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KlZlvy ihk\ys_gZ bamq_gbx \ebygby obfbq_kdh]h khklZ\Z kieZ\h\ pbjdhgby

W110 h.q. b W635 gZ ehdZebaZpbx ieZklbq_kdhc ^_nhjfZpbb ijb

^_nhjfZpbhggh-kdhjhklguo j_`bfZo oheh^ghc ijhdZldb. Bkke_^h\Zgb_

ijh\h^behkv gZ iehkdbo fh^_evguo h[jZapZo k jZ[hq_c qZklvx jZaf_jhf

20,00 ff ijb kdhjhklb ^_nhjfZpbb 2 ff \ k_dmg^m k ij_^r_kl\mxsbfb

l_jfhh[jZ[hldZfb h[jZaph\ \ ^bZiZahg_ 520-600 °K. Bkke_^h\Zgb_

ij_^klZ\ey_l \Z`guc \deZ^ \ ihgbfZgb_ \ebygby obfbq_kdh]h khklZ\Z b

j_`bfh\ l_jfhh[jZ[hldb gZ ieZklbq_kdmx ^_nhjfZpbx kieZ\h\ pbjdhgby,

qlh bf__l ijZdlbq_kdh_ agZq_gb_ ^ey ijhfure_ggh]h ijhba\h^kl\Z.

Dexq_\u_ keh\Z: ijhfure_ggu_ kieZ\u pbjdhgby, pbjdhgb_\u_ ljm[u, ehdZebaZpby

ieZklbq_kdh]h l_q_gby, oheh^gZy ijhdZldZ.

THE EFFECT OF CHEMICAL COMPOSITION ON THE LOCALIZATION OF

PLASTIC DEFORMATION OF ZIRCONIUM ALLOYS

M.I. Sergacheva, K.V. Ozhmegov, A.S. Zavodchikov, A.A. Nosov, A.Yu. Shevyakov,

N.S. Saburov, S.A. Bekrenev, D.A. Kryukov

JSC «A.A. Bochvar High-Technology Research Institute of Inorganic Materials», Moscow

The article is devoted to the study of the influence of the chemical composition of

zirconium alloys E635 and E110 opt. on the localization of plastic deformation

under deformation-velocity modes of cold rolling. The study was carried out on flat

model samples with a working part size 20,00 mm at a deformation rate of 2 mm

per second with previous heat treatments of the samples in the range of

520-600 °C. The study makes an important contribution to understanding the effect

of chemical composition and heat treatment on the plastic deformation of

zirconium alloys, which has practical significance for industrial production of

zirconium alloys.

Keywords: industrial zirconium alloys, zirconium pipes, localization of plastic flow, cold rolling.
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<\_^_gb_

< klZlv_ jZkkfhlj_gu f_lh^u ih\ur_gby l_ogheh]bqghklb fZl_jbZeZ

ijhfure_gguo pbjdhgb_\uo kieZ\h\ ijbf_gbl_evgh d mkeh\byf oheh^ghc ijhdZldb

iml_f baf_g_gby kljmdlmju. DZd ba\_klgh ba ^bkehdZpbhgghc l_hjbb mijhqg_gby

^_nhjfbjm_fuo fZl_jbZeh\, bo ieZklbq_kdh_ l_q_gb_ j_Zebam_lky g_h^ghjh^gh gZ \k_o

wlZiZo ^_nhjfbjh\Zgby, b \ f_lZee_ kZfhijhba\hevgh nhjfbjmxlky b

w\hexpbhgbjmxl ih^\b`gu_ b klZpbhgZjgu_ hqZ]b ehdZebah\Zgghc ieZklbqghklb.

Khkj_^hlhq_gb_ ^_nhjfZpbb \ hij_^_e_gguo h[eZklyo fZl_jbZeZ fh`_l ijb\_klb d

ehdZevghfm kgb`_gbx l_ogheh]bqghklb [1, 2]. >ey kieZ\h\ pbjdhgby oZjZdl_jguf

y\ey_lky hkms_kl\e_gb_ ieZklbq_kdhc ^_nhjfZpbb iml_f kdhev`_gby ^bkehdZpbc [3].

Ijb wlhf jZaebqgu_ we_f_glu kljmdlmju, lZdb_ dZd ]jZgbpu a_j_g, \u^_e_gby \lhjhc

nZau, \dexq_gby, klZgh\ylky ij_iylkl\byfb ^ey kdhev`_gby ^bkehdZpbc b y\eyxlky

ijbqbghc ehdZebaZpbb. K p_evx hij_^_e_gby \ebygby ^Zgguo kljmdlmjguo we_f_glh\

gZ ijhp_kk ehdZebaZpbb ieZklbq_kdh]h l_q_gby [ueb ijh\_^_gu wdki_jbf_glu gZ

ijhfure_gguo kieZ\Zo pbjdhgby jZaebqguo khklZ\h\ – W110 h.q. b W635.

FbdjhkljmdlmjZ wlbo kieZ\h\ bf__l ijbgpbibZevgu_ hlebqby. KieZ\ W110 h.q.

hlghkblky d [bgZjghc kbkl_f_ Zr-Nb, _]h kljmdlmjZ \ khklhygbb ihklZ\db y\ey_lky

iheghklvx j_djbklZeebah\Zgghc, k ij_bfms_kl\_ggh jZ\ghhkgufb a_jgZfb .-Zr b

qZklbpZfb �-Nb kh kj_^gbf jZaf_jhf ~50 gf, bf_xsbfb ]eh[meyjgmx nhjfm b

jZ\ghf_jgh jZkij_^_e_ggufb ih l_em b ]jZgbpZf a_j_g. <u^_e_gby wlhc nZau bf_xl

HPD j_r_ldm. KieZ\ W635 hlghkblvky d kbkl_f_ Zr-Nb-Sn-Fe kh kljmdlmjhc \ \b^_

a_j_g .-Zr-nZau b qZklbpZfb bgl_jf_lZeeb^h\ \ \b^_ nZau EZ\_kZ (L) – Zr(Nb,Fe)2

kj_^gbf jZaf_jhf ~100 gf. <u^_e_gby wlhc nZau bf_xl =IM j_r_ldm [4].

