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Ijb\_^_gu j_amevlZlu bkiulZgby ^\mo j_nZ[jbdh\Zgguo l\weh\ <<WJ1000

\ukhdh]h \u]hjZgby k h[hehqdZfb ba kieZ\Z W110F \ mkeh\byo, bfblbjmxsbo

ijh_dlgmx Z\Zjbx k \\h^hf iheh`bl_evghc j_Zdlb\ghklb. Ij_^klZ\e_gu

hkgh\gu_ j_amevlZlu ihke_j_Zdlhjguo bkke_^h\Zgbc. Ij_^klZ\e_gu

j_amevlZlu ihkll_klh\uo jZkq_lh\ l_jfhf_oZgbq_kdh]h ih\_^_gby

j_nZ[jbdh\Zgguo l\weh\ \ wdki_jbf_gl_. Hlkmlkl\b_ jZajmr_gby l\weh\ \

wdki_jbf_gl_ RIA-W110F-70 ijb \ukhdbo ^hklb]gmluo agZq_gbyo

kj_^g_jZ^bZevghc wglZevibb lhieb\Z ih^l\_j`^Z_l ijbf_gbfhklv

djbl_jby [_ahiZkghklb ^ey l\weh\ <<WJ k h[hehqdhc ba kieZ\Z W110F ijb

\u]hjZgbb 70 F<l�kml/d]U.

Dexq_\u_ keh\Z: l\we <<WJ, h[hehqdZ ba kieZ\Z W110F, Z\Zjby k \hajZklZgb_f j_Zdlb\ghklb,

j_Zdlhjguc wdki_jbf_gl, ihke_j_Zdlhjgu_ bkke_^h\Zgby, jZkq_lgh_ fh^_ebjh\Zgb_.
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INVESTIGATION OF THE BEHAVIOR OF WWER HIGH-BURNUP  FUEL RODS
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The results of testing WWER-1000 two refabricated high-burnup  fuel rods with

E110M alloy cladding under RIA conditions are shown in the paper. The main

results of post-irradiation investigations are presented. The results of post-test

computer modeling the thermo-mechanical behavior of refabricated fuel rods

during the experiment are shown. The absence of fuel rods destruction in the RIA-

E110M experiment at achieved high values of the radial average fuel enthalpy

confirms the applicability of the safety criterion for WWER fuel rods with a

cladding made of E110M alloy at a burnup of 70 MW�day/kgU.

Keywords: WWER, fuel rod, E110M alloy, cladding, reactivity initiated accident, reactor experiment,

post-irradiation investigations, computer modeling.

<\_^_gb_

< :H «=GP GBB:J» ijh\h^blky dhfie_dk wdki_jbf_glZevguo bkke_^h\Zgbc k

p_evx h[hkgh\Zgby bkihevah\Zgby kieZ\Z W110F \ dZq_kl\_ h[hehq_d l\weh\ <<WJ b

PWR. Dhfie_dk \dexqZ_l h[emq_gb_ \ j_Zdlhj_ FBJ.F1 \ klZpbhgZjghf

b i_j_oh^guo j_`bfZo GW b GGW, \dexqZy bfblZpbx mkeh\bc ijh_dlguo Z\Zjbc JM k

<<WJ, k ihke_^mxsbf ijh\_^_gb_f ihkl-l_klh\uo fZl_jbZeh\_^q_kdbo b jZkq_lguo

bkke_^h\Zgbc.

KieZ\ W110F h[eZ^Z_l [he__ \ukhdhc ijhqghklvx b jZ^bZpbhgghc klhcdhklvx

ih kjZ\g_gbx kh kieZ\hf W110 [eZ]h^Zjy [he__ \ukhdhfm kh^_j`Zgbx `_e_aZ b

dbkehjh^Z. Ih dhjjhabhgghc klhcdhklb b ih]ehs_gbx \h^hjh^Z \ mkeh\byo

j_Zdlhjgh]h h[emq_gby kieZ\ W110F ZgZeh]bq_g kieZ\m W110 b ij_\hkoh^bl

oZjZdl_jbklbdb kieZ\Z pbjdZehc.

