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<\_^_gb_

K p_evx \u\_^_gby wdkiemZlZpbhgghc [_ahiZkghklb :WK gZ dZq_kl\_ggh gh\uc

mjh\_gv b ih\ur_gby l_ogbdh-wdhghfbq_kdbo ihdZaZl_e_c wg_j]_lbq_kdbo j_Zdlhjh\

gZ l_ieh\uo g_cljhgZo h^gbf ba dexq_\uo lj_g^h\ \ fbjh\hc Zlhfghc wg_j]_lbd_
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y\ey_lky jZajZ[hldZ b \g_^j_gb_ \ lhieb\guc pbde mklhcqb\h]h d Z\Zjbyf y^_jgh]h

lhieb\Z (Accident Tolerance Fuel – ATF) [1-3]. < gZklhys__ \j_fy gZb[he__

jZkijhkljZgzgguf gZijZ\e_gb_f jZa\blby ATF y\ey_lky bkihevah\Zgb_ h[hehq_d

l\weh\ k gZg_k_gguf gZ gZjm`gmx ih\_joghklv ojhfh\uf ihdjulb_f, ijbf_g_gb_

dhlhjh]h iha\hey_l h[_ki_qblv ih\ur_gb_ klhcdhklb pbjdhgb_\uo ba^_ebc

d hdbke_gbx b gZ\h^hjh`b\Zgbx dZd \ kemqZ_ Z\Zjbcguo kblmZpbc, k\yaZgguo k

ihl_j_c l_iehghkbl_ey, lZd b ijbf_gbl_evgh d mkeh\byf ghjfZevghc wdkiemZlZpbb

[4, 5]. Ij_^ihqlbl_evguf f_lh^hf gZg_k_gby ojhfZ, \u[jZgguf jy^hf \_^msbo

jZajZ[hlqbdh\ y^_jgh]h ATF-lhieb\Z \ dZq_kl\_ hkgh\gh]h, y\ey_lky bhggh-

ieZaf_ggh_ fZ]g_ljhggh_ gZiue_gb_ [6-8].

< gZklhys_c jZ[hl_ \ ijh^he`_gb_ b jZa\blb_ fZl_jbZeZ, him[ebdh\Zggh]h

\ [4, 5], ij_^klZ\e_gu wdki_jbf_glZevgu_ j_amevlZlu, ^_fhgkljbjmxsb_ \ebygb_

lhesbgu, kljmdlmju b ^_n_dlghklb ojhfh\uo ihdjulbc gZ khijhlb\e_gb_

Z\lhdeZ\ghc dhjjhabb b \ukhdhl_fi_jZlmjghfm hdbke_gbx \ i_j_]j_lhf \h^yghf

iZj_ h[jZaph\ ba pbjdhgb_\uo kieZ\h\ ijbf_gbl_evgh d hl_q_kl\_gguf jZajZ[hldZf

lhe_jZglgh]h y^_jgh]h lhieb\Z.

FZl_jbZe b f_lh^u bkke_^h\Zgbc

Bkke_^h\Zgby \uiheg_gu gZ h[jZapZo ieZklbg b h[hehq_qguo ljm[ ba

pbjdhgb_\uo kieZ\h\ W110 b W110hil k jZaebqgufb \ZjbZglZfb ojhfh\h]h ihdjulby,

gZg_k_ggufb f_lh^hf bhggh-ieZaf_ggh]h fZ]g_ljhggh]h gZiue_gby gZ mklZgh\dZo \

:H «<GBBGF», GBM FWB, GBYM FBNB b GB LIM. Ihdjulby gZghkbebkv gZ

ieZklbgu b h[hehq_qgu_ ljm[u \ khklhygbb ihklZ\db, ba]hlh\e_ggu_ b ijbgylu_ dZd

]h^gu_ \ khhl\_lkl\bb k lj_[h\Zgbyfb l_ogbq_kdhc ^hdmf_glZpbb. Ojhfh\h_ ihdjulb_

gZghkbehkv gZ rebnh\Zggmx ih\_joghklv ba^_ebc, dhwnnbpb_gl r_jhoh\Zlhklb Ra

dhlhjhc g_ ij_\urZe 0,4 fdf. K_e_dlb\guo hl[hj h[jZaph\ ^ey gZg_k_gby ihdjulby g_