< Zlhfghc wg_j]_lbd_ kieZ\ W110 h.q. bkihevam_lky \ dZq_kl\_ fZl_jbZeZ

h[hehq_d b aZ]emr_d l\weh\ b ^bklZgpbhgbjmxsbo j_rzlhd L<K [5, 6]. KieZ\ W635

ijbf_gy_lky dZd fZl_jbZe p_gljZevghc ljm[u, gZijZ\eyxsbo dZgZeh\ b m]hedh\

`zkldhklb dZjdZkZ L<K \ gh\uo jZajZ[hldZo lbiZ L<K: b L<K-2 j_ZdlhjZ <<WJ-1000

[5, 7-10]. Ijhba\h^kl\h ba^_ebc ba wlbo kieZ\h\ \dexqZ_l ke_^mxsb_ l_ogheh]bq_kdb_

ijhp_kku: \uieZ\dm kebldZ, ]hjyqmx ^_nhjfZpbx b fgh]hdjZlgmx oheh^gmx ijhdZldm

k ijhf_`mlhqgufb b aZdexqbl_evguf hl`b]Zfb [6] ijb l_fi_jZlmj_ kms_kl\h\Zgby .-

Zr-nZa. Ihke_ hl`b]h\ \ ba^_ebyo ijhf_`mlhqguo b ]hlh\uo jZaf_jh\ h[_ki_qb\Z_lky

kljmdlmjgh_ khklhygb_, [ebadh_ d j_djbklZeebah\Zgghfm [4].

< jZ[hl_ [11] [ueh hlf_q_gh \ebygb_ kljmdlmjgh]h khklhygby gZ l_ogheh]bqghklv

kieZ\Z W110 h.q. IhdZaZgh, qlh ihke_ oheh^ghc ^_nhjfZpbb b hl`b]Z ijb l_fi_jZlmj_

540 °C Zdlb\bjh\Zehkv [hevr__ dhebq_kl\h fbdjhhqZ]h\ ieZklbq_kdh]h l_q_gby, qlh

iha\hebeh m\_ebqblv klZ^bx mklhcqb\h]h l_q_gby aZ kq_l ih\ur_gby khijhlb\e_gby

f_lZeeZ h[jZah\Zgbx fZdjhhqZ]h\ ehdZebaZpbb.

K p_evx bkke_^h\Zgby \ebygby obfbq_kdh]h khklZ\Z pbjdhgb_\uo kieZ\h\ gZ

l_ogheh]bqghklv fZl_jbZeZ \ gZklhys_c jZ[hl_ bkke_^h\Zgh g_kdhevdh j_`bfh\
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hl`b]h\ \ l_fi_jZlmjghf bgl_j\Ze_ hl 520 ^h 600 °K k \u^_j`dZfb hl 2 ^h 4 qZkh\ gZ

kieZ\Zo W110 h.q. b W635.

FZl_jbZeu b f_lh^bdb bkke_^h\Zgbc

< dZq_kl\_ fZl_jbZeZ bkke_^h\Zgbc [ueb \aylu ijhfure_ggu_ kieZ\u pbjdhgby

W110 h.q. b W635, khklZ\u dhlhjuo ijb\_^_gu \ lZ[e. 1.

LZ[ebpZ 1

FZkkh\Zy ^hey e_]bjmxsbo we_f_glh\ \ kieZ\Zo W110 h.q. b W635

KieZ\

We_f_gl

W110 h.q. W635

Nb,% 0,90-1,10 0,90-1,10

Sn, % - 1,10-1,30

Fe,% <0,05 0,30-0,40

O,% <0,099 0,05-0,12

Hp_gdZ ehdZebaZpbb ijhbkoh^beZ gZ h[jZapZo ebklh\ kieZ\h\ W110 h.q. b W635

lhesbghc 0,55 b 0,65 ff khhl\_lkl\_ggh k ijbf_g_gb_f f_lh^Z ^_ebl_evguo k_lhd ijb

h^ghhkghf jZkly`_gbb gZ bkiulZl_evghc fZrbg_ «Instron-5982» k ihke_^mxsbf

ihkljh_gb_f b ZgZebahf ^bZ]jZff ehdZebaZpbb ieZklbq_kdh]h l_q_gby f_lZeeZ. LZdhc

ZgZeba iha\hey_l g_ lhevdh hp_gblv ij_^_eu ieZklbqghklb kieZ\h\, gh lZd`_

hij_^_eblv \ebygb_ kljmdlmjguo nZdlhjh\ gZ gZklmie_gb_ g_mklhcqb\h]h l_q_gby

f_lZeeZ.

<g_rgbc \b^ h[jZapZ ij_^klZ\e_g gZ jbk. 1, ^ebgZ jZ[hq_c qZklb h[jZapZ

khklZ\eyeZ 20,00 ff. L_jfhh[jZ[hldb ijh\h^bebkv gZ hlh[jZgguo h[jZapZo \

\Zdmmfghc i_qb k \Zdmmfhf 1×10-5 IZ. J_`bfu l_jfhh[jZ[hlhd ij_^klZ\e_gu

\ lZ[e. 2-3.