< 2023 ]. \ j_Zdlhj_ FBJ.F1 ijh\_^_g wdki_jbf_gl RIA-W110F-70,

bfblbjmxsbc mkeh\by Z\Zjbb k \hajZklZgb_f j_Zdlb\ghklb JM k <<WJ. P_evx

wdki_jbf_glZ y\ey_lky ihemq_gb_ ^Zgguo ^ey h[hkgh\Zgby ij_^_evgh]h agZq_gby

kj_^g_jZ^bZevghc wglZevibb lhieb\Z \ Z\Zjbyo k \hajZklZgb_f j_Zdlb\ghklb, ijb

dhlhjhf h[_ki_q_gh hlkmlkl\b_ jZajmr_gby l\weh\ (kh]eZkgh i.2.2.2 GI-082-07 [1]).
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< wdki_jbf_gl_ RIA-W110F-70 [ueb bkiulZgu ^\Z j_nZ[jbdh\Zgguo l\weZ

(JNL) k \u]hjZgb_f ~70F<l·kml/d]U k h[hehqdZfb ba kieZ\Z W110F, ijh\_^_gu

ihke_j_Zdlhjgu_ fZl_jbZeh\_^q_kdb_ bkke_^h\Zgby bkiulZgguo JNL. < j_amevlZl_

wdki_jbf_glZ jZajmr_gb_ l\weh\ g_ ijhbahreh, h[hehqdb l\weh\ khojZgbeb

]_jf_lbqghklv.

Ijh\_^_gu ihkl_klh\u_ g_cljhggh-nbabq_kdb_ b l_ieh]b^jZ\ebq_kdb_ jZkq_lu

wdki_jbf_glZ :H «=GP GBB:J», jZkq_lu l_jfhf_oZgbq_kdh]h ih\_^_gby JNL

\ wdki_jbf_gl_ k bkihevah\Zgb_f ijh]jZffu J:IL:-5.2 (:H «<GBBGF»), \

j_amevlZl_ dhlhjuo ihemq_gu hp_gdb djbl_jbZevguo iZjZf_ljh\ l\weh\: l_fi_jZlmju

b wglZevibb lhieb\Z, Z lZd`_ ^_nhjfZpbc h[hehqdb.

Wdki_jbf_gl RIA

>ey wdki_jbf_glZ ba iheghfZkrlZ[gh]h l\weZ <<WJ k fZdkbfZevguf jZkqzlguf

\u]hjZgb_f ~70 F<l·kml/d]U, ijhr_^r_]h wdkiemZlZpbx \ khklZ\_ L<K-2F gZ 2 [ehd_

;ZeZdh\kdhc :WK \ l_q_gb_ lj_o 18-f_kyqguo lhieb\guo pbdeh\ (2012-2017 ]].), [ueb

\uj_aZgu njZ]f_glu b ba]hlh\e_gu ^\Z j_nZ[jbdh\Zgguo l\weZ. H^bg

wdki_jbf_glZevguc l\we [ue hkgZszg ^Zlqbdhf l_fi_jZlmju lhieb\Z, \lhjhc –

^Zlqbdhf m^ebg_gby.

Kp_gZjbc wdki_jbf_glZ RIA ij_^mkfZljb\Ze wlZi h[emq_gby ^\mo l\weh\ gZ

hij_^_ezgghf mjh\g_ fhsghklb i_j_^ bfimevkhf (wlZi dhg^bpbhgbjh\Zgby),

ihke_^mxsbc bfimevk fhsghklb ^h aZ^Zggh]h mjh\gy wg_j]h\u^_e_gby,

h[_ki_qb\Zxs_]h hij_^_ezgguc jhkl wglZevibb lhieb\Z b kgb`_gb_ fhsghklb aZ

fZdkbfZevgh dhjhldbc i_jbh^ \j_f_gb.

GZ jbk. 1 ij_^klZ\e_gZ ko_fZ ihi_j_qgh]h k_q_gby h[emqZl_evgh]h mkljhckl\Z, \

dhlhjhf j_Zebam_lky iylbdjZlguc bfimevk fhsghklb gZ l\weZo \ mkeh\byo

klZpbhgZjghc jZ[hlu j_ZdlhjZ FBJ.F1. Bfimevkgh_ m\_ebq_gb_ fhsghklb

\uihegyehkv imlzf i_j_f_s_gby (ih\hjhlZ) ih^\_kdb k l\weZfb hlghkbl_evgh

ih]ehsZxs_]h wdjZgZ ba ]Zngby. < bkoh^ghf iheh`_gb (Z) ih]ehsZxsb_ we_f_glu

wdjZgbjmxl l\weu, \ dhg_qghf iheh`_gbb ([) ih]ehsZxsb_ we_f_glu g_ wdjZgbjmxl

l\weu.
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Z [

1 – wdki_jbf_glZevguc l\we k ^Zlqbdhf l_fi_jZlmju; 2 – dhfi_gkZlhj j_Zdlb\ghklb;