ijhba\h^beky, ihwlhfm gZ bo bkoh^ghc ih\_joghklb \hafh`gh [ueh ijbkmlkl\b_

^_n_dlh\, ^himklbfuo \ l_oijhp_kk_ aZ\h^kdh]h ba]hlh\e_gby (jbkdb, pZjZibgu,

ihl_jlhklb b ij.). Ih^]hlh\dZ ih\_joghklb h[jZaph\ d ijhp_kkm gZiue_gby ojhfZ

khklhyeZ ba fgh]hklZ^bcghc qbkldb \ kibjlh\uo jZkl\hjZo, ijhlbjdb g_ldZgufb

fZl_jbZeZfb b bhgghc hqbkldb. IeZklbgqZlu_ h[jZapu [ueb ihdjulu ojhfhf kh \k_o

klhjhg, gZ h[jZapu h[hehq_qguo ljm[ ihdjulb_ gZghkbehkv lhevdh gZ gZjm`gmx

ih\_joghklv. < ijhp_kk_ bhgghc hqbkldb b hkZ`^_gby ojhfZ l_fi_jZlmjZ h[jZaph\ g_

ij_\urZeZ 450 °K. :^]_abhggZy ijhqghklv \k_o \ZjbZglh\ ojhfh\uo ihdjulbc ih

^Zgguf kdj_lq-l_klbjh\Zgby khklZ\eyeZ g_ f_g__ 55 G.

>ey bamq_gby khijhlb\e_gby pbjdhgb_\uo h[jZaph\ k aZsblguf ojhfh\uf

ihdjulb_f ijbf_gbl_evgh d mkeh\byf ijh_dlghc Z\Zjbb k ihl_j_c l_iehghkbl_ey –

LOCA (Loss-of-Coolant Accident) b ghjfZevguf mkeh\byf wdkiemZlZpbb \uihegyebkv

^\Z lbiZ bkiulZgbc khhl\_lkl\_ggh:
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– \ukhdhl_fi_jZlmjgh_ hdbke_gb_ ijb 1200 °K \ ihlhd_ i_j_]j_lh]h \h^ygh]h

iZjZ;

– dhjjhabhggu_ Z\lhdeZ\gu_ bkiulZgby \ \h^_ ijb 360 °K b \h^yghf iZj_ ijb

400 °K.

Dhfie_dk ihkl-l_klh\uo bkke_^h\Zgbc \dexqZe \ k_[y: f_lZeeh]jZnbq_kdb_

bkke_^h\Zgby k ijbf_g_gb_f hilbq_kdhc b we_dljhgghc fbdjhkdhibb; f_oZgbq_kdb_

bkiulZgby gZ ^bZf_ljZevgh_ k`Zlb_ ^ey h[jZaph\ ihke_ \ukhdhl_fi_jZlmjgh]h

hdbke_gby; wg_j]h^bki_jkbhgguc b j_gl]_ghnZah\uc ZgZeba. F_lh^bdb ijh\_^_gby

bkiulZgbc b ihkl-l_klh\uo bkke_^h\Zgbc [ueb ZgZeh]bqgu, ih^jh[gh hibkZgguf

jZg__ \ jZ[hlZo [4, 5, 9].

