j�u �q�m�\�k�l�\�b�l�_�e�v�g�u�_ �d �j�h�^�m �]�Z�a�Z, �_�]�h 
�l�_�f�i�_�j�Z�l�m�j�_ �b �^�Z�\�e�_�g�b�x �k �g�_�h�[�o�h�^�b�f�u�f�b �d�Z�e�b�[�j�h�\�d�Z�f�b �b �j�Z�k�q�_�l�g�u�f�b �Z�e�]�h-
�j�b�l�f�Z�f�b. �H�l�d�e�h�g�_�g�b�_ �\�_�e�b�q�b�g�u �i�h�l�h�d�Z �]�Z�a�Z, �a�Z�^�Z�\�Z�_�f�h�c �j�_�]�m�e�y�l�h�j�h�f �i�h�l�h�d�Z 
�]�Z�a�Z, �g�_ �^�h�e�`�g�Z �i�j�_�\�u�r�Z�l�v 2% �h�l �a�Z�^�Z�g�g�h�c �\�_�e�b�q�b�g�u. �J�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z 
�]�Z�a�Z �^�h�e�`�g�u �h�[�_�k�i�_�q�b�\�Z�l�v �j�Z�k�o�h�^ �]�Z�a�Z �\ �k�e�_�^�m�x�s�b�o �^�b�Z�i�Z�a�h�g�Z�o: 0,1–10,  
10–1000 �k�f3/�f�b�g. 

�>�h�a�b�j�h�\�d�Z �]�Z�a�h�\ �\ �\�Z�d�m�m�f�g�u�c �h�[�t�_�f �b �b�k�k�e�_�^�m�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ 
�^�h�e�`�g�u �h�k�m�s�_�k�l�\�e�y�l�v�k�y �\ �^�\�m�o �j�_�`�b�f�Z�o: 

Š �j�_�`�b�f «�i�h�^�Z�q�b», �b�a�h�l�h�i�u �\�h�^�h�j�h�^�Z �i�h�k�l�m�i�Z�x�l �b�a �\�g�_�r�g�_�]�h �b�k�l�h�q-
�g�b�d�Z (�k�h�k�m�^�h�\ �i�h� ̂ �^�Z�\�e�_�g�b�_�f (�[�Z�e�e�h�g�h�\) �o�j�Z�g�b�e�b�s�Z) �\ �j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f 
�b�e�b �b�k�i�u�l�u�\�Z�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_; 

Š �j�_�`�b�f «�p�b�d�e�b�q�_�k�d�b�c», �b�a�h�l�h�i�u �\�h�^�h�j�h�^�Z �b�e�b �k�f�_�k�v �]�Z�a�h�\ �g�Z �b�o �h�k-
�g�h�\�_ �p�b�j�d�m�e�b�j�m�x�l �\ �a�Z�f�d�g�m�l�h�f �d�h�g�l�m�j�_ (�j�_�Z�d�p�b�h�g�g�u�c �h�[�t�_�f (�b�k�k�e�_�^�m�_�f�h�_ 
�h�[�h�j�m�^�h�\�Z�g�b�_) – �k�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\); 

�>�j�m�]�b�_ �k�b�k�l�_�f�u: 
�K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �h�[�h�j�m�^�h�\�Z�g �^�Z�l�q�b�d�Z�f�b �^�e�y �b�a�f�_�j�_�g�b�y �^�Z�\�e�_�g�b�y 

�\ �^�b�Z�i�Z�a�h�g�_ �h�l 10–5 �f�[�Z�j �^�h 10 �[�Z�j. �G�_ �f�_�g�_�_ 3 �_�f�d�h�k�l�g�u�o �p�b�n�j�h�\�u�o �^�Z�l�q�b�d�h�\ 
�k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 0,1 % �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 
2 �p�b�n�j�h�\�u�o �^�_�n�h�j�f�Z�p�b�h�g�u�o �^�Z�l�q�b�d�h�\ �k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 1 % �g�_ �q�m�\-
�k�l�\�b�l�_�e�v�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 2 �p�b�n�j�h�\�u�o �r�b�j�h�d�h�^�b�Z�i�Z�a�h�g�g�u�o �b�h�g�b�a�Z-
�p�b�h�g�g�u�o �^�Z�l�q�b�d�h�\ �\�u�k�h�d�h�]�h �\�Z�d�m�m�f�Z �k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 15 %, �d�Z�e�b�[-
�j�h�\�Z�g�g�u�_ �^�e�y �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\. 

�K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �h�[�h�j�m�^�h�\�Z�g �d�\�Z�^�j�m�i�h�e�v�g�u�f �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�h�f 
(100 �Z.�_.�f ) �b/�b�e�b �h�i�l�h�\�h�e�h�d�h�g�g�u�c �J�Z�f�Z�g-�k�i�_�d�l�j�h�f�_�l�j�h�f (�D�J�K) �^�e�y �Z�g�Z�e�b�a�Z 
�k�h�k�l�Z�\�Z �]�Z�a�h�\ (�\�_�j�h�y�l�g�h, �j�Z�^�b�h�o�j�h�f�Z�l�h�]�j�Z�n, �d�Z�e�b�[�j�h�\�Z�g�g�u�c �i�h �l�j�b�l�b�x). 
�K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �h�[�h�j�m�^�h�\�Z�g �d�Z�e�h�j�b�f�_�l�j�h�f �^�e�y �b�a�f�_�j�_�g�b�y �l�_�i�e�h�l �h�[�j�Z�a�h-
�\�Z�g�b�y �]�b�^�j�b�^�g�h�c �n�Z�a�u �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�_�f�_. �I�Z�j�Z�f�_�l�j�u �d�Z�e�h�j�b�f�_�l�j�Z �^�h�e�`-
�g�u �[�u�l�v �h�i�j�_�^�_�e�_�g�u �g�Z �w�l�Z�i�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y.  
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�O�j�Z�g�b�e�b�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂ �^�Z�\�e�_�g�b�_�f �k �]�Z�a�Z�f�b �b �]�Z�a�h�\�u�f�b 
�k�f�_�k�y�f�b �^�h�e�`�g�h �[�u�l�v �j�Z�a�f�_�s�_�g�h �a�Z �i�j�_�^�_�e�Z�f�b �i�h�f�_�s�_�g�b�y �k�l�_�g�^�Z. �O�j�Z�g�b�e�b-
�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f �^�h�e�`�g�h �h�l�\�_�q�Z�l�v �l�j�_�[�h�\�Z�g�b�y�f �d �i�h�f�_-
�s�_�g�b�y�f �^�e�y �o�j�Z�g�_�g�b�y �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f. �>�h�e�`�g�Z �[�u�l�v �h�[�h�j�m�^�h�\�Z�g�Z �e�b-
�g�b�y �i�h�^�Z�q�b �]�Z�a�h�\ �b�a �o�j�Z�g�b�e�b�s�Z �\ �k�b�k�l�_�f�m �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\. 
�I�h�l�j�_�[�g�h�k�l�b �\ �w�e�_�d�l�j�h�i�b�l�Z�g�b�b �b �\�h�^�h�h�o�e�Z�`�^�_�g�b�b �k�l�_�g�^�Z �g�_�h�[�o�h�^�b�f�h �m�l�h�q-
�g�b�l�v �i�h �f�_�j�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y. �<�Z�d�m�m�f�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �k�h�a�^�Z�g�b�y �k�l�_�g�^�Z, 
�\ �l�h�f �q�b�k�e�_ �\�Z�d�m�m�f�g�u�_ �d�j�Z�g�u, �d�e�Z�i�Z�g�u, �k�h�_�^�b�g�b�l�_�e�v�g�u�_ �n�e�Z�g�p�u, �\�Z�d�m�m�f�g�u�_ 
�^�Z�l�q�b�d�b �b �l. � .̂ �^�h�e�`�g�u �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �k�l�Z�g�^�Z�j�l�m ConFlat (CF). 

4. �K�l�_�g�^ «�O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�_ �j�Z�a�^�_�e�_�g�b�_ 
�b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z» 

�K�l�_�g�^ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �\�u�k�h�d�h�\�Z�d�m�m�f�g�m�x �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�m�x �m�k�l�Z-
�g�h�\�d�m �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �b �b�k�i�u�l�Z�g�b�y �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o �d�h�e�h�g�g, �Z �l�Z�d�`�_ 
�\�k�i�h�f�h�]�Z�l�_�e�v�g�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y �h�[�_�k�i�_�q�_�g�b�y �i�j�h�p�_�k�k�Z �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h-
�i�h�\ �\�h�^�h�j�h�^�Z. �< �j�Z�f�d�Z�o �b�k�k�e�_�^�h�\�Z�g�b�c �l�_�o�g�h�e�h�]�b�c �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �M�M�L�K 
�i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�_ �i�j�h�p�_�k�k�h�\ �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�]�h �j�Z�a�^�_�e�_�g�b�y 
�b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z, �\ �l�h�f �q�b�k�e�_ �i�h�e�m�g�_�i�j�_�j�u�\�g�u�f�b �f�_�l�h�^�Z�f�b, �k�h�a�^�Z�g�b�_ �b �h�l-
�j�Z�[�h�l�d�Z �h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_-
�k�d�b�f �f�_�l�h�^�h�f �^�e�y �^�Z�e�v�g�_�c�r�b�o �b�k�i�u�l�Z�g�b�c �k �l�j�b�l�b�_�f. 

�< �l�j�b�l�b�_�\�h�f �l�h�i�e�b�\�g�h�f �p�b�d�e�_ �l�_�j�f�h�y�^�_�j�g�u�o �m�k�l�Z�g�h�\�h�d �k�m�s�_�k�l�\�m�_�l 
�g�_�h�[�o�h�^�b�f�h�k�l�v �k�h�a�^�Z�\�Z�l�v �f�h�g�h�b�a�h�l�h�i�g�u�_ �i�h�l�h�d�b �^�e�y �h�[�_�k�i�_�q�_�g�b�y �j�Z�[�h�l�u �g�_-
�d�h�l�h�j�u�o �k�b�k�l�_�f (�i�j�_�`�^�_ �\�k�_�]�h �k�b�k�l�_�f �i�_�e�e�_�l-�b�g�`�_�d�p�b�b �b �b�g�`�_�d�p�b�b 
�g�_�c�l�j�Z�e�v�g�u�o �q�Z�k�l�b�p). �I�j�b �w�l�h�f �i�h�k�e�_ �\�u�^�_�e�_�g�b�y �b �h�q�b�k�l�d�b �l�h�i�e�b�\�Z �b�a «�\�u-
�o�e�h�i�Z» �i�e�Z�a�f�_�g�g�h�c �d�Z�f�_�j�u �b�a�h�l�h�i�g�u�c �k�h�k�l�Z�\ �\�h�^�h�j�h�^�Z �[�e�b�a�h�d �d 50 % �k�f�_�k�b 
�l�j�b�l�b�y �b �^�_�c�l�_�j�b�y �k �g�_�[�h�e�v�r�h�c �i�j�b�f�_�k�v�x �i�j�h�l�b�y. �< �k�\�y�a�b �k �w�l�b�f �\ �L�P �\�h�a�g�b-
�d�Z�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z. �J�Z�a�^�_�e�_�g�b�_ �b�a�h�l�h�i�h�\ 
�f�h�`�g�h �h�k�m�s�_�k�l�\�b�l�v �j�Z�a�e�b�q�g�u�f�b �f�_�l�h�^�Z�f�b. �H�k�g�h�\�g�u�f �f�_�l�h�^�h�f �g�Z �^�Z�g�g�u�c 
�f�h�f�_�g�l �y�\�e�y�_�l�k�y �f�_�l�h�^ �d�j�b�h�]�_�g�g�h�c �j�_�d�l�b�n�b�d�Z�p�b�b �\�h�^�h�j�h�^�Z, �d�h�l�h�j�u�c �i�h�a�\�h-
�e�y�_�l �\ �g�_�i�j�_�j�u�\�g�h�f �j�_�`�b�f�_ �i�h�e�m�q�Z�l�v �i�h�l�h�d�b �b�a�h�l�h�i�h�\ �a�Z�^�Z�g�g�h�c �d�h�g�p�_�g�l�j�Z-
�p�b�b. �F�_�l�h�^ �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �\�u�k�h�d�b�f�b �w�g�_�j�]�_�l�b�q�_�k�d�b�f�b �a�Z�l�j�Z�l�Z�f�b �b �[�h�e�v�r�b�f 
�d�h�e�b�q�_�k�l�\�h�f �l�j�b�l�b�y �\ �`�b�^�d�h�f �\�b�^�_. �>�j�m�]�b�f �f�_�l�h�^�h�f �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h�i�h�\ 
�\�h�^�h�j�h�^�Z �y�\�e�y�_�l�k�y �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�_ �j�Z�a�^�_�e�_�g�b�_. �< �d�e�Z�k�k�b�q�_�k�d�h�f �b�k�i�h�e�g�_-
�g�b�b �j�Z�a�^�_�e�_�g�b�_ �b�a�h�l�h�i�h�\ �i�j�h�b�k�o�h�^�b�l �\ �i�_�j�b�h�^�b�q�_�k�d�h�f �j�_�`�b�f�_. �F�_�l�h�^ �o�Z�j�Z�d-
�l�_�j�b�a�m�_�l�k�y �\�u�k�h�d�h�c �k�l�_�i�_�g�v�x �j�Z�a�^�_�e�_�g�b�y, �g�_�[�h�e�v�r�b�f �d�h�e�b�q�_�k�l�\�h�f �\�h�^�h�j�h�^�Z 
�\ �k�b�k�l�_�f�_, �g�b�a�d�b�f�b �w�g�_�j�]�h�a�Z�l�j�Z�l�Z�f�b. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �h�i�j�h�[�h�\�Z�g�u �i�h�e�m�g�_-
�i�j�_�j�u�\�g�u�_ �j�_�`�b�f�u �j�Z�[�h�l�u �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o �m�k�l�Z�g�h�\�h�d, �\ �l�h�f �q�b�k�e�_ �k �b�k-
�i�h�e�v�a�h�\�Z�g�b�_�f �j�Z�a�g�u�o �k�h�j�[�_�g�l�h�\, �d�h�l�h�j�u�_ �i�j�b�[�e�b�`�Z�x�l�k�y �i�h �i�j�h�b�a�\�h�^�b�l�_�e�v-
�g�h�k�l�b �d �f�_�l�h�^�m �d�j�b�h�]�_�g�g�h�c �j�_�d�l�b�n�b�d�Z�p�b�b �\�h�^�h�j�h�^�Z. �O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �f�_-
�l�h�^�u �j�Z�a�^�_�e�_�g�b�y �l�Z�d�`�_ �i�j�b�f�_�g�y�x�l �i�j�b �Z�g�Z�e�b�a�_ �\�h�^�h�j�h�^�Z �b �l�j�b�l�b�c�k�h�^�_�j�`�Z-
�s�b�o �k�f�_�k�_�c. 

�K�l�_�g�^ �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �b �b�k�i�u�l�Z�g�b�y �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_-
�k�d�b�o �d�h�e�h�g�g, �Z �l�Z�d�`�_ �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y �h�[�_�k�i�_�q�_�g�b�y �i�j�h-
�p�_�k�k�Z �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z. �K�l�_�g�^ �^�h�e�`�_�g �i�h�a�\�h�e�y�l�v �i�j�h�\�h�^�b�l�v �b�k-
�k�e�_�^�h�\�Z�g�b�_ �i�j�h�p�_�k�k�Z �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�f �f�_-
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�l�h�^�h�f, �b�k�i�u�l�Z�g�b�y �h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z.�K�l�_�g�^ 
�i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �j�Z�[�h�l�u �k�h �k�l�Z�[�b�e�v�g�u�f�b �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z (�i�j�h�l�b�c �b �^�_�c-
�l�_�j�b�c). �< �d�h�g�k�l�j�m�d�p�b�b �k�l�_�g�^�Z �^�h�e�`�g�Z �[�u�l�v �i�j�_�^�m�k�f�h�l�j�_�g�Z �\�h�a�f�h�`�g�h�k�l�v �i�_�j�_-
�h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y �j�Z�[�h�l�u �k �l�j�b�l�b�_�f, �^�h�[�Z�\�e�y�_�f�u�f �\ �]�Z�a�h�\�m�x �k�f�_�k�v �\ �d�Z�q�_�k�l�\�_ 
�f�_�l�d�b. �>�e�y �d�h�g�l�j�h�e�y �j�Z�k�o�h�^�Z �]�Z�a�Z �^�h�e�`�g�u �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �j�_�]�m�e�y�l�h�j�u 
�j�Z�k�o�h�^�Z �]�Z�a�Z. �>�e�y �d�h�g�l�j�h�e�y �^�Z�\�e�_�g�b�y �^�h�e�`�g�u �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �r�b�j�h�d�h�^�b�Z-
�i�Z�a�h�g�g�u�_ �_�f�d�h�k�l�g�u�_ �^�Z�l�q�b�d�b �b �f�_�f�[�j�Z�g�g�u�_ �b �b�h�g�b�a�Z�p�b�h�g�g�u�_ �^�Z�l�q�b�d�b �^�e�y 
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �^�b�Z�i�Z�a�h�g�Z �^�Z�\�e�_�g�b�c.  

�>�e�y �j�Z�a�f�_�s�_�g�b�y �k�l�_�g�^�Z �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�l�v �i�e�h�s�Z�^�d�m �g�_ �f�_-
�g�_�_ 20 �f2 �k �\�u�k�h�l�h�c �i�h�l�h�e�d�h�\ �g�_ �f�_�g�_�_ 3 �f . �K�l�_�g�^ �^�h�e�`�_�g �k�h�k�l�h�y�l�v �b�a �k�e�_�^�m-
�x�s�_�]�h �h�[�h�j�m�^�h�\�Z�g�b�y: 

Š �\�Z�d�m�m�f�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �i�h�^�]�h�l�h�\�d�b �k�l�_�g�^�Z �b �b�k�k�e�_�^�m�_�f�u�o �f�Z-
�l�_�j�b�Z�e�h�\;  

Š �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �k�h�a�^�Z�g�b�y �b �i�h�^�Z�q�b �]�Z�a�h�\�u�o �k�f�_�k�_�c �b�a�\�_�k�l�g�h�]�h �k�h�k�l�Z�\�Z; 
Š �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �d�h�e�h�g�d�b; 
Š �Z�g�Z�e�b�l�b�q�_�k�d�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �d�h�g�l�j�h�e�y �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l�j�h�\ 

�i�j�h�p�_�k�k�Z (�^�Z�\�e�_�g�b�_ �b �l�_�f�i�_�j�Z�l�m�j�Z, �k�h�k�l�Z�\ �]�Z�a�h�\�u�o �k�f�_�k�_�c �b �^�j�m�]�b�_); 
Š �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �g�Z�]�j�_�\�Z �b�k�k�e�_�^�m�_�f�u�o �m�k�l�j�h�c�k�l�\ �^�e�y �i�j�h�\�_�^�_�g�b�y 

�b�k�k�e�_�^�h�\�Z�g�b�c �i�j�b �j�Z�a�e�b�q�g�h�c �l�_�f�i�_�j�Z�l�m�j�_; 
Š �]�_�j�f�_�l�b�q�g�Z�y �]�Z�a�h�\�Z�y �Z�j�f�Z�l�m�j�Z �^�e�y �k�h�_�^�b�g�_�g�b�y �h�[�h�j�m�^�h�\�Z�g�b�y, �h�l�[�h�j�Z 

�]�Z�a�h�\�u�o �i�j�h�[ �b �l. � .̂; 
Š �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_. 
�H�k�g�h�\�g�u�f�b �m�a�e�Z�f�b �k�l�_�g�^�Z �y�\�e�y�x�l�k�y: �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �d�h�e�h�g�d�b, �k�b-

�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�Z�g�b�y �]�Z�a�h�\. 
�O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �d�h�e�h�g�d�b: 
�O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �d�h�e�h�g�d�b �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �i�h�e�u�_ �l�j�m�[�d�b �^�b�Z-

�f�_�l�j�h�f �h�l 2 �^�h 20 �f�f  �\�u�i�h�e�g�_�g�g�u�_ �b�a �g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�b. �J�Z�a�f�_�j�u �o�j�h�f�Z�l�h-
�]�j�Z�n�b�q�_�k�d�b�o �d�h�e�h�g�h�d �^�h�e�`�g�u �i�h�a�\�h�e�y�l�v �i�j�h�\�h�^�b�l�v �w�d�k�i�_�j�b�f�_�g�l�u �\ �^�b�Z�i�Z�a�h�g�_ 
�k�d�h�j�h�k�l�_�c �]�Z�a�h�\ �h�l 0,01 �^�h 0,2 �f /�k. �L�j�m�[�d�b �a�Z�i�h�e�g�_�g�u �Z�^�k�h�j�[�_�g�l�h�f �k�h�k�l�h�y�s�b�f 
�b�a �]�b�^�j�b�^�h�h�[�j�Z�a�m�x�s�_�]�h �f�Z�l�_�j�b�Z�e�Z (�i�Z�e�e�Z�^�b�c, �l�b�l�Z�g, �p�b�d�j�h�g�b�c �b �^�j�m�]�b�o, 
�Z �l�Z�d�`�_ �b�g�l�_�j�f�_�l�Z�e�b�^�u �g�Z �b�o �h�k�g�h�\�_) �b �g�h�k�b�l�_�e�y (�d�_�j�Z�f�b�d�Z, �g�_�h�j�]�Z�g�b�q�_�k�d�b�_ 
�h�d�k�b�^�u, �g�_�d�h�l�h�j�u�_ �k�i�e�Z�\�u �b �l. � .̂). �>�e�b�g�Z �l�j�m�[�h�d �g�_ �i�j�_�\�u�r�Z�_�l 10 �f . �>�e�y 
�m�^�h�[�k�l�\�Z �j�Z�[�h�l�u �l�j�m�[�d�b �^�h�e�`�g�u �[�u�l�v �k�d�h�f�i�h�g�h�\�Z�g�u �\ �k�i�b�j�Z�e�b. 

�:�^�h�j�[�_�g�l �i�_�j�\�h�c �d�h�e�h�g�g�u �^�h�e�`�_�g �[�u�l�v �b�a�]�h�l�h�\�e�_�g �b�a �i�Z�e�e�Z�^�b�y, �g�Z�g�_-
�k�_�g�g�h�]�h �g�Z �g�h�k�b�l�_�e�v. �:�^�h�j�[�_�g�l �\�l�h�j�h�c �d�h�e�h�g�g�u �^�h�e�`�_�g �[�u�l�v �b�a�]�h�l�h�\�e�_�g �b�a 
�k�i�e�Z�\�Z �\�Z�g�Z�^�b�y, �g�Z�g�_�k�_�g�g�h�]�h �g�Z �g�h�k�b�l�_�e�v. �L�_�o�g�h�e�h�]�b�y �b�a�]�h�l�h�\�e�_�g�b�y �Z�^�k�h�j�[�_�g-
�l�h�\ �^�h�e�`�g�Z �[�u�l�v �j�Z�a�j�Z�[�h�l�Z�g�Z. �>�e�y �b�a�]�h�l�h�\�e�_�g�b�y �d�h�e�h�g�g �b�a�]�h�l�h�\�e�_�g�g�u�c �Z�^�k�h�j-
�[�_�g�l �^�h�e�`�_�g �[�u�l�v �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �b�k�i�u�l�Z�g �k �i�h�f�h�s�v�x �k�l�_�g�^�Z «�K�h�j�[�p�b�h�g�g�h�_ 
�b �[�Z�e�e�h�g�g�h�_ �o�j�Z�g�_�g�b�_ �\�h�^�h�j�h�^�Z» �^�e�y �h�i�j�_�^�_�e�_�g�b�y �]�b�^�j�Z�\�e�b�q�_�k�d�h�]�h �k�h�i�j�h�l�b�\-
�e�_�g�b�y �b �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�o �d�h�w�n�n�b�p�b�_�g�l�h�\ �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z. 

�D�h�g�k�l�j�m�d�p�b�y �k�l�_�g�^�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �g�Z�]�j�_�\�Z�l�v �d�h�e�h�g�d�b �^�h 500 �h�K. 
�=�j�Z�^�b�_�g�l �l�_�f�i�_�j�Z�l�m�j�u �\�^�h�e�v �^�e�b�g�u �g�_ �^�h�e�`�_�g �i�j�_�\�u�r�Z�l�v 10 %. �K�i�h�k�h�[ 
�g�Z�]�j�_�\�Z �g�_�h�[�o�h�^�b�f�h �m�l�h�q�g�b�l�v �g�Z �w�l�Z�i�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y. �D�h�g�k�l�j�m�d�p�b�y �f�_�f-
�[�j�Z�g�g�h�]�h �j�_�Z�d�l�h�j�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �j�Z�[�h�l�m �k �^�Z�\�e�_�g�b�y�f�b �]�Z�a�h�\ �^�h 5 �[�Z�j. 
�D�h�g�k�l�j�m�d�p�b�y �k�l�_�g�^�Z �^�h�e�`�g�Z �i�h�a�\�h�e�y�l�v �i�j�h�\�h�^�b�l�v �j�Z�a�^�_�e�_�g�b�_ �b�a�h�l�h�i�h�\ �\�h�^�h-
�j�h�^�Z �i�h �f�_�l�h�^�m �l�_�j�f�h�p�b�d�e�b�q�_�k�d�h�c �Z�^�k�h�j�[�p�b�b �k �i�h�f�h�s�v�x �^�\�m�o �d�h�e�h�g�h�d. 
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�K�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�d�b �]�Z�a�h�\: 
�>�h�a�b�j�h�\�d�Z/�i�h�^�Z�q�Z �k�f�_�k�_�c �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �\ �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �d�h-

�e�h�g�d�b �b�e�b �\ �b�k�k�e�_�^�m�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�h�e�`�g�Z �[�u�l�v �h�k�m�s�_�k�l�\�e�_�g�Z �g�Z �a�Z�^�Z�g-
�g�h�f �b �j�_�]�m�e�b�j�m�_�f�h�f �m�j�h�\�g�_ �i�h�l�h�d�Z �]�Z�a�Z. �>�e�y �^�h�a�b�j�h�\�d�b �g�_�h�[�o�h�^�b�f�h �b�k�i�h�e�v-
�a�h�\�Z�l�v �p�b�n�j�h�\�u�_ �j�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z �]�Z�a�Z �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�_ �d �j�h�^�m �]�Z�a�Z, �_�]�h 
�^�Z�\�e�_�g�b�x �b �l�_�f�i�_�j�Z�l�m�j�_ �b�e�b �j�_�]�m�e�y�l�h�j�u �q�m�\�k�l�\�b�l�_�e�v�g�u�_ �d �j�h�^�m �]�Z�a�Z, �_�]�h 
�l�_�f�i�_�j�Z�l�m�j�_ �b �^�Z�\�e�_�g�b�x �k �g�_�h�[�o�h�^�b�f�u�f�b �d�Z�e�b�[�j�h�\�d�Z�f�b �b �j�Z�k�q�_�l�g�u�f�b �Z�e�]�h-
�j�b�l�f�Z�f�b. �H�l�d�e�h�g�_�g�b�_ �\�_�e�b�q�b�g�u �i�h�l�h�d�Z �]�Z�a�Z, �a�Z�^�Z�\�Z�_�f�h�c �j�_�]�m�e�y�l�h�j�h�f �i�h�l�h�d�Z 
�]�Z�a�Z, �g�_ �^�h�e�`�g�Z �i�j�_�\�u�r�Z�l�v 2 % �h�l �a�Z�^�Z�g�g�h�c �\�_�e�b�q�b�g�u. �J�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z 
�]�Z�a�Z �^�h�e�`�g�u �h�[�_�k�i�_�q�b�\�Z�l�v �j�Z�k�o�h�^ �]�Z�a�Z �\ �k�e�_�^�m�x�s�b�o �^�b�Z�i�Z�a�h�g�Z�o: 0,1–10,  
10–1000 �k�f3/�f�b�g. 

 

 
 

�J�b�k. 4. �K�o�_�f�Z �k�l�_�g�^�Z «�O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�_ �j�Z�a�^�_�e�_�g�b�_ �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z» 
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�>�j�m�]�b�_ �k�b�k�l�_�f�u: 
�K�b�k�l�_�f�Z �Z�g�Z�e�b�a�Z �k�h�k�l�Z�\�Z �]�Z�a�h�\�u�o �k�f�_�k�_�c �^�h�e�`�g�Z �\�d�e�x�q�Z�l�v �d�\�Z�^�j�m�i�h�e�v-

�g�u�c �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�Z (100 �Z.�_.�f ) �b/�b�e�b �h�i�l�h�\�h�e�h�d�h�g�g�u�c �J�Z�f�Z�g-�k�i�_�d�l�j�h�f�_�l�j 
(�D�J�K) �b �p�b�n�j�h�\�h�c �Z�g�Z�e�b�a�Z�l�h�j �\�h�^�h�j�h�^�Z. �K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �h�[�h�j�m�^�h�\�Z�g �^�Z�l-
�q�b�d�Z�f�b �^�e�y �b�a�f�_�j�_�g�b�y �^�Z�\�e�_�g�b�y �\ �^�b�Z�i�Z�a�h�g�_ �h�l 10–5 �f�[�Z�j �^�h 10 �[�Z�j. �G�_ �f�_�g�_�_ 
3 �_�f�d�h�k�l�g�u�o �p�b�n�j�h�\�u�o �^�Z�l�q�b�d�h�\ �k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 0,1 % �g�_ �q�m�\�k�l�\�b-
�l�_�e�v�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 2 �p�b�n�j�h�\�u�o �^�_�n�h�j�f�Z�p�b�h�g�u�o �^�Z�l�q�b�d�h�\ �k �i�h-
�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 1 % �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 2 �p�b�n�j�h-
�\�u�o �b�h�g�b�a�Z�p�b�h�g�g�u�o �^�Z�l�q�b�d�h�\ �\�u�k�h�d�h�]�h �\�Z�d�m�m�f�Z �k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 
15 %, �d�Z�e�b�[�j�h�\�Z�g�g�u�_ �^�e�y �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\. 

�O�j�Z�g�b�e�b�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂ �^�Z�\�e�_�g�b�_�f �k �]�Z�a�Z�f�b �b �]�Z�a�h�\�u�f�b 
�k�f�_�k�y�f�b �^�h�e�`�g�h �[�u�l�v �j�Z�a�f�_�s�_�g�h �a�Z �i�j�_�^�_�e�Z�f�b �i�h�f�_�s�_�g�b�y �k�l�_�g�^�Z. �O�j�Z�g�b�e�b-
�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f �^�h�e�`�g�h �h�l�\�_�q�Z�l�v �l�j�_�[�h�\�Z�g�b�y�f �d �i�h�f�_-
�s�_�g�b�y�f �^�e�y �o�j�Z�g�_�g�b�y �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f. �>�h�e�`�g�Z �[�u�l�v �h�[�h�j�m�^�h�\�Z�g�Z �e�b-
�g�b�y �i�h�^�Z�q�b �]�Z�a�h�\ �b�a �o�j�Z�g�b�e�b�s�Z �\ �k�b�k�l�_�f�m �i�h�^�]�h�l�h�\�d�b �b �i�h�^�Z�q�b �]�Z�a�h�\. �I�h�l�j�_�[-
�g�h�k�l�b �\ �w�e�_�d�l�j�h�i�b�l�Z�g�b�b �b �\�h�^�h�h�o�e�Z�`�^�_�g�b�b �k�l�_�g�^�Z �g�_�h�[�o�h�^�b�f�h �m�l�h�q�g�b�l�v �i�h 
�f�_�j�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y. �<�Z�d�m�m�f�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �k�h�a�^�Z�g�b�y �k�l�_�g�^�Z, �\ �l�h�f 
�q�b�k�e�_ �\�Z�d�m�m�f�g�u�_ �d�j�Z�g�u, �d�e�Z�i�Z�g�u, �k�h�_�^�b�g�b�l�_�e�v�g�u�_ �n�e�Z�g�p�u, �\�Z�d�m�m�f�g�u�_ �^�Z�l-
�q�b�d�b �b �l. � .̂ �^�h�e�`�g�u �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �k�l�Z�g�^�Z�j�l�m ConFlat (CF). 

5. �K�l�_�g�^ «�I�h�^�]�h�l�h�\�d�Z �b �Z�g�Z�e�b�a �]�Z�a�h�\�u�o �k�f�_�k�_�c» 

�>�e�y �Z�g�Z�e�b�a�Z �]�Z�a�h�\�u�o �k�f�_�k�_�c �o�Z�j�Z�d�l�_�j�g�u�o �^�e�y �L�P �M�L�L�K �g�_�h�[�o�h�^�b�f 
�k�i�_�d�l�j �f�_�l�h�^�h�\ �Z�g�Z�e�b�a�Z �^�e�y �\�u�y�\�e�_�g�b�y �b �h�i�j�_�^�_�e�_�g�b�y �j�Z�a�e�b�q�g�u�o �\�_�s�_�k�l�\ �d�Z�d 
�\ �]�Z�a�h�h�[�j�Z�a�g�h�c, �l�Z�d �b �\ �`�b�^�d�h�c �b �l�\�_�j�^�u�o �n�Z�a�Z�o. �K�l�_�g�^ �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �Z�g�Z-
�e�b�a�Z �]�Z�a�h�\�u�o �i�j�h�[, �i�h�e�m�q�_�g�g�u�o �\ �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �i�_�j�_�q�b�k�e�_�g�g�u�o �\�u�r�_ 
�k�l�_�g�^�h�\. 

�K�l�_�g�^ �^�h�e�`�_�g �i�h�a�\�h�e�y�l�v �b�a�]�h�l�h�\�e�y�l�v �]�Z�a�h�\�u�_ �k�f�_�k�b �b�a�\�_�k�l�g�h�]�h �k�h�k�l�Z�\�Z 
�k �\�u�k�h�d�h�c �l�h�q�g�h�k�l�v�x �^�e�y �d�Z�e�b�[�j�h�\�d�b �b �Z�l�l�_�k�l�Z�p�b�b �Z�g�Z�e�b�l�b�q�_�k�d�h�]�h �h�[�h�j�m�^�h-
�\�Z�g�b�y �b �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�h�\ �j�Z�a�^�_�e�_�g�b�y, �h�q�b�k�l�d�b �b �h�l�d�Z�q�d�b �g�Z �k�l�_�g�^�Z�o, 
�h�i�b�k�Z�g�g�u�o �\�u�r�_. �K�l�_�g�^ �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �j�Z�[�h�l�u �k�h �k�l�Z�[�b�e�v�g�u�f�b �b�a�h�l�h�i�Z�f�b 
�\�h�^�h�j�h�^�Z (�i�j�h�l�b�c �b �^�_�c�l�_�j�b�c). �< �d�h�g�k�l�j�m�d�p�b�b �k�l�_�g�^�Z �^�h�e�`�g�Z �[�u�l�v �i�j�_�^�m-
�k�f�h�l�j�_�g�Z �\�h�a�f�h�`�g�h�k�l�v �i�_�j�_�h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y �j�Z�[�h�l�u �k �l�j�b�l�b�_�f, �^�h�[�Z�\�e�y�_�f�u�f 
�\ �]�Z�a�h�\�m�x �k�f�_�k�v �\ �d�Z�q�_�k�l�\�_ �f�_�l�d�b. 

�>�e�y �j�Z�a�f�_�s�_�g�b�y �k�l�_�g�^�Z �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�l�v �i�e�h�s�Z�^�d�m �g�_ �f�_-
�g�_�_ 40 �f2 �k �\�u�k�h�l�h�c �i�h�l�h�e�d�h�\ �g�_ �f�_�g�_�_ 3 �f . �K�l�_�g�^ �^�h�e�`�_�g �\�d�e�x�q�Z�l�v �Z�g�Z�e�b�l�b-
�q�_�k�d�b�_ �i�j�b�[�h�j�u, �h�k�g�h�\�Z�g�g�u�_ �g�Z �k�e�_�^�m�x�s�b�o �f�_�l�h�^�Z�o �Z�g�Z�e�b�a�Z: 

Š �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�q�_�k�d�b�c �Z�g�Z�e�b�a; 
Š �b�g�n�j�Z�d�j�Z�k�g�Z�y �k�i�_�d�l�j�h�f�_�l�j�b�y �b/�b�e�b �J�Z�f�Z�g-�k�i�_�d�l�j�h�f�_�l�j�b�y; 
Š �Z�g�Z�e�b�l�b�q�_�k�d�Z�y �o�j�h�f�Z�l�h�]�j�Z�n�b�y; 
Š �b�a�f�_�j�_�g�b�y �^�Z�\�e�_�g�b�y, �h�[�t�_�f�Z �b �l�_�f�i�_�j�Z�l�m�j�u (PVT-�b�a�f�_�j�_�g�b�y). 
�K�l�_�g�^ �^�h�e�`�_�g �k�h�k�l�h�y�l�v �b�a �k�e�_�^�m�x�s�_�]�h �h�[�h�j�m�^�h�\�Z�g�b�y: 
Š �\�Z�d�m�m�f�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �i�h�^�]�h�l�h�\�d�b �k�l�_�g�^�Z;  
Š �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �j�Z�[�h�l�u �k �]�Z�a�h�\�u�f�b �i�j�h�[�Z�f�b; 
Š �d�\�Z�^�j�m�i�h�e�v�g�u�c �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j; 



�K�_�d�p�b�y 4 248

Š �Z�g�Z�e�b�l�b�q�_�k�d�b�c �o�j�h�f�Z�l�h�]�j�Z�n; 
Š �B�D �k�i�_�d�l�j�h�f�_�l�j; 
Š �Z�g�Z�e�b�l�b�q�_�k�d�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �d�h�g�l�j�h�e�y �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l�j�h�\ 

�i�j�h�p�_�k�k�Z (�^�Z�\�e�_�g�b�_ �b �l�_�f�i�_�j�Z�l�m�j�Z, �k�h�k�l�Z�\ �]�Z�a�h�\�u�o �k�f�_�k�_�c �b �^�j�m�]�b�_); 
Š �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �g�Z�]�j�_�\�Z �b�k�k�e�_�^�m�_�f�u�o �m�k�l�j�h�c�k�l�\ �^�e�y �i�j�h�\�_�^�_�g�b�y 

�b�k�k�e�_�^�h�\�Z�g�b�c �i�j�b �j�Z�a�e�b�q�g�h�c �l�_�f�i�_�j�Z�l�m�j�_; 
Š �]�_�j�f�_�l�b�q�g�Z�y �]�Z�a�h�\�Z�y �Z�j�f�Z�l�m�j�Z �^�e�y �k�h�_�^�b�g�_�g�b�y �h�[�h�j�m�^�h�\�Z�g�b�y, �h�l�[�h�j�Z 

�]�Z�a�h�\�u�o �i�j�h�[ �b �l. � .̂; 
Š �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_. 

 

 
 

�J�b�k. 5. �K�o�_�f�Z �k�l�_�g�^�Z «�I�h�^�]�h�l�h�\�d�Z �b �Z�g�Z�e�b�a �]�Z�a�h�\�u�o �k�f�_�k�_�c» 
 
�D�\�Z�^�j�m�i�h�e�v�g�u�c �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j �^�h 300 �Z. �_. �f . �b �\�u�k�h�d�h�q�m�\�k�l�\�b�l�_�e�v-

�g�u�c – �^�h 6 �Z. �_. �f . �K�_�e�_�d�l�b�\�g�h�k�l�v �]�Z�a�h�\�h�]�h �o�j�h�f�Z�l�h�]�j�Z�n�Z 10–6 �h�[. %, 3 �]�Z�a�h�\�u�o 
�^�_�l�_�d�l�h�j�h�\ �j�Z�a�g�h�]�h �l�b�i�Z, �]�Z�a �g�h�k�b�l�_�e�v �\�h�^�h�j�h�^, �]�_�e�b�c, �j�Z�[�h�q�_�_ �^�Z�\�e�_�g�b�_ 3 �[�Z�j, 
�g�_ �f�_�g�_�_ 4 �d�h�e�h�g�h�d �k �j�Z�a�e�b�q�g�h�c �k�_�e�_�d�l�b�\�g�h�k�l�v�x �d �]�Z�a�h�\�u�f �i�j�b�f�_�k�y�f. �K�i�_�d-
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�l�j�Z�e�v�g�u�c �^�b�Z�i�Z�a�h�g �B�D-�k�i�_�d�l�j�h�f�_�l�j�Z 500–4000 �k�f–1, �^�e�b�g�Z �h�i�l�b�q�_�k�d�h�]�h �i�m�l�b 
�f�g�h�]�h�i�j�h�o�h�^�g�h�c �]�Z�a�h�\�h�c �d�x�\�_�l�u 5–10 �f , �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �i�h �i�j�b�f�_�k�y�f �\ �\�h-
�^�h�j�h�^�_ �g�_ �f�_�g�_�_ 10–5 %. 

�K�b�k�l�_�f�Z �i�h�^�]�h�l�h�\�d�b �b �^�h�a�b�j�h�\�d�b �]�Z�a�h�\:  
�>�h�a�b�j�h�\�d�Z/�i�h�^�Z�q�Z �k�f�_�k�_�c �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �\ �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �d�h-

�e�h�g�d�b �b�e�b �\ �b�k�k�e�_�^�m�_�f�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�h�e�`�g�Z �[�u�l�v �h�k�m�s�_�k�l�\�e�_�g�Z �g�Z �a�Z�^�Z�g-
�g�h�f �b �j�_�]�m�e�b�j�m�_�f�h�f �m�j�h�\�g�_ �i�h�l�h�d�Z �]�Z�a�Z. �>�e�y �^�h�a�b�j�h�\�d�b �g�_�h�[�o�h�^�b�f�h �b�k�i�h�e�v-
�a�h�\�Z�l�v �p�b�n�j�h�\�u�_ �j�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z �]�Z�a�Z �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�_ �d �j�h�^�m �]�Z�a�Z, 
�_�]�h �^�Z�\�e�_�g�b�x �b �l�_�f�i�_�j�Z�l�m�j�_ �b�e�b �j�_�]�m�e�y�l�h�j�u �q�m�\�k�l�\�b�l�_�e�v�g�u�_ �d �j�h�^�m �]�Z�a�Z, �_�]�h 
�l�_�f�i�_�j�Z�l�m�j�_ �b �^�Z�\�e�_�g�b�x �k �g�_�h�[�o�h�^�b�f�u�f�b �d�Z�e�b�[�j�h�\�d�Z�f�b �b �j�Z�k�q�_�l�g�u�f�b �Z�e�]�h-
�j�b�l�f�Z�f�b. �H�l�d�e�h�g�_�g�b�_ �\�_�e�b�q�b�g�u �i�h�l�h�d�Z �]�Z�a�Z, �a�Z�^�Z�\�Z�_�f�h�c �j�_�]�m�e�y�l�h�j�h�f �i�h�l�h�d�Z 
�]�Z�a�Z, �g�_ �^�h�e�`�g�Z �i�j�_�\�u�r�Z�l�v 2 % �h�l �a�Z�^�Z�g�g�h�c �\�_�e�b�q�b�g�u. �J�_�]�m�e�y�l�h�j�u �j�Z�k�o�h�^�Z 
�]�Z�a�Z �^�h�e�`�g�u �h�[�_�k�i�_�q�b�\�Z�l�v �j�Z�k�o�h�^ �]�Z�a�Z �\ �k�e�_�^�m�x�s�b�o �^�b�Z�i�Z�a�h�g�Z�o: 0,1–10,  
10–1000 �k�f3/�f�b�g. 

�>�j�m�]�b�_ �k�b�k�l�_�f�u: 
�K�l�_�g�^ �^�h�e�`�_�g �[�u�l�v �h�[�h�j�m�^�h�\�Z�g �^�Z�l�q�b�d�Z�f�b �^�e�y �b�a�f�_�j�_�g�b�y �^�Z�\�e�_�g�b�y 

�\ �^�b�Z�i�Z�a�h�g�_ �h�l 10–5 �f�[�Z�j �^�h 10 �[�Z�j. �G�_ �f�_�g�_�_ 3 �_�f�d�h�k�l�g�u�o �p�b�n�j�h�\�u�o �^�Z�l�q�b�d�h�\ 
�k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 0,1 % �g�_ �q�m�\�k�l�\�b�l�_�e�v�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 2 �p�b�n-
�j�h�\�u�o �^�_�n�h�j�f�Z�p�b�h�g�u�o �^�Z�l�q�b�d�h�\ �k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 1 % �g�_ �q�m�\�k�l�\�b�l�_�e�v-
�g�u�o �d �j�h�^�m �]�Z�a�Z. �G�_ �f�_�g�_�_ 2 �p�b�n�j�h�\�u�o �b�h�g�b�a�Z�p�b�h�g�g�u�o �^�Z�l�q�b�d�h�\ �\�u�k�h�d�h�]�h �\�Z-
�d�m�m�f�Z �k �i�h�]�j�_�r�g�h�k�l�v�x �g�_ �[�h�e�_�_ 15 %, �d�Z�e�b�[�j�h�\�Z�g�g�u�_ �^�e�y �j�Z�a�e�b�q�g�u�o �]�Z�a�h�\. 

�O�j�Z�g�b�e�b�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂ �^�Z�\�e�_�g�b�_�f �k �]�Z�a�Z�f�b �b �]�Z�a�h�\�u�f�b 
�k�f�_�k�y�f�b �^�h�e�`�g�h �[�u�l�v �j�Z�a�f�_�s�_�g�h �a�Z �i�j�_�^�_�e�Z�f�b �i�h�f�_�s�_�g�b�y �k�l�_�g�^�Z. �O�j�Z�g�b�e�b-
�s�_ �[�Z�e�e�h�g�h�\ �b �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f �^�h�e�`�g�h �h�l�\�_�q�Z�l�v �l�j�_�[�h�\�Z�g�b�y�f �d �i�h�f�_-
�s�_�g�b�y�f �^�e�y �o�j�Z�g�_�g�b�y �k�h�k�m�^�h�\ �i�h� ̂�^�Z�\�e�_�g�b�_�f. �>�h�e�`�g�Z �[�u�l�v �h�[�h�j�m�^�h�\�Z�g�Z �e�b-
�g�b�y �i�h�^�Z�q�b �]�Z�a�h�\ �b�a �o�j�Z�g�b�e�b�s�Z �\ �k�b�k�l�_�f�m �i�h�^�]�h�l�h�\�d�b �b �i�h�^�Z�q�b �]�Z�a�h�\. �I�h�l�j�_�[-
�g�h�k�l�b �\ �w�e�_�d�l�j�h�i�b�l�Z�g�b�b �b �\�h�^�h�h�o�e�Z�`�^�_�g�b�b �k�l�_�g�^�Z �g�_�h�[�o�h�^�b�f�h �m�l�h�q�g�b�l�v �i�h 
�f�_�j�_ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y. �<�Z�d�m�m�f�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �^�e�y �k�h�a�^�Z�g�b�y �k�l�_�g�^�Z, �\ �l�h�f 
�q�b�k�e�_ �\�Z�d�m�m�f�g�u�_ �d�j�Z�g�u, �d�e�Z�i�Z�g�u, �k�h�_�^�b�g�b�l�_�e�v�g�u�_ �n�e�Z�g�p�u, �\�Z�d�m�m�f�g�u�_ �^�Z�l-
�q�b�d�b �b �l. � .̂ �^�h�e�`�g�u �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �k�l�Z�g�^�Z�j�l�m ConFlat (CF). 

�A�Z�d�e�x�q�_�g�b�_ 

�< �j�Z�f�d�Z�o �g�Z�m�q�g�h�]�h �g�Z�i�j�Z�\�e�_�g�b�y «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z» �\ �G�P�N�F 
�f�h�`�_�l �[�u�l�v �j�_�Z�e�b�a�h�\�Z�g �d�h�f�i�e�_�d�k �e�Z�[�h�j�Z�l�h�j�g�u�o �k�l�_�g�^�h�\ �^�e�y �h�k�\�h�_�g�b�y �b �h�l�j�Z-
�[�h�l�d�b �l�_�o�g�h�e�h�]�b�c �h�[�j�Z�s�_�g�b�y �k �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z �\ �i�h�^�^�_�j�`�d�m �k�h�a�^�Z�g�b�y 
�M�M�L�K. �>�Z�g�g�u�_ �j�Z�[�h�l�u �f�h�]�m�l �[�u�l�v �Z�d�l�m�Z�e�v�g�u �^�e�y �j�Z�a�\�b�l�b�y �[�Z�a�h�\�h�c �k�b�k�l�_�f�u 
�m�k�l�Z�g�h�\�d�b �m�i�j�Z�\�e�y�_�f�h�]�h �l�_�j�f�h�y�^�_�j�g�h�]�h �k�b�g�l�_�a�Z – �l�j�b�l�b�_�\�h�]�h �l�h�i�e�b�\�g�h�]�h 
�p�b�d�e�Z. �H�l�e�b�q�b�_ �h�l �k�b�k�l�_�f �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �k�m�s�_�k�l�\�m�x�s�b�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v-
�g�u�o �m�k�l�Z�g�h�\�h�d �a�Z�d�e�x�q�Z�_�l�k�y �\ �g�_�h�[�o�h�^�b�f�h�k�l�b �g�_�i�j�_�j�u�\�g�h�c (�k�l�Z�p�b�h�g�Z�j�g�h�c) 
�h�[�j�Z�[�h�l�d�b �]�Z�a�Z �[�_�a �_�]�h �q�j�_�a�f�_�j�g�h�]�h �g�Z�d�h�i�e�_�g�b�y �\ �d�h�e�b�q�_�k�l�\�_, �i�j�_�\�u�r�Z�x�s�_�f 
�l�_�f�i �\�u�]�h�j�Z�g�b�y �\ �j�_�Z�d�p�b�b �k�b�g�l�_�a�Z �\ 100–1000 �j�Z�a �^�e�y �M�M�L�K �k �^�e�b�l�_�e�v�g�u�f�b 
�b�e�b �k�l�Z�p�b�h�g�Z�j�g�u�f�b �j�Z�a�j�y�^�Z�f�b. 

�E�Z�[�h�j�Z�l�h�j�g�u�_ �k�l�_�g�^�u �f�h�]�m�l �i�h�a�\�h�e�b�l�v �h�k�\�h�b�l�v �l�_�o�g�h�e�h�]�b�b �h�[�j�Z�s�_�g�b�y 
�k �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z, �b�k�i�h�e�v�a�m�_�f�u�_ �\ �j�Z�a�e�b�q�g�u�o �g�Z�i�j�Z�\�e�_�g�b�y�o �g�Z�m�d�b �b �i�j�h�b�a-
�\�h�^�k�l�\�Z, �Z �l�Z�d�`�_ �i�j�h�\�h�^�b�l�v �b�k�k�e�_�^�h�\�Z�g�b�y �\ �h�l�g�h�r�_�g�b�b �g�h�\�u�o/�i�_�j�k�i�_�d�l�b�\�g�u�o 
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�l�_�o�g�h�e�h�]�b�c �b �b�o �b�g�l�_�]�j�Z�p�b�b. �I�h�f�b�f�h �w�l�h�]�h �^�Z�g�g�Z�y �^�_�y�l�_�e�v�g�h�k�l�v �[�m�^�_�l �k�i�h�k�h�[-
�k�l�\�h�\�Z�l�v �k�\�h�_�\�j�_�f�_�g�g�h�c �i�_�j�_�^�Z�q�_ �h�i�u�l�Z �b �a�g�Z�g�b�c �i�h �j�Z�[�h�l�_ �k �l�j�b�l�b�_�f, �q�l�h�[�u 
�g�_ �^�h�i�m�k�l�b�l�v �m�l�j�Z�l�u �m�g�b�d�Z�e�v�g�u�o �d�h�f�i�_�l�_�g�p�b�c.  

�< �k�l�Z�l�v�_ �b�a�e�h�`�_�g�u �i�j�_�^�e�h�`�_�g�b�y �i�h �k�h�k�l�Z�\�m �k�l�_�g�^�h�\, �b�o �l�_�o�g�b�q�_�k�d�b�f 
�l�j�_�[�h�\�Z�g�b�y�f �b �i�e�h�s�Z�^�d�_ �^�e�y �b�o �j�Z�a�f�_�s�_�g�b�y. �B�o �f�h�`�g�h �j�Z�a�f�_�k�l�b�l�v �g�Z �i�e�h-
�s�Z�^�d�_ �G�P�N�F (�i. �K�Z�l�b�k) �\ �d�Z�q�_�k�l�\�_ �j�_�Z�e�b�a�Z�p�b�b �i�_�j�\�h�]�h �w�l�Z�i�Z �i�j�h�]�j�Z�f�f�u �j�Z-
�[�h�l �i�h �i�h�\�u�r�_�g�b�x �m�j�h�\�g�y �]�h�l�h�\�g�h�k�l�b �l�j�b�l�b�_�\�u�o �l�_�o�g�h�e�h�]�b�c �\ �b�g�l�_�j�_�k�Z�o �k�h-
�a�^�Z�\�Z�_�f�u�o �\ �J�N �l�h�d�Z�f�Z�d�h�\. �>�Z�e�v�g�_�c�r�b�_ �w�l�Z�i�u, �i�j�_�^�m�k�f�Z�l�j�b�\�Z�x�s�b�_ �k�h�a�^�Z�g�b�_ 
�k�b�k�l�_�f�u �l�j�b�l�b�_�\�h�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �g�Z �l�h�d�Z�f�Z�d�_, �Z �l�Z�d�`�_ �f�h�^�_�e�b �l�j�b�l�b�_�\�h-
�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �k �j�_�e�_�\�Z�g�l�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c �l�j�b�l�b�y �\ �j�Z�[�h�q�_�f �]�Z�a�_ �f�h-
�]�m�l �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �j�_�Z�e�b�a�h�\�Z�l�v�k�y �g�Z �i�e�h�s�Z�^�d�_ �l�h�d�Z�f�Z�d�Z �k �j�_�Z�d�l�h�j�g�u�f�b �l�_�o-
�g�h�e�h�]�b�y�f�b �b �i�e�h�s�Z�^�d�_ �J�N�Y�P �<�G�B�B�W�N �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �g�_�h�[�o�h�^�b�f�h�k�l�v�x 
�b �^�h�j�h�`�g�h�c �d�Z�j�l�h�c �k�h�a�^�Z�g�b�y �i�_�j�k�i�_�d�l�b�\�g�u�o �M�M�L�K, �l�j�_�[�m�x�s�b�o �\ �k�\�h�_�f �k�h-
�k�l�Z�\�_ �i�h�e�g�h�f�Z�k�r�l�Z�[�g�u�c �l�j�b�l�b�_�\�u�c �l�h�i�e�b�\�g�u�c �p�b�d�e. 

�H�q�_�\�b�^�g�h, �k �l�h�q�d�b �a�j�_�g�b�y �k�h�a�^�Z�g�b�y �i�h�e�g�h�f�Z�k�r�l�Z�[�g�h�]�h �l�j�b�l�b�_�\�h�]�h �p�b�d�e�Z 
�M�M�L�K �i�j�_�^�e�Z�]�Z�_�f�u�c �D�h�f�i�e�_�d�k �g�_ �i�h�e�g�h�k�l�v�x �a�Z�d�j�u�\�Z�_�l �\�k�_ �a�Z�^�Z�q�b, �i�h�k�d�h�e�v�d�m 
�k�h�^�_�j�`�b�l �l�h�e�v�d�h �l�_ �k�b�k�l�_�f�u, �f�Z�d�_�l�b�j�h�\�Z�g�b�_ �d�h�l�h�j�u�o �p�_�e�_�k�h�h�[�j�Z�a�g�h �\ �[�_�a�l�j�b-
�l�b�_�\�h�f �b�k�i�h�e�g�_�g�b�b. �K�h�a�^�Z�g�b�_ �b �f�Z�d�_�l�b�j�h�\�Z�g�b�_ �i�h�e�g�h�f�Z�k�r�l�Z�[�g�h�]�h �l�j�b�l�b�_�\�h�]�h 
�p�b�d�e�Z �M�M�L�K �i�h�l�j�_�[�m�_�l �h�l�j�Z�[�h�l�d�b �[�h�e�v�r�_�]�h �q�b�k�e�Z �k�b�k�l�_�f �b �\ �[�h�e�v�r�_�f (�j�_�e�_-
�\�Z�g�l�g�h�f) �f�Z�k�r�l�Z�[�_. 

�J�Z�[�h�l�Z �i�j�h�\�_�^�_�g�Z �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h�c �i�j�h�]�j�Z�f�f�u �G�Z�p�b�h�g�Z�e�v�g�h�]�h �p�_�g�l�j�Z 
�n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b (�i�j�h�_�d�l 8 «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z»). 

�K�i�b�k�h�d �e�b�l�_�j�Z�l�m�j�u 

1. �Q�_�j�d�h�\�_�p �<. �?., �N�j�m�g�a�_ �<. �<., �L�j�b�l�b�_�\�u�_ �d�h�f�i�e�_�d�k�u �l�_�j�f�h�y�^�_�j�g�u�o 
�m�k�l�Z�g�h�\�h�d �k �f�Z�]�g�b�l�g�u�f �m�^�_�j�`�Z�g�b�_�f, �F�h�k�d�\�Z: �L�j�h�\�Z�g�l, 2019. – 232 �k. : �b�e. – 
�;�b�[�e�b�h�]�j.: �k. 218–232. 

2. Ananyev S. S., Ivanov B. V. and Kuteev B. V., Analysis of promising 
technologies of DEMO-FNS fuel cycle, Fusion Eng. Des., 161, 111940 (2020), 
https://doi.org/10.1016/j.fusengdes.2020.111940 

3. �:�g�Z�g�v�_�\ �K. �K., �B�\�Z�g�h�\ �;. �<., �D�h�g�p�_�i�p�b�y �a�Z�f�d�g�m�l�h�]�h �l�j�b�l�b�_�\�h�]�h �p�b�d�e�Z 
�^�e�y �b�k�k�e�_�^�h�\�Z�g�b�c �l�_�o�g�h�e�h�]�b�c �l�_�j�f�h�y�^�_�j�g�h�]�h �j�_�Z�d�l�h�j�Z �g�Z �[�Z�a�_ �p�_�g�l�j�Z �d�h�e�e�_�d�l�b�\-
�g�h�]�h �i�h�e�v�a�h�\�Z�g�b�y «�L�j�b�l�b�c», �K�[�h�j�g�b�d �^�h�d�e�Z�^�h�\ 16 �F�_�`�^�m�g�Z�j�h�^�g�h�c �R�d�h�e�u �f�h-
�e�h�^�u�o �m�q�_�g�u�o �b �k�i�_�p�b�Z�e�b�k�l�h�\ �b�f. �: . �: . �D�m�j�^�x�f�h�\�Z IHISM´23, �I�h�  ̂�j�_�^�Z�d�p�b�_�c 
�^�h�d�l�h�j�Z �l�_�o�g�b�q�_�k�d�b�o �g�Z�m�d �: . �: . �X�o�b�f�q�m�d�Z, �K�Z�j�h�\ 2024. 

4. Chr. Day et al. The pre-concept design of the DEMO tritium, matter injec-
tion and vacuum systems, Fusion Engineering and Design 179 (2022) 113139. 

5. �B�\�Z�g�h�\ �;. �<., �:�g�Z�g�v�_�\ �K. �K., �H�p�_�g�d�Z �m�j�h�\�g�y �]�h�l�h�\�g�h�k�l�b �l�_�o�g�h�e�h�]�b�c 
�l�j�b�l�b�_�\�h�]�h �p�b�d�e�Z �\ �J�h�k�k�b�b �g�Z �i�j�b�f�_�j�_ �i�j�h�_�d�l�Z �]�b�[�j�b�^�g�h�]�h �j�_�Z�d�l�h�j�Z �>�?�F�H-
�L�B�G, �<�:�G�L. �K�_�j. �L�_�j�f�h�y�^�_�j�g�u�c �k�b�g�l�_�a, 2021, �l. 44, �\�u�i. 4, DOI: 
10.21517/0202-3822-2021-44-4-5-24.  

6. �B�\�Z�g�h�\ �;. �<., �:�g�Z�g�v�_�\ �K. �K. �H�p�_�g�d�Z �m�j�h�\�g�y �]�h�l�h�\�g�h�k�l�b �l�_�o�g�h�e�h�]�b�c 
�l�j�b�l�b�_�\�h�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �^�e�y �j�_�Z�d�l�h�j�Z �>�?�F�H-�L�B�G. �Q�Z�k�l�v 2, �<�:�G�L. �K�_�j. 
�L�_�j�f�h�y�^�_�j�g�u�c �k�b�g�l�_�a, 2022, �l. 45, �\�u�i. 4, DOI: 10.21517/0202-3822-2022-45-
4-120-135. 



�:�i�i�Z�j�Z�l�m�j�Z �b �f�_�l�h�^�u �b�k�k�e�_�^�h�\�Z�g�b�y 251

7. �B�\�Z�g�h�\ �;. �<., �:�g�Z�g�v�_�\ �K. �K., �;�h�[�u�j�v �G. �I . �H�p�_�g�d�Z �m�j�h�\�g�y �]�h�l�h�\�g�h�k�l�b 
�l�_�o�g�h�e�h�]�b�c �l�j�b�l�b�_�\�h�]�h �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �^�e�y �j�_�Z�d�l�h�j�Z �>�?�F�H-�L�B�G. �Q�Z�k�l�v 3, 
�<�:�G�L. �K�_�j. �L�_�j�f�h�y�^�_�j�g�u�c �k�b�g�l�_�a, 2023, �l. 46, �\�u�i. 1, DOI: 10.21517/0202-
3822-2023-46-1-49-63. 

8. Ananyev S., Dnestrovskij A., Kukushkin A., Ivanov B., Kuteev B., Choice 
of Gas Isotope Composition for Neutral Beam Injectors of the FNS-ST Compact 
Fusion Neutron Source, Fusion Science and Technology, 79:4 (2023), 381-398, doi: 
10.1080/15361055.2022.2097571. 

9. Ananyev S. S., Dnestrovskij A. Y., Kukushkin A. S., Spitsyn A. V., 
Kuteev B. V., Architecture of Fuel Systems of Hybrid Facility DEMO-FNS and 
Algorithms for Calculation of Fuel Flows in the FC-FNS Model. – Fusion Sci. 
Technol., 2020, vol. 76, �‹  4, p. 503–512.  

10. �:�g�Z�g�v�_�\ �K. �K., �>�g�_�k�l�j�h�\�k�d�b�c �: . �X., �D�m�d�m�r�d�b�g �: . �K., �I�h�l�h�d�b �\ �k�b-
�k�l�_�f�Z�o �l�h�i�e�b�\�g�h�]�h �p�b�d�e�Z �>�?�F�H-�L�B�G �k �m�q�_�l�h�f D- �b T-�i�_�e�e�_�l �b�g�`�_�d�p�b�b, 
�N�b�a�b�d�Z �i�e�Z�a�f�u, 2022, �l�h�f 48, �‹  3, �k. 195–211, 10.31857/S0367292122030015. 

11. Ananyev S., Kukushkin A. Calculation of Consistent Plasma Parameters 
for DEMO-FNS Using Ionic Transport Equations and Simulation of the Tritium Fuel 
Cycle, Appl. Sci. 2023, 13, 8552. https://doi.org/10.3390/app13148552APSC2023. 

 
 



�K�_�d�p�b�y 4 252

�u�f�l 621.039.738:66.067:621.039.524.46 
 

�b�Î�Ë�Ø�Û�Ë�Þ�Ò�Ê �å�Ô�Ï�µ�Û�Ù�×�Ô�Ò�Ñ�Ï�Ù�×�Í �Î�Ô�Ê �Ù�Ë�Ì�×�Û�ã  
�Ú �Û�Ê�Ð�Ï�Ô�×�Ó �Í�×�Î�×�Ó 

 
�s. �f . �c�×�Ö�Î�Ë�Ù�Ï�Ö�µ�×, �j . �b. �b�Ô�Ï�µ�Ú�Ï�Ï�Í, �t. �d. �d�Ë�Ú�Ê�Ö�Ò�Ö�Ë,  

�p. �b. �v�Ï�Î�×�Ù�ß�Ï�Ö�µ�×  
 

�G�B�P «�D�m�j�q�Z�l�h�\�k�d�b�c �b�g�k�l�b�l�m�l» – �I�B�Y�N, �=�Z�l�q�b�g�Z 
 

bondarenko_sd@pnpi.nrcki.ru 
 

�< �j�Z�[�h�l�_ �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �\�h�i�j�h�k�u �b �i�j�h�[�e�_�f�u, �d�h�l�h�j�u�_ �[�u�e�b 
�j�_�r�_�g�u �i�j�b �Z�^�Z�i�l�Z�p�b�b �k�l�Z�g�^�Z�j�l�g�u�o �w�e�_�d�l�j�h�e�b�a�g�u�o �m�k�l�Z�g�h�\�h�d �^�e�y �j�Z�[�h-
�l�u �k �l�y�`�_�e�h�c �\�h�^�h�c �\ �k�h�k�l�Z�\�_ �h�i�u�l�g�h-�i�j�h�f�u�r�e�_�g�g�h�c �m�k�l�Z�g�h�\�d�b �j�Z�a�^�_-
�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �W�<�B�H [1] �b �m�k�l�Z�g�h�\�d�b �b�a�\�e�_�q�_�g�b�y �l�j�b�l�b�y 
(�M�B�L) �j�_�Z�d�l�h�j�g�h�]�h �d�h�f�i�e�_�d�k�Z �I�B�D [2] �\ �I�_�l�_�j�[�m�j�]�k�d�h�f �b�g�k�l�b�l�m�l�_ 
�y�^�_�j�g�h�c �n�b�a�b�d�b �b�f. �;.�I . �D�h�g�k�l�Z�g�l�b�g�h�\�Z. �H�[�_ �m�k�l�Z�g�h�\�d�b �i�j�_�^�g�Z�a�g�Z�q�_�g�u 
�^�e�y �b�a�h�l�h�i�g�h�c �h�q�b�k�l�d�b �l�y�`�_�e�h�c �\�h�^�u �h�l �i�j�h�l�b�y �b �l�j�b�l�b�y �g�Z �h�k�g�h�\�_ �d�h�f-
�[�b�g�Z�p�b�b �f�_�l�h�^�h�\ �w�e�_�d�l�j�h�e�b�a�Z �b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z 
�\ �k�b�k�l�_�f�_ �\�h�^�Z-�\�h�^�h�j�h�^ �g�Z �]�b�^�j�h�n�h�[�g�h�f �d�Z�l�Z�e�b�a�Z�l�h�j�_, �l�Z�d �g�Z�a�u�\�Z�_�f�h�c 
CECE �l�_�o�g�h�e�h�]�b�b. �W�e�_�d�l�j�h�e�b�a�g�Z�y �m�k�l�Z�g�h�\�d�Z �\ CECE �l�_�o�g�h�e�h�]�b�b �\�u�i�h�e-
�g�y�_�l �j�h�e�v �g�b�`�g�_�]�h �m�a�e�Z �h�[�j�Z�s�_�g�b�y �n�Z�a, �\ �d�h�l�h�j�h�f �l�y�`�_�e�Z�y �\�h�^�Z �b�a �d�h-
�e�h�g�g�u �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z (�D�B�H) �j�Z�a�e�Z�]�Z�_�l�k�y �g�Z �^�_�c�l�_-
�j�b�c �b �d�b�k�e�h�j�h�^, �b �h�[�j�Z�a�h�\�Z�\�r�b�c�k�y �^�_�c�l�_�j�b�c �\�h�a�\�j�Z�s�Z�_�l�k�y �\ �d�h�e�h�g�g�m 
�D�B�H. �D�Z�d �i�j�Z�\�b�e�h, �\�k�_ �k�l�Z�g�^�Z�j�l�g�u�_ �w�e�_�d�l�j�h�e�b�a�g�u�_ �m�k�l�Z�g�h�\�d�b �g�_�a�Z�\�b�k�b-
�f�h �h�l �b�o �l�b�i�Z �b�f�_�x�l �\ �k�\�h�_�f �k�h�k�l�Z�\�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �b �m�a�e�u, �b�a �d�h�l�h�j�u�o 
�i�j�h�b�k�o�h�^�b�l �g�_�i�j�_�j�u�\�g�u�c �b�e�b �i�_�j�b�h�^�b�q�_�k�d�b�c �k�[�j�h�k �g�_�[�h�e�v�r�b�o �d�h�e�b-
�q�_�k�l�\ �d�Z�d �b�k�o�h�^�g�h�c �\�h�^�u, �l�Z�d �b �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o �i�j�h�^�m�d�l�h�\ �\�h�^�h�j�h�^�Z 
�b �d�b�k�e�h�j�h�^�Z. �W�l�h �i�j�h�b�k�o�h�^�b�l �\ �i�j�h�p�_�k�k�Z�o �i�j�h�^�m�\�d�b �i�j�b �a�Z�i�m�k�d�_ �\ �j�Z�[�h�l�m 
�h�[�h�j�m�^�h�\�Z�g�b�y, �i�j�b �h�k�l�Z�g�h�\�d�_, �i�j�b �h�l�d�e�h�g�_�g�b�b �i�Z�j�Z�f�_�l�j�h�\ �q�b�k�l�h�l�u �\�u-
�j�Z�[�Z�l�u�\�Z�_�f�u�o �]�Z�a�h�\ �h�l �g�h�j�f�u, �Z �l�Z�d�`�_ �\ �i�j�h�p�_�k�k�_ �Z�g�Z�e�b�a�Z �\�u�j�Z�[�Z�l�u�\�Z�_-
�f�u�o �]�Z�a�h�\ �g�Z �g�Z�e�b�q�b�_ �\�a�Z�b�f�g�u�o �i�j�b�f�_�k�_�c. �I�j�b �w�l�h�f �i�h�l�h�d �\�u�j�Z�[�Z�l�u�\�Z-
�_�f�h�]�h �d�b�k�e�h�j�h�^�Z �k�[�j�Z�k�u�\�Z�_�l�k�y �\ �Z�l�f�h�k�n�_�j�m �g�_�i�j�_�j�u�\�g�h �g�Z �\�k�_�f �i�j�h�l�y-
�`�_�g�b�b �j�Z�[�h�l�u �w�e�_�d�l�j�h�e�b�a�_�j�Z. �G�_�h�[�o�h�^�b�f�h�k�l�v �^�h�j�Z�[�Z�l�u�\�Z�l�v �k�l�Z�g�^�Z�j�l�g�u�_ 
�w�e�_�d�l�j�h�e�b�a�g�u�_ �m�k�l�Z�g�h�\�d�b �^�e�y �j�Z�[�h�l�u �k �l�y�`�_�e�h�c �\�h�^�h�c �k�\�y�a�Z�g�u �k �g�Z�e�b�q�b-
�_�f �l�j�_�l�v�_�]�h �d�h�f�i�h�g�_�g�l�Z – �j�Z�^�b�h�Z�d�l�b�\�g�h�]�h �l�j�b�l�b�y. �G�_�h�[�o�h�^�b�f�h�k�l�v �b�k-
�d�e�x�q�_�g�b�y �k�[�j�h�k�h�\ �j�Z�^�b�h�Z�d�l�b�\�g�u�o �k�j�_�^ �i�j�b �w�d�k�i�e�m�Z�l�Z�p�b�b, �Z �l�Z�d�`�_ �\�u�k�h-
�d�Z�y �k�l�h�b�f�h�k�l�v �j�Z�[�h�q�_�c �k�j�_�^�u (�l�y�`�_�e�h�c �\�h�^�u) �h�i�j�_�^�_�e�b�e�b �b�k�o�h�^�g�u�_ �l�j�_-
�[�h�\�Z�g�b�y �b �i�_�j�_�q�_�g�v �d�h�g�k�l�j�m�d�l�b�\�g�u�o �^�h�j�Z�[�h�l�h�d �k�l�Z�g�^�Z�j�l�g�h�]�h �h�[�h�j�m�^�h�\�Z-
�g�b�y. �< �j�Z�[�h�l�_ �Z�g�Z�e�b�a�b�j�m�_�l�k�y �h�i�u�l �w�d�k�i�e�m�Z�l�Z�p�b�b �w�e�_�d�l�j�h�e�b�a�g�h�c �m�k�l�Z�g�h�\-
�d�b �N�K-525 �s�_�e�h�q�g�h�]�h �l�b�i�Z, �i�j�b�\�_�^�_�g�b�_ �_�_ �d�h�g�k�l�j�m�d�p�b�b �d �l�j�_�[�h�\�Z�g�b�y�f 
�n�_�^�_�j�Z�e�v�g�u�o �g�h�j�f �b �i�j�Z�\�b�e �\ �h�[�e�Z�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �Z�l�h�f�g�h�c �w�g�_�j�]�b�b, 
�j�Z�a�j�Z�[�h�l�d�Z �l�j�_�[�h�\�Z�g�b�c �^�e�y �k�h�a�^�Z�g�b�y �i�j�h�f�u�r�e�_�g�g�h�]�h �w�e�_�d�l�j�h�e�b�a�_�j�Z �^�e�y 
�M�B�L �b �j�Z�a�j�Z�[�h�l�d�Z �g�h�\�h�]�h �w�e�_�d�l�j�h�e�b�a�_�j�Z �^�e�y �m�k�l�Z�g�h�\�d�b �W�<�B�H �g�Z �[�Z�a�_ 
�k�l�Z�g�^�Z�j�l�g�h�]�h �w�e�_�d�l�j�h�e�b�a�_�j�Z �k �l�\�_�j�^�h�i�h�e�b�f�_�j�g�u�f �w�e�_�d�l�j�h�e�b�l�h�f. 
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�<�\�_�^�_�g�b�_ 

�< �G�B�P «�D�m�j�q�Z�l�h�\�k�d�b�c �b�g�k�l�b�l�m�l» – �I�B�Y�N (�G�B�P �D�B – �I�B�Y�N) �i�h�k�l�j�h�_�g 
�b �\�\�h�^�b�l�k�y �\ �j�Z�[�h�l�m �\�u�k�h�d�h�i�h�l�h�q�g�u�c �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �j�_�Z�d�l�h�j �I�B�D �k �l�y-
�`�_�e�h�\�h�^�g�u�f �h�l�j�Z�`�Z�l�_�e�_�f. �< �^�_�d�Z�[�j�_ 2022 �]. �g�Z�q�Z�e�k�y �w�l�Z�i �h�k�\�h�_�g�b�y �f�h�s�g�h�k�l�b 
�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �i�m�k�d�Z. �H�^�g�h�c �b�a �\�Z�`�g�_�c�r�b�o �a�Z�^�Z�q �i�j�b �w�d�k�i�e�m�Z�l�Z�p�b�b �j�_�Z�d�l�h-
�j�Z �I�B�D �y�\�e�y�_�l�k�y �a�Z�^�Z�q�Z �i�h�^�^�_�j�`�Z�g�b�y �y�^�_�j�g�h-�n�b�a�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �l�y�`�_�e�h�c 
�\�h�^�u. �>�e�y �j�_�r�_�g�b�y �w�l�h�c �a�Z�^�Z�q�b �g�_�h�[�o�h�^�b�f�Z �m�k�l�Z�g�h�\�d�Z �b�a�h�l�h�i�g�h�c �h�q�b�k�l�d�b 
(�M�B�H) �l�y�`�_�e�h�c �\�h�^�u.  

�J�_�r�_�g�b�_ �h �k�h�a�^�Z�g�b�b �m�k�l�Z�g�h�\�d�b �^�e�y �j�_�Z�d�l�h�j�Z �I�B�D, �d�h�l�h�j�Z�y �^�h�e�`�g�Z �i�h�-̂
�^�_�j�`�b�\�Z�l�v �d�h�g�p�_�g�l�j�Z�p�b�x �i�j�h�l�b�y �b �l�j�b�l�b�y �\ �l�y�`�_�e�h�c �\�h�^�_ �h�l�j�Z�`�Z�l�_�e�y, �[�u�e�h 
�i�j�b�g�y�l�h �\ �d�h�g�p�_ 1980-�o �]�h�^�h�\. �< �i�_�j�\�h�g�Z�q�Z�e�v�g�h�f �i�j�h�_�d�l�_ �M�B�H (�\�u�i�h�e�g�_�g 
�\ 1987–1993 �]�].) �[�u�e�Z �i�j�b�f�_�g�_�g�Z �k�o�_�f�Z �k �[�e�h�d�h�f �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �b�a�h�l�h�i�g�h�]�h 
�h�[�f�_�g�Z �f�_�`�^�m �i�Z�j�h�f �b �]�Z�a�h�f �^�e�y �i�_�j�_�\�h�^�Z �l�j�b�l�b�y �\ �]�Z�a�h�\�m�x �n�Z�a�m, �b �\�k�y �j�Z�[�h-
�l�Z �i�h �j�Z�a�^�_�e�_�g�b�x �b�a�h�l�h�i�h�\ �\�u�i�h�e�g�y�e�Z�k�v �\ �d�j�b�h�]�_�g�g�h�c �d�h�e�h�g�g�_ �j�_�d�l�b�n�b�d�Z�p�b�b 
�b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z [3]. �H�^�g�Z�d�h, �i�j�h�_�d�l �M�B�H �g�_ �[�u�e �j�_�Z�e�b�a�h�\�Z�g �b�a-�a�Z �j�Z�k�i�Z�^�Z 
�K�K�K�J �b �i�h�k�e�_�^�m�x�s�_�]�h �d�j�b�a�b�k�Z. 

�< 2012 �]. �[�u�e�h �i�j�b�g�y�l�h �j�_�r�_�g�b�_ �h �d�h�j�j�_�d�l�b�j�h�\�d�_ �i�j�h�_�d�l�Z �M�B�H, �d�h�l�h�j�h�_ 
�i�j�b�\�_�e�h �d �k�h�a�^�Z�g�b�x, �i�h �k�m�l�b, �g�h�\�h�]�h �i�j�h�_�d�l�Z �k �g�h�\�h�c �l�_�o�g�h�e�h�]�b�_�c – �d �k�h�a�^�Z-
�g�b�x �m�k�l�Z�g�h�\�d�b �b�a�\�e�_�q�_�g�b�y �l�j�b�l�b�y (�M�B�L). �H�k�g�h�\�h�c �i�j�h�_�d�l�Z �M�B�L �k�l�Z�e�b �j�Z�[�h-
�l�u, �\�u�i�h�e�g�_�g�g�u�_ �g�Z �h�i�u�l�g�h-�i�j�h�f�u�r�e�_�g�g�h�c �m�k�l�Z�g�h�\�d�_ �W�<�B�H.  

�< �m�k�l�Z�g�h�\�d�Z�o �W�<�B�H �b �M�B�L �\ �G�B�P �D�B-�I�B�Y�N �^�e�y �b�a�h�l�h�i�g�h�c �h�q�b�k�l�d�b 
�l�y�`�_�e�h�c �\�h�^�u �b�k�i�h�e�v�a�m�_�l�k�y �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�c �i�j�h�p�_�k�k �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z 
�\�h�^�Z-�\�h�^�h�j�h�^ �g�Z �]�b�^�j�h�n�h�[�g�h�f �d�Z�l�Z�e�b�a�Z�l�h�j�_ �b �w�e�_�d�l�j�h�e�b�a�Z �\�h�^�u (�l�Z�d �g�Z�a�u�\�Z�_-
�f�u�c �K�?�K�? – �i�j�h�p�_�k�k: Combined Electrolysis Catalytic Exchange). �H�k�g�h�\�g�u�_ 
�w�e�_�f�_�g�l�u �d�h�l�h�j�h�]�h: �w�e�_�d�l�j�h�e�b�a�_�j �b �d�h�e�h�g�g�u �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �b�a�h�l�h�i�g�h�]�h �h�[-
�f�_�g�Z �\ �k�b�k�l�_�f�_ �\�h�^�Z-�\�h�^�h�j�h�^, �a�Z�i�h�e�g�_�g�g�u�_ �]�b�^�j�h�n�h�[�g�u�f �d�Z�l�Z�e�b�a�Z�l�h�j�h�f 
�b �]�b�^�j�h�n�b�e�v�g�h�c �g�Z�k�Z�^�d�h�c. �D �i�j�_�b�f�m�s�_�k�l�\�Z�f �w�l�h�]�h �f�_�l�h�^�Z �h�l�g�h�k�y�l�k�y �\�u�k�h�d�b�_ 
�a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�h�\ �j�Z�a�^�_�e�_�g�b�y �\ �i�j�Z�d�l�b�q�_�k�d�b �m�^�h�[�g�h�f �b�g�l�_�j�\�Z�e�_ �l�_�f-
�i�_�j�Z�l�m�j, �^�h�k�l�m�i�g�h�k�l�v �b �[�_�a�\�j�_�^�g�h�k�l�v �j�Z�[�h�q�b�o �\�_�s�_�k�l�\. �J�_�Z�e�b�a�Z�p�b�y �i�j�h�p�_�k�k�Z 
�b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �\ �Z�i�i�Z�j�Z�l�Z�o �d�h�e�h�g�g�h�]�h �l�b�i�Z �g�Z �f�Z�k�k�h�h�[-
�f�_�g�g�h�c �a�Z�k�u�i�d�_, �k�h�k�l�h�y�s�_�c �b�a �]�b�^�j�h�n�h�[�g�h�]�h �d�Z�l�Z�e�b�a�Z�l�h�j�Z (�\ �m�k�l�Z�g�h�\�d�Z�o 
�G�B�P �D�B-�I�B�Y�N �b�k�i�h�e�v�a�m�_�l�k�y �d�Z�l�Z�e�b�a�Z�l�h�j �J�O�L�M-3�K�F) [4] �b �k�i�b�j�Z�e�v�g�h-
�i�j�b�a�f�Z�l�b�q�_�k�d�h�c �g�Z�k�Z�^�d�b �b�a �g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�b. �W�e�_�d�l�j�h�e�b�a�_�j �h�k�m�s�_�k�l�\�e�y-
�_�l �j�Z�a�e�h�`�_�g�b�_ �l�y�`�_�e�h�c �\�h�^�u �b �k�h�a�^�Z�g�b�_ �i�h�l�h�d�Z �^�_�c�l�_�j�b�y �\ �d�h�e�h�g�g�Z�o �b�a�h�l�h�i-
�g�h�]�h �h�[�f�_�g�Z �b �y�\�e�y�_�l�k�y �g�b�`�g�b�f �m�a�e�h�f �h�[�j�Z�s�_�g�b�y �n�Z�a �\ �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �k�o�_-
�f�_ �m�k�l�Z�g�h�\�d�b. 

�<�k�_ �k�l�Z�g�^�Z�j�l�g�u�_ �w�e�_�d�l�j�h�e�b�a�g�u�_ �m�k�l�Z�g�h�\�d�b �g�_�a�Z�\�b�k�b�f�h �h�l �b�o �l�b�i�Z �b�f�_-
�x�l �\ �k�\�h�_�f �k�h�k�l�Z�\�_ �h�[�h�j�m�^�h�\�Z�g�b�_ �b �m�a�e�u, �b�a �d�h�l�h�j�u�o �i�j�h�b�k�o�h�^�b�l �g�_�i�j�_�j�u�\-
�g�u�c �b�e�b �i�_�j�b�h�^�b�q�_�k�d�b�c �k�[�j�h�k �\ �h�d�j�m�`�Z�x�s�m�x �k�j�_�^�m �g�_�[�h�e�v�r�b�o �d�h�e�b�q�_�k�l�\ �d�Z�d 
�b�k�o�h�^�g�h�c �\�h�^�u, �l�Z�d �b �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o �i�j�h�^�m�d�l�h�\ – �\�h�^�h�j�h�^�Z �b �d�b�k�e�h�j�h�^�Z. 
�W�l�h �i�j�h�b�k�o�h�^�b�l �\ �i�j�h�p�_�k�k�Z�o �i�j�h�^�m�\�d�b �h�[�h�j�m�^�h�\�Z�g�b�y �i�j�b �_�]�h �a�Z�i�m�k�d�_ �\ �j�Z�[�h�l�m, 
�i�j�b �h�k�l�Z�g�h�\�d�_, �i�j�b �h�l�d�e�h�g�_�g�b�b �i�Z�j�Z�f�_�l�j�h�\ �q�b�k�l�h�l�u �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o �]�Z�a�h�\ �h�l 
�g�h�j�f�u, �Z �l�Z�d�`�_ �\ �i�j�h�p�_�k�k�_ �Z�g�Z�e�b�a�Z �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o �]�Z�a�h�\ �g�Z �g�Z�e�b�q�b�_ �\�a�Z�b�f-
�g�u�o �i�j�b�f�_�k�_�c. �I�j�b �w�l�h�f �i�h�l�h�d �\�u�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �d�b�k�e�h�j�h�^�Z �k�[�j�Z�k�u�\�Z�_�l�k�y 
�\ �Z�l�f�h�k�n�_�j�m �g�_�i�j�_�j�u�\�g�h �g�Z �\�k�_�f �i�j�h�l�y�`�_�g�b�b �j�Z�[�h�l�u �w�e�_�d�l�j�h�e�b�a�_�j�Z. 

�< �l�y�`�_�e�h�c �\�h�^�_ �j�_�Z�d�l�h�j�Z �I�B�D �k�h�^�_�j�`�b�l�k�y �j�Z�^�b�h�Z�d�l�b�\�g�u�c �b�a�h�l�h�i �\�h�^�h-
�j�h�^�Z – �l�j�b�l�b�c. �K�h�]�e�Z�k�g�h �l�j�_�[�h�\�Z�g�b�y�f �G�J�; 99/2009 [5] �\�u�[�j�h�k �j�Z�^�b�h�Z�d�l�b�\�g�u�o 
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�\�_�s�_�k�l�\ �\ �Z�l�f�h�k�n�_�j�m �^�h�e�`�_�g �[�u�l�v �h�]�j�Z�g�b�q�_�g. �L�Z�d�`�_ �b�f�_�x�l�k�y �h�i�j�_�^�_�e�_�g�g�u�_ 
�l�j�_�[�h�\�Z�g�b�y �i�h �h�j�]�Z�g�b�a�Z�p�b�b �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l 
�Z�d�l�b�\�g�h�k�l�b �j�Z�^�b�h�Z�d�l�b�\�g�u�o �d�h�f�i�h�g�_�g�l�h�\ [6]. �>�e�y �l�j�b�l�b�y �\ �\�b�^�_ �h�d�k�b�^�Z �\�\�_-
�^�_�g�u �k�e�_�^�m�x�s�b�_ �h�]�j�Z�g�b�q�_�g�b�y: �m�j�h�\�_�g�v �\�f�_�r�Z�l�_�e�v�k�l�\�Z �h�i�j�_�^�_�e�_�g �a�g�Z�q�_�g�b�_�f 
76000 �;�d/�d�] [5], �f�b�g�b�f�Z�e�v�g�h �a�g�Z�q�b�f�Z�y �m�^�_�e�v�g�Z�y �Z�d�l�b�\�g�h�k�l�v (�F�A�M�:) –  
109 �;�d/�d�] [5], �i�j�b �i�j�_�\�u�r�_�g�b�b �f�b�g�b�f�Z�e�v�g�h�c �a�g�Z�q�b�f�h�c �Z�d�l�b�\�g�h�k�l�b �g�Z �j�Z�[�h-
�q�_�f �f�_�k�l�_ (�F�A�:) 109 �;�d �h�i�j�_�^�_�e�_�g�u �d�e�Z�k�k�u �j�Z�[�h�l �b �l�j�_�[�h�\�Z�g�b�y �i�h �h�j�]�Z�g�b�a�Z-
�p�b�b �k�Z�g�b�l�Z�j�g�u�o �a�h�g, �\�_�g�l�b�e�y�p�b�b, �d�h�f�i�h�g�h�\�h�q�g�u�f �j�_�r�_�g�b�y�f �\ �k�h�h�l�\�_�l�k�l�\�b�b 
�k [6, 7]. �D�j�h�f�_ �l�h�]�h, �^�e�y �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �b �w�d�k�i�e�m�Z�l�Z�p�b�b �h�[�h�j�m�^�h�\�Z�g�b�y, �j�Z-
�[�h�l�Z�x�s�_�]�h �k �j�Z�^�b�h�Z�d�l�b�\�g�h�c �k�j�_�^�u (�l�y�`�_�e�h�c �\�h�^�u �k �l�j�b�l�b�_�f) �g�_�h�[�o�h�^�b�f�h 
�j�m�d�h�\�h�^�k�l�\�h�\�Z�l�v�k�y �n�_�^�_�j�Z�e�v�g�u�f�b �g�h�j�f�Z�f�b �b �i�j�Z�\�b�e�Z�f�b �\ �h�[�e�Z�k�l�b �b�k�i�h�e�v�a�h-
�\�Z�g�b�y �Z�l�h�f�g�h�c �w�g�_�j�]�b�b [8, 9]. �<�k�_ �w�l�h �^�_�e�Z�_�l �g�_�\�h�a�f�h�`�g�u�f �i�j�y�f�h�_ �i�j�b�f�_�g�_-
�g�b�_ �k�l�Z�g�^�Z�j�l�g�h�]�h �w�e�_�d�l�j�h�e�b�a�_�j�Z �^�e�y �j�Z�[�h�l�u �k �j�Z�^�b�h�Z�d�l�b�\�g�h�c �l�y�`�_�e�h�c �\�h�^�h�c, 
�k�h�^�_�j�`�Z�s�_�c �l�j�b�l�b�c. 

�S�_�e�h�q�g�u�_ �w�e�_�d�l�j�h�e�b�a�_�j�u 

�M�k�l�Z�g�h�\�d�Z �W�<�B�H �k�h�a�^�Z�\�Z�e�Z�k�v �k 1992 �i�h 1995 �]�]. [10]. �H�^�g�b�f �b�a �i�_�j�\�u�o 
�j�_�r�Z�e�k�y �\�h�i�j�h�k �h �l�b�i�_ �b �f�Z�j�d�_ �w�e�_�d�l�j�h�e�b�a�_�j�Z �^�e�y �m�k�l�Z�g�h�\�d�b. �J�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v 
�^�\�Z �l�b�i�Z �w�e�_�d�l�j�h�e�b�a�_�j�h�\: �s�_�e�h�q�g�u�_ �b �g�Z �h�k�g�h�\�_ �i�j�h�l�h�g�g�h�h�[�f�_�g�g�h�c �f�_�f�[�j�Z-
�g�u, �l�Z�d �g�Z�a�u�\�Z�_�f�u�_ �w�e�_�d�l�j�h�e�b�a�_�j�u �k �l�\�_�j�^�u�f �i�h�e�b�f�_�j�g�u�f �w�e�_�d�l�j�h�e�b�l�h�f – 
�L�I�W. �I�j�b �^�_�l�Z�e�v�g�h�f �j�Z�k�k�f�h�l�j�_�g�b�b �Z�k�i�_�d�l�h�\ �\�Z�`�g�u�o �^�e�y CECE – �l�_�o�g�h�e�h�]�b�b, 
�[�u�e�b �\�u�^�_�e�_�g�u �i�Z�j�Z�f�_�l�j�u �w�e�_�d�l�j�h�e�b�a�g�h�c �m�k�l�Z�g�h�\�d�b, �\�e�b�y�x�s�b�_ �\ �p�_�e�h�f �g�Z 
�l�_�o�g�h�e�h�]�b�x, �_�_ �k�l�h�b�f�h�k�l�v �b �h�[�k�e�m�`�b�\�Z�g�b�_, �l�Z�d�b�_ �d�Z�d: 

1. �H�[�t�_�f �`�b�^�d�h�k�l�b �\ �m�k�l�Z�g�h�\�d�_. 
2. �K�j�h�d �k�e�m�`�[�u �w�e�_�f�_�g�l�h�\. 
3. �<�h�a�f�h�`�g�h�k�l�v �i�_�j�_�g�Z�i�j�Z�\�b�l�v �k�^�m�\�d�b �b �k�e�b�\�u �h�[�j�Z�l�g�h �\ �i�j�h�p�_�k�k �b�e�b 

�h�j�]�Z�g�b�a�h�\�Z�l�v �b�o �k�[�h�j. 
4. �J�_�f�h�g�l�h�i�j�b�]�h�^�g�h�k�l�v �b �k�l�h�b�f�h�k�l�v �h�[�e�m�`�b�\�Z�g�b�y �b �j�_�f�h�g�l�h�\. 
5. �H�l�o�h�^�u �i�j�b �j�Z�[�h�l�_ �b �\�u�\�h�^�_ �b�a �w�d�k�i�e�m�Z�l�Z�p�b�b. 
6. �K�l�_�i�_�g�v �]�h�l�h�\�g�h�k�l�b �h�[�h�j�m�^�h�\�Z�g�b�y �d �i�j�h�f�u�r�e�_�g�g�h�f�m �b�k�i�h�e�v�a�h�\�Z�g�b�x: 

�d�h�e�b�q�_�k�l�\�h �b�a�]�h�l�h�\�e�_�g�g�u�o �m�k�l�Z�g�h�\�h�d, �i�j�b�f�_�g�_�g�b�_ �w�d�k�d�e�x�a�b�\�g�u�o �w�e�_�f�_�g�l�h�\, 
�g�Z�e�b�q�b�_ �i�h�e�h�`�b�l�_�e�v�g�u�o �h�l�a�u�\�h�\ �h �i�j�h�^�m�d�p�b�b, �g�Z�e�b�q�b�_ �h�i�u�l�Z �w�d�k�i�e�m�Z�l�Z�p�b�b 
�[�h�e�_�_ �]�h�^�Z, �h�i�u�l �j�_�f�h�g�l�g�u�o �j�Z�[�h�l, �g�Z�^�_�`�g�h�k�l�v, �q�b�k�e�h �h�l�d�Z�a�h�\ �b �l. � .̂ 

�<�u�i�h�e�g�_�g�g�u�c �\ 1992 �]. �Z�g�Z�e�b�a �k�d�e�h�g�b�e �g�Z�k �d �\�u�[�h�j�m �w�e�_�d�l�j�h�e�b�a�_�j�Z �s�_-
�e�h�q�g�h�]�h �l�b�i�Z.  

�W�e�_�d�l�j�h�e�b�a�_�j�u �s�_�e�h�q�g�h�]�h �l�b�i�Z �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y: 
1. �J�Z�\�_�g�k�l�\�h�f �^�Z�\�e�_�g�b�c �\�h�^�h�j�h�^�Z �b �d�b�k�e�h�j�h�^�Z �\ �w�e�_�d�l�j�h�e�b�a�g�h�f �f�h�^�m�e�_ 

(�h�[�_�k�i�_�q�b�\�Z�_�l�k�y �d�h�g�k�l�j�m�d�p�b�_�c �w�e�_�d�l�j�h�e�b�a�_�j�Z �b�e�b �k�b�k�l�_�f�h�c �m�i�j�Z�\�e�_�g�b�y).  
2. �K�b�k�l�_�f�h�c �j�Z�a�^�_�e�_�g�b�y �s�_�e�h�q�b �b �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o �]�Z�a�h�\, �k �h�o�e�Z�`�^�_�g�b-

�_�f �b �p�b�j�d�m�e�y�p�b�_�c �s�_�e�h�q�b, �d�h�l�h�j�Z�y �f�h�`�_�l �[�u�l�v, �d�Z�d �_�k�l�_�k�l�\�_�g�g�Z�y (�]�Z�a�e�b�n�l), 
�l�Z�d �b �i�j�b�g�m�^�b�l�_�e�v�g�Z�y �a�Z �k�q�_�l �g�Z�k�h�k�Z. 

3. �A�g�Z�q�b�l�_�e�v�g�u�f �h�[�t�_�f�h�f �s�_�e�h�q�b �\ �w�e�_�d�l�j�h�e�b�a�g�h�f �f�h�^�m�e�_ (�h�l 20 �^�h 50 �e 
�g�Z �f3 �\�u�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �\�h�^�h�j�h�^�Z). 

4. �K�b�k�l�_�f�h�c �h�q�b�k�l�d�b �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o �]�Z�a�h�\ �h�l �k�e�_�^�h�\ �s�_�e�h�q�b. 
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5. �A�Z�\�b�k�b�f�h�k�l�v�x �q�b�k�l�h�l�u �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o �]�Z�a�h�\ �h�l �^�Z�\�e�_�g�b�y, �i�j�b �w�l�h�f 
�k�h�^�_�j�`�Z�g�b�_ �\�h�^�h�j�h�^�Z �\ �d�b�k�e�h�j�h�^�_ �k�h�k�l�Z�\�e�y�_�l �^�h 1 %. 

6. �G�Z�e�b�q�b�_�f �k�b�k�l�_�f�u �h�q�b�k�l�d�b �\�h�^�h�j�h�^�Z �b �d�b�k�e�h�j�h�^�Z �h�l �\�a�Z�b�f�g�u�o 
�i�j�b�f�_�k�_�c. 

7. �G�_�h�[�o�h�^�b�f�h�k�l�v�x �i�_�j�b�h�^�b�q�_�k�d�h�c �a�Z�f�_�g�u �w�e�_�d�l�j�h�e�b�l�Z �i�j�b �g�Z�d�h�i�e�_-
�g�b�b �d�Z�j�[�h�g�Z�l�h�\ �b �k�m�e�v�n�Z�l�h�\ (�i�j�b�f�_�j�g�h 1 �j�Z�a �\ �l�j�b �]�h�^�Z). 

�W�e�_�d�l�j�h�e�b�a�_�j�u �j�Z�a�g�u�o �i�j�h�b�a�\�h�^�b�l�_�e�_�c �h�l�e�b�q�Z�x�l�k�y �k�i�h�k�h�[�h�f �j�_�Z�e�b�a�Z-
�p�b�b �h�[�_�k�i�_�q�_�g�b�y �j�Z�\�_�g�k�l�\�Z �^�Z�\�e�_�g�b�y, �i�j�b�[�h�j�g�u�f �h�k�g�Z�s�_�g�b�_�f �b �d�h�g�k�l�j�m�d�p�b�_�c 
�h�[�h�j�m�^�h�\�Z�g�b�y. �I�h�w�l�h�f�m �i�j�b �\�u�[�h�j�_ �w�e�_�d�l�j�h�e�b�a�_�j�Z �h�q�_�g�v �\�Z�`�g�h �[�u�e�h �h�p�_�g�b�l�v 
�g�Z�^�_�`�g�h�k�l�v �i�j�b�f�_�g�z�g�g�u�o �j�_�r�_�g�b�c. �L�_�o�g�h�e�h�]�b�q�_�k�d�h�_ �j�_�r�_�g�b�_, �h�[�_�k�i�_�q�b�\�Z�x-
�s�_�_ �j�Z�\�_�g�k�l�\�h �^�Z�\�e�_�g�b�c �\�h�^�h�j�h�^�Z �b �d�b�k�e�h�j�h�^�Z, �[�_�a �i�j�b�f�_�g�_�g�b�y �w�e�_�d�l�j�b�n�b�p�b-
�j�h�\�Z�g�g�u�o �k�j�_�^�k�l�\ (�^�Z�l�q�b�d�h�\, �j�_�e�_, �g�Z�k�h�k�h�\, �d�e�Z�i�Z�g�h�\), �h�k�g�h�\�Z�g�g�h�_ �l�h�e�v�d�h �g�Z 
�f�_�o�Z�g�b�q�_�k�d�b�o �i�j�b�g�p�b�i�Z�o �j�Z�[�h�l�u �k�l�Z�e�h �i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�f �i�j�b �\�u�[�h�j�_ �w�e�_�d-
�l�j�h�e�b�a�_�j�Z, �l�Z�d �d�Z�d �i�h�a�\�h�e�y�_�l �[�_�a�h�i�Z�k�g�h �h�k�l�Z�g�h�\�b�l�v �w�e�_�d�l�j�h�e�b�a�_�j �^�Z�`�_ �\ �k�e�m-
�q�Z�_ �i�j�_�d�j�Z�s�_�g�b�y �i�h�^�Z�q�b �w�e�_�d�l�j�h�i�b�l�Z�g�b�y (�h�^�b�g �b�a �h�l�d�Z�a�h�\, �h�[�y�a�Z�l�_�e�v�g�u�o 
�d �h�p�_�g�d�_ �[�_�a�h�i�Z�k�g�h�k�l�b �j�Z�[�h�l�u �k �j�Z�^�b�h�Z�d�l�b�\�g�u�f�b �\�_�s�_�k�l�\�Z�f�b).  

�I�j�b�f�_�g�_�g�b�_ �g�Z�k�h�k�Z �\ �k�b�k�l�_�f�u �p�b�j�d�m�e�y�p�b�b �s�_�e�h�q�b �y�\�e�y�_�l�k�y �m�k�e�h�`�g�_�g�b-
�_�f �k�o�_�f�u, �l�Z�d �d�Z�d �d�Z�`�^�u�c �^�h�i�h�e�g�b�l�_�e�v�g�u�c �w�e�_�f�_�g�l �k�g�b�`�Z�_�l �g�Z�^�_�`�g�h�k�l�v �k�b-
�k�l�_�f�u �\ �p�_�e�h�f. �D�j�h�f�_ �l�h�]�h, �p�b�j�d�m�e�y�p�b�h�g�g�u�c �g�Z�k�h�k �l�j�_�[�m�_�l �i�j�h�\�_�^�_�g�b�y �j�Z�[�h�l 
�i�h �i�_�j�b�h�^�b�q�_�k�d�h�f�m �h�[�k�e�m�`�b�\�Z�g�b�x, �j�_�f�h�g�l�g�u�o �j�Z�[�h�l �i�j�b �_�]�h �i�h�e�h�f�d�_, �q�l�h �\�_-
�^�_�l �d �g�_�h�[�o�h�^�b�f�h�k�l�b �i�j�b�g�y�l�b�y �f�_�j �i�h �m�^�Z�e�_�g�b�x �s�_�e�h�q�b �b�a �g�_�]�h, �i�j�_�^�h�l�\�j�Z�s�_-
�g�b�x �d�h�g�l�Z�d�l�Z �l�j�b�l�b�c�k�h�^�_�j�`�Z�s�_�c �^�_�c�l�_�j�b�j�h�\�Z�g�g�h�c �s�_�e�h�q�b �k �\�h�a�^�m�o�h�f �^�e�y 
�k�g�b�`�_�g�b�y �^�h�a�h�\�u�o �g�Z�]�j�m�a�h�d �g�Z �i�_�j�k�h�g�Z�e �b �b�k�d�e�x�q�_�g�b�y �j�Z�a�[�Z�\�e�_�g�b�y �s�_�e�h�q�b �a�Z 
�k�q�_�l �^�b�n�n�m�a�b�b �i�Z�j�h�\ «�e�_�]�d�h�c» �\�h�^�u �b�a �Z�l�f�h�k�n�_�j�u �i�h�f�_�s�_�g�b�y. �I�h�w�l�h�f�m �w�e�_�d-
�l�j�h�e�b�a�_�j �k �_�k�l�_�k�l�\�_�g�g�h�c �p�b�j�d�m�e�y�p�b�_�c �s�_�e�h�q�b �k�l�Z�e �i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_. 

�A�g�Z�q�_�g�b�_ �h�[�t�_�f�Z �`�b�^�d�h�k�l�b �\ �w�e�_�d�l�j�h�e�b�a�_�j�_ �^�e�y �i�j�h�p�_�k�k�h�\ �j�Z�a�^�_�e�_�g�b�y 
�b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �y�\�e�y�_�l�k�y �\�Z�`�g�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c. �H�l �w�l�h�c �\�_�e�b�q�b�g�u �a�Z�\�b-
�k�b�l �d�h�e�b�q�_�k�l�\�h �^�_�c�l�_�j�b�y, �d�h�l�h�j�h�_ �[�m�^�_�l �Z�d�d�m�f�m�e�b�j�h�\�Z�g�h �\ �w�e�_�d�l�j�h�e�b�a�_�j�_, �i�h 
�k�m�l�b, �\�u�\�_�^�_�g�h �b�a �i�j�h�p�_�k�k�Z �g�Z �\�j�_�f�y �w�d�k�i�e�m�Z�l�Z�p�b�b �w�e�_�d�l�j�h�e�b�a�_�j�Z. �W�l�Z �\�_�e�b-
�q�b�g�Z �h�i�j�_�^�_�e�y�_�l �\�j�_�f�y, �d�h�l�h�j�h�_ �g�_�h�[�o�h�^�b�f�h �i�h�l�j�Z�l�b�l�v �g�Z �g�Z�d�h�i�e�_�g�b�_ �^�_�c�l�_-
�j�b�y �b �m�^�Z�e�_�g�b�_ �i�j�h�l�b�y �b�a �h�[�t�_�f�Z �`�b�^�d�h�k�l�b �\ �w�e�_�d�l�j�h�e�b�a�_�j�_ �\ �g�Z�q�Z�e�_ �w�d�k�i�e�m�Z-
�l�Z�p�b�b. �I�h�w�l�h�f�m �w�e�_�d�l�j�h�e�b�a�_�j �k �f�b�g�b�f�Z�e�v�g�u�f �h�[�t�_�f�h�f �`�b�^�d�h�k�l�b �\ �Z�i�i�Z�j�Z�l�Z�o 
�y�\�e�y�_�l�k�y �i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�f �^�e�y CECE – �l�_�o�g�h�e�h�]�b�b. 

�<�u�j�Z�[�Z�l�u�\�Z�_�f�u�_ �\ �w�e�_�d�l�j�h�e�b�a�_�j�_ �]�Z�a�u �g�_�k�m�l �k �k�h�[�h�c �g�_ �l�h�e�v�d�h �i�Z�j�u 
�\�h�^�u, �g�h �b �a�g�Z�q�b�l�_�e�v�g�h�_ �d�h�e�b�q�_�k�l�\�h �s�_�e�h�q�b �\ �\�b�^�_ �Z�w�j�h�a�h�e�y, �d�h�l�h�j�m�x �g�_�h�[-
�o�h�^�b�f�h �h�l�^�_�e�b�l�v �h�l �]�Z�a�h�\ �b �g�_ �^�h�i�m�k�l�b�l�v �i�h�i�Z�^�Z�g�b�_ �\ �d�h�e�h�g�g�u �d�Z�l�Z�e�b�l�b�q�_-
�k�d�h�]�h �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z. �I�j�h�b�a�\�h�^�b�l�_�e�b �w�e�_�d�l�j�h�e�b�a�_�j�h�\ �i�j�b�f�_�g�y�x�l �^�e�y 
�h�q�b�k�l�d�b �h�l �s�_�e�h�q�b �j�Z�a�e�b�q�g�h�_ �h�[�h�j�m�^�h�\�Z�g�b�_: �[�Z�j�[�h�l�_�j�u, �j�b�g�a�_�j�u, �n�b�e�v�l�j�u 
�j�Z�a�e�b�q�g�h�c �d�h�g�k�l�j�m�d�p�b�b �b �b�o �k�h�q�_�l�Z�g�b�y, �h�^�g�Z�d�h, �g�_ �\�k�_ �f�h�]�m�l �]�Z�j�Z�g�l�b�j�h�\�Z�l�v 
�]�e�m�[�h�d�m�x �h�q�b�k�l�d�m �h�l �k�e�_�^�h�\ �s�_�e�h�q�b. �G�Z�e�b�q�b�_ �f�g�h�]�h�k�l�m�i�_�g�q�Z�l�h�c �w�n�n�_�d�l�b�\-
�g�h�c �k�b�k�l�_�f�u �h�q�b�k�l�d�b �h�l �s�_�e�h�q�b �y�\�e�y�e�h�k�v �h�[�y�a�Z�l�_�e�v�g�u�f �Z�l�j�b�[�m�l�h�f �m�k�l�Z�g�h�\�d�b. 
�L�Z�d �`�_ �\�Z�`�g�u�f �f�h�f�_�g�l�h�f �y�\�e�y�_�l�k�y �k�i�h�k�h�[ �\�u�\�_�^�_�g�b�y �h�l�^�_�e�_�g�g�h�c �s�_�e�h�q�b �b�a 
�k�b�k�l�_�f�u �h�q�b�k�l�d�b �b �\�h�a�f�h�`�g�h�k�l�v �_�_ �k�[�h�j�Z �b �\�h�a�\�j�Z�l�Z �\ �w�e�_�d�l�j�h�e�b�a�_�j. 

�I�h �k�\�h�b�f �n�b�a�b�q�_�k�d�b�f �i�j�b�g�p�b�i�Z�f �j�Z�[�h�l�u �s�_�e�h�q�g�u�_ �w�e�_�d�l�j�h�e�b�a�_�j�u �g�_ 
�f�h�]�m�l �h�[�_�k�i�_�q�b�l�v �\�u�k�h�d�m�x �q�b�k�l�h�l�m �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o �]�Z�a�h�\: �k�h�^�_�j�`�Z�g�b�_ 
99,9 % H2 �b 99,5 % �H2 �\ �i�h�l�h�d�Z�o �\�h�^�h�j�h�^�Z �b �d�b�k�e�h�j�h�^�Z �k�h�h�l�\�_�l�k�l�\�_�g�g�h �y�\�e�y-
�x�l�k�y �o�h�j�h�r�b�f�b �i�h�d�Z�a�Z�l�_�e�y�f�b �^�e�y �w�e�_�d�l�j�h�e�b�a�_�j�h�\ �s�_�e�h�q�g�h�]�h �l�b�i�Z. �>�e�y �d�h-
�e�h�g�g �D�B�H �\�\�_�^�_�g�b�_ �\�h�^�h�j�h�^�Z �k �i�j�b�f�_�k�v�x �d�b�k�e�h�j�h�^�Z �g�Z �m�j�h�\�g�_ 0,1–0,5 % �[�m-
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�^�_�l �\�u�a�u�\�Z�l�v �e�h�d�Z�e�v�g�u�c �j�Z�a�h�]�j�_�\ �g�b�`�g�b�o �k�e�h�_�\ �d�Z�l�Z�e�b�a�Z�l�h�j�Z, �q�l�h �f�h�`�_�l �i�j�b-
�\�_�k�l�b �d �_�]�h �j�Z�a�j�m�r�_�g�b�x �k�h �\�j�_�f�_�g�_�f, �i�h�w�l�h�f�m �g�Z�e�b�q�b�_ �k�b�k�l�_�f�u �h�q�b�k�l�d�b �\�h-
�^�h�j�h�^�Z �h�l �d�b�k�e�h�j�h�^�Z �k �\�h�a�f�h�`�g�h�k�l�v�x �k�g�b�`�_�g�b�y �h�k�l�Z�l�h�q�g�h�]�h �k�h�^�_�j�`�Z�g�b�y �d�b�k-
�e�h�j�h�^�Z �\ �i�h�l�h�d�_ �\�h�^�h�j�h�^�Z �^�h �m�j�h�\�g�y �f�_�g�_�_ 0,005 % �h�[. �y�\�e�y�_�l�k�y �\�Z�`�g�u�f �w�e�_-
�f�_�g�l�h�f �w�e�_�d�l�j�h�e�b�a�g�h�c �m�k�l�Z�g�h�\�d�b. �G�Z�e�b�q�b�_ �k�b�k�l�_�f�u �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �h�q�b�k�l�d�b 
�d�b�k�e�h�j�h�^�Z �h�l �i�j�b�f�_�k�b �\�h�^�h�j�h�^�Z �l�Z�d�`�_ �y�\�e�y�_�l�k�y �\�Z�`�g�u�f �w�e�_�f�_�g�l�h�f, �l�Z�d �d�Z�d 
�g�Z�i�j�y�f�m�x �k�g�b�`�Z�_�l �i�h�l�_�j�b �^�_�c�l�_�j�b�y �b �\�u�[�j�h�k �l�j�b�l�b�y �\ �Z�l�f�h�k�n�_�j�m �k �i�h�l�h�d�h�f 
�d�b�k�e�h�j�h�^�Z. 

�< �j�_�a�m�e�v�l�Z�l�_ �^�e�y �m�k�l�Z�g�h�\�d�b �W�<�B�H �\ 1992 �]. �[�u�e �\�u�[�j�Z�g �b �i�j�b�h�[�j�_�l�_�g 
�s�_�e�h�q�g�h�c �w�e�_�d�l�j�h�e�b�a�_�j �f�Z�j�d�b �N�K-525. �G�Z �l�h�l �f�h�f�_�g�l �\ �J�h�k�k�b�b �m�`�_ �j�Z�[�h�l�Z�e�h 
�g�_�k�d�h�e�v�d�h �l�Z�d�b�o �w�e�_�d�l�j�h�e�b�a�_�j�h�\, �Z �m �b�a�]�h�l�h�\�b�l�_�e�y – «�B�g�k�l�b�l�m�l�Z �n�b�a�b�d�h-
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c (�B�N�L�B)» - �[�u�e �h�i�u�l �i�h �w�d�k�i�e�m�Z�l�Z�p�b�b �b �j�_�f�h�g�l�m. 
�W�e�_�d�l�j�h�e�b�a�_�j �N�K-525 �b�f�_�_�l �i�h�i�e�Z�\�d�h�\�m�x �k�b�k�l�_�f�m �j�_�]�m�e�b�j�h�\�Z�g�b�y �^�Z�\�e�_�g�b�y – 
�i�j�h�k�l�m�x �b �g�Z�^�_�`�g�m�x, �h�l�j�Z�[�h�l�Z�g�g�m�x �g�Z �f�g�h�]�b�o �w�e�_�d�l�j�h�e�b�a�g�u�o �m�k�l�Z�g�h�\�d�Z�o 
�K�K�K�J, �f�g�h�]�h�k�l�m�i�_�g�q�Z�l�m�x �k�b�k�l�_�f�m �h�q�b�k�l�d�b �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�o �]�Z�a�h�\, �k�h�k�l�h�y�s�m�x 
�b�a �[�Z�j�[�h�l�_�j�h�\, �n�b�e�v�l�j�h�\ �l�b�i�Z «�P�b�d�e�h�g» �k �i�h�i�e�Z�\�d�h�\�u�f�b �k�e�b�\�g�u�f�b �m�k�l�j�h�c-
�k�l�\�Z�f�b, �n�b�e�v�l�j�h�\ �k �l�d�Z�g�v�x �I�_�l�j�y�g�h�\�Z. �<�u�j�Z�[�Z�l�u�\�Z�_�f�u�_ �]�Z�a�u �h�q�b�s�Z�x�l�k�y �h�l 
�\�a�Z�b�f�g�u�o �i�j�b�f�_�k�_�c �\ �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �j�_�Z�d�l�h�j�Z�o, �k �i�h�k�e�_�^�m�x�s�b�f �h�l�^�_�e�_�g�b�_�f 
�h�[�j�Z�a�h�\�Z�\�r�_�c�k�y �\�h�^�u �\ �d�h�g�^�_�g�k�Z�l�h�j�Z�o �b �n�b�e�v�l�j�Z�o �l�b�i�Z «�P�b�d�e�h�g».  