3 – wdki_jbf_glZevguc l\we k ^Zlqbdhf ^ebgu; 4 – wdjZg ba ih]ehsZxsbo we_f_glh\

(]Zngbc)

Jbk. 1. Ko_fZ ihi_j_qgh]h k_q_gby HM k jZaebqguf iheh`_gb_f ih]ehsZxs_]h wdjZgZ ba

]Zngby: Z, [ – bkoh^gh_ b dhg_qgh_ iheh`_gby

Fhsghklv l\weh\ hij_^_eyeZkv f_lh^hf l_ieh\h]h [ZeZgkZ ih ihdZaZgbyf

ijb[hjh\ l_iehl_ogbq_kdh]h dhgljhey. Ba ^Zgguo h[ baf_g_gbb fhsghklb i_le_\h]h

dZgZeZ (ID) j_ZdlhjZ FBJ.F1, \ dhlhjhf jZkiheZ]Zehkv h[emqZl_evgh_ mkljhckl\h,

ijb Zijh[Zpbb ih\hjhlZ wdjZgZ hij_^_e_gZ fhsghklv l\weh\ ijb bfimevk_ fhsghklb.

GZ jbk. 2 ihdZaZgh baf_g_gb_ ebg_cghc fhsghklb (EF) \ gZb[he__ l_iehgZijy`_gghf

k_q_gbb ih \ukhl_ l\weZ g_ihkj_^kl\_ggh \h \j_fy bfimevkZ fhsghklb. GZ[jhk

fhsghklb [ue \uiheg_g aZ 0,6 k_dmg^u. <u^_j`dZ gZ fZdkbfZevghf mjh\g_ fhsghklb

khklZ\beZ hdheh 12 k_dmg^.

>Zgguc kp_gZjbc wdki_jbf_glZ ih kdhjhklb m\_ebq_gby fhsghklb,

fZdkbfZevghfm mjh\gx fhsghklb, ^ebl_evghklb \u^_j`db gZ fZdkbfZevghf mjh\g_

fhsghklb khihklZ\bf kh kp_gZjb_f ijh_dlghc Z\Zjbb k ih^dexq_gb_f g_jZ[hlZxs_c

i_leb [_a ij_^\Zjbl_evgh]h kgb`_gby fhsghklb JM k <<WJ-1200.

>ey hij_^_e_gby g_jZ\ghf_jghklb wg_j]h\u^_e_gby \ l\weZo gZ klZ^bb

ih^]hlh\db d wdki_jbf_glm b ihke_ wdki_jbf_glZ [ueb ijh\_^_gu g_cljhggh-

nbabq_kdb_ jZkq_lu :H «=GP GBB:J» ih ijh]jZff_ FKU-RRFI/A [2] ijb aZ^Zgbb

nZdlbq_kdh]h iheh`_gby hj]Zgh\ j_]mebjh\Zgby \ Zdlb\ghc ahg_ hdheh ID. Ihke_

ijh\_^_gby bkke_^h\Zgbc l\weh\ b ihemq_gby ^Zgguo ih ]ZffZ-kdZgbjh\Zgbx

jZkij_^_e_gby wg_j]h\u^_e_gby [ueb mlhqg_gu ih nZdlbq_kdbf jZkij_^_e_gbyf

Zdlb\ghklb dhjhldh`b\ms_]h bahlhiZ Zr-95 c wg_j]b_c 724 dw<. J_amevlZlu

wdki_jbf_glZevghc hp_gdb jZkij_^_e_gby wg_j]h\u^_e_gby ij_^klZ\e_gu gZ jbk. 3.

<b^gh, qlh fZdkbfZevgh_ ih ^ebg_ l\weZ k ^Zlqbdhf l_fi_jZlmju wg_j]h\u^_e_gb_

ihke_ ih\hjhlZ wdjZgZ aZ 0,6 k_dmg^u m\_ebqbehkv k 123 ± 8 <l/kf ^h 658 ± 8 <l/kf,

Z ^ey l\weZ k ^Zlqbdhf m^ebg_gby k 238 ± 8 <l/kf ^h 622 ± 8 <l/kf.
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g_ ij_\urZeZ 8 fdf. >bZ]jZffu baf_g_gby ^bZf_ljZ ih ^ebg_ l\weh\ bf_xl