J_amevlZlu bkiulZgbc b bkke_^h\Zgbc

<ebygb_ lhesbgu ojhfh\h]h ihdjulby gZ khijhlb\e_gb_ \ukhdhl_fi_jZlmjghfm

hdbke_gbx b dhjjhabb

< ijhp_kk_ \ukhdhl_fi_jZlmjgh]h hdbke_gby gZ ih\_joghklb h[jZaph\ k

ihdjulb_f nhjfbjm_lky iehlgh kp_ie_ggZy k fZljbp_c hdkb^gZy ie_gdZ Cr2O3 b

gZ[ex^Z_lky ^bnnmaby ojhfZ \ pbjdhgb_\mx fZljbpm k h[jZah\Zgb_f

bgl_jf_lZeeb^gh]h kehy ZrCr2 gZ ]jZgbp_ jZa^_eZ «ihdjulb_-h[hehqdZ» b h[jZlgZy

^bnnmaby pbjdhgby \ ojhfh\h_ ihdjulb_. H[jZah\Zgb_ b jhkl hdkb^Z ojhfZ b kehy

bgl_jf_lZeeb^Z ZrCr2 khijh\h`^Zxlky mf_gvr_gb_f bkoh^ghc lhesbgu gZg_kzggh]h

ihdjulby.

< hldjulhc ebl_jZlmj_ \ hkgh\ghf jZkkfZljb\Zxlky pbjdhgb_\u_ ba^_eby k

ojhfh\uf ihdjulb_f lhesbghc hl 4 ^h 15 fdf [10-12]. K lhqdb aj_gby kms_kl\_ggh]h

ih\ur_gby klhcdhklb \ mkeh\byo ijh_dlghc Z\Zjbb ij_^ihqlbl_evguf y\ey_lky

^bZiZahg lhesbgu ihdjulby 8-15 fdf [10-18], dhlhjuc b [ue ij_^f_lhf bkke_^h\Zgby

gZ i_j\hf wlZi_ gZklhys_c jZ[hlu. >Zgguc wlZi khklhye ba ^\mo qZkl_c: i_j\Zy qZklv

[ueZ ihk\ys_gZ bkke_^h\Zgbx ieZklbgqZluo h[jZaph\, ih \k_c ih\_joghklb ihdjuluo

ojhfhf lhesbghc hl 6 ^h 14 fdf; \lhjZy qZklv – bkke_^h\Zgbx h[hehq_qguo ljm[ k

ihdjulb_f, gZg_k_gguf gZ gZjm`gmx ih\_joghklv.

GZ ieZklbgu jZaf_jhf 15×15 ff [ueh gZg_k_gh ihdjulb_ lhesbghc 6, 8, 10 b

14 fdf. Ij_^\Zjbl_evgZy bhggZy hqbkldZ b kZf ijhp_kk gZg_k_gby ojhfZ

hkms_kl\eyebkv ih b^_glbqghfm j_`bfm, hlebqZebkv lhevdh ^ebl_evghklb ijhp_kkZ

hkZ`^_gby. DZd b h`b^Zehkv, m\_ebq_gb_ lhesbgu ojhfh\h]h ihdjulby [eZ]hijbylgh

kdZau\Z_lky gZ klhcdhklb ba^_eby d \ukhdhl_fi_jZlmjghfm hdbke_gbx ijb 1200 °K

(jbk. 1). Ojhf lhesbghc 6 fdf khojZgy_l aZsblgu_ k\hckl\Z \ l_q_gb_ ^h ~1000 k

\aZbfh^_ckl\by k ihlhdhf \h^ygh]h iZjZ, ihke_ q_]h dbkehjh^ b \h^hjh^ gZqbgZxl

Zdlb\gh ijhgbdZlv \ pbjdhgb_\mx fZljbpm. Ihdjulb_ lhesbghc 8 fdf h]jZgbqb\Z_l

^bnnmabx dbkehjh^Z \ pbjdhgbc ^h ~1800 k, ihke_ ^hklb`_gby wlhc ihjh]h\hc

^ebl_evghklb gZ[ex^Zxlky \kimqb\Zgby gZ ih\_joghklb, jhkl ih^ ihdjulb_f

klZ[bebabjh\Zggh]h dbkehjh^hf .-Zr(O)-kehy b Zdlb\gh_ ih]ehs_gb_ \h^hjh^Z (jbk. 2Z).
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<u\h^u