�D�h�g�k�l�j�m�d�p�b�y �w�e�_�d�l�j�h�e�b�a�_�j�Z �N�K-525 �^�e�y �m�k�l�Z�g�h�\�d�b �W�<�B�H �^�h�j�Z�[�Z�l�u�\�Z-
�e�Z�k�v �i�h �f�_�j�_ �i�h�e�m�q�_�g�b�y �h�i�u�l�Z �w�d�k�i�e�m�Z�l�Z�p�b�b �b �_�]�h �Z�g�Z�e�b�a�Z. �< �i�j�h�p�_�k�k�_ �k�[�h�j-
�d�b �w�e�_�d�l�j�h�e�b�a�_�j�Z �[�u�e�h �\�u�i�h�e�g�_�g�h �g�b�d�_�e�b�j�h�\�Z�g�b�_ �d�Z�l�h�^�g�h�c �k�l�h�j�h�g�u �w�e�_�d-
�l�j�h�^�h�\ �b �m�k�l�j�Z�g�_�g�b�_ �l�h�q�_�q�g�u�o �^�_�n�_�d�l�h�\ �g�b�d�_�e�_�\�h�]�h �i�h�d�j�u�l�b�y �g�Z �i�h�\�_�j�o�g�h-
�k�l�b �w�e�_�d�l�j�h�^�h�\. 

�< �i�j�h�p�_�k�k�_ �w�d�k�i�e�m�Z�l�Z�p�b�b �w�e�_�d�l�j�h�e�b�a�_�j�Z �N�K-525 �\ �k�h�k�l�Z�\�_ �m�k�l�Z�g�h�\�d�b 
�W�<�B�H �[�u�e�b �k�^�_�e�Z�g�u �k�e�_�^�m�x�s�b�_ �^�h�j�Z�[�h�l�d�b: 

a. �B�a�f�_�g�_�g �\�_�k �i�h�i�e�Z�\�d�h�\, �l�Z�d �d�Z�d �l�y�`�_�e�Z�y �\�h�^�Z �b�f�_�_�l �i�e�h�l�g�h�k�l�v �g�Z 
10 % �\�u�r�_ �h�[�u�q�g�h�c, �b �^�e�y �k�h�o�j�Z�g�_�g�b�y �]�b�^�j�Z�\�e�b�q�_�k�d�h�c �k�o�_�f�u �w�e�_�d�l�j�h�e�b�a�_�j�Z 
�[�_�a �b�a�f�_�g�_�g�b�y �m�j�h�\�g�_�c �j�Z�a�f�_�s�_�g�b�y �Z�i�i�Z�j�Z�l�h�\ �\�_�k �i�h�i�e�Z�\�d�h�\ �i�j�b�r�e�h�k�v �m�\�_-
�e�b�q�b�l�v. 

b. �B�a�f�_�g�_�g�u �e�b�g�b�b �p�b�j�d�m�e�y�p�b�b �s�_�e�h�q�b, �^�e�y �h�[�_�k�i�_�q�_�g�b�y �i�_�j�_�f�_�r�b�\�Z-
�g�b�y �s�_�e�h�q�b �\�g�m�l�j�b �m�k�l�Z�g�h�\�d�b �f�_�`�^�m �w�e�_�d�l�j�h�e�b�l�b�q�_�k�d�b�f�b �k�[�h�j�d�Z�f�b. 

c. �B�a�f�_�g�_�g�Z �h�[�\�y�a�d�Z �i�e�m�g�`�_�j�g�h�]�h �g�Z�k�h�k�Z, �m�k�l�Z�g�h�\�e�_�g�g�h�]�h �g�Z �e�b�g�b�b �i�h-
�^�Z�q�b �\�h�^�u �\ �w�e�_�d�l�j�h�e�b�a�z�j, �^�e�y �k�[�h�j�Z �i�j�h�l�_�q�_�d �b�a �a�Z�d�Z�f�_�j�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z, 
�g�Z�e�b�q�b�_ �d�h�l�h�j�u�o �i�j�b �j�Z�[�h�l�_ �g�Z �h�[�u�q�g�h�c �\�h�^�_ �i�j�b�j�h�^�g�h�]�h �b�a�h�l�h�i�g�h�]�h �k�h�k�l�Z�\�Z 
�g�_ �\�u�a�u�\�Z�e�Z �[�_�k�i�h�d�h�c�k�l�\�Z.  

d. �>�h�[�Z�\�e�_�g�Z �Z�^�k�h�j�[�p�b�h�g�g�Z�y �k�b�k�l�_�f�Z �h�k�m�r�d�b �d�b�k�e�h�j�h�^�Z �^�e�y �m�^�Z�e�_�g�b�y 
�i�Z�j�h�\ �l�j�b�l�b�j�h�\�Z�g�g�h�c �l�y�`�_�e�h�c �\�h�^�u �b�a �i�h�l�h�d�Z, �m�^�Z�e�y�_�f�h�]�h �\ �Z�l�f�h�k�n�_�j�m. �K�b-
�k�l�_�f�Z �h�k�m�r�Z�_�l �d�b�k�e�h�j�h�^ �^�h �l�h�q�d�b �j�h�k�u �f�b�g�m�k 40 �K, �q�l�h �i�h�a�\�h�e�y�_�l �m�e�Z�\�e�b�\�Z�l�v 
�b �\�h�a�\�j�Z�s�Z�l�v �\ �m�k�l�Z�g�h�\�d�m �h�d�h�e�h 0,5 �d�] �l�y�`�_�e�h�c �\�h�^�u �_�`�_�k�m�l�h�q�g�h. 

�M�k�l�Z�g�h�\�e�_�g�u: 
e. �>�h�i�h�e�g�b�l�_�e�v�g�u�_ �Z�i�i�Z�j�Z�l�u �^�e�y �h�q�b�k�l�d�b �]�Z�a�h�\ �h�l �s�_�e�h�q�b �i�h�k�e�_ �]�b�^�j�h-

�a�Z�l�\�h�j�h�\. 
f. �K�[�h�j�g�b�d�b �s�_�e�h�q�b �g�Z �d�Z�`�^�u�c �n�b�e�v�l�j �l�b�i�Z «�P�b�d�e�h�g». 
g. �M�j�h�\�g�_�f�_�j�u �g�Z �j�Z�a�^�_�e�b�l�_�e�v�g�u�o �d�h�e�h�g�d�Z�o �w�e�_�d�l�j�h�e�b�a�_�j�Z. 
h. �:�j�f�Z�l�m�j�Z �f�_�`�^�m �j�Z�a�^�_�e�b�l�_�e�v�g�u�f�b �b �i�j�h�f�u�\�g�u�f�b �d�h�e�h�g�d�Z�f�b �^�e�y 

�i�j�_�^�h�l�\�j�Z�s�_�g�b�y �i�_�j�_�f�_�r�b�\�Z�g�b�y �\�h�^�u �b�a �[�Z�j�[�h�l�_�j�h�\ �b �s�_�e�h�q�b �\ �j�Z�a�^�_�e�b�l�_�e�v-
�g�u�o �d�h�e�h�g�d�Z�o. 
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i. �A�Z�^�m�[�e�b�j�h�\�Z�g�Z �k�b�k�l�_�f�Z �]�Z�a�h�Z�g�Z�e�b�a�Z �o�j�h�f�Z�l�h�]�j�Z�n�Z�f�b �l�b�i�Z �E�O�F-8�; 
�^�e�y �d�h�g�l�j�h�e�y �b �d�Z�e�b�[�j�h�\�d�b �r�l�Z�l�g�u�o �l�_�j�f�h�o�b�f�b�q�_�k�d�b�o �^�Z�l�q�b�d�h�\ �l�b�i�Z �=�L�O. 

�D�Z�d �i�h�d�Z�a�Z�e �h�i�u�l �j�Z�[�h�l�u �w�e�_�d�l�j�h�e�b�a�_�j�Z, �^�Z�l�q�b�d �k�h�^�_�j�`�Z�g�b�y �\�h�^�h�j�h�^�Z 
�\ �d�b�k�e�h�j�h�^�_ �q�m�\�k�l�\�b�l�_�e�v�g�_�_ �d�h �\�k�_�f �g�Z�j�m�r�_�g�b�y�f �\ �j�Z�[�h�l�_ �w�e�_�d�l�j�h�e�b�a�_�j�Z, �q�_�f 
�^�Z�l�q�b�d �d�b�k�e�h�j�h�^�Z �\ �\�h�^�h�j�h�^�_. �I�h�w�l�h�f�m �^�Z�l�q�b�d �=�L�O �g�Z �e�b�g�b�b �\�h�^�h�j�h�^�Z �[�u�e 
�h�l�d�e�x�q�_�g �\ �l�h�f �q�b�k�e�_ �b �^�e�y �b�k�d�e�x�q�_�g�b�y �i�h�l�_�j�v �^�_�c�l�_�j�b�y �g�Z �Z�g�Z�e�b�a. 

�W�e�_�d�l�j�h�e�b�a�_�j �N�K-525 �j�Z�[�h�l�Z�_�l �\ �k�h�k�l�Z�\�_ �m�k�l�Z�g�h�\�d�b �W�<�B�H 30 �e�_�l. 
�<�u�i�h�e�g�_�g�h 3 �d�Z�i�b�l�Z�e�v�g�u�o �j�_�f�h�g�l�Z �k �a�Z�f�_�g�h�c �h�l�^�_�e�v�g�u�o �y�q�_�_�d, �j�Z�a�^�_-

�e�b�l�_�e�v�g�u�o �f�_�f�[�j�Z�g �b �m�i�e�h�l�g�y�x�s�b�o �w�e�_�f�_�g�l�h�\. �I�h�^�j�h�[�g�h �h�i�u�l �w�d�k�i�e�m�Z�l�Z�p�b�b 
�w�e�_�d�l�j�h�e�b�a�_�j�Z �\ �k�h�k�l�Z�\�_ �m�k�l�Z�g�h�\�d�b �W�<�B�H �b�a�e�h�`�_�g �\ �j�Z�[�h�l�_ [11]. 

�G�Z �m�k�l�Z�g�h�\�d�_ �W�<�B�H �[�u�e �g�Z�d�h�i�e�_�g �[�h�]�Z�l�u�c �h�i�u�l �j�Z�[�h�l�u �k �l�y�`�_�e�h�c �\�h-
�^�h�c, �^�_�c�l�_�j�b�_�f, �k �h�[�h�j�m�^�h�\�Z�g�b�_�f, �h�l�j�Z�[�h�l�Z�g�u �g�Z �i�j�Z�d�l�b�d�_ �\�k�_ �w�e�_�f�_�g�l�u 
CECE-�l�_�o�g�h�e�h�]�b�b. �G�Z�d�h�i�e�_�g�g�u�c �h�i�u�l �[�u�e �b�k�i�h�e�v�a�h�\�Z�g �i�j�b �j�Z�a�j�Z�[�h�l�d�_ �i�j�h-
�_�d�l�Z �m�k�l�Z�g�h�\�d�b �b�a�\�e�_�q�_�g�b�y �l�j�b�l�b�y �b�a �l�y�`�_�e�h�c �\�h�^�u �j�_�Z�d�l�h�j�Z �I�B�D. 

�>�e�y �M�B�L �j�_�Z�d�l�h�j�Z �I�B�D �i�h�l�j�_�[�h�\�Z�e�k�y �[�h�e�_�_ �f�h�s�g�u�c �w�e�_�d�l�j�h�e�b�a�_�j 
�k �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x 15 �f3/�q �i�h �\�h�^�h�j�h�^�m.  

�< �G�B�P �D�B - �I�B�Y�N �[�u�e�b �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u �f�Z�l�_�j�b�Z�e�u �i�h �j�Z�[�h�l�_ �m�k�l�Z-
�g�h�\�h�d, �b�k�i�h�e�v�a�m�x�s�b�o CECE-�l�_�o�g�h�e�h�]�b�x �\ �K�R�:, �=�_�j�f�Z�g�b�b, �D�Z�g�Z�^�_, �D�h�j�_�_, 
�J�m�f�u�g�b�b. �D �w�l�h�f�m �\�j�_�f�_�g�b �l�_�o�g�h�e�h�]�b�y �w�e�_�d�l�j�h�e�b�a�Z �k �l�\�_�j�^�h�i�h�e�b�f�_�j�g�u�f 
�w�e�_�d�l�j�h�e�b�l�h�f (�L�I�W) �^�h�k�l�Z�l�h�q�g�h �j�Z�a�\�b�e�Z�k�v, �b �i�j�b�f�_�g�_�g�b�_ �l�Z�d�h�]�h �w�e�_�d�l�j�h�e�b�a�_-
�j�Z �[�u�e�h �[�u �g�Z�b�[�h�e�_�_ �i�h�^�o�h�^�y�s�b�f �\�u�[�h�j�h�f �^�e�y �M�B�L. �H�^�g�Z�d�h, �i�h�k�l�Z�\�s�b�d 
�h�[�h�j�m�^�h�\�Z�g�b�y �^�e�y �M�B�L �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�e �f�b�j�h�\�h�c �j�u�g�h�d �i�h �w�e�_�d�l�j�h�e�b�a�_�j�Z�f, 
�i�j�h�\�_�e �f�g�h�]�h�q�b�k�e�_�g�g�u�_ �\�k�l�j�_�q�b �k �a�Z�\�h�^�Z�f�b-�b�a�]�h�l�h�\�b�l�_�e�y�f�b, �b, �d �k�h�`�Z�e�_�g�b�x, 
�i�j�b�r�_�e �d �\�u�\�h�^�m, �q�l�h �[�x�^�`�_�l �i�j�h�_�d�l�Z �g�_ �i�h�a�\�h�e�b�l �i�j�b�h�[�j�_�k�l�b �w�e�_�d�l�j�h�e�b�a�_�j 
�k �L�I�W. �;�u�e�h �i�j�b�g�y�l�h �j�_�r�_�g�b�_ �h �i�j�b�h�[�j�_�l�_�g�b�b �s�_�e�h�q�g�h�]�h �w�e�_�d�l�j�h�e�b�a�_�j�Z. �B�a-
�]�h�l�h�\�b�l�_�e�_�f �[�u�e�Z �\�u�[�j�Z�g�Z �n�b�j�f�Z Hydrogenics Europe BV (�;�_�e�v�]�b�y), �d�h�l�h�j�Z�y 
�d �l�h�f�m �\�j�_�f�_�g�b �b�f�_�e�Z �\ �J�h�k�k�b�b �k�_�j�\�b�k�g�u�_ �k�e�m�`�[�u �b �i�h�k�l�Z�\�b�e�Z �\ �J�N �[�h�e�_�_ 
70 �m�k�l�Z�g�h�\�h�d. 

�>�e�y �j�Z�a�j�Z�[�h�l�d�b �w�e�_�d�l�j�h�e�b�a�_�j�Z �^�e�y �M�B�L �a�Z �h�k�g�h�\�m �\�a�y�l�Z �f�h�^�_�e�v HyState 
15/30 �h�l Hydrogenics. �< �k�o�_�f�_ �w�e�_�d�l�j�h�e�b�a�_�j�Z �[�u�e�b �b�k�d�e�x�q�_�g�u �k�[�j�h�k�u �`�b�^�d�h-
�k�l�b �b �]�Z�a�Z, �m�^�Z�e�_�g�u �]�b�^�j�h�a�Z�l�\�h�j�u �b �k�\�y�a�b �k �Z�l�f�h�k�n�_�j�h�c. �>�h�[�Z�\�e�_�g�u �Z�i�i�Z�j�Z�l�u 
�d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �h�q�b�k�l�d�b �d�b�k�e�h�j�h�^�Z �h�l �\�h�^�h�j�h�^�Z. �M�k�l�Z�g�h�\�e�_�g�u �d�e�Z�i�Z�g�u �i�h-
�i�e�Z�\�d�h�\�h�]�h �l�b�i�Z �^�e�y �k�e�b�\�Z �b �\�h�a�\�j�Z�l�Z �`�b�^�d�h�k�l�b �k�h �s�_�e�h�q�v�x �q�_�j�_�a �\�g�_�r�g�b�c 
�g�Z�d�h�i�b�l�_�e�v. �M�k�l�Z�g�h�\�e�_�g�u �]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�u �i�j�h�l�h�q�g�h�]�h �l�b�i�Z �k �\�h�a�\�j�Z�l�h�f �]�Z�a�h�\ 
�\ �j�Z�[�h�q�b�c �p�b�d�e. �>�h�[�Z�\�e�_�g�u �j�b�g�a�_�j�u �^�e�y �h�l�f�u�\�d�b �i�h�l�h�d�h�\ �]�Z�a�Z �h�l �s�_�e�h�q�b �i�h-
�l�h�d�h�f �q�b�k�l�h�c �i�b�l�Z�x�s�_�c �\�h�^�h�c, �i�j�b �w�l�h�f �i�h�l�h�d �i�b�l�Z�g�b�y �i�h�^�Z�_�l�k�y �i�h�i�_�j�_�f�_�g-
�g�h �\ �d�b�k�e�h�j�h�^�g�m�x �b �\ �\�h�^�h�j�h�^�g�m�x �q�Z�k�l�v �m�k�l�Z�g�h�\�d�b. �J�Z�a�j�Z�[�h�l�Z�g �g�h�\�u�c �Z�e�]�h-
�j�b�l�f �m�i�j�Z�\�e�_�g�b�y. 

�K�l�Z�g�^�Z�j�l�g�u�c �w�e�_�d�l�j�h�e�b�a�_�j �h�l Hydrogenics �b�f�_�e �d�h�g�l�j�h�e�v�g�h-�b�a�f�_�j�b-
�l�_�e�v�g�u�_ �i�j�b�[�h�j�u (�D�B�I): �^�Z�l�q�b�d�b �m�j�h�\�g�y, �^�Z�\�e�_�g�b�y �b �l�_�f�i�_�j�Z�l�m�j�u, �d�h�l�h�j�u�_ 
�m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v �g�Z �Z�i�i�Z�j�Z�l�u �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h �i�j�b �j�_�f�h�g�l�_ �b �a�Z�f�_�g�_ �D�B�I 
�l�j�_�[�h�\�Z�e�h�k�v �\�k�d�j�u�\�Z�l�v �Z�i�i�Z�j�Z�l�u, �q�l�h �i�j�b �j�Z�[�h�l�_ �k �l�j�b�l�b�j�h�\�Z�g�g�h�c �\�h�^�h�c �i�j�b�\�_-
�e�h �[�u �d �i�h�\�u�r�_�g�b�x �j�Z�^�b�Z�p�b�h�g�g�h�c �g�Z�]�j�m�a�d�b �g�Z �h�[�k�e�m�`�b�\�Z�x�s�b�c �i�_�j�k�h�g�Z�e. �G�Z 
�w�e�_�d�l�j�h�e�b�a�_�j�_ �^�e�y �M�B�L �d�h�g�k�l�j�m�d�p�b�y �Z�i�i�Z�j�Z�l�h�\ �b�a�f�_�g�_�g�Z �b �i�j�b�f�_�g�_�g�u �D�B�I, 
�h�l�k�_�d�Z�_�f�u�_ �h�l �Z�i�i�Z�j�Z�l�h�\ �Z�j�f�Z�l�m�j�h�c. �A�Z�f�_�g�Z, �i�h�\�_�j�d�Z �D�B�I �\�u�i�h�e�g�y�_�l�k�y �[�_�a 
�\�k�d�j�u�l�b�y �Z�i�i�Z�j�Z�l�h�\ �w�e�_�d�l�j�h�e�b�a�_�j�Z. �W�e�_�d�l�j�h�e�b�a�_�j �^�e�y �M�B�L �i�h�d�Z�a�Z�g �g�Z �j�b�k. 1. 

�>�e�y �\�u�i�h�e�g�_�g�b�y �l�j�_�[�h�\�Z�g�b�c �G�I-033-11 �b �G�I-089-15 �b �a�Z�s�b�l�u �i�_�j�k�h-
�g�Z�e�Z �h�l �\�h�a�^�_�c�k�l�\�b�y �b�h�g�b�a�b�j�m�x�s�_�]�h �b�a�e�m�q�_�g�b�y �\ �k�e�m�q�Z�_ �j�Z�a�]�_�j�f�_�l�b�a�Z�p�b�b 
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�h�[�h�j�m�^�h�\�Z�g�b�y, �w�e�_�d�l�j�h�e�b�a�_�j �j�Z�a�f�_�s�_�g �\ �]�_�j�f�_�l�b�q�g�h�f �[�h�d�k�_ �k �d�h�g�l�j�h�e�b�j�m�_�f�h�c 
�Z�l�f�h�k�n�_�j�h�c. �;�h�d�k �i�h�k�l�h�y�g�g�h �g�Z�o�h�^�b�l�k�y �i�h� ̂�g�_�[�h�e�v�r�b�f �b�a�[�u�l�h�q�g�u�f �^�Z�\�e�_�g�b�_�f 
�]�Z�a�h�h�[�j�Z�a�g�h�]�h �Z�a�h�l�Z (~0,5 �d�I�Z). �< �Z�l�f�h�k�n�_�j�_ �[�h�d�k�Z �g�_�i�j�_�j�u�\�g�h �d�h�g�l�j�h�e�b�j�m�_�l�k�y 
�k�h�^�_�j�`�Z�g�b�_ �\�h�^�h�j�h�^�Z, �b �i�_�j�b�h�^�b�q�_�k�d�b �h�l�[�b�j�Z�_�l�k�y �i�j�h�[�Z �k�b�k�l�_�f�h�c �j�Z�^�b�Z�p�b�h�g-
�g�h�]�h �d�h�g�l�j�h�e�y �^�e�y �Z�g�Z�e�b�a�Z �g�Z �k�h�^�_�j�`�Z�g�b�_ �j�Z�^�b�h�Z�d�l�b�\�g�h�]�h �l�j�b�l�b�y. 

 

 
 

�J�b�k. 1. �W�e�_�d�l�j�h�e�b�a�_�j �^�e�y �M�B�L �g�Z �a�Z�\�h�^�k�d�b�o �b�k�i�u�l�Z�g�b�y�o 

�W�e�_�d�l�j�h�e�b�a�_�j�u �k �L�I�W 

�L�Z�d �d�Z�d �w�e�_�d�l�j�h�e�b�a�_�j �N�K-525 �\ �k�h�k�l�Z�\�_ �m�k�l�Z�g�h�\�d�b �W�<�B�H �h�l�j�Z�[�h�l�Z�e �[�h-
�e�_�_ 30 �e�_�l, �g�Z �g�_�f �[�u�e�h �\�u�i�h�e�g�_�g�h 3 �d�Z�i�b�l�Z�e�v�g�u�o �j�_�f�h�g�l�Z, �k�Z�f�Z �f�h�^�_�e�v �[�h�e�_�_ 
�g�_ �\�u�i�m�k�d�Z�_�l�k�y, �b �a�Z�i�q�Z�k�l�b �[�h�e�_�_ �g�_ �i�j�h�b�a�\�h�^�y�l�k�y, �l�h, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �g�Z�a�j�_�e 
�\�h�i�j�h�k �h �a�Z�f�_�g�_ �w�e�_�d�l�j�h�e�b�a�_�j�Z. 

�D�Z�d �j�Z�g�_�_ �m�`�_ �h�l�f�_�q�Z�e�h�k�v, �l�_�o�g�h�e�h�]�b�b �^�e�y �w�e�_�d�l�j�h�e�b�a�z�j�h�\ �k �L�I�W �\ �i�h-
�k�e�_�^�g�_�_ �^�_�k�y�l�b�e�_�l�b�_ �h�q�_�g�v �k�b�e�v�g�h �i�j�h�^�\�b�g�m�e�b�k�v �\�i�_�j�_�^, �k�j�h�d �k�e�m�`�[�u �w�e�_�d-
�l�j�h�e�b�a�_�j�h�\ �k �L�I�W �k�j�Z�\�g�y�e�k�y �k�h �k�j�h�d�h�f �k�e�m�`�[�u �s�_�e�h�q�g�u�o �w�e�_�d�l�j�h�e�b�a�_�j�h�\ 
�b �i�j�b�[�e�b�a�b�e�k�y �d 40 000 �q. �A�g�Z�q�b�l�_�e�v�g�h �k�g�b�a�b�e�Z�k�v �k�l�h�b�f�h�k�l�v �f�_�f�[�j�Z�g�g�u�o �[�e�h-
�d�h�\. �I�h�w�l�h�f�m �[�u�e�h �j�_�r�_�g�h �i�j�b�f�_�g�b�l�v �g�Z �W�<�B�H �w�e�_�d�l�j�h�e�b�a�_�j �k �L�I�W. 

�H�k�g�h�\�g�u�f�b �h�l�e�b�q�b�y�f�b �w�e�_�d�l�j�h�e�b�a�_�j�h�\ �k �L�I�W �h�l �s�_�e�h�q�g�u�o �w�e�_�d�l�j�h�e�b-
�a�_�j�h�\ �y�\�e�y�x�l�k�y: 

– �h�l�k�m�l�k�l�\�b�_ �s�_�e�h�q�b; 
– �f�Z�e�u�c �h�[�t�_�f �Z�i�i�Z�j�Z�l�h�\, �a�Z�^�_�j�`�d�Z �`�b�^�d�h�k�l�b �g�Z �i�h�j�y�^�h�d �f�_�g�v�r�_; 
– �g�_�h�[�o�h�^�b�f�h�k�l�v �h�[�_�k�i�_�q�b�l�v �\�u�k�h�d�m�x �k�l�_�i�_�g�v �h�q�b�k�l�d�b �i�b�l�Z�x�s�_�c �\�h�^�u 

(�w�e�_�d�l�j�h�i�j�h�\�h�^�b�f�h�k�l�v �^�h�e�`�g�Z �[�u�l�v �f�_�g�_�_ 0,1 �f�d�K�b/�k�f). 
�O�Z�j�Z�d�l�_�j�g�u�f�b �h�k�h�[�_�g�g�h�k�l�y�f�b �w�e�_�d�l�j�h�e�b�a�_�j�h�\ �k �L�I�W �y�\�e�y�_�l�k�y �l�h, �q�l�h: 
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– �^�Z�\�e�_�g�b�_ �\�h�^�h�j�h�^�Z �b �d�b�k�e�h�j�h�^�Z �f�h�`�_�l �[�u�l�v �j�Z�a�g�u�f, �g�h �^�Z�\�e�_�g�b�_ 
�k �d�b�k�e�h�j�h�^�g�h�c �k�l�h�j�h�g�u �\�k�_�]�^�Z �[�m�^�_�l �f�_�g�v�r�_;  

– �h�[�u�q�g�h �\ �k�l�Z�g�^�Z�j�l�g�h�f �b�k�i�h�e�g�_�g�b�b �m �w�e�_�d�l�j�h�e�b�a�_�j�h�\ �k �L�I�W �\�u�o�h�^ 
�d�b�k�e�h�j�h�^�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �\ �h�[�t�_�f �[�Z�d�Z �k �i�b�l�Z�x�s�_�c �\�h�^�h�c �i�h� ̂�Z�l�f�h�k�n�_�j�g�u�f 
�^�Z�\�e�_�g�b�_�f. �>�e�y �j�Z�[�h�l�u �k �l�y�`�_�e�h�c �\�h�^�h�c �l�j�_�[�m�_�l�k�y �g�h�\�Z�y �d�h�g�k�l�j�m�d�p�b�y �m�a�e�Z 
�^�e�y �\�u�^�_�e�_�g�b�y �d�b�k�e�h�j�h�^�Z �i�h� ̂�^�Z�\�e�_�g�b�_�f; 

– �\�h�^�Z, �m�g�h�k�b�f�Z�y �k �i�h�l�h�d�h�f �\�h�^�h�j�h�^�Z �m �w�e�_�d�l�j�h�e�b�a�_�j�h�\ �\ �k�l�Z�g�^�Z�j�l�g�h�f 
�b�k�i�h�e�g�_�g�b�b, �k�h�[�b�j�Z�_�l�k�y, �^�_�]�Z�a�b�j�m�_�l�k�y �k�h �k�[�j�h�k�h�f �\�u�^�_�e�b�\�r�_�]�h�k�y �\�h�^�h�j�h�^�Z 
�\ �i�h�f�_�s�_�g�b�_ (�\ �h�[�t�_�f �r�d�Z�n�Z �m�k�l�Z�g�h�\�d�b) �b �\�h�a�\�j�Z�s�Z�_�l�k�y �\ �i�b�l�Z�x�s�b�c �[�Z�d. �>�e�y 
�j�Z�[�h�l�u �k �l�y�`�_�e�h�c �\�h�^�h�c �l�j�_�[�m�_�l�k�y �j�_�d�h�g�k�l�j�m�d�p�b�y �w�l�h�]�h �m�a�e�Z; 

– �\ �k�l�Z�g�^�Z�j�l�g�h�f �b�k�i�h�e�g�_�g�b�b �w�e�_�d�l�j�h�e�b�a�_�j�h�\ �k �L�I�W �\�u�j�Z�[�Z�l�u�\�Z�_�f�u�_ �]�Z-
�a�u �g�_ �i�h�^�\�_�j�]�Z�x�l�k�y �^�h�i�h�e�g�b�l�_�e�v�g�h�c �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �h�q�b�k�l�d�_ �h�l �\�a�Z�b�f�g�u�o 
�i�j�b�f�_�k�_�c; 

– �i�h�l�h�d �d�b�k�e�h�j�h�^�Z �g�_ �d�h�g�l�j�h�e�b�j�m�_�l�k�y �g�Z �k�h�^�_�j�`�Z�g�b�_ �\�h�^�h�j�h�^�Z; 
– �b�a-�a�Z �f�Z�e�h�]�h �\�g�m�l�j�_�g�g�_�]�h �]�Z�a�h�\�h�]�h �h�[�t�_�f�Z �l�j�m�[�h�i�j�h�\�h�^�h�\ �b �h�[�h�j�m�^�h-

�\�Z�g�b�y �i�j�h�b�a�\�h�^�b�l�_�e�b �w�e�_�d�l�j�h�e�b�a�_�j�h�\ �k �L�I�W �h�[�h�k�g�h�\�u�\�Z�x�l �h�l�k�m�l�k�l�\�b�_ �g�_�h�[-
�o�h�^�b�f�h�k�l�b �i�j�b�f�_�g�_�g�b�y �\ �m�k�l�Z�g�h�\�d�_ �h�[�h�j�m�^�h�\�Z�g�b�y �\�h �\�a�j�u�\�h�a�Z�s�b�s�_�g�g�h�f �b�k-
�i�h�e�g�_�g�b�b (�g�Z�k�h�k�u, �^�Z�l�q�b�d�b, �j�_�e�_, �d�e�Z�i�Z�g�u), �i�j�b �w�l�h�f �\�h�a�f�h�`�g�h�k�l�v �j�Z�a�f�_�s�_-
�g�b�y �w�e�_�d�l�j�h�e�b�a�_�j�Z �\ �a�h�g�_ �<1�Z �b�e�b �<1�[ �i�h �I�M�W [12] �g�_ �i�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l�k�y.  

�>�e�y �j�Z�a�j�Z�[�h�l�d�b �w�e�_�d�l�j�h�e�b�a�g�h�c �m�k�l�Z�g�h�\�d�b �k �L�I�W �^�e�y �W�<�B�H �\ �G�B�P �D�B – 
�I�B�Y�N �[�u�e�h �i�h�^�]�h�l�h�\�e�_�g�h �l�_�o�g�b�q�_�k�d�h�_ �a�Z�^�Z�g�b�_ �b �i�j�h�\�_�^�_�g �d�h�g�d�m�j�k. �<�u�b�]-
�j�Z�\�r�_�_ �d�h�g�d�m�j�k �H�H�H «�I�h�e�b�d�h�f» (�]. �Q�_�j�g�h�]�h�e�h�\�d�Z) �j�Z�a�j�Z�[�h�l�Z�e�h �b �b�a�]�h�l�h�\�b�e�h 
�w�e�_�d�l�j�h�e�b�a�_�j �k �L�I�W (�]�_�g�_�j�Z�l�h�j �k�\�_�j�o�q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z �: 6/�>�L) �k �i�Z�j�Z�f�_�l�j�Z�f�b, 
�m�d�Z�a�Z�g�g�u�f�b �\ �l�Z�[�e. 1. 
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�‹  �I�Z�j�Z�f�_�l�j �A�g�Z�q�_�g�b�_ 

1 �>�Z�\�e�_�g�b�_ �\�h�^�h�j�h�^�Z, �j�Z�[�h�q�_�_, �F�I�Z 1,6 

2 �>�Z�\�e�_�g�b�_ �\�h�^�h�j�h�^�Z, �f�Z�d�k., �F�I�Z 2,0 

3 �>�Z�\�e�_�g�b�_ �d�b�k�e�h�j�h�^�Z, �j�Z�[�h�q�_�_, �F�I�Z 0,4 

4 �K�h�^�_�j�`�Z�g�b�_ �d�b�k�e�h�j�h�^�Z �\ �\�h�^�h�j�h�^�_, % 0,01 

5 �K�h�^�_�j�`�Z�g�b�_ �\�h�^�h�j�h�^�Z �\ �d�b�k�e�h�j�h�^�_ �[�_�a �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h  
�h�d�b�k�e�_�g�b�y, % 0,3–0,4 

6 �<�e�Z�`�g�h�k�l�v �]�Z�a�h�\ �g�Z �\�u�o�h�^�_, �l.�j. �h�K �f�b�g�m�k 20 

7 �Q�b�k�e�h �w�e�_�d�l�j�h�e�b�a�g�u�o �f�h�^�m�e�_�c, �r�l . 2 

8 �I�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �i�h �\�h�^�h�j�h�^�m, �f3/�q 6 

9 �>�b�Z�i�Z�a�h�g �j�_�]�m�e�b�j�h�\�Z�g�b�y �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b, % 0–100 

10 �H�[�t�_�f �`�b�^�d�h�k�l�b �\ �w�e�_�d�l�j�h�e�b�a�_�j�_, �e �F�_�g�_�_ 20 

 
�W�e�_�d�l�j�h�e�b�a�_�j �k �L�I�W �^�e�y �W�<�B�H �i�h �b�k�i�h�e�g�_�g�b�x �k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�_�l�k�y 

�h�l �k�l�Z�g�^�Z�j�l�g�h�]�h. �<�h-�i�_�j�\�u�o, �b�a �d�h�g�k�l�j�m�d�p�b�b �i�h�e�g�h�k�l�v�x �b�k�d�e�x�q�_�g �k�b�e�b�d�h�g, 
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�l�Z�d �d�Z�d �k�b�e�b�d�h�g «�i�j�h�a�j�Z�q�_�g» �^�e�y �i�j�h�l�b�y, �d�h�l�h�j�u�c �q�_�j�_�a �g�_�]�h �e�_�]�d�h �^�b�n�n�m�g-
�^�b�j�m�_�l �b�a �\�h�a�^�m�o�Z �\ �l�y�`�_�e�m�x �\�h�^�m.  

�<�h-�\�l�h�j�u�o, �\�k�_ �i�j�b�[�h�j�u �b �w�e�_�d�l�j�h�h�[�h�j�m�^�h�\�Z�g�b�_ �i�j�b�f�_�g�_�g�h �\�h �\�a�j�u�\�h-
�[�_�a�h�i�Z�k�g�h�f �b�k�i�h�e�g�_�g�b�b, �\�k�_ �[�Z�d�b (�_�f�d�h�k�l�b) �j�Z�[�h�l�Z�x�l �i�h� ̂�^�Z�\�e�_�g�b�_�f �k�j�_�^.  

�<-�l�j�_�l�v�b�o, �d�b�k�e�h�j�h�^ �\�u�o�h�^�b�l �i�h� ̂ �a�Z�^�Z�g�g�u�f �b�a�[�u�l�h�q�g�u�f �^�Z�\�e�_�g�b�_�f 
�b �f�h�`�_�l �[�u�l�v �h�k�m�r�_�g �\ �Z�^�k�h�j�[�p�b�h�g�g�h�f �[�e�h�d�_ �h�k�m�r�d�b �m�k�l�Z�g�h�\�d�b �W�<�B�H.  

�Q�b�k�e�h �_�f�d�h�k�l�_�c �^�e�y �k�[�h�j�Z �b �i�_�j�_�f�_�s�_�g�b�y �`�b�^�d�h�k�l�b �\�g�m�l�j�b �w�e�_�d�l�j�h�e�b-
�a�_�j�Z �m�\�_�e�b�q�_�g�h �^�h 3 �r�l�m�d �\�f�_�k�l�h �h�^�g�h�c, �d�h�e�b�q�_�k�l�\�h �g�Z�k�h�k�h�\ – �^�\�Z (�h�^�b�g �p�b�j-
�d�m�e�y�p�b�h�g�g�u�c, �\�l�h�j�h�c �i�h�^�i�b�l�u�\�Z�x�s�b�c), �d�Z�d �b �\ �k�l�Z�g�^�Z�j�l�g�h�f, �g�h �h�g�b �\�u�i�h�e-
�g�_�g�u �\�h �\�a�j�u�\�h�a�Z�s�b�s�z�g�g�h�f �b�k�i�h�e�g�_�g�b�b. �>�h�[�Z�\�e�_�g �^�Z�l�q�b�d �d�h�g�l�j�h�e�y �q�b�k�l�h�l�u 
�d�b�k�e�h�j�h�^�Z �b �d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j �^�e�y �m�^�Z�e�_�g�b�y �i�j�b�f�_�k�b �\�h�^�h�j�h�^�Z �g�Z �d�b�k-
�e�h�j�h�^�g�h�c �e�b�g�b�b, �q�_�]�h �g�_�l �\ �k�l�Z�g�^�Z�j�l�g�h�f �w�e�_�d�l�j�h�e�b�a�_�j�_. �>�Z�l�q�b�d �d�h�g�l�j�h�e�y �q�b-
�k�l�h�l�u �d�b�k�e�h�j�h�^�Z �j�Z�[�h�l�Z�_�l �i�j�b �^�Z�\�e�_�g�b�b �i�j�h�p�_�k�k�Z. �I�h�e�g�h�k�l�v�x �b�k�d�e�x�q�_�g�u �\�k�_ 
�k�[�j�h�k�u �k�j�_�^ �\ �h�[�t�_�f �i�h�f�_�s�_�g�b�y. 

�W�e�_�d�l�j�h�e�b�a�g�Z�y �m�k�l�Z�g�h�\�d�Z �k�h�k�l�h�b�l �b�a �^�\�m�o �r�d�Z�n�h�\: �r�d�Z�n�Z �i�h�e�m�q�_�g�b�y 
�\�h�^�h�j�h�^�Z �b �r�d�Z�n�Z �m�i�j�Z�\�e�_�g�b�y. �R�d�Z�n �m�i�j�Z�\�e�_�g�b�y �j�Z�a�f�_�s�Z�_�l�k�y �a�Z �i�j�_�^�_�e�Z�f�b 
�a�h�g�u �<1�Z �i�h �I�M�W, �r�d�Z�n �i�h�e�m�q�_�g�b�y �\�h�^�h�j�h�^�Z �j�Z�a�f�_�s�Z�_�l�k�y �\ �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c 
�a�h�g�_. �G�Z �^�\�_�j�b �r�d�Z�n�Z �m�i�j�Z�\�e�_�g�b�y �j�Z�a�f�_�s�_�g�Z �i�Z�g�_�e�v �m�i�j�Z�\�e�_�g�b�y �w�e�_�d�l�j�h�e�b�a�_-
�j�h�f. �I�Z�g�_�e�v �a�Z�^�m�[�e�b�j�h�\�Z�g�Z. �<�l�h�j�Z�y �i�Z�g�_�e�v �\�u�g�_�k�_�g�Z �g�Z �i�m�e�v�l �m�i�j�Z�\�e�_�g�b�y 
�m�k�l�Z�g�h�\�d�b �W�<�B�H (�j�Z�k�k�l�h�y�g�b�_ �h�d�h�e�h 100 �f ), �l�Z�d�b�f �h�[�j�Z�a�h�f, �m�i�j�Z�\�e�_�g�b�_ �w�e�_�d-
�l�j�h�e�b�a�_�j�h�f �f�h�`�_�l �h�k�m�s�_�k�l�\�e�y�l�v�k�y �d�Z�d �i�h �f�_�k�l�m, �l�Z�d �b �m�^�Z�e�_�g�g�h. �K�b�k�l�_�f�Z �d�h�g-
�l�j�h�e�y �b �m�i�j�Z�\�e�_�g�b�y �w�e�_�d�l�j�h�e�b�a�_�j�h�f �i�h�e�g�h�k�l�v�x �b�g�l�_�]�j�b�j�h�\�Z�g�Z �k �k�b�k�l�_�f�h�c 
�m�i�j�Z�\�e�_�g�b�y �m�k�l�Z�g�h�\�d�h�c �W�<�B�H. 

�A�Z�d�e�x�q�_�g�b�_ 

�< �G�B�P «�D�m�j�q�Z�l�h�\�k�d�b�c �b�g�k�l�b�l�m�l» - �I�B�Y�N �\ �o�h�^�_ �^�e�b�l�_�e�v�g�h�c �w�d�k�i�e�m�Z-
�l�Z�p�b�b �m�k�l�Z�g�h�\�d�b �W�<�B�H �i�h�e�m�q�_�g �[�h�e�v�r�h�c �i�j�Z�d�l�b�q�_�k�d�b�c �h�i�u�l �i�h �b�k�i�h�e�v�a�h�\�Z-
�g�b�x �s�_�e�h�q�g�h�]�h �w�e�_�d�l�j�h�e�b�a�_�j�Z �i�j�b �j�Z�[�h�l�_ �k �l�y�`�_�e�h�c �\�h�^�h�c. �J�Z�a�j�Z�[�h�l�Z�g�u 
�b �j�_�Z�e�b�a�h�\�Z�g�u �f�_�j�h�i�j�b�y�l�b�y �i�h �k�[�h�j�m �m�l�_�q�_�d �l�y�`�_�e�h�c �\�h�^�u �b�a �k�l�Z�g�^�Z�j�l�g�h�]�h 
�h�[�h�j�m�^�h�\�Z�g�b�y, �m�f�_�g�v�r�_�g�b�x �i�h�l�_�j�v �l�y�`�_�e�h�c �\�h�^�u �k �i�h�l�h�d�h�f �d�b�k�e�h�j�h�^�Z, 
�h�q�b�k�l�d�_ �]�Z�a�h�\ �h�l �s�_�e�h�q�b, �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�u �h�l�^�_�e�v�g�u�_ �w�e�_�f�_�g�l�u �w�e�_�d�l�j�h-
�e�b�a�g�h�c �m�k�l�Z�g�h�\�d�b. 

�I�h�e�m�q�_�g�g�u�c �i�j�Z�d�l�b�q�_�k�d�b�c �h�i�u�l �b�k�i�h�e�v�a�h�\�Z�g �^�e�y �j�Z�a�j�Z�[�h�l�d�b �b�k�o�h�^�g�u�o 
�l�j�_�[�h�\�Z�g�b�c �b �Z�^�Z�i�l�Z�p�b�b �k�l�Z�g�^�Z�j�l�g�h�]�h �s�_�e�h�q�g�h�]�h �w�e�_�d�l�j�h�e�b�a�_�j�Z �^�e�y �m�k�l�Z�g�h�\-
�d�b �b�a�\�e�_�q�_�g�b�y �l�j�b�l�b�y �b�a �l�y�`�_�e�h�c �\�h�^�u �j�_�Z�d�l�h�j�Z �I�B�D �b �^�e�y �j�Z�a�j�Z�[�h�l�d�b �g�h�\�h�c 
�d�h�g�k�l�j�m�d�p�b�b �w�e�_�d�l�j�h�e�b�a�_�j�Z �k �L�I�W �^�e�y �m�k�l�Z�g�h�\�d�b �j�Z�a�^�_�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h-
�j�h�^�Z �W�<�B�H. 

�F�h�g�l�Z�` �s�_�e�h�q�g�h�]�h �w�e�_�d�l�j�h�e�b�a�_�j�Z �k �]�_�j�f�_�l�b�q�g�u�f �[�h�d�k�h�f �g�Z �M�B�L �j�_�Z�d-
�l�h�j�Z �I�B�D �\�u�i�h�e�g�_�g. �<�u�i�h�e�g�y�_�l�k�y �l�j�m�[�h�i�j�h�\�h�^�g�Z�y �h�[�\�y�a�d�Z.  

�W�e�_�d�l�j�h�e�b�a�_�j �k �L�I�W �\�g�_�^�j�_�g �\ �k�h�k�l�Z�\ �m�k�l�Z�g�h�\�d�b �W�<�B�H, �\�u�i�h�e�g�_�g�u 
�i�m�k�d�h-�g�Z�e�Z�^�h�q�g�u�_ �j�Z�[�h�l�u, �\�u�i�h�e�g�_�g�u �j�Z�[�h�l�u �i�h �a�Z�f�_�g�_ «�e�_�]�d�h�c» �\�h�^�u �g�Z 
�l�y�`�_�e�m�x �\ �h�[�h�j�m�^�h�\�Z�g�b�b �g�h�\�h�]�h �w�e�_�d�l�j�h�e�b�a�_�j�Z. �M�k�l�Z�g�h�\�d�Z �W�<�B�H �w�d�k�i�e�m�Z�l�b-
�j�m�_�l�k�y �k �g�h�\�u�f �w�e�_�d�l�j�h�e�b�a�_�j�h�f - �]�_�g�_�j�Z�l�h�j�h�f �k�\�_�j�o�q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z �: 6/�>�L- 
�k �^�_�d�Z�[�j�y 2024 �]. 
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�J�Z�a�j�Z�[�h�l�d�Z �n�h�j�f�h�\�h�q�g�h�c �k�b�k�l�_�f�u �^�e�y �b�a�]�h�l�h�\�e�_�g�b�y �Z�k�b�f�f�_�l-
�j�b�q�g�h�c �]�Z�a�h�j�Z�a�^�_�e�b�l�_�e�v�g�h�c �f�_�f�[�j�Z�g�u �f�_�l�h�^�h�f �n�h�j�f�h�\�Z�g�b�y �b�a �i�h�e�b-
�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z. �J�Z�k�k�f�h�l�j�_�g�u �l�Z�d�b�_ �i�Z�j�Z�f�_�l�j�u �n�h�j�f�h�\�h�q�g�h�c �k�b-
�k�l�_�f�u �d�Z�d �l�_�f�i�_�j�Z�l�m�j�Z �b �k�h�k�l�Z�\ �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z, �\�j�_�f�y �w�d�k�i�h�a�b-
�p�b�b �\ �d�h�Z�]�m�e�y�p�b�h�g�g�u�o �\�Z�g�g�Z�o. �I�h�e�m�q�_�g�Z �f�_�f�[�j�Z�g�Z �k �k�_�e�_�d�l�b�\�g�h�k�l�v�x 
�\ �f�h�^�_�e�v�g�h�c �k�b�k�l�_�f�_ He/N2 92 ± 5 �i�j�b �i�j�h�g�b�p�Z�_�f�h�k�l�b �i�h �]�_�e�b�x 
156 ± 11 �^�f3(�g.�m.)��f –2��q–1��Z�l�f-1. 

�<�\�_�^�_�g�b�_ 

�<�h�^�h�j�h�^ �y�\�e�y�_�l�k�y �k�Z�f�u�f �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f �o�b�f�b�q�_�k�d�b�f �w�e�_�f�_�g�l�h�f 
�b �\�Z�`�g�u�f �k�u�j�v�_�f �^�e�y �f�g�h�]�b�o �h�l�j�Z�k�e�_�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b: �o�b�f�b�q�_�k�d�h�c, �g�_�n�l�_-
�i�_�j�_�j�Z�[�Z�l�u�\�Z�x�s�_�c, �Z�l�h�f�g�h�c, �Z �\ �i�_�j�k�i�_�d�l�b�\�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y, �d�Z�d �w�d�h�e�h�]�b�q�_-
�k�d�b �q�b�k�l�h�_ �l�h�i�e�b�\�h. �< �w�l�h�f �d�Z�q�_�k�l�\�_ �\�h�^�h�j�h�^ �f�h�`�_�l �k�i�h�k�h�[�k�l�\�h�\�Z�l�v �j�_�r�_�g�b�x 
�h�k�g�h�\�g�u�o �a�Z�^�Z�q �i�_�j�k�i�_�d�l�b�\�g�h�]�h �w�g�_�j�]�h�k�g�Z�[�`�_�g�b�y: �k�h�d�j�Z�l�b�l�v �a�Z�\�b�k�b�f�h�k�l�v 
�\�g�m�l�j�_�g�g�b�o �j�u�g�d�h�\ �w�g�_�j�]�h�j�_�k�m�j�k�h�\ �h�l �b�f�i�h�j�l�Z �b �l�_�f �k�Z�f�u�f �i�h�\�u�k�b�l�v �w�g�_�j�]�_-
�l�b�q�_�k�d�m�x �[�_�a�h�i�Z�k�g�h�k�l�v �k�l�j�Z�g – �b�f�i�h�j�l�_�j�h�\ �g�_�n�l�b �b �]�Z�a�Z; �a�Z�f�_�l�g�h �k�g�b�a�b�l�v 
�h�[�t�_�f �\�j�_�^�g�u�o �\�u�[�j�h�k�h�\, �h�k�h�[�_�g�g�h �l�_�i�e�b�q�g�u�o �]�Z�a�h�\, �\ �h�d�j�m�`�Z�x�s�m�x �k�j�_�^�m; �k�m-
�s�_�k�l�\�_�g�g�h �m�k�b�e�b�l�v �b�g�g�h�\�Z�p�b�h�g�g�m�x �h�k�g�h�\�m �j�Z�a�\�b�l�b�y, �i�j�b�f�_�g�y�y �i�_�j�_�^�h�\�u�_ �^�h-
�k�l�b�`�_�g�b�y �\ �h�[�e�Z�k�l�b �f�Z�l�_�j�b�Z�e�h�\�_�^�_�g�b�y, �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\, �w�e�_�d-
�l�j�h�l�_�o�g�b�d�b �b �w�e�_�d�l�j�h�o�b�f�b�b �b �l. �i. 

�H�^�g�h�c �b�a �i�j�h�[�e�_�f �b�k�i�h�e�v�a�h�\�Z�g�b�y �\�h�^�h�j�h�^�Z �\ �d�Z�q�_�k�l�\�_ �l�h�i�e�b�\�Z – �_�]�h 
�i�j�Z�d�l�b�q�_�k�d�Z�y �g�_�^�h�k�l�m�i�g�h�k�l�v �\ �g�_�k�\�y�a�Z�g�g�h�c �n�h�j�f�_. �>�e�y �i�h�e�m�q�_�g�b�y �\�h�^�h�j�h�^�Z 
�\ �q�b�k�l�h�f �\�b�^�_ �g�_�h�[�o�h�^�b�f�u �k�m�s�_�k�l�\�_�g�g�u�_ �w�g�_�j�]�_�l�b�q�_�k�d�b�_ �a�Z�l�j�Z�l�u �^�e�y �j�Z�a�j�u�\�Z 
�o�b�f�b�q�_�k�d�b�o �k�\�y�a�_�c �\ �b�k�o�h�^�g�h�f �\�h�^�h�j�h�^�h�k�h�^�_�j�`�Z�s�_�f �k�h�_�^�b�g�_�g�b�b. �D�j�h�f�_ �l�h�]�h, 
�g�_�h�[�o�h�^�b�f�h �a�Z�l�j�Z�l�b�l�v �w�g�_�j�]�b�x �g�Z �\�u�^�_�e�_�g�b�y �\�h�^�h�j�h�^�Z �b�a �j�_�Z�d�p�b�h�g�g�h�c �k�f�_�k�b, 
�d�h�l�h�j�Z�y �h�[�j�Z�a�m�_�l�k�y �\ �j�_�a�m�e�v�l�Z�l�_ �j�_�Z�d�p�b�c �j�Z�a�j�m�r�_�g�b�y �o�b�f�b�q�_�k�d�b�o �k�\�y�a�_�c �b�k�o�h�^-
�g�h�]�h �\�h�^�h�j�h�^�h�k�h�^�_�j�`�Z�s�_�]�h �k�h�_�^�b�g�_�g�b�y. �L�Z�d�b�f �h�[�j�Z�a�h�f, �i�j�b�f�_�g�b�l�_�e�v�g�h �d �\�h�^�h-
�j�h�^�m �j�_�r�Z�_�l�k�y �^�\�_ �k�_�i�Z�j�Z�p�b�h�g�g�u�_ �a�Z�^�Z�q�b: �\�u�^�_�e�_�g�b�_ �\�h�^�h�j�h�^�Z �b�a �k�f�_�k�b �b �_�]�h 
�h�q�b�k�l�d�Z �^�h �l�j�_�[�m�_�f�h�c �\�_�e�b�q�b�g�u. �W�l�b �a�Z�^�Z�q�b �f�h�]�m�l �[�u�l�v �j�_�r�_�g�u �k�l�Z�g�^�Z�j�l�g�u�f�b 
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�l�_�o�g�h�e�h�]�b�y�f�b, �i�j�b�f�_�g�y�_�f�u�f�b �\ �i�j�h�f�u�r�e�_�g�g�h�k�l�b: �d�j�b�h�]�_�g�g�h�c, �k�h�j�[�p�b�h�g�g�h�c, 
�f�_�f�[�j�Z�g�g�h�c �b �b�o �j�Z�a�e�b�q�g�u�f�b �]�b�[�j�b�^�g�u�f�b �\�Z�j�b�Z�g�l�Z�f�b [1–3]. 

�F�_�f�[�j�Z�g�g�u�_ �l�_�o�g�h�e�h�]�b�b, �d�h�l�h�j�u�_ �\ �i�h�k�e�_�^�g�b�_ 20–25 �e�_�l �g�Z�o�h�^�y�l �\ �i�j�h-
�f�u�r�e�_�g�g�h�k�l�b �\�k�_ �[�h�e�v�r�_�_ �i�j�b�f�_�g�_�g�b�_, �h�l�e�b�q�Z�x�l�k�y �i�j�h�k�l�h�l�h�c �b �g�Z�^�_�`�g�h-
�k�l�v�x, �w�d�h�g�h�f�b�q�g�h�k�l�v�x, �e�_�]�d�h�k�l�v�x �\�Z�j�v�b�j�h�\�Z�g�b�y �f�Z�k�r�l�Z�[�Z �i�j�h�b�a�\�h�^�k�l�\�Z, �\�u-
�k�h�d�h�c �f�h�[�b�e�v�g�h�k�l�v�x. �I�j�b �w�l�h�f �m�^�_�e�v�g�u�_ �d�Z�i�b�l�Z�e�h�\�e�h�`�_�g�b�y �i�j�b �k�h�a�^�Z�g�b�b 
�f�_�f�[�j�Z�g�g�u�o �]�Z�a�h�j�Z�a�^�_�e�b�l�_�e�v�g�u�o �m�k�l�Z�g�h�\�h�d �k�j�Z�\�g�b�l�_�e�v�g�h �g�_�\�_�e�b�d�b, �Z �k�j�h�d 
�h�d�m�i�Z�_�f�h�k�l�b �b�o �g�_�a�g�Z�q�b�l�_�e�_�g. �I�h�e�b�f�_�j�g�u�_ �f�_�f�[�j�Z�g�u �m�k�i�_�r�g�h �i�j�b�f�_�g�y�x�l�k�y 
�\ �d�j�m�i�g�h�f�Z�k�r�l�Z�[�g�u�o �i�j�h�b�a�\�h�^�k�l�\�Z�o, �d�h�l�h�j�u�_ �k�\�y�a�Z�g�u �k �\�u�^�_�e�_�g�b�_�f �\�h�^�h-
�j�h�^�Z �b�a �]�Z�a�h�\�h�c �k�f�_�k�b, �i�j�b �h�q�_�g�v �\�u�k�h�d�b�o �h�i�_�j�Z�p�b�h�g�g�u�o �^�Z�\�e�_�g�b�y�o, �i�j�b�q�_�f 
�b�o �i�j�b�f�_�g�_�g�b�_ �\ �i�j�h�f�u�r�e�_�g�g�u�o �i�j�h�p�_�k�k�Z�o �]�Z�a�h�j�Z�a�^�_�e�_�g�b�y �i�h�k�l�h�y�g�g�h �j�Z�k�l�_�l 
�b �k�h�\�_�j�r�_�g�k�l�\�m�_�l�k�y. 

�=�e�Z�\�g�u�c �g�_�^�h�k�l�Z�l�h�d �f�_�f�[�j�Z�g�g�h�c �l�_�o�g�h�e�h�]�b�b �\ �i�e�Z�g�_ �\�h�^�h�j�h�^�g�h�c 
�l�_�f�Z�l�b�d�b – �h�l�k�m�l�k�l�\�b�_ �h�l�_�q�_�l�k�\�_�g�g�h�]�h �i�j�h�f�u�r�e�_�g�g�h�]�h �i�j�h�b�a�\�h�^�k�l�\�Z �]�Z�a�h�j�Z-
�^�_�e�b�l�_�e�v�g�u�o �f�_�f�[�j�Z�g �k �g�m�`�g�u�f �d�h�f�i�e�_�d�k�h�f �o�Z�j�Z�d�l�_�j�b�k�l�b�d. �< �J�N �f�_�f�[�j�Z�g�g�Z�y 
�l�_�o�g�h�e�h�]�b�y �^�e�y �\�u�^�_�e�_�g�b�y �\�h�^�h�j�h�^�Z �b�a �i�j�h�f�u�r�e�_�g�g�u�o �]�Z�a�h�\ �b�k�i�h�e�v�a�m�_�l�k�y 
�k �d�h�g�p�Z �i�j�h�r�e�h�]�h �\�_�d�Z, �g�h, �i�j�Z�d�l�b�q�_�k�d�b �\�k�_, �[�_�a �b�k�d�e�x�q�_�g�b�y, �h�l�_�q�_�k�l�\�_�g�g�u�_ �d�h�f-
�i�Z�g�b�b, �i�j�h�b�a�\�h�^�y�s�b�_ �\�h�^�h�j�h�^�g�u�_ �f�_�f�[�j�Z�g�g�u�_ �m�k�l�Z�g�h�\�d�b, �b�k�i�h�e�v�a�m�x�l �\ �k�\�h�_�f 
�h�[�h�j�m�^�h�\�Z�g�b�b �b�f�i�h�j�l�g�u�_ �f�_�f�[�j�Z�g�g�u�_ �f�h�^�m�e�b, �g�Z �d�h�l�h�j�u�_ �i�j�b�o�h�^�b�l�k�y �[�h�e�_�_ �i�h-
�e�h�\�b�g�u �k�l�h�b�f�h�k�l�b �f�_�f�[�j�Z�g�g�h�c �m�k�l�Z�g�h�\�d�b. �F�_�f�[�j�Z�g�g�u�_ �Z�i�i�Z�j�Z�l�u �^�e�y �i�j�h�b�a�\�h�^-
�k�l�\�Z �q�b�k�l�h�]�h �\�h�^�h�j�h�^�Z �b�a �m�]�e�_�\�h�^�h�j�h�^�h�\ �\ �f�b�j�_ �i�j�h�b�a�\�h�^�y�l�k�y �g�_�[�h�e�v�r�b�f �d�h�e�b-
�q�_�k�l�\�h�f �n�b�j�f-�i�j�h�b�a�\�h�^�b�l�_�e�_�c, �d�h�l�h�j�u�_ �i�h�e�v�a�m�x�l�k�y �k�\�h�b�f �f�h�g�h�i�h�e�v�g�u�f �i�h�e�h-
�`�_�g�b�_�f �b �^�b�d�l�m�x�l �p�_�g�h�\�m�x �i�h�e�b�l�b�d�m �g�Z �i�j�h�^�m�d�p�b�x �^�Z�g�g�h�]�h �\�b�^�Z [4]. 

�L�Z�d�b�f �h�[�j�Z�a�h�f �j�Z�a�j�Z�[�h�l�d�Z �l�_�o�g�h�e�h�]�b�b �b�a�]�h�l�h�\�e�_�g�b�y �]�Z�a�h�j�Z�a�^�_�e�b�l�_�e�v�g�h�c 
�f�_�f�[�j�Z�g�u, �h�j�b�_�g�l�b�j�h�\�Z�g�g�h�c �g�Z �\�u�^�_�e�_�g�b�_ �\�h�^�h�j�h�^�Z �b�a �]�Z�a�h�\�u�o �k�f�_�k�_�c, �y�\�e�y-
�_�l�k�y �\�_�k�v�f�Z �Z�d�l�m�Z�e�v�g�h�c. 

�H�[�t�_�d�l �b�k�k�e�_�^�h�\�Z�g�b�y 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �h�k�g�h�\�g�u�f �b�g�k�l�j�m�f�_�g�l�h�f �f�_�f�[�j�Z�g�g�h�]�h �]�Z�a�h�\�h�]�h 
�j�Z�a�^�_�e�_�g�b�y �y�\�e�y�_�l�k�y �i�h�e�b�f�_�j�g�Z�y �f�_�f�[�j�Z�g�Z �k �i�e�h�l�g�u�f �k�_�e�_�d�l�b�\�g�u�f �k�e�h�_�f, 
�\ �d�h�l�h�j�h�c �j�Z�a�^�_�e�_�g�b�_ �]�Z�a�h�\ �i�j�h�b�k�o�h�^�b�l �i�h �f�_�o�Z�g�b�a�f�m �j�Z�k�l�\�h�j�_�g�b�_-�^�b�n�n�m�a�b�y. 
�< �k�h�h�l�\�_�l�k�l�\�b�b �k �w�l�b�f �f�_�o�Z�g�b�a�f�h�f, �^�e�y �]�Z�a�Z A �d�h�w�n�n�b�p�b�_�g�l �i�j�h�g�b�p�Z�_�f�h�k�l�b PA 
�h�i�b�k�u�\�Z�_�l �j�_�a�m�e�v�l�Z�l �^�_�c�k�l�\�b�y �^�\�m�o �i�j�h�p�_�k�k�h�\: �j�Z�k�l�\�h�j�b�f�h�k�l�b �]�Z�a�Z �b �_�]�h �^�b�n-
�n�m�a�b�_�c �\ �f�Z�l�_�j�b�Z�e�_ �f�_�f�[�j�Z�g�u, �l�h �_�k�l�v �d�h�w�n�n�b�p�b�_�g�l�h�f �j�Z�k�l�\�h�j�b�f�h�k�l�b Sa �b �d�h-
�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b DA �k�h�h�l�\�_�l�k�l�\�_�g�g�h:    

 

�2�º 
 L � 5�º �&�º                                                     (1) 
 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �k�_�e�_�d�l�b�\�g�u�c �l�j�Z�g�k�f�_�f�[�j�Z�g�g�u�c �i�_�j�_�g�h�k �]�Z�a�h�\ �a�Z�\�b�k�b�l 
�d�Z�d �h�l �k�\�h�c�k�l�\ �k�Z�f�b�o �]�Z�a�h�\, �l�Z�d �b �h�l �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�h�e�b�f�_�j�g�h�c �k�j�_�^�u. 

�B�a�f�_�g�_�g�b�y �o�b�f�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�Z �b �k�l�j�m�d�l�m�j�u �i�h�e�b�f�_�j�Z, �\�e�b�y�x�s�b�_ �g�Z �d�h-
�w�n�n�b�p�b�_�g�l�u �j�Z�k�l�\�h�j�b�f�h�k�l�b �b �^�b�n�n�m�a�b�b �d�h�g�d�j�_�l�g�h�]�h �]�Z�a�Z-�i�_�g�_�l�j�Z�g�l�Z, �\ �l�h�c �`�_ 
�k�l�_�i�_�g�b �b�a�f�_�g�y�x�l �w�l�b �i�h�d�Z�a�Z�l�_�e�b �b �^�e�y �^�j�m�]�b�o �]�Z�a�h�\ [5]. 

�>�b�n�n�m�a�b�h�g�g�u�c �f�_�o�Z�g�b�a�f �i�j�h�g�b�p�Z�g�b�y �]�Z�a�h�\ �q�_�j�_�a �i�e�h�l�g�u�c �k�e�h�c �i�h�e�b-
�f�_�j�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �a�Z �k�q�_�l �i�h�k�l�h�y�g�g�u�o �d�h�g�n�h�j�f�Z�p�b�h�g�g�u�o �b�a�f�_�g�_�g�b�c (�j�Z�a-
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�f�_�j�Z �b �n�h�j�f�u) �f�Z�d�j�h�f�h�e�_�d�m�e, �d�h�l�h�j�u�_ �i�j�h�b�k�o�h�^�y�l �\ �j�_�a�m�e�v�l�Z�l�_ �\�j�Z�s�_�g�b�y, �i�h-
�\�h�j�h�l�Z �b�e�b �d�h�e�_�[�Z�g�b�y �i�h�\�l�h�j�y�x�s�b�o�k�y �k�l�j�m�d�l�m�j�g�u�o �_�^�b�g�b�p �f�Z�d�j�h�f�h�e�_�d�m�e�u �\�h-
�d�j�m�] �1-�k�\�y�a�_�c �h�k�g�h�\�g�h�c �p�_�i�b �i�h� ̂�^�_�c�k�l�\�b�_�f �l�_�i�e�h�\�h�]�h �^�\�b�`�_�g�b�y �b�e�b �\�g�_�r�g�b�o 
�k�b�e �b �g�_ �k�h�i�j�h�\�h�`�^�Z�_�l�k�y �j�Z�a�j�u�\�h�f �\�Z�e�_�g�l�g�u�o �o�b�f�b�q�_�k�d�b�o �k�\�y�a�_�c. �D�h�w�n�n�b�p�b-
�_�g�l �^�b�n�n�m�a�b�b �f�h�`�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d �k�h�\�h�d�m�i�g�u�c �i�j�h�^�m�d�l �q�Z�k�l�h�l�u �i�h�\�h�j�h�l�Z 
�k�_�]�f�_�g�l�h�\ �f�Z�d�j�h�f�h�e�_�d�m�e�u �i�h�e�b�f�_�j�Z �b �^�e�b�g�u «�i�j�u�`�d�Z» �f�h�e�_�d�m�e�u �i�_�g�_�l�j�Z�g�l�Z 
�b�a �h�^�g�h�]�h �k�\�h�[�h�^�g�h�]�h �h�[�t�_�f�Z �f�_�`�^�m �f�Z�d�j�h�f�h�e�_�d�m�e�Z�f�b �\ �^�j�m�]�h�c.  

�I�h�l�h�d �,�º  �b�g�^�b�\�b�^�m�Z�e�v�g�h�]�h A �]�Z�a�Z �q�_�j�_�a �i�e�h�l�g�u�_ �i�h�e�b�f�_�j�g�u�_ �f�_�f�[�j�Z�g�u 
�h�i�b�k�u�\�Z�_�l�k�y �\�u�j�Z�`�_�g�b�_�f:  
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�]�^�_ �L�º�,
 – �i�Z�j�p�b�Z�e�v�g�h�_ �^�Z�\�e�_�g�b�_ �d�h�f�i�h�g�_�g�l�Z A �g�Z�^ �f�_�f�[�j�Z�g�h�c, �L�º�×

 – �i�Z�j�p�b�Z�e�v-
�g�h�_ �^�Z�\�e�_�g�b�_ �d�h�f�i�h�g�_�g�l�Z a �i�h� ̂�f�_�f�[�j�Z�g�h�c, l – �l�h�e�s�b�g�Z �f�_�f�[�j�Z�g�u. 

�K�h�[�k�l�\�_�g�g�Z�y �k�_�e�_�d�l�b�\�g�h�k�l�v �i�h�e�b�f�_�j�Z (�b�^�_�Z�e�v�g�u�c �d�h�w�n�n�b�p�b�_�g�l �j�Z�a�^�_�e�_-
�g�b�y) �i�h �i�Z�j�_ �]�Z�a�h�\ A �b B, �\�u�j�Z�`�Z�_�l�k�y �d�h�w�n�n�b�p�b�_�g�l�h�f �j�Z�a�^�_�e�_�g�b�y �b �i�j�_�^�k�l�Z�\-
�e�y�_�l �k�h�[�h�c �h�l�g�h�r�_�g�b�_ �d�h�w�n�n�b�p�b�_�g�l�h�\ �i�j�h�g�b�p�Z�_�f�h�k�l�_�c �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �]�Z�a�h�\, 
�b�a�f�_�j�_�g�g�u�o �\ �h�^�b�g�Z�d�h�\�u�o �m�k�e�h�\�b�y�o: 
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�B�a �m�j�Z�\�g�_�g�b�c (2) �b (3) �k�e�_�^�m�_�l, �q�l�h �i�j�h�g�b�p�Z�_�f�h�k�l�v �h�[�j�Z�l�g�h �i�j�h�i�h�j�p�b�h-
�g�Z�e�v�g�Z �w�n�n�_�d�l�b�\�g�h�c �l�h�e�s�b�g�_ �k�_�e�_�d�l�b�\�g�h�]�h �k�e�h�y �f�_�f�[�j�Z�g�u l, �Z �k�_�e�_�d�l�b�\�g�h�k�l�v 
�h�l �g�_�_ �g�_ �a�Z�\�b�k�b�l. �H�q�_�\�b�^�g�h, �q�l�h �i�j�b �b�a�]�h�l�h�\�e�_�g�b�b �f�_�f�[�j�Z�g�u �]�e�Z�\�g�h�c �p�_�e�v�x 
�y�\�e�y�_�l�k�y �k�h�a�^�Z�g�b�_ �k�l�j�m�d�l�m�j�u �k �i�e�h�l�g�u�f �k�_�e�_�d�l�b�\�g�u�f �k�e�h�_�f �l�Z�d�h�c �f�b�g�b�f�Z�e�v-
�g�h�c �l�h�e�s�b�g�u, �i�j�b �d�h�l�h�j�h�c �\ �g�_�f �h�l�k�m�l�k�l�\�m�x�l �i�j�h�g�b�d�Z�x�s�b�_ �^�_�n�_�d�l�u. �>�e�y �]�Z-
�a�h�j�Z�a�^�_�e�b�l�_�e�v�g�u�o �f�_�f�[�j�Z�g �g�Z�b�[�h�e�_�_ �i�j�_�^�i�h�q�l�b�l�_�e�v�g�h�c �y�\�e�y�_�l�k�y �Z�k�b�f�f�_�l�j�b�q-
�g�Z�y �k�l�j�m�d�l�m�j�Z, �l�h �_�k�l�v �l�Z�d�Z�y, �d�h�l�h�j�Z�y �\ �i�h�i�_�j�_�q�g�h�f �j�Z�a�j�_�a�_ �k�h�q�_�l�Z�_�l �\ �k�_�[�_ �i�e�h�l-
�g�u�c �k�_�e�_�d�l�b�\�g�u�c �k�e�h�c �b �i�h�j�b�k�l�m�x �i�h�^�e�h�`�d�m, �h�l�\�_�q�Z�x�s�m�x �a�Z �f�_�o�Z�g�b�q�_�k�d�m�x 
�i�j�h�q�g�h�k�l�v �f�_�f�[�j�Z�g�u.  

�L�Z�d�l�b�d�Z �j�Z�a�j�Z�[�h�l�d�b �l�_�o�g�h�e�h�]�b�b �b�a�]�h�l�h�\�e�_�g�b�y �i�h�e�b�f�_�j�g�h�c �f�_�f�[�j�Z�g�u �a�Z-
�d�e�x�q�Z�_�l�k�y �\ �k�h�a�^�Z�g�b�b, �k�g�Z�q�Z�e�Z, �f�_�f�[�j�Z�g�u �k �f�Z�d�k�b�f�Z�e�v�g�h�c �k�_�e�_�d�l�b�\�g�h�k�l�v�x �i�h 
�j�Z�a�^�_�e�y�_�f�h�c �i�Z�j�_ �]�Z�a�h�\, �i�h�k�e�_ �q�_�]�h �i�j�h�\�h�^�b�l�k�y �d�h�j�j�_�d�l�b�j�h�\�d�Z �n�h�j�f�h�\�h�q�g�h�c 
�k�b�k�l�_�f�u �k �p�_�e�v�x �m�\�_�e�b�q�_�g�b�y �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �f�_�f�[�j�Z�g�u �i�h �p�_�e�_�\�h�f�m �d�h�f-
�i�h�g�_�g�l�m. �D�Z�d �i�j�Z�\�b�e�h, �w�l�b �^�\�_ �p�_�e�b �g�Z�o�h�^�y�l�k�y �\ �i�j�h�l�b�\�h�j�_�q�b�b: �m�\�_�e�b�q�_�g�b�_ �i�j�h-
�g�b�p�Z�_�f�h�k�l�b �i�j�b�\�h�^�b�l �d �k�g�b�`�_�g�b�x �k�_�e�_�d�l�b�\�g�h�k�l�b �b �g�Z�h�[�h�j�h�l, �g�h �_�k�l�v �h�i�j�_�^�_-
�e�_�g�g�u�c �^�b�Z�i�Z�a�h�g �k�l�j�m�d�l�m�j �f�_�f�[�j�Z�g�u, �\�g�m�l�j�b �d�h�l�h�j�h�]�h �]�Z�a�h�l�j�Z�g�k�i�h�j�l�g�u�_ �o�Z-
�j�Z�d�l�_�j�b�k�l�b�d�b �f�_�f�[�j�Z�g�u �f�h�]�m�l �[�u�l�v �h�i�l�b�f�Z�e�v�g�u�f�b �k �l�h�q�d�b �a�j�_�g�b�y �j�_�r�Z�_�f�h�c 
�a�Z�^�Z�q�b �j�Z�a�^�_�e�_�g�b�y. 

�P�_�e�v �b�k�k�e�_�^�h�\�Z�g�b�y 

�G�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�c �i�j�h�f�u�r�e�_�g�g�u�c �k�i�h�k�h�[ �i�j�h�b�a�\�h�^�k�l�\�Z �\�h�^�h-
�j�h�^�Z – �i�Z�j�h�\�Z�y �d�h�g�\�_�j�k�b�y �f�_�l�Z�g�Z (�I�D�F), �\ �o�h�^�_ �d�h�l�h�j�h�]�h �\ �i�_�j�\�h�f �d�h�g�\�_�j�l�_�j�_ 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 850–900 °�K �g�Z �g�b�d�_�e�_�\�h�f �d�Z�l�Z�e�b�a�Z�l�h�j�_, �i�j�h�b�k�o�h�^�b�l �b�a�\�e�_�q�_-
�g�b�_ �\�h�^�h�j�h�^�Z �b�a �f�_�l�Z�g�Z, �Z �\ �k�e�_�^�m�x�s�_�f �i�h �o�h�^�m �]�Z�a�h�\�h�c �k�f�_�k�b �^�h�i�h�e�g�b�l�_�e�v�g�h�f 
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�d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �d�h�g�\�_�d�l�h�j�_, �i�j�b �h�i�_�j�Z�p�b�h�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ 430 °�K, �h�[�_�k�i�_�q�b�\�Z-
�_�l�k�y �b�a�\�e�_�q�_�g�b�_ �\�h�^�h�j�h�^�Z �b�a �\�h�^�y�g�h�]�h �i�Z�j�Z. �G�Z �\�u�o�h�^�_ �b�a �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h 
�d�h�g�\�_�d�l�h�j�Z �\ �l�_�o�g�h�e�h�]�b�q�_�k�d�m�x �p�_�i�h�q�d�m �^�h�e�`�g�Z �[�u�l�v �\�d�e�x�q�_�g�Z �k�l�Z�^�b�y 
�\�u�^�_�e�_�g�b�y �\�h�^�h�j�h�^�Z �b�a �h�[�j�Z�a�h�\�Z�\�r�_�c�k�y �]�Z�a�h�\�h�c �k�f�_�k�b �b �_�]�h �^�Z�e�v�g�_�c�r�_�c �h�q�b�k�l�d�b 
�^�h �g�_�h�[�o�h�^�b�f�h�]�h �d�Z�q�_�k�l�\�Z. �W�l�Z �a�Z�^�Z�q�Z, �d�Z�d �m�d�Z�a�u�\�e�h�k�v �\�u�r�_, �f�h�`�_�l �[�u�l�v �j�_�r�_�g�Z 
�j�Z�a�e�b�q�g�u�f�b �k�i�h�k�h�[�Z�f�b: �Z�[�k�h�j�[�p�b�h�g�g�u�f, �Z�^�k�h�j�[�p�b�h�g�g�u�f, �f�_�f�[�j�Z�g�g�u�f, �e�b�[�h 
�b�o �d�h�f�[�b�g�Z�p�b�_�c [6–7].  

�< �d�Z�q�_�k�l�\�_ �d�j�b�l�_�j�b�y �k�_�e�_�d�l�b�\�g�h�k�l�b �[�u�e�Z �\�u�[�j�Z�g�Z �f�b�g�b�f�Z�e�v�g�h �^�h�i�m�k�l�b-
�f�Z�y �q�b�k�l�h�l�Z �\�h�^�h�j�h�^�Z, �d�h�l�h�j�h�x �h�i�j�_�^�_�e�y�_�l �=�H�K�L 3022-80 «�<�h�^�h�j�h�^ �l�_�o�g�b�q�_-
�k�d�b�c» �b �^�e�y �\�h�^�h�j�h�^�Z �f�Z�j�d�b «�;» �k�h�k�l�Z�\�e�y�_�l 99,95 % �h�[.  

�K�h�k�l�Z�\ �F�<�K �g�Z �\�u�o�h�^�_ �b�a �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h �d�h�g�\�_�j�l�h�j�Z �k�b�e�v�g�h �a�Z�\�b�k�b�l 
�h�l �j�Z�[�h�l�u �m�k�l�Z�g�h�\�d�b �I�D�F, �g�h �\ �k�j�_�^�g�_�f �h�g �g�Z�o�h�^�b�l�k�y �\ �k�e�_�^�m�x�s�b�o �i�j�_�^�_�e�Z�o: 
H2 60–70 %, CH4 15–20 %, CO2 5–7 %, CO 4–14 % �i�j�b �^�Z�\�e�_�g�b�b 2–3 �F�I�Z. 

�I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �k�o�_�f�Z �f�_�f�[�j�Z�g�g�h�c �y�q�_�c�d�b, �i�j�b�f�_�g�b�l�_�e�v�g�h �d �i�j�h�p�_�k�k�m 
�\�u�^�_�e�_�g�b�y �\�h�^�h�j�h�^�Z, �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k. 1. 

 

 
 

�J�b�k. 1. �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �k�o�_�f�Z �f�_�f�[�j�Z�g�g�h�c �y�q�_�c�d�b: �T�º�,
 – �f�h�e�v�g�Z�y �^�h�e�y �\�h�^�h�j�h�^�Z �\ �i�b-

�l�Z�x�s�_�f �i�h�l�h�d�_, �T�º�×
 – �f�h�e�v�g�Z�y �^�h�e�y �\�h�^�h�j�h�^�Z �\ �i�_�j�f�_�Z�l�_ (�i�h�l�h�d, �i�j�h�g�b�d�Z�x�s�b�c �q�_�j�_�a 

�f�_�f�[�j�Z�g�m), �T�º�Ý
 – �f�h�e�v�g�Z�y �^�h�e�y �\�h�^�h�j�h�^�Z �\ �j�_�l�_�g�l�Z�l�_ (�i�h�l�h�d, �i�j�h�o�h�^�y�s�b�c �g�Z�^ �f�_�f�[�j�Z-

�g�h�c), �L�4 �b �L�ß –�^�Z�\�e�_�g�b�_ �\ �a�h�g�_ �k�u�j�v�_�\�h�]�h �i�h�l�h�d�Z (�g�Z�^ �f�_�f�[�j�Z�g�h�c) �b �\ �a�h�g�_  
                                                  �i�_�j�f�_�Z�l�Z (�i�h� ̂�f�_�f�[�j�Z�g�h�c) 

 
�H�p�_�g�d�Z �f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �\ �i�h�l�h�d�_ �i�j�h-

�r�_�^�r�_�f �q�_�j�_�a �f�_�f�[�j�Z�g�m �\ �h�^�g�h�k�l�m�i�_�g�q�Z�l�h�f �i�j�h�p�_�k�k�_ �i�j�h�\�_�^�_�g�Z �k �b�k�i�h�e�v�a�h�\�Z-
�g�b�_�f �f�h�^�_�e�b �k �g�m�e�_�\�h�c �k�l�h�b�f�h�k�l�v�x �k�u�j�v�y �^�e�y �k�h�k�l�Z�\�Z �F�<�K [H2]: [�KH4] = 7:3. 
�K �m�q�_�l�h�f �l�h�]�h, �q�l�h �^�Z�g�g�Z�y �f�h�^�_�e�v �i�j�_�^�i�h�e�Z�]�Z�_�l �T�º�,


 L � T�º�Ý
, �^�e�y �j�Z�k�q�_�l�Z �b�k�i�h�e�v-

�a�h�\�Z�g�Z �k�b�k�l�_�f�Z �m�j�Z�\�g�_�g�b�c (4) 
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�]�^�_  �2�º  �b �2�» – �d�h�w�n�n�b�p�b�_�g�l�u �i�j�h�g�b�p�Z�_�f�h�k�l�b �d�h�f�i�h�g�_�g�l�h�\ A �b B; �� – �[�_�a�j�Z�a�f�_�j-
�g�u�c �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�c �d�h�f�i�e�_�d�k [8]. 

�J�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�h�\ �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 2.  
 

 
 

�J�b�k. 2. �A�Z�\�b�k�b�f�h�k�l�v �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �h�l �k�_�e�_�d�l�b�\�g�h�k�l�b �f�_�f�[�j�Z�g�u �\ �h�^�g�h�k�l�m�i�_�g-
�q�Z�l�h�f �i�j�h�p�_�k�k�_ �j�Z�a�^�_�e�_�g�b�y �i�j�b �k�h�h�l�g�h�r�_�g�b�b �^�Z�\�e�_�g�b�c p0: pl = 5:1. �=�h�j�b�a�h�g�l�Z�e�v�g�Z�y  
 �e�b�g�b�y �h�[�h�a�g�Z�q�Z�_�l �l�j�_�[�m�_�f�m�x �d�h�g�p�_�g�l�j�Z�p�b�x �\�h�^�h�j�h�^�Z �\ �l�_�o�g�b�q�_�k�d�h�f �\�h�^�h�j�h�^�_ �f�Z�j�d�b «�;» 

 
�I�h�k�d�h�e�v�d�m �i�h �i�Z�j�_ �]�Z�a�h�\ H2/�KH4 �k�_�e�_�d�l�b�\�g�h�k�l�v �f�_�f�[�j�Z�g, �d�h�l�h�j�u�_ �b�k-

�i�h�e�v�a�m�x�l�k�y �\ �i�j�h�f�u�r�e�_�g�g�h�f �f�Z�k�r�l�Z�[�_, �g�Z�o�h�^�y�l�k�y �\ �^�b�Z�i�Z�a�h�g�_ 80–200 [9], �l�h, 
�d�Z�d �w�l�h �\�b�^�g�h �b�a �]�j�Z�n�b�d�Z �g�Z �j�b�k�m�g�d�_, �^�Z�`�_ �\ �[�h�e�_�_ �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ �a�g�Z�q�_-
�g�b�c �k�_�e�_�d�l�b�\�g�h�k�l�b �l�j�_�[�m�_�f�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �\�h�^�h�j�h�^�Z �\ �h�^�g�h�k�l�m�i�_�g�q�Z�l�h�f �i�j�h-
�p�_�k�k�_ �g�_ �^�h�k�l�b�]�Z�_�l�k�y. 

�I�h�k�d�h�e�v�d�m �^�Z�\�e�_�g�b�_ �F�<�K �g�Z �\�u�o�h�^�_ �b�a �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h �d�h�g�\�_�j�l�h�j�Z �^�h-
�k�l�b�]�Z�_�l 3 �F�I�Z, �l�h �_�k�l�v �\�h�a�f�h�`�g�h�k�l�v �h�j�]�Z�g�b�a�Z�p�b�b �f�_�f�[�j�Z�g�g�h�]�h �i�j�h�p�_�k�k�Z �d�h�g-
�p�_�g�l�j�b�j�h�\�Z�g�b�y �\�h�^�h�j�h�^�Z �\ �^�\�_ �k�l�m�i�_�g�b �[�_�a �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h �d�h�f�i�j�_�k�k�h�j�Z 
�f�_�`�^�m �k�l�m�i�_�g�y�f�b [10]. �H�i�l�b�f�Z�e�v�g�u�c �i�_�j�_�i�Z�^ �^�Z�\�e�_�g�b�c p0 /pl �g�Z�o�h�^�b�l�k�y �\ �^�b�Z-
�i�Z�a�h�g�_ 5–20, �q�l�h �i�h�a�\�h�e�y�_�l �]�b�i�h�l�_�l�b�q�_�k�d�b �j�Z�k�k�f�h�l�j�_�l�v �k�b�k�l�_�f�m, �k�o�_�f�Z �d�h�l�h�j�h�c 
�i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k. 3.  

�J�Z�k�q�_�l �^�\�m�o�k�l�m�i�_�g�q�Z�l�h�c �k�o�_�f�u �i�h �k�b�k�l�_�f�_ �m�j�Z�\�g�_�g�b�c (4) �i�h�d�Z�a�u�\�Z�_�l, �q�l�h 
�g�Z �\�l�h�j�h�c �k�l�m�i�_�g�b, �l�_�h�j�_�l�b�q�_�k�d�b, �m�`�_ �i�j�b �k�_�e�_�d�l�b�\�g�h�k�l�b �i�h�j�y�^�d�Z 30 �^�h�k�l�b�]�Z-
�_�l�k�y �g�_�h�[�o�h�^�b�f�Z�y �q�b�k�l�h�l�Z �\�h�^�h�j�h�^�Z, �l�h �_�k�l�v 99,95 �f�h�e %. 

�G�Z �^�Z�g�g�h�f �w�l�Z�i�_ �b�k�k�e�_�^�h�\�Z�g�b�c �\ �d�Z�q�_�k�l�\�_ �f�h�^�_�e�v�g�h�c �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v 
�i�Z�j�Z �]�Z�a�h�\ He/N2, �l�Z�d �d�Z�d �b�a�\�_�k�l�g�h, �q�l�h �k�_�i�Z�j�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z �k�l�Z�g�^�Z�j�l-
�g�u�o �k�l�_�d�e�h�h�[�j�Z�a�g�u�o �i�h�e�b�f�_�j�h�\ �^�e�y �w�l�h�c �i�Z�j�u �]�Z�a�h�\ �[�e�b�a�d�b �d �l�_�f, �q�l�h 
�g�Z�[�e�x�^�Z�x�l�k�y �^�e�y �i�Z�j�u H2/�KH4, �i�j�b�q�_�f �\ �i�h�k�e�_�^�g�_�f �k�e�m�q�Z�_ �k�_�e�_�d�l�b�\�g�h�k�l�v 
�g�Z 8–20 % �\�u�r�_ �a�Z �k�q�_�l �[�h�e�_�_ �\�u�k�h�d�h�]�h �a�g�Z�q�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�n�n�m�a�b�b 
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�\�h�^�h�j�h�^�Z �i�h �h�l�g�h�r�_�g�b�x �d �]�_�e�b�x, �i�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�l�Z�g�Z �b �Z�a�h�l�Z �i�j�Z�d�l�b�q�_-
�k�d�b �h�^�b�g�Z�d�h�\�u [9]. 

�L�Z�d�b�f �h�[�j�Z�a�h�f �k�_�e�_�d�l�b�\�g�h�k�l�v, �i�h�e�m�q�_�g�g�Z�y �i�j�b �j�Z�a�^�_�e�_�g�b�b �i�Z�j�u He/N2, 
�\ �^�h�k�l�Z�l�h�q�g�h�c �f�_�j�_ �i�j�_�^�k�d�Z�a�u�\�Z�_�l �k�_�i�Z�j�Z�p�b�h�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�h �i�Z�j�_ 
H2/�KH4. 

 

 
�J�b�k. 3. �K�o�_�f�Z �^�\�m�o�k�l�m�i�_�g�q�Z�l�h�]�h �i�j�h�p�_�k�k�Z �f�_�f�[�j�Z�g�g�h�]�h �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�b�y �\�h�^�h�j�h�^�Z 

  
�K �m�q�_�l�h�f �l�h�]�h, �q�l�h �\ �j�_�Z�e�v�g�h�f �f�_�f�[�j�Z�g�g�h�f �f�h�^�m�e�_ �k�_�e�_�d�l�b�\�g�h�k�l�v �f�h�`�_�l 

�[�u�l�v �^�h 40 % �g�b�`�_ �a�g�Z�q�_�g�b�y, �d�h�l�h�j�h�_ �i�h�e�m�q�_�g�h �g�Z �h�^�b�g�h�q�g�h�c �f�_�f�[�j�Z�g�_ [11], 
�l�h �i�j�b �j�Z�a�j�Z�[�h�l�d�_ �f�_�f�[�j�Z�g�u �^�e�y �k�b�k�l�_�f�u H2/�KH4 �\ �d�Z�q�_�k�l�\�_ �p�_�e�b �[�u�e�Z �i�j�b�g�y�l�Z 
�k�_�e�_�d�l�b�\�g�h�k�l�v 100 ± 10, �Z �p�_�e�_�\�h�c �j�_�Z�e�b�k�l�b�q�g�u�c �i�h�d�Z�a�Z�l�_�e�v �i�h �m�^�_�e�v�g�h�c �i�j�h-
�g�b�p�Z�_�f�h�k�l�b �\�h�^�h�j�h�^�Z – 100 �^�f3(�g.�m.)��f–2��q–1��Z�l�f. 

�F�_�l�h�^ �n�Z�a�h�\�h�c �b�g�\�_�j�k�b�b 

�B�g�\�_�j�k�b�y �n�Z�a – �i�j�h�p�_�k�k �n�Z�a�h�\�h�]�h �j�Z�k�i�Z�^�Z �]�h�f�h�]�_�g�g�h�]�h �i�h�e�b�f�_�j�g�h�]�h �j�Z�k-
�l�\�h�j�Z, �\�u�a�\�Z�g�g�u�c �_�]�h �i�_�j�_�\�h�^�h�f �\ �i�_�j�_�g�Z�k�u�s�_�g�g�h�_ �k�h�k�l�h�y�g�b�_ �i�m�l�_�f �m�\�_�e�b�q�_-
�g�b�y �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �f�_�`�^�m �f�Z�d�j�h�f�h�e�_�d�m�e�Z�f�b �i�h�e�b�f�_�j�Z. �W�l�h�l �i�j�h�p�_�k�k �f�h�`�_�l 
�[�u�l�v �b�g�^�m�p�b�j�h�\�Z�g �j�Z�a�e�b�q�g�u�f�b �k�i�h�k�h�[�Z�f�b: �^�h�[�Z�\�e�_�g�b�_�f �g�_�j�Z�k�l�\�h�j�b�l�_�e�y, �b�k�i�Z-
�j�_�g�b�_�f �j�Z�k�l�\�h�j�b�l�_�e�y, �b�a�f�_�g�_�g�b�_�f �l�_�f�i�_�j�Z�l�m�j�u �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z. �I�h�e�b-
�f�_�j �i�_�j�_�j�Z�k�i�j�_�^�_�e�y�_�l�k�y �f�_�`�^�m �h�[�j�Z�a�h�\�Z�\�r�b�f�b�k�y �n�Z�a�Z�f�b �b �n�b�d�k�b�j�m�_�l�k�y �i�m�l�_�f 
�]�_�e�_�h�[�j�Z�a�h�\�Z�g�b�y �b�e�b �\ �l�h�q�d�_ �k�l�_�d�e�h�\�Z�g�b�y. �< �a�Z�\�b�k�b�f�h�k�l�b �h�l �m�k�e�h�\�b�c, �i�j�b �d�h�l�h-
�j�u�o �i�j�h�b�k�o�h�^�b�l �w�l�h�l �n�Z�a�h�\�u�c �j�Z�k�i�Z�^, �i�h�e�m�q�Z�x�l�k�y �f�_�f�[�j�Z�g�u �k�h �k�i�_�p�b�n�b�q�_-
�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b [12].   

�< �d�Z�q�_�k�l�\�_ �f�h�^�_�e�b �f�Z�l�_�j�b�Z�e�Z �f�_�f�[�j�Z�g�u �k �m�q�_�l�h�f �d�h�f�i�e�_�d�k�Z �k�\�h�c�k�l�\ �i�h-
�e�b�f�_�j�Z �b �k�h�h�[�j�Z�`�_�g�b�c �d�h�f�f�_�j�q�_�k�d�h�c �^�h�k�l�m�i�g�h�k�l�b �[�u�e �\�u�[�j�Z�g �i�h�e�b�w�n�b�j�b-
�f�b�  ̂(�I�W�B) – (C37H24O6N2) n. �K�l�j�m�d�l�m�j�g�Z�y �n�h�j�f�m�e�Z �i�h�e�b�w�n�b�j�b�f�b�^�Z �i�j�_�^�k�l�Z�\-
�e�_�g�Z �g�Z �j�b�k. 4. 
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�J�b�k. 4. �K�l�j�m�d�l�m�j�g�Z�y �n�h�j�f�m�e�Z �i�h�e�b�w�n�b�j�b�f�b�^�Z 
 
�;�e�Z�]�h�^�Z�j�y �g�Z�e�b�q�b�x �\ �w�e�_�f�_�g�l�Z�j�g�h�f �a�\�_�g�_ �k�j�Z�a�m �l�j�_�o �r�Z�j�g�b�j�g�u�o �]�j�m�i�i, 

�w�l�h�l �i�h�e�b�f�_�j �e�_�]�d�h �i�_�j�_�j�Z�[�Z�l�u�\�Z�_�l�k�y �b�a �j�Z�k�i�e�Z�\�Z �b �j�Z�k�l�\�h�j�h�\ �\ �h�j�]�Z�g�b�q�_�k�d�b�o 
�j�Z�k�l�\�h�j�b�l�_�e�y�o. �I�W�B – �i�j�h�q�g�u�c �l�_�j�f�h�i�e�Z�k�l �k �\�u�k�h�d�h�c �l�_�i�e�h- �b �l�_�j�f�h�k�l�h�c�d�h-
�k�l�v�x, �o�h�j�h�r�b�f�b �f�_�o�Z�g�b�q�_�k�d�b�f�b, �^�b�w�e�_�d�l�j�b�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b �b �h�]�g�_�k�l�h�c�d�h-
�k�l�v�x. �B�f�_�_�l �l�_�f�i�_�j�Z�l�m�j�m �w�d�k�i�e�m�Z�l�Z�p�b�b �^�h +170 º�K. �H�k�g�h�\�g�u�f �g�_�^�h�k�l�Z�l�d�h�f �y�\-
�e�y�_�l�k�y �g�_ �h�q�_�g�v �\�u�k�h�d�Z�y �k�l�h�c�d�h�k�l�v �d �l�j�_�s�b�g�h�h�[�j�Z�a�h�\�Z�g�b�x, �a�Z �k�q�z�l �\�g�m�l�j�_�g�g�b�o 
�g�Z�i�j�y�`�_�g�b�c. 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �b�g�\�_�j�k�b�y �n�Z�a �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �f�_�l�h�^�h�f �i�h�]�j�m�`�g�h�]�h �h�k�Z-
�`�^�_�g�b�y, �l�h �_�k�l�v �i�j�b �i�h�]�j�m�`�_�g�b�b �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z (�i�h�e�b�f�_�j + �j�Z�k�l�\�h�j�b-
�l�_�e�v) �\ �d�h�Z�]�m�e�y�p�b�h�g�g�m�x �\�Z�g�g�m �k �g�_�j�Z�k�l�\�h�j�b�l�_�e�_�f, �i�j�h�b�k�o�h�^�b�l �i�j�h�p�_�k�k �h�k�Z�`�^�_-
�g�b�y �\ �j�_�a�m�e�v�l�Z�l�_ �h�[�f�_�g�Z �j�Z�k�l�\�h�j�b�l�_�e�y �g�Z �g�_�j�Z�k�l�\�h�j�b�l�_�e�v. �L�Z�d�b�f �h�[�j�Z�a�h�f �h�-̂
�g�b�f �b�a �]�e�Z�\�g�u�o �n�Z�d�l�h�j�h�\, �\�e�b�y�x�s�b�o �g�Z �f�h�j�n�h�e�h�]�b�x �f�_�f�[�j�Z�g�u, �y�\�e�y�_�l�k�y �\�u-
�[�h�j �k�b�k�l�_�f�u �j�Z�k�l�\�h�j�b�l�_�e�v/�g�_�j�Z�k�l�\�h�j�b�l�_�e�v [8].  

�J�Z�k�l�\�h�j �i�h�e�b�f�_�j�Z �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �h�^�g�h�j�h�^�g�m�x (�h�[�u�q�g�h �g�Z �f�h�e�_�d�m-
�e�y�j�g�h�f �m�j�h�\�g�_) �^�b�k�i�_�j�k�b�x �f�Z�d�j�h�f�h�e�_�d�m�e �\ �j�Z�k�l�\�h�j�y�x�s�_�c �k�b�k�l�_�f�_, �k�h�^�_�j�`�Z-
�s�_�c �h�^�b�g �b�e�b �g�_�k�d�h�e�v�d�h �d�h�f�i�h�g�_�g�l�h�\, �k�b�e�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �d�h�l�h�j�u�o �k �i�h�e�b�f�_-
�j�h�f �a�g�Z�q�b�l�_�e�v�g�h �\�u�r�_, �q�_�f �k�b�e�Z �d�h�g�d�m�j�b�j�m�x�s�_�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �i�h�e�b�f�_�j-
�g�u�o �f�h�e�_�d�m�e �^�j�m�] �k �^�j�m�]�h�f. �W�l�h �\�u�j�Z�`�Z�_�l�k�y �q�_�j�_�a �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �i�h�e�b�f�_�j-
�j�Z�k�l�\�h�j�b�l�_�e�v (�I -�J) �b �i�h�e�b�f�_�j-�i�h�e�b�f�_�j (�I -�I ); �_�k�e�b �I -�J>�I -�I , �l�h �I  + �J �   
�:  �I -�J (�j�Z�k�l�\�h�j) [13]. 

�J�Z�a�j�Z�[�h�l�d�Z �n�h�j�f�h�\�h�q�g�h�c �k�b�k�l�_�f�u �g�Z �f�Z�d�j�h�m�j�h�\�g�_ �i�h� ̂�b�a�\�_�k�l�g�u�c �i�h�e�b-
�f�_�j �\�d�e�x�q�Z�_�l �\ �k�_�[�y 2 �f�h�f�_�g�l�Z: �k�g�Z�q�Z�e�Z �g�m�`�g�h �g�Z�c�l�b �m�k�e�h�\�b�y �f�Z�d�k�b�f�Z�e�v�g�h�c 
�k�h�\�f�_�k�l�b�f�h�k�l�b �i�h�e�b�f�_�j�Z �b �j�Z�k�l�\�h�j�b�l�_�e�y, �^�e�y �i�_�j�_�\�h�^�Z �i�h�e�b�f�_�j�Z �\ �\�y�a�d�h�l�_�d�m-
�q�_�_ �k�h�k�l�h�y�g�b�_ �k �p�_�e�v�x �i�j�b�^�Z�g�b�y �_�f�m �]�_�h�f�_�l�j�b�q�_�k�d�h�c �n�h�j�f�u �f�_�f�[�j�Z�g�u, �Z �a�Z�l�_�f 
�g�Z�c�l�b �m�k�e�h�\�b�y �i�h�e�g�h�c �g�_�k�h�\�f�_�k�l�b�f�h�k�l�b �i�h�e�b�f�_�j�Z �b �j�Z�k�l�\�h�j�b�l�_�e�y, �l�h �_�k�l�v �i�_-
�j�_�\�_�k�l�b �i�h�e�b�f�_�j �b�a �\�y�a�d�h�l�_�d�m�q�_�]�h �\ �l�\�_�j�^�h�_ �k�h�k�l�h�y�g�b�_ �b �a�Z�n�b�d�k�b�j�h�\�Z�l�v �]�_�h�f�_�l-
�j�b�q�_�k�d�m�x �n�h�j�f�m �f�_�f�[�j�Z�g�u.  

�< �d�Z�q�_�k�l�\�_ �j�Z�k�l�\�h�j�b�l�_�e�y �[�u�e �\�u�[�j�Z�g N-�f�_�l�b�e�i�b�j�j�h�e�b�^�h�g- C5H9NO, �g�_-
�j�Z�k�l�\�h�j�b�l�_�e�y-�\�h�^�Z. �B�k�o�h�^�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z – 25 % �f�Z�k. 

�<�u�[�h�j �[�u�e �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �`�b�^�d�h�k�l�_�c �h�k�g�h�\�Z�g �g�Z �j�Z�k�q�_�l�_ �j�Z�k�l�\�h�j�b�f�h-
�k�l�b �i�h�e�b�f�_�j�Z �\ �j�Z�a�e�b�q�g�u�o �j�Z�k�l�\�h�j�b�l�_�e�y�o. �K�i�h�k�h�[�g�h�k�l�v �i�h�e�b�f�_�j�Z �j�Z�k�l�\�h�j�y�l�v�k�y 
�\ �j�Z�a�e�b�q�g�u�o �`�b�^�d�h�k�l�y�o �f�h�`�g�h �l�_�h�j�_�l�b�q�_�k�d�b �j�Z�k�k�q�b�l�Z�l�v �g�_�k�d�h�e�v�d�b�f�b �f�_�l�h�^�Z�f�b: 
�i�h �=�b�e�v�^�_�[�j�Z�g�^�m-�K�f�h�e�e�m, �i�h �:�k�d�Z�^�k�d�h�f�m �b �i�h �<�Z�g �D�j�_�\�_�e�_�g�m [13–15]. 
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�N�h�j�f�h�\�Z�g�b�_ �f�_�f�[�j�Z�g �f�_�l�h�^�h�f �n�Z�a�h�\�h�c �b�g�\�_�j�k�b�b 

�F�_�f�[�j�Z�g�Z �b�a�]�h�l�Z�\�e�b�\�Z�e�Z�k�v �f�_�l�h�^�h�f �n�Z�a�h�\�h�c �b�g�\�_�j�k�b�b. �J�Z�k�k�f�h�l�j�_�g�u �\�Z-
�j�b�Z�g�l�u �k�m�o�h-�f�h�d�j�h�]�h �n�h�j�f�h�\�Z�g�b�y. �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �k�o�_�f�Z �n�h�j�f�h�\�h�q�g�h�c �m�k�l�Z-
�g�h�\�d�b �b �i�j�h�p�_�k�k�Z �n�h�j�f�h�\�Z�g�b�y �i�h�d�Z�a�Z�g�Z �g�Z �j�b�k. 5. 

�I�h�e�b�f�_�j�g�u�c �j�Z�k�l�\�h�j (�I�J) �]�h�l�h�\�b�e�k�y �h�l�^�_�e�v�g�h �\ �k�l�_�d�e�y�g�g�h�c �d�h�e�[�_ �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�_ �\�h�^�y�g�h�c �[�Z�g�b 70 °�K. �>�e�y �i�_�j�_�f�_�r�b�\�Z�g�b�y �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �f�_�r�Z�e�d�Z 
�k �\�_�j�o�g�b�f �i�j�b�\�h�^�h�f. �I�h�k�e�_ �i�h�e�g�h�]�h �j�Z�k�l�\�h�j�_�g�b�y �i�h�e�b�f�_�j�Z �d�h�e�[�m �\�u�g�b�f�Z�e�b �b�a 
�\�h�^�y�g�h�c �[�Z�g�b �b �i�h�f�_�s�Z�e�b �\ �m�e�v�l�j�Z�a�\�m�d�h�\�m�x �\�Z�g�g�m �^�e�y �^�_�]�Z�a�Z�p�b�b �I�J. �I�h�k�e�_ 
�w�l�h�]�h �I�J �i�_�j�_�e�b�\�Z�e�b �\ �_�f�d�h�k�l�v 6 (�j�Z�[�h�q�b�c �h�[�t�_�f �\ �^�Z�g�g�h�c �k�o�_�f�_ – 160 �f�e), �\ �d�h-
�l�h�j�m�x �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �m�k�l�Z�g�Z�\�e�b�\�Z�e�b �i�h�j�r�_�g�v 7, �b �l�_�j�f�h�k�l�Z�l�b�j�h�\�Z�e�b �^�h �l�_�f-
�i�_�j�Z�l�m�j�u, �i�j�b �d�h�l�h�j�h�c �h�k�m�s�_�k�l�\�e�y�e�h�k�v �i�j�b�]�h�l�h�\�e�_�g�b�_ �I�J. �I�h�k�e�_ �a�Z�i�h�e�g�_�g�b�y 
�_�f�d�h�k�l�b 6 �_�_ �k�h�_�^�b�g�y�e�b �k �i�g�_�\�f�h�p�b�e�b�g�^�j�h�f 8, �\ �d�h�l�h�j�u�c �b�a �[�Z�e�e�h�g�Z 11 �i�h�^�Z-
�\�Z�e�k�y �k�`�Z�l�u�c �Z�a�h�l. �>�Z�\�e�_�g�b�_ �\ �i�g�_�\�f�h�p�b�e�b�g�^�j�_ �j�_�]�m�e�b�j�h�\�Z�e�b �j�_�^�m�d�l�h�j�h�f 10 
�b �i�_�j�_�d�e�x�q�Z�l�_�e�_�f �i�h�l�h�d�Z �]�Z�a�Z 18. �G�Z �_�f�d�h�k�l�v 6 �m�k�l�Z�g�Z�\�e�b�\�Z�e�b �l�j�_�o�d�Z�f�_�j�g�m�x 
�n�b�e�v�_�j�m 4 �b �j�Z�a�h�]�j�_�\�Z�e�b �_�_ �i�j�h�f�u�r�e�_�g�g�u�f �n�_�g�h�f �^�h �h�i�_�j�Z�p�b�h�g�g�h�c �l�_�f�i�_�j�Z-
�l�m�j�u. �I�h�k�e�_ �w�l�h�]�h �i�h�^�Z�\�Z�e�b �]�Z�a �\ �i�g�_�\�f�h�p�b�e�b�g�^�j �b �m�k�l�Z�g�Z�\�e�b�\�Z�e�b �h�i�_�j�Z�p�b�h�g-
�g�h�_ �^�Z�\�e�_�g�b�_ �g�Z�^ �i�h�j�r�g�_�f �^�e�y �i�h�y�\�e�_�g�b�y �k�i�e�h�r�g�h�c �k�l�j�m�b �I�J �g�Z �\�u�o�h�^�_ �b�a 
�n�b�e�v�_�j�u. �F�Z�k�k�h�\�u�c �j�Z�k�o�h�^ �I�J �h�i�j�_�^�_�e�y�e�b �g�Z �w�e�_�d�l�j�h�g�g�u�o �\�_�k�Z�o (AND 
LK2000) �k �l�h�q�g�h�k�l�v�x 0,1 �] �b �j�_�]�m�e�b�j�h�\�Z�e�b �k �i�h�f�h�s�v�x �j�_�^�m�d�l�h�j�Z 10. �N�b�e�v�l�j 
�I�J 19 �m�k�l�Z�g�h�\�e�_�g �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �\ �_�f�d�h�k�l�b 6 �i�_�j�_�^ �n�b�e�v�_�j�h�c 4. 

 

 
 

�J�b�k. 5. �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �k�o�_�f�Z �m�k�l�Z�g�h�\�d�b �n�h�j�f�h�\�Z�g�b�y �f�_�f�[�j�Z�g �\ �\�b�^�_ �i�h�e�u�o �\�h�e�h�d�h�g: 
1, 11 – �[�Z�e�e�h�g �k �h �k�`�Z�l�u�f �Z�a�h�l�h�f; 2, 10 – �j�_�^�m�d�l�h�j; 3 – �z�f�d�h�k�l�v �k �h�i�h�j�g�u�f �^�Z�\�e�_�g�b�_�f �^�e�y 
�i�h�^�Z�q�b �g�_�j�Z�k�l�\�h�j�b�l�_�e�y �\�h �\�g�m�l�j�_�g�g�_�_ �i�j�h�k�l�j�Z�g�k�l�\�h �n�b�e�v�_�j�u; 4 – �n�b�e�v�_�j�Z; 5 – �n�b�d�k�b�j�m-
�x�s�Z�y �\�Z�g�g�Z; 6 – �_�f�d�h�k�l�v �^�h�a�b�j�h�\�Z�g�b�y �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z; 7 – �i�h�j�r�_�g�v;  
8 –�i�g�_�\�f�h�p�b�e�b�g�^�j; 9 – �l�_�j�f�h�k�l�Z�l; 12 – �\�_�^�h�f�u�c �j�h�e�b�d; 14 – �\�_�^�m�s�b�c �j�h�e�b�d; 13 – �g�Z�f�h-
�l�h�q�g�u�c �m�a�_�e �k �w�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�_�f �b �i�j�b�_�f�g�u�f �d�h�e�_�k�h�f; 15 – �i�j�h�f�u�\�h�q�g�Z�y �\�Z�g�g�Z;  
16 – �_�f�d�h�k�l�v �k �\�g�_�r�g�b�f �g�_�j�Z�k�l�\�h�j�b�l�_�e�_�f*; 17 – �r�_�k�l�_�j�_�g�g�u�c �g�Z�k�h�k*; 18 – �i�_�j�_�d�e�x�q�Z�l�_�e�v;  
    19 – �n�b�e�v�l�j. *�I�h�a�b�p�b�b 16, 17 �i�h �k�o�_�f�_ �k�m�o�h-�f�h�d�j�h�]�h �n�h�j�f�h�\�Z�g�b�y �g�_ �b�k�i�h�e�v�a�m�x�l�k�y 
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�I�h�k�e�_ �m�k�l�Z�g�h�\�d�b �g�m�`�g�h�]�h �f�Z�k�k�h�\�h�]�h �j�Z�k�o�h�^�Z �I�J �\�h �\�g�m�l�j�_�g�g�x�x �d�Z�f�_�j�m 
�n�b�e�v�_�j�u �i�h�^�Z�\�Z�e�k�y �g�_�j�Z�k�l�\�h�j�b�l�_�e�v �b�a �_�f�d�h�k�l�b �k �h�i�h�j�g�u�f �^�Z�\�e�_�g�b�_�f 3. �H�i�h�j-
�g�h�_ �^�Z�\�e�_�g�b�_ �g�Z�^ �f�_�f�[�j�Z�g�h�c �m�k�l�Z�g�Z�\�e�b�\�Z�e�h�k�v �k�`�Z�l�u�f �Z�a�h�l�h�f �b�a �[�Z�e�e�h�g�Z 1 �k �i�h-
�f�h�s�v�x �j�_�^�m�d�l�h�j�Z 2. 

�G�Z �\�u�o�h�^�_ �b�a �n�b�e�v�_�j�u �I�J �i�j�b�h�[�j�_�l�Z�_�l �n�h�j�f�m �i�h�e�h�]�h �p�b�e�b�g�^�j�Z �b �\ �j�_-
�`�b�f�_ �i�m�k�d�Z �i�h� ̂�\�h�a�^�_�c�k�l�\�b�_�f �k�b�e�u �l�y�`�_�k�l�b �i�_�j�_�f�_�s�Z�_�l�k�y �\�g�b�a. �H�^�g�h�\�j�_�f�_�g�g�h 
�k �w�l�b�f �a�Z�i�m�k�d�Z�x�l�k�y �r�Z�]�h�\�u�_ �^�\�b�]�Z�l�_�e�b, �d�h�l�h�j�u�_ �h�k�m�s�_�k�l�\�e�y�x�l �\�j�Z�s�_�g�b�_ �\�_-
�^�m�s�_�]�h �j�h�e�b�d�Z 14 �b �d�h�e�_�k�Z �g�Z�f�h�l�h�q�g�h�]�h �m�a�e�Z 13. �<�h�e�h�d�g�h �i�j�h�\�h�^�b�l�k�y �q�_�j�_�a 
�i�_�j�\�u�c �b�a �\�_�^�h�f�u�o �j�h�e�b�d�h�\ 12, �\�_�^�m�s�b�c �j�h�e�b�d 14, �\�_�^�h�f�u�_ �j�h�e�b�d�b �i�j�h�f�u�\�h�q-
�g�h�c �\�Z�g�g�u 15, �\�l�h�j�h�c �\�_�^�h�f�u�c �j�h�e�b�d 12 �b �a�Z�d�j�_�i�e�y�_�l�k�y �g�Z �d�h�e�_�k�_ �g�Z�f�h�l�h�q�g�h�]�h 
�m�a�e�Z 13. �I�h�k�e�_ �w�l�h�]�h �i�j�h�\�h�^�b�l�k�y �d�h�j�j�_�d�l�b�j�h�\�d�Z �k�d�h�j�h�k�l�_�c �\�j�Z�s�_�g�b�y �\�_�^�m�s�_�]�h 
�j�h�e�b�d�Z 14 �b �d�h�e�_�k�Z �g�Z�f�h�l�h�q�g�h�]�h �m�a�e�Z 13.  

