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< gZklhys_f h[ahj_ ijh\_^_gh h[h[s_gb_ bf_xs_cky gZ ^Zgguc fhf_gl

bgnhjfZpbb h[ h[klhyl_evkl\Zo b \hafh`guo ijbqbgZo ehdZevgh]h

ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ j_Zdlhjh\ k \h^hc ih^ ^Z\e_gb_f, Z

lZd`_ dhfi_gkbjmxsbo f_jhijbylbc, j_Zebah\Zgguo ^ey fbgbfbaZpbb

mdZaZggh]h y\e_gby.
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The review summarizes the currently available information on the circumstances

and possible causes of local increased oxidation of pressurized water reactors fuel

rod claddings, as well as corrective actions implemented to mitigate this

phenomenon.
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Ijh\_^_ggu_ bkke_^h\Zgby b gZdhie_gguc d k_j_^bg_ 90o ]h^h\ ijhreh]h \_dZ

hiul wdkiemZlZpbb l\weh\ j_Zdlhjh\ k \h^hc ih^ ^Z\e_gb_f (PWR) ihdZaZeb, qlh

dhjjhaby h[hehq_d ba pbjdhgb_\uo kieZ\h\ g_ h]jZgbqb\Z_l jZ[hlm l\weh\ \iehlv ^h

]em[bg \u]hjZgby hl 35 ^h 40 F<l.kml/d]U [1]. Ijb wlhf hlf_qZehkv, qlh ijb

^Zevg_cr_f ih\ur_gbb ]em[bgu \u]hjZgby y^_jgh]h lhieb\Z (YL) dhjjhaby

gZjm`ghc ih\_joghklb h[hehq_d fh`_l y\eylvky h^gbf ba hkgh\guo nZdlhjh\,

h]jZgbqb\Zxsbf j_kmjk jZ[hlu l\weh\ [2].

Ihke_ m^ebg_gby lhieb\guo dZfiZgbc b gZqZeZ jZ[hlu JM gZ ih\ur_gghc

fhsghklb l_ieh\u^_eyxsb_ k[hjdb (L<K) j_Zdlhjh\ <<WJ wdkiemZlbjmxlky \

hlghkbl_evgh [he__ `_kldbo mkeh\byo. H^gbf ba ih[hqguo wnn_dlh\ ^Zgguo

baf_g_gbc, \uy\e_gguo \ hl^_evguo kemqZyo gZ ijZdlbd_, y\eyxlky kemqZb ehdZevgh]h
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ih\ur_ggh]h hdbke_gby hl^_evguo l\weh\ («ih[_e_gb_», «[_euc gZe_l»). AZ jm[_`hf

mdZaZggh_ y\e_gb_ aZj_]bkljbjh\Zgh, dZd fbgbfmf, \ q_luj_o kljZgZo fbjZ,

wdkiemZlbjmxsbo :WK k e_]dh\h^gufb j_ZdlhjZfb PWR b EPR.

< gZklhys_f h[ahj_ ijh\_^_gh h[h[s_gb_ bf_xs_cky gZ ^Zgguc fhf_gl

bgnhjfZpbb h[ h[klhyl_evkl\Zo b \hafh`guo ijbqbgZo ehdZevgh]h ih\ur_ggh]h

hdbke_gby h[hehq_d l\weh\ j_Zdlhjh\ k \h^hc ih^ ^Z\e_gb_f, Z lZd`_

dhfi_gkbjmxsbo f_jhijbylbc, j_Zebah\Zgguo ^ey fbgbfbaZpbb mdZaZggh]h y\e_gby.

:WK k <<WJ-1000 (JN)

>ey j_ZebaZpbb i_j_\h^Z wdkiemZlbjm_fuo gZ :WK («Dhgp_jg Jhkwg_j]hZlhf»)

wg_j]h[ehdh\ <<WJ-1000 gZ 18-f_kyqguc lhieb\guc pbde k h^gh\j_f_gguf

ih\ur_gb_f fhsghklb j_Zdlhjguo mklZgh\hd ^h 104% hl ghfbgZevghc jZajZ[hlZgu

l\weu k m\_ebq_gghc aZ]jmadhc lhieb\Z, wdkiemZlbjm_fu_ gZ :WK \ khklZ\_ L<K-2F b

L<K:-PLUS. Ijb ijh\_^_gbb \bamZevgh]h hkfhljZ L<K gh\uo fh^bnbdZpbc \ i_jbh^

ieZgh\uo j_fhglh\ ;ZeZdh\kdhc b Jhklh\kdhc :WK \ \_jog_c qZklb hl^_evguo l\weh\

h[gZjm`_gh baf_g_gb_ p\_lZ ih\_joghklb h[hehq_d l\weh\ k k\_leh-k_jh]h gZ [_euc.

GZb[he__ aZf_lgh_ ih[_e_gb_ h[hehq_d l\weh\ gZ[ex^Zehkv ih^ ^\_gZ^pZlhc

^bklZgpbhgbjmxs_c j_r_ldhc (>J12) b \ur_, \iehlv ^h >J13 [3], gZ mqZkld_

jZkiheh`_gby \_jog_c ]jZgbpu lhieb\gh]h klhe[Z b ]Zahk[hjgbdZ (jbk. 1).

Jbk. 1. <g_rgbc \b^ L<K-2M k ih\ur_gguf hdbke_gb_f h[hehq_d l\weh\ [4]

Ih j_amevlZlZf ijh\_^_gguo \ :H «=GP GBB:J» ihke_j_Zdlhjguo

bkke_^h\Zgbc L<K-2F, hljZ[hlZ\r_c gZ wg_j]h[ehd_ � 4 ;ZeZdh\kdhc :WK \ l_q_gb_

h^ghc lhieb\ghc dZfiZgbb, k^_eZgh aZdexq_gb_, qlh ih[_e_gb_ ih\_joghklb l\weh\ \

ijhe_l_ f_`^m >J12 b >J13 h[mkeh\e_gh m\_ebq_gb_f lhesbgu b baf_g_gb_f

kljmdlmju hdkb^ghc iezgdb \ j_amevlZl_ ih\ur_ggh]h hdbke_gby h[hehq_d.

Baf_j_ggZy lhesbgZ hdkb^ghc iezgdb gZ mqZkldZo ih[_e_gby ih\_joghklb l\weh\

mdZaZgghc L<K baf_gy_lky \ ^bZiZahg_ hl 10 ^h 30 fdf, qlh hij_^_ey_l gZ[ex^Z_fh_

jZaebqb_ hll_gdh\ [_eh]h p\_lZ. GZ mqZkldZo l\weh\, khhl\_lkl\mxsbo \_jog_c qZklb
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]Zahk[hjgbdZ, hlf_q_gu kemqZb qZklbqgh]h hlkeh_gby hdkb^ghc ie_gdb k

\ha\jZs_gb_f l_fgh]h lhgZ ih\_joghklb h[hehq_d. >hihegbl_evgh mklZgh\e_gh, qlh

hdkb^gZy iezgdZ gZ ih\_joghklb l\weZ ijbh[j_lZ_l [_euc p\_l, gZqbgZy k lhesbgu,

jZ\ghc ijbf_jgh hl 7 ^h 8 fdf [5].