Jbk. 1. <g_rgbc \b^ h[jZapZ ^ey ijh\_^_gby f_oZgbq_kdbo bkiulZgbc gZ jZkly`_gb_,

hlh[jZggh]h hl ebklh\ kieZ\Z W110 h.q. b W635
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LZ[ebpZ 2

J_`bfu l_jfbq_kdbo h[jZ[hlhd ijb bkiulZgbyo gZ h^ghhkgh_ jZkly`_gb_ iehkdbo

h[jZaph\, hlh[jZgguo hl ebklh\ kieZ\Z W110 h.q.

V=2 ff/k

L_fi_jZlmjZ, hK

\j_fy \u^_j`db, q - 520 540 580 600

- +

3 + + + +

LZ[ebpZ 3

J_`bfu l_jfbq_kdbo h[jZ[hlhd ijb bkiulZgbyo gZ h^ghhkgh_ jZkly`_gb_ iehkdbo

h[jZaph\, hlh[jZgguo hl ebklh\ kieZ\Z W635

V=2 ff/k

L_fi_jZlmjZ, hK

\j_fy \u^_j`db, q - 520 540 580 600

- +

2 +

3 + + + +

4 +

>ey bkke_^h\Zgby g_h^ghjh^ghklb ieZklbq_kdh]h l_q_gby gZ ih\_joghklb

jZ[hq_c qZklb iehkdbo h[jZaph\ gZghkbeZkv ^_ebl_evgZy k_ldZ. GZg_k_gb_ ^_ebl_evghc

k_ldb hkms_kl\eyehkv ih j_`bfm, h[_ki_qb\Zxs_fm ]em[bgm ahgu l_jfbq_kdh]h

\ebygby g_ [he__ 15 fdf, ]em[bgm fZjdbjh\db g_ [he__ 1 fdf. JZaf_j h^ghc yq_cdb

^_ebl_evghc k_ldb khklZ\eye 0,9×0,9 ff, lhesbgZ ebgbb k_ldb khklZ\eyeZ ^h 10 fdf

(jbk. 1).

F_lh^ hij_^_e_gby ^_nhjfbjh\Zggh]h khklhygby hkgh\Zg gZ baf_j_gbb

]_hf_ljbb ^_ebl_evghc k_ldb ^h b ihke_ jZkly`_gby, Z lZd`_ \ ijhp_kk_ ^_nhjfZpbb

bkke_^m_fh]h h[jZapZ. >ey hij_^_e_gby \_ebqbgu ieZklbq_kdhc ^_nhjfZpbb h[uqgh

bkihevamxl eh]Zjbnfbq_kdmx f_jm, l._. ^_nhjfZpby hlj_adZ, bf_xs_]h

i_j\hgZqZevgmx ^ebgm l0, Z ^ebgm ihke_ ^_nhjfZpbb l, khklZ\ey_l

0=lnl
l4
W (1)

IeZklbqghklv fZl_jbZeZ hp_gb\ZeZkv ih ^\mf oZjZdl_jbklbdZf: hlghkbl_evghfm

m^ebg_gbx (2) b hlghkbl_evghfm km`_gbx (3).

Ü =
ßÍ?ßÐ

ßÐ
× 100%,            (2)

]^_ ld – dhg_qgZy ^ebgZ h[jZapZ, lg – gZqZevgZy ^ebgZ h[jZapZ.

W =
¿g?¿d

¿g
× 100%,           (3)

]^_ Fg – gZqZevgZy iehsZ^v ihi_j_qgh]h k_q_gby h[jZapZ, Fd – dhg_qgZy iehsZ^v

ihi_j_qgh]h k_q_gby h[jZapZ \ f_kl_ jZaju\Z.

BkiulZgby h[jZaph\ ijh\h^bebkv f_lh^hf h^ghhkgh]h jZkly`_gby ^h jZaju\Z gZ

we_dljhf_oZgbq_kdhc bkiulZl_evghc fZrbg_ «Instron-5982». @_kldhklv

bkiulZl_evghc fZrbgu 300 dG/ff. BkiulZgby ijh\h^bebkv ijb dhfgZlghc
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l_fi_jZlmj_. Bkke_^h\Zgb_ l_q_gby f_lZeeZ hkms_kl\eyehkv ijb kdhjhklb gZ]jm`_gby

2 ff/k, qlh khhl\_lkl\m_l kdhjhklb ^_nhjfZpbb f_lZeeZ \ ijhp_kk_ oheh^ghc ijhdZldb.

Baf_j_gb_ ^_ebl_evguo k_lhd ihke_ bkiulZgbc gZ jZkly`_gb_ ijh\h^behkv k

bkihevah\Zgb_f baf_jbl_evgh]h fbdjhkdhiZ Evotis lynx system 1 k m\_ebq_gb_f ^h 60

djZl – ih j_amevlZlZf baf_j_gbc [ueb ihkljh_gu ^bZ]jZffu ehdZebaZpbb

ieZklbq_kdh]h l_q_gby. :gZeba kljmdlmjgh]h khklhygby ihke_ hl`b]h\ ijh\h^beky gZ

ZgZebaZlhj_ kljmdlmj fgh]hfZkrlZ[ghf SIAMS fh^bnbdZpby :KF.1 \

iheyjbah\Zgghf k\_l_ ijb m\_ebq_gbb 500 djZl.

Rebnu ba]hlZ\eb\Zebkv k bkihevah\Zgb_f dZj[b^-dj_fgb_\hc Z[jZab\ghc

[mfZ]b, a_jgbklhklvx hl 100 ^h 2500, k ihkl_i_gguf i_j_oh^hf hl [he__ ]jm[h]h d

[he__ lhgdhfm Z[jZab\m. >ZggZy hi_jZpby hkms_kl\eyeZkv gZ klZgd_ ATM «Saphir 350».