\ujZ`_ggmx dhjhldhi_jbh^bq_kdmx khklZ\eyxsmx, ij_^klZ\eyxsmx kh[hc j_ev_n,

h[jZah\Z\rbcky gZ h[hehqd_ \ j_amevlZl_ _z f_oZgbq_kdh]h \aZbfh^_ckl\by k

lhieb\gufb lZ[e_ldZfb. Ijhnbeb baf_g_gby ^bZf_ljZ ih ^ebg_ h[hbo l\weh\ ^h b

ihke_ bkiulZgbc kms_kl\_ggh jZaebqZxlky (jbk. 4). < j_amevlZl_ bkiulZgby gZ mqZkld_

k dhhj^bgZlZfb 150-600 ff hl gb`g_]h lhjpZ lhieb\gh]h k_j^_qgbdZ ijhbahreh

m\_ebq_gb_ ^bZf_ljZ h[hbo l\weh\. Nhjfu djb\uo baf_g_gby ^bZf_ljZ ^ey h[hbo

l\weh\ ijbf_jgh kh\iZ^Zxl, \ lh `_ \j_fy gZ[ex^Z_lky jZaebqb_ ih Z[khexlghc bo

\_ebqbg_. M l\weZ JNL >L hgh [hevr_, q_f m l\weZ JNL >M. ;hevr__ agZq_gb_

m\_ebq_gby ^bZf_ljZ l\weZ \h \j_fy wdki_jbf_glZ k\b^_l_evkl\m_l h [hevr_c

hdjm`ghc ^_nhjfZpbb _z h[hehqdb, agZq_gb_ fZdkbfZevghc hdjm`ghc ^_nhjfZpbb

h[hehqdb ^ey l\weZ JNL >L khklZ\beh 0,85%, ^ey l\weZ JNL >M – 0,70%.

>ebgZ h[hbo l\weh\ aZ \j_fy wdki_jbf_glZ m\_ebqbeZkv. M^ebg_gb_ l\weZ JNL

>M khklZ\beh 0,64±0,31 ff, JNL >L – 1,36±0,31 ff.

Z [
Jbk. 4. Baf_g_gb_ ^bZf_ljZ ih ^ebg_ JNL >M (Z) b JNL >L ([) ^h b ihke_ wdki_jbf_glZ

Ijhnbeb jZkij_^_e_gby 137Cs b 134Cs ih ^ebg_ l\weh\ JNL ^h b ihke_

wdki_jbf_glZ ijZdlbq_kdb ih^h[gu (jbk. 5). I_j_jZkij_^_e_gby e_lmqbo ijh^mdlh\

^_e_gby ih ^ebg_ lhieb\guo k_j^_qgbdh\ beb ih\ur_ggh]h bo kh^_j`Zgby \ f_klZo

jZkiheh`_gby kludh\ lhieb\guo lZ[e_lhd g_ mklZgh\e_gh.

Z [
Jbk. 5. Baf_g_gb_ kdhjhklb kq_lZ 134Cs b 137Cs ih ^ebg_ JNL >M (Z) b JNL >L ([)
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OZjZdl_jghc hkh[_gghklvx lhieb\Z \ ihi_j_qguo b ijh^hevguo k_q_gbyo JNL

gZ mqZkld_ fZdkbfmfZ wg_j]h\u^_e_gby y\ey_lky m\_ebq_gb_ njZ]f_glZpbb lhieb\guo

lZ[e_lhd aZ kqzl h[jZah\Zgby fgh]hqbke_gguo dhjhldbo jZ^bZevguo lj_sbg \h

\g_rg_f keh_ lhieb\guo lZ[e_lhd, Z lZd`_ h[jZah\Zgb_ lj_sbg ih ]jZgbpZf a_j_g \

p_gljZevghc qZklb lhieb\guo lZ[e_lhd, m\_ebq_gb_ dhgp_gljZpbb f_edbo

\gmljba_j_gguo ihj b mf_gvr_gb_ p_gljZevgh]h hl\_jklby lhieb\guo lZ[e_lhd

(jbk. 6).

Ihke_ ihebjh\db Ihke_ ljZ\e_gby

Z

[

Jbk. 6.FZdjhkljmdlmjZ ihi_j_qguo b ijh^hevguo k_q_gbc JNL >L (Z)

b JNL >M ([) gZ mqZkld_ fZdkbfmfZ wg_j]h\u^_e_gby
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JZkij_^_e_gb_ ijh^mdlh\ ^_e_gby \ lhieb\_ JNL (jbk. 7) oZjZdl_jgh ^ey

rlZlgh]h lhieb\Z j_Zdlhjh\ <<WJ-1000, hljZ[hlZ\r_]h ^h \ukhdh]h

(~60F<l·kml/d]U) \u]hjZgby. G_[hevrh_ kgb`_gb_ kh^_j`Zgby p_aby \ fZljbp_

lhieb\Z ih kjZ\g_gbx k jZkq_lguf \ p_gljZevghc qZklb lhieb\ghc lZ[e_ldb k\yaZggh,

ih-\b^bfhfm, k \ukhdhc ebg_cghc fhsghklvx \ ^Zgghf k_q_gbb l\weZ \h \j_fy

wdki_jbf_glZ, qlh lZd`_ ih^l\_j`^Z_lky h[jZah\Zgb_f \ wlhc `_ h[eZklb

f_lZeebq_kdbo \u^_e_gbc gZ hkgh\_ fheb[^_gZ b [eZ]hjh^guo f_lZeeh\.