GZb[he__ \_jhylghc ijbqbghc dhjjhabhggh]h ih\j_`^_gby h[hehq_d l\weh\

<<WJ-1000 gZ mqZkldZo ih[_e_gby ih\_joghklb, kh]eZkgh \u\h^Zf ki_pbZebklh\

:H «=GP GBB:J», y\ey_lky ih\ur_ggh_ iZjhkh^_j`Zgb_ l_iehghkbl_ey i_j\h]h

dhglmjZ \ke_^kl\b_ _]h ih^dbiZgby, dhlhjh_ fh`_l [ulv h[mkeh\e_gh dZd

]b^jZ\ebq_kdbfb oZjZdl_jbklbdZfb L<K-2F, lZd b hkh[_gghklyfb wdkiemZlZpbb L<K

ijb jZ[hl_ JM gZ ih\ur_gghc fhsghklb [5]. Ih ^Zgguf ki_pbZebklh\

GBP «DmjqZlh\kdbc bgklblml» ijb ih^dbiZgbb ijhbkoh^bl kgb`_gb_ dhgp_gljZpbb

\h^hjh^Z \ l_iehghkbl_e_ i_j\h]h dhglmjZ, qlh ijb\h^bl d kms_kl\_gghfm baf_g_gbx

iZjZf_ljh\ \h^gh-obfbq_kdh]h j_`bfZ (<OJ). Ijb wlhf j_adh mf_gvrZ_lky

wnn_dlb\ghklv ih^Z\e_gby jZ^bhebaZ l_iehghkbl_ey, b dhgp_gljZpby dbkehjh^Z \

l_iehghkbl_e_ fh`_l kms_kl\_ggh \hajZklb, qlh fh`_l ijb\_klb d ehdZevghfm

ih\ur_gghfm hdbke_gbx h[hehq_d l\weh\ [6, 7]. Ih\ur_gguc \uoh^ ]Zahh[jZagh]h G2

ba \h^ghc \ iZjh\mx nZam hlghkbl_evgh H2 h[mkeh\e_g jZaebqgufb agZq_gbyfb

dhwnnbpb_glh\ =_gjb [8].

Ijb ijh\_^_gbb \ :H «=GP GBB:J» ihke_^mxsbo bkke_^h\Zgbc lj_o ^jm]bo

L<K-2F k h[hehqdZfb ba kieZ\Z W110, hljZ[hlZ\rbo gZ wg_j]h[ehdZo ;ZeZdh\kdhc

:WK h^gm, ^\_ b ljb lhieb\gu_ dZfiZgbb ijb fhsghklb JM 104% hl ghfbgZevghc,

k^_eZgh aZdexq_gb_, qlh lhesbgZ hdkb^ghc ie_gdb gZ mqZkldZo ehdZevgh]h

ih\ur_ggh]h hdbke_gby aZ\bkbl hl kj_^g_]h \u]hjZgby b ^ebl_evghklb wdkiemZlZpbb

L<K. IhdZaZgh, qlh fZdkbfZevgZy lhesbgZ hdkb^ghc ie_gdb gZ ih\_joghklb l\weh\

L<K, hljZ[hlZ\r_c h^gm lhieb\gmx dZfiZgbx, g_ ij_\urZ_l 9 fdf. >ey L<K,

hljZ[hlZ\r_c ljb lhieb\gu_ dZfiZgbb, ZgZeh]bqgh_ agZq_gb_ khklZ\ey_l hl 12 ^h

38 fdf. Hlf_q_gh, qlh ehdZevgZy dhjjhaby l\weh\ \ ij_^_eZo h^ghc L<K kms_kl\_ggh

aZ\bkbl hl bo jZkiheh`_gby \ imqd_ \ke_^kl\b_ jZaebqguo l_ieh]b^jZ\ebq_kdbo

mkeh\bc wdkiemZlZpbb l\weh\ i_jbn_jbcgh]h b \gmlj_ggbo jy^h\ (jZkoh^, ^Z\e_gb_

b l_fi_jZlmjZ l_iehghkbl_ey) [9].

Ke_^m_l hlf_lblv, qlh, kh]eZkgh i.2.2.5 GI-082-07 [10], hdbke_gb_ h[hehq_d

l\weh\ \ ijhp_kk_ wdkiemZlZpbb JM g_ ^he`gh ijb\h^blv d bo qj_af_jghfm

hojmiqb\Zgbx. H^gbf ba lj_[h\Zgbc d fZl_jbZeZf ^ey h[hehq_d l\weh\ b we_f_glh\

dZjdZkZ L<K y\ey_lky \ukhdZy dhjjhabhggZy klhcdhklv � lhesbgZ hdkb^ghc ie_gdb g_

^he`gZ ij_\urZlv 60 fdf [11].

:WK «;jhd^hjn», «=jhg^_» b «Nbebiik[mj]» (=_jfZgby)

< 2005 ]h^m ijb ijh\_^_gbb \bamZevgh]h hkfhljZ hljZ[hlZ\rbo L<K ihke_

aZ\_jr_gby 20 lhieb\ghc dZfiZgbb wg_j]h[ehdZ �2 :WK «Nbebiik[mj]» hlf_q_g
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g_h[uqguc \g_rgbc \b^ ih\_joghklb h[hehq_d l\weh\ ba kieZ\Z M5 \ ijhe_l_ f_`^m

\hkvfhc b ^_\ylhc >J (]jZgbpZ \_jog_]h dhgpZ lhieb\gh]h klhe[Z b ]Zahk[hjgbdZ). Ih

j_amevlZlZf baf_j_gbc mklZgh\e_gh, qlh fZdkbfZevgZy lhesbgZ hdkb^ghc ie_gdb gZ

^Zgghf mqZkld_ ^hklb]Z_l 70 fdf [12]. Ijb wlhf gb`_ \hkvfhc >J aZf_qZgby d

dhjjhabhgghfm khklhygbx h[hehq_d l\weh\ hlkmlkl\h\Zeb.

>ey mklZgh\e_gby ijbqbg ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ ijh\_^_g

ZgZeba ih ke_^mxsbf gZijZ\e_gbyf [12]:

� obfbq_kdbc khklZ\ b kljmdlmjZ dhgkljmdpbhgguo fZl_jbZeh\;

� ijhba\h^kl\h YL (\dexqZy j_Z]_glu, bkihevam_fu_ ^ey h[jZ[hldb l\weh\ ihke_

ijb\Zjdb dhgp_\uo aZ]emr_d);

� l_ieh]b^jZ\ebq_kdb_ mkeh\by wdkiemZlZpbb (iZjhkh^_j`Zgb_ gZ \uoh^_ ba

L<K);

� ebg_cgh_ wg_j]h\u^_e_gb_ l\weh\;

� <OJ l_iehghkbl_ey i_j\h]h dhglmjZ.

