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bki_pbZebllh) :.DmjrxfhkZazbfh”_ ckbhlhiRh~*hjh”rZ
kdhgkljmdpbhdgufjb Z exZ(fhISM'24).
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"mgZjh"glZlmeglglogbqg_kpghyhjdjblb_\doogheh}blyor gb _
h[hj]ZzgbaZipbb\_~ _gbb "mgzZjh~"Bdbeh|_fZlb&<azZbfh
AN _ckli\bahlhikh*hjh.k@hgkljmdpbhdggufpbZezbhj_ ~Zgby
klZImkdzhgn j gpYbgghfomzZzmqghfmhijbylb{uehijbgylh
\20041h~*m ] KZjh\\. oh”*<lhjh]h_""mgZjh~*&kh]flbgZksa"gh
bf _ggudzZa\zgK2008]h*"Rdheg@hkbdfy\_ebdhriy_gt]h]Z
gbazlhijjhn_kkhkZgdl | _j[mjlkdhhkm~ZjkI\_opho\h jkbl_1Z
. DmjAxfh\Rhy\r_hbklhdh\hjl]ZgbazZplhpZgbazZlhjZfb
jhijbylbkyjZzam[ue\u[jZd_j_"\b gkibeNh\_~_gdlygn_j_gpbc
bRdheAZvIRNj_fyf_jhijbylbjh\h”~be:Z\kk Zjh\2001, 2004, 2009,
2014, 2019b 2023 1]), \ I_ljhaz\h~R@05, 2006 b 2016 1]), \ KZgdl
I _1_j[mj@007]), g4 _iehoh’_hj]b@mdH2008b20121]), \ <hjh
g_ (2010]), \ A\_gb]lhj®B®11]), \ Fhkd\20151]), IjhI\bg(017]),
=Z1gb(@021]) bHdm e h(2822]).
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jbg[mjlzhfkdE ljhaz\hMkdZgbglumewbfbljh\h]j2Zjh\Z
(JhkKpbyefZluyMkiDZf_gh]lh{bdZAazZoklzghij ~klzZ\e56h{
s_h[jzah\zZl_ewlgupbZevegudplthc*hde zZ"ANZd 17 *hdezZ”h\
fhehrumqg_gbdki_pbZebkhhnbjhdhfahjm]bhijhkhk\yaZgguo
kl_fZzlbdRdheuQZkiwlb®&zl_jbZeilm[ebdm)\IkZklhysk[fh]
gbd_

<jzZzfdzRdheljzfhlzfdZ mqrbthdezZzguk_dplglz]jz ~:gu
Dma_¢#hA(KI[=MLbIl_jkbZgh\EZ (GBRDmMjqZ!h\kudgkcl b b
k_dp&Dbg_IblZzjfhr"bgzfhazZbfh”_ckINBhjh&kEZ\ _jrufb-
ezZfbl\dexqgZwnn_djz~*"bh]_gdhpebyKZ\hIBgF. (F=M-k_dpby
«=b™jb™ b ]bMjbMrguij \jZs_obyYQm]jhB :. (IJINYKGBBWN
Kfbjgh\Z< (NLBbf:. NBhnnp —k_dpbyh”_geb |Ih*bZiiz}z
I m pZ

Hjldhfbl[dZ]h"Zakdhfhsw hj]ZgbazZphbijbylbkihgkhj
kdmxh~? _ j"dM=MI«INYGBBWN =hkdhjihjZzgbkkzZbhf
GZpbhgZepggmbabdbzl_ fZIbdHPNJ dhfizZgbigor Tritium
Retention Systems.

Hkh[mDpez]lh”~Zjghkleahfbl\ujz Z RZj \mjbg K_gy]bghc
FZjbg FZdkbfdbRmjx R _\gbgM]_gbk Xobfgmder_ dkZg”jm
mkbebydfiblhjulolZeVhafh guifh\_~_gb jhijbylLbZlZd" dhf
nhjlghij [ul\Zgb]lHhkl. c
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ki_dljhf_ljlibr K <khhI\_lklI\mxd&jZc \r&Z"Zlgg _ebg_-cgu
fbljZgbgguifbke h\byiilgl dwkghl\gnbabdbfbqg_ kdijh
p_kkobnnmaby khj[pbjy "klZ\e fguh”*bdp_gdbjzf- |
jh\fh” _eithj amevldlaff j gibjc amevig@bke gdfinth eb
jh\Zgby

lhklZgh\dZ"Zqb

<h*hjhZkkfZljb\Zdkty*"bboa _jki_dlb\gusdheh]bggkdb
kluowg_jlhghkblD¢hfclhlh[_ahiZzkghidkl_FjZgkihjlbjh\db
bi_j_jzZ[hlehbe_\h~*hjh%kaghVhhfgh]lhhij_~_ey mkly\gaZsb
lu dhgkljmdpbhfzdupbZethN\Nh*hjh~gdilejjhabf_IhA_jfh2_
khj[pbhgghcdljhf_Ilhl> Ky\ey_Ikygblhahkgh\gijbbkke-"h
\ZgbaZbfh”_ckVhBhjh&Z\_jrufi_eh[il-3]. leZklbgZesbgu
bad 1ZeehetkieZ\GZ]j_ 129l _fi_jZImpuL 6gZoh” blkdzZzf_j_
kl]Zahh[jzadguhjhrhHrZ\e _gbi8lthkejZ\gh\_kgZNMghf_jgh
]lhgzZkus_dgBkI\hj_ggdlhfzZjguh”~hjh~hfjZza[pkljthoez-"Z
_lkfhldexqgZ lhkdg Z1j)\dZf_jZdmmfbjmb\lkyvkeh\bhyode- g
ghlgZ]j_¥XZhfhsvXzZkki_dljhf_lhg_~_ey MMkikhj[pbhagiduc
lhdlh wihbgnhjfZplbm hozZjzdl_jbklbvadZorh™_ck\hBhjh~Z
kbkke_"m_ffaf_jbzZekfwdki_jbf_glZeayghlbdhkh[_ggay
f_fljZgguooghehlbe¢_e_gbkyh[gbklih}h*hjhbda]Zah\Kkd-
k ,c"Zb kp_evkhdjZs_dpbyf_glwdki_jbf, glZklbkihevamxlky
Ilhgdh[jZzagu\ij_"_eZfg. : "ebgzrbjbgZihjyrdkt Bf_ywlh
\\bAmteyhij_"_e_gghé_ijb fh~_ebjh\Zglp_kKZ]ZazZpbb
[m~_if_g_[j_]ZhypZflhgdheZklb.gu

JZKkkfhljkkfbff_ljbggmxebg_cdmn&k \maxZ*"ZgmK*_1Z2aZ
p b:b
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\Zdmmfbjh\zhdbhggkgblZxdZqzZevgahkij " e jgbghf_jguf
T:T; L 8 ...'«+A"_KA8& 8. 86-jZ\gh\_kdBhgp_gljZ@bkh]ezkh
\ZgghkdvqgZevdhupZgbggmkeh\bjd wihfg_ijbgpbibZewgzZ
kdhevidm _bkihevahedliwbgl_]jZeviguhlghr_@gby ghbdjZ_
\hcaz""Z(@)p(2) ihgbfz _Ik¥td[h[s_gphleyhgdbfof[jZke_"m_|I
mq_kdyZgzZevgjhdb] dhgp_gljZipnbdgzyfH]jZzgbgbfKyZ[h-eb
q_kdHAcijhdkbfzpibTcL & #T F,B° L °, #, P.r
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fhr _ebjh\Zg®b ijh\h~*behk¥ZkrlZ[bjh\Zgh L °W X473
QL? ?8L &R &QasL G 3R&L&°>L > QravL s F
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ki_dljhf_QMS bhldzZgb\zZgEkyhkhifhba\h”bl_evghklGk _
ijb\_~ gZzg”rzZjlgBEyfmgZkq_dBwnnbpbijbgdpz_fiPklp"_
"eyZkq BEihevamklikgbhgZagtzg ghgbdZxsihhhdZ

L
PP

L
MEeHT M MOCTH: Py = = . A-n ceMeHnn
Koadhdpuyy npoHuLae r—— Ll me nowank

obpaaua, L — addexTueHan TamuMHa obpaaa.

Jbk2. Lbibgg¥kZah\ZzdmrbgZ@wdki_ jbf glZekilghgheywamq_ gby
jZf_ljhWh~hjh~rhijhgbpZ bfhkjfmgZkg_dBwnnbpbijggdbpZ_fhklb
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Babaf_j gheoh~gh}z\e gbyZkkfhlj gdhec_ kbkl f_
fh ghlZzd \ugbkebdlkwnnbpb”ghinmalbbihevahaebqdi-_
f _gguozZjzdl_jbkglzdjb\highgbpzZ_ fh&l»bk3 ihdZaZzdubq
gulj_f _gbkihevam eujZzkg_tdnnmabp- \j_fydZkZl_evghc
.. \j_fyijbdhlhjhdzZzkzI|_evgly » _gg@lyb\hXt) \ IThqdi_j-
Ib[Zi_j_k_dBkZ[kpbkk,;—\j_fylhgdib_ j_]b[gzdjb\hit), gm
e_\Z2ynwqgdgAlhjhéjhba\hrgh¥t); W-\j_fy*hklb _gigh\bg
ghlagZq_gbAdpbhgZjghhrdZz
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Jb3. Kihkh[wZoh ~ by ggw@jzdl jbbrdfmeZkqg IZ
dhwnnbpbArlgiEmahbhjhAZ

Kp_evgZoh A _gbki\hjbfhkhBhjhABybrjbrhh[jZamxs_]h
kiez\iZie4ZZajzZ[h!bpa]lhlh\ekighbZewykZ ghM'gbjh\Zgby
ijbgpbibZeVgap\Ry f&hlhjHipb\_~ & \FZ4bkd.

i .

N -
= |
HI
TR [Sw] |
A —— [_I-717W
T
OA1— paruew gaenesan (10 aTw, 0% %) 002 — gerdwe o [ lﬁ
asanesnA (1 &, 0,2 %) BT —GannoH ¢ pagoponcm {250 5 H k
cMY); ®H — chopearypaead HRcoc, VITVYTIZ — pyusoi u

BEHTUNL, FP —pErynaTan packana rasa; A —amyna

Jbk. =Zah\Woy fiklZghrdfbrjbjh\Z gloey \BEkIjmdImjlg&yflZah
ZgZebaELARA (kijZ)Z

LzdlZzdh\ _joghkbvZglzkiezZ\lg\Z J[thkghbagZgzZakghZz
ihdjulBdkb”"gilec gdhi¢_iylklI\mxsijbp_kRbmjbjh\Zgbey _
m~rZe dpikli\hj_pghyh\h*bekyhp_kkKdlIb\ZplmlzdexqgZxsbcky
\gZ]lj_h[jZzaphXfime (kf jbkmgddjb !l _fi_jZImkjl660 °K *h
770°K \ *"bgzZfbg_Ra&kfimmi_q_gbqgzZkEZ_fi_jZInZ&l b\Zpbb
[bjzezikddbhi[jZahdlh[u_j_thke_"mxshxZq\lk*hjhgyZ[ v
ehg_h[oh~bfhklbaf_g_.gbb



22 K _dpby

IhkeZdlb\zZplZRimmfbjh\idgOjZsZehh "hjhdalZeehgZ
Eq_j jalmeylZjikohddihrzZ\zZekZfimeimgZoh”ysbighwyZ
NZgghcefi_jZIimj_

JZ[hljZ]ImeylhZdXohTZaZlhkms _kl\ey&@dbW[jZahd!lh
[uihA™ j"b\AlZfime ihklhygatzrZg@§hle ghhhl\_Ikl\mxs_
jZ\gh\_kghéwyrZgguofi_jZIimpudhgp_gljzZ\ghhjhADh[jZap_
>Z\e_gZfime _dhgljhebjh\ZehklvsvxX*ZlgbtizZ\e _gb3

lhkehdhgqgzpybjh\zghhiy ~ ey fdhdlthlkmlkl\baf_g_
gbyZ\e_dbydhkiE(dhgljhkMfhsvxX*ZIgb#8Z\e_gbd), kh|
kI\_ggucglbeafimeiu j_dju\Zekty[jZa padihoeZ "Zaky _|
ih]jm™ _gbfimewWw\h” Am

NZdlbg_kidi _j Zgh hjhAzh[jZapBDj_"_eyehKh hf
ieZ\e_ogyZapzhlhdbg_jlghllhaghkbl_leiwfhsvyZahzZgZebaz
IhjELTRA, ko_fa@hlhjhijh ~"klZ\ekgz\gd2Zb k4.

2.J amevliBbBd j gbc

Lzdlzdwkgh\ghb[e_fhigbijh\_~ gwhlki_jbf_[gdi&@4ha
fh ghkMhn”~hjhr"ghpimigb\ZiglhgapBaZhafh ghkllgZzah\Zgby
]brjbrb1IZgkh [uebbamqg_jdwebggauZjm[_"gZ[hlb gZc”™_g
"bZiZahdi_jZlmpzZ\e _gbt \hafh gwebtebl _evdaf j gby
[_LgZajmr_d&iyfh]im[jZapz5]. Baf_j_gilgg\h*baBbziZzahgf
i_JZImh1550 oK ~h750 (K b *Z\e _ghbijbf_jgb f[Zj”~hl00 f[Z]
G4bk5 ihdzazighf_juwdki_jbf_glZeMplwéd Z\e_ g\hy*hjh"Z
gZ\uoh~gtkt¢hjhgh[jZzapgd_fy\ eh]Zjbnfbq_HKétéhp bgkirm
jZaebqgqdudi_ jZImjlzogZqg_ gyorghltB\e gbyameviiiwl h\
ihdZaul\ZxllhevdZaguklZpbhgZjmgmZq ,ophb gZebqftghlh
kimi_gqgzbgjzdl dijb\hcjhgbpzZ_fhHKidp_\b,ghhgzZih~h[guc
ozZjzdldjb\heh]mYebyldZdhdh\ukl_gdbhgkljmdphZ a 8%
[ZdnZah\u_j_ohAKkljmdlInbjkke ~m _fihllhbzZz&Zbk6 ij_2
klz\e_guamevIEdd _j gwon_dlib\gbonmabbBhjhfZ”rZgguf
wdki_jbf WIEZKkh[jZapZKbeZ\ZI6 br*ZggyZ[hl[4] "eKjZ\g _
gbyihemqg_gdbee_ |dfdr_jfZgbeykieZTZ6AI-4V, khhI\_Ikl\m
Xxs_ JHiezZ\@6. JZkgwihn_dib\ghWwnnbpbrlghZdmaphb\h”be
kyih\j_f _gb j\hdhqgdib j_ Jb[@j_f _gtzZzkzl_ e¢fghdhkImi- gqZz
luc ozZjzdlijhgbpz_fhladljm~ gy~ _glbnbdZgbk[oh”~bfh]h
klZpbhgZja®Pg_aglbhhdzijb wihhlighkbl_ev@a¢jh&kgZq_gbc
ihM\mkihkh[4Zkq_¢Zij_\urZ&0 %. DZdb~gbaljZnbdhY¥b
kmg@\hij_~_e_gbthZiZahghr"gud&Z\e_dblc..30f[Z) gZ[ex"Z
_lkydZjlbgZgZeh]bdezxyhfizdlgltie Z\IZ-6Al-4V, 1" _agZg_gby
"bnnmabjh\Zeb\Z»lky
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Jbl6. AZ\bkbfhkhlwnnbpbrlghiZmabbhjhhDohrghlB\e gy hjh
AZijbjZaebqdubi_jZIm{ZogEKh[jZapZieZ\Z6 (ke \Bg[jZapZo
ZgZeh]bqlgiR]AVEGAI4V (kijZ)Zihemq_ g\gjEd hl4]

?kebh_j_ \_kibamevlIiBbf j gdbwnnbpb”ighZ mablb
ibggmXewhkijbylayZ\bkbfhikiw[jZIgHcfi_jZImijllnfh ghaZ
f_IblviZaebqggdykx gbmkh\kd@wxk bfhkéyjZaghltbzZiZzahgX
e_ghbho "hjhg2oh~rghkthjhdg_f[jZgghhhjZza@bk7). KjZz\g_gb _
kebl_jZImjgOZlgguf4d ihdZaulAhlhihemq_gpguamevidldie Z
AulZxIRybibggnhxeZktreydhwnnbpb *dimimatbblZg?keb
jZkkfZljb\themqg_gagZq_wolgy j]ZIb\Zptbmnmalhldh " gh
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hif_IbIjbAbZiZalagZq_&bcadbibj oh~Zfb "ngbfbqglh\ -
jhylghhhl\_Ikl\jEakbggoguZaZfijmdImjpghrc IdbieZ\Z

Djhflh]lhihgb ™ ggagZg_gdgdhwnnbpbflghdamahikjZ\g
gbxkebl jZImjgtZlgguffih]mjulvk\yaZzggZebgbhf\ IEK
h[jZzapdbalhjukh]ezZKghj Ibq_ Kka&lxkig IBf kgb Zx¥nn_dlb\
guagZq_¢bwnmabb
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JbK.AZ\bkbfhdkHwnnbpbrginBmaldb fi_jZImbhu]wg jlEHIb\Zpbb
hINoh~ghiB\e _gby

Kh\hdmighllv j_ggagpZqg_gjhagbpzZ_fh\ibhjhhZh[jZ]I
ghd_fi_jZImqguj faf[jZggwdjZailpdZax@Z \@Z4bk8, ZkijzZ\Z
— khhI\_Ikl\mxiscjZkagHwnnbpbjZgdAhjbfhKldyZaebqgguo
\oh~*gu'Z\e_ghbeé¢_Kke_"nhlt_Iblglhihemq_gagZq_dHEdey
ijhgbpz_fhkdtb"eyZkl\hjbfhiNeyxllayZgb _gguZklzdgZ
ebah\_joghblbljmdImijzZzaphlhp_gljgZbk8) ihdZag@2zeb
gbhgAoh”rghkthjhgZsblghhdjulbgbljbMNzhdkbMZIZy 4 hEh
jh_h[jZah\Ze\lklev "kl\iehoh]c jf_IbaZpbb*gubhffmgbdZpbc
Kgb _gbhgp_gljz\ghthjhArZ_|Zeda_"_dkgb _ghxjhylghklb
h[jZah\Zdb¥jbrgumnZa ih\ur_gbxjhgghklbj_kmjka”_ebc
baieZzZ\Z6.
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JbM8. L_fi_jzZImjgzZybkbfhkiwnnbpb igigbpZ fhiEKkh[jZapZ
kiez\z6 (ke ZNZZkI\hjbfhkdbjZ)bnhirebnZhkijmdImpigZapz

HaZgb _gqgdq_gblywnnbpbjZKklAhjbfhkilbemq _gbao
baf_j_gijbgbpzZ_fhkdld  k\b”_|_evklijwkl_baf_j_glly- j
"ZgbyhM"hjhAZEKh[jZaplZakieZ\ZI6, dhlhjuhemq_@4h[jZa
pZéeykke_ "h\zZgblhjbfhkhbjZzapbizWw, jbkl) gZmklZgh\d_
]b~jbjh\Z dph¥ahzg &b alrks).

<|Z[ebfpihdZaZgamevIZ&ad_j_ghpZ£\h” hjh _dggyudaph)\
(IbiZ«Ww) \ "bzizaHhgfi_ jZInnjl660 oK ~*h770 (K ijb ~*Z\e _ghho
5f[Z)j~he0 f[Z]j KjZ\g_gihemqg_gguaomevIiZlih¥“bgbpddogp g
[jZpbiZPo]) kebl_jZImjglZlggufgm]bo\lhjhid], dZdhdZaZgh
jbk9, ohjhrkh]eZkmxIK¢nkh[hd& [hevrblebgby amevliZlZo
k\yaZgt\b~bfhfrkf_Ih~heh]bjhd_ " gtvgki_jbf _(gliZgljhev
I fi_jZImjb~rr_jZg¥Z\e _ghgezZ  ,dblkkihevamkfdg”~Zjlgu_
h[jZzapgppdZeb[jhldahZgZebaZzlhjZz

LZ[eblpZ

Kha j*Zdb~AhjhYEZEKh[jZapBdkus _ggibgjZaebqdubi }Z
ImjzZ"Z\e gblydhjhAz

>Z\e_ghb|_ Kh”_j"Zdb2hjhpEm
flZ] 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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JblO. KjZ\g_gbamevIdbf\ j_gjliZkI\hjbfhiglb\h~hjh  _dgudaph\
(p\_lgkbf\helebgh kebl jZImjgtuZlgguf

AZ\bkbfhiabZqg_glddywnnbpb jgkZ\hjbfhKbhgklZ gKe
\_jIRzZhl h[jZlghBHgZqg_db¥i_jZImjhdZazZ®yA _jog _JjZnbd _
jbkl0 "eyyZaebqogaugZq_dZdée_g\thy'hjh7zb dhlhjhifhoh”beh
gZ\h*"hjZ b\AgjizapltZljZnbdkgbaimdZazZjgkkqgblZgggzZq
gbywglZevijzikl\hj_glbly~Z\e _gbihy*hjh*Z" ke _~mhlf_Iblv
hkh[_ggRkhadhbzZizakhg\e bd5f[Z), |" gZ[ex"Z «likly
\ZeagZq_,gibhfdlbg_KbhZeh]bggjhdZemeydhwnnbpb”lghz
nmabdlhlh\hjbhy\ghf§ZebqgbbZgghbzZiZzakihgp glj2mba
jh"g dhthdebqgbl_ekgjmcdimjgBau
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Jbk10. L_fi_jZImjgZybkbfhéhwnnbpbjgkZ\hjbfhkidyjZaebgguo
agZq_¢HEte gy hjh(kd _jpimagZq_emyZeviZkl\hj_gbypZ\e gby
\h~AhjhAgbdhlhjhifh\h~belgdAh”hjZ b \kgtham

3.Fh~ _ebjh\Zghllki jbf glZ

lhemqg_gdhdulZ&eh gukfgh]hkimi_gq&Zyz£dIidjb\hc
ijhgbpzZ fhiklgm hiftykg ,githhwlhfreywuykg_ owhbijbgbfu
ehijh\_~_dh”_ebjh\zZgdki_jbf_lgbXihevah\Zpbhff |jbf
jZaplZfzl_fZlbqg_WKt#hcetheZkkbqg Wdhgh hijhgbpZ gf hjkld
iehkdb_f[jZgu<u[jZggkyhf ljthfjZaplzkihevah\Z d'ehfjk
ke_"h\zgtbchjh”~hijhgbpz bhklbzddzZzazelb\knkh|[_gghklb
dhlhjuijbijh\_~ ghbke_ggjizlbhqg_Wwdki_jbf_fiEmbzklbqggh
hibkzgz[ex"Z_ feckieZ\Z6 oZjzZdldjjb\highgbpzZ_fhklb

Qbke ggakqgklihfhsvxzZd_ Comsol Multiphysics [7lkbkihev
ah\ZgblbfibgguaogZg_Bbdhwnnbpb jgik\hjbfhibldbbnnmabb
"eklZeb "tbkiez\ZIb ihdZad2fm” \lu]Jey”_dyb\ZiyhgbpZ_
fhklbdjbjZaebqdubi_jZImjgaolj_WjZapkAa jbkll). GZjz\hf
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liZnbdbkll ihdZazlgwhbdjb\uy ghjfbjh\ZggwagZq_4gbZp-bh
gZjghjphgbpz_fhhhhdg_j_ish\_joghKIV[jZgu\ khhI\_Ikl\bb
kmjZ\g_gNbddBEaz”Zgglijfbgbgguhikeh\blfbohdwjZdlibdb
ihlhdyzZ\g_rgxxklhjhgipbjZ\gb\Z _dkye.xA"_kke _~nmhlf_Iblv
gZebgb\malZz*bkhhl\_IklI\mxighgbpZ_fh&lbhkj_~kl\ gggh
j_&Zfin f[jZgmijhgbpZ_fh&k&kiny \NdezZhZ[hdh\ud_g.hd

Jbkil. JZkij_~_ e dhgp gljZvfthjhAZEKh[jZapke \EZihp_glim
blebygh fi_jZImgizhighkbl evighpbpZ fhehjfbjh\Zgoyakl Zpb
hgZjguklhd _j faf[jZgmjb\u[jZgghchf ljthjjZapdjz)z

Kimi_gqgzZVbm®&djb\highgbpz fhikiyvaXxd f qlhgZd _ebgbgm
\uoh”~ghilhhhdZeby khklhydk_duoh”~ghlk\_joghkglzjbkl2
ke \ZIf_q_d&EZehrgukbgbp\_IhfDjhf lh]lhgZozjzdldjb\hc
ijhgbpz_fhkévrh\ebygihdZau\dXjzf_IjpzklI\hjbfhRKhb“h
jh~r2s fZ1_jbzZeldjdbHg_\bYghh\Zjvbjh\ZgblbaozZjzf _Ijh\
(ij_~wdkihg bgdglZevjBEI\hj_gbxidhdZadhggbkl2 *ekieZ\Z
<), fh  _lagZqbl_dwdghgblwrdjb\hd&NZdlbq_KdlgZebqjz-a
ebqguxzadeyZagubhgp_ gljzZ\lhbdjhAXIjmdinxjle (\jZkq_IZo
bkihevah\zZegkw ZafdhZ2y gMj_[m m” [hevr_Jhhebq_kRjZ
f_ljh\bb[he IsZl_evgbkike_ "h\ZghgghlheZ\kZ\uy\e gb]jZ
gbmzZah\h]h)_ohiNbdbjZaebggihagp _ gljZfdeidzZ\e ghlgdhjh
A : mg \hafh ghifbkmlkl\pdaebqgghajulb@zZdjZ\oh”ghc
[Zdb\uoh”rghthjhgZof[jZgghhhjZzapkbaf_ gy _futzf_I|jzfb
\I_g_gWwdkihabmbbhe \ebylyZ*bgzZfbigmgbdzZxsilhhdZz



Dbg_IbWIZ jfhAbgZfhdZbfh~_ckbahlhihh hjhAZ 29

exon BhrsnMe MeqakcMoHEHT: Sy BmAsH e 3HTEIBMAK AHSE,

o=

" Cin = S Pin

V(=0 |

T 'I"Hl_._“

(Rl gt E I o s
TOESQXHOCTS ' wuan | o | uef |
§ noBEpIHOCTE ae | s
. . ua
BhIX00 :
. : : - R ._ Asasmm i iiy . . - . P— T ....I .
1% 1% i

12 1%

Jbkl2. <ebyghbZjzf ljhZklI\hjbfhllie Z\&ZI6 (ihp_gljmij_~wdkihg_g
lu kijZ\ZwglZevyighlighkbl_evigmpbpZ_fhghjfbjh\Zggkl Zpb
hgZjgukklhd)_j \aoh”~gmh\_joghkl¥[jZgu

Hg \b2ghhkms_ kl\milbfZevdZhf IjbdyjZapidhalheyx
sZyba[Z\bIwWHyebygbly[hqgghillhdZlI[hdh\ulol_g.h@Zijbf, j
mf_gvr_dbesbglzfht f[jZgushl_ogheh]bghkjZigbqg_igby
balhlh\e_Igh[jZaphXdbdZ{gzZzaf_qgZkllbpgZebaqilhj g_iha
\heyxmf_gvra¥Vvh]_hf_Iljbg_kdbZf_.ljhwlhfvdZqg_kh“gh]h
bal_ogbq_kdbogbith ghjZzkkfhlj_jl&zaf_s_g\b[hdh\ulol_gdZo
IEkKh[jZamZdZqgb\Z iftedhkldhlhjZf _lijb\_kJbjb kh[ex"_
gbhij_*_e_gokeh\ddgp_glj2pBbnjhdyZ h\_joghkhehklb
Cex=0), dba[Z\e_dldikh[hgguybdh\uihlhdhijb[eb ZWw"djb\hc
ijhgbpzZ_fhkb_ZevgttZmhgbqg_kdHimZdidhdZazZzgpgshbkmgd_
13. LZdhdhgkljmdlbjgh gbf f[jZgghhhhjZapEa\hebiemqgblv
e_ldh[jZ[Zlu\Z_fwoki_jbf_glZedjdbromk khhi\_IkI\,_ gdh
j_dlgjizkkgbldhwnnbpbi glughkkKke ~m _fihl]lhbZgZb[he__
[ebadbbklbggaigZg _gbyf
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JbK3.JZkq_lgljb\uhlghkbl_evjhtybpz fhikbjZaebqdhdklhygbyo
hidZgb\Z ifleh kkhilbfZevdhbf _IjblEKh[jZapZ

AZdexq_gb _

ljb\_~_ gwdki_jbf_glZgvamevIBbSf_j_ gbxjzZf_Ijh\W
"hjh~hijhgbpzZ_HhjKlaphkhe Z\ZI6, ihemq_gdgaoblb\gtflh
"hfihkehcgkepPa jghihdzZgbyamevlzZlkug iZdZaZelthagZq _
gbydhwnnbpb_whm\_dlb\gboanmatbhjpZkI\hjbfhRIrhjh*2y
IblZgh\Kilez\ZIb bf_xldjhfdeZkkbq_lkdhgzZImjgzabkbfh
kiih:jj_gbmkinZd aZ\bkbfhklldhgp_glj2\pithnjhAZ_r_1d_
f_1ZeedhlhjZk\hxhq_j_a¥Z\bkbl*z\e_gyphjhgZh[jZaphf
>Zggwdki_jbf _ajhgj_ebjnkelbl_jZImjglZiygufbhgZebgdZ
sblghlihdjulby fhgkljbjhhalfh ghklnas_klI\_ggabh_ gjdk
Nhjbfhklthr"hjhAZkiezZ\<16 b khhI\_Ikl\mxsn\lhebq_ighg
ghklgkdhckb\j_kmjkZ"_ elhadZgghiez\Z
Qbke_gdh” _ebjh\Zgjlhp kkizhgbpzZ_fhkhBhjh g j_a

IEKh[jZailpa\hebdkhqg_kl\ _lgdhkgbdivmi_gqgzdd¢zdldjjb\hc
ijhgbpzZ_fhiHIB _evghkkfhlj_ gebygh _hf_Ijb[jZzapzzjZ
f_ljh\jZkI\hjbfhRIW"hjhgZ "bgZfbdjhgbpzZ_fhEllkZzd \ha
fh ghklbaf_g_gdblygkljmdppjzapk\lihfhsvxZ~*blb\g3»

| _ogheh?leedZq_ki\_gmlehqgr_fghh "bd@af_j gWhc*hjh”~hijh

gbpz_fhklb

Bkke_~h\XZgihyeg_guzZfdZe@Zmaqgdhic]jZffuGZpbhgZevgh]h
p_gljzbabdhzl_ fzZlhgZijz\e_glB«NbabdZhlhihhir*hjh2Z
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N=HMHGZpbhgZebigkie_~"h\Z|_evkdbacgb\_jkbl_I
«FBNB, Fhkd\Z

yabogdanova@mephi.ru

F_Ih~rhffhe_dmey{dgZfbbdhke ~hVbasaimabyghih
"Z\ gbd_&bkihevah\zZigb* feith]jm  _gg&]JhfEAM. MkiZ
gh\le_dufi_jZImjgauZ\bkbfh&hbvnnbpb2lghZ mabibjZ-a
ebqgudbhgp_gljZzpbybjh~rhemqg_gguamevIZldhgkijb
jmxlohjhr khhi\_Iklkwdki_jbf_glZevggfgufb

<\_"_gb_

<h”hjhke_"kl\fiZeudZkkbjzZzaf_jhhkjzZ\g_gh&jm]bfb
Zlhfzfpza\f_|ZeehjeZ"Zqjl al\ugZegkhhdhMdnnmabhghghc
Mb ghklvxeykljh]hJhibkZgbynnmabbhjhAZ 1ZeeZlve gu
[ulvbkke_"h\Zgdhghf_jogkdibfh” _ckZ\bhyh\h*hjhdZ &jm]
kr"imlhfZzdokf_IZeebq_kdthddh&zZkI\hj_g@ukfih~hjhf&Z™-
ghkqblzZltng_qgéf n_dlldijbklZeebqg kdghdImpyjZamxsbfky
\j_amevliZlj_ohZZhfXh~ hjhbA\g_rg_kj_~0 f_""hmaebhb
klZeebq_kdhddb I1ZeelZ "ma_evigwZgbadnnmabhbhjh2Z
hkgh\ghcoZgbabnnmabbhjhAZ_[ZeeZjb dhlhjhZlIhfi_j-
f sZ lkihf_""hmaebybbklZeebq jkdhldbglhk\yazglizeuf
Zlhfguli[t_fhfh”~hjh~Z

ljhp_ kk\bnnmabﬁdexqz\Ikyke_"h\ZI_eijgHwiheh‘_gbb
f_""hmaedbjc amevIkh\ jr_gdlye_ [Zgigc jlBYhfM\_ebgb\Z_|
kyqIhlha\heyj_lh’\he_glvdhlhjdnl gpbzZeV@ye, pZlhfi_j-
f_sZ_ Iky'jm]lhZ\gh\_kagtheh” _gbZzZkklhygbjyrdiZzjzf_1jz
djbklZzeebq jkdhldb< j_ameviZlhfkl _q_gb\jf f _ghkms -kI\
ey KemqgZcjeun " ~"Zgby

GZdhwnnbpBbghmadkbyxjlZaebgaqwdlhjgZijbf; j

ydhgp_gljzZpbyhjhrZ_zm\_ebq_4dhb khk_"dgb_"hmaeby
[mrmdzZgylym]bfBEIhfZfbh*hjh*Z*bnnmabhgpw db\ wlb
f_""hmad&bZgml \hafh gywnn_dFiheg_lyblyehdbjh\fdb-
"hmakbc
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yizZjzf_ljj_r_ldbijb m\_ebq_didp_gljzZgbthjhizZjZ
f_ljj_r_ldbhajzZklZy khhiI\_Ikl\, ggbgtbnnmabhgjua h\
]Jem[bdu “hma_evguopbZewgbovg_ j]_Ibq [KKdb _jbaf_
gyxlky

yg_h~rghjhnNgkij_~_e_girhjhAZd_[Zee_kejzkij_"-e_
gb\h*hjhRZ IZeg_h~ghjhtMg\thagbdZkéynijm]bgdijy _gbc
(«<\h*hjh*"guhgp_gljZpbhgguy _¢§bylh\uaulZ”rhihegbi_ev
gu “bnnmabhghlglindb

F_Ih*"bdXiulZgbc

Fhr _ebjh\ZgmnmahbbhjhAZ [ZeeklgZg_p_gljbjh\Zgghc
dm[bg_kjdhcldhgZzZijbf_j gbd_dwehijh\_~_ ghZzhkgh\_ -
ma_evdhplzgbafbgzZfbdb _f_s_gbhWfXh hjhbdzZh~ ghjh
eh” _ghyrjm]h[_a ]hehdZebaZXpbaedpbklZeebqg jkdhkdb
\ijh]jzffghifZd _LAMMPS [1]c bkihevah\zZgb* feih]jm  _ggh]h
Z | h fZAM (embedded atom method).

Wg_jllepkl_furzgghb”™_eilg_"~klZ\ekh[hkmffwg_jlbb
iZjghlazbfh”~_ckXZlthyhbwg_jlbazbfh”~_ckd\dby hJhlhfk
we_dljhgighdghk)wharzZ\zZ Miclbfblhfzfbhegzwe dljhggZy
wg_jlayhbalhevmhhjy*"hg_gwuogaZibku\Z dkyh*"ghagZqgZy
nmgdpheghwee dljhgemdghkllZzdbH[jZahihl _gpbZewgZy
]Jby-1hzZIhfxkbkl_kdezZ”u\Zbbkwg j]bb]jm  _ghy™ bwg- j
]Job*hihegbl_evighghlithl _gpbB&%:

Ui Uiem Uipair F rij

ij U ({I') z

joi

1
pJ
] — iZkklhydgb ~AnbkohAg@ihfhf bhdjm Zxs&Ahfhf{,

Mr —nmgdpiZyghlihl_gpbzZrea) —nmgdpdl]jm _gbyr U

\de2WehlghkdZjy®wZa dljhigh\hzlhfz
>eyZkq_t*BnnmabBhjhr?Z_|ZeeZdh” hffhe_dmeyjdhc
gZfbdzkkfzZljb\Zkbdyl _kdhklhygggbkehfZkIbph[t_fhY,
gZoh”ysZykpyhklzkl fi_jZImJHdZghgbq_ZXxgkzfNwi).
>eykbkl_IbiANVT h[uggihkihevamklklyh~bq_K@bgbqggu_
mkeh\WyMmkeh\b¥dlbqg_ kddblj_feyx[t_tkbkl_fd[_kdhg-qggh
kibglhijb\h*bdmf_gvr_glmbyghyjZgbgb\ZxishojoghkyZc
ih\_"_glbkl_f@keBlhffuoh "alahr"gmajZgblpbkl_Jfbhg\oh”bl
\'g_qg_j_ghlb\hiheh ghhZgbpmb \ugbke_ogaZzbfh”_ckl\bc
f_""mZIhfZflhkgh\glgq_cdbzZIhfzZfb __i_jbh”bqg_khilgdaZzo
hfugglhkihevamkhkeZr_¢gbéb Zcr_hhjZadhlhjh] [m,_dlh[u
lhevdibh([jzdZ "hgZklbpp i_jbh~bqg_Kidbgbggmkeh\byo
mqgZkl\h\iZggubazZbfh”~_ckl\byo
AgZqg_dhlkghfua@jzf_ljh\ZdbdzdzZ\e_gpZkij_"~_e_qd _
kilbphijhkljzgklhmBj_f_glkhhl\_lklI\mxsthkIb]gm ljiz\g h\ _

M
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kbxijb azrZggukeh\bltyig_"_ eyxiky_imkj_~g_lgtblyl\_Ikl-\mx
s_|hzjzf_ljgdahke_"dbeo\j_f_gpzkqg, ldh]*"emdImApkb
gbag _ij _\urzx% %.

<j_amevidle _dmeWmdzfbq_kfdhh hebjh\zZlgihy" eyxlky
| _jfhrbgzZfbq dadjlzd!l_jbkNoldbgbkebg_ _h[oh~bfeyzZkqg_I1Z
k\hcki\ j_ghKBM\b ghkZthfh\ fhe_dmeyjdgZfbtdij_" -ey
_lkyg_j_laj_~g_d\z~jZlBfHgh gEMSD, Mean Square Displacement)
aXj_fygZlex”_gtgyt, kh”_j ZsbagnhjfZpkxghkbl_edtgwn
nbpb_dkhfghtdnnmaithmhjfme

MSD <|r b otort |2> @)

DhwnnbplkZdh*bnnnkdpdXokj ~g d\zZ*jZlkdgsfgb f
gZklbpub” nmgdpbYbf ghzZ[ex”_d¢gRyijb mkeh\igbh\j fy
gZ[ex"_d&by fblKy[_kdhg_qgbklk]|v_kedity+t)—r(ty) — ba
f _ g_gbheh  _gbhnnmg*bjmxZkdbplih*eydhwnnbpbkgfa
AbnnmabpZ\_~ellkh "mx&hhlighr_[db3]:

1 _rty tortyd ? ! 9
D g Mo " ; 3 7

]"d—-jzZaf_jghkbkl_.fu

WIRujzZz _gkl\yaulZZldjhkdhibq_&khldweonbpb_Igibdjh
kdhibg_kHbfgohjfZpbh kj _~g_d\Z*jZltkdgbf gb¥Yhb  _gbg<Z
kilb.pM]eh\Wkdh[dbagZq4Zkq klj_"g_dlgZqg_gh¥gkZflekxZ
dbfh[jZahke "ayZ bgzZfbdhdod _glbapyhfh¥h ghjZkkgblE]v-"
g_d\z~jZlbgfghs gZIhfhWSD, bkihevamg¥q_gbhjhbalh”~ghc
gdharghd]zpzkq:1Z

1 d MSD
2d a

<oh”M\uiheg_glbklh\uyakg_ Ihéyij ~ e ghwnnbpb_glZz
Abnnmabib*hjh”"Z gbd_e[ueZijbf_g_g#Z Ih~"bdilhe_dmeyjgh
"bgzZfbg_kd@Hhfh” _ebjh\ZgbjyufwlzZihjffZ[hlklZehha”Zgb _
jiZkq _lghag _cdjbklZeebq jkdhldigbd &\jZg _p_gljbjh\Zgghc
dm[bqg_KdPRPPkljmdIimjhzkqg_Id&dy _jyq kh'Z j"Z50@ Z1hfh\
gbd_.eykhhl\_Tklkeb!| jZImjglZlygud iZjzf _lj_r_ldpue
mklZgh\j@\gu3,524 A. >eyhibkzZglbayZzbfh”_ ckZtnyh\ kbkl f _
bkihevah\EZgekphgZklbggucgpbihgim™ _ggBE]JhfEAMCc iZjZ
f ljbazZplpl,cjZzajZ[hlZggeywkke ~h\Xghpfh”_ ckihBpnjh"Z
\A n_dligmd_bYydexq_godwkhklZj\h]jzffghjid_LAEAMMPS [1].
JZkkgblZgglzhghkiZl jbZREKIZ\BO@RVKk®?, glhlZd kh]eZkm
_lkkebl_jZImjgagZqg_gbyfb

lhkeihkljh_gtppklZeebq jkdhidbpuedjh\_~_ gjhp_4m
jZkljmdImjghezdkZgZhjZz\e g@gZpgbfbazZpbg jljlbkl_ fu
brhklb™ _ghlbfZevgidhgh\_kgdhklhygby

(4)



Dbg_IbWIZ jfhAbgZfhdZbfh~_ckbahlhihh hjhAZ 35

GZe "mxswlfZi\jZkq Ilghc cdbd_ fyeltkha”zZgddZgkb
hggu n_dldhlhjuhf_s_gauZlhfh\n*hjh~2ZZggub”ohilha
\hey blamgllwZgbafahnnmalbhjhAZ _1Zeemqgblu\YayZbfh
AN ckI\ZIhfhN kA _n_dlzdpbklZeebq jkdhlddhkelg_"j_gby
\h*hjh.kdkl_faaedh\lhjgh eZdkbjht2g¥vhklb  _ghiklhcgb\hc
dhgnb]mjZpbb

Fhe_dmeyjmdhzfbq_ Kkkdh_ebjh\Zigh\h*"beRAKYAvIZ:iz

1.NVT-ZgkzZf[e@eMZghgbq_XdbZflevh”_ebjh\zZigbihklh
ygghdhebq_klXkIbph[t_fV bl_fi_jZInTj\|l_q_g200ik WIlhI
wlzZh[_ki_qb\lZI[bebaZlpbk jZImpuz\gh\_kgakij_~ e _gb_
Zlhfhk "ZgghZ[hlJuehuiheg _ghkdhegdhZ\bkbjfzlg |h\
ijbl_fi_jZIm#gda® 500, 7000900 K "eypkke "h\Xglbygbyfi_jZIm
jugzj_~g_d\zMjZlbfgesh gElhfh\h*hjh*dbd_.e_

2.NVEZgkzf[6fbdjhdZghgbgZg@éBdEJevfh™ _ebjh\Zigb _
ihklhygowg j1BEB | _g_ogB0ik <wlhf_ "bf bamgzZebkgZfbdzZ
Zlhfh\h~rhjh/Mzag_rg_JhjfhklZIbjmxs hla_ckl\dh\Z gh
"eylhjj_dlghdkg_1Bnnmabhog@ysdl_jbklbd

>eyZgZebBdAnmabhdggthdhkigzZzdZ ~hixl _jZpblbgbkeyehkyv
kj_~g_d\z"jzZlbfggh gEZIhfh\h*hjh~<zh\oh”~gtkfdjbilfh~_eb
jh\Zgbjwej_Zebahthghegbl_ev[ehaZl_fZlbqg_kldibgZpbc
ihal\heyxsibig_ " elplxdebd@\bkbfhWk3$b hi\j f_ gk wlhkem
gZdhwnnbpbbqinmdabbjhihjpbhgZEZg] gkrhegZdehwylkhc
aZ\bkbfH&lb

GZjbkl ij_"~klzZ\e_ihemqg_ggu_amevIE+fh”_ebjh\Zgby
aZ\bkbfh3b ZIhfh\h hjhtZ\j f_gbbjZaebqdubi_jZImjZo
:gZebmlbdjb\uoha\heyij_ " _ebBIvi_jZImjgaribkbfhdkhwn
nbpb_gt*bnnmalbtik”_eZ\u\h?uh f_oZgbaffddjZpbbh*hjh"Z
\yg_cdbd_ey

JbK. AZ\bkbfMS® ZIhfh\h A hjh & hI\j f_gbeyZaebqdubi jZImj
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GZbk2 ij_"klz\e_ ]Jganbg_kdB\bkbfhklphz Zxsb*bgZz
fbdm_j_f_s_gbhhfh\h*hjh*¥q_cNi_ijbl_fi_jZInTPOK. A_e _
gZybgbyzjbk2 hih[jZz Zbhf_g_dd_"g_d\z*jZlIblgfgls]hgby
(MSD) ZzIhfh\h~*hjhhZ\j_f_gbh”_ebjh\ZgbihgkljbjmxsZjZd
| jguebg_cgpucklkhhl\_TkiI\mx4dbenmabhgpghfimGZdehg
wlhaz\bkbfhiha\heydHebq_klI\hgglgbilv*\b ghkavhfh\h
Ahjh™NZ _r_ldgbd_ dypbgyegbgbbeexkljbjmzZlqg_lgagZq_dhy
wnnbpb_ danmabBIhfh\h*hjhAZqg_cdbd_ep !l _fi_jZImj_
700K\ azZ\bkbfhtkiNg_f_gjzkqg.1Z

Jbk. AZ\bkbfMI® bD ZIhfh\hAhjh A i hI\j f_gbe§00 D

DzZq_kI\_g@ghbkbfhkllvwnnbpb *pliznmabhbl_fi_jZImju
fh ghhibkzZhvjz\g_gbjjf gbmBZ Dy exp(-Ea/RT), ]* Do — fZdkb
fZevguchwnnbpBbopinmdgbb [_kdhg_qlgliic jZImjaZ\bkysbc
hikljmdimdubklZeefZ oZgbaftnnmalhb wg_j]EW | b\Z ptbn
nmabb

J amevibjmaghBq dibwnnbpbrlghzdmabbhjhAgbd ,e
ihemqg_gduwlhdgz[h])_\ aZz\bkbfhkllbl_fi_jzZImjwkjZ\g_gbb
k"hkimigubbwdki_jbf glZeyeafpbb jZkq_ Igu[iB] "Zggufb
ij_"klzZ\e g@gb k3.

DZqg_klI\_@@ghbkbfhkllhwnnbpb Aplriznmahbbl_fi_jZImju
fh ghhibkZhjzZ\g_gbjjf gbmRZ Dy exp(-E4/RT), 1" Do — fZdkb
fZevguchwnnbpbBbalnmdgbb [ _kdhg_ dgliic jZImjaZzZ\bkysbc
hlikljmdimdubklZeefZ oZgbafznnmalhab wg_j]EW I b\Z ptbin
nmabb

J amevibjmxgbgq dhwnnbpbrmidBdmabbhjhtgbd_
e, ihemqg_ggwlhiZz[h]\azZ\bkbfhkllb fi_jZIm\kjZ\g_gkb
Ahkimigufwdki_jbf_glZewgilibbjZzkqg_lgyf "Zgguip_2
klzZ\e _g@dbk3.
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Jb8. DhwnnbpBbainm b, wdki_jbf_glZe\zggg[6-11],j amevIZlu
F>fh~_ebjh\Z1@by

JZaebdmygZq_ _gblywnnbpbrighamabBhjhAgbd_ é&[m
keh\e_lglkebgbwiimkeh\byd " gWwgdki_jbf_gUE\ jZ[hl46],
[8] hiuluijh\h~*bebk#bzZiZzaWg\e gbuckhdh{BdmnkflzklZ\ey |
h110-32H0-8Lhj,|

lhemqg_gguameviBbf g gbywnnbpb?ghzZimathBdhjhrZ
\azZ\bkbfhklb fi_jZImjupbd_&h]JeZkmxklikfy xsbfbkgbl -jZ
ImjgufdzZggulfids-12].

AgZq _glg_jlzdIb\ZpYomnmaftnb _I[ulvhp g _idhhebg- ¢
ghfmjb[eb  _glbhwnnbpbrgidmalddb[jZIigHcfi_jZImDp{/T)
\'eh]zZjbnfbqg_kdkiflZ[ihlZg]_gkihegZdehgidjhdkbfZpbhgghc
ijyfhcBajbk3 \brghglhwg jJjEZyIb\Zpbp g goZy amevlzZIZf
F>fh~_ebjh\zZgbypZ[hlukh]eZkmkjlkyhlZ{D], [11-12] bh[ah
jhf\[13].

<[14] ij_"eZ]Z blkihevah\Zjx"  _glkyZlbklbq_khdhceb
Neyij _"wdkihg_gpbzZehwgmiabpb lgidhich~ohfhkgh\Zgguc
gd_j\uadjbgpbiXkézZlbklbqg_kdhkr"bgzfhtdb\hey " _d\Zlgh
mgblu\RIZIbklbq_jkkhj ™~ e Zdhfhiybf_kbhbowg _j]lbb

AZ\bkbfhdBhwnnbpbr9hh mabbdhgp_gljZpbthjh”rZz
l[j_[m~2"Zevg_crodmqg.glmZklghlldf_gy dkkydhgp_gliZphb
_c\h*hjhtg _jlEdIb\Zp¥bnnmabfb |ZedbethgX\ey |&¥
jZdl_jogheyzkkfzljb\z _dhbklzZzekezd ij_ ~klZ\epgl j_k
\uyle _gbebygby n_dih\djbklZeebq jkdhkdf |Zeelg\z
AbnnmahxX*hjh”rz
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AZdexq_gb _
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JZkkfzljb\Zglkbg_cdizy \az" "zZylz hjh~hijhgbpz_
fhklbkhhI\_TkI\mxseZy*mxs wfdki_jbf. &lmj I Zy*hkiz
lhggbhukhdHcfi_jZImjuf[jZgkem Bl j Jhjh*"dEdmmfghc
dzf_juhkeij_™\Zjbl_evdBpmmfbjh\gg\myhrgtkdhjhg_
khanrzZ_ikklhygghZ\e_gbZahh[jZzaghlhjh"K \uoh”~ghc
klhjhgumkeh\Rgdmmfbjh\Zighy_ey _iJhgbdZxsibhdh.d
ljbgylZvdkihg_gpbZé¢gB2yZ\bkbfhéhownnbpb”ighZzam
abidhgp_gljZptblb fi_jZImgZ\bkbfhkkhhI\_1kl\kd&Z
dhghfjj_gbmkih\_joghklgiwhp kkjZkl\hj_ghbkhj[pbb
A_khj[plgl_gwhjf g_ebg_c@bogZfbq_Kidbpbggmdkeh
\bcazZibkzZyhinn_j gpbZewjgzlg dibyZfbdb\ joghklguo
dhgp_gljZzplthdZjghmhjh™NMZ_~klZ\eblg jZpbhgowaeb k
ebl_evgaelhjblfhjh]hih\ur_gghjhjy~rdlihgghkjlbr _gby
g_ebg cdhxt \teez"zZgBhkghWy\gh y\gydaghklgawoo. f
Y\gzZihklzZ\eyxghy gy Ilkphe f ~e ggihfrijhp_kkdgh
ihal\heyadZz ~hfz] ba[_]14lw_gby_ ebg_clihlkcl fmjzZ\
g_gbtjb\_~ gjuamevigbke ggfthh ebjh\ZghyI\_j2Z
xsb_z~_d\Zlghtktv ewdki_jbf_glZezguofu f

<\_"_gb_

Bgl jdkazbfh~_ckbaklhith~hjhkBhgkljmdpbhdgufb

| jbZeZ\ba\ZyqzZkighkjb[e fZfbZsblal\h~hjh~gditjjhabb
bi_jki_dIb\Ah®hjh gwg_j]_Lb@BklhygZjhlg\ey likn he

* gb ], \dhihjhi&a~jh[ghibkZe@ki_jbf_glZewdZygh\85
KiIbImf_1ZeemjMibJ:G gZZadhlhjHgh\hAbetikv*klZ\e _ggu_
bkke ~h\ZigkkfZljb\Zglleyg cdjZy \AZ Z&BEhI\_IkI\mxsZy
f Ih~"mhju\ZhldZqdhduoh F_f[jZgZabkke ~m fihllhbZez
yley Ikyj_]lhjh diZdmmfgitzd_jb ij ~\Zjbl_evghZabjh\ZgZ
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I _fi_jzZImhZjzapadklZlihdqakhdZihklhygdzzZ\oh”rghdhjhg _
kdZgdhh[jEaghzZ ilkkklhygg'fZ\e gz ahh[jZagihjh K\ u
oh”gtkdhjhgumkeh\h¥dmmfbjh\Zighy_ ey _ifhkgbdZxsbe
Ilhd>eyy_dhlhjidl _jbzethhij_~_e_gowkeh\wdki_jbf (kkZ
gZijbf, jZ[hlf@]) gZ[ex"Z Higy fhghlhgmklZgh\e\lwgdh~gh]h
ihlhdh~hjh”~Z
GZjzklzZzdbgp_gljzjzlkb\hj_ggalhfZjghhrhjh”~Bhij-
N e _gghmljjih\gyb\hrbdihkl_ i _gghfaf_ ~e dlbxnmabthZzdbo
mkeh\bpogyl&dkihg _gpbdbdgeyZ\bkbfhkhvnnbpbrlghz
nmalbdhgp_gljdpbbh~*bgzZfbq_hdtk gh\Zlgih\[3, k 196]). I h
| _fi_jZImgZ\bkbfh&+w khhi\_lklWKeZzdhghf_gbmkZdhz
NZgbhjhribamqg,_gh\ jZfdZlZg~Zjlgudgbggmdke h\ B u
oh”gtkdéhjhgd ijbih\_joghklghtf fijbgbfZ_ Ikme \Wwgp_gljZ
pbybnnmazZ@”hoh™h[uqgkgblZ _ IkhijZdlbqg_Kkpgh\_g@hb
hlghkbl_ephgehvrhfz\e _phihgp_gljZptbkylb]ZzeHdZzevghgh
\_kghihh\giyhihjpbhgZevbhphaZ\e _da¥diKd\_jhkz
G_"hklzZldhdhfh " _ep\ey IlKyqglhbgzkkfhlj_ dkgexqgz I
ky*bgzfbdiz\_joghklguop _kkhZklI\hj_glbhkhj[pbb khj[pbb
<ij_"klzZ\e_g@hklwlbjhp_ kkuql _duhjf g ebg_cfhbozfb
g_kdbjZzgbggmkeh\aZibkzZgunn_j _gpbZevjgzug_ dleyh
\_joghklghagp_gljzplhé¢ZjghpmhjhAZ fkZfufijhba\hrgRiy
\j_f _gmgZkl\g Ilhevdibnnmabhagugjzfig ,gbhb\ ]JjZgbgguo
mkeh\bWdhkms_kI\_qkeh gdjZ \mzZ” Zdrkelbf_ |IW \b m
h[smX_hjbxmgdpbhgZdwgh j gpbZewgiig ,glhch™"h[gu _
aZ"ZhbghkylkhWZdyZzau\z_fgfrmljzZzevglbfimblj_[mxjlZa\blby
[he_keh ghfldl _fzZlbqg_kdhhzlz
Eh\mrdézo\gl h*ghjh*ghkZyflhbFe[Z amkehkagls _kl\m
xl. Ghhij_" _eyxdebyglhzZo\AlE[t_fihkms_Kkli\inde Z" ghx
NZaq_h[oh~bfiinkgh\ulZlavZz*Z]ZahjZza” _éegbgdbbdukljh
ijhgbpzZ_flud[jZeh\mrdZfbg_ [j_]A Kbemighkbl_ev¥ghbb
kibh[t_fB\ukhdk¢_i_dbrghjhrgHKlbjbzZeZz
<jZ[hlij_"klz\efdlkZ fZIlbq_KdZye\n* hjh~hijhgbpZ_fhklb
kmqg_Ihbgzfbdb\ _joghklgjthe _kkihdhgp_gljZpbeshg\dtkbfh]h
dhwnnbpb?rghhmabBBajZ[hlZlgjZpbhgyugbkebl_evhajh
jblfih\ur_gghilmy~rdbgghkjlbr _gbimklZ\e gghebg cdjkc
_\haz~rzZgh kghy\gly_y\gydaghkldckwo bZe]lhjblfpghlhgdb
ijb\_~ dquamevidbke _ gdith ebjh\Zbgtbke\ jbnbdZphbd_
ebfh ghm™ gbke_dgh_ebjh\gdaebgqkbImzZgdbijbf, j_ Zd
pbxgzkdZgdhh[jZklguic ggzéxZ¢gzZzdl\dh*ghllE\e _pybwdhghfy
gavdki_jbf_glZewxdpudlZo

FhA_ewh~hjh~AhijhgbpZ_fhklb

MjZ\g_gbbnnmalZkkfhljifj ghW~rhjhd@\hahjZa_p
fZ1 _jbz@@zklbpabkke ~m KielB\hesbgy L _fi_jZInG&f

jZapBklhyglZq_gb~rghphdki_jbf.Bhgp_gljgky\hj_ggh]h
ZIhfZjghRhjhhZghkbl _eZg bnnmabhgigthodh  ghk g-b
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dbg_Ibqg_KdhgbbZahiehlghkhkviZz~Zxs_ptzih\_joghkhihdZz
gzZklhprzZggtkfemqgfhe drmge k\yaZlgZzZ\e gl ihnhjfme_-
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"bl_e®@bgl_jij Ilbjh\@Z¥thex khj[bjm_Zutofh*. BIZd40R
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p4d\zZ"jZlbgghkdy_|kg_"kI\tkhf_ "bg_\mydlIhfh\h~*hjhAZ
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ijbjz\gb\Z ifehlghklZ” "khj[pbhggh]h_khj[pbhgghihdh\
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agZq_GByb T Lbr2§jb T L(€_\uagZklhjzZ\g_dky?:7,;,9Zeh
"bfdhwnnbpb=ghibakbkl fu\mebg cgmpZ\g .gbczZyZe
wdkihg_gpb2ejplg__dbghkbl_ed/gdp _gljZ\plbla_f_ gZoh”bf
klZpbhgZjgkij "~ _e cglt_x:

— c xa X§ o ag/c ac4c
T X Zn 12 A, gd/c e%CAC
a & A R f%; x '

Dibl_jO¢. J, a Jt| b®> T dit,ttt, a cD A, A aa'. @
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JZaghklgdyfd\ugbkebl _evded¢hjblf

HIf Ibhfglhhz  djz \a2¥ "2adB"2eywmjZ\g_dbnnmalby
_lky_klidhdzd kbkl_fZ>Mihemq_gfgdh~hijyfuoDZebldbg
Dhjyd®013, c. 175].< ijbgylhfch”r _eth”~hjh” hijhgbpz ~hgdbb
g_kdbjZgbggmkeh\®)y 6) Ih"_y\leyxlIKy kldb,fibhkd h e vidgto
hibku\Zxkms_klI\_g@laghkdhjhkiphup kkinbabaoibfbg_ kdb_
ijhp_klgiZh\_joghlblbnnmabhwlhfgn h[oh”~thfilb_glbjhAZIv
kygZg_y\gyZaghklkw_fuH*gZdly_ebg_cajizc \rZ"Zg_y\
gu_ko_fuajb\_~ndlg_h[oh” bfhgddz ~"hfz]_ih\j_f _gb_ rzZlv
g_ebg_cghmkd_fmjzZz\g_.g@ch[wlh]hh\hafh ghkbla[_~Z[w
N _fbkihevah\Wlglg _y\guko_fulhkdhevdmkhj[pby khj[pby
bjzklI\hj_qihb *hklzlhdgkhdbdofi_jZIm(Xg9gzZ[hq_fbZiZahg_
300-500K agZgbl_dughi_ ~“bnnmapb”® _fibku\ZzWwhjhp_ kku
g_vy\gufkhhlghr_gbyfbf kZfufijbgbfzZ_§_dhlhjxjZjobx
(jZks_ie )gth™ _ebjm_fooijhp_kkHS _Jh_amevibjmxis j1h
ghkLZp _ebfiggfbgbfZevgmwy\ghklvih[wa[_~Zjvr_ gbgy-
ebg_cglmkl gZzdz ~"hrifz]_ghkhojZgmklhcqgb\bEIv_d\ZIghklv
\ugbke_gki_jbf_glZezZgufu f

Ke ~rhyogbdZaghklgwoo,f\\_~ &k IdimmijhkljZgkI\_gghc
i_j f gghlkcL <LTIDaxx!| Lraséaaa/axxiokL kdifj f gb
A La<PJiadxxJLraxs®abhgaogghLfPwdki_jbf_glz
hfuqggtij_~_ ey \lkooh*hifhgbdZxs ihthhdg@zlZpbhgZpghZq _
gb._ H[hagZqgbZiijhdkbfZpblh, |ut,1, Xy, Up U t,Xy .,
Qo, | da tv1, Qu |Goa & - A

JZkkfhljpZdaghkldu_jZlhju

Udf Umy Upn Uip)/h5 0 m oM,
Ug Uy Ay Uz, Uy, Upm 2 MHu 1 3JM.
2h 2h

AgZq_ogdgZqzZevdglethn 0 (ijbt 0) ba\_kig@a O,
U, 1, 0 md M. d&3_h[oh”blihbkZlZ2e]hjblf_j_oh”&n-1h gz
(n D-c\j_f_ggkehc

H[{sZko_fAigbkebl_ewZgehhblfizhwlZigh
Y\ghg _y\gkygp f2jbf _fke "“mxsjAaghkligamox fineynjZ\
g_ghbywnnmabb

U, U, Uy 2,0 o

o Q)

DU, U,/ UAV%" DU,

JZkkfhljbf j_ohRn-]hgzZ(n 1)-c kehah \j_f_gl§n to,
0O m M):
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2

2 sU, U, f, O f, sU, s #\Nm{ {

Mkeh\mklhcgb\liklb"Zh]hgdmiheg_@Ahj_o”"bZ]lhgZevgZy
fZljbpE[eZ"Z'blZ]hgZevguf[eZr"Zgbt E O Ritd O P AgZ
q_gByZqgZevighfc glj f ghba\ kiggd L ,s34L r :r Q1 Q /;4&ax
Ke ~"mylh~“imh]hgdbs_ fijb[eb  _ggagZq_ dlhgp gljZ\pinia
eZ& _lddpzJ E sif kehih\j_f _gb\b”® L WsP.5E s I L
rada/ Fdaxlhghggdhwnnbpbkgldmxshb _

1 E fo
— —mn=_m ' 'm 1E .M 1 8
R e SRR 1E b ®
>eygZoh N _glZyZevdhwnnbpb mglhkl\hkihevamkdky
"mxsbfkhh[jZ  _gbyhBkqgblZijf*\Zjbl_eagBq_@byih y\
ghgzZaghklgloc f(\ jZ\_gkKV) kijZ\AZf_ gyhfgZd. >eywZoh"
N gbyZgZevdhwnnbpb WIGB\jZkkfZIjb\ZifjhdkbfZplg®
\hlhmkeh\(B)y gz e_\hc]ngbp:_Ig‘\ Bsg A4 N : F4uE7 V5 F
7¢; :tDbbkihevamk\yfa®, $ &' <YFPA<b3h]ihemqZmfzZ\g_
gbfewZoh "_@bAgZaygZq_@pb\ujZ _giy L & E Jihem
qZ & L,rQ L& Ih = > \ugbkeyhklZ\rb_&klywnnbpb =g,lu
O, | L ta adianhgfmey.
;eb‘ZchFy_e)&chIngq_gip“_ g_hJoh~bfey ZebaZpbb
h[jZIgh]vinIZiZ_Ih"Zjh]hg.dli)j_"\ZjbI_evighkquZQ,\}‘1 M 2
ihy\ghpZaghklgloc fJZkkfhljpZaghklgimihdkbfZpbxz\g

U

m1

m

g b ¢6): Uy< Uy 2 [4Uy ¢ Uy [ 20, % | b? 3%

p.& 1 Uy - <
aUy

Bkihevakn\lyadrhgp_gIjZLﬁ),Jpcexp{ agQA/c', ihemgzZmijz\
g_gM_engq_@Qy H[jZlgubh~hifjhl]hgdbrz_fj_o”"bZ]lhgZev
gmxkbkl_fmbg_cguwjZ\g_,glg&Zoh”*gh\u_ijb[eb _ghy ,,

Uy 1m 2 (bhkiZevawzg_ghym 3. N 3.

Bl jZpbhggucgbkebl ev@edhjblfDjZldbhaeh bZe}h
jblf\ugbke .gbc

1.<ugbkeyijtfifeb’ _gbhgp_gljaRhby.

2.Dhjj_dlbjmg¥Zq_ghyhghgodlownnbpb _[QEihnhjfm
eZ(8).

3.AgZ.A%’M b\k 5 3 hij_~_eygH\uijb[eb _gdfgp_gljZpbb
\h\k_bgmlj ggbmedq YU L memB M 1L

4. 1h\lhjy _fugbke ,ghya\jZsZykivmgdlin*hmklZgh\e _gby
liZgbqga@Zq_Gpg (h[uq@h3bl_jzpbb
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5.<ugbkeyafzZq_ogbwywnnbpb rpthmalwZkeht t,,):
DcT Deptac/c DU,0 m M d] d
6.1_j_oh"dke_"mxskemxh\j_f_gh,,o0t,,.

J amevifbke ggfhhh ebjh\Zgby

< kj_"Scilab jZzajz[hldpgmh]jzffghh[_ki_q_¢géybke _ggh]h
fh~_ebjh\Zgbkhj[pbhggu@<sp.Lbnnmabhgguqsfrthdh)
h{t_fghZ:Pablih\_joghkldeP dhgp_gljzZiprhg_Ikthgp_gljz
pbhga@tZ\bkbfhwnnbpb&g?A 6j;_ "klZ\e_gfdhiZy eX”Zilbjh
\Zgdwdki_jbf_glZewgeh\by¥bzZiZzalng@gmgubkiezZ\Z\uk-h
dhdh”rhjh~hijhgbpz_fgdhlkgh¥ _1Zee®c ]jmiiuij_~klZ\e_g
guol im[ebdZddAlo Fh~_elbgbke _gdulh*deyazZ Zgk\h[h"
ghdjZgbp(*c ]b”jbjh\zgheh _g[Bil0]. Fh”_ewkljh&h~hjh
"hijhgbpzZ_ fhiddZkK>Mij_ _~eh” _§[Z1]. HIf _Ibflzd h[klhy
| _evguZ[hl[d2i14], kh”_j Zsi[ahjkhlghkuehtdlhfgbkeih
\h*hjh~rguff[jZgguf ogheh]byf

AN _kmogbke_gdghf_ebjh\Ziglilhhevah\zZkebh kvm xgpZah
\u» agZq_dByzf_lj{\h ihjyr"d2\f_ebgbgH 0,1, A 0,04 kf
T 300 C, ® 35 1hijj D.T 10%kfc? b' 310% kfc?,
b®> 107 kfcl s 5108 g 10° kfY cpay 103 kf 3 Qo 10'°cf 2,
P 2,474 16%/JT kf2ct 1hj™ <ZjbzZpbdjzf IjHh~ _ebij ~ -ey
xlkydhgdj_lofufl_jbzefhff[jZgu

lj_~klIZ\lgf_dhlhjju ameviigbkebl_ewypkd jbf_,gdh\
lhju_ ihdZau\Z&Zg_kI\_ggon_d{ke_ ~kl\bwqg_ IZ D cT
bg ebg_ cthigZfbg_ Kibpbggm&eh\BD¢hf lh]h\ZjbZpbadjZ
f_ljh¥h~_eilha\heylp_gbki/_i_dw\ebyglgyozjzdl_jbkibdb
j_ghkZzqzklighld&klZpbhgZjighhgbd Zxsihdhd\uy\blebfbitb
jmxsbnZdlhjigbdhgdj Igulkeh\bwdkiemzZIZZdbpbZeZz

GdeexkljZzpppomdzZaebgWnZjvbjm_fiegzf _lijjbijhgbo
nbdkbjh\ZgGuZaggkdhwnnbpbrghamabbhkegbke_ggh]h
r_gbyjz \hz"zZ@h] @ ™ ba\_kldk dhgp_gljZpdlgh\_kgu_
ih\_joghklduh[t fguihemgzZnHjfZevaZ\bkbfhi&vL & : P a T ; a
Bgl j_kghke "~bd¥qg_KkI\ _ggdhebqg_ kI\ pHaebghklZgh\le
gby:Pg2loh”b\uoh”f_f[jZguT L radh\j_f_gbbjZaebqguo
agzq_gizyjdf ¥ _Imebjmxs_]lhgm\kl\bHigo[ehk vy bh-g
p_gljzZpdjpz\gh\_kdhle wihke_"nbfl IW \bAnglhklZpbhgZjgh_
jZkij_~_ e agby\ey leypg _cg@kf\ur_Djbl_jbit). =jZz~b_glu
dhgp_gljZjzaebqgidguhesbdg_f[jZgujbjZ\_gklf*bnnmabhgguo
ihlhdhirghfimhfm _klZpbhgZjahgfay_dbkba\l_~ _dbwnnb
pb_g&gjz”b_igklhygghlebqghldZ ~"hbprekhfgh bl )e_c



Dbg_IbWIZ jfhA"bgZfhdZbfh~_ckbahlhihh hjhAZ 49

AZ\bkbfh&IWwijb = L <raxrdtadxravaxraxaxrazaxra{ws=

JbKL.XT LT JbR. XT le

Fh ghijhke _~bavmibgZfbdihlhesbdijbdZ ~hfibdkbjh
\Zgg s

AZ\bKkbfh&lWijb T Le géexta»tu=

JbkB.x=L raw Jbk. x=L réa{

AZ\bkbfhREvijb= L <ra xrataxravaxraxaxrazaxra{w=

Jbhis.o L rarvxOl Jble. KL r &-fu x
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AZ\bkbfhEhwnnbpbr"ghhmabbhl dhgp_gljZpbbh" bl
dihfmglhklZpbhgZjighimbem g ebg_cgdcuimde®tuimdeuc
\gb», kf jbk5, 6.

HklZgh\bfky jyZkemgdh]”ih\_joghHKkbadh khklZ\m
\fh” _elZ\gkhhl\_lkI\mxkstbwnnbpb2rgkhj[piBlyl_j_ khyl-
IblvglhkjhklhtPkgZqZdZpbhgjhjgbdzZxsihhhdjZkl,_EZihlhf
gZgbgEkgb Zlvklykeg dhlhjkjblbq_kdglhg_@bhygdb j }b

[Z "~ _khj[po¥oh~rgZklheydbavr{falghkbl ewdhkms_ kl\ _ggh

kgb Z liklygbdgh\ \go[t fojhkbgAuoh®m g fh' Iwlhih¥
i gkbjh\ZIv

AZ\bkbfhkival > L5368 <sa xtaxwa xsra xwha xsrr=

Jbk.@=0 Jbl8. @=0,5

<lh _\j_fym\_ebq \gBkkfzZljb\zZ MhZiZzahgjzf_ |jkd¥h
wnnbpb_guEkljh]lhzklI\hj_gleyhdzZevgjigbhgh\_kdip\_joghklv
h[t >f) ijb\h~bdfhghlhgghhkimhgbdzZxs ihhhdZ ]hebygb_
g2doh”kms_KkI\ )g#llf Ib&fZemkdhjhk(vihba\h*yvexbygby
m\_ebqgqg@gd\Zihjyrd?ZZ jlhklijhgbdZxs ihhhd&brw jZapgZ
\oh”[hevrjiZkli\hjy ,lkhgAuoh™ gvrluoh”lglah\_joghklv

AZ\bkbfhkivahl C L <waxsraxwrabxsrr=, sr

Jb. x=1Lr JbKIO.x=L raw

,.,Sr
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AZ\bkbfhklZgbqggdihogp _gljZhfe hl
Y L <raxrataxravaxraxaxrazaxra{ws=

JbK1. AZ\bkbfhkiIR & =; JbK2. AZ\bkbfhkIRa =;

ljhdhff_glbjmazZAbkbfhdgfbkll, 12.GAoh”ijhbkohMNbll
ghkbl_epgkljziklZ[bebadplygy gljZhbbvihtfihgp_gljZ@hy
| _Ikm\_ebqg_gbihkdhewkami_gvr_gb kfgb Z_ Kdyhth”~hjhtZz
h[t fGAuoh”azZ\bkbfhkklevh[jZlgZy

:gZeh]lbqgBEymZkbglhdhf_khj[pg@@oh” hgjZkl KmY_
ebq_gbhgp_glj4dpkeb "kivbf gvr_dionnmabhgdhib\zh[t
¥, Zg2luoh?NzZ”r"Z Fbnnmabhd&dzpbhgZjighhdbz”Zxfih gh
lhggihgZAoh”*bgAuoh”_

AZ\bkbfh&gZq_ khZpbhgZjigubdhila

Jb.kl3.AZ\bkbfﬁM.vé‘QI: Jb.kl4.AZ\bkbfﬁM_vélhI:



52 K _dpby

Jb.KI5. AZ\bkbfhklvh, = Jb.KI6. AZ\bkbfhklvhl=

<aZdexg_igidhff glbjkef "mxg\e glKhagZgbl_evguf
jhklhfoh~rghtd\e_gbnbjhdhfbzZiZzahjhbkohMNulkljZklZEb
ebazploh~rgih¢t fghkhgp gljZobih\ _joghkglYuoh” lglZhe
ghazZiheg: gphklhz~ khj[ptpbjZzkId\klj _gguklhad_khj[pbb
<lh"_\j_fyluoh”"ghktZpbhgZlhdigh~"he ZfHghlhgpghk!lfkf
jbk17,18).WIikhhI\_Ikl\ke_I"mxs\@ifh[db, kl1j31]. «<<Z ghglh
gZkus_gith\ joghkipb\h~ys dij _djZs _gb¥Wwevg_crjhklZz
ijhgbdZxs_iphhdZhe ghhhbkoh”~bjk [Zdboukhdb'@\e _gbyo
dhlihjugbdithawdki_jbf_glZlghjbkihevamfl gghhwlhfmb
\hrghthawdki_jbf_glBAkus_gbtygbdgh\_igbyn\_ebqg_"gb\ke
gby gZ[ex"Zehkyv

AZ\bkbfhijhvgbdZxsiHhhdBl\oh~r"ghjh\e _gby
LL<uwaxyraxswraxuwraxyxx=

JbK7.x=1Lr JbK8. x=L rax
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AZdexq_gb _

<jZ[hlij_"klz\efglk fZlbq_KkHZyewn*hjh~hijhgbpZ_fhklb
dhgkljmdpbhfgldupbZekhy ebg cgablgzfbqg_ kdbhZlgbggufb
mkeh\bypfbhgp_gljZphbdy\dkbfdhwnnbpb_fbhhmabbajZ
[hIZdl_jZpbhgywgbkebl _evaalhjblif r_gblkhhl\_Ikl\mxs_c
g_ebg_ cdjizc \mZ""Zghkghygy_y\gydaghkldkwo bijb\_~ gu
j_amevidbke gdgfihth ebjh\Z gjihpeexkljbjh\EIgZ debygby
\ZjbzZpbzjzf_IjHh™_edpz® _khj[pbhg@lhnnmabhgiyihdbbo
klZpbhgZdhke\ jbnbdZpbbd _edzZzdhgdj Igwmoki_ jbf glZevguo
NZggub ghgbke _dbgh_ebjh\pdaebqgkblmZpdbijbf, j_ Zd
pbxgzZkdZqdhh[jZkboic gqZbizgZdI\gh~ghlMZ\e_ghX[hIm
\wdklj _fZewgkieh\bwdkiemzZ),2pdibghd¥wvdki jbf glZewguo
[jZ1Zb\uy\eyybfblbjmxshzZdlhju

NbgZgkbjh\izlgkbe "h\Bgmes _kl\eywdkkv rklh_"~_ jZevgh
Jh{x"" _1Zg4Qhkm"ZjkI\ _afhZdbZiGPJ(BgklblmiijbdeZ”~guo
fZzl_fZlbq_kHdkke_"h)Zgbc
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Kzgdl|_j[mjlkdbkm~Zjkl\_mgbs_jkHl el dhffmgbdZpbc

bfijhnF.:.;hggjm_\b@8Z1ij. ;hevr_\bdhkXgdl |_j[mj]
193232,Jhkkby

skuzenov@ya.ru.

G_kfhljgzlh qlhih\_joghRlkhdhijhba\h”bl fe¥guo
[jZdh[eZ"Zxs\m&khdb@lgZq_ghyligbdZxsifhhhd@h hih
AEZbd _1Zeeh)ljmiibbokieZ\hWhdjulZeeZ bjhfewbfbg _
kdZdlb\g@dah\i_j\mhqg_j_fMNhnw~ mdldhg\_jkimbe \h~"h
jh~ h¥h™ I[ulva”®_kkms_ kI\_ ¢lydh_agzZgbfhlgc f\ kemqzZ_
f f[jZdaZeeZMblyokieZ\hh*\mijbgbgZdZq [[hevr_]h
\deZ4thp_kkoXih\_joghlgh _j _ghk”hjh®yZj_fa f[jZgm
(kdhjhkdwWlhjulij ~ ey difbq_ kdkihtklhyghh¥ joghklb
bazq [lhe gbadbofi_ jZImz[hld_f[jZda _Zeeh]jmi
iukiZeeZ”b_ANudjulb_ihkjZ\g_ghiXZeeZ”b_\uftfjZgZz
fb (\ukhdzy_i_gilhdjulbyh\ _joghkilbeeZ”b \itnjchiulby
o_fhkhj[bjh\Zgfludbdmedlhlbbq_k&dblb\glddahlehdbjm
xsbfbrbkkhpbZlbXdkhj[pbbkhe_ d@p <jZ[hlwdki_jbf_g
IZevghij ~ e \®tbhyghZaebqggmpe jh~kh” | Kby Zz
ijhba\h”~bl_evfhffjZgbaHPDkieZVZPd kiZeeZ” b _i\uf
djulb_¥mkeh\bywdkiemZIBEpbkklZ\e k§hA\g_ ghokl-_
i_ghebyglkwebygbgfcljZevgllZld@zdZlZeblbqg_ XdhhX
ghklwzeez” b _Amdhulby

1. <\ _ "~ gb_

ljyfh_ij_h[jZah\Zgthfbq_ kdhgc jlbbieb\Zwe dljbqg_kl\h
[ _d_ieh\hpbdeif o0Zgbq_kjdthdjZah\ZI\teafh ghihfhsvx
lhieb\guoe f_glh®?l. GZ_]h~gyrdbgkj_"bhieb\guoe f g
lh\gzZb[hejZkijhkljZg_gguelyxlkh~ hjhAglh_jrhihebf_jgu_
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Ilhieb\gwe_f_dPEMFC),dhlhjuh[eZr"ZWlkhdhe”_evdihggh
klvxobf_xlgbadm&hgnrxfi_jZlnm3]m

Hrgbbalj_[h\Zgbbe]lh\j_f_gjzHbl®EMFC y\ey |klygb
fZevglgZmjh\gpm)dhebq_k|bH_k _\c\h~*hjhdhlhjukihkh[gu
hljZ\eyleZlbgh\dZlZebaZzZlljju®_\k_]wlhm]e_jh~*kh”_j Zsb_
]Zakh”_j Zsb\ kKyevrbdhebq_kWiZlo"mdI|&lg\_jkimbe \h~"h
jh~rgubhieb\lhkdhevdgzZzklhys\j fy\ fbj_[he 80% \h~ hjh*Z
ijhba\h"blkkgijh*mdlihhg\_jkinfde_\h~ hjhApgueb\bf_xsbo
[hevrhdhebqg_kidhe_jh~kh”_j F&dd], \h*hjh*eyiblZgby
PEMFC "he _ghclbklZ"bkxem[hdhgbkldd ihA*h[guigbf_k. c
<ijhfure_gghkldyhgbkldb*hjh/bXihevaml_I&kghehFBkhj|[
pbiki_j f ggo&Z\le_ gPSA)[5, 6].

HAgZdYhklb™ _gkh”_j"Zgble jhrkh”_jlizlsfod _\c\h”h
jhr 2hmjh\ggm kihfhsvxkh\j_f_gdbd-l_oghehybey_Ilkyo
gbq_kHbh ghacZz”"Zd7,8]. DIhfm _, I_oghehhmpkldb”*hjh”rZ
kihfhsvPSA\ f_gvr_kl_i_gh”oh”béyhjlZlb\guwe _dljhebfb
g_kdbog_jZlhgihkghPEMFC, bkihevamx\sdhodqg_ki\j\bggh]h
kujvym]e_\h~hjhMyieb\thaaAukhdboj\hgZgZewgloklbpbc
bwdkiemZlZpbEgghdd\

>im]bKihkh[hfgbkldtb "hjhyXey Ikyf[jZgguc|Ih”Kj_"Db
dhff_jg_KdikImiglud[jzZof_IZeebq_kdffjZgi[eZ"ZDOD %
k_e_dlb\gh#&lwrhjh{t® 13, khhI\_IklI\,_ gothfhsvxf_1Zeebq_
kdbb f[jZzdh ghihemqgxlv jogbkANh¢hjh& gZklhys fytey
ihemqg_dbyhjhmbklihlhar_99,9999 %bkihevamxlKyjZgwZ
hkghVZeez”b_kuez\hA*gzZdm\ukhdXZyhbfhkbw_~hklZlhggZy
ijhba\h”~bl_evph&kdi]jZgbgb\halfh ghkdbijbf_g_glylhlu
kgbabjZxkohyz]f_IlzeeE gh\j_f_dbhukblMhba\h”"bl_evghklv
f_fljZgij_"ezZ]Z \lfkyklhehlgubZeez”b_fulfjZgkihevah\Zlv
dhfihablgilhjbkluf f[jZguij_"klZ\eyxkih[hthgdblZahjZa”"_
ebl_evgkechbaZeeZAbglkkiezZ\iZeeZ)blyesbglyc kd h efudifh
gZg_k_ggdihjbkimbhreh dmM-16]. < gZklhys\j fyihjbklu_
ih~eh dbalhlZ\eb\Zkxékly diild, 15, d_jZfbdb, 16] bely_j-Z
\_xs_glzdbr]. G_"~hklzldhfihablglud[jZg\ey_ lkgb _gbo
k_e_dlb\ghikhtp _kwdkiemzlZfbbjb_fe _fiheh\j_ fy18].

cevl_jgZlbiBEeezZ bx]kiez\Zh]mkem bfivliZe &uljnri
iu(vV,Nb, Ta),\ dhlhjulodhjhKiZgkdjbklZeebq_kdhikz*hjh*Z
gZM\Zihjy~rdiZ_\hkoh/dhjhkljZzgkdjbklZeebqg_kddhkz h
jh"2A iZeeZ”bb ]h=PDkiezZ\1®-21]. Ke_"h\ZI| ,etvahlZeeh\
5]imiiudh ghbalhlh\jhwe _q fgZzhjy~highba\h”bl_e¥gfyjZ
guh[ezZ”"Zx400%k_e_dIb\ghd&klvXhjh”m

>eywkihevah\EZgiljyZgba _1Zeeh}jmiiug_h[oh”ifh_ _
klhjhgilhdjulVhgdbKkeh_iZeez dhlhjuthi_j\uoh[_ki_qdd
[ZebabkkhpbziBkkihpbZIbYghum kkBEYkhj[pBbkhj[pbihe_
dmeyjghihhjhNB\Ihju@azZsbllbl f[jZzgmidhjjhabBkemaqgZb
kmlikl\bpfbq_kaddlb\gddah\\h"hjh{22]. MklZgh\e gghijb
ihrZg2doh~rgnkxhjhogidgzZz” b_AhifjZgu_ogbqg_gdklhlh”h
jh~Z ijhba\h”bl_evphe&klag fgzZhjy~rh\dur_ijhba\h”~bl_evghklb
iZeeZ"b f\H¢jZgadgZeh]bdlgdsb d2a].
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HrgzZdheywdkiemZlZpfhpZgoaf |Zeeb\|jmiiuihdjuluo
keh_ifZeezMby_xlky_kldbl_fi_jZImjghuliZgbq. gclhy_j\u,0
baadjhp_kkWazZbfghbnnmabbrnhkgh\g@Zl_jbzZefff[jZgu
b izeez"b_\ihfdjulb_h[jZamxl|kZehijhgbpZ_%fay\h~*hjh"Z
Pd-Vkiez\ZIZd bbgl_jf_lZeepetludbjmxdjpZgkdjbklZeebqg_kdbc
i_j_ghk” "hjhtzZj_faf[jZgmeyaZf_"e_ghp_kkWwzZbfghbn
nmabfb "*mfzl_jbZezZdbj dhf_g "m wédkiemZIbjH\Z[yZgu
kihdjulb_ifbl_fi_jZImjzo0_400 °K[24, 25].

<h\lhjuoijh[e_fhbkihevah\ZgbpZgbagbklub_IZeeh\
5]imiiuy\ey_lgy af_jghkhdzZklI\hjbfhklybdh” hjhANgZb\h
r"ysZg\h~ hjhrgmhfajmigb\Zgbi{jZgghfiAl _jbZedmkeh\byhb
wdkiemZI(Z2ghd_ oy hjhe@1Fl12. >Z \kemqaigbklhYfEgZ/,by
hlfez~rZxsfllgvr_pZkl\hjbfhkhx*hjhgZ fgbh[blelZglZEgb
[_fi_jZImp0°K bjZz\gh\_kd¢lEhe_ gt hjh®ZFIZdhgp_gljZpby
JZKI\hj_gg\h\hgZz~bb*hjh4jZ \urZ Iimdhgp_gljZpjioxdhlhjhc
ijhbkohAbji_oRZgz~bgjmidkhklhy{HtM 8§0,22) [21, 26].

ljh[e_fXukhdhZkI\hjbfhRh*hjhAZ bklufo |Zeexpjmi
iufh  _Ifulvj_r_gigml_boe_]bjh\Zwley f_glzfdb ZxsbiBk
Nhjbfhkh hjhAZb wih&_]bjh\Zgb*he ghms_kI\_kagih Zlv
Abnnmabhggmvb ghkjzkli\hj_gogwjo r_IdZIhfh\h~hjh~ &
_klkiez¥he _g_"klZ\eklwv[hg_mihjy*"hq_kiewwaZf_s_gby
e ]bjmxsweéd f gdAPDj r Idh\ZgZ/2Ixyihke ~g* kylbe Ib_
\"ZgghfZijz\e_gbbmikkke ~h\ZglhhwoZ mqdymij25-32].

HrgZdbalhlh\e_gbkhdhijhba\h*bl_feviiuogbaHPD
kieZ\NzgzZz"bgyjZdlbqg_kddoptkihevah\ybgdy l&agljm~gbl_ev
guf ihkdhevanmbjh\Zgms_klI\_gqepm~*rrZ_ozZgbq_kdhckI\Z
f_fljZgghJZ|_jbzZze&Zk_]Jh*gyrgbcgv_f[jZgubal\ZgZ”b_\uo
kiez\hdzdjz\behij_~klZ\eykh[hebrvezZ[hjZlhjgh[jZapu
\nhjf ~bkdhbzZf_IjigLl kfblhesbghtl ff.

Highkbl_egghzZ\dbebbalhlh\e_Ilhgdhkl_gguahihjgu_
[jm[gzZld_f[jZgba\ZgZ”"b_kxieZ\X-Pd) k lhgdbAd-ihdjulb_f
gZ\gmlj_gd\g _rg _klhjhgZof[jZzguLjm[qZlt_f[jZgbf_xI
k\Zjgukh_"bg_hydywdhgphky_j Z\_xskkZevxey _jf_Ibqgh]h
fhoglz Z_f[jZgk]Zahjzkij_"~_eblzefdimghezgguf_f[jZgu
fhlmkem bipIhlbizffo f[jZggudeviIjMewdkiemZI|Zmlxie h
\byoebaddmkeh\gfhldhff_ jg_ kdikImigiZzoeezZ*b_ fufo
[jzgljh~_fhgkljbjh\jZdBlAdZd "bgbqgdud[jZdaHP BEkieZ\h\
V-Pd, IZdbf_f[jZggtkdhjdbhba\h~bl_evgokilvg 1 f* (gm/q
k\_jogbklhjhhjh~Zale_dZ_fhihjZgzZfbaijh*mdlidhg\_jkbb
mle_\h~ hjhNgiedbreyblZgPEMFCfhsghkldxd <[33, 34].

P_evXZgghzZ[hly\ey_ |klgkl_fZIbqg_bkkdke ~h\Zjdgibah
"bl_evghfkiffjZgbaHPBkieZVZPd ijb _ jZ[hlklZdbfim]e_jh"
kh~_j"Zshbifinf_kyf0Z&KHKH bKG kh”_j Zsb\ kyn~ mdliZZo
jh\hlhbnhjfbgfzlzgZlizd hilbfbazgbybfhyZ[hlId_f[jZgu
iml_YZjvbjh\zZgblnwdm\khklz\grZ\Z _fgaoht_f[jZgluZah\uo
kf_k. c
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2.L_hj _Ibg_kdbkZgb | ghkE*"hjh®Z | _a
lj _okehcdgfuf[jZgu kemqgih”™Zglf _kbZah\
kh”r _j"Zsb™ hjh”?

2.1. Hibkzgh_j_ghka” hjh*g_j_&gh]lhkehcgfu f[jZgu
kmqgzliHfbkkhpbzZlHAkgihpbZIblighp_kkg¥ h\_joghklb

KlZpbhgzZjgathd\h*hjh~"Zjhoh”ysbag_j dgh]l]hkehcgmx
(\gZr_tkemql4d_okehc)gmx[jZgm\ey_Ilkyh]hklZ*bcigtp -k
khfbdz "Zdyz"bghkbd\hddezWh]jZzgbq_igdhdazZkkfhljbf
Neyij N ezgghkiljZzgrmalhlh\e gmakieZVZ Pd ( — kh?_j-Z
gbe Jbjmxswlh f_glKkezZ\ ZPb), Ihesbgtcpg ihdjulmbgmil
jbbkgZjmkeh_ifZeez*hyesbgdg IhkdhevdmhjhdZoh”blky
\f_1Zed\b”* ZIhfhYhe_dm@uh]lehszZxlkiyZeezZ"b_ikhidjulb _
ij_™"\Zjbl_etbhkhpbbg@hyhih\_joghkjlm”_kqblZlylhlzdZy
"bkkhpbzlbApkzyi[pbjjhbkoh™MbN_jhylghklvazh"ghklhedgh\_
gbfhe_dm@®WKih\_joghklyXkkfhljeeEmgdb]*&IX_jhylghklv
hr"bgzdg®oh~rghduoh~ghle\_joghklyd[jZzgu h]*@dklZgh\b\
rbckyjhgbdzZxsbclhdm” _H\yaxkd Z\e_gbhfthjh®Z\oh”~ghc
Pn, b\uoh”~gPRg, klhjhgEZof[jZglke "mxsh[fjZa B, 35]

P jp P jp 2 2de" dV Pd § 0 (1)
" out Zy,D Kpd Dpg Kv wd Dy DBt ’

1" Zo—1Zahdbg_Ibgdhkwibobpb-2glexb-14 &2 £xb & p— dhg
kIZgliZkI\hjbfhhidbhwnnbpbAghmmabbhjhAEkieZVZ Pd
biZeeZfbiyZeeZ b ithdjulhb

MjZ\g_¢B kijz\_~ehlhfrbZizakdggp_gljZ@Ekt\hjzggh
JM\hAhjh&Z " & exb&p— g aZ\bKykk b]"cbrZ\e _gh hjh~z
P, k\yaZgddhgti\_jlkfkeh\pFogh\ kby

? L'|' 7P E ;’/:2 . (2)

BamjzZ\g_(@byh ghgZclimkeh\bbdhlhjhifhgbdZxsihe
Ilhdg_azZ\bkibldbg_Ibidhp_kk&#Xih\_joghklb hl.) h ke_"h\Z
| _evghh]ljZgba_¢_ghkgfj [t _ff_f[jZgujbgbfZyh\gbfZgb _
glh., Keg Kyv. ps, Drg bDyv.pg Y\eyxlknymgdpbVfibi jZImJuwlhmkeh
\b fh'ghaZibkZMo " _

— . t@p @o5ex )
¥ ® & ® <& E - h(s a :u;
% LS ®186 75 £46) ©,8 6.6

?kebmkeh\B) \uihegy ,lkhgbdzZxslgcj_ & f[jZgimhlhd
fh™ _lfulvgZcrkghfhsvl)\y\ghehjf._

t@ @ . ?5
S — b ?SEx ..
ENT¥ k¥ aB E h a :v;
a R ¥ s O O &6 27 £46; ®,8 6.
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<ijhlb\hiheh kRefngZz.dh] "z

— . t@yp @-5Ex .

¥ ®: 6 ® <& E h''sad :w

% LS ®186 77 £x6; 8 £x6,
ZkkhpbZibbdkikhpbZIibighp kkaZih\ joghkibeeZ b _\hlh
djulby]jZgbqb\Zxl ghkrhjhzZj faf[jZgm\ khhi\_TklWb
mjz\g_g@)ifehlghkijhgbdZxs iRhhdn l[ulvujZ' gAbA
23, 35]

ENraw ®geq F 2a

KhleZKgh kdZazZgghjizng (hp4) ijbf_gbfu~bZiZahg
dhgp_gljzZjkd\hj_ggtihhjhZ]” () »_ckl\maZ2diEdp\ jlkzZ
Z(ii) Dpg b &~ gx g_aZ\bkhlc. HAgZdhkemqZ j_ghRE~Ahjh~AZ
\ HPEkieZ\A&gZ kyhgb  _ggjzkl\hjbfhkiwkh]jZgbg_gb _
yley ldyblbqgulitk\yazZigh f qlhe _]bjh\ZybgZ bAeeZ b _f
ijb\h~"bdjzkijhkljZzg _aBeahgB\ jligZh[ezZk\vkvi@Zhgp _gljb
ih\ZggudkI\hjhhAhjRAZe h1¢H/M §0,4.

22.<_jhylghkibkkhpbZIb\@[tkdhj[pdbe _dnt gZiZeeZ
b _\hifthdjulbb

<hlebghllZdblo ebgqbdg@dhgklZzgkklI\hjbfhklbhwnnbpb
_glubnnmabhhylghRbkkhpbzZlbiglhdhiZgbdiZzeezZ”b_ \hfm
ihdjulbx_y\ey lhyng~Zf glZewgjlizad|l jbklIlidhcjb Z 1),
ihkdhev.dmeghklwij_"~_ey dbybq_kddhfklhyghh¥Y joghklb
[35-37].

Lzd\ kemqgZlhfZjggbklh¢h\_joghkilhebdjbklZeebqg_kdh]h
iZeezZ Miye _dm@u*bkkhpbzlEZ{ghj[bjmxkkyjhylghklyx _
aZ\bkyshleb[ebadHlXr[35-37. HAgZdmemq_gbh""_j Zgdlh
fZjglgbklhih\_joghkkeezZ gy[m ki _pbZevfujog_kh\f_-klb
fuokjzZ[hlhfc f[jZzdgjb"Z\e_glh¥kriZ[ZIfhkn_jgh)br, "~z _
_kebgzZ\oh”_f[jZzguh~ZzlkyevljZqgqbRhsichjH19, 20], g_]h\hjy
m  hobfbq_Kaddblb\glidah\ké _kyKhhl\_ITkl\, gfhgglhwdki__
jbf_glzkof _f[jZzgzfhaZzgZ~b_kuez\hihdjulufBd,ih\_joghklv
iZeeZ bydjulg _f_1Zeebq_kbffbkyfpdZdjz\behw!|hK [19]
hdZde ~kl\bkbevgZ\bkiblILbfh  Ibaf_gylVkjy ~ eRH0®
A"h103[19,23. DZ#e ~nbamjZ\g_¢be (4),\ebygbjhp_kk&ZXih
\_joghkdld _j gRk” hjh§zZj faf[jZzgmkeZ[_\Ejhlkklihfhesbgu
f _f[jZgbijbm\_ebqg "gb\e_ghBhZd ijbkgb  _gbjlhgbpzZ_fhklb
hkgh\gHH_jbzeZf[jZgUl. . ijbkgb  _gbbebgbgwba\_~_gby
-6, ®:8). Ihke_"dhagZqglii) \kemdgiZzf[jZzd&kieZ\NXgZ™ by
jhevjhp_kk&Xih\_joghklib pbnbq (dpddifically)\ _ebdZ2Z]h*Zjy
(particularly) \ukhdkdhjhkljzgkdjbklZeebqg_kddhhkZkI\hjzggh
]h\h~*hjh(NZ. [eZ]h~dhevrh\c_ebqgbg6; ®:&), (i)c jhklIhklI-_
i_gke_]bjh\Zghegbygbhjhp_kkoXih\_joghlohth_gvrZ ([k¥ih
NZjkgb _gbx6; ®:&; <ex[hfkemgd_evdyjbhjb]Jghjbjh\Zlv
jheZkkhpbZzZibbktkhpbZlbhjgwyo kkpXih\_joghkkkeeZ”b_\h]h
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ihdjulbg ~Zevg cijdfjzkq dhgp_glj2mBhjhAz_f[jZgfu
[mA HkihevahWZibjbq kdmXokbFh@w \bA[23]
TDO06ep 20 d>/They @
RT o

23.Bale_qg_gWh~ "hjh"EaihlhdZZah\hkf_kbk ihfhsvx
Ijm[gZlHcf[jZgu

JZkkfhljtkfo_fapz[hluljm[qgZltHcf[jZguij_"klZ\e_gg@x
jbkl. F_f[jZgid_"~klZ\ekh[hikchgdhkl_glgmkdm~rbdhg _dmhth
jhcazZlemfzgZbkl), Z"ijm]Kp-]1_jf_Ibqogbbkh_~bg2gahjzZk
ij_~_ebl_evghzimj_

lhlhdkf_kBJZakh Ijm[d_

ihr"zZqithr"Z _ITkyh[eZklemoh]h @+ijbf_kv
dhgpZ f[jZgyahg? b"Ze_ . 2 A a
ijhl dziHaZahfmAmg rg ¢ <ohrgzy o i h:;“;ggg

ih\_joghklvixm[dbih”*Zqhbb L dzf_jzZ
\gmlj_ggihd_joghklvxf[jZ

gu Ih f_j_ijhl_ nghy"hjh’\wOEHl'
kh”_j Zsbckkf_kbijhoh”bl
kd\hdvf[jZgm!l_gdbm[d
khhi\_IklI\_gghh iZjpbZevgh_
NZ\e gibhbbijhoh ™" githbaZah ,,,,,,,,,,,
Jmkgb Z Ik)Zdblh[JZahde
kbfZevthprZevg’hZ\e gbf,,fl,z,?’,z
\h*hjhANZ\gh*Z\e_gBx\ ik

jbf_kv@

._\

kimiZxs_kf_kbbf__If_klh s

\ahg (h[eZKklemoHihgpz 527 %"
lh f_j_ijhl_dZghk§_ kb~

\“hevf_f[jZgu kh”_j Zsbcky

\ kf_kbh~hjhifhoh”kid\hav_ 3

kil _gdb_e_gabgpbluoh”ghc 2

hit fAZq_¢_ij_julghmhZe _
gbwh~AhjhbzaihkimiZxskf Qbklue
kb_]hZjpbZevgyh\e ghf - JbK. Ko _fzZz[hld_f[jZgu
j_ijhoh ™~ _gly_ kb~ hevh - -
\_joghkilbf[jZglkgb Z .IK®WhI\_Ikl\, gghZ _Ikie hlgh kilj\r
gbdes_l]mIhth’\hJh(‘lZo_fZIbq_g<Zjbkmgvd/I_h'hdZanghaghc
lhesbglace galmghc

24 FZdkbfzZevgpLlyilbfZevepdy i _dwvale _q_@gby
Hij_~_emfZ\bkbfhkadkbfZeYgafh ghkd_i_glbale_q_gby
\h~*hjhtZf[jZghca h*hjh*"kh”_j ¥&ak\kt_kbI*"Z\e_gdfy kb
P bizjpbZevighklZ\eyxshthjhRf2>Ze jZkkqblXjZfd Zoij-
N _ezgglibims_gpZkij_"_e_idb*ebgf f[jZgud iZjpbZevgh]h



Dbg_IbWIZ jfhA"bgZfhdZbfh~_ckbahlhihh hjhAZ 61

NZ\e_ oy hjhANZijhgbdZxsihdhd)) kl_i_dw\e_q_\dbyhjhrZ
bazah\kt_kb
FbgbfZevghjpbZevth\e g "hjhf§2o0h*rglkthjhdg_*+
[iZguz\ghZ\e_gbk~ hjh®gZ\uoh”gltké¢hjhgf_f[jZgumkeh\b_
ijbdhlihjhhlhdjhgbdZxsdcj fafl[jZgZ\_@.

2UaA6L aZe(;AGa (8)

Ke_"h\zl  efwghkbfZzevfyh\e g9 _bale_dZ _dheEihg_glu
(N2) \\uoehight_kpm~" jF\gh

28°L @F PR 2F 2echss (©)

Highr_gbhlhdvth~hjh3Z dihlhdm_bale_dZzZ diihhfdhg_glu
Jo\dzZ ~hithi_j_qgkfqg_gbhd[jZguyzZ\ghlghr_gbXZjpbZevguo
"Z\e _gWhc*hjhBg bg _bale_dZzZ ditnffohg_dAw KhhiI\_Ikl\, ggh
mq_lhhilhglh\ kbembgpbi@ ij_julghkhdhd _ba\e_dZz dfthfc
ihg_gludz "hK_q_glhim[db_f[jZguhklhygflggbfZevghthd
\hrhjhdhlhjufd ™ _lfulvrhklb]ggdluoehi[m” jE\ :g

Uars1 UaB1
ASAL (;76@%% Los® e . 3®S Fi @m (10)

I"_ —-"he® \ih"Z\Z_flofc khce L s®s F;Bhlhd) _bale_dZ_fhec
dhfihg _gjd\gub[s_ fmh”rzZ\Z fhhmhhdm mfgh" gglydhhex
ZahlZh~z\ZzZ _fthkeco h M gdfc kb

lhrz\z furclhdh”rhjh~Z

Aely L Bs@® (11)

FZdkbfZevdZy dwale g _YowWjh""Za.. jZ\gZlylghr_gbx
jZaghkilbrz\z_fhhhhd@& b fbgbfZzevghdbehighiihhd d

ihrz\z _fhhihd@&:
A 147 gou

=1
g);

KmqzI@j-(11),[m” jE\gZ

E 2AUaR:,
ﬁa()el_ma (13)
Dzdédh ghb”_ v\ mbkemqZye: 1:
ijb :1(gzijbf_jh*ZaggZ\oh¥_f[jZguybklh}h hjRHMZijb Ju
He: O (kemgZedmmfddoe gD uohrghkthjhg f[jZguljb\-
Azfijbf _jijbP =1,2 MPaPoy2=0,dMPab =06 mjzZ\g_¢B) "ZzlI
Znax= 0,94.
Hg_\b2ghhjbazZ"ZgBUBounr bL dFuxfh ghjb[ebablvky
imlzklj_fe_ githyhdif_kHBO, .. klj_fe_gbdOfkj_"~giehlghklb
ijhgbdes_ihhhd(Zjhba\h"bl_e\)ghk‘ljlm]hk:lhjhglijjbdekb
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fZevghki ~giehlghkillhdh hjh &€ ijhgbdZxs glhi _fat
[iZgmdZah\kt_kh . ijb

e L WRIIEF ¥220.40

1" 289f=iZjpbZevyh\le og®\ih~z\z flfc kidhlhjAj_ Zewvgh
kibbf f klebrwkemgiZg ghhjhldhjen[gqZlhcf[jZgurhepa
\e_dZ_fhhRhjhigZ g_[j_"bflZ. &:0. KhhI\_IkI\, glgHbfZev
goykl_i_dw\e_q fdbyl[ulvihklb]gmiZz8hfijhfbkldh]"Z
"hklZlhdqghadlZ., bijbwlhkj_~gyg~ebglim[qZlhcf[jZgu
iehlghkipngbdZxs ihthd?h~"hjh*"@hklZzlkyebgbdgZ&rlZ[Z
#e(gzijbf _fh ghmhimklbps N FO%aw

25.JZKkij_ _idhbrebgf f[jZguiZjpbZevghihe gbly
AhjhMZk] i glba\e g_ghyhjh4Zf[jZzghbazZzah\lké_kb

ljb j_r_gbwlhaz”*"ZigbgbfZxlke ~"mxgbkeh\byhims _
gby

;) G_kfhlpybale_q_\dBhjhgzZj ka_gdpm[qzZlhcf[jZgu
(jbkmghbdihi_j_qgijZ”b_gZjpbZevghdhe gby*hjhhdkml
ki\m._GZjzdlbdvliiZjzZglbjm~2hklZlhdgleh(@El ff) \_ebgbghc
aZahfiZ " "ni_f[jZghic]ZahgZimHKgghtlilcggbkmdldl.

B) <h”“hjh”hijhgbpzf fhlkkwg_azZ\bkibllbiZjbf_kb\h
"hjh~2Lh_klwuoh”~ghttlhd) f_gy_lkypazZf &G KH KHbGH
gZobfbg_kyhbcljZevdrddgZijbf, N,). Ijh\_jd@ahjj_dlghwlh]h
"hims_gheyhgdj_ lgifo k ycl\ey lhgghlocap _e "&ZgghkdZlvb
<jzZfdzZdzZgghijh riheh  _gdbyklHgh]l]hdhfihg_gkdhklbh gh
jZkkfzZljb\@wld\b\Ze _gllgmkihc _"*he_@G, ) "\modhfihg_glgmx
g_cljZevgmxg Zijbf, 3+ N,).

C) AZ\bkbfhllohrghphihdiZl*"Z\e _gdiyjhdkbfbjmn irkeyd
pb_‘b~Z

R L #RysAk ¥2ecAc0 (14)

\dhlihjhdhwnnbpb hg] ~ ey \Mgki_jbf_ dkigbklu¥h~*hjh2hf
Nbabq_kdbbkbfhikhgbdzZxsifhhhdZI"Z\e_gbwjz Z_fhnq
fmeH®d), hagzZqglhhlhdij_~_ ey iliyghkW "hjh§Zj htzf
f_fl[jZgu\dexqZyZeeZ"b_\hdjulbh_Z g_ZkkhpbZibbdkkh
pbZlb\guifhp_kkzZdgBih\_joghldBlZeblbq_khddjjlb(kjzZ\gb
mjZ\g_@®B kkhhighr_g®).f

D) G_kfhlpgyZh qlhizjpbzZevdh\e oW "hjhkgdb Z _ Ngypa
ihihlhdkf_kbhegHhZ\e odf kB, \"heMm[qZlhcf[jZghk}Z
zlkyjZzdlbq_khilblhygguf

E) <uoh~ghzZ\e_glgbklh]hh*"hjh"%Zy: v 1Zd" _ihklhyggh
(Pout @ = 0,1 MPa).

<jzZfdZigbgylumkeh\jzkij "~ e ighpbZevgtle g\hy
“hjhNBArebgPpwux), bihlhdh hjhdk), ijhgbdZxshzmqzZkhd _
0 "hg fh ' ghgZclkihfhsvxwe f glZjglbke ggthdh ]Jjbjh\Zgby
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hkgh\u\ZgkMbgpbig_ij_jul\ghkhbhdB iheZ]Zglhiehlghklv
ijhgbdZxs_iphhdg, hij_~_ey_ WKhnlghr_g@d4)f Bgl_]jbjmy

&0 "Ix=Lo, ihemqdheéguighgbdZxsihdhd, b "Ze, _kl_i_dw\e_
q_gbyp~hjh&dzZd

B .
X E2.a (15)

L _ogbqg_gbke golgl ]Jjbjh\Zlgbhkljh_ghZnbdhj\h\h
A"blkyijh]jZffORIGIN LAB.

GZ4bkmgdij ~klzZ\e jghkgblZzgghZazZglglyZahzkij_+_
e_ghZjpbZevgt\re oy hjhPd, (X), ihfebglim[qZIhcf[jZ
gubagbklh)Egz~dbyzf |jBfff brebgRe kf ZIZd kl_i_dna
\e_g_odbhyhjh"&), gZngZkhd0 “"ho(\dexgX¥ Ly). JZkqkijh\h
"bekyeykf_kbk bkoh”?gufhklZ\10f57G+0,43N,, ihlhddhlhjhc
khklZz\dy=449 kf(gnm/kbihr"Z\ZegZKxoh4%_f[jZguh~r*Z\e _gb _f
1,3Mlaijb\uoh”~ghZ\e &= 0,1 Mla.

Jbk2. JzZkij_™ e ighpbZevghIhe g Pn(X) ih “ebglim[gZlhc
f_fljzgurbzf_Iljhef ff b "ebgh2¥ kf jZzkkgblZghéyihlhd&f_kb
J =449kf(gn/kkbkohrgkhklZ\®57G+0,43N,, ih~"Z\Z fith~"Z\e gb _f
13Mla(djZzkguhqgdbjZ\ZhZKv>Z\e_ghpbklhlh~ hjhyZ\uoh”glth
jhgPon=0,1 Mla. Ijb jZkgqzd hwnnbpb \ghjzZ\g_¢Hdp[uelay]Z\guf
0,38 (IbibqglagZq_@¢by_f[jZggujZaphr®ZgghZ[h)_A"_Kvij_~&
klz\e_ldIZi_dwa\e_q_ \dBhnjh” &), g ZnqZ khd0 ~ho

Dzdh gh\b”®_IMb*"Zgguokeh\kkyoi dwvale _q ‘gbyhjh~rZ
"eyim[gZlhcf[jZgtebgBtkfkhklZ\e82 %,glhNebadh_hj -lIb
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g_kdhifim”™_€&a.=0,94khleZkgjtz\g_d18Y. Bgl_j_kghhohlpa
ihrz\z _fihfc kbale_dzZiHgyh_kvh~hji82%),iZjpbZevyh\e _
gb G kgb Z_lktyrwg B5%, ZiehlghkilvihdZ ijhgbdZxs\Jhhgp_
Iim[qZlhcf[jZgwbrwl3djzZadb', q AgZqgZevllke ~nbdld)).
WlithagZqglheyndZazZgwguoizZjzf_ Ijkf_ k@ he®, jZkoh
NZ\e_pb_f[jZgizZ[hlZz\lkvif@nn_dlbbgl"Zevg_cm”ebg_gb_
_™"\EBbp_e_khh[jZagh

3.F _|h~"bdZdki_jbf _glZ

31.F _f[jZgguk[jZza bphgkljmdpb¥jZgghfh"mey
;uebkke ~hhggafpf[jZgbadPkieZ\ZgZ™\5Y,0Z.PoPd.
>ZggudeZy\eyelgybl[hehilbfZevgukthgdaj_ghmyklhcgb\hklb
f _fl[jZgghfldl _jbzéh "hjh~rghhfoymigb\Zgmkeh\bjynd_"~_gby

f_fljZgghylki_jbf: §ZXe _dh,_"0,9 FI2Z[23, 32, 39].

Nhih]jznfoyf[jZgghhhjZapaZvkdbaguglzf_f[jZgghfln
"meiy_ "klZ\e ggdibkmgd F_f[jZgBEf__hhjfmMjm[dbbzf_Ijhf
6 ff, "ebglt2e0 ff blhesbgltkd_gd®50 fdf. <gmlj_géyoh”~9gzZy
b\g_rgyfluoh”~gzZlylhjhgujm[gZIHcf[jZguihdjuluobfbqg_kdb
hkz ~zggkdh_ifZeeZ hyesbgtgd,5 fdf(jbk4). H*bdadhgph\
I[jm[qgZlthicf[jZgde_\ucbk3) ]_jf_Ibggimlzfk\Zjdtkh_"~bgzg
ki_j oh~bhfag_j Z\_xsktZelbj ~gZagZq_fgykhZjgh]lhbkh
_"bg_gbyahjzkij_~_eblZgvdm¢ jm]hthg —paZ]e m.r 2gh-g
kijmdpfhy[jZgghibevI{ibk3) khhI\_lkl\ipbdpbibZewphd _
ij_"klzZ\e_godtck mdid _

JbIB. Nhlh]jZnbpjZapjan[qZlhcf[jZgbakieZVZI,0ZPoPdbwkdbaguc
qg_jlzt_f[jZgghflh"mey
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Jbk. Nhih]jZnwg _dljhgfdrighkdhibbfbgq Kz~ gghpjulby

L _fi_jzImfizf[jZguh  _I\Zjvbjh\ZIVky_"_e B@0-450"K
F_fljZggut meqf_szZ I|ky_ jfhkl,ZZ\IhfZlbqg_ikd'B _j b\-Zx
sbhcaz”Zggimk _jZImbrh|[_ki_gb\Zxshj@Z\ghf _jghkivebg
f_fljZzguij_"_e¥D IhrzZ\Z_flzyah\Efy kiv_j_Aoh~h\ff_f[jZg
gucnbevljhrh]j_\Z Ny fi_jZImfuf[jZgu

J amevi@ldki_jbf_&hKJkm "~ _gb _

4.1. Wdki_jbf_dgdagbkluiG

GZjbkmg8_ij_"klZ\e_jgumeviaddki_jbf_qijb\ih*Zq_
gAoh/%_f[jZgu_ogbqg_gdklh)h*hjh”*&A"_kavZ\bkbfhilellwlgh
kibihlhdth hjhfZijhgbdZxs glh _fa f[jZgm_"klZ\e\dgBhR]j
"bgZlgbaghldbz”jZlgditojg fc " "mZ\e_gbytibhjhg§Zoh”~ghc
b\uoh~rgtkdhjhgZof[jZgu>eykjzZ\g_gikp\_~_ gabl_jZImjgu_
NZgguey f[jZgbagbklhRPthZgZeh]bdlgésbdg40]. Wdki_jbf_g
IZevg®tZgguhemq_ighl_fi_jZImfi_f[jZgbakieZVZ7,0Z.PoPd
T=370°C, ebl_jZImjgdggujbl_fi_jZImfi_f[jZgTl=2350°C,"Z\
e_glmAuoh”~rgkthjhdg_f[jZdihklhygg\hfohrghZ\e dhbe
80,1 Fla Dzdh gh\b”_lvn"_evgjiypwa\l\h”bl_evhidiZzgwa
kiezVZr,0zZPoPddjZIg\wur, q_fq_j ideez”b_fA\nikiZgmbihqglb
h"bgZdhmkeh\byo

lj_"klZ\e_g@gZ4bk5 wdki_jbf_glzévgyum” h\e_I\hjbl_ev
ghhibku\Zxlklyhlghr_ghk_Uf #Ry:i6 ¥2ecas0Kh]eZkighZaZg
ghfrhjzan 21, witih _lhagzZq4lhi _j_gRk~hjhtZzj faf[jZgm
hij_~_ey \IlkRkgh\gkifz"bljZgkdjbklZeebq_kdhhkiZ "hjh"Z
JZKI\hj_gghfBEl_jbzZé fl[jZguZzg_ZkkhpbZibbklkhpbZIb\gufb
ijhp_kkzZfbh\_joghkZeez”b_Amdhulby
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Jbk 5. lehlghklvhlhdZG, ijhgbdZxs Th j a& f[jZgmba kiez\Z
V-7,0Z.06Pd, Z1Zd g _j_fa f[jZgmagbkIhft [40] ijbT=370°C b\uoh~ghf

"Z\e_Phh=01FlalazZ\bkbfhkliZaghk{®B.,» Run2

<f_klkl_ffh gh\b”_Iglhkijyfe_glwdki_jbf_glZeNZguo
guo dhhj*"bgZBZREZ2y 46 ¥24eca600 _Ijb\h DN ThgghkllgZgZeh
dhhjrb@jdlk5). WIHh™ _hagzZqglwWwdezithp_kk¢hXih\_joghklb
\kzlZzdh _ij_g_ [j_"blikh[_gighfZeuagZq_gibyoiZz™Z\e_gbc
\h* hjhtZ *moh~r"glbhtuoh~rghkhjhgzffbf[jZgu

Bkihevamgmq_gggZq_gblylghkilblhdth hjh?rZhgbdZ
xs_Jhg_j faf[jzgrEalZzd ebl_jzZImjgdgguhljZgkdjbklZeebqg_
kdhfmj_ghkimMhjhY*HPbBkiezZ\¥®d [32], kihfhsvxmjzZ\g_¢lby
m~rZetipv_gblvebgbgmhylghKlbkkhpbZlbXgkkj[phbe_ _dme
\h~*hjh§ZizZeezZ"b _ithdjulbb8§5,6*10°. DZaIH_fhgkljbjmgkky
jbkmgalZdhagZq_gbihegh[ugg\hkemagh”~rZagpAoht_f[jZg
bf xsbbZeezZ”bikhidjulbfhe dmeyjgiihjhAg20,32,41].

<kemagZhfggbklhb\_joghRdb 81. Kh]eZKukke _~h\Zgbyf
ijh\_"~_gogkf_f[jZzgzflbaf_IZee®m)jmiiuihdjulubZee Z"pL9f
20,35-38],4_Zevgrh\_joghkhdjulbiybjz[hlf f[jZgkfhe_dm
eyjguf\h*hjh~hfZzdlbqg_k\kb |"2Zkkb\bjh\gqZ IZeebq_kdbfb
ijbf_kyfly \I_fi_jZImjoYbfZiZaB5)-400 K\_jhylghRbkkhpbZz
Ib\ghZ[khj[pltthe dmegZiZeeZ” b _ithdjulbpz\gZ §10“ qlh
\ihegkhleZkmkjkkykgblZgogufdbg_gbwdZr_twvdki_jbf. gl_
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Jbke. L_fi_jZImjgZybkbfhkiphylghklbkkhpbZIbXgktcj[pblbe dme

H, gZiZeeZ”b _ithdjulbkd f_f[jZgBRd-(V-7,0Z.p6Pd)-Pdijb ih"ZggZ\oh”

[bgZjgukd k: @8H +0,2N, 0,84 + 0,2CQ, 0,8H + 0,2CO, 0,8H+ 0,2CH,. >ey
kjZ\g_dgby*klZ\e edd_jZImjaggdhekemagidykl hfh~hjhR23Z

42. Wdki_jbf_gdt\modhfihg_gldgudflkyfb

Wdki_jbf_d&lmle_jhrkh”_j Zlgafbfijh\h~*bebky_evx
mklZgh\bivpbnbq_ kdabfbg_Rdenn_dhule_jh~kh”~_j'disbo
ihg _gJlzah\tké_khhemqzZ_YhcamevliZllh\h]jfbnhjfbg]KG
(KHKH GH K@ gzZdZlZeblbg_XZdhbXxghkZeezZ” b _\hilhulby
(bijhba\h”~bl_evigHkj¥X gu

>eyhp _gotbfbq kdkhm _ddZ "hpa_ j gbke gmgle jh”
kh~_j"Zshalg\ZdzZlZeblbq_XdihXghkddjulbjy r_ghuehjh
\h blwdki_jbfkgbgZjguldd _kyfbh hjhrijbf_Rv>eyhij_ 2 _
e _ghyjog ]JeZgbpwnn diiZzcbelbghba j gbke giguohg, gl
\[bgZjguwkd _kyloh™ _j " Zgdh \h~ hjh~gdlefihg_gawz\_"h¥ir
g_fkh~_j"Zogblhdhfihg_glu_Zevgkfo kyb[jZam_fumiZjh
\hfjbnhjfbgf_1ZgZ0% ijbf_k¥80% \h"hjh~<r"ZgguwodKki-jb
f_glzZzgp klZ\be pkweVhklb  _dlikhdkt_ i _dale_ qg. GZyjhlb\
"eyh]lhglh[waf_g_d&ihklZkZ_kb*heMm[gZlhcf[jZgw [ueh
agZqbl_eviquhdh~rzZ\Z fhfc k@ =30 kf/kijb =0,8)kms_kk g
ghij_\urzéhldhlhjulw khhI\_IkIVhfyAba\h*bl_evgjmklldoZlhc
f fl[jZgdtZgghebgtz ijbfZzdkbfZeviphirgmiz\e glofb ki,
(kf imgals).