�M�k�l�Z�g�h�\�d�Z �i�h�a�\�h�e�y�_�l �b�a�f�_�g�y�l�v �\�u�k�h�l�m �l�Z�d �g�Z�a�u�\�Z�_�f�h�]�h «�\�h�a�^�m�r�g�h�]�h 
�i�j�h�f�_�`�m�l�d�Z» h, �l�h �_�k�l�v �j�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �g�b�`�g�_�c �i�e�h�k�d�h�k�l�v�x �n�b�e�v�_�j�u 4 �b �i�h-
�\�_�j�o�g�h�k�l�v�x �`�b�^�d�h�k�l�b �n�b�d�k�b�j�m�x�s�_�c �\�Z�g�g�u 5. �< �j�_�`�b�f�_ �k�m�o�h-�f�h�d�j�h�]�h �n�h�j�f�h-
�\�Z�g�b�y �I�J �b�a �n�b�e�v�_�j�u �\�u�l�_�d�Z�_�l �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �g�Z �\�h�a�^�m�o �b �g�Z�o�h�^�b�l�k�y �l�Z�f �g�_-
�d�h�l�h�j�h�_ �\�j�_�f�y �^�h �i�h�k�l�m�i�e�_�g�b�y �\ �n�b�d�k�b�j�m�x�s�m�x �\�Z�g�g�m 5. 

�< �^�Z�g�g�h�f �w�d�k�i�_�j�b�f�_�g�l�_ �b�k�i�h�e�v�a�h�\�Z�g�Z �n�b�e�v�_�j�Z �k �\�g�_�r�g�b�f �^�b�Z�f�_�l�j�h�f 
�b�]�e�u 230 �f�d�f �b �\�g�_�r�g�b�f �^�b�Z�f�_�l�j�h�f �d�h�e�v�p�_�\�h�]�h �h�l�\�_�j�k�l�b�y, �q�_�j�_�a �d�h�l�h�j�h�_ �\�u-
�o�h�^�b�l �I�J, 600 �f�d�f. �< �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�j�h�q�b�o �m�k�e�h�\�b�c �n�h�j�f�h�\�Z�g�b�y, �\�g�_�r�g�b�c 
�^�b�Z�f�_�l�j �b�a�]�h�l�h�\�e�_�g�g�u�o �f�_�f�[�j�Z�g �g�Z�o�h�^�b�e�k�y �\ �^�b�Z�i�Z�a�h�g�_ 490–550 �f�d�f. 

�F�h�^�_�e�v �n�h�j�f�b�j�h�\�Z�g�b�y �k�_�e�_�d�l�b�\�g�h�]�h �k�e�h�y 

�>�e�y �m�i�j�Z�\�e�_�g�b�y �i�j�h�p�_�k�k�h�f �n�h�j�f�h�\�Z�g�b�y �f�_�f�[�j�Z�g�u �[�u�e�Z �i�j�b�g�y�l�Z �f�h-
�^�_�e�v �n�h�j�f�b�j�h�\�Z�g�b�y �Z�k�b�f�f�_�l�j�b�q�g�h�c �k�l�j�m�d�l�m�j�u �f�_�f�[�j�Z�g�u. �F�h�^�_�e�v �i�j�_�^�k�l�Z�\-
�e�_�g�Z �g�Z �j�b�k. 6. 

�< �f�h�f�_�g�l �\�u�o�h�^�Z �I�J (�]�h�f�h�]�_�g�g�u�c �h�^�g�h�n�Z�a�g�u�c �j�Z�k�l�\�h�j, �a�h�e�v 1) �b�a �n�b�e�v-
�_�j�u, �g�Z�q�b�g�Z�x�l�k�y 2 �l�b�i�Z �_�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �h�d�j�m�`�Z�x�s�_�c �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c 
�k�j�_�^�h�c. �K�h �k�l�h�j�h�g�u �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �f�_�f�[�j�Z�g�u, �d�m�^�Z �i�h�k�l�m�i�Z�_�l �`�_�k�l-
�d�b�c �g�_�j�Z�k�l�\�h�j�b�l�_�e�v �G�J1, �b�f�_�_�l �f�_�k�l�h �f�]�g�h�\�_�g�g�u�c �n�Z�a�h�\�u�c �j�Z�k�i�Z�^ �I�J, �d�h�l�h-
�j�u�c �i�j�b�\�h�^�b�l �d �h�[�j�Z�a�h�\�Z�g�b�x �]�_�l�_�j�h�]�_�g�g�h�]�h �j�Z�k�l�\�h�j�Z �f�h�e�_�d�m�e�y�j�g�u�o �Z�]�j�_�]�Z�l�h�\ 
(�a�h�e�v 2) �\ �g�Z�i�j�Z�\�e�_�g�b�b �h�l �p�_�g�l�j�Z �p�b�e�b�g�^�j�Z �d �i�_�j�b�n�_�j�b�b. �K�h �k�l�h�j�h�g�u �g�Z�j�m�`�g�h�c 
�i�h�\�_�j�o�g�h�k�l�b �\ �k�e�m�q�Z�_ �k�m�o�h-�f�h�d�j�h�]�h �n�h�j�f�h�\�Z�g�b�y �i�j�h�b�k�o�h�^�b�l �b�k�i�Z�j�_�g�b�_ �j�Z�k�l�\�h-
�j�b�l�_�e�y �b �k�g�b�`�_�g�b�_ �_�]�h �d�h�g�p�_�g�l�j�Z�p�b�b �\ �i�h�\�_�j�o�g�h�k�l�g�h�f �k�e�h�_. �W�l�h�]�h �g�_�^�h�k�l�Z-
�l�h�q�g�h �^�e�y �g�Z�q�Z�e�Z �n�Z�a�h�\�h�]�h �j�Z�k�i�Z�^�Z, �l�h �_�k�l�v �j�Z�k�l�\�h�j �h�k�l�Z�_�l�k�y �\ �k�h�k�l�h�y�g�b�b �a�h�e�v 
1 (�a�Z�i�Z�a�^�u�\�Z�x�s�b�c �n�Z�a�h�\�u�c �j�Z�k�i�Z�^), �g�h �a�Z �\�j�_�f�y �i�j�h�o�h�`�^�_�g�b�y �I�J �\ �\�h�a�^�m�r�g�h�f 
�i�j�h�f�_�`�m�l�d�_ h �b�f�_�_�l �f�_�k�l�h �m�\�_�e�b�q�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �i�h�e�b�f�_�j�Z �k �g�Z�j�m�`�g�h�c �i�h-
�\�_�j�o�g�h�k�l�b. �I�j�b �^�h�k�l�b�`�_�g�b�b �k�l�j�m�b �I�J �i�h�\�_�j�o�g�h�k�l�b �`�b�^�d�h�k�l�b �n�b�d�k�b�j�m�x�s�_�c 
�\�Z�g�g�u �k �G�J1 �i�j�h�b�k�o�h�^�b�l �f�]�g�h�\�_�g�g�u�c �n�Z�a�h�\�u�c �j�Z�k�i�Z�^ �b �k�h �k�l�h�j�h�g�u �g�Z�j�m�`�g�h�c 
�i�h�\�_�j�o�g�h�k�l�b, �g�h �d�h�g�p�_�g�l�j�Z�p�b�y �i�h�e�b�f�_�j�Z �g�Z �i�h�\�_�j�o�g�h�k�l�b �\�u�r�_ �b�k�o�h�^�g�h�c. �I�h 
�w�l�h�c �i�j�b�q�b�g�_ �g�Z �i�h�\�_�j�o�g�h�k�l�b �[�h�e�_�_ �\�_�j�h�y�l�g�h �h�[�j�Z�a�h�\�Z�g�b�_ �i�e�h�l�g�h�c �k�l�j�m�d�l�m�j�u, 
�l�h �_�k�l�v �i�e�h�l�g�h�]�h �k�_�e�_�d�l�b�\�g�h�]�h �k�e�h�y [8, 16]. 
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�J�b�k. 6. �K�o�_�f�Z �i�j�h�p�_�k�k�Z �n�h�j�f�b�j�h�\�Z�g�b�y �Z�k�b�f�f�_�l�j�b�q�g�h�c �f�_�f�[�j�Z�g�u �\ �\�b�^�_ �i�h�e�h�]�h �\�h�e�h�d�g�Z 
 

�B�^�_�Z�e�v�g�Z�y �k�l�j�m�d�l�m�j�Z �Z�k�b�f�f�_�l�j�b�q�g�h�c �]�Z�a�h�j�Z�a�^�_�e�b�l�_�e�v�g�h�c �f�_�f�[�j�Z�g�u 
�i�j�_�^�i�h�e�Z�]�Z�_�l �g�Z�e�b�q�b�_ �l�h�g�d�h�]�h �b �i�e�h�l�g�h�]�h �k�_�e�_�d�l�b�\�g�h�]�h �k�e�h�y �g�Z �i�h�\�_�j�o�g�h�k�l�b 
�f�_�f�[�j�Z�g�u, �d�h�l�h�j�u�c �j�Z�k�i�h�e�Z�]�Z�_�l�k�y �g�Z �i�h�j�b�k�l�h�c «�i�h�^�e�h�`�d�_» �k �f�b�g�b�f�Z�e�v�g�h �\�h�a-
�f�h�`�g�u�f �k�h�i�j�h�l�b�\�e�_�g�b�_�f �l�j�Z�g�k�f�_�f�[�j�Z�g�g�h�f�m �i�_�j�_�g�h�k�m �]�Z�a�Z.  

�< �k�h�h�l�\�_�l�k�l�\�b�b �k �^�Z�g�g�h�c �f�h�^�_�e�v�x, �w�n�n�_�d�l�b�\�g�Z�y �l�h�e�s�b�g�Z �k�_�e�_�d�l�b�\�g�h�]�h 
�k�e�h�y �g�Z �\�g�_�r�g�_�c �i�h�\�_�j�o�g�h�k�l�b �f�_�f�[�j�Z�g�u �h�i�j�_�^�_�e�y�_�l�k�y �b�g�l�_�g�k�b�\�g�h�k�l�v�x �\�u�\�h�^�Z 
�j�Z�k�l�\�h�j�b�l�_�e�y �k �g�Z�j�m�`�g�h�c �i�h�\�_�j�o�g�h�k�l�b �k�l�j�m�b �I�J �a�Z �\�j�_�f�y �i�j�h�o�h�`�^�_�g�b�y �b�f �\�h�a-
�^�m�r�g�h�]�h �i�j�h�f�_�`�m�l�d�Z h. �W�l�h�l �i�j�h�p�_�k�k �d�h�g�l�j�h�e�b�j�m�_�l�k�y �o�Z�j�Z�d�l�_�j�h�f �\�a�Z�b�f�h�^�_�c-
�k�l�\�b�y �j�Z�k�l�\�h�j�b�l�_�e�y �k �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�h�c: �\ �k�e�m�q�Z�_ �k�m�o�h-�f�h�d�j�h�]�h �n�h�j�f�h�\�Z�g�b�y, 
�_�]�h �b�k�i�Z�j�_�g�b�_�f �b �^�b�n�n�m�a�b�b �\ �h�d�j�m�`�Z�x�s�m�x �k�j�_�^�m. 

�I�h�k�d�h�e�v�d�m �\ �d�Z�q�_�k�l�\�_ �j�Z�k�l�\�h�j�b�l�_�e�y �b�k�i�h�e�v�a�m�_�l�k�y �\�u�k�h�d�h�d�b�i�y�s�b�c  
N-�f�_�l�b�e�i�b�j�j�h�e�b�^�h�g, �l�h �k�m�s�_�k�l�\�_�g�g�h�_ �b�a�f�_�g�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �i�h�e�b�f�_�j�Z 
�\ �j�Z�k�l�\�h�j�_ �a�Z �k�q�_�l �b�k�i�Z�j�_�g�b�y �j�Z�k�l�\�h�j�b�l�_�e�y �b �^�b�n�n�m�a�b�b �\ �\�h�a�^�m�o �\�h�a�f�h�`�g�h �l�h�e�v�d�h 
�i�j�b �k�m�s�_�k�l�\�_�g�g�h�f �\�j�_�f�_�g�b �i�j�_�[�u�\�Z�g�b�y �f�_�f�[�j�Z�g�u �\ �\�h�a�^�m�r�g�h�f �i�j�h�f�_�`�m�l�d�_ h – 
�j�b�k. 5, 6. �N�Z�d�l�b�q�_�k�d�b, �\ �j�Z�f�d�Z�o �^�Z�g�g�h�c �k�o�_�f�u �m�k�l�Z�g�h�\�d�b, �w�l�h �f�h�`�g�h �h�[�_�k�i�_�q�b�l�v 
�l�h�e�v�d�h �m�\�_�e�b�q�_�g�b�_�f �\�u�k�h�l�u h, �l�Z�d �d�Z�d �k�d�h�j�h�k�l�v �i�j�h�l�y�`�d�b �\�h�e�h�d�g�Z �h�]�j�Z�g�b�q�_�g�Z 
�i�j�b�_�f�e�_�f�h�c �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x �n�h�j�f�h�\�h�q�g�h�c �m�k�l�Z�g�h�\�d�b. 

�F�_�l�h�^�b�d�Z �w�d�k�i�_�j�b�f�_�g�l�Z 

�N�h�j�f�h�\�Z�g�b�_ �i�j�h�\�h�^�b�e�h�k�v �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j 65,5–70,5 °C. �< �d�Z�q�_-
�k�l�\�_ �i�_�j�\�h�]�h �i�j�b�[�e�b�`�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�Z �i�j�h�p�_�k�k�Z �n�h�j�f�h�\�Z�g�b�y �\�u�[�b�j�Z�e�Z�k�v �g�Z 
�h�k�g�h�\�Z�g�b�b �\�b�a�m�Z�e�v�g�u�o �g�Z�[�e�x�^�_�g�b�c �a�Z �\�y�a�d�h�k�l�v�x �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z �i�j�b 
�_�]�h �i�j�h�^�Z�\�e�b�\�Z�g�b�b �q�_�j�_�a �d�h�e�v�p�_�\�h�_ �h�l�\�_�j�k�l�b�_ �n�b�e�v�_�j�u �i�e�h�s�Z�^�v�x 1,57·10–7 �f2. 
�H�i�l�b�f�Z�e�v�g�u�c �j�Z�k�o�h�^ �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z �q�_�j�_�a �d�h�e�v�p�_�\�h�_ �h�l�\�_�j�k�l�b�_ �e�_�`�b�l 
�\ �^�b�Z�i�Z�a�h�g�_ 1,0–1,2 �]/�f�b�g. 

�=�e�Z�\�g�u�c �m�a�_�e �n�h�j�f�h�\�h�q�g�h�c �m�k�l�Z�g�h�\�d�b �l�j�_�o�d�Z�f�_�j�g�Z�y �n�b�e�v�_�j�Z, �\�g�_�r�g�b�c 
�\�b� ̂�d�h�l�h�j�h�c �\�h �\�j�_�f�y �n�h�j�f�h�\�Z�g�b�y �f�_�f�[�j�Z�g�u �\ �\�b�^�_ �i�h�e�h�]�h �\�h�e�h�d�g�Z, �i�j�_�^�k�l�Z�\-
�e�_�g �g�Z �j�b�k. 7. 
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�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �f�h�j�n�h�e�h�]�b�b �b�a�]�h�l�h�\�e�_�g�g�u�o �\�h�e�h�d�h�g �i�j�h�\�h�^�b�e�Z�k�v 
�w�e�_�d�l�j�h�g�g�Z�y �f�b�d�j�h�k�d�h�i�b�y �f�_�f�[�j�Z�g�u �\ �p�_�g�l�j�_ �d�h�e�e�_�d�l�b�\�g�h�]�h �i�h�e�v�a�h�\�Z�g�b�y �b�f. 
�>. �B. �F�_�g�^�_�e�_�_�\�Z �g�Z �k�d�Z�g�b�j�m�x�s�_�f (�j�Z�k�l�j�h�\�h�f) �w�e�_�d�l�j�h�g�g�h�f �f�b�d�j�h�k�d�h�i�_ JSM 
6510 LV + SSD X-MAX (JEOL). 

�I�h�k�d�h�e�v�d�m �\ �o�h�^�_ �w�d�k�i�_�j�b�f�_�g�l�Z �b�a�]�h�l�Z�\�e�b�\�Z�_�l�k�y �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h 
�f�_�f�[�j�Z�g �\ �j�Z�a�e�b�q�g�u�o �j�_�`�b�f�Z�o, �l�h �\�k�_ �h�g�b �f�Z�j�d�b�j�h�\�Z�e�b�k�v �r�b�n�j�h�f �b�a �g�Z�[�h�j�Z 
�p�b�n�j �b �[�m�d�\: �q�_�l�u�j�_ �p�b�n�j�u �h�a�g�Z�q�Z�x�l �f�_�k�y�p �b �^�Z�l�m �n�h�j�f�h�\�d�b, �i�h�k�e�_�^�g�b�_ �p�b�n�j�u 
�h�a�g�Z�q�Z�x�l �j�_�`�b�f, �i�j�b �d�h�l�h�j�h�f �k�n�h�j�f�h�\�Z�g�Z �f�_�f�[�j�Z�g�Z, �Z �[�m�d�\�Z �h�a�g�Z�q�Z�_�l �p�\�_�l 
�e�_�g�l�u, �d�h�l�h�j�u�f �h�l�f�_�q�_�g�Z �^�Z�g�g�Z�y �i�Z�j�l�b�y. �L�Z�d 

�g�Z�i�j�b�f�_�j, �f�Z�j�d�b�j�h�\�d�Z 04273�D �h�a�g�Z�q�Z�_�l, �q�l�h �f�_�f�[�j�Z�g�Z �[�u�e�Z �b�a�]�h�l�h�\�e�_�g�Z 
27 �Z�i�j�_�e�y �i�h �j�_�`�b�f�m 

�>�e�y �i�h�^�]�h�l�h�\�d�b �d �b�k�k�e�_�^�h�\�Z�g�b�x �h�[�j�Z�a�p�u �b�a �i�h�e�u�o �\�h�e�h�d�h�g �i�h�]�j�m�`�Z�e�b�k�v 
�\ �`�b�^�d�b�c �Z�a�h�l, �Z �a�Z�l�_�f �j�Z�k�d�Z�e�u�\�Z�e�b �^�e�y �i�h�e�m�q�_�g�b�y �i�h�i�_�j�_�q�g�h�]�h �k�_�q�_�g�b�y �f�_�f-
�[�j�Z�g�u. 

�>�e�y �b�a�f�_�j�_�g�b�y �]�Z�a�h�\�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �]�Z�a�h�\ �i�h�e�u�_ �\�h-
�e�h�d�g�Z �b�a �h�i�j�_�^�_�e�_�g�g�h�c �i�Z�j�l�b�b �j�Z�a�j�_�a�Z�e�b �g�Z �n�j�Z�]�f�_�g�l�u �h�^�b�g�Z�d�h�\�h�c �^�e�b�g�u �b �k�h-
�[�b�j�Z�x�l�k�y �\ �i�m�q�d�b. �<�h�e�h�d�g�Z �^�e�y �i�m�q�d�h�\ �l�s�Z�l�_�e�v�g�h �i�j�h�\�_�j�y�x�l�k�y �g�Z �h�l�k�m�l�k�l�\�b�_ 
�\�g�_�r�g�b�o �\�b�^�b�f�u�o �i�h�\�j�_�`�^�_�g�b�c: �\�f�y�l�b�g, �a�Z�]�b�[�h�\, �l�j�_�s�b�g �b �l. � .̂  

 

 
 

�J�b�k. 7. �<�g�_�r�g�b�c �\�b� ̂�n�b�e�v�_�j�u �^�e�y �b�a�]�h�l�h�\�e�_�g�b�y �i�h�e�h�\�h�e�h�d�h�g�g�u�o �f�_�f�[�j�Z�g �n�h�j�f�h�\�Z�g�b�y  
                        �‹  3 �b �f�_�f�[�j�Z�g�u �b�a �w�l�h�c �i�Z�j�l�b�b �h�l�f�_�q�_�g�u �d�j�Z�k�g�h�c �e�_�g�l�h�c  

 
�H�^�b�g �b�a �d�h�g�p�h�\ �i�m�q�d�Z �a�Z�i�_�q�Z�l�u�\�Z�e�b �k �i�h�f�h�s�v�x �w�i�h�d�k�b�^�g�h�c �k�f�h�e�u. 

�>�j�m�]�h�c �d�h�g�_�p, �d�h�l�h�j�u�c �k�e�m�`�b�l �^�e�y �\�u�\�h�^�Z �i�_�j�f�_�Z�l�Z, �h�k�l�Z�_�l�k�y �h�l�d�j�u�l�u�f 
�b �d�j�_�i�b�l�k�y �w�i�h�d�k�b�^�g�h�c �k�f�h�e�h�c �\�g�m�l�j�b �l�j�m�[�d�b �k �\�g�_�r�g�_�c �j�_�a�v�[�h�c �b�a �g�_�j�`�Z�\�_-
�x�s�_�c �k�l�Z�e�b. �=�h�l�h�\�u�_ �f�_�f�[�j�Z�g�g�u�_ �f�h�^�m�e�b �\�u�\�_�r�b�\�Z�x�l�k�y �\ �\�_�j�l�b�d�Z�e�v�g�h�f �i�h-
�e�h�`�_�g�b�b �b �n�b�d�k�b�j�m�x�l�k�y �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �g�_ �[�u�e�h �f�Z�e�_�c�r�b�o �b�a�]�b�[�h�\ �i�h 
�p�_�g�l�j�Z�e�v�g�h�c �h�k�b �i�m�q�d�Z �^�h �i�h�e�g�h�]�h �\�u�k�u�o�Z�g�b�y �w�i�h�d�k�b�^�g�h�c �k�f�h�e�u. �I�h�k�e�_ �\�u-
�k�u�o�Z�g�b�y �l�h�j�p�h�\ �f�h�^�m�e�y, �l�Z �q�Z�k�l�v �l�h�j�p�Z, �d�h�l�h�j�Z�y �[�u�e�Z �i�j�_�^�g�Z�a�g�Z�q�_�g�Z �^�e�y �\�u-
�\�h�^�Z �i�_�j�f�_�Z�l�Z, �h�[�j�_�a�Z�_�l�k�y �i�h �]�j�Z�g�b�p�_ �w�i�h�d�k�b�^�g�h�c �k�f�h�e�u �b �k�j�_�a �i�j�h�\�_�j�y�_�l�k�y 
�g�Z �f�b�d�j�h�k�d�h�i�_, �q�l�h�[�u �m�[�_�^�b�l�v�k�y, �q�l�h �\�g�m�l�j�_�g�g�y�y �i�h�e�h�k�l�v �d�Z�`�^�h�]�h �\�h�e�h�d�g�Z 
�h�l�d�j�u�l�Z. 
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�<�g�_�r�g�b�c �\�b� ̂ �f�_�f�[�j�Z�g�g�h�]�h �w�e�_�f�_�g�l�Z �b�a �i�h�e�u�o �\�h�e�h�d�h�g �i�j�_�^�k�l�Z�\�e�_�g 
�g�Z �j�b�k. 8. 

 

 
 

�J�b�k. 8. �<�g�_�r�g�b�c �\�b� ̂�i�h�e�h�\�h�e�h�d�h�g�g�h�]�h �f�_�f�[�j�Z�g�g�h�]�h �w�e�_�f�_�g�l�Z 
 

�K�o�_�f�Z �e�Z�[�h�j�Z�l�h�j�g�h�c �m�k�l�Z�g�h�\�d�b �b�a�f�_�j�_�g�b�y �]�Z�a�h�i�j�h�g�b�p�Z�_�f�h�k�l�b �i�h�d�Z�a�Z�g�Z 
�g�Z �j�b�k. 9. 

�H�k�g�h�\�g�Z�y �a�Z�^�Z�q�Z �^�Z�g�g�h�]�h �w�l�Z�i�Z �b�k�i�u�l�Z�g�b�c – �b�a�f�_�j�_�g�b�_ �m�^�_�e�v�g�h�c �i�j�h�g�b-
�p�Z�_�f�h�k�l�b �f�_�f�[�j�Z�g�u. �L�Z�d �d�Z�d �w�l�Z �\�_�e�b�q�b�g�Z �^�e�y �a�Z�f�_�j�h�\ �h�q�_�g�v �f�Z�e�Z, �b�k�i�h�e�v�a�h-
�\�Z�e�k�y �j�Z�k�o�h�^�h�f�_�j �\ �\�b�^�_ �i�_�g�g�b�d�Z. 

 

 
 

�J�b�k. 9. �K�o�_�f�Z �e�Z�[�h�j�Z�l�h�j�g�h�c �m�k�l�Z�g�h�\�d�b �^�e�y �b�a�f�_�j�_�g�b�y �]�Z�a�h�i�j�h�g�b�p�Z�_�f�h�k�l�b: 1 – �[�Z�e�e�h�g 
�k �]�_�e�b�_�f; 2 – �j�_�^�m�d�l�h�j; 3 – �f�Z�g�h�f�_�l�j; 4, 5, 6, 7 – �d�j�Z�g; 8 – �f�_�f�[�j�Z�g�g�u�c �Z�i�i�Z�j�Z�l;  
      9 – �_�f�d�h�k�l�v �k �\�h�^�h�c; 10, 11 – �i�h�e�h�\�h�e�h�d�h�g�g�u�c �f�h�^�m�e�v; 12 – �j�Z�k�o�h�^�h�f�_�j (�i�_�g�g�b�d) 

 
�=�Z�a�h�i�j�h�g�b�p�Z�_�f�h�k�l�v �J �j�Z�k�k�q�b�l�u�\�Z�_�l�k�y �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f: 
 

�É

�ß

L

�Z

�¿
H�¿�n
H�r
                                                  (5) 

 

�]�^�_ 
�Z

�r
 – �h�[�t�_�f�g�u�c �j�Z�k�o�h�^ �]�Z�a�Z, �^�f3(�g.�m.)/�q; � �j – �i�_�j�_�i�Z�^ �^�Z�\�e�_�g�b�y �q�_�j�_�a �f�_�f-

�[�j�Z�g�m, �Z�l�f.; F – �w�n�n�_�d�l�b�\�g�Z�y �i�e�h�s�Z�^�v �i�h�\�_�j�o�g�h�k�l�b �f�_�f�[�j�Z�g�u, (�f2). 
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� ( 
 L � � 
 H � N 
 H � † 
 H � H                                           (6) 
 

�]�^�_ N – �d�h�e�b�q�_�k�l�\�h �f�_�f�[�j�Z�g�g�u�o �w�e�_�f�_�g�l�h�\ �\ �f�h�^�m�e�_; d – �\�g�_�r�g�b�c �^�b�Z�f�_�l�j �\�h-
�e�h�d�g�Z, (�f ); �H – �^�e�b�g�Z �h�^�g�h�]�h �f�_�f�[�j�Z�g�g�h�]�h �w�e�_�f�_�g�l�Z, (�f ). 

�J�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�h�\ 

�D�j�b�l�_�j�b�c �d�Z�q�_�k�l�\�Z �k�_�e�_�d�l�b�\�g�h�]�h �k�e�h�y – �m�^�_�e�v�g�Z�y �i�j�h�g�b�p�Z�_�f�h�k�l�v �i�h 
�Z�a�h�l�m. �I�j�b �i�j�b�g�y�l�u�o �i�h�d�Z�a�Z�l�_�e�y�o �^�e�y �j�_�a�m�e�v�l�b�j�m�x�s�_�c �f�_�f�[�j�Z�g�u (�m�^�_�e�v�g�Z�y 
�i�j�h�g�b�p�Z�_�f�h�k�l�v �i�h �]�_�e�b�x – 100 �^�f3(�g.�m.)��f–2��q–1��Z�l�f–1 �i�j�b �k�_�e�_�d�l�b�\�g�h�k�l�b �\ �k�b-
�k�l�_�f�_ �]�_�e�b�c/�Z�a�h�l 100) �`�_�e�Z�_�f�Z�y �\�_�e�b�q�b�g�Z �m�^�_�e�v�g�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �i�h �Z�a�h�l�m 
�^�h�e�`�g�Z �[�u�e�Z �g�Z�o�h�^�b�l�v�k�y �g�Z �m�j�h�\�g�_ 1 �^�f3(�g.�m.)��f–2��q-1��Z�l�f–1. 

�< �d�Z�q�_�k�l�\�_ �b�k�o�h�^�g�h�c �[�u�e�Z �\�u�[�j�Z�g�Z �d�h�g�p�_�g�l�j�Z�p�b�y �i�h�e�b�f�_�j�Z �\ �j�Z�k�l�\�h�j�_ 
25 �f�Z�k. %.  

�J�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�y �i�h�l�h�d�Z �Z�a�h�l�Z �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �\�j�_�f�_�g�b �i�j�_�[�u�\�Z-
�g�b�y �\�h�e�h�d�g�Z �\ �\�h�a�^�m�r�g�h�f �i�j�h�f�_�`�m�l�d�_ h �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 1.  

 
� L �Z � [ � e � b � p �Z 1 

 

�<�e�b�y�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �i�h�e�b�f�_�j�Z �\ �j�Z�k�l�\�h�j�_ �b �\�j�_�f�_�g�b �i�j�_�[�u�\�Z�g�b�y  
�g�Z �i�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�f�[�j�Z�g�u 

 

�‹  
�i.�i. 

�F�Z�j�d�b-
�j�h�\�d�Z  

�f�_�f�[�j�Z�g�u

�D�h�g�p�_�g�l�j�Z-
�p�b�y 

�i�h�e�b�f�_�j�Z  
�\ �j�Z�k�l�\�h�j�_, 

�f�Z�k�k. % 

�<�j�_�f�y �i�j�_�[�u-
�\�Z�g�b�y �\�h�e�h�d�g�Z 
�\ �\�h�a�^�m�r�g�h�f 

�i�j�h�f�_�`�m�l�d�_, �k

�K�d�h�j�h�k�l�v 
�n�h�j�f�h�\�Z�g�b�y 
�f�_�f�[�j�Z�g�u,

�f  /�f�b�g 

�>�Z�\�e�_�g�b�_ 
�\�g�m�l�j�_�g�g�_�]�h 
�g�_�j�Z�k�l�\�h�j�b-
�l�_�e�y, �F�I�Z 

�M�^�_�e�v�g�u�c �i�h�l�h�d 
�\�h�a�^�m�o�Z �q�_�j�_�a 

�f�_�f�[�j�Z�g�m, 

�^�f
3
(�g.�m.)/(�f

2
·�q�Z�k) 

1 04272�A 25 1,82 6,1 0,17 500 

2 04273�D 25  6,1 0,17 1954 

3 04302�A�? 25 0,89 6,5 0,15 2380 

4 051405�N 30 3,66 3,2 0,15 2,6 

 
�B�a �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �\�b�^�g�h, �q�l�h �b�k�o�h�^�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �I�J 

�\ 25 �f�Z�k�k. % �g�_ �i�h�a�\�h�e�y�_�l �i�h�e�m�q�b�l�v �i�e�h�l�g�u�c �k�_�e�_�d�l�b�\�g�u�c �k�e�h�c �g�Z �\�g�_�r�g�_�c �i�h-
�\�_�j�o�g�h�k�l�b �f�_�f�[�j�Z�g�u. �L�Z�d�`�_ �h�l�f�_�q�_�g�h, �q�l�h �m�f�_�g�v�r�_�g�b�_ �\�j�_�f�_�g�b �i�j�_�[�u�\�Z�g�b�y 
�j�_�a�d�h �m�o�m�^�r�Z�_�l �i�e�h�l�g�h�k�l�v �k�_�e�_�d�l�b�\�g�h�]�h �k�e�h�y. 

�>�e�y �i�j�_�h�^�h�e�_�g�b�y �w�l�h�]�h �g�_�^�h�k�l�Z�l�d�Z �[�u�e�b �h�^�g�h�\�j�_�f�_�g�g�h �i�h�\�u�r�_�g�u �d�h�g-
�p�_�g�l�j�Z�p�b�y �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z �k 25 �^�h 30 �f�Z�k�k. % �b �\�j�_�f�y �i�j�_�[�u�\�Z�g�b�y �f�_�f-
�[�j�Z�g�u �g�Z �\�h�a�^�m�o�_, �q�l�h, �d�Z�d �\�b�^�g�h �b�a �^�Z�g�g�u�o, �d�h�l�h�j�u�_ �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 12, 
�i�j�b�\�_�e�h �d �d�Z�j�^�b�g�Z�e�v�g�h�f�m �k�g�b�`�_�g�b�x �i�j�h�g�b�p�Z�_�f�h�k�l�b �f�_�f�[�j�Z�g�u, �g�h �l�j�_�[�m�_�f�Z�y 
�\�_�e�b�q�b�g�Z �i�h�l�h�d�Z �\ 1 �^�f 3(�g.�m.)/(�f2·�q�Z�k). 

�I�j�b �j�Z�[�h�l�_ �k �i�h�e�b�f�_�j�g�u�f �j�Z�k�l�\�h�j�h�f �d�h�g�p�_�g�l�j�Z�p�b�b 30 �f�Z�k�k. % �[�u�e�h 
�[�h�e�_�_ �\�g�b�f�Z�l�_�e�v�g�h �j�Z�k�k�f�h�l�j�_�g�h �\�e�b�y�g�b�_ �k�d�h�j�h�k�l�b �n�h�j�f�h�\�Z�g�b�y �f�_�f�[�j�Z�g�u �g�Z 
�_�_ �i�j�h�g�b�p�Z�_�f�h�k�l�v. �I�j�b�f�_�j �j�_�a�m�e�v�l�Z�l�h�\ �l�Z�d�h�]�h �w�d�k�i�_�j�b�f�_�g�l�Z �i�j�_�^�k�l�Z�\�e�_�g�u 
�\ �l�Z�[�e. 2. 



�:�i�i�Z�j�Z�l�m�j�Z �b �f�_�l�h�^�u �b�k�k�e�_�^�h�\�Z�g�b�y 275

�M�f�_�g�v�r�_�g�b�_ �k�d�h�j�h�k�l�b �n�h�j�f�h�\�Z�g�b�y �f�_�f�[�j�Z�g�u �i�j�b�\�h�^�b�l �d �m�\�_�e�b�q�_�g�b�x 
�\�j�_�f�_�g�b �i�j�_�[�u�\�Z�g�b�y �g�Z �\�h�a�^�m�o�_ �k�l�j�m�b �I�J, �q�l�h �h�[�m�k�e�Z�\�e�b�\�Z�_�l �[�h�e�_�_ �^�e�b�l�_�e�v�g�h�_ 
�b�k�i�Z�j�_�g�b�_ �j�Z�k�l�\�h�j�b�l�_�e�y, �Z �a�g�Z�q�b�l �b �[�h�e�_�_ �\�u�k�h�d�m�x �d�h�g�p�_�g�l�j�Z�p�b�x �i�h�e�b�f�_�j�Z 
�\ �i�e�h�l�g�h�f �k�_�e�_�d�l�b�\�g�h�f �k�e�h�_.  

�D�Z�d �\�b�^�g�h �b�a �^�Z�g�g�u�o �l�Z�[�e�b�p�u 2, �i�j�b �m�f�_�g�v�r�_�g�b�b �k�d�h�j�h�k�l�b �g�Z�[�e�x�^�Z�_�l�k�y 
�i�j�Z�d�l�b�q�_�k�d�b �i�j�y�f�h �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �m�f�_�g�v�r�_�g�b�y �]�Z�a�h�\�h�c �i�j�h-
�g�b�p�Z�_�f�h�k�l�b �f�_�f�[�j�Z�g�u. 

�L�_�f �g�_ �f�_�g�_�_ �\ �i�j�_�^�_�e�Z�o �^�Z�g�g�h�]�h �^�b�Z�i�Z�a�h�g�Z �b�a�f�_�g�_�g�b�y �k�d�h�j�h�k�l�b �^�h�k�l�b�q�v 
�b�k�d�h�f�h�]�h �i�h�d�Z�a�Z�l�_�e�y �m�^�_�e�v�g�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �i�h �Z�a�h�l�m 1 �^�f3(�g.�m.)��f–2��q–1��Z�l�f–1 

�g�_ �m�^�Z�e�h�k�v. 
�I�h �w�l�h�c �i�j�b�q�b�g�_ �[�u�e �j�_�a�d�h �b�a�f�_�g�_�g �_�s�_ �h�^�b�g �i�Z�j�Z�f�_�l�j �n�h�j�f�h�\�h�q�g�h�c �k�b-

�k�l�_�f�u – �^�Z�\�e�_�g�b�_ �\�g�m�l�j�_�g�g�_�]�h �g�_�j�Z�k�l�\�h�j�b�l�_�e�y. �<�_�e�b�q�b�g�Z �w�l�h�]�h �^�Z�\�e�_�g�b�y, �i�j�b 
�i�j�h�q�b�o �j�Z�\�g�u�o �m�k�e�h�\�b�y�o, �h�i�j�_�^�_�e�y�_�l �l�h�e�s�b�g�m �f�_�f�[�j�Z�g�u �b �k�d�h�j�h�k�l�v �_�_ �i�_�j�_-
�o�h�^�Z �\ �l�\�_�j�^�h�_ �k�h�k�l�h�y�g�b�_ �k�h �k�l�h�j�h�g�u �_�_ �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b. �W�l�h �g�Z�i�j�y-
�f�m�x �k�\�y�a�Z�g�h �k �i�h�\�u�r�_�g�b�_�f �d�h�g�p�_�g�l�j�Z�p�b�b �i�h�e�b�f�_�j�Z �g�Z �\�g�_�r�g�_�c �i�h�\�_�j�o�g�h�k�l�b: 
�q�_�f �[�u�k�l�j�_�_ �i�j�h�b�a�h�r�e�h �h�l�\�_�j�`�^�_�g�b�_ �f�_�f�[�j�Z�g�u, �l�_�f �f�_�g�v�r�_ �[�u�e�h �\�j�_�f�_�g�b �^�e�y 
�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�b�y �i�h�e�b�f�_�j�Z �g�Z �\�g�_�r�g�_�c �i�h�\�_�j�o�g�h�k�l�b. 

 
� L �Z � [ � e � b � p �Z 2  

 

�<�e�b�y�g�b�_ �k�d�h�j�h�k�l�b �n�h�j�f�h�\�Z�g�b�y �f�_�f�[�j�Z�g�u �g�Z �]�Z�a�h�i�j�h�g�b�p�Z�_�f�h�k�l�v �i�h �Z�a�h�l�m  
�i�j�b �n�b�d�k�b�j�h�\�Z�g�g�h�c �\�u�k�h�l�_ �\�h�a�^�m�r�g�h�]�h �i�j�h�f�_�`�m�l�d�Z h = 0,195 �f  

 

�‹  
�i.�i. 

�F�Z�j�d�b�j�h�\�d�Z 
�f�_�f�[�j�Z�g�u 

�<�j�_�f�y �i�j�_�[�u-
�\�Z�g�b�y �\�h�e�h�d�g�Z 
�\ �\�h�a�^�m�r�g�h�f 

�i�j�h�f�_�`�m�l�d�_, �k

�>�Z�\�e�_�g�b�_ 
�\�g�m�l�j�_�g�g�_�]�h 
�g�_�j�Z�k�l�\�h�j�b-
�l�_�e�y, �F�I�Z 

�K�d�h�j�h�k�l�v 
�n�h�j�f�h�\�Z�g�b�y 
�f�_�f�[�j�Z�g�u, 

�f /�f�b�g 

�M�^�_�e�v�g�u�c �i�h�l�h�d 
�Z�a�h�l�Z �q�_�j�_�a �f�_�f�[�j�Z�g�m, 
�^�f3(�g.�m.)/(�f2·�q�Z�k·�Z�l�f) 

1 05141�@ 2,7 0,15 4,3 3,7 

2 05143�D 3,08 0,15 3,8 3,4 

3 05144�A�? 3,3 0,15 3,5 2,9 

4 05145�N 3,66 0,15 3,2 2,6 

5 05146�J 3,66 0,11 3,2 0,17 

 
�D�Z�d �\�b�^�g�h �b�a �^�Z�g�g�u�o �l�Z�[�e�b�p�u 2, �j�Z�^�b�d�Z�e�v�g�h�_ �k�g�b�`�_�g�b�_ �^�Z�\�e�_�g�b�y �\�g�m�l-

�j�_�g�g�_�]�h �g�_�j�Z�k�l�\�h�j�b�l�_�e�y �k 0,15 �^�h 0,11 �F�I�Z �i�j�b�\�_�e�h �d �j�_�a�d�h�f�m �m�f�_�g�v�r�_�g�b�x 
�i�j�h�g�b�p�Z�_�f�h�k�l�b �i�h �Z�a�h�l�m �k 2,6 �^�h 0,17 �^�f3(�g.�m.)��f–2��q–1��Z�l�f–1. 

�K�l�j�m�d�l�m�j�Z �k�_�e�_�d�l�b�\�g�h�]�h �k�e�h�y �f�_�f�[�j�Z�g 05145�N �b 05146�J �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z 
�j�b�k. 10.  

�G�Z �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �n�h�l�h�]�j�Z�n�b�y�o �\�b�^�g�h, �q�l�h �m �f�_�f�[�j�Z�g�u �k �[�h�e�_�_ �g�b�a�d�h�c 
�i�j�h�g�b�p�Z�_�f�h�k�l�v�x �i�e�h�l�g�u�c �k�_�e�_�d�l�b�\�g�u�c �k�e�h�c �k�m�s�_�k�l�\�_�g�g�h �l�h�e�s�_. 

�J�Z�k�q�_�l �i�h�d�Z�a�u�\�Z�_�l, �q�l�h �\�_�e�b�q�b�g�Z �m�^�_�e�v�g�h�]�h �i�h�l�h�d�Z �Z�a�h�l�Z 0,17 �^�f3(�g.�m.)� 
·�f–2��q–1��Z�l�f–1 �g�_ �k�h�h�l�\�_�l�k�l�\�m�_�l �b�k�d�h�f�h�c �k�l�j�m�d�l�m�j�_ �f�_�f�[�j�Z�g�u: �i�h�k�d�h�e�v�d�m �i�e�Z�g�h-
�\�Z�y �\�_�e�b�q�b�g�Z �i�h�l�h�d�Z �]�_�e�b�y �^�h�e�`�g�Z �[�u�l�v �\ 100 �j�Z�a �[�h�e�v�r�_ �i�h�l�h�d�Z �Z�a�h�l�Z �b �g�Z �^�Z�g-
�g�h�c �f�_�f�[�j�Z�g�_ �k�h�k�l�Z�\�b�l �\�_�e�b�q�b�g�m �i�h�j�y�^�d�Z 17 �^�f3(�g.�m.)��f–2��q–1��Z�l�f–1, �q�l�h �k�m�s�_-
�k�l�\�_�g�g�h �g�b�`�_ �i�e�Z�g�h�\�h�c �\�_�e�b�q�b�g�u 100 �^�f3(�g.�m.)��f–2��q–1��Z�l�f–1. 
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�J�b�k. 10. �K�_�e�_�d�l�b�\�g�u�c �k�e�h�c �f�_�f�[�j�Z�g �k �j�Z�a�e�b�q�g�h�c �]�Z�a�h�\�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�v�x: �K�e�_�\�Z: 
�m�^�_�e�v�g�Z�y �i�j�h�g�b�p�Z�_�f�h�k�l�v �i�h �Z�a�h�l�m 2,6 �^�f3(�g.�m.)��f -2��q-1��Z�l�f-1; �k�i�j�Z�\�Z: �m�^�_�e�v�g�Z�y �i�j�h�g�b�p�Z- 
                                        �_�f�h�k�l�v �i�h �Z�a�h�l�m 0,17 �^�f3(�g.�m.)��f–2��q–1��Z�l�f–1 

 
�>�Z�e�v�g�_�c�r�Z�y �h�l�j�Z�[�h�l�d�Z �i�Z�j�Z�f�_�l�j�h�\ �n�h�j�f�h�\�h�q�g�h�c �k�b�k�l�_�f�u �i�j�h�\�h�^�b�e�Z�k�v 

�g�Z �h�k�g�h�\�Z�g�b�b �j�_�a�m�e�v�l�Z�l�h�\ �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h �i�j�h�g�b�p�Z�_�f�h�k�l�b �]�_�e�b�y.  
�< �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b �[�h�e�v�r�b�g�k�l�\�h �\�g�_�r�g�b�o �i�Z�j�Z�f�_�l�j�h�\ �n�h�j�f�h�\�h�q�g�h�c 

�k�b�k�l�_�f�u, �l�Z�d�b�_ �d�Z�d �^�Z�\�e�_�g�b�_ �\ �i�g�_�\�f�h�p�b�e�b�g�^�j�_ �b �\�g�m�l�j�_�g�g�_�]�h �g�_�j�Z�k�l�\�h�j�b�l�_�e�y, 
�\�j�_�f�y �i�j�_�[�u�\�Z�g�b�y �f�_�f�[�j�Z�g�u �\ �\�h�a�^�m�r�g�h�f �i�j�h�f�_�`�m�l�d�_, �k�d�h�j�h�k�l�v �n�h�j�f�h�\�Z�g�b�y 
�f�_�f�[�j�Z�g�u, �l�_�f�i�_�j�Z�l�m�j�Z �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z, �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�b �l�_�f, �d�h�l�h�j�u�_ 
�[�u�e�b �h�l�j�Z�[�h�l�Z�g�u �i�j�b �i�h�e�m�q�_�g�b�b �f�_�f�[�j�Z�g�u �k �f�b�g�b�f�Z�e�v�g�h�c �m�^�_�e�v�g�h�c �i�j�h�g�b�p�Z-
�_�f�h�k�l�v�x �i�h �Z�a�h�l�m. 

�;�u�e�Z �j�Z�k�k�f�h�l�j�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �i�j�h�g�b�p�Z�_�f�h�k�l�b �f�_�f�[�j�Z�g �h�l �d�h�g�p�_�g�l�j�Z�p�b�b 
�i�h�e�b�f�_�j�Z �\ �b�k�o�h�^�g�h�f �j�Z�k�l�\�h�j�_ �k �h�^�g�h�\�j�_�f�_�g�g�h�c �h�i�l�b�f�b�a�Z�p�b�_�c �l�_�f�i�_�j�Z�l�m�j�u.  

�H�k�g�h�\�g�u�_ �i�j�b�g�p�b�i�b�Z�e�v�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 3.  
�I�j�b �i�_�j�_�o�h�^�_ �h�l �f�_�f�[�j�Z�g�u 09303�N �d 10157�= �l�_�f�i�_�j�Z�l�m�j�Z �i�h�e�b�f�_�j�g�h�]�h 

�j�Z�k�l�\�h�j�Z �[�u�e�Z �i�h�\�u�r�_�g�Z, �l�Z�d �d�Z�d �i�j�_�^�i�h�e�Z�]�Z�e�h�k�v, �q�l�h �\ �k�e�m�q�Z�_ �f�_�f�[�j�Z�g�u 
09303�N �k�_�e�_�d�l�b�\�g�h�k�l�v �\ �k�b�k�l�_�f�_ �]�_�e�b�c/�f�_�l�Z�g �[�m�^�_�l �g�b�`�_ �i�e�Z�g�h�\�h�c �\�_�e�b�q�b�g�u 
100. �H�^�g�Z�d�h, �d�Z�d �\�u�y�k�g�b�e�h�k�v �\�i�h�k�e�_�^�k�l�\�b�b, �h�^�g�h�\�j�_�f�_�g�g�h�_ �m�\�_�e�b�q�_�g�b�b �d�h�g-
�p�_�g�l�j�Z�p�b�b �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z �b �l�_�f�i�_�j�Z�l�m�j�u �i�j�b�\�_�e�b �d �j�_�a�d�h�f�m �k�g�b�`�_�g�b�x 
�i�j�h�g�b�p�Z�_�f�h�k�l�b �i�h �]�_�e�b�x �^�h 8 �^�f3(�g.�m.)��f–2��q–1��Z�l�f–1, �q�l�h �k�m�s�_�k�l�\�_�g�g�h �g�b�`�_ �i�e�Z-
�g�h�\�h�]�h �i�h�d�Z�a�Z�l�_�e�y 100 �^�f3(�g.�m.)��f–2��q–1��Z�l�f–1. 

 

� L �Z � [ � e � b � p �Z 3  
 

�A�Z�\�b�k�b�f�h�k�l�v �m�^�_�e�v�g�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �f�_�f�[�j�Z�g�u �i�h �]�_�e�b�x  
�h�l �d�h�g�p�_�g�l�j�Z�p�b�b �b �l�_�f�i�_�j�Z�l�m�j�u �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z �i�j�b �k�d�h�j�h�k�l�b  

�n�h�j�f�h�\�Z�g�b�y �f�_�f�[�j�Z�g�u 6,3 ± 0,2 �f /�f�b�g 
 

�‹   
�i.�i. 

�F�Z�j�d�b�j�h�\�d�Z 
�f�_�f�[�j�Z�g�u 

�D�h�g�p�_�g�l�j�Z�p�b�y �i�h-
�e�b�f�_�j�Z �\ �j�Z�k-
�l�\�h�j�_, %�f�Z�k. 

�L�_�f�i�_�j�Z�l�m�j�Z �n�h�j-
�f�h�\�h�q�g�h�]�h �j�Z�k-

�l�\�h�j�Z, °�K 

�M�^�_�e�v�g�u�c �i�h�l�h�d �]�_�e�b�y �q�_-
�j�_�a �f�_�f�[�j�Z�g�m, 

�^�f3(�g.�m.)/(�f2·�q�Z�k·�Z�l�f) 

1 04272�A 25 65,5 461 

2 09303�N 30 66 165 

3 10157�= 35 70 8,0 

4 11161�J 40 70,5 0,8 

5 12081�N 31 70 65 
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�I�j�b �k�g�b�`�_�g�b�b �d�h�g�p�_�g�l�j�Z�p�b�b �i�h�e�b�f�_�j�g�h�]�h �j�Z�k�l�\�h�j�Z �^�h 31 % �f�Z�k. �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�_ 70 °�K �[�u�e�Z �i�h�e�m�q�_�g�Z �m�^�_�e�v�g�Z�y �i�j�h�g�b�p�Z�_�f�h�k�l�v �i�h �]�_�e�b�x 
65 �^�f3(�g.�m.)��f –2��q–1��Z�l�f–1, �q�l�h �l�Z�d�`�_ �g�b�`�_ �i�e�Z�g�h�\�h�]�h �i�h�d�Z�a�Z�l�_�e�y.  

�L�Z�d�b�f �h�[�j�Z�a�h�f, �b�a�f�_�j�_�g�b�_ �b�^�_�Z�e�v�g�h�c �k�_�e�_�d�l�b�\�g�h�k�l�b �i�h �i�j�h�g�b�p�Z�_�f�h�k�l�b �b�g-
�^�b�\�b�^�m�Z�e�v�g�u�o �d�h�f�i�h�g�_�g�l�h�\ �[�u�e�h �i�j�h�\�_�^�_�g�h �^�e�y �f�_�f�[�j�Z�g�u 09303�N. �>�e�y �i�j�h�\�_�^�_-
�g�b�y �b�a�f�_�j�_�g�b�c �[�u�e�h �b�a�]�h�l�h�\�e�_�g�h 5 �f�h�^�m�e�_�c �b�a �f�_�f�[�j�Z�g�u �b�a �w�l�h�c �i�Z�j�l�b�b. 

�J�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�c �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 4. 
�D�Z�d �b �h�`�b�^�Z�e�h�k�v, �i�h�e�m�q�_�g�g�h�_ �a�g�Z�q�_�g�b�_ �d�h�w�n�n�b�p�b�_�g�l�Z �j�Z�a�^�_�e�_�g�b�y �h�d�Z�a�Z-

�e�h�k�v �g�_�k�d�h�e�v�d�h �g�b�`�_ �i�e�Z�g�h�\�h�]�h �i�h�d�Z�a�Z�l�_�e�y 100, �h�^�g�Z�d�h �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v 
�f�_�f�[�j�Z�g�u �i�h �]�_�e�b�x �g�Z 50 % �\�u�r�_ �i�e�Z�g�h�\�h�]�h �i�h�d�Z�a�Z�l�_�e�y. 

 

� L �Z � [ � e � b � p �Z 4  
 

�J�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�c �b�^�_�Z�e�v�g�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z �j�Z�a�^�_�e�_�g�b�y �^�e�y �k�b�k�l�_�f�u  
�]�_�e�b�c/�Z�a�h�l �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 20 °�K 

 

�‹  �f�h�^�m�e�y 
�I�j�h�g�b�p�Z�_�f�h�k�l�v (

�É

�ß
�;, �^�f3(�g.�m.)��f–2��q–1��Z�l�f–1 

� » 
 L
�| �t�‹

�’
�| �z
Û

�’


Y  

�=�_�e�b�c �:�a�h�l 

1 165 1,70 97 

2 154 1,66 93 

3 144 1,74 83 

4 166 1,72 90 

5 149 1,65 92 

�K�j�_�^�g�_�_ �a�g�Z�q�_�g�b�_ 156 ± 11 – 92 ± 5 

�<�u�\�h�^�u 

�G�Z �d�h�f�f�_�j�q�_�k�d�b �^�h�k�l�m�i�g�h�f �i�h�e�b�f�_�j�_ – �i�h�e�b�w�n�b�j�b�f�b�^�_ �h�l�j�Z�[�h�l�Z�g�u �l�Z-
�d�b�_ �i�Z�j�Z�f�_�l�j�u �n�h�j�f�h�\�h�q�g�h�c �k�b�k�l�_�f�u �d�Z�d �l�b�i �h�k�g�h�\�g�h�]�h �j�Z�k�l�\�h�j�b�l�_�e�y, �^�b�Z�i�Z-
�a�h�g �d�h�g�p�_�g�l�j�Z�p�b�b �i�h�e�b�f�_�j�Z �\ �b�k�o�h�^�g�h�f �i�h�e�b�f�_�j�g�h�f �j�Z�k�l�\�h�j�_; �^�b�Z�i�Z�a�h�g �h�i�_-
�j�Z�p�b�h�g�g�u�o �l�_�f�i�_�j�Z�l�m�j �b �\�j�_�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�h�p�_�k�k�Z �n�h�j�f�h�\�Z�g�b�y.  

�B�a�]�h�l�h�\�e�_�g�u �f�_�f�[�j�Z�g�u �k�h �k�e�_�^�m�x�s�b�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �i�h �f�h�^�_�e�v�g�h�c 
�k�f�_�k�b �]�_�e�b�c/�Z�a�h�l: �m�^�_�e�v�g�Z�y �i�j�h�g�b�p�Z�_�f�h�k�l�v �i�h�e �]�_�e�b�x 156 ± 11 �^�f3(�g.�m.)� 
·�f–2��q–1��Z�l�f–1; �k�_�e�_�d�l�b�\�g�h�k�l�v �\ �k�b�k�l�_�f�_ �]�_�e�b�c/�Z�a�h�l – 92 ± 5. 

�B�k�k�e�_�^�h�\�Z�g�b�_ �\�u�i�h�e�g�_�g�h �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h�c �i�j�h�]�j�Z�f�f�u �G�Z�p�b�h�g�Z�e�v�g�h�]�h 
�p�_�g�l�j�Z �n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b �G�Z�i�j�Z�\�e�_�g�b�_ �‹  8 «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z». 
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�G�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�f �l�b�i�h�f �f�b�r�_�g�_�c �^�e�y �e�Z�a�_�j�g�h�]�h �l�_�j�f�h-

�y�^�_�j�g�h�]�h �k�b�g�l�_�a�Z �y�\�e�y�_�l�k�y �d�j�b�h�]�_�g�g�Z�y �f�b�r�_�g�v �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y. 
�H�i�b�k�Z�g �i�j�b�g�p�b�i �j�Z�[�h�l�u �f�b�r�_�g�b, �l�j�_�[�h�\�Z�g�b�y �d �d�h�g�k�l�j�m�d�p�b�b, �w�l�Z�i�u �_�z 
�k�h�a�^�Z�g�b�y. 

�<�\�_�^�_�g�b�_ 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\ �J�N�Y�P-�<�G�B�B�W�N �^�e�y �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ 
�i�h �E�L�K �k�h�a�^�Z�_�l�k�y �f�h�s�g�Z�y �e�Z�a�_�j�g�Z�y �m�k�l�Z�g�h�\�d�Z �g�h�\�h�]�h �i�h�d�h�e�_�g�b�y, �\ �d�Z�f�_�j�_ 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �d�h�l�h�j�h�c, �f�Z�d�k�b�f�Z�e�v�g�Z�y �w�g�_�j�]�b�y �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �[�m�^�_�l 
�^�h�k�l�b�]�Z�l�v �a�g�Z�q�_�g�b�y 2,8 �F�>�`. �G�Z �^�Z�g�g�h�c �m�k�l�Z�g�h�\�d�_ �i�e�Z�g�b�j�m�_�l�k�y �i�j�h�\�h�^�b�l�v 
�w�d�k�i�_�j�b�f�_�g�l�u �i�h �k�`�Z�l�b�x �l�_�j�f�h�y�^�_�j�g�h�c �f�b�r�_�g�b �\�[�e�b�a�b �_�_ �i�h�j�h�]�Z �a�Z�`�b�]�Z�g�b�y, 
�b �d�Z�d �k�e�_�^�k�l�\�b�_, �^�h�k�l�b�q�v �w�g�_�j�]�b�b �\�u�o�h�^�Z �l�_�j�f�h�y�^�_�j�g�h�c �j�_�Z�d�p�b�b �k�b�g�l�_�a�Z, 
�k�j�Z�\�g�b�f�h�c �b�e�b �i�j�_�\�u�r�Z�x�s�_�c �w�g�_�j�]�b�x, �\�e�h�`�_�g�g�m�x �\ �e�Z�a�_�j�g�u�c �b�f�i�m�e�v�k.  

�B�k�k�e�_�^�h�\�Z�g�b�y �\ �h�[�e�Z�k�l�b �e�Z�a�_�j�g�h�]�h �l�_�j�f�h�y�^�_�j�g�h�]�h �k�b�g�l�_�a�Z �i�j�h�\�h�^�y�l�k�y 
�g�Z �j�Z�a�e�b�q�g�u�o �l�b�i�Z�o �f�b�r�_�g�_�c. �G�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�f �l�b�i�h�f �f�b�r�_�g�_�c �^�e�y 
�a�Z�`�b�]�Z�g�b�y �l�_�j�f�h�y�^�_�j�g�h�c �j�_�Z�d�p�b�b �y�\�e�y�_�l�k�y �d�j�b�h�]�_�g�g�Z�y �f�b�r�_�g�v �g�_�i�j�y�f�h�]�h �h�[-
�e�m�q�_�g�b�y [1]. �< �d�h�g�p�_�i�p�b�b �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y �k�n�_�j�b�q�_�k�d�b �k�b�f�f�_�l�j�b�q�g�h�_ 
�k�`�Z�l�b�_ DT-�l�h�i�e�b�\�Z �i�j�h�b�k�o�h�^�b�l �i�h� ̂�^�_�c�k�l�\�b�_�f �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�e�m�q�_�g�b�y [2]. 
�F�b�r�_�g�v �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �[�h�d�k-�d�h�g�\�_�j�l�h�j, �\ �d�h�l�h�j�h�f �\ �j�_�a�m�e�v�l�Z�l�_ �i�h�]�e�h-
�s�_�g�b�y �b�g�l�_�g�k�b�\�g�h�]�h �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �]�_�g�_�j�b�j�m�_�l�k�y �j�_�g�l�]�_�g�h�\�k�d�h�_ �b�a�e�m-
�q�_�g�b�_. �J�_�g�l�]�_�g�h�\�k�d�h�_ �b�a�e�m�q�_�g�b�_ �^�h�e�`�g�h �k�b�f�f�_�l�j�b�q�g�h �h�[�e�m�q�b�l�v �g�Z�o�h�^�y�s�m�x�k�y 
�\ �p�_�g�l�j�_ �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z �k�n�_�j�b�q�_�k�d�m�x �h�[�h�e�h�q�d�m �k �l�\�_�j�^�u�f �\�h�^�h�j�h�^�g�u�f 
�l�h�i�e�b�\�h�f, �d�h�l�h�j�h�_ �j�Z�\�g�h�f�_�j�g�h �j�Z�k�i�j�_�^�_�e�_�g�h �i�h �\�g�m�l�j�_�g�g�_�c �k�l�_�g�d�_ �h�[�h�e�h�q�d�b 
�\ �\�b�^�_ �]�e�Z�^�d�h�]�h �b �h�^�g�h�j�h�^�g�h�]�h �i�h �l�h�e�s�b�g�_ �k�e�h�y �e�v�^�Z [3]. �< �j�_�a�m�e�v�l�Z�l�_ �h�[�e�m-
�q�_�g�b�y �i�h�\�_�j�o�g�h�k�l�v �h�[�h�e�h�q�d�b �b�k�i�Z�j�y�_�l�k�y, �k�h�a�^�Z�\�Z�y �m�^�Z�j�g�m�x �\�h�e�g�m, �g�Z�i�j�Z�\�e�_�g-
�g�m�x �\�g�m�l�j�v �b �h�d�Z�a�u�\�Z�x�s�m�x �^�Z�\�e�_�g�b�_ �g�Z �k�e�h�c �l�h�i�e�b�\�Z. �< �j�_�a�m�e�v�l�Z�l�_ �w�l�h�]�h 
�i�j�h�p�_�k�k�Z �l�h�i�e�b�\�h �k�`�b�f�Z�_�l�k�y �^�h �k�\�_�j�o�\�u�k�h�d�b�o �i�e�h�l�g�h�k�l�_�c �b �g�Z�]�j�_�\�Z�_�l�k�y �^�h 
�\�u�k�h�d�b�o �l�_�f�i�_�j�Z�l�m�j, �\ �j�_�a�m�e�v�l�Z�l�_ �q�_�]�h �b�g�b�p�b�b�j�m�_�l�k�y �]�h�j�_�g�b�_ �l�_�j�f�h�y�^�_�j�g�h�]�h 
�l�h�i�e�b�\�Z. 

�D �d�h�g�k�l�j�m�d�p�b�b �l�Z�d�b�o �f�b�r�_�g�_�c �i�j�_�^�t�y�\�e�y�x�l�k�y �\�u�k�h�d�b�_ �l�j�_�[�h�\�Z�g�b�y 
�d �]�_�h�f�_�l�j�b�b �b �j�Z�a�f�_�j�m �w�e�_�f�_�g�l�h�\, �l�h�q�g�h�k�l�b �b�o �b�a�]�h�l�h�\�e�_�g�b�y �b �k�[�h�j�d�b, �]�_�j�f�_-
�l�b�q�g�h�k�l�b, �d�Z�q�_�k�l�\�m �d�j�b�h�]�_�g�g�h�]�h �k�e�h�y �b �^�j. [4]. �W�l�b �l�j�_�[�h�\�Z�g�b�y �n�h�j�f�b�j�m�x�l�k�y 
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�b�a �g�_�h�[�o�h�^�b�f�h�k�l�b  �h�[�_�k�i�_�q�_�g�b�y �m�k�e�h�\�b�c �^�e�y �n�h�j�f�b�j�h�\�Z�g�b�y �k�e�h�y �\�h�^�h�j�h�^�g�h�]�h 
�l�h�i�e�b�\�Z �l�j�_�[�m�_�f�u�o �i�Z�j�Z�f�_�l�j�h�\ �b �k�g�b�`�_�g�b�y �w�g�_�j�]�_�l�b�q�_�k�d�b�o �i�h�l�_�j�v �^�e�y �^�h-
�k�l�b�`�_�g�b�y �f�Z�d�k�b�f�Z�e�v�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �b �i�e�h�l�g�h�k�l�b �l�h�i�e�b�\�Z �\ �l�h�q�d�_ �a�Z�`�b�]�Z�g�b�y. 

�D�j�b�h�]�_�g�g�Z�y �f�b�r�_�g�v �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y 

�G�Z�b�[�h�e�v�r�_�]�h �i�j�h�^�\�b�`�_�g�b�y �\ �b�k�k�e�_�^�h�\�Z�g�b�b �e�Z�a�_�j�g�h�]�h �l�_�j�f�h�y�^�_�j�g�h�]�h 
�k�b�g�l�_�a�Z, �\ �q�Z�k�l�b �d�Z�k�Z�x�s�_�c�k�y �b�a�]�h�l�h�\�e�_�g�b�y �d�j�b�h�]�_�g�g�u�o �f�b�r�_�g�_�c, �^�h�k�l�b�]�e�b 
�Z�f�_�j�b�d�Z�g�k�d�b�_ �m�q�_�g�u�_ �\ �j�Z�f�d�Z�o �i�j�h�]�j�Z�f�f�u �i�h �a�Z�`�b�]�Z�g�b�x �g�Z �m�k�l�Z�g�h�\�d�_ NIF 
[5]. �< 2021 �]. �g�Z �e�Z�a�_�j�g�h�c �m�k�l�Z�g�h�\�d�_ NIF �i�h�e�m�q�_�g �j�_�d�h�j�^�g�u�c �g�_�c�l�j�h�g�g�u�c �\�u-
�o�h�^ �\ �w�d�k�i�_�j�b�f�_�g�l�_ 4,4 × 1017, �q�l�h �i�h�^�l�\�_�j�^�b�e�h �i�j�b�g�p�b�i�b�Z�e�v�g�m�x �\�h�a�f�h�`�g�h�k�l�v 
�h�[�_�k�i�_�q�_�g�b�y �a�Z�`�b�]�Z�g�b�y �f�b�r�_�g�b �g�Z �e�Z�a�_�j�g�u�o �m�k�l�Z�g�h�\�d�Z�o �f�_�]�Z�^�`�h�m�e�v�g�h�]�h 
�d�e�Z�k�k�Z. �< �o�h�^�_ �i�h�^�]�h�l�h�\�d�b �i�j�h�]�j�Z�f�f�u �[�u�e�b �k�n�h�j�f�m�e�b�j�h�\�Z�g�u �l�j�_�[�h�\�Z�g�b�y 
�d �d�h�g�k�l�j�m�d�p�b�b �b �l�h�q�g�h�k�l�b �b�a�]�h�l�h�\�e�_�g�b�y �f�b�r�_�g�b �b �_�_ �w�e�_�f�_�g�l�h�\, �d�h�l�h�j�u�_ �[�u-
�e�b �i�h�e�g�h�k�l�v�x �\�u�i�h�e�g�_�g�u �\ �o�h�^�_ �j�_�Z�e�b�a�Z�p�b�b �h�[�r�b�j�g�h�c �i�j�h�]�j�Z�f�f�u �w�d�k�i�_�j�b-
�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c.  

�< �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h �a�Z�`�b�]�Z�g�b�x �E�L�K �g�Z �e�Z�a�_�j�g�h�c �m�k�l�Z�g�h�\�d�_ NIF �b�k�i�h�e�v-
�a�m�_�l�k�y �d�h�g�k�l�j�m�d�p�b�y �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y �k �p�b�e�b�g�^�j�b�q�_-
�k�d�h�c �]�_�h�f�_�l�j�b�_�c, �i�j�b �d�h�l�h�j�h�c �e�Z�a�_�j�g�h�_ �b�a�e�m�q�_�g�b�_ �\�\�h�^�b�l�k�y �k �l�h�j�p�h�\ �p�b�e�b�g-
�^�j�Z [6]. �G�Z �j�b�k. 1 �i�j�_�^�k�l�Z�\�e�_�g�h �h�[�t�_�f�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b 
�k �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f �j�Z�a�^�_�e�_�g�b�_�f �^�_�l�Z�e�_�c (�w�e�_�f�_�g�l�h�\) �k�h�k�l�Z�\�e�y�x�s�b�o �_�_. �D�Z�d 
�\�b�^�g�h �b�a �j�b�k. 1, �\ �k�h�k�l�Z�\ �f�b�r�_�g�b �\�o�h�^�y�l �[�h�e�_�_ 30 �j�Z�a�e�b�q�g�u�o �w�e�_�f�_�g�l�h�\, �l�Z�d�b�_ 
�d�Z�d, �h�[�h�e�h�q�d�Z �k �l�h�i�e�b�\�h�f, �[�h�d�k-�d�h�g�\�_�j�l�h�j (�o�h�e�v�j�Z�m�f), �h�d�g�Z �\�\�h�^�Z �e�Z�a�_�j�g�h�]�h 
�b�a�e�m�q�_�g�b�y �b �^�j�m�]�b�_.   

 

 
 

�J�b�k. 1. �H�[�t�_�f�g�h�_ �i�h�w�e�_�f�_�g�l�g�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �^�e�y �m�k�l�Z�g�h�\�d�b NIF 
 
�>�e�y �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h �e�Z�a�_�j�g�h�f�m �l�_�j�f�h�y�^�_�j�g�h�f�m �k�b�g�l�_�a�m �g�Z 

�g�Z�r�_�c �m�k�l�Z�g�h�\�d�_ �[�u�e�Z �i�j�_�^�e�h�`�_�g�Z �d�h�g�p�_�i�p�b�y �j�_�g�l�]�_�g�h�\�k�d�h�c �d�j�b�h�]�_�g�g�h�c �f�b-
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�r�_�g�b �k�h �k�n�_�j�b�q�_�k�d�h�c �]�_�h�f�_�l�j�b�_�c �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z, �\ �p�_�g�l�j�_ �d�h�l�h�j�h�]�h �j�Z�a-
�f�_�s�_�g�Z �h�[�h�e�h�q�d�Z �k �g�Z�f�h�j�h�`�_�g�g�u�f �g�Z �_�_ �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �]�e�Z�^�d�b�f 
�b �h�^�g�h�j�h�^�g�u�f �i�h �l�h�e�s�b�g�_ �k�e�h�_�f �l�\�_�j�^�h�]�h �\�h�^�h�j�h�^�g�h�]�h �l�h�i�e�b�\�Z. �K�n�_�j�b�q�_�k�d�Z�y 
�]�_�h�f�_�l�j�b�y �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z �h�[�_�k�i�_�q�b�\�Z�_�l �j�Z�\�g�h�f�_�j�g�h�_ �l�_�i�e�h�\�h�_ �h�d�j�m�`�_�g�b�_ 
�h�[�h�e�h�q�d�b �g�Z �w�l�Z�i�_ �n�h�j�f�b�j�h�\�Z�g�b�y �d�j�b�h�k�e�h�y �b �k�b�f�f�_�l�j�b�q�_�k�d�h�_ �h�[�e�m�q�_�g�b�_ �h�[�h-
�e�h�q�d�b �k �l�h�i�e�b�\�h�f �j�_�g�l�]�_�g�h�\�k�d�b�f �b�a�e�m�q�_�g�b�_�f �g�Z �w�l�Z�i�_ �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b-
�f�_�g�l�h�\ �i�h �a�Z�`�b�]�Z�g�b�x (�\�g�m�l�j�_�g�g�y�y �i�h�\�_�j�o�g�h�k�l�v �[�h�d�k�Z �i�h�d�j�u�l�Z �k�e�h�_�f �a�h�e�h�l�Z 
�l�h�e�s�b�g�h�c �h�d�h�e�h 5 �f�d�f, �]�^�_ �i�j�h�b�k�o�h�^�b�l �d�h�g�\�_�j�k�b�y �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y 
�\ �j�_�g�l�]�_�g�h�\�k�d�h�_). �< �d�Z�`�^�h�_ �b�a 6 �h�l�\�_�j�k�l�b�c �k�n�_�j�b�q�_�k�d�h�]�h �[�h�d�k�Z, �j�Z�k�i�h�e�h�`�_�g-
�g�u�f �i�h �]�j�Z�g�y�f �d�m�[�Z, �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �\�\�h�^�b�l�v 8 �d�e�Z�k�l�_�j�h�\ (�i�h 4 �e�m�q�Z �\ �d�e�Z�k�l�_-
�j�_) �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �i�h� ̂ �m�]�e�h�f 30�h �d �h�k�b �h�l�\�_�j�k�l�b�y [7]. �L�j�_�[�m�_�l�k�y �l�h�q-
�g�h�k�l�v �i�j�b�p�_�e�b�\�Z�g�b�y ± 50 �f�d�f �d�Z�`�^�u�f �b�a �i�m�q�d�h�\ �\ �p�_�g�l�j �b�a 6 �h�l�\�_�j�k�l�b�c (�^�b�Z-
�f�_�l�j�h�f �h�d�h�e�h 1,5 �f�f ). �W�l�h �g�Z�d�e�Z�^�u�\�Z�_�l �`�_�k�l�d�b�_ �l�j�_�[�h�\�Z�g�b�y �g�_ �l�h�e�v�d�h �g�Z �k�b-
�k�l�_�f�m �g�Z�\�_�^�_�g�b�y, �g�h �b �g�Z �d�h�g�k�l�j�m�d�p�b�x �f�b�r�_�g�b �b �l�h�q�g�h�k�l�b �_�_ �b�a�]�h�l�h�\�e�_�g�b�y. 
�G�Z �g�h�`�d�_-�^�_�j�`�Z�l�_�e�_ �f�b�r�_�g�b �k �\�u�k�h�d�h�c �l�h�q�g�h�k�l�v�x �h�l�g�h�k�b�l�_�e�v�g�h �h�d�h�g �j�Z�a�f�_-
�s�Z�_�l�k�y �f�_�l�d�Z, �k �i�h�f�h�s�v�x �d�h�l�h�j�h�c �i�h�\�h�^�b�l�k�y �i�j�h�p�_�k�k �g�Z�\�_�^�_�g�b�y �g�Z �f�b�r�_�g�v. 
�;�h�d�k-�d�h�g�\�_�j�l�h�j �b �g�h�`�d�Z-�^�_�j�`�Z�l�_�e�v �b�a�]�h�l�Z�\�e�b�\�Z�x�l�k�y �b�a �f�Z�l�_�j�b�Z�e�h�\ �k �[�h�e�v�r�h�c 
�l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v�x (�i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o ~ 20°�D) �b �^�h�e�`�g�u �b�f�_�l�v �f�_�`�^�m �k�h�[�h�c 
�f�Z�d�k�b�f�Z�e�v�g�h �o�h�j�h�r�b�c �l�_�i�e�h�\�h�c �d�h�g�l�Z�d�l. �D�j�h�f�_ �l�h�]�h, �[�h�d�k-�d�h�g�\�_�j�l�h�j �g�_�h�[�o�h-
�^�b�f�h �]�_�j�f�_�l�b�a�b�j�h�\�Z�l�v, �l�Z�d �d�Z�d �h�g �^�h�e�`�_�g �[�u�l�v �a�Z�i�h�e�g�_�g �l�_�i�e�h�h�[�f�_�g�g�u�f �]�Z-
�a�h�f (�]�_�e�b�_�f). �L�Z�d�`�_ �]�_�j�f�_�l�b�q�g�h�k�l�v �i�j�b �d�j�b�h�]�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o �^�h�e�`�g�h �k�h-
�o�j�Z�g�y�l�v �k�h�_�^�b�g�_�g�b�_ �g�Z�i�h�e�g�y�x�s�_�]�h �d�Z�i�b�e�e�y�j�Z �k �h�[�h�e�h�q�d�h�c (�\ �d�h�l�h�j�m�x �g�Z�i�m�k-
�d�Z�_�l�k�y �\�h�^�h�j�h�^�g�Z�y �k�f�_�k�v �^�e�y �n�h�j�f�b�j�h�\�Z�g�b�y �k�n�_�j�b�q�_�k�d�h�]�h �k�e�h�y �e�v�^�Z). �B�a�h�[-
�j�Z�`�_�g�b�_ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y, �_�z �j�Z�k�i�h�e�h�`�_�g�b�_ �\ �f�b-
�r�_�g�g�h�c �d�Z�f�_�j�_ �b �l�j�Z�k�k�b�j�h�\�d�Z �e�Z�a�_�j�g�u�o �i�m�q�d�h�\ �i�j�h�o�h�^�y�s�b�o �q�_�j�_�a �h�^�g�h �b�a �r�_-
�k�l�b �h�l�\�_�j�k�l�b�c �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z, �i�h�d�Z�a�Z�g�h �g�Z �j�b�k. 2 [8]. 

 

 
 

�J�b�k. 2. �D�j�b�h�]�_�g�g�Z�y �f�b�r�_�g�v �k�h �k�n�_�j�b�q�_�k�d�h�c �]�_�h�f�_�l�j�b�_�c �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z 
 
�D �d�h�g�k�l�j�m�d�p�b�b �j�_�g�l�]�_�g�h�\�k�d�h�c �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �i�j�_�^�t�y�\�e�y�x�l�k�y �\�u-

�k�h�d�b�_ �l�j�_�[�h�\�Z�g�b�y �d �]�_�h�f�_�l�j�b�b �b �j�Z�a�f�_�j�m �w�e�_�f�_�g�l�h�\, �l�h�q�g�h�k�l�b �b�o �b�a�]�h�l�h�\�e�_�g�b�y 
�b �k�[�h�j�d�b, �]�_�j�f�_�l�b�q�g�h�k�l�b, �d�Z�q�_�k�l�\�m �d�j�b�h�]�_�g�g�h�]�h �k�e�h�y �b �^�j. �W�l�b �l�j�_�[�h�\�Z�g�b�y 
�g�Z�i�j�Z�\�e�_�g�u �g�Z �k�g�b�`�_�g�b�_ �w�g�_�j�]�_�l�b�q�_�k�d�b�o �i�h�l�_�j�v �^�e�y �^�h�k�l�b�`�_�g�b�y �f�Z�d�k�b�f�Z�e�v-
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�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �b �i�e�h�l�g�h�k�l�b �l�h�i�e�b�\�Z �\ �l�h�q�d�_ �a�Z�`�b�]�Z�g�b�y �i�j�b �\�e�h�`�_�g�g�h�c �e�Z-
�a�_�j�g�h�c �w�g�_�j�]�b�b. �H�k�g�h�\�g�u�_ �l�_�o�g�b�q�_�k�d�b�_ �l�j�_�[�h�\�Z�g�b�y �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 1 [9].  

 
� L �Z � [ � e � b � p �Z 1  

 

�H�k�g�h�\�g�u�_ �l�_�o�g�b�q�_�k�d�b�_ �l�j�_�[�h�\�Z�g�b�y, �i�j�_�^�t�y�\�e�y�_�f�u�_ �d �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b  
�g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y 

 

�G�Z�b�f�_�g�h�\�Z�g�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �L�j�_�[�h�\�Z�g�b�y 

�B�a�^�_�e�b�_ �^�h�e�`�g�h �k�h�o�j�Z�g�y�l�v �k�\�h�c �n�m�g�d�p�b�h�g�Z�e: 
– �\ �\�Z�d�m�m�f�_ 

– �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 

1·10–8 �f�[�Z�j 
�h�l 12 �^�h 21 �D 

�>�b�Z�f�_�l�j �h�[�h�e�h�q�d�b �k �l�h�i�e�b�\�h�f 
�>�b�Z�f�_�l�j �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z 

~2 �f�f  
�h�l 6 �^�h 10 �f�f  

�>�h�i�m�k�l�b�f�Z�y �r�_�j�h�o�h�\�Z�l�h�k�l�v �\�g�_�r�g�_�c �i�h�\�_�j�o�g�h�k�l�b �d�Z�i�k�m�e�u:
– �i�e�Z�k�l�b�d�h�\�Z�y �d�Z�i�k�m�e�Z 

– �d�Z�i�k�m�e�Z �b�a Be 

10 �g�f 
30 �g�f 

�L�h�q�g�h�k�l�v �j�Z�k�i�h�e�h�`�_�g�b�y �p�_�g�l�j�Z �h�[�h�e�h�q�d�b �h�l�g�h�k�b�l�_�e�v�g�h 
�p�_�g�l�j�Z �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z ±30 �f�d�f 

�L�h�q�g�h�k�l�v �k�h�\�f�_�s�_�g�b�y �h�k�b �l�j�m�[�d�b-�^�_�j�`�Z�l�_�e�y �h�l�g�h�k�b�l�_�e�v�g�h 
�p�_�g�l�j�Z �h�l�\�_�j�k�l�b�c �\ �i�h�e�x�k�Z�o �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z ±3 �f�d�f 

�L�h�e�s�b�g�Z �k�e�h�y DT �e�v�^�Z 
�F�Z�k�k�Z DT �\ �f�b�r�_�g�b 

65÷100�f�d�f 
0,2–0,3 �f�] 

�H�l�d�e�h�g�_�g�b�y �h�l �k�n�_�j�b�q�g�h�k�l�b, �d�h�g�p�_�g�l�j�b�q�g�h�k�l�b �d�j�b�h�k�e�h�y �”1 % 

�R�_�j�h�o�h�\�Z�l�h�k�l�v �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �d�j�b�h�k�e�h�y �”1 �f�d�f 

 
�L�Z�d�b�f �h�[�j�Z�a�h�f, �k�l�Z�g�h�\�b�l�k�y �i�h�g�y�l�g�h, �q�l�h �k�h�a�^�Z�g�b�_ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b 

�g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y – �w�l�h �f�g�h�]�h�m�j�h�\�g�_�\�Z�y �a�Z�^�Z�q�Z, �l�j�_�[�m�x�s�Z�y �j�_�Z�e�b�a�Z�p�b�b 
�f�g�h�`�_�k�l�\�Z �l�_�o�g�h�e�h�]�b�c �^�e�y �^�h�k�l�b�`�_�g�b�y �l�j�_�[�m�_�f�u�o �i�Z�j�Z�f�_�l�j�h�\. 

�I�j�h�p�_�k�k �k�h�a�^�Z�g�b�y �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �f�h�`�g�h �j�Z�a�^�_�e�b�l�v �g�Z �g�_�k�d�h�e�v�d�h 
�w�l�Z�i�h�\: 

– �j�Z�a�j�Z�[�h�l�d�Z �d�h�g�p�_�i�p�b�b �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b; 
– �j�Z�a�j�Z�[�h�l�d�Z �b �i�j�h�b�a�\�h�^�k�l�\�h �w�e�_�f�_�g�l�h�\ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b, �b�o �Z�l�l�_-

�k�l�Z�p�b�y; 
– �i�j�_�p�b�a�b�h�g�g�Z�y �k�[�h�j�d�Z �w�e�_�f�_�g�l�h�\ �f�b�r�_�g�b (�j�Z�k�i�h�e�h�`�_�g�b�_ �w�e�_�f�_�g�l�h�\ 

�k �f�b�d�j�h�g�g�h�c �l�h�q�g�h�k�l�v�x �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�] �^�j�m�]�Z) �b �Z�l�l�_�k�l�Z�p�b�y �k�h�[�j�Z�g�g�h�c 
�d�h�g�k�l�j�m�d�p�b�b �f�b�r�_�g�b; 

– �k�h�a�^�Z�g�b�_ �l�\�_�j�^�h�]�h �k�n�_�j�b�q�_�k�d�h�]�h �k�e�h�y �\�h�^�h�j�h�^�g�h�]�h �l�h�i�e�b�\�Z �l�j�_�[�m�_�f�h-
�]�h �d�Z�q�_�k�l�\�Z; 

– �^�b�Z�]�g�h�k�l�b�d�Z �d�j�b�h�]�_�g�g�h�]�h �k�e�h�y; 
– �i�h�k�l�Z�g�h�\�d�Z �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �g�Z �w�d�k�i�_�j�b�f�_�g�l �i�h �a�Z�`�b�]�Z�g�b�x �[�_�a �i�h-

�l�_�j�b �d�Z�q�_�k�l�\�Z �k�e�h�y. 
�>�Z�g�g�u�_ �i�h�^�a�Z�^�Z�q�b �j�_�r�Z�x�l�k�y �i�Z�j�Z�e�e�_�e�v�g�h �^�j�m�] �^�j�m�]�m �b, �i�h �f�_�j�_ �i�h�e�m-

�q�_�g�b�y �d�Z�d�b�o-�e�b�[�h �a�g�Z�q�b�f�u�o �j�_�a�m�e�v�l�Z�l�h�\ �\ �h�^�g�h�c �b�a �g�b�o, �f�h�]�m�l �h�d�Z�a�u�\�Z�l�v �\�e�b-
�y�g�b�_ �b �\�g�h�k�b�l�v �d�h�j�j�_�d�l�b�j�h�\�d�b �\ �f�_�l�h�^�u �j�_�r�_�g�b�y �b �j�_�Z�e�b�a�Z�p�b�x �h�k�l�Z�e�v�g�u�o.  
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�L�_�o�g�h�e�h�]�b�b �i�j�h�b�a�\�h�^�k�l�\�Z �w�e�_�f�_�g�l�h�\ �d�j�b�h�]�_�g�g�h�c 
�f�b�r�_�g�b �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y 

�>�e�y �l�h�]�h �q�l�h�[�u �k�h�[�j�Z�l�v �d�j�b�h�]�_�g�g�m�x �f�b�r�_�g�v, �g�_�h�[�o�h�^�b�f�h �b�a�]�h�l�h�\�b�l�v 
�j�Z�a�e�b�q�g�u�_ �w�e�_�f�_�g�l�u �f�b�r�_�g�b, �[�h�e�v�r�b�g�k�l�\�h �b�a �d�h�l�h�j�u�o �h�[�e�Z�^�Z�_�l �k�i�_�p�b�n�b�q�_-
�k�d�b�f�b �l�j�_�[�h�\�Z�g�b�y�f�b �d �f�Z�l�_�j�b�Z�e�m, �j�Z�a�f�_�j�Z�f, �l�h�q�g�h�k�l�b �n�h�j�f�u.  

1. �H�[�h�e�h�q�d�Z. �B�a�]�h�l�h�\�e�_�g�b�_ �p�_�g�l�j�Z�e�v�g�h�c �h�[�h�e�h�q�d�b �i�j�h�b�k�o�h�^�b�l �\ �g�_�k�d�h�e�v-
�d�h �w�l�Z�i�h�\. �K�g�Z�q�Z�e�Z �g�_�h�[�o�h�^�b�f�h �b�a�]�h�l�h�\�b�l�v �k�n�_�j�b�q�_�k�d�b�_ �h�[�h�e�h�q�d�b-�i�h�^�e�h�`�d�b 
�k �a�Z�^�Z�g�g�h�c �]�_�h�f�_�l�j�b�_�c �i�h �^�b�Z�f�_�l�j�m, �h�l�d�e�h�g�_�g�b�x �h�l �k�n�_�j�b�q�g�h�k�l�b, �d�Z�q�_�k�l�\�m 
�\�g�_�r�g�_�c �i�h�\�_�j�o�g�h�k�l�b. �H�[�h�e�h�q�d�b-�i�h�^�e�h�`�d�b �b�a�]�h�l�Z�\�e�b�\�Z�x�l�k�y �f�_�l�h�^�h�f �f�b�d�j�h-
�d�Z�i�k�m�e�b�j�h�\�Z�g�b�y �b�a �i�h�e�b-�Z�e�v�n�Z-�f�_�l�b�e�k�l�b�j�h�e�Z �b �h�[�e�Z�^�Z�x�l �o�h�j�h�r�b�f�b �i�Z�j�Z�f�_�l-
�j�Z�f�b �i�h �k�n�_�j�b�q�g�h�k�l�b �b �r�_�j�h�o�h�\�Z�l�h�k�l�b �\�g�_�r�g�_�c �i�h�\�_�j�o�g�h�k�l�b. �W�l�h�l �f�_�l�h�^ �h�[-
�s�_�i�j�b�g�y�l �^�e�y �b�a�]�h�l�h�\�e�_�g�b�y �h�[�h�e�h�q�_�d-�i�h�^�e�h�`�_�d, �d�h�l�h�j�u�_ �m�^�Z�e�y�x�l�k�y �i�h�k�e�_ 
�g�Z�j�Z�s�b�\�Z�g�b�y �j�Z�[�h�q�_�c �k�l�_�g�d�b �h�k�Z�`�^�_�g�b�_�f �b�a �]�Z�a�h�\�h�c �n�Z�a�u �b�e�b �g�Z�i�u�e�_�g�b�_�f.  

�< �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�h�k�l�Z�g�h�\�d�b �a�Z�^�Z�q�b �g�Z �w�d�k�i�_�j�b�f�_�g�l �p�_�g�l�j�Z�e�v�g�Z�y �h�[�h-
�e�h�q�d�Z-�d�Z�i�k�m�e�Z �f�h�`�_�l �[�u�l�v �\�u�i�h�e�g�_�g�Z �b�a �j�Z�a�e�b�q�g�u�o �f�Z�l�_�j�b�Z�e�h�\. �W�l�h �f�h�`�_�l 
�[�u�l�v �i�h�e�b�f�_�j�g�Z�y �h�[�h�e�h�q�d�Z �k CH-�i�h�d�j�u�l�b�_�f �e�_�]�b�j�h�\�Z�g�g�u�f �w�e�_�f�_�g�l�Z�f�b �k �\�u-
�k�h�d�b�f Z (�l�_�o�g�h�e�h�]�b�y �i�e�Z�a�f�h�o�b�f�b�q�_�k�d�h�]�h �g�Z�g�_�k�_�g�b�y CH-�i�h�d�j�u�l�b�y �g�Z �h�[�h�e�h�q-
�d�b-�i�h�^�e�h�`�d�b), �h�[�h�e�h�q�d�Z �b�a �[�_�j�b�e�e�b�y (�f�Z�]�g�_�l�j�h�g�g�h�_ �g�Z�i�u�e�_�g�b�_ �[�_�j�b�e�e�b�y �g�Z 
�h�[�h�e�h�q�d�b-�i�h�^�e�h�`�d�b) �b�e�b �\�u�k�h�d�h�i�e�h�l�g�h�]�h �m�]�e�_�j�h�^�Z (�f�_�l�h�^ �]�Z�a�h�n�Z�a�g�h�]�h �o�b�f�b-
�q�_�k�d�h�]�h �h�k�Z�`�^�_�g�b�y �m�]�e�_�j�h�^�Z �\ �K�<�Q �j�Z�a�j�y�^�_) [10, 11]. �<�g�_ �a�Z�\�b�k�b�f�h�k�l�b �h�l �f�Z-
�l�_�j�b�Z�e�Z, �i�h�k�e�_ �g�Z�j�Z�s�b�\�Z�g�b�y �k�e�h�y, �i�h�e�m�q�b�\�r�b�_�k�y �h�[�h�e�h�q�d�b �g�_�h�[�o�h�^�b�f�h �i�h�e�b-
�j�h�\�Z�l�v �^�h �l�j�_�[�m�_�f�u�o �i�Z�j�Z�f�_�l�j�h�\ �i�h�\�_�j�o�g�h�k�l�b �b �m�^�Z�e�y�l�v �i�h�^�e�h�`�d�m �q�_�j�_�a �f�b�d-
�j�h�h�l�\�_�j�k�l�b�_ �f�_�l�h�^�h�f �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �\ �d�h�g�l�j�h�e�b�j�m�_�f�h�c �b�g�_�j�l�g�h�c 
�k�j�_�^�_ �b�e�b �f�_�l�h�^�h�f �o�b�f�b�q�_�k�d�h�]�h �l�j�Z�\�e�_�g�b�y. �I�Z�j�Z�f�_�l�j�u �\�g�_�r�g�_�c �b �\�g�m�l�j�_�g�g�_�c 
�i�h�\�_�j�o�g�h�k�l�_�c �h�[�h�e�h�q�_�d �g�_�h�[�o�h�^�b�f�h �b�a�f�_�j�y�l�v �k �g�Z�g�h�f�_�l�j�h�\�h�c �l�h�q�g�h�k�l�v�x. �G�Z 
�j�b�k.3 �i�h�d�Z�a�Z�g�u �h�[�h�e�h�q�d�b-�i�h�^�e�h�`�d�b �b�a �i�h�e�b-�Z�e�v�n�Z-�f�_�l�b�e�k�l�b�j�h�e�Z, CH �h�[�h�e�h�q-
�d�b �b �h�[�h�e�h�q�d�b �b�a �[�_�j�b�e�e�b�y [9].  

 
 
 
 
 
 
 
 
 
 

�J�b�k. 3. �H�[�h�e�h�q�d�b, �b�a�]�h�l�h�\�e�_�g�g�u�_ �j�Z�a�e�b�q�g�u�f�b �f�_�l�h�^�Z�f�b: �Z – �h�[�h�e�h�q�d�b �I�:�F�K ,  
                                              �[ – �h�[�h�e�h�q�d�b CH, �\ – �h�[�h�e�h�q�d�b Be  

 
�>�e�y �m�^�Z�e�_�g�b�y �i�h�^�e�h�`�d�b �\ �h�[�h�e�h�q�d�_ �\�u�i�h�e�g�y�_�l�k�y �f�b�d�j�h�h�l�\�_�j�k�l�b�_, �\ �w�l�h 

�`�_ �h�l�\�_�j�k�l�b�_ �\�i�h�k�e�_�^�k�l�\�b�b �\�\�h�^�b�l�k�y �f�b�d�j�h�d�Z�i�b�e�e�y�j �^�e�y �g�Z�i�h�e�g�_�g�b�y �h�[�h�e�h�q-
�d�b �\�h�^�h�j�h�^�g�u�f �l�h�i�e�b�\�h�f. �F�b�d�j�h�h�l�\�_�j�k�l�b�y �a�Z�^�Z�g�g�u�o �i�Z�j�Z�f�_�l�j�h�\ (�h�l 2 �f�d�f) 
�\ �h�[�h�e�h�q�d�Z�o �b�a �j�Z�a�e�b�q�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �\�u�i�h�e�g�y�x�l�k�y �g�Z �k�l�_�g�^�_ �i�j�_�p�b�a�b�h�g�g�h�c 
�e�Z�a�_�j�g�h�c �f�b�d�j�h�h�[�j�Z�[�h�l�d�b. �I�j�b�f�_�j �i�h�e�m�q�Z�_�f�u�o �h�l�\�_�j�k�l�b�c �i�h�d�Z�a�Z�g �g�Z �j�b�k. 4.  
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�J�b�k. 4. �H�l�\�_�j�k�l�b�_ �\ �I�:�F�K  �h�[�h�e�h�q�d�_ 

 
2. �F�b�d�j�h�d�Z�i�b�e�e�y�j. �F�b�d�j�h�d�Z�i�b�e�e�y�j �^�e�y �g�Z�i�h�e�g�_�g�b�y �h�[�h�e�h�q�d�b �\�h�^�h�j�h�^-

�g�u�f �l�h�i�e�b�\�h�f �b�a�]�h�l�Z�\�e�b�\�Z�_�l�k�y �b�a �k�l�_�d�e�y�g�g�u�o �a�Z�]�h�l�h�\�h�d �i�m�l�_�f �j�Z�k�l�y�`�_�g�b�y 
�i�j�b �g�Z�]�j�_�\�_. �I�h�  ̂ �^�b�Z�f�_�l�j �f�b�d�j�h�h�l�\�_�j�k�l�b�y �\ �h�[�h�e�h�q�d�_ �i�h�^�[�b�j�Z�_�l�k�y �k�h�h�l�\�_�l-
�k�l�\�m�x�s�b�c �^�b�Z�f�_�l�j �k�l�_�d�e�y�g�g�h�]�h �f�b�d�j�h�d�Z�i�b�e�e�y�j�Z. �< �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�Z�j�Z�f�_�l-
�j�h�\ �f�b�r�_�g�b �]�_�h�f�_�l�j�b�q�_�k�d�b�_ �i�Z�j�Z�f�_�l�j�u �d�Z�i�b�e�e�y�j�Z �f�h�]�m�l �b�a�f�_�g�y�l�v�k�y: �^�b�Z�f�_�l�j 
�• 2 �f�d�f, �^�e�b�g�Z �• 4 �f�f . �D�Z�`�^�u�c �f�b�d�j�h�d�Z�i�b�e�e�y�j �i�j�h�\�_�j�y�_�l�k�y �g�Z �i�j�h�o�h�^�b�f�h�k�l�v 
�]�Z�a�Z, �b�a�f�_�j�y�x�l�k�y �i�Z�j�Z�f�_�l�j�u �\�g�_�r�g�_�]�h �b �\�g�m�l�j�_�g�g�_�]�h �^�b�Z�f�_�l�j�Z. �< �a�Z�\�b�k�b�f�h-
�k�l�b �h�l �a�Z�^�Z�q�b �f�h�`�_�l �i�h�l�j�_�[�h�\�Z�l�v�k�y �a�h�e�h�l�h�_ �g�Z�i�u�e�_�g�b�_ �g�Z �\�g�_�r�g�_�c �i�h�\�_�j�o�g�h-
�k�l�b �d�Z�i�b�e�e�y�j�Z, �^�e�y �q�_�]�h �b�k�i�h�e�v�a�m�_�l�k�y �l�_�o�g�h�e�h�]�b�y �f�Z�]�g�_�l�j�h�g�g�h�]�h �g�Z�i�u�e�_�g�b�y. 
�F�b�d�j�h�d�Z�i�b�e�e�y�j �y�\�e�y�_�l�k�y �h�^�g�b�f �b�a �q�Z�k�l�_�c �k�h�k�l�Z�\�g�h�]�h �d�Z�i�b�e�e�y�j�Z �^�e�y �g�Z�i�m�k�d�Z 
�\�h�^�h�j�h�^�g�h�]�h �l�h�i�e�b�\�Z �\ �h�[�h�e�h�q�d�m. �F�_�`�^�m �k�h�[�h�c �w�e�_�f�_�g�l�u �d�Z�i�b�e�e�y�j�Z �k�h�_�^�b-
�g�y�x�l�k�y �i�h�k�j�_�^�k�l�\�h�f �\�\�_�^�_�g�b�y �q�Z�k�l�b �d�Z�i�b�e�e�y�j�Z �f�_�g�v�r�_�]�h �^�b�Z�f�_�l�j�Z �\ �h�l�\�_�j-
�k�l�b�_ �d�Z�i�b�e�e�y�j�Z �k �[�h�e�v�r�b�f �^�b�Z�f�_�l�j�h�f, �a�Z�a�h�j �i�j�h�d�e�_�b�\�Z�_�l�k�y �d�e�_�_�f, �k�i�h�k�h�[�g�u�f 
�k�h�o�j�Z�g�y�l�v �]�_�j�f�_�l�b�q�g�h�k�l�v �k�[�h�j�d�b �i�j�b �j�Z�[�h�l�_ �\ �d�j�b�h�]�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j�Z�o 
�b �k�l�h�c�d�b�f �d �l�_�j�f�h�p�b�d�e�b�j�h�\�Z�g�b�x (�h�l 12 �^�h 300 �D). �D �k�h�_�^�b�g�_�g�b�x «�d�Z�i�b�e�e�y�j-
�h�[�h�e�h�q�d�Z» �i�j�_�^�t�y�\�e�y�x�l�k�y �l�Z�d�`�_ �l�j�_�[�h�\�Z�g�b�y �i�h �i�j�h�a�j�Z�q�g�h�k�l�b �d�e�_�y �b �f�b�g�b�f�b-
�a�Z�p�b�b �d�h�e�b�q�_�k�l�\�Z �d�e�_�y �\ �k�h�_�^�b�g�_�g�b�b, �l�Z�d �d�Z�d �w�l�b �n�Z�d�l�h�j�u �\�e�b�y�x�l �g�Z �j�Z�k�i�j�_-
�^�_�e�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �i�h �i�h�\�_�j�o�g�h�k�l�b �h�[�h�e�h�q�d�b �\ �i�j�h�p�_�k�k�_ �n�h�j�f�b�j�h�\�Z�g�b�y 
�d�j�b�h�]�_�g�g�h�]�h �l�h�i�e�b�\�g�h�]�h �k�e�h�y. 

3. �;�h�d�k-�d�h�g�\�_�j�l�h�j, �^�_�j�`�Z�l�_�e�b �f�b�r�_�g�b, �f�Z�g�`�_�l�u, �k�h�_�^�b�g�b�l�_�e�v�g�u�_ �w�e�_-
�f�_�g�l�u. �W�e�_�f�_�g�l�u, �k�h�k�l�Z�\�e�y�x�s�b�_ �d�j�b�h�]�_�g�g�m�x �f�b�r�_�g�v, �b�f�_�x�l �j�Z�a�g�m�x �n�h�j�f�m, 
�g�Z�q�b�g�Z�y �h�l �i�e�h�k�d�b�o �i�e�Z�k�l�b�g �b �a�Z�d�Z�g�q�b�\�Z�y �p�b�e�b�g�^�j�b�q�_�k�d�b�f�b, �k�n�_�j�b�q�_�k�d�b�f�b 
�b �d�h�g�m�k�g�u�f�b �w�e�_�f�_�g�l�Z�f�b �k �i�h�\�_�j�o�g�h�k�l�y�f�b, �b�f�_�x�s�b�f�b �j�Z�a�g�m�x �k�l�_�i�_�g�v �k�e�h�`-
�g�h�k�l�b �h�[�j�Z�[�h�l�d�b. �@�_�k�l�d�b�_ �l�j�_�[�h�\�Z�g�b�y, �i�j�_�^�t�y�\�e�y�_�f�u�_ �d �d�h�g�k�l�j�m�d�p�b�b �f�b�r�_�g�b 
�b �_�_ �k�h�k�l�Z�\�g�u�f �w�e�_�f�_�g�l�Z�f, �i�j�_�^�i�h�e�Z�]�Z�x�l �b�k�i�h�e�v�a�h�\�Z�g�b�y �p�_�e�h�]�h �i�Z�j�d�Z �j�Z�a-
�e�b�q�g�u�o �k�l�Z�g�d�h�\: �h�l �h�[�u�q�g�u�o (�l�h�d�Z�j�g�u�o �b �n�j�_�a�_�j�g�u�o �\�u�k�h�d�h�c �l�h�q�g�h�k�l�b) �^�h 
�m�a�d�h�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o (�m�e�v�l�j�Z�i�j�_�p�b�a�b�h�g�g�u�o, �Z�e�f�Z�a�g�h�]�h �l�h�q�_�g�b�y). �I�j�h�p�_�k�k 
�b�a�]�h�l�h�\�e�_�g�b�y �w�e�_�f�_�g�l�h�\ �f�b�r�_�g�_�c �i�j�Z�d�l�b�q�_�k�d�b �\�k�_�]�^�Z �b�^�_�l �\ �g�_�k�d�h�e�v�d�h �w�l�Z-
�i�h�\: �k�g�Z�q�Z�e�Z �]�j�m�[�Z�y �f�_�o�Z�g�b�q�_�k�d�Z�y �h�[�j�Z�[�h�l�d�Z �a�Z�]�h�l�h�\�d�b �[�m�^�m�s�_�c �^�_�l�Z�e�b (�w�e�_-
�f�_�g�l�Z �f�b�r�_�g�b) �g�Z �l�h�d�Z�j�g�h�f �k�l�Z�g�d�_ �\�u�k�h�d�h�c �l�h�q�g�h�k�l�b; �i�h�l�h�f �b�a�]�h�l�h�\�e�_�g�b�_ �h�l-
�\�_�j�k�l�b�c (�i�Z�a�u, �e�u�k�d�b �b �^�j.) �g�m�`�g�h�c �n�h�j�f�u �b �j�Z�a�f�_�j�h�\ �g�Z �n�j�_�a�_�j�g�h�f �\�u�k�h�d�h-
�l�h�q�g�h�f �k�l�Z�g�d�_ �b�e�b �h�[�j�Z�[�Z�l�u�\�Z�x�s�_�f �p�_�g�l�j�_ �k �\�h�a�f�h�`�g�h�k�l�v�x �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�c 
�l�h�d�Z�j�g�h�c �b �n�j�_�a�_�j�g�h�c �h�[�j�Z�[�h�l�d�b; �a�Z�l�_�f �n�b�g�b�r�g�Z�y �h�[�j�Z�[�h�l�d�Z �^�_�l�Z�e�b �g�Z �m�e�v-
�l�j�Z�i�j�_�p�b�a�b�h�g�g�h�f �k�l�Z�g�d�_ �Z�e�f�Z�a�g�h�]�h �l�h�q�_�g�b�y �k �k�m�[�f�b�d�j�h�g�g�h�c �l�h�q�g�h�k�l�v�x.  
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�I�h�k�e�_ �b�a�]�h�l�h�\�e�_�g�b�y �i�h�e�h�\�b�g �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z �g�Z �\�g�m�l�j�_�g�g�x�x �i�h�\�_�j�o-
�g�h�k�l�v �g�Z�i�u�e�y�_�l�k�y �a�h�e�h�l�h, �d�h�l�h�j�h�_ �g�_�h�[�o�h�^�b�f�h �^�e�y �d�h�g�\�_�j�l�Z�p�b�b �e�Z�a�_�j�g�h�]�h �b�a-
�e�m�q�_�g�b�y �\ �j�_�g�l�]�_�g�h�\�k�d�h�_. �G�Z �j�b�k. 5 �i�h�d�Z�a�Z�g�u �j�Z�a�e�b�q�g�u�_ �w�e�_�f�_�g�l�u �d�j�b�h�]�_�g�g�h�c 
�f�b�r�_�g�b �i�h�k�e�_ �f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �b �i�h�k�e�_�^�m�x�s�_�c �n�b�g�b�r�g�h�c �h�[�j�Z�[�h�l�d�b 
�k�n�_�j�b�q�_�k�d�b�o �i�h�\�_�j�o�g�h�k�l�_�c �b �i�h�k�Z�^�h�q�g�u�o �f�_�k�l �k�h�i�j�y�]�Z�_�f�u�o �^�_�l�Z�e�_�c.  

 
 
 
 
 
 
 

�J�b�k. 5. �W�e�_�f�_�g�l�u �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �i�h�k�e�_ �f�_�o�Z�g�b�q�_�k�d�h�c �b �n�b�g�b�r�g�h�c �h�[�j�Z�[�h�l�d�b 
 
4. �N�h�e�v�]�b, �i�e�_�g�d�b �^�e�y �h�d�h�g �b �m�^�_�j�`�Z�g�b�y �h�[�h�e�h�q�d�b. �>�e�y �]�_�j�f�_�l�b�a�Z�p�b�b 

�h�d�h�g �b�e�b �^�e�y �i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y �h�[�h�e�h�q�d�b �\�g�m�l�j�b �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z �f�h�]�m�l 
�b�k�i�h�e�v�a�h�\�Z�l�v�k�y �j�Z�a�e�b�q�g�u�_ �f�Z�l�_�j�b�Z�e�u �h�i�j�_�^�_�e�_�g�g�h�c �]�_�h�f�_�l�j�b�b �k �l�h�e�s�b�g�h�c �h�l 
�^�_�k�y�l�d�h�\ �g�Z�g�h�f�_�l�j�h�\ �^�h �k�h�l�_�g �f�b�d�j�h�g. �>�e�y �\�u�i�h�e�g�_�g�b�y �^�Z�g�g�h�c �a�Z�^�Z�q�b �j�_�Z�e�b-
�a�h�\�Z�g�Z �l�_�o�g�h�e�h�]�b�y �e�Z�a�_�j�g�h�c �f�b�d�j�h�h�[�j�Z�[�h�l�d�b �w�e�_�f�_�g�l�h�\ �f�b�r�_�g�b [12]. �H�k�g�h�\-
�g�h�c �a�Z�^�Z�q�_�c �i�j�b �k�h�a�^�Z�g�b�b �k�l�_�g�^�Z �e�Z�a�_�j�g�h�c �f�b�d�j�h�h�[�j�Z�[�h�l�d�b �[�u�e�h �i�h�e�m�q�_�g�b�_ 
�m�g�b�\�_�j�k�Z�e�v�g�h�c �k�b�k�l�_�f�u, �i�j�b�]�h�^�g�h�c �^�e�y �\�u�i�h�e�g�_�g�b�y �j�y�^�Z �a�Z�^�Z�q: �j�_�a�d�Z, �k�\�_�j-
�e�_�g�b�_ �f�b�d�j�h�h�l�\�_�j�k�l�b�c, �b�a�]�h�l�h�\�e�_�g�b�_ �i�Z�a�h�\ �d�h�g�l�j�h�e�b�j�m�_�f�h�c �]�e�m�[�b�g�u, �f�Z�j�d�b-
�j�h�\�d�Z �i�h�\�_�j�o�g�h�k�l�b �a�Z�]�h�l�h�\�h�d. �I�j�b �w�l�h�f �\ �k�l�_�g�^�_ �h�[�_�k�i�_�q�_�g�h �l�h�q�g�h�_ �i�h�a�b�p�b�h-
�g�b�j�h�\�Z�g�b�_ �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�c �i�h�\�_�j�o�g�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h �e�Z�a�_�j�g�h�]�h �e�m�q�Z, �j�_�Z�e�b-
�a�h�\�Z�g�h �h�i�l�b�q�_�k�d�h�_ �g�Z�[�e�x�^�_�g�b�_ �a�Z �h�[�j�Z�[�Z�l�u�\�Z�_�f�h�c �i�h�\�_�j�o�g�h�k�l�v�x �\ �j�Z�a�g�u�o 
�i�j�h�_�d�p�b�y�o. �L�Z�d�b�f �h�[�j�Z�a�h�f, �g�Z �k�l�_�g�^�_ �h�[�j�Z�[�Z�l�u�\�Z�x�l�k�y �j�Z�a�e�b�q�g�u�_ �w�e�_�f�_�g�l�u 
�d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b: �\�u�i�h�e�g�y�_�l�k�y �e�Z�a�_�j�g�Z�y �j�_�a�d�Z �i�e�_�g�h�d, �n�h�e�v�], �d�Z�i�b�e�e�y�j�h�\ 
�b �i�j ., �\�u�i�h�e�g�y�x�l�k�y �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �i�Z�a�u �b �h�l�\�_�j�k�l�b�y �\ �i�h�e�h�\�b�g�Z�o �[�h�d�k�Z-
�d�h�g�\�_�j�l�h�j�Z, �\�u�i�h�e�g�y�_�l�k�y �f�Z�j�d�b�j�h�\�d�Z �k�h�[�b�j�Z�_�f�u�o �^�_�l�Z�e�_�c. �J�_�a�m�e�v�l�Z�l �e�Z�a�_�j-
�g�h�c �h�[�j�Z�[�h�l�d�b �j�Z�a�e�b�q�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �i�h�d�Z�a�Z�g �g�Z �j�b�k. 6.   

 
 
 
 
 
 
 

 

�J�b�k. 6. �J�_�a�m�e�v�l�Z�l�u �e�Z�a�_�j�g�h�c �f�b�d�j�h�h�[�j�Z�[�h�l�d�b �j�Z�a�e�b�q�g�u�o �w�e�_�f�_�g�l�h�\ �f�b�r�_�g�b 
 
5. �G�Z�i�j�Z�\�e�y�x�s�b�_ �^�e�y �d�Z�i�b�e�e�y�j�h�\, �^�_�j�`�Z�l�_�e�b, �l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y �h�k�g�Z�k�l-

�d�Z. �< �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �l�Z�d�`�_ �i�j�b�k�m�l�k�l�\�m�x�l �w�e�_�f�_�g�l�u, �d�h�l�h�j�u�_ �\�u�i�h�e�g�y�x�l 
�\�k�i�h�f�h�]�Z�l�_�e�v�g�m�x �n�m�g�d�p�b�x, �g�Z�i�j�b�f�_�j, �g�Z�i�j�Z�\�e�y�x�s�b�_ �^�e�y �d�Z�i�b�e�e�y�j�h�\ �b �i�j�h-
�\�h�^�h�\ �^�h�e�`�g�u �m�^�_�j�`�b�\�Z�l�v �w�e�_�f�_�g�l�u �^�e�y �m�^�h�[�k�l�\�Z �k�[�h�j�d�b �b �f�b�g�b�f�b�a�Z�p�b�b 
�j�b�k�d�Z �i�h�e�h�f�d�b �k�h�_�^�b�g�_�g�b�c. �D �l�Z�d�b�f �w�e�_�f�_�g�l�Z�f �g�_ �i�j�_�^�t�y�\�e�y�x�l�k�y �\�u�k�h�d�b�_ 
�l�j�_�[�h�\�Z�g�b�y �i�h �d�Z�q�_�k�l�\�m �b �l�h�q�g�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b, �g�h �h�g�b �f�h�]�m�l �h�[�e�Z�^�Z�l�v �k�e�h�`-
�g�h�c �]�_�h�f�_�l�j�b�q�_�k�d�h�c �n�h�j�f�h�c. �L�Z�d�b�_ �w�e�_�f�_�g�l�u �b�a�]�h�l�Z�\�e�b�\�Z�x�l�k�y �i�j�b �b�k�i�h�e�v�a�h-
�\�Z�g�b�b �l�_�o�g�h�e�h�]�b�b �i�h�e�b�f�_�j�g�h�c 3D-�i�_�q�Z�l�b. �I�j�b�f�_�j�u �l�Z�d�b�o �^�_�l�Z�e�_�c �i�h�d�Z�a�Z�g�u 
�g�Z �j�b�k. 7.  
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�J�b�k. 7. �I�j�b�f�_�j�u �^�_�l�Z�e�_�c �\�u�i�h�e�g�_�g�g�u�o �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �l�_�o�g�h�e�h�]�b�b 
�i�h�e�b�f�_�j�g�h�c 3D-�i�_�q�Z�l�b 

�L�_�o�g�h�e�h�]�b�y �k�[�h�j�d�b �w�e�_�f�_�g�l�h�\ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b 
�g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y 

�>�e�y �h�[�_�k�i�_�q�_�g�b�y �l�h�q�g�h�k�l�b �i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y �w�e�_�f�_�g�l�h�\ �d�j�b�h�]�_�g�g�h�c 
�f�b�r�_�g�b �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z �l�_�o�g�h�e�h�]�b�y �k�[�h�j�d�b �b �k�h�a�^�Z�g �k�l�_�g�^ �k�[�h�j�d�b �d�j�b�h�]�_�g-
�g�u�o �f�b�r�_�g�_�c [13]. �G�Z �^�Z�g�g�h�f �k�l�_�g�^�_ �i�j�h�\�h�^�y�l�k�y �\�k�_ �k�[�h�j�h�q�g�u�_ �h�i�_�j�Z�p�b�b 
�w�e�_�f�_�g�l�h�\ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �b �Z�l�l�_�k�l�Z�p�b�y �k�[�h�j�d�b. �J�Z�[�h�q�b�_ �f�_�k�l�Z �h�[�h�j�m�^�h-
�\�Z�g�u �k�b�k�l�_�f�Z�f�b �l�h�q�g�h�]�h �i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y �k�h�[�b�j�Z�_�f�u�o �w�e�_�f�_�g�l�h�\; �k�b�k�l�_�f�Z-
�f�b �m�^�_�j�`�Z�g�b�y �k�h�[�b�j�Z�_�f�u�o �w�e�_�f�_�g�l�h�\; �k�b�k�l�_�f�Z�f�b �\�b�^�_�h�g�Z�[�e�x�^�_�g�b�y �\�u�k�h�d�h�]�h 
�j�Z�a�j�_�r�_�g�b�y �^�e�y �j�_�]�b�k�l�j�Z�p�b�b �i�j�h�p�_�k�k�Z �k�[�h�j�d�b �b �Z�l�l�_�k�l�Z�p�b�b.  