Ih j_amevlZlZf ijh\_^_ggh]h ZgZebaZ k^_eZgh aZdexq_gb_, qlh gb h^bg ba

mdZaZgguo nZdlhjh\ g_ fh`_l [ulv hij_^_e_g \ dZq_kl\_ _^bgkl\_gghc hkgh\ghc

ijbqbgu ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ gZ wg_j]h[ehd_ �2 :WK

«Nbebiik[mj]».

Ijb ihke_^mxsbo fZl_jbZeh\_^q_kdbo bkke_^h\Zgbyo h[jZaph\ h[hehq_d l\weh\

g_ \uy\e_gh jZaebqbc f_`^m mqZkldZfb k ih\ur_gguf hdbke_gb_f b [_a g_]h, dhlhju_

fh]eb [u h[tykgblv gZ[ex^Z_fh_ y\e_gb_. Ijb wlhf ihdZaZgh, qlh lhesbgZ

baf_j_gghc hdkb^ghc ie_gdb gZ ih\_joghklb h[hehqdb l\weZ dhjj_ebjm_l

k kh^_j`Zgb_f `_e_aZ \ dhgkljmdpbhgghf fZl_jbZe_ (kieZ\M51).

< i_jbh^ k 2012 ih 2019 ]h^ ijbagZdb ih\ur_ggh]h hdbke_gby h[hehq_d \

\_jog_c qZklb l\weh\ gZ[ex^Zebkv gZ :WK k PWR ijh_dlZ «Pre-Konvoi» (wg_j]h[ehdb

�2 :WK «Nbebiik[mj]», �1 :WK «=jhg^_» b �1 :WK «;jhd^hjn») b \ ]hjZa^h

f_gvr_c kl_i_gb gZ :WK k PWR ijh_dlZ «Konvoi» (wg_j]h[ehd �2 :WK «BaZj») [13].

Hl^_evgh ke_^m_l hlf_lblv kh[ulb_ gZ wg_j]h[ehd_ �1 :WK «;jhd^hjn», dh]^Z \

i_jbh^ ieZgh\h]h j_fhglZ \ n_\jZe_ 2017 ]h^Z ijb i_j_]jmad_ YL ihke_ aZ\_jr_gby

29 lhieb\ghc dZfiZgbb \ l_iehghkbl_e_ i_j\h]h dhglmjZ [ueh h[gZjm`_gh

ijbkmlkl\b_ g_h[uqgh [hevrh]h dhebq_kl\Z ihklhjhggbo qZklbp, dhlhju_ hdZaZebkv

njZ]f_glZfb hdkb^ghc ie_gdb, hlkehb\r_cky k ih\_joghklb l\weh\. Ijb \bamZevghf

hkfhlj_ L<K \uy\e_gh ih\ur_ggh_ hdbke_gb_ b hlkeh_gb_ hdkb^ghc ie_gdb k

ih\_joghklb l\weh\ ba kieZ\Z M5 \ ijhe_l_ f_`^m \hkvfhc b ^_\ylhc >J. Ih

j_amevlZlZf ijh\_^_gguo baf_j_gbc mklZgh\e_gh, qlh lhesbgZ hdkb^ghc ie_gdb gZ

ehdZevguo mqZkldZo hl^_evguo l\weh\ agZqbl_evgh ij_\urZ_l ijh]ghabjm_fu_

agZq_gby [14].

1 Pbjdhgb_\uc kieZ\ k 1% gbh[by, 0,14% dbkehjh^Z b 20 f]/d] k_ju. Djhf_ wlh]h, 27 we_f_glh\

aZy\e_gu dZd ijbf_kb (lZd gZau\Z_fh_ hklZlhqgh_ aZ]jyag_gb_), \dexqZy `_e_ah (f_g__ 500 f]/d]) [12].
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FZdkbfZevgZy lhesbgZ hdkb^ghc ie_gdb aZ \_kv kjhd wdkiemZlZpbb L<K gZ :WK

\ =_jfZgbb (dZd ijZ\beh, ijbf_jgh iylv e_l) g_ ^he`gZ ij_\urZlv 100 fdf \ kj_^g_f

ih ih\_joghklb l\weZ b 130 fdf gZ ehdZevguo mqZkldZo [12]. < jZkkfZljb\Z_fhf kemqZ_

gZ hl^_evguo l\weZo L<K k wg_j]h[ehdZ �1 :WK «;jhd^hjn» \i_j\u_ \uy\e_g nZdl

ij_\ur_gby mdZaZggh]h ij_^_eZ. Ijb wlhf ^Zggu_ l\weu wdkiemZlbjh\Zebkv \ l_q_gb_

lhevdh ^\mo lhieb\guo dZfiZgbc, ihke_^gyy ba dhlhjuo [ueZ ^hklZlhqgh dhjhldhc.

DZd ijZ\beh, \ ijhe_l_ f_`^m \hkvfhc b ^_\ylhc >J L<K aZiZ^gh]h ^baZcgZ

lhesbgZ hdkb^ghc ie_gdb g_ ij_\urZ_l 25 fdf [12]. Ih j_amevlZlZf baf_j_gby

lhesbgu hdkb^ghc ie_gdb gZ ih\_joghklb 5405 l\weh\ k h[hehqdZfb l\weh\ ba kieZ\Z

F5 ba khklZ\Z 92 L<K k :WK «;jhd^hjn» mklZgh\e_gh, qlh gZ ih\_joghklb 464 l\weh\

k ijbagZdZfb ih\ur_ggh]h hdbke_gby lhesbgZ hdkb^ghc ie_gdb g_ ij_\urZ_l

mdZaZggh]h \ur_ ^himklbfh]h agZq_gby. LhesbgZ hdkb^ghc ie_gdb [he__ 100 fdf

h[gZjm`_gZ gZ 10 l\weZo \ lj_o L<K, \ h^ghf kemqZ_ baf_j_ggZy lhesbgZ khklZ\beZ

152 fdf [15]. Khklhygb_ ih\_joghklb l\weh\ gZ mqZkldZo gb`_ \hkvfhc >J

khhl\_lkl\h\Zeh h`b^Z_fhfm \ha^_ckl\bx h[s_c dhjjhabb, mql_gghc \ ijh_dl_.

Ih j_amevlZlZf ZgZebaZ kh[ulby gZ :WK «;jhd^hjn» knhjfmebjh\Zgh g_kdhevdh

]bihl_a h \hafh`ghf f_oZgbaf_ ehdZevgh]h ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\.

Ih khklhygbx gZ 2020 ]h^ Dhfbkkby ih [_ahiZkghklb j_Zdlhjh\ =_jfZgbb (RSK)

kqblZeZ, qlh lj_[m_lky ^Zevg_crZy ijhjZ[hldZ ^\mo ke_^mxsbo ]bihl_a [12].