68 K _dpby

421.Mkeh\bwdki_jbf_gkhbhgzZjgufbf_kyfb

Khlezkagh _kdZazZgdBfmbZevgZgyh hjhAHE\k &f_kyo
khklz\e)@ Zhlh&f_kbf_f[jZggudb "mék\k_wdki_jbf_dgu£o
habd lhl™ :J =30 kf/k(khhI\_IkI\_ iZghbZevghlhdbh~rhjh"Z
bg \h~hjh~rgdhkfihg _gkbklZ\egebkf/ kb6 kf/k khhI\_lkl\).ggh
ljb ihklhyggilhfilhdkf_kbijhp_kkdki_jbf_\@jAbjh\Ze\lokw
gh”Z\e_gblh\j_fydZduoh~ghZ\e_gbklZ\Zeithkihygglgimlv
ij_ \urZxsbzlfhkn_jdgZ\e_pb_

422 Wdki_jbf_kp_cljZevdifc kvBt+N,

IlhkdheW@mg hdZau\dzZzdhéb[hha”_ckldEdyZzlZeblbqg_kdmx
Zdlb\ghkZzeez blydju\Zxs_\dh*gmk\_joghKIV[jZgukf_kv
(G+Ny) bkihevah\ZAa@Zlqv kj\n_j_gkgbghke_"mxskijphg_gby
kobfbqg_kaddlb\guMs_kyflisZjbkmgdij_"klZ\e_wdki_jbf_g
IZevgwgZq_d&by~rgibrebgljm[qZlhcf[jZguehlghkiblhdZ
\h~*hjh~"8ijhgbdZxsglh faf[jZgm&kieZ\\Z-7.0Z.poPd\ aZ\bkb
fhklbhliheghtZ\e _glfy k@®,8G+0,2N,), ih~Z\Z_fht f[jZgguc
fhrmeeyjzd_fi_jzI:mB%0, 400b450 °K A~_Kvij_"klzZ\e wgdiki _
jbf_glZevgdgguekemgdg] "\Zf_f[jZggudh "mek~ZzIkgp
kluds ijb350"K

lj_ "~ \k_]JHh gh\b~_IglhijhgbdZxsbiclhdjzZzdlbq_lgdb
aZ\bkbll _fi_jZImjwuqglh\ *ZgghdeZklLbihegh[ugghey_*
[jZd&kieZz\NexgZ/ blydjuluiZzee Z"[B2f41].

JZamf_,_ ilklylghkiphgbdZxs ihhhdZkemqgidhrZqgdz\oh”
f_fljZzgkf_kgb ', g_Akemqgh~ rZqapbklhBijb_JHZ\e_gjzh
gh”™Z\e_gbi k({bkmgmh.d

JZkg@mgdlbjbkmghd ek f_kBuiheg_ggtd_Ih4rib
kZgghfmr_ (jZa”~28 b24)\ ij_~iheh  _ghbhk L #Rjs4F
¥2ecaeP]" dhwnnbpb,_@Zc” tgawdki_jbf_glZeévZguwale b
klhlhh~hjh:Z 0,38k f([Z)* kfk jokmgMdZzdhjhr_ijb[eb>_
gbwdki_jbf_glZevZguwate Kf_k@bkmghHdWIihh”I\_j ~Zhdl
kmlklNobfbg_kdwhm_dNZgzZdZlZeblbg_EKdhbxghkhdjulby
(Vijhib\ghkemqgZeyZiijhdkbfZmbdki_jbf_glZeNZgguid |l j-
[h\Zehkunihe gbadagZq_9gb _

>Ze ihf_IhtmmibkzZgghfida®_21, kihfhsvxmjzZ\g_{by
kmqgzlhf¥Zgguih ljZgkdjbklZeebqgikdhfimkd*hjh"\ZHPD
kiez\Xdd [32] gZc”_94dhylghklbkkkhpbzZlbXgkkj[plibe_dme
G, ., ijb\azbfh”_cki\bpjZgkhkf_kvx8G+0,2N, *eyjzol _fi-
jZ1mB50, 400b450°K. Themq_gggZq_gbjyy "klZ\e ggZdubkmgad _
Fh ghb”_Jlglbhhgth " br"Z_fabadbzZggufeyybklhyh*hjhtzZd
ebl_jZImj@8lflZzdihemq_ghgZklhysgZ¢hl_
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Jbk7. Kj_~gyip ~ebgf f[jZguiehlghkiklhd®, s§ijhgbdZxs ghj_a
f_fljZgmakieZVZ7,0ZMPd,\ aZ\bkbfhiklBZ\e _gkfy kbZalg2oh”ghc
klhjhgf _f[jZg®um= 0,1 Fla ih"Zzlkf_k®,8G+0,2N, ijb I_fi_jzImj_
350"K 400"K b450"KkhhI\_IkI\, gtz zlgpklu@ ijbl_fi_jZInmp0"K

423.Wdki_jbf_dgdoabfbq_kdbdlIb\gufjbgzZjgufkf_kyfb

GZjbkmg® ij_"klZ\e_jgamevIdldki_jbf_,giph\\_"~zgguo
ijbhibkZggwa_mkeh\bjyzoa™ 42.1) kobfbq_k&dIb\guhb]e _
jh~2kh” _j"Zstkffo kyf®8G +0,2KH 0,8G+0,2KG b 0,8G+0,2KH
>eyZ ~hkef_khkj_~gyly*ebgf_f[jZguehlghkilvlhd®"ZgVZaZ
\bkbfhkhbbiheghloh”~ghlB\e_okofy ki, (.. 1ZdZdllg_ihkj_"
KI\_gagiz[ex*Z \lwyki_jbf) dlhljZzaghkdbz”jzZlgdlojg fc -
"mZzZjpbZevguie_ gbhfhjhg2Z2loh~rglk¢hjhg_f[jZgb"rZ\e _
gb_f\h*hjh*gdZ \uoh”ghklhjhg f_ f[jZguk25,46 ¥2:ecae0
lZzjzf_ljhifi_~klzZ\e_glgufo ckdyb\u@ahl)jy\ey Ikyfi_jzZdm
j Z(300, 350, 4000450 °K. >Zggu eydZ "hlxa_j_gbke_gogudbqg_kdb
Zdlb\gukf_ k_ d&jzZ\gb\zZxlky~rZggufbreyg cljZevghkit kb
0,8G+0,2N, ihemqg_ggiybbh_o_mkeh\pp&7). >Zgguheywbfbg_
kdbzdlb\gwkd _k_k[hagZgZxjksn]hevgubdf\heZfbZgguey
g _cljZzevighckbalza~Zfb

cijbhjbfh ghij_~ihez]fl\hWzZzdbobfbg_kdbhkbl_gheh _
klZ[bevdbe_ _dmdkABEHbKGkdhj[m mlklk_[dZd_cljZevgu_
(ih~*h[dW) b\ hlebqlgzijbf, hIKH\ *bZiZzahg[hqHdofi_jZImj
f _fl[jZdadzZgz" b _kuez\B0O0-400 K.

HrgZdEZdh]lih"XKhh[jZ _d&hyphj ijbf_gbfugbklhid\_jo
ghklizeezgyhlhjhe \_ebgbf@xrlZ[lZg aZ\bkyddly fi-
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jZImijB5-38]. HAgZdHbibqguof[jZgguodki_jbf_gl4dbylghklv
"bkkhpbZlbApkici[pbtbe _d@egdh\_joghkhebdjbklZeebq_kdh]h
iZeeZXbkeezZ b _Ahdhulpe “bVij ~ eRAHO°"HR10*bkbevgh
(wdkihg_gpbaawpkblIL(jbk6, [19, 20]). WIthagzZq4lhih\_}o
ghklvZzeeZ™"y \ mkeh\leydhjZlhjgwdki_jbf_ d&igd klu¥h"h
jh~hfbk5)ihdjulg_f_I|Zeebq_kjdhftkyfbKhhI\_Ikl\, gghh
khj[pbydZlZeblbqg_ikhdgp _kkupuhbkoh”gydg dbdodIib\gwo gljZo
ijbjh~rdhlhjup \ihegykglZ khhI\_IklI\, gg¥ij_~ e _gbybg_
kdhJwnn_dllZzobetbgudhe_dije[m_Iwgki_jbf_glZzékgk-"h
\Zghbm \h\kydhdemgZihemq_gawuZqg_dbyg_Ibqg_kdj¥d- |
jh\Z[khj[pllbe dme[42], dhlhju* _eZxlkkdexqgbl_dévgbvdh
Neyhij_N_ezgdjbklZeebqg]lkddh @&lhfglgbklhih\_joghklpkh
exlgly j_e_\Zghguwkeh\lywa Jwmdki_jbf).glZz

Fh gh\b” _1¢jbk8), glhazf_d¥8 gZKH bebKG ijb\h”bl
d\ihegazZf Ighfoohly g jZ"bdZevddgflm _ghoj ~giehlghklb
ijhgbdzZxsihhhd®IthagZqgglH\ hlebqghIN,, KHbKGkgb ™ Zxl
\_jhylghkbkkhpbZIbApkici[pbtbe _d@egdZeeZ”b_ittdfjulbb
\oh~rghhb\_joghkslebyglKH KH bKG ij_~klZ\e \ghj_gbmkh\
kdbodhhj*bgZgZ4dbkmagd _

Bgl_j_kgh _Iblyglhg_kfhljyzZlh qlh[ezZ]h*ZdjpkmIklI\bx
KH wnn_dil\_joghlaldf_Iklyb ZxihgbdzZxsbhdh(\ 82 jZaz
ihqllw_az\bkiblfl), aZz\bkbfhkiljZaghidjg_bcadoh”ghldhu
oh”ghtB\e_ghi¢yfey IKkghhj"bgZEARE2; 546 ¥2ecaedjbkm
gh8,ijZz\u]jzZnbdbijbwlhfhemq_glgadbli[jZahfyfu_ijho-h
"ylhg_debadhgZgzeghj*bgZZagbpZ "mzZ\e_ gbygidoh”
ghdbl\uoh”rgkkthjhgEZof[jZgklj_fblidgmeRZ\e_ghAuoh”ghc
kihjho_f[jZgQl1 Fl23. WihgzZley™yhfhgkljbjnglhlZdhkijyf
e ghhlgx*g hagzZqglhwnn _dil\_joghkjbg [j_"bfujhp-k
k ljzgkf_f[jZzgdh]hghzZdZzdIth[ugghbgylkgblZIlv

eZlh"ZgygZkus_odifoq_ké&heaKHZijbhjh_~klzZ\ey |
ky[he_kbevgfg]b[blhjhlbkkhpbzlIbXghkj[pthhbe dieq_f
KHbKG GZijbf, KHbKGijZdlbqg_lgdbebyxgZZ[hIREMFC,
Ih]"dZdKHy\ey |kpevg_crdbdlZeblbqg_¥Attbffog]b[bjmxsbf
"bkkhpbzlbdgihkhj[pthe dmsegZezZlbgh\ithfdjulbBEMFC.
Krmlhdhjhgukelgh®"he ZWrigZeh,]bxkj_"kI\hjf_h”~he_gby
wlhijh[e_fy\ey_likhAur_ghZ[hglcfi_jZImREMFC: h1830 °C
\ kemqggbadhl_fi_jZImg200 °K \ kemqgXukhdhl_fi_jZImjguo
PEMFC [43].JZ[hqyfi_jzZzImfjZf[jZdadZgZ "b_kuezZ\lkiZeeZ”"b
_\ufihdjulb_fsZAur (300-400K bfh ghgZ”_ ylwvkywnn _dKwHH
glm~rmebrdhkbevgufBE \ hlkmIkI\b~*yqghi]hZ

Fhghb” _I(ybk7), qglhazf_8§lZzgzKHijb\h~bdwnn_dllmih
T fzkrlZz[dlhb\ kemgkZH(jbk8), ghk[he \ujZz  _gghcfi_jZIl-mj
ghazZ\bkbfhkiyx400°Kbhkh[_gigh450°KgZ[ex"Z _dhyvg-
kms_KI\_catb” gbhgbdzZxsihhhdghijbkgb™_ghBHh00 °K
Rizr"zm azf_I&kbevgg A kemqgkH(\ 825jZ23.ZKhhlI\_Ik#\ _g
gh\ kemgkZf k®8 G+0,2KHbf_t klhhe kbevglZyi jZImjgZy
aZ\bkbfhklphylghRbkkhphbZIbApkic[pbtbe _d@,.e. (jbkb).
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0.8H,+ 0.2CQ

0.8H,+ 0.2CH,

0.8H,+ 0.2CO

Jbks. Kj_~gyf~ebglim[qZIhcf[jZguehlghkivlhd®, ijhgbdZxs_]h
q_j_d f[jZgnPd-(V-7,0ZR6Pd)-Pd ba kf_k_©,8G+0,2KH, 0,8G+0,2K G
b 0,8G+0,2K H\ kjZ\g _ gkl f_ K \X8G+0,2N,

<jzfdzvzgghcjbwdki_jbf_gihh_KH[ueiheghklhkjZ
Ibfuf azf_&Z_k®8G+ 0,2KHgD,8G+ 0,2\, ijb\h beaZhkklZgh\
e_gbiehlghkijlngbdZxs ifjhhdz
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BakdZazZgdh]ohazdexqlglhhihdjZcgfcj, hkgh\ghooZ
gbakgb _gjpyh”_ckI\bKH- wih[jZIbfzoy fhkhj[pflhye_dme
KHgZl _op_gljdb\_joghkHeezZ”b_\hthulby _j ahlhjuijh
bkoh™bkkhpbzlbAkhy[pblye _d@eZgZ[ex™Z _IfZfy jZImjgZy
aZ\bkbfhwhwn_ddBH- wlh_fi_jZImj@aZybkbfhkllvi_gbdjulby
mdZazZghdib\gpo gljm\_fhkhj[bjh\Zgfrudbdme&RHbdhlhju _
gZoh”bVRpgzZfbg_Kdhgh\ _kKbhbe dmeKiHb]Zah\hZa _

MgbluyZgihh[eZkhilbfZevgjudhqgblofi_jzZInijf[jZgba
\ZgzZz"b_kuez\KK\izeezZ"b_ANoudjulb -fwlB40-370 K fh ghaZ
dexghlylZ \ hikmIkINEjAvnn_HHgZjhba\h~bl_evfihfklv
[]ZPd-(V-Pd)-Pdhlighkbl_exgh elkehhI\_IklI\, gigreg\hafh gh
jZkkfzljb\Xxhafh ghRWw*_e_ghyhjhbaijh"mdlhAdjh\hdhg
\_jkbKGeb[Ah\kg bkihevarmg\_jKBEX(l.. ijh\hA*bliZjh\mx
dhg\_jkK&%\ h*gklz*hxeb[[N djZcg kkemgBEkihevamyh” gm
(\ukhdhl_fi_jZImkgaOWGS ([_aZevg_cfhe_]Jem[hdhgbkl
dbdhg\_jkbhggh&h| KH\ ihke_"mxglbadhl_fi_jzZIm@s o
j_ZdlIh)B4g].

Gzkzfh? _ekbImzgbe [eZ]hijbyl&gb  _gbx ]ZIb\gh]h
wnn_ddHkihkh[kI\imZjldhlhjuldk_]7%NZbkmlkI\mdhg\_jkbhgghc
kf _kkhij_~_ ezgdpwaffuldlfeyij_ _~hl\jZs_giym]e_jh b\&Hhby
IZebazlhjGkZijbf, [bibgglagZg_dbghr_gdigam-carbonijb iz
jhl\hadhg\_jkKBS/C=3,Ih]*"dZdh mjz\g_gjbxdpBbklZlhqggh
SIC=2.LZdbH[jZahffth " ghZkkqgblu\@Z\h qlhijbijbf_g_gbbf
[[ZgkieZ\N\Pd *eyu”_e_ghbpajh mdlildjh\hdhg\_jkikG
wnn_#&H[m” Kms_kI\_ghh q fgZ[ex”*Z\rbthybkZgog\ufr _
wdki_jbf, dleb Jhg [m~\h\k _

KAjmlhkclhjhguzjjza[Z\eyhig\ _jkbhglgfmkls kgb  Z¥
dbfh[jZzahZjpbzZevfh\e g® kgb Zijlhba\h”bl_evfhff]Z
gulhwlhfimhdjZcgfcj gZklbgga[ulhdjzZg h[oh”bfwecklZ
[bevghZ[hlWZIZebazlZzjihnhdhg\_jklk@ [ueHuihe_agh
j_M“\oh~hf\ f _f[jZggudh"mekdhg” gkbjH3ZIvd ameviZlu
hibkZgghdh_wdki_jbf_IghZf _kv&+KH\ hlkmlkI\biZjZihdz
aulZxlglhwlihiiheg\hafh guianlvih\ur_gbiyhba\h”~bl_evghklb
f _fljZggkokl_fu

<u\h”?u

Wdki_jbf_glzmkghgh\eqighjhba\h”bl_evdhk[ljZgba
HPDkiez\hW\Zgz~rlkyhgb _gghzkl\hjbfhkIMx*hjh*ihdjuluo
iZeeZ™bg fkgb Z_liky'bdZenMbgZebqbth”hjhA [hevrhéih
ebq_kin]e_jhrkh"_j [Zsadndexgayh ijb | _fi_jZI1m400 °K
H brZ_ligyhijhba\h”*bl_evghffjZgujb\azbfh”_ckk\blZev
ghdhg\_jkbh&ghkvkmkeh\bwidkiemzZIZpgHAleebq_kdifpZg
[m~ dbrvg_fghlgb', q_flkemqgZjZ[hlkobfbqg_kgbcljZzevghc
kf_kvxGZb[hevrbbfbg_kdbhin_dIhfhighr_ghliZlZeblbg_kdhc
Zdlb\ghkZeeZ"b_ihthulbly[eZ"ZKH hrgZaihWwnn_dEZ]ey
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N _gebrvijb I _fi_jZImjgm® 400°K LZdbhi[jZahfeyZ[hlu_*
[[ZggumobevIjblaHP KieZ\NZgZ oMj [m _Ilkiy pbZekgh Zlv
KH\ ijh*mdlZdjh\h]pbnhjfbgliZbjh~gh]lizadjb bale_q_gbb
gf 9g8%Gbahg\_jkbh&dhkbjhba\h”~bl_evghfkjZd PD
kiezZ\RZgz~bydlbq_lgdkgb Z_ IklyklZ_Ikg_kdhepddur_
ijhba\h”"bl_evgh&keZ b _f\ufdjZg
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GZ_lh"rgyrdbgVvhevnjzfgzb[he_jki_dlb\ghgZ
szggud iezaffzZl _jbZle jfhy” _jguoklZgh\Gd khfg_ggu_
"hklhbgkVh2vnjZfAukhdZyjfhklhcdhikgwbadZdlb\Zpby
ih~rg_cljhgghfemq_gbkigh\gfhcrhklzZ\lhelvnjzZzdZ 8z -
jbzeZ jfhy”_jgumklZgh¥xhdjmidhklyb |I_fi_jZImgb _
200-400 K \hevnjZofimihdbaaZ_cljhgghJlemqg_gbfy_jZ
ImjZyaddhjmidhihj_ohfZ\urzZ_IKh[he_700°K b\hevnjZ
fhiZ2w[ebphVdhZ_IhdZaZlwjkyidhjb jZ[hgbokeh\bypfh
y~_jghjlhzdlhjlizb ih\ur_gguofi_jZImjZdhglZzdddbkeh
jh~rhfhevnjadfgl_gkbhghkey, bkyzy Jhe_ ~kINHjHjul\Z
\dZf_jm zZdlhp\BrubebZIfhkn_jith" _lklZIyg_h[oh”~bfhklv
fZkriZ[gujo fhglguj@Z[hl>eybkihevah\ZAgihgfure_gguo
mklZgh\d2adZ|_ebagfzZz\blwhkyg_~hklZNhelwnjZigZkgbab)\
"hklhbgwlh]fizl _jbZeZggudahijhk\yszmgkbebfpffh\h]h
gZmqgghkhh[s_kihAhilbfbazghbhcklhevnjzfz

1. <\_~ gb_

<|_jfhy~_jgihfZdlhfm” Hkms_ki\¢_Bdpblygl_@Zf_ kb
ly zeuahlhitA hjhAZ

D+To’G (35Fwk+tn(141Fwk (1)

Qlh[ujhbahrgZzZdp@y ~_cl_jtbdjblbcrhe gk[ebablvky
ij_h~"hedmmehgh\kdlZedb\Zyh, [*eyg_JEIhfurhe gh[ezZ"Zlv
[hevrhkdhjhkl¥Yxmhlghkbl_eNogRZhwlhfhizdmjx Zdphm” Amil
hkms_kl\ayBAdmmfdHEE ,j\ JhjyqgieZafkl fi_jZImjilhgy~rdZ
20 dw<Gbh”b§zl_jbhefh  _Nu~_j ZIZdmIx fi_jZImjmwlhfm
JhjygZgZaf[an™ mm”_j b\ZI\wkyljbbkl_fiz]gblgul\_joghkl_c
lhjhbrZevighhjduleh™ _ggtjom{Ajm]&zézljzrdxwlhkbimZpbb
gl _gdzf_jim~AnmhizrZ\vhkgh\ghZklbpa _jbn_jbcgihl
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kl_ghqgdezZafdg”_|l_fi_jzImjgzagh . H "gZ&E gZ_jbn_jbb
ieZafmkeh\EZyh\glhklZebo\u”_j Zlgv kfh .1

K_cqkkDz"rzZj2NjzZgpbyljhblKy " "mgzZjh*lgyéhy”_jguc
wdki_jbf_glZzgvgdeBjLWI]—djmig_crbfdj_IhdZzZf,Zgzd hth
jhfNi_j\u_m~” _Hkms_kl\g_gdp@yijb "ebl_evghktbj Zgby
ieZafaADOk H b"Z IgYPBLWPm~ bklhggbdhjffhy”~ _jgaoclih
ghlijhba\h”~bl_evgtoRIn/k[2]. BLWihkem béyljZ[hldbogh
ehlbbl_klbjh\ZdBYy_jbZef\h[oh”*bfuo/*Zevg_crida\blby
| _jfhy”~ jogm&lzZzgh\hd

<j_ZdIhBLWHRKIZpbhgZj@guhdwg_jloBkl_gdm” nmhkl-z\
eyluU-7F</Vf?> Z\ gZb[hewg_ jlhgZijy zgpeZktb b\ _jlhj_
10-20 F</f?> [3]. G_eva¥d bk
dexgblg_rlZlgkh[ulbykju\u
ieZafu dh]”~zZ\ke_"klI\bihl_jb
mijZ\ey fhikhmZiZkzg\gizeyZza
f_gghfgmjwg_j]yoh”*¢pZl _-g
dmad,1-2fk Ijb kju\_gZ]jmeadZ
kl_gdim> _1"hklb]DI25 F>"/f?

(0,2-50 = </If?).

Qlh[@wZsblbklVZevgkixgdm
dzf_jblih\j_""~_ghan g&Zsbl
gZy[ebph\&zdzZzq_kiZI_jbzZeZz
aZsblghebph\dZdlhBZ WJgZ
k_]h*gyrdbgw([jZdhevnjZf

JZkkfhljblf* _[m”_jlZkiheh
g dzZdmAM_hjlZgbah\\hex
njZfh\Zly[ebph\d&Zkh\j_f_gguo
Ihdzfzdkohf_ljbfyZ]gblguid
\_joghklihc*h[gBah[jZ zg@lZcibki. Ko_fZlbgbhh[jZ _d&bg_
jbk1, 1~ _ij_"klz\e_lgh fZlbqggdbydzZf_jy_zZdlhpLWJIDjZkguc
bah[jZz  _gb_g_glhzZf juBLWJIp\_+h[ebph¥YdA_jlhjigzg _\uc
<eh’ _gguwim|\*jm]zZazfdgmlu p\_+h[ebphVdA\h&l_gdb
fZ]lgblguh\_joghkidZjmh{jZ
gbq_dc&uizjzljhkdhhdhjdby__Vuoh@Zh\_joghkllZf_juh[eZklb
Ab\_jlhtzki_pbZevghihhcklk2m Zs "eyjbzfzZdhehkkZevguo
ihlhdhgZklbpwg_jlbilhkImiZxsbo”r"X*hek_iZjZljblH[eZklv
ieZafug k_iZjZljb&kdau\Z_HkYbjhqgkeh(scrape-of-layer, SOL).
QZklhpahklZ\eyxsbhkehg_m”_j b\Zxikygblguhe_bih
iZ"ZxdZXKl_gdb

YlhkeZgZehadmevIBlIhWihe gmkdhjblpphlgz4 jfhy™ j
gufbj_Zdlhjzké_"mxsihdhe_gjpkcajZ[hidiZlhjum*zk *\mgZijZte _
gbyo

—1_jfhy” _jogwg j] Ibqg_jk&mdhjmklZghhdk®g h\gaZd" ZdiiZlhjhc
azZdexqgz\iljkyba\h™kwWdp_jibb

—1_jfhy”_jglulkclhggdpdcljhghB8 & mklZghhdkg h\gaZd” Zdjtzkh
jhc-ijhba\h~lvcljhgu_Zdp@p MklZgh\WdBGih]mJulv\_kvfhk
lj_[h\ZdekharZgbjbrgyoZdlhjlhhgl-4_e_gb_
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<j_ZdlhBLWBih"h[gudmmklZgh\gZ]JgmadZeZktib\ -j
lhjZZms_ KkI\ _‘sgh q_fgzl _g,dkifi 1Z[eb f.m
LZ[eblpZz
GZ]jmadzZ[jZszggdieZafih\ _joghBIbW2kebb\_~ gu

"ZagZq ,dbybnju_j _%kdh[dZfbekl|ZpbhgZjgubfh\pbnju
\kdh[dZbey_j_oh”gjlp _kkh\

IhlThdvg_jlbb ThihdjZklbp L_fi_jZImjz
HleZklv F<ff? 1/f2 K
| _j\Z¥kl_gdZ 1-47(7) 18— 16" 450-900(1300)K
>b\_jlhj 10(20) 16* - 16* 1473(~hL i@

Hlebph\dZb\_jlhBLWJm”"_Hj]Zgbah\izglZfiZcdbhev
njzfzd |l_iehhl\h*ysfZmjbZemoez ~Z_¥hthCuCrzZr [jhga_
<Jhkkdboghehlbpxba\h*"kMN®\_jlhjgd@kk~éy ZdlIhBA WJ
mki_rdHjZ[hl1ZeBBDBWL GZbk2ij_"klzZ\e b@h[jZ _gn
iheZb\_jlhPAWB§]. <hevnjZfhiabldbhesbg8¢f ijbiZygu
dCuCrzZr[jhgaq | fa~guih”~kellcesbgh €f.

Jb.Dmite\ _jIhf2BLWhI_q_kI\_gBaZ[hljibkmghak | Z 14

Keh ghldl_"bg_\diewnjzZbhZjhgaazdexqz\ Ik glhm
AmadpZ]j_rahl_fi_jZImjur_450 K CuCrzZr [jhgalZ jy fi_ oZgbqg_
kdmiyhqghkiybgzimom”r_gh]lj_kkbjwkmN_ebq_dbfif jZIm
ju b "ebl_evghkdhj .\Z GBDBWLjZ[hlZébogheh]bxkIjhc
(aZ0-20fbgmizZzcdBeyhlhjhmom2r_gbYhckl[fhgabhdZaulZ _Iky
g djblbqgguf

J r_ghlhf glhthevnjAfi_ZdIhBLWIm~” HkihevaM&y
aZsblg_lhevdhb\_jlhjghbi_j\hd&l_gdpuehijbgylh2023]
GX&_lh"gyrdbagy_IbgnhjfZzphZdbf[jZzaHm”_rmkljh_t[#b
ph\diZj\h&l_gdb

<hevnjgflhevdhey_ Iyl jbZedrZsblghlcebph\idZzdlhjz
BLWhglZd nblmjbjmdZB[jZszggdiceZaffZl _jb2Z2é\_jlh)B
\k_@zZjm[_"gigl_dlzZe "mxsj]BdIhp2FH5] - 1_jfhy”_jghc
mklzZgh\diblhjzyhe gz h”_fhgkljbjh\idleemqg_ge dljbg_kdhc
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wg _jltblaj Zdp@dh ljbgbgiZdhihimeyjghkhlbmgbdZe vig o
kiI\Zo\hevnjzfZhi_j\uo \hevnjzZf kZfuclm]hiezZ\dibbch”*bg
bagzb[hel_jfhklhcdftzd_jbzZedhXA_fe__]h_fi_jZImijgZ\e _gby
khklz\e3420 K[6], ZI_fi_jZImdBi_gbype80 [6] (hg_dhlhjbk
IhggbdB355 K [7]). <h\lhjuol_iehijh\h*ghklevnjZAzikhdZ
\7-8jzaur, q_fmklZe._<ukhdZyiehijh\h~rghilgvowZ gZey
[ukljh]hI\h~"E ieX&hkl_gdb zZdlhjZlj_lvbahevnjzZflghkblky
dfZehgbke pjghicgbadhzZdIb\bjmwefudoglbhgp_ ipgbadhzd
Ib\bjm_ftdl_jbzZeh\*"ihez]4lhg_j ca[he 100e_ihke\lu\h
NZ)_ZdlhhavdkiemzZI1@pbb*'zgg@h\ghkiZ "z "hzZdhphjh\gy
glhdhgkljmdghxgh”_fhglbjh)\ZA¥Z|_jbZeui_j_jZ[hl|Z48)v
<q_I\zjludbhklhbgkl\hévnjzyXey_IgpadhzZkiue_ghbkl_
ghgghezZafheZ]lh*"AmwkhdZéhfghZkk\hevnjZf¥83,84Z._f —
ihjhlh\uwg_j]lbjizkiue_gblyevnjzf@&hfihg_glzZlfbjfhy” jghc
ieZafwhklZlhggkhd9]: 178 w< ~_cl_jb 129 w< Ijblb ,f
107w< ]_eb._fhkdhevkim~gwyg_jlmZklbipbkl_ghggbeZafu
khklz\efy_d _10wg<jZkiue_dbevnjZfm™ djZcgZeh<iylup
\hevnjAfighkbl _egxghhjh]24 jZzaZ r_\e[_jbeebyjm]hlha
fh gh]hzZl_jbZaZsblghfebph\d¥JGZdhg\-p_kludhevnjZf
[m~r dZo\ZIu\Ellghkbl_eg/glthevrdhebq_KKBAHAbhzZdIb\gjte]h
IbWkjz\g_ogkym]bfhafh guffZl_jbzZeaidbsblghicebphl\db

Dzt#ha\l _klghzZ ~hifexk kbrbM\zZfbgmkidb i _j gbke_gguo
bkdexgbl_ef®bklhbgkl\We{u kljZg,ghkelu m\hevnjzZ§Z[ v
ehg_"hklzldkeh gyxsbhtbkihevah\¥ghfhy” jgm&lzZgh\dZo
>Zggulc[ahijhk\yszigh[e fZihagbdzZxspfbkihevah\Xlgdy
njZzfAdzq_kh\[jZszgghlilezaffZl_jbZ&dzZhbkdZil_ij_h~2h
e_ghwlbigh[e_f

2. 1jh[e_fu

21.<ukhdbxhfgughf_j

OhlydZfiuetkdzaZph _~ ghBkiue dhbevnjZifijbkl ghq
ghdeZafhdjzcgZzehl _fg f g \kh\j_ f gghazfZzdbevnjZf
jZkiuey ,lihkdhewdppZszggdieZafih\ _joghkkZmd h[emqgZxlky
g _cljzedfh azjyANfilboh~ysbiblalhe Jem[hdkechieZafbhi
eZ"Zxsbhbg _jlb\uwr, g_fihjh]lh\Zyg _jlhF¥kiue_og\Whyevnjzfz
ljbihizrzZgbbhfXhevnjz¥ZeZaflmgbhgbam blklyk dh e wniznh
fZ\hevnjzZiZwe dljhglZzfi_jzIm\jkezZzaf_gohlfmjf gy _ lky
dw<gZ jbn_jBMtha&0 dwkp_ gljiezaf ggihgmjxl i dvgbaz
pbhhevnjz¥reZafim” rbjhdhZjvbjh\ZIvkhylmthklb]Zlviky
khdbkl_i_gibhgbazZphbdjy _gmZklbpdeZafbaemqg&gl jlbx
ijbgzihl_jggdhjfhaghaemq[l§pb

g 1§ 10% g | nz?T, 2)
bj_dhf[bgZphbtbgpghg (40 _
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1
N ©

ijhihjpbhgzezfgbz* khhi\_IkI\_ggjb\_~_gguljfmedob
R dhgp_gljZpébdljhighhgh\ieZzafZ, —azZjytthghlk, —we-_d
ljhggdyfi_jzZlmjz
Lzdbli[jZzahithizrzgigbf_kbhevnjzZfdezafoq_\ZIdgj -a
f_jguf_zhoezZ ~_gbzZdbilh_jhylghkjlivl_dZgbydpkbgl_aZz
j_admf_gvrbhlRyh[wlh]dp ijhbkoh”Nbgedih\_joghKkhevnjZfh
\hch[ebph\filb'ghgZg_k|bhe_ez]dbwe f_ gligbf_kwhlhjuo
\iezafg [m” KlhedjblbggZZfuez]dhve f_gthlhjuijb gh
fZevguokeh\lgyp\eyxIR¥ aZ+hi Be,B,C.<k_ hghZkkfZljb\Zxl
kyfbebhzkkfzljb\Z&bjlhwehfdzae f_glewZsbliu j\h&l_gdb
| _jfhy” jgméalZgh¥redmklZghbtkdhevamx$bid,chlbkihevah
\Zgbm]e_jhedaZsblkil _gdddzZazZebkibgbglukhdhllg bf-
xs_]hj_~_eZkus_@Ao\AjBIbyi_j hkzZ ~"zggpheo \h~*hjh”~guo
kehyo jbeeb_$2 gZ2qz2223) ieZgbjh\h¢bbp \EZIliAmkl -g
dm_ZdIhBAWh~*rgzZdlZl_dmslkef_ghl_Jhhkihevah\hgdbFaz
ebkg \ihke_"~ghkx_j_tijbgbgthjh]lh\badzdc [uetkdZaZgh
\ur, [ _jbeeb2MjZzaZhjh \hevnjzfz
Eblbb[hjgZih\_joghRlbevnjzjfZkkfZljb\ZdddyZb[he _
i_jki_dlb\ggzk _1h*§Fl _jbzéeyhdjulbyhevnjZzfhW¢Zszg
ghdiezafih\_joghkllibdjulbyahjZgzh\_joghkhevnjZfEKh
\j_f_ggubdzfzdZghRylh?*ijhp_"ihjjhgbazZpklgvIh]fth gh
bkihevahl\BlwsbgpgZajyRijbf _kvXb[hjZBBs dZd gZklghklb
g4hdZfZTEXTOR [11], bebd Zj[hjZgZ & ZIhd Z f Z d=Zeoh [+ K[12]
bEAST [13]. GZg_k_glblbfh "ghhkms_klI\bHi¢okuidAyeZafablb _
\mxiueVld], bkiZjyblbe\Zzdmmf| tezZaf_ggufajy hfj]Zgb
ah\zZobjdmeypb&dhleablbkl_dZxs_ihkkl_g,dZlZzd bkihevamy
dZibeeyjgpbklukljmdIimpwa\hevnjZfh\AhltehdighiblZggh]h
eblb [5]. Bkihevah\bdhjzbeblbyk\hxhqg_j *e_qalZh[hc
jyNijh[e_€lhdkbqghdyvhjzghklazo\Zlljblbyijb khhkzZ ~ gbb
k[hjhf\ukhdmZo\Eblby eblhbh*rgzZdjh[e_ fhukhdhd&Zjy"h
\h]lgbkdBevnjz¥kh\j f _gdhdZfZdZaongbgbkzlv

q 15 10%g ! nz!

22.<hevnjzZfh\iznev\ lhdzZfZzdZo

Kms_kl\ng_kdhevdbzZgbafh\jZah\ZdbgvnjZfh\lilueb
\lhdzZfZzdZch[eZklyp jZkiuey_ fuoZafhighbkoh”~bkzZ ~_ gb_
jZkivezggu lbjzkimézgdbh” _j Zstzl jbxé_gdbh”hjh”
Hlikezb\zighbi@zghigb\h~"bdh[jZah\ZdbevnjZfhibheb?sz
h"bf_ozZgbRffZzah\ZgbevnjzZfhibeb jZa[jua]b\Zgh _eépjo
ieZ\e_gilhb_joghkdEijbf, ijjbwjhamgbiheyjgtmgfb

Sbnnmaeyh lhihi hjhXXhevnjzifib | _fi_jZ1mpaG-900 K
[16] f_~e_gdZkjZ\g_glbdbmkl _gblgwifeyfty]: wnn _dlb\gldc
wnnbpb2ghnmable!l _jhyhevnjzZzg2,5-3ihjy~rdgb . IThwlhfm
ijb h[emqg_ghb joghRlhevnjZzifE "hjh*girezafhidih\_jogh
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klvxgZlem[boghjy*rdlZm[bdg_"j_glblyghfZl_jbhelZau\lZi tky
j_gZkus_gbhufhjh/toflZzg mki_\dhtdbgmly gZkus _ gkeuxre
<wlh&blmzpbbBbhjhkdZieb\Z\lkyn_dlAbjfbjmgyZihe_g_ggu_
]Zahihehk+b[ebkl _jilbdjhf_Iljh\hjmf_ [B]. Ihf_j m\_ebqg_gby
"hath[emq_glhebq_ K&kl jAhajzZzklZz*"2e baaZgZjZklZgby
gZijy _gbdhbkoh™Kkidjulblebkl_jH)ib wihfgZih\_joghk|hk
"he ZzxH[jZah\u\ZptKyw [ebkl .juHle_lZxsbjurddebkl_jh\
hr"bpgadklhggbdhdvnjzfhibheb IhdzfzdZo

?szh”"bd_oZgbhfjZzah\ZgtbgvnjZfhliheb- jhkNhevnjZ
fhlh]hmogb h[emqg_¢béb._Ffezafkl_jfhy”~_jghfzdlhjm~_|
khklhyifjvbfms_kI\_ma@hcl_jdyblbypijh*mdbdkbgl aJZ eby
=_epthlebgil\h*hjh\2\hevnjZijZzdlibg_lgdbh”\b:. <g -~
jzggud \hevnjZlf_ eb&]ehf_jbjm gZiheg_gdZahimaujvdb
Kjhklhfhab[emqg_pbeb ofZh\_joghKkhevnjzhhjfbjm_I1&Ey
gZaul\Z_fhevnjZfh\iuc§l9]. LZdZdgojmidbkeglZzd y\ey Iky
bklhggbdihfevnjZfh\hweb\ IhdzZfZzdKkh]eZkghulmihdzfzdZz
ASDEX-U k\hevnjzZfh\Webph\dhcevr\k_ ]Jhuebh[jZam _ljlky
g_rlzZlgkdhy\ojZ[hI20].

<hevnjzZfhidgv\ |IhdzZfzdzvo"_d_ba[_"kgh~_j ZIMIb.c
LzdZzB8aa4Zz~bhzdlb\ghlkibyg Z JtKkh”_j"Zdzf_jgZeZ]Zxlky
h]jZgbqg, gbeyvgm "glm~ il jbh~"bqg_rkdBeplvale dE&y tjb
IbcDjhf_lh]lhiuevfh  _Ig_klpbkdaju\l\zZHIghkbl_edlgdbq_kl\Z
h brZ _fhBLW0Ouebfh ghk”_eAlb\h*bahim[ebdh\Z§dgguo
h[h]jZzgbg_gbyehimklbfdhhebq_.k&\jugg \c jkbiah_dJlAh
]1"&|l _gddeh[ebph\Zgjbeeb ZihevnjdfljZnbbkihevah\Zebkyv
"eyh[ebph\tib\_jlhjguebmklZgh\ekegu*mxsib]jZgbg: dby
"b'gZiywew g _[he 100d]\hevnjZfh\106d][_jbeeb _bl2a0d]
liZnblh\hecebhgmljwZzdmmfdBE€E€ jbihg [he 6 dliuebdZ ~h]h
\brg»ZlhjygheZklbg™no jlh[ZA]. <[he_ ihargim[ebdZ[2p]b
ijb\h*blky]jZgbq_gBoheh”~rgfh{bebam_ fwewk 0ZjzZdl_jguf
jZaf_jib0fdf— g [he IhggwkmffZjghckuebgzZh\ joghklyo
kl_fi_jZImj\ua_500 K- g _[he 18 d]JZamf_, HkjZ gbq_"gthey
gufulvi_j_kfhlj_ghuke2023 ], dh]*Zijh_dIBLWJuehijbgylh
j_r_gbbkihevah\ZlvgklI\ gfdilc jbZaeZsblghgebph\-dbhev
njZf HrgZdwlbh]jZgbqg, dblkhqg_|Zgkhdgh™ _kl\hifm[ebdZpbc
ihk\yszggkidhkh[ZbZ]ghklbdt*Ze gbgbbaBLWXIrZxlij_~
klZ\e_dgbhl_gpbzZeWh@hh gulhebq_kiugd\ | _jfhy”_jgjhf
Zdlhj_

>eyn”~Ze pheb zgm gihb\_klibih*\b gtkhklhygh[jZIv
b\ug_klddj_ "~ edzf_ jyu ZdlhMIHh ghk”_eZlZaebqg kil
kh[Zf&e FBNBgZijbf, jZajZ[hlZvweb dljhklZIbohgfMegk|[hjZ
f 1Zeebq_kuwédlbaBLW[23]. >eyfh[bebaZpdbfh ghbkihevah
\ZlweZa , jdakh[bjzZlwjbihfhsbaZjy _gowe_ dljhBBYhh[hlbab
jh\Zgghrod@l]. M*Ze _glebfh ghijhba\h” bdW]*Zzdhebq_kI\Z
[mAnmjlb[eb Zlv&kgbfblZteyn~Ze bibbybypauebfh ghijh\h
Ablv zijh]j.\LZdbH[jZahfthevnjZfhidgW IhdZzfZzdgo‘klZ\ey
_lkh[high[e_fmg _g_jgur_gbdhlhjhme gZc”_.gu
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23.Hdbke_gb_

GZ\ha“migb | _fi_jZImj\‘ao _400-500K \hevnjZfdbkey_lky
kh[jZzah\Zgbzeflh]hhjhrdZ IjbhdkbYzevnjzZWD; ijbqgzfkdh
jhkinwdbke _lkghyur, q_flhevrl _fi_jZImjZz

<dhglzZz&KlizjzfhhrugZ]j_luhbevnjdh  _hdbkey, KkyjZ
ah\Zgbrbthdkbh2vnjZWD, ([mjuchjhrhdoljbhdkbWevnjzZzfz
WO;.

<jZ[hlZxsjfZdIhBLWVYhevnjdm” dz]j Nhl_fi_jzZIm]
500 "1500 K Z\ *b\_jlhj\hafh ' gh\ur. HoeZ "ZxsBydhkdv
\hAZijhl _dzZxsZyhfgbkeih fghl]hgbke d&ddfgukh_~bg_gbyf
dhlihjum~nkh\j_f_g N _ ]jZ"bjh\davh[emq_gbgljhgfdhg
[ZdIKljblb . fKbImZpbdhlhjhdZzdHbrh\ihl_qgal\h*"ZhkImibl
\dzZf_,jm_evayeghklbkdexqbjlZ\ghlZd_evhiikdexqgbdVhih
dzdbdb[hjbgbgzifhbahc/NZa]_jf_Ibadbpyg _&zZf_juLh]rz
g_bal[_JghevnjZfhhdgbph\[dzZ" [Imjghdbkeylgklg\ jhylgh
ihlj_[mjlfhglkaZf_ghfebph\hggeof_gl@&¥wIhHh ghihclb
_kep qgh[wdki_jbf_glZewiglizghH*gZdhi _jki_dlbi\eZzgbjm
_lk¥hhjm Zjkfure_ggu_jfhy”~_joglulb[jbrgy_ZdIhja\hev
njZfihjy*mzjzdl_jbkjbdhkoh”gim]bfZl_jbzédzZqg_kh\[jZ
szgghphezafG_h[oh”bjfflmfzZkvhkhdZsblwhevnjZhiZzhdbk
e _gbyjbwlhg aZkhjieyZafgn ° ezl _evgjbfb kyflog mom~rZy
| _jfhf_oZgbg kkbbbkf¥l_jbZez

>eyh[_ki_g_okyhcgb\hihitdbke dbevnjdf "eZ]Zead
]bjh\Ziwe _f_glzdblhjuh[jZah\u\ZemZsblgmebkgimezgdm
gZih\_joghKkdbj_iylklI\h\Z[ab®"Zevg_ crhfdbke gbdkj fgb, f
ojhfhfbebblzghDkh Ze gbk[Z\e_dlh_fgb\WwhevnjAtiebiZz
_lkyw f_"azj_gglzklj_kdb\zZiéh ghkkdyazZgdue ]bjh\Zgb_f
ojhfhblblZghf[km ~Zxgly \jZar 3

24.0jmidhklv

Hkgh\ghlgc *hklZNmne@¢vnjZfZojmidhkLv fi_jZImgZmidh
\yvadhilhj _oh¥ZevnjZfigd \hevnjz¥Zr _dhfgzZligih\caz\bkbfhklb
hlfbdjhkljmdlmhk!Z\e00-500K ZbaazZg cljhggtllemq_gby
[mMA\NhajzklZ2hW00°Cb\ur. LZdbli[jZah¥_jhylgdlhthevnjZf
hdz  _laymidbfbjZ[hgHofi_jZImjadkiemZ|gphoy \Zljlz-a
jmr_gba#sblghlebphldb

Qlh[y_rblvjh[e_fojmidhRhevnjZigin gihgbfZlvdjb
gbgwHghh\ghzdb _, dZdwojhfdbfheb[” gZjm]bwe f_ gVh\
JimiiulZ[ebpri_g”_e. I\NZI_fi_jZImgZ®1+0,2T,, wlbd_IZeeu
bihqglhk bokieZ\Wwojmidb _

| _j\ZyjbgbgzaZ[ehdbjh\Zgdtklelvd ZpMh.c<hevnjZff -
| Ze&HPBH _rzldhtezZklbgghkkPWf _[Zeeb¥Z\bkiblihA\b ghklb
\bglh\ubbkehdZpgbtevnjZhq dukhdlgZijy  gbZc jékz
\15-2jZza%ur, q_feyeZklbggudbdZeeW) |jmiidZ[ebpru_g?_

2 GZijy' _gly_h[oh~bfley j f s gblygkehdZipblekdhev' gby
ijb0 D
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e \RBaadvlh]lhbgzZjzklzgiZbjy  gbyhevnjZkdezZ u\Zkbky
ImZphh]MNZ _sbgm” jZa\b\ZxlxYokehdZpdy ih”\b .gu

<lhjZybgbgzkeZ[lkp_ie_db "mazjgZfH]. IjbjZajmr_
gbBhevnjZgbklhI¥®,97\ Ro "59%h[jZah\Z\r_ibkyjoghklb
khklz\ey_lazj_ggZajmr_dg2b]. Wilhjhbkoh?ithllhfmglhjzZk
INhjbfhkly~4jbf_k_\}h[t_f\hevnjzgdbadlZdglh\ \hevnjZf_
\ukhdlgdbklhlhnrz \fhghdjbklzZedeZau\Zbbd{ulhqgthebq_kl\h
ijbf_k.d¢jhbkoh~bbk_]j_1Zpby_ n_dldjklZeebqg_ jkdhldb
\hevnjzZfZjZgbpwazj, gkm[az] WjZ "bkehdZphthijb\h” bl
dhkeZ[e_d&bxalyZgbazj, glhby\ey_lkyghltaleZ\gupbqgbg
oezZz”rghehfdhlkMnjZ2Z]. Ijbf_kdbkehjhfdh~bdh[jZah\Zgbx
ez]dhiezZ\dpwidbtha kb ke Z[hk\yaZlgdligbp lthkeZ[eyxsbo
k\yaNzZgbazj. ¢gjbf_kwm]e_jhifZ\h~ bd\u”~_e_gWxC gZjZgb
pZazj_Wm*_n_dlZo

Qlh[uh\ukbleZklbgghkkbwnjZfan gh

— k" _eZlwvkehdzipBbb gufb

—ba[zZ\blIWKYyj_"guighf_k_lkebh”~Z\bbwg_]ZIb\dha"_c
kl\h

>eyhlhglh[k”_eZ\bkehdZzigBbb gufibh ghbkihevah\zZlv
e_Jbjh\Zdbl_jfhf_ozZgbq_hkfjidkhldm oZgbg_kdmthjfZpbx
ijbih\ur_gghcfi_jzZlmj_

;hjhlvkWhwebygbijbf_kbibkehjhHhzghki_dZAkevnjxfg-
dhlihjufihebq_klXkiib\gwWabkehjmten f_glighh[ubebm”rZeblv
dbkehjhdhevnjZ¥EhklzZé& Imqlblo_"bg_ lgbdlk\yazZIlyh Im}h
iezZ\dthdkbAbiz,0; bebBhG,. JZa\b\ZxsdykybgXklj_ q2Z¥pk
i_jkgmgZklbprdkh”*&@ZImiey bkjy djZzsZklhzzZkijhkljZzg_gb _
[24]. E_]bjh\Zgdundbh[jZzahff_ 1Zeemqrh[jZ[ZIu\Z_IlRhieZ
klbgghRim . >eyih~rZ\e _dby*ghlebygmy]le jhfhZghm\_eb
gblvZkl\hjbfhkdye _jh\™"\AhevnjZimlzA\_~_ghydZj[b hh[jZam
xsbowe _f_g(dXijbf,Re)[24].

3.LjZ"bpbhgdguhkh[memqr_gédX¥klbqg_kdbo
k\hckl\

E_]bjh\Zgbhimeyjgkchkhimhemqr_gbgabdihfbq_ koo
jZdI_jbkfbdZeehVhfgbkehevnjZ2g. DZdke_]bjmxsth[Z\
dbbf__KfukezZkkfhlj \livj\mkq_j2?"v

lj_ "~ \k_JAoh?jZ[hlId_jfhy” _joghlEdIhpAadjzZzgkfmlZ
pbbihA” _ckl\bgf cljhgh\jfhy”_jgklihdljZ \hevnjZim~m]l
9ZjZ[Zlu\ZjvRpbhkfhZlZd ]ZnghxlZglZeeb Zcrikhk_"Db
\hevnjZidlZ[ebg_g”_e. IhZjh[gmkwo _fhpZgkfmlZpbltev
njzfih” _ckl\bhfemqg_gbgljhgzZfwg_jlld4ddcw<th ghgZclb
\[27]. Kh]eZkj@kqzI|R8], ihkeh[emq_¢bgaHe®nkf g _cljhgh\
[_jfhy” _jghihdlj2\hevnjZfm~” kih™_j"Z10K§7 % Hf, 0,525 % Ta,
1,24 % Reb0,38% Os,Zq_j 5Sae_lg_ij_julghZ[hlujb g_cljhgghc
gZ]ljma&dM<If> kmffZjglkh” j Zgwlbaojbf_k_&j_\ukbl0 %.
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JZkkfzZljb\EZgyfh gwe_]bjmxsth[Zz\dblhbdgZqzkMf, Ta, Re, Os,
dhlhjhwex[htkemgM "nglZjZ[Zlu\Z\YkgvnjZf_

Klhgdbj_ghbeyz]dhkidbebaZpbdzZl_evglh[uh[emqZ_fuc
g_cljhgzZidl _jbhdez "pwekljufkiz"hgz\_"zgghtb\ghkipk
ehgbadhzdlb\bjmefdogbh\_ eb,dwklhK Si, Ti, V, K, Mg, Mn, Fe,
Zr, O, Al [29] Z1Zd 'Be, Ta, W [30].? ke kI Z\blp/_evpukljukizZzyZ\_
Nzgghedlb\ghkdiklZgh\W\ddbZz g _kE\_]Jbjmxshho[Z\hbd __kfuke
jZkkfzljb\2e_f_ghawlh]kibkdEb wlihfgZzdezZz u\ZxlkyfZz
kljh]lbh]ljZzgbq_gfkihevah\zfibhpakhdhzZdIb\bjmwefufo glh\
dZAl, Ni, Mo, Nb. GZijbf_jjbf_klgbh[byZmjh\de-6 "hklZIhqggh
glh{udzZl_jb,Z\ekhklZzdhlhjhhgXoh”bty ihiZzéd deZlgbadhZdlb
\bjm _fuog_ihre_"Zej_jZ[hl&ijbkh”~_j Zgdpbh[byr_9,4-6
fZl_jbge evigw™ Nz i_j_f_sZ84].

DZan ]Jh\hjbehkiv, h*rghahkgh\gobklhbgkhevnjz$z
| _jfhklhcdhkkh\j_f_gghdzfzdZb | _odhlhjuhizjzf_Ijzf
kms_KI\_gogkbimizZkljhys_fmkyZdlhjBoLWJImkeh\gy kl_gd _
[Zzdh\glhhhevnjZfhwe f_ gdu gdpbg_dhlhjkio[ulbyezZ\yl
ky32], ijbgzfijhbkoh”~pllhevdBEkieZ\e, ghbjZa[jua]b\Zgb _
\_joghklgklehhy*Z" gzZlzdhdhlghkbl _egyghhevrheklZgh\d_
dZzt10.

ljb kju\ gZ]jmadaZsblgmixebph\aany_ fy,1-2fk hg&h
klZ\D|2-5 F > /2 (0,2-50 = </If>). Kh]eZK3Bh ijb gZ]jmad>"/f?
ih\_joghkhevnjZf@a” ikzZ\blykyp1,2 F>/f [mA” ifhbkoh”blv
jZa[jua]lb\Zdydi ,eijb1,9 F>/f* ih\_joghkldueh Em” dbi_.lv
—em[bkheZhwnzZljhgmbhhjjihabwa kihg gpbjZdidgdhyhklhfhsgh
klbgZ]jmagdbh\ _joghbliyb9 =</f* khklZ\Ha2 ff [34]. >eyf _g__
| _jfhklhcdbbZeeihke "kljbgHuk _jvzag__

Qlh[khojzghtlkgh\ghhklhbgkVhlevnjz$fa jfhklhcdhklv
“_eZl_ewghRbjh\ZIMwe _f_glXxfloZzfufBukhdbflofi_jZImjzZfb
ieZ\e_gbwygylbxlm]hiez\tiblZeehij " eydl# |Zeglu fi-
jZImjizzZ\e gblylhjuaur_g _dhlhjhebqgbgujZzaebggaua -jZ
ImjgulmklhggbdZaul\ZIxIfi_jZIm3200 K 2000 K brz | _fi_}z
Imjie Z\e _gby aZ535c][35]. <IZ[elijb\_"_dufi_jZImijez\
e _ghigehzZdlb\bjmf_ ldeeNZd Im]hiezZ\dblZeelihevrbg
kiINztbadhlhjuwajh*"mdlpZgkfmlZpbdvnjz¥m ke h\hyad

L fi_jzZImdbi_gly fgbhlZgWgzZYoyhfAZj]ZgpZe_
aZgb” q_fl_fi_jZImij&gz\e_g\Wyevnjzikh_"bghZdbwe_ f_glu
\deZkkbq_kikzdjh[e_fzZlb,ggd e_]bjmxsbh[Z\db  dbiyl
Zhkgh\ghclZeeszg jZkieZ\eljyp ijhba\h~"kkih _"~bg_e¢gbldh
iez\dhbAm]hiez\ddhihihg_giZdlbqg_lgdtha[_"jgn”*_ilhemqg_g
ihjbklutzl _jbZxéeékgb  _gglhdehijh\h~*ghkd¥hfh  _|hdZazlvky
dijblbggufkejp gb~zhijbf_g_gbéwZsbliu j\h&l_gdbrJ]»_
[j_[m_l&yij_julgbdukljudl\htihehkkZeMdhdH\ ieDjhf_
Ihlhl_fi_jZImijegz\e_ gbieZ\2mwe_f_gh{uqgijhf_"mlhggZy
f_"Am_fi_jZImjdélz\e_ gblyfihg. @ _flufug_e_]bjh\Aékv
njZfl_fi_jZImijez\e ggypablky f[hevrq fgb 1 fi_jZImjz
ieZ\e_geéylbjmxstic[Zz\.dbm]hie Z\8beb[* —ddukhdhZdIb\bjm _
fucwe f,ghwlhfmeZl _evbah “Zlyhhkihevah\azgEyp evx
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khojZg_lgmlhiez\dhklbgh\vjboh~bdlhfmglhokihevah\gZgb _
gbylZglZgZnghyhkfhydhlhjublZdm” mylZjZ[ZIlu\Z\WhyevVv
njzf_ij_~ihqglbl_evwgm]b\@jbZg.lB\ai_j gbke_dgqudeehk
fbc—[eZ]lhjhrgugZ]lhp_gdulZei@Zlbgh\ljmiiphgkZfuéh
jhlhbgzbf_gZzZkijhkljZgzdgut]hieZ\tdblZeeh)

LZ[eb2pZ

L _fi_jZImijaZ\e dgbdbi_gblyevnjztg _dhlhjwe f_glh\
dhihjuh gHZkkfZ1jb\Zéw ]bjh\Zgbev njZ3Z, 36]

Tie Tabi
We f gl e dbi >hklhbgki\Zl G_~hklzldb
Z.f. oK oK
c 12 i <halhgldzL_jfhklhcdhklv <ukhdbg
k3700 | Gbadhzdlb\bjm_fazZo\EZlI
Si 28 1414 2900 | gbadhzdlb\bjm_fuc
Ti 47,9 1670 3280 | gbadhzdlb\bjm_fucll G
v 50,94 1920 3400 | gbadhzdlb\bjm_fucll_G
Gbadhzdlb\bjm_fuc
Cr 52 1900 2690 DhjjhabhggZy
klhcdhklv
Mn 54,94 1246 2061 | Gbadhzdlb\bjm_fuc
Fe 55,85 1538 2861 | GbadhzdIlb\bjm _fuc
LmJhieZ\dbé<ukhdhZd|b\b
Mo 95.94 2623 4639 | | 1ip 4 GidbRT im fuc
LmlhiezZ\db¢
Hf 178,49 | 2230 4600 | 2071710\ IWK)
Lmlhiez\db¢
LZ 180,95 3020 5400 | FZehzdlb\bjm| fuc
GZjZ[Zlu\ZWK\
Lm]lhieZ)dbg L
w 183,85 3420 5680 gbathdIb\bjm_fcu)!:m'dbC
Lmlhiez\db¢
Re 186, 3180 5600 | 7120210\ ZWK)
; . >jZ]hp_gguc
Os 190,23| 3030 5030 GZ'-.?%;:E\ZZE\‘/’VE‘ f 1zee
J Y Hgq _gwnijh

Fbjh\hijhba\h~k]¥mgbjy gblylZglZz&BklZ\elgdh &b, 70
b420 Ihggd 1hkhhI\_IklI\, bgilh\ZAh[uqglzkfby\k_]¥#20d]Dbeh
]liZffRe bHf kIhbldO lukjm.[1ZglZe r_\dihelhjjZzaBH" b jZff
hkfbklhhbl0-200luk"heeZ[h20fegim[e)[87]. Dhg_gbkihevah
\Zgb hkfby‘eyihiulhdmemqgrbkvhckl\Yhevnjzhddhghfbqg_kdb
g hijz\~rZgh
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?kekms_klI\mbZizahdgi_jzZIlmjdhlhjhthevnjdfe_ ]bjmx
sbhcwe f g@gZoh” yl\kwklhygBhieZkXdeZ\bfviZeedghkbl evgh
e_]J]dKwlhthqdaj_ghbyhs _\k_]hjhba\_kkdibeZ\uhevnjZkzZh
[Z\d ZRe, Hf, Ta,dhlhjudZfluehkdZaZAgh, \ ex[hfkemqg[Zn"m]I
gZjZ[Zlu\Z\YkgvnjZith~rg cljhgglifemq_gb _f

?kele_]bjh\Zgbj] gbke_gowmébf_glahgfbihal\heBhklbqv
T eZ fheZklbqgghidbghbkihevahbZljm]bwe f glbelyZeh
"b\h]jZgbqg_gfykh” j"ZglhethldZaz\rbkgzZf | glbkihevah
\Zlbkdexqgbl_éxghzdlb\bjmfZiujbZeu

?szh*"bgihkhhemqr_igghdklbgghklbovnjzfa jfhf _oZgb
g_kdEyjZ[hlddhlhjagdexgzZ\ tkynhjfzpbldzZedep ih\ur_-g
ghd_fi_jZImp_nhjfzpbwyevnjzZijp | _fi_jzZImfi_gvrl fi_}Z
Imjy_djbklZeebajbphbdbbdbaf _evq_abjxlmih\ur_gbikxehlgh
kib*bkehdZplke_~kli\p Jh fi_jZImjyZaddjmidhilhj_ohfZ _I
[ulvkgb™ _d¢hAdhfgzZlightzZz gb'. >eyyZdh%t_nhjfZpfthb ghbk
ihevah\ghd zZth\dp\ghdzZgZew]geh\ih_kkh\Zgb _

Ke_"nbfl IW\bAnglItebl_evgZn!l#ZZl_jbzigBl_fi_jZImj_
\ur_I|_fi_jZImjudjbklZeebajpphbbdmdjmig_abx gmf_gv
r_gbxehlghktbkehdZplith”*"bjZg_Imemqr_igehaklbqgghkhb
kibJgmllu jfhf_oZgbq hKda[ch | d24.

4. GZbemqgrthklb]JgmjuamevliZlu

<hevnjbkihevampi® hljZkeijbfure_gghkfibrbghkijh
_gbwe_dljhl_opgbtlbg_kdjlhdure_gghblyg), ihwlhfiph[e_fm
ojmidhRhevnjzZifZlZxlky rblIvhklZIhdghgk kh\_I1kdkiffZ
\hgqgbiP86] [24] kmffbjmxMNwykIb]Jgmddhlfhf _g]j ameviZlu
1) e_Jbjh\zZzMa Nbijb\h~bdjhkl;

2) e_]bjh\zpBy ijb\h~bdmf_gvr_dhx

3) e_]lbjh\ZgB bHIC \ dhebq_R|M0,2\_k% ijb\h”bdkg-b
T_gbxt,Mhijbf_jg260 b170 KkhhI\_IkI\; ggh

4) e_]bjh\ZReb _

—1-4\_Ro kgb ZT,| »hal50 o

—-5-15\_Kog_mf_gvrd,l

— 25-30\_k% kgb zZT) "hdhfgzlghdi_jzZImjulhgzfhf_ gl
\uohfZ] [ueremqgrhf amevlZIlhf

Lh]h_j_amevifalgghhklbgmlzi_jfhf_oZgbqg _hfdafchl
db\hevnjzkzh]lezKglhm _kijZz\hqgheBt], kelbaf_evqgdlygh
ih\ukbhlghr_gbebgdihi_j_qghjidaf_jhhiehlghkliokehdZpbc
fh ghih\ukblgzZljb ihjyrdZI|_fi_jZImppmidlyadhjhj_oh”"Z
\hevnjZKkZ _eZ2NZ gb dhfgZlghc
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G_kdheedbhzZaXdr_eh[ahim[ebdZphk\yszggilhouldZf
memqrhézZklbqgghklevnjzPB], Z\lhjuhlhjhpkihevahBkb
ebl_jZImjpuethggBal_j_kghhg_kfhlgyZhevrhleg!_j ddijh
[e_fbdhehkkZetftedim[ebdZph&\yszggiedklbqg hihldv
njzfzad2 |hAdjhr_~rbé_"~"mMmuoh” "hZ[h[R4] b[25] g _Juehk”™_
eZghbg_ijpbgpbibZeghbhh]hlhjuh[ah[25] 2018 ] kkue Zx Ik
jZ[hlw dhlhjulmibkZgZbemqiregdklbgghklewnjzZhklb]gmlZy
e_Jlbjh\ZgwlhzZ[hIRehiiBE"j1966] ] [38], ]*_"eW-1,9\_RoRe
[_fi_jZlmggmieltyadhilhj_ohREKIZ\el,eZ24 €, Z" e W-26\_.Ro
Re [ueZhklb]gmIZ-101&, Z1Zd KIZIvlyZnnl®69 ] [39], 1" ey
W-25\_RoReihemqllighk 77 €.

GZbk3, ]7_djb\_~_@Z\bkbfhklhlkj_~g_jlbaf_j&_ jog&Z
hkgh\ZfgbbBajbkmg\Wdw2ghlglhl, \ukhdhe_]bjh\Z4ggh]thev
NjZf4jbf_jgk 200 Kf_gvr g_fmhevnjZbhylhbaf_evq aghgZ
\ukhdhe_]lbjh\Zdgghlthevnjzkgb ZTJ"hdhfgZlghc

JbIBAZ\bkbfHInlk] ~g jhaf_jZ jgWE+we dljhegiy YE2¥\dZ
>1—~m]h\&Z\dZ Zggh[ah[zB]

:\lhju h[ahj2Z5] ijboh*yd\u\h”~ZfqglhZ e_]bjh\Zgbgb _f
kgb zZT T, DI_jfhh[jZ[hlkdP_evoaf_evq_agbygkgb Z Tj;
\) hilbfZevigleHu baf_evqdlygkie Z\WRe.

lj_~iheh bfu kha”ZebevnjZfh\impebph\@&mbadHhrg.
HklZg_kkbhgZZdhcoh”jZ[hlu_jfhy” _jghlEdIRjZebl_evgZy
jZ[hlzb Il _fi_jZIm\ur_|_fi_jZImjudjbklZeeb&Xpbdazg |
\k_"hklb]gmiruemqr_iggdklbgghkilwlhfm fi_jZImjndjbkizZe



90 K _dpdy

ebaZpdgh gh\ _ebgil@kdhewdtfh ghjZ[hlZIveZl eVgtbf
h[jZahdlh[dZ|_jbZeg "hklblZdZ[ebmgb ijb\_~_dufi_jz
Imjy_djbklZeebaZebmjzbhg _dhlhjulkieZ\hdb”glglhe _}b
jh\zZgb\ Ihfgbkeg_gb fkihkhfihlhjufh ghihAgyllv fi_jZImjm
j_djbklZeebazpbhb

LZ[eb3pZ
L_fi_jZIimjdjbklZeebaZebmjZfh¥uwd_jbZeh)

<hevnjzf Khklz\ Li_djbklZeebaZpbb

K
FhghdjbklZeebq |kdbc (0?53&2(5)(%?2)
IhebdjbklZeebq |kd bégzgcl)s\\_f&KH 1300 (K(0,42T; )
E_lbjh\ZgRamos | "&20° OA' fho\ e 1550-1600cK

E_]bjh\Z gy Bif, Zr, Ta 3-10 2% 1550-1600cK

K< 0,005\ K%

Ilhfbfh\ukhdbofi_jZlmg_cljhgghemqg_btadd [m~”_ijb
\h~bldjhklm. IThkdhevdin_]Jhgyy_eh\_qg_d&lkharZeklhqgqgbdZz
g_cljhgh\jfhy” _jgk]hdljZhqguigh]ghahWwWlhhighr_ghkb_
eZlg _evdl ghlhevdHjhbly ~iheh' giithkgh\Zdad g gbc
ijhbkoh”y&bol _jbzZe\g_cljhggkiodljZé _jgyoZdlhjh\

5.:evl_jgZlb\gkihkh[u

<ihke_"gh~ruzklzibgl_j ckijbf_g_gl**blb\glumgheh
]bd3D-i_q2lveyijhba\h~"kin&_f _gbelhevnjZfAzZlhfgbket‘ey
| _jfhy” _jgm&lZghVhwf g g@~~blb\glummghehibc_lihath
eblwalhlzZ\ebkidfkwMm IZegv h[oh~bhhdfu b kjZakh _~bgyl
kn _1Zeylhjm]bf@l _jbzZelh\ _kl[hclbh[e_fuehohh[jZ[Zlu
\Z_fhklibevnjzZlhZEeh ghklblhZcdhke*jm]bfbke f_gl&dzq_
kI\_Zz~"blb\gludh~hijhba\h*klh&vnjZfh\VWolZejZkkfZljb\Z
x 1 [40]:

1) eZa_jglkZ\e glkehihjhrdZdaser powder bed fusion, L-PBF).
WIihf_IhtZd gZau\Zkle_dlb\gifa_jgiefZ\e_gb<wlhf_Ilh
A dihjhrhéhkz ~Z _illkkkehcdhesbgB@150fdf bieZ\bllkeya_jhf
jZ[hlzZzxs\fbfimevkdgefbhklhygghfbf_F_Ih4j_[mZllfhkn_
juZjlhgz

2) ljyfh_eZa_jdhjZsb\Zglaser directed engy deposition, L-DED).
<wlhf_lh”ihjhrhd_lZed¥h~blkyh[eZkZkieZ\e_ gadex jhf
>Zggufc ITh’h[ugglh_[m Zlifhkn_Kilhggbf_gy_ Ikgyalhkh\
e _ghwyighkbl edjghiguo 1Ze >hklhbgkfi\hh"ZgZbf_ gvibky
| _jyfZl_jbez
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3)ieZ\e _gkehwhjhrdde dljhgagmfdldectron beam powder
bed fusion, EB-PBF,Z d " electron beam melting, EBM)>Z g g ufc_ | h " k-m
s_klleyXI\ZdmmZagZqBlbihl_Ibq_kpih ghijbf_gylg_ih
kKj_~kIN_gdghjfhy” johklZgh\d_

H[s_djh[e_fhZz"*"blb\glumghehijbd gbl_edihevnjzZfm
gZrZggubf_glh\eyxlk¥klj_kdb\dghjbklhkfizl_jbzZeihem
gZ_fuioj_gbke_gd&kuhtlkh[ZfAlhjuh[ah][2] hlf_qZxdlh*Zg
gu hf ozZgbq_ ktlbokl\¥oevnjzZzfh\we f glijhba\_"~zgg0o
Ablb\guffo Ih~"Zfh]ljZgbqg \gu[eZklib\ur_gguofi_jZImjhly
bf _ggYeyZ[hldwlhk[ezZklBdbwve f_ gdkha”Zxlky

Kms_kl\mjxl*eh  _gjekkfhlj_ikv_ \"hkieXhevnjZAdhf
gbkéhevnj4f "{41,42]\dZq_kEevl_jgzZllg¥dbpbhggudzZz\Zf
\hevnjZflk_\"hkieZ\uh_"bg_\gbsy klkh]jZgbq_g\atzdbfghc
jZkI\hjbfhklvbhebgguwfikieZz\e _d&blykh[hifk _\*"hkieZ-Cu fh
T lij_~klIZ\eKIv[hé_~gm&kZljbpm dhlhjmX _qZlZglymibgdb
\hevnjzZfh\hiphrdZbebhevnjzZfh\dZjdzikhf_"mlidbdhlhjhf
aZiheg fgQvx

| _j_gbke_dgutreh _gdhdoh rydiylZ bphjZ[hldby 2 Z-g
gucfhf_glg_lihgbfzZgbyfh  _leb”\b" _ghb_wlb&evl_jgZlb\guo
gZijzZ\e _ghiyd\blkyhkgh\gifb[e_fhihevnjZfdjmidhkliyk
dhfgzlghcfi_jZimpg_ihl_jy dbijb wihffhevnjZzf\hbo6hkih
bgkldztzl_jbzZie4d\h&l_gdbrJ

AZdexq_gb _

<hevnjZfihjy*mhdZaZl eemgrbf@|_jbZ4ej\h&l_gdbyJ
ljh[e_fhaukhdhdEZjy*h\khptkeBevnjzfhkicgdbrzxl[hjhgb
aZpbbebkeblbbazZpbh¢e fm~rZe fbjzah\Z\r \dlewnjZfh\hc
iuebzd'j rz_ fZz

Hdbke_gjlb \ukhdHdofi_jZImjiZorklZ\ey_ &mkeh\igm x
[e_fmMmzZdZd_evhikdexgbjhju\ZIfhkn_pieAh W\ dZf_jkijh
jyag_kl _gdhc

Hkgh\giZly[e_fWhevnjZdZdexqg\ gldieZklbqg_kdhokl\Zo
\hevnjzZdjmihidb L<400¢. Ih"g_cljhgghhfemq_gBh_fzZklzl
bfh™ _lij_\ukb700 ¢.

E_]Jbjh\zgbevnjZkzhkh[ghrblvigh]bijh[e_fughg \k_
hrgh\j_f_.cgeghyvaZsbllulhdbke _phkkfZljb\2Zxllbjh\zZgphfhf
blblzgh¥lhfgbkeh~gh\j_f_ggh_

>eymemqr_igedklbgghlldvnjZémqgrikihkhfubaf_evq_
gba_jgamlzf_jfhh[jZz[hldBd e_]bjh\ZgB5% Re.H[Zihkh[Z
fhlmihal\heiklbgeZzklbgghkldvnjzZifib dhfgzlghdi_jzZIm
j.GZbemqgkbltkhk[khg_l2lvlbjh\Zgbgb Kbaf_evq aghgZz

Ke “mbif_Ivi\bAmglhbaazZj djbklZeebalZpbly_ "~ gby
g_cljhgZzifb *ebl_evghhl\ dZq_kFfZl_jbZeZg\hd&l_gdh

[mMm~ d ba[_Tjgklbdhkdhewddn Jh~rgyrdbgg_eh\_ q_d&l\hk
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ihez]zrHklzlhdgbegufbklhggbdhfcljhgh\ifhy” _jgkihdljZ
fug_fh _flhggij_"kdzZakdzZdhkdhjhklym” _ijhbkoh” B}z
NZpby

G_kfhlgyZi_j_gqbke_gauhklZlebqgr,h \hevnjzffZI-_
jbZeZeywZsblu j\h&kl_gdbdg ijb"mfZed_kfhljgyZ[hevrmx
aZbgl_j_kh\Zdgmlelmqgr_géBklbgghkibvnjZfZaZihke_"gb_
40e_Ilg_eh\_qg_k2etijh " \bgmehtwvhthighr_gbdhafh gdhf
ie_dkghr_ghbijh[e_feZklbgghkKibkhdhl_fi_jZImhdbkle _gby
g_\hafh ' daeZkkbq_kfdbhBZfed_]bjh\Zypbyjfhh[jZ[hldBey
mkljzg_whlyojh[e_fg_h[oh~bfb[_Jgmdwgh\ufkihkh[Zfhba
\h~KINfZ|_jbZeh\

JZ[hNuiheg_VjZfdZohkaz"ZgBhED mjqZ|h\ kdikd b bm |
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j. €. mOUxiRlGukx gxOTYOOHEbupANOO
l.d sgOUOTXQ@xdBpUOFxhE 10O d n yiuGxI

'Bgklblmbabdjthqghkbbzl _jbZeh\ Kby Lhfkd
2Lhfkdbkm~ZjkI\_mgbs jkblhfkd
3:H«<GBBGPFf :.: ;:hq\2jZFhkd\Z

litovchenko@ispms.ru

lj_"klZ\e_jgwameviBkke ~h\dgpibq_kdHZ[bewvgh
klbgh\udZehZdlb\bjmZ ko _gblklZoe gZhkghkbkl_fu
Fe-11Cr—(26-27)Mnk ih\ur_ggtkdZ[bevghkmkI| gbll[Am™-"Z
xlkyhkh[_gghblbjhkljmdImfijuoZgbqg_ktbhcklgh\ualZ
e_tazdZe_dopthfeh*gh” _nhjfbjhkBgbhyfglzydd ihke_
borebl _evdhh00 q klZj _ghp700°C.lhdZaZghhreybd
jhkljmdinkjZde o&ZjZd|_jduki_jkgmZklbgZj[b "MC (M -
Ti, V, Ta, b *}) bM23C6 (M — Cr, Mn, Fe)\ukhdZghlghkfibdjh
bgZzgh~\hcgbdhhjfZpbebl_evghZj_gbb\h~"bd\u”_e_
gbxbjhklmzZkIMM23C6 gZ]jZgbp3doj,g_dh]_j_glgdo}_
j_glgud\hcgbdh\gagbpbagZ]ljm[h~bki_jkgZklbpN®
A_j_ggdpdjh \hcgbdhNZyIimjmkeh\tkydj gbiklZxlky
klZ[bevgudbhh[_ki_qb\WhdjZg_gbjhr_Jhjh\gdyoZgbqg_
kdbdk\hcklI>hklb]gmldiktfie dkhgghklgboieZklbg_kdbo
k\hckldh\u&lZe, _lcbol_jfbg_kd&kZ¥[bevghkbAheykZk
kKfZIjb\ZWHBZIl_jbZ&dZqg_ki\jki_dlb\gZehZdlb\bjm_fuo
dhgkljmdpbh@gdujdZeYe\ywg _j]_Ibq_jkd&ddhjgh\h]it
dhe_ghp[jbrgwog _j]_Ibg_rkkdkoogh\hd

1. <\ _ "~ gb_

DdhgkljmdpbhiglufbzZewd_ j]_Ilbqg_t&bdgh\jlZdhlZ X
sbf\ "_klidbmkeh\tyemq_¢BwkhdHofi_jzZImj_~tyleyxlky
ih\ur_ggulj_[h\Zgbly Zjhijhgghkkhijhlb\e_giZkimoZdbx
hojmigb\Zgbxkeh\tdyemqg_ , gbyjjhabhgglthcdhkib \azZbfh
N ckI\lkE]j_kkb\gufbehghkbl.&Zb[heviZKijhkljZg "gly_
wlbp_e ibemqgbgeb Z\_xsbjhfhgbd_eZYwkl_gblkjZ db-5].
Kms_klI\_giglnjee fhlZdblolZe ydey |khypl g gpb¥ZkimoZgbx
([he 6%)ijb\ukhdhbazhdemqg_(dbg 100kg2 [2,4,5].1jb wlhf
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klZebf_gvr_klZ[bevghkmk|_gllmlZijbf, klZehbiZAISI 321)
bf xl[hevrmix gN _gpthpZkimoZghxkjZ\g_ghkkhe klZ[bevgu
fb klZeyfb mkeh\tbhyjemq_bbyZagZgbl_evighYg_dZyjbpu
Zmkl_gblhh[jZames Bfbgl@ibMn, C), fh™ _lijhbkoh” mAZah\h _
ij_\jZs_g@mkl_gbh_jjhlbeldZjl_gRbZf_"nZagijZgb
pu-. fhlmy\leylvkyklZfb_bfms_kI\_glghah\Zghi]. >ey
ih\ur_gbkylZ[bevghahik|_glbkhijhlb\e gbkimo Zgbhxgklimd
pbhggidmkl|l _gbligiZeithke ~gidhe dify xl[he \ukhdhih
kjZ\g_glkhklZeyflbiZAISI 321 b 316, kh”_j Zghbd_ ¢é138-25
fZkRo). Gbd_e_\wWa\b\ZeihgibZ]jZfR_nne [fZ(Niwdx KNi +
0,5-CMn + 30:(CC HN), 1" Cx—-fZkkh\Zlyewe f_§khklZKkIZgbey
kh\j f ggajhfhgbd_e kide bd__hgzZq_gH®, glhhij_~ ey |
\ukhdmkZ[bevgZikl_gblz
<dZg_kBZf_gdwkhdhzdlb\bjmjHtltogbd_e Z\Wwmbkl_gblguo
klZe [uebj ~eh’ _dhehzdlb\bjmojhufhfzZjl]Zgp Z\wmkl_gblgu_
klzd® 7). <wlbbklZeybgbfbabjh\Elg’h_j"ZdbhkhdhzZdlb\bjm_fuo
we _f_g(Mi\Mo, Co, Nb, N)bklZ[bebaZmbll glkhs_kl\eyoKky
dexgbl_e¥gizZgp bfm]e_jh~hjbb wihfg_h[oh” flF_Ib,I\glh
fZjl]Zg ywey |lky\ZjZaZhe keZ[uklZ[bebazZlZjmkl_gbiZ
kjz\g_ghgbd_e>feyh[_ki_qg_kbadibevghkjlb\gbflkojhfhgb
d_e_\uikbnkl_gblguieyflbbh™ j"ZgHEj]Zgphpan]e_jhAfZeh-Zd
Ib\bjm_fubZeyde glulvm\_ebq<ghhgXX \ _dRuebZajZ[h
IZgkhklZguhk ghRke-12Cr—(20-25)Mn-0,25C [7-1&]"hihegbl_evgufb
Ah[Z\d2LW, Ti,B,P,ZlZd jZaebqgdjbZglddblolZe kfebadb
fbkhklz\Z6H1-14. H "gZz&hZ[bevglZkik|_gwlHEklZe, Ftij_ »_
ey fZgbd_ e \Wwdl\b\Ze @IR20),[uehgb” g_fmojhfhgbd_e_ \uo
klZzeilkke "gihithhe ¢dlyd e Wwdt\b\Ze9¢6).G_~Z\gyl_j_k
dklZeyfbkl_far-Mn \hah[gh\bek¥[hlZnjZgkdibadblZck drbe_
guofuebihemqg lglZehZojhfhfzZjlZgp h\kghjl5-18], \ dhlhjuo
NeKlZ[bebazZzmblbl githifdbfiMn bC "h[Z\e_\gieudhebq_kl\Zo
Ni bN. GzZz\_~_ggZ¥ohzdlb\ghkdb&lze kiz*Z[uklj, q_f
mkbevghzZdlb\bjklZfeyaplhiha\heyhllg _khoodfzZl_jbZecZith
gb” _ggBEdib\Zpthh*gzZzdlglyp _y\eyxIKyiheghfc j fZehZdlbAbjm
_fufbfzl_jbzezfb
JZg\gZrbpzZ[hlZ@ajzZ[hlZgueZ\e_Bbbkke_ _"h\glg\w _
fZehzZdlb\bjh\ZoggthfzZjl]Zgp 2Amk|_gbliglZ eFe—29Mn-12Cr—
W-Si-Ta-Ti-V-2Zr-0,25C (e Zz\dZ 3), Fe-26Mn-11Cr-W-Si-Ta-Ti—V—-Zr—
0,32C (ie Z\dz5) [19-21].<dZg_kMNZevg cfhtbnbdZgbhklZ\Z
eZihemq kdZde-11Cr—27Mn-W-Ti—V-Ta-Y-0,230 ¢ Z\dZ7). <wlbo
klZeyb\ur_ghhkjzZ\g_gkejhfhfzZjl]Zgp_MigBeh] &b _j-Z
gbMn bj_ZebahVZdghegbl_eeghbjh\ZgbevgullZj[b*"hRh[jZ
amxsbfiwe f glzAbZq _gibd e \WHAb\Ze jgb4dZ[hl|Zgklxo
e_(0,4-22)ij_\urzZ RhhiI\_Ilkl\mxasdZq_¢bywa\_klgjurg fzZ
ehzZdlb\bjm Zfmkl_gbliglZee._ Wlhhij_"~_eywd\ukhdnktzZ[bev
ghklvmhlghr_gld¥zZjl_gkblgiyf\jZzs_gbkiZz\gbfrkkklZ[bev
ghklvaukhdhzZdIb\bjmjHilogbd _ekh\de._c
Bkke_ "h\Eighu[ _ggHblbjhkljmdJmpeu f_glgthiBah\ Kl
klzZ\gh\udZehzdlb\bjmZifrukd _gbligiioe. IdhdZadgR21], qlh
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"eybdjhkljmdlkljge \@ZdZe _&dtkihygpbyzdl_jigihkdbb-k
ehdZpbhdkghie ddpdjh*"\hcglxdbkeh\lmheh~ ghohjfZpbb
(O¥\klZeyoZebambdkygkb\ffhoZgbq_&dhcgbdh\zZghjfb
jm_lkyw\ur_ggZghlghktMkehdZpbhiggjkdjmdNhjjfbjh\Zgb _
mdZazZgokid _gghRl nc_digkmne[kljmdlkijyaZghhklZIh gdha
dhavg_jlb”r cn_dimiZdh\dE e (24-26f>"/f%), qlhijb\h~bdjZk
s_ie_gbxhegudbkehdZab<ll0> gZiZjmgZklbqggtilmkehdZpbc
a/l6<112>0_"msBYy_"hfzfy ""mhlhjufgZoh”btky _dliZzdh\db
F_ozZgbaéZklbg_kdhohjfzptaf_gy_Iklyij_bfms_kI\_ggh]h
kdhev _gtbgggudbkehdZpB¢zZdl_jgYelRlZe kfukhdhlhwog _jlb_c
A n_dimVzZdh\dbf_rZgghfohexgzZxs ffnroZgbq_ kdhcgbdh\z
gb. Wlhjb\h~bdnhjfbjh\Zgba_jgZeZklbgqgzZipeZklkm[fbd
jhgguohi_j_qguodaf_jH\q_j_"h\Zglhjbf glzpbcgbdljbpZz
>\hcgbdhWezZkbd_xlhjb_glZpblxemq_gampdZevhujfz=-_
gb_fljbklZeebqg jkdhldbzZljbpinlghkbl_eedlkdhk{llt}, y\
eyxsbokghkdhklyihcgbdh\AgbRDj _r_Id<azZdZe_ dugb#$
khklhygbkbZeynwdgZjm ™ "goki_jkgyZklbmMC (M- Ti, Ta, V, Zr,
Si, W) b(\ fZeuo6he)yM23C6 (M- Cr, Mn, Fe)<[ebaYbki_jkgudklbp
iehlghkibkehdZiphoerz lkydj amevbZddZel@dbihkeO >
Bkke_"h\Zgazgbq_kdbcklgh\udZehzZdlb\bjmZfrukd _
gblgublzZe _lhdzZaZ4iph21], glhboijhgghkligkhhcklkaihklzZ\bfu
kZgZeh]dlZ ey fLr-Ni bCr-Mn hkgR\ MklZgh\d2lghglhklZev
ieZ\db 5 h[ezZz”Zohjhrbfkhq_lZghjhigghklgbdeZklbqg_kdbo
k\hckMNrbjhdhbgl_j\Zle fi_jzZ1§p-750°C).? ijhgghklgk\hc
kiI\ZkhihklzZ\bfab[hij_\urzZxlkhhI\_IklI\mxkbhckl\ZgZeh]h\
bij_ \urzZxkhhlI\_lklI\mxadpZg_dkeykbevghzZdIib\bjojhfhghb
d_e_\kiZzeWD64, bkihevam)\ 8iZqq_kh\kkgh\ghthgkljmdpbhgghlh
fZl _jbzedeh\u”_eyxwbof_gllZklhys\j fyWIh[_ki_gb\z
_lk¥kh\f_klgudbygbkm[kljmdImjghkh jkgb]h_j*hjZklI\hjgh
]Jhmijhgg_gdajzZ[hlZzgyZetwf__Jhe \ukhdb h3-0jZ)aagZq_
gbyn*ebg Yh¥ajmr_,gihkjZ\g_ ghXgZeh]ZélZ\guf[jZalafZ
kqg_lieZzklbgghkgldb\_~ gdhbcgbdh\Zgd nikeh\bjykly  gby
VI _fi_jZImjgodfl _j\z280-750°C gZ[ex™Z ifkpfms_KklI\ \gyahbc
ljZgkdjbklZeebbguehf>bki_jkguqZklbpdZj[b~hAbiZ MC
bM23C6, jZkiheZ]ZxslgZl¥gbpdoj, gihkh[klI\mky\e ghx
AN evguogZkldhgl _jdjbkliZeebjghljimr_ gl jZkly  _glhijb
dhfgzZlghdi_jZImj_
A_j_ggZz9\hcgbdhiBgjhkljmdlkljze ieZz\db 3 b« 5
\mkeh\lyaldh\j_f_gqomé q hl b]lhi\jb700 °ChklZx|kyZ[bev
gufbijbg_agzZqbl_&gdbhf gbdbhlghktbkehdZX.cljb m\_-eb
g_gbbebl_evghKitb]h(\h50 q |_g”~_gpbyhjfbjh\Zglgzklbp
F23K6 g4jZgbpaoj (ghkeazdZelhzgbptbadjhbgZgh”\hcgbdh\
(ihkeO¥ khojzgy[2Ryljb wihin\_ebgb\h[tkygZyhegyZklbp
F23Ko ("h5 %), h[gZjm ™ bphu”_e_odZzdZj[b"E&K(ihkeaZdZedb
bnhjfbjh\ZgiezZzklb@fZjl _gkhliikeOY h[t_fgZyheywhlhjh]h
"hklb]431%. H[_~g_db_jrh]jkI\hjZzmk|_gml2z _jhMNihkh[
kiI\m Klgb™_gbXhklZ[bevghhkliblghr_ghix-0fZjl_gkblghjm
\jZs_gbkib wlh®BnzZzgK=IMj_r_Ildhohjfbjm_rkynhjfZpbhgguf
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iml_fj ameviendZevhaml!|j gglZajy  ghbagbdZxsjibgh

kl dZj[br"ga@ kI bR23kKs [23]. Hij "~ eyxsbZdlhjh\ffebyxsbdZ
\ur_e_gblbgzZklbyp\ey_ llkkoh rkihklhydBl jbZeVZqzZklghklb
gZebgbukhdhm]eHjdgbp j dmkl_gbkdbki _pbZevjjiZagbp
fbdjh*\hcgbdhAd \u”®_e_ gbZj[b "FK Ih\ur_gg2Zpnnmabhg
gZyih™"\b ghkinwvlje_jhba@Zj[brhh[jZamwegbd_glih\]jZzgbpzf
kijmdimjgwe _f_glhihkh[kI\m] Ibfms_kI\_gghifpibjh\Zgbx
\[ebadbb @ Z k|23 K6.

J _ameviidke _~h\Zpgopchl\_j~h@h) ihdZaZz8ph glh\ bk
oh"gwd klhygibhieazdzZddbkeO>_ kj_"~glagZqg_gbklZ\eyxl
22 b35=1ZkhhI\_IklI\. ggdbagZq_dbgjhl\_jrhkibbbggtey
Zmkl_gblhglZe \@zZdZe_dghtkhklhyghh&eazdZedhd b]z
N"ebl_evghkigkly 824 =1ZZihkeO>bhl b]ZHu 836 =1Z1jh
bkoh”"ys\bh_amevIidlb]Zjb700 °K\ |_q_gbhbgbaf_g_dbdjh
kljmdimguhdZau\Emls_kI\_gbedfiglgy) _ebqgbfddjhl\_j~hklb
klzeWltk\lyazgh~rgh\j f_gguff_ gvr_ghbefilghkMkehdZpbc
kgb Zxsbivnn_dlIb\gtkdykljmdImjmhjlthgg _,gbygl_gkb\guf
\u®r_e_gbtbfki_jkggd kI bRR3Ks, ih\urZxs fwnn_dlb\ghbik
i_jkghphijhqg_.gby

P_evgzZklhysjZzdhly\ey_lklkke "h\Zgjdbg_kdHEZ[bev
ghklbbdjhkljmdlmijfu oZgbq_kKdboklyh\udZehzZdlb\bjm_fuo
Zmkl _gbllgZe ieZ\db5 b« 7\kljmdIimjgh&lhygbyoeazdZe
dbbO>\ mkeh\bebdl _evdhigd0q klZj_gigp700 °K

2.FZl jbZenf Ih~bdedki_jbf glz

We f_glkbhklXNZeieZ\db5ij_~klz\e\ lg[el. FZehzdlb
\bjm_fhikdMZebh~I\_j"~Z FfhgbfZevgkthi®_j~Zgb _f khklZ\_
IZdbwe f_gldhZNMi, Cu, Nb, MobCo. Gbd_e_ wud\b\Zeihglmg_ggh]h
khklzNzwd¥ 22,65, ojhfh\uwd\b\Ze- @lwdx 12 (Crwdx CCr +
+CMo + 1,5:CSi + 0,5-CTikh]eZKgdh LZdhkhhlghr_glhbd_e_\h]h
ojhfhl]iwd\b\Ze hg]Z®» eygZoh ~_ &bZebij » ehdghnZaghc
Zmkl_gbhdeZkg*bzZ]jZfR_nne [yZ

LZ[eblpZz

We f_gl&iklZXehzdIb\bjnZnikt_gbkdHeb
ieZ\dd5 (fZkRb, hkghRg

Cr|{Mn| Ni|Cu|lW| V| Ti| Ta|] Zr|] Nb| Mo| Co| Si S P 0 B
11,2 26,3 0,02 0,02 1,2 Q,3 O/11 0,097,0,001 0,008 0,000 0,5 @M8| 0,008 0,32 0,004

>ey]jZgbq_ lghyt gpb\m”™_e_ gbhki_jkggdklibpZj[b”h\
F23Kb6 \ mkeh\byeobl|l _evgwdkhdhl_fi_jZImhguwgdhiklZj _gby
gZfHueZjzajzZ[hldbgaiezZ\e_gZ\ZiyZehzZdlb\bjmZm&Yy gblgZy
klzevezZ\db 7, “hihegbl_eeglbhjh\ZggpZyha_ f_ _ewgaff g
Ihfy, 1Z[e2 [24]. < khklzZ\klZenf_gvr_&h”_j"Zgm]e _jh"rZ
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(k0,32 "h0,23 fZkh) bkbevgddj[b*hh[jZamxebb gThTa, V,
ZIZd bkdex¢rgP _eva ]Jbjh\Z§bghzZdIib\bjmY fukfHZklbqg
gZwnZzZf_diZzdzZé&bevghhj[brhh[jZah\Bbal 22 |Zd ke_"m_|I
glhgh\zkiZzelvd y\ey Ik&dehzZdIb\bjmfZlufibZehf
LZ[eb2pZ

We f glgh&lZXehzdlb\bjnznike gbkdHeb
ieZ\dd7 (fZkRb, hkghRg

Cri{Mn| Ni|Cul W| V| Ti|Tal] Y| Nb Mol Cqg Sii S Pl C B
10,6 26,6 0,04 0,05 0,48 0,065 0,075 (,08100,01 0,018 0,05 0,65 @Y35| 0,009 0,226 0,006

H[jZapddZeieZ\ddb5 b« 7ih?\_jlZedbl_evod b500 q
hl1"b]Zfjb700°C\ "\ma&ljmdImjkhklhygbybkeazdZadd >
L_fi_jZInhjlZb]Xu[jZg@Z¥_jogyyZgbmg!l_j\ZigZ"iheZ]Z _fuo
jZ[hqgbofi_jzZIgep0-700 °C).Ihke hl b]lhkjh\h~ bebkkdymdImjgu_
bkke_ _"h\Zghwy'Zfibilbg_kdhtZeeh]jZ(rbR j_gl]_ghkljmdImj
ghlizgzZel{dK), jZkljh\hwe _dljhgbthdjhkdhi@W}F \dexqZy
"bnjzZdpbkZlgjlzkk _ygeneo dljh(HIWMbijhk\ _gb\Zxsvee d
l[jhgghfbdjhkdhibWh, Z1Zd f_oZgbq_b&bulZgh¥Zkly- _
gbijbl_fi_jZImp@A,m50b700°C.Ih~ jh[gh ITh*"bdbjmdImjdiko
ke "h\ZigbcoZgbg_ k#bwlZgbaeh ™ gjiZ[hlZ® 24].

3.FbdjhkljmdlmjZoZgbq_ kdhcklI\KdZeb
ieZ\dk 5ihke”ebl _evghklhj gby

Bkke_~h\Rgbyjh\_~_gofulh*"ZfBFbJIJWFh[jZapk\Zeb
ihkeklzZj ghp700°Cijh~he bl_evghlROyXx azZzdZe ddhitkh
kilhygbiyha ZaZglhihkeihebjh\dl@h\_joghKIllZ elbl Zg h\y bky
jhrhib~gudjzZgbpas j g "\hcgbdphbkl). With[mkeh\éudhe -gb
_fgzZljZzgbpawzZzgbl _evdhétbqg ktMaki jkguyZklbgZj[b” h\
M23C6. Dh]_j_glgluZgbpt\hcgbdZz b]ZiZzjZee_ _eviguhkdhklb
"hcgbdh\\Zgt¥aggbkl,\ kiehrgufdbgbykihklj edzZ€b dh
]_j_glgljZgbpthcghd2ydhlhjuiehkdhKiwncgbdh\zZgb%
jZee_eVijgghgbphh[ugghZoh~rysh lkyp "\hcghdddZaZjgyu
\bklhebgbkbklj_edKdzZj_gklZebO>khklhygpb\h~*bd”_dh
jbjh\zgbbgh  _kI\_ggubcgbdhYungbihgdbfieZklbgddid
[brguqZkllfpbkl, ), [eZ]h "ZgyfrhgklZgh\yhNbygwZihebih
\Zgghhb\_joghklb

GZIWF>HJIJWah[jZ _gblyloeklZj_gltyZeb O>khklhygbb
\brgtibk2),qlha_j gdZyhcgbdhlwmdImkiiz e\lbj amev izt
|_evghhzj_gbklZxlkyZ[bevg.udlhgZjm b\ZxEyZd|l_jdey
O>\ulygmlugZzZijz\e_gjthd Zldab jgdbdjh~\hcgbddgifbljb
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Jbkl. Bah[jZ  _d#ymdImkLZebhemq_ghuhrhdM (Z) b IWR\-):
Z\ ~—ihkeazdZeddZj ghjyp700°C 100q [, } _— ihkeO>bklZj_gby
ijb700 °C 100q

Jbk2. Bah[jZ _gb¥F>HJIJWIjmdImkLZeithkeO>b klZj_gbjp700-°C
100q: Z- hjb_glZpbhdgid¥\ukhdbfZehm]eh\ljibgbpZtdhagZq g
gufbg_jguflb[_eufbbgbyflohhI\_IkI\; pgkAM-dZjlZ



F_oZgbqg KdheklWkljmdIimjgiy _\jZs_gby 101

Hib_glZpbhobZZyZAjbk2,3 ij_~klZ\eyhjb_glZplax j_g
\khhI\_IklI\Wp\_ITh\H¢Zr"ZpbmadZaZggdkeé_j_hljZnbqg_lkdhf
mlhevghd&d gzhjb_glZpbhdghlg_jgup\_IhindZaZgkhdh
mleh\ljZgbgliZgbpa_j) [ _eup\_IhfZehm]eh\Zgbgobkeh
dZpbhggkm[kljmdlmpZjlukj_~gb¢pZahjb_glZ{EKaM- dZjhu
jbk2,[ij_~klzZ\eypA_Ih\nmkz"ZphXahjb_glbjhgzaklzZeb
hlo° AB° (hlkbg_TidjZzkghgh )ZGhjb_glZpbhdgulaodZjlZo
kj_~gb@ahjb_glzZmbgh\b”_lvukhdmeghlghkMkehdZpbhgguo
km[kljmdlimjh[eZ"Zgbe_gp\ IX hI*_evghfe Zklywk2, ),
dhlihjxyb”_|_evkBHezZllhjfh  _gghjklp_kkh\ifbq_kdbhia\jz
lZGah[jZz _ghbphhee \ukhdbd\_ebq_¢gjbk8) ohjhrhb*guz
jZee_evogaZklbgbdjh*"\hcghbdBW[eZkthbklZelb®Z xsbhi
ebqgnxfZljbpitjb_glbjhbdmkhdhm]ehMgbpkfZljbp. 62
nZah\dZjl(jbk3,) gZjZgbm_jgb" rgudbki_jkgywZklbpm&jEb
AhWoCe, \UN _eb\rb\kyamevIKIEZ]j g[BY. GZdZjlkj _~ghdah
jb_glZphlek3,Y) ihij_h[ezZz*"Z@b»>x gp})hlXhlI”_evghleZklyo
\brghh\ur_gbehlghkt*bkehdZpbhgug[kdjmdlirepaljZgbaw_
j_g”bki_jkgagdklthpgjzZzgbb\hcgbdb¥Zjlgzkij_~_e wodyf_glh\
(EDX) k\b”_1_evkhRhnflglhgZklbpl]jZgbpafj_lg[h]Zs_GQru
\Ih\j_fydZzdzZklbpgmljd_jgih]Zs_Yglukgh\gh.f

Jbk3. Bah[jZ' _gWFPHJIWIjmdImiiZeihkek|Zj_ gbljZapihkeO>

bklZj_ghbp700°C 100q Z- hjb_glZpbhdB@Ag - nZah\&@¥j) 2~ Zmkl_

gblh[hagZkbgbp\ IhfdZj[bMuCs — djZkguf\_Ihf\ — KAM-dZj]Z
]-dZjIEDX jZkij_~_e vgdyf glh\
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BaZzgZeh®WwZAbah[jZ _dbkeaZdZédkdZj ghkkd) \brgh
glh\gmlja_j, y[ebapzZklbyz[ex Z NkklZIhdgkhdZghlghklv
"bkehdZ@EWdo" kfd). >bkehdzZphlmhhjfbjh\ZIvky _amevIZIl_
g_khhiI\_IkiXhgf Ijg\r _IdEmkKIl_gbhjZkimsig@klbdZj[b~h\

Hp _gdit fghthedzZj[brggdklbpIWFbah[jZ _gb¥klagZz
g_gk825%.:gZebanjZdpbhggdjobbih~I\_j ~ZijbgZ”~e_"ghklv
gZklbgZj[b"2MCs (jbkd). GZebqlwZjzZdl_jghjbklZeebqg_kdhc
hljZg(@itbkd) bhjb_glZpbhgghbghr_dgbcrmdZj[brZBEmkI- gb
IhflbizdmgZd m#$ — {001} || {001}M2Cs, kK\b" | _evkRdh]l j_glgh
klbwlb@ZklIkpZljbp [25].

JbM. IWFbah[jZ _dlZy[b"M)}Cs ihkeaZdZdd&bzZj_ gikp700 °C 100q:
Z]-k\_lehihevigah[jZ" ;ghy'— khhI\_lklI\mxstnjZdpbhggzulbgu
khif_q_gguwfloyfahgd, —1_fghihevdpah[jZ _§gbyne_dFLé

KIZj_gklZebO>khklhygpbb\h~bdij_bfms_klI\_ggwfm
e _gb%bki_jkggdklesCs gZdh]_j_glduodgbpimdjhbgzghn
\hcgbdikWwhjfbjh\Zgguokeh\BymhjfZplbk5). > _nhjfZpbhg
gu "\ hcgbilbrgwyZ _fghihevghath[jZ  _§jbtk5 Y \ \briZjZe
e _evgippy*hVlhgdbiezklbghi_j ggyZaf jUhesbyggZklbgp
ij_\urz_1_kyldgd glhfh gh\b”_Ivh | _fghihevgb&h[jZ _gbx
wlbgzZkllgpb ks, ). QZklbpaklm]j_bfms_kI\ _\gdireddh] _j _glghc
"hcgbdh)pegbpbfhlmygZohrblvkyhcgbdhihéh  _gbb "m
kh[hoqg_fk\b”_|_evkAgZdbanjZdpbhgdhldb g b k5, [[25].
GzZwlhfjbkmgdkvahgyHA fZIjbpyl10] || [-1-10] “"\hcgbdh\
b[110]M23Cs | [-1-10] *\hcgbdl\Zk I b ME&€s. G Zjlwe _f_gldfiblh
jhzgzZe®EBX) \brglglhgZklbpau "Zskbh]jZgbpiEddjh~\hcghbdh\
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h[h]Zs_ghCr,\ 1h\j_fydZdfZljbpgZ[ex Zxb&kIbph]Zs_ g
gu ihTi(jbks,)Y.

Jbks. IWFbah[jZ  _gltmy[b KCs \ fbdjh~\hcgbdkhjmecdInipkeO>

bklZj_ghbjp700 °C 100q: Z- k\ _lehihewvgah[jZ" ;glb- ~bnjZdpbhggZy

dZjlb&alf_q_ggufbyfeh@mk!_ghdZ kI MpCs \— dZjlW>KgZebaZz

1} A —1 _fghihevdwh[jZ _ghyne dKzZbbpu\hcgbdgZklFpsk,
khhi\_1kI\_ggh

ljb k1Zj_gBbbl_evghkO¥gh[gZjm _Igu gZklb mMuCe
\\brh[hehqggdaZklbpCo Ihfbfhfbdjh*\hcgbddimdInkjZeb
ihke kl1Zj gbgzZ[ex"ZxlkgZklbgO_nhjfZpbhggtkil gkblZz
(jbke). Jzaf_jieZklbwglhozZabéh ghhp_gbilvl_fghihevgdh[
jZ _gbyjffbk6,). Ke_~nhlf_IblglhieZklb@®dZjl _gkblKljmdIm
j_klzeYklj_qzxlklyklzlhgghdbnhjfbjh\ZgwlhaZak\yazZgh
kehdZevgudm!|j_gglofdijy _gbwfbzl _jbz@l]. WIZZjl_gkbl
gZynwZaVZhlebgtl.-fZjl_gkbbZy\ey_ |k&Z]gblghkzd dZj[b u
M23Ce. KIZj_gklZedp ijb\h*bdbaf_g_gbxXZ]gblgkdhcklIhb
gZ]j_\"hIl_fi_jzInmp0-590°C 6fZjl_gkbheghklvix_\jZsZ _ Iky
\Zmkl _,giddhdZaZAgjhp_kiksituj_gl]_gh\kkke _~h\R§]bc
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Jbk6. IWFbah[jZz _dBEyZee_evipuok|b@fZjl_gkbVZljmdIimilZeb

ihkeaZdZédkdZj_ ghbp700 °C 100q: Z- k\_lehihevgdh[jZ  _;glb-"b

njZdpbhgdtyZjybkaIf _q_gguflbyfah@mkl gh®ZzZjl _gkp\LZ-1_f
ghihevgah[jZ  _§gbyne dkZgbpbofZjl gkblZz

Bkke_ ~h\zZighy ~ ggu Ih"hfK; ihdZaZgbhm\_ebq_gb_
\j_ f ghklzZj gbp00qgijb\h*"bdkms_kI\ _glhaf g gbwniZah\hf
khklzklzddr7]l. G4bk7 ijb\_~_@¢Bnjzdlh]jzéhzehrgh”~_nhjfbjh
\Zgghkd Zeithke”ebl _evghllh ghgZdhlhjhicnfbfhZzmkl _gblguo
ibdh\brguwhihegbl_evwdbwnjZdpbhggwkbfmfiypgzre_ "Zsb_
OfZjl _gkbtEj[b "MI$Cs b EnZgFeCrMn). ljb wihkh]ezZkggguf
JK:kh”_j"Zg&fZjl_gkbdgZij_\urz 13%, dZj[b"N}Cs "h5 %,
Z1nZas+7 %.

Jbk.J _gl]_gh]jZilfzeithkeoheh”rghahjfZplbkl Zj g309 q
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Bkke_"h\Zghy_ " ggl Ih*"ZfBWH27], ihdZaZgbhdZzd
bijbklZj _gbb g g®0q gZh\ _joghlkdbdZe dgudaphhke _
klZj_gbgbl_evgh®¥ g\ ijhp_kkve dljheblbqihledhhb\dbdky
| _gkb\gljZ\eb\Zx]kZgbpa_ j m*"\hcgbdh\b]gbks,Z]). GZ
liZgbpdoj_g@Zklbpgwk bf_xInhjfmihgdbieZklbigZjZee_evguo
liZgbpa_jgzbebjzZkiheh  _ggithd® hij_~ e ggmfehfd g_c
(jbk8,Z]. lhkeklZj gkyZebO>khklhydbtbk8,\,\) *"bki_jkgu _
gZklbpMxyCs \ur_eyxlkhn ]jZgbpzffodjh~\hcgb@irhkdhklyf
{111} ). Kms _klI\_gokh] _gghkllymdImilemq_gihkeoheh”~ghc
ijhdZldbklzZj glyyey lhkfajfbjh\Zg\bZmkl_gblgujg b\ _leh
k_jpanZaEnza¥X\b”"hklZlhggmigwdjZah\zpb&bdjh” \hc
gbdh\lké¢jmdIn{jbk8,m ). W>KEDX) ZgZeithadZagéh\ wihoZa _
(jbk8,, Ihgqdbb3),ihkjz\g_gkZmkl_gbfghjbp (gbk8, , Ihqdb
b5), m\_ebqgklah_j ZgdjhfZ hl6 fZkkbe, ZfZj]ZgpZ h31l fZkRb
(1Z[.e8).

LZ[eb3pZz

We f_gl&kh&l&ZVZeimlhqgddhkeohehr*ghmnhjfZplbklZj _gby
(khhI\_TkIN\jmnlk8, )

Lhgdjz Kh~_j*Zgbe f_gli\k k6
ZgZebasgj Ti V Cr Mn Fe Ta W

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

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

280 | 31,68 | 1,24 3,26 4,77 9,12 38,22 8,90

1
2
3 0,38 0,05 0,59 | 16,75 | 30,24 | 50,93 0,16 0,89
4
5

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

F_Ih~"ZflsNFihdZa42yhnhjfbjh\ZgWkhdhehlghkM-k
i_jkguqzZklipsCs dZdgmljb_j, §Zdbih boljZgbpdbfljZzgbpzf
fbdjh~*\hcgbidhklZj_glkbZebazZzdZe_dgbfkhklhygbp&9
b10). <gmljh_j gZklbpd_xInhjfmdm[hb/had_ljZwAjlaZklh
kdjbklZeebq hjhgdhttiehkdhk{yif1} ; bojZzaf_juhklZ\eyxl
khiggzghf_I{pAk9,Z)Y). :gZebdnjZdpbhgigdjoblizd ihdZau
\Z,lglhwilmzZklbydeyxIlkhyzZj[b"ZMpCs (jbk9,[ bjbkl1l0,[, ). GZ
dzjljzkij_~_e_wbyf_g(hdko,) \brghglhh[h]Zs_gogyhfhf
gZklbpub™h[hehgknhjfbjh\Zed&Z klIbpZ[h]Zs_gdhilizghf



106 K _dpdy

Jbk8. IWFbah[jZ  _dgbyjhkljmdlihjujoghkllZel [~ ihkeazdZedb
bkIZj gbjp700°C500q \— —ihkeO>bklZj gkip700°C500q Pbnjzfb
9Z) hif_q_diie ZkW> i gZ e bktz Z [.&)

lehlghkgZklZj[b*"bjhfAagZgbl_é&kghzklZjbim\_ebq_
gbhj _f gbklZj gbo0gq <mqgzZkldzZlgbpu[ebadZk|MpCs kh
N j7ZgbjihfZh™ _Imf_gvrZIokRyr18% (Z[et, lhqdXihkjZ\g_gbx
kbkoh~gaf§iZq_gbhl,2% Cr).Kms_KkI\_ghguedbgbfbfdjhkljmdImju
klZebhkeoheh”~ghcnhjfZpbtklZj_glyyeyxlkyZklbpbu_j~hc
bojmiditnZath[gZjm b\Z \fdmkl_gbifghgbp(ibk1l). Ihke_
klzj_gblyZebazdzZe_ dhkfhygblliZag nhjfbjm_lky
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LZ[ebdpz
Obfbq kéhklZh—Mn-kiZeilnkeazdZ dkbZj oby>KgZeba
Lhada Khn_j>Zgbe f_gHTkRe

Zgzebazy Y, cr Mn Fe Ta W

1 008 | 029 | 978 | 2683 | 6045 | 088 | 17

2 1508 | 198 | 2560 | 1041 | 1300 | 2578 | 8,06

3 801 | 149 | 1613 | 1696 | 3548 | 1535 | 658

4 007 | 082 | 1906 | 2457 | 5069 | 049 | 430

5 008 | 073 | 1834 | 2394 | 5248 | 089 | 355

6 1827 | 224 | 2240 | 890 | 1028 | 2883 | 9,08

7 018 | 1,85 | 41,00 | 1950 | 2821 | 067 | 841

JbO. DZj[bMbsCs \ kljmdInkjZeilhkeazdZddhbzj gijp700 °C, 500q;

Z-k\_lehihewg@h[jZ  ;gb-~bnjZdpbhd@Zip & kvah g[a23]MyCs;

\—-kdZgbjh\ZgWkbah[jZ _&bhqdZMi>K gZebkizlZ[e3); ]- dZjlu
iZkij_~_e vgdyf_glh\
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Jb.KIO. DZj[b™MiCs \ kljmdInkjlZeithkeO>bklZj_ghjp700°C, 500q:
Z]-k\_lehihevigah[jZ" :glby- khhI\_ IkI\mxsnjZdpbhgdjlbgu
\ —1 _fghihevgah[jZ'  _§byne_dkZ&lFpk

Jbkll. Fbdjhkljmdlknhz2ihkeO>b klZj_ghjp700-°C, 500q: Z- k\_leh
ihevgihah[jZ  _dbma_j Zmkl_gtbthZay, \, |- *bnjZdpbhgdjtb
gu kgyluhlh[eZkll, @ 39g2Zbk5 Z "~ "bnjZdpbhgg@ihbdd*"\ma_j_ g
Zmkl _gibhthZau, ", a= | _fghihevdgwh|[jZ  _dhyne_ digZd-1-3-1]]

g =[11-1]Ubg = [-200]U



F_oZgbqg KdheklWkljmdIimjgiy _\jZs_gby 109

Bamg_fbozZgbqg kidbhokRIZeWzZ[.e5) ihdZaéh qlhklZ
j_gb”ebl_evghki¥gklZebazdZe ddtkilhyghihkh[kI\h |
\ur_gbxhkjz\g_gbkbkoh”~gkliklhyghj f*_dZdmq_ikbbk_o
bkke ~h\zZggfuojZImjgo”™ ejhqghkipbowlhfy_agZgbl (g¥gh
"50 F12 kgb Z _.IKMytebg_¢@¢bhjZajmr_dipp  Z_Ny5-1,8)Z ahd
ghkbl_ewaghlZe glkhkhhyghklZ\ZykivwlhfgZmjh\gg f_g_ _
830 %.

