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Bamq_gu aZdhghf_jghklb b f_oZgbafu h^ghjh^ghc ^_nhjfZpbb

HPD:=IM:HPD – ij_\jZs_gbc \ kieZ\_ V-Cr-W-ZrC \ aZ\bkbfhklb hl _]h

kljmdlmjgh]h khklhygby b mkeh\bc kbeh\h]h \ha^_ckl\by. <Z`ghc

hkh[_gghklvx wlbo f_oZgbafh\ y\ey_lky bo Zdlb\baZpby gZ

gZghfZkrlZ[ghf kljmdlmjghf mjh\g_ k nhjfbjh\Zgb_f gZgh-h[t_fh\

jZaf_jZfb g_kdhevdh gZghf_ljh\ - gh\uo ghkbl_e_c wlhc fh^u ^_nhjfZpbb.

< hkgh\_ Zdlb\baZpbb HPDo=IMoHPD ij_\jZs_gbc dZd f_oZgbafh\

ieZklbq_kdhc ^_nhjfZpbb e_`bl y\e_gb_ nZah\hc g_klZ[bevghklb HPD

j_r_ldb \ iheyo gZijy`_gbc. MklZgh\e_gu \aZbfhk\yab wlbo f_oZgbafh\ k

hkh[_gghklyfb nbabdh-f_oZgbq_kdbo k\hckl\ \ZgZ^b_\uo kieZ\h\, lZdbo dZd

k\_jo\ukhdZy l_ogheh]bq_kdZy ieZklbqghklv, l_fi_jZlmjZ

oeZ^ghehfdhklb, oZjZdl_jbklbdb m^Zjghc \yadhklb b wnn_dlb\ghklv

^bki_jkgh]h mijhqg_gby gZghjZaf_jgufb qZklbpZfb g_f_lZeebq_kdbo nZa.

Dexq_\u_ keh\Z: ieZklbq_kdZy ^_nhjfZpby, we_dljhggZy fbdjhkdhiby, ^_n_dlu djbklZeeZ,

fZjl_gkblgu_ ij_\jZs_gby, gZghkljmdlmjgu_ khklhygby, m^ZjgZy \yadhklv, f_oZgbafu

^_nhjfZpbb, ^bki_jkgh_ mijhqg_gb_, \ZgZ^b_\u_ kieZ\u.
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MECHANISMS OF PLASTIC DEFORMATION AND FRACTURE OF V-Cr-W-ZrC

ALLOY UNDER CONDITIONS OF PHASE INSTABILITY OF THE CRYSTAL
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The patterns and mechanisms of homogeneous deformation of bccohcpobcc

transformations in the V-Cr-W-ZrC alloy have been studied depending on its

structural state and conditions of force action. An important feature of these

mechanisms is their activation at the nanoscale structural level with the formation

of nano-volumes several nanometers in size - new carriers of this deformation

mode. The activation of bccohcpobcc transformations as mechanisms of plastic

deformation is based on the phenomenon of phase instability of the bcc lattice in

fields of stresses. The relationships between these mechanisms and the peculiarities

of the physical and mechanical properties of vanadium alloys, such as ultra-high

technological plasticity, cold brittleness temperature, impact strength

characteristics and the efficiency of dispersion strengthening by nanosized

particles of non-metallic phases, have been established.

Keywords: plastic deformation, electron microscopy, crystal defects, martensitic transformations,

nanostructural states, impact strength, deformation mechanisms, dispersion strengthening, vanadium

alloys.

1. <\_^_gb_

< khhl\_lkl\bb k jZ[hlZfb [1-8] h^gbf ba f_oZgbafh\ ieZklbq_kdhc ^_nhjfZpbb

HPD kieZ\h\ \ mkeh\byo bo nZah\hc g_klZ[bevghklb \ iheyo f_oZgbq_kdbo

gZijy`_gbc y\eyxlky ijyfu_ iexk h[jZlgu_ (HPD:=IM:HPD) ij_\jZs_gby

fZjl_gkblgh]h lbiZ k hkms_kl\e_gb_f h[jZlguo ij_\jZs_gbc ih Zevl_jgZlb\guf

kbkl_fZf. Wlh g_ ^bkehdZpbhggZy fh^Z ^_nhjfZpbb: ^_nhjfZpby jZkly`_gby – k`Zlby

lbiZ ^_nhjfZpbb ;_cgZ, dhgljhebjm_fZy ^bZ]hgZevgufb dhfihg_glZfb l_gahjZ

gZijy`_gbc \ ahgZo ij_\jZs_gbc.  <Z`gufb hkh[_gghklyfb wlh]h f_oZgbafZ y\eyxlky

_]h gbadZy qm\kl\bl_evghklv d ^_n_dlZf fbdjhkljmdlmju b \ukhdZy wnn_dlb\ghklv

j_eZdkZpbb \ukhdh^_n_dlguo kljmdlmjguo khklhygbc \ mkeh\byo nZah\hc

g_klZ[bevghklb djbklZeebq_kdhc j_r_ldb. Wlb hkh[_gghklb b]jZxl \Z`gmx jhev \

fgh]hqbke_gguo y\e_gbyo ieZklbq_kdhc ^_nhjfZpbb. Kj_^b gbo:

– k\_jo\ukhdZy l_ogheh]bq_kdZy ieZklbqghklv kieZ\h\ gZ hkgh\_ \ZgZ^by [1, 2];

– ih\ur_gb_ gbadhl_fi_jZlmjghc ieZklbqghklb b m^Zjghc \yadhklb kieZ\h\

\ZgZ^by \iehlv ^h l_fi_jZlmju `b^dh]h ZahlZ [3];
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– f_oZgbq_kdh_ ^\hcgbdh\Zgb_, \ lhf qbke_ \ iehkdhklyo kh keh`gufb bg^_dkZfb

\ kieZ\Zo gZ hkgh\_ gbd_eb^Z lblZgZ TiNi [4, 5, 6] b Mo-Re [1, 7];

– nhjfbjh\Zgb_ \ TiNi kieZ\Zo gZghdjbklZeebq_kdbo kljmdlmj k jZaf_jZfb

gZgha_j_g \ g_kdhevdh f_`Zlhfguo jZkklhygbc [8].

< gZklhys_c jZ[hl_ ij_^klZ\e_gu j_amevlZlu bkke_^h\Zgby aZdhghf_jghkl_c

h^ghjh^ghc ^_nhjfZpbb HPD:=IM:HPD – ij_\jZs_gbc \ kieZ\_ V-Cr-W-ZrC.