Kh]eZkgh i_j\hc ]bihl_a_, ij_^iheZ]Z_lky, qlh ih\ur_ggh_ hdbke_gb_ h[hehq_d

l\weh\ ijhbkoh^bl \ j_amevlZl_ ehdZevgh]h m\_ebq_gby kh^_j`Zgby hdbkebl_evguo

ijh^mdlh\ \ l_iehghkbl_e_ i_j\h]h dhglmjZ. M\_ebq_gb_ dhgp_gljZpbb hdbkebl_evguo

ijh^mdlh\ jZ^bhebaZ \ l_iehghkbl_e_ h[mkeh\e_gh kgb`_gb_f kh^_j`Zgby

jZkl\hj_ggh]h \ l_iehghkbl_e_ \h^hjh^Z. >_]ZaZpby ijhbkoh^bl, \ lhf qbke_ aZ kq_l

ihklmie_gby \h^hjh^Z \ iZj, dhlhjuc h[jZam_lky ijb ih^dbiZgbb l_iehghkbl_ey

i_j\h]h dhglmjZ \ \_jog_c qZklb L<K.

Ih \lhjhc ]bihl_a_ gZ[ex^Z_fh_ ih\ur_ggh_ hdbke_gb_ h[hehq_d \ \_jog_c

qZklb l\weh\ h[mkeh\e_gh gZjmr_gb_f djbklZeebaZpbb, \ qZklghklb, \h \j_fy

nhjfbjh\Zgby aZsblghc hdkb^ghc ie_gdb, h[mkeh\e_ggh_ l_f, qlh \ha^_ckl\b_

l_iehghkbl_ey kha^Z_l pbdebq_kdb_ l_jfbq_kdb_ gZijy`_gby ba-aZ lmj[me_glguo

ihi_j_qguo i_j_lhdh\ \ \_jog_c qZklb Zdlb\ghc ahgu. GZjmr_gb_ djbklZeebaZpbb

ijb\h^bl d [he__ g_h^ghjh^ghc djbklZeebq_kdhc kljmdlmj_ gZ ]jZgbp_ jZa^_eZ

f_lZee/hdkb^ b, dZd ke_^kl\b_, d m\_ebq_gbx h[jZah\Zgby lj_sbg \ hdkb^ghc ie_gd_.

Wlh ijb\h^bl d gZjmr_gbx hdkb^gh]h ihdjh\gh]h kehy, aZsbsZxs_]h f_lZee hl

^Zevg_cr_]h hdbke_gby ^h lZdhc kl_i_gb, qlh hg iheghklvx beb qZklbqgh l_jy_l k\hc

aZsblguc oZjZdl_j. GZ hkgh\_ ^Zgghc ]bihl_au k^_eZgh aZdexq_gb_, qlh ehdZevgmx

mkdhj_ggmx dhjjhabx fh`gh ij_^mij_^blv iml_f h]jZgbq_gby ebg_cgh]h

wg_j]h\u^_e_gby \ \_jog_c h[eZklb lhieb\gh]h klhe[Z, lZd dZd wlh iha\hebl kgbablv

pbdebq_kdb_ l_jfbq_kdb_ gZijy`_gby.
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Ih fg_gbx Zlhfgh]h gZ^ahjgh]h hj]ZgZ a_feb Re_a\b]-=hevrl_cg (=_jfZgby),

djhf_ hkh[_gghkl_c dhgkljmdpbhggh]h fZl_jbZeZ ih\ur_gghfm hdbke_gbx h[hehq_d

l\weh\ gZ :WK «;jhd^hjn» kihkh[kl\h\Zeb `_kldb_ mkeh\by wdkiemZlZpbb L<K:

\ukhdZy iehlghklv wg_j]h\u^_e_gby b jZ[hlZ wg_j]h[ehdh\ :WK \ fZg_\j_gghf

j_`bf_ [14]. LZd, \ 2006 ]h^m :WK «;jhd^hjn» ihemqbeZ jZaj_r_gb_ gZ jZ[hlm gZ

ih\ur_gghc fhsghklb (1480 F<l). GZqbgZy k 2011 ]h^Z ^ZggZy :WK jZ[hlZeZ \

fZg_\j_gghf j_`bf_, hkh[_ggh qZklh k gZqZeZ 2015 ]h^Z. IjbagZdb ih\ur_gby

hdbke_gby h[hehq_d l\weh\ ihy\bebkv \ 2011 ]h^m, ijb wlhf nZdl ij_\ur_gby

ij_^_evgh ^himklbfh]h agZq_gby lhesbgu hdkb^ghc ie_gdb \i_j\u_ aZj_]bkljbjh\Zg

\ 2017 ]h^m. >h b ihke_ 2006 ]h^Z ^ey ba]hlh\e_gby h[hehq_d l\weh\ bkihevah\Zeky

h^bg b lhl `_ dhgkljmdpbhgguc fZl_jbZe � kieZ\ F5. Gh \ k\yab k baf_g_gb_f

mkeh\bc wdkiemZlZpbb JM gZ hl^_evguo h[hehqdZo l\weh\, ba]hlh\e_gguo ba

^hklZlhqgh dhjjhabhgghklhcdh]h fZl_jbZeZ, klZe ijhbkoh^blv jhkl lhesbgu hdkb^ghc

ie_gdb \ \_jog_c qZklb L<K, ]^_ wlh]h g_ h`b^Zehkv, b kh kdhjhklvx jhklZ,

ij_\urZxs_c jZkq_lgu_ agZq_gby.

Ih j_amevlZlZf jZkke_^h\Zgbc kh[ulbc gZ :WK «;jhd^hjn» (n_\jZev 2017)

b :WK «Nbebiik[mj]-2» (fZc 2019) ^ey hl^_evguo wg_j]h[ehdh\ gZ :WK \ =_jfZgbb

[ueb mklZgh\e_gu ke_^mxsb_ wdkiemZlZpbhggu_ h]jZgbq_gby, gZijZ\e_ggu_ gZ

fbgbfbaZpbx beb ih^Z\e_gb_ f_oZgbafZ ehdZevgh]h ih\ur_ggh]h hdbke_gby

h[hehq_d l\weh\ [12]:

� h]jZgbq_gb_ fhsghklb JM ^h 95% ghfbgZevghc, \ hl^_evguo kemqZyo \

khq_lZgbb kh kgb`_gb_f kj_^g_c l_fi_jZlmju l_iehghkbl_ey i_j\h]h dhglmjZ gZ 3 °K;

� h]jZgbq_gby jZ[hlu wg_j]h[ehdh\ \ fZg_\j_gghf j_`bf_;

� h]jZgbq_gb_ iehlghklb wg_j]h\u^_e_gby \ \_jog_c qZklb Zdlb\ghc ahgu

(:WK «;jhd^hjn») beb h]jZgbq_gb_ ebg_cgh]h wg_j]h\u^_e_gby ^ey \_jogbo 12 kf

lhieb\gh]h klhe[Z l\weh\ mjh\g_f 150 <l/kf (wg_j]h[ehd �2 :WK «Nbebiik[mj]»);

� ih^^_j`Zgb_ dhgp_gljZpbb \h^hjh^Z (H2) \ l_iehghkbl_e_ i_j\h]h dhglmjZ gZ

mjh\g_ hl 3 ^h 4 f]/d].