�G�Z �j�b�k.8 �i�h�d�Z�a�Z�g �h�^�b�g �b�a �w�l�Z�i�h�\ �k�[�h�j�d�b �f�b�r�_�g�b: �i�j�h�p�_�k�k �\�\�h�^�Z �f�b�d�j�h-
�d�Z�i�b�e�e�y�j�Z �„ 20 �f�d�f �\ �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ �h�l�\�_�j�k�l�b�_ �h�[�h�e�h�q�d�b �„ 2 �f�f  [13, 14]. 
�G�Z �\�h�j�h�g�d�h�h�[�j�Z�a�g�u�c �^�_�j�`�Z�l�_�e�v �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �h�[�h�e�h�q�d�Z, �i�j�b �i�h�f�h�s�b �i�h�a�b-
�p�b�h�g�_�j�h�\ �i�h�e�h�`�_�g�b�_ �h�l�\�_�j�k�l�b�y �d�h�j�j�_�d�l�b�j�m�_�l�k�y �l�Z�d, �q�l�h�[�u �h�g�h �g�Z�o�h�^�b�e�h�k�v 
�\ �i�h�e�x�k�_ �h�[�h�e�h�q�d�b; �d�Z�i�b�e�e�y�j �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �\ �p�Z�g�]�h�\�u�c �a�Z�`�b�f �f�Z�g�b�i�m�e�y-
�l�h�j�Z �b �h�j�b�_�g�l�b�j�m�_�l�k�y �k�h�h�k�g�h �h�l�\�_�j�k�l�b�x �h�[�h�e�h�q�d�b, �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �g�Z �i�h�\�_�j�o-
�g�h�k�l�v �f�b�d�j�h�d�Z�i�b�e�e�y�j�Z �k �h�l�k�l�m�i�h�f �h�l �l�h�j�p�Z �g�Z�g�h�k�b�l�k�y �g�_�[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h 
�d�e�_�y. �I�h�k�e�_ �q�_�]�h �f�b�d�j�h�d�Z�i�b�e�e�y�j �h�i�m�k�d�Z�_�l�k�y �\ �h�l�\�_�j�k�l�b�_ �h�[�h�e�h�q�d�b �^�h �j�Z�k�i�j�_-
�^�_�e�_�g�b�y �d�e�_�y �i�h �d�h�g�l�m�j�m �h�l�\�_�j�k�l�b�y. 

 
 
 
 
 
 
 
 

�J�b�k. 8. �I�j�h�p�_�k�k �k�[�h�j�d�b �f�b�d�j�h�d�Z�i�b�e�e�y�j�Z �b �h�[�h�e�h�q�d�b 
 
�I�h�k�e�_ �w�l�Z�i�Z �k�[�h�j�d�b �h�[�h�e�h�q�d�b �b �f�b�d�j�h�d�Z�i�b�e�e�y�j�Z �k�e�_�^�m�_�l �_�s�_ �[�h�e�v�r�h�_ 

�d�h�e�b�q�_�k�l�\�h �k�[�h�j�h�q�g�u�o �h�i�_�j�Z�p�b�c – �i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�_ �h�[�h�e�h�q�d�b �\ �[�h�d�k�_-
�d�h�g�\�_�j�l�h�j�_, �k�[�h�j�d�Z �i�h�e�h�\�b�g �[�h�d�k�Z, �]�_�j�f�_�l�b�a�Z�p�b�y �h�d�h�g, �m�d�e�Z�^�u�\�Z�g�b�_ �[�h�d�k�Z 
�\ �f�Z�g�`�_�l�m, �k�[�h�j�d�Z �g�h�`�d�b-�^�_�j�`�Z�l�_�e�y �k �f�_�l�d�h�c �b �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�f�b �w�e�_�f�_�g-
�l�Z�f�b, �k�[�h�j�d�Z �[�e�h�d�Z �[�h�d�k-�d�h�g�\�_�j�l�h�j �k �[�e�h�d�h�f �g�h�`�d�b-�^�_�j�`�Z�l�_�e�y. �B�l�h�]�h�f �i�h-
�k�e�_�^�h�\�Z�l�_�e�v�g�h �\�u�i�h�e�g�_�g�g�u�o �\�k�_�o �k�[�h�j�h�q�g�u�o �h�i�_�j�Z�p�b�c �g�Z �k�l�_�g�^�_ �y�\�e�y�_�l�k�y 
�d�h�g�k�l�j�m�d�p�b�y �f�b�r�_�g�b, �d�h�l�h�j�m�x �g�_�h�[�o�h�^�b�f�h �Z�l�l�_�k�l�h�\�Z�l�v �g�Z �i�j�_�^�f�_�l �k�h�h�l�\�_�l-
�k�l�\�b�y �l�j�_�[�m�_�f�h�c �l�h�q�g�h�k�l�b �j�Z�k�i�h�e�h�`�_�g�b�y �w�e�_�f�_�g�l�h�\ �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�] �^�j�m�]�Z.  
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�L�_�o�g�h�e�h�]�b�b �Z�l�l�_�k�l�Z�p�b�b �w�e�_�f�_�g�l�h�\ �b �b�l�h�]�h�\�h�c �d�h�g�k�l�j�m�d-
�p�b�b �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y 

�I�j�b �b�a�]�h�l�h�\�e�_�g�b�b �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �g�_�h�[�o�h�^�b�f�h �i�j�h�\�_�^�_�g�b�_ �b�a�f�_�j�_-
�g�b�c �i�Z�j�Z�f�_�l�j�h�\ �\�k�_�o �w�e�_�f�_�g�l�h�\ �f�b�r�_�g�b �b �b�l�h�]�h�\�h�c �d�h�g�k�l�j�m�d�p�b�b �d�j�b�h�]�_�g�g�h�c 
�f�b�r�_�g�b �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y. �< �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�j�_�^�t�y�\�e�y�_�f�u�o �l�j�_�[�h�\�Z�g�b�c 
�\�u�[�b�j�Z�x�l�k�y �k�j�_�^�k�l�\�Z �b�a�f�_�j�_�g�b�y, �h�[�e�Z�^�Z�x�s�b�_ �m�^�h�\�e�_�l�\�h�j�y�x�s�b�f�b �i�Z�j�Z�f�_�l-
�j�Z�f�b �i�h �l�h�q�g�h�k�l�b �b�a�f�_�j�_�g�b�y. �I�h�^�[�h�j �k�j�_�^�k�l�\ �b�a�f�_�j�_�g�b�y, �Z �l�Z�d�`�_ �f�_�l�h�^�h�\ 
�b �k�i�h�k�h�[ �b�a�f�_�j�_�g�b�y �i�j�h�\�h�^�b�l�k�y �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �[�u�e�Z �\�h�a�f�h�`�g�h�k�l�v �i�j�h-
�\�_�^�_�g�b�y �i�_�j�_�d�j�_�k�l�g�u�o �b�a�f�_�j�_�g�b�c �h�^�g�h�]�h �b �l�h�]�h �`�_ �i�Z�j�Z�f�_�l�j�Z �f�b�r�_�g�b �j�Z�a-
�e�b�q�g�u�f�b �f�_�l�h�^�Z�f�b. �>�\�Z �g�_�a�Z�\�b�k�b�f�u�o �f�_�l�h�^�Z �b�a�f�_�j�_�g�b�c �h�^�g�h�]�h �b �l�h�]�h �`�_ �i�Z-
�j�Z�f�_�l�j�Z �^�h�e�`�g�u �k�o�h�^�b�l�v�k�y, �i�h �d�j�Z�c�g�_�c �f�_�j�_ �g�Z �m�j�h�\�g�_ �i�h�]�j�_�r�g�h�k�l�b �b�a�f�_�j�_-
�g�b�y �f�_�l�h�^�h�\. �L�Z�d�b�f �h�[�j�Z�a�h�f, �k�\�h�^�b�l�k�y �d �f�b�g�b�f�m�f�m �h�r�b�[�d�Z, �\�h�a�g�b�d�Z�x�s�Z�y 
�\ �k�e�m�q�Z�_ �g�_�d�h�j�j�_�d�l�g�h�c �l�j�Z�d�l�h�\�d�b �j�_�a�m�e�v�l�Z�l�h�\ �b�a�f�_�j�_�g�b�c.  

�L�h�q�g�h�k�l�v �b�a�]�h�l�h�\�e�_�g�b�y �w�e�_�f�_�g�l�h�\ �f�b�r�_�g�b �d�h�g�l�j�h�e�b�j�m�_�l�k�y �k �i�h�f�h�s�v�x 
�f�_�l�h�^�h�\ �h�i�l�b�q�_�k�d�h�c �f�b�d�j�h�k�d�h�i�b�b (�Z�l�h�f�g�h-�k�b�e�h�\�u�_ �f�b�d�j�h�k�d�h�i�u, �i�j�h�n�b�e�h-
�f�_�l�j�u, �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�u�_ �f�b�d�j�h�k�d�h�i�u), �j�_�g�l�]�_�g�h�\�k�d�h�]�h �Z�[�k�h�j�[�p�b�h�g�g�h�]�h 
�f�_�l�h�^�Z, �]�j�Z�\�b�f�_�l�j�b�q�_�k�d�h�]�h �f�_�l�h�^�Z �b�a�f�_�j�_�g�b�y �l�h�e�s�b�g�u �b �i�j . �N�b�g�b�r�g�Z�y �Z�l�l�_-
�k�l�Z�p�b�y �k�[�h�j�d�b �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �i�j�h�\�h�^�b�l�k�y �g�Z �\�b�^�h�b�a�f�_�j�b�l�_�e�v�g�h�c �k�b�k�l�_�f�_ 
�\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y �^�e�y �l�j�_�o�f�_�j�g�h�]�h �d�h�g�l�j�h�e�y �i�h�\�_�j�o�g�h�k�l�b �k �g�Z�g�h�f�_�l�j�h�\�u�f 
�j�Z�a�j�_�r�_�g�b�_�f. �>�e�y �i�j�b�f�_�j�Z �g�Z �j�b�k. 9 �i�j�b�\�_�^�_�g �j�_�a�m�e�v�l�Z�l �Z�l�l�_�k�l�Z�p�b�b �i�h �l�h�q�g�h-
�k�l�b �k�[�h�j�d�b �k�n�_�j�b�q�_�k�d�h�c �d�Z�i�k�m�e�u �\ �p�_�g�l�j�_ �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z, �h�k�m�s�_�k�l�\�e�y�_�f�h�c 
�g�Z �k�l�_�g�^�_ �k�[�h�j�d�b �d�j�b�h�]�_�g�g�u�o �f�b�r�_�g�_�c. �D�j�m�]�h�\�h�c �i�j�h�n�b�e�v �i�h�\�_�j�o�g�h�k�l�b �k�[�h�j-
�d�b �k �h�[�h�e�h�q�d�h�c �\�g�m�l�j�b �i�h�e�m�q�_�g �b�a 9 �h�l�^�_�e�v�g�u�o �i�j�h�n�b�e�_�c (�d�Z�`�^�h�]�h �b�a �h�d�h�g 
�b �i�j�h�f�_�`�m�l�d�h�\ �f�_�`�^�m �g�b�f�b) �f�_�l�h�^�h�f �k�r�b�\�d�b �k �i�h�f�h�s�v�x �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g-
�g�h�]�h �I�H. �< �j�_�a�m�e�v�l�Z�l�_ �^�Z�g�g�h�]�h �b�a�f�_�j�_�g�b�y �i�h�e�m�q�_�g�h, �q�l�h �l�h�q�g�h�k�l�v �j�Z�k�i�h�e�h�`�_-
�g�b�y �p�_�g�l�j�Z �h�[�h�e�h�q�d�b �h�l�g�h�k�b�l�_�e�v�g�h �p�_�g�l�j�Z �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z �^�Z�g�g�h�c �k�[�h�j�d�b 
�\ �i�j�_�^�_�e�Z�o 30 �f�d�f. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�J�b�k. 9. �I�j�h�\�_�j�d�Z �l�h�q�g�h�k�l�b �k�[�h�j�d�b �h�[�h�e�h�q�d�b �\ �p�_�g�l�j�_ �[�h�d�k�Z-�d�h�g�\�_�j�l�h�j�Z 
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�L�_�o�g�h�e�h�]�b�y �k�h�a�^�Z�g�b�y �l�\�_�j�^�h�]�h �k�n�_�j�b�q�_�k�d�h�]�h �k�e�h�y 
�b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �l�j�_�[�m�_�f�h�]�h �d�Z�q�_�k�l�\�Z 

�>�e�y �l�h�]�h �q�l�h�[�u �i�h�e�m�q�b�l�v �k�n�_�j�b�q�_�k�d�b�c �l�\�_�j�^�u�c �k�e�h�c �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z 
�\ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b, �g�_�h�[�o�h�^�b�f�h �i�j�h�\�_�k�l�b �i�h�^�]�h�l�h�\�b�l�_�e�v�g�u�_ �j�Z�[�h�l�u, �d�h�l�h-
�j�u�_ �i�h�^�j�Z�a�^�_�e�y�x�l�k�y �g�Z �g�_�k�d�h�e�v�d�h �w�l�Z�i�h�\: 

– �M�k�l�Z�g�h�\�d�Z �k�h�[�j�Z�g�g�h�c �d�h�g�k�l�j�m�d�p�b�b �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �\ �d�j�b�h�k�l�Z�l, 
�k�h�_�^�b�g�_�g�b�_ �d�Z�i�b�e�e�y�j�h�\ �g�Z�i�m�k�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �b �]�_�e�b�y, �k�h�_�^�b�g�_�g�b�_ �i�j�h-
�\�h�^�h�\ �l�_�f�i�_�j�Z�l�m�j�g�u�o �^�Z�l�q�b�d�h�\ �b �g�Z�]�j�_�\�Z�l�_�e�_�c; 

– �<�Z�d�m�m�f�b�j�h�\�Z�g�b�_ �j�Z�[�h�q�_�]�h �h�[�t�_�f�Z �d�j�b�h�k�l�Z�l�Z �b �k�b�k�l�_�f �g�Z�i�m�k�d�Z �]�Z�a�h�\ 
�^�h 10–4 �f�[�Z�j; 

– �H�o�e�Z�`�^�_�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �k�[�h�j�d�b �^�h 18÷20 K; 
– �G�Z�i�m�k�d �l�_�i�e�h�h�[�f�_�g�g�h�]�h �]�Z�a�Z �]�_�e�b�y �\ �i�h�e�h�k�l�v �[�h�d�k�Z �^�h 10–2 �f�[�Z�j; 
– �G�Z�i�m�k�d �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �\ �h�[�h�e�h�q�d�m �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �l�j�h�c�g�h�c �l�h�q-

�d�b, �^�h�a�b�j�h�\�Z�g�b�_ �d�h�e�b�q�_�k�l�\�Z �`�b�^�d�h�k�l�b �\ �h�[�h�e�h�q�d�_ �^�h �j�Z�k�q�_�l�g�h�]�h �m�j�h�\�g�y (�i�h 
�j�Z�a�j�Z�[�h�l�Z�g�g�h�c �i�j�h�]�j�Z�f�f�_ �^�e�y �h�i�l�b�q�_�k�d�h�]�h �l�_�g�_�\�h�]�h �d�h�g�l�j�h�e�y �d�h�e�b�q�_�k�l�\�Z 
�g�Z�i�m�k�d�Z�_�f�u�o �`�b�^�d�b�o �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z); 

– �<�\�h�^ �B�D-�b�a�e�m�q�_�g�b�y �\ �k�n�_�j�b�q�_�k�d�m�x �i�h�e�h�k�l�v �f�b�r�_�g�b �^�e�y �n�h�j�f�b�j�h�\�Z-
�g�b�y �k�n�_�j�b�q�_�k�d�h�]�h �l�\�_�j�^�h�]�h �k�e�h�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z (�\ �k�e�m�q�Z�_ �n�h�j�f�b�j�h�\�Z�g�b�y 
�k�e�h�y �g�_�j�Z�^�b�h�Z�d�l�b�\�g�h�]�h �l�h�i�e�b�\�Z). 

– �N�h�j�f�b�j�h�\�Z�g�b�_ �f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �k�e�h�y �k �h�^�g�h�\�j�_�f�_�g�g�u�f �i�_�j�_-
�k�l�j�h�_�g�b�_�f �k�e�h�y �i�h �b�a�h�l�_�j�f�_ (�\ �j�_�a�m�e�v�l�Z�l�_ �[�_�l�Z- �b�e�b �B�D-�\�u�j�Z�\�g�b�\�Z�g�b�y).  

�>�e�y �l�h�]�h, �q�l�h�[�u �k�n�h�j�f�b�j�h�\�Z�l�v �k�e�h�c �g�m�`�g�h�]�h �d�Z�q�_�k�l�\�Z, �g�_�h�[�o�h�^�b�f�h �k�h-
�[�e�x�k�l�b �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �l�j�_�[�h�\�Z�g�b�c – �i�h�^�^�_�j�`�Z�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �\ �i�j�_�^�_-
�e�Z�o ±0,001�D, �h�l�k�m�l�k�l�\�b�_ �\�b�[�j�Z�p�b�c �g�Z �f�b�r�_�g�b, �j�Z�\�g�h�f�_�j�g�h�_ �l�_�i�e�h�\�h�_ �h�d�j�m�`�_-
�g�b�_ �h�[�h�e�h�q�d�b �k �l�h�i�e�b�\�h�f, �]�_�j�f�_�l�b�q�g�h�k�l�v �k�h�_�^�b�g�_�g�b�c �b �i�j . �I�h�^�j�h�[�g�h�_ �h�i�b�k�Z�g�b�_ 
�i�j�h�p�_�^�m�j�u �n�h�j�f�b�j�h�\�Z�g�b�y �k�e�h�y �h�i�b�k�Z�g�h �\ �j�Z�[�h�l�_ [15]. �W�l�Z�i�u �n�h�j�f�b�j�h�\�Z�g�b�y 
�k�n�_�j�b�q�_�k�d�h�]�h �l�\�_�j�^�h�]�h �k�e�h�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �\ �h�[�h�e�h�q�d�_ �i�h�d�Z�a�Z�g�u �g�Z �j�b�k. 10. 

 
 
 
 
 
 
 
 

�J�b�k. 10. �W�l�Z�i�u �n�h�j�f�b�j�h�\�Z�g�b�y �k�n�_�j�b�q�_�k�d�h�]�h �l�\�_�j�^�h�]�h �k�e�h�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �\ �h�[�h�e�h�q�d�_ 

�L�_�o�g�h�e�h�]�b�b �^�b�Z�]�g�h�k�l�b�d�b �i�Z�j�Z�f�_�l�j�h�\ �l�\�_�j�^�h�]�h �k�e�h�y 
�b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z 

�G�_�h�l�t�_�f�e�_�f�h�c �q�Z�k�l�v�x �k�h�a�^�Z�g�b�y �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l-
�d�Z �f�_�l�h�^�h�\ �d�h�g�l�j�h�e�y �i�Z�j�Z�f�_�l�j�h�\ �k�e�h�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z, �i�h�k�d�h�e�v�d�m �l�h�i�e�b�\�h 
�\ �h�[�h�e�h�q�d�_ �i�_�j�_�j�Z�k�i�j�_�^�_�e�y�_�l�k�y �^�h �l�_�o �i�h�j, �i�h�d�Z �\�g�m�l�j�_�g�g�y�y �i�h�\�_�j�o�g�h�k�l�v 
�d�j�b�h�k�e�h�y �g�_ �\�u�k�l�j�h�b�l�k�y �i�h �b�a�h�l�_�j�f�b�q�_�k�d�h�c �i�h�\�_�j�o�g�h�k�l�b, �d�h�l�h�j�Z�y �i�h�^�\�_�j�`�_�g�Z 
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�\�e�b�y�g�b�x �f�g�h�`�_�k�l�\�Z �n�Z�d�l�h�j�h�\ �b �y�\�e�y�_�l�k�y �g�_�m�k�l�h�c�q�b�\�h�c �\�h �\�j�_�f�_�g�b. �K�m�s�_-
�k�l�\�m�_�l �l�j�b �f�_�l�h�^�Z �d�h�g�l�j�h�e�y: �h�i�l�b�q�_�k�d�b�c �l�_�g�_�\�h�c �b �h�i�l�b�q�_�k�d�b�c �b�g�l�_�j�n�_�j�h�f�_�l-
�j�b�q�_�k�d�b�c �^�e�y �d�h�g�l�j�h�e�y �d�j�b�h�k�e�h�y �\ �h�i�l�b�q�_�k�d�b �i�j�h�a�j�Z�q�g�u�o �h�[�h�e�h�q�d�Z�o, �j�_�g�l�]�_-
�g�h�\�k�d�b�c �f�_�l�h�^ �k �n�Z�a�h�\�u�f �d�h�g�l�j�Z�k�l�h�f �^�e�y �d�h�g�l�j�h�e�y �d�j�b�h�k�e�h�y �\ �h�i�l�b�q�_�k�d�b �g�_-
�i�j�h�a�j�Z�q�g�u�o �h�[�h�e�h�q�d�Z�o. �>�e�y �Z�l�l�_�k�l�Z�p�b�b �l�\�_�j�^�h�]�h �k�e�h�y �\�h�^�h�j�h�^�Z �g�Z �k�l�Z�^�b�b �h�l-
�j�Z�[�h�l�d�b �l�_�o�g�h�e�h�]�b�b �n�h�j�f�b�j�h�\�Z�g�b�y �k�e�h�y �Z�d�l�b�\�g�h �b�k�i�h�e�v�a�m�_�l�k�y �h�i�l�b�q�_�k�d�b�c 
�l�_�g�_�\�h�c �f�_�l�h�^. �J�Z�a�j�Z�[�h�l�Z�g�Z �i�j�h�]�j�Z�f�f�Z �^�e�y �h�i�l�b�q�_�k�d�h�]�h �l�_�g�_�\�h�]�h �d�h�g�l�j�h�e�y 
�i�Z�j�Z�f�_�l�j�h�\ �l�\�_�j�^�h�]�h �d�j�b�h�k�e�h�y, �\ �d�h�l�h�j�h�c �i�j�b �b�a�\�_�k�l�g�h�f �^�b�Z�f�_�l�j�_ �b �l�h�e�s�b�g�_ 
�h�[�h�e�h�q�d�b �i�h �l�_�g�_�\�h�f�m �b�a�h�[�j�Z�`�_�g�b�x �Z�\�l�h�f�Z�l�b�q�_�k�d�b �\�u�q�b�k�e�y�x�l�k�y �b �a�Z�i�b�k�u-
�\�Z�x�l�k�y �\ �n�Z�c�e �k�e�_�^�m�x�s�b�_ �i�Z�j�Z�f�_�l�j�u �k�e�h�y: �i�j�h�n�b�e�v, �r�_�j�h�o�h�\�Z�l�h�k�l�v, �k�i�_�d�l�j 
�f�h�s�g�h�k�l�b �N�m�j�v�_, �h�l�d�e�h�g�_�g�b�y �h�l �d�h�g�p�_�g�l�j�b�q�g�h�k�l�b �b �k�n�_�j�b�q�g�h�k�l�b �\�g�m�l�j�_�g�g�_�c 
�i�h�\�_�j�o�g�h�k�l�b �d�j�b�h�k�e�h�y, �k�j�_�^�g�y�y �l�h�e�s�b�g�Z �d�j�b�h�k�e�h�y [8]. �J�_�a�m�e�v�l�Z�l �j�Z�[�h�l�u �i�j�h-
�]�j�Z�f�f�u �i�h�d�Z�a�Z�g �g�Z �j�b�k. 11. 

 

 
 

�J�b�k. 11. �<�u�o�h�^�g�u�_ �^�Z�g�g�u�_ �i�j�h�]�j�Z�f�f�u �^�e�y �h�i�l�b�q�_�k�d�h�]�h �l�_�g�_�\�h�]�h �d�h�g�l�j�h�e�y �i�Z�j�Z�f�_�l�j�h�\  
                                                           �l�\�_�j�^�h�]�h �d�j�b�h�k�e�h�y 

 
�L�Z�d�`�_ �\�_�^�_�l�k�y �h�l�j�Z�[�h�l�d�Z �^�b�Z�]�g�h�k�l�b�d�b �j�_�g�l�]�_�g�h�\�k�d�b�f �f�_�l�h�^�h�f �k �n�Z�a�h-

�\�u�f �d�h�g�l�j�Z�k�l�h�f, �d�h�l�h�j�u�c �h�k�g�h�\�Z�g �g�Z �h�l�d�e�h�g�_�g�b�b �j�_�g�l�]�_�g�h�\�k�d�b�o �e�m�q�_�c �g�Z �i�h-
�\�_�j�o�g�h�k�l�y�o �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b. �G�Z �\�g�m�l�j�_�g�g�_�c �i�h�\�_�j�o�g�h�k�l�b �e�v�^�Z �e�m�q�b �h�l-
�d�e�h�g�y�x�l�k�y, �h�[�j�Z�a�m�y �g�Z �b�a�h�[�j�Z�`�_�g�b�b �h�[�e�Z�k�l�v �h�l�k�m�l�k�l�\�b�y �k�b�]�g�Z�e�Z – �l�_�f�g�h�_ 
�d�h�e�v�p�h, �d�h�l�h�j�h�_ �y�\�e�y�_�l�k�y �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�f �^�e�y �^�Z�g�g�h�]�h �f�_�l�h�^�Z. �I�j�h�\�_�^�_�g�h 
�^�\�m�f�_�j�g�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�j�h�o�h�`�^�_�g�b�y �i�Z�j�Z�e�e�_�e�v�g�h�]�h �i�m�q�d�Z �j�_�g�l�]�_�g�h�\�k�d�b�o 
�e�m�q�_�c �q�_�j�_�a �k�n�_�j�b�q�_�k�d�b �k�b�f�f�_�l�j�b�q�g�m�x �f�b�r�_�g�v, �]�^�_ �i�_�j�_�f�_�g�g�u�f�b �i�Z�j�Z�f�_�l-
�j�Z�f�b �y�\�e�y�x�l�k�y �\�g�_�r�g�b�c �^�b�Z�f�_�l�j �h�[�h�e�h�q�d�b, �l�h�e�s�b�g�u �b �f�Z�l�_�j�b�Z�e�u �k�e�h�_�\, �j�Z�k-
�k�l�h�y�g�b�_ �h�l �h�[�h�e�h�q�d�b �^�h �^�_�l�_�d�l�h�j�Z. �J�_�a�m�e�v�l�Z�l�h�f �j�Z�[�h�l�u �i�j�h�]�j�Z�f�f�u �y�\�e�y�_�l�k�y 
�k�f�h�^�_�e�b�j�h�\�Z�g�g�h�_ �j�_�g�l�]�_�g�h�\�k�d�h�_ �l�_�g�_�\�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �b �g�Z�g�_�k�_�g�g�u�_ �g�Z �g�_�]�h 
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�j�_�Z�e�v�g�u�_ �]�j�Z�g�b�p�u �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b. �G�Z �h�k�g�h�\�_ �^�Z�g�g�h�c �l�_�h�j�_�l�b�q�_�k�d�h�c �f�h-
�^�_�e�b �[�m�^�m�l �\�u�y�\�e�y�l�v�k�y �a�Z�\�b�k�b�f�h�k�l�b �i�h�e�h�`�_�g�b�y �b �j�Z�a�f�_�j�h�\ �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_-
�k�d�b�o �h�k�h�[�_�g�g�h�k�l�_�c �g�Z �b�a�h�[�j�Z�`�_�g�b�b �h�l �i�h�e�h�`�_�g�b�y �i�h�\�_�j�o�g�h�k�l�_�c �f�b�r�_�g�b, �[�m-
�^�_�l �g�Z�i�b�k�Z�g�Z �i�j�h�]�j�Z�f�f�Z �h�[�j�Z�[�h�l�d�b �j�_�g�l�]�_�g�h�\�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �h�[�h�e�h�q�d�b �k�h 
�k�e�h�_�f �l�h�i�e�b�\�Z �k �Z�\�l�h�f�Z�l�b�q�_�k�d�b�f �\�u�q�b�k�e�_�g�b�_�f �i�Z�j�Z�f�_�l�j�h�\ �l�\�_�j�^�h�]�h �k�e�h�y.  

�I�h�k�l�Z�g�h�\�d�Z �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �\ �w�d�k�i�_�j�b�f�_�g�l 
�i�h �a�Z�`�b�]�Z�g�b�x 

�I�h �^�h�k�l�b�`�_�g�b�b �l�j�_�[�m�_�f�h�c �h�^�g�h�j�h�^�g�h�k�l�b �l�h�e�s�b�g�u �d�j�b�h�k�e�h�y �h�l�d�j�u�\�Z�_�l-
�k�y �r�e�x�a�h�\�Z�y �a�Z�k�e�h�g�d�Z �b �d�j�b�h�k�l�Z�l �k �f�b�r�_�g�v�x �i�h�^�Z�_�l�k�y �\ �p�_�g�l�j �d�Z�f�_�j�u �\�a�Z�b-
�f�h�^�_�c�k�l�\�b�y. �I�j�h�\�h�^�b�l�k�y �x�k�l�b�j�h�\�d�Z �f�b�r�_�g�b, �i�h�k�e�_ �q�_�]�h �h�l�d�j�u�\�Z�_�l�k�y �a�Z�s�b�l-
�g�u�c �w�d�j�Z�g �b �i�j�h�b�a�\�h�^�b�l�k�y �e�Z�a�_�j�g�u�c �\�u�k�l�j�_�e. 

�>�e�y �g�h�\�h�c �e�Z�a�_�j�g�h�c �m�k�l�Z�g�h�\�d�b �i�j�b�g�y�l�h �\�_�j�l�b�d�Z�e�v�g�h�_ �j�Z�k�i�h�e�h�`�_�g�b�_ �m�a-
�e�Z �\�\�h�^�Z �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b. �M�a�_�e �\�\�h�^�Z �^�h�e�`�_�g �h�[�_�k�i�_�q�b�l�v �i�_�j�_�f�_�s�_�g�b�_ 
�f�b�r�_�g�b �h�l �f�_�k�l�Z �a�Z�]�j�m�a�d�b �d �i�h�k�l�m �i�j�b�]�h�l�h�\�e�_�g�b�y �b �Z�l�l�_�k�l�Z�p�b�b, �Z �i�h�k�e�_ �h�d�h�g-
�q�Z�l�_�e�v�g�h�c �Z�l�l�_�k�l�Z�p�b�b �d �p�_�g�l�j�m �f�b�r�_�g�g�h�c �d�Z�f�_�j�u, �h�[�_�k�i�_�q�b�l�v �l�h�q�g�h�_ �i�h�a�b�p�b-
�h�g�b�j�h�\�Z�g�b�_ �f�b�r�_�g�b. �H�[�s�Z�y �k�o�_�f�Z �k�b�k�l�_�f�u �\�\�h�^�Z �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �\ �p�_�g�l�j 
�f�b�r�_�g�g�h�c �d�Z�f�_�j�u �i�h�d�Z�a�Z�g�h �g�Z �j�b�k. 12 [9]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�J�b�k. 12. �H�[�s�Z�y �k�o�_�f�Z �k�b�k�l�_�f�u �\�\�h�^�Z �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �\ �p�_�g�l�j �f�b�r�_�g�g�h�c �d�Z�f�_�j�u  

�A�Z�d�e�x�q�_�g�b�_ 

�K�h�a�^�Z�g�b�_ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y – �k�e�h�`�g�Z�y �f�g�h�]�h-
�m�j�h�\�g�_�\�Z�y �a�Z�^�Z�q�Z, �^�e�y �j�_�Z�e�b�a�Z�p�b�b �d�h�l�h�j�h�c �[�u�e�b �j�Z�a�j�Z�[�h�l�Z�g�u �b �j�_�Z�e�b�a�h�\�Z�g�u 
�j�Z�a�e�b�q�g�u�_ �l�_�o�g�h�e�h�]�b�b �b�a�]�h�l�h�\�e�_�g�b�y �b �Z�l�l�_�k�l�Z�p�b�b �w�e�_�f�_�g�l�h�\ �d�j�b�h�]�_�g�g�h�c �f�b�r�_-
�g�b. �< �j�Z�[�h�l�_ �d�j�Z�l�d�h �i�j�b�\�_�^�_�g�u �h�k�g�h�\�g�u�_ �w�l�Z�i�u �i�j�h�b�a�\�h�^�k�l�\�Z �d�j�b�h�]�_�g�g�h�c �f�b-
�r�_�g�b �g�_�i�j�y�f�h�]�h �h�[�e�m�q�_�g�b�y �b �i�j�b�f�_�g�y�_�f�u�_ �l�_�o�g�h�e�h�]�b�b: �b�a�]�h�l�h�\�e�_�g�b�_ �b �Z�l�l�_-
�k�l�Z�p�b�y �w�e�_�f�_�g�l�h�\ �f�b�r�_�g�b, �k�[�h�j�d�Z, �n�b�g�b�r�g�Z�y �Z�l�l�_�k�l�Z�p�b�y, �m�k�l�Z�g�h�\�d�Z �\ �d�j�b�h�k�l�Z�l 
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�b �n�h�j�f�b�j�h�\�Z�g�b�_ �l�h�i�e�b�\�g�h�]�h �k�e�h�y, �^�b�Z�]�g�h�k�l�b�d�Z �k�e�h�y �b �i�h�k�l�Z�g�h�\�d�Z �f�b�r�_�g�b 
�\ �f�b�r�_�g�g�m�x �d�Z�f�_�j�m �^�e�y �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z �i�h �a�Z�`�b�]�Z�g�b�x �E�L�K. 

�H�i�b�k�u�\�Z�_�f�u�_ �l�_�o�g�h�e�h�]�b�b �i�h�a�\�h�e�y�x�l �b�a�]�h�l�Z�\�e�b�\�Z�l�v �g�_ �l�h�e�v�d�h �d�j�b�h�]�_�g-
�g�u�c �l�b�i �f�b�r�_�g�_�c, �g�h �b �^�j�m�]�b�_ �l�b�i�u �e�Z�a�_�j�g�u�o �f�b�r�_�g�_�c, �d�h�l�h�j�u�_ �b�k�i�h�e�v�a�m�x�l-
�k�y �\ �j�Z�a�e�b�q�g�u�o �e�Z�a�_�j�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y. 
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�I�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�a�m�q�_�g�b�y �Z�d�l�b�\�g�h�k�l�b �]�b�^�j�h�n�h�[�g�h�]�h �b �^�\�m�o 
�]�b�^�j�h�n�b�e�v�g�u�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �\ �k�h�k�l�Z�\�_ �k�b�k�l�_�f�u �^�_�l�j�b�l�b�a�Z�p�b�b �]�Z�a�h�\�u�o 
�i�h�l�h�d�h�\ �g�Z �y�^�_�j�g�u�o �h�[�t�_�d�l�Z�o �b �b�o �i�h�\�_�^�_�g�b�_ �\ �m�k�e�h�\�b�y�o �\�h�a�g�b�d�g�h�\�_�g�b�y 
�]�h�j�_�g�b�y �b�a�h�e�y�p�b�b �w�e�_�d�l�j�b�q�_�k�d�b�o �d�Z�[�_�e�_�c �b �\�h�a�^�_�c�k�l�\�b�y �^�u�f�h�\�u�o �]�Z�a�h�\ 
�g�Z �g�b�o. �I�h�d�Z�a�Z�g�h, �q�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �]�b�^�j�h�n�h�[�g�h�]�h �d�Z�l�Z�e�b�a�Z�l�h�j�Z �^�e�y 
�h�d�b�k�e�_�g�b�y �\�h�^�h�j�h�^�Z �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �\ �k�b�k�l�_�f�_ �^�_�l�j�b�l�b�a�Z�p�b�b 
�\�h�a�f�h�`�g�h. �H�^�g�Z�d�h �i�j�b �i�h�`�Z�j�_ �\�h�a�^�_�c�k�l�\�b�_ �i�j�h�^�m�d�l�h�\ �]�h�j�_�g�b�y �g�Z �d�Z�l�Z-
�e�b�a�Z�l�h�j �a�g�Z�q�b�l�_�e�v�g�h (�\ 6–7 �j�Z�a) �k�g�b�`�Z�_�l �_�]�h �Z�d�l�b�\�g�h�k�l�v, �Z �i�j�b �l�_�f�i�_�j�Z-
�l�m�j�_, �i�j�_�\�u�r�Z�x�s�_�c 200°�K, �d�Z�l�Z�e�b�a�Z�l�h�j �k�Z�f �f�h�`�_�l �k�l�Z�l�v �i�j�b�q�b�g�h�c �j�Z�a-
�\�b�l�b�y �i�h�`�Z�j�Z. �>�e�y �]�b�^�j�h�n�h�[�g�u�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\, �j�Z�[�h�l�Z�x�s�b�o �i�j�b �l�_�f�i�_-
�j�Z�l�m�j�_ �•200°�K, �h�d�b�k�e�_�g�b�_ �i�j�b�k�m�l�k�l�\�m�x�s�b�o �\ �^�u�f�h�\�u�o �]�Z�a�Z�o �h�j�]�Z�g�b�q�_-
�k�d�b�o �k�h�_�^�b�g�_�g�b�c �i�j�_�^�k�l�Z�\�e�y�_�l �m�]�j�h�a�m �l�_�j�f�b�q�_�k�d�h�]�h �_�]�h �j�Z�a�j�m�r�_�g�b�y. 
�I�j�_�^�e�h�`�_�g �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �i�j�b�_�f, �b�k�d�e�x�q�Z�x�s�b�c �\�h�a�f�h�`�g�h�k�l�v �g�_�d�h�g-
�l�j�h�e�b�j�m�_�f�h�]�h �i�h�\�u�r�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �\ �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �j�_�Z�d�l�h�j�_. 

�<�\�_�^�_�g�b�_ 

�G�Z �y�^�_�j�g�u�o �h�[�t�_�d�l�Z�o �j�Z�a�e�b�q�g�h�]�h �g�Z�a�g�Z�q�_�g�b�y �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �h�i�_�j�Z�p�b�b 
�k �l�j�b�l�b�c �k�h�^�_�j�`�Z�s�b�f�b �h�[�t�_�d�l�Z�f�b �^�h�e�`�g�u �i�j�h�\�h�^�b�l�v�k�y �\ �a�Z�s�b�l�g�u�o �[�h�d�k�Z�o. 
�L�Z�d�b�_ �[�h�d�k�u, �d�Z�d �i�j�Z�\�b�e�h, �j�Z�[�h�l�Z�x�l �i�j�b �^�Z�\�e�_�g�b�b �g�b�`�_ �Z�l�f�h�k�n�_�j�g�h�]�h, �q�l�h 
�^�h�e�`�g�h �i�j�_�i�y�l�k�l�\�h�\�Z�l�v �i�h�i�Z�^�Z�g�b�x �l�j�b�l�b�y �\ �j�Z�[�h�q�_�_ �i�h�f�_�s�_�g�b�_. �L�_�f �g�_ �f�_-
�g�_�_, �i�j�b �g�Z�j�m�r�_�g�b�b �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �j�_�`�b�f�h�\ �b�e�b �\ �Z�\�Z�j�b�c�g�u�o �k�b�l�m�Z�p�b�y�o 
�l�j�b�l�b�c �\�u�o�h�^�b�l �a�Z �i�j�_�^�_�e�u �a�Z�s�b�l�g�u�o �i�h�f�_�s�_�g�b�c. �I�j�b �w�l�h�f �\ �k�e�m�q�Z�_ �\�h�a�g�b�d-
�g�h�\�_�g�b�y �\�g�_�r�l�Z�l�g�h�c �k�b�l�m�Z�p�b�b �k�b�k�l�_�f�Z �h�q�b�k�l�d�b �^�h�e�`�g�Z �i�j�h�^�h�e�`�Z�l�v �\�u�i�h�e-
�g�y�l�v �k�\�h�b �h�k�g�h�\�g�u�_ �n�m�g�d�p�b�b �[�_�a�h�i�Z�k�g�h�k�l�b: �m�^�_�j�`�Z�g�b�_ �j�Z�^�b�h�Z�d�l�b�\�g�h�]�h �f�Z�l�_-
�j�b�Z�e�Z, �a�Z�s�b�l�Z �i�_�j�k�h�g�Z�e�Z �b �f�_�k�l�g�h�]�h �g�Z�k�_�e�_�g�b�y �h�l �\�h�a�^�_�c�k�l�\�b�y �b�h�g�b�a�b�j�m�x�s�_-
�]�h �b�a�e�m�q�_�g�b�y. �L�_�o�g�h�e�h�]�b�b, �b�k�i�h�e�v�a�m�_�f�u�_ �i�j�b �k�h�a�^�Z�g�b�b �k�b�k�l�_�f�u �h�q�b�k�l�d�b �l�_�o-
�g�h�e�h�]�b�q�_�k�d�b�o �]�Z�a�h�\, �a�Z�\�b�k�y�l �h�l �f�g�h�`�_�k�l�\�Z �n�Z�d�l�h�j�h�\: �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �i�h 
�h�q�b�s�Z�_�f�h�f�m �i�h�l�h�d�m �]�Z�a�Z, �j�Z�^�b�Z�p�b�h�g�g�h�c �Z�d�l�b�\�g�h�k�l�b �]�Z�a�Z �b �_�]�h �k�h�k�l�Z�\�Z (�o�b�f�b-
�q�_�k�d�Z�y �n�h�j�f�Z �l�j�b�l�b�y, �g�Z�e�b�q�b�_ �d�b�k�e�h�j�h�^�Z, �f�_�l�Z�g�Z, �Z�f�f�b�Z�d�Z, �i�Z�j�h�\ �\�h�^�u �b �l. � .̂), 
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�a�Z�^�Z�g�g�h�c �k�l�_�i�_�g�b �h�q�b�k�l�d�b, �l�j�_�[�h�\�Z�g�b�c �i�h �\�e�Z�`�g�h�k�l�b �\�o�h�^�y�s�_�]�h �\ �k�b�k�l�_�f�m 
�h�q�b�k�l�d�b �b �\�u�o�h�^�y�s�_�]�h �b�a �g�_�_ �i�h�l�h�d�Z �]�Z�a�Z, �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h �g�Z�a�g�Z�q�_�g�b�y. �K�e�_-
�^�m�_�l �\�u�^�_�e�b�l�v �^�\�_ �h�k�g�h�\�g�u�_ �a�Z�^�Z�q�b �i�h �h�q�b�k�l�d�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �]�Z�a�h�\ �h�l 
�l�j�b�l�b�y: �^�_�l�j�b�l�b�a�Z�p�b�y �\�u�k�h�d�h�Z�d�l�b�\�g�u�o �]�Z�a�h�\ �a�Z�s�b�l�g�u�o �[�h�d�k�h�\ �b �^�_�l�j�b�l�b�a�Z-
�p�b�y �g�b�a�d�h�Z�d�l�b�\�g�u�o �Z�l�f�h�k�n�_�j�g�u�o �b�e�b �\�_�g�l�b�e�y�p�b�h�g�g�u�o �]�Z�a�h�\. �W�l�b �a�Z�^�Z�q�b 
�i�j�b�g�p�b�i�b�Z�e�v�g�h �h�l�e�b�q�Z�x�l�k�y. �I�j�b �^�_�l�j�b�l�b�a�Z�p�b�b �b�g�_�j�l�g�h�c �Z�l�f�h�k�n�_�j�u �[�h�d�k�h�\, 
�d�Z�d �i�j�Z�\�b�e�h, �k�l�h�b�l �a�Z�^�Z�q�Z �i�h�^�^�_�j�`�Z�g�b�y �\ �h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�h�f �p�b�j�d�m-
�e�b�j�m�x�s�_�f �]�Z�a�h�\�h�f �i�h�l�h�d�_ �d�h�g�p�_�g�l�j�Z�p�b�x �l�j�b�l�b�y, �g�_ �i�j�_�\�u�r�Z�x�s�_�c �^�h�i�m-
�k�l�b�f�m�x, �b �i�j�b �w�l�h�f �g�_ �l�j�_�[�m�_�l�k�y �]�e�m�[�h�d�h�_ �b�a�\�e�_�q�_�g�b�_ �l�j�b�l�b�y �b�a �w�l�h�]�h �i�h�l�h-
�d�Z. �M�k�l�Z�g�h�\�d�b, �b�k�i�h�e�v�a�m�_�f�u�_ �^�e�y �h�q�b�k�l�d�b �Z�l�f�h�k�n�_�j�g�u�o �b�e�b �\�_�g�l�b�e�y�p�b�h�g-
�g�u�o �]�Z�a�h�\, �g�Z�h�[�h�j�h�l, �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y �\�u�k�h�d�b�f�b �a�g�Z�q�_�g�b�y�f�b �i�j�h�i�m�k�d�g�h�c 
�k�i�h�k�h�[�g�h�k�l�b (100–1000 �f 3/�q) �b �^�h�k�l�b�]�Z�_�f�h�c �k�l�_�i�_�g�b �^�_�l�j�b�l�b�a�Z�p�b�b. �J�_�`�b�f 
�j�Z�[�h�l�u �l�Z�d�b�o �k�b�k�l�_�f �^�_�l�j�b�l�b�a�Z�p�b�b �^�h�e�`�_�g �h�[�_�k�i�_�q�b�l�v �\�u�i�h�e�g�_�g�b�_ �m�k�e�h�\�b�c, 
�m�k�l�Z�g�h�\�e�_�g�g�u�o �i�j�Z�\�b�e�Z�f�b �b �g�h�j�f�Z�l�b�\�Z�f�b. �< �J�h�k�k�b�b, �g�Z�i�j�b�f�_�j, �\ �k�h�h�l�\�_�l-
�k�l�\�b�b �k �K�Z�g�b�l�Z�j�g�u�f�b �i�j�Z�\�b�e�Z�f�b [1] �^�h�i�m�k�l�b�f�Z�y �h�[�t�_�f�g�Z�y �Z�d�l�b�\�g�h�k�l�v �i�h �l�j�b-
�l�b�x �\ �\�h�a�^�m�o�_ �j�Z�[�h�q�b�o �i�h�f�_�s�_�g�b�c �\ �\�b�^�_ �i�Z�j�h�\ �\�h�^�u �g�_ �^�h�e�`�g�Z �i�j�_�\�u�r�Z�l�v 
0,44 �F�;�d/�f3, �Z �\ �\�b�^�_ �]�Z�a�h�h�[�j�Z�a�g�h�]�h �\�h�^�h�j�h�^�Z – 4400 �F�;�d/�f3. �Q�l�h �d�Z�k�Z�_�l�k�y 
�\�h�a�^�m�o�Z �b �\�h�^�u, �k�[�j�Z�k�u�\�Z�_�f�u�o �\ �h�d�j�m�`�Z�x�s�m�x �k�j�_�^�m, �l�h �^�e�y �g�b�o �g�h�j�f�Z�l�b�\�u 
�k�e�_�^�m�x�s�b�_: �\�h�a�^�m�o – 1900 �;�d/�f3, �\�h�^�Z – 7600 �;�d/�d�].  

�G�Z�b�[�h�e�_�_ �f�Z�k�r�l�Z�[�g�u�f �i�j�b�f�_�j�h�f �b�k�i�h�e�v�a�h�\�Z�g�b�y �d�h�f�i�e�_�d�k�g�h�c �l�_�o�g�h�e�h-
�]�b�b �h�q�b�k�l�d�b �k�[�j�h�k�g�h�]�h �]�Z�a�h�\�h�]�h �i�h�l�h�d�Z �y�\�e�y�_�l�k�y �k�b�k�l�_�f�Z �^�_�l�j�b�l�b�a�Z�p�b�b �g�Z 
�l�j�b�l�b�_�\�h�f �a�Z�\�h�^�_ �l�_�j�f�h�y�^�_�j�g�h�]�h �j�_�Z�d�l�h�j�Z JE�L. �< �k�h�k�l�Z�\ �w�l�h�c �k�b�k�l�_�f�u �\�o�h�^�y�l 
�\�h�a�^�m�o�h�^�m�\�d�Z �k �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x 150–500 (�g.�m.)�f3/�q, �^�\�Z �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o 
�d�h�g�\�_�j�l�h�j�Z (�j�Z�[�h�l�Z�x�s�b�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 150°�K (�^�e�y �h�d�b�k�e�_�g�b�y �f�h�e�_�d�m�e�y�j-
�g�h�]�h �\�h�^�h�j�h�^�Z) �b 450°�K (�^�e�y �h�d�b�k�e�_�g�b�y �h�j�]�Z�g�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c), �d�h�e�h�g�g�Z, 
�a�Z�i�h�e�g�_�g�g�Z�y Ca(OH)2, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�Z�y �^�e�y �d�h�g�\�_�j�k�b�b �i�j�b�f�_�k�_�c �d�b�k�e�h�l 
�\ �h�q�b�s�Z�_�f�h�f �i�h�l�h�d�_ �^�h �k�h�e�_�c, �d�h�f�i�e�_�d�l �b�a 3-�o �Z�^�k�h�j�[�_�j�h�\, �a�Z�i�h�e�g�_�g�g�u�o �p�_�h-
�e�b�l�h�f [2]. �H�i�u�l �b�k�i�h�e�v�a�h�\�Z�g�b�y �w�l�h�c �k�b�k�l�_�f�u �\ �o�h�^�_ �w�d�k�i�_�j�b�f�_�g�l�Z �k �^�_�c�l�_�j�b�c-
�l�j�b�l�b�_�\�h�c �i�e�Z�a�f�h�c �g�Z �j�_�Z�d�l�h�j�_ �\ 1997 �]. �h�i�b�k�Z�g �\ [3]. �< 2017 �]. �\ �g�_�c �[�u�e�b 
�h�[�g�Z�j�m�`�_�g�u �d�h�j�j�h�a�b�h�g�g�u�_ �i�h�\�j�_�`�^�_�g�b�y �b �\ �i�_�j�b�h�^ �^�h 2019 �]. �h�g�Z �[�u�e�Z �i�h�-̂
�\�_�j�]�g�m�l�Z �d�Z�i�b�l�Z�e�v�g�h�c �j�_�d�h�g�k�l�j�m�d�p�b�b �b �i�h�^�]�h�l�h�\�e�_�g�Z �d �g�Z�q�Z�e�m �g�h�\�u�o �w�d�k�i�_-
�j�b�f�_�g�l�h�\ �k �l�j�b�l�b�_�f �\ 2020 �]. [4]. �I�j�_�^�i�h�e�Z�]�Z�e�h�k�v, �q�l�h �i�h�^�h�[�g�Z�y �k�b�k�l�_�f�Z �[�m�^�_�l 
�b�k�i�h�e�v�a�h�\�Z�g�Z �b �\ �k�h�k�l�Z�\�_ �k�b�k�l�_�f�u �l�j�b�l�b�_�\�h�c �[�_�a�h�i�Z�k�g�h�k�l�b �j�_�Z�d�l�h�j�Z ITER [5]. 
�< �i�h�k�e�_�^�m�x�s�_�f, �h�^�g�Z�d�h, �\ �k�b�k�l�_�f�m �^�_�l�j�b�l�b�a�Z�p�b�b �k�[�j�h�k�h�\ �j�_�Z�d�l�h�j�Z ITER �[�u�e�b 
�\�g�_�k�_�g�u �b�a�f�_�g�_�g�b�y, �k�\�y�a�Z�g�g�u�_ �k �h�l�d�Z�a�h�f �h�l �Z�^�k�h�j�[�p�b�h�g�g�h�c �l�_�o�g�h�e�h�]�b�b �i�h-
�]�e�h�s�_�g�b�y �i�Z�j�h�\ �l�j�b�l�b�j�h�\�Z�g�g�h�c �\�h�^�u, �h�k�l�Z�\�b�\ �h�^�g�Z�d�h �g�_�b�a�f�_�g�g�h�c �d�Z�l�Z�e�b�l�b-
�q�_�k�d�m�x �k�h�k�l�Z�\�e�y�x�s�m�x �k�b�k�l�_�f�u [6].  

�L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�c �i�j�Z�d�l�b�d�h�c �d�Z�l�Z�e�b-
�l�b�q�_�k�d�b�_ �[�e�h�d�b �\ �k�h�k�l�Z�\�_ �k�b�k�l�_�f �^�_�l�j�b�l�b�a�Z�p�b�b �k�[�j�Z�k�u�\�Z�_�f�u�o �\ �h�d�j�m�`�Z�x�s�m�x 
�k�j�_�^�m �]�Z�a�h�\�u�o �i�h�l�h�d�h�\ �y�\�e�y�x�l�k�y �h�[�y�a�Z�l�_�e�v�g�h�c �q�Z�k�l�v�x �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �h�g�b 
�^�h�e�`�g�u �k�h�o�j�Z�g�y�l�v �k�\�h�x �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v �i�j�b �\�k�_�o �j�_�`�b�f�Z�o �j�Z�[�h�l�u �k�b�k�l�_-
�f�u, �\ �l�h�f �q�b�k�e�_ �b �\ �m�k�e�h�\�b�y�o �i�h�`�Z�j�Z. �< �k�\�y�a�b �k �w�l�b�f �\ �g�Z�k�l�h�y�s�_�c �k�l�Z�l�v�_ �i�j�b-
�\�h�^�y�l�k�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_ �i�h �\�e�b�y�g�b�x �i�j�h�^�m�d�l�h�\ �]�h�j�_�g�b�y �b�a�h�e�y�p�b�b 
�w�e�_�d�l�j�b�q�_�k�d�b�o �d�Z�[�_�e�_�c �g�Z �Z�d�l�b�\�g�h�k�l�v �j�y�^�Z �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �g�Z �h�k�g�h�\�_ �i�e�Z�l�b�g�u.  
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�H�[�t�_�d�l�u �b�k�k�e�_�^�h�\�Z�g�b�y �b �f�_�l�h�^�b�d�Z �w�d�k�i�_�j�b�f�_�g�l�h�\ 

�< �j�Z�[�h�l�_ �b�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_ �k�h�^�_�j�`�Z�s�b�o�k�y �\ �\�h�a�^�m�r�g�h�f �i�h�l�h�d�_ �^�u-
�f�h�\�u�o �]�Z�a�h�\ �g�Z �Z�d�l�b�\�g�h�k�l�v �k�e�_�^�m�x�s�b�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\:   

1. �]�b�^�j�h�n�h�[�g�u�c �d�Z�l�Z�e�b�a�Z�l�h�j TKK H1-P(A), �i�j�h�b�a�\�h�^�k�l�\�Z �d�h�f�i�Z�g�b�b 
Tanaka Kikinzoku International (Europe) GmbH, �i�j�_�^�k�l�Z�\�e�y�x�s�b�c �k�h�[�h�c �i�e�Z�l�b-
�g�m, �g�Z�g�_�k�_�g�g�m�x �g�Z �k�n�_�j�b�q�_�k�d�b�_ �]�j�Z�g�m�e�u �g�_�h�j�]�Z�g�b�q�_�k�d�h�]�h �g�h�k�b�l�_�e�y SiO2 �^�b�Z-
�f�_�l�j�h�f �h�d�h�e�h 4 �f�f , �i�e�h�l�g�h�k�l�v �g�Z�g�_�k�_�g�b�y �i�e�Z�l�b�g�u 4 �]/�^�f3; 

2. �]�b�^�j�h�n�b�e�v�g�u�c �d�Z�l�Z�e�b�a�Z�l�h�j Pt/Al2O3, �i�j�h�b�a�\�h�^�k�l�\�Z �d�h�f�i�Z�g�b�b N.E. 
Chemcat Corporation (Japan), �i�j�_�^�k�l�Z�\�e�y�x�s�b�c �k�h�[�h�c �i�e�Z�l�b�g�m, �g�Z�g�_�k�_�g�g�m�x �g�Z 
�p�b�e�b�g�^�j�b�q�_�k�d�b�_ �]�j�Z�g�m�e�u  �g�h�k�b�l�_�e�y Al2O3 �k �j�Z�a�f�_�j�Z�f�b 3�o3 �f�f , �i�e�h�l�g�h�k�l�v 
�g�Z�g�_�k�_�g�b�y �i�e�Z�l�b�g�u 5,5 �]/�^�f3; 

3. �]�b�^�j�h�n�b�e�v�g�u�c �d�Z�l�Z�e�b�a�Z�l�h�j Pt/Al2O3, �i�j�h�b�a�\�h�^�k�l�\�Z �d�h�f�i�Z�g�b�b Johnson 
Matthey, �l�b�i 73 (�<�_�e�b�d�h�[�j�b�l�Z�g�b�y), �i�j�_�^�k�l�Z�\�e�y�x�s�b�c �k�h�[�h�c �i�e�Z�l�b�g�m, �g�Z�g�_�k�_�g-
�g�m�x �g�Z �p�b�e�b�g�^�j�b�q�_�k�d�b�_ �l�Z�[�e�_�l�d�b �g�h�k�b�l�_�e�y Al2O3 �j�Z�a�f�_�j�Z�f�b 3�o3 �f�f , �i�e�h�l-
�g�h�k�l�v �g�Z�g�_�k�_�g�b�y �i�e�Z�l�b�g�u 3,2 �]/�^�f3.  

�I�j�Z�\�b�e�Z�f�b �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �j�Z�^�b�Z�p�b�h�g�g�h �h�i�Z�k�g�u�o �h�[�t�_�d�l�h�\ �i�j�b�g�y�l�h, 
�q�l�h �b�k�l�h�q�g�b�d�Z�f�b �i�h�`�Z�j�h�h�i�Z�k�g�h�k�l�b �f�h�`�_�l �[�u�l�v �\�h�a�]�h�j�Z�g�b�_ �b�a�h�e�y�p�b�b �w�e�_�d�l�j�b-
�q�_�k�d�b�o �d�Z�[�_�e�_�c, �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �w�g�_�j�]�h�h�[�_�k�i�_�q�_�g�b�_ �i�h�f�_�s�_�g�b�y. �I�h�w�l�h�f�m 
�\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �w�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �d�h�f�i�e�_�d�l�Z 
�w�e�_�d�l�j�b�q�_�k�d�b�o �d�Z�[�_�e�_�c �l�b�i�Z ALSECURE, NEXANS S.A. (�N�j�Z�g�p�b�y), �i�j�_�^�i�h�e�Z-
�]�Z�_�f�u�o �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �i�h�f�_�s�_�g�b�y�o �j�_�Z�d�l�h�j�Z ITER. 

�G�Z �j�b�k. 1 �i�j�b�\�_�^�_�g�Z �k�o�_�f�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �k�l�_�g�^�Z.   
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c �k�l�_�g�^ �k�h�k�l�h�b�l �b�a 3 �h�k�g�h�\�g�u�o �q�Z�k�l�_�c: 
1. �M�a�_�e �k�h�a�^�Z�g�b�y �]�Z�a�h�\�u�o �k�f�_�k�_�c. �< �a�Z�\�b�k�b�f�h�k�l�b �h�l �p�_�e�_�c �w�d�k�i�_�j�b�f�_�g�l�Z 

�\�h�a�f�h�`�g�h �i�h�e�m�q�_�g�b�_ �]�Z�a�h�\�u�c �k�f�_�k�_�c �k �d�h�g�l�j�h�e�b�j�m�_�f�u�f �k�h�k�l�Z�\�h�f �i�h �k�e�_-
�^�m�x�s�b�f �d�h�f�i�h�g�_�g�l�Z�f: �f�h�e�_�d�m�e�y�j�g�u�c �\�h�^�h�j�h�^ (�^�h 2000 ppm), �d�b�k�e�h�j�h�^  
(�h�l 100 ppm �^�h 20 �h�[.%), �i�Z�j�u �\�h�^�u (�h�l �\�e�Z�`�g�h�k�l�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c �l�_�f-
�i�_�j�Z�l�m�j�_ �l�h�q�d�b �j�h�k�u –64°�K, �^�h �_�k�l�_�k�l�\�_�g�g�h�c �\�e�Z�`�g�h�k�l�b). �J�Z�k�o�h�^ �d�h�f�i�h�g�_�g-
�l�h�\ �]�Z�a�h�\�h�c �k�f�_�k�b �\�Z�j�v�b�j�h�\�Z�e�k�y �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�j�_�[�m�_�f�u�o �m�k�e�h�\�b�y�o �b �i�h�-̂
�^�_�j�`�b�\�Z�e�k�y �g�Z �a�Z�^�Z�g�g�h�f �m�j�h�\�g�_ �k �i�h�f�h�s�v�x �b�a�f�_�j�b�l�_�e�y �i�h�l�h�d�Z �]�Z�a�Z F (Alicat 
Scientific).  

2. �M�a�_�e �f�h�^�_�e�b�j�h�\�Z�g�b�y �i�h�`�Z�j�Z. �I�h�l�h�d �\�h�a�^�m�o�Z (0,10–0,15 (�g.�m)�f3/�q) �i�h-
�^�Z�_�l�k�y �\ �j�_�Z�d�p�b�h�g�g�u�c �Z�i�i�Z�j�Z�l 8, �\ �d�h�l�h�j�u�c �a�Z�]�j�m�`�Z�_�l�k�y �i�h�j�p�b�y �k�b�e�h�\�u�o �d�Z-
�[�_�e�_�c. �H�[�h�]�j�_�\ �Z�i�i�Z�j�Z�l�Z 8 �h�k�m�s�_�k�l�\�e�y�_�l�k�y �k �i�h�f�h�s�v�x �w�e�_�d�l�j�b�q�_�k�d�h�c �i�_�q�b 
�k�h�i�j�h�l�b�\�e�_�g�b�y 7 �r�Z�o�l�g�h�]�h �l�b�i�Z. �K�f�_�k�v �\�h�a�^�m�o�Z �k �i�j�h�^�m�d�l�Z�f�b �]�h�j�_�g�b�y �i�j�h�o�h-
�^�b�l �q�_�j�_�a �k�b�k�l�_�f�m �h�q�b�k�l�d�b: �\�h�^�y�g�h�c �[�Z�j�[�h�l�_�j 9, �h�k�g�Z�s�_�g�g�u�c �h�[�j�Z�l�g�u�f �o�h�e�h-
�^�b�e�v�g�b�d�h�f �^�e�y �i�j�_�^�h�l�\�j�Z�s�_�g�b�y �m�g�h�k�Z �d�Z�i�_�e�v�g�h�c �\�h�^�u, �Z �l�Z�d�`�_ �[�e�h�d HEPA 
�n�b�e�v�l�j�h�\ 10 �^�e�y �m�^�Z�e�_�g�b�y �Z�w�j�h�a�h�e�v�g�u�o �q�Z�k�l�b�p. �I�h�l�h�d �\�h�a�^�m�o�Z �k �^�u�f�h�\�u�f�b 
�]�Z�a�Z�f�b �b�a �i�_�q�b �k�`�b�]�Z�g�b�y �f�h�] �^�h�i�h�e�g�b�l�_�e�v�g�h �j�Z�a�[�Z�\�e�y�l�v�k�y �i�h�l�h�d�h�f �q�b�k�l�h�]�h 
�\�h�a�^�m�o�Z, �\�_�e�b�q�b�g�Z �d�h�l�h�j�h�]�h �f�h�]�e�Z �^�h�k�l�b�]�Z�l�v 12 (�g.�m)�f3/�q.   
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�J�b�k. 1 �K�o�_�f�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h �k�l�_�g�^�Z 
 
3. �M�a�_�e �b�k�k�e�_�^�h�\�Z�g�b�y �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b. �I�h�l�h�d �]�Z�a�Z �k �a�Z�^�Z�g-

�g�u�f �o�b�f�b�q�_�k�d�b�f �k�h�k�l�Z�\�h�f �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �i�j�h�o�h�^�b�l �i�j�_�^�g�Z�]�j�_�\�Z�l�_�e�v 11, 
�i�e�Z�f�_�]�Z�k�b�l�_�e�v 12, �i�j�_�^�k�l�Z�\�e�y�x�s�b�c �k�h�[�h�c �g�Z�k�Z�^�h�q�g�u�c �Z�i�i�Z�j�Z�l, �b �d�Z�l�Z�e�b�l�b�q�_-
�k�d�b�c �j�_�Z�d�l�h�j �k �w�e�_�d�l�j�b�q�_�k�d�b�f �h�[�h�]�j�_�\�h�f 13. �J�Z�a�f�_�j �j�_�Z�d�l�h�j�Z – �^�b�Z�f�_�l�j 
1,6 �k�f, �^�e�b�g�Z 40 �k�f. �K�h�k�l�Z�\ �]�Z�a�h�\�h�c �k�f�_�k�b �g�Z �\�o�h�^�_ �b �\�u�o�h�^�_ �b�a �d�Z�l�Z�e�b�l�b�q�_-
�k�d�h�]�h �j�_�Z�d�l�h�j�Z 13 �d�h�g�l�j�h�e�b�j�m�_�l�k�y �k �i�h�f�h�s�v�x �l�_�j�f�h�]�b�]�j�h�f�_�l�j�Z RH �b �^�Z�l�q�b�d�Z 
�\�h�^�h�j�h�^�Z �G. �< �w�d�k�i�_�j�b�f�_�g�l�Z�o �i�h �h�i�j�_�^�_�e�_�g�b�x �Z�d�l�b�\�g�h�k�l�b �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �i�h-
�l�h�d �\�h�a�^�m�o�Z �k�h�k�l�Z�\�e�y�e �^�h 1,5 (�g.�m)�f3/�q, �b�k�o�h�^�g�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y �\�h�^�h�j�h�^�Z �\ �g�_�f 
�b�a�f�_�g�y�e�Z�k�v �\ �^�b�Z�i�Z�a�h�g�_ �h�l 40 �^�h 2000 ppm.    

�< �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o �[�u�e�b �m�k�l�Z�g�h�\�e�_�g�u �m�k�e�h�\�b�y�o �]�h�j�_�g�b�y 
�b�a�h�e�y�p�b�b �d�Z�[�_�e�_�c �b �d�Z�q�_�k�l�\�_�g�g�h �h�i�j�_�^�_�e�_�g �k�h�k�l�Z�\ �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b �w�l�h�f 
�^�u�f�h�\�u�o �]�Z�a�h�\. �G�Z�q�Z�e�h �^�u�f�h�h�[�j�Z�a�h�\�Z�g�b�y �\ �f�m�n�_�e�v�g�h�c �i�_�q�b �g�Z�[�e�x�^�Z�_�l�k�y �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�_ �\ �g�_�c �h�d�h�e�h 340°�K, �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 450°�K �g�Z�q�b�g�Z�_�l�k�y �b�g�l�_�g�k�b�\-
�g�h�_ �]�h�j�_�g�b�_, �d�h�l�h�j�h�_ �k�h�i�j�h�\�h�`�^�Z�_�l�k�y �a�g�Z�q�b�l�_�e�v�g�u�f �i�h�\�u�r�_�g�b�_�f �l�_�f�i�_�j�Z�l�m-
�j�u �\ �i�_�q�b �i�j�b �h�l�d�e�x�q�_�g�g�h�f �_�]�h �h�[�h�]�j�_�\�_. �< �l�Z�[�e. 1 �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u 
�d�Z�q�_�k�l�\�_�g�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y �k�h�k�l�Z�\�Z �i�j�h�^�m�d�l�h�\ �]�h�j�_�g�b�y �b�a�h�e�y�p�b�b.  

 

� L �Z � [ � e � b � p �Z 1 
 

�I�j�h�^�m�d�l�u �k�]�h�j�Z�g�b�y �b�a�h�e�y�p�b�b 
 

�F�Z�k�k�Z  
�d�Z�[�_�e�_�c, �] 

�F�Z�k�k�Z   
�b�a�h�e�y�p�b�b, 

�] 

�I�h�l�h�d 
�\�h�a�^�m�o�Z 
�\ �i�_�q�v, 
�g�f3/�q 

�<�j�_�f�y  
�]�h�j�_�g�b�y, 

�q 

�I�j�h�^�m�d�l�u �]�h�j�_�g�b�y, �f�Z�k�k.% 

�a�h�e�Z «�f�Z�k�e�h» �\�h�^�Z 
�e�_�l�m�q�b�_ 
�m�]�e�_�\�h-
�^�h�j�h�^�u 

420 140 0,150 2 �§44 �§22 �§7 �§27 
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�B�a �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �^�Z�g�g�u�o �k�e�_�^�m�_�l, �q�l�h �\ �j�Z�f�d�Z�o �\�u�[�j�Z�g�g�h�c �f�_�l�h�^�b�d�b 
�k�`�b�]�Z�g�b�y �b�a�h�e�y�p�b�b �d�Z�[�_�e�_�c �\�e�b�y�g�b�_ �g�Z �i�h�\�_�^�_�g�b�_ �d�Z�l�Z�e�b�a�Z�l�h�j�Z �[�m�^�_�l �h�d�Z�a�u-
�\�Z�l�v �e�_�l�m�q�b�_ �m�]�e�_�\�h�^�h�j�h�^�u, �i�h�k�d�h�e�v�d�m �h�k�l�Z�e�v�g�u�_ �i�j�h�^�m�d�l�u �k�]�h�j�Z�g�b�y �h�l�^�_�e�y-
�x�l�k�y �g�Z �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�o �k�l�Z�^�b�y�o �h�q�b�k�l�d�b.  

�< �d�Z�q�_�k�l�\�Z �d�j�b�l�_�j�b�y �k�j�Z�\�g�_�g�b�y �Z�d�l�b�\�g�h�k�l�b �b�k�k�e�_�^�m�_�f�u�o �h�[�j�Z�a�p�h�\ �d�Z�l�Z�e�b-
�a�Z�l�h�j�h�\ �[�u�e�h �\�u�[�j�Z�g�h �a�g�Z�q�_�g�b�_ �g�Z�[�e�x�^�Z�_�f�h�c �d�h�g�k�l�Z�g�l�u �k�d�h�j�h�k�l�b �j�_�Z�d�p�b�b k (�k–1) 
�h�d�b�k�e�_�g�b�y �\�h�^�h�j�h�^�Z, �j�Z�k�k�q�b�l�Z�g�g�h�_ �i�h �n�h�j�f�Z�e�v�g�h�f�m �m�j�Z�\�g�_�g�b�x �i�_�j�\�h�]�h �i�h�j�y�^�d�Z: 

 

.                                               (1) 
 

�K�l�_�i�_�g�v �d�h�g�\�_�j�k�b�b F �j�Z�k�k�q�b�l�u�\�Z�e�Z�k�v �i�h �b�a�f�_�g�_�g�b�x �d�h�g�p�_�g�l�j�Z�p�b�b �\�h-
�^�h�j�h�^�Z �g�Z �\�o�h�^�_ C0 �b �\�u�o�h�^�_ �K�d �b�a �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z 13: 

 

                                                       (2) 
 

�<�j�_�f�y �i�j�_�[�u�\�Z�g�b�y �2 (�k) �]�Z�a�h�\�h�c �k�f�_�k�b �\ �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �Z�i�i�Z�j�Z�l�_ �h�i�j�_-
�^�_�e�y�e�h�k�v �d�Z�d �h�l�g�h�r�_�g�b�_ �h�[�t�_�f�Z �a�Z�]�j�m�`�_�g�g�h�]�h �\ �j�_�Z�d�l�h�j �d�Z�l�Z�e�b�a�Z�l�h�j�Z V�d�Z�l (�f

3) 
�d �\�_�e�b�q�b�g�_ �]�Z�a�h�\�h�]�h �i�h�l�h�d�Z G (�f3/�k), �j�Z�k�k�q�b�l�Z�g�g�h�]�h �k �m�q�_�l�h�f �l�_�f�i�_�j�Z�l�m�j�u 
�i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z:  

                                                        (3) 

�J�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�h�\ 

2.1. �H�i�j�_�^�_�e�_�g�b�_ �Z�d�l�b�\�g�h�k�l�b �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �\ �j�_�Z�d�p�b�b �h�d�b�k�e�_�g�b�y 
�\�h�^�h�j�h�^�Z 

 
�G�Z �j�b�k. 2 �b 3 �i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�y �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h-

�k�l�b �b�k�k�e�_�^�m�_�f�u�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\.  
�:�d�l�b�\�g�h�k�l�v �]�b�^�j�h�n�h�[�g�h�]�h �d�Z�l�Z�e�b�a�Z�l�h�j�Z �b�a�f�_�j�y�e�Z�k�v �i�j�b �^�\�m�o �l�_�f�i�_�j�Z-

�l�m�j�Z�o �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z: 27°�K �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �\�h�a�^�m�o�Z �k �h�l�g�h�k�b-
�l�_�e�v�g�h�c �\�e�Z�`�g�h�k�l�v�x, �h�l�g�_�k�_�g�g�h�c �d �l�_�f�i�_�j�Z�l�m�j�_ 20°�K, 62–67 % (�i�j�y�f�Z�y 1), 
�b �l�_�f�i�_�j�Z�l�m�j�_ 200°�K �k �i�h�l�h�d�h�f �Z�l�f�h�k�n�_�j�g�h�]�h �\�h�a�^�m�o�Z �k �l�h�c �`�_ �h�l�g�h�k�b�l�_�e�v�g�h�c 
�\�e�Z�`�g�h�k�l�v�x (�i�j�y�f�Z�y 2). �D�Z�d �\�b�^�g�h �b�a �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �^�Z�g�g�u�o, �a�Z�\�b�k�b�f�h�k�l�v 
�g�Z�[�e�x�^�Z�_�f�h�c �d�h�g�k�l�Z�g�l�u �k�d�h�j�h�k�l�b �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �[�e�b�a�d�Z �d �k�l�_�i�_�g-
�g�h�c, �i�j�b�q�_�f �i�h�\�u�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �i�j�b�\�h�^�b�l �d �m�f�_�g�v�r�_�g�b�x �w�l�h�c �d�h�g�p�_�g-
�l�j�Z�p�b�h�g�g�h�c �a�Z�\�b�k�b�f�h�k�l�b.  

 

 
 

�J�b�k. 2. �A�Z�\�b�k�b�f�h�k�l�v �Z�d�l�b�\�g�h�k�l�b �]�b�^�j�h�n�h�[�g�h�]�h �d�Z�l�Z�e�b�a�Z�l�h�j�Z �h�l �\�o�h�^�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b  
                                        �\�h�^�h�j�h�^�Z (�K0). 1 – �L=27°�K, 2 – �L=200°�K 



�K�_�d�p�b�y 4 298

�A�g�Z�q�_�g�b�_ �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b �\ �b�k�k�e�_�^�h�\�Z�g�g�h�f �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �i�j�b 
�n�b�d�k�b�j�h�\�Z�g�g�h�c �\�o�h�^�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z 500 ppm �k�h�k�l�Z�\�e�y�_�l 23 ± 2 
�d�>�/̀�f�h�e�v: �\�_�e�b�q�b�g�Z k �b�a�f�_�g�y�_�l�k�y �h�l 2,7 �k–1 �i�j�b 27°�K �^�h 85 �k–1 �i�j�b 200°�K.    

�I�j�_�^�k�l�Z�\�e�_�g�g�u�_ �g�Z �j�b�k. 3 �a�Z�\�b�k�b�f�h�k�l�b �g�Z�[�e�x�^�Z�_�f�h�c �d�h�g�k�l�Z�g�l�u �k�d�h�j�h-
�k�l�b �j�_�Z�d�p�b�b �h�d�b�k�e�_�g�b�y �\�h�^�h�j�h�^�Z �\ �i�h�l�h�d�_ �\�e�Z�`�g�h�]�h �\�h�a�^�m�o�Z �i�h�e�m�q�_�g�u �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�_ �j�_�Z�d�l�h�j�Z 200°�K.  

 

 

 
�J�b�k. 3. �A�Z�\�b�k�b�f�h�k�l�v �Z�d�l�b�\�g�h�k�l�b �]�b�^�j�h�n�b�e�v�g�u�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �h�l �\�o�h�^�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b 
�\�h�^�h�j�h�^�Z (�K0) �i�j�b 200°. 1 – �d�Z�l�Z�e�b�a�Z�l�h�j �k �i�e�h�l�g�h�k�l�v�x �g�Z�g�_�k�_�g�b�y �i�e�Z�l�b�g�u 5,5 �]/�^�f3,  
                          2 – �d�Z�l�Z�e�b�a�Z�l�h�j �k �i�e�h�l�g�h�k�l�v�x �g�Z�g�_�k�_�g�b�y �i�e�Z�l�b�g�u 3,2 �]/�^�f3  

 
�D�Z�d �\�b�^�g�h �b�a �i�j�b�\�_�^�_�g�g�u�o �^�Z�g�g�u�o, �a�Z�\�b�k�b�f�h�k�l�v k �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �\�h-

�^�h�j�h�^�Z �k�e�Z�[�h �\�u�j�Z�`�_�g�Z, �g�h �_�_ �Z�[�k�h�e�x�l�g�u�_ �\�_�e�b�q�b�g�u �a�g�Z�q�b�l�_�e�v�g�h �a�Z�\�b�k�y�l �h�l 
�i�e�h�l�g�h�k�l�b �g�Z�g�_�k�_�g�b�y �i�e�Z�l�b�g�u.  

�< �l�Z�[�e. 2 �i�j�h�\�_�^�_�g�h �h�[�h�[�s�_�g�b�_ �^�Z�g�g�u�o �i�h �Z�d�l�b�\�g�h�k�l�b �b�k�k�e�_�^�h�\�Z�g�g�u�o 
�d�Z�l�Z�e�b�a�Z�l�h�j�h�\.  

 

� L �Z � [ � e � b � p �Z 2 
 

�K�j�Z�\�g�_�g�b�_ �Z�d�l�b�\�g�h�k�l�_�c �b�k�k�e�_�^�h�\�Z�g�g�u�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �\ �j�_�Z�d�p�b�b �h�d�b�k�e�_�g�b�y �\�h-
�^�h�j�h�^�Z �i�j�b �L = 200°�K �b �g�Z�q�Z�e�v�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z �\ �\�h�a�^�m�o�_ 500 ppm 

 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z  
�d�Z�l�Z�e�b�a�Z�l�h�j�Z 

�=�b�^�j�h�n�h�[�g�u�c  
�d�Z�l�Z�e�b�a�Z�l�h�j 

�=�b�^�j�h�n�b�e�v�g�u�_ �d�Z�l�Z�e�b�a�Z�l�h�j�u 

[Pt] = 5,5 �]/�^�f3 [Pt] = 3,2 �]/�^�f3 

k, �k–1 85 ± 5 80 ± 3 20 ± 2 

�?�Z�d�l., �d�>�/̀�f�h�e�v 23 ± 2 25 ± 3 35 ± 3 

 
2.2. �<�e�b�y�g�b�_ �^�u�f�h�\�u�o �]�Z�a�h�\ �g�Z �d�Z�l�Z�e�b�a�Z�l�h�j�u 
 
�G�Z �j�b�k. 4 �i�j�_�^�k�l�Z�\�e�_�g�u �i�j�h�n�b�e�b �l�_�f�i�_�j�Z�l�m�j�u �\ �i�_�q�b �\�h �\�j�_�f�_�g�b �w�d�k�i�_-

�j�b�f�_�g�l�Z  
�i�h �k�`�b�]�Z�g�b�x �b�a�h�e�y�p�b�b �d�Z�[�_�e�y �b �l�_�f�i�_�j�Z�l�m�j�u �\ �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �j�_�Z�d�l�h�j�_, 

�a�Z�i�h�e�g�_�g�g�h�f �]�b�^�j�h�n�h�[�g�u�f �d�Z�l�Z�e�b�a�Z�l�h�j�h�f, �i�j�b �g�Z�q�Z�e�v�g�h�c �_�]�h �l�_�f�i�_�j�Z�l�m�j�_ 
27°�K. �W�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�_�^�_�g�u �i�j�b �m�k�e�h�\�b�b �j�Z�a�[�Z�\�e�_�g�b�y �i�h�l�h�d�Z �]�Z�a�h�\�h�c �k�f�_�k�b 
�b�a �i�_�q�b �k�`�b�]�Z�g�b�y (0,150 �g�f3/�q, �k�f. �l�Z�[�e. 1) �\ �^�\�Z �j�Z�a�Z �i�h�l�h�d�h�f �q�b�k�l�h�]�h �\�h�a�^�m�o�Z.   
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�J�b�k. 4. �L�_�f�i�_�j�Z�l�m�j�g�u�_ �i�j�h�n�b�e�b �\ �i�_�q�b �k�`�b�]�Z�g�b�y (1) �b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �j�_�Z�d�l�h�j�_  
              �k �]�b�^�j�h�n�h�[�g�u�f �d�Z�l�Z�e�b�a�Z�l�h�j�h�f �i�j�b �_�]�h �k�l�Z�j�l�h�\�h�c �l�_�f�i�_�j�Z�l�m�j�_  27°�K (2) 

 
�B�a �^�Z�g�g�u�o, �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �g�Z �j�b�k�m�g�d�_, �k�e�_�^�m�_�l, �q�l�h �d�h�g�l�Z�d�l �^�u�f�h�\�u�o 

�]�Z�a�h�\ �k �d�Z�l�Z�e�b�a�Z�l�h�j�h�f, �g�Z�o�h�^�y�s�b�f�k�y �\ �j�_�Z�d�l�h�j�_ �i�j�b �m�d�Z�a�Z�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_, �\ 
�i�j�_�^�_�e�Z�o �i�h�]�j�_�r�g�h�k�l�b �b�a�f�_�j�_�g�b�y �g�_ �b�a�f�_�g�y�_�l �_�_. �H�^�g�Z�d�h, �i�h�k�e�_ �i�j�h�\�_�^�_�g�b�y 
�w�l�h�]�h �w�d�k�i�_�j�b�f�_�g�l�Z �Z�d�l�b�\�g�h�k�l�v �d�Z�l�Z�e�b�a�Z�l�h�j�Z �[�u�e�Z �b�a�f�_�j�_�g�Z �i�h �h�i�b�k�Z�g�g�h�c 
�\�u�r�_ �f�_�l�h�^�b�d�_ �b �h�g�Z �h�d�Z�a�Z�e�Z�k�v �i�j�b�f�_�j�g�h �\ 7 �j�Z�a �g�b�`�_ �Z�d�l�b�\�g�h�k�l�b �g�_�h�[�j�Z�[�h-
�l�Z�g�g�h�]�h �^�u�f�h�\�u�f�b �]�Z�a�Z�f�b �h�[�j�Z�a�p�Z �d�Z�l�Z�e�b�a�Z�l�h�j�Z. �K�e�_�^�m�_�l �h�^�g�h�\�j�_�f�_�g�g�h �h�l-
�f�_�l�b�l�v, �q�l�h �i�j�b �i�h�f�_�s�_�g�b�b �\�u�]�j�m�`�_�g�g�h�]�h �b�a �j�_�Z�d�l�h�j�Z �d�Z�l�Z�e�b�a�Z�l�h�j�Z �\ �k�l�Z�d�Z�g 
�k �\�h�^�h�c �h�g �h�d�Z�a�u�\�Z�_�l�k�y �i�e�Z�\�Z�x�s�b�f �g�Z �i�h�\�_�j�o�g�h�k�l�b, �q�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h 
�l�h�f, �q�l�h �h�g �g�_ �i�h�l�_�j�y�e �k�\�h�b �]�b�^�j�h�n�h�[�g�u�_ �k�\�h�c�k�l�\�Z.  �I�h�w�l�h�f�m �k�g�b�`�_�g�b�_ �Z�d-
�l�b�\�g�h�k�l�b �d�Z�l�Z�e�b�a�Z�l�h�j�Z, �h�q�_�\�b�^�g�h, �k�\�y�a�Z�g�h �k �l�_�f, �q�l�h �Z�d�l�b�\�g�u�_ �_�]�h �p�_�g�l�j�u 
(�i�e�Z�l�b�g�Z �g�Z �i�h�\�_�j�o�g�h�k�l�b �g�h�k�b�l�_�e�y) �h�l�j�Z�\�e�_�g�u �i�j�h�^�m�d�l�Z�f�b �]�h�j�_�g�b�y �b�a�h�e�y�p�b�b, 
�i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h �h�d�k�b�^�h�f �m�]�e�_�j�h�^�Z, �k�h�^�_�j�`�Z�s�b�f�k�y �\ �e�_�l�m�q�b�o �i�j�h�^�m�d�l�Z�o 
�]�h�j�_�g�b�y. �H�l�k�x�^�Z �k�e�_�^�m�_�l, �q�l�h �j�_�d�h�f�_�g�^�h�\�Z�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�_ �w�l�h�]�h �d�Z�l�Z�e�b�a�Z�l�h-
�j�Z, �j�Z�[�h�l�Z�x�s�_�]�h �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_, �\ �k�b�k�l�_�f�_ �^�_�l�j�b�l�b�a�Z�p�b�b �Z�l�f�h-
�k�n�_�j�g�u�o �]�Z�a�h�\ �g�_�e�v�a�y.   

�I�h�\�_�^�_�g�b�_ �w�l�h�]�h �d�Z�l�Z�e�b�a�Z�l�h�j�Z �\ �j�_�Z�d�l�h�j�_, �j�Z�[�h�l�Z�x�s�_�f �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
200°�K, �i�j�_�^�k�l�Z�\�e�_�g�h �g�Z �j�b�k�m�g�d�_ 5.   

�<�u�r�_ �h�l�f�_�q�Z�e�h�k�v, �q�l�h �i�j�b �a�Z�]�h�j�Z�g�b�b �b�a�h�e�y�p�b�b �d�Z�[�_�e�_�c �^�u�f�h�h�[�j�Z�a�h�\�Z-
�g�b�_ �g�Z�q�b�g�Z�_�l�k�y �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �h�d�h�e�h 340°�K. �B�a �j�b�k�m�g�d�Z �\�b�^�g�h, �q�l�h �i�j�b �^�h-
�k�l�b�`�_�g�b�b �\ �i�_�q�b �k�`�b�]�Z�g�b�y �w�l�h�c �l�_�f�i�_�j�Z�l�m�j�u �g�Z�q�b�g�Z�_�l �\�h�a�j�Z�k�l�Z�l�v �l�_�f�i�_�j�Z�l�m-
�j�Z �\ �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �j�_�Z�d�l�h�j�_. �I�j�b�f�_�j�g�h �q�_�j�_�a 50 �f�b�g �i�h�k�e�_ �g�Z�q�Z�e�Z �w�d�k�i�_�j�b-
�f�_�g�l�Z �l�_�f�i�_�j�Z�l�m�j�Z �\ �j�_�Z�d�l�h�j�_ �h�q�_�g�v �j�_�a�d�h �\�h�a�j�Z�k�l�Z�_�l �^�h �i�j�b�f�_�j�g�h 800°�K, 
�Z �a�Z�l�_�f �l�Z�d�`�_ �j�_�a�d�h �m�f�_�g�v�r�Z�_�l�k�y.  

�I�j�h�\�_�j�d�Z �Z�d�l�b�\�g�h�k�l�b �d�Z�l�Z�e�b�a�Z�l�h�j�Z �\ �j�_�Z�d�p�b�b �h�d�b�k�e�_�g�b�y �\�h�^�h�j�h�^�Z �i�h�k�e�_ 
�\�h�a�^�_�c�k�l�\�b�y �g�Z �g�_�]�h �^�u�f�h�\�u�o �]�Z�a�h�\ �i�h�d�Z�a�Z�e�Z, �q�l�h �d�Z�l�Z�e�b�a�Z�l�h�j �i�j�b �l�_�f�i�_�j�Z�l�m-
�j�_ 200°�K �\ �i�j�_�^�_�e�Z�o �i�h�]�j�_�r�g�h�k�l�b �w�d�k�i�_�j�b�f�_�g�l�Z �i�h�e�g�h�k�l�v�x �i�h�l�_�j�y�e �k�\�h�x �Z�d-
�l�b�\�g�h�k�l�v.  

�D�Z�l�Z�e�b�a�Z�l�h�j �i�h�k�e�_ �w�l�h�]�h �[�u�e �\�u�]�j�m�`�_�g �b�a �j�_�Z�d�l�h�j�Z. �I�j�b �i�h�f�_�s�_�g�b�b 
�\ �\�h�^�m �[�h�e�v�r�Z�y �_�]�h �q�Z�k�l�v �h�d�Z�a�Z�e�Z�k�v �g�Z �^�g�_ �k�h�k�m�^�Z.  �I�j�b �h�k�f�h�l�j�_ �d�Z�l�Z�e�b�a�Z�l�h�j�Z 
�a�Z�f�_�l�g�u �a�g�Z�q�b�l�_�e�v�g�u�_ �n�b�a�b�q�_�k�d�b�_ �i�h�\�j�_�`�^�_�g�b�y, �Z �b�f�_�g�g�h, �]�e�m�[�h�d�b�_ �l�j�_�s�b-
�g�u. �K�j�Z�\�g�_�g�b�_ �\ �j�Z�a�j�_�a�_ �h�l�j�Z�\�e�_�g�g�h�]�h �b �k�\�_�`�_�]�h �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �i�j�b�\�h�^�b�l�k�y �g�Z 
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�n�h�l�h�]�j�Z�n�b�y�o �g�b�`�_ (�j�b�k. 6). �<�b�^�g�h, �q�l�h �i�h�k�e�_ �d�h�g�l�Z�d�l�Z �k �^�u�f�h�\�u�f�b �]�Z�a�Z�f�b 
�d�Z�l�Z�e�b�a�Z�l�h�j «�\�u�]�h�j�_�e» �\�g�m�l�j�b.  

 
 
 
 
 
 
 
 
 
 
 
 

 
�J�b�k. 5. �L�_�f�i�_�j�Z�l�m�j�g�u�_ �i�j�h�n�b�e�b �\ �i�_�q�b �k�`�b�]�Z�g�b�y (1) �b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �j�_�Z�d�l�h�j�_  
            �k �]�b�^�j�h�n�h�[�g�u�f �d�Z�l�Z�e�b�a�Z�l�h�j�h�f �i�j�b �_�]�h �k�l�Z�j�l�h�\�h�c �l�_�f�i�_�j�Z�l�m�j�_  200°�K (2)   
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

�J�b�k. 6. �N�h�l�h�]�j�Z�n�b�b �w�d�k�i�h�g�b�j�h�\�Z�g�g�h�]�h �i�j�b �L = 200°�K �\ �^�u�f�h�\�u�o �]�Z�a�Z�o (�: ) �b �k�\�_�`�_�]�h (�;)  
                                                 �]�b�^�j�h�n�h�[�g�h�]�h �d�Z�l�Z�e�b�a�Z�l�h�j�Z  

 
�G�Z �h�k�g�h�\�Z�g�b�b �w�l�b�o �n�Z�d�l�h�\ �f�h�`�g�h �i�j�_�^�i�h�e�h�`�b�l�v, �q�l�h �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�_ 

�a�g�Z�q�b�l�_�e�v�g�h�_ �i�h�\�u�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �\ �j�_�Z�d�l�h�j�_ �i�j�b �i�j�h�o�h�`�^�_�g�b�b �q�_�j�_�a �g�_-
�]�h �^�u�f�h�\�u�o �]�Z�a�h�\ �k�\�y�a�Z�g�h �k �\�u�]�h�j�Z�g�b�_�f �d�h�f�i�h�g�_�g�l�h�\, �k�h�k�l�Z�\�e�y�x�s�b�o �]�b�^�j�h-
�n�h�[�g�m�x �i�e�_�g�d�m �g�Z �_�]�h �i�h�\�_�j�o�g�h�k�l�b.  

�G�Z �j�b�k. 7 �b 8 �i�j�_�^�k�l�Z�\�e�_�g�u �l�_�f�i�_�j�Z�l�m�j�g�u�_ �i�j�h�n�b�e�b �\�h �\�j�_�f�_�g�b �w�d�k�i�_-
�j�b�f�_�g�l�Z �\ �i�_�q�b �k�`�b�]�Z�g�b�y �b �\ �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �j�_�Z�d�l�h�j�_, �a�Z�i�h�e�g�_�g�g�h�f �]�b�^�j�h-
�n�b�e�v�g�u�f�b  �d�Z�l�Z�e�b�a�Z�l�h�j�Z�f�b,  �i�j�b �g�Z�q�Z�e�v�g�h�c �_�]�h �l�_�f�i�_�j�Z�l�m�j�_ 200°�K. �I�h�l�h�d 
�^�u�f�h�\�u�o �]�Z�a�h�\ �\ 0,150 (�g.�m.)�f3/�q �[�u�e �j�Z�a�[�Z�\�e�_�g �\�h�a�^�m�o�h�f �^�h �\�_�e�b�q�b�g�u 
0,650 (�g.�m.)�f3/�q.  

�B�a �j�b�k. 7 �\�b�^�g�h, �q�l�h �\ �i�h�l�h�d�_ �i�j�h�^�m�d�l�h�\ �]�h�j�_�g�b�y �d�Z�l�Z�e�b�a�Z�l�h�j �j�Z�a�h�]�j�_�e�k�y 
�^�h �l�_�f�i�_�j�Z�l�m�j�u �\�u�r�_ 800°�K (�\�_�j�o�g�b�c �i�j�_�^�_�e �b�a�f�_�j�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �h�[�m-
�k�e�h�\�e�_�g �\�h�a�f�h�`�g�h�k�l�v�x �l�_�j�f�h�i�Z�j�u). �J�Z�a�h�]�j�_�\ �j�_�Z�d�l�h�j�Z �[�u�e �g�Z�k�l�h�e�v�d�h �a�g�Z�q�b-
�l�_�e�v�g�u�f, �q�l�h �g�Z�q�Z�e�Z �^�u�f�b�l�v�k�y �Z�k�[�_�k�l�h�\�Z�y �b�a�h�e�y�p�b�y �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z. 
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�D�j�h�f�_ �l�h�]�h, �g�Z�q�Z�e �j�Z�a�h�]�j�_�\�Z�l�v�k�y �]�Z�a �g�Z �\�o�h�^�_ �\ �j�_�Z�d�l�h�j �b �i�j�h�b�a�h�r�e�h �_�]�h �k�Z�f�h-
�\�h�k�i�e�Z�f�_�g�_�g�b�_ �\ �r�e�Z�g�]�_ �i�j�h�l�b�\ �g�Z�i�j�Z�\�e�_�g�b�y, �i�h�^�\�h�^�y�s�_�f �^�u�f�h�\�u�_ �]�Z�a�u 
�d �j�_�Z�d�l�h�j�m.   

�I�h�k�e�_ �a�Z�\�_�j�r�_�g�b�y �i�j�h�p�_�k�k�Z �k�`�b�]�Z�g�b�y �b�a�h�e�y�p�b�b �d�Z�[�_�e�_�c �[�u�e�Z �b�a�f�_�j�_�g�Z 
�Z�d�l�b�\�g�h�k�l�v �h�[�j�Z�[�h�l�Z�g�g�h�]�h �^�u�f�h�\�u�f�b �]�Z�a�Z�f�b �d�Z�l�Z�e�b�a�Z�l�h�j�Z. �H�d�Z�a�Z�e�h�k�v, �q�l�h �_�]�h 
�Z�d�l�b�\�g�h�k�l�v, �j�Z�\�g�h �d�Z�d �b �a�Z�\�b�k�b�f�h�k�l�v �Z�d�l�b�\�g�h�k�l�b �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �\�h�^�h�j�h�^�Z, 
�i�h�k�e�_ �\�h�a�^�_�c�k�l�\�b�y �g�Z �d�Z�l�Z�e�b�a�Z�l�h�j �^�u�f�h�\�u�o �]�Z�a�h�\ �g�_ �b�a�f�_�g�b�e�b�k�v.   

 
 
 
 
 

 
 
 
 
 
 
 
 

 

�J�b�k. 7. �L�_�f�i�_�j�Z�l�m�j�g�u�_ �i�j�h�n�b�e�b �\ �i�_�q�b �k�`�b�]�Z�g�b�y (1) �b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �j�_�Z�d�l�h�j�_ �k �]�b�-̂ 
    �j�h�n�b�e�v�g�u�f �d�Z�l�Z�e�b�a�Z�l�h�j�h�f �k [Pt] = 5,5 �]/�^�f3 (2) �i�j�b �_�]�h �k�l�Z�j�l�h�\�h�c �l�_�f�i�_�j�Z�l�m�j�_ 200°�K  

 
�I�j�b �f�_�g�v�r�_�c �d�h�g�p�_�g�l�j�Z�p�b�b �i�e�Z�l�b�g�u �g�Z �i�h�\�_�j�o�g�h�k�l�b �d�Z�l�Z�e�b�a�Z�l�h�j�Z �^�u-

�f�h�\�u�_ �]�Z�a�u �\�e�b�y�x�l �g�Z �i�h�\�u�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �\ �f�_�g�v�r�_�c �k�l�_�i�_�g�b (�j�b�k. 8), 
�b, �d�j�h�f�_ �l�h�]�h, �h�l�f�_�q�_�g�g�h�]�h �\�u�r�_ �w�n�n�_�d�l�Z �\�h�a�]�h�j�Z�g�b�y �]�Z�a�h�\�h�c �k�f�_�k�b �g�Z �\�o�h�^�_ 
�\ �j�_�Z�d�l�h�j �g�_ �g�Z�[�e�x�^�Z�e�h�k�v. �:�d�l�b�\�g�h�k�l�v �d�Z�l�Z�e�b�a�Z�l�h�j�Z �i�h�k�e�_ �d�h�g�l�Z�d�l�Z �k �^�u�f�h-
�\�u�f�b �]�Z�a�Z�f�b �l�Z�d�`�_ �g�_ �b�a�f�_�g�b�e�Z�k�v.        

 

 
 

�J�b�k. 8. �L�_�f�i�_�j�Z�l�m�j�g�u�_ �i�j�h�n�b�e�b �\ �i�_�q�b �k�`�b�]�Z�g�b�y (1) �b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�f �j�_�Z�d�l�h�j�_ �k �]�b�-̂ 
   �j�h�n�b�e�v�g�u�f �d�Z�l�Z�e�b�a�Z�l�h�j�h�f �k [Pt] = 3,2 �]/�^�f3 (2)  �i�j�b �_�]�h �k�l�Z�j�l�h�\�h�c �l�_�f�i�_�j�Z�l�m�j�_ 200°�K  

 
�< �l�Z�[�e. 3 �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h �h�i�j�_�^�_�e�_�g�b�x 

�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �j�_�`�b�f�Z �j�Z�[�h�l�u �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z �i�j�b �j�Z�a�e�b�q�g�h�c �k�l�_-
�i�_�g�b �j�Z�a�[�Z�\�e�_�g�b�y �^�u�f�h�\�u�o �]�Z�a�h�\ �i�h�l�h�d�h�f �q�b�k�l�h�]�h �\�h�a�^�m�o�Z. �D�Z�d �k�e�_�^�m�_�l �b�a 
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�^�Z�g�g�u�o �l�Z�[�e�b�p�u, �g�Z�b�[�h�e�_�_ �\�u�k�h�d�b�_ �l�_�f�i�_�j�Z�l�m�j�u �\ �j�_�Z�d�l�h�j�_, �k�h�i�j�h�\�h�`�^�Z�x-
�s�b�_�k�y �_�]�h �j�Z�a�j�m�r�_�g�b�_�f, �^�h�k�l�b�]�Z�x�l�k�y �d�h�]�^�Z �\ �i�_�q�v �k�`�b�]�Z�g�b�y �i�h�k�l�m�i�Z�_�l �d�h�e�b-
�q�_�k�l�\�h �d�b�k�e�h�j�h�^�Z, �d�h�l�h�j�h�_ �\ �j�Z�f�d�Z�o �k�^�_�e�Z�g�g�u�o �i�j�_�^�i�h�e�h�`�_�g�b�c �k�h�h�l�\�_�l�k�l�\�m�_�l 
�i�h�e�g�h�f�m �h�d�b�k�e�_�g�b�x �e�_�l�m�q�b�o �m�]�e�_�\�h�^�h�j�h�^�h�\ (�f�h�e�v�g�h�_ �h�l�g�h�r�_�g�b�_ NO2/NC2H5 
�[�e�b�a�d�h �d 3, �k�f. �i�j�b�f�_�q�Z�g�b�_ �d �l�Z�[�e. 3 �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �f�Z�d�k�b�f�Z�e�v�g�h�f�m �\�u�^�_-
�e�_�g�b�x �l�_�i�e�Z �i�j�b �w�l�h�f. �< �l�h�`�_ �\�j�_�f�y, �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v �\ �d�Z�q�_�k�l�\�_ �i�h�e�h�`�b-
�l�_�e�v�g�h�]�h �n�Z�d�l�Z �l�h, �q�l�h �\ �m�k�e�h�\�b�y�o �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z �k �i�h�l�h�d�h�f �]�Z�a�Z 
0,65 �f3/�q �Z�d�l�b�\�g�h�k�l�v �]�b�^�j�h�n�b�e�v�g�u�o �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �g�_ �b�a�f�_�g�y�_�l�k�y �b �h�g�b �k�h�o�j�Z-
�g�y�x�l �k�i�h�k�h�[�g�h�k�l�v �d �h�d�b�k�e�_�g�b�x �l�j�b�l�b�c �k�h�^�_�j�`�Z�s�b�o �k�h�_�^�b�g�_�g�b�c �^�Z�`�_ �\ �m�k�e�h-
�\�b�y�o �^�h�k�l�b�`�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �\ �j�_�Z�d�l�h�j�_ �\�u�r�_ 1000°�K. �D�j�h�f�_ �l�h�]�h, �b�a �l�Z�[�e�b-
�p�u �k�e�_�^�m�_�l, �q�l�h �^�Z�e�v�g�_�c�r�_�_ �j�Z�a�[�Z�\�e�_�g�b�y �h�[�j�Z�a�m�x�s�b�o�k�y �^�u�f�h�\�u�o �]�Z�a�h�\ �\�h�a-
�^�m�o�h�f �k �^�h�k�l�b�`�_�g�b�_�f �k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�h�]�h �h�l�g�h�r�_�g�b�y �d�b�k�e�h�j�h�^/�e�_�l�m�q�b�_ �m�]�e�_-
�\�h�^�h�j�h�^�u �[�h�e�v�r�_ 9–10 �f�h�`�_�l �h�[�_�k�i�_�q�b�l�v �[�_�a�h�i�Z�k�g�m�x �j�Z�[�h�l�m �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h 
�[�e�h�d�Z �k�b�k�l�_�f�u �^�_�l�j�b�l�b�a�Z�p�b�b �k�[�j�h�k�g�u�o �]�Z�a�h�\�u�o �i�h�l�h�d�h�\ �^�Z�`�_ �\ �m�k�e�h�\�b�y�o �\�h�a-
�g�b�d�g�h�\�_�g�b�y �i�h�`�Z�j�Z �k �]�h�j�_�g�b�_�f �b�a�h�e�y�p�b�b �w�e�_�d�l�j�b�q�_�k�d�b�o �d�Z�[�_�e�_�c.   
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�L�_�f�i�_�j�Z�l�m�j�g�u�_ �j�_�`�b�f�u �j�Z�[�h�l�u �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z, �a�Z�i�h�e�g�_�g�g�h�]�h  
�]�b�^�j�h�n�b�e�v�g�u�f �d�Z�l�Z�e�b�a�Z�l�h�j�h�f �k [Pt] = 5,5 �]/�^�f3 �i�j�b �j�Z�a�e�b�q�g�h�c �k�l�_�i�_�g�b  
�j�Z�a�[�Z�\�e�_�g�b�y �i�h�l�h�d�Z �^�u�f�h�\�u�o �]�Z�a�h�\ (0,150 (�g.�m.)�f3/�q) �q�b�k�l�u�f �\�h�a�^�m�o�h�f.  

�K�l�Z�j�l�h�\�Z�y �l�_�f�i�_�j�Z�l�m�j�Z �j�_�Z�d�l�h�j�Z 200°�K 
 

�‹  
�i�i . 

�<�_�e�b�q�b�g�Z 
�i�h�l�h�d�Z �]�Z�a�Z, 
(�g.�m.))�f3/�q 

NO2/NC2H5* 
�f�h�e�v/�f�h�e�v 

�F�Z�d�k�b�f�Z�e�v�g�u�c �j�h�k�l �l�_�f�i�_�j�Z�l�m�j�u �h�l 200°�K 

�< �i�h�l�h�d�Z �]�Z�a�Z �< �k�e�h�_ �d�Z�l�Z�e�b�a�Z�l�h�j�Z 

�G�Z �\�o�h�^�_  
�\ �j�_�Z�d�l�h�j 

�G�Z �\�u�o�h�^�_ 
�b�a �g�_�]�h 

�< �]�h�e�h�\�g�h�f 
�k�e�h�_ 

�< �k�j�_�^�g�_�c 
�l�h�q�d�_ 

1 0,3 0,67 45 10 380 190 

2 0,65 1,44 530 315 1090** 570 

3 1,35 3,00 970 1030 >2000*** 1050 

4 4,15 9,2 20 420 170 100 

5 12,1 27 0 0 0 20 
 

*– �i�j�b�g�y�l�h, �q�l�h �k�h�k�l�Z�\ �e�_�l�m�q�b�o �m�]�e�_�\�h�^�h�j�h�^�h�\, �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b �k�`�b-
�]�Z�g�b�b �b�a�h�e�y�p�b�b �\ �i�_�q�b (140 [�]]�o27%=37,8 [�]], �k�f. �l�Z�[�e. 1 �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v 
�h�[�s�_�c �n�h�j�f�m�e�h�c �K2�G5- �b �k�h�]�e�Z�k�g�h �k�l�_�o�b�h�f�_�l�j�b�b �j�_�Z�d�p�b�b �^�e�y �i�h�e�g�h�]�h �h�d�b�k-
�e�_�g�b�y �_�]�h �^�h �K�H2 �b �G2�H �l�j�_�[�m�_�l�k�y 3,25 �f�h�e�y �d�b�k�e�h�j�h�^�Z �g�Z 1 �f�h�e�v C2H5-,  

** – �g�Z �\�o�h�^�_ �\ �j�_�Z�d�l�h�j �g�Z�[�e�x�^�Z�_�l�k�y �\�k�i�u�r�d�Z �]�Z�a�h�\�h�c �k�f�_�k�b �b �j�Z�k�i�j�h-
�k�l�j�Z�g�_�g�b�_ �i�e�Z�f�_�g�b �i�j�h�l�b�\ �^�\�b�`�_�g�b�y �i�h�l�h�d�Z  

*** – �i�e�Z�f�_�]�Z�k�b�l�_�e�v 12 (�k�f. �j�b�k.1) �b �l�_�j�f�h�i�Z�j�u �\ �j�_�Z�d�l�h�j�_ �j�Z�k�i�e�Z�\�b�e�b�k�v.  

�A�Z�d�e�x�q�_�g�b�_ 

�B�a �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �k�e�_�^�m�_�l, �q�l�h  
1. �B�k�i�h�e�v�a�h�\�Z�l�v �\ �k�b�k�l�_�f�_ �^�_�l�j�b�l�b�a�Z�p�b�b �]�Z�a�h�\ �]�b�^�j�h�n�h�[�g�u�c �d�Z�l�Z�e�b�a�Z-

�l�h�j, �j�Z�[�h�l�Z�x�s�b�c �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_, �g�_�p�_�e�_�k�h�h�[�j�Z�a�g�h �\�k�e�_�^�k�l�\�b�_ 
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�_�]�h �g�b�a�d�h�c �Z�d�l�b�\�g�h�k�l�b �b �i�h�e�g�h�]�h �h�l�j�Z�\�e�_�g�b�y �^�u�f�h�\�u�f�b �d�h�f�i�h�g�_�g�l�Z�f�b �\ �k�e�m-
�q�Z�_ �Z�\�Z�j�b�c�g�u�o �k�b�l�m�Z�p�b�c. �I�j�b �_�]�h �j�Z�[�h�l�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 200°�K �f�h�`�_�l �i�j�h-
�b�k�o�h�^�b�l�v �i�h�e�g�h�_ �j�Z�a�j�m�r�_�g�b�_ �d�Z�l�Z�e�b�a�Z�l�h�j�Z. 

2. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �\ �j�_�Z�d�l�h�j�_ �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �[�e�h�d�Z �k�b�k�l�_�f�u �^�_�l�j�b�l�b�a�Z-
�p�b�b �]�Z�a�h�\�u�o �i�h�l�h�d�h�\ �]�b�^�j�h�n�b�e�v�g�h�]�h �i�e�Z�l�b�g�h�\�h�]�h �d�Z�l�Z�e�b�a�Z�l�h�j�Z �g�Z �g�h�k�b�l�_�e�_ 
Al 2O3 �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �h�i�Z�k�g�h�k�l�v �k �l�h�q�d�b �a�j�_�g�b�y �\�h�a�f�h�`�g�h�k�l�b �\�h�a�g�b�d�g�h�\�_-
�g�b�y �k�\�_�j�o�d�j�b�l�b�q�_�k�d�b�o �m�k�e�h�\�b�c �_�]�h �j�Z�[�h�l�u �i�j�b �\�h�a�g�b�d�g�h�\�_�g�b�b �i�h�`�Z�j�Z �b �\�u�k�h-
�d�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �^�u�f�h�\�u�o �]�Z�a�h�\ �\ �h�q�b�s�Z�_�f�h�f �]�Z�a�h�\�h�f �i�h�l�h�d�_.   

�K�m�s�_�k�l�\�m�x�l, �h�^�g�Z�d�h, �\�h�a�f�h�`�g�u�_ �\�Z�j�b�Z�g�l�u �m�k�l�j�Z�g�_�g�b�y �l�Z�d�h�c �h�i�Z�k�g�h�k�l�b:  
1. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �k �g�b�a�d�h�c �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�v�x 

�\ �h�l�g�h�r�_�g�b�b �h�d�b�k�e�_�g�b�y �\�h�^�h�j�h�^�Z �b, �h�k�h�[�_�g�g�h, �m�]�e�_�\�h�^�h�j�h�^�h�\, �^�e�y �h�d�b�k�e�_�g�b�y 
�d�h�l�h�j�u�o �l�j�_�[�m�_�l�k�y �l�_�f�i�_�j�Z�l�m�j �\�u�r�_ 200°�K. �H�^�g�Z�d�h, �d�Z�d �i�j�Z�\�b�e�h, �^�e�y �l�Z�d�b�o 
�d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �o�Z�j�Z�d�l�_�j�g�Z �[�h�e�v�r�Z�y �\�_�e�b�q�b�g�Z �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b. �I�j�b �h�d�b�k�e�_-
�g�b�b �\�h�^�h�j�h�^�Z �l�_�f�i�_�j�Z�l�m�j�Z �d�Z�l�Z�e�b�a�Z�l�h�j�Z �[�m�^�_�l �i�h�\�u�r�Z�l�v�k�y, �k�d�h�j�h�k�l�v �h�d�b�k�e�_-
�g�b�y �h�j�]�Z�g�b�d�b �m�\�_�e�b�q�b�\�Z�l�v�k�y, �q�l�h �\ �d�h�g�_�q�g�h�f �b�l�h�]�_ �i�j�b�\�_�^�_�l �d �l�_�i�e�h�\�h�f�m 
�\�a�j�u�\�m. �>�h�i�h�e�g�b�l�_�e�v�g�h �\ �g�Z�q�Z�e�v�g�u�c �f�h�f�_�g�l �Z�\�Z�j�b�b �g�_ �h�d�b�k�e�_�g�g�Z�y �h�j�]�Z�g�b�d�Z, 
�k�h�^�_�j�`�Z�s�Z�y �l�j�b�l�b�c, �[�m�^�_�l �k�[�j�Z�k�u�\�Z�l�v�k�y �\ �h�d�j�m�`�Z�x�s�m�x �k�j�_�^�m.  

2. �J�Z�a�[�Z�\�e�_�g�b�_ �h�[�j�Z�a�m�x�s�b�o�k�y �i�j�b �i�h�`�Z�j�_ �^�u�f�h�\�u�o �]�Z�a�h�\ �a�Z �k�q�_�l �m�\�_�e�b-
�q�_�g�b�y �i�h�l�h�d�Z �\�h�a�^�m�o�Z, �g�Z�i�j�Z�\�e�y�_�f�h�]�h �\ �d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �[�e�h�d �k�b�k�l�_�f�u �^�_�l�j�b-
�l�b�a�Z�p�b�b. �K�l�_�i�_�g�v �j�Z�a�[�Z�\�e�_�g�b�y, �l�j�_�[�m�_�f�m�x �^�e�y �m�k�l�j�Z�g�_�g�b�y �w�n�n�_�d�l�Z �d�j�b�l�b�q�_-
�k�d�h�]�h �j�h�k�l�Z �l�_�f�i�_�j�Z�l�m�j�u, �f�h�`�g�h �h�p�_�g�b�l�v �i�h �i�h�e�m�q�_�g�g�u�f �^�Z�g�g�u�f. �< �h�i�u�l�_ 4 
�f�Z�d�k�b�f�Z�e�v�g�Z�y �l�_�f�i�_�j�Z�l�m�j�Z �d�Z�l�Z�e�b�a�Z�l�h�j�Z �g�_ �i�j�_�\�u�r�Z�_�l �l�_�f�i�_�j�Z�l�m�j�u �k�Z�f�h�\�h�k-
�i�e�Z�f�_�g�_�g�b�y �[�h�e�v�r�b�g�k�l�\�Z �m�]�e�_�\�h�^�h�j�h�^�h�\. �K�m�f�f�Z�j�g�u�c �m�^�_�e�v�g�u�c �i�h�l�h�d �\�h�a�^�m-
�o�Z, �i�h�k�l�m�i�Z�x�s�b�c �\�f�_�k�l�_ �k �^�u�f�h�\�u�f�b �]�Z�a�Z�f�b �\ �d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �j�_�Z�d�l�h�j, �k�h-
�k�l�Z�\�e�y�_�l 10 �f3 �g�Z 1 �d�] �f�Z�k�k�u �d�Z�[�_�e�y. �< �h�i�u�l�_ 5, �\ �d�h�l�h�j�h�f �w�l�h�l �i�h�l�h�d �k�h�k�l�Z�\-
�e�y�_�l 30 �f3 �g�Z 1 �d�] �f�Z�k�k�u �d�Z�[�_�e�y �i�h�\�u�r�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �\ �j�_�Z�d�l�h�j�_ �g�_ 
�g�Z�[�e�x�^�Z�_�l�k�y �\�h�h�[�s�_. �L�Z�d�b�f �h�[�j�Z�a�h�f, �g�Z�i�j�b�f�_�j, �^�e�y �k�b�k�l�_�f�u �^�_�l�j�b�l�b�a�Z�p�b�b 
�\�h�a�^�m�o�Z �j�_�Z�d�l�h�j�Z JET �k �f�Z�d�k�b�f�Z�e�v�g�u�f �i�_�j�_�j�Z�[�Z�l�u�\�Z�_�f�u�f �i�h�l�h�d�h�f 500 �f3/�q�Z�k 
�d�h�e�b�q�_�k�l�\�h �d�Z�[�_�e�_�c �\ �i�h�f�_�s�_�g�b�b �g�_ �^�h�e�`�g�h �[�u�l�v �[�h�e�_�_ 50 �d�].  

3. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �d�h�g�k�l�j�m�d�p�b�b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �j�_�Z�d�l�h�j�Z, �i�h�a�\�h�e�y�x�s�_�c 
�h�j�]�Z�g�b�a�h�\�Z�l�v �^�h�i�h�e�g�b�l�_�e�v�g�u�c �l�_�i�e�h�h�[�f�_�g �\�g�m�l�j�b �k�Z�f�h�]�h �j�_�Z�d�l�h�j�Z �b �h�l�\�h�^ 
�l�_�i�e�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�g�_�r�g�_�]�h �d�h�g�l�m�j�Z �p�b�j�d�m�e�y�p�b�b �l�_�i�e�h�g�h�k�b�l�_�e�y. �I�h� -̂
�\�h� ̂�l�_�i�e�Z �^�e�y �g�Z�]�j�_�\�Z �j�_�Z�d�l�h�j�Z �\ �r�l�Z�l�g�h�f �j�_�`�b�f�_ �_�]�h �j�Z�[�h�l�u �h�[�_�k�i�_�q�b�\�Z�_�l�k�y 
�g�Z�]�j�_�\�h�f �i�b�l�Z�x�s�_�]�h �]�Z�a�Z �\ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�f �l�_�i�e�h�h�[�f�_�g�g�b�d�_. �?�k�e�b �l�_�f�i�_�j�Z-
�l�m�j�Z �d�Z�l�Z�e�b�a�Z�l�h�j�Z �i�j�_�\�u�r�Z�_�l �a�Z�^�Z�g�g�u�c �m�j�h�\�_�g�v, �Z�\�l�h�f�Z�l�b�q�_�k�d�b �\�d�e�x�q�Z�_�l�k�y 
�i�j�b�g�m�^�b�l�_�e�v�g�u�c �h�o�e�Z�`�^�Z�x�s�b�c �d�h�g�l�m�j �j�_�Z�d�l�h�j�Z, �h�[�_�k�i�_�q�b�\�Z�x�s�b�c �h�l�\�h�^ �b�a-
�[�u�l�h�q�g�h�]�h �l�_�i�e�Z. �O�h�e�h�^�b�e�v�g�b�d �\�g�_�r�g�_�]�h �d�h�g�l�m�j�Z �^�h�e�`�_�g �[�u�l�v �k�i�j�h�_�d�l�b�j�h-
�\�Z�g �k �h�o�e�Z�`�^�Z�x�s�_�c �k�i�h�k�h�[�g�h�k�l�v�x, �j�Z�k�k�q�b�l�Z�g�g�h�c �g�Z �Z�\�Z�j�b�x �k �g�Z�b�[�h�e�v�r�b�f 
�f�Z�k�r�l�Z�[�h�f �i�j�_�^�i�h�e�Z�]�Z�_�f�h�]�h �i�h�`�Z�j�Z. 

�G�Z�k�l�h�y�s�Z�y �j�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �\ �j�Z�f�d�Z�o �i�j�h�]�j�Z�f�f�u �j�Z�a�\�b�l�b�y �J�h�k�k�b�c�k�d�h�]�h 
�o�b�f�b�d�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h �m�g�b�\�_�j�k�b�l�_�l�Z �b�f. �>. �B. �F�_�g�^�_�e�_�_�\�Z «�I�j�b�h�j�b�l�_�l-2030».   
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�N�=�M�I «�J�N�Y�P-�<�G�B�B�W�N», �]. �K�Z�j�h�\, �G�b�`�_�]�h�j�h�^�k�d�Z�y �h�[�e�Z�k�l�v 

 
�< �J�N�Y�P-�<�G�B�B�W�N �j�Z�a�j�Z�[�h�l�Z�g�Z �k�b�k�l�_�f�Z �l�j�b�l�b�_�\�h�]�h �h�[�_�k�i�_�q�_�g�b�y 

(�K�L�H) �^�e�y �[�_�a�h�i�Z�k�g�h�c �j�Z�[�h�l�u �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y �k �p�_-
�e�v�x �g�Z�i�h�e�g�_�g�b�y �n�b�a�b�q�_�k�d�b�o �d�j�b�h�]�_�g�g�u�o �f�b�r�_�g�_�c �k �h�i�j�_�^�_�e�_�g�g�h�c �i�e�h�l-
�g�h�k�l�v�x �l�j�b�l�b�y (�\ �]�Z�a�h�\�u�o �b �`�b�^�d�b�o �n�Z�a�Z�o) �i�j�b �i�j�h�\�_�^�_�g�b�b �y�^�_�j�g�h-
�n�b�a�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �g�Z �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�_ �:�D�M�E�B�G�:-2 �\ �E�Y�J 
�H�B�Y�B (�]. �>�m�[�g�Z).  

�< �j�Z�[�h�l�_ �i�j�_�^�k�l�Z�\�e�_�g�u �k�l�j�m�d�l�m�j�Z �b �i�j�b�g�p�b�i�u �j�Z�[�h�l�u �K�L�H, �Z �l�Z�d�`�_ 
�k�h�k�l�Z�\ �b �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �\�h�a�f�h�`�g�h�k�l�b �h�k�g�h�\�g�u�o �k�h�k�l�Z�\�g�u�o �q�Z�k�l�_�c: �k�b-
�k�l�_�f�u �h�q�b�k�l�d�b �]�Z�a�h�\�h�c �k�f�_�k�b, �b�a�h�e�b�j�h�\�Z�g�g�h�c �\ �i�_�j�q�Z�l�h�q�g�u�f �[�h�d�k�_ �k�b�k�l�_-
�f�u �m�l�b�e�b�a�Z�p�b�b �k �]�_�g�_�j�Z�l�h�j�h�f �b �e�h�\�m�r�d�h�c �l�j�b�l�b�y, �k�b�k�l�_�f�u �g�Z�i�h�e�g�_�g�b�y 
�k �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�v�x �\ �k�h�k�l�Z�\�_ �l�j�Z�g�k�i�h�j�l�b�j�m�_�f�h�]�h �f�b�r�_�g�g�h�]�h �[�e�h�d�Z 
�b �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c �k�b�k�l�_�f�u �d�h�g�l�j�h�e�y �b �m�i�j�Z�\�e�_�g�b�y �K�L�H. �I�j�b �w�l�h�f 
�j�Z�k�k�f�h�l�j�_�g�u �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b �h�k�h�[�_�g�g�h�k�l�b �k�h�k�l�Z�\�g�u�o �q�Z�k�l�_�c �K�L�H, �i�h�a-
�\�h�e�y�x�s�b�_ �h�k�m�s�_�k�l�\�e�y�l�v �j�Z�a�e�b�q�g�u�_ �j�_�`�b�f�u �[�_�a�h�i�Z�k�g�h�c �w�d�k�i�e�m�Z�l�Z�p�b�b, 
�\�d�e�x�q�Z�y �g�Z�i�h�e�g�_�g�b�_ �b �h�o�e�Z�`�^�_�g�b�_/�h�l�_�i�e�_�g�b�_ �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b. 

�<�\�_�^�_�g�b�_ 

�W�d�k�i�_�j�b�f�_�g�l�u �k �j�Z�^�b�h�Z�d�l�b�\�g�u�f�b �i�m�q�d�Z�f�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �d�j�b�h�]�_�g-
�g�u�o �f�b�r�_�g�_�c �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z, �\�d�e�x�q�Z�y �l�j�b�l�b�c, �^�e�y �b�a�m�q�_�g�b�y �w�d�a�h�l�b�q�_�k�d�b�o 
�y�^�_�j �\�[�e�b�a�b �]�j�Z�g�b�p �g�m�d�e�h�g�g�h�c �k�l�Z�[�b�e�v�g�h�k�l�b �i�j�h�\�h�^�b�e�b�k�v �\ �E�Y�J �H�B�Y�B �g�Z 
�n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�_ �:�D�M�E�B�G�: �i�j�b �m�k�d�h�j�b�l�_�e�_ �M-400�F �k �d�h�g�p�Z 90-�o �]�h�^�h�\ 
�i�j�h�r�e�h�]�h �k�l�h�e�_�l�b�y [1–15]. �K �p�_�e�v�x �^�Z�e�v�g�_�c�r�_�]�h �b �[�h�e�_�_ �m�]�e�m�[�e�_�g�g�h�]�h �b�k�k�e�_-
�^�h�\�Z�g�b�y �k�l�j�m�d�l�m�j�u �m�j�h�\�g�_�c �w�d�a�h�l�b�q�_�k�d�b�o �y�^�_�j �b �d�Z�g�Z�e�h�\ �b�o �j�Z�k�i�Z�^�Z �\ 2018 �]. 
�[�u�e �a�Z�i�m�s�_�g �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j �:�D�M�E�B�G�:-2, �d�h�l�h�j�u�c �k�h�i�h�k�l�Z�\�b�f �i�h �k�\�h-
�b�f �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f �k �a�Z�j�m�[�_�`�g�u�f�b �Z�g�Z�e�h�]�Z�f�b [8]. �< �i�_�j�\�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o 
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�g�Z �w�l�h�f �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�_ �k �d�j�b�h�]�_�g�g�h�c �]�Z�a�h�\�h�c �^�_�c�l�_�j�b�_�\�h�c �f�b�r�_�g�v�x 
�[�u�e�b �i�h�e�m�q�_�g�u �g�h�\�u�_ �^�Z�g�g�u�_ �i�h �l�y�`�_�e�u�f �b�a�h�l�h�i�Z�f �\�h�^�h�j�h�^�Z 5H [17] �b 7H 
[18, 19]. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �d�j�b�h�]�_�g�g�u�o �f�b�r�_�g�_�c �k �a�_�j�d�Z�e�v�g�u�f�b �b�a�h�l�h�i�Z�f�b 3H-3He 
�i�h�a�\�h�e�b�l �k�m�s�_�k�l�\�_�g�g�h �j�Z�k�r�b�j�b�l�v �^�b�Z�i�Z�a�h�g �b�a�m�q�Z�_�f�u�o �w�d�a�h�l�b�q�_�k�d�b�o �y�^�_�j. 
�G�Z�i�j�b�f�_�j, �\ �y�^�_�j�g�u�o �j�_�Z�d�p�b�y�o �i�_�j�_�^�Z�q�b �^�\�m�o �g�m�d�e�h�g�h�\ (t, p) �b (3He, n) �f�h�`�g�h 
�b�k�k�e�_�^�h�\�Z�l�v �p�_�e�u�c �j�y� ̂�f�Z�e�h�b�a�m�q�_�g�g�u�o �k�b�k�l�_�f �g�Z �]�j�Z�g�b�p�Z�o �y�^�_�j�g�h�c �k�l�Z�[�b�e�v-
�g�h�k�l�b: 4-7�G, 7,8,10�G�_, 13Li �\�i�e�h�l�v �^�h 24,26�H. 

�I�_�j�\�Z�y �\�_�j�k�b�y �d�h�f�i�e�_�d�k�Z �K�L�H �\�f�_�k�l�_ �k �m�g�b�d�Z�e�v�g�u�f�b �d�j�b�h�]�_�g�g�u�f�b 
�l�j�b�l�b�_�\�u�f�b �f�b�r�_�g�y�f�b [6, 7], �k�h�a�^�Z�g�g�u�f�b �\ �J�N�Y�P-�<�G�B�B�W�N, �i�j�b�f�_�g�y�e�b�k�v 
�^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �w�d�a�h�l�b�q�_�k�d�b�o �y�^�_�j �g�Z �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�_ �:�D�M�E�B�G�: 
�\ �g�Z�q�Z�e�_ 2000-�o [5, 9–14]. �H�k�g�h�\�g�u�f �g�_�^�h�k�l�Z�l�d�h�f �^�Z�g�g�h�c �k�b�k�l�_�f�u �[�u�e�h �h�]�j�Z-
�g�b�q�_�g�b�_ �i�h �d�h�e�b�q�_�k�l�\�m �l�j�b�l�b�y 1 �d�D�b, �q�l�h �g�_ �\�k�_�]�^�Z �i�h�a�\�h�e�y�e�h �i�h�e�g�h�k�l�v�x �a�Z-
�i�h�e�g�b�l�v �f�b�r�_�g�v �`�b�^�d�b�f �l�j�b�l�b�_�f �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �i�h�e�m�q�b�l�v �d�h�j�j�_�d�l�g�m�x 
�k�l�Z�l�b�k�l�b�d�m. �>�e�y �g�h�\�h�]�h �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�Z �:�D�M�E�B�G�:-2 �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z 
�k�i�_�p�b�Z�e�v�g�Z�y �l�j�b�l�b�_�\�Z�y �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z �b �k�h�a�^�Z�g�Z �K�L�H �\�l�h�j�h�]�h �i�h�d�h�e�_�g�b�y, 
�d�h�l�h�j�Z�y �h�l�\�_�q�Z�_�l �k�h�\�j�_�f�_�g�g�u�f �l�j�_�[�h�\�Z�g�b�y�f �j�Z�^�b�Z�p�b�h�g�g�h�c �[�_�a�h�i�Z�k�g�h�k�l�b, 
�i�h�a�\�h�e�y�_�l �i�j�h�\�h�^�b�l�v �j�Z�[�h�l�u �k �d�h�e�b�q�_�k�l�\�h�f �l�j�b�l�b�y �^�h 2,7 �d�D�b �b �i�j�h�]�g�h�a�b�j�h-
�\�Z�l�v �]�_�h�f�_�l�j�b�x �d�j�b�h�]�_�g�g�h�c �l�j�b�l�b�_�\�h�c �f�b�r�_�g�b. 

�K�b�k�l�_�f�Z �l�j�b�l�b�_�\�h�]�h �h�[�_�k�i�_�q�_�g�b�y 

�K�b�k�l�_�f�Z �l�j�b�l�b�_�\�h�]�h �h�[�_�k�i�_�q�_�g�b�y, �b�g�l�_�]�j�b�j�h�\�Z�g�g�Z�y �\ �b�g�n�j�Z�k�l�j�m�d�l�m�j�m 
�m�k�l�Z�g�h�\�d�b �:�D�M�E�B�G�:-2, �h�[�_�k�i�_�q�b�\�Z�_�l, �i�j�_�`�^�_ �\�k�_�]�h, �[�_�a�h�i�Z�k�g�h�k�l�v �\�u�i�h�e�g�_-
�g�b�y �i�j�h�p�_�^�m�j �g�Z�i�h�e�g�_�g�b�y �d�j�b�h�f�b�r�_�g�_�c �l�j�b�l�b�_�f, �Z �l�Z�d�`�_ �b�o �r�l�Z�l�g�m�x �w�d�k�i�e�m-
�Z�l�Z�p�b�x, �\�d�e�x�q�Z�y �l�_�o�g�b�q�_�k�d�h�_ �h�[�k�e�m�`�b�\�Z�g�b�_, �f�h�g�l�Z�`�g�u�_ �j�Z�[�h�l�u, �o�j�Z�g�_�g�b�_ 
�b �m�l�b�e�b�a�Z�p�b�x. �G�Z �j�b�k. 1 �i�h�d�Z�a�Z�g�u �j�Z�k�i�h�e�h�`�_�g�b�_ �m�k�l�Z�g�h�\�d�b �:�D�M�E�B�G�:-2 
�\ �a�^�Z�g�b�b 101 �E�Y�J �b �n�b�a�d�Z�[�b�g�Z �k �j�Z�a�^�_�e�_�g�b�_�f �g�Z �i�h�f�_�s�_�g�b�y «�: », «�;», «�<» 
�b «�=»: �\ �d�h�f�g�Z�l�_ «�;» �g�Z�o�h�^�b�l�k�y �e�b�g�b�y �\�l�h�j�b�q�g�h�]�h �i�m�q�d�Z (�n�h�d�Z�e�v�g�u�_ �i�e�h�k�d�h-
�k�l�b F3 �b F4), �\ «�: » – �n�h�d�Z�e�v�g�Z�y �i�e�h�k�d�h�k�l�v F5 �k �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�h�c, �\ «�<» 
�j�Z�k�i�h�e�Z�]�Z�_�l�k�y �k�Z�g�r�e�x�a, �\ «�=» – �i�h�f�_�s�_�g�b�_ �^�e�y �j�Z�[�h�l�u �k �l�j�b�l�b�_�f �i�h II �d�e�Z�k�k�m 
�j�Z�[�h�l �k �h�l�d�j�u�l�u�f�b �b�k�l�h�q�g�b�d�Z�f�b �b�h�g�b�a�b�j�m�x�s�_�]�h �b�a�e�m�q�_�g�b�y (�B�B�B) [20]. 
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�J�b�k. 1. �J�Z�k�i�h�e�h�`�_�g�b�_ �m�k�l�Z�g�h�\�d�b �:�D�M�E�B�G�:-2 �b �n�b�a�d�Z�[�b�g�u �\ �a�^�Z�g�b�b �E�Y�J 
 



�:�i�i�Z�j�Z�l�m�j�Z �b �f�_�l�h�^�u �b�k�k�e�_�^�h�\�Z�g�b�y 307

�D�h�f�i�e�_�d�k �K�L�H �j�Z�a�f�_�s�_�g �\ �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�f �i�h�f�_�s�_�g�b�b �k �k�Z�g�r�e�x-
�a�h�f �g�Z �\�l�h�j�h�f �w�l�Z�`�_ �n�b�a�d�Z�[�b�g�u �g�Z�^ �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�h�c (�J�D) �\�g�m�l�j�b �k�l�_�g-
�^�h�\�h�]�h �a�Z�e�Z �m�k�l�Z�g�h�\�d�b �:�D�M�E�B�G�:-2. �<�g�_�r�g�b�c �\�b� ̂ �K�L�H, �k�f�h�g�l�b�j�h�\�Z�g�g�u�c 
�\ �i�h�f�_�s�_�g�b�b II �d�e�Z�k�k�Z �j�Z�[�h�l �k �h�l�d�j�u�l�u�f�b �B�B�B, �i�h�d�Z�a�Z�g �g�Z �j�b�k. 2. �< 2024 �]. 
�i�j�h�\�_�^�_�g �\�\�h� ̂�K�L�H �\ �w�d�k�i�e�m�Z�l�Z�p�b�x �b «�o�h�e�h�k�l�h�c �k�_�Z�g�k». �< 2025 �i�e�Z�g�b�j�m�_�l�k�y 
�i�j�h�\�_�^�_�g�b�_ �k�_�Z�g�k�Z «�i�_�j�\�h�]�h �^�g�y».  
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�J�b�k. 2. �K�L�H �\ �i�h�f�_�s�_�g�b�b «�=»: �Z – �k�o�_�f�Z �j�Z�a�f�_�s�_�g�b�y; �[ – �i�h�k�e�_ �f�h�g�l�Z�`�Z 
 

�G�Z �j�b�k. 3 �i�h�d�Z�a�Z�g�Z �k�l�j�m�d�l�m�j�g�Z�y �k�o�_�f�Z �K�L�H, �\ �d�h�l�h�j�m�x �\�o�h�^�y�l: 
1) �Z�\�l�h�g�h�f�g�u�c �f�b�r�_�g�g�u�c �[�e�h�d (�;�F), �i�_�j�_�f�_�s�Z�_�f�u�c �b�a �\�u�l�y�`�g�h�]�h �r�d�Z�n�Z (�g�Z 
�k�l�Z�^�b�b �f�h�g�l�Z�`�Z �b �i�h�^�]�h�l�h�\�d�b) �\ �j�_�Z�d�p�b�h�g�g�m�x �d�Z�f�_�j�m (�g�Z �k�l�Z�^�b�b �w�d�k�i�e�m�Z�l�Z-
�p�b�b); 2) �k�b�k�l�_�f�Z �m�l�b�e�b�a�Z�p�b�b (�K�M) �k �]�_�g�_�j�Z�l�h�j�h�f �b �e�h�\�m�r�d�h�c �l�j�b�l�b�y, �j�Z�a�f�_-
�s�_�g�g�Z�y �\ �i�_�j�q�Z�l�h�q�g�h�f �[�h�d�k�_; 3) �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z �k�b�k�l�_�f�u �h�q�b�k�l�d�b, �\�d�e�x�q�Z�x-
�s�Z�y �]�Z�a�h�h�q�b�k�l�d�m (�=�H) �k �g�Z�d�h�i�b�l�_�e�v�g�u�f �j�_�k�b�\�_�j�h�f �b �i�_�j�q�Z�l�h�q�g�u�c �[�h�d�k, �k�h-
�_�^�b�g�_�g�g�u�_ �j�Z�k�i�j�_�^�_�e�_�g�g�h�c �]�Z�a�h�\�Z�d�m�m�f�g�h�c �k�b�k�l�_�f�h�c �^�e�y �h�j�]�Z�g�b�a�Z�p�b�b �p�b�j�d�m-
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�e�y�p�b�b �]�Z�a�h�\�h�c �k�j�_�^�u �b �i�h�k�e�_�^�m�x�s�_�]�h �_�_ �\�Z�d�m�m�f�b�j�h�\�Z�g�b�y. �J�_�]�b�k�l�j�Z�p�b�y �n�b�a�b-
�q�_�k�d�b�o �i�Z�j�Z�f�_�l�j�h�\ �b �f�h�g�b�l�h�j�b�g�] �l�_�d�m�s�_�]�h �k�h�k�l�h�y�g�b�y �k�h�k�l�Z�\�g�u�o �q�Z�k�l�_�c �K�L�H 
�h�k�m�s�_�k�l�\�e�y�_�l�k�y �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c �k�b�k�l�_�f�h�c �d�h�g�l�j�h�e�y �b �m�i�j�Z�\�e�_�g�b�y 
(�:�K�D�M). 

 

 
 

�J�b�k. 3. �K�l�j�m�d�l�m�j�g�Z�y �k�o�_�f�Z �K�L�H �k �k�h�i�j�y�`�_�g�g�u�f�b �k�b�k�l�_�f�Z�f�b  
 
�K �i�h�f�h�s�v�x �j�Z�a�\�_�l�\�e�_�g�g�h�c �k�b�k�l�_�f�u �\�Z�d�m�m�f�b�j�h�\�Z�g�b�y �b �p�b�j�d�m�e�y�p�b�b �]�Z-

�a�h�\�h�c �k�j�_�^�u, �\ �d�h�l�h�j�m�x �\�o�h�^�y�l �l�Z�d�`�_ �\�Z�d�m�m�f�g�u�_ �i�h�k�l�u, �K�L�H �i�h�a�\�h�e�y�_�l �i�j�h-
�\�h�^�b�l�v �h�q�b�k�l�d�m �]�Z�a�h�\�h�c �k�j�_�^�u �h�l �\�e�Z�]�b �b �l�j�b�l�b�y �q�_�j�_�a �[�e�h�d �l�j�b�l�b�_�\�h�c �h�q�b�k�l�d�b 
�K�L�J�M�G�:, �^�_�c�k�l�\�m�x�s�b�c �i�h �i�j�b�g�p�b�i�m �f�h�e�_�d�m�e�y�j�g�h�]�h �k�b�l�Z. �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y 
�]�Z�a�h�\�Z�d�m�m�f�g�Z�y �k�o�_�f�Z �K�L�H �i�h�d�Z�a�Z�g�Z �g�Z �j�b�k�m�g�d�_ 4. �G�Z �\�u�o�h�^�_ �b�a �[�e�h�d�Z �]�Z�a�h-
�h�q�b�k�l�d�b, �\�h �\�g�m�l�j�_�g�g�_�f �p�b�j�d�m�e�y�p�b�h�g�g�h�f �d�h�g�l�m�j�_ �i�_�j�q�Z�l�h�q�g�h�]�h �[�h�d�k�Z �b �g�Z 
�\�u�o�e�h�i�_ �\ �\�_�g�l�b�e�y�p�b�x �i�j�h�\�h�^�b�l�k�y �d�h�g�l�j�h�e�v �h�[�t�_�f�g�h�c �Z�d�l�b�\�g�h�k�l�b (�H�:) �l�j�b-
�l�b�y �\ �i�h�l�h�d�Z�o �]�Z�a�h�\�h�c �k�j�_�^�u.  

 

 
 

�J�b�k. 4. �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �]�Z�a�h�\�Z�d�m�m�f�g�Z�y �k�o�_�f�Z �K�L�H 
 
�H�k�g�h�\�g�u�f�b �w�e�_�f�_�g�l�Z�f�b �k�b�k�l�_�f�u �h�q�b�k�l�d�b �K�L�H �y�\�e�y�x�l�k�y �g�Z�d�h�i�b�l�_�e�v-

�g�u�c �j�_�k�b�\�_�j P (�h�[�t�_�f�h�f 0,5 �f3) �b �[�e�h�d �]�Z�a�h�h�q�b�k�l�d�b �K�L�J�M�G�:, �d�h�l�h�j�u�c �[�e�Z�]�h-
�^�Z�j�y �j�Z�a�\�_�l�\�e�_�g�g�u�f �d�h�f�f�m�g�b�d�Z�p�b�y�f �i�h�a�\�h�e�y�_�l �i�j�b �j�Z�a�e�b�q�g�u�o �j�_�`�b�f�Z�o �j�Z�[�h-
�l�u �i�j�h�\�h�^�b�l�v �h�q�b�k�l�d�m �d�Z�d �k�Z�f�h�]�h �j�_�k�b�\�_�j�Z, �l�Z�d �b, �i�j�b �g�_�h�[�o�h�^�b�f�h�k�l�b, �h�q�b�k�l-
�d�m �i�_�j�q�Z�l�h�q�g�h�]�h �[�h�d�k�Z. 
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�D�h�g�l�j�h�e�v �g�Z�^ �j�_�`�b�f�Z�f�b �j�Z�[�h�l�u �K�L�H, �m�i�j�Z�\�e�_�g�b�_ �j�Z�[�h�l�h�c �\�k�_�o �^�Z�l�q�b-
�d�h�\ �b �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�o �d�e�Z�i�Z�g�h�\ �h�k�m�s�_�k�l�\�e�y�_�l �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�Z�y �k�b-
�k�l�_�f�Z �d�h�g�l�j�h�e�y �b �m�i�j�Z�\�e�_�g�b�y, �k�h�i�j�y�`�_�g�g�Z�y �k �k�b�k�l�_�f�h�c �j�Z�^�b�h�f�_�l�j�b�q�_�k�d�h�]�h 
�d�h�g�l�j�h�e�y (�\�d�e�x�q�Z�y �d�h�g�l�j�h�e�v �H�: �l�j�b�l�b�y �\ �\�h�a�^�m�o�_ �i�h�f�_�s�_�g�b�y), �d�h�l�h�j�Z�y �[�Z�a�b-
�j�m�_�l�k�y �g�Z �[�e�h�d�Z�o �j�Z�^�b�h�f�_�l�j�b�q�_�k�d�h�]�h �d�h�g�l�j�h�e�y �g�Z �[�Z�a�_ �j�Z�^�b�h�f�_�l�j�h�\ �k �b�h�g�b�a�Z-
�p�b�h�g�g�u�f�b �d�Z�f�_�j�Z�f�b (�[�e�h�d�b �^�_�l�_�d�l�b�j�h�\�Z�g�b�y – �;�>). �K�L�H �h�k�g�Z�s�_�g�Z �q�_�l�u�j�v�f�y 
�;�>: �\ �d�h�f�f�m�g�b�d�Z�p�b�b �\�g�m�l�j�_�g�g�_�c �p�b�j�d�m�e�y�p�b�b �i�_�j�q�Z�l�h�q�g�h�]�h �[�h�d�k�Z, �^�\�Z �[�e�h�d�Z 
�k �j�Z�a�e�b�q�g�u�f �^�b�Z�i�Z�a�h�g�h�f �b�a�f�_�j�_�g�b�c �H�: �]�Z�a�Z �g�Z �\�u�o�h�^�_ �b�a �[�e�h�d�Z �]�Z�a�h�h�q�b�k�l�d�b 
�b �g�Z �\�u�o�e�h�i�_ �]�Z�a�h-�\�Z�d�m�m�f�g�u�o �d�h�f�f�m�g�b�d�Z�p�b�c �\ �\�_�g�l�b�e�y�p�b�x. 

�I�h�j�y�^�h�d �h�q�b�k�l�d�b �]�Z�a�h�\�h�c �k�j�_�^�u �i�_�j�q�Z�l�h�q�g�h�]�h �[�h�d�k�Z �k�h�k�l�h�b�l �b�a �k�e�_�^�m-
�x�s�b�o �w�l�Z�i�h�\: 

1) �< �r�l�Z�l�g�h�f �j�_�`�b�f�_ �i�j�b �j�Z�[�h�l�_ �K�M �b �;�F �\ �b�a�h�e�b�j�h�\�Z�g�g�h�f �[�h�d�k�_ �g�_�i�j�_-
�j�u�\�g�h �i�j�h�\�h�^�b�l�k�y �\�g�m�l�j�_�g�g�y�y �p�b�j�d�m�e�y�p�b�y �]�Z�a�h�\�h�c �k�j�_�^�u (�Z�a�h�l�Z/�\�h�a�^�m�o�Z), �Z �l�Z�d�`�_ 
�b�a�f�_�j�_�g�b�_ �\�e�Z�`�g�h�k�l�b �b �H�: �l�j�b�l�b�y �\ �]�Z�a�h�\�h�f �i�h�l�h�d�_ �k �i�h�f�h�s�v�x �j�Z�^�b�h�f�_�l�j�Z; 

2) �I�j�b �\�h�a�g�b�d�g�h�\�_�g�b�b �m�l�_�q�d�b �l�j�b�l�b�y �i�h�y�\�e�y�_�l�k�y �k�b�]�g�Z�e �h�l �;�> �[�h�d�k�Z, 
�d�h�l�h�j�u�c �i�h�k�j�_�^�k�l�\�h�f �:�K�D�M �k�h�_�^�b�g�y�_�l �[�h�d�k �q�_�j�_�a �h�k�g�h�\�g�u�_ �l�j�m�[�h�i�j�h�\�h�^�u 
�k �[�e�h�d�h�f �]�Z�a�h�h�q�b�k�l�d�b, �h�[�j�Z�a�m�y �a�Z�f�d�g�m�l�u�c �d�h�g�l�m�j �h�q�b�k�l�d�b. 

3) �P�b�j�d�m�e�b�j�m�x�s�b�c �i�h �a�Z�f�d�g�m�l�h�f�m �d�h�g�l�m�j�m �]�Z�a �i�j�h�o�h�^�b�l �\ �[�e�h�d�_ �]�Z�a�h-
�h�q�b�k�l�d�b �q�_�j�_�a �d�h�g�\�_�j�l�_�j �k �d�Z�l�Z�e�b�a�Z�l�h�j�h�f �b �Z�^�k�h�j�[�_�j �g�Z �h�k�g�h�\�_ �p�_�h�e�b�l�Z 
�b �h�q�b�s�Z�_�l�k�y �h�l �\�e�Z�]�b �b �l�j�b�l�b�y �^�h �l�_�o �i�h�j, �i�h�d�Z �H�: �k�j�_�^�u �\ �[�h�d�k�_ �b �g�Z �\�u�o�h�^�_ 
�b�a �]�Z�a�h�h�q�b�k�l�d�b �g�_ �k�g�b�a�b�l�k�y �^�h �l�j�_�[�m�_�f�h�]�h �[�_�a�h�i�Z�k�g�h�]�h �m�j�h�\�g�y. 

4) �I�h�k�e�_ �h�q�b�k�l�d�b �]�Z�a�h�\�h�c �k�j�_�^�u �k�b�k�l�_�f�Z �k �i�h�f�h�s�v�x �:�K�D�M �Z�\�l�h�f�Z�l�b�q�_�k�d�b 
�i�_�j�_�d�e�x�q�Z�_�l�k�y �g�Z �r�l�Z�l�g�u�c �j�_�`�b�f �k �\�g�m�l�j�_�g�g�_�c �p�b�j�d�m�e�y�p�b�_�c �k�j�_�^�u �\ �[�h�d�k�_. 

�J�Z�a�j�Z�[�h�l�Z�g�g�Z�y �^�e�y �d�h�f�i�e�_�d�k�Z �:�D�M�E�B�G�:-2 �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z �K�L�H �h�[�_�k�i�_-
�q�b�\�Z�_�l �k�e�_�^�m�x�s�b�_ �j�_�`�b�f�u �b �n�m�g�d�p�b�b �]�Z�a�h�h�[�_�k�i�_�q�_�g�b�y �b �l�j�b�l�b�_�\�h�c �h�q�b�k�l�d�b: 

�Z) �J�_�`�b�f �p�b�j�d�m�e�y�p�b�b �i�h�l�h�d�Z �]�Z�a�h�\�h�c �k�j�_�^�u �b�a �[�h�d�k�Z �q�_�j�_�a �]�Z�a�h�h�q�b�k�l�d�m.  
�[) �P�b�j�d�m�e�y�p�b�x �]�Z�a�Z �q�_�j�_�a �]�Z�a�h�h�q�b�k�l�d�m �\ �[�Z�c�i�Z�k�g�h�f �j�_�`�b�f�_, �d�h�l�h�j�u�c 

�b�k�i�h�e�v�a�m�_�l�k�y �i�j�b �a�Z�i�m�k�d�_ �K�L�H, �e�b�[�h �d�h�]�^�Z �h�q�b�k�l�d�Z �k�j�_�^�u �[�h�d�k�Z �g�_ �l�j�_�[�m�_�l�k�y. 
�\) �J�_�`�b�f �i�j�h�^�m�\�d�b �[�h�d�k�Z �q�b�k�l�u�f �]�Z�a�h�f, �d�h�l�h�j�Z�y �i�j�h�b�a�\�h�^�b�l�k�y �i�j�b �g�Z�q�Z�e�v-

�g�h�f �a�Z�i�m�k�d�_ �[�h�d�k�Z �\ �w�d�k�i�e�m�Z�l�Z�p�b�x, �i�h�k�e�_ �j�_�f�h�g�l�Z �K�M �b�e�b �k �p�_�e�v�x �h�k�m�r�d�b.  
�]) �J�_�`�b�f �p�b�j�d�m�e�y�p�b�b �]�Z�a�Z �b�a �j�_�k�b�\�_�j�Z �q�_�j�_�a �]�Z�a�h�h�q�b�k�l�d�m, �d�h�l�h�j�u�c �i�j�h-

�\�h�^�b�l�k�y �i�j�b �a�Z�i�h�e�g�_�g�b�b �j�_�k�b�\�_�j�Z �\ �o�h�^�_ �r�l�Z�l�g�h�c �j�Z�[�h�l�u �[�h�d�k�Z �b �i�j�b �k�[�j�h�k�_ 
�h�k�l�Z�l�d�h�\ �]�Z�a�h�\�h�c �k�f�_�k�b �b�a �;�F �b�e�b �J�D. 

� )̂ �J�_�`�b�f �h�l�d�Z�q�d�b �b �a�Z�i�h�e�g�_�g�b�y �r�e�x�a�Z �i�_�j�q�Z�l�h�q�g�h�]�h �[�h�d�k�Z. 
�>�Z�\�e�_�g�b�_ �]�Z�a�h�\�h�c �k�j�_�^�u �\ �[�h�d�k�_ �b �h�k�g�h�\�g�u�o �d�h�f�f�m�g�b�d�Z�p�b�y�o �K�L�H �\�h 

�\�k�_�o �j�_�`�b�f�Z�o �j�Z�[�h�l�u �\�k�_�]�^�Z �Z�\�l�h�f�Z�l�b�q�_�k�d�b �i�h�^�^�_�j�`�b�\�Z�_�l�k�y �g�_�f�g�h�]�h �g�b�`�_ 
�Z�l�f�h�k�n�_�j�g�h�]�h (-200…-600 �I�Z). �W�l�h �^�_�e�Z�_�l�k�y �^�e�y �l�h�]�h, �q�l�h�[�u �b�k�d�e�x�q�b�l�v �\�u�o�h�^ 
�l�j�b�l�b�y �\ �i�h�f�_�s�_�g�b�_. �I�j�b �w�l�h�f �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �k�[�j�h�k �]�Z�a�Z �b�a �[�h�d�k�Z �b �d�h�f�f�m-
�g�b�d�Z�p�b�c �i�j�h�b�k�o�h�^�b�l �\ �j�_�k�b�\�_�j, �i�h�k�e�_ �a�Z�i�h�e�g�_�g�b�y �d�h�l�h�j�h�]�h �i�j�h�\�h�^�b�l�k�y �_�]�h 
�h�q�b�k�l�d�Z �q�_�j�_�a �[�e�h�d �K�L�J�M�G�:. 

�K�L�H �i�j�b �j�Z�[�h�l�_ �k �l�j�b�l�b�_�f �h�[�_�k�i�_�q�b�\�Z�_�l �g�_ �f�_�g�_�_ �l�j�_�o �j�m�[�_�`�_�c �a�Z�s�b�l�u 
�i�j�b �r�l�Z�l�g�h�c �w�d�k�i�e�m�Z�l�Z�p�b�b �;�F �b �K�M: �^�\�Z �j�m�[�_�`�Z �h�[�_�k�i�_�q�b�\�Z�x�l�k�y �d�h�g�k�l�j�m�d-
�p�b�_�c �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �w�e�_�f�_�g�l�h�\ �d�j�b�h�f�b�r�_�g�_�c �b �]�_�g�_�j�Z�l�h�j�Z/�e�h�\�m�r�d�b �l�j�b�l�b�y, 
�Z �l�j�_�l�b�c �j�m�[�_�` – �w�l�h �h�[�t�_�f�u �i�_�j�q�Z�l�h�q�g�h�]�h �[�h�d�k�Z, �J�D �b�e�b �d�h�`�m�o�Z �k�b�k�l�_�f�u 
�g�Z�i�h�e�g�_�g�b�y �;�F, �k�h�_�^�b�g�y�_�f�u�_ �k �[�e�h�d�h�f �=�H �b�e�b �j�_�k�b�\�_�j�h�f �\ �k�e�m�q�Z�_ �Z�\�Z�j�b�c�g�h�c 
�k�b�l�m�Z�p�b�b (�\�u�o�h�^ �l�j�b�l�b�y �\ �h�[�t�_�f �k �H�: �]�Z�a�h�\�h�c �k�j�_�^�u, �i�j�_�\�u�r�Z�x�s�_�c �^�h�i�m-
�k�l�b�f�u�c �m�j�h�\�_�g�v).  



�K�_�d�p�b�y 4 310

�K�b�k�l�_�f�Z �h�q�b�k�l�d�b �]�Z�a�h�\�h�c �k�j�_�^�u 

�H�^�g�b�f �b�a �h�k�g�h�\�g�u�o �w�e�_�f�_�g�l�h�\ �K�L�H �y�\�e�y�_�l�k�y �[�e�h�d �]�Z�a�h�h�q�b�k�l�d�b [21], �]�Z-
�a�h�\�Z�d�m�m�f�g�Z�y �k�o�_�f�Z �d�h�l�h�j�h�]�h �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k�m�g�d�_ 5. �;�e�h�d �]�Z�a�h�h�q�b�k�l�d�b �l�b-
�i�Z �K�L�J�M�G�:, �i�j�_�^�g�Z�a�g�Z�q�_�g �^�e�y �i�h�^�^�_�j�`�Z�g�b�y �k�e�_�^�m�x�s�b�o �i�Z�j�Z�f�_�l�j�h�\ �]�Z�a�h�\�h�c 
�k�j�_�^�u �\ �i�_�j�q�Z�l�h�q�g�h�f �[�h�d�k�_ �b �j�_�k�b�\�_�j�_: �H�: �i�h �l�j�b�l�b�x �\ �]�Z�a�h�\�h�c �k�j�_�^�_ – �g�_ 
�[�h�e�_�_ 5·105 �;�d/�f3; �i�h �\�h�^�y�g�h�f�m �i�Z�j�m – �g�_ �[�h�e�_�_ 10 ppm.  

�=�Z�a�h�\�Z�y �k�j�_�^�Z �k �\�o�h�^�Z �]�Z�a�h�h�q�b�k�l�d�b, �i�j�h�c�^�y �q�_�j�_�a �d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �d�h�g-
�\�_�j�l�_�j, �]�^�_ �i�j�h�b�k�o�h�^�b�l �h�d�b�k�e�_�g�b�_ �l�j�b�l�b�y �^�h �n�h�j�f�u �G�L�H �g�Z �i�Z�e�e�Z�^�b�_�\�h�f �d�Z-
�l�Z�e�b�a�Z�l�h�j�_ (�:�I�G �L�M 6-02-7-228-89) �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 350–400 �q�K, �\�u�o�h�^�b�l 
�g�Z�]�j�_�l�h�c; �a�Z�l�_�f �i�h�l�h�d �]�Z�a�Z �h�o�e�Z�`�^�Z�_�l�k�y �\ �l�_�i�e�h�h�[�f�_�g�g�b�d�_ �b �i�h�k�l�m�i�Z�_�l �g�Z 
�Z�^�k�h�j�[�_�j�u, �]�^�_ �\ �i�j�h�p�_�k�k�_ �n�b�e�v�l�j�Z�p�b�b �i�h�l�h�d�Z �]�Z�a�Z �q�_�j�_�a �i�h�j�b�k�l�m�x �g�Z�k�u�i-
�g�m�x �k�j�_�^�m �b�a �]�j�Z�g�m�e �k�h�j�[�_�g�l�Z – �p�_�h�e�b�l�Z NaX (�f�h�e�_�d�m�e�y�j�g�h�_ �k�b�l�h) – �i�j�h�b�k-
�o�h�^�b�l �i�h�]�e�h�s�_�g�b�_ �\�e�Z�]�b (�h�[�u�q�g�h�c �\ �n�h�j�f�_ �G2�H �b�e�b �l�j�b�l�b�j�h�\�Z�g�g�h�c �\ �n�h�j�f�_ 
�G�L�H). �I�h�k�e�_ �w�l�h�]�h �h�q�b�s�_�g�g�Z�y �h�l �l�j�b�l�b�y �b �\�e�Z�]�b �]�Z�a�h�\�Z�y �k�j�_�^�Z �i�j�h�d�Z�q�b�\�Z�_�l-
�k�y �\�h�a�^�m�o�h�^�m�\�d�h�c �b �^�h�i�h�e�g�b�l�_�e�v�g�h �h�o�e�Z�`�^�Z�_�l�k�y �\�l�h�j�u�f �d�h�g�^�_�g�k�Z�l�h�j�h�f 
(�l�_�i�e�h�h�[�f�_�g�g�b�d�h�f). 

 

 
 

�J�b�k. 5. �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �]�Z�a�h�\�Z�d�m�m�f�g�Z�y �k�o�_�f�Z �[�e�h�d�Z �]�Z�a�h�h�q�b�k�l�d�b �K�L�J�M�G�:: V�I 01-
V�I 22 – �j�m�q�g�h�c �\�_�g�l�b�e�v; VW1-VW2 – �\�_�g�l�b�e�v �^�e�y �\�h�^�u; �:�L1 – �\�h�^�g�h-�\�h�^�y�g�h�c �l�_�i�e�h-
�h�[�f�_�g�g�b�d; �:�L2-�:�L3 – �]�Z�a�h-�\�h�^�y�g�h�c �l�_�i�e�h�h�[�f�_�g�g�b�d; �: 1-�: 2 – �Z�^�k�h�j�[�_�j �k �p�_�h�e�b�l�h�f; 
�<�> – �\�h�a�^�m�o�h�^�m�\�d�Z; �>�<1-�>�<2 – �^�Z�l�q�b�d �\�e�Z�`�g�h�k�l�b �]�Z�a�Z; �>�>1-�>�>3 – �^�Z�l�q�b�d �^�Z�\�e�_�g�b�y; 
�>�I�> – �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�c �^�Z�l�q�b�d �^�Z�\�e�_�g�b�y; �>�I�<1-�>�I�<2 – �^�Z�l�q�b�d �i�h�l�h�d�Z �\�h�^�u;  
�>�M – �^�Z�l�q�b�d �m�j�h�\�g�y �\�h�^�u; �D1-�D2 – �d�h�g�\�_�j�l�_�j �k �g�Z�]�j�_�\�Z�l�_�e�_�f; �G�< – �g�Z�k�h�k �\�h�^�y�g�h�c; 
�K�?– �j�_�a�_�j�\�m�Z�j; �L1-�L3 – �l�_�f�i�_�j�Z�l�m�j�g�u�_ �^�Z�l�q�b�d�b; �L�>�<1-�L�>�<2 – �l�_�g�a�h�^�Z�l�q�b�d�b �\�_�k�Z;  
                    �N1 – �]�Z�a�h�\�u�c �n�b�e�v�l�j; �N2-�N3– �\�h�^�y�g�h�c �n�b�e�v�l�j �]�j�m�[�h�c �h�q�b�k�l�d�b 

 
�D�h�g�k�l�j�m�d�p�b�y �]�Z�a�h�h�q�b�k�l�d�b �i�h�a�\�h�e�y�_�l �a�Z�i�m�k�l�b�l�v �\ �j�Z�[�h�l�m �k�j�Z�a�m �^�\�_ �l�b-

�i�b�q�g�u�_ �e�b�g�b�b �h�q�b�k�l�d�b �k �Z�^�k�h�j�[�_�g�l�h�f �\ �d�Z�`�^�h�c. �W�l�b �e�b�g�b�b �h�q�b�k�l�d�b �f�h�]�m�l 
�[�u�l�v �k�h�_�^�b�g�_�g�u �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �b�e�b �i�Z�j�Z�e�e�_�e�v�g�h. �<�l�h�j�Z�y (�j�_�a�_�j�\�g�Z�y) �e�b�g�b�y 
�h�q�b�k�l�d�b �h�[�u�q�g�h �b�k�i�h�e�v�a�m�_�l�k�y �\ �l�h�f �k�e�m�q�Z�_, �_�k�e�b �w�n�n�_�d�l�b�\�g�h�k�l�v �i�_�j�\�h�c �e�b�g�b�b 
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�g�_�^�h�k�l�Z�l�h�q�g�Z �b�a-�a�Z �a�Z�i�h�e�g�_�g�b�y �Z�^�k�h�j�[�_�j�Z �\�e�Z�]�h�c �b �G�L�H. �D�j�h�f�_ �l�h�]�h, �\�l�h�j�Z�y 
�e�b�g�b�y �f�h�`�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �\ �d�Z�q�_�k�l�\�_ �h�k�g�h�\�g�h�c, �_�k�e�b �i�_�j�\�Z�y �e�b�g�b�y �\�u�\�_�^�_-
�g�Z �b�a �w�d�k�i�e�m�Z�l�Z�p�b�b �^�e�y �i�j�h�\�_�^�_�g�b�y �_�z �l�_�o�g�b�q�_�k�d�h�]�h �h�[�k�e�m�`�b�\�Z�g�b�y. 

�< �g�Z�q�Z�e�_ �j�Z�[�h�l�u �]�Z�a�h�h�q�b�k�l�d�b �b �i�_�j�b�h�^�b�q�_�k�d�b �\ �o�h�^�_ �_�_ �w�d�k�i�e�m�Z�l�Z�p�b�b 
�k�e�_�^�m�_�l �b�a�f�_�j�y�l�v �f�Z�k�k�m �Z�^�k�h�j�[�_�j�h�\, �g�_ �h�l�k�h�_�^�b�g�y�y �b�o �h�l �d�h�f�f�m�g�b�d�Z�p�b�c, �k �i�h-
�f�h�s�v�x �l�_�g�a�h�^�Z�l�q�b�d�h�\ �\�_�k�Z �i�m�l�_�f �i�h�^�g�y�l�b�y �k�i�_�p�b�Z�e�v�g�u�o �j�u�q�Z�]�h�\, �i�h�^�p�_�i-
�e�_�g�g�u�o �a�Z �i�_�l�e�x �g�Z �\�_�j�o�g�_�f �l�h�j�p�_ �Z�^�k�h�j�[�_�j�Z. �H�i�j�_�^�_�e�y�y �i�j�b�j�Z�s�_�g�b�_ �f�Z�k�k�u 
�Z�^�k�h�j�[�_�j�h�\ �b �b�k�i�h�e�v�a�m�y �k�l�Z�p�b�h�g�Z�j�g�u�_ �i�h�d�Z�a�Z�g�b�y �H�: �]�Z�a�h�\�h�c �k�j�_�^�u �g�Z �\�u�o�h�^�_ 
�b�a �=�H (�p�b�j�d�m�e�y�p�b�y �]�Z�a�Z �i�j�b�\�h�^�b�l �d �\�u�j�Z�\�g�b�\�Z�g�b�x �H�:), �f�h�`�g�h �i�h�e�m�q�b�l�v 
�h�p�_�g�d�m �d�h�e�b�q�_�k�l�\�Z �i�h�]�e�h�s�_�g�g�h�]�h �l�j�b�l�b�y �b �i�j�b�g�y�l�v �j�_�r�_�g�b�_ �h �g�_�h�[�o�h�^�b�f�h�k�l�b 
�a�Z�f�_�g�u �a�Z�i�h�e�g�_�g�g�h�]�h �Z�^�k�h�j�[�_�j�Z. �< �^�Z�e�v�g�_�c�r�_�f, �a�Z�i�h�e�g�_�g�g�u�c �Z�^�k�h�j�[�_�j (�e�b�[�h 
�i�h �f�Z�k�k�_ �\�e�Z�]�b �\ �p�_�h�e�b�l�_, �e�b�[�h �i�h �i�j�_�^�_�e�v�g�h�f�m �m�j�h�\�g�x �H�: �l�j�b�l�b�y) �a�Z�i�_�q�Z�l�u-
�\�Z�_�l�k�y �b �i�_�j�_�\�h�a�b�l�k�y �g�Z �i�_�j�_�j�Z�[�h�l�d�m �b�e�b �m�l�b�e�b�a�b�j�m�_�l�k�y �d�Z�d �d�h�g�l�_�c�g�_�j �k �l�\�_�j-
�^�u�f�b �j�Z�^�b�h�Z�d�l�b�\�g�u�f�b �h�l�o�h�^�Z�f�b. 

�K�b�k�l�_�f�Z �m�l�b�e�b�a�Z�p�b�b 

�< �i�_�j�q�Z�l�h�q�g�h�f �[�h�d�k�_ (Vbox-Pro 1000 �i�j�h�b�a�\�h�^�k�l�\�Z Vilitek, �J�h�k�k�b�y) �j�Z�a-
�f�_�s�_�g�Z �k�b�k�l�_�f�Z �m�l�b�e�b�a�Z�p�b�b �g�Z �[�Z�a�_ �i�j�h�l�h�q�g�u�o �f�_�l�Z�e�e�h�]�b�^�j�b�^�g�u�o �]�_�g�_�j�Z�l�h-
�j�h�\/�e�h�\�m�r�_�d �l�j�b�l�b�y, �a�Z�i�h�j�g�h�c �Z�j�f�Z�l�m�j�u, �k�j�_�^�k�l�\ �b�a�f�_�j�_�g�b�c �b �^�j�m�]�b�o �w�e�_�f�_�g-
�l�h�\ �]�Z�a�h�\�Z�d�m�m�f�g�u�o �d�h�f�f�m�g�b�d�Z�p�b�c. �L�j�Z�g�k�i�h�j�l�b�j�h�\�d�Z �w�e�_�f�_�g�l�h�\ �K�M �\ �[�h�d�k 
�h�k�m�s�_�k�l�\�e�y�_�l�k�y �q�_�j�_�a �r�e�x�a, �d�h�l�h�j�u�c �f�h�`�_�l �h�l�d�Z�q�b�\�Z�l�v�k�y �h�l�^�_�e�v�g�u�f �g�Z�k�h�k�h�f 
�\ �j�_�k�b�\�_�j �b�e�b �k�i�_�p�\�_�g�l�b�e�y�p�b�x. �G�Z �j�b�k�m�g�d�_ 6 �i�j�_�^�k�l�Z�\�e�_�g�Z �]�Z�a�h�\�Z�d�m�m�f�g�Z�y 
�k�o�_�f�Z �K�M �b �j�Z�k�i�h�e�h�`�_�g�b�_ �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �_�_ �w�e�_�f�_�g�l�h�\ �\ �[�h�d�k�_.  

�J�Z�a�f�_�s�_�g�g�Z�y �\�g�m�l�j�b �i�_�j�q�Z�l�h�q�g�h�]�h �[�h�d�k�Z �K�M �i�j�_�^�g�Z�a�g�Z�q�_�g�Z �^�e�y �a�Z�i�h�e-
�g�_�g�b�y �l�j�b�l�b�_�f �]�_�g�_�j�Z�l�h�j�Z BS1 �\ �;�F �b�a �]�_�g�_�j�Z�l�h�j�Z BS2 �b �i�h�k�e�_�^�m�x�s�_�c �m�l�b-
�e�b�a�Z�p�b�b �l�j�b�l�b�y �b�a �d�h�f�f�m�g�b�d�Z�p�b�c �;�F �b �K�M �\ �e�h�\�m�r�d�m BS3. �>�e�y �w�n�n�_�d�l�b�\�g�h�]�h 
�i�h�]�e�h�s�_�g�b�y �l�j�b�l�b�y �g�Z �e�h�\�m�r�d�m �\ �K�M �i�j�_�^�m�k�f�h�l�j�_�g�Z �\�h�a�f�h�`�g�h�k�l�v �a�Z�f�d�g�m�l�h�c 
�p�b�j�d�m�e�y�p�b�b �]�Z�a�h�\�h�c �k�f�_�k�b �i�m�l�_�f �b�k�i�h�e�v�a�h�\�Z�g�b�y �f�Z�e�h�]�Z�[�Z�j�b�l�g�h�]�h �n�h�j�\�Z�d�m�m�f-
�g�h�]�h �g�Z�k�h�k�Z NL5 �\ �d�Z�q�_�k�l�\�_ �i�h�[�m�^�b�l�_�e�y �i�h�l�h�d�Z. 

�=�_�g�_�j�Z�l�h�j �l�j�b�l�b�y BS2 �\ �K�M �i�h�k�l�j�h�_�g �g�Z �[�Z�a�_ �d�h�g�k�l�j�m�d�p�b�b �i�j�h�o�h�^�g�h�c 
�e�h�\�m�r�d�b �:�I 647, �\�d�e�x�q�Z�x�s�b�c �\ �k�_�[�y �Z�f�i�m�e�m �k �k�h�j�[�_�g�l�h�f �g�Z �h�k�g�h�\�_ �m�j�Z�g�Z-
238, �^�\�Z �k�h�[�k�l�\�_�g�g�u�o �j�m�q�g�u�o �\�_�g�l�b�e�y �b �^�Z�l�q�b�d �Z�[�k�h�e�x�l�g�h�]�h �^�Z�\�e�_�g�b�y �k �^�b�Z-
�i�Z�a�h�g�h�f �b�a�f�_�j�_�g�b�c �^�h 0,16 �F�I�Z. �F�Z�d�k�b�f�Z�e�v�g�Z�y �z�f�d�h�k�l�v �]�_�g�_�j�Z�l�h�j�Z BS2 �i�h 
�]�Z�a�m �k�h�k�l�Z�\�e�y�_�l 2 �e (�g.�m.). �F�_�`�^�m �\�g�m�l�j�_�g�g�_�c �Z�f�i�m�e�h�c �b �\�g�_�r�g�b�f �d�h�j�i�m�k�h�f 
�]�_�g�_�j�Z�l�h�j�Z �i�j�b �_�]�h �g�Z�]�j�_�\�_ �i�j�h�\�h�^�b�l�k�y �h�l�d�Z�q�d�Z �i�h�e�h�k�l�b, �]�^�_ �f�h�`�_�l �k�d�Z�i�e�b-
�\�Z�l�v�k�y �i�j�h�^�b�n�n�m�g�^�b�j�h�\�Z�g�g�u�c �k�d�\�h�a�v �k�l�_�g�d�b �]�Z�a. 

�E�h�\�m�r�d�Z BS3 �^�e�y �l�j�b�l�b�y �b �i�j�b�f�_�k�_�c (�i�j�h�o�h�^�g�Z�y �e�h�\�m�r�d�Z �:�I 646) �\ �K�M 
�\�d�e�x�q�Z�_�l �\ �k�_�[�y �\�g�m�l�j�_�g�g�x�x �Z�f�i�m�e�m �k �k�h�j�[�_�g�l�h�f �g�Z �h�k�g�h�\�_ �m�j�Z�g�Z-238, �^�\�Z 
�k�h�[�k�l�\�_�g�g�u�o �j�m�q�g�u�o �\�_�g�l�b�e�y �b �^�Z�l�q�b�d �Z�[�k�h�e�x�l�g�h�]�h �^�Z�\�e�_�g�b�y �k �^�b�Z�i�Z�a�h�g�h�f 
�b�a�f�_�j�_�g�b�c �^�h 0.16 �F�I�Z. �F�Z�d�k�b�f�Z�e�v�g�Z�y �z�f�d�h�k�l�v �e�h�\�m�r�d�b BS3 �i�h �]�Z�a�m �k�h�k�l�Z�\-
�e�y�_�l 15 �e (�g.�m.). 

�=�_�g�_�j�Z�l�h�j BS2 �b �e�h�\�m�r�d�Z BS3 �k�f�h�g�l�b�j�h�\�Z�g�u �g�Z �]�_�j�f�_�l�b�q�g�u�o �i�h�j�l�Z�o 
�\ �h�k�g�h�\�Z�g�b�b �d�Z�f�_�j�u �i�_�j�q�Z�l�h�q�g�h�]�h �[�h�d�k�Z �b �b�f�_�x�l �\�h�^�y�g�h�_ �h�o�e�Z�`�^�_�g�b�_ �n�e�Z�g-
�p�_�\. �K�g�Z�j�m�`�b �d�Z�f�_�j�u �[�h�d�k�Z �m �h�k�g�h�\�Z�g�b�y �g�Z �d�h�j�i�m�k�Z BS2 �b BS3 �g�Z�^�_�l�u �d�h�`�m�o�b 
�k �w�e�_�d�l�j�h�g�Z�]�j�_�\�Z�l�_�e�y�f�b �b �\�k�l�j�h�_�g�g�u�f�b �\ �g�b�o �^�Z�l�q�b�d�Z�f�b �l�_�f�i�_�j�Z�l�m�j�u T3 �b T6 
(�l�_�j�f�h�i�Z�j�u �l�b�i�Z �O�:), �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 
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�J�b�k. 6. �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �]�Z�a�h�\�Z�d�m�m�f�g�Z�y �k�o�_�f�Z �K�M (�k�e�_�\�Z) �b �_�_ �\�b� ̂ �\ �[�h�d�k�_ (�k�i�j�Z�\�Z): 
BS2 �b BS3 – �f�_�l�Z�e�e�h�]�b�^�j�b�^�g�u�_ �]�_�g�_�j�Z�l�h�j�u �b �e�h�\�m�r�d�b �l�j�b�l�b�y; VE – �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�_ 
�d�e�Z�i�Z�g�u; V�I  – �j�m�q�g�u�_ �\�_�g�l�b�e�b; CV3-CV4 – �d�Z�e�b�[�j�h�\�Z�g�g�u�_ �_�f�d�h�k�l�b; DD – �^�Z�l�q�b�d�b  
                                          �^�Z�\�e�_�g�b�y; NL5 – �n�h�j�\�Z�d�m�m�f�g�u�c �g�Z�k�h�k 
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�G�Z �f�h�g�l�Z�`�g�h�c �i�Z�g�_�e�b �m �a�Z�^�g�_�c �k�l�_�g�d�b �[�h�d�k�Z �m�k�l�Z�g�h�\�e�_�g�u �d�h�f�f�m�g�b�d�Z-
�p�b�b �K�M �k �a�Z�i�h�j�g�h�c �Z�j�f�Z�l�m�j�h�c �b �^�Z�l�q�b�d�Z�f�b �^�Z�\�e�_�g�b�y: �\�Z�d�m�m�f�g�u�c �^�Z�l�q�b�d DD11 
�b �^�Z�l�q�b�d �^�Z�\�e�_�g�b�y DD9 (�k �^�b�Z�i�Z�a�h�g�h�f �b�a�f�_�j�_�g�b�c �^�h 0.16 �F�I�Z �b �i�h�]�j�_�r�g�h-
�k�l�v�x 0,25 %). �>�e�y �l�h�q�g�h�]�h �b�a�f�_�j�_�g�b�y �d�h�e�b�q�_�k�l�\�Z �b�k�i�h�e�v�a�m�_�f�h�]�h �\ �j�Z�[�h�l�_ �l�j�b-
�l�b�y �\ �d�h�g�l�m�j �K�M �\�d�e�x�q�_�g�u �_�f�d�h�k�l�b CV3 �b CV4 �\�f�_�k�l�b�f�h�k�l�v�x 500 �b 750 �k�f3 
�k �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b �^�Z�l�q�b�d�Z�f�b �l�_�f�i�_�j�Z�l�m�j�u �L4 �b �L5 �g�Z �k�l�_�g�d�Z�o �_�f�d�h�k�l�_�c. 

�M�i�j�Z�\�e�_�g�b�_ �m�a�e�Z�f�b �b �w�e�_�f�_�g�l�Z�f�b �K�M, �d�j�h�f�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �j�m�q�g�u�o 
�\�_�g�l�b�e�_�c �g�Z �]�_�g�_�j�Z�l�h�j�_ �b �e�h�\�m�r�d�_, �h�k�m�s�_�k�l�\�e�y�_�l�k�y �^�b�k�l�Z�g�p�b�h�g�g�h �q�_�j�_�a 
�:�K�D�M �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�g�_�f�h�k�o�_�f�u �K�M �b�g�l�_�j�n�_�c�k�Z �I�H «CRW-DAQ» �g�Z 
�m�i�j�Z�\�e�y�x�s�_�f �d�h�f�i�v�x�l�_�j�_. 

�K�g�Z�j�m�`�b �i�h� ̂�d�Z�f�_�j�h�c �[�h�d�k�Z �k�f�h�g�l�b�j�h�\�Z�g �\�Z�d�m�m�f�g�u�c �i�h�k�l �^�e�y �h�l�d�Z�q�d�b 
�;�F �b �h�k�l�Z�l�h�q�g�h�]�h �]�Z�a�Z �b�a �K�M �g�Z �j�_�k�b�\�_�j.  

�;�e�h�d �f�b�r�_�g�g�u�c 

�;�F �d�h�g�k�l�j�m�d�l�b�\�g�h �k�h�k�l�h�b�l �b�a �k�b�k�l�_�f�u �g�Z�i�h�e�g�_�g�b�y (�K�G), �f�b�r�_�g�g�h�c 
�k�[�h�j�d�b �k �l�j�b�l�b�_�\�h�c �f�b�r�_�g�v�x (�L�F) �b �]�h�e�h�\�d�b �d�j�b�h�j�_�n�j�b�`�_�j�Z�l�h�j�Z 
(COOLPOWER 7/25), �m�k�l�Z�g�h�\�e�_�g�g�h�c �d�h�Z�d�k�b�Z�e�v�g�h �h�l�g�h�k�b�l�_�e�v�g�h �d�h�j�i�m�k�Z �d�h-
�`�m�o�Z �K�G. �<�b� ̂�d�h�g�k�l�j�m�d�p�b�b �b �i�j�b�g�p�b�i�b�Z�e�v�g�Z�y �]�Z�a�h�\�Z�d�m�m�f�g�Z�y �k�o�_�f�Z �;�F �i�h�d�Z-
�a�Z�g�u �g�Z �j�b�k. 7. 

 

 
 

�J�b�k. 7. �<�b� ̂�d�h�g�k�l�j�m�d�p�b�b �b �i�j�b�g�p�b�i�b�Z�e�v�g�Z�y �]�Z�a�h�\�Z�d�m�m�f�g�Z�y �k�o�_�f�Z �;�F 
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�K�G �f�b�r�_�g�b �j�Z�k�i�h�e�h�`�_�g�Z �\ �d�h�e�v�p�_�\�h�c �i�h�e�h�k�l�b �]�_�j�f�_�l�b�q�g�h�]�h �d�h�`�m�o�Z, 
�\�Z�d�m�m�f�b�j�m�_�f�h�]�h �q�_�j�_�a �n�e�Z�g�p�_�\�h�_ �k�h�_�^�b�g�_�g�b�_ �K1 �k �j�m�q�g�u�f �\�_�g�l�b�e�_�f V�I 5 
�b �d�h�g�l�j�h�e�_�f �]�_�j�f�_�l�b�q�g�h�k�l�b �i�h �f�Z�g�h�f�_�l�j�m �F1 �b �i�j�_�^�k�l�Z�\�e�y�x�s�_�]�h �k�h�[�h�c �^�h-
�i�h�e�g�b�l�_�e�v�g�u�c �j�m�[�_�` �a�Z�s�b�l�u �\ �k�e�m�q�Z�_ �j�Z�a�]�_�j�f�_�l�b�a�Z�p�b�b �\�g�m�l�j�_�g�g�b�o �d�h�f�f�m�g�b-
�d�Z�p�b�c. �<�^�h�e�v �p�_�g�l�j�Z�e�v�g�h�c �h�k�b �j�Z�k�i�h�e�Z�]�Z�_�l�k�y �\�g�m�l�j�_�g�g�y�y �k�l�_�g�d�Z �d�h�`�m�o�Z �\ �\�b-
�^�_ �p�b�e�b�g�^�j�b�q�_�k�d�h�]�h �d�Z�g�Z�e�Z (�^�e�y �j�Z�a�f�_�s�_�g�b�y �d�j�b�h�]�h�e�h�\�d�b), �d �d�h�l�h�j�h�c �i�j�b�\�Z-
�j�_�g�u �\�_�j�o�g�y�y �b �g�b�`�g�y�y �d�j�u�r�d�b �d�h�`�m�o�Z. �G�Z �\�_�j�o�g�x�x �d�j�u�r�d�m �d�h�`�m�o�Z �\�u�\�_-
�^�_�g�u �f�Z�o�h�\�b�d�b �m�i�j�Z�\�e�_�g�b�y �\�_�g�l�b�e�y�f�b, �n�e�Z�g�p�u �^�e�y �k�l�u�d�h�\�d�b �k �K�M �b �\�Z�d�m�m�f-
�g�u�f �i�h�k�l�h�f, �Z �l�Z�d�`�_ �w�e�_�d�l�j�b�q�_�k�d�b�_ �j�Z�a�t�_�f�u �^�e�y �i�h�^�d�e�x�q�_�g�b�y �^�Z�l�q�b�d�h�\ 
�b �g�Z�]�j�_�\�Z�l�_�e�y �]�_�g�_�j�Z�l�h�j�Z BS1. �< �g�b�`�g�_�c �d�j�u�r�d�_ �d�h�`�m�o�Z, �d�h�l�h�j�Z�y �b�a�]�h�l�h�\�e�_�g�Z 
�\ �\�b�^�_ �n�e�Z�g�p�Z �^�e�y �k�l�u�d�h�\�d�b �d �J�D, �\�u�\�_�^�_�g �l�j�m�[�h�i�j�h�\�h�^ �k �]�_�l�l�_�j�h�f �=�L2 �b �d�Z-
�i�b�e�e�y�j�h�f �^�e�y �g�Z�i�h�e�g�_�g�b�y �L�F. 

�=�_�g�_�j�Z�l�h�j �l�j�b�l�b�y BS1 �k�b�k�l�_�f�u �g�Z�i�h�e�g�_�g�b�y �f�b�r�_�g�b, �i�h�d�Z�a�Z�g�g�u�c �g�Z �j�b�k. 8, 
�i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �d�h�j�i�m�k �k �j�m�q�g�u�f �\�_�g�l�b�e�_�f �g�Z �d�j�u�r�d�_, �d�h�e�v�p�_�h�[�j�Z�a�g�h�c 
�Z�f�i�m�e�h�c �k �k�h�j�[�_�g�l�h�f �g�Z �h�k�g�h�\�_ �m�j�Z�g�Z-238, �d�h�l�h�j�Z�y �]�_�j�f�_�l�b�q�g�h �i�j�b�\�Z�j�_�g�Z 
�d �d�j�u�r�d�_ �d�h�j�i�m�k�Z. �I�h�e�h�k�l�v �f�_�`�^�m �Z�f�i�m�e�h�c �b �k�l�_�g�d�h�c �d�h�j�i�m�k�Z �]�_�g�_�j�Z�l�h�j�Z �k�\�y-
�a�Z�g�Z �q�_�j�_�a �d�Z�i�b�e�e�y�j �k �]�_�l�l�_�j�h�f �=�L1 �^�e�y �k�h�j�[�p�b�b �i�j�h�^�b�n�n�m�g�^�b�j�h�\�Z�\�r�_�]�h �q�_-
�j�_�a �Z�f�i�m�e�m �l�j�b�l�b�y. �< �d�h�j�i�m�k �]�_�g�_�j�Z�l�h�j�Z �d�h�Z�d�k�b�Z�e�v�g�h �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �k�l�_�j�-̀
�g�_�\�h�c �w�e�_�d�l�j�h�g�Z�]�j�_�\�Z�l�_�e�v �k �^�Z�l�q�b�d�h�f �l�_�f�i�_�j�Z�l�m�j�u �L1. 

 

 
 

�J�b�k. 8. �D�h�g�k�l�j�m�d�p�b�y �]�_�g�_�j�Z�l�h�j�Z �l�j�b�l�b�y BS1 �k �]�_�l�l�_�j�h�f �=�L1 
 
�>�e�y �\�u�\�h�^�Z �b�a �]�_�g�_�j�Z�l�h�j�Z BS1 �g�_�h�[�o�h�^�b�f�h�]�h �d�h�e�b�q�_�k�l�\�Z �l�j�b�l�b�y (�b�e�b 

�k�f�_�k�b �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z) �b�k�i�h�e�v�a�m�x�l�k�y �[�m�n�_�j�g�u�_ �_�f�d�h�k�l�b CV1 �b CV2 �h�[�t�_-
�f�h�f 750 �b 300 �k�f3, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �k�h�_�^�b�g�_�g�g�u�_ �f�_�`�^�m �k�h�[�h�c �j�m�q�g�u�f �\�_�g�l�b-
�e�_�f V�I 1, �Z �l�Z�d�`�_ �^�Z�l�q�b�d �^�Z�\�e�_�g�b�y DD1. �D�h�g�l�j�h�e�v �l�_�f�i�_�j�Z�l�m�j�u �k�l�_�g�h�d �[�m�n�_�j-
�g�u�o �_�f�d�h�k�l�_�c �h�k�m�s�_�k�l�\�e�y�_�l�k�y �k �i�h�f�h�s�v�x �l�_�j�f�h�^�Z�l�q�b�d�Z �L2. �>�e�y �j�h�k�i�m�k�d�Z �]�Z�a�Z 
�b�a �[�m�n�_�j�g�u�o �_�f�d�h�k�l�_�c �g�Z �f�b�r�_�g�v �L�F �b�k�i�h�e�v�a�m�_�l�k�y �j�m�q�g�h�c �\�_�g�l�b�e�v V�I 3, �Z �^�e�y 
�k�h�_�^�b�g�_�g�b�y �K�G �k �K�M �q�_�j�_�a �n�e�Z�g�p�_�\�h�_ �k�h�_�^�b�g�_�g�b�_ �K2 – �j�m�q�g�h�c �\�_�g�l�b�e�v V�I 4. 

�L�F �d�j�_�i�b�l�v�k�y �g�Z �k�i�_�p�b�Z�e�v�g�u�o �e�h�`�_�f�_�g�l�Z�o (�j�b�k. 9) �b �d�h�g�k�l�j�m�d�l�b�\�g�h 
�b�f�_�_�l �^�\�Z �j�m�[�_�`�Z �a�Z�s�b�l�u, �i�j�_�^�h�l�\�j�Z�s�Z�x�s�b�o �\�u�o�h�^ �l�j�b�l�b�y �b�a �h�[�t�_�f�Z �f�b�r�_-
�g�b �\ �J�D. �>�e�y �i�h�]�e�h�s�_�g�b�y �\�u�^�_�e�b�\�r�_�]�h�k�y �l�j�b�l�b�y, �\ �k�e�m�q�Z�_ �j�Z�a�]�_�j�f�_�l�b�a�Z�p�b�b 
�L�F, �i�h�e�h�k�l�v �f�_�`�^�m �j�m�[�_�`�Z�f�b �a�Z�s�b�l�u �k�h�_�^�b�g�_�g�Z �k �l�b�l�Z�g�h�\�u�f �]�_�l�l�_�j�h�f �=�L2.  
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�J�b�k. 9. �<�b� ̂(�j�Z�a�j�_�a�u) �f�b�r�_�g�g�h�c �k�[�h�j�d�b �k �]�Z�a�h�\�h�c �f�b�r�_�g�v�x (�k�e�_�\�Z) �b �k�o�_�f�Z �d�h�f�f�m- 
                                                    �g�b�d�Z�p�b�c �L�F (�k�i�j�Z�\�Z) [22] 

 
�D �j�Z�[�h�q�_�f�m �l�h�j�p�m �d�j�b�h�]�h�e�h�\�d�b, �m�k�l�Z�g�h�\�e�_�g�g�h�c �d�h�Z�d�k�b�Z�e�v�g�h �g�Z �d�h�`�m�o�_ 

�K�G (�k�f. �j�b�k. 7), �q�_�j�_�a �o�h�e�h�^�b�e�v�g�b�d �d�j�_�i�b�l�k�y �k�[�h�j�d�Z �k �f�b�r�_�g�v�x, �d�h�l�h�j�Z�y 
�h�d�j�m�`�_�g�Z �a�Z�s�b�l�g�u�f�b �w�d�j�Z�g�Z�f�b (�g�b�`�g�b�f �b �\�_�j�o�g�b�f), �a�Z�d�j�_�i�e�_�g�g�u�f�b �k �d�h�j-
�i�m�k�h�f �d�j�b�h�]�h�e�h�\�d�b �q�_�j�_�a �i�j�h�k�l�Z�\�d�m. �F�_�`�^�m �\�_�j�o�g�b�f �l�h�j�p�h�f �e�h�`�_�f�_�g�l�Z  
(�k�f. �j�b�k. 9) �k�[�h�j�d�b �f�b�r�_�g�b �b �o�h�e�h�^�b�e�v�g�b�d�h�f �m�k�l�Z�g�h�\�e�_�g �h�f�b�q�_�k�d�b�c �g�Z�]�j�_�\�Z-
�l�_�e�v �^�e�y �k�l�Z�[�b�e�b�a�Z�p�b�b �l�_�f�i�_�j�Z�l�m�j�u �f�b�r�_�g�b. �L�_�i�e�h�\�h�c �d�h�g�l�Z�d�l �f�_�`�^�m �n�e�Z�g-
�p�Z�f�b �w�d�j�Z�g�h�\ �b �i�j�h�k�l�Z�\�d�b, �l�h�j�p�Z�f�b �o�h�e�h�^�b�e�v�g�b�d�Z �b �k�[�h�j�d�b �f�b�r�_�g�b �h�[�_�k�i�_-
�q�b�\�Z�x�l�k�y �[�e�Z�]�h�^�Z�j�y �b�k�i�h�e�v�a�h�\�Z�g�b�x �b�g�^�b�_�\�u�o �i�j�h�d�e�Z�^�h�d. 

�G�Z �j�b�k. 10 �i�h�d�Z�a�Z�g�Z �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �k�[�h�j�d�b �f�b�r�_�g�g�h�]�h �[�e�h�d�Z. �D�h�j-
�i�m�k �d�h�`�m�o�Z �K�G �k �m�k�l�Z�g�h�\�e�_�g�g�u�f �d�h�Z�d�k�b�Z�e�v�g�h �d�j�b�h�j�_�n�j�b�`�_�j�Z�l�h�j�h�f �a�Z�d�j�_�i�e�y-
�_�l�k�y �g�Z �f�h�g�l�Z�`�g�h�c �i�e�h�s�Z�^�d�_ �\�u�l�y�`�g�h�]�h �r�d�Z�n�Z, �j�Z�k�i�h�e�h�`�_�g�g�h�]�h �i�j�y�f�h �g�Z�^ 
�j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�h�c. �G�Z �d�j�b�h�]�h�e�h�\�d�_ �i�j�h�\�h�^�b�l�k�y �f�h�g�l�Z�` �f�b�r�_�g�g�h�c �k�[�h�j�d�b 
�k �i�h�k�e�_�^�m�x�s�_�c �m�k�l�Z�g�h�\�d�h�c �a�Z�s�b�l�g�u�o �w�d�j�Z�g�h�\. �A�Z�l�_�f �;�F �i�_�j�_�\�h�j�Z�q�b�\�Z�_�l�k�y, 
�Z �_�z �k�b�k�l�_�f�Z �g�Z�i�h�e�g�_�g�b�y �i�h�^�k�h�_�^�b�g�y�_�l�k�y �d �K�M �k �i�h�f�h�s�v�x �k�i�_�p�b�Z�e�v�g�u�o �]�Z�a�h-
�\�Z�d�m�m�f�g�u�o �d�h�f�f�m�g�b�d�Z�p�b�c. �I�h�k�e�_ �i�j�h�\�_�^�_�g�b�y �g�_�h�[�o�h�^�b�f�u�o �i�j�h�p�_�^�m�j, �l�Z�d�b�o 
�d�Z�d �i�j�h�\�_�j�d�Z �]�_�j�f�_�l�b�q�g�h�k�l�b �b �a�Z�i�h�e�g�_�g�b�_ �l�j�b�l�b�_�f �b�a �K�M �]�_�g�_�j�Z�l�h�j�Z BS1, �;�F 
�h�l�k�h�_�^�b�g�y�_�l�k�y �h�l �K�M �b �a�Z�d�j�_�i�e�y�_�l�k�y �g�Z �l�j�h�k�Z�o �w�e�_�d�l�j�b�q�_�k�d�h�c �e�_�[�_�^�d�b, �k �i�h-
�f�h�s�v�x �d�h�l�h�j�h�c �;�F �h�i�m�k�d�Z�_�l�k�y �\�g�b�a �d �J�D, �]�^�_ �b �i�j�h�b�k�o�h�^�b�l �_�]�h �w�d�k�i�e�m�Z�l�Z�p�b�y. 

�>�e�y �d�h�j�j�_�d�l�g�h�c �h�[�j�Z�[�h�l�d�b �b�g�n�h�j�f�Z�p�b�b �g�_�h�[�o�h�^�b�f�h �b�a�f�_�j�y�l�v �l�h�e�s�b�g�m 
�b �n�h�j�f�m �d�j�b�h�]�_�g�g�h�c �f�b�r�_�g�b in-situ �\ �o�h�^�_ �k�_�Z�g�k�Z. �W�l�b �l�j�_�[�h�\�Z�g�b�y �h�[�m�k�e�h�\�e�_-
�g�u �g�_�h�[�o�h�^�b�f�h�k�l�v�x �l�h�q�g�_�_ �a�g�Z�l�v �^�e�b�g�m �i�m�l�b �i�j�h�o�h�`�^�_�g�b�y �j�Z�^�b�h�Z�d�l�b�\�g�u�o 
�b�h�g�h�\ �q�_�j�_�a �l�j�b�l�b�_�\�m�x �k�j�_�^�m �k �m�q�_�l�h�f �^�_�n�h�j�f�Z�p�b�b �n�j�h�g�l�Z�e�v�g�u�o �k�l�_�g�h�d �f�b-
�r�_�g�b �b�a �f�_�l�Z�e�e�b�q�_�k�d�h�c �f�_�f�[�j�Z�g�u, �d�h�l�h�j�Z�y �\�h�a�g�b�d�Z�_�l �i�j�b �b�a�[�u�l�h�q�g�h�f �^�Z�\�e�_-
�g�b�b �k�j�_�^�u �h�l�g�h�k�b�l�_�e�v�g�h �m�k�e�h�\�b�c �k �\�g�_�r�g�_�c �k�l�h�j�h�g�u �f�b�r�_�g�b. �L�Z�d�Z�y �g�_�h�^�g�h-
�j�h�^�g�h�k�l�v �]�_�h�f�_�l�j�b�b �f�b�r�_�g�b �^�Z�_�l �h�i�j�_�^�_�e�_�g�g�u�_ �b�k�d�Z�`�_�g�b�y �\ �b�g�l�_�]�j�Z�e�v�g�u�c 
�k�b�]�g�Z�e �g�Z �j�Z�k�i�h�e�h�`�_�g�g�u�o �j�y�^�h�f �^�_�l�_�d�l�h�j�Z�o �q�Z�k�l�b�p, �d�h�l�h�j�u�_ �k�e�_�^�m�_�l �h�[�y�a�Z-
�l�_�e�v�g�h �m�q�b�l�u�\�Z�l�v. �G�Z �j�b�k�m�g�d�_ 11 �i�h�d�Z�a�Z�g�u �n�h�j�f�m�e�u �^�e�y �j�Z�k�q�_�l�Z �l�h�e�s�b�g�u 
�\�g�m�l�j�_�g�g�_�]�h �h�[�t�_�f�Z �f�b�r�_�g�b �b �j�Z�^�b�m�k�Z �d�j�b�\�b�a�g�u �h�l �^�Z�\�e�_�g�b�y �]�Z�a�Z �\ �k�b�k�l�_�f�_ �b 
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�a�Z�\�b�k�b�f�h�k�l�v �f�Z�d�k�b�f�Z�e�v�g�h�c �l�h�e�s�b�g�u �k�e�h�y �\ �f�b�r�_�g�b �^�e�y �j�Z�a�e�b�q�g�u�o �l�h�e�s�b�g 
�n�h�e�v�]�b �f�_�f�[�j�Z�g�u. 

 

 
 

�J�b�k. 10. �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �f�h�g�l�Z�`�Z �;�F 
 

 
 

�J�b�k. 11. �J�Z�k�q�_�l �l�h�e�s�b�g�u �f�b�r�_�g�b (�f�Z�d�k�b�f�Z�e�v�g�h�c �l�h�e�s�b�g�u �k�e�h�y �l�j�b�l�b�y) 

�:�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�Z�y �k�b�k�l�_�f�Z �d�h�g�l�j�h�e�y �b �m�i�j�Z�\�e�_�g�b�y 

�:�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�Z�y �k�b�k�l�_�f�Z �d�h�g�l�j�h�e�y �b �m�i�j�Z�\�e�_�g�b�y �i�j�_�^�g�Z�a�g�Z�q�_�g�Z �^�e�y 
�j�_�]�b�k�l�j�Z�p�b�b �k�h�k�l�h�y�g�b�y �b �m�i�j�Z�\�e�_�g�b�y �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b �w�e�_�f�_�g�l�Z�f�b �K�L�H 
�\ �j�m�q�g�h�f (�i�h �d�h�f�Z�g�^�Z�f �h�i�_�j�Z�l�h�j�Z) �b �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f �j�_�`�b�f�Z�o. 

�I�j�h�]�j�Z�f�f�g�h�_ �h�[�_�k�i�_�q�_�g�b�_ (�I�H) �:�K�D�M �[�Z�a�b�j�m�_�l�k�y �g�Z �i�Z�d�_�l�_ CRW DAQ 
[23, 24], �i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�f �^�e�y �Z�\�l�h�f�Z�l�b�a�Z�p�b�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �m�k�l�Z�g�h�\�h�d 
�b �n�b�a�b�q�_�k�d�b�o �b�a�f�_�j�_�g�b�c. �I�H �h�[�_�k�i�_�q�b�\�Z�_�l �j�Z�[�h�l�m �k �f�h�^�m�e�y�f�b �Z�g�Z�e�h�]�h�\�h�]�h 
�b �p�b�n�j�h�\�h�]�h �\�\�h�^�Z/�\�u�\�h�^�Z �k�_�j�b�b I-7000, �i�h�a�\�h�e�y�_�l �h�[�j�Z�[�Z�l�u�\�Z�l�v �b �h�l�h�[�j�Z�`�Z�l�v 
�b�a�f�_�j�y�_�f�u�_ �^�Z�g�g�u�_ �\ �l�_�d�k�l�h�\�h�c �b �]�j�Z�n�b�q�_�k�d�h�c �n�h�j�f�_ �\ �j�_�`�b�f�_ �j�_�Z�e�v�g�h�]�h �\�j�_-
�f�_�g�b, �Z �l�Z�d�`�_ �k�l�j�h�b�l�v �b �b�k�i�h�e�v�a�h�\�Z�l�v �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�c �b�g�l�_�j�n�_�c�k �^�e�y �m�i�j�Z�\-
�e�_�g�b�y �i�j�h�]�j�Z�f�f�h�c �\ �m�^�h�[�g�h�c �^�e�y �h�i�_�j�Z�l�h�j�Z �n�h�j�f�_ �\ �\�b�^�_ �f�g�_�f�h�k�o�_�f.  
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�I�H �:�K�D�M-�K�L�H �h�[�_�k�i�_�q�b�\�Z�_�l: 
– �g�_�i�j�_�j�u�\�g�u�c �^�b�k�l�Z�g�p�b�h�g�g�u�c �f�h�g�b�l�h�j�b�g�] �h�k�g�h�\�g�u�o �n�b�a�b�q�_�k�d�b�o �i�Z-

�j�Z�f�_�l�j�h�\ �K�L�H (�^�Z�\�e�_�g�b�y, �l�_�f�i�_�j�Z�l�m�j�u, �H�: �k�j�_�^�u, �k�h�k�l�h�y�g�b�y �\�_�g�l�b�e�_�c, �g�Z�]�j�_-
�\�Z�l�_�e�_�c �b �l. � .̂); 

– �h�l�h�[�j�Z�`�_�g�b�_ �j�_�a�m�e�v�l�Z�l�h�\ �b�a�f�_�j�_�g�b�c �g�Z �w�d�j�Z�g�_ �f�h�g�b�l�h�j�Z �m�i�j�Z�\�e�y�x�s�_-
�]�h �d�h�f�i�v�x�l�_�j�Z �\ �\�b�^�_ �f�g�_�f�h�k�o�_�f �b �]�j�Z�n�b�d�h�\; 

– �m�i�j�Z�\�e�_�g�b�_ �h�k�g�h�\�g�u�f�b �m�a�e�Z�f�b �K�L�H �i�h �d�h�f�Z�g�^�Z�f �h�i�_�j�Z�l�h�j�Z; 
– �h�i�h�\�_�s�_�g�b�_ �i�_�j�k�h�g�Z�e�Z �h�[ �b�a�f�_�g�_�g�b�y�o, �i�j�h�b�k�o�h�^�y�s�b�o �\ �j�Z�[�h�l�_ �K�L�H 

(�g�Z�i�j�b�f�_�j, �k�j�Z�[�Z�l�u�\�Z�g�b�_ �[�e�h�d�b�j�h�\�h�d) �i�m�l�_�f �i�h�^�Z�q�b �a�\�m�d�h�\�u�o �k�b�]�g�Z�e�h�\ �b �j�_-
�q�_�\�u�o �k�h�h�[�s�_�g�b�c, �Z �l�Z�d�`�_ �h�l�d�e�x�q�_�g�b�y �w�e�_�d�l�j�h�i�b�l�Z�g�b�y �b �a�Z�d�j�u�l�b�y �h�i�j�_�^�_-
�e�_�g�g�u�o �d�h�f�f�m�g�b�d�Z�p�b�c �\ �Z�\�Z�j�b�c�g�u�o �k�e�m�q�Z�y�o; 

– �g�_�i�j�_�j�u�\�g�h�_ �k�h�o�j�Z�g�_�g�b�_ �^�Z�g�g�u�o �b�a�f�_�j�_�g�b�c �\ �n�Z�c�e�Z�o �g�Z �`�_�k�l�d�h�f �^�b�k-
�d�_ �m�i�j�Z�\�e�y�x�s�_�]�h �d�h�f�i�v�x�l�_�j�Z �k �j�_�a�_�j�\�g�u�f �d�h�i�b�j�h�\�Z�g�b�_�f �g�Z �^�j�m�]�h�c �^�b�k�l�Z�g-
�p�b�h�g�g�h �m�^�Z�e�_�g�g�u�c �d�h�f�i�v�x�l�_�j. 

�>�e�y �h�l�h�[�j�Z�`�_�g�b�y �k�h�k�l�h�y�g�b�c �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �K�L�H �j�Z�a�j�Z�[�h�l�Z�g�u 
�]�j�Z�n�b�q�_�k�d�b�_ �b�g�l�_�j�n�_�c�k�u, �h�k�g�h�\�Z�g�g�u�_ �g�Z �Z�d�l�b�\�g�u�o �]�j�Z�n�b�q�_�k�d�b�o �f�g�_�f�h�k�o�_�f�Z�o 
�b �h�d�g�Z�o �g�Z�k�l�j�h�c�d�b. �H�k�g�h�\�g�Z�y �f�g�_�f�h�k�o�_�f�Z �:�K�D�M-�K�L�H �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k�m�g�d�_ 
12 �b �i�h�e�g�h�k�l�v�x �k�h�h�l�\�_�l�k�l�\�m�_�l �i�j�b�g�p�b�i�b�Z�e�v�g�h�c �]�Z�a�h�\�Z�d�m�m�f�g�h�c �k�o�_�f�_ �K�L�H.  

 

 
 

�J�b�k. 12. �H�k�g�h�\�g�h�c �]�j�Z�n�b�q�_�k�d�b�c �b�g�l�_�j�n�_�c�k �K�L�H 
 
�=�j�Z�n�b�q�_�k�d�b�c �b�g�l�_�j�n�_�c�k �h�[�_�k�i�_�q�b�\�Z�_�l �m�^�h�[�k�l�\�h �m�i�j�Z�\�e�_�g�b�y �K�L�H. �B�a�f�_-

�j�y�_�f�u�_ �\�_�e�b�q�b�g�u (�l�_�f�i�_�j�Z�l�m�j�u, �^�Z�\�e�_�g�b�y, �H�: �b �^�j.), �Z �l�Z�d�`�_ �k�h�k�l�h�y�g�b�y �d�h�g-
�l�j�h�e�b�j�m�_�f�u�o �w�e�_�f�_�g�l�h�\, �h�l�h�[�j�Z�`�Z�x�l�k�y �g�Z �f�g�_�f�h�k�o�_�f�_ �\ �j�_�`�b�f�_ �j�_�Z�e�v�g�h�]�h 
�\�j�_�f�_�g�b. �M�i�j�Z�\�e�_�g�b�_ �w�e�_�f�_�g�l�Z�f�b �K�L�H �i�j�h�b�a�\�h�^�b�l�k�y �g�Z�`�Z�l�b�_�f �d�m�j�k�h�j�Z �g�Z 
�Z�d�l�b�\�g�u�_ �h�[�e�Z�k�l�b (�k�_�g�k�h�j�u) �f�g�_�f�h�k�o�_�f�u. �G�Z�i�j�b�f�_�j, �i�h �g�Z�`�Z�l�b�x �g�Z �h�k�g�h�\�g�h�c 
�f�g�_�f�h�k�o�_�f�_ �k�_�g�k�h�j�Z «�=�H» �h�l�d�j�u�\�Z�_�l�k�y �h�d�g�h �d�h�g�l�j�h�e�y �b �m�i�j�Z�\�e�_�g�b�y �]�Z�a�h-
�h�q�b�k�l�d�h�c. �G�Z �j�b�k�m�g�d�_ 13 �i�h�d�Z�a�Z�g�u �i�j�b�f�_�j�u �]�j�Z�n�b�q�_�k�d�b�o �b�g�l�_�j�n�_�c�k�h�\ �b �h�d�h�g 
�g�Z�k�l�j�h�_�d (�d�h�g�l�j�h�e�v �g�Z�]�j�_�\�Z�l�_�e�_�c, �j�Z�^�b�h�f�_�l�j�b�q�_�k�d�b�c �d�h�g�l�j�h�e�v, �k�b�k�l�_�f�Z �l�j�b-
�l�b�_�\�h�c �]�Z�a�h�h�q�b�k�l�d�b �b �l. �i.). 
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�J�b�k. 13. �I�j�b�f�_�j�u �]�j�Z�n�b�q�_�k�d�b�o �b�g�l�_�j�n�_�c�k�h�\ (�f�g�_�f�h�k�o�_�f) �b �h�d�h�g �g�Z�k�l�j�h�_�d 

�A�Z�d�e�x�q�_�g�b�_ 

�K�L�H �j�Z�a�j�Z�[�h�l�Z�g�Z �^�e�y �h�[�_�k�i�_�q�_�g�b�y �[�_�a�h�i�Z�k�g�h�]�h �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y, �h�[-
�k�e�m�`�b�\�Z�g�b�y �b �i�h�k�l�h�y�g�g�h�]�h �k�g�Z�[�`�_�g�b�y �l�j�b�l�b�_�\�h�c �]�Z�a�h�h�[�j�Z�a�g�h�c �k�f�_�k�v�x �k�b�k�l�_-
�f�u �g�Z�i�h�e�g�_�g�b�y �f�b�r�_�g�g�h�]�h �[�e�h�d�Z �k �p�_�e�v�x �a�Z�i�h�e�g�_�g�b�y �d�j�b�h�]�_�g�g�u�o �f�b�r�_�g�_�c 
�l�j�b�l�b�_�f (�\ �]�Z�a�h�\�h�c �b�e�b �`�b�^�d�h�c �n�Z�a�_), �Z �l�Z�d�`�_ �^�e�y �i�j�h�\�_�^�_�g�b�y �j�Z�^�b�h�f�_�l�j�b�q�_-
�k�d�h�]�h �d�h�g�l�j�h�e�y �]�Z�a�h�\�h�c �k�j�_�^�u �b �m�l�b�e�b�a�Z�p�b�b �j�Z�^�b�h�Z�d�l�b�\�g�u�o �h�l�o�h�^�h�\. 

�B�g�n�j�Z�k�l�j�m�d�l�m�j�Z �K�L�H �g�Z �d�h�f�i�e�_�d�k�_ �m�k�l�Z�g�h�\�d�b �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�Z 
�:�D�M�E�B�G�:-2 �h�[�_�k�i�_�q�b�\�Z�_�l �i�h� ̂ �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�f �m�i�j�Z�\�e�_�g�b�_�f �b �d�h�g�l�j�h-
�e�_�f �j�Z�a�e�b�q�g�u�_ �j�_�`�b�f�u �h�q�b�k�l�d�b �]�Z�a�h�\�h�c �k�j�_�^�u �h�l �l�j�b�l�b�y �^�h �m�j�h�\�g�y �H�: �g�_ �[�h-
�e�_�_ 5×105 �;�d/�f3. �I�j�b �w�l�h�f �k�b�k�l�_�f�Z �^�_�l�_�d�l�b�j�h�\�Z�g�b�y �l�j�b�l�b�y �\ �[�h�d�k�_ �b �]�Z�a�h�\�Z�d�m-
�m�f�g�u�o �d�h�f�f�m�g�b�d�Z�p�b�y�o �j�Z�[�h�l�Z�_�l �\ �j�_�`�b�f�_ �j�_�Z�e�v�g�h�]�h �\�j�_�f�_�g�b �b �i�h�a�\�h�e�y�_�l 
�i�j�h�\�h�^�b�l�v �m�q�_�l �[�Z�e�Z�g�k�Z �l�j�b�l�b�y. 

�< 2024 �]. �\�u�i�h�e�g�_�g �\�\�h� ̂ �K�L�H �\ �w�d�k�i�e�m�Z�l�Z�p�b�x �b «�o�h�e�h�k�l�h�c �k�_�Z�g�k». 
�< 2025 �i�e�Z�g�b�j�m�_�l�k�y �k�_�Z�g�k «�i�_�j�\�h�]�h �^�g�y».  

�J�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h�c �i�j�h�]�j�Z�f�f�u �G�Z�p�b�h�g�Z�e�v�g�h�]�h �p�_�g�l�j�Z 
�n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b, �g�Z�i�j�Z�\�e�_�g�b�_ �‹  8 «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z». 
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�j . �q. �n�Ë�µ�Ú�Ò�Õ�µ�Ò�Ö, �j . �m. �n�Ë�Ô�µ�×�Í, �r. �l. �n�Â�Ú�Ê�Ï�Í,  

�d. �n. �q�Ï�Ù�à�Ò�Ö�Ë, �b. �b. �€�Ý�Ò�Õ�ß�Â�µ  
 

�J�h�k�k�b�c�k�d�b�c �n�_�^�_�j�Z�e�v�g�u�c �y�^�_�j�g�u�c �p�_�g�l�j - �<�k�_�j�h�k�k�b�c�k�d�b�c �g�Z�m�q�g�h-
�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �b�g�k�l�b�l�m�l �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �n�b�a�b�d�b, �]. �K�Z�j�h�\, �J�h�k�k�b�y 

 
�< �k�l�Z�l�v�_ �i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �j�Z�[�h�l �i�h �j�Z�a�j�Z�[�h�l�d�_ �d�j�b�h�]�_�g�g�u�o 

�l�j�b�l�b�_�\�u�o �f�b�r�_�g�_�c �^�e�y �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�c �i�h �b�a�m�q�_�g�b�x �k�\�h�c�k�l�\ 
�g�_�c�l�j�h�g�g�h-�b�a�[�u�l�h�q�g�u�o �y�^�_�j �g�Z �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�_ �:�D�M�E�B�G�:-2 �\ �E�Z-
�[�h�j�Z�l�h�j�b�b �y�^�_�j�g�u�o �j�_�Z�d�p�b�c �H�[�t�_�^�b�g�_�g�g�h�]�h �b�g�k�l�b�l�m�l�Z �y�^�_�j�g�u�o �b�k�k�e�_-
�^�h�\�Z�g�b�c, �]. �>�m�[�g�Z. �H�k�h�[�h�_ �\�g�b�f�Z�g�b�_ �i�j�b �k�h�a�^�Z�g�b�b �l�j�b�l�b�_�\�u�o �f�b�r�_�g�_�c 
�m�^�_�e�y�e�h�k�v �h�[�_�k�i�_�q�_�g�b�x �g�h�j�f �j�Z�^�b�Z�p�b�h�g�g�h�c �[�_�a�h�i�Z�k�g�h�k�l�b �i�j�b �j�Z�[�h�l�_ 
�k �l�j�b�l�b�_�f, �q�l�h �b �i�j�_�^�h�i�j�_�^�_�e�b�e�h �h�k�g�h�\�g�u�_ �d�h�g�k�l�j�m�d�l�b�\�g�u�_ �j�_�r�_�g�b�y, 
�k�l�_�i�_�g�v �i�j�h�j�Z�[�h�l�d�b �g�Z �k�l�Z�^�b�b �G�B�H�D�J �b �l�j�_�[�h�\�Z�g�b�y �d �w�d�k�i�e�m�Z�l�Z�p�b�b �f�b-
�r�_�g�_�c. �< �j�Z�[�h�l�_ �i�j�b�\�_�^�_�g�u �b�k�i�h�e�v�a�h�\�Z�g�g�u�_ �d�h�g�k�l�j�m�d�l�b�\�g�u�_ �j�_�r�_�g�b�y; 
�l�_�o�g�h�e�h�]�b�y �b�a�]�h�l�h�\�e�_�g�b�y �f�b�r�_�g�_�c; �h�[�t�_�f �b �j�_�a�m�e�v�l�Z�l�u �n�m�g�d�p�b�h�g�Z�e�v-
�g�u�o �b �j�_�k�m�j�k�g�u�o �b�k�i�u�l�Z�g�b�c �f�b�r�_�g�_�c �g�Z �k�l�Z�^�b�b �h�l�j�Z�[�h�l�d�b. 

�<�\�_�^�_�g�b�_ 

�I�j�h�^�\�b�`�_�g�b�_ �d �]�j�Z�g�b�p�Z�f �g�_�c�l�j�h�g�g�h�c �k�l�Z�[�b�e�v�g�h�k�l�b �\ �g�Z�i�j�Z�\�e�_�g�b�b �b�a�m-
�q�_�g�b�y �g�_�c�l�j�h�g�g�h-�b�a�[�u�l�h�q�g�u�o �y�^�_�j �[�u�e�h �b �h�k�l�Z�_�l�k�y �h�k�g�h�\�g�u�f �i�j�b�h�j�b�l�_�l�h�f 
�y�^�_�j�g�h�c �n�b�a�b�d�b �g�Z �i�j�h�l�y�`�_�g�b�b �i�h�k�e�_�^�g�_�]�h �i�h�e�m�\�_�d�Z. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �d�j�b�h-
�]�_�g�g�u�o �f�b�r�_�g�_�c �b�a�h�l�h�i�h�\ �]�_�e�b�y �b �\�h�^�h�j�h�^�Z (�h�k�h�[�_�g�g�h �l�j�b�l�b�y) �\ �r�b�j�h�d�h�f 
�^�b�Z�i�Z�a�h�g�_ �l�h�e�s�b�g (�h�l 1019 �^�h 1022 �Z�l�h�f/�k�f2) �^�Z�x�l �m�g�b�d�Z�e�v�g�m�x �\�h�a�f�h�`�g�h�k�l�v 
�\ �i�j�h�\�_�^�_�g�b�b �l�Z�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c.  

�<�g�Z�q�Z�e�_ 2000-�o �]�h�^�h�\ �^�e�y �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�c �g�_�c�l�j�h�g�g�h-
�b�a�[�u�l�h�q�g�u�o �y�^�_�j �i�h �b�g�b�p�b�Z�l�b�\�_ �X . �P. �H�]�Z�g�_�k�y�g�Z �g�Z �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�_ 
�:�D�M�E�B�G�: �i�j�b �m�k�d�h�j�b�l�_�e�_ �M-400 �[�u�e�Z �j�_�Z�e�b�a�h�\�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �i�j�h�\�_�^�_�g�b�y 
�j�Z�[�h�l �k �l�j�b�l�b�_�\�u�f �i�m�q�d�h�f �b �l�j�b�l�b�_�\�u�f�b �f�b�r�_�g�y�f�b [1–8]. �< �i�_�j�b�h�^ �k 2002 �i�h 
2012 �]�]. �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �l�j�b�l�b�y �[�u�e�b �b�a�m�q�_�g�u �k�\�h�c�k�l�\�Z �y�^�_�j 4�G, 5�G, 8�G�_ 
�b 10�G�_ [9–24]. �H�k�g�h�\�g�u�f�b �g�_�^�h�k�l�Z�l�d�Z�f�b �j�Z�[�h�l �l�_�o �e�_�l �y�\�e�y�e�Z�k�v �g�_�^�h�k�l�Z�l�h�q�g�Z�y 
�k�\�_�l�b�f�h�k�l�v �i�m�q�d�Z �b �h�]�j�Z�g�b�q�_�g�b�_ �i�h �d�h�e�b�q�_�k�l�\�m �l�j�b�l�b�y 1000 �D�b, �q�l�h �g�_ �\�k�_�]�^�Z 
�i�h�a�\�h�e�y�e�h �i�h�e�g�h�k�l�v�x �a�Z�i�h�e�g�b�l�v �f�b�r�_�g�v �`�b�^�d�b�f �l�j�b�l�b�_�f. �H�[�Z �w�l�b�o �h�[�k�l�h�y-
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�l�_�e�v�k�l�\�Z �i�j�b�\�h�^�b�e�b �d �g�_�^�h�k�l�Z�l�h�q�g�h�c �k�l�Z�l�b�k�l�b�d�_ �b �j�y�^�m �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�_�c 
�\ �]�_�h�f�_�l�j�b�b �l�j�b�l�b�_�\�h�c �f�b�r�_�g�b. 

�< 2018 �]. �a�Z�\�_�j�r�b�e�h�k�v �b�a�]�h�l�h�\�e�_�g�b�_ �g�h�\�h�]�h �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�Z 
�:�D�M�E�B�G�:-2 �i�j�b �m�k�d�h�j�b�l�_�e�_ �l�y�`�_�e�u�o �b�h�g�h�\ �M-400�F [25]. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y 
�a�Z�\�_�j�r�Z�_�l�k�y �k�h�a�^�Z�g�b�_ �l�j�b�l�b�_�\�h�c �b�g�n�j�Z�k�l�j�m�d�l�m�j�u �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�Z 
�:�D�M�E�B�G�:-2 [26-27]. �D �i�j�_�b�f�m�s�_�k�l�\�Z�f �m�k�l�Z�g�h�\�d�b �\ �k�j�Z�\�g�_�g�b�b �k �f�b�j�h�\�u�f�b 
�Z�g�Z�e�h�]�Z�f�b �k�e�_�^�m�_�l �h�l�g�_�k�l�b: (�Z) �h�l�g�h�k�b�l�_�e�v�g�h �g�b�a�d�b�c �^�b�Z�i�Z�a�h�g �w�g�_�j�]�b�c �j�Z�^�b�h-
�Z�d�l�b�\�g�u�o �i�m�q�d�h�\ (�h�l 5 �F�w�</�g�m�d�e�h�g �^�h 50 �F�w�</�g�m�d�e�h�g), �m�^�h�[�g�u�c �^�e�y �b�a�m�q�_�g�b�y 
�i�j�y�f�u�o �y�^�_�j�g�u�o �j�_�Z�d�p�b�c; (�[) �m�g�b�d�Z�e�v�g�Z�y �\�h�a�f�h�`�g�h�k�l�v �j�Z�[�h�l�u �k �d�j�b�h�]�_�g�g�u�f�b 
�f�b�r�_�g�y�f�b �b�a�h�l�h�i�h�\ �]�_�e�b�y �b �\�h�^�h�j�h�^�Z (�\�d�e�x�q�Z�y �l�j�b�l�b�c) �\ �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ 
�l�h�e�s�b�g (�h�l 1019 �^�h 1022 �Z�l�h�f/�k�f2), �^�h�k�l�b�]�Z�_�f�h�f �a�Z �k�q�_�l �\�u�[�h�j�Z �n�Z�a�h�\�h�]�h �k�h�k�l�h-
�y�g�b�y �\�_�s�_�k�l�\�Z – �]�Z�a �b�e�b �`�b�^�d�h�k�l�v; (�\) �\�h�a�f�h�`�g�h�k�l�v �^�e�b�l�_�e�v�g�u�o �w�d�k�i�h�a�b�p�b�c 
(�f�_�k�y�p �b �[�h�e�_�_) [26]. 

�>�e�y �i�j�h�\�_�^�_�g�b�y �j�Z�[�h�l �k �l�j�b�l�b�_�f �g�Z �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�_ �:�D�M�E�B�G�:-2 
�k�h�a�^�Z�g�Z �l�j�b�l�b�_�\�Z�y �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z, �d�h�l�h�j�Z�y �i�h�a�\�h�e�y�_�l �i�j�h�\�h�^�b�l�v �j�Z�[�h�l�u 
�k �d�h�e�b�q�_�k�l�\�h�f �l�j�b�l�b�y �^�h 2,7 �d�D�b [27]. �W�l�Z �m�g�b�d�Z�e�v�g�Z�y �\�h�a�f�h�`�g�h�k�l�v (�k�_�]�h�^�g�y 
�_�^�b�g�k�l�\�_�g�g�Z�y �\ �f�b�j�_) �h�l�d�j�h�_�l �r�b�j�h�d�b�c �d�e�Z�k�k �b�k�k�e�_�^�h�\�Z�g�b�c �w�d�a�h�l�b�q�_�k�d�b�o 
�y�^�_�j, �g�Z�o�h�^�y�s�b�o�k�y �\�[�e�b�a�b �]�j�Z�g�b�p �y�^�_�j�g�h�c �k�l�Z�[�b�e�v�g�h�k�l�b. �H�k�g�h�\�g�u�f �w�e�_�f�_�g-
�l�h�f �l�j�b�l�b�_�\�h�c �b�g�n�j�Z�k�l�j�m�d�l�m�j�u, �j�Z�^�b �d�h�l�h�j�h�c �h�g�Z �b �k�h�a�^�Z�\�Z�e�Z�k�v, �y�\�e�y�x�l�k�y 
�l�j�b�l�b�_�\�u�_ �f�b�r�_�g�b. �< �^�Z�g�g�h�c �j�Z�[�h�l�_ �i�j�b�\�_�^�_�g�u �d�h�g�k�l�j�m�d�l�b�\�g�u�_ �h�k�h�[�_�g�g�h�k�l�b 
�f�b�r�_�g�_�c; �l�_�o�g�h�e�h�]�b�y �b�a�]�h�l�h�\�e�_�g�b�y �f�b�r�_�g�_�c; �h�[�t�_�f �b �j�_�a�m�e�v�l�Z�l�u �n�m�g�d�p�b�h-
�g�Z�e�v�g�u�o �b �j�_�k�m�j�k�g�u�o �b�k�i�u�l�Z�g�b�c �f�b�r�_�g�_�c �g�Z �k�l�Z�^�b�b �h�l�j�Z�[�h�l�d�b. 

�D�j�b�h�]�_�g�g�Z�y �l�j�b�l�b�_�\�Z�y �f�b�r�_�g�v 

�D�j�b�h�]�_�g�g�u�_ �l�j�b�l�b�_�\�u�_ �f�b�r�_�g�b (�D�L�F) �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �g�_�c�l�j�h�g�g�h-
�b�a�[�u�l�h�q�g�u�o �y�^�_�j, �e�_�`�Z�s�b�o �g�Z �]�j�Z�g�b�p�_ �g�_�c�l�j�h�g�g�h�c �k�l�Z�[�b�e�v�g�h�k�l�b, �j�Z�a�j�Z�[�Z�l�u-
�\�Z�x�l�k�y �b �b�a�]�h�l�Z�\�e�b�\�Z�x�l�k�y �\ �J�N�Y�P �<�G�B�B�W�N [5, 6] �k 2000 �]. �A�Z �i�j�h�r�_�^�r�_�_ 
�\�j�_�f�y �l�j�b�l�b�_�\�u�_ �f�b�r�_�g�b �g�_ �i�j�_�l�_�j�i�_�e�b �i�j�b�g�p�b�i�b�Z�e�v�g�u�o �b�a�f�_�g�_�g�b�c, �[�u�e�Z 
�e�b�r�v �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�Z �b�o �d�h�g�k�l�j�m�d�p�b�y, �i�h�\�u�r�_�g�Z �l�_�o�g�h�e�h�]�b�q�g�h�k�l�v �b�a�]�h-
�l�h�\�e�_�g�b�y, �Z �l�Z�d �`�_ �j�_�r�_�g�Z �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�v �\ �]�_�h�f�_�l�j�b�q�_�k�d�b�o �j�Z�a�f�_�j�Z�o 
�b �\�_�e�b�q�b�g�_ �\�f�_�k�l�b�f�h�k�l�b �j�Z�[�h�q�_�]�h �h�[�t�_�f�Z �f�b�r�_�g�b �a�Z �k�q�_�l �h�[�_�k�i�_�q�_�g�b�y 
�g�Z�q�Z�e�v�g�h�]�h �g�Z�l�y�`�_�g�b�y �n�h�e�v�]�b [27, 28].  