LZ[ebbpZ
F_oZgbq_kWtxckliZehzZdlb\bjnznfikt_gbkdHBeile Z\db5

Khkihygb | bLk—iL'I—ZJSE'gJZ 1, F1Z | LFIzZ I %

20 204+3 | 719:19| 784%02
AZdZedZ 650 151+ 2 413t5 |  47,5+33

700 144+ 1 350+ 1 43+ 3,9
L 20 348+ 13 | 712+20| 446%31
AZdzlgoﬂqZZJ—g”— 650 215+ 3 3832 | 324+11
700 185 + 4 3001 | 29627

1 20 251 + 2 6466 | 426%0,7

AZd é:oaqzz 9P =650 155+ 8 366 + 1 20,7+ 1,7
700 142+13 | 2972 | 42325

20 705+3 | 950+19| 269%53
0> 650 509+ 15 | 571+16|  132%0,2

700 444+ 2 483+ 3 154+ 0,9
oo KI1Z] ah 20 552+ 12 | 858+31| 155%0,3
1o0g O PE_es0 386+ 20 | 450+5 15,1+ 0,9
700 347+1 | 415:18| 14,1%51

oo K171 9b 20 a21+1 | 734%27| 71+08
S0 OCF_ 650 312+05 | 428t4 | 27,7+18

700 283 = 1 372:1 | 32648

KIZj_gbtebl_evghkbDoxq klZeh O> khklhyghbjib\h*bl
dmf_gvr_ghkkjZ\g_gkX>ij " elZdmq_¢K8100-150F12Z
ij_~_erhgghkdly B8-112F1Z(1Z[.6). M ebg_@gbjZajmr_dBd
_omf_gvrZ dkkgklzZ\ed3-15%ijb\k_bkke_~h\zZggfuojZImjzZo
jZkly _gby

Ilhke kl1Zj_gbebl_evghbk00>g klZebazZdZe_glghklhygbhb
ij_~_kEB dmqg_rkfbgvrZ dkgagZqbl_elbjghZdlbg_kdil\_Ikl\m
_lagZg_gbiKlZj gB% (1Z[.6). M*ebg_¢hjZajmr_dpoywlhf
mf_gvrZ_iljky20 b650°K\ 1,8 b1,6jZakhhI\_Ilkl\, ggjb 700 °K
ijZdlbg_IkdihI\_IklI\engdq_gbhklZj_glkyzj_ghklZebO>kh
klhygbpb\h~bd mf_gvr_gigx”_elZdmqg_¥1p-1,7jZajb\k_o
bkke_~h\ZggfuojZImjEd[ebpZ Ij_~_ejhgghkibkeklZj_gby
klZzethzdzdzZe ,glghdd O>khklhygbggk_o_fi_jZImgkly _gby
mf_gvrZ. IGgb[heagZqgbl_ekgh_  gm~ebg_¢byZajmr_gby
gZ[ex"Z_ililbp0°C (\3,8jZallghkbl_emMgdihydinklZj_ q.blyb
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ih\ur_gguofi_jZImijjzkly > oB50-700"K m~rebg ihkeklZj_
gbxlZe\wbO>khklhydbhhjZkl¥1,5-21jZa(Z].).
Baf_g_gphgghklglnieZklbqg_kdbok\j_amevIKIEZj gby
k\yvazgikh[_gghkhpfb e_gblyki_jkggdklbCs, kgb _gb_f
iehlghktbkehdZipblc_~g_gbh\ fi*h]jzkI\hjihojhfrbm]e_jh” m
ijbnhjfbjh\Zgpbklbdpzj[brhKe_~mhlf_Ibl¥hklZlhdgkhdb _
agZq_gjby'_elZdmqg_klbeihke”rebl_evg\Whlkhdhl_fi_jZImjgh]h
klzj_gbhze\bO>khklhyghbf g 280F1Zijb700°K qlhij_\urZ
_IkhhI\_IklI\mxasdZq_d¢geyn_jjblgfzjl _gkblklZeWi823 ih
keazdzZddbkhdhl_fi_jzImhjbimkdZaebl_evgdi_ g @8]
WIhkk\b”_I_evkIhmuKkhdHcjfbq_kdh&[bevghflolbjhkljmdIimju
bf_ozZgbqg_kdbokidh\htZehzdlb\bjmZritkd_gbldEeieZ\db
<« 5. AgZgbl_ekgh gt h7%) m~ebg_©@ObjZajmr_ghply20 °K
ijbklZj_ghbZzebO>khklhyg¥eth|l_evgh®&gh[mkeh\augh
e_gboffmiditonZadjb ih\ur_ggdofi_jZImj\2dbyghw haZau
g_gZ[ex"Z_mHYebg_¢gbjZajmr_gdwklZ\eg F_g_27%. Ih
kdheviglmagZqgbl_evbepwlnZakihkh[kl\ingh _ghezZklbggh
kibb fh™ _lijb\h~bldhojmigb\Z&bXely_h[oh WiftZjj_dIbjh\dZ
we f glgdhklZzA2kgb™ gbw” gpbhb” e gbmrZau

4. FbdjhkljmdlmfZozgbq kdhckI\Z
fhAabnbpbjh\Zgrgihzce hZdIb\bjm Zfthkl _gblghc
klZebeZ\db 7ihkerebl _evgklhj _gby

>eykgb™ _gbyg” gpdbgl _gkb\ghZkiZ~Nm_jrh]pZklI\hjZ
\mkeh\Bedl|_evolhlkhdhl_fi_jZImlighjlhgpyedjh\_»~_¢Z
"bnbdZmbey f_glgkiklZfZehzZdlb\bjmZrtk¢_gbkjEebjza
jZ[hlz®ZXuieZ\e _lglZeieZ\db 7, \ dhlhjhaf_gvr_lgh"_j Zgb_
mle_jHOZBfZkRo ihkjZ\g_gkX%32fZkWko) bkbevgddj[b” "hhR[jZ
amxshwe_ f_g(M\Ta, V). Djhflh]h\ khklxVZeluerh[Z\efAeh
Zdlb\bjm jfuedha f_ ewgud Ygl

J_ameviZkke "h\Zgihd_gghKbddhkljmdimijuoZgbq_
kdbl\hckixlhklZelbbkoh”gluoklhygbiokeazdZéddo>ih™jh|
ghij_"klz\e \@Q]. IhdZaZglhhkgh\glhikh[_ggHbkldhkljmdImju
klZze iezZ\db5 b« 7dzZq_KkI\_ idhg'tn[ghij_"klZ\e gwphnZaghc
Zmkl_gbliglhmdImjbhceZgZjguftibkehdZpbhgguofbljmdlimjZfb
A_n_dlzmbZzdh\@b\hcgbdzibzd dZj[brgufiz klbp Z\lm bb
ih\MC bMyCs. O>ijb\h” bd\uly]b\Zgbkoh”*"gphghhkdgink! -gbl
guoa_j_b9gZijZ\e_ghtbdZIldibnhjfbjh\ZghZehm]ehlusgbp
("bkehdZpbhiggpkdjmdIKjj_~gbj&Zaf_a_jgkhklz\e$0,8 fdf
bl7,7fdfihkeazdzZédor khhI\_IkI\, gigh_gvrkhhlI\_lklI\mxsbo
agZq_(Md fdf b33,9fdf) "eyklZeieZz\db 5[21]. WIHh  _I[ulv
k\yaZlgltebygbeflbjh\z9lwmf_gvr_gbaf_j& jgdlhhif_gqZ
e hk\wj Z [ hI[30].
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Kj_~ghZaf_jobki_jkggdklbpklZebezZ\db 7 khklZ\eyxl
0,8fdf, boh[t_fgZyhe$0,005 glh§\2 jZaZ gvrkhhl\_lkl\mxsbo
agZq_@bklZeilrz\db5[21]. Ijb wihijm[h” bki_jkgdklb pza
f _jZfhhe_g kdhevdibojZdlbq_kddZ[ex"Zekl\hdZevfuo
klzdh[jZaphfgZjm _dhliglehf_ jZbki_jkggdklbpf_gvr_gb_
jZaf_jb\n[t_fghdebbki_jkggdklibhdmkeh\enfghgvr_ghlhf
N _jTZghnyle_jibkbevgddj[brhh[jZamxebfo glh\

IWF bkke_"h\Zigby aZebkl2), qlhihke aZzdZedklZeb
gZlex"ZxKhyklZ\gyZklbmZj[b "M, h[h]Zs_gdiuV, Ta bW
k\gmlj_ggb¥fjhfh[h]Zs_gd&ufjb wihifzljbp(\I\_jrhfZklth
j)d\hdjnblkke _"~h\ZggubyphlkmlkI\(hZ][l&). Ih\b "bfhfihzdb _
gZklbpyleyxlkkeh ghe_]bjh\Zgdjffbr"Zfknhjfbjh\Z\rbfky
\\b" h[hehqgzbkoh*ggdklbpkKl"_j ZsY ¢ijhp_kk_IZeemj
]bg_kdbojZpHhZd [ueth[gZjm ~dhcgbdh\XgEKIb prads,
glhfh™ _lfulvk\yazZigth"bnbdZphecf glgdkHklZkEZebdhlhjZy
kihkh[kI\h\WogetZ _ghwg _jlbbn_dilmiZdh\dblbdZj[b”"Zo

Jbkl2. IWFbah[jZ _gdklbpK b Fxslks \ kljmdIinyifh~bnbpbjh\Zgghc
klZeilhkeazZdZe#k\ lehihewgah[jZ" ;gb khhi\_IklI\mxs9AyZdphb
hggZdZjlb,gZ | _fghihevdlh[jZ _dh _ne dkysk; |- dZjlyZkif_

N e_gwy_f_glh\

LZ[ehbh6pZ
We_f_gl&ih&lX\hqdZof_q_gogidhbkmda@ Z

LhqdZz Kh~ _j*Zogwe f_glfit\kRb
Zgzebae "1 yn Cr v Ta Ti Y w
1 329 | 1,41 154 097 3859 4415 6,99 3,06
2 41,37 28,09| 27,74 0,18 0,81 0,21 - 1,68
3 61,04| 2586| 11,46 0,24 0,79 0,05 - 0,58
4 60,46| 2591| 11,13 0,18 0,83 0,06 - 1,48
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Bkke_"h\Zghy * gdgulh*"ZfbWFhdZaZjbtk13),qlh j -
amevlIKIZj gbgbl_evghkd¥gijb700 °C\ fh bnbpbjh\Zgghc
ljb_fklZebgl_gkb\gh _eyxlkpki_jkggZklbpdiZj[b”" MyCe.
<azZdZe_&dkihygblimg Zklbpur_eyxlikyljZgbpdfj, glbh[m
kezZ\eb\DBoih\ur_ggmkzZ\bfhkliyb we_dljheblbqgihkedht\d _
h[jZaphhkeklZj gbhZebO>khklhygtbh\ joghhllgZjm b\Z
xlkyfgh™ _KkI\_g@jizgbpbdjh”\hcglfdhis,|[, ).

JbK3.JWFah[jZ' _gbgjhkljmdMafo~bnbpbjh\Zkgighed \~ihke _
azdzZdkbzj gijp700°C,100q [, ]- ihkeO>bkIZj_gijp700 °C, 100q

IWF bkke _~h\dgdWm_j *ZxlZebgbgh _klI\VZbki -jk
guogZkliMpsCs ihkeklZj gklhZebazdZe ddhtkhklhygbyo
(jb k14, 15).

<gmljdb_j wlmZklbpd_xlkm[fbdjhggaiaf_jbdjbklZeeb
g_kdnn}jZzgdmiehkdhk{yfl} (jbk1l4,), fhimhhjfbjh\zZh{h
ehgddzrbki_jkggaklbpEo(jbkl4,). Ih ]jZzgbpaf j IgZzdbqgZ
klbpdh]lmhhjfbjh\Ziyzdlibqg_kdbhrguie gdlpbkl5,ZY). Ba
ZgZelHaZghihevgueoh[jZ _gizcklbyu”™_eb\rbagkd\hcgbdh\uo
liZgbpidbklZj_gkhbZzelbO>khklhy@jbtkl5, ), \brghlylhborbjb
gZg ij_\urZ_ilhi_j_qguzaf_jO\hcgbdhfh _IkhklZ\e¥lkyldb
gZghf_LjhYh\j_fydZzé&ebgfh _I*"hklb]ZklghgzZghf_Lljk\fh
"bnbpbjh\Zgdhd_klZebZzd h[gZjm b\ZxE&klbgu nhjfz
pbhgghl@dfzZjl _gkblRhjfbjh\ZglwlhcnZau\_jhylghk\yaZgh
kehdZevgudhl!j _gglyfdijy _gby¥hagbdzZxsbjtbbgl_gkb\ghf
jhkldZj[b"W)}Cs.
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JbK4. IWFbah[jZ' _dbgjhkljmdI¥ajorbnbpbjh\ZgigeithkeaZdZe

dbbklZj gbp700°C, 100q: Z- k\ _lehihewgh[jZ' d&bki_jkggdklibp

bfbdjhA\Vhcgbfhkhhi\_IkI\mx$ajZdpbhdgzpgz] ~~ 1 _fghihev

gu bah[jZ' _dhyne _dKzZbtjbpu\hcgbdhqZk| sk, khhil_IkI\: ggh
dZjlyzkij_~_e vgdyf_glh\

JbK5. IWFbah[jZ' _dbgjhkljmdi¥ajo"bnbpbjh\ZgleithkeazZdZe

dbbklZj_ gk$p700°C, 100q(Z ) bO>bkIZj gij$700 °C, 100q(]- ): Z |-

k\_lehihevigah[jZ  ;gby- khhI\_IkI\mxsthnjZdpbh gidijibgbi—

dZjlwW>KbdjhZgZebalZ fghihevbah[jZ  @ZkIt:k \ kljmdIimj_
fbdjh~\hcgbdh\
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Lzdbli[jzahdZdhghf_jg\Wkibe gbZj[b "K}:Cs \ aZdZe _g
ghfbO>khklhygbymbklZe ZgZeh]bdbuebqg \gbf ghklZj gby
Ah500 qijb\h~bdjhkim[t_fghhebiehlghkWlbdzZj[b”hY\b
wlhfg kfhljgZmf_gvr_gdh” jZghye jhkgb  _ghghlghklb
bh[t_fgh&Zj[b" "N}Cs \Y-Thr*bnbpbjh\Zgbghebh kjz\g_ghkk
klZeviezZz\db 5 g h[gZjm _IhtkeklZj ghlyZeieZzZ\db 7 \ oh
eh”"gh”_nhjfbjh\kgghHygihb he bl_evghmbROvgh[gZjm _gu
ke "ktnZauijb wlhf kh” j"ZgdbgZqgbl evaglvr g f\ klZeb
ieZz\db 5 A_j _goglzybdjh*\hcgbdhhydImzZebezZz\db 7
\mkeh\bebl_evdgddli_gldd hklZ_IKy[bev.ghc

J amevhbddkie "h\ZgbZgbg_ kibhokfh~bnbpbjh\Zbghc
ljb_ffZzehzdlb\bjmzmik¢_gblkdBEeild _"klz\e \dd[er. BaZzgZ
eba@lbp amevliXxkn\"mglhijhgghklgkihhcklbXke ~h\Zklghc
eblbibggteklZe Zankl_gbldeZkkZhhklZIhgdadBl2 FIZ
ijb20°C)agZq_gjby dzZdmqgq _KibkhdlagZq_ ogbybg dH¥a
imr_glA6,1 %)\ aZzdZe_&kdkihyglhke O>agZqg_gby'_dZdm
g_klbthajzklZ66b F1Zijb20 °C), m"ebg_MfjZajmr_dimyp " Z_Iky
"R1,8%.1jb ih\ur_ggdofi_jZImjkkdulZgbtgghkliguieZkdb
g_kdk\hcklkZZebO>khklhydgdgth  Zx]Jkyb wihhklZ\Z gl&h
kiZlhgythkhdhhjh\dij_~_¢é dmqg_¢gllh g 350FIZ m~ebg_gb
AhiZajmr_gbfy g 17 % ijb700 °C).

LZ[ebrpZ

F_ 0Zgbq_kdxckIXZh~bnbpbjh\Zklgeie Z\db 7
AhbihkeklZj_gip700 °C 100q

thI-hyT >hklZj_gby IhkeklZj_gby
gb_ obkyi
klZeb C Lo FlZ| L}, FlZ /, % b Fl1Z| L, FlIZ /, %

20 212+ 26| 588+17 76,1+[l 245%|12 629x7 46,4415
AZdZeldeB0 | 122+25 321+1] 439+19 139+1 3143 3644%39
700 | 124+15 266+ 505+52 133+#1 266*1 46,6459
20 655+45 785+2 21,8+55 318%#5 698x1 21,340,5
5
,8

o> 650 411+ 3| 4484 17,2%0 295+28 3797 175426
700 | 35714 393+18 17,1%2 283+1 3401 194424

Ihke klZj _glkyZebazZzdZe glghflhygihb” ¢é dmqg_gib
kdhevdh_ebqgb\Zhlliklykb|_exmogoh*gRhiklhy ¢lryf.e7) ijb\k_o
bkke_"h\zZggfuojZImjZkiulZgbyeZ 33 FIZijb20°C). Ijb wihf
m~rebg_MHhZajmr_agbfy gvrZ, ¢k&yo[heagZgbl_eMgphZaZjb
dhfgZlghdi_jzZImhkiulZglkee _~mhlf_Iblglhg_kfhljgZmdZz
aZggkgb _gheZklbgghidhZ _Ig¥Aukhdhhjh\gg f_g_36 %.
KIZj_glklZeb O>khklhyqgihb\h~bd kgb™_ghx_"_elZdmq_Kklb
\1,3-2jZaZjb wihhgZq _obybg Yhi¥ajmr_ghddlbq_ kdba
f_gyxlkyghkbl_ewikgah*glutok | hy glozcl.er). G _kfhlpyZkgb _gb_
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ijhgghklgknsmnckihkeklzj_ghjy ~ B dmq_ikby00°CgZoh”blky
gZhklZlhdghhdmijh\gg f g 280FI1Z Zm~ebg_ fjZajmr_
gbxhklzZ\eg_fl g_19 %.

G_kdheWwddivrbagZqg_ gjdywghklgkidhckRlZebezZ\db 7
(1Z[e7) ihkjz\g_glXhhl\_IklI\mxsdd&Zq_gbVydbklZebeZ\db
<« 5(1Z[) fhimulvk\yazgt_gvr_wnn_dIb\ghKRlLviXhjZkk hj
ghltmijhqg_obdkq_F_gvr_]Jkh”_j"Zgbmfe_jhB2bki_jkgh]h
mijhqg _dEy[brgudEklbpafkg kgb  gbjt fghdhetwlboZ
klb.pMdZazglggy gpbkgb ™ ghxhgghklgkbhckIRhojZgy Iky
bihke_"ebl_evgRbkhdhl_fi_jzZImjghgh gbyjb wlhf ey
Y-fhrbnbpbjh\Zgbhebp _ehifhkek|Zj_gb¥jzZdl_jde \uk-h
dbagZq_ogbyebg _Mh¥ajmr_gby

lhkdhev[kerb " ZcrbZgZehjlbajZ[hlZgkliZe —cojhfhgbd_e _
\u_Zmkl_gblgdedbZdhgkljmdpbHggujbzaéjihehq_deh\u”_
eyxsbove f_glhbf_gyxlkly oheh~gh” nhjfbjh\Eglkghfygbb
gZb[hevragZg_gYeyihke_"mxsijihf _g_ghbiyehzZdlb\bjm_fuo
Zmkl_gblgZe bd_xlk\hcklhEkeO>F_oZgbq_kdicklgh\uo
klZze gdjbf_jiez\dd5\O>khklhygbbjhdhlbgl_j\Zle fi_j}Z
Im{20-700°C)\ur, g_fmojhfhgbd _ekNhNheWw64 [21]b\ bgl_j\Ze _
| _fi_jz1m50-700°C\ur, g_fmn_jjblgftizjl _gkblgkl& e 1823
ihkeazdzexdkhdhl_fi_jZImhgimMREBE. |jb wihfy_h[oh”bfh
mqgblu\Zivkvdhfie dk oZgbqg_ kkibthackl\\dexqgZkljmdImjgh
nZah\rkkZ[bevgRkhkeh\bBed!| evghllhj _ghywlhhlghr_gbb
b&-0ij _"klzZ\e_gigwoh#lzZeiez\db5 bf__Jhe \ukhdbjheg
ghklgk\hcklVB kjzZ\g _ghkxezZ\dhkc7. Hr*gZdhg_a@Z[ex”Z_ |ky
[he \ujZ  _ggkyg” _gpbw”_ e _ghkxZalt mkeh\byd!| evgh]h
\ukhdhl_fi_jZImkgdhjhgbpY>khklhygWdtij_~ ey lh[oh”"b
fhkiWdhjj_dlibjhkdlklZzkZZe b¢be)bhilbfbazpiob jfhf_ozZgbqg_
kdblo[jZz[hIheyh"Z\e _gbdZaZdght_gpbb

5. AZdexqg_gb _

l.1lhdZazZzghh\ mkeh\by@j_ gbjb 700°C "ebl_evgh k0@ x
b500 qgh\ubZehzZdlIb\bjmZmkd _gb llglZe Fe-26Mn-11Cr-W-Si—
Ta-Ti-V-Zr-0,32C b Fe-11Cr-27Mn-W-Ti-V-Ta-Y-0,23C i€ Z\d b« 5
b« 7)a_j _gozfpvdjh*\hcgbdhl\ayd I nhjiZl Z_IKkiZ [bev.gtikgh)
gufijhp_kkhfhlhjugZ[ex"Z Nkwibomkeh\by\ey_Iky"_e_gb_
Abki_jkgddj[brgg@klbpsk (M — Cr, Mn, Fe).ljb klZj _gkbZe c
\azZdZe &htkihygblimZj[bMNw”_eyxlikyjZgbpBYfgmljd_j, g
ZIZd \\bMh[hehqggdy Zkl|bpdZo[b "MC (M -Ti, Ta, V, Si, W).ljb
klZzj_gkbze\oheh”gh”_nhjfbjhkagghy gl [ b bk \u”-_
eyxlkiy bfms_ kI\ \g\pHiZjZee evigd&klbgqZdd&lbpiehk
dhkly{i11l} Zmkl_gbkdjZgbp2ZdhcgbdBWoihi_j_qggyzZaf_ju
h]jZgbg_lpaesbght¢hcgbdkKlZj_gklZe \mheh”~gh”_nhjfbjh\Zg
ghfkhklhygpb\h*bdnhjfbjh\Zgb&zjl _gk{Nrzil3%).lehlghklv
gZklbBxsk agZqgbl_eWwgjzklZzjh m\ _ebq_bjblh _gkklZj gby
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AMB00g(ihkjz\g _gkl¥w0q. KIZj gklZel\oheh~gh” _nhjfbjh\Zgghf
khklhygtelb!l evgh®uagkihkh[kI\huN_e _gbrZaudhkeklZ
j_gb¥lZe \cazdzZe_glghkklhygwbzhZag_h[gZjm ._gXlZeb
kf_gvrbkh”~_j Zgim]fe_jhdZj[b "hh[jZamxsbio ggi\[ex"Z
_Iky_gvrdyg® _gphy”_e_gbmwZau
2.Bamqg_¢fuozZgbqg_kkdihck|\ZZehZdIb\bjm Zimkl _gblguo
klZe iezZ\hd 5 b7 ihkekI|Zj_gbjyp 700 °K(~h500 g \ aZzdZe_gghf
boheh”rgh”_nhjfbjhkAgohyfgbmke h\ibkoulZghZzZkly _gb_
ijb20,650b700°K IhkeklZj gbhel\azZzdZe &dhkihygbdexZ
_lkykhojzg,gtheb”Z" _g_dhlhjhh\ur_gbijhgqghklgkdhckl\
ihkjz\g_gbkbkohrguhklhygbWirk\yazghj_\Zebjh\Zgn f
n_dliMbki_jkgmlihhgg_gEKIbp K gZvnn_dIZEZ@mmijhqg_
gbyxqg_\Vha\jzrZn_dlgdkne[kljmdlikijdj_gklZe\@mheh”~gh”"_
nhjfbjh\Zggdhfk lhygiptbb\h~bd kgb ™ _gbixhgghklgki\dickIWIh
kl\yazZig\u” _e_ _glygzZtk IMp:Cs ij_bfms_KkI\ _ ihngizgbpZ¥hcgbdh\
bmkdhj_ggliimkdbheh~rgh”_nhjfbjhkZjgghlenM”*ebg_¢hb _
jZajmr_dbyyameviiZilzj _ghkgb Z_I\kgzZdZe_dcdtkflhygbeéb
| _evghklZj_ gm00q klZeileZz\db7\oheh”rgh”_nhjfbjhkBgbhf
ygbhb kgb ZidZklbqghkuv e dgdinZauhkeklZj gbh”*he-b
| _evghkb0xqg\ klZeiez\db5\oheh?gh”_nhjfbjhkaggthygbb
ijb\h~"bdkgb™ ghxr% m~ebg Y¥ajmr_gpbh20°K Ijb ih\uy
r gbb_fi_ jZImpkiulZghebyglhnZagwz\ ebgbpgeZklbqgghklb
g hlgZjm ._ g6 _kdhevfihgvrb_agZq_ghbjhgghklgul\hckl\
Y-fhobnbpbjh\Zgghehh kjZ\g_gkRkklZeviez\db 5, k\yaZgu
kf_gvr_wnn_dIb\ghRIlvixhjzZklI\hjghijlhgg_@©a&kq _fl_ gvr_]h
kh~_j"Zgbnlfe _jhbA&f_gvr_wnn_dlb\gh&bki_jkgmihogg_
gby Zj[brgudEklbp.Zfb

3.ljhgghklgbhieZklbqg kdihcklyZajZ[hlZgkgliZoe \coh
eh~rgh”_nhjfbjh\Rbghtygbritbjhdhbgl_j\zZE fi_jZImj_\u
rZxlkhhi\_Ikl\mxsdZq_¢kbyjhfhgbd_eZwhicl_gbkdEZeldb
iZWD64 bijb\ukhdhofi_jZImjZeoyn jjblgffizjl _gkblghZeb
Wi823 \ kljmdImjkinklhygbkeazdZédlbkhdhl_fi_jZImhgh]h
imkdZey]jZgbq_lglgyt _gpdrbhjfbjh\ZglhrnZauklZeypbih
\ur_ggulo fi_jZImjZighhe bl_evgub _gZ&xdzZj_gbhyh[oh” bfZ
"hihegbl_edbigydlbjhbd&e f_ glghiklzZzbd_"bfh\_jfhf_
oZgbq_Kdhod[hlhig_~ihez]Z_dkhynmf_gvr_&h”_j Z&b\ kh
klz\klZe, Z1Zd mf_gvr_dbheb\hcgbdhlpbgbdzé_klazjh"

N _gbyhjbgguazamAnklihkh[kI\h\iZdb ™ _gbxg”_gpb\u”"_e
gbxtnZabdZj[b"M)Cs.

4. >hklb]Jgmbihdie_dkhqghklghoeZklbq_kidiheakljZajz
[hlZggwh\udZehZdlb\bjmZiulol _gbligiiZoe Icbol_jfbg_kdZy
klZ[bevghkikeh\Bebl evdhhiBd0q klZj gbp700°Cihalhey
_ljzkkfzljb\&IklZe\bdZq_ki\jki_dlb\gZehzdlIb\bjmdHgo
kljmdpbhgfgddojbZehdywg_j]_Ibq_jkdbdhjgh\h]thdhe _gby
blb[jbrguwog _j]_Ibqg rikbzogh\hd
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6.;eZ]lh~Zjghklb

Bkke ~h\Agbheg a@Bkq J]jZgldhkkbckdhdmgghhg”z
< 22-19-00802, https://rseti/project/22-19-00802/

Bkke_ _"h\Zgb_ " d&ibkihevah\Zigphjim "h\ZRDixGZgh
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Jhkkbckdbt jZevgticijgyc gH<k _jhkkbckdbc
gZmglglhke "h\ZI|_dewkdbtmd ki _jbf _glZebabdb
ij. FbjB7,KZjhGb  _JThjh "Kd2¢ k vh k k 1697188

ljh\_~ _dgokke_"h\Xglhygbly*hjh{djdb " rZ\e_ _@BOH1Z
\r"bzZizahgfi_ jZIm]j20 *600°KgzZf_oZgbq_kttbckIlEIZ
gh\h]kiez\Z16, balhlh\e_gdhlh*"hfihkehcghdBa_jghlh
kiez\e ¢IlByy. F_oZgbq_ kttbckIVEKkkieZ\ZIb gZoh”ylky
gAukhdmmijh\dog mkimizadZqg_gbgZeh]lbgpgaj@d!_jbklibd
kiez\themq_ggdghlfz*bpbhgdubgheh]myjizldh\j_f_ggh_
(5 fbgmitha”r_cklWWm~ hjh*"g hdZaZlms_kI\_gdebygby
gZeZklbgghlElkkiezZ\VWh\k_fbgl_j\ZbkiulZl_evyufo-
jZImjzgzZozZjzdl_jbkiprddpghkipo I_fi_jZImjZla@hfgzZlighc
NhiexKO0°K Ijb | _fi_jZImpA®°K b600 °K\ha”_ck\tbrhjh~Z
ijb\_edkgb  _gmZjzdl_jbkjibgghkbh fZdkbfZevighe_
gbwltkgb™ _gbhy\behikb | _fi_jZInmg00°K(L gB4% b L,
gB6 %). HrgZddh kfhljgyzkms klI\_dggh_ ghjhgghklgos
jZzdl_jbkAbdrhjhajbl_fi_jzZIndp0°K hlghkbl_ekgh_gb_
IEKh[jZaptbwlhk fi_jzZlmhdZaZeahlkgm\kI\bl_ edAdaf
A_ckIVbohrhjhbdAhklZ\b%8100%. |h j_amevl|Zlglfl _evguo
bkiulzg@€5 gZkhmklZgh\eqldtjbl_fi_jZIn6p0°K\ha”-_c
kI\bl _fi_jZImhyh~*hjh?*Z _q_gd\mbiylbgZklmg\hdZau\Z_|I
\ebyglyieZklbggHEIKh[jZapki\le Z\&ZI6, ghijb\h~bdm}_
ebqg_ghwxoijhgghklgo@jzdl_jhkRZdkbfZevmhjhgg_gb_
IEkkieZ\@n\_ebqg_$bagz149%) \ \h~*hjhAajb |I_fi_jZImj_
600 °Kijhbkoh4dhkeq_ luj_oqgZkhvhc db

1.<\ ™ gb_

<gZklhysj fyrbjhdhjZkijhkljZg_igbmgHedghehiley
kehcghdBa_ jgklbazZ\e ¢IBK. |j bfms_ klwZht _ogheh]kt
klhysb\ \hafh ghkibemq_ dday* elkclukhdbfbbabdhozZgb
g_kdbkhhckl\zZzhbbgbfZevghke "mxé&[jZ[hldRZjyMiu
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khdbhwnnbpb_Bpkhfievah\ZgbyjbzéZezwlhf_Ih™N_kvfZz
i_jki_dlb\gtdykharZbday* ebeh ghmhjfureyjZaebqdupZk
e_djhfure_gghkiBrbghkljh,gdiafghwg_j]_lbdWwZkljh, gby
[bhf_"bphgy

HrgbfbagzZb[hejZkijhkljZg _gfalo jbZehjibf_gy_ fuo
\gZklhysj fwWwzZ”*"blb\gu@gheh,]pyoy_ IlIKkMZgh\kte Z& 6.
Kiezklb y\ey_IkyZehl]dZjm[_ gki&Z\U-6AI-4V b \u[hj_]h
\dZqg_kh\[t_dhkke_~h\Zgdc[mkeh\le fglhwlhkiezZy\ey_ Iky
kZzfufbokihevam_IbdZgh\kfieZ\hdeZkkZ ) bgZb[heZKkifh
kljZg_ggudk_oéblZzgh\koezZz\KAZgbfZ4hke 50% fbjh\h]holZ
gh\hliphba\h”kI\Z

<gZmged_jZlmgnhjfZzpib\wazbfh”_ckk\bbhjh*kifeZz
\Z<16, ihemq_gdhlh*hfEK h]jZgbqgbgZh*ghagZ4gdybf, ]
[1-3]). Thwlhfm amevIiBkke_"h\Zgbyghka”_ckl\bh¢hjhyz
f_oZgbqg_kutbckI\Zdhf&ZI_jbzZgz~klZ\eyxd!|_j bkdkh]mlulv
\hklj_[h\Zighkha*Zdlfbjm~h\ZgbhlZxs \[hkh*hjhrhkh2_j Z
sbokj_"Z\ogZklghkibkmAbkhdhyB\e_gby

>Z9gg9¥&[hlihk\ys_9Kke_"h\2Agbygblya”r_ckl\byhjh"Z
ijbrZ\e_gBOF1Z\ *"bzZiZzahgfi_jZImjdhfgZlghltiex k00 °K
gZf_oZgbqg_kdbcklVWjZaphBlZgh\hkie Z\ZI6, ba]l]hlh\e_gguo
ihl_oghehlbBK

2.FZI _jbzZenf Ih~bkke ~h\Zgby

21.L_oghehblayhlh\e_ _¢gbK-h[jZaph)\

Bkke_"h\Zgbhw~bebdkZk|Zg"Zjldu®, IbilV, =HKL497-
84) pbebg”jbq_kpgEZapddizkly  _gba]lhlh\e gidpdoogheh]bb
IEKbahjhrdEblZgh\K]ieZ\ZI6 (ijhba\h~"blIH&lWGhjfbsgih
jhrhdblZgh\6ZjdbL G8.<16, njZdpblp-45fdH).

Obfbq_kd&kih&lZdh\_joghklked dZklbpjhrdZgzZephZ
gmehf_Iljbqg_kHdklhkh jbgghkZiklbpjhrdBhp_gdHebq_klI\Z
gZklkxZ | _eebiji\h*"bebgZhkgh¥ZgzZeldddjhnhlh]jZnhjd ¢
dhlihemq_gdubh~hfjZkljh\hwe dljhgghdjhkdhi@bVF gz
fbdjhkdHReol JISM-6490kijbklZz\dhey _gl]_gh\kavwglhjlh”*bki_jkb
hgghfhdjhZgZ &NCAZ50.

Bah[jZ _gddklbijmjhrddjb\_~ gwaZjbkl,Z Z]bklh]jzffz
jZkij_"_e oqgkibpjzaf_ jZfgZ4bkil, |

l[jh\_ "~ gglukke "h\ZhgjlhydKieZ\Zb6 ihdZaZeglthhgbf |
ke _"mxolZjzdl_jbklbdb

—obfbg_kd&h&lZhjhrdEhhI\_IkI\h_[lh\Zgbyf K19807-91
«LblZgkieZ\WblZgh\06_nhjfbjm_.fuZjdbh

—1_dmq_iklhWwrdgz\g22 k

—]jZgmehf_ljbgkkBhidhjhrdBf__thghfh"Zev@kij -~ _
e_glmzklbpjzaf_jzffzdkbfmfakij_~_e qghbklbpjzaf_ jz&f
"ZIN"bZiZah@®0""B0 fdf
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—nhjfZgZklbpkke_"~h\ZggpihdZn_jbqg_KaEty fgZyhey
98 %)kkh”_j"Zghlf_fghhchebdjm]legdkl B po;

—ihjhrhdkh”_j'bhzZklbxZ!|_eebludhebq_k5b\ _gzZklbp
kZl_eebdAb0qzZklthkgh\ghjZdpbb

—gZkuigBiypdghf_ljbq_ikedAghkkihklZ\e251b4,39 Y kf
khhi\_1lkI\. ggh

1 D (

JbK.JW#Hbah[jZ' _gEklbpjhrdRiez\Z6 (I b]bklh]jzffz
bojzkij_"_e_igpZaf_jZf

IEKh[jZagblZgh\K]ileZ\ZI6 ba]lhlZ\eb\Aetkk WhgfZijZ\
e_ghgmklZghiwkkehcgbla jgki&z\e @GHeynlion M2150T.

ljb\u[hji_ "bfada]lhlh\e_lghxaphhehjh\_~_ dghfie -dk
gu bkke_"h\bgbgabdhoZgbqg_kdbhokbkljmdImijbjZaebq
guoagzZq_giyjiaf IJHEK Ijb wihfuehmklZgh\elbiZjzf _ lju
j_ " bfa2EKkms_kI\_yathyxtyZozjzdl_jbkfbdEgbqg_kdbokI\
IblZgh\K]iez\zl6. GZijbf_in\_ebq kgthjhkkdZgbjh\Z§19
A"h2500 ff/kijb\h~"bd kgb ™ _gbx_f_gghkimijhlb\e_¢&h350 ~h
1050F1Z Zih\ur_ghbhsghkldZa jgbhaemq hgtp "50 <liha
\heyih\ukbly_f_ggkhijhlb\e_ k50 "H230FI|Z

BaZgZebaZzmevldjh\_* gghkke "~h\Zgkbhij ~ e gu
hilbfZevglu ogheh]bqgiXjhf ljuhp_kkEK dhlhjuh[_ki_-qgb
\ZxlgZbemgkhg_l|ZdBdbobabdhoZgbq_ldh&@dl_jbkdBd
iehlghklhyhgghkbvieZklbgghkidvhjhkkdZgbjh\ZIgaoy ff/k
fhsghkleZa jghldemq 1gbw!t Ihesbgkkeh30 fdf jZkklhygb
f ""mebgbyfbjboh\dd® fdf I1Zdlbdgboh\dAih\hjhébgbaz
rljboh\db_q_g®pxp7° \ dZ "hithke_"mxskefh | _fi_jZImijezl
nhjfu20 °K

Balhlh\e_ggwlhfm bfmEKh[jZapblZgh\K]ile Z\ZI6
h[ez"Ziké _"mxshftbabdhozZgbq_kHbYfbkI\Zfp ~ _Ehqghklb
khklz\eyg I1f_g_1200F1Z mkeh\gujc ~_el_dmqg_lglbf_g__
1160F1Z hlghkbl_ewvghebg glbke jZaju\Z8%, hlghkbl_evgZy
iehlghkd¥5%, fh"mew*\b]g f g 38 =1ZI\_j~hklg_f_g_41
HRC, fbdjhI\_j~hgl¥_g 3,8 =1Zkj_"~ghtkeh\gZzaf_g_jglxk
oh~ghenZakhklzZ\e§0 lfdf, fZdkbfZevatpZg didghkbl _evghc
iehlghkd89,5 %.
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H[jZaplua]l]hlZ\eb\&&hEkaf»j(ih\_joghkkfhq pdbebg£ijb
g_kdig&Zklib[jZaphikeba]lhlh\e _gbhk”*\_jlZeZkivhegbl _evghc
f oZgbg_kfjlzkdh)dihkebalhlh\e ggbyjfhh[jZ[Zlu\Zebkyv

22.Bkiulzgbhy[jZzapbY4zkly  _gbkj "\h~hjh~Zz

F _ozZgbg_kudbhcklIV\EkkieZ\ZI6 b\ebyglgZgbdaha”_ckl\by
\h*hjhhzj_~_e_ipy_amevidldulZgpbebg”™jbg_tkdBaphX
jZkly™ _g\bkj_ _~\h~hjh®bd3_ebiyb"Z\e_@gOF1Z\ *"bZiZahgf
i_JZImhjl20°K ~h600 °K KdhjhktvnhjfZpiblZaphb bkiulZgbyo
khklZ\e3®¥ k. HibkZgimklZghbdblh~bdjh\_~ ghliulZgbc
h[jZapb¥zZkly  _gblZah\ko_"Zipb "Z\e g80bFI1Zijb\_~ _ gu
\'jZ[hlZ45].

<ebyghh”hjh"gZZozjzdl_jbkifbaotzgbqg_kdhok(Vj_"_e
ijhgghklpij_~_€eé dmqg_kibhlghkbl_ewgYebg_ogikejZafu
\Z/, hilghkbl_eWkgh_githkejZaju\@~eydZ ~hic fi_jZImhkiu
[Zgblep_gb\Zejbkihfhsbmkeh\gihljdhzZzazIlA&y\_ebqbdgihyh
]MugbkeyeBkhwjfmél:

He H2
% 100 %, ~
X 2

17 xHe_ kj _Agzibnf_Ibg_ledizg _&bhhl\_IklI\mxsZjzdl_jbklb

dbihemq _gighbkiulZgbyloebk"2 —1h* kZfhijbbkiulZgbyo
\\h*hjh"_

BkiulZgbjyh\h*"bebkwke "mxskoc flhkefhglZ BE[jZzapZ
\dZf_j\mkhdhiB\e_gby]_jf_IbazZzmkdzZzghbhd4dZzah\dhffm
gbdZpbbdmmfbjh\2Zéhiki ZIhqgghZhe_gbyz Zazl_Kjb "u
ijhful\Zebkveb ifb~"Z\e_qgbl,5"M0FIZ IhkegZ]j_Yd\Zdmm
fbjh\ZggtZf_jkh[jZaphhl _fi_jZImbkiulZghg_gZimkdZeky
]Zz&\h~"hjhreld_ebch " Z\e_gBOFI1Z Ijb bkiulZgblyloihevah
\ZeKy ahh[jzagdbjhHKB022-80fZjdb: ».

<uihegyebBkZibizZbkiulZgbdjzZzldh\j_f_glmgZkh\ldjb
djzldh\j_f_glgkialzZgbyofy\ha”_cklyBgh\kg_~b|_fi_jZIm
jughljZzahgZqZeldfjZzkly _golyklZ\eyelhgmQ Zkh\bkiutz
gbyjh\h~behklvl _fi_jzZIn6p0°K <j_fywha”_ckl\byhjhbdZ_f
i_jZImjuzh[jZa*mgZgZeZkly _gilpp gZkh\bdiulZ g bkito
klz\eyx & b5 qzZkh\

X' (1)

3.J ameviBkke ~h\Zgdhah[km ~ gb _

31.J _amevidfjdldh\j f gdukdulZghbyxZiZzkly  gb_

Kj_~gbhlj_fdjzlidh\j_f_glgkiful Zgh¥jf_fy\ha”_cklIbky
iulZl_evogdic” b | _fi_jZImgwh[jZapuwhgZqZed Zkly _ghbly
klZ\ey&hfbgmlagZq_ogddjZzdl_jbkiibadZgbqg_kidhe kI\E k
h[jZaplih&ieZ\Z6, ihemqg_gfendZ ~hicfi_jZIm\d_ebt\hh
jh~ijbrzZ\e_@BIF1Z ij_"klZ\e \dx[el bgZ4bk2, 3.
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IEkh[jZapuakieZ\ZI6 (bkiulZggwu] ebijb dhfgzZlighd
i_jZImjh[ezr"ZWdkhdbmjh\gffoZgbqg_kdbokll=1220F12Z
b,=1020 FI1Z /=10% b %37 %. lhemqg_g@@yZq_gbgb",_q_f
mkieZ\ZI6, balhlh\e_gidnjE "bpbhggudgheh]thywthhl\_ITkl\m
xI'lj_[h\Zgbymhs_klI\mxgbjdkt |Z[.e).

<lZ[el ijb\_"_cgZq_bbyhkbl_evighdh_gb¥jzdl_jbklbd
f_oZgbg_kdboklNEkh[jZaphieZ\ZI6 (ihdZaZld &y \ualZg
ghldjzlidh\j_f_g\dwaf*_ckl\bhhjh*Z

DZiubrghdZ[el,djzZzIdh\j_f_gbgbh”~_cklN\b*hjh§zhdZaZeh
kms_klI\_gigddglgyyijhqghklgazjzdl_jbklB&kh[jZapkiez
\Z<16 "hl_fi_jZIm4Q0 °K <_ebqgbigzyZf_Ij&l ' £25%\ bgl_j\Z
e_|_fi_jZlmjdhfgZlghltiexk00°K ZiZjzZf_|j@3, "33 % ijb
| _fi_jZImjdoexKRO0 K" hiex k00 °K(qlhg_ij_\urZ_ilh]j_rghklv
baf_j_ghnd,7 %).

ljb I_fi_jzZInbp0°K\ha”_cki\b*hjht*Za\Z&lyb _gijhg
ghklgwaZjzdl_jblblbtizdkbfZevighde_gbltkgb™ _gbhy\behkv
ijbl_fi_jZIn6P0°K— 01=34%Db03,=236%.

LZ[eblpZ

J amevhXiwlZgbEkh[jZapthdkieZ\6 g4 Zkly o\ _ebb
b\h~hjh{tb"rZ\e @OlFizZ

L 1, FIZ | 01, | %o FIZ | (3%, /, % a/ %% 0%

'Kl Gl G|l w | G] G| % G| G| % | G| G| %

20 | 1220 1240 -1,6¢r 102p 1120 -98 10 b 10 387 B2 135
200 | 980] 960 2| 904 870 38 145 125 D 57 59 135
300| 920] 930/ -1 840 830 12 1p 13 B8 62 62 |0
400 | 880| 860/ 23 790 78p 18 1B 125 38 b5 [82 |26
500 | 720| 630] 12% 620 53D 14/5 31 41 -B2 b8 98 I[19
600 | 380| 250/ 34| 320 205 36 64 56 1P5 99,9 999 |O

*_ agZe> mhdZazl(&hagZq@ kigh  _gEm\ _ebq oZjzdl_jbklbldb
\kj_"\h~hjh~Z

LZ[eb2pZ
KjZ\g_dgbhemqg_gkWhacklEKkh[jZaphly_[h\ZgbkfiZg”Zjlh\
. L[ % I %
Bklhggbd KiezZ\ F17 %
>7Z9g9g¥4[hlz
(bkiulZgbly ebb <16 1220 1020 10 37
ijbdhfgZlighdi jZln|j
AMS 4928 [6] Ti-6Al-4V * 896 827 10 « 20
H K I1 90002-86
(lhjyq_dzIZgjgubd <16 930-1180 - <9 25
b &k i e Z \<Z6) [7]
H K 11 90006-86
(kj_"g_1Z[Zjblgy_ . .
rlzfin\dbekiez\z6ih| <~© | 930-1130) - 10 35
ke LFHbKkIZ] By
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z [

S A\]_elolibb."Z\e_nglﬂZ
- = Al\h~hjhdjbrZ\e @B IZ

Jblk.0Zjzdl_jbkijhdighkIEKh[jZapkieZ\Z6\]_ebi\h~hjh” _

W Q)
%WG)

(@
\

N
I(G)

Jbl3.0Zjzdl_jbkieAblbggHEIWh[jZapkhieZz\zB6\] ebtb\h hjhA_
ijbAZ\e @DIFIZ

Ke_~nhlf_Iblglhmgblu\MZsbdabMN_fi_jZImjadbkbfhklb
iZjZf_1jhd1l b 03, m\_ebqg_igbdhfgZlghcfi_jZlIminkeh\gh]h
ij_"~ dZdmg_\KIib*"hjhyD8%g_eviggdlh\ZdZcijhqg ,db_
a\Zggtha”_ckl\bhXfhjh"Zzkdhj\k_]Jk\yaZkihhy\e ghy fk-1Z
[bevghikNhckihjhrdh\hfihlZeeZz

lhwihtc_ijbgbgih\brbfhfmhlebghlijhqghklgasdjzdl_
jbklibdebyghh hjhdZieZklbgghkkZ\ZI6 g klhelw~ghagZqgh
AZf Igkgb  gbezZklbgghkib\Zggimar ckl\bhfhjh"gZ[ex
NZ _lkypb dhfgzlighdi_jzImj/=10 % b 0% 13,5%).< bgl_j\Ze _
| _fi_jZlrmjiexk00°K hiexk00°K\h~"hjhmljbpzZIl_evigdlihigby
0ZjzZdl_jbkibdklbgghklibdZaZjed | _fi_jZIn6pPO0°K hlf_qZ _Ilky
\ual\Zgogm hjhrmff _gvr_didghkbl_evmhetbg_ghly/=125%
ijblhf glhihZ[khexlglhebgbmZjzdl_jbkitkZzZ IkAukhdhf
mjh\d=56%,Zhlghkbl_ekmh _g[ebadho0 %.

Lzd ij_"klzZ\ey flkeyh\ _jhylgadhbf_gg\ha”_ckN\b” hjh
NZ\ua\Zehm\_ebq_lyllghkbl_evigmlh ggy26% ijb | _fi_jZImj_
400°K b m\_ebqg_lllghkbl_evolbg_gHE32% ijb |_fi_jZImj_
500 °K(kf IZ[.el). Dijbf_jm keblz[el ijbI_fi_jzZInmd00 °K jzZk
kfZljb\ZkwhW\f_klgihhdZazldebad%lhfh ghazZf_Iblgwihh*ghYj _
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f gglkjhklhthighkbl _evigmThgbhy¥[ex~Z tkfy gvr_ghghkb
| _evghmhiebg. §blyih™ lfulviual\Zghklheviha”_ckl\bh%h
jhrZzkdhev[chre _jZgg emdZebaZpmhgfZpihbbkiulZghby¢Za
phW\hAhjh.kkhhI\_IkI\mxeldf gvr_ghzZ¥ghf_jghcnhjfZpbb
ijbkhojzg_kmbfZjghecZklbgghklb

IThA"\hAplhN\Nur_kdZazgdihfgphk” _eZhyh[sZxsb\w\hA
<bgl_j\Zle fi_jzlm]dhfgZlghhiexk00°Kf_oZgbq_kuhbckl\Z
h[jZaph&hjhrdXieZ\ZI6, balhlh\e _g@guoogheh]BK gZeh
Aylkg2ukhdmijh\gog mkimiZxkdZeh]bqlg\lhfck I\ K fe Z\ZI6,
ihemqg_gghl]lhjz*bpbhgdubgheh]yjfzldh\j_f_g\ga”_ckl\b_
\h"hjhti "Z\e_g80bF1Z g _hdZazems _klI\_gydbyglgwiezZ
kilbgghKBKh[jZapkiezZ\ZI6 \ bgl_j\ZE fi_jZImjdhfgZlghc
"hiexk00°K ZgzZozZjzdl_jbkiphdjghkijb | _fi_jZImjddhfgZl
ghhiexkd00°K Ijb I_fi_jZImpa®°K b600 °K\ha”_ck\lb*hjh*Z
ijb\_edkgb _glhijhlb\e_¢gbgwhjfZzpbbh *hjhb\ fZdkbfZev
gh&l_i_ogbltkgb  _gbhy\behikb I _fi_jZInmg00°K- 01=34%
bG3,=36% HrgZdh kfhljggZkms_kI\_ggh_ghjhgghklgubd
jZdl_jbklbdh~hjhnjb | _fi_jZImg00°K hlghkbl_evkgth™  gb_
IEKh[jZaphbwlht_fi_jZImhdZaZeghkgym\kl\bl_edghuad”-_c
kI\bXh”AhjhdEhk!Z\ 268100 %.

32.J _amevigldkh\bkiulZgbyxZiZzkly  _gb\h”~hjh~"_

Lblzg\ey IKy*'jb~rhh[jZzamkslZfeenhhwlhffrekieZ\g\Zz
hkgh\lblZzggb dhglzdk \h~ hjh tkfms_klI\rmhidkghkly_oh~Z
\ojmidkhklhyabkq h[jZah\Zgpwidib~jbrghZabDzZzdalf-
gZ_IKkyZ[hl149, [10] \ "\monZa(guplblZgh\koeZ\AhdjZam _Iky
F1b~jbR]lpdj_r_ldhdiLak H[jZah\zZpgb"*jbrghZaujhbkeh
Apldh]r@hgp_gljz\phbBhwjhAXKiez\ij \urZ_d¢_dhlhjeohjpblbq_
kdm\x_ ebgbgm

Khlezk@hhl[1ll], ijhp_kk]ehs_g\Why'hjhtZlZgh\ukbheZz
\Zfbbf__kbevgmZ\bkbfhklvMevdhl_fi_jZImpdZ\e _qg\lhy-h
jhrZghbhljy*a zZdlhjitkhklIb\dhebq_ _KkJbH_k \cJZabkzZfhf -
IZege\hafh ghklyjZzah\Zglbydhld*jb~rghe_gddpzZih\_joghklb
f 1Zeelhjfhaysijhp_khk]ehs_gwyhjh™zj_ "~ \k_]hhllhe
sbgub kljh_gbtydbkghe_gddjb \ukhdblo fi_jZImjRQar_
8400°K q_j hkij_~_e_og\ghfywlZe gdizeBhkklZgzZ\eb\\hMky
jh~rhfbebjZzajmrz ke ~klI\dDbnnmadbkehjhViEm[¥ [ZeeZ
\j_amevigZllkdhjhkhjehs gbwdm\ _ebgb\Z _ Iky

GZbk4ij_"~klz\el\gZd ggZ¥\bkbfhikd¥_gB¥\e g\hy-h
jhrXdzf_jkh[jZzapb#blZgh\IKjile ZTZ6AI-4V ijbgZqZevh¥
e_gHbFIZbl_fi_jzZIn®p0o °K[12]. AZf_lgilz® _gbZ\e_ oy hjh"Zz
h[mkeh\e_dbhehs_gb\ti*hjh*blZgh\ukiezZ\hfijhbkoh”Dbl
\"bzZizZahjg f_ ghhld ~"b gZkh\
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Jbkt. AZ\bkbfhKaVve giyhjhrdzf_jkh[jZaphdlZgh\IKikeZz\Z
Ti-6A4V ijbl_fi_jZIn6p0°KhI\j_f_gbu”_j db2]

Bkohbyh!|f_q_gghdh, glh[thp_gblyv f_ggnpZgbpm™h
jhrhklhcdhEKh[jZapkile z\Zl6, [uebjh\_~_ dwgzZkh\bkiu
lZgbgZjzkly _ghbjb "Z\e_gbib*"hjhB8aFI1Z |_fi_jZImg00 °K
ihkeij_"\Zjbl_evdhah_ckligdh[jZaplu fi_jZImju\h~*hjh*Z
\l_q_gh4b59gZkhd_amevigZdkh\b&iulZgbhbd\_~_ duZ[.e.
bg4bk5.

lhj_ameviZZzkh\b&iulZgincklZgh\eagldhb |I_fi_jZImj_
600 °K\ha”_cklIhbfi_jZImpuh~hjhAZ_q_gb\mbiylbgzZkhg_
hdZazZehs klI\_ggdbyglmZieZklbgghllEIkh[jZaphie Z\ZI6
(\_ebqgh%&100 %),ghihkjZ\g_gbjx amevIZtd4zbdh\j_f_glgk o
iulzgbc\h~hjh7njb\_edm\_ebq_bgbi§_»_ezhgghk(ldps6 %
b80 % khhI\_IklI\) ggtkeh\gih]lH_dZdmqg (kgl®d8 % b93 % khh
\_IkI\_¢ggh

Q_luj_oqzZRYzy diZ[jZzaph\h~ hjh#tjb | _fi_jZIn6p0 °K
ijb\_ed bofzdkbfzZevgmfpngg_gldxm\_ebqbg®9 %, Z L,
g2449%) ijb h~gh\j_f_gghkrms_KkI\_gogdgtb  _gbilkezZklbgghklb
(/ 959 %, Z% gZI3%). <bNEKh[jZapH\lZgh\IKireZ\ZI6 ihke _
bkiulzgbdgzkly _dgipb\_"~_oogb k6.

LZ[ehb3pZ

AZ\bkbfhikloZgbq_kulbok EKh[jZapha&kieZz\Z6 hI\j f _gb
\ha”_cklyEybo fi_jZImga® °Kb\h~AhjhijdrZ\e SOz

. b OZjzdl jbkibdBghb k thbok I\
<J_f))\UA_] dp :L\ | J :'9_2] = 9 /q_ | %
AR .
\VhAhjhqzK =5 9
5fbgml
(z e 250 205 56 99,9
2 390 345 40 99,3
4 580 510 23 27
5 450 395 40 99,8




128 K _dpdy

A D (

Jbks. AZ\bkbfh&ZyZdl_jbkjbdghk(P bieZklbgqgHRIbEKh[jZaph\
kiez\Z6 ijbl_fi_jzImePO°K hi1\j f_gbu”_j db\h~hjh4ib~Z\e gbb
Bz

Ke_~mhlf _Iblwglhm\_ebqg_ighaghklgadjzZdl_jbKIBbK
h[jZaphVYb qgZkh\b&iulZgby\ey_J|kig\b bfhfmn_amevlAlhd
A_ckl\bByfi_jZimjag_\h*hjh A gZdhlhj_~iheh _db_[m_]I
ijh\_jdib[he IsZl_evghbhklke_~h\Zgby

| 4

Li_sbgud

[~

X D (

Jbl6. <bNEKh[jZapkiez\Zb ihkebkiulZgbogZZkly  _gblh~hjh”_
ijbAZ\e @OFIZ Dbl _fi_jZIn6po°Kihke\ha” ckINbfi_jZImpuh”~h
jh"X1_q_g@5fbgD29gZk¥4 qZkE5qzZkh\

<u\h?u

ljh\_~_gukke_"h\Zgbyghla”_ckl\b9yhjhtib ~"Z\e_gbb
80FIzZ\"bzizahgfi_ jZIm]20°KA"m600 °KgZd_ozZgbq_kdbckl\z
IblZgh\hkhez\&16, baJhlh\e_gdhlh~hfihkehcghgBa_jghl]h
kiez\e_,dmyh~*dhlhjunklZgh\&eghmxs_ _

1. <h\k_fgl_j\ZRKiulZl_eviguo_jzZlmjozZgbq_kudhbcklI\z
h[jZapbh&ahjhrdXieZ\ZI6, balhlh\e_g@guoogheh]BK gZeh
A"ylkgAukhdhmijh\dog mkimizZzxdZeh]bglghfckI\Kfe Z\izth e-m
q_gghipijZz*bpbhggudgheh]byf
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2. Djzlidh\j_f_d®hbgmhha”_ckl\b~2hjhyZhdZa Zehs _
kiI\_gghkgbyghyieZklbqgHEIKh[jZapkieZzZ\ZI6 \h\k_fogl-j
\ZebkiulZl_evigudo_jzZlnZgZozZjzdl_jbkijhdg hkiljib | _fi_Z
ImjZioldhfgZlghktiex k400 °K Ijb | _fi_jZImpB®°K b600 °K \ h-a
A _cklI\bh*hjhtjb\_edkgb _gmmZjzdl_jbkjbgghkbd fZdkb
fZevghd i _gwlhkgb  _gbjhy\behkjb | _fi_jZImgo0°K (L gZ
34%bY,gB6%). H*gZh kfhlppZkms_klI\_ggh_gbjhgghklguo
oZjzdl_jbRIbd*hjhajb | _fi_jZImg00°K hlghkbl_exkgh gb_
IEKh[jZaphbwlht_fi_jzZImhdZaZeghkgym\kl\bl_edghuad”-_c
kI\bXh”AhjhdEhk|Z\ 268100 %.

3. lhj_ameviglZzkh\b&iulZghklzZgh\eglhihb | _fi_jzZIm
j_600°K\ha”_cklIhbfi_jZImpuh”~hjhAZ_q_gb\mbiylbgzkh\
g hdZaZebyglygyieZklbgghEIRh[jZapkile Z\ZI6, ghih kjZ\
g_gbX j_amevizil@jfbldh\j_ f _gbuoulzgBc\h~hjh”ijb\_eh
dm\_ebqg_dxj_~_edhqghk(gz56 % b 80 % khhl\_IklI\) ggh
bmkeh\gij]lh_dZdmqg _(lkld8 % b93 % khhl\_IkI\).gyhluj_eqZ
kh\zyu”~_jda[jZzapA\\h~hjh?ijb |_fi_jZIm$00°K ijb\_eZz
dbofZdkbfZevghifinqg_¢ghxn\_ebqlyedOy%, ZL, g 449 %)ijb
hrgh\j_f_ggmfs_kI\_glgdd " _gbdZklbqgglkldB9 %, Z% gZ
73 %).

JZ[hMiiheg _9YiZfdZ@Zmqgghte]jZzffuGZpbhgZewghlhz
nbabdhzl fZIhdiZzijZz\e _glB«NbabbdZaZhlhith hjhNZ

AlhjulujzZz Zx[ezZz]h"ZjgkkhiINm~rgb&df _]hjh~kdhkm
ANZjkIN_ggmpb\ _jkbbfla B Eh[Zg_\k&hdhRhlbgm < K_f_
guq_\hke X. =jyaghxmnG Qm\bevradinihsw ba]hlh\e_Hybb
jZapheyjh\_~ ggikoke "~h\Zgbc
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jUuOTTx 1 BIOXA pwAWEUUAuPOx004aY
OEUITUQ Bk UxODD DA O

BxUOxOENKUODGEITQ WD |

OUGAUEDWIdiIxTxUXTE

i. g cxORbid cAROGODNE uU O Oju @t E O pxi
1. nAUEG d zTTOOB b EYOORA@ «OaallE

Jhkkbckdb® jZevgticjgyc gH<k_jhkkbckdbc
gZmglylhke_"h\Z|_dwkdbtmdki_jbf_glZebaghdb
ij. FbjB7, KZjhGb _]1hjh "Kd2y¥ k bvh k k 16§7188

<gZklhygZ¢hlijb\_~ duameviZklke_ "h\EygjlonydIm
ju\mbF(klZet6L, IblZgh\keceZk16), balhlh\e_dbuloo
gheh]bbBbR “hbihkebkiulZzgggzkly _gbbhnw~ hjhXukhdh]h
"Z\e gb¥dbzizathgfi_ jZImjdhfgZlghlk873 K, “ebl_evguo
(“hkhl_gzZKkhbkiulZgble\h~*hjhijhgbpzZ _ifjiokllbfi_jZImjZo
h1673 "WB73 K, gZ\h*hjh " b\Zgldhf_~"bzZizahgfi_jZImjb
NZ\e _gibl1Z\1_q_gbhHo gZkh\

IlhdZzazgh\ bkoh~glifklhydhdbameviakljugzZ]j_
\hi\bhoezZ ~_gjlocl EKDFbf_xIb_jZjobq_kdprxd | mdmkth
jmxke_"nZdZebabjZRAdihf_ahbfbdjhmjh\gy®bygb _
\h2hjhgZljmdIingg_mklZgh\e_gh

<\_"_gb_

ljb \aZbfh”_ckbt\tbgpkljmdpbhfgZdduppbZgBD\H k\h*hjh~hf
bof o0Zgbg_ kilbcklIfE]lmmom~rZiwley "klWywe glya\ klgh]h
dzdh~*hjhr"dhojmiqgb\ZgH._

Bgl_j &kijh[e_flebyghAk~ hjhgZf_oZgbqg_kdlbck|XF
k\yaXghajzklzxsbjfb[h\Zgbyf®pZz"_ "ghlidkiemZIE&phjn-~h
\ZgbyZ[hlZxs_Khh* hjhr"hkh”_j ZisibfY f\bjZaebqggupZkeyo
ijhfure_gghk®b kfhljgyZfgh]he Idkke "h\&Zd¢DyF f_oZgba
fulebygbly*hjhgzZk\hcklDZF*hdhgpZ\uykg _[g+5]. L Zd bH{
jZahffeWwu[hjDF dzdjz\behj_[m_Ilknw\_~_gbkiulZglwdbo
fZzl_jbZzemkeh\bya kbfZenbheb  ggdwdkiemZlZpbhgguf

<fghlhe_Idkke ~h\XgBbfh”_ ckIhRBhjhkDF[uebZa
jZ[hlZ&uhkh[[tjv[k<HB6]:
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— k\_~_gthfbgbfmfgzZ\h~"hjh b\Zghijb \k_d_ogheh]bq_
kdbighp_kkgagbgdyieZ\dkiebldh\

—\\_~" _gbg]b[blhjfndZ\h*hjh b\Z¥Zphqlkj ~u

—gZg_k _a@bsblgurodjulbc

—\Zdmmfducb]*eynf _gvr_gbywp_ gljzZ\hBdhjhADF " h
[_ahizkaw&q _;gbc

—jZpbhgZeeghbjh\Zoth]jZgbq_kh? j Zghy~guigb
f k;c

—kharZgbjmdlkgzZzbf_ gvmgm\kli\bl_evgtdkHx

>efhevrbgkDE[uehbhij "~ e [gahiZkgukehWgkiemZzZI|Z
pbbh\h*hjhr*hkh”_j"Kisbaddo6z\e_gth hjhMNZfi_jZIm)\g fy
\ha”_cklI\byhq k¢_u

<ur_kdzZazpgbghkblkQF ba]lhlh\e_gigufZz*bpbhgfud
gheh]blefblvkihke_~mxgslhddhclZzfih\dhe¢jhdzldhcjfbg_
kdhie[jZ[hldlc ?).

<ihke_"dj fy\h\k_ffbj_ZdIb\gBa\b\Zxky*'blb\glu-o
gheh]lp), ij_"klZ\eyxsdh[h&h\hdmighHklh*hr*eykharZgby
lj_of _jgb@a”_ebcr*bghfogheh]bq.ijkdhfkkh”™Zggufhfivx
| _jgudbh”_e[7€9]. Ijbf_g _gbL ihal\hey_Febahbfjlgh\Zpbhggu _
dhgkljmdlhjikdbkms _klI\_klydjzZzIbfjvfyjZzajZ[hlubalhlh\e _
gbya”_ebpL[hlZxsbdhfgbkeb\\h*hjh*"hkh”"_j Ejshadld2
ghdagzb[hehklj [h\Zghuojki_dlb\guogheh?}egkihevah
\Zgbyijhfure_gghWkNey IE9~"blb\dZgghehilbkehcglkela |j
ghlRiezZ\e_(@llEW f_IZeebq_kdbhodH10].

< k\yalb\hafh guifbf_g_gb”flZebeDF ba]hlh\e_gdfuo
Z ""blb\glufogheh]hyYh*hjh*hkh”_j'EjshBhdp "klZ\eyikZd
Ibg_kdibg! j bikkke ~h\ZmmyZbfh”_ cklhgvhjh&k@Ibfbz|_jb
ZeZfb

<hlebgthlDFE balhlh\e_gi(pdpZ*bpbhgdudgheh]tkypf
kl_fZlbg_kokdke "~h\ZghBhfh~_ckihBnWjhkDFE dhlhjubath
Ilhle_gt:L, lhevditZqgbgZx1¥5].

<NZgghZ[hlij_"klZ\e_ jgamevIZkke_ _"h\Xgbyggbly~h
jhrgZKljmdIingzimk| _gbbghcZ\_xskikZeh6L blblZgh\IjileZz\Zz
<b, balhlh\e __dgum"hifEK

<u[hDF*"eykke "h\Zgdmkeh\lee g"mxsbf

KlzZe3d6L, [jZzZ"bpbhgdakhhikh[ba]lhlh\e, gbgghkblkge Zkkm
g_j Z\ _xshkbZe Zamkl _gblgkltkkZ ameviiZzkke ~h\Zgbyg
gbwh~hjhgZk\hcklkdZebbiZ316L [uehmklZgh\eqldk|bD F
gZb[hemklhcgbd«wH(gZijbf, [16-19]). Gbadnmpm\klI\bl_evghklv
d<HklZe wih]deZkhEZuggk\yaul\Zkhlkmlkl\bbeby [hevrhc
kl _i_gvhZjl _gkblghjjhjZs glhjy bo” nhjfZpblkjZ\gbl _evgh
gbadhbnnmabh’hjh({f20], [21]). WIk\hcklkhZe lloiB16L ij_ 2
ihez]zbdrbjhdhijbf_g_gb\h*hjh~ hkh”_j EjsbBdlhkm{u
khdh?&\e_gbwlbelhm[hijh\h u
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HArgZdih j"Z\ _xsEmkl_gbliglZeith kjzZ\g _ghkdhgkljmdpb
hggufklZeyfipb \ukhdheZklbqgghtkilbxlgbadbjhgghklgaZ
jZd1l_jbklbddh[_g\gilh " zgglkhklhydB3d), qlhh]jZgbqgb\Wo |
bkihevah\kgbg kDFbaazn\ _ebqg fglkkba” _ebc

Ozjzdl_jokb[_gghlglvk Z\_xsBEmkl_gblglZe, ihemqzZ
_fuokihfhsvxlL, y\ey lakjhr khq IZgjthgghklghicezZklbq _
kdbl\hckldglhmdzZau\gZZhl _gpbzZewhmdh ghkjbf_g_gwybo
klZe\l\dh*hjh~*hkh” _jKgs 2 jZ[hlZ28-25] hIf_qZxIlkgih\u
r gguf oZgbq_ kidihck]\dhlhjuh[mkeh\e Zgwbahljhighklvx
k\hcklb_jZjobg_kbédgchkljmdImijhkchdhiehlghkl®bokehdZpbc
[hevrbfbhklZlhqguwfdijy _gbyfh|500F12, k_]j_lZpbbtbg_
kdbwe f_glh\

> nhjfbjm_1btZgh\kecezL16 (aZjm[_ ddgZehkie ZN-
6AI-4V) hlghkblkde Zkkukhdhijhqou&Zgh\koeZ\kkW\monZaghc
4+ -kljmdIimjHkgh\guéb Jbjmxshbvle _f_glaflhhieZz\y\eyxl
kyZexfbgthc\ZgzZzibdchlhjuih\urzxl _JhijhgghklZjhijhgghklv
biezklbgg.hklv

KiezZkI6 (Ti-6Al-4V) y\ey_lgyb[hejZkijhkljZgzglyaik _o
IblZgh\koezZ\b\azgbfhhdh&@% fbjh\h]ifjhba\hr"kibZZgh\uo
kiez\hRbjhdhZkijhkljZzg kgbZ\hemqga&qzingbdZeviglhhgh
IZgbhWZdbobabqg_klbbooZgbg_lKkdbokldZzdgbadhlt® _evdugk
\ukhddwjjhabhgdgBgdhkdVvZjb\zZ_ fhklividb "Zfk\Zjdbjhg
ghklvieZklbggtkkBjghihzijzdlbg_kdhblebqgzZ HKhckhk
gh\ghtfhlZeekdezdhjhrhpz[hlZ\tbjhdhtbZiZzahgfi_jZIm]
djbh]_ggwonf_j _gyghkhdbdebl_evygjh fy- "h673K, djZIdh\j_
f _ggh”H023 K) [26].

F_oZgbg_ktlbcklkdez\ZI6, ba]l]hlh\e_gigh]lh gZoh”*ylky
gAukhdmijh\dog mkimizZzxdZeh]bglgibhfckI\KfeZ\ihemq -ggh
lhihljz~"bpbhgdgudgheh]b3 £8].

<JIJNYGBBWKRh\f_kigkkeb  _Jhjh~rkphkm~ZjkI\_ gxggubof
\_jkbl_Ibf GB Eh[Zq_\k{d@GEM jZfdZGZpbhgZe\pghlhz
nbabddzZl_fzlhdzijz\e_gB«NbabdAahlhihA hjh"rYK _klh
jhggbbkke_ _~h\zZ\@Abfh”_ck\bAhjh*"Z DFIEK ijh\h*ylky
k2022 ]

F Ih~"bdkke ~h\Zgbc

Bkke_"h\Zglhbygbly*hjhg§zkljmdInkjiid 846L-lEKbkieZ\Z
<Bb-lEKijh\h*"behgkdh[jZapDba]lhlh\e_gmaiulwjhrdhklZe3i6L
bkiezZ\ZI6 gZmklZghRedlzer SLM 100b Chamlion M2150Tkhhlt_|
kiI\_g.gh

Bah[jZ _glyklbpjhrdEIZe6L blbklh]jzZffZkij_~_e_gby
gZklbigm jzaf_jziffb\_"~_gazZjbkl, Zbah[jZ _gfdklbiphjhrdz
kiez\z6 b]bklh]jzffzkij_"_e ogbkibpjzZaf_jZfg4bk2.
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vt D

JbK.Bah[jZ  _giZklbpjhrd@) b]bklh]jZffzkij ~ e ibpFaf jzf
qZklbpjhrdEIZensL ()

! D

Jbke.Bah[jZ  _giZklbpjhrd@) b]bklh]jZffzkij ~ e ibpFaf jzf
qZklbpjhrdEieZ\Z6 ()

Obfbq_kdihklZhjhrdhklZe3l6L b kieZ\ZI6 ij_"klZ\e g
\ 1 Z [l

LZ[eblpZ
Obfbq_k#h&lZhjhrdhRIZ Q6L bkie Z\Z6, % (ihfZkk _

DF Fe Ni Cr | Mo | Mn Ti Al C V

KlZzet6L| hkgh\Z4,0| 17,00 2,8 1,5 0,25 - 0,03

Kiez&l6 - - - - - 90,5-89,9 5,8-6|3 - 3,7-3,9

Hkgh\guZjZf _ljy_"bfZEKihjhrdh\ufZl_jbZelhaklZeb
316L bkieZ\ZB ijb\_~_guz[e.
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LZ[eb2pZz
Hkgh\gZjzf_lju "bfZEKihjhrdhRlIZ e&6L bkie Z\Zl6
GZbf_gh\dgpzf_1ljz K1Z 6L KieZ& 16
Lhesb&2hydf 30 30
FhsghkbkiZa_ jgbhalemq, glby 100 170
KdhjhkkdeZgbjh\zfd bky 250 1800
>bzZf_ lIylg2Za_jgéitgfdf h 175 80 -
JZkklhyfib "mbgbyfbjboh\dbdf h 1120 ~ .30 80
Mlheh\hjhigzZijz\e glhpoh\dfb ""m 90 67
L_ fi_jZlmeZInhjfD 473 393
AZsblgky ~Z :j1h 999,998 %ihfZkk _

<ebygbh"hjhgzZljmdInkjne3d6L bkieZ\Zl6 bkke_ _"h\Zehkv
ke "mxsthfbh~zZfb

—hilbg_kdZdgjhkdh{ByY ijbm\_ebqg_0Hpadjza

—jZkljh\2we dljhgfdppdyhkdh{(BWFijb m\_ebq_ ¢b30060
jZa

—baf_j _gtbdjhl\zj*hkijbgZ]jmd® Gb\u”~_j dl5 kih
=HK50-76 Baf_j ghbbdjhl\_jrhk*E\eb\ZgBefZagyuddhyg _ q
g b dh\

lhAThlh\dhZjZzaphéywkke "h\dgbd "bedkivebnh\Zevgh
ihebjh\ZeviglizZigdm|_fhke_"~h\Z|_dwihjZ[hldZrebnh\Zev
gudmfZ]Zi®0 b 240, ihebjh\ZgBEefZaguifbk|Zfd _jgbklhldlvx
b3 fdf b\h~ghkemki_gabdkdo 8y fgbkjzZzaf_jhofzkIbBpe4fdf I h
ke ijb]lhlh\e_dgHyZapwaklZe®l6L IjZ\bebkvlhjyq_jf ZdIb\_
Djimii®@ feZahlgtibkehbl fe kheygthilckehb0 fe\h”~y Zh[jZa
pub&kiezZ\Zb-\j ZdlbDjhe¢db fe\hru2 feieZ\bdh\hxkehlu
2feZahlgdlckehlu

J amevliBkke ~h\Zgbc

KljmdImkrZeB16L-IEK \ bkoh~ghkhklhygidb\_~_ gz
jbk3-5. < j_ameviklkljuogZ]j_\hd hoez ~_gdickdhjhklyfb
10°..10° ]jZ " mRHK\_dm&rm8¥6L-IEKbf_ B _jZjobq_kdjmdImjm
<gZmaqgetcl _jZIfip, 29-33]\ 1ZdhkljmdImu”_eydjbmjh\gy
fZdjhmjh\fgahmjh\bfgdjhmjh\_gv
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) )

Jbk3. KIjmdInkjlzZ ed6L-lEK\ bkoh”gkliklhydbiehkdhkibji _g~bdm

eyvjghgzZijz\e qihkljh gy, b\ iehkdhkiBjZee evghigZ\e gbx
ihkljh_dhy)

FzZdjhkljmdkhd B46L-lEKnhjfbjm_IkagZklbqigh_dju\z
xsboklke_ ~hYazklu\rhdggzkiez\hb~b]_hf_Ijbqg_kdbaf ju
dhihjuroij_"~_eyxjkybfhfbkljzl_]bih&ljh_ghbhjZaphiehkdh
kipi_ji_g~bdmeyjghZ\e_dghkljh_ghgZzj_ ~klZ\ekh[hk_-I
dmzggzZkiez\h\j_k_dZxshloky]e®®d° (jbk3,Z ), Z\iehkdhklb
iZjZee _ewgi¢Z\e_dgbkljh_gby_ _\bju[v_q_rmljjbk3,\ )
[34, 35]. <bkke_"h\Z9fjap@obgXZggzkiez\hibf_jghz\gZz
h|100fdf, ZlhesbgZzhtX hI50 "h70 fdf <fZdjhkljmdhmjZaph\
\klj_qzZxlkyn_dAh\b”*ihjbg_kiez\e_dBdjZ\belhZkiheh- _g
guoihl]jzgbpXZggzZkiez(\jdk3, 3. IjbgyltkqgblZz[P9, 31-33, 36],
glhh[jZzah\Z9bn dithlmkeh\g dghilbfzZzevg&flzf |jZfjb bfz
balJhlh\e ghZaph\

GZbk4ijb\_~ dgualbfbdjhkljmdlkljaedi6L-IEK\ ihi-
j_gghk_qg_gbbhemq_g&uhfhsvxJWFF_ahkljmdim{j@amx|
klhe[gZlazjgihi_j_qgkh_qg_gbhlhjuitndZaZggh_jog nchlh]§Z
nbb>bzZf_Iklhe[gZlanj_khklz\ewld ~"hl0 fdf < k\hxhq_j_"v
klhe[gZlazjgkhklhyakhlh\ugq_bklkan[azjkg*bZf_Ijhf
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05...1fdf Kh]leZkagth _jZImjgdfgg y3do-32]]jZgbpum[azijh[gZ
amxi[tzfgukdhie dbkxehdzZipkbdj ]1ZpbZiftof lGr bFh

Jb. Khih\Zy bkkKhhe[qgZkZyndInkjZ Sk6L-1EK\iehkdhkilbji g
"bdmeyjghigZ\e _dhkljh_glb}yjZa@laVvF

GZ4bksihdzazfgabfbdjhkljmdIlkljded6L-lEK\ ijh*"hev
ghfk_q_gkibrghlglhklhe[gZla_jglZf xNulygmIimhkjfnk ~b-Z
f_ljhfhI5 ~"hl0 fdf brebghdb0 fdf Hijb_glZmey lyij_~_ey_ Ilky
liZz b _glihffi_jZImyujhp_kkhkljh_glbpjZapZdzd fi_jZIl-mj
ghihe\ kvfg h~ghjh”bhb azjglf xljZzagnmdybklZeebq_ kdmx
hjb_glZpgpkohjhrhb~rgbZgb gbmhlh]jZnbyo

Km[azj\gizrghd _jgdjbklZeeh]jZnthgbkdbbjh\Zjdpd jgh
h*"bgzdbVhb *bzf_1jhl05 hl fdf bf_xlhg_dwkhdilghr_gb_
Nebgd*bzZf Ljm

FZdjhkljmdking #86L-lEKihkegZ\h~hjh b\ZjpbyWw\e gbb
A0F1Z | _fi_jZImpLyy 773b873 Kb \j_f_ghxz\h~hjh b\Z8 i§,
4qkhhI\_IkI\,ggh |_ji_\zZkrhs_KkI\_glmaifo g_ @jbk6, Z).

HrgZdjtobamqg_ghindImkwZze346L-IEKgZbdjhmjhYaeh
mklzZgh\eqlgihb !l _fi_jZImjgZo\h"hjh b\Zi@hg73 Kijhbkoh”"yl
kijmdIimjdpaf_ g_@jok6, 4 ). Ijb I_fi_jZIn¥y3 Kihyleyxlky
N evgi_djbklZeebah\Zgg® j amevlidhNur_gbly fi_jZImju
gZ\h~*hjh b\ggbwB73 Kdhebq_Kl\thjbklZeebah\&ZzggaoZ-qb
| _evgh\_ebqgb\Zz_Ilky
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KIhg[qZIu_
=jZgbpHdgpZkiez\Z ajgz

Jbls. Khih\Zy bkkhhe[qgZkZymdInkjZ Sh6L-lEK\iehkdhklb
iZjZee_ewdhgZ\e _dghkljh_gthhZapiaNv F

Bgl_j_kgp ameviZuebihemqg_ygu_ameviBkke_~h\Zgby
kljmdImkLuzed6L-IEKihkebkiulZgblchij_~_e_gldxg_Ibqg_kdbo
iZjZf_ljnh\h~rhjh~hijhgbpZ (fhkIbijhp_kidhlhjub[jZaplua
klZeH6L-IEKih*\_j]ZeBkbl_evduieh\ub\h*hjhrgulia”_c
KI\by(fl Z[.e8).

LZ[ehb3pZ
Mkeh\bkiulZggBAh hjh*hijhgbpZhf{hkdpidd b«2»

<ZdmmfglUd] <ha”_ckMNbrhjh/Z
H[jZa_p
| fi_jZImKZ| \j _fyqgzZk | _fi_jzImKZ| \j_fyqZk
«1» 723 100 h 573 ~ 723 140

«2» 873 91 h 1573 ~ 1823 120
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J _djbklZeebahaZggd _

Jbk6. KljmdInkjlzZ eXi6L-1EK\ bkoh~ghtiklhygBtbihkegZ\h~hjhib\z
gbyjbl_fi_jzImzo(), 773 (, ) b873K (], ) \iehkdhkilbji_g~bdmeyjghc
gZijZ\e_ghkljh_dBy-HFE A —JWF

Bkke ~h\XgjmydImhjpjZapldihdZaZglhmkeh\hbkiulZgbc
ih<l gZljmdIlnkjid 846L-1EKg_ih\ebyezZdjhkljmdbrhjZ\b”"
«ju[v>qg_rmxf_ahkljmdlkhjkdhiblaklhe[gZluolygmlwazj, g
fbdjhkljmealpzkhlh\wo _bklkim[az{jlgk7, Z]).

Ih\ur_gbl_fi_jZImbkiulZgbhiB73Kijb\_etdazf_Ilghlm
f_g_gbkdjmdIimhpjZzaphljZzgbpwggzkiezk¥Zeh g_\ujzZ"'-_
gy ohlyzjzdlf4ddjhkljmdlgjbmaf_ gbeikyij g fmju[vyq-



140 K _dpdy

rmy, mf_gvrbetithebqg HKdhthhe[gZlaoj, ghy\bebjkwljbklZe-ebah
\Zgguwzjdibk7,\ ).

JbK. KljmdImijZZapdy (Z) b«2» (\, ) bak|Ze3a6L-IEKihkebkiulZgbc
gZ\h~hjh~hijhgbpZ \fikhkdhkiZjZee evghijZ\e ghbxkljh_gby
ZX\-HE [ ]-JWF

lheghklyxdjbklZeebahkZjgydlykjZ e346L-1EK[_djZgbp
\Zg§ZkiezbXhlh\hyg_bklkigmdIimgZ[ex"Z ilkkikehl b]Zjb
| _fi_jZImpasK\|_q_ghZKpbks).



F_oZgbqg KdheklWkljmdIimjgiy _\jZs_gby 141

JbJ8. KljmdInkjlZea6L-1EK\ iehkdhkilbjZee ewdifZ\e ghkljh_
gbyihkeh! b]Zbl _fi_jzZImpa8K\|_q_g@zZKz HE [- JWF

<jZ[hI[30] ij_"klZ\e_ jg@amevIBkke_ _"h\Zgbhlef_g_gb_f
ijhk\_gb\Zxsve_ dljhggthcjhkdhiblmdImjgueof _g_gdbmkl _
gblghlkclZebhemqg_ _ghght~ hk_e dlb\getZld jghkieZ\e ,gibly
gZ]j_\l_q_gbqzZkKzZ*bzZizZahgfi_jzZIm 373 "M473K.1jbgZ]j_
\_~hl_fi_jzZzIm9B Kyq_bklkkdymdInkjlZzebhojzZgy [lkpaf_g_
gbcijbl_fi_jzZImpl73 K*"bkehdZpbkgjgZdimjEgpbibZetgh
gy _Lkyqg _cdlkg_azZXlhjujzZ[hl{@B0] h[tykgyslhzZklI\hj gb_f
k_li_lZzpgdbfhih]jZgbp¥§_, glhijb\h*"bdih~\b ghktbkehdZ
pbecnhjfbjmxshwddjZgbph dZd&e_"kl\bi_j_kljhctdbkehdZpb
hgghdjmdIimiju

Fbdjhl\zj*hklIZe3l6L-lEK baf_jyeAkivkoh~ghhklhygbb
ihkegZ\hrhjh b\ZpgthyZ\e _g4bbF1Z b |_fi_jZImjZ8, 773 b
873K, ihkebkiulZzghg@ h hjh~ hijhgbpZ bfithikle\ukhdhl_fi_jZ
Imjghhi b]gbl_fi_ jZImB48K\|_q_goZKibk9).

Fbdjhi\zjrhKW

Jblo.J _amevizdf j gfbydjhI\zjAhkIEeM6L-IEK1—bkoh”gihklhy

gb 2 —ihkegZ\h”"hjh b\ZBgbihkebkiulZglg@\h~hjh~ hijhgbpZz_ fhklv

4-ihkeh!|'b]Z348 K, 1qZ®b —ihkehl ' b]Z348 K, 1qZbgZ\h~hjh b\Zgby

ijb40 F1Z 873K, 44qZ16 (ijmIhbaklZel2A8GOL — ihkeh! b 348 K;

7 (ijmlhtak|Zel2A8GOL — ihke hl1'b]Z348 K, 1qZk gZ\h~hjh b\Zgby
ijb40 F1Z 873K, 449 Zk
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J _amevliizdei_j ghodjhl\zj*"hKklZ edHd6L-IEKihdZaZegkh
fbdjhl\zj"hkZV_jbZgZdlbq_Ilgdbaf_gbeitkkegZ\h~ hjh-b\Z
gbybkiulZzggAdh~hjh~hijhgbpZ-highkbl_evgihaf g agb
ij_\ukbdB%.HI 'blijb\_ekgb _gbkdjhl\zj*higl®h8 %, Zih
kegZ\h~hjh b\ZjpbyZ\e _gOF1Zbl_fi_jzZIm8y3 Kfbdjhl\zj
"hklv_jgmedkkoh~ghfgwq .gbx

>eykjZ\g_gdbZbko IZzd ijb\_~_gwgguhfbdjhl\zjrhklb
klZel2dA8GOL balhlh\e_dighi@”*"bpbhglgloaghehkbjb amevlZl_
hl1"b]ZbdjhI\zj*hklZel2A8GOL azf_ Ighh ', _q_ffbdjhl\zj~hklv
klZedl6L-lEK— 174 b232 HV khhI\_IkI\. ¢lgke gZ\h~hjh b\Zgby
fbdjhI\zj~"hklZe€lBAB8AOL ih\ukb e XkA4 ~H95 HV.

;he \ukhdZlydjhl\zj*hklZed6L-lEKihkjZ\g_ghksh[uq
gheklZew6L \ jZ[hI[33] h[tykgy_klky "mxst[fjZahWdki-jb
f_glzevgidzZazghfbdjhl\zj~hbly_~_& dmqg_¥WIb _IZeeb)\
kiez\h\azbfhk\yasdgu khhl\_Ikl\b aZ\bkbfhklQkedZIlqz
mf_gvr_dbebgbgujgebkm[a_jggd_odihb\h~bdih\ur_gbx
fbdjhl\zj~hklbaf yjg_cdiklZed6L-lEK ihdjZcdg_j, gZihjy
"hd_gvr\ _ebgbgujgZklzedidbl, balhlhle_dgpghjZz*bpbhgghc
|_oghehlpbbh[mkez\edhZz ANukhdnizdjhl\zj*hkl¥ eX6L-
IEK

BkohrgdymdInmbpZzZgh\Ijile Z\ZI6-1EK\ bkoh”gkHklhygbb
ijb\_"~ @Zibkl0. FZdjhkljmdkmgZz\ZI6-lEKkhklIhbbBm~ebgzg
gumzj,gjb_glbjh\ZdghgdijZ\e_dghkljh_ghkf¥ebglygc kdhevdh
khl _fgdodjhgrbjbghlkl50 A5 fdf(jbkl10,4. DZzdIf_qgzZ_\k¥[hlZo
[37], [38], nhjfZzbjzaf jazj kij_ ~_ eyx]k¥gbpzifbj\hgZqZevghc
-nZaubgzZ]j_YZI _jbzZewzd | _fi_jZImpZah\h]lh _ohMdhlhjZy
khklZ\elyl1233"Hh273 K.

GzZfbdjhmjh\gieZkxB6-lEK bf_xIfZjl _gkblgihhgdhb]h-evqz
ImxkljmdInkithesbghZjl _gkblguleg kdhe¥adjhgbkl0,]).
HljZah\ZgdbdhkljmdIimki]eZkghhlZ39], [40], ijhbkoh"bda Z
hg_odukhdkdhjhkhibeZ ~_ gilby EK(hI10" "h1P K/ B \ke ~kli\b _
g _]hnzazZ \jZsZ ANwgdhb]lhevdZijm>gkblg.fxZam

z [

Jb.KO. KIjmdImpZZgh\Ijie Z\Z6- 1 EK\ bkoh”gkifkIhygbb
(z- HF [~ JWF
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DjZIdh\j f_g@Zilg (85 fby kieZ\ZB-1EKAMB73 K d Z Y Z
Jhg1Zd\\h~hjhAb"rZ\e @OF1Z\ebyghykljmdinfigh_jbZez
g _hdZ 4 pek1l).

50 fdf 10 fd f

JbK1.KljmdInkji2zZ\z6-1EKihkedjzldh\j_f_ggthdh_ck\tbAhjhrZ
ijbl_fi_jZIn8f3K

AZf Igbaf_g_d&bymdImkieZ&6-1EKijhbahrébkegzZkh
\uobkiulZghbb! fi_jzIn873K\ kj_~\h~hjh(jbk12).

JbK2. KljmdInkji2Z\z6-1EKihkebkiulZggdzkly  gibbl fi_jzZImj_
873K\ kj_Mh~hjhizke2-o(Z ) b5-1b(\, ) gZkh\her_j° _d
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<i_j\mxhq_j_Whjhy\behkwzZjzdlljjzZ\e _gbegbnh\Reb
nuhl[jZapkiez\ZI6-1EKihkedjzZldh\j_f glghkialZgbj\bebkyv
ihkl_i_ggh g_ghl2 "h3 fbgmbihkeljZ\e_gbh_joghKlwe Z
k\_lehKljmdImjs[jZapithkegZkh\b&iulZgbicjhp_kkjZ\e _
gbywuyleyedkadhl _q_glg_kdhevidbdmibth\_joghklehbnh\
ihl_fg_ .eKieZxb-l1EKihkegZkh\b&iulZgibé__[he_]jm[mx
bl]hevgzZkmhjxndIinbjmqzkliathgh]p\_|akh[_gghldhujZ  _ggu_
ihkes-Ibgzkh\tuwer _j-db\hrhjhdbl_fi_jZIn8y3 K(jbkl2,\ ).

GzZhkghWZgzZehaZzmevladlhke ~h\Zigbt "zggupZ[hlZo
[37, 41-46],fh " ghij_~eh bke_"mx$&[tykg_@Z[ex"Z_bwud_
g _gblkclymdImijgpkh[jZapkilezZ\Z6 ihke®*ebl _evghdhh”~hjh
"b\Zgby

KhlezZki@hhlZ41], [42] ijb "ebl_evgwdj_\RoqZkiZ[he) _
IEKh[jZaplbNZgh\K]ilez\zb \ *"bZiZzahgfi_jZIm|e73 D23 K
\ fZI_jbZeéejhbkoh ylljmdIimjduaf_g_,gblymkeh\e_ggkiZz"hf
fZjl _gkbld&khjmdIm(eazaz

ljb "ebl_evgukiulZzgblkh[jZaphj\o | _fi_jZImg73 K
\kj_Mhrhjh*"&mZag@Z\h"hjh b\Zb dqikIv¥@azZatbh  _lij | _ji_
\ZIlvij_\jZs_gbykhhlI\_lklI\kbke_~mxsj cZdpb.%0 .4+ 4
(.%0.g ¢nZawZkus_gabrhjhHhfjbwlhh[jZam_rilewljZlhgdZy
blhevqZl#y 9 kljmdIfBYE <j_amevigZZ2\h~hjh b\dglepq_kI\h
-nZay IEKkieZ\<l6 m\_ebqb\Z43Hd§]. M\_ebq_dhebqg_klI\Z
-nZaWwujzZ Z _|kyhl fg gkbjmdimjZddZzdnZzZaih kjZ\g_gbx
k.% .-nZaZfbkeljZ\e gibfy llzfgue\ _[43, 46].

lhl_fg_gbkljmdIimjgZ\h*hjh" _gdBKEh[jZapHblZgh\h]h
kiez\iZzhbkohANEId \j amevhalr e dgblyhoez ~ gHlghqgZklbp
F1b™jbNDIZgHH, 1 agZqg_olgyoh”ry\KypZiZalyl,5 ~hl,99)
khleZkeh "mxg_Zdpbpt go .+ + /[43].

J_amevlizdt _j_gftbdjhl\zj*hkilez\Z6-lEKihkebkiutz
gbg4zkly  _glbhb\_~_ gufbkl3.

Fbdjhi\zj~rhklez\ZIb-lEKihkebkiulZgb¢Zaebqggulkeh
\bygZoh”bijky_jgazh*ghmjh\g | 400HV kg_[hevrhcg”™_gpb
_cd kgb  _gbixb gzkh\va”_j dze jZ[hI[47], gZijbf_jlzd" _
g hlf_q_¢o=&af_g_dbzj2hkltlZgh\tjie ZTZ6AI-4V, ihemqg_ggh]h
f_ Ih~"hk_e_dlb\geiga _jgkibezZ\e ,gihkehl b]lZjbl_fi_jZImj_
913K\l _g_gdbogZkh\

<jZ[hl39] bkke_"~h\2eblkgb\moqgzZkhih]hlzjbl_fi_}z
Imj973 K, djzZldh\j_f_ggB&]h B fbgmlijb | _fi_jZImi200 K
bhoez ~_gjpyaebqgghkthjhklyfBbdjhl\zj*hkdVvZgh\K]jilez\z
Ti-6Al-4V, ihemq_gdhlh”"hFEK IhkelZdhlc jfbq_kdh¢zZ[hldb
fbdjhI\_jrhkgbabekZR&HV "B30HV.ljb m\_ebq_Ighib jZImju
h11200 "h1288 Kijbazdzé&dh” fbdjhI\zj*hkHhkjzZz\g_gbkBkoh"
gufagZq _gmffgvrbedkagZqgbl —eWwigph HV.



F_oZgbqg KdheklWkljmdIimjgiy _\jZs_gby 145

404 4% 408 57, 392 373

FbdhI\g*hk|KHV

Jbki3. Fbdjhi\zj~hkleZ\ZB-1EK ihkebkiulZglgZzkly  _gb= Ar,

293 K, djzIdh\j_f_gigkiulZg®Ry— Ar, 873 ¢ djzldh\j _f_gigkiulZgby

3-G, 873K, djzIdh\j_f_gkiulZghby G, 873K, 2qZkZ- G, 873K, 4qZkZ
&-873K,5qZkh\

\lhju[eZ]h"ZjdHhee_ dkhljm~rgb&B=NMh”*jmdh\h” kI\hf
\_ "ms _dEmqgghhhjmrgldghbafzl gZzmkd X. =jyaghhZjh
n_kkhgZzG Qm\bev”®azZZ "hklzZ\e_lglhZapitb\alhlh\e_gidwo
| _oghehlBK ijh\_~_ gtbkke ~h\ZXgjedlmjdl _jbZe&hhfhsvx
JWHFh[km™ " _ glbemqg_gjgwanevlZlh\

AZdexq_gb _

KIjmdImpZIEK y\ey_lkeh ghkhklhysbaljzomjh\g_c
fzdiph f_ahb fbdjhmjh\gLZdhkljh _gWFIEK h[mkeZ\ebdd |
[he \ukhdbjhgghklgkhhcklIANZkjZz\g_gbRFE balhlh\e_gghifb
ljZ"bpbhgyudgheh]byf

<ebygbh hjhdzkljmdInkjiiE ed6L-lEK\ *bzizahgfi_ jz
Imjh1673 "MW73 K g mklZgh\eGdhex”Z_ bwuf g _ d&ibymdIlmkiZ
elBl6L-lEKh[mkeh\eregul _evglfbeh\uftha” ckl\biybd f#
i_jZImjXwr_823..873 K. lheghklyxdjbklZeeb &Z¢8§6L-1EK
ijhbkohnpb | _fi_jzZImgZ]j_ 1248 K,ijbwlhf Zfbdjhl\zj*hg&
25% \ur_fbdjhl\zj"hklZell2A8GOLihkeZgZeh]bdghftih[{Z
[hldb

lhj_amevidliZée "h\Xglbygbly*hjhgzkljmdlimphZgh\h
lhkieZ\Z6-lEKmklZgh\e gh

—\bkoh~gkHfklhydbbZgh\IjileZ\<Z6-lEKbf_ _llhgdhb}hev
gZImhZjl_gkblgkhpmdlnkjiin_ j~hklyR00 HV;

— ihkedjzldh\j_f_ggtdh_ckli\b9hjhAZjlhgb\h~hjh"_
ijbl_fi_jzInmg73 DklijmdIinbjRAzj*hklkieZ\ZI6-IEK g _baf_gb
ebkv
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—ihkegZkh\dlma”_ckl\behjhtd | _fi_jzZIn8f3 Kijhbah
rebkljmdimjdwaf g dgdezZ\ZI6-l1EK h[mkeh\le_gduebq_gb_f
dhgp_gljZphBauh[jZah\ZggZghqgzZktggklIbjp jbrblZgZ
Fbdjhl\zj*"hkilez\Z6-lEKbaf_gbegkagZqgbl. evgh

Bkke_ ~h\Xgitheg yhZfdZozZzmqdh]jZffuUGPNFgZijZ\
e_gB«Nbab8ZhlhihA*hjh/Z
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mijhqg ,dbgmqg_gigboahlhnbdkZnpstbbjZkly ™ _ghljyZaph\

F_Ihrbddjh[bjh\ZgZ hjhrdh\ug_j Z\_xsibo Zjh
ijhgguliezZ\3ldMM jZaebqghhe glZpmbhlh\e. gby

MklZzgh\ek\yZ&RA b Gkozjzdl_jhmijhqgg_gbgyl gkb\gh
klvxgZijy _gbt_nhjfZp\bfbdjhh[tzfE[gZaph)\

F Ih*bd@dImzevap[hkgh\Zigbpyatbh oZgbafhijhag
gby fbdjhh[tzfZgbahljhidad _elhdZ&ELM, MIM FDM)
kizjzf_ljzfzgbahljhitbb g_h~rghjh~rghklbfmebjmxsbfb
N _kljmdphxZdlhjjZaebqglbiiz

<\_"_gb_

>eybalhlhle_dbBy IklI\_gg@olZe Z]j_]ZIhA\bZpbhgghc
bjZzd _Ilghcoghddzd h[t _diml\ilhfghighfure gghlblbihevamxl
Z""blb\gu_ogheh]pbabjmxsbglkyZa_jgkbgl_&ihkehcghf
eZa_jghkfez\e )ghbjhrdh\u&lZe kvt kieZ\h(SLMI_oghebh]bb
Ba”"_eRWM baihjhrdh\udhjjhabhgghklbcApoijhqggkoe Z\,h\
g_khfg_gahki_dlb\¢eyndZazZgghylywZq )\ klbyek\hboukhdbo
wdkiemZlZpbbgdgaadl _jbkHYgZdklZ[bevghlkdk\hcklhjb
“zkldhif_fi_jzZIm-jlgheh\Rha”_ck]\blZd dhglZd&ijh*"mdlZfb
| _jfhy” _jgRblgl_(@EZlhdzZflb eblybahlhihkA*hjh®Zj vwae _f_glu
dhgkljmdpgpbBdIhjZj [m_Jhe_ ih~jh[gh]lhamqg.gdgZaZggu_
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mkeh\bwdkiemzZIlZiplblbmebjmpdalblb” ]jZz2ZpBh~rhjh”~rghc
ojmidhkkbj_kd&hjjhapb”_ kljmdmwkeb f_gth\gkljmdglocqzIhf
wlhlhg_oW ' g4hevZgbahljhibd hrghjhrgkhWbklhjbkmsbo
ba”_edybgheQUWw dZHEIbfmeylhyhbd_kljmdlblighp_kkh\

ljh[e_fzZzZgbahljhibbg_h~ghjhrghikdabdhozZgbqg_kdbo
k\hckBE\bbklh\hjhdZlzbo\ebyglgZjhp_kkezZklbqg_kthhihj
fbjh\Zgthykm ~*Z migqzgubhjzZzdIbdZzZiflbqlb*\Zklhe _Ily4].
MdZazZgpge fZdImZebvgeakh\j _f _ggouggh\ZpbhgglugbZ
eh\ddhlhjulilghkpb”_ed¥y*blb\glu@mgheh(ZzdbdzZdhkehc
gh(k_e_dlb\gFa_ jkheZ\e_ _@bM bahjhrdh\wkdZe bkiez
\ h {5-7].

<hlebgthbhzZzgbahljhiphd ZIZ[jZah\ZgbdkImjgbahljhiby
bg_h”ghjh~rghakNveshb k\yazZgihkehcgudkieZ\e _dghjHrdZz
\oh”"eZa_ jghkblgl_[8A]. Ijb hklu\Zgbdhdjhh[tzAZggZkieZ\Z
ijbh[j_1Zx§_bfms_kI\_glgjbx glbjh\idiZzee evghixZie gbx
\ujZsb\ZghyZijz\e _gghkbklZeeh]jZznbd_ HKé&hmjpdhewnkb
\ujZsb\zZgibpjZap3WM bf_xsbojhkimk hf_IljbxZjZee_e -ibi_
"h\pbebgMjhlf_q_60&ygh]bbzZl_jbZekhhl\_Ikl\mxislZg?Z]
|Zf[10,11],g_j Z\_xsbozZjhijhqgdokl_gbligZe bkie Z\Hk\Wb
k1 _fe-Cr-Ni-Mo-Nb-Ti, Fe-Cr-Ni-Mo-Ti-V-Bl b i Znconel 718, Inconel 738LC,
NiCr, NiTi b~} Kljhq_gd&ZyndlInkjlitojZgy "Xyihke~hihegbl _ev
ghlthl b]lzhij_~_ejaebgdhck\helkihi_j _thlih\h]dha”_eby
[5,8]. 1 _j_gbke_ggeZ\u ogheh3liMh[eZ*ZZYy§Zeh]bqgdki Mz
kI\Zfb"Z ij_\hkohbdyljzdIl_jbkkbeld\ QK8 W64, kmki_ohf
bkihevam “Mawbalhlh\e_hglthehgLdWED\* _1Zei cj\h&kl_gdb
j_ZdlhjilkmIklIVbhklh\_jghgenhjfZpbbebyglgh h*ghjh~ghklb
bzZgbahljhkhbckba”_ebomgheh3lbMgzkdehgghklZ*"bZpbhg
ghfmzkimozZdghphaywlozdlb\gihkihevah\¥xdBg_ ki¥l jbZeh\
j_Zdlhj¥\ihdhe _§lBvyl5].

11.G_h~ghjhrghEbwahljhiby

lhrg_h~rghjhrghRIhvek fZl_jbzZidhfbfzxZaebgbynbab
g kdbobfbg_ koZ¢zZdl jbkliZaguotzfZzeélgbBbualZguaf g
gbhyflkhklZ¥djmdImjg_rgbfbzdlhjzZfbfi_jZImjmtzZ\e_gb_f
h[jZ[hdb\ebyxdZdjhqghkMhe]lh\_qghXKilvibZeib\oj_ Zdph B
\g_rgb\ha” _cklWih k\hxhg_j,’kgb Zgk” “ghhkiy_~kdZam
_fhklezjzdl_jbKibidjbzZe\hhg _g_jguokqgzlBoejhba\h” ki\_g
gudjhp_kkEK&Zgbahljhidhebel_s_k)\K\hckl}Zagu_azib
kbfhklblgzijz\e_tohby_j _gbys_ki\hj_\_kbg&x)Zh  _I[fulv
\ihegh”?ghjh~gdhhtjbwlhf Jtkk\hckI\Zhelbihi_jzdhehdhgza
gu_Mg_h”rghjh*rghdBzagk\hckl\ZZagudHhqdZiddjhh[Ftz
fZp lehlghkfy_\_kbgdfbdjhmjh\gg h*ghjhftgzhgZhjbkluc
fZl_jb.Zz&_h"ghjhdlgidbqog@egZ "KjZKkI\hjHf "*ndbjibqZf®-
hrghjhrhemijh\h*gbddjlkclZ&engzZkldgZbghdhgp _gljZpb _c
ijbf_k.th _kiMu_e[ezr"ZdbahljhigkfbcklI\ZfAkepzZkkf-ZI
jb\ZIV_ezgbahljhiguézgh[t_fghiehlghklihbhgHm” _Hf_Iv
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kf s ggwc gljy _kibh kjz\g_ghbahljhiggdi~ghjh~rpufehf
<gzfim*mZ[ex"Zlykyg~ hfglkemqgZigemdImzaphbdbghjh~guo
agZq_gbc evgartlghkldz "h\fu[jZgghthg_qdbtjhh[t.f_

:gbahljhibyoZgbq_ kdilhokba” e3itMijhyley NkjwZaeb
gbhdj_~_eh\dmqg_X%4b\j f_gghRkhijhib\e_¢gdbyju\ia hlighkb
|_evghhitebg_gbyjm]bi@jzf_IjA\ba”_ebwdZs_ggludhjb
ahglZevghf\_jlbdZevgbZijZ\e_gblylaghkbl_evigiZlnhjfu
3D-ijbgl_jPB,16]. :gbahljhjby_h~ghjh~rgtkkjmdImpuk\hcRI\
kgb zZxz~z ghwlbba”_ebbd\h*yd® nhjfZpbhgglktZ[bevgh
kib\\bA nhjfbjmxsbdiyzfhehdZebah\ZgghlbqgghWibgh\h
lhozjzdl bjggzkijhkljzg, igbyhpbjmjyz]f_glzZpdb\y_azZigha
jmr_gbH[_ki_q_gB”z ghbkld_ _&bM\hafh gihbbamqg_§bb
oZgbafebygbyogheh]bqZigbadnljhblgb h~rghjh~ghZkhhcklI\Z
SIM fZl_jbzZethemq_dglhlyljhgy gbfbreynhjfbjh\Zgkly[bev
ghldhfie_dkdkiemZI|Zphbkibg kB 16].

G_h[oh”"hEajz[hldiZabq_kdbkgh\Zggubd"bhlp_gok
jZdl_jbklbglbahljhbbgp h*ghjh~rghlkdbBgbq_kdbokbazgbah
ljhigudZl _jbZehAdbdzdha” eI “eyihke "mxsZgH elbaozZ
k\yvak » _nhjfZpbhgguflthjjhabhggujfop kkzZwe f_ gldhkg
kljmdpbah?*wdkiemZlZpbb

JZkqgzidjzf _IjM_nhjfZpbhgmhjhgg_ dbg hrghjh”rghklb
f_oZgbg_kdbhokbklh\hijlhdZIliZh\h W khhI\_ITklIWfblh2b
dhe=HKIL1701-84 [17]. HAgZdhlgdbkihevakms$ _kI\_odkh_"g_ggu_
dhebg_klI\_ggjuf Ijd_hf_ljbd_kdhevidboj qgkoq_gb&
jZkgzlghebgbkke ~m hflydaplg\hihfg gbky*dkke ~h\Zl e c
hljbpzl_ekdBau\Z gladyhg qogaiwZq_ghijo” ey fuhjZdl-_jb
kibd8]. G_h[oh” "bfkh"b{dZkqgzba[Z\e _dggByokZgguorhklZl
dh\

P _egyZklhysjZ[hlu jZajzZ[hlWZijh[Zph®pabqg_ kflkgh
\Zgghclh*"bdlp_gdbhwnnbpbZgbahljhilhzf Ij\_hrghjh”?
ghklb ozZgbqg_ kibhokbg jZ\ghf jgh&kZliklbg kdhjhgbwa?®
ebd_oghehjlivb

FZl jbzenf IhAbkke ~h\Zgby

2.1.JZajZ[hld2h bldp_gdb h~ghjh~rghklb

<f ljheh]bkhhI\_IkIWp9, 20]ih~g_hAghjh~ghKBigrZ]jl
gh]m[jZapBgbfzxhij_~ ezglgthckI¥ZI jbZkZg”Zjlghih
jZap?jZ Zxs_\KkyaebogbdpZq_ghbic kim 6E¢Zdl_jbkYledkb
[hcqzklblzgrZjighjizapzl _jbz@zs k) dkihevamijthc]h
ijbf g gkbhleZkpghagZq. BBk jbZxézgrzjighjizakgblzZ _Iky
hAaghjh~rghfghkbl_ebigke ~m ofhjzdl _jbklibkebikmlki\mx]|
jZkoh ~_§by'magZq_gbwyltozjzdl _jbk\jdaebqqik!ya
| _ibzRZ.

Bkke ~h\Zgh rghjh~gifzklibZelZg Zjlghjizaphe gh
ijh\h~blkl g_dhihjbkke ~m ofhj@dl_jbkNudhjdhlhjhickm
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s_kl\e kanqg_IimfklZgh\e _glyfibaq_kdletnbabqg_kadb\dkbfhkl_c
[20]. Ke_"mzZHd ihemgbklvihegbl_evigtl\_j ~_gllyi_op R"
ghjh~rghkujjZzggoZjzdl_jbkiMpebbfo I1h”rZftbkke ~h\Zdbc
emqg_gghébbl_ jZInbjawdki_jbf _glZevgh

FZI_jbZeékke_~m\fuZgghZ[h)] hlghkdl\_s_KkI\ZIf_ 8z
kg_ij_julggc hrghjh~rghfkleZgbq_Kkdbok]|22]. Ih kihkh[nE
hibkzZghgbmkeh\jgzre™_e g\ Jjmiiul_eXijyfhcbdhk\_gghc
(gZ\_"_yghb~rghjh”g8].vx

Di_j\hdjmii_hlighkyl#&l _jbzZefu oZgbqg_lo&hZdl_jbklbdb
dhlhjuigbh[j_lZXZaebqogZqg_ghp[t_frh_eXijhp_klbalh
Ihle_gbe[jZ[hldthgkljmdipdlb we f glblZdhg_h”*ghjh*
ghklbjb\hryVajulghbebbfimevkghiza jodlma”_ cklidx8LM),
ih\_joghkldjjzZ[hldighp _kkabfbdlh jfbq_kdhgZz[hldblZe
ehbl~r ljb\u[hjnmgdpbtbku\Zxsbaf_g_d&bhcklthedhhj
"bgdl ekijyfhcg_h~rghjhrghkikghYhe glulviaylebry -
amevlaldki_jbf_glZewkdgkeo "h\zZm¢hjhdjmii hlghkyZI-_
jbZewk\hckldhlhjulbaf_gyxlkyhp_kkvdkiemZlgZpbbha®_c
ki\btb_fi_jZImjghe ,d¢eZ ghkjB bZplblb”r <gbdaf g db_
o0Zgbq_kabpzd!l_jbKRidedhhjrbglZlmkeh\eagbb kb fhkipvx
Ilhevdhl ihjh " "Zxs_JhzdIhjZ_fi_jZImjpZ~"bZpltbbijhg, gh
bhi_]hzkij_"_e \dbg_

>eyluyle _gbwdki_jbf glzZehhghbag kI\_bghgdib h~gh
jhrghk\bzl_jbzenkohevamxh~dbdjhkdhikb dljhkdhfbb
o0Zgbq_kukbiulZghkyh\j_f_ggligkljmf_odluamZebalZmwZigbq _
kdbbha” cklipcgZ]jm™ dBEdbdZdZrbgghaj_ giDIC -1 _ogh
eh]lbbhal\heyZbZebabj\dhebqg_ kl\hgghb\®&iNbaf_g_dby
jZaebqduaarlZ[Z2ebgBf_ggWwld_Ih~ duebbkihevah\\Z9dig
ghg¢z[hl_

22.H[t_dlbkke_~h\Zgby

H{t_dlbkke_"h\Zdbbkdln[jZagl00x10x2ff) ihjhrdh\uo
O_] Z\_XxskkzedBAB8G2F2 (ZgZeAl$l 316L) b " Zjhijhqg ki Z\Z
080 G3;FLX (ZgZeAlS$l Inconel718), balhlh\e_g98LMI_ogheh]bb
\jZaebqgdZijz\e_giblghkbl|l_evghlnhjfdd-ijbgl_jBLM280
2.0HL.

H[jZappuebbalhlh\e \gkhhl\_Ikl\kbbj [h\ZgbyfiH KL
11701-84.lhegZyyZqZe vy jZaplhile £Z\gi40+0,05ff, rbjbgZ
10+05ff blhesb@#20,05ff. AZZkqzlgmebgimjZaphbgbfzZeb
jZkklhygthaf j gghjb ihfhsbl _ogheh]bblh]jzff_IljHbgZz
pbnjh\umhlh]jZnbkyddlyZg_kzggZib\_joghhlpZaphf_ " ~m
aZo\ZIlzZblkiulzZl _evdHcbgu Mkeh\gjZzaf_jjZzkqzlghdeZklb
h[jZaphjbgbfZejZ\guf(100x10x2}0,033ff. <_ebqbyl033ff
khhi\_IkI\h\ihéZ rghklbdhlhjhighba\h” bledf_ j gpZzaf_jh\
yvg_\d& g _gbByebl evighldjizkqzlghezkhhjZzaplZl ogheh]bb
nhih]jzff_I[pH25].

<jZkq_lgalegrebgh[jZzapih\k_¢h\ _joghKldh~ héZa_ j
ghcljZ\bjh\ddpZzghkb®bebl _evdmkdip4] k yq_cdzZfbaf_jhf
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1x1 ff (jbkl). DZ Nujeyyq_ kd IdjizkkfZljb\d&khi_j_ qgh_¢g_
gb, jzaf_jdhlhjhblyZqgZevighgZbwa\_klgZ

JbKL.JZkq_lgEpdgzh[jZapkZ_ebl_evighdbdbdjhh[tzfZidaebqgguo
ihi_j qgglkoq_dofbc"mzZo\ZIZZwbg(ko ¥Z

Bkke_~h\ZettZevgugzZklin[dZapftzifhfiz\gufgZgZevghc
iehszAli_j_qgtkklhg_gimygh _ggh@zaf \ygq_ jd*Xijh*hev
ghfgZijzZz\e _@ghbl2).

Jbk.JZaf jahdZevahdBkhdzZagihi _j_qguf q_gth[fzfhisl,
ihemq_gidu_oghehjbbh]jZff_Ijbb

23. NhIh]jzff_ljb¥ _Ih~ bdzhlhj_]lbkljzgBhf_jhih ~-
ebl_evghcld_

Bkke_~h\Eab g_gHEwnf_jmhdZevghtzfh[jZakdhi-
j_qguk_q_ghkbfibghly Ihesbghbd*ebgh¢jbk2). DZ ~hihi-
j_qghk _g_gb[jZapZ_eW yqg__idrbjbg bhrgim*ebgGhf_j
ihi_j_qglklhg_gkhhl\_lkI\h\[Alz kklhygblg_ih*"\b ghalto\zZ1Z
bkiulzl_evfhrcbgu< ]JjZznbg_kdhfzZdlhpbdkbjh\Zellhlewdh
jZaf_jubl, Zjzaf_ihlhesbghij_~_ey&kqzlguhlzf

HljZapih®\_jlzéBghhkghZkly _glpZbkiulzl_evghc
rbg Bb-1D(=HK1L1701-84)kfZzdkbfZevghfbgZevogukibe 50 kH
kihklhyggdddhjhklIvx _f_s_g®ZXo\zZbnW¥/fbggAha”mipb dhAf
gZlghlc fi_jZImk azZibkviZrbgghdjb\h¢zkly _gkgzZ]jm-adZz
i_j_f_s_¢gh(ibk3).
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JbIB. FZrbggdyb\Zy kly™ gty Zalpabnel718

<oh”bkiulZgbgZaebgdkua _ glhypZaphij_ ~ eyedehdZ
ebah\ZggmxhjfZpbwlzbaf_j_glbyhf_Iljlpbnjh\uoah[jZ  _gbc
N _ebl_evighldbeywbdkZph8ZaZdgautdjZz _dkéihevah¥kieb
pbZevghajZ[hlZghnoxgheh]bkxlh]jzff |j@4 25]. 1ZjZee _evgh
kizkly  _gbhffjZaphlelmhlhnbdkzZpbkh\_joghkiljlp ihfhsb
ki_pbzZevighhi _fumhlhZzZiizZjZadon EOS R&knhdmkgZfkklhygb_f
24-105ff bjzaj_r_gRO.1Fibdlbh[t_dIbBf24-105f3 Hgh[_k-i_
qgb\ZéFZemq_gbyjh\umah[jZ  _&kbehlghkI|900 ibdKkf% Nhlh
kt_fdimkiulZgbd\h*baB\mbo_f_ggyo bfZkbgl_j\Zefhf-
AmdZNjZAD b10 k_fR0]. NhlhnbdkZpbiulZgg@Zgbghe'lghyj
f gghkgZgZedaZibKErbgghdjb\hgzkly™ gEBEhWwdZev@unhjfz
pbbh\_joghkllgZaphi\j_"_eydhfhsvxZgZelpdhjh\uoahl[jZ
"_ghdhemqg_gyab~nhlihnbdk2zpdkbi_jbf. ghEmqg_ggbnih
\u_bah[jz _dlhyz[ZIlu\Adlgh]l]hnmgdpbhggekligh¥hfznbq_
kdhfi_~ZdIhdobe PhotoshopBkihevamgmlj_gghgkljmf_ gk
hij_ " _ey&@laf_juh~ebgbrbjbghl® _evgwup_ "debl_evighldb
\ibdk_epd_Ih"htPl mklZgzZ\ebhdjpedaf_ ju _"bgbpZeobgu
[24, 25].

<ijhp_kkzZkly  _glbfy f_klly_jZaju\gHhklvhjfzZp\bfZI-_
jbZeihwlhflkmhklhyggddchjhkldkRe gmf_gvrZlykgf_juhi-
j_qgulo_q_gihabjbgblhesbg*hfhf gldZqZke[gZah\Zgbodb
(ehdZebaZphhjfzpb& "bfbkiulZgblalhekdgojhgbabjh\Zlv
nhlihj_lbkljZigBxjoghklbjb\hjzkly  _gkrzZ1hA10 k_.dNV IR Z
\Zehhafh ghhly_"_eylwbqgbgaijmady ~ufthf_ghhlhj_-]b
kljzpbzaf_jhhi_j gogkoq_gbjbd kbgojhgbaihmibd u\zZhedh
[_gghktbnhjfbjh\Zgbyebqggiho_j_qgkoq_glhZkiheh _gguo
gZmqgZklfZlogzlghebgh[jZap?kebhi_j qgk_qgq_glehbZkih
eh” _guw _ahgt[jZah\Zgbyx dbbihke "mxsjZldajmr_,glhy*-
nhjfZpbbwlb&_q_gbyodjZszZxlkygh\j_f_ddhf_glkehdzZebaZz
pbbB_nhjfZpbihi_j_qguoq_gthyddhehcdb< h[eZklb h[jZah
\Zgby cdbheZklbg_Kdiq_gbZl _jbzblfZapgh~"he ZeWKkkv]h
jZajmr_ggblu\Zwlimhkh[_gghkdZklbqg_kdh]mhjfbjh\Zgby
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gZjZnbdbk3 hldez~ru\BEEbahdj f s githy\b ghhtZzo\zazZ
nbdkbjh\Zgglucqg gh00 k_dchlfhf_glfgZqgzZakzZah\Zgbygdb
\klhjhggZqZeezZklbq_kd@hhthjfbjh\zgbyebeblhingZklha
nbdgzbgl j\Zeéuj f s gy \b ghBZo\ZkAhI\_Ikl\mxisb
jbh~"Zf0 k .dGZjbk3 ihdZazZlyyl j\Zeéuj f s _ gy \b ghp&
o\ZJXhh!\_IklI\mx$bf g0k .dhhklyZ]jmadp ~_eyeb eb
gbginteyWZ "“hphgl_j\Zjekly _gby
<jZ[hlbkihevahVZeggthgZqgzZev@guhoZkly  yhyaf jZo
yq__likke_"h\Zgggogbrerbjbgk_q_dbprebgyq_clibbo
dhg_qdgZaf_jbobl \wlhk _q_gbiphp_ kkZkly  gbyj bagl-j
\Zzaj f gk .Kboijb\e _q_ghzkkgblu\BRbbgg0 _nhjfZpbb

\ihi_j_qglkgq_gb,y,HIn%, ”Hlnll—o h \ khhi\_Iklmkeh\b _f

|
g_jZaju\ghklbhjfzpbohjf K -c_gZRB], hij_~_eyebnhjfz
pbbhlhesbggH | . H H

lhihemqg_gfhrchjfZpHbgZoh”bdedmsrmixesbggmbieh
SZM"\F \ bkke_"h\Zglgiug_ggkoq_gbyazZ\bkbfhklbj_f_gb
jZkly _gbhwnnbpb ZgluahljhRfbhdZaZIEEgdnhjfrahdZazZg
gudk_qg_gbxbkgblu\Z&£B5]ihnhjfm éL)

R= 1i/( 1 — i) (1)

<ijhp_kkzZkly _glbjjzZapjhbkoh~ijhgg_gbhhHzl_jbzZez
> nhjfZpbhguihhqg_dlkke "h\gétkghVZgZeldgB\umijhq
g_gbihkljh_ggudhhj*bgZbZo_gkb\ghkliyy  _ghk_bgl_gkb\
ghkl¥_nhjfZzpBbdhlhjuZkkgblu\ZkebhI\_IklW27, 28] ih a-Z
\bkbfhkl®fb3):
1R

2 R

oz 2R | Ho @
3 1 R® *1

1"V bHDbklibgggZijy _gib” nhjfZzpkbhI\_Ikl\, Bgh”"_ey_
fu_ dzZdhlghr_gbgZ]jmadibaf_j _gghb ]jZnbdwmgZ]jm-adZ
i_j_f_s_egbdiehszZnNthi_j_qgtklhg_gtbpZapZ\ ijhp_kkZkty

‘_gb)Z"_nhjfZ;}b'jnaZ\bkbfhkl-lllm%.

v i N v (2)

N | w
@ w
A

J amevlibBkke "h\Zpthah[km * gb __

< oh”ijh\_~ ghkyZlbklbq_kdjzlhidbameviZdah_j gby
kbkihevah\ZbhfgZbf_gvré\aZ”jZIIAGD hij_~_eyaddhgh
f jghkbwaf g _g¢Bwf jRZAZggimihj qgtklhg gBgbksijb
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\ N gbibggyjZnbdbaf g gbhaf jyg idi_j gqgklhg_ ogb§
\ijhp_kkZkly  gby

! D

Jbl. Baf_g_dbdmshpdaf jhhi_j qgklhg ob& \ijh*hevdgf
bihi_j_qogl)fgZijZ\e_gtblyebl _evghjhip_kkZkly  dtbi )d

=jZnbalZ\bkbfhklbbchI\j_f_gb*eyq_kd q_gdc 12 bl6
bf_ebb”"ZgZeh]bgbidc

Babkd\brghlglhijhp_kkZkly  _ogYepbok_gq_fHghlhggh
b jz\ghf_jgh\ _ebgb\ZZIklyjbgzZihi_j qguwo q_glhleghlhggh
bjz\ghf_jorf _gvrZ. Whhijhp_K&kih]j_rghklZixijhdkbfZgbb
[he 1% hibkZedbg cgufibjZ\g_gbydHEijbf, j*eyyq__K ¢ _
gby 12: IbiZl, 0,001% 1,0016 bk 19,3284 0,0112 ,]"t— \j_fy
ijhp_kkZkly  _gby

MjzZ\g_gbyijhdkbfzZpEm=f_jhihi_j ggwko q_ghhaf_gyx
sbokyijhp_ kkZkly" gtbjZapHBalhebkeih ~ elblwlbggleh}z
jbnfbg_Kdb nhjfZplbg_gihlker*hevgkfbihi_j_gglgf gzZijz\
e_gbyex[hdhf_glizkly _gleyZijbf_pklbggrixnhjfZp gk
\ijh*hevghhZijz\e _§dhlbqg ghkyo8, 12, 16hij_~ eyibimjzZ\g- gb
y f(4-6):

I n0,00lQ 1

\ k b® HinLt | ) 4
_Qg_od I8 1 1 4)
I 0,001% 1,0016
\ k b b2 HIn—1 In— ) 5
-4-9 11277771, 0016 1,0016 ®)
I 0,0018 1,0032
\ k b b6 HIn—1 n-— Dy 6
q-9¢ 11677 771,0032 1,0032 ©)

:gZeh]bggdhkkgblu\BEklbggO _nhjfZpbithi_j qgbZijz\
e_gbl ihmjzZ\g_ g@y9):

9,5394
\ k b8 .HInk : | ,
—4-99% el INy" 55304 0,0108 7
\k_q_gdbb2 ,H |n& 9,5182 -

b 9,5182 0,0097

\k_q_gbb e HinD 95442

. 9
b 9,5442 0,0100 ®)
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(Bkihevah\lZelmsphZaf_jdZ "hlh q_glyy, baf_j_ggu_
klhqghkIxXx033ff ihl_oghehhbh]jzff_Iljbbhwnnbpb Zgilu
ahljhibbmdZazZggQuo gthyjp *_eyidlbhjfmél) [29-31].J_amevlIZ
lujZkgztdhwnnbpb Zhdbahljhlbibhi_j gqgkog_ gHhyooZ~Zggu _
fhf_gluzkly _gkygl j\Ze\hff gD k_djb\_"_duZ[.el.