:WK «:g]jZ» (;jZabeby)

< bxg_ 2020 ]h^Z \ i_jbh^ ieZgh\h]h j_fhglZ wg_j]h[ehdZ �2 :WK «:g]jZ» ih

aZ\_jr_gbx 16 lhieb\ghc dZfiZgbb ijb ijh\_^_gbb i_j_]jmadb YL hlf_q_g \uoh^

«f_edbo [e_klysbo qZklbp» ba hl^_evguo L<K (jbk. 2).

>ey hij_^_e_gby \hafh`guo ijbqbg ^Zggh]h kh[ulby hj]Zgbah\Zgh ijh\_^_gb_

jZkke_^h\Zgby. < i_j\mx hq_j_^v ijh\_^_g \bamZevguc hkfhlj \u]jm`Z_fuo ba

Zdlb\ghc ahgu L<K k ihfhsvx l_e_\babhgghc kbkl_fu.
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(Z) ([)

Jbk. 2. Ihklmie_gb_ njZ]f_glh\ hlkehb\r_cky hdkb^ghc ie_gdb ba L<K \ l_iehghkbl_ev ijb

ijh\_^_gbb ljZgkihjlgh-l_ogheh]bq_kdbo hi_jZpbc (Z) k ihke_^mxsbf hk_^Zgb_f gZ

ih\_joghklb \gmljbdhjimkguo mkljhckl\ ([) (wg_j]h[ehd �2 :WK «:g]jZ», ;jZabeby) [13]

MklZgh\e_gh, qlh \k_ 52 L<K, hljZ[hlZ\rb_ h^gm lhieb\gmx dZfiZgbx, bf_xl

ijbagZdb ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\, \ lhf qbke_ k hlkeZb\Zgb_f

hdkb^ghc ie_gdb \ ijhe_l_ f_`^m \hkvfhc b \_jog_c ^_\ylhc >J. Dhjjhabhggh_

khklhygb_ ih\_joghklb l\weh\ jZaebqZehkv hl _^\Z aZf_lgh]h [he__ yjdh]h k_jh]h

hll_gdZ ^h h[rbjgh]h hlkeZb\Zgby hdkb^ghc ie_gdb. IjbagZdb ih\ur_ggh]h

hdbke_gby h[hehq_d l\weh\ gZ[ex^Zebkv dZd gZ i_jbn_jbcghf jy^m, lZd b gZ l\weZo

\gmlj_ggbo jy^h\ (jbk. 3).

(Z) ([)

Jbk. 3 � <g_rgbc \b^ L<K k ]_jf_lbqgufb (Z) b g_]_jf_lbqgufb ([) l\weZfb

(wg_j]h[ehd �2 :WK «:g]jZ», ;jZabeby) [13]

Ihke_ wlh]h, k ihfhsvx h[hjm^h\Zgby ^ey ihbkdZ b ba\e_q_gby ihklhjhggbo

ij_^f_lh\ (FOSAR), \aylu ijh[u qZklbp [_eh]h p\_lZ ba kbkl_fu l_iehghkbl_ey

j_ZdlhjZ. Ih j_amevlZlZf obfbq_kdh]h ZgZebaZ ^Zgguo qZklbp mklZgh\e_gh, qlh hgb \

hkgh\ghf khklhyl ba pbjdhgby (Zr), g_[hevrh]h dhebq_kl\Z (Nb) b ^jm]bo \_s_kl\.

>Zgguc j_amevlZl mdZau\Z_l gZ lh, qlh bo bklhqgbdhf y\ey_lky fZl_jbZe h[hehqdb

l\weZ, pbjdhgb_\h]h kieZ\Z F5 (98,93% Zr, 1% Nb b 0,07% ijbf_k_c). L\weu k

h[hehqdZfb ba kieZ\Z F5 wdkiemZlbjmxlky gZ wg_j]h[ehd_ �2 :WK «:g]jZ» gZqbgZy
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k \hkvfhc lhieb\ghc dZfiZgbb (2009 ]h^). Ijb wlhf ^h 2020 ]h^Z gbdZdbo ijh[e_f

k ^Zgguf kieZ\hf g_ \hagbdZeh.

Ih j_amevlZlZf dhgljhey ]_jf_lbqghklb h[hehq_d l\weh\ gZ hklZgh\e_gghc JM

h^gZ ba L<K k ih\ur_gguf hdbke_gb_f h[hehq_d l\weh\ ijbagZgZ kh^_j`Zs_c

g_]_jf_lbqgu_ l\weu. KqblZ_lky, qlh mdZaZggu_ ih\j_`^_gby ijhbahreb g_aZ\bkbfh

^jm] hl ^jm]Z. NZdl jZa]_jf_lbaZpbb l\weh\ gZ wg_j]h[ehd_ �2 :WK «:g]jZ»

mklZgh\e_g \ kZfhf gZqZe_ 16 lhieb\ghc dZfiZgbb, dh]^Z [ue aZj_]bkljbjh\Zg jhkl

m^_evghc Zdlb\ghklb 131I b 133Xe \ l_iehghkbl_e_ i_j\h]h dhglmjZ. K mq_lhf hiulZ

wdkiemZlZpbb :WK «:g]jZ» k^_eZgh ij_^iheh`_gb_, qlh jZa]_jf_lbaZpby l\weh\ L<K

«R013» ijhbahreZ \ j_amevlZl_ \aZbfh^_ckl\by k ihklhjhggbf ij_^f_lhf (debris-

ih\j_`^_gb_). Ijb wlhf ih j_amevlZlZf \bamZevgh]h hkfhljZ g_]_jf_lbqghc L<K g_

\uy\e_gh ih\j_`^_gbc l\weh\ i_jbn_jbcgh]h jy^Z. Ihklhjhggb_ ij_^f_lu \ ^Zgghc

L<K g_ h[gZjm`_gu [13].

K mq_lhf hiulZ wdkiemZlZpbb :WK \ =_jfZgbb k^_eZgh ij_^iheh`_gb_, qlh

ehdZevgh_ ih\ur_ggh_ hdbke_gb_ h[hehq_d l\weh\ gZ wg_j]h[ehd_ �2 :WK «:g]jZ»

ijhbahreh \ j_amevlZl_ khq_lZgby g_kdhevdbo nZdlhjh\. D gbf fh]ml [ulv hlg_k_gu

khklZ\ dhgkljmdpbhggh]h fZl_jbZeZ h[hehqdb l\weh\, ijhp_kk ba]hlh\e_gby h[hehqdb,

h[jZs_gb_, ojZg_gb_ b mkeh\by wdkiemZlZpbb L<K (jZkij_^_e_gb_ wg_j]h\u^_e_gby,

<OJ, g_cljhggh-nbabq_kdb_ b l_ieh]b^jZ\ebq_kdb_ iZjZf_lju jZ[hlu JM).