�I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �k�o�_�f�Z �D�L�F �b�a�h�[�j�Z�`�_�g�Z �g�Z �j�b�k. 1. �F�b�r�_�g�v �i�j�_�^�k�l�Z�\�e�y-
�_�l �k�h�[�h�c �p�b�e�b�g�^�j�b�q�_�k�d�m�x �i�h�e�h�k�l�v �: , �h�[�j�Z�a�m�_�f�m�x �i�h�\�_�j�o�g�h�k�l�v�x �d�h�j�i�m�k�Z �D 
�b �^�\�m�f�y �f�_�f�[�j�Z�g�Z�f�b �F1. �K �p�_�e�v�x �h�[�_�k�i�_�q�_�g�b�y �j�Z�^�b�Z�p�b�h�g�g�h�c �[�_�a�h�i�Z�k�g�h�k�l�b, 
�g�Z �k�e�m�q�Z�c �g�_�r�l�Z�l�g�u�o �k�b�l�m�Z�p�b�c, �\ �m�k�l�j�h�c�k�l�\�_ �f�b�r�_�g�b �i�j�_�^�m�k�f�h�l�j�_�g �^�h�i�h�e�g�b-
�l�_�e�v�g�u�c �j�m�[�_�` �a�Z�s�b�l�u �h�l �\�h�a�f�h�`�g�h�]�h �i�j�h�g�b�d�g�h�\�_�g�b�y �l�j�b�l�b�y �\�h �\�g�_�r�g�x�x 
�k�j�_�^�m �b�e�b �\�h �\�g�m�l�j�_�g�g�x�x �i�h�e�h�k�l�v �j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u. �H�g �k�h�k�l�h�b�l �b�a �^�\�m�o 
�i�h�e�h�k�l�_�c �;, �h�[�j�Z�a�m�_�f�u�o �d�h�j�i�m�k�h�f �D �b �f�_�f�[�j�Z�g�Z�f�b �F1 �b �F2, �\�g�m�l�j�_�g�g�_�c �i�h-
�e�h�k�l�b �l�j�m�[�d�b �L2 �b �m�k�l�j�h�c�k�l�\�h�f �i�h�]�e�h�s�_�g�b�y �l�j�b�l�b�y – �l�b�l�Z�g�h�\�u�f �]�_�l�l�_�j�h�f �=�L. 
�<�g�_�r�g�b�_ �]�Z�a�h�\�u�_ �d�h�f�f�m�g�b�d�Z�p�b�b �\�u�i�h�e�g�_�g�u �\ �\�b�^�_ �d�h�Z�d�k�b�Z�e�v�g�h �j�Z�k�i�h�e�h�`�_�g-
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�g�u�o �l�j�m�[�h�d �i�h �i�j�b�g�p�b�i�m «�l�j�m�[�Z �\ �l�j�m�[�_». �<�g�m�l�j�_�g�g�y�y �l�j�m�[�d�Z �L1 �k�h�_�^�b�g�y�_�l 
�j�Z�[�h�q�b�c �h�[�t�_�f �f�b�r�_�g�b �k �d�Z�e�b�[�j�h�\�Z�g�g�u�f �h�[�t�_�f�h�f �k�b�k�l�_�f�u �g�Z�i�h�e�g�_�g�b�y, 
�Z �\�g�_�r�g�y�y �L2 �k�h�_�^�b�g�y�_�l �^�h�i�h�e�g�b�l�_�e�v�g�u�c �j�m�[�_�` �a�Z�s�b�l�u �k �]�_�l�l�_�j�h�f �=�L. �< �d�Z-
�q�_�k�l�\�_ �k�h�j�[�_�g�l�Z �]�_�l�l�_�j�Z �b�k�i�h�e�v�a�m�_�l�k�y �i�j�_�k�k�h�\�Z�g�g�u�c �i�h�j�h�r�d�h�h�[�j�Z�a�g�u�c �l�b�l�Z�g 
(Ti), �Z�d�l�b�\�b�j�h�\�Z�g�g�u�c �i�h �k�i�_�p�b�Z�e�v�g�h�c �l�_�o�g�h�e�h�]�b�b. �J�Z�\�g�h�\�_�k�g�h�_ �^�Z�\�e�_�g�b�_ �l�j�b-
�l�b�y �g�Z�^ �Z�d�l�b�\�b�j�h�\�Z�g�g�u�f �l�b�l�Z�g�h�f �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �g�_ �i�j�_�\�u�r�Z�_�l 
10–8 �I�Z [29, 30]. �>�Z�g�g�h�_ �l�_�o�g�b�q�_�k�d�h�_ �j�_�r�_�g�b�_ �i�h�a�\�h�e�y�_�l �i�j�_�^�h�l�\�j�Z�l�b�l�v �i�h�i�Z-
�^�Z�g�b�_ �l�j�b�l�b�y �\ �h�d�j�m�`�Z�x�s�m�x �k�j�_�^�m �\ �k�e�m�q�Z�_ �g�Z�j�m�r�_�g�b�y �]�_�j�f�_�l�b�q�g�h�k�l�b �f�_�f-
�[�j�Z�g �F1. �D�h�e�b�q�_�k�l�\�h Ti �\ �]�_�l�l�_�j�_ �\�u�[�j�Z�g�h �b�a �m�k�e�h�\�b�y �\�h�a�f�h�`�g�h�k�l�b �h�[�_�k�i�_�q�_-
�g�b�y �i�h�e�g�h�]�h �i�h�]�e�h�s�_�g�b�y �l�j�b�l�b�y, �b�k�i�h�e�v�a�m�_�f�h�]�h �\ �w�d�k�i�_�j�b�f�_�g�l�_. �F�b�r�_�g�v 
�b�f�_�_�l �q�_�l�u�j�_ �\�Z�j�b�Z�g�l�Z �b�k�i�h�e�g�_�g�b�y. �< �i�_�j�\�h�f �\�Z�j�b�Z�g�l�_ �l�j�b�l�b�c �\ �i�h�e�h�k�l�b �:  
�g�Z�o�h�^�b�l�k�y �\ �`�b�^�d�h�c �n�Z�a�_ (�d�j�b�h�]�_�g�g�Z�y �`�b�^�d�h�l�j�b�l�b�_�\�Z�y �f�b�r�_�g�v �D�@�L�F), 
�\ �h�k�l�Z�e�v�g�u�o �l�j�_�o – �\ �]�Z�a�h�\�h�c (�d�j�b�h�]�_�g�g�Z�y �]�Z�a�h�\�Z�y �l�j�b�l�b�_�\�Z�y �f�b�r�_�g�v �D�=�L�F). 
�D�h�g�k�l�j�m�d�p�b�b �f�b�r�_�g�_�c �j�Z�a�e�b�q�Z�_�l�k�y �g�_�a�g�Z�q�b�l�_�e�v�g�h. �H�k�g�h�\�g�h�_ �j�Z�a�e�b�q�b�_ �a�Z-
�d�e�x�q�Z�_�l�k�y �e�b�r�v �\ �j�Z�k�k�l�h�y�g�b�b �f�_�`�^�m �f�_�f�[�j�Z�g�Z�f�b �F1 (�^�e�y �D�@�L�F – 0,4 �f�f ; 
�^�e�y �D�=�L�F – 3, 5 �b 7 �f�f , �k�h�h�l�\�_�l�k�l�\�_�g�g�h). �<�k�_ �^�_�l�Z�e�b �d�h�j�i�m�k�Z, �a�Z �b�k�d�e�x�q�_�g�b�_�f 
�f�_�f�[�j�Z�g, �\�u�i�h�e�g�_�g�u �b�a �k�l�Z�e�b 12�O18�G10�L. �F�_�f�[�j�Z�g�u �b�a�]�h�l�h�\�e�_�g�u �b�a �n�h�e�v�]�b 
�g�_�j�`�Z�\�_�x�s�_�c �k�l�Z�e�b SS 301HT �l�h�e�s�b�g�h�c 8 �f�d�f. 

�L�_�o�g�h�e�h�]�b�y �b�a�]�h�l�h�\�e�_�g�b�y �f�b�r�_�g�_�c 

�< �d�Z�`�^�h�c �f�b�r�_�g�b �k�h�^�_�j�`�b�l�k�y �g�_ �f�_�g�_�_ 14 �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c, �\�u�i�h�e-
�g�y�_�f�u�o �b�f�i�m�e�v�k�g�h�c �e�Z�a�_�j�g�h�c �k�\�Z�j�d�h�c. �>�Z�g�g�Z�y �j�Z�[�h�l�Z �l�j�_�[�m�_�l �\�u�k�h�d�h�c �l�h�q�g�h-
�k�l�b �b�a�]�h�l�h�\�e�_�g�b�y �b �l�s�Z�l�_�e�v�g�h�c �i�h�^�]�h�l�h�\�d�b �^�_�l�Z�e�_�c �i�_�j�_�^ �k�\�Z�j�d�h�c. 

�K�\�Z�j�d�Z �\�u�i�h�e�g�y�e�Z�k�v �g�Z �e�Z�a�_�j�g�u�o �m�k�l�Z�g�h�\�d�Z�o Piccolaser-40 (�\ �j�m�q�g�h�f �j�_-
�`�b�f�_) �b HTS-100 (�\ �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f �j�_�`�b�f�_) �i�j�h�b�a�\�h�^�k�l�\�Z �H�D�; «�;�m�e�Z�l». �L�Z�d 
�`�_ �k�\�Z�j�d�Z �\�u�i�h�e�g�y�e�Z�k�v �g�Z �e�Z�a�_�j�g�h�c �m�k�l�Z�g�h�\�d�_ �F�M�E-1-�F-200 (�E�Z�l�b�d�h�f), �g�h �b�a-
�a�Z �i�j�h�`�b�]�Z�g�b�y �f�_�f�[�j�Z�g �\�u�g�m�`�^�_�g�u �[�u�e�b �h�l�d�Z�a�Z�l�v�k�y �h�l �_�_ �b�k�i�h�e�v�a�h�\�Z�g�b�y. �I�h-
�k�e�_ �d�Z�`�^�h�c �h�i�_�j�Z�p�b�b �k�\�Z�j�d�b �i�j�h�\�h�^�b�e�k�y �d�h�g�l�j�h�e�v �]�_�j�f�_�l�b�q�g�h�k�l�b �w�e�_�f�_�g�l�h�\ 
�f�b�r�_�g�b �]�_�e�b�_�\�u�f �l�_�q�_�b�k�d�Z�l�_�e�_�f �k �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �g�_ �o�m�`�_ 1×10–10 �f3·�I�Z/c. 

�J�Z�[�h�l�u �i�h �k�\�Z�j�d�_ �f�h�`�g�h �j�Z�a�^�_�e�b�l�v �g�Z �^�\�Z �w�l�Z�i�Z: �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�c �b �h�k-
�g�h�\�g�h�c. 

�G�Z �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�f �w�l�Z�i�_ �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �k�\�Z�j�d�Z �b �i�j�h�\�_�j�d�Z �g�Z �]�_�j�f�_-
�l�b�q�g�h�k�l�v �w�e�_�f�_�g�l�h�\, �\�o�h�^�y�s�b�o �\ �k�h�k�l�Z�\ �f�b�r�_�g�b. �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �i�j�h�\�_-
�^�_�g�b�y �h�i�_�j�Z�p�b�c �^�e�y �f�b�r�_�g�b (�D�=�L�F) �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k. 2. 

�G�Z �h�k�g�h�\�g�h�f �w�l�Z�i�_ �i�j�h�\�h�^�b�e�b�k�v �k�[�h�j�d�Z �b �i�j�h�\�_�j�d�Z �g�Z �]�_�j�f�_�l�b�q�g�h�k�l�v 
�f�b�r�_�g�b �b�a �j�Z�g�_�_ �k�\�Z�j�_�g�g�u�o �w�e�_�f�_�g�l�h�\. �H�k�g�h�\�g�h�c �w�l�Z�i �\�d�e�x�q�Z�_�l 16 �k�l�Z�^�b�c, 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �b�o �i�j�h�\�_�^�_�g�b�y �m�d�Z�a�Z�g�Z �g�Z �j�b�k. 3. �I�h�k�e�_ �d�Z�`�^�h�c �h�i�_�j�Z�p�b�b 
�k�\�Z�j�d�b �i�j�h�\�h�^�b�e�k�y �d�h�g�l�j�h�e�v �]�_�j�f�_�l�b�q�g�h�k�l�b �f�b�r�_�g�b. 
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�J�b�k. 1. �K�o�_�f�Z�l�b�q�_�k�d�h�_ �b�a�h�[�j�Z�`�_�g�b�_ (�Z) �b �h�[�s�b�c �\�b� ̂ (�[) �f�b�r�_�g�b: �D – �d�h�j�i�m�k; �F1,  
              �F2 – �f�_�f�[�j�Z�g�u; �L1,�L2 – �l�j�m�[�d�b; �: , �; – �i�h�e�h�k�l�b; �=�L – �l�b�l�Z�g�h�\�u�c �]�_�l�l�_�j 
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�J�b�k. 2. �K�o�_�f�Z �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �k�\�Z�j�d�b �b �i�j�h�\�_�j�d�b �g�Z �]�_�j�f�_�l�b�q�g�h�k�l�v �h�l�^�_�e�v�g�u�o 
�w�e�_�f�_�g�l�h�\ �D�=�L�F: �Z – �h�[�h�c�f�Z; �[ – �d�h�j�i�m�k �\ �k�[�h�j�_; �\ – �r�l�m�p�_�j�h�\ �b �l�j�m�[�d�b; �] – �l�j�m�[�d�b,  
                                                         �r�l�m�p�_�j�Z �b �]�_�l�_�j�Z 
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�J�b�k. 3. �K�o�_�f�Z �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �k�[�h�j�d�b �b �i�j�h�\�_�j�d�b �g�Z �]�_�j�f�_�l�b�q�g�h�k�l�v �D�=�L�F 

�:�i�j�h�[�Z�p�b�y �j�_�`�b�f�h�\ �k�\�Z�j�d�b �g�Z �m�k�l�Z�g�h�\�d�_ HTS-100 

�>�e�y �i�h�\�u�r�_�g�b�y �d�Z�q�_�k�l�\�Z �b �k�d�h�j�h�k�l�b �i�j�h�p�_�k�k �k�\�Z�j�d�b, �i�h �\�h�a�f�h�`�g�h�k�l�b, 
�i�j�_�^�i�h�e�Z�]�Z�e�h�k�v �i�j�h�\�h�^�b�l�v �g�Z �m�k�l�Z�g�h�\�d�_ HTS-100 �\ �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f �j�_�`�b�f�_. 
�L�Z�d, �d�Z�d �k�\�Z�j�d�Z �l�j�b�l�b�_�\�u�o �f�b�r�_�g�_�c �^�e�y �:�D�M�E�B�G�U-1 �\�u�i�h�e�g�y�e�Z�k�v �l�h�e�v�d�h 
�\ �j�m�q�g�h�f �j�_�`�b�f�_ �g�Z �m�k�l�Z�g�h�\�d�_ Piccolaser-40, �l�h �^�e�y �h�l�j�Z�[�h�l�d�b �l�_�o�g�h�e�h�]�b�b 
�k�\�Z�j�d�b �g�Z �m�k�l�Z�g�h�\�d�_ HTS-100 �\ �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f �j�_�`�b�f�_ �g�_�h�[�o�h�^�b�f�h �[�u�e�h: 

�x �Z�^�Z�i�l�b�j�h�\�Z�l�v �j�_�`�b�f�u �k�\�Z�j�d�b, �j�Z�g�_�_ �i�h�e�m�q�_�g�g�u�_ �g�Z �m�k�l�Z�g�h�\�d�_ Picco-
laser-40, �g�Z �m�k�l�Z�g�h�\�d�m HTS-100; 

�x �i�h�^�h�[�j�Z�l�v �h�i�l�b�f�Z�e�v�g�u�_ �j�_�`�b�f�u �k�\�Z�j�d�b, �k�\�Z�j�b�l�v �\ �\�u�[�j�Z�g�g�u�o �j�_�`�b-
�f�Z�o �w�e�_�f�_�g�l�u �f�b�r�_�g�b; 

�x �i�j�h�\�_�k�l�b �b�k�i�u�l�Z�g�b�y �h�[�j�Z�a�p�Z �i�h�k�e�_ �k�\�Z�j�d�b �g�Z �]�_�j�f�_�l�b�q�g�h�k�l�v �b �f�_�l�Z�e-
�e�h�]�j�Z�n�b�q�_�k�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y. �K�j�Z�\�g�b�l�v �i�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �k �j�_�a�m�e�v�l�Z�l�Z-
�f�b, �i�h�e�m�q�_�g�g�u�f�b �j�Z�g�_�_ �g�Z �m�k�l�Z�g�h�\�d�_ Piccolaser-40. 

�>�e�y �Z�^�Z�i�l�Z�p�b�b �j�_�`�b�f�Z �k�\�Z�j�d�b �[�u�e�Z �i�j�h�\�_�^�_�g�Z �h�l�j�Z�[�h�l�d�Z �k�\�Z�j�d�b �w�e�_-
�f�_�g�l�h�\ �f�b�r�_�g�b (�f�_�f�[�j�Z�g�Z �l�h�e�s�b�g�h�c 8 �f�d�f, �d�h�j�i�m�k �b �d�h�e�v�p�h) �g�Z �m�k�l�Z�g�h�\�d�_ 
HTS-100. �G�Z �h�^�g�h�f �h�[�j�Z�a�p�_ �[�u�e�h �h�i�j�h�[�h�\�Z�g�h �^�_�k�y�l�v �j�_�`�b�f�h�\ �k�\�Z�j�d�b (�l�Z�[�e. 1). 
�<�b�a�m�Z�e�v�g�u�c �h�k�f�h�l�j �i�h�e�m�q�_�g�g�u�o �k�\�Z�j�g�u�o �r�\�h�\ �i�h�d�Z�a�Z�e �^�\�Z �g�Z�b�[�h�e�_�_ �h�i�l�b-
�f�Z�e�v�g�u�o �j�_�`�b�f�Z �k�\�Z�j�d�b. �B�a �w�l�b�o �^�\�m�o �j�_�`�b�f�h�\ �k�\�Z�j�d�b �[�u�e �\�u�[�j�Z�g �j�_�`�b�f 
�k �f�_�g�v�r�b�f�b �^�b�Z�f�_�l�j�h�f �k�n�h�d�m�k�b�j�h�\�Z�g�g�h�]�h �i�y�l�g�Z �e�Z�a�_�j�Z (�h�i�j�_�^�_�e�y�_�l�k�y �e�b�f-
�[�h�f) �b �g�Z�i�j�y�`�_�g�b�_�f �g�Z �g�Z�d�h�i�b�l�_�e�_. �W�l�h �h�[�_�k�i�_�q�b�\�Z�_�l �f�_�g�v�r�b�_ �l�_�i�e�h�\�e�h�`�_-
�g�b�y �b �l�_�j�f�b�q�_�k�d�b�_ �^�_�n�h�j�f�Z�p�b�b �\ �i�j�h�p�_�k�k�_ �k�\�Z�j�d�b. �< �^�Z�g�g�h�f �j�_�`�b�f�_ �i�j�h�\�_�^�_-
�g�Z �k�\�Z�j�d�Z �w�e�_�f�_�g�l�Z �f�b�r�_�g�b (�d�h�j�i�m�k �b �d�h�e�v�p�h). �I�j�h�\�_�j�d�Z �]�_�e�b�_�\�u�f �l�_�q�_�b�k�d�Z-
�l�_�e�_�f �i�h�d�Z�a�Z�e�Z, �q�l�h �h�[�j�Z�a�_�p �]�_�j�f�_�l�b�q�_�g. �I�h�k�e�_ �d�h�g�l�j�h�e�y �g�Z �]�_�j�f�_�l�b�q�g�h�k�l�v 
�[�u�e�b �i�j�h�\�_�^�_�g�u �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y. �G�Z �h�k�g�h�\�Z�g�b�b �i�h�e�m�q�_�g-
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�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ (�i�j�h�\�_�j�d�b �g�Z �]�_�j�f�_�l�b�q�g�h�k�l�v �b �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�b�o �b�k�k�e�_�^�h-
�\�Z�g�b�c) �^�Z�g�g�u�c �j�_�`�b�f �k�\�Z�j�d�b �[�u�e �\�u�[�j�Z�g �h�k�g�h�\�g�u�f �^�e�y �i�j�b�\�Z�j�d�b �f�_�f�[�j�Z�g 
(�j�b�k. 2: �k�l�Z�^�b�b �: 1, �: 2) �\ �f�b�r�_�g�y�o. 

 

� L �Z � [ � e � b � p �Z 1 
 

�J�_�`�b�f�u �e�Z�a�_�j�g�h�c �k�\�Z�j�d�b �w�e�_�f�_�g�l�Z �f�b�r�_�g�b �g�Z �m�k�l�Z�g�h�\�d�_ HTS-100  
 

�J�_�`�b�f 
�k�\�Z�j�d�b 

�I�Z�j�Z�f�_�l�j�u �j�_�`�b�f�Z �k�\�Z�j�d�b 

U, �< �W, �f�k �E�b�f�[ (�i�j�h�l�b�\ �q�Z�k�h�\�h�c) f, �=�p d, �f�f  �R�Z�] �k�\�Z�j�d�b, �f�f  

1 200 8 1 10 36 0,05 
2 205 8 1 10 36 0,05 
3 210 8 1 10 36 0,05 
4 215 8 1 10 36 0,05 
5 220 8 1 10 36 0,05 
6 200 8 2 10 36 0,05 
7 205 8 2 10 36 0,05 
8 210 8 2 10 36 0,05 
9 215 8 2 10 36 0,05 
10 220 8 2 10 36 0,05 

U – �g�Z�i�j�y�`�_�g�b�_ �g�Z �g�Z�d�h�i�b�l�_�e�_, �<; �W – �^�e�b�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�Z �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y, �f�k;
f – �q�Z�k�l�h�l�Z �k�e�_�^�h�\�Z�g�b�y �e�Z�a�_�j�g�u�o �b�f�i�m�e�v�k�h�\, �=�p; d – �^�b�Z�f�_�l�j �k�\�Z�j�b�\�Z�_�f�h�]�h �b�a�^�_�e�b�y,
�f�f ; �N�h�j�f�Z �e�Z�a�_�j�g�h�]�h �b�f�i�m�e�v�k�Z �^�e�y �\�k�_�o �j�_�`�b�f�h�\ – «�i�e�Z�\�g�h�_ �h�d�h�g�q�Z�g�b�_». 

�H�l�j�Z�[�h�l�d�Z �j�_�`�b�f�h�\ �k�\�Z�j�d�b 

�H�l�j�Z�[�h�l�d�Z �l�_�o�g�h�e�h�]�b�b �e�Z�a�_�j�g�h�c �k�\�Z�j�d�b �f�b�r�_�g�_�c �i�j�h�\�h�^�b�e�Z�k�v �g�Z �d�Z�`-
�^�h�c �k�l�Z�^�b�b, �j�_�`�b�f�u �k�\�Z�j�d�b �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e. 2 �b 3. �< �l�Z�[�e. 2 – �j�_�`�b�f�u 
�k�\�Z�j�d�b �g�Z �m�k�l�Z�g�h�\�d�_ HTS-100 (�Z�\�l�h�f�Z�l�b�q�_�k�d�Z�y �k�\�Z�j�d�Z); �\ �l�Z�[�e. 3 – �j�_�`�b�f�u 
�k�\�Z�j�d�b �g�Z �m�k�l�Z�g�h�\�d�_ Piccolaser-40 (�j�m�q�g�Z�y �k�\�Z�j�d�Z). �K�\�Z�j�d�Z �i�j�h�\�h�^�b�e�Z�k�v �\ �i�h-
�l�h�d�_ �b�g�_�j�l�g�h�]�h �]�Z�a�Z (�Z�j�]�h�g), �n�h�j�f�Z �b�f�i�m�e�v�k�Z �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y – «�i�e�Z�\�g�h�_ 
�h�d�h�g�q�Z�g�b�_» (�j�b�k. 4).  

 

� L �Z � [ � e � b � p �Z 2 
 

�J�_�`�b�f�u �e�Z�a�_�j�g�h�c �k�\�Z�j�d�b �g�Z �m�k�l�Z�g�h�\�d�_ HTS-100 
 

�K�l�Z�^�b�y 
�k�\�Z�j�d�b 

�J�_�`�b�f 
�k�\�Z�j�d�b

�I�Z�j�Z�f�_�l�j�u �j�_�`�b�f�Z �k�\�Z�j�d�b 

U, �< E, �>�  ̀ �W, �f�k
�E�b�f�[  

(�i�j�h�l�b�\  
�q�Z�k�h�\�h�c) 

f, �=�p d, �f�f
�R�Z�] 

�k�\�Z�j�d�b, 
�f�f  

�J�Z�a�f�_�j 
�k�\�Z�j�g�h�]�h 
�r�\�Z, �f�f  

�: 1.2  

I-�Z 205 2,3–2,4 8 1 10 32 0,05 3×20..25; 
3×11..13 

I 205 2,3–2,4 8 1 10 32 0,10 3×20..25; 
3×11..13 

II 200 4,3–4,5 18 1 10 32 0,10 3×20..25; 
3×11..13 

 



�:�i�i�Z�j�Z�l�m�j�Z �b �f�_�l�h�^�u �b�k�k�e�_�^�h�\�Z�g�b�y 327

�H �d � h � g � q �Z �g � b � _ � l � Z � [ � e. 2 
 

�K�l�Z�^�b�y 
�k�\�Z�j�d�b 

�J�_�`�b�f 
�k�\�Z�j�d�b

�I�Z�j�Z�f�_�l�j�u �j�_�`�b�f�Z �k�\�Z�j�d�b 

U, �< E, �>�  ̀ �W, �f�k
�E�b�f�[  

(�i�j�h�l�b�\  
�q�Z�k�h�\�h�c) 

f, �=�p d, �f�f
�R�Z�] 

�k�\�Z�j�d�b, 
�f�f  

�J�Z�a�f�_�j 
�k�\�Z�j�g�h�]�h 
�r�\�Z, �f�f  

�: 2.2 
I 205 2,3–2,4 8 1 10 43 0,10 3×32; 

3×14..15 

II 200 4,3–4,5 18 1 10 43 0,10 3×32; 
3×14..15 

6 III 300 8,2 8 4 2,5 36 0,25 115 

8, 9 IV 260 �§ 6,5 8 2 2,5 42 0,20 133 

U – �g�Z�i�j�y�`�_�g�b�_ �g�Z �g�Z�d�h�i�b�l�_�e�_, �<; E – �w�g�_�j�]�b�y �b�f�i�m�e�v�k�Z, �>� ;̀ �W – �^�e�b�l�_�e�v�g�h�k�l�v �b�f-
�i�m�e�v�k�Z �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y, �f�k; f – �q�Z�k�l�h�l�Z �k�e�_�^�h�\�Z�g�b�y �e�Z�a�_�j�g�u�o �b�f�i�m�e�v�k�h�\, �=�p;
d – �^�b�Z�f�_�l�j �k�\�Z�j�b�\�Z�_�f�h�]�h �b�a�^�_�e�b�y, �f�f ; �N�h�j�f�Z �e�Z�a�_�j�g�h�]�h �b�f�i�m�e�v�k�Z �^�e�y �\�k�_�o �j�_�`�b�f�h�\ –
«�i�e�Z�\�g�h�_ �h�d�h�g�q�Z�g�b�_» (�k�f. �j�b�k. 4). 

 

� L �Z � [ � e � b � p �Z 3  
 

�J�_�`�b�f�u �e�Z�a�_�j�g�h�c �k�\�Z�j�d�b �g�Z �m�k�l�Z�g�h�\�d�_ Piccolaser-40 
 

�K�l�Z�^�b�y 
�k�\�Z�j�d�b 

�J�_�`�b�f 
�k�\�Z�j�d�b 

�I�Z�j�Z�f�_�l�j�u �j�_�`�b�f�Z �k�\�Z�j�d�b 

U, �< �F, % �W, �f�k d�b�f�i, �f�f f, �=�p �J�k�j, �<�l �I�h�e�h�`�_�g�b�_ �n�h�d�m�k�Z  
�e�Z�a�_�j�Z 

�: 3.1  
V-�h 450 65 8 0,8 1,5 25,8 �g�b�`�_ �i�h�\�_�j�o�g�h�k�l�b  

�k�\�Z�j�d�b 

V-�n 450 75 8 1,2 1,5 33,3 �g�b�`�_ �i�h�\�_�j�o�g�h�k�l�b  
�k�\�Z�j�d�b 

�: 3.2 
�: 4.1 
�: 4.2 
13 
16 

VI- �h 450 65 8 1,0 1,5 25,8 �g�b�`�_ �i�h�\�_�j�o�g�h�k�l�b  
�k�\�Z�j�d�b 

VI- �n 450 70 8 1,2 1,5 29,8 �g�b�`�_ �i�h�\�_�j�o�g�h�k�l�b  
�k�\�Z�j�d�b 

1 VII 450 28 8 0,6 1,5 3,3 �g�b�`�_ �i�h�\�_�j�o�g�h�k�l�b  
�k�\�Z�j�d�b 

2 VIII 450 60 8 1,0 1,5 22 �g�b�`�_ �i�h�\�_�j�o�g�h�k�l�b  
�k�\�Z�j�d�b 

14 IX 450 29 8 0,6 1,5 3,6 �g�b�`�_ �i�h�\�_�j�o�g�h�k�l�b  
�k�\�Z�j�d�b 

 

U – �g�Z�i�j�y�`�_�g�b�_ �g�Z �g�Z�d�h�i�b�l�_�e�_, �<; �F – �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_ �b�f�i�m�e�v�k�Z �g�Z�d�h�i�b�l�_�e�y, %;
�W – �^�e�b�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�Z �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y, �f�k; d�b�f�i – �^�b�Z�f�_�l�j �k�n�h�d�m�k�b�j�h�\�Z�g�g�h�]�h
�i�m�q�d�Z �e�Z�a�_�j�Z, �f�f ; f – �q�Z�k�l�h�l�Z �k�e�_�^�h�\�Z�g�b�y �e�Z�a�_�j�g�u�o �b�f�i�m�e�v�k�h�\, �=�p; �J�k�j – �k�j�_�^�g�y�y �f�h�s-
�g�h�k�l�v �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y, �<�l; �N�h�j�f�Z �e�Z�a�_�j�g�h�]�h �b�f�i�m�e�v�k�Z �^�e�y �\�k�_�o �j�_�`�b�f�h�\ –
«�i�e�Z�\�g�h�_ �h�d�h�g�q�Z�g�b�_» (�k�f. �j�b�k. 4). 

 
�G�Z�b�[�h�e�_�_ �l�j�m�^�h�_�f�d�b�f�b �b �i�j�h�[�e�_�f�g�u�f�b �[�u�e�b �k�l�Z�^�b�b �: 1.2 �b �: 2.2 

(�k�f. �j�b�k. 2) – �i�j�b�\�Z�j�d�Z �l�h�g�d�b�o (�l�h�e�s�b�g�Z 8 �f�d�f) �f�_�f�[�j�Z�g �d �d�h�j�i�m�k�Z�f �b �d�h�e�v-
�p�Z�f. �W�l�h �k�\�y�a�Z�g�h �k �l�_�f, �q�l�h �i�j�b �l�Z�d�b�o �l�h�e�s�b�g�Z�o �\ �a�g�Z�q�b�l�_�e�v�g�h�c �f�_�j�_ �h�d�Z�a�u-
�\�Z�x�l �\�e�b�y�g�b�_ �k�e�_�^�m�x�s�b�_ �n�Z�d�l�h�j�u: 





�:�i�i�Z�j�Z�l�m�j�Z �b �f�_�l�h�^�u �b�k�k�e�_�^�h�\�Z�g�b�y 329

�;�u�e�h �b�k�k�e�_�^�h�\�Z�g�h 7 �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c (�m�k�e�h�\�g�u�_ �g�h�f�_�j�Z �‹  1, 2, 3, 4, 
5, 6, 7) �b�a �i�y�l�b �h�[�j�Z�a�p�h�\ �f�b�r�_�g�_�c (�l�Z�[�e. 4).  
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�I�Z�j�Z�f�_�l�j�u �h�[�j�Z�a�p�h�\ �f�b�r�_�g�b �^�e�y �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c 
 

�G�h�f�_�j 
�h�[�j�Z�a�p�Z 
�f�b�r�_�g�b 

�G�h�f�_�j  
�k�\�Z�j�g�h�]�h  

�k�h�_�^�b�g�_�g�b�y 

D1, 
�f�f  

D2, 
�f�f  

�I�Z�j�l�b�y 
�f�_�l�Z�e�e�Z

�=�_�j�f�_�l�b�q-
�g�h�k�l�v �I�j�b�f�_�q�Z�g�b�_ 

1 1 31 29,5 - – �i�h�^�[�h�j�g�Z�y �f�Z�l�q�Z�k�l�v 

2 2 32 30 - �]�_�j�f.** – 

3 

3 
 
 

43 

 
 

42 

 
 

1* 

�g�_ �]�_�j�f.***
�k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_  
�\�u�i�h�e�g�y�e�h�k�v �a�Z �^�\�Z  

�i�j�h�o�h�^�Z 

4 �g�_ �]�_�j�f.***
�k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_  

�\�u�i�h�e�g�y�e�h�k�v �a�Z �q�_�l�u�j�_ 
�i�j�h�o�h�^�Z 

4 

5 
 
 

43 

 
 

42 

 
 

1* 

�g�_ �]�_�j�f.***

�k�\�Z�j�g�u�_ �k�h�_�^�b�g�_�g�b�y  
�\�u�i�h�e�g�y�e�b�k�v  

�g�Z �F�M�E-1-�F-200 
(�k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ �‹  6 
�^�h�i�h�e�g�b�l�_�e�v�g�h �i�h�^�\�Z�j�b-

�\�Z�e�h�k�v  
�g�Z �m�k�l�Z�g�h�\�d�_ HTS-100) 

6 �g�_ �]�_�j�f.***

5 7 43 42 1* �]�_�j�f.** – 

* – �i�j�m�l�h�d, �k�l�Z�e�v 12�O18�G10�L �=�H�K�L 5632-2014  (�h�l�d�j�u�l�Z�y �i�e�Z�\�d�Z); 
** – �k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ �]�_�j�f�_�l�b�q�g�h; *** – �k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ �g�_ �]�_�j�f�_�l�b�q�g�h.  

 
�H�[�j�Z�a�_�p �f�b�r�_�g�b �‹  2 �[�u�e �k�\�Z�j�_�g �i�h �j�_�`�b�f�m 2 �l�Z�[�e. 1, �h�[�j�Z�a�_�p �f�b�r�_�g�b 

�‹  3 – �i�h �j�_�`�b�f�m I �l�Z�[�e. 2, �h�[�j�Z�a�p�u �f�b�r�_�g�_�c �‹  4, 5 – �i�h �j�_�`�b�f�m II, �l�Z�[�e. 2. 
�B�k�k�e�_�^�h�\�Z�g�b�_ �d�Z�`�^�h�]�h �k�\�Z�j�g�h�]�h �k�h�_�^�b�g�_�g�b�y �i�j�h�\�h�^�b�e�h�k�v �\ �^�\�m�o �i�j�h-

�^�h�e�v�g�u�o �k�_�q�_�g�b�y�o, �j�Z�k�i�h�e�h�`�_�g�g�u�o �i�h� ̂ �m�]�e�h�f �| 90°. �>�e�y �m�^�h�[�k�l�\�Z �i�j�b�]�h�l�h�\-
�e�_�g�b�y �r�e�b�n�h�\ �g�Z �m�k�l�Z�g�h�\�d�_ Phoenix 4000 �h�[�j�Z�a�p�u �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c, �\�u�j�_-
�a�Z�g�g�u�_ �b�a �f�b�r�_�g�g�h�c �y�q�_�c�d�b, �\ �k�i�_�p�b�Z�e�v�g�u�o �n�h�j�f�Z�o �a�Z�e�b�\�Z�e�b�k�v �w�i�h�d�k�b�^�g�u�f 
�d�h�f�i�Z�m�g�^�h�f. �I�h�e�m�q�_�g�g�u�_ �r�e�b�n�u �k�g�Z�q�Z�e�Z �h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v �g�Z �r�e�b�n�h�\�Z�e�v�g�u�o 
�[�m�f�Z�]�Z�o �J120 �b �J240, �a�Z�l�_�f �i�h�e�b�j�h�\�Z�e�b�k�v �k �i�h�f�h�s�v�x �Z�e�f�Z�a�g�u�o �i�Z�k�l 9 �b 3 �f�d�f 
�b �h�d�h�g�q�Z�l�_�e�v�g�h �^�h�\�h�^�b�e�b�k�v �k �i�j�b�f�_�g�_�g�b�_�f �\�h�^�g�h�c �k�m�k�i�_�g�a�b�b �h�d�k�b�^�Z �Z�e�x�f�b-
�g�b�y (�j�Z�a�f�_�j �q�Z�k�l�b�p 0,04 �f�d�f). �>�e�y �\�u�y�\�e�_�g�b�y �k�l�j�m�d�l�m�j�u �f�Z�l�_�j�b�Z�e�Z �k�\�Z�j�g�u�o 
�k�h�_�^�b�g�_�g�b�c �r�e�b�n�u �l�j�Z�\�b�e�b�k�v �\ �d�b�i�y�s�_�f �j�_�Z�d�l�b�\�_ �D�j�m�i�i�Z (50 �f�e �\�h�^�u, 50 �f�e 
�k�h�e�y�g�h�c �d�b�k�e�h�l�u, 5 �f�e �Z�a�h�l�g�h�c �d�b�k�e�h�l�u). �K�l�j�m�d�l�m�j�Z �f�Z�l�_�j�b�Z�e�Z �b�a�m�q�Z�e�Z�k�v 
�b �n�h�l�h�]�j�Z�n�b�j�h�\�Z�e�Z�k�v �g�Z �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�h�f �f�b�d�j�h�k�d�h�i�_ Axiovert 25 �i�j�b �h�i-
�l�b�q�_�k�d�b�o �m�\�_�e�b�q�_�g�b�y�o �^�h 500 �j�Z�a. 

�J�_�a�m�e�v�l�Z�l�u �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c 
�f�b�r�_�g�g�u�o �y�q�_�_�d �i�j�b�\�_�^�_�g�u �g�Z �j�b�k. 6–10 �b �\ �l�Z�[�e. 5.  
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                           �Z                                                                                       �[ 
 

�J�b�k. 6. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�\�Z�j�g�h�]�h �k�h�_�^�b�g�_�g�b�y �‹  1 (�h�[�j�Z�a�_�p �f�b�r�_�g�b �‹ 1): H – �\�u�k�h�l�Z  
                  �k�\�Z�j�b�\�Z�_�f�u�o �d�j�h�f�h�d, h – �\�u�k�h�l�Z �i�j�h�\�Z�j�Z, l – �r�b�j�b�g�Z �k�\�Z�j�g�h�]�h �r�\�Z  

 

 
 

                              �Z                                                                �[ 
 

�J�b�k. 7. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�\�Z�j�g�h�]�h �k�h�_�^�b�g�_�g�b�y �‹  2 (�h�[�j�Z�a�_�p �f�b�r�_�g�b �‹  2) 
 

 
 

(�Z) �k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ �\�u�i�h�e�g�_�g�h  
�a�Z �^�\�Z �i�j�h�o�h�^�Z 

 (�[) �k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ �\�u�i�h�e�g�_�g�h 
�a�Z �q�_�l�u�j�_ �i�j�h�o�h�^�Z 

 

�J�b�k. 8. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c �‹  3(�Z) �b 4(�[) (�h�[�j�Z�a�_�p �f�b�r�_�g�b �‹  3) 
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(�Z) �k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ �i�h�k�e�_ �k�\�Z�j�d�b  
�g�Z �F�M�E-1-�F-200 

(�[) �k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ �i�h�k�e�_ �k�\�Z�j�d�b �g�Z 
�F�M�E-1-�F-200 �i�h�^�\�Z�j�_�g�h �g�Z �m�k�l�Z�g�h�\�d�_ 

HTS-100 
 

�J�b�k. 9. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c �‹  5(�Z) �b 6(�[) (�h�[�j�Z�a�_�p �f�b�r�_�g�b �‹  4) 
 

 
 

�J�b�k. 10. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �k�\�Z�j�g�h�]�h �k�h�_�^�b�g�_�g�b�y �‹  7 (�h�[�j�Z�a�_�p �f�b�r�_�g�b �‹  5) 
 

�J�_�a�m�e�v�l�Z�l�u �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c 
�h�[�j�Z�a�p�h�\ �f�b�r�_�g�b �i�h�d�Z�a�Z�e�b �k�e�_�^�m�x�s�_�_. 

�>�_�n�_�d�l�u �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c �l�b�i�Z �l�j�_�s�b�g, �i�h�j, �g�_�i�j�h�\�Z�j�h�\ �b �l. �i. �g�_ 
�h�[�g�Z�j�m�`�_�g�u. 

�E�Z�a�_�j�g�Z�y �k�\�Z�j�d�Z �^�h�e�`�g�Z �h�[�_�k�i�_�q�b�\�Z�l�v �]�_�j�f�_�l�b�q�g�h�k�l�v �f�b�r�_�g�_�c, �\ �l�h �`�_ 
�\�j�_�f�y, �q�l�h�[�u �b�a�[�_�`�Z�l�v �\ �i�j�h�p�_�k�k�_ �k�\�Z�j�d�b �q�j�_�a�f�_�j�g�h�]�h �k�g�b�`�_�g�b�y �i�j�h�q�g�h�k�l�g�u�o 
�k�\�h�c�k�l�\ �f�Z�l�_�j�b�Z�e�Z �f�_�f�[�j�Z�g�u, �g�Z�]�j�_�\ �\ �a�h�g�_ �k�\�Z�j�g�h�]�h �k�h�_�^�b�g�_�g�b�y �k�e�_�^�m�_�l �f�b-
�g�b�f�b�a�b�j�h�\�Z�l�v. 

�< �k�\�y�a�b �k �w�l�b�f �g�Z�b�[�h�e�_�_ �h�i�l�b�f�Z�e�v�g�m�x �n�h�j�f�m �k�\�Z�j�g�h�]�h �r�\�Z �b�f�_�x�l �k�\�Z�j-
�g�u�_ �k�h�_�^�b�g�_�g�b�y �h�[�j�Z�a�p�h�\ �f�b�r�_�g�b �‹  1 �b 2 (�j�b�k. 6 �b 7). �=�e�m�[�b�g�Z �i�j�h�\�Z�j�Z h �g�Z�o�h-
�^�b�l�k�y �\ �^�b�Z�i�Z�a�h�g�_ �h�l 0,2 �^�h 0,4 �f�f , �n�Z�d�l�b�q�_�k�d�Z�y �\�u�k�h�l�Z �k�\�Z�j�b�\�Z�_�f�u�o �d�j�h�f�h�d H 

�i�j�Z�d�l�b�q�_�k�d�b �j�Z�\�g�Z �j�Z�k�q�_�l�g�h�c �\�u�k�h�l�_ �k�\�Z�j�b�\�Z�_�f�u�o �d�j�h�f�h�d ( 1 2

2
D D�� , �l�h �_�k�l�v 

�h�i�e�Z�\�e�_�g�b�_ �f�_�l�Z�e�e�Z �\ �a�h�g�_ �k�\�Z�j�g�h�]�h �r�\�Z �f�b�g�b�f�Z�e�v�g�h�_, �]�_�j�f�_�l�b�q�g�h�k�l�v �k�\�Z�j�g�u�o 
�r�\�h�\ �h�[�_�k�i�_�q�b�\�Z�_�l�k�y. �D �g�_�^�h�k�l�Z�l�d�Z�f �k�\�Z�j�g�h�]�h �k�h�_�^�b�g�_�g�b�y �h�[�j�Z�a�p�Z �f�b�r�_�g�b �‹  2 
�f�h�`�g�h �h�l�g�_�k�l�b �m�l�h�g�_�g�b�_ �f�_�f�[�j�Z�g�u �\ �a�h�g�_ �k�\�Z�j�g�h�]�h �r�\�Z (�j�b�k. 7,�[). 

�< �k�\�Z�j�g�h�f �k�h�_�^�b�g�_�g�b�b �‹  5 (�h�[�j�Z�a�_�p �f�b�r�_�g�b �‹  4, �j�b�k. 9,�Z), �\�u�i�h�e�g�_�g-
�g�h�f �g�Z �F�M�E-1-�F-200, �]�e�m�[�b�g�Z �i�j�h�\�Z�j�Z �f�Z�e�Z (h �| 0,1 �f�f ), �q�l�h �i�j�b�\�_�e�h �d �h�l-
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�k�m�l�k�l�\�b�x �k�\�Z�j�g�h�]�h �r�\�Z �g�Z �h�l�^�_�e�v�g�u�o �m�q�Z�k�l�d�Z�o. �I�h�k�e�_ �^�h�i�h�e�g�b�l�_�e�v�g�h�c �k�\�Z�j�d�b 
�g�Z �m�k�l�Z�g�h�\�d�_ HTS-100 (�k�\�Z�j�g�h�_ �k�h�_�^�b�g�_�g�b�_ �‹  6, �j�b�k�m�g�h�d 9�[) �]�e�m�[�b�g�Z �i�j�h�\�Z�j�Z 

�m�\�_�e�b�q�b�e�Z�k�v �^�h �| 0,3 �f�f , �G �| 1 2

2
D D�� , �g�h �k�\�Z�j�g�h�c �r�h�\ �[�u�e �g�_�]�_�j�f�_�l�b�q�g�u�f. 

 

� L �Z � [ � e � b � p �Z 5 
 

�J�_�a�m�e�v�l�Z�l�u �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �k�\�Z�j�g�u�o �k�h�_�^�b�g�_�g�b�c 
 

�G�h�f�_�j �k�\�Z�j�g�h-
�]�h �k�h�_�^�b�g�_�g�b�y

�G�h�f�_�j  
�r�e�b�n�Z 

h, �f�f  
�j�b�k. 6�[ 

�G, �f�f  
�j�b�k. 6�Z 

l, �f�f  
�j�b�k. 6�[ 

1 2

2

D D�� , 

�f�f  

�I�j�b�f�_�q�Z�g�b�_ 
 

1 
�F1 0,22 0,76 0,34 

0,75 

�>�_�n�_�d�l�h�\ 
(�l�j�_�s�b�g, �i�h�j, 
�g�_�i�j�h�\�Z�j�h�\) 

�g�_�l 

�F2 0,22 0,78 0,34 

2 
�F20-1 0,35 0,83 0,40 

1,0 
�F20-2 0,37 0,85 0,39 

3 1 �F�> 0,82 0,30 0,23 

0,5 

4 2 �F�> 0,84 0,29 0,24 

5 
3�F�>3-�a�Z�\. 0,11 0,56 0,30 

4�F�>3-�a�Z�\. 0,11 0,52 0,29 

6 
3�F�>3-�> 0,29 0,54 0,39 

4�F�>3-�> 0,28 0,54 0,39 

7 
5 �F�> 0,33 0,36 0,39 

5 �F�>1 0,33 0,38 0,39 

 
�G�Z�b�[�h�e�v�r�_�_ �h�i�e�Z�\�e�_�g�b�_ �k�\�Z�j�b�\�Z�_�f�u�o �d�j�h�f�h�d �g�Z�[�e�x�^�Z�_�l�k�y �\ �k�\�Z�j�g�u�o 

�k�h�_�^�b�g�_�g�b�y�o �‹  3 �b 4 (�h�[�j�Z�a�_�p �f�b�r�_�g�b �‹  3), �d�h�l�h�j�u�_ �\�u�i�h�e�g�y�e�b�k�v �a�Z �g�_-
�k�d�h�e�v�d�h �i�h�^�o�h�^�h�\ (�j�b�k. 8). �;�h�e�v�r�h�_ �l�_�i�e�h�\�e�h�`�_�g�b�_ �\ �a�h�g�m �k�\�Z�j�g�h�]�h �k�h�_�^�b�g�_-
�g�b�y, �i�h-�\�b�^�b�f�h�f�m, �i�j�b�\�_�e�h �d �k�g�b�`�_�g�b�x �i�j�h�q�g�h�k�l�b �f�_�l�Z�e�e�Z �f�_�f�[�j�Z�g�u – �h�l�j�u�\ 
�f�_�f�[�j�Z�g�u �i�j�h�b�a�h�r�_�e �i�j�b �i�j�h�\�_�j�d�_ �g�Z �]�_�j�f�_�l�b�q�g�h�k�l�v, �l�h �_�k�l�v �i�j�b �i�_�j�_�i�Z�^�_ 
�^�Z�\�e�_�g�b�c �| 1 �Z�l�f. 

�H�[�j�Z�a�_�p �f�b�r�_�g�b �‹  5 �i�h�k�e�_ �k�\�Z�j�d�b �[�u�e �]�_�j�f�_�l�b�q�g�u�f, �g�h �^�b�Z�f�_�l�j �k�\�Z-
�j�b�\�Z�_�f�u�o �d�j�h�f�h�d �m�f�_�g�v�r�b�e�k�y �g�Z �| 0,2 �f�f  �i�j�b �]�e�m�[�b�g�_ �i�j�h�\�Z�j�Z �| 0,3 �f�f  (�j�b-
�k�m�g�h�d 10) �b �]�e�m�[�b�g�Z �i�j�h�\�Z�j�Z h �i�j�Z�d�l�b�q�_�k�d�b �j�Z�\�g�Z �\�u�k�h�l�_ �k�\�Z�j�b�\�Z�_�f�u�o �d�j�h�f�h�d 
H, �q�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h�[ �b�a�[�u�l�h�q�g�h�f �l�_�i�e�h�\�e�h�`�_�g�b�b �i�j�b �k�\�Z�j�d�_. 

�I�h�f�b�f�h �i�Z�j�Z�f�_�l�j�h�\ �e�Z�a�_�j�g�h�c �k�\�Z�j�d�b �g�Z �]�_�j�f�_�l�b�q�g�h�k�l�v �k�\�Z�j�g�u�o �k�h�_�^�b-
�g�_�g�b�c �h�i�j�_�^�_�e�z�g�g�h�_ �\�e�b�y�g�b�_ �h�d�Z�a�u�\�Z�_�l �d�Z�q�_�k�l�\�h �f�Z�l�_�j�b�Z�e�h�\ (�k�l�Z�e�v �l�b�i�Z 
12�O18�G10�L) �k�\�Z�j�b�\�Z�_�f�u�o �^�_�l�Z�e�_�c, �h�k�h�[�_�g�g�h �f�Z�l�_�j�b�Z�e�Z �d�h�j�i�m�k�Z, �l�Z�d �d�Z�d 
�\ �a�h�g�_ �k�\�Z�j�b�\�Z�_�f�u�o �d�j�h�f�h�d �l�h�e�s�b�g�Z �f�_�l�Z�e�e�Z �k�h�k�l�Z�\�e�y�_�l �| 0,2 �f�f . �:�g�Z�e�b�a 
�f�b�d�j�h�k�l�j�m�d�l�m�j�u �f�Z�l�_�j�b�Z�e�Z �d�h�j�i�m�k�h�\ �b�k�k�e�_�^�h�\�Z�g�g�u�o �h�[�j�Z�a�p�h�\ �f�b�r�_�g�_�c (�j�b-
�k�m�g�d�b 11-13) �i�h�d�Z�a�Z�e, �q�l�h �a�Z �b�k�d�e�x�q�_�g�b�_�f �h�[�j�Z�a�p�Z �f�b�r�_�g�b �‹  1, �\ �f�Z�l�_�j�b�Z�e�_ 
(�k�l�Z�e�v 12�O18�G10�L �h�l�d�j�u�l�h�c �i�e�Z�\�d�b) �b�f�_�x�l�k�y �k�l�j�h�q�_�q�g�u�_ �\�d�e�x�q�_�g�b�y �d�Z�j�[�h-
�g�b�l�j�b�^�h�\ �l�b�l�Z�g�Z �b �G-�n�_�j�j�b�l�Z, �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�_ �\�^�h�e�v �g�Z�i�j�Z�\�e�_�g�b�y �i�j�h�d�Z�l�d�b. 
�G�Z�e�b�q�b�_ �k�l�j�h�q�_�q�g�u�o �\�d�e�x�q�_�g�b�c �\ �k�l�Z�e�b 12�O18�G10�L �m�\�_�e�b�q�b�\�Z�_�l �\�h�^�h�j�h�^�h-
�i�j�h�g�b�p�Z�_�f�h�k�l�v �d�h�g�k�l�j�m�d�p�b�h�g�g�h�]�h �f�Z�l�_�j�b�Z�e�Z (�D�F) �a�Z �k�q�z�l �i�h�\�u�r�_�g�g�h�c �^�b�n-
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�n�m�a�b�b �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �i�h �]�j�Z�g�b�p�Z�f �f�_�`�^�m �h�k�g�h�\�g�u�f �f�Z�l�_�j�b�Z�e�h�f �b �k�l�j�h-
�q�_�q�g�u�f�b �\�d�e�x�q�_�g�b�y�f�b [31]. �< �k�e�m�q�Z�_ �k�l�j�h�q�_�q�g�u�o �d�Z�j�[�h�g�b�l�j�b�^�h�\ �l�b�l�Z�g�Z �d�Z-
�g�Z�e�u �h�[�e�_�]�q�z�g�g�h�c �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b �\�h�^�h�j�h�^�Z �\ �k�l�Z�e�b 12�O18�G10�L �h�[�j�Z�a�m�x�l�k�y 
�m�`�_ �g�Z �w�l�Z�i�_ �^�_�n�h�j�f�Z�p�b�b �i�h�e�m�n�Z�[�j�b�d�Z�l�h�\. �< �k�l�Z�e�b 12�O18�G10�L �k�h �k�l�j�h�q�_�q-
�g�u�f�b �\�d�e�x�q�_�g�b�y�f�b �G-�n�_�j�j�b�l�Z �f�b�d�j�h�j�Z�a�j�u�\�u �g�Z �]�j�Z�g�b�p�Z�o �k �h�k�g�h�\�g�u�f �f�Z�l�_-
�j�b�Z�e�h�f �f�h�]�m�l �h�[�j�Z�a�h�\�u�\�Z�l�v�k�y �\ �i�j�h�p�_�k�k�_ �k�\�Z�j�d�b �b�a-�a�Z �l�_�j�f�b�q�_�k�d�b�o �g�Z�i�j�y�`�_-
�g�b�c, �\�h�a�g�b�d�Z�x�s�b�o �\�k�e�_�^�k�l�\�b�_ �j�Z�a�e�b�q�b�y �l�_�i�e�h�n�b�a�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �h�k�g�h�\�g�h�]�h 
�f�_�l�Z�e�e�Z �b �G-�n�_�j�j�b�l�Z. 

�>�e�y �k�g�b�`�_�g�b�y �g�_�]�Z�l�b�\�g�h�]�h �\�e�b�y�g�b�y �g�Z �]�_�j�f�_�l�b�q�g�h�k�l�v �k�l�j�h�q�_�q�g�u�o 
�\�d�e�x�q�_�g�b�c �f�h�`�g�h �j�_�d�h�f�_�g�^�h�\�Z�l�v �k�e�_�^�m�x�s�b�_ �f�_�j�h�i�j�b�y�l�b�y: 

– �i�j�b�f�_�g�_�g�b�_ �\ �d�Z�q�_�k�l�\�_ �D�F �d�h�j�i�m�k�g�u�o �^�_�l�Z�e�_�c �f�b�r�_�g�_�c �k�l�Z�e�b 
12�O18�G10�L-�<�>, �l�h �_�k�l�v �f�Z�l�_�j�b�Z�e �i�h�k�e�_ �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h �\�Z�d�m�m�f�g�h-�^�m�]�h�\�h�]�h 
�i�_�j�_�i�e�Z�\�Z. �I�h �k�h�^�_�j�`�Z�g�b�x �j�y�^�Z �i�j�b�f�_�k�_�c �k�l�Z�e�v 12�O18�G10�L-�<�> �y�\�e�y�_�l�k�y �[�h-
�e�_�_ �q�b�k�l�h�c �i�h �k�j�Z�\�g�_�g�b�x �k�h �k�l�Z�e�v�x 12�O18�G10�L �h�l�d�j�u�l�h�c �i�e�Z�\�d�b, �q�l�h �i�j�b�\�h-
�^�b�l �d �m�f�_�g�v�r�_�g�b�x �k�l�j�h�q�_�q�g�u�o �\�d�e�x�q�_�g�b�c �d�Z�j�[�h�g�b�l�j�b�^�h�\; 

– �d�h�e�b�q�_�k�l�\�h �G-�n�_�j�j�b�l�Z �\ �k�l�Z�e�y�o �l�b�i�Z 12�O18�G10�L �a�Z�\�b�k�b�l �h�l �k�h�h�l�g�h�r�_-
�g�b�y �n�_�j�j�b�l�h�h�[�j�Z�a�m�x�s�b�o (Cr, Ti, Si) �b �Z�m�k�l�_�g�b�l�h�h�[�j�Z�a�m�x�s�b�o (Ni, C, N) �w�e�_-
�f�_�g�l�h�\, �i�h�w�l�h�f�m �i�j�b �b�a�f�_�g�_�g�b�b �k�h�^�_�j�`�Z�g�b�y �e�_�]�b�j�m�x�s�b�o �w�e�_�f�_�g�l�h�\ �^�Z�`�_ 
�\ �i�j�_�^�_�e�Z�o �f�Z�j�h�q�g�h�]�h �k�h�k�l�Z�\�Z �k�h�^�_�j�`�Z�g�b�_ �G-�n�_�j�j�b�l�Z �f�_�g�y�_�l�k�y �\ �r�b�j�h�d�b�o 
�i�j�_�^�_�e�Z�o. �>�e�y �b�k�d�e�x�q�_�g�b�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �k�l�Z�e�b 12�O18�G10�L �k�h �k�l�j�h�q�_�q�g�u�f�b 
�\�d�e�x�q�_�g�b�y�f�b �G-�n�_�j�j�b�l�Z �g�_�h�[�o�h�^�b�f�h �i�j�h�\�h�^�b�l�v �\�o�h�^�g�h�c �d�h�g�l�j�h�e�v �f�_�l�Z�e�e�Z; 

– �b�a�f�_�g�_�g�b�_ �h�j�b�_�g�l�Z�p�b�b �k�l�j�h�q�_�q�g�u�o �\�d�e�x�q�_�g�b�c �h�l�g�h�k�b�l�_�e�v�g�h �i�j�h�^�h�e�v-
�g�h�c �h�k�b �f�b�r�_�g�b, �l�h �_�k�l�v �i�j�b �b�a�]�h�l�h�\�e�_�g�b�b �d�h�j�i�m�k�Z �b�e�b �h�[�h�c�f�u �g�Z�i�j�Z�\�e�_�g�b�_ 
�i�j�h�d�Z�l�d�b �i�h�e�m�n�Z�[�j�b�d�Z�l�Z (�i�j�m�l�h�d, �e�b�k�l) �^�h�e�`�g�h �[�u�l�v �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �i�j�h-
�^�h�e�v�g�h�c �h�k�b �^�_�l�Z�e�_�c.  

�>�e�y �i�j�b�f�_�j�Z �g�Z �j�b�k. 14 �i�j�_�^�k�l�Z�\�e�_�g�u �f�b�d�j�h�k�l�j�m�d�l�m�j�u �e�b�k�l�Z �l�h�e�s�b�g�h�c 
10 �f�f  �b�a �k�l�Z�e�b 12�O18�G10�L-�F2�[ �=�H�K�L 7350-77 �\ �^�\�m�o �i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�o 
�g�Z�i�j�Z�\�e�_�g�b�y. 

 

 
 

�J�b�k. 11. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �f�Z�l�_�j�b�Z�e�Z �d�h�j�i�m�k�Z (�h�[�h�c�f�u) �h�[�j�Z�a�p�h�\ �f�b�r�_�g�b �‹  1 (�Z) �b 2 (�[, �\) 
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                            �Z                                                                                       �[ 
 

�J�b�k. 12. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �d�h�j�i�m�k�Z (�h�[�h�c�f�u) �h�[�j�Z�a�p�h�\ �f�b�r�_�g�b �‹  3 (�Z) �b 4 (�[) 
 

 
 

                           �Z                                                                                        �[ 
 

�J�b�k. 13. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �d�h�j�i�m�k�Z �h�[�j�Z�a�p�Z �f�b�r�_�g�b �‹  5 

 
 

                            �Z                                                                             �[ 
 

�J�b�k. 14. �F�b�d�j�h�k�l�j�m�d�l�m�j�Z �e�b�k�l�Z �l�h�e�s�b�g�h�c 10 �f�f  �b�a �k�l�Z�e�b 12�O18�G10�L-�F2�[ 
�=�H�K�L 7350-77 
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�I�j�h�\�_�^�_�g�b�_ �d�h�f�i�e�_�d�k�Z �j�Z�[�h�l �i�h �h�i�j�_�^�_�e�_�g�b�x 
�j�_�k�m�j�k�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �d�j�b�h�]�_�g�g�u�o �]�Z�a�h�\�u�o  

�b �`�b�^�d�h�l�j�b�l�b�_�\�u�o �f�b�r�_�g�_�c 

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �j�_�k�m�j�k�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �k�_�f�_�c�k�l�\�Z �l�j�b�l�b�_�\�u�o �f�b�r�_-
�g�_�c �\ �J�N�Y�P-�<�G�B�B�W�N �[�u�e�b �b�a�]�h�l�h�\�e�_�g�u �`�b�^�d�h�l�j�b�l�b�_�\�u�_ (�D�@�L�F) �b �]�Z�a�h�\�u�_ 
(�D�=�L�F) �d�j�b�h�]�_�g�g�u�_ �f�b�r�_�g�b. �>�e�y �b�f�b�l�Z�p�b�b �m�k�e�h�\�b�c �r�l�Z�l�g�h�c �j�Z�[�h�l�u �f�b�r�_-
�g�_�c �g�Z �n�j�Z�]�f�_�g�l-�k�_�i�Z�j�Z�l�h�j�_ �:�D�M�E�B�G�:-2 �b�k�i�u�l�Z�g�b�y �i�j�h�\�h�^�b�e�b�k�v �\ �k�h�k�l�Z�\�_ 
�[�e�h�d�Z �f�b�r�_�g�g�h�]�h (�;�F) �k�f�h�g�l�b�j�h�\�Z�g�g�h�]�h �g�Z �\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�_ (�<�D – �Z�g�Z�e�h�] 
�j�_�Z�d�p�b�h�g�g�h�c �d�Z�f�_�j�u). 

�;�e�h�d �f�b�r�_�g�g�u�c �d�h�g�k�l�j�m�d�l�b�\�g�h �k�h�k�l�h�b�l �b�a �k�b�k�l�_�f�u �g�Z�i�h�e�g�_�g�b�y, �\ �k�h-
�k�l�Z�\ �d�h�l�h�j�h�c �\�o�h�^�b�l �l�j�b�l�b�_�\�u�c �b�k�l�h�q�g�b�d BS1 �b �[�m�n�_�j�g�u�_ �_�f�d�h�k�l�b CV1 
�b CV2, �f�b�r�_�g�g�h�c �k�[�h�j�d�b �k �D�L�F �b �^�\�m�o�k�l�Z�^�b�c�g�h�c �]�h�e�h�\�d�b �d�j�b�h�j�_�n�j�b�`�_�j�Z�l�h-
�j�Z Leybold COOLPOWER 7/25 �k �h�f�b�q�_�k�d�b�f �g�Z�]�j�_�\�Z�l�_�e�_�f �^�e�y �k�l�Z�[�b�e�b�a�Z�p�b�b 
�l�_�f�i�_�j�Z�l�m�j�u �f�b�r�_�g�b. �<�b� ̂ �d�h�g�k�l�j�m�d�p�b�b �b �i�j�b�g�p�b�i�b�Z�e�v�g�Z�y �]�Z�a�h�\�Z�d�m�m�f�g�Z�y 
�k�o�_�f�Z �;�F �i�h�d�Z�a�Z�g�u �g�Z �j�b�k�m�g�d�_ 15.  

 

 
 

�J�b�k. 15. �<�b� ̂ �d�h�g�k�l�j�m�d�p�b�b �b �i�j�b�g�p�b�i�b�Z�e�v�g�Z�y �]�Z�a�h�\�Z�d�m�m�f�g�Z�y �k�o�_�f�Z �;�F: V�I 1–V�I 5 
�j�m�q�g�u�_ �\�_�g�l�b�e�b; CV1 – �_�f�d�h�k�l�v 300 �k�f3; CV2 – �_�f�d�h�k�l�v 750 �k�f3; BS1 – �]�_�g�_�j�Z�l�h�j �l�j�b�l�b�y 
�g�Z 238U; �=�L1, �=�L2 – �l�b�l�Z�g�h�\�u�_ �]�_�l�l�_�j�u; DD1 – �_�f�d�h�k�l�g�h�c �^�Z�l�q�b�d �^�Z�\�e�_�g�b�y (WIKA P30);  
                           �F1 – �f�Z�g�h�f�_�l�j; �L1, �L2 – �l�_�j�f�h�^�Z�l�q�b�d�b, �D�L�F – �f�b�r�_�g�v 
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�O�j�Z�g�_�g�b�_ �l�j�b�l�b�y �Z�d�l�b�\�g�h�k�l�v�x 2,7 �d�D�b �h�k�m�s�_�k�l�\�e�y�_�l�k�y �\ �o�b�f�b�q�_�k�d�b �k�\�y-
�a�Z�g�g�h�f �k�h�k�l�h�y�g�b�b �g�Z  238U �\ �b�k�l�h�q�g�b�d�_ BS1 (�j�b�k. 16). �J�Z�\�g�h�\�_�k�g�h�_ �^�Z�\�e�_�g�b�_ 
�^�e�y �l�j�b�l�b�^�Z �m�j�Z�g�Z �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �k�h�k�l�Z�\�e�y�_�l �\�_�e�b�q�b�g�m �i�h�j�y�^�d�Z 
7�1̃0–4 �I�Z [32], �Z �l�_�f�i�_�j�Z�l�m�j�Z �_�]�h �j�Z�a�e�h�`�_�g�b�y, �i�j�b �d�h�l�h�j�h�c �j�Z�\�g�h�\�_�k�g�h�_ �^�Z�\�e�_-
�g�b�_ �k�l�Z�g�h�\�b�l�v�k�y �\�u�r�_ �Z�l�f�h�k�n�_�j�g�h�]�h, �[�h�e�_�_ �q�_�f 650 �D. �D�h�g�k�l�j�m�d�p�b�y �b�k�l�h�q�g�b-
�d�Z BS1 �b �k�b�k�l�_�f�u �g�Z�i�h�e�g�_�g�b�y �K�G, �h�[�_�k�i�_�q�b�\�Z�x�s�Z�y �l�j�b �j�m�[�_�`�Z �a�Z�s�b�l�u, �\ �k�h-
�\�h�d�m�i�g�h�k�l�b �k�h �k�\�h�c�k�l�\�Z�f�b �l�j�b�l�b�^�Z �m�j�Z�g�Z �i�h�a�\�h�e�y�x�l �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�l�v �b�k-
�l�h�q�g�b�d �;�F �d�Z�d �a�Z�d�j�u�l�u�c �b�k�l�h�q�g�b�d �b�h�g�b�a�b�j�m�x�s�_�]�h �b�a�e�m�q�_�g�b�y. 

 

 
 

�J�b�k. 16. �D�h�g�k�l�j�m�d�p�b�y �]�_�g�_�j�Z�l�h�j�Z �l�j�b�l�b�y BS1 �k �l�b�l�Z�g�h�\�u�f �]�_�l�l�_�j�h�f �=�L 
 
�< �k�h�[�j�Z�g�g�h�f �\�b�^�_ �D�L�F �b �b�k�l�h�q�g�b�d �l�j�b�l�b�y BS1 �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �a�Z-

�f�d�g�m�l�m�x �k�b�k�l�_�f�m, �d�h�l�h�j�Z�y �i�h�a�\�h�e�y�l �m�^�_�j�`�b�\�Z�l�v �l�j�b�l�b�c �\ �`�b�^�d�h�f �b�e�b �]�Z�a�h�h�[-
�j�Z�a�g�h�f �\�b�^�_ �\ �i�j�h�p�_�k�k�_ �i�j�h�\�_�^�_�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z, �e�b�[�h �i�_�j�_�\�h�^�b�l�v �_�]�h �\ �o�b-
�f�b�q�_�k�d�b �k�\�y�a�Z�g�g�h�_ �k�h�k�l�h�y�g�b�_ �^�e�y �^�e�b�l�_�e�v�g�h�]�h �o�j�Z�g�_�g�b�y �\ �b�k�l�h�q�g�b�d�_. 

�F�_�l�h�^�b�d�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �h�l�j�Z�[�h�l�d�b �D�L�F �b �;�F  

�<�Z�d�m�m�f�b�j�h�\�Z�g�b�_ �\�g�m�l�j�_�g�g�_�c �i�h�e�h�k�l�b �f�b�r�_�g�b, �]�Z�a�h�\�u�o �d�h�f�f�m�g�b�d�Z�p�b�c �b 
�k�b�k�l�_�f�u �g�Z�i�h�e�g�_�g�b�y �h�k�m�s�_�k�l�\�e�y�_�l�k�y �^�h �h�k�l�Z�l�h�q�g�h�]�h �^�Z�\�e�_�g�b�y �g�_ �[�h�e�_�_  
10–3 �I�Z. �<�Z�d�m�m�f�b�j�h�\�Z�g�b�_ �a�Z�s�b�l�g�h�]�h �d�h�`�m�o�Z, �y�\�e�y�x�s�_�]�h�k�y �\�l�h�j�u�f �j�m�[�_�`�h�f 
�a�Z�s�b�l�u �k�b�k�l�_�f�u �g�Z�i�h�e�g�_�g�b�y �f�b�r�_�g�b, �h�k�m�s�_�k�l�\�e�y�_�l�k�y �^�h �h�k�l�Z�l�h�q�g�h�]�h �^�Z�\�e�_-
�g�b�y �g�_ �[�h�e�_�_ 1 �I�Z. 

�A�Z�i�h�e�g�_�g�b�_ �f�b�r�_�g�b �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �k�e�_�^�m�x�s�b�f �h�[-
�j�Z�a�h�f. �B�k�l�h�q�g�b�d BS1 �k�h�_�^�b�g�y�_�l�k�y �k �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �h�l�\�Z�d�m�m�f�b�j�h�\�Z�g�g�u�f�b �k�b-
�k�l�_�f�h�c �g�Z�i�h�e�g�_�g�b�y �b �f�b�r�_�g�v�x (�j�b�k.15) �b �i�j�h�b�a�\�h�^�b�l�k�y �_�]�h �g�Z�]�j�_�\ �^�h �l�_�f�i�_�j�Z-
�l�m�j�u, �h�[�_�k�i�_�q�b�\�Z�x�s�_�c �g�_�h�[�o�h�^�b�f�h�_ �^�Z�\�e�_�g�b�_ �a�Z�^�Z�g�g�h�]�h �b�a�h�l�h�i�Z �\�h�^�h�j�h�^�Z. �A�Z-
�\�b�k�b�f�h�k�l�b �j�Z�\�g�h�\�_�k�g�h�]�h �^�Z�\�e�_�g�b�y �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z �g�Z�^ �]�b�^�j�b�^�h�f �m�j�Z�g�Z �h�l 
�l�_�f�i�_�j�Z�l�m�j�u �b�f�_�x�l �\�b�:̂ logP(�I�Z) = -4590/T+11,59; logP(�I�Z) = –4500/T+11,56 
�b logP(�I�Z) = –4471/T+11,73 �^�e�y, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �i�j�h�l�b�y, �^�_�c�l�_�j�b�y �b �l�j�b�l�b�y [32]. 
�B�a �w�l�b�o �^�Z�g�g�u�o �k�e�_�^�m�_�l, �q�l�h �^�e�y �a�Z�i�h�e�g�_�g�b�y �f�b�r�_�g�b �]�Z�a�h�f �^�h �^�Z�\�e�_�g�b�y 1 �[�Z�j 
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�^�h�k�l�Z�l�h�q�_�g �g�Z�]�j�_�\ �b�k�l�h�q�g�b�d�h�\ �^�h �l�_�f�i�_�j�Z�l�m�j�u (680�y705) �D, �i�j�b �d�h�f�g�Z�l�g�h�c 
�l�_�f�i�_�j�Z�l�m�j�_ �^�Z�\�e�_�g�b�_ �l�j�b�l�b�y �k�h�k�l�Z�\�e�y�_�l �\�_�e�b�q�b�g�m 7�1̃0–4 �I�Z. 

�I�h�k�e�_ �a�Z�\�_�j�r�_�g�b�y �i�j�h�p�_�k�k�Z �a�Z�i�h�e�g�_�g�b�y �h�l�d�e�x�q�Z�_�l�k�y �g�Z�]�j�_�\ �b�k�l�h�q�g�b�d�Z 
BS1. �I�j�b �h�o�e�Z�`�^�_�g�b�b �b�k�l�h�q�g�b�d�h�\ �i�j�h�b�k�o�h�^�b�l �h�[�j�Z�l�g�h�_ �i�h�]�e�h�s�_�g�b�_ �\�u�^�_-
�e�_�g�g�h�]�h �]�Z�a�Z �b�a �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �]�Z�a�h�\�u�o �d�h�f�f�m�g�b�d�Z�p�b�c. �W�l�h �i�h�a�\�h�e�y�_�l, 
�k �h�^�g�h�c �k�l�h�j�h�g�u, �f�g�h�]�h�d�j�Z�l�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �h�^�b�g �b �l�h�l �`�_ �]�Z�a, �Z �k �^�j�m�]�h�c, �q�l�h 
�y�\�e�y�_�l�k�y �[�h�e�_�_ �k�m�s�_�k�l�\�_�g�g�u�f, �f�Z�d�k�b�f�Z�e�v�g�h �m�f�_�g�v�r�b�l�v �d�h�e�b�q�_�k�l�\�h �l�j�b�l�b�y, 
�m�o�h�^�y�s�_�]�h �\ �k�b�k�l�_�f�m �m�l�b�e�b�a�Z�p�b�b. 

�>�e�y �^�h�k�l�b�`�_�g�b�y �\�u�k�h�d�h�c �l�h�q�g�h�k�l�b �j�_�]�b�k�l�j�Z�p�b�b �k�i�_�d�l�j�h�\ �a�Z�j�y�`�_�g�g�u�o 
�q�Z�k�l�b�p – �i�j�h�^�m�d�l�h�\ �y�^�_�j�g�u�o �j�_�Z�d�p�b�c, �\ �q�Z�k�l�g�h�k�l�b �i�j�h�l�h�g�Z, �g�_�h�[�o�h�^�b�f�h �k �\�u-
�k�h�d�h�c �l�h�q�g�h�k�l�v�x �a�g�Z�l�v �a�g�Z�q�_�g�b�_ �m�]�e�Z �f�_�`�^�m �g�Z�i�j�Z�\�e�_�g�b�_�f �^�\�b�`�_�g�b�y �[�h�f�[�Z�j-
�^�b�j�m�x�s�_�]�h �y�^�j�Z �b �j�h�^�b�\�r�_�c�k�y �a�Z�j�y�`�_�g�g�h�c �q�Z�k�l�b�p�u. �W�l�h �h�[�k�l�h�y�l�_�e�v�k�l�\�h �l�j�_-
�[�m�_�l �k�h�a�^�Z�g�b�y �\ �f�b�r�_�g�y�o �\�u�k�h�d�h�c �i�e�h�l�g�h�k�l�b �b �j�Z�\�g�h�f�_�j�g�h�k�l�b �j�Z�k�i�j�_�^�_�e�_�g�b�y 
�y�^�_�j �i�h �h�[�t�_�f�m �f�b�r�_�g�b. �>�e�y �j�_�Z�e�b�a�Z�p�b�b �w�l�b�o �l�j�_�[�h�\�Z�g�b�c �i�j�h�b�a�\�h�^�b�l�k�y 
�h�o�e�Z�`�^�_�g�b�_ �f�b�r�_�g�_�c �^�h �j�Z�[�h�q�b�o �l�_�f�i�_�j�Z�l�m�j. �J�Z�[�h�q�Z�y �l�_�f�i�_�j�Z�l�m�j�Z �f�b�r�_�g�_�c 
�a�Z�\�b�k�b�l �h�l �^�Z�\�e�_�g�b�y �b �b�k�i�h�e�v�a�m�_�f�h�]�h �b�a�h�l�h�i�Z �\�h�^�h�j�h�^�Z �b �e�_�`�b�l �\ �^�b�Z�i�Z�a�h�g�_: 
�^�e�y �D�@�L�F – (18�y21) �D, �^�e�y �D�=�L�F – (23�y30) �D. 

�I�j�h�p�_�k�k �h�o�e�Z�`�^�_�g�b�y (�k�`�b�`�_�g�b�y) �]�Z�a�Z �\ �f�b�r�_�g�b �i�j�h�b�k�o�h�^�b�l �\ �k�e�_�^�m�x-
�s�_�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b. �<�g�m�l�j�_�g�g�y�y �i�h�e�h�k�l�v �<�D �\�Z�d�m�m�f�b�j�m�_�l�k�y �^�h �^�Z�\�e�_�g�b�y 
10-3 �I�Z. �K�b�k�l�_�f�Z �g�Z�i�h�e�g�_�g�b�y, �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �a�Z�i�h�e�g�_�g�g�Z�y �j�Z�[�h�q�b�f �]�Z�a�h�f, �q�_-
�j�_�a �]�Z�a�h�\�m�x �f�Z�]�b�k�l�j�Z�e�v �k�h�_�^�b�g�y�_�l�k�y �k �\�g�m�l�j�_�g�g�b�f �h�[�t�_�f�h�f �f�b�r�_�g�b. �A�Z�l�_�f 
�\�d�e�x�q�Z�_�l�k�y �d�j�b�h�j�_�n�j�b�`�_�j�Z�l�h�j �b �g�Z�q�b�g�Z�_�l�k�y �i�j�h�p�_�k�k �h�o�e�Z�`�^�_�g�b�y. �>�b�g�Z�f�b�d�Z 
�i�j�h�p�_�k�k�Z �h�o�e�Z�`�^�_�g�b�y �d�h�g�l�j�h�e�b�j�m�_�l�k�y �i�h �i�h�d�Z�a�Z�g�b�y�f �l�_�j�f�h�^�b�h�^�h�\ �L�>1 �b �L�>2, 
�a�Z�d�j�_�i�e�_�g�g�u�o �d �d�h�j�i�m�k�Z�f �e�h�`�_�f�_�g�l�h�\ �f�b�r�_�g�b. �I�j�b �h�i�j�_�^�_�e�_�g�b�b �l�_�f�i�_�j�Z�l�m-
�j�u �]�Z�a�Z �\�h �\�g�m�l�j�_�g�g�_�c �i�h�e�h�k�l�b �f�b�r�_�g�b �i�j�b�g�y�l�h �^�h�i�m�s�_�g�b�_, �q�l�h �i�j�b �m�k�l�Z�g�h-
�\�b�\�r�_�f�k�y �k�l�Z�l�b�q�_�k�d�h�f �j�_�`�b�f�_ �l�_�f�i�_�j�Z�l�m�j�Z �]�Z�a�Z �k �[�h�e�v�r�h�c �l�h�q�g�h�k�l�v�x �j�Z�\�g�y-
�_�l�k�y �l�_�f�i�_�j�Z�l�m�j�_ �d�h�j�i�m�k�Z �e�h�`�_�f�_�g�l�Z. �I�h�k�e�_ �^�h�k�l�b�`�_�g�b�y �l�j�_�[�m�_�f�h�c �l�_�f�i�_�j�Z-
�l�m�j�u �]�Z�a�Z �\ �f�b�r�_�g�b �k�b�k�l�_�f�Z �h�o�e�Z�`�^�_�g�b�y �i�_�j�_�\�h�^�b�l�k�y �\ �j�_�`�b�f �l�_�j�f�h�k�l�Z�[�b�e�b-
�a�Z�p�b�b, �h�[�_�k�i�_�q�b�\�Z�_�f�u�c �j�_�]�m�e�b�j�h�\�Z�g�b�_�f �w�e�_�d�l�j�b�q�_�k�d�b�o �i�Z�j�Z�f�_�l�j�h�\ �g�Z�]�j�_�\�Z-
�l�_�e�y �k �i�h�f�h�s�v�x �l�_�j�f�h�d�h�g�l�j�h�e�_�j�Z Lakeshore 335. �I�h�k�e�_ �a�Z�\�_�j�r�_�g�b�y �k�_�Z�g�k�Z 
�h�l�d�e�x�q�Z�_�l�k�y �h�o�e�Z�`�^�_�g�b�_, �\�d�e�x�q�Z�_�l�k�y �g�Z�]�j�_�\�Z�l�_�e�v, �f�b�r�_�g�v �h�l�_�i�e�y�_�l�k�y (�a�^�_�k�v 
�b �^�Z�e�_�_ �h�l�_�i�e�_�g�b�_ – �i�j�h�p�_�k�k �_�k�l�_�k�l�\�_�g�g�h�]�h �b�e�b �d�h�g�l�j�h�e�b�j�m�_�f�h�]�h �g�Z�]�j�_�\�Z �f�b-
�r�_�g�b �h�l �d�j�b�h�]�_�g�g�h�c �^�h �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u) �b �]�Z�a �m�^�Z�e�y�_�l�k�y �\ �k�b�k�l�_�f�m 
�g�Z�i�h�e�g�_�g�b�y. 

�N�m�g�d�p�b�h�g�Z�e�v�g�u�_ �b�k�i�u�l�Z�g�b�y �f�b�r�_�g�b �\ �k�h�k�l�Z�\�_  
�f�b�r�_�g�g�h�]�h �[�e�h�d�Z 

�N�m�g�d�p�b�h�g�Z�e�v�g�u�_ �b�k�i�u�l�Z�g�b�y �f�b�r�_�g�b �\ �k�h�k�l�Z�\�_ �f�b�r�_�g�g�h�]�h �[�e�h�d�Z 
�\�u�i�h�e�g�y�e�b�k�v �k �D�L�F (�D�=�L�F) �g�Z �k�l�_�g�^�_ (�j�b�k. 17). �I�h�k�e�_ �k�[�h�j�d�b �k�b�k�l�_�f�u 
�g�Z�i�h�e�g�_�g�b�y �;�F �k �f�b�r�_�g�v�x �b �m�k�l�Z�g�h�\�d�b �g�Z �<�D �i�j�h�\�h�^�b�e�Z�k�v �i�j�h�\�_�j�d�Z �g�Z 
�]�_�j�f�_�l�b�q�g�h�k�l�v �f�_�k�l �k�l�u�d�h�\�d�b �]�_�e�b�_�\�u�f �l�_�q�_�b�k�d�Z�l�_�e�_�f. 
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�J�b�k. 17. C�l�_�g�^ �^�e�y �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �h�l�j�Z�[�h�l�d�b �f�b�r�_�g�_�c �b �;�F  
 

�N�m�g�d�p�b�h�g�Z�e�v�g�u�_ �b�k�i�u�l�Z�g�b�y �f�b�r�_�g�b �g�Z�q�b�g�Z�e�b�k�v �k �\�Z�d�m�m�f�b�j�h�\�Z�g�b�y �_�_ 
�\�g�m�l�j�_�g�g�_�c �i�h�e�h�k�l�b, �]�Z�a�h�\�u�o �d�h�f�f�m�g�b�d�Z�p�b�c, �k�b�k�l�_�f�u �g�Z�i�h�e�g�_�g�b�y �b �<�D �^�h 
�h�k�l�Z�l�h�q�g�h�]�h �^�Z�\�e�_�g�b�y �g�_ �[�h�e�_�_ 10–3 �I�Z. �A�Z�i�h�e�g�_�g�b�_ �f�b�r�_�g�b �\�h�^�h�j�h�^�h�f 
�i�j�h�\�h�^�b�e�b �\ �g�_�k�d�h�e�v�d�h �w�l�Z�i�h�\, �\�h�^�h�j�h�^ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �a�Z�i�Z�k�Z�e�k�y �\ �_�f�d�h�k�l�b 
�b�a�\�_�k�l�g�h�]�h �h�[�t�_�f�Z, �a�Z�l�_�f �i�_�j�_�i�m�k�d�Z�e�k�y �\ �K�G, �i�h�k�e�_ �w�l�h�]�h �\ �i�h�e�h�k�l�v �f�b�r�_�g�b. 
�I�h�k�e�_ �m�k�l�Z�g�h�\�e�_�g�b�y �\ �K�G �b �f�b�r�_�g�b �g�_�h�[�o�h�^�b�f�h�]�h �^�Z�\�e�_�g�b�y �i�j�h�\�h�^�b�e�Z�k�v 
�i�j�h�p�_�^�m�j�Z �a�Z�o�h�e�Z�`�b�\�Z�g�b�y �f�b�r�_�g�b �k �i�h�f�h�s�v�x �]�_�e�b�_�\�h�]�h �d�j�b�h�j�_�n�j�b�`�_�j�Z�l�h�j�Z 
�^�h �j�Z�[�h�q�_�c �l�_�f�i�_�j�Z�l�m�j�u – 29 �D. �I�h�k�e�_ �^�h�k�l�b�`�_�g�b�y �l�j�_�[�m�_�f�h�c �l�_�f�i�_�j�Z�l�m�j�u 
�f�b�r�_�g�b �k�b�k�l�_�f�Z �h�o�e�Z�`�^�_�g�b�y �i�_�j�_�o�h�^�b�e�Z �\ �j�_�`�b�f �l�_�j�f�h�k�l�Z�[�b�e�b�a�Z�p�b�b. �< �o�h�^�_ 
�h�l�j�Z�[�h�l�d�b �j�_�`�b�f�h�\ �k�l�Z�[�b�e�b�a�Z�p�b�b �l�_�f�i�_�j�Z�l�m�j�u �f�b�r�_�g�b �[�u�e�b �i�h�^�h�[�j�Z�g�u 
�i�Z�j�Z�f�_�l�j�u PID �j�_�]�m�e�y�l�h�j�Z �l�_�j�f�h�d�h�g�l�j�h�e�_�j�Z Lakeshore 335, �i�h�a�\�h�e�b�\�r�b�_ 
�m�\�_�e�b�q�b�l�v �l�h�q�g�h�k�l�v �i�h�^�^�_�j�`�Z�g�b�y �a�Z�^�Z�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �k ±0,5 �D �^�h ± 0,002�D 
(�k�f. �j�b�k. 18). 

 

 
 

�J�b�k. 18. �H�l�j�Z�[�Z�l�d�Z �j�_�`�b�f�h�\ �k�l�Z�[�b�e�b�a�Z�p�b�b �l�_�f�i�_�j�Z�l�m�j�u. �H�d�h�g�q�Z�g�b�_ �j�b�k�m�g�d�Z �g�Z �k. 
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�J�b�k. 18. �H�d�h�g�q�Z�g�b�_ 
 
�A�Z�\�b�k�b�f�h�k�l�b �l�_�f�i�_�j�Z�l�m�j�u �h�l �\�j�_�f�_�g�b �i�j�_�^�k�l�Z�\�e�_�g�g�u�_ �g�Z �j�b�k�m�g�d�_ 19 

�k�h�h�l�\�_�l�k�l�\�m�x�l �i�h�d�Z�a�Z�g�b�y�f �l�_�j�f�h�^�b�h�^�h�\ �L�>1 �b �L�>2. �F�_�k�l�Z �j�Z�k�i�h�e�h�`�_�g�b�y 
�l�_�j�f�h�^�b�h�^�h�\ �g�Z �e�h�`�_�f�_�g�l�Z�o �i�h�d�Z�a�Z�g�u �g�Z �j�b�k. 20. 

�B�a �]�j�Z�n�b�d�Z �\�b�^�g�h, �q�l�h �\�j�_�f�y, �g�_�h�[�o�h�^�b�f�h�_ �^�e�y �a�Z�o�h�e�Z�`�b�\�Z�g�b�y �f�b�r�_�g�b 
�h�l �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u �^�h �l�_�f�i�_�j�Z�l�m�j�u 29 �D �b �k�l�Z�[�b�e�b�a�Z�p�b�b �i�j�b �w�l�h�f 
�a�g�Z�q�_�g�b�b, �k�h�k�l�Z�\�b�e�h ~ 2 �q�Z�k�Z. �I�j�b �k�l�Z�[�b�e�b�a�Z�p�b�b �l�_�f�i�_�j�Z�l�m�j�u �f�b�r�_�g�b �i�j�b 
�a�g�Z�q�_�g�b�b 29 �D �i�h �l�_�j�f�h�^�b�h�^�m �L�>1, �l�_�f�i�_�j�Z�l�m�j�Z �i�h �l�_�j�f�h�^�b�h�^�m �L�>2 
�k�l�Z�[�b�e�b�a�b�j�h�\�Z�e�Z�k�v �i�j�b �a�g�Z�q�_�g�b�b ~ 29,4 �D. �J�Z�a�e�b�q�b�_ �\ �i�h�d�Z�a�Z�g�b�y�o 
�l�_�j�f�h�^�b�h�^�h�\ �k�\�y�a�Z�g�h �k �b�o �g�Z�o�h�`�^�_�g�b�_�f �g�Z �j�Z�a�g�u�o �e�h�`�_�f�_�g�l�Z�o �f�b�r�_�g�b 
�b �g�_�^�h�k�l�Z�l�h�q�g�h�f �h�[�_�k�i�_�q�_�g�b�b �^�h�e�`�g�h�]�h �l�_�j�f�h�d�h�g�l�Z�d�l�Z �q�_�j�_�a �b�g�^�b�_�\�m�x 
�i�j�h�d�e�Z�^�d�m �f�_�`�^�m �g�b�f�b. �>�e�y �i�h�k�l�j�h�_�g�b�y �]�j�Z�n�b�d�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �i�h�d�Z�a�Z�g�b�y 
�l�_�j�f�h�^�b�h�^�Z �L�>1. �I�h �a�Z�\�_�j�r�_�g�b�b �i�y�l�b �q�Z�k�h�\�h�c �\�u�^�_�j�`�d�b �i�j�h�\�h�^�b�e�Z�k�v 
�i�j�h�p�_�^�m�j�Z �h�l�_�i�e�_�g�b�y �f�b�r�_�g�b. �<�j�_�f�y �h�l�_�i�e�_�g�b�y �f�b�r�_�g�b �^�h �d�h�f�g�Z�l�g�h�c 
�l�_�f�i�_�j�Z�l�m�j�u �k�h�k�l�Z�\�e�y�e�h  ~ 33 �q�Z�k�Z. 

  

 
 

�J�b�k. 19. �=�j�Z�n�b�d �b�a�f�_�g�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �f�b�r�_�g�b �\ �i�j�h�p�_�k�k�_
�a�Z�o�h�e�Z�`�b�\�Z�g�b�y �b �\ �o�h�^�_ �^�Z�e�v�g�_�c�r�_�c �\�u�^�_�j�`�d�b �i�j�b
                                   �a�Z�^�Z�g�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ 

 �J�b�k. 20. �F�_�k�l�Z �m�k�l�Z-
�g�h�\�d�b �l�_�j�f�h�^�b�h�^�h�\ �g�Z
        �e�h�`�_�f�_�g�l�Z�o 
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�L�_�j�f�h�p�b�d�e�b�q�_�k�d�b�_ �b�k�i�u�l�Z�g�b�y 

�< �o�h�^�_ �k�_�Z�g�k�Z �i�h �b�a�f�_�j�_�g�b�x �n�b�a�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\, �i�j�h�l�_�d�Z�x�s�b�o 
�\ �D�L�F �\ �i�j�h�p�_�k�k�_ �_�_ �w�d�k�i�h�a�b�p�b�b �g�Z �j�Z�^�b�h�Z�d�l�b�\�g�h�f �i�m�q�d�_ �n�j�Z�]�f�_�g�l-
�k�_�i�Z�j�Z�l�h�j�Z �:�D�M�E�B�G�:-2 �i�e�Z�g�b�j�m�_�l�k�y �h�^�g�h�d�j�Z�l�g�h�_ �b�k�i�h�e�v�a�h�\�Z�g�b�_ �D�L�F. �H�-̂
�g�Z�d�h �\ �i�j�h�p�_�k�k�_ �k�_�Z�g�k�Z �\�h�a�f�h�`�g�h �\�h�a�g�b�d�g�h�\�_�g�b�_ �j�Z�a�e�b�q�g�u�o �g�_�i�j�_�^�\�b�^�_�g�g�u�o 
�h�[�k�l�h�y�l�_�e�v�k�l�\, �g�Z�i�j�b�f�_�j, �^�e�b�l�_�e�v�g�h�_ �\�u�d�e�x�q�_�g�b�_ �m�k�d�h�j�b�l�_�e�y. �W�l�h �i�j�b�\�_�^�_�l 
�d �g�_�h�[�o�h�^�b�f�h�k�l�b �i�j�h�\�_�^�_�g�b�y �h�l�_�i�e�_�g�b�y �D�L�F �g�Z �g�_�h�i�j�_�^�_�e�_�g�g�u�c �k�j�h�d. �L�Z�d�b�f 
�h�[�j�Z�a�h�f, �\�h�a�g�b�d�Z�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �h�i�j�_�^�_�e�_�g�b�y �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b �D�L�F 
�\ �m�k�e�h�\�b�y�o �f�g�h�]�h�d�j�Z�l�g�h�]�h �b�a�f�_�g�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �\ �p�b�d�e�Z�o «�h�o�e�Z�`�^�_�g�b�_ – 
�\�u�^�_�j�`�d�Z �i�j�b �j�Z�[�h�q�_�c �l�_�f�i�_�j�Z�l�m�j�_ – �h�l�_�i�e�_�g�b�_». 

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �j�_�k�m�j�k�Z �D�@�L�F �\ �o�h�^�_ �i�j�h�\�_�^�_�g�b�y �l�_�j�f�h�p�b�d�e�b�q�_�k�d�b�o 
�b�k�i�u�l�Z�g�b�c �[�u�e�h �i�j�h�\�_�^�_�g�h 11 �p�b�d�e�h�\ �a�Z�o�h�e�Z�`�b�\�Z�g�b�y �b �\�u�^�_�j�`�d�b �f�b�r�_�g�b 
�\ �l�_�q�_�g�b�b 5 �q�Z�k�h�\ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 15 �D �k �i�h�k�e�_�^�m�x�s�b�f �h�l�_�i�e�_�g�b�_�f �^�h 
�d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u, �Z �l�Z�d�`�_ �h�^�g�h�d�j�Z�l�g�h�_ �a�Z�o�h�e�Z�`�b�\�Z�g�b�_ �k�h �k�d�h�j�k�l�v�x 
0,005 �D/�f�b�g �^�h 15 �D �k �\�j�_�f�_�g�_�f �\�u�^�_�j�`�d�b �^�h 100 �q�Z�k�h�\ �b �h�l�_�i�e�_�g�b�_�f �^�h �d�h�f-
�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u. �M�k�e�h�\�b�y �i�j�h�\�_�^�_�g�b�y �j�_�k�m�j�k�g�u�o �b�k�i�u�l�Z�g�b�c �D�@�L�F 
�i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 6. 
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1 H2 0,9 �d�h�f�g. 15 �F 5 �F 11 

2 H2 0,3 �d�h�f�g. 15 0,005 100 0,005 1 

 
�=�j�Z�n�b�d�b �b�a�f�_�g�_�g�b�y �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z (�i�j�h�l�b�y) �\ �D�@�L�F �h�l �l�_�f�i�_�j�Z�l�m�j�u 

�i�j�b�\�_�^�_�g�u �g�Z �j�b�k. 21. 
�>�e�y �h�i�j�_�^�_�e�_�g�b�y �j�_�k�m�j�k�Z �D�=�L�F �[�u�e�h �i�j�h�\�_�^�_�g�h 10 �p�b�d�e�h�\ �a�Z�o�h�e�Z�`�b-

�\�Z�g�b�y �b �\�u�^�_�j�`�d�b �f�b�r�_�g�b �\ �l�_�q�_�g�b�b 5 �q�Z�k�h�\ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 29 �D 
�k �i�h�k�e�_�^�m�x�s�b�f �h�l�_�i�e�_�g�b�_�f �^�h �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u, �h�^�g�h�d�j�Z�l�g�h�_ 
�a�Z�o�h�e�Z�`�b�\�Z�g�b�_ �^�h 29 �D �k �\�j�_�f�_�g�_�f �\�u�^�_�j�`�d�b 100 �q�Z�k�h�\ �b �h�^�g�h�d�j�Z�l�g�h�_ 
�a�Z�o�h�e�Z�`�b�\�Z�g�b�_ �^�h 15 �D �k �\�j�_�f�_�g�_�f �\�u�^�_�j�`�d�b 3 �q�Z�k�Z, �Z �l�Z�d�`�_ �b�k�i�u�l�Z�g�b�y 
�k �j�Z�a�g�u�f�b �b�k�o�h�^�g�u�f�b �^�Z�\�e�_�g�b�y�f�b �i�j�h�l�b�y �b �^�_�c�l�_�j�b�y �i�j�b �h�o�e�Z�`�^�_�g�b�b �h�l 30 �D 
�^�h 15 �D �b �k�_�j�b�y �b�k�i�u�l�Z�g�b�c �k �j�Z�a�g�u�f�b �k�d�h�j�h�k�l�y�f�b �h�o�e�Z�`�^�_�g�b�y �b �h�l�_�i�e�_�g�b�y. 
�M�k�e�h�\�b�y �i�j�h�\�_�^�_�g�b�y �j�_�k�m�j�k�g�u�o �b�k�i�u�l�Z�g�b�c �D�=�L�F �i�j�b�\�_�^�_�g�u �\ �l�Z�[�e. 7. 
�=�j�Z�n�b�d�b �b�a�f�_�g�_�g�b�y �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z (�i�j�h�l�b�y �b �^�_�c�l�_�j�b�y) �\ �D�=�L�F �h�l 
�l�_�f�i�_�j�Z�l�m�j�u �i�h�d�Z�a�Z�g�u �g�Z �j�b�k. 22. 
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�J�b�k. 21. �=�j�Z�n�b�d�b �b�a�f�_�g�_�g�b�y �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z �\ �D�@�L�F �h�l �l�_�f�i�_�j�Z�l�m�j�u: (�Z) – �a�Z�o�h�e�Z-
�`�b�\�Z�g�b�_ �b �\�u�^�_�j�`�d�Z �f�b�r�_�g�b �\ �l�_�q�_�g�b�b 5 �q�Z�k�h�\ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 15 �D; (�[) – �a�Z�o�h�e�Z�`�b- 
   �\�Z�g�b�y �b �h�l�_�i�e�_�g�b�_ �f�b�r�_�g�b �k�h �k�d�h�j�h�k�l�v�x 0,005 �D/�f�b�g �b �\�u�^�_�j�`�d�_ 100 �q�Z�k�h�\ �i�j�b 15 �D 
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1 H2 0,9 �d�h�f�g. 29 �F 5 �F 10 

2 H2 0,9 �d�h�f�g. 29 �F 100 �F 1 

3 H2 0,9 �d�h�f�g. 15 �F 3 0,3 1 

4–6 H2 0,9/0,6/0,3 30 15 �F 0,1 0,3 3 

7–9 D2 0,9/0,6/0,3 30 15 �F 0,1 0,3 3 

10 D2 0,9 30 15 0,01 0,1 0,01 1 

11 D2 0,9 30 15 0,05 0,1 0,05 1 

12 D2 0,9 30 15 0,1 0,1 0,1 1 

13 D2 0,9 30 15 0,2 0,1 0,2 1 

14 D2 0,9 30 15 0,5 0,1 0,5 1 

15 D2 0,9 30 15 1 0,1 1 1 
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�J�b�k. 22. �=�j�Z�n�b�d �b�a�f�_�g�_�g�b�y �^�Z�\�e�_�g�b�y �\�h�^�h�j�h�^�Z �\ �D�=�L�F �h�l �l�_�f�i�_�j�Z�l�m�j�u: (�Z) – �a�Z�o�h�e�Z�`�b-
�\�Z�g�b�_ �b �\�u�^�_�j�`�d�Z �f�b�r�_�g�b �\ �l�_�q�_�g�b�b 5 �q�Z�k�h�\ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 29 �D; (�[) –�a�Z�o�h�e�Z�`�b�\�Z�g�b�_ 
�b �\�u�^�_�j�`�d�Z �f�b�r�_�g�b �k �g�Z�q�Z�e�v�g�u�f�b �^�Z�\�e�_�g�b�y�f�b �i�j�h�l�b�y 0,3/0,6/0,9 �[�Z�j �\ �l�_�q�_�g�b�b 5 �f�b�g�m�l 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 15 �D; (�\) – �a�Z�o�h�e�Z�`�b�\�Z�g�b�_ �b �\�u�^�_�j�`�d�Z �f�b�r�_�g�b �k �g�Z�q�Z�e�v�g�u�f�b �^�Z�\�e�_�g�b-
�y�f�b �^�_�c�l�_�j�b�y 0,3/0,6/0,9 �[�Z�j �\ �l�_�q�_�g�b�b 5 �f�b�g�m�l �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 15 �D; (�]) – �a�Z�o�h�e�Z�`�b�\�Z�g�b�_  
                    �b �h�l�_�i�e�_�g�b�_ �f�b�r�_�g�b �k �j�Z�a�g�u�f�b �k�d�h�j�h�k�l�y�f�b �h�o�e�Z�`�^�_�g�b�y �b �g�Z�]�j�_�\�Z 

�I�j�h�\�_�^�_�g�b�_ �i�j�h�q�g�h�k�l�g�u�o �b�k�i�u�l�Z�g�b�c 

�P�_�e�v�x �^�Z�g�g�u�o �b�k�i�u�l�Z�g�b�c �y�\�e�y�_�l�k�y �i�h�e�m�q�_�g�b�_ �a�g�Z�q�_�g�b�y �g�_�k�m�s�_�c �k�i�h-
�k�h�[�g�h�k�l�b �f�b�r�_�g�b, �i�j�h�r�_�^�r�_�c �i�h�e�g�u�c �p�b�d�e �l�_�j�f�h�p�b�d�e�b�q�_�k�d�b�o �b�k�i�u�l�Z�g�b�c, 
�l. �_. �f�b�r�_�g�v �^�h�e�`�g�Z �[�u�l�v �j�Z�a�j�m�r�_�g�Z �\�g�m�l�j�_�g�g�b�f �^�Z�\�e�_�g�b�_�f �\�h�^�h�j�h�^�Z. �I�j�b-
�q�_�f �k�d�h�j�h�k�l�v �g�Z�]�j�m�`�_�g�b�y �^�h�e�`�g�Z �b�f�b�l�b�j�h�\�Z�l�v �k�d�h�j�h�k�l�v �i�h�\�u�r�_�g�b�y �^�Z�\�e�_�g�b�y 
�\ �i�j�h�p�_�k�k�_ �h�l�_�i�e�_�g�b�y.  

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �i�j�h�q�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �f�b�r�_�g�_�c �b�k�i�u�l�Z�g�b�y�f �i�h�-̂
�\�_�j�]�Z�e�Z�k�v �h�^�g�Z �D�L�F �[�_�a �\�g�m�l�j�_�g�g�_�]�h �g�Z�i�h�e�g�_�g�b�y (�h�l�k�m�l�k�l�\�m�x�l �f�_�f�[�j�Z�g�u �F1) 
�b �[�_�a �]�_�l�l�_�j�Z, �q�_�l�u�j�_ �D�L�F �[�_�a �]�_�l�l�_�j�Z �b �h�^�g�Z �D�L�F �k �h�l�d�Z�q�_�g�g�u�f �\�l�h�j�u�f �j�m-
�[�_�`�h�f �a�Z�s�b�l�u (�b�f�b�l�Z�p�b�y �]�_�l�l�_�j�Z). 

�B�k�i�u�l�Z�g�b�y �i�j�h�\�h�^�b�e�b�k�v �g�Z �k�i�_�p�b�Z�e�v�g�h�f �k�l�_�g�^�_ (�k�f. �j�b�k. 23) �k �b�k�i�h�e�v-
�a�h�\�Z�g�b�_�f �g�Z�]�j�m�`�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �g�Z �b�k�o�h�^�g�u�o �D�L�F (�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �g�_ �i�h�-̂
�\�_�j�]�Z�\�r�b�o�k�y �b�k�i�u�l�Z�g�b�y�f) �^�Z�\�e�_�g�b�_�f �\�h�a�^�m�o�Z �\ �g�h�j�f�Z�e�v�g�u�o �l�_�f�i�_�j�Z�l�m�j�g�u�o 
�m�k�e�h�\�b�y�o. �G�Z�]�j�m�`�_�g�b�_ �f�b�r�_�g�_�c �i�j�h�b�k�o�h�^�b�e�h �k�h �k�d�h�j�h�k�l�v�x �g�_ �[�h�e�_�_ 1 �[�Z�j 
�\ �f�b�g�m�l�m �^�h �i�h�e�g�h�]�h �j�Z�a�j�m�r�_�g�b�y �f�_�f�[�j�Z�g �f�b�r�_�g�b, �^�Z�\�e�_�g�b�_ �j�Z�a�j�m�r�_�g�b�y 
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�n�b�d�k�b�j�h�\�Z�e�h�k�v �^�Z�l�q�b�d�h�f �^�Z�\�e�_�g�b�y DD. �O�Z�j�Z�d�l�_�j�g�u�c �\�b� ̂ �D�L�F �i�h�k�e�_ �i�j�h�q-
�g�h�k�l�g�u�o �b�k�i�u�l�Z�g�b�c �i�h�d�Z�a�Z�g �g�Z �j�b�k. 24, �Z �\�b� ̂�]�j�Z�n�b�d�h�\ �g�Z�]�j�m�`�_�g�b�y �i�h�d�Z�a�Z�g �g�Z 
�j�b�k. 25. �I�j�h�q�g�h�k�l�g�u�_ �b�k�i�u�l�Z�g�b�y �i�h�d�Z�a�Z�e�b, �q�l�h �j�Z�a�j�m�r�_�g�b�_ �D�L�F �i�j�h�b�k�o�h�^�b�l 
�\ �j�_�a�m�e�v�l�Z�l�_ �h�l�j�u�\�Z �f�_�f�[�j�Z�g�u �\ �a�h�g�_ �k�\�Z�j�g�h�]�h �k�h�_�^�b�g�_�g�b�y. 

 

  

�Z �[ 
 

�J�b�k. 23. �G�Z�]�j�m�`�g�h�_ �m�k�l�j�h�c�k�l�\�h (�Z) �b �k�o�_�f�Z �k�l�_�g�^�Z �^�e�y �i�j�h�q�g�h�k�l�g�u�o �b�k�i�u�l�Z�g�b�c (�[):  
                               DD – �^�Z�l�q�b�d �^�Z�\�e�_�g�b�y; V�I  - �\�_�g�l�b�e�b; �D�L�F-�f�b�r�_�g�v 
 

 
 

�J�b�k. 24. �O�Z�j�Z�d�l�_�j�g�u�c �\�b� ̂�D�L�F �i�h�k�e�_ �i�j�h�q�g�h�k�l�g�u�o �b�k�i�u�l�Z�g�b�c 
 

 
 

�J�b�k. 25. �=�j�Z�n�b�d �g�Z�]�j�m�`�_�g�b�y �D�L�F 1 – �\�g�_�r�g�y�y �f�_�f�[�j�Z�g�Z �D�L�F; 2,3,4,5 – �\�g�m�l�j�_�g�g�y�y  
 �f�_�f�[�j�Z�g�Z �D�L�F; 6 – �\�g�m�l�j�_�g�g�y�y �f�_�f�[�j�Z�g�Z �k �h�l�d�Z�q�_�g�g�u�f �f�_�`�f�_�f�[�j�Z�g�g�u�f �i�j�h�k�l�j�Z�g�k�l�\�h�f 
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�J�Z�a�j�m�r�_�g�b�_ �f�_�f�[�j�Z�g �f�b�r�_�g�b �i�h �j�_�a�m�e�v�l�Z�l�Z�f �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�o �b�k�i�u-
�l�Z�g�b�c �^�Z�\�e�_�g�b�_�f �\�h�a�^�m�o�Z �i�j�b �g�h�j�f�Z�e�v�g�u�o �d�e�b�f�Z�l�b�q�_�k�d�b�o �m�k�e�h�\�b�y�o �i�j�h�b�k�o�h-
�^�b�e�h �\ �a�h�g�_ �k�\�Z�j�g�h�]�h �k�h�_�^�b�g�_�g�b�y. �J�Z�a�j�m�r�_�g�b�_ �\�g�_�r�g�b�o �f�_�f�[�j�Z�g �f�b�r�_�g�b 
�i�j�h�b�k�o�h�^�b�l �i�j�b �g�Z�]�j�m�`�_�g�b�b �f�b�r�_�g�b �^�h 2,9á�[�Z�j (�d�j�b�\�Z�y 1 �g�Z �j�b�k. 25). �J�Z�a�j�m-
�r�_�g�b�_ �\�g�m�l�j�_�g�g�b�o �f�_�f�[�j�Z�g �f�b�r�_�g�_�c �n�b�d�k�b�j�h�\�Z�e�h�k�v �\ �b�g�l�_�j�\�Z�e�_ �^�Z�\�e�_�g�b�c 
�h�l 5á�^�h 6,5á�[�Z�j (�d�j�b�\�u�_ 2–6 �g�Z �j�b�k. 25). �J�Z�a�j�m�r�_�g�b�_ �\�g�m�l�j�_�g�g�_�c �f�_�f�[�j�Z�g�u 
�\ �f�b�r�_�g�b �k �h�l�d�Z�q�_�g�g�u�f �f�_�`�f�_�f�[�j�Z�g�g�u�f �i�j�h�k�l�j�Z�g�k�l�\�h�f �i�j�h�b�a�h�r�e�h �i�j�b 
5,5á�[�Z�j (�d�j�b�\�Z�y 6 �g�Z �j�b�k. 25).  

�I�h �k�h�\�h�d�m�i�g�h�k�l�b �b�k�i�u�l�Z�g�b�c �i�h�e�m�q�_�g�Z �\�u�[�h�j�d�Z �b�a 5 �a�g�Z�q�_�g�b�c �^�Z�\�e�_�g�b�y 
�j�Z�a�j�m�r�_�g�b�y  �\�g�m�l�j�_�g�g�_�c �f�_�f�[�j�Z�g�u �f�b�r�_�g�b �k�h �k�e�_�^�m�x�s�b�f�b �i�Z�j�Z�f�_�l�j�Z�f�b: 

= 5,98á�[�Z�j – �k�j�_�^�g�_�_ �i�j�_�^�_�e�v�g�h�_ �^�Z�\�e�_�g�b�_ �\�_�e�b�q�b�g�u ; 

= 0,66á�[�Z�j – �k�j�_�^�g�_�_ �d�\�Z�^�j�Z�l�b�q�_�k�d�h�_ �h�l�d�e�h�g�_�g�b�_ �\�_�e�b�q�b�g�u . 

�I�j�b�g�b�f�Z�y �g�h�j�f�Z�e�v�g�u�c �a�Z�d�h�g �j�Z�k�i�j�_�^�_�e�_�g�b�y �i�j�_�^�_�e�v�g�h�]�h �^�Z�\�e�_�g�b�y 
(�^�Z�\�e�_�g�b�y �j�Z�a�j�m�r�_�g�b�y) �\�g�m�l�j�_�g�g�_�c �f�_�f�[�j�Z�g�u �f�b�r�_�g�b, �i�h�e�m�q�b�f: �\�_�j�h�y�l�g�h�k�l�v 
�g�_�j�Z�a�j�m�r�_�g�b�y �\�g�m�l�j�_�g�g�_�c �f�_�f�[�j�Z�g�u �f�b�r�_�g�b �i�j�b �f�Z�d�k�b�f�Z�e�v�g�h�f �j�Z�[�h�q�_�f 
�^�Z�\�e�_�g�b�b = 1 �[�Z�j �k�h�k�l�Z�\�e�y�_�l �• 0,999999; �g�b�`�g�y�y �^�h�\�_�j�b�l�_�e�v�g�Z�y �]�j�Z�g�b�p�Z 

�k�h�k�l�Z�\�e�y�_�l 3,94á�[�Z�j (�i�j�b �^�h�\�_�j�b�l�_�e�v�g�h�c �\�_�j�h�y�l�g�h�k�l�b 0,999) [33]. �G�Z �h�k�g�h�\�Z-
�g�b�b �w�l�h�]�h �f�h�`�g�h �m�l�\�_�j�`�^�Z�l�v, �q�l�h �d�h�w�n�n�b�p�b�_�g�l �a�Z�i�Z�k�Z �i�j�h�q�g�h�k�l�b �i�h �i�j�_�^�_�e�v-
�g�h�c �g�Z�]�j�m�a�d�_ �k�h�k�l�Z�\�e�y�_�l �[�h�e�_�_ 3,5. 

�>�e�b�l�_�e�v�g�h�_ �o�j�Z�g�_�g�b�_ 

�I�h�k�e�_ �b�a�]�h�l�h�\�e�_�g�b�y �f�b�r�_�g�_�c, �i�j�h�f�_�`�m�l�h�q�g�h�_ �i�j�h�k�l�j�Z�g�k�l�\�h �f�_�`�^�m 
�\�g�_�r�g�b�f�b �b �\�g�m�l�j�_�g�g�b�f�b �f�_�f�[�j�Z�g�Z�f�b �f�b�r�_�g�b �g�Z�o�h�^�b�l�k�y �\ �h�l�\�Z�d�m�m�f�b�j�h�\�Z�g-
�g�h�f �k�h�k�l�h�y�g�b�b �b �k�h�_�^�b�g�_�g�h �k �]�_�l�l�_�j�h�f. �< �w�l�h�c �k�b�l�m�Z�p�b�b �g�Z �f�_�f�[�j�Z�g�u �^�_�c-
�k�l�\�m�_�l �i�_�j�_�i�Z�^ �^�Z�\�e�_�g�b�y 1 �[�Z�j. �<�j�_�f�y �o�j�Z�g�_�g�b�y �h�l �f�h�f�_�g�l�Z �b�a�]�h�l�h�\�e�_�g�b�y �^�h 
�b�k�i�h�e�v�a�h�\�Z�g�b�y �f�b�r�_�g�b �i�h �g�Z�a�g�Z�q�_�g�b�x �g�_ �h�i�j�_�^�_�e�_�g�h. �< �k�\�y�a�b �k �w�l�b�f �i�h�l�j�_-
�[�h�\�Z�e�h�k�v �a�Z�e�h�`�b�l�v �g�Z �h�i�_�j�_�`�Z�x�s�_�_ �o�j�Z�g�_�g�b�_ �f�Z�d�_�l �f�b�r�_�g�b, �\ �o�h�^�_ �d�h�l�h�j�h�]�h 
�i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �h�i�j�_�^�_�e�b�l�v �\�h�a�f�h�`�g�h�k�l�v �j�Z�a�]�_�j�f�_�l�b�a�Z�p�b�b.  