Ihebjh\Zgb_ rebnh\ hkms_kl\eyehkv gZ ]jm[hr_jklghf kmdg_ k bkihevah\Zgb_f \

dZq_kl\_ Z[jZab\gh]h fZl_jbZeZ kf_kv ba nbevljh\Zgghc hdbkb ojhfZ b \h^u.

HdhgqZl_evgh_ ihebjh\Zgb_ \uihegyehkv k ihfhsvx ZefZaghc iZklu k jZaguf

jZaf_jhf qZklbp ^h ijb^Zgby rebnm a_jdZevgh]h [e_kdZ. >ey \uy\e_gby kljmdlmju \

bkke_^m_fuo h[jZapZo ijh\h^behkv ljZ\e_gb_ \ j_Zdlb\Zo khklZ\Z: 45fe H2O + 45fe

HNO3 + 10fe HF.

J_amevlZlu

GZ jbk. 2 ij_^klZ\e_gh kljmdlmjgh_ khklhygb_ h[jZaph\ kieZ\Z W110 h.q.,

hlh[jZgguo hl ebklh\ \ ^_nhjfbjh\Zgghf khklhygbb [_a l_jfhh[jZ[hldb b

hlh``_gguo ijb jZaebqguo l_fi_jZlmjZo \ bgl_j\Ze_ 520-600 hK k \u^_j`dhc 3 qZkZ.

< h[jZapZo [_a l_jfhh[jZ[hldb gZ[ex^Z_lky oZjZdl_jgh_ ^_nhjfbjh\Zggh_ khklhygb_

kljmdlmju – a_jgZ g_jZ\ghhkgu_ b \ulygmlu_ \ gZijZ\e_gbb ^_nhjfZpbb dZd \

ijh^hevghf, lZd b \ ihi_j_qghf k_q_gbyo. Ihke_ hl`b]Z ijb l_fi_jZlmj_ 520 hK \

h[jZapZo ihy\eyxlky mqZkldb gZqZeZ j_djbklZeebaZpbb, k\b^_l_evkl\mxsb_ h

jZamijhqg_gbb fZl_jbZeZ, gh k khojZg_gb_f \ kljmdlmj_ ^_nhjfZpbhgghc

gZijZ\e_gghklb. K ih\ur_gb_f l_fi_jZlmju hl`b]Z ^h 540 hK b \ur_ \ kljmdlmj_

nhjfbjmxlky jZ\ghhkgu_ a_jgZ, qlh ih^l\_j`^Z_lky kgbfdZfb \ h[hbo k_q_gbyo

ebklh\uo h[jZaph\. JZaf_j azj_g g_h^ghjh^_g b \ kj_^g_f khklZ\ey_l 2,9 fdf (540 hK),

3,5 fdf (580 hK) b 3,9 fdf (600 hK). Ijb wlhf gZijZ\e_gb_ ^_nhjfZpbb ih a_j_gghc

kljmdlmj_ ijZdlbq_kdb g_ ijhkfZljb\Z_lky.
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kljmdlmjgh]h khklhygby hl gZ]Zjlh\Zggh]h ^h j_djbklZeebah\Zggh]h fZdkbfmf gZ

djb\uo l_q_gby kf_sZ_lky \ klhjhgm [hevrbo ^_nhjfZpbc, qlh k\b^_l_evkl\m_l h

[he__ iha^g_f gZklmie_gbb nhjfbjh\Zgby fZdjhhqZ]Z ehdZebaZpbb ieZklbq_kdh]h

l_q_gby. <f_kl_ k l_f l_fi_jZlmjZ L=540 °K ih\urZ_l khijhlb\e_gb_ f_lZeeZ 1s

ehdZebaZpbb, ihl_jy mklhcqb\hklb l_q_gby gZklmiZ_l g_kdhevdh iha^g__ (fZdkbfmf

ijb L=540 °K kf_r_g \ijZ\h hlghkbl_evgh fZdkbfmfZ gZ djb\hc l_q_gby, ihemq_gghc

ijb L=600 °K). Mklhcqb\h_ l_q_gb_ f_lZeeZ khojZgy_lky gZ h[jZapZo [_a

l_jfhh[jZ[hldb ^h gZijy`_gby 491,6 FIZ ijb bklbgghc ^_nhjfZpbb 0 = 0,096, ihke_

hl`b]Z ijb 540 hK – 454,7 FIZ ijb 0=0,119, ijb 600 hK – 422,0 FIZ ijb 0=0,107.

LZdbf h[jZaphf, j_amevlZlu bkke_^h\Zgby djb\uo l_q_gby ih^l\_j`^Zxl, qlh

fZdkbfZevgmx jZ[hlm \g_rg_c kbeu ^h h[jZah\Zgby hqZ]Z fZdjhehdZebaZpbb (r_cdb)

\u^_j`b\Zxl h[jZapu, hlh``_ggu_ ijb l_fi_jZlmj_ 540 hK. Ijb wlhf bo m^ebg_gb_

\ kj_^g_f khklZ\ey_l 6,6 ff, qlh gZ §10% f_gvr_, q_f gZ h[jZapZo ihke_ hl`b]Z ijb

600 hK (7,5 ff).

Jbk. 7. Djb\u_ l_q_gby 1s – 0 kieZ\Z W110 h.q., ihemq_ggu_ ijb bkiulZgbb f_lh^hf h^ghhkgh]h

jZkly`_gby ijb kdhjhklb V= 2 ff/k h[jZaph\ [_a l_jfhh[jZ[hldb, ij_^\Zjbl_evgh

l_jfhh[jZ[hlZgguo \ l_q_gb_ 3 qZkh\ ijb 540 hK b 600 hK.