Ijh\h^blky ZgZeba \ mdZaZgguo gZijZ\e_gbyo k p_evx \uy\e_gby dhj_gghc ijbqbgu

ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ [13].

WdkiemZlbjmxsZy hj]ZgbaZpby ijbgyeZ j_r_gb_ bkdexqblv L<K k ijbagZdZfb

ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ ba khklZ\Z 17 lhieb\ghc aZ]jmadb

wg_j]h[ehdZ �2 :WK «:g]jZ-2» \ k\yab k hlkmlkl\b_f \hafh`ghklb ijh\_^_gby

baf_j_gbc lhesbgu hdkb^ghc ie_gdb b mlhg_gby l\weh\. Djhf_ lh]h, k p_evx

fbgbfbaZpbb jbkdZ ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ \ oh^_ 17 lhieb\ghc

dZfiZgbb JM [m^_l wdkiemZlbjh\Zlvky gZ ihgb`_gghc fhsghklb, ijbf_jgh gZ 5%.

KblmZpby k ih\ur_gguf hdbke_gb_f h[hehq_d l\weh\ gZoh^blky gZ dhgljhe_ m

gZ^ahjgh]h hj]ZgZ, GZpbhgZevghc dhfbkkbb ih y^_jghc wg_j]bb ;jZabebb (CNEN) [13].

:WK «Rh ;», «Kb\h» b «DZll_ghf» (NjZgpby)

< bxe_ 2021 ]h^Z dhfiZgby EDF h[ty\beZ h \uy\e_gbb gZ lj_o wg_j]h[ehdZo

kemqZ_\ ehdZevgh]h ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ [16].

Ijb ijh\_^_gbb i_j_]jmadb YL gZ wg_j]h[ehd_ �2 :WK «Rh ;» \ n_\jZe_

2021 ]h^Z h[gZjm`_gh [hevrh_ dhebq_kl\h ihklhjhggbo qZklbp [_eh]h p\_lZ jZaf_jhf

\ g_kdhevdh fbeebf_ljh\. Ij_^\Zjbl_evguc ZgZeba ihdZaZe, qlh ^Zggu_ qZklbpu

khklhyl ba ^bhdkb^Z pbjdhgby. K ihfhsvx l_e_\babhgghc kbkl_fu mklZgh\e_gh, qlh

bf__l f_klh [he__ kbevgZy, q_f h`b^Zehkv, dhjjhaby h[hehq_d \ \_jog_c qZklb

hl^_evguo l\weh\ 15 L<K, hljZ[hlZ\rbo h^gm b ^\_ lhieb\gu_ dZfiZgbb [17]. Djhf_
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lh]h, ih^l\_j`^_gh, qlh mdZaZggu_ qZklbpu h[jZah\Zebkv \ j_amevlZl_ hlkeZb\Zgby

hdkb^ghc ie_gdb k \g_rg_c ih\_joghklb h[hehq_d l\weh\ (jbk. 4).

Jbk. 4. <g_rgbc \b^ l\weh\ L<K wg_j]h[ehdZ :WK «Rh ;» k ijbagZdZfb ehdZevgh]h

ih\ur_ggh]h hdbke_gby (Z) b njZ]f_gl hlkehb\r_cky hdkb^ghc ie_gdb ([) [18]

>\Z ^jm]bo kemqZy ijhbahreb gZ ke_^mxsbo wg_j]h[ehdZo [17]:

� wg_j]h[ehd �2 :WK «Kb\h» (JM ijh_dlZ N4, 1450 F<l): hlkeh_gb_ hdkb^ghc

ie_gdb gZ h^ghf l\we_;

� wg_j]h[ehd �3 :WK «DZll_ghf» (JM fhsghklvx 1300 F<l): ehdZevgh_

hdbke_gb_ h[hehq_d l\weh\ [_a hlkeZb\Zgby hdkb^ghc ie_gdb gZ l\weZo g_kdhevdbo

L<K.

LZd dZd ke_^u ehdZevgh]h ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ h[gZjm`_gu

lhevdh gZ hl^_evguo l\weZo, dhfiZgby EDF ijh\_eZ ZgZeba ijhba\h^kl\Z \k_o iZjlbc

h[hehq_d l\weh\ ba khklZ\Z 18 lhieb\ghc aZ]jmadb wg_j]h[ehdZ �2 :WK «Rh ;». Ih

j_amevlZlZf ijh\_^_ggh]h ZgZebaZ g_ mklZgh\e_gu dZdb_-eb[h g_khhl\_lkl\by beb

ZghfZevgu_ kh[ulby, dhlhju_ fh]eb [u [ulv _^bgkl\_gghc ijbqbghc ehdZevgh]h

ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\. Ih j_amevlZlZf ijh\_^_ggh]h ZgZebaZ

mkeh\bc wdkiemZlZpbb wg_j]h[ehdZ �2 :WK «Rh ;» \ oh^_ ihke_^gbo ^\mo lhieb\guo

dZfiZgbc g_ \uy\e_gh dZdbo-eb[h hkh[_gghkl_c ih kjZ\g_gbx k ij_^u^msbfb

i_jbh^Zfb jZ[hlu wg_j]h[ehdh\ k JM ijh_dlZ N4. <OJ l_iehghkbl_ey i_j\h]h dhglmjZ

ih^^_j`b\Zeky \ khhl\_lkl\bb k mklZgh\e_ggufb lj_[h\Zgbyfb, hldehg_gbc \ qZklb

jZ^bhgmdeb^gh]h khklZ\Z l_iehghkbl_ey g_ aZj_]bkljbjh\Zgh [17].

L_f g_ f_g__, k mq_lhf f_`^mgZjh^gh]h hiulZ wdkiemZlZpbb, dhfiZgby EDF

aZy\beZ h ihl_gpbZevghc k\yab f_`^m kdhjhklvx dhjjhabb h[hehq_d l\weh\ b

kh^_j`Zgb_f `_e_aZ \ dhgkljmdpbhgghf fZl_jbZe_, ba dhlhjh]h hgb ba]hlh\e_gu.

MklZgh\e_gh, qlh h[hehqdb l\weh\, gZb[he__ ih^\_j`_ggu_ mkdhj_gghc dhjjhabb,

ba]hlh\e_gu ba hleb\hd kieZ\Z M5 k hlghkbl_evgh gbadbf kh^_j`Zgb_f `_e_aZ. Ih

^Zgguf Hj]ZgZ j_]mebjh\Zgby y^_jghc [_ahiZkghklb NjZgpbb (ASN) ijb kh^_j`Zgbb

`_e_aZ \ kieZ\_ M5 \ ^bZiZahg_ ijbf_jgh hl 370 ^h 400 f]/d] lhesbgZ hdkb^ghc

ie_gdb g_ ij_\urZeZ 75 fdf. Ijb [he__ gbadhf kh^_j`Zgbb `_e_aZ \ ^bZiZahg_
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hl 290 ^h 330 f]/d] fZdkbfZevgZy baf_j_ggZy lhesbgZ hdkb^ghc ie_gdb khklZ\eyeZ

hl 60 ^h 210 fdf (jbk. 5).