�< �k�\�y�a�b �k �w�l�b�f �\�u�[�j�Z�g�Z �k�e�_�^�m�x�s�Z�y �i�j�h�p�_�^�m�j�Z �i�j�h�\�_�^�_�g�b�y �j�Z�[�h�l. �F�Z�d�_�l 
�D�@�L�F (�^�Z�g�g�u�c �l�b�i �f�b�r�_�g�_�c �[�u�e �\�u�[�j�Z�g �k �m�q�_�l�h�f �[�h�e�_�_ �`�_�k�l�d�b�o �m�k�e�h�\�b�c 
�w�d�k�i�e�m�Z�l�Z�p�b�b) �k �m�k�l�Z�g�h�\�e�_�g�g�u�f �\�f�_�k�l�h �]�_�l�l�_�j�Z �f�Z�g�h�f�_�l�j�h�f, �h�l�\�Z�d�m�m�f�b�j�h-
�\�Z�g�g�u�c �^�h �h�k�l�Z�l�h�q�g�h�]�h �^�Z�\�e�_�g�b�y 4 �I�Z, �a�Z�e�h�`�b�e�b (19.03.2022 �].) �\ �i�j�_�^�h�o�j�Z�g�b-
�l�_�e�v�g�m�x �l�Z�j�m �g�Z �^�e�b�l�_�e�v�g�u�c �k�j�h�d (�j�b�k. 26). �< �k�e�m�q�Z�_ �b�a�f�_�g�_�g�b�y �i�h�d�Z�a�Z�g�b�c 
�f�Z�g�h�f�_�l�j�Z, �g�h �g�_ �j�_�`�_ 1 �j�Z�a�Z �\ 6 �f�_�k�y�p�_�\ �i�j�h�\�h�^�y�l�k�y �b�k�i�u�l�Z�g�b�y �g�Z �]�_�j�f�_�l�b�q-
�g�h�k�l�v �f�b�r�_�g�b.  

�F�b�r�_�g�v, �a�Z�e�h�`�_�g�g�Z�y �g�Z �^�e�b�l�_�e�v�g�h�_ �o�j�Z�g�_�g�b�_, �k�h�o�j�Z�g�b�e�Z �j�Z�[�h�l�h�k�i�h-
�k�h�[�g�h�k�l�v �k�i�m�k�l�y 28 �f�_�k�y�p�_�\ �o�j�Z�g�_�g�b�y. �J�Z�[�h�l�u �i�h �^�e�b�l�_�e�v�g�h�f�m �o�j�Z�g�_�g�b�x 
�i�j�h�^�h�e�`�Z�x�l�k�y. 
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�J�b�k. 26. �D�@�L�F �\ �i�j�_�^�h�o�j�Z�g�b�l�_�e�v�g�h�c �l�Z�j�_ (�Z) �b �k�o�_�f�Z �f�b�r�_�g�g�h�c �k�[�h�j�d�b �^�e�y �o�j�Z�g�_�g�b�y (�[):  
                           �D�@�L�F – �f�b�r�_�g�v; �F – �f�Z�g�h�f�_�l�j; V�I 1- V�I 2 – �\�_�g�l�b�e�b 

�<�u�\�h�^�u 

1. �I�j�h�\�_�^�_�g�Z �h�l�j�Z�[�h�l�d�Z �l�_�o�g�h�e�h�]�b�b �e�Z�a�_�j�g�h�c �k�\�Z�j�d�b �f�b�r�_�g�_�c. �I�h �j�_-
�a�m�e�v�l�Z�l�Z�f �h�l�j�Z�[�h�l�d�b �h�i�j�_�^�_�e�_�g�u �i�Z�j�Z�f�_�l�j�u �j�_�`�b�f�Z �e�Z�a�_�j�g�h�c �k�\�Z�j�d�b. 

2. �<�u�j�Z�[�h�l�Z�g�u �l�j�_�[�h�\�Z�g�b�y �d �b�a�]�h�l�h�\�e�_�g�b�x �^�_�l�Z�e�_�c �f�b�r�_�g�_�c, �k�\�Z�j�g�u�f 
�w�e�_�f�_�g�l�Z�f �b �h�k�g�Z�k�l�d�b �^�e�y �k�\�Z�j�d�b. 

3. �J�_�a�m�e�v�l�Z�l�u �f�_�l�Z�e�e�h�]�j�Z�n�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �i�h�d�Z�a�Z�e�b, �q�l�h �\ �k�\�Z�j-
�g�u�o �r�\�Z�o �^�_�n�_�d�l�u �l�b�i�Z �l�j�_�s�b�g, �i�h�j, �g�_�i�j�h�\�Z�j�h�\ �b �l. �i. �h�l�k�m�l�k�l�\�m�x�l. �H�i�l�b-
�f�Z�e�v�g�Z�y �]�e�m�[�b�g�Z �i�j�h�\�Z�j�Z �k�\�Z�j�b�\�Z�_�f�u�o �d�j�h�f�h�d �d�h�j�i�m�k�Z �b �d�h�e�v�p�Z �k�h�k�l�Z�\�e�y�_�l �h�l 
0,2 �^�h 0,4 �f�f , �i�j�b �w�l�h�f �\�u�k�h�l�Z �k�\�Z�j�b�\�Z�_�f�u�o �d�j�h�f�h�d �d�h�j�i�m�k�Z �^�h�e�`�g�Z �[�u�l�v �h�l 
0,75 �^�h 1,0 �f�f . 

4. �K�\�Z�j�b�\�Z�_�f�u�_ �^�_�l�Z�e�b �f�b�r�_�g�b (�d�h�j�i�m�k, �d�h�e�v�p�h) �k�e�_�^�m�_�l �b�a�]�h�l�Z�\�e�b�\�Z�l�v 
�b�a �k�l�Z�e�b 12�O18�G10�L-�<�>. �I�j�b �w�l�h�f �p�_�e�_�k�h�h�[�j�Z�a�g�h �i�j�h�\�h�^�b�l�v �\�o�h�^�g�h�c �d�h�g-
�l�j�h�e�v �f�_�l�Z�e�e�Z �g�Z �g�Z�e�b�q�b�_ �k�l�j�h�q�_�q�g�u�o �\�d�e�x�q�_�g�b�c �b �i�h �\�h�a�f�h�`�g�h�k�l�b �b�a�]�h�l�Z�\-
�e�b�\�Z�l�v �^�_�l�Z�e�b �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u �g�Z�i�j�Z�\�e�_�g�b�_ �i�j�h�d�Z�l�Z �i�h�e�m�n�Z�[�j�b�d�Z�l�Z �[�u-
�e�h �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �i�j�h�^�h�e�v�g�h�c �h�k�b �^�_�l�Z�e�b. 

5. �< �o�h�^�_ �j�_�k�m�j�k�g�u�o �b�k�i�u�l�Z�g�b�c �D�=�L�F �\�u�^�_�j�`�Z�e�Z 11 �p�b�d�e�h�\ �h�o�e�Z�`�^�_-
�g�b�y �^�h �j�Z�[�h�q�b�o �l�_�f�i�_�j�Z�l�m�j 29 �D, �k�h�o�j�Z�g�b�\ �]�_�j�f�_�l�b�q�g�h�k�l�v, �b �^�h�i�h�e�g�b�l�_�e�v�g�h 
13 �p�b�d�e�h�\ �h�o�e�Z�`�^�_�g�b�y �^�h �l�_�f�i�_�j�Z�l�m�j�u 15 �D, �^�e�y �i�h�^�l�\�_�j�`�^�_�g�b�y �j�Z�[�h�l�h�k�i�h-
�k�h�[�g�h�k�l�b �D�=�L�F �i�j�b �i�_�j�_�o�h�^�_ �q�_�j�_�a �l�h�q�d�m �h�`�b�`�_�g�b�y �\ �k�e�m�q�Z�_ �h�r�b�[�h�q�g�u�o 
�^�_�c�k�l�\�b�c �h�i�_�j�Z�l�h�j�Z. 

6. �D�@�L�F �\�u�^�_�j�`�Z�e�Z 12 �p�b�d�e�h�\ �h�o�e�Z�`�^�_�g�b�y �^�h �j�Z�[�h�q�b�o �l�_�f�i�_�j�Z�l�m�j 
15 �D, �k�h�o�j�Z�g�b�\ �]�_�j�f�_�l�b�q�g�h�k�l�v. 

7. �B�k�i�u�l�Z�g�b�y �f�b�r�_�g�_�c �b�a�[�u�l�h�q�g�u�f �^�Z�\�e�_�g�b�_�f �i�h�d�Z�a�Z�e�b, �q�l�h �g�_�k�m�s�Z�y 
�k�i�h�k�h�[�g�h�k�l�v �f�b�r�_�g�_�c �h�i�j�_�^�_�e�y�_�l�k�y �i�j�h�q�g�h�k�l�v�x �\�g�_�r�g�b�o �f�_�f�[�j�Z�g �b �[�h�e�_�_ 
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�q�_�f �\ 3,5 �j�Z�a�Z �\�u�r�_ �\�h�a�f�h�`�g�u�o �f�Z�d�k�b�f�Z�e�v�g�u�o �j�Z�[�h�q�b�o �^�Z�\�e�_�g�b�c, �Z �i�j�_�^�\�Z�j�b-
�l�_�e�v�g�Z�y �h�p�_�g�d�Z �i�j�h�q�g�h�k�l�g�h�c �g�Z�^�_�`�g�h�k�l�b �i�h �\�g�m�l�j�_�g�g�_�c �f�_�f�[�j�Z�g�_ �f�b�r�_�g�b 
�k�h�k�l�Z�\�e�y�_�l 0,999999 �i�j�b �^�h�\�_�j�b�l�_�e�v�g�h�c �\�_�j�h�y�l�g�h�k�l�b 0,999. 

8. �D�@�L�F, �a�Z�e�h�`�_�g�g�Z�y �g�Z �^�e�b�l�_�e�v�g�h�_ �o�j�Z�g�_�g�b�_, �k�h�o�j�Z�g�b�e�Z �j�Z�[�h�l�h�k�i�h-
�k�h�[�g�h�k�l�v �k�i�m�k�l�y 28 �f�_�k�y�p�_�\ �o�j�Z�g�_�g�b�y. �J�Z�[�h�l�u �i�h �^�e�b�l�_�e�v�g�h�f�m �o�j�Z�g�_�g�b�x �i�j�h-
�^�h�e�`�Z�x�l�k�y. 

�B�k�k�e�_�^�h�\�Z�g�b�_ �\�u�i�h�e�g�_�g�h �\ �j�Z�f�d�Z�o �g�Z�m�q�g�h�c �i�j�h�]�j�Z�f�f�u �G�Z�p�b�h�g�Z�e�v�g�h�]�h 
�p�_�g�l�j�Z �n�b�a�b�d�b �b �f�Z�l�_�f�Z�l�b�d�b, �g�Z�i�j�Z�\�e�_�g�b�_ �‹  8 «�N�b�a�b�d�Z �b�a�h�l�h�i�h�\ �\�h�^�h�j�h�^�Z». 
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�e�_�g�b�y �k�h�^�_�j�`�Z�g�b�y �^�_�c�l�_�j�b�y �\ �o�e�h�j�h�n�h�j�f�_ �\ �r�b�j�h�d�h�c �h�[�e�Z�k�l�b �d�h�g�p�_�g�l�j�Z-
�p�b�c �l�y�`�_�e�h�]�h �b�a�h�l�h�i�Z �f�_�l�h�^�h�f �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�f�_�l�j�b�b. �I�h�d�Z�a�Z�g�h, �q�l�h 
�a�g�Z�q�_�g�b�y �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �i�j�b �\�h�e�g�h�\�u�o �q�b�k�e�Z�o 1216 �k�f–1, 2253 �k�f–1 
�b 3019 �k�f–1 �b�f�_�x�l �e�b�g�_�c�g�m�x �a�Z�\�b�k�b�f�h�k�l�v �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �^�_�c�l�_�j�b�y. 
�=�j�Z�^�m�b�j�h�\�h�q�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b, �h�i�j�_�^�_�e�z�g�g�u�_ �m�^�h�[�g�u �^�e�y �^�Z�g�g�u�o �i�h�e�h�k 
�i�h�]�e�h�s�_�g�b�y, �m�^�h�[�g�u �^�e�y �j�Z�a�e�b�q�g�u�o �h�[�e�Z�k�l�_�c �d�h�g�p�_�g�l�j�Z�p�b�c �^�_�c�l�_�j�b�y. 
�F�_�l�h�^ �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�f�_�l�j�b�b �g�_ �q�m�\�k�l�\�b�l�_�e�_�g �d �i�j�b�f�_�k�y�f �\�h�^�u 
�\ �o�e�h�j�h�n�h�j�f�_ �\ �k�e�_�^�k�l�\�b�_ �f�Z�e�h�c �j�Z�k�l�\�h�j�b�f�h�k�l�b, �q�l�h �\ �k�h�\�h�d�m�i�g�h�k�l�b 
�k �w�d�k�i�j�_�k�k�g�h�k�l�v�x �b �f�Z�e�u�f �h�[�t�z�f�h�f �i�j�h�[�u �^�_�e�Z�_�l �^�Z�g�g�u�c �f�_�l�h�^ 
�g�Z�b�[�h�e�_�_ �i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�f �i�j�b �i�h�e�m�q�_�g�b�b �^�_�c�l�_�j�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�h-
�n�h�j�f�Z �f�_�l�h�^�h�f �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z. 

�<�\�_�^�_�g�b�_ 

�>�_�c�l�_�j�b�j�h�\�Z�g�g�u�_ �k�h�_�^�b�g�_�g�b�y, �b�o �k�b�g�l�_�a �b �i�h�e�m�q�_�g�b�_ �\ �l�_�q�_�g�b�_ �^�e�b-
�l�_�e�v�g�h�]�h �\�j�_�f�_�g�b �\�u�a�u�\�Z�x�l �b�g�l�_�j�_�k �b�k�k�e�_�^�h�\�Z�l�_�e�_�c �\�h �\�k�z�f �f�b�j�_. �I�j�b�q�b�g�Z 
�\ �l�h�f, �q�l�h �a�Z�f�_�g�Z �Z�l�h�f�Z �i�j�h�l�b�y �\ �k�h�_�^�b�g�_�g�b�b �g�Z �Z�l�h�f �^�_�c�l�_�j�b�y �i�j�b�\�h�^�b�l 
�d �b�a�f�_�g�_�g�b�x �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �\�_�s�_�k�l�\�Z. �>�Z�g�g�u�c �w�n�n�_�d�l �k�l�b�f�m�e�b-
�j�m�_�l �i�j�h�\�_�^�_�g�b�_ �f�g�h�]�h�q�b�k�e�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �\ �j�Z�a�e�b�q�g�u�o �h�[�e�Z�k�l�y�o �g�Z�m�d�b: 
�\ �h�j�]�Z�g�b�q�_�k�d�h�c, �i�h�e�b�f�_�j�g�h�c, �f�_�^�b�p�b�g�k�d�h�c �b �Z�g�Z�e�b�l�b�q�_�k�d�h�c �o�b�f�b�b [1–3]. 

�< �f�_�^�b�p�b�g�k�d�h�c �o�b�f�b�b �^�_�c�l�_�j�b�j�h�\�Z�g�g�u�_ �k�h�_�^�b�g�_�g�b�y �g�Z�o�h�^�y�l �i�j�b�f�_�g�_-
�g�b�_ �\ �d�h�e�b�q�_�k�l�\�_�g�g�h�f �Z�g�Z�e�b�a�_ �[�b�h�e�h�]�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\ �k�h �k�e�h�`�g�h�c �f�Z�l�j�b-
�p�_�c (�d�j�h�\�v, �f�h�q�Z �b�e�b �`�_�e�q�v) �f�_�l�h�^�Z�f�b �o�j�h�f�Z�l�h-�f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b. �>�_�c�l�_-
�j�b�j�h�\�Z�g�g�u�_ �Z�g�Z�e�h�]�b �h�i�j�_�^�_�e�y�_�f�u�o �k�h�_�^�b�g�_�g�b�c �b�]�j�Z�x�l �j�h�e�v �\�g�m�l�j�_�g�g�b�o 
�k�l�Z�g�^�Z�j�l�h�\. �L�Z�d�h�c �i�h�^�o�h�^ �k�l�Z�e �r�b�j�h�d�h �i�j�b�a�g�Z�g�g�u�f �[�b�h�Z�g�Z�e�b�l�b�q�_�k�d�b�f �b�g-
�k�l�j�m�f�_�g�l�h�f, �i�h�a�\�h�e�y�x�s�b�f �j�_�]�b�k�l�j�b�j�h�\�Z�l�v �k�h�^�_�j�`�Z�g�b�_ �Z�d�l�b�\�g�u�o �n�Z�j�f�Z�p�_�\-
�l�b�q�_�k�d�b�o �b�g�]�j�_�^�b�_�g�l�h�\, �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o �\�_�s�_�k�l�\, �i�j�h�^�m�d�l�h�\ �b�o �[�b�h�l�j�Z�g�k-
�n�h�j�f�Z�p�b�b [4]. �:�d�l�b�\�g�h �b�a�m�q�Z�x�l �^�_�c�l�_�j�b�j�h�\�Z�g�b�_ �n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�b�o �k�m�[�k�l�Z�g-
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�p�b�c. �L�Z�d, �g�Z�i�j�b�f�_�j, �b�a�\�_�k�l�_�g �k�e�m�q�Z�c �^�_�c�l�_�j�b�j�h�\�Z�g�b�y �f�h�e�_�d�m�e�u �w�j�b�l�j�h�f�b�p�b�g�Z 
�<, �\ �o�h�^�_ �d�h�l�h�j�h�]�h �i�j�h�b�a�h�r�e�h �k�g�b�`�_�g�b�_ �i�h�[�h�q�g�u�o �w�n�n�_�d�l�h�\ �[�_�a �g�Z�j�m�r�_�g�b�y 
�Z�g�l�b�[�Z�d�l�_�j�b�Z�e�v�g�h�]�h �w�n�n�_�d�l�Z �e�_�d�Z�j�k�l�\�Z [5]. �J�Z�[�h�l�u �\ �w�l�h�c �h�[�e�Z�k�l�b �\�_�^�m�l�k�y 
�h�k�h�[�_�g�g�h �Z�d�l�b�\�g�h, �l�Z�d �d�Z�d �^�_�c�l�_�j�b�j�h�\�Z�g�b�_ �h�l�d�j�u�\�Z�_�l �f�g�h�`�_�k�l�\�h �\�h�a�f�h�`�g�h-
�k�l�_�c �^�e�y �i�h�\�u�r�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �e�_�q�_�g�b�y.  

�< �h�[�e�Z�k�l�b �h�j�]�Z�g�b�q�_�k�d�h�c �o�b�f�b�b �^�_�c�l�_�j�b�j�h�\�Z�g�b�_ �i�j�h�\�h�^�y�l �k �p�_�e�v�x �m�k�l�Z-
�g�h�\�e�_�g�b�y �f�_�o�Z�g�b�a�f�Z �h�j�]�Z�g�b�q�_�k�d�b�o �j�_�Z�d�p�b�c. �A�Z�f�_�g�Z �h�^�g�h�]�h �b�a�h�l�h�i�Z �\ �f�h�e�_�d�m-
�e�_ �^�j�m�]�b�f �\ �i�h�e�h�`�_�g�b�b, �i�h �d�h�l�h�j�h�f�m �h�k�m�s�_�k�l�\�e�y�_�l�k�y �o�b�f�b�q�_�k�d�Z�y �j�_�Z�d�p�b�y, 
�i�j�b�\�h�^�b�l �d �b�a�f�_�g�_�g�b�x �j�_�Z�d�p�b�h�g�g�h�c �k�i�h�k�h�[�g�h�k�l�b �f�h�e�_�d�m�e�u, �l�h �_�k�l�v �i�j�b�\�h�^�b�l 
�d �b�a�f�_�g�_�g�b�x �k�d�h�j�h�k�l�b �j�_�Z�d�p�b�b. �A�g�Z�g�b�_ �b �i�h�g�b�f�Z�g�b�_ �f�_�o�Z�g�b�a�f�Z �j�_�Z�d�p�b�b �i�h�a-
�\�h�e�y�_�l �i�j�h�]�g�h�a�b�j�h�\�Z�l�v �o�h�^ �i�j�h�p�_�k�k�Z �b �k�l�j�m�d�l�m�j�m �d�h�g�_�q�g�u�o �i�j�h�^�m�d�l�h�\ [6]. 

�H�[�t�_�d�l�h�f �b�k�k�e�_�^�h�\�Z�g�b�y �^�Z�g�g�h�c �j�Z�[�h�l�u �k�l�Z�e�b �^�_�c�l�_�j�b�j�h�\�Z�g�g�u�_ �j�Z�k�l�\�h-
�j�b�l�_�e�b – �h�^�g�Z �b�a �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�o �]�j�m�i�i �^�_�c�l�_�j�b�j�h�\�Z�g�g�u�o �k�h�_�^�b-
�g�_�g�b�c. �J�Z�k�l�\�h�j�b�l�_�e�b, �\ �d�h�l�h�j�u�o �Z�l�h�f�u �i�j�h�l�b�y �a�Z�f�_�s�_�g�u �Z�l�h�f�Z�f�b �^�_�c�l�_�j�b�y, 
�i�j�b�f�_�g�y�x�l�k�y �\ �k�i�_�d�l�j�h�k�d�h�i�b�b �y�^�_�j�g�h�]�h �f�Z�]�g�b�l�g�h�]�h �j�_�a�h�g�Z�g�k�Z. �G�Z �b�k�i�h�e�v�a�h-
�\�Z�g�b�_ �b�f�_�g�g�h �^�_�c�l�_�j�b�j�h�\�Z�g�g�u�o �Z�g�Z�e�h�]�h�\ �_�k�l�v �g�_�k�d�h�e�v�d�h �i�j�b�q�b�g. �B�g�l�_�g�k�b�\-
�g�h�k�l�v �k�b�]�g�Z�e�Z, �d�h�l�h�j�u�c �^�Z�z�l �g�_�^�_�c�l�_�j�b�j�h�\�Z�g�g�u�c �j�Z�k�l�\�h�j�b�l�_�e�v �\ �i�j�h�l�h�g�g�h�f 
�k�i�_�d�l�j�_, �\�k�_�]�^�Z �[�m�^�_�l �a�g�Z�q�b�l�_�e�v�g�h �\�u�r�_, �q�_�f �b�g�l�_�g�k�b�\�g�h�k�l�v �k�b�]�g�Z�e�Z �j�Z�k�l�\�h-
�j�z�g�g�h�]�h �i�j�h�^�m�d�l�Z, �q�l�h �m�f�_�g�v�r�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �^�h�k�l�h�\�_�j�g�h�c �b �i�h�e�g�h�c �b�g�l�_�j-
�i�j�_�l�Z�p�b�b �k�i�_�d�l�j�Z. �L�Z�d�`�_ �^�_�c�l�_�j�b�j�h�\�Z�g�g�u�_ �j�Z�k�l�\�h�j�b�l�_�e�b �b�k�i�h�e�v�a�m�x�l�k�y �\ �k�l�Z-
�[�b�e�b�a�Z�p�b�h�g�g�h�c �i�j�h�p�_�^�m�j�_ «�^�_�c�l�_�j�b�_�\�u�c �e�h�d», �b�k�i�h�e�v�a�m�_�f�h�c �^�e�y �i�h�^�^�_�j�`�Z-
�g�b�y �i�h�k�l�h�y�g�g�h�c �g�Z�i�j�y�`�_�g�g�h�k�l�b �f�Z�]�g�b�l�g�h�]�h �i�h�e�y �\ �l�_�q�_�g�b�_ �^�e�b�l�_�e�v�g�h�]�h �i�j�h-
�f�_�`�m�l�d�Z �\�j�_�f�_�g�b [7, 8]. 

�F�_�l�h�^�u �h�i�l�b�q�_�k�d�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b �i�j�_�^�h�k�l�Z�\�e�y�x�l �f�g�h�]�h �\�h�a�f�h�`�g�h�k�l�_�c 
�^�e�y �d�Z�q�_�k�l�\�_�g�g�h�]�h �h�[�g�Z�j�m�`�_�g�b�y �b �d�h�e�b�q�_�k�l�\�_�g�g�h�c �h�p�_�g�d�b �k�h�^�_�j�`�Z�g�b�y �k�l�Z�[�b�e�v-
�g�u�o �b�a�h�l�h�i�h�\, �l�Z�d �d�Z�d �i�h�q�l�b �\�h �\�k�_�o �\�b�^�Z�o �h�i�l�b�q�_�k�d�b�o �k�i�_�d�l�j�h�\ �g�Z�[�e�x�^�Z�x�l�k�y 
�[�h�e�_�_ �b�e�b �f�_�g�_�_ �a�g�Z�q�b�l�_�e�v�g�u�_ �b�a�h�l�h�i�b�q�_�k�d�b�_ �k�f�_�s�_�g�b�y. �I�h�  ̂ �b�a�h�l�h�i�b�q�_�k�d�b�f 
�k�f�_�s�_�g�b�_�f �i�h�g�b�f�Z�_�l�k�y �j�Z�a�e�b�q�b�_ �^�e�b�g �\�h�e�g �k�i�_�d�l�j�Z�e�v�g�u�o �e�b�g�b�c �Z�l�h�f�h�\ �b�e�b 
�f�h�e�_�d�m�e, �h�l�e�b�q�Z�x�s�b�o�k�y �^�j�m�] �h�l �^�j�m�]�Z �l�h�e�v�d�h �q�b�k�e�h�f �g�_�c�l�j�h�g�h�\. �B�a�h�l�h�i�b�q�_-
�k�d�b�_ �w�n�n�_�d�l�u �\ �f�h�e�_�d�m�e�y�j�g�u�o �k�i�_�d�l�j�Z�o �h�[�m�k�e�h�\�e�_�g�u �a�Z�\�b�k�b�f�h�k�l�v�x �w�g�_�j�]�b�b 
�\�j�Z�s�_�g�b�y �b �d�h�e�_�[�Z�g�b�c �f�h�e�_�d�m�e �h�l �f�Z�k�k�u �Z�l�h�f�h�\, �\�o�h�^�y�s�b�o �\ �b�o �k�h�k�l�Z�\ [9]. 

�< �h�k�g�h�\�_ �d�h�e�b�q�_�k�l�\�_�g�g�u�o �h�p�_�g�h�d �k�h�^�_�j�`�Z�g�b�y �b�a�h�l�h�i�h�\ �\ �b�k�k�e�_�^�m�_�f�h�f 
�h�[�j�Z�a�p�_ �e�_�`�b�l �k�h�h�l�g�h�r�_�g�b�_ �f�_�`�^�m �d�h�g�p�_�g�l�j�Z�p�b�_�c �b�a�h�l�h�i�h�\ �\ �i�j�h�[�_ �b �b�g�l�_�g-
�k�b�\�g�h�k�l�v�x �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �w�l�b�f �b�a�h�l�h�i�Z�f �e�b�g�b�c �b�e�b �i�h�e�h�k �\ �k�i�_�d�l�j�_. 
�< �[�h�e�v�r�b�g�k�l�\�_ �f�_�l�h�^�h�\ �b�a�h�l�h�i�g�h�]�h �k�i�_�d�l�j�Z�e�v�g�h�]�h �Z�g�Z�e�b�a�Z �i�j�b�f�_�g�y�_�l�k�y �i�j�_�-̂
�\�Z�j�b�l�_�e�v�g�Z�y �]�j�Z�^�m�b�j�h�\�d�Z �b�a�f�_�j�_�g�b�c �k �i�h�f�h�s�v�x �h�[�j�Z�a�p�h�\ �b�a�\�_�k�l�g�h�]�h �b�a�h�l�h�i-
�g�h�]�h �k�h�k�l�Z�\�Z, �d�h�l�h�j�Z�y �i�h�a�\�h�e�y�_�l �\ �e�x�[�u�o �d�h�g�d�j�_�l�g�u�o �m�k�e�h�\�b�y�o �h�i�u�l�Z �m�q�_�k�l�v 
�\�k�_ �h�l�d�e�h�g�_�g�b�y �j�_�]�b�k�l�j�b�j�m�_�f�h�]�h �h�l�g�h�r�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�_�c �b�a�h�l�h�i�b�q�_�k�d�b�o 
�d�h�f�i�h�g�_�g�l �h�l �a�Z�d�h�g�h�f�_�j�g�h�k�l�b, �i�j�_�^�k�d�Z�a�u�\�Z�_�f�h�c �l�_�h�j�b�_�c [9]. 

�O�Z�j�Z�d�l�_�j �m�j�Z�\�g�_�g�b�c, �h�i�b�k�u�\�Z�x�s�b�o �k�\�y�a�v �f�_�`�^�m �h�l�g�h�k�b�l�_�e�v�g�h�c �b�g�l�_�g-
�k�b�\�g�h�k�l�v�x �b�a�h�l�h�i�b�q�_�k�d�b�o �d�h�f�i�h�g�_�g�l �\ �k�i�_�d�l�j�_ �b �d�h�g�p�_�g�l�j�Z�p�b�_�c �b�a�h�l�h�i�h�\, 
�a�Z�\�b�k�b�l �h�l �i�j�b�f�_�g�y�_�f�h�]�h �f�_�l�h�^�Z �\�h�a�[�m�`�^�_�g�b�y �b �j�_�]�b�k�l�j�Z�p�b�b �k�i�_�d�l�j�h�\ – �w�f�b�k-
�k�b�h�g�g�h�]�h �b�e�b �Z�[�k�h�j�[�p�b�h�g�g�h�]�h [9]. 

�I�h�]�e�h�s�_�g�b�_ �k�\�_�l�Z, �h�[�m�k�e�h�\�e�_�g�g�h�_ �i�_�j�_�o�h�^�h�f �Z�l�h�f�Z �b�e�b �f�h�e�_�d�m�e�u �b�a 
�g�b�`�g�_�]�h �g�_�\�h�a�[�m�`�^�_�g�g�h�]�h �k�h�k�l�h�y�g�b�y �\ �\�_�j�o�g�_�_ �\�h�a�[�m�`�^�_�g�g�h�_ �k�h�k�l�h�y�g�b�_, �o�Z-
�j�Z�d�l�_�j�b�a�m�_�l�k�y �a�Z�d�h�g�h�f �E�Z�f�[�_�j�l�Z-�;�m�]�_�j�Z-�;�_�j�Z [10]: 

 

0lg ,
I

A c l
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� �  � H � ˜ � ˜                                              (1) 
 

�]�^�_ A – �h�i�l�b�q�_�k�d�Z�y �i�e�h�l�g�h�k�l�v; I – �b�g�l�_�g�k�b�\�g�h�k�l�v �b�a�e�m�q�_�g�b�y, �i�j�h�r�_�^�r�_�]�h �q�_-
�j�_�a �i�h�]�e�h�s�Z�x�s�b�c �k�e�h�c; I0 – �g�_�a�Z�\�b�k�y�s�Z�y �h�l �^�e�b�g�u �\�h�e�g�u �b�g�l�_�g�k�b�\�g�h�k�l�v �i�Z-
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�^�Z�x�s�_�]�h �b�a�e�m�q�_�g�b�y �h�l �b�k�l�h�q�g�b�d�Z �k�\�_�l�Z; �0 – �d�h�w�n�n�b�p�b�_�g�l �w�d�k�l�b�g�d�p�b�b, �a�Z�\�b�k�y-
�s�b�c �h�l �k�\�h�c�k�l�\ �Z�g�Z�e�b�a�b�j�m�_�f�h�]�h �\�_�s�_�k�l�\�Z, �m�k�e�h�\�b�c �h�i�u�l�Z �b �q�Z�k�l�h�l�u �i�Z�^�Z�x�s�_-
�]�h �b�a�e�m�q�_�g�b�y, �e/(�f�h�e�v·�k�f); c – �d�h�g�p�_�g�l�j�Z�p�b�y �i�h�]�e�h�s�Z�x�s�_�]�h �\�_�s�_�k�l�\�Z �\ �i�j�h�[�_, 
�f�h�e�v/�e; l – �l�h�e�s�b�g�Z �i�h�]�e�h�s�Z�x�s�_�]�h �k�e�h�y, �k�f. 

�< �j�Z�[�h�l�_ [11] �k �i�h�f�h�s�v�x �B�D-�k�i�_�d�l�j�h�k�d�h�i�b�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�l�h�^�Z 
�g�Z�j�m�r�_�g�g�h�]�h �i�h�e�g�h�]�h �\�g�m�l�j�_�g�g�_�]�h �h�l�j�Z�`�_�g�b�y (�G�I�<�H) �[�u�e�b �h�i�j�_�^�_�e�_�g�u �a�g�Z-
�q�_�g�b�y �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �j�Z�k�l�\�h�j�h�\ �^�_�c�l�_�j�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�h�n�h�j�f�Z �k �j�Z�a-
�e�b�q�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �^�_�c�l�_�j�b�y. �< �j�_�a�m�e�v�l�Z�l�_ �h�[�j�Z�[�h�l�d�b �i�h�e�m�q�_�g�g�u�o �^�Z�g�g�u�o 
�[�u�e�Z �i�h�e�m�q�_�g�Z �]�j�Z�^�m�b�j�h�\�h�q�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �^�e�y �h�i�j�_�^�_�e�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b 
�^�_�c�l�_�j�b�y �\ �o�e�h�j�h�n�h�j�f�_ �\ �r�b�j�h�d�h�f �b�g�l�_�j�\�Z�e�_ �d�h�g�p�_�g�l�j�Z�p�b�b. �;�u�e�h �i�h�d�Z�a�Z�g�h, 
�q�l�h �^�Z�g�g�u�c �f�_�l�h�^ �\�i�h�e�g�_ �i�j�b�]�h�^�_�g �^�e�y �w�d�k�i�j�_�k�k�g�h�]�h �Z�g�Z�e�b�a�Z �j�Z�k�l�\�h�j�h�\ �^�_�c-
�l�_�j�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�h�n�h�j�f�Z. �<�j�_�f�y �Z�g�Z�e�b�a�Z �h�^�g�h�c �i�j�h�[�u �g�_ �i�j�_�\�u�r�Z�_�l �i�h�e�m-
�l�h�j�Z �f�b�g�m�l, �l�j�_�[�m�_�f�u�c �h�[�t�z�f �i�j�h�[�u �^�e�y �Z�g�Z�e�b�a�Z �§50 �f�d�e, �i�j�h�[�h�i�h�^�]�h�l�h�\�d�Z 
�g�_ �l�j�_�[�m�_�l�k�y. �D �k�m�s�_�k�l�\�_�g�g�u�f �g�_�^�h�k�l�Z�l�d�Z�f �^�Z�g�g�h�]�h �f�_�l�h�^�Z �f�h�`�g�h �h�l�g�_�k�l�b 
�a�g�Z�q�b�l�_�e�v�g�u�_ �i�h�]�j�_�r�g�h�k�l�b �b�a�f�_�j�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b, �q�l�h �f�h�`�_�l �[�u�l�v �k�\�y�a�Z�g�h 
�k �g�_�j�_�]�m�e�y�j�g�h�k�l�v�x �g�Z�g�_�k�_�g�b�y �i�j�h�[�u �g�Z �d�j�b�k�l�Z�e�e �G�I�<�H, �Z �l�Z�d�`�_ �\�u�k�h�d�Z�y �k�l�h-
�b�f�h�k�l�v �k�Z�f�h�c �i�j�b�k�l�Z�\�d�b �G�I�<�H. 

�K�m�s�_�k�l�\�m�_�l �^�\�Z �h�k�g�h�\�g�u�o �k�i�h�k�h�[�Z �i�h�e�m�q�_�g�b�y �^�_�c�l�j�_�j�b�h�\�Z�g�g�h�]�h �o�e�h�j�h-
�n�h�j�f�Z: �]�b�^�j�h�e�b�a �]�_�d�k�Z�o�e�h�j�Z�p�_�l�h�g�Z �b �b�a�h�l�h�i�g�u�c �h�[�f�_�g �o�e�h�j�h�n�h�j�f�Z �k �j�Z�k�l�\�h-
�j�h�f �s�z�e�h�q�b �\ �l�y�`�_�e�h�c �\�h�^�_. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �h�k�g�h�\�g�u�f�b �i�j�b�f�_�k�y�f�b, �d�h�l�h�j�u�_ 
�f�h�]�m�l �k�h�^�_�j�`�Z�l�v�k�y �\ CDCl3 �y�\�e�y�x�l�k�y �\�h�^�Z, �d�h�l�h�j�Z�y �m�q�m�\�k�l�\�m�_�l �\ �i�j�h�p�_�k�k�_ 
�i�j�h�b�a�\�h�^�k�l�\�Z, �b CHCl3, �d�h�l�h�j�u�c �h�[�j�Z�a�m�_�l�k�y �\�f�_�k�l�_ �^�_�c�l�_�j�b�j�h�\�Z�g�g�u�f �b�a�h�l�h-
�i�h�e�h�]�h�f �i�j�b �i�_�j�\�h�f �k�i�h�k�h�[�_ �i�j�h�b�a�\�h�^�k�l�\�Z �b�a-�a�Z �h�k�l�Z�l�h�q�g�h�]�h �i�j�h�l�b�y �\ �l�y�`�_-
�e�h�c �\�h�^�_ �b�e�b �h�k�l�Z�z�l�k�y �\ �i�j�h�^�m�d�l�_ �i�j�b �g�_�i�h�e�g�h�l�_ �i�j�h�l�_�d�Z�g�b�y �j�_�Z�d�p�b�b �\�h �\�l�h-
�j�h�f �k�i�h�k�h�[�_ �i�j�h�b�a�\�h�^�k�l�\�Z.  

�I�j�b�]�h�l�h�\�e�_�g�b�_ �]�j�Z�^�m�b�j�h�\�h�q�g�u�o �j�Z�k�l�\�h�j�h�\ 

�>�e�y �i�j�b�]�h�l�h�\�e�_�g�b�y �j�Z�k�l�\�h�j�h�\ �o�e�h�j�h�n�h�j�f�Z �k �j�Z�a�e�b�q�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c 
�^�_�c�l�_�j�b�y �b�k�i�h�e�v�a�h�\�Z�e�k�y �^�_�c�l�_�j�b�j�h�\�Z�g�g�u�c �o�e�h�j�h�n�h�j�f CDCl3 �i�j�h�b�a�\�h�^�k�l�\�Z 
�H�H�H «�K�h�e�v�\�_�d�k» �k �k�h�^�_�j�`�Z�g�b�_�f �^�_�c�l�_�j�b�y 99,80 �Z�l. %, �Z �l�Z�d�`�_ �o�e�h�j�h�n�h�j�f 
�k �i�j�b�j�h�^�g�u�f �b�a�h�l�h�i�g�u�f �k�h�k�l�Z�\�h�f CHCl3, �i�h�k�l�Z�\�s�b�d �H�H�H «�F�h�k�j�_�Z�d�l�b�\». �J�Z�k-
�l�\�h�j�u �[�u�e�b �i�j�b�]�h�l�h�\�e�_�g�u �f�_�l�h�^�h�f �l�h�q�g�h�c �g�Z�\�_�k�d�b: �d �b�a�\�_�k�l�g�h�f�m �d�h�e�b�q�_�k�l�\�m 
�^�_�c�l�_�j�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�h�n�h�j�f�Z �^�h�[�Z�\�e�y�e�h�k�v �b�a�\�_�k�l�g�h�_ �d�h�e�b�q�_�k�l�\�h �o�e�h�j�h�n�h�j�f�Z 
�i�j�b�j�h�^�g�h�]�h �b�a�h�l�h�i�g�h�]�h �k�h�k�l�Z�\�Z. �G�Z�\�_�k�d�b �j�_�Z�d�l�b�\�h�\ �[�u�e�b �i�h�^�]�h�l�h�\�e�_�g�u �k �i�h-
�f�h�s�v�x �Z�g�Z�e�b�l�b�q�_�k�d�b�o �\�_�k�h�\ AND HR-150AZG �k �^�b�k�d�j�_�l�g�h�k�l�v�x d = 0,0001 �]. 

�I�h�k�e�_ �i�j�b�]�h�l�h�\�e�_�g�b�y �j�y�^�Z �j�Z�k�l�\�h�j�h�\ �k �j�Z�a�e�b�q�g�u�f �k�h�^�_�j�`�Z�g�b�_�f �^�_�c�l�_-
�j�b�y �k�l�h�y�e�Z �g�_�h�[�o�h�^�b�f�h�k�l�v �\ �j�Z�k�q�z�l�_ �d�h�g�p�_�g�l�j�Z�p�b�b �^�_�c�l�_�j�b�y �\ �i�h�e�m�q�b�\�r�b�o�k�y 
�]�j�Z�^�m�b�j�h�\�h�q�g�u�o �j�Z�k�l�\�h�j�Z�o. �:�e�]�h�j�b�l�f �j�Z�k�q�z�l�Z �\�d�e�x�q�Z�e �k�e�_�^�m�x�s�b�_ �r�Z�]�b. �>�e�y 
�g�Z�q�Z�e�Z �i�h �n�h�j�f�m�e�_ 2 �g�_�h�[�o�h�^�b�f�h �j�Z�k�k�q�b�l�Z�l�v �f�h�e�y�j�g�m�x �f�Z�k�k�m �o�e�h�j�h�n�h�j�f�Z 
�i�j�b�j�h�^�g�h�]�h �b�a�h�l�h�i�g�h�]�h �k�h�k�l�Z�\�Z (�b�g�^�_�d�k 1) �b �^�_�c�l�_�j�b�j�h�\�Z�g�g�h�]�h (�b�g�^�_�d�k 2) 
�k �m�q�z�l�h�f �d�h�g�p�_�g�l�j�Z�p�b�b �^�_�c�l�_�j�b�y. 
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�]�^�_ ( ),rA �K  ( ),rA Cl  ( ),rA D  ( )rA H – �Z�l�h�f�g�u�_ �f�Z�k�k�u �m�]�e�_�j�h�^�Z, �o�e�h�j�Z, �^�_�c�l�_�j�b�y 

�b �\�h�^�h�j�h�^�Z; 1,2[ ]D  – �k�h�^�_�j�`�Z�g�b�_ �^�_�c�l�_�j�b�y �\ �o�e�h�j�h�n�h�j�f�_ �b �^�_�c�l�_�j�h�o�e�h�j�h�n�h�j�f�_, 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h, �Z�l. �^�h�e�b. 
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�>�Z�e�_�_ �j�Z�k�k�q�b�l�u�\�Z�e�b�k�v �d�h�e�b�q�_�k�l�\�Z �\�h�^�h�j�h�^�Z �\ �g�Z�\�_�k�d�_ �o�e�h�j�h�n�h�j�f�Z. 
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�]�^�_ 1,2n  – �d�h�e�b�q�_�k�l�\�h �\�h�^�h�j�h�^�Z, �f�h�e�v (�]-�Z�l); 1,2m  – �f�Z�k�k�Z �g�Z�\�_�k�d�b �o�e�h�j�h�n�h�j�f�Z, �]; 

1,2M  – �f�h�e�y�j�g�Z�y �f�Z�k�k�Z �o�e�h�j�h�n�h�j�f�Z, �]/�f�h�e�v. 

�N�h�j�f�m�e�Z 4 – �j�Z�k�q�z�l �d�h�e�b�q�_�k�l�\�Z �^�_�c�l�_�j�b�y �\ �g�Z�\�_�k�d�_: 
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�I�h�k�e�_ �i�j�h�\�_�^�_�g�b�y �^�Z�g�g�u�o �j�Z�k�q�z�l�h�\ �b �^�e�y �g�Z�\�_�k�d�b �i�j�b�j�h�^�g�h�]�h �b�a�h�l�h�i-
�g�h�]�h �k�h�k�l�Z�\�Z, �b �^�e�y �g�Z�\�_�k�d�b �^�_�c�l�_�j�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�h�n�h�j�f�Z, �j�Z�k�k�q�b�l�u�\�Z�e�h�k�v 
�k�h�^�_�j�`�Z�g�b�_ �^�_�c�l�_�j�b�y �\ �i�h�e�m�q�b�\�r�_�f�k�y �j�Z�k�l�\�h�j�_ (�Z�l. %): 
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�B�a�h�l�h�i�g�u�c �Z�g�Z�e�b�a �o�e�h�j�h�n�h�j�f�Z 

�:�g�Z�e�b�a �i�j�b�]�h�l�h�\�e�_�g�g�u�o �j�Z�k�l�\�h�j�h�\ �[�u�e �i�j�h�\�_�^�z�g �g�Z �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h-
�f�_�l�j�_ Thermo Fisher Scientific Nicolet iS10. �>�Z�g�g�u�c �i�j�b�[�h�j �j�Z�a�j�Z�[�h�l�Z�g �^�e�y �e�Z�[�h-
�j�Z�l�h�j�b�c �d�h�g�l�j�h�e�y �d�Z�q�_�k�l�\�Z, �Z�g�Z�e�b�l�b�q�_�k�d�b�o �b�g�k�i�_�d�p�b�c �b �d�j�b�f�b�g�Z�e�b�k�l�b�q�_�k�d�b�o 
�e�Z�[�h�j�Z�l�h�j�b�c. �H�k�h�[�_�g�g�h�k�l�v �i�j�b�[�h�j�Z – �\�k�l�j�h�_�g�g�u�_ �\�h�a�f�h�`�g�h�k�l�b �\�Z�e�b�^�Z�p�b�b, �i�j�h-
�\�_�j�d�b �b �l�_�k�l�b�j�h�\�Z�g�b�y �^�e�y �h�[�_�k�i�_�q�_�g�b�y �i�h�e�g�h�c �m�\�_�j�_�g�g�h�k�l�b �\ �j�_�a�m�e�v�l�Z�l�Z�o �Z�g�Z�e�b-
�a�Z. �< �d�Z�q�_�k�l�\�_ �n�h�l�h�f�_�l�j�b�q�_�k�d�h�c �d�x�\�_�l�u �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �j�Z�a�[�h�j�g�u�_ �d�x�\�_�l�u 
Thermo Fisher Scientific Specac™ Omni-Cell™ �k �h�d�g�Z�f�b �b�a CaF2 �b �^�e�b�g�Z�f�b �h�i�l�b-
�q�_�k�d�h�]�h �i�m�l�b 0,015 �b 0,025 �f�f . �F�Z�l�_�j�b�Z�e �h�d�h�g �n�h�l�h�f�_�l�j�b�q�_�k�d�h�c �d�x�\�_�l�u – �n�e�x�h-
�j�b�l – �i�h�a�\�h�e�y�_�l �i�j�h�\�h�^�b�l�v �b�a�f�_�j�_�g�b�_ �g�Z �\�h�e�g�h�\�u�o �q�b�k�e�Z�o �h�l 1111 �^�h 4000 �k�f–1. 
�M�k�l�j�h�c�k�l�\�h �b�a�f�_�j�b�l�_�e�v�g�h�c �d�x�\�_�l�u �i�j�_�^�k�l�Z�\�e�_�g�h �g�Z �j�b�k. 1. 

 

 
 

�J�b�k. 1. �M�k�l�j�h�c�k�l�\�h �b �\�g�_�r�g�b�c �\�b� ̂�b�a�f�_�j�b�l�_�e�v�g�h�c �d�x�\�_�l�u Specac™ Omni-Cell™ 



�K�_�d�p�b�y 4 352

�< �l�Z�[�e. 1 �m�d�Z�a�Z�g�u �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�_ �q�Z�k�l�h�l�u �k�\�y�a�_�c, �i�j�b�k�m�l�k�l�\�m�x�s�b�o 
�\ �o�e�h�j�h�n�h�j�f�_ �k �i�j�b�j�h�^�g�u�f �b�a�h�l�h�i�g�u�f �k�h�k�l�Z�\�h�f �b �\ �^�_�c�l�_�j�b�j�h�\�Z�g�g�h�f �o�e�h�j�h-
�n�h�j�f�_ �k�h�]�e�Z�k�g�h �j�Z�[�h�l�_ [12]. 

 

� L �Z � [ � e � b �p �Z 1 
 

�O�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�_ �q�Z�k�l�h�l�u CHCl3 �b CDCl3 �\ �b�g�n�j�Z�d�j�Z�k�g�h�c  
�k�i�_�d�l�j�h�k�d�h�i�b�b [12] 

 

�K�h�_�^�b�g�_�g�b�_ �L�b�i �d�h�e�_�[�Z�g�b�c �<�h�e�g�h�\�h�_ �q�b�k�e�h, �k�f–1 

CHCl3 

�=�Z�a 

C-H �\�Z�e�_�g�l�g�u�_ 3024 

CCl3 �k�b�f�f�_�l�j�b�q�g�u�_  
�\�Z�e�_�g�l�g�u�_ 680 

CCl3 �k�b�f�f�_�l�j�b�q�g�u�_  
�^�_�n�h�j�f�Z�p�b�h�g�g�u�_ 363 

�@�b�^�d�h�k�l�v 

C-H �^�_�n�h�j�f�Z�p�b�h�g�g�u�_ 1220 

CCl3 �\�u�j�h�`�^�_�g�g�u�_  
�\�Z�e�_�g�l�g�u�_ 774 

CCl3 �\�u�j�h�`�^�_�g�g�u�_  
�^�_�n�h�j�f�Z�p�b�h�g�g�u�_ 261 

CDCl3 

�=�Z�a 

C-D �\�Z�e�_�g�l�g�u�_ 2266 

CCl3 �k�b�f�f�_�l�j�b�q�g�u�_  
�\�Z�e�_�g�l�g�u�_ 659 

CCl3 �k�b�f�f�_�l�j�b�q�g�u�_  
�^�_�n�h�j�f�Z�p�b�h�g�g�u�_ 369 

�@�b�^�d�h�k�l�v 

C-D �^�_�n�h�j�f�Z�p�b�h�g�g�u�_ 914 

CCl3 �\�u�j�h�`�^�_�g�g�u�_  
�\�Z�e�_�g�l�g�u�_ 749 

CCl3 �\�u�j�h�`�^�_�g�g�u�_  
�^�_�n�h�j�f�Z�p�b�h�g�g�u�_ 262 

 
�G�Z �j�b�k. 2 �i�j�_�^�k�l�Z�\�e�_�g�u �b�a�f�_�j�_�g�g�u�_ �B�D-�k�i�_�d�l�j�u �o�e�h�j�h�n�h�j�f�Z �i�j�b�j�h�-̂

�g�h�]�h �b�a�h�l�h�i�g�h�]�h �k�h�k�l�Z�\�Z �b �o�e�h�j�h�n�h�j�f�Z-d ([D] = 99,8 �Z�l. %) �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�d�x�\�_�l�u �b�a �n�e�x�h�j�b�l�Z. 

�B�k�i�h�e�v�a�m�y �d�x�\�_�l�u �b�a CaF2 �^�e�y �b�a�h�l�h�i�g�h�]�h �Z�g�Z�e�b�a�Z �o�e�h�j�h�n�h�j�f�Z �h�k�l�Z�x�l-
�k�y �^�h�k�l�m�i�g�u�f�b �l�j�b �i�h�e�h�k�u �i�h�]�e�h�s�_�g�b�y: 1216 �k�f–1, 2253 �k�f–1 �b 3019 �k�f–1. 

�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �\�h�^�Z, �j�Z�k�l�\�h�j�z�g�g�Z�y �\ �o�e�h�j�h�n�h�j�f�_, �\�k�e�_�^�k�l�\�b�_ 
�f�Z�e�h�c �j�Z�k�l�\�h�j�b�f�h�k�l�b, �g�_ �\�e�b�y�_�l �g�Z �b�a�h�l�h�i�g�u�c �Z�g�Z�e�b�a �i�j�h�[. �G�Z �j�b�k. 2 �i�j�_�-̂
�k�l�Z�\�e�_�g�u �k�i�_�d�l�j�u �\�h�^�u �i�j�b�j�h�^�g�h�]�h �b�a�h�l�h�i�g�h�]�h �k�h�k�l�Z�\�Z, �l�y�`�z�e�h�c �\�h�^�u 
([D] > 99,9 �Z�l. %), �Z �l�Z�d�`�_ �i�j�h�[�u �o�e�h�j�h�n�h�j�f�Z �i�h�k�e�_ �j�_�Z�d�p�b�b �b�a�h�l�h�i�g�h�]�h  
�h�[�f�_�g�Z �k �\�h�^�h�c. �G�Z �k�i�_�d�l�j�_ �i�j�h�[�u �\�b�^�g�h �h�l�k�m�l�k�l�\�b�_ �o�Z�j�Z�d�l�_�j�g�u�o �^�e�y �\�h�^�u 
�i�h�e�h�k �i�h�]�e�h�s�_�g�b�y. 
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�J�b�k. 2. �B�D-�k�i�_�d�l�j�u CHCl3 �b CDCl3 
 

 
 

�J�b�k. 3. �B�D-�k�i�_�d�l�j�u �\�h�^�u �i�j�b�j�h�^�g�h�]�h �b�a�h�l�h�i�g�h�]�h �k�h�k�l�Z�\�Z, �l�y�`�z�e�h�c �\�h�^�u ([D] > 99,9 �Z�l. %),  
                      �Z �l�Z�d�`�_ �i�j�h�[�u �o�e�h�j�h�n�h�j�f�Z �i�h�k�e�_ �j�_�Z�d�p�b�b �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z 

�=�j�Z�^�m�b�j�h�\�d�Z �\ �r�b�j�h�d�h�c �h�[�e�Z�k�l�b �d�h�g�p�_�g�l�j�Z�p�b�c 

�>�e�y �Z�g�Z�e�b�a�Z �i�j�b�]�h�l�h�\�e�_�g�g�u�o �j�Z�k�l�\�h�j�h�\ �k �d�h�g�p�_�g�l�j�Z�p�b�_�c �^�_�c�l�_�j�b�y �h�l 
0,015 �^�h 99,8 �Z�l. % �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �d�x�\�_�l�Z �b�a �n�e�x�h�j�b�l�Z �k �^�e�b�g�h�c �h�i�l�b�q�_�k�d�h�]�h 
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�i�m�l�b 0,015 �f�f . �J�Z�a�j�_�r�_�g�b�_ �k�i�_�d�l�j�h�f�_�l�j�Z 4 �k�f-1, �q�b�k�e�h �a�Z�^�Z�g�g�u�o �k�i�_�d�l�j�h�\ 
�i�j�h�[�u n = 32. �>�e�y �Z�g�Z�e�b�a�Z �g�_�h�[�o�h�^�b�f�h �g�_ �[�h�e�_�_ 200 �f�d�e �o�e�h�j�h�n�h�j�f�Z, �d�x�\�_�l�Z 
�a�Z�i�h�e�g�y�_�l�k�y �k �i�h�f�h�s�v�x �f�_�^�b�p�b�g�k�d�h�]�h �r�i�j�b�p�Z. �F�_�`�^�m �b�a�f�_�j�_�g�b�y�f�b �i�j�h�[ 
�o�e�h�j�h�n�h�j�f�Z �d�x�\�_�l�Z �i�j�h�f�u�\�Z�_�l�k�y �Z�p�_�l�h�g�h�f �b �k�m�r�b�l�k�y �i�h�l�h�d�h�f �k�m�o�h�]�h �\�h�a�^�m-
�o�Z. �I�j�b �g�Z�e�h�`�_�g�b�b �k�i�_�d�l�j�h�\ �\�k�_�o �j�Z�k�l�\�h�j�h�\ �b �l�s�Z�l�_�e�v�g�h�f �b�o �j�Z�k�k�f�h�l�j�_�g�b�b 
�g�Z�[�e�x�^�Z�_�l�k�y �a�Z�f�_�l�g�h�_ �m�\�_�e�b�q�_�g�b�_/�m�f�_�g�v�r�_�g�b�_ �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �i�h �f�_�j�_ 
�b�a�f�_�g�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b �^�_�c�l�_�j�b�y �\ �o�e�h�j�h�n�h�j�f�_. �G�Z �j�b�k. 3–5 �i�j�_�^�k�l�Z�\�e�_�g�u 
�k�_�j�b�b �k�i�_�d�l�j�h�\ �i�h �d�Z�`�^�h�c �b�a �k�i�_�d�l�j�Z�e�v�g�u�o �e�b�g�b�c, �Z �l�Z�d�`�_ �]�j�Z�^�m�b�j�h�\�h�q�g�u�_ 
�a�Z�\�b�k�b�f�h�k�l�b, �i�h�e�m�q�_�g�g�u�_ �i�h �j�_�a�m�e�v�l�Z�l�Z�f �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o �i�h �h�i�l�b�q�_�k�d�h�c 
�i�e�h�l�g�h�k�l�b �i�j�b �^�Z�g�g�h�f �\�h�e�g�h�\�h�f �q�b�k�e�_. 

 

    
 
�J�b�k. 4. �N�j�Z�]�f�_�g�l �g�Z�e�h�`�_�g�g�u�o �^�j�m�] �g�Z �^�j�m�]�Z �k�i�_�d�l�j�h�\ �o�e�h�j�h�n�h�j�f�Z �k �j�Z�a�e�b�q�g�h�c �d�h�g-
�p�_�g�l�j�Z�p�b�_�c �^�_�c�l�_�j�b�y (�k�e�_�\�Z) �b �i�j�y�f�Z�y �a�Z�\�b�k�b�f�h�k�l�b �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �h�l �d�h�g�p�_�g- 
   �l�j�Z�p�b�b �^�_�c�l�_�j�b�y (�k�i�j�Z�\�Z) �i�j�b �\�h�e�g�h�\�h�f �q�b�k�e�_ 3019 �k�f–1 (�d�x�\�_�l�Z CaF2, l = 0,015 �f�f ) 
 

     
 

�J�b�k. 5. �N�j�Z�]�f�_�g�l �g�Z�e�h�`�_�g�g�u�o �^�j�m�] �g�Z �^�j�m�]�Z �k�i�_�d�l�j�h�\ �o�e�h�j�h�n�h�j�f�Z �k �j�Z�a�e�b�q�g�h�c �d�h�g-
�p�_�g�l�j�Z�p�b�_�c �^�_�c�l�_�j�b�y (�k�e�_�\�Z) �b �i�j�y�f�Z�y �a�Z�\�b�k�b�f�h�k�l�b �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �h�l �d�h�g�p�_�g- 
   �l�j�Z�p�b�b �^�_�c�l�_�j�b�y (�k�i�j�Z�\�Z) �i�j�b �\�h�e�g�h�\�h�f �q�b�k�e�_ 2253 �k�f–1 (�d�x�\�_�l�Z CaF2, l = 0,015 �f�f ) 
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�J�b�k. 6. �N�j�Z�]�f�_�g�l �g�Z�e�h�`�_�g�g�u�o �^�j�m�] �g�Z �^�j�m�]�Z �k�i�_�d�l�j�h�\ �o�e�h�j�h�n�h�j�f�Z �k �j�Z�a�e�b�q�g�h�c �d�h�g-
�p�_�g�l�j�Z�p�b�_�c �^�_�c�l�_�j�b�y (�k�e�_�\�Z) �b �i�j�y�f�Z�y �a�Z�\�b�k�b�f�h�k�l�b �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �h�l �d�h�g�p�_�g- 
   �l�j�Z�p�b�b �^�_�c�l�_�j�b�y (�k�i�j�Z�\�Z) �i�j�b �\�h�e�g�h�\�h�f �q�b�k�e�_ 1216 �k�f–1 (�d�x�\�_�l�Z CaF2, l = 0,015 �f�f ) 

 
�I�h�k�l�j�h�_�g�g�u�_ �]�j�Z�^�m�b�j�h�\�h�q�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b 

�h�l �d�h�g�p�_�g�l�j�Z�p�b�b �^�_�c�l�_�j�b�y �\ �o�e�h�j�h�n�h�j�f�_ �b�f�_�x�l �\�u�k�h�d�b�c �d�h�w�n�n�b�p�b�_�g�l �d�h�j�j�_-
�e�y�p�b�b (r > 0,995) �b �h�i�b�k�u�\�Z�x�l�k�y �i�j�y�f�u�f�b �e�b�g�b�y�f�b: 

 

4 3
3019 ( 40,3 1,3) 10 [ ] (409,1 8,9) 10 ,A D�� ���  � � � r � ˜ � ˜ � � � r � ˜                     (6) 

 

5
2253 (216,6 9,4) 10 [ ],A D���  � r � ˜ � ˜                                    (7) 

 

1216 ( 0,0316 0,0010) [ ] (3,255 0,089),A D�  � � � r � ˜ � � � r                     (8) 
 

�]�^�_ [D] – �d�h�g�p�_�g�l�j�Z�p�b�y �^�_�c�l�_�j�b�y �\ �o�e�h�j�h�n�h�j�f�_, �Z�l. %. 
�A�Z�\�b�k�b�f�h�k�l�v �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �i�j�b �\�h�e�g�h�\�h�f �q�b�k�e�_ 3019 �k�f–1 (�\�Z-

�e�_�g�l�g�u�_ �d�h�e�_�[�Z�g�b�y �k�\�y�a�b �K-�G) �i�h�a�\�h�e�y�_�l �h�i�j�_�^�_�e�y�l�v �k�h�^�_�j�`�Z�g�b�_ �^�_�c�l�_�j�b�y 
�\ �o�e�h�j�h�n�h�j�f�_ �\�h �\�k�_�c �h�[�e�Z�k�l�b �d�h�g�p�_�g�l�j�Z�p�b�c. �L�h�]�^�Z �d�Z�d �a�Z�\�b�k�b�f�h�k�l�v �i�j�b �\�h�e-
�g�h�\�h�f �q�b�k�e�_ 2253 �k�f–1 (�\�Z�e�_�g�l�g�u�_ �d�h�e�_�[�Z�g�b�y �k�\�y�a�b �K-D) – �h�l 0,015 �^�h 60 �Z�l. %, 
�Z �i�j�b 1216 �k�f–1 – �h�l 60 �^�h 99,8 �Z�l. %. 

�D�h�g�l�j�h�e�v �h�k�l�Z�l�h�q�g�h�]�h �i�j�h�l�b�y 
�\ �^�_�c�l�_�j�b�j�h�\�Z�g�g�h�f �o�e�h�j�h�n�h�j�f�_ 

�G�Z �i�j�Z�d�l�b�d�_ �i�j�b �i�j�h�b�a�\�h�^�k�l�\�_ �^�_�c�l�j�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�h�n�h�j�f�Z �g�Z�b�[�h�e�v-
�r�b�c �b�g�l�_�j�_�k �i�j�_�^�k�l�Z�\�e�y�_�l �h�[�e�Z�k�l�v �h�d�h�e�h �i�j�h�^�m�d�l�h�\�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �^�_�c�l�_�j�b�y 
([D] > 99,5 �Z�l. %). �>�e�y �g�m�`�^ �Y�F�J-�k�i�_�d�l�j�h�k�d�h�i�b�b �i�b�d �h�k�l�Z�l�h�q�g�h�]�h �i�j�h�l�b�y 
�\ �j�Z�k�l�\�h�j�b�l�_�e�_ �^�h�e�`�_�g �[�u�l�v �f�b�g�b�f�Z�e�_�g, �Z �a�g�Z�q�b�l �d�j�Z�c�g�_ �\�Z�`�g�Z �l�h�q�g�h�k�l�v 
�b �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �Z�g�Z�e�b�a�Z �\ �h�[�e�Z�k�l�b �i�j�h�^�m�d�l�h�\�h�]�h �o�e�h�j�h�n�h�j�f�Z. 

�< �k�h�h�l�\�_�l�k�l�\�b�b �k �m�j�Z�\�g�_�g�b�_�f �E�Z�f�[�_�j�l�Z-�;�m�]�_�j�Z-�;�_�j�Z (�k�f. �m�j. (1)) �i�h�\�u-
�k�b�l�v �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �Z�g�Z�e�b�a�Z �f�h�`�g�h �m�\�_�e�b�q�b�\�Z�y �l�h�e�s�b�g�m �i�h�]�e�h�s�Z�x�s�_�]�h 
�k�e�h�y �\�_�s�_�k�l�\�Z. �I�h�w�l�h�f�m �f�_�l�h�^�h�f �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h �j�Z�a�[�Z�\�e�_�g�b�y �i�j�h�^�m�d�l�h�\�h-
�]�h �o�e�h�j�h�n�h�j�f�Z-d ([D] = 99,8 �Z�l. %) �[�u�e�Z �i�j�b�]�h�l�h�\�e�_�g�Z �k�_�j�b�y �]�j�Z�^�m�b�j�h�\�h�q�g�u�o 
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�j�Z�k�l�\�h�j�h�\ �b �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�Z �f�_�l�h�^�h�f �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�f�_�l�j�b�b �k �b�k�i�h�e�v�a�h-
�\�Z�g�b�_�f �d�x�\�_�l�u �b�a �n�e�x�h�j�b�l�Z �k �l�h�e�s�b�g�h�c �i�h�]�e�h�s�Z�x�s�_�]�h �k�e�h�y 0,025 �f�f .  

�G�Z�b�[�h�e�_�_ �m�^�h�[�g�h�c �k�i�_�d�l�j�Z�e�v�g�h�c �e�b�g�b�_�c �^�e�y �d�h�g�l�j�h�e�y �b�a�h�l�h�i�g�h�c �q�Z�k�l�h-
�l�u �^�_�c�l�_�j�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�h�n�h�j�f�Z �y�\�e�y�_�l�k�y 1216 �k�f–1, �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �^�_-
�n�h�j�f�Z�p�b�h�g�g�u�f �d�h�e�_�[�Z�g�b�y�f �k�\�y�a�b �K-�G. �>�Z�g�g�Z�y �i�h�e�h�k�Z �i�h�]�e�h�s�_�g�b�y �h�[�e�Z�^�Z�_�l 
�g�Z�b�[�h�e�v�r�_�c �b�g�l�_�g�k�b�\�g�h�k�l�v�x �\ �k�i�_�d�l�j�_ �o�e�h�j�h�n�h�j�f�Z. �G�Z �j�b�k�m�g�d�_ 6 �i�j�_�^�k�l�Z�\-
�e�_�g�u �k�_�j�b�b �k�i�_�d�l�j�h�\ �e�b�g�b�c, �Z �l�Z�d�`�_ �]�j�Z�^�m�b�j�h�\�h�q�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v, �i�h�e�m�q�_�g�g�Z�y 
�i�h �j�_�a�m�e�v�l�Z�l�Z�f �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o �i�h �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �i�j�b �\�h�e�g�h�\�h�f 
�q�b�k�e�_ 1216 �k�f–1. 

 

    
 
�J�b�k. 7. �N�j�Z�]�f�_�g�l �g�Z�e�h�`�_�g�g�u�o �^�j�m�] �g�Z �^�j�m�]�Z �k�i�_�d�l�j�h�\ �o�e�h�j�h�n�h�j�f�Z �k �j�Z�a�e�b�q�g�h�c �d�h�g-
�p�_�g�l�j�Z�p�b�_�c �^�_�c�l�_�j�b�y (�k�e�_�\�Z) �b �i�j�y�f�Z�y �a�Z�\�b�k�b�f�h�k�l�b �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �h�l �d�h�g�p�_�g- 
   �l�j�Z�p�b�b �^�_�c�l�_�j�b�y (�k�i�j�Z�\�Z) �i�j�b �\�h�e�g�h�\�h�f �q�b�k�e�_ 1216 �k�f–1 (�d�x�\�_�l�Z CaF2, l = 0,025 �f�f ) 
 

�I�h�^�m�q�_�g�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �b�f�_�_�l �\�u�k�h�d�b�c �d�h�w�n�n�b�p�b�_�g�l �d�h�j�j�_�e�y�p�b�b 
(r = 0,999) �b �h�i�b�k�u�\�Z�_�l�k�y �m�j�Z�\�g�_�g�b�_�f: 

 

4
1216 ( 584,4 3,5) 10 [ ] (5,843 0,035),A D���  � � � r � ˜ � ˜ � � � r                 (9) 

 

�]�^�_ [D] – �d�h�g�p�_�g�l�j�Z�p�b�y �^�_�c�l�_�j�b�y �\ �o�e�h�j�h�n�h�j�f�_, �Z�l. %. 
�J�_�a�d�Z�y �a�Z�\�b�k�b�f�h�k�l�v �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �^�_�c�l�_�j�b�y 

�\ �m�a�d�h�f �^�b�Z�i�Z�a�h�g�_ �d�h�g�p�_�g�l�j�Z�p�b�c (99,3–99,8 �Z�l. %) �i�h�a�\�h�e�y�_�l �i�j�h�\�h�^�b�l�v �d�h�g-
�l�j�h�e�v �b�a�h�l�h�i�g�h�c �q�b�k�l�h�l�u �^�_�c�l�j�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�h�n�h�j�f�Z �i�j�b �_�]�h �i�j�h�b�a�\�h�^�k�l�_. 

�<�u�\�h�^�u 

1. �H�l�j�Z�[�h�l�Z�g�Z �f�_�l�h�^�b�d�Z �b�a�h�l�h�i�g�h�]�h �Z�g�Z�e�b�a�Z �^�_�c�l�_�j�b�j�h�\�Z�g�g�h�]�h �o�e�h�j�h-
�n�h�j�f�Z �f�_�l�h�^�h�f �B�D-�N�m�j�v�_-�k�i�_�d�l�j�h�k�d�h�i�b�b �^�e�y �k�i�_�d�l�j�h�f�_�l�j�Z Nicolet iS10 �b �n�h-
�l�h�f�_�l�j�b�q�_�k�d�b�o �d�x�\�_�l Specac™ Omni-Cell™ �k �h�d�g�Z�f�b �b�a CaF2 �b �^�e�b�g�Z�f�b �h�i-
�l�b�q�_�k�d�h�]�h �i�m�l�b 0,015 �f�f  �b 0,025 �f�f . 

2. �I�h�d�Z�a�Z�g�Z �g�_�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �b�a�h�l�h�i�g�h�]�h �Z�g�Z�e�b�a�Z �o�e�h�j�h�n�h�j�f�Z �f�_�l�h-
�^�h�f �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�f�_�l�j�b�b �d �i�j�b�f�_�k�y�f �\�h�^�u �\ �g�z�f. 

3. �I�h�k�l�j�h�_�g�g�u�_ �]�j�Z�^�m�b�j�h�\�h�q�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �h�l 
�d�h�g�p�_�g�l�j�Z�p�b�b �^�_�c�l�_�j�b�y �\ �o�e�h�j�h�n�h�j�f�_ �b�f�_�x�l �\�u�k�h�d�b�c �d�h�w�n�n�b�p�b�_�g�l �d�h�j�j�_�e�y-
�p�b�b (r>0,995) �b �h�i�b�k�u�\�Z�x�l�k�y �i�j�y�f�u�f�b �e�b�g�b�y�f�b. 
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4. �M�\�_�e�b�q�_�g�b�_ �l�h�e�s�b�g�u �i�h�]�e�h�s�Z�x�s�_�]�h �k�e�h�y �i�h�a�\�h�e�y�_�l �h�i�j�_�^�_�e�y�l�v �d�h�g-
�p�_�g�l�j�Z�p�b�x �^�_�c�l�_�j�b�y �k �\�u�k�h�d�h�c �l�h�q�g�h�k�l�v�x �b �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �\ �h�[�e�Z�k�l�b 
�i�j�h�^�m�d�l�h�\�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �^�_�c�l�_�j�h�o�e�h�j�h�n�h�j�f�Z �i�h �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b 
�i�j�h�[�u �g�Z �\�h�e�g�h�\�h�f �q�b�k�e�_ 1216 �k�f–1. 

5. �F�_�l�h�^ �B�D-�N�m�j�v�_ �k�i�_�d�l�j�h�f�_�l�j�b�b �h�[�e�Z�^�Z�_�l �\�u�k�h�d�h�c �l�h�q�g�h�k�l�v, �w�d�k�i�j�_�k-
�k�g�h�k�l�v�x, �Z �l�Z�d�`�_ �f�Z�e�u�f �g�_�h�[�o�h�^�b�f�u�f �h�[�t�z�f�h�f �i�j�h�[�u (~200 �f�d�e), �q�l�h �i�h�a�\�h�e�y-
�_�l �j�_�d�h�f�_�g�^�h�\�Z�l�v �_�]�h �^�e�y �d�h�g�l�j�h�e�y �b�a�h�l�h�i�g�h�c �q�b�k�l�h�l�u �^�_�c�l�_�j�h�o�e�h�j�h�n�h�j�f�Z. 

�;�e�Z�]�h�^�Z�j�g�h�k�l�b 

�J�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �\ �j�Z�f�d�Z�o �i�j�h�]�j�Z�f�f�u �j�Z�a�\�b�l�b�y �J�O�L�M �b�f. �>. �B. �F�_�g-
�^�_�e�_�_�\�Z «�I�j�b�h�j�b�l�_�l 2030». 
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�< �j�Z�[�h�l�_ �j�Z�k�k�f�h�l�j�_�g�h �\�e�b�y�g�b�_ �p�b�d�e�Z «�f�h�^�b�n�b�d�Z�p�b�y – �j�_�]�_�g�_�j�Z-
�p�b�y» �g�Z �f�Z�k�k�h�h�[�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�Z �o�b�f�b�q�_�k�d�h�]�h �b�a�h�l�h�i-
�g�h�]�h �h�[�f�_�g�Z (�O�B�H) �\ �d�h�g�l�Z�d�l�g�u�o �m�k�l�j�h�c�k�l�\�Z�o �f�_�f�[�j�Z�g�g�h�]�h �l�b�i�Z 
(�D�M�F�L) �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �l�j�z�o �i�e�h�k�d�b�o �f�_�f�[�j�Z�g: Nafion 212 (�l�h�e�s�b�g�h�c 
50,8 �f�d�f), Nafion 117 (183 �f�d�f) �b �F�N-4�K�D (250 �f�d�f). �I�h�d�Z�a�Z�g�h, �q�l�h 
�g�Z�b�[�h�e�v�r�_�c �i�j�h�g�b�p�Z�_�f�h�k�l�v�x �i�h �\�h�^�_ �h�[�e�Z�^�Z�_�l �g�Z�b�[�h�e�_�_ �l�h�g�d�Z�y �f�_�f�[�j�Z-
�g�Z Nafion 212. �L�Z�d �`�_ �i�j�_�^�k�l�Z�\�e�_�g�u �f�Z�k�k�h�h�[�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�i�j�h�p�_�k�k�Z �O�B�H �\ �D�M�F�L – �g�Z�[�e�x�^�Z�_�l�k�y �a�g�Z�q�b�l�_�e�v�g�h�_ �m�o�m�^�r�_�g�b�_ �f�Z�k�k�h-
�h�[�f�_�g�Z �i�j�b �h�l�j�Z�\�e�_�g�b�b (�f�h�^�b�n�b�d�Z�p�b�b) �f�_�f�[�j�Z�g�u �b�h�g�Z�f�b Fe3+, �Z �i�h�k�e�_ 
�j�_�]�_�g�_�j�Z�p�b�b �i�j�h�b�k�o�h�^�b�l �\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �f�Z�k�k�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d 
�^�h �b�k�o�h�^�g�u�o �a�g�Z�q�_�g�b�c �b�e�b, �d�Z�d �\ �k�e�m�q�Z�_ �k �f�_�f�[�j�Z�g�h�c �F�N-4�K�D, �m�e�m�q�r�_-
�g�b�_ �i�h �k�j�Z�\�g�_�g�b�x �k �b�k�o�h�^�g�u�f �k�h�k�l�h�y�g�b�_�f. 

�<�\�_�^�_�g�b�_ 

�J�_�Z�d�p�b�y �o�b�f�b�q�_�k�d�h�]�h �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z (�O�B�H) (3) �\�h�^�h�j�h�^�Z �k �\�h�^�h�c 
�i�j�h�o�h�^�b�l �\ �^�\�_ �k�l�Z�^�b�b: �d�Z�l�Z�e�b�l�b�q�_�k�d�b�c �b�a�h�l�h�i�g�h�c �h�[�f�_�g (�D�B�H) (1) �f�_�`�^�m 
�f�h�e�_�d�m�e�y�j�g�u�f �\�h�^�h�j�h�^�h�f �b �i�Z�j�Z�f�b �\�h�^�u �g�Z �Z�d�l�b�\�g�u�o �p�_�g�l�j�Z�o �d�Z�l�Z�e�b�a�Z�l�h�j�Z 
�b �n�Z�a�h�\�u�c �b�a�h�l�h�i�g�u�c �h�[�f�_�g (�N�B�H) (2) �f�_�`�^�m �\�h�^�h�c �b �_�z �i�Z�j�Z�f�b [1]. 

 

2 2
Cat

�i�Z�j �]�Z�a �i�Z�j �]�Z�aH O HX HXO H�•�•�• �o� � � ��m�•�• �•     (�D�B�H)                    (1) 
 

2 2�i�Z�j �` �i�Z�j �`HXO H O H O HXO� � � ��R     (�N�B�H)                    (2) 
 

2 2
Cat

�` �]�Z�a �` �]�Z�aH O HX HXO H�•�•�• �o� � � ��m�•�• �•     (�O�B�H)                    (3) 
 

�]�^�_ �O – �l�y�`�_�e�u�c �b�a�h�l�h�i �\�h�^�h�j�h�^�Z (�^�_�c�l�_�j�b�c D �b�e�b �l�j�b�l�b�c T). 
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�O�b�f�b�q�_�k�d�b�c �b�a�h�l�h�i�g�u�c �h�[�f�_�g �f�_�`�^�m �\�h�^�h�j�h�^�h�f �b �\�h�^�h�c �i�j�h�\�h�^�b�l�k�y 
�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �\ �\�_�j�l�b�d�Z�e�v�g�u�o �d�h�e�h�g�g�Z�o, �]�^�_ �d�h�g�l�Z�d�l�g�u�f �w�e�_�f�_�g�l�h�f �k�e�m-
�`�b�l �g�Z�k�Z�^�d�Z, �Z �]�b�^�j�h�n�h�[�g�u�c �d�Z�l�Z�e�b�a�Z�l�h�j �a�Z�]�j�m�`�_�g �i�h�k�e�h�c�g�h �b�e�b �k�f�_�r�Z�g�g�h. 
�< �l�Z�d�h�f �k�e�m�q�Z�_ �i�j�b �d�h�g�l�Z�d�l�_ �`�b�^�d�h�k�l�b �k �a�_�j�g�h�f �]�b�^�j�h�n�h�[�g�h�]�h �d�Z�l�Z�e�b�a�Z�l�h�j�Z 
�g�Z�j�m�r�Z�_�l�k�y �j�Z�\�g�h�f�_�j�g�h�k�l�v �j�Z�k�i�j�_�^�_�e�_�g�b�y �\�h�^�u �i�h �k�_�q�_�g�b�x �d�h�e�h�g�g�u, �\�k�e�_�^-
�k�l�\�b�_ �q�_�]�h �i�j�h�i�m�k�d�g�Z�y �k�i�h�k�h�[�g�h�k�l�v �d�h�e�h�g�g�u – �e�b�g�_�c�g�Z�y �k�d�h�j�h�k�l�v �i�Z�j�h�]�Z�a�h�\�h-
�]�h �i�h�l�h�d�Z – �g�_ �i�j�_�\�u�r�Z�_�l 0,3 �f /�k [1]. 

�< �J�O�L�M �b�f. �>. �B. �F�_�g�^�_�e�_�_�\�Z �[�u�e�h �j�Z�a�j�Z�[�h�l�Z�g�h �d�h�g�l�Z�d�l�g�h�_ �m�k�l�j�h�c�k�l�\�h 
�f�_�f�[�j�Z�g�g�h�]�h �l�b�i�Z (�D�M�F�L), �\ �d�h�l�h�j�h�f �i�Z�j�h�]�Z�a�h�\�h�_ �i�j�h�k�l�j�Z�g�k�l�\�h, �k�h�^�_�j�`�Z�s�_�_ 
�d�Z�l�Z�e�b�a�Z�l�h�j, �h�l�^�_�e�_�g�h �h�l �\�h�^�u �i�_�j�n�l�h�j�b�j�h�\�Z�g�g�h�c �k�m�e�v�n�h�i�h�e�b�f�_�j�g�h�c �f�_�f-
�[�j�Z�g�h�c, �i�j�h�g�b�p�Z�_�f�h�c �^�e�y �\�h�^�u, �g�h �g�_�i�j�h�g�b�p�Z�_�f�h�c �^�e�y �]�Z�a�Z (�k�f. �j�b�k. 1) [2]. 
�< �h�l�e�b�q�b�_ �h�l �l�j�Z�^�b�p�b�h�g�g�u�o �g�Z�k�Z�^�h�q�g�u�o �d�h�g�l�Z�d�l�g�u�o �m�k�l�j�h�c�k�l�\ �D�M�F�L �h�[�e�Z-
�^�Z�x�l �]�h�j�Z�a�^�h �[�h�e�v�r�_�c �i�j�h�i�m�k�d�g�h�c �k�i�h�k�h�[�g�h�k�l�v�x – �e�b�g�_�c�g�Z�y �k�d�h�j�h�k�l�v �i�Z�j�h�]�Z-
�a�h�\�h�]�h �i�h�l�h�d�Z �f�h�`�_�l �i�j�_�\�u�r�Z�l�v 5 �f /�k [3], �Z �l�Z�d�`�_ �\ �l�Z�d�b�o �m�k�l�j�h�c�k�l�\�Z�o �h�l�k�m�l-
�k�l�\�m�_�l �l�j�_�[�h�\�Z�g�b�_ �d �]�b�^�j�h�n�h�[�g�h�k�l�b �d�Z�l�Z�e�b�a�Z�l�h�j�Z, �l�Z�d �d�Z�d �h�g �h�l�^�_�e�z�g �h�l �\�h�^�u 
�f�_�f�[�j�Z�g�h�c. �I�j�h�p�_�k�k �f�Z�k�k�h�h�[�f�_�g�Z �\ �D�M�F�L �e�b�f�b�l�b�j�m�_�l�k�y �k�l�Z�^�b�y�f�b, �k�\�y�a�Z�g-
�g�u�f�b �k �f�_�f�[�j�Z�g�h�c [3–5], �i�h�w�l�h�f�m �i�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�f�[�j�Z�g�u �i�h �\�h�^�_ – �h�^�g�Z �b�a 
�_�z �h�k�g�h�\�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d, �g�Z�j�y�^�m �k �f�_�o�Z�g�b�q�_�k�d�h�c �i�j�h�q�g�h�k�l�v�x �b �j�Z�^�b�Z�p�b�h�g-
�g�h�c �k�l�h�c�d�h�k�l�v�x. 

 

 
 

�J�bc. 1. �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �k�o�_�f�Z �d�h�g�l�Z�d�l�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �f�_�f�[�j�Z�g�g�h�]�h �l�b�i�Z (�D�M�F�L) [2] 

�F�_�f�[�j�Z�g�u �\ �D�M�F�L 

�< �j�Z�[�h�l�_ �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �i�_�j�n�l�h�j�b�j�h�\�Z�g�g�u�_ �k�m�e�v�n�h�d�Z�l�b�h�g�b�l�g�u�_ �f�_�f�[�j�Z-
�g�u �l�b�i�Z Nafion, �i�j�_�^�k�l�Z�\�e�y�x�s�b�o �k�h�[�h�c �i�h�e�b�f�_�j�g�u�_ �k�h�_�^�b�g�_�g�b�y, �k�h�k�l�h�y�s�b�_ �b�a 
�j�Z�a�e�b�q�g�h�]�h �q�b�k�e�Z �n�l�h�j�m�]�e�_�j�h�^�g�u�o �]�j�m�i�i, �d �[�h�d�h�\�u�f �p�_�i�y�f �d�h�l�h�j�u�o �i�j�b�\�b�l�u 
�n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �b�h�g�h�h�[�f�_�g�g�u�_ �]�j�m�i�i�u, �i�j�_�^�k�l�Z�\�e�y�x�s�b�_ �k�h�[�h�c �h�k�l�Z�l�h�d �k�_�j�g�h�c 
�d�b�k�e�h�l�u. �K�l�j�m�d�l�m�j�g�Z�y �n�h�j�f�m�e�Z �f�h�g�h�f�_�j�Z Nafion �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k. 2 [6]. 

�L�Z�d�b�_ �f�_�f�[�j�Z�g�u �g�Z�r�e�b �i�j�b�f�_�g�_�g�b�_ �\ �w�e�_�d�l�j�h�e�b�a�z�j�Z�o �k �l�\�z�j�^�h�i�h�e�b�f�_�j-
�g�u�f �w�e�_�d�l�j�h�e�b�l�h�f �b �\ �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �l�h�i�e�b�\�g�u�o �w�e�_�f�_�g�l�Z�o �[�e�Z�]�h�^�Z�j�y 
�\�u�k�h�d�b�f �i�h�d�Z�a�Z�l�_�e�y�f �i�j�h�l�h�g�g�h�c �i�j�h�\�h�^�b�f�h�k�l�b (0,1 �K�f/�k�f) [7], �d�h�l�h�j�Z�y �h�k�m-
�s�_�k�l�\�e�y�_�l�k�y �a�Z �k�q�z�l �g�Z�e�b�q�b�y �i�h�^�\�b�`�g�u�o �Z�l�h�f�h�\ �\�h�^�h�j�h�^�Z �\ �i�j�b�\�b�l�u�o �]�j�m�i�i�Z�o 
-SO3H.  
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(m �• 1; 13 �• n �• 6) 
 

�J�b�k. 2. �K�l�j�m�d�l�m�j�g�Z�y �n�h�j�f�m�e�Z Nafion [6] 
 
�K�l�j�m�d�l�m�j�Z �f�_�f�[�j�Z�g �l�b�i�Z Nafion �a�g�Z�q�b�l�_�e�v�g�h �h�l�e�b�q�Z�_�l�k�y �\ �k�m�o�h�f 

�b �\�e�Z�`�g�h�f �k�h�k�l�h�y�g�b�b. �G�Z �j�b�k�m�g�d�_ 3 �i�j�_�^�k�l�Z�\�e�_�g�Z �k�o�_�f�Z, �h�l�j�Z�`�Z�x�s�Z�y �\�b� ̂
�d�e�Z�k�l�_�j�h�\, �h�l�j�Z�`�Z�x�s�b�o �\�g�m�l�j�_�g�g�x�x �k�l�j�m�d�l�m�j�m �f�_�f�[�j�Z�g �\ �a�Z�\�b�k�b�f�h�k�l�b  
�h�l �\�e�Z�]�h�k�h�^�_�j�`�Z�g�b�y [8]. 

 

 
 

�J�b�k. 3. �K�o�_�f�Z�l�b�q�_�k�d�h�_ �b�a�h�[�j�Z�`�_�g�b�_ �d�e�Z�k�l�_�j�h�\ �b �d�Z�g�Z�e�h�\ �\ �k�m�o�h�c (�k�e�_�\�Z) �b �\�e�Z�`�g�h�c  
                                                      (�k�i�j�Z�\�Z) �f�_�f�[�j�Z�g�_ [8]  

 
�K�h�]�e�Z�k�g�h �f�h�^�_�e�b �=�b�j�d�_ [9], �k�h�j�[�b�j�h�\�Z�g�g�Z�y �\�h�^�Z �h�[�j�Z�a�m�_�l �\ �l�_�e�_ �f�_�f-

�[�j�Z�g�u �d�e�Z�k�l�_�j�u �b �i�j�h�l�h�g�i�j�h�\�h�^�y�s�b�_ �d�Z�g�Z�e�u, �i�j�h�g�b�a�u�\�Z�x�s�b�_ �l�_�e�h �f�_�f�[�j�Z-
�g�u �b �b�a�f�_�g�y�x�s�b�_ �]�_�h�f�_�l�j�b�x �j�Z�k�i�h�e�h�`�_�g�b�y �f�h�e�_�d�m�e. 

�F�_�f�[�j�Z�g�u �l�b�i�Z Nafion �a�Z �k�q�z�l �e�m�q�r�b�o �i�j�h�q�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �h�[-
�e�Z�^�Z�x�l �i�j�_�b�f�m�s�_�k�l�\�h�f �i�_�j�_�^ �Z�g�Z�e�h�]�b�q�g�u�f�b �d�h�f�i�h�a�b�l�g�u�f�b �m�]�e�_�\�h�^�h�j�h�^�g�u-
�f�b �i�h�e�b�f�_�j�g�u�f�b �f�_�f�[�j�Z�g�Z�f�b, �g�_�k�f�h�l�j�y �g�Z �k�h�i�h�k�l�Z�\�b�f�u�_ �a�g�Z�q�_�g�b�y �i�j�h�g�b�p�Z-
�_�f�h�k�l�b, �\ �i�j�h�p�_�k�k�_ �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z �\ �D�M�F�L. 

�B�k�k�e�_�^�h�\�Z�g�b�_ �i�j�h�g�b�p�Z�_�f�h�k�l�b �f�_�f�[�j�Z�g 

�B�k�k�e�_�^�h�\�Z�g�b�_ �i�j�h�g�b�p�Z�_�f�h�k�l�b �f�_�f�[�j�Z�g �i�j�h�\�h�^�b�e�h�k�v �\ �D�M�F�L �k �b�k�i�h�e�v-
�a�h�\�Z�g�b�_�f �f�_�l�h�^�Z �b�a�h�l�h�i�g�h�c �f�_�l�d�b [10]. �W�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b�k�v �g�Z �m�k�l�Z-
�g�h�\�d�_, �k�o�_�f�Z �d�h�l�h�j�h�c �i�j�b�\�_�^�_�g�Z �g�Z �j�b�k. 4. �=�e�Z�\�g�u�f �w�e�_�f�_�g�l�h�f �m�k�l�Z�g�h�\�d�b �y�\-
�e�y�_�l�k�y �d�h�g�l�Z�d�l�g�h�_ �m�k�l�j�h�c�k�l�\�h �f�_�f�[�j�Z�g�g�h�]�h �l�b�i�Z (�D), �k�g�Z�[�`�_�g�g�h�_ �l�_�j�f�h�k�l�Z�l�b-
�j�m�x�s�_�c �j�m�[�Z�r�d�h�c. �I�h�l�h�d�b L1 �b L2 �i�h�^�h�]�j�_�\�Z�x�l�k�y �\ �l�_�i�e�h�h�[�f�_�g�g�b�d�Z�o, �b �a�Z-
�l�_�f �\�h�^�Z �k �i�j�b�j�h�^�g�u�f �b�a�h�l�h�i�g�u�f �k�h�^�_�j�`�Z�g�b�_�f (L1) �i�h�k�l�m�i�Z�_�l �\ �e�_�\�m�x �q�Z�k�l�v 
�d�h�g�l�Z�d�l�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �i�j�b �i�h�f�h�s�b �g�Z�k�h�k�Z (�G�F), �Z �\ �i�j�Z�\�m�x �q�Z�k�l�v �g�Z�k�h�k�h�f 
(�G�I) �i�_�j�_�d�Z�q�b�\�Z�_�l�k�y �\�h�^�Z �k �f�_�l�d�h�c �^�_�c�l�_�j�b�y (L2). �I�j�h�[�h�h�l�[�h�j �i�j�h�b�a�\�h�^�b�l�k�y 
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�g�Z �\�u�o�h�^�_ �b�a �D�M�F�L �b�a �i�h�l�h�d�Z L1 �d�Z�`�^�u�_ 15 �f�b�g�m�l �b �b�a �_�f�d�h�k�l�b (�?2) �i�_�j�_�^ 
�g�Z�q�Z�e�h�f �b �i�h�k�e�_ �h�d�h�g�q�Z�g�b�y �w�d�k�i�_�j�b�f�_�g�l�Z. 

�I�_�j�_�^ �i�j�h�\�_�^�_�g�b�_�f �h�i�u�l�Z �_�f�d�h�k�l�v (�?1) �g�Z�i�h�e�g�y�e�b �\�h�^�h�c �k �i�j�b�j�h�^�g�u�f 
�b�a�h�l�h�i�g�u�f �k�h�^�_�j�`�Z�g�b�_�f, �_�f�d�h�k�l�v (�?2) �g�Z�i�h�e�g�y�e�b �\�h�^�h�c �k �b�a�f�_�g�_�g�g�u�f �b�a�h-
�l�h�i�g�u�f �k�h�^�_�j�`�Z�g�b�_�f. �<�h �b�a�[�_�`�Z�g�b�_ �b�a�f�_�g�_�g�b�y �b�a�h�l�h�i�g�h�]�h �k�h�^�_�j�`�Z�g�b�y 
�\ �i�j�h�p�_�k�k�_ �h�i�u�l�Z �\ �p�b�j�d�m�e�b�j�m�x�s�_�f �d�h�g�l�m�j�_ �h�[�t�_�f �\�h�^�u �\ �g�_�f �i�j�_�\�h�k�o�h�^�b�e 
�h�[�t�_�f �\�h�^�u �\ �D�M�F�L. �<�_�e�b�q�b�g�Z �i�h�l�h�d�Z L2 �a�Z�^�Z�\�Z�e�Z�k�v �j�Z�\�g�h�c 400 �f�e/�f�b�g, �h�[�t-
�_�f �_�f�d�h�k�l�b �k�h�k�l�Z�\�e�y�e 1500 �f�e. �<�_�e�b�q�b�g�Z �i�h�l�h�d�Z L1 �k�h�k�l�Z�\�e�y�e�Z 150 �f�e/�q. 

 

 
 

�J�b�k. 4. �I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �k�o�_�f�Z �m�k�l�Z�g�h�\�d�b �^�e�y �b�a�m�q�_�g�b�y �i�j�h�g�b�p�Z�_�f�h�k�l�b �f�_�f�[�j�Z�g  
�D – �d�h�g�l�Z�d�l�g�h�_ �m�k�l�j�h�c�k�l�\�h �f�_�f�[�j�Z�g�g�h�]�h �l�b�i�Z; �?1, �?2 – �_�f�d�h�k�l�v; �G�F – �f�_�f�[�j�Z�g�g�u�c 
�g�Z�k�h�k; �G�I – �i�_�j�b�k�l�Z�e�v�l�b�q�_�k�d�b�c �g�Z�k�h�k; �I  – �i�j�b�_�f�g�b�d �i�j�h�[�u; �L – �l�_�j�f�h�k�l�Z�l; �L�H1,  
                                                        �L�H2 – �l�_�i�e�h�h�[�f�_�g�g�b�d 

 
�B�a�h�l�h�i�g�u�c �Z�g�Z�e�b�a �i�h �^�_�c�l�_�j�b�x �i�j�h�\�h�^�b�e�k�y �g�Z �^�_�g�k�b�l�h�f�_�l�j�_ Anton Paar 

DMA5000M. �J�Z�k�q�z�l �\�_�e�b�q�b�g�u �i�j�h�g�b�p�Z�_�f�h�k�l�b �i�j�h�\�h�^�b�e�k�y �i�h �m�j�Z�\�g�_�g�b�x (4): 
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�]�^�_ wH�•O – �i�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�f�[�j�Z�g�u, �f�h�e�v/(�f2·�k); V�y�q – �d�h�e�b�q�_�k�l�\�h �\�h�^�u �d�h�g�l�m-
�j�Z L1 �\ �j�Z�[�h�q�_�c �d�Z�f�_�j�_ �y�q�_�c�d�b, �f�h�e�v; S – �i�e�h�s�Z�^�v �i�h�\�_�j�o�g�h�k�l�b �f�_�f�[�j�Z�g�u, �f2; 
k – �d�h�g�k�l�Z�g�l�Z �k�d�h�j�h�k�l�b �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z, �k–1. 

�D�h�g�k�l�Z�g�l�Z �k�d�h�j�h�k�l�b �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z �\�u�\�h�^�b�e�Z�k�v �b�a �m�j�Z�\�g�_�g�b�y �d�b�g�_-
�l�b�d�b �j�_�Z�d�p�b�b �i�_�j�\�h�]�h �i�h�j�y�^�d�Z: 

 

ln(1 )F k�� � � �  � W                                              (5) 
 

�]�^�_ F – �k�l�_�i�_�g�v �h�[�f�_�g�Z; �2 – �\�j�_�f�y �d�h�g�l�Z�d�l�Z, �k. 
�K�l�_�i�_�g�v �h�[�f�_�g�Z, �\ �k�\�h�x �h�q�_�j�_�^�v, �g�Z�o�h�^�b�l�k�y �i�h �h�i�j�_�^�_�e�_�g�b�x: 
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                                             (6) 

 

�]�^�_ �o0 – �d�h�g�p�_�g�l�j�Z�p�b�y �^�_�c�l�_�j�b�y �\ �i�h�l�h�d�_ L1 �g�Z �\�o�h�^�_ �\ �D�M�F�L (x0=0,015% �Z�l.); 
�o1 – �d�h�g�p�_�g�l�j�Z�p�b�y �^�_�c�l�_�j�b�y �g�Z �\�u�o�h�^�_ �b�a �D�M�F�L �\ �i�h�l�h�d�_ L1; �o2– �d�h�g�p�_�g�l�j�Z-
�p�b�y �^�_�c�l�_�j�b�y �\ �i�h�l�h�d�_ L2. 
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�< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �b�k�i�h�e�v�a�h�\�Z�e�b �f�_�f�[�j�Z�g�u Nafion 212 �l�h�e�s�b�g�h�c 
50,8 �f�d�f �b Nafion 117 �l�h�e�s�b�g�h�c 183 �f�d�f �i�j�h�b�a�\�h�^�k�l�\�Z E.I. du Pont de 
Nemours and Company, �Z �l�Z�d�`�_ �b�o �j�h�k�k�b�c�k�d�b�c �Z�g�Z�e�h�] �F�N-4�K�D �l�h�e�s�b�g�h�c 
250 �f�d�f, �\�u�i�m�k�d�Z�_�f�h�c �H�:�H «�I�e�Z�k�l�i�h�e�b�f�_�j». �G�Z �i�j�_�^�u�^�m�s�_�f �w�l�Z�i�_ �j�Z�[�h�l 
�[�u�e�b �i�j�h�\�_�^�_�g�u �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�g�b�p�Z�_�f�h�k�l�b �w�l�b�o �f�_�f�[�j�Z�g �\ �G+-�n�h�j�f�_. �;�u-
�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �k �j�h�k�l�h�f �l�_�f�i�_�j�Z�l�m�j�u �h�l 298 �D �^�h 343 �D �i�j�h�g�b�p�Z�_�f�h�k�l�v 
�f�_�f�[�j�Z�g �m�\�_�e�b�q�b�\�Z�e�Z�k�v: �^�e�y �F�N-4�K�D �h�l (2,7 ± 0,4)�1̃0–2 �f�h�e�v/�f2�k �^�h 
(9,1 ± 0,3)�1̃0–2 �f�h�e�v/�f2�k, �^�e�y Nafion 212 �h�l (17,3 ± 0,4)�1̃0–2 �f�h�e�v/�f2�k �^�h 
(38,4 ± 1,1)�1̃0–2 �f�h�e�v/�f2�k, �Z �^�e�y Nafion 117 �h�l (5,2 ± 0,1)�1̃0–2 �f�h�e�v/�f2�k �^�h 
(13,2 ± 0,8)�1̃0–2 �f�h�e�v/�f2�k [10]. �A�g�Z�q�_�g�b�y �g�Z�[�e�x�^�Z�_�f�h�c �w�g�_�j�]�b�b �k�h�k�l�Z�\�b�e�b:  
21 ± 2 �d�>�/̀�f�h�e�v, 14,0 ± 2,1 �d�>�/̀�f�h�e�v �b 17,6 ± 1,9 �d�>�/̀�f�h�e�v, �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 
�B�a �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �^�Z�g�g�u�o �\�b�^�g�h, �q�l�h �h�j�b�]�b�g�Z�e�v�g�u�_ �f�_�f�[�j�Z�g�u �h�[�e�Z�^�Z�x�l 
�e�m�q�r�_�c �i�j�h�g�b�p�Z�_�f�h�k�l�v�x, �q�_�f �h�l�_�q�_�k�l�\�_�g�g�u�c �Z�g�Z�e�h�], �i�j�b �w�l�h�f �g�Z�b�e�m�q�r�b�c 
�j�_�a�m�e�v�l�Z�l �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e �h�[�j�Z�a�_�p Nafion 212. �I�j�b �h�l�k�m�l�k�l�\�b�b �l�h�q�g�h�c �b�g-
�n�h�j�f�Z�p�b�b �h �k�l�j�m�d�l�m�j�_ �b�k�k�e�_�^�h�\�Z�g�g�u�o �h�[�j�Z�a�p�h�\, �f�h�`�g�h �i�j�_�^�i�h�e�h�`�b�l�v, �q�l�h 
�i�j�h�g�b�p�Z�_�f�h�k�l�v �a�Z�\�b�k�b�l �h�l �l�h�e�s�b�g�u �f�_�f�[�j�Z�g�u. �< �k�\�y�a�b �k �\�h�a�f�h�`�g�u�f �a�Z�]�j�y�a-
�g�_�g�b�_�f �f�_�f�[�j�Z�g �b�h�g�Z�f�b �f�_�l�Z�e�e�h�\ �\ �i�j�h�p�_�k�k�_ �j�Z�[�h�l�u �m�k�l�Z�g�h�\�d�b �[�u�e�h �i�j�h�\�_-
�^�_�g�h �b�k�k�e�_�^�h�\�Z�g�b�_ �\�e�b�y�g�b�y �p�b�d�e�Z «�f�h�^�b�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y» �g�Z �i�j�h�g�b�p�Z�_-
�f�h�k�l�v �h�[�j�Z�a�p�h�\. �>�e�y �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�y �f�_�f�[�j�Z�g�u �_�z �i�h�f�_�s�Z�x�l �\ �j�Z�k�l�\�h�j 
�o�e�h�j�b�^�Z �`�_�e�_�a�Z (III) �b �\�u�^�_�j�`�b�\�Z�x�l �\ �g�z�f �\ �l�_�q�_�g�b�_ �k�m�l�h�d. �I�_�j�_�\�h�^ �f�h�^�b�n�b-
�p�b�j�h�\�Z�g�g�h�c �f�_�f�[�j�Z�g�u �\ H+–�n�h�j�f�m �g�Z�a�u�\�Z�_�l�k�y �j�_�]�_�g�_�j�Z�p�b�_�c �b �i�j�h�\�h�^�b�l�k�y 
�i�m�l�z�f �d�b�i�y�q�_�g�b�y �f�_�f�[�j�Z�g�u �\ 10 % �j�Z�k�l�\�h�j�_ �Z�a�h�l�g�h�c �d�b�k�e�h�l�u �\ �l�_�q�_�g�b�_ �^�\�m�o 
�q�Z�k�h�\. �I�j�h�p�_�k�k «�f�h�^�b�n�b�d�Z�p�b�b-�j�_�]�_�g�_�j�Z�p�b�b» �f�_�f�[�j�Z�g �i�h�^�j�h�[�g�h �h�i�b�k�Z�g �\ �j�Z-
�[�h�l�Z�o [10, 11]. �< �l�Z�[�e. 1 �i�j�b�\�_�^�_�g�u �a�g�Z�q�_�g�b�y �i�j�h�g�b�p�Z�_�f�h�k�l�b �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o 
�\ �^�Z�g�g�h�c �k�l�Z�l�v�_ �f�_�f�[�j�Z�g �\ �j�Z�a�e�b�q�g�u�o �k�h�k�l�h�y�g�b�y�o. 

 

� L �Z � [ � e � b � p �Z 1  
 

�I�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�f�[�j�Z�g �i�h�k�e�_ �p�b�d�e�Z «�f�h�^�b�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y»  
�i�j�b 313K (w·102, �f�h�e�v/(�k·�f2)) 

 

�K�h�k�l�h�y�g�b�_ Nafion 212 
(50,8 �f�d�f) 

Nafion 117 
(183 �f�d�f) 

�F�N-4�K�D 
(250 �f�d�f) 

H+-�n�h�j�f�Z 21,7 ± 1,3 8,6 ± 0,5 4,5 ± 0,4 

1-�f�h�^�b�n�b�d�Z�p�b�y 11,4 ± 0,2 4,9 ± 0,1 3,4 ± 0,1 

1-�j�_�]�_�g�b�j�Z�p�b�y 28,4 ± 0,3 10,9 ± 0,5 9,0 ± 0,5 

2 �f�h�^�b�n�b�d�Z�p�b�y 19,4 ± 0,6 6,1 ± 0,1 5,6 ± 0,2 

2 �j�_�]�_�g�_�j�Z�p�b�y 64,5 ± 0,9 12,1 ± 0,3 10,3 ± 0,5 

 
�I�h�k�e�_ �i�_�j�\�h�c �f�h�^�b�n�b�d�Z�p�b�b �i�j�h�g�b�p�Z�_�f�h�k�l�v �\�k�_�o �f�_�f�[�j�Z�g �k�g�b�`�Z�_�l�k�y �i�h-

�q�l�b �\�^�\�h�_, �h�^�g�Z�d�h, �i�h�k�e�_ �j�_�]�_�g�_�j�Z�p�b�b �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y �b �k�l�Z�g�h�\�b�l�k�y �\�u�r�_ 
�b�k�o�h�^�g�h�c. �I�h�\�l�h�j�_�g�b�_ �p�b�d�e�Z �i�j�b�\�h�^�b�l �d �_�s�z �[�h�e�v�r�_�f�m �m�\�_�e�b�q�_�g�b�x �i�j�h�g�b�p�Z�_-
�f�h�k�l�b. �D�Z�d �f�h�`�g�h �\�b�^�_�l�v, �i�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�f�[�j�Z�g �i�h�k�e�_ �^�\�m�o �p�b�d�e�h�\ «�f�h�^�b-
�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y» �\�h�a�j�h�k�e�Z �k�b�e�v�g�_�_ �\�k�_�]�h �m Nafion 212 �i�j�b�f�_�j�g�h �\ 3 �j�Z�a�Z. 

�H�k�g�h�\�u�\�Z�y�k�v �g�Z �w�l�b�o �^�Z�g�g�u�o, �]�b�i�h�l�_�a�Z, �h �l�h�f, �q�l�h �i�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�f�[�j�Z-
�g�u, �i�j�b �i�j�h�q�b�o �j�Z�\�g�u�o �m�k�e�h�\�b�y�o �\ �h�k�g�h�\�g�h�f �a�Z�\�b�k�b�l �h�l �l�h�e�s�b�g�u, �m�d�j�_�i�e�y�_�l�k�y.  
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�K�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �^�Z�e�v�g�_�c�r�_�_ �i�h�\�l�h�j�_�g�b�_ �p�b�d�e�Z �f�h�`�_�l �i�j�b�\�_�k�l�b 
�d �j�Z�a�j�m�r�_�g�b�x �k�l�j�m�d�l�m�j�g�h�c �p�_�e�h�k�l�g�h�k�l�b �f�_�f�[�j�Z�g�u �b �i�h�l�_�j�_ �k�\�h�c�k�l�\�Z �]�Z�a�h�g�_-
�i�j�h�g�b�p�Z�_�f�h�k�l�b, �d�Z�d �[�u�e�h �k �f�_�f�[�j�Z�g�h�c Nafion 212 �\ �h�^�g�h�f �b�a �w�d�k�i�_�j�b�f�_�g�l�h�\. 

�I�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �^�Z�g�g�u�f �[�u�e�b �i�h�k�l�j�h�_�g�u �l�_�f�i�_�j�Z�l�m�j�g�u�_ �a�Z�\�b-
�k�b�f�h�k�l�b �g�Z�[�e�x�^�Z�_�f�h�c �d�h�g�k�l�Z�g�l�u �k�d�h�j�h�k�l�b �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z �\ �Z�j�j�_�g�b�m�k�h�\-
�k�d�b�o �d�h�h�j�^�b�g�Z�l�Z�o, �i�j�b�\�_�^�_�g�g�h�c �g�Z �j�b�k. 5. 

 

 
 

�J�b�k. 5. �<�e�b�y�g�b�_ �p�b�d�e�Z «�f�h�^�b�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y» �g�Z �l�_�f�i�_�j�Z�l�m�j�g�m�x �a�Z�\�b�k�b�f�h�k�l�v  
                    �d�h�g�k�l�Z�g�l�u �k�d�h�j�h�k�l�b �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z �^�e�y �f�_�f�[�j�Z�g�u Nafion 212 

 
�B�a �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �^�Z�g�g�u�o �g�Z �j�b�k�m�g�d�_ 4 �\�b�^�g�h, �q�l�h �k�h�k�l�h�y�g�b�_ �f�_�f�[�j�Z-

�g�u �\ �i�j�_�^�_�e�Z�o �l�h�q�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �g�_ �h�d�Z�a�u�\�Z�_�l �\�e�b�y�g�b�y �g�Z �\�_�e�b�q�b�g�m 
�g�Z�[�e�x�^�Z�_�f�h�c �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b, �k�j�_�^�g�_�_ �a�g�Z�q�_�g�b�_ �d�h�l�h�j�h�c �^�e�y �f�_�f�[�j�Z�g�u 
Nafion 212 �k�h�k�l�Z�\�b�e�h �?�:  = 12,5 ± 3,2 �d�>�/̀�f�h�e�v, �q�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �^�b�n�n�m-
�a�b�h�g�g�h�c �i�j�b�j�h�^�_ �e�b�f�b�l�b�j�m�x�s�_�c �k�l�Z�^�b�b �i�_�j�_�g�h�k�Z �\�h�^�u. 

�B�k�k�e�_�^�h�\�Z�g�b�_ �f�Z�k�k�h�h�[�f�_�g�Z �\ �D�M�F�L 

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �f�Z�k�k�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �O�B�H �\ �d�h�g�l�Z�d�l�g�h�f 
�m�k�l�j�h�c�k�l�\�_ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�e�h�k�d�b�o �f�_�f�[�j�Z�g �[�u�e�Z �i�j�h�\�_�^�_�g�Z �k�_�j�b�y �w�d�k�i�_-
�j�b�f�_�g�l�h�\ �i�j�b �j�Z�a�e�b�q�g�u�o �i�h�l�h�d�Z�o �\�h�^�h�j�h�^�Z (GH�•), �\ �l�_�f�i�_�j�Z�l�m�j�g�h�f �^�b�Z�i�Z�a�h�g�_ 
323–353 �D �b �i�j�b �Z�l�f�h�k�n�_�j�g�h�f �^�Z�\�e�_�g�b�b �J = 0,1 �F�I�Z. �:�g�Z�e�b�a �b�a�f�_�j�_�g�b�c �i�j�h-
�\�h�^�b�e�k�y �i�h �^�_�c�l�_�j�b�x �b �l�j�b�l�b�x. �<�k�_ �w�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b�k�v �\ �m�k�l�Z�g�h�\�d�_, 
�k�o�_�f�Z �d�h�l�h�j�h�c �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z �j�b�k. 6.  

�< �i�j�h�k�l�j�Z�g�k�l�\�h �[�_�a �d�Z�l�Z�e�b�a�Z�l�h�j�Z �i�h�^�Z�\�Z�e�k�y �i�h�l�h�d �\�h�^�u �k �i�j�b�j�h�^�g�u�f �b�a�h-
�l�h�i�g�u�f �k�h�k�l�Z�\�h�f. �< �i�j�h�k�l�j�Z�g�k�l�\�h, �a�Z�i�h�e�g�_�g�g�h�_ �d�Z�l�Z�e�b�a�Z�l�h�j�h�f (�J�O�L�M-3�K�F), 
�i�h�^�Z�\�Z�e�k�y �i�h�l�h�d �\�h�^�h�j�h�^�Z �k �b�a�h�l�h�i�g�h�c �f�_�l�d�h�c. �<�o�h�^�y�s�b�c �i�h�l�h�d �\�h�^�h�j�h�^�Z 
�g�Z�k�u�s�Z�_�l�k�y �i�Z�j�Z�f�b �\�u�o�h�^�y�s�_�]�h �b�a �D�M�F�L �i�h�l�h�d�Z �\�h�^�u. �<�u�o�h�^�y�s�b�c �i�h�l�h�d 
�\�h�^�h�j�h�^�Z �h�k�m�r�Z�_�l�k�y �b �k�`�b�]�Z�_�l�k�y �^�e�y �m�^�h�[�k�l�\�Z �Z�g�Z�e�b�a�Z. 

�>�e�y �i�j�h�\�_�^�_�g�b�y �k�l�Z�^�b�b �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z (1) �\ �D�M�F�L 
�[�u�e �\�u�[�j�Z�g �]�b�^�j�h�n�h�[�g�u�c �i�e�Z�l�b�g�h�\�u�c �d�Z�l�Z�e�b�a�Z�l�h�j �J�O�L�M-3�K�F �i�h �i�j�b�q�b�g�_ 
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�_�]�h �\�u�k�h�d�h�c �Z�d�l�b�\�g�h�k�l�b (k>10-20 c–1) [12]. �I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �Z�d�l�b�\�g�h�]�h �d�Z-
�l�Z�e�b�a�Z�l�h�j�Z �h�[�s�Z�y �w�n�n�_�d�l�b�\�g�h�k�l�v �i�j�h�p�_�k�k�Z �O�B�H �h�i�j�_�^�_�e�y�_�l�k�y �n�Z�a�h�\�h�c �k�h-
�k�l�Z�\�e�y�x�s�_�c [1, 4, 5].  

�< �k�h�h�l�\�_�l�k�l�\�b�b �k �m�j�Z�\�g�_�g�b�_�f �Z�^�^�b�l�b�\�g�h�k�l�b �k�h�i�j�h�l�b�\�e�_�g�b�c �f�Z�k�k�h�i�_�j�_-
�g�h�k�m �b�a�h�l�h�i�g�u�c �h�[�f�_�g �\ �D�M�F�L �f�h�`�g�h �h�i�b�k�Z�l�v �k�e�_�^�m�x�s�b�f�b �k�l�Z�^�b�y�f�b [13]: 

– �f�Z�k�k�h�h�l�^�Z�q�Z �\ �y�^�j�_ �i�Z�j�h�]�Z�a�h�\�h�]�h �i�h�l�h�d�Z; 
– �i�j�h�^�h�e�v�g�h�]�h �i�_�j�_�f�_�r�b�\�Z�g�b�_, �m�q�b�l�u�\�Z�x�s�_�_ �h�l�d�e�h�g�_�g�b�_ �h�l �f�h�^�_�e�b 

�b�^�_�Z�e�v�g�h�]�h �\�u�l�_�k�g�_�g�b�y; 
– �i�_�j�_�g�h�k �\�h�^�u �k �i�h�\�_�j�o�g�h�k�l�b �f�_�f�[�j�Z�g�u �\ �i�Z�j�h�]�Z�a�h�\�u�c �i�h�l�h�d �\ �e�Z�f�b-

�g�Z�j�g�h�f �i�j�b�]�j�Z�g�b�q�g�h�f �k�e�h�_; 
– �^�b�n�n�m�a�b�y �f�h�e�_�d�m�e �\�h�^�u �\ �l�_�e�_ �f�_�f�[�j�Z�g�u. 
�K�e�_�^�h�\�Z�l�_�e�v�g�h, �j�Z�a�g�b�p�Z �\ �f�Z�k�k�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o �\ �D�M�F�L 

�k �j�Z�a�e�b�q�g�u�f�b �f�_�f�[�j�Z�g�Z�f�b �[�m�^�_�l �h�[�m�k�e�h�\�e�_�g�Z �b�k�d�e�x�q�b�l�_�e�v�g�h �k�l�Z�^�b�y�f�b, �h�l-
�g�h�k�y�s�b�f�b�k�y �d �f�_�f�[�j�Z�g�_. 