AZf_lbf, qlh l_jfbg «h^ghjh^gZy» bkihevam_lky a^_kv ^ey oZjZdl_jbklbdb f_oZgbafZ

^_nhjfZpbb \ ahgZo HPD:=IM:HPD – ij_\jZs_gbc. Kh]eZkgh [9], wlh h^ghjh^gZy

^_nhjfZpby jZkly`_gby – k`Zlby, beb dhgljZdpbhggZy fh^Z ^_nhjfZpbb, k\yaZggZy k

i_j_kljhcdhc Zlhfh\ djbklZeebq_kdhc j_r_ldb ijb nhjfbjh\Zgbb iehlghmiZdh\Zgguo

kljmdlmj.

Bkke_^h\Zgb_ ijh\_^_gh \ jZaebqguo mkeh\byo kbeh\h]h \ha^_ckl\by b \

aZ\bkbfhklb hl kljmdlmjgh]h khklhygby wlh]h kieZ\Z. Bamq_gu hkh[_gghklb

ieZklbq_kdhc ^_nhjfZpbb k mqZklb_f HPD:=IM:HPD – ij_\jZs_gbc \ ijhp_kk_:

– ^_nhjfZpbb ijhdZldhc ijb dhfgZlghc l_fi_jZlmj_;

– bkiulZgbc gZ m^Zjgmx \yadhklv;

– Zdlb\ghc ^_nhjfZpbb jZkly`_gb_f ijb jZaguo l_fi_jZlmjZo.

MklZgh\e_gu \aZbfhk\yab f_oZgbafZ HPD:=IM:HPD – ij_\jZs_gbc k

hkh[_gghklyfb nbabdh-f_oZgbq_kdbo k\hckl\ kieZ\Z V-Cr-W-ZrC, lZdbo dZd

k\_jo\ukhdZy l_ogheh]bq_kdZy ieZklbqghklv, l_fi_jZlmjZ \yadh-ojmidh]h jZajmr_gby,

oZjZdl_jbklbdb m^Zjghc \yadhklb b wnn_dlb\ghklv ^bki_jkgh]h mijhqg_gby

gZghjZaf_jgufb qZklbpZfb g_f_lZeebq_kdbo nZa.

2.FZl_jbZeu b f_lh^bdZ bkke_^h\Zgbc

KhklZ\ bkke_^m_fh]h kieZ\Z ijb\_^_g \ lZ[e. 1.

LZ[ebpZ 1

KhklZ\ fZeh-Zdlb\bjm_fh]h \ZgZ^b_\h]h kieZ\Z V-Cr-W-ZrC.

Kh^_j`Zgb_ e_]bjmxsbo we_f_glh\, \_k. % (Zl. %).

Cr W Zr C O N

3.00

(3.09)

7.00

(2.04)

0.60

(0.35)

0.11

(0.47)

0.03

(0.1)

0.01

(0.036)

Bkke_^h\Zgby ijh\_^_gu ihke_ l_jfhf_oZgbq_kdbo h[jZ[hlhd ih klZg^Zjlghfm

(LFH-I jZajZ[hldb :H «<GBBGF») b fh^bnbpbjh\Zgghfm (LFH-II) j_`bfZf

h[jZ[hldb, ijb\_^_gguf \ jZ[hl_ [10].

F_oZgbq_kdb_ bkiulZgby f_lh^hf Zdlb\gh]h jZkly`_gby kh kdhjhklvx

^_nhjfZpbb |2u10-3 k-1 hkms_kl\eyeb k bkihevah\Zgb_f h[jZaph\ \ nhjf_ ^\hcguo

ehiZlhd k jZaf_jZfb jZ[hq_c qZklb 15u2u0,8 ff. Ijb l_fi_jZlmjZo \ur_ dhfgZlghc

H�
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^_nhjfZpbx ijh\h^beb \ \Zdmmf_ §2u10-5 Lhjj. < bgl_j\Ze_ gbadbo l_fi_jZlmj

\ dZq_kl\_ hoeZ^bl_ey bkihevah\Zeb `b^dbc Zahl beb _]h kf_kb k wlbeh\uf kibjlhf.

Bkke_^h\Zgb_ l_fi_jZlmjghc aZ\bkbfhklb m^Zjghc \yadhklb ijh\h^beb gZ

h[jZapZo jZaf_jZfb 3×4×27 ff (k V-h[jZaguf dhgp_gljZlhjhf gZijy`_gbc) \

bgl_j\Ze_ l_fi_jZlmj hl -186 ^h 150 °K gZ m^Zjghf dhij_ VEB Werkstoffprufmaschinen

Leipzig. < dZq_kl\_ hoeZ^bl_ey bkihevah\Zebkv `b^dbc Zahl b _]h kf_kv k wlbeh\uf

kibjlhf. ;he__ ih^jh[gh f_lh^bdZ wlbo bkke_^h\Zgbc ij_^klZ\e_gZ \ jZ[hl_ [3].

Hkh[_gghklb j_ev_nZ ih\_joghkl_c jZajmr_gby b ZgZeba dZjlbgu ^bnjZdpbb

h[jZlgh jZkk_ygguo we_dljhgh\ (electron back scattering diffraction (EBSD)) bamq_gu

k bkihevah\Zgb_f kdZgbjmxs_]h we_dljhggh-bhggh]h fbdjhkdhiZ FEI Quanta 200 3D

k ijbklZ\dhc Pegasus ijb mkdhjyxs_f gZijy`_gbb 30 d< \ j_`bf_ k ]_dkZ]hgZevghc

ihklZgh\dhc lhq_d. Dbdmqb-dZjlbgu h[jZlgh jZkk_ygguo we_dljhgh\ Z\lhfZlbq_kdb

bg^bpbjh\Zebkv ijh]jZffhc «TSL OIM data collection». H[jZ[hldZ ihemq_ggh]h

fZkkb\Z ^Zgguo ijh\_^_gZ k bkihevah\Zgb_f ijh]jZffgh]h h[_ki_q_gby «TSL OIM

analysis».

F_lh^hf ijhk\_qb\Zxs_c we_dljhgghc fbdjhkdhibb gZ we_dljhgghf fbdjhkdhi_

JEOL JEM-2100 ijb mkdhjyxs_f gZijy`_gbb 200 d< ijh\_^_gu bkke_^h\Zgby

^_n_dlghc km[kljmdlmju \gmljb fbdjhihehk HPDo=IMoHPD ij_\jZs_gbc,

nhjfbjmxsboky \ ijhp_kk_ ijhdZldb bkke_^m_fh]h kieZ\Z \ ebkl lhesbghc 3 ff, b \

hdj_klghklb (gZ jZkklhygbyo g_ [he__ g_kdhevdbo fdf) ih\_joghkl_c jZajmr_gby ihke_

bkiulZgbc gZ m^Zjgmx \yadhklv. Lhgdb_ nhev]b ihemqZeb ijb wlhf f_lh^hf bhgghc

j_adb gZ kdZgbjmxs_f we_dljhgghf fbdjhkdhi_ FEI Quanta 200 3D.

3. HPD:=IM:HPD ij_\jZs_gby dZd f_oZgbafu ^_nhjfZpbb b jZajmr_gby

kieZ\Z V-Cr-W-ZrC \ ijhp_kk_ ijhdZldb ijb dhfgZlghc l_fi_jZlmj_

b bkiulZgbc gZ m^Zjgmx \yadhklv

Bkke_^h\Zgb_ l_fi_jZlmjghc aZ\bkbfhklb m^Zjghc \yadhklb b hkh[_gghkl_c

^_n_dlghc km[kljmdlmju \ hdj_klghklb ih\_joghkl_c jZajmr_gby ijh\_^_gh \ ^\mo

kljmdlmjguo khklhygbyo:

– ihke_ LFH-I k aZdexqbl_eguf wlZihf - ijhdZldhc ijb dhfgZlghc l_fi_jZlmj_

\ ebkl lhesbghc 3 ff (^Ze__ kljmdlmjgh_ khklhygb_ 1);

– ihke_ mdZaZgghc \ur_ ijhdZldb b ihke_^mxs_]h hl`b]Z 1050 °K 1 qZk

(khklhygb_ 2).

Bkke_^h\Zgb_ a_j_gghc kljmdlmju kieZ\Z V–Cr–W–ZrC i_j_^ bkiulZgbyfb gZ

m^Zjgmx \yadhklv, ijh\_^_ggh_ k bkihevah\Zgb_f ^bnjZdpbb h[jZlgh jZkk_ygguo

we_dljhgh\, ihdZaZeh [3], qlh \ kljmdlmjghf khklhygbb ihke_ ijhdZldb gZ[ex^Z_lky

f_edhdjbklZeebq_kdh_ khklhygb_ kh kj_^gbf jZaf_jhf a_j_g (njZ]f_glh\) hdheh

7 fdf. Ihke_^mxsbc hl`b] 1050 °K 1 qZk ijb\h^bl d khojZg_gbx

f_edhdjbklZeebq_kdhc kljmdlmju k m\_ebq_gb_f wlbo jZaf_jh\ ^h §9 fdf.
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(Sbr/S0§(45-50)%) ijZdlbq_kdb g_ f_gy_lky. HgZ m\_ebqb\Z_lky ^h §(70-75)% ijb

L=-100 °K b ij_\urZ_l (90-95)% ijb l_fi_jZlmj_ `b^dh]h ZahlZ.

Ijb baf_g_gbb l_fi_jZlmju jZajmr_gby hl -(25-50) °K ^h -100 °K \ h[hbo

kljmdlmjguo khklhygbyo [he__ q_f \ 2 jZaZ (hl 0,65-0,7 ^h 0,25-0,3 ff) mf_gvrZ_lky

]em[bgZ ahgu ieZklbq_kdh]h jhklZ lj_sbg (l). < wlhf `_ bgl_j\Ze_ gZ[ex^Z_lky b lj_o-

q_luj_o djZlgh_ (hl 11-20 ^h 5 \ khklhygbb 1 b hl 32- 35 ^h 6-8 >`/kf2 \ khklhygbb 2)

mf_gvr_gb_ \_ebqbgu m^Zjghc \yadhklb h[jZaph\.

Bkke_^h\Zgb_ j_ev_nZ ih\_joghklb jZajmr_gby \ ahg_ ieZklbq_kdh]h jhklZ

lj_sbgu (jbk. 2a) k\b^_l_evkl\m_l h gZebqbb ^\mo oZjZdl_jguo fZkrlZ[h\

jZajmr_gby.

<h-i_j\uo, wlh fZkrlZ[ a_j_gghc kljmdlmju k jZaf_jZfb a_j_g hl g_kdhevdbo ^h

10-12 fdf, k\b^_l_evkl\mxsbc h __ \Z`ghc jheb \ ijhp_kk_ jZajmr_gby.

<h-\lhjuo, \gmljb a_j_g gZ ih\_joghklb \yadh]h ljZgkdjbklZeeblgh]h

jZajmr_gby h[gZjm`_g j_ev_n km[fbdjhkdhibq_kdh]h (<1 fdf) fZkrlZ[Z. Wlh

fbdjhihehku lbiZ ]j_[g_c hlju\Z k d\Zabi_jbh^bq_kdbf oZjZdl_jhf jZkij_^_e_gby

\^hev gZijZ\e_gbc, [ebadbo d gZijZ\e_gbyf jhklZ lj_sbg. DZd \b^gh ba jbk. 2a, ijb

l_fi_jZlmj_ jZajmr_gby -100 °K rbjbgZ fbdjhihehk khklZ\ey_l ^heb fbdjhgZ,

Z jZkklhygby f_`^m gbfb \ mdZaZgguo \ur_ gZijZ\e_gbyo – hdheh 1 fdf.

DZd \b^gh ba jbk. 1 b lZ[e. 2, \ ijhp_kk_ kgb`_gby l_fi_jZlmju jZajmr_gby hl

-100 ^h -186 °K, dh]^Z iehsZ^v d\Zabojmidh]h ljZgkdjbklZeeblgh]h kdheZ ij_\urZ_l

(90-95)%, \_ebqbgZ m^Zjghc \yadhklb mf_gvrZ_lky ih kjZ\g_gbx k l_fi_jZlmjZfb

\[ebab dhfgZlghc [he__ q_f gZ ihjy^hd. Ke_^h\Zl_evgh, wlZ \_ebqbgZ oZjZdl_jbam_l

jZ[hlm, aZljZq_ggmx gZ ieZklbq_kdmx ^_nhjfZpbx \ ahg_ \yadh]h

ljZgkdjbklZeeblgh]h jZajmr_gby. Wlh ahgZ hq_gv \ukhdbo ^_nhjfbjmxsbo b

ehdZevguo (\ lhf qbke_ \ \_jrbg_ jZklms_c lj_sbgu) \gmlj_ggbo gZijy`_gbc k

h]jZgbq_ggufb \hafh`ghklyfb bo ieZklbq_kdhc j_eZdkZpbb.

< khhl\_lkl\bb k [1, 2] \ wlbo mkeh\byo \ \ZgZ^b_\uo kieZ\Zo ke_^kl\b_f nZah\hc

g_klZ[bevghklb djbklZeeZ \ iheyo \ukhdbo ehdZevguo gZijy`_gbc \hafh`gZ

Zdlb\baZpby f_oZgbafZ HPD:=IM:HPD ij_\jZs_gbc, _^bgkl\_gghc fh^hc

dhlhjh]h y\ey_lky h^ghjh^gZy ^_nhjfZpby jZkly`_gby – k`Zlby lbiZ ^_nhjfZpbb

;_cgZ. H^gbf ba mkeh\bc ihy\e_gby wlh]h f_oZgbafZ y\ey_lky gZebqb_ dhfihg_gl

k`Zlby \ gZijZ\e_gbyo lbiZ <100>. < mkeh\byo k\_jo\ukhdhc l_ogheh]bq_kdhc

ieZklbqghklb ijb ijhdZld_ wlh h[_ki_qb\Z_lky \ukhdhc l_dklmjghc dhfihg_glhc wlh]h

lbiZ \ iehkdhklb ijhdZldb. :gZeh]bqgu_ mkeh\by (^_nhjfZpby k`Zlb_f \

gZijZ\e_gbb, ghjfZevghf iehkdhklb ijhdZldb) \uihegyxlky b \ ijhp_kk_ bkiulZgbc

gZ m^Zjgmx \yadhklv.

DZd ihdZaZgh \ jZ[hlZo [9, 11], \_ebqbgZ ieZklbq_kdhc ^_nhjfZpbb jZkly`_gby-

k`Zlby \ ijhp_kk_ HPD:=IM:HPD ij_\jZs_gbc ^hklb]Z_l agZq_gbc, [ebadbo

d 0ii§10%. < fbdjhihehkZo <110> i_j_hjb_glZpbb [1-3] beb ^\hcgbdZo ^_nhjfZpbb

[4-7] jZaf_jZfb (rbjbghc) ^_kylu_ ^heb fbdjhgZ lZdZy ^_nhjfZpby, h^ghfhf_glgh [_a
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^_n_dlh\ beb jZajmr_gby, g_\hafh`gZ. Ghkbl_eyfb ieZklbq_kdhc ^_nhjfZpbb ^he`gu

[ulv ijb wlhf h[t_dlu agZqbl_evgh f_gvrbo jZaf_jh\. >ey k^\b]h\uo fh^

^_nhjfZpbb (\ lhf qbke_ ijb h[jZah\Zgbb \ mkeh\byo h[jZlbfuo fZjl_gkblguo

ij_\jZs_gbc gZgh^\hcgbdh\ ^_nhjfZpbb) lZdbfb ghkbl_eyfb y\eyxlky ^bkehdZpbb.

< kemqZ_ HPD:=IM:HPD ij_\jZs_gbc ^ey hibkZgby h^ghjh^ghc ^_nhjfZpbb

ij_\jZs_gby k`Zlby – jZkly`_gby g_h[oh^bfu ghkbl_eb gh\h]h lbiZ.

< gZklhys_c jZ[hl_ ^ey \uy\e_gby lZdbo ghkbl_e_c ijh\_^_gh bkke_^h\Zgb_

hkh[_gghkl_c ^_n_dlghc km[kljmdlmju \ ahgZo HPDo=IMoHPD ij_\jZs_gbc

f_lh^hf ijhk\_qb\Zxs_c we_dljhgghc fbdjhkdhibb k bkihevah\Zgb_f l_fghihevgh]h

ZgZebaZ jZahjb_glbjh\hd gZ gZghfZkrlZ[ghf (g_kdhevdh gZghf_ljh\) kljmdlmjghf

mjh\g_.

3.2.Hkh[_gghklb ^_n_dlghc km[kljmdlmju \ mkeh\byo HPDo=IMoHPD

ij_\jZs_gbc gZ gZghfZkrlZ[ghf kljmdlmjghf mjh\g_

We_dljhggh-fbdjhkdhibq_kdh_ bkke_^h\Zgb_ ijh\_^_gh \ hdj_klghklb

ih\_joghklb \yadh]h jZajmr_gby k ij_^klZ\e_gguf gZ jbk. 2a oZjZdl_jguf

d\Zabi_jbh^bq_kdbf j_ev_nhf gZ jZkklhygbyo g_ [he__ g_kdhevdbo fbdjhg hl wlhc

ih\_joghklb. Wlh bkke_^h\Zgb_ ihdZaZeh, qlh HPDo=IMoHPD ij_\jZs_gby

y\ey_lky \Z`guf f_oZgbafhf ^_nhjfZpbb \ ahgZo ieZklbq_kdh]h jhklZ lj_sbg ihke_

bkiulZgbc gZ m^Zjgmx \yadhklv \h \k_f ij_^klZ\e_gghf gZ jbk. 1 bgl_j\Ze_

l_fi_jZlmj gb`_ dhfgZlghc. <k_ mdZaZggu_ \ur_ ahgu, ihfbfh f_ahihehk

i_j_hjb_glZpbb, kh^_j`Zl \ukhdmx iehlghklv gZghh[t_fh\ jZaf_jZfb g_kdhevdh

gZghf_ljh\. Ijbf_j lZdbo gZghh[t_fh\ \gmljb b \ hdj_klghklb f_ahihehk rbjbghc

^_kyldb gZghf_ljh\ k fZehm]eh\ufb ]jZgbpZfb (kf. lZd`_ jbk. 6 \ jZ[hl_ [3])

ijb\_^_g gZ jbk. 3.

:gZeh]bqgh_ kljmdlmjgh_ khklhygb_ h[gZjm`_gh b \ bkoh^guo (^h bkiulZgbc gZ

m^Zjgmx \yadhklv) h[jZapZo ihke_ ^_nhjfZpbb ijhdZldhc \ ebkl lhesbghc 3 ff

(jbk. 4). Kms_kl\_ggh, qlh \ wlhf kemqZ_ gZ gZghh[t_fu jZaf_jZfb g_kdhevdh

gZghf_ljh\ gZghkljmdlmjbjh\Zgu fbdjhihehku HPD:=IM:HPD ij_\jZs_gbc k

baf_g_gb_f (60-]jZ^mkgufb <110> ih\hjhlZfb gZijZ\e_gbc h^ghjh^ghc ^_nhjfZpbb

ij_\jZs_gbc) kbkl_f h[jZlguo ij_\jZs_gbc. Ke_^h\Zl_evgh, wlh gZgh-h[t_fu

HPD:=IM:HPD ij_\jZs_gbc – gZgh-fZkrlZ[gu_ ahgu  h^ghjh^ghc  ^_nhjfZpbb

ij_\jZs_gbc lbiZ ^_nhjfZpbb ;_cgZ. Ih-kms_kl\m, wlh hagZqZ_l Zdlb\baZpbx wlhc

fh^u ^_nhjfZpbb h^gh\j_f_ggh gZ f_ah- b gZgh-fZkrlZ[ghf mjh\gyo ^_nhjfZpbb.
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K bkihevah\Zgb_f mdZaZgguo \ur_ f_lh^h\ gZghkljmdlmjbjh\Zgby ]_l_jhnZaghc

kljmdlmju \ \ZgZ^b_\uo kieZ\Zo ^hklb]Z_lky m\_ebq_gb_ gZ (100-150) °C l_jfbq_kdhc

klZ[bevghklb fbdjhkljmdlmju b agZqbl_evgh_ ih\ur_gb_ oZjZdl_jbklbd

djZldh\j_f_gghc \ukhdhl_fi_jZlmjghc ijhqghklb. LZdh_ ih\ur_gb_ y\ey_lky

ke_^kl\b_f \ukhdhc wnn_dlb\ghklb ^bki_jkgh]h mijhqg_gby gZghjZaf_jgufb

qZklbpZfb g_f_lZeebq_kdbo nZa ijb h]b[Zgbb wlbo qZklbp ^bkehdZpbyfb ih f_oZgbafm

lbiZ f_oZgbafZ Hjh\ZgZ 'V[HJ] |Gb/O [16]. A^_kv 'V[HJ] – gZijy`_gb_ Hjh\ZgZ;

G|47000 FIZ – fh^mev f_lZeebq_kdhc fZljbpu; b – \_dlhj ;xj]_jkZ ^bkehdZpbb;

O|R(2S/3f)1/2 – jZkklhygb_ f_`^m qZklbpZfb; R – jZ^bmk qZklbp; f – bo h[t_fgZy ^hey.

J_amevlZlu hp_ghd gZijy`_gbc Hjh\ZgZ, ijh\_^_ggu_ \ jZ[hlZo [10, 14, 15], ihdZaZeb,

qlh wlb gZijy`_gby ('V[HJ]) kjZ\gbfu k wdki_jbf_glZevgufb \_ebqbgZfb ijbjhklZ

ij_^_eZ l_dmq_klb ('V0,1) \ ijhp_kk_ gZghkljmdlmjbjh\Zgby ]_l_jhnZaghc kljmdlmju.

Hlf_lbf, qlh ijb oZjZdl_jguo ^ey bkke_^m_fuo kieZ\h\ g_\ukhdbo (^_kylu_ ^heb

ijhp_glZ) h[t_fguo ^heyo g_f_lZeebq_kdbo nZa ^hklb`_gb_ agZqbl_evguo (hdheh

100 FIZ) wnn_dlh\ ^bki_jkgh]h mijhqg_gby hdZau\Z_lky \hafh`guf ebrv

\ mevljZ^bki_jkguo ]_l_jhnZaguo khklhygbyo – ijb jZaf_jZo qZklbp g_kdhevdh

(g_ [he__ 10) gZghf_ljh\.

DZd \b^gh, \ukhdZy wnn_dlb\ghklv ^bki_jkgh]h mijhqg_gby gZghjZaf_jgufb

qZklbpZfb g_f_lZeebq_kdbo nZa hij_^_ey_lky ^bkehdZpbhgguf f_oZgbafhf lZdh]h

mijhqg_gby – \ukhdbfb gZijy`_gbyfb h]b[Zgby wlbo qZklbp ^bkehdZpbyfb.

Qj_a\uqZcgh ZdlmZevghc y\ey_lky \ k\yab k wlbf aZ^ZqZ \uy\e_gby wnn_dlb\ghklb

lZdh]h mijhqg_gby \ mkeh\byo h^ghjh^ghc (jZkly`_gby – k`Zlby) ^_nhjfZpbb

HPDo=IMoHPD ij_\jZs_gbc - km]m[h g_ ^bkehdZpbhgghc fh^u ^_nhjfZpbb. >ey

__ j_r_gby \ gZklhys_c jZ[hl_ ijh\_^_gh bkke_^h\Zgb_ \ebygby gZghjZaf_jguo

qZklbp ZrC gZ l_fi_jZlmjgmx aZ\bkbfhklv \_ebqbgu ijbjhklZ ij_^_eZ l_dmq_klb

('V0,1) \ ijhp_kk_ gZghkljmdlmjbjh\Zgby ]_l_jhnZaghc kljmdlmju kieZ\Z V-Cr-W-ZrC \

l_fi_jZlmjguo bgl_j\ZeZo k jZaebqghc kdehgghklvx d ^_nhjfZpbb HPDo=IMoHPD

ij_\jZs_gbc.

K wlhc p_evx ijh\_^_gh kjZ\gbl_evgh_ bkke_^h\Zgb_ l_fi_jZlmjghc aZ\bkbfhklb

ij_^_eZ l_dmq_klb kieZ\Z V-Cr-W-ZrK ihke_ l_jfhf_oZgbq_kdhc h[jZ[hldb ih

klZg^Zjlghfm j_`bfm LFH-I b gZghkljmdlmjbjh\Zgby _]h ]_l_jhnZaghc kljmdlmju

\ ijhp_kk_ h[jZ[hldb ih j_`bfm LFH-II.

Djb\u_ l_fi_jZlmjghc aZ\bkbfhklb V0,1 \ bgl_j\Ze_ l_fi_jZlmj hl -190 qK ^h

+800 qK  ihdZaZgu gZ jbk. 8. Hij_^_e_ggu_ ijb wlhf oZjZdl_jbklbdb djZldh\j_f_gghc

ijhqghklb b ieZklbqghklb ij_^klZ\e_gu \ lZ[e. 3. DZd \b^gh ba wlbo j_amevlZlh\,

fZdkbfZevguc wnn_dl ^bki_jkgh]h mijhqg_gby ('V0,1 §117 FIZ, lZ[e. 3) gZ[ex^Z_lky

ijb l_fi_jZlmj_ +50 °K. DZd ih\ur_gb_, lZd b kgb`_gb_ l_fi_jZlmju ^_nhjfZpbb

ijb\h^bl d _]h kms_kl\_gghfm mf_gvr_gbx. Ijb ih\ur_gbb l_fi_jZlmju wlh

k\yau\Z_lky [16, 17] k l_jfbq_kdb Zdlb\bjm_fufb ijhp_kkZfb ij_h^he_gby qZklbp

kdhevaysbfb ^bkehdZpbyfb. < bgl_j\Ze_ gbadbo (�+50 °K) l_fi_jZlmj lZdh_
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Wlb j_amevlZlu iha\heyxl k\yaZlv hkh[_gghklb ^bki_jkgh]h mijhqg_gby

b l_fi_jZlmjghc aZ\bkbfhklb ij_^_eZ l_dmq_klb \ wlhf bgl_j\Ze_ l_fi_jZlmj k

ihy\e_gb_f gh\hc (g_ ^bkehdZpbhgghc) fh^u ^_nhjfZpbb ;_cgh\kdh]h lbiZ, ^ey

ghkbl_e_c dhlhjhc gZghjZaf_jgu_ qZklbpu ZrC g_ y\eyxlky, \ hlebqb_ hl ^bkehdZpbc,

kdhevdh-gb[m^v wnn_dlb\gufb ij_iylkl\byfb. Ijb wlhf \ bgl_j\Ze_ l_fi_jZlmj hl

+50 °K ^h -100 °K, \ dhlhjhf \_ebqbgZ ^bki_jkgh]h mijhqg_gby ('V0,1) ihkl_i_ggh

mf_gvrZ_lky hl §117 FIZ ^h §0, \ ieZklbq_kdhc ^_nhjfZpbb fh]ml ijbgbfZlv mqZklb_

h^gh\j_f_ggh ^\Z f_oZgbafZ: 1 – ljZ^bpbhgguc ^bkehdZpbhgguc, hij_^_eyxsbc

\_ebqbgm lZdh]h mijhqg_gby, b 2 – h^ghjh^gZy ^_nhjfZpby HPDo=IMoHPD

ij_\jZs_gbc, kgb`ZxsZy, Z ijb L�-100 °K bkdexqZxsZy \deZ^ ^bkehdZpbhggc fh^u

^_nhjfZpbb.

< jZ[hl_ [3] m`_ hlf_qZeZkv \hafh`ghklv kgb`_gby \ mkeh\byo ^_nhjfZpbb

HPDo=IMoHPD ij_\jZs_gbc wnn_dlb\ghklb ^_n_dlh\ ^_nhjfZpbhggh]h lbiZ

(^bkehdZpbc, ]jZgbp jZahjb_glZpbb b ^j.) dZd [Zjv_jh\ ^ey lZdhc ^_nhjfZpbb k

khhl\_lkl\mxsbf mf_gvr_gb_f \_ebqbgu ^_nhjfZpbhggh]h mijhqg_gby.

Ijb\_^_ggu_ \ur_ j_amevlZlu k\b^_l_evkl\mxl h lhf, qlh ihke_^g__ hlghkblky

b d ijh[e_fZf ^bki_jkgh]h mijhqg_gby. < kieZ\_ V-Cr-W-ZrC ijb L�-100 °K ^ey

gZghjZaf_jguo qZklbp ZrC lZdb_ [Zjv_ju hlkmlkl\mxl.

DZd \b^gh ba jbk. 8 b lZ[e. 3, HPDo=IMoHPD ij_\jZs_gby b]jZxl \Z`gmx

jhev ijb nhjfbjh\Zgbb fbdjhkljmdlmju b f_oZgbq_kdbo k\hckl\ \ZgZ^b_\uo kieZ\h\

g_ lhevdh ijb [hevrbo ieZklbq_kdbo ^_nhjfZpbyo beb hlghkbl_evgh bgl_gkb\guo

f_oZgbq_kdbo gZ]jmadZo, gh b gZ gZqZevguo wlZiZo ^_nhjfZpbb, gZqbgZy k ij_^_eZ

l_dmq_klb \ mkeh\byo Zdlb\ghc ^_nhjfZpbb jZkly`_gb_f.

MdZaZggu_ \ur_ hkh[_gghklb ^bki_jkgh]h mijhqg_gby \ mkeh\byo h^ghjh^ghc

^_nhjfZpbb HPDo=IMoHPD ij_\jZs_gbc h[_ki_qb\Zxl \hafh`ghklv

agZqbl_evguo wnn_dlh\ ^bki_jkgh]h mijhqg_gby \ h[eZklb ih\ur_gguo l_fi_jZlmj

ijb hlkmlkl\bb lZdh\uo ijb l_fi_jZlmjZo gb`_ dhfgZlghc. Wlh hldju\Z_l gh\u_

i_jki_dlb\u kha^Zgby ^bki_jkgh-mijhqg_gguo \ZgZ^b_\uo kieZ\h\ k \ukhdbfb

agZq_gbyfb oZjZdl_jbklbd \ukhdhl_fi_jZlmjghc ijhqghklb ijb khojZg_gbb \ukhdh]h

aZiZkZ gbadhl_fi_jZlmjghc ieZklbqghklb.

5.H[km`^_gb_ j_amevlZlh\

DZd m`_ hlf_qZehkv \ jZa^_e_ 3.1, g_h[oh^bfuf mkeh\b_f h^ghjh^ghc

^_nhjfZpbb HPD:=IM:HPD ij_\jZs_gbc ij_\jZs_gby lbiZ ^_nhjfZpbb ;_cgZ

y\ey_lky gZebqb_ ghkbl_e_c lZdhc ^_nhjfZpbb ^hklZlhqgh fZeh]h (bkdexqZxs_]h

h[jZah\Zgb_ lj_sbg b jZajmr_gb_) jZaf_jZ. H[gZjm`_ggZy \ gZklhys_c jZ[hl_

Zdlb\baZpby lZdbo ij_\jZs_gbc gZ gZghfZkrlZ[ghf mjh\g_ ^_nhjfZpbb (jbk. 3-6)

k\b^_l_evkl\m_l h lhf, qlh lZdbfb ghkbl_eyfb fh]ml [ulv gZgh-h[t_fu

HPDo=IMoHPD ij_\jZs_gbc jZaf_jZfb g_kdhevdh gZghf_ljh\. Ih^q_jdg_f \

k\yab k wlbf, qlh gZgh-h[t_fu HPDo=IMoHPD ij_\jZs_gbc, ij_^klZ\e_ggu_ gZ
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jbk. 3-6, hljZ`Zxl kljmdlmjm lZdbo ghkbl_e_c ihke_ bo j_eZdkZpbb dZd \ ijhp_kk_, lZd

b ihke_ ij_djZs_gby ieZklbq_kdhc ^_nhjfZpbb. < ^bgZfbq_kdbo mkeh\byo bo

h[jZah\Zgby b w\hexpbb wlh keh`gu_ g_jZ\gh\_kgu_ kljmdlmju \ iheyo ehdZevguo

\gmlj_ggbo (\ ahgZo ij_\jZs_gbc) gZijy`_gbc.

< dZq_kl\_ gZb[he__ \Z`guo kj_^b wlbo hkh[_gghkl_c b f_oZgbafh\ ^_nhjfZpbb

\u^_ebf ke_^mxsb_.

1. ?^bgkl\_gghc fh^hc ^_nhjfZpbb \ ahgZo HPDo=IMoHPD ij_\jZs_gbc

y\ey_lky h^ghjh^gZy ^_nhjfZpby ij_\jZs_gby – ^_nhjfZpby k`Zlby – jZkly`_gby

lbiZ ^_nhjfZpbb ;_cgZ. Ke_^h\Zl_evgh, ijb ZgZeba_ aZdhghf_jghkl_c lZdhc

^_nhjfZpbb, \ hlebqb_ hl ljZ^bpbhgguo ih^oh^h\ l_hjbb ^bkehdZpbhgghc

ieZklbqghklb beb fZjl_gkblguo ij_\jZs_gbc k^\b]h\h]h lbiZ, g_h[oh^bfh

jZkkfZljb\Zlv ^bZ]hgZevgu_ dhfihg_glu l_gahjZ gZijy`_gbc \ wlbo ahgZo. Ijb wlhf

\Z`guf mkeh\b_f __ (^_nhjfZpbb) j_ZebaZpbb y\ey_lky gZebqb_ gZijy`_gbc k`Zlby \

gZijZ\e_gbyo lbiZ <100>.

2. HPDo=IMoHPD ij_\jZs_gby (dZd ijyfu_, lZd b h[jZlgu_) hkms_kl\eyxlky

\ mkeh\byo nZah\hc g_klZ[bevghklb djbklZeeZ \ iheyo \ukhdbo ehdZevguo gZijy`_gbc

k ^hihegbl_evguf l_jfh^bgZfbq_kdbf \ub]jur_f b ehdZevguf kgb`_gb_f wg_j]bb

\ h[eZklb ij_\jZs_gbc. Wlh ijb\h^bl d bgl_gkb\ghfm jZamijhqg_gbx fZl_jbZeZ b

\ukhdbf kdhjhklyf ^_nhjfZpbb b j_eZdkZpbb ^_nhjfbjmxsbo b ehdZevguo

\gmlj_ggbo gZijy`_gbc b \ukhdh^_n_dlguo km[kljmdlmj ^_nhjfZpbb.

3. >_n_dlu fbdjhkljmdlmju lbiZ ^bkehdZpbc, ]jZgbp jZahjb_glZpbb beb qZklbp

\lhjbqguo nZa, dZd ^ey h^ghjh^ghc ^_nhjfZpbb ij_\jZs_gby, lZd b ^ey d\Zab\yadh]h

fZkkhi_j_ghkZ, y\eyxlky f_g__ wnn_dlb\gufb, g_`_eb ^ey ^bkehdZpbc,

ij_iylkl\byfb, b kms_kl\_ggh kgb`Zxl wnn_dlb\ghklv ^_nhjfZpbhggh]h b

^bki_jkgh]h mijhqg_gby \ mkeh\byo j_ZebaZpbb wlbo fh^ ^_nhjfZpbb.

GbadZy qm\kl\bl_evghklv ^_nhjfZpbb (HPD:=IM:HPD) ij_\jZs_gbc

d ^_n_dlZf fbdjhkljmdlmju b \ukhdZy wnn_dlb\ghklv j_eZdkZpbb \ukhdh^_n_dlguo

km[kljmdlmj ^_nhjfZpbb \ mkeh\byo nZah\hc ^bgZfbq_kdhc g_klZ[bevghklb djbklZeeZ

hij_^_eyxl \hafh`ghklb k\_jo\ukhdhc l_ogheh]bq_kdhc ieZklbqghklb bkke_^m_fh]h

a^_kv kieZ\Z b kms_kl\_ggh]h kgb`_gby l_fi_jZlmju _]h ojmidh-\yadh]h i_j_oh^Z.

I_j_hjb_glZpby djbklZeebq_kdhc j_r_ldb \ ij_^klZ\e_gguo gZ jbk. 3-5 ahgZo g_

y\ey_lky ijhy\e_gb_f jhlZpbhgghc fh^u ^_nhjfZpbb \ __ ljZ^bpbhgghf [18-20]

ihgbfZgbb. Ihke_^g__ k\yaZgh, \ qZklghklb, k l_f, qlh \ wlbo ahgZo \ mkeh\byo

h^ghjh^ghc ^_nhjfZpbb ij_\jZs_gby dZd _^bgkl\_gghc fh^u ^_nhjfZpbb

Zglbkbff_ljbqgZy qZklv l_gahjZ ^bklhjkbb (g_h[oh^bfuc bklhqgbd jhlZpbhgghc

fh^u ^_nhjfZpbb) hlkmlkl\m_l. I_j_hjb_gZpby djbklZeebq_kdhc j_r_ldb \ ahgZo

HPDo=IMoHPD ij_\jZs_gbc hkms_kl\ey_lky ijb wlhf f_oZgbafZfb k\h_h[jZaghc

«i_j_djbklZeebaZpbb» fZl_jbZeZ \ ijhp_kk_ HPD:=IM:HPD ij_\jZs_gbc k

baf_g_gb_f kbkl_f h[jZlguo ij_\jZs_gbc beb mqZklb_f ijhp_kkh\ bgl_gkb\gh]h

d\yab\yadh]h fZkkhi_j_ghkZ. < khhl\_lkl\bb k [18] \ kemqZ_ k^\b]h\uo fh^
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^_nhjfZpbb hjb_glZpbhggZy g_mklhcqb\hklv djbklZeebq_kdhc j_r_ldb k h[jZah\Zgb_f

^bkdebgZpbc dZd ghkbl_e_c jhlZpbhgguo fh^ ^_nhjfZpbb y\ey_lky j_Zdpb_c gZ

fhf_glgu_ gZijy`_gby \ mkeh\byo kl_kg_gghklb k^\b]h\hc fh^u ^_nhjfZpbb.

< aZdexq_gb_ ih^q_jdg_f, qlh \ hkgh\_ Zdlb\baZpbb HPDo=IMoHPD

ij_\jZs_gbc dZd f_oZgbafh\ ieZklbq_kdhc ^_nhjfZpbb e_`bl y\e_gb_ nZah\hc

g_klZ[bevghklb HPD j_r_ldb \ iheyo \ukhdbo ehdZevguo gZijy`_gbc. MdZaZggu_

\ur_ ij_\jZs_gby y\eyxlky ijb wlhf j_amevlZlhf b k\b^_l_evkl\hf baf_g_gby \ ihe_

gZijy`_gbc ^bZ]jZffu khklhygby fZl_jbZeZ.

<u\h^u

Bkke_^h\Zgb_ njZdlh]jZnbq_kdbo hkh[_gghkl_c ih\_joghklb jZajmr_gby kieZ\Z

V–Cr–W–ZrC ihke_ bkiulZgbc gZ m^Zjgmx \yadhklv ihdZaZeh, qlh jZajmr_gb_ wlh]h

kieZ\Z hkms_kl\ey_lky \ 2 wlZiZ:

� nhjfbjh\Zgb_ ahg ieZklbq_kdh]h jhklZ lj_sbg, jZkijhkljZgyxsboky ih^

m]eZfb hdheh 45 ]jZ^mkh\ d ih\_joghklb h[jZaph\, lh _klv \ gZijZ\e_gbyo

fZdkbfZevguo k^\b]h\uo gZijy`_gbc;

� d\Zabojmidh_ ljZgkdjbklZeeblgh_ jZajmr_gb_, iehsZ^v dhlhjh]h k

ihgb`_gb_f l_fi_jZlmju m\_ebqb\Z_lky.

<_ebqbgZ m^Zjghc \yadhklb hij_^_ey_lky ijb wlhf jZ[hlhc jZkdjulby lj_sbgu

gZ wlZi_ __ ieZklbq_kdh]h jhklZ.

We_dljhggh-fbdjhkdhibq_kdh_ bkke_^h\Zgb_ ^_n_dlghc km[kljmdlmju \

hdj_klghklb ih\_joghkl_c jZajmr_gby b ihke_ ijhdZldb kieZ\Z ijb dhfgZlghc

l_fi_jZlmj_ ihdZaZeh, qlh \Z`gufb f_oZgbafZfb ^_nhjfZpbb y\eyxlky f_oZgbafu

HPDo=IMoHPD ij_\jZs_gbc k mqZklb_f d\Zab\yadh]h fZkkhi_j_ghkZ \ iheyo

\ukhdbo ehdZevguo ]jZ^b_glh\ ^Z\e_gby. Ijb ZgZeba_ wlbo f_oZgbafh\ g_h[oh^bfh

mqblu\Zlv \hafh`ghklb j_ZebaZpbb ke_^mxsbo \ZjbZglh\:

� – HPD:=IM:HPD ij_\jZs_gbc k baf_g_gb_f kbkl_f h[jZlguo

ij_\jZs_gbc;

� – HPD:=IM:HPD ij_\jZs_gbc k mqZklb_f d\Zab\yadh]h fZkkhi_j_ghkZ.

J_ZebaZpby i_j\h]h ba wlbo \ZjbZglh\ ijb\h^bl d nhjfbjh\Zgbx

gZghnjZ]f_glh\ beb f_ahihehk i_j_hjb_glZpbb k [hevr_m]eh\ufb (^_kyldb ]jZ^mkh\)

]jZgbpZfb; \lhjh]h – d gZgh-djbklZeebq_kdbf kljmdlmjZf k fZehm]eh\ufb

^bkdj_lgufb jZahjb_glbjh\dZfb b \ukhdhc mijm]hc djb\baghc djbklZeebq_kdhc

j_r_ldb.

<Z`ghc hkh[_gghklvx HPDo=IMoHPD ij_\jZs_gbc, hij_^_eyxs_c

\hafh`ghklb j_ZebaZpbb wlhc fh^u ^_nhjfZpbb gZ jZaguo kljmdlmjguo mjh\gyo,

y\ey_lky __ Zdlb\baZpby gZ gZghfZkrlZ[ghf mjh\g_ ^_nhjfZpbb. Ghkbl_eyfb lZdhc

^_nhjfZpbb y\eyxlky gZgh-h[t_fu HPDo=IMoHPD ij_\jZs_gbc jZaf_jZfb

g_kdhevdh gZghf_ljh\.
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IhdZaZgh, qlh h^ghjh^gZy ^_nhjfZpby HPDo=IMoHPD ij_\jZs_gbc fh`_l

b]jZlv \Z`gmx jhev ijb nhjfbjh\Zgbb fbdjhkljmdlmju b f_oZgbq_kdbo k\hckl\

\ZgZ^b_\uo kieZ\h\ g_ lhevdh \ mkeh\byo [hevrbo ieZklbq_kdbo ^_nhjfZpbc beb

hlghkbl_evgh bgl_gkb\guo f_oZgbq_kdbo gZ]jmahd, gh b gZ gZqZevguo wlZiZo

^_nhjfZpbb, gZqbgZy k ij_^_eZ l_dmq_klb \ ijhp_kk_ Zdlb\ghc ^_nhjfZpbb

jZkly`_gb_f.

Hlkmlkl\b_ ^ey h^ghjh^ghc ^_nhjfZpbb (HPD:=IM:HPD) ij_\jZs_gbc

kdhevdh-gb[m^v wnn_dlb\guo ij_iylkl\bc, ijb\h^ys__ d kgb`_gbx \_ebqbgu

^_nhjfZpbhggh]h b ^bki_jkgh]h mijhqg_gby, kh\f_klgh k \ukhdhc wnn_dlb\ghklvx

j_eZdkZpbb \ukhdh^_n_dlguo km[kljmdlmj ^_nhjfZpbb \ mkeh\byo nZah\hc

^bgZfbq_kdhc g_klZ[bevghklb djbklZeeZ hij_^_eyxl \hafh`ghklb k\_jo\ukhdhc

l_ogheh]bq_kdhc ieZklbqghklb kieZ\h\ gZ hkgh\_ V b agZqbl_evgh]h kgb`_gby

l_fi_jZlmj bo oeZ^ghehfdhklb.

< ^bki_jkgh-mijhqg_gghf \ZgZ^b_\hf kieZ\_ V-Cr-W-ZrC kgb`_gb_

wnn_dlb\ghklb ^bki_jkgh]h mijhqg_gby \ bgl_j\Ze_ gbadhl_fi_jZlmjghc nZah\hc

g_klZ[bevghklb h[_ki_qb\Z_l \hafh`ghklv agZqbl_evguo wnn_dlh\ ^bki_jkgh]h

mijhqg_gby \ h[eZklb ih\ur_gguo l_fi_jZlmj ijb iheghf hlkmlkl\bb lZdh\uo ijb

l_fi_jZlmjZo gb`_ dhfgZlghc. Wlh k\b^_l_evkl\m_l h ohjhrbo i_jki_dlb\Zo kha^Zgby

^bki_jkgh-mijhqg_gguo \ZgZ^b_\uo kieZ\h\ k \ukhdbfb agZq_gbyfb oZjZdl_jbklbd

\ukhdhl_fi_jZlmjghc ijhqghklb ijb khojZg_gbb \ukhdh]h aZiZkZ gbadhl_fi_jZlmjghc

ieZklbqghklb.

< hkgh\_ Zdlb\baZpbb HPDo=IMoHPD ij_\jZs_gbc dZd f_oZgbafh\

ieZklbq_kdhc ^_nhjfZpbb e_`bl y\e_gb_ nZah\hc g_klZ[bevghklb HPD j_r_ldb \

iheyo \ukhdbo ehdZevguo gZijy`_gbc. MdZaZggu_ \ur_ ij_\jZs_gby y\eyxlky ijb

wlhf j_amevlZlhf b k\b^_l_evkl\hf baf_g_gby \ ihe_ gZijy`_gbc ^bZ]jZffu

khklhygby fZl_jbZeZ.

JZ[hlZ \uiheg_gZ \ jZfdZo ]jZglZ JGN � 24-29-00420.
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