< hlkmlkl\bb ^_n_dlh\ kljmdlmjZ b lhesbgZ ojhfh\h]h ihdjulby hij_^_eyxl

bgl_gkb\ghklv ^bnnmabhggh]h ijhgbdgh\_gby dbkehjh^Z d ]jZgbp_ jZa^_eZ

ojhf/pbjdhgbc b h[_ki_qb\Zxl jZ[hqbc j_kmjk h[hehqdb \ mkeh\byo ghjfZevghc

wdkiemZlZpbb b \ kemqZ_ Z\Zjbb k ihl_j_c l_iehghkbl_ey.

F_`klhe[qZlu_ imklhlu, jZ^bZevgu_ lj_sbgu, dZie_\b^gu_ h[jZah\Zgby b

g_kiehrghklb y\eyxlky hkgh\gufb ^_n_dlZfb, dhlhju_ fh]ml \hagbdZlv ijb

fZ]g_ljhgghf gZg_k_gbb ojhfh\uo ihdjulbc. Ijb \ha^_ckl\bb hdbkebl_evghc kj_^u

ijbkmlkl\b_ ih^h[guo ^_n_dlh\ g_ iha\hey_l nhjfbjh\Zlv kiehrgmx aZsblgmx

hdkb^gmx ie_gdm, \ j_amevlZl_ q_]h hldju\Z_lky imlv ^ey ^bnnmabb dbkehjh^Z b

\h^hjh^Z \ pbjdhgbc. Ih^h[gu_ ^_n_dlu g_^himklbfu \ ijhfure_gghc l_ogheh]bb

gZg_k_gby ojhfh\uo ihdjulbc.

Ijb hlkmlkl\bb ^_n_dlh\ \ ihdjulbb hkgh\gufb imlyfb ^bnnmabb dbkehjh^Z b

\h^hjh^Z \ pbjdhgbc y\eyxlky ]jZgbpu a_j_g, ihwlhfm f_edha_jgbklZy, iehlgZy

kljmdlmjZ, \ dhlhjhc ih kjZ\g_gbx k djmigh-klhe[qZlhc kljmdlmjhc [hevr_

f_`a_j_gguo ]jZgbp k ^hklZlhqgh \ukhdhc jZahjb_glZpb_c, y\ey_lky

ij_^ihqlbl_evghc ^ey aZf_^e_gby hdbke_gby \ Z\Zjbcguo kblmZpbyo. Ijb

dhjjhabhgghf \ha^_ckl\bb, ijbf_gbl_evgh d ghjfZevguf mkeh\byf wdkiemZlZpbb,

jZaebqby \ kljmdlmj_ ojhfh\h]h ihdjulby g_ ijhy\eyxlky.

Wdki_jbf_glZevgh h[hkgh\Zgh, qlh ^ey kms_kl\_ggh]h ih\ur_gby klhcdhklb d

\ukhdhl_fi_jZlmjghfm hdbke_gbx, ^ebl_evghc dhjjhabb b gZ\h^hjh`b\Zgbx lhesbgZ

ojhfh\h]h ihdjulby gZ h[hehqdZo l\weh\ ^ey ijhfure_gghc wdkiemZlZpbb ^he`gZ

khklZ\eylv g_ f_g__ 10 fdf.

;eZ]h^Zjghklb

:\lhju \ujZ`Zxl [eZ]h^Zjghklv DjZkgh[Z_\m G.G. (:H «<GBBGF»),

>`mfZ_\m I.K. (GBYM FBNB), DZqZebgm =.<. (GBM FWB), Kb^_e_\m >.<. (GB LIM)

aZ ih^]hlh\dm pbjdhgb_\uo h[jZaph\ k aZsblguf ojhfh\uf ihdjulb_f, dhgkmevlZpbb

ih l_ogheh]bb bo gZg_k_gby b hdZaZggmx ihfhsv \ ijh\_^_gbb g_dhlhjuo

bkke_^h\Zgbc.
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