Jbk. 5. AZ\bkbfhklv fZdkbfZevghc lhesbgu hdkb^ghc ie_gdb gZ mqZkldZo ehdZevgh]h

ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ hl kh^_j`Zgby `_e_aZ \ dhgkljmdpbhgghf

fZl_jbZe_ [18]

Djhf_ wlh]h, dhfiZgby EDF kqblZ_l, qlh jZ[hlZ wg_j]h[ehdh\ k JM ijh_dlZ N4 \

m^ebg_gguo lhieb\guo dZfiZgbyo kihkh[kl\m_l nhjfbjh\Zgbx j_`bfZ imaujvdh\h]h

dbi_gby gZ ]jZgbp_ f_`^m l_iehghkbl_e_f i_j\h]h dhglmjZ b h[hehqdZfb l\weh\ gZ

mqZkldZo, khhl\_lkl\mxsbo \_jog_fm dhgpm lhieb\guo klhe[h\ [17].

LZdbf h[jZahf, ih fg_gbx dhfiZgbb EDF, hkgh\gufb ijbqbgZfb ehdZevghc

mkdhj_gghc dhjjhabb l\weh\ gZ wg_j]h[ehdZo :WK «Rh ;», «Kb\h» b «DZll_ghf»

y\eyxlky ih^dbiZgb_ l_iehghkbl_ey \ \_jog_c qZklb Zdlb\ghc ahgu b hlghkbl_evgh

gbadh_ kh^_j`Zgb_ `_e_aZ \ kieZ\_ M5, ba dhlhjh]h ba]hlh\e_gu h[hehqdb ^Zgguo

l\weh\.

< k\yab k l_f qlh kh^_j`Zgb_ `_e_aZ \ hl^_evguo ieZ\dZo kieZ\Z M5 y\ey_lky

h^ghc ba ijbqbg ehdZevgh]h ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\, dhfiZgby EDF

ieZgbjm_l i_j_kfhlj_lv lj_[h\Zgby d obfbq_kdhfm khklZ\m ^Zggh]h kieZ\Z k p_evx

ih\ur_gby fbgbfZevgh]h kh^_j`Zgb_ `_e_aZ [17].

Ijb nhjfbjh\Zgbb 19 lhieb\ghc aZ]jmadb wg_j]h[ehdZ �2 :WK «Rh ;»

dhfiZgby EDF ijh\_eZ deZkkbnbdZpbx hljZ[hlZ\rbo L<K gZ hkgh\_ \bamZevgh]h

hkfhljZ b j_amevlZlh\ baf_j_gby lhesbgu hdkb^ghc ie_gdb gZ ih\_joghklb l\weh\,

ijb wlhf [ueh ij_^eh`_gh [17]:

� bkdexqblv ba khklZ\Z hq_j_^ghc aZ]jmadb L<K, ^ey dhlhjuo ijb ijh\_^_gbb

\bamZevgh]h hkfhljZ mklZgh\e_g nZdl hlkeZb\Zgby hdkb^ghc ie_gdb k ih\_joghklb

h[hehq_d l\weh\;

� \dexqblv \ khklZ\ aZ]jmadb lhevdh l_ L<K, ^ey dhlhjuo ih j_amevlZlZf

ijh\_^_gby baf_j_gbc b hp_ghd k g_h[oh^bfuf aZiZkhf, iha\heyxsbf mq_klv l_dms__

ihgbfZgb_ jZkkfZljb\Z_fh]h y\e_gby b g_hij_^_e_gghklv wdki_jbf_glZevguo ^Zgguo,

[ueh h[hkgh\Zgh hlkmlkl\b_ hlkeZb\Zgby hdkb^ghc ie_gdb k ih\_joghklb l\weh\ \h

\j_fy jZ[hlu \ ke_^mxsmx lhieb\gmx dZfiZgbx.
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Ijb ijh\_^_gbb hp_ghd hij_^_eyebkv ij_^_evgh ^himklbfu_ lhesbgu hdkb^ghc

ie_gdb gZ l\weZo L<K, hljZ[hlZ\rbo h^gm beb ^\_ lhieb\gu_ dZfiZgbb, ^ey dhlhjuo k

mq_lhf ijh]ghabjm_fh]h jhklZ lhesbgu hdkb^ghc ie_gdb \ oh^_ 19 lhieb\ghc

dZfiZgbb wg_j]h[ehdZ �2 :WK «Rh ;» g_ [m^_l ij_\ur_g lZd gZau\Z_fuc ihjh]

hlkeZb\Zgby. >Zgguc ihjh] [ue hij_^_e_g ih j_amevlZlZf baf_j_gby lhesbgu

hdkb^ghc ie_gdb gZ l\weZo kh ke_^Zfb __ hlkeZb\Zgby. GZ hkgh\_ ZgZebaZ

wdki_jbf_glZevguo ^Zgguo mklZgh\e_gh, qlh ^ey kieZ\Z M5 ihjh]h\h_ agZq_gb_

lhesbgu hdkb^ghc ie_gdb, ijb ij_\ur_gbb dhlhjh]h g_ bkdexq_g jbkd __

hlkeZb\Zgby, khklZ\ey_l 71 fdf. Ke_^m_l hlf_lblv, qlh ^ey kieZ\Z PbjdZehc-4 (Zy-4)

ihjh] hlkeZb\Zgby hdkb^ghc ie_gdb hp_gb\Z_lky \ 80 fdf [17].

< ^hiheg_gb_ d hl[hjm hljZ[hlZ\rbo L<K k ijbagZdZfb ehdZevgh]h

ih\ur_ggh]h hdbke_gby l\weh\ ^ey ijh^he`_gby wdkiemZlZpbb gZ ijh[e_fguo

wg_j]h[ehdZo dhfiZgb_c EDF [ueb j_Zebah\Zgu ke_^mxsb_ dhfi_gkbjmxsb_

f_jhijbylby, gZijZ\e_ggu_ gZ h]jZgbq_gb_ fZdkbfZevghc lhesbgu hdkb^ghc ie_gdb

b kgb`_gb_ jbkdZ __ hlkeZb\Zgby [17]:

� h]jZgbq_gb_ fZdkbfZevghc fhsghklb JM mjh\g_f 92,6% hl ghfbgZevghc;

� m\_ebq_gb_ dhgp_gljZpbb jZkl\hj_ggh]h \ l_iehghkbl_e_ \h^hjh^Z \ ij_^_eZo,

jZaj_r_gguo lj_[h\Zgbyfb <OJ;

� khojZg_gb_ j_dhf_g^m_fh]h iheh`_gby hj]Zgh\ j_]mebjh\Zgby KMA;

� kgb`_gb_ dhebq_kl\Z fZg_\j_gguo j_`bfh\ (^ey JM ijh_dlZ N4, djhf_

wg_j]h[ehdZ �2 :WK «Rh ;»);

� hp_gdZ wnn_dlb\ghklb mdZaZgguo \ur_ f_jhijbylbc \ i_jbh^ hq_j_^gh]h

ieZgh\h]h j_fhglZ.