LZ[eblpZz

DhwnnbpbZgluahljhVbibi_j qggkoq_gbyjhp_kkzZkly  _gbb
iehkdhihjZzapZz

<j_fy
jZkly  _dgby10 | 20 | 30| 40| 50/ 60 70 809 9 10D
k_d
Rs 138| 141 146 151 157 1643 170 1,76 183 191
Ri. 124| 161 167 1,73 179 186 1893 2/01 209 218
Ruis 167| 1,75 180 188 196 203 212 221 231 242

=jZnbdmf_g_ dgtywnnbpb ZgdbahljhRbdbklibgghcnhj
fZpbtd ij_~klZ\e ggibk5. <oh”gZ]jm _gWdwghlhgphklzih
\k_bkke_"h\Zggqgogpp&5).

K_q_@&b_ K_q_d@_ K_q_db_
R 1,2771 3,4519, R 1,4342 H,5761 R 1,651 5,2669;

Jbis.Baf_g_dgbhwnnbpbzZgbahljhRBbhi_j ggkoq_gbyo
\azZ\bkbfhklbklbgghcnhjfZpbb

<ijhp_kkZkly  ghpZapjhbkoh~ijhqg _gbHzZl _jbzZeZz
OzZjzdI™ jnhjfZpbhgmhjjhqg_oby " _eyehkgh¥gZehlaZ\hc
mijhgg_gb%ljh_gghthhj*bgZbkobggtZijy _gl_bklbggZy
A_nhjfZphyBklbggwZijy _gbyj_"_eykdéhighr_gbZ]jmadb
baf_j_ggithc]jZnbdpbk3), diehszZ” bhi_j gghQhq_gb}jZapZz
\"Zggudbf_gbkiulZghy

>eygZoh ~_dlkybgghghijy _glyhij_~_eyielhsZMNni-
j_qghkr q_gibpZampZKhhl\_lklI\mxsimmgZ]jmada¥Z*Z g gfinc
f_gNj_f_gjzkly _gby
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Gzhkghihemq g@zogkdjhbedjb\umijhqg_ _@Gbk6) "ey
bahljhighh_jbZbgZoh”brepzZ\g_dloebg_cghidjhdkbfZpbb
f_ IhrhgzZbf_gvrd\&Z™jZ (G D(jbks6).

K_g_®b_ K_q_dB_ K_q_db_
'V 826,7304 1974,0486 ;VHB20,5752 2265,3926 \ H831,3235 22357147

Z [ \
Jbl6. Djb\umijhqgg_gbhyi_j qgglkoq_ ghky®(Z < 12 (]); < 16 (Y

Kj_"gytyrb[dZiijhdkbfZpb®DmjzZ\g_dblkk6) khklZ\beZz
: =0,53;0,91b0,5 %, khhI\_IklI\. Gghkghihemq_gmyd\g_ ghic
ijhdkbfZphjb\umijhgg_ @§bly jbZejZaebgdghb j _qglkoq -gb
yoh[jZamZj_"_eyoestf g_gb h*ghjh”gfttdlgbZeidhp _kkZk
ly> _ghybnbdkbjh\Zgagioq gétylZjbnfbq_*kdibhjfZ 432§

31 Hij_~_e_gb h*ghjh~rghkdZgbq_kidlh@ kIkihfhsvx
k_f_ckt\yb\uanijhgg_gby

JZkqgzlgimilzkihfhsvihemqg_gghg_cgmpZ\g_gbl -k
kbjb\umijhqg_tbjy " _eyedZq_oby_gkb\glgklipy _gbo
aZ"Zgdwd_gkb\ghklinbjfZzpB&ebzl_jbAhéghjh”ihd_ozZghb
g_kdbf\hckl\zZIhijb aZz*"ZggaupZq_gbgb gkb\ghklibhjfZpbc
agZq_odmy gkb\ghgkdby ™ gbBte glulvh?bgzZdh\ilibh_eb
gbg ?keb_bgl _gkb\ghgkdhy  ghfLaebgdhfzl jbavey Iky
g_h~rghjh?igdf oZzgbq_kdbekI\Zf

32.G_jzZ\ghf_jghikelZklbqg_kdhygh gby

G_h”ghjh~rghblZigbq_ktbhokfZl_jbZigB\h~bdg_jZ\gh
f_joghklbezZklbqg_kdhph gyl _jbZadx <fbdjhh[tzh[jZakZ
f_gvrbflagZq_gblydb gkb\ghykligy _gbezklbq_Kdf_gbz
| _jbzZejhl_dzk[lhevr_kdhjhklygx A fbdjhh[tzk[hevrbfagZ
g_gbyblyl _gkb\ghgklihy gbc

LzdbHi[jZzahdzZjzdl_jbkbbdirtghjh~ghiddlbbZeZ mhp_
gbh\zZlvkymfyb/rzZfbhdzZzazl_¢g &~rghjhrghkdbhdzazl - f
hrghjhrghfizilb jbZetzf _oZgbq_ KdbtkI\AR, dhlhjulij_»_
eyxlih~bki_jkbhgzZqg_dlye_gkb\glykligy  _gildp nbdkbjh\Zgghc
(aZ"ZgghcnhjfZpbB — ihdZazl_g_ f[fzZ\ghf_jgh&lklbg_kdh]h
I_q_gbZ/I_ijblz, dhlhjukij_~_eybbl"bki_jkbbzZq_dlyd-g
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kb\ghk? nhjfZpigb nbdkbjh\Zgaasdqg gbgb gkb\ghlgkdity
" gbhxjzZ[himdzZazgbdZazljZzkkgblu\Klebl\_ IkI\_ih@aZ\b
kbfhklyf0,11):

VARV
H \h{l |max\2 I min 1001 % u (10)
ki
OOH L
HY 'm“ﬁ L1100, % u (11)
Tk |

>eyhij_" e _dhygzZazZlgew*ghjh~rghxklbjbzélx f_oZgbq_ kdbf
k\hckI\ZI-fm gZhkgh\mjzZ\g_gdbidjhdkbfZphjib\uanijhqg_gby
(j b kb5) hij_"_eb@glqu_g)tgy_gkb\grngIij‘_gbfy ijb aZz”"Zgguo
bgl_gkb\gh’k_lyhjprE.cJ_ameviquinrjb\_’\_glllZ[.eQ.

LZ[eb2pZz

Bgl_gkb\ghklyy _gNchihdzZaZlg ewrghjh~ghklb
hIaZ’\ZggJLgd_gkb\gh’k_lgbjprEc

005 | o010 | 015 | 0,20
K_q_gb_ Bgl_gkb\gh&lyy _gNy Flz

8 9254 1024,1 11228 12215
12 933,9 1047,1 1160,4 1273,7
16 943,1 1054,9 1166,7 12784
Flz 934,1 1042,0 1150,0 1257,9

IhdZzazlgek~ghjhnghkiokhA_nhjfZpH ), %
| 1,90 | 296 | 3,82 | 4,52

Balz[e2 ke_"mqllhijbazZz”"ZgoppZq_ gibglo gkb\ghklibhj
fZpbiH agZq_olyy gkb\ghkdby  ghly\ jZagufddjhh[tzfZo
ihi_j _qggkoq_g®pch~bgzdHe _~h\zZ| ,dzdhjbdjZamZ__|
g_h~rghjh~rgthlod2gbg_Kkdbokldhlhjmxkp _gb\dbdzazl_@- f
h~rghjhrghkjbhmjzZ\g_ ¢Hox

<l1Z[ijb\_"_cwZq_obdZazlgegrghjhrg\hfiddbjhhftz
f f “~mhi_j _qgukbq_gbyf®b« 16. MklZgh\bgelbkijbjZs_
gb_fbgl_gkb\gHhklbhjfZpbB 0,05 ijbjZs glgzijy _gbd
ihklhygymz ~hthi_j qgkf q_glghbg~ b\b mZevghebqgbg
Lzdihi_j_qgkfq_gbB 'V =987FI1Z Z\ihi_j_qgkfq_gbb6
'V =111,8F1Z qlhgZ33%[hevrljb wihihdZaZlgek~ghjh~gh
kibf_oZgbg_ktlbok]¥Zklzl
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GZbk7ihdzadgjzdlbaf_g_dbgzZazlgely~rghjh”g\hdIb
\bkbfhkhbbgl_gkb\ghkhohjfZplblol _i_gghjzZz\g_gbijhdkbfz
pb.b

Bkke_"h\&dlygh_ h~rghjh~gfhlolbgbq_kibhokb\Z zZkif_
N e glbklbggoonhjfzZpihbiezklbqg_ Kdlgf glrtkeywlh]bkihev
ammjz\g_dgbiyjyhdkbfzZgbhk5) djb\umijhgg ,gdbyZebohlghkb
I_evg:hgI_gkb\gh‘lglrbhjprl%lcijkkqqu\Zredomq_ggg;q_gby
ijbaz”"Zg@wo_gkb\ghdZyjoy _gNc

J_amevliZikugzlhb\_~ _duz[e3. BalZ[.e3 ke_~mqllh\ f -
g_lijhgghifhf _oZgbg_ lodhg#Zdl _jbklkddf gbB \hagbdaglz
gbl_evpmhevrbbgl gkb\ghklbhjfZplyc f\ [he _ijhqghk_¢q _
gbbB 16ijbazZz"Zgqaydq_glhylo gkb\ghklihy  _gbc

JbK.AZ\bkbfhikidZazlg ely*ghjh”gfhlolBgbq_ktbok I\
hibgl_gkb\ghkhthjfZ{Ephrb[dZiijhdkbfZp5)

LZ[ehb3pZ

L_dmskzkj_~gpgl_gkb\ghkmhjfZp\bfbdjhh[tzflEog_gbc
bg jZ\ghf_jghdkdu«lbq_ kdhjhgbbazrZgdwd gkblghklyo

gZijy _gbc
AgZq_¢h¥1Z 950 1050 1150 1250
K _q_gb_ Bgl_gkb\ghkhhjfZpHc
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
Vkj» F1Z 0,0575 0,1041 0,1506 0,1971
G_jZ\ghf_jgiekdilbq_KkdmahjfZptp, %
| 16,2 | 147 | 141 | 13,7
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ljb ijijs_gki:ng_gkb\grngbjy‘_gUiv? 100F12Z ijbjZz
s _gbbgl _gkb\ghklnbjfZzplowlbk q ghyehhklhygguyghbeg
"b\b*mZzZevigafih k g gbB I—,| 0,0507, Ih]~dZd8 k_q_gdbt6
"H 0,0447,|. . g24,7%f_gvr ljb wihhlghkbl_ewg@f&dl_jbklbdZz
g_jZ\ghf_jgh&Zklbqg_kdhrchjfZphh mf _gvrZekZjhklhbg
|_gkb\ghiglbijy  gblc ameviIEliZlbklbqg_kdhc/hldibh f_1h"m
gZbf_gvrb\xz jzlimMdZaZelthkih]j_rghklviijhdkbfZph®H%
ihemq_oggZ2\pwkbfHkbk8) hibku\Z _ikjZ\g _gt2)f

HY 56,52 0,0686; Y% (12)

Jb8. AZ\bkbfhklyZ\ghf_jgh&Zklbg_KdmhjfZpbb
hibgl_gkb\ggklhy  gby

ljb ZgZebd[.€2 b3 [uemklZgh\eqldinf f klhazZbfhk\yav
bijbf_jghjz\_gkl¥h *mhlighr_gbyijbjZs_gblbgl _gkb\ghklb
gZijy _gbt_nhjfzZb3:

'I_ii*max ‘i‘\//maq HY 133 14,7 y(13)
I_ilmin I’min
<u\h”u

1. MklZgh\egghijb h*ghhkgBEkly _gbbZaphkke_"h\Zg
gukieZ\pAhfhf_gléghdZebaZpbbjfZpbre cd kih]j_rghklvx
g [he 1% " nhjfzZpihbh[tzfrh[jZaZZijhdkbfbjmyellkg_cgufb
aZ\bkbfhklifbieZklbg_Kdlo_gbZl _jbzZekzohjlh]l]hgZevguo
gZijzZ\e qgjyghf _jghlhiha\heyZkqgzlgumlzfZoh"tblavf g
gbjzaf _jm\[jzap2Zx[hfihi_j gghfq_gbi[ezZzkldhHZkqgzlghc
"ebgb mklzZzgzZ\ebpwey [k¥| jbzZeahljhigwfebZzgbahljhiguf
ihf _ozZgbqg_kdbekI\Zf

2. <oh™"ZgZeldgB\umijhgg_gbkiZgh\lmébbkke ~h\Zggu_
h[jZaput_xlg_h”~ghjh~gfhlolZxgbq_lkdbokldhlhjZpgbfZevgZz
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\gZqgzZezkly _glbvhajzklX alZ\bkbfhklphkldgl_gkb\ghklb
nhjfZpbb

3.1j_"eh’ _gghdZazZlgeb~ghjh~gfhlolbgbqg_ kttbok bk
ke_"h\Zg4ueZ\hAZ\bkill "bki_jkbdhwnnbpb_gbbahljhibb
\ihi_j_qogloq_gbRo R,.x Rnn Q_flhevriZzagbpZ *"nmzdkb
fZevguffbgbfZevgahwnnbpb_glgbbhljhiblb[hevrg_h~gh
jh~ghkfivoZgbq_kttbok I\

4. AZnbdkbjphKibhdZaZzlg ely*ghjh~gfhlolbgbq_ kthok I\
h[jZapbkke_"h\ZgigauZJ\H-\H\{ \ aZ\bkbfhkllbgl_gkb\ghklb
nhjfZpblbkgb™ _gbhdZaZzZlgeyZ\ghf_jgilibZklbqg_kdhthj
prblﬂ\,TH kihklhbgl_gkb\ghklihy  _gbc

AZdexq_gb _

JZajZ[hlZz§glhybdgZ Zanhlh]jzff_ljjdaf jHW\ ebl_evghc
k_ldiha\heyhif_ " _eylaf g _qglzZzaf_jb\ozZjzdliejzklbg_kdh]h
| _q_gbZl _jbzelZapjbdjzZkly _gblh ~ eZokqzlghebghi
jZap¥ijh~hevghihi_j_qgbZijZ\e_gHyjd mkeh\dpbjZaju\gh
kI _nhjfZptbihh _JHhesbg_

>eyfZl _jbZekhXgbahljhib_a@Zgbg_ kKkdbokl\Zajz[hlZggZy
f_ ITh"bkzkbgojhgbazZmptblhd JbkljZpaZibkifizrbggudjb\uo
jZkly  _gbya\heywdki_jbf_glZenNgh_eydklbggwZijy _gby
br nhjfZpbbagbdzZxsbjhhp_ kkZkly  gbex[hfihi_j ggh{f
g_ghhl[ezZkjBkqgzlghechbghi[jZapZ

F_Ihrbdlza\heyhiwdki_jbf_glzeNaaududljhblk f ckl\z
djib\umijhgg_@bdly jbzZe&x[hfihi_j qgkfq_gbhzZapjdjzA
ghf_jguieZklbq_ _kdbuhjfZplyoij ~ eywlvh”rghjh”gfhlolZghb
g_kdhbohckfZl_jbZRR[gZzapZz

KihfhsvxZajzZ[hlzZgfghlke"bdbklZgh\eqldg_ _h”*ghjh~rghklv
f oZgbg_kdhoklbhkke ~h\Z&kgen\h\\eby dZg jzZ\ghf_jghklv
ieZklbg_ktdhdhgBEgbahljhidzb jbzehib\h”~g _zihklmijh
p_kkZkly _ghblyZapz

JZajzZ[hlZzgglhybdZ™ lfulvbkihevahV&gZgZehaBygby
g_h~rghjh~rghkglbahljhhfbehgL<dWEbwe f_glhj\h&l_gdb
j_Zdlhjhalhlh\e_glgamkke "h\Zd&kdesd\hih | _oghehfbM
gdboklhcdhkiyhp_kWwdkiemZlZpbb

JZ[hlXuiheg_d nbgzZgkhlimé¢”_j dljZgldhkkbckdh]h
gZmqgghhly~Zjh_dt 23-29-00433 «hegh\ZynhjfZplhby \azZbfh
k\yakhjlhljhib kijmdImhpwmbabdhozZgbg_ KdbokNba” ebyo
k_e _dlib\geZld jgkidz\e »ybtips://rscf.ru/projec 23-29-00433/).
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u f1662.769.21
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BgklblhZ|Zeb&aZ D ;hj_kdhRZJ:G Gh\hkb[bjkd

netskina@catalysis.ru

| _jki_dlbVZj_oh/&zZljz"bpbhgdbo6hwg_jlhghkbl_e_c
g2Ah*"hjhibfmebjimblkdhfiZdignbjf_]mjZg_gbywkdhev
dmhgbf__gbadmehlghkbwzZjzdl_jbamukhkghzdj_ _kkbigh
klvxihhlghr_glyZaebqgfZfl jbZekjb ° kldbf@kkh]Z[Z
jblguoh]jZzgbqg_gihyoéihgl_gbl*Z_Iky j*hnZaguhjfzf
ojZg_gWy*hjh2Zlb~jbrgukh_~bg_gbhfhjuh[_ki_qb\Zxl
_]1h_g_jZphk highkbl _emghj ggdhZ]j {80...250 K. >ey
kgb' _gbyfi_jZImjjZaeh  _glbyjbr¥ZjvbjmxI]h*bki_-jk
ghklvw _n_dlghkjlvklZeebqg jkdhldb\h*yhrh[Z\dbuihe
gyxsbjheyp gljid*khj[pbbkhj[pkbbeeh\\h2hjhbAdZ
IZeblbqg_ kpgb¢Zs ghegZklhysfthd _glb”jbrgliZah]_g_ jZ
Ilhjumki_rgihhl_klbjh\Z\gdZq_kIhklhggbdh¥hjh™M&ey
lhieb\guwoe f glhkihevam\flukibehlghdZl eviglhghb
d bz\lhghfgaZjy~rflh[bevguoe nhgBlZd “evyaZijzZ\db
ZwjhklZlghg”h\

<\_"_gb_

< gzklhys\j_fyfbjh\h khh[s_klhmZ[hq_igbkdhgh\uo
wg_jlhghkblZl€dc kihkh[R\Zf_~e kbiyh\leh[Zevgilhie
gbylhijh]ghaZéz\gmeXj r_gbwibih[e_fm~ H]jZIvhh
ih~Ajbkl), jZkkfzljb\Z_d@dlhjbgqguweg_jlhghkHl. éjb wihf
kiIhbfhkIyHm~ dZ\bk hikkihkhjBemq_[gpKZfuf _r_\ufey
ihlj _[bl_pm~«a_e_gub~hjhthemqZ_kbdkihevah\ZgbaH[
gh\ey fwg_jlbhrgZ&h[_klhbfhKhukhdBdhfi_gkbjh\Zdv
[mAmalkq _aZdmihkZfhgbadpc gk jmiAh~AhjhAiBemqgZ _fhlh
liZ"bpbhgdhg\ _jkimle \h~Ahjmhlebqlplvgihrhjh22yih
klZ\sbdhh ghazZqg_mlbebazZphBamxsbloklyb rimje jhta_f
i j_ \h~"ZAKIZImkem[h]h
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JbK.:ddmfmebjh\&ZgbjJbbh~ hjh ghbde

Ilhkdhevwdmhjhrgbadhiehlpsi& \ukhdhz]j_kkb\ghkhvx
hlghr_ghixiZaebqgifl _jbZekif_JhZzddmfmebjh\ddplbbg_kdb
k\lyvaZgd&ihklhydddju\Zi ljki_dlbkina”*Zgbdhjhr*guddhibl_
e_&\ukhdhddhkl{ <wlhkemqZ_"ihql_dd~2ZzIRy j*hnrZa
gufnhjfZfojZzg_g\hy'hjhADd*jbrgkth_*bg_d¢gh Bl Ijb \u[hj_
|b”rjbMZeydhgdj_IgHeZkipbf_g_gbwgblu\Z_IkklZ[bevghklv
b\hafh ghkhy]ZgbaZpjhlp _kKZah]_g_jApblhZgbqg_gojf
kljZgklkfbgbfZeva@aidjZlwg _jlbb

<"ZgghZ[hlijhZgZebabjk\i\ghf_gdkhklhydikke_ 2~h\Z
gbad h[ezZk]lb?jbrgwdjfojZg_gWy‘'hjhbdzZkkfhlj_guki-d
Ib\gugZijZ\e_gbiyzdlbqg_kdjbth g_gby

Kihkh[ajZg_gbly*hjhAZ

LiZ "bpbhygmghthjhayZgylf_IZeebq_kdébehgho"Z\e_gb_f
150 ZIf <gZklhysfthd_gkms_kl\nklfihablgZeehgahkh[gu_
\u™_j b\zMzZ\e_g¥700 ZIf[6]. L_fg_f_g, \hijhlbo[_ahiZkghklb
[7] hk1Z _Ikiyd julu(fj b k2).

<lhjufkihkh[hfj_ \hAB~"hjhA?Zhe_dhfizdlgkhhklhygh _
ey _Ilkytk b _gki_j_oh~hflZ\iZjh\h "h[8]A"WIlhijhp_Kk 2
e_ggwdjhl_dzkVu”~_e_gb_ifeZmylhfh  _lijb\_kldihl_jhdheh
20% \h~*hjh~2ey Jmkdhj_bkivevamxIs\k_]Jlgbd_evkh”_j Zsb_
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dZ1ZebazhgZklhys fhrh_glmYihgbim  kims @2 hAthZgd |
Aey j _\hadddhMi~Ahjh(jBk3).

X D (

Jbk.Dhfihablgizeebd b()- _]Hza]_jf_IbaZpby riZlghc
kbimz@sld]h[t_AhAhjh2&f ~Z\e goozZIf

Jb3. Yihgkdhzgd gy _j \hadbd dh\h~hjhrZ

G_f_g_\hklj_[h\Zggkifbkh[Z®&hzZg_gthy‘hjhfa ~nblZz~
khj[pbhgduoghehPhlh]™"h"*hjhdthgp _gljbjmydky_joghklb
I\ _jrhIftzl_jbZ@zZijbf, hr"ghkl_gmje_jh*"gZaghljmpredf -
[Zeehjl]ZgbqdkddhdkdkdjndImpeyh[e _]Jg_¢bkkhpbZphlebdm
eu\h”“hjhbdih\_joghkKhvtbnbpbjmklz\dzZfblZeetd\ZIZebab
jmxsbfwlhiljhp_kkeyn\_ebqg \gbhjh~rghfdhkhtbabqg_kdb_
kh[wjzZg_dhymdhf[bgbjh\ZIvEe@Z "khj[pWy'hjh&kikhs_klI\_ggh
\hajzZkl_kebzhkms_kl\ayljbh]_ggulkeh\bgytovltk”_e2Aht-h
jh~_s [he "hjh]bWg_jlhghkhl_e f

>eyZkrbj_gblezZklijof_g_gbhy*hjhkZhbfhklyizddmfm
ebjh\zgbjpcgZz gdjhs_bkihevahiZbgheh]dbtblhjum™ oh
jhrhhk\h_gdujhfure_gghkljp "~ \k_]JhHgbfhlghkyhemq_gb _
Zffbz @], Jb”jbjh\ZghhfZlbq_kdbo'bg [glidihemq_ob _
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e _\h~ hjhkhA\e _gq gbdkb" mJe jH¥2F <ihke_ ~gkdmqgiz*gh
\j_f_gogm~mlrZivkhijhkkgb _ghyje_jh" gdelhighfure -g
ghkiwg_j]_Ubj@gkihjlRjhf IhlhgzZrZevg_cnblZiZi@a\blby
gbadhm]e_jwdgigchfbondill _ogheh[mBmhklj_[h\ZGayih\u
r_gbkh”_j ZdgbyzZzg\Z[bh]Zz[a3] bihr""_j Zg[lye Zgk B\ Z1fh
kn_jBf_xlkyjbf_juibehlguph_dlm\"ey _e_gZijz\e_idemih
g_gbylzZglwaKH \ jzfdZjza\blgpadhm]e _jwtdlyd fbldbhdk b
eZflr _jfZgbb\ _cpzZjbBlZeblbiihegy Ikty ddStore & GO» [14],
bgzk _lhrgyrdbgwvhkljh_gazZ\hNZ[hlZxslydZaebqd jog
pbiZio j_jZ[hlchhe dbkledadigZaguklihggbdh)\

9\ =_jfZzghbézZ\gui[t_dIhfj_jZ[hldbey_ Ikyh]Zahlhjuc
h[h]ZszZ_fklyZghK50 "h98 %. Bklhggbdihd_jliklem Bl IjhklZg
pbyZihemqgZ_fdahkIimiz\_h[smxZkij_"_ebl_eNoamXxrkxlv
kljzgulhfgbkegdzZzah\azZijz\db

9\ R\_cpzZjbtbhdkbt]e_jhh{jZamxsbejyi_j_jzZ[hld_
"brdblloh/AMIbebabjnibdkl[bheh]bqgkkhdbH[.hf

9\BlZebthhdkimle jhrade _dbedha"miBfhsvXhj[-g
[h\bih”M\_j]zZxiZzIZeblbq_kdhdgbjh\zZzghoI>khklZ\eYyk I1h
29%. >ey ]Jhih\ur_gby _h[oh”g#mjZ[hlZglhiudhfihabpbhggu
fZl _jbzZz&Wukhdthkdhj[pbhgglidhklvihk KH bgbadhcfi_jZImjhc
f _1Zgbjh\z@hBy Zevigdkms _kl\ewllvjhp _kRuh”~ghjf_zZdIhijb
200-300 K

Ke_~nmhlf_Iblglhf_1Zgbjh\ZigH g__ "bgkl\_gkihdh\[h
\e_g_gwikh]pzakijhba\h*kibbfbqg_kdktho "bg, ghkkfZIljb\Z _
fuodZahjfuojzg_gWhy'hjh&H fh™ _Nuklimizbkoh~gkt@ijv_f
Nevijhba\h~kf\2ZghdmhjZ\vbghckehlwlZghehzebf_jhf\hg-_
\bgum]e_\h~hjHYbH\ | beh\k]hb,j Bh d k m kajthikce hbd. ~ [15]. G-_
dhlhjuijhp_kkm™ j Zebah\Xgjihfure_gghkLiZ,d\ BjeZg”bb
k2012 1h~4zZ[hlZ alz\hirhi_j_jZ[hlbdloh~ysbbah]\ hl_jfZevguo
klZzgpbt IZghehlhjuedkihjlbjmih’Ky jdhe med2adhtekd).

Jbk. AZ\hhijhba\h* kd\imah[gh\ey» fh]& g h(&&orge Olah plant),
J_cdvydBkiezgtkepl2])

DAjm]hfgZijZ\e gbkdmimebjh\EYbjhAZ bfbq_ kidly
aZgghkhklhyghlighkybrjbjh\ZgbAdbdjhfZlbg_kdbd'bg ghbec
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[11]. 1jb wihf_eZl_ewghZzgbahWlhijhp_Kkfh[bevghkiheg _
gbbGzijbf,_djmighlhggzZlggd kjiijhfure_ gghtklZgh\tdyg
hkms_kl\epgdw¥b*jbjh\Zi¢byb~jbjh\Zdby\ufkh_~bg_gb_f
ihiZ\rbfAihe aj_glhkke_~h\ZI[welbemhghba\h” kt\thihjh]h
ohjhrthk\h_ghjhfure_gghkljbo _JhibAjbjh\ZghhZzam _flky
Ibepbdeh], HkZgj Zsbeqlb fZ% h[jZIbftu”r_ey_ fhhKRhjh~rZ
(jb k5).

JbJ5. Pbde]brjbjh\Zdbybrjbjh\Zgbydblj]Zgbq_kdbdbg _gbc

GZ_lh~rgyrdbgkms_kI\_gagkrbj_djmihl_gpbZewgagp
"brZIRekbkl _djzg_glbly g_jZpiBhjh9ZhkghpbdeZb”jb
jh\Zg/By I1b”jbjh\ZgbydbajhfzZzlbq_Kdbo‘bg [#6.cMgblu\Z
_lkg_ lhev&kh”™_j"Zdbh~2hjhghbmkeh\bkyms_kl\eobgblyqg_kdbo
ij_\jZs_gb¢_"ihqglbl_evihp_kkpgh\h~blyzh~*ghfizlZebazlhj_
ijbl_fi_jZImijgZbur 200°K Bofh ' gh_ZebahgZdukhdhzZdlb\guo
ieZlbgh\boZeez"b_kbal_fZghhgHzd dZlZebabjijhg_kku
ihegh]ltb~jbjh\Zgilip\hrysbdjZajmr_gBkhfZlbqg_kdhkewpZ
glhklZgh\blklygbghbl_jAh*hjh~rghfadhklbeykgb gbhebq_
kiI\Zjbf_k_\c\h~*hjhr"kh~_j Z2Zaiffi_"eZ]Z fhkYonbpbjh\2&
Ibgh\ubiZeezZ”b_ddlZebazthjz\dZbmf_gyxsbwle_dljhggh_
khklhydblZeez

;. am]e_ jh™ghyjfuojZg _gbhwy*hjhADdbfbqg_ kdb
k\yazZggkhhklhygbb

K_jv_agdhgdmj gpdrxdbhij]Zzgbq_ kldblifhqgbdBEfhjh~Z
khklz\egffibZ(dbk6) —h~"bgahkgh\gdpmighlhggZiguwandlh\
kh\j _f _ggblefbqg_kdhlkefure _gghK1®. < 1h”_Jhijhba\h”blky
"H30feglhgghwlhfidkrbj_gblhjhba\h"kMedgm gbadhm]e_
jh~rghedhghflydih_"klzZ\efhévrbloeh ghkl_c
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Jble. :ffbzddzdhjbgqguwoeg _jlhghkbl _ev

Klhbhlf_Iblyglhhkgh\gkeh ghkdkihevah\Zdblyzddzd
nhjfuojZzg_oWy'hjhkBklhbl Jlwnn_dlb\ghdeh  _,gbd kZfh
ijhba\hewglhijhp_ktkkms_kl\eyijbky fi_jZImj\o _1000 °K
Kgbabldh ghazxqg_lbkihevah\dgbZebazIlkhi\ j"Zshpbd ,ev
jml_glbeb_e_.ai*rgZdh~hjhfh ghg \u”_eybwzZffbzdzZijb
f_gylg_ihkj_"kI\\gdyhg_klhieb\gZijbf,_preyZ\IhljZgkihjlZz
[17]. ;he_lhlhijhp_Kkdbke_gbhiZdBA _Ilfulvbgbpbbjhyzdz
[ZebazlHjZzg_"\Zjbl_evgB&]h \lzd ijb _Jh*khj[pdBhdkb” _
Zexfbgby”_ey_ |kgvrhdhebqg_Kl\leaZimkdhp_ kkdbke_gby
(jbk7). J_ZebazwlhyhjblbgZevghltbh"gZijZdlbdklhedgmeZkyv
kijh[e_fhie[jZzah\Zgtkb hahlgh m~rZehknvblkihfhsvxh
[z\db_"B khkldZzZIZebaZld).)Z

JbK.Hdbke BbfbZdZRu/IALO; dZ1ZebaZlhj_
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GZjyxZffbZdhf_amle_jhhdqyfzZZzddmfmebjh\Zygbn
AZhlghkiN_jrulb”jbrgkh ~bg, dbyhjuh[_ki_qb\EZxévrmx
dhfizdlghkbkl djZg_giyhjhrz

=b"jbrgkh ~bg gtlhfiZdlgunmhjfuojZg gby
\h~"hjh"Z

Rbjhdblci_dIjb” jb”rgkd _"bg_(NMbH,, LIAIH, NH:BH; b " j)
JZKkkfZIjb\Z\ld¥q_kBklIhggbdh®hjh{8 h[_ki_qb\Zxsbhh
]_g_jZpbxZzkqg_Il_jfhebaigdb hlighkbl_ewvgth j_gghfz]j_\_
(80...250°K bellb”rjhebdapkmlkl\dbdlZebaZ(jyks).

Jb8. Kihkh[ug_jZpbBhjhbAb"rjbrgkb_~bg_gbc

ljb wihfi_jki_dIb\ jfhegdkkfzZljb\zdikty[jZIbfukih

kh[]_g_jzpiBhjhNBkdhevghmmdluhZaeh _dgbyghih\Ilhj
ghijhlb”~jbjh\zH¥gbbahkgh\gddg~ b "ZHhVZIbfhicg_jZphb
AhjhNakimizlblrjbfz]lgH9], ghazf_Ighu”_e_db” hjhgZgb
gZ IKpevdlhb | _fi_jZIm\ur_ 270°K >h[Z\dibdkb”~h\j oh”guo
f IZeehins_kI\_m&mhjywlhijhp khkkh[_gihtkef oZghobfb
g_kdEdlb\Zpblhhevr_kl_i_gdgb Z_ Mg _jlEZ@Ib\Zpihlb" h
[Z\dnlhjbMNbIZgazkq \hkklZgh\eTi®bAlZd h[jZah\ZPgbNjb
NZIb1ZdZ20]. >eyih\ur_ghby ahizkgthiwbhn_dib\gkkkd _djZg _
gbWwh”*hjh"gZzhkgh\fZ]gbckh”_j ZigbhojbZeluwebij_~eh  _gu
dhfihabpbhdgu jbzZekhklhyslafZ]gb_\hjhjZihdjulh]h[h
ehgdhcakmevnbfZdgbk "h[z\dZgzZzghqgZkgtbmg eyfZ]gbc
gbd_e \WhienzZZ]. HgXuihegyaZsbligiebh|[_ki_qbVZZdk
ihjiI\h "hjh"Zfybd _e_bygbd -&éX]gb_\gZklbpuckl\m&kiadditb
\ZIhjoh*hjhApbde&]lb”jbjh\Zigdbyb” jbjh\Zglbyfg f_g, *h
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kilbgvheghliZzaeh _dbyjbr"&\u”~_e_gbhfhjh®Zm"Z_liklp
| _fi_jZlmjgo 200 °K

;he _gbadmxfi_jZImjhaeh _dify xldhfie_dkdgb~jb/rZ
lZzdbdZzd&ezgZlibklZ "bcam _eyxsbh”hjH22]. HAgZdHjZtb
fhklwlh]lijhp_kRBe]hklz\ZeihkYhijhkhhkh[_gighgbfzZyh
\gbfZgbZggu_jfh*"bgZfbg_jEklgo.lhhevad06]h*mh]*"Zgh\bq
[23] ijh~ _fhgkljbjh\haeh ghklpMZIbfhlc g_jZpbBhjhbdazez
gZlgZljbyh~bnbpbjh\Zggdhjhb*Zifbj _oh”~gludZeeb\eZglZ
ghbrhGZb[heviuoh®h*hjhhZ[ex"ZeékemgdehjbkZfZjby
kih\lhjgufb”~jbjh\Zgbl fq_ga® fbgmiljb120 °K b~ Z\e _g\tht-h
jhr220 [Z2jQ_jl@ e _lfuedh”I\_j "~ _wan_dlb\gbKlw]bloh
_"bg_dkaqg_IzZzgbboZghobfbqgZkidih\Z p[B4lcdhlhjZjyp\h~ bl
dmf_gvr_gjaf_jgzklbp hjh*Zddmfmebjfid ksjblhdZjZah
\Zgbx_n_dIRbki_jlbjh\ZedhdZebazjhdindIh\ b jbjh\Zgby
bih\ur_gboklZ[bevghBlihf Ih]hfhlmh[jZah\u\ZIlykglju
«Z™ khj[pdbbkhj[pbbh*hjhM]e_]qzZxshHkibeeh\ hi[t_ffZI-
jbZe(dbk9). >hihegbl_eiygheZ]Z HRYy gbiZjrimlobfbgq_ kdbo
ij_\jZs_gbzxlzd \\_kIBh[z\dbihkh[kI\mx&bj jZkij_~_e_gbx
we_dljhgiehdghk\hb~jb*khkezZ[e_okybfb |Ze&kXh~ hjh/hf
glhkgbablfi_jZInmyml b”jbjh\Z2apb26].

Jblo. <ebyghh[Z\ly@ jfhelarjb b jbjh\Zgjh mdibhgZaeh
* gbgxkq H[jZzah\ZgbyljA"khj[pbbkhj[pbkibeeh\\R2hjh z
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lhemq_db~hjhbz{hj]b”"jbrgkd ~bg _gbc

Dhgdmj_gpdXxgZIlBEkh” _j"ZgWhx*hjhkBklZ\eJRjkh"™_]j
"Zsb dhfie_dkdb?jbfwzZjzdl_jbamx§glbe kgybadthcfi_jzZdm
jhel_jfhebl@ad. L_fg f_g,lj_[m_Iky_ebqithim\b ghRh~hjh”*Z
bij_~hl\jZIbhyjZzah\Zg¢b[hjZzgWIZdjh[e_ fZ rZ_ Ikyh[Z\dhc
[bgZjgyb~rjbAhf\ [Zee]bMjbnlhjbAhMZdvnn_dlib\dhfb
nbdZlhjpHj]b”jbedlbyukIimiznlhjbf jb[28], dhlhjule] ki _
gb\Z \h*"hjh*"gmidhkBy3 fZ% \ ih\lhjghpbde«]b”jbjh\Zgby
N 1b”jbjh\Z §blykl0d HAgZdtkkgh\gwf "hklZlt\hfifrudhfih
abpbdhj]brjbeblb¥dib\bjmx8ByzZvdyg\ey Ikykhdgm\ki\b
| _evghHBleZzZ]29], gl _eZbdbkihevah\ggp ahizZkKdh.KLO|).

Ilhbk#&lZ[bevglhjbrghlih_~"bg oy ddmfmebjh\Zyhby
jh*"ZIbfmebjhXdéb\ghamq_gbfbg[hjZ[d® GZjyNMukhdhc
kilZ[bevghkVb”rjbkh” 09,6 fZ% \h*hjh™Madhlhjuidhqlb
65fZ% \u”_ey_ lkRy_j\h&Imi_gjb120°K Ijb jZaeh _gldbbyg
[hjZgid\lhjh&lZ~"BH _fi_jZImjgWfZiZabsd...170 Kfh]mh[jZ
ah\u\ZIvkyhggujh"mdhru ]b”jbjh\Zgby

1.BHNH; 0 (BHNH.)y + H, (6.45 %)

2. (BH:NH,), 0 (BHNH), + H, (12.9 %)...+...(NH, BsHs, BH,NH,)
3.(BHNH) o0 BN+ H (19.35 %)

(4

(D

Jb.KO. (ZPbdet_]b”jbjh\Zdtofyh ab hiBbi,-CeR; () \hkieZf_g _dje_
ihabp&lUBH;+ MgH» ijbihiz*Zghbieth”u
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M\_ebgbi¢\b ghKRiv*hjhXZffbg[hjZigkgbabdfaebqg_klI\h
ijbf_k_fth ghazkqg_ljz"bpbhgghuivoh”2M\kihevah\Xgklydhdb
iysbgzkl\hjbl_,a\ c* _gpyjbAN\dhjbklhjhkljZzgkldhhj]Zgbqg_
kdbbzZl_jbzZehhhfgbkekh” j"ZsbddlZeblbgZédb\ggZklbpu
HrgZdhhke ~dj fyZdp_bkke_ "h\AkdbsZ lg¥bamqg_wghmy
n_dl2h[zZ\e_gdby[hevrhiihebqg_ kVhZu dhlhjzZyazbfh® ckl\my
kl]b~ jb" "H381), "Z_I|_iegh hklZlhqg8byjZaeh _dikgh\gh&klb
Zffbg[hjZzdZdhkhijy _gbhl_iem_ZdpRlb~jhebl¥_ jfhebaz
Zffbg[hjZgZemqgbbhg” b\b"mzZeyga\Zgb b jhl_jfheBA.
MijZ\eyl2dbifjhp_kkké&h ghhkdhewdimhl_dzZkYukhdfkah
jhklvihwlhflmehj_ _~eh”  _¢éwlhp_ebkihevahhalhdZlZebaZz
lhjugZzhkghtbhdkdbdb¥zgkazdj_ie_ggudb\_joghlklbghqgZklb
pzfk_j_[[&]. G_kfhlgyZbofZehkh”_j"ZdbdZIZebaZhiyjwn
n_dlib\gdIb\bjmpblIrjheZdfbg[hjZzgh2"_cklI\bMiNbaemq, gby
Z\u”™_eyxs_l kiehZzkoh"mglkyjfheb&®*jbrEZb wihfildexqZy
b\udexgKyWe Zfinih ghdhgljhebjhlZbah]_g_j@plakl).

JbKI1.NhihdZlZeblbdbkfhblc jfhebdabzg[hjXgBkmikI\bb
0,06%Ag/TiG

|1ZjZee_eyghphlzfh hilbfbazZpihbp_kKZg_jZpWrhjhrZ
bazffbg[hjzgyZ mlkjypdeZ gmkke ~h\ZghiyZ\e ggid ]Jhok
ihevah\zgiddklhgghdZhjh*"Eyhieb\gwoe f_ gll\kibehlghc
e _|1Zl_evigloghd” djZcdZ gkhg_IlzZzybkhdhb”™hjh”ghfd-h
klbkh]ljzgbq_gdZfZzjblzéblzl_ev@hidjzIZwlhfZijZz\e_gbb
gZb[hevrbki_ohAklb]dlikke ~h\zZbha¥bghcDhj_b:\kljZebb
[34] (jbk12), ZIZd " KR:[35] (jbk13),dhlhjuij “eh bé¢bg_jbjh\Zlv
\h hjhetkq _dZ]j_VZ[e_Ibjh\Zghhfouzffbg[hjZgZz
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Jbkl12. BkiulZgkZffbg[hjZggHjklhqgbdd@ j]bjb hj]1ZgbaZiheb |Z
[ kibehlgk]lHZI| ev@ilBjZIkZfhe IghjizjZajz[hlZggmjhckdbfb
bkke ~h\ZI[3dlyfb

Jbki3. BkiulZgkzZffbg[hjZggHlhlihqgbdg jlbjb hjlZgbaZiheb 1Z
[ kibehlglkelhNZI| evghijEjZIRZfhe IghBhZjzajz[hlZggHf]libdZg
kdbfbkke ~h\ZI[38}yfb
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<k\ur_hibkzZgguhkh[zddmfmebjh\Zybntjiz "ihez]Zxl
azZljZ\wg jlbHE JAu™_e_gdhhgZr _kljZgg f g \Z ' gkha”Zgb _
Z\lhghfgb&lhggbaig\_jlBeyYkihevah\Xgbwe dljbnbpbjh\Zg
gugZchgah&kh[_gighhljbpZIl_evigdb jZImjZb*jhep*jb"h\
fh™_lklzlmW~rgbbakihkh[h\r_gbwlh¢jh[e_f{B86], ihkdhewdgnm
ijhl_dzk\Mu”®_e_gbhhévrhjhhebqg_kl\iz&xwlhkemqaZkhdhj_
ZdpbhgghurjbrljZzgmebjmbhf_szx\]_jf_Ibggpczdlfgyi,38],
Z\h "ich"Zx\\b "M iZjZjbk14).

JbK4. = _g_jZpbyhjhazq Nlazbfh”_cKInbygidjhk\ukhdhj_Zdpb
hggufb”jbARiLiH

‘he_dhgljhebjm ifbp_Kkk g_jZpWthBhjhfE ghhj]Zgbah
\ZIkf_ g | Zdpbhgphfjb~ARf[hjIbrjb g |jb(NaBHy), ~eydh
lhjh]lbZjzdl_gZpf_gvrbéeh\lmenn_ddZbfh~_ckk\byhkj-
AblbAjbARj\bk15). HAgZdhtiheghld~jhebhkIb]Z Ihkevdlijb
kmlkI\HE|ZebaZ[30].h\

Jb.K5. Khhlghr_gBbkkh\HKWh"_j"ZdbyhjhX*¥b jb~DBb_ieh\h]h
wnn_dddb~jhebaZz
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GZb[hebamqg_ggdiEbZebazZlhjj@fphebpig]b”jbgZljby
yleyxlkiyh[ZevIihkbkl fhaazboijb_fe_fhicchbfhkbblukhdhc
ZdIlb\ghKOb <[hevrbgkKemqghgWbhj_"klzZ\eyh[hkh_"~bg_gby
dh[ZevdBIhjuh ghh[Z\bdu\_jrhfhb jb Mkl Z[e _Ibjh\izdv
emqd\h*hjh~rghZe kdai]. Wikg_fghkigbabi"hjhrgmixhklv
ghihal\headZimkdzip_KKEah]_g_jKjprebimkerh[Z\e_ghywa
ex[h]hjbjh~rghblkklhqgb&Z ijbhljbpZl_evigdo jZImjHZoem
gZ_fulz&h”_j"bhevdphbf_kbZjh\h" 2], ihwlhffh™ _I[_ah
ihegbl _evdlgbkldlbo m\eZ g _dgb$zZ\ZIvkyhieb\guwe f, gl
gZijbf_jjbwdkiemZzZIgpdbehlgieh]Z[Zjblgzhe .IhXajZ
[hldZZdbe_1ZIl_ev@uiZjZIhAdIb\gh*_IKRyX ghcDhj_[43]
(jbk16), Lmjp pHd] bBkizZgpb] (jbkl7).

JbK6.; kibehlgaclZl evguZjzdzfhe lglbjiZjzajz[hlZggkice _
"h\ZI_eypf@&  ghcDhj [#3]

Ke_~nmhlf_Iblgqlh\Zjvbjmpjh~kh_"bg_dbZewkih"h
jhrghkzle_bdfh ghaz”z\Zjv[m_fnkdhjhk]Zah]_g_j@elbb
ljb wlihfdhglZ&lh_~bg_gh¢ZevkZjbklZeebq_ [Kdbth~jb hf
gZljbg[_ki_gb\Zhjifbjh\ZgdZlZeblbqgZKtib\gh&Za+a gba-dh
| _fi_jZImjghjordh[ZeW7Z48]. HArgZ dlgiukljhr _azZdlb\bjmxlky
\ j_Zdpbhgghc*ih*”~_ckl\b hffjZamxs_JlhKyz]b~rjhdkh[hjZIZ
gZljbdhlhjum\_ebqgb)@jdkI\hp4l3. <gZklhysfthd_gZdlb\gh
\_ "mllbkke ~h\ZgdbiyZ\e ggukha*rZdghZ[bevgdito[ZevIh\uo
dzZlZebazlklilmlhegbl epogltz Ikyhijhkmkbe dboyfZ]gblguo
k\hckNeyn\_ebqg wiby_dib\ghktbe gbAZebaZzZlhljib~dhc
j_Zdpbhggheéup_evibh\lhjghblkkihevah\zZgby
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JbK7.; kibehlgu 1Z1_evgiiZjZlkZfhe IgltoliZjZajz[h!Z gugkke _
AR\Z| _eyfd@kiZgpb] bLmjp pd]

<ihke_"gZ¢hlZodIb\dhkm ~Z gdkyuch”ohdkbgl_kZ
[bevgud[ZevIihdwdZebaZlgdhkghY_Ih*EZ klhdh\hZev\Zgb
g_kdhgBf_s_gbegxfbglgydh[Ze¥9]. Fhjnheh]byemqgZ_fxo
klbghhI\_lklI\lbbkihevam_IlfhffimZHmZklbpZdéxfbghbyb wihf
hglkhklhpbZexfbgb_\©ZWhAk h[hehqgdteE_|Zeebq_kdih[lhevlIZ
Ilhesbghdh&Hdf >hihegbl_eVvgdh _eZgb\Zgexfbgblyal\hey_|
knhjfbjh\Zllveu h[hehqgtiblZeebq_kd[hevgdhh[_ki_qgb\zZ_|I
m\_ebq_addlZeblbqg_XKdlilbdghkIbh8 jZ450]. LZdbh[jZahfue
ij_"eh gh\ua_jjhfzZ]gblgwdZebaalltj_ey_flulg_Zdpbhgghc
kj_"~b6zZ]gbllifbk18).

JbK8. Kbgl dh[Zevikh”_j'@&llZebazlbifine daZ]lb jb§ZIjby
f Ih~hf_klhdh\lgdav\Zgbq &Z@h]s_gby
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AZdexq_gb _

<uiheg_gddahgZmqehd jZInmhdZagdehZzddmfmebjh\Zgb
\h*hjhADdbfbg_kdlyazZzgkintklhygbbzZz Vhijhku]H_ahizkgh]h
bdhfizdlghgjzg_gblya\heybkihevahYa&ly 1hljZgkihjlbjh\db
kms_kliI\mxbdmujZkljmdldhfm jZkrbjykujv_\mZamhba\h”
kiIV\Zobfbq_kmbgguph*mdlh\rgh\j_f_digh”_j b\ZZeZ Kk
\Zlfhkn_4feyazZf_"e_pbfyh\leh[Zevgith]lhie_gb¥A_ feljb
wlhfhjlb~jb~rgkuh_~bg, gByZdl_jbamxsk hkd/Ako™hjh"ghtc
dhklykZzkkfzZljb\ZxdEgh|l_gpbZewbkuhqggbdbhjh”*"Bwg_j]h
mklZghyadkghihieb\guoe f glih\*"gZagZqg _dwdkiemZI|IZpbb
ijb " _kldbf@dkkh]z[zZjbhquodgbqg_,gbXigbf, J [_kibehlghdZ
| evghcogbtdBfhe Iglblikkm\ _ebq _¢é¢dkeghkive .1Z

NbgZgkbjh\Zigh_dlhkm~ZjkI\_gghZFBAR-2024-0034.
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< jZ[hlhibkZghdki_jbf_glZéwdkre ~h\Zghgblguo
k\hck(h_fi_jZImpwjbgZfZ]gbq_ gglzklibs githeyZ]gb
IhdjbklZzeebgzZigthtljhiBD:) b)), j_~"dha_f_ebglej
f 1Zeebqg_kdbo*bg_¢BERKR k \ukhdbkh”_j Zgb fe_az
R.FeB, RFe; bRFe Ti(R-j _~dha_f eVvglldgdAp, ZIZd bo
]brjbr"AkeZ[ukbbevgb&\ jokbevifdigblgilbeydjhzZgz
ebabjh\Zg@ldgblgmzZah\¢bz]jzffujh”_fhgkljbjh\iheX
h[f_ggub fZ]gblhdjbklZeebgqaRtdb"_ckIXblefh\JAF
kZlhfZzfe.lj_"~eh” _da”*hjh~kh”_j"EBklIZYWwe\yZajZ[hldb
gZbohkgh¥Y¥Zl_jbzZeYe\yZIiqbdhihklihyggfizoggblhj\z[hiZ
xsbo\kj_~Zoh\ur_ggukh”™_j Zghhfhjh"Z

<\_"_gb_
HAgBa\Z g croaz"X&kp\j f gghcabdB]gblgddl jbZeh)\
khklhhlkha”ZgddmqggluloghfZz]gblghfial_jbZeh\_NZdBg" _
\ihemq_ghbudZ]gblgu@l_jbZekhdzZjZgazZ"Zggdlifie_dkhf
k\hckl}, 2. Mki_obdhklb]gmYuwlhfgZijz\e ,glb\lyaZduagzZqb
| _evglke i _gbkbgl _abbkke_ ~h\Zgbabq_ kkWthakl\ "dha_
f_evg@dpAbgl_ jf_|Zeebgkkdblog [8b&j "BABFKkms_klI\m
xl khklZzZ\azhkghdhlhjufdn]mlulvihemq _f@gdgblhl\_jfdl_ jb
Zeu(FLP [4,5]. LZdbkhklz\bf_xl\ukhdmlix fi_jZImjbxjb
[hevrmgZfZ]gbg_gglZkivs _gBkZd h~"ghhkdbcfZ]gblhdjb
klZeebg_Kdbahljhikbwdhghfbq _lkhdd] glowZb[hevrbgh_
j_kij _"klzZ\eywdikezZ\p “"dha_f_efglZeeekhl e ald~rgZdhhc
gu bgl_jf 1ZeebYwkhdbfh”? _j"Zgb_£ ®&Fe; h[eZN"ZKD:
Ibize ]JdZghkdhkbwgbadbfbfi_jZImjZikjblhwlhffmebl -ev
gh\j _fy\ijhfure_gghkjbf _gyebkABFKgzZhkghdh[Ze.VIZ
emq_dtLF gzhkghkh ~bg NpgieB ihdZazZeglhljhcgubgl-j
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f 1ZeebMumh[ez"Akv flk\hckI\Zgb h[oh~bfdEbbkihevah\Zz
gbyo\dzqg_kikhklhyggfizdgblh\dexqgXx¥pevgimXxghhk ghibx)

[6]. Ijb wlhfl[luehmklZgh\eihgghh bl_evdébygblb”jbjh\Zgby
gZdZ]gblgk\hcklkxh _"bg Ngie.B, Zbf_gg\Whajzklzpbfi_ jz
ImjuDxjb\j_amevigZda\h*hjz b\ghhhwe_lh]h\h*hjh*ggyZ
[h1dZZ]gblm\zhkghNd,FeB ihal\heym¥Z ebqgthwjpblb\gmem
kihfhsvxijhp_kki\a\_klguebl_ jZImJZHDDR —ihgZqZevguf
[md\zZifhp_kkhd”*jbjh\Zgbdlykijhihjpbhgbjh\VZ gdhy[plbl -
dhf[bgZp8hb

< gZklhys\j_fyihdZaZghdhgdmj_glpbx"bg_ bthike.,B
fh™ _IkhklzZ\IshgFeN3 [9], \ dhlhjh\l_~ gbj_oZzlhfhXahhzjb
klZeebqg_kdmxidimkoh~gkhh "bg_igbyh~*bdihy\e_gbfghhk
ghd&D; ZlZzd dagZgbl_evmhfmbg_khx_jZImpwxjbBf_ggh
ihwlhfingl_j kbkke_ "h\ZfZdg Ibakld_ "bg_ Rb&B bRFes-,
ZIZd  kh_"bg_gk&Zfuf\lukhdbkKh”_j Zgb_fe_&ZFeT), (]1"_
L= KhTi,V b"j), bob"jbrDdfgbljb"Zf mdehdhahzklz _|

Bkke_"h\ZgbygblgkahckMABFKk\ukhdbdh™ _j"Zgbe f
ijh\h~rylkyjbf_g_gbkdzZ[yohlL L kj_~gbohld L kbevgUd
100 L bk\_jokbevdgluwr 100L e fZ]gblgulme [t0]. Bkke ~h\Zghby
\keZ[uxkj ~ghhd]gblgulmeygh\h~yihfhsvxlzZg”*Zjlgh[in
jmAh\ZglZydhpz&D<B>fZ]g_Ihf_RPMS-14b"j >ey|_g_jbjh\Z
gbkbevgba\ jokbevigblgulme g h[oh”lkihpbZewyln
jm~rh\Zgk_evikke_ "h\Zgbg IkklZgh\ehgbh\gaddhghf_j
ghkl_io\_~_qglbyi_jZImbwjbgZfZ]gbq_gagZkibs _,gdlygklZgl
fZ]lgblhdjbklZeebhgkalnlghibhi jZImkihglZggumg”~mp-bjh
\Zggug _rg_ihe_fZ]gblguoj_oh”haz\bkbfhklbhklZWa-_
obhf_IjblbiZJAFZIZd hlkh”_j Zghiywfhé ]Jdwoe f_glg\-»
j_gbyh[jZadxo1l2].

DZdh" hif _gZehkw, h*"gBaZ g _crboazjzd!l_jbKIARIFK
k\ukhdbdh”~ _j"Zgbe fwlHZ]gblhdjbklZeebag kaltzlyhibda
ebgZX|blbiZFD:-«e_]dhyy «e ]dZehkdhkbwe ]dhkdd gk
\aZ\bkbfhhklthjb_glzZpbhIhjgzfZz]gbqg_gghklkbl_edjgh
klZeeh]jZznbghkdaodiFD: fh™ _lij_|_ji_\ZégZgbl_ebad_
g_gbiyb\g_"j_gBEbhfh\h*hjh 2 bzah(dzZdjbf_j kh_"bg_gb_
SmFe;c IbihfFD:«e ]dZeghkdhkb®&mFe:Nsc IbihfFD:«e ]dZy
hiky. GZb[he*rhklh\_jguwuZgguh FD: bkibg i_j hjb_glZpbhgguo
i_j_oh/XKo¢l, k\yaZzgkbaf_g_ghjbd_glZpbdlhjgZZfZ]gbg-_ggh
klbijb baf g _dblhi_jZImpbeb ebqgbgibeh  gghkjgblgh]h
iheyfh ' ghihemqgbd¥2fhghdjbklZeebd |[kddbpXKdbdgl fAaghdjb
klZeebq_klbjbd NhdZdhdZaZgerrbkke "~h\Agllhyheghkms _
kiI\bfZyZjzdlbdhz"Z4043-15]. Wdki_jbf_glZgvgmev|Zhe-m
d_ggWkbkihevah\zZgthbghHdjbklZeelly\e ggiyb wihfazdhgh
f johklWjZcg\Z gurey\uykg_gigbjh~unhjfbjh\Zgbwkhdbo
nmg™rZf_glZevighube ZNgudjZdl_jbKABFKkZIhfzf\g_ _~j _gby
bkharZghyubzZ]gblgdsdl jbzeh) [m_fukdhckI\Zfb
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J amevliBhjfkm ™~ gb _

1. Bkke_ _"h\zZfgdgblgulo\hckIJAB F K
\keZ[uf&Z]gblguihheyo

Bkke_ ~h\ZghbiyjZimjgadb\bkbfhlgZtZz]gbq_ gdklkldb[uo
d\ZabklZlbgfXJdhdgubeydhalheykiemqglgnhjfZphx_#
i_jZImDxjb(i_j_ohafZ]gblhmihjy*hg\gghjhhjy~"hq kégh _
klhygbZlzd, _qlhg_f_g_\Z ghhl_fi_jZImkihglZggkidbg
i _j_hjb_glZpbhigguoh?mhlhjufhlmANhagbdZjk baf_g_gbb
| _fi_jZImhdjZzapZ

lj_ "~ \k_]pZzkkfhljpizhkgh\gummroh™2yZoh ~_¢biy
i_jZImjDxjb(Ly. Hij_~_e_dbkihfhsvxl _jfhfZ]gblgBplzebaz
(LF:) “eyfhghdjbklZeebd [kdbdpTbFe;Ti bTbFgTiH; ihdZaZgh
g4bkl (ke \Baf_j_gbyfi_jZImjgadb\bkbfhidZ€Z]gbg_gghklb
XD (*Ze ihl _dkivmafh gh”jm]bh[hagZq, abllhkihevam fu_
\ebl _jZInvi(T), m(T), (D) ijh\h*bebBK¥Z]gblghtie G=0,1Lebeb
l1dWwBa\_klI@g®], glhijb\\_~_glbhfh\h~*hjhAAdjbklZeebq_kdmx
j_r_ldkh_"bg RAmETi | _fi_jZImbPXjb\hajzZklzZKjl_~gl\hajZk
ZgbTc khklZ\eyjbllebabl_e&0dhgZ ZIhf\h*"hjh"Zeylb"jb"Z
baf_j_g®y ~he glulvijh\_~ gulhevdhb gzZ]j_\h][jZapdgh
bijb hoez ~ ,gblh[uijh\_jblV_fi_jZImjgkiX[bevghbljbrZ
<hafh ddEd’ ] jfhpbdebjh)ZjbbdhlhjhdZ]j/RhoezZ " _gjlh\h
A"ylkg _kdhepdadlL fi_jzImQXjbijbLF: hij_~_ey d&ky fi_j}Z
ImjZgZb[he] _adhJE"_ghbyZfZ]gbq_ggdhklibj ohman_jjh
(n_jjb fZ]gblghdklhygb¥jzZfZ]gbldh. | fi_jZImjZijhba
\hrgd¥dT fZdkbfZevgZ

Jbkl. Ke_\Z fi_jZImjgaZ\bkbfhglfZ]gbq_gdtkiolbrghkhh ~bg_gby
TbFe Ti(H b_]Hb”~jb4f baf_j_gdkeZ[HZ]gblghlie(G=1dWKijZ
\Z djb\u_;_ ehXZjjhlZ"eyTbFg.Ti \[ebab fi_jZImijmxjb(1l- L=545;

2 —555; 3 - 565 K)
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lhkdhewdim ijh\h~blkyjbf_g_gb\gf rg_FE]gblghhtey
Ihl_fi_jzImpxjbg_fh _I[fulvhij_"~_e lbdgh d fZ]gblghhe _
("Z" "hklZlhockeeZ Dhkihkh[&iM\b]ZIvfi_jZImpPmjb>ey[he_
lhgghhhj_ " e _f§by_ _h[oh tbfhihevahiZ|¥h~*bgZfbg_ ikdbc
oh”Zbf_ggfh Ih,_ehxZjjhlZkf jbkl(kijz)ZdhlhjulmejZajZ
[h1Zgjzdlbg_kadlgh\j_f_§gglEr_kljZgbh\ KR: :e]lhjblijbf-
g_gbyZgghflhlh*khklhbke_"mxsBkihevamggWwF: ihath
eyxsbhij_~_ebhyezZkNebab fi_jZImjoixjb gm ghjh\_klb
baf_j_gihe \uaozZ\bkbfhlgZztZz]gbg_gdilkipb nbdkbjh\Zgguo
agZg_glbyo jZImjhemq_gwuki_jbf_glzéevgywzZl Yhe’
gululvij_"klZ\e \gbb™ ebg_cgonmgdpB& hld\z"jzZzyZ~fZ]gb
q_gghKdbL fi_jZImijb dhlhjhebg cogzygdpiby k _ggZqZeh
dhhjrbglZllm” Khhi\_IklI\hkillvgg _glgtic jZImDxjbL_jfh2b
gZfbqg_kdblh”ihkmlbhal\heyokdexqglbkbyghg_ rg_JfZ]gbl
ghlhheyga fi_jZImDpmjb

Jbke. LF: "eyihghdjbklZerezTi (djb\Z¥ b _]Hb"jb/EZFa,TiH (djb\Zy

b), hklZIhqgZ§Z]gbq_g§hkhdjbk| Eerazri (djb\Z baf_j_g§ 23]

gblghfhe G=5dWGZ\klz\ddjb\u gZfZ]gbgb)Zlgdly ] ggwhev
bi_ji_g~bdmelyk&kheyhghdjbklEeaZi ijb L=300D

Djhfl fi_jZImpwjbkihfhsvxd_fi_jZImjguide \uazZib
kbfhkl gZzfZ]lgbqg_gdhkglhhij_ ~ eblvi_jZImKul. GZbk2
ihdZzazdufi_jZImjgwZ\bkbfhkdEfZ]gbqg_gghlkk¢gihdjbklZeeZz
ErFe Ti (djb\Z¥ b _]hlb”~jb&tFe; TiH (djb\zb), baf_j_ggwuihe _
05dwWzlzd I _fi_jZImjaZybkbfhikkvZIhgagtzdZ]gbg_gdhklb
ghdjbk|Zmtee4Ti (djb\Zy baf_j_gdudZ]gblghtie G=5dW<b"
ghglhh h[eZkKdl gZ[ex™Z jlkydimf gvr_diklZlhggiZzdZ]gb
g_gghk]jBdlbg_Kdbome \RlhZq ,gdy¥d «klmi_gwvdZdjb\hc
F(D "eyokoh~ghipghdjbklZeebqgh[jdhHBEqTi. <~Zgghtkfh _ b
g_gbkhhgb ™ _gbl_ffi_jZImijhbkohMfl glbiZfZz]gblhdjbktZeeb
g _kdigbahljhibbke Jdhdobd«e Jdhfdigmkigb | _fi_jZImj_
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L, =50 D(Ibii_j_ohhzj_~ ey bD#dgZelgB\u&(Q). =b"jbjh\Z
gbhl[jzapjd\h~bdkf_s_glxfi_jZImKdl g®]jZ"mKh[eZklv
[he_gbadbofi_jZIflx,=41D. HklZIhq@ZyZ]gbq_gdhkly_
eyeZbwzZgZebiaZebfZ]gblgh]hkl j abiklZ G=0). GZ\klzZ\d _
djbk2 ihdZaZigdeldbkl_j alblkeZ j ggwWwWhebi_ ji_g~bdmeyjgh
hkbkreyfhghdjbklZEeesTi ijb dhfgZlghcfi_jZImgb~ghglh
hklzlhggZ$Z]gbqg_gghkhbloemqgZZ\oggdm e x
Mgblu\lZlyemqg_gwudki_ jbf glZzevZgihagZq_ glbyo-
jZImjbDxjbb I_fi_jZImjEbl, fh ghihkljhbIMZ]gblgwmZah\u_
"bz]ljzf{kf jbk3). GZbk3 mdzaahdezklbfi_jzImjdhlhjuloh
_"bg_dbeg.Ti bbolb"jb"RFe;TiGy\eyxIK¥]gblhmihjy*hqg, ggufb
ZIZd h[eZKkN\bdhlhjulo dlhgzfZ]gbq_gtihkhb *bg_eglbjh Z
jZee_ehkgk(FD:«e_]dBiw—k\_leunqgZK|eb[h_ji_g*bdmeyj_g
hkik(FD:«e_]dZghkdhk+v_fgumqzkch[tkhklZ\eg_HdhIh
jucm]lhlehkvX(FD:«e_ ]dhddh gsmikebrjm]bfloeh\Zfébhgnnk c
e_JldhdEfZ]gbgb\(AHEy aZrljboh\ZggagzZKldb

Jb3. FZ]gblgnZah\abz]jzZffh _~bg RFadi bbolb”jbrRFaTi G
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:gZebd&]gblghZah\hloz]jzffilhdZaulglhkh_"bg_kfxoly
bf xkzZfmphevrmix fi_jZImDmjbAgZq_bdyaZ\bkbfhklitiZz
JAFZIZd gZebqgthgthlkmlklI\bbokhklZXIhfh\h~*hjh”2y Z-g
gh&bkl_fdhe [exllyl j\Z00-650D HAghhkdbcFD:ihke _
]brjbjh\Zd&kihy “"bg RAmETi khojzZgy, _dky"= Sm, Gd, TmbLu.
<kh_"bg HpB&Ti \j_amev]dhjbjh\ZdbsggbdKII. <g_"j_gb_
hrgh]BlhfAh~ hjhNZdjbklZeebq_kdmkdrkeh_~bg_gdie;Ti
bDyFe Ti ijb\h~*bdlhfmglhZzgbahljhlibiy&e ]dZe/hkdhk§Z[ex
NZ IR \k_d[ezklvfi_jzZIniZ]lgblghihhjy”~hqg_ (bl "hLy.
<kh_"bg_NdireTi, dZ®\ kh_"bg _KbeTi ]|b*jbjh\Zgpb\h~bl
dmf_gvr_glhXi_ jZImKil. ;he _|h]h_kebbkoh~gkth_ "~bg gbb
NdFe;Ti bf__F_klh_j_ohe_]daykwv e_]dbthgmkh\ b jb~ _
NdFe ;TiIH-i_j _okeé JdHkve ]diehkdhklv

HIf _IbfglhfZzdkbfZzevigt j"Zdbh "hjhkh _"bg_&Rbg;di
khklzZz\ey ZlIhfGgzZznhjfmevgnmbgb@alGnhjf_ ). <lh’ _kZfh_
\j_fykh_"bg RgAey bRFe,B fhlmilhl]ehszZ4b-55ZIG@nhjf_~

Jbkd beexkljbjnfZllgblgmxZah\m» zZ]jzffmeykbkl fu
TmFe;— G Bajbk4 \brghglhl _fi_jZImDpZXjb\hajzZklzjbim\_ebq_
gbkkh”_j ZgyhjhAh[jZapDjhf Ih]hkih\ur_gbl_fi_jZImju
\bkoh"gktf_~bg_lgdbtb gucj_ _ole&khklhygby]dBiwv\ khkl-hy
gb«e Jdhgmkaz!l B\ khklhygb_JdZeghkdhkikeghklvix
NZ\ey _liky _ijb \\_~_ghh_ZIGnhjf_2~\ djbklZeebq_jkdmbkdm
TmoFe.

Jbkh. FZ]gblgZ¥ah\eyz]jZtkbk|_fmFe;— G

LZdbf[jZah¥brghglhlbAjbjh\Zgbhkh[ddZau\Ebwevgh
\ebyghiZgZibifz]gblhdjbklZeebzgkahijhilhb gzl _fi_jz
ImjukihglZggkikdg j hjb_glZpbmgZgimioj oh~hUABFK
k\ukhdikihA_j*ZgBe.f
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2. Bkke "h\zZfgdgblgulo\hckIJAB F K
\ kbevgud]gblguidhheyo

Bkke_~h\dgby\uaZ\bkbfhkjZ€z]gbq_gghddbevgbd
imevkgidlgblgubeydohal\heykhemqgbdygnhjfZplhd _ebgbgZo
gZfZ]gbg_gogdhkkbs_glynwgklZg(ihee )cfZ]gblhdjbklZeebq_kdhc
Zgbahljhidbjiblbq_kdbeo_kibg_j_hjb_glZpbmhgmhdiuoj_eh
NZébg "mpbjh\Zggewvguf rgbfZ]gblguhe ) fLZdbbkke-"h
\ZgbdZdjZ\behkms_kl\eyXjEfdZg® jZajmrZxish'@ h/ lijb
dhlhjulkhojZgyxbkiykke_ _"m hfyZapubkihevamkfhpbZevgh_
h[hjm~h\Zgb _

GZbk5ihdZaZdge_\vaZ\bkbfh&kliZ]gbqg_gmfIthgh
dijbklZ&eEegTi b_JHb"jb’ShFe,TiG baf_j_gdwfimevkdguZg
gblguoheyojbeh  _ggudheb i_ji_g*bdmedjgklZeeh]jZnbqg_
kdhfozijz\e_gdkb dhfgzZighdi_jZImgb glylhhkky\ley_ Ilky
hkvy _JdhglzfZz]l]gbgb\ZgyhbkhklZ\Fb*jbjh\Zgjib\h*bl
dg_[hevrhhr_ebq_dBdZfZ]gbg_gglZKibs dhy, 1Zdbdih
exfZ]gblhdjbklZeebag kalnlg h(Hao AgZgwlbbo ebqgblga\hey
_Ihij_~_edgklZdgZmhgblhdjbklZeebgfgkahighbbey gh
hkghtB]g_lbihahjfme _

D = Hamg2 1)

Jbls. The \uaZ\bkbfh&ZbZ]gbq_gdhghdjbkl SenE&Ti b_]h
]brjbrgMFeTiG baf_j ggufZ]gblguitheyoijbeh ™ _ggudhev
bi_ji_g"bdmedjjlghlZzeeh]jZnbqgXidEfm_dbpb L=300D
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Jble.L_fi_jZImjgZybkbfhkigklZgrigblghEgbahljhKbbekh 4b
g_gSmFe.Ti, 1Hb”jb’SiFe,Ti Gbgbljb/ShFe,TiN

GZbk6ij_"klzZ\elgd jZImjaZybkbfhkhgklZdglA]ghbl
gh&ZgbahljhKpbdekh_ ~bg Sgpirg:Ti b_]1Hb"jb’ShFe,TiG ZIZd
T_MNeyjZ\g_gvengbljb’SmFeTIN. Baf_j gbgywbljbMNdihegy
ebkgZhjhrdh\uh[jZapZodkIimjbjh\ZgguthsvXg_rg_Ffiz]
gblghlilhey<b”rghglh]b”jbjh\Zgihb\h~"bt m\_ebqg_KbA. .
mkbe_dbxyhhkg@bahljhiblh™ _kzfh\j fyZahlbjh\Zglgy |
IbiZgbahljhkbé ]Jdhdbgze ]JdmehkdbkINIf IbiZd] glh
ijbbaf_j glgybhghdjbklZeebdelddh&Imjbjh\ZiglgZa pZey
hij_~_e_dbgklZg@lgblhdjbklZe e bagkatlgh(idbhevdh gh
bDB) fh™ _I[ulvbkihevah\tggdiba\_ klgludh’K_dkfblAfikhgZ
[16]. F_Ih4jbf_gbf#iZz8eyh~ghhkdddg_ Ibdi\dfZ]g_Ibdkix\gb
ahljhibllciZe ]diZehkdhklv

<k j_~dha_f_ewguf glueyligye ]dbhlLa “hEu) bly -
eu(hlGd *Hu). FZ]gblgbthf_gldAZIhfhhhglikg) bZIhfhhhgh)\
3d-i_j_oh~rgludZeelA), ddhlhjuhlghkyReymihjy*hqb\Zxlky
iZjZee _eViglemqg& ]JdbozZglbiZjZzee \ekgmqld" eup "dbo
a_f _ewhjfbjmry_jjhbn_jjbfZ]gblghklhydkihhiI\ _TkI\. gghs
ke _"gkémdKf jbk7 Z]" G=0) kbevgtZ]gblguheyh]mijb\h
A"blvd jZa\hjhF@]gblguftnf_glh(jbk7 ) b \hagbdgh\_kilbxg
i_j_hjb_glZzpbmggatduoj ohfhlihjulujzZz ZxIKyg _ij_ju\
ghfbebkdZqgdhh[jZadHigZfZ]gbg_gdhkkhhklib™ _gbh\h]h
djblbg_kdhehG (beblc) (jbk7 ). ;he_lLhlhihA _ckl\bklhevgh]h
fZ]lgblghhreyn jjbfZ]g IbfthZolgZ[ex™Zlykey gb_jjhfZlg _
Ibafdg” mpbjh\Zgghidbithe (fkf jbk7 [, ]*_G+0).
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[ ]

Jbk.Ko_fiZkiheh  _tb)gblgtilof _glIHRE bFe\ hlkmIkI{B b\ijbkml

kiI\b() \g_rg_TE]gblghiheyjZa\hjhZ]gblgdbf_glMr bM; highkb

|_evghdBijZ\e_gbyrg_TFE]gblghhe () bihe_\Aay\bkbfhkI¥Z]
gbg_gghdHX(]), " _fhgkljbjmxisd&Zqghih e G

Ih\_~ gbZ]lgblgdbf_glhMMg bMg \h\g_rg_ffZ]gblghlie
Hfh  _I[ulvhibkzghl_fzZlbq: kdb[h"g¥g_jlByYZgghkdkl_fu
bf__\b?

F(MeeMg,H) = O1eeMg — R G(Mge + Mg) + 2.7+ 2.8 (2)

a®r_ kW b2R—wg_j]b¥]gblhdjbklZeebzgtkahighibbdj r_ Ihd
Fe bR, O h[f_gguZjzZf_.IFbgbfbaZgblyfh~"glg_j]Blij_ " -ey
_liheh  _gbZ]lgblgdbf_glMMg bMg ijbaz”Zgghfd_jZImg)\ -
ebgbghey

GZbk8 ij_"klzZ\e, _fQeyijbf_jZihe \uaZ\bkbfhglfZ]gb
q_gghKhghdjbkliZeebqghf@mfzre, b _]Hb"jbELFe,G, ba
f j _ggldiheyomMOLe\"hew*ghpjbklZeeh]jZnbgaifh\é ,gby
Zbf_gdi0]ijbL=42D <b~glylhlbrjbjh\ZdWwZau\¥edyglgZ
\ _ebgbikgdZzqdZfZ]gbg_g¢RIdZd amevbalf g gbwygklzZgl
FD:, bkeZ\eby glA_ebqgbdjinlbqg_kdhghG.
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JbM8. lhe \uaZ\bkbfhkZbZ]gbq_g@hdhidjbklZEriey bELFe;G,
baf_j_ggpbL=42D\"hedjbkiZeeh]jZnbqgzZidhie [ao0y]

Hibr _fl_i_jwZzudjzfdZlo hjbthe dmeyjigteph gh\i_j
\hfijb[eb  _gtkij ~_ eWiM_ggu&jzZf_Lj), ~epugbke_ghyh
jh]hZ ghzZnbdkbjHZive j\ukdZqhdfZ]gbq_gglkld \uo
aZ\bkbfhkf¢@ n_jjbfz]g_lbdf\dhkdZqlil ghgZ[ex"Zgy
lhevdreyihgh ghb "eyihebdjbklZeebch[kAdphhe |hlhgZ
djb\u&(Q fh  _I[ulvg_kdhekdEqdtni9]. >eykh ~bg RFe
\_ebqbigZzf IjfZ ih~j_r_Ihqghlfh gghJazZbfh~_ckl)hyh
ihjpbhgZewvebqbigj\h]tjblbqg_kdhehGa

= Hiw/(Mr — Mre) 3

DZd ameyfBAighdhgklZlbjhg@hxi_ j\hfijb[eb" gBbb-
N gB-ozZlhfhW\hr*hjh?*djbklZeebqg_jkdmxkh_"bg Exbey g_
ijb\h~"bdazf_Ilghifmi_ebqgbmaf g _ ghbpt_gghilhjzf_1jz

GZbk9 ihdZaZigwe \uaZ\bkbfhgldZ]gbqg_ gdli@ibey
k_jbb[jZap(NthsRos)FeB bbolb*rjbrk¥ZdkbfZevght jZgb f
\h”~hjh(NgysRos).FeB Gs (R = Dy, Ho, Er, Tm).<b~glylh*reyokoh”guo
kh_"bg _(YtheRos)FeB hkh[_gghlldgb\ub(Q g gZ[ex"Z dhy
"eyh"ghllhabkke "m KhlolZ\R Ih _kzfh\j _fy*eylb?jb”h\
(NdosRos)FeB Gs \b*gihkh[_gghe® = Ho, ErbTm. Hp_ga& _gv
r_gbyzjzf ljzkhklzZ\e30, BOb50% *"eyb jb "HK\fZdkbfZevguf
kh”_j Zgb_f\h~hjh”"Z (NdysHogs)2FeBHss, (Ndo sEr0.5)2F€14BHs 5,
(NdosTmge).FesBHss khhl\ _1kl\. ggh
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Jbl. lhe \uaZ\bkbfhkZlbZz]gbqg_gdbiklbjbib[jZapNdysRos).FesB
b(Ndy sR0.5)2F€14B G5 (R = Dy, Ho, Er, Tm) [20].

Jb.KIO. Ijb\_ "~ gghi[f _gguZjZf ljuaZ\bkbfhklitblghkbl e vigaflhg
gbyh[t _fzZwe f_glZjghccdW/NV ~ey]lb” jb "RFeH, (R = Ho, Tm),
ReBH, b(Nd,RyFeBH, (R = Ho, ErbTm) [21]

GZjbk 10 ihdZazZgb\_"~_ggagZq_dgby_gguiaZjZf_Iljh\
X)) (0) “eyn_jjbfzZ]g_IbBir&H, (R = Ho, Tm), RFesBH; b
(Nd,RpFeBH, (R =Ho, ErbTm) \ aZ\bkbfhikltbighkb|_evigdflhg _gby
h[t_fzwe _f_glZjghrc IdblV/V, \hagbdZxsijlh ]Jb”rjbjh\Zgbb
BabkmgdizrghlglhazZ\bkbfhkdd(0) h1VIV y\ey l&bg_ cghey
k_jbRFerH (\k_ihemqg_gggZq_gbély Zbkgzh~gikiehrgmed
gbx HA*gZaWZ_g”*_gpmbkhojZgy MM&kywgZeh]bagkghukdZ\k\jbb
RoFesB-H, Z1Zd" k_jb@NdysRos)FeB (imgdlibjgabgbbeyR = Ho,

Er bTm). EZglZghb&ghlbhdZau\phd kbevglrebygh4d ebgbgm
f_"ih~j_r_lhqoghjfhgghdzbfh™_ cktebkyl obhf_ 12841, f
Ne@:17.
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3.Bkke "h\zZfgdgblgulo\hckIlJAB F K
\ k\_jokbevddbgblguihheyo

Bkke_"h\Zigey\uazZ\bkbfhlgzZztz]gbg_gdtkklhokbevguo
bfimevkgZdgblgulbeybhal\heydlemqgllgnhjfZphkjhp_kkZo
iheghigZzfz]gbqb\Adbygayhjfbjh\Zgbey jjbfz]g_Ibrdhj\
jhfZ]lgblgkhtklhygbg"mpbjh\Zgghifpbfz]gblguhe .fLZdb _
bkke ~h\ZigbidyZ\behkms kl\leyXjKydZidhemjZajmrZhsto
jZajmrZxsbhb”oh”h\ajulgu |l _oghel]blbkke ~m_hijjZapu
bgzkh[hjm Ah\Zgabmlulvmgbqglh ijglajul_

JbKl. Ihe \uaZ\bkbfhligldbfZ]gbqg_gdwWik)bh[jZap tNdysHogs).FeB

b_1Hb"jb4AMdysHops).FeBHss, baf_j _gdubL=5D\ihemjZajmrZ»s$bo

imevkgtd@d]gblguiheyoGZ\klz\d kjZ\g_gtwdki_jbf_glZedguhoo

gZfZ]lgbg_ggWK)b "eykh_~bg_(NiyHops)FesB \ ihemjZajmrzZxs_f
bg jZajmrzZxbfimevkdgBEfgblghte[21]

GZbkll "eh_"~bg_(NiheHoos).FeB b_JAbrjbRfZdkbfZev
gufkh”_j"Zgbhhfhjh{NgysHos),FesBHssij _~klZ\e dgh\ugzZfZ]
gbgb\Zgithemq ggbl fi jZIngjD\ ihemjZajmrZsbrevk
gudZ]gblgulmey®dh35LeBabkmg\dZglglhgzZzfZ]lgbqg_gghvklv
jbjh\ZgghhtjZap®dysHops)FeBHss kgZqZéwkljh\uoh”~bbZz
gZkus_dbn_jjbfz]gbldkhfklhygadbl _iffb *hklb  _gdbdhlhjh]h
djblbg_kdhehd, ijhbkoh/bladibklgZfZ]lgbqg_goheyhbj_ 2 _
e_gbWhjh]Jjblbq_kdihleH., (iheghgZkus_yglebg_cgddklv
M(H) [ueZvdkljZihebjmM\ibahglZeehhlb= Mg + Myg + Mgh
(n_jjhfZ]gblkmklhy,gbg"mpbjh\ZygghrgbfzZ]gblguifhe )f
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LZdZy ijhp_"m[jZedAuiheg_¢E2yokoh"glkhklZ\XgZq_Hbk _
fh™ _lfulvlzd jZkkgblZgmhjfm:e _

= Hi/(Mr + Mgo) (4)

lhemqg_ggddggujb\ ~ quLZ[ehpGZ[ex"Z dkyhr_kh
lezkb_"~"nwdki_jbf_glZewgifdg_lgudlgzq_gbitb gvr_gb_
h[f_gghidjzf_1jZ\ j_amevid*jbjh\ZkihnklZ\e30 % "e\G h
kh”~_j ZsblklZ\h\

LZ[ebpZ
Hkgh\gliZ]gblguZjZf_1jMdosHoos)FeB b_]Hb"Njb"Z
(Ndp sHOp 5)2Fe14BHs 5
Khkiz\ v?tqu.k(jiLZgakq v?éQk(jing)kq (L 4ls)
(Ndo sHog 5)oF€14B 64/68 124/124 3.2
(Ndo.sHOg 5),F€.BHs 5 54/55 97/95 2.2

G2klz\djbkmgdmjh~_fhgkljbjh\gZdhevrhlebqgljb
\uoM(H), ihemqg_ggulmemjZajmrZxshif35L¢ bg_ jZajmrZxs f
(*he0Le bfimevkghHEZ]gblghfhe_ "~eybkoh”ghkih_"~bg_gby
(NdosHops)FesB. LZdhlebqglbh™ _Ifulvh[mkeh\eg gkdhevdbplb
gbgzfbaf_g_gb _ffi_jzZImhyjzap\j_ fyijh\_~ gwgki_jbf_glz
azkg_fZ]lgblhdZehjbqwkdh]dhidzhgkljmdpbhggkifp gghklyfb
wdki_jbf_glZem&ldghthdj Ohjhr_kh\iz"_gdjb\uoF(Q
gZlex"Z ilibygzZfZ]gbgbYppydftz]gbgb\EgHElapZheydH60 Le
bijbjzafZ]gbgb\E[gEhpizheybll35710 Le

Kjz\gbl_evigkkke _~h\Zgtpy kkgkxfzZz]gbgbhkdghyZ]gbqgb
\ZgbyZ ghjh\h”bly Ilhevdhkbevgbd&\_jokbevigdlgblgub
ey,oghb\ d\ZabklzZlbqfX]dhbdgubeydhke_ _~gHZdjZ\belbk
ihevamxftleyihemq_ dghkhexlgagoZq_ glzdZ]gbqg_gdhkljb
jhidbdjb\ud-(Q, ihemqg_ggdgumfimevkguoeyo:gZebiBhe \uo
bl _fi_jzZImjgad\bkbfhk4ZdZ]lgbqg_ggdEkbdhebgnhjfZlib\gu
\kemqgfhghdjbklZeebd[kddphhkdhevdm\heykHemqghig
nhjfZpbaztizjzf ljZo ih*j_r_lhqdyb _ggu@azbfh”_ ckl\bc
[ZdbhdhgklzgfiZlgblhdjbklZeebfgkallghibbewlbb _ebqgbg
yley lhyj_"_eyxsijenhjfbjh\ZgmigbdZev@dgblgwkdahckl\
j_"dha_f_ewglojf_|Zeebqkhkhdhbg_ gbBokhdbkh”~_j Zgb_f
T_e_@¥eBjm]Bo-i_j_oh~gfudZeg.h\

AZdexq_gb_

:gZebab)kzxur_kdZaZdgphghazdexqglglhhkb k!l fju ~dh
a_f evgugpl jf 1Zeebgkkdbbg (BdcK k\ukhdbkkh”_j"Zgb f
" _e_&gFeB, RFe; bRFeiTi b bolb”jbjh\ZggigZehhbezrZxl
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hljhfguifhl_gpbZeébfpobkihevah\ggihxdlib.dKj "bZggkd
kl_f hkh[_ggWu”~_ey Ikybkl_fRFe;Ti, kihkh[gZih]ehsZlIv
1ZIGnhjf_~rKhklIBnFe;TiGfh  _I[ulvij_"eh’,_d@zZdh* "hjh*kh"_j
"ZsbdZl_jbZeyZajZ[hlgd J[hhkghihklhyggfedgblhdhlhju _
kfhlmE[hlZANKj_"Zdh\ur_ggukh”_j"ZgAhfhjhbdXhojZgylv
k\hbnmgdpbhgzZeé&wxpaok]\feZ]h*ZhykmlikI\bhkafh ghkltBEev
g_cr_Jh]lehs_oWwyhjhXhklZbFe ;Ti »*_fhgkljbjmbT =325D
KIl Ibize _]dhkv e_]dZghkdhkIZ\ j_amevIdjbjh\Z kibx
gh\blkiehkdhklgfZflg _Ibdhf\k_c[ezZzklbfi_jzInig]gblgh]lh
mihjy*hq_lgbghkchklZh™ _l[ulvij_"eh \gZq_kjZ[hqg_lheZz
NZlgbdhi\_ pbZevaglZlhgZg (lghy jZImjuz\e _ghw”™_j Zg\hy
"hjhN\hdjm ™ ZxsijhkljZgkb”?j).

NbgZgkbjh\Bgbke "h\aAdckies _kl\ey jlkidZgZ m q g hte
]liZffuGZpbhgZewypglgllhgbabdbfZl_fZIb@®PNY) ijh_ddBk
ke_"h\Zgkpevgbk\_jokbevibdlgblgubewydrbnj«GPNH-
2325»).
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<jz[hlijh\_*_ dkke ~h\DglEyhzfdhkIb h[bgZjguo
kh_“bg_jbaha f evglZeeekybd eRNi, fh bnbpbjh\Zg
guaZlhfzfazf s _dO¥dj _~dha f_eVv@tbd gbd e Ah&
j rzldgoez]dbfblhfzfbg _~j_gBW hjhAhGZb[hei i
ki_dIb\gufb ghkgqblZkhklZ\[hevrbkh”_j ZghZdgb-ah
lihighlh ~dha_f_ewgh]h glZzkijhakypf_ggdd0.1Dy0.ONi
b_1HbAjb~

Dexqg_\keh\g "dha_f_eklgu”bg lgphyd e]bh”jbrdiZ]gblgu _
nZah\u_j _oh”tiZ]gblhdZehjbgwhkdhddez*hzfdhfidMgblgh _
hoez ~_gb_

<\_"_gb_

FZ]gblhdZehjbgurkdGBIDWbf_ 1 _kINfZ]gblgddl_jb
ZeZd[eZkhiZah\uoj oh/h\Hkgh\guifbjzf |jZzfB]gblhdZeh
jbg_kdkhmn_dieyxlkyR _ebqlfgdf_g_dbfi jzZImfza]lg_IbdZz
ijbbaf_g_dfZgblghilthe\ Z"bZ[ZIbqg rhklbb\tb;edbaf_g_gb_
fZlgblghZkgljhiBthahl_jfbqg_kddech)p¥bzd | fi_jZImjz
ijbdhlhjhgzZ[ex*Z flkgkbfZevgmo _@ihax). Ihke_ geydjz
\behkh\iz”r"zk I _fi_jZImjhZah\hflh]gblghilhj_oh(gZijbf, ]
kl_fi_jZIimjbxejl) beb_fi_jZImjac_€ly)). H*gZdmZ\bkbfh
kibhlijbjhrdZ]g_Ibdidijbeh” _gbd rg_ fHE]gblghhreyh ™ |
gZlex"Zlkkys ghpx hlghkbl_edytlehy \ h[eZk[lwe \ukhdbo
bedhe gbadbofi_ jZlmMjb wlihfy_flhevr\ ebqgbigdeh” ggh]h
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fZlgblghheyl _f[hevrbkf_s_ghbux, b\_ebgbgZdhgkljbjm_fh]h
fZlgblhdZehjbgwkdhpH Z
>eykharZdBygblglobeh”*bevighhbgujZ[hqgblf_ehf dhth
jhckem ble fZ]g _ILbid_ | _ji_\ZxsWZ]gblgwnZah\u_j oh”u
lj _[mxlky _klhevdh]ZglkddgZq dBYygblhdZehjbqg wkdh]dlZ
ijb Lluax, kdhevadhhklZlihdgbvrbagZq gWRDWM rbjhdhfbZiZahg_
| _fi_jzZIlf@44). GZb[hen~h[guélZjZdl_jbklbdedkpz\g _dflZy-
jbZehi\nl _gpbzeylgh gbfubofzZ]gbligthfoez » ,ddEdhkemqgZ _
klZzgh\ylky*eh  _gdud985]h*"mm”hilhll_jhfA_ebgbdughkb
| _evgdheh"bevhZghk(RCP(S)boez”hzfd@k|s. ;he_Ih]h
Z\IhjklzZlviblf _qgzZxdlhey'hklb™ _glhevrbagzZq_dicWj_[m
_lkyhf_kIbFkzZ]g_Ibhdhevrhg_rg fZ]lgblghhe qlhgZjzdlibd_
\hafh glhevdhihfhsvx\_joijh\h*ysZ][lybl¥WIhh\e_qalkh
[hcgZebgadgZgbl_evgodgbq_kdeb "*njZ[hqgblf_ehfbheh
"bevgmklZghbdB]gblhfg ihal\hekt _eZHevezZ "Zxemkljhc
kiVhijhklufdhfizdlgbfgZz~rz gufbkihevah\ZBfblgghhwlhfm
\Z ghjh\_klkjzZ\g_gdgZq_oeZ hzfdhklilbe_"m fzuojbZeh)\
ijbgZebqgdb[hevrbolgblgulwe (¢H L&

JZg gZfhuelbkke_ "h\iZlgu[_gghkDhX ik _\"h[bgZjkho
_~bg_gBNiobbo]lb"jb"Bell]. >Zggkh_"bg _wlewyxlkyjki-d
Ib\gufBeywkihevah\XdEy kJEZ[hgHoefZ]gblgwdheh”bevguo
mkljhckl\h[eZklibjbh]_ggludi_jZlmljh*h[gumkljhckIf\Z ml
[ulvbkihevah\Zayw b _gbhZgkihjlbjhbddjZzg_gbjph]_gguo
"brdhk]\dexqgZyZijbf,_djbh]_gghieb\h2 13].

<"ZgghZ[hlfu bamg4dh¥ ~ gbezZ"hzfdlkklb*bg jghbc
dha_f_evigudeek§bd_eijbgbyfdzdj ~dha_f_eVghdd gb
d_e_\hej_rzldbbolb?jbrAh®ezZ hzfdkjb” eyedkWfZeuo
ihey@h L |ZdijbgZebqglthee kbevgudb L&\g rg_ _TE]gbl
ghlhhey

Wdki_jbf Igfl Ih*bd4jz[hldb
wdki_jbf_glZe¥vdgguo

Kbgl_kohrghpZzaphhemq_d¢gbrjb A\ ZII1_klZ phdud k
oh~rgubzdb ]b*jbjh\Zgdkiho *bg_og'gh[ghibkZdujZ[hI[6].
FZ]gblgk\hcklkh "~bg_bkke ~h\Zieblkvwaf j gh¥gZebaz
ihe \uaZ\bkbfhkdgZé¢Zz]gbg_ggWkbbZgguluebhim[ebdh\Zgu
\ke_"mx«kiddlvjell].

Oez "hzfdAKN2gghZ[hljZkkgblu\zéYmkiy |Ih*ZfiH[Z
hghhkihevamxdbgblgaf g dHEYygblglg&Zklwgljhilg#s,), dhkh
jZWbah!l_jfbg_kdkbeoh\thwkdZzlkyk lhygghek\yakgZfZ]gbg g
ghkivk) bl_fi_jzZIm[Rcih _ckl\b\g_rg_F&]gblghhheH)
hij ™ ey kiklylghr_gbZtk\ eeZ

Sy T.HS wM T, H §
H ©r wT @ 1 S1W

W-
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Qlh[ihemqgtilawlh]jfz\_gkl4&%, ijhbgl_]jbjmZigghujz
_gb_

y W T HS

Sw TH' 3 dH. G

W Qy 1
I _j\ucf_Ih}Zkgzo2Z*hzfdhkigh\gadugbke_dlgh_]jZzeZz
q 3 5, T d, 3)

Thot

1" Teod DThot — 9Zbf_gvibgZb[hevagZq_¢bhy_jZImgwhe-h

\bg fZdkbfmFzfi_jZImjgazL\bkbfhkZlgblghZkliwgljhibb

'Sy T. ljbf_jjZkgzrZgghcebgbdeyh*gh]lihabkke_~h\Zgguo
kh_"bg_ightklZ\eg4yb k1.

JbK. OezZz”hzfdkkIV*bg Gy Ni, \ugbke gigZlyaf_g_gbb
\g rg fE]gblghhrey,(H=51Le

<lhjhé_IhZkqgzb2Z "hzfdhdkkbhevah\ZygdgghZ[h]_
hibjZz_llgZ\ugbke_ddghkbl_evamheh”*bevigihsghklldhlhjzZy
\Zgl]ehyauebhcjZlm[hagZqgz ARGP(S):

RCP S P ot doid (4)

\dhlhjh'Sy®™ - fzdkbfZevagdhzq_d8&, T. H' b”rZ_lkyhl _hj_
Ibg_kdZebgbmezz "hzfdhiklb K\yazZiglzlghkbl_ ewhld"bevghc
fhsghklwe "mxskifhlighr_gb f
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gtheory gRCP S . (5).

Ijbf_jjZkgzlZlghkbl evatheh”bevihhssghklbeyh”rgh]h
babkke_ "h\ZRlgudbg igbtklZ\egAb k2.

Jbk.Hlghkbl evbEfh~bevZghkkh ~bg GuhVbyoNiHs \
gbke_gigBpaf_g_dbbrg_fH]gblghhreywy H' 5Le

J amevi@ldki_jbf_ d&lkzoh[km ~ gb_

Hij_~ _ezggumfhibkZgguidr f ITh*"Zflo ebgbgaz”rhzfdh
KIb"\_gZ"pBkke_"h\Z&khudbg,gbqgbke_gauoR H 5Leg
ij_"klz\e \dd[el. <b"r"glylhdZdjZ\belagZq_gky "hzfdhkHb
gbke _gd&uhfhsvxogl ]Jjbjh\ZgbkdhebddhurZxlagZq_oglky
"hzfdhklbgbke_gbéarighkbl_ewdleca”*bevitnftghkIKj_"gyy
jZagbpZ "muqgbke_ggjifhebggkiihkh[Z&lmZq_ gbydE"hzf
dhklbhklz\bigE[ebabl_eAd®hBaZ[ebpZd \brglgIih\_"_gb_
3-4 Zlhfh\h~*hjhgZnhjfmevgnmbgbpmdjbklZeebqg_jkdmbdm
bkke_ ~h\Zgbubbg _agbZgbl_evighgvrZ_lebgbgez~hzfdhklb
Mf_gvr_dhbh__1"hklb]ZB0W.
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LZ[eblpZz

< _ebgbgaz~hzfdbklighkbl eofled"bevgbghklbkke-"h
\Zgguah _"bg_igbbaf_g_dbbrg_fHE]gblghhreyy H 5Le

wtiza | Tar e > e > 0y S0 00D
=5L% | " ° T (=B L
GdNip.oeSio.02 381 508 381 0.1
GdNig 96Sig.0H3 251 325 244 2.6 34.2
DyNio.ssSio.0 408 492 369 9.5
DyNigoSioodHs | 296 369 277 6.4 27.4
Gdy.1Dyo oNi 369 471 353 4.2
Gdo.DyoNiH; | 305 359 269 11.8 17.2
Gdy.aDyo.1Ni 421 562 421 0.0
Gdy.aDyo.1NiH3 217 282 212 2.5 48.5
Gdy 1 Thg oNi 356 473 355 0.3
Gy 1Thy gNiH,4 217 268 201 7.3 39.1
Gy gThy ;Ni 356 460 345 3.3
GdyoThg NiH,4 235 306 229 2.5 34.0

GZb[hevragZq_gbezZz"hzfdhkjb*"bbkoh”r"gukh "bg_gbc
AN _fhgkljbjmh[]Za _lp \ukhdbkh”_j Zgb]lZ"hebgldyDyo Ni
(g =421>7/d) Kj_"bb*rjbr"gzZb[hevoeZ "hzfdhk[eZ" Z[in]hc
khkl,ZXbf_ggkhklZA\ukhdbKh”_j" Zgb'bfkijha®Gg DyodNiH3
(=305>7d). =b"jbjh\Z @bhDyo:Ni, kZfh]lh jki_dlb\ghHjZk
kfhlj _ggb&oh~ghkio_"bg, olfcgvrZ JloeZ hzfdQ®8/%, qlh
gZfghlJhevrg fmhklZevdgio *bg (gbtZ[.el).

GZbk3ij_"klz\e_ipe \uaZ\bkbfha&elz "hzfdhlikke- *h
\Zgguloh _~"bg _gbc[hevrbd]gblguibeydhl Le<b”ghylh\k_
gZlex"Z_faZ\bkbfhklbyxlkhghlhggthajZzklzZxdbg "hklb]Z
x|l gZkus_g\Wb¥Zgguiheyo-h ghazf_Iblylh\ kemqgaZzZf_s_gbc
\j_rdha_f_eMg¥jcrzldyZbemqgybamevlikju*bkoh”gklo_+Db
g_gbe¢ _fhgkljbjmkljZzapkk gZb[hevrikth”® _j"Zgb]Z*"hebgby
(GdhoDyo.Ni gZjbk3,[ bGdhoThoiNi gZjbk3,Y). Ijb wihfilb~jbjh\Zgb _
hg_dwbevglf_gvrdbobezhzfdimkivgvr_db_ I"hklb] 30w
\keZ[ubeyo:gZebabpgyY q olky "hzfdhlehb*jbjh\Zgddo
jZapkwazf_ s gbyfbrdha f_eihghcrzldfh ghhb”? _Iglh b
jbrk\ukhdbkh”_j"ZglzdgbahljhighMdha_f_ewgd]h_gVEk
ijhab(®diDyoNiH; gZbk3,) khojZgprglzg_gbZ”hzfdlkEldbk
oh~ghkhklzZ\Zhey6h0,6 LeqglhdjZcdZ gheyjzZdlbqg_kdhdh
f_g_gbBb¥ggkd _"bg.gbc
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Jbi3. AZ\bkbfhkéZ hzfdmkijjoeh  _gghghrg_FE]gblghihewy fZ

eudhey@hl Le “ekbkl_Kh_"bg_(GtDy)NiSikH, (x=0,02b0,05;y =0, 3

b4) (7, GdDyNiH, (x=10,1 b0,9;y = 0 b3) (]; Gd.xThNiH, (x=0,1 b0,9;y = 0 b4) (});
b\k_bur_i_j gbke (dguo

AgZq_glmezZ~hzfdhRkb o bkke_"h\Zggho”~bg_ghbt
oH=1Leij_"klZ\e \da[.e.
LZ[eb2pZ

< ebgboeZr"hzfdbkke ~h\ZRludbg igbbaf g dbbrg _]h
fZ]lgblghhrey,H=1Le

H[jZa_p g, >/d](oH=1L¢
GdNip oeSip 02 68
GdNig ¢eSip o2H3 34
DyNio.955i0.05 94
DyNio 95Sio.0H4 54
Gdb.1Dyo Ni 56
Gdy. 1Dy dNiH3 50
Gdo.oDyo.1Ni 72
Gy oDYo.1NiH3 25
Gdy.Thg gNi 53
Gdy Thy dNiH,4 12
GdyoThg 1Ni 64
Gdh.oThy 1NiH, 13
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KzZfh[hevrhagZq olkZ "hzfdhKkeuoheyohdZau\Zohl
_"bg_gazf_s_gb_ifh~j_rzldgbd _€3yNigoSie b _Jhlb”jb~
(jbk3,23,), qlhmdZau\gZ ljki_dlb\ghkMh[guwZf_ s gbc

AZdexqgq _gb __

<jZ[hlijh\_"_ gakqzlweZ”hzfdHhlelyxh_"bg_ bdi@RNi
kazf_s _gbyfdbd j "dha_f _evgtx\ gbd_e Vh¢j_rzldbbo
JbrjbArM\mfy_Ihr"zZfbDZdhdZaZj&@kqgzlbp_ghqgduth”bkihev
amxsbagZq_dbdghkbl_ewvoghech?bevidisghklB®zZzPhklZlhggh
[ebadlmgZqg dgbfy Ih'mbkihevamxs[hfan [jm~h_fdnmkp_"mjm
bgl_]jbjh\Zgby

<jZ[hlij_"klZ\e bgiyghZgZebabjhZkguwloeZz*hzfdhlkhb
M gZhpElzapjiraebqggbiklZijdbaf g dbgbrg FE]gblgh]h
iheyoH=1Leb glH=5Le<ihke_~gkdmqfh ghiu™_ebf\ _
ljmiiuh[jZapHMyNipesSioos b DyNiogsSioodHs, Z 1Zd" _GdhiDyodNi b
Gy DyooNiH3, k\hckldhlhjumilbfZevdddh\_ebgbmezZz~hzfdhklb
|Zdbih\ebyghyx2 ebqgbgez hzfdhkMbjh\Zglhly tH=1Le
emqr bga mevilzdZ au Z\){] Za @d)lDyogNl bGd)lDyogNlH:g

Lzdbh[jzahh[jZzapkh”_j"ZsbZdhjc *dha_f_ewgud, gl
dZzdbkijhakddhlhjuczjzdl_jbamzZdkpfZevdzfgblgufhf_g
Ihfl0 ., g_kfhlgpAukhdhzgbahljkligak)VZ fhgkljbjnmZz]gb
Ihl_ieh\k\hck]\&Zcg_jki_dlb\gweykharZglZyohkgh)Z[h
gbd_efZ]gblglhmez "Zxabloljhcklayk b" _gblyZgkihjlbjh\db
bojZzg_oghjph]_ggbédhkl_c
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\_kvjhba\h”kI\ _gmtudke hli_j jZ[hl#bjvyij ~"klZ\e _ggh]h
\\b” hdkb "h\*dbwmj_"dha_f_ewegud_glhAkha~Zdhkh
\uofZl_jbZek\ukhdhxh[Z\e_g&khiecbfhklvKibkZf Ih»
dZevpb_|_jfbglkkikllhgh\ehdkb "hAngbypbjdhghbla
\heyxsbdhemqgZhukhdhdZqg_kI\_igghurdh\u fZl_jbZeu
Ney _IhrhArblb\ghhba\lh*kitWjhrdh\HclZeemijbhjh
ba\h~"kIKZ pbZevguoZ\hHibkZgfulZeemjlbqg_ikdbh”u
dihemqg_dgq klI\ _dggudeeh]b”jbkgadb\hbiZ < b:<b.

<\_"_gb_

Kh\j _f _gglu oghehpoighfure _gghRkz[hevr aZ\bkil
mgbdZewdbhokj\ *dha_f_eMguobIm]lhiez\dblZzeegehlhju_
bl]jZxldexqg_\mhkew kha*Zglwlkhdhl_oghehlplgyrhd p[b,2].

J "dha_f_efvddeeizdbdZdZglZg h tofblljberbjhdhjbf -
gyxlkywe dljhgtwg_j]_Itbdjhba\h~kihklhyggfuZogblhBo
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ihemqg_¢gZ "bpbhdggims_ki\ey_llkyzffo I1Zeehl_jbobe _dljh
ebadhlhjuh[_ki_gb\Xuxkhdmpbklhlorwnn _dlb\ghkfv e gby
p_e_\ujmm”~mdlh\

Hkh[hgbfzZgm”_ ey _iJkpa\h”~klbhphrdh)_~dbmj_"~dha_
f evgufolZeehV f Ih™dZevpb_ | _jfbgl\kHklAgh\e ~gblyg
kljbjmklhbj bfms_Kkl\iza\heyemqZZy_jbZ&azZ"ZgguZia
f_jZfbgZklblplj _[m_fudbfbq_kddfklzZz\hfZdhfc Ih~hkh[_ggh
ijbf_gbfeyhemqg_gbkhdhgbklmphiez\dhhordbfo I1ZeehX _
\Z gZdbgbfZevepZdljyag_gdhtktmdhzkjz\g_gkh_ Ih*ZfA-
bMg-1_jfbbLZdhhjhrdihhklj_[h\Z\gd**blb\glumgheh]dy¥ydZ
ebabkharzgihhihabpbhdgluobZ§hb].

H[t_~“bg_¢boghehibemqg_bbkihevah\Zgbdbm ~dha_
f _ evguolZeep¥qZa:H«=bj_ "™ hldju\Zgh\ui_jki_dIbXey
kha”"Zdblgyh\Zpbhgohedphb\_gzZxs\uah\Zfh\j_f_gdhre
fure_gghk&brzZgghktzlvizkkfzljb\Zzxd&xg_ \dZki_dluogheh
]bg_kdipbp_kkihemq_dbhZeebq_Kldmigboypbjdhgbykhdhc
gbklihlp "dha_f_evglZeebhkiezZ\HeyjZg_gtblyZgkihjlbjh\
db\h~"hjh~Zz

F Ih*uhemqgq _db¥ydblmj ~"dha_f evigudeeh\

< gZklhys\j fygZ[ex"Z &lgZqgbl_ewghebq lgilhbfhklb
f_ 1Zeebq_kldripblkgh\gufhba\h”bl_dhFhjhjphey IBYGJ
[6-8]. Djhf wlh]Jh fbjh\ht¢hjJh\eijbkmlklI\monms_kI\_guyiehlv
"hiheghh®vij IZ]jZgbg_@byh"Z mihklZ\d&dNf_|Zeebqg_kdh]h
]Zngbhh*h[guh]jZgbg_ghiykZxlkiyhjlZhdkb?Znghy hkkbx
lhwlhfiZ gh¢_ogheh]bq akdYegy\ey _|kFajzZ[hlddbgheh]bb
ihemqg_@bWweebqg_Kkd&mldkoyahdkhN\ZgZklighkljb ZebazZplb
nmabhdlgkklZgh\bl_eiygpllkkbkihevah\Zgdz§_kihkklZ
gh\bl_kylZeebq_lddhdhpldyhhl\_Iklklmhjfme@r

HfO, + 2 Ca Hf+ 2Ca0O (1)

>eyj _ZebaZpwplhki_jbf ilithemq_ dobxZeebq_ Kdmldaby
dZg_kbkoh~gdlfihg _ghRkRihevahWeb mxdZl jbZeudkb”
]1ZngbHO, kijbf_kvxpbjdhgd5 %fzkkzZlZd f 1Zeebq_kdbc
dZevpohleklhlgcf_g 993%fZkR \b”]jZgmezZzdpBIf. Ijhp_kk
\hkklZgh\eijgpblyr"bapb | _fi_jZImjoo0 °K k\u”~_j dh\cl_q_gb_
3q\\_jlbdZevghalghic gtkhijhlib\e_gbZdmmfghlghjc |hj
Ilhc>eykharZzgzysblgBtfhkn _jpkihevah\Zgllhywukhdmdkdh
lu(fZzjdB.5). FZl_jbZebolulazbfh”_ckI\R\g&mblh\Hb]e _
ihemg_gfhith~hf_ozZgbq_ kdphxhldbZznblh\jehdhh\ur _-g
ghdehlghkbm]hlZz\eb\zf filha*hbahklZlbq_ifdkRkih\Zgby

Ki_dyzhkghMf bCaOihke\hkklZgh\eklgbyZgmrjfm_Zd
pbhggHhHbHefjbkl). <\b "mZgghjdbgbgiu j hi_jZpblus_eZqgb
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\Zgbyhagbdgeh[oh"bfHkHV_~_gby jZpHBbnjzZ]f_glZkibb
g_gguddl _jbzZeh\

z [
JbKL. Ki_dyZnkghNf bCaO,ihemq_giguke\hkklZgh\eHf@by

>Ze ki_dh"\_jlethi_jzZzpBbh[e_gby_IZeebqg_ktrhcd‘h
h[jZah\ZgBklmgZdpBIs fdf Ijhp_Klks_eZqgb\Ahdkinys_kl\eyeb
\[hdkkg_ij_julgwfi\h~*h\lu”r_eyxsbokgtb\dhgljhel_ffi_jzIm
jurbolyjbk2,3. >ey\us_eZqgb\Zpghjy Z]bjh\Z\rimaxlmhf_kib
eb\ kl_deygarm&khklvdhlhjmvh[Z\eyebbhgbabjh\Z9 g
_fhirhl e Ihkeiheghjhdjulbypolu\h”“hdjh\h~*bebj f_rb\Z
gbrbolubi_jbh~bq_kdh " e_p® b~rdhklbjhp_kkus_eZqb
\Zgbywkelkj "KlZgh\beZlkgh\ghkb\ jZklI\h{h[Z\eylklbeygmx
dbkehtmhemq_gb¥Y[hdbkelklghea hke”r dZglZpbdbmqg_gguo
ihjhrdhbh "brdhrezZalbk2,), ihjhrdbhf_sZedzZznbevljkp_evx
ijhfuldibhl”®_e_gb9dhrZau

vt D Y

JbRR. Ijhp_kRwus _ezZgb\Zgbpaaf evg_ gdkdkp dZ, ~ dzZglZpbb
(D b\bAihjhrdznkekmrdh
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HibkZgglumgheh]bqgijKdbdlkis eZqb\Zddby Ilkybt |
kZzevguf”rohAhflhh[_ki_qglbkhfh ghkIMijbf_g_ gbgyhemq_
gbyhjhrdhf\_IZeebq_kdbhph gblyhhl\_Iklkimhjfme@@k

Zro,+2 Ca Zr+ 2CaO

>ey lh_ZebaZpkihevah\ekbp'bjdhg&r@, b hdkHfO,
(=HKRR5655-2019).1jhp_kW kklZgh\eijgbly*bepb |_fi_jZIn®po
°K\1_q_gba

Obfbqg_kdbhcZzgmehf_Iljbgkkklkdemq_gogubardhiy_2
klZz\el\pgZ[ebpZ? khhI\_IklI\. ggh

)

LZ[eblpZz
Kh~_j zZgpbf_k \dhjhrdZl@nglhbybjdhgibhywe\hkklZgh\e_gby

Ihihrh Kh™ j"Zdpbf k,% fZkk
: Ca | Fe Mg Si Al Ni Cr Mn Ti Cu
Zr 0,03| 0,007 0,0003 <0,0001 <0,0003 0,0p15 <0,0003 0,0008 <P,001 0,0005
Hf 0,04 0,0030,0002<0,0001 <0,0008 0,0021 <0,0003 0,0006 <0,WQA004
LZ[eb2pZ
=jZgmehf _ ljbgktidiZz&éjhrdh\Znglhbypbjdhgby
ihke\hkklZgh\e_gby
lhjhrhd dio, fdf d50, fdf doo, fdf
Zr 4,89 15,88 30,20
Hf 2,09 11,72 26,69

<j_amevliZh\_ ~ gglilbke_ ~h\dbgdla_j ~,gHhh*eyihem
g_gbyf _1Zeebq_kdibjmhrdh\pbjdhgbly ]Zngby*bnnmab-hggh
\hkklZgh\bl_efvdbfh¥dzqg_khhkklZgh\bYhayh glhkihevah
\ZgbihjhrdZ_|Zeebq_kddhdupbp wihf_dhf_g~m| f#yjZIm
jZijh\_~_gbyhp_kKEBEkklIZgh\e gglmh~bAklygl_j\Z&1900 ~h
1000 °K\ azZ\bkbfhkllbiZbkihevam kfinjsy>Zgguclhthalhey |
ihemqgdahjhrdmjzZdpb'th30 fdf glhh[mkeZzZ\eb\aflh ' ghkle
ijbf_g_gbdZg_kbkoh”gfizd _jbzeMely _Ih~ hthjhrdh\HclZe
emjlbz "*blb\guo@gheh]bc

<eZ[hjzlhjbdZeemj]bq_ikldipokkhN «=bj_~f lihfbfh
bkihevah\Zgdpykhijhlb\e_gbydmmifghlgufp_Ihjlzfb Ih”"
f_1Zeehl_jfbg_XdkiKzgh\e] gbgbahdZjgzal\Zd mmfdwgsd md
pbhgguoq_teyhemq_¢dbgbjo *dha_f_evVglwee\Zd_h~"bf
ijZa_h72bbkijhablc j[bc

BklhggbdhfvyZggud Fy\eyxlhydkb"dihlhju_j_ \h~Vyd
nlthjb"dAFiml_§2Z]j_bAu”_j dbbolukf_khdkbdAFb[bnlh
jbrZffthgbiyb |l _fi_jZImpA®-600 K\ fmn_evgiugZoeZe nlh
jb™M\f_klkf_|Zeebq_ldd&efvpbhf_szZ_Ikyb]_eveyjh\_~_gby
j_Zdphlzevpb_|_jfbgl\kkklhAgh\e\gdyhkn_Fjlhg2ZggZy
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j_Zdphyjzdl_jg&€y_j_qbke_dguoJAFijh”_fhgkljbjh\gZgZ
ijbf_jihemqg_gbw” bf\Zaz\bkbfhikllbiZIAW]j_Zdpbr"nbla
f _gylvky_obhf_ljbgdhddnnbpb (3:lu

2NdF; + A KZ2Nd + 3Cak ©)
>ey[_ki_q_‘gbyhdlgbklhliu 1Zeih~\_j]1Z_JEpbgbjmxs _
fmi_j_ieZ\mZdmmfdmdh\hcqtk g_jZkoh”m wiaifdIjhdlh

ihal\heyd]hlZz\eb\dk\hdhdZqg_klkuggheyjhba\h”*kih&lh
yggufaZ]gblbl\F), kh]leZHKph h\Zg blym

<kbemkh[_gghkbabdibfbqg_kéblockkzZfzZjbyx\l\eyxsbcky
hkgh\hktklhyggfzdgblHZjhd R5 b DR7 [9-12], g _fh™ _I[ulvba
]JhihleigrZgghcoghehkiblkihevah\zgt8Z§ klhkklZgh\bl_ ey
dZevpbjhp_kikhhemqg_#BEyZjbybklhlhjc [m_fhkLMhkgh\u\Z
_lkyzZ\azbfh™_ckl\llhbdkbbZe ZzglZghlhjutth ghij_~klZ\blv
nhjfme@x

SmO;z; +Ln : Ln,Os; + SM9 (4)

>eyijhba\h*"kp\Zjbgbklhllgcf_g_99,0fZkke jZajzZ[hlZgZz
| _oghehwey dljheblbqgikedmlh dgbhZeemjzkiezkhe._ Lt |
\ufl _ogheh]bqg wid&bhy\ey Ilkyemqg_gbhjb/C&R babkoh”~gh]h
hdkbpZjbGeQ ihhljZ[hlZgghagheh]bbf _gyxs_ckeyhemq_
gbyujvy\b~A nlhjbrMey_Ih*dZevpb _|.jJBkieZ\e_&glgc
kf_rb\ZXinlhjb hedblbyF "exkgb _gbyi_jZImijez\e_gby

Gzdzlhdjhbkoh”bhp_kWkklZgh\ef gltZye e b q_ kgl _hjJhy
gZghtihbkohf4RElaeh _gh~ "mdlh\Zdpkbu”_e_ghibkehjh*Z
>Zggucjhp_kkzjzdl_jbangbl&ghlc fi_jZImjhjhp_ kKO-
1000°C)ih kjz\g_gkX ogheh]b |IZeehl_ jfbq_XkkiihZzgh\e gby
\\Zdmmfdwa mdpbhgggdoglhy\ey_lkygbbahij_"_eyxsbo
nzZdlhjhey JHZkrlZ[bjh\Zbbhy]ZgbaZpjmbighlhggZ iglhpa
\h"rkl\NZ

ljhba\h”*klkheZ\hgdZdhibl_ehehjh”Z

Ilhemgb\llZeebq_ &HBbJAFke _"mxswhfZihfg_ ~j_ gplhey
_lkpkihevah\bgbijhba\h*kj¥XaebqgguogdpbhgZé¥xfudZ
eh\dhlhjuazl KlZgh\yhkygh\heyxha”Zdkleyn guokljhckH¢
gbfbagzijz\e_dgbkkh\hlimgdpbhgZaepgth]h_gbkie Z\ K\ ukh
dbfkh”_j"ZghAfFihfbfhhljZzkellr — y\ey_IKglb\ghg "j_gb_
\h~*hjh~rgluamgheh]bc

GZjy~rng_h[oh”bfhkhAxir _gbwnn_dlb\ghijlthdKem  [u
bkgb _glkyhbfhkhkgh\gudfihg _glWh*hjh~*gwag _ j]_Ibg_kdbo
kbkl (lve_dljhebé Ijhileb\gwoe f_gIh\r_gbijh[e ,fk\yazZg
gukojZg _ghlolfZgkihjlbjh\dhrchjhNyAey ki ~ eyxsibd-d
lhjhfbodhff_jg_kdhgdmj_glhkihkHiBgl6klb
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| _jki_dlb\gyfr_gb_y\ey llbkihevah\ZgbZeeh]b”jb”h\
(F9\dzZq_ki\jki_dlb\gdrecw ! _jgZllgeurbpbhggudikh[DiZg_
gbywh”*hjh™MZij_bfms_kI\RZFfdzdzI|l_jbzZeYeyjZg_ gty hjhrz
fh ghhlg_kdhfizdlighklahiZzkghkhklhldhgkljmdipwbdkiemZ
[ZpblZlZzd 1 _ogheh]bqg_Jbdaoxkkkbkl_dzhkgh\¥F= Hkgh\ghc
ijh[e_fhicha”zZdbkhdhwnn_dIb\gdmeh]b”jbkdlub \ey Iky
ihr"[hpbelp_e_gZijz\ejgajfhlfzd _jbzZemh3y k\hckldhlhjuo
fZzdkbfZewghl\ _Ikl\thxdgbq_Kkildbfh\Zgbdtig_qghhl_[bd_
ey\i_j\mkq_j thjZ[hgbf fi_jZImjZ¥zZ\e_ghfppifthjhZjhf_
Ihlhg_h[oh~rhfh ki_qglIZ[bevghk™Mhjh khj[pbhlg\he&ijb
fghlhdjzZlgibfdebjh\Zgblbljmdbg_Iblmjbjh\Zgby ]b*jbjh
\ZgbbAukhdmwon_dIb\¢miehijh\h*"ghkhly |1Zeeh]b”2jb"Z

GZ_]h~rgyrdgbghkgh\gaZzdlhjhk®_j"b\Zxsdhff_jpbz
ebazZphwg_jlhl_oghgtZlbkegh\f _1Zeeh]b”jbybhdy I|kykhdZy
klhbfhkkbkl _djZg_gmy'hjhtyzhkgh¥= <gZklhysj_ fy\dZ
g_kl\hkgh\gH¥YHh_jbzZEZ"eydhff_jg_kdhihevah\Bgblyevam
xlkyrbjhdibamq_gkieZ\lbiZ:<s wih&bkl_fgZhkgh\gbd_ey
kj_"dha_f_evigueedlid Ce).<:H«=bj_"f hljZ[hlZbuogh
eh]lbg_kfbjrimlujhba\h*"kb\Yg_~j duoghehfdBEbhlhggZ ghc
\uieZ\dbarbolh\ubzZl_jbzZehhba\h*bfudhkkbckdNheé jZpbb
KiezZ\uhklZ\eyxhdygh\ggZmqgglymiiZfaZzgbfZxsbfkajZihl
dhc | _ogheh]Bbeo”~hjh*ghwg_j]_lLbdkgb _gbk_ [_klhbfhklb
F=fZl_jbzelafh gihb bkihevah\Zggb”rhjh]hklhy&bezZ\h\
gzhkghlblZgkZ e _ahbdiz<(kfbdjhe _]Jbjh\Zg§hHACe)b:<,
(keb]bjh\zgbFEfr,V b™)). G_kfhlpyZah qlhbkke _~h\Bgbyjf_
IZeebq_ kKdbad'bg_ghckghTiFe \ dZq_kf¥Zl _jbzZeYe\ywjzZg _gby
\h* hjhAZ "mlky [he 50 e ,Ibgl_gkb\ghXx[khk wihf§ZijZ\e_gbb
\ihke_"db~ry_adtajhkeZd Wlk\yazZgh ~\k_]Jkg_h[oh”"Db
fhklviuy\le gbjyygbdkms_ klI\ _gplamebgbthhjhrghtdhklb
wlbozl _jbz¢éhl0,67 ~H.,86 fZ k Ro H).