Jbk. 7. JZkij_^_e_gby U, Pu b hkgh\guo ijh^mdlh\ ^_e_gby ih jZ^bmkm lhieb\ghc lZ[e_ldb b

dZjlu jZkij_^_e_gby obfbq_kdbo we_f_glh\ \ oZjZdl_jbklbq_kdhf j_gl]_gh\kdhf baemq_gbb
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Kms_kl\_ggh]h baf_g_gby \ dhjjhabhgghf khklhygbb h[hehqdb aZ \j_fy

wdki_jbf_glZ g_ ijhbahreh (jbk. 8). >_nhjfZpby h[hehqdb ih^ ^_ckl\b_f

jZkimoZxs_]h lhieb\Z \h \j_fy wdki_jbf_glZ ijb\_eZ d njZ]f_glZpbb hdkb^ghc

iezgdb \_jlbdZevgufb lj_sbgZfb gZ _z gZjm`ghc ih\_joghklb. LhesbgZ hdkb^ghc

ie_gdb gZ gZjm`ghc ih\_joghklb g_ ij_\urZ_l 7 fdf, kh klhjhgu \gmlj_gg_c

ih\_joghklb gZ[ex^Z_lky iehlguc dhglZdl lhieb\Z k h[hehqdhc, jZklj_kdb\Zgby

hdkb^ghc ie_gdb a^_kv g_ aZf_q_gh. =b^jbjh\Zgb_ h[hehqdb g_agZqbl_evgh,

dhgp_gljZpby \h^hjh^Z \ h[hehqd_ khklZ\ey_l 37±5 ppm ^ey JNL >M b 61±6 ppm ^ey

JNL >L.

Ijh\_^_gu f_oZgbq_kdb_ bkiulZgby gZ jZkly`_gb_ dhevp_\uo h[jZaph\

h[hehqdb JNL >M ijb dhfgZlghc l_fi_jZlmj_ b ijb l_fi_jZlmjZo 100, 200, 400 qC.

C m\_ebq_gb_f l_fi_jZlmju bkiulZgbc agZq_gby ij_^_eZ ijhqghklb kgb`Zxlky hl 740

^h 460 FIZ, ij_^_eZ l_dmq_klb – hl  680 ^h 430FIZ, Z agZq_gb_ h[s_]h m^ebg_gby

m\_ebqb\Z_lky hl 14 ^h 21%, hlghkbl_evgZy ih]j_rghklv baf_j_gbc g_ ij_\urZ_l 5%.

Z [

Jbk. 8.FbdjhkljmdlmjZ h[hehqdb JNL >L (Z) b JNL >M ([) gZ mqZkld_ fZdkbfmfZ

wg_j]h\u^_e_gby

LZdbf h[jZahf, ]_hf_ljbq_kdb_ b kljmdlmjgu_ baf_g_gby lhieb\Z b h[hehqdb

l\weh\ JNL >L b JNL >M \ wdki_jbf_gl_ RIA-W110F-70 g_ ijb\_eb d jZajmr_gbx

l\weh\ (l._. d gZjmr_gbx p_ehklghklb dhgkljmdpbb l\weh\, \ j_amevlZl_ dhlhjh]h l\weu

mljZqb\Zxl ]_hf_ljbx, h[_ki_qb\Zxsmx bo ijh_dlgh_ hoeZ`^_gb_ [1]).

JZkq_lgh_ fh^_ebjh\Zgb_ l_jfhf_oZgbq_kdh]h ih\_^_gby JNL \ wdki_jbf_gl_

Ijh\_^_gu jZkq_lu l_jfhf_oZgbq_kdh]h ih\_^_gby l\weh\ JNL >L b JNL >M

\ wdki_jbf_gl_ RIA-W110F-70 k bkihevah\Zgb_f ijh]jZffu J:IL:-5.2 [3].