 

 
 

�J�b�k. 6. �K�o�_�f�Z �m�k�l�Z�g�h�\�d�b �i�h �b�a�m�q�_�g�b�x �f�Z�k�k�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �D�M�F�L �k �l�j�m�[-
�q�Z�l�u�f�b �f�_�f�[�j�Z�g�Z�f�b: 1 – �w�e�_�d�l�j�h�e�b�a�g�u�c �[�e�h�d; 2,5,12 – �o�h�e�h�^�b�e�v�g�b�d-�k�_�i�Z�j�Z�l�h�j;  
3 – �g�Z�k�u�l�b�l�_�e�v�g�Z�y �d�h�e�h�g�g�Z; 4 – �d�h�g�l�Z�d�l�g�h�_ �m�k�l�j�h�c�k�l�\�h �f�_�f�[�j�Z�g�g�h�]�h �l�b�i�Z; 14 – �e�h-
�\�m�r�d�b �k �k�b�e�b�d�Z�]�_�e�_�f; 7 – �i�e�Z�f�_�g�g�Z�y �]�h�j�_�e�d�Z; 8,11 – �_�f�d�h�k�l�b; 9 – �f�_�f�[�j�Z�g�g�u�c �g�Z�k�h�k; 
13 – �\�h�a�^�m�r�g�u�c �g�Z�k�h�k; 10 – �l�_�i�e�h�h�[�f�_�g�g�b�d; 15 – �[�Z�e�e�h�g �k �Z�a�h�l�h�f; 16 – �\�h�a�^�m�r�g�u�c 
�l�_�j�f�h�k�l�Z�l; 17-29 – �d�j�Z�g�u; 30 – �j�_�^�m�d�l�h�j; 31 – �\�_�g�l�b�e�v; w – �]�b�]�j�h�f�_�l�j; �ûP – �^�b�n�n�_- 
                                                    �j�_�g�p�b�Z�e�v�g�u�c �f�Z�g�h�f�_�l�j 
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�B�a�h�l�h�i�g�u�c �Z�g�Z�e�b�a �i�j�h�[ �i�h �^�_�c�l�_�j�b�x �h�k�m�s�_�k�l�\�e�y�e�k�y �^�_�g�k�b�f�_�l�j�b�q�_�k�d�b�f 
�f�_�l�h�^�h�f �g�Z �i�e�h�l�g�h�f�_�j�_ Anton Paar DMA5000M, �Z �i�h �l�j�b�l�b�x – �k�p�b�g�l�b�e�e�y�p�b-
�h�g�g�u�f �f�_�l�h�^�h�f �g�Z �i�j�b�[�h�j�_ Tri-Carb 2810 TR. 

�Q�b�k�e�h �l�_�h�j�_�l�b�q�_�k�d�b�o �k�l�m�i�_�g�_�c �j�Z�a�^�_�e�_�g�b�y (�Q�L�K�J) �\ �D�M�F�L �i�j�b �^�Z�g�g�u�o 
�m�k�e�h�\�b�y �i�j�h�\�_�^�_�g�b�y �i�j�h�p�_�k�k�Z �O�B�H �j�Z�k�k�q�b�l�u�\�Z�e�b �g�Z �h�k�g�h�\�Z�g�b�b �^�b�Z�]�j�Z�f�f�u 
�F�Z�d-�D�Z�[�w – �L�b�e�_ [1] �i�h �m�j�Z�\�g�_�g�b�x: 
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                                                   (7) 

 

�]�^�_ �;y�' , �Fy�'  – �[�h�e�v�r�Z�y �b �f�_�g�v�r�Z�y �^�\�b�`�m�s�Z�y �k�b�e�Z �i�j�h�p�_�k�k�Z �b�a�h�l�h�i�g�h�]�h �h�[-
�f�_�g�Z �g�Z �j�Z�a�g�u�o �d�h�g�p�Z�o �D�M�F�L, �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

�A�Z�l�_�f �g�Z �h�k�g�h�\�Z�g�b�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o �i�h �m�j�Z�\�g�_�g�b�x 8 �j�Z�k-
�k�q�b�l�u�\�Z�e�h�k�v �q�b�k�e�h �_�^�b�g�b�p �i�_�j�_�g�h�k�Z (�Q�?�I): 
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�K �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�h�e�m�q�_�g�g�h�]�h �a�g�Z�q�_�g�b�y N�m �j�Z�k�k�q�b�l�u�\�Z�e�b �a�g�Z�q�_�g�b�_ �d�h-
�w�n�n�b�p�b�_�g�l�Z �f�Z�k�k�h�i�_�j�_�^�Z�q�b �D�h�m (�f /c): 
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�]�^�_ SM – �i�e�h�s�Z�^�v �i�h�\�_�j�o�g�h�k�l�b �f�_�f�[�j�Z�g�u, �f2; G�i-�] – �i�h�l�h�d �i�Z�j�h�]�Z�a�h�\�h�c �k�f�_�k�b, �f3/�k. 
�< �l�Z�[�e. 2 �i�j�_�^�k�l�Z�\�e�_�g�h �k�j�Z�\�g�_�g�b�_ �f�Z�k�k�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�h-

�p�_�k�k�Z �O�B�H �\ �D�M�F�L �k �f�_�f�[�j�Z�g�Z�f�b Nafion 212, Nafion 117 �b �F�N-4�K�D �\ �b�k�o�h�^-
�g�h�c H+-�n�h�j�f�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 333 �b 343 �D, �Z�l�f�h�k�n�_�j�g�h�f �^�Z�\�e�_�g�b�b �b �f�h�e�v-
�g�h�f �h�l�g�h�r�_�g�b�b �i�h�l�h�d�h�\ �\�h�^�h�j�h�^�Z �b �\�h�^�u �j�Z�\�g�h�f 1. 
 

� L �Z � [ � e � b � p �Z 2 
 

�K�j�Z�\�g�_�g�b�_ �f�Z�k�k�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �O�B�H �\ �D�M�F�L �k �f�_�f�[�j�Z�g�Z�f�b  
Nafion 212, Nafion 117 �b �F�N-4�K�D �\ �b�k�o�h�^�g�h�c H+-�n�h�j�f�_ 

 

T = 333 K, P = 0,1 �F�I�Z, �� = 1 

GH2, 
�g�e/�q 

�F�N-4�K�D (250 �f�d�f) Nafion 117 (183 �f�d�f) Nafion 212 (50,8 �f�d�f) 

�Q�L�K�J�Q�?�I �D�h�má103, �f /�k �Q�L�K�J�Q�?�I �D�h�má103, �f /�k �Q�L�K�J�Q�?�I �D�h�má103, �f /�k 

40 0,45 0,75 3,08 ± 0,11 0,60 1,12 4,24 ± 0,36 0,54 1,06 4,02 ± 0,25 

80 0,31 0,52 4,27 ±  0,12 0,47 1,06 8,51 ± 0,29 0,40 0,96 7,82 ± 0,54 

T = 343 K, P = 0,1 �F�I�Z,  �� = 1 

GH2, 
�g�e/�q 

�F�N-4�K�D (250 �f�d�f) Nafion 117 (183 �f�d�f) Nafion 212 (50,8 �f�d�f) 

�Q�L�K�J�Q�?�I �D�h�má103, �f /�k �Q�L�K�J�Q�?�I �D�h�má103, �f /�k �Q�L�K�J�Q�?�I �D�h�má103, �f /�k 

40 0,5 0,81 4,20 ± 0,09 0,60 1,10 4,99 ± 0,25 0,63 1,20 5,41 ± 0,31 

80 0,34 0,56 5,81 ± 0,27 0,52 1,00 9,08 ± 0,54 0,49 0,96 8,69 ± 0,23 
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�B�a �^�Z�g�g�u�o �l�Z�[�e�b�p�u �k�e�_�^�m�_�l, �q�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �\ �D�M�F�L �[�h�e�_�_ �l�h�g�d�b�o 
�b �i�j�h�g�b�p�Z�_�f�u�o �i�h �\�h�^�_ �f�_�f�[�j�Z�g Nafion 117 �b Nafion 212 �i�h �k�j�Z�\�g�_�g�b�x 
�k �F�N-4�K�D �i�j�b�\�h�^�b�l �d �m�e�m�q�r�_�g�b�x �f�Z�k�k�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �\ �k�j�_�^�g�_�f 
�\ 1,5 �j�Z�a�Z. �I�j�b �w�l�h�f �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v, �q�l�h �g�_�k�f�h�l�j�y �g�Z �a�g�Z�q�b�l�_�e�v�g�h �e�m�q�r�m�x 
�i�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�f�[�j�Z�g�u Nafion 212 �\ �k�j�Z�\�g�_�g�b�b �k Nafion 117 �f�Z�k�k�h�h�[�f�_�g-
�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�l�b�\�h�l�h�q�g�h�]�h �i�j�h�p�_�k�k�Z �O�B�H �\ �D�M�F�L �k �b�k�i�h�e�v�a�h�\�Z�g�b-
�_�f �h�[�_�b�o �f�_�f�[�j�Z�g �j�Z�\�g�u �\ �i�j�_�^�_�e�Z�o �l�h�q�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y. 

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �\�e�b�y�g�b�y �m�k�e�h�\�b�c �i�j�h�p�_�k�k�Z (�l�_�f�i�_�j�Z�l�m�j�Z, �i�h�l�h�d �\�h�^�h-
�j�h�^�Z) �g�Z �w�n�n�_�d�l�b�\�g�h�k�l�v �f�Z�k�k�h�h�[�f�_�g�Z �\ �D�M�F�L �[�u�e�Z �i�j�h�\�_�^�_�g�Z �k�_�j�b�y �w�d�k�i�_-
�j�b�f�_�g�l�h�\ �k �f�_�f�[�j�Z�g�h�c Nafion 117 �\ �b�k�o�h�^�g�h�c H+-�n�h�j�f�_. �J�_�a�m�e�v�l�Z�l�u �w�d�k�i�_�j�b-
�f�_�g�l�h�\ �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j 323–353 �D �b �i�h�l�h�d�_ �\�h�^�h�j�h�^�Z 20–80 �g�e/�q �i�j�_�-̂
�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 7. 

 

   
 

 
 

�J�b�k. 7. �F�Z�k�k�h�h�[�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �O�B�H �\ �D�M�F�L �k �f�_�f�[�j�Z�g�h�c Nafion 117 �\ �b�k-
�o�h�^�g�h�c H+-�n�h�j�f�_ �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j 323-353 �D, �i�h�l�h�d�_ �\�h�^�h�j�h�^�Z 20–80 �g�e/�q,  
                 �^�Z�\�e�_�g�b�b 0,1 �F�I�Z �b �f�h�e�v�g�h�f �h�l�g�h�r�_�g�b�b �i�h�l�h�d�h�\ �\�h�^�h�j�h�^�Z �b �\�h�^�u 1 

 
�M�\�_�e�b�q�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �g�Z 30 �]�j�Z�^�m�k�h�\ �i�j�b�\�h�^�b�l �d �a�g�Z�q�b�l�_�e�v�g�h�f�m �j�h-

�k�l�m �f�Z�k�k�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d: �Q�?�I �b �Q�L�K�J �m�\�_�e�b�q�b�\�Z�x�l�k�y �\ ~1,5–2 �j�Z�a�Z, 
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�Z �d�h�w�n�n�b�p�b�_�g�l �f�Z�k�k�h�i�_�j�_�^�Z�q�b �\ ~2–4 �j�Z�a�Z. �I�h �l�_�f�i�_�j�Z�l�m�j�g�h�c �a�Z�\�b�k�b�f�h�k�l�b 
�d�h�w�n�n�b�p�b�_�g�l�Z �f�Z�k�k�h�i�_�j�_�^�Z�q�b �\ �Z�j�j�_�g�b�m�k�h�\�k�d�b�o �d�h�h�j�^�b�g�Z�l�Z�o �[�u�e�h �h�i�j�_�^�_�e�_-
�g�h �a�g�Z�q�_�g�b�_ �g�Z�[�e�x�^�Z�_�f�h�c �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b, �a�g�Z�q�_�g�b�_ �d�h�l�h�j�h�c �\ �i�j�_�^�_�e�Z�o 
�l�h�q�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �h�^�b�g�Z�d�h�\�h �\ �^�b�Z�i�Z�a�h�g�_ �i�h�l�h�d�h�\ �\�h�^�h�j�h�^�Z 20–80 �g�e/�q 
�b �k�h�k�l�Z�\�e�y�_�l 37,8 ± 2,4 �d�>�/̀�f�h�e�v. �L�Z�d�h�_ �a�g�Z�q�_�g�b�_ �g�Z�[�e�x�^�Z�_�f�h�c �w�g�_�j�]�b�b �Z�d�l�b-
�\�Z�p�b�b �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �l�h�f, �q�l�h �e�b�f�b�l�b�j�m�x�s�Z�y �k�l�Z�^�b�y �i�j�h�p�_�k�k�Z �f�Z�k�k�h�i�_�j�_-
�g�h�k�Z �e�_�`�b�l �\ �i�_�j�_�o�h�^�g�h�c �h�[�e�Z�k�l�b. 

 

� L �Z � [ � e � b � p �Z 3 
 

�K�j�Z�\�g�_�g�b�_ �f�Z�k�k�h�h�[�f�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�h�p�_�k�k�Z �O�B�H �f�_�`�^�m �\�h�^�h�j�h�^�h�f  
�b �\�h�^�h�c �\ �D�M�F�L �k �i�e�h�k�d�h�c �f�_�f�[�j�Z�g�h�c �^�h �b �i�h�k�e�_ �i�j�h�\�_�^�_�g�b�y �p�b�d�e�Z  

«�f�h�^�b�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y»: �L = 333 �D, �J = 0,1 �F�I�Z, GH�•��= 80 �g�e/�q, �� = 1; 
��’ = 0,27* [13] 

 

�I�Z�j�Z�f�_�l�j w·102, �f�h�e�v/�k·�f2 v, �f /�k Ny Koy·103, �f /�k 

�i�j�h�f. �F�N-4�K�D, 
�/ = 250 �f�d�f, 7,3 ± 0,4 0,30 0,52 4,3 ± 0,2 

�j�_�]�_�g. �F�N-4�K�D,  
�/ = 200 �f�d�f, 14,6 ± 0,5 0,30 0,77 6,3 ± 0,2 

* ��’ – �f�h�e�v�g�h�_ �h�l�g�h�r�_�g�b�_ �i�h�l�h�d�h�\ �i�Z�j�Z �b �`�b�^�d�h�c �\�h�^�u. 
 
�J�Z�g�_�_ �\ �j�Z�[�h�l�_ [13] (�k�f. �l�Z�[�e. 3) �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�h�k�e�_ �j�_�]�_�g�_�j�Z�p�b�b 

�f�_�f�[�j�Z�g�u �F�N-4�K�D �f�Z�k�k�h�h�[�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�p�_�k�k�Z �O�B�H �\ �D�M�F�L 
�\�h�a�j�Z�k�l�Z�x�l. 

�H�k�g�h�\�u�\�Z�y�k�v �g�Z �w�l�b�o �^�Z�g�g�u�o, �[�u�e�h �i�j�h�\�_�^�_�g�h �b�k�k�e�_�^�h�\�Z�g�b�_ �\�e�b�y�g�b�y 
�p�b�d�e�Z «�f�h�^�b�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y» �g�Z �f�Z�k�k�h�h�[�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �O�B�H 
�\ �D�M�F�L �k �g�Z�b�[�h�e�_�_ �i�j�h�g�b�p�Z�_�f�h�c �i�h �\�h�^�_ �f�_�f�[�j�Z�g�h�c Nafion 212. �J�_�a�m�e�v�l�Z�l�u 
�^�Z�g�g�h�c �k�_�j�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 8. 

�D�Z�d �\�b�^�g�h �b�a �]�j�Z�n�b�d�h�\ �f�h�^�b�n�b�d�Z�p�b�y �f�_�f�[�j�Z�g�u Nafion 212 �b�h�g�Z�f�b �`�_-
�e�_�a�Z �i�j�b�\�h�^�b�l �d �m�o�m�^�r�_�g�b�x �f�Z�k�k�h�h�[�f�_�g�Z �i�j�b�f�_�j�g�h �\ 2 �j�Z�a�Z. �I�h�k�e�_�^�m�x�s�Z�y 
�j�_�]�_�g�_�j�Z�p�b�y �f�_�f�[�j�Z�g�u (�i�_�j�_�\�h�^ �\ H+-�n�h�j�f�m �i�h�a�\�h�e�y�_�l �l�h�e�v�d�h �\�h�k�k�l�Z�g�h�\�b�l�v 
�b�k�o�h�^�g�u�_ �a�g�Z�q�_�g�b�y, �Z �g�_ �m�e�m�q�r�b�l�v �f�Z�k�k�h�h�[�f�_�g, �d�Z�d �\ �k�e�m�q�Z�_ �k �f�_�f�[�j�Z�g�h�c 
�F�N-4�K�D. �<�_�j�h�y�l�g�h, �w�l�h �f�h�`�g�h �h�[�t�y�k�g�b�l�v �l�_�f, �q�l�h �i�j�b �^�h�k�l�b�`�_�g�b�b �g�_�d�h�l�h�j�h-
�]�h �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�h�]�h �a�g�Z�q�_�g�b�y �i�j�h�g�b�p�Z�_�f�h�k�l�b �\�d�e�Z�^ �k�l�Z�^�b�b �^�b�n�n�m�a�b�b �\�h-
�^�u �\ �l�_�e�_ �f�_�f�[�j�Z�g�u �\ �h�[�s�_�_ �k�h�i�j�h�l�b�\�e�_�g�b�_ �f�Z�k�k�h�i�_�j�_�g�h�k�m �\ �D�M�F�L �g�_�k�d�h�e�v-
�d�h �k�g�b�`�Z�_�l�k�y. 

�I�h �l�Z�g�]�_�g�k�m �m�]�e�Z �g�Z�d�e�h�g�Z �a�Z�\�b�k�b�f�h�k�l�b �d�h�w�n�n�b�p�b�_�g�l�Z �f�Z�k�k�h�i�_�j�_�^�Z�q�b 
�\ �Z�j�j�_�g�b�m�k�h�\�k�d�b�o �d�h�h�j�^�b�g�Z�l�Z�o (�k�f. �j�b�k. 9) �[�u�e�b �h�i�j�_�^�_�e�_�g�u �a�g�Z�q�_�g�b�y �g�Z�[�e�x-
�^�Z�_�f�h�c �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b �i�j�h�p�_�k�k�Z �O�B�H �\ �D�M�F�L �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �k�h�k�l�h�y-
�g�b�y �f�_�f�[�j�Z�g�u. 

�B�a �]�j�Z�n�b�d�Z �\�b�^�g�h, �q�l�h �k�h�k�l�h�y�g�b�_ �f�_�f�[�j�Z�g�u �g�_ �h�d�Z�a�u�\�Z�_�l �\�e�b�y�g�b�y �g�Z 
�a�g�Z�q�_�g�b�y �g�Z�[�e�x�^�Z�_�f�h�c �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b – �h�g�b �h�^�b�g�Z�d�h�\�u �\ �i�j�_�^�_�e�Z�o �l�h�q�g�h-
�k�l�b �h�i�j�_�^�_�e�_�g�b�y – �?�: =31,1 ± 3,9 �d�>�/̀�f�h�e�v. 

 



�:�i�i�Z�j�Z�l�m�j�Z �b �f�_�l�h�^�u �b�k�k�e�_�^�h�\�Z�g�b�y 369

 
 

 
 

�J�b�k. 8. �F�Z�k�k�h�h�[�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �O�B�H �\ �D�M�F�L �k �f�_�f�[�j�Z�g�h�c Nafion 212 �\ �a�Z�\�b-
�k�b�f�h�k�l�b �h�l �k�h�k�l�h�y�g�b�y �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j 323–353 �D, �i�h�l�h�d�_ �\�h�^�h�j�h�^�Z 40 �g�e/�q,  
               �^�Z�\�e�_�g�b�b 0,1 �F�I�Z �b �f�h�e�v�g�h�f �h�l�g�h�r�_�g�b�b �i�h�l�h�d�h�\ �\�h�^�h�j�h�^�Z �b �\�h�^�u 1 

 

 
 

�J�b�k. 9. �<�e�b�y�g�b�_ �p�b�d�e�Z «�f�h�^�b�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y» �g�Z �l�_�f�i�_�j�Z�l�m�j�g�m�x �a�Z�\�b�k�b�f�h�k�l�v  
               �d�h�w�n�n�b�p�b�_�g�l�Z �f�Z�k�k�h�i�_�j�_�^�Z�q�b �O�B�H �\ �D�M�F�L �k �f�_�f�[�j�Z�g�h�c Nafion 212 

 
�G�_�k�f�h�l�j�y �g�Z �g�Z�b�e�m�q�r�m�x �k�j�_�^�b �b�k�k�e�_�^�h�\�Z�g�g�u�o �h�[�j�Z�a�p�h�\ �i�j�h�g�b�p�Z�_�f�h�k�l�v 

�f�_�f�[�j�Z�g�u Nafion 212 �\ �b�k�o�h�^�g�h�c H+-�n�h�j�f�_ �i�h �\�h�^�_, �Z �l�Z�d�`�_ �g�Z �m�\�_�e�b�q�_�g�b�_ 
�w�l�h�]�h �a�g�Z�q�_�g�b�y �a�Z �k�q�z�l �i�j�h�\�_�^�_�g�b�y �p�b�d�e�h�\ «�f�h�^�b�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y», �i�j�b-
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�f�_�g�_�g�b�_ �^�Z�g�g�h�c �f�_�f�[�j�Z�g�u �\ �D�M�F�L �g�_ �\�u�]�e�y�^�b�l �i�_�j�k�i�_�d�l�b�\�g�u�f �b�a-�a�Z �o�m�^�r�b�o 
�i�j�h�q�g�h�k�l�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d. �F�Z�k�k�h�h�[�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �O�B�H �\ �D�M�F�L 
�k �[�h�e�_�_ �l�h�e�k�l�h�c Nafion 117 �\ �i�j�_�^�_�e�Z�o �l�h�q�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �k�h�\�i�Z�e�b �k�h �a�g�Z-
�q�_�g�b�y�f�b, �i�h�e�m�q�_�g�g�u�f�b �\ �d�h�g�l�Z�d�l�g�h�f �m�k�l�j�h�c�k�l�\�_ �k �f�_�f�[�j�Z�g�h�c Nafion 212. �I�j�b 
�w�l�h�f �l�Z�d�`�_ �g�Z�[�e�x�^�Z�_�l�k�y �m�e�m�q�r�_�g�b�_ �f�Z�k�k�h�h�[�f�_�g�Z �\ �D�M�F�L �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b 
�h�j�b�]�b�g�Z�e�v�g�u�o �f�_�f�[�j�Z�g Nafion �i�h �k�j�Z�\�g�_�g�b�x �k �h�l�_�q�_�k�l�\�_�g�g�u�f �Z�g�Z�e�h�]�h�f �F�N-
4�K�D. �L�Z�d�b�f �h�[�j�Z�a�h�f �f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^ �h �l�h�f, �q�l�h �g�Z �^�Z�g�g�u�c �f�h�f�_�g�l �h�i-
�l�b�f�Z�e�v�g�h�c �f�_�f�[�j�Z�g�h�c �^�e�y �D�M�F�L �y�\�e�y�_�l�k�y Nafion 117. 

�<�u�\�h�^�u 

1. �B�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �g�Z �i�j�h�g�b�p�Z�_�f�h�k�l�v �f�_�f�[�j�Z�g�u 
Nafion 117 �b Nafion 212 �\ �G+-�n�h�j�f�_ �i�h �\�h�^�_ �\ �^�b�Z�i�Z�a�h�g�_ 298–343 �D. �I�h�d�Z�a�Z�g�h, 
�q�l�h �j�h�k�l �l�_�f�i�_�j�Z�l�m�j�u �k 298 �D �^�h 343 �D �i�j�b�\�h�^�b�l �d �i�h�\�u�r�_�g�b�x �i�j�h�g�b�p�Z�_�f�h-
�k�l�b �f�_�f�[�j�Z�g �\�h�^�_ �\ �^�\�Z �j�Z�a�Z. �;�u�e�h �i�j�h�\�_�^�_�g�h �k�j�Z�\�g�_�g�b�_ �i�j�h�g�b�p�Z�_�f�h�k�l�b �f�_�f-
�[�j�Z�g Nafion 117 �b Nafion 212 �k �h�l�_�q�_�k�l�\�_�g�g�u�f �Z�g�Z�e�h�]�h�f �f�_�f�[�j�Z�g�u Nafion – 
�F�N-4�K�D �\ �b�k�o�h�^�g�h�f �k�h�k�l�h�y�g�b�b �f�_�f�[�j�Z�g (H+-�n�h�j�f�_). �I�h�d�Z�a�Z�g�h, �q�l�h �e�m�q�r�_�c 
�i�j�h�g�b�p�Z�_�f�h�k�l�v�x �h�[�e�Z�^�Z�_�l �f�_�f�[�j�Z�g�Z Nafion 212, �h�[�e�Z�^�Z�x�s�Z�y �g�Z�b�f�_�g�v�r�_�c 
�l�h�e�s�b�g�h�c. 

2. �B�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_ �k�h�k�l�h�y�g�b�y �f�_�f�[�j�Z�g Nafion 117 �b Nafion 212 �g�Z 
�_�_ �i�j�h�g�b�p�Z�_�f�h�k�l�v �i�h �\�h�^�_ �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j 298–343 �D. �I�h�d�Z�a�Z�g�h, �q�l�h 
�i�j�h�\�_�^�_�g�b�_ �^�\�m�o �p�b�d�e�h�\ �f�h�^�b�n�b�d�Z�p�b�b �f�_�f�[�j�Z�g�u �b�h�g�Z�f�b �`�_�e�_�a�Z �k �i�h�k�e�_�^�m�x-
�s�b�f �i�_�j�_�\�h�^�h�f �\ �G+-�n�h�j�f�m �i�j�b�\�h�^�b�l �d �i�h�\�u�r�_�g�b�x �i�j�h�g�b�p�Z�_�f�h�k�l�b �i�h �\�h�^�_ 
�i�j�b�f�_�j�g�h �\ 1,4 �j�Z�a�Z �^�e�y Nafion 117 �b �\ 3 �j�Z�a�Z �^�e�y Nafion 212. �I�j�b �w�l�h�f �i�h�e�m-
�q�_�g�g�h�_ �a�g�Z�q�_�g�b�_ �g�Z�[�e�x�^�Z�_�f�h�c �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b �g�_ �a�Z�\�b�k�b�l �h�l �k�h�k�l�h�y�g�b�y 
�f�_�f�[�j�Z�g�u �b �k�h�k�l�Z�\�e�y�_�l �?�: =12,5±3,2 �d�>�/̀�f�h�e�v, �q�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �^�b�n�n�m-
�a�b�h�g�g�h�c �i�j�b�j�h�^�_ �e�b�f�b�l�b�j�m�x�s�_�c �k�l�Z�^�b�b �i�j�h�p�_�k�k�Z. 

3. �B�k�k�e�_�^�h�\�Z�g�u �f�Z�k�k�h�h�[�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z �f�_� -̀
�^�m �\�h�^�h�j�h�^�h�f �b �\�h�^�h�c �\ �d�h�g�l�Z�d�l�g�h�f �m�k�l�j�h�c�k�l�\�_ �f�_�f�[�j�Z�g�g�h�]�h �l�b�i�Z �k �f�_�f�[�j�Z�g�Z-
�f�b Nafion 117 �b Nafion 212 �\ �G+-�n�h�j�f�_ �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j 323–353 �D �b �i�j�b 
�i�h�l�h�d�Z�o �\�h�^�h�j�h�^�Z 20–80 �g�e/�q. �I�h�d�Z�a�Z�g�h, �q�l�h �m�\�_�e�b�q�_�g�b�_ �i�h�l�h�d�Z �\�h�^�h�j�h�^�Z  
�\ 4 �j�Z�a�Z �i�j�b�\�h�^�b�l �d �j�h�k�l�m �d�h�w�n�n�b�p�b�_�g�l�Z �f�Z�k�k�h�i�_�j�_�^�Z�q�b �O�B�H �\ �D�M�F�L �i�j�b�f�_�j-
�g�h, �\ 2 �j�Z�a�Z �k �h�^�g�h�\�j�_�f�_�g�g�u�f �k�g�b�`�_�g�b�_�f �q�b�k�e�Z �l�_�h�j�_�l�b�q�_�k�d�b�o �k�l�m�i�_�g�_�c �j�Z�a�^�_-
�e�_�g�b�y �g�Z 20–40 %. �A�g�Z�q�_�g�b�y �g�Z�[�e�x�^�Z�_�f�h�c �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b �^�e�y �h�[�_�b�o �f�_�f-
�[�j�Z�g �[�e�b�a�d�b �f�_�`�^�m �k�h�[�h�c �b �e�_�`�Z�l �\ �^�b�Z�i�Z�a�h�g�_ �?�: =36,8 ± 4,6 �d�>�/̀�f�h�e�v.  

4. �G�Z �i�j�b�f�_�j�_ �f�_�f�[�j�Z�g�u Nafion 212 �b�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_ �p�b�d�e�Z «�f�h�^�b-
�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y» �g�Z �f�Z�k�k�h�h�[�f�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z 
�\ �D�M�F�L �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j 323–353 �D �b �i�h�l�h�d�h�\ �\�h�^�h�j�h�^�Z 10–40 �g�e/�q. 
�<�u�y�\�e�_�g�h �h�l�k�m�l�k�l�\�b�_ �\�e�b�y�g�b�y �p�b�d�e�Z «�f�h�^�b�n�b�d�Z�p�b�y-�j�_�]�_�g�_�j�Z�p�b�y» �f�_�f�[�j�Z�g�u 
�g�Z �\�_�e�b�q�b�g�m �g�Z�[�e�x�^�Z�_�f�h�c �w�g�_�j�]�b�b �Z�d�l�b�\�Z�p�b�b, �a�g�Z�q�_�g�b�_ �d�h�l�h�j�h�c �k�h�k�l�Z�\�b�e�h  
�?�:  = 31,1 ± 3,9 �d�>�/̀�f�h�e�v. 

5. �I�j�b �^�h�k�l�b�`�_�g�b�b �g�_�d�h�l�h�j�h�]�h �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�h�]�h �a�g�Z�q�_�g�b�y �i�j�h�g�b�p�Z-
�_�f�h�k�l�b �\�d�e�Z�^ �k�l�Z�^�b�b �^�b�n�n�m�a�b�b �\�h�^�u �\ �l�_�e�_ �f�_�f�[�j�Z�g�u �\ �h�[�s�_�_ �k�h�i�j�h�l�b�\�e�_�g�b�_ 
�f�Z�k�k�h�i�_�j�_�g�h�k�m �\ �D�M�F�L �g�_�k�d�h�e�v�d�h �k�g�b�`�Z�_�l�k�y. 

�J�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �\ �j�Z�f�d�Z�o �i�j�h�]�j�Z�f�f�u �j�Z�a�\�b�l�b�y �J�O�L�M �b�f. �>. �B. �F�_�g-
�^�_�e�_�_�\�Z «�I�j�b�h�j�b�l�_�l 2030». 
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�< �j�Z�[�h�l�_ �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�Z �j�Z�a�e�h-
�`�_�g�b�y �k�h�_�^�b�g�_�g�b�c �k�_�j�_�[�j�Z (AgNO3) �b �a�h�e�h�l�Z (HAuCl4), �g�Z�g�_�k�_�g�g�u�o �g�Z 
�g�h�k�b�l�_�e�v (��-Al 2O3), �k �p�_�e�v�x �i�h�e�m�q�_�g�b�y �f�h�g�h�f�_�l�Z�e�e�b�q�_�k�d�b�o �g�Z�g�h�q�Z�k�l�b�p 
Ag �b Au �b �[�b�f�_�l�Z�e�e�b�q�_�k�d�b�o �q�Z�k�l�b�p �k�l�j�m�d�l�m�j�u «�y�^�j�h-�h�[�h�e�h�q�d�Z», �d�h�l�h�j�u�_ 
�y�\�e�y�x�l�k�y �Z�d�l�b�\�g�u�f�b �d�h�f�i�h�g�_�g�l�Z�f�b �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �\ �j�_�Z�d�p�b�y�o �^�_�c�l�_�j�h-
�\�h�^�h�j�h�^�g�h�]�h �h�[�f�_�g�Z �b �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b �i�j�h�l�b�y. �I�h�d�Z�a�Z�g�h, �q�l�h �g�Z�e�b-
�q�b�_ �k�j�_�^�u �\�h�^�h�j�h�^�Z �i�j�b�\�h�^�b�l �d �k�g�b�`�_�g�b�x �l�_�f�i�_�j�Z�l�m�j�u �j�Z�a�e�h�`�_�g�b�y �k�h-
�_�^�b�g�_�g�b�c �i�h �k�j�Z�\�g�_�g�b�x �k �j�Z�a�e�h�`�_�g�b�_�f �\ �\�Z�d�m�m�f�_, �h�^�g�Z�d�h �w�n�n�_�d�l �j�Z�a�e�b-
�q�_�g �^�e�y �j�Z�a�g�u�o �k�b�k�l�_�f. �I�j�b �j�Z�a�e�h�`�_�g�b�b �i�j�_�d�m�j�k�h�j�h�\ Au �b Ag �k�g�b�a�b�e�Z�k�v 
�l�_�f�i�_�j�Z�l�m�j�Z �i�_�j�\�h�]�h �i�b�d�Z, �\ �l�h �\�j�_�f�y �d�Z�d �l�_�f�i�_�j�Z�l�m�j�Z �\�l�h�j�h�]�h �i�b�d�Z 
�i�j�Z�d�l�b�q�_�k�d�b �g�_ �b�a�f�_�g�b�e�Z�k�v. �I�j�b �i�h�e�m�q�_�g�b�b �h�[�j�Z�a�p�Z Ag@Au �i�j�h�p�_�k�k 
�j�Z�a�e�h�`�_�g�b�y �\ �\�h�^�h�j�h�^�_ �l�Z�d�`�_ �i�j�h�l�_�d�Z�_�l �i�j�b �[�h�e�_�_ �g�b�a�d�h�c �l�_�f�i�_�j�Z�l�m�j�_, 
�q�_�f �\ �\�Z�d�m�m�f�_. �<�e�b�y�g�b�_ �k�_�j�_�[�j�y�g�h�c �i�h�^�e�h�`�d�b �i�j�b �i�h�e�m�q�_�g�b�b �h�[�j�Z�a�p�Z 
Au@Ag �i�j�b�\�_�e�h �d �h�^�g�h�k�l�Z�^�b�c�g�h�f�m �i�j�h�p�_�k�k�m �j�Z�a�e�h�`�_�g�b�y �\ �\�h�^�h�j�h�^�_, 
�\ �h�l�e�b�q�b�_ �h�l �j�Z�a�e�h�`�_�g�b�y �\ �\�Z�d�m�m�f�_. 

�<�\�_�^�_�g�b�_ 

�B�k�k�e�_�^�h�\�Z�g�b�_ �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �]�h�f�h�f�h�e�_�d�m�e�y�j�g�h�]�h �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z �a�Z-
�g�b�f�Z�_�l �\�Z�`�g�h�_ �f�_�k�l�h �\ �j�Z�[�h�l�_ �k �b�a�h�l�h�i�Z�f�b �\�h�^�h�j�h�^�Z. �H�l�^�_�e�v�g�m�x �]�j�m�i�i�m �k�j�_-
�^�b �g�b�o �k�h�k�l�Z�\�e�y�x�l �d�Z�l�Z�e�b�a�Z�l�h�j�u, �i�h�e�m�q�Z�_�f�u�_ �f�_�l�h�^�h�f �i�j�h�i�b�l�d�b �g�h�k�b�l�_�e�y 
�j�Z�k�l�\�h�j�Z�f�b �i�j�_�d�m�j�k�h�j�h�\ (�k�h�e�_�c �f�_�l�Z�e�e�h�\) �k �^�Z�e�v�g�_�c�r�b�f �l�_�j�f�b�q�_�k�d�b�f �j�Z�a�e�h-
�`�_�g�b�_�f. �B�a�m�q�_�g�b�_ �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �h�[�j�Z�a�p�h�\, �i�h�e�m�q�Z�_�f�u�o �^�Z�g�g�h�c �f�_-
�l�h�^�b�d�h�c �b�a �\�u�r�_�h�i�b�k�Z�g�g�u�o �i�j�_�d�m�j�k�h�j�h�\, �\ �j�_�Z�d�p�b�y�o �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b 
�i�j�h�l�b�y �b �b�a�h�l�h�i�g�h�f �h�[�f�_�g�_ �\ �f�h�e�_�d�m�e�y�j�g�h�f �\�h�^�h�j�h�^�_ �i�j�_�^�k�l�Z�\�e�_�g�h �\ �j�Z�[�h�l�Z�o 
[1, 2]. �P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �b�a�m�q�_�g�b�_ �\�e�b�y�g�b�y �k�j�_�^�u �b �i�h�^�e�h�`�d�b 
�g�Z �l�_�f�i�_�j�Z�l�m�j�m �j�Z�a�e�h�`�_�g�b�y �i�j�_�d�m�j�k�h�j�h�\. 
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�F�_�l�h�^�b�d�Z �b�k�k�e�_�^�h�\�Z�g�b�y 

�< �j�Z�[�h�l�_ �b�k�k�e�_�^�m�x�l�k�y �h�[�j�Z�a�p�u �i�j�_�d�m�j�k�h�j�h�\ �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �g�Z �h�k�g�h�\�_ 
�g�Z�g�h�q�Z�k�l�b�p �f�_�l�Z�e�e�h�\ I  B �]�j�m�i�i�u, �i�h�e�m�q�_�g�g�u�o �f�_�l�h�^�h�f �i�j�h�i�b�l�d�b. �K�b�g�l�_�a�b�j�h-
�\�Z�g�u �b �b�a�m�q�_�g�u �h�[�j�Z�a�p�u �i�j�_�d�m�j�k�h�j�h�\ �f�h�g�h�f�_�l�Z�e�e�b�q�_�k�d�b�o �k�_�j�_�[�j�Z �b �a�h�e�h�l�Z 
(�\�\�_�^�_�g�u �h�[�h�a�g�Z�q�_�g�b�y Ag �b Au �k�h�h�l�\�_�l�k�l�\�_�g�g�h), �Z �l�Z�d�`�_ �h�[�j�Z�a�p�u �k �i�h�k�e�_�^�h�\�Z-
�l�_�e�v�g�u�f �g�Z�g�_�k�_�g�b�_�f �^�\�m�o �f�_�l�Z�e�e�h�\ Au@Ag (�i�j�_�d�m�j�k�h�j �a�h�e�h�l�Z �g�Z �i�h�^�]�h�l�h�\-
�e�_�g�g�h�c �k�_�j�_�[�j�y�g�h�c �i�h�^�e�h�`�d�_) �b Ag@Au (�i�j�_�d�m�j�k�h�j �k�_�j�_�[�j�Z �g�Z �i�h�^�]�h�l�h�\�e�_�g-
�g�h�c �a�h�e�h�l�h�c �i�h�^�e�h�`�d�_). 

�< �d�Z�q�_�k�l�\�_ �i�j�_�d�m�j�k�h�j�h�\ �b�k�i�h�e�v�a�h�\�Z�g�u: AgNO3 (�o.�q., �E�?�G�J�?�:�D�L�B�<) 
�b HAuCl4 (�j�Z�k�l�\�h�j�_�g�b�_ 99,99 �f�Z�k�k.%  �a�h�e�h�l�Z �\ �p�Z�j�k�d�h�c �\�h�^�d�_: HNO3, �h�k�q 18-4, 
�K�b�]�f�Z �L�_�d, HCl, �h�k�q 20-4, �K�b�]�f�Z �L�_�d), �\ �d�Z�q�_�k�l�\�_ �g�h�k�b�l�_�e�y: ��-Al 2O3 (�J�D-062, 
�J�_�^�d�b�g�k�d�b�c �d�Z�l�Z�e�b�a�Z�l�h�j�g�u�c �a�Z�\�h�^). 

�B�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�\�_�^�_�g�u �\ �k�l�_�d�e�y�g�g�h�c �\�u�k�h�d�h�\�Z�d�m�m�f�g�h�c �m�k�l�Z�g�h�\�d�_ 
�\ �m�k�e�h�\�b�y�o �i�j�h�]�j�Z�f�f�b�j�m�_�f�h�]�h �g�Z�]�j�_�\�Z �k�h �k�d�h�j�h�k�l�v�x 10 °�K/�f�b�g. �I�j�h�p�_�k�k �j�Z�a-
�e�h�`�_�g�b�y �i�j�_�d�m�j�k�h�j�h�\ �i�j�h�\�h�^�b�e�k�y �\ �^�\�m�o �k�j�_�^�Z�o: �\�Z�d�m�m�f �b �\�h�^�h�j�h�^. �I�j�b �j�Z�a-
�e�h�`�_�g�b�b �\ �\�Z�d�m�m�f�_ �b�g�l�_�g�k�b�\�g�h�k�l�v �i�j�h�p�_�k�k�Z �n�b�d�k�b�j�h�\�Z�e�Z�k�v �i�h �b�a�f�_�g�_�g�b�x 
�^�Z�\�e�_�g�b�y �k �i�h�f�h�s�v�x �l�_�j�f�h�i�Z�j�g�u�o �e�Z�f�i �I�F�L-2 (�^�e�y �w�l�h�]�h �i�j�h�p�_�k�k�Z �r�d�Z�e�Z �g�Z 
�]�j�Z�n�b�d�Z�o �i�j�_�^�k�l�Z�\�e�_�g�Z �\ �\�h�e�v�l�Z�o). �I�j�b �j�Z�a�e�h�`�_�g�b�b �\ �\�h�^�h�j�h�^�_ �b�g�l�_�g�k�b�\�g�h�k�l�v 
�b�a�f�_�g�_�g�b�y �^�Z�\�e�_�g�b�y �n�b�d�k�b�j�h�\�Z�e�Z�k�v �f�_�f�[�j�Z�g�g�h-�_�f�d�h�k�l�g�u�f �^�Z�l�q�b�d�h�f (CCR 
364 Pfeiffer Vacuum, �=�_�j�f�Z�g�b�y) �k �i�h�k�e�_�^�m�x�s�b�f �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_�f �j�_�a�m�e�v-
�l�Z�l�h�\ (�^�e�y �^�Z�g�g�h�]�h �i�j�h�p�_�k�k�Z �r�d�Z�e�Z �g�Z �]�j�Z�n�b�d�Z�o �i�j�_�^�k�l�Z�\�e�_�g�Z �\ �f�L�h�j�j/�D). 

�J�_�a�m�e�v�l�Z�l�u 

�G�Z �j�b�k�m�g�d�_ 1 �i�j�_�^�k�l�Z�\�e�_�g�h �k�j�Z�\�g�_�g�b�_ �i�j�h�n�b�e�_�c �l�_�j�f�b�q�_�k�d�h�]�h �j�Z�a�e�h�`�_-
�g�b�y HAuCl4 �\ �\�Z�d�m�m�f�_ �b �k�j�_�^�_ �\�h�^�h�j�h�^�Z. �E�b�g�b�y �j�Z�a�e�h�`�_�g�b�y �\ �\�Z�d�m�m�f�_ �o�Z�j�Z�d-
�l�_�j�b�a�m�_�l�k�y �^�\�m�f�y �i�b�d�Z�f�b �i�j�b �l�_�f�i�_�j�Z�l�m�j�Z�o 138 °�K �b 170 °�K, �q�l�h �k�h�h�l�\�_�l�k�l�\�m-
�_�l �^�\�m�f �k�l�Z�^�b�y�f �j�Z�a�e�h�`�_�g�b�y. 

�G�Z �e�b�g�b�b �j�Z�a�e�h�`�_�g�b�y HAuCl4 �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z �g�Z�[�e�x�^�Z�x�l�k�y �i�b�d�b �g�Z 84 °�K 
�b 187 °�K. �>�Z�e�v�g�_�c�r�_�_ �i�Z�^�_�g�b�_ �^�Z�\�e�_�g�b�y �k�\�y�a�Z�g�h �k �h�[�j�Z�a�h�\�Z�g�b�_�f �g�Z�g�h�q�Z�k�l�b�p 
�a�h�e�h�l�Z, �d�h�l�h�j�u�_ �d�Z�l�Z�e�b�a�b�j�m�x�l �j�_�Z�d�p�b�x �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �o�e�h�j�Z �k �\�h�^�h�j�h�^�h�f. 

�G�Z �j�b�k. 2 �i�j�_�^�k�l�Z�\�e�_�g�h �k�j�Z�\�g�_�g�b�_ �i�j�h�n�b�e�_�c �l�_�j�f�b�q�_�k�d�h�]�h �j�Z�a�e�h�`�_�g�b�y 
AgNO3 �\ �\�Z�d�m�m�f�_ �b �k�j�_�^�_ �\�h�^�h�j�h�^�Z. �< �\�Z�d�m�m�f�_ �g�Z�[�e�x�^�Z�_�l�k�y �^�\�Z �i�b�d�Z, �i�_�j�\�u�c �g�Z 
150 °�K �k�\�y�a�Z�g �k �^�_�]�Z�a�Z�p�b�_�c �g�h�k�b�l�_�e�y, �\�l�h�j�h�c �g�Z 188 °�K – �k �j�Z�a�e�h�`�_�g�b�_�f �k�h�e�b. 

�I�j�b �j�Z�a�e�h�`�_�g�b�b �i�j�_�d�m�j�k�h�j�Z �k�_�j�_�[�j�Z �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z �g�Z �e�b�g�b�b �g�Z�o�h-
�^�b�l�k�y �^�\�Z �i�b�d�Z – 113 °�K �b 202 °�K. �>�Z�e�v�g�_�c�r�_�_ �i�Z�^�_�g�b�_ �^�Z�\�e�_�g�b�y �k�\�y�a�Z�g�h �k �h�[-
�j�Z�a�h�\�Z�g�b�_�f �g�Z�g�h�q�Z�k�l�b�p �k�_�j�_�[�j�Z, �d�h�l�h�j�u�_ �d�Z�l�Z�e�b�a�b�j�m�x�l �j�_�Z�d�p�b�x �h�d�b�k�e�_�g�b�y 
�\�h�^�h�j�h�^�Z. 

�G�Z �j�b�k. 3 �i�j�b�\�_�^�_�g�h �k�j�Z�\�g�_�g�b�_ �i�j�h�n�b�e�_�c �l�_�j�f�b�q�_�k�d�h�]�h �j�Z�a�e�h�`�_�g�b�y �^�e�y 
Au@Ag �\ �\�Z�d�m�m�f�_ �b �k�j�_�^�_ �\�h�^�h�j�h�^�Z. �G�Z �e�b�g�b�b, �h�l�g�h�k�y�s�_�c�k�y �d �h�[�j�Z�a�p�m �\ �\�Z�d�m�m�f�_, 
�g�Z�[�e�x�^�Z�_�l�k�y �^�\�Z �i�b�d�Z – �i�b�d �^�_�]�Z�a�Z�p�b�b �g�Z 133 °�K �b �i�b�d �j�Z�a�e�h�`�_�g�b�y �g�Z 168 °�K. 
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�J�b�k. 1. �E�b�g�b�b �j�Z�a�e�h�`�_�g�b�y HAuCl4 �\ �\�Z�d�m�m�f�_ �b �k�j�_�^�_ �\�h�^�h�j�h�^�Z 
 
�I�j�h�n�b�e�v �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z �b�f�_�_�l �i�b�d�b �j�Z�a�e�h�`�_�g�b�y �g�Z 136 �b 430 °�K. �I�h-

�k�e�_�^�g�b�c �i�b�d �k�h�h�l�\�_�l�k�l�\�m�_�l �e�b�l�_�j�Z�l�m�j�g�u�f �^�Z�g�g�u�f, �k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�b�f �h �\�h�k-
�k�l�Z�g�h�\�e�_�g�b�b �o�e�h�j�b�^�Z �k�_�j�_�[�j�Z. �>�e�y �i�j�h�\�_�j�d�b �w�l�h�]�h �i�j�_�^�i�h�e�h�`�_�g�b�y �i�j�h�\�_�^�_�g 
�Z�g�Z�e�b�a �h�[�j�Z�a�p�Z �f�_�l�h�^�h�f �\�u�k�h�d�h�m�]�e�h�\�h�c �d�h�e�v�p�_�\�h�c �k�d�Z�g�b�j�m�x�s�_�c �i�j�h�k�\�_�q�b-
�\�Z�x�s�_�c �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b �\ �l�_�f�g�h�f �i�h�e�_ (HAADF), �^�Z�x�s�_�f �i�h�f�b�f�h 
�b�a�h�[�j�Z�`�_�g�b�y �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �_�]�h �w�e�_�f�_�g�l�g�m�x �d�Z�j�l�m (�j�b�k. 4). �G�Z �^�Z�g�g�h�f 
�b�a�h�[�j�Z�`�_�g�b�b �d�j�Z�k�g�u�f�b �l�h�q�d�Z�f�b �h�[�h�a�g�Z�q�_�g�h �a�h�e�h�l�h, �k�b�g�b�f�b – �k�_�j�_�[�j�h, �a�_�e�_-
�g�u�f�b – �o�e�h�j. �B�f�_�g�g�h �g�Z�e�b�q�b�_ �o�e�h�j�Z �g�Z �i�h�\�_�j�o�g�h�k�l�b �b �i�h�^�l�\�_�j�`�^�Z�_�l �\�u�^�\�b-
�g�m�l�h�_ �i�j�_�^�i�h�e�h�`�_�g�b�_ �h �\�h�k�k�l�Z�g�h�\�e�_�g�b�b �o�e�h�j�b�^�Z �k�_�j�_�[�j�Z. 

 

 
 

�J�b�k. 2. �E�b�g�b�b �j�Z�a�e�h�`�_�g�b�y AgNO3 �\ �\�Z�d�m�m�f�_ �b �k�j�_�^�_ �\�h�^�h�j�h�^�Z 
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�J�b�k. 3. �E�b�g�b�b �j�Z�a�e�h�`�_�g�b�y Au@Ag �\ �\�Z�d�m�m�f�_ �b �k�j�_�^�_ �\�h�^�h�j�h�^�Z 
 

 
 

�J�b�k. 4. �B�a�h�[�j�Z�`�_�g�b�_ �k�l�j�m�d�l�m�j�u Au@Ag, �i�h�e�m�q�_�g�g�h�_ �f�_�l�h�^�h�f HAADF 
 
�K�f�_�s�_�g�b�_ �i�b�d�h�\ �l�Z�d�`�_ �g�Z�[�e�x�^�Z�_�l�k�y �g�Z �j�b�k�m�g�d�_ 5 �^�e�y Ag@Au. �L�_�j�f�b-

�q�_�k�d�h�_ �j�Z�a�e�h�`�_�g�b�_ �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z (122 °�K) �i�j�h�b�k�o�h�^�b�l �j�Z�g�v�r�_, �q�_�f �\ �\�Z�d�m-
�m�f�_ (184 °�K). 
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�J�b�k. 5. �E�b�g�b�b �j�Z�a�e�h�`�_�g�b�y Ag@Au �\ �\�Z�d�m�m�f�_ �b �k�j�_�^�_ �\�h�^�h�j�h�^�Z 
 
�I�j�b �k�j�Z�\�g�_�g�b�b �e�b�g�b�c �j�Z�a�e�h�`�_�g�b�y �h�[�j�Z�a�p�h�\ Au �b Au@Ag �\ �\�h�^�h�j�h�^�_ 

(�j�b�k�m�g�h�d 6) �f�h�`�g�h �g�Z�[�e�x�^�Z�l�v, �q�l�h �g�Z�e�b�q�b�_ �k�_�j�_�[�j�y�g�h�]�h �y�^�j�Z �\ �q�Z�k�l�b�p�_ �i�j�b-
�\�h�^�b�l �d �i�j�h�l�_�d�Z�g�b�x �i�j�h�p�_�k�k�Z �\ �h�^�g�m �k�l�Z�^�b�x (�h�^�b�g �i�b�d �i�j�b 136 °�K �\�f�_�k�l�h 
�^�\�m�o �i�j�b 84 �b 187 °�K). 

 

 
 

�J�b�k. 6. �E�b�g�b�b �j�Z�a�e�h�`�_�g�b�y Au �b Au@Ag �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z 
 
�I�j�b �k�j�Z�\�g�_�g�b�b �e�b�g�b�c �j�Z�a�e�h�`�_�g�b�y �h�[�j�Z�a�p�h�\ Ag �b Ag@Au �\ �\�h�^�h�j�h�^�_ 

(�j�b�k�m�g�h�d 7) �g�Z�[�e�x�^�Z�_�l�k�y �Z�g�Z�e�h�]�b�q�g�u�c �w�n�n�_�d�l: �j�Z�a�e�h�`�_�g�b�_ �h�[�j�Z�a�p�Z �k �a�h�e�h�l�u�f 
�y�^�j�h�f �i�j�h�l�_�d�Z�_�l �\ �h�^�g�m �k�l�Z�^�b�x �k �i�b�d�h�f �i�j�b 122 °�K �\�f�_�k�l�h �^�\�m�o �i�b�d�h�\ �i�j�b 113 
�b 202 °�K. 
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�J�b�k. 7. �E�b�g�b�b �j�Z�a�e�h�`�_�g�b�y Ag �b Ag@Au �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z 
 
�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �k�\�_�^�_�g�u �\ �l�Z�[�e�b�p�m 1. 
 

� L �Z � [ � e � b � p �Z 1  
 

�J�_�a�m�e�v�l�Z�l�u �j�Z�a�e�h�`�_�g�b�y �i�j�_�d�m�j�k�h�j�h�\ 
 

�H�[�j�Z�a�_�p �L�_�f�i�_�j�Z�l�m�j�Z �j�Z�a�e�h�`�_�g�b�y 
�\ �\�Z�d�m�m�f�_, °�K 

�L�_�f�i�_�j�Z�l�m�j�Z �j�Z�a�e�h�`�_�g�b�y  
�\ �\�h�^�h�j�h�^�_, °�K 

Au 138; 170 84; 187 

Ag 150; 188 113; 202 

Au@Ag 133; 168 136; 430 

Ag@Au 184 122 

�<�u�\�h�^�u 

�G�Z �l�_�f�i�_�j�Z�l�m�j�m �j�Z�a�e�h�`�_�g�b�y �k�h�_�^�b�g�_�g�b�c �k�_�j�_�[�j�Z �b �a�h�e�h�l�Z �h�d�Z�a�u�\�Z�x�l 
�\�e�b�y�g�b�_ �^�\�Z �n�Z�d�l�h�j�Z: �k�j�_�^�Z, �\ �d�h�l�h�j�h�c �i�j�h�o�h�^�b�l �j�Z�a�e�h�`�_�g�b�_, �b �g�Z�e�b-
�q�b�_/�h�l�k�m�l�k�l�\�b�_ �\�l�h�j�h�]�h �f�_�l�Z�e�e�Z, �g�Z �d�h�l�h�j�u�c �g�Z�g�h�k�b�l�k�y �i�j�_�d�m�j�k�h�j. 

1. �M �h�[�j�Z�a�p�h�\ Au �b Ag �k�g�b�a�b�e�Z�k�v �l�_�f�i�_�j�Z�l�m�j�Z �i�_�j�\�h�]�h �i�b�d�Z �g�Z 54 �b 37 °�K 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h, �\ �l�h �\�j�_�f�y �d�Z�d �l�_�f�i�_�j�Z�l�m�j�Z �\�l�h�j�h�]�h �i�h�q�l�b �g�_ �b�a�f�_�g�b�e�Z�k�v. 

2. �M �h�[�j�Z�a�p�Z Au@Ag �i�j�h�p�_�k�k �j�Z�a�e�h�`�_�g�b�y �\ �\�h�^�h�j�h�^�_ �i�j�h�l�_�d�Z�_�l �\ �h�^�g�m 
�k�l�Z�^�b�x, �\ �h�l�e�b�q�b�_ �h�l �j�Z�a�e�h�`�_�g�b�y �\ �\�Z�d�m�m�f�_. �I�j�b �j�Z�a�e�h�`�_�g�b�b �\ �\�h�^�h�j�h�^�_ �i�h-
�y�\�b�e�k�y �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�c �i�b�d 430 °�K, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �\�h�k�k�l�Z�g�h�\�e�_�g�b�x 
�o�e�h�j�b�^�Z �k�_�j�_�[�j�Z. 

3. �M �h�[�j�Z�a�p�Z Ag@Au �l�_�f�i�_�j�Z�l�m�j�Z �j�Z�a�e�h�`�_�g�b�y �\ �\�h�^�h�j�h�^�_ �g�Z 62 °�K �g�b�`�_ 
�l�_�f�i�_�j�Z�l�m�j�u �j�Z�a�e�h�`�_�g�b�y �\ �\�Z�d�m�m�f�_.  
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1. �E�_�h�g�h�\�Z �F. �<., �I�r�_�g�b�p�u�g �F. �;., �;�h�_�\�Z �H. �: . �B�k�k�e�_�^�h�\�Z�g�b�_ �d�Z�l�Z�e�b�l�b-
�q�_�k�d�b�o �k�\�h�c�k�l�\ �g�Z�g�h�q�Z�k�l�b�p �k�_�j�_�[�j�Z �\ �j�_�Z�d�p�b�b �^�_�c�l�_�j�h-�\�h�^�h�j�h�^�g�h�]�h �h�[�f�_�g�Z // 
�M�k�i�_�o�b �\ �o�b�f�b�b �b �o�b�f�b�q�_�k�d�h�c �l�_�o�g�h�e�h�]�b�b. 2021. �L. 35, �‹  9(244). �K. 140–142. 

2. Pshenitsyn M. B., Boeva O. A. The Use of Isotopic Exchange in Molecular 
Hydrogen to Study the Physicochemical Properties of Bimetallic Nanoparticles // 
Russian Journal of Physical Chemistry A. 2024. Vol. 98, No. 12. P. 2888–2890. 
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�B�k�k�e�_�^�h�\�Z�g�u �d�Z�l�Z�e�b�l�b�q�_�k�d�b�_ �b �Z�^�k�h�j�[�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z �g�Z�g�_�k�z�g-
�g�u�o �g�Z �g�h�k�b�l�_�e�v �f�h�g�h- �b �[�b�f�_�l�Z�e�e�b�q�_�k�d�b�o �g�Z�g�h�q�Z�k�l�b�p �k�b�k�l�_�f CunAgm 
�b AumAgn �\ �j�_�Z�d�p�b�y�o �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b �i�j�h�l�b�y �b �^�_�c�l�_�j�h-�\�h�^�h�j�h�^�g�h�]�h 
�h�[�f�_�g�Z. �K �i�h�f�h�s�v�x �j�_�Z�d�p�b�b �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b �i�j�h�l�b�y �i�h�d�Z�a�Z�g�h 
�g�Z�e�b�q�b�_ �f�Z�]�g�b�l�g�u�o �p�_�g�l�j�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b �b�a�m�q�_�g�g�u�o �g�Z�g�h�q�Z�k�l�b�p. �<�u-
�y�\�e�_�g�h �k�b�g�_�j�]�_�l�b�q�_�k�d�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �b�a�m�q�_�g�g�u�o �i�Z�j �f�_�l�Z�e�e�h�\ �i�j�b �b�o 
�g�Z�o�h�`�^�_�g�b�b �\ �k�h�k�l�Z�\�_ �g�Z�g�h�q�Z�k�l�b�p�u, �i�j�b�\�h�^�y�s�_�_ �d �m�\�_�e�b�q�_�g�b�x �d�Z�l�Z�e�b-
�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b. 

�<�\�_�^�_�g�b�_ 

�<�h�^�h�j�h�^ �y�\�e�y�_�l�k�y �h�^�g�b�f �b�a �i�_�j�k�i�_�d�l�b�\�g�u�o �g�h�k�b�l�_�e�_�c �w�g�_�j�]�b�b �b �_�]�h �b�k-
�i�h�e�v�a�h�\�Z�g�b�_ �\ �\�h�^�h�j�h�^�g�h�c �w�g�_�j�]�_�l�b�d�_ �l�j�_�[�m�_�l �j�Z�a�j�Z�[�h�l�d�b �w�n�n�_�d�l�b�\�g�u�o �l�_�o-
�g�h�e�h�]�b�c �o�j�Z�g�_�g�b�y, �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�b �b �i�j�b�f�_�g�_�g�b�y. �H�^�g�h�c �b�a �\�Z�`�g�u�o �h�k�h�[�_�g-
�g�h�k�l�_�c �f�h�e�_�d�m�e�y�j�g�h�]�h �\�h�^�h�j�h�^�Z �y�\�e�y�_�l�k�y �_�]�h �k�i�h�k�h�[�g�h�k�l�v �k�m�s�_�k�l�\�h�\�Z�l�v 
�\ �^�\�m�o �k�i�b�g�h�\�u�o �b�a�h�f�_�j�g�u�o �n�h�j�f�Z�o – �h�j�l�h- �b �i�Z�j�Z-�\�h�^�h�j�h�^�_. �H�j�l�h-�\�h�^�h�j�h�^ 
�o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �i�Z�j�Z�e�e�_�e�v�g�u�f �j�Z�k�i�h�e�h�`�_�g�b�_�f �k�i�b�g�h�\ �^�\�m�o �i�j�h�l�h�g�h�\, �q�l�h 
�i�j�b�\�h�^�b�l �d �h�[�j�Z�a�h�\�Z�g�b�x �l�j�z�o�i�h�a�b�l�b�\�g�h�]�h (�l�j�b�i�e�_�l�g�h�]�h) �k�h�k�l�h�y�g�b�y, �\ �l�h �\�j�_-
�f�y �d�Z�d �i�Z�j�Z-�\�h�^�h�j�h�^ �b�f�_�_�l �Z�g�l�b�i�Z�j�Z�e�e�_�e�v�g�h�_ �j�Z�k�i�h�e�h�`�_�g�b�_ �k�i�b�g�h�\, �q�l�h �k�h�h�l-
�\�_�l�k�l�\�m�_�l �k�b�g�]�e�_�l�g�h�f�m �k�h�k�l�h�y�g�b�x. �I�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �j�Z�\�g�h�\�_�k�g�Z�y 
�k�f�_�k�v �\�h�^�h�j�h�^�Z �k�h�^�_�j�`�b�l �i�j�b�f�_�j�g�h 75 % �h�j�l�h-�\�h�^�h�j�h�^�Z �b 25 % �i�Z�j�Z-
�\�h�^�h�j�h�^�Z, �h�^�g�Z�d�h �i�j�b �k�g�b�`�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u �j�Z�\�g�h�\�_�k�b�_ �k�f�_�s�Z�_�l�k�y �\ �k�l�h�j�h�g�m 
�i�Z�j�Z-�\�h�^�h�j�h�^�Z, �l�Z�d �d�Z�d �_�]�h �w�g�_�j�]�b�y �g�b�`�_. �W�l�h�l �i�j�h�p�_�k�k �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �g�Z�a�u-
�\�Z�_�l�k�y �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�_�c. 

�H�^�g�h�c �b�a �d�e�x�q�_�\�u�o �i�j�h�[�e�_�f, �k�\�y�a�Z�g�g�u�o �k �o�j�Z�g�_�g�b�_�f �`�b�^�d�h�]�h �\�h�^�h�j�h-
�^�Z, �y�\�e�y�_�l�k�y �\�u�^�_�e�_�g�b�_ �[�h�e�v�r�h�]�h �d�h�e�b�q�_�k�l�\�Z �l�_�i�e�Z �i�j�b �k�i�h�g�l�Z�g�g�h�c �d�h�g�\�_�j�k�b�b 
�h�j�l�h-�\�h�^�h�j�h�^�Z �\ �i�Z�j�Z-�\�h�^�h�j�h�^. �I�j�b �i�_�j�_�o�h�^�_ 100% �h�j�l�h-�\�h�^�h�j�h�^�Z �\ �i�Z�j�Z-
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�\�h�^�h�j�h�^ �\�u�^�_�e�y�_�l�k�y �i�h�j�y�^�d�Z 1407 �>� /̀�f�h�e�v �l�_�i�e�h�\�h�c �w�g�_�j�]�b�b, �q�l�h �a�g�Z�q�b�l�_�e�v-
�g�h �i�j�_�\�u�r�Z�_�l �l�_�i�e�h�l�m �b�k�i�Z�j�_�g�b�y �`�b�^�d�h�]�h �\�h�^�h�j�h�^�Z (�h�d�h�e�h 921 �>� /̀�f�h�e�v) [1]. 
�W�l�h �y�\�e�_�g�b�_ �i�j�b�\�h�^�b�l �d �a�g�Z�q�b�l�_�e�v�g�u�f �i�h�l�_�j�y�f �i�j�b �o�j�Z�g�_�g�b�b, �l�Z�d �d�Z�d �\�u�^�_-
�e�_�g�g�h�_ �l�_�i�e�h �k�i�h�k�h�[�k�l�\�m�_�l �b�k�i�Z�j�_�g�b�x �o�e�Z�^�Z�]�_�g�l�Z. �>�e�y �f�b�g�b�f�b�a�Z�p�b�b �^�Z�g�g�u�o 
�i�h�l�_�j�v �l�j�_�[�m�_�l�k�y �i�j�h�\�_�^�_�g�b�_ �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b �\ �i�j�h�p�_�k�k�_ �k�`�b�`�_�g�b�y. 

�< �w�l�h�f �d�h�g�l�_�d�k�l�_ �h�k�h�[�h�_ �a�g�Z�q�_�g�b�_ �i�j�b�h�[�j�_�l�Z�x�l �d�Z�l�Z�e�b�l�b�q�_�k�d�b�_ �k�b�k�l�_-
�f�u, �i�h�k�d�h�e�v�d�m �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�y �\ �]�Z�a�h�h�[�j�Z�a�g�h�f �\�h�^�h�j�h�^�_ �k�Z�f�h�i�j�h�b�a�\�h�e�v-
�g�h �g�_ �i�j�h�l�_�d�Z�_�l. �H�^�g�b�f �b�a �i�_�j�k�i�_�d�l�b�\�g�u�o �g�Z�i�j�Z�\�e�_�g�b�c �b�k�k�e�_�^�h�\�Z�g�b�c �y�\�e�y�_�l-
�k�y �i�j�b�f�_�g�_�g�b�_ �g�Z�g�h�q�Z�k�l�b�p �f�_�l�Z�e�e�h�\ I B �]�j�m�i�i�u – �f�_�^�b (Cu), �k�_�j�_�[�j�Z (Ag) 
�b �a�h�e�h�l�Z (Au). �W�l�b �f�_�l�Z�e�e�u, �l�j�Z�^�b�p�b�h�g�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�_ �d�Z�d �o�b�f�b�q�_�k�d�b 
�b�g�_�j�l�g�u�_ �\ �h�[�t�z�f�g�h�f �k�h�k�l�h�y�g�b�b, �i�j�b �i�_�j�_�o�h�^�_ �\ �g�Z�g�h�j�Z�a�f�_�j �^�_�f�h�g�k�l�j�b�j�m�x�l 
�k�m�s�_�k�l�\�_�g�g�h�_ �b�a�f�_�g�_�g�b�_ �k�\�h�b�o �n�b�a�b�q�_�k�d�b�o �b �o�b�f�b�q�_�k�d�b�o �k�\�h�c�k�l�\. �K �m�f�_�g�v-
�r�_�g�b�_�f �j�Z�a�f�_�j�h�\ �q�Z�k�l�b�p �^�h�e�y �i�h�\�_�j�o�g�h�k�l�g�u�o �Z�l�h�f�h�\ �\�h�a�j�Z�k�l�Z�_�l, �q�l�h �i�j�b�\�h-
�^�b�l �d �b�a�f�_�g�_�g�b�x �w�e�_�d�l�j�h�g�g�h�c �i�e�h�l�g�h�k�l�b �b �i�h�y�\�e�_�g�b�x �g�h�\�u�o �Z�d�l�b�\�g�u�o �p�_�g-
�l�j�h�\ [2], �k�i�h�k�h�[�g�u�o �Z�^�k�h�j�[�b�j�h�\�Z�l�v �f�h�e�_�d�m�e�u �\�h�^�h�j�h�^�Z �b �b�g�b�p�b�b�j�h�\�Z�l�v �i�j�h-
�p�_�k�k �b�o �^�b�k�k�h�p�b�Z�p�b�b �g�Z �Z�l�h�f�u. �>�b�k�k�h�p�b�Z�l�b�\�g�Z�y �Z�^�k�h�j�[�p�b�y �\�h�^�h�j�h�^�Z �g�Z �i�h-
�\�_�j�o�g�h�k�l�b �g�Z�g�h�q�Z�k�l�b�p �i�j�b�\�h�^�b�l �d �h�[�j�Z�a�h�\�Z�g�b�x �k�\�h�[�h�^�g�u�o �Z�l�h�f�h�\, �d�h�l�h�j�u�_ 
�f�h�]�m�l �\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v �f�_�`�^�m �k�h�[�h�c, �k�i�h�k�h�[�k�l�\�m�y �d�Z�d �b�a�h�l�h�i�g�h�f�m �h�[�f�_�g�m, 
�l�Z�d �b �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b. �I�j�b �w�l�h�f �j�h�e�v �g�Z�g�h�q�Z�k�l�b�p �h�i�j�_�^�_�e�y�_�l�k�y �g�_ �l�h�e�v�d�h 
�b�o �o�b�f�b�q�_�k�d�b�f �k�h�k�l�Z�\�h�f, �g�h �b �k�l�j�m�d�l�m�j�h�c, �g�Z�e�b�q�b�_�f �^�_�n�_�d�l�h�\, �Z �l�Z�d�`�_ �h�k�h-
�[�_�g�g�h�k�l�y�f�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k �g�h�k�b�l�_�e�_�f. �G�Z�i�j�b�f�_�j, �i�j�b�f�_�g�_�g�b�_ �g�Z�g�h�q�Z�k�l�b�p, 
�g�Z�g�_�k�z�g�g�u�o �g�Z �h�d�k�b�^ �Z�e�x�f�b�g�b�y (��-Al 2O3), �i�h�a�\�h�e�y�_�l �k�l�Z�[�b�e�b�a�b�j�h�\�Z�l�v �b�o �^�b�k-
�i�_�j�k�g�h�k�l�v �b �h�[�_�k�i�_�q�b�l�v �\�u�k�h�d�b�c �m�j�h�\�_�g�v �Z�^�k�h�j�[�p�b�b, �q�l�h �g�Z�i�j�y�f�m�x �\�e�b�y�_�l �g�Z 
�w�n�n�_�d�l�b�\�g�h�k�l�v �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h �i�j�h�p�_�k�k�Z. 

�I�h�f�b�f�h �\�h�i�j�h�k�h�\ �o�j�Z�g�_�g�b�y, �d�Z�l�Z�e�b�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �g�Z�g�h�q�Z�k�l�b�p �b�f�_-
�x�l �i�h�l�_�g�p�b�Z�e �^�e�y �i�j�b�f�_�g�_�g�b�y �\ �j�y�^�_ �^�j�m�]�b�o �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\. 
�B�a�h�l�h�i�g�u�c �h�[�f�_�g �\�h�^�h�j�h�^�Z, �\�d�e�x�q�Z�x�s�b�c �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_ �i�j�h�l�b�y, �^�_�c�l�_-
�j�b�y �b �l�j�b�l�b�y, �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �i�h�e�m�q�_�g�b�y �f�_�q�_�g�u�o �k�h�_�^�b�g�_�g�b�c, �j�Z�a�^�_�e�_�g�b�y 
�b�a�h�l�h�i�h�\, �Z �l�Z�d�`�_ �\ �Z�g�Z�e�b�l�b�q�_�k�d�b�o �f�_�l�h�^�Z�o �d�h�g�l�j�h�e�y �d�Z�q�_�k�l�\�Z �k�u�j�v�y �\ �y�^�_�j-
�g�h�c �w�g�_�j�]�_�l�b�d�_ �b �f�_�^�b�p�b�g�_. �D�Z�l�Z�e�b�a�Z�l�h�j�u �g�Z �h�k�g�h�\�_ �g�Z�g�h�q�Z�k�l�b�p �^�_�f�h�g�k�l�j�b-
�j�m�x�l �i�h�\�u�r�_�g�g�m�x �Z�d�l�b�\�g�h�k�l�v �\ �w�l�b�o �i�j�h�p�_�k�k�Z�o, �q�l�h �k�\�y�a�Z�g�h �k �b�o �k�i�h�k�h�[�g�h-
�k�l�v�x �w�n�n�_�d�l�b�\�g�h �o�_�f�h�k�h�j�[�b�j�h�\�Z�l�v �b �^�b�k�k�h�p�b�b�j�h�\�Z�l�v �f�h�e�_�d�m�e�u �\�h�^�h�j�h�^�Z. 
�K�h�\�j�_�f�_�g�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �\ �w�l�h�c �h�[�e�Z�k�l�b �g�Z�i�j�Z�\�e�_�g�u �g�Z �h�i�l�b�f�b�a�Z�p�b�x �k�h-
�k�l�Z�\�Z �b �k�l�j�m�d�l�m�j�u �g�Z�g�h�q�Z�k�l�b�p �^�e�y �^�h�k�l�b�`�_�g�b�y �f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�h�c �w�n-
�n�_�d�l�b�\�g�h�k�l�b �d�Z�l�Z�e�b�a�Z [3]. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �b�a�m�q�_�g�b�_ �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b �b �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z �g�Z 
�i�h�\�_�j�o�g�h�k�l�y�o �g�Z�g�h�q�Z�k�l�b�p �f�_�l�Z�e�e�h�\ I B �]�j�m�i�i�u �y�\�e�y�_�l�k�y �f�_�`�^�b�k�p�b�i�e�b�g�Z�j�g�h�c 
�a�Z�^�Z�q�_�c, �h�[�t�_�^�b�g�y�x�s�_�c �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �\ �h�[�e�Z�k�l�b �d�\�Z�g�l�h�\�h�c 
�o�b�f�b�b, �n�b�a�b�d�b �i�h�\�_�j�o�g�h�k�l�b �b �f�Z�l�_�j�b�Z�e�h�\�_�^�_�g�b�y �k �i�_�j�k�i�_�d�l�b�\�Z�f�b �i�j�b�f�_�g�_�g�b�y 
�\ �w�g�_�j�]�_�l�b�d�_ �b �y�^�_�j�g�h�c �l�_�o�g�b�d�_. �W�l�b �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�a�\�h�e�y�x�l �g�_ �l�h�e�v�d�h �m�]�e�m-
�[�b�l�v �g�Z�r�_ �i�h�g�b�f�Z�g�b�_ �f�h�e�_�d�m�e�y�j�g�u�o �f�_�o�Z�g�b�a�f�h�\, �g�h �b �k�i�h�k�h�[�k�l�\�m�x�l �j�Z�a�j�Z-
�[�h�l�d�_ �g�h�\�u�o �l�_�o�g�h�e�h�]�b�c �^�e�y �o�j�Z�g�_�g�b�y �b �b�k�i�h�e�v�a�h�\�Z�g�b�y �\�h�^�h�j�h�^�Z, �q�l�h �b�f�_�_�l 
�[�h�e�v�r�h�_ �a�g�Z�q�_�g�b�_ �^�e�y �k�h�a�^�Z�g�b�y �m�k�l�h�c�q�b�\�u�o �w�g�_�j�]�_�l�b�q�_�k�d�b�o �k�b�k�l�_�f �[�m�^�m�s�_�]�h. 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �q�Z�k�l�v 

�H�[�t�_�d�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �d�Z�l�Z�e�b�l�b�q�_�k�d�b�_ �k�b�k�l�_�f�u, 
�k�h�k�l�h�y�s�b�_ �b�a �f�h�g�h- �b �[�b�f�_�l�Z�e�e�b�q�_�k�d�b�o �g�Z�g�h�q�Z�k�l�b�p �w�e�_�f�_�g�l�h�\ I B �]�j�m�i�i�u �I�_-
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�j�b�h�^�b�q�_�k�d�h�c �k�b�k�l�_�f�u �>. �B. �F�_�g�^�_�e�_�_�\�Z, �g�Z�g�_�k�z�g�g�u�o �g�Z �i�h�\�_�j�o�g�h�k�l�v �g�h�k�b�l�_-
�e�y, �g�_�d�h�l�h�j�u�_ �b�a �d�h�l�h�j�u�o �i�j�b�\�_�^�_�g�u �g�Z �j�b�k. 1. 

 

 
 

�J�b�k. 1. �I�j�b�f�_�j �b�k�k�e�_�^�m�_�f�u�o �h�[�j�Z�a�p�h�\ 
 
�F�_�l�h�^�b�d�Z �k�b�g�l�_�a�Z �g�Z�g�h�q�Z�k�l�b�p �\�d�e�x�q�Z�_�l �\ �k�_�[�y �k�e�_�^�m�x�s�b�_ �w�l�Z�i�u: �i�j�h-

�i�b�l�d�Z �g�h�k�b�l�_�e�y �j�Z�k�l�\�h�j�Z�f�b �k�h�e�_�c �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �f�_�l�Z�e�e�h�\; �k�m�r�d�Z; �l�_�j�f�b-
�q�_�k�d�h�_ �j�Z�a�e�h�`�_�g�b�_ �\ �m�k�e�h�\�b�y�o �\�u�k�h�d�h�]�h �\�Z�d�m�m�f�Z �b�e�b �\ �k�j�_�^�_ �\�h�^�h�j�h�^�Z �g�_�i�h-
�k�j�_�^�k�l�\�_�g�g�h �\ �k�l�_�d�e�y�g�g�h�c �m�k�l�Z�g�h�\�d�_ �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�c. 

�< �d�Z�q�_�k�l�\�_ �g�h�k�b�l�_�e�y �b�k�i�h�e�v�a�h�\�Z�e�b ��-Al 2O3 (�J�D-062, �J�_�^�d�b�g�k�d�b�c �d�Z�l�Z�e�b-
�a�Z�l�h�j�g�u�c �a�Z�\�h�^) �k �m�^�_�e�v�g�h�c �i�h�\�_�j�o�g�h�k�l�v�x 200–220 �f2/�]. �>�e�y �i�h�^�]�h�l�h�\�d�b 
�d �k�b�g�l�_�a�m �g�h�k�b�l�_�e�v �i�j�h�f�u�\�Z�e�b �[�b�^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�h�c �b �i�j�h�d�Z�e�b�\�Z�e�b 
�\ �i�_�q�b �i�j�b 600°C �\ �l�_�q�_�g�b�_ 6 �q.  

�I�j�_�d�m�j�k�h�j�Z�f�b �^�e�y �k�b�g�l�_�a�Z �g�Z�g�h�q�Z�k�l�b�p �f�_�l�Z�e�e�h�\ �y�\�e�y�e�b�k�v CuNO3·3H2O 
(�Q�>�:, �L�M-2622-003-62931140-2015) �b AgNO3 (�O�Q, �=�H�K�L 1277-75). �D�h�e�b�q�_-
�k�l�\�h �k�h�e�b �\ �i�j�h�i�b�l�h�q�g�h�f �j�Z�k�l�\�h�j�_ �j�Z�k�k�q�b�l�u�\�Z�e�b, �i�j�b�g�b�f�Z�y �a�Z �l�h�q�d�m �h�l�k�q�z�l�Z 
�d�h�g�p�_�g�l�j�Z�p�b�x �f�_�^�b �\ �f�h�g�h�f�_�l�Z�e�e�b�q�_�k�d�h�f �h�[�j�Z�a�p�_, �k�h�k�l�Z�\�e�y�x�s�m�x 1 % 
�h�l �k�m�f�f�Z�j�g�h�c �f�Z�k�k�u �g�h�k�b�l�_�e�y �b �q�Z�k�l�b�p �f�_�l�Z�e�e�Z, �l�h �_�k�l�v 0,01573 �f�h�e�v/�]�d�Z�l. �<�k�_ 
�i�j�b�]�h�l�h�\�e�_�g�g�u�_ �h�[�j�Z�a�p�u �b�f�_�e�b �^�Z�g�g�m�x �d�h�g�p�_�g�l�j�Z�p�b�x �f�_�l�Z�e�e�h�\. �I�h�k�d�h�e�v�d�m 
�f�h�e�y�j�g�u�_ �f�Z�k�k�u �k�_�j�_�[�j�Z �b �f�_�^�b �j�Z�a�e�b�q�Z�x�l�k�y, �l�h �j�Z�a�e�b�q�Z�x�l�k�y �b �f�Z�k�k�h�\�u�_ 
�d�h�g�p�_�g�l�j�Z�p�b�b �f�_�l�Z�e�e�h�\ �\ �d�Z�l�Z�e�b�a�Z�l�h�j�Z�o. �G�Z�i�j�b�f�_�j, �f�Z�k�k�h�\�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y 
�k�_�j�_�[�j�Z �\ �f�h�g�h�f�_�l�Z�e�e�b�q�_�k�d�h�f �h�[�j�Z�a�p�_ �k�h�k�l�Z�\�b�e�Z 1,7 �f�Z�k. %, �Z �\ Cu50Ag50 – 0,5 
�b 0,85 �f�Z�k. % �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

�Q�_�j�_�a �k�m�l�d�b �i�h�k�e�_ �i�j�h�i�b�l�d�b �h�[�j�Z�a�p�u �i�h�f�_�s�Z�e�b �\ �k�m�r�b�e�v�g�u�c �r�d�Z�n, �]�^�_ 
�b�o �g�Z�]�j�_�\�Z�e�b �^�h 60÷100 °C �k �i�_�j�b�h�^�b�q�_�k�d�b�f �i�h�f�_�r�b�\�Z�g�b�_�f. �>�Z�e�_�_ �g�Z�\�_�k�d�m 
�^�e�y �b�k�k�e�_�^�h�\�Z�g�b�c �a�Z�]�j�m�`�Z�e�b �\ �j�_�Z�d�l�h�j �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c �m�k�l�Z�g�h�\�d�b, �]�^�_ 
�i�j�h�b�k�o�h�^�b�e�h �j�Z�a�e�h�`�_�g�b�_ �k�h�e�_�c �f�_�l�Z�e�e�h�\ �i�j�b �g�Z�]�j�_�\�_ �h�l �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z-
�l�m�j�u �^�h 350 °C �\ �l�_�q�_�g�b�_ 2 �q �\ �m�k�e�h�\�b�y�o �\�u�k�h�d�h�]�h �\�Z�d�m�m�f�Z (10–7 �L�h�j�j) �b �\ �k�j�_-
�^�_ �\�h�^�h�j�h�^�Z. �I�h�k�e�_ �\�u�^�_�j�`�b�\�Z�g�b�y �i�j�b �i�b�d�h�\�h�c �l�_�f�i�_�j�Z�l�m�j�_ �\ �l�_�q�_�g�b�_ 1–2 �q 
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�g�Z�]�j�_�\ �h�l�d�e�x�q�Z�e�b �b �f�_�^�e�_�g�g�h �h�o�e�Z�`�^�Z�e�b �^�h �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�u. �I�h�k�e�_ 
�h�i�b�k�Z�g�g�u�o �i�j�h�p�_�^�m�j �h�[�j�Z�a�_�p �k�q�b�l�Z�e�k�y �]�h�l�h�\�u�f �d �b�k�k�e�_�^�h�\�Z�g�b�y�f. 

�:�^�k�h�j�[�p�b�h�g�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�\�_�j�o�g�h�k�l�b �i�j�h�\�h�^�b�e�b �i�m�l�z�f �h�i�j�_�^�_�e�_-
�g�b�y �d�h�e�b�q�_�k�l�\�Z �Z�^�k�h�j�[�b�j�h�\�Z�g�g�h�]�h �\�h�^�h�j�h�^�Z �\ �^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l –196 
�^�h 150°C. �B�a�f�_�j�_�g�b�y �h�k�m�s�_�k�l�\�e�y�e�b �h�[�t�z�f�g�u�f �f�_�l�h�^�h�f �\ �^�b�Z�i�Z�a�h�g�_ �^�Z�\�e�_�g�b�c 
10–3÷10–1 �L�h�j�j (1 �L�h�j�j �§ 133,32 �I�Z). �>�Z�\�e�_�g�b�_ �b�a�f�_�j�y�e�b �k �i�h�f�h�s�v�x �f�Z�g�h�f�_�l-
�j�Z �F�Z�d-�E�_�h�^�Z. �<�_�e�b�q�b�g�Z �i�e�h�s�Z�^�b �Z�d�l�b�\�g�h�c �i�h�\�_�j�o�g�h�k�l�b (�k�f2) �j�Z�k�k�q�b�l�u�\�Z�_�l�k�y 
�i�h �n�h�j�f�m�e�_:  

 

                                   (1) 
 

�]�^�_  – �d�h�e�b�q�_�k�l�\�h �o�_�f�h�k�h�j�[�b�j�h�\�Z�g�g�h�]�h �\ �f�h�g�h�k�e�h�_ �\�h�^�h�j�h�^�Z, �k�h�h�l�\�_�l-

�k�l�\�m�x�s�_�_ �i�e�Z�l�h �g�Z �b�a�h�l�_�j�f�_ �Z�^�k�h�j�[�p�b�b,  – �k�j�_�^�g�y�y �i�e�h�s�Z�^�v, �a�Z�g�b�f�Z�_�f�Z�y 

�h�^�g�b�f �i�h�\�_�j�o�g�h�k�l�g�u�f �Z�l�h�f�h�f �f�_�l�Z�e�e�Z, �g�Z �d�h�l�h�j�h�f �Z�^�k�h�j�[�b�j�m�_�l�k�y �\�h�^�h�j�h�^, 
 – �q�b�k�e�h �:�\�h�]�Z�^�j�h, a – �k�l�_�o�b�h�f�_�l�j�b�q�_�k�d�b�c �d�h�w�n�n�b�p�b�_�g�l �Z�^�k�h�j�[�p�b�b. 

�G�Z �h�k�g�h�\�Z�g�b�b �i�j�_�^�i�h�e�h�`�_�g�b�y, �q�l�h �g�Z �h�^�g�h�f �Z�l�h�f�_ �f�_�l�Z�e�e�Z �f�h�`�_�l �k�h�j-
�[�b�j�h�\�Z�l�v�k�y �h�^�b�g �Z�l�h�f �b�e�b �h�^�g�Z �f�h�e�_�d�m�e�Z �\�h�^�h�j�h�^�Z, �j�Z�k�q�_�l  �\�u�i�h�e�g�y�e�b, 
�b�k�o�h�^�y �b�a �Z�l�h�f�g�h�]�h �j�Z�^�b�m�k�Z �f�_�l�Z�e�e�Z (rAg = 145.4 × 10–10 �k�f, rCu = 128 × 10–10 
�k�f) �b �j�Z�k�i�h�e�h�`�_�g�b�y �Z�l�h�f�h�\ �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c  �j�_�r�z�l�d�_. �I�h�k�Z�^�h�q�g�Z�y �i�e�h�s�Z�^-
�d�Z �^�e�y �Z�l�h�f�h�\ �f�_�l�Z�e�e�h�\ �k�h�k�l�Z�\�e�y�_�l:  = 8.5 × 10–16 �k�f2,  = 6.6 × 10–16 �k�f2. 

�<�l�h�j�u�f �w�l�Z�i�h�f �b�k�k�e�_�^�h�\�Z�g�b�c �y�\�e�y�e�h�k�v �b�a�m�q�_�g�b�_ �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c �i�j�h-
�l�_�d�Z�g�b�y �j�_�Z�d�p�b�c �h�j�l�h-�i�Z�j�Z- �b �i�Z�j�Z-�h�j�l�h-�d�h�g�\�_�j�k�b�b �i�j�h�l�b�y (I) �b �^�_�c�l�_�j�h-
�\�h�^�h�j�h�^�g�h�]�h �h�[�f�_�g�Z (II) �i�j�b �^�Z�\�e�_�g�b�b 0,5 �L�h�j�j �\ �r�b�j�h�d�h�f �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_-
�j�Z�l�m�j �h�l –196 �^�h 200°C �k �g�_�i�j�_�j�u�\�g�u�f �g�Z�[�e�x�^�_�g�b�_�f �a�Z �o�h�^�h�f �j�_�Z�d�p�b�c �i�h 
�l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b �]�Z�a�h�\�h�c �k�f�_�k�b.  

 

�h�j�l�h-�G2 �– �i�Z�j�Z-�G2,                                              (I) 
 

�G2 + D2 �– 2 �GD.                                               (II) 
 

�< �j�_�Z�d�p�b�b �h�j�l�h-�i�Z�j�Z-�d�h�g�\�_�j�k�b�b �i�j�h�l�b�y (I) �\ �d�Z�q�_�k�l�\�_ �b�k�o�h�^�g�h�]�h �\�_�s�_-
�k�l�\�Z �\�a�y�l �i�j�h�l�b�c, �g�h�j�f�Z�e�b�a�b�j�h�\�Z�g�g�u�c �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �b �b�f�_�x-
�s�b�c �k�h�k�l�Z�\ 25 % �i�Z�j�Z-�\�h�^�h�j�h�^�Z �b 75 % �h�j�l�h-�\�h�^�h�j�h�^�Z. �I�j�b –196°C �j�Z�\�g�h�\�_�k-
�g�u�c �k�h�k�l�Z�\ �k�h�h�l�\�_�l�k�l�\�m�_�l 50% �i�Z�j�Z-�\�h�^�h�j�h�^�Z �b 50% �h�j�l�h-�\�h�^�h�j�h�^�Z. 

�< �j�_�Z�d�p�b�b �^�_�c�l�_�j�h-�\�h�^�h�j�h�^�g�h�]�h �h�[�f�_�g�Z (II) �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �w�d�\�b�f�h�e�y�j�g�Z�y 
�k�f�_�k�v �^�_�c�l�_�j�b�y �b �i�j�h�l�b�y, �i�j�h�^�m�d�l�h�f �j�_�Z�d�p�b�b �y�\�e�y�e�k�y �^�_�c�l�_�j�h-�\�h�^�h�j�h�^ �GD. 

�I�j�h�l�_�d�Z�g�b�_ �d�b�g�_�l�b�d�b �j�_�Z�d�p�b�c �a�Z�i�b�k�u�\�Z�e�b �\ �h�l�^�_�e�v�g�u�c �n�Z�c�e �\ �\�b�^�_ 
�l�Z�[�e�b�p�u �i�h�d�Z�a�Z�g�b�c �\�_�e�b�q�b�g�u �j�Z�a�[�Z�e�Z�g�k�Z �f�h�k�l�Z �M�b�l�k�l�h�g�Z, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c 
�m�\�_�e�b�q�b�\�Z�x�s�_�c�k�y �d�h�g�p�_�g�l�j�Z�p�b�b �i�j�h�^�m�d�l�Z �j�_�Z�d�p�b�b �k �l�_�q�_�g�b�_�f �\�j�_�f�_�g�b �^�h 
�k�h�k�l�h�y�g�b�y �j�Z�\�g�h�\�_�k�b�y. �H�[�j�Z�[�h�l�d�m �d�b�g�_�l�b�d�b �i�j�h�\�h�^�b�e�b �i�h �m�j�Z�\�g�_�g�b�x �i�_�j�\�h�]�h 
�i�h�j�y�^�d�Z (2): 

                                         (2) 
\ 

�]�^�_ F – �k�l�_�i�_�g�v �i�j�b�[�e�b�`�_�g�b�y �d �j�Z�\�g�h�\�_�k�b�x ( ) �\ �f�h�f�_�g�l �\�j�_�f�_�g�b �2; 

�K0, �K�2 �b �K�’  – �d�h�g�p�_�g�l�j�Z�p�b�b �i�j�h�^�m�d�l�Z �\ �b�k�o�h�^�g�u�c �f�h�f�_�g�l, �\ �i�j�h�p�_�k�k�_ �j�_�Z�d�p�b�b 
�b �i�j�b �j�Z�\�g�h�\�_�k�b�b �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �Z �l�Z�g�]�_�g�k �m�]�e�Z �g�Z�d�e�h�g�Z �i�j�y�f�h�c �y�\�e�y�_�l�k�y 
�d�h�g�k�l�Z�g�l�h�c �k�d�h�j�h�k�l�b �i�_�j�\�h�]�h �i�h�j�y�^�d�Z  �b�a�m�q�Z�_�f�h�c �j�_�Z�d�p�b�b. 
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�J�Z�k�q�_�l �m�^�_�e�v�g�h�c �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b (K�m�)̂ �h�[�j�Z�a�p�Z �i�j�b �^�Z�g�g�h�c 
�l�_�f�i�_�j�Z�l�m�j�_ �i�j�h�\�h�^�b�e�b �i�h �n�h�j�f�m�e�_ (3) �b �\�u�j�Z�`�Z�e�b �\ �d�h�e�b�q�_�k�l�\�_ �f�h�e�_�d�m�e, 
�j�_�Z�]�b�j�m�x�s�b�o �g�Z �_�^�b�g�b�p�_ �i�h�\�_�j�o�g�h�k�l�b (�k�f2) �\ �_�^�b�g�b�p�m �\�j�_�f�_�g�b (�k). 

 

                                                  (3)  
 

�]�^�_ NT – �q�b�k�e�h �f�h�e�_�d�m�e �\�h�^�h�j�h�^�Z �\ �j�_�Z�d�p�b�h�g�g�h�f �h�[�t�z�f�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �i�j�h-
�l�_�d�Z�g�b�y �j�_�Z�d�p�b�b,  – �i�e�h�s�Z�^�v �Z�d�l�b�\�g�h�c �i�h�\�_�j�o�g�h�k�l�b, �j�Z�k�k�q�b�l�Z�g�g�Z�y �b�a �j�_-

�a�m�e�v�l�Z�l�h�\ �Z�^�k�h�j�[�p�b�b �\�h�^�h�j�h�^�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �i�j�h�l�_�d�Z�g�b�y �j�_�Z�d�p�b�b. 
�;�h�e�_�_ �i�h�^�j�h�[�g�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �m�k�l�Z�g�h�\�d�Z �b �f�_�l�h�^�b�d�b �i�j�h�\�_�^�_�g�b�y 

�Z�^�k�h�j�[�p�b�h�g�g�u�o �b �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �h�i�b�k�Z�g�u �\ �j�Z�[�h�l�Z�o [4, 5]. 
�J�Z�a�f�_�j�u �q�Z�k�l�b�p �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �k�b�k�l�_�f �h�i�j�_�^�_�e�y�e�b �f�_�l�h�^�h�f �i�j�h�k�\�_�q�b-

�\�Z�x�s�_�c �w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b (�I�W�F) �g�Z �i�j�b�[�h�j�_ JEM-1011 (“JEOL”, �Y�i�h-
�g�b�y) �k �p�b�n�j�h�\�h�c �n�h�l�h�d�Z�f�_�j�h�c ORIUS SC1000W, �m�k�d�h�j�y�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ – 
80 �d�<, �j�Z�a�j�_�r�Z�x�s�Z�y �k�i�h�k�h�[�g�h�k�l�v – 0,3 �g�f. 

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �k�l�j�m�d�l�m�j�u �b �k�h�k�l�Z�\�Z �f�_�l�Z�e�e�b�q�_�k�d�b�o �q�Z�k�l�b�p Cu1Ag1 �g�Z 
�i�h�\�_�j�o�g�h�k�l�b �g�h�k�b�l�_�e�y �b�k�i�h�e�v�a�h�\�Z�e�b �f�_�l�h�^ �k�d�Z�g�b�j�m�x�s�_�c/�i�j�h�k�\�_�q�b�\�Z�x�s�_�c 
�w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b (�K�W�F/�I�W�F) �k �f�b�d�j�h�k�d�h�i�h�f FEI Osiris �b �b�k�l�h�q�g�b-
�d�h�f �w�e�_�d�l�j�h�g�h�\ X-FEG 200 �d�< (“FEI Company”, �K�R�:), �h�k�g�Z�s�_�g�g�h�]�h �Z�g�Z�e�b�a�Z-
�l�h�j�h�f EDX. 

�J�_�a�m�e�v�l�Z�l�u �b �b�o �h�[�k�m�`�^�_�g�b�_ 

�B�k�k�e�_�^�h�\�Z�g�u �g�Z�g�h�q�Z�k�l�b�p�u �k�h�k�l�Z�\�Z Cu, Ag, Au, CunAgm, AgmAun. �J�_�a�m�e�v-
�l�Z�l�u �I�W�F �i�h�d�Z�a�Z�e�b, �q�l�h �[�h�e�v�r�b�g�k�l�\�h �g�Z�g�h�q�Z�k�l�b�p �b�f�_�_�l �j�Z�a�f�_�j �i�h�j�y�^�d�Z 
10 �g�f, �q�l�h �i�h�a�\�h�e�y�_�l �k�j�Z�\�g�b�\�Z�l�v �b�o �[�_�a �i�h�i�j�Z�\�d�b �g�Z �j�Z�a�f�_�j�g�u�c �w�n�n�_�d�l. �B�a�h�[-
�j�Z�`�_�g�b�_ �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o �g�Z�g�h�q�Z�k�l�b�p �g�Z �i�j�b�f�_�j�_ �h�[�j�Z�a�p�Z Cu1Ag1 �i�j�_�^�k�l�Z�\-
�e�_�g �g�Z �j�b�k. 2. 

 

 
 

�J�b�k. 2. �I�W�F-�b�a�h�[�j�Z�`�_�g�b�y �g�Z�g�h�q�Z�k�l�b�p �g�Z �i�j�b�f�_�j�_ �h�[�j�Z�a�p�Z Cu1Ag1 
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�B�a�f�_�j�_�g�b�_ �Z�d�l�b�\�g�h�c �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\ �k �g�Z�g�h�q�Z�k�l�b�p�Z�f�b �f�_�l�Z�e�e�h�\ 
(�j�b�k. 3) �i�h�d�Z�a�Z�e�h, �q�l�h �g�Z�b�[�h�e�v�r�_�c �k�h�j�[�p�b�h�g�g�h�c �z�f�d�h�k�l�v�x �h�[�e�Z�^�Z�_�l �k�_�j�_�[�j�h, 
�Z �g�Z�b�f�_�g�v�r�_�c – �f�_�^�v. �I�j�b �n�h�j�f�b�j�h�\�Z�g�b�b �k�f�_�r�Z�g�g�u�o �[�b�f�_�l�Z�e�e�b�q�_�k�d�b�o 
�g�Z�g�h�q�Z�k�l�b�p �g�Z �h�k�g�h�\�_ �a�h�e�h�l�Z �k �k�_�j�_�[�j�h�f �b �f�_�^�b �k �k�_�j�_�[�j�h�f �\�u�y�\�e�_�g�h, �q�l�h 
�^�h�[�Z�\�d�Z �k�_�j�_�[�j�Z �i�j�b�\�h�^�b�l �d �i�j�Z�d�l�b�q�_�k�d�b �e�b�g�_�c�g�h�f�m �m�\�_�e�b�q�_�g�b�x �Z�d�l�b�\�g�h�c 
�i�h�\�_�j�o�g�h�k�l�b �a�h�e�h�l�h-�k�_�j�_�[�j�y�g�u�o �b �f�_�^�g�h-�k�_�j�_�[�j�y�g�u�o �q�Z�k�l�b�p, �^�h�k�l�b�]�Z�y 
�f�Z�d�k�b�f�Z�e�v�g�h�]�h �a�g�Z�q�_�g�b�y, �d�h�l�h�j�u�f �h�[�e�Z�^�Z�x�l �f�h�g�h�q�Z�k�l�b�p�u Ag. 

 

 
 

�J�b�k. 3. �M�^�_�e�v�g�Z�y �Z�d�l�b�\�g�Z�y �i�h�\�_�j�o�g�h�k�l�v �h�[�j�Z�a�p�h�\ 
 
�J�Z�k�k�f�h�l�j�b�f �d�Z�l�Z�e�b�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �h�[�j�Z�a�p�h�\ �\ �j�_�Z�d�p�b�b �h�j�l�h-�i�Z�j�Z 

�d�h�g�\�_�j�k�b�b �\�h�^�h�j�h�^�Z �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 77 �D (�j�b�k. 4). �;�b�f�_�l�Z�e�e�b�q�_�k�d�b�_ 
�g�Z�g�h�q�Z�k�l�b�p�u �k�b�k�l�_�f�u AumAgn �^�_�f�h�g�k�l�j�b�j�m�x�l �k�g�b�`�_�g�b�_ �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �Z�d-
�l�b�\�g�h�k�l�b �\ �j�y�^�m �h�l Au �d Ag, �h�^�g�Z�d�h �f�h�`�g�h �a�Z�f�_�l�b�l�v, �q�l�h �w�l�h �i�Z�^�_�g�b�_ �g�_ �e�b-
�g�_�c�g�h. �H�[�j�Z�a�p�u Au1Ag1, Au1Ag3 �b, �\ �i�j�_�^�_�e�Z�o �i�h�]�j�_�r�g�h�k�l�b, Au3Ag1 �b�f�_�x�l 
�i�j�Z�d�l�b�q�_�k�d�b �h�^�b�g�Z�d�h�\�m�x �Z�d�l�b�\�g�h�k�l�v, �[�e�b�a�d�m�x �d Au, �q�l�h �m�d�Z�a�u�\�Z�_�l �g�Z �n�h�j�f�b-
�j�h�\�Z�g�b�_ �g�Z�g�h�q�Z�k�l�b�p�u �k �y�^�j�h�f �b�a �k�_�j�_�[�j�Z �b �h�[�h�e�h�q�d�h�c �b�a �a�h�e�h�l�Z, �h�i�j�_�^�_�e�y�x-
�s�_�c �k�\�h�c�k�l�\�Z �j�_�a�m�e�v�l�b�j�m�x�s�_�c �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u. 

�K�b�k�l�_�f�Z CunAgm, �\ �h�l�e�b�q�b�b �h�l �j�Z�g�_�_ �j�Z�k�k�f�h�l�j�_�g�g�h�c, �b�f�_�_�l �k�h�\�_�j�r�_�g�g�h 
�b�g�m�x �a�Z�\�b�k�b�f�h�k�l�v �d�Z�l�Z�e�b�l�b�q�_�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �h�l �k�h�k�l�Z�\�Z — �i�Z�j�Z�[�h�e�b�q�_�k�d�m�x 
�k �f�Z�d�k�b�f�m�f�h�f, �i�j�b�o�h�^�y�s�b�f�k�y �g�Z �h�[�j�Z�a�_�p Cu1Ag1. �K�e�_�^�h�\�Z�l�_�e�v�g�h �i�j�b �\�a�Z�b�f�h-
�^�_�c�k�l�\�b�b �f�_�^�b �b �k�_�j�_�[�j�Z �\ �k�h�k�l�Z�\�_ �_�^�b�g�h�c �g�Z�g�h�k�l�j�m�d�l�m�j�u �\�h�a�g�b�d�Z�_�l �k�b�g�_�j�]�_-
�l�b�q�_�k�d�b�c �w�n�n�_�d�l, �\ �^�Z�g�g�h�f �k�e�m�q�Z�_ �m�\�_�e�b�q�b�\�Z�x�s�b�f �d�Z�l�Z�e�b�l�b�q�_�k�d�m�x �Z�d�l�b�\-
�g�h�k�l�v �i�h�q�l�b �\ 7 �j�Z�a. 

�>�Z�g�g�u�_, �i�h�e�m�q�_�g�g�u�_ �\ �j�_�Z�d�p�b�b �^�_�c�l�_�j�h-�\�h�^�h�j�h�^�g�h�]�h �h�[�f�_�g�Z �i�j�b 77 �D, 
�i�j�_�^�k�l�Z�\�e�_�g�u �g�Z �j�b�k. 5. �< �h�l�e�b�q�b�b �h�l �j�Z�g�_�_ �j�Z�k�k�f�h�l�j�_�g�g�h�c, �\ �^�Z�g�g�h�c �j�_�Z�d�p�b�b 
�h�[�j�Z�a�p�u �k�b�k�l�_�f�u AumAgn �i�j�h�y�\�b�e�b �k�b�g�_�j�]�_�l�b�q�_�k�d�b�c �w�n�n�_�d�l. �>�h�[�Z�\�d�Z �\�k�_�]�h 
25 % �k�_�j�_�[�j�Z �d �a�h�e�h�l�m �m�\�_�e�b�q�b�e�Z �Z�d�l�b�\�g�h�k�l�v �\ 7 �j�Z�a, �h�^�g�Z�d�h �i�h�k�e�_�^�m�x�s�_�_ 
�m�\�_�e�b�q�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b Ag �i�j�b�\�_�e�h �d �i�h�k�l�_�i�_�g�g�h�f�m �k�g�b�`�_�g�b�x �d�Z�l�Z�e�b�l�b�q�_-
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�k�d�h�c �Z�d�l�b�\�g�h�k�l�b �k�f�_�r�Z�g�g�h�]�h �h�[�j�Z�a�p�Z. �M�q�b�l�u�\�Z�y, �q�l�h �a�h�e�h�l�h �b �k�_�j�_�[�j�h �h�[�e�Z-
�^�Z�x�l �j�Z�a�g�b�p�_�c �\ �w�e�_�d�l�j�h�h�l�j�b�p�Z�l�_�e�v�g�h�k�l�b, �j�Z�\�g�h�c 0,61 �i�h �r�d�Z�e�_ �I�h�e�b�g�]�Z, �w�l�h 
�f�h�`�_�l �m�d�Z�a�u�\�Z�l�v �g�Z �l�h, �q�l�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �w�l�b�o �f�_�l�Z�e�e�h�\ �i�j�b�\�h�^�b�l �d �b�a�f�_-
�g�_�g�b�x �w�e�_�d�l�j�h�g�g�h�c �d�h�g�n�b�]�m�j�Z�p�b�b �g�Z�o�h�^�y�s�_�]�h�k�y �\ �h�[�h�e�h�q�d�_ �g�Z�g�h�q�Z�k�l�b�p�u �a�h-
�e�h�l�Z, �i�j�b�^�Z�\�Z�y �_�f�m �k�\�h�c�k�l�\�Z �i�e�Z�l�b�g�u, �y�\�e�y�x�s�_�c�k�y �h�l�e�b�q�g�u�f �d�Z�l�Z�e�b�a�Z�l�h�j�h�f 
�^�e�y �j�_�Z�d�p�b�b �^�_�c�l�_�j�h-�\�h�^�h�j�h�^�g�h�]�h �h�[�f�_�g�Z. 

 

 
 

�J�b�k. 4. �M�^�_�e�v�g�Z�y �d�Z�l�Z�e�b�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�Z�y �h�[�j�Z�a�p�h�\ �\ �j�_�Z�d�p�b�b 
�h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b �\�h�^�h�j�h�^�Z 

 
�K�b�k�l�_�f�Z CunAgm �l�Z�d�`�_, �d�Z�d �b �\ �j�_�Z�d�p�b�b �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b �i�j�h�l�b�y, 

�^�_�f�h�g�k�l�j�b�j�m�_�l �k�b�g�_�j�]�b�a�f �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �i�j�b �^�h�[�Z�\�e�_�g�b�b �d �f�_�^�b �k�_-
�j�_�[�j�Z. �I�h�k�d�h�e�v�d�m �f�_�^�v �b �k�_�j�_�[�j�h �b�f�_�x�l �i�h�q�l�b �j�Z�\�g�u�_ �a�g�Z�q�_�g�b�y �w�e�_�d�l�j�h�h�l�j-
�p�b�Z�l�_�e�v�g�h�k�l�b, �i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h, �i�j�b�j�h�^�Z �k�b�g�_�j�]�b�a�f�Z �^�Z�g�g�h�c �k�b�k�l�_�f�u �f�h�`�_�l 
�[�u�l�v �h�[�t�y�k�g�_�g�Z �k�l�j�m�d�l�m�j�h�c �q�Z�k�l�b�p. �< �k�f�_�r�Z�g�g�u�o �q�Z�k�l�b�p�Z�o Cu-Ag �f�h�]�m�l �[�u�l�v 
�k�n�h�j�f�b�j�h�\�Z�g�u �m�g�b�d�Z�e�v�g�u�_ �Z�d�l�b�\�g�u�_ �p�_�g�l�j�u, �]�^�_ �Z�l�h�f�u Cu �b Ag �j�Z�k�i�h�e�h�`�_-
�g�u �\ �h�i�j�_�^�_�e�z�g�g�u�o �d�h�g�n�b�]�m�j�Z�p�b�y�o: Ag �h�[�_�k�i�_�q�b�\�Z�_�l �k�b�e�v�g�m�x �Z�^�k�h�j�[�p�b�x �f�h-
�e�_�d�m�e, �Z Cu �k�l�Z�[�b�e�b�a�b�j�m�_�l �i�j�h�f�_�`�m�l�h�q�g�u�_ �q�Z�k�l�b�p�u (�g�Z�i�j�b�f�_�j, �Z�l�h�f�Z�j�g�u�c 
H/D), �k�g�b�`�Z�y �w�g�_�j�]�_�l�b�q�_�k�d�b�_ �[�Z�j�v�_�j�u �j�_�Z�d�p�b�b. 

�H�l�^�_�e�v�g�h �k�e�_�^�m�_�l �h�[�j�Z�l�b�l�v �\�g�b�f�Z�g�b�_ �g�Z �j�Z�a�g�b�p�m �\ �k�d�h�j�h�k�l�y�o �i�j�h�l�_�d�Z-
�g�b�b �j�_�Z�d�p�b�b �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b �b �^�_�c�l�_�j�h-�\�h�^�h�j�h�^�g�h�]�h �h�[�f�_�g�Z. �H�g�Z �h�l�e�b-
�q�Z�_�l�k�y �g�Z 1–2 �i�h�j�y�^�d�Z, �q�l�h �g�_�\�h�a�f�h�`�g�h �h�[�t�y�k�g�b�l�v �d�b�g�_�l�b�q�_�k�d�b�f �b�a�h�l�h�i�g�u�f 
�w�n�n�_�d�l�h�f. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �h�l�e�b�q�Z�x�l�k�y �f�_�o�Z�g�b�a�f�u �^�Z�g�g�u�o �i�j�h�p�_�k�k�h�\. �B�a�h-
�f�_�j�g�Z�y �d�h�g�\�_�j�k�b�y �f�h�`�_�l �i�j�h�l�_�d�Z�l�v �d�Z�d �i�h �o�b�f�b�q�_�k�d�h�f�m, �l�Z�d �b �i�h �f�Z�]�g�b�l�g�h�f�m 
�f�_�o�Z�g�b�a�f�m, �\ �l�h �\�j�_�f�y �d�Z�d �^�_�c�l�_�j�h-�\�h�^�h�j�h�^�g�u�c �h�[�f�_�g – �l�h�e�v�d�h �i�h �o�b�f�b�q�_-
�k�d�h�f�m. �B�a �w�l�h�]�h �k�e�_�^�m�_�l, �q�l�h �g�Z �i�h�\�_�j�o�g�h�k�l�b �g�Z�g�h�q�Z�k�l�b�p �_�k�l�v �f�Z�]�g�b�l�g�u�_ �p�_�g-
�l�j�u, �i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h, �n�h�j�f�b�j�m�x�s�b�_�k�y �a�Z �k�q�z�l �i�h�y�\�e�_�g�b�y �\�Z�d�Z�g�k�b�c �\ �d�j�b-
�k�l�Z�e�e�b�q�_�k�d�h�c �j�_�r�z�l�d�_, �q�l�h �k�i�h�k�h�[�k�l�\�m�_�l �i�h�y�\�e�_�g�b�x �b�h�g�b�a�b�j�h�\�Z�g�g�u�o �Z�l�h�f�h�\. 
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�J�b�k. 5. �M�^�_�e�v�g�Z�y �d�Z�l�Z�e�b�l�b�q�_�k�d�Z�y �Z�d�l�b�\�g�Z�y �h�[�j�Z�a�p�h�\ �\ �j�_�Z�d�p�b�b 
�^�_�c�l�_�j�h-�\�h�^�h�j�^�g�h�]�h �h�[�f�_�g�Z 

�<�u�\�h�^�u 

1. �K�b�k�l�_�f�Z CumAgn �h�[�e�Z�^�Z�_�l �k�b�g�_�j�]�b�a�f�h�f �d�Z�l�Z�e�b�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �\ �j�_-
�Z�d�p�b�y�o �h�j�l�h-�i�Z�j�Z �d�h�g�\�_�j�k�b�b �i�j�h�l�b�y �b �^�_�c�l�_�j�h-�\�h�^�h�j�h�^�g�h�]�h �h�[�f�_�g�Z, �\ �l�h �\�j�_�f�y 
�d�Z�d �k�b�k�l�_�f�Z AumAgn �i�j�h�y�\�b�e�Z �k�b�g�_�j�]�b�a�f �l�h�e�v�d�h �\ �j�_�Z�d�p�b�b �b�a�h�l�h�i�g�h�]�h �h�[�f�_�g�Z. 

2. �B�k�k�e�_�^�h�\�Z�g�g�u�_ �g�Z�g�h�q�Z�k�l�b�p�u �h�[�e�Z�^�Z�x�l �f�Z�]�g�b�l�g�u�f�b �p�_�g�l�j�Z�f�b �\ �h�[�e�Z-
�k�l�b �d�j�b�h�]�_�g�g�u�o �l�_�f�i�_�j�Z�l�m�j. 
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