Hkgh\guwf_"hklzZl#&hdZ\hdZzhkghViFe y\ey_ lhpgm\ki\b
|_evghHliybf_ky¥Y]Zzah\hZaglh\ k\hxhqg_j,A\eby gl2Ah”~hjh
"hihlJehszZx&bhckl\Z "gufigbf_kyfbhkgh\lgh¥feyx!ikdbkeh
jh*bmle_jknh"_j"Zsb\ kkoh~ghdjvbelBhghkbfujb\uiez\d_
kiez\hhhwihfihijhkibkihevah\Zgbyh\ubzl_jbZet\u[hjZ
| _ogheh]bg_ikiWpokkh\lZeemj]lbqg_kjdiola\h "k WZb &ieZ\h\
\gZklhysj fyy\leyxliZyImZevgufb

< gZklhysltlkf_gl:H «=bj_~®™ IljZajZ[Zlu\dhifie _dkgu_
| _ogheh]bgjkdbgbYewuiezZ\dibieZ\HRK\ukhdbkh”_j"Zghi_f
("6 % fZkk \dexq4¥ajZ[hlldmklZdZjzfbq_kkdfb& "ceynmi_
jh\dbb]eywu[hjrbolh\ufaizl _jbzemiNbfbazZpihpkp kk\hiezZ\db

Hkgh\gdflhrhithemqg ¢BggwkieZ\hWey |kKZdmmfgdgy
"mdpbhgezZydZbg"mdpbhggdlk aZ]jmadhl5 d]ih " _e_.am
Dhgkljmdpdbyghcqglha\l\heyw\h*blvbolh\hitZl_jbAeZkieZ\
\g_h[oh”bfhke_"h\ZI|_evphkldbjh\h*"babdzf_ji gbhke_
ij_"™"\Zjbl_evgBEpfgmmfbjh\Zigh3b 1Z bij_"\Zjbl_evgtlj_\Z
rbolu”rhL = 1000-1050°Ck ihke_"mx3$ut_j dhicl_qg_gdfbgml
baziheg_ ghzff jAjJhghtikhdigbklhligb~Z\e gbB3dlZ
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>ey{Zah\h]dkie Z\FeTi (50/50 % ZIl) dexq_\hedZaZzZlijéev
f_kghlkh”_j Zgblykehjh*"ZieZ\kKhklZ\I0e=0,008 % fZkk\u
ieZ\e_gghphhilbfZevguobfzZzd\ gh\hfjZajZ[ZIu\Z int&itu
nhjfbjm_fhid]e[18]. >eyjZ\g_ ghinebijh\ "~ gez\digb ZgZeh
]Jbggumkeh\bkto" _j ZgdhklZ\b@&hk 0,23 %fZkk*eydhjmg”~h\h]h
Ib]e(Al,Os— hkgh\D, =02 %fZkk*eyjZnblh\HbjeyZajz[Ziu\Z
_ful _ogheh]lbqgjikdbgbiyeZgbjm_ijby_ _gyl#eykha”Zgbywuo
kiez\lkgbadbjfof _kgukKh”~_j Zglvef f_glhilhjughkylexe¢g _
\u baf_g_dmyngdpbhgZkVigaklba” _elbag b.o

AZdexqg _gb __

Kujv_\%dy ihgdZgbgZ kiklyg_jZevghdhvyp aZdZggb\Z_Ilky
nmgdpbhgZeviguflpbZezZzbb\ukhdhl_ogheh]bmd&kuijflockl\Zfb
<NZgghkt¢zZlivdjzlidih_~klzZz\e jgameviIidZklwlhEhevrhg _ihq
dbdhlhjhthfie _dkaghgbfZxh\kWH«=bj_~H» + jZajZ[hld&imkd
b\g_"j_dgfb lZeebg_BBEbJAF

<j_amevliiZlrklZ\e glgkkoe "h\zagdd&gh\eglgilhemq gb _
f I1Zeebqg_khljhaodh\ZngtybjdhghyezZrZxsthibbfZevgly#
gmehf_Iljbq_KhiblizZ\héy_oghehibjhrdh\HclZeemjbbdblh
"h8D-i_qZlbbgbadikh”_j Zgbjbff _k, thafh gdhbkihevah\zZgb _f
f_Ih~r"dZevpb_I|_jfbg\rkiddipgh\e >glwylhliphp _RkkklZgh\e _
gby_dhf_g” mijhRnw"bliyb|_fi_jZImjihpy " PA0-1000 K\ | _g_
gbg f_g.3qJzZajZ[Zlu\ZlfoghehjeBgbjm \iky*jyNvhi
jZkenhemqg_glbphrdh\ukhdhl_fi_jZInmkigwd k\izZzfylvxhjfu
b~j

<_"mljkgyihluhihemq_dgx*b\b”m Z e gRNd, Pr, Dy, Ce, Sm
brj) "eybjhdhjlhbf_g_gbijhba\h”"kl\_dduokeyo

HArgblba jki_dlib\guougZmelglogheh]bqg\ldgdbjo gbk
bJAF IZeehwley l&¥ijZ\e_ _¢gbkiezZz\HWey ahiZkgdjjhg _gby
bhgbkl&b Ijh\h~ylibykke ~h\d@bppogbjh\Zgigudeemjlbg_kdbo
| _oghehkbdbqdhj_gbywafh ghkidbhilbfbazpbadyfzkriZ[gh]h
ijhba\h"rklbZZgkh”_j zZlsbbkieZ\Makujyy*hklimighlbhhkk-bc
kdhN_~_jZpbb

HibkZggwr jZajzZ[hlZglgwgheh]bqg pkdbgdba\lheyxl
m \gZklhysj fyijhba\h*"WmlZfZza:H«=bj_"™» 2ZggdZl_jbZ
euJZajZ[Zlu\Znfdjmig_gmklZghida\heyZkrbjblebg_cdm
ijhba\h"kj\Z2dbfo |IZeeRuimkdz_fpotijbylh \flhfgbkerey
kha"Zgbklhyggiud]gblhb kiez\lg\Zdhibl_&hhjhgZhkgh\_
eZglZlgx_jby
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Bkke "h\Wegtyghb” hh[jZ[hlddZr_ jhoh\ZIhk[yZa
ph\bab”rjb*blbWHij_~_ e rgZhoh\Zlhlk]pyZapihkeij_k
kh\zZgblydZjghEjz[hldZdmmfghfbq_kdHgZ[hl.ddbp_gdZ
iZjZf_ljw\ jhoh\Zlhklib\h~"beZkr kghkj_ ~g_Zhbnf Ibqg_
kdhlinldehg_ghynbelp\ukhlwg _jh\ghkijhecnbeih~ _kyling
dzZf<uy\e ,ghhthgZb[hgh\gucjhnbekgZbf gvrbdbZqg gbyfb
g_jh\ghklgZ[ex~Z _#dyjfhh[jZ[hlZgdhhjhadB jb r&blby
ihke_ih\lhjghclhdZjghch[jZ[hldbih\_joghklbijhnbeb
kgZb[hevrbdfgZqg_gbygfbh\ghk+ noij kkh\Zgghllhifhh[{Z
[hiZzggMhhzapErjbreblbihkei j\bgghledZjghEjZ[hldb

<\_"_gb_

=b”jbéblb{iH) ij_"~klZ\ekh[hibgZjghkh_"bg_gbehaggh
Ihf_lZeedlby\h*hjhM\hklj_[h\Zigbf_gy_I\kdZqg_kjk bz
pbhgghZsbloemZf_"eblgegljhghhieb\Zey_jfhy”~_jghih
ZdlhjZbr_gbteyihemq_dpibybklhggbldahh[jZzagh}hjh”rZ
bfZl_jbzZe&yddmfmebjh\ZegRy

Ba\_kjghhijhfure_gghjfhba\h”~kteywalhlh\e_"gld¥e_c
balbrjbr@blbgkihevamxh4djyfh]hj_kkh\ZgbyhrdZzjb dh+
gZlghicfi_jZImjj kkh\Zggbeé¢jbeblbpf__lehlghklebadmx
dl_hj_Ibq_kadZq_gbpfklZeebq i&ldhgchkbth[ez”Z hlklZihq
ghdjhgghkl¢eyh[jZ[hldb\_joghKlblZdbhg_gbbémj_a_jh\z
gb_fl]. F_oZgbq_kdizafhidBa\heyijb"Zlwnhjfmb *hjZ[hlZIlv
jZaf_jo_lZeihbwlhifjhbkohANZld baf_g_gllzqg_kihX_joghkl
ghlkehyrgbbazZ guohdZazl dZq kikX_joghlbld"_ep\ey
_lky_jhoh\zZIhdEhMhjayj_~_eynwmgdpbhgZ&Vigakl\Z\_jogh
kibgzijbf,_ghglzdlgpmgghk/]_a@k
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=b~jbéblbkj_~bb”jb~ "\ _ehqgbolZeebf_ _kZfmk«ukh
dmx_jfbq_kdkiX[bevghKk]IN_fi_jZImij&zZ\e_gj@Zyg&90,8+0,2 K
[3]. Thwihfimjfbq_kdZpZ[hldEZ jbrgttolZe\log_ jlghk¢ _"beb
\Zdmmhklj_[h\ZgiZbf_gy_Ikp gZg_k_yddblhazZsbligwdqu
Ibcihemqg_dboblhkehcubZze ZdZzd | dhf_g "m~ékm\ _ebq_

gbyjhgghklgadjZzdl_jbkZddjbZ&db _ghdah\u”_eijphbwdk
iemZI|ZpbA.

Wdki_jbf_glZegqBRW

>eyalhlh\e_igbkkh\ZgdgljZzaphbzZf 1j6d ff b\ukhlhc
40 ff bkihevah\ilghyhdb” jb b lbiybjh~rghblahlhiglkhklzZ\Zz
kjzaf_jhfzklthdo,2 26 ff. H[jZapa]lhlZ\eb\ZebtkVhiffyfh]h
ij_kkh\ZdgblklZevghickkhjf_ijb m”~_evghZ]jmaid_kkh\Zgby
3Vkf bl _fi_jzZzImjihf_s gl +5rK <aylbgZ\_ kijhh\h~"behkyv
\ZIfhkn _Zjlhddkhexlgre& ghkdbhe 02)f% aZzkuidZ\_kdb
ij_kkh\zZgZkij_ kkhh#ihs_ kl\eyedblkhkn_Vha"migZhlghkb
| evgheZ ghkdh he 50 %.
=b~jbéblbglghkblklhggulfbrjb*rZdghijhy\eygl dhlhju_
dh\Ze _glguhck)]\dzjzdl_jgweydh\Ze_ _gldghbdjbr"hdexfbgby
heh\ghjz] _jfZg.blyh ~*Zggu8] I\_jrhklb jb &b lbih Fhhkkh
klz\ey=3|5, qlhg_kdhef¥ddwvr g fmwlZehgdfibljh jZe2ZxhjblZz
(IN_jrhkiaFhhkmd; h[jZ[ZIu\Z_fhlelvldhzjzizZ _¢ky hfhdhg
gufkl_dehKe_~mhlf_IblyglhgzdzZzq_kWNhlZepbb f_oZgbqg_kdhc
h[jZ[hldebyxllZd ijhqgghkbveZklbggHKIlvjbZélZj amevlIZIZf
f _ oZgbg_lkbhwlZghgh\_~ _ggithoko f[9], ij_~_é€hqgghklipb
k>ZIbbj_kkh\Zgglbhb r&blbkhklZ\e@6k 10) Gff?2, mkeh\guc
ij_ " b dmq k(@ +11)Gff% hlghkbl_ewgZxlhqdZghjfZpby
(1,0£0,4) %.Mij_kkh\Zgdljzaphjphr_"~rbdhihegbl_avgmmf
ghl _jfbg_kdm{xzZ[hldifn_~_ehqgghkippb k" ZIbm\_ebqgb\Z hlky
(118 + 14)Gff?2 mkeh\gyuc* kB dmq _kdb Z_ M2 +8)Gff? hi
ghkbl_eviogkdylhqgdZywhjfzZzpbwjzZklZ\8 jZa (8+4) %.Ke_~m _|
h b~rzZlglhdZqg_kHRhZ[hldb\_joghkhd_1Ze ib” "\ _jlgmlilug
fbg_kdigzZ[hldm” \ur,q_fmg_I|_jfhh[jZ[hlZgguo
ljbijh\_"~_gbbdZjgh¢jz[hlddjZzaphjb_glbjh\Z g&k\wh
f_g~rZpbbh[jZ[hldZI_jbzZekl\_j~rhklvik ;jbg_ee&<~200 [10].
Ihkeij_kkh\Zgbly\h~beibj\bgqgnm{jZ[hldnijZapZlhdZjghf
klZzgdjhoh~guflh]gmlufaphbdal\ _jrhlkiezZ\ZB. >eyh[jZapZ
"bzf_1jB0® ff ijb kdhjhkjlbazgdbyf/fbggbkem[hjhlIhk\hklZ\eyeh
345ff™ ih"Z@A5ff/h[]em[bgZaZ gByff.
<Zdmmfgjifbg_kdmikz[hldmZapjh\h~*"balwhgl_cgijp_
gZgZevghfe gl®b201Z Dhgl_cogg4g]j \ZebZolghfonn_evghc
i_gqkkhkdhjhkld®Kfbg”rhl_fi_jZIm3a0°K L_fi_jZImjEgljheb
jh\zezlkyfhizjhmklZgh\e _\giglhgdd[ebalthjp_\tkdhjhghi[jZa
pzZ?]hh[jZ[hldih\h~"bedAKvqg_gdgzZkhib"Z\e_ gll406-1701Z
bl fi_jzZImj50°K HoezZ ~ ghhgl cg*fjzdhfgzZlghcfi_jZImju
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ijh\h~"beRkvklki_qgvxihkel\Zdmmfghfbg_kdH¢Z[hldph\h
"beZkh\lhjghyfjzZ[hl#hZjZagZhdZjghkfZgdhZgZeh]bgghfm
"bfmkdhjhkjvazg@byf/fbgijb ih*"Z@,15 ff/h[ Jlem[bgZaZgby
05ff. G_h[oh/ i _IblwlhizZjzf_ljaZzdmmfghfbqg_kdh[gZ
[hldhuebhilbfbabjh\Zlgy amevladliZzke _~h\Dobebyglgykh
\hdmigh&bZgbfonbabdibhfbg_ _kdib@Zgbqg_ldbogheh]bg_kdbo
k\hck]b”jbrgttolZe_c

Ilhkeba]lhlh\e lgh¥apBdZjgbht_jfbg_kdHezZ[hldljZa
pZjh\h~"bélaf_j_ gbyhoh\ZIhiklb joghkibkljh_gdjbl\uo_-
jhoh\Zlhkbwh[jZ[hldm

lhjhrhdb”jb~reblbkbevhlibkey gRpha mbrgZdihdbkey
_fhklk[jZapgZoh”~ysboklyfiZzdIghd® _kbevdkigb Z .1Kyf-
Ibf glhh[jZapajZgbelKvjf Ibgqgdbgl_cg, aZoheg_ ggdlyb
ghfzZbo\j_fyij [ul\Zglgyha”m\d\j fyh[jZ[hlIdbjh\_~_gb#é
f_j_gbfbgbfZevpkeij_kkh\Zdbyfbq_kdfcozZgbq_kdjic
[hldlgZh\_joghhllZzaph\bkdexqgZijikkmIkl\bdkb?2h¥gZzZdh
mqgblu\igy®ijbgyld _juihaZzZsblh[jZapkgblZ olhbogZebqgb _
fbgbfZevighjZz ZkhklhydblZalh Zevgméeh\bjhdalh klI\Z

F IhAbdkke ~h\Zgby

<gZklhysj_ fyrbjhdibkihevam™*\lZzhkgh\gtiolh "Baf_-_
gbyZjzZf_Iljh\ jhoh\ZIhklbbqg_kdbsomih\hrhevrhjZkijhkijz
g_gbtevij_~_e_@gdbjzf_ljhr\ jhoh\ZIhkdib_joghldibglZdiguf
f_lh~"hfhemqgbehmih\uijb[hjujZ[hlZxsbh f_Ih~ imsmiulZgby
ih\_joghkKdbfZaghhleh&Smih\htt_IhAha\heylulkljhuihegblv
baf_j_gpZapb¥_xsbojhklunhjfukiehkdhle\_joghklgkh
hkh[_g\@hgheybfbqg_kalblb\gddl_jbZeh&ykgb _gblya”-_c
kiI\bypaf_jbl_evgmliigZzh\_joghklyZapXihevah\BEgkmdIb\
gudj_h[jZah\ZbbdekjZ~bmlbhdf[11].

>eywaf_j_gbyhoh\ZlIhk[pZapihkeij_kkh\Zgby\bgghc
IhdZjghgjz[hlddmmfghfbg_kdHgZ[hldbh\IhjghbhdZjghc
hljZ[hldkihevah\BEakyjbl TRWR200 bkl). Ijbgpbf_ckI\bjy
[hjZKe_"mxs@dh\_joghhllZzapZkihez]Z2xliglbodjh\h”"ydf
ihih\_joghKdbhklhyggkhchjhklvwZlgb\ddhkijbgbfzg ljh\ghklb
ih\_joghhklbljufZefZagufjhfkjZ"bmkehZdjm]e5d08y G_jh\
ghklbh\_joghRUbmu\ZxXlIf_s_ghyZlqghdj amevigl]lbaf_gy
_lkpg mdib\gthRImrdbhlhjZyg_jbjrdglZeh]hkb¢g,Zighih4
pbhgZevjgec j&f jh\ghkKlt]gdeklmiZgzahZahgm\kli\bl _evguc
\uijyfbl_.enhkemkbe_Bbbyh[jZah\Zgjdywgylhkb]gZlekIimiZ_|I
\kbkl_kmhhjZZgg.uo

<dzqg_kizjzf_ljh\ jhoh\ZIhkdpjzghj_"~g_2Zjbnf_Ibqg_kdh_
hldehg_ghbhnbelygZb[hevizd¥khlghnbeywhlhjukh]eZkgHhKL
2789-73 [12]\ugbkeyxikgphjfme@f2):
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Re = " ®

n

R, i51‘ypi“ ¥ A/ Wi | )
5

1" R, kj_"gZjbnf_Ibq_ldA[khexlgagZq_dbdehg_gjhc
nbeyij_"_efbah\lebgbR, kmffEkj_"gldkhexlgag@Zq_gbc
\ukhiylbgZb[hevAbi&dImihjhnbelylem[bglbgZb[hevAbd*bg
ijhnbeyij_~_eldah\lebgbl hldehg_ghybelylkj_"ged
gbbyy \ukhliZlhgzZb[hevrllkIimighnbeyw,, lem[bQZ
gZb[hevhiZ*"bgiyhnbey gbkeéh[jZggubg_ighnbeyZZah
\hcebgbb

Jbkl. Ko _fébg cgbhtf | glhyp \hb\ joghklljZamZIR200: 1 -h{

jZa;d—-ebghbyaf | glbpjZa@Bz&gZijZz\e_@¢bb" gbyniZjbbaf_ j gbb

4 —ih"klZ\d&y[jZapZ ijb[hjTR200; 6 —baf_jbl_evgmdlbiTS100);
k+hcBZieZlnhjfz

>ebg[Zah\lkebgbiphnbekhklzZ\e3/2&, "ebghigp gldlO ff.
Hlighkbl evhgl4yrghkbaf j grd9 %.

J ameviBkke "~"h\Zgby

G4bk2ijb\_~_dgyb\ur_jhoh\Zlhkhlemq_gigbhbaf_j _gbb
ih\_joghKipjZapZalhlh\e ghaJhjb @blbyhkeij kkh\Zgby
bihkejZzaebqdbohh[jZ[hldih hkiZ[kpbkkeh  _g&bgp _gldb
\"hedhlhjhibemgijgnbevh hkthj~"bghleh  qgZq_ Yybkhlu
g_jh\ghkiljhan b éy
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1

2,7 2,[
3,Z 30
4,7 4,

Jbk. Djb\ur_jhoh\ZIhk[pZaph\ihkeij kkh\Z@byihkei j\bgghc
IhdZjghte[jZ[hdB — ihke i j\bgghkhdZjghre[jZ[hldb \Zdmmfgh
| _jfbgq_kdhEz[hlds — ihkei j\bgghlhdZjghr[jz[hldbZdmmfgh

| _jfbq_kdh¢Z[hldbih\IhjghihdZjgmgjz[hldd— Ihjp_\Zyhjhdz
[-1hjp_\Eyhjh@g)K
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AgZq_gByZf_ljhA_jhoh\ZIhkhh joghkhbjZaptalhlh\e g
guddbrjbreblbhpaf_j_gghke ~h\Z| iénkehi kkh\ZghyZjghc
hl[jz[hld@Zdmmighibq_kdhgZ[hldbih\IhjghkhdZjghg¢jZ[hldb

ZIzd | _amevliginibkibq_kogdbbaz kliz\e \dd[el, 2 [13].

LZ[eblpZ
R_jhoh\ZlhkAv joghkhbZjzf IRn
con thp_;jzl\g- ebabgXj_"g_| . i JBhwnngpb
hiizihidb \ZY gzﬁﬁgé fZpd\z"jzIbdgh’y -XPYg\zjbz
J % hihld def’Rafdfhldehg_g;)_ Ra | pbtDz%
a1
,_a
h[jZ[hldp
(inkeil kkh 3,04 4,34 1,41 1,99 46
\Zgby
|_j\bqgZy| 1 5,88 3,74 1,47 2,16 25
dZjgayjZ
hid2 2 8,44 5,90 2,18 4,74 26
L_jfbq_kdzyg 5,54 1,65 0,65 0,43 12
hijz[hldZ
(ihkelhdz| 2 8,49 3,25 1,20 1,44 14
ghd[jZ[hhdb
Ih\Ihjgap| 1 1,67 0,58 0,23 0,05 14
dZjgnyjz
[hidz
(ihkel_jfb| 2 2,68 2,50 0,98 0,96 37
q_kdhjz
[hidb
*_ 1Zjzf_lju_jhoh\Zlhklb Zgh\e eghhjp \tkdhjhguihkdhevd iH
oh\Zlhigvdhlhjmagzkidh)p \hdhjhgaiij \urZekaf jbl_evgua
fh ghkligb[hj.z

LZ[elRpZz
R_jhoh\ZIhhkljoghkmejZf_IRp

Ki_"g]
<b”r |Lhjp_\ZagZq %—22?2 (%\ JZIb]g>|’b_ki-_j Dg‘("znj'y’zpb
h[jZ[hIdbklhjh§Z]Zf |jé Lt Idehg o tbpe, | 1200
Rz,fdf Rz p stjA)
@[ Z[hidDb
(ihkeij kkh - 33,72 | 4217 14,17 200,77 42
\Zgby
I j\bqgZly 1 48,64 | 36,02 13.70 187,70 28
'hd[zﬁlgd'zz[‘“ 2 6331 | 47,37 16,58 274,94 26
L jfbq _KHZ¥ 42,89 | 12,34 4,49 20,15 10
hliz[hTdZ
(ihkelhdZjdhc 2 61,45 | 2351 9,07 82,20 15
h[jZ[hidb
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HdhgqZigh.&

Kj_"g] _Mg_L

h <bAh|dbLkTLpﬁ Zzaggzg %2_2‘?2 (g.\m Jﬁlb]ﬂ_ki;j Dngznjlgpb

< ) )2 =)

[iZI ihg RZdefjészdf ehg_gikbPe | Ju)o,
Ih\Ihjgdp| 1 1501 | 638 217 472 14
dZjgByjz
[hidd@hke|
e o e 2543 | 2770 10,50 110,34 41
h[jZ[hhdb

>

*-1ZjZf_lju_jhoh\ZlhiklkblZgh\etegthjp \tkdhjhgwihkdhewd
jhoh\ZlhiglvdhlhjuogZkldhjp _\hicthjhg2iij \urZeBaf_jbl_evygu_
\hafh ghkjb[hjZ

<1Z[SBijb\_" &y _"ghgZq_gbiyZf_ ljm\ jhoh\ZI IR,
bbodeZkkjhoh\ZIhdHbk gh\Z gk 2789-73.

LZ[eb3pZz
DeZkkjhoh\Zlhiklb joghkldzZ\bkbfhrll[jZ[hldb
Ki_~g_ | DeZkk Ki_~g_ | DeZzZkk
h[j<Zb[AhIdt Lkrl'hphgzé{ng_@ab_r_jhohwang _Rbl r_jhoh\
fdf I'hklb fdf 'hklb
._a[jZ[hldb
(ihkeij kkh\Z - 3,04+1,48 5 33,72+14,87 4
g by
| _j\bqgzy 1 5,88+1,54 48,64+14,38
Ihd[zhjlgdrzzmz 2 8,44+2,28 4 63,31+17,4 3
L_jfbq_kdzZy1 5,5420,69 42,89+4,71
hijz[hldZ 4 3
(ihkelhdZjdhc 2 8,49+1,26 61,45+9,52
h[jZ[hldH
Ih\Thjgzy 1 1,67£0,24 6 15,01%2,28 5
IhdZjglpjzZ
[hid@hke |
| ifbg kdhe 2 2,68+1,03 5 25,43+11,08 4
h[jz[hidh

KlIZlbklbqg_hkdihebqg_ klI\_gpdZaZlrejthoh\Zlhkib\h-ey
xImklZzghWdv*mxs__

Kj_"~gbagzq_gByzf_IjhA_jhoh\ZIhkhlpp_\hih\_joghklb
h[jZaplZzalb”®jb~ "Bblbybaf_ j gghhcke ij kkh\Zgilhpgzre "ZI
d5(R) b4 (R) deZkkriZffhoh\ZlIhkjbwlhfzZ[ex"Z [lkevrhjZa
[jhkagzZzg_¢6bwzZ ~hjBjzZf_I|{(Ep_gdhZdhwnnbpb\ZgZzpbb

Kj_"gbagzq_gByzf_Iljh\_ jhoh\ZIhkhpp_\uidh\_joghkl_c
h[jzapa b jbreblbyaf_ j _gdhkei j\bqgghlkdZjgh¢jZ[hldb
ijbgz~e daIR) b3(R) deZkkrZfihoh\ZIhkjilb\_~ gb jfhh[{Z
[hidibhkelhdZjghEjZ[hldbhdZau\kedyghyiZjZf_ lju_jhaoh
\Zlhklih\_joghkllgzapk\_~glmgZq_gdjyzZf _ljhk\ jhoh\ZIhklb
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Ilhjp_\uoh\_joghklbaf_j_ggihke |l _jfhh[jZ[hldpogzZre_"ZI
d4 (R) b3 (R) deZkkrZffhoh\ZIhkjbwlhfjZal[jh&kgZq_gbjZf- |
jh\Ry R, ihkei j\bgghkedzZjgh¢jZz[hldbl_jfhh[jZ[hlfdgvr_
jZa[jhkgZq_giblceij kkh\Zgby
Kj_~gbagZq_dByzZf_ljhn_jhoh\ZIhkhb_joghklllbjp_\uo
ih\_joghkh[gZapal b jbreblbyjhr_~r_Jh jfhh[jZ[hldaf_
j_gghidkeih\lhjghihdZjgh¢jz[hldigbgzre_dbI(R) b5 (R)
(Ihjp_\&YhjhdZ5(R) b4 (R) (Ihjp_\EZYyhjh@rdezZkkrZfihoh\Zlh
kilbljb wihffZza[jh&gZq_d'®odZ ~"hliZjZf_Ij& R, khihklZ\bf
kiza[jhkba§zqg_gjbd _jfhh[jZ[hbdhdZjghEjZ[hld_
GZ[ex"Z_hkegbqgtkj ~gbeagZq_dBezZf_Iljhr\ jhoh\ZIhklb
AMmohjp_\ulolhjhgrghlhlh]lh _h[jZapZkelhdZjghd_jfbg_
kdhb[jZ[hlddplh jy® kemghdZau\¥edyglgZzdeZkkjhoh\ZIlh
klbih\_joghkBmazZg_h~ghjhr"ghRkh_"_ e qbkllkgzaf_jzhd
027 b ff ihh[t_fm[jZapjdij_kkh\Zdbjp_\Zy\_joghkl\yZa
pZknhjfbjh\zZgbgZybp,_bf__f_gvrmx_jhoh\ZIhlglvfih\_jo
ghklknhjfbjh\ZgigZZgkhdhth h[jZ[hldh\_joghkjZaebdh_
iZjZf_ljimjhoh\Zlhgktke _"mghky_amevliZlj\bqggtdh\Ilhj
ghd_oZgbq_hkfjlzdhldlyZqg_gbjyphoh\Zlhdkllxdhekfkh ZxIky
<j_amevbaf j_gb&lZgh\eqltpdhZbf_gvig_"glgZqg_gby
r_jhoh\Zlhgfex"zZxikkelhdzZjgh¢jz[hldbjfhh[jZ[hlZggh]h
h[jZzapidhnbekgzZbf gvrbdhgZqg_ gbyfhh\ghklg&b[hevrb
ihkelhdzZjghEjz[hldbhkel jfbqg_kdHpz[hldlhjZapzhnbelb
gZb[hevriafdZq_ghygyfih\ghkl_c
Kmg_Ibaf_g_dewkkhVhoh\ZIhiklbeh[jZ[hldb\_jogh
kibhuy\e_¢hogheh]bq\&hihgb_j\bgghldZjghgjZ[hldXZdm
mfgh_jfbq_kdh¢zZ[hldith\lIhjghlhdzZjgh¢jZ[hldzizjzf_lju
r_jhoh\Zlhkjllbf _g_gb_j\bqgghlkedZjghEjZ[hldjdb\h~bdjhkIm
r_jhoh\ZIhiklb joghkdbhk\b”_ | _evkhgbddh¢jz[ZIlu\Zz_fhklb
ij_kkh\zZgghfjfzapZZdmmfgjifbq_kdyZ[hldgZz kihkh[kI\m _I
kgb _ghXjzf_ljhr\ jhoh\ZIhklgZdhemqrZ_ dZgbqg_ kdmzx
[hldmf_gvrZgblkekdheb\udjZrb\Zgmdhiha\heykadbabilZ
JZf_ljur_jhoh\ZIhkjlbijh\_~_gbtb\lhjghlhdzZjgh¢jZ[hld¥h
agZq_8&pdl1,67+0,24)fdf, R= (15,01+2,28)fdf <Zdmmfgjfbqgq_kdZy
hljz[hl&Zhkh[kI\mgZqgbl_evmhfmbqg_fiboZgbq_kjhgghklb
ijbk ZIblmIh\_jhylghk\yaZighkljmdImjgbff_g_gbyjbbkeh
Aysbfhh\j_fyh[jZ[hIfh dhlhjZy Zevg_ckdfZau\zZ gldhyjZ
[ZIlu\Z_fhkIpZaph\

AZdexq_gb _

Bamqbgh g _agbBjzZf_ Ijw\ jhoh\ZlhklpzapZa]hlh\e _gghlh
babrjbeblbyke_ _~mxd_ogheh]bqgikiddcrh\ZI|_e:vighkkih
\Zgb-i_j\bqgZlydzZjgHBpjZ[hldAZdmmfghfbgq_kddyzZ[hldZ
ih\lhjgdhdZjgBEpMZ[hldZZhkgh\Zgbdki_jbf_ glZ dwkgeo *h\Z
gbauy\e ,ghlhijbf_g gbZdmmfghfbqg_ kdh¢Z[hlkbhke -"m
xs_clhdzZjgh¢jz[hldkehkh[kI\tkgh ™ _gbxjhoh\Zlhk2hzZaZz
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ihkjz\g_gk¥ _kkh\Zg@ijzapbiha\hey'hjZ[hlZh\_joghklv
h[jZapB-6-]hdeZkkZhoh\ZIhklb
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1 GBRDmjqZIh\kdbgk | bbmAhkd\Z
2GzpbhgZebgke "h\Zl_evkjhorgb\ jkkFBNB, Fhkd\Z
*GzZpbhgzZebgke ~h\Zl_ewkilbGkbFWB Fhkd\Z

Ananyev_SS@nrcki.ru

HAghltd Zah\kdkl,_§_h[oh*bfedch[_ki_q_jizdhlu
mklZghtdpzZ\ey_fhlHhy”~_jghkblyl_@Z4ZalhdzZfzy\2y- |
kydhfie_dlbokl_Ifblb_\hlhieb\ghphbdeRBhfie_dEdblkb
kl_fg_h[oh™bdyh[_ki_q_jgdhlmklZghbddihevamxgb c
Ibc\ ex[h{*rZ kzZfhfbgbfZevgtihebq .kH\gy\ey I&yh][
oh”rbfhichklZ\eyxsnkdZghlbhiZlhdzZfZ2d&  \ kemqgjZ[hlu
kg_jZz~"bhzdIb\dwftolhizfth"hjh~Z \ wlhfkemgZhklzZ\
bkljmdlInkjizkl _[fm~nhllebgZlitklblb_\hblkiheg_dbyZdh
dexqg_\ujbgpbib[hevrbgkHRKlnkl _HklZgmijkygbfb

<Jhkkllf_ lkyz"\&kn_ jZipbf g gbylb \uloogh
ehlbahrgzdthklb]lgmimjch\_dw]lhlh\ghkdb "hklZIlh%ey
ijbf_g_gbVhieb\gtpfbdeklZpbhgzZjghfthy”~_jghklZgh\db
>ey ]hh\ur_gbgy_h[oh”"hZm\bllgZijZ\e_gNbpabdjdlb_
\h]Hhieb\ghgbdeBijh\_"_glbkl_fgud[hk bgl_j_kiek
iemZlbjm_Bbkdharz\zZ_V¥ddNIhdzfzdb¥XajZ[hldkharZgb_
kl_g”h\liZauk bkihevah\Zdjblbyp_e_khh[jZ2po\m blv
\VINYP<GBBWWN KZjp\f_"r"m_fjzZ[hlkg_jZ~bhZdlIb\gufb
bahlhizib hjhNB]Im[ulvhkms_kl\eggdiehsZ*"dGPNF
(i. KZIbkh A:LHhjhKZjh\

< jZ[hlij_"~eh _qgur_gbyh nhjfbjh\Zgkt_g~h\hc
bgZmglglhke ~h\ZI_eWadthdhjuihalheynlk\hbllymkhY_]j
r_gkl\h\ZlvoghehhhjZzs_ghkpahlhiz¥b "hjh "ZIZd" [m
"mkh”_ckl\hWjlZgbazZiphBEah\ZI_e#~ghlc evghklh[oh
"bfhdeyn\ _ebq_otbke gglbkib\ur_gbmjh\gki_pbZevguo
agZgbgkhgzZelhfghd _jfhy~_jdh¢Zkeb

<\_"_gb_
>eyhkms _ kl\e bgibkAh gimyjZ\ey flu&dpbcjfhy”™ jgh]lh

kbgl_bBHEk\h_gbyghehijihdal\h*kifukhdhwg _j]l_lgaglbgh\
lj_[mxligsh\unbabqg_kdklZghWYWYb jgy_Zdphkbgl_gZ~iheZ
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]Zxlbkihevah\kygb eumahlhibA*hjhD2bT \ dZq_kbt\hfihg-_g
Ih\lhieb\ZewdkiemZIlEZgblby” jghklZghVYkihevamxisbc
Ibc\ex[hfrZz kZfhfbgbfZevghfebq KI\ [m _liky_jZ[Zlu\ZIlv
]Zah\nkx_k~ \uoehlihdzZfZ&a”_j Zsmjplbc\u”_eybvahlhiu
\h~rhjh?2yih\lhjghhkihevah\bglhyljhebjm_KpJhkZ ZIfh
kn_jilzd jZza”_egbhlhih "hjh"Z_h[oh” bZld ih""_j b\ZIv
kzfhh[_ki_q_dbgh&b¥hfzjzZ[Zlulghylbdkhkdhjhk]vk \urZ
xs_ckdhjhkib]hjZzgbyzZz~*bhzdlb\ghRhz"@zjzZ[hlZggpcZd
pbBLI/'Li +n Ijblbog_h[oh~tbfédn\e he[eZgd HXu” _ebbw]Zaz
ghkbl. &hfie_ &bkl _Ifhieb\ghpbhdgZZe — LB [1, 2] ihijZ\m
fh ghkgblZzhvghltca\Z g _crbkidbkl, § h[oh~bfuwoh|[_ki_q_gby
jZ[hlumklZghwdijz\ey fh]lpfhy” jgklhg!l @MMDK<Z gufb
az"zZqlZlhbeb\ghphbdeydeyxIky_ki_qg_pbahiZzkgitdkiemZIZpbb
mklzghYdbgbfbazZpdbybZpbhgdiemeadb jkhgBéddjm Zxsmx
kj_tmkdexq_mb_qljdlbyljb wihp_e_khh[jKbadjzs_@lZiZ
khbahlhitA*hjh@§ZmklZgh\gdZkdhewtihafh gh
<jZ[hlij_"eh _gur_gbihnhjfbjh\Zgkk grh\lngZmeggh
bkke_~h\zZ|l_d¥adhichjuh]mlulvi_j\ufrZz]hfihhk\h_gbkh
\_jr_gkl\h\ZghkXj_f_gduoghehhbjzs _gblyahlhiz\ftb*hjh~Z
ZIZd [m~nklh”_ckli\hhj]ZgbaZiplgBah\Z|l_evghlc evghgklb
h[oh"bfheym\ _ebq_aglbke ggtltbkilb\ur_gbmjh\gkyi pbZevguo
agZgbckhgzelhfghd jfhy”r jgh¢Zkeb

:dimZevghj@lphlihl_fZibdhieb\ghptbdeZz

<jZ[hl[3] ihA"jh[gh[hkgh\ZgZmZevgBkh¥hl_ fZlbdhi
eb\ghptbddBdzfzdhlzd \hafh ggn]jzffZZ[hlhih\ur_gbx
mjh\gynlh\ghKiblb_\ulo oghehllbg!l_j kkZoa”z\zZ \faNIh
dzZfzdbhj_Zdlhjgm&lZghglbohkgh\lhfbfhhk\h_glbkihevam _
fuol jZaebqouwadjzZ\e_ghymbbjhba\h*"kl\DdghehhlpiiZzs_gby
k bahlhizfth hjh~E ijh\_~_ ghbykke_~h\Zgbxighr_ghbdh
\udi_jki_dlb\guogheh]liZzd hif_qg_gZh[oh” bftkkhv \j_{f g
ghaé_j _"ZbuldbagzZghbrjzZ[hlkljblb _$qlh[w "himklhvizZ
lu mgbdzZevdhio _|_gphkc[4] hif_q_,ghlhi_jki_dlb\gMMLK
k"ebl _evgofdklZpbhgzZjguly~ZTfbe ghf_ Ivhieb\gypdde
hlebggud wdki_jbf_glZemgudbghbhld[_ki_qgb\glvj_julgmx
(klZpbhgZjgmx[hidmalZ a |lnj_af_jglygihdhie gdlyebq kI\_
ij_\urzZxs_If_filu]lhjzZzgby Zdpkbgl_\lRn0-1000jZ.a

GZjy¥YmqgZKkIR N\ jZz[hlzZdkharZgbXx"mgZjh"§dEfZ
d4_ZdIhJTER k2021 J|h”"2 _ckl\m_I*_jZevigjlhc dd¢JZa\blb 4
fhy”r jgumbggh\Zpbhgedaf gguomgheb]hdfie dkghte
liZffucdZa\blb oghdboghehbm&Z mqggakke "~h\ZXdlheZ kbt
ihevah\zgbwyfghweg_jIb@hkkbckthe jZpdd jbhA"h2025 ]»
ijhre_gghgkjhdh2030 |h*"X\b~rn_" _jZevgjhdkd ogheh]bb
| _jfhy” _jgkblgl»azZhklzyzZpijh_dGh\uzZlhfgubwg_j]_tbqg_
kdbl_oghebk]bibfbfhwlh]hi. KZIbWebalpKZjhj\_Zebamijhky
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liZffzkharzgbgpbhgzZevghdhiababdib fZl_fZIbd6PNF
gZijZ\e_g@ZKha"ZgbklZghded kkZ-Zfb~bkZcgklZzd eZEh
jZlhjbch1ll gZijzZz\e_ghyfq«Nbabdahlhikh*hjp & jZfdZo
wlih]@®pzijz\e_glZyZzaGPNFh  _l[ulvj_ZebahdBfie_ ek[hjZ
lhjgual_g~heynwk\h_gbhyljZ[hldboghehhpjZs_gblyahlhizfb
\h*hjhRzh~r" _j"dkha”ZdbM LK kbeki_pbnbldhjblhjb®P NF
(adj_"~_eZibhsZ"dINYRRGBBWNZ[hIKIjblb_fh  _l[ulvaZ
Ijm g —ng\yaIwabfp e_khh[jBERggbqgblvkly kiI\_g&af- |
“Zgb _fijblbw A _ thb\h’\hjh(‘uhfure gghl]]fhba\h’\kl’ﬁéy
bkke_’\h\ZLgZJd:bH[JZah\fGPNth _Mulvj_Zebahi\Zgucwl!Zi
ij_"ez]lz_¥@tijh]jzffuyzZ[hihih\ur_gbmjh\gwnlh\ghKilp
Ib_\ub ogheh{bgl_j_ kkhea”"zZ\zZ \fuaMlhdzfzdahj_"eZzZ]Z_fhc
ijhljzffij_"mkfhlj._gu

- Kharzghhfie d&Z[hjZlhjkdog”heyjh\_~ gbkke-~*
\Zgblememagr_Qgby evglkok!| Ithieb\ghjbdeZgZgh\uababq_
kdbbjbgpbizZzomemqr_ggadpZzd|l _jbkib&BEalrZdBdblol _g~h\
g_hlyazl,gwdjzcg_ezZl_evegfh”r]hlh\dbkhgzZeeAemqr_gby
0ZjZd!l_jbkbkd_flup_epf

— KharzZdgbbieb\ghdhde&gy_jZz*"bhzdIb\malibhiz\fb"hjh"Z
| _klbjh\Zdlh_kmjkghukiulZgbky &bkl foh~kh\f_klgjzdhlu
(bgl_]jzZpbghfie_ &bkl flh™ _lfulvkha”"ggdex[hdehszZz/sdeb
ahkldMMUKdZfzgrh_[m_.lky

<k\yabwlbZ\lhjz2\tbrblky e_khh[jZaduf\hfwlZij Zeb
aZphphljzffuyza\blbyoghehliPknhjfbjh\AI@GPNFj_"eZzZ]Zz
_fucdhfie_d<|d_g"H‘\eij[hIukthZ[bevgub‘thhiZib’\hjh’\Z
k\hafh ghklvix _jki_dlbi\hemqg_ghy gagble)Z[hIU<«IjbIb \hc
f_ldkclh?]hlih\dZ "jMeyZ[hlgzwlhthfie_dfh_ _Ihkms _-kI\
eylvKkyjy” ijhnbevgtpjZah\zZl _ehpZgbazZpbckghdhglzdl _
kiehsZrdhlg&Zdhlhjhjm "mEkaf_ s &u_g*wZgguwlZihalhebl
ihemgbdvh[oh~bfuimljZ[hlk | _ogheh]lbWwkgh\guZjzf_Ilju
bozjzdl_jbkipdb kkh\brmebahkdbhckbahlhihArhjh B4
jZ[hlZlv.ahizkdguhkh[pZ[hlk bkke_~m_flufbgheh]d&q_I
hlkmlkl\dyh[oh~bfhilbpbZevouke h\lwdhha\l\helhlgZgbl_evgh
khdjZIbdyhdbh~]1hlh\dtf_s_gbeyZ[hlumklZghbhidemq_gby
jZaj_rbl_evyghemf_glZpdthabadZljZigzh[_ki_q_pgb bZpbhg
gh¢_ahizkghkhlb_s_gblydhgljhbyemqg_ighkhgzZeZz

>Zevg_cliZyhlkfbgbfZevg®hzZqbfBdIb\ghklylxibybeb
g_angbI_eok/kgan‘q_kII\jlh)ﬂb,ym"h\e_l\hjyxls}Q[h\Zgb@/jfZ[-h
IZf\ihf s_gbhMolv_JheZkkiZkghKbbzrZgghwlZiljblbdm~” _

_‘gbkke A"mkifunsyzZar_ ey Vus klWwd 2 \dZqg_ k]Z’\bh
ZdIb\ghcld)blha\hebljbnbpbjh\mla/mq ggd_j\hfwlZi”Zg
gu, iZjZf _ljboZjzdl _jbkipddb kkEYZd ihemqgblZggihkgh
\ZggugZkh[kI\_ggBebhzdlb\glhklby hidZeb[jh\Hlhjm"h\Z
gb”eyZ[hlkbhgbabjmxsdémq_d¢jblby>ZggyZ[hldhafh"
ghhkms_kl\egyaMhjm~rh\Zigbbhf_s_gbydhlhjubkihevah\Zebkyv
gZ_j\hfwlZijZ[hlLuijb mkeh\iheemq_gbwnl\_Ikl\mxjsZeg +
gbdebp_galhfi_I|_glgujoéZgdphp_kikhemqg_p @/J_rbl_evghc
Ahdmf_glZdphabh gdh\f_klIbdiv j\ufwlZihZ[hlu
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>Zevg_cmblZjuj_"mkfzZljb\Zxstba®Z &bkl flublb_\h]h
Ilhieb\ghjbdegZhdzfZ&lzd fh”_elgblb_\hlhieb\ghjbdez
ki _e \Zglghcgp_gljZpbblby\ jZ[hg_¥zZa(b jZzkkgblZgghc
[hevrhdhebq_KJbhby kbkl_jZb]mihke_~h\ZIl _ jeZglhah\ZIlvky
gZiehsz~thdzfzkljz Zdlhjgulfbogheh]yjfblmxs_&alZfdgmluc
Ilhieb\guydbdeeyj ~hl\jZs_gbyhkzZlfhkn_Jfjblbyh[jZamx
s_]hkyj_Zdplbgl_gb bkihevah\2glkb_jb_\hHieb)dieh
SZN"dINYRKRGBBWN'_klyZzaj_r_gwhiuljZ[hlk[hevrbdheb
g_kI\Hfblby\ khhI\_lklWxgb h[oh” bfhlblvkxjh ghdZjlhlkcha"Z
gbyi_jki_dIb\gMMLKj_[mxsblok\h_khklZiheghfZkrlZ[guc
ljblb_\udieb\gwpdde

>eWuyle _gbpplbg_kdboZklb¢ oghehl]llpc[mxsbrhjZ
[hlIdR], Z\lhjZflueijh\_"~ ZggZelbhak lhydtky_i_dblh\ghHKklko
gheh]kthqgdéj_gloywijbf_g_ _gbyPlhdzf48Z]. <u[hjdZg”rb"ZI
guol_oghehjpcba\h~*b&khjzZfbijhp_kkihgp_ilmZevjgphidh
Ibjh\ZghP \u[hjhilbfZevghjobl_dIfR2j8] klZpbhgzZjdua K
(\Mhfgbkel _jfhy~ _jghikblhggbdhtljhyhdlZzd hp_gg_e_\uo
ihlhdhkhklzZ\Zzd&11].

KijmdImpXhklZ\hfie_dkZ

Dhfie_#&k g~heywljzZ[hldboghehlbjdhy”_ jghibteb\gh]h
pbdéZZe—-Dhfie )dik_"klZ\ekh[htazbfhk\yaZgfhjZlhjgu _
kil g"lkhklhystb)a_meqghﬂhJm’\h\Z(gbZ/g"ZJIglblelhkl pbZevgh
kijh_dlibjh\Zglgbpihlh\e _yghid ihf_s_gbih~"]hlh\e _gguo
"eyhkms_kl\e wgdkyi _jbf_gdt\jZ[hldbogheh]b¢fhy” jgh]h
Ilhieb\ghdbdeyZZAh” _evglZoah\kd_kyodexgZxju\h*Wb]_ebc
0ZjZdl_jgegjZaebqgkiok!| _EP Ij_“eh’ _ggd¢_Zebazpbb
ie_dkdexqZ\ k_[kbkl_fuldZgdbh™"_j Zgb&\e_dbyh”*_ev
ghazdmmfgd jlhdzfZzdiZzj_jz[hldbdZgb\Zz JiZhah\tké kb
(«k\uoehmiZhdzZfZda"_e_gbjya”_ e _ldblylhikA*hjh~agZg_gby
bahlhitA*hjhdZjm]b@ahXgzZelkaXklzhdhebq_ KRRV »

>Ze hibkzgZsZkljmdIngBfie _dkEgh\gaZ~Zgbr_gb_
dhlihjuid_"ihez]z\lagr"wdkiemZ]| ZmtkbZD hfie_dhkxkgh\gu_
| _ogbqg_kdbzf_ ljullmzkl I¢_[h\Zgijyrty\ley fdig_ rg _lrg
nJZkIdeImhfle dicZjZzkkfhlj_dbebqg_kl\fkhgZedkiemZlb
jmxs_Jbhfie_Oklhbfhkiyhjm "h\2ghyys \[khhkID\hfie dkZz

Dhfie_dkkeh\ig" el gruqZkiDhfie dkdexgZxshb _
\k_[W[hjm~h\Zlgithf_s_gbty[t_"bg_gouijbgpbimr_gblys
ghakgh\ga£"Zqgb

- Kl _g¢GZkhkdhgljhé¥\e gby

- Kl_gd _j jZ[hkdZoemmiZhdZzfAdZ

- Kl_g¢OjhfzZlh]jZnbqgjxah_e lgdbhlhibtA*rhjhZ

- Kl_gKhj[pbhgghZeehgghZzg ol hjh"Z

Kl _gdh~lhlh\dZgZe]lzaah\lbd_k».c
<h[s_ftkemqZ_"ihezZ]ZkH\y_klgjzaf_s_gbl_g~tb\kih
fh]lzZl_evgkbkl, 1ZdbdZadhj\Zdmmitgad¥Y gdE~ "hkgZ[ , gve- d
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ljhkgZ[  _.gbhkmturz\e glh[ZeehglZzazZfh]mlulvjZzaf_ s
gudzZdihf_s ghbhfie dkzZbaZ ]hj "~ ezZ¥ki_pbZebabjh\Zgghf
kdezXIl_gMh]mfulvh[t_~bg _lkguvkim[hijh\hAHh\[smXIjmd
ImjeyfblZpbjphoh ~_glyah\k€_kbh kbkl_fZfblb_\hlhi
eb\ghptbddZjfhy” _jgh]BdIhjZgZeh]biggheh  _ghial.
Hkgh\giuZjzf_ljkl_g~h\dqiZklbbkl _fu

G _h[oh~bifehyszitif s _gbyhfie dkz 200 f2
lehsZ™Md_g~bh[hjm~h\Zgby 120 f2
HnbkgiZeghsZz”v D f?
lehsZdeZAZm]h _ D f
Dhebq RHhhjh§Zehsz d_ AR5 d]

Kl_g*"Dhfie_difzZz*klZ\eykdl[htZzd_IbI~_evgkmk| _lhi
eb\ghpbbddZMLXmf_gvr_g§bkriZ[kflZ[el-\dZg_Kkj\n_
j_gkgugZq_dlesjhba\h”bl_evégbklbiffb\_~ ghlhdblhi
eb\ghgbddajh_dIZ?FHLBG2, 10]). Dhfie_#k”"_j bhevdkbkd|_
fu LR fZzd_Ibjh\zZdblhjup_e_khh[jXagdljblb_\thKiheg _.gbb
>Zgghh[klhyl evikiBhheyknms klI\_mdhgvrbileehszrbaZghbfz
_fu Dhfie_dkifij_"ez]z_flekrlZzkl_g"bRf 1Z[el) *hihegb
| _evghlhfRihkh[kI\rKblkl_fljblb_\hlhieb\ghjhdeMM L Km
"mI\ gbkeijhqg_Jkh”_j Zkbkl_fhgbkldbljblbazgbfthkn _ju
ihf_s_gbaglheynklZzghfdlbrizZ[igh_dIZER ijbf_jglgZdhjy~hd
\_ebgbgp_ \urzZz_1j_[h\Zghyijhba\h”bl_evgkbkkb ijh_dlZz
>?FHLBGh dZzd&e_"kl\BZgbfz_tubiehszZrbzdbh[jZahg_
\ihegdhjj_dl&hz\gb\Zijv~*rez]Z_fnkefie_d&kkiheghfZkrlZ[guf
lhieb\gufbdeMMLK |_f[he,«ljblb_\udZ\h»hifh_dIZER —
Neyj_ neZz]z_ _fhhhie _dkizhjfmebjh\iZ\dp elbaz”rZbebggu _
hlijb\_"~_ggiglof_jh\

LZ[elp Zz

lihba\h bl _eviEhkdohkjZ\g_gkkibkl _fZEP
neyjh_ dIZ?FHLBG

<l an lihba\hfb  Kbkl_L2 lihba\hfEZkrl1Z]
-9 | _evghklv >?FHLBG | _evghklkl_g~z
GZkhkdhgljhdw 5107, 11,3 2,&102]
rzve aby | fhehk HidZqaizizdz > 00007 110
_i_iz[hidz| >rsdon| T Z99 0 1 S o 6a0n) o)
«\uoemi¥hdZfZdZfhe/k \ur"_e _dhieb\z fh ehk
Ojhfzlh]jZnbq| k o | 1i_izjzIib\dzph\k N
jZaA_e_tga)rLlhihff%l;O\;(' ojhfZIh]jZnbyAy %fyhle?\k 1:10
\hAhjhArz sbcihlhd
Khj[pbhggh|
Kbkl _©4Zg _gby i
b[Zeehgth_g_;bthO]Dz bahlhithAhjh~ 2 500 ] L» 1.5
\h~hjhnrz
Kbkl _thglihbggZ
'h]AZ]QLQ}k%ZEZfba - ebaiZogheh]bq |kdbe -
K- iZjzf IjRLP
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GX&l_g~go”iheZ]Zijlkph "bbkke _"~h\ZhgdZFijzZ\e_gbyf
—hljZ[hlgyrdexq_\lbooghehglch\j f ggudog”Zo
—hljZ[hldZoghehblbclh~bdijZ\e_ ¢pE¥IhfZlbazadbhg/h\
—fh" _ebjh\ZgbeZkh\Zighg\tfc klgjlkzdhlkl_g4h\
—h[mq_dbh\ur_ghbd\ZebnbdZjpgE[hlkbahlhizft*"hjh"Z
—j_kmjkdakiulzglhyljheh]b¥j

1. Kl _geGZkhluhgljhenZz\e gby

KI_gft_"klz\ekhl[htukhdh\Zdmnbfigkiex *h\Z|_ emlkdzn x
gh\dkZzgZeblbqg_Kkdgm rh\Zgdb kfl _fkboarZdbly*]hlh\fdah
\uokf_k,_fF kb\_jibf\thafh ghklybkh_"bg \gynmfguwdkhkh)\
bdhfij_kkhjKl_giy_"gZagZ'eygkke ~h\bdlkyulZgbZdmmfgh
]Jhh[hjm~ h\Zlgb¥ khkjZ\aebgglhogkljmdbpcevikij_~_e_§loy
fh ghklibbobkihevah\Xgbkl fHolb_\hlhieb\ghdbhdeZMLK

JZ[hlgzk]l _g™he gkhijh\h ~ZIyKkkqg _1zZdbh™ _ebjh\zZgb _f
kp_evbksZl_evghjh ~_e_@gbgzZgbabhikh[_gghkZ[kblwZkh
khb\ZdmmfgHhim~rh\Zgbyh]lwdki_jbf_pbkiulZgblyhjm~h
\Zgbyzkl _gMfh~_ebjh\zZygbe guhal\hebdpyhkgh\Bkihevah\zZ
gbl _oghehlteshlidZqdZfZ&Z_g”™he _idhal\heyij\h”"blbk
iulZgbdjbh]_ggiiihjm "h\Z{dpyh] _ggdg_ebelmgZkhkxhhml
gudtbnmabhg@khkhhj\ZdmmfigmoégugpZkhkhhj[hfhe dmey]
guagZkhkijm]bbo hh[hjm~h\Zbygly "gZagZeyd[hlkh
klZ[bevgwfdhlhiz¥i hjhtiZhlbd*_cl_pbZlZzd ]Zah\kd-
k_gzbohkgh\Hkgh\guzZjzf_ljbkiulu\Z_fi]lhjm~rh\ZgBEkh
ky, dhlhjurthe gliulvbaf_j_deyZaebgdiZahbokf_k _kih
fhsvxkl_g?id_~_evgitZ\le _padZ\bkbfhikdtjhkihbdZgdkjhba
\h”rbl_evghklZaml_i_ghhfij kk@dghr_gbuoh”?ghyB\e _gby
dioh~rghfid\e_gbvey_ e \agZqg_gjthdal\h*bl_evdghkkdb\gu _
iZjZf_ljbkiulu\Z_fHjhjm "h\ZgBEygbdZ\e &y m)nth th
ju_"he glulvbaf_j gweyjZaebqgZ@ahh bokf_k _Ilcihfhsvx
kl_gnrbzizZahgpd jy fuoebgbglZeb[jh\hgyuwnnbpb ~glu
]Zah\ké_ k. meydhgljheZkohZaZhe glulvbkihevah)\jZdgn
eylhjuzkohZa2eydhgljhé¥\e ghtwe glulvbkihevah\thgu
jhdh~*bzizahgghklgtZlghbdbf[jZggbbhgbazZpbhghgbdb
"exhhl\ _lkl\mx8b¥khzZahg¥Xe gbc

>eyZaf_s_ogddyg1Z [m_likshsZvf g 402 k\ukhlhitr
lhedhd f g 3 f. KI_g”he’ khklhybake "mxsh]Jhjm~h\Zgby
(kf jbkl):

—\Zdmmfhgitc feyhabjh\ZmAbkke_~"mhfhim~h\Zgb _

—kbkl_fE~]hlh\dbhabjh\ZlghaZz

—kbkl_fB"ZghoeZ ~"Zx3dhetfgzhkghl_ iehh[f_gdbt2
e_J)belbkihevah\Eghgbqg_ R&AKIj_[m_fyZkoh?hf

—k_j\bkgWZdmmfgZkhReyw[ _ki_q _gbl[oh*bf\fZdmmfZz
bih~"Thlh\HBb g~*Z

—kbkl_fHBIZgby

—sblumijz\e dlwe dljhgrdiZn;u
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—kbkl_fzgzeblZahh hkgh\gudjzf_Iljhi\hp_kkZzZ\e_gb_
bl_fi_jZImjZzkoRZah\

—h[hjm~ "h\ZdgleygZ]j_\XZdmmfghJh_fZb bkke_"m_fuo
mkljhcRiyjh\_~_glbkke_"h\ZjdjZaebqdyhfd_jZImj_

—]1_jf_IbqgglZyah\zZyfZImpeykh_"bg_lgbhyym~h\Zbbhhjz
]Zah\ujd [bl. 7

—0jZgbeb[&ZeehghkhkmnNhW“~rZ\e ghk]fZzazfth]Zah\ufb
kf_ kyifb

—\kihfh]Zl_ewghim~h\Zgb _

JbK.Ko fl_geBzZkhkdhgljheZ\e gby

<Zdmmfpptc feyhabjh\|ZmA\bkke ~mhfhim~rh\Zgb __

<Zdmmfaitc fg_h[oh™bdyh[ _ki_q_pgb\ghf jghdkij_
e_ghbw\e dygAoh bkiulu\z_fhhjm"rh\ZgjZz~b_d\e _
gbyw2oh”M bkiulZl _evigihjm~h\Zghhe  ig \urZl¥y% \~hev
"bZf |k _"bgbl_eiguo<Zdmmfgitc *he  Jalvh[hjm~h\Zg
MmfyhjlzfBeyjbkh_~bg bydylu\Z_fhlnjm~rh\Ziglhhgh~guf
"bzf_ ljhgf_f_g_400 ff b200 ff, khhiI\_IkI\. ®dire bqg _kilA hl h\
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fh _Ifulvm\_ebqg<gdmmf@ltc *he  [ulvg f g 05 bg_
[he 2 fih\ukhl_

Kl_g”he [wlviuiheg bgfZl_jbzZel)_ki_qgb\Zxsbl&Zthqg
gucrtbgzfbg_ Ka&wenm¥Zdmmfdhf fg om 10° f[Zjijb dhA
gZlgHcfi_jZImpey JZazZpdbdbmmfdhlec he  [awlvh[_ki_qg_g
kbkl_fmce dljhh[hjhNZfi_jZImguf_ g 200"K Ijhba\h”~b}_ev
ghklk_j\bkgudadmmfguzok hkkN_g”*he gBE[_ki_qb\El¢dZgdm
ij_™"\Zjbl_evighlhlh\e_gdhih]Zabjh\zZggh]hmfgh[th fz I
1[Zj*M0°f[ZjaB0fbgmljhp_"mijz*]hlh\db_]ZazZpbbmmfgh]h
hit_fg ~he gid_\urzZl24 qZzkBZ|l_dzygbZdmmfdhhf _fihke _
ijhp_~mja~r]lhih\dB _]ZaZgbbdbhe gh _\urzlv0® IxfJkijb
dhfgzZlghdi_jZImgZdmmfgitc ~he  [qulvbkiulZyeyZ[hlu
k\h~"hjh~"hfbzZiZzahg\e ghly0° f[Zj~nO[ZjijbdhfgZIglhd
i jZImpAM [Zjijbl_fi_jZIn2p0"K

Kbkl_fBE~]hlh\dbhabjh\Zlgdanh\

>habjh\ldzzahba\_klgkhklz¥be glailvhkms_kl\eg ZgaZ
NZgghofj _Imebjm _mhfi\ghlhdiZaZ2ey*habjh\gbh[oh”tbfih
ihevah\gbwjh\y_]meylhfkoh]Mag gqm\klI\bl_edgh"mzZaz
_Iz\e_gbk fi_jZIimgelh _]meylhgm\ki\bl_evdgh~mZaz]lh
| _fi_jZIlmg~rZ\e_gky_h[oh”~bfufbeb[jh\dBEfjBkqg_lguZkih
jblfzfbHIdehg_tbebgbohuhdiZzazaz”~z\zZ jfhljaneylhjhfhdZz
1Zag_"he gid_\urzZl2% hlaz~"Zgdhebgbglu]meylhZkoh"Z
]ZaZhe glh[_ki_qgb\gdkoh}ZaX ke _"mxshdwZiZah@®Adelo,
10-1000k f/fb g

>habjh\dZah\ \Zdmmfghd_fb bkke_~m _hffhjm~h\Zgb _
"he ghkms_ kl\eylhykg "bfZo

—j_ " bf«ijh*mvdlg_h[oh"bflZcbelkf_kyZahhklImiZbla
\g_rg_pklhqgbklizkmAht"Z\e_gl[deehpbjZgbepbZhke _
hldZgkllgZku\zx\kyfhkn;jm

—j_"bf«pbdebqg skagbdh[oh*"bfiZdelkf_kyZahpbjdmebjm
xI'VazfdgmihhfgImi\Zzdmmfgyt_+ bkke_~mhifhjm~ h\Zgb _
kbkl_fEAThlh\dbhabjh\Zgdah\

—ijhf_"mlhqgucbfqzZklMagbjdmebj\wnwazZifdgmdbthfgimj
gZkIMaihklmizZ\ N\zdmmfddt fbalg rg_ JhklhggbagzkIMaZz
ihkehldZgkhzZzku\zXZIfhkn (" ggyc bfrhe  _ihal\heyd¥d
mf _gvrZllZdm\ _ebgbthlevbg KRRZ

>im]bkbkl _:fu

KI_g”™he _fulvh[hjm "h\VZhglgbdzTibybaf_j gb¥\e _gby
\"bZiZzahtl0® f[Zj*MO0[ZjG f g 3 fdhklgpbnjh\u&Zligbdh\
kijZaebggublziZzahgzab j glbih]j _rghklgxfhe 0,1%g gm\
ki\bl_evgdiph"mzaz f_g 2 pbnjh\ud_nhjfZpbhg§dbgbdh\
kih]j_rghklgx[he 1% g _gm\kl\bl_edghohZa® f_g_2 pbn
jhluadhgbazZpbhdglgd dhukhdhyAdmnkfih]j_rghklgx[he_ _
15%, dZeb[jh\ZganjiZaebqggZahKIl_g*he  pulvh[hjm~h\Zg
d\ZAjmihevigudki_dIjhf_1jhd0 Z.f) ey gZelkdk|Z\Za.h\

OjZgbebgZeehgihkxhkm?iW~rZ\e gbk fzazflbb]Zah\ufb
kf kyfbhe glhulvjZzaf_s_gHj ~ eZibf_s glky g”r@jZgbeb
s _[ZeehgdhkhkmAhWZ\e _gb'hfe ghl\_qZzZlljv [h\Zgbdifhf-
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s _gbyfeyjzZg glblykmAhWtrZ\e gb>lhe glailvh[hjm~h\EfgZ
gbyh~zZqgllzahbaojZgbeb\skbkl_fim~A]lhlh\dBhabjh\Zjdyh\
Ihlj_[ghklbve _dljhiblZdgbhhhhoezZ »kgbd&Z h[oh” mihhq
gblvhf_j ijh_dlibjh\ZgZydmmflghjmr"h\Zgbkha”Z gbyg"Z
\IhfgbkadZdmmfgyZgwezZiZdgh_ "bgbl_evgagpWwZdmmfgu _
NZIlgbbdb " "he gkhhl\_lklI\hkZZyg" ZComFlat (CF).

2. Kl _ge&l_j_ jZ[hl&XuoehdZhdZfzdZ

KI_gt_"klz\ekhl[htukhdh\Zdmnbfigkiex *h\Z|_emlkdzn x
gh\dmeybkke_ "h\Zglhkiulzghyf[jZggulf_f[jZgghzZlZeblb
g_kdbbfbqg_kdbodlhjkiehkdbbdjm[qZlufbf[jZzgZfdhzhkgh
\_iZeeZ”"b_budgz”b_XiezZ\hg jzfdZbkke_"h\dgbgheh]bc
Ilhieb\ghgdhdeMMLK_"~iheZ]Zbkdke ~h\Zjdlp_kkihgbkldh
"hjhMZljZzaebqgumf _k_fc f[jZgguflibf _f[jZggdhzZlZeblbg_kdbfb
f_ Ih~rzZfejzfdZlwkke "h\Zjghyhez]Z gl&kyj\hfwlZibkihevah
\ZgbklZ[bevguaohlhiNh*hjh(tiZdhlbyw »_cl_)bgzZ\lhjhfwlZi_
bkihevah\Eobbydzq_kt\Ildb

HAghbahkgh\gad”~d4ppblb_\h]hieb\ghpihdekzh\j f gguo
| _jfhy” _jgm&lZghyhaly Iky”_ e _dbyeb\Zjblby*_cl_)blya
]Zah\ké_kthldZzg_gbaezaf_gghaf juZdgZau\Z_fHAloeh
i bexk\uoehigu@ah\(hl Zg]eexhaust gases»xuoehigkdah\zZy
kf_kkh”~_j"BI5%bahlhibA*hjhZagb 60 % [jblby0 % ~_cd_
jbybg_[hevrmbf_kvxjhlby "M %] _eb¥lzZzd ijbf_kgulZau
(ZIfhkn_joglawjlhgzZju\h?uf_lIZgm]e_\h*hp™jX \ g_dhlh
juokemqZyd_ kkBh”_j"ZRBEG-]Za(Zg]®lasma enchantment gases),
dhlhjurh[zZz\eyXéynemqr_igzh¥f_ljheZafugbfhlighkblkahl
Zilhg_hlgg_dhlhjym]dZau

>ew[ukljh}hjza”_e pbayh\ké_klgzZi _jki_dlb\glugfh
yN_jogumklZgh\ldkan ~Z _Wkyhevah\Zgb[jZgbaf_|Zee¥W\
Jimiiuy\dhlhjujo Zebamwhkiy B joijhgbpz_frekbbhlhihiA
"hjh2Eb ihiz"Zg9Bh\_joghklyZeebq_kdif¢ZgZlhfh\h
"hjhNZggbh]lmwnn_dlIbhjgmh”bgvj g —=*Z A\ hlkmlkI{pZ~rb
_glZ2Z\e_gb¥ggufclh1Zd 0Zjzdl_jbal® %k _e_dlb\ghklv
\h~hjh@imn_klg_j faf[jZgimhoh~bhevdahlhNh *hjhHrE "gZdh
hgijbf_gbfhevdYeylhfzZjghbojful]Zzazlj_[m_lkynZlhfbazZpby
<g_fgh]lhgbke vgakio jbf_ogZibhdZfZdfZé[jZgWNb) jZaf_sZ
ebkVv h[t_f b\ _jlhjEi_jki_dlIb\ghhazfzdZoggmxogheh]bx
ieZgbjm _ljloyf _gylv hldZqgudljm[daoklZgh\\gmIjhlhjuo
ke_"mzbaf_szZZVhfbaZlHhfbazZppdaih _I[ulvj_Zebah\dgZz
[hihkj_"~klI\bZdZevghb,eb[kharZgbukhdhqzklhjgajn"z
IhbkdZbemqgybro gblam”™ Hij_~ _eyhih\ghklwghehlkljb
f g _gBhyhieb\ghpfbdeMMLK e _khh[jzjagmkfhljglZzkl g~ _
\hafh ghblkiulZgkly joijhgbpzffélgZg

Kl_gh_~gZag2Zeygkke "h\Zjhlpy kkZa”_e_\dgbwhjh2kh
N jZsbjah\kd_k_lkcihfhsvxf_f[jZgghbled _f[jZgghZlZeb
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Ibg_kdhlZzdlhjdj_"~_e_oByZdl_jbKddjbzZzdhXl_jbze
[jZgwdZlZebaldhkdl), eyij_~_e_odbjZf_Ijhjhp_kkZa"-e_
gbYjZaebgguobfZbbkiulzgh f[jZggyoZdlhjh\

ljb jZ[hlkl_g™NZobfbq_kdbt[jZggulxeld _f[jZgghZlZeb
Ibg_kdpZdIfm mh~rzZ\Z]Zah\mk_kvh khklZfm*_ebjmxsmx
«\uoehiNZdmmfdBEE_juhdzfZaBf_ggkh”_j Zsrmahlhidh
jhr"Zadbkdexq_glhbfhyl]Zauth[Z\ey_fueZafrmeynemqr_gby
k\hckINZdbdZ&ahZjlhg_hdjh mdi_jguo Zdp@He); ijh
"mdliwzZbfh”_ckiléEwanfb\gmlj_gghb_joghklhdZfZkZb\ -]
IhjZKG@ GH bl 2

KI_g”he _igna\heyiih\h”*blbkiulZgbyhjm h\Zeblygbkldb
\h~hjhhZijbf_k_gzhkghfY_f[jZgguyoZdlhjZbf_gagtij_~_e_gby
wnn_dlib\ghklbkldZdlghr_gboh~rghihigp_glj2\hWB'hjhrZZah
\hckf_kHd\uoh”g{Cad Kewe) bijhba\h”bl_ev@hkhB hjh*\rmaZ
\bkbfhkhd"Z\e_gbyfi_jZImjwhklZlZah\ké_kbihlhdEZah\hc
kf_kb_j_jazZdlhKl_gfy_"gZagZeyZ[hlkhklZ[bevgwfdhlhiZ
fb\h~hjhizhlbd™_cl_jbZlZzd ]Zah\kbé_k _gzbohkgh\<dhg
kljmdpkb_g™"he glulvij_"mkfhlj\gafh ghkly_h[hjm~h\Zgby
NeyZ[hlkljblb_ h[Z\ey_fufZah\rkik_kwvdzZqg_ki\ldb

>eydhgljhezkohZa%he glulvbkihevah\iZgmeylhpk
oh"ZaZ2eylhgljhé¥\e_gYwye glulvbkihevah\Zfgilhk|gUZI
gbdd_f[jZgguw rbjhdh”bZiZahigoggbaZpbhhhlygbdeykhhl
\_lklI\mxs  "pwZiZahg¥Xe_ gbc

>eyiZaf_s_gly gNZ [m_lkehsZ~r¢Zf _g_20 f> k\ukhlhc
ihlhedg\f_g 3f. KI_g®”he _lghklhyd&ke_~mxsh]hjm~h\Zgby

—f_f[jZgguc ZdIkjhkt_fghfc f[jZghgZzhnkghkieZ\hXeeZ
"biwZgZ~hby

—dZlZeblbqg_jkdbt¢rheyjhl_dZgblyp_kkthadhlhigh]h_gZz
bdzZlZeblbqg_ dihdhcjkbb

—\Zdmmflghhjm~ h\ZgBkhku

—kbkl_fE~]hlh\dbh*Zq&Zah\kd_k bca\_klgkhlklZ\Z

—kbkl_fZgZebkehk|Z})Zah\kd_k_kwdhgljhékgh\gusdjZ
f_ljhVNjhp_kKZ\e_gd_fi_jZInmgZim]lph _

—kbkl_8Z]j_badhgljhkyfi_jZImjuzdlhjh\

—]1_jf_IbqgglzZyah\zZyfZImpeykh_"bg_lgbhyim~h\Zgbhhjz
1Zah\wjd [bl 7;

—kbkl_fBlZgby

—sblumijz\e dlwe dljhgrdiZn;u

—\kihfh]Zl_ewghim~h\Zgb _

Hkgh\gufibae ZKb _g’yYAeyxlklfy f[jZgguc ZdlhdZlZebibqg_
kdbp zZdlhkbkl_fiBA]hih\dbh*Zglzah\kd_k, kbkl_ZgZebaz
khklzZ\Zah\kbd_k bodhgljhbkgh\gugzZf_Iljh\hp_kkZ

F_fliZggycZdlhj

F_f[jZgguc zZdIMjhe _ig_~"klz\ekxlh[h¢é\modZf_jgaigm
mfiehlgub[t _fkdhjimkitbfag j Z\ _xsktZeZf_ jyzZa”_e _gu
f_"~nkh[ht_f[jZghlwabkke_"m_Kie]lh\iZzeezZNZygZ" "bhyesbghc
h10,025 2 ff. DhgkljmdjptZyd|Ih1Be gihhal\heydy ie_qglhm[qZ
luof _f[jZzgg_rgbfbzf_Ijmfl2 "n5 ff biehkdb_f[jZgadbzf-_|
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jhf hl120 ~h100 ff. <hafh gihfh_dIbjh\Zgb* evghlBEdIh{2y
dZ "hizf_f[jZgDzf_ju_Zdlhfhe glulvhkgZs_gah”guf
b\uoh”r"guZljm[dkheZgpkfZzg”"ZCFRZIheh  _gbZljm[dhhe’
ghh[_ki_gb\iZdkbfZzewghfydhglZdhdhdiZah\ké_kkf_*f
[iZghdDzf_jd_f[jZgghjhzZdlhfhe gliulvkh_~bg \guhfh]z
|_evgyEZcizkgliin[hijh\hNQf glbe_f

Jbk. Ko fEl _geZ j jZ[hkdZhioehiZhdZfzdZ

Dhgkljmdjptzydlh}he giha\heyy¥]j_ \ZIvi[jZgmBo0"K
=jZ™b _lglfi_jZImythedbzf I|jEhkdlicf[jZgbebBebglym[gZ
lhef_f[jZgw _"he  _ig_\urzZl¥W0 %. Kihkhgz]j_We "mhi]_»_
eblgzZwlZiijh_dlbjh\ZglZyZjblgjxzaf_ ju ZdlhgZ*he gij -
\urz1v,6 f. DhgkljmdfpHdyjZgghjhzZdlhfhe giha\heyjlZ[hlm
kr"Z\e _gbyZhH\b [Z]

>eybkke ~h\Zghbry dkX joijhgbpz_ ffhK[bZggujc Zdlhj
"he _ig_"mkfzZljb@hbazgikhq_JJhaZrewlh]h_e_khh[jZagh
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ijbf_g _ghlzdyzdZev,ghgdtb \ukhdhqgzklhlghkh|[B_hoh”bfh
bf _Ixhafh ghhklivjZlb\gdzZf_ggZzdZevghbb, &ZlZd bkihevah
\Zgbty[hblihkh[pla_h[oh"bfAkdjulbygklZgh\db
DZIZeblbq jkdbithj
DZIZeblbq_jkdddMhe _g_"klZ\eklw[htZdmirefhlguc
h{t_fkdhjimkbfg_j Z\_xsktZek h[t_f] Zdlhfhe glalv
azZdj_ ielge@v&d ziZzebazlhjBdpbahlhigh]H_gBel_Zdpbc
dhg\_jkBEZI_jbZedbhjimkEevaithe giha\heyllZzah\k€_kk\h
[h*ghhgbdZlymljMevaudhglZdlbjhkdPiZebaZzZIbBjihgklfmd
pbybevauy_ZdlhgZz*he gh[_ki_gb\Wh[h~gihhoh ~_g]iZah
\hckf_kB ijhkljzgkIi_"~"mbevatcdhjimkhfzdlhjZ Zdlhju
"he gulvhkgZs ‘gpihrguf\uoh”rguZljm[dkheZgpkfzZg~rZj
[ZCF. lTheh  _gbZljm[dhkhe gh[_ki_gb\fZldkbfZewghfydhg
lzdlihlhd]Zah\kt_kkdZlZebaZlhjhf
Dhgkljmdpeywanj _ZdlhtBe gtz _ki_qgb\alasfh ghkjk
\_ N _ghwdki_jbf_dljiraebqgufdblZzebaZzlh\jZibgbkehjhrdZz
fbf_lZeeb¥ki_pbZevghlobl_eyaf_¢Zklhd100 fdf(\ kemqgZ_
ihjhrg2 b ff (\kemagdZlZebadjtzkbl, @Zijbf gZibjZevgh
ijbafZlbq_kaaikZzMdebdhevpZdrb)lZH[t faZkuidiiZzlZebazlhjz
h120 fe ~h1000 fe <hafh gdijh_dlbjh\&ZIv_evguZdlhjweyd
N _evglmihdzlZebadléhpgt fhadZkuidb
DhgkljmdjplzydIhtBe giha\hey¥]j_\dbev&ozZlZebazZlh
jhfAMB00"K =jZ~b _Iglfi_jZImjdhedebglbevagu “he  _ig \u
rzivio %. Kihkhdgz]j_%&_ "nhij_~_elZwlZiijh_dlbjh\Z gy
[Zjblgujzaf_jp_ zZdlhgZz*"he guj_\urzl®,6 f. Dhgkljm dgpdizZ
eblbg_kdhkWdIhtBe gibha\heylAfhlkmzZ\e_gbyZlam\b [Z]
Kbkl_fBE~]hlh\dbh*"Zq&Zah\ké_k: c
>habjhhidhZ2Zgzahha\_klgkhtkklzZ\Z_f[jZgguxeldZIlZeb
Ibg_kdb&ZdlhjueBd bkke_"mhfhim~h\Zgbte gldilvhkms -kI\
e_gdZzaz"Zgbhfmebjm nipH\ghlhdjZa2ey‘habjh\gbh[-0oh
"bfhbkihevah\gdmjh\u] _Jmeylhjakoh4Zag _qgm\kl\bl_evgu _
dih*mzZaz]h"zZ\e_gloxI_fi_jZImpebj_]Imeylhgm\kl\bl_evgu_
dih~*mzaz]lhl_fi_jZImp ~"Z\e_gtkxg_h[oh”*bfudBeb[jh\dZfb
bjzkg_lguZle]hjblfzfbldehg _§dbebgbghlhdkzazaz”zZ\Z_fhc
j_]ImeylhjhthdiZag "he g4 _\urzZl2% hlaZz”"Zgdhebgbgu
J ImeylhdkohZaZhe gb[_Kki_qgb\ZlkoHRZa\Zke " mxs\heZ
iZahg@b-10, 10-100k f/fb g
>habjh\dZzah\f_f[jZgguxehdZIZeblbq_jk &hld h joe bk
ke _"m_Hphhjm~h\Z\dhte _ghkms_kl\ewlWkyp "bfZo
—j_"bf«ijh*mVvdlg_h[oh*bflZebetkf_kyZahhkimizZbla
\g_rg_pklhqgbklizkmAht*Z\e_gl[deehpbjZgbepbZhke _
jZa™_e \gbydlhjggZku\zZx\kyfhkn;jm
—j_"bf«pbdebq skdbdh[oh*"bfildedelkf_k¥Zah\bjdmebjm
xI'VazfdgmihhgIm(jdzZIiZeblbq jkd&lddhkjf_f[jZggujc ZdIlkj
kbkl_fE~]hlh\dbhabjh\Zgdah\
Kbkl_fZZgZetk&Xk|Z\Zah\kdé_k bedhgljhakgh\guaojZf- |
jh\ijhp_kkZ
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Kbkl fZgZelkdXk|Z\Zah\kdé k "he gllexqZd¥Z~jmihev
gucfZkki_dljhf_{(1@ z.f) bpbnjh\lzgZebaXhhhjh*bkl_fz
ZgZebds ghal\heyaf_ jykhkldZah\ulblhdhgZioh”\ f_f
[[ZgguadzlZeblbqg jkdb¢hgAuoh™a f[jZgghdElZeblbqg_kdh]h
j_Zdlhjimhlhd _jf_zZIlZ f[jZgghlhzdlhfiZadjhr_"r_Jly_j_a
f_f[jZo.nKbkl_fZgzZebd&z giha\heyijhba\h*thiMhjjZahhfjZa
guoijh[~eyihke_"mxsZgEZebogBfZlh]jZznbqg,_ kidbdljhf_Ijbq_
kdbb~rjm]bffo ITh~Zfb

KI_g”™he  _fulvh[hjm "h\VZhglgbdzTibybaf_ j gb¥\e gby
\r"bZiZzahtl0®° f[Zj*M0[ZjG f g 3 fdhkligpbnjh\u&lgbdh\
kih]j_rghklgx[he 0,1% g _gm\kl\bl _ewvighémzZaZ f g 2
pbnjh\ud _nhjfZpbh@rbgbdkih]j_rghklwyx[he 1% g_gm\
kiI\bl _evglid”"mzZa®t f_g 2 pbnjh\udjhdh”bZiZa hghggima Z
pbhggtdligbdhikhdhVAdmnkfihi]j_rghklgx[he 15%,dZeb]|
jh\ZggteyZaebgdidanh\

>im]bkbkl_:fu

OjZgbebsZeehghkhkm?imW”rZ\e_gbk fZaZflb]Zah\ufb
kf kyfbhe glulvjZzaf_ s _ghBj ~ eZibf_s glky 9g”@jZgbeb
s [ZeehghkhkmAhWtrZ\e gb'hfe ghl\_qgZlljv [h\Zgbdithf-
s_gbyfeyjzZg_dglblykmAh\Wt~rZ\e_gb>tie glailvh[hjm" "h\EgZ
gbyh"zZqizatmajzgbebskbkl_im~*]hilh\dbh*Z gz ahhhlj_{
ghklbwe_dljhiblZg\WwBhhoezZ " kybd"& h[oh mihhqghhv
f_j_ijh_dlibjh\Zgiydmmfgphjm~h\ZgdykharZdkbdyg" ¥Ilhf
gbhke\ZzdmmfglyZgweZiZgkwh_"~bgbl_ewvgzgpuWZdmmfdgizl
gbdbl.~ "he gkhhl\_IklI\hkZZg " ZComFlat (CF).

3. Kl _geKhj[pbhgdHZeehgphZg gbth”hjh$Z

KI_gftj_"klz\ekhl[htukhdh\Zdmnbfigkiex *h\Z|_ emlkdzn x
gh\dmeykke_~h\bolyulZgphoy jb hh[jZambiZelb pb Z ehk\h j-[
pbhggaoiZjZIhXaebqgghgkljmdpdywjzZg goayhlhihAR*hjh”Z
ZlZd bkiulZzgbydhklb&hkmAlkhdhlBE\e gbenyjZg_ glbah
lhihWh~ hjh"~ZjZzfdZlwkke _"h\Zgbghehlbiceb\ghdbdeMLK
ij_"ihezZ]Zblkke ~h\Zjdtp_ kkdpZg_gthy*hjhAZb”~ Jb” jb~h\
bk zZlh]lzaBij_~_e_dhebqg_RKl\&blyljblbykihkh[hA\ur_gby
[ _ahiZzkglkZly dblylby

WdkiemZIlZpjdhy” _jguoklZgh\Vhd*iheZ]ZbKihevah\Zgb_
[hevrh]l]dhebq_kipZIbyb “"jm]bbahlhiRh~*hjh*"Z gqZklghklb
\kljhys_fkyZdIhJER ij_"iheZ]ZbKiynevah\Zy@b00] Ijblby
Kbkl _fo4zg_glhlylby_ jfhy”~ jgrhklZghAdb glZ[_ki_qb\[Zly
hizkgih gz “gbjZg gk ]Jhjblbybkihevam \fhPhgZkemqgZc
g riZlgkdImzpb\Zjbbezd _qgzZklyblbym” gdZoh”blgZyhedh
\j_f_goghfjZzg_gbdyhkiheg_pbkohtEl_jaxkq_jlzZ*"bhzZdIlb\gh
lhjzkizbnnmabikjhkZklZIhggithebq_ KENfhkn).jKkbkl_fZ
0jZg_gbm”™ _kh~ _j"ZovZb[hevrdhebq_ kijtnlbyih kjZ\g_gbx
krim]bflobkl_fzZFbjfhy” jghklZghVdwlhfmg2Z2he giZlI\_qZlv
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fzdkbfzZzevduf[h\ZgbyfahiZzkgh&lbb[he[ _ahizkgu¥fey_ Iky
0jZg_glhblbyw \b” Jb~jb~AhNb wihfijblbchdZau\Z jZKky\hj_g
\I\_jrhezZzdh[uggihjhrhdnjZzd2Bjm]h]b*jbrhh[jZam%x&_]h
| _jb2eigdb dhfgzlighdi_jZImgb~rjbrhh[jZaxXZbcjbz&lZzd" _
dhebg_kawizk_gdhjhbWwu[bjzZzxlzdbh[jZah§lh[urZ\e_gb_
liblbyZAb jbAhgfij \urZell@? 1Z LZdbH[jZzah®Z ijbjza]-_j
f _Ibazplhhj[pbhggdjJhgbeblhevdh agZgbl_q¥gByplbyh
iZz" NZlfhkn.jmblbbale_dzml_§2z]j_Xa&j[_glZz

>ey[_ki_q_phbahizkgtkklhpbhgoydgbebjblbyhkh[-_g
ghtijhp_kkhj[pbth® _khj[pbhlmuihegyX\b®” *\modhjimkéuo
kmAhijhkljZzgkiih " AnmdhjimkzZfddmmfbjikIm™_ezZgl h[oh”b
fuf "hihegydhgkljmdphZgbeblkEZkl fz#dlb\ghjbhezZz ~ gby
(lzdzZdibkhj[pbbahlhihAR*hjhX*Z” ey &lgyZgbl_edigébqg_kl\h

_j)bb\gmljbdhjimkliga]jh (Zeyhkms _kl\e *ghkhnj[p.bbh
ihegbl_evgjuffh\ZgbdKhj[pbhggajZgbebsAty liky dheb
g_klI\@ZZoh~ys_Jhgiydjblbyljb wihbkihevamXZkehjbf_Iljbq_kdbc
f_Ih*hij_~_edlyebq_kl\i2Au”_e_gohlhameviZrbhzdlb\gh]h
jZkizApblby>ewlhlhkehkhj[_ghZklZgZ\eb\Zhb \ddglm]j
g_ihkj_~klI\ilgyh_~bg_dddehjbf.eyjzZIdh\j_f_ggmMh
g_ gbeijo jm]tboahlhlhh"hjhgzh[oh"tkfkukmr‘l‘u""Z\e gb_f
thhJuI_Zd ~he 'gluihegylvwky\modhjimlkhlieg_dbhath
eylbaf_j_ _gbtyebqg_kjbZbyhexf ljbqg_kfdbh~hf

Kl gN_ gZagZoeykke_"h\dbgkiulZgblyrjb hh[jZamx
sbonI_jbZebrk\hj[pbhggZquJZImXaebq@Iltn(gkljmd’peb)bJZg_
gbyahlhibA*hjh~"Z4zZd bkiulZgbfydhklb&hkmAkkhdh’lB\
e _gbvyeyojzg_ glbghlhiARh~ hjh?4db jZ[hl Kkl _g™Zbkke_ ~m _fuc
h[t_fk]b”~jb~rhh[jZamkBbfjbZepmm"mh*rZ\Zbwhlhith*hjh"Z
(ijhlbcbeB _cl_jbkeyij_~_ e _gbyfyh~ "bgzfbqg_lkdbg_Ibqg_kdbo
b~} k\hcklhkke_~m_fHAlhjbZeZkemqHBEKiulZzghyhjm~h\Zgby
(khj[pbhgauizjZlomkhkmRXukhdhlBE\e _gbeyjzZg_glhahlhih\
\hAhjhr2g _Thm2AmhAZ\Z\RAhjio{m2Anhlij_~ e _ig@guzf_ljkdh
jhklazZiheg, gbgkbfzZevgfh klftzdkbfZevrghcqldl. »
_glN_"NgZagZeyyZ[hlkhklZ[bevgufdhlhizfbrhjh~Z

(ijhlbcb~_cl_jb&Zlzd J]Zah\kd_k_gzZbohkgh\< dhgkljmdpbb
kl_g™he glalvij_~“mkfhlj\lgafh ghkly_h[hjm~ h\ZeypZ[hlu
kljblb ,fA*h[zZ\ey_fufZzah\rkk_kvdzq_kf\ Idb>eydhgljhéy\
e_gbyhe glulvbkihevah\ilghdh~bzZiZahgghklgbf f[jZg
gu bbhgbazZpbhgdgbdbkxhhl\_IklI\mxébkiZahg¥ke gbc

>eyZaf_s_gkly gNZ ~iheZ]Z bII«ly\evah\Zh\sZ"@mf-
g 20 f2 k\ukhlhihlhedig\f g 3f. KI_g”~he  Ighklhydake ~m

_IWm[hjm~h\Zgby

S j_Zdpbhghyuc;f

S \Zdmmfgphjm~h\Zghh~]hlh\db gz kke_ _~m fEuo
| _jbZeh\

S kbkl_fEAThlh\dbhabjh\Zgzdah\

S kbkl_f2ygZelhalhgljhbkgh\guojZf_ Ijhj\hp_kEzZ\
e_ghbl fi_jzZImkBklZXah\ké_k bc*jm]h _

S kbkl_#ZywzZ]j_Wkke_ ~m nikghckigdyijh\_~_ gbkke
"h\ZgbbjZaebqgyhfda_jZImj_
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S |_jf_Ibqgdzgh\zZyfzImf2zkh_~bg_lyhym h\Zighnjz
1Zah\ijh [bl. A;

S kbkl_fHIZgby

S sblumijz\e_dwe dljhgmZnu

S \kihfh]zl_ewjhim~h\Zgb _

Jbl3. Ko _fEI_g«Khj[pbhgbhZeehgohZg g hjh"z

Hkgh\gufbae ZzKb g’yYAeyxlkiy Zdpbhglgjuc,fkbkl A%
Jhih\db*habjh\Zghah\

J_Zdpbhggucf

Ii_~klZ\eykH[haukhdh\Zdmnmhgué\ dhihjhfzaf_s_gz
JbevakZbkke ~m Jfjb~rhh[jZam%EbfjbZebhébma ZiiZjZIZ
0jZg_ghghlhihA~hjh(EZKIZiiZjZIgGZg_gbRlhjZinfbfhba
ibAhh[jZamxBZIhibZ & INdexqZhgkljm dpeybl\h ZjZk
ij ~ e glbyezzdIb\gw_ iZkkb\gkbkl_fal\h~Z iezkbkl_fu
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gZlj,\MaeeydZehjbf_Iljbqgblkdbp gbxhgkljmdpZypbhggh]h
hit_f4dbevailwe guhalheyhj[bjh\ZQgv_g_100]"_cl_jbkem
gZmjzygdzq_kkhj[_glZz

Kl_g™he _[alviuiheg bgfzZl_ jbzem]\_ki_qgb\zZxsbl&thq
gucrbgzfbg_ Ka&wenm¥Zdmmfdhf fg om 10° f[Zjijb dhA
gZlgHcfi_jZIimpey' _JZazvdbdbmmfhlc he [alvh[_ki_qg_g
kbkl_ftwee _dljhh[hPyh\NZfi _jZImguf_ g 800"K Ijhba\h”b} _ev
ghklk_j\bkguddmmfguzok hkkN_g”*he gHBE[_ki_qb\El¢dZqgdm
ij_"™"\Zjbl_evighlhlh\e_gdhih]Zabjh\Zggh]hmfgh[th fzl
1[Zj*H0°f[ZjaB0fbgmljhp_ ~mijz ]hlh\dDd_]ZaZpbdmmigh]h
hit_f@ "he giZ_\urzZl24qzk®z|_dzygbh[t_fZlol_giBkeijh
p_~mja~r]hlh\db _]Zazgbthe gij _\urzIi0™ Ixf¥kijb dhf
gZlgHcfi_jZIm) Zdpbhgouctbrjm]bmaekd g™he glulv
bkiulZgteyjZ[hlk \h~ hjh~"AfrbZiZzarg@\e ghbi0>® f[Z]j h
50 [ZjijbdhfgZlglhdi_ jZImgA"HO[Zjijbl_fi_jZIn6p0"K

Kbkl_fBE~]hlh\dbhabjh\Zlgdanh\

>habjh\ldzzaba\_klgkhklzZz¥be glailvhkms_kl\eg ZgaZ
NZgghofj _Tmebjm _mii\ghlhdEZaZ2ey*habjh\dbh[oh"bfih
ihevah\gbwnjh\y_]meylhgkohPZag gm\kl\bl _edghurrmzZaZz
]I z\e _gbk fi_jZImgeh Jmeylgm\kl\bl_ ewvghir*mZazZ]h
|_fi_jZlmg~rZ\e_gkyg_h[oh” bfufbeb[jh\dBEfBkq_lguZlkih
jblfzfbHIdehg_ygbebqgbghuhdiZzazz~z\zZ _jfhljeneylhjhfhdz
1Zag "he g4 _\urZl2% hlazZz*"Zgdhebgbglu ImeylhfZkoh"Z
]ZaZhe gwh[_Kki_qgb\gdkoh}ZaX ke_"mxshdwZiZahdadelo,
10-1000k f/fb g

>habjh\dZah\ \Zdmmfghd_fb bkke_~m _hffhjm~h\Zgb _
"he ghkms_ kl\eywlMMiyp "bfZo

S j_"bf«ihAZgbbahlhith"hjhtEkImiZkla\g rg_Jdklhq
gbdhkmrmwrz\e _glf[ZeehpglbyZgbepdd Zdpbhgpptc f
bebkiulu\Zz_fhhjm~h\Zgb_

S j “bf<pbdebqg skdmhlhith *hjhbd2tkf kyZahjzbohk
gh\ pbjdmebjmakZfdgmihigIm(j_Zdpbhggltc ilbkke_ ~m_fh_
h[hjm~h\yghbbkl_fE~A]Thlh\dbdbhabjh\Zgdeayh\

>im]bkbkl _:fu

Kl _g”he _fgulvh[hjm~h\VZhglgbdzfbybaf_j_ _gb¥\e_gby
\"bZizahtl0° f[Zj~*MO0[ZjG f g 3 fdhklgpbnjh\u&Zligbdh\
kih]j_rghklwx [he_01% g_gm\kl\bl_evigjhdmzZas f_g_ _
2pbnjh\vo nhjfZpbhgalgbdhilh]j rghklgx[he 1% g gm\
ki\bl_evgljd"mzZa® f_ g 2 pbnjh\udjhdh”bZiZa hxgggipa Z
pbhggtdlgbdhikhdh{Bdmnkfih]j_rghklgx[he 15%,dZeb]|
jh\ZggteyZaebqgddah\

KI_g”he _fgulvh[hjm "h\@gZ*jmihevfakki_dljhf_Ijhf
(100 z.f) Wbebhilh\hehdhghafZigi_dljhf_ljtDJK"eyZgZebaZz
khklz\|JZah(\_jhylghZz~*bhojhfzZlh]gZzreb[jh\ZgghudjblbX
Kl_g™he _[gulvh[hjm~rhdZehjbf_Ipfefypaf_j _glbyehh[jZah
\ZgbprjbrghZauj_Zdpbhghlghtf £ 1ZjZf_ljdZehjbf_%tphze"
gufulvhij_"~_e gdvl|Zijh_dlbjh\Zgby
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OjZgbebgZeehgihkxhkm?iW~rZ\e gbk fzazfb]Zah\ufb
kf _kyfbhe glulvjZzaf_s_gBj "~ _eZibf_s glky 9”@jZgbeb
s _[ZeehghRhkmAhWt*Z\e ghb hfe ghl\_qZlljv. [h\Zgbdifhf-
s _gbyfeyjzZg gblykmAh¥trZ\e gb>le glailvh[hjm~h\gfgZ
gbyh~zZqgllzahbaojZgbeb\skbkl_fim~A]lhlih\dBhabjh\Zjdyh\
Ihlj_[ghklbve _dljhiblZdgthbhhhoezZ » kg bd&Z h[oh” ihhq
gblvhf_j ijh_dlbjh\ZgZydmmfigthjmr"h\Z'gbkha”Z &byg"Z
\IhfgbkdZdmmfguZgweZiZdkh "bgbl_ewvgagpWwdmmfgu
NZIgbbdb N "he gkhhl\_IkI\hkZZg " ZComFlat (CF).

4. KI_geOjhfzZlh]jZnbq_jkadd™ e gb _
bahlhihh~Ahjh?Z

KI_gtj_"klzZ\ekhl[htukhdh\Zdmnbfigkkex "h\Z|_emlkdzZn x
gh\dmeyokke ~h\dgbkiulZgbyhfZlh]jZnbq _dkidepgdylZzd "™ _
\kihfh]zl_evighijm "h\Z'oebyy[ _ki_q_ighp_kkzZa”"_e_lydlylh
ih\\h~"hjh~ZjzfdZbkke_"~h\dgbgheh]breb\ghpibdeMM LK
ij_"ihez]z bk¥e_ "h\Zighp kkhl\hfzZlh]jZznbqg_kdhThe gby
bahlhihbh*hjhAdhfqgbkdhemqg_ij_juldgiufibhb*Zfbha”™Z dplhi
JZ[hldE[hjmArh\ZYydyZa”_e_pbirlhiRh*hjh™gdhfZlh]jZzrbq_
kdbf_Ih~"hfeyZevg_cblkoulZgklghlb_f

< ljblb_\hfhieb\ghgbdel jfhy” jgmklZghXmds_kl\m_|I
g_h[oh~bfikkla®Z\tHghbahlhiguhdbeyh[_ki_q_jgdnlg-
dhlihjudkbkl_fij_"~_\k_]hkbkl_fi_ee-blg"_dpblb bg _dpbb
g_cljZevguklbpjb wihihke\lu”_e_ gblygbkldibieb\Ea\
oeh»dezaf_gghzdf_jbahlhigbbklZh”~hjhf&bathd®0 % kf_kb
[jblbyp”™ _cl_jlkg_[hevrhbf_kvikhlby<k\yakbwlbiLP\haghb
dZ_b_h[oh*bfhjidla”_e_ _dhnlhinkh~*hjh*rZZa”_e_lahlhih\
fh ghhkms_ kl\pdaebqgufdh”rZfiHkgh\guf Ih*h§Z*Zgguc
fhf_glk\ey_ Ikylhdjbh]_gdhdlbnbdzZypbYhjh~dhlhjuithath
ey Vg _ ij_julghf 'bf ihemqgdhihdbahlhibZ*Zgghgp_gljZ
pbbF_ThozZjzdl_jbakukikkgbfbg j] _Ibqg_ldbjBlZEphevrbf
dhebq_klh\bflboyw "bAdhfibA >jm]bf_Ih*"hjza” _e_Bghaklhih\
\h"hjh4yXey layhfZlh]jZnbgjxdh_e. glieZkkbq_lkklilhfeg
gbhza”_e _ldhlhihhbkohAbil jbh*bqg_Kdhbf. F_Ih®dZjzZd
| _jbam \lklhdtkd_i_gyXa”_e,gbyhevridhebq_kI\thfhjh"Z
\kbkl_ ,fgbadbWwy _jlhazljz<gfbklhysj fyhijh[h\Zghemqg_
ij_julgul_"bfuZ[hlwjhfZlh]jZnbqg nkidiZg h\Hkdfqgbkekbk
ihevah\zZgjlzafgulohj[_glhdhlhjuijb[eb Zxlklgijhba\h”~bi_ev
ghkldf_Ih~chijbh]_gghdlbnbdz\ghwhjh"&ZjhfZlh]jZnbgfkdb _
lh~rujza™_e Igbdy ijbf_gyxijb ZgZeba”hjhbajblbckh” -j Z
sbokf k. c

KI_g#® _"gZagZuyewkke ~h\dghhkiulZglbyhfZlh]jZrbq _
kdbdhehgglzd \kihfh]zZl_evgphipm~h\Zydyp|[_ki_q_gly
p_kkza”_e_lydlylhikA~*hjh” Kl _g~he  _ihha\heyiljh\h”"blwk
ke _"h\Zgbp_ kkzZa”™_e _lgdblylhibh*hjhdZhfZlh]jZnbqg _fkdbf
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Ih hfbkiulzgthyhjmrh\zgbyZza~_e_obnlhiRkh *hjh&KZ_g~*
ij_"gZagZeyd[hlkhklZ[bevgbfbhlhiz\fb*hjhtizhlbd"_-c
|_jbc<dhgkljmdiplblg™he glalvij_"mkfhlj\lg&afh ghkly-
h[hjm~Ah\Z\ebjZ [hlkljblb ,*h[Z\ey_fulfZah\kik _kvdzZq_kI\ _
f Ildb>eydhgljhé¥kohl1ZaZhe glyulvbkihevah\ggmeylhju
jZkohZa2eydhgljhéy¥\e_ gVYwye glulvbkihevah\dbghdh2rbZz
iZahggufdhklgaZligbdbf_f[jZggub bhgbaZpbhfyglgbdey
khhi\_IklI\mx8b¥hzZahg¥e gbc

>eyiZaf_s_gkly gNZ "iheZ]Z blkihevahighsZ"dmf -
g_20 f2 k\ukhlhihlhedig\f g 3 f. KI _g~he  Ilghklhydeke +m
Xxs_]th[hjm~rh\Zgby

S \Zdmmfgphjm~rh\Zgdih~"]hlh\tb_gMzbkke ~m ffuo
| _jbZeh\

S h[hjm~Ah\Zgbkha”rZpbly*ZgZah\kdé_k kca\ _klgkhtkl1Z\Z

S ojhfzlh]jZznbqgdkethgdb

S ZgZeblbg_kphm~rh\Zgéydhgljheykgh\gudjzf_ljh\
ijhp_kKZ\e_gd_fi_jzZImkBklZXah\kbd_k bc*jmlbh _

S h[hjm~h\ZYdygZ]j_\Wwkke ~m nikbhckieyijh\_~ gby
bkke_"h\ZjpjZaebqdghfda jZImj_

S 1_jf_Ibadlzph\ZpZImp2kh_~bg_yhyimrh\Zghy|Zz
]Zah\ujdh [bl. 7;

S \kihfh]zl_ewdhim~h\Zgb _

Hkgh\gufbae Zzkb g’yYAeyxlkyjhfZlh]jZnbqg dihcthg &b
kl_fzh~1hlh\ddbhabjh\Zghah\

OjhfzZlh]jzZznbqgdkethgdb

OjhfzZlh]jZnbq didethgidb "klZ\eykh[hcheuljm[dbb-Z
f_lIjhfhi2 "0 ff \uiheg_gdwg_j Z\_xskiZzebzaf_jajhfzdh
liZnbg_kdhehghde gihal\hey|a\h*"bwdki_jbf_gtbzZiZzahg_
kdhjhkl Zaml0,01 0,2 f/k Lim[ddZiheg Zkhj[_gkhfklhysbf
balb”rjb~rhh[jZamxZI|]hbZeZeeZMdblZgpbdjhglhcrjm]po
ZIZd bgl_jf _IZelgyZoohkgh\bghkbl (ey jZfhdyZ hjlZgbq_kdb _
hdkb”g _dhlhjkiez\b . ). >ebgldm[hd _ij \urzZ 10 f. >ey
mAh[Kkihlujm[dbhe guulvkdhfihgh\XgubjZeb

:~Mhj[_gi_j\hadhehggbe _[glvbalhlh\dbagZeeZg¥g_
k_gghglzghkbl. ethj[_gllhjhadhehggdbhe _pulvbalhlh\eba
kiezZ\\Zgz"lmgyZg_ k_gglEdhkbl. evoghehdajhlh\e _gblhjf g
Ih\"he glailvjzajz[hlzZgeabalhlh\e _dtbehd@a]lhlh\e _gh'ukch |
[_glhrhe  _pulvij_™\Zjbl_ebghulZigihfhsvxkl_g«Xhj[pbhggh_
b[ZeehgphZg gth*"hjb"rZevhij " e ¢b¥yjZ\ebq_ kidhijhib\
e_ghy_jfh"bgZfbq_dkildkeonbpb jgb™_e ldlylhibh~hjh”Z

Dhgkljmdkbyy~he gizha\heyyZ]j_\Zdwehgdhb500"K
=jZ"b_glfi_jZImjpdhevebgy_ "~he _g_\urzZlt0%. Kihkh[
9Z]j_\& h[oh~"ihhggbd¥wl!Ziijh_dlIbjh\Z dbhygkljmdp bty
[iZgghJjh Zdlhjhe githalheyjlZ[hlk "Z\e_gby#mh\h5 [Z]
Dhgkljmdiplby"he gihalheyiih\h~*bljZza”_e_lgdhlhikhh™h
jhrZhf_h~*m jfhpbdebq ZMKkhg [ philhfhsvxX*\moéhehghd
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Kbkl_fBEAThlh\dbhabjh\l&=a:h\

>habjhhihz2ZgZ _k _bahlhibhh~*hjhADjhfZIh]jZnbqg dhdb _
ehgdbel bkke_"mhfhim~h\Zdbe glailvhkms_kl\egzZgZ"Zg
ghfbj_]mebjm nihi\ghlhdiZaZ2ey*habjh\gbh[oh"bfkihev
ah\Zpbnjh\y_]meylhjpkohlZag gm\kl\bl_edghi“rhZzazZ]h
nZ\e _gbx_fi_jzImhelh _Jmeylhgjm\kl\bl_ewdgb”mzZazZ]h
| _fi_jZlmbj~rZ\e_ghbg_h[oh”~bfdfeb[jh\dZjfdbkq_lguZéih
jblfzfbHIdehg_\gbebgbigdhd]lZadaz”zZ\Z jfHemeylhijhfhdZz
1]1Zag ~"he g4 \urZlZ% hlaz"Zgdhebgbgu]meylhfZkoh"Z
]ZaZhe gh[_ki_qgb\FdkohyZaX ke_"mxsbmwzZiZah@Ael0,
10-1000k f/fb g

JbM. Ko _fZl_geDjhfzlh]jznbqgjZxah_e lgdhlhith hjhnZ
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>im]bkbkl _:fu

Kbkl _fZgzZelkdXk|Z\Zah\kdé _k "he gWllexqzZd¥Z~jmi-hev
gucfZkki_dljhf_(1@ zZ.f) bbethilh\hehdhglgu&kgi _dljhf_Ij
(DIJKbpbnjh\lZgZebaXthhjh™Ml _g~rhe” _[aulvh[hjm~™h\Zd
gbdzfeyaf j gbi\e _ogbywZizah¢o® f[Zj*MO[ZjG f_g__
3 _fdhklgpbnjh\wvazlgbdkhih]j_rghklgx[he 0,1% g _gm\ki\b
|_evgugh™mzaz f g 2 pbnjh\uvo_nhjfZpbh@zlgbdhih
li_rghklvwk[he 1% g gm\kl\bl_evdghomzZat f g 2 pbnjh
\uobhgbaZpbhg§gwdbdhhkhdh Edmnmkiizh]j_rghklwx [he
15%,dZeb[jh\Zg'®eyZaebqgqdda.h)\

OjZgbebpgZeehgihkxhkm?iW~rZ\e gbk fzazfb]Zah\ufb
kf _kyfbhe glulvjZzaf_s_gBj "~ _eZibf_s glky 9”@jZgbeb
S_[ZeehgdhkhkmAhWrZ\e _gb'hfe ghl\_qZlljv [h\Zgbdifhf-
s_gbyfeyjzZg_dglblykmAh\t*Z\e_gb>tie glailvh[hjm" "h\EgZ
gbyh*"zZqizat\ajzgbebskbkl_im~*]hlh\dbh*Z gz ahhhlj_{
ghklbwe_dljhiblag\lhbhhhoezZ ~ kg bd&Z h[oh~ mihhqgghhv
f_j_ijh_dlibjh\Zgiydmmfgphhjm~h\ZyykharZdgbyg r¥ZIhf
ghke\ZzdmmfglyZguweZzZizZzgkwh "~bgbl_ewvgdgpwWdmmfgul
gbdbl. * *he gkhhl\_IkI\hkZZ\g" ZComFlat (CF).

5.KIl_g&®lh”*]hlh\dZgZebAaah\kd k»c

>eyZgZebl@ah\ukd_k_eZjZd!l_jgweoLP MLLKy_h[oh”Dbf
ki_dlf_lh*"hAgZeBa@%uy\e_glblyij_"~_e_pbyebgdue_kldzZzd
\']Zahh[jZaght\ "brdhlel\_jrunZazZol gy _"gZagZ¢ Vg2
ebafzah\uph][ ihemqg_g§yoamevlZ[hlu_j_gbke_g\guuo
kl_g”~h\

Kl_g”™he _idhal\heyda]hlh\elydeh\kf kba\_klghkhklzZ\z
k\ukhdhbgghklogyZeb[jh\udll_klzZphgZeblbqg_kfhjm"h
\Zgblybkke_ _"h\Zjhpy kkjpra~_e, hlgpklidbthldZqdBkl_g/ Zo
hibkZggwo . KI_gify_"gZagZeyd[hlkhklZ[bevgbfbhlhizfb
\h*hjhtidhlbcbh » _cl_jb& dhgkljmdpbhy~he glulvij_~m
kfhlj_dBafh ghkly_h[hjm~h\ZapA[hlkljblb_ fh[Z\ey_ fuf
\]Zah\tk&k _kwdzZq_ki\ldb

>eyiZaf_s_ gkly gNZ "iheZ]Z blkkihevahighsZ"dmf -
g_40 f2 k\ukhlhidlhedig\f g 3 f. KI _g~he  \gexqZZgZeblb
g_kdbb[hjuhkgh\Zggke_"mxdbbh*"ZogyZebaz
S fZkki_dljhf_ljbg_XkdBeba
bgnjzdjzkgZgljhf_ljtblyed zfZgi_dljhf_Lljby
ZgZeblbqokd#ZAlh]ljZnby
baf_j_gbd\e gl fBI_fi_jZImPVT-baf_j_ @by
| _g™he lghklhydgke ~mxshhjm”~h\Zgby
\Zdmmfiglhhjm~h\2Z\ghyh~]1hlh\db g"Z
h[hjm~2h\Z\glyZ[hlk]Zah\ufph[Zfb
S d\ZAjmihev@k&,i_dljhf; Ij

U < U



248 K _dpby

ZgZeblbq dthhZlh]jzZn
BDKi_dljhf;I]j
ZgZeblbg_kpghmm~rh\zggéydhgljheykgh\gudjzf_Ijh\
ijhp_kKZ\e_dgd_fi_jZImkBklZXah\kb_k bc*jmlp _

S h[hjm~rh\ZydygZ]j_\Wzkke_~m nikbjhcki&yijh\_~_gby
bkke_~h\ZjphZaebqgyhfd_jZImj_

$ ] jf_Ilbqgzyh\ZyfzZIm{2kh_~bg khym h\Zghynjz
1Zah\ujh [bl. 7;

S \kihfh]zl_ewghim~h\Zgb _

N N U

Jbls. Ko _fZl_g&rh~]hlh\bBZgZelZah\ko_k» c

D\ZAjmihevigkdki_dljhf_4h300Z . f. b\ukhdhgm\klAbl_ev
gue "B Z.f. K _e_dlb\ghkdw\hjhfzIh]ja6Zh[%,3]Zah\uo
AN |l _dlihjRaghlhiZl]Zghkbl \édvhjhP ebpZ[hg”rZ\e_ _@HZ,
g f g4dhehghjaebgkhe dlib\gh#]Zah\ufbf_kyKi -d
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ljZevgudbdzZiZamBki_dljhf_Ba-4000kf! ~ebgtZilbqg_kdimtb
fghlhijhoh "phah\dg\_165-10f, gm\kI\bl_evghikbvf _ky¥\h
Ahjhng f_ g _10°%.

Kbkl_fBE~]hlh\dbhabjh\|dah\

>habjhNidhZ2Zkd_k kcahlhihh*hjhADdjhfZlh]jZnbqgdhdb _
ehgdbel bkke_"mhfhim~h\Zdbe gl&ilvhkms_kl\egZgZ"Zg
ghfbj_]mebjm nfpf\ghlhd]JZa2ey'habjh\gbh[oh*"bkihev
ah\Zlpvonjh\y_]meylhgkoh?Zag gm\kl\bl_evigh”"mzZaZz
_Imz\e_gbik fi_jZInmbjelh_]meylgjm\kI\bl_edghu*mzZzaz]lh
| _fi_jzZlmj~rZ\e _gbg_h[oh~bfdieb[jh\dZjfdbkq _Igudéih
jblfzfbHIdehg_\gbebqgbiguhd]lZadaz”r"z\zZ jfHmeylhijhifhdz
1Zag "he gi4 \urZl2% hlaz*"Zgdhebgbgu]meylhfkoh”"Z
]ZaZhe gth[_ki_gb\ZdkohYZaX ke_"mxsbwzZiZzah§Ael0,
10-1000k f/fb g

>im]bkbkl _:fu

Kl _g”he  _fgulvh[hjm~h\VZhglgbdzfbybaf_j _gb¥\e_gby
\*"bZiZzahtl0® f[Zj*HMO0[ZjG f_g 3 fdhklgpbnjh\u&Zligbdh\
kih]j_rghklgx[he 0,1%g gm\kl\bl_ evighhdohZzas f g 2 pbn
jh\uad*_nhjfZpbhdalgbdkith]j _rghklgx[he 1% g gm\kl\bl_ev
guodjh”*mza® f_g 2 pbnjh\umhgbaZzpbhfyglgd dhikhdh(a
dmmKkizh]j_rghklgx[he 15%,dZeb[jh\ZgwuyZaebgdda.h\

OjZgbebgZeehghhkhkm?th\WrzZ\e gbk fZazZftb]Zah\ufb
kf_kyfbhe glulvjzaf_s_gHhj_"_eZibf_s_glky_g"r@jZgbeb
s [ZeehghRhkmAht*Z\e gb hfe ghl\_qZzlljv. [h\Zgbdifhf-
s _gbyfeyjZg gblykmAhWrZ\e gb>lhe glailvh[hjm~h\gfgZ
gbhyh*rZqiZzabejzgbebskbkl_fmr]hlh\dbh*ZqZahhhlj_{
ghklbwe_dljhiblzg\WwBhhhoez *kgbd"&Z h[oh mihhqghhv
f_j_ijh_dlibjh\Zgiydmmfgphjm~h\ZydykharZdghbyg r¥Ihf
gbhke\ZdmmfglyZguwezZiZgwh_ ~bgbl_ewvgdgpuwZdmmfgl
gbdbl. ~ *he gkhhl\_lkI\hkZZg" ZComFlat (CF).

AZdexq_gb _

<jzZfdZ@Zmqg@ZhjZz\e_glpabtdAhlhibAR*hjhZGPNF
fh™ _Ifulvj_ZebahdBfie_ eéK[hjZlIhjklog~heyhk\h_gbhljZ
[hIdd_oghehhd¢zZs _glyahlhizfbrhjhAZh”r*_j"dioha”rZgby
MMLKZggyZ[hldh]m]ulvZzdimZedguwZa\blh¥ah\kokl_fu
mklzZghvwligz\ey fhlhfhy” jgtlihgl _aZjblb_\h]imieblgh]h
pbdeHAlebgilkbkl Ihieb\ghdbdedns ki\mxwhl&i_ jbf _glZev
guomklZghialzddexqzZ\lgyh[oh” bfhklb] julghbikclZpbhgdjghc
h[jZz[hldBaZ a 1hgj_af jogllhdhie_ Ybhebqg_ kij\ \urzxs_f
| _filulhjZgby_ _Zdpkbgl_ wal00-1000jZareW MLK”ebl _evgufb
belklZpbhgzZjgdblgy"Zfb

EZ[hjZlhjgkd_g~h]mihal\hebHk\hblvoghehhjpZzs gby
kbahlhiz¥hr"hjhMXkihevam\fdaebggwajZ\e gdZmbdbj hba
\h~kI\Z1zZd ijh\h~bllvkke_ _~h\Xdbghr_glgh\uo_jki_dlb\guo
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|_oghehbbobgl_ljZpbbfbfhwlh]hZggZyyl_evghkivKihkh]
kKI\h\Zkah_\j_f_gghc”ZbiuldagzZghbitjZ[hlkljblb_ fglh[u
g himklbmVjZlmgbdZewdwdo_ |_gpbc

< klZlvbaeh  _gju~eh” _githykhklZkh g/ hbdol_ogbq_kdbf
lj_[h\ZgblyfehszZz~"deyojzaf_s_gBwfh ghjZzaf_klbJ¥ieh
SZNdGPNRKi. KZIpbkdZqg_kj\ZebaZiphbh]lwlzZiigh]jzffuz
[hlihih\ur_gbmjh\gnwlh\ghHKiblb_\uloogheh{tbgl_j_kk#Zo
ar"zZ\Z_fuwoNlhdzfzdhXevg_cwdZjuj_"mkfZljb\Zxkdma”rZghb_
kbkl_flyblb_\hiimieb\ghdbhdegZZhdzfzZzalzd fh”_elpblb_Ah
]hihieb\ghdbded_e_\Zgldhgp_gljZpjblby jZ[hqg_ JZafh
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<jZ[hljZkkfZljb\Zx\Ikijhkwb ijh[e_ fudhlhjulueb
j_r_gujbz~ZilZpEg"Zjlgwe_dljhebmkldghregZ[h
lukly™ _ehdh*ht khklZhiulghjhfure gghcklZghjdas
e_gblyahlhiRh "hjhNZ<BHL] b mklZghldde q_gjbyby
(MB)L j_Zdlhjghihfie dkBDI[2] \ |I_|_j[mjlkdh§klibIml_
yN _jgmdbabdd ;.1. DhgklZglbghl\anklZghAjdb*gZagZq_gu
N"eyahlhighgbklthh _ehd~wthlijhibyljblbyzhkghthf
[bgZpbfb Ih*hwe dljhebazZzlZeblbqg_ldah]mighipf_gZz
\kbkl_fAh~Xh~hjhgZlbrjhnh[gtdZlZebaZlBfggZau\l\Z_fhec
CECE|l _oghehMib_dljhebrafglZdigh\GEZCE| oghehbihe
gy _jhewb g _JhaedjZzs ghya dhlhjhlfy’ _eAw"dadh
ehggdzlzZeblbq_ kdhlhigh]li_ _g@BHjZaezZ]ZglRy cd _
jbcbdbkehjtb*h[jZah\Z\rbtkyl_jbbal\jZsZ Vkkhhehggm
DBHDZdjZ\behk klZg”~Zjlgue dljhebmglZghgdmzZ\bkb
fhhibolbizbf xN k\h_khklZh[hjm~Ah\Zgrhagbhadhlhjuo
ijhbkoh”dlij_julgucebi _jbh~bqg_kidhbkg_[hevrhdeb
g_kldzdkohrgthcrulZzdo\ujZ[ZIlu\Z_fighk*mdIRA hjh"Z
bdbkehjhWZhjhbkohAbJhp_kkiZn*"m\dhazZimRdgZ[hIm
h[hjm~rh\ZgbyhklZgh\idb hildehg_gdjzf_Ijhgbklh
JZ[ZIu\Z_flzkma\ighjfuzlzd \ijhp_kKgZebhapZZ[ZIlu\Z _
fuolj]Zzalm\ZgzZebqmzbfgujdf_k. tjb wihfhlhdujz[Zlu\Z
_fhlWbkehjk{gzZku\Z Nlgyfhkn_gmij_julghd\k_fijhly
"_gbpZ[hlwe_dljheb@_jJoh~bfhkiZ[ZIu\KlIZg"Zjlgu_
we_ dljhebmguZghAdZ[hlkly ehd~hk\yaZggZebqb
_flj_Iv_]Jdhfihg_glZZ~"bhZdIb\gjib]llbyG _h[oh”bf kv
dexqg_gllyhkhZ”*bhZdlblgudjbwdkiemZ]Zpdd \ukh
dZklhbfhkjlZ[hq k¢_~Uy _ehd~uhij_~_ebbekoh”gly -
[h\Zgy j_g_dugkljmdibWthya[hlkbZg”Zjlgh[llhjm~h\Z
ghy<jzZ[hlZgZebabjmidkydkiemZI&pbtOdljhebmghZgh\
dbN K525 s_ehqghbhzZzijb\_~_gb dhgkljmdaebb[h\Zgbyf
n_"_jZevghpfbijZz\bé h[eZkblkkihevah\zZgibfighveg_jlbb
jZajzZ[hllgZz[h\ZgbekharZgjhyfure _gghyle _dljhebeeyZ
MBLbjzZajzZ[hlgitt\h]Wwe _dljhebaeyZklZghW Bl Z[Za _
klzg~Zjlgkméh dljhebd\ j7*hihebf_jowef_dljheblhf
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<\_"_gb_

<GBRDmMjqZlh\ldkdbbmIIBYNGBPDB-IBYNihkljh_g
b\\h~AblKRyjZ[hldukhdhihlhqglgkice _"h\Z|_gvidibdBD k Iy
“_eh\h"ghffjz Zl_e<f_dZ[4022] gZgZeklZhk\h_dftnsghklb
wg_j]l_lbqgq_kdkidrghltaZ g_crtedZ*Zjp wdkiem ZIZ pddd h
jZIBD y\ey g™ "Zgnr™ _j"Zgh¥y _jgmbabqg_ kKWockllly™ ehc
\hru>eyj_r_gbwlh@az~Zgbh[oh "ikIZghbdhlhighqgbkldb
(MBHIy _eht”u

J r_ghhkharzZgblblZzghAdl) _ZdIhjBEDQ dhlhjZ2yhe gih?
AN j b\Zidvhgp_gljZpbhxby ljblby ly  _ehdn™ hljz Z1, ¢yeh
ijbgylh dhgp980-0 ]h"h\< i_j\hgZqZevpghfdIMBH\uiheg _g
\1987-1993]]) [uedjbf_g_&o_fE[ehdhdZlZeblbqg_kdhlhigh]h
h[f_gZ "mzZjhfb]Zzahfey_j_\h4lby]Zah\mXam\kyjZ[h
[Zihjza”_e_fbhlhitdihegyeXdybh]_gghehgjgdibnbdzZpbb
bahlhibA*hjhf8Z HAgZdhh_dMBH [uej_ZebahhdgdzZkiz"z
KKKbihke_"mxsjpmbkz

<2012] [uehjbgylh r_gbhdhjj_dlbjhiNjd_dIMBHdhlIhjh _
ijb\_ettkha”zZgbwxkm/|lgh\hlijh_dlZgh\hk_ogheh}ltdkhan"Zz
gbxmklzZghbdbe q_IgbyyMB)L Hkgh\hjh_dIMB LkIZejZ [h
lu \uiheg_gaguhiulghjhfure _ggmhdkl|ZghWkBH

<mklZgh\Wz8HB MBL\ GBPDBIBYN”"eyahlhighgbkldb
ly  _ehch~ubkihevamdhkybgbjh\Zgighp_ kikahlhighh_gZ
\hrZhrhjhgdb~jhnh[ghZlZebaZwje dljhebaflZzdyZaulzZ _
fuc K?K?2 ijhp_k®ombined Electrolysis Catalytic ExchapgeHkgh\gu _
we_f _gdblhjhwe _dljhebahjehgdidlZeblbqg_kdh]lhigMhlh
f_gz\ kbkl_f\hrXh~"hjhazZiheg_gywjhnh[gufZzlZebazZlhjhf
bl]brjhnbevgBkz~dhig_bfms_klwWlh]h Ih*"EIghkyNunkhdb _
agZq_dbhwnnbpb jgblh™_e \gih¥dlibg_kdth[gbhf!l _j\Zle f
i_jZImjhklImighkllva\j_~ghkIMgBos_ kI3 _Zebadjphpy kkZzZ
bahlhighJh_gZkms_kl\ew ZkiyjzZldbehgghoizgZf Zkkhh [
f_gghazkujdkhklhysba]lbrjhnh[gh]hlZebaZNhijklZgh\dZo
GBPDBIBYNbkihevamdZi¥ebadli-BIKF [4] b kibjZewvgh
ijbafzZlbq_kdhkeZzMddy j Z\_xskiZelWe _dljheh&amjs_kl\ey
_ljZzaeh _¢gp _ehd bkharZgiblhdZ cl_jbyhehgdadlhi
ghlh[f_gRZy\ey_ Iy gbmaehf{jZzs_gb¥&l_ogheh]bgkkdhc
f_ mklzgh\db

<k klzg~"Zjlgwe dljhebm&uZghddlaz\bkbfimolbizbf-
xI'\V k\h_KkhklZh[hjm~h\Zigbaebadhlhjuighbkoh”dlij_ju\
guchebh _jbh”rbg_KKdprekhdjm Zxshjx “ogn [hevrbdbebqg &Z\d
bkohrgWhctulzdb \ujz[ZIu\Z_fig"mdlh\Nh*hjh’bzdbkehjh*Z
WilhjhbkohAb]hp_kkiZlo*m\dhhjm~rh\Zghy]laZimRdZ[h|m
ijbhklZzghlidgbhldehg_paojZf_ljgbklihhwjzZ[Zlu\Z_{dah\
ghjfuzlzd \ijhp_kkKgZebBaiZ[Zlu\Z_fdemmZgZebgmzbf
guoijbf_k. djb wlhfihlhdujzZ[Zlu\Z_fldptkehjhk[4Zku\Z_Iky
\ZIfhkn_gmij_ju\gAk_fijhly  _ghB[hlwe_dljheba_jZz

<ly' _eht&”~j ZdIhjBEDKkh”_j bl "bhZzdI|b\galclhh"h
jhrZ1jblb.cKh]ezZKgh[h\Zgb&8:99/2009 [5]\u[jhkZ*"bhZdlIb\guo
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\_s_kMNzZIfhkn_%4me" [alvh]jZgbqgLgd bf_xIklyij_~_e_ggu_
lj_[h\Zgblyhj]l]ZgbaZlplobgheh]bqg.ikdbokkhaz\bkbfhklb
Zdlb\ghkZBbhzdIb\ghufohg _gl8j\>eyjblby \b* hdkbA\z

N glhe "mxddjZgbqg: ghk\_Yyfv rZl _evkhig » ea@Zq_gb _f
76000 ;dd][5], fbgbfZevghzZqgbfdy evgayb\ghkiRhAM): —

10° ;dd]5], ijbij \ur_gbibbgbfZevam&Zgbfhdcib\ghkgHZ[h
q_ff_KkI(FA)1® ;dhij_"_ e deewZkka[hblj_[h\Zgithhhj]ZgbaZ
pbtkkzZgblZjaha glbeypbbfihgh\hggurf _gbwfkhhiI\_Ikl\bb
k[6, 7. Djhflh]h*eyijh_dlbjh\ZlgWwydkiemZIZphgm " "h\Zjghy
[hl1Zxs_KiyzrbhzdlbVWheégly _ehdh?rukljblb)fg_h[oh”bfh
jmdh\h" kI\h\AIvVKkyZevgatpfZfbijZ\bezZfith[e Zkblkihevah
\ZgbZxlhfgheg_j]Bbh9]. <k wiH _ezZgl\hafh giyyfh_ijbf_g_
gb klzg~rZjlgwgh dljhebeeyjZ[hlkjZ*bhzZdlblghcehda” hc
kh~ _j Zsljblb.c

S ehggwe dljheba ju

MklZghWiZBKha"Z\Z&OR¥ih1995]1][10]. HAgbba _j\uo
j_rZeRnijhklbi bfZzjdwe_dljhebeyklZghVdtkkfZljb\Zebkv
MZlbizZzwe _dljhebas jBhggbgzhkghVjhlhgghh[f_gfgtikjZ
gy lZdgZzau\z_fwe dljheb&l\jujrufihebf_jgwie_dljheblhf
LIWIjb~_1ZevgBkkfhlj_gakh _dlhWA " gubéegZECE—-I_ogheh]bb
[ueblu”r _e_gajzf_ljwe_dljhebm&hZgh\ebyxsb. p ehdZz
| _ogheh]lbklhbfhkdta[kem b\Zigadbd Z d

1.H[t_fb~rdhklilmklZgh\d_

2. Kjhd&kem [we_f_glh\

3.<hafh ghkly_gzZijz\kEtm\dbtkeb\t[jZlghijhp_kikeb
hj]Zgbahbokyhj

4.3 _fhglhijb]hrghkdhhbfhkiyem b\Zgpyfhglh\

5. Hloh”iybjz[hlib\u\h”"bavdkiemZIlZpbb

6. KI_i_dwlh\ghklhjm~rh\Zdptyfure _gghhkihevah\Zgbx
dhebqg_kdajhlhle gglkiZzghVhlf g giwdkdexabwaiof glh\
gZebgqgitheh bl _evguou\Mijh"mdpgBEebglhiulavdkiemZlZpbb
[he JhAaAiulj_fhglgyd[hlgzZz”_ " ghlklvk et dzZ athi\ »

<uiheg_ggue02) ZgZebbahehghw2kd\u[hjme dljhebsa- jZ
ehqgghlhz

We _dljheba_¢hgghhzoZzjzdl_jbamxlky

1. JZ\_gklVhd\e g\t hjhbddbkehjAwe dljhebfiginie
(h[_ki_gb\zdHgkljmdpte aljhebeelkBkl_fimdjZ\e )gby

2. Kbkl_fhza”_e_gbeghdgbujz[Zlu\Z_{dahkhoezZz " _gb
_fbpbjdmeypsh echgbhlhjZi  _Ifulydzdkl_kI\_dyZyebhnl
I Zdijbgm~ bl _ea&flydZkhkZ

3. AgZgbl_ewdquffhs_ehdhve_dljhebagtn éhl20 ~60 e
gZ*\ujzZ[Zlu\Z_f\m)hhjRrz

4. Kbkl_fihhgbkltdbjZz[Zlu\Z_fdahlke_~B\ehgb
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5. AZ\bkbfhkdbklhhujz[Zlu\Z_{damh\IrZ\e_ghpwlhf
kh~_j"Zdgb”~hjh®dbkehjlkhklZ\edyHI%.

6. GZebgbkbdkl_fhgbkldh "hjhMZdbkehjhmldazbfguo
ijbf_k. c

7. G_h[oh”bfhklykh”bq_kahfc gme _dljheipbZzgZdhie_
gblZj[hgzbkmevnZijpf_jghjzaljb]hNz

We_dljhebpZgguighba\h”bl_llebgzZxkihkh[hf ZebaZz
pbth|[_ ki _q_ jogbygknzZ\e gihp[hjguhkgZs gbdhgkljmdpb_c¢
h[hjm~h\Zghwlhfipb\u[hjwe dljhebreqg ¥ glhuethp_gblv
gZ™_"ghklbf_gzggpo_gbt_ogheh]bq] kdlgbh[_ki_qgb\Zx
S_jZ\_gkltE\e_gWwmchjhddbkehjh*"Zjbf_g_gwe _dljbAabpb
jh\Zggko_"k{(*Zlgbdh\le gZzkhktdezZiz)yhkgh\Zglhrevdiz
f_oZgbqg_kjbopbidd[hlklZelh_"ihqglbl_evgbflu[hj we- d
ljheba,_jZzdzdha\hey_ lahizkgidZgh\wle_dljhebZ ) kem
gZij_djZs_gbhwyZgwe dljhibl{bbydgahldZzam\([yaZl _evguo
dhp_gp ahizkghx|blkjZz*"bhzdlIb\gduBb kI\Z.fb

ljbf_g_gbZkhkkgbkl_fubjdmeypbdbhgbey_ Ilkkeh g_gb
_fko _fuzZzddzdzZ ~uthihegbl ewgaucf kggb Zgk”_ “ghkbv
kl_fup_ehbjhflhlhpbjdmeypbhggluhkck [mijh\_~_gjafhl
ihi_jbh~bq_kdfkem b\Zgbkhglgud[hijb _Jhhehfdglh\ -
AN ldg_h[oh”bfhkdgylbfy jihm~Ze_ _gbxhdleg_]hj_~hl\jZs_
gbxdhglzdlijplbckh” j"Z¢ cl_jbjh\Zgghehqglb\ha*mohdy
kgb  _gbyah\gZ]jmaghd_jkhgbbdkdexq_pby[Z\e_gbeh gz
kg_tbnnmallhhke Jdhthrubazlfhkn_jbf_s_gbyhwlhfme- d
ljhebakjkl klI\ gmthjdmeymsb ehdkhzeg ~ihqglbl _evg

AgzZq_dobht fZbrdhkhbwe dljhebaeyjhp kkjpda™ _e _gby
bahlhitA*hjhyXey K4 ghezZjzdl_jbkltldWwéhc ebqgbgnib
kbldhebq_Ki\kIl_jbdyhlhjHm” AddmfmebjhWeghdljhepih j_
kmlbhu\_* _dhijhp_kkg2\j_fywdkiemzZl@pbdljhebW I eb
gbgHlij_~_exjIfydhlhjlg_h[oh"bfhjZIblyZgZdhie_f¢bci_
jbybm~rZe ghlbyah[t_fzbrdhkllwe_dljhebag4gZwdkiemZz
[Zpbbhwlhfwe _dljhekb@bgbfZevghlft_fhib~rdhklZiiZzjzZIlZo
yley liky~ihqglbl_evyafECE—-|I_ogheh]bb

<ujZ[Zlu\Z_fuwe _dljhebl&Zag_ knklkh[hg_lhevdlZju
\hrughbagZgbl_edbbbqg_Ild\lehgqb\b® Zwjhahdhyhjmyx k[
oh~bfhl”~_ebhVv]Zzahbhg_"himklbilhiz*"ZgbdhehgddlZebibq_
kdhlbahlhighjpf _gZdjhba\h”~bl ved dljhebaijpi\gyxhey
hgbkldbs ehqgjZaebgdhhjm Ah\Z§gdbj[hl_jybga ,jmbevlju
jZaebqgdahgkljmdipbbkhq_|ZgbyZdh \k fhim]ZjzZglbjh\Zlv
Jem[hdmgxbkldike "B\ ehgqBZebgfgh]hkIimi_gaoiZihc dlb)\
gh&kbkl_frugbkltdbs _ehgheyehkyazl_evhlyb[mimklZgh\db
Lzd _\zZ guffhf_glhy\ey Ikihkh\|u\_~ gihyt e gghehdba
kbkl_fugbkldbhafh ghklk[hjB\ha\jzZ\z#ve_dljheba_]j

lh k\hbhbabq_kidbfpbizZfz[hlss_ehqgwe_dljhebg_ju
fhlmlh[_ki_gblwkhdmgbklhlhjz[Zlu\Z_fudbahkh”_j Zgb_
99%H b995%H \ihilhdAda "hjhbdAbkehjhkhhl\ _|kl\_y\gly
xlkyohjhrbfbhdzZaz|_eYefywe dljhebas_jahihggHbhZ>eydh
ehgBPBH\_~ _gbhr"hjhkZjbf_kvdbkehjhyZhjh\@®,1-0,5%[m
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N NuaulzZbhdZevgdeh]jgb gbloeh d\ZlZebaZzghlia ™ _lijb
\_kld_JhZajmr_qglWj_f_g, fhwihfgzebqlbbk| flugbkldhk
"hihMzZldbkehjkrBEafh ghkllwgb™ _gbklZIhqggkih_j  Z gldwk
ehjhAdhlhd\h*"hjh2Bmjh\dgy g 0,005 %h[ y\ey_ |kK&Z gufwe _
f_glhiwe_dljhebmghZgh\@Bebqglkbk|_ fdzZlZeblbqg_hkghke d b
dbkehjiNzZjbf_kbh" hjh4Zd y\ey |k& gufwe_f_glhZddzd
gZijyfmkkgb Zill_jB _cl_jbbyu[jhKjblby ZIfhkn_kimhlhdhf
dbkehjhnrz

<j_amevldynmklZghWibBM1992 ] [uelu[jZdijbh[j_ I _g
s_ehqgwe_dljhebajdiiNK525. GAhIfhf_ghJhkkb jZ[hlZeh
g_kdhevddbwe _dljhebazZjhbalhlh\bl-epBgklblmnBabdh
| _ogheh]bqbkdieo "h\ZRKREPR - [uehiulihwdkiemZIBjpkKhglm
We_dljheb\ak5p5 bf__Thiez\dh\bkl_fimn]mebjh\Z9b\ye gby
ijhkim» gz~_"gmjZ[hlZggg¥fgh]lbave _dljhebagll@gh\dZo
KKKJgh]lhkimi_gqgkbkix frgbkldbjZ[ZIu\Z_flzahkhklhysmx
ba[Zj[hl_jhhbevljhbizPbdehgihiez\dh\ukleb\gufimkljhc
kI\ZfbnbevljiIdzZzgvik ljygh\ZujZ[ZIlu\Z_fizalhgbszZxlky
\azZbfgujbf_k \cdZlZeblbg jkdbldéhjERohke ~mxddf_e_gb_f
h[jZzah\Z\r \eRw dhg”_gkZlbnBevljZwiZPbdehg

DhgkljmdpéydljhebNaK5ph "eymklZghWbBHhjZ[ZIu\Z
eZkihf_j ihemqg_ _bbwlavdkiemZIZ pldibg Ze.b<aighp kk][hj
dbwe dljheblaiejlEuiheg _gbd_ebjh\dghbhh~ghlhjhgwe- d
l[jh hbmkljZzg_ Iy qglon_dlidgbhd_e_ \ihljhjulbyzh\_jogh
klbwe _dljh”h\

<ijhp_kkvdkiemzZld@egblljhebdKsZ5 \ khklZzmklZgh\db
W<BHuekk”_eZige_"mxMhjZ[hldb

a. Baf_g \gkihiez\dhZddzdy _e2nw"df__lehlghkyZz
10% \ur_h[ugghle*ekhojzZg_ pbViZ\ebq_ _kdhéwe dljheba_ jZ
[_abaf_g_gbph\gjLaf_s_gdiyZjZIh\ khiez\dhj\brehkm\_
ebqghblv

b. Baf_g _gbgbmbjdmeypbbdhgbeyh|[ ki _qg_ghyf rb\z
gby_ehdigmljimklZghfidbB mve _dljheblbq kfdpdBfb

c. Baf_g ldyad&gmg _jglakhkiklZgh\e _gdghhQ bilkx
NZqbhMw we_dljhebasf[hjZjhl_qgq bazdzf_jgihhkljZzgkl\Z
gZebqgbhlhjuigbjZ[hlgzh[uqghb*ijbjh~rghbmhlhigkhklz\Z
g \vuaul\ZpzkihdhcklI\Zz

d >h[Z\e_QgZkhj[pbh&dky_ fizkmrddbkehjhedAm~Ze_gby
iZjh\jblbjh\Zgdhtc_ehd ubaihlhdm”*Zey HhZhfhkn. Kb
kil _fhkmrzdbkehjhfihgdjhkubgmik K glhihal\heynéZ\eb\Zlv
b\hal\jZsAlmklZghhdm@&b d]ly _eh&”~u " _kmlhggh

MklZgh\e_gu

e. >hihegbl_evgiZjzZlueyhgbklfdbatmlis ehdghke]lb”jh
aZl\hjh\

f. K[hjgbdbehgtdZz ~urbevljpiZPbdehg

g Mjh\g _f gdiZza™ ebl_ edlgellwmgdveo dljheba jZ

h., :jfZzImjZ_""mzZa”_ebl_evihujfibfulgufbdhehgd 2y
ij_~hI\jZs_gbjy f_rb\zZzdbywdZj[hl_jibs_ehdhza”_ebl_ev
guadhehgdZo
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i. AZ"m[ebjhKBRE flZZahZgZeprefZIh]jzZnXbbZE O F8;
"eylhgljhbgZeb[jhYdbBlgub_jfhobfbq_Kd&bgbdibViZ=LO

DzidhdzZaBeuljZ[hlwe_dljhepazjgbkch”_j Zgbhyhjhrz
\dbkehjigm\klI\bl_edik_fgZjmr_glhyZ[hlwe _dljheba_{jZz
"ZIigbdbkehjAN\AMhjhMNhwlhfmZligbdlOgZebgbtWthh hjhfde
hldexqg\lhfgbkeo"eypkdexq_igdyj¢_cl_jo¥ZgZeba

We_dljheN&535jZ[hlz\khklZmklZghWkbB30 e .|

<uiheg 3HdHZiblZevgufdhglkazZf ght® _evgwup , [Zad
ebl_evgud[jZdmiehlgyxswe f_ glihVjh[ghiulwdkiemZlZpbb
we_dljheb&hjiZlZmklZghWkbBHaeh ™\ gz [hI[11].

GZmklZghWhkBHuegZdhie[hdZlukiuljZ[hlkly _ehd
Ahe”_cl_jh _Kh[hjm~rh\ZghljZ[hlZgwijZzdIibd\k_we_f_glu
CECE-I_ogheh]®Bdhie_glgiuwd[uebkihevahyBgZajZ[hlidh
_dlbklzghhdbe _q_Ighbhpdy _ehd”y_ZdIhjED

>eyMBLj_ZdIhjBD ihlj_[h\Zedkye fhsgucwe_ dljheba_j
kijhba\h~bl_evglskiapih\h~rhjh m

<GBPDB IBYN[uehjhZgZebabjHZagppbZenjZ[hImklZ
gh\hdkihevamx@BC&-l ogheh)\bKkR: = jfZgbbdZgZDhj,
Jmfugbb wihfrhj_f glh_oghehlbeg dljhelbBZ j*hihebf jguf
we_dljhebllhWy *hklzZzlhqga\bedkiybf g _ghZzdhMe dljheba_
jZ[ueh[u gZb[heih*oh”ysbhi[hjhfreyMBLH"g ZdithklZ\sbd
h[hjm~ h\ZgwWIBLijhZgZebabjiib\héh¢ughdhwe _dljheba_ jzf
ijh\_éghlhqgbke_uylgli_qglbaz\h~zdfb]lhlh\bl_,etyfitkh Ze _gbx
ijbr_ed\u\h/ mlh[x*" _lijh_dIlg iha\hebjbh[j_khe_dljheba_j
kKLIW;uehjbgylh r_gbhijbh[j_|_gbbehgghé_dljhebBajz
Jhih\bl_eufedu[jZg@dbjfHydrogenics Europe BV;_ev])bghlhjZy
dihfmj_f _gbf_e¥ZJhkkikb j\bkgkem [bihklZ\bedN[he_ _
70 mklzgh\hd

>eyZajZ[hidb_dljhebeeyWBlah kghlmyl#Zh”  dHyState
15/30 h IHydrogenics.< ko _fwe dljhebaejibkdexq_kjjphkub”dh
kibbl]zamk”"Ze Jpdjhazl\bjkiyabzZlfhkn_jbkd[Z\e _FuUZjZlu
dZlZeblbq_tkghicldbkehjhlAh~*hjh"MklZgh\edgdiZdh
iez\dh\HpHizreykeb\E\ha\jzZIbrdhkkhs_ehqwx j \@_rgbc
gZdhibl MklZgh\elZgahZgZebaphhjgghllthizk\ha\jZIhZah\
\jZ[hgpdbdeh[Z\e_jpbwa_jueylfuldbhlhdAZalZls_ehqghb
Ilhdhf§bklhodlzxs_Yh*héjbwlhihlhdblZzgbhhw~Z lkhyi_j_f-g
ghhdbkehjh*dpmXxh*hjhrgqmakimklZghVUddajZ[hghduZeih
jblfmijz\e _.gby

KlZzgrZjlgwe dljhekhd Hydrogenics bf _edhgljhebgaht b
|_evgujb[hjUDB): "ZIqbdbh\g¥Z\e_ glbly fi_jZImjdhlhju_
mklzZgZ\eb\g@ébikzjzIllzdbh[jZahdlhijbj fhglbazf_dBI
[j_[h\Zehkdju\zRhiiZjZlglhijbjZ[hlkljblbjh\Zgdheéhgb\-
ehfudih\ur_gbkZ"bZpbhgghl¢gmagdh|[kem b\ZxsbjkhgAxz
we_dljhebaeyBldhgkljmdpbyjzZlthaf_g_lygbf_g_gbhB]|
hik_dz_ftuziizjzInAjfZImjhkzf ,gih\_jdbBl\uihegy_lkya
\kdjulbZiizjzIme dljhebWejZdljhebawWwjBlihdZag@4dgbkl.

>eWWuiheg_ glhy[h\ZgBd033-11 b GI-089-15bazZsblu jkh
gZeHBl\ha” _cklWhygbabjmxsaémqg ghemqiZa] jf |IbaZpbb
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h[hjm~h\Zgbydljhepaafi s\§_jf_Ibgghfdkkdhgljhebjm_fhc
ZlIfhkn_jhiedkhklhyggBoh”bilk4g [hevrbBa[ulhggtZ\e gb_f
]Zahh[jZaghh¢D5d1Z <ZIfhkn_[jhdk@ ij_ julgthgljhebjm _lky
kh™ _j"ZoWwm~ "hjh"Zi_jbh "bqg_kHdbjZ_ lkyw[zZkbkl_fhEZ~ "bZpbhg
ghldhgljhégygZelazh™ _j"ZgBE "bhzZdlb\bb]by

JbK.We _dljhebawMBlgZaz\h~kdkbulZgbyo

We dljheb aLjluw

LzdlZdve_dljhebld535\ khklZimklZghWibBHIjZ[h|Zle
e 30e ,lgZg_flueRuiheg JthzZziblZevputhg|EZfEZh™ ehne
g \uimkdZz, blayigzKhe g ijhba\h”~ylkykhhlI\_Ikl\, gghj_e
\hijhkazf_gve_dljheba_jZz

DZ¢gZzg m  hif _qgZeHkwoghehlelhve dljheb&LjiWW\ ih
ke _"g” _kylbe Hh_goevgph"\bgmebky ,"kjhkem [we-_d
ljheba_jlLIWkjzZ\gyeklykjhdhkem ' [s_ehqggwe_dljheba_jh\
bijb[ebabeak§000q AgZgbl_&gdbabekzlbhbfhkilvi[jZggyeh
dh\lhwlhfjoelj_r_ghbf_gblyg2aAN<BWe dljheklal W

Hkgh\guhbebgbyWle dljheb&LjiWhls _ehqgwe _dljheb
a_jhm\eyxlky

—hlkmlklsh eh;gb

—fZeub[t_RZiizjzlmzZ"_j drdhkgdhjy~rhfd gvr_

—g_h[oh~bftiIwi_qgblkhdnkx_ i _dnvbkldiblZxs _\ch~u
(we_dljhijh\h~bfhklglalvf_g_ 0,1 fdKA.

Ozjzdl_jgbkih[_gghkwebdljheb&LjMWy\ey_llkyqlh
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- NZ\e_gbh*hjhMZdbkehjhfhZ I[ulvjZagufgh®"Z\e_gb _
kdbkehjh”igilhghg\k _]1{2n " fl gvr_

— hJugghklzg”*Zjlghkiheg giwvwe dljheba& ljhwluoh”
dbkehjhkxans _kl\ew hikty ffZzdKiblZxs_Yh~hch”~zZIfhkn_jguf
NZ\e_gb>éyZ[hlkly _ehdh~ht¢j_[m_lgh\Zghgkljmdmlag Z
"eyu”™ e _glhkehjhRZ2rZ\e _gb _f

—\hAZmghkbkdhlhdhfh*hjhMdve dljheba kjiiik\g~rZjlghf
bkiheg _,glotb[bjzZ ,Iky]Zabjmkhkyjhkh¥u”®_eb\r_JAkRyhjh"rZ
\Vihf_s_ g\ h[t_frdzZzniklZghbdbal\jZsZ \lkyZxsblzd>ey
jZ[hlkly  _ehRt hig_[m_lkyhgkljmevpbijhaeZz

-\klzg"Zjldkfiheg_ _gveb dijheb&LjiM\ujZ[Zlu\Z_fd_
aug_ih™\_jlzZxlkkihegbl _evdghZeblbq Kkalhkldhl\aZbfguo
ijbf_k; c

—ihlhdbkehj*r@hgljhebjmgaky" j"Zdh”rhjh~Z

—baZdzZeh]\gmlj_ggldah\hipht_fZjm[hijh\hhA[hjm~h
\Zgbijhba\h~blweb dljheb& LjWh[hkgh\u\ZxkmIkl\pd k]
oh~bfhkiliof_g_gbwmklZghhfhjm~rh\2\dhgju\haZsbs_ddhf
iheg gl khkiZlghdbe dezZzigdguybwlhfhafh ghkbhaf_ s
gbwe_dljhebah@glzZbekl[ ihIMWL2] g ij_"mkfzZljb\Z_Ilky

>eyZajZ[hweée_dljhebmghZghkd bW e W <BMG B PD B-
IBYN[uehih®]hlh\e Ighgbq_kadd Zgtbijh\_~_dihgdmskib]
jZ\r_dhgdnHKKlIhebdh(] Q_jgh]lheh\@& z[hlbda]hlh\beh
we_dljhekIW]_g_jZIkh\_jogbkNhhhjhe&>1) kizjzf_1jZfb
mdZazZgduzhpel.

LZ[elpZz
[ZjZf_lju_g_jZIkj\ZjogbkNh]hhjh*@&>L"eynk|Z g hWibB H

< 1ZjzZf _1j AgZq_gb_

1 >Z\e_odWm~rhjh4Z[hg Fl1Z 1,6

2 >Z\e_d~ hjhN¥ZdkF1Z 2,0

3 >Z\e gbkehjhZihqg FlZ 0,4

4 Kh”r_j"ZgkbhkehjhrXE hjh %% 0,01

5 Kh"_j‘Zg\hﬁhjh’\‘Zibkeher@IZIZeblbq_kdh]h03_04
hdbke , &by o

6 <eZ ghKBat\AuohALj. "K fbgneR

7 Qbkehe_dljhebfiyuoe rt 2

8 ljhba\h~bl_evigh\klvhjh g 6

9 >bZiZahgmebjh\Zjhtbya\h~bl_ev@ohklb 0-100

10 H[t_fbrdhkibe_dljheba_j_ F_g.20

We_dljhekblWreW<BHibkiheg_dbxs_klI\_lglelbgz _Iky
hlklzgrZjlgkHi_jl\uobadhgkljmdipbedghklbkdexqgklgebdhg
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lZdzé&bebddighajZzo "geyjhlbydhlhjug_j g ]k _]Jdhbnnmg
AbjmbBha”mdy¥  _emhk~m

<h\lhjuo\k_ijb[hjubwe _dljhh[hjm~hj\bdglg_dh\aju\‘h
[_ahizkdkiheg ,dBHdZdb fdhRIjZ[hlZxh"MZ\e glkkjf"

<lj_lvbadbkehjhdtoh”bih*azrZgghé&[ulhggtdZ\le gb _f
bfh™ _lJulvhkmr\g*khj[pbhdehthkmrdbklZghWikbBH

QbkeHdhkl~ek[hjbi_j f_s_gby*dhklgmljwe _dljheb
a_jm\_ebg"Bhimdf_klitmr*ghdhebq_ldXlkhkh\\Zh*bg b
dmeypbhgdhbghéh”iblul\Zxgbdzd\ kilZzg~ZjlgdtihgBuihe
g_guh\ajul\haZsbszdkhtieg_.gpbfZ\e*glqhbdhgljhgpklhlu
dbkehjhdZlZeblbqg_ jk@kd¢Hjeyn”rZe giby kbh~hjhyzdbk
ehjh~rgbbgbhf_Jo_NklZg~Zjlghd_dljhebazZjgbdhgljheg¥b
klhldbkehjhZEhlZijlb ~Z\e gihbp_kKBEeghklbkdexq_\ku
k[jhklkj_Ah[t_fihf_s_gby

We dljhebm&ZghkthElhibla®*\modZnhWvdZnZhemqg_gby
\h*hjhbZzdzZnhijzZ\e .gdgZmijZ\e_gbgf_sz_ &k "~ eZfb
ahgelZihIMWrdZnhemq_gyhjh{fZaf_szZ _NkhhlI\_IklI\mxs_c
ahgG2\ _jbdzZnmijZ\e gbaf s igZZg _ewijZ\e giey dljheba
jhf 1Zg _eaZ"m[ebjhd9rZyZg _ewg _k_gZimeviijZ\e gby
mklZghWibBHZkklhydlhdeo f), [ Zdbh[jZahhijZ\e_ gbe- d
l[jheba_jfthf _Ihkms_kl\eylx&yf_klmzZdm~*Ze . &Kdtkl_ g
l[jheyo mijZz\e_oweg_dljhebaihjgghklvg!l_]jbjh\Zgd kl_fhc
mijZ\e_gbylZgh\Wka&H

AZdexq_gb _

<GBRDmMjqZlh\kdgkd bbmIIBYN\ oh**ebl_evagihdkiemZ
[ZpbimklZghWibBiHhemq[hgevrhigZdlbg_kbbwlihbkihevah\z
gbxs_ehgghyle dljhebigbjizz[hl kly  _ehkh~hclZajZ[hlZgu
bj_Zebah\Zghijbylbw k[hjmI_qlyd _eh\d~ubaklZzg”~Zjlgh]h
h[hjm~h\Zagbfy gvr_gbixl _jvly  _ehth~uk ihlhdhfdbkehjh*Z
hgbkldZahils _ehgtmkh\ _jr_gkl\hRZguevgwe f gwe dljh
ebagmklzgh\db

lhemqg_gogj@adIbq_kbbwelbkihevaMe&yZajZ[hldiboh”guo
[j_[h\ZgbZ~rzZilzplEZgrZjlghlehqgmé_dljhebeeyzklZgh\
dbbale_q_Ilgbhydy _ehd”y_zZdlhijBEDb”eyZajZ[hliglb\hc
dhgkljmdwbbdljheblaL|j@*eynklZghj\dd”"_e_lydlylhikh"h
jh~"2Vv<BH

Fhglzs_ehqggmé_dljhebkd jZ IbqgpidkhgzZM Bl _Zd
Ilhja2BD\uiheg._guihegy_ljkiy[hijh\h*"gRyadZ

We_dljhetkad IW\g_"j_9gkhklzhnklZzghWdBHuiheg_gu
imkddhZzezZ~hqjgaihluluiheg _déd[hluh azZf_&e Jdhth”ugZ
ly' _emxh[hjm~ h\Zghb\th]we _dljheb®MkjZghWZBMdkiemZlb
im_lkyh\ufwe_dljheba]jlgf jZIhiif jogbkI\thhhjh &> L
k™ _dZzZ[3024]
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JZajZ[hhdhjfh\hqgghktkl ftieypa]lhlh\e Zlbbyff- |
jbgghlZahjza”_eblf eNfjghgti_ |h~hdhjfh\Zglbag heb
f _joh]lhZzkl\hjZZkkfhlj IgzdbiZjzZf_ljahjfh\hqgki
kl_fuzd fi_jZInbjkzhklZhebf jghZklI\hj\d_fwdkihab
pbddhZ]meypbhggagddemqg fgZ[jZgkkk _e_dlb\ghklvx
\ fh~r_evgklekl _He/N, 92 + 5 ijb ijhgbpzZz_fhihBh_ebx
156 + 11~ f(gm 2 gt Z It

<\_"_gb_

<h”rhjhyey I|kygfufjZzkijhkljZzg_goghbfbqg_kdké_ f_glhf
b\Z gukujv_feygh]bbljZkeijofure _gghkdbfbqg_kdhmnd _
i_j_JjZ[Zlu\Zx&ZlbfghZ\i_jki_dlbZkkfzljb\Z dikgdhehibqg_
kdlgbklHhieb\kwlhtiZq_ k\h’\hjhf’h‘ Ikihkh[kI\h\ZIv_gbx
hkgh\gwaz™Zigjki_dlb\gwd_jlhkgZ[ _kjbyjZlbawzZ\bkbfhklv
\gmlj_ggbgdhwg_j ]hj_kntnjllbmi\hjIZ)I_kafuﬁh\ukawg_j]_
Ibg_kdmxahizkghkKk]¥2g bfihjl_jhy_nitb ]ZazazZf_Iggbablv
hit _fAj _"gua[jhkhhkh[_gdghebqgglah\hdjm Zxskjx 4 tkm
s_kI\_gomikbelblygh\Zpbhdggaokxjmha\blbybf_gyiy j_~h\édh
klb” _glyh[ezZkfEI_jbzZeh\_npbpaobfbqg_kdjhep _kkie- d
[jhl_ogblvbe dljholbflbb

H~rghbaijh[e_fokihevah\ZgbdlyjhAZdZq_klhieb\Z _]h
ijZdlbg_kdzZyhkimighklvk\yaZgghé._>eyihemq_q4ghyhjhrz
\gbklihtb”*g_h[oh”"kfms_kI\_gmg_j]_Ibg akdhzZzhneyzaju\z
obfbg_kébya\bkoh~g\hi*hjh~ *hkh”_j'KZs_“bg. ®hibflh]h
g_h[oh*"@fhljZlbwg _jlbgx@du”_e_ oy hjhba _Zdpbhglgthdb
dhlihjayjZzam \lkyamevijZEZdppLtajmr_olbyfbq_kd#bya b&koh”
ghlhh*hjhrhkh”_j"&k& _TWog. gBdbi[jZahifbf_gbl_ewdyh”h
jh m_rZ KW k_iZjZpbha@WrZqb” _e_di hjhbakf_kb _]h
hgbkld&lj_[m_fhcebgbyulmzZz Zogmiulvj_r_gklZg”*Zjlgufb
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| _ogheh]pyfiof gy fufbijhfure_ gghkdhbh] g,gklkj[pbhgghc
f fl[jZgghbojZaebqglbhjbrguhlzjb Z gl ZH48].

F_f[jZggu_oghehtthbhjuihke_ _"gWb-25e_fgZohAyjh
fure_gghklkb[hevr ijbf g gthlebqgZxiklyklhlhcgZ”~ _ *-gh
kilvxwdhghfbggh&lyadhkNZyvbjh\zZgbkrlZ[ifhba\h”*khuz
khdhfhh[bevghkIMb wihimn®_evgZiblZeh\eh'ijglharZgbb
f_fljZggu&@ahjza”™_ebl mnewlgygdhkhgi\gbl _eggh epdkjhd
hdmiz ftblobb agZqgbllteelyf jgd f[jZgmki_rgjbf _gyxlky
\'djmighfzkrlZ[ighhba\h”k|\ddd hjuk\lyaZguu”~_e_gRhhth
jh"dagzah\kt_kbhjbhqg_dukhdiho_jZpbhgyd\e ghbywq_f
bojbf g gbijhfure _ggujdp_ kKZahjzZa”_ ehlghy gjgk! |
bkh\_jr_gkl\m _IlKky

=eZ\gug_"hklZlthd[jZgghlkc_ ogheh]bbheZg \h~*hjh~ghc
| _fZlbdbhlkmlIkI\bl _qgq_Ik\_ggjhffure _gghjphba\h*kINZahjZ
N _ebl_evfufgjZzckgm gudhfie_dkdhZjzZzdl_jbkdB@dNf_f[jZggZy
|_oghehey\u”r_e_gbhy*hjhMzaijhfure_ggul@ahbhkihevam_Ilky
kdhgpihrehlh_dghijzdlbg_kkid_d&dkdexq_,byq_kI\_dgde_
iZghbjhba\h~rysbh hjh~rglu f[jZggunklZghWdihevamklh_f
h[hjm~h\Zxgfbjlguf _f[jZggdh"medAd hlhjujboh”blKye _ih
eh\bgkhbfhkiibf[jZggmcklZghWRH[jZggwiiZjZluieyjhba\h”?
kiI\ZgbklhYh*hjhtdam]e_\h~hjhfi)\_ijhba\h”*ygkyyhevrbheb
g_klI\hfbjfijhba\h”~bl,_e@hlhjuhevamxkklgbfhghihevgilfe-h
"_gb_bBrbdimpl gh\mxeblbd@djh”*mdpbzxg g h\Jd@].

LzdbH[jzahZajz[hldBghehbBhbhlh\e J@mahjza”_ebl_evghc
f_fl[jZguhjb_glbjh\Zg@huc* _e_db hjhdBA Zah\kd_k,_¢\ey
_lky_kvizdimzZevghc

H[t _dbkke ~h\Zgby

< gZklhys\j_fyhkgh\gudgkljmf_glthff[jZggh]JZah\h]h
jZa™_e_9bey lklyebf jgEZyf[jZgKiehlguk e dlb\duefh, f
\'dhlhjhZa”_e _J&mtlijhbkohnlblf_oZgbg#rkli\hj_gWbnnmaby
<khhI\_Iklkbwibf_oZgbafhdyZasZdhwnnbpbjhglbpz_fhklb
hibku\zj_lamewZzZéekI\Bymihp_kkhXklI\hjbfhRZmlZ_JH bn
nmab\fZl_jbzfe f[jZzguh_kldhwnnbpb jZlkifihjbfh&l bdh
wnnbpb "dZnm®&kkEhhl\_TklI\: ggh

2 L 5% 1)

LZzdbi[jZzahk_e_dIb\¢jwagkf_f[jZgguf ghlkahazZz\bkbl
dzdlk\hckk\ZfbjozahlZzdhlozjzdl_jbkhedf_ jghkjc ~u

Baf_g_olhfbg_kdhhlzZhkljmdImhebf ,jbyxstgdh
wnnbpb_j@dkil\hjbfhbNbnnmalbhtgdj_Iglt]diZz g_ljZo\lthc _
kl _i_dmf_gywlhhdzZazlbedyjm]ba afbl.

>bnnmabhdgo@gbighgbpZgZyhl_j_i@hlgukehche-b
f jZzhkms_kl\eyaqgy ihklhyggdlmgnhjfZpbhboatiog dhza
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f_ jonhjfufzdjhfhe dilmehjujhbkohAyl amevAfZs gbin
\hjhldellhe_ [Zgh\yhjyxsbadymdIimjgabghpdjhfhe_ dmeu
dim}k\lya h&kgh\gtmhcibh” _ckl\bl fieh\hdhb™ _glbyehbg _rgbo
kbdg khijh\h "Z jKkayju\h\iZe glgalmfbg_ kd#dbywa hwnnbpb
_ghbnnmdhbghzkkfzljb\@ZwWh\hdmigjhe mdglZklhib\hjhlZz
k_]f_glhAdjhfhe_dirhebf_jebguju dZfhe_dmieg_|IljZglZz
bah*"ghkih[hrgh]h_fZ_ ""nmMZdjhfhe_dme4fblhc
lhlhdo bg”b\b"mzZeANphdd j i@hlguihebf_ jg@_f[jZgu
hibku\Z \kyz  _gb_f
2% @#&,?& A
o L, @
"L —iZjpbZevyh\e_ogbhfihg_@lgzt_f[jZghb —iZjpbZev
ghﬁZ\e_gdah_fihg_inII’\f_f[nghIc—Ihesbg‘Zf[ngu
Kh[kI\_g#gZg dlb\gihlelbvf (B~ ZevghevnnbphZg?t-e
gbyyihizj ]Zza®i\bB, \ujz zZ_ldppwnnbpb _jgldf_e lyihy klZ\
ey Kh[hklghr_gdbhwnnbpb_ipdigbpZ_fhbkig"d\b"mzZdZaghd
baf_j_gduadbgZdhikeh\tbyo
L= L —

UV% A Tl B (3)

BamjzZ\g_Do@3) ke_~mqllhijhgbpzZ_fhkllj\Zlgihhihjpbkh
gZevgan_dlb\bgheecsbgk e _dib\dety f[jZglyu Zzk_e_dIib\ghklv
hlg g aZ\bkblg_\b/ghhijbbalhlh\e fgdpjZgleZ\glpc evx
yley_ lkyarZgbimdImiehlguk_e_dlib\geh_ IZdhfdogbfZev
ghdhesbgubdhlhjhag_fhlkmlkl\mphlgbdZxsb_n_dlxeyZ
ahjza”_ebl_fevgjogZb[hda] “ihglbl_ewdbyg_ I|Kkbff_Ifbq
gZkljmdImphZ kiINZdZdhlhjXwhi_j_ggjdaj_lhqg_ 11Xkl [iehl
guck _e_dlb\gebbihjbklimikx*eh dim\_gZxsmZ_oZgbg_kdmx
ijhgghkflvf[jZgu

LZzdlbpzajz[hlldmghehblbhlh\e igepf jghcf[jZgaZ
dexqZ_\kyharzZghdzqZfed[jZgufZdkbfZevighe dlb\ghiklvx
jZan_ey ifhjc]Zahihkeg_]hjh\h~blld)hjj_dlbjhkhdzfh\hgghc
kbkl_flup_evm\_ebqg_ipbya\h~bl_evfhff]Bguhp_e_\hdmf
ihg_glbnzgz\bewlbB\ p_edZoh *Wiknlb\hj_gbb_ebq_ipb_
gbpz_fhikb\h~*bdkgb™ _glkx e_dib\ghgbh[hjlgh_kliwnij_ »_
e_ggudzizahlgmdImjf[jZgugmljohlhjh]BEahljZgkihjbgu _
jZdl_jbkibdbjZzglihImlulvhilbfZevguflthqdédj _ghyrZ fhc
aZ"ZjfZm" _e.gby

A T2 V2 E

P ebkke ~h\Zgby

GZb[hgZKkijhkljZg_gapguare_ggkchkhjhba\h”~kVhZ-h
jh~rZizjh\Zdhg\_jkkbyZdEZDF), \oh~dhlhjhYh_j\hfdhg\_jl_j_
ijbl_fi_jZIn8p0—-900 KgZgbd_ e UflZebalZijhjbkohMNbd\e - q_
gb\h*hjhd& 1ZgZ\ke_"mxshbh"hzah\kt_kbdhihegbl_evghf
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dzZlZeblbq dddd\f dihjbhi_jZpbhglglic jZImB0°K h[_ki_qgb\Zz
_lkyale_qgq_9gbrthjha\h~*yghidjZzGzZ\uoh”ba*hihegbl_evgh]h
dhg\_dIhyZl _ogheh]bqg_kdimxqgdihe g4ulv \dexq_gkdZ” by
\u”_e_dby¢hjhda[jZzah\zZ\r ]JZkyh\kfc_kb_JHZevg_chgbkldb
"hg_h[oh”~bfdhdlg_kWZZZ"ZdZchdZau\ébkyfh _Il[ulvj_r_gZz
jZaebggkiihkh[Zfb[khj[pbhg@dkhj[pbhg§uff[jZgguéb[h
bodhf[bgZp[b-7.

<dzZq_kt\bl_jtky e_dlb\ghkdBu[jZzgibgbfZzevghmklb
fZygbklhlBE*hjh~dhlhjhkxij_~_ ey HKB022-80«<h”~hjH~ogbq_
kdbcbreyh hjhtZjdk;» khklZ\ed39,96 %h [

KhklZA<Kg2uoh”™a*hihegbl_evigihdh jlhEevaZ\bkbl
hljZ[hlmklZghhNd B, gh\kj_~g hfggZoh”*bVke "mxdpo*_eZo
H2 60-70 %, CH 15-20 %, C@5-7 %, CO 4-14%jb"Z\e _@bdFI1Z

ljbgpbibZevigZ fZ f[jZgglyg _cdibbf_gbl_ewdgjhp_kkm
\ur_e_dby¢hjhig "klzZ\egd@dkil.

JbK.ljbgpbibZewgpZiZ f[jZgglyg_cdlb —fhevgZlheyh*hjhXZb

Isz_thhdle—fhengIyeyh"hjhK‘Z_jf;Z(i_hIh,djhgbdesdpgj_a

f_fljZgnrk,~fhevgZyeyh hjhtgZ | _glZihlhdjhoh"ysgzf_f[jZ

ghe Ly b Lg—-"Z\e_gbahgkujv_\h]Jhlhdggz™_f[jZghd \ ahg_
i_jf_Z{(tkh™_f[jzZghec

Hp_ gtZdkbfZeVigahfh ghdigp _gljaAmBbjhXEhlhdijh
r_~r_fg_j_faf[jZzgmh~ghkIimi_gdpf kkih\_~_ &Bkihevah\Z
gb_fh” _elbgme \klhbfhklkxjvyeywkhklZF&K[H: [ KHs = 7:3.
Kmag_lhf]lhqlmZgg#Zhy* _ely_"iheZ]Z_IL o[, "eyZkq_bKihev
ah\ZgBkl_fnzjZz\g_@Whc

20 449

@%FA

ULBS&E—@—E T i,

5p ax ax ’

T, L UfPF—=—

(4)
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1" 2 b2,—dhwnnbpbijglgbpz_ fhdHbihg gAHB;, - [ _ajZaf |
gucdkihfh]zl_evighufce _[8Kk
J_ameviZkyg_lih\ *klZ\e grib k2.

Jbke. AZ\bkbfhkhgp_gljzZ\wiihnjhhZk _e_ dlb\ghkilljZzgd h*ghklmi_g
gZlhijhp_kkzZa”_e_gbykhhlghr_gYhe_ gdcp = 51. =hjbahglZevgZy
ebghyhagzZdg [Im_frdkhgp_gljZpb™MjhAZ ogbg_kdrhhjhfZjdk;»

lhkdhevidmzZj ]Zatlh/KHs k_e_dlb\ghkfipZ,gdhlhjubk
ihevamxVkpiyphfure gghfiZkrlZz[gZoh”y\RY ZiZa®03200[9],Ih
dzdlhbrghdjzZnbdyZbkmgdZ \[he_rbjhdhtfbzZiZzalgZq_
gbdk_e_dib\ghklin_fdggp_glj2ApbhjhX*Brghkimi_gdqgjdhf
p_klig "hklb]zZ. Iky

lhkdhewvdme ghb<KgAuoh™ahihegbl_ewigigh jlmjk
kib]Z3 FI1Z Ih_klvhafh ghlhlMZgbazfplbpjZgghijihp_kkBhg
p_gljbjh\zgbyhjhAz*\_kimi_dbar*hihegbl_evdhiij_kkhjZz
f_"Anklmi_gy¥®. HilbfZevgiug_iz”Z\e_gb/p gZoh" b\ Rp-Z
iZah®-20,glhha\heybihl_Ibq_jEkikfhlj kivkl ,fko_f&hlhjhc
ij_"klzZ\egdgb k3.

JZkgM\mokImi_gk&lhiehkbkl_fmjzZ\g_¢hchdZaulglh
gAlhjh&Imi_,dbhj Ibg, dbjbk_e_dlb\ghih* BB *hklb]Z
_lkg_h[oh*"bdBkIhYE"hjhARE_kI90,95fh &%.

G2rZggmwlZibkke "h\XglEZg_ kfh” evghhkcichevah\ZeZkyv
iZj4QZame/N,, lzddzbda\_k/lghhk _iZjZpbhgghcklkZZgnZjl
guokl_dehh[jZalgelf_jMeywlh¢Zju]Zah\ebaddl_f glh
gZlexMZxMewZjuH/ KHs, ijbg_fihke_ _"gkefmqgkZ e _dlb\ghklv
gB8-20%\ur_axq _Jlhe \ukhdhgdgzZq_dbwnnbpbrlgiBdmabb
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\h~*hjhtZhlghr_gh} _ebxjhgbpzZ_fHkiIZgzZahigzdlb-q_
kdih~*bgZd®)u

LzZzdbh[jZalkt e dlb\ghlkéwmq gigZyZa” e igdjbHe/N,,
\ "hklZlhgdghjcij_~"kdZauW iZjZpbhggdjZd!l_jbkibdEj_
Ha/ KHa.

Jb3. Ko _fZ\mokimi_gdgHplkkzf[jZgghdhgp_gljbjh\thdthyhAzZ

Kmqg_IlhH]hglhj_Zevgthff([jZgghHh"m&_e_dlIb\gfihklvl
[ulvih0 % gb” agZq_glthyhjihemq gzh"bghaqdhtfjZg[11],
lhijbjZzajz[hfdf[jZgOekxbkl_HiKHs\dZq_kp\ efuezjbgylz
k_e_dlb\gl9@ &10,Zp_e_\hcZebklbqgidhwdZ a Z li hew” _ e v gjtc
gbpzZ_fhkibhjh2200~f(gn) 2 q* ZIf

F IhhZah\lbg\ jkbb

Bg\_jkb¢aijhp_kkZah\hEkiZz2Efh] _gghiébf_jghEk
I\hjZ\ua\lZggukh_j \h~Ri_j _gZkus_d&oklhygiml fm\_ebq_
gbyazbfh”_ckii\byniZdjhfhe_ dmihztbf .jWIlhijhp_kk I
[ulvbg"mpbjh¥Xagbqgufbkh[ZfMh[Z\e_gb_fZklI\hjblbleyZ
j_gb_jizkI\hjbl,_leayf _g_gb_ffi_jZImibebf_jghlkli\hjheb
f_ji_j_jZkij_~_ey _Tkm[jZah\Z\rbfibkgZbmbdkbjminky f
]_e_h[jZahbZzeddhqgdkl _deh\Zghg\bkbfhtklhkeh\bhbdhth
juoijhbkoh™@lhhZah\yZkiZthemqgZxiky[jZgkhki_pbnbqg_
kdbfh\hckI\Z13.

<dZq_kih~_eflzl_jbzZfeZ[jZgkmqg_Idhfie_dRBckik
ebf_ jEkhh[jZ _gthdf_jg_kédhklmighkie\u[jZdhebwnbjb
fONITW B— (GrH2406N2) n. KIjmdIimjgEpymeBEebwnbjbfig~Zkl-Z\
e _gdq b k4.
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Jbk. KljmdimjgEfméEebwnbjbfbrZ

eZlhr"Zjgebgbwe f_glZjg\hfgkjZalm oZjgbjgulgmii
wlhilhebf_ g _]dihj_jZ[Zlu\Zb§&kiezZhyZZkI\hjhhj]Zgbg_kdbo
jZkI\hjbl . .dWoB- ijhgguk_jfhieZklukhdhciehbl_jfhklhedh
klvxohjhrbfb oZgbq_kdbfbe dljbqg_kdbdbl\zbb]g_klhcdh
kivxBf __I_fi_jZImyohkiemZIZpb/O°K Hkgh\gagf "hklZlghf
ey_llgyhg_gdukhdKkWcdhkly _sbghh[jZzah\A&lpz\gmIlj_ggbo
gZijy _gbc

<nr"Zgghz[hlbg\_jkbhZakms_kl\eyeIZtkVvhih]jm ghfjkZz
A _gbyh_klvibih]jm™ _gbhbebf_jghRklI\h{izhebf HjZkl\hjb
l_ewdhzZ]meypbhZggoig jZklI\hjbl,_ighlbkoh4dpHp kKikkz » _
gbwj_amevlilf_giZZkl\hjbl ge24g jZklI\hjbILZdDbli[jZamhfo
gbfbagez\gwm&dlhjAhebyxsbpAhjnheh]bxf[jZgw\ey Iky
[hjkbkl_fizkl\hjbl/geyjZklI\hjb[8]l.ev

JZkI\hhebf_ji_"klZ\ekxh[hb*ghjhr"dmpugghzZfhe_dm
eyjghmjh\g”2bki_jkbdXdjhfhe_dpZ&kl\hjyxskbkl fkh”_ j-Z
s_ch”*bpgely_kdhedhfihg_glkbe\azZbfh”® ckdhblhjuohebf_
jhfagzZgbl_duvghqg_fkbedhgdmjbjmx\abfh”_ckihlepf- j
guofhe_dmjenk jm]hWIRujz Z_Igyj \@azZbfh”_ckihkepf- |
JjZkI\hjbl () bihebf-ijhebf _(jI-1); _keb-X>I1-1, Ih1l + J

[-J(jZkI\h[L3].

JZajzZ[hhd4fh\hqghik| _fgZZdjhmjhhkig~ba\_klgilhe-b
f j\dexqzZ\ Kk _[2fhf glXkgZqgqZzeZ ghZclimkeh\tydkbfZevghc
kh\f_klbfhkibbf_jgzkl\hjbl,_%ey_j \htHEebf_pAyadhl-_dm
g_khklhyd&pb_evixb”rZgbynm_hf_Iljbqg_kdhtuf _f[jZgwazl _f
gZclimkeh\iheghg kh\f_klibfhkéf jzjzklI\hjbl,_ldy Klv -
j_\_kibhebf_ hayadhl_dmag _JhhkhklhydbZnbdkbjh\zAlf |
jbg_kdmhjfni_f[jZgu

<dZq_KkJEkI\hjbl [ee\u[jZ§-f_Ibeibjjhebdb89NO, g-_
jZkI\hjbl-\&@yp.ZBkoh gidywp_gljdpepf_jghlklI\hi25%fZk

<u[hjuel _ogheh]bqg_ _ltdlkiIhkgh\ggZzkq _jlZkI\hjbfh
klbbhebf_j\4Zaebqgidhkl\hjbl .&jbkh[ghilebf_jZkl\hjylvky
\jZaebqgbo6dhklffoogh_hj_Ibqg_jkkikgblgdlwkdhevdbfb”Zfb
ih=bev”_[jZKWMeenh:kdZz kdibfim<Zd|_\_e [I@nri5].
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Nhjfh\Zzgl_f[jZg _Ih~"hAZah\lbg\ jkbb

F_fl[jZglzalhlZ\eb\ZelhkhriZah\bg\_jkbllZz kkfhlj_\@u
jbZglkmofimndjh]mhjfh\ZgbjypgpbibZevwpZyzhjfh\hqghk-lZ
gh\dibijhp_kkBjfh\Zgihyd Z a Hgjd k5.

lhebf_jgyZkI\hjJ) Thih\belky_evgkl_deygdhelijb
| _fi_jZImh "yghZgm°K >ey_j f_rb\Zdkkyhevah\ZezkedZ
k\_jogbifb\h~ "hfihkeiheghjEZklI\hj_ghebf_jdhe[mgbfZedkn
\h*ygHZglbihf_sZebmevljZa\mdZ\ggtey*_[ZaZphbhke _
wlhlil i_j_eb\Adelddhk8y¢jZz[hqlhdt_fA~*Zgghko_F+160fe, \ dh
IThjmxj_"\Zjbl_em&hzZzgZ\ebhjdebg¥ bl_jfhklZIbjh\ZHd bt
i_jZImjubdhlhjhckms_kl\eyighliMh\e_dgb IhkeaZiheg_gby
_fdhkéb_ kh_"bgked_ \fhpbebg8jhtihlhjurgZeehlddhnz
\Zekly ZluZah*Z\e_qg\lbig_\fhpbebg” jmebjh\Zebndlhjbf
bi_j_dexqzliblhHdjZzalB. GZ fdhkéwnklZgZ\ebjZeldZf_jgmx
nbev_4mjZah]j_\Zeiphfure_gguwf_gh%hhi_jZpbhglghc jZ
Imjulhkewlh]ihrzZ\Zgbaig_\fhpbeblgmiklZgzZ\eth\iZ¢bpbhg
gh”~Z\e _gdhZthjrg_freyihy\le ghiehrghidjmbl gZ\uoh”ba
nbev_jlFZkkh\u&@kohlJ hij_~_eygBwe_dljhgdukZ@ND
LK2000) kIhgghkl&k ] bj_Imebjh\Ridbbhsvy_"mdIhQZNbevl]j
1J19 mklZgh\e_ithkj_"~kI\\ggdhhkéh_j_Mmbev_jhc

Jbls. Ijbgpbibzevigz ikl Zghhthpfh\Zgbyf[jZdg\b*iheubhehdhg
1,11-[Zeetkpk ZluZahi2f10-j _~md]B+zfdhkkhihjgufZ\e ghefy
ih"Zgd_ jZzklVhjbNhégmlj_ggjhkljZgkinbev_A—nbev;5Znbdkbjm
xsZy\zZggsd — _fdhkl¢habjh\Zglhebf jghjZkl\hjZ — ihjr_gv
8—-ig_\fhpbeh@2jl_jfhklZaR -\_~hfujchebdd -\_"mshlteb @3 -gZfh
lhgguma_lewe_dljh*\b]Zlb gbf fgufdhe_kHS — ijhfulhggd¥gpZz
16—_fdhkkvg_rgbd_jZkI\hjbl; & 4fr_kl_j_ggazkhi8—i_j_dexqZzl_ev
19-nbevljlhabph® 17ihko_fkmofindjh]mhjfh\Zggyokihevamxlky
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IhkemklZghddb ghfakkh\higkohrEZ\h\gmlj ggdXf jm
nbev_jarzZ\ZakyZkl\hjbbe¥tdhkkhihjgufz\e_gB. Hih4
gh~rzZ\e_gZf_f[jZgheklZgZ\eb\Ke&ehuZ ahllbfdZe e hlgkd h
fhsvxj_"mdlRBjZ

G2Auoh”banbev_jd ijbh[j_IZnhjfmheh]bbebg™Mkj -
"bf_imkdEMNha”_ckl\bbélby  _Kklibj_ f_sz Yghad~gh\j_f_ggh
kwibBZimkdZxZip\ur\b]ZIl, elblhjuhkms_kl\eyXk_gh-
"ms_JhebdZ bdhe_gZfhlhggml@&Z <hehdgji\h”*bllqgy j_a
i_j\udad_~"hfuidhebd®y\\_"mshlebld,\ _~hfuihebdphfulhq
ghdZgglb,\Ihjht_~hfujhebl® bazdj_ieygldhe &Zfhlhgghl]h
magéXlhkewlhliph\h~blknjj_dlibjhkdBjhkNjZs_ghy”"ms_]h
jhebdZbdhe_ &Zfhlhqginp&X

MklZghldthAa\heybdf_gylukhlmZdgZau\Z_fd\Jha“mrgh]h
ijhf_"mbaiZ Ih_klyZkklhydgb "ngb g _iehkdhkivxev_4bih
\_joghklvw*rdhkhbdkbjmx8§Zggau <j_ "bf kmoftndjh]mhjfh
\Zgbly) banbev_jul_dzZglihkj_"klI\g@dta"rmgZoh”bllxfg-
dhlhjAj _fy*hihkimie_gblpdkbjmxsdgdm

<"N"ZgghWidki_jbf _kkihevah\idgedy kAg_rgbfbzf_Ijhf
ble@30fdfb\g_rgbfbzf_ Iljkdfhevp_\th\h jklbgy j dhlhjAu
oh~bllJ, 600 fdf <azZ\bkbfhklibhgbmkeh\mlejfh\Zghg_rgbc
"bZf_balhlh\e_dgtlgZg@Zoh”"beklyZiZ a409-550fdf.

Fh~_ewhjfbjh\Zglkye dlb\ghdhy

>eymijZ\e _dphyp _kkhhjfh\Zgbyf[jZgluedjbgylZh
N _enhjfbjh\Zgbkbff_ ljbgghjendImfiuf[jZguh"_dy_ "klZ\
e _gd4 b k6.

<fhf_gluoh?MNd(]hfh] _gghutghnZagdikd\hahdybaxbev
_jugZgbgzXlklyiz Thazbfh”_ ckkVWbdjm Zxsl cogheh]bg_kdhc
kj_~hkhklhjhgwmlj_gdht joghKlbd[jZgumABkimiZ _lkl
dbg_jzZkl\hjbIlG&vbf__1_klH]gh\_ggnZah\gzZkizl, dhkh
jucijb\h~bdh[jZzah\Zgbk jh]_gdgBkH\hjfhe_ _dmeyjgluo]Zlh\
(ahey\gzijz\e _babb gljbebgniZ jbn_jbkhklhjhgaZjm ghc
ih\_joghkkemagdnoftndjh]mhjfh\ZgihgbkohMkliZzj_ g&klth
jbl_egkgb  _gblhdhgp_gljzZ\pithBb _joghkldgeh WIih]g_~hklZ
lhggheywZqgzZeZah\hHkiZzNA _klyZklI\Vhhkl1Z _Nkyhk1hy gahbe v
l(azizaru\Zxsbah\uzkiYxghaXj_fyijhoh ~_glBWw\ha”“mrghf
ijhf_"midbf__fl_klim\_ebq dhlgp gljdpebf_jk&yZjm gihc
\_joghklpb "hklb  _gllhmbJd ih\_joghklrdhkibdkbjmxs_c
\ZggkGlijhbkohXhyh\_ggomZah\yzkizBkhklhjhgaZjm ghc
ih\_joghkdbdhgp_gljZpleyf_jgzih\_joghRux_bkoh”ghtc
wlhigbgbggZh\ _joghkhe \ jhyldbijZah\ZigthlghdjmdIimju
Ih_klvehlghkh e_dlIb\dlehs, 16].
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Jbi6. Ko_fghp kkEjfbjh\Zgbkbff ljbqdhtjZgu\briheh]thehdgZ

BN ZevdgdiymdImZxbff ljbgglZahjzZa” _ebl fevpgiZgu
ij_~iheZ]lgZebqgllhgdhbhiehlghkh e_dlb\krelthyzZih\_joghklb
f_fljZgwWhlhju&kihezZ]zgfikhybklkech”eh >»dkfbgbfZewhka
fh gufkhijhlb\e_qglpZg§kf_f[jZggihfimghkamaZ

<khhI\_lklkMZgglib” _evwnn_dlb\lghweysbdgk e_dlb\ghlh
kehydg rg itt\_joghklb[jZgtij_ " ey blkly gkb\ghkdvix*Zz
JZKI\hjbl kgy jm gihd_joghklpmid aZXj_fyijhoh ~_ gbfyh-a
Amrghlphf_"mlazWlhijhp_kkhgljhebjmoZk¥d!l_jpmafzbfhs_c
kiI\byZkI\hjbl kéagjm Zxskjc *hckemadnoindjh]lmhjfh\Zgby
_Jkizj_ghMonnmathwjm Zxshkjx 2 m

IlhkdhevdmdzZq_kljZkI\hjbl_ékihevam\ukyhdhdbiysbc
N-f_Ibeibjjheb”lthgkms_kI\_glgaf g_gdhgp_gljZphhdbf_jz
\jZkI\hjpXkq DBkizZj_gEklI\hjbl bépnnmablha”moafh gdhevdh
ijbkms_KkI\_o\ghf_gig_[u\Zgbyf[jZgu\ha” mrgihhf_"mltd—
jbk5,6.NZdlbqg, kibfdzoZgghko _fmklZghwlllih ghbh[_ki_qgblv
lhevdh\_ebq_dbkfilb, 1ZdzZé&dhjhkiljhly dbhehd§¥ Zgbqg_gz
ijb_fe_fhpghba\h~bl_evghkj¥x\hggh&lZgh\db

F lh bd&dki_jbf _glZ

Nhjfh\Zgigh\h~"beRkwZiZahgfi_ jZI66,5-70,5°C<dZgq_
i_j\hlhjb[eb  _gbyfi_jZImijhp KkBjfh\Zgby[bjZe Zk&
kgh\ZgbhmZevgaijex~_gbkyadhklMxebf jghidkI\hjizb
Jhjh~Z\eb\Zgbpdhevp _ANh\_jkimbev jahsZAw®7-10 f2.
|
N

I\

bzizah@-12)fbg

=eZ\guca ndjfh\hggm&lZghhdmdZf_jgbev,\g_rgbc
\bAMhlhjRo\j_fynhjfh\Zghy[jZgu\b~iheh]thehdgjZz "klZ\
e_g4bk7.
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>eybkke_"h\Zgbyheh]m]hlh\e_gguwohdhgh\h*"beZkv
we_dljhgddyhkdhifby[jZgup_gljdhee_dlb\ghdhah\Zighy
> B F_g*_e gXdZgbjmx@Zkljh\hwe _dljhgfghdjhkdldsM
6510 LV + SSD X-MAX (JEOL).

Ilhkdhevdoh”wdki_jbf_lgadhlzZ\eb\Zhlkwrhdhebq_kl\h
f_fljZd jZaebgguobfZdh\k_hgbZjdbjh\ZemknwjhfbagzZ[hjZ
pbnp[mdyg_lujpbnjlhagZqZxkyp*ZImhjfh\dbhke_ ~@lhnju
hagzZq4xibfijbdhlhjhknhjfh\zg§Zf[jZzgZ[md\BagZq@\ |l
e _gldhlhjuklf_q_ ©§ZggiZZjlhyZd

gZijbf,_ fZjdbjh\a4273Dhagzq4lhf_f[jZg[liedbalhlh\e_gZz
27 Zij_einj_ bfm

>eyh”]lhlh\dbkke_"h\ZAdpxampwheubhehdhgjm Zebkyv
\ "brdbZahZXazl _ jZkdZeu\Zeyphemq_gtiy j_qglklhg_ofby
[[Zg.u

>eyaf j glyah\hbgbpz fhikdbb\b*mzZdvatidheu\h
ehddzhij_"_e_dgghlbbzaj_agdnz]f_ghrbgzdMélrglukh
[bjzxlkyimgdbhehdy&ymqdhdzl_evigh\_jyxllgyzhlkmIlkI\b _
\g_rgb\d~ bfuich\j_"~_ghtylbgaZ]b[H)A_sbdl

JbK.<g_rgbd nbev_jweyalhlh\e igen\hehdh§glipZqphjfh\Zgby
< 3bf_f[jZgbavlhiZjlbmIf_q_gjzZkgbcglhc

HAbdadhgphmgd&ZzZi_qZlu\Riddhsvxwihdkb”ghlteu
>im]Jhdahg_dhlhjukem BleWwu\h*Z_jf_ZIAKIZ_lkydjuluf
bdj_iblkwihdkb igthce Ngmljlgm[dib\g_rg_jcav[bey_j Z\_
xs_cklZzebhlh\u_f[jZggdh” mab\_rb\ZxIkly jlbdZevighf
eh _glbbbdkbjmxikgbli[jZahdflh[@g [uehZe_criba]b[hh
p_gljZevighlemgdhiheghlbkuoZgbiyhndkb"ghhceuhkelu
kuozglthyphfth"meyqzZklhjpadhlhjZyeZj_ _"gZagZ?te W&
\h"Z_jf_ZIB[j_azZ_illkyjZgbpvihdkb”ghceb kj_ajh\_jy_Iky
gZfbdjhkdhglh[un[_"blvkhh\gmlj_gdhghkldZ *h)lhehdgZz
hlidjulz
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<g_rgb\dAf_f[jZgghyle f_ glaheudhehdhjg ~klZ\e g
92 b k8.

JbM8.<g _rgbbrheh\hehdhdgghjizgghie f glz

Ko_f&Z[hjZlhjghkd Zghbab_ j glyahijhgbpZ _ifthkZlazgZz
g 4 b ko.

Hkgh\gaZd™ zZ9ZgghmhzitZzkiulZgbbaf _j gb” evghgb
pZ_fhkilbf[jZgu ZdlZ&|X_ebqgbgedazf_jin\g_d¥edkihevah
\Zely koh”ht\p"i _gghdz

Jblo. Ko _f&z[hjzZlhjgikdZghrdkpaf_ | glmahijhgbpZ:thKlbeehg
k] eb.d—j ~mdIBj-fzZghf_:l4 5 6, 7 —djZg —f_f[jZgguziiZ|ZI
9- fdhkkih~ht0, 11-iheh\hehdh glytm;d? —jZkoh~hdi_jggpd

=Zahijhgbpz Jijliztkdkgblu\Zkéky mx sth[ff Za:h f
E z

R cHenHTY ®)

4
]’\_—r— h[t_fgujZkoHRZaZf(gn/q j—i_j_ iz”Z\e_gdbyj fa
[[ZgEIfF—wnn_dIblighysZ1a\_joghklb[jZg@f?.
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(L HNHTHH (6)
J"N—-dhebq_ KI\f{jZgguwoe f gltih"ma—-\g rgbtbzZf \
ehdg®;, H rebgzrghfhf[jZgghyre _f_dfg

J amevi@ldki_jbf_glh\

Djbl_jbdzqg_kIRZe _dib\gkgdhy m”~_evagihygbpzZ_fhidv
Zahlimb ijbgylubhdZaZl "eepwp amevibjmxsf[¢gZgim”™ _evgZy
ijhgbpz_fhikllv_ebx100~f(gm f2q* ZIf ijbk_e_dlb\ghkbb
kl_f] ebZahD0) ez fXyebgbmZ evgjhgbpz fhikiBEahlim
"he gl@iefygZoh blykyjh\g ~f(gm 2 g ZIf

<dzZq_kbkoh”gllueAu[jZzgdhgp_gljzpleyf_j\jzZklI\hj_
25 f Z k%.

J _amevidtl j_gihyhdzZzahhaz\bkbfhiklg_f_gb_[u\zZ
gbYhehdgWha~mrgihfif_ " mldij_ ~klzZ\e \¢gza[.el.

LZ[elp Z

<ebygbhgp _gljZplebf jpdzklI\hjp\j f gl _[ulZgby
gdjhgbpz_fHkiffjZgu

£ 7idb Dhgs;glijz_fy'j_[u Kdhjhklv>Z\e_gpM"_evgathd
) t\dz| ihebt gbyhehdgHBjfh\Zgbymlj_gg¢g ma"mpd_|a
i Jf[ngujZkI\ﬁj \ha~mrgHf f[jzglg_jzki\4fjpf_fliZgm
- 7 kb iHhf_ "mldg f/fbg | _eywlz ~E(gmi(f-q2k
1| 04272 | 25 1,82 6,1 0,17 500
2| 04273D| 25 6,1 0,17 1954
3 | 0430247 25 0,89 6,5 0,15 2380
4 | 051405N | 30 3,66 3,2 0,15 2,6

Baij "klZ\e gjguwameviIZbit\ghlglhbkohrgdygp gljZi@dby
\25fZkRo g ihal\heyhkemqghéwhlgulc e _dlib\gebgdAg rg it
\_joghkfibf[jZzgu zZzd hlf_q_gHhmf_gvr_dp f_gb_[u\Zgby
j_admomA”rzZeHlghkdve dlb\dglehhy

>eyij_h”he_gbglh_"hklZld&bh~rgh\j_f_glg\ur_gudhg
p_gljZpihebf_jghHEkI\hK25 "B0fZkRo b\j_fyij [u\Zgbyf
[iZgwAha"maglhdZidb*gha*Zggudhlhjuj ~klZ\e \d@a[.el2,
ijb\_ettdZj*bgZevilpbm gbphgbpz fhikilfjZguhlj [m_fZy
\_ebqgbipZh d\a ~f3(gn)/(f> g3k

ljb jZz[hlkihebf_ jgyZkl\hjhdhgp_gljZBpbdBkK6 [ueh
[he \gbfzZl_eygkkfhlj \e¢lbygkdhjhkdbjfh\zZghy[jZggZ
__dijhgbpz_fhkKjuf_jj_ameviZZidh Mdki_jbf_iglZ2klZ\e_qgu
\ 1 Z[.e.
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Mf_gvr_glbdhjhkhihjfh\Zgbyf[jZgujb\h”*"bdim\_ebqg_gbx
\j_f_gih_[ulZgbhydha”*nkdimhl, glth[mkeZ\eljh£& _tebl_evgh _
bkizj_gjkl\hjbl_2ggZgblhe_ \ukhdnibhgp_gljZptoexbf_jZ
\iehlghk_e_dlb\géal _

DzZtubrgha*Zzggud[ebRuijbmf_gvr_d«ahjhkdB[ex*Z Iky
ijZzdlbqg_kgyfhijhihjpbhgZeagklykbfhrkfv gvr_dBEwh\hjd
gbpz_fhklb[jZgu

L fg f g \ij ~ eZdgghibhzZiZaig@Z g d&hyhjhkthklbqv
bkdhfhilhdZazZlmey evgjihgbpz _ fhiklBahlmf(gm 2 gt zIf
g m~"Zehkv

lhwlhigbgbguej adhaf_g_g h”boZjZf_Ifhjfh\hqgkic
kl_fo~Z\e_oglmmlj_ggglhZzkli\hjbl<egbqbmglh]hzZ\e ghp
ijhgbpZ\gumkeh\bhyi¢g_~_eyhesbgimf[jZzgbkdhjhklvi_j-
oh”ZI\_jrhkhklhydihklhjhgu\lgmlj_gght joghkWdilhgZijy
fmxk\yaZiil\ur_gb dhgp_gljZpblebf_jgAg_rg_it\_joghklb
g_fluklj_ijhbahrdét\_j "~ gfb f[jZgu ff _gvr[uehj f_ ghey
dhgp_gljbjh\iheghy jgAg rg_ib\ _joghklb

LZ[eRpZ

<ebygkdhjhkibjfh\Zghyi[jZguZZahijhgbpZ itikdhlm
ijbnbdkbjh\ZggkbI\ha”mrghf_"mlt2Z 0,195f

<j_fyj_[ul >Z\e_gb_Kdhjhk|v .

. . . ; MA"_evghthd
< FZjd'bjh ‘ngb\)hehcg@mlj_gg_g}hfh\Zgbé/ahqzj fgf[ngr
ii.| f_fl[jZzgu\\hamrdhgf_jzZklI\hjbh_f[jZgu ’\f3(gn)_/(f_2-_qZZI)‘
ijhf_"mldk 1_eyl1Z flIfbg

=)

1 05141@ 2,7 0,15 4,3 3,7
2 05143D 3,08 0,15 3,8 3,4
3 05144A ? 3,3 0,15 3,5 2,9
4 05145N 3,66 0,15 3,2 2,6
5 05146J 3,66 0,11 3,2 0,17

DZtibrgha*Zggud[ebRujZ "bdZewgh gbZ\le o\lgynl
j_9g_bh jZkI\hjblkOelyp "h0,11 F1Z ijb\_etj _adhimf_gvr_gbx
ijhgbpz_fhiklbahka6 0,17 f(gm 2 q* zIf,

KljmdIinkjZze dlib\&lehfy f[jZ@5145N b05146Jij_"klZ\e gqu
j b k10.

G4 "~klzZ\e_gmhuldn]jZnbBpoghglihmf_f[jZgk[he gbadhc
ijhgbpzZ_fhkkedxigulkc_e_dIb\gebkkms_kl\ _lheghs

JZkgihdZau\Zglh\_ebqgbmZ evgihliindZah0a7~f(gm
2 gt zIff g khhI\_IkI\bkdhftkdjmdInfj f[jZguihkdhe\idigh
\Zy_ebqgbipZhdZ ebYhe gla1lv\100jZdhevrihlhdZahbd 2° Z-g
ghd_f[jZgkhklZ\blebgbigmy~diz ~f(gm 2 q* ZIf}, qlhkms _
kI\_gag ieZzgh\hcebqgbipa~rf(gn) 2 q* zIf.
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Jbk10. K_e_dib\kehé f[jZkjZaebqdEah\lijhgbpZ fhkke \Z
m~_evijhgbpZ_ fhkiZah2@ f(gn) f2 ¢t ZIf; kijZ\Zn~_evijhgbpZ
_fhklvhZahom7~f(gn) f2 qt ZIf

>Zevg_chdyzZ[hldZjzf_ljmhjfh\hqgghlkl_fijh\h*"bezZkv
ghkgh\Zgbaameviwldki_jbf_ghhijhgbpzZ_fhklédby

<i_j\hfijb[eb _gptbevrbgkhgh rghi@jzf_Iljmhjfh\hgghc
kbkl_fuzdbdz8iz\e_dbg_ \fhpbebdtgmlj_ggga lphZzkl\hjbl_ey
\j _fyij _[u\Zgbyf[jZgu\ha*mrgihhf_"mldkdhjhkifajfh\Zgby
f_fl[jZgd_fi_jZImijizebf_jghikI\hjEhhI\_TkI\hVZédhlhju_
[uethljz[hlZgbihemqg_ _§bfjjZgufbgbfZevghc evighgbpZ
_fhklvihZahlIm

;uedzZkkfhlj _agzZ\bkbfhikhngbpz fhiklgjZdildhgp_gljZpbb
ihebf_j\dkoh”gjiztkI\hjkh”~gh\j_f_glgHbfbazpb f¢c_jZImju

Hkgh\giybgpbibZevigamevliglwklZ\e \gu[.e.

ljbi_j_ohthlf f[jZg09303N d10157=1_fi_jZImijizebf_jgh]lh
jZkI\hj[dneZh\ur_g4Zddzdj_"ihezZ]Zehlkw kemqZ f[jZgu
09303N k _e _dlib\ghkibk!l f ebfc IZgm~" db  ieZgh\hcebgbgu
100. HAgZdhzduykgbehiknke _~k|\tbbbgh\j_f_gmh_ebq_dted
p_gljZpihkebf_jghkkI\hjpd fi_jZImijb\_etj _adhkmb _gbx
ijhgbpz _fhklbeb&xBAf(gm 2 gt ZIf, qglkkms_kI\ _glghieZ
gh\hlihndzaztnoeyf(gm 2 q* zIf.

LZ[eBBpZ
AZ\bkbfhktv evigimhgbpz fhikifiJjZguh]_ebx

hidhgp _gljZgpbbi_jZImijuebf jgiEkIVhjZbkdhjhklb
nhjfh\Zghyi[jZg®&3 +0,2f/fbg

L hgp_gljdpby fi_jZI mjG M~ _evghehd e bg
< ':]czjfc[j.bzlhsj%ebf_j\ZjZk fh\hq g hijk i & fljzgm
- -9 I\hj_%fZk I\hjZ K ARB(gmi(f2 qZ 1Y
1 04272A 25 65,5 461
2 09303N 30 66 165
3 10157= 35 70 8,0
4 11161 40 70,5 0,8
5 12081N 31 70 65
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ljb kgb  _gbbgp_gljZipebf_jghkklI\hyad31 % fZkijb
| _fi_jZImi0 °K [ueZihemq_mZ_evgilygbpzZ_ fhkHv]_ebx
65 "f(gm f2 gt zIf, glHzZd gb ieZgh\hhdzazl ey

LZzdbi[jZzahbaf_j_g* Zevighe_dlb\ghkiiingbpZ _fhikdb
"b\b"mZevddidichg_glhuehjh\_~_d8kYy_f[jZg09303N >eyjh\_~_
gbyaf_j_gluetalhlh\eS iMrmebd_f[jZgbavlihicZjlb.b

J amevhbadaiu j gibcrklZ\e \ga[.el.

Dzh b~rZehikemq_ggdhZq dbwnnbpbjZuelZ e hlybFaZz
ehkg_kdhegthieZgh\hilhdZzazl108yh~gzdjfhba\h”~bl_evghklv
f_fljZguh]_ebg®b0%\ur_ieZgh\hhdzZaZzl_ey

LZ[ebp Zz

J amevhbai j gt ZevgmhWwnnbpbjZelZ e “gdybk!l fu
] _ebzahjbl_fi_jzZIn2p°K

. = . | ¢
Cthamey IJhgpr_ff(-El,\/‘fg(gn)fquzlfl T
=_ebc rahl g

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
Kji_"gagZq_jgb_ 156+11 - 92+5

<u\h”?u

G hff_jg_kdikImigithfebf_f ihebwnbjbfiblyZ[hlZ bd
dbizjzf_ljohjfh\hqggklxk| _fdztbihkgh\ghZkIi\hjbl, %eyziz
ahgdhgp_gljzZipetbf j\Zbkoh~githfebf_ jghZkl\hjrbZiZahig
jZpbhgduédi_jzZlmyj_f _ggw&jzZd!|_jbkjllbp kkBjfh\Zgby

Ba]Jhlh\efgiyjZguhke "mxshfbjzdl_jbklbdEZHDdD evghc
kf kB _ebzahim” _evdgpgwywbpzZ fhikieg] _ebd56 + 11 ~f(gn
A2 gt ZIf5 k_e_dlib\ghkdkl | _ebzahl92 +5.

Bkke ~h\Xgitheg YyjlzfdZe®ZmaggjhdjzffuGZpbhgZevghl]h
p_gljZbabdhbz| fzIbGZijZz\e _gB«NbabdZhlhith*hjh.Z
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uf621.039.633
U0x 10BEEIIDUEC >
x| OARTOOOEEL S
nbrx'xDO@E IEUAIQOREYA'UxI
INYR<k_jhkkbcldBvdki_jbf_glZebahckZjh\

GZb[hei_jki_dlb\gufihffbr_g_ eeyeZa jgh]hfh
y*_ighkibgl_g¥Xey_Ikybh]_gdBy_gw_ijyfh]h[emqg_.gby
HibkzigbgpbjzZ[hldbr_gblj [h\ZgbghgkljmdpHdBiuz
kharzZgby

<\_"_gb_

<gZklhys\j fy\ INYGBBWMNeyjh\_~_ gwdki_jbf_glh\
ih ELKkha~Z_filkggZeZa_jogdklZghgdhXh]lihdhe_,gbdzZf_j_
\aZbfh”_ckt\bhhjhtzdkbfZzevggdyjlleya_ jghldemq_[ghy_|I
"hklb]lzdgZq_8B¥>". GZ"ZgghtklZghheZgbjm _iljlajxh”blv
wdki_jbf_gliu ZIbx_jfhy”~_jofflbec_gh[ebab ihjh]aZ b]lZgby
bdzZzdke_"kl\BPhklbgwg_jlBboh”E jfhyr jghcZdpkibgl,aZz
kjZ\gbfbebj \urZxs wg_jlbveh _gghmexZa_ jghuféme.vk

Bkke_"h\AdgbhezZkkEzZa_jghlhfhy”_jgtkbgl_ah\h ylky
gZZaebqdbozdbr_g.&Zb[he_jki_dlb\ghbfihffbr_g_=tey
aZ b]Zdbyhy” jgh@dppbey lé&poh] gézry gg _ijyfh]h
emq_dHy<dhgp_ipgbijyfh]infemq_¢4byjbqg_Kbdbf_ljbggh_
k>ZIbDT-lhieb\idhbkohnbhr_ckl\bj fgl]_gh\kdalmq [A.by
Fbr_gvj_"klz\exh[hEhdkihg\ _jlRjdhlhjh¥j_amevlial eh
s_gbbgl_gkb\ghah _jgbphemaq Jglyy jbjm jligy]_gh\klide m
g_gbl gl]_gh\lbbdtemqg e ghbff_IjbgbhemqglyglZoh*ysmxky
\ p_glj[hdk&hg\_jlhka jbqg_kdrmkehgm _jruf\h*hjh~rguf
lhieb\hthlhjjZ\ghf_jgakij_"~_eitglgmlj_gdklcgd[hehqgdb
\\br]ezrdhrghjh~rgithhhesbgkehgv/[3]. <j_amevliZlem
g_ghbw\_joghklMhehqkiZjy ,IkyarZwz'yZjghivegmZijZ\e_g
gmiAgmljbhdZau\ZxsyXe gdpZkehthieb\Z j amevi&lh]h
ijhp_kkZieb\kR bfZ_IRWZk\_jo\ukhdbdllghklbgz]j_\Z_*hy
\ukhdbofi_jzZIlmMjj_amevigllbgbpbbjm]Hkygh_jfhy”_jghlh
lhieb\z

D dhgkljmdpbdbdébr_g_ d¢j "tyleyxlkykhdblj [h\Zgby
dl_hf_ljbgzaf_jwe _f_glilh\gghkbbbalhlh\e kgkyhwjdh_jf-
Ibgghkidzg_kijbh]_ggkédhly”j[4]. WIBj_[h\Zgblgjfbjmxlky
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bag_h[oh”bfhiklbki_q_mbkeh\Vbeynhjfbjh\Zgkephyh hjhAghlh
lhieb\F _[m_fu@jzf_ljmMkgb  _ghwg j]_Ibg_ikdbpvey'h
klb® _gbgdkbfZeviglic jZImhiuehlghkitieb\WZihgqdaz b]Zgby

Djbh]_gofby_gw_ijyfh]h[emqg_gby

GZb[hevrijjih\b" _glybkke_ "~h\Zeghed jgh]lhfhy” _jgh]lh
kbgl,aZgzkldzZzkzZxs_oblkyhlh\e_djbyh] _ggfibao_g, & hklib]eb
Zf_jbdzZgkdf_gujzfdzigh]jzZzffuihaz b]ZggxZmklZghNIg_
[6]. <2021] gZeZa_jghklZgMNIg ihemqgj gdhj*ggc cljhgg\we
ohAwdki_jbf 4gix 10’ qlhh~I\_j*bgbgpbibZevigmgth ghklv
h[_ki_qg_@lZzyb]zgftby gbgZeZa jgmklZgh\8ZZ” hmevgh]h
deZkkZoh”ih~lhlh\dph]jZffu[uebknhjfmebjh\Egiyh\Zgby
ddhgkljmdiplhghkbb]lhlh\e fdobyglh  we f_gldAlhjulw
ebiheghklvYaiheg _duwh”| ZebaZplkbjghigh]ljZzffuwdki-jb
f_glZevdgukke_"h\Zgbc

<wdki_jbf_gha& b]zZgbkKgZeZa_jghklZghlNB bkihev
am_l&ygkljmdpjiyn]_gdbec_gly_ijyfh]hlemqg_kpgebg™ibqg_
kdhit _hf_ljhigbdhlhjhecZza_jghaemqg \gb~blkyihjphpbebg
NjZ6]. GZjbkl ij_~klz\e hdh_fghbah[jZz _ghbh]_gdhbc_gb
kijhkljzgklI\_gpdd”_e_ogb IZe(we_f_glkhklZ\eyxsb®zd
\brghgbkl,\khklZbr_ghoh”yhe 30jZaebqowe f_ glilZz\db _
dZdch[hehgldlhieb\hfhdlkkdhg\_jltghevjZnhfdgidh”"2Za_jghlh
baemq bghm]b _

JbK.H[t_fghhwe f glgah[jZ" _dhbh] _gdbc_gBeynklzZghNiEb

>eyjh\_~ _gwegki_jbf_dghe\Zza_jghfifhy”_ jglking!|_ g
gZr_mklZgh\deZj ~eh  _dBEgp_ipgbgl]_gh\kdjbh]_gdhbc
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r_gbkhkn_jbqg_kHhcf _ljb[lkdk&hg\ _jlh)Z _gljdhlhjhjHE-a

f s gB[hehgklgZfhjh  _ggmZ \gmlj _ggh& _joghKldbz~dbf
bhrghjh~gihfihesbdgkeh If _jAh\Mh~*hjh~ghijheb\Kn_jbqg_kdZy
]_hf_ljgynwdk&hg\_jlhhE _ki_qgb\jz\ghf_jgh_ieh\rthdjm  _gb_
h[hehqgdwlZinhjfbjh\Zghjphkellybff_Ijbq_kidlemqg_kph
ehgdiblhieb\hjf_gl] _gh\kdbemqg_gzwflZiijh\_~_ gwgdki-jb
f_glhithaz 'b]Zzglhgmlj_gdhy_joghkhdkihdjulkeh _dhehlZ
lhesbghledhehfdf ]~ _ijhbkoh”"dhg\ _jkle¥a jghlhdemq _gby
\j_gll_gh\kd&hdZ ~hb& hlI\_jklkan_jbg_kdh@ilkkZzzkiheh- g
gufih]ljzgydm][Z _"~ihez]zZ\\kybB/dezZkl_ (¥ emddlezZkl_
j)eZa_jgbpemq_igBm]eBd" dhkbhI\_jkIfA. Lj_[m _llkyg
ghkibp_eb\zg®yfdfdZ ~"ubamqgdhy_glh& hi\_jklbtb-z
f_ljhfhdhdalp ff). WilgZzdezZ”~u\lZkldbj [h\Zgbyhevdhzkb
kl_frgz\_"™ ,gbhbgzZdhgkljmdplbx gblhgghklbbalhlh\e. gby
GZgh d~_j ZI_¢ebr_glk\ukhdhibgghkllikghkbl_ewvdhgZaf_
sZ _lkfy IdZihfhsvxdhlhjha\h~blkphp _ k&kzZ\_~_ @lZibr_gv
;hdldhg\_jlbgh dZ_j ZI_ba]lhlZ\eb\zZx&y jbZe&lhevrhc

| _iehijh\h~ghklibd _fi_jZImjf2@D b~ he gbf_I¥_""~nkh[hc
fZdkbfZewgphrblc ieh\ldhglz®ljhflh]h[hdkhg\_jlgj h[0oh
Abfhl _jf_Ibabjh\iZddZthgrhe _[gulvaZiheg _gehh[f_gd&f
aht]_eb).Lzd ] _jf_Ibqgghikbwdjbh]_gdubi_jZImjpzhe  ghkh
0jZgykh_"bg gdihegyxsdZhbeekjfighehqgdhadhlhjmZimk
dZ_Ikgrhjh rgfy k9eynhjfbjh\Zglry jbg_kdkkelhgv).ZBah|

jZ  _gbdjbh]_gdghec_glg_ijyfh]hh[emq,glwyZkiheh _§bb

r gghazf _jpbljZkkbjhedZza jgimogdhj\hoh”yshoj *gha -
kibhI\_jkihbdka&hg\_jlhijzd Z a Hggb k2 [8].

Jbk.Djbh]_g@ry gkhkn_jbq_Kdhd _Ijb[hedk&hg\ _jlhjz

Ddhgkljmdjpbgd] _gh\kdjbch] _gdgbec_ghj_ "tyleyxly
khdBj [h\Zgdly hf_ |jbhzZzaf_ jwe f_gliln\gghkdbba]lhlh\e _gby
bk[hjdd_jf_Ibgghldbdqg_kldpph]_gghéthp ] WIbj_[h\Zgby
gZijZ\e_gzZkgb  _gwwg_j]l_Ibqg_ikhdbprey'hklb  dftzydkbfZev
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ghd_fi_jZImpiehlghklbieb\ZIhqdaz b]Zgpty\eh' _ggaZ
a_jgmeg _jjbkgh\gl ogbq KHbh\Zgijp\_~ guz[el [9].

LZ[elp Zz

Hkgh\gu ogbqg_Kpgbh\Zgbjy "ty\ley_fddjbh]_gdhc_gb
g_ijyfhpHemqg_gby

Gzbf_gh\ag@zdl_jbklbdb Li _[h\Zgby
N s 1 J
Ba”_ebhe g_lh{]\ozjégnyn:\?umgdpb.the 110°® f[Z]
— N
—ijbl_fi_jzimj_ hiiz~te1 D
>bzf_K[hehgdhieb\hf ~2 ff
>bZf_[hdk&hg\ jlhjz hi6 ~HLO ff
>himklbfZyhoh\ZIhlglvrg i\ _joghkibikmleu 100
—iezklbdhdZykmeZ 309f
— dZik mee g

Lhaghkbkiheh' _pbgljiZlhehgrllghkbl_eygh .0
p_glihdk&hg\_jlhjz +

Lhaghkih\f_s_gibkibjm[db_j ZI_bhghkbl_evgh o
p_gljZl\_jkihchexkZbdk&hg\ jlhjz *

Lhesb&2mDT ev/rZ 65+100f d f

Fzkia \fbr_gb 0,2-0,3f]
Hidehg_kbon_jbgghhgp_gljbgglikhkehy "1 %
R_jhoh\ZIRkalj _gdhc joghkilibhkehy "1 fdf

Lzdbli[jzahklZzgh\bikgylghlhkha*Zglhbh]_gdbc_gb
g_ijyfhlihn[emqg_gbwlhhgh]hmjh\g a\ZVyZ d4jZ [mxs4dyZebaZpbhb
fgh  _klIVZoghehlbghklb  _dby[m_fusdjzf_Iljh\

ljhp_kkha~zZdghph] _gdbc_gbdh ghjZza”_elglZg_kdhevdh
wlZih\

—jZajZ[hidhgp_ipbh]_gdbec_ghb

—jZajZ[hbdgzhba\h~kwWwén_f_gdhbh]_gdbrc_ghbozZll_
klZpby

— ij_pbabhgkdydiwe f_glitb\r _gl§jZzkiheh”  _gwe f_glh\
kfbdjhgghlkqghklvwtghkbl_e#jghPrjm)2 ZII_klzZpdwjZgghc
dhgkljmdffobbb g;b

—kha”zZdgb j*h]kn_jbqg_kdlehyh *hjh~rghfjheb\lZ_[m -fh
]hdzqg_klI\z

- "bZ]ghkldbjbn]_ggkdhy

—ihklZghddBh]_gdbc_glyavdki_jbfilgdZ b]Zghxah
| _jbdZq_kkehy

>Zgguh”raz”rjgbzZxlkyZjZee _e¥jghtjm]lmihf_j ihem
g ghyZded[lmgZgbfuamevIiXhMghlxagb,ofhlmhdZau\vdb
ygbb\ghkbtwhjj_ dlibjhVdblh~y_r_gbbj ZebazZbkikZevguo
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L oghehijgba\h*kiw2z f glhjbbh] gghc
for _gbg _ijyfh]h[emqg _gby

>eylh]hglh[ukh[jZIldjbh]_ggffox_gvg_h[oh~kbfd]hlh\blv
jZaebqogwe f_ dfllur _gb[hevrbgkldbdhlhjulm[eZ*Zil pbnbqg_
kdbfbj_[h\ZgbyffZ|_jbZe¢saf_jzZihqghkdhjfu

1. H[hehgBZa]hlh\e_mbgljZevhhtrce hqgigbbkoh™bd _kdhev
dhwlzZihKgzZqgzZgzh[oh~fa]lhlh\bkir_jbqg_kHdphehgidhdeh db
kaz”rZgghdf_Iljbikb "bzf_Lljmidehg_gtblxkn_jbqgghldBqg_kIl\m
\g_rg_ih\_joghkHihehgihlteh diba]hlZz\eb\Zklkiy*hfbdjh
dZikmebjh\EghedizevifZlbeklbjhedezrZaxhjhrbfbzjzf- |
jZfbihkn_jbgghiktbjhoh\ZlhWbrg_ih\_joghkWdhi_Ih/h{
s_ijbgyteybalhlh\e_lgbyehgihdeh',_dhlhjum”~Zeyxikhke _
gZjZsb\zZphbhhqgkt_gdtkz ~_gbdfZah\hZabelyZiue_gb_f

<aZ\bkbfhklbhklZgh\adbr"zgBwdki_jbfpglgljZevigdy
ehqgddZikmfhZz _I[ulviuiheg_BbZdZaebqdudd_jbZeWAIHh _I
[ulvihebf_jgEphehgkCH-ihdjulb & ]Jbjh\Zgouef f_ glZXfbx
khdbA (Il _oghehidxafhobfbqg_gdiglhkk @Gbyhdjulbgzh[hehq
dbih"eh ' dh[hehqlha jbeebf]g |ljhggtZiue gbjbeelyy
h[hehgidhBeh YdbeRukhdhiehlgh]é _jlifZlhYiZahnZagbfb
g_kdhkzZ "~ _gble jhK<QZajy)y1l0, 11]. <g aZ\bkb f hiklz
| _jbzZeBkegZjZsb\zgbhiyhemqgb\rbh[Kyehqgg bh[oh"blilb
jh\Z19ohlj_[m_fudjzf_Iljhih\_joghkblbbh "Zeyhveh dmj fdd
jhhI\_jkIth_Ih~ht_jfbq_kdhgz[hldbdhgljhebjm bfdncjlghc
ki _"belhi Ih~hdbfbqg_ kdhihe gbXjzf ljug rg Ik\gmlj_gg_c
ih\_joghkh[behqgg dh[oh tbfdf_jykwZghf_IljhlhgghklwxZ
jblBihdZazZglhehgihBeh dbahedzevifZlbeklbjhd3Zh[hehq
dbbh[hehqgdd_jbeelBly

z [ \

Jbk3. H[hehgdibalhlh\e gjgdaebqguffblh*Zflz— h[hehqdiFK,
[-h[hehqHp\- h[hehPab

>eyn”~Ze_ _gbyeh dbth[hehqdihegy_fbygjhhl\_jkNowlh
"_hI\_jklIhihke_ _~kl\bb"blKpdjhdZibe®eypZiheg_bptyehq
db\h*hjh~rguHieb\hFbdjhhl\_jkazy*Zggdezf_IjlihI2 fdf)
\h[hehgbAaxZaebqdgud _jbzZe\uihegyxlgygkl _gnNj pbabhgghc
eZa_jdgbdjhh[jZ[hlidbf_jihemqgzZ_lhl\o jkibkdZagdgb k4.



284 K _dpby

Jbk. HI\_jkIB1:FK h[hehqgd_

2. FbdjhdZibeEpdjhdZibeeeppZiheg_ _fplyehgdbrhjh»
guflhieb\hbbalhlZ\eb\Zbdkly deygawdhlh\imdl _fiZzkly  _gby
ijbgz]j_\th~"bzf_IfjbdjhhI\_jkkbhy[hehqgidh”™[bjZ _lKklyhI\_I
kI\mxsbdzf_ Il _deygdghhidhhdZibeeyaZ\bkbfhiklbzjzf- |
jh\fbr_gB_hf_ljbg_kApZf ljdZibeeyhdmbaf_gytviyzZf Ij
2 fdf "ebgad ff. DZ ~ufdbdjhdZibeighy_jy_lgdjhoh bfhklv
l1Zabaf_ jyxlk¥jzf_ljug_rg_Th\gmlj_gg” BEf _Ij€azZ\bkbfh
kibhlaz~zfb _lihlj_[h\ZIwakyehl¢pZive _ogpAg_rg_ih\_jogh
klbdZibeeyj&yy_]bkihevaml_Ikghehfbyg_IjhggfZhue _gby
FbdjhdZibey\ejy Ik§gbbagzZzkl khklZ\gdphbeeyjeagZimkdZz
\h*hjhrghhheb\Zh[hehg&m "nkh[hwe_ f_gdZibeeZ_ b
gyxlkyhkj_~KIVRY_~_ghykltdZibeeyjgvr_Jhbzf I\ZhI\ -]
kilbdZibeexkjhevrbfbzf_ ljhdZahjjhde_b\Z dlky Kihkh[guf
khojzgyllvif_Ibgghkl[wjdbjb jZ[hl\ djbh]_ggludi_jZImjZo
bklhcdidfl _jfhpbdebjh\ZhglhX~"h300D. Dkh_"bg_gdbZXibeey]
h[hehgdjZz "ty\eyxllieyd 1j_[h\ZgihyijhajZqgghdéblyfbgbfb
aZphhebq_IldéZykh_~bg, gbdiZvlimZdlhj\ebyxyZZkif_

N e _gb fi jZImjh ih\_joghkiphehqtbjhp_kkihjfbjh\Zgby
djbh]_gglhjieb\ghkéhy

3. ;hdldhg\_jImj_j zZI _débr_gbfZg _lukh_~bgbl_ewegu
f_gluWe_f_gkihklZ\eyxdbbh]_ggfilbx_gvf_xljZagmhjfm
gZqgbglZlyehkdbhezZklblgazdzgglpWwebg~jbg_kéhflhbg_kdbfb
bdhgmkgwfd f glEfb\ _joghk]|yfb xsbfpZagnkx i dckeh"
ghklb[jZ[hld® _kldlg_[h\Zgbjy "ty\ey_fddhgkljmdfibbbgb
b__khklz\gwfe _f_gligf "ihez]Zxkihevah\pglehjEjd4{Za
ebggudzZgdihlh[uggubhdZjgbomj a_ jguwkhdHbgghklbh
madhki_pbZebab(imedd pdig_pbabiZeddaghig_9blyhp_kk
balhlh\e_weéeyf gfiby_g_tcjZdlbg_R&b]"Z"_1 g_kdhewdan
ihY kgZzqZlem[zfy oZgbq_kdiZA{hldZ]hlh\[db"ms~clZdtve _
f_glZbr_ghbgZdhdzZjglkizgdukhdhbqgghkiblhfba]lhlh\e _lgib _
\_jklib@Zaueukdib™j) gm ghrhjfubjZaf_j\Znj_a_jghdkhdh
Ihgghklzgdeth[jZz[ZIlu\Zxsp fgljk\hafh ghkldikf[bgbjh\Zgghc
IhdzZjgthaj_a_jghEjz[hliddzl_mbgbrghyjZ[hldZ|ZedpZmev
[jZij_pbabhdkdbBgdefZaghg_gklym[fbdjhglhoghklvx
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lhkebalhlh\e_itlen\bldhdk&hg\_jlhg2agmlj_ggkkx\_jo
ghklgZiuey_&kye hihhlhjlg_h[oh*"Behdhg\_jlZeZla_jghhh
emq_dlhygl]l] _gh\k@HEbksihdZaZgwebggwe f_gdpybh] _gghc
fbr _ghhkef oZgbqg_ kdjlizdhldbhke “mxsbgbrghdjzZ[hldb
kn_jbg_kidhbhojoghkbhiltkZz*hqgdulkkhijy]Z_ fuolZe c

Jbls.We f_gdjbh]_gdbc_ghhkef _oZgbq_kdbgbrgthdjz[hldb

4. Nhev]be _gdbeyhdhgm”_j Zghhhehqdley _jf_IbazZpbb
hdh¢peb*eyihabpbhgbjh\iZ[heyhgddmljhhdk&hg\_jlhfEZ]ml
bkihevah\4dbhwekebqddl jbZéuj_"~_e_qglghd_Iljkibhesbglint
A kylddhZXghf_ljhhkhl_fdbdjhgeyuiheg _gWWdgg&"Zjghzeb
ah\Z¢4ZoghehéZy jodjhh[jZ[hinde_f_gfbY_gH2]. Hkgh\
ghaz~rZgjwkharZdkibg™eZZa_jofibdjhh[jZ[h[dehhemqg_gb_
mgb\ jkZekighklc fujb]h*ghleywuiheg glypAazZ™ZjqadK\ -j
e_ghbibdjhhl\_jkllb&]hlh\e_igmahdhgljhebjm]émd b,gfZjdb
jh\dzh\_joghlkald]hlh\ht wihi kl_gMm[_ki_qllgghghhabpbh
gbjh\Zg[jZ[ZIu\Z _ifth\c joghhkllghkbl|_eafa_jglihgjZ Zeb
ah\Zdgthlbg_kdjz[ex” _gzh[jZ[ZIlu\Z_fht_joghklvkZaguo
ijh_dpby&xdbhfi[jZzahf§zkl g h[jZ[Zlu\Zx]Kpebqoue f glu
djbh]_gdbc_gb\uihegy_k#%a_jgZgdiZ_ghdheyv#dZibeeyjh\
bij.,, \uihegyxlkyogheh]bqgikdhbb hl\_jklibyiheh\bggodkZz
dhg\_jlh)dihegy_fkjdbjh\&«hA[bjZ_fdolZe Jc amewWZ&_|
ghai[jZ[hldbaebqddb_jbZehdZagdgb k6.

Jblb.J _amevieZda jgbdjhh[jZz[hjdhebgogwe f gfhk _gb

5. GZijZ\eyxshteydZibeeyjh\j ZIl ,dbogheh]bghkdZu«l
dzZ<djbh]_gdbc_gbzd ijbkmliklI\mwd_f_gthlhjuwuihegyxl
\kihfh]Zl_evmgmxdplpZijbf, pZijZ\eyxsteyZibeeyphjh
\h~h¥he gm”_j b\Z¥ve_ f_gteym”~h[klkZhjdlb fbgbfbaZpbb
jbkdithehfdbh_"bg. dblZdbive f_glgfij ~tyleyxlkwkhdb _
[j_[h\ZgithydZqg_kbihgghkillb\ _joghkdbhgbh]mh[e Z" XKlevh ™
ghd_hf_Iljbg_kdtjéhcLZdbve f _ghda]lhlZ\eb\Zxbkykihevah
\Zgbb oghehibébf_ jgBxi_qZIbjbf_ julZdb®d 1ZeilkkdZazZgu
g4 bk7.
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JbK.1jbf_jur IZe\wiheg ggjmbkihevah\Zghgheh]bb
ihebf jg3tei_qzlb

L oghehkblyjdive f glhjbh] ggftba _gb
g_ijyfh]h[emqg_gby

>eyh[_ki_q_d¢byghkihabpbhgbjh\&gb¥ gldhj\oh] gghc
fbr_ghue4dzZajz[hlZgaZghehkplyjdbkha”Kh gk[hjddjbh]-_g
guofbr_g_[d3]. GZrZgghfl_g?ijh\h~ylR¥k _k[hjhggti jZpbb
we_ f_gbhibh]_gdbc_gth ZIl_klZzkhgjdZ[hgb_klaA[hjm~h
\Zgkbkl_fZFbggh]habpbhgbjh\Wddbyz_ fwe f_gllhhkl _-fZ
fom~r_j"Zothybjz_fwe_ f_glhlkl_fZ¥b~_hgZ[ex™udkihydh]h
jZaj_r_gYew JbkljZpptop _kkpghjdbzIll_kliZpbb

GZbB ihdzagfgbgawlZikk\[hjdbbr_gbijhp_Rkh~Zbdjh
dZibeeyppn fdf \ khhI\_lklI\mxsl\_jklith[hehqgbff [13, 14].
G2Ahjhgdhh[jZzagypZ|l_eklZgZ\eb\iZ[hiklygdBihfhshbhab
pbhg_jhheh  _ghl\_jklbdhjj_dlibjmlZidyglh[uhghgZoh”*"behkyv
\ihexkh[hehqgdZibeemkl|ZgZ\eb\ZpZigyl h\@w& bfZgbimey
Ilhjzohjb_glbjmkhikwk@h\_jkibix[hehqdb\Zjbl_egdgh\_jo
ghklvbdjhdZibed&hjlkImithflihjpgZghkbdkyhevridhebqg_kl\h
de.VYyhkeg_JhbdjhdZibeliywkdzZ \llkiy _jklith[hehqdZkij_
N _e_gbeg iwdhglmhm_jklby

Jb8. Ijhp K hjdtbdjhdZibeehjhehqgdb

IhkewlZik[hjdb[hehgflbodjhdZibe&gjZ*m sl[hevrh _
dhebqg_kKThjhqgwdo_jZpbcihabpbhgbjh\Z[dhee hgdhhdk _
dhg\_jlhk[hjdiheh\bldhdkZ jf_IbaZpdhwagndezZz”ru\4pdkz
\fzZzg _lk[hjdg@h db_j ZI_&¥ Idhb\kihfh]Zl_evgwdbf g
[Zfpk[hjdZehdzhdkihg\ _jlkjehdhdh db_j Zl . .eB/h]hfh
ke "h\zZI|l _éuwpgheg ggWwko &k[hjhggtwo_ jZplgZzkl g~y\ey Iky
dhgkljmdfboy gbdhlhjmgx h[oh~EflH _klIh\glArj ~f_khhit_|I
ki\byj _[m_fhreqghkjlbkiheh™  _wley f ghighkbl_eNyoghBjm]Z
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L oghehkdb klZpwb f glhllh]h\hdchgkljmd
pbbdjbh] ggfftoa_gby ijyfh]h[emqg _gby

ljb balJhlh\e _ajibth] _gdbc_glg_h[oh”bjfin\_"_glbaf 4§ _
gbadzjzf_IjAk_awve_f_gfbY_glbblh]h\hgkljmdejbth] _gghc
fbr_glg_ijyfhlhmemqg_. gbayZ\bkbfhlkl_~ty\ey_fljo[h\Zgbc
\u[bjzZxIkkj_~kl\zaf_j ghfez~Zxsm”~h\e_ I|\hjyxsilZfiz f- |
jZfbih IThqgghkbaf_j_ _gbg~[hjkj_~kihaf_j gyzd f_Ih”h\
bkihkhdaf_j_gihg\h~blkZdbh[jZahdlh[dueZXhafh ghkjk
\_~ _ghyj_dj_klgwaf_j_gbetghlhlh]h _izjzf_ljibr_ghza
ebgguffb Ihr"Zfb\Zg_azZ\bkbffudh "Eaf_j ghtghphh]h _iZ
jZf_1jZhe glkoh”blvikydjZcgfcj_gZmjh\gh]j_rghkbaf_-_
gbyf_Ih~"hVbtZdbh[jZahk\h~blldyfbgbfmfirb[dAhagbdZxsZy
\kemogZ dhjj_dligedlih\gbamevI®Ef\ j gbc

LhgghkKdalhlh\e weéyf gfiby _glhhgljhebjmkilkfyhsvx
f_Ihrhhilbg_kdftbadjhkdhil@dhfgkbeh\ubdjhkdhiijhnbeh
f_lju bgl_jn_j_gpbhgmdihkdhiy_gl]_gh\kdhfkhj[pbhggh]h
f Ih2ZjZ\bf_ljbqg_kidHhBaf_j_ glthhyesbghij. NbgbrgzZyl-_
kilzpkyhjddhjbh]_gdbec_gbhjh\h~blgy@ b hbaf_jbl_ewkhicf_
\ukhdhjldaj_r_gYewj of_jghdhgljheh\_joghkipZzghf_Iljh\uf
jZaj_r_gb>éyjbf_j&HZbk9ijb\_" jgamevadll klZpbbhqggh
kibk[hjdbn_jbqg_kdlhikmep_gljlhdk&hg\_jlhhZms_kl\ey_ fhc
gZl_gk[hjdthjbh]_gdgbo_g.®jm]h\h&nbeih\_jogh kil
dbkh[hehgdlgeoljbhemgb&® hI*_evgiybnbe (dZ ~hahdhg
bijhf_"mldh\ " *"mgbfpf_ Ih "hkrb\dlkihfhsvxki_pbZebabjh\zZg
gh]hH. <j_ameviZgghlhf_ j gihemq, glhhhgghkl@kiheh ™ _
gby _gljE[hehqgldbghkbl_ewgdljghdk&hg\_jlhjZggtkdhjdb
\ij_"N_eZDofdf.

JbJo. Ijh\_jdhqghkdphjdb[hehadb_gljlhdk&hg\ jlhjZ
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L _oghehkbhw”*Zdbyj*h]kn_jbqg_kdkely
bahlhihkh*hjh1g [m_fhdEqg_klI\Z

>eyh]lmlh[uhemqgklv_jbq_kldbgrukehlbahlhihirhjh"Z
\'djbh]_gdbc_gbg_h[oh”bjt\_klith~]hlh\bl_eyZuhludhth
ju_ih*jZan_eygly kdhewdaih\

— MklZghWjzZzggtbgkljmdgdpdh]_gdtbec_gb djbhk]zZl
kh_~bg_ddibeeygimkid&Zhlhihh*hjhbd4_ebkh_~bg_igh_
\h~AhN_fi_jZImjgwdqgbddigzZ]j_\Zl;e_c

— <Zdmmfbjh\jZgdhg_hiht_fAjbhklZdEbkl_dZimk]ldzah\
A0 F[Z]

—Hoez ~_whiki_jbf_glZé&{lyjddn8+20 K;

—~GZimkdiehh[f_gdEHZ ebyihehk[tdkZi0o? f[Z]

— GZimkdhlhihA*hjhAA[hehqgidml _fi_jZImljhcghlhg
dbrhabjh\Zdbhebq_KIBZdhkAbh[hehqgdhjZkqg_Ilgmph\dyh
jZajzZ[hlzggh¢jzff_~eyhilbg_kdh]lg_\hlhhgljhehhebq_klI\Z
gZimkdz biabmahlhitArhjhrZ

— <\h™BbBbaemqg \gkxry jbg_kdmexhklfbor gheyhjfbjhdZz
gbkn_jbqg_kdhlihllhehahlhikh*hjh(M\zZkemaqgrzhjfbjh\Zgby
kehy_jzZz"~bhzdlb\yite]h z

— Nhjfbjh\zZgthghdjbklZeebqgk&bdfhrrgh\j_f_gguj-
kljh_gbkdéhiyhbahl_jf\j_amev[ZIlZbelBB\ujZ\gb\2gby

>eyihlhglh[uknhjfbjh\Zkehgm ghpZ q_kl§Z h[oh” ki
[exklHfhevrhdhebq_HKi\Hh\Zgbch**_j zZglb fi_jZImjuj_"-_

e Z60,0010 hlkmlIkI\Wb[jZpbgzZfbr_g,bjz\ghf_jgh ieh\thdjm-" _
gbh[hehqgdbieb\hf_jf_Ibqgghkkhv *"bg_lgih.cth*jh[ghibkZgb_
ijhp_"mphjfbjh\ZgbghttibkZghZ[hI[15]. WIZimhjfbjh\Zgby
kn_jbg_kdh]jithlkhehlyahlhith*hjhX*B[hehqgtdZaZgdb k10.

JbKO.WIZiahjfbjh\Zglry jbg_kdh]fhlkehlyahlhitArhjhAB[hehqd

L _oghehlbZ]ghkIbApZf IjhM\_j~hlkehy
bahlhihh~hjhAZ

G _hit_fe fZklvikha~Zghlyh] gdbc_gly\ey Ik&ajzZihl
dZ_Ih~hdhgljheZjzf_ljkehlyahlhihArhjhAiEkdhevtimeb\h
\ h[hehqgd j_jzkij_~_ey'hikyoihj ihdAgmlj_ggn¥ _joghklv
dibhkeqyukljhblkybahl _jfbgq_kiihgoghkdblhjZiy*\_j° gz
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\ebygbhbgh ™ _kl\zzdlhjib\y\ey Igy mklhcgbhhp f_gtKms_
ki\m ljlbf_Ih*"@hgljheyilbq_kdbg_\ibdhilbg_kdpd _jn_jhf_|
jbg_kdbdeydhgljhdybhke\hlyilbg_kidhajZqghphehqgdzZgl}_
gh\kdbclh’knzZzah\uwfthgljZklhdydhgljhdybhke\lyilbqg_kag-b
ijhajZgghphehqgdodzeoyZIl _klZgbbj*hlkehyh*hjhgzk|Z " bl
jZ[hldb_oghehpohfbjh\Zgbhghy dib\gdhkihevamhikyg kdbc
| _g_\hiclh?JzZajz[hlzj®hZjzffZeyhilbqgq_kdh]g_\hthgljhey
iZjZf_ljA\_j~h]ldjbhkehdhlhjh¢bba\_klghdzf_ Iplhesbg_
h[hehqidbl_g_\hfmah[jZ _gbXWhfzlbq_ \WwdbkeyxkkgZibku
\ZxlkynZcke_"mxdBEjZf_ljuehyjhnbev_jhoh\ZIhkivdlj
fhsghkidmjvhldehg hbivhgp gljbgdghknbjbgghigimlj gg c
ih\_joghldljbhkeky "gyyesbgldbhkdg8lyJ_amevyEihlujh
]liZffuihdZag4gbk11.

JbK1. <uoh~gtzZggujh]jZffueyilbg_kdhlh \hdhgljheZjzf_ Ijh\
I\_j~rhlhibhkehy

Lzd \ " _IkyjzZz[hldbdZ]ghklpddl]_gh\ktblfh*hknzZah
\ufdhgljzkldhlhjuckgh\gghldehg_pbdl]_gh\kellhgqg&h
\_joghklgjoh]_gdghbc_gbGZ\gmlj_gght_joghkdb”Z m gl
dehgyxlhkyjZamybah[jZ _dgbeZzkhMkmlilkl\lblylgZed_fgh_
dhevyphihjlyley la¥jzZdl_jbklbgr&y@Bfghflhlh?Zjh\_~_gh
AMmf_jghh”_ebjh\Zigboh " _giyjZee_evohfhljZzgl]_gh\kdbo
emqggcj ln_jbqg_kdbf ljbgghbx gv]™ i j f ggufBjzZf-|
jZfbyleyxlKg _rgbtbzf_ h[hehgthhesbglufzl jbzZ&eah,_j\zk
kilhygthlh[hehgti_|_dlhy§ZamevIZZhhlujh]jZffuyley_Ilky
kfh~_ebjh\Zggdl] gh\kidlg_ \lbah[jZz _dbyZg_k_gmgzg ]h
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j_ZevglyZgbpdijbh] gdbc _gbGzhkgh¥Zggthchj Ibg_ Kb&hc

N epm mby\eylva¥\bkbfhkibh _gbyzZaf_jmzZjzdl_jbklbqg_
kdbbkh[_gghiglzbah[jZz  _didbheh  _gbh\_joghkfbc_gb[m

N lgzZibkzigizljzffa[jz[hldbgl]l_gh\kdRMjz" _dbhlkehqgldib
keh_ lhieb\KZ\IhfZlbq_Rdhgbke_gizjzZzf_Ijh\_j~hlkehy

IhklZgh\dZbh] ggftba _gb wdki_jbf_gl
ihaz b]Zgbx

lh ~hklb _ghpb[m_fhéghjh*gHkEsbgdjbhkelidju\Z_I
kyrexah\ZayZkehgdZzbhklKfbr_gvxh”~Z_lkp_qglgdZf_juaZb
fh~r_ckl\Byh\h~blkoklbjh\dBr_gbihkeg_Jhldju\Z_l&kZsbl
guawdjbgjhbal\h”békya jowdklj. e

>eygh\heZa_jghklZghijbgylh_jlbdZevijgZtkiheh  _gia_
eZ\\h"djbh]_gdbec_gbMa_\Vhr"Zhe _k[_ki_qbly_f_s_gb_
fobr_glf_klaz]jmadibklmblhlh\e_&&yl_klZpdihkehdhg
gZl_evghlc klZpgpb gljibr_gghdkzf_juw[_ki_qgbhgghhabphb
hgbjh\Zdgbr gbH[sZko_fizbkl_fdh~djbh]_gdbc_ghp_gl]j
fbr_gghdcZf_jihdZaZdgb k12 [9].

JbKI2. H[sZko_ flgbkl _fdh~djbh] _gdhc_gbhp_glfbr_gghkzf ju

AZdexq _gb _

KharZghbh]_gdftoe_ghby_ijyfhlh[emq_gbyeh gZghlh
mjh\g_\&Z" 742y _ZebaZgbhjhlmebjZzajzZ[hlZlguy Zebah\Zgu
jZaebgduoghehblabhlh\e lgbly klZpbd f gbijbh]_gdhbc-
gb<jz[hldjzldihb\_~_ ghukgh\gwlZiujhba\h~"kthidh]_gdbc
r gbg ijyfhll[emq_bbjpf gy fu_oghehl]bd]hlh\e lgBII-_
klZpbwe f gfbY_gbk[hjdBbgbrgzZyl klZphklZgh\dgphklZlI
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b nhjfbjh\Zgbhieb\ghkrehy*bZ]ghkltkéBYy ihklZgh\thd _gb
\fbr_ggndZf_jreyjh\_~_gwdki_jbf_idl&Zz b]zZgbkK
Hibku\Z_flu oghehib®d\heykbh]hlZ\eb@yZlhkevdhbh]-_g
gudbifbr_g,ghb*jm]dbiueZa_ jgfbbd_g,dhlhjukihevamxl
kWwjZaebqekam joguoki jbf_ Jdlgzzoklhysj fy
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Ij_"klZ\e jgameviEdmq_gdib\ghkbBjhnh[ghfHmo
]b”rjhnbevgdzZebazZl\hkihklIZzkbkl_ft_ljblbazZpddhl\uo
ihlhdhgzy” _jgudt_dlbdoih\_~_gbmkeh\Akagbdgh\_gby
]hj_glowmheypbd dljbg_#dpoebtha”_ cklIMuyh\udZah\
gZgbolhdzZzazghhbkihevah\Zgdjhnh[ghAhlZebazZtkyZ
hdbke_ _giwyhjhtjddhfgzlghdi_jzZImjkbkl_f IljblbaZpbb
\hafh ' gH~gZdjbih Zj\ha”?_cklhth”mdIhij_glgyzdzZiz
ebazZlagzZgbl_éwghjZlakgb Z_|hzdlib\ghidiybl_fi_fzZ
Imj_ij_\urZxs _200°K dZlZebakHjh™ _IklZlvjbgbghZa
\blbyh ZjZ>eyb~jhnh[gddlZebazljgphlZxsbjb I _fi-
jZImje200°K hdbke_gbkmlklI\mx§Bafh\udZazhg]Zzgbqg_
kdb&h_~bg_gjbeklZzZ\eyn]ljhamjfbg_kdh]hjZajmr_gby
lj_~“eh Igogheh]bqgijKdifdkdexgZxdhafh ghliglvdhg
ljhebjm_fhHbYur_ghyfi_jZImydzZIZeblbg_ jkdhifihj_

<\_"_gb_

G4"_jgudt_dlzdaebqgdihgZzqlgbgheh]bqghkdiZpbb
kljblbkh”_j " Zsbhpt_dlZzfthe gujh\h”*blvkgaZsblgdbdkZzZo
LzdbhdkwzdjZz\behzZz[hlZxlib "Z\e_g&b" _ZIfhkn_jghlh
"he gih_iylklI\h\Zhz"rZgbpblby jZ[hqgihf_s_gbL fg_f_-

g, ijbgzZjmr_glblmgheh]bqgjkdibfdi\beb Z\ZjbcglbIimZpbyo
[jblbduoh” "@ldj_~_eaZsblgulf_s_gblgh wihi kemaghagbd
gh\_ghbhg_rlZiglkbdlmzpdk|_flrgbkldhe gdh~he Zluihe
gylk\hthkgh\gomgdpblmhiZzkghkM j"ZgBE~bhzdIb\§ahlth
jbZedZsbliZjkhgzZefZ klghpzk_e_lylhga”_ckiblbhgbabjmxs_
Jhbaemq. gbgghehbkibhevamijftukha”Z kibtk| _flugb k!l d bo
gheh]bqg_kdabaz\bklylfgh _kl\Zdlhjhjhba\h”bl_evghklb
hgbsz_fhtmhhdhZayz"bZpbhdgHb\ghkZalz_]HkhklZ(\ab fb
qg_kdéljfajblbygZebqgbbkehjhf*dzgzffbzdiZjh\h”ubl 7),
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azZ"Zgdkhci_gbgbkldlhp_[h\Zgblt\eZz ghklibh”ys_ VHkbkl_fm
hgbkltdbuoh”ys bjldg _ihlhdlZadmgdpbhgZenZgagbo Kdy
Am Mu”_ebM_hkgh\gazZ~Zgtbhgbkld _ogheh]bq ]Kdhtbl
[jblboy™ ljblbazypwikhdhzdlblgabtadZsblglilmdk\*_Ijblbaz
pbygbadhzdlb¥dtlmkn_ jgheb\ glbeypbhddabaWlbaz”*Zqgb
ijbgpbibZelilgehhgzxliyp » _IjblbazZpdbjlgEéfhkn_[jbdkh)\
dzdjZ\belklhb&z"Zih2 ™ _j Zg\blylghkbl_egvghevripbjdm
ebjmxs JZah\lihilhddhgp _gljZpibxbyg ij \urZxs_ %him
kibfmdijbwlhg |j_[m_lkeym[hdm\le_qg_lgiblbyaw!lhlithlh
dZzMklZgh\dbkihevam "euwhgbkldbfhkn_ jgeb glbeypbhg
guolZahgzZh[hjmzZjzdl _jbamukdydbfdbgZq_ gbijhimkdghc
kihkh[gh@Do-1000f%q b ~hkib]Z_khci_gb ljblbazZpbbbf
jZ[hldzdblobkl_% ljblbazpbé _ly[_ki_qghuvheg_ghkeh\bc
mklZgh\e_g@ubezftbghjfZlb\ZfbIhkkboZijbf, ) khhi‘_I
kiI\blkKZgblZjgujfb\bezZfh "himklbtgy_fgzzydib\ghkiljb
Ibx\\ha"mj@[hqhbf_s_gBab”iZjh\h”~ug "he gid_\urZlv
0,44 F;df} Z\ \b~]Zahh[jZayh1hjh2Z400 F;df%. QlhdZkZ _lky
\ha"mmWh " uk[jZku\Z_furodjm Zxshkjx Yrhmh*eygbahjfZlib\u
ke "mxs\tha”mi00;df3 \h"Z7600;dd]
GZb[hd&zZkrlZ[guibf_jhfbkihevah\Agbiye dk¢hagheh
]bbhgbkldijjhkgh]Bah\hillhihd¥\ey Ikpkl_fZ ljblbazZgizb
[jblb_\hadz\ht_jfhy” _jgh]BdIhEL <khklZAhkbkl_fwh”yl
\ha”"moh”kijdBa\h”~bl_evglbR+500 gmf¥q "\ZdZIZeblbqg_kdbo
dhg\_jIjZ[hlZxsbjbl_fi_jZImlB&SK(*eyhdbke fHtbey dmey]j
gh]Nh hjh MZ450°K(~eyhdbke _bplgbqg_ kKdba bg),gbltehggZ
aZiheg_g@QH), ij_"gZagZq_yeaythhg\_jkbhjbf_k_adbkehl
\hgbsz_fihflhd*hkhe, ¢ahfie_#B-o0Z”"khj[_,jAkiheg_ gm.ulo
eblh®]. Hiulbkihevah\@&gtkb k!l _fuoh” wdki_jbf _lgiZcl_jbc
[jblb_\hezafhyxz _ZdIhy1997 ] hibk2d3]. <2017] \'g_dueb
h[gZjm  _dhjjhabhgigd] "~ _gbyi_jbh~HR019] hgZuedh?~
\_jlgmdzZiblzevpghkhgkljmdpbhB]hlh\e dgZgZghmuwdki _
jbf_glhljblb_¥2020][4]. Ij_"~iheZ]Zedqlkvh "h[gEpkl_ o™ _|I
bkihevahbAdkhklzkbkl_flyblb_\HcahizZzkghkZdlhJER [5].
<ihke_"mxsh~MgZdtkbkl_fmljblbaZplghkh\ ZdIHTER [ueb
\g_k_dwuf g ,gbwaZgdkhldZzahfzZz*khj[pbhgglbghehihb
lehs_gbZjh\jblbjh\Zgdghéuhklz\thWgzZdh baf_gg&Zd¢zZeblb
g_kdrhhklZ\eyxskmkl_{&i.
Lzdbli[jZzah¥khhI\_IklIWjZkijhkljZzg_gjghdbdl&|Zeb
Ibg_kdhdbkhklzkbkl X IjblbaZbhBEku\Z_ftadjm Zxsmx
kj_~pZah\ublhdhA\\eyxlkyyazZl_ ewgkdvix ke _~h\ZI , dwgdh
"he gihojZgkhhxZ[hlhkihkh[gihtkhk _¢ "bfZpZ[hlkbk_
fu \Ihfgbké\ mkeh\blyozZjZ k\yalbwlbf gZklhysklZIvijb
\hrylkydki_jbf_glzeZgwguh\ebyghixh"mdlhhj_glhyaheypbb
we _dljbg_&dhbeeg&Zdlb\ghj¥dzIZebazZghk\ghleZlbgu
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H[t _dltbkke ~h\Zgbyh bdwedki_jbf_ glh\

<jZ[hlbkke_"h\&dlygkh”_j"Zsbbdklya”"mrgithflhd”u
fhludzZahl\Zdlib\ghkév "mxsilzdZebazlhjh\

1. 1brjhnh[gu&|ZebaZKKjH1-P(A), ijhba\h*kld&EfiZgbb
Tanaka Kikinzoku International (Europe) GmbH, "kl Z\eyx &ihd hice Z }b
gmgZg_k_gg@Zr_jbq_KkldBgmeuhj]Zgbq_gdkpH S ~b-Z
f _ljhfhdhdhf, iehlghkdZg_k_ig@yb g~ £,

2. |b”jhnbevglZlZebaPlARO; ijhba\h?kIdEfiZ g b\bE.
Chemcat Corporation (Japan); _ “klZ\eyxskihdhiceZlbgoZg_ k_ gg# x
pbebg”jbg_KkKd&lymeghkbl A¥; kjzaf_ jzBw8 ff, iehlghklv
9Zg_k_igtzyb by~ F;

3. ]b~rjhnbevgiZdZebakZtiAjOs ijhbal\h”kt\zfiZgbdhnson
Matthey, Ibi73 (< _ebdh[jbD)ZgbyklZ\eyx&kihdhiceZlbggZg kK _g
gmxyZpbebg”jbq_Kde_Idthkbl _Ax; jZaf_jZ8IB ff, iehl
ghklyZg_ k_iezyb@e y~F.

ljZ\beZfbh_dlbjh\ZgbybZpbhpboghkguro[t_dlhiybgy])h
glhbklhggbdiaftzjhhizkgliklbl[ulvihalhjZdmaheypbed ddjb
g_kdbz[_e k[_ki_qgb\Zxwlgo jlhh[_ki_ghfgbs gbkhwlhfm
\gZklhysjZ[hl wdki_jbf_dgjo\h~*belbbkihevah\zZdbfié_dlz
we _dljbq_#&dpoelbci ALSECURE, NEXANS S A . NjZgpbij_"iheZ
]Z_fudeypkihevah\kigldy s_gbjyoZ dIHTER.

G4bklijb\_~_gd_fwdki_jbf_glZenMgligNz

Wdki_jbf_glz&vggikkhklhb8 hkgh\ggakl_c

1. Ma kha”Zdbgh\ké_k. caZ\bkbfhkip_e wdki_jbf_glZz
\hafh githemqg_¢gbah\kd_k kedhgljhebjm kfuklZ\hHf ke _
"mxsbtihfihg glZhHe dmeyjdgudc jh™h2000 ppm),dbkehjh*
(h1100 ppm~ 20 h[%), iZju\h*§hl\eZ ghkkihhI\_ITklI\mXsfc
i_jZImjhqgdjphku64°K “h_kl_KkI\_g\ehzcghklbZkokdhfihg_g
Ih\]Zah\REt_kbZjvbjh\zZze&aygZ\bkbfhikll_[m_furokeh\ibyb~
N T b\ZekZazrZgghjfh\gkihfhsvxbaf_jbl_idyh dlZzZz aRZ(Alicat
Scientific).

2. Ma _fén~ _ebjh\ZigbZjiZhlhdha”m®m-0,15 gmf¥q ih
NZ IRy _ZdpbhgduZ|Bl\ dhlhjugZ]jm Z ihpbkbeh\u&
[_e.dH[h]j_XiiZzjzBZhkms_kl\eyk illkifhsvxwe dljbq_kddhhc
khijhib\e_@bXolgh]hizKf_kvha”mkizh”~md /| Zfrtbj _gbjyho-h
Ablg_j kbkl_fmgbktdbh” yghZj[hl 9 hkgZs_gdljZligudheh
"bevgbdYtefyij_ "hl\jZs_gbhghklZi_evdheéuzlzd [ehHEPA
nbevlji0 "eynm”~Ze_ghnjhahewgdkdbiphlhdha”mloZufh\ufb
]Zazfthai_qlk " b]l]zglhly]*hihegbl_gv@lfiz\eylMkdyhdhdbklh]h
\ha*moZebqgbgidhjhih]eZhklb]Z2¢gmf¥q
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JbK Ko _f&dki_jbf_glZekiglgtz

3. Ma_lekke_"h\Zgh¥eblbqg Zditbdghklltblhd Zzakaz"Zg
gufobfbg_kddfklZ\hifike_~h\Zl_ghoh"bij_~gzZ]j_\ZlLlev
ieZf_]Zkbl2ey "klzZ\eyx«kthdhgZkZ "hqguZjZbdZlZebibqg_
kdbg_zZdlhj we _dljbg_Wdbfj_\HB. JZaf _j_zZdlh{z*"bzZf_1j
16 kf "ebgld kf KhklZdZah\k€_kg2Z oh”b\uoh”badZlZebibq_
kdh]jh zdIhXZdhgljhebjmkiltkkfhsvd _jfh]lb]jhf_RHEZb~ZlgbdZ
\h "hjh®&Z<wdki_jbf_dhzdj_~_ e dghdkdb\ghkildblZebaZlilwjh\
lhdha”mkohk |1 Z\eye5 (gmfq bkoh~rgihyp _gljApBhjhrg f
baf_gyeWZWvzZiZah@0 1000 ppm.

<ij_™\Zjbl_evwdbi_jbf_dque&dmklZgh\emgeh\Bhlyp gby
baheyphd[ _ebdzZqg_klI\_lgigh”_eklgklZ\[jZamxsbighyw!|hf
Aufhl\upZahGzZgzZewhfhh[jZah\Xdgmyn _evdhqlgZ[ex™Z _ilby
I _fi_jZImjg_&adh&#0°K ijbl_fi_jZInmp0°KgZqgbgZbikly gkb\
ghlhj_gbdhlhjkhijh\h ~Z dg¥qgbl_evbudr_gb lffi_jZIm
juli_gbjbhldexq_gghth[h]j \<I1Z[elij ~klZ\e jgamevIZlu
dzZqg_klI\_ghlihlh_e_ _gbklZNA mdIhj_gbywheypbb

LZ[ehpZz
ljh*"mdlkuhjZgbgheypbb
ljh~mdnj ,bfyZ k%
Fzkkz 'hihd <i ty J unj_ g,bfyZ

FZkkZ bah b ha”"mloZ - b e _Imgb
— ] = ahelz«fZzkeh| \h”"Z m]e -\
gtriq Ahjh™u

420 140 0,150 2 g4 2 & 7
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Baij "klzZ\e gbaigpgke "mqgllh\ jZzfdZ\au[jZggliclh”"bdb
k’b]Zgbwpheyphf e\lecbyglgZih\_~ ghZlZebaZlh{ZHdZau
\Zlve _Imqghle_\h~hjhtkidhevkmhzevgih*mdkihjZgby ey
xlkygdj_ _"\Zjbl_eviglzdbligbkldb

<dzZq_ktdl_jbkjz\g_gbglb\ghlblkke "m hfljgdaptixlzeb
aZlhjhveRu[jZghgZq_gB[ex”Z_fhagk!Z &ldihjhkjlbZ d plo@k?
hdbke gbyhjhyZkkqgblZghghhjfZevghmigZ\g_gbx\h]hhjy~rdZ

: (1)
KI_i_odhg\_jkbpZkkgblu\Zeztkaf g _gdkgp _gljZ\khbb
Ahjh"FAoh"C b\uohKgbadZIZeblbq_jkdhd Hizz

(2)

<j fyij [u\ZgB( ]Zah\kt_kbdZIZeblbq ZidAfZhij-
N eyehllizblghr _gh[t fAZ]jm _gdah]EdIkjZzlZebaXlh(?)
d\_ebgblzah\hihhd@ (f/8, jzkkqblzggmg IHffi jZImju
ijh\_~ glgki jbf:glz

(3)

J amevi@ldki_jbf_glh\

2.1.Hij_~_e_gbdlb\ghkdiZiZebazZlhji\Zdpbtbdbke gby
\h~hjh~Z

G4bk2b3ijb\_~ duameviZad_j gbZlZeblbqg Zddb&gh
kilbbkke ~mdfil@ebazZlhjh\
:dlb\ghk]b”rjhnh[ghlhlZebazZzdbfZjyeZjKwv "\mob_fi_}Z
ImjZzozliZeblbq_kdhdhhpz°Kijb bkihevah\XgabdmlolZlighkb
| _evgheZ ghklwdg k _ggHcfi_ jZImJ0°K 62-67 % (jyfZy),
bl _fi_jzInmp0°KkihlhdhZlfhkn_jghHa"mkdBc _hlghkbl_evghc
\eZ ghklMxyfzyp). DZdb~rghaij_ "klZ\e_gdagguaZ\bkbfhklv
gZ[ex"Z_thgklZ&ldhjhkibdhgp_glj2pBhbjh{&€badlX|_i-g
ghcijbg_fih\ur_gbl_fi_ jZImjw\h*bdmf _gvr_gwWwkhdhgp_g
ljZpbhgatzdbkbfhklb

JbR. AZ\bkbfhkdVb\ghkbBjhnh[gdZebaZRphrghihigp_gljZpbb
\hrhjh(Kg. 1 - 1=27°K 2 — 1=200°K
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AgZq_wly_jlEZlIb\Zpbdkke _"~h\ZglgBiZzahgfi_jZImjb
nbdkbjh\Zg\phd*ghthgp gljZphbhjhBE0 ppm khklzZ\eg3+2
d>/fhew _ebqlkgzaf gy HRy K ijb27°KA 85 K ijb200°K

lj_~klZ\e_ggd4bk3 aZ\bkbfhgZjex~Z _tihgklZ kldihjh
klbj_Zdphhbke ghyhjhArZhlhd\eZ gh)ha”“mihZmq_igh
I _fi_jZImj ZdIRamwK

Jbk3. AZ\bkbfhkdvb\ghkbBjhnbevgZéZebazZjoh ghihgp _gljZpbb
\h~hjh(&) ijb200°. 1 ~dZlZebaXliejhlghkl\gwZg k_gbZlbgys J F,
2dZIZebakKidlhlghklgZg k_i@zyb@e A Ff

Dzdb~rghajb\_~_ggubggudZ\bkbftkkthvdhgp_glj2\lbb
"hjhMgeZ[Wjz™ _gdgh Z[khexlgu ebgbggZgbl_ eZdbklyll
iehlghkdEZg_ k_iglzbgu

<l1Z[e2ijh\_"_dlhh[s_gBZggub ZdIb\ghklkbke_"~h\Zgguo
dzZlZebazZlhjh\

LZ[elp Z

Kjz\g_ghdlb\ghkdkke "~h\zZdglubebazhjjmddpbdbke \gby
AhjhnNizb L=200°KbgZqgZevdihgp _glj2\hhBinjhA Xha” nbO0 ppm

0zjzdl_jbklbhdZ =b”~jhnh[gud =b"jhnbevdgZlZebaZlhju
dzZlZebazlhjz dzZlZebaZlhj [P]=55)"f [P]=32)"f

k, K* 85+5 80+3 20+ 2
2,4 d>Ifhev 23+2 25+3 35+3

2.2.<ebygBufh\udzahgzdzZiZebaZzZlhju

GZ4bk4ij_~klz\e_ipunbelb fi_jZImyu_qlh\j_f_gWwdki_
jbf_glz

ihk ' bl]Zghhaheypty_&y_fi_jZIimjdZlZeblbqg_jk&kfihj_
aZiheg_ggthfjhnh[gufZlZebazlhjbfgZqgzZevghbl_fi_jzZImj_
27°K Wdki_jbf_glh\n_~_gppmkeh\jlZm[Z\e_igddrdiZah\kE_kb
ba_qtk b]Zg@yus50gf/qkflZ[el)\"\ZZaihlhdhdbklhfha*moz
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Jbk4. L_fi_jZImjguhnbeb i_qbk b]Zglly b dZ1Zeblbq_jkdhdihj_
kib~rjhnh[gdZ1ZebaZzliiphflkIZjlh\hcfi_jZIm37°K(2)

BarZgguig_"klZ\e_ggdbkmgdéde_ ~mglhdhglZtilifh\uo
]ZakdzZlzZzebazlgpgdh”~rysb\fkyZdlhijjb mdZazdghicjzZImy_
ij_ " eZml]j_ rghkbmaf_ j ghywaf gy .IH "gZdhkeijh\_~ gby
wlhltwdki_jbf_gddb\ghkllZlZebazZlh¢zbaf_ j_dg& hibkZgghc
\ur_f_Ih"btbhghdzZazZejpkv jgh7 jZagb  Zdlb\ghglbh[jZ[h
[ZgghTMufh\ufzazfthjZzapZlZebazKgZ*"mhNgh\j_f_ddh
f_Iblvqlhijbihf_s_gBb]jm _ggbbh ZdlhdZlZebaAlkjzdZg
k\h*htghdZau\Zié¢yzZxsbdgzih\_joghkdbhk\b” | _evkIhm _|I
Ihf glhhgg _ihl_jyk\hBb” jhnh[gk\hckl\Zhwlhfkgb _gH&d
Ib\ghklbzlZebazhhgz\br&khyazgh_f glhzdlb\gu ]lhp_glju
(ieZzlbgZih\_joghllibkbl) @yjZ\e _gjin"mdlZ]fthj_gthwheypbb
ij_~iheh bl_elwdkb tmi]le _jhXB"_j"Zsbfke_ Imgbd” mdlZo
]hj_ogbHlkx"ke_ _"mglh_dhf_g~hbYklivhevah\@glhzZlZebazZlh
iZjZ[hlZxs _iljlb dhfgzZlighdi_jZIm} kbkl_ IljblbaZgbfh
kn_jgudalg\_evay

lh\_"~ gWwlh]dhzlZebadlhjzdlhjzZ[hlzZxsijfbl_fi_jZImj_
200°K ij_"klzZ\e gdibbkmdgd _

<ur_hlf_qgZehkhijbazZ]hjZdmheypbh e”wefhh[jZah\Z
gbgZgbgzijiiky_fi_jzZImijdh 8#%0°K BajbkmgdZrghglhijb *h
kib" _ghb_qgk ' b]zZglwyhk fi_jZImgZgbgXhadjZkIlZIl¥i_jzZim
jZ\dzZlZeblbg_jka@hfihjjbf_jghy_j 58 fbgihkegZqzwdki-jb
f_gld_fi_jzIm\4_zZdlhhg_gjvadbhajzkl2hlijbf_jgB00°K
ZaZl |IZd | _adhf_gvrZ._ Ilky

ljh\_jdZdIb\ghkiblZebaAlhjZdphtdbke gYibyhjhitzke
\ha”_ckl§gy_Jhufh\upzZzahhdzZazZelBdZlZebaigkhlj_fi_jZIm
j_200°K\ ij_"_ezl]j_rghkwdki_jbf_ihl&Zghklvixl _jylke\hxzd
Ib\ghklv

DZlZebazZhkepwlh]puelu]jm ™ lgaj_ZdlhjlZdb ihf_s_gbb
\\h~rphevrZyllgzZzkivdZazZgZzkg khkmA¥b hkfhljdZlZebazlhjz
azZf _lgaugZgbl _ewdabg_ kihhdj "~ gypf gghem[hdh_sb
guKjzZ\g_dbhZaj_hljz\e_gghkh ~_JdhzlZebazihphhh*bllgy
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nhih]jZnbgt (jbk6). <b~rghglhihkedhglZdZufh\ufjzazfb
dZl1Zebadlhjhj»agmljb
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N ~
.—I /2
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Jbk5. L_fi_jZImjgighnbeb i_gbk b]Zgkly b dZIZeblbq_jkdhdlhij_
k]bAjhnh[gdZlZebaZzlihphfltkIZjlh\hcfi_jZ1md00°K(2)

Jbi6. Nhih]jZnwdkihgbjh\Z gighFh200°K\ Aufh\udzZaz:g bk\_"_ b
]bAjhnh[gbpHZebazlhjz

GzZhkgh\ZgblbozdlIhh ghij_~iheh pgdhdjzZzldh\j_f_ggh_
agZgbl_eMglur gH_fi_jZImyy_Zdlhijbijhoh ~ _ gdbj o
]hrufh\udzZzah\yazighulhjZzgbdhfihg_glhhklZ\eyx§bojh
nhigmix gdyZ Jhh\_joghklb

GZbk7 b8 ij_"klzZ\e lgbi_jZImjguhnbebh\j_ f_gWwdki_
jbf_glZi_gtk b]Zgby dZlZeblbqg_jkd&hdflhjazZiheg_ g]phrh
nbevgufldzZlZebaZzZlhjigdbbgZzqgZevghid fi_ jZIm200°K Ihlhd
Aufh\ugzZah\ 0,150 @mf¥q [uejZa[Z\e\lyga"mohli\ _ebgbgu
0,650 (gm 3/ q

Babk7\brghlglhihlhdijh*mdIhj_ghlylZebapgdhh]j_eky
Ahl _fi_jZImjur _800°K(\ _joghig_~ ®af_j gbyi jZImhym
keh\e\lgafh ghklivyfhiZ)udZah]ji \ZdlhfjdegZklheaglZgb
| _evgudlhgzZqzexfblvKik|[_klhbApeyplZyZeblbq_jkdhdhhjz
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DjhflhlhgZqZz2zah]j_\Z|ZkyAoh”\j_ ZdIbjjhbahreltkkzZth
\hkiezZf_g \9bezZglijhlb\gzijz\e ,githy\h~ys Mufh\u ]Zau
dj_Zdlhjm

IhkeaZzZ\ _jr_ghlyp _kkZb]Zgbgpheyphd e[wedaf j gZ
Zdlb\ghR[yZ[hlZgghilfth\ufhZzaztkz|ZebaZHdjZaZedlkv ]h
Zdlb\ghkPAghzZzd aZ\bkbfhxttb\ghkldhgp _gljZ\dhb'th jh"Z
ihke\ha”_cklyEdzlzebaZutih\udpZat\ baf_gbebkv

2

1 ~

fi_jzImgz

L_

<j_fyfbg

JbK7.L_fi_jZImjgphnbebi_ gk b]ZglybdZlZeblbq_jk&mfihk]bA
jhnbevgdZIZebaZIKpHES55Y £ (2)ijb _]HkIZjlh\thcfi_jZIn2Po°K

ljb f_gvr_dhgp_gljZielzbbggzZih\_joghldblZebazZNh|Z
fhiu JZauebyxf§gZih\ur_ghb_fi_jZImjd_gvr_kl _i_dpbk8),
bdjhflhlhhif_gq_gghdh wnn_dlZzalhjZzdgBah\kt_kbh2Aoh”"_
\'j_Zdlhgj_gZ[ex"Zehdkh\ghktZlIZebaZhh&@dhglZddZufh
\ufb]ZzazfBd g baf_gbeZzZkyv

Jbk.L_fi_jZImjgihnbebi_qtk b]Zg@ybdZlZeblbq jk@mdfhk]ba
ihnbevgdZiZebaZ KpHE3,2Y P (2) ijb_]HkIZjlh\thcfi_jZIn2po°K

< 1Z[e3 ij_~klZ\e jglamevIdldki_jbf_githhij_~ e gbx
| _fi_jZImjgh]thf4Z[hiwWZlZeblbq_kdhdhijbjZaebqdirc
i_ghza[zZ\e_gb¥h\udZahihlhdhdbklhlha m®zZdke ~nba
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NZggud[ebpgzZb[he\ukhdb_fi_jZIm)y_zZdlhjkhijh\h ~Zx
sb_kylhzajmr_gb‘hfkib]Zxbky]*\Zi _qgk " b]ZgblykImizZdHeb
g_kl\dbkehjhdiZIhjh jZzfdZlo® _eZggjuadiheh _dgihdI\_TkI\m I
iheghfmdbke gbximgmde \h~ hjhfhhelvghlghr  gHNgs/Ncos
[ebadB, kf ijbf_qzZgthlZ[e3 h ke_"h\Z|, d¥dkbfZevdhfm
e_gbk ieZjb wlhf<Ih™_ \j fyke_~mlf_IblvdZq_kiheh=b

| _evghijBddIh glh\ mkeh\byo\ "~ gdki_jbf_lgiZlhdhffzaz
0,65f%qzZdlb\ghkb¢jhnbevddbdZebaZihpaf gy bkyglkhojz
gyxlkihkh[gh#hdbke_dpdbdkh”_j Zskl_"bg_Mdc\ mkeh
\byé&hklb  _dbyi_jZImyy_2Zdlhjur_1000°K Djhflh]hbdZ[eb
puke "mqgllhnZevg cyZa[Z\e_ _bp¥Zamxsbbkijh\udzZahha
"mohkfrhklb _gtklfobhf_I|jbqg_kighh gbdgkeh/jdh I magble
\h*hjhAftevro-10fh  _Ih[_ki_qgblahizkgdphlhZzlZeblbqg_kdh]h
[ehdizbkl_fu_ljblbazbpbhkgddah\ulhdhM\Z" \ mkeh\hg-a
gbdgh\_gbyYjXk]lhj_gbbaheymbeh dljbqg_&kadboe_c

LZ[eBBpZ
L fi_jZImjgu bfujz[hlwWzZlZeblbqg_jkddhpZiheg_gghlh
]b”rjhnbevgzfiZzebaZ KiRfh£55) fijbjZzaebqdhci _gb

jZa[zZ\e igbkdZufh\upZalD150 (@mf’q gbklufha”mohf
KIZjIh\Eyfi_jZImjZd|Ra°K

FZdkbfZevigukd _fi_jZImhoo°K

< i;rhedﬁzqg%\%olems* <ihlhdzaz <kehdZlZebazlhjz

- (gmyfrg| e heV G aona] GauohA <lheh\ghf<kj ~g |c
\j_zdIfj bag_1h|” keh_ | Ihgd_

1| o3 0,67 45 10 380 190

2 [ 065 1,44 530 315 | 1090% 570

3| 135 3,00 970 1030 | >2000% 1050

4| 415 9,2 20 420 170 100

5 | 121 27 0 0 0 20

* ijbgyllgihkhkl2\ Imgbhpe \h~hjH{pZamxsbighi b
1Zgblbaheyphbb qkld0 [ ®7%=37,8 [, kt 1Z[el fh ghij _~klZ\blv
h[s_ohjfmelG- bkh]eZkghobhf IjbEdpbbyheghihdbk
e _gbyMhKHbGHIj [m_B@dbfhey bkehjhyZzfhe CHs,

»*_ gZAohM | ZdlmjZ[ex"Z \kiwrdZZah\ke_kbjZkifh
kljZg_geZf gphib¥\b"  _ghlylhdz

w+_ jezf |Zkbl2@M jbK) bl_jfhiZjuj_zdlhjizkieZ\bebkyv

AZdexq_gb _

Baijh\_~_ ggmaki_jbf_d&ldh\ mylh
1. Bkihevah\Zdbkl_# ljblbazZpbdhHbrjhnh[gdZIZebaZz
Ihj jZ[h1Zxshigh dhfgZighcfi_jZImig_p_e_khh[}Eaghki\b_
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_Jgbad&EdIb\ghbkllbheghpijz\e glufh\ufldhfihg_glX kiem
gZZ\ZjbcgkiblmzZplgb _JhzZ[hlijbl_fi_jzZInRpO°Kfh _lijh
bkohr"bhweghZajmr_giZlZebazZlhjz

2.Bkihevah\XgbZdlhdzZlZeblbq_kehdib k!l _fu_ljblbaz
pbbZzah\ublhdhb*jhnbevglbgh\AalZebazdBAgh kbl _e _
AlLO; ij_"klZ\ekh[hkizkghklhgddj_gBhkafh ghkhmagbdgh\_
gbk\_jodjblbqg_rkdbb\bldjZz[hlujb\hagbdgh\ilglZgDd\uk-h
dhadhgp_gljZydbh\upZzahhgbsz_ fhdah\hdlhd_

Kms_klI\mhxgZdhafh guZjbZghukljZg_IgZddyhtciZkghklb

1. Bkihevah\dghZebazZlhgbhadd&!|Zeblbqg Zdibdghklvx
\highr_gbdbke_g'ynjhhzhkh[_goHe_ \h~ hjhehhdbke_gby
dhihjulg_[m_Ikyfi_jZImgr_200°K HAgZdhzZdjZ\beheyZdbo
dzZlZebazlddhXdl_[pEvrAy ebgbwd_j]ZWIb\Zplkhb hdbke _
gbbh~hjh2zZfi_jzZIimdZlZebaZlm{Zih\urzZlvkigdhjhkidbke _
gbyhjlZgbab\_ebqgb\Zguky dhg_qglhlth]ijb\_~_d1_ieh\hfm
\ajulmrhihegbl_ewpghqgZevhfc gZ\Zjbd hdbke gg¥ZghdZz
kh~ _j ZslZlylb,cm”™ KI[jZku\ZIVRgjm Zxskjx *m

2.JZa[zZ\e fhZamxsbighkyh" Zjrufh\upZakkq_m\_-eb
g_gbwnlhdvtha~mgzijz\ey_fhdZlZeblbqg _[ldkdb k! _fu_Ijb
IlbazZptKd i gva[Z\e,dbym_ fmeynkljZg win_ ddgblbq
kdhliimklZ_fi_jzZImijfln ghhp_gbilvihemq_ggdfygu€ hiul 4
fZdkbfZeuvgZiy jZImdZlZebazZghjZ\urz Il fi_jZImk&Zfh\-hk
ieZf_g_dbevrbgkihmZe_\h*hjhifZjgue” _evghchdha®m
oZihklmizZxsbfc kl krufh\ufdzZzazfbdzZlZeblbq_jk &hdhkh
kl1Z\eyl0lf* g d]fZkkdZ[ .eyhiul5 \ dhlhjhflhihlhdhkl-Z\
ey 30 f° gzl d]fzkkwWZ[_ep\ur_gbly fi_jZImjuj_Zdlhig
gZ[ex"Z \kg[s LZdbl[jZzah§zZijbf, freybkl_f&_IjblbaZpbb
\ha"mjoZdIhWET kfZdkbfZeviguf jZ[Zlu\Z ifrulfhd 500 % qZ k
dhebqg_ X e\ihf s glgb*he ghulv[he 50 d]

3. Bkihevah\dghgkljmdpdblzeblbqg_kdhdhhjBa\heyxs_ c
hj]ZgbahYhivmegbl_evguehh[fAgmljkZfh]lh ZdlhpzhI\h”"
| _iekbkihevah\Zygd rfg_Jhhgimpbjdmeyphbiehghkbllhey
\hN _ieZeywZ]j_YZzdIhyZlIZIghf_"bf_JHZ[hlWw[_ki_qb\zZ_Iky
gZ]j_\hblzxs_Jtza\Zzij_"\Zjbl_evighéhh[f_ggBKeb fi_jZ
ImjaizliZebaZlh\arz_&zZ~"Zgguih\ , @A IhfZlbg_\ddxqzZ_lky
ijbgm~bl_evgoecZ " "ZxsbheglmjZdlihji_ki_gb\Zxsbdba
[ulhgghlhieZzOheh”*bewgbdg_JhhgImj}he  _[gulvkijh_dlbjh
\ZgkhoezZz "Zxkibkh[ghkljakkqgblZggazc\Zjbk gZb[hevrbf
fZkrlZ[hif _~ihez]zZ _th]BjZ

GZklhysjzyhlXuiheg_gzzfdZgh]jzffujZza\bllyhkkbckdh]h
obfbdlh ogheh]bqg_rkdblhjkbbflZ B F_g”_e «IjBEhjbl-2030».
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N=M&kIJNYFGBBWN KZjhGb _Jhjh KdB¥ZKIv

<JNYGBBW¥ajZ[hlXxpXk|_figzblb_\hhHj_ki_q_gby
(KLH”ey_ahiZkgalchlki_pbZebabjh\A§jmhh\Zgdby
evxgZiheg_gbgbg_ kdjbdn] gdgbo_g khij ~ e gieghd
ghklvkjblby\ J]Zah\uo brdbazZaZigb ijh\_~_glb_jgh
nbabq_khlbloe _"h\HghpZ]f_K_iZjZIhpMEBG2 \ EYJ
HBYB]. >m[yZ

<jZl[hlij_"klZ\e kdimdInbjibgpbipZ[hIKLHZIZd" _
khklZdnmgdpbhgZékgth ghkikgh\gkbklZ\gqg@kl_lkb
kl_fuhgbkldbah\kRt kibahebjh\Z§ghjgzlhqggufdkkbkd
fu mlbebaZipbhlg_jZlhjlnéeh\mrdhjblbykbkl _fgZiheg_gby
kdjbh]_gdftbe_gvxX khklzZ\jZgkihjlbjm _filbjh ggh]lehdZz
bZ\lhfZlbabjh\Zkgklc fdhgljheéymijZ\e_ _gblyH ljb wlhf
jZkkfhlj_o®ZjZdl_jbkhbordkh|[_gghkHklZ\ggBkl KeLHiha
\heyxsbhkms_ kl\eyaebqgju "bfu[_ahiZkghdkiemZ|Zpbb
\dexqg¥iheg bboezZz ~/gb ie _gbjbh] _gdbc _gb

<\_"_gb_

Wdki_jbf_glg~"bhzdlb\gimfgdZkibkihevah\Zdjbh]-_
gudbr_g_kahlhith*hjhAdexqZjplbcreypamg_whwhlbg_kdbo
y*_jNebaphZgbgmdehgglhZfbevghkhbh*bebkkYIJHBYBZ
njZlf_k_iZjZzZIhDMEBGijb mkdhjbIM&00OF kdhg®d-o]h”~h\
ijhreh]klhe_Ibyl5]. Kp_evxZevg_crb[llhe_m]lem[e_ gokkid_
"h\ZghkyimdIimigh\gwadahlbq _ydbpod ZgZ edojZkizA2018 ]
[ueaZimsnpZ]f_K_iZjZIWDMEB@, dhlhjulkchihklZ\ihfk\h
bfozjzdl_jbklkdZim[_"guf®dZeh]Blb<i_jl\uovdki_jbf_glZo
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gZwlhfnjz]f_dkd_iZjzIhjdjbh]_gglZah\hccl_jb_\tba_gvx
[uebihemq _gh\u”~Zgguhly'  _eubahlhiXZh~hjh?EZ[17] b'H
[18,19]. Bkihevah\Agibh] gdgbo_g ka jdZevgmdhlhiZHoHe
ihalhelkims_kI\_ggkrbjbl¢bZiZabgamqgqZ_fwdahlbqg_ktbj
GZijbf,yy” jgyozZdphyp ~Zgbmomdeh(lp)bCHe, n)fh gh
bkke_"hyZleujy~fZehbamq_lggkiodZjZgbp¥d_jgtkeZ[bev
ghkib G"#1°G MLi \iehl¢H**°H

| _j\ZW_jkbydhfie dKZH\f_kl k mgbdZevgdjttbh]_ggufb
ljblb_\ufbbr_gyf[B, 7], kha*ZggufbNYRRGBBWNbf_gyebkv
"eybkke_ _"h\Zmgdyghlbq_kdbmzZnjzZ]f_K_iZjZIhjDMEBG:
\ g Zq22800-0[5, 9-14]. Hkgh\ggf "hklZIdBgghkokl_flueh]jZ
gbqg _githdhebqg_ HKijbhbg dDbglhg \k_[NAhalheyidleghklax
ihegblhr_gvb~rdbijblb_fy khhi\_IklI\, ghgebmgbdtajj_dlgmx
klZlbklbdeywgh\h]hjzZ]f_ok_iZjZIh[ZMEBG2 [ue4dZajZ[hlZgZ
ki_pbzZevigEh \2ZygnjzZkljmdbnkjizarZi§ZH\Ihjh]hhdhe ,gby
dhlhjzlyl\_qgzZkh\j_f_ggujf [h\ZgbyZ~bZpbhglghachiZkghklb
ihalheyijhi\h”bljZ[hlkdhebqg_klI\bfibyh2,7 dDWbijh]ghabjh
\ZIy_hf_ljbkjbh]_gdjiodb_\Hbr_gb

Kbkl _flZblb_\hJH[_ki_q_gby

Kbkl_flgblb_\hP{_ki_q,dmy_]ljbjh\ZdgZgnjZkljmdImjm
mklZghl\OMEBG2 h[_ki_gb\g_T~\k_]H_ahiZkghkikeg_
gbyjhp_"mgZiheg_dpoyhfbr_gljblb_ fZIZd borlZlgmwdkiem
ZlZpbkXdexgdyogbqg_ khkdkkem b\zZ@tbglZ gujZ[hluojZg gb _
bmlibebazpdb&xjbkl ihdZazpgdkiheh  _gbklZght\®WMEB G
\arZghtd EYJbnbadZ[lkgZa”_e_gdZihf_s_ghy», «» «>»
b«=>: \dhfgZ4;» gZoh”bélbygb\yhjbgghifhgddadhdZevgehkdh
KIF3 bF4), \«:» —nhdZevpgedykd hk3\Kj_Zdpbhgdhfc jhic«<»
jZkihezZ]zkZlgyex\ac=>—ihf_s_gbeyZ[hlkljblb_ihll deZkkm
jZ[hkhldjulufbklhggbdiZzigbabjmxbakmq (B Bp[20].

JbK.JZkiheh rgklZgh\BMEBG bnbadZ[BgtZgEl J
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Dhfie &K HZaf s\&ki_pbZebabjh\ihdgbefglkikZgrex
ahfg2lhjhfwlZ nbadZ[bgdr} _Zdpbhgaahfc jligdp \gmljbkl_-g
"h\h]hZe@dklZght®dMMEB&. <g_rgbt"KLHKkfhglbjh\Zgguc
\ihf_s_gbbdezZkikZ hkhldjulufBBBihdZaggbk2 <2024]
ijh\_~ \dh"KLH wdkiemZlbpbkehklhczgk2025ieZgbjm _lky
ijh\_~ gl ZgdkZj\h]hogw

[
JbR. KLH ihf_s_ghb: Z ko_fijZaf_s_gpbyihkefhglz z

GZjbk 3 ihdZzazgldmdImjgady fAKLH\ dhlhjmXxoh”yl
1) Z\lhghfgflber _gguleh@F), i j f sZ foauly ghlfdzn@Zz
klz~bftnglZz Bih~"]hlh)dbj_Zdpbhgdifx mzklZ "bwdkiemZI|Z
pbbp2) kbkl_fadlbebaZdpgKybk]_g_jZlhjhéh\mrdhidlbyjZaf_
s 994y _jgZlhqdhdk3) bgnjZzkljmdkinkZ flugbkldbexqZx
sZylZahhqgbkidink gZdhibl_evjgkb\_jibfi_jgZlhqgg[ihadkkh
_"bg_ggdkij_~_e_ddhb\ZdmnkbxkhicfHeyj]ZgbaZplbjEm
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eypbjizah\kg "bihke "mxs_ \@dmmfbjh\dgblyk!jZ mlbwb
g_kdbdjzf_Ijb\fhgblhjbhgldms _Kihklhydkbk!lZ\ggdk! Ko H
hkms_kl\ley ZIMnhfZlbabjh\Z&dpkt fhdhgljhely mijZ\e_gby
(:KDM

Jb3. KljmdImjg@yf®L Hkkhijy' _ggukbkl fZfb

KihfhsvxzZa\_Il\e_glgthkd _fuZdmmfbjh\Egbydmeypdb
ah\hkj_AWw dhlhjmehAyZd \ZdmmfghukluKLH halheyjh
\h”*blvgbkltdZamh\kc “tl\eZ]bljblby _j [@hdjblb_\rhagbkldb
KLIMG?_ckl\mxsilhnajbgpbifitne_dmeyjghlBjbgpbibZevgZy
]Zah\ZdmmkbgZELH hdZaZpgZbkmgd GZAuoh”balehdZah
hgbkldih\gmlj ggpldjdmeypbhdlydlfmi_jgzZlhggpitd k& gZ
\uoehi\\_glbeypihk\h*blkhhgljhéayt_fghZdlb\ghkHb |jb
IbwihlhdZddah\kg ~u

Jbk. ljbgpbibZeg@an\zdmkég ZHL H

Hkgh\gufbe f_ glXkfibkl fhgbkldkbLHy\eyxlkgyZdhibl_ev
guc_kb\Pj(h[t_fh0,5f% b[ehdZahhqbKIdbMGdhlhjufeZz]h
N"ZijyZa\_l\e_gdhffmgbdZpbhgfheyjbjZaebqduobfzZpZ[h
luijh\h blhvgbkld@#dZfh]jh kb\,jjZd ijbg_h[oh”bfhtkdbkl
dm_jqZlhqg[h]jdkZz
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Dhgljhgz?b_"bfzfhz[hIKLHmMijZ\e_¢gb[hlh\k_&Zlgb
dh\b Z\IhfZlbabjh\ZdggzZoZzgthkms_klI\eA\lhfZlbabjh\Zdg Zy
kl_fadhgljhéeymijz\e ,ghblyijy _gglkZkbkl_fhHZ” bhf_ljbg_kdh]h
dhgljh@gexqgdyngljheélv Ijblby\ha~micnf _s_gbeghlhjZ¥ab
im_llkgyZehd4a~bhf_Iljbg_kdgllhhgyZajz~"bhf_Iljkhhhgbaz
pbhggutizf_jZfpehdd_I_dlbjh\Zglby KLHhkgZs_@Zujvfy
;> Vdhffmgbd2Z\ghl j_ggpbddmeypbigZlhgghhtkZ\Z[ehdZ
kijZaebgguwfZiZahbhf_ j gHc]ZagZluoh”baehd]Zahhgbkldhb
bgduoehijZzatzdmmfghdéfmgbdApbglbeypbx

lhjyrhdgbkldBah\k¢ _~u_jgZlhgghhtkEZhklihblke #m
xsbowlZih\

1) <rlzlghf_"bf_ijbjz[hlIKMb;F \bahebjh\Zggtdkg_ij_
julghjh\h "blkgmlj_gppjdmeypdah\kg "(ZahH\Ba"m&ZzZd " _
baf_j _gwZ ghklhbl: Ijblby]Zah\hdilhdkihfhsvxzZz~bhf_;ljZ

2) Ijb \hagbdgh\ nglblydjblbyhy\ey_ Ilklylgzd ;> [hdkZ
dhlihjuichkj_"kI\hKDMkh_~bgyhdilg_j_lkgh\glum[hijh\h”u
k[ehdhfZahhghkldEdamZfdgmthalrhpgbkldb

3) Pbjdmebjmxéa&fdgmldhgImjhajhoh”~RIl[ehd]Zah
hgbkldp j_dhg\_jlkjdZlZebazlbjBEfkhj[ gZhkgh\p_heblZz
bhgbszZ_hkdyezZ]bljblbyhl_ahjihd®#: kj_~d4[hdkbgAuoh”_
bgdzZahhqgbgldgbabMyj [m_fh]lhahiZkghjlh\gy

4) Ihkehgbkldbah\kg "kbkl_kihfhsvx KDMZ\IhfzZlbq_kdb
i_j_dexqZglkhzZligug¢_"bfk\gmlj_ggpbgdmeykh_td[hdk_

JZajz[hlzggginfie dKXMEB& bgnjZkljmdKhjHh[_ki_
gb\Zkke_"mxgb_bfubnmgdplZmhh[_ki_dljpdp \rhagbktdb

J J_"bipbjdmeyihdbd]Zah\kg "bdhdkd& j JZahhghbkldm

D PbjdmeydBad_j_ JaZahhqbkldecizkghf bf_dhlhjuc
bkihevamijblayimkdLHeb[lh]MNZgbkIKZ "ghdkd&Zlj [m _.lky

) J_"bfijh*m\dbdk@bklufZzaht@ihlhjdyphba\h*bliklygZgZev
ghfazimKddk\AwdkiemZzZldpke] fhglRMbelkp_evixkmrdb

D J_"bfpbjdmeypddirg kb\_@Zj ]JZahhqghldlih juigh
\hrblkybazZiheg_pghkb\_JyohAriZIighpZ[hldhdkZijb k[jhk_
hklzldldah\kt_kbgF beld D

N J_"bfhldZgbdzZiheg_rehxyaz jqzlhqg[hldkZz

>Z\e_gkZah\k¢_~d [hdkb hkgh\gdbffmgbdZzZ Kdyh
\k_9_"bfzoz[hluk_]*Z\IhfzZlbq_ikd'?* _j b\Z_d¢kyghldb _
ZIfhkn_jo(H09...-60012. WIK _eZ_fNewhlhglh[ibkdexgbiwh?
l[jblbyihf_s_gbjbwlhf_ogheh]bqkkjhk& alzd h d kizd h f fm
gbdZpbtbkoh™bj_kb\_ijhkeazZiheg_db¥hjhjph\h” blkyh
hgbkldZj [2h&LIMG:

KLHjbjZ[hlkljblb_h[_ki_gb\®Zflg_ |i gm[_" _aZsblu
ijbrizlghwdkiemzZIZpibKMM\Zm[_ "BE[_ki_qgb\Zxlkyklijmd
pb_oemgdpbhgZenegufogthbhfbr_gbjc g jZlRjmrdiblby
Zlj_Ibdm[_~ wih[t_fui_jgZlhqghldkdDbebdh md&dkl_fu
gZiheg pmykh “~bgy KiehdhfHbelh) kb\ jhkemdgAZjbcghc
kbimzgbbohtjblbyw h[t_fkH: J]Zah\tk¢_Auij_\urZxs_€him
kibfuenjh\)gv
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Kbkl _fZgbkldEah\k¢ ~u

HArgbbahkgh\gwe f gKillHy\ey IlkgshdZahhgbRLH{Zz
ah\zdmmikgzZf@hlhjhih "klZ\eggidbkmdgd;ehdZahhqgbkibdb
iIZKLIMGij_"gZagZ'eydh~""_j Zglbg_"mxsiZe¢zf_IjHZah\hc
kj_"di_jgZlhgdhidkbj_ kb\:jH: ihljblbx\ ]Zah\kg_"~g_
[he 5:10 :df% ih\h~yghimmg [he 10 ppm.

=Zah\lKjy "EK\oh~"ZZahhqghkilithlt*yg_j &Zl1Zeblbqg_dkhiddc
\_jl,j]*ijhbkoh~bdbke _bblbyhnhjfuGLHyZZeeZ b _dHf
1ZebaZlh])G L M6-02-7-228-89)ijb I _fi_jZInBp0-400cK \uoh”bl
gZ]j_thxzl_ifthilhdZadoez ~Z \lkyiehh[f_ggthihkImizgZ
Z khj[_jJ¢ \ijhp_kkbevljZpibhbhdZza@_ j_idjbkImxZkui
gmxXj_"maljZgnkéj[_gtDH_heNaX (fhe_dmeykdplhh ijhbk
oh”"bhlehs_dRZ]Jh[ugghahjf GHbebjblbjh\Zggmdjf_
GLHIhkewlh]lihgbs_gdZiblbp\eZ]pZah\Ejy "idhdZqgb\zZ I
kyl\ha“moh”~mbdihéhegbl_elvgdaz ~Z \likhyjufdhg”_gkZlhjhf
(I_iehh[f_gghbdhf

Jbk5. IjbgpbibZevigZah\Zdmnkiog Z¥ehdZahhgbKKOdbBM GV 101-
VI22-jmqghcglbeMWl-VW2 -\ _glbeéeyh?u:L1-\h*ghh*yghcieh
h[f_ggbid2-:L3 —]Zath”*ygHciehh[f_ggld2 - Z*"khj[kjp_hebj]hf
<>~ \ha"moh®m¥dZ2 -"ZIqbeZ ghkllbazZ4->8-"Zlgb&\e_pgby
>|>—- ~r"bnn_j_gpbzZeNplybtZ\e_glry<l->1<2 — ~"ZIgbidhlhdXh"u
>M-"Zlgbdjh\gh rul-@2 —dhg\_jlkpgZ]j_\ZI;& <+ gZkhk"*yghc
K2 j_a_ j\mBRjB -1 _fi_jZImjguZlqhdb>4-L>2 -1 _gah”Zlqb&&
NL-]Zah\undbev,IN2-N3B—\h*ygmbevjjm[hlcgbkldb

DhgkljmdpbayhhgbkhdbhheyaZimkIbhIM[hIkjZa™m _Ib
ibgguebgbibhgbklkZ "khj[_ghhdZ "hevibebgbhgbkldb]ml
[ulvkh_~bgilgke_ _"h\Z| _ lketghjZee ewghjZy_a_j\y2pPgby
hgbkldbpuggthkihevam IhikemgZkewnn _dlb\ghlkMebgbb
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g_"hklZlhggZazZiheg_gbdbkhj[ \i&Z]heGLHDjhf lh]h\IhjZy
ebgbfyh” _Ibkihevah\AldERygy_kh\kkgh\gh&eb j\Zgbgbwy\_»_
gbavdkiemZI|Zeyb\_~_gba ogbqg_kdpdém b\Zgby
<gZqgZgZlhldZahhgblbldbbh”bg_%Xdh”_wdkiemZIZpbb
ke _"nbalf _jyfekkzdrkhj[_jo\hlkh_~bgglyldhffmgbd_Zlpibhc
fhsvxl_gah”ZlghdkXIm|_fih*gylbyi_pbZevgwpZlhhh™p-i
e_ggwd_lexg2_jog lhjp Z"khj[._Hij_"_elpjZs_ghbZkku
Z khj[_jhbkihev&imipbhgZjhdZazpbyZah\kic *gAuoh”_
ba=H(pbjdmeypdbygib\h~*bd\ujzZ\gb\ZgHy, fh ghihemqgblv
hp_gdmebq_kh&2hs_gglhbibypijbgyly r_gbhg h[oh”~bfhklb
azZf _gaZiheg _gdghkhj[. f228Zevg _craZiheg_ gdtlchj[(gb[h
ihfzkk\eZ]lbp_hebéb[hhij_~ _evgmfph\gK: IjblbyazZi_qgZlu
\Z _1Kyi_j \habtkdy j_jZ[hldebnlibebabjndZlklygl_cd&kly_4
Aufbjzrbhzdlb\dgubth”Zfb

Kbkl_fdlbebaZpbb

<i_jgZlhgdhtkVbox-Pro 1000ijhba\h "KWk, JhkKbjyZ-a
f s gkbkl _fZlbebaZpdhBaijhlhqgguolZeeh]b”?jbrgagojZlh
jhxeh\mrljblbyazZihjgB¢efZImjkj_~kbaf_j_ glbhtjm]bwe £ g
Ih\]Zah\ZdmmiflyffengbdZpbZgkihjlbjhwez f _glKM\ [hdk
hkms_klleyy lkyexadhlhjufdh™ _|hildZgb\ZhtkyevggZkhkhf
\ j_kb\ hebki_p\_glbey@xbkmg@ ij "~klzZ\e ]Jgadh\ZdmmifgZy
ko_fEMbjZzkiheh  _gbhl\_IklI\mxstwe f_ glfhdk_

JZaf_s_guizwljb jgZlhggh#&kEMij ~"gZagZewZihe
g_gbyblb_i_9g_jzZIBHZ\ ;F bal_g_jZIB2 bihke_"mxsHd
ebazplhptblbpadhffmgbdZpblcK M eh\mrB&8.>eywnn_dlb\gh]h
ihlJehs_glhglbyZeh\mrdmiMij_~"mkfhlj\lgZfh ghllZfdgmlhc
pbjdmeyphbebh\kEt _kbm|_bkihevah\Zgdly]Z[Zjblgh]hZzdmmf
ghlgZzkhWMB \dZq_kih[m~*blikkhdZ

= _g_jZlIhplbpeS2\ KMihkljh_gZ[Zzadhgkljmdighbh”ghc
eh\mrdb647, \dexgzZxsh& [¥fimekkhj[_glhfzhkghWmjZzgZ
238, "\ Zkh[kI\_ggmagguoglbey Zighd khexlghkfie gk'yb-Z
iZahgitbfaf_j_ gbd,16 FIZ FZdkbfZevzgdhkllvg_jZIBH2 ih
]ZakhklzZ\ed e(gnm. F_""mgmlj_gdfémetdg rgbé@hjimkhf
]_o_jzIhjB _1hgZ]j_\Njh\h"blkydzZzqgdzehkIb* fh™ _lkdZieb
\ZIvkiyh*bnnmg”*bjh\Xkg§b&V_gdBEa

Eh\mr833"eyjblbyijbf_k (¢jhoh”*g&ly\mrdiz646) \ KM
\dexqgZ\ k_[ygmlj_ggxXimekkhj[_gllgfzhkgh\njzZg3, "\Z
kh[kI\_gguogguwo glbey*Zlgbdiikhexlghihe glbybZiZahghft
baf_j _gb.16 FIZ FZdkbfZewddhkesh\mr@883ih]Zakhkl-Z\
ey 1b e(gm.

=_g_jzBsR beh\mr®833 kfhglbjh\zZgz] _jf_IbgguhjlZo
\hkgh\ZgtZd _ju_jgZlhqghdkZbf_xNh~*yghoezZ " _gkZg
p_ . \KgZjmdizf_ juhdkhkgh\ZgihjimBREZ2 bBS3gZ” ldh mob
kwe_dljhgz]j_\zb\lkehhb ggufgbad zigbdZ2fli_jZImhabTe
(I_jfhizjubiz0), khhI\_lkI\. ggh
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Jbké. ljbgpbibZevpZayh\ZdmnkigZEK M(ke \D _ \b™\ [hdk(kijZ)Z

BS2bBS3-f_1Zeeh]b”jb}gg_jZlhjeh\mrdjbIbWE -we_dljhfZ]gblgu_

deZizgwl — jmggu_glbe®Vv3-CV4 —dZeb[jh\ZggfdhkIBD — *Zlqbdb
NZ\e g — nhj\zZdmmfgalch k



iizjzZImjEf_Ih~"wkke _~h\Zgby 313

GZfhglzZz ghZg_ebhazZ”gkt gdihdk@dklZgh\edlgfimgbdZ
pbiKMkazZihjgBgfZImjhezZligbd2ible gbddmmfgdetqDHll
brZlgbZ\e_diDP (k*bZiZzahghf_j_gbdO.16 FIZbih]j_rgh
kiv,25%).>eyhqgghblaf_j gblyebq_ llkzhevam \fjZ]hlljb
Iby\ dhglnkjMidexq_ghidhkO¥3 bCV4 \f_klbfhkI500 b750 k f
kkhhI\_TkI\mxs\WflmbdZ2fhi_jZImlidbls g&«l_gdZfadhkl_c

MijZ\e_ghaeZlhbwe _f_glXKMdjhfl _ogheh]bqjkdlgao
\_glbe gZ]_g_jZlhhp_ eh\mrdhkms_kl\ey "bkyZgpbhggjh a
:KDMKk bkihevah\zgd ffhko_ &uMbgl jn_ clkZ«CRW-DAQ» g Z
mijZ\eyxsdhfivxl_j_

KgZjmibrdzZf_jHodkkZfhglbjh\Zgd mmfghkl*eyhldZqdb
;F bhklZlhqqglzldizaK Mg 4 _kb\._j

;ehdbr_gguc

;F dhgkljmdIibkigklhiblakbkl_fgZiheg_¢W® fbr_gghc
k[hjdbk Ijblb_\hdbr_gvx(LFH b ]Jheh\dhbjbhj_njb _jZlhjZz
(COOLPOWER 7/25),mklZgh\e_digBdkbzZ avghkbl_ edlyjh midh
"moKG<bMhgkljmdipigbgpbibZeydan\ZzdmrmkbégZ3F ihdz
azZgg4bk7.

JbK.<bMdhgkljmdpihbgpbibZegAaAn\Zdmkbg ZF
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KGfbr_ghzZkiheh™ \gkZhevp_ Yhehkllb jf Ibggh]h moZz
\Zdmmfbjm gfhjlhaeZgp_Wh_"bg_HKbkjmggu¥ _glbeVfi5
bdhgljhe] fjf _Ibqghiklbzghf_Ijm bij_~klZ\eyxskfhhth
ihegb!l _evpuf aZsblukemqgzZa] jf IbaXgpmbj ggthdfmghb
dZpb<*hewy_gljZevhkipzZzkihez]z\dknyj gkyygdih mbXb
N pbebg”jbg_kidlgldegyyZzaf_s_ghjph]lheh\ddhlhjhigh\Z
j_gu_jogyygb gygjurdidh mo&Z2 _jogxxdjurdmdh maad\-

N _gliZoh\bdlijz\e_QgbglbeyfbeZgpe kludh\&iKMb\Zdmmf
gufihklhfZzlzZzd we_ dljbg_kdldbt fdeyih"dexq_g¥igbdh\
bgzZ]lj_\Zlley jZIB$Z.<gb g _cjurddh mahlhjbyw]lhlh\e_gZz
\\brnezZgpgxludh\dBD\u\_"_Ilgm[hijh\&K?_II_jh¥R bdZ
ibeeyjnifeyZiheg _QgBy

= _g_jZIhhlbBS1kbkl_fazZiheg_ttory gbihdZazZggdbks,
ij_"klZ\exhl[hdhjimkjmqgu¥_glbe gfZdjurd_dhevp_h[jZaghc
Zfimehkkhj[_glhfZzhkgh\mjzg3, dhlhjZy jf_Ibqggjb\Zj_gZz
ddjurddhjimlKBehklfv " *"mfimel&l_gddbjimkZg_jzZIk)\x
aZg j_dZibeely)_Il_jhfll “eykhj[pbiph*bnnmg”bjh\Z§r_]h
j_afimeljblby<dhjimkg_jZIWjiZZdkbZekdBgZ\eb\Kl_IlKy
g_\hwe_dljhgZ]j_kZElgbdhffi_jZImlu

Jb8.Dhgkljmdplyy jZIhjZlbBS1k]_Il_jhfL

>ey\u\h"da]l_g_jZIBA g_h[oh~bfdhrebq_KklWbybeb
kf _kbahlhihh*hjhrZkihevamkikry_jgu fdhkd/1 bCV2 h[t-_
fhf750 b300 kf, khhI\_Ikl\, §gh”bg_dofgu~nkh[hpmqggu\f_gkb
e _WVI1, zlzd ~ZlgbdZ\e_did. Dhgljhévfi_jZImkd_gHdin- j
guo fdhklh&ms_kl\eykihkhnwsvxd _jfhrZlqh2Zeyyhkimkdzaz
badmn_jguddhklg&ibr gbFbkihevamnigghcglb¥®V3, Zrey
kh_"bg KBKMq_j reeZgp_kh_"bg Kb imqghcglb¥v4.

LF dj_iblvigZki_pbZevgho_f_glgdbk9 bdhgkljmdlb\gh
bf __MNZm[_"&Zsbluj_~hl\jZsZxs\m@htjblbypah[t_fZbr -
gb\ JD >eyih]ehs gl eb\r_Jhjkyby\ kemqgjZa] jf _IbaZpbb
LF ihehkfy ' *mm[_"ZfdZsblkuh_"bgkidpaZgh\§fll_jhfPL.
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JblO. <bfjzaj )afbbr _gghkdhjdb]Zah\hlwr _gvkke NBko f&hffm
gbdZplbE(kijZ)PR2]

Djz[hg_fmpmjbh]hehvwdklZgh\e_dghghdck b Zg ¥dghh mo _
KG(kf jbk7), q_j_a@aheh” bevdjjbdblkky[hjdK fbr_gvyxdhlhjZy
hdjm ™ _@ZsblguimdjZgZdlb gbb\_joghfazdj_ie_ gdkuftj
imkhdjbh]l]heh\dh_ahklz\dm_""m _jogbfhjphfeh  _f _glZz
(kf jbk9) k[hjdbbr_glboheh”bevgimdkhZgh\refbg kddz]j -\Z
|_evexklZ[bebadphbibjZImibr_gbL_ieh\lhglZzdl *meZg
pZfwdjzgiijhklz\dithjpZfbheh~bevgtkfizjdbbr_ght[_ki_
gb\zZxlkgZ]lh"djyihevah\dbgb \ubdezZz?hd

GZ4bkl0ihdzZadigke "h\Z|_exkdjhkdtbbr_ggh[bhdD hj
imldh m&GkmklZgh\e _dpgdfikbzZepMgh _njb"_jZlajhdj_-iey
_lkgyzfhglz ghehszZ~duly ' ghljtdZn4zZkiheh  _gdahjthgz"
j_Zdpbhgdahfc jhézdjbh]lhehid\h blklgglZTbr_gghk[hjdb
kihke_"mxsiklzZgh\dhsblgmwdjZzg®\Zl_fF i_j_\hjZzgb\Z_Ilky
Z Zkbkl_fgZiheg_othYkh_"bgyHKHMkihfhsvxi_pbZevgdeh
\ZdmmifgllhdfmgbdzZptbkceijh\_~_gbyh[oh”~bfplop _~mMgZdbo
dzdih\_jdjz jf_IbgghkaZiheg_ Igblb_bakKM]_g_jZIB$Z, ;F
hlkh_~bgyhllkiMbazdj_ ieygliyhkZwe dljbg_&dhc)dhh
fhsvxdhlhjh€& himkdz\gkydID]” bijhbkoh”~blwdkiemZzZlZpby

>eydhjj_dlighlgz[hldgnhjfZpypbh[oh/ tbfdhf _jylhesbgm
bnhjfrdjbh]_gdbrc_gim-situ\ oh"k_ZgkZlbj_ [h\Zghynkeh\e_
gug_h[oh”bfhlhuxg agZlWwebgmlbijhoh ~ ghd*bhZdlb\guo
bhghd_j_lablb_\mky_~kmq_IKRf nhjfZpmjthglZevdkloghd
r_ghbaf_1Zeebqg_kdiigZguhlhjZgagbdigblba[ulhgghd\e _
gbkkj _~tnlighkbl_emgéh\lb\g _rg lklhjhgflbr _gbLZdZy h™~gh
jhrghk]vhf Ijbflbr _gbrzZ _hij ~ e gbkdZ  dblygl ]JjZevguc
kblgaeZijzkiheh  _gguchf_|_dlhjgdklbghlhjuke ~nh[yaz
|_evghgblu\Z&GZjbkmgld ihdZaZghjfmeteyZkq_IEesbgu
\gmlj_ggh[lth fZbr_ghjZ "bm&kjdb\badhurZ\e gZw\Zkbkl b
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aZ\bkbfhfddkbfZevidhtesbgkehyfbr gbeyyZaebqggdhesbg
nhevfbf[jZgu

JbKO. Ihke ~h\Z|_evbgkZvzF

JbK1. JZkqglhesbgfibr_gbfZdkbfZevigiles b gke hlyyb by

\lhfZlbabjh\Zgk&ll fhgljheymijZ\e gby

\IhfZlbabjh\Zzghkly hgljhbwmijZ\e _dgjby'gZagZfeyZ
j_lbkljZpbbhklhyghbynijZ\e_gbywygdpbhgZewgaufb gl2a&bH
\imgghithdhfzg”&Eif_jZIhjgz\IhfZlbq_kdhidfZo

ljhljZzffghh[_ki_q_(¢dH) :KDMZabjm _dKy d_CRW DAQ
[23,24], ij_"gZagZq_'vepafilhfZlbazZwbhki_jbf_glZewkgliZogh\hd
bnbabqg_kbdbdb j_gbE h[_ki_gb\iZ[hlkfh"mey#lgZeh]h\h]h
bpbnjh\hibh/YXu\h”K_jblbr000, iha\hevwvh[jZ[Zlu\DINIh[jZ ZIv
baf_jy_f0Zggul _dklih\bEzZnbq_kdhgf \j_"bf | Zevghjh
f_gbzlzd kljhblebkihevahiBewah\ZI_ewblgdbjn_€¢&ynijz\
e_ghbyhljzffhem~h[ghehi_jZlhpajf \\b~rfg_fhka_f
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IH:KDMKLH[_ki_qgb\zZ_|

—g_ij_julgudklZgpbhdgggblhjbgkgh\gmbabqg_kidbo
JZf_ljhKLH~Z\e_ghyfi_jZImjH: kj_~NKkhklhydbglbe g&]q_
\ZIl_ebt n);

—hlh[jZ _gbamevIdldf\ j ghdvdjZhgblhjZijZ\eyxs _
Jhdhfivxl_jZb~fg_fhkobfjZnbdh\

-mijZ\e_t9kgh\gumtaezKhHhdhfzZg*Eif_jZIhjZz

—hih\_s_gib jkhgZr[zoaf_g_ghylbkoh”~ysbj@[hlKLH
(gzZijbf_kjZ[Zlu\Zgdhdbjh\hd|_fh”Zqgd\mdh\o] g Z ehj\-
g_\uéhh[s_gdzZd hldexq_ogbe _dljhibldgbddjullyj »_
e ggudffmgbdApbd&ZjbcgliemqgZyo

—g_ij_julgkhojzg tdbggwbaf_ j gbrZcegdd kldh/¥fb-k
d mijZ\eyxsdhfivxI|_jK_a_j\guwthibjh\Zglgzfjm]htbklZg
pbhggimZe gdhufdvxl, ]

>eyhlh[jZz _gkhWklhygbkgh\gudjzf_I|jhKLHjZajZ[hlZgu
liZnbg_kdgl jn_ckkgh\ZgguZdlb\gypZnbqg_kddofhko_fZo
bhdggkljhcditkkgh\gfgyy fhko D MKLH|_~klZ\eg@bkmgd _
12 biheghklkkhI\_IkNimbdpbibZevigah\Zdmrkbg HKLH

JbK2 Hkgh\gliZnbg_kdgk jn_KkH

=jZnbq_khidlc jn_kk ki_gbVE h[kIhhjZ\e d&dyHBaf-_
jy_ful ebgb@ufi_jzZImjpwz\e_gHy b*j), ZIZd" khklhy glinyg
l[jhebjm _fwe f_glhNn[jZ Zxlg¥fg_fhko ¥j "bf j Zevghl]h
\j_f_gbMijz\e_gwe f_glAfbHijhba\h”~bikd ZIb dfmjkhgZ
Zdlb\gh[eZk(lb_gkhjfig_fhko.fuzZijbf_ijhgZ Zlbgkzhkgh\ghc
fg fhko_ Kk _gkh4Zh hldjul\Z_ IkdggldhgljhdymijZ\e dZwh
hgbkldBdbkmgl® ihdZaziglf_juljZnbqg_klkbolo jn_ckhdhg
gZkljh(dhgljhgz]j_\Zl, ¢Z%xbhf_ljbqg_Ktltjhevb kl_fizb
Ib_\hljZahhqgbhkld.
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JbK3.1jbf_juljZnbq_kbdlo jn_cKlg\ fhk bfhdhgzkljh_d

AZdexq_gb _

KLHZajz[hlZeh[_Kki_q_pbayhiZkghmhlgdpbhgbjhh4gby
kem b\ZgblyklhyggkdpZ[ _glhplb_\HZahh[jZ&kdhkvikbkd_
fugZiheg_gbry gghJehdip_evazZiheg_djyh] _ggfbe _g_c
[jblb_f\]Zah\bebb~rdhrezy ZIZd "eyjh\_~_gj@y*bhf_Iljbq_
kdhlhhgljheXah\kg "omlibebaZgbbhzdlb\god”h\

BgnjZkljmdIKkjBgZdhfie_dkklZghVdE]f_gd_iZjZlhjz
:DMEB& h[_ki_gb\iarz\IhfzZlbabjh\Zagjif\e_gbdhglih
e_fiZzaebggu _bfuhgbkldbah\kg *hlljblbyhmjh\gy: g_[h
e 5x10 ;df% Ijb wihkbkl_fZ1_dlbjh\Zgdpy [hdkb]Zah\Zdm
mfgudhffmgbdzpgBjmlz\lj_"bf_j _ZevgR]hf_ gl iha\hey_|I
ijh\h~"biwq [FeZglkEIby

<2024 ] \uiheg \h"KLH\ wdkiemZI|dpdoh ehklhkczgk
<2025ieZgbjm KklkZgik j\h]hgwy

JZ[hMiiheg_9ZfdZ@Zmqghc]jZffuGZpbhgZeyghglhz
nbabdhzl fZIhdgZijz\e_gB«NbabdZhlhith*hjhNZ
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~ 7 N\

IUOXx'TOOBIOUODIGATOOB NARTOOE
UixO WU U U--OND & U x EQIAY

bOb €YOORAd cEOAbDId cAROUOO
bafOOUUQIOEXAEQDibIOUTEaANOO
j- g NEpPUOQOU@OEO Xl nAUETI
dn qiuaQbb €EYOORAN

Jhkkbckdbt jZevgticjguc ghj<k jhkkbclgdlceggh
bkke_~h\zZ|_dwgkdbbtmdtki_jbf_glZebahdbKZjhVUhkkby

<klZlvijb\_~ guamevl@dpbhihjzZajzZ[hldjbh] _gguo
ljblb_\ufdbr_g_%eyjh\_~_glblkke_"h\Zlgbamq_dgbkckl\
g_cljhgbafulhggwo gzZnjz]f_KH_iZjZIhDMEBG2\EZ
[hjZIhjbyw" jgujo Zdplidt ~bg_gdigklblmyl’Z jgulmk ke
Ah\Zgblc>m[gBEkh[hgbfZghjb kharzZdpthlb _\ufdor_g_ c
m~_eyelkvki_q_ gdhyfjZ"bZpbhgghahizZkghkbbZ[hl_
kljblb ,fqlhbij_~hij_~_eh&bh\gadhgkljmdlb\gu_gby
kl _i_dgvhjZ[hldk|Z "b®BBHDWIj_ [h\ZgthwdkiemZI@Zpbb
_g.c<jZ[hlijb\_~ daokihevah\Zdpggkljmdibygu_gby
| oghehbmjhlh\e fgry g; ch[t_fbj ameviBhugdpbhgZev
gudj_kmjkgukiulZgbler _g_gzZlzZ~ "bddjZ[hldb

<\_"_gb_

l[jh~\b" _ghl]ljZgbpgfcljhggdlZ[bevghlgBijZ\e dlatm
g_gbg cljhghgal[ulhqgwy® juehb hklzZz Ikkgh\gufbhjbl_Ihf
yN _jghhcbabdzijhly” _gbilhke _~gilem\,. 8kihevah\Zgbh
] _ggufdbr_g_bahlhihlebly\h~ hjhtZkh[_glgblby\ rbjhdhf
"bzZiZahlgesbEh!10® "h1t? zIwkf) *ZxImgbdZewdrmmkh ghklv
\ijh\_"*_ glzdblmkke _~h\Zgbc

<gZqZeooo-o 1h*h\*eyijh\_~_ghykke_"h\Zgbcljhggh
ba[ulhqgu®d _jh bgbpbZIK\ P H]Zg_kyg&BjZ]f o _iZjZlhj_
:DMEBGijbmkdhjbIM&0 [ue4d_Zebah\hAgZh ghkjk\_"_gby
jZ[hkljblb_\uifmgdtbofljblb_\ufflor_gyflt-8]. <i_jbhR2002ih
2012 ]] kbkihevah\zZpjblhyfuebbamqg lghcklyZ jG°G8G _
b'°G [9-24]. Hkgh\gudb *hklZIdZ{bhl _ce k\eyeZkVv hklZlhqgZy
k\_Ibfhkiimgdizh]jZgbqg_idhdhebq_KJjbrhb$000Dbqlhg \k_]"Z
ihal\heyidleghklaZihegthbr _gvb~Adbfjblb_.fH[Zwlbb[klhy
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| _evklippb\h~"bedg_"hklZlhdkdBbklbjy*ny_hij_~_e_gghkl_c
\]_hf_IljBpblb_\Hbr_gb

< 2018 ] aZzZ\_jrbehkalhlh\e_gh\h]mjzZ]f_gd_iZjZlhjZz
:DMEB& ijbmkdhjbllye e ulmhghW400F [25]. <gZklhys] fy
azZ\_jrZ_lkypwa~Zgbjblb_\hdgnjzZkljmdImjad]lf_gd_iZjzZlhjz
:DMEBG2[26-27]. Dij_bfms_klI\EklIZgh\&klpz\g_glofbjh\ufb
ZgZeh]Kéb "mldg_ KkKI(EF hlghkbl_egpahdbbZiZawg_j]pL£”bh
Zdlb\gumngdthl5 Fwkgmdehtg0 Fwkgmdéhg~h[gOeypyamqg_gby
ijyfuoy”™ jgyoZdpb[t mgbdZeVig&Zhih ghkZjhlkdjbh] _ggufb
fbr_gyfbahlhihlebbAh~ "hjhNdexqgZjyplb)c\rbjhdhfbzZiZzahg_
lhesbd10®° "H0? ZIWkf), *hkib]Z_&q Mu[hjhZah\HKhkdh
ygby_s_kiIVZ]Zdebbrdhk(Y \hafh ghKleebl_evgwdkihabpbc
(f_kyp[he)[26]

>eyijh\_~ _gdfhkljblb_§2znjz]1f_K_iZjZIhDMEB&
kharzgblb_\ZtygnjzZkljmdldhkhjzZijhalheyijh\h~blyZ[hlu
kdhebqg_kINtfibyh2,7 dD [R7]. WIiangbdZeVigafyh " ghkkv]h”gy
_“bgkl\_ggZlyj) hidjh_ribjhdbdezZkikkke "h\Zgdbahlbqg_kdbo
yr,jgZoh~ysh\dkpaphZgbyp” _jgtkdZ[bevghKkKgh\gwie f g
Ihfljblb_\hkegnjZkljmdlpZjuabd hlhjhlegd kharzZ\ZejdAky xIky
[jblb_\ubr_gb<”"ZgghZ[hlijb\_"_glhgkljmdibhdki][ gghklb
fbr_g;d_oghehblayhlh\e fdbbyg; d[t_fbj amevidiugdpbh
gZevghjo kmjkgukoulZgbler_g_g@Z Iz djZ[hldb

Djbh]_gdZlylb_\Zibr_gv

Djbh]_gglublb_\ufbr_gWDLF "eybkke_"h\Aglcyjhggh
ba[ulhqgwbo,je_"ZsbpZjZgbm_cljhggh&Z[bevghjiddjz[ZIu
\ZxlkpbalhlZ\eb\ZXIRyY P GBBWH 6] k2000 ] AZdjhr_"r__
\j_fyljblb_\ufbr_glg_ij | _ji_eihbgpbibZevhgab g _gpwreZz
ebrvmkh\_jr_gkl\hba&dlizgkljmdpthbwr_gFZ ogheh]bqgdlakhv
Ilh\e_gbZlzd _j_r_gg_hij_~_e_gdhklvf_ljbq_kjded_jZo
b\_ebqgbdf kibfhklj[hqg_]Jh[t_fzfbr_gbazZkq_Ih[_ki_q_gby
gZqZevglzlly  _grblye v[A7, 28].

ljbgpbibZewpZyfBLFbah[jZ _ggbkl. Fbr_gvj_~klZ\ey
_lkh[hpbebg”jbqg_khekly h[jZam_fimkx_joghkldtjimidz
br\mfy_f[jZzgzfll. Kp_evRk[_ki_q_pdyYoZpbhdghbtiZzkghklb
gZXxemqgdcrlZlgkdImZpbmkljhcktbr_ghj_"mkfhlj*hghegb
I_evgum[_aZsblbl\hafh ghijhgbdgh\_lgbybywh\g_rgxx
kj_~meBh\gmlj_ggklxehkjvZdpbhgaafc jHgkhklhbE*\mo
ihehkl ch[jZam_tihgimkbhbf_f[jZzgzfl bF2, \gmlj_gdhc
ehkllgm[dE2 bmkljhcklihfehs_dblylby IblZgh\dfll_jhfL
<g_rghZah\dhffmgbdAplhiheg dub~rdhZdkbZgdlgiheh- g
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guojm[hchijbgpbictjm[ZX Ijmp. <gmlj_gdjyy[dA kh_~bgy |
jZ[hgblke[t_ffbr_gbk dZeb[jh\Zgaitf_fhfkbkl_fgZiheg,gby
Z\g _rgyl2 kh_"bg%hihegbl_eymilicazZsblk] Il _jhfL<dZ
g_klI\khj[_glzll_jEekihevamijlkkh\Zgghijhrdhh[jZabul&g
(Ti), ZdIb\bjh\Zghpke _pbZeviglhgheh]Pabgh\_kbd\e dbb
Ibygz7Zdlb\bjh\ZglhdZghifb dhfgzlghdi_jzZImg_ij_\urz_|
10° 1Z[29, 30]. >Zggh_ogbg_kdh_gbiha\heyijl~*hI\jZIbihiZz
ANZgbljblby hdjim Zxskjx "inkemqgdZjmr_gbyf Ibqghklb
[jZgFl. Dhebqg_Ki\n _Il_jl\u[jZghamkeh\hyfh ghklb ki-q_
gbyiheghl]ih]l]ehs gbplbybkihevam Vmwdki_jbf. glbr_gv
bf__g_luj\ZjbzZgbkiheg _.gbiy j\hf\ZjbZgljblbd ihehklb
gZoh”bhkybrdhemzZa(djbh]_ggadaydhljblb_¥By_ gvD @ L)F
\hklZevduoe- \ ]Zah\(dgbh]_g¢Zah\Gplb_\Zpr_gbOD=LF
Dhgkljmdplbbh g ¢ZaebqZ gkagZgbl, ékgth\ghZaebq&adZ
dexqZ_EkyrW jZkklhygbbrni_f[jZgzfkl ("eyD@LF 0,4 ff;
NeYp=LF3,5b7 ff, khhI\_IkI\). gk _|IZdahjimlkzbkdexq_gb_f
f fl[jZgo\uiheg_ ¢dueklzelRBA8AOL F_f[jZzgba]hlh\e bgruhev]b
g_j Z\_xsklZeds 301HTIhesbgd tdf.

L oghehblayhlh\e ¢glbry g c

<dzZ "hfbr_glkh”_j blgy_g_ 14 k\Zjgukdh_"bg, ybih-e
gy _fubfimevkegla jdghiZjdhezggiZ[hlf_[m\ukhdhitggh
kilbbalhlh\e bdb¥l_evghé]lhlh\@blZei g_%\Zjdhc
K\ZjddiihegyegkeZa_ jgmélZghRiccaaser-40{ jmqghf
"bf) bHTS-100 (\ Z\IhfZlbqg_Kdhbf) ijhba\h"kHBR «;meZILZd
" _k\ZjddiihegyegkeZa joghklZghKkdlEL-F-200 (EZIbdh§hba
adjh b]zglhyf[jZdugm ~_QuebhldZazZlvlkkybkihevah\2gby
kedzZ "hki_jzptkdzZjdbhh\h~*beldhgljhdvjf_Ibgghléd_f_glh\
fbr_gh_eb \ufqg_bkdZlkemikl\bl_evghkdwm1x10™ 3| Zc.
JZ[hluhk\Zjdfh ' ghzZza”_eg®\AvlzZiZ _~\Zjbl_evighi
gh\ghc
GZj_™\Zjbl_evghdihkms_kl\eywdZkdvijh\_jdgZ _jf-_
Ibgghkwe _f_gltmh*"yshd&hklZbr_gblhke_"h\ZI|_evighklv
AN _gbyi_jZpbeybr_gbD=LFij_"klZ\egd@hb k2.
Gzhkgh\gwflZiijh\h~*bebkkihjdBEijh\_jddZz]_jf_Ibgghklv
fbr_glhazZg_k\Zj_ggwe_f_glHkgh\gw¢Zidexqzl6lklZ*bc
ihke_"h\ZIl_ewphkl\ " _ghbyZadgbk3. IhkedZ "~hiti_jZpbb
k\Zjdiph\h~bedklygljhgvjf_Ibgghfidb_gb
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z [

Jbkl. Ko _fZIlbgq_kah[jZ' ¢Hbh[sbdbX] fbr_gbD- dhjimEkL,
F2—f f[jZgul,l2—Ijm[db, ;—ihehklbl-IblZgh\hcll_j

]
Jbk2. Ko _frhke ~h\Zl_ evigizkdbijh\ _jdbgZ] jf Ibqghkl¥ _evguo
we f gDRLFZ-h[hcfd—dhjimkk[hj\—=rIimp_jbNjm[dB-Ijm[db
rimp_j | _jz
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Jbl3. Ko_fihke ~h\Zl_ewkdhkdbijh\_jd®Z jf IbgqghxsLF

ijh[Zpby_ "bfh\k\ZjdbZmklZghMaS-100

>eyih\ur_gbd/Zg_kbKdhjhkijhp _kkizZjdbh\hafh ghklb
ij_"ihez]zepihk\nh " blyZmklZghHTBS-100\ Z\IhfZlbqg_Kdhibf._
LZzddZz&\Zjdl4blb_\ufdor_g_¢teyyDMEBGU\uihegyeZkevdh
\'jmgghjf "bf_gZmklZghRidcolaser-40,lh ~eyhljZ[hldbogheh]bb
kK\ZjddZm k| Z g HTB-100\ Z\IhfZlbq_kdhdf g_h[oh”lpdile:h

xZNZilbjh\Zlvbfuk\ZjdhZg ihemq_ggdmklZghRidco-
laser-40,g9 Zm k | Z g FHTES¥L00;

xXihAh[jZzhilbfZzevgju "bfuk\ZjdB\Zjblw\u[jZgguo b
fZowe _f_dflur_gb

xijh\_klbkiulZzgbfyjzapiZkek\ZjddpZ jf_IbqgghlkfvIZe
eh]jZnbg_hk#ke "h\ZAgZygbilhemqg ggumevikjluamewlZIZ
fbh ihemq_ggj&fd gzmklZ g Pictolaser-40.

>eyZ"NZilZpjpbbfzZ\Zjdpuedjh\_*_dZjZ[hl&kXZjdWwe _
f_glhYbr_glgf _f[jZgkhesbg®Bcfdf, dhjimlikdhevyphZmklZgh\d_
HTS-100.G2h~rghfi[jZzapuehijh[h\Zghkyjv bfhk\ZjdbzZ[.el).
<bamzZeviiihljhemqg_ggudjgumdh\ihdZaZeZgZb[hehilb
fZevguo bfZx\zZjdiBawlbé\m¢o_ "bfhk\Zjdpuelu[jZg_"bf
kf_gvrbfBbzf_ ljhbknhdmkbjh\Zgdgkaza (fzij " ey _dhy
[h) bgZijy _gbgZgZdhibl WIh[_ki_qb\Z glvrbl _ieh\eh _
gby!l _jfbg_kdbnhjfZpbiphp_kk\Zjde~rZgghf bfijh\_2_
gzk\Zjdie f_dbZz_gbdhjimkdheyphh\_jdE eb_\lufq_bkdz
| e fhdZaZzZeldhh[jZza Jpjf_Ibgq lpkedhgljhey¥] jf Ibgghklv
[uebijh\_~_dulZeeh]jZnbgbkkid_"h\ZgBwkgh\Zghbmg_g
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gug_amevlzim\ _jdgz _jf_

IbgghikiviZeeh]jZnbqgbkkid-o™h

\ZghcZgguc bfk\Zjdlue\lu[jZchkgh\gudkyijb\Zjdb f[jZg
(jbk2: klz~af, :2) \fbr_gyo

LZ[ehpZ
J 'bfeza_ jgkhZjobe f_ dbZ glyZmklZgHTs-100

J_bf 1Zjzf_ljp_"bfx\Zjdb
K\Zjdby, < | wfk [Ebf[ijhlb\qZkh)hfc=p| d, ff | RZ]k\Zjdbf

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-gZijy _gbZgZdhibl_ «eW "ebl_evghkimev&Za_jghaemq, kb

f- qzklhk2_~h\ZgBy jghfdmevkhkpd—"bZf K\Zjb\Z fhpft gby
ff; NhjfZ2Za_jghiimevk&@yk p "bfhi«iez\ghdhgqzgb _

hdhgq3dgjh kd).

HIjZ[hldjiZ "bfh\k\Zjdb

HljZ[hldZoghehglzm jgh\&Zjdibr_g_tcjh\h”be Zgkad Z-
"heklZzrbp "bfuk\Zjdij_~klZ\e \gud[e2 b3. <1Z[e2—-j_"bfu
K\Zjd®Zmk|ZghHNTS-100 Z\IhfZlbq_KAdZpW A Z[e3 —j_"bfu
k\Zjd@pZm k| Z g hRidcolaser-40 mqg RyZjd K\Zjdigh\h~"be Akt
Ilhdbg_jlghlldazZjlhgnhjfdbfimev&Za jghalkemqg —gbegzZ\gh

LZ[el2pZz
J _"bfeZa_jdNZjddZnklZ g HHTsE-100
1ZjZf_ljj_"bfx\Zjdb
KIZf\b.:g/_"t)t Ebf[ RZ] JZaf_|
K\Zjdb\Zjdb, <| E, > | Wik| (ijhIb\ |f =pd, ff| k\Zjdbk\Zjgh]h
gZkh)hlc ff r\z ff
3x20..25;
-z | 205| 2,3-24 8 1 100 32 005 5,91 13
. 3x20..25;
;1.2 | | | 205|2324 8 1 100 32 010/ 5397773
3x20..25;
Il | 200|4,3-45 18 1 101321 010 | 5,391 13
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HdhgaqgZlgzh 2

Ih

1ZjzZf_ljjp_"bfx\Zjdb
KIZ by b Ebf[ RZ] | JZaf_j
KNZjd\Zjdb, <| E, > | wik| (ijhlb\ |f, =pd, ff| k\Zjdb k\Zjgh
qZkh)hlc ff r\z ff
3x32;
s | 205 | 2,3-2,4 8 1 10, 43 010( 4512 1e
- 3x32;
Il | 200 |4,3-4,5| 18 1 10 | 43 010 | 551415
6 n {300 82 8 4 2,5 36 0,25 115
8,9 | IV | 260| 8§65 | 8 25| 42 0,20 133

U-gZijy _gbZgZdhibl <E-wg_jlbyimevykZ, W "ebl_evglblk
imevieZa jghllemq, §by—- qZklhk®& ~h\ZgHw jghbmevkhky
d—"bzZf_IK\Zjb\Z_fbpH_ebfy NhjfZeZa_jghfhmevk&ywk_ ¢ “bfhy

«iez\gtdhgqzgbt jbka).

LZ[eBBpZz

J "bfweZa_ jd&kHhZ|jddzn k| Z g HPictolaser-40

KIZABy b lZjzf_ljp_ bfZ(\ZJIdhb — S
i i e m
KNZjdbk\Zjdhy, <| F, | wik|dpr f[f, =g Jg <I eig_j_z
V-h | 450| 65| 8| 08| 15 258 9P ih\_joghkib
31 k\Zjdb
T : 4 9b ih\_joghklb
V-n 450 | 75 8 1,2 1,5 33,3 K\Zjdb
:3.2 gb>ih\ _joghkllb
41 | VI-h | 450| 65| 8 1,0 | 15 258 K\Zjdb
14.2 . .
13 ) gb ih\_joghklb
s VI-n | 450 | 70 8 1,2 15 29,8 K\Zjdb
gb ih\_joghklb
1 Vil 450 | 28 8 0,6 15 33 K\Zjdb
gb ih\_joghklb
2 VI 450 | 60 8 1,0 1,5 22 K\Zjdb
gb ih\_joghklb
14 IX 450 | 29 8 0,6 1,5 3,6 K\Zjdb
U-9gZijy _gbZgzZdhibl € F-fZkrlZ[jb\ZglhfimevigZdhibl %]y
W "ebl_evghkimev&Za jghalemq, fikbdy;;— *bZf_kinhdmkbjh\Zgghl]h
imgdZa, fZ;f— qZklhk&_~h\Zgbg_joufomevkhp J;— kj_"gyls
ghkleZa jglbldemq, ghyNhjfZeZa jgiblfimevk2ay\k _g_ "bfh\y
«ieZ\ghdhgqg2dhbt jbka).

GZb[heljm~h_fdblhbijh[e_ fgufpuebklZ”bbl.2 b :2.2
(kf jbk2)—ijb\zZjdlhgdi{bhesb@adf) f_f[jZgdhjimkBtHhev
pzZfWltk\yazZkh f glhijblZdbllhhesbgXagZgbl_ef¥ghhdZau

\ZxNebygke "mxsiZdlhiju
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‘uetbkke "hYZgdHjguch ~bg (gbceh\ghf jZ1,2, 3, 4
5,6, 7)baylbh[jZaptbr_g (¢Z[&).

LZ[ebp Zz
1Zjzf_lja[jZzapfbir_ghey 1Zeeh]jZnbgblkkiddoo*h\Zgbc
Ghf_j Ghf_j ; _

Lo I~ Dy, | Dy | 1Zjlby =_jf_Ibg :
h[jZzapzZk\zZjgh]h L ljbf_qgZgb _
fbr_g;kh_"bg_gft{y ff | f_1ZepZ ghklv

1 1 31(295 - - ihA"[hjgZxlgZkly

2 2 32| 30 - ]_jf* -

kK\Zjglkh_"bg_gb_
3 g ]_jf~* \uihegyehkwZz
3 ijhoh~Z
43 | 42 | 1* . kK\Zjglkh_7bg_gb_
4 gl _jf* | \uihegyehigyv luj|
ijhoh~z
k\Zjgwkh_"bg_gby
5 g ] jf \uihegyebkyv
- g ZF M EL- F-200
4 (k\Zjgkh_~bg_<«g6 _
43 | 42 1* _ "hihegbl_ekgWZjp
6 g ]_jf* \Zehkv
g Zn k| Z g HTB-100)
5 7 43| 42 1* ]_jf= -
*— ijmlhé|Zd208G0L =HKE632-2014 hldjuldgZ\§Z
- k\Zjglkh_"bg lghf Ibgyh- k\Zjghkh_ "bg gh_ jf Ibqggh

H[jZa fpr_gb 2 [uek\Zj_ihj_"bfralZ[el, h[jZafbr_gb
<« 3—ihj_"bfinlZ[.&, h[jZagbr_g_<4,5—ihj_"bfmh 1Z[.&.

Bkke_~h\Zgb "hli\zZjghkh_~bg_ighyh”behk¥\ mojh
"hevgkoq_gbykiheh _gghuvan]eh[fo0°. >eym~h[kI\ND]hlh\
e_ghebnhyzZnklZgHthobenix 4000h[jZapgkdZjgukh _~bg, §bjc
aZggbafbr_gghyxg _cdbki_pbZevghjidZazZeb\Zebikwdkb”~guf
dhfizmg/lihfemqg_ggebnukgZq2dd¥Z[Zlu\Zedpkebnh\Zevguo
[mfz]2@0 b 240,azZl_ihebjh\ZelhikihsvXZefZagi@kd b3 fdf
bhdhgqgzl_erghbeblkibf_g_gb\hi*ghicmki_gbadkbZ2 xfb
gbyjZzaf_qzkl®®4 fdf). >e\uy\le_gbhmdImfjal _jbZk¥Zjguo
kh_"bg_mgdbenudjZ\bebkdbiys jf ZdIbDjmii®B0 fe\h”us50 fe
kheyghbkehlufe ZahlghbkehlIKIjmdImfiZl_jbZdamqZeZkyv
bnhlh]jZnbjh\ZeZ khNZeeh]jzZnbqflkdjinfk d Akiovert 25ijb hi
Ibg_kdhbbo ebqg_ ¢bB90jZa

J amevlZluZeeh]jZnbqg bikkieo "h\Zlg\zgguah_ ~bg _gbc
fbr_gguyoq_ijdb\_~ g@ubk6-10b\ IZ].e.
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z [

Jbk6. FbdjhkljmdkhzZghkh _~bg ghbyh[jZaflpr_gb1):H-\ukhlZ
K\Zjb\Z_fdidfht—\ukhliZh\ZjZ-rbjbg&\Zjghitz

z [
Jbk.FbdjhkljmdkhzZghkh _~bg qb¢h[jZaftpr_gh 2)

(4 k\Zjgtkh_"bg_ \gbheg_gh (D k\Zjglkh_~bg_\mbheg_gh
aZ\Zjhoh"Zz af lujijhohnz

Jbi. FbdjhkljmdkhZZguch ~bg g8 ba(]) (h[jZaflpr_gh 3)
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(Zk\Zjghkh _~bg ipkek\Zjdb () k\Zjgkh _~bg_ihtkek\Zjddpz
g ZF M EL- F-200 FMEL-F200ih~\Z]_g@mklZgh\d _
HTS-100

JbJo. FbdjhkljmdkhiZguch _~bg_gb6@ b6() (h[jZaflpr_gh 4)

JbKO.FbdjhkljmdkhzZghkh _~bg qgb¢h[jZaflpr_gh 5)

J amevlZluZeeh]jZznbg _kidbhgh*h\ZkgZygukh “~bg gbc
h[jZapfibir_ghhdZaZeb "mxs_ _

> n_dkhZjguloh_~bg_lgaalj_sbghj g_ijh\Zjb\.i. g_
h[gZjm _gu

EZa_ jgd¥jd¥he glZ[_ki_qb\lZIliy Ibgghflblv_g, ¢ 1h” _
\j _fyglh[wba[_"2\vjhp_kk\Zjddj_af_jgkph _glihrgghklguo
k\hckFezl_jbzeZd[jZguwZ]j \ahgk\Zjghkh_"bg _lgby*nibl
gbfbabjh\zZlv

<k\yakbwlbfgzZb[hehilbfZevgmhjfnk\ZjghthZzbf_xlk\Zj
gu kh_"bg hylh¥apfbir _gb 1 b2 (jbk6é b7). =em[bigE\ZjZgZeh
"blky~rbzZizadd,2 "0,4ff, nZdlbg_RdKglk\Zjb\Z _fdijd fhid

ijZdlbq_lqczthqu_lghckh|1<\Zjb\z_fdphfha¥, lh _klv

hieZz\e_dgblZedahgk\ZjghihZfbgbfZevghjf IbgghkiX%jguo
r\h\h[_ki_qgb\ZDiky*hklZId\ZAjghkh_"~bg_lghgapar_gb 2
fh ghhlg_khblhg_dgbf[jZguahgk\Zjghihz(jbk7,]D.
<k\Zjghkh_"~bg_gblih[jZafpr_gb 4, jbk9,3, \uiheg-_g
ghfgZF MEL-F-200, Jem[bgha\ZjZZed | 0,1 ff), glhijb\_edh
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kmlkI\lkxZjghitZgzn I~ _evguqZkldBEke hihegbl| ekyhjdb
gZmk|Z gHKE-100 kK\Zjghkh ~bg g6 jbkmgid]lem[bgh\Z|Z

m\_ebgbe@ B ff, G| %, ghk\Zjghb\[ueg ] _jf_Ibgguf

LZ[elbp Zz
J _ameviZlZeeh]jZnbqgblkidd o®h\Xybjoguh "~bg_gbc
L . D, D, .
Ghf_k\Zjgh Ghf_j| h, ff G ff l, ff =L 2| |jbf_qZgb_
]hkh _~bg |ghbebnz| jbk6[| jbk6Z| jbk6][ fzf
F1 0,22 0,76 0,34
1 0,75
F2 0,22 0,78 0,34
F20-1 0,35 0,83 0,40
2 1,0
F20-2 0,37 0,85 0,39
1F> 0,82 0,30 0,23
> _n_dlhf\
2F> 0,84 0,29 0,24 (Ij _sbghij
c 3F>3-az\ 0,11 0,56 0,30 g_ijh\IZ]h\
4F>3-az\ 0,11 0,52 0,29 05 9-
. 3F>3-> | 0,29 0,54 0,39 ’
4F>3-> | 0,28 0,54 0,39
. 5F> 0,33 0,36 0,39
5F>1 0,33 0,38 0,39

GZb[hevhieZ\e_ _d&hzZjb\z_fdjhfhdgzZ[ex"Z _NKkyZjguo
kh_"bg _ob8d4 (h[jZza fpr_ghk 3), dhlhjuluihegyelaky-
kdhevilftoh”tjbk8). ;hevrhl_ieh\eh _gbahgkiZjghkin_"bg_
gbhyihr\b~rbfhfmb\_edkgb ™ _ghphqghkiiblzedéZf[jZguhlju\
f_fl[jZgujhbahrigbijh\_jdgZ] _jf_Ibgghkhv klvjbi_j_ iz"_
NZ\e_g|dcZIf

H[jZafpr_ghb 5ihkek\Zjdlue]_jf_Ibgguwfh*bzZf_I4\Z
jb\Z _fudbjhfhohf_gvrbeky0,2 ff ijblJem[bgh\ZjZ0,3ff (jb
kmgbh) b]Jem[bghB\ZjlZijZzdlbq_kdbg¥Xukhlk\Zjb\zZ_ fdjdfhd
H, glhk\b”_| _evkhfbalulhgghieh\eh _ghbk\zZjd _

Ihfbfhizjzf_ljke\Za_jgh&jddpz _jf_IbgghkVxjguloh_+b
g_gbhij_~ ezgydbygbhdZau\dzZlg_kI\Al _jbZelkiZelVbiZz
12A8A0L k\zZjb\z_foolZe kkh[_gd§hl_jbZehjimkizZzddzd
\Vahgk\Zjb\z fdjohfhdhesbgfZlZedh klZ\ey 0J2 ff. :gZeba
fbdjhkljmdIfglu jbZdBEjimkbkke "h\Zgdjwraphbr_g_(Gb
kmgtibl3)ihdZafeéhazdbkdexqg_gib[jZaplr_ gk 1, \fZl jbZe
(klZzel2A8GOL hidjulhiez\)dibf_ xlkkljhq_qduexqg_gbdZjfh
gbljb"HblZglZGn _jjblajb_glbjh\Zd8hegZijz\e_ gjthy ZIldb
GZebglljhg_qowexqg_gbklZel2A8GOL m\_ebqgb\BE hjh*h
ijhgbpzZ_fhkhgkljmdpbhighglhjbzZ(@h azqzih\ur_gghdn
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nmatblahlhihA "hjh4Z]jZgbpZf "mhkgh\gdZ|_jbZelhkljh
g_qgufdexq_gbBibh <kemgkljhq_ qgdidj[hgbljbMiI\Zgd&Zz
gZeh[e_J]qzglgBhgkihjlbjh\dbdbhjh?kI1Ze€lRAB8AOL h[jZamxIky
m> gZwlZi® nhjfZpitheemnZ[jbdZlIk\Zell2A8GOL khkljhg-_q
gufb\dexq_gbwib jjblEbdjhjZajugd]jZgbpkbkgh\gdZI-_
jbzehffhlmh[jZah\u\Z\iklyp_kk\Zjdibaad jfbqg_kdbajy-_
gbc\hagbdzxsbke_ " kl\iZaebgbyehnbabqg Kédleahkgh\gh]h
f_ 1ZedBn_jjblz

>eykgb _ghy ]1ZIb\gREbygbygz]_ jf_Ibgghklyhg_qguo
\dexqg_odfthcgh_dhf_grhk&lv*mxd$bjhijbylby

—ijbf_g _ghb_dZq_ kIDF dhjimkg®olZe fbr _g_ &lZeb
12A8AO0L <> Ih_klIvzZI_jbadbke~hihegbl_ewghllmmfghlh\h]h
i_j_iezZ\NA kh™_j ZgjyxX*4jbf_k _klZel2A8AOL-<>y\ey Ky
e_gbklhtokjz\g_gbhklZev2A8GOL hidjulhieZ\dhlhijb\h
Abldmf_gvr_gklkhg_qgqddexq_gbZj[hgbljh~h\

—dhebg_k3hh jjblZklZeybi22A8AO0L azZ\bkiblkhhlghr _
gbyr_jjblhh[jZam¢sbT, Si) bZmkl_gblhh[jZgN,xGHNN) we _
f_glh\ihwlhfimb baf_g_gl"_j " Zgdbylbjmxstwe f_glhd _
\ij N eZdjhqghkihklZ¥h”_j"ZgGn_jjblZ_gy_ IKyrbjhdbo
ij_ "N ezZeywkdexq_bkyvhevah\Kpgbel2A8AO0OL khkljhg_qgufb
\dexqg_gb®hb jjblg_h[oh”bjfinNh*bhoh”~glitigljhEtvliZeeZz

—baf_g_dbb glZkbjhg _goudexqg_giblghkbl dylhhev
ghdkbbr_gblh_klvjbbalhlh\e _dtbjimbk2h[hcfyZijZ\e_gb_
ijhdzZldbemnZzZ[jbdiZmahebkI*he ghulvi_ji_g~*bdmeijhgh
"hevghkh |Ze c

>eyijbf_jAH4bkldij_"klzZ\e fodjhkljmdleljklihesbghc
10 ff baklZzeXdA8GOL-F2[ =HK[IZ350-77\ "\md_ji_g~"bdmeyjguo
gZijZ\e_.gby

JbK1.Fbdjhkljmdf@jzjbze&jimKghchuh[jZaptir_gb 1(Z b2 ([ Y
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z [
JbK2. FbdjhkljmddhjZmKZhcfuh[jZapfbr_ghk 3(Z b4 (]

z [
JbK3.FbdjhkljmddhjzmkEjZapzr_gh 5

z [

JbK4 Fbdjhkljmdebjkiihesbghxff balZaBA8GEOL F2[
= H K 1350-77
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ljh\ _~ ghihfie dkZ[hlihhij ~ e gbx
j _kmjkgadjZdl_ jbkdhkbdh] ggldah\uo
b brdhljblb _\flor g c

>eyij_N e _pbkymjkgudjZzdl_jbklbfd ckINDBIb_\ufdr -
g_&CINYXGBBWNelalhlh\e lgtidhljblb_(\m@ L)Fb]Zah\u _
(D=LFdjbh]_ggbr_gb>eyfblZpbbkeh\WZIghgzZ[hldbr -
g_@ZnjZlf_K_iZjZIhDMEB& bkiulZgbynw\h~bebkkhklzZ\_
[ehdibr _ggh(hF) kfhglbjh\ZggJBEdmmfdEE (<D- ZgZeh]
j_Zdpbhgdghfc ju

;ehdbr_ggudhgkljmdltk\gklhiblakbkl _fgZiheg , dbgh
klz\dhlhjh\oh”blljblb_\ubklhggBStL b [mn_jgu fdhkI®Vv1
bCV2, fbr_gghkdhjdbDLFbA"\moklZ~ btldk\dhbhj njb  _§ZIh
j ZLeybold COOLPOWER 7/2% hfbqg_kd®dZ]j_\ZIl_eeyklZ[bebaZpbb
| _fi_jZImjfbor_gb<b~dhgkljmdphpbgpbibZevlZah\ZdmmfgZy
ko fZ& ihdZaZgdbkmdlé.

Jbki5. <b~rdhgkljmdphjtbgpbibZevl@zh\Zdmnkbg ZgF: VI1-VI5

jmggu_glbedl— fdhk300kf;Cv2— fdhk150kf;BS1-]_g_jZlliplby

g2%U; =0, =R - IblZgh\§_Il_jbD1 - fdhklghZlgqb@Z\e dWIKA P30);
F1-fZghf_ljl, 2-1_jfh~ZlgbRbF fbr_gv
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OjZg_dbblbydib\ghk2vxdDthkms_kl\ey olikfyoq_ Kd
aZgghhklhygdpa®® \ bklhqgB81 (jbk16). JZ\gh\_kfh\e gb_
N"eyjblbrmjZgi dhfgzZlighdi_jZImkhklzZ\ey ébqbigmy~dZ
710%12[32], ZI _fi_jZImj#jZaeh  ,ghtydhlhjjZ\gh\_k@gHhA\e _
gbklZgh\blviky _ZIfhkn_jghhe_q 6500 Dhgkljmdipkiyhaggb
dBS1bkbkl_fmZiheg_ Ky [_ki_qgb\ZXd$Zjyn[_"&@Zsblukh
\hdmighkhk\hckl\Zfjblb"IjZgha\heyrdleZkkbnbpbjbkZlv
Ilhggb& dZdZdjulb&lhqgglbigbabjmxbakmqg. gby

JbK6. Dhgkljmdplyy jZ! hjllbBS1klblZgh\Gfll_jhfL

<kh[jZggWi* DLFbbklhqgljdIbBSL1ij_~klZ\eyod[haz
fdgminkbkl fahlhjZlya\heml® _j b\ZjbIbd "brdhbeljZzahh]
jZaghb~\ijhp_kkih\_~ gWwdki_jbf, gbZh_j_\h~blyh ob
fbq_kd#byazZgghklhydeyebl evghg dbyklhggbd

F_Ih*bdZdki_jbf_glZekgE¢hldDLFb;F

<Zdmmfbjh\gghj gdhehkfibr_gblZah\daffmgbdZpbc
kbkl _fwyZiheg dikms kl\ey hknklZlhggh¥he gigy[he _
10° 1Z <Zdmmfbjh\@Zdblghdh moydeyxs_ ]Jhklyjufjm[_"hf
aZsblkbkl_fazZiheg_ogtbry gbhkms_kl\ey*hitkkylZ1hqghghe _
gby [he 11Z

AZiheg_fdr_gthahlhiz¥b*hjhhZms_kl\eykel k{m x stbff
jZahBklhggBSIL kh_"bgy kliky*"\Zjbl_ewg\WZdmmfbjh\Z&Hufb
kl_fhgZiheg_Ubblyr_gvkbkKb5) bijhba\h”*blKRgzZ]j Ahl_fi_jz
Imjuh[_ki_gb\Zxg_k[oh”"bfHE\e_gbZ”"ZggthgdhlIhiE"hjh"&Z
\bkbfhkjE\gh\_kghihe _glhghlhihh*hjhgZIb"jb~hrhjZ g4
| _fi_jzZImjf_xI\b?" logP(l 2 =-4590/T+11,59; logP (2 =-4500/T+11,56
blogP(l 2 = -4471/T+11,73eykhhI\ _TklI\, gghby* cl_jibyjblb[B2].
Bawlb6Zggwke “mgllihheyaZiheg gy gZahfhrZ\e dlb[¥Z|
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"hklzZlhqgZgj_ bklhggbdhl_fi_jZIm({@80y705) O ijb dhfgzZlghc
| _fi_jzImjZ\e _dbblbkhklZ\ey dbqtvgem' 1z

Ilhkeaz\_jr_dblyp_kkZiheg_lkldyexqZz dkyj Bklihqgbdz
BS1. Ijb hoez ~_dgitkbhqggbdjhbkoh”]jZzlghh]Jehs_gbu”-_
e_gghl]BaBakhhl\_|kI\mxdah\ubhffmgbdzZpbihihalhey |
kh~rghiclhjhgtighlhdjZlgkihevahh2bglhl® _]ZaZzk”jm]hglh
yley lklye _kms_ klI\ _gddtikbfZewgfh gvrbdwebqg_Klj\h by
moh”~ys\ kbkl_fmbebaZpbb

>ey*hklb _glwmkhdHbgghkjb]lbkljZplkib dljhdZjy  _gguo
gZklbpjh*mdIipAr_jguyoZdphBagzklghkjiblhgg h[oh"lkfilr
khdHoqghklagZlawgzZq ogdefZ *"nyzZijzZ\e gd\bf" glhhf[Z]
A"bjmxs _Yyhjdbjh b\r_chYjy _gagtZ&klbpwWith[klhyl evklih
[m_kharz§blyr_gyoukhdhehlghkbhz\ghf_jghjkdkij_~_e_gby
y~ _jih h[t_fnibr_gb>eyj _ZebazZwhbdj_ [h\Zghbihba\lh”"blky
hoez N _ glbr _g_ehjZ[hgUdofi_ jZImljZ[hqEyfi_ jZImfikZzr _g_c¢
aZ\bkblrz\e ghblykihevam bfahhhiBE "hjhd£&_"bl~*"bZiZahg_
"epD@LF(1821) QD "eYp =LK (23y30) D

ljhp_kikoez ~_@dby _gblyzaVfbr_gbjhbkoh™bke_~mx
s_cihke_~h\zZIl_evghhkih_gglyghkkWdD\Zdmmfbjmhtkye gby
10°1Z Kbkl_fZZiheg ,djpy'\Zjbl _eadhheg_d@dRyqblZahf-
j_alZah\mZX]bkljZkeh_~bgy klNgym|j_gaglb[ft_fhffbr_gbAzIl_f
\dexqZ_tkphj_njb" _jdbggbgZijkyg _kkoez ~ .gphygzfbdz
ijhp_kkBdezZ ~_dbygljhebjmihlilhydZazZglbyfh*"bhMNhA bL 2,
azZdj_ie_gdhdilojimk&h  _f_gltbr_gbljb hij_~_e_¢bfd_jZIm
julzZzah\gmlj_gdhehklior_gbjbgylhhims_g&lhijb mklZgh
\b\r_fk¥lZlbg_kdhtbfl fi_jzImjZzak[hevrhidhhqghklyix\gy
_Iky_fi_jzZImdhjimkedh _f_glhike”~hklb _glhy[m_fhcfi_}zZ
Imjudzavzfbr_glkbkl_hoez ~_gbjy \h*"bNkjy "bfl_jfhklZ[beb
azZpbb[_ki_qgb\Z jfumebjh\Zgbe fdljbq_kajlzd_Ijhgz]j -\Z
| _exihfhsvxl _jfhdhgljhdakeshore 335.1hke azZ\_jr _glbyZgkZz
hldexgqZ HkeZ "~ ,ddexqZ_¢okgyj_\zZ| féev_gwnl_iey_ (&9 _Kkv
brZe hl ie_gbijhp_kkkl_kI\_gdlelihgljhebjm gBlh YB
r_gbhlidjbh]_ggtthadhfgzZlghci_jZImjlm]Zan*Zey \Ikgkl_fm
gZiheg_.gby

NmgdpbhgZelwigiwlZgldpr _gh khklzZ\_
fbr_ggh]llehdZz

NmgdpbhgZelwigiwlZgbiyr_gb\ khklzZ\fbr_ggh]hehdZz
\uihegyelkD LF(D=LF gZkl_g~Njbk17). Ihke k[hjdikbkl_fu
gZiheg _gbByk fbr_gvxX mklZghydkDijh\h*"beZklw\_jdgZz
] _jf_Ibgghfklkkludh\dbeb_\ufq_bkdzl_e_f
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JbK7.Cl_grewdki_jbf_glzavigHbldbr_g o F

NmgdpbhgzZbékgwl Zgblyr glgZgbgzZzdbiEdmmfbjh\Zgby
\gmlj_gdhehklbZah\uWdhffmgbdZgbkl_fgZiheg_&byD" h
hklZlhgghPAe gby[he 10° 1Z AZiheg_dbr _gb\h”~hjh~Ahf
ijh\h*"bdakg_kdhewdaAih\h~*hjhi}_"\Zjbl_eaghzkzZekiydhklb
ba\_klighlbh_fazl_if j_imkdAaek@ihkewlh]hihehkfbr_gb
Ilhke mklZgh\e\ bGb fbr_gbg_h[oh”bfhZhe_gikhh\h~*beZkv
ijhp_"mgZoheZ b\hgbytkkihfhsvX_eb_ \HW]ibhj_njb"_jZlhjZz
Ahjzlhglcfi_jZIm4®9 D Ihke hklb _glhpy[m_fhcfi_jZImju
fbr_glkbkl_hoez ~_gbiyoh”rBgz bfl_jfhklZ[bebaZphh _
hljz[hldjb "bfh\klZ[bebaZlpbdb jZImijflbr _gbluebih”h[jZgu
iZjZf _1j®ID j_]ImeylhjZfhdhgljhelLakéshore 335,iha\heb\rb _
m\_ebqglhgghklhv”®_j ZgdZ"*Zgyhfd_jZImk#0,5 D " ht 0,002D
(kf jbk18).

JbK8. HIjZ[ZI§Z bfhklZ[bebaZphibjZlmjudhgqZipkm gaiZ
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JbkKB.HdhggzZgb _

AZ\bkbfhklbi_jZImpd\j_f_gbj_"klZ\e_ggzjbkmgld_
khhi\_ITklI\mkdzazgbyjffh"bh~b¥ b L2 F_kl4Zkiheh _gby
I_jfh~*bhZeh’_f_glidhd Z a Zgdib k20.

BaljZznbdB ghglh\j_fyg_h[oh~bfbBywZoheZ b\gbyb
hidhfgzlghdi_jzZIimfhl_fi_jZImjuDbklZ[bebadpthwlhf
agZq_ogdhklZz\b-ehqZkEjb klZ[bebadphibjZImfor_ghjb
agZq_@BbD ih I_jfh~rbhAmd, |_fi_jZImjE |_jfh~bh1n®
klZ[bebabjh\Z¢lxkawgZq_gbtR94 D JZaebqb ihdZaZgbyo
| _jfh "bh" "k\yazZghogZoh ~_glhZfZagueh _f_glZwr_gb
bg_~hklzZlhghghfki_q_dhke ghllhjfhdhglZzdl4_&dg”~b_\mx
ijhdezMdm*ngbfb>eyhkljh_glh¥nbdbhkihevah\ZedkwZgby
| _jfh "bhN1Z. Ih az\_jr_ghwlbgzZzkh\Ra”_j dbjh\h”*bezZkyv
ijhp_~mphd_ie_gllyr_gb<j _fyhl_ie_glblyr_gb*h dhfgzZlghc
[_fi_jZImkbklZ\ey8BgzZkZ

JbK9. . =jZnbaf_g_db¥i_jZImflbr_ghijhp_kk Jbk20. F_klZmkiZ
aZoheZ b\Zghyoh” ~Zevg _cr\we®_j dbijb gh\db_jfh~"bh” g\
az”r"zZgyhfd _jZImj_ eh’ _f_glzZo
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L jfhpbdebqg kHiulZgby

< oh~k Zgkk baf_j ghbhvabq_ kdjhe kkhjhl _dZxsbo
\DLF\ ijhp_kk__wdkihabmtbzrbhzdlb\gmigdnjz]f_gl
k_iZjZIhZMEB& ieZgbjm Hkghdjzlgkihevah\Ddb H~
gZdhijhp_kk_Zgkvafh glhagbdgh\jfdebqgudj_"\b”_gguo
h[klhyl_evkZ\ijbf, febl_evghhdexq_gbkdhjbl Vénijb\_~ |
dg_hJoh~bfhkib_~ glbly ie_ghblyFgzg _hij_~_e_#phudt Zdbf
h[jZzahfhagbdzZ lh[oh”~bfhkijv_ " _e_ gHEyhlhkihkh|[gDWlb
\'mkeh\dgb]hdjZlighatl g db¥i jZImjupbde£lboeZ » gb _
\unr_j digbjz[hglcfi_jZlImjhl_ie_gb_

>eyij_ " e _gbymjbZa@ LR oh”ijh\_~ _ ghbyfhpbdebq_kdbo
bkiulZzglheehijh\_~ dhpbdemZoheZ b\Bgb%y_j dbbr_gb
\'l_g_gbbgzkhiyb I _fi_jZImi5 D kihke_~mxstblf ie_gb*H
dhfgZlghcfi_jzZImjalzd h~"ghdjZlgZoheZ b\Ebkdhjklvx
0,006 Dfbgrh5 Dk\j_f_g \fu”~_j dbhooqzkip\hl_ie_gb hfl hf
gZlghk fi_jZlmjMkeh\dyh\_~ ghykmjkgbaiulZghx@LF
ijb\_"_guzl.e.

LZ[elBp Z
Mkeh\ljp\ _~ gibkmijkghkiulZgb@ L F
o] —
> o Q [&) > o [&] N -
~ i N > [@)] o X —
<2 a m|cn|‘c_—»'\—‘] ol NN >898 | C oN 1 g
o é’ 2 == > g =, ;B) —_os| = -
N > aN & o = o = = I 1&] ™ o =
S | N o — N N IN — 1 | < o2 Da
> _ = <N o — o - c < SN X£ :
X = eS| o~ < | o =o- | £n g
< = —_ e
v N N = 1 — — o | <=
I 0= - < |V —| X a)
1 H, 0,9 dhfg 15 F 5 F 11
2 H, 0,3 dhfg 15 0,005 100 0,005 1

=jZnbdmf_g_dlEye_ogbyhjh@izhiby\D@LmhII_fi_jZImju
ijb\_"_mubk21.

>eyij_"_e_pbkymjRZLHuehjh\_~_8tthpbdelh¥ZoheZ b
\Zgbp \u”r_j dibbr_gb\ I_q_gbbgzkhijb |I_fi_jzIm39 D
kihke_"mxshf_ie_gb”h dhfgzlgHcfi_jZIlmjh~rghdjZlgh_
aZoheZ b\Zp2 D k\j_f_g_¥Yu”_j dbO0OgqzZkhd h*ghdjZlgh_
aZoheZ b\Ziglts Dk\j_f_g_¥Yu”~_j d® qzkzZlzd bkiulZgby
kjZzaguftbkohrgu¥b\e _gbyjffbiby”~_cl_jbyphoez ~_¢§IBD D
"M5Dbk_jbgkiulZgk¢ZaguflodhjhklyfbezZ ~_blhy_ie_gby
Mkeh\byh\_"*_ghykmjkgb&iulZghdx=LFijb\_~_gulZ[e7.
=jZnbdibaf_g_gbi\e_gby*hjhXghlbyb ~_cl_)by D=LFhl
[_fi_jZImijludZ a Zggdb k22.
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z [

Jbkl. =jZnbdmf_g_dye ghyhjhAD@LFII_fi_jZIm{g-aZoheZ
“b\Zgbb\ur_j dibr_gh|_q_g®bzZkhjb | fi_jZImMBD()-azZoheZ' b
\Zgblyh| ie_gftor _gtkhkdhjhkIiq6050fbgb\u”_j dL00 qZkjb15 D

LZ[ebip Z
Mkeh\tj\_~_gibkmjkgukiulZgbeLF
— | 'Z\ = > - ; < N =
e - —
o o >c 5= > g o g = A = — X
N I vo<|a— & o = oZ|c< o I 1& N o =
S | = o N8 oN-=— N N IN | = 2| L3 |22 |0
; o O N IEE | N_l|< llocen|l 257 |So |2
N 0Ol o o O« | O+ X _8 12 = < o)
v ] N — I | _| == | | ©
< - v - X
1 H, 0,9 dhfg| 29 F 5 F 10
H, 0,9 dhfg| 29 F 100 F 1
3 H, 0,9 dhfg| 15 F 3 0,3 1
4-6 H 0,9/0,6/0,3 30 15 F 0,1 0,3 3
7-9 D, 0,9/0,6/0,3 30 15 F 0,1 0,3 3
10 D, 0,9 30 15 0,01 0,1 0,01 1
11 D, 0,9 30 15 0,05 0,1 0,05 1
12 D, 0,9 30 15 0,1 0,1 0,1 1
13 D, 0,9 30 15 0,2 0,1 0,2 1
14 D, 0,9 30 15 0,5 0,1 0,5 1
15 D, 0,9 30 15 1 0,1 1 1
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\ ]

Jbk2. =jZnbwaf_ g _d'&ye gy hjhAD=LFll_fi_jZIm{g-aZoheZ b

\Zgbb\u~_j dibr_ghl_g_gbhzZkhjbl_fi_jZInPP D()-aZoheZ b\Zgb_

b\u”r_j dibr_glkgZgzZevguZbe gbyjftblb©,3/0,6/09[Zj\| _q_ghbbgml

ijbl _fi_jzZzInpD(Y)—aZoheZ b\Egbk [ dibr glkgZgZevgtZbe -gb

yfb~ _cl_jb,@/0,6/09[Zj\|_q_gbhbbgmiibl_fi_jZImjsD()-aZoheZ b\Zgb_
bhl_ie_dffbr gkjZagufkdhjhklyfbezZz ~_gb¥]j_\Z

ljh\_~ gbjhgghklgb&iulZgbc

P _ev&ZgguwXiulZglytey lkiyemq_algZqg_ gbkmskidch
kh[ghkfbr_gbijhr_~r_dhegupbdé_ jfhpbdebqg_lkkimdZgbc
. . fbr_gvhe glailvjZzajmr_\ganlj_ggbd\e_gbhfhjh”NZb-
g_fkdhjhkdZ2]jm _dye glZfblbjh\ZkdhjhkihAur_gbYyZ\e _gby
\ijhp_kkIl ie_gby

>eyij_"_e_ghygghklgoasdjzdl _jbkbbdg_lkiulZgbiyfs
\ jlzeZk\gD LF[ _adgmlj_gggZhheg @WimlikI\nixt[jZgul)
b_d_Il_jA_IlujDLF[_4_Il_jZhr"gRLFkhldZq_gglhfjufjm
[_"hfazsb(bfblzZzpbyll )Z

BkiulZgbph\h*"bebkai_pbzeviglhfgftkf jbk23) kbkihev
ah\ZgbgZ]jm gmkljhckb\dkoh~rghbHij_~\Zjbl_eggim?
\_jlZ\rbokkiulZzghbyiZ\e_gbha"mboghjfZevgludi_jZImjguo
mkeh\b@d]jm _dbr_g_cjhbkoh” tkekdhjhklgx[he 1 [Z]
\fbgmimhiheghl]jizajmr_gfby[jZgfbr_gb”~Z\e gjZajmr_gby



iizjzZImjEf_Ih~"wkke _~h\Zgby 343

nbdkbjh\ZeZkgbdhZ\e_dgiy OZjZdl_jgbéDLFihkeijhg
ghklgb&kiulZgbrdZaggbk24, Z\b"jZnbdg¥Z]jm _ghgZagy
jbk25. ljhgghklghikiulZgbwydZaZglthjZajmr_dbLFijhbkoh”bl
\j_amevhju\Z f[jZguahgk\Zjghkh_~bg. gby

z [

Jbk23. GZ]jm gmkljhck(¥hb ko_fKI_g™&yijhqghklghlbiulZgtt
DD2ZIlgbd&\e pWbly-\_glbeDLFfbr_gv

Jbk4.0Zjzdl_j§beDLFihkeijhgghklghloiulZgbc

Jbk25. =jZnbgZ]jm™ _dblyFl —\g_rgyfy f[jZgRLF23,45-\gmlj_ggyy
f f[jZgBLE6-\gmlj_gdy¥y[jZgkhldZq_ gduff f[jZgguifhkljZgkI\hf
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JZajmr_dbf[jZzdgbr_gbhj amevidizfldh\] f_ glgkiia
IZgbtz\e _gbhB "migZghjfZevgdi®bfZlbq_kdkeh\bjpobkeh
"belR ahgk\Zjghkh_~bg. dlZyajmr_gb_rgbd _f[jZgfbr_gb
ijhbkohnpb gzZ]jm _dbb_gbBh2%A[Zj(djb\ZlygZ bk25). JZajm
r gb\gmlj_gdogbd[jZzgbr_g aoabdkbjh\Zahkgl j\Z&Z\e_ gbc
hi54" h6,5a[ Zj(djb\u2-6 gZjbk25). JZajmr_domlj_gd_¢E[jZgu
\fbr_gbk hidzq_gdfuff_f[jZgguifjhkljZgkl\hjfhbahreihb
55[Z|djb\&Byg 4 b k25).

Ih khihdmigihklilnlZgblce mg \gkhjdE&® agZq_dHEée _gby
jZajmr_gbwgmlj _gd_f[jZgbtbr_glhke "mxshZhzf |jZfb
=598[Z| kj_"gij_"_evdiZ\e_dbebqgbgy
=06@A[Z}-kj_"gd\Z™jZIbqg_Kidlkehg_\ghbebqgbgu

lijbgbfzZzyhjfZevga&Zdhjgzkij_~_ e gby _evghih\le _gby
("Z\e _gizjmr )gboym!lj_gd_€[jZgdbr_gbihemqgbf jhylghklv
g_jZajmr_Yydmlj_ggf_d[jZgubr_ghbijb fZdkbfZevghfhqg_f
NZ\e_gbb =1[ZjkhklZ\ey0,999999;gb gy¥h\_jbl_egZybpz

khklz\e39Ma[Zj(ijb *h\_jbl_evighbylghRQ99) [33]. GZhkgh\Z
gbbwlih]th ghmI\_j rzg¥hdhwnnbpzZgZkihgghkilbij_"_ev
ghgZ]jm&dhklZ\eyhd 3,5.

>ebl _evgphZg gb

Ihke ba]lhlh\e @§bry g, cijhf_"mlhqggihhkljZgkl¥h  Am
\g_rgbfb\gmlj_ggbfli[jzgzZffbr _glmZoh”bVky\Zdmmfbjh\Zg
ghfkhklhyghhlbh_ ~bgkdhll_jhk wih&bIimZpgah f[jZguh _-
kKI\milj izaZ\e_dblyj<j fyojZg_glblfhf_glBalhlh\e _"gby
bkihevah\ZlghybhgzZagzZqg glj ~ e._gk\yabwlbihlj-
[h\Zeh&Xeh by¥hi_j "ZxsojzZg_dftxd flor_gb\ oh”~dhlhjh]h
ij_~ihez]lzhiky® _ehhafh ghkZwa]_jf IbaZpbb

<k\yalbwlbfu[jZglke "mxsiy ~mjB\_"_ gj@y(hIFZd _|I
D@LENZggubifbr_g Fuelu[jZ&kmqg_Ihhe_ -~ kldbmkeh\bc
wdkiemZ)zZpmklZgh\e _dfukln _Il_jEZghf_IjhhI\Zdmmfbjh
\ZgguwchhklZlhgghdbhe dglblyy aZeh HEH03.2022]) \ij _~hojZghb
| _ evgmXjngZtrebl evdyhbdjbk26). < kemqglzaf g _ghwWZaZgbc
fZghf_Jljghg j_ "~ 1jza¥ f_kypij\h\h ylbkiulZgb¥ jf_Ibq
ghklfhbr_gb

Fbr_gvaZeh  ggZvebl _evohZg ghkhojZgl&khlhkih
kh[ghkkvmkPg8 f _kypo\jZg _gbBy¥[hluh *ebl_evgbfihg gbx
ijh~he Zxlky
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VIl VI2

D@LF

z [

JbKR6.D@LRIij_"hojzgbl_edvghEbko_fibr_gghkhjdbewyjzZzg_dBby
D@LFfbr_gw—-fZghf ;NI11-VI2-\_glbeb

<u\h”u

1. Ijh\_~_dgdjzZz[hldZogheht¢lZm _jgh\&jdibr_g.dh j -
amevlzZhgZZ[hldbj_~_e iguzf_lju "bf2Za_jd&kiZjdb

2. <ujZ[hlZgju[h\Zgttpa]lhlh\e_ _¢bkZefler g, &\Zjguf
we _f _gbhfkgzZkhdbk\Zjdb

3. J _ameviiZliZeeh]jZnbgbkkido "h\Zigth £ a.Zeglth\ k\ Z|
guo\Zo®_n_dlbizZlj_sbghj g_ijh\Zjb\. i. hlkmlIkl\.mkill b
fZevgkeym[bgB\ZjK\Zjb\Z _fdjtnfhdhjimkdhevRBEklZ\elyl |
0,2 0,4 ff, ijbwlhfukhlkg\Zjb\Z_fdijdhhfhdhjimRBe g[ailvhl
0,75"HL,0 ff.

4. K\Zjb\zZ_fu IZdbr_gbdhjimé&hevypke _~nballhlZ\eb\Zlv
baklZel?dA8GOL-<> Ijb wihfp_e_khh[jZjadh”blw h~ghd-g
ljheV |ZemZgZebgkljhg gouexqg_ glhih\hafh ghlblé]htz\
eb\zZW_|zdBdbh[jZahdlh[wZijz\e_gjhdZlihemnZ[jb@&IZ
ehi_ji_g”bdmeiyhghevghikch _1Zeb

5. <oh”] kmjkghiloiulZgbeLRu”_j " Z&éZpbdehboez=-"_
gby'hjZ[hghofi_jzl@ Q khojZgh\if Ibgqghklvhihegbl _evgh
13 pbdetoez ~_¢hbly fi_jZImiuD "eyh?I\_j ~_qgjlyfhlhkih
kh[ghkDo=LFijbi_j_oh#_j_llhqdm b _ghbykemqgZrb[hqguo
AN cki\mé_jzlhjz

6. D@LRu”_j°ZdZ pbdethoezZz *_dhyzZ[hgblofi_jZImj
15D khojzZgb\yf_Ibgghklv

7. BkiulZgblyr _g baJulhggtiZ\e _ghhtiZaZegllthg _kmsZy
kihkh[ghkbv_g bij ~ ey ilikygghklixg rgbb f[jZgo [he _
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g _fA35jZavur \hafh 'gd@dkbfZeviggdibgba\e ghBig "~\Zjb
| _ evghyp gdijhgghklghL” "ghkhbhgmlj_go d[jZgfbr_gb
khklzZ\ey990999ijb*h\_jbl_ewghlkylgh®&9B9.
8. D@LFazZeh™ ggZybl _evohZg gkhojZgh&khlhkih
kh[ghkdvmk28 f_kypojyZg _gb¥[hluh”*ebl_evgbjfdg_ghbx
"he Zxlky
Bkke_~h\Zgtheg_ghzfdZ@zZzmqghtc]jZzffuGZpbhgZevghlh
p_gljbabd®hzl fZIhgZijZz\e_glB«NbabtdZhlhihAi*hjhAZ
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N=;HMHJhkkbckdbtbdlh ogheh]bq mkglb\c jkbl _I
bt >BF g e, Fhwkd\Zz

gorn200@yandex.ru

<jZ[hlij_"klZ\e jgameviiZdajzZ[hlddh~bdbj_
e_ghboh”_j"Zgbyl_jhwyehjhnhjfrbjhdhi[eZktthgp_ gIJZ
pbdy _ehahlhfZlh"hBDNmjvki_dljhf_ljdbhdZaZghh
agZq_oblyqg_kdbhlghkij \hegh\gbke?246 k f*, 2253 k f*
b3019 kf! bf_xlebg_cgmX\bkbfhikldhgp _gljZpbdl jby
=jZ"mbjh\hq@ubkbfhkiph_~ ezgomibh[gwry'Zggubehk
ihlehs _ghyh[gwyZaebqgduyezZkldegp_gljZpbcd jby
F_IhBBNmjvki_dljhf_ljgbgm\kI\bl_@ijbf_kyfih”u
\oehjhnhjf ke "klI\ftzehgZkl\hjbfhkdbh\ kh\hdmighklb
kwdkij _kkghbkl¥Xeufh[tzfhfijh[u *_eZ "lZggukt _Ih”"
gZb[heij_"~ihqglbl_evigbfihemqg_dblel_jbjh\Zggahhh
nhjfZ_Ih~hfahlhighJh_gZz

<\_"_gb_

> cl_jbjh\Zglghu *bg, dlokbgl baihemq_4§dHd_q _gbeb

| _evgh\jhf_gbuaulzxdgl_j bkke_ ~h\zZNhakeffbj. ljbgbgZ
\Ihf glhazf_gAhfZjhlby kh_~bg_gBEBIhf* _cl_jhyb\h~ bl

db
jm

af_g_gmhkxabaobfbg_ kébockl\ s kl\ZZggwenn_KIbfm-eb

_iljn\_~_gighlhgbke Hike ~h\ZgbaebgdeZklgamdb

\hj]Zgbq _kithledf jglic "bpbgkbdBgZeblbq okdibf—3].

b
Jt;J
klj

<f_"~bpbgkdbébl _cl_jbjh\Zgdu "bg_@gdgh”iybf_ g _
_\dhebq_kl\_@gﬁédhﬁeh]bq_ijlb_q'bZekrhkeh‘gHZIjb
_¢djh\vfhgdbeb _eqv_IhrzZfdjhfzZzdhzkki_dIljhf_ljk»b ci
h\ZggwgZehhbj ~ ey flwhb ~"bg_ dbhizZxljhevigmlj ggbo
g’\ZJIthhlm"othZebJhdh]banggptthgZebIbqblgdbf
mf_glhha\heyxspf]bkljbjh\Eh_j Zghdlb\gw&ZjfZp_\

Ibq_kdbg]j_~b_gl\kihfh]ZIl_evigwo kIVjh mdIbb[bhljZ-gk

nh

ifZphp. :dib\ghamqg2Zxlcl_jbjh\zZgdjfzp \lbq_kmplotZg
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pbcLZdZijbf, pba\_klkgmqgZccl _jbjh\Z@pley dmwejbljhfbpbgZz
< \Voh~rdhlhjh]lphbahrekigb™ gbh[hgqgwonn _dlh\agZjmr_gby
Zglb[zZdl_jbZewgh]héZdZjk|3]ZJZ[hld wih&[eZkANb *"mIky
hkh[_ggdlb\gllzddzd& cl_jbjh\ZiglWju\Zzfdh  _kl\thafh gh
kl_¢eyh\ur_gbwynn_dlb\gbkbpb gby

<h[eZkhl]Zgbq_ lobifoB_cl_jbjh\Zigh\h*ydp _evmklZ
gh\le_gfbyzZgbdfiZZzgbq_KkdBdpbAcZzf_dZ2ghpbahlhiZhe_dm
e _"jm]bYiheh  _ghb dhlhjhfmkms_kl\eyohklyq_k{dZZdpby
ijb\h~"bdbaf_g_gjb2Zdpbhggh&h[ghkdib_dmku klvjb\h~bl
dbaf_g_glkhjhkjlbZdpAgZgbihgbfZzgb o0ZgbafZdpbtba
\heyijh]Jghabjh\ah%jhp_kkEKIljmdIndjmy_qgpo”md[6]\

Ht_dlhdkke_"h\ZgdhbghZ[hlklZeb_cl_jbjh\Zggulih
jbl_ebh”~gBagZb[hgZkijhkljZgzdgmo®_cl_jbjh\Zdggua'b
g_gbdzkl\hjbl \ebhlhjusdlhfujhlbyazZf_s_guhfzZfd_cl_jby
ijbf_gyxIKkki_dljhkdhybbjghfhA]gblghlhahgzZdkakihevah
\Zgbbf_ggh_cl_jbjh\Zghadeh]Klyg_ kdhevjbiyhgBgl_gkb\
ghklkbl]gZaehlhjutzzyg_"_cl_jbjh\Zjigzgdthjbl \eiyhlhgghf
ki_dLj\k_]7"N4n" _ dgZgbl_dughqg_fbgl_gkb\gkklgZgezkl\h
jzgghjhh*mdid@dhmf_gvrahlafh ghKlvklh\_jdhbeghkzgl-|
ij_lZpbkd _dljzzd A _cl_jbjh\Zggul\hjbl bekihevamXkly
[bebaZpbhgdlpc "mq¢® cl_jb_\eired bkihevamMehihr"_j-Z
gbyhklhygodhZijy _gghfidpgblghihheyw |_qg_gbebl_evgilfh
f_"mldz_f_dwb,8].

F_Ih~hilbg_kddicdljhkdhipbB*hklZz\eygh]Ahafh ghkl_c
"eydZq_kI\_glglgldjm " _gdhebqg_KklI\_hmhgéh”_j"Zgdy¥[bev
guobahlhjH¥xdzZdhqglBh\k_o6b" "Zbilbg_kddodljhdZ[ex"Zxlky
[he _beld g agZgbl_ewvwahlhibg_ kdbs gbhh~bahlhibqg_kdbf
kf s gbilighfz Ilikdaebgbebdhedki_dljZevebgbZlhfhbeb
fhe _dnhéebqgZxsbojkyhl*jm]Jkhevddbkehf cljhgBahlhibqg_
kdbwnn_dlufhe_dmeyjgiualjZmmkeh\eagubkbfhkwgx j]lbb
\jZs_gthydhe_ [Zdhe _dmliéZzkkdlhfh\oh”ryshbookhklP)

<hkghdhebq_KkI\_bpughkd”_j Zgbayhlhihbkke_ _~m_fhf
h[jZzag_ "bkhhighr_gb *nhgp_gljZplht¢hihkjh[_bbgl-g
kb\ghklwbhl\_IklI\mxsbbfbahlhiZzfbgbbebihehk ki_dlj_
<[hevrbgkF\ Ihr"hbahlhigkjhdljZevgulhebjghd gy _ liky2
\Zjbl_ev@jzy\mbjhbdZ_j ghihfhsvxh[jZapha\_klgbhhlhi
ghlkhklZdhlhjaZha\hey dx[uadhgdj_lgonkeh\thyolZznqg_klv
\k_hldehg_gbhkljbjm_fthljdhhr_gbgl_gkb\ghlkdhdhibg_kdbo
dhfihg_lyllazdhghf_jghkMNkdZau\zl_fihjd [9¢

OzZjzdimjz\g ,glbibku\Zxskoyafv "*nhlighkbl_ewbgheg
kb\ghklwahlhibqg_lkdhdohg_glki_dljbdhgp_gljZmpmhdhjh\
aZ\bkiplijbf_gy_fH]HhAVha[m ~_bpylbkljZzpdbdljh\Wwfbk
kbhgghlZ[khj[pbhg[@h]h

Ihljehs _gk\ JZh[mkeh\le _gghoh?Zfihfdebfhe dmiea
gb g_Jh \ha[m "_dgdiKithydbyjog \ha[m " _glgthklhy,gdZ
jZdl_jbamadkynghZf[_jzn] _-;Z j 710]:

A |g'|—0 T, ~ (1)

" A- hilbqg_kde&lylghkll¥ bgl _gkb\gbklevmqg,_ighy_"r_]14-
j_ahlehsZxskeht—-g_aZ\bkyslZgbguhegbgl_gkb\ghxlv
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NZxs Jhaemqg hdbilhqgkdZiD- dhwnnbplwdklibgdpEbbky
sbchlk\hckRAgZebabjm\ f]kl\dkeh\tbizmldbgZklhld* "Zxs _
Jhbaemqg_d&blyekd;c—dhgp_gljdpbeghszZxs \]s_kI\Zjh[,_
fhehel—lhesbgBl]ehsZxs kldhkt

<jZ[hI[11l] kihfhsvxBDBki_dljhkdhkblkihevah\zfgfbhf*Z
jmr_ggithjhghMamlj_gghljiz " _gbGI<h [uebhij " e aygZ
gbhyilbg_kdbblghkjBkli\hjH\ cl_jbjh\Zggé&hhhnh jKiza
qgukh” _j*ZgP_fl_jbyj _amevligjZ[hldbemq_g@dgguo
eZdh
cl

Zj

C o

I
ukf
emq_|§Z"mbjh\ha@Zgkbfhkéwyhij ~ e ghygp_gljZpbb
_cl_jhyehjhnhjffrbjhdhbgl_j\Zéhgp_gljZpbéhihdZazgh
ImZgguclhAihegijblh® "gewdkij kkgmlheGZRI\hjH\ c
jbjh\Zgghéhjhnhjkd fyZgZethdghigh[ug _ij \urZ ilhem
lhjZbgmlj_[m_fudtzfijh[ureyZgZeBXZfdeijh[hih~*]lhlh\dZ
g_lj_[m_Illkykms_KkI\_ggufhklzldzgghfihih~"Zh ghhlg_Kklb
angbI_ei/rg]lj_rgthJkaf_j_gd)rygp_ngZptﬂ)h‘_I[uIvk\yaZgh
kg_j_Imeyjoghgkdgx k_ighjugzdjbklZz&é<KHZIZd \ukhdEKWh
bfhklkzZfhigbklzZ\dbl<H

Kms_klI\m\Zhkgh\gkichkhfjBemqg_¢@gbglj_jbh\Zggdhhh
nhjfZlbrjhebadkZoehjzp HhgkhighfEf_gehjhnhjkZzklth
jhfszehqbly _ehd”~_Ke_~h\ZIl_, éenkgth\guifibf_kyfldhlhju_
fhlmkh”_j" ZIWkGDCkL y\eyxlk\y1"ZthhjZnqu\kI\‘miilhp kKk_
ijhba\h"kKIREZHCL, dhlhjule[jZam \lfkyk | »_ jbjh\thgauhiIh
|heh]h|ﬁb|_j\hfk|hkh[J_hba\h"kb\a‘athIZIhqglhh‘\rhby\ ly " -
ehdh*bethklZzlkpyh~*mdijbg_iheghjhl_dZgbydpblb\lh
jhfkihkhfjjhba\h” kl\Z

g
q
e
|
q
I

lib]hlh\e ghZ~mbjh\hqgdid\hjh\

>eyijb]hlhle _gBkl\hj\ehjhnhjfZzZaebgghgp _gljZpb_c
N_cl_jbykihevah\Zeky_jbjh\ZggelkjhnhEDCl ijhba\h”kI\Z
HHHKhevi» kkkh”~_j Zgh _fcl_jB$,80 Z1%, Z1Zd oehjhnhjf
kKijbjhrgubahlhigbdhkl|Z\@GHCkL, ihklZ\sbHlHRKFhkj_Zdidb\Zk
Nhju[uebijb]lhlh\e_gulh~"hfhgghgz\_kdiba\_klghfmebqg_kl\m
A_cl_jbjh\ZzggehhhnhjfB[Z\eyeh&V_klghhebqg_kdehjhnhjfz
ijbjhrghpbahlhigthk! Z\&Z\_kfdbzdlb\puebih”~]lhlh\e _lgil
fhsvxZgZeblbqg_ \k&BND HR-150AZG k~bkdj_1gh klw60001]

Ilhkeijblhlh\e_gp¥4Zki\hjik\Zaebqgkhf™_j Zgh_fcd_
jbyklhyeZ h[oh*"bfAhlkbkqgzdhgp_gljZpbdd_jhyhemqgb\rboky
liZ"mbjh\hggkb hjZze]hjblifZzkgz\dexqgke_"mxgl@]b>ey
gZqZenhjfme&_g_h[oh~g#ZkkgblZheyjgnXkkmehjhnhjfz
ijbjh~rghlhahlhighhklz(Zg”_dk b ~_cl_jbjh\Zggh_ax
kmqgzldhgp_gljZpkeh _jby

My, A(C) 3 A(@) AD) I[P, A(H) @ [Dly ~ (2)
1 A(K, A(Cl), A(D), A(H)— ZlhfguZzkkm]e jhé&hjZ cl_jby
b\h~hjh4@,, -kh~_j Zgb cl_jbpehjhnhji”r_cl_jhoehjhphjf_
khhi\_IkI\, Btheb
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>Ze jZkkgblu\Zdbkbq KhvhjhtdZ\ kaehjhnhjfz
Mo —— (3)

|"ny,—-dhebq_RHhhhjhXhey}2Z) m, - fZkk@Z\_kdéhjhnh,j{z
My, —fheyjgZxkk&ehjhnhjjZhev
NhjfmédzZzjZkqdlhebq_RI\ZI_jbgZ\_kd_
Np, M21Dy (4)

Ihkeijh\_~ gb¥ggy@kqgzlibVeyz\ kibjhAghprahlhi
ghltkhklZ\Z"eygZ\ _kdbcl _jbjh\ZggéhhhnhjjZkkgblu\Zehkyv
kha j*Zdgbcl _jbyhemab\r_jixkI\h(Zl%):

[D] nDl_nn% 100 % - (5)
2

BahlhigwogZebahjhnhjfz

:gZebigb]hlh\e _ggd&l\hjhueijh\_"~zgZBBNmjvki_dljh
f _1j_Thermo Fisher Scientific Nicolet iS1&:Zgguigb[hjjZajZ[hlZaye ZEh
jZlhjbdhgljhelyzq_kl¥fyZeblbg_kdko dpbdjbfbgZebklbq_kdbo
eZ[hjzZlhjbi&kh[_gghikbyhjZ \kljh_gguhafh ghKlbeb”Zpijk
\_jdibl_klbjh\Zd¢ey[_ki_q_gbaghm\_j gghllbamevlZigsbeb
aZ<dzZqg_khhlhf_ ljbg_kabb\c IJuebbkihevah\iZhjgux\ Iu
Thermo Fisher Scientific Specac™ Omni-Cellk*h d g ZfthdCak b*ebgzZfhllb
g_kdhhml9,015b0,025ff. FZI_jbaehghlhf_ljbqg_kddic & nexh
jbl—iha\heyijh\h~blvaf_j ghAhegh\wbdkeAtl111 ~h000 k ',
Mkljhckidbaf_jbl_evdph\c luj_"klZ\e gdjb k1.

JbKL. MkljhckiBhg_rgb\d baf_jbl_evdphic | 8pecac™ Omni-Cell™
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<lzZ[elmdZad@yzZd!|l jbklbggxldihkdya igbhkmlkl\mxsbo
\oehjhnhjkijbjh~rgubbahlhigkhklZ\bf~_cl_jbjh\Z gghfjh
nhjf khlezkdghhlI[12].

LZ[elp Z

0Zjzdl_jbklibogZidhCHCEL bCDCL \ bgnjzdjzkghc
ki_dljhkdHiBb

Kh_"bg_gb_ Lbidhe _[Zgbc <hegh\dqbkekf

C-H\Ze _glgu_ 3024

CClh kbff_ljbggu_
=Za \Ze_glgu_ 680

CCl kbff_ljbggu_
AN _nhjfZpbhggu| 363

CHCl,

C-H” nhjfZpbhgglu_ 1220

CClk \ujh ™~ _ggu_
@b~rdhk]v \Ze _glgu_ 774

CCh \ujh™~ _ggu_
N nhjfZpbhggu| 261
C-D\Ze _glgu_ 2266

CCl kbff_Iljbggu_
=Za \Ze_glgu_ 659

CCl kbff_ljbggu_
N nhjfZpbhggu| 369

CDClg

CD”" nhjfZpbhgglu_ 914

CClk \ujh ™~ _ggu_
@b~rdhk]v \Ze _glgu_ 749

CCh \ujh™ ™™ _ggu_
N nhjfzpbhggu| 262

GZbk2ij_"klZ\e lgaf j ggBBki_dljwehjhnhjifibjhs
ghlbahlhighkhklZbdehjhnhf@D] = 99,8 ZI1%) kbkihevah\Zgb _f
dx\_Ibanexhjblz

Bkihevamy Ib&ak “eypahlhiglZlghZemahjhnhjiklZx]
ky'hkimigufbihehkiln]ehs gi2¢6 k f!, 2253k f* b3019 k f*.

Ke_~mhlif_Iblwih\hAZjZkI\hjzgdZoehjhnhjfike ~kl\b_
fZehpZkl\hjbfhkdb\eby gZzbahlhigdgZelh| GZbk2 ij_ 2
klZ\e _gki_dljuh”uijbjh~rgh]llhahlhighfRhklZ\By zeh&h™u
((D]1>99,9Z1%), Z1Zd" ijh[u oehjhnhjiBke | Zdpkhahlhigh]h
h{f_gK\h"hdoGzki_dljijh[u\brghlkmIkI\dZjZdl_jgegh”u
ihehikh]l]ehs_ghby
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Jbk. BBKi_dIj@HCL bCDCh

Jbk3. BDki_dljuh~ujbjh~rghprahlhigkHklZEZ  ze hd A (D] > 99,9 Z1%),
Zizdijh[uoehjhnhijfZkej zZdpbhhlhighlh_ gz
=jZ"mbjh\dbjhdht[eZkibhgp gljZpbc

>eyZgZebalZlhlh\e _ggdbkl\hjhkdhgp_gljZpb ct¢ jHy
0,0157109,8 ZI% bkihevah\ZdexZX kiZanexhjblkZrebghhdlbg_kdh]h
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imlI®,015 ff. JZaj_r_gki_dljhf_I4Z&f, gbkedzZ"Zggkiodljh\
ijh[un=32.>eyZgZelwah[oh"lgflhhe 200 fdeoehjhnhjtx\ 1Z
aZihegy Kklyfhsvxf_"bpbgkdhjhpZF_"~nbaf_j gbyfh[
oehjhnhjdX\_Ighful\Z_I&ky IhghkmrblkilhdhkKmoh\hastm
0Zljb gZeh _gdbdljhk_¢Zkl\hjb\lIszZl_evgdjzkkfhlj_gbb
gZ[ex"Z dKy_lgm\ _ebq/ngb gvr_dblbqg_kdéhlghkilbf_j_
baf_g_ogldygp_gljzpbd_jhyehjhnhjGZbk3-5ij_"klZ\e_qgu
k_jbhki_dljhihdz ~hiwaki_dljZzevebgb&lZd ]JjZz"mbjh\hqgu _
aZ\bkbfhkhlemqg_goglhuj amevliZipgZ[hldZgguid hilbg_kdhc
iehlghkijb*"Zgghhegh\labke _

Jbka. NjZ]f_gZeh  gdympz jm]ki_dljmehjhnhjkzZaebqglhg
p_glizpB_cl_jbke \BijyfZyZ\bkbfhikilbgq_kdeblighkhbdhgp g
[jZpbb_cl_jokijZz)Zjb\hegh\gbk8019kf (dx\_IZak, | =0,015ff)

Jbks. NjZ]f_gZeh  gdympz jm]ki_dljmehjhnhjkzzaebqglhg
p_glizpB_cl_jbke \BijyfZyaZ\bkbfhikilbgq_ kdeblghkhbdhgp g
[jZpbb_cl_jokijZz)Zjb\hegh\gbk@253kf (dx\_ Ik, | =0,015ff)
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Jbke. NjZ]f_gZeh  gdympz jm]ki_dljmehjhnhjkzZaebqglhg
p_glizpB_cl_jbke \BijyfZzyz\bkbfhikilbgq_kdeblighkhbdhgp g
ljZpbb_cl_jokijz)Zjb\hegh\bkda216kf (dx\_IGak, | =0,015ff)

lhkljh_ggujZ"mbjh\hggZ\bkbfhkiblbg_kdhehlghklb
hidhgp_gljZybd jbpehjhnhjgf xNukhdhllidhiwnnbphdhgj
eyplft>0,995)bhibku\zZxlikyfufbebgbyfb

A (40,3 1,3) 10° D] (3091 8,9) 16r, -~ (6)
Ay (216,6 9,4) 10° Dr], - (7)
A ( 0,0316 0,0010)D ]~ (3,255 0,089), (8)

]"ID]-dhgp_gljZplky_jbgehjhnhjZ.l%.
AZ\bkbfhkiMg_kdeblghkijb \hegh\ k8019 k' (\2

e_glguhe_ [Z&khyakQ ihalheyhilj_* eWk”~_j Zgb cl_jby

\oehjhnhj¥h\k_d[ezkbthgp_gljZpht*"dZd&dZ\bkbfhijbvwhe

gh\hfibk@253kf' (\Ze_glgdhe _[ZgbyakD)— h10,015 " 60 Z.1%,
Zijb1216 kf'— h 160 ~ 99,8 Z.1%.

DhgljhenklZlhgghiby
\~ ¢l _jbjh\Zggahjhnhjf_

GzZijzdlbdjbijhba\l\h"kM cljbjh\Zgore]hjhnhjdZb[hev
rbcbgl_jik "klZz\ep[éZkhdhdaph"mdlhdhogp_gljZphbcd_jby
([D]1>99,5Z1%). >eygm ~YFJki_dljhkdhibd hklZlhqgghjhlby
\'jZkI\hjbl_"%he _fulvfbgbfZe _AHagzZqblijzcg\Z gdhqgghklv
bgm\ki\bl_evdhgklesh & Ze Zkijfh"mdlih\aémjhnhjfz

<khhI\_IlklWmjz\g_gEZf[_jIZn]_-;Z j4kf mj(1)) ih\wu
kblvgm\kI\bl_evdgklde bfdZghm\_ebqgbl\fzeysbgirh]ehsZxs_]h
kehy s_klI\hwlhfinlh~hithke _~h\ZI_eM@He_ighymdlh\h
]hoehjhnhf@D]=99,8 Z1%) [uedjb]lhlh\e ky4blZ mbjh\hgqguo
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jZkI\hjbVjhZgZebabjh\ZyZThBBDNmjvki_dljhf_ljblbkihevah
\Zgb dix\_Ibanexhjbkihesbglhlt]ehsZxs Klghy025ff.

GZb[hen~h[gkic dljZevegbgb "eyhgljhbwghlhigdqLklh
lu”~_cl_jbjh\ZggbhhhnhjyXey 116 kf', khhI\_IklI\mxs-Zy
nhjfZpbhggihfe [Zgkyfak G >ZggZlyehkih]ehs gibjez"Z |
gZb[hevmhgl gkb\ghklkix dljoehjhnhjfZZbkmg&ij ~klZ\
e_gl_jbbki_dljre\bghbZlZzd ]jZ"mbjh\hggdXlykbfhikiemqg_ggZy
ihj_ amevlZMnpgZ[hldWgguith hilbq_kdiletrighklpb \hegh\hf
qbka216 k .

Jbk7. NjZ]f_gZeh' _gdympzrjm]ki_dljmehjhnhjkzzaebqglhg
p_glizpB_cl_jbke \BijyfZyzZ\bkbfhikilhg_kdbeblighkhbdhgp g
ljZpbb_cl_jokijz)Zjb\hegh\gbka216kf (dx\_IZak, | = 0,025fF)

Ih*mq_gedAbkbfhiblfv. Nukhdbdhwnnbpbdigjj _eypbb
(r=0999)bhibku\Z _iky\g_gb_f

Ao ( 584,4 36)10° D] (5843 0,035),r (9)

17 [D]- dhgp_gljZpky jbgehjhnhjE.i%.

J adag\bkbfhkilWbg_ kdiedalghkhddhgp_gljZpbdl jby
\madhbzZiZakiggp_gljZpH3x-99,8Z.1%) iha\heyijh\h”bldhg
lihebahlhigtk lhhu cljbjh\ZggkeHhihnhjfB JHjhba\hAkl_

<u\h”?u

1. HIjZ[hlZzgZdh~ bdAahlhighihZebazZl _jbjh\Zggbahhh
nhjfZ_ITh*"hBDNmjvki_dljhkdhibiki_dljhf_NidoletiS10bnh
Ilhf_ljbg_kdkb_$Epecac™ Omni-Cell™k hd g Z ftba&Cak, b *eb g Z hid
Ibg_kdhhHb,015ff b0,025ff.

2. lhdZazgzZzgm\kl\bl_e\bghk hvi g tZ]dZ e oaed jh n h jff ZI h
A"hfBDNmjwki_dljhf_ljdipbf_ ky¥h~ U gzf

3. lhkljh_gglyZ"mbjh\heagdbkbfhikikbq_kdbeblghkhhi
dhgp_gljzZpbdd jhyehjhnhjdf xNukhdmhwnnbplhg] ey
pbt>0,995)bhibku\zZxlikyfufbebgbyfb



iizjzZImjEf_Ih~"wkke _~h\Zgby 357

4. M\ _ebq _ldlesbgihl]ehsZxs kldhhivhal\heyij ~ ewylhg
p_gljzpbhxcl_jdkywukhdHhHbagghklbxgm\kl\bl_evghkyxZklb
ijhAmdlh\dbgp_gljZzpbbl_jhoehjhnhhflZilbg_kdirechlghklb
ijh[ugAhegh\lhbk 216 k f*.

5. F_ITh'BBNmjvki_dljhf_ljbpez"AukhdHhbgghkiwdkij_k
kghklvxlzd fZeufg_h[oh”bfuftzfhijh[u(~200fd§ glhha\hey
_lj_dhf_g~rh\4Hveylhgljhbghlhigdhleklhlu cl_jhoehjhnhjfz

;eZlh*Zjghklb

JZ[h\iiheg Ygzfdzigh]jzffuza\blBpPLME > B F_g
A e «\gbhjbl 2D30.
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gorn200@yandex.ru

<jZ[hljZkkfhlj_‘grbyglpbdeZh”*bnbdZphy] g-jZ
pbygzfzkkhh[f_gg#djzZdl_jbklipdd_klbfbg_kdhdhlhi
ghlhh[f_gZOBH \ dhglzZdlgm&ljhckI\Zof[jZgghlbiz
(DMFLkbkihevah\zZlgboiehkdlbof[jZ:dNafion 212 (hesbghc
50,8 fdf), Nafion 117 (183fdf) b FN4KD(250 fdf. IThdZaZghh
gZb[hevijlegbpZ_fhkhoh™ hlez"fZlb[hdhgdZyf[jZ
g ZNafion 212. LZd _ ij_"klZ\e_fgakkhh[f_goZjZzdl_jbklbdb
ijhp_kiOKBH DMFE gZ[ex"Z dg¥qgbl_emgm”r_ §bkkh
h[f _gdbhljZ\e_dbb*bnbd2pfbli[jZgbhgZFe”, Zihke
ji_l_g_jzpjhtbkohMhlkklZgh\efgkhh[f_ggdpzdl_jbklbd
"hbkoh"gag@Zq_tdHlebdZdkemgkd_f[jZghENAKDmemer_
gbihkjz\g_gbixkoh”gktiklhygb_f

<\_"_gb_

J _Zdpblyfbq_kddhlhigh]H_g@BHEB) \h*hjh’kAh”hc
ijhoh”BIM\_klZ"bHZl1Zeblbg_katlhighEf_¢dDBH() f_"""m
fhe _dmeyjguthjh bfizjZfAhrugZZdIb\gpo gljdaZlZebazZlhjZ
bnzZzah\bahlhighpf gNBMH(2) f_"~mh~hl_2ZjZfHA].

Cat
HZOiZj HX]ZIgn'.%D HXO iZsz ]ZQDB)-I Q)
HXO;,; H, O R H,0;;; HXO. (NBM 2)
Cat
H,O-  HXjz4%% # HXO - H, 17, (OBH (3)

]» O-1y " _euahlAh~ hjh(Z cl_jbdebjblbd).
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Obfbq_kdmhlhigh¢f_o_"*mhrhjh bf\h~*hejh\h”*blky
ij_bfms_kI\ \gghlbdZevdbhehg,g]l2odhglZdligmé f glkhem
"blgzkzrd¥b jhnh[gdElZebadWjm ilgkehcbkkf_rZg.gh
<lZdhkemqiZb dhglZzdlb”~rdhkka_jghlforjhnh[ghjhlZebazlhjZz
gZjmrZ_jERyghf_jghjdkij_"_e \dBWwihk_q_gdkehgdke-*"
kiI\bg_]hhimkdddgkh[gh#dhehggaebg_cd&ahjhkilZjh]Zah\h
]Jhihlhd2Zg _ij_\urz 0|3 f/ k[1].

<JOLMf>BF_g”*_e_ [W&jZajZ[hldglylZzdlgtkljhckl\h
f_fljZgghlhiZDMFL\ dhlhjhiZjh]Zzahi\ihkljZgklkth”_j Zs_
dzZlZebaZihj_e_gh\h”?ui_jnlhjbjh\Zggmevnhihebf fighc
[jZghcejhgbpZ_fheywh~ughg_ijhgbpz MéZa(kt jbkl) [2].
<hlebghlljz*bpbhggd&Z*"hqghiglZdlgukljhcDMFL[eZ
"ZxlhjZathevr_ighimkdgdiokh[ghkdebg_c&dnjhklZjh}z
ah\hjhlhdih _lij_\urzZI¥f/Kk[3], ZIZd N\ l1ZdbmkljhcklhZloml
kKI\m1j_[h\Zg®h]lbrjhnh[gh&kZbZebaZIA¢gZzadghl”_ehd\h u
f_fljZghet¢jhp_kiZkkhh[f \gMFLebfblbjm_kkx" byflo\yazg
gufbkf_f[jZgh3E>5], ihwlhfiphgbpz_fhkiNfjZguh\h~"= h~gHa
_zhkgh\gadjzd!l_jbkgBpyNh_oZgbqg_kjhlgghklbxZ*bZpbhg
gh&lhcdhklvx

Jb.1.1jbgpbibZewgzyi@hglzdIghkhjhcki\Z[jZgg hlthi ZD M F)L2]

F f[jZgu DMFL

<jZ[hlbkihevah\ZielhkMjbjh\ZggmevnhdZlbhdgbF§jE_
gulbizNafion, ij _~klzZ\eyxskghchebf jgkh_ "bg, 4bhklhysba
jZaebqghbkeZlhjm]e jh rguoa,i d[hdh\up_iyfdhlhjuigb\blu
nmgdpbhgzZéhgih[f_g@umiipij_"~klZ\eyxh[hbklZltkd jghc
dbkehKiljmdIimjgByfmdBghf_Nafionij_"~klzZ\e ggd k2 [6].

Lzdd_f[jZgagZrebjbf_g_gbwe dljheb&k\jZjdhihebf j
gufwe_dljhetbhgbadhl_fi_jZInhgeb\guwoe _f_g[BE]h"Zjy
\ukhdbhdzazl_ iggfhgghpgh\h~"bfh kKO Kk [7], dhlhjZym
s_kl\ey_ &klyqzdZebaqlby\b gublhfh\h *hjhXZgb\bludpjmiiZo
-SO;H.
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(M e1;13en *6)
Jb.R. KljmdImjg#&jf m &Zfion [6]

KlIjmdImfjZf[jZglbizZNafion agZgbl_elkbgbgZ_Akkmohf
b\eZ ghkhklhygBlZjbkmgd ij_"klZ\e k@Z fhljZz ZxsAp"
deZkl_jm\jzZz Zxsbogmlj_ggxkdjmdImimf[jZg\ aZ\bkbfhklb
hINez]lhkh”_j[Blgby

Jbk3. Ko_fZlbq_bkam[jZ° gezkl jfhdZgZehkmohlke \B\eZ ghc
kiGzYyz_f[jZd8]

KhleZkfdH _ebbjd[9], khj[bjh\Zgghzyh[jZzam Il ef ¢
[jZguwezZkl_bhujhlhgijh\h*rysitxgZephgbau\l\Zxdbel_f[jZ
gubbaf _gyxs]o hf Ijbjkiheh  ftbey dme

F_f[jZgubiANafion axkqgzémqrhphgqghklgasjzdl_jbklbd
eZ"Zx)_bfms_kl\ihfi_ZgzZeh]lbqaghfihablgufle _\h~hjh~gu
fbihebf_jgufbf[jZgzZfg_kfhlgyZhihklZ\bfagZq_gjthygbpZ
_fhklbijhp_kkahlhighIh_gZDMF.L

Bkke ~h\Zglbgbpz fhkIt[jZg

Bkke ~h\Zjhgbpz fhikltjZgjh\h"beRK¥MFLlkbkihev
ah\Zgbf_fihrBahlhighddF0]. Wdki_jbf_gjllu\h”b e bgkdm k- Z
gh\dko f@&hlhjhigh\_~_ gZbkd. =eZ\guwie f_glhklZghylb
ey likyhglzdlgrkljhcki\li[jZgghlhiZD, kgZ[ _gdhifhkiZIb
jmxs_pm[Zrdhidlhdbl bL2 ih~h]j_\Zx\Kyiehh[f_g g blad
|_f\h~"Zijbjhrgubahlhigikh” j Zg@ifihkimiz d \mgZklv
dhglzdligmkijhckI)EihfhsbyZkhMZP, Z\ ijZ\mxZklyZkhkhf
(G i_j_dZqgb\2\hk&f _Idhe_cl_jag). Ijh[hhi[hijjhba\hAblky
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g2uoh”baDMFlbahlhda dz ~u5 fbgmbba fdhk(®) i_j_»
gZgZethihkehdhgqgzgdki_jbf. glZz

| _j_Njh\_~_gbhifulZz fdhk(9) gZihegywaébhkijbjhrguf
bahlhigkh”_j Zgb _fldhk{®) gZihegywabh&baf_g_gdueh
lhigufkh” _j"Zgb<h ba[_"Zgbaf_g_gbahlhighkh” _j Zgby
\ijhp_kkiulZ pbjdmebjmxdshdImh[t_Ah~u g_fij_\hkoh”be
h[t_Ah"\DMF.L<_ebqgbgbthd2 az*zZ\Z¢zZ\ghO0 fefbgh[t
_f_fdhkkhhklZz\é508fe <_ebqgbpkhdZ khklZ\edp0Zd q

Jbk4. ljbgpbibZevigdyfklZghVybamqg_ dgjhywbpz_ fhkib[jZg

D-dhglzZdlgtkljhckf\H[jZgghljhiz?1, 2- fdhkI@F-f_ f[jZgguc

gZkh®I-i_jbklZevibqg gkZkihtk— ijb_fgbigh[y L—1_jfhkl[ZUH,
LRR2-I1_iehh[f_ggbd

BahlhigdgZeithar _cl_jbxh\h*"be&g¥* gkblhf Anton Paar
DMA5000M. JZkqelebgbighgbpz fhikhhh*beikymjzZ\g d4:x
Kk Vyq @)

S

1" Who—ijhgbpZ_fhiklMjZguhelgf> B Vy— dhebq_RHRhudhgim
jZL1 \jZ[hq dZf_jyq_cdbheyS—iehszZ4n\_joghKI[jZgu?
k—dhgklZgthjhkibhlhighJh_gE".

Dhgklzgddhjhkblahlhigh]i_gWWw\h~bedkanjz\g_glhyg
Ibdhp_Zdpbb\h]hhjyrdZz

InQk F) k w (5)

1"F—kl i _dgNf g2-\j fydhglzddiz
KI i _dgMf_gZk\hxq_j,9Zohbilklyij _~ e :gbx
R | (6)
X X X
1" o—dhgp_gljZpky jbyhlhdl gAoh”\ DM F [x=0,015%Z.);
Q-dhgp_gljZpky jgyuoh”baDMFL ihlhdll; o- dhgp_gljZ
pby cl_jbyhlhd2.

WhH,0
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< gZklhysjZ[hlbkihevah\fZdpjZgNafion 212 lhesbghc
50,8 fdf b Nafion 117 lhesbgHl83 fdf ijhba\h"kE\KZ du Pont de
Nemours and CompanyZ 1Zd™ bojhkkbckdbrZerRN4KDlIhesbghc
250 fdf, \uimkdzZ_thd«leZklihebf GZij_ ~u"mswlzZijZ[hl
[uebjh\_" dikke_ ~h\Zjhmppz_ fhklbb f[jZg G-nhjf_;u
ehihdZazZzghhkjhklhfi_fi_jZImpi298 D ~h343 DijhgbpZ_fhklv
f f[jZgm\_ebqgb\ZeZEkvF NAKD hl (2,7+0,4010% fheN?k ~h
(9,1 + 0,310° fhehf’k ~eyNafion 212 hl (17,3 +0,4]10% fheN?k ~h
(38,4 + 1,1710° fhelf?k Z ~eyNafion 117 hl(5,2+0,1710% fhenf’k ~h
(13,2 +0,8J10° fheN’k[10]. AgZq_giA[ex Z_flag_jlbkhklZ\beb
21+2d>/fhevi4,0£2,1d>/fhewl7,6+1,9d>/fhevkhhlI\_[klI\. ggh
Baij_"klzZ\e_g@ghdggud”ghglhhjb]l]bgZevbuf[jZguh[eZ”ZxI
emqr_i¢ghgbpZ_fhklwxthl_q_klI\_gfgZehjb wlhfgZbemqrbc
j_amevilar _fhgkljbjhm[g4& aNafion 212.1jb hlkmIkI\lnty g hocg
nhjfZpbtbkljmdIimgkke ~h\ZddguoapHh ghij_~iheh plylh
ijhgbpzZ_fh&kaV¥bkbllhesbglu f[jZgw k\yalb\hafh gudZ]jya
g_gbfff[jZdhgzZfiblZeehijhp_kkZ[hlunklZghjdéhjh\-
N gbkke_ ~h\XghbhyghppdeZh”bnbdZpbly g j2pdIijhgbpZ
fhklvh[jZapPeyfh*bnbpbjh\ZglhyjZgu zihf_sZxh jZkl\hj
oehjb*Ze @D b\u”™_j b\zZxlgzf\1_q_gkmlhid j_ \hfh~bnrb
pbjh\Zgdgthd[jZgu H+—nhjfngZaulZ jlkly g _jZpbijh\h”*blky
imlzdbiyqg_dby[jZgu10% jZkl\hjZahlgddbkehlid_q_gb\mo
gZkh\jhp_kdh~"bnbdZpblb g _ jZphH[jZgh”*jh[ghibkZg 2
[h1Z[&O, 11].<I1Z[€& ijb\_~ _cagZq_gbhybpzZ_ fhklbkfZljb\Z_ fuo
\r"ZgoghkezZIf_fl[jZdjZaebgdkiklhygbyo

LZ[ehpZ

lihgbpZ _fhiklMjZdghkepbdeZh bnbdZpbly g_jZpby
ijb313K (w-1G, fh elgk f2)

Khkihygh Nafion 212 Nafion 117 FN4KD
(50,8 fd ) (183 fd ) (250 fd 1)
H+-nhjfz 21,7+1,3 8,6+0,5 45+0,4
1-fh~ bnbdZphy 11,4+0,2 4,9+0,1 34+0,1
1-j _]1_gbjzZpbly 28,4+0,3 10,9+ 0,5 9,0+0,5
2 fh"bnbdZphy 19,4+0,6 6,1+0,1 56+0,2
2j 1_9g_jZpbly 645+09 12,1+0,3 10,3+ 0,5

Ilhkei j\hdh~bnbdZpjihlgbpzZ_fhiklvd f[jZdgkgb Z _liky
glb\"\h_h~gzdihke] ] g _jZAbkklZgzZ\eb\EKkIKgh\b Nuy _
bkoh~ghit\lhj_glpbddigb\h” bd_szhevr_fm\_ebqg_ighgbpZ_
fhklbDZdh gh\b™ _JvjhgbpZ_fhtkiMjZdhke®*\mpbdekfih”*b
nbdZppy g_jdphwyjhklelzevg\k ]hNafion212ijbf_jgh3jzZaz

Hkgh\u\Zgkwib6Zgguldihl_,adhf qlhijhgbpz_ fhtkIMjZ
guijbijhgbpZ\gumkeh\hn&kgh\gaZ\bkibllhesbgmdj_iey. Iky
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Ke_"mhlf_IblglhrZevg_crh\lhj_glpbdefd” _lijb\_klb
djiZzajmr_ghbbimdIimjghehklghklf§jZzgwihl_jk\hckl{Zahg _
ijhgbpz_ fhafuetkf f[jZgWNafion212\ hrghbavdki_jbf _.glh\

Ilh wdki_jbf_glzZzevhadufuebihkljh _dufi_jZImjgaZib
kbfhklpzZ[ex*Z_thgklZddhjhkblahlhigh]h_g¥%Zjj_gbmkh\
kdbadhhjrbg_Zzijdd_"_gahgb k5.

Jbk5. <ebyghpbdeZh~bnbdZphbly g_jZph¥ fi_jZImjgadibkbfhklv
dhgklZkldhjhkihhlhighlh_g%Zey f[jZ gNafion 212

Baij_"klzZ\e_gbhagpguwdbkmgd\brghglhkhklhydbf[jZz
gul ij_~ edbgqghkhdj_~ e _agbywdZaulZebyglyZ\ _ebgbgm
gZlex"Z_thg_jlddIib\Zpkp "gagZq_ghlhjhteyf_f[jZgu
Nafion 212 khklzZ\b2h 125+ 3,2d>/fhevglhk\b” | evkHRMbninm
abhgghbjh”ebfblbjmxsklZ"bbj_ ghki*u

Bkke Ah\Z@kkhh[f \g»MFL

>eybkke_ _~h\Zghkhh[f_gow¢Zd!l_ jbkdBAH\ dhglzZzdlghf
mkljhckk\bkihevah\Zigghkidbof[jZduedjh\_~_ &Zjbwdki_
jbf_glhiybjZaebqghbhdZb~ hjh{Gg), \ | _fi_jZImjgtbfZiZahg _
323-353DbijbZIfhkn_jghd\e gb#0,1F1Z :gZeheaf j gihb
\h~"bekly” _cl_jbixljblbx<k wdki_jbf_gjlh\h~*bebkmklZgh\d _
ko_f&hlhjhg ~"klZ\e ggb ké.

<ijhkljZzgkINhazZlZebazZzhnz\Zekyhdh”kkijbjh~rgubah
IlhigufkhklzZ\hf ijhkljZzgkl\dZiheg gahlZebazZIhj@LBKB,
ihrz\Zeikyhdh~ hjhZbahlhighcldhccoh”~ysbhbhlhdh~hjh~Z
gZkusZ ikyzZfBuoh”~ys EDMFLhlhd¥h?*u<uoh”~yshbitlhd
\h hjhhEmrz _bbkyb]Z_ lkeyn*h[klAgZebaZz

>eyjh\_" gl "bdzlZeblbqg_kdhlhigh]Jh_oZ \DMFL
[uelu[jZdb?jhnh[gueZlbgh\dZ1ZebadiBKF ihijbgbg _
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_]JRukhdizadIb\gh@bho-20 ¢ [12]. Ijb bkihevah\Zglhb\ghdh
IZebazZlhj2Zwnn_dlib\ghjkp_kkK¥ZBHhij ~ ey nkwh\lké
klz\eyxdl,et, 5].

<khhI\_IklVWrhjzZ\g_gE~ fblb\ghkhbjhlb\e _¢bkkhi-j_
ghkbrahlhighkf _§DMFlEh ghhibkZke _"mxsikiZ"by[1B]:

—fZkkhhl"\2yygd iZzjh]Zah\itn]d z

— ijh*hevghlh_f_rb\Zgmgblu\Zxshldehg_d&bfh~_eb
br_Zevdh]hkg_jgby

—i_j_ghk?ukih\_joghKlK[jZgyizZjh]Zah\hthd eZfb
gZjghiib]jZghbqgdefh _

—"bnnmdbhg_dhhetd | _ef f[jZgu

Ke_"h\Zl ,ejZ@lgbpZZkkhh[f_gowZqgZdl_ jbklibdZMFL
kjZaebqgufld[jZzgZflm~ H[mkeh\eblgdexqbl_&vghby flid
ghkysbfhdy f[jZg _

Jbke. Ko_fdklZghitbamqg_dgbBkkhh[f_gghpZzdl_ jbBIM&ILKIjm|

qZluf_f[jZgZfb - we_dljhebdghd,512 —oheh”bekghdjZ]lhj

3-gZkulbl_edbEhg4gZdhglZdligtkljhckf\H[jZgghllthiZ1l4 —eh

\mrdkhkbebdZ]; 7e-ieZf_ggdy_e®21—- fdhkBb-f_ f[jZgguwZkhk

13-\ha”“mrggZkHhk -1 _iehh[f_gdbhd[ZeekgahlhHb-\ha“mrguc

| _jfhklAV-29-djZzgB80—j_ ~md)®j—-\_glbew—]b]ljhf ;IfP-"bnnA_
j_gpbzZevfgagchf 1]
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BahlhigdgzZeigh[ih™_cl_jbxkms_kl\e9yeglgbf_Ijbg_kdbf
f Thr"hgZehlghf Anton Paar DMAS000M,Zihljblbx kpbglbeeypb
hgguf_Ih~hd4jb[h]Tri-Carb 2810 TR.

Qbkdhhj Ibqg_ kkdmé gjZa” e (QUWADMFLlLjb~rZgguo
mkeh\igg\_~_gbpwp_kKBHjZkkgblu\g&bkgh\Zgtblz]jZffu
FZdDzZ[wLbe[ll] ihmjZ\g_gbx

y
N —5 )

I"_'y., 'Yg —[hevrZyf_gvrZWb msX&peidhp_kkZhlhigMhl}h
f g84ZaguwhgpbdMFLkhhI\_IkI\. ggh
AZlI_GzZhkgh\Zgbdki_jbf_glZeNgoguith mjZ\g_ b xzZk
kgblu\ZedqlkkeMbghbpj_ ghkX?):
D D
N “In— ~ 8
Y D O O ®)

Kbkihevah\Zigteniq_ gaglylhg Nbhwkkgblul\Zebq_dhb_
wnnbpb f@lkkhi_j_ "X §tc):

G
Koy TN (9)

N

1" Su—iehsZAn\_joghKIF[jZguf% G, ;—ihlhdZjh]ZahkhickB%k
<lz[e2ij_"klz\e kgB\g_goftzkkhh[f_ggd¢Zdl_jbkjbd
p_kkKZBH DMFIkf f[jZgZNafion 212, Nafion 117 FN4KD\ bkoh”
ghel™-nhjf ijbl_fi_jZImB3a»b343 Q ZIfhkn_jghd\e glbfthev
ghfhighr_gbhdRh” hjhdxhyzZ\ghif.

LZ[elRpZz

Kiz\g_dgZkkhh[f_goZpzdl jblOBB DMFIf f[jZgZfb
Nafion 212, Nafion 1170 FN-4K D\ bkoh”Agrar hjf _

T=333K,P=0,1FI1Z =1

G, FN-4K D250 fdf) Nafion 117 (183f d f) Nafion 212 (50,8f d f)
980 | QLK| Q21| DAC f/k| QLK Q21| DLad f/k QLK Q21| D&C, 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 0,31 052 | 4,27+ 0,12| 0,47 | 1,06 | 8,51 + 0,29 0,40 | 0,96 | 7,82 + 0,54
T=343K,P=01F1Z =1
G, FN-4K D250 fdf Nafion 117 (183f d f) Nafion 212 (50,8f d f)
980 | QLK| Q21| DAC f/k| QLK Q21| DLad f/k QLK Q21| D&C, f/k
40 05 | 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 | 056 | 581+0,27| 0,52 | 1,00 | 9,08 + 0,54 0,49 | 0,96 | 8,69 + 0,23
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BarZggud[ebpae "mglhbkihevah\¥BMFLhe Ihgdbo
bijhgbpz _fiho\h” f_ f[jZdafion 117 b Nafion 212 ih kjZ\g_gbx
kKFN4AKDijb\h~"bdmemqr_d¢dbkkhh[f_ggzapZzdl_jbkkjd~ g _f
\15jZaZjbwlhke_ ~nmnli Iblglhg kfhlpyZagZgb!|_ewggrmx
ijhgbpz_fhfkIMjZgNafion 212\ kjZ\g_ giNmfion 117fZkkhh[f_g
guoZjzZdl_jbkipdb\hlhgghhtp_kKOBH DMFlkbkihevah\zZghb
_fh[_bfo f[jZgZ\guij_~_eklloqghkhbj_~_e_.gby

>eyhij_ " _e_Yydlyyglnykeh\ighp _kKZfi_jZImjEIhdhh
jhNZgzZwnn _dlb\ghxkkhh[f \gZMFLHuedjh\_*_ &Zjbwdki_
jbf_glhkf_ f[jZgMNafion 117\ bkoh "dHh-anhjf.J _ameviZdki-jb
f_glh\*bZziZzahgfi_jzI1823-353Dbihlhd\h~"hjh20d280gkqij_~
klZ\e _gH@bk7.

Jbk?. FZkkhh[f_gaZjzdl_jbkbei DMFLkf_f[jZgMafion 117\ bk
oh~ghd&nhjf \ "bZiZatgfi_ jZI@33-353D0 ihlhd\h”~hjh2&80 gkq
AZ\e @HbFI1Zbfhevghfighr _gbbhdRhAhjhbEZh~d

M\ _ebqg Ighdi jZImguBo]jZz"mkihh\h~*bdagZgbl_ evjgthfm
KilmZkkhh[f_ggZpZdl_ jbkQRdbQLKdh\ _ebqgb\Z\xik5-2jZaZz
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ZdhwnnbpbZgkhi_j "\Z@b4d jZadh | _fi_jZImjghx\bkbfhklb
dhwnnbpbfZkkhi_j_ "Z&jh _gbmkh\dkkibjd'bg ZIZeothij_ "~ -e_
ghagZq glz[ex""Z #hg jjZhib\ZpbhZq dglhlhjhcij ~ eZo
Ilhgghkhbj_~_e_¢oBpPgzZdhVhbZiZahhlhdh\h~hjh2&80 g£kq
bkhklz\e37,8+24d>/fhevLZdmgZq _gHE[ex"Z_ twhge j]EWtb
\Zpbk\b" | _evkhimfiglhebfblbjmxskd¥ "bdyhp_ kkZkkhi-j_
ghk&_"bVi_j_oh~dgHeZklb

LZ[eBBpZz

KjZ\g_dZkkhh[f_ggZjpZzdl_jbkjop_k©®BH_“~mh hjh~hf
b\h"htDMFLKkiehkdhcf[jZghdcbihkeijh\_~_ gplydeZ
«fh"bnbdZpbly g _j2pb%3330QJ=0,1FI1Z2G,.=80gkq =1,

'=0,27% [13]
1Zjzf_1j |w10 fhenkf?| v, f/k N, Koy 10°, f/K
ijhf FN4KD
/=2501d 7,3+04 0,30 0,52 43+02
J_1.&N4AKD
/=200fd 146+05 0,30 0,77 6,3%0,2

* '_ fhevghlghr_githlhdhZjzd brdhid u

JZg \|jZ[hI[13] (kf IZ[.e3) [uehhdZaZglhihke] ] g _jZpbb
f_ f[jZgW NAKDfZkkhh[f_ggdjzZdl_jbklpdd kiOBH DMFL
\hajzklzxl

Hkgh\u\Zgkwlbé&Zggupuehijh\_"_ditkke_"h\Zgbygby
pbdeZh”bnbdZpbly g_j2phX¥fZkkhh|[f_ggdjZdl_jbkibhBH
\DMFLgZb[hejhgbpZ_fihah”~f_f[jZgMNafion 212.J_amevlIZlu
"Zgghkcjbwdki_jbf_gjhAklZ\e gddb k8.

Dzdb~rgbajZnbdhA*bnbdZpbffjZzgNafion 212bhgZfb-
e _aigb\h~*bdmom~”r_dBEkkhh[figf jgh2 jZadhke "mxsZy
i 1.9 _jzZpbMjZgui _j \htH-nhjfmha\heylhlevdthkklZgh\blv
bkoh”gagZq ,gby memqgrbbkkhh[fd&Zd kemqglkkf f[jZghc
FNAKD<_jhylgmltih ghh[tykgbllvf glhijb~ hklb™ _gdbdhlhjh
]h~hklZlhdggkhdhdlgZqg_gjthhwgbpz_fhiddzKIZ*"b¥bnnmalb
Aull _ef fl[jZguh[s_khijhlb\e_fibkkhi_j_ dhkvhFlg_kdhev
dhkgb Z .lIky

lh 1Zg]_gkme@ZdehgzZ\bkbfhdhovnnbpbfgkkhi_j ~Zqgb
\Zjj_gbmkh\kidtbjd* bg4kZ b k9) [uebhij_ " e agZq gHYyex
NZ _fhwg_jlZdIb\Zpipop _kIOBH DMFL aZ\bkbfhlklbhklhy
gby_f[jZgu

BaljzZnbdd~rglmlhkhklhygbf[jZgwy _hdZaul\XelbyglgyZ
agZq_gBEyex~rZ Wy j]EdIb\Zphgh~ *bgZdhip ~ eFlloggh
kibhij ~ e gB%31,1+£39d>/fhev
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Jble. FZkkhh[f_gmZijzdl_ jbkCoBif DMFIkf f[jZgNafion 212\ aZ\b
kbfhklblkhklhydbYoziZahgfi_jZ1843-3530 ihlhd\h~hjha&géq
AZ\e @HbFIZbfhevghiighr _gbbhdAhrhjhbEh~d

Jbko. <ebyghpbdeZhrbnbdZpbly g_jZph¥ fi_jZImjgadibkbfhklv
dhwnnbpbfZKighi_j "ZBHB DMF kf_f[jZ g Nafion 212

G_kfhlpyZgZbemgkmx*bkke_"h\zZpgpuZapihhgbpz_fhklv
f_f[jZgWNafion 212\ bkoh~gHanhjf_ ih\h”A _ZI1Zd gZm\_ebqg_gb_
wlhldgZq_ abkyqgzijh\_~ gblpdekfh"bnbdZpbly g j2pbpy
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f g gbZgghicf[jZguDMFIg \u]Jey”bljki_dlb\gndadm~rbo
ijhgghklgo®djzdl_jbkiFEdkhh[f_ggnjZdl_jbkBIKH DMFL
k[he _lheklMNafion 117\ ij_~_ eZXlqghkhbj "~ e ghyiZ&lhagz
g_gbyflmemqg_ggwdbglzZdlghkljhckkf f[jZgWNafion212.1jb
wlhfZzd gZ[ex”Z mleymqr_fggkkhh[f\d2MFLjbbkihevah\Zgbb
hjb]bgZevigupjZdlafionihkjz\g_gbhkl_q_kI\_ggagZeh N
4KDLzZdbli[jzaHKh ghk®_eZAlv\hhIhf qglhgzZrZggubdf_ghi
IbfZevghd[jZgheY MFly\ey Najfion 117.

<u\h”u

1. Bkke_ _"h\Xglhyghb fi_jZImjazZijhgbpzZ fhkl¥[jZgu
Nafion 117 bNafion 212\ G-nhjf ih\h~"\~"bZiZa298-343D0 IhdZaZgh
glhhkll _fi_jZImkR98 D "M343 Dijb\h~bdih\ur_gbihgbpZzZ- fh
kKibf _fl[jZzghr"\"\ZZaZuehjh\_"_&hzZ\g_gbhgbpZ_fhtklb
[J Z dNafion 117 bNafion 212k hl_q_KkI\_gf8gZ e h]hff[jZ g Nafion —
FN4KD\ bkoh~rghtiklhygbti[jZgH'-nhjf). IhdZaZghhemqr_c
ijhgbpz fhkhjrz"ZzZf If[jZgRafion 212, h[eZ"Zxs@Zbf_ gvr_c
lhesbghc

2. Bkke_"h\edlyglkhklhydby[jZ ¢§lafion 117 bNafion 2129 Z
__ijhgbpz_fhikivhwA\ *"bZiZzahgfi_jzZzI1298-343D0 IhdZaZghh
ijh\_~ gb\mpbdefih*bnbdzpbtfjZzgbhgzZfb e &Zhke ~mx
sbfi_j \h~ RfG-nhjfmjb\h~bdih\ur_gbkhgbpZ_fhikibh"_
ijbf_jgh1l,4jZaZeNafion 117b\3 jZaZe NWafion 212.1jb wlhfhe-m
d_gglgZqg _glZ[ex”Z fhg jlZdib\ZpdhbazZ\bkhlkhklhygby
f_fljZgbkhklzZz\e9.=125+3,2d>/fheyvglhk\b”_|_evkhfbnnm
abhggihbjh*ebfblbjmxsklz”tbphp_kkZ

3. Bkke_~h\zZgikhh[f_gg#djZzdl_jbkbmadbhigh]t_gz -
A"mh2hjhrAh~ hedhglZdlighmkljhckf\ f[jZgghllhizkf_f[jZgZ
fbNafion 117 bNafion 212\ G-nhjf \~"bZiZahgfi_jZ1823-353Dbijb
ihlhdzZ\dh~hjh’2B-80 gkq IhdZaZghhm\_ebq_igdhdXh~hjh"Z
\4jZagdb\h*bdjhklmhwnnbpbfZdkhi_j_"@BB DMFLjbf_j
gh\2jZzakh~gh\j_f_gd&kghb _gbabbkdzZhj_ Ibq_kdmao_gjZas _
e_gby20-40%.AgZq_glyex"Z_ihg_jlZdIb\Zpbdayh[_bb
[[Zdebadb "mkh[hbe “ZI\*"bZiZaRg36,8+4,6d>/fhe.v

4. GZjbf_jf_f[jZgMNafion 212bkke_~h\2blygpbbd&EZh” b
nbdZppy_g_jdpdafZkkhh[f_goxjZd|_jbkbadhbhigh]h_gZz
\DMFL *"bzZizatgfi_jzI1®33-353D bihlhdhh”hjh?2@®40 gkq
<uy\le_ _dghkmlikIWNebygipywdeZh*bnbdZpbly g j&phy[jZgu
gZ\_ebqgbgmex"Z_thg_jlXdib\ZpbhZq_ghlhjhichklZ\beh
?.=31,1+39d>/fhev

5 1jb *hklb _gdbdhlhjhhklZlhdggkhdhdgZq_gjthnygbpZ
_fhklbdezZNZ "bMbnnmabbu | _ef f[jZguh[s_khijhlb\e_gb_
fZkkhi_j_dHkvhFlg_kdhekglh Z .1ky

JZ[hIMiheg_YZzfdZigh]jzffuzZa\bl@YPLMWE > B F_g
N_e_«\ybhjbl_2D30».
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Jhkkbckdbtbdlh ogheh]bqmkgbc jkbl I
bf>BF g~ e, Fikd\Zhkkby

sirl0.efimov@mail.ru

<jZ[hlij_"klZ\e jgamevIEkke ~h\Zjdlpy kkZaeh

"_gbkh_"bg_kgbijc [(EJNO;) b ahehHAuUCl), gZg_k_ggao
ghkbl (e&l,03), kp_evikhemq_dgibghf_|Zeebq glkdhagzZzklbp
Ag bAu b[bf_IZeebq_ddlbldkpjmdImypjth[hehgdlhju_
yleyxlKkKiddIb\gutihfihg gldfblZzebazZhjhXdpbyocl -jh
\h~hjh~rghJh_gBEhjlhizjZdhg\_jkipblb.ylhdZaZghhgZeb
qb_kj_’\mh’\hjhfl\ij\h’\bdkgb‘_gbgfi_jZIijiaeh‘_ghy
’\bg gbh&jZ\g _gbpZaeh™ gb\Zdmmi~gZamn_pdaeb

g‘eyZangdokl IfJbJZaeh _GgpbbdmjkhAb\bAg kgbabezZkv
_fi_jzZImiZj\h]hbd,2z\ Ih\J_fded_fi_jZIm\jIZhjh]mbdZ
ijZdIbq_Igj_bJaf_gbeZ](b/ihemq_gﬁbZarA\g@Au ijhp_kk
jZaeh  _dghg~rhjh4Zd ijhl_dZijb[he_gbadhcfi_jZImj_
g f\\Zdmmfebyghk j [jygithcteh dipb ihemqg_dbbpzapz
Au@Ag ijb\_eld h*ghklZ~bcgjthfon kkhaeh  _gdbwh~hjh” _
\hlebghljZaeh  _gbxdmmf_

<\_"_gb_

Bkke ~h\zZdghzZebaZlhjiihfhe dmeybgh]high]th_ gaz
gbfZz \Z ghf_kIhjZ[hlkbahlhiz\"hjhNZI* _evglmmiirkj-_
"bgbokhklzZ\eykdlZebaZlihjemqgzZ_fulh~hfjhibldlghkbl_ey
jZkI\hjzZfp dmjkh(khe fclZeghk\"Zevg_cibffbq_kdiZfaeh
" gb.Bamqg_dBlZeblbq KRttb&h[jZzaphhemqZ fdggtlic
Ihr*bdhoca\ur_hibkZggpodmjkhjhy_ZdpblgphiZzjZzdhg\_jkbb
ijhibybahlhighff_g\fhe_dmeyjghhjhtj_~klZ\e\gh[hlZo
[1,2]. P_ev&ZgghZ[hlw\ey lkeamq_bebyglkky ~bih*eh db
g4 _fi_jZImjdaeh _gjbymjkhjh\



iizjzZImjEf_Ih~"wkke _~h\Zgby 373

F IhAbdkke ~h\Zgby

<jZ[hlbkke_~mxiK¥Zapiy_dmjkhjhxlZebazl®hgzhkgh\ _
gZghqgqzKlbzeelB\]jmiiuihemq_gfuldhMhiffhibldKbgl_abjh
\Zgb bamqg_lgluZzapiy_dmjkhijth\ghf_|ZeebqgkkdblgZahehlz
(\\_~_guhagZgAgbsu khhi\_1klI\), Zy¢hd h[jZagkihke _"h\Z
| _evgufZg_k_ghbnfb_|ZeeANd@Ag (ij_dmjkahehgzZih™]hlh\
e_gglkcj_[jygithcteh )dbAg@Au (ij_dmjkkjj [jgZh”]hlh\e_g
ghahehlihcreh)d _

< dzZg_klN\_dmjkhjlhRihevah\AgNO; (oq, E?GJ?:DLB<
bHAUCI, (jZkI\hj_8999fZk% ahehVpZjkdhik”"dHNG; hk8-4,
Kb]fZ _,HCl, hkg0-4, Kb]fZ )d\ dZq_kbhkbl: eAl,0; (J D062,
J "dbgkdbkzebazlhgguch

Bkke_"h\Zghy *" gukl_deygdbh&hdh\ZdmmighZgh\d _
\mkeh\bpojzffbjm_figlh)j_¥KhkdhjhkIdx°Kfbgljhp_kjk-a
eh” _ghy dmjkhjpi\h*beky\mkj_*"ZZdmim¥h~hjhb jZa
eh™ ghb\Zdmmidfgl gkb\ghklp kkddkbjh\ZeHlbwf g gbx
NZ\e _gdwnfhsvX _jfhiZjgeZfilFL-2 (*ewlh]ihhp _kkdZeg@z
liZnbdigo~klz\e\ glzev)Zbjb jZaeh  _§gbib hjhdgl_gkblghklv
baf_g_ogYA\e _gbhdkbjh\ZdZkNZgghfdhklgufzZzlqgbd{CR
364 Pfeiffer Vacuum=_jfZgbkihke "mx<$tbinn_j gpbjh\Zgédmfev
[ZIh(weyZgghijhp_ kk&Zeg@ZjzZznbdigo klz\e\ §lzhjjD.

J amevlZlu

GZ4bkmgldij ~klz\e kgh\g_dgbhnbe Icjfbg_kdjfgaeh _
gbWAUCI, \ \Zdmnbfkj_~\h*hjh™"&Zbgbjzwaeh _dh¥dmnofZjZd
I _jbam AkxmfybdZfbbl_fi_jZImilZ®°Kbl70 °K glhkhhl\_lkl\m
_IM\mklz~"byZaeh _.gby

GZbghZaeh _HAYCl \kj_MhrhjhgZ[exZxlkdly B4 °K
b187 °K >Zevg_ciZ” ghBZ\e glb\wazZigh[jZzah\ZghZdhqgZklbp
ahehbhlhjuZlZebabjmiAdphazbfh”_ckdehyjkdh*hjh~hf

GZjbk2 ij_~klz\e kjE\g_gihhnbe Icjfbg_kdhilaeh  _gby
AgNOz \ \Zdmnbk | "\h~ "hjh"<2ZdmngiZ[ex"Z NKFbdZd_j\uagZ
150°Kk\yak§ JZaZpmphkdl, enjhga88°K-kjZaeh  _gkhéb

ljb jZaeh  _dgpbdmjkhjZj [jZkj_~\h~"hjh®yZebgbdpZeh
"blkH\ZdbdZ113°Kb202 °K >Zevg_cirZ™ gbZ\e dgdyaZkihi
jZah\zZglgzfghgZkdbp [[jdhlhjudZlZebabjjmXZdpbxdbke gby
\h~"hjh~Z

GZbk3 ijb\_~_ogdjZz\g_gihhnbe Ic jfbg_kdhZlaeh _g¥ley
Au@Ag\\Zdmnbkj_ "h~ "hjh"ZZbgbblghkys_dR}jZaphzdmmf_
gZ[ex"Z NkgbdZibd*_]ZaZzgBB3°KbibdjZaeh _ gldy8 °K
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JbK.Ebghbjzaeh _AuCl \\Zdmnbkj_~\h~hjhrz

ljhnbeVkj_"\h”AhjhdZ__ibdhZaeh _g@B6 b430 °K I h
ke A"gibodkhhI\_Tk\ebll jZImjgdigguk\b”™ | _evkIl\mkx\sikf
klZzgh\e_gbbjbkZj_[j2eyijh\_jdwlh]h_"iheh _gph\_"_g
ZgZebpzagZlh*hfukhdhm]ebhrecwp _¥dZgbjmxsjhk\_qb
\Zxs_we_dljhgfdpldghkdhiblb fghfhe (HAADF), "Zxs_fhfbfh
bah[jZ _gby joghkWlljZzap4Ztwe f_glgZxifpbkd). GZ2Zgghf
bah[jZz _gljBkguibgdzZftbhagZgaléhlkbgbfbk_j_ [jla_e _
gufb-oehjBf_gghZebqgbehj@zih\_joghllbthMI\_j rZ\u"\b
gmlhj ~“iheh” _d&¢bhkklZgh\leogbjbkZ| [jZ

Jblke.EbghjZaeh’ #dNO; \\Zdmnbkj "\hAhjhAZ
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JbIB.EbgbjZaeh  Au@Ag\\Zdmnbkj "h~hjh~Z

Jbk. Bah[jZ _&bimd|nAu@Ag, ihemq_ gfg hh HAADF

Kf s ghbdhhZd gZ[ex"Z dKybkmgd®eAg@Au. L _jfb
q_kdfZaeh' §kj "\h~hjh(iZz2°K ijhbkoh/y&igvr g A\Zdm
m f (184 °K).
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Jbis.Ebghjzaeh’ _Ad@Au\\Zdmnbkj_ "Mhrhjhnrz

lib kjZ\g_gébgbjZaeh  _dHyZapAl bAu@Ag \ \h~hjh~_
(jbkmg8)dh ghgZ[ex*Z4¥hgZebagk j_[jyglyjA qZklbpb
\h~bHijhl_dZgbphp_kKkzZ ghlZ boh bgbdijb136 °K \f_klh
A\ mig b84 b187 °K.

Jbl6. Ebghjizaeh’ _AbBAU@AG\ kj "\h~hjhrZ

ljb kjzZ\g_gébgbjzaeh  _dyZaphd bAg@Au \ \h~ hjh"_
(jbkmghdzZ[exr"Z dg¥eh]bogur:dElaeh’ _@bhjZapdhehluf
yrjhijhl_dZ\ A gkl Z~bkibdhfjb122 °K\f_kIh\micbdhijb113
b202 °K
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JbK.Ebgbjizaeh’ _AdhPAg@AU\kj_ "h~hjhrZ

lhemqg_gpuameviZNu®_§uzZ[ebpm

LZ[elp Z
J_ameviZiaveh _gjbymjkhjh\
H[jZa L fi_jZlmgaeh _[ghyfi_jZImfAaeh _gby
jca_p \\ZdmmiK \\h~hjh"K
Au 138; 170 84, 187
Ag 150; 188 113; 202
Au@Ag 133; 168 136; 430
Ag@Au 184 122

<u\h”u

GZl _fi_jZIlmjhaeh  _dthy "bg_gbp [[EahehhdZau\Zxl
\ebygb"\Znzdlhjkj_ 22\ dhlhjhtgjhoh”bjlzaeh” _,gb_gZeb
gh/hlkmlkI\bhjh]h IZeegZZdhlhjugZghkbiljkydmjkhj

1. Mh[jZapAu\bAg kgbabelZKv_jZImijZ\h]hbdZ 54 b37 °K
khhi\_TkI\,_\gldhj_fydzd fi_jzImjajh]lbhqglly baf_gbeZkv

2. Mh[jZapd@Ag ijhp_kEaeh  _§hg~hjh4jhl_dzZ\ h~gm
kilz"bXhlebghbljZaeh _§dbh¥dmmifib jZaeh  _ghbh~hjhth
y\beRwykhdhl_fi_jZImjpga30 °K khhI\_lklI\mx\dtkklZgh\e_gbx
oehjbkzZj_[jZ

3. Mh[jZapg@Au | _fi_jZImjjZZaeh _gbly "hjhg§B2°Kgb" _
| fi_jZImjjoaaeh  _§gbZdmmf _
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Kibkhebl jZImju

1. E_hghRZ<, Ir _gbpuB. ;., ;h_\H .. Bkke_ _~h\ZdghZeblb
g_kdikdhckldZghqZKkdbp [j¥Zj_zZdpBbcl -\~ hjh~gh]H_g/Z
Mki_odlmbfbbobfbqg_kthagheh202i.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 Props of Bimetallic Nanoparticles //
Russian Journal of Physical Chemistry A. 2024. Vol. 98, No. 12. P. 2888-2890.
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ufb4.027: 544.478-03: 544.723: 546.57: 546.59

1< 01U QERIUO0EDOE 05020
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IOpOFGUOIOEMUDEABGxBREUOOPA
OIUEGBXAD D4

n.cqaldopad guUOQ pib cxIiE

Vg

JL
x|
3

N=:HMHJIhkkbckdbtbdih ogheh]bq mkghbc jkbl _|
bt>BF_g~_ e, Fhkd\Z

pshenmichail@gmail.com

Bkke_"h\@glZeblbqg bkzdtkhj[pbhgdbhcklgZg kzg
guogZghkbl _fdvghb[bf [Zeebq &AbbgZkdbkl GuAgn,
bAuAg, \ j_ZdpblyjohiZzjzdhg\_jkighlby~_cl -MdM~hjh~gh]h
h[f_gZ ihfhsvxj_Zdphtglhizjzdhg\_jkbjhlbyihdZazZgh
gZebdftz]gblgwo gljm\ah\_joghlbldmq_ggaohqZkdiop
yle _&kibg j] Ibg \mdibfh™ ckbamaqg_ gigzyb IZeehjbbo
gZoh A _dgkhklZzgZghgzZklbjpthrys dm\_ebq_dBkZeb
Ibg_kdAalb\ghklb

<\_"_gb_

<h”hjh\ey_Ik#%gblba_ jki_dlIb\ggokbl_evge j]bb ]tk
ihevah\zgbh*hjh~gwg_j]_Ibjd[m jFajZ[hldbn_dlb\¢uo
gheh]lb¢Zg _gb¥gkihjlbjhbdpbf g ghiy*ghltadZ gubakh[- g
ghkl_the_dmeyjdhThjh™y\ ey I|kyhkihkh[ghlikms _klI\h\ZIlv
\"\maibgh\uoahf_jguabjfZe hjlhbizZzjAh~ hjh™Hjlh\h~hjh"
0ZjZdl_jbamZjlkge _evgdakiheh  _ghkidgh®» majhlhgh\glh
ijb\h~"bdh[jZah\Zdjpoihablb\ghphe_Ighkhklhygbhh\j-
fydzdzj2Ah~hjhof_ _ZglbiZjZee palgimeh  gbbghylhkhhl
\_lklI\mkbgle_ Igkhrklhyghpb dhfgZlghdi_jZImjzZ\gh\_kgZy
kf _kwh”rhjh?rkh™ _j biljbf_jgh5% hjlh\h "hjh"Z25% iZjZ
\h "hjhm2rgzZdilbkgb™ _gbbfi_jZImja\gh\_Kkb_sZ Ikklhjhgm
iZj2Ah"hjhNZdzd]lwg_jlgp . Wlhijhp_kk_h[jZah\Zgdau
\Z _Ikylhizjadhg\_jkb_c

Hrghltadexqg \ujdh[e ,fk\yaZgdkwaZg_ _gbbffdh\h”*hjh
"Zyley Iky* e _dbevrhihthebq_Kkl\i2gbkihglzZgghg\_jkbb
hjlh\h~"hjhAZiZj2Ah~ hjh?jb i_j_oh200% hjlh\h~*hjhAZiZjZ
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\h*hjhvu”r ey Thyy dd0o7 >/fhev _ieh\heg jJbodhagZgbi _ev
ghij_\urz_ll_iehllrkiZj_gloy*dh A hjh(fzd h @21 > 7/ fh e)f1].
Wility\e _gbjb\h~*bdagzZgbl_evplfjyijbojZg_gbdbd Zdu”-_
e _ggh ielkkihkh[klI\mmkilZ] gbezZ”Z]. gtifbgbfbaZpZlyguo
ihl _jVvj_[m_likkg\_~ ghbjlhizjdhg\_jKkibiphp _kk b~ gby

<wlhdhgl_dkkh[hagZq_gjtbh[j 1Z>xdZI1Zeblbq kibdkd
fu ihkdhewdhizjzZdhg\_jkibZahh[jzaghhjhkZfhijhbalhev
ghg_ijhl_dzZHI*gbba _jki_dlb\ggdijZz\e_ dlkke_ _~h\Zibdby |
kyijbf_g_glZghgzkilblzeeB ]jmiiuv f_~HCu), k_j_[j@BQ9)
baheh(A). WIbf_lZeglujZ*"bpbhdghkkfZljb\Zz_dZadbfbqg_kdb
bg jlgu h[tzfghkhklhygibi_j oh®gZghjzZza%_fhgkljbjmxl
kms_ KkI\ _goggf g dc&hhhbobabqg_ klhibbfbqg kd&blckIKmf _gv
r_gb_fzaf_j\zZkibheyh\_joghklg@ubfh\hajzklzZglhijb\h
"bldbaf_g gw& dljhgigihhdghkbbhy\e glgh\ud@dIlb\gyo-g
lih\[2], kihkh[gZékhj[bjh\fhe dmeuthjhbdbgbpbbjhlizhv
p kBo*bkkhpbzZgparbhfu>bkkhpbZIbXgKlyj[pbYy*hjhyZih
\_joghkglZghqgzkibph~rbd h[jZzah\Zzdghdk[h*gZdhfh\Wdhlhju_
fhlmYazbfh~_ckI\W\Ztwkh[h&ihkh[kl\dizydahlhighHpi_gm
[ZdbhjlhizjZdhg\_jkbjlbo wihfhegyZghqgzZkligp™_ey glkfrevdh
boobfbq_kdihfkl Z\tgfhb kIjmdImjhZebgb* fn_dJl&EZVZd hkh
[_gghklWwlbzbfh™_ckhkgbdyk bl _eGEijbf,_ijjbf_g_gbZghqgZzZklbp
0Z9g_kzggzha kbZe xfbgpiAl,0s), ihalheykIEZ[bebabjm\aIlk
i_jkghkdw[_ki_gbukhdbecjh\_gokhj[plgbhgZijyfmeby glZ
wnn_dlb\gtiklZeblbq_ikdpltkkZ

Ihfbfh\hijhkhdjZzg_gd¥lZeblbqg kktibklgZ ghqZKib-p
x|l ihl_gpbZeyijbf_g gbyy” "im]blo ogheh]bqg _ikhldpokkh\
Bahlhigh¢f_dhrhjh\dexgzZxsbcj_jzZkij_~_eijgbby™ cd_
jbybljblbybkihevam*dkhwemq_ dby gk "bg, gba™ e gby
bahlhjiAlZzd \ ZgZeblbqg_fkdbdzZbhgljhdy q_ kkK&jvyy” -j
ghovg_j]_Illbd_"bpbdZlZebazylthkghgZghgzkibfhgkijb
jmxlih\ur_ggnxdIb\ghkwlbojhp_kkzZobhk\yazZghbokihkhFgh
kilvxwnn_dlb\ghfhkhj[bjh\ZMNokkhpbbjhiZév dmen*hjh”Z
Kh\j_f_gglukke_"h\Zgbhb[ezZkbZijZ\e_gzhilbfbaZplk
klz\BkljmdIimgdghgzZkiéy hklb  _gfttydkbfZe Vvigafh ' ghen
n_dlib\gh#dzZzeBhZ

LZdbli[jZzahbamq_gphiZzjZdhg\_ jkibbahlhigh]h_gdz
ih\_joghkbtyoghqgzkKlblZeelB\]jmiiuyley Iky “"bkpbiebgZjghc
azZz™"Zghla_~"bgyxsineg”Zf_glZdnkdge "h\X@gbhezZzkdhZglhlhc
obfhbmbabdib\_joghlblftzl _jbzZeh\_“kigpki_dIb\Zfibf_g_gby
\wg_j]_Ibg” jghcogbdVitbkke ~h\Zmydyheygllhevchh]em
[blvgZr_ihgbfzgbhe dmeyjfguoZgbafdgib kihkh[kI\mZhjZz
[hIdgh\ub_oghehMegojZzg_glblgkihevah\Xlyblyjh @@ hbf_ |
[hevrhagZq ¢@ékhaZgbklhcgbwwo j] Ibg Kddddgim”~"ms. ]h

Wdki_jbf_glZegqBRW

H[t_dlbkke ~h\ZgbrklZ\eykh[hdZIZeblbq Kkl _fu
khklhysthahghb[bf IZeebq &kdbplgZkibpf glByjmiiu -
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jbhAbq_kkilhkl fu B F_g~ e, g2g _kzggZia\ _joghlklvkbI _
eyg_dhlhjuadhihjuigb\_~ g bki.

JbK. 1jbf_jbkke ~mhfgdaph\

F Ih"b#&Bgl gZghqZRidbaxqgzZ\ k [ke "mxswlZiujh
ibldghkbl_jekI\hjzZzkihe khhI\_lkI\mxfshdeelk\mrdEZ jfb
g_kdhzaeh _gmmkeh\bhykhdh(Admnbfezd kj_"~\h~ hjhgZih
kj_~kI\_d&h _deygmkéZgh\epkke "h\Zgbc

<dzZq_kbhkbl lekihevah\-Ae®; (JB062,J _"dbgkdBtzZeb
aZlhjgucZ\h’k m~_evght_joghkl200-220f%] >eyih~]lhlh\db
dkbgl_amkbl_EWwful\Zepbb” bklbeebjh\2hdhd ijhdZeb\Zeb
\i_gbhjb600°C\|_q_gtbg

lj_dmjkhj2feopkbgl_g@ZghgzZKlbZeefi\eye QuNG:-3H,0
(Q>; L M622-003-62931140-2015p AgNO; (O Q =H K 1277-75). Dhebq _
ki\hkhebijhiblhgghZklI\hjjzkkgblu)\dgtgbfZydhqgdimkqgzlz
dhgp_gljZzgb®b\ fhghf 1Zeebq k[dEBpkhklZ\eyxshik
hikmffzjghZkkghkbl eqgzkldplZeeh kl®01573fheNgz <k _
ijb]hlh\e_goijZapuf_ebBbZggnibhgp_gljZpbiZeeHhkdhevdm
fheyjgufZkkk _j_ [jEf_"~bjZzaebgZxlkyZaebgzZxdKy kkh\u_
dhgp_gljZpHBeeh\dZlZebazZlBjZigbf, fZkkh\Ahgp_gljZpby
k_j_[Mhghf_|ZeebqhkjddaphklZ\BW&ZZk%, Z\ CuspAgso — 0,5
b0,85fZk% khhiI\_IklI\. ggh

Q _j kanldbkeijhibldbh[jZapbf_sZelkmrbevguwZn]”®_
bogZz]j_\Z%hB0+100°Cki_jbh"bq_kihdf rb\Zgb >Ze gZ\_kdm
"eybkke_ "h\Zagdblgm Z\ep Zdlhydki_jbf_glzZewiglhzg h\ldb
ijhbkoh”"hBheh _k¢hbhe fclZeehVbgzZ]j_WnldhfgzZlighdi_}z
ImjuB50°C\|1_q_gbg\ mkeh\bhybhdhlhdmrldZ Lhj) b\ kj-

AN \hAhjhNAkelu™_j b\Zgbhlyibdh\hic fi_jzZIm\jl gq_gb2q
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gZ]j Rldexqgzeth "e _gbbezZ "2dbdhfgZlighdi_jZImjllhke _
hibkZggulp_~mfjjZakpblZzdhyh\ufibkke_ "h\Zgbyf

:"khj[pbhgdkke ~h\Zlgbyoghkjb\h*bemlzhij_" _-e_
gbydhebqg_KIYEhj[bjh\Zg\di\[mjhAZbZiZzahgfi_ jZIrmj-196
Am50°C.Baf_j_giblyms kl\enyebfguf Ih~ *h¥*"bZiZzahgle gbc
10%10" Lhjf1 Lhjj§133,3212. >Z\e ghaf jy&bhfhsvxZghf- |
jZFZOE _hA~rZ_ebqhigBszZ”bdIb\ghc _joghkkd) jZzkkgblu\Z Iky
ihnhjfme _

1)

1~ — dhebqg_kd\Hhkhj[bjh\Zggfthidihkehh"hjhNZhhl\_|

kiI\mxsieZlgZbahl_jZ khj[pbb —kj_"gyghszZraZgbfz_fZy

hagbfh\_joghklgalihfhf_IZeeg@zdhlhjhZ Akhj[bjm \hkynjhA
—qbkehh]Z*ja—kl_obhf_ljbq dkdibrenbpZ ghj[pbb

Gzhkgh\Zgpbtiheh™ ,gbhyhgzh~r"ghZlhff 1ZedBA"  _lkhj
[bjh\ZIvRyb@glhfbebhrgEZhe _dmé&Zhjh"NZkq_| \uihegyeb
bkohbwZlhfgh]E bmkaZe g = 145.4 x 10° kf rc, = 128 x 10"
kf bjZkiheh  _gblyfh\djbklZeebq _jkdhld IhkZ”hq getys Z»
dZeyglhfhfi_IZeekhklZ\ey_I=85x10"°kf, =6.6 x 10" k .

<lhjufwlzZihdbkke "h\Zdbgehlkamq_gBdhghf_jghj _c
| _dZghyzZdpthglhiZzjZb iZjzhjlhdhg\_jkbjtnlbyl) b A~ _cl _-jh
\h~*hjh~rghIh_g@) ijb~rZ\e_dgkbLhjj\ rbjhdhbgl_j\ZE fi-
jZImpl-196 "h200°C kg _ij_julgufZ[ex”_glazbh~hf_Zdpblk
| _iehijh\h"ghXkbth\kEt kb

hjlhG - iZjZG, M
G+D, -2 ®. (I
<j_ZdphbplhizjZdhg\_jkighlbyl) \ dZg_kbkoh”rgh]l-_
kiI\ZAayljhlbcghjfZebabjh\ZighguhfgzZighcfi_ jZImhbf_ x
sbckhkl28% iZj2h "hjhdZ5% hjlh\h"hjhANZb-196°CjZ\gh\}_k
gudkhklZhhl\_1klG®%IZjAh "hjhdF0% hjlh\h~ hjh"Z
<j_Zdpbbcl -M~rhjhrghJh_gH) bkihevah\Zedlb¥heyjgZy
kf_k#&_cl_jbyjhlbyijh*mdIihfZdphbeyekycl -\ihn~hjh®D.

ljhl_dzZgdbg _IbfgbZdpa&Zibku\Aell® _evgunZcé \b”"_
[Z[ebpilhdZaZdbebqgbgdia[ZeZkd M blklihdkahhI\_lkl\mxs_c
m\_ebgb\Zxsdlegp gljZighbmdjZzZdptkd _q_gb\jf f _gBh
khkihygBygh\_kBjZ[hlditag_Ibigh\h~"bebmjzZ\g_gbx\h]h
ihjy™d2:

)

J"F—kl_i_gw[eb  _gbtpz\gh\_ Kbx Y\ fhf_glj_f_g®
K, Kxtbk —dhgp_gljZiphbmdiBkoh~gihd_gNijhp_kk _Zdpbb

bijbjz\gh\_kibbhI\_1kI\, g4hg]_agklegZdehiggfhcyley lky
dhgklZghkbajhkilbj\h]hhjyrdZbamqZ jfiZdpbb
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JZkgm»™ evglZdZeblbq Zdlbdghb h[jZapi "Zgghc
[_fi_jZImijh\h*"beb nhjfmdg3) b\ujZz Zebdhebqg_Kklle_dme
j_Z]lbjmxshd ~bgbih\_joghkdB \ _~bgbypmf_ o).

®3)

]"Nr— qbkehe _dihehjhtZ_ Zdpbhghtzfijbl_fi_jZImjh
| _dZgpyZdpbb - iehsZ”ZdIb\ghk\_joghkjbkkqb!Zdmry

amevliZhkhj[pWrhjhtdl_fi_jZImjhl_dZgbydpbb

;he _ihMjh[gwdki_jbf_glzevgZghbdZlh~bdph\_~ _gby
Z "khj[pbhdgoguo Zeblbq bkkkeo "h\AglhblcZdyz[hlZo5].

JZaf_jgzZklbpzZlZeblbq Kakloliij_~_eyfeBh” hfjhk\_qgb
\Zxs_we_dljhgfoldghkdhi{bWH gZjb[hjJEM-1011 (“JEOL", Yih
ghyk pbnjh\hrehlhdzZf_jORIUS SC1000W,mkdhjyxsgZijy _gb_
80dgjZaj_rzZxskiwkh[ghkiBgf

>evij_~_e_gbydimguhklziZIZeebq_RKaAkoEmAg, gZ
ih\_joghkdbh kbl _bkihevah\Zdh”"kdZgbjmxigh&\_qb\Zxs_c
we_dljhgfpldghkdh{(KWHWH kfbdjhkdhiREl Osirisbbklhagghb
dhfwe _dljhXREG 200d <"FEI Company”, KR:), hkgZs_gdghebaz
I hjhE&DX.

J amev|iBbwoh[km "~ gb _

Bkke ~h\g@gdahqZKk lkhpkd ZO& Ag, Au, CYAOm, AJrAU,. J_amev
IZIuIWF ihdZaZgbh[hevrbgkly@ghqgzkbbhp f[Zaf jhjy~rdZz
10gf qlhihal\heykjZ\gb\dlof _ahijz\dpZzaf_jguwnn_dBlah]
jZ  _gbkbgl_abjh\ZgggbqzldBipbf_j h[jZag@&Ag; ij_"kIZ\
e_g4bk2.

Jbk. IWFbah[jZ  _gEghqZlglbjbf_j h[jZaPrAg,



384 K _dpby

Baf j ghdlb\ghlt\_joghKllgZapkhbgZghgzklbpdieeh)
(jbk3) ihdZazZelhgZb[hevikitj[pbhgglhidhklIvikieZ~Z Ij_[jh
ZgZbf_gvr—cf_~vIjb nhjfbjh\Zglklb_rZggu[df_I|Zeebqg_kdbo
gZghqgzkdBlpkgh\ahehkz _j_[jhi f_~bkk_j_[jhfuy\e_gdlh
"h[Z\KZ j_[jgb\h~bdijZdIbg_kddg_cgmim ebq_ghbixb\ghc
ih\_joghklkbheRhkh j_ [jygum f_"gR_j_[jygu®Zklbp*thklb]Zy
fZzdkbfZevaghlpyg ,ghyhjulifez”zbhighgZklAgu

Jbl3. M~ _ev@dyb\gihx_joghkljZaph\

JZkkfhljfZlZeblbg_Kk\hckI\lZ[jZaph\j_zZdphglhizjz
dhg\_jkRb~rhjh~gb | _fi_jzZImy7 D (jbk 4). ;bf_lZeebqg_kdb_
gZghqgzZklbpkl _fAunAg, *_fhgkljbjnkxglb™ _gHbdZlZeblbqg_Zdlhc
Ib\ghkANgy~rhlAu dAg, h*rgZdih ghazf_IblkMhwlhz” _glg_eb
g_cgHh[jZapuwAg;, AAg: b \ij_"N _eZim]j_rghkWusAg, bf_ xlI
ijZdlbg_kdbgZdhXdkb\ghKbewadmAu, glhmdZau\@Zznhjfb
jh\ZglgZghqgzklbypyuyhfoak j_ [jZh[hehgdleahehldj_ ~ eyx
s _ck\hcklp)ZamevibjmdZlZ£eblbq klkdkh cfu

Kbkl_€4Agm \ hlebqglbjZzg_jZzkkfhlj_gdHhHc_kh\ _jr_ggh
bgmaz\bkbfhkZvZeblbq ZdbéghklkhklZXZiZjZ[hebqg_kdmx
kfZzdkbfmfhjffoohr"ysbfkzh[jZaCpAg:;. Ke_"h\Zl_gbgdghZbfh
AN ckI\BbrMbk_j_[\MkhklZ\*"bglgZghkljmdimaggbdkbg _ 4§]_
Ibg_kdWwan ,dl*"Zgghfemgn\ _ebgb\zZxadbfZeblbq _Kd hbX
ghklvhqglh7jZa

>Zgguihemq_ggu Zdpbbcl -Ntnr*hjhrghJfi_g@gb77 D
ij_"klZ\e gi4bk5. <hlebqglbjzg jZkkfhlj_goWh&gglhcZdpbb
h[jZapkbk!_ fAusAg, ijhy\belbbg_ j]_Ibg wdhc®™h[Z\AE_]h
25% k_j_ [jdahehhm ebgEekb\ghklnvjZahrgZdhke “mxs_
m\_ebq dyhigp gljZAghpb\ _etihkl i _ggkigb™ ghiZlZebibq_
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kdhZdlb\ghklfbrZzgghihZapMgblul\Zyhahehbk j [jih[eZ
NZxlZagbp\ _we_dljhhljbpZl_jeZdbkrblihrdZelhebg]®lh
fh™_ImdZau\gahyg glh\aZbfh”_ckwWibd [Zeehb\h*"bdbaf_
g_gbwe_dljhggthgnb]mjhyeoth*ys_JhpehoagZghgZkldtpu
ehldjbrzZ\Zyfnk\hckligZlbgyleyxs clkhebqgufZlZebazZlhjhf
Ney Zdpbbcl -Nlh~rhjh~rgh][h_gZ

Jbk. M~ _evgZyZeblbq ZkdEYglZlZaphj\ Zdpbb
hilhizjzhg\_jKhBhjh"z

Kbkl_TwAgm 1Zd, dzZzd\ j_ZdplhlhiZzjzdhg\_jkigblby
A _fhgkljbjibd_jlbdZlZeblbqg kktibkljb "h[Z\e_glhb"lk-
j_liZlhkdhevidmvw k_j_[jbf_xlihglhZ\guagZq_avey dljhhlj
pbZl_evghiklbdbiheh bl_enNghh*"Kbg_jlbazZgghkokl_fith " _|I
[ulvh[tykg_kZmdImptZk Lbpkf_rZgguga@klbgaag fh]lmfulv
knhjfbjh\ZmgbdZewgub\gp_glju”_Zlhf@€u bAg jZkiheh _
gu\ hij_~_ezgdbgnb]mjZpphe_ki_qgbWbdvg@dxkhj[pbhx
e_dm&Cu klZ[bebabjphfl "mlhggaZklbpazijbf, ZlhfZjguc
H/D), kgb "4yg _j]_Ibqg_[Kdb_ju Zdpbb

HI" _evigé_"m]]j]ZlIblgbfZglyzZiZzagbpmdhjhklijbl_dZz
gbh_ZdplhblhizjZdhg\_jkbd_cl - hjh~rghlh_gHghleb
gZ_llgyl-2 ihjy~rdglhg_\hafh ghtykgbdbg_Ibqg_kdhflhiguf
wnn_dlhife_"h\ZIl_ ewvigibqZxifkyoZgbafdgguighp_kkmBah
f_jgZyghg\_jkithy _lijhl_dzZdZdhobfbqg_kdhZabihfZ]gblghfm
f ozgba¥imh\j _fydzd& cl -Mm~hjh~rgbff_& Ihevdih obfbg _
kdhfBawlh]lhe_~mqllhgZzh\_joghlglbghqgZklblgZ]gblgp_-g
[ju ij_~iheh bl_enmbgphfbjmxsb akkqzihy\e_g\Wd ZgKbdjb
klZeebq_kadlz¢d glhkihkh[klI\imhyle_gbkgbabjh\Zgphufd\
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JbI5. M~ _evgZyZeblbq ZkdEYgZljZaphj\ Zdpbb
N_cl-M~rhjrgHf_gZ
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