Ijh]jZffZ ^ey J:IL:-5.2 (hj]ZgbaZpby jZajZ[hlqbd – :H «<GBBGF»)

ij_^gZagZq_gZ ^ey jZkqzlgh]h fh^_ebjh\Zgby ih\_^_gby l_ieh\u^_eyxs_]h we_f_glZ

\h^h-\h^ygh]h wg_j]_lbq_kdh]h j_ZdlhjZ ijb ijh_dlguo Z\Zjbyo k p_evx ijh\_jdb

g_ij_\ur_gby mklZgh\e_gguo \ n_^_jZevguo ghjfZo b ijZ\beZo \ h[eZklb
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bkihevah\Zgby Zlhfghc wg_j]bb GI-082-07 agZq_gbc fZdkbfZevgh]h ijh_dlgh]h ij_^_eZ

ih\j_`^_gby l\weh\, g_ij_\ur_gby ij_^_evgh]h agZq_gby fZdkbfZevghc

kj_^g_jZ^bZevghc wglZevibb lhieb\Z \ ijh_dlguo Z\Zjbyo k [ukljuf m\_ebq_gb_f

j_Zdlb\ghklb b ijh]ghabjh\Zgby jZa]_jf_lbaZpbb l\weZ.

Bkoh^gu_ ^Zggu_ ih \ukhlghfm jZkij_^_e_gbx b baf_g_gbx \ ijhp_kk_

wdki_jbf_glZ ebg_cghc fhsghklb wg_j]h\u^_e_gby \ JNL ij_^klZ\e_gu gZ jbk. 2, 3Z,

]jZgbqgu_ mkeh\by 3 jh^Z gZ ih\_joghklb h[hehqdb JNL aZ^Z\Zebkv ih j_amevlZlZf

l_ieh]b^jZ\ebq_kdbo jZkq_lh\ :H «=GP GBB:J» ih ijh]jZff_ FMA: [4].

J_amevlZlu jZkq_lh\ ijhbeexkljbjh\Zgu gZ jbk. 9-11. JZkq_lgu_ hp_gdb

fZdkbfZevghc l_fi_jZlmju b fZdkbfZevghc kj_^g_jZ^bZevghc wglZevibb lhieb\Z JNL

>L b JNL >M c mq_lhf ih]j_rghklb hij_^_e_gby ebg_cghc fhsghklb

wg_j]h\u^_e_gby khklZ\beb:

� ^ey JNL >L - 2537±20 ºC b 139,6±1,8 dZe/],

� ^ey JNL >M - 2355±22 ºC b 118,9±1,5 dZe/].

Jbk. 9. L_fi_jZlmjZ \gmlj_gg_c ih\_joghklb p_gljZevgh]h hl\_jklby lhieb\ghc lZ[e_ldb \

gZb[he__ ]hjyq_f k_q_gbb ih \ukhl_ (490 ff) JNL >L b JNL >M b \ k_q_gbb mklZgh\db LWI

(596 ff) JNL >L

Jbk. 10. Kj_^g_jZ^bZevgZy wglZeviby lhieb\Z \ gZb[he__ ]hjyq_f k_q_gbb ih \ukhl_ (490 ff)

JNL >L b JNL >M
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Z [

Jbk. 11. JZkij_^_e_gb_ hdjm`ghc ^_nhjfZpbb h[hehqdb ih \ukhl_ JNL >L (Z) b JNL >M ([)

H[km`^_gb_ j_amevlZlh\

Ijb \uiheg_gbb ijh_dlguo h[hkgh\Zgbc l\weh\ <<WJ bkihevam_lky djbl_jbc

[_ahiZkgh]h ih\_^_gby l\weh\ \ ijh_dlguo Z\Zjbyo k \hajZklZgb_f j_Zdlb\ghklb \

\b^_ aZ\bkbfhklb ij_^_evgh]h agZq_gby kj_^g_jZ^bZevghc wglZevibb lhieb\Z hl

\u]hjZgby:

Hlim = 200-0,875·Bu, dZe/],

]^_ <u – kj_^g__ \u]hjZgb_ lhieb\Z \ lZ[e_ld_, F<lÂkml/d]U.

<uiheg_gb_ ^Zggh]h djbl_jby ]ZjZglbjm_l hlkmlkl\b_ jZajmr_gby

(njZ]f_glZpbb) l\weZ, l._. khojZg_gb_ ]_hf_ljbb, h[_ki_qb\Zxs_c ijh_dlgh_

hoeZ`^_gb_ l\weZ.