Ijh\_^_gZ hp_gdZ mijhqg_gby fZl_jbZeZ ijb f_oZgbq_kdbo bkiulZgbyo ih

iZjZf_ljZf mjZ\g_gby Ex^\bdZ – OheehfhgZ [13]

5 = $ ® Èà (4)

]^_ 5 – bklbggu_ gZijy`_gby, FiZ;

B – dhwnnbpb_gl mijhqg_gby, FiZ;

m – ihdZaZl_ev ^_nhjfZpbhggh]h mijhqg_gby, [_ajZaf_jguc;

È – bklbggZy ^_nhjfZpby, [_ajZaf_jgZy.

;_a l/h

600 hK 3 qZkZ W110 h.q.

540 hK 3 qZkZ W110 h.q.
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<_ebqbgu B b m ^ey ebklh\uo h[jZaph\ ba kieZ\Z W110 h.q. [ueb ihemq_gu \

j_amevlZl_ h[jZ[hldb ^bZ]jZff ^_nhjfZpbb � jZkly`_gby h[jZaph\. AgZq_gby

bklbgguo gZijy`_gbc b m^ebg_gby ihemqZeb ZgZeblbq_kdbf f_lh^hf gZ mqZkld_

jZ\ghf_jghc ^_nhjfZpbb ba ke_^mxsbo khhlghr_gbc

5 = ê(1+ Ý) (5)

A = HJ(1+ Ý) (6)

]^_ 1 – mkeh\gu_ gZijy`_gby, FIZ

0 – mkeh\gZy ^_nhjfZpby, [_ajZaf_jgZy.

JZkq_lgu_ dhwnnbpb_glu mjZ\g_gby Ex^\bdZ – OheehfhgZ ij_^klZ\e_gu \

lZ[e. 4. Hlf_q_gh, qlh [he__ qm\kl\bl_e_g d kljmdlmjghfm khklhygbx b l_fi_jZlmj_

ij_^\Zjbl_evghc l_jfhh[jZ[hldb ihdZaZl_ev ^_nhjfZpbhggh]h mijhqg_gby (m)

(baf_g_gb_ \ bkke_^m_fhf bgl_j\Ze_ l_fi_jZlmj ^h 14,8%), gZ h[jZapZo k

l_fi_jZlmjhc hl`b]Z hl 540 hK b \ur_ hklZ_lky ijZdlbq_kdb g_baf_gguf (baf_g_gb_

g_ [he__ 1,6%), ijb kgb`_gbb l_fi_jZlmju hl`b]Z \ bgl_j\Ze_ k 540 hK ^h 520 hK

gZ[ex^Z_lky j_adh_ iZ^_gb_ _]h agZq_gby gZ 9,6%. Dhwnnbpb_gl mijhqg_gby (<) \h

\k_f bkke_^h\Zgghf ^bZiZahg_ bf__l fZdkbfZevgh_ hldehg_gb_ g_ [he__ 12%.

Hlf_q_gh kgb`_gb_ agZq_gby ^Zggh]h iZjZf_ljZ k m\_ebq_gb_f l_fi_jZlmju hl`b]Z.

LZ[ebpZ 4

JZkq_lgu_ agZq_gby dhwnnbpb_glZ mijhqg_gby (B) b ihdZaZl_ey ^_nhjfZpbhggh]h

mijhqg_gby (m) ^ey ebklh\h]h h[jZaph\ kieZ\Z W110 h.q. k jZaebqghc bkoh^ghc

kljmdlmjhc ijbf_gbl_evgh d mkeh\byf bkiulZgby

L_fi_jZlmjZ
hl`b]Z, hK.

B,FIZ m R2

;_a l/h 580,560 0,0728 0,983

520 572,427 0,0785 0,996

540 554,665 0,0868 0,991

580 534,231 0,0862 0,987

600 510,889 0,0854 0,9927

GZ jbk. 8 ij_^klZ\e_gh kljmdlmjgh_ khklhygb_ h[jZaph\ kieZ\Z W635, hlh[jZgguo

hl ebklh\ \ ^_nhjfbjh\Zgghf khklhygbb [_a l_jfhh[jZ[hldb b hlh``_gguo ijb

l_fi_jZlmjZo 520-600 hK k \u^_j`dhc 3 qZkZ. < h[jZapZo kieZ\Z W635 [_a

l_jfhh[jZ[hldb gZ[ex^Z_lky oZjZdl_jgh_ ^_nhjfbjh\Zggh_ khklhygb_ kljmdlmju. Ijb

ih\ur_gbb l_fi_jZlmju hl`b]Z ^h 520 hK gZ[ex^Z_lky gZqZeh ijhp_kkZ

jZamijhqg_gby (kgb`_gb_ dhwnnbpb_glZ mijhqg_gby (B)) fZl_jbZeZ. Ihke_ hl`b]Z ijb

l_fi_jZlmjZo 540 hK b \ur_ \ kljmdlmj_ ijbkmlkl\mxl jZ\ghhkgu_ a_jgZ dZd \

ijh^hevghf, lZd b \ ihi_j_qghf gZijZ\e_gbyo (jbk. 8). H^gZdh, \ hlebqb_ hl kieZ\Z