Ijh\_^_gguc d fZx 2022 ]h^Z ZgZeba Zjob\h\ \b^_haZibk_c j_amevlZlh\

\bamZevgh]h hkfhljZ L<K JM fhsghklvx 900 F<l b 1300 F<l, k^_eZgguo ijb

i_j_]jmad_ YL aZ ihke_^gb_ ^_kylv e_l ih^l\_j^be gZebqb_ ehdZevgh]h ih\ur_ggh]h

hdbke_gby h[hehq_d l\weh\ b gZ ^jm]bo wg_j]h[ehdZo dhfiZgbb EDF, gh [_a

hlkeZb\Zgby hdkb^ghc ie_gdb. Ijb wlhf ZgZeba j_amevlZlh\ baf_j_gbc lhesbgu

hdkb^ghc ie_gdb ihdZaZe, qlh l\weu FHDK-L<K ih^\_j`_gu ih\ur_gghfm

hdbke_gbx \ agZqbl_evgh f_gvr_c kl_i_gb ih kjZ\g_gbx k l\weZfb k mjZgh\uf

lhieb\hf (UO2) [19].

Ih khklhygbx gZ dhg_p 2022 ]h^Z, ihke_ ijh\_^_gby l_ogbq_kdbo h[km`^_gbc

\hijhkZ ehdZevgh]h ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\, dhfi_gkbjmxsb_

f_jhijbylby, j_Zebah\Zggu_ dhfiZgb_c EDF gZ wg_j]h[ehdZo k JM fhsghklvx 900 b

1300 F<l, [ueb hlf_g_gu [20].

:WK «LZcrZgv» (DblZc), wg_j]h[ehd � 3 :WK «NeZfZg\bev» (NjZgpby)

<\h^ \ wdkiemZlZpbx b ihke_^mxsZy wdkiemZlZpby i_j\uo wg_j]h[ehdh\ k

neZ]fZgkdbfb j_ZdlhjZfb EPR ihdhe_gby III+ (1650 F<l) khijh\h`^Zebkv

ijh[e_fZfb, k\yaZggufb k gZ^_`ghklvx YL. Ijb ijh\_^_gbb \bamZevgh]h hkfhljZ

L<K \h \j_fy i_j_]jmadb Zdlb\ghc ahgu gZ wg_j]h[ehd_ �1 :WK «LZcrZgv» \uy\e_gh



<HIJHKU :LHFGHC G:MDB B L?OGBDB.

K_jby: FZl_jbZeh\_^_gb_ b gh\u_ fZl_jbZeu. 2024. <uimkd 4 (125)

110

ehdZevgh_ ih\ur_ggh_ hdbke_gb_ h[hehq_d l\weh\ c hlkeZb\Zgb_f hdkb^ghc ie_gdb k

\g_rg_c ih\_joghklb h[hehqdb l\weh\. DZd b \ ZgZeh]bqguo kemqZyo gZ :WK \h

NjZgpbb b ^jm]bo aZjm[_`guo kljZgZo, kdhjhklv jhklZ hdkb^ghc ie_gdb \ \_jog_c

qZklb l\weh\, ba]hlh\e_gguo ba kieZ\ZM5, hdZaZeZkv \ur_ h`b^Z_fhc [21].

Ih j_amevlZlZf ZgZebaZ hiulZ wdkiemZlZpbb j_Zdlhjh\ EPR mklZgh\e_gh, qlh gZ

ehdZevgh_ ih\ur_ggh_ hdbke_gb_ h[hehq_d l\weh\ ba kieZ\Z M5 hdZau\Zxl \ebygb_

nex_gk g_cljhgh\ b gZqZevgh_ h[h]Zs_gb_ lhieb\Z ih 235U. Ih ^Zgguf dhfiZgbb

EDF, nex_gk g_cljhgh\ kihkh[kl\m_l baf_g_gbx fbdjhkljmdlmju fZl_jbZeZ h[hehqdb

l\weZ gZ gZqZevghf wlZi_ wdkiemZlZpbb, qlh ijb\h^bl d ih\ur_gbx dhjjhabhgghc

klhcdhklb. GZ gZqZevghf wlZi_ wdkiemZlZpbb j_Zdlhjh\ EPR h[hehqdb l\weh\

ih^\_j]Zebkv hlghkbl_evgh gbadhfm h[emq_gbx \ Zdlb\ghc ahg_, qlh ijb\_eh d

g_^hklZlhqghc dhjjhabhgghc klhcdhklb. Djhf_ wlh]h, \uy\e_gh, qlh fZdkbfZevgZy

lhesbgZ hdkb^ghc ie_gdb gZ[ex^Z_lky gZ l\weZo, kh^_j`Zsbo lhieb\h k hlghkbl_evgh

ih\ur_gguf gZqZevguf h[h]Zs_gb_f ih 235U [21].

DhfiZgby EDF mqeZ hiul wdkiemZlZpbb j_Zdlhjh\ EPR ijb nhjfbjh\Zgbb i_j\hc

lhieb\ghc aZ]jmadb wg_j]h[ehdZ �3 :WK «NeZfZg\bev», imkd dhlhjh]h aZieZgbjh\Zg

gZ 2024 ]h^. <h-i_j\uo, ^ey jZaf_s_gby gZ i_jbn_jbb Zdlb\ghc ahgu ba]hlh\e_gu

gh\u_ L<K mkbe_gghc dhgkljmdpbb k h[hehqdZfb l\weh\ ba pbjdhgb_\h]h kieZ\Z k

ih\ur_gguf kh^_j`Zgb_f `_e_aZ. <h-\lhjuo, k p_evx fbgbfbaZpbb ehdZevgh]h

ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ i_j\Zy lhieb\gZy aZ]jmadZ wg_j]h[ehdZ �3

:WK «NeZfZg\bev» knhjfbjh\ZgZ ba L<K k lhieb\hf hlghkbl_evgh f_gvr_]h

gZqZevgh]h h[h]Zs_gby ih 235U, q_f gZ wg_j]h[ehdZo EPR, \\_^_gguo \ wdkiemZlZpbx \

DblZ_. Djhf_ wlh]h, L<K k [hevrbf dhebq_kl\hf l\weh\, ba]hlh\e_gguo ba kieZ\Z M5

k hlghkbl_evgh gbadbf kh^_j`Zgb_f `_e_aZ, ihklZ\e_ggu_ gZ mdZaZgguc wg_j]h[ehd ^h

\uy\e_gby ijh[e_f k YL gZ :WK «LