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KZfkhgh\ <eZ”bfbj Fbaddeh\bkhj dZn_"ju h[s_c nbab
L\=M ijhn_kkRf g8 nfeZ\guc j_"Zdlhj

Kr"h[gydh\ GbdheZc &X\vp\lgg dZn_~ju h[s_c nbabdb L
d af g “hp_gl aZf_klbl_ev JezZ\ghp\_jkMNZ gldwy £
k_dj_1Zjv

:g”jb_\kdbc JhklbkeZzZ\ e _dk&gVgbtbgZmqgguc khljm~g
hi®_eZ nmgdpbhgZevguo g_hfZagjppqZekidb  Jjmiiu
gZghjZaf_jguo ie_ghd b ihjhrdh\ N=;MG ©Bgklblm
obfbg_kdhc nbabdb Jhkkbckdhc Zdz”*_fbd gZmd2 ijhn_|

Zame_ \ :gZlhebc GhdheZglbdjyZn "~ju h[s_c nbabdb L
d nf g "~hp_gl

=Zng_j Xjbc Ydh\e \dA\ "mxsbc dZn_~jhc h[s_c
wki_jbf _glZevghc nbabdbHNO©®AZMkkdh]h Jhkm~Zjkl\_g
mgb\ _jkbl _1Z ijhn_-Kkdj " n

Kaptay George * doctor of science, viedirector of the University of
Miskolc, Hungary);

DhfZjh\ 1Z\_e <yq_kehp\lgy dZn_"ju h[s_c nbabdb L
Nnf g "~hp_gl

lhi_ev 1_|} KlZgbkeZ\hyhg_kkhj dZn_”"ju nbabdb
fZl_Zlbg_kdh]h fhr _ebjh\Zgby IN=; H®IM jZked b c
Jhkm~ZjklI\_gguc i_"Z]lh]bg_kdbc mgb\_jkbfl gl2 ijhn_kkh

JmkZgh\ :gZlhebc BAAgZH\Bagnxsbc dZn_ ~jhc dheehb:
obfbb N=;HM <H -®KZgajlkdbc ]hkm~Zjkl\_gguc mgb\_j
Zdz”~ _fbd Jhkkbckdhc Zzdz~ _fbb gZmd

KhazZ \ <bdlhj :"uwjaZ\VVmgxsbc dZn_"jhc nbabdb N=;HN
©K_ \-pPhz\dZakdbc -flHggeremjlbg_kdbc mgb\_jkb
=hkm”Zjkl\_gguc | _ogheh]bq_kdbc mgb\_jkbilgl 2 ijhn_

KIZjhkbdlhkFboZceh\pgfessor of the department of chemical
engineering Loughboroughriiversity, Great Britainjjhn_kkRkjn-f.g;

LZjZk_\bg Xjbc Xjw+ 8 "mxsbc dZn_"jhc ijbdez"
fzl _fZlbdb b bgnhjfZlbdb N=;HM <H ©:kljZoZgkdbc ]hk
mgb\_jkbl_I2 ijhn_ktkg; ~ n

S dbg :e _dkzg”] Dba\bdmxsbc dzZn_~jhc klZlIbklbqg.
nbabdb N=;HM <H -10KZ[guj]lkdbc ]hkm~ZjkI\_gg
mgb\ _jkbl _I2 ijhn_kfkgj ~ n

Khdheh\ > gbk Gb#hegyb\dgkdbc j ~Zdlhj bg g j dZ
h[s c¢c nbabdb ld\=siM
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< hqg_j_"*ghf \uikKkdgbdZ gZmqguo Ijm~h\ O©ONDb
obfbg_kdb_ Zki_dlu bamqg_gby dezZkl_jh\ gZghkljmdImj

Ij_~klZ\e _gu j_amevlZlu | hj _Ibg_kdbo b wdki_ |
bkke ~h\Zgbc gZghqgZklbp gZghkljmdIimj b gZghkl
fZl _jbZeh\ Hkh[h _ \gbfZgb __ m” e _gh ijbf_g_gb

dhfivxl_jgh]h fh*_ebjh\Zgby ”"ey dhlhjuo gZghgZklbpu
yleyxlky gZb[he__ zZ” _d\Zlgufb h[t_dlZfb bkke_"~h\Zghb)
| _hj_Ibqgq_kdbo ith*oh”h\ d gZghkbkl_fzf 0ZjZ
Ij__fkI\_gghklvx k f_Ih*Zfb b ih”*oh”Zfb jZajZ[hlZgg!
nbabd_ f_ "nZaguo y\e gbc b dheehb”ghc obfbb WIEL
f ""bkpbiebgZjguc o0ZjzZdl_j dzZd gZghgZmdb \ p_ehf
barZgby J_ameviZlu bamg_gby gZghqgZklbp b gZgh
ihl _gpbZevguo ijbeh” _gbc \ gZghl ogheh]bb \dexqZz
dzZlZeba fzZIl _jbZeh\_~ gb_ [bhl _ogheh]bb b f ~“bpbgn
"Zggh_ barZgb_ ij_~klZ\ey_ | bgl_j_ k dZd ”"ey nbab
[bheh]h\ 1Zd b "ey | _ogheh]h\

J ~dhee_Jby ijh\h”*bl ihklhyggmx jZ[hIm gZijzZ\
th\ur_gb_ mjh\gy ba”*Zgby \dexqZy 9gZmggh_  kh”"_
j_"Zdlbjh\Zgb_ jmdhibk_c b dZqg_klI\h i_qgZlb Jmdhibkb
k[hjgbd ijhoh?yl ijhp_“mjm j_p_gabjh\Zgby Z himJ[eb
klzlvb jZaf _szZxlky gZ kZcl_Jhkkbckdhc we dljhgghc
mjh\g_ ba”*Zgby b bgl_j k_d g_fm fh gdnzZdhhpmhv ih
JBGP dhlhjuc dhe_[e_|ky hl \uimkdylbde \lgtn & dohi Zglh
nZdlhj khklz\ey | d gZklhys fm \j_f gb glh
khhi\_IklI\mxsbfb ihdZazl _eyfb jy*Z "mjgZeh\ Ba~Zl_evk

ljblJezrz f d khljm~gbg_klI\m \ dZqg_kI\_  Z\lhjh'
jZ[hlgbdh\ ij _ih~zZ\zZl e _c¢c \mah\ ZkibjZglh\ b kim”_glh

J "ZdpbhggZy dhee ]
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:gghlZpbyx ~Zgghc jZ[hl_ jZajZ[hlZgZz f_Ih"bdZ ihemq_gby fZ
dheehb”guo qZklbp, ih\_joghklv dhlhjuo fh~bnbpbjh\ZgZz ~bhd
dj _fgby lhemq_gu KkljmdImju-h[hiezhq@¥2jh ] e h[jZagZy kljmdl
hlez"ZxsZy n_jjhfzZ]gblgufb k\hcklI\Zfb Z 1lzd _ h[tzfgu_ d
jZ\ghf_jgh jzZkij_~ _ezggufb gqZklbpzfb ] _dkZn_jjblZz

Dexq_\u_ kelh\dkzZn_jjbl kljhgpby fZ]lgblgu_ gZghgZklbpu fZ
"brdhklv dheehb”guctrphldkby dj_fgbly[hyeyhgdZ ihdjulby

<\_"_gb_

FZ]lgblhl\zj~u_ gZghqZklbpu ] _dkZn_jjblz kljhgpb
jy hf ij_bfms_kI\ ih kjZ\g_gbx k kmi_jiZjZfZ]lgblgufb ¢
g_dhlhjuo h[edhkfy@ _gby FZ]gblhl\zj2u_ qZklbpu fh]m
bkihevah\Zgu \ gbadhqzklhlghc J]bi_jl_jfbb \ke_ "kl
]Jbkl _j _abkguo ihl_jv b [hevrh]h m”_evgh]h dhwnnbpb_
[1, 2]; kbevgh ZgbahljhigZy ieZklbgqZlZy nhjfZ b gZeb«
e _]dh]lh gZfZ]gbgb\Zgby m qZklbp ]_dkZn _jjblzZ ijb\h
agZqbl_evgh]h fZ]lgblhhilbg_kdh]h wnn_dlZ K\ _
dheehb”guo jZkl\hjh\ aZ\bkbl hl \ _ebgbgu b gZijZ\e
fZ]lgblgh]lh iBley \ke_~klI\b_ wlh]Jh [Zdb_ dheehb”u fh
bkihevah\Zgu ”"ey mijzZ\e_gby k\ _Ih\ufb ihlhdZfb
fZ]lgblhl\zj~u_ qgZklbpu ] _dkZn_jjblZz kljhgpby i_jki_
kha"Zgby mkljhckl\ fZ]gblghc aZibkb \gktkdhn jellghk
hjez”Z | 1hjZa”~h [hevr_c obfbqg_kdhc klZ[bevghklvx dh
1Zzd"_ qZklbpu ] _dkZn _jjblzZz h[ez”Zx| f_gvrbfb ebg_ cgt
[4,5], glh \ i_jki_dlb\_ hagZqgZ_ | [hevrmx iehlghklv aZibk
iehlghklv ebg_cghc aZibkb pzdkkn*ijblyauo qZklbp
2015]h~mhklb]lezZ=[ ~xéf6)).

BaaZ \ukhdhc dhgklZglu fZ]gblhdjbklZeebq kdhc
kmi_jizjztZ]gblguc ij_*_e jZaf_jzZ "~ey }ldkZn_jjbl
kms_ kI\_ggh f_gvr_ qg_f “ey f IZeeh\ b fZ]gblguo hc
lhwlhfmz  _ ~hklZlhggh fZeu_ gZghgZklbpu ]_dkZn_jjb
azZf _Ilguf hklzZlhgguf fZ]gblgufbfhih”™dlhf §qujZkl\hj_
dhZ]lmeypbb \ke ~kl\b_ kbevguo fZ]gblgwHkh\agih”™ c
k _jv_aghc ijh[e_fZ dhZ]meypbb klZgh\blky 7~ey hlghk



gZghqgzklbp jzZzaf_jhf dhelheehb”*gakl\hju dhlhjuo dZzZd
[ueh hlf_q_gh \ur_ fh]lml h[ezZ”Zjv kghu\iibfb bhge_agufb

k\hcklI\Zfb H~gbf ba kihkh[h\ ih\ur_gby klZ[bevghklb
jZkl\hjh\ y\ey |ky fh*bnbpbjh\Zgb_ ih\_joghklb dheeh
dhlhjh_ ijb\h~bl d kgb _gbx fZ]gblgh]h ijblyh _dby Z

bkihevah\ZIvky “ey ijb*"Zgby eggdd|bgnvZggfudhnmgdpbhgZevq
k\hckl\ GZijbf_j ithdjulb_  ba “~bhdkb”Z dj_fgby |
bkihevam |ky ey jZaebqguo [bhf "bpgbgkdbo ijbeh” _gb

Wdki_jbf _glZevgZy qZklv

ljb]hlh\e_gb_ dheehb”guo jZkl\thjkms_ kl\epmeb
f Th~bd_  hibkZgghc \7,j8][hl€odzZq_kI\_ ij_"~r_kI\ _ggb
bkihevah\Zeb kl_dehd_jZfbdm kh” _j ZsmkxjZbathe bjh\z
fZljbp_c¢c gZghqgzZRldk&Zn jjblz Bkoh~gh_  g_Z]j_1bjh
khklhygb_ qgZklbp y\ley Iky dexqg_\uf nZdlhjhf ~“ey
bal]hlh\e_gby dheehb”h\ <ke_ "kl\b_ kbevgh]h jZaek
k\hckl\ gZklbpu ba [hjZlghc fZljbpu e_]Jdh fh]lml [ulv \
h[jZ[hldb kl_dehd_jZfbdb jZa[Z\e_ggufb jZklI\hjZfb dbk
kheyghc beb mdkmkghc

>ey ba]hlh\e _gbgzZ kibhfdxs]h ghfbgZevgkbtklzZ\

khklz\ kf kv ihjhrdh\

: : : b th™\ _j]Zeb ieZ\e_gbx ijb
\u™ _j b\Zeb ijb wlhc | _fi_jZImj_d b _@qZdbf azZzdZeb\Ze
jZkiezZ\ f_""m \jZsZxsbfbky klZevgufb \ZedZfb Ihemq
bahl jfbg _kdb hl ' b]Zeb Yjb _q gbg "ey djbklZeebazZpbl
gZklbp ] dkzZrk]jd&hd jzZfbdz) >ey \u™_e gby qgZklbp
[hjZlghc fZljbpu baf_evqg_gguc ihjhrhd kil _deh& jZfbdb
kheyghc dbkehlhc b ih#\jZ]Jaebdhhlec h[jZ[hld_ \ | _qg_

fbgml ijb gZ]j_\_ jZklI\hjz AR&Al_f h[jZah\Z\rmxky kf_
gZklbp hkz ~Zeb \ fZ]gblghf ihe_ jZkl\hj khe_c¢ *_dZ¢
g_]Jh d hkzZz*dm \gh\v ijlkdékeygebx dbkehlm b ihA\_j]Zeb j:
mevljZa\mdh\hc h[jZ[hld_ lThke_ Ij_Iv_]h ijhfulZgby
gZklbpu ] _dkZn_jjblZ kljhgpby aZeb\Zeb ~bklbeebjh\Z
h[jZah\Zgby kmki_gabb dhlhjmx hklZ\eyeb gZ kmld!
Z]1i.1ZIh\ qgZklbp < j_amevlzZl_ ihemqgZeky klZ[bevg!
jZklI\hj dhlhjuc bkihevah\Zeky 7"ey ~Zevg_crbo w
dheehb”guc jZklI\hj

>ey fh”bnbpbjh\Zgby ih\_joghklb gZghqzZklbp ]
bkihevah\zZeb f_Vhhbgm _ dhlhjhc e "bl f_ IO} Reély[ jZ
kbgl aZ h[jZapZ d dheehb”rghfm jZklI\hjptzfhf



fe "h[Z\ey&bbjlh\hc jZkl\h] |_ljZwlhdébgpegdbZpby
\ s _klI\zZh[t_fguo ijhp_glZ h[tkdhth[tzf jZkIth\Dh" *beb
"h fe”~h[Z\e_gb_f wlbeh\h}hekikhlZ*"Zgbkqggkjc ~u d
jZklI\hjmh[Z\eyeb jZklI\hj ZffbzZdZfhf[ fe 1ihemqg_gguc
jZklI\hjih~\ JZebmdyZa\mdh\hc h[jZ[hld_ \ Ifbgnglb
lhemq _gguc h[jZa_p e khkhg\efynlguc ~_elh\Zluc jZklI\h
hildm~Z f _|h*"hf fZ]gblghc\u?i2&jzélhh j " ZsmX]gblgu _
gZklbpu nZam \ ijhp_kk_\u”_e_gby ihjhrhd [ue fgh]h
\h~hc
>ey kbgl_aZz d dheehb”ghfm jZkl\hjm
hitzfhf fe ~h[Z\eyebibjlh\hc jZkl\hj | _ljZeklgdkbkb
dhgp_gljZpby \_shkt\Zguo ijhp_glh\ h[tzfhf fe hJt:
jZklI\hjzth\h~"beéb fe ~h[Z\e_gb_f wlbeh\h]h kibjlZz "ey k
s _ehgghc kj_~u d jZK[IXhemeb jZkI\hj ZffbZdZ h[tzfhf
fe ]brjhebjdmba\h"bdba meviljZa\mdh\hc hgZ[hldb
_amevlzl_ ijh\_~ gby JbMhedgtkiklgZb\ZxsZyky kbkl_f:
_jogyy qZklv dhlhjhc dagkhkhzZ\¢ykp\_lguc jZkl\h] Z gb"
] _ewkhklhryoc ba jZkl\hjbl_ey qZklbp “bhdkb”zZ dj_fgl
_dkZn_jjblzZz kljhgpby ihdjuluo “bhdkb”~hf dj_fgby
h[jZah\Z\r_cky kbkl_fu hi g_ijh]b”*jhebah\z
| ljZwlhdkbkbehdkZgZz b baf_g_gby “bki_jkbhgghc
ijhbah\*"beb dzghZpD ] _ex “"ypdda[ulhd \h*u “h "hklb" _gb
hit _fZ kbkl_fde kbkl fzZz fgh]hdjzZlghb\ZgZkvhke _
hkz ~ gby ] eyijhda\h bebdZglZpby ba[uldZ jZkkehb\r_
jZkl\hjz kh” _j ZsZy fZ]gblgu_ qgZklbph!|Y _ey&bdy nZs
ithfhsvx fZ]gblZz ImRiige "h\Zl _evghklv Yuibkldpeb
iylv jZa "h m~"Ze _gby aZiZoZ kibjlZz hl dhg_qgh]h jZkl\h
=b~jh~"bgZfbqg_kdbc "bZf |Ij dheehb”guo gZklbp baf

"bgZfbqg_kdh]h k\_IhjMderny mbtyuments Zetasizer Nano)ZS
< ebqgbdimkehlghklb hij_ R _ewfdlsvpH-f_|]ZORION 420A.
Dheehb”gu_ gZklbpu bkke_ _"~h\Zeb f_Ih~Zfb ijhk\_qb\Zx:
fbdjhkdhilarl Zeiss Libra 200MC b fZ]Jgblguo baf_j gbc
ithklhygghf fZ]gblghf ihe_k gZijy _dgdhkIvX]lgbhhf 1]
Ibiz ©\_ku NZzZjzZz~_y?

j
\
2
]

H{km ~ gb_j amevlZlh\
DZd m _ [ueh ihdZaZgh \ gZrbo ij_"u“msbo jZ[hlZo
f Th"bdzZz iha\hey_ | ihemqgZlv klZ[bevgu_ dheehb”"q

] dkZn_jjblZ kljhgpby k hlghkbl_evgh madbf jZkij_"_e
jZaf_jZf ijbqgzf _"bgkl\_gghc “bki_jkghc nZahc kh’
dheehb”_ yl\ey Iky ] kdkgmplhyh! Bamqg_gb_ klZ[bevghkl



dheehb”guo jZkl\hjh\ ihdZaZeh qlh ~ey bo ijbf_g_gby
jZajy™db ih\_joghklb qZklbp | d wlh ijb\h”bl d bo [uk
HrgZdh “ey [hevrbgkl\Z ijZzdlbg_kdbo ijbf_g_gbc fZ]g
lj _[m_Ilky fh*bnbpbjh\Zgb_ bo ih\_joghklb ithdjulb _
ahehlhf b [~ glh djZcg_ keh ' gh hkms_kl\blv [_
ith\_joghklgh]h azZjy”*Zz < wlhf kemqgZ_ g_h[oh”bfh
hljZgbqgblv kdhjhklb Z]j_]Zpbb b k_~bf_glZpbb gZij
ihgb™ _gby dhgp_gljZpbb bkoh”guo dheehb”guo jZklI\hjh
fZ]lgblgu_ gZklbpu fh]jml [ulv e _]Jdh kdhgp _gljbjh\Zgu
fZ]lgblZz

H[jZa _p [ue bkke ~h\Zg Kk ihfhsvx
ijhk\_gb\Zxs_c¢ we _dljhgghc fbdjhkdhibb kf jbk Kt
ihjhrd_  kh”_j Zlky h”bghggu_ qgZklbpu ]_dkZn_jjbl
ithdjulu_  “bhdkb”~hf dj _fgby kn_ jbqg_ ki awyWYhbpu
h[hehqgdBZf I|jhf gf

Jbk . Fbdjhnhlh]jZnbb qZklbp ithemqg_ggu_ k ihfhsvx
ijhk\_gb\Zxs_]1h we_dljhggh]h fbdjhkdhiZz



Dhg_qgZy kbkl_fz ij_"klZ\ey | kh[hc ]_ev ~bhdlk
dj_fgby k jzkij_* ezggufb \ gzf gZklbpzZfb ] _dkZn_jj
(kf jbk2 e _\uc Ilhke_  mevljZa\mdh\hc h[jZ[hfladdm\ | _qgq_
"NZggZy kbkl_fz ij_\jZsZ 1ky \ ijhajZqguc h”™ghjh
(kf jbkipZ\uc dhlhjuc hklzzlky klZ[be_g \ |I_qg_gb_
kmlhld_ g_ ijhy\ey | ijbagZdh\ Z]j_]Zpbb b k_~bf_glZphb

Jbk . = _ev k “h[Z\e_gghc \h~“hc e _\Zy nhlh]jZnby
bah[jZz 1gdZ kzZfzZy kbkl_fZ ihke_ mevljZa\\mldy\ hgb libjgZrhh Idb

Ilhemqg _gguc ] _ev Jue \ukmr_g \ kmrbevghf rdZnn
gZkh\ ijb I _fi_jZImj\ j_amevliZl_q_]h [ue ihemq_g il
"ey dhlhjh]l]h baf j gu fZ]gblgu_ k\hckl\Z Khl]eZkgl
(kf jbk3 e _\g,c\ukmr_gguc ] ev ij _"~klz\ey | kh[hc fZ]ghbll
fZl _jbzZe gZfZ]gbqg_gghklv gZkus _gby dhlwhflh klhkZzZ\e
dhwjpblb\gZy kbeW zKhihklZ\e gb_gZfZ]gbg _gghklb g:
] ey b ihjhrdZ ihemq _ggh]h \ukmrb\Zgb_ f dheehb”gh]h
(kf jbkigz\ux iha\hey | hij_~ eblv kh”_j Zgb_ fZ]gblgtl
\ukmr_gghf ] e hgh khikdAkkéyud ijhp_glZ
Kbgl abjh\Zgguc ba ] ey ahev [ue bkke "h\Zg
f Th Zfb "bgzZfbg_kdh]h k\ _IhjZzkk_ygby b ijhk\_gb\Zxs
fbdjhkdhibb Kh]leZkgh >KJ kf jbk ahev oZjzdl _jk
jZkij_~ e _gb_f gzZklbp ih jzaf_jzZzf fzZdkbfmf dhlhjh]h
gf QZklbpu 1Zd" _ h[ezZz”"Zx| agZqgbl_evguf hljbpZl_
ihl_gpbzZehf kj_~gyy \_ebqgbgZ dhlhjhHkh klbklZY)ey |
glh h[_ki_qb\z_|I Z]lj_1Zpbhggmx klZ[bevghklv
k_"bf_glZpbhggmx mklhcgb\hklv ahey



Jbk . FZ]gblgu_ k\hcklI\Z ihjhrdz ihemqg _ggh]lh \ukmrb\Zc
ke \zZ b gzZklbp kijz\z lhjhrhd w

w f ] w f ] gZklbpu \W w f ]

Jbk . JZKkij_~ e _gb_ qZklbp ih ]b”jh*bgZfbq_kdhfm gfbzl§ Ijm
Na -lidl _gpbZem f< \ aheb

Khl]ezkgh ~Zgjgkf\_gb\Zxs_c¢ we_dljhgghc fbdjhkc
(kf jbkb), fbdjhkljmdImjz igheéklz\ey | kh[hc h[tzfgu_
dhfihablgu_  qZklbpu “bhdkb”~Z dj _fgby \ dhlhjuo
jZKij_~_e_qgu bigedikl]_dkzZn_jjblz kghgpby] k baxfhf?
lhemqZ_ fuc 1zZdbf h[jzéamt_I] [aMv bkihevah\Zg \ dzqg_l
fZlgblgh]lh khj[_glZz



Jbk . Fbdjhnhlh]jZnbb qZklbp ahey ihemqg_ggu_ k ihfhsvx
ijhk\_gb\Zxs_]1h we_dljhggh]h fbdjhkdhiZz

<u\h”u

GZ ijbf_j_ihdjulby “"bhdkb”~hf dj_fgby ihdzZazZzgZzZ ijb
\hafh ' ghklv nmgdpbhgZebaZpbb dheehb”guo qgZklby
kljhgpby ihemqg_gu kljm-dljrhjezhgd/Z2jh]_dkZn_jjbl#hdkl
dj fgby ] e h[jZzagZy kljmdImjZz h[eZ"ZxsZy n_j
k\hcklI\zfb Z 1Zd _ klZ[bevguc ahev khklhysb& ba qZzZl|
kljhgpby ihdjuluo “~bhdkb”hf dj _fgby kljmdImjzZ Ibi.
baxfhfa
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:gghlZpby 1jh\_~ ggh kjZ\gbl_evgh_ bkke_ "h\Zghi jgh\devl
oZjZdl_jbkibdglzdlz f-flA4€ee "~ey ie_ghd ahehlZ b k_j [jZ k hk
\hevnjzfz ihdZau\Z wkigjhf_glZevgu_ j _amevlZlu k\b”™ | _evkl

g_h[oh”~bfhklb IszZl_evgh]h mq_IZ iZjzf_Ijh\ \ebyxsbo gZ Imgog
bale _qg_gby bgnhjiebdljhgghc kljmdImj_ h[jZapZ

Dexq_\u_ keh\Z kdZgbjmxsZy Imgg_evgZy fbdjhkdhiby ahehl
\hevEfi_jgZy oZjzdl_jbklbdz |_jfbg_kdh_ jZkrbj_gb_ hkljby

GZghfZl_jbZeu b bo k\hckI\Z ijb\e_dzZx|l h]jhfgh_
\ke_"klI\b_ bo rbjhdh]h ijZdlbg_kdh]h ijbf_g_gby
1ZjZf_ljhf IThgdbo iezghd f |IZeeh\ b gZghqZklbp
we dljhggZy kljmdIimjZz ljb t&ZffmsjgucheokjZdl_jbklbd
kgyluo \ jZaebqguo lhgdZo ih\ _jloghlkld hfhzZkhj ~ e gb
jZaebqguo nZa gZ ih\_joghklb dhfihablguo kljmdIm
dhjj_eypbb f_"~m | _ogheh]bq_kdbfb izZjzf ljZfb bo
we _dljhggufb k\hdkd#lzDghf_ Ih]l]h ijZdlbg_kdZy agZqb
jZ[hlu h[mkeh\e _gZ |I_f qlh \ gZklhys__ \j fy gZghqZ
\W\h2ylky \ ZdIb\gu_ kj_"u we_dljfg.guo mkljhckl\

< N"Zgghc jZ[hl_ gZ gZghl _ogheh]bg_kdhf *®*hfie dk

[ueh ijh\_~ _gh kjZ\gbl_evgh _ bkke-2hi\Z4ghc \h
oZjZdl _jbklbdb dhglzdlZ f |Zee-f 1Zee ~ey ie_ghd ah
hkljb_f ba \hevnjZdgdZ hi®_evgu_ j_amevlZlu ih”h[gh
bkke_ "~h\Zgpzfb [uebm™ _  ijh\_" dey gZghihdjulbc

©ahehlh kex~rza ©k_j _[jh kex*Z2 b him[ebadlhZgu \
HAgZdh hlebgb_ ~Zgghc jZ[hlE@hlaZdeXgZ>1ky \ |Ihf q
\ebygb_\j f ggh]h nzZdlhjzZ gz -ia\i Ygblo_o¥h&dll jbklbdb
lj _[m_I “hihegbl_evgh]h bkke_ ~h\Zgby \ qZklghklb ij
kl i_gb \ebygby | _jfbg_kdh]h jZkrbj _gby hkljby k
h[fgZjm  _gb_ fZkkhi_j ghkZ k hkljBy|&H& hilijiyep gby
hdkb”guo ie_ghd

GZiue_gb_f 1Zeebqg_kdbo keh_ \ k_j [jZ ijhba\h”?be
mklZgh\db - <Mjfjb ~Z\e _gbb \ha"moz \ \Zdmmfghc

ff jI kI H[jZa_p \ \b~_ kehy kex”u k oZjZdkfjguf jZ
ihf _sZeky gZ jZkklbhfygbbhevnjZfh\hc kibjHehblbdh\



\gmljb dhlhjhc ihf_sZeZkv ahehlZy beb k_j _[jygZy ijh\}l

kf b "ebghHt Ij_"\Zjbl_evguc ihkl_i_gguc gZ]j_\ kib]
h[jZzapZ hkms_kl\eyeky \kl_gq_ghp_ kk bkiAdjlggygd _

k FZdkbfZevgZy kbeZ IhdZ ijhl_dZxs_]h ih kibjZeb ¢

bkiZj _gby gZiuey fuaq Khkd2edwe:Z

KLF ihal\hey | bkke_ _~h\Zlv g_ |hevdh fhjnheh]bx
h[ijZapZ gh b __ ehdZevgmx we_dljhggmx kljmdImjm
NZgguo bgnhjfZpby h[ we_dljhgghc kljmdImj_ h[jZapZ f
bkdZ gZ \ebygb f jZaebgguo nzZdlhjh\ dhlhju_g_\k_
GZfb [ueh bamqg_gh \ebygby iZjzZf _Ijh\ Imgg_evghc kbk
gZ ijbf_j_ "\mo fh”_evguo kbkl_f hkljbh[jAbepnjZf
(ahehlh k_jg4jhh~*eh"d_ ba kex”u

GZ jik2ijb\_~ gu j_amevlZlu k_jbb baf_j gbc <:0 |
[ a aZf_gu hkljby Q_jgZy djb\Zy khhlI\_Ikl\mxsZy h*"
kdZgh\ hdZaZeZkv Zkbff lIjbggZ hlghkbl _evgh agzZdz
k\b” I _evkl\m_| h \ebygbb we_ dljhgghc kljmdIimju
ijh\_~ gbb fgh]lhdjZlguo baf_j gbc k h~gbf b |_f °
aZ\bkbfhklv klzgh\blky kbff _Ijbgqghc hlghkbl_ elwgh agzZd
"bzZiZahg_gZijy _gbw<wlh hkh[_ggh a&Zd wdh]h fh gh
kA _eZlv \u\h™ qglh we _dljhggZy kljmdImjZ hkljby baf_c
[ulv h[tykg_gh fzZkkhi_j _ghkhf k h[jZapZ gZ hkljb_
hif _Iblv qlh \ gZb[he_ _ h[s_f kemqgZ_ nhjfZ Imgg_ ¢
aZ\bkbl hl jZ[hl \uoh”~Z ba fZIl_jbZeh\ h[jZapZ b hkljb:
gZijy _gby jZkklhygby f_""m we_dljh*Zfb Djhf_ Ih]t
mqgblu\Zlv ihl _gpbZe kbe a _jdZevgh]h bah[jZ _gby
ijb\h”~bld jZaebqgbyf g_ lhevdh \ agZq _gbyo Imgg_evgh
nhjf_ djb\uz.

ljb wlhf ZgZeba <:0 ihdZaul\Z_ | kms_klI\h\Zgb_ aZij
lhevdh m h[jZaph\wkhj Jh¥hjblgZebgbb hdkb”"ghc iezgdl
ih\_joghklbbjbgZ dhlhjhc khklZ\ey w<il8}jy<dd&Zd hif
kfuke_ gZebgb_ hdkb”~ghc ie_gdb gZ ih\_joghklb k_j
gZiue_gbx kehy ihebf jZz LzZdbf h[jZzahf fh gh h b"ZI
hkh[_gghklih\_~ gbb -Wfevjghc o0ZjzZdl_jbklibdb hibkZgg
jZ[hlI[16]. >ey ie_ghd k_j _[jZ baf_g _gb_ <:0 kh \} _f g f
[he_ _ iezZ\gh b ebrv djb\Zy khhlI\_IklI\mxsZy gZb[heyv
baf j gpyadh hlebgZ_ Iky ijb iheh bl _evgulof gilaky  gbyo
>ey ahehlZ ihke_ ~\mo i_j\uo ihke_ "~h\Zl _evguo baf_j_
j_adbc kdZghd JgZzdbtdBZ jbk glh k\b”™ | jexaldhm | h
m\_ebqg_gbb khijhlb\e_gby Imgg_evgh]h dhglzdlZ HIqZz
k\yvaZgh k kms_kl\h\Zgb_f gZ ih\_joghklb h[jZapZ djmi
"ey dhlhjuo djb\uijb<i®eh bl _evghf gZijyh]lmblf |v



g_kdhevdh “jm]Jmx nhjfm \ hlebgb_ hl hiI*l7@@gu0 gZc
gZklghklb IZdb_ Z]lehf_jZlu hjgZphd ghehdy 1§]Z[hl_ >

Jbk Dib\u_ k_jbb baf_j gbc <:0 dh&lZd[gZh\hevnjZf +

Jbk Djb\u_ k_jbb kaD jdlypl@d|Z \heamjeiflh



Bkke "h\Zgb_ <:0 dhidéfdllZee ey ie_ghd ahehlZ
K _j_[1Z k hkljb_f ba \hevnjzZzfZ ihdZau\Z_| qlh wdki
j_amevlZliu k\b”_|_evkbm{lohhbfhklb IsZl_evgh]h m«
1ZjZf _ljh\ \ebyxsbo gZ Imgg_evguc |lhd "ey bale_q_gb
we dljhgghc kljmdImj_  h[jZapZ NhjfZ Imgg_evghl]h
baf _g _gb_ hl ijbeh” _ggh]h gZijy _gby hdZaul\Z | kms_k
gZ ihemqZ_ fu_ \ KLF ~Zggu_ >ey ZgZebaZ wdki_jbf_

g_h[oh”*bf ~ 1Zevguc mq_I| ijhajZqghklb Imgg_evgh]h
gZfb jZg__ ihdZazZgh \, jR2[HBfogkh wnn_dl | _jfbg_kdh]
jZkrbj _gby hkljby hdzZaulZ | kms_ klI\ _ggh_\ebygb_ g
Zfi_jguo oZjZdl_jbklbd kbkl _fu ~Z" _ ijb fZeuo ih kjZ\g_

\uoh”™Z gZijy _gbyo kf_s gby
HIf Ibf qglh baf_g _gb_ ~ebgu hkljby ijhbkoh”bl \

kg | | _jfbg_kdh]h jZkrbj _gby Ijbg_f \deZ/E wpZ]bb
ij g [j_'bfh fZe \ kjZ\g_gbb k \deZ~hf wg_jlbb Ghllbg]
| ieh\h_ jzZkrbj_gb_ hkljby fh _| ~hklb]ZIv \_ebgbg

rbjbghc Imgg_evgh]h ijhf_"mldZz b \hafh ' gh \hai
eZ\bghh[jZagh]h ijhp_kkZ | _ieh\h]h jZkrbj_gby hkljby
\hagbdgh\_gbx dhglZdlz f_""m hkljb_f ahg™Z b ih\_jo
glh ih~I\_j"~Z |Iky 7~Zggufb dhfivxl_jgh]lh [BA”» ebjh\z
Hij ~ e _gguf "hdZaZl_evkl\hf jZa\b\Z_fhc gZfb |_hjbb
wdki_jbf_glZevgu_ j_ameviIZluZb@kéeyhkREkgIbdu>\hevnjZf
ahehlh J_anmXAv@Zkhhl\_IklI\mxl dZd jZkg_Im [_a mq_IZ
kbe a_jdZevgh]lh bah[jDB kgbVyh g Ihf LZdbf h[jZahf

ithdZazZgh qlh | _jfbg_kdh_ jZkrbj_gb_ hkljby k\yaZgg
wg_jlebhmey gpZ b wg_j]Jbb Ghllbg]zZztXztk \dblygyba gZ

<:0 Imgg _evgh]h [Zjv_jZ | d rbjbgzZ aZahjZz aZ\bkbl

gZijy _gby = 1zd ~_ ijh\_~ gZ dhebqg_klI\ _ggZy yhp_gdZ
gZ <:0 hibkZgguo \ur_. wnn_dlh\

JZ[hlZ \uiheg_gZ ijb nbgzZgkh\hc ihA* _j°d_ Fbgh[jgZmdb \ jZfq
]hkm~ZjklI\ _gguo jZ[hl \ kn_j_ gZmgghc ~_yl _evghklb ijh_dl «
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? :<hjhgh\Z G < Gh\h'beh\ H < FboZcehbzZkbfihabhfkkhckd
jZkljh\hc we_dljhgghc fbdjhkdhibb b ZgzZeblbq_kdbf f_Ih"Zf bkk
| e By RdhezZ fheh”uo mq_guo ©Kh\j f ggu_ f |h”u we _dljhgg
fbdjhkdhibb \ bkke_"h\Zgbyo gZghkljmdimj b gZghfZl_jbZeh)
1-5bxgy ]h~rZ | _abku £Qdedi\eh\dZ BILF J:#XK  -121.

20. Khdheh\ H G&Gh~_ebjh\zZgbb |I_jfbgq_kdbo wnn_dlh\ ijb \azZzbfh”"_c
kdZgbjmxs _]h Imgg_evgh]h fbdjhkdhiZ k h[jZaphf > G Khdhet
| K Dmlbebg H < Gh\h'beh\ H < FboZceh\Z : K 2018gh\ G
+< Kk -80.

21. Dhjgbeh\ HBamqg_gb_ \ebygby nhjfu Imgg_evgh]h [Zjv_jZ gZ Ir
\ KLF H: Dhjgbeh\ == <ezZ”bfbjh\ -L._aKEg-dd G D KMj]

KI[=M i K
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DIJBKL:EEH< B G: =J:GBP?
K Hl=:GBQ?KDBFB @B>DHKLYFB
: F :i_dhB =R _[amcdh\z

!N=;:GMB@klbIml ijbdezZ~rghc fZl_fzZlbdb b zZ\IhfZlbaZpbb?
360000,D;J ] GZevgbd me, R&j1Zgh\Z
ZN=:HM <H ©DZ[Z7%gikdbc JThkm~ZjkI\_gguc mgb\ _jkbl |
bf O F;_j[_dh\z?
360004,D;J ] GZevgbd me Q NyaBr_\kdh]h
[aslkbsu@yandex.furina.shebzukhova@ail .ru

cgghlZpbyza\bl fh*bnbpbjh\Zgguc \ZjbZglkmZéb kliplyg dfid hkj h Z
jZkq_lz |1 _fi_jzZlmjghlh \dez”~zZ \ f_"nZagmx wg_j]lbx f_IZeeh\
g _iheyjgufb hj]J]Zzgbq_kdbfb "b~rdhklyfb Ihemqg_gZ aZ\bkbfhklv

\dez~Z \ f_"nZagnbx wg _j] b hl hjb_glZpbb f |IZeebq_kdh
djbklZeed "bwe_dljbq_kdhc ijhgbpz_fhklb "b~rdhklb
Dexq_\u_ keh\z f "nZagZy wg_j]by | fi_jZIlmjguc \dez" K

dh[Zevl we_ dkitzdgkibg _kdZyy hj

K\hckI\Z ih\_joghklb I\ _jBRjBxl_egZZxsmx jhev \
fgh]l]bo | _ogheh]bg_kdbo b ijbjh*guo ijhp_kkZo < |
hij_ ~ e gb_ ih\ _joghklguo o0Zjzdl _jbklbd gZ 1]jZgbpZz
1j_"~klz\ey | [hevrhc bdheblkg kl\h | _hj_Ibg_kdbo
wdki_jbf _glZevguo bkke_ "h\Zgbc ihk\ys gguo \ebygl
nZdlhjh\ gz \_ebgbgm b ih\_* gboZjZdinZalglba
f I Zeebg_kdbo djbklZeeh\ m\_ebgb\Z_I|kKy kHAgZdaaf ]h
ke "m_| hilf_Iblv qglh g _~hklZlhqgh bamq_gZ f "'nZagZ
gZ ]ljZgbpjlZxgbq _kdbfb "brdhklyfb b _ hjb_glZpbhggZy
[2-9. GZ hkgh\_ we-WIZhlglgihg _kdhc | _hjbb jgkg *ugu
| fi_jZImjgh]h dhwnnbpb_glZ ith\_joghklghc , wg_j]b
ithemqg_ggu_ agZq_gby ohjhrh kh]l]eZkmxlky k hiulgufl
ijhkluo f_IZ§feh\

< "Zgghc jZ[hl_ \ jZzfdZo fh”bn\yb phguAy gdlljir g g h
klZIbklbg_ kdhc[2-9hijbémql oi jZImjgwdezZz” \ f "nZagmx
wg_j]lbdjbklZeeh\ kdZgldygd -dh[ZevbZ ]jZgbp_ Kk
hjlZgbq_kdbfb "b~rdhklyfbwe dljbqgq_kdhc ijhglOpzZ_fhk
"brdhklRzZzkkfzljb\Z _|Iky fh”_ev kbkl_flhjl]ZdBbgekdZy
"brdhklv dhlhjhc bhgu f IZeeZ ih]jm  _gu \ we_dljhggm
Oh” we _dljhgghc iehlghklb b ihl_gpbZeZ gZ iehkdhc
djbklZeebg_ _kdzZy'Biegvdlfbq_ _kdZy "b~rdhklv gZoh”blky b
mjZ\g_gby LNf4dkZ k mq_Ihf fZdjhkdhibg_kdhc "~bwe_d
ijhgbpzZ fhklb hjl]Zzgbg_kdhc "b~dhklb Dhhj*bgZlgZy



I _ji_g”"bdmeyjgh d 1ih\_joghklb jZa” eZ klhglZgnpZ\e ¢
hjlZzgbg_kdhc "b~dhklb Nbabqg_kdZy ih\_joghklv jZa“
dZzkzl_evgh ih\_joghklguf bhgzf IZdbf h[jZzahf qglh \k_
bhgu I\ _j~h]h f |1ZeeZ p_ebdhf hlghkylky d \gmlj_gg_c
j_r_ldhc f_1ZeeZ

;_ajZaf_jguc ihl_gplhZe eyxsbc oh” ihl_gpbZeZz
we _dljhgghc iehlghklb gZ ]jZgbp_ f IZeeZ k hjlZgbqg_
"ey \gmlj_gg _c¢c b \g rg_c h[eZkl _c f 1ZeeZ 9gZ ]jZgbj
hjlZgbqg_kdhc "bAdhklvRR]ihabby gu

ijb : (1)
ijb (2)
| b + [ _ajZaf _jguc ihl _gpbZe ¢

nbabq_kdhc ih\_joghklb jzZza”_ eaAl a&abwWe&kydlgbg kdhc
ijhgbpzZ _fhklb "b~rdhklbajZzaf_jgZy dhhhj*bgZzIZz
L fi_jZIlmjguc \dezZ”~ \ f_"nZagmx wg_jlbx dZd b \ i
wg_ jlbx >hij@"_ey Iky bhgghc b we_dljhgghtt kh&keéZ\eyx s
3)

(4)
kdezZ”u\Z |ky ba ]Zjfhgbg bkd&lmgdzZzjfhgbqg_ kdhzZkl _c
K\h[h*gZy wg _j]lby dhe_ [Z|l _evgh]h “\b" _gby bhigh\ f_ |z
mqg_|hf Zg]Zjfhgbqghklb hij_~ ey Iky ih nhjfme _

BhggZy khklZ\eyxsZy

(5)
1~ ; + i _j\uc dhwnnbpb gl
Zg]Zthgbqgthb k\yaZgguc k | jqu kdbf dhwnnbpb _
jZkrbj_gby khhlghr_gb_f + kj_"g__

jZkklhygb f ""m bhgzZfgh\ _kguc ij’ebmkgIZJgh]h rzZjz
+|_fi_jzImjz »_pagklhyggZy ;hevpfzgZz

K\h[h”gZy wg_J]by dhe_l[ezrgldljchk\lb i_j_oh~gh]lh ke
1ZjZee_evghc ]b[[kh\hc ih\_joghklb jZza®_ezZ [m”"_lI

(6)

_fi_jZImjguc \dezZ” bhgghc ih*kbkl_fu f_|ZeeZ \
wg_j]lbx hij_~_ ey |ky \ujzZz  _gb_f



(7)

beb i _j oh”y hl kmffbjh\Zgby d bgl_]jbjh\Zgbx
(8)
| +qbkeh gqZklbfp]gZgb |Zde kdh]h djbklZeez
Ih”2klZ\eBy b6 \8 b \ujzZ Zy b g _j_a

[ ajZzaf_jgu_ ihl _gpbZebhemqlbf
9)

<uihegb\ g_keh gh_ bgl_]jbjh\Zgb_ b ijbgy\ \h
baf_g_gb_ gbkeZ qzfkiblp\_g&ghklb \ke ’\kl\b JZker (
f 1ZeeZ \ nh(@meemqgbf ke _"mxs_ _ \ujZ‘ "djn | fi_jZ
dhwnnbpb _glzZ f_ "nZjlglhfc | wee jgZ ]ngpr]jZIgbq_kdhc
"brdhklvkh[mkeh\e _ggh_bhgghc dhfihg _glhc f _|ZeeZ

(10

] x£Zlhfguc \_k f_|ZedBhj*bgZlZ ]Jb[[kh\hc ih\_joghklb

L fi_jZIlmjgudez™ \ f_ _"nZagmx wg_j]bx h[mkeh\
we_dljhgghc ih?"kbkl_fhc f_l|ZeeZzZkhj2kkglhl kX qgf [hf
"bwe _dljbg_kdhc ijhgbpz_fhklb “b~rdhklb ljb | _fi_jz
f gvr_c | _fi_jZImju \ujh "~ _gby we _dljhggh]h ]ZazZ k\h]
iIjboh~ysZyky gZ h~gm qZklbpm jZ\gZ

(11)
1" _ *]iZgbagZy wg_jlby N_jfb
Ke_ ~h\Zl _evgh | fi_jZImjgh_ jZafulb _ liZgbp
h[mkeh\eb\Z | "h[Z\hggmx k\h[h*gmx wg_j]bx we _dljhg
(12)

H[t fgZy 1iehlghklv wlhc ~hihegbl _evghc wg_ j]bk
iehkdhklbi_j oh”gh]h kehy §ZzZg&Zgbphj]Egbghdkd
"brdhklvx

(13)

1~ th[t_fgZy iehlghklv we _dljhggh]h ]ZaZ Ihwlhfm
khWih~gZy wg_j]lby k\yaZggZy k jZafulb_f ]jZgbpu N_jfl



h[fezZklb f _1Zeez [m~”_| ~zZ\ZIv ke _“mxsbc \dez”™ \ f_ 'r
f 1ZeeZ gZ ]ljZgbp_ k hjl]Zzgbq_kdhc "brdhklvx

(14)

<g_rgyy qZklv jZkij_~ e _gby we dljhgghc*4d&hlghkl
\dezZz”~ \ f_"nZagmx wg_j]bx

(15)
Kmffbjmy b b i_j oh”y d [_ajZaf_jghc dhdhj*bgzZl
nmgdpbyfb ihemqgbf iheguc \dez”™ \ f_"fhiZlaZgere wg _j

h[mkeh\e _gguc | _fi_jZIlmjghc aZ\bkbfhklvx n_jfb_\kdhc

(16)

beb \\b"m Ih]h gqlhb bf__f

(17)

A" kvikj ~g__ gbkeh k\h[h~guo we dljhgh\ gZ ZIhf f_|I

hit f we f glZjghlh rzZjzZz Ijhba\_2~y jZaeh _gb_\ |y
bgl ]jbjnmyy gZoh”bf \dez” \ | _fi_jZImjgud dimdZaghpb gl
wg jl]bb h[mkeh\e gguc jZafulb_f mjh\gy N _jfb

(18)

HdhgqgZl _evgh | _fi_jZImjguc dhwnnbpb_ gl f_"nZagh
liZgbpu ]jZgv f_1Zeebq_kdh]lhjJdbokbgZ&alZy:r b~ dhklv fh
1j_~klIZ\blv™ \b

(19)

L fi_jZlmjguc dhwnnbpb_gl f_"nZaghc wg_j]bb
liZgbp_ k hjl]Zzgbqgq_kdhc “"b~rdhklvx h[mkeh\e_g Zg]
dhe_[Zgbc bhgh\ b k\yaZgguf k g_x jZkrbj_gb_f f_1Zee
wg _jl]bb bhgZ baf_g gb_f ozZjzdl_jZ dhe_[Zgbc bhgh\ \



kyab k gZebqgb _f ]jZ*"b_glZ iehlghklb webj&lahgighd b"d
n_jfb_\kdhc wg _j]bb Hkgh\ghc \deZ” h[mkeh\e_ g Zg
dhe [Zgbc bhgh\ Th nhjfmeZf b jZkkqgblZgu
dhwnnbpb _glu b itefmngjZgdmjgu_ \deZ~"wmZagmx wg_ j]bx
liZg_c djbklZzeeh\ kddfgtdbgzZb -dh[ZevlZ bf _xsbo

] dkZ]l]hgZevgmx lehlghmiZzdh\ZggmyxZ Kk]jjZgkdmim Kk

g _iheyjguihg]Zgbg_kdbfb "brdhkbyidg ] dkzZg ] _ilZg
hdlZzg ¢ _dghgzZdkb@he [ _gakbéehe Ihenhkleehigb

| fi_jZImj_ (kf jbk3).

Jbk L fi_jZImjguc \dezZ™ \ f_"nZagnmxZygkhlbgZ gZ ]jZgbp_ k
hj]Zgbq_kdbfb "brdhklyfb

Jbk L fi_jZImjguc \dezZ™ \ f_"n2Za&ympZwgcjkodZg”rby gZ ]jZgbp
hjl]Zzgbq_kdbfb "b~rdhklyfb



Jbk L fi_jZImjguc \dez™ \ f_"nZegnixkZggdhllev!iZ gZ ]jZgbp_
k hjl]Zzgbg_kdbfb "b~rdhklyfb

< ebgblgdi_ jZlggwdadedA\ f "nZagmx wg_j]bx djbklZee
khklZ\eyx|l 7~ey jZaguo ]jZ% &l f_ "nZaghc wg _j]lbb b
khhlighkylky dzZd

L fi_jZImjgu _ \deld}opzZl _evguu k m\ _ebqg _gb _f
"bwe dljbg_kdhc ijhghplZdgihgltkdhc "bmdhé&bmgb\Zxlky
ith fh"mex

AZdexq_gb_

1. Fh~bnbpbjh\Zgguc wekldlljhlgldplg _kdbc f_Ih” ijbf_g_
"ey hp_gdb | _fi_jZImjghc aZ\bkbfhklb f_"nZaghc wg_|j
f 1Zeex hjl]Zgbgq_kdzZy "b~dhklv k mq_Ihf fzZdjhkd
"bwe _dljbg_kdhc ijhgbpzZ_fhKhdZbZdglhkllglh ~Zgguc f_I
thalhey | mklZgh\blv hjb_glZpbhggmx aZ\bkbfhklv
dhwnnbpb _glZ f "nZaghc wg _j]bb

2.<_ebgbgz | _fi_jZImjgh]h \dZAagmhX Wwg_jJbx f _IZeel
hfmkeh\e _gZ bhgghc dhfihg _glhc f 1ZeeZ b | _fi_jZImj
mjh\gy N _jfb Hkgh\ghc \deZ” h[mkeh\e dhzg]Zdbgbqgg
bhgghc dhfihg _glu f 1ZeeZ K m\ _ebq_gb_f ~bw
ijhgbpZ_fhkdbiheyjghg]Zgbq_kdhahkbB® | _fi_jZImjguc
dhwnnbpb_gl f_"nZaghc wg_j]lbb f_IZeeZ \hajzklz _I

3.JZkkgblZggu_ agZq_gby I|I_fi_jZIlmjguo \deZ”~h\
wg_jlbx ]jZg_c djbklZeehAlklidggrtdyh|[ZevIZ gZ ]jZgbp_

g_iheyjgufb hj]Zzgbg_kdbfb "bAdhklyfjbilgdZplihgxglm x
aZ\bkbfhklv



b[ebh]jZnbq_kdbc:kibkhd

1. Vitos, L. The surface energy of metals / L. VitgsV. Ruban(H.L. Skrivef|J. .RO|® iU

Surface Sciencet1998. V. 411. . 1-2. +P. 186-202.

2. R_[amoh\Z Bjb_glzZpbhggZy aZ\bkbfhklv f_"nZaghc wg_j]bl
fhghdjbklZee s_ehqguo fhljZ2ghy_kdZy “b~dhklv B = R_[ar
c F :i_dh\ O ; Ohdhgh\ Ba\_klby \ukrbo mq_[gddD\dZakd@bgbc
j_Ibhg ?kl_kl\ggmd B0 +« +K -69.

3. R_[amoh\Z <Bebygb_  hj]l]Zgbq_kdhc "b~dhklb gZ ih\ _joghklgn
kdzZg”by b IblZzgZz B = R_[amoh\Z : F :i_dh\ O ; Ohdhgh\
nbabqg_ kB <t xK -1037.

4, R_[amoh\Z B_"nZagZy wg_jlby 9Z ]jZgbp_ dhglzdlZz ,% b ,,
kh[kI\_gguf jzZkiez\hf b k hj]j]Zgbgkkdbfb "Brdh R_[amoh\Z

- F:i_dh\ EI :j_nv_\Z JZHdeZ\u =K -86.
5. R_[amoh\Z B =nZagZy wg_j]lby ]jZg_c djbklzZzeeh\ fZj]J]ZgpZ b
liZgbp_ k hjl]Zgbg_kdbfb "b~rdhklyfb B = R _[amoh\Z : F :i_dh

Ba\_klby J:G K _jby nbali§ thkdZy < +K  -828.

6. R_[amoh\Z B =nZagZy wg_j]lby ]ljZg_c [Zjby gZ ]jZgbp_ k hj
"brdhklyfb B = R [amoh\Z - F i dh\ Nmg"rZf _glZevc

jZ"bhwe dljhggh]lh ijb[hjHRROBhtIlgby <& +K  -105.

7. R_[amoh\Z B_=nZagZy wg_jlby gZ ]jZgbp_ dhglzdlZ ihebfh
s_ehggha_f_evguo f_IZeeh\ k kh[kI\_gguf jZkieZ\hf klkfhj]Zgbq_
B = R _[amoh\Z : F :i_dh\ E I :j-olwfb@ kdHbadbkdhdlu bamq_ g
dezkl_jh\ gZghkljmdIimj b gzZghfzl_jbzeh\ f_"\ma k[ g9gZmq

j_"Zdpb_ckzZFkhgh\zZz KG"K[gydh\lA v L\ j JHk mg<ui +

K -133.

8. :i_dh\: F AZ\bkbfhklv f "nZaghc wg_j]l]bb s _ehgguo f_|Zeeh)\

]_dkzZghf hl hjb_glZpbb b ZIhfgh]lh/ghF _:jiZzdhé B ggolZR_[Amoh\Z
Nbabaotfbqgq_kdb_ Zki_dlu bamqg_gby deZkl_jh\ gZghkljmdIimj L
f "\ma k[ gZmqgq |Ij ih” h[s_c Kzfkdph\Z <4KHX[gydh\Z %

L\ jv L\_j JHhROBg<ui7. +tK -51.

9. R_[amohBZs:gbahljhiby f _"nZaghc wg _jlJbbZeeh\ gZ ]jZgbp_ k
hjl]Zzgbq_kdbfb "br"dBk#yfR_[amoh\zZz : F :i_dh\ O ; Ohdhgh\
Jhkkbckdhc Zzdz”_fbb gZmd K _ 20§ mlbabqg«tkddy *728

10. AZ"mfdbg KGh\uc \Zjbzgl klZzlbklbqg_kdhc we _dljhgghc

ih\_joghklgh]l]h gZly  _gby f IZeeh\ K G AZ"mfdbg Nba
f IZeeh\_~_ 3961. +k <t K  -346.

11. AZ"mfdKgGL _fi_jZImjgZy aZ\bkbfhklv ih\_joghklgh]h Zly  _gb"
K GAZ"mfdbg 1 1 Im]Zq_\bqg >hdel®62 £IG KKK16. £K -

1366.
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IH<?JOGHKLGHC WG?J=BB LHGDBO IE?GHD KIE:<HK<
HKGH<? I?2J?0O0H>GUO F?L:EEHK<
EIl :j_nv\B = R_[a&moh\Z
!'N=:HM <H ©KDZ\[hzakdbc n_~ jZevguc mgb\_jkbl |2
KlZ\jhihev me ImMrdbgz ~
2N=;HM <H ©DZ}[zZ7egtikdbc Jhkm~ZjkI\_gguc mgb\ _jkbl _l2
D;J GZevqbd me Q_j@gdbr_\kdh]h ~»
[Ludmilochk&29@mail.ru| Irina.Shebzukhov@mail.ru

:gghlZpbyhdZazgh qglh fh~bnbpbjh\ZggulclZWekldphiggthc f _ITh~

ohjhrh i_j ~Z | jZaf_jgmx b dhgp_gljZpbhggmx aZ\bkbfhklb ih\_|
Ilhgdbo ie_ghd kiez\h\ i _j oh~guo f _IZeeh\ Wg_j]lby k\yab djbkl.
kiezZ\h\ hp_gb\ZezZkv gZ hkgh\_ | _jfh*bgZfbq_kdhc fh”_eb

Dexq_\u_ keh\Z ih\_joghklgZy wg_ jlby dhgp_gljZpbhggZy aZ
ie_gdb

DzZd ba\_klgh ijb i_j_oh”_ hl h[t _fguo |_e d gbe
kljmdImjzf fgh]b -obdbdlgdkdb _ k\hckI\Z j_adh -Blaf_gyxlk
lh\_joghklgZy wg _jlby yley Iky \Z g _cr_c 0ZjZ
gZghjZaf_jguo kbkl _f agZgb_ dhlhjhc g _h[oh”bfh
th\_~ gby hI* _evguo gZghh[t _dlh\ beb bo ZgkZf[e_ c > (

Hp _gblv jZaf _jgu_ wnn_dlu jZaebgguo k\hckIl\ f_
kieZ\h\ bkoh”y ba i_j\uo ijbgpbih\ ~hklZlhggh keh gh
ith“h[guo jZkq _Ih\ gZ k_]Jh”~gyrgbc ~ _gv h]jZgbg_gu > @
jZaf _jZo gZghh[t_dlIh\ Ij_ \urgksblmibkZgb_  baf_g gb:
ih\_joghklguo k\hckl\ \hafh gh \ jZzfdZo | _jfh*bgZfbqg_Kk
Bf ggh ijb 1Zzdbo jZzaf _jZo _s_\hafh gh k Ilhgdb aj_gby
jZa™ _e _gb_  k\h[h~ghc wg_j]l]bb gZ h[t_fgmx b it
khklZ\eyxsb_ k mq_Ihf jZaf_jguo aZ\bkbfhkl _c

< N"Zgghc jZ[hl_ fu bkke_ _"h\Zeb dhgp_gljZpbhggm
ih\_joghklghc wg_jlbmhkaebkKih\[jh mjZgbh[bc >Zggu_
kieZ\u h[jZamxl| g_ij_julguc jy”™ I\ _jruo jZkl\hjh\ 7e
kijz\_~eb\h ijZz\beh &9.]Zj*Z >

>ey jZkq_1Z wg_j]lbb k\yab kiezZ\Z gZfb yddhkwgehZZgbt
ithkljh_gZ ke _"mxsZyljpbgbhfe@vehkv qglh djbklZeeu f_1Z
jZkI\hjbl _ey kh~_j ZI1 ZIhfh\ gbkeh \g_rgbo we_dljhg
dhlhjuo jZ\ghH[s__ gbkeh \Ze _glguo we _dljhgh\ \ djbk
jZ\gh . Ijb azZf_s _gblZlhfh\ f_1ZeeZ jZklI\h|]BEdbdy
dhebqg_klI\hf ZIhfh\ \lhjh]h dhfihgkgdBkehf \Ze glguo
we dljhgh\h[s__ gbkeh we _dljhgh\ \ jZzklI\hj_ ijb Ihf



Zlhfh\ \ djbklZzedm”_| jZ\gh, ]~_ + kj_~g__ qgbkeh
we dljhgh\ gZ ZIhf jZzkl\hjZ

lhke g_keh guo Ij_h[jZah\Zgbc ithemqgZzZ _f |
k\yaulZxs__ gbkeh \g_rgbo we _dljhghb dhfihg*gylh\
gbkeh we dljhgh\ \ jZklI\hj_ k Zlhfghcddioglpg gdjdpb_c

(1)

\ dhlhjhf kezZ]Z _fu_ \ ijZ\hc qZklb b hij_~_eyxl hlghkk
we dljhgh\ dhfihgbglhyboh”~ysboky gZ h”bg ZIlhf jZklI\hj.

ljb jZzkq_1Zo |_iehlu jZkl\hj_gby ~Zggh]h dhfihg_ gl
f 1ZeeZ ijbgbfZehkv qglh jZkl\hj _ggu_ Zlhfu jZkij_"_¢
dijbklZzeezZ hlghkbl_evgh jz\ghf_jgh \ |Ih \j _fy dzd ~_
we dljhgu jZkij_*_eyxlky \ ij_" eZo djbklZelebq_ kdl
g_h”bgZdh\hc iehlghklvx aZ\bkys ¢ hl we _dljhggh]h
jZKkI\hjbl _ey b jZklI\hj_ggh]h dhfihg_glZ < kemqgZ_ kn
jZaebqby ijhbkoh”bl i_j jZkij_~ e _gb_ "~ ehdZebah\Zc¢
h[ _ki_gb\Zxs__  ~hklb  _gb_ g _cljZevghklb we dljbc
djbklZeeZ ijb khojZzg _gbb h[s _c¢c dhgp_gljZpbb we dljhq
kj_"g_f mjh\g_

Bkoh”y ba hibkZgguo fh”® _evguo ij_"klZ\e _gbc k p_
jZkq_lh\ ijbgbfz_f qlh \_ebgbgZ | _iehfeybkizZz)"y]hy
we f glZ ozZjzZdl _jbam_| wg _j]lbx k\lyab hlg_k _ggmx c
gbkehf \Ze _glguo we. dljhgh\

< kemqgqZ_ h[jZah\Zgby I\ _j~h]h jZklI\hjZ aZf_s_gby |
dhfihg _glh\ b wg _ jlbx k\Wya&lkg | gZ h”~bg ZIhf jZkI\t
\ujZabf g_j_a we_dljhggmx dhgp_gljZphox \djhdkh\dhjglh\

\ \b~

(2)

< kemqgZ_ h[jZzah\Zgby b~ _Zevgh]lh I\_j~h]h jZklI\
wg j]lby k\lyab \ujZz Z Iky

3)
L iehlzZz kf r _gby jZkl\hjZ

(4)
Wg jlby j_r_1Idb

(5)

1"~ wg_j]lbb k\yab j_rblhddhfihg_glh\ b
jZkkgblu\Z _Iky ih wdki_jbf_glZevguf ~Zgguf |_iehlu Kk
wg_j]bb bhgbaZpbhb



lh \ujZ  _gbx hp_ g gZ wg _j]lby k\yab djbklZeebq
kiez\h\ \h \k_f dhgp_gljZpbhgghf bgll j\ZxZ ]jkfnbjbk
wg_j]lbb k\yab , kiez\Zz bf _|Iky iezZ\guc fbgbfmf

ihyleyxsbckyazal[hevrhc jZaghklb qgbkeZ \Ze glguo w
f I1Zeeh\ GZ ]jZnbd _IzZzdh]h fbgbfmfz g | |1Zd dZd «

\Ze _glguo we _dljhgh\ ahehlzZ b k_j [jZ h*bgZdh\h

JbK Dhgp_gljZpbhggZy aZ\bkbfhklv wg_jlbb k\yab kieZ\h\

JZaf_jgmx aZ\bkbfhklv ih\_joghklghc wg_j]lbb ]jZg

kiez\h\ gZ hkgh\_ i _j oh”guo f_|Zeeh\ jZkkgblu\Z:«
fhrbnbpbjh\Zggh]h w-&ldlptkdgty _kdh]h 1I-1Bh*Z >
Bkihevamy | jfh~*bgzZfbq_kdh_ hij ~ e _gb_ =

ih\_joghklghc wg j]lbb f 1ZeeZ gZ ]jZgbpl], k \Zc
ih\_joghklgZy wg_jlby Ki€gbz ijb | _fi_jzZImj_
(6)

>ey hp_gdb \gmlj_gg_Jh \g_rg_]h b | _fi_jZImjgh]
|1Zd"_ hkpbeeypbhgghc ~bki_jkbhgghc b iheyjbaZpbhg:
bkihevah\Zeb \ujZ" _gby jZg__ ithemd-1§@u "e\ly jKémgady>
gbkluo f IZeeh\ LZd dZd [hevrbgkl\h kieZ\h\ g y\leyx
wg_jlbx k\yab j r _Idb fu jZkkgblu\Zeb k mq_Ihf \ujZ" g

AZ\bkbfhklv ih\_joghklghc wg_jlbb Ij_o hkgh\guo dj
liZzg_c kiezZ\h\ hl Zlhfghc dhgp_gljZpbly_ebighggglZ
(kfjbk2 ljb m\_ebq_gbb dhgp_gljZpbb gbh[by \ kieZ
agZqg_gby ih\_joghklghc wg_jlbb ]jZg_c¢c m\_ebqgb\Zxlk
khlezkm _|ky k baf_g gb_f wg _ j]lbb k\yab kiez\Z



dhgp_gljZpbb dhfihg jgkB\Z kfLZdZy *_ dZjlbgZ gZ[ex"Z_
\ kemqz_kiez\Zkf jbk[.

[
JbKR Dhgp_gljZpbhggZy azZ\bkbfhklv ih\_joghklghc wg_j]lbb Ihgd

(Zz b (D ~ey lizgb .

< ebgbgzZ ih\ _joghklghc wg_j]Jbb ]jZg_c hjb_glbjh\
kieZ\Z lhesbghc gf khklzZ\ey hll hdhelmghklghc wg j]bk



liZzg _c¢ fZkkb\gh]h h[jZapZ JZaf _jgzZy azZ\bkbfhklv
wg jlbb [he_  yjdh \ujZ" _gZ N&y ]jBER. c

AZdexq _gb __

1.1 _~eh” _gZ f Ih~"bdZ hp_gdb wg j]lJbb k\yab djb
j_r_ldb kieZ\h\ i _j oh”guo f IZeeh\ Kh]JeZkgh jZkqg _IZ
djbklZeebq _kdhc j_r_Idb &iZbBkib\fhklb hl dhgp_gljZp
dhfihg _glh\ baf _gy |Iky g _ebg_cgh

2. Fh*bnbpbjh\Zgguc wek@dlIbkkdglgtp kdbc f _Ih” ijbf_g_
"ey hp_gdb ih\ _joghklghc wg _j]Jbb Ihgdbo ie_ghd Kkie
Il _ j_oh~guo f _IZeeh\ 1hdZazZgh qlh ~Zgguc f_|Ih* Z"_
jZaf_jgmx aZ\bkbfhklv ih\_joghklghc wg_ jJ]bb Ihgdbo ie
=PD b HPD klIjmdImjZfb gZ ]jZgbp_ k \Zdmmfhf Fhe
ih\ _joghklghc wg_ j]bb ]jZg ¢ I|hgdbo ie_ghd kieZ\h\
1jZ\bem ;jZ\ _

3.<_ebgbgz | _fi_jZImjgh]h \dezZ”~Z \ ih\ _joghklgn
lhgdbo ie_ghd kieZ\h\b h[mkeh\e _ggh]h bhggl
dhfihg _glhc f 1ZeezZ 9gZ "\Z ihjy*dZ [hevr_\deZ”~Z ihe
| fi_jZImjgh]h jZafulby mjh\gy N _jfb L fi_jZImjguc
ith\_joghklgmx wg_j]Jbx Zgbahljhi_g

4. JZkkgblZggu_ gZfb agZq_gby ih\_joghklghc wg
ile_ghd kiezgB\ hkgh\_ i _j oh”guo f_IZeeh\ dhjj_eb
j_amevlzIlizfb jzZkg_Ih\ ih\ _joghklghc wg_j]Jbb ]jZg_
djbklZeeh\ \uihelgUT®gsb Ih*hfd@ b f Ih~*hf ih]jm  _ggh]l
ZlhtZz 536 @ GZ[ex™Z |lky ohjhr_ khleZkb _
kj _~g_klZlbklbg_kdbo jklankepMagyufb wdki_jbf glZevg
NZggufb ~“ey I\ _jAuo b "brdbd.f IZeeh\ >

;b[ebh]jZnbg_kdbc:kibkhd

1. =eZ~dboG L 1Ih\ _joghklgu_ y\e _gby b nZah\u _ ij_\jZs _g
dhg”_gkbjh\Zgguo & lgdZ®Zz*dbo K < >mdZjh\ : 1 DjurlZev <
< G Kmoh\ K B ;h]Zluj _jgdh Gh =eZ2dO6&jvdh) OGM
bf < GDZjZabgZz k+

2. :g”jb_\kdbX : Ijhqghklv gZghkljmdImj J: :g”™jb_\kdbc : F
Mki_ob nbabg_kdB@QZImd . £« . K -358

3. FZeulhg= : ljhgdklv b ieZklbgghklv gZghdjbklZeebqg_ kdbo fZ

gZghjzaf_jguo djbklizebb nbabg_kdh®0plZind 181 +<« 11 +
K 112941156

4. Lu, H.M. Sizedependensufaceenergies ofnanocrystals H.M. Lu, Q. Jiang/ Journal
of PhysicalChemistry B £2004 +V. 108 +«< 18 +P. 56175619

5. Sambles J.R. An electronmicroscopestudy of evaporatingsmall particles: The Kelvin
equation for liquid lead and themean surface energy of solid silver / J.R. Sambles,



L.M. Skinner, N.D. Lisgarteh Proceedingof the Royal SocietyA. £1971 +V. 318 *

I. 1558. £P.507-522

6. Johnson, K.L. Surface energy and the contact of elastic solidk.L. Johnson

K. Kendall A.D. Roberts// Proceeding®f the Royal SocietyA. +1971. +V. 324 +|. 1558.

+P.301-313

7. DhjhldhN D Ih\_joghklgZy wg_jlby b I_fi_jZImjzZ iezZ\e_gby fZe
nZa f_IZeebqg_kdbo\Kgkin fiblkk«dzZg”-fEZlbbayZmd Dhjhldh\
|1Z\_e DhgklzglhgdhXeqqgbd ,R0EHM135c.

8. Eydbr_\ G I>bz]jzffu khklhygby "\hcguo f_ |IZeebq_ _kdbo
KijZ\hggbd < I Gl Eydbr_\ H: ;Zgguo E E Jhoebg b
j_"Zdpb_c G | Ewdbr RZrbghkljh_gb L = k

9. Eydbr_\ G I>bz]jzffu khklhygby “\hcguo f_|IZeebq_kdbo

KijZ\hggbd < I G I Eydbr_\ H: ;Zgguo E E Jhoebg b
j_"Zdpb_c G| Ewydbr RZrbghkljh20pb.+L 3. tDgb]Zt k
10. LdZg_gdh ®WBjB" e _gb_ I_jfh*bgZfbg_kdbo izZjzf_Ijh\ I\_j~ruo j

gZ hkgh\_ '/ ® BXZ1dZgq_gdh < B Fbjhrgbg_gdh G <ekghtig gdf
ljbZah\kvdh]h A _j"Z\gh]h | _ogeqgh]h mge\_ jkbimihet2XO0.j+y L _o0g:
<bi + K 139143

11. R_[amoh\zZz X&af jgZy aZ\bkbfhklv ih\_joghklghc wg _jlbb Ihg
dz~fblyB = R _[amoh\Z E | :j_nv_\Z /OBa\Oklthyglhkkbckdhc
Zdz” _fbb gZmd K_jbyzAtidhtd kd#yl0. +K -1264

12. R_[amoh¥,= 1h\_joghklgZy wg_j]lby Ihgdbo ie_ghd jh”by b |
B =R_[amoh\zZ E | :j_nv¥_kIZgbdjdkdh]h Jhkm~ZjkI\_ggh]h. mgb\_jkl
K_jby ONba#2@iB2+t<ui +K 0-48.

13. :j_nv_\Z ELIL fi_jZImjguc \dezZ”™ \ f_"nZlaxgmX \V@gjbp_ dhglzdlZz
gbadhjzaf_jguo f_IZeebqg_kdbo kbkl_f k jZaEdqgufbmvkp\Z*Zfb
B =R_[amoh\Rbabaobfbq_kdb_ Zki_dlu bamq_gby deZkl_jh\ gZg
gZghfzl _jbzeh\ f_"\ma k[ gZmq |I]j ihr hkKZfkhjgh\Zdpb c
G XK~h[gydh\WA _ jv L\_j JROBag<uib. £K2028

14. Vitos, L. The surface energy of metal&./Vitos, A.V. Ruban, U.L. Skriver, J. Kollaf
SurfaceScience. +1998 V. 411. #l.1-2. +P. 186-202

15. Zhang, J-M., Calculation of the surface energy fot metals with modified embedded

atom method J.M. Zhang, F. Ma, K.W. Xu /Applied SurfaceScience +2004. V. 229. *

l.1-4. +P. 3442

16. Zhang, J.M. Calculation of the surface energy of bcc metals by usingntbdified
embeddeditom method J.M. Zhang, F. Ma, K.W. X# Surface and Interface Analysis
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M > [532.538.4: 541.1.14
KDHJHKLY DHGL:DLGH=H IE:<B?GBY
N:AHH;J:AH<:GB? < KBKL?F? F?>V :EXFBGBC :F=
codm['dhD Dhjhf{dh\AEZciZz§h\J FZgmd¥gp Ithg ' \
< : Kh&z_\
'N=:HM <H ©DZ[Z7%®mghkdbc J]hkm~Zjkl\_gguc mgb\_jkbl I
bf_g6 F ;_j[_dh\Zz?
D;J GZevgbd me Q,A&4Br_\kdh]h
ZN=:HM <H OKDZ\[hZakdbef]hZeremjlbg_kdbc bgklbImla
JKHeZgby <ezZ”bdzZ\dZa mé4 GbdheZzZ \Z
5N=:HM <BZZqzQ\hjd _kkdbc Jhkm~ZjkI\_gguc mgb\ _jkbl |
bf _ gb M > :eb_\Zz2
369200 DZjZqZ Ekdybg29 ~
[sozaef®mail.rul

:gghlZpby< gzZklhys ¢ jzZ[hl_ ij_nNihbwlglZ \uy\blv hkh[_gghklb
kljmdImju dhglZdlguo ijhkeh_d ijb dhglzdlghf iez\e_gbb f_~b k
F=2 ("h[Z\db ~ fZKo) b mklZgh\blv \ebygb_ ijgZ Rpb f ggmx
aZ\bkbfhklv lhesbgu dhglzZdlghc ijhkehcdb. ey kbkl_fu

Dexq _\u_ keh\zZ dhglzdligh_iezZ\e _gb_ bgl_jf IZeeb”u nZahh|j.

Bamqg_gb_ dhglZdligh]h ieZ\e _gby DI\Z\ gkbKley
jZajZ[hldb | _ogheh]bbjdBAdlBUddbb iZcdb *Zd _ ~Zggu_
ih DI fh]lml ij_~klZ\eylv bgl_j_k ijb dhgkljmbjh\Zghb
bgl jf 1Zeebqg_kdbo dhfihablh\ kbkl@fu ijb jZajZ[hld_
| iehhl\hAh\ fhsguo \ukhdhqgZklhlguo *bh”~h\ b ljZgabkl

F Ih"bdZ baf_j gbc

DhglZdlgh_ieZlerlgpBexfbgby fZjdb2:iFF\h*blkWn
\' \Zdmmf_1Z \ g klZpbhflZngmabhglmh@ihg\ _dpbhgghf
j_"b#Zzdajb I _fi_jZImj_\1_q_gb_\j_ f gftogmhrh qzZzkz

Ihke DI h[jZapu f_"e_ggh hoeZ ~"Zebkv b ba gbo
ijh"hevguebnugZdhlhju& ihfhsvx jzZkljh\h]h we _dljhggl
fbdjhkdhPBenom bamqZehkv dZd nZahh[jZah\Zgb_ gZ
liZzgbp_  1Zd b dbg_IbdZ jhklZ dhglzdlighe¢ ijekehcdb

lhesbgZ dhglZdlghc ijhkehcdb

J amevlZlu bkke ~h\Zgbc

GZ jbkihdZazZg ijh*hevguc rebn ahgu DI ,ihke_ [jzZ\
k\_jom &k :F= h[jZah\Z\r_cky ijb DI \ | fhgwaglbgZ
dhlhjhf \bArgh h[jZah\Zgb_ i _j oh”ghc ahguw=2j b "m ahg
f "vx ahgz lhesbgZ dhlhjhc #hgyfdky hi

GZ jbkihdZaZgZ m\_ebqg_ggZy ahgZz gZ dhlhjhc F
leZklbgqzZlZy kljmdImjZz



JbK Nhlh]jZnby i _j oh”guo ahg \ dhgdZdl_ .f ~b k :F=

JbR. Nhlh]jZnby ahgu

?keD1l hkms_kl\eyehkv {bgnliezklbgz iphZZ Iky
gZkdavwhgZ DI bf_ | ithemweebilbgf kdmx wihjdmahghc b
f A"vx h[jZam_Ilky i_j oRN&ZybkhgZ Ihesbghc hth

fdf

< ahg_ gZ[ex*Z_Ilky h[jZah\Zgb_ fbdjhdjbklZeeh\

bgl _jf_1Zeeb”h\ bf _xsbo \ hkgh\Zgbb jzZfaffj a

(kf jbk3 .
Wlb nZau nhjfbjmykv gZ f_"nZaghd=]jZgdbp_
yleyxlky -\bhbfhfm ijbgbghc hojmiqgb\Zgby kh_ 7

h[jZzah\Z\rboky ijb DI



>ey \uy\le_gby azZdhghf_jghklb dbg_IbdbF>R \ kbkl_
gZ ki_pbZevgh ijb]l]hlh\e_gguo h[jZapZo bamqgZeZkv Ih
ijhkehcdbh!l \j _f gb DHJ[jZapu jZkiheZ]Zebkv \ \_jlbdZe
iheh™ _gbb k\ _jokmgbam-:Fdhg\ _dpbhgguc j_ "bf b gZh[kF

\gbam b -:F¥Y\_jom “bnnmabhgguc j . bfihdZajgk
aZ\bkbfhklb d\zZ~jZlZ Ihesbgu dhglzZdliglhtjifhlgéhDdb
Ney "\mo j_. bfh\

Jbk3 ZFbdjhnhlh]jZznby i_j_oh~ghc ahgu f_""m2f_~vx b :F=
[ nhlih]jZnby fbdjhibjzfb”u \ ahg_

Jbkd + AZ\bkbfhklv d\zZz7jzIZ lhesbgu dhglzdligh\c kihkkefhcdb
:F=2\ aZ\bkbfhklb hl \j2f+tdb”v \ kbkl_f_ kthgdbmipbhgguc
j_"bf2+f ~v kgbpnmklZpbhgZjghmabhgguc.j_ "bf



Ba jbk Izd ~_ \b~gh qlh \ dhg\_dpbhgghf j_"bf_
kdhjhklv DI \ur_ ih kjzZ\g_gbx k “bnnmabhgguf j_"bfhf
ijb wihf ebg_cguc o0Zjzdl_j aZ\bkbfhklb khojZgy_Ilky

Kjz\gb\Zy gZrb "Zggu_ k "Zggufb ih dbg_Ibd_ DI f
Zexfbgb_ f > @ fh gh aZdexqgblv djlhekhhgbkbijb\h"yl
d mkdhj _gbx DI

AZdexq_gb_

DhglZdlgh_ ieZ\e_gb_ f b k Zexfbgb2f fZjd
hkms_kl\e_gh \ \Zdidmb_|_fi_jZImj_ \'g_klZpbhgZjgh
"bnnmabhgghf b dhg\_dpbhagwhklZgh\Wef gh qglh "R[Z\db
Zexfbgb_\hf kiez¥2 mk=ebgb\zZxl kdhjhklv DI IhdZaZg
dbg_Ibdz DI f_"~b k Zexfbgb_ f -fZjdib*qbgy_ Iky
aZdhghf_jghklp | _  ijhl_dzZ_| ih “bnnmabhgghfm f_o
Fhjnheh]by jZaehfZ kh klhpl¥gddl jbam_|ky gZebqgb
bgl _jf 1Zeeb”h\ d hillh\jlm*bfhfmhojmiqb\Zxl f_"nZagmx
liZgbpm -Zeéxfbgbc

JZ[h1Z \uiheg_gbgibgkhtre* j°d_ Fbgh[jgZmdb JN ijh_dlI
b[ebh]jZnbgq_kdbc:kibkhd

1. :odm[_dh\ :DhglZdlgh_ iezZ\e_gb_ f_IZeeh\ b gZghkljmdImj c
o :odm[_dh\ L : Hjd\Zkh\ <«£F Krbead Z\2008. +152 k

2. L_fmdm_\ BhRgglzdlgh_ iezZ\e_gb_ \ kZlklxfftzgb ¢ B vfb INg

BF L_fmdm_\ <_klgbdg zedf{ikdhgh ]Jhkm~Zjkl\_ggh]lh mgb\_j
K_jby nbabqg_kdbt20g sxduo  +K  -24.

3. Dhjhldh\ | BbdjhkljmdImjzZz dhglZdlguo ijhkeh_d h[jZah\Z\r
dhglzdlighf iezZz\e_gbb f_~b k Zexfbgb_f | D Dhjhldh\ F
: JFZgmdygpj Ih\ _joghklv J gl] _gh\kdb_ b g_cljhgigoi4. bkke "h
+< 7. £tK 109112.

4. Huet, J. J. Etude Des Reactions a lietat solide entreet / J.J. Huet/ Metallurgie.

1962. V. lll. £« 3. £P. 4953

5. Rfhjlmg <F=o0Zgbg_kdb_ k\hckl\Z KBD kkkbhgfujf IZeeb”~ghc
ijhkehcdhc knhjfbjh\Zgghc \ I\_j*h " brdhc nZa_ < = Rfhjlmg
H <KeZmlbg K : [jZf_gdh _klby <helh]jz2kdh]lh Jhkm~ZjkI\_
| _ogbqg_kdh]h mgb¥20kbi<iwi4. +< 4. +K 4851.

6. :1Z_ \ Y N _iehb we _dljhijh\h~rghklv fbdjh gZgh dhfihablgh]h f
f ~Zexfbgbc YN :lZ\ EF > 7~ ]dzZ_\E *j JBRYgthldy glp G
K_jby nbabqgztd0dZ yL . +< 6. +K 1577-1579.



M > B39.2
F?AHKDHIBQ?KDH? FH>?EBJH<:GB?
N?JF?GLHIH>H;GUO G:GHKLJMDLMJ G: HKGH<?

-<BGBED:IJHE:DL:F: B-<BGBEBFB>:AHE:
| H;Z[mjdbd < Dhf%h\
!'N=;HM <H ©L\_jkdhc Jhkm~Zjkl\_gguc mgb\_jkbl _I2
17 L\ _jv KZ~h\u®5i_j ~
2N=;MG ©BgklbIlml we f glhhj]Zgbg_kdbo kh_~bg_gbc bf : G ¢
Fhkd\Z <ZzZ\b2z8Bh\z ~
Guppi_oc@mail.ru

:gghlZpbyx jZ[hlij_~klZ\e_gu j_ameviZlu fh™ _ebjh\Zgby j_Zdpb
[ehd -khihebf_jh\ IhdZaZgh qlh gZ hkgh\_ fhe_dmeyjguo |
h[jZamxlky \ oh”_ bgmfdglgic gh ihemqgblv klZ[bebabjh\Zgg
lJeh[meyjgu_ gZghkipmeddimguh[eZklb baf_g_gby iZjzf_Ijh\ fh”_eb
Dexq_\u_ kedhjidigha jgbklh_ dhfivxl_jgh_ fh”~_ebjh\Zgb _ Zfn
khihebf, juedh\hih"h[gu_ ihebf_ju n_jf_ gl

N _jf_glu + ki_pbnbqg_kdb hjl]Zgbah\Zggu _ [ ¢
fZdjhfhe_dmeu dhlhju_ kihkh[gu mkdhjylv [bhobfbqg_}
fbeebhgu jZa Hgb rbjhdh bkihevamxlky \ jZaebgguo |
ijhp_kkidos _\hc ijhfure_gghklb b [bhnZjfhdheh]bb GZdh
gZklhys fm \jJ f gb agZgby h nmgdpbhgbjh\Zgbb
jZajzZ[hlzZzggu_ f_Ih”u \ h[eZklb fhe_dmeyjghc [bheh]bb
kharz\zZlv kh\_jr_ggh gh\u_ n_jf_Kla*"d\zZz™MN [ _edb
kihkh[gu_ dzZlZebabjh\zZIv j_Zdpbb g_k\hckl\_ggu_ "b\
HAgZdh n_jf _glu khojZgyxl k\hx nmgdpbhgZevgmx kihk
madhf "bZiZahg_ | Biexlmj baf_ g gb_ mkeh\bc kj_ "u
Ijb\_klb d jZajmr_gbx bo gZ~fhe_dmeyjghc hj]J]ZgbaZpbhb

Bkihevah\Zgb _ kbgl Ibgq_kdbo fhghf_jh\ Ney
fZdjhfhe _dme kihkh[guo kZfhhj]l]Zgbah\u\Zlvky \ ¢
Zdlb\gu_  kljmdImju kbg wgabfu ithal\hebl agZgbl_

klZz[bevghklv bkdmid\ZglgazdlhjMihez]Z Iky qlh ih k\h_
dZlZeblbq_kdhc Zdlb\ghklb kkibjgnivgadihfgudmijbjk\ZIv

[ edh\ufb dzZlZebazlhjzfb Ih,wZkagZijblglzgfzZzdjhfhe dme
kihkh[guo [ulv hkgh\hc ~ey kbgl Ibg_kdbo dZlZebaZlh
ithemqg ,gbyey |ky ZdImZevghc azZ”~Zq_c¢ < dZq_KkI\_

kbg wgel jZkkfzZljb\Zxlky gkadi\Z fu_ [ edh\hih~h[gu
kihhebf_ju kbgl_a dhlhjuo \i_j\u_ [ue ij_~eh _g \ |_h
jZ[hl1Zo :Ohoeh\Z b OlZeZlmjz2],>gZ hkgh\_ dhgp_ipbb
dhgnhjfZpblgdhkbfhihaZcgk. ihfhsvxwlhc f_|Ih”"heh]bb

m~rZehkv kfh” _ebjh\Zlv Z ihlhf kbgl _abjh\zZIlv [ _e€
khihebf kubkihevah\zZgb f f Ih*"Z jZz"bdZevghd3lkhihebf_



G_"hklzldhf ~Zgghc f_Ih*heh]bb y\ey Iky Kkhh glh
bkihevah\zlv ~hklZlhqgh ki_mbabpMedgb ijh\_" gby
eZ[hjZlhjgh]h akblghlwlhfr@adimZevghc azZ”~Zq_c y\ey Ilky
ijhklh]lhihkhjEemq_gby [_edh\hih”"h[guo khihebYeyh\ m~"
ljZgknhjfZpbb \' | _ogheh]bq.kdbc ijhp_kk

GZklhyszy jz[hlZ y\ey Iky ijh*he” _gb_f gZrbo bkk
fhr _ebjh\Zgbx ] _Zdpbb kbgl _aZz khihebf_jh\ g.
-\bgbedZijhezdlZzZfZz <DEbghebfbrZaheZz <B dhlhj
kihkh[gu ijb ih\ur_gguo | _fi_jZImjZo h[jZah\u\ZIlv ]e
gZghkljmdImju k dhfiZdlguf J]Jb”*jhnh[guf y~*jhf wdjZ
]brjhnbevghc dhjhghc gZqZluo \ jZ[hl_ > @ LZdb_
kem blv fh” _evgufb ijhlhlbiZfb "eyJRbpZilhddgdy gZfb

dhfivxl_jgzZy fh”~_ev > @ \hkijhba\h~bl hkgh\gu_
eZ[hjzZlhjgh]h kbgl_azZ dhlhjuc ij_"ihez]Z _Iky hkms_kl\
wlZih\ > @ ithemqg_gpehdHie bl<DE ijbkh_"~bg_gb

I<DE[ehdm khihebf_jgh]h [ehdZ ba I<DE b iheb<B I<I
m~"Zehkv ihdzZazZlv qlh<EhdD€EREihebf j khklhysbc ba
fhghf_jh\ kihkh[_g nhjfbjh\zZlv dhfiZzdlgu_ "\m
]Jeh[meyjgu_ gZghkljmdImju k fhjnheh]b_c IbiZ y~jhth
"hey i_j\h]h iheglhBE khklZ\ey | hl h[s_]h khklzZ\Z
khihebf jZz Z ~“hey fhghf_jh\ <B \ j _Zdpbhgghc kf_kb
"bZiZahg_ dhgp_gljZpbc y\ey Iky fZdkbfZevghc > @

+ -\bgbe tl-\bgbebfb~rZat +jZkl\hjbl_ev
dZijhezdlzf <I (<B >bf_IlbenhjfZzfb” be
Jbk Hkgh\gu_ dhfihg_:glu]ih™ heth[gflhaghf, ] *]b~jhnbevguc
fhghf,j xjZklI\hjbl bekhh!I\_IklI\mxsb_ bf djmigha_jgbklu_ gZklbpu

P_evx "Zgghc jZ[hlu y\eyehkv mlhgqg_gb_ h[eZklb
dhlhjuo nhjfbjmxlky p_e \u_ gZghkljmdImju >ey wlh]h
fhr _ebjh\Zgb_j Zdpbb kbgl-bB l[€ebBkaDhEebf jh\ k
f gvr_c “ebghlx pba b fhghf _jh\ b ijhbAdfyZelba
gZghkljmdIimj dhlhju_ \hagbdZxl gZ bo hkgh\_ Djhf_ \

fu k" _eZeb jZkq_lu \ kemqgZ_ [he__ \ukhdhc dhg
j_Zdpbhgghc kf_kb G_h[oh”bfhklv fh™ _ebjh\Zgby p_i_c
Ijhrbdlh\Zd&ais kl\mxsbfb Ijm~ghklyfb eZ[hjZlhjgh]h
[ehdI<PIEBI<DEkhihebf_ jh\ k \ukhdhc fhe_dmeyjghc fZk



DZd b jZg__ > @ "ey j_ZebaZpbb ihklZ\e _gghc aZzZ:
djmigha_jgbklmx dhfivxl_jgmx fh®_ev gZ hkgh\_f |Ih"Z
"bgzZfbdb qZklbp >>Q > @ Fh”_ev kh”_j bl Ijb IbiZ
khhi\_IklI\mxl khfhghf jZf <DE <B b fhe_dmeZzZf jZkl
jbkl. >bzZf_1j djmigha_jgbkluokdnZ¥I|bk\m I 1™
mkj_~g_gguc fhe _dmeyjguc h[t_f "ey <DE b <B

Fh” _ebjh\Zgb_ kbgkhaBebf jZ ijhbkoh”~bl \ mkeh\
©ohjhr_]1h2 jZkI\hjbl _ey dhlhjuf y\ey Iky 7~oHNIbenhjfZ{
>Zevg _crbc dheeZik ihemqg_gguo p_i_c¢c hkms_kl\ley
©iehoh]h? jZkl\hjbl_ey ”~ey <DE b ©ohjhr_]ha ~"ey
\_jhylghkl_c |_Xkdtpthebf_ jbaZphb v , <pE <8 b

<B <B "ey <DE-<DE-<BDEB<B \ >FN: [ueb \u[jZgu gZ
hkgh\_ wdki_jbf _glZevgh hij_~ e ggud9@hgRigZzgd gby
<DE <B ,  <DE >FN: ,  <B >FN: [ueb \ugbkekgu
bkihevah\zgb _f izZjzZf_I|jh\ jZklI\hjbfhkIb ey e\D'E gKREBghZ
>FN: ijb B @ jZkkgblZggtudZo f _Ih~"bdb baljZ[hlu >
>ebgZ j _[jZ dm[bqgq_kdhc yqg_cdb fh*_ebjhhKghygjZ\gZ
gZqZevgh]h khklhygby | Zdpbhgghc kf_kb khfhghf_j
iIjh\h*behkyv ithkj_~klI\hf aZ"Zgby kemqgZcgh]h ] -
dhfihg _glH\Zd"_ \ yg_cdm \\h~*beky ]h]Jbhudc bl&DE
fhghf_jh\  HJ[t_fgZy "hey jZklkhjbHhkelWZ\EyeZo
kmffZjgZy h[t_fgZy "“hey khithrd&bdf=jh®wK Hkgh\gufb
1 ZjZf_1jZfb fh”_eb [ueb adZghghp <BKypg Kpeg Kip \
j_Zdpbhgghc kf_kb AgZgbjpbhZehkv*imnl hl ~h b
hl ~h khhi\_IkI\_ggh "ey p_i_c k gbkehf fhghbf_jh\
>hey <B\ kemqZ _ baf gyeZkv \ ~"blZliZahly

Ney IlhemqgZ\rb_ky p_ib bf_eb dhgnhjf
gZ[morbo dem[dh\

GZ \lhjhf wlzZi_ fh”_ebijjh\\hg'bezkv azf gz \k_
g_ijhj_Z]lbjh\zZ\rbo khfhgahfgidRlbpu jZkl\hjbl ey Z agZz

<DE >FN:b <B >FN:i_j_dquzeka<Dg£Z<H>:b <B <H>: qlh
khhi\_IkI\m_| i _j ghkm p_i_c \ \h~guc jZkl\hj k |_fi_|
| fi_jZImju | _jfhhkZ » _gby m&kehidb¥ \h~*gh]h jZkI\hjZ i

) < oh”_ ~Zevg_cr_]h fh”_ebjh\Zgby ijh\h*beZkv j_
kbkl _f \' I _g_gb_ >>&&Z]h\ < IZdbo mkeh\byo khihebf
p_iv dheeZikbjh\ZezZ h[jZamy gZghkljrmhijimhjeth kb [£aebc
GZbk2 ij_~klzZ\e fggah\ _ggu_ kgbfdb j _amevibjmxsbo ]Jet
hkghy i ba b fhghf_jh\ Z lgdghkljmdImju gZ hkgh'
p_i_k



Jbk Flgh\_ggu_ kgbfdb gZghkljmdImj knhjfbjh\Zgguo \ j_ar
ihebf_jguo p_i_c "ebgghc b fhghf_jh\ G_ aZdjZr_ggu_ h[eZl
"bZzZ]jzZff kKhhi\_Tkl\mxl klZ[bebabjh\Zgguf leh[meZzZf azdj
klz[bebabjh\Zgguf wlb k\hcklI\Z hp_gb\Zebkv k ihfhsvx lhc ~_ f
jZ[hl_ > <@ kemqZ_ "eyiheghlu ijb\h”ylky gZrb KklZju_
j_amevlZlu

lhemqg_ggu_ j _amevlZlu ihal\heyxl|l k*_eZlv \u\h® qll
yleyxlky kebrdhf dhjhldbfb ~ey nhjfbjh\Zgby ]Jeh[me |
fhjnheh]b_c¢c P_e \u_ gZghkljmdlnkjaib\hadghbhgZixljh\

>ey dhfiZdlgu_ kljmdImju k fhjnheh]bh[h ¢higZd Z?y " |h
\hagbdzZah]*Z Z "“hey ihe[leDEZ hl h[s_c ~ebgu p_i
khklz\ey | glh ohjhrh kh]eZkm_Ilky k jZg__ ihen

j_amevlZIZfb "ey < wlhf kemqZ_ [eZ]hijbylgu_ m
nhjfbjh\Zgby kn_jbg_kdbo \h"hjjedklimre B eba mxlkeb
Z “"hey ihehDEZ jZ\gZ %.



< ohn_~Zevg_crbo bkke_ _~h\Zgbc fu ieZgbjm _f
N IZevgmx oZjZdl ijlbpedpbgguo gZghbljmdhkmjblv bo
\h*hjZkl\hjbfhklv k ihfhsvx bamq_gby Z]j_]ZIlb\guo k\h
>>Qfh™ _ebgZeba j_amevlZlih\ ihal\hebl mlhggblv j_dhf_
\ul[hj_ izjzf_Ijh\ 7~ey eZ[hjZlhjgh]h -kkblgébdZjh\
kihkh[guo bfblbjh\Zlv hkgh\gu_ nmgdpbb n_jf_glh\

Bkke "~h\Zgb_ \uiheg_gh azZz kq_l ]jZglZ Jhkkbckdh]h gZmqgl
< 1413 \ N=;MGBg®IbIml we f glhhj]j]Zgbq_kdbo kh_"b
bf: G G_kf_ygh\Z Jhkkbckdhc Zd&ZGEWHK gZG&hd3<k_ jZkkg_lu Jue
\uiheg_ggu k bkihevah\zZgb_f j_kmjkh\ kmi_jdhfivxl_jgh]lh dhfi
bf _gb FEdqhfhghkh\Zz
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:gghlZpbyZkrbj_g djm] gh\luo kbkl_f \ dhlhjuo gZ[ex"Z_lky
| fi_jZImju nZah\h]h i_j oh~Z ieZ\e_gb_ \ dhglzdl_ I\ _jruo
f 1Zeeh\ hlebgZxsboky Ibihf ~bz]jzff khklhygby MklZgh\e _gh
h[jZzaph\ gZ[ex”Z |ky \h \k_o bkke_"h\Zgguo kbkl_fZo dhlhj
g_dhlhjhf \j_f gghf b | _fi_jZImjghf bgl_j\ZeZo o0ZjZdl_jguo "e:
f IZeekK\ihfhsvx we dljhi_j3JghkZ *ky b” glbnbwbjhVZHip kk
Dexq_\u_ keh\Z dhglzdlgh_ iezZz\e_gb_ we _dljhi_j _ghk f_|Zeeu
twnn_dl f 1ZklZ[bevgh_ dhglzZdlgh_iezZ\e _gb_ bgl_jf IZeeb”?

F_oZgbaf aZjh " _gby ghygklgh&kub "pbbdhc jhkl \
dhglzdl_ I\_j*uo |I_e dhglzdlgh_ iezZ\e_gb_ DI hklz
gZmqghc “bkdmkkbb \ kh\j f gghc nbabd_ dhg” _ gkbjh
Wlh!l \hijhk hkh[_ggh mkm]m[ey W]} ZIhif ke ngdh” bl |
\aZbfh”_ckl\bb kh_~bg_gbb jZaghjh”®guo fZl _jbZeh\ ij
gb” | _fi_jZImju ieZ\e _gby e _]JdhieZ\dh]h dhfihg_
w\l_dlbg_kdbo kgl fzw\l_dlbgl kidhpgZlmjuhke _"*g__
\hreh \ ebl_jZImjm ih® gZawgb_dlZ ijhy\e_glh dhlhjkh
o0ZjZdl _jgh ey kbkl_f k obfbg_kdbf \aZbfh” 4ckjl\b_f dhf

>7Zggh_ khh[s_gb_ yl\ey_ Iky ijh~h6 7@b bf KEfhdl >
k\h_c¢c p_evx jZkrbjblv djm] kbkl_f k hij_~ e ggufb hk!
bf ggh bkke_ ~h\Zlv kbkl _fu k jZaebqgltlklhygyZfkzZfb
dZg_kI\_  h[t_dlh\ “*ey bkke_"h\Zgby [ueb \u[jZg

.F_Ih~"bdZ bkke_~h\Zgby hibleZQg.Z \ jZ[hlZo

Kbkl fZ kh” _j bl "\Z bgl _jf 1Zeeb"Zz
JZkkfhljbf kbkl _fm ~bz]jzffZ khklhygby dhlhjhc ijb\
\[8]. Kbkl fZz , kh” _ j bl "\Z dhg]jmwglgh iezZ\ysboky bgl_ ji
b , | _fi_jZImjZ ieZ\e _gby gZbgbar_c¢c w\l dlbdb k
>7Z9ggZy kbkl _fZ bkke "h\Zgd, 10]j2hkllZaZ ghh
kh_ ~bg _gb_ h[jZaph\ ijhbkoh”beh ijb | _fi_jZImjZo gb"
ieZ\e _gby e ]dhiezZ\dhc klZ[bewghfd wih\dfbdh bamqg_ gt
+ wnn_dIlZ \ kbkl _f_ijb gZebqgWwl Ijb ijh\_"~ gbb
wdki_jbf_glZ bkiheviahX2elbk¥vZjhd b .J_amevlZlu
Ijb\_~ gu \ LZlebp_



gZeba ihemqg_gguo | _amevlZlh\ ihdZau\Z | C
kh_"~bgyxlky ijZdlbg_kdb \k_J*"Z kfdhlZieg@EgmZ\e _gb_
"bnnmabb b we_dljbg_kdh]h IhdzZ kh\iz*zZxl \ [Ih \
ijhlb\hiheh ghf gZijZz\e_gbb IhdZ g_ kh_"~bgyxlky \hhJ[s
hagZqgzZ_ | hlkmlkl\b_ h[jZah\zZzgb_ f_IZklZ[bevghc b’
mjh\g _ GZ[ex"Z _fh_ ih\_~ gb_ ahgu dhglZdlZz fh-
wnn_dlhf \ebygby WI gZ DI > @ ijb h~rghf gZij:
ijhly” _gghklv dhglZdlighc ijhkehcdb m\_ebqgb\Z _ Iky

gZijZ\e_gb _ ijb A"jmfilhgdveZ |ky azZf _"eyxs__ gZijZ\e
lhez]z f qlh wlhc azZdhghf_jghklb ~he ' gZ ih~gbgylv
jZa\blby f_1ZklZ[bevghc "b~dhklb | _ ijb mkdhjyxs_ f g

[m” | jZklb Z ijb aZf_"eyxsHflfglbjzZzkdIn f_|ZklZ[bevgZ
"brdhklv h[jZzah\zZ\rZyky \ dhglZdl_ azZdjbklZeebah\Ze
ijb 1 _fi_jZImj_ hiulZz

LZ[ebpZhemq ggu_ wdki_ jbf glZevgteyjkhklevuZlu

lehlghkl J _amevlZl
lhdZz :2ff ©a © a © @
G _ kh|] Kh ~| Kh_ A
145 G_kh] Kh ~A| Kh_A
G_ kh Kh ~| Kh_ A
155 - - = =
G kh|] Kh A Kh_ A
183 05 - 300 G khl Kh A~ Kh A
G _ kh] Kh ~] Kh_ A
G kh|] Kh ~] Kh_ A
188 G_kh] Kh ~| Kh_A
Jbk AZ\bkbfhklv ijhly’ _gghklb dhglZdightjbijhkadlcdbuo

\ZjbZglzZo wdki_jbf_glz



< kemgzh]~rz |_fi_jzZIlmjzZz hiulz [uezZ \ur_ |_fi_j.
w\l_dlbdb Ihd ijhimkdZeky \ ijhp_kk_ dhglzZdlgh]h ieZ
gZijZ\e _gbyo gq_j_a h~gm iZjm h[jZaph\ Ihd g_ ijhot
bkke_~h\zZgby ijb\_" gul.gBZdbKb”r"gh ba ]jZnbdZz i
ijhoh ™~ _gbb IhdZ wlzZz azZz\bkbfhklv hlebgqgZ hl izZjZ[hel
wlb@Z\bkbfhkl ¢ ihdZau\Z_| qlh djbl_jbb ih WI ij_~
jZ[hl_ > @ ohjhrh kh]j]eZkm_Iky k wdki_jbf_glhf

Kbkl _fZ k g_y\gh \ujZ" _gghc w\l _dlbdhc

JZkkfhljbf kbkl _fm ~bZz]jzffZz khklhygby dhlhjhc ijb\
gZ 8> Kbkl _fz oZjzZd!l _jbam _Iky hlkmlkl\b_f \ujh ™™
w\l _dlb&Zfb dhfie_dkgh bkke_ ~h\Zg ijhp_kk kh_"~bg_o¢
kbkl_f w\l_dlbg_kdh]h 1biZ g_ h[jZamxsbo obZAbq_kdt
l1Zzd”_ [_a \ujh™~_gghc w\l _dlbdb kbkL Zjym?).

LZ[ebpZh2mqg_ggu_ wdki_jbf glZevgteyjkhkle¥uZlu

lehlghkl J _amevlZl|
lhdZz :2ff ©? © 2 © 2
G__kh] Kh_ ~| Kh_A
120 G__kh] Kh_ ~| Kh_A
G_ kh Kh ~| Kh_ A
154 05 600 G: kh: Kh:" Kh:"
154 G _ kh] Kh_~| Kh_A
G_kh] Kh_ ~| Kh_A

gZeba ihdZaulZ | qlh kh_~bg _gb_ h[jZaph\ ijhbko
1ZjZo H~”gZdh ijb gZebgbb mkdhjyxs ]h gZijZ\e _gby |
[he_  kms_klI\MkdBAgh\e _gh kh_"bg _gb_ \k_o iZj h[jZ
| fi_jZImjZo gb" | _fi_jZImju ieZ\e_gby e _]JdhiezZ\dh]h |
ijb hlkmlkl\bb IhdZ klZ[bevgbohWml|&lbkb IhdZ 1Zd b i
gZebgbb WkemqZ_ iheh bl _evghc iheyjghklb gZ \ _jog
mkdhjyxsbc j_ "bfjDIlijhlb\hiheh " ghc iheyjghklb gZ h[jZa

Kbkl Z\ dhlhjhc hlkmlkl\m _| w\l_dlbdZz

JZkkfhljbf kbkl _fm ~bZzZ]jzffZ khklhygby dhlhjhc ijb\
gZ 8> Kbkl _fz oZjzZdl _jbam _Iky hlkmlkl\b_f w\l_dI|
"bz]jZff_ khklhkfghbyZ[ebpm

DZd \b~gh ba LZ[ebpu kh_~“bg _gb_ \k_o bkke ”
ijhbkoh”bl ijb I _fi_jZImjZo gb™ | fi_jZImju ieZ\e _gby ¢
dhfihg _glZz b khklz\ey | ~ kyldb J]jZzMHrik\dh ijb
mkdhjyxs f gZijZ\e_gbb IhdZ kh_"~bg_gb_ h[jZaph\ em
kemqgZyo



LZ[ebpZh@mq_ggu_ wdki_jbf glZevgteyjkbakleduZlu
lehlghklj J amevlZl

lhdz :*ff o3 © a © a

G kh_ N Kh_~7 Kh_*

G_ kh|] Kh_ 7| Kh_A~

G_kh|] Kh 7| Kh_A~

g_| 05 220 300 = hT Kh AT Kho7
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\ukdZazZggmx \ pZT@Z&KmlIv b _b khklhbl \ ke "mxs_f |
glh khijbdZkZ fu_ ih\_joghklb jZaghjh®”guo h”ghjh”¢
\_ kvfZ r_jhoh\Zlu_ | _ khkihgydgba jgZmddhguo \uklmih\
\_ jhylghklv dhglzZzdlh\ dhlhjuo hq_gv \_ebdZ Ijb kh
\ukImih\ ijb\h~bl \azZbfgZy “bnnmaby dhlhjZy ijhl_dZ_
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e_]dhiez\dh]lh dhfihg_glz | _ \ dhglzZdl_ ijhbkoh”bl r
I _j\h]lh jh*"ZeZ\e gb_ DjbklZeebaZpby h[jZamxs _ cky
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wdki_jbf_gljhimkdzgb_ ihklhyggh]h we_dljbg_kdh]h
aZ\bkbfhklb hl _]h gZijz\edg@hy nikdhljylv 1Zd b azf_»
ijhp_kk jhklZ i_j _oh”ghc ahgu h[jZamxs_cky \ dhglZdl_

kh_"bgy fhklb h[pZzph\bl _evgh dZd ihdZaZeb hiulu \
kh\iz® _gby fZkkhi_j ghkZ dhfihg_glh\ aZ kq_| “bnnm
fZkkhi_j _ghkhf azZz kg_|I WI h[jZapu kh_"bgyxlky agZq
qg_f ijb h[jZlghf gZijZ\e _gbb IhdZ

LZdbf h[jZzapfoh ~ _gb_ IhdzZ \ ijhp_kk_ \azZbfh” _c
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:gghlZpbhb\_~ gu j_amevlZlu bkke_ _~h\Zgby h[jZaph\ dhfihablh\
fZljbp_c H[t_fgZy "“hey gZiggghdkvey!| "*h GZ nhg_ jhklz

iehlghklb fh"mey Xg]Z ijhqghklb b dhwnnbpb _glZ ZfhjnbaZz
\i_j\u_ [ueb azZnbdkbjh\Zgu d\Zabi_jbh”"bq_kdb_ hkpbeeypb
bkke_ _"~h\Zgby ijh\_~_gu f_Ih~"Zfb we_dljhgghc -kdlelhhhicc b

fbdjhkdhibb

Dexq_\u_ keh\Z ihebf_jgu_ dhfihabpbhggu_ fZl_jbZeu f_oZghb
kljmdImjgu_ bkke_ "h\Zgby

<\_"_gb_

Kbkl _fZlbg_kdb_ bkke ~h\Zgby ijhp_kkh\ \“h~hih]el
kil _deb m]e ieZklbdzZfb k ihebf _jghc fZIbP cgihdZaZzZel
jZaguo ”"“ebgghp _iguo ihebf jguohklffmdIimjiddb  gby
gZihegbl_e f g_dhlhjhc djblbg_kdhc dhgp_gljZphbt
j_\ _jkb\gu_ ijhp_kku dhlhju_ khijh\h " *Zxlky d\Zabi_j
baf _g _gbyfb kem ™ [guo k\hckl\ dhfihabl[3], GZijl
wdki_jbf_glZevgh th™I\_j°~ _gh Ij_~theh  _gb_ h k b
\heghh[jZaguo baf_g _gbc ijhqghklb b ~bwe dljbq_
hfmkeh\e _gguo _"“bguf bklhggbdhf \hagbdgh\ _gby b
iheyjguo fhe _dmeyjguo ]Jjmii hl\_IklI\ _gguo aZ baf_g_ gl
iIjhgghklb b "bwe_dljbg_kdbo ihl_jv \ kl\yamxs _f

P _evx jZ[hlu yleyehkyv hij\Htafh glio ijbgbg
\hagbdgh\dgby[Z| _evghbddblgabdhozgbq_kdbo izZjZf_Ijh\
\ dhfihablZo k ~ebgghp_ighc ihebf YgagZ\bKbjfhklb hl
kh” j Zgby gZihegbl e _c¢ jZagh]h IbiZz kn_j \hehdhg
hjt _f_ ihklhygghc \_ebqgbgu

F_IhA"bdz wdki_jbf_glh\

H[jZapuba]lhlZ\eb\Zebkv ba \ukhdhgZiheg_gguo
mlJ]e_jh~guo \hehdhg \MJIhklhygghf |j_Zdpbhgghf h[t_-
dhfihablhhkel\Zdmmfghc ijhibldb wihdkb*bZWkEVhK kfhe
k Zfbgguf hI\_jrbl -2 IfbHKkiulZgbyo hij_"*_eyebkv hkgh



nbabdhozZgbq_kdb_ izZjzf_lju fZl _jbZeZzZ fhémghkXyg]Z
iIjhgghklvw dhwnnbpb gl ZfthjndbgZmkxts _]h
>ey ijh\_~ gby kljmdImjguo bkke_ ~h\Zgbc
Ij_~klZ\bl_evighi[u ijb bkiulZgbyo dhlhjuonbgi&Zdhgby
f oZgbqg_ kéblckl\ hlI\_gzZeb ©ijhlb\hiheh guf wdklj_f
fZdkbfmfaiax® ijb b ;fbgbfmfZzmin® ijb b

khhi\_IklI\. gghlh”*Zfb fZl_jbZeh]4&nbbkke_ _"h\Zebkv
rebnu h[jZaph\ 7“ey dhlhjuo h[t_fgZy ~hdygg£idllegbl_e\
bgl_j\Ze _ . JZkkfhlj_gb_ rebnh\ ijhba\h”“behkv k ih
we _dljhggh]lh jZkljh\h]h i®bdjkkd&igi Zbd ]JZIHhtgbbeh\h]h
fbdjhkdhiz :K©Khe\3j Iljhrk dj_fgb _\uf dZglbe \ _jhf |
ahg”hf gf iha\lheyxsbf | _]bkljbjh\ZIv Thih]jZnbx b n
dhgljzkl k™\b] \ ZfigqgBkhilggthc oZjZdl_jbklbd_ dZglbe
0ZjZdl _jbamxsbc h*ghjh~ghklv Z~] _abhgguo k\hckl\ fZI

We dljhglghjhkdhibg_kdb_  SEewmeqddjhgh\ b :KF
bah[jZz _gby h[jZ[Zlu\Zebkv dhfivxl_jgufb kj_~kI\Zfb
ijh]ljZzff ©<b”_h L_kla b OWNjkdAge?2 ijh]jZffu ©ONjZdlZe?
Zelhjblfhf jZzkg_Ih\ ijb%."~ gh \ >

Ba gbkeZz fmevibnjZdlZevguo 1ZjZf_1jh\ \ul[jZ
Ijhkljzgkl\_ggZy jzZaf_jglild ozZjzZdl_jbklbdZ h~rghjh”"¢
njZdlzezZ aZihegyxs_]h ihe_ bah[jZ _gby b ©kdjulZy 1

kfuke dhlhjhc khklhbl \ klZlbklbg_kdhc hp_gd_
mklhcgb\hklb h[t_dlh\ ZgZebaZ

J amevlZlu bkke ~h\Zgbc

FghlhdjzZlgh ijh\_j ggufb [@iTilgd% nhg_ mklhcgb\h]h
jhklZ nbafbtzgbq kdbo izZzjzf Ijh\ dhfihablh\fhemlghklb
Xglz ijhgghkllb dhwnnbpb_glZ Zfhjkbhpa@Zmphkb ]h [ueb
aZnbdkbjh\Zgu d\Zabi_jbh”"bq_kdb_ hkpbeeypbb aZ\bli
"heb gZihegbl (&Y jbk ). g~ gpby \hajZklZgby nbabq
\ _ ebgbg eh]lbggh h[tykgyeZkv m\ _ebqg_gb f “heb djl
k\yamxs_ f NWBabdbgbqg kdb_ iZjzf lju ihemqgZ_fh]h fZ
©hlke_ "b\Zeb? kl_i_gv djbklZeebgghklb fZljbpu \ \b~_
©lj_g~z2a qlh g_ ijhibkxlgjgwtblh kljmdIimjguo ij_h[jZah\Z
"ebgghp_iguo ihebf_jh\ ijb |I_jfbq_kdl0t h[jZ[hld_ >

HAghlbigh_ dhe_[ZIl _evgh_ ih\_~ gb_ jZaguo
nbabg_kdbo b f_oZgbg_kdbo \ _ebgbg [ueh h[gZjm _¢

L Wdki_jbf_glu k bkihevah\Zgb_f :KF \uihelg jowj]\k &iZfg fi-k m~ ZjkI\_gghf
| _ogheh]bq_kdhf bgklblml_ | _ogbq_.kdhf mgb\_jkbl_I_



f IThrZfb Ba wlh]h ke _~h\Zeh qglh \uy\le _ggu_ hkpbeey
g_ bgkljmf_glZevgufb ih]j_rghklyfb wdki_jbf_glh\ Z k
1j_\jZs_gbyfb \ ihebf_jghc fZljbp_ dhfihablZ gZ wlZiZo
Ijhibldb b ihke_~"mxs_c |I_jfbg_kdhc h[jZ[hldb

Baf_g_gby Z]j_1Zlgh]lh khklhygby fZljbpu o0ZjZ
k\yamxs__  dZd g_jZ\gh\_kgmx kj_m k g_ebg_cgu
fhe _dmeyjghc klijmdIimju gZ wlZi_ ij_h[jZah\Zgby o0Zhl
mihjy*hq_ggu_ eZf_ebZ kf |bk

Jbk lehlghklv fh*mev Xg]ZijhgghklvdhfihablZz b dhwnnbpb_ gl
ZfhjnbaZpbb wihdkbZlbgghtZtZ hmgadptoyghc "heb gZihegbl_ ey

K p_evx jZa™_e _gby ©Ilj_g”"Z2 b dhe_ [Z]l _evghc kh
dZ "h]lh nbabqg_kdh]h b f _0oZgbqg_kdh]h k\hcklI\zZ fzZI _jb.
wdki_jbf_glZevgh "hdmf_glbjh\Zgguo *"Zgguo [ueb knhj



kiZlbklbg_kdb_ fZkkbiYu Ze]lhjblfm . < gh\uo
fZkkb\Zo 7~ey | _dmsbo agZq_gbc "“heb gEahegbl_
wdki_jbf_glZevgh baf_j gguo \kghbdkleZkv \ _ebqgbgZ
©lj_g”® \ugbke_ggZy ih mjzZ\g_gbyf ebg_cghqg j_]j_kk
k I _hj Ibg_kdbf dhwnnbpb glhf iZjghc dhjj .eygpbb g_
bgl j\Ze_ agZq_gbc h[t _fghc “~heb gZihegbl ey
\uiheg_ggh_  ij_h[jZah\Zgb_ "~Zgguo iha\hebeh \
wdklj_ fmfhhax@© b nm@n?2 h[gZjm blv wnn_dl jZkkh]eZkh
f oZgbg_kdbo iZjZz{f _Ijh\ k dhwnnbpb_glhf ZfhjnbaZpb
(kf jbk2 [ GZijbf_j gZqgqbgZy k iheh _gby nbabqg_kdb
wdklj_fmfh\ , baf_gyebkv kbgnZagh Z wdklj_fmfu dh
ZfhjnbaZpbhk ZglbnZagh fzZdkbfmfzf khhl\_Ikl\h\Zeb
fbgbfmfub gZh[hjhl

LZ[ebpZ MjzZ\g gby ebg cghc j ]j kkbb “ey nbabq_ kdbo izZjzf_Ij
K\hckl\BEfchablZ MjZ\g_¢glbg _cghc j ]j _kkbb
lehlghklv
Fh"me&w]Z
ljhgghklv
Dhwnnbpb_gl ZfhjnbaZz

Z
Jbk. Z Ko fZ djbklZeebaZpbb k ij_\st_g[b_f dem[dh\hc klIjmdIln
mihjy*hg_ggmx eZf [eyjlginfx ju dhe _[Zgbc iehlghklflhu b
dhwnnbpb_glh\ djbklZeebjgghlkldvgbdb \ azZ\bkbfhklb hl h[t_fgh
gZihegbl_eynhke_ ij_h[jZzah\Zgby i_j\bgqguo ~Zgguo



Ba ihemg_gguo ~Zgguo ke "h\Zehf a@Zlgbkljkdimijg
khklhygb _ dhfihablZz hij _~ ey lky dbg_Ibdhc dj
kl\yamxs_]h gZ dhlhjmx hdZaul\Z | \elygb gghhkbqg_
gZihegbl ey \ ihklhygguc h[t_f

AZf_Ibf qglh ij_"klZ\ey_ fu_ j_amevlZlu bkiulZgbc
\i_j\u_<uy\le_gguc dhe_ [Zl _evguc wnn_dl ©jZkkh]eZkh\
f oZgbg_kdbo k\kickl\gbjbklZeebgghklb ihebf jghc fZlIjl
Ij_~klZ\behkv eh]bqguf k\yaZlv k ijbjh*hc fhe_dmeyjgh
kl\yamxs_]h ljhqghklv b ieZklbqghklv ihebf_jh\ |
dh\Ze glgufb k\yayfb “ebgZ b mijm]Zy wg_jlby dhlhjuc
f gy _Ilky fZeh gh dhgnb]JmjZpbhggZy wgljhiby "eb:
agzZqbl_evgh azZ kqg_l bo ba]b[hl1@ ihj\ljhibhkhdthc
dhgp_gljZpbb gZihegbl ey djblbqgq_kdZy bkdjb\e _gghk!

p i c fh  _1ijb\_klb d jZaju\m *_kldbo k\ya_c
lj_~ihez]z Tky qlh ijb | _jfbgq_kdhc h[jz[hld_ dh
0Zjzdl_j ijhp_kkZ djbklZeebazZpbb klyamxgZdbdqwz" |

Zdlb\guo p_gljh\ gZkus _gguo g _dhfi_gkbjh\Zggufb |
dh\Ze glgufb k\yayfb dhlhju_ \WjZdBAawjéblkeqg kdh]h

AN nhjfZpbhdH kg gbgbgghp_ighc fhe_dmeyjghc kljm:
GZdhie_gb_ ZzZdlh\ F4ajfeNbq_kdb kdz _|ky gZ jZkij_".
ehdZevghc we _dljhgghc iehlghklb dbg_Ibd_ djbklZeeb
gZ]j_bagZq_gbyo -ibaddbqg_kdbo iZjZf_I|jh\ Mbgzklabl Z

©azZk\ _Idb? dhlhju SB veenqgdphgh\ [ueb aZnbdkbjh\Zgi
bah[jZ  _gbyo rebnh\ h[jZzaph\ ijb jZaguo hilbg_kdbo

(kfjbk3), ih~I\_j"~Zxl | _abkehdZevghc g _h~ghjhrghk
iZkij_~ @by hqgz]h\ g _dhfi_gkbjh\Zgghlh azjy*Z beb
iehlghklb

J _ameviZlu h[j@Ehddh[jZz _gbc ihdZaZeb qlh \ ij_“
ithe ¢ kdZgbjhwWegbdljhgguf ahg@kxhfj ~ e gb_ iehsZ”™ c
mqgZkldh\ k ij ~ihezZ]Z fhc wdjZgbaZpb_c¢c azZjy*h\ \ p_
fZdkbfmfhf HArgZdh ijb ihkljh_gbb Jbklh]jzff k \u
klZlbklbg_kdbo fzZkkb\h\ |Zdbo deZkkh\ dhlhju_ g2
khhi\_IklI\h\Zeb mqgzZkldzf k fbgbfZewfdufb\ i¢hs eZo
hkgh\giwdkbfmfh\ h[gZjm b\Zebkv “hihegbl _evgu_ wdkl
GZijbf_j ijb g _[hevrbo hilbg kdbo m\ _ebg _gbyo ih
khhi\_Tkl\h\Zeb fdf b |~ GZ f_gvr_c iehsZ”"b mqZ
kdZgbjh\Zgbfdf 1Zd _ [ueb azZf lgu >W fjbf b | ~
B lhevdh ijb [hevrhf hilbg_kdhf m\_ebq_gbdf \ ij ~_
\uyle _g h”bg fZdkbfmfdifjb dhlhjhfm khhl\ _il&kh\sZ M
dim]Z k jZ*bmKkhkiff Ihemqg_ggZy hp_gdjZaedbriy \urZ |
jZafj_ aZjh™ur_\uo fbdjhlj_sbiglf a dhlhju_ h[jZamxlky



I\_jruo |_eZo ijb iezZklbg_kdhc ~_nhjfZpbb Ihwlhfm fr
glh nzdl h[gZjm  _gby mqgZkldh\ k ehdZebah\Zgguf azjy
p_ehklghklvx fhe _dmeyjguo b f_ "Zlhfguo k\ya c¢

Jbk3. < emqRowe_dljhgh\ bah[jZ  _gby rebnzZ h[jdpp4Zlaguo

hilbg_kdbo m\_ebg_gbyo \_jogbc jy» b khhl\_lklI\mxsb_ ]bklh]jz
iehsZ” ¢ mgZkldh\ ©azZk\ _Idb&® gb'gbc jy”*

<u™_e _gb_ gZ ]bklh]jzffZo ~hihegbl _evguo wdklj_
bgl _jij_Ibjmxl dzZd ijhy\e_gb_ dhe_[Z|l_evghc dbg_Ik
djbklZeebaZpbb \ukhdhgZiheg gghc ihebf jghc fZljb
oZhlbg_kdb jZkij_~ e _gguo h[t_dlh\ \ nhjf_ "~ _nh
fhe _dmeyjguo Z]j_]Zpbc ihebw”jh\ ©a_j ggh]h? |bizZ ¢
Ij nhjfbjm _|ky mihjy*hg _ggh hjb_glbjh\ZggZy eZf eyjg.-

Knhjfmebjh\Zgghfm ij_"~iheh  _gbx g_ ijhlb\hj_qgZI
jZkkfhlj_gby bah[jZ _gbc ithemqg_gguo -KbéiAht ZIh
fbdjhkdhibb :KF ijb kdZgbjh\Zgbb rebnh\mad b h[jZa
@in2 LZd g9gZ nhg_ ihebw”jh\ ©a_jgbklih]Jhtmkigh]mby i
\h \k_ 0o bkke "h\Zgguo h[jZap@max® \hligh]Zb\h© \b~gu
\ukIlmiZxsb_ h[t _dlu weebikhb”"Zevgh]h \b”"Zgf\ _ebqgbg
khklhysb ba [he__ f_edbo h[jZah\Zgbc k eZl jZev:

gf kf jbk 4).

G [hevrh_ ajZkkh]ezZkh\Zgb -ng@akNMulghozjzdl_jbklibd
mdZaul\Z | gZ h~”rghjh~rgh_  Z7~] _abhggh_  khklhyghb _
bah[jZ  _gbyo nZah\h]h dhgljzklZz f_edb_ mqzZkldb [_eh
ZdlZfb ehdZevgh]h aZp_ie_gby ahg”Z :KF fbdjhkdhiZ
ith\_joghklyo rebnh\ \h \j_fy kdZgbjh\Zgby GZ ih\_jog
@in? fbdjhj_ev_n [he__ jZaghh[jZa_g



]
JbK. Lhh]jZnby k mdZazgb fi_j iZ~h\ \ukhl >fdf@ \ kleetZhgh\hc
NZah\uc dhgljZkl k mdZazZgb_f jZkkh}eZkeh\zighyZGZ&lhjgklbd gZ

rebnZo h[jZapdx® ©® ij ~ _eZo mqZkldh\ kdRGE\ZZ gbyfdf
[ fdf b)\] fdf



D
Jbl. Lhh]jZnby k mdZazZgb _fi_j_iZ~h\ \ukhl >fdf@ \(kkeh@hgh\hc

NZah\uc dhgljZkl k mdZazZgb _f jzkkh}eZkh\zighyZgZ&lhjgklbd gZ
rebnZo h[jZapihd ©ij_ "~ eZo mqzZkldh\ kdRgGEMZgbyfdf
D fdf

GZijbf_j Kbk aZnbdkbjh\Zgu ]jmiiu jZaebqgghc
eZl _jzZzevguf jzaf_jhf h fdf khklhysb(~ba [hgf f_ edt
hit _dlh\ < ij_~ eZo lZdbo ]jmii kdZgbjh\Zgb_\ j_~
dhgljzklZz mdZaZeh gZ h”ghjbhglklor k\hcklI\ fZl _jbZeZ it
ih\ _joghklb GZ ih\ _joghklyo f edbo h[jZah\Zgbc \uy\e
gZebgby gZghh[t_fh\ hdjm]Jeh]h \b"rZ idaf _jhf
deZkkbnbpbjh\Zgguo dZd ke "~u fhe _dmeyjguo [eh[h)\
ijhnbeh]jzff \ "bZiZahg_ ahg kdzgWh\ggbhlghr gb __
kj_"~gbo jzaf_jh\ gzZghh[t_fh\ ihklgymggdzZjZzdl _jgh ijb
kljmdImjguo baf g gbyo k d\Zabi_jbh”"bg_kdhc dbg_Ib
©gZghkljh_gby? jZkkh]l]ezZzkh\ZgBah\uwxZklblgZzdl jbklibd
"hklb]Z | >Zgguc nZzZdl Ibibg_g ”~ey kj_ " k jZaebggu:
f oZgbg_kdbfb izjzfljpzfedhfivxl _jghc h[jZ[hld_ :KF
bah[jZ" _gbc k ihemg_gb_*f[ _Rao qhjlghjz  _gbc iml_f
ijbf _g _gb%gh]h b "\mo ihjh]h\ [HghbawxkpBboh\le gh qlh
rebnzZo h[jZamkd ®Z mqgzkldZo fZkrlZ\Ihf hgf aZf_Ilgu



h[jZah\Zgby ijyfhm]hevighlllghbigb_ebg _cguo jZaf_jh\
aZiheg _ggu_ gZghh[t_dIZfb ©h]el hikdhylsbftb™Zm] hi
Aim]Z gZ jzkkihygby gf(kf jbe.

Jble. Ha jlZzgby dhglmjh\ gZghjzZaf_jguo h[t_dlh\ gZ [bgZjguo
njZ]f_glh\ ba ihemlhgh\uo :KF bah[jZ _gbc ih\max§hkle c\A[jzaph)
@in? Kkijz\z

GZ ZgZeh]bqguo ih jZaf_jZf mqZkldZo kdZgbjh\Zg
rebnh\ h[jZampih¥ @hgnb]mjZpby dhglmjh\ gZghjZaf_jguo
\u]Jey”bl gZih~"h[b_ ©\yadbo iZevp _ \@ Ibibgguo "ey
kljmdImj \ mkeh\byo i _jdheypbb MdZagZygheyw mkh|[ gc
ihkem ' beZ hkgh\Zgb _f \uihegblv fmevibn jpkdlZegwgauc Z
ithemlhgh\uo :KF bah[jZ amkelZlu fmevibnjZdlZevgh]h Z
ihdZaZeb ke "mxs_

GZ :KF bah[jZ _relhyndh\ h[jZaph® @Zih\_ joglybl
hit_dl\ weebikhb”"Zevghph gh\jZezvgZy ahj@gd!l jbam _|lky
jZaf_jghklvx b iZjZf_Ijhf GZ ki_dlj_
jZaf_jghkl_c jZkij_~_e _gbb J _gvb ijbkmlkl\m_1| hklj
yleyxsbcky ijbagzZzdhf kms_kl\h\Zgby ] _hf_Iljbqgq_kdh]F
njZdlzez kihkh[gh]h kzZfhih~h[guf h[jZahf ihdjulv \k_
nblmjulh f_j_ ijb[eb  _gby d i_jbn_jbb h[t_dlh\ ag

b (kf jbk7).

;ebadb_ ih \_ebgqbg_ ~Zggu_ 1ihemqg_gu 1ijb hJ[jZ
bah[jZ gbc rebnh\ hiidapkB\Ziobf j \ p_glj_  bah[jZ g
weebikhbrZevguo h[t_dlh\ \ gjf "ileeZwqg _gu agZq_gb
fmevibnjzZzdlZevguo iZjzZf_Ijh\ b lzd" _ k
ijbagzZzdzZfb ] _hf_Iljbg_kdh]h njzZzdlgem¥k ebqg_gbb jZaf_jh
hit_dlh\ ZgZebaZ gfthkhojZgyxlky ijbagZdb kms_kl\h
] hf Ijbg_kdh]h njzZzdlZeZ kb nbdkbjm _I|ky jhkl izZjzf 1jz
A h . HIf _Ibf qilm~*h[gh]h jh*Z kljmdIimju aZnbdkbjh
KLF bkke_ _~h\Zgbyahiehlgzhtd k_j [j]Z [8ZF kex”" _



JbK.1jbf_ju bah[jZz  _gbc ~hdmf_glbjh\Zgguo k wdjzZzgzZ fhgblhjz
h[jzZz[hld_ :KF bah[jZ _gbc k ihfhsvx ijh]jzZffu ©NjzZdlZe? GZ wdj
mqgZklhd h[jz[Zlu\Z_fh]h ihemlhgh\h]lh bah[jZz _gby _]lh [bgZjg
ihjh] [bgZjbakepddb ki _dlj J _gvb jZaf_ jghlklj camevIZlu \ugbke gbc

fmevibnjZdlZevguo iZjzZb_I{fleYy h[jZap&d® ©ke \Zmin? ©kijZ\Z

DZd "ey h[j2@p®h\IDdnn® ihemg _ggu_ "Zggu_ mdZal
gZ \_jhylghklv kms_klI\h\Zglkem§gmgjlo jZkij_* e _ggl
weebikhb”"Zevguo h[t_dgi\hehdiZzédZ kljmdimjguo baf_ ¢
jZaf_jhf f_g _gf < ij_~_ eZo hqZ]zZ fZIl_jbZevgZy kj_"Z ¢
| jfh*bgZfbg_kdb g_jZ\gh\_kghf b oZhlbg_kdhf khklhyg
kKljmdIimpgdhah\h]lh i_jhoQ”Z k\b”_|_ev&kd¥uxligby .

Nbabg_kdhc fh”_evx hqzZ]Z fhlml kem blv3][eh[u fh
khklhysb ~ ba oZhlbg_kdb i _j ie | _gguo “~ebgghp_ |
(kf jbkB Z Ihemg_ggu_ j_amevlZlu iha\heyxl ij_"~iheh"
ijhp_kk djbklZeebazZpbb \ukhdhgZiheg ggh]h dhfihak
thwlZigh lj_~"klZ\ey Iky glh ih f_j_ ihklmie_gby \
j_Zdpbhgguc h[t_f gZihégHeby kI\_ k\ubgbpbZIlhjhf
kljmdImjguo baf_g _gbc kem ZI f_klZ ~“hklb™ _gby ij_~_ e\
fhe _dmeyjguo p_i_c¢c b jZajulu f_"Zlhfguo k\ya_ ¢ dzZd
1Zd b [eh[Zfb fhghf_jibhk §kf GZ wlhc klZ”"bb fhe_ dmey
kj "Z gZohAblkyjfh"bgZfbq_kdb g _jzZ\gh\_kghf b oZh
khklhygbb 1h” \ha”_ckl\b_f |_fi_pZhmfbf \gdn®h c
Zdlb\bjm _|ky ijhp_kk djbklZeebazZpbb dhlhjuc gZijZ\e
bagmljb gZjm m f_oZgbafhf i_jdheypbb k \hafh guf |
( ). < NZevg_cr_f jbk8&\-~ I h f j_ gZdhie _gby
g_dhfi_gkbjh\Zgguo f_"Zlhfguo b f_"fhe_dmeyjguo kl\ya
mkeh\by klhoZklbq_kdh]h “bnnmabhggh]h h[jZah\Zgb
Z]lj_1Zpbc eZf_etlyijgmaw® iml_f khqg_ l|Zgkypbhgkuo b



jhiZpbhgguo fh » nhjfZpbb fhe _dmeyjguo kljmdImj 1jb
jZkl1_1

\ ] A

JbB.1j_"~ihez]lzZ_fzZy ko_fzZ ihwlZigh]lh jzZa\blby djbklZeebaZphb
Z[eh[ufhghf_jh\ b "ebgghp_igu_ fhaedldmjezmjul\h\ f_"Zlhfguo b

f "fhe _dmeyjguo klya _c¢c \ f_klZo djblbg_kdhe”*mnhjjpfZpdpbgp i _c
iml_f h[jZah\Zgby gh\u& kkb\hdfh guf mqgzZklb_f hklZIldh\ wihdk|
]jmii Hb | _ljZnmgdpbhgZeguygao]jaHd

<u\h”u

1.1jb  bkiulZgbyo h[jZaph\ \ukhdhgZiheg _gguo dht
"ebgghp _iguf ihebf_ jguf k\yamxsbf \i_j\u_ aZnbdkbjh\Zz
g ebg cghc dbg Ibdb kljmdImjguo baf g gbc \ \b”_ d\
hkpbeeypbc 4fbalddibg kdbo iiZjZf Ijh\ fZIl _jbZeZ el
fhmey Xg]Z 1ijhgghklb b dhwnnbpb glZ ZfhjnbaZpbb
aZ\bkbfhklb hl h[t _fghc "heb gZiheghbl_ ey

2.GZ hkgh\Zgbb j _amevlZlih\ ZgZélaZkaleibdljkdgb b
KF bah[jZz  _gbc klIjmdImj \ukhdhgZiheg _gguo dhf
ithebf _jghc fZljbp_c¢ \uy\le _ggu_ d\Zabi_jbh”bqg_kdb_
nbabdhoZgbq kdbo k\hckl\ hoZjzZdl _jbah\Zgu dzd
g _ebg _cghc dbg _Ibdb djbklZeebaZpbb \ 7“ebgghp_igl
kljmdImj_ klyamxs_]h

3.>\b " ms_c kbehc kljmdImjguo baf_g_gbc
kZfhhjl]ZgbamxsZyky kf_gZ f_ozZgbafh\ i_j ghkZ fhe _di
g_dhfi_gkbjh\Zggh]h azjy*zZ \ k\l\yamxs_f ih f_j_ \ha
gZdhie_gby jZahj\Zgguo f_"fhe_dmeyjguo b f_"Zlhfgu



"hklb™ _gbb djblbg_kdhc ij_"~_evghc N nhjfZpbb 2
fhe _dmeyjguo Z]j_1ZIh\

4. < gZghb fbdjhh[t_fZo k\yamxs_]h jhkl g_h”~ghjl
we dljhgghc iehlghklb g _dhfi_gkbjh\Zggh]h azZjy~rZz
dzZd ijbgbgZ h[jZah\Zgby gh\uo fhe_ _dmeyjguo krb\
djbklZeebazZpbb k ihke_"mxs_f mihjy*hg_gb_f kljmd
eZf e _c

:\lhju \ujz  zZxl [eZ]lh"Zjghklv khijm~rgbdEfl _j[Kdpkddh]h
]hkm~ZjklI\_ggh]lh | _ogheh]l]bgq_kdh]h bgklblmlZz | _ogbg_kdh]h
. FZeu]lbgm KK®kgh\m azZz \gbfzZzgb_ b ihfhsv \ ijh\_~ gbb bkke "I

b[ebh]jZnbq_kdbc kibkhd

1. K_"e_pdbx Nbabobfbg_kdb_ fh~_eb f_ozgbafh\ j_\_jkb
\h~rhfZkkhi_j_ghkz b khimlkl\mxs_]h baf_g_gby k\hckIl\ \
dhgkljmdpbhgguo ihebf_jguod F&K hBegdbc = B GbdhezZ_\ <hi
fZl _jbZeh\ 7 +1989% +<¢ 1(18). + K 3554,

2. K_"e pdbx Nbabaoibfbqg_kdb_ dhgp_ipbb dbg_Ibdb \hAhfZkkhi
\ukhdhgZiheg _gguo ihebf_jguo fZIl-jbKkZcehnKre jlkZklbdZo

J <K_"e_pdbdhkkbckdbc obflyglZd009. £L 53 +<« 4. +K115124.

3. 1 _jj_g:: 'gZeba b wdki_jbf _glZevgh _ h[hkghtZgb _ k
\heghh[jZagh]h o0Zjzdl_jZ baf_g_gby f_ozZgbqg_kdhc ijhgghklb
ihl_jv ijb \h~hih]Jehs_gbb \h~hk[jhk_ \ dhgkljmdpbhgguo ihebf_
kn_4h kl_dehm]e_iezZklbdZo 1_jj_gd J K_"e_pdbc <hijhku
fZl _jbZeh\_ 7~ 29b5/ +«4(84). + K 80-90.

4. ;ZjZolbg DF_lZeeu b kiezZ\u :gZeba b bkke-ZoX2dbbqg Nhdbdh
f Th"u bkke_ _~h\Zgby f IZeeh\ b kiezZ\h\ G _f |Zeebhlmgdkld \dexc
;' D ;ZjZoAbMy G _f_ih” j_~ ; D ;ZjZodblgZ GIHjo@n_kkbhgzZe?
2006. * k

5. ;ZjZolbg D Ijh]jzZzffZz W<F "ey fmevlbnjzZdlZevgh]h ZgZebaZzZ b;
kljmdImj f _I1ZeekheZbhA ; D ;ZjZolbg <@Q¥rgbdh\ <hijhku
fZl_jbZeh\_"_200¥. +¢ 4(28). +K5-8.

6. K_"e pdbx:gZeba b wdki_jbf glZevgh_ h[hkgh\dmod Ihdb jkb\c
\h~hfzZzkkhi_j_ghkzZ \ukhgbgZgbdfgjguo dhgkljmdpbhgguo dhfihak
kn_qjhkl_dem]e_ieZKlbK_"e_pMdidijhku fZl_jbZeh\£2014by

+¢ 3(79. +K 122-137.

7. ;ZjZolbg D G _ebg _cgZy dbg_IbdZ oadpladdbhdbo k\hckl\ ijb
gZiheg_gbb "“ebgghp_igud ;ibefZidhlbg Dwmag_ph\KZ\=gdh\

J <K_"e_pdbc | I _j[mjlkdb_ ql_gby ih ijh[dlG2f lipkqlghklb I
Agy jh ~ _gby zZdz"_f@agdK\BG -e_Ibx kh ~gy jh '~ _gby ijhn_kkh
< :EboZqg_\Z -KZ2gd[lm 12 Zij_ey ]h~rz KpHigbdehKlI;

BaNh lhebl _ogbqgnkghh]kbl 1Z +K134136

8. K_"e_pdbx KIl_obhf_ljby hi\_jrbl_ev kfheZzZ wihdkbdhfiha
kn_jhieZklbdh\ gZ bo hkgh\_ b __ \ebygb_ gZ \h”~hklhcdh|
wnn_dlb\ghklv o_fhkhj[pbhgghc aZsblu hl \h”hih]Jehs _gbyu *



ieZ\mqg_klb Jem[hdh\h*"gud ZKiZ}2Ihpdbc <hijhku fZIl_jbtZeh\_"_¢
2015. £« 2(82). £ K 97-116.
9. MZcwH F _IZeeu D _jzZfbdb Ihebf_ ju <\_"~ gb_d bamq_gbx
k\hckI\ | _ogbq_kdbo tAH NiZzeirl >vxOvxatF lhfbarzIl =

k
10. FbeekG Dhgkljmdpbhggu_ ieZkbhidbkljindImjZz oZjzZdl_jbklbd
ijbf_g _gby Mgij[mgghmbd\h~kI\h G Fbeekz >he]lhijm”~guc
Ba”Zl_evkdbc >hf ©Bgl_ete dk?
11. RIj_f_evF : H \aZbfhk\yab ijhgghklb b iezZklbqghklb iheb
F: RIj_f_ev > nhjfZpby b jZajmr_gR016Z4< ph ZKE B-12.+
12. :glhgh\: K Dhfie_dkgh_ bkke_~h\Zgb_ fhjnheh]bb j_ev_nZ b
oZjzZdl_jbklbdb ie_ghd ahehlZz b k_j_ [jZ f_Ih~hf kdZgbjmx
fbdjhkdhilbb K :glhgh\ >BAZgh\ BBBZgh\Z &Xh[gydhXXVI
JhkkbckdZy dhgn_j _gpby ih we_dljhgglyc Rédelzkdhebhdun mqg_gu
©Kh\j _f ggu_ f Ih*u we_dljhgghc b ahg”h\hc fbdjhkdhibb |

gZghkljmdImj b gZghfZRhkmZAZh&2 gh]jZ™MZy + bxgy | _abku
"hdeZ"hRhkd\X_e_ghljz~ BIGR016.+K -239.
13. 1 ~_ @_B"_b kd_cebg]Z \ nbabd/ liheb@ R Fbj *

368 k



M >D -405.8 669.717
KBGL?A IHJBKLUO F:L?JB. EGHHKGH<? IHIHRDHK<
"EXFBGBY K F:EUFB >H:;:<D:FB ;:JBY
K: ;b[ZgZ_ \Z < F KdZqgdh\G B &K ZElhyrgh\
N=;MGB@klbIml obfbb I\ _jrh]h | _eZ MjZevkdh]h hi* _e gby
Jhkkbckdhc ZdzZ~ fbb gZmd?
?dZl_jbg[mj] me |I_j\BiZckdzy 7
[bibanaeva@mail.ru

:gghlZpby klZIv_ jzZkkfhlj_g kihkh[ iihjdkih]gbyfZl |jlozae Z
Zexfbgb \uo ihjhftithhjh\Zgguo fZeufb ~h[zZ\dZfb [Zjby ihke_ h[
\h~hc Bamg_gu ijhqglg\hkeligiiZbdjhkljmdimjz m”_evgZy 1ih\_jog
bkoh”"guo h[jZaph\ b ihemqg_gguo ijh” mdlh\

Dexqg_\u_ keh\Zz ihjhrhd Zexfbdbp ILWzZnhcevgZy ih\,joghklv
fbdjhl\_jrhklv kdZgbjmxsZy we dljhggZy fbdjhkdhiby.

< mkeh\byo kh\j f gguo jZaXleldhoy obfbg_kdhc
ijhfure_gghklb Z \ gZklghklb ijb ijhba\h”~kl\_ thjbkluo
dZlZzebazlhjh\ ij_"tyley Iky jy® hkh[_gguo |Ij_[h\Zgbc ¢
fZl _jbZeh\ <ukhdhihjbklu_ dzZlZebazZlhju “he gu |
g_h[oh*bfmx f_oZgbg_kdmx ijhgghklv ki_pbnbq_kdt
k\hcklI\Z gZzZijbf_j hgb ~he ' gu h[eZ~ZIv obfbq_kdhc
mklhcqgb\hklvx \ mkeh\byo j Z[dpdbhpkudIB&ju”rjZa\blby
f_ Ih~h\ kbgl _azZ gh\uo fZl _jbZeh\ hij_~ eyxlky bo
]b[dhklvx | _ogheh]bgghklvx b \hafh ghklvx bkihevah\zZ
jZkijhkljZzg _gguo IbihRlLkdpwyZ[hldZ gh\uo \ukhdhihjbk
fZl _jbzZeh\ b~ | \ jZaguo gZijZ\e _gbyo Hr"gh ba j
gZijZ\e_ghdhxtd_jf lu D _jf _lu y\leyxlky dhfihablguf fZI_
kh” j°Zsbf h"bg beb g_kdhevdh f_|Zeeh\ \ dhf[bgZpb
g_kdhevdbfb d_jZfbg_kdbfb nZazZfb hdkb”~Zfb dZj[b"Zf

<"NZgghg€[hl_ ij_"~klz\e_g f_Ih” kbgl_aZ ihjbkluo d_

hkgh\ ba ihjhrdhh[jZagh]h Zexfbgby e ]bjh\Zggh
kh~ _j>Zgb _f [Zjby ihke_ ]b”jhl_jfZewvgdyx thd]A[hldbgby
ihjbkluo fZl _jbZeh\ \ jZ[hl_ ij _~eh  _gh bkihevah\Zgl
kieZ\h\ fZkRb jZaebqgghc Abki_jkghklb ihk

]b”jhl_jfZevghc h[jz[hlldbjn b f*]d >ey kjZ\g_gby
[ue \ayl ihjhrhd>1 k m”~ _evghc ih\_jogfiKlvx

J amevlZlu \hexfhf_ Iljbg_kdh]h f _Ih~Z hij_"~ e _gb
f 1ZeeZ ihdzZzazZeb qlh _]h kh”~_j Zd¢gh,_ khkbz\®yeh
khhi\_IkI\_ggh Kh”_j Zgb_ nZa&koh”"guo h[jZapZo 1zZd
kbevgh jZaebqgZehkyv glh ih”MI\_j"~ gHkff_Ihdkf JIN:
GZb[hevr__  kh”™ _j°Zgb_ nZaaZnbdkbjh\Zgh \ h[jZap



fZkk n

Jbk.JN: bkohAguo ihjhrdh\ ihke_ h[jZ[hIdB4Ah~hc .

H[jZapu ihjbkluo fZl _jbZeh\ J[ueb ihemg_gu ¢
ij_ kkh\Zgb f k ijbeh’ _gb_f mnktkdby>ey ij_kkh\Zgby
bkihevah\Zeky jmqghc ]Jb”jZ\ebqg_kdbc I _kkk DNA
fZdkbfZevguf jZ[hqbf "Z\e bgklZevgZynhjjfkk >Ze  bo
ih™\_jleb h[ " b]lm ijb\ I _g_gbgZkh\ Ilhemg_ggu_ ki_q_gd

fZl _jbZeu "~Ze__  bkke_"h\Zgu jZaebhbudbkdimfabdl
f Th~Zfb
GZb[he = \Z ghc wdkiemZlZpbhgghc o0Zjzdl_jbkl

f oZgbqg_kdzZy ijhgghklv fzZl _jbZezZ < kh\j_f _gguo f_|I
f oZgbg_kdbo k\hckI\' hJuggh ijh\h”*yl DbkiulZgby
jZkly  _gb_  ]1*_ bkihevam_|ky ~hjh]lhklhys  h[hjm~}
I _j\bgqgh]h hij_~ e _gby b bkke_"h\Zgby f_oZgbq_kdb
gh\uo fZl _jbZeh\ b hi_jZlb\ghc ~bZ]ghklbdb 1Zdbo h
baf _j _gby I\ _j~hklb fbdjhI\_j*hklb klze \iheg_ ijb
wnn_dlb\gu® @ Baf_j_gb_ fbdjhI\_j*hklb dhfihabj
fZl_jbzZeh\ ijhba\h”"behkv gz fbdjhlA F kf gZ]jimrdadhc

G ] b \j_f g f gZ]jmkghby ~“\Zjbl _evgh ih\_joghKkl
h[jZzaph\ [ueZ hlihebjh\ZgZ gZ rebnh\Zevghc fZrbg_
dim]A6G125E AgZg_gb_  fbdjhI\_jrhklb ih f_Ih"m <
\ugbkeyeb ih nhjfme_ \ “bgbpZo I\_j*hklb

1~ ghjfZevgZy gZ]jmadZ ijbeh  _ggZy d ZefZaghfm ¢



kj_ ~g__ Zjbnf_Ibg_kdh_ agZq_gb_ ~ebg h[_bo *"bZ]l
fdf

M~ _evgmx ih\_joghklv hij_* eyeb f_IhAhf ;jmgZmw
L ce jZ ;WL gbadhl_fi_jZImjghc Z”*khj[pb_c Zahlz

GeminiVIl 2390V1.03 (V1.03t). IThdZZl_eb fbdjhl\_j~hklb b m”"_ e\
ih\_joghklb bkoh”~guo h[jZaph\ b ihke_ \u”_j'db ijb
ij_"klzZz\e _gu \ llh[®ZazZgZ h[jZIkbyh&khwbagZqg_gbc m”_evi
ih\_johklb b fbdjhl\_j~rhikrgh glh gZb[hevr_c bkoh?
m” _evghc ih\_joghklvx h[ezZ"Z |fhkjREa_ m dhlhjuc

ihke ki_dZgby ihdZau\Z | gZb[hevr__ agZq_gb_ fbdjhl

LZ[ebpM~ evgZy ih\ joghklv b fbdjhI\_jrhklv ihjbkluo fZI_jbZeh\

M~ _evgZyl FbdjhI\_j~hl
H[jZa_p ih\ joghkfv] AN
bko bko
M> | 14,2 1,14 107 55
fZkkRo (9 1,3 0,25 71 48
fZkRo n 102,4 0,8 45 278

K m\ _ebqg _gb_ f m~ _evghc
ki_dz fhklb \hajzklz |

ih\_joghklb bkoh~ghlh il
dzd b I\_jAhklv ihemqZ fhlh fz

j_adh iZz"Z | bo ihfbXljfokkdvhdZazgZ aZ\bkbfhklv h[t_fZ i
bo ~"bzZf |jZ bkoh”guo ij_kkh\ZggdakypjlZgmiy ih f_Ih"
BJH[4] <b”~gh hJiEZapu fZKRo d b f Zk K% n
bf xI koh bc jzZaf_ ) MbzZizahg_ gf qlh khhiI\_lkl\m _f
f _ahihjbklhc kKljmdImj_ gh ihjbklhklv \ur _ m

fZkRko n < hlebgth[jZzapZ M>1 ~“bZiZahg jZaf jZ
ithj dhlhjh]h jZkiheh g \ h[eZklyo d¢fahihffiZdjhihj

gf

Fhjnheh]bg_kdb_ hkh[_gghklb ithemqg_gguo h[jZaph
f IhAhf kdZgbjmxs_c¢c we_dljhgghc fbdjhkdhibb KWF
JEOLJSM6390LA Yihgby ihdZazZgh qglh ijh~mdlu hl b]Z Kk
miehlg_gu ijhbkoh”bl h[jZah\Zgb_ \lhjbgguo hdkb”h\
j_kljmdImjbazZpby h[jZaph\ ij _~klB\e_gguo gZ jbk

Ilhjbklu_ hdkb”lgdeebq_kdb_ fZl jbZeu ithemqz f
ithjhrdh\ Zexfbgby fh]lml ij_~klZ\eylv agZqbl _evguc
balhlh\e_gby Z2~khj[_glh\ dZlZebaZlhjh\ nbevljmxsh
ghkbl _e ¢ ~ey f_f[jZg b I »~ Wnn_dl ihegh]l]h aZdjulby
Ij_kkh\Zgby fh gh ijh]jghabjh®zZ\w gbx b hgh [m”"_
khhi\_ITklI\h\ZIv ij_~ em | _dmqg_kl®@ fZdpdpphc yley Ik
Zexfbgbc



ljh\_~ ggu_ bkke_ _~h\Zgby ihal\hebeb mklZgh\blv ¢
f 1Zeehd _jZfbdb ijbkmlkI\m _I \lhjbggZy ihjbklhklv b h
ihke_  ki_dZgby ijhbkoh”bl kljmdImjbjh\Zgb_  k
f edhdjbklZeebq_kdhc r_jhoh\Zlhc ih\_joghklb

JbR. >bnn_j gpbZevgu_ djb\u_ aZ\bkbfhklb h[t_fEkohm*duo*rbzZf

ij kkh\ZgghpjZaphl = M> | + fzkke d 3 =
fZkR6  n

17 27 37

10 2 [ 3

Jbk. KWF ihjbklh]h fZl _jbzZeZ ihke_ijhdZeb\Zgby gZfAha"mo_ ijt
M>1 % fZkRo d = fZkRo N, Ztbkoh~gueaihHke _
ijhdZeb\Zybyebqg _gb_jZa
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<EBYGB? L?JFBQ?KDH=H HL@B=: G: IJHQGHKLYV
' BH:DLB<GH=H IHDJUIEBYHJBKLHF LBL:G?

2 : :h]*Zgh\Z < F KdzZgdh\ : = Rbjhdh\Z B = =jblhjh\ G :
N=:MG ©BgklbIml obfbb I\_j*h]h |_eZ MjH J:G?
2dZl_jbg[mj] me I|_j\®1Zckdzy A

chem#@rambler.ru

:gghlZpbyljh\_~ g pbde jZ[hl ih kha”rZgbx [bhdhfihablh\ g
\ukhdhihjbklh]h IblZgZz ihdjulh]lh ]b~jhdkbzZBXllbdhfh\Zgul
hkh[_gghklb nhjfbjh\Zgby ih\_joghklgh]lh kehy ijb khqg_lZgbb f_

bfij _]Jgbjh\Zgby b |I_jfbg_kdh]h hl"'b]Zz Bamqg_gh \ebygb_ | _jfbqg_
Z™] _abhggu_ k\hckI\Z [bhihdjulby
Dexq_\u_ keh\z dhfihabpbhggu_ [bhfZl _jbZeu [bhZdIb\gt

| jfbq_kdzy h[jz[hldZ Z~] _abhggZy ijhqghklv ]b”jhdkbZiZlbl
Iblzg

<\_"_gb_

< gZklhys _ \j_fy [hevrh_ \gbfZgb_\ f_"b
fZl _jbZeh\_~ gbb m~_ey |ky kha”Zgbx gh\uo [bhdl
j_ihjzlb\ghc j_ 1 g jZpbb dhkighOLIdZ2AgjH J:G ijh\_~ ¢
pbde jZ[hl ih kha”Zgbx [bhdhfihablh\ gZ hkgh\_ \u
yq_bkluo fZl_jbZeh\ <IYF MAbgZkZghkhbhjuc IjZ*"bpbhgc
bkihevam_Iky \ f ~“bpbg_ “ey ijhba\h”blgbdbfedZglZIlh
IblzgZ Ijh\_~ _ggu_ bkke_"h\Zgby iha\iHebadyvg\u[jZIv

f IThr gZg_k_gby =:1 gzZ \ZdWwHmfgbfij_]Jgbjh\Zgb ),
h[_ki_qgb\Zxihkeang_gb_ jZ\ghf_jgh]lh b ijhq[d@#8]Jh ihdjulby
\lhjzfb [ueh mklZgh\e_gh glh ih\ur_gb_ | _fi_j
ijhp_kk_ gZg_k _gby hdZaulZ | iheh bl _evgu¢ wnn_ ¢
jZ\ghf_jghkldZqg_klI\h gZg_k_gbyMdlhdjuyyby kemqgzZ_ \ “ey
memqr_gby wdkiemZl@Zpjdodgpmklithdjulb_— ih”\_j]ZxI

| jfbq _Kkadh[jzZz[hld_ qglh ijb\hBaft_g gbXxh kljmdIimju
m~"Ze dobxjhihj b ihemdhgbx h”ghjh?gh]l]h kh_"bg_gby
hkgh\guf f _|Zeehf ih”"eh dhc [B.ihdjulb_f

P _evx "Zgghc jZ[hlu [ueZ hp_gdZ \ebygby | _jfbg_k
iIjhgghklb kp_ie_gby ihdjulby gZg_k _ggh]lh gZ ihjbkl
fZljbpm ihkdhevdm Z"] _aby y\ey |ky bZghdl|bjdbRibd cr
h[_ki_qgqb\Zxsbo ijh*"he bl _evgh_ nmgdpbhgbjh\Zgb _
hjlZgbaf _

FZl_jbZeu b f_Ih”u
<dzZq_KkI\_ [bhzdlb\gh]h ihdjulby \ jZ[lkinkbkjgladwxah\:
=:1[6] ZdaZqg_kI\_fzZl _jbzZezZ f _1Zeebqg_khjibkil uctZ|d kg



ithjbklhklv %). Ijh\_* ggu_ jZg__ bkke_"h\Zgby h
ithjbklhklb IblZgh\hc fZljbpu gZ dzZqg_klI\h ihdjulby if
ithjbklhklv IblZgh\hc fZjppaly |ky hilbfZevghc ey ihemc
jZ\ghf_jgh]lh ijhggh]h 4jdfumljdppjh\Zgb_ ih\_joghklgh]h ke
hkms_kl\eyeb jZajZ[hlZ\dlgpudfb f_Ih~hf \Z]dhm mfgh
bfij ]Jgbjh\Zgbyljb klZ~bb ;ueh  bkke_~h\Zgh Ijb |
| jfhh[jZ[hldb \ ijhp_kk_ gZg_ k lgbklibfjihlbeg i j\hc
klZz~"bb h[jZ[hldbl b]tihke_ Ij _Iv_c klZ*"bb h[pZ]b]db
ihke dZ "hc klZ”"bb hHj4Zfaldd IblZgZ ihjbRbhklV
ithdjudc =:1, g_ 1h”\_j]Z\rbkkybqg_ Kdhhl b]m yleyeky
dhgljhevguf

H[jZapu hl ' b]JZeb gZ \ha”mo_ ijb | _¥YifmAhlmgvghc
I _qgbNabertherm L9/11k dhgljheeBj180 ijb kdhjhklb gZ]j_\

fbg hoez ~ _gb_ ~h dhfgzZlighc |_fi_jZImju .ijh\h”*b
<uf[hj I_fi_jZImju h[_khaoZg gb_ [bhZdlb\ghklb b nZ:
khklz\zZz =:1 ihemqg_ggh]h hkz ~_db[6l, kde hgiglhdhh
gZklbgghfm jZaeh  _gbx ijb | _fi [fyfgImj_a

ljhgghklv kp_ie_gbyndpullby k IblZgh\hc fZIljbp_
hp_gb\Zeb f _Ih~hf p_gljh[_"gh]h hljuCEK-6M, EHNbnm]Z
p_gljhklj fbl _evgh_ mkdftcf).dbp gdi» _evghc ih\_joghklb
h[ijZaphh f_Ih*m ;WL hkyesokkliBfhsvx ZgZeblbq_kdh]
ZgZebaZlhjz iehsZ”b ih\_joghKhkoGdmini¥l)28I0\1.03
(V1.03t, Micromeritics) lj_~"\Zjbl _evgh bkke ~m_fu_ h[j-
ith™\_j]Zebkv ~ _1ZaZpbb ijb\j_fy \u”_| djpZkSample
Degas System VacPrep 061, Micromeriticdfhjnheh]bx ih\_joghklb

h[jZaph\ihdjuluo =:I bamqgZeb gZ kdZgbjmxs_f we
fbdjhkid QSM6390 LA -(2/ Yihgbdhwnnbpb gl m\ _ebq_gby |
A h jZaj_rZxsZy kihkhpdghikbv d<

J ameviZlu b h[km * _gb _
lhdZazgh qlh khqg_lzgb_ f_Ih*Z \Zdmmfgh]lh bfij
| _jfbg_kdh]lh hil'b]Z ijb gZg_k_gbb ihdjulby h[_Kki_q
Ijbjhkl fZkku h[jZapZ ihke_ l|ljzodjZllghZghYhZ£[hEkdjpbpu
fZkRo (khlezkgh j_"hpfm fZkRo (kh]JeZkgh j_"hfm
fZkkRo (khlezZkgh j_"bfmljblhc ~_ djZlghklb gZg_k_g
kmki_gabb dhdljhevdu¢Za_m_ ih*\_j]1Z\rlbgklyg_Kdh
hl bin bf_e fzZdkbfZevguc ijbjhkd fZk&kkRo. Ke_~m_|
hif_Iblv qglh ijb I_jfhh[jZ[hld_ ih\_joghklb ijbjhkl fZkkt
ijhbkdébl g_ lhevdh aZ kq_I ijhibldb f_I1ZeeZ kmki_gab_
kg_| hdbke_gby IblZgh\kdefZtj®Pphwdbkebl_evghc? khklZ\e
Ijyfh ijhihjpbhgZe _g dhebq_kl\m klIZz”*bc |_jfhh[jZ[hldb



Jbk libjhkl fZkkubj

ijb gZg_k_gbb =:1 f
\Zdmmfgh]lh bfij_]Jgbjh
ihjbkluc IblzZg %):
1 \Zdmmfgh_ Dbfij_]gb
| _jfhh[jZ[hldZ ih\_j
j_"bf
2 \Zdmmfgh_  bfij_]gb
| _jfhh[jZ[hldZ ih\_j
j_"bf;
3 \Zdmmighfij_]Jgbjh\z
| _jfhh[jZ[hldZ ih\_j
j_ bf
4 \Zdmmfgh_ bfij_]gb
[ al_jfhh[jZ[hldb ih\_
1 2
3 4

Jbk 2 Fbdjhnhlh]jZnbb ihdjulby gZfglkrgfhlhZdmmighlh
bfij _Jgbjh\Zgby \ aZ\bkbfhklb hl | 'bfZ gz§Zémgbhgh
bfij _Jgbjh\zgb_ [_a |_jfhh[jZ[hldb2 ih\Z§oghkdh bfij Jgbjh\Zgb _
|_jfhh[jZz[hldZ ih\_joghklb ;j3bf \Zdmmfgh_ bfij_]Jgbjh\Zgb_
| _jfhh[jZ[h!ldZ ih\_joghklb 2 j4bf \Zdmmfgh_ bfij _]Jgbjh\Zgb_
| _jfhh[jZ[hlIdZ ih\_joghkib j_“bf



>Zggu_ kdZgbjmxs_ ¢ we _dljhgag hk\ bfb dlj hekvdkh ilorox |
glh 1 _jfbg_kdbc hl b] igbpBRbLl kdb\ZgbklklezZzb\Zghbx
[bhZdIb\gh]h kehy hl ih\_joghklb f_I[ZeéZ"h[kgfth_jbk
ih\_~ gb_ h[tykgy_I|ky \hagbdghhdgbihfablukhdbo
\gmlj _ggbo gZijy _gbc \ualZgguo jZaebqgb f dh
| jfbq_kdh]h jZkrbj _gby fZl _jbZeh\ f_IZeebq_kdhc fZljh
[8, 9].

MklZgh\e _gh qglh baf_g gb_ | jogbéXgbq kdbbly
ihdjulby hdZau\Z_ | \ebygb_gZ iehsZ”v m”_evghc ih\_
ijb 1 _jfhh[jZ[hld_ ijhbkoh”bl kgb > _gb_ __ fi Jebidqdbgu ~
j_“bfm Ahf2 ] ih j_"bfm *h] ih j_"bfm ih
kjZ\g_gbx ki> ] m h[jZzapZ [_a | _jfbg_kdh]h hi b]Z

Ilh ihemqg_gguf f_Ih~hf p_gljh[_"gh]h hljul\Zz ~Zggdg
jZkkgblzZzgz zZ~4ygblggboklv ihdjwlbcihjbklhf IblZzg_ “"ey
jZaebqgguo j_"bfh\ | _jfhh\[jkimi\ddkI\ibjkrhec

1~ zZ~]_abhgjdqgghklv fZkkZ ihdjulbyn]eh\Zy kdhjhklv
\jZs_gby \ fhf_gl jZaju}Zkklhygb_hl p_gljZ fZkk %h
\jZs_gby p_gljbnnx]behszZ”v dhglZdlZ ihdjulby b ih”*ekl
J ameviZlu ZgZebaZ ihemg_gguo “Zgguo ihalhéyxl k"
glh | _jfhh[jZ[hldZ ih\_joghklb [bhdhfihablzZ ijb\h”*bl d k
iIjhgghklguo ozZjZdl_jbklbd kf jbk

Jbk ;"] _abhggZy ijhqge
ihdjulby gZg_k_gghlh
\Zdmmfghlh bfij_lgbjh\:Z
ihjbkluc IblZzg \ azZ\bkbfl
hl j_ "bfZ gZg_k_gby

1 \Zzdmmfgh_ bfij_]gbjh\.
| _jfhh[jZ[hldb ih\_joghklb
2 \Zd g _ bfij_]gbjh\
| _jfhh[jZ[hldZ ih\_joghktb
3 \Zdmmfgh _ bfij _]gb
| _jfhh[jZz[hldZ ih\_joghklb
4 \Zdmmfgh_ bfij_]gb
| _jfhh[jZz[hldZ ih\_joghklb

AZdexq_gb _

Lzdbf h[jZzahf hl'b] dhlhjuc dzZd ijZ\beh Dbkih
memqr_gby nmgdpbhgZevguo b wdkiemZlZpbhgguo
dhfihabpbhgguo fZI\jdpZehhf kemqZ_ hdZaZe g_]Zlb\gh
gZ khj[pbhggmx kihkh[ghklv ihjbklh]h IblZgh\h]h dZjdZ]



Z"] _abhgghc ijhgghklb ih\_joghklgh]l]h f&dh¢hfh[jZa]
p_gljh[_"gh]lh hljul\Z mkihdghglvehgb [he__ a2\ i1bz

| jfbgq_kdhc h[jZ[hld_ >Zggu_ fhjnheh]bg_kdbo bkke *
ih\_joghklguo o0Zjzdl kxAbd evkl\mxl glh Zyjfbqg_k
h[jz[hldZz \ ijhp_kk_ gZg_k_gby ihdjuddymfghihhf
bfij _]Jgbjh\Zghby iylkl\m | h[jZah\Zgbx jZa\blhc ihjl
ith\_joghklb g _h[oh”bfhc “ey mki_rgh]h \"b\e _gby bfieZ
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:gghlZpbyx jZ[hl_ ij_"klZheogleh]lbhemqg gby fZ]gblgh]h kfZahqgg
fZkeZ gZ hkgh\_ oehj\deedqgdkisgyd kbgl_a ba _]h fhe_dme ih\_jc
Zdlb\gh]h \_s_kI\Z klZ[bebabjmxs ]h qZklbpu fZ]g HblZ2 Ihemqg

\ukhdb_  Ijb[hl_ogbg\lkal\Z ijb jZ[hlwdKlj fZevguo mkeh\byo
wdkiemZIlZpbb
Dexq_\u_ keh\Z gZghkljmdImjgh_ fZ]gblgh_ fZkeh 1Ij_gb_
FZ]lgblgu_ kfZahqgu_ fZkejof Juxlghey kfZaulZgby
maeh\ [|j _gby nmgdpbhgbjmxsbo \ hkgh\ghf \ ]Jb”jh
j_"bf_kfZaulZgby gh wlh g bkdexqZ_ | bo ijbf_g_gb_
j_bf_1j g3} <h ~_ \j fy ba\_klgh qglh ~Z°_  bf_y hlgh
ohjhrb_ Ijb[hl _ogbg_kdb_ o0zZjzdl _jbklbdb fZkeh fh°

dhglehf jZlu ba Z]j_]bjh\Zgguo "bki_jkguo gZKlbp fZ
gbadh]h dzZqg_klI\h aZsblguo h[hehg_d qZklbp b h]
| fi_jZImj\ghf _gghc klZ[bevghklvx j_heh]bg_kdbo b

k\hck[4 < j_amevliZl_ ijhbkoh”bl ih\ur_gb_ kbeu Ij_
kfzZazggufb  fz]gblguf  fZkehf ih\_joghklyfb K.
baghkhklhcdhklv fZ1_jbZeh\ lj _gby mf_gvrz |l

nmgdpbhgbjh\Zgby f_eZ4bgpdhatlibld j_ kmbpkad] fZkle\Zab

k g _f jZajZ[bydh\Zpbhgghc | _ogheh]bb kbgl aZ gZghl
fZ]lgblguo kfZahgguo fZk_e mkljZgyxs_c¢ \ur_mdZaZg
Ij_~klZ\ey |ky ZdlmZevghc

GZb[he__ Ibibgguf kihkh[hf ihemqg_gby fZ]gblguc
fZk _e y\ey |ky ~h[Z\e_gb_ \ fZ]gblgmx "b~dhklv Zglb
beb ijhilb\hbaghkguo gZihegbl e ¢ beb ijbkZ~hd

[hevrbgkl\  kemqgZ \ g_ khojZgy |ky bkoh”gZy dheeht
fzkez \hajzklz | g_]Zlb\gZy jhev ih\_joghklgh Zdlb
l:< klZ[bebaZzZlhjZ “"bki_jkguo qZklbp

AZ"ZqZ bkke "h\Zgbc aZdexqZeZkv \ kha”~Zgbb | _o
fZ]gblgh]l]h kfZahqgh]h fzZkezZ \ dhlhjhc klZ[bebaZp
kKljmdImju ijhbkoh”bl ihkj_ ~klI\hf -Zd\lbj\gdHklgh s klI\Z
kbgl abjh\Zggh]hdmmae fllzeah\hc "b~dhklb ”"ey memqgr_gb
f oZgbg_kdbo b kfZahgguo k\hckl\

ljhp _kk jZajzZ[hldb | _ogheh]bb ihemq

h

gby fzZk_
ke _"mxsb_ hkgwNg@uu\u[h] hkgh\u fZ]gblgh]h

lh fzkez



\yvadhklghi_jZImjguf ozZjZdl_jbklbdzf bkizZjy_ fhklb b k
k\hcklI\ZKbgl_a ih\_joghkllg\gh]h \_s_kI\Z klZ[bldbabjmx
kKljmdIimjm fZ]gblguo dheehb”h\ ijb |_fi; jZlapZ][h\ldiZ
| ogheh]bb ihemqg _gby fZ]gblgh]h.kfZahqgh]h fZkeZ
<ukhdb_ Ij_[h\Zgby ih-NyfadpKigjgudjHdl_jbklbdZzZf
b bkizjy fhklb kms_kI\ _ggh h]ljZgbgb\zZxI \u[hj ~“bki_jk
"ey fzZ]lgblgh]lh fZzkezZz LzZd gZijbf_j \ukhdzy | _fi_jZlIr
bkdexqZ | \hafh ' ghklv ijbf_g_gby m]Je_ \h“thghhbggb\fZk «
ljZ"bpbhggh bkihevam_ fuo \ dZq_klI\_ hkgh\u «fZahqg
oh” bkke ~h\Zgbc [ueb bamqg_gu njbdpbhggu_ o0ZjZ
deZkkh\ kbgl Ibg_kdbo fzZk _ e hebl]hhjl]ZghkbehdkZg
KfZzahqgZy kihkh[ghklv heb]hhj]j]ZzghkbehdkzZgh\ hij_
heb]hf jh\ jZaebgghc kljmdIimju ij_"klZ\eyxsbo hkgt
dj_fgbchj]Zzgbg_kdbo "okfdhilZjceblymDezZkk “bwnbjh\
Ij_"klz\e_g gZ ijbf_j_ ~“bhdlbeh\h]h wnbjZ k_[Zpbgh\hc
lj_~klZ\e_ggu_ fZjdb heb]hkbehdkzZgh\ b ~“bwnbjh\ jZ]

rbjhdhf bgl _j\Ze_ | _fi_jZImj bf xI gbadmx bkiZjy
dhjjhabhbghjlgu d dhgkljmdpbhgguf fZIl _jbzZezf beb d [
ba gbo

<ul[jZggu_ ba \k_o jZkkfZljb\Z_fuo ]jmii kbgl_Ibqg_ki
[ueb DbkiulZgu gZ iZevgbdh\hc b rZjbdh\hc fZrbg.
khhi\_Ikggh 1ijb gbadbo b \ukhdbo[7]gZ]JdmadgwlZIlu
bkiulZgbc k\_"~LZJeb\p _ Ilhemqgq_ggu_ "Zggu_ iha\heyxl
njbdpbhggu_ k\hckl\zZ fzk_e Z 1zZzd"_ g _kmsmx kihkh][g
iIjb jZaebgguo dhglzZdlguo ~"Z\e gbyo

LZ[ebpZ Njbdpbhgguklbdpztlbkjbjkbhgguo kj ™ fZ]gblguo fZk_e

Dhglzdlgh_ ~Z\e d Dhglzdlgh_ ~Z\e d
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kfZahgd iZevgbdh\zZy fZrbgZ Ij| rZjbdh\Zy fZrbgZ |j g
"bArdhkll Dhwnnbp B%%gﬂggﬁﬂ]thnnbpt >bZf_1j iyld
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DZd \b~gh ba I|Z[ebpu kfZahggu_ oZjzZdl_jbklbd
"brdhkl _¢ g _h”ghagZqgu ”"ey jZaebgguo dhglZdlguo A~
baghk b dhwnnbpb gl |Ij gbyiZavgbdh\hc fZrbg_ [|j _gby

FIZ ihdZau\ZZkeh -BIK< LZzdb_ \ukhdb_ njbdpbhg
k\hckI\Z fh]lml Julv h[tykg_gu kihkh[ghklvx \kImizZlv \
j_Zdpbx k f_1Zeehf Zdlb\gh]h oehjZ n_gbevgh]h y*jZ b
wlhf oehjb”rh\ ° e _aZ ij_"hl\j]ZsZxsbo aZ"bj

Gbadbc baghk ijhbkoh”bl \Rédafhligh ©kfy]g_gby:
j_"bfz Ij_gby H”gZdh ijb yjdh \ujzZz  _gghf ]jZgbgghf Ij_
klZewlZev ijhib\hbaghkgu_ kKxXh&kb\Aad¥Kibl _evgh om™ _ /jr
"brdhkl_c¢ < Ih " \j_fy ohjhrb_ ijhlb\hbaghkgu_ k\hcKkl
\ukhdbo dhglZdiguoogZike@ddWHK >HK ?keb \ukhdZy
kfZahqgZy kihkh[@hkley ©Okgh\ZgzZ ij_"~_ \k_]h gZ obfbq
\aZbfh” _ckl\bb Ih gbadbc baghk m >HK ijb jZaebqgguoa
\ualZg h[jZah\Zgb_f ijhqguo Z”*khj[pbhgguo keh_\
ih\_joghklv azZ kqg_lhobabkhjkphbb

Hrgbf ba nzdlhjh\ 1Zd" _ \ebyxsbo gZ kgb _gb_
liZgbgghf |j_gbb y\ey Iky ~Z\e _gb_ azZI\_j» \Zgby G.
"Z\e _gb_m >HE thidW&h FIlZ

Gbadbc dhwnnbpb (gjibf] jghy) mklZgZ\eb\Z Iky \ oh?”
bkiulZzgby gZ fZrbg_ FLR ijb kfZad_ "brdhklaghlFLK
kgb _gb_ _]1h \ ijhp_kk_ Ij_gby hljZz"Z | obfbqg_kdb_ i
ljb[hdhglzdlZ k\yazZggu_ k \kimie_gb_f \ j Zdpbx Kk
ih\_joghklb keghlhkbehdkzZzgZ b h[jZah\Zgb_f kmevnb”
h[ez"Zxsbo ijhlb\hazZz”bjgufb k\hcklI\Zfb

<ukhdh_  kfZahqgh_ ~ _ckl\b_ o0zZjzdl_jgh 7ey nll
kh_ ~bg _gbc bf xsbo ohjhrb_ ijhlb\hbaghkgu_ b n
0ZjZdl _jbklbdb NKglh h[mkeh\e _gh ki ‘pknbpplhle Z
heb]hf IbenlhjkbehdkzZgh\ gZ ih\ _joghklb f _|IZeeh\ b
ijhgguo nlhjkh” _j"Zsbo kh_"bg _gbc

< LZ[ebp_ ijb\_~ gu l1Zzd”_ j_ameviZlu b k
m]e _\h*hjh~rgh]lh fZkdBIkju_ iha\heyxl| kjZ\gblv _]h kfZe
kihkh[ghklv k Iljb[hk\hikckkgV\Zfbg_kdbo "b~dhkl_c 1Ihqlb
heb]hkbehdkZgu djhfmkNmiZxl ih njbdpbhgguf ihdZaZz
m]Je \h~"hjh*ghfm fZkem ijb \ukhdbo ~"Z\e _gbyo gZ]jmat
ijb mf_j gguo ~"Z\e _gbyo bo k\hcklI\Z g om _ beb ~*;:
ij_\hkoh”yl Ijb[HojbjiZld db-4< F

DZd \b”gh Lbdlebpu Ijb kha~Zgbb fZ]gblguo ki
jZ[hlZxsbo \ Iljb[hkhijy  gbb \ j_ "bf_]jZgbgghc kfZadb
dhglzZzdlguo *"Z\e _gbyo gkKlId48y \kdZgv kI\_ ~bki_jkbhgguo
p_e_khh[jZagh bkihevah\zZIlv kibpdhkdlh KWK N-K5.



G_"hklzldhf “b~rdhklb yNel |ky h]ljZgbq_ggZy jZkl\hjb
m]Je \h~hjh”guo l:< >bhdlbek_[ZpbgZl >HK y\ley Iky
kfZahgghc “b~rdhklvx ijb jZaebqguo dhglZdlguo ~"2Z\
Ij_\hkoh”~bl heb]hhj]ZzghkbehdkZ ghkguighlk\\hdkd\Zo gh
mklmizZz_1 bf \ gbadhl_fi_jZImjguo oZjzZdl_jbklibdZo .
"hklZlhggh \ukhdmx bkiZjy_fhklv lThwlhfm bkihevah\Zgl
"ey maeh\ |j _gby jZ[hlZxsbo \ \Zdmmf_ \hafh gh eb
| fi_jZImjZo

GZ hkgh\Zgbb Zdadmaizibg kdbo k\hckl\ Z lzd
njbdpbhgguo bkiulZgbc \ dZg_klI\_ hkgh\u [ueZ \u[jZgZ
"brdhklv -20B8K< h[ezZz"ZxsZy fZehc DbkiZjy_fhklvx ol
j_heh]b_c ijb gbadbo I _fi_jZImjZo b \ukhdbfb kfZahqg
Ijb mf_j gguo gZ]jmaglZd| fgZopy NON

Lim~ghklv \lhjh]h wlzZiZz kha”Zgby fZ]gblguo fZk_e
lhf qglh \u[jZggZy "bki_jkbhggZy<«kjhl12ZOXK | iehohc
kh\f_klbfhklvx k [hevrbgkI\hf |IjZ*bpbhgguo m]e_\h”"hj
lhwlhfm bkke_ ~h\ZeZkv \hafh ghklv kipgtkBZ glgk feyh
bkihevah\zZgby _]1h \ dZqg_kI\_ klZ[bebaZlhjZz dhee
fZ]lgblgh]l]h fzkez jZ[hlZxs_]h \ j_"bf_ ]jZgbqghc |
| fi_jZImj_ hhMh :

Kbgl _a I:< ijh\h”"beky f_Ih~Ahf ijilh\dBkdbepbdkZgh\uc
kd _e | ih\_joghklghZdlb\guo njzZ]f_glh\ m]Je_\h*hjh”*guct
dZzq_kI\_ hkgh\u 7ey ijb\b\db J[ue \ayl g_ihkj_~kI\
oehjkbehdkZzZ&I<©®K qlh h[_ki_qb\zZz_ | fzZdkbfZevgh_ Kk
khev\Zlghc h[hehqgdb b "bki_jkbhgghc KijklIAu Z
fh*bnbpbjmxs_]h Z]Zajllzeh\Zy dbkehlZ | d dbkehlgu_
hfez"Zxl gZb[hevrbf ~bki_j]lbjmxsbf ~ _ckl\b_f b h]
fZ]g _Iblhf o _fhkhj[pbhggmx k\yav

HilbfZevgZy dhgp _gljZpby Zdjbeh\hc dbkebPdu khklZ
fZkk \WlkZ kbehdkzZgzZz 1jb dhgp_glyZhdd Z_ d¢ky kil _ i _gv
ijb\b\db ijb kh”~_j Zgbb [he\_ebqgb\Z _Iky \uoh” ih[hqgg
ijh~mdlZ ]Jhfhihebf jZ Zdjbeh\hc dbkehlu

Bkke "~h\Zgb_ \tddhyoqibyp bjh\Zggh]h heb]hoehjkbehdk
kfZahqgu_ k\hcklI\Z ~bki_jkbhgghc kj_"~u gZ fZrbg_
ithdZaZeh glh agZgbl_evgh_  mom”r_gb_  ijhlib\hba
ijhbkoh”bl ijb dhgp _ glyuzfZkkik\alh \j fy dZd m |jZ*"bpbhgg
dhfihabpbb-I1Wike bgh\Zy dbkehlZ j_adh_ m\_ebq_gb_ b
kh” j"Zgbb k< fzZkk WIh h[tykgy Iky \ qgZklghklb
jZklI\hjbfhklvx "bjguo dbkehl \ heb]hwlbekbehdkZgZo
Z "khj[pbb ba I1Zdbo kj_~ gZ ih\_joghklb 1j_gby gl
Z "khj[pbhgghfm ihgb  _gbx ijhgghklb b ih\ur_gbx baghk.



lhemq_gb_ fZ]gblgh]h fZkeZ ijh\h”*beb iml_f h[jZ[hl
hlifulhl]h hl \h?u Zp_lhghf jZkl\hjhf k DQa \
heb]l]hoehjkbehdkzZg_ Kh”_j Zgb_ 1:% khkkZ\kle\h kZ
fZ]g_Iblz |_ilbaZpby \_ezZRv\Zjbmmf_  Ilhke_ k_iZjZpb
p_gljbnm]_ ithemqgZ |ky fZ]gblgh_ fZkeh k gZfZ]gbqg _gg

d: f b \yvadhklvxZ k

lhemqg _ggZy dhfihabpby bkiulu\ZeZkv gZ fZrbg_ 1j_
| fi_jZImj_ \ mae_ |j_gbebl _evgu_ bkiulZgby ihdZaZe
j_kmjk jZajZ[hlZggh]h fZkeZ ig2Wwh¥ & gZqZe_  bkiulZg

dhwnnbpb_gl Ij _gby b baghk khklzZ\eyx! tkkhh!\®> @\ ggh
dhgpm bkiulZgbgzZkh\ dhwnnbpb gl |Ij _gby m\ ,ebgbek
baghk ~h

HibjZykv gZ \uiheg_ggu_ bkke_ _"h\Zgby fh gh k" _ ez
glh f_Ih™ fh*bnbdZpbb heb]J]hkbehdkzZgh\ iha\hey | i
ijblhrgu_ \ dZq_kI\_ klZ[bebaZlhjZz ~"ey fZ]gblguo fZk_
liZgbgghf j_ "bf_ kfZadb ijb mf_j gguo gZ]jmadZo k
wdkiemZlZpbb ~MDjhf_ ITh]lh ih wlhc ko_f_ fh 'gh kbgl_:
l:< gZ \k_o IbiZzo heb]l]hkbehdkzZgh\ kh”_j Zsb_f_I1Zev
jZ"bdZeu k "ebghc kbehdkZgh\hc pgfb oq@h 29 |
\hafh ghklv \Zjvbjh\Zgby khklzZ\hf ~bki_jkbhgghc kj_"u
hl mkeh\bc wdkiemZI|Zpbb fZk_e

GZ lj_Iv_f wlzZi_ bkke_"h\Zgbc [t pnbajghhZZoggZZy
| ogheh]by ihemq_gby fZ]gblgh]h fZzkezZz Kbgl_a fZ]ghb
ij_~eh  _gh ijh\h~blv ijb \ukhdhf ]b”jhklZlbgq_kdhf ~Z
gZ]j_\Zgbb \k_o dhfihg_glh\ kf_kb qglh iha\hey | kh
g _h[oh”bfh_ "ey hkms_kl\e _gby kbgl_aZ fZ]gblgh]h
khanzZlv [eZ]hijbylgu_ mkeh\by 7~ey h[jZah\Zgby g
"bki_jkguo gqZklbp fgh]lhf_jghc kljmdImju ba fhe _dme I:
Zdlb\Zpbb obfbg_kdbo j Zdpbc b Z~khj[pbhgguo ijhp
klZlbg_kdh_  ~Z\e _gb_ \ kj_~_ Zdlb\bjm_1 ijhp_kku
Z khj[pbb I:< h~gh\j_f _ggh kgb Zxlky jZaf_ju fZ]gblgu
M\ ebqb\Z |ky wnn_dlb\gZy IhesbgZz Z~khj[bjh\Zggh]l
azZgbfz | \kx Zdlb\gmx 1ih\ _joghklv fZ]Jgblguo qZklb
ijhp_kk " _khj[pbb fhe_dme I:< f_g__ \ujZ _g HA”
\hajzklz 1 iehlghklv mizdh\db fhe_dme \ Z~khj[bj
Khhi\_IkI\m_I wg_j]_Ibg_kdb [he__ \ulhaghfimltkkhiglhygt
baf_gy_I|lky dhgnhjfgh_ khklhygb_ fhe_dme ih” ~_ ckl
lh\urZ _|ky f_ozZgbg_kdZy ijhqghklv Z~khj[bjh\Zgguo ke
baaZ m\_ebq _gby dhebqg_klI\Z f_ "fhe_dmeyjguo k\lya_c

< j_amevlzl_ we _dljhfZ]gblgh]h \azbfh”_ckl\by f_ "~
|:< \hagbdZ _| [he__ kbevgh_ f_"gZklbqgqgh_ kl_jbg_kdh_



j_amevlzZl_ kgb Z Iky kdehgghklv ~bki_jkguo fZ]gbl
Zlehf_jZpbb \hajzklZz_| dheehb”?gZy klZ[bevghklv fZ
nhjfbjm_Iky [he__ gZ”~_"guc Z~khj[pbhjgZghtu kighc "e)
th\ur_gguo | _fi_jZImjZo < j_amevlZl_ kms_klI\_ggl
dhebqg_klI\h djmiguo dhgl]ehf_jZlh\ ba fZ]gblguo qZkll
mf_gvr_gb_ bo ZIpZak\gihby mf_gvrZxlky ~ nhjfZpbh
aZljZlu wg_j]Jbb IThwlhfm bgl_gkb\ghklv bagZrb\Zgby
kfZaulZgbb kbezZz |j_gby kgb Zxlky Z J_kmjk fZ]g
ith\urzZ _|ky HIghkbl_evgh Iheklu_ b ijhgqgu_ Z~khj[pbhi
g_ iha\heyxl qgZklbpzf ih” \ebygb f njbdpbhgguo
Zlehf _jbjh\ZIvky G_  gZlex™Z _1lky | _jfhzdlb\bjh\Zgg
i _j_oh”Z \ukhdhfZ]gblgihabhEZdbkb aA gbadhfZ]gblguc
] _fZIbl aZ kg_IlI g_]h \j_fy kbgl_aZ khdjZszZ _I|ky
lj_~eh” _ggZy | _ogheh]by kbgl azZ aZdexqZeZkv
FZ]g _Ibl ihf_sZeb \ “bwnbj \ ijbkmlkl\bb \h~gh]h
kl _Zjbgh\hc dbkehlu ijb ih\ur_gghc | _fi_jZImj_ "ey m~
\u®_j b\Zeb 7"ey kbgl_azZz zZdlb\guo dhfihg_glh\ H
ijbdeZz”u\Zehkv ]b~jhklZlbg_kdh_ "BV _gdhlhjh_ \
NZevg_cr_f kgbfzZzeb b ijh\h”~beb | _jfhh[jZ[hldm \ | _q_g
gZkh\ AZl f ihgb Zeb I _fi_jZImjm ihemqg_ggh]h fZkeZ
fZkk fZ]g _IblZz heb]lhwnbj ihemqg_gguc gZ hkgh\_
dbkehlu b "mrwkbjevgh _
>ebl _evghklv | _jfhh[jZ[hldb gZ i_j\hc klZ~bb ijh~
| g _gbb qzZkh\ ?keb \j fy fZkh\ |h g_ gZ[ex™Z_ Ik
kms_ klI\_ggh]h m\ _ebq_gby iehlghklb miZdh\db fhe
Z "khj[bjh\Zgghf khklhygbb gz fZ]Jg_Ibl_b g_ jzZkl_I _]h
ijb[ebabl_evgh gzZkh\ | _jfhh[jZ[hldb iehlghklv miZ:q
fhe _dme I:< \ Z~khj[bjh\Zgghf khklhygbb b IhesbgzZ k
jhkeb
GZ \lhjhc klZz”bb ijhp_kkzZ kbgl_az \j_fy | _jfhh[jZ
gZkh\ g_ o\zZlz | ~ey ihegh]h \uiZjb\Zgby \h”u b
fZ]l]gblgh]h dheehb”Z Z \j_fy dBkh\ g_ iha\hey |
kms_ klI\_ggh ih\ukblv kfZahdggulgbkgihdhklfZkeZ b mf_gvrb
ijh~he bl _evghklv ijhp_kkZ kbgl_aZz
lh ij_"~eh”  _gghc b ba\_klghc I|jZ"bpbhgghc f_Ih"
kbgl _abjh\Zgh g _kdhevdh fZ]gblguo kfZahgguo fZk e
kh~ j zZgb _f fZ]g _Iblz ~ey kjz\g _gby bo k\hcklI\ FZ]g_I|
wnbjhf ihemqg_gguf gZ hkgh\_ kl_Zjbgh\hc dbkehlu ih
"h[Z\eyeb "bhdlbek [ZpbgZl
;ueb \uiheg _gu kjzZ\gbl _evgu_ Ijb[hl _ogbqg_kdb_ &
gh\uo fZ]gblguo kfZahqgglkbglZ&kbjdh\Zgguo ijb gZeh _d



\ukhdh]h "Z\b fdgZlky e ihemqg_gguo ih h[s _ijbgyBec | _ogh
j_amevlZlh\ bkiulZgbc \ul_dzZ_1I qglh m~Zehkv ih\ukb
klZ[bevghklb fZ]gblguo fZk_e kgbablv kdhjhklv bagZr
ijb 1jZgbgghf j_"bf_  kfZaulZgby ih kjz\g_gbx k f
"brdhklyfb ihemqgilgdwfb klghc | _ogheh]bb LzZd _ gZ]Je
kms_ klI\_ggh_ ith\ur_gb _ wg_jlhwnn_dlib\ghklb | o
ijhp_kkzZ azZ kq_I| khdjzZs_gby \j_f _gb | _jfhh[jZ[hldDb

JZ[h1Z \uiheg_gZ ijb nbgZgkh\hKNBA$h ] 'dl_<J0897500).
b[ebh]jZnbgq_kdbc:kibkhd
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X < ;juedbgG AZeh]bg : < DjZkbevgbdh\ G N Jm”"b
N=MIRS gljZevguc gbkrhgghh\Zl _ewkdbtmd fZrbghkljh_gby?2
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:gghlZpby IhdZazgZz \hafh ghklv kbgl _aZz ml]e jh”~guo gZ
ieZafhobfbq_kdbf kihkh[hf hkgh\Zgguf gZ jZaeh _gbb f_lzZgz \ z
Dexq_\u_ ke&h\ZgbjmxsZy Imgg_evgZy fbdjhkdhiby we,dljhggZy
<QieZafhljhg m]e_jh~rgu_.fZl _jbZeu

<\_"_gb_

ljb jZajzZ[hlda”_eb&ad_|lgthkfbg_kdhc |_ogbdb JD
hkh[mx jhev DblpdxgdpbhgZengdjulbym”~h\le I\hjyxsb _
lj _[h\Zgbyfl _dehaZsbdaghkhklhcdhklb jZ*"bZpbhgghc kil
dhjjhabhgghc klhcdh&lyg k _gb_ ihdhalbhey | \ rbjhdbo
Ij_~ eZo p_e_gZijZ\e_ggh fh”bnbpbjh\ZIv ih\ _joghkl
dhgkljmdpbhgguo fZl jbZeh\ GZb[he_ _ bgl_j kguo k\l
Ahb\Zxlky \ j _amevlZl_gZg_k _gby gZghkljmdImjguo i
themq _gihyh[guo ihdjulbkvfZ fgh]lhh[jZaghklZihggh
ohjhrh ijbf_gbfu d m _ ]Jhlih\ufl@a”"<kbf\gth]bo [2Z4]hlZo
ijb\h”~ylky ijbf_ju agZqgbl_evguo baf_g _gbc k\hckl\ fZI
nhjfbjh\Zghgdh]h kehy ihdjulby

< kvfz i _jki_dlb\guf \ wlhf highr_gbb y\
ileZafhobfbg_kdbc kihkh[ kbgl _azZ gZghkljmdIimjbjh\Zgg
bkihevah\Zgb f gzZ]j \Z b km[ebfZpbb beb jZaeh _gby
\ ieZzaf_\ukhdhqzZklhlgh]h bg"mdpbhggph<]Zapihh]h jZe
[6] hibkZgu f Th~ bdb wdki_jbf_glh\ ih iher
gZghkljmdIimjbjh\Zgguo fZl_jbZer\Qbeizradhijbg \

lj_bfms_kI\Zfb 1Zdh]h kihkh[Z ih kjZ\g_gbx k jZkijh
we _dljhm]h\uf y\eyxlky
-hlkmlkl\b_ h]jZgbg_gbc ih \dezZz”?u\Z_fhc fhsghklb b k\
kms_ kI\_ggh_m\ _ebg _gb_ijhba\h”bl_evghklb
-\hafh ghklv jZ[hlu k bkoh”gufb \_s_kI\Zfb \ jZaebqgu
khklhygbyo
-ijhklhlZz ih”~]lhlh\db kf_k ¢ fZl _jbZeh\ b \hafh ghk
A"habjh\db
-\hafh ' ghklv ~bklZgpbhgghc ~bZ]ghklbdb hkgh\guo
hij " eyxsbo ijhp_kk nhjfbjh\Zgby gZghkljmdIimj) q_j_a
jZ[hg_c gZklb mklzZzgh\db
-\hafh ghklv hilbfbazZpbb ijhp_kkZ azZ kg_| g _aZ\bkbfh]



NZ\e _gby wg_jlh\deZ~Z b jZkoh”~Z ieZafhh[jZamxs _]h ]
-\hafh ghklv nhjfbjh\Zgby ithlhdz bkihevamy
"hihegbl _evgu_ mkljhckl\Z khieZ b baf_ g gb_ ]
iZjzZf_Ijh\ jZkklhygb_ hl bg"mdlhjZ ~h kZ°_meh\bl_ey

lh kjZ\g_gbx k we_dljh*m]h\ufb ieZafhljhgZfb dh
bkihevamxlky \ ieZafhobfbg kdbo ijhp_kkZo gh \ dt
Ijbf_kb f_"b k we_dljhe\afhs®dgu ihalheyxl ihemqgZ
obfbgq _kdb gbklu_ihlhdb ieZafu

lhemq_gZghkljmdIimiieZ&fhljhg

ljbgpbi ~_ckl\by mklZgh\hd k \ukhdhqgZklhlguf gZ
hkgh\Zg gZ ba\_klghf nbabqg_kdhf y\e _gbb gZ]j_\Z i
we dljbg_kdbf lhdhf bg"mpbjh\Zgguf \ gbo i
we dljhfZ]gblguf ihe HfiexkafklhgZo ih*h[ghc gZ]j_\Z_
Ijh\h~ys ¢ kj _~hc yley Ilky bhgbah\Zgguc ]Za
we _dljhfZ]gblgh_ ihe_ kha”Z _Iky \gmljb bg~ mdlhjzZ i
wlhl]h ihey mkdhjyxlky k\h[h”gu_ we_dljhgu bf xsl
ljbh[j_|Z_fZy we_dljhgZfb wg_jlby ~“hklZlhggh \_ebdZ
wg jlbb i _j ~Z |ky fhe _dmeZf ijb klhedgh\ _gbyo \uau)
k\yab k wlbf \ ahg_jZajy*Z bf__|lky agZgbl_evgh_ jZa
we dljhgh\ b Iy’ _euo gZklbp

GZb[he jZkijhkljZg _ggZy dhgkeéjsradpbynwgZ <Q
kfjbk ij_"~klZ\ey | kh[hc jZajy*gmx dZf_jm \ \b”_ d\Z]
ijhgbpzZ_fmx “ey \ukhdhqgZklhlgh]h we _dljhfZ]gblgh
ithf _s ggmx \ bg”mdlhj kh_"bg _gguc k \ukhdhqZklhlg
<Q= K h~ghc klhjhgu jZajy*rgZy dZzZf jZ aZdjulZz
]Zahnhjfbjh\zl _e f qg_j_a dhlhjuc ih*"Z _Iky jZ[hgbc ]Z
ihke ijhoh ~ _gby ahgu jZajy”*Z \ jZ[hgmx gqZklv mklZgfl
]Zahnhjfbjh\Zl ey ihalhey | hkms_kl\eylv gZ” "gmx
\ukhdhqgzZklhlgh]h jZajy*Z mijZ\eylv ieZaf_gghc kljm__
kl i _gb aZsbsZlv kl _gdb jZajy*ghc dZf_ju aZ kqg_| gZ«
aZdjmldb ih”rz\zZz _fhlh q_j_a ]Zahnhjfbjh\Zl _ev ]ZaZz
h[_ki_qgqb\Z Iky qgbklhlZ ihlhdZ b \ukhdbc j_kmjk jZa
Obfbqg_kdZy gbklhlZ \hamrghc iezZafu ih”~I\_j~ gZ
ki_dljhkdhibg_kdbfb baf>gyglkyfllljhkdhibg_kdbo baf_j_
<Q-iezZafhljhg kgZ[ _g ki_pbZevgufb beexfbgZlhjzZfb

J ZebaZpby ij_~eh” _gghlh kihkh[Z hkms _ Kkl\¢
dimighfzZkrlZ[ghc mklZghddaflkljh@hf bf _xs_c ke_~mxs]|
1ZjZf _lju fhsghRhv E<| qgZklhlZ | _gxjZlWdj=Zp ~Z\e gb _
kf kb ]Zah\ f{lZ] \gmlj_gglEé¢ Nbd\Zjp_\hc jZajy”~ghc
dzf_j# ff



< <QezZafhljhg_ bkoh”gu_ fz\_jbWZeu ihjhrdh\
"brdhkl_c beb JzZah\ ih~f_rb\Zxlky \ kljmx ieZafhh[jZ
(ZjlhgZ \ha"moZahlZjp < jZajy”ghc dZf_j_ ieZafhljhg
| fi_jZImjZ ieZafu "hklb]Z_4¢l&d ihal\hey | ijb hij_~ e g
mkeh\byo ij _\jZlblv \ iZj beb ~"bkkhpbbjh\zZlv ex[h_ \\
\_ s _kI\hb \azZzbfh”_ckl\bb k ieZafhc qgZklbpu m]Je_jh*Z
\'s kI\Zz gzZ]j_\zZxlky b km[ebfbjmxl > @ Ihke_ wlh]h
ihreh db kljmzc iezZafu k iZjZfb m]le_jh”Z ijhbkoh”bl b
h[jZzah\Zgb _f kZ'b kh” _j°Zs c¢ jZaebggu_ gZghkljmdImj

Jbk Ko fz ieZafhobfbqg_kdh]h ihemq_gby gZghklg@dImj \ m
N=MI| ©OPGBB)Zr?

< jZ[hlZe > @ ijb ihemqg_gbb gZghkljmdIimj bkih
mle_jh~hkh” _j"Zsbc ihjhrhd k "h[Z\dZfb jZaebqguo dZ
1j_"~klZz\e_gghc jZ[hl_ bkoh”guf fZl_jbZehff y¥egy Iky
( JZaeh _gb_ f_1ZgzZ lj_[m_I| agZqgbl_evgh f_gvrbo
qg_f km[ebfZpby gZklbp m]e_jh”rZ Ihwlhfm \uoh” dhg_
nZgghf ijhp_kk_ fh™ I Julv m\_ebq_g 1ih KkjzZ\g_gb



bkihevah\zZgguf Djhf_ Ih]h ijbkmlkli\b_ \h*hjh~Z \ ]
fh™ I hdZau\Zlv ~hihegbl_evgh_ dZlZeblbg_kdh_ \}
h[jZah\Zgb_ gZghkljmdImj

Lzd ~_ klhbl hif_Iblv qlh \ ij_~u”“msbo jZ[hlZo hkZ
ijhbkoh”beh gZz kZ" _meh\pbke bl ih~"eh d_
jZkiheZ]Zxsboky \g_ ahgu jZajy*Zklb_ ]A _j2phggyergZliky
jZaebgb_ | _fi_jZImju we _dljhgh\ b Iy _euo qZklbp

Bkke_ _~h\Zgb _ gZg_kzggh]h gZ d jZfbg_kdmx
m]e_ jh~hkh” _j°Zs ]Jh \_s klI\Z

< ijh\_" gguo wdki_jbf _glZo \ dZqg_kI\_ iezZafhh[jZ
bkihevah\Zeky Zjlhg Kk jZkohBlkfohaguf ijh*mdlihf ~e\
ithemqg_gby m]Je_jh”guo hgbhghih”h[guo kljmdIimj y\e\
dhlhjuc k jZkoh”Hk @_j_a ihjhrdh\uc ibMPF-70
\\h*beky \ jZajy*gmx dZf .jm mklZgh\db



AN

Jbk2 Kgbfdb ih\_joghklb m]e_jhrhkh”~_j"Zs _]1h ihdjulby k jZaf
kgbfdzZ khhl\_Ikl\mxsbf

Z fdf hilbg_kdbc fbdfRKdI);

[ fdf jZkljh\uc we_dljhggucJEDd Jskdisop

\ fdf jZkljh\uc we_dljhggucJEDd JsKeneon

] gf jZkljh\uc we_dljhggucJEDd jskea/60pD

N gf(kdZgbjmxsbc Imgg_evgudoRiG2Rdhi

_ gf kdZgbjmxsbc Imgg_evguMFb@34+Pkdhi

HkZ ~ gilZjh\ m]Je _jh~rZ ihemqZ fh]lh \ j _amevlZIl_
f 1ZgZ hkms_kl\eyehkv gZ d_jZfbg_kdb_dhevpZ \gmlj
jZajy*ghc dzZf_ju k¥). ;jo&kh \uiheg_gh bkke_"h\Zg
] hf Ijbgq_kdbo k\hckl\ ithemqg _gghc kKljmdImju
fbdjhkdhibq_kdbfb f_Ih”*Zfb hilbg_kdbf FFMBjhkdhihi
jZkljh\uf we dljhg@ufISM-7600b kdZgbjmxsbf Imgg_evgu
M F D-02- ? ijb wlhgffZb[hevr__ m\_ebqg_gb_  7~Zzl kdZgt
Imgg_evguc fbdjhkdhi Nhlh]jZnbb ih\_joghklb m]e_jh
ihdjulby ij _~klZ\e _gu 2gZ>hjihkegbl eJgbk \uiheg g
ki_dljZevguc Zgaebav|Zliu jZkrbinph\dlgu MZ[bp ).1

LZ[ebpZ Ki_dljZevguc ZgZeba khklZ\Z gZg_kzggh]h ihdjulby
We f |
% 92,36| 1,23 | 0,07|0,12] 0,05 | 5,65
We f |
% 0,05| 0,03 | 0,07|0,08| 0,08 | 0,20 0,02

<u\h”u
GZ hkgh\Zgbb ijh\_~ gge@afthlgh®  wdki_jbf_glh)
ithdZaZzZgZz \hafh ghklv kbgl aZz m]e _jh”guo C

~



ieZafhobfbq_kdbf Kkihkh[hfZylgkgh\Zgeh gbb f _1ZgZz
Zjlhlghc ieZaf _
lhemq_ggZy ij_"eh  _gguf kihkh[hf kzZ Z kh” _j bl

ml]e jh~"Z jZaebqgh]h fZkrlZ[Z gZgbgZy k fbdjhf_Ijh\F
aZdZggb\Zy gZghf _Iljh\uf < gZghf_Iljh\hf ~bZiZahg_
kljmdImju hihagZggu_ \ jZ[hl_ > @ dZd hgbhghih”h[gu

gf <hijhk dhgp_gljZpbb hgbhgh\ \ ihemqg_gghc kZzZ°
NZevg_cr_f bkke_"h\Zgbb

b[ebh]jZnbq_kdbc:kibkhd

1. <hehkh¥®: Bkke_~h\zZgb_ baghkhklhcdhklb dhgp_\uo I\_j*hkie
gZghihdjulb_f F : <hehkh\z :Klljrk.zd2B812\+<« 30. +C. 1621.

2. >j]_k\hb&K <Gbadhl_fi_jzZImjgZyFpedafAfguc k_jbZe K < >j_k\b
. ;h[jh\ < F E_e_\db@hbhkpb[bjkd GZmdzZ Kb[bjkdh_ hl*_e_gb
L <Q- b-KeAafhljhgu

3. AZeh]bg= G Bkihevah\zZgb_ fhsguo \ukhdhqgZklhlguo bg”m
ieZafhljhgh\ ~ey kbgl_aZ m]e_jh*gle GZgAKEM|dIgn)j < < Dbkeh
< ;Dghlvdh < G I1ZjcZhhygh ijZzdlbg_kdZy dhgn_j gpby ©GZghl
ijhba\h~kl\m a |jm”u dhgn_j_gpbb NjyabgdZ[jyghyfjyz+
Dhgp_jg ©GZghbg” mki[b¥y2a © Xgmk88

4. 1ZI JhkkbckdZy N_~_ jZpbGolBRI®. MklZgh\dZ ~ey
ihemqg_gby nmee_j_ghkh?/j<BZkO\KZ B > ~xdh\ E : AZeh]bg
N aZy\bl_ev b iZl_glhh[ezZz"Z]l_ev N=MI|2MPIOBBArx%aZy\e
27.01.04 himJ[e ; X.ex2 K

5. AZeh]lbg +h®mqg_gb_ gZghkljmdIimjbjh\Zgguo fZIl_jbZeh\ b i
\ukhdhqgzklhlghf bg” mdpbhgghf iezZafhljhg_ = G AZeh]bg
: <DjZkbevgbdh\ b 7j | _jki_dIb\g@011Zk_jb Z#&u -24.

6. :ggmdhD? GZg _k _gb_ nmgdpbhgZevguo ihdjulbc jZaebqggh]l
ieZafhobfbqg_kdbf f_Ih~*hf gZ bg"mdpbhgghd? iegd@amdihg
DhkfhgzZ\lbdzZ b jzd_I1h20jh+tgb_ +€ 150155

7. <eZkh\ <KBn[ebfZpby qZklbp m]e_jh”*Z \ ieZaf_gghf ihlhd_ ]_
\ukhdhqgzklhlghf bg"mdpbhgghf ieZzafhljhg_ < B <eZkh\ = G A
@mjgZe |_ogbqg_kdh200/balbdb < +K3037.

8. <eZkh\ <BKkihevah\Zgb_\ukhdhgZklhlguo bg"mdpbhgguo ieZzs
ijhfure_ggh]h ithemqg_gby gZghkljmdIimjbjh\Zgguo fZl_jbZeh\ b gZ
< B <eZkh\ =G AZeh]lbg : < DjZkbevgbdh\ : E Dmkh\

Bgl ]1jZ2€00%.+< 1. +K -18.

9. :ggmdh\ DKbgl a m]Je_jh”"guo emdh\bgguo gZghkljmdIimj b
ieZaf_gghf ihlhd_ bg"mdpbhggh]h iezZzafhljhgZz D ? :ggmdh)
DjZkbevgbdh\ F X 1lhih\ ; : Dmevgbpdbc IbkvfZ \ @mjgZe | _
+2015. L 41. £ <ui Kt -37.



M>D 236.2
BAMQ?GB? N:AHH;J:AH<:GBY
<KBKL?F?
: < <Zkbev=WN_"hjh\kdbc Kug_\E : Ljmkh\ ? H :ghobg | ? DZe
N=;HM <H ©Fhkdh\kdbc Jhkm~Zjkl\_gguc mgb\_jkbl_| bf F <
Fhkd\Z E_gbgkdb_ ]lhju ~
a.vasiliev@inorg.chem.msuu

:gghlZpby "Zgghc jZ[hl_ f_Ih~"hf kdhjhklghc aZzdZedb jZkieZ\Z ih
kl_dez F_Ih~hf |_jfhdjbklZeebazZpbb kl_dhe \ \hkklZgh\bl_evgt
ihemqgq_gu h[jZapu kl_dehd_jZfbdb Bkke_"h\Zg nZah\luc khk
0ZjzZdl_jbklbdb kl_dehd_jzZfbdb kh”~_.j"Zs_c

Dexq _\u_ keh\Z A\hcgu_ i_jh\kdblu kIl _dehd _jZfbdZ gzZghdhfil
hdkbAu fZ]gblhj_abklib\gu_ k\hckI\Z

<\_"_gb_

GZ k_]lh”rgyrgbc ~ _gv \ ebl_jZImj_ g_ hibkZgh
kil _dehd_jzZfbd gZ hkgh\_ nZa “\hcguo i_jh\kdblh\ i
themq_gbx \ gZklhys_c¢ jZ[hl_ GZb[he__ bamqg_ggufb \
I _jh\kdblu b ( b ] £s_ehqgha_f_evguc
f 1Zee = beb ithkdhevdm hgb bf_xI | _fi_jZImju Dxjt
dhfgZlghc > @ b ih wlhc ijbgbg_ fhdoll jijk *klZ\e
1jZdlbg_kdhc |hgqdb aj _gby 1j ~eZ]Z fu_ mqg_gqgufb f_|
gZs_ k\h~ylky d I\ _j~hnZaghfm ki_dZgbx > @ qZs_
ahelv.ev J]hfh] _gbaZpbb ij_dmjkhjh\ > @ djhf_ Ih]h
fhghdjbklZeebq_kdb_ h[jZapuirP"h[gn_ H~”Agwddb ijb\h*yl
d h[jZah\Zgbx eb[h djmiguo djbklZeeblh\ k \ukhd
djbklZeebqghklb o0ZjZdl jbamxsboky lhevdh DFK wnn _
A n_dlguo kljmdIimj k rbjhdbf jZkij_~ e _gb_f qZklbp I
khklZ\m hfezZz"Zxsbo gbadbfb agZqg _gbyfb LFK I m
ijh[e fu ih\ur_gby h[s_c¢c \ _ebqgbgu fZ]gblhkhijhlb\e gby
ithemqg_gb_ mihjy*hq_gguo kljmdIimj gZ hkgh\_ gZgh
A"\hcguo i_jh\kdblh\ k \ukhdhc kl_i_gvx djbklZeebqgghKkl
wnn_dlZfb DFK b LFK < Ih _ \j_fy ij_~u”“msb_ bkke 7|
> @ ihdzZau\zxl qglh fZ]gblhj_abklb\gu_ dhfihabl
fZglZgblh\ fhlml [ulv mKki_rgh ithemqg_gu g_ihkj
djbklZeebazZpb_ ¢ hdkb”guo kl _dhe LZdbf h[jZahf
I _jki_dlb\guf ihemqg_gb_ fZ]gblhj_abklb\guo kIl _deh
dhfihablh\ gZ hkgh\_ gZghdjbklZeebq_kdbo nZa "~\hcg!l
gZklhys ¢ jZ[hl_ \i_j\u_ ij_"ijbgylzZ ihiuldZ ihemq_gkt
kil _ dhe b kil _dehd_jZfbdb b bkke_ ~h\Zgby nZah\uo khhl



Wdki_jbf _glZevgZy qZklv

< dzZqg_kI\_ bkoh”guo j_Zdlb\h\ \ wdki_jbf_glZo

(o ¢ q " Z o q o q >ey ithemqg_gby \_ Kkl
nhjfu ijhdZeb\Zeb ijb\ | _g _gbgqzZkh\ >Ze_ _ ihjhrdb
hdkb”~h\ fheb[*_gZ b ~_e_azZ dZjlhgzlZ kljhgpby b
\a\_rb\Zeb \ kIl _obhf_Ijbg_kdhf khhilghr_gbb k ihfhsvx
©6DUWR Uthokghek v x ].

;ueb kbgl_abjh\Zgu k_jbb h[jZzaph\ k b”_glbqggufb
hlebgZxsb_ky ih kihkh[m ihemqg_gby K_jby « [ueZ
kil dehd jZfbg_kdhc f1l@"bdey >wlh]h [ueb kbgl _abjh
Zfhijnbah\Zggu_ h[jZapu ghfbgZevgh]h khklz\Z
h[jZa _-D), hijZa -®). KI _obhf_Iljbg_kdmx kf_k
ithjhrdh\ hdkb”~h\ fheb[® _ gZ b ~_e _azZ dZj[hgZIlZ kljh
dbkehlu ihf_sZeb \ ieZlbgh\mx gZrdm b ieZ\beb \ \ukhd
ljm[gZlhc i_qgb ijb\ | _q_gbgzZkh\ AZI f jZkieZ\ azZdZeh
[ukljuf hoezZ ~ gb_f \jZsZxsbfbky f _IZeebq_ kdbfb

lhemqg_ggu_ Zfhijnbah\Zggu _ ij_dmjkhiju ih”
\hkklZgh\bl_evguf hl b]zf \ ZIfBKMg|Z % \h~*hjh"~Z ijb
| fi_jZImjZob \'l_g_gb_ "\mo qZkh\1-800; Z-49Q0b

1-2-800, 1-2-900 khhI\_1kI\_ggh

K _jby « ithemqgZeZkv ih bghc f_|h”"bd_ KgZqZeZ i
f IThAbd_ iml_f hl'b]Zz i_j_fhehluo \ rzZjh\hc f_evgbp._
hdkb”~h\ fheb[*_gZ b "~_e _azZ dzZj[hgZlzZz kljhgpby ihe

khklZ\Z lhemg_ggmx d_jZfbdm kf _rb\Zeb k dZ
kljhgpby b [hjghc dbkehlhc ey ihemq_gby dhfihablh
khklz\z h[jZa -1, h[jZa-p b

ihA\ _j]Zeb bahl_jfbg_kdhfm hl blm \ \hkklZgh\bl_evgh
ZgZeh]lbgguo<k ppblbeh\byo LZdbf h[jZahf [ueb ihemqg_ gl
2-1-800, 2-1- b -2-800 b -2-900. <h \k_o kemqgZyo ih hdhgq

hl b]h\ ijhba\h~beZzZkyv | jfbgq_kdZy aZdZedZ h
\hkklZgh\bl _evghc ZIfhkn_j_

J gl] _ghnZah\uc ZgZeba JN: h[jZaph\ ijh\h
AbnjzZdIhf_ Rigaku D/Max-2500 ( -baemqg_gb _ \

j_"bf_hljz" _gby \ "bzZizZzahg_
Baf_j _gby gZfZ]gbg_gghklb ijh\h*beb gz fZ]g_Ihf_lI
NZjz”_iyB gZijy _gghklb fZ]gblgh]h ihey hlW

H{km ~ gb_j amevlZlh\
J gl] _ghnZah\uc ZgZeba h{dZhphj\bk ihdZaZe qlh



Zfhjnbah\Zggu_ h[jZapu kh”_j ZI ijbf_[RDF 0F@82]
ijbgf kh~ _j"Zgb_ ijbf_kghc nZau m[u\Z | XK jmAgblkqg_gb
hdkb”Z [hjZ \ h[jZap_

Jbk JN: Zfhjnbah\Zggue H[Zaph\

Lzdbf h[jZRéhgghklv d kl_dehh[jZah\Zglhix_hpjZapZ
|Zdhc h[jZa_p emqgr_ ih”"oh”bl ”"ey dhgljhey nZahh]
ihke _"mxs_c |_jfhdjbklZeebaZpbb

F_Ih~hf fZ]g_Ihf _Ijbb Jueh mklzZgh\le_gh qglh Zfhj
h[jZapu b - g_ kh™_j°ZI n_jjhfZ]gblguo nZa oZjzdl_]
h[jZIbfhc ebg_cghc aZ\bkbfhklvx gZfZ]gbq_gghklb hl
fZ]gblgh]l]h ihey b h'br"Z fh iZjKdfZjpklgu FZ]gblgZy
\hkijbbfgb\hklv khklZ\ey*dy h[jZaph "ey h[jZapZ
1-2, glh ~Zzl agZq_gb_ wnn _dlb\gh]h fZ]gblgh]hghf glZ
h"bg ZIhf fZjl]ZgpZ k mq_Ilhf ~bZfZ]gblguo \deZ”h\
g kdhevdh gbm_q(~f ; beb (-~ ; glh fh™ | Th\hjblv
h kms kX¥\dbb Zglbn jjhfZ]gblguo \aZbfh”_ ckdedc \

f _ gvr_c kl_i_gb \ kIl _de_
Bahl_jfbg_kdbc hl b] Zfhjnbah\Zgguo h[jZa
\hkklZgh\bl _evghc Zlfhkn_j_ ijb\h~bl d h[jZah\Zgbx
Ih ~Zgguf IJN: \ h[jZapZb -1- IjbkmlklI\mxl
nZau : : : kf jbk Djhf_ Ih]lh g2
j_gl]l] _ghljzffZzo ijbkmlki\m_| g_ b~ _glbnbpbjh\ZggZy
Zfhjngh_ 1Zeh qlh kl\yaZgh k gZebgb_f Zfhjnghc nZau
K m\ _ebqg_gb f I _fi_jZImju hl'b]Z bgl_gkb\ghklv Z \f
kh” j°Zgb_ nZau m\_ebqgb\Z |ky Z \ukhlZ Zfhjngh]h



kh” j Zgb mf _gvrZ |ky H~”rgZdh ~Z°  "ey h[jZapZ il
hl"b]hf ijb oZjZdl_jgh gZebgb_ Zfhjnghc nZau >Z

m\ _ebq _gb_ | fi_jZImju hl b]Zz fhleh [u ith\ukblv
djbklZeebqgghklb h[jZaph\ gh dZhhex”Z Iky kbevgh_
jZafy]lq_gb_ h[jZap+h\ h[jZapZo -2- b
1-2- gZ[ex™"Z _|ky ZgZeh]bqggZy IkgRl ofpby m\_ebq_gt
kh”™ j Zgby k jhklhf I _fi_jZImju hl b]Z

H[jZapu kjzZ\g_gby k_jbb bf_ xI b~ _glbqgu_ j_gl]_

fZlgblgu_ oZjzZdl_jbklibdb glh \_jhylgh k\yaZgh k
jZ\gh\_kby ijb \hkklZgh\bl _evguo hl b]Zo

DZd \b”gh ba jbk hijZapu y\eyxlky fy]dbfb n_jjhf
dhwjpblb\ghc kbehc W g

KhleZkgh ebl_jZImjguf ~Zgguf gZfZ]gbg_gghklv
ithjhrdZ fZg]ZgblZ khkl&\ey 1] > @ <uoh” nZhal

| _hj Ibq_kdh]lh  fh gh \ugbkeblv  bkoh”y ba

1~ fZkkh\Zy “~hey A\hcgh]l
i _jh\kdblZ \ kl_dehd jzfbd_ LZdbf h[jZahf\\uoh»
kI _dehd_jZfbd_ ihemgblddhcjb khklZ\ey .

Gbadbc \uoh™ p_e_\hc nZau fh | Julv k\yaZg k \ukhdh
Zfhjnbah\Zggh]h ij_dmjkhjZz

Jbk FZ]g_Ihf_ljby Zfhjnbah\Zggwe2h[jZaph\



Jbk IJN: kl_dehd_jzfbdh- h[jB amo00.

Jbk.FZ]gblhf_ljby kl_dehd_jZfbq_kdbo H[{200.h\

<u\h”u

F_Ih~Ahf kdhjhklghc aZdZedb jZkieZ\Z b ihl
| _jfhh[jZ[hldb \ kf%kb b % \i_j\u_ ithemqg_gu h[jZapu
kl _dehd_jzZfbdb kh”_j°Zs_c¢c nz@mfZ]gbq_gghklv gZkus _ ¢
kl_dehd_jzZfbdb ~hklw]Z_| ] IlhdZazgh glh_ m\_ebl
| _fi_jZlmju djbklZeebaZpbb ijb\h~bl d kms_kI\_gghfn
\uoh”Z p_e _\hc nZau
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N=;HM <H ©Fhkdh\kdbc J]hkm~ZjklI\_gguc mgb\_jkbl | bf F <
Fhkd\Z E gbgk®&b_ ]hju
[gorbachev.genij@gmail.com

:gghlZpbK[f_ggk\yaZggu_ fZ]gblgu_ dhfihablu kljmdImjbjh\Zggu
yrjidh[hehgdiZ klZ\eyx| [hevrhc bgl_j_k \ dZq_KkI\_ Zevl_jgZlb\u
fZ]gblz§Zz hkgh\_ j ~dha_f _evguo bglH{fgddkbebhading _gb_1Zdb
fZl _jbzZeh\ y\ey Iky keh gh¢zZgyhweqjL£[hl_ fu ij_"~klZ\ey f kbgl_a |
dhfihablgZz hkgh\_ km[tmdg&égbbp b gZghqzZklbp dh[ZevlIZ
f ITh~hf fhdjhc obfbb

Dexq_\u_ keh\zZ fZ]gblgu_ , thhifipkedbdu] dkzZn jjlobfbqg_ kdbc
kbgl_a gZghkljmdImju

<\_"_gb_

H[f _ggl\yaZggu_ fZ]gblu ij_"klZ\eyxl kh[hc gZghdh
fZl _jbZeu khklhysb_ ba fzZ]Jgblhfy]dhc b fZ]gblhl\_j~hc
\azbfh”™ _ckl\mxl f_"~m kh[hc ihkj_~kI\hf fZ]gblgh]h
\aZbfh”_ckiRbg_1Zgb_ \ukhdhc dhwjpbilb]\gthld Ik bje'dn c
nZau b J[hevrh]h fZ]gblgh]lh fhf _glZ fZ]gblhfy]dh]h
Ijb\h”~bl d m\_ebfZ]ghbxghc wgfZ]lbhbZd8Z]h*Zjy q_fm
NZggukbkl fu yleyxlky i_jki_dlb\gufb “ey kha”Zgby i
fZ]gblIft3]. K_JTh~gy [hevrbgkl\h ihkdhylglgdoij ~"klZ\eyxl
kh[hc bgl_ jf 1Zeeb”gu_ dafhkaghMidha f evguohwe f gl
Wilh ~ eZ | bo "~hjh]bfb ih k_[_klhbfhklknbjm]jZgbqgb
bkihevah\zgltkyy&bwlibfthkh[uc bgl_j _k ij_~klZ\ey | jZajZ
f ITh~"bd kbgl_azZz fZ]gblguo dgafihkegHh\ rbjhdh~hkIimigu
obfbgq_kdb b [|_jfbg_kdb [he__ mklhcgbl\uo kh_"~bg_og
hlghkylky hdkbeMg kf rZgfggd jbZ[du

HAgbf ba i_jki_dlb\guo ih*oh”~hin[fd glghgyaZqguo
dhfihablghX hkghdkb”gkhh "bg w\ey I|ky khaZ\gdghf[e c
gZklbp kljmdImjbjh\Zgguo-hhhEh & jh |Zdbo h[t_dlZo
\'dZg_kI\_ fZ]gblhl\_j~hc nZau dzZd ijZ\beh \uklmizZ
fZ]gblhfy]dhcjbith\ _joghklkehgzklbpu G_~Z\gh Z\lhjzf
jZ[hlu[7] [ueZ ijh™ _fhgkljbjh\ZgzZz \hafh ghklv kbgl_a
fZl _jbzZeh\ iml_f fZ]gblghc kZfhk[hjdb gZbohqzZklb
km[fbdjhgguo gZklbp ]_dkZn _jjblz kljhgpby \ jZklI\hj_
;ueh i1hdZazgh qglh ithemqg_gguc fZl_jbZe h[ezZ"Z | |



agZq_gbyfb hklZlhgghc gZfZ]gbq_gghklb ih KkjZ\g _ g
] dkzZn_jjblhf b nhjfhc i_leb ]Jbkl_j_ _abkz oZjzZdl
hrgh”"hf _gguo fZ]gblguo qgZklbp qglh ]Jh\hjbl h gZebc
\aZbfh”~ _ckl\by f_""m ~\mfy fZ]gblywHbgadazfB]lgblgZy
wg jlby fZlI _jbZezZ \k_ s agZqgbl_evgh mkimigz | 1Zd}l

fZ]gblBp9] H~rgbf ba \hafh 'guo memqgr_gbc k\hckl\
fZl _jbzZez fh | klzZlv bkihevah\Zgb_\ dzZq_kI\_fZ]gb
] dkzZn _jjblz k [he__ \ukhdbfb agZq gbkbeubhwjpbl
f gvrbf jZzaf_jhf djbklZeeblh\

< ~nZgghc jZ[hl_ fu ij_"klzZ\ey f Zdévbkifygdbfguad
jZ[hI[7] f _Ih™ ihemq_gby dhfihablh\ kljmdIimjbjhY¥Zgguo i
h[hehqgdzdZqg_ klI\_ fZ]gblhl\_jftndbkiBavah)ZekzZn jjbl
kljhgplkyih\ur_gghc dhwjpblb\ghc kbehc khklZYBeb

fZ]lgblhfy]dhc na&lmiZedZghqgZklbdhuzZevlZ ihkdhevdn
f 1Zeebqg_kdbc dh[Zev] h[ez”*Z | \ukhdbf fZ]gblguf fhf
ih"\_j° g hdbke gbx ih kjzZ\gkiglzd 4{ih, 12].

Wdki_jbf_glZevgZy qZklv

Km[fbdjhggu_ gZklbpu ] _dkZn_jjblZ kljhgpby khklZ'
ihemqgzZdbdehd jzZfbgq_kdbf f _ Ih~hf ih f _Ih”"bd_  hibkZgc
[10]. Obfbq_kdbc khilgxapz ith™\_j"~"Zeb f Ih”™h
fZkki_dljhf_Ijbb bg” "midhagbghc idEEMRIK). QZklbpu

] “"bki_jlbjh\Z\eb fe wlbe_g]Jebdhey iml_-

mevljZa\mdh\hc h[jZ[hldb \ fbgmlgh 1Zl gZljby
]Jb~rjhdkb” gZljpy ] _dkZ]b?jzZIZ oehjb”ZzZI)dh[ZegvIZ
"h[Z\eyebhemq ggmx ~bkid jEOpbhggmx gkt])\keb”"h

b ithA _j"b\Zeb | _fi_gZlmijebld_ k i_j f rb\Zgb _ f ~
itheghlh jZklI\hj_gby ij_dmjkhjh\jZdmgmurZebdh
b \u”_j b\Zeb ijb wlhc |_fi\ jElnjgb gZkh\ijb wlhf
ijhbkoh”"beh \hkklZgikhekdlhZeviZz ~h f_lIElezlh]h
jZklI\hj hoezZ ™~heldhfgZlghc IlInmjujh”*mdl hkZ kZeb
thfhsvx fZ]gblz b Ijb jZaZzZ ijhwiZgetehf
<u”™_e _gguc ihjhrhd hgzb)debmo_ ijb | _qg_gbfbgml
"ey memqgudhgdydlZ f_""m qZklbevZliid Wi _dkzZn_jjblZz

lhemq_gguc ihjhrhd bkke_~h\Zeb f_Ih*Zfb j_gl]_
ZgZebaZz AbnjZRigdkuljD-max 2500 b ijhk\_qgb\Zxs_c
we dljhgghc fbdjhad Beisdhibra 200MC FZ]gblgu_ baf_j gby
gZklbp ihjhrdz aZzZdj_ie_gguo \ ihebfijpgh¢bébljg@
fZ]gblhf _1j_  Ibiz \_ku NZzZjz~»_y \ ihklhygghf fZ]gblg
gZijy _gghklvx dW



H{km ~ gb_j amevlZlh\

GZ jbk ij_"klz\e_gZ j_gl]l_gh]jzffzakhjhsrddigh]h
] dkZn_jjblZz kljhgpby b kbgl_abjh\Zggh]h dhfihabl
AbnjzZdlh]jzfigokmlkI\mxl j_ne_dku Ihekidhklpddumjhc
] dkzZn_jjBllbiZ4COD 1008364. | bdb kf_s _gu \ klhjhgm [hevr
m]ehh kjzZz\g _gbx kh kIl _obhf Ijbg_kdbf ] _dkzZnWilblhf k
k\yagly kmf _gvr_gb f izZjzf _Ijh\ djbkdBEeel r Idb \
j_amevlZl_ qgZklbgqgh]h a&faZ gblkljmdIimj_ ] dkZn_jjbl
ZexfbgbcGZzZ j _gl] _gh]jzfdhfihablzhfbfh ibdh\ nZau
] dkzn_jjbjjzkmliklI\m_he_ _dk khhilI\_IklI\img&BE¢hgZevghc
fhrbnbdZpbb dh[fdlevihhevrZznbjbgzZz ~"Zggiltbjhz fh |
k\bN | _evkl\h\Zlgdh[dEglZoh”"bNkydhfihabl_ \ §&klbp
gZghf_ljh\jlZ]daf_[74.

Jbk JN: ihjhrdh\ bkoh~gh]l]h Zexfbgbc kh”_j Zs ]h ]_dkZn_
k\_jom b dhfihablguo g4klbpggZjlwzZz _]h hkgh\_ ihk_j ~“bg_ G
gZklb jbkmgdZzZ ij_"klZ\e_gu j_ne_dku khhl\_lkl\mxsb_nZa_

GZ jbxzZ b[ ij_"~klzZz\e _gu IWF nhlh]jZnbb gqZklbp dh
gZ |jbk\ = dZjlbgzZz we_dljhgghcb”thhjZdpb
hi" evghc qgZklbpu GZjbkamlbldmx|l Ihg_ggu_ j_ne_d



kKhhi\_IklI\mxsb_ fhghdjbklZeebqg Jkdk&ngZjlllip kljhgpby
[13]. Ihfbfh wlh]gZz bah[jzZ, @ IguzZafulu_ dhevpZ
ijbgznre_ "zZglklbpzf dh[ZevlIZ ihdju\Zxsbf fZ]gmhl\_j~r
Ilhke "~gbc \ukh”eZmpaZgZebazZ k _dlhjZz jzZa\_jldb we_d
AbnjZdpbd h[s_c¢c ~bnjZdpbhgghc dZjlbg_ [ue ijhbgl_
k _dlhj kh” j Zsbc j_ngkdhkh\ Ikl\mxsbo nzZa_ ] _dkZn_j]
>Ze 9gZ hkgh\Zgbb gbke gghaZ\bkibdhiktighocgk gkb\ghkl
hl fh mey \ _dlhjZ h[jZlghc bjariHdb_"g_c¢c [ueb m~*"Ze_
mqZkldip _~iheh bl _evgh ijbgZ”e_ "Zsb_ |j ne_dkZf | h
aZ\bkbfhklv [ueZ Ziijhdkkfbihyg®pZ£ nmgdpb_c Ilhemqg_
nmgdpbyeZijbgylZ dZd hibkul\ZxsZy nhgh\mx bgl_gkb\
"bnjZdpbhgghc dEalbgj\hgZqZevguo j_ameviZlh\ bgl_ ]jl
[ueZ \ugl_gZ nhgh\Zy bgl kdkd\ghkillhmxsZy agZqgq_gb\
hibkZgghc \ur_ nmgdpbb J adjbVIlyjmksZklZ\e gZ gZ
jbk2\. GZbah[jZ _gWwdghzZgbqgb_ NWaduludZdkbfmfh\

dZ "~uc ba dhlhjklohlI\ _TklI\mxd kdhevdbifigh\guf

f "iehkdhklguf jZkklhydgwZdlhgZevghc fh*bnbdZidpbb dh[ZE€

Lzd " ijbkmlkl\bdh[ZevIZ gZ qzZklbpZo [ueh ihAI\_]
ki_dljhkdhib_c¢ 0Zjzdl_jbklbgq_kdbjbbihlwje dhitggZfb
KO I Wy

LZdbf h[jZahf fZl _jbZe khklhbl ] lbdkZgZjKbdg
g_jZ\ghf_jgh ihdjdhgcdhkeh f djbklZeeéb]|BevILZ
bah[jZ _gbb ihenkqilgfdilsivx | _fghihevgh]h,™adf dlihgZz
nZah\uc dhgljZkl hkgh\ghc nZau b f _edbo djbklZeeblh)
glh 1Zzd ~_ ih?I\_j~Z | gZebgb_ "\moKnZagbdzlzabZze
gZklbp fZ]gblhl\_j~hc nZau khklzZ\g@ly N hdh\ghfy dzd
"bf 1] gZghgZklbp dhezdeldky~hl gf qlh kh]eZkm _Iky
NZggufb j _gl] _gh\kdhc “"bnjZdpbb

< khh!l\ _Iklkbb hjb ¢ h[f_ggh]h k|Matua¥ghpXebqby
h[f _ggh]h \azbfh” fckMhby fZ]JgblhlI\_j*hc b fy]Jdhc nZe
g _h[oh”bfh qlh[u jZaf_ju fZ]gblhfy]J]dhc nZau g_ ij_\urZ
djblbqg hiclebgu dhlhjZy fh™ | Julv hp_g_gZ ke_~mxsbf h

]I £ dhgklzglZz h[f_gghc "~ _kldhklb fZ]gblhfg]dhc n
dhgklZglz fzZ]gblhdjbklZeebg_ _kdhc Zgbahljhibb fZ]gbl
>ey kbkl _fu wlZ \ _ebgbgZ khklz\ey Ilgifthjy~rdZz
JZaf_ju qZHEhjZeviEdjul\ZxsodkZn ,jjpbf_jgh \jZa

f gvr_ke "h\zZI_&Vvhodf fZl jbAdZ]gblhlffdZy nZaZ dh[ZevlZ
"he gZ iheghklvx \dexdZlgghwaZbfh”™ _ ckl\b _



\
Jbk Z £+ [WF fbdjhnhlh]jZnbb Ibibgguo qZklbp ijbkmikl\m
ihemqg_gghf dhfihabll_fdghihevghf ~ | _dlhj_ \ AZ\bkbfhklv bgl_g

hl fhmey \_dlhjZz h[jZlghc j_r_Idb ihemqg_ggZy bgl_]jbjh\Zg
we _dljhgghc "bnjZdpbb ijZ\uc \_jogbc m]he

vA [
Jbk Z) -djb\u_ q_jgZy kietnZghgyZklbpu dh[ZevIZ q_jgZy img«
+

+ dhfihabl [ \Mhjhc d\Z~jZgl-djb\hc g_jgZy ebgby
khhi\_IklI\m_| dhfihablmnZdgZkgZZAy s _gghlh ]_dkzZn _jjblZ kljhgpby

GZ jI8kzZ ij_"klZ\e_gu -djb\u_ gZghgZklbp, dh[ZeV
aZf_s _ggh]lh ] _dkZn_jjblZz kljhgpby b ihemqg_ggh]h



dhfihablz Q_jghc ebgb_c ijb\_~ gZ fZ]gblgZy djb\z
dh[ZevlZ ihemqg _gguo ih \ur_hibkZgghc f_|h”"bd_ lhevd
gZklbp GZfZ]gbqg_gghklv gZkus_gbywkhklZJey |

dhwjpblb\gZy kbeZ [ebadZ d gmex glh  ohjhrh k
oZjZdl _jbklbdzfb gzZghqzZklbp dh[Zev|Z ba\ [Kllgufb \

DjZkhg ebgb ¢ h[hagZq_gZ i_ley ]bkl_j abkzZz "ey I
ithemqg _ggh]h ihjhrdz ] _dkZn_jjblZz khklzZ\NZley
]bkl _j_abkz bf_ | nhjfm oZjzZdl_jgmx 7~ey fZ]gblhl\_j»

Dhwjpblb\gZy kbeZ khkiW&\eglH gZ\ur_ g_f m emqrbo
h[jZaph\ g_aZf_s gguo ]| [HZG4fENW\bg _gghklv gZkus ¢
\ M\Z jZaZ [hevr_ hklZlhgghc gZfZ]gbq _gglwkfb B khkl
<k wlh k\b"_|_ &ykitghft gghlgbklbp [15].

Q _jghc imgdlbjghc ebgb _c¢ h[hag]lbklgjZ abkZey
ithemqg _ggh]h dhfihablZz . GZfZ]lgbg_gghklv gZkus g
kms_kI\_ggh \ur_ g_f m bkoh”ghc fZ]gblhl\_j*hc nZa

w f _ dhwjpblb\gZy kb&ZIl ley bf_ | i_j hBgzZdh
hklZlhggZy gZfZ]l]gbq _gghklv dhfihablZ \ur_ gBfam nZa
A"\mo wlbo nzZdlh\ fh gh ij g4eélgbblvhegh]lh fZ]gblgh]
h[f_ggh]h k\yaulZgby f_""m qZklbpZfb dh[ZevIZ b ]_dk:

;he _gZ]ey®*gh_ ~hdZaZl _evklI\h gZebgby fZ]gblgh]
\azbfh”™ _ckl\Nbyhfihabfh gh ihdzZaZlv kjZ\gb\Zy \_ebi
fZdkbfZevgh]h fZ]gblgh]h ijhba\_* gbyy hpwZh]mh\

-djb\u _ b dhfihabhu2zb i_j kljh_gu \ dhhj*bgZzZl
fZ]lgblghc bg"mdpbb b fZ]gbZ&kfhljhglp \lhjh]lh d\Z”*jZg
"Zgghc aZ\bkpkhjkdk3 [ ihdZaZehfZdkbfZevgh fZ]gblgh_
ijhba\_"~ gdbhfihadblih kjZ\g_gbx k ~Zgghc \_ebgbghc

( F=kWhevr_gZ b khklzZ\ey H=kW

<u\h”u

< NZggh&[hl_ JuezZ ijh~_fhgkljbjafEgdgzhklv kbgl_aZz
h[f _ggh\yaZgguo fZ]gblguo dikflijlmeddhhjbjh\Zgguo ih Ibin
yrith[hehqgdZ gZ hkgh\_ ] dkZn_jjblZ kljhgpby khklZz\
gZghqgzZklbp dh[ZevlZ ;ueh ihdZaZgh qglh ihemqg_gguc ¢
gZklbp ] _dkzZn_jjblZ g_jzZ\ghf_jgh ihdjuluo gZdghqgZklby
bf | [he__ \ukhdmx hklZlhggmx gZfZ]gbqg_gghklv b
agZq_gb_ ih kjZ\g_gbkdh~ghc fZ]gblhl\_j*hc nZahc

JZ[h1Z \uiheg_gZ ijb ihA~_j d_ ]jZg}a3-042R7B <
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rgghlZpby klZlv_ ijb\_*_gu j_amevlHObfbdZigdhfh fh”_ebjh\Zgby

dezZkl_jh\ \bkkrinMfZz . JZkkgblZgu ndaftodh kdb_ o0zZjzdl_jbklbdl
deZkl _jh\ jZaebqgu.o khklzZ\h\
Dexqg_\u_ keh\zZ dezkl_j \bkfml kmjvfz Fiiheohf* iheeijh\h”~"gbd

Ilhbkd i_jki_dIb\guuokl\ \ _~ |ky ih jZzaguf gZijZ\e _gby
lj_ [m_1 T[hevrbo aZzljzl \j_f _gb fZl _jbZeh\ b kj_"k
ijhljghabjh\Zgb_ k\hckI\ \_s kI\Z [j_[m_1I kljh]bo | _hj_ It
Wlh k\yaZgh _s_k |I_f qglh hilbfbaZpby nbabqg_kdbo i
gh\uo wnn_dlIb\guo | _ogheh]bc |Ij_[mx] ih*jh[ghc b lhqg
h k\hckl\Zo \_s_ Kkl\hfzxljbg_kdhf b we _dljhgghf Kkljh
wg_j]_Ibg_kdbo b |_jfh*bgZfbqg_kdbo iZjzZzf_ljZo Bkoh
lj_[h\Zgbc g_h[oh”~bfZy bgnhjfZpby h k\hckl\Zo \_s_ Kkl
ithemqg_gZ 9Z [Za_ dhf[bgZpbb wnn_dlb\guo jZkq_
bkihevamxsbo wdki_jbf _glZevgu _ NZggu Wdki _
hij_ ~ e _gb_ k\hckl\ "ey fgh]bo \_s_kI\ aZljm”~g_gh ihw
\gbfZgb _ m”_ ey |kyfZInbAablddh kdbf fhr _eyf dhlhji
agZgbl _evgh jZkrbjyxl \hafh ghklb wdki_jbf_glz Mijz\
b nhjfhc gZghkljmdImj fzZI_jbzZezf fh gh ijbr"Z\ZIv kh\_
nmgdpbhgZevgu_oZjZdl_jbklibdb > @

;hevrb_ gzZ”_ "~u gZ ih\ur_gb_ | _jfhwe _dljbg_kdhc
k\yaulzZxl k kha~rZgb_f gZghkljmdimjbjh\Zg@uo fZI_
GZghjzaf_jgu_ KljmdImju \bkfmlZ Ij_~klZ\eyxl g._
1jZdlbg_kdbc bglazZkbbai_jki_dlb\guo |_jfhwe_dljbq_k
hilbg_kdbo k\hckl\ Bkihevamy gZghkljmdIimjbjh\Z
dhgkljmbjh\zZIlv fZl _jbZeu gZ hkgh\_ \bkfmlZ k azZ”Zgg
wg_j]_Ibg_kdbf ki_dljhf b |j_[m_fufb nbabqg_kdbfb k\hc
ba ij_iylkl\bc rbjhdh]h ijbf_g_gby ihemf_IZeez \

| _jfhwe _dljbg_kI\_ y\ey |ky keZ[h_ i_j_djulb_ ahg
ijh\h~bfhklb >ey kms_kI\_gghl]h jhklz | _jfhwe _
wnn_dlb\ghklb g_h[oh”bfh mf_gvrblv i_j_djulb_ ahg be
wg _j] _Ibg_kdmx s _ev I I _j_\_klb \bkfml \ ihem

khklhygb_ WIh \hafh gh E’\_eZIv \ gbadhjzZzaf_jguo kI
jZaf_jgh]lh d\Zglh\zZgby



Bkke_ _"h\Zlv k\hckl\Z gZghkljmdImjbjh\Zgguo fZIl_jt
bamqg_gby k\hckI\ deZzZkl_jh\ Bamqg_gb_ gZghdeZkl_
bgl j_ k dzZd k Ilhgdb aj_gby nmg”"Zf _glZevghc gZmdb
ijbeh” _gbc K\hckl\Z dezZkl_jh\ fhiml agZqgbl_evgh hlebc
obfbq_kdbo k\hckI\ I\ _jAuo | _e "b~dhkl_c beb ]JZah\ ih
" bkoh”guo ZIhfh\ b fhe_dme qlh ihalhey | jZkkfZljb\.
nZam \_s_ klI\Z Fgh]lhh[jZzab_ k\hckl\ gZghdeZzZkl_jh)
jZaebqgufb nZdlheZAguf nZdlhjhf baf_g_gby k\hckl\ de
yleyxlky dZq_kI\_ggu_ baf_g _gby we_dljhggh]h ki_d
fhf_ gl wdki_jbf_glZevgh_ bkke ~h\Zgb_ kljmdIimju b k!
azZz”"zZqZ \_kvfzZ keh'gZy Ihwlhfnf_ |RWblytkIbkggeufh\Zgby
yley |ky qbke_ggh_ fh”_ebjh\Zgb_ KharZ\Zy dhfie
kimdIimjzf b wg_j]lbyf dezkl_jh\ fh gh ijhke_~blv
wg_j]_Ibg_kdh]lh ki_dljZz \ deZkl_jZo < ~"~Zgghf ki
Ij_"~klz\ey | bkke_~h\Zgb_ \ebygby kljmdImjguo hkh[_
gZ rbjbgm aZij_s gghc s _eb hij_~ eyxs_ ¢ _]h nbabqg
P _evx "Zgghc jZ[hlu y\ey |ky bamqg_gb_-kaghd22Zkl jl
mklZgh\e _gb_ \aZbfhk\yab f_ ""m kljmdImjhc deZ|
wg_j]_Ibqg_kdbf ki_dljhf k i_jki_dlb\hc kha”Zgby \ukhc
| jfhwe _dljbg_kdh]h fZIl_jbzZeZ >ZggZy klZlvy y\ey Ik
jZ[hl ih d\Zgdbfbg_kdhfm fh” _ebjh\Zgbx gZghdeZzZkl _jh\
\bkfmlZ- @ JZkg_ lu kljmdIimjguo b wg j] Ibg_kdbo
dezZkl _jh\ \bkfmlZ \uiheg_gu ihemwfibjbq_kdbf f _Ih~hf
OZjlfINhdHF) Z 1Zd _ \ jZzfdZo | _hjbb nmgdpbhgZeZ ic¢
bkihevah\Zgb f ]b[jb~rgh]h nmgdpbhgzZeZz % /<3
lj _oiZjZf _ljh\uc h[f_gguc nmgdpbhgZe ; dd_ > @ b d
nmgdpbhgZe Eb YglZz b 1ZjZz Zeldy [Ehkihlegah\ gZ[hj
CER121G > @ \u[hj dhlhjh]h k\yaZg k ijbjh~hc bkke_ "m_
JZkqg_lu ijh\_~ _gu \ ijh]jZff@hdssiard0dl [9].

GZ i_j\hf wlzi_ fh”_ebjh\Zgby jZkkfzZljb\Zebkv deZ

] xdhebq_klI\h Zlhfh\ \ deZKhkdhevdm fZkkb\guc

fhghdjbklZee \bkfmlZz bf | kehbklh_ kljh_gb_
ij_"NihezZ]l]ZezZkv keh_\Zy |Ij_of jgZy kljmdIimjz deZzZk
Hkh[ _gghklv \u[jZgguo “ey jZkq_|Z dhgnb]mjZpbc khkl
ih\_joghklv g_ kh”~ _j bl jZz"bdZevguo Zlhfh\ \bkfmlZz
mklhcqb\Zz Gz jpk\h~blky ] _hf_ljbg_kdZy dhgnb]n
jZkkfhlj _gguo dezZkl_jh\,\bkfmlZ

>Zevg_cr__ jZafbdgZghgghc \ur_ ijh[e_fu khklhb
kharZgbb mijZ\eyxs_]h nzdlhjz \ \b”_ bah\Ze _glguo Z
bamg_gu fZkkb\gu_  kieZkmjviEkfml @ Hgb h[jZam
g_ij_julgu_ I\_jru_ jZkl\hju 1Ijb wilhf ijhbkoh”bl i_j_kIjF



kljmdimju k \hagbdgh\_gb_f ihemijh\h~Agbdh\hc h[eZklb

iheh bl _evguf h[klhyl _evkl\hf y\ey Iky kgb _gb_ 1|_ie
I\_j2uo jZklI\hjh\ IThkdhevdm fzZkkb\gu_ fhghdjbklZeeu
kmjvflzt _xllh ~_ djbklZeeh]jZznbq_kdh_ kljh_gb_ Th \ hk
[ueZz iheh _gz 1z ~_  kljmdImjZ bo dezZkl_jh\ KT
ij_~iheZ]Zegkwv bo ih\_joghklv g_ kh”~ _j'bl jZ"bdZevglL
\bkfmlZ beb kmjvfu | _ obfbg_kdb mklhcgb\Z < jZkq_

dezZkl_ju \bkfmlz ]~_+dhebq_kl\h ZIhfh\ kmjvf

>ey hij_" e _gby dzZqg_kI\_ gZqgZevgui
mkeh\bc azZ”Z\ZeZkv hilbfZevgzZy ] _hf_ljbg_kdZy klj
ZgZeh]lbqggZy deZkl_jZfb\bKkh|4bX.

Jbk = _hf_ljbg_kdb_ dhgnb]lmjZpbb .dezZkl_jh\

=jZnbq_kdb_ azZ\bkbfhklb wg_ j] _Ibg_kdh]h azZahjZz
kmjvfu \ deZkl_ j_ ~ihemqgq_ggu_ k ihfhsvx jZaguo jZ
ij_"klZ\e _gu ZDpk\Zdyihemq_g2ynwfibjbg_kdbf f _Ih hf
JF b djb\Zy jZzkkgblzZzggzZzy HFIhhdZaul\zZxl qlh fZeu_
deZkl _ju ij_"klZ\eyxl kh[hc baheylhju >ey deZzZkl _jh

\bkfmlhf aZ\bkbfhklb aZij_s gghc ahgu ihemqg _ggu_ f
HF g _kdhevdh hlebqgu < h[eZklb kj_~gbo khklzZ\h\ gZ
br Zevgh_ dZq_kI\_ggh_ b dhebg_kI\_ggh_  khhl\_IKkl
kmjvfujhke "b\Z |ky dZqg_klI\_ggZy dhjj_eypby ih\_" g
p_ehf fh 'gh h ' b*"ZIv “bwe_dljbg_kdbo k\hcklI\ fZl_jbZe
dezkl_jh\
| j_oh” d [hevrbf dezZkl_jzZdmjVidkfmijb\h~bl d

mf_gvr_gbx wg_j]_Ibg_kdh]h aZahjZz b i_j_oh”m \ ihe
hlfezklv EmqrZy dhjj_eypby f_""m jZkgEIlpuOZjtjbh"Zfb
NhdzZz gZ[ex"Z_lky "ey deZzZkl_wX\bkbfhklb ijb wlhf
klZzgh\ylky [he__ fhghlhggu_ b k f_gvrbf jZa[jhkhf agZq
p_ehf 7"ey deZkl jZ gZ[ex™Z_ |ky | _g”™_gpby \hajzZKkl



wg_j]_Ibg_kdh]h azZahjz hl \bkfmlZz d kmjvf_ Baf_
aZij_s _gghc ahgu \ bgl _j\Ze_ hApeMZwm dljhgarz |
rbjhdb _ \hafh ghklb Ney bg g jbb gZghkljmdIm
| jfhwe _dljbg_kdbo fZl_jbZeh\ gZ hkghkXmgefZkl jh\ \bk:

Jbk AZ\bkbfhklv rbjbgu aZij_s_gghc ahgu hl hlghkbl_evgh]h
kmjvfu \ dezZkl_j(djb\ul, 2), (djb\u3,4): 1,3 xjZzkq_I| f_Ih~hf
JF ;2,4 £f _|hMHF

<u\h”u

< aZdexqg_gb_ ke ~m_1| hilf_Iblv qlh hij_~ e gu
kljmdIimju b wg_j] _Ibg_kdb_ ki_dlju deZzZkl_jh\ | h
bkihevah\zZgb f ddBEgdg\tkkdbo f _Ih~h\ jZkq_1Z wg_j]_II
0ZjZd!l _jbklbdb dezZkl-km\kxbXkfimlihal\heyx|l k~_eZlv \u\h”"
glh jZkkgblZggu_ gZghdeZkl _ju \bkfmlZ bf_xI rbjhdmx
s ev b gZoh”~ylky \ "bwe _dljbg_kdhf khklhygblghDeZkl_
m-_ hlg_klb d rbjhdhahgguf ihemijh\h*"gbdzZf LZdb_ ¢
[ulv bkihevah\Zgu \ dZqg_kI\_ gZghkljmdIimjguo w:
dhgkljmbjh\Zgbb gZghkljmdImjbjh\Zgguo | _jfhwe
fZl _jbZeh\

Mf _gvr_gb_ gbkez ZIhfh\ \bkfmlz \ ige\dakIblj d
mf_gvr_gbx rbjbgu aZij_s_gghc ahgu b kha”zZ_ | mijzZ\e
GZ hkgh\zZgbb ijh\_~ gguo jZkq_Ih\ fh 'gh k”~_eZlv \u\h
Zlhfh\ kmjvfu \ dezkl_j fh | bkihevah\ZIvky “ey baf_ ¢
kljmdImju Z ke _"~h\Zl _evgh b 7ey -wobjffd\e kdyfbnba
k\hckI\Zfb deZkl_jh\ b gZghkljmdImjbjh\Zgguo gZ bo hi



Lzdbf h[jZzahf fh gh hif_Iblv qlh rbjhdb_ i_jki_dlb\u
bkihevah\Zgb_\ dhgkljmbjh\Zgbb deZkl_jh\ bah\Ze glg
KharZgb_ [Zau "Zgguo ihemqg_gguo gZ kh\hdmighklb
\bkfrkmjvfZz rbjhdh]h ki_dljz thalhebl ijh]lgha
nmgdpbhgZevgu_ oZjZdl _jbklbdb s g bkke_ "“h\Zgguo
bo hkgh\_ b hij_* eylv iZjZf _lju | _ogheh]bc kh&*Zgby
aZjZg__ aZ”Zggufb k\hckI\Zfb
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:gghlZpby F_h~Zfbj_gl] _gh\kdhc nhlhwe dljhgghc kb _dljhkdh
j_gll_gh\kdhc “bnhREpbdh\Zgu fdikeeghinh kbKI_fub ),
ihdjulu_ IThgdbfb ie_gdzZfb k_j \[jjAkehdabgblE\_jo\ukhdh}eWwZdmmfz
bamq_gguo kbkl_f gZ[ex*"ZehkvhdWdNZghZef ghZaghc ]jZgbp_ jZe
f I1Zee hdkb” G _agZgbl_evgu_ hkh[_gghklb \ ih\_~ gbb kbl
jZaebgb_f \ we_dljhgghf kljth_gbbz 1Zd"_ b b bo
ljZgknhjfZpihb adhglZdl_ gZ ]jZgbp_ f_IZee hdkb”

Dexgq_\u_ keh\Zz ih\_joghklv liZgbpZ f "nZaguc hdkb”? f
"bnjZdpby nhlhwe dljhggZy ki_dljhkdhiby fheb[~_g IblZg ahe

Bkke_ ~h\Zgighp_ kkh\ ijhl_dZxsbo gZ ith\_jogh
f 1Zeehhdkb”?guo kbkl_f \k_ [hevr_ ijb\e_dzZxl|l \gbfZz
khh[s_ klI\Z LZdhc bgl_j_k \ua\XZg ihleafgzZdwhklgh\u_
dhfihablgufzZl _jbZew kha\Zv gZ bo hkgh\_ gh\u_
\ukhdhwnn_dlb\gu_ ijb[hju ~ey jZaebqgguo h[eZkl ¢ gZ
F IZeehhdkb”gu_ kbkl _fu gZ hkgh\_ hdkb”"Z fheb["_gZ
Ijhyleyxl \ukhdmx dZlZeblbgq_kdmx Zdlb\ghklv b gZoh-
iIjbf _g _gb_ \ ijhfure_gghklb b | _ogbd_ G _h[uqgZy d
Zdlb\ghklv [ueZ h[gZjm _gZ "y khkb _¢Ziue gbb gZ bo
ith\_joghklv gZghqzZklbp ahehlz > @ wigbdhkkgudh\Z
k\hckl\ kbkl f gZ hkgh\_ hdkb”~Z 1IblZgZ J[heh hJg
kms_kI\_gguc \dez” \ blammddmgb nhlhwe _dljhgguo ki_dlj
liZgbp_ jZa™_eZf Idkkd”™ \ghkbl jZaf_jguc wnn_dl
Nmg~rZf _glZevgZy khklZ\eyxsZy ih"h[gy@ bk&exd h\dgbc



jhev \ ihgbfZgbb ijhpza&kkh¥gb\Zxsboky gZ ih\_joghkl
f_ "nZaguo ]jZgbpZo jZza™_eZ dhg™_gkbjh\Zgguo kj_*
< ~Zgghc jzZ[hllIh~Zfbj_gl] _gh\kdhc “bnjZdpbb
j_gl]_gh\kdhc nhlhwe_dljhgghc kiUNWHKkdhbbgguf
ijhnbebjh\Zglgzf kh\j_f _gghf ki_dljK{Alppa® ©ermo
Scientific [ueb bkke_ _~h\Zgu f dikZeeghuh kbkl_ fu
Nhjfbjh\Zgb_ fh*_evguo Kkbkl
\uihegyehkv \ M\Z wlihimqg_gb_ hdkbhdihke& "mxsbf
hl"b]lhf | £jfbgq_kdh_ gzZidéhfgdh _ahehlzZz b k_j_[jZ \ mkel
\ukhdh]h \Zdihakiti’*u [ueb ithemq_gu f_Ih*hf Zgh”~gh]lh
IblZgZ b fheb[?_gdew|Zl_ [ueb ihemq_gu h[jZapu \ \b’
leZklbghddkb”~Z 1IblZzgZ kh kljmdIimjghc fh”bnbdZpb_
blhevgZldjbklZeeu hdkb”Z fhkeb[RI gZgvx hdbWle gby
KIjmdIimjZ fh™ _evguo h[jZaph\ [ueZ hij " e gZz
j_gl] _ghkljmdImjgh]l]h ZgZebaZ gZ ”"bnjZdIhv000_ 6KLF
maxima. GZ jbk ijb\_~ dgwnjzZzdlh]juffdkb”~Z IblZzgZ b hdkb”*
fheb[*_gZ dhlhju_ b” _glinggubjidbé\hc kljmdIimj_
lhemg _ggu_ f 1Zeehhdkb”~gu_ ih*"eh db hl b]JZebkv \ mk
\Zdmmfz ~Z\e_gb_ hklZlhdbulokjlZzah\ |_fi_jZImj_
aZl f hqbsZebkv bhgghieZaf _gghc imrdhc k mkdhjyxs!
d<WIlhl °_ bklhqgbd bkihevah\Zeky ey Jem[bggh]h ij

Jbk >bnjzdlh]jzffu Zb [.

>ey hij_~ e _gby obfbg_kdh]h khklhgghy nkéagjloghkl
]ljiZgbpilhemqg _gguo fh”r _evguobkifjgaph\Zeky f Ih™ bhggt
ijhnbebjh\Zgby k rzZ]hf ljZ\egfby¥ys2A .jbkij_~klZ\e_qgu
]Jem[bggu_ ijhnbeb *ey kbkl _f b . Ba JNW
ijhnbey ijb\_* _ggh]hZgZejpkbkl_fu \b~rgh qglh ih f_j_
mf_gvr_gby lhesbgu ie_gdb k_j [fZ nXiedhe }h/gbpu
nhlhwe _dljhggZy ebglZy Igh f_gy |ky Baf_g_gby ijhy\e
dZd \ kf_s_gbb wg_j]Jbc kl\yab "m[el\lghjhgmdZ _gvr_c



wg_j]lbb 1Zd b \ baf_g_gbb nhjfu b khhighr_gby b
khhi\_IklI\mxsbo dhfihg gl >ey wlhc f_ "nZaghc ]jZgbpL
khklhbl ba g _kdhevdbo dhfihg gl hl\_gZxsbo jZaeb
hdbke glkkyij h[ez”~"Zgb_ f \hkklZgh\e ggu(kibhjd&\

Jbk2. Baf_g _gby nhlhwe dljhgghc ébighp _kk_ bhggh]h IkZ\e gby
rzhf gf Z |

>ey kbkl_fu (kf jbk ] gZ[ex™Z _ |ky ~"jm]Zy dZjlbc
nhlhwe dljhggZy ebghyYdlbg _kdb g_ baf gy Iky qlh -
k\yazZlv k hkh[_gghklyfb we_dljhgghc kljmdImju ZIlhfh\ &

JbB. Dhfihg_glu-XNWIjZ ey

Ba jbkZ gZ dhlhjb¥_~ gu j_amevlZliu ihemqg_ggu
\brgh qglh -iJNMbeb ij_1_ji_\zZxl azZf_lgu_

baf_g_gby dZd ih wg_j]lbyf kl\yab [1Zd b ih khhlghr_gb»

dhfihg gl >Zgguc nzdl gZihfbgZ | j_amevlZl ihemqg_c



gZ hkgh\_ hdkbfKflblbZgZ qlh ij_"iheiHah Imikbjh” m

\aZbfh”~ _ckl\by k_j_ [jZ k ih”eh dZfb <$dkémhg\Z _
gZlex"ZeZkv dB]JBbpZxsZyky hl. G_kfhljy gZ

g _cljZevguc oZjZdl _j ahamimlbhwe dljhggu _ ebgbt

f I Zeehhdkb”ghc ih*ehjdb ji \Zxl agZgblba¥guy gby

(kf jbkda [ IJNWebgby Ney kbkl_fu gZ ljZgbp_ jZa™_eZ

hdkbf* 1Zee 1Zd _ fgh]lhdhfihgZpdgZZxlky dhfihg_glu Kk

jZaebqgufb kIl _i _gyfb hdkxke ,ghby.

Jbk4d Baf_g gby nhlhwe dljhgghc ebiglopp kk  bhggh]h |jZ\e _gb)
rzlhft gf Z [ .

Jbie INW_dI] b _]1h dhfihg_glu

JZaebgb_ \ ih\_~ gbb f IZeehhdkb”guw kbkl f gz
fh gh k\yazZlv k jZaguf oZjzdl_jhf kl_i_gthjalihegc gghk



;hevr_]h jZaghh[jZaby hkh[_gghkb~Zlke\ Nm]jZgbgghf
kemgZ_ ihemaZkhéhglydpadb o0ZjZdl Nighc *~wlhf kemqgZ _
©[ZeZgkbjhgdZfjZzgb ~hghjguo b Zdp_ilhjguo k\hckl\ f
ijb\h~yl d [he__ jZaghtZjdhamhkini_g_c hdbke_gby

JZ[hlZ \uiheg_gZ 9gZ h[hjm~h\Zgbb PDI KH=M ©NbabdZ b |_oghe
ijb nbgZgkh\hc ihA"_j"db JNNB \ jzZfdZe02pa138ih\ -52-50010-

YnZ 1632-0071tf, Z lZzd ™ _ ijh_dlz NPI KD=FB =LM IGBYV
< RFMEFI57715X0196.

b[ebh]jZnbq_kdbkhd

1. Tvauri, I.V. [Fundamental background of improving the design and performanice of
supported catalyst .V. Tvauri, N.I. Tsidaeva, A.M. Turiev et all Nanotech

Materials of 15-th Annual Conference (June 18-24, 2012), Santa Clara;ZBA2 +V. 1. +
P.522524
2. KbeZ B <{Nhlhbg"mpbjh\Zggh if h[jZah\Zgb fhe dne mle_«
\h~u \ f_IZghe gZ ih\_joghklb hdkb”~Z fheb[ BJZ KbeZ \

K :Om[_"h\=JZfhghbz?j/lIbkvfZ \ @mjgZe | ogbg |kPAl6.rbabdb

L [<5 £k 181

3. Om[_,hK : <azZbfh”~_ckl\b_ ZlIhfh\ k_j [jZ k ih\_jogHEkIZx hdkk
\azZbfgZy obfbq_kdZy ljZghhjfjZgbp _jZa”_eZ Z"™khj[/_glih~eh’
K:Om[_"HB <KbezB\ <L\Zmjb "j/ Bgl_]jZpby fbjh\hd gZ mglihbd b
bfi_jzZlb\u jZa\bl®y<k_jhkKygkohgighdlbqZkdhgn_j gypb fZjlZ
2015):fZ1 jbZedhgn _j gpbd gtJhklhgZhgm HHH ©IJBHJBL™M 2
Q1. + K9599.




M>D
BKKE?>H<:GB?I-KH>?J@:SBO ;BHDHFIHABGH<
HKGH<? LBL:G:AEBQGHC IHIJIBKLHK2ZIBH>HF
KD:GBJMXS?C WE?DLJHGGHC FBDJHKDHIBB
B = =jblhjh\ : = Rbjhdh\Z ? : ;h]"Zgh\Z < F KdZqgdh\ H =
G :KZ[bjaygh\
N=;MG ©BgklbIml obfbb I\_jAh]h | _eZ MjH J:G?
?dzZIl_jbg[mj] me | _j\hfZckdzy ~
[chem#@rambler.rul

:gghlZpby jZ[hl_ijb\h~ylky fhjnheh]l]bg_kdb_ b Ilhih]jZnbqg_kdb_
ih\_joghklb kbgl _abjm_fuo [bhdhfihablh\ k p_evx bkihevah\Zgb
dhklguo bfi2Egl ihemqg_9HoghédhkdZgbjmxs_c we_dljhgghc fbdjhkdh
< dzZq_kI\_ f 1Zeebg_kdhc fZljbpu \u[jZg IblZg jZaebqgghc ihjbkl
ihdjulb_ nhjfbjh\Zehkv jZaebqgufb f_Ih~"Zfb ba \h~ghc kmki_gabt
>ey h[jZapdhZXgk k_gihdjulbfihemq_gu bihkljh_gu-bah[jZ _gby
ih\_joghklbhfhsvx ijh]jzZSdanMaster
Dexqg_\u_ kéh\&zglzl [bhdhfihablu 1IblzZzg ]Jb”jhdkbzizlbl =:I
-bah[jZz  _gb_ kdZgbjmxsZy we_dljhggZy fbdjhkdhiby.

<\_"_gb_

BfieZglheh]by yley |ky ba rghlo[he "bgZfbggh
jZa\b\Zxsboky h[eZkl ¢ f _~"bpbgu AZ~ZqZ klhysZy i_j_
lhc dhlhjmx iulZ_Iky j_rblv ljZgkieZglheh]by H~*gZdh
nbabheh]bg_kdbo ijh[e_f Ihjfhaysbo wlhl ijhp_kk "¢
\uM\b]zZ_ | bfiezglheh]bx gZ i,j\gh &knkdhkl\rbx]
hij _~ e _ggu_ Ijm~ghklb GZijbf_j fZl _jbZeu 1ij_"eZ
hjlhi_~bb “he gu [ulv [bhZdIb\gu h[eZ"ZIv ijhgqghklvX
ijh~he bl _evguc kjhd wdkiemZlZpbb J[ulv | _ogheh]bqggl
b bf Iv gbadmx klhbfhklv Fu kqblZ_ f qglh jZajZ[hlZ(gc
kh” j°Zsb_ [bhdhfihablu gZ hkgh\_ yq_bklh]h IblzZzgZz
hij_~ e _gguc bgl_j k "ey bfieZglheh]bqgq_kdh]h fZIl_jbZe

FZI _jbZeu b f_Ih”u

< dzZqg_kI\_ fzZl _jbzez f _IZeebq_kdh]h dZjdzZkzZ |
dhfiZzdlguc b ihjbkluc IblZzg ihjbkPRklivZz \ dzZq_ kI\_
[bhZzdIb\gh]h ihdpulbmki_gabb”?jhdkbzZizZlblZz ihemq _g
hkz "~ gb_f ba jzZklI\hjh\ \ khhiI\_IkI[\p.bljb ijZghhd
kihkh[Z gZg_k_gby ihdjulby =:1 Kk p_evx khojZg_gby nZz
[bheh]l]bq_kdhc Zdlb\ghklb bkihevah\Zeb szZ”ysb_f_ It
bfij _]Jgbjh\Zgb _ hglk 1Thke_ _~mxsbf p_gljbnm]bjh\Zgkt
mevljZa\mdh\Zy hljZghldZ4dvdki_jbf_glZo bkihevah\z
mevljZa\mdh\mx0© KZgmg Lbh P _gljbniFmF (/0.
Fhjnheh]Jbx ih\_joghklb h[jZaph\ ihdjuluo =:1 bar



kdZgbjmxs_f we_dljhgghf fbdjhkdBM6396& WAR(JEOL,
Yihgbydhwnnbpb_gl m\_ebqg_gty hl jZaj_rZxsZy
kihkh[ghklv gf ijb d¥ >ey 1ihemq_gblyah[jZ _gby
©ik_\"hj_ev_nZ2 [ueb bkihevah\Zgu ljb ihemijh\h~gbdh!
kb]J]gZeu j_]bkljbjm_fuo bfb hljZ" _gguo we_dljhgh\ ijb
beb kmffbjh\Zgb f nhjfbjmxl j_amevibjmxsbc kb]gZe
ithemqgblv dhfihabpbhggh_ Ihih]jZnbg_kdh_ beb h[s_
j_ev_nZ -bah[jZ _gb_  knhpfbjhdzZ - k bkihevah¥Zghb
nmgdpbb (Create by ) ijh]jZffuScanMaster mijZ\eyxs ¢
jZ[hlhc kdZgbjmxs_]h ahg”h\h]h fCMM-RAIOAZ 2K AF

J ameviZlu b h[km ~_gb _

gZeba "Zgguo ih "habjh\Zgghfm aZiheg _gbx =:
Ijhkljzgkl\z f 1ZeeZ iha\hey | \u[jZlv gZbemqgrbc ih
o0ZjZdl _jbklbdzf ba bkke_"m_fuo h[jZaph\ b mklZg
hilbfZevguc f_Ih® gZg_k _gby gZ g _]h [bhZdIlb\gh]
wnn_dlb\ghklv dhlhjh]l]h dzZd \uykgbehkv g_ aZ\bkb
h[jZapZ MklZgh\e_gh qlh IblZzg % *&jblkihkjllvikl fZkku
gZ iylhc klIzZz*"bbldjZ[h "ey kjZ\g_gby kf _Ih~Z
\Zdmmfgh]h bfij_]Jgbjh\Zgby p_gljbnm]bjh\ZlgbZ b
mevljZa\mdh\hc hijZ[Dbldd \b~gh "hihegbl _evg
p_gljbnm]bjh\Zgb_ ¥fdgdkdzly h[jZ[hldZ g_ m\_ebqgb\Z:
ihdzZzazl_ev I1jbf_g _gb_ mevljZza\mdZzZ ijb\h”~bl d [ukljhfm
gZ IblZgh\hc ih?eh"d_ gh lIhevdh \gZqzZe_ h[jZ[hldb
\hagbdgh\ _gbx \ g f \ukhdbo \gmlj _ggbo gZijy _gbc dl
Z"] _abx b\hpryl d jZklj_kdb\Zgbx b hlkeZb\Zgbx [bhzdl
hl ih\_joghklb pug kjfbjb k ).

MklZgh\e _gh 1Zd _ \ebygb_ | _fi_jZImjgh]lh j_"bfZ b
mevljZa\mdh\hc h[jZ[hldb \ kgXkijZhabh Fghklv b dzZq_ Kkl
ihdjulby kf jbk M\ _ebqg_gb_ \j_ f gb h[jZ[hldb
| fi_jZImju ~h ijb\h~bl d [he__ jZ\ghf_jghfm aZihe
ihjbklh]h IblZzgZ kmki_gab_c Ijbjhkl fZkku ijb gZ]j_\_
mevljZa\mdh\hc h[jZ[hld_ gZ dZ ~hc jkl&Zzbih_TbhqgZb I\
ihdzZzazl _ev ey ijhp_kkz ijb 1 _fi\ jEIqjgb fbgml
(kf jbk3). Om~rbf \ wlhf highr_gbb y\ey |ky dhfiZzdlguc
"hklzZlhggh lhekluf keh-ihdjutbly kZfhijhbalhevgh
jZajmrZxsbfky b hlkezZb\Zxsbfky gZ fbdjhmqgzZkldZo ih\_
ijhp_kk_ _]h ithemq_gby : gZbemqrbf [ue Ibl%g k ihjt
ihdjuluc =:1 f_Ih~hf \Zdmmfghlh bfij _Jgbjh\Zgby h[_Kki
jZ\ghf_jgh_ fbdjhr_jhoh\Ztly_ith \kkhdbf Z~] abhggu
0ZjZdl _jbklbdzf ijhggh[4]lihdjulb _



Jbk Fbdjhnhlh]jZnbb ihdjulbymg¥ZigZk\maghic ijhibldhc IblZgh'
fZljbpu \ kmki_gabb =dhfiZzdlguc IblZgihjbkluc Ibl(Zg%);
3 ihjkkluc IblZg%);4 ihjbkluc Ib(Z@§hb).

Jbk Fbdjhnhlh]jznbb ihdjulby gZg_k_gghlh gZ%blZgbihjbkihl
% meviljZa\mdh\hld ¢jZjb , fbg Z b . qZk. [



V4 [
Jbk Hp_gdZ aZ\bkbfhklb baf_g_gby fZkku h[jZapZ \ j_ame
gZkus_gby kmki_gab_c =:1 hl j_"bfZ mevljZa\mdbXdach[pZZiyldb .
( % ERihjbkluc IblZgn).

Jbk -\bamzZebazZpby j_ev_nZ b ijhnbev k_q_gby ih\_joghklb |
=:1 ihdjulb_ gz dhfizdlghf IbHdpulb_ gZg_k_ggh_ gZ ihjbkluc |
( % f_Ih~hf \Zdmmfgh]lh bfij_]gbimdzglbby gZg_k_ggh_ gZ ihjbkl
IblzZg % f_ Ihrhf \Zdmmfgh]h bfij _]Jgbjh\Zgby "hihe
p_gljbnm]bjh\Zgbihfdjulb_ ihemg_ggh_ mevljZa\mdh\hc ijhibldhc
IblZzg % kmki_gab_c =:I



AZdexq_gb _

Hkms kl\le g ZgZeba ithemqg_gguo [bhdhfihablt
kdZgbjmxs_c¢ we _dljhgghc fbdjhkdhibb <uy\le _gu i
bkihevah\Zgby ihjbklh]h IblZgZz \ dzZq_kI\_ f_|Zeebq,
ithkdhevdm hg g_ Ij_[m_I| ij_"\Zjbl_evghc h[jZ[hldb
kihkh[ _¢§ez]h~Zjy [bhzZdlb\ghkh ki lgblv nhjfbjh\Zgb _
ijhgghc kljmdIimju ©ihdhbkigttkIvHIdjulZy ihjbklhklv
g_jh\ghklv j _ev_nZ ihjbklh]h IblZzgZ agZqgbl_evgh ih\
=:l-ihdjulbgZ kqzl f_oZgbg_kdh]h kp_ie_gby _]h qZkll
©ijhjzklZzgby?2 \]lem|[v h[jZapZ b ih\lhj_gby fbdjhj_ev_nZ
ihdjulby MklZgh\e _gZ hilbfZevgZy ihjbklhklv IblZgh\

% b f Ih™ gZg_k _gbhydjzilby \Zdmmfgh_ bfij _]Jgbjh\Zgb
ithdZazZgz [_ki_jki_dlIb\ghklv bkihevah\Zgby dhfizdlgh]h
p_eb J amevlZl Zgbkie\b®h\ evkl\m_ | h p_e khh[jZagl
g_h[oh”~bfhklb ijh\_~ _gby NZevg_crbo JZ[hl i h
\aZbfh” _ckl\by ] | _jh] _gguo b dheehb”guo kbkd f k mt
nhknhjguo kh_~bg _gbc

JZ[h1Z \uiheg_gZ ijb nbgZgkh\hc ihA* _j°d_ ijh_d12290486R ijh_dl -
;b[ebh]jZnbg_kdbc kibkhd

1. 1zl JhkkbckdZy N_~ _jZpB91B26/BR. Kihkh[ ihemqg_gby
kmki_gabb ]b~jhdkbZzZizZlblZz KZ[bjaygh\ GOhgho¥ "Zgh\ZaZy\bl e
b izl _glhh[ez~Zl_ev Bgklblml obfbb I\_j~h]h 2008Z09@3/&5;J: G +
azZy\e 0O him[e . hxXke <

2. Emgzkx F :~] _abhggu_ o0Zjzdl_jbklbdb ihdjulbc b f_Ih~u bo b
< F Emgz\ H< G_fZrdZeh Nbabqg_kdZy bg  _g_jby ih\_joghlk
engineering).#2010. L . +«< +K64-71.

3. Den Braber, E.T. Quantitative analysis of fibroblast morphology an microgrooved
surfaces with various groove and ridge dimensions / E.T. Den Bfalter,de Ruijtgr

[L.A. GinsellA.F. von Recu)J.A. Jansej/ Biomaterials.+1996. +V. 17. +I. 21. +P. 2037-

2044.

4. ;h]*Zgh\Z ®p_gdZ ijhgqghklb [bhZdlb\gh]h ihdjulby gZ IblZg_

ihjbklhkib? : ;h]*"Zgh\zZz < F KdZqdh\ : = Rbjhdh\z/ G : KZ
Nbaboifbg_kdb_ Zki_dlu bamq_gby dezZkl_jh\ gzZghkljmdImj Lk
f "\ma k[ g9gZmqg |Ij ih” h[s_c¢c j_""Zdpb_c¢c < F Kzfkhgh\zZz G

L\ jv L\_j Fhk mgi <uitK -136.
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D<GLH<HOBFBQ?KDH?” FH>?EBJH<:GB? KLJH?GBY
WKLIJHG KH>?J@:SBO ;BKNMEE?J?GHEH<UO
J;: > BHGMDEB>GUO :=?2GLH<
L?J:IBB HGDHEH=BQ?KDBO A:.;HE?<:GBC
? : >bdmkZg ImrdZjgime ; _atyauggZyKheZIK\: Dnil_gv
'1=GM ©Bgklblmidhihabgbg _kdhc obfbb G:G ; eZjmkb?
220072, _kim[ebdZ ;_eZjmkv Fbgkd 1e Kmj]JZgh\z ~*
dikusai@ifoch.basnetby
2=H ©GZzmjggihtbg_kdbc p_glj G:G ;_eZjmkb ih fZl _jbzeh\_~ g
220072,J _kim[ebdZ ; _eZjmkv Fbgkd 19ne | ;jh\db ~*
5GBM ©Bgklblml y~ jguo ijh[e_f2 ; ehjmkkdh]h Jhkm~Zjkl\_ggh]t
220030,J _kim[ebdZ ; _eZjmkv Fbgkd e ;h[jmckdzy ~*

:gghlZpby "Zgghc jZ[hl_ ijpkT-fhghebjh\Zgb_ kljh_gby b we dljh
kljmdImkin”?_j"Zsbo wkljhg [bknmee_j _gheh\w® ZZ"bhxgmlidé¢ditob
hgdheh]bg_kdbo aZ[he_ _\Zgbc

Dexqg_\u_ keDRZ-fh”_ebjh\Zgb_ we_dljhgghc kKljmdImju W
[bknmee j gheh\u_deZkbkly _ [&]l el himohe \uo gh\hh[jZah\Zgb:

K p_evx | jZi_\lbg_kdh]h mgbqglh™ _gby hgdr
gh\hh[jZah\Zgbc h[uggh ijbf_gyxl| obfbhl_jZibx beb emc
> @ Z \ bahlhighc f Bkpbsgvamxl \\_* gb_\ himo
kKhhi\_Tkl\mxsbo dhjhldh b\msbo jg*"bhgmdeb”h)

[bgZjgZy beb g_cljhghaZlo\db&lglby jZajZ[hlZggZy
ba[bjZl _evgh]h \ha”_ckl\by gZ aehdZq_kI\_ggu_ gh'
bkihevamxsZy ljhigu _ d himoheyf ij_1ZjZlu Kt
g _jZ"bhZdlb\gu_ gmdeb”u b 7] > @ b IljbzZ~rgZy
ithke_ _"~h\Zl _evgh_ \\_~ gb_ \ hj]JZgbaf dhf[bgZpbb ba
hi” evghklb g _Zdlb\guo b [_a\j_"~guo dhfihg _glh\
himohe \uf IdZgyf b kihkh[guo \ gbo k_e dlbbgh gZd
\kImizZlv ~jm] k ~yjm]hf \ obfbg_kdh_ \azZbfh”™_ckl\b_
himohe \u_ gh\hh[jZah\Zgby ithn N ocklI\b _f hij
k gkb[bebabjmxsbo \g rgbo \ha”_ckl\bc > @

JZg 4, 5@ fu khh[sZeb h fh” _ebjh\Zgbb [bknmee _
[bknmee j gheh\uo wg*hw”jbg_kdbo jZ*"bhgmdeb”guo
kh” j"Zsbo s_ehqgu_ f,lZgeu , b ]Zeh] _gu

.y < "Zgghf khh[s_gbb ij_~klZ\e_gu j_amevlZI
obfbqg_kdiRfh? _ebjh\Zg@y KAjh _gby b we dljhgghc kljn
[bknmee_ j gheh\uo wgrhw”jbg_kdbo jZ"bhgmdeb”guo
bamqg_ggwpo evx jZajZ[hldb gh\luo jZ"bhgmdeb”guo gZg
Z] _glh\-bklj [kl _ehimohe \uo gh\hh[jZzal2\@gbc>eyp
ith\ur_gby wnn_dlb\ghklb ~Zgguo ij_iZjzZIlh\ i_jki_dlb\g



\ W\ A~ gb_ \ khklZ\ bo fhe_dme klIjmdIimjguo njzZ]f_gll
ijhbkoh ~ _gby gZiwkfijhgz > (kf jbk2L

123

thikmlkI\m_ | (2,33; +hlkmlkl\m_I (2, 34 @, 35;

(3, 36, 66; 4, 37, 67; (5, 38,68 (6, 39, 69; (7, 40, 70;

@8, 41, 7); 9, 42, 72; (10, 43, 73 (11, 44, 7 (12, 45,

75):; (13, 46, 76; (14, 47, 77 (15, 48,78); (16, 49, 79; (17, 50,

80); (18, 51, 8; (19, 52, 8% (20, 53, 83 (21,54, 89; (22,
55, 85; (23, 56, 86; (24, 57, 87; (25, 58, 88; (26, 59, 89;

(27, 60, OO; (28, 61, 9); (29, 62, 9%, (30, 63, 93; (31, 64, 9%;

(32,65,9%( xf IZee x]Zeh]_g
Jbk Ij_"ihez]lz_fzZy ko_fZ ihkljh_gby wg"hw”jbg_kdbo [Zdfbgk]l _]

dezZkl_jh\ (34-65 b
(33, 66-95.
JbR.DFT-fh”_ev wgrhwrjbg_kdh]h wkljhgkh” _j Zs_]h
(89).

;ueb ijh\_~ gu g _wfibjbg_kWHobflgZgdb jZkqg lu
kh_"bg_gha7, 3360, 66-90 k bkihevah\zZgb_ fDRAT Ik"Z



ijbf_g_gb_f mjh\gy |B3b )y b/MIDI Kk bkihevah\Zgb _f
ijh]jzffgh]lh iZGAMESS [15@ b [Zabkgh]hMIBEZ[I6§@ <
ijhp_kk_ jZzkg_Ilh\ ijh\h”*beb ihegmx hilthfodpppoxkdkoo ]
iZjzf_Ijh\ ~h ~hklb  _gby fbgbfmfh\ iheguo we_dljhgg
lhegu_ wg _j]lbb kbkl f \ugbkeDBDOeyf kihMifgl-a2yb c

3360, 66-90 b ~bihevgu_ fhf_glu ijb\LZ[gpm .\
G_h[oh”bfhklv ij_"\Zjbl _evguo bkke "Nm\Zglhx illZdhTh eb
jhrZ  h[t_dI3&95 h[mkeh\le_gZ hqg_gv \ukhdhc Ijm”~h_
kilhbfhklvx b keh dlokiyZdlibg_kdhc j_ ZpbaZpbb >

LZ[ebpZlhegu_ wg_j]bb kbkE f b ~“bihevgu_ fhf_ gk
kh_ ~“bg Hd7%3360,66-90)
? D < ? D < ? D
-88561214270463 2,65| 33 | -306691181623784] 2,70 | 60 | 876035699683134 3345
-21813044758919¢ 0 | 34 | -306691177885347 2,85 | 66 | 89628396251661 23,95
-106,7003851739| 0,32 | 35 | -524821146781222 2,86 | 67 | 93215907735895 28,69
-465,5302923213| 842 | 36 | -89628345685969| 2545| 68 | A14275531477964 29,36
-2571,4873906670 9,53 | 37 | -93215894895556| 29,00| 69 | #5762292043799¢ 29,34
-6906,2411696398 9,90| 38 | -114275512332384 30,91| 70 | B0077803249743] 29,31
-21221,7700714697 9,90 | 39 | -157622901420093 30,81 71 | ©1167065321625 22,47
-260,5353049103| 6,52 40 | -300778009611907 32,81| 72 | 94754572522998 27,27
-619,3761608306| 9,13 | 41 | -91167004787050| 24,90 73 | A1581419518795( 27,93
10 | -2725,337319B08 [ 10,37| 42 | -94754549427232| 2939| 74 | 5916158427743( 27,92
11 | -7060,0925727661| 10,80] 43 | -115814168879763 30,45| 75 | 80231669655956] 27,87
12 |-2137%,6214854567 10,86| 44 | -159161558151526 30,39| 76 | 95525929851367 2573
13 | -696,3995963709| 7,68 | 45 | -30231,6669873347 30,29 77 | 99113446251980 30,54
14 | -10%5,2543501855( 11,20| 46 | -95525880389659| 27,83 78 | #42017306946733] 31,20
15 | -3161,2207349841] 12,94| 47 | -9911,3433900020| 31,70| 79 | #6352045800605¢( 31,20
16 | -749%5,9785289096 13,66| 48 | -120173052179759 3331| 80 | 80667557076456] 31,16
17 | -21811,5088909353 14,02| 49 | -163520441674054 3324 81 | #1884161274775] 26,07
18 | -3027,9638343238 8,08 | 50 | -306675553328017 3308| 82 | #2242912936343( 30,80
19 | -338,8216551602 11,92| 51 | -118841564051225 2819| 83 | #14348875311403] 31,48
20 | -54927898598444 1384 52 | -122429118486122 31,91 | 84 | A86836142042221 31,48
21 | -9827,5483478994 14,67| 53 | -143488737122350 3362 | 85 | 82999125401700] 31,44
22 | -241430791829657 15,12 54 | -186836126194163 33,54| 86 | 6488606790177 26,18
23 | -7632,4087303342 8,78 | 55 | -329991237959633 33,38 87 | A6847358592046] 30,88
24 | -7991,2718587494 13,08| 56 | -164886021852884 2829 88 | A8953320965587] 31,57
25 | -10097,243753287] 15,06 57 | -168473576448504 31,94| 89 | £3288059904054] 31,55
26 | -14432,002826443¢16,06] 58 | -189533195215634 33,71 90 | 87603571400246 31,46
27 | -28747,5341337109 16,72| 59 | -232880584824063 33,59

OO N|OORWIN|F |~

D\Zglhdtfbg _kdh_ fhA_ebjh\Zgb_ ihalhey | k~_eZI\
mklhcgb\hklb b \hafh ghklib kms_kI\h\Zgby [Zdfbgkl_jn
dezkl_jh\ (34-65 b

(3360, 66-90 JZKij_~ e _gbb \ gbo
we _dljhgghc iehlghklb Ba *"Zglgfba dkdgbh)hkqg_|h\ ke_*
kf LZ[ebpm glh wg_jlby \aZbghhwekib\pykdbo dezZkl
(3256 ihemqg_ggZy ihiphjfme _



1)
ihdZau\Z | qglh | _jfh~*bgZfbq_kdZy- m®@I|hegbitvkijb g kdbc
[Zdfbgkl jnmee j gheh\uo deZkl (gD, £p45| 47-50,

52-55, 57-60, 67-70, 72-75, 77-80, 82-85,R7- gZ a d>" fhev gb _

q_f mklhcgb\hklv kbkl f o khilaysb ©imkluo?
[Zdfbgkl _jnmee_ j gheh\uo deZkl jb\ bahebjh\Zgguo
g “"bkkhpbbjh\Zgguo fhe _dme ]JZeh] gb”h\ s (éfigguo f_
9-12, 14-17, 19-22, 24-27

LZ[ebpZ . Hp _gdz wg _ j]bb \adlyfh _cklwghw”jbqg_kdbo
[Zdfbgkl _jnmee_j_gheh\uo deZkl_jh\ (33-60)
b (66-90)
< Zf , < Zf , < Zf_ ,
OZjljb |d>" fhe OZjljb |d>" fh¢ OZjljb [ d>" fhe

33| 0,0480235877| 12609 | 51| -0,0711437524 | -18679 | 74 | 0.0555720694| 145.90
34| 0,0483974314 | 12707 | 52 0,0312335943 82,00 75 | 0.073256546 | 192.34
35| 0,0962667637 | 25275 | 53 0,0375746557 98,65 76 | .071961719§ #88.94
36 | -0,0127563767| -3349 | 54 0,0571555294 15006 | 77 | 0.0311520338 81.79
37| 0,062208812 16338 | 55 0,0768140482 20168 | 78 | 0.0352152972| 92.46
38| 0,0575844749| 15119 | 56| -0,0720279079 | -18911 | 79 | 0.0541553503| 142.18
39| 0,0724546768 | 19023 | 57 0,0356409453 93,58 80 | 0.0732415253| 192.30
40 | 0,0905373253| 237,71 | 58 0,04565877 11988 | 81 | 6.0760134052 H99.57
41| -0,0437467484| -11486 | 59 0,0657710839 17268 | 82 | 0.0301458629| 79.15
42| 0,0426451537| 11196 | 60 0,0855924434 22472 | 83 | 0.035975487 94.45
43| 0,0418582508 | 10990 | 66 | -0,0178129459 | -4677 | 84 | 0.055570723 | 145.90
44| 0,0581846598 | 15276 | 67 | 0,0609457781 16001 | 85 | 0.0752083114| 197.46
45| 0,0759251678 | 19934 | 68 | 0,0556699169 14616 | 86 | £.0766327974 £201.20
46 | -0,0670155487| -17595 | 69 | 0,0705528866 18524 | 87 | 0.0346937496| 91.09
47| 0,0323872298 | 85,03 70 0,0882487727 | 231,70 | 88 | 0.0442147463| 116.09
48 | 0,0369440545| 97,00 71| -0,0498002059 | -13075 | 89 | 0.0643494359| 16895
49 | 0,0557885505| 14647 | 72 | 0,0403355771 10590 | 90 | 0.0841605099| 220.96
50| 0,0749851799 | 19687 | 73| 0,0392274315 10299

>ey nlhjb”~h\ (36, 41, 46,51,56 b
(66, 71, 76, 81,86 ihemq_ggu_ ~“Zggu_

g_ klhev h~"ghagZggu qglh k\yaZgh k \hagbdgh\ _gb_ f «
\gmljb [Zdfbgkl jnmee jgheh\uo kn_j wlbo kh_"~

mklhcgb\hklv hdZaZeZkyv \ur _ bkoh”guo dhfih
~ d>" fhev Mklhcgb\hklv bahf_jguo kmijZfhe
deZkl_jguo kb¥a40, 4245, 47-50, 52-55, 57-60 gb _ gZ

~ d>" fhev ih kjzZ\g_ b30, K2-75, 77-80, 82-85, yA
nlhjkh”™_j 236041, 46,51,56 gb"_ a d>" fhev ih kjZ\g_gbx
k 66, 71, 76, 81, 86 JZ~"hgkh”_j Zsb_ d&&3kl_jgZ



~ d>" fhev f g _ mklhcqgb\u q_f khklZ\eyxs
bahebjh\Zggu_ dhfihd. glu

LZ[ebp2dZ~bmku WbHdHaN > @ b bo Zjbnf IbfS kdgdy kmff
JZ"bmk bhgh\,
b bo km$fz 0,133 0,184 0,196 0,220 0,227
0,076 0,209 0,260 0,272 0,296 0,303
0,102 0,235 0,286 0,298 0,322 0,329
0,138 0,271 0,322 0,334 0,358 0,365
0,152 0,285 0,336 0,348 0,372 0,379
0,167 0,300 0,351 0,363 0,387 0,394
0,180 0,313 0,364 0,376 0,400 0,407
"<Z@ -j<ZZevkh\uc jZ"bmk \gmlj _ggbo ihehkl _c [Zdfhdklgjnmee
gf
LZ[ebpdZkqg_Ilu f_IBbPFhfebg klya_c \ khg$-82) , gf
0,166 0,219 0,236 0,260 0,273
0,197 0,241 0,256 0,280 0,293
0,240 0,283 0,298 0,322 0,337
0,259 0,301 0,315 0,340 0,355
0,279 0,321 0,353 0,361 0,378
0,322 0,349* 0,364* 0,383* 0,395*

">ebgu k\ya_c (2832 jzZkkqgblzZgu f_Ih~hf fhe _dmeyjghc f _0Zgbdhb
LZ[ebpX&XmffZ Zlhfguo ghf_jh\ we f glh\(3&-3heyo

< < <

3 12 4 20 5 38

6 56 7 88 8 20

9 28 10 46 11 64
12 96 13 28 14 36
15 54 16 72 17 104
18 46 19 54 20 72
21 90 22 122 23 64
24 72 25 90 26 108
27 140 28 96 29 104
30 122 31 140 32 172

;ueZ ijh\_~ gZ ijyfZy wdkljZiheypby ihemfiegguo *
kh "“bg_ g8665 6695 hlghkbl evgh ke “mxsbo \ el
Zibnf _Ibg_kdhc kmffu \oh”ysbo \ bo khklZ\i bhkgfh\
LZ[ebpm jZkkgblZzgguwFTfrEDhfkl\lya ¢ \ kheyo
(3-32) kf LZ[ebpm b Zjbnf_Ibgq_kdhc kmffu Zlhfgu
\oh”?ysbo \ bo khklzZ\ we kff_ gl&ZV\ebpm > @ Iml_f ijy
wdkljZiheypbb bf _xsboky ~Zgguo ij_"klZ\e dgguwdZ \ LZ]|



jbk - k bkihevah\Zgb f agZgyghbebg k\lya c¢

(28-32 jZkkgblZgguo f _Ih*hf fhe _dmeyjghc f _oZgbdl
LZ[ebpm JueZ ijh\_~ gZ Ijb[ebabl _evgZy hp _gdZ
\azZzbfh” _ckl\lmg*hw”jbg_kdbo njZgpbckh” j BlsGbp deZkl

9195 ithemqg_gguo k ijbf_g _gb_f wdkljZiheypbhggt
(2-14 kf LZ[ébpm

Jbk AZ\bkbfhkdZkl _jh\ hl kmffu bhggua jZA"bmkh\

WdkljZiheypbhggu_ fgh]hqee 86 41, 46, 51, 56, 61, 66, 71,
76, 81, 86, 91):

, 2)

Ney (39, 44, 49, 54, 59, 69, 74, 79, 84, 89):
: 3)

Nevy (40, 45, 50, 55, 60, 70, 75, 80, 85, 90):
, 4)

Ney (37,38, 42,43, 47, 48, 52, 53, 57, 58):
(5)

LZ[ebpZ Hp gdZ wg jlbb \azZzbfh” ckl\by njZgpbckh” j"Zsbo de

<

61, 91 -190.39;-181.13 -163.75;-143.87 45.8;49.4
62, 92 114.7 £191.6 116.98 +193.34 164.3 +582.6
63, 93 119.03 +£190.06 138.09 +211.76 127.01+418.6
64, 94 187.9 +228.04 169.09 +237.81 219.87 +438.85

65, 95 204.26 +248.23 197.38 +258.02 *




Jbk AZ\bkbfhldd¥ kl _jh\ hl jZzkg_lIguo “ebg k\ya_c

WdkljZiheypbhggu_ fgh]lhqgeeWa 38, 42, 43, 47, 48, 52, 53,
57,58, 67,68, 72,73, 77,78, 82, 83, 87, 88)

: (6)
ney (39, 44, 49, 54, 59, 69, 74, 79, 84, 89):
, (7)
Aey (40, 45, 50, 55, 60, 70, 75, 80, 85, 90):
: (8)
ney (36,41, 46, 51, 56, 61, 66, 71, 76, 81, 86, 91):
9)

Jbk AZ\bkbfrdkdZ k| _jh\ hl kmffu Zlhfguo ghf Nh\ we f_glh\



WdkljZiheypbhggu_ fgh]hgke@a, 45, 50, 55, 60, 70, 75, 80,
85, 90):

, (10)
"N e (B9, 44, 49, 54, 59, 69, 749, 84, 89):
: (11)
Ney (38, 43, 48, 53, 58, 68, 73, 78, 83, 88):
; (12)
Ney (37,42,47,52,67,72,77, 82):
: (13)
"N e B6, 41, 46, 51, 56, 61, 66, 71, 76, 81, 86, 91):
: (14)
LZdbf h[jZahf wkljhgkh? j"Zsb [bknmee |
jZ"bhgmdeb”gu_ Z] glu | _jZibb hgdheh]bgq kdbo ¢

kh_""bg 839 fh]ml hdZaZlvky i_jki_dlb\gu ~ey jZajZ[h
hkgh\ gZghdZikmebjh\Zgguo jZ"bhgmdeb”guo Z]
hgdheh]bqg _kdbo aZ[he \Zgbc Ba ihemq _gguo "~Zgguc
[bknmee j ghl\uo de33¥0, j6600) fh gh k™ _eZlv \u\h”™ h
\hafh ' ghklb bo ijZzdlbg_kdhc j ZebaZpbb

b[ebh]jZnbq_kdbc:kibkhd
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IE?GHD GBADHP? IHQUAMGED:GH< G: <H>?
D :?f_evyg_gdh
N=;MG ®@8blml nbabg_kdhc obfbb b we: &ljliMibdibly o f
Jhkkbckdhc Zdzm&fbb gZ
Fhkd\Z E gbgkdbcijhkdh il
[emelyanenké&irill @gmail.com

'gghlZpby klzlv_ gz ijbf_j_i_glZgZ bamq_gh \ebygb_ jZklI\hjb
ZedZgZo b azZjy gbwh]ZgeplZzgnkgBEcgb\hklv iZ2eddigMq |
\aZbfh”_ckl\bc \ualZgguo azZjy _gb_f b iheyjbazZpb_c ]jZgbp Z
fhe _dme \h~u \ ibagldebe jZkkgblzlv azZz\bkbfhklv jZ\gh\_kghc Il
dhgp_gljZpbb Un”ameviddaulZxl gZ agZdébygwydtki\hjbfhklb
\h"wdhesbgie ghdedzZgh\

Dexg_\u_ keh\Z jZkdebgb\Zxs__ ~Z\e_gb_ kfZgqb\Zxsb_ie_gdb
bah[jZz  _gby \Zg” _j\ZZevkh\u kbeu jZkl\hjbfhklv \h~u \ ZedZgZo

<\_"_gb_

Kfzgb\Zgb_ \h~u g_iheyjgufb "b~dhklyfb B gZkl_dZ¢
\h~_ bf XEZ ' gh_ nmg~"Zf _glBevpthdeZ”~gh_ agZd dghb
dhebqg_klI\h b iehsZ”v gylnygas ih\_joghklb ijbjh*gu
\h~ h_fh\ ihklhyggh jzZkl_|I qlh gZghkbl W3Zj[l Wwdheh
\uaulZ | agZgbl _evgucgZmgdgjh]lkh khh[b_ RKI\d ~Z\gbo
jZ[hlZol-6 @& [uedZljhgmlu \hijhku wdki_jbf_glZevgh
| hj Ibgq_kdh]h bkke_ _~h\Zgby m]e_ _\h*"hjh~guo kfZgb\Zz
ih\_joghklb \h~u b \h~ghbb jZklI\hj

Wdki_jbf_glZevgh gZ[ex*Z_fh_ mklZgh\le _gb_ fZeh]
mlekfZgb\Zghy*db&ZedZggkih\_joghkVhru fh™ | [ulv
| hj_ Ibg_kdb h[tykg_gh gZ hkgh\_ fZdjhkdhfbq_ kdhc
<ZZevkh\uo kbe H~”gZdh Kk@dghkllplYidesbghc ihjyrdZz
g _kdhevdbo fhgkfkegb\Yxsbo ieggdl”"ysboky \ jZ\gh\_kbb
dZieyfb gz ih\_jolkiljlhib\hj qgbl ij_~kdZazZgbyf wlhc |_
JZg Jueh ihdzZzaZghglk ghdh hkh[_gghklb kfZgb\Zgby \
ZedZgzZfb fhlml Julv hltykgfhgwx kZkkfhlj_gby kbe
bah[jZ gbljagbdzZxsh@d blaeyjbaZpbb ]jZgbp ie _gdb azZjy

liZgbp_ \h*Z fZk%eklzZ\eyeh [hevrhc bgl_j_k mlhqggblv f
Ah[z\blv \ jzZkkfhlj_gb_ mqg_Il jzZkl\hjbfhklb \h~u \ ie
JZkI\hjbfhklv \h~u \ ZedZgZo g_kfhljy gZ __ fZehk

h[jZzah\Zgbx h[h]Zs_ggh]h \h~hc Z~khj[pbhggh]h keh
\h"Z fZzke\mzZBfh~_ckl\b_ ~bihe_c fhe_dme \h”u k azZjy”".
nZa_ b iheyjbah\Zggufb ]jZgbpzZfb ~Z | kms_kI\_ g
jZkdebgb\Zxs_ _ ~Z\e _gb_\ie_gd_



< wlhf bkke ~h\Zgbb ijl kjZMeg gkdlgZeljheb
jZkI\hjbfhklb \h~Au \ ZejdZdbadj Igh gd@tiy ' f_"nZaghc
1iZgbp \ mklhcgb\hklb kfzgb\Zxsbm]ee\hgthdh”rh\ gz
ih\_joghklb \h~u

Ba[ulhggZy wg_jlby kéyaddgZy k jZkl\hjbfhklvx \h”*u

DzZd hfkm ~Zehkur, 7~ey h[tykg _gby khkms_kl\h\Z
gZghf Ijh\uo ie_ghd gbadhfhe _dmeyjguo kZbftZgbufgz \
dZieyfbmqZl<Zd -j<ZZevkh\uo kbe gghibklZjlh[gn_Iky
ijb\e_dziZd _ b “~jm]b_ ih\_joghklgu_ kbeu lj_ "kl
jZamfguf k\lyaZlv wlb ~hihegbl_evgu_ kbeu k jZkl\hjb
ZedZg@Gokfhljy gZ h[s__ fg _gb_h fZehfthdbhebgbRkRbbo
m]l]e_\h*"hjh~"Zo h[t_fgZy dihke_ dgbebfy *hklib]Zlv “he_c
fbeebfhe [¢10@ ;helh]h \aZbfh”_ckhddydme ,\h”u
jZKkI\hj _gguo \ |i& p&gbpzfb ie _gdb\mhjkgglo klya c
we _dljhklZlbg_kdbo b ~"bki_jkipbgg'wd #bé&Zevg_ cr_fm
m\ ebq _gbx dhebqg_klI\Z \h?u \ ie_gdZo ZedZgh\ <
wdki_jbf _glZevgu_ ~Zggu_ h[ mklhcgb\hklb IThgdbo kfZ¢
jZklI\hjh\ 'k g _iheyjguf jZkl\hjbl_e f b iheyjguf jZKkl
\_s_kI\hf ihdZau\zZxl \ukhdmx gm\iZ\dph\ekgh&lVhesbgu
d ijbkmlkl\bx ihefyhguaddleldd

JZg__ \ ebl_jZImj_ Jueh jZkkdhEvdh f ozZgbafh\ k
bah[jZ _gby k\yaZgguo Kk itheyjbaZpb c liZghb
we dljhklZlbg_kdbf ihe LfZztbijlzd Zg2, 15] [ueh ihemqg_gh
mjZ\g_gb y A&kq_1Z baJulhgqghc k\h[h*ghc wg_j]bb
\dexgZxswg ]lhpbx \azZbfh”® _ckl\by ~bbhbeygflx bah[jZ _gbc
< jZ[hl_ P _@klz\e_g ihhoqBlul\Zxsbc iheyjbaZpbx ]jZg
le_gdb azZ kqgq_|I| *"bkdj_Ilghih\ajpjyghkihy eZ \h"Z fZkeh
klZlvlie@ wlhl j_amevlZl [ue ijbf_g bgp[bdlqgjdtkg wg jlbb
e _gdb k\yvaZgghc k \aZbfh” _ckl\b_f ~bihe_c¢ fh
jZkI\hj _ggue \9,dk “"bkdj dghy  _gghc ]jZgbp _c

lhegZih” epMZkkfZljb\Z Khkl filkf jbkl \dexqZ | \
k [y ie _gdmyjghc "brdhklb k "bwe_dljbq_kdhc ijhgbpZ
b lhesbghc h]jZgbgmy*\mfy ihem|[_kdhg qgufb kj ~Zf
"bwe dljbg_kdbfb ijhgbpzZ_fhklyftb s5jZgbpu ie_gdb
\azZzbfh”_ckl\mxl f_""m-RhjhzZzZeXgh\ufb kbeZfb

Kj nZ ij_"klz\ey | kh[hc jZklI\hj we dljheblz \
kj ~Z bt "bwe_dljbdb Lhqg_qgu_ aZjy”u \hagbdZxs
aZjy _gby ]jZgbpu we _dljhebl "bwe_dljbd jZkiheh
we_dljheblzZz gZ jZkkhhylgBEgbpu jZa*_ezZ JZamihjy*hq_
kbem | _ieh\h]h ~\b" _gby ih\ _joghklgu_aZjy”u \uau\.



klhjhgu itheyjbaZpbx ]jZgbp Z hKjzZ&amphgb  bhgguo
Abnnmaguo Zlfhkn_j ba bhgh\ Mree ddphelwI\h~u k “"bihevg
fhf _glhf jZkiheh  _gu \ kfZgb\Zxs ¢ ie _gd_ ZedZgZ gZ |
hl ]jZgbpu b \ k\hx hg_j_~v 1Zd _ \uaulZxl iheyjba
< jlbdZevgh_jzZzkiheh  _gb_ B ljlbqlggZpby ~bihe_c \ ie_
hij_~ ey Iky \h~hjh~rgufb k\yayfb f_"~m jZkl\hj _gghc f&h
b \h*ghc ih*eh " dhc Ilheh _gby “bihe_c \ ie_gd_ hlghkl
g_ nbdkbjh\Zgu ihkdhevdm dZd wlh [m”~_| ihdZaZgh
\aZbfh”_ckl\by f _gvr_ oZjZdl_jghc wg_j]Jbb |.ieh\h]h ~\]|

Jbk Fhr _evgZy kbkl _fz

< kbem ijbgpbiZz kmi,_jweabddptbklZlbqgitkeyp \
dhglZdlbjmxsbo okhiffZ2r eyxlky kmililecc\ualZgguo
jZaebqgufb bklhqghdddbdb dZd ih\ _joghklgu_  bhgu
bah[jZ  _gby beb ~“biheb jZkl\hj _gguo fhe_dme \h™u b boc

>ey \h~u beb jZza[Z}Ye \bg¢ghih jZkI\hjZ we _dljheblZz
h[jZzlgzZzy " _[Z_\kdZy “"ebgd : -dhfihg _glZz
gZijy _gghklbijhbal\hevghc Ihgaed gdbualZggZy ~bkdj_Igh
aZjy _gghc ]jZgbp,é¢hjZzdNuev aZibkZipg dzd

D)



1~ + jZkklhygb_  ~h [eb Zcr_]h aZzjy”"Z gz ih\

Z
hey . (@)
ey , (3)
1~ \ mjZ\g_gbp@) twlh ihebghf E_"Zg"jEjy ) dZt
kj_~"g__ jZkklhygb f_ "Am azZjy~Zfb

JZkqgjd"bzéedhfihg _gddijy _gghikldyhdZaZelh ih
Z[khexlghc \ _ebgbgkvfz fZwdb]jur wg_ jMely “bihe _c
hjb_glbjh\Zgguo ihknmexkl\ _ggh f gvr b nZdlbg_kdb
"biheb fh]lml k\h[h”gh \jZ[ggdheky \dezZ” wg _ j]lbb k\lyaZ
jZ"bZevgh hjb_glbjh\Zggufb ~bihleafpufbdbhf hgjZzahf
bkihevamy mjz\y, dobygh jZzkkqgblzZ\dez” \ k\h[h”*gmXx
bafulhggmx wg_ j]Jbx 1ie_gdbbc\Radgibedxs\aZbfh” ckl\b
jZKkI\hj _gguo \ fZke_ iheyjguo fhe _dme k "bkdj _Igh aZjy
\h"Z-ZedZg

, (4)
]I £ m]lhe f_""m ~bihevguf fhf_glhf jZkl\hj_gghc fhe
\ jlbdZevx

>ey jZkqg_ 1Z wg_ iMbh<zZZegrkh\uo \azZbfh” ckl\bc
f ""m Z~"khj[bjh\Zggufb fhe_dmeZzZfb \h2u blB, nZaZzZfl
hljZgbgb\Zxdkbflgdm bkihehvldw)Z" gb_ ba jZghlu >

(5)

AN _kvzh[t_f fhe_dmey \h*w*bwe _dljbq_kdZy ijhgbpZ _fr
dZd nmgdpby fgbfhc qgZklhlu 7*eyz\hlwe dljbqg_kdZy
ijhgbpzZ _fhklv dZd nmgdpby fgbfhZedqZgkhlu\hey

b izjz Z tiheh\bgZ lhesbgu fhghkehy \¢@f*u
[18]).

J_ameviZlu fhe-thgedfjlgkdhyidki _jbf_glXljilmdImj
"brdhklb \[ebab ]jZghge_\WwW*filphthdZau\Zxl qglh fhe_dme
\h~*u \ ZedZg_ hjb_glbjmxlky 1Zdbf h[jZzRWwfavq[uez
I _ji_g"bgmeZ ]jZgbp_  <lhjkyyav fh | k\h[h”*gh \]ZsZIv]



highkbl_evgh i_j\hc LZdZy dhgnb]lmjZpby khhiI\_IlkI\
wg_j]lbb \h*hjhrghc k\lyab khklZ\eyxs <mwlhf kemqZ_
itheguc “bihevguc fhf_ gl fiferud khklZ\ey | m]hedihjy”rdZ
ghjfZzeb d ih\ _joghklb >ey mijhs _gby jZkg_Ih\ fu ij_~n
"bihevguc fhf_gl \ \b”~_ kmffu ghjfZevgh]h b iZj-
ih\_joghklb fhf_KhlezZkgh jZI9@ »PhkZ"hggZy iehszZ”v
fhe_dFmem NAZ™Kkhj[bjh\Zggmx gZ ]jZgbp_khktZ\&@e dlZg

gf.

DZd ihdZaZ@h Wwe_dljhklZlbg_kdZy wg_j]lby ~bihey \
"bihe_c b bo bah[jZz  _gbc fh  _| [ulv aZibkzZgzZ \ \b”"_

: (6)

| KA + ihl_gpbZevgwg j]lbb “bihe_c hijb_glbjh\Zg
ghjfZevgh b iZjZee_evgh ih\_joghklb \ ihe_ bo
bah[jZz _gbczxzihl _gpbZevgZy wg _jlby "bihey \ we dljhk
ihe khagghf ~jm]bfb ~biheyfb Z~khj[bjh\Zggufb \ fhgh
bah[jZ  _gbyfb >ey jZkq_|Z wlbo wg_j]Jbc bkihevah\Zel
jZ[hi, 3 15].

LZdbf h[jZzdrfy k\h[h”ghc wg_j]lbb kfZgb\Zxs_c ie_
bf_ f

, (7)

| +twg jlby-%ZgzZZevktdh\\aZbfh”® _ckl\bc ]jZgbp ie ¢
g j_a kehc ZedzZgdbkeh fhe _dme \h”u gZ _"bgbpm i
Z"khj[bjh\Zgguo gZ |jZhddpZg\h"Z twg_j]lbb g h
Abihev hilkhhI\_IkI\_gweh dljhklZlbg_kdh]h \azZbfh”_ckl
"bkdj_lgufb azZjy*Zfb b bo bah[jZ _gbyfb we _dljk
\azZbfh”_ckl\by k ~jm]bfb ~biheyfb b bo\bahjhZghgbyfl
k\yab f_""m fimne_dméh~r*ghc ih*eh dh¢ _-jbZZ&gkh\h]h
\aZbfh”_ckilhnbydme \h*u k m4Za2gblgb\Zxsbfb ie_gdm

High\u\Zykv gZ mjzZ\g(7gblyobkihevamy ~bwe dljbq_
NZggu_ "Ney \h’glZglZzaf J gou20@ filukkgblXe®Z”u hl
jZaguo kbe \mxhewg jJbx Z~khj[pbb 7ey fhe dmeu
jZ\gh\_kghc gZkus @pghie _gd_ i _glZgkf ¢Z [ed].

LZ[ebpZz <dez”™ \aZbfh”~_ckl\bc jZaguo Ibih\ \ baJulhggmx
fhe _dmeu \h~*gh\j&kghc ie gd_ i glZgZ gZ \h"™_
-8,6 -0,88 -1,85 -1,54 3,39 0,02

We _dljhklZlbg_kdZy wg_jlby ~bihey \ ihe_ “bkdj_
liZgbpyzZza_ezZ theyjbah\Zgguo ]jZgbp az\bkbl hl \a.



jZkiheh  _gby wlh]h ~“bihey b [eb Zcnm4dhg aggy(By. kf
KhlezK2lth ozjzZdl_jgZy ih\_joghklgZy iehlghklv azZjy”~h)
\h~Z-fZkletnkl Z\enl |l ~h fdDe kf glh khhI\_IkI\m_| hAghf
]Jbrjhdkbhgm gz dz f ih\_joghklb gf LZdbf h[jZahf
lehlghklv “~behda Z~khj[bjh\Zgghf fhghkeh_ agZqgbl_e\
ilehlghklb azZjyg@Bba mjZ\g_gby ithdZau\z _| glh
\aZbfh” _ckl\by ~“bihey b azZjy*h\hfZdkheXxdggZ \ ebgbg _
Ney HAgZtB _ ~ey wldhhgZy hgZ f _gwrkms kI\ _ggh
f_gvr_ LZdbf h[jZakRkivpfZgh\kdh _ jZkij_~ e _gb_ ijb\h
ijhkljZgklI\-tdhjh~rghfm jZkij_~ e gbx ~bihe_c kh ke
jZkklhygbyfb ~h J[eb Zcrbo azZjy”h\ glh  KkhhI\_Tkl\m
jZkklhyghbx . Bf _ggh ~ey wlh]h ihéhheglyijb\_~ gu
NZggu_Z\(dbp_

Mklhcgb\hklv ie_gtbgzZ gz \h"™_

>ey hij_~ e _gby jzZ\gh\_kghc IhesblghihievadZelhu
| hjbx > _jy]NpgZfd&Zd22] Mklhcqgb\h&lwgdihij "~ ey Iky
ith\_~ dbbahl_jfu jZkdebgb\Zxs_]h %k&aheé'ygb@pigBghb
(7 ithegZy \_ ejlzkmgegdbgb\ZzxsZYa _gby fh  |IjZkkqgblZgZ
dzd kmffZzg'<j<ZZevkh\thc we_ dljhklZlbg_kdhc udhfihg _
k\yaZgghc k kbeZfb bah[jZ _gby jZaguo \b”~h\

, (8)
I* fu mgeb ijbjzkg | _:

9)

>ey jZaebqguo dhgp_gljZpbc \h™?u \ i _glZg_ J[uetk
bahl_jfu jZzkdebgb\Zxs_Jlkf41b&_ gYey ie_ghglZgZ ijb
ih\_joghklghc iehlghklb azfdgD2 kf ozjzdl _jghc “ey
liZgbpu jZa”_dZ Kel}p>2

gZeba j _amevlZlh\ b mjZ\g _gby ithdZau\zZ |
ih\_joghklguo kbe k h~rghc klhjhgu jZkl_| ijb m\_ebqg
A"bkdj_Igh jZkij_~ e _gguo “bihe_c¢ Z k “"jm]hk~kbhjhgu
"bihev iZ*"Z | ijb ijb[eb  _gbb d iheghfm aZiheg gbx Z
kehy LZdbf h[jZzahf \_ebqbgZ jZkdebgb\Zxs_]h ~Z\e_
lhesbgZo jzkl_| ih f_j_ m\_ebq_gby dhgp_gljZpbb ~hk
"ey dhgp_gljZpbb >Zewegbc jhkl dhgp_gljZpbb \_~_|
mf_gvr_gbx ih\_joghklguo kbe



Jbk Bahl_jfu jZkdebgb\Zxs_]h ~Z\e_gby ”~ey ie_ghd i_glZgZz
dhgp_gljZpbc \h”u \lie gd_ dhgp_gljZpby gZkus fghyh h[t
jZkl\hj2 + khhi\_Ikl\mxszZy fZdkbfZevghc jZ\gh%3kghc lhesl

Jbk AZ\bkbfhklv Ihesbgu jZ\gh\_kghc ie_gdb khkms_ kl\mxs
dZie_c¢ dzZgbwymilg[d fghc dhgp_gljZpbb \h~u \ i_glZg_

GZ hkgh\_ jZkq_ 1Z bahl_ZtkdbebgbldExs ]h ~Z\e _gby
ie_dg klZgh\blky \hafhzkkfiblzZZkgh\ nkxglhesbgm ie_gdb
i_glzogkZf Hk3) ba mkehXbhgh\_kby b mklhcgb\hklb



, (10)
: (11)
\ kemqgZ_ khkms_kl\h\Zgby k jEZ\fgHghc nZahc
Fu \bAbf glh\gh\_kgZy lhesbgZkh&mgedikl\mxs_c k
h[t _fghc dZikebevgh aZ\bkbl hl gihlgp\hdiyzZ Wihl j_ amevl:
[ueh " b”rZ f ihkdhevdm \ hlkmlkl\b_ jZklI\hjbfhklb \h”u
g ¢ kbe bah[jZz gby ie_gdZjlg whkihgchfigZjm  _gh qlh
aZ\bkbfhklv Ihesbgu iehgpbghjlZpbfthghlhg&§Zgkbfmf

lhesbgpuZ\guc gf KhhiI\ _Ikl\aihglp _gljZpbb .
AZdexq_gb_
H[tykg_gb __ wdki_jbf_glZevgh gZ[ex"Z _fuo h k

kfZgb\Zgby \h”u gbadhfhe_dmeyjgufb ZedZgZfb Ij_[m
"hihegbl evguoihibéh kbe -«ZgzZZevkiZ "klZ\eyehkv
jZamfguf k\yaZlv wlb kbeu k gZebqb f jZklI\hj _gghc
ZedZdHBlhjZy ijb\hA*bagbdghX b@julhgghc k\h[h*ghc wg_j]
le_gdbk\yaZgghc k kbeZfb b&Z[[j[ezx"Hbtw gZfb wnn_dl
yleyxlky ke "klI\b_f ~bkdj_Igh]lgbyZlkiZzi¢ e\ f_"nZaght
liZgbpu b “bihe _c¢ \<iewlha& jzZ[hdZ ijbf_j i _dolZgZz
ihdZalzglhkbeu bah[jZ ijgbhyyl dmklhcgb\hklb kfZgb\Zxs_
ie_gdb ZedZgXh"Djhf_IhlJgzZ&baz\bkbfhklb jZ\gh\_kght
lhesbgu ie_gdb hl dhgp_agljdpdBaXke® fHQdkbfZevgh _
agZq_gb_ wg _j]l]bb kbe bah[jZz  _gby khhI\_IklI\m_| IZdhc
dhlhjhc kj_~g__ jZkklhygb _ f [e/bma dfihidslydb gdb

JZ[hlZ \uiheg_gzZ ijb ih~™ _j°'d_ 1jh]jzZzffu nmg~Zf_glZevguo b
lj_ab"bmfz Nia®obfbg_kdb_ ijh[e_fu ih\_joghklguo y\e_gbc
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:gghlZpbyK ihfhsvx dhfivxl_jgh]lh fh~ _ebjh\Zgby ijhba\_~ gZ
\hafh ' ghklb bkihevah\Zgby _"bgbqguo gZphg2KlkipjlyZghkiez\Z

\ dZq_kI\_ [blh\ bgnhjfZpbb ihkljh_gghc gZ ijbgpbi_ baf_og
khklhygby ghkbl_ey K~_ezZg \u\h® qlh gZb[he__ hilbfZevguf
kharzZgby we_ f _glh\ izZfylb yleyxlky gZghdeZklk ju %kiez\z
kh~ j"HEgf ZIhfh\ ieZlbgu b ~"bZzZf_|jhff

Dexqg_\u_ keh\Zz dhfivxl_jgh_ fh” _ebjh\Zgb_ fhe_dmeyjg
gZghdeZzZkl _ju ieZlbgZ iZeeZ”bc nZah\lu_ i_j oh”u yqg_cdb izZfy
<\_" _gb

K ithabpbb w\hexpbb kbkl f ojZg _gby bgnhjfZpbb
bgl j_k ij_~klZ\eyxl fZ]gblgu_  hilbg_kdmZab\ukljmdI
oZjZdl_jbklbdb kj_~ bkihevam_fuo ijb aZibkb glh
kKhhi\_Tkl\mxsb_ | _ogbqg_kdb_ j r_gby Fu jZkkfhljbf Ih
wlbo kihkh[h\ Z bf_ggh f_Ih*"bdm aZibkb bgnhjfZpbb k
kbkl _f baf_gyxsbo nZah\h_ khklhygbchaggekieimay SKDV
PCM) 1@ Hkgh\gZy b~ _ y aZdexqZ_Iky \ Ihf qlh[u ehd
nZah\h_ khklhygb_ fZl _jbZeZ ghkbl_ey khojZgylv wilm
"helh fgh]lhdjZlgh h[gZjm b\Zlv b kgblu\Zlv aZibkZgq

g _h[oh~bfhklb kibjzIv _lh | _ \ha\jzsZlv fZI _jbZe \ bl
khklhygbhhp kk azZibkb 3&0 ihkljh_g gZ Ihf qlh g_db
gZoh”~blky \ djbklZeebq kdhf khklhygbb ijb aZzZibkl

eZa_jguc emq djZldh\j_f gguf bfimevkhf gzZ]j \Z | g_[
ghkbl _ey ~h | _fi_jZImju \ur_ _]1h [|_fi_jZImju ieZ\e _
ij_djZs_gby ~ _ckl\by eza jz | _fi_jZIlmjz jZah]j_Ih]l

Ibibgguf k_cqzZk jzZaf_jhf @dhgehgbgZ | j_adh i1Z~2Zlv
kdhjhklwXx\h~Z | _ieZ \ hdjm Zxsb_ oheh”gu_ kehb fZI _
D k ljb 1Zdhc k\_jolukhdhc kdhjhklb hoezZ "~ g

djbklZeebabjm_Iky \ Zfhjngmx nZam h[eZ"ZxsmXx bguft
djbklZeebqg_ _kdbf mqgZkldhf hilbq_kdibffio bweg dhjlhgu kb
Aim]bfb k\hckI\Zfb LZdbf h[jZahf ijhbkoh”bl aZibkyv
bgnhjfZpbbey klbjZgby wlh]h [blZ g_h[oh”bfh \gh\v |
"Zgguc mqgqZklhd ghkbl_ey “h [he__ gbadhc |I_fi_jZImju
b "h ~Zlvky ihegh]l]h i_j oh*"ZaZfhdpgkiZe&bqg_kdmx

ljb ijh\_"~ _gbb dhfivxl_jgh]lh fh” _ebjh\Zgby bkih



f_ IThr fhe_dmeyjghc “bgZfbdbijhp>kk_ fh*_ebjh\Zgb
_"bgbqgguo gZghqZklbp ijbf _gyeky ohjhrh k [y
aZj_dhf_g~h\Z\rbc fh~bnbpbjh\Zgguc ihl _gpkk4® kbevg
nbdkbjh\Zgguf JZrbmkhf h[j_aZgby kKhhil\_Ikl\mxs
dhhj*bgZpbhgghc kn_j_ \dexqgbl _evgh >Zggu _
ij_~eh” _ggu_ De _ jb b Jhazlh [ueb bkihevah\Zgu ijb Zg
| jfhrbgzZfbg_kdbo k\hckl\ gZghdezZkl _jh\ b gZ k_]h~g!
bkihevamxlky b Ney bkke_ ~h\Zgby kljmdImjguo
f 1Zeebqg_kdbo gZghqZklbp ljb ZgZeba_ k\hg¢kl\ gZc¢
"Zggu_ "“ey ihl _gpbZeZ [ueb \&8@u \bdhjla[nlacu ih*bh” De
b JhaZlh [ue *hjZ[hlZg gZ kemqgZc bkke_"m_fh]h gZfb k
< ijhp_kk_ fh” _ebjh\Zgby | _fi_jZImjZ hij_* _eyeZkyv
kj_"g_c dbg_Ibg_kdhc wg_jlbb Zlhfh\ jZkkqgblu\zZ_f
kdhjhklgh]h Zel]lhjblfZz < je_ > @ k rzZ]hfAkihL\Yjgéibgb
leZ\e _gby deZkl jZ nbdkbjh\Zebkv ih kdZqdm ihl_gpbZ
nmgdpbb | _fi_jZImju KljmdImjgu_i_j_oh”u hij_" _eyeb
\bamZebaZzZlhjh\ Z 1Zd" _ gZ hkgh\_ ]jZnbdh\ nmgdy
jZkij_~ e _gby b azZ\bkbfhlelbghbl wgpbjZbb hl | _fi_jZImj
KIjmdImjbjh\Zgb_ fZeuo f _|Zeebg_kdbo qgZklbp ba
bkke "h\Zehkv ih ebgbb ihklhygghledjWwdZpghdbqg kdbc
Zgkzf[ev k ihfhsvx | _jfhklzZIlzZz :g”™_jk mgyf Ph@bdrhfblb]
hoezZz ~ _gby gZghdezZkl _jh\ k jZaebggufb kdhjhklyfb

Jhev kdhjhklb hoezZz ~ _gby gZghdezkijhhijhp kkZo
kljmdImjhh[jZah\Zgby

K ithfhsvx dhfivxl_jgh]lh fh®_ebjh\Zgby bfblbjh\ZeZk
ieZ\gh]h hoezZz ~ _gby deZkl_jh\ ba jZkieZ\e_ggh]h khkl|

dhfgzZlghc | _fi_jZImj_ k g_dhlhjufb nbdkbjh\Zgguf
kdhjhklyfb hoezZ ~ gby Fh” _ebjm_fZy kdhjhklv hoeZ
ij_\urzezZ Im kdhjhklv hI\h~Z 1 _ieh\hc wg_j]lbb qlh I
kms_ _kI\m_| \ mkljhckl\Zo izZfylb k baf_g _gb_f nZah)
ghkbl_ey < wlhc k\yab g _h[oh”~bfh hiIf_Iblv qglh ijb bkil
1Zfylb "bzf_Ijhf ¢h \f_klh bf_xsboky k_cqZk k gZzaf_jhf
| fi hoez ~ _gby h[eZklb 3&0 iZfylb ihke_ ij_djZs _gby
eZa JjZ 1Zd _ [m”™_D\kr _

Ke "mxsbc wlZi bkke_ "h\Zgby [ue ihk\ys g ZgZeb
"Zgguo ih nhjfbjh\Zgbx \gmlj_gg_]h kljh_gby ijb |
gghqZklbp ieZlbgu b iZeeZ”by Fh”_ebjh\Zgb_ gZg
ihdzazZzeh glh k m\_ebqg_gb_f \j_f gb hoez ~_gby \_jhy
Zfhjnghc nZau ihkl_i_ggh kgb Z _Iky b ijb \j_fglgb hoe
Ijb [hverbo *"bZf (jZo gf ijhy\e _gb_ ~Zgghc nZau aZf_q



[ueh kf bk < kemqgZ_ hoezZ ™ _dlay jdkiEkd\4haZz

gk \i_j\u_ ijbkmlklI\h\Zeh yjdh \ujzZz"  _dggh f jZajjzgb
djbklZeebq _kdbfb b Zfhjnghc nZazZfb gzZ \k_f bgl _j\Ze
jZaf_jhlkeb s mf_gvrblv \j fy hoezZz ~ gby gZghqgZklb
jZkiezZ\Z gZijbf_jgkh Ih fh gh ~h[blvky ihegh]h bkqg_at
dijbklZeebq_kdhc >ddgh_ mlI\_j ~_gb_ [ueh ijh\_j_gh
gZghdezkl_jh\ wlh]l]h f_IZeez k "bzf_Ijhf gZklbp
(kf jbkl).

Jbk AZ\bkbfhklv \_jhylghklb ihy\e_gby djbklZeebg_kdhc b Z
\j_f_gb hoez ~_gby gZghdezkl_jh\ ieZlbgu b iZeezZ”"by jZagh]h jz

< kemqZ_ gZghqgxkIbdbpzf Ijhf [hevrbdf m \k_o
bkke_"m_fuo deZzZkl_jh\ ijb hoezZz ~_gbb k IZdhc kdhjhk
nhjfbjh\Zgb_ IThevdh Zfhjnghc nZau ZfnmjgZghhdZklbp “
"Z29ggZy nZaZ ijhy\eyekXkmdZyo LZdbf h[jZahf ijb ih”
khhi\_lkl\mxs_c kdhjhklb hoezZz ~_gby gilhgghZklbp



j_]mebjh\ZIv bo i_j_oh” eb[h \ djbklZeebq_kdmx klj
Zfhjngmx LZdh_ ih\_~ gb_ gZghdeZkl_jh\ ieZlbgu fh
ijbl]h~gufb ey bkihevah\zZgby \ dzZqg_kI\_ yq__d izZfylb
nZah\uo i_j oh”Zo

Lzdbf h[jZzahf ih ~Zgguf fhkébjbhWgZyyhqgzZklbp
obfbqg _kdb qgbkluo iZeeZ”by b ieZlbgu [ue k" eZg
ijbf_gbfhklv “ey o0jZg_gby bgnhjfZpbb ijb bkke_ "m_f
hoeZ ~ gby hijz\"ZgZ lhevdh ijb jZaf_j g¥yqg Gldb k\ur_
wlhlh jzaf _jzZ ijb ~hklZlhggh \ukhdbo kdhjhklg&k hoeZ
\_jhylghklv nhjfbjh\Zgby Zfhjnghc kljmdImju ~hklZlhqgg
\k  ° g % < kemqgqzZ_f_"e _ggh]h hoeZ " gbygka jZkie
_"bgbqgqguo gZghdezZkl _jh\ ~Zgguodhf_ ifeeh\ glfhev
gZ[ex™"Z 1ky q_ldh_ h[jZah\Zgb_ djbklZeebqg_kdh]h kljk
ithalhey | ijbf_gylv de4dkl) \ujheb wg_jlhg_aZ\bkbfhc JI
iZfylb ijb f_gvrbo jZzaf_jZo Djhf_ wlh]lh ijh\_~ _gguc Z
glh gZghqgZklbpu ieZlbgu » _fhgkljbjmxl| [he__ klZ[bevgh
Zfhjnghc b djbklZeebq _kdhc nZa ijb \j _f gdhkhoeZ ~ gb\

:gZeba ijhp_kkh\ kljmdImjhh[jZah\Zgby gZghkieZ\Z
Klhbfhklv ~jZ]l]hp _gguo f 1Zeeh\ [m”v |h ieZlbgZ
"hklzZzlhggh \ukhdzZ Djhf_ Ih]h ihemqg_gb_ qgbklh]h f_I.
| ogbg_kdb Ih”_ y\ley |ky keh ghc ijhp_"mjhc HilbfZe\
"ey bkihevah\Zgby \ dzZqg_kI\_ yq__d JKF izZfylb ih
yley |ky ieZlbgZ gh b iZeeZ”bc ~Ze "~hklZlhggh ohjh
kjZ\g_gbb k ahehlhf gbd_e6f@ b Djhfvx Ik]h jughqgZ
kilhbfhklv iZeeZ”~by gb™_ ieZldguhgZ gZfb [ueZ ihklzZ\e _
azZ™"ZqZZgzebam ijbf_gbfhklb kieZ\iZaguf ijhp_glguf
kh~ j zZzgb _f \ g _f Zlhfh\ ieZlbgu \ jheb yqg__d JKF izZfyl
<kemqgZ_gZghdeZkljihyVghklv nhjfbjh\Zgby Zfhjngl
kljh _gby dhe_[e Ik&#hhl gz \k_f bkke_ _~m_fhf jZaf_ jg
"bZiZahg_ gf ijb \j_f gb hoezZ " gkbhy< kemqZ_
gZghdezZkl_jh\ iZzeezZ”by ijb Ihc ~_ kdhjhklb Hdbh"Z |_
ZfhijngZy nZazZ h[jZam _Ilky f gvr_ g_f \ iheh\bg_ hiu
gf H~gZdh ijb *"h[Z\e_gBZNkfh\hieZlbgu \ deZkl_j
i1ZeeZ”by 1ihemqg_gguc kieZ\ ijb \ur_mdZaZgghc kdhjl
N fhgkljbjm | h[jZzah\Zgb_Zfhjnghc n®aphm™ dguo
hiulh\  Z ijb \j_f gb hoeZgk ghhpklZeebq kdh_ kljh_gb
gZ[ex"Z |ky gZqbgZgf kf jbk).
Dzd m _ J]Jh\hjbehkv hkgh\gh_ k\hckl\h JKF vyq
aZdexqZ_lky \ Ihf glh \' kemqgZ_ [ukljh]l]h hoez "



knhjfbjh\zZIvky ZfhjngZy kljmdIimjz ZdijokfZéebgghtZy
JZkkfhljbf | 1 _jv j_amevlZlu themqg_ggu_  ijb fh~"
hoezZ ~ gby gZghqgZkbmp jZkiezZ\Z @& GZghdeZklb ju

m-_ ijb "bzf _ljgf ithdZaulZeb \ _jhylghklv ithemqg_gby
dibklZeebqg_kdhc kljmdlmju ijb 1Zdhc kdhjhklb hI\h*Z |_
KiezZ\ Kk kh~ _jzZgb_f Zlhfh\ ieZlbgu ijb I_o ~_ mk
N fhgkljbjm_1 \hafh ghklv h[jZah\Zgby djkaZeebq kdh

hiulh\ Gh k jhklhf "bzZf_1jZ qZklbpu \_jhylghklv nt

dijbklZzeebg_kdhc kijmdImju j_adh jZ&kfi HglZz ikhklZ\ey |
m- ijb gf + Z ijb gf \k_ %.

JbkR AzZ\bkbfhklv \_jhylghklb ihy\e _gby djbklZeebqg_kdhc b Z
\j f gb hoezZ " _gby gZgPthijza\ghBGjzZzaf jZ.

ljb m\_ebqg_gbb kh”~ j"Zgby Zlhfh\ ieZlbguh\ kieZz\
% 1Zd _ ijhbkoh”yl agZqbl evgu_ baf_g gby \
kljmdImjhh[jZah\Zgby ih hlghr_gbx d deZzZkl_jzZf obfbi



iZeezZ”by LZd ijb \j_f _gb hogk 2fhgbhwZwzZ \hagbdzZ | \
hiulZo qlh agZqbl_evgh ij \urZ | \_jhylghklv _

\ deZkl_jZo H”gzZdh _keb ~_ jZkkfzZljb\Zlv hoezZ "~ _gb
yqg_cdb JKF izfylb aZ gklhy \ *Zgghf kemqgZ_ igb
Ij_h[ez*Z | ZfhjngZy nZaZzZgfljb_jhylghklv _  h[jZah\Zg

khklZ\ey I b k m\ _ebqg_gb _f jZaf jZ gZghgZklbpu ihkl _i
LZd ijb gf Zfthjngh_ kljh_gb_ gZghgZkidbepx*Zehkv \
hiulh\ Z ijb gf hgh \hh[s_ g_j_Zebam_IlKky
< kemqgZ_ m\_ebq_gby qgbkeZ ijbf khguo iZbhfh\
mkeh\bb k\ _jo[ukljh]h hoezZ ~ gy k jhklhf jzZaf jZ
gZghkiez\Z \ _jhylghklv ihy\e gby Zfhjnghc nZau ihk
kgb Z_Iky khfh ljb \J_f_gb hoez ~_gkymklhcgb\hklv
j ZebaZpbb djbklZeebg kdhc nZau \ur_ q _fgm Kkie.
agZqbl _evgh om _ kieZ2sZ [hevr_ \hijhkh\ \hagbdZzZ |
ZgZeba_ | _amevlZlh\ fh® _ebjh\Zgby kRieggh\lZf kemqZ _ ijt
\j f gb hoez ~ ggky "ey \ _jhylghklb j_ ZebazZpbb Zfhjng
o0ZjZdl _jgu agZqgbl _evgu_ dheo (Zgbygfthlb gf N h
% ( gf AZlh ijb f_~e_gghc kdhjhklb hoglk b gby
"bzf Ij_  kiez\Zz gf qzZklhlzZz h[jZah\Zgby djbklZeebc
kljh_gby khklzZ\ey B. GZghkieZz\ khklhysbc gba
Zlhfh\ ieZlbgu 1Zd _ ~Z 1 Ijm~gh ijh]lJghabjm_fu_ j_a
\j f gb hoezZ ~ glgk gZ[ex"Zehkv ihkl_i_ggh_ mf_ g\

\_jhylghklb Zfhjnghc nau hligf ~h %/ gf Ijb
wihf f e _ggh® hpeZ gk ijb \k_o ~bZf ljZo gdjhf_
( AZ | h[jZzah\Zgb_ djbklZeebq kdh]h kljh_gby

LZdbf h[jZahf jzZkkfZljb\Zebkv q_luj_ \_jhylgu_ ~*
jZ[hlu JKF izZfylb \j_f gb hoezZ ~ _gby ljb  kZfhf
hoeZ ~ gbb gk 7ey ijZ\bevghc jZ[hlu yqg__d izZfylb
nhjfbjh\Zlvky ZfhjngZy nZaZz Ijb f "gkgghc
dijbklZeebg_kdzZy KdHEjRklggbn khhi\ _ITkl\mxszZy \j_ f gb
| ieh\hc wg _j]lbbgk \ kemqZ__“bgbgguo gZdhdeZkl jh
ihdZaul\ZeZ g [hevrh_ ij_h[eZ”"Zgb_ djbklZeebq_ kd
Zfhjnghc H~*MgBdjlzkkfhlj _gbb kieZ\gb ~Zgghf \j_f _gb
hoezZ ~ _gby j _amevibjmxsb_ kljmdImju \_eb k_[y "hklZ]

Ijb agZq_gbyo ijbfhlkb *h ij_h[ez"ZeZ ZfhjngZy nZa:
"bZiZahg_ "1 \ aZ\bkbfhklb hl jZzaf_jzZ gZghqgZklbpu
m kiezZ\Z b gZ[ex"Zehkv g_dhlhjh_ ij_h[eZ”

djbklZeebq_kdhc kljmdImju



AZdexq_gb _

< ij_"klZ\e_gghc jZ[hl_ f _IhAhf fhe_dmeyjghc "t
hkgh\_ fh"bnbpbjh\Zggh]lh ihl _gpbzZezZ -B®d&vdhebk\yab
bamqg_gu ijhp_kku h[jZah\Zgby \gmlj_gg _]h kljh_gby
leZlbgu iZeeZ”by b bo kiezZ\Z jZaebggh]h obfbqg_ kdl
ZgZebazZz ih”h[guo ijhp_kkh\ [ueb bkihevah\Zgu |[._
deZkl_ju ithemqZ _fu_ ijb iezZ\e_gbb 1i_j\bgguo =PD
dhlhju_  azl_f ih”\_j]Zebkv ijhp_"mj_ hoeZ ™~ _gby
| fi_jZImj_ kh kdhjhklyfb Ibibggufb ~ey aZihfbgZxsbao
baf _g _gb_f nZah\h]h khklhygby ghkbl_ey bgnhjfZpbb ;
ijb mkeh\bb hoezZz ~ gby ba "b~dhc nZau \hafh' ' gzZ | Z
\gmlj_gg_]h kljh_gby b [ueb hij_* e _gu g_dhlhju_
klZ[bevghklb < oh”~_ fh”~_ebjh\Zgby \_kvfZ gZ]ey”gh
jhev jZaf_jguo wnn_dlh\ \ nhjfbjh\Zgbb kljmdIm) deZKkl_
b kdhjhklb k dhlhjhc ijhbkoh”be:glZléba | _isedevIZIh\
fhr _ebjh\Zgby ihdZaZe qlh hilbfZevguf fZl_jbZehf \ dz
"ey we f glh\ izZfylb hkgh\Zgghc gZ nZah\luo i_j_ o
gZghdezZkl _ju kieZ\X kh”~ _j°Zgb_f Zlhfh\ ieZlbgu
AbZf _Ijht gf h[eZ®&€b_"hklZlhggh ohjhrbf jZa]ljZgbq_g
f ""m Zfhjnguf b Zekjblkd kdbf khklhygb f ijb jZaguo kd
hoezZz ~ gby ~Z _ ijb fZeuo jZaf_jZo qlh g_ gZ[ex"Zehk
ijb fh” _ebjh\Zgbb gZghqZklbp obfbg_kdb gbkluo ieZlb
Djhf_ wlh]h k Ihgdb aj_gby p_gu b gZ”~_"ghklb ijb wdk
JKF we f_glh\ iZfylb hgb 1Zd _ y\eyxlky gZb[he__ ij_"i

JZ[hIZ \uiheg_gZ ijb nbgZgkh\hNNE]{Z §ld 16-48-190182).
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gghlZpbyjhzZgzZebabjh\Zgh hilbg_kdh_ IhiddimkelZgdhc yq_cdb k
ihlehsZxsbfb gZghqzZklbpe&Zfb]Zmkkh\Z imgdZ baemqg_gby Ijhkljz
fh meypby ijhimkdzZgby \ualZgzZ y\e_gb_f | _jfh*bnnmabb wnn_
bg"mpbjm_1| baf_g_gb_ dhgp_gljZpbb ihlJehsZxsbo gZghqgZklbp
Dexqg_\u_ keh\Z kzfh\ha”_ckl\b_ baemqg_gby |, ,jgdhebgnmalby gZ
ihlehs _.gb_

Bkke "h\Zgb_ k\_lhbg"mpbjh\Zgguo dhgp_gljZpbhcg
"\modhfihg_glguo "b~dhklyo ZdImZevgh k Ilhqdb aj_
hilbdb hilbg_kdhc "bZydmdbAdbhguo kj_» Z |Zd
gZghl _ogheh]bc < jy*_ jZ[hl | _hj_Ibg_kdb b wdki_jbf ¢
k\_lhbg"mpbjh\ZggZy |_jfh*bnnmaby \ *"\modif4hg_glgh:
lhdZaZgh glh I _j_jZkij dhep gbljZpbb dhfihg_ gl
g_h~rghjh~rghf k\_Ih\hf ihe_ kpdhh~"bkl\ddnxs_ fm baf_g_gb
hilbg_kdbo k\hck[3-&j<"kemqZ_ jZaebqZxsboky dhwnnb
ihlJehs _gby dhfihg _gl baf_g gb_ bo dhgp_gljZpbb ijb
baf g gbx dhwnnbpb_glZ ih]Jehs _gby kj_~u Ijhk\ _
ithl _fg gbx | _ d g_ebg _cghfm ih/}&Ghs _gbx kj_ _~u >

P_evx "Zgghc jZ[hlu y\ey |ky bkke_ ~h\Zgb_ k\ _Ihb
| jfh*bnnmabb 1ih]JehsZxsbo baemq_gb_ gZghqgZklbp
"b~rdhklb \ kemqgZ_Ihgdhkehcghc hilbg_kdhc yg_cdb

JZkkfhljbf "\modhfihg _glgmx "br"dhnZagmx kj_"m
ihlehs _gby dhlhjbcebdhf hij_~ ey Iky h~gbf dhfihg_o¢

digp_gljZpb(c A tdhgklZglz kj_"u Imklv kj_
gZoh”blky \ lhgdhc dx\ | |hesbghblkf jbHA >ey
]Zmkkh\Z imqgdZ jZkij_~ e _gb_ bgl _gkb\ghklb iZ*"Zxs
lehkdhklb kehy 1" £jZ"bmk imagdiZkklhygb_ hl
hkb imqgdZ

Kbkl fm [ZeZgkguo mjZ\g _gbc ey bdhgpelg\hZipbb
ithlhdZz aZibr_f h[fuqguf h[jZahf
(1)
(2)
1™ +m”_evgu_ |_ieh_fdhklv b iehlghkl¥i kjjZImujz
kj_"u



Jbk D jZzkg_Im | _jfh~bnnmabhggh]h ijhk\ _le _gby ~\modhfihg_
Ilhgdhkehcghc pbebg”jbg_kdhc dx\_|I_ xk¥gmljdkgbc jZ bmk
pbebg”jbg_kdhc dx\_lu

L _ieh\hc b dhgp_gljZpbhggluc khihdblkl\ j@ggdu
3
(4)
I xdhwnnbpb_gl | _iehijh\h*ghklb zkjht™uinnbpb_ gl
Abnnmabb ih]jJehsZxsbo gdkMmpnbpb gl | _jfh*bnnmabb
=jZgbggu_ mha&hbbyf \ \b" _
(5)
(6)
(7)
| A + dhwnnbpb_gl dhg\_dlb\gh]h | _iehh[f_gZ b |
\g _rg_c Kkj kthlI\ _Tkl\, ggh ; + dhwnnbpb_glu

| _iehijh\h~ghklb fZl _jbZeZ hdhg dx\ _lu b ~“\modhfihg
khhi\_IkI\. ggh

< klZpbhgZjghf j_"bf_ kqblzZy qlh *ey fZeuo lhestk
b hdgZ dx\_lu fh gh ij_g [j_qgqv jZ"bZevguf \~he
| ieh\uf ihlhdhf ihemqZ_f ba h”ghf_jgmx [11]jeh\mX
j_r_gb_dhlhjhc
(8)



1~ , tdhwnnbpb_ gl dhg\_dIb\gh]h | _iehh
Kgblz_f baf_g_gb_ dhgp_gljZpbb fZeuf ih kjZ\g_gbx k
agzZq_gb_f Ih]*z ]~ _ +gZqZevgZy dhgp _gljZp

gZklbp >ey Ilhesbg kehyh f ij_g [j_qv baf_g_gb f
| fi_jZImju \ keh_ kj_"u ih lhesbg_ dx\_lu b ijbgylv _
mklZgh\b\r_fky j_"bf_ ba3), (6 bf_ f ~ey
klZpbhgZjgh]h jZkij_~ e _gby dhgp _gljZpbb

(9)
| +0ZjZdl_jgZy bgl_gkb\ghklv ©gZkus_ gby
dhwnnbpb_ gl>klyjijhajZzgghkbly _kdhc yq cdb bf_f

(10)
1~ b bgl _gkb\ghklv ijhr_~r_]h baemq_gby *“h

| _jfh*bnnmabb b ihke_ mklZgh\e _gby dhgp_gljZpbhggt
khhi\_ITkI\_ggh

lhemq_ggu_ \ujZ _gby iha\heyx!|l hij_~ _eblv db
dhwnnbpb_glu kj_“u ba wdki_jbf_glZevguo ~Zgguo
gZ\_"_ggh]lh baemqg_gb_f ijhk\_le_gby\ @b biklehkslbgby
hl agZdZ dhwnnb)®1%.1Z

JZkkfhlj_ggZy fh™ _ev thalhey | \j2blgpmidlv
kZhbg"mpbjh\Zggh]h ijhk\ _le_gby kj_~u ih”
ijhkljZzgkl\_ggh h]jZgbq_ggh]h hild4-1&dhqd hq Zrk gglizk | b
kZfhbg"mpbjh\Zggmx fh*meypbx dhwnnbpb_ glZ ih]Jehs
milu\Zlv \ hilbg_kdbo f_Ih*"Zo fghhgimkibgbglguo kj_*
[12-14).
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dezZkl _jh\ gZghkljmdImj b gZghfzl _jbZeh\ f_ "\ma k[ gZmq
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:goghlZpbyZzkkfhlj_gh \ebygb_ hldehg_gby j Zevguo ih\_joghkl_
mkljhckI\ hl b*_Zevghc nhjfu gZ gZghfzZkrlZ[ghf mjh\g_ gZghr
j_Zevgmx iehsZ”v dhglzdlZ qg_j_a dhlhjmx ijhbkoh”bl i_j ghk wt¢
beb |[|_ieZz IlhdZazZgh glh jZkg_lu \_ebqgbgu 1iehszZ”b dhgl:
gZghr_jhoh\Zlhklb ijb\h”yl d kms_KkI\_ggh azZ\ur_gguf j_amevlZIZ
Dexq_\u_ keh\Z ih\_joghklv dhglZdl gZghr_jhoh\Zlhklv iehsz”

<\_"_gb_

ljhp_kku ijhbkoh”ysb_\ dhglzdl_ I\_j*uo |_e \
\uaul\Zxl dZd gZmqgguc 1Zd b ijZdlbg_kdbc bgl_j_ k
dhglzZzdlgu_ kh_"bg_gby we dljbqg_kdb _ | ieh\u_ b

g_hlt fe fhc gZklvx \k_o kh\} f gguo | _ogbq_kdbo mkl
h[s ijbagZgZ bo \Z'gZy 1ihjhc hij_~ eyxsZy jhev \ h]
gZ”_"ghklb b wnn_dlb\ghklb

< k\lyab k fbgbZlxjbazZpb_ ¢ f _oZgbg_kdbo b w
bkihegbl _evguo mkljhckl\ mkljhckl\ mijZ\e _gby b dhgl
mf _gvrbebkv d gZklhys fm \} f gb gZklh ~h fbdjhfZkrl.
b gZghfzkrlZ[guo \_ebqgbg khhlI\_IklI\_ggh, dWZadhkeh b
p_ehf 1Zd b \ _~bgbp_ h[t_fZ\hagbamdviZlh[oh?*bfhkl
mf_gvr_gbywg _jlhihl_jviml_f kgb  _gby dhglzdligh]h
we dljhkhijhlb\e _gby b h[_ki_g_gby wnn_dlb\gh]h | _ie

kgb™ _gby dhglzZzdlgh]h | _jfbg_kdh]h khijhlb\e _gby
g _\hafh'gh “~hklbgv [_a h[_ki_g_gby [Ij_[m_fuo o
dhglZzdlguo kh_"bg_gbc Hq _\b~rgh qglh i_j ghk ghkbl

we dljbg_kdhc wg _j]Jbb g _j_a dhglzdl j _Zevguo | _ogbq
ijhbkoh”bl g_ ih \k_c ghfbgZevghc ] _hf _ljbg_kdhc ieh
ebrv g j a fZemx __ gZklv h[jZah\Zggmx dhglZdlbjh\Z
ih\_joghkl _c¢c jZaebggh]h fZkrlZ[gh]h mjh\gy

< aZ\bkbfhklb hl ozjZdl_jguo jZaf_jh\ \ gZklhys_ _
mkeh\gh jZa”_eylv hldehg _gby j Zevguo | _ogbqg_kdhbc
br Zevghc ]_hf_Iljbg_kdhao Adhbjfu ngjh\gy fZdjhhldehg_
nhjfu oZjzZdl_jgu_ jZaf_ju rZ] YukhlZ g  f
\hegbklhklvfrg] f \ukhfkFzZg_  f r _jhoh\ZIhidy
f g f \ukhlZ g__ f b gZghr_jhoh\Zlhklv be



km[r_jhoh\Zlhklv rz] ff. dukhlz f_g_f). Ih~rq_jdg_f
glh mdZazZggu_ ]jZgbpu mkeh\gu b fhlml gZklbqggh i_j ¢

< fbgbZlixjguo mkljhckl\Zo i_j\u_ "~\Z \b”"Z hldel
br" Zevghc nhjfu ih\_joghklb g_ Db]jZxl kms-akd\ gght
[hevrbo o0ZjzZdl_jguo jzZaf_jh\ ih kjZ\g_gbx k jZaf_j:
diglzdlz

JZajZ[hlZggu_ bagZqgZevgh \ jZfdZo f_oZgbdb b nb
\azbfh”™ _ckl\by fh™ _eb b f Ih~bdb jZkq 1Z ozZjzZdl _jbkl
mqgblu\Zeb gZebgb_ gZghr_jhoh\ZIhklb ihkdhevdm
f Ijheh]bgq_kdh_ h[_ki_q_gb_ b |1 _ogbqgq_kdb_ kj_"Kk
1ZjZf_ljh\ Thih]jZnbb ih\_joghklbf_bZglagbkidhbo k\hckl\
fZl_jbzZeh\ '\ khhl\_IklI\mxsbo ®knha{\2o gb_f 1Zdbo
bgkljmf_glh\ bkke_ "~h\Zgby ih\_joghklb dzZd Zlhfguc kb
b _]h jZagh\b”ghklb gZghfZkrlZ[guc mjh\_gv klZe
] hf_ljbg_kdbo bfnbZgdlh_kdbo baf_j gbc qglh hldjuetl
\hafh ghklb \ gzZklghklb i_j ~ f_oZgbdhc b nbabdh
\aZbfh” _ckl\by I\ _jruo I _e

P_evx "Zgghc jZ[hlu y\ey\ébydbp gdghlhih]jZnbb (¢
j_Zevgmx iehszZ”v dhglZdlZ | _ogbqg_kdbo ih\_joghkl_c
g_h[oh”bfhklb mqg_IZ wlh]h \ebygby \ jZkg_1Zo oZjZdl_]
dhglzdlzZ I\_j~uo | _e

EhdZevguc dhglzZdéhkghklv

<h fgh]bo kemqgZyo dhglZdlbjmxsb_ ih\ _joghKkl
f ozgbafh\ b ijb[hjh\ h~gZ beb h[_ bf xI kn_jbqg
pbebg”®jbg_kdmx nhjfu DhglzZdl ]JeZ~dbo mijm]bo | _e
ih\_joghklvx \lhjh]lh, ilhjyj*dBqg_kdb hibkfm & Kh]eZkgh
ithemqg_gghfm bf j r gbx iehszZ”v dhglzZdlZ ~\mo mi
kn_jbg_kdhc ih\_joghklvx jZkkqihljunze [ky

(1)
] tgZ]ljmadZ k bfzZxsZy dhglZdlbjmx$ib\ Y _edguc
jZ"bmk djb\bagu dhglZdlibjmxsbo I, e b tjZ bmku

dhglZdlbjmxsbo | _e + wd\b\Ze glguc fh"mev

mijm]hklb fZl _jbZeh\ dhglZdlbjmxsbo k dh”meb

mijm]hklb b dhwnnbpb_glu ImZkkhgZ fZI _jbZeh\ dhglZd
HrgZdh \ j Zevghklb gZebgb_ hldehg_gbc nhjft

fZzkrlZ[gh]lh mjh\gy ijb\h~bl d kms_kI\_gguf ih]j_rghkly



0ZjZdl_jbklbd dhglzdlz _keb g_ mqgblu\Zlv bo \ebyghb
dhglZdlbjmxsbo | _e

Wlh \ebygb_ aZdexqgZ |ky \-kej\timxg Zfebglh- fbdjh
beb gZghr_jhoh\Zlhklb ijb\h~Abl d “bkdj_Ighklb dhgl
kiehrghc dim]Jehc iehszZ”db dhglZdIlZ khijbdhkgh\_gb_ |
\_ jrbgzZf dhglZdlbjmxsbo g_jh\ghkl_c¢c h[jZamxsbo Zgk
iehsZ~hd dhglzZzdlz jzZkiheh  _gguo \ ij_~ eZo [he_ _
digimjghc iehsZ”~db dhglzZzdlZ kf jbk KmffZjgmx iel
hi®" _evguo g_jh\ghkl_c fbdjhr_jhoh\ZIhklb ijbgylh
nZdlbq_kdhc iehsZ”~vx dhglzdlZz Z kmffZjgmx 1iehs
hi~ evguo g jh\ghkl ¢ gZghr_ jmbl\dhkthct iehsZ”*vx
dhglzZ§lz

<h\lhjuo dhglmjgZy iehszZ”v dhglZdlZ r_jhoh\Zluo
[hevr_ g _f iehsZ”v dhglZdlZ wlbo "~ | e jZkkqgblZggZ
[ _ a mq_lz-flbelyhgZghr_jhoh\ZIlhklb. kf jbk

Jbk Ko_fZ dhglzaHkdhXkjlv ijb gZebagblbebbdihghr_jhoh\Zlhklb
1 +dhglmjgZy iehsz”v dhglZlhlzZ "~ey ]JeZ"dbg 3 tdehszZ”db
dhglzdlz hl*_evguo g_jh\ghkl_c h[jZamxsb_\ kmdéb nzZdlb
nbabg_kdmehsZ”~v dhglzdlZz

DhglmjgZy iehszZ”~v dhglzdlz fh | pidvhkfhkdlyldg Z
j_amevlZlih\ j2Z2[@lu dhlhju_ ijbf_gbfu dzZdIl&d fbdjh
gZghr_jhoh\Zlhklb

(2)
| +t dhglmjgZy iehsZ”v dhglzdlzZz ]Jez”*dbo |_e jZk

nhjfme _ + [ _ajZaf_jguc dhfie_dkf_oHglbdhkdbo b
] hf lIjbgq_kdbo izZzjzf _Ijh\

(3)



]| *\ukhlZ kehy gZghr_jhoh\Zlhklb gZ ih\_joghklb ki
kj_~gbc jZ"bmk aZdjm]e_gby \_jrbgjg”himi Kkl _jbqg_kdhc
th\_joghklbxizjzf |} oZjZdl_jbamxsbc nmgdpbx jZkij_
\ukhl g_jh\ghkl_c¢c ?keb \k_ g_jh\ghklb bf_xI h”*"bgZi
Il jZkij_~_ e _gb_ g_jh\ghkl_c¢c ih \ukhl_ h1emlkl\m
jZ\ghf_jgh]lh jZkij_"~_e _gby \ukhl g_jheghlglhjdZevgh]h

jZkij_"~_ e _gby \ukhl

Jbk ljhnbev gZghr_jhoh\Zlhklb ih\_joghklb dhgpkjh®tgfyyju *eb
ebgby *\ukhlZ kehy gZghr_jhoh\Zlhklb

< nhjfme _ [ ajZaf_jguc dhfieZdxkdl_jbam |
hlghkbl _evgmx Ihesbgm gZghr_jhoh\Zlh]h kehy [_ajZa
oZjZdl _jbam_|I nhjfm g _jh\ghkl_c [ _ ajZaf_jguc

oZjzZdl _jbam _| kI _i_gv gZ]jm _gghklb dhglzdlZz

Nbabgq _kdmx iehszZ”v dhglzdlZ fh gh jzZkkgblZlv
fh~r_eb ~bkdj _Igh]lh dhglzdlz >3

(4)

1~ tdhglmjgh_ ~Z\e _gb _

LZdbf h[jZzahf nhjimeuhalheyx!| jZkkgblZlv nbabq_|
ilehsZ”~v ehdZevgh]h dhglZdlZz gZijbtighktihklov fijlrzZ]j
gZebgbb gZz ih\_joghklb dhglZdlbjmxsbobeb e fk
gZghr_jhoh\ZIhklb

< dzZq_kI\_ ijbf_jz jzZkkfhljbf dhghEdhkInZj kh
ke "mxsbfb ozZjzdl_jbklbdZfb dhglZdlbjmxsbo * _IZe ¢



N 1Zzeb ff FZI_jbzZe N _Z2\eakthrdthe _|bjh\ZggZy klZev [I\_j:
ith\_joghklgh]h kehy ihke_ |_jfhh[jZ[hldb=13d_ f_g
wd\b\Ze glguc fh*mev mijm]hklbz 1ZjZf _lju
gZghr_jhoh\ZIhklb \ukhlz g_jh\ghklkg “gbc jZ*"bmk
aZdjm]e_gby \_jrbg g_jh\ggkl WIb \_eblgiblgld_ITkl\mxl

1 ZjZf_ljZzgZghr_jhoh\Zlhklb j_ZevghclZzt_IgB8au\Z _ fhc
dhgp _\hc f_ju (Medb\gklghc 1Zd"_ ih™ gZa\Zgb_f igbldb Bh
baf _j gguf k ihfhsvx Zlhfgh]h kbeh\h]h fbdjhkdhiZ
ijhnbev gZghr_jhoh\Zlhklb IZdhc ih\_joghklb ihdZaZg g

Fbdjhr_jhoh\ZINkMNZgghf kemqZ_ g_ bljZz_| jheb
ih\_joghklb hibku\Z fuob® XZdbdjhg_jh\ghklb \ukhlhc
[he_ h~rghc A _kylhc fbdjhf _1jZ ijb jZ*"bmk_ azdjm]e

ihjy"dzZz h~gh]h fbeebf ki _jblg_kdzZzy "~ _IZev dhglzdll
nzZdlbg_kdb k hrgbf \ukImihf fbdjhr_jhoh\Zlhklb

J amevlZlu jZkq_ |1Z iehsz”™ ¢ dhglZdIlZ-(4h nhjfi
ij_"klZ\e_gu gZ jbk

Jbk lehszZz”"b ehdZevgh]h direqiZdhKlIv AhgdmjgZy iehsZ”v
mq_I|hf gZghlhih]jZndthlgImjgZy iehsZpfva mq_I1Z gZghlhih]jZnbb i
= jpm nbabg_kdZy iehszZ”v

Dzd \b”gh ba jbkkg_ | [_a mqg_|Z gZghr_jhoh\ZIlhk
aZgb  _ggu_\ g _kdhevdh jZa agZq_gby jZaf_jh\ iehsZ’



lehkdhklv < ebgbgZ nbabg_kdhc iehsZ”~b dhglzdl:
ijhbkoh”~bl g_ihkj_~kI\_ggh_ khijbdhkgh\_gb_ "~ 1Ze_c
\hafh™ g i _j ghk ghkbl e ¢ wg _j]lJbb beb azZjy”rZ [he_
f gvr_ iehsZ”b dhglZdlZ J]JezZ”~dbo " _|Ze ¢ \ke_ "kl\b
gZghr_jhoh\Zlhklb gZ bo ih\_joghklyo

AZdexq_gb_

GZebgb_  gZ ih\ _joghklb j Zevguo I\ _j*uo | _e
fbdjhr_jhoh\Zlhklvx g_jh\ghkl_c gZghfzZkrlZ[gh]h
(gZghr_jhoh\ZIlhkdbh~bl d g _h[oh~bfhklb mHbgboywby
©iehsZ”~v dhglzdlz2 GZjy*m k ba\_klguf \ f _oZghbd
\azZzbfh”™ _ckl\by ihgeymBdfbq _kdZy iehszZ”~v dhglzdlz2 \
ithgylb_ ©nbabqg_kdhc iehsZ”b dhglzdlZz2 ih” dhlhjhc
kmffZjgZy 1iehszZ”~v "bkdj_Ilguo iehszZz”hd dhglzdlZz
gZghfZkrlZ[gh]l]h mjh\gy JZkqg _lu Ijb\_~ ggu_ \ ~Z
ithdZau\l\zZxl qglh nbabq_kdZy iehsZ”v dhglzZzdlZ khklZ\e
ghfbgZevghc iehsZ”b qglh g _h[oh”bfh mqgblu\Zlv gZijb
ijhp_kkdhglZzdlgh]h- bellehwe _dljhi_j _ghkZ

b[ebh]jZznbq_kdbc:kibkhd

1. BafZceh\ <H<nZdlbgq_kdhc b nbabqg_kdhc iehsZ”yo ~bkdj_Ilgh
< < BafZceh\ F < Gh\hk_eh\Z F_o0ozZgbdzZ b nbabdz ijhp_kkh
dhglzdl_ I\_j*uo | _e " 1Ze_c¢c |_ogheh]bg_kdh]h b wg_j] _Ibqg_|
f "\ma k[ gZmlg\_jly £L\_jkdhc ]J]hkm~Zjkl\_gguc | _ogbg_kdbc m
2015. =< ui Kt -9.

2. Demkin, N.B. Estimation of the deformation of rough spheres and cylinders in
compression / N.B. Demkin, V.V. Izmailov, M.A. Korotkov // Wea1976. £V. 39, +< 1.

+J 6382

3. BafzZceh\ <D4glzdl I\_jruo I_e b _]lh ijh\h~bfhklv fhgh]j
< <BafZceh\ F < Gh\hk\ ghk\ZL =210+ Kk



M > B37.621
K<HCKL<: >HIBJH<:GGH=H =:>HEBGB?F :FHIJNGH=H
G:GHIHIJHRD: >BHDKB>rJ?FGBY IHEMQ?GGH=H
BFIMEVKGUF WE?DLJHGGUF BKI:J?GB?F
< = BevK K Khdh\glkg Fmjazdz _\
N=;MG ©BgklbIml we _dIlhib adb@d
?dZl_jbg[mj] me :fh0g"~k_gz ~
ilves@iep.uran.ru

:gghlZpby "Zgghc jZ[hl_ inZegmjpggugZghihjhrdb ~hibjh\Zggu_
,F m~ _evghc ih\_joghkMhx hf? ]k ihfhsvx bkgbjpfimevkguf

we_dljhgguf inigdhd_baf_oZgbq_lkdbk _Zfhjngh[l :wjhkbe

( f2] k ihjhrdhf (REO %). lhemqg _ggu_ gbklhkptZeyZaf |
f_g__gf bh\ur_ggmx f_"qZklbggmx ihjbkdhkkw"\ykhigphz glZ

]Z"hebgby guhzmidd@afhghkllvkihevah\Zgdmqg g6@o

\dZq_kI\_dhgljZzklgh]h zZ] _gl4{ adywgZgkghlghbamZebazZpbhb

Dexgq_\u_ keh\zZ bfimevkguc we_dljhggugZgmdjbhdklZ&eébpogngddb
ihjhrdb

<ukhdzZy [bhkh\f_klbfhklv hdkbBZ Z&fZpbdbylgu
k\hcklI\Z hdkb”Z ]Z~"hebgby khar2gl ihkrklpggluam ba
wlbo fZl _jbZeh\ fgh]l]hnmgdpbhgZevd@@u® g¥Xghgkdlglblkolb
dhgljZklguo Z] _glh\ "ey BAhgbgklmhc \bamZehl&Zgpbb >
k bkihevah\zgb_ f f_|Ih*Z bkiZj_ge bdliphggluguimqgdhf
BWI > @ ihemqgZeb gZghihjhrdb dJlebadhc m”~ _evghc
ih\_joghklvx) hdhehf® J[45. P_ev gZklhys ¢ jZ[hlu khklh
\ kbgl_fa Ihfh BWI b bkke_ "H\hglkib\hjhrdh\ [bgZjghc
kbkl_ fu :

GZ MmKkIZghGdGH;BE [3] bfimevkguf we dljhgguf
bkizj _gb\ AZdmmf_ hklZlhggh_[1ZZ\iehegibg ZFhjngh
gZghdjbklZeebg_kdb_ ihjhrdb ~hibjh\Zggh]hG]Z~hebg
hkz ~"ZglE k|l _deygguoeZ ~"Z fu_ ih”eh db [hewvrhc ieh
jZaf_s _ggu_ \hdjm] fbr_gb gZ jZkklhygbb

Fbr_gb balhlzZ\ebuhéiv " _ggh]lh \ |_q g@dkh\ ijb
| _fi_jZImj_ Gl Aerosil 90 (Degussa)b fbdjhggh]h ihjhrdz
( DGJF_ozZgbqg_kdb_ kf_kQh \iHgkidih\uo ijhihjpbyo

; b i _j_f _rb\Ze&bz]Zlh\hc kimid_ FZkk
balJhlh\e _gguo fbr_g _c “b@fgljhf _\urZeb ]

J_ "bf bkizj _gby fomddZaZigZ[hl_ X[®] GI kh kl _dhe
khklZz\eye ] IThemaq g®l \hlebglhl juoehhmrbklh]h
ithjhrdZ $H®WRWYECeb \ujZ"  _ggmx \hehdgbklmx kljmdImjm



ihjhrdhhij_"~ eyezZkv f_|Ih*"hf-Whigdhwg& ¢Z
m k| Z g hMtrometrics TriStar 3000 L _jfh]jZffu gZ]j_\Z hoeZ ™ _gby
fZkkidlju aZibku\Zekkvhfhsvx f _|h*h\ “bnn_j gpbZev
kdZgbjmxs_c¢ dZehjbf_Ijbb >KD b | _jfh]jZ\bf_Iljbb
kbgojhgghf | _jfhZgzZ8bRdBIPC Luxx kh\f_s gghf k fZkk
ki _dljhf_1j@¥MMS403C nbjfuNETZSCH\ | _fi_jZImjghf ~“bZiZahg_

. Fhjnheh]by b jaaklibp GI baméZzZelfkvsvx
Ijhk\_gb\Zxs_c¢c we_dljhgghc fbdjhkdhibb |WF gZ
JEM2100 Dbgp_gljZpbbhebfby b ijbf _kguo we f glh\ ~ e
( )b mlJe_ jh™MNX\h[jZzapRig_ " eyefZkw~rZfb j_gl] _gh\kdh]h
wg_jlh*bki_jkbhggh]l]h ZgZebaz JW>: gZ kdZgbjmxs
fbdjhkdhLEO98 k ijbklz\d@xord XRay Detector b fZkk-
ki_dljhf_Iljbb k bgtrk\dibXglyhc ieBafhcgzZ Kijhf Ij_
ELAN9OOO J amevl!Zlu baf_jbgWdyggu we f glgh]iGlZgZeba
gbklhl]h b ~hibjh\Zggjlbhh~» gu \ LZ[ebp_ 1.

LZ[ebpzZM” _evgZy ih\_joghklv b dhgp_gljZpby ]1Zéhabygby

mle _jh~zZ \ GI
KhklZz\ : ’ :
< fbr_gb 2 ] fZkk fZkk fZkk 7 kK
B (al (al (al

1 155 [5] - 0;0,01;003 -
0,31(004) | 0,15(005) | 4,81(756)

2 212 | 0,32(004) | 0,09(003) | 6,61(1029) 1,35
0,29(003) | 0,07(003) | 4,16(659)
0,78(004) | 0,00(000) | 138(2057)

3 175 1 5'56(029) | 0,00(000) | 842(1354) | 97
0,11(001) | 0,00(000) | 22,55(3084)

4 199 0,24(002) | 0,00(000) | 19,78(27,05) 6,41
0,18(002) | 0,00(000) | 2047(2819)

dhgp_gljZphb b hij_ " eyeb gZ Ilj_o jZaebgguo mqzZkldZo

hljzap_

Ba LZ[ebpu ke “m_1 qlh “hibjhff\ZghbjbJE~bEkligb
g _fhghlhgghfm baf_g kghgkklhf dhgp_gljZpbHlf_ Ibf
g_kh\iz~ gb_ dhgp_gljEpbdbgguf JWXI C
bkohdfph dhgp_gljZpbyfh fbr_gyo , dqlilgzklibh™ _| Julv
k\yvaZgh k g_h”ghjh~guf jZkij_"ihe iddh_foghklb GQ
We f glgh_ dZjlbjh\Zgb _@dordj¥-Rb¥ Detectorh*1\_j*beh
g_Jhfh] _ggh_ jZkij_"~gfHhhl® evguo mqZkldZo h[jZaph)\
thdZaZ@Q khkoh™ fhhjnheh]ld6]lclZzd  _ ihdZau\Zeb



dhgp_gljZpbhggmghjh~rdhkkl&¥4Zgguf JW=*:fguo h[eZklyo
IWF h[jZapZ dhgp_gljZpbyhklb]Zez ZI Z \
k\ _leudeZklyo [ueZgZégHH*"gZdh we f glgulkjEigddeba
f Th~hf BKkf LZ[eldpihdZameh\e I\hjbl _evgh _

khleZzkb_\ kh”™ _j"Xdbémqg _gguo GI b fbr_gyo

<ebygb_ ~hibjh\Zgby ]Z2hebgb_f gZ fhjnheh]bx GI
bamgzehhfhsvx |IWEkKf jbk 1B.a kjZ\g _gby bah[jZ _gbc
jbkla b b\b”rgh qlh ijb khihklZ\bfuo jZaf_jZo qZklbp ¢

ki_ g _gu keZ[__ q_f gZklbplybG[lyevr f
m\ _ebqg _gbb k¢ bjbk jZaebqb_ \ jZaf jZo b ihjbklhklb \
b "hibjh\ZgghtklZgh\blky azZzf Ig__ Dhebqg_klI\h f_"qgZkll
jZaf_jhf agf \ “hibjh\Zgghf h[jZap_ kms_klI\ _ggh [hevr_
"hey GQ bf | jZzaf_jgf h~gZdh bo jzZzaf j g_fgh
[hevr_ jzZaf _jZ GQ qgbklhiwlhfm jhkl h[jZaph\ GI
hlghkbl _evgh GIlfh gh k\yaZlv k m\_ebqg_ gkt

f "gqgZklbgghc ihjbklhklb i _j\uo glh \ k\hx hg_j_™
[eZ]hijbylguf nZdlhjhf ~ey aZiheg_gby ihj e _dZjkl\_gg
beb fZ]gblgufb GQ L _ g® _gpby d nhjfbjh\Zgbx ij
i _j_fugq_d “ebghc [hegf f_""m GQ ijhke_ "b\Z Iky
gZ jdid b ih?I\_j"~Z | mki_rgh_ ~hibjh\Zgb_ ]1Z"hebgb_
kdehgghklv d h[jZah\Zgbx i_j fug_d f_""m GQ oZjzZdl.
GQ ihemqg _gguo BWI > @ b hlkm[E)\m | m GQ

>Zggu_ IWF ZgZebaZzZ 1lbkfld jbk we dljhgh]jZnbb
kf\klzZ\dm gaAdbkh~I\_j*beb Zfhjngh_ khklhygb_ [hevr_
Gl kf h[jZa_p < LZ[ebpu b hlkmlkl\b_
\lhjbgguo fZ]gblguo nZa \ nhjf_ gbklh]h ~ e aZ b _]h h
\ h[jZzap_ k \ukhdhc dhgp _gljZpb _ cftQkkhebgbey gb
\lhjbgghc nZau”*hdZau\l\Z_| we_dljhgh]jaffB ggbfikl
djbklZeebg_kdbo gZghkl _j'g ¢ k kh\ _jr_gghc ijyfhm]h
rbjbghc hl*h gf b "ebghc htha gf gZ jb& Ihy\e gb __
djbklZteee kdbo gZghkl j g ¢ kj_~b Zfhjnguo GQ y\gh

ij_\ur_gb_ ihjh]z jZklI\hjbfhkhkb Zfhjnghf \
kbevgh”hibjh\ZgghZkRb h[jZap_
JZg_ > @ Kk ihfhsvx >KD ZgZebaZ [ueh mklZgh

"bgzZfbg_kdhf gZzZ]j_ \_ h[jZaph\ kh Kd@jh®lvx
dijbklZeebaZpby Zfhjnghc nZau gZgbgZeZkv k Ibfi_jZIm
azdzZgqb\zZezZkv ijb | _fi_jZImj_ hdheh



Jbk TEM kgbfdb rdzezgf (@ Gl ;b Gl hljZza_p <
LZ[lepd); TEM kgbfdb rdzZedgf (c GI ; d Gl hljZza_pt <«
LZ[lepul) @ \klz\d_ d dihdZazZzgzZz we_dljhghljzffz k Zfhjngh]lh mqZzZkld
(eecgbfhd djbklZeebq_kdbo gzZghklijjybhm]hevghc nhjfu \ hfzZap_ <«
LZ[epd | we_dljhgh]jzffZz djbklZeetey_kdhc nZau \



GZ jbk ijb\_~ gu djb\u_ gZ]fLW bKdb\u_- fZkk
ki_dljh\ \h~u bazZibkzZggu_ \ |_fi_jZImjghf bgl_j\Ze _
Ijb kdhjhklb gZ]j_\Zfggy h[jZapZ <« ba LZ[ebpu

Jkk . >KBL= djb\ugz]j_ \Z fbg b fzkk_dlju b \
|_fi_jzImjghf bgl_j\Ze_ Zthjng®ZzghdjbkliZebq_kdh]h ihjhrd

L fi_jZImju gZqZeZ b dhgpZ djbklZeebaZpbb Zfhj
\ukhdh”hibjh\Zggh]h h[jZa®Z (kf jbX® khklZ\eyxl
hdheh b khhi\_TkI\ _dghijzdlbg_kdb kh\iz*Zxl
| fi_jZImjZfb gZqZeZ dhgpZ djbklZeebaZpbplg "hibjh\Z

M[uev fZkku g_"hibjh&Zggh]lhb gZ]j_¥%h
khklZ\beZ fZkRo [5]. >hibjh\ZgbZ*"hebgb_f mf_gvrz_|
ithglb 2 jZzaZz khhlI\_ITkl\mxsmx ihl (jx fZkkea) \ Gl

% (cf djb\mkx= gz jBk qglh k\b”_ | _evkl\m_ | F
mf_gvr_g]bBjhnbevgiilb \ j_amevlIZHibjh\Zgby
Bgl j _kgh glh ihke_ _"mxsbc aZf _lguc ijbjhkl fzZKkl
( fZkRkRo) ijb gZ]j_\Zgbb \ur_ | _fi_jZImgyb\Zy L= gZ
jbk mf_gvrbeky \ Jjih g&Xg_gbx k ZgZeh]bqguf jhklIhf 1
\ g _*hibjh\Zgghf h[jZ&pkRo). Jhkl fzZzkku qbklh b
Ahibjh\Zglgh]Zzrhebgb f fh gh k\yazZlv k \hafh guf
kms_ kl\h\Zgb f dbkehjhrguoin€mgggbcao @IWhH bo
ithkl _i_gghc Zggblgéyphbljc\Zgbb \ur_ | _fi_jZImju



:ggb]lbeypby \ZdZgkbc ijhoh”kldibighbgbghbZimhbnghc

njZdp ol
LZdbf h[jZzahf_Ih~"hf BWIlihemqg_guZfhjngh
gZghdjbklZeebaqgh jdhb , h[eZ"Zxslke "mxsbfb

hkh[_gghklyfb

1)\ hkgh\gilhfjhrdbkhklhyl ba Zfhjnguo d\ZabkM jbg_ ki
jZaf_jh&€ gf k g _agZgbl _evgufb \dexqg _gbyfb djbklZe
gZghkl _j°g_c k kh\_jr_gghc ijyfhm]J]hevghc nhjfhc

2)Z]lehf_jzZlu ~hibjh\@ydkuwoq_ doug_kbevdghh[eZ"ZXx]
[yevrbfdhebq_ kI¥hfgzklbqgihp jZzaf_jhf hdhedf ih
kjZ\g_gbx k GI gbklhghh ijb\h~bl d m\_ebdslgbjpb
Ahibjh\Zgbb

3)*hibjh\zZglz"hebgb_f g_ kelsy kI\ _ggh gZ | _fi_jZImj
gZqZeZ b dhgpZ djbklZeebazZpbb ZfhjmdhLfapnjZdp!

\ kjZ\g_gobkhhl\_ITkI\mxsbfb | _fi_j@lmjzZfb

4AfzZdkbfZevgmx m~_evgmx ih\fjdgtklv | h[jZza_p k
fobgbfZevghc dhgp_gljZpb _c fZKkikbgl X

‘\lhju ijbagZl_evgu khljm~gbdzf BWN MjH J:G f g k L F >_fbgl
m” _evghc ih\_joghklb b Lbfhk geththVhc az JIW>: BQf[Ahdgh\
\uiheg_gzZ \ jzfdZo |_fu ]Jhkm~ZjkI\_ggh]h-204Z"Zgblyijb
gZklbgghc ih~A"_j d(ijlhNNB < -0801381)

b[ebh]jZnbq_kdbkhd

1. Kim, T.J. Gadolinium oxide nanoparticles as potential multimodal imaging and
therapeutic agentsT.J. Kim, K.S. Chae, Y. Chang, G.H. Lee // Current Topics in Medicinal
Chemisty. +2013. +V. 13. #l. 4. +P.422-433

2. Cabrera-*D U FAD oxide manoparticles as contrast agents in magnetic
resonance imagingA. Cabrera*DUFtD $0RLB DB % H U Q Ib Badomateviald O

+2016. . 6. +l. 6. £P.109-1-109-15.

3. Sokovnin,S.Yu. Production of nanopowders using pulsed electron beam /
SYuu 6RNRYQLQ 9 * ,OCYHV JHUURHOHHRAWUILOFY i i 9

4, Bev\_k < = &hckl\Z ZfhjogdphdjbklZeebqg_kdh]h ihjhrd
GhO; ithemqg_ggh]hmebkguf we_dljhgguf bkiZj<gb_Bev\_Kk

K XKhdh\gKg: Mihjh%¥ =Am_\ NabdzZ I\_j*h]R2013 ZL +< Ui

6. £K11711179.

5. Bev\_k <K¥hcklI\Zfhjngh]lh gZghihjhrdZ ~“bhdkb”~zZ dj_fgby ihe
bfimevkguf we dljinkgiydb /f < =Bevl_kF = Am_K X Khdh\gbg

: F Fmjazdz_babdz I\_j~h]k201% ZL +<ui +K  -158.

6. Shao,Y.Z. A. novel one-step synthesis of -incorporated mesoporous

nanoparticles for use as an efficient MRI contrast agent / Y.Z. Shao, L.Z. Liu, S.G. Song et al.
/I Contrast Media & Molecular Imaging:2011. V. 6. +P. 110-118.
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WE?DLJHF:KKHI?J?GHK < KL?DE:O
>EY WE?DLIJHGGHC L?0GBDB
: F DzZjfhdit\ (FhehdzZgh\ A < RhfZoh\
N=;HM <H ©ODZFzZz%elghkdbc Jhkm~ZjklI\_gguc mgb\_jkbl |

bf O F, _j[_dh\z?2
360004,GZevgbd me Q_jguX73\kdh]h ~
karmokov@kbsuru
:gghlgby Ij_~klZ\e_gu j_amevlZlu bkke_ _~h\Zgby \ebygby

bahl_jfbg_kdhc \u”_j'db gZ we_dljphijh\hplgB&inguo Kkl_deZo
k\bgphkbhebdZligu_ b [hjzZlgZjb_\hijbf gy _fuo \

we dljhgghc | _ogbd _

Dexq_\u_ keh\zZ -[BEjBEldh_ kIl _deh bhggZy ijh\h~bfhklv djbklZe

nZazZ gZghjzZaf _jgZy nZaZ hkldb&Xbgiph\lnl deh we dljhijh\h”gt

we_ dljhfZzkkhi_j ghk wgpblbbw&ddbp\Zijh\h~*ghklb

J ameviZlu we_ f _glgh]h b j_gll_ghnZah\h]h Zg
Ijbf _gy fub we dljhgghc | ogbd_ >
thdZau\zxl qlhfijhZImjZo hi*h \ kl _deZo h[jZamxlky
dijbklZeebg_kdb jZaZgu b kdhjhklb jhklZ dhlhjuo aZzZ\k
| fi_jZImju b \j_f _gb bahl_jfbg_kdhc \u2-5j db h[jZaph)
'gZeba j_amevlZlih\ k\b”_ | _evkl\m_I h Ihf glh \ h[
kbebdZlguo kIl _dhe h[jZamxlky gZghjZaf _jgu_ djbklZee
b \ g_agZgbl_evguo dhelbg_ klI\Zgbqg_f ~bnjZdpbhggu_
fZdkbfmfu khhilI\_lklI\mxdb ilehohZaj_rZxlkyaba
khiz™ _gby bo izZjzf _Ijh\ j_r_Idb K ih\ur_gb _f | _fi_jZIn
jZaf _ju djbklZeehnZa \hajzZklzZxlb fWwghlhagH\bkbfhklv
gZkusZ |ky kh \J_f g f
NZah\u_ baf_g_gby gZ ih\_joghklb b \ h[t_f_ klI_d
kms_kI\_ggh_\ebygb_gZ we_ dIfbiwe\hdighglwdb_k\hck
kl _dhe GZ. jbk ij_"klZ\e_gu aZ\bkbfhklb eh]Zjt
we _dljhijh\h*ghklb bkke_ _~m_fuo kl_dhe \ ijhp_kk_ gZ]j
| fi_jZIlmju ~h b ~Zevg_cr_]h hl'b]JzZ ijb wlhc |_fi_jZI
| g_gbgzZkh\ ik\ur_gb_f | _fi_jZImju dZd b bkeZldm |
we _dljhih~*ghklv\hajzklz | ijbg _f wg _jlby Zdlb\
we_dljhijh\h*ghklbgbf4d]j |l ~\Z jZaguo agZq_gby \
gbadhl_fi_jZImjghc b \ukhjgtlc fh[¢Zlkkhyo aZ\bEKkdd&hklIb
ijbijhimkdzdgpbhlghgZijz\e bpghglE[exZ |ky ijb | _fi_jZImjZ
b "ey khed b khhi\_TkI\ _ggh : ijb
agZdhi_j f _gghfiljjpd]l # jZImjZo b "ey kl_dhe
b khhi\_IkI\_ggh Hqg_\b~gh wg_ j]lby Zd



gbadhl_fi_jZImjghc h[eZklb &Z\ klkApfbggghklv jZ[hlu kIl _«
\ khklz\_ ba”*_eby , lg_f_kilvgvr_ wg_j]lby Zdlb\Zp
we _dljhijh\h~ghklb | f  \ur_ klZ[bevghklv jZ[hlu
L _ fi_jZIlmjZz baehfZ ozZjZdl_jbklbdb kbevgh gazZ\bkbl
ijhims _gghlh azZjy*"Z >ekbkbdgpllguo k|l _dhb
| fi_jZImjZ baehfZ ijb ijhimkdZgbb h”ghgZijZ\e_ggh]h
lhdZ agZqgbl_evgh f_gvr_ qg_f ijb ijhimkdZglhlWdAagZdhi_j
Bahl_jfbg_kdbc hl b] h[jZaph\ ijb\h”Dbl d ba
we _dljhijh\h*ghklb kIl _dezZz > @kbebdXklpgph\kl_deZo
we _dljhijh\h~rghklv mf_gvrZ _ |lky kWwApfhfog fwlilh k\yaZgr
k h[jZah\Zgb_f b jhklhf gZghjZaf_jguo djbklZeebq_kdb
\j _fy wdki_jbf_glh\ q_j_a h[jZa_p ijhimkdZeky we_ dl
~ De qglhoerakz | fZkkhi_j _ghk b klbfmebjm_1 jhkl g
1Zd dZd ijb \ukhdb®lmjZio j\ kl _deZo bf__1 f_klh ij_hJe
bhgghc ijh\hibfh We _dljhijh\h*ghklv fhghlhggh mf_gvr
\j_f_g_f b ijzdlbqg_kabb\ihlkyy>j@ qgZzZkh\

Jbk AZ\bkbfhklv m~_evghc we _dljhijtiihégtdEIghbgphdbaz
hi\j_f_gb \ ijhp_kk_ gZ]j_\Z b bahl_jfbjd_kdhx \u~r_j'd_

KjiZ\g_gb_ \j_f ggh]h oh~Z we _dljhijh\h~ghklb \ ijh
b bahl_jfbg_kdhc \u”~_j dlble\bdgpligio kl_dhke
kf jbk b khhi\_TkI\_ggh ihdZau\zZ | kh\iz™_
| fi_jZImju gZqZeh hl b]l]Zz AZI _f "ey d&d[exZZ Iky
th\ur_gb_ we_dljhijh\h*ghklb ijb[ebabl_evgh gZ ihjy~*
>Zevg_crZy bahl_jfbq_kdzZy \u”_j dZ ijb iljb\ih}BIndj_
fhghlhgghfm kgb  gbx kh \j fihgy#dgzZ\ ebgbgu ijbg_f
agZq_gb_ we _dljhijh\h*ghklb hdZaulZjylkd/Zg\b ebglgu
q_f ey agzZdhi_j f ggh]h [|hdz GZ gZr \aley” | .
ijh\h~"bfhklb nghgghc ijb ihklhygghf b agzZdhi_j_f



ijhimkdZgbb IhdZ k\yazgh k |_f qlh ijb ijhimkdZgbb h-
we _dljbg_kdh]h IhdZ ihfbfh h[jZah\Zgby gZghjzaf_ jgu
ijhbkoh~bl we_dljhfzkkhi_j ghk \ h~Aghf gzijzZ\e _gbl
we _dljhijh\hAghklb ijb wlihf hkms_kl\ley Iky s _ehqguf
( fZkk \ khklz\_ kI _dez

Jbk2 AZ\bkbfhklv m~_evghc we_dljhijh\hkokbidbZI ghggptkihdeZz
hi \j_f_gb \ ijhp_kk_ gZ]j_\Z b bahl_jfbqg_kdhk \ur_j d_ ijb

Jbk AZ\bkbfhklv m~_evghc we_dIjhi[B\n gkl I[ hd & ZgH
\j f_gb \ ijhp_kk_gz]j_\Z b bahl_jfbg_kdho.\ur_j d_ ijb

>ey kl _dhe b wnn_dl we_dljhfZkkhi_j_ gkt
ijhy\ley Iky f gvr_ < ijhp_kk_ bahl_jfbg_kdh]h hl b]z
gZkh\ agZq _gb_ we_dljhijh\h~ghklb ijZdlbg_kdbc g_
ihklhygghf ijhimkdZgbb we dljbg_kdh]h IhdZ 1jb agzZdt
\ [hjzld&Ejb_\hf kIl _de_ ijh\h~bfhklv \ ijhp_kk_ hl b]
fhghlhggh \hajzZklzZz lk\bfgpHkbebdzZlghf Kkl _de_
ijZdlbg_kdbc g_ baf gy |lky > @ < wlbo kl _deZo bhe
hg \b”rgh hkms_kl\ey Iky bhgZfb dzZeby ?]h kh”"_j’



khklz\ey 1Zkk Z\ = fZkk b fZkk .

Jhkl we_dljhijh\h~rghkdbjbklbahl _jfbg_kdhf bl b]_
agzZdhi_j_f _gghf ijhimkdZzZigW* IhdZkl\m _| h #bmdimj
baf_g _gblyoh[jZah\Zgbb gZghjZaf_jguo nZa glh kh]
j_amevlZIZfb j_gl]_ghkljmdImjgh]h b fbdjimdhg”h\h
ih\_joghklb h[jZaph)\

LZdbf h[jZahf ijhimkdgdodZijZz\e g ]dljbg_kdh]h
lhdZ q _j _a h[jZa_p hdZaulZ | kms_klI\ _ggh_ \ebygb_
ijh\h~"bfhklv bkke ~h\Zgguo kIl _dhe HI"b] \ | _g_gb_
ijb\h~bl d jZz\gh\_kghfm khklhygbx klzZ[bebabjm_1 kljm
we_dljhijh\h~rghklv kl_dezZz qglh \Z gh ~ey.ijb[hjh\ ijbf_g

;b[ebh]jZnbg_kdbc:kibkhd

1. Dmeh\ KFDdjhdZgZevgu_ ieZklbgu KsBZ"bdae\\Za+ K _\ _jh

DzZ\dZakdbc |I_ogheh]bg_kdbc mgb\k jkbl_|I +

2. RhfZzoh\ AWe _dljhijh\h*ghklv -K\bgphZhgh]lh kl_dez \ ijhp_kk
gZ]j_\Z b bahl_jqu_kdh]h hl"b]Zz HA << hRhiZzgt\ T F Dzjfhdh\

GZghb fbdjhkbkl_fgzy |20Mbekz +K 1417,

3. RhfZzoh\ A We_dljhijh\h~rghklv -[[Ajjzlgh]h kl_dez \k_ijhp_Kk

h[(jZzah\Zgby b jhklZ gZghdjbklZeeh\ RhehdcgiZoh\ FHDZjfhdh\

b ~j Ba\_klby DzZ[Zjetdghkdh]h JThkm~Zjko\b\gghkbh 2021. #L

t< 1K 107-108.

4. DZjfhdh\ : Bkke_"h\Zgb_ we_dljhnbabqg_kdbekktboka\gi\lhgph\
kl_dez-K : F DZzjfhdh\ H : FhehdzZgh\ H H FhehdzZgh\z A
Nbabaotfbqgq_kdb_ Zki_dlu bamqg_gby deZkl_jh\ gZghkljmdIimj L

f "\ma k[ gZmg Ij ih® h[s_c j_~"Zdpb_c¢c < F KZzfkhgh\zZz G
L\ jv L\_j JHk mg<ui Kt -143.
5. RhfZoh\ A<ebygb_ [|_fi_jZImju bahl_jfbg_kdh]h hlI'b]Z gZ h

gZghdjbklZzeeh\ \ kl _deA < RhfZoh\ < B :evfyr \ : F DZjfhdh\
Ba\_klby Dz{Zje¢ttgpkdh]h Jhkm~ZjklI\_ggh]h 20\t kbl k2 =+

< + K -7.

6. DzZjfhdh\ : We_dljhijh\h "ghjAMgizjb_\h]h klI_de2 Kihp_ kk_

h[jZah\Zgby b jhklZ gZghdjbklZeeh)\ : FedZjghd hWW & :RHfZoh)\
Nbabibqg_kdb_ Zki_dlu bamqg_gby deZkl_jh\ gZghkljmdImj t

f "\ma k[ gZmg |Ij ih® h[s_c j_"~"Zdpb_c¢c < F Kzfkhgh\zZz G

L\_jv L\_j Ik mg<ui Kt -123.

7. RhfzZzoh\ Al fi_jZImjgZy azZ\bkbfhklv b dbg_IbdZ we dljhi

k\bgphkbebdzZlgh]h kl_dez A < RhfZoh\ HDDméerhdZgh)\

: F DZjfhdh\ Ba\_klbymzé¢dpjikkdh]lh JThkm~Zjkb\_gkhl] hiZzm g
2010. X +K  -108.
8. DZjfhdh\ : We dljhnbabqg_kdb_ k\hcklI\Z ki_pbZevguo kl_dhe

| ogbdb : F DZjfhdh\ H : FhehdZgh\ H RhfEbahdZbZbdh <
obfbgq_kdb_ Zki_dlu deszkd jgh pkdjzmdImj b gZghfzl _jbZeh\ f_ “\ma
gZmgqg 1j ih” h[s_c j ~Zdpb_c < F KZfkhghIA & XL\KPh]gkdh\Z

m-g t<ui7. tK  -2609.
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IMQDHF
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“N=:HM <H ©GZpbhgZevguc bkke_"h\Zl _evkdbc Lhfkdbc iheb
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Lhfkd ie Gh\hkhlhjgzZy,
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:gghlZpbyuiheg_g |_jfh*"bgZfbg_kdbc ZgZeba nZah\uo ij_\jZs_g
f_ klh ijb flbqg_kdhc h[jZ[hld_ kiez\Z khklz\Z y\eyxs_ ]hky
hkgh\hc klZeb .lj_"~klzZ\e_gu j_amevlZlu ZgZebazZ we _f _glgh]h
khklzb2 n_dlghc km[kljmdImju g_j Z\_xs_c klZeb nhjfbjmxsbok
h[emqg_gby \ukhdhbgl _gkb\guf bfimevkguf we dljhgguf imqgdhf
Dexq_\u_ ke&h\jizz\_xszZy kl2Zb¥]jzffz khklhygby \ukhdhbgl_ gkb)
bfimevkguc we _dljhgguc imghd kljmdImjzZ k\hckl\Z

<\_"_gb_

< [hevrbgkl\_  kemqgZ_ \ nbabg_kdb_ obfbg_kdb _
Aim]lb_ k\hcklI\Z ih\_joghklb fZl_jbZeh\ b ba”_ebc hi
kem ' [u ~ IZe ¢ f_oZgbafh\ b Z]j_]ZIh\ \ p_ehf Ilhw
g_h[oh”~bfh ]jZfhlgh kdhgkljmbjh\ZIlv ih\_joghklv ~_1Z
gm gu_ nmgdpbhgZevgu_  k\hckl\Zz Z g_ ba]hlzZ\eb\
"hjh]lhklhysbo \ukhdhe ]bjh\Zgguo fZl _jbzZeh\
agZqbl _evguo nbgZgkh\uo b wg_j] _Ibg_kdbo azZljZIl dZc
|Zdb ijb h[jZ[hld_ <ukhdhwdhghfbgqgufb b qglh \_kvfZz
wdheh]bg_kdb gbklufb yleyxlky kihkh[u ith\ _
fh*bnbpbjh\Zgby Dbkihevamxsb_ dhgp_gljbjh\Zggu_ il
DIW 1Zdb_ dZd eZa_jgh@ baehdhobl gkb\gu_ we_dljl
[1, 2@ b fhsgu_ Db[Blggugdb ieZaf ggu_ ihlhdh5b kljmb
L ogheh]bb hkgh\Zggu_gZ bkihevah\Zgbb DIW iha\
h[jZ[hldm fZl _jbZezZz ehdZevgh lhevdh \ | _o f_Kk
g_ihkj_"~kI\_ggh Dbkiulu\Zxl wdklj_fZevgu_ gZ]jmadb



wdkiemZlZpbb ~ 1Zeb < gZklhys_ _ \j_ fy | _ogheh]bb
bkihevah\Zgbb DIW yleyxlky h~gbfb ba gZb[he_ _
bgkljmf_glh\ ey ih\_joghklgh]h mijhgg_gby gqglh h[mke
\hafh ghklyfb wlbo f_IhA"h\ gh b “~hklb]Jgmluf mjh\g
h[hjfmh\Zgby "ey bo j ZebaZpbb

P _evx gZklhys ¢ jZ[hlu y\eyehkv h[gZjm _gb_ aZzZ
wlhexpbb kljmdIimju b k\hcklI\ ih\_joghklghhlckkZeely ijhfu
th™\ _jlgmth[emqg _gbx \ukhdhbgl _gkb\guf bfimevkguf we
imgdhf km[fbeebk _dmg~ghc Aéll eckdhtkyb \ | "bf_
ileZ\e _gby b ithke _"mxs_c \ukhdhkdhjhklghc djb
fhrbnbpbjm_fh]h kehy

FZl _jbZe b f_Ih~"bdZ wdki_jbf_glZz

< dZg_kI\_ fh*bnbpbjm_fh]h fZl_jbZeZ bkihevah\Z
klZev ( \_k H[jda
bf _eb nhjfm rZc[u lhesfdghhc*bzf _|jhfff Nhjfbjh\Zgb __
gZghkljmdIimjguo gZghnZaguo ih\ _joghklgh e ]Jbjh\Zgg
hkms_ kl\eyeb h[emqg_gb_f h[jZaph\ \ukhdhbgl _gkb\gu
we _dljhgguf imgdhf gZ mklZgh\d_ ©OKHEH? WAVAERY
wg_jlby we_dljhdWwk lehlghklv wg_jl]bb imgdzZ we._
( ) > k¥ ~ebl_evghklv b dhebqg_kl\h bfimevkh\ |\
( ) fdk b ) bfi qZklhlz ke_~h\Zgby bffmevkh\
hfemqg_gb_ ijh\h?*beb \ Zjlhg_ ijb hklZIhdgdht>Zggaicgbb
j_"bf h[_ki_qb\Ze gZ]j_\ ih\_joghklgh]h kehgflhlesbghc
| fi_jZImju ieZ\e_gby b aZdZedm ba jZkieZ\Z[kk kdhjhl
Bkke ~h\Zgby nZah\h]h b we_ f glgh]h khklzZz\Z ~ n_d
ih\_joghklgh]h kehy hkms_kl\eyeb f_|Ih*"Zfb kdZgbjmxs _
"bnjZdpbhgghc fbdjhkdhibb j gl]_ghkljmdIimjgh]h ZgZz
j_1+Z2j_glZgh tbaemq._gb_

J ameviZlu bkke _~h\Zgbc b bo h[km ~ gb _

<ur_ hif _gZehkv glh hkgh\gufb e _]Jbjmxsbfb w
bkke ~"m_fhc klZeb yleyxlky b . Ijh\_~ f ZgZeba
hkh[_gghkl_c klpmd&éh)gb khklhygbc \ [bgZjguo b Ijl
kbkl fZo gZ hkgh\_ mdZaZgguo we f,ghHf IHf "~ _
\hafh ghklv h[jZahWk&kley *m_fhc klZeb qZklbp dZj[b~gF
khklz\ jzkij_~ e _gb_ ih jzaf_jzZf b nhjfZ jZkiheh _gb.
dhlhjuo kbevgh az\bkyl hl j_ "bfh\ | _jfhh[jZKhldb fZ
aZ\bkbfhkhd keh ghklBljhgbydjbklZeebqg_ _kdhc j_ r_Idk
nhjfbjmxsb_ky \ klZeb d2pboiz ™\_ ]jmiiu |_j\Zy ]jmi
dZj[br"RE\wlh dZj[b”u kh keh gufpzfkljmdl : :



A™ kv \ obfbg_kdhc nhjfme_ ij_~klZ\ey | kh[hc

f 1Zeebqg_kdbo we f _glh\ h[fjZamxsk®Zijb#zj[b"

: b *j <lhjzZy ]jndiZZ[b*u |IbiZ d
Ijbf_jm b d ijbf_jm dhlhju_ y\eyxlky nZaZzf
\g_"j_gby WIb dZj[b”ru bf_xI| ijhklu_ djbklZeebq_kdrk
hjez”~Zxl \ukhdhc | _jfbg_kdhc b f_oZgbq_kdhc klIZ][

j_Zevguo mkeh\byo hgb ihqglb g_ jZkl\hjyxlky \ Zmkl _g

dZj[b”u \lhjhc ]jmiiu bf_xI [he__ \ukhdmx | _fi_jZImjm

[hevrmx I\ _j~hklv qgq_f dZj[b?u i_|)bE jjymwier_dIlfhggh

fbdjhkdhibg_kdbo bah[jZ ddhtbggdktbpZau aZzdZe _gghc
Ijb\_~ gu g4.jbk

Jbk KljmdImjzZ klZeb i _j_"~ h[emq_gb_f we_dljhgguftimqgdhf
k\_leu_ ihey Il fgux ihey ihemqg_ggu_ \ j _ne ]JdkiZo

_ n fb#jhwe _dljhghl]jzffud ] b _ khhI\_IkI\_ggh KIlj_edZfb
Z [qgZklbpu gZ \gzZklbpu gZ ~ b °~ j_ne_dku[uebthlhjuo

ihemqg _gu | _fghihevgu_ bah[jZ _gby

<ZjbzZglu \hafh 'guo nZah\uo ij \jZs _gbc bf _xsbo
| jfbg_kdhc h[jZ[hld_ klZeb \ jZ\gh\_kguo mkeh\byc
jZKkfhlj _gu gb ™ _

Kbkl _fz
GZ jbkij_~klZ\e _gh bahl_jfbgq_kdh_ k_g_gb_ \ Ijhc
ijb | _fi_jzlmj_ [6,7] 1jb \ukhdbo I _fi_jZImjZo
( ) \ ~Zgghc kbkl _f_ kms_kl\mxl| rbjhdb_ h[eZKkl



jZkI\hjh\ gZ hkghaujZamihjy*hqg_ggZy nZaZ g9Z hkg
kljmdImjuJnlZaujZamihjy*hg_ggZy nZaZ gZ hkgh\_ : Kk
ljb ihgb  _gbb | _fi_jZImju gZ[ex™Z_ |ky mdklgwr gb _
]hfh] _gghklb h~rghnZaghc/nBpaZzkélz kq | jhklZ h[eZl
kmskl\h\Zgby ~“\monZagwo hlJ]eZkl b lhgb™ _gb _

| fi_jZImju 1Zd" _ ijb\h”~bl d Ihfm qglh \ h[eZklb wd\bZIl
gZ klhjhg_ bahl_jfbg_kdh]h |Ij_m]hevgbdZ ijhbkoh”bl h
¥nZau WIh gple khijh\h " ~Z Iky h[jZah\Zgb_f ~“\mo |Ij
h[feZkl ¢ A\mo "\monZagu_ h[edkl x(kf jb3X.

Kbkl _fZ

GZ jbk ko fZlbg_kdb ij_~klzZ\e _gu \ lj_of jghf
ih\_joghklb ebd\bAmkZ gz ~bZ}jEfjfZgbq_gghc [bgZjgufb
kbkl_fzfb b

JbR. ;bgZjgu_ "bZzZ]jzZffu kbkl,f , [6] bbahl_jfbqgq_kdh _
k_q _gb_Iljhcghc kbkl_fu ijb |I_fi_jzZImj_ [7].



JbB. Bahl_jfbg_kdb_ k_q_gby ijb jZaguo | _fi_jBkhjZw Ijhcg
, 2% - [7].

GZ ~bz]jzff_ k4) ijbk_~ gh iylv ih\_joghkl _c ebd\b
kKhhi\_Tkl\mxsbo h[jZah\Zgbx iylb nZa \ [bgZjguo kbkl _f

, -n_jjblZzJEmkl_gBPMZ kv ih® n_jjblhf ihgbfZ Iky
b I\ _j2ru_ jZklI\hju \ [bgZjghc kbklihtkdhevdm wlb
"MNZ o we f_glzb ) \ jZkkfzljb\zZ_fhc |_fi_jZImjghc hJle
hijZamx!| I\_jru_ jZkl\hju gZ hkgh\_ HPD [bgZlgic
kbkl_ f_ . GZ "bzZ]jzZff_ k f finkgd®h \uy\blv Ijb
g _luj_onZaguo h[eZklb + ;2 % ;3 %

. AN _kv ij_"klZ\ey | kh[hc dzZd hlf_gqZehkv

kmffm f [Zeebq _kdbo wb_f _hjll\amxsbo dZjklkte Z\
gZoh”ysbcky \ "brdpgfbbhklh

>bZ]jzffZz khklhygby \ kbkl_¢kf jb® ih k_g_gbx
ijb ihklhygghf agZq_gbb dhgp_gljZpbb W] jh"Z
khhi\_IklI\m_| dhgp_gljZpbb m]Je_jh”*Z \lkhZelbqg_ kdb
ithemg_gZ \ > @ 1j_"~klZ\e _ggu_ j _amevlZlu iha\heyxl| h

kms_ kl\h\Zgby ~“\monZaguo b |j_ onZaguo kieZ\h\ :gz
ithdZaul\Z | qlh dZj[pYey |ky [he__ klZ[bevguf q_f dZ
b b bf_ | f_klh kms_kl\h\Zgby [he__ ijhl
A\monZaguo h[&Zklb& Z ij _"klZ\e _gh bahl kflgg gkhdh _
ljhcgh&bkl_ fu ijb I _fi_jZImj_ (4 [9] Ba
ijb\_~ ggh]lh bahl_jfbg_kdh]h |j_m]hevgbdZ \b”"gh

kms_KkI\h\Zgby dZj[b”"h\ b bf x| madb_ b ijhly’ _ggu.

h[ezklb Jhfh]_gghklb DZj[b b h[jZah\Zgu gZ hkgh\_
. fZdkbfZevgZy jZkI\hjbfhklvijb dbéi_ jZImj_

Ahklb]Z | agZq_gbcZl khhiI\_IkI\_ggh



JbK. F_1ZklZdvgzZy Jbk <ugbke_ggzZy ~b

nZah\Zy "bZzljzffz \ khklhygby \ kbkl_f_ ih
dhgp_gljZzpbb m]Je_jh*Z ®. k_q_gbx ijb ihklhygghf
Q jgu_ ebgbb Mjzffb jzan_ \_RO[7].

h[ezZklb I\_j~uo jZklI\hjh\ F
gZ lhekluo ebgbyo kal
w\l_dlbq_kdhfm Ilbim j_.
klj_edb gKlulveebgbyo khhl}\
i_jbl_Hd_kdhfm lbim ]
ImgdIibjgu_ ebgbb khhi\_ Ikl
kheb~lkz >

(% (D
Jbi. Bahl_jfbgq_kKbg ghjhcgudkbkl fu ijb | _fi_jZImj_
(4[6] b ijb (D [201.

Lzdbf h[jZzahf fh gh dhgklZlbjh\ZIv qlh e _]bjh\Zg
kieZ\h\ ijb\h~bl d agZqbl_evghfm baf_g _gbx-\ gbo k
nZah\h]h khklhygby b hdZaulZ | agZgbl _evgh_ \eb
kms_kl\h\Zgby dzZj[b~h\ b k.-n_jjblhf&Zmkl _gblhf



Kbkl _fz
Kbkl _fZij ~klZ\e _ggZy jbg6 [ ihdZaulZ h[eZklb

kms _ klI\h\Aghybrh\ b . AN _kvij_"~klz\ey | kh[hc
kmffm f IZeebq_ _kdbo wdé f. PlA\b u b bf xlI
madb_ h[eZklb ]hfh]_gghklb b hgb ij _"~klZ\e _gu gZ

AbZz]jZff_ khklhygby \ \bA_ ijyfuo ebgbc WIb dZj[b”u
hkgh\_ . FZdkbfZevgzy jzkI\hjbfhklvijb glodi jZImj_

Ahklb]Z I b KkEI\_IkI\_gpEj[br h[ez”Z |
hq _gv fZehc ihjyi%yjZkI\hjbfhklvKO].

Kbkl _fz

K_bkl_ijZdI_jbam_Iky h[jZah\Zgb_f ebrkhtkktghdh dzZ

.:gZeba jZ\gh\_kghc *"bz]jzZffuy_"klZ\e _gghc.@§Z jbk
ithdZaul\Zz | qgkmlem gZ bahl_jfbg_kdhf k_gq_gbb kms_
A\monZagu_ H[eZklb b ) b h*gZ Ij_onZagZy hleZl
( )[11]. A _kvh[hagZqg _gZ kmffZ f |Zeebq_kdbo we _
b , h[jZamxsbo dzZj[b”® khkIKeZ *m _| |Zzd _ hiIf_Iblv ql
kieZ\Zo Ijb \ukhdbo ~Z\e_gbyo kbgl_abjh\Zdu dzZj[b

dhlihju_ y\eyxlky f_1ZklZ3bevgufb >

Kbkl fz

< kbkl _f_ h[gZjm  _gu dZj[b W kh
keh guf khklzNmf kbf\he ij _~klzZ\ey | kh[hc kmffm |Ij_
f 1Zeebqg _kdbo we, f &®lh\h[jZamxsbo dZj[b"

LZdbf h[jZzahf \uiheg _gguc djZldbc ZgZeba Ijhcguc
"bZ]jzZff khklhygby hkgh\guo we f glh\ khd&au\zZ |
glh \ jZ\gh\_kguo mkeh\byo \ *Zgguo fZl jbZeZo \hafh"
g_lhevdh I\ _j~uo jZkl\hjh\-gZe h&kgh\HPD djbklZeebqg_ k
j_r 1dzJb e aZ =PD djbklZeebqg _kdZy j r _1dZ gh b r
dZj[brguo nZa keh gh]h we f glgh]h khiklz\z ]~ _
kbf\he ih*jZzamf \Zxlky Zlhfu f |Zeebqg_kdbobwe. f glh\

KIjmdImjghah\u_ ij \jZs _gby \ klZelhkms_ kl\leyeb
hfemqZy ih\ _joghklv h[jZaph\ bgl _gkb\guf we _ dljhg
MklZgh\e _gh qglh ijb ~ebl_evghklb bfimevkZfdkqgqdZ w
gZqZevgZy klz~"by iezZ\e_gby \uleZ b\Zgb_ ih\_joghklh
kehy nbdkbjm _Iky ijb iehlghklb wg_jlbb PmdkdZljbe dljhc
iehlghklb wg_ jpbbk¥iezZz\blky ih\_joghklguc kehc lhesbg

fdf <ukhdhkdhjhklgZy djbklZeebaZpby kKhij
nhjfbjh\Zgb _f yqg_bklhc kKljmgbkju JiZfaf ju yq__d



djbklZeebaZpbb baf_gyxlky \ ij " eZ@f hleZ\e b _
ih\_joghklgh]h kehy ijb\h~bl d iheghfm jZkl\hj_gbx k
gZklbp dzZj[b”Z IbiZjbkmlkl\mxsbo \ klZeb bkoh~gh]h kF

(kf jbk b ih\lhjghfm \u”_e_gbx ih ]jZgbpZf b \ h[t_f_
AbkehdZpbyo qZklbp djbjbs L

Jbk Bahl jbg_kdh_k_g_gb_ ljhcghcikbkl f[11].

Z [ ﬂ

—
)
_fdf __of
Jbk We dfphdjgkdhibg_kdh_ bah[jZ° _gb_ kljmdImju, klZeb
ih"\_jlgmlihc we -dhjgglgthc h[jz[hid_ ijb iehlghklb wg_j]bb

we _dgjim\ > k¥ fdk bfi Klj _edZfb mdZaZgu qZklbpu dZj[b"Z

AZdexq _gb
<uiheg_ g djZldbc | jfh*"bgZfbqg_kdbc ZgZeba
ij \jZs _gbc bf _xsbo f_klh ijb | _jfbg_kdhc h[jZ[hld_ ki
yleyxs ]Jhky hkgh\hc klZeblhdZazZgh qglh \
jZ\gh\ _kguo mkeh\byofdl "obgehf \hafth ' gh nhjfbjh\Zgb __
I\ _jA~uo jZklI\hjh\ gZ.-hkghaZ HPD djbklZeebqg_ _kdZy j_r
J e _aZ =PD djbklZzeebq_kdZy j r IdZ 1Zd b p_eh]h
nZa keh ghlh we_f_glgh]h khklZ\zZ b I _ ih”



agZqdhfih*jZamf _\Zxlky Zlhfu f_|Zeebqg_kdpo we f glt

<uiheg_gh h[emqg_gb_ klZedl gkb\guf bfimevkguf
we_dljhgguf imgdhf IhdzZazgh-igqigdwezZy lhhjgghldzZz klZe
\ j_"bf_ iez\e_gby b ihke_"mxs_c¢ \ukhdhkdhjhklghc d
khijh\h ~Z |ky ij_h[jZah\Zgb_f kljmdImju ih\_joghkl

aZdexqZxs_fky \ theghf jZkl\h]j_gbb qgZklbp bkoh"¢
nZau \' nhjfbjh\Zgbb yqg__d ~_g”jblghc djbk
km[fbdjhgguo jZaf_ jh\ \ ih\lhjghf \u”_e _gbb gZc¢

gZklbp dZj[b*ghc nZau
JZ[hlZ \uiheg_gZ ijb nbgZgkh\hc ih~A" _j d_ J4N®&BHI).h_ dl <
‘b[ebh]jZnbg_kdbc:kibkhd

1. Ihml>" F FhA"bnbdZpby b e_]bjh\Zgb_ ih\_joghklb eZa_jgufb
we _dljhggufb imqgdzZfbF lhmi = Nhlb > D > Kh[khg 4
FZrbghkljh_gb_ 424k %

2. ;_eh\: ; Kbevghlhggu_ bfimevkgu_ we _dljhggu_ imqdb ~ey
"blzl_e_kljh_gby :y ;_eh\ H: ;up_gdh : < DjZcgbdh\ b
j_"Zdpb_c :\KWdiB\Z < : RmehWhg]<eBdh =2=bizd k

3. DZMNuj ZghDh DBhggdéimq_\Zy b-ielgeghggzZy fhrbnbdzZpby/ fZI_jbZe
DD DzZ~uj Zgh\ N N Dhfzjh\ : > 4R]j_ Hg¥d b ~j Kk
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f 1Zeeh\ < : =jb[dh\ N B =ppHhjDjmbetijc klhe k =+

5. M]Jehk <Fh”bnbdzpby fZl_jbZeh\ dhfij_kkbhggufb iezaf_ggufb
< < M]Jeh\ G G Q_j g"Z < FHFlblkdd;bM| k+

6. Eydbr,\ G I >bZ]jzffu khklhygby ~"\hcguo f_|Zeebqg_kdbo

KijzZ\hggbd AG IEydbr._AF FZrbghkljh_gb_L1 + + K1997.%
L +1 k2000.+L Dg + Kk

7. Durand-Charre, M. Microstructure of steels and cast irohdMl. DurandCharre //
Engineering Materials and Processe®Berlin: SpringerVerlag Berlin Heidelberg 2004. +
406 p.

8. Lee, B.-J. A thermodynamic evaluatiornf the system / B.-J. Le# Journal

of the Korean Journal of Metals and Materiald993. +V. 31. +« +P. 480-89.

9. Jellinghaus W. On theiron-chromiumcarbon system anddistribution of chromium

between ferrite and special carbides/ W. Jellinghaus H. Keller // $UFKLY I.U GDV
(LVHQK W WHHRQ@LZ HAV/43 Q). +P. 319328.

10. Velikanova, T.Ya. The Chromiummickel-carbon phase dgramm /

T.Ya. Velikanova, A.A. Bondar, A.V. Grytsil/ Journal of Phase Equilibriact1999. +V. 20.
+¢ 2. #P.125147.

11. Romig, A.D. Determination of the -rich portion of the phase diagram
A.D. Romig, J.1.Goldstein// Metallurgical and Materials Transactions A1978. £V. 9. #I.
11. +P. 15991609

12. Liu, Y. Entrapment of inclusions in diamond crystals grown from systenm/
Y. Liu, L. Xiao, L.Yin // Journal of Materials Science & Technolog§2002. £V.18. +<
+P.171182.

+



M>D , 53.097
>SBNNMABHGGIUMHP?KKU [IJHL?D:XSB? <
G.:GHJ:AF?JGHE?GD?
M < DgZlvdh F G EZimrdbg
N=;MG ONblabodgbq_kdbc bgklhlIMIBbhinn_ Jhkkbckdhcf@azmd?
KZgdll j[mj] Ihebl _ogbqgq28dZy me
Lapushki@msioffe.rssiru

:gghlZpby Bkke_"h\Zgu ijhp~rkEhkamabb s_ehqgghlh f_ 1ZeeZ

ihemijh\h~gbdh\hc ie_gdmkeh\bhyomeypithbhdZ gZljby gZiuey_ fh]h
gZ ih\_joghklv ike_dtdbl_jfbg_kdhc 7~ lkkdpBghh bhggZy wfbkkby

gZljby \ ijhp_kk_ ih\_joghklghc bhgbazZpbb hij_"ijédy lkikhkh\hdn
Z khj[pbb*bnnmabhggh]hg aljfo giz\_joghklb b h[t_fZ ie_gdd

IZd”_ “bnnmabhggufb ijhp_kkZfb \gmljb ie_gdb

Dexgq_\u_ keh\Zz Z "khj[pby s _ehqgu_ f_IZeeu ahehlh bgl
kh_~bg_gby |_jfbg_kdzZy ~_khj[pby ZIhfh\ b bhgh\. ih\_joghklgZzZy

Kh_"bg_gby ahehlZz kh s _ehqgufb f 1ZeeZfb
\ "Zevg _cr)fij_~klzZz\eyxl kh[hc rbjhdhahggu_ ihemijh\
[1-8 @ ljb  wlhf kahewlZ &hehqgufb IZeeZfbf__|I
Ij_bfms_klI\_ggh bhgguc oZg&Zehlh \J{klmiZ | \ jheb Zghb
[9]. JZkq_ @013 ihdZau\zxl qgqlh kh_"bg_gbyklZ\eyxl
kh[hc keh gmx kmi_jihabpbx we dljhgghc iehlghklb
f_"~"m hklh\Zfb ZIlhfZfb ahehlZ b ZlhfzZfb s Shqggh]lh f
GZ[ex™"Z lklyaJulhd we dljhgghc iehlghklb , \[ebab
dhfi_gkbjm Nurbphfilwe dljhgghc iehlghklb hdheh ZlIhfZz
Ba[ulhgdg we _dljhgg&khlghklgzZz ZIlhf_  ahehlZ aZ\bkbl
kil _obhf Ijbb kh_~bg _gby hgzZkm\ edblgdp\gbIkKygbkeZ ZIlh
SF\ kh_"bg._9gdbd glgZy ahgZ ihemijh\h*gbdZ knhjfbjh\z
b khklhygbWbb jZzkg_ lu ih”?I\_j " ~Zxl bhgguc oZjzdl_
\ ihemijh\h*gbd_ b mdZau\Zxl gZ agZqgbl _evgmx baf_ ¢
we _dljhgguo k\hcdkib\ aeZ\pkbfhklb hl dhglsRNgpbb
Bkke "h\Z433BHyl jfbg_kdhc ~_khj[pbb bhgh\ ijb gZiue _
ih\ _joghkjly | _fi_jZImj_ ie_gdb ZItSflR\ihdZaZelh
hkgh\guf f _ohdgbhifj ~ eyxsbfb bhgbaZXplbdilgl§zZi ie gdb

yley |ky deZkkbq _kdZy 1ih\ _joghklgZy[ldhhgbaZp

HlebghB s _ehqguo f _1Zeeh\ gZ ie_d&qdB gZ f |1ZeeZo b

bo hdbkeZo k\yaulZehkv k \ebygb f ~“bnnmabhggh]t
ih\_joghklvx b h[t_fhf ie_gdb Bkke_ ~h\Zgby \ebygby
ithey gZ wfbkkbxbhkghi\ _joghklb wfbll_jihdZaZeb qlh

\hafh 'gh hlebgby k\yazZgu g_ lhevdh k "bnnmabhgguf



\hafh ghklvx gh\h]h f oZgbafzZ ih\_joghklghc bhgbaZz
bf ggh k bhgbaZpb_ ¢ » _khj[bjmxsboky gZklbp \ ijhp_Kkl
Aujhdi5], \uoh”?yslg&@ ih\_joghklv ba h[t_fZ ie_gdb ih" ~_
\g rg_]h we dljbg_kdh]lZ[iMES@ [ueh ihdZaZgh qlh g_
hibku\zZlv A"bnnmabhggu_ Ijhp_kku th” AN ckl\b _f
we_dljbg_kdh]h ihey \ KabBvdh dzd ~\b"_gb_ bpggh\
|1Zd™_ g_h[ohmigblu\ZIv “\b " _gb_ ~ujhd”bHhirorkagbgguo
ijhp_kkhWb baf g gbb gZijy _gghklb ijbeh” _ggh]h we ¢
ihey ~“he 'gh mqgbilu\ZlZkij_~ e _gb_ iehlghklb iheh bl_
aZjyrMm\hg\b ~undb hljbpzZl_evguo aZjy*h\ WIlh ijb\h”bl
ZN _d\Zlghfm hibkzZgbx iglZp_kKh\yjoghklb id gdb
wfbkkbhgguo k\hckl\

GZklhyszy jz[hlZ ijh~he Z_ | pbde jZ[hl ih Dbkk
Ijhp_kkh\ ijhl_dZxsbo \ gZghjzZaf_jguo ie_gdZo ihemijh)
Ijb \ukhdbo | _fi_jZIyBel9>Hkgh\ghc az*Zq_c wlhc jZ[
kem bl hij_~ e _gb_ \ebygby \hafh guo f_oZgbafh\ bh
ijb bo |_jfbg_kdhc ~_khj[pbb \ aZ\bkbfhklb hl \g_rghb
hlebgbb hl mkeh\bcbS@[lyldijy gghklv we _dljbd_kdh]h
hiulZo [ueZ 1ihklhygghc baf _gyeky ihlhd qggKlbp g:
ith\_joghklv_ ™ fh meypbb ihlhdZ Baf_g _gb_ dBAgp_glj
ih\_joghklb ie_gdbijb\h~bl d baf_g_gbx dhgp_gljZpbb
Ijbih\_joghklghc h[eZklb ie_gdb qglh \ k\hx hg_j_"v fh"
baf g gbx we _dljhgghc kIjmdImju ihemijh\h*gbdZ b |}
baf g gbx wfbkkbhgguo b *bnnmabhgguo o0ZjZdl_jbklbd

GZiue _gb_ Zlhfiphba\h*beb gZ ih\_joghklv ahehlhc
gbklhlhc lj_"\Zjbl _evgh e_glm ijgl4khdeb\Zdmmf_ ijb

b g_ f_g_qgzZkh\ \ Zlfhkn_j_ dbkehjh?Z ijb "~Z

Lhjj Wdki_jbf_glu ijh\h”*beb ijb \ ihlhd_ gZljby

ZlIhk Af LzdzZy f _lh~"bdZ iha\hey | knhjfbjh\
ih\ _joghklb ahehlhcgZghgldiaf jgenxgdm lhesbghc
g_kdhevdh 2~ _kyldh\ Zlhfguo keh_\ b [he__ GZ gZ
nhjfbjh\Zgby kehy ij_"iheZ]Z Ilky glh h[jZam _Ilky
N nbpblhf( ). WIih ih?\ _j"r"zZndlw\hc ~"bZ]j20f@c kra
dhlhjhc ke_~m_| qglh ijbg_\hafh gh ihemqgblv kh_"bg_g

I\_j~hc nZa_ k [hevrbf kh”_j 4gb ¥ . lhemqg_ggZy
ile_gdZ h[ez”Z_| \ukhdhc |_jfbg_kdhc klZ[bevghklvx \ |
gZkh\ ijb ijb khojZg_gbb k\hbo mgbdZevguo

obfbq_kdbo k\hcklI\ D wfbll_jm fh gh [ueh ijbdezZ”u\ZIv
ihe_ k gZijy _gghklvx we_dljbg_kdRK]kfih2yZ\e_gb _
\_dlhjz we_dljbg_kdh]h ihegh h[ Ikfi_qbllZ]b\Zgby



iheh bl_evguo bhgh\ IThlhdgZlhhh\joghklv fh] mijZ\eylv
fZ]lgblhmijZ\ey fhc aZs_edhc

>ey hij_~_e _gby \ebygdlhihlhdfyz wfbkkbhggu_
k\hcklI\Z mevljZlhgdhc ie gdlbih\ _joghakdibhlhc e glu
ihdjulhc gZghjzZzaf _jghc 1iezgdhc bgl_jf_|lg2eg*Z
gZijZ\eyeky ihlhd Zllgth\[he _  ZIWk _Af dhlhjuc
I _j_djul\Zeky gZ \j_f _gzk “hlygms_f we_dljbg_kdhf ih
gZijy zgghklvx < kfb baf_jyeky ihlhd bhgb

| fi_jZImjZo \ AbziZahg”h hl . GZ jbk ij _~klZ\e gZ
0Zjzdl_jgZy \j _8Z3bRgfhklv bhgghlh IhdZ gZljby<ijb
fhf gl \j f gb cihlhd Zlhfh\gZ ih\_joghklv [ue i_j_djul

ijb wlhf ijhbkoh”~bl j_adbc kizZz” Ihd %&h Nk gly_]h Ihd
ijhrhe zZ | kiz~zZlv ~hklzZzlhggh f_~e_ggh < fhé_gl \j_
ihlhd Zlhfh\ gZ ih\_joghklv [ue hldjul b ijb wlhf ijhbl
j_adbc jhkl IThdZz ~h \j_fc gbhke_q_]h Ihd ijh*he Z_| |z
"hklZlhggh f_~e _ggh

Jbk. AZ\bkbfhklv IhdZ bighy_f_gb ijb \dexq_gbb b \udexq_gbb i
ZIhth\ gZ ih\_joghklv ijb

Baf_g _gb_ bhggh]hhlhdjzf gb fhnghfZevgh hibkZlv

dZzd kmffm q _luj_o wdkihg gl ih ~\_ gZ \hajZklZxsb
mqZkldb IhdZz

(1)



]I xfhf_gl i_j_djulby ihlhdzZz ZgBfhh\_joghlkdihf_ gl
hlidjulby ihlhdzZ ZIhghdA ih\_joghk{v ) tihdZaZl _eb
wdkihg_gl bf_xsb_ jZaf_jghklv \j_f_gbdhgklZglu

J ameviZlu h[jZ[hldb wdki_jbf_glZevguo ~ZggWwo ij_ "kl
JZkkfhljbf kiZz*"Zxsbc mqZklihd bjjoggbpdbbdlZ fi_jZImjZo
( ) aZ\bkbfhklv bhggh]lh IhdZ hij_~ ey Iky h”ghc
ijbg_f ihdzZaZl_ev wdkihg_glu mf_gvrZ |ky )<IlhjZy
wdkihg_oiy¥\ey Iky ijb b  fh gh kqgblzlv ijzdlbqg_
g _baf _gghc G _agZqgpkevghdazazl ey i_j\hc wdkihg
ijhbkoh”bl ijb JZkkfhljbf \hajzZklZxsbc mqgzZklhd b
lhdzZz Ijb gbadbo | _fi_jZImjZo aZ\bkbfhklv bhggh]h Ih
hrghc wdkihg _glhc ijbq_f ihdZaZl _ev wdkihg _glu mf
|1Zzd"_ dzZd b ey kiz"Zxs_]lh mqgzZkldZ gh \h \k_f ~bZi.
<lhjzy ©f_"e) ggdlihg_ghXx\ey Iky ijb b hgz
g_agZqbl _evgh \hajzklz |

Jbk. Baf_g _gb_ ihdzZaZzZl e _c¢ \hajzZklZxs_ ¢ b kiZ"Zxsbo wdkihg _c
| KhhI\_TklI\m_I| jhkimzkidZm ‘Iokd2hrgu_ kbf\heu\Zy

wdkihg_glZ dhgimjgu\lkpZyhedkihg glZ

>ey h[itykg _gby gZ[ex™Z fuo aZ\bkbfhkl _c j
ijhbkoh”ysb_ ijb wlhf ijkp_kKk&\Zjbl _evgh kha”Zggl
ithemijh\h~*gbdh\hf kehgZ ijb I _fi_jZImjZo
ijhbkoh”bl h[jZah\Zgb_ iZ]j ~ujhd b we_dljhgh\ <
mkeh\byo \ hlkmlkl\bb \g rg _]h we_dljbg_kdh]h ihe
jZ\gh\_kgh_ jZkij_~_e _gb_ iheh bl_ev§uphdZpphygh\
gZljby = dhhj*bgzIlzZz ih ghjfZeb hl ih\_joghklh \]Jem][v
dhfi_gkbjmxs__ iheh bl _evguc aZjy™wgZéljhgh&\gb



keh _ . <dexqgq_gb_ lygms_]h ihey ijb\h”bl d 2\I
itheh bl _evguo aZjyyhrdi b bhghb we dljhgh\ ih® ~ ckl\b_
\g rg_]h we _dljbg_kdh]h ihey \ ithemijh\h*gbd_ ijb\h”"
\[ebab ith\ _joghklb Z gZ liZgbp _ jZa™ _eZ

f IZee ithemijh\b"gadb[m ahg gZ ]jZgbpZo ihemijh\h”
kehy >hr_~rZy "h ]jZgbpu jZaZdeudnf ~ujdzZz fh _|I
Ijbgbfzlv mqgzZklb_ \ ih\_joghklghc bhgbazZpbb ~_khj[bjm
aZ kq_| ih\ur_gby wnn_dlb\ghklb _]h bhgbaZpbb ijb
Aujdb \Ze _glguf we_dljhghod Zljg&h\Zgbb bhgZz

<dexq_gb_ ihlhdz ZIhgn ih\_joghklv ijb\h”*bl d
m\ _ebq_gbx _]h dhgp _gljZpbb gZ ihWljogh&uh zi el gddh”

\]Jem[v ie_gdb \ ijbih\ _joghklgmx h[eZklv ih\urZy d

\ kh_~"bg _gbhJ amevlZlhf "ebl_evgh]h gZiue\ gby ihl
IjbkmlklI\bb we _dljbg_kdh]h ihey y\ey Iky mklZgh\e_ ¢
jZkij_"N e _igblydh\ ~_khj[pbhggh]h b “"bnnmabhggh]h |
jZkij_~ e _gby aZjy*h\ b d jZ\gh\_kghfm agZq_gbx jZ
ie_gdb 1 _j djulb_ ihijbdz” bl d

1. Mf_gvr_ghbxgp_gljZpbhZ ih\_jogh\klibkgh\gh¥
kg I ~_khj[phbbluohm ba h[t _fZ ie_gdb gZ ih\ _jogh
m\ _ebq_gbkrhy QZklv Z2khj[bjh\Zggue 4F¥hflh\ \b"* _
aZ kq_| bhgbazZpbb ZAafhh\_joghklbhIMIZ | i_j\Zy
kiz"ZxsZy wdkihg _glZz

2.<uoh”mhgh\ ba kehy H”gZdh k m\_ebq_gb_f q
\ue | \rbo ba kehy ijhbkoh®t gvr _glbkeZ \ keh_
b ke "h\Zl _edsghj jZkij_ ™ el(gbhk glh ijb\h”~bl d
mf_gvr_gbh® \[ebab ih\_joghklb \iehlv “h gh\h]h klZpk
khkihygWyh!l ijhp_kk hljz zZ | \lhjZy kizZz"Zx<$Z4& wldlcihg
klz~"bb ihlhd ke _lZxdheghklvx hij_~ ey |Iky ~“bnnmabh
ithihdhf \ Ihf gbke_ klbfmebjh\Zgguf \g_rgbf we_ dI
ithe f
ljb wlhf qg_f \ur_ | _fi_jZIlmjz |_f Juklj__ "hklb]Z_
jZ\gh\_kgh_ khklhydb \ keh_ . AZ \j _fy Kk
ijhbkoh”mlklZgh\e _gb_ jZ\gh\_kgh]h kibkihyyg bkeh

ljb wlhf gZ ih\_joghkkdhkehy\kmjkhiZzgZ\eb\Z Iky

fbgbfZevgh_ihdjubb kehy y\ey |ky fZdkbfZevghc

HidjulbihlhdZ ZIhfh§Z ie_gdm ijb\h”"bl d

1.J_adhfimkilhdz dhlihjuc k\yaZg gihB8 Kehy
fZdkbfZevgXebrh\Zl, eMykib]Z Iky fzdkbfZevgzZy \_jhyl



bhgbaZpbb iiZ*"Zxsbo Zlkifh\ ih\_joghklv ih f _oZgbai
deZkkbqg_kdhc IB WIlh jMyh&jzZlklZzywdkihg glZ.

2.1 hkl_i_dophgZdhiexgBlhfh\ gZ 1ih\_joghklb glh
Ijb\h”~bl d mf_gvr_gbx \_jhylghklb bhgbaZpbb gZZ*Zxsbo
th\_joghklv ih f_oZgbafm deB KRkikglXgh\e *"dbvomabb
Zlhfh\ \]Jem[v kehy Ihkl_i_gguc i_j _oh” d jZ\gh\_kghf
hljz zZ\llhjZzy wdkihg glZ

ljb m\_ebqg igbthdZ gZ ih\_joghklv ~h ihjh]h\hc hJe.

IB > @ aZ\bkbfhkjlly i j djulbb ihlhdZ baGZgyldky
Ijb\_~ gu "ey jZaguoLZdkeb ijb g_baf _gbeZkv
ih kjzZ\g _gbx k ihdzZazZgdhclhgdjgbkhgb  gbb
ijhbkoh”bl kms_ kI\_ggh_ baf g gb_ I _j\bgqgh_ izZ"_

b h[jZah\Zgb_ ehdZevgh]h fZdkbfmfz fh gh k\yaZzZl\
gZ[ex™"Z |ky dhgdmj _gpby ~\mnd_gjhrp glbkyh\ih\ joghklghc
dhgp_gljzpbbz kq_ | _]Jh |I_jfbg_kdhcihkekhiji[pjbljulby
ihlhdB klbfmebjh\Zggh]h wlibf ihkemyty ke ~h\ZIl _evg
ith\ur_gby wnn_dlb\ghklb bhdé¢jaZgbleg cr f ihgb _gbb
A h \_ebgbgZ bhggh]h IhdZ kms_klI\ _ggh ihgb Z Iky
nhjfz azZ\bkbfhklb Ijb wlhf i_j djulby_ i1hbhdZbl d
aZf _lghfm baf_g _gbx bhggh]h IhdZ (Aelblg eylglk )d\j fy
Mqgblu\Zy qlh i_j _djulb_\ihdbdZ | baf_g_gb_ ih\_joghkl
dhgp_gljZpbb b jZ[hlu \uoh”"Z fh gh ij,~igeh blv
ebfblbjmxsbf f _oZgbafhf bhghh[jZah\Zgby kem bl f_0Zc¢
hl IB < kemqgZ_IB SF gZ f_|ZeeZo b bo hdbkeZo \ ihjfF
g_ 9gZ[ex""Z _|lky klZpbhgZjguo mkeh\bc Mf_gvr_gb_ j
m\ _ebqg_gb_f ihdjulby ijb\h”bl d iZ» _gbx bhggh]h IhdZ |
jhklm ihdjulby dhlhjh_\e_q_| "Zevg_ckehymlh Igor "gb
ihegh]h ij _djZs _gby bhgbazZpbb ~ khj[bjmxsbaekyY gZkll
lhklhygkl\h bhggh]l]h |hdZ ihke_ i _j djulbly’ _IhlhdZ
k\bN | _evkl\h\Zlv h Ihf qlh ijibdjulb_ ih\_joghklb
\_ebdh ZXkehy fZeZ gZklhevdh qlh f_oZgbaf IB ijZd|
j _Zebam _|ky BhgbazZpby qzZklbp \ wlhf kemqgZ_ ijh
g _cljZebaZpbb ~ujdb \Ze glguf we _dljhghf ~ _khj[bjm:
. < mkeh\byo agZqgbl_evgh]h ihdjulby dilnébjp gt kb
h[jZamxsboky bhgh\ hij_~ ey |ky kdhjhklvx \uoh”~Z "t
jZa™ _eZ \Zdmmf dhlhjZy ijb ihklhylghlyggZ ljb
A"hklZlhgghf mf_gvr_gbb ihdjulby ih\_kedlykidZgbgzZ |
m\_ebgb\zZlvky b bhgbazZpby qzZklbp f_oZgbafhf IB \
gZoh”bl hljZz" _gb_ \ ihy\le _gbb ibdZ bhgghkh dlhdZz



>Zevg_cr__ iZ™" _gb_ bhggh]h IhdZ k\yaZgh k ~"Zevg c
dhgp_gljZpbb gZljby gZ ih\_joghklb

Jbk.<j f ggu_ azZ\bkbfhklb bhggh]h IhdZ gzljby ihke_ i_j djulb
gZ ih\_joghklv ey Ij_o:1 i jZlhi , 3

LZdbf h[jZahf \ ~Zgghc jZ[hl_ gZfb J[ueb bk

Z "khj[pbhhgkhhj[pbhggu _ ijhp _kku gZ th\ _joq

ithemijh\h~gbdh\hc ie qiglh \dexq _gbb b \udexqg_gbb ihl

ijb ijbeh” _ggVWof rg f we _dljbg_kdhf ihe_ IhdZaZg

Abnnmabhgjdwpo kkh\ \ h[jZah\Zgbb wfkkRbl IghdgHA\u
\ bhgguc Ihd hl IhdZozZgbafh\ IB b bhgbaZjbbb
g cljZzebazZpbb ~ujhd \uoh”ysbo d ]JjZgbpdm@da® eZ
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:gghlZpbhh\_~ gh fh™_ebjh\Zgb_ ijhp_kkZ dhZe_ _kp_gpbb f_""m
jZaebqgguo f_1Zeeh\ f _IhDdjehhgkazZbfh™ _ckl\b_ f_""m gZghqZk
hibku\Zehkv fghlhgZklbqgguf ihl_gpbZehf =milZz JZajZ[hlZg
jZkihagz\Zgby b hp_gdb ~\m]jZgghl]h m]JeZ Ijhba\_* _gZ hp_g:
f_""m gZghgzZklbpzfb \ ijhp_kk_ dhZe_kp_gpbb

Dexq_\u_ kagidAghgzZklbpu ahehlz Kk _j [jZ b f_"b dhZe_ _kp_gpl
"\m]jZgguc mlhe f_{iDZjeMiglihl_gpbZe =milZz

K\hckl\Z gZghkljmdImj h[mkeh\e_ gu ij_bfm
hkh[_gghklyfb f_ “Zlhfgh]h \azZbfh”_ckl\by \ ih\_joghl
fZl _jbZeZ b diggdh\pgufb wnn_dlZfb GZghjZaf_jgu_ KklIj
yleyxlky h[t_dlIhf bgl_j_ kZ 7~ey kh\j_f gghc nmg”"Zf
IjbdezZ”"ghc gZmdb <ukhdbc bgl_j k d wlhc h~ghc ba ¢
jZa\b\Zxsboky h[eZkl ¢ nbabdb k\yaZg dZd k ijbgpbi
nmg"Zf _glZevgufb gZmqqgufb \hijhkZfb b nbabqg_kdbfb
k 1_jki_dlb\zfb kha”zZgby gh\uo d\Zglh\uo mkljhckl\
rbjhdbfb \hafh ghklyfb "ey gZghwe _dljhgbdb f 1]
baf jbl _evghc | _ogbdb Ihemqg_gb_ gZghqZklizd'b gZgl
wdki_jbf_glZevgu_ bkke_ _"~h\Zgby \ wlhc h[eZklb y\eyx
aZljm~gbl_evgufb b "hjh]hklhysbfb L_hj Ibg_kdb_ ih”c
gZghkbkl _f 1zd"_ \ iheghc f_j_ g_ ijhjZ[hlZgu WIh
ZdlmZevghc jZajZ[hldm gbke _gguo b ZgZeblbq_
ijhlghabjh\Zgby k\hckl\ gZghqzZklbp b gZghkbkl_ f Z 1Z
\ gbo ijhp_kkh\

GZghdezkl_ju \ dhg”_gkbjh\Zgghf khklhygbb ©Dbf
nbabg_kdb_ oZjzdl_jbklbdb g_~_eb khhlI\_Ikl\mxsb _
Djhf_ Ih]h m gbo ihy\leyxlky gh\u_ hilbg_kdb_ b fZ]gkt
dhlhju_ azZ\bkyl g_ lhevdh hl jzZaf_jZz dezZkl_jh\ gh I
hjlZgbaZpbb beb kzZfhhjl]ZgbazZpbb < k\lyab k wlbf if
k\yvaZggu_ k mf_gvr_gb_f jZaf_jZ bkihevam_fuo kbkl _:
kljmdImjhdf _gvr_gb_  we_ f _glh\ gZghwe _ dljhgbdb ij
ijh[e_fzf kha~Zgby gZghdhglZdlih\ [, @F gHRihphhhdh\
"he gu h[ez”~ZIv \ukhdhc klIjmdIimjghc mklhcgb\hklvx
we_dljhijh\h*ghklvx qglh[u hI\_qgZlv gh\hfkhatZgb_ jZa\



mkljhckl\ k fZ]gblghc aZibkvx gZgh”bh”~h\ gZghijh)
jh™~Z 1 ijh[e_fm ihemqg_gby b hjl]ZgbaZpbb gZghdeZkl |
kihkh[ghklv ij_"kdZamidveywlv jZaf_jhf klIjmdIimjhc qz
hg gv \Z2'gZ ihkdhevdm jZkiheh dgkqg \WihfHhf +gl
hij " eyxsbc k\hcklI\Z wlbo qZklbp Z 1Zd _ \eby |
weZklbgqghklv gZghkljmdIimj H”gbf ba ijhp_kkh\ k ih
fh gh mijZ\eylv kijmdgZamfhjhb qgZklbp y\ey Iky dhZe kp ¢

Kms_kl\mxI| Ijb jZaebqgguo f_oZgbafZ mqgZkl\mxshb¢
nhjfbjh\Zgby gZghqgZklbp \ kj_*_  Dbg_jlgh]lh ]ZaZz
dhZe _kp_gpby b Z]j_]1Zpby Zlhfh\ gaZzZjizart dagkigh
ij_h[ez"Zxs _Jh f_oZgbafzZz b hkh[_gghkl_¢c dZ ~h]h ba
\g rgbo mkeh\byo iha\hey | mijZ\eylv kljmdImjphc b jZe
fg _gbx Z\Ih3@® Php _kk dhZe kp_gpbb “\mo gZghqgZklb
0ZjZdl_jbah\Zg "\mfy JezZ\gufb klZ*byfb

1. I _j\Zy nZaidhk dZxsZy hqg_gv [ukljh ]~_ ijhbki
nhjfbjh\Zgby i_j r_cdzZz fzZzg _lu f_""m ~“\mfy qZklbpZfb
kl i_gghfm aZdhgm

(1)

] +*gZgZevguc jZ"bmk qfKMopuk fZg 4u fy =
dhgklzglz aZ\bkysZy hl, | _fizjkdlmjggu_ dhwnnbpb_ glu
>Zgguc ijhp_kk g_ aZ\bkbl gb hl jZ"bmkZ qZklbp
| fi_jZImju >ebl_evghklv wlhc nZaugkhklZ\ey | ~h

2. \lhjZy nZaxkqgqt agh\ _gb_ fHgnhJtbjh\Zgb_ h~ghc
gZklbpu

>ey |h]l]h qglh[u ihgylv ijhp_kk nhjfbjh\Zgby fZg"
dhZe kp_gpbb 44&1hijjubheh " beb qglh gZ jZgg_ c¢ klzZ"I
fZg _lu ijhbkoh”~bl aZ kq_| mf_gvr_gby obfbqg_kdh]h ihl
dhglzdlzZz qZklbp

Baf _j gb_ "\m]jZgghfifhg mleZiha\hey | jZkkqgblu\Z
AMb msmx kbjdmdhZe kp lgpmhjpo * eygZgZehdjmig gby
gZklbp < khklhygbb jZ\gh\_kby \ujZz" _gb_ bey N\m]jz
\b~

(2)

]I ftwg _jlby ]ljZgbpu djbkiheejnghklgZy wg_j]lby

< "Zgghf kejhglzfZg  lu ijhbkoh”bl "h | _o ihj ihdZ
lh]"Z dZd mdjmig_gb_ ijb "\b" _gbb ]jZgbpu djbklZeeZ |
A"h | _o ihj ihdZ ~\m]jZgguc m]he g_ ”“hklb]Jg_I k\h_]
agZqg_gby qlh ijhbkoh”bl gZ ihke_ _~gbo klZ"byo dhZe k



Jbk Ko fZ dhZe”kmpoghgbbjbg _kdbo gZkidbpmk qZklhbp
jZkklhygb f_ ""m p_g|iZ2Mbomk fZg _kfr\m]jZgguc mlhe

P_evx gZklhys_ ¢ jZ[hlu fh\eyebkly\Zgb_ ijhp_kkZ
dhZe kp_gpbb kn_jbg_kdbo gZghqgZklbp jdpebogugpbf |7
"\m]jZggh]lh mlez \ ijhp_kk_ ki_dZgby >ey wlh]h gZzf
Zelhjblf ey jZkihagZ\Zgby ~\m]jZggh]l]h m]JeZ b \uqbk
\_ebgbd®yzZldh _]h fh gh hibkZlv IZd

1. kbkl_fZ p_gljbjm_Iky 1Zdbf h[jZahf qglh[u h?”¢
hdZzaZezZkv \ hljbmZkldvghdlhjZy \ iheh bl_Rkklghc qZklb

2. [ j_Iky iehkdhkJviuqge gyxlky \k_, @dhHhgu _
ithizrZxl \ g_dhlhjmx _z hdj_klghkipjh bpihkexl kwlgih g _z

3. hij " eyxlky gzZbVilkflm_m e _\h]h b ijZ\h]h deZk
JZKKfZIjb\ZXIkegvdh | _ ZIhfu dhlhju_ e "ZI \nbigl _j\Ze _
f ""m gZb\ukrbfb ZIhfZfb

4. ijhba\h”~blky ihiuldZ jZkihagZlv m]he “ey wlk
\u[bjZxlky Zlhfu b qg_j_a gbo ijh\h*ylky ijyfu_ ih"
hdZaul\zZxlky \k_  Zlhfu >Ze _ \ugbkey Iky bn]lhe f_
ijhoh~ysbfb gzZ” e \uf b ijZ\uf Be&ZklgjhH*ghagZqghkll
ithemg _ggu_ m]Jeu mkj_~gyxlky

5. ijhba\h~blkyhjhl dezZkl _jh\ \hdjng]Z h&kbdhlhjuc
mled , ijhp_"mpadih\lhjyxlky kgh\Z [Zdbf h[jZahf gZdZie
klZzIbklbBex hdhgqgZl _evghc hp_gdb m]eZ

< ~Zgghc jZ[hl_  "ey bkke_"*h\Zgby ijhp_kkZ
gZghdeZkl _jh\ f |Zeeh\ jZaebggh]h jzZaf jZ gZ ijbf_
ahehlz kK j_[1]Z b f_"b \ |Ihf qgbke_ bkke_ _"~h\Zghb
nhjfbjmxs_Jhky i_j_oh~gh]hfZgehhw + \azZbfh”_ckl\b_
dhlhjuo hibku\Z Iky fgh]lhgqzZklbgguf ihl_g@bZ¢hé =m]j
ijbf _g_g f_Ih™ Fhgjleh >ey fh™ _ebjh\Zgby w\hexpbb gZ
ijb baf_g_gbb bo | _fi_jZImju b *"bZf_|jZ [ueZ bkihevah
ko fZ ijbf_gy\rZyky g&#@jZghklijh _ggZy gZ hkgh\_ Ze]
F _ljhiheb%.z >

>ey fh” _ebjh\Zgby [ueh ihkljbkphfwlZlghgzklbp

: : \ dhlhjuo hij_" _eyebkv ~\m]jZ
m]eu \[ebab | _fi_jZImju ieZ\e_gby >ey jZkKlhZgha



ijh\h*beky ijb | _fi_jZIlkj_Z "ey
| _fi_jZImj_ K. WIh k\yaZgh k |_f
dhZe_ _kp_gpby ijhbkdih®ebl \ukhdbo I_fi_jZImjZad ihlhfm
ahgm dhglzdldhewndlylgZghqZklbpu jZkklhygb f_ "~m d|
g_ ij_ \urzZz_ | jZ"bmg&Zglgy kfu |Zeebqg_kdh]h i cgpbZeZz
gZeba ~“\m]jZggh]h m]eZ ijh\h*beklyibkZgghhpbIfYor
gZdhie_ggZy klZlbklbdZ “ey dZ ~hc kbkl_fu mkj_"~gyeZ}

GZ jbXxij_"klz\e_g ijbf_j ihklphZglebazZ ~\m]jZggh]
ml]eey kbkl_fu gZghqzZklbpjb I _fi_jZImj K.

jZkklhygbagf ijb
glh gZ [hevrbo jZk

Jbk2
>\m]jZgguc mlhe

:gZeba “\m]jZggh]lh m]ezZ kbkl_fu igZghd@iZzkmj_K.
gZqZevgh_ jZzkklhygb_ f_"~ngfyZklbpZzfb

<h \k_o |Ij_o kemqgZyo ijhp_kk nhjfbjh\Zgby fZg I
koh bf h[jZzahf g_ kfhljy gZ jZaebqgu_ f >S&eek ‘o kbkl
kbkl_f kj_"g d\z~jZlbggh_ hldehg_gb_ ~\m]jZggh]h

. K m\ _ebq _gb f gZqgZevgh]h jZkklhygby f ""m g
m\ _ebqb\ZékyjZgguc m]l]he Z 1Zd _ rlgleblylb\&wedkyc
jZaf_j fZg dulLZ[ebpBoj_ ~klZ\e _gu iZjZKbkjluf\mo
gZghqZRlbjghwp_kk_dhZe_ Bma _gpbb® ggh]h ZgZebaZ \b”g
k jhkihf hlghkbl _evgh]lh jzZaf jZ fZg _lu hlghr_gb_ wg
djbklZeeZ d ih\_joghklghc wg_j]bb mf_gvrZ _ Iky

LZ[ebpZ JZkg _lgu_ agZq_gby hlghkbl _evgh]h jzaf jz fZg _lu
kbkl_fu \ hdj_klghklb | _fi_jZImju ieZ\e_gby
< ebqgb gf gf gf gf
0,52 0,54 0,43 0,67
113 115 117 135
1,1 1,07 1,05 0,77




LZ[ebpZ JZkg_lgu_ agZq_gby hlghkbl _evgh]h jzaf_jz fZg _lu

kbkl_ fu \ hdj_klghklb I _fi_jZImju ieZ\e_gby
< ebgbi gf gf gf gf

0,6 0,61 0,64 0,68

118 120 142 144

1,03 0,99 0,65 0,62

LZ[ebpZ JZkq_lgu_ agZq_gby hlghkbl_evgh]lh jzaf_jz fzg _lu

kbkl_fu \ hdj_klghklb I_fi_jZImju ieZ\e_gby
<_ebqghb gf gf gf gf

0,55 0,56 0,61 0,64

113 114 117 122

11 1,08 1,05 0,97

GZ bk ij_"~klZ\e_gu flJgh\_ggu_ dhgnb]mjZpbb
ijb jZaebqguo gZqZevguo jZkklhygbyo f_""m gZ
h[hagZg_gby "\m]jZgguo m]eh\

Jbk3. Flgh\_ggu_ dhgnb]lmjzZpbb kbkl_fub jZaebgguo gZqZevguo
jZkklhygbyo f_""m gZklbpzfb Z 1Zd _ j _amevlZl kljmdImjgh]h Zg
+=PD kbgHPLRX djZkgruM +

<h \k_o Ilj_o bkihevam kflulol §ZdbghqZklbpu bf_eb
hijb_glZpbx djbklZeebq_kdhc,jh*gkdkh klhbl hif_Iblv gl
baf _g _gb_ hjb_glZpbb j_r_Idb [m~_I bljXliyhphé&krmx jF
h[jZah\Zgbg lu kbkl_ f_ krknjZgz ijb hjb_glZpbb j_r_Id



| fi_jZImjZ iezZ\e_gby kbkl_fu mf_gvrZ I|IKy ytj_~g_
m\ _ebqb\Z _Iky wg_j]lby ijb dh2welhkp kemoz  M[jZah\Z¢
fZzg  _lu [m”_| ijhbkoh”blv f “e _gg__ b ijb [he__ \ukhdk
k mf_gvr_gb_f iehsZ”b dhglZdlZ b XWh]jZlgghM m]eZ
g_dhlhjuo kbklI_f \ gZklghklb k hjb_glZpb_c b_r_Ihd

hr"ghc ba gZghqgzZklbp gZ[ex™Z _Iky iZ®_gb_ wg_j]bl
dh]*Z dhZe_ _kp_gpby ijhbkoh”bl ~h ijhp_kkZ ieZ\e _gb
ithyle _gb_f ih\_joghklguo ~ n_dlh\ b dzZd ke_ _"kl\b_
dijbklZeebg_kdhc j_r_Idb QZs_ \k_]lh wlhl ijhp_kk
\jZs _gb_f h”ghc ba gZghqZklbp beb kbkl _fu \ p_ehf
h[jZzah\Zgb_ fZg _lu ijhbkoh”~bl gzZfgh]lh Juklj__ ijb wlh
m\ _ebqb\Z Iky iehsZ”v dhglZdlZ gZghgZkldpbb f\mo]jZ
|Zdh]h ih\_~ gby qgZklbp ihdZazZg ~ey kbkl _fug&gzZghqgzl
jbkmgd _ dhlhjZy bkke_ "~h\zZ¢&kVbgaflinfjhgb glZpby
j_r _Idb g_ \eby | gZ Ih qglh k jhklhf hlghkbl _evgh]h |
hlghr_gb_ wg_j]l]bb J]jZgbpu djbklZeeZ d ih\_joghKkl
mf _gvrZ |ky

Jbk KjiZ\g_gb_ "\m]jZgguo m]eh\ khkb _fhaebqghc hjb_glZpbb
j_r_lIdb h~ghc ba qgqzZklbp GZqgZevgh_ jZkklhyglgf A éeénmguZklbp.
Zlhfue=PD kbgHPD djZkguM

ljh\_~ gguc ZgZeba j_amevliZlh\ jZ[hlu ihdZaZe ¢
djbklZeebq _kdhc j_ r _Idb b gZqZevgh_ jZkklhygb f 7
\ebyxl gZ ijhp_kk ihke_ _"mxs_c¢c dhZe_ _kp_gpbb kbkl_
h[fjZzam_fhc fZg _lu qglh y\ey |Iky hg_gv \Z guf nzZdlhjh
gZghdhglzdlh\ =_hf_Iljbg_kdb_ jzZaf_ju fZg _lu "~\mo
©wnn_dlb\gZy ”"“ebgz?& azZ\bkyl hl jZkklhygby f_"~m ¢
gZgqZevghc dhgnb]lmjZpbb b hl hjb_glZpbb djbklZeeb
Djhf_ Ih]lh hl wlh]h azZ\bkbl | _fi_jZzImjZ ijb dhlhjhc



fzg 1z Z 1zd _ |_fi_jZlmjzZz ijb dhlhjhc ijhbkoh”bl ihe
gZghqZklbp

Jbk Flgh\ _ggu_ dhgnb]lmjZpbb kbXlijhp_ _kk_ dhZe kp_gpbb ij

| fi_jZImjZoK \_jogyy iZjZ qZklkkp gtb " gyy iZjZ qZklbp JZkklhyc
f "~"m gZghqgZklbpgdfb

< jZfdZo ~Zgghc jZ[hlu [ue kha”Zg b hibkZg Ze]
"\m]jZggh]l]h m]J]eZ b ithemqg_gu jZkg_lgu_ agZqg_gby hlgt
fZg _1b agZq_gby "\m]jZggh]h m]eZ ~ey kbkl_f kn_jbq_
ahehlz k_j _[jZ b f_~b Mklzgh\e_gh qlh k jhklIhf hlghk
fZg  _lu hlghr_gb_ wg _j]Jbb ]jZgbpu djbklZeeZ d ih\ _jog
mf _gvrZ |ky 1ijb wlhf hjb_glZpby djbklZeebq _kdhc j_r_
kms_ klI\_ggh]h \ebygby gZ wim aZ\bkbfhklv

HIf Ibf qglh gZ kdhjhklv ijhl_dZgby ijhp_kkZ dhZe_
l1Zzd”_ \ebylv \ _ebgbgzZ f "nZagh]h gZly gby b kht
jZaf_jguc wnnO@& >jb wlhf ke m_| ihfgblv glh g
f "nZaghc ]jZgbpu yl\ey |ky s h~gbf nzdlhjhf kih
mklhcgb\hklb IZdh]h jh*Z gZghkbkl f \ jZfdZo ih*oh”"Z
[11-12].

JZ[hlZ \uiheg_gu ijb ihA"_j°d_ JNNRBG63B00742-fh ez Z 1zd" _
nbgzZgkh\hc ih~*_j°'d_ Fbgh[jgZmdb JN \ jZfdZo \uiheg_gby ]
azZz”"Zgby \ kn_j_ gZmgghc ~_yl _evghklb ijh_dl « .
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M>D
<GMLJ?GG?? <J:S?GB?-xBNLHJ:ED:G:0O
: <Dhlhfdb@ 1ImkZdhazx LmjhHepX\> Hjeh\
!'N=;HM <H\ G kdhc Jhkm~Zjkl\_gguc mgb\_jkbl I
L\_jv me @_8¥[h\Zz ~
N=;:HM <H.\_jkdhc Jhkm~ZjkI\_gguc f _~"bpbgkdbc mgb\ _jkbl
L\ _jv me Kh\4lkdzy ~

:gghlZpbyzZkkgblZgu b Ziijhdkbfbjh\Zgu jy~ZtHb gdmievguo
nmgdpbc \gmlj_gg_]h \jZs_gbyk\ha@jm]\ fhe_ _dardaidhdhjZedZgh\

1~ >ey dZ "h]h \jZs _gby bamg_gu ehdZevgu_ f
i_j_oh”gu_ khkTsygbph\_~ gh kjz\g_gb_ izjzf_ljh\ \gmlj_gg_]h \j
bkke_ "h\ZglweodmezZiIZdh\ufbfhghnlhjZedZgZo 1IhdZazZgZ i_j_ghkt

iZjZf_ljh\ "ey ZgZeh]bgya c
Dexq _\u_ kébhZahjZedZgu ihl_gpbZevgZy nmgdpby dhgnhjfZpbt
\gmlj_gg__ \jZs_gb_

Lhggh_ mklZgh\e _gb_ \_ebojfdpg_kdddbdhk\hckl\
g_ _kldbo hj]J]Zzgbq_kdbo kh_"bg _gbc Ij_[m_I| jZkq_1Z \¢
\jZs_gby K\hcklI\Z ~Zgghc kl_i_gb k\h[h?u hibku\zZxlk
ihl_gpbzZevghc b kljmdIimjghc nmgdpbc lhl _gpbZe
\gmlj_gg_]h \jZs _gbhwydZau\Z | aZ\bkbfhklv iheghc we _d

wg_j]lbb kh_~bg)ddylhjkbhggh]h m]eZ ih\hjh\E&d\jhe]gdh\
kh_"bgyxs_c¢c bo k\lyab Nmbdplbywhafh ghklv hij_~ ebl
itheh™ _gb_ b o0Zjzdl_jbklbdb ehdZevguo b Jeh[Zevgh]
jZ\gh\_kguo khklhygbc kh_"bg_gbyb [fZIZKbfmfh\t +
i_j_oh”"guo khkIfyghlkkZaghkdvjlbc khkwiddkidp fimfz

_klIWwukhlZzjv_jaAdhgnhjfZpbhgghl]loh~zZz JZg__ [ueb
ithemqg_gu b jZkkfhlj_gu ihl_gpbZevgu_ nmgdpbb \gmlj.
"ey fhe _dme -ppWhxZedzZzdh@ >H~gZdh bamqg_gb_ i _j dj

\ebygby dhgp_\uo aZzZf _klbl e ¢ gZ nhjfm th_gpre_\
1 ZjZf_lju \gmlj_gg_Jh \jZs_gby \ {ihmljdeddq
ijh\h~"behkyv

P _evx jZ[hlu kj|jZ&fQ | b kjZ\gbl _evguc ZgZeb
1ZjZf _ljh\ ihl _gpbZevguo djb\uo \gmlj _gg ]h \jZs _gby
"ey -“bnlhjZedZgh\ \b"Z 1~ LZdhc ih~"oh”

ihal\hebe hij_ "~ eblv \ebygb_ dhgp_Yywo ca4Zddlhbkdbdb
hibku\Zxshgmlj ggWyZs gby Z IEdbaf g gb_ ih f_j_
m”~ebg _gby m]Je \hpthifhbghlteh™ gby m~Ze ¢glkyyhbnlhjh
\hdjm] dhlhjhc hkms_kl\ey Iky \jZs _gb_
<k _ jZkq _lu \uiheg_glikih&vah\Zgb f Ijh]ljZffu



GAUSSIANO3 2@ f_IhBBEYP \ [Zabk_ <
dZq_kI\_ gZqgZevguo fipgbimkihh _gbb \ Ihqd_
bkihevah\Zgu jZg__ gZc” _ggu_ hilbfbabjh\Zggu_ kljn
1~ [B@ <k _ijhf_"mlhggu_ kljmdImju

\jZs gk h~"ghc ©azZfhjhklgghge#x k\h[h”u ihlemadghfgu
"\'m]jZggh]lh m]ezZlheh™ _gby i_j okhgUoyglisc gZc™ _gu
kK ithfhsvx ijhp_"mju4867 >

<jZs_gby \hdjm] k\ya k*"bgZdh\h m~Ze _gguo hl d
fhe _dmeu hibkuhZhEgkadib u lhwlhfm a”_ kv jZkkfhlj_ ¢
lhevdhdjb\uo ba \k_dhafh guo \jZs _gbc \hdjm] k\ya_c¢
(kf LZ[ebpu2). :iijhdkbfZpby nmgdpbcmdZaZgguo ih”
ghf_jZkbl-4(kf LZ[ebpm[ueZ ijh\_* _gZ jy*hf Nmjv_

)
"ey nmgdpbc mdZaZgguo ih6é(ghfLjZfdbpm \b"

)
nmgdpbB8Ziijhdkbfbjh\Zjghky

3)
Zjv_ju \k_o0 \jZsZ| _evguo i_j ohMempdzZ2ZaZgu \

LZ[ebpZz Dhwnnbpb_glu jZakehy”gNnm(1}3) \ 1~
\ d>" fhev
<jZs_gb_\heqdh\

< Kh_"bg_o

1 8115 | 0100 | 2704 | 6565 | 0326 0,090 0,068

2 7,719 | 1990 | 1991 | -7442 | 0290 0,09 0,082

3 8063 | -1350 | 2198 | -7,368 | 0,302 0,083 0,070

4 7,067 | 1925 | 2179 | -735 | 0,267 0,109 0,077

<jZs_gb_ \heqdh\ \ fhe_dmeZo b

< Kh ~bg_

5 10,405-3,975 11,613 0,2570,262|-0,484 0,019 0,454 0,690-0,944 0,192 0,11
6 11,504,771 11,759 0,0440,359(-0,613 0,141 0,770-1,1610,661-0,114 0,096

<jZs_gby hdheh k\ya_c b
< Kh_"bg_d
7 - 19,703 | 9011 | 12467 | 0,237 0,794 | 0910
8 - 10980 | 4601 | 13786 | -0436 0300 | 0,393








































































































































































































































































































































































































































































































































































































































































































































































































