W110 h.q., ihke_ hl`b]Z ijb 540 hK gZ[ex^Z_lky [hevrZy g_h^ghjh^ghklv jZaf_jZ
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Obfbq_kdbc khklZ\ kieZ\Z W635 ijb\h^bl d nhjfbjh\Zgbx g_h^ghjh^ghc

fgh]hnZaghc kljmdlmju, \Z`gufb we_f_glZfb dhlhjhc y\eyxlky \u^_e_gby

bgl_jf_lZeeb^guo nZa, \ khklZ\ dhlhjuo ba e_]bjmxsbo we_f_glh\ \oh^yl gbh[bc b

`_e_ah [4]. Ba ebl_jZlmjguo ^Zgguo ba\_klgh, qlh \ kljmdlmj_ kieZ\Z W635 ihfbfh

azj_g .-Zr-nZau fh]ml [ulv qZklbpu L-nZau jZaf_jhf ^h 1,0-1,5 fdf b qZklbpu nZau

EZ\_kZ jZaf_jhf ^h 0,15-0,20 fdf k h[jZah\Zgb_f kljhq_d \gmljb azj_g [14, 15, 16].

< lh \j_fy dZd kljmdlmjZ kieZ\Z W110 h.q. oZjZdl_jbam_lky a_jgZfb .-Zr-nZau b

\dexq_gbyfb �-Nb-nZau jZaf_jhf ^h 0,1 fdf [4].

Ih^h[gu_ jZaebqby \ obfbq_kdhf khklZ\_ bkke_^m_fuo kieZ\h\ ijb\h^yl d

oZjZdl_jghfm baf_g_gbx dZjlbgu ehdZebaZpbb ieZklbq_kdh]h l_q_gby. < ^Zgghf

bkke_^h\Zgbb hp_gb\Zehkv \ebygb_ l_fi_jZlmju ijhf_`mlhqgh]h hl`b]Z ihke_

oheh^ghc ijhdZldb, b, dZd ke_^kl\b_, kljmdlmju h[jZaph\ (nhjfZ, jZaf_j b

h^ghjh^ghklv jZaf_jZ a_jgZ) gZ ehdZebaZpbx ieZklbq_kdh]h l_q_gby. L_jfhh[jZ[hldZ

ihke_ oheh^ghc ijhdZldb ijh\h^blky \ .-h[eZklb b fh`_l ih\ebylv gZ oZjZdl_j

h[jZah\Zgby kljhq_d f_edbo qZklbp nZau EZ\_kZ, h[jZamxsboky \ j_amevlZl_ jZkiZ^Z

�-Zr ijhkeh_d [13, 15, 16, 17]. H^gZdh hgZ g_ \eby_l gZ jZaf_j b oZjZdl_j jZkiheh`_gby

djmiguo qZklbp L-nZau, _keb hgb m`_ ijbkmlkl\mxl \ kljmdlmj_. LZd`_ ^ey kieZ\Z

W635 ijb ihke_^mxs_c oheh^ghc ijhdZld_ (hkh[_ggh gZ gZqZevguo wlZiZo ihke_

l_jfbq_kdhc h[jZ[hldb ijb l_fi_jZlmjZo � b .+� h[eZklb) oZjZdl_j_g f_oZgbaf

l\_j^hjZkl\hjgh]h mijhqg_gby aZ kq_l e_]bjh\Zgby heh\hf b [he__ \ukhdh]h

kh^_j`Zgby `_e_aZ b dbkehjh^Z \ kieZ\_, q_f \ W110 h.q.

:gZeba j_amevlZlh\ ihdZaZe, qlh m\_ebq_gb_ l_fi_jZlmju l_jfbq_kdhc h[jZ[hldb

\ bkke_^m_fhf ^bZiZahg_ (520-600 hK) b \j_f_gb \u^_j`db g_ hdZaZeb hsmlbfh]h

wnn_dlZ gZ ehdZebaZpbx ieZklbq_kdh]h l_q_gby ^Zggh]h kieZ\Z. GZ \k_o h[jZapZo

kieZ\Z W635, g_aZ\bkbfh hl l_jfhh[jZ[hldb b ^ebl_evghklb \u^_j`db, [he__

\ujZ`_gZ ^_nhjfZpby ijb km`_gbb (jbk. 9 \, ], jbk. 10 Z, [). OZjZdl_j ^_nhjfZpbb \

ijh^hevghf gZijZ\e_gbb, dhlhjuc hlf_qZeky gZ h[jZapZo ba kieZ\Z W110 h.q. ihke_

l_jfbq_kdhc h[jZ[hldb L=540 hK, g_ gZ[ex^Z_lky. EhdZebaZpby ieZklbq_kdh]h l_q_gby

bf__l \hegh\hc oZjZdl_j, gZb[he__ h^ghjh^gZy ^_nhjfZpby ijhbkoh^bl ihke_

l_jfbq_kdhc h[jZ[hldb ijb L=600 hK. KjZ\g_gb_ j_amevlZlh\ bkke_^h\Zgby

ehdZebaZpbb ieZklbq_kdh]h l_q_gby h[jZaph\ ba kieZ\h\ W110 h.q. b W635 ihke_

l_jfhh[jZ[hldb ij_^klZ\e_gh gZ jbk. 9-10.
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Z)

[)
Jbk. 10. Mkj_^g_ggZy k\h^gZy ^bZ]jZffZ ehdZebaZpbb ieZklbq_kdh]h l_q_gby h[jZaph\ ba

kieZ\h\ W110 h.q. b W635 gZ jZaju\. L_fi_jZlmjZ hl`b]Z: 540 hK, 3 qZkZ, 600 hK, 3 qZkZ,

kdhjhklv ^_nhjfZpbb 2 ff/k: Z) \ ihi_j_qghf gZijZ\e_gbb; [) \ ijh^hevghf gZijZ\e_gbb

Ijb wlhf kieZ\ W635 ijhy\ey_l f_gvrmx kdehgghklv d h[jZah\Zgbx fZdjhhqZ]h\

ehdZebaZpbb – agZq_gby bklbgghc ^_nhjfZpbb \ hqZ]_ jZajmr_gby h[jZapZ \ kj_^g_f

khklZ\eyxl 0,37 b 0,28 (jbk. 10) \ ijh^hevghf b ihi_j_qghf gZijZ\e_gbyo, qlh \ 3,4 b \

3,0 jZa f_gvr_, q_f gZ kieZ\_ W110 h.q. ihke_ ZgZeh]bqghc l_jfhh[jZ[hldb (600 hK).