>Zgguc djbl_jbc ihkljh_g gZ [Za_ j_amevlZlh\ bkiulZgbc j_nZ[jbdh\Zgguo

l\weh\ <<WJ gZ bfimevkguo j_ZdlhjZo B=J b ;B=J [5, 6, 7, 8] (kf. jbk. 12). Ke_^m_l

aZf_lblv, qlh mkeh\by wdki_jbf_glh\ gZ bfimevkguo j_ZdlhjZo B=J b ;B=J

kms_kl\_ggh hlebqZxlky hl mkeh\bc ijh_dlguo Z\Zjbc k \hajZklZgb_f j_Zdlb\ghklb JM

k <<WJ: l\we jZkiheZ]Zeky \ ]_jf_lbqghc Zfime_ k \h^hc Zlfhkn_jgh]h ^Z\e_gby ijb

dhfgZlghc l_fi_jZlmj_, rbjbgZ bfimevkZ fhsghklb khklZ\eyeZ a3 fk (;B=J) b a800 fk

(B=J). Mkeh\by wdki_jbf_glh\ gZ j_ZdlhjZo B=J b ;B=J y\eyxlky dhgk_j\Zlb\gufb ih

kdhjhklb b \_ebqbg_ wg_j]h\\h^Z ih kjZ\g_gbx kh kp_gZjbyfb ijh_dlguo Z\Zjbc k

\u[jhkhf HJ KMA JM k <<WJ.

< dZq_kl\_ djbl_jby ijbgylZ ]jZgbqgZy aZ\bkbfhklv kj_^g_jZ^bZevghc wglZevibb

lhieb\Z hl \u]hjZgby, jZa^_eyxsZy wdki_jbf_glu k khojZg_gb_f ]_jf_lbqghklb hl

wdki_jbf_glh\ k jZa]_jf_lbaZpb_c h[hehqdb, ijb wlhf \h \k_o ij_^klZ\e_gguo

wdki_jbf_glZo jZajmr_gby (njZ]f_glZpbb) l\weh\ g_ [ueh. H[hehqdb \k_o l\weh\

bkiulu\Zeb ieZklbq_kdmx ^_nhjfZpbx \ j_amevlZl_ f_oZgbq_kdh]h \aZbfh^_ckl\by k

lhieb\hf b ih^ ^_ckl\b_f \gmlj_gg_]h ^Z\e_gby ]ZaZ, jZa]_jf_lbaZpby h[hehq_d

ijhbkoh^beZ \ j_amevlZl_ ehdZebaZpbb ieZklbq_kdhc ^_nhjfZpbb.

GZ jbk. 12 ijb\_^_gu lZd`_ j_amevlZlu wdki_jbf_glZ RIAW110F70.
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KhihklZ\e_gb_ j_amevlZlh\ wdki_jbf_glZ RIAW110F70 k ij_^klZ\e_gguf

djbl_jb_f ijZ\hf_jgh, ihkdhevdm f_oZgbafu \hafh`gh]h ih\j_`^_gby h[hehqdb ba

kieZ\Z W110F \ wdki_jbf_gl_ RIAW110F70 b h[hehqdb ba kieZ\Z W110 \ wdki_jbf_glZo

gZ bfimevkguo j_ZdlhjZo ZgZeh]bqgu, g_kfhljy gZ agZqbl_evgu_ jZaebqby \ iZjZf_ljZo

wg_j]h\\h^Z, – wlh ieZklbq_kdZy ^_nhjfZpby ih^ ^_ckl\b_f f_oZgbq_kdh]h

\aZbfh^_ckl\by k lhieb\hf b ih^ ^_ckl\b_f i_j_iZ^Z ^Z\e_gby ]ZaZ gZ h[hehqd_.

IeZklbqghklv kieZ\h\ W110 b W110F khojZgy_lky gZ ^hklZlhqghf mjh\g_ [eZ]h^Zjy

\ukhdhc dhjjhabhgghc klhcdhklb b gbadhfm ih]ehs_gbx \h^hjh^Z gZ ijhly`_gbb \k_]h

ijh_dlgh]h kjhdZ wdkiemZlZpbb.

LZdbf h[jZahf, hlkmlkl\b_ jZajmr_gby l\weh\ \ wdki_jbf_gl_ RIAW110F70 ijb

^hklb]gmluo agZq_gbyo kj_^g_jZ^bZevghc wglZevibb lhieb\Z ih^l\_j`^Z_l

ijbf_gbfhklv djbl_jby [_ahiZkgh]h ih\_^_gby l\weh\ <<WJ \ ijh_dlguo Z\Zjbyo

k \hajZklZgb_f j_Zdlb\ghklb ^ey l\weh\ k h[hehqdhc ba kieZ\Z W110F.