<u^_e_gby bgl_jf_lZeeb^h\ ih ]jZgbpZf a_j_g kieZ\Z W635 lhjfhayl bo jhkl ijb

j_djbklZeebaZpbb [15], qlh h[_ki_qb\Z_l kj_^gbc jZaf_j a_jgZ 3,5 fdf \ h[jZapZo,

hlh``_gguo ijb 600 hK. < lh `_ \j_fy \ kieZ\_ W110 h.q. a_jgh jZaf_jhf 2,9-3,0 fdf

nhjfbjm_lky ijb l_fi_jZlmj_ hl`b]Z gZ 60 hK gb`_. LZdbf h[jZahf, \ h[hbo kieZ\Zo

ih^^_j`Zgb_ jZaf_jZ a_jgZ gZ mjh\g_ 2,9-3,0 fdf kihkh[kl\m_l kgb`_gbx jhklZ

fZdjhhqZ]h\ ehdZebaZpbb.

Hkh[_gghklb e_]bjh\Zgby ijb\h^yl d h[s_fm mijhqg_gbx f_lZeeZ ba kieZ\Z

W635. GZ jbk. 11 ijb\_^_gu djb\u_ l_q_gby 1s – 0 kieZ\h\ W110 h.q. b W635,

ihemq_ggu_ ijb bkiulZgbb f_lh^hf h^ghhkgh]h jZkly`_gby ijb kdhjhklb V=2 ff/k.
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600 hK 3 qZkZ W635

540 hK 3 qZkZ W110 h.q.

600 hK 3 qZkZ W110 h.q.

600 hK 3 qZkZ W635

540 hK 3 qZkZ W110 h.q.

600 hK 3 qZkZ W110 h.q.
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Hlf_qZ_lky \ujZ`_gguc fZdkbfmf gZ djb\uo l_q_gby kieZ\Z W635 gZ mjh\g_ 1s= 504

FIZ, \ lZd`_ [he__ iha^gyy ihl_jy mklhcqb\hklb ieZklbq_kdh]h l_q_gby ijb

^_nhjfZpbb 0= 0,191 ih kjZ\g_gbx kh kieZ\hf W110 h.q. (ijb T=540 hK – fZdkbfmf gZ

mjh\g_ 1s= 454,7 FIZ, 0=0,119, ijb T=600 hK fZdkbfmf gZ mjh\g_ 1s=422,0 FIZ,

0=0,107).

Jbk. 11. Djb\u_ l_q_gby 1s – 0 kieZ\h\ W635 (ihke_ hl`b]Z ijb 600 hK) b W110 h.q. (ihke_

hl`b]Z ijb 540 hK b 600 hK), ihemq_ggu_ ijb bkiulZgbb f_lh^hf h^ghhkgh]h jZkly`_gby

ijb kdhjhklb V= 2 ff/k

Mijhqg_gb_ kieZ\Z W635 aZ kq_l gZebqby e_]bjmxsbo we_f_glh\ \ l\zj^hf

jZkl\hj_ b bgl_jf_lZeeb^h\ \ kljmdlmj_ ijb\h^bl d ih\ur_gbx khijhlb\e_gby

f_lZeeZ ehdZebaZpbb ieZklbq_kdh]h l_q_gby, qlh iheh`bl_evgh kdZ`_lky, gZijbf_j, gZ

ih\ur_gbb khijhlb\e_gby d h[jZah\Zgbx kdeZ^hd gZ \gmlj_gg_c ih\_joghklb ijb

oheh^ghc ijhdZld_ ljm[. H^gZdh \hafh`gu_ kdhie_gby djmiguo qZklbp

bgl_jf_lZeeb^h\ fh]ml hljbpZl_evgh kdZaZlvky gZ ieZklbqghklb kieZ\Z b ijb\h^blv d

jZklj_kdb\Zgbx dhgph\ ljm[ ijb ijhdZld_ [4]. D ijbf_jm, m^ebg_gb_ h[jZaph\ kieZ\Z

W110 h.q. ihke_ hl`b]Z ijb L=600 hK \ kj_^g_f khklZ\ey_l /=7,5 ff, qlh gZ 70 %

[hevr_, q_f gZ h[jZapZo kieZ\Z W635 ihke_ ZgZeh]bqghc l_jfhh[jZ[hldb (/=4,4 ff).

< jZfdZo ijh\_^_gguo wdki_jbf_glh\ ih \ebygbx j_`bfh\ hl`b]h\ gZ

ehdZebaZpbx ieZklbq_kdh]h l_q_gby kieZ\Z W635 g_ ij_^klZ\ey_lky \hafh`guf

hp_gblv \ebygb_ l\_j^hjZkl\hjgh]h mijhqg_gby b \hafh`gh]h gZebqby

bgl_jf_lZeeb^guo qZklbp L-nZau (bo jZaf_jZ b jZkiheh`_gby) gZ ijhp_kk

ehdZebaZpbb ieZklbq_kdhc ^_nhjfZpbb. L_fi_jZlmju, ijbf_gy_fu_ ijb hl`b]Zo,

fh]eb hdZaZlv \ebygb_ lhevdh gZ dhebq_kl\h b jZaf_j \u^_e_gbc nZau EZ\_kZ,

h[jZamxs_cky \ j_amevlZl_ jZkiZ^Z �-Zr ijhkeh_d [14, 15, 16, 17]. <f_kl_ k l_f

\hafh`gu_ kdhie_gby djmiguo qZklbp L-nZau \ g_iheghklvx j_djbklZeebah\Zgghc

600 hK 3 qZkZ W110 h.q.

540 hK 3 qZkZ W110 h.q.

600 hK 3 qZkZ W635
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fZljbp_ fh]ml gZjmrZlv mklhcqb\hklv l_q_gby f_lZeeZ ijb ^_nhjfZpbb b ijb\h^blv

d kgb`_gbx ieZklbqghklb, qlh hkh[_ggh \Z`gh ijb oheh^ghc ijhdZld_ [4].

>Zggu_ j_amevlZlu ih^l\_j`^Zxl \hafh`ghklv hilbfbaZpbb kljmdlmjgh]h

khklhygby kieZ\h\ W110 h.q. b W635 f_`^m ijhoh^Zfb oheh^ghc ^_nhjfZpbb ^ey

ih\ur_gby khijhlb\e_gby f_lZeeZ ehdZebaZpbb ieZklbq_kdh]h l_q_gby aZ kq_l

ihemq_gby kljmdlmjgh]h khklhygby k jZaf_jhf a_jgZ ihjy^dZ 2,9-3,0 fdf (ijb

l_fi_jZlmj_ hl`b]Z ijb 540 hK b 600 hK khhl\_lkl\_ggh).

<hafh`guf gZijZ\e_gb_f ijh^he`_gby jZ[hlu ih bkke_^h\Zgbx ijhp_kkZ

ehdZebaZpbb kieZ\Z W635 ijbf_gbl_evgh d mkeh\byf oheh^ghc ijhdZldb y\ey_lky

hilbfbaZpby kljmdlmjgh]h khklhygby aZ kq_l baf_evq_gby \u^_e_gbc b \ujZ\gb\Zgby

bo h^ghjh^ghklb jZkij_^_e_gby \ h[t_f_ fZl_jbZeZ aZ]hlh\db \ ijhp_kk_ �-aZdZedb.

DZd hlf_qZ_lky \ ebl_jZlmj_, ijb gZ]j_\_ ih^ �-aZdZedm kieZ\Z W635 ijhbkoh^bl

jZkl\hj_gb_ qZklbp \k_o \u^_e_gbc b \ujZ\gb\Zgb_ kh^_j`Zgby gbh[by b `_e_aZ

f_`^m ih]jZgbqgufb h[eZklyfb b .-Zr djbklZeeZfb [4, 16].

<u\h^u

Ih j_amevlZlZf ijh\_^_gguo bkke_^h\Zgbc knhjfmebjh\Zgu ke_^mxsb_ \u\h^u:

1. JZaebqby obfbq_kdh]h khklZ\Z hij_^_eyxl jZagbpm \ kh^_j`Zgbb

e_]bjmxsbo we_f_glh\ \ l\zj^hf jZkl\hj_ fZljbpu b kljmdlmjgh-nZah\hf khklhygbb

kieZ\h\ W110 h.q. b W635, dhlhju_, \ k\hx hq_j_^v, \ebyxl gZ ehdZebaZpbx

ieZklbq_kdhc ^_nhjfZpbb ijb oheh^ghc ijhdZld_ wlbo kieZ\h\ ihke_

j_djbklZeebaZpbhggh]h hl`b]Z.

2. < mkeh\byo wdki_jbf_glZ gZ ebklh\uo h[jZapZo kieZ\h\ W110 h.q. b W635

hilbfZevgmx l_ogheh]bqghklv fZl_jbZeZ k lhqdb aj_gby ih\ur_gby khijhlb\e_gby

f_lZeeZ nhjfbjh\Zgbx fZdjhhqZ]h\ ehdZebaZpbb h[_ki_qb\Z_l j_djbklZeebah\ZggZy

h^ghjh^gZy kljmdlmjZ kh kj_^gbf jZaf_jhf a_jgZ ^h 2,9-3,0 fdf fdf \ h[hbo kieZ\Zo,

ihemq_ggZy \ j_amevlZl_ hl`b]h\ ijb l_fi_jZlmj_ 540 °K b 600 °K khhl\_lkl\_ggh. Ijb

wlhf kieZ\ W635 khijhlb\ey_lky ehdZebaZpbb ieZklbq_kdhc ^_nhjfZpbb \ [hevr_c

kl_i_gb.

3. :dlmZevguf gZijZ\e_gb_f ^Zevg_crbo bkke_^h\Zgbc ih ih\ur_gbx

l_ogheh]bqghklb kieZ\Z W635 y\ey_lky mklZgh\e_gb_ aZdhghf_jghklb \ebygby kl_i_gb

baf_evq_gby \u^_e_gbc b \ujZ\gb\Zgby bo h^ghjh^ghklb, Z lZd`_ jZkij_^_e_gby

e_]bjmxsbo we_f_glh\ \ h[t_f_ fZl_jbZeZ aZ]hlh\db \ ijhp_kk_ �-aZdZedb gZ

m\_ebq_gb_ klZ^bb mklhcqb\h]h l_q_gby b ij_^_evghc ieZklbqghklb ihemnZ[jbdZlh\

ijb oheh^ghc ijhdZld_.
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