Jbk. 12. J_amevlZlu wdki_jbf_glh\ gZ j_ZdlhjZo B=J, ;B=J, FBJ.F1

b djbl_jbc [_ahiZkghklb ^ey l\weh\ <<WJ \ ijh_dlguo Z\Zjbyo RIA

<u\h^u

Ijh\_^_g wdki_jbf_gl k \hajZklZgb_f j_Zdlb\ghklb RIA-W110F-70 \ j_Zdlhj_

FBJ.F1, ijh\_^_gu ihkll_klh\u_ fZl_jbZeh\_^q_kdb_ b jZkq_lgu_ bkke_^h\Zgby,

\ j_amevlZl_ dhlhjuo ihemq_gu ^Zggu_ h khklhygbb l\weh\ \ukhdh]h \u]hjZgby k

h[hehqdhc ba kieZ\Z W110F ijb ^hklb`_gbb \ukhdbo agZq_gbc kj_^g_jZ^bZevghc

wglZevibb lhieb\Z, g_h[oh^bfu_ ^ey h[hkgh\Zgby djbl_jby [_ahiZkgh]h ih\_^_gby

l\weh\ <<WJ \ mkeh\byo ijh_dlguo Z\Zjbc k \hajZklZgb_f j_Zdlb\ghklb.
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Ih j_amevlZlZf wdki_jbf_glZ mklZgh\e_gh:

� fZdkbfZevgZy ebg_cgZy fhsghklv wg_j]h\u^_e_gby \ lhieb\_ JNL >L b

JNL >M khklZ\beZ khhl\_lkl\_ggh 658±8 <l/kf b 622±8 <l/kf;

� jZkq_lgu_ hp_gdb ih ijh]jZff_ J:IL:-5.2 fZdkbfZevghc l_fi_jZlmju

lhieb\Z b fZdkbfZevghc kj_^g_jZ^bZevghc wglZevibb lhieb\Z JNL >L b JNL >M

khklZ\beb:

� ^ey JNL >L – 2537±20 ºC b 139,6±1,8 dZe/];

� ^ey JNL >M – 2355±22 ºC b 118,9±1,5 dZe/].

Ih j_amevlZlZf fZl_jbZeh\_^q_kdbo bkke_^h\Zgbc mklZgh\e_gh:

� h[hehqdb l\weh\ khojZgbeb ]_jf_lbqghklv;

� ijhbahreh m\_ebq_gb_ ^bZf_ljZ h[hbo l\weh\: agZq_gb_ fZdkbfZevghc

hdjm`ghc ^_nhjfZpbb h[hehqdb ^ey l\weZ JNL >L khklZ\beh 0,85%, ^ey l\weZ

JNL >M – 0,70%;

� gZ mqZkld_ fZdkbfZevgh]h wg_j]h\u^_e_gby b fZdkbfZevghc ^_nhjfZpbb

h[hehqdb ijhbahreh m\_ebq_gb_ njZ]f_glZpbb lhieb\guo lZ[e_lhd aZ kqzl

h[jZah\Zgby fgh]hqbke_gguo dhjhldbo jZ^bZevguo lj_sbg \h \g_rg_f keh_

lhieb\guo lZ[e_lhd;

� bkiulZgby ijb\_eb d h[jZah\Zgbx fgh]hqbke_gguo dhjhldbo jZ^bZevguo

lj_sbg \h \g_rg_f keh_ lhieb\guo lZ[e_lhd, d ]Zah\hfm jZkimoZgbx lhieb\Z \

p_gljZevghc qZklb lhieb\guo lZ[e_lhd, h[jZah\Zgbx lj_sbg ih ]jZgbpZf a_j_g,

m\_ebq_gbx dhgp_gljZpbb f_edbo \gmljba_j_gguo ihj b mf_gvr_gbx p_gljZevgh]h

hl\_jklby lhieb\guo lZ[e_lhd.

=_hf_ljbq_kdb_ b kljmdlmjgu_ baf_g_gby lhieb\Z b h[hehqdb g_ ijb\_eb d

jZajmr_gbx l\weh\. Hlkmlkl\b_ jZajmr_gby l\weh\ \ wdki_jbf_gl_ RIA-W110F-70 ijb

\ukhdbo ^hklb]gmluo agZq_gbyo kj_^g_jZ^bZevghc wglZevibb lhieb\Z ih^l\_j`^Z_l

ijbf_gbfhklv djbl_jby [_ahiZkghklb ^ey l\weh\ <<WJ k h[hehqdhc ba kieZ\Z W110F

ijb \u]hjZgbb 70F<l�kml/d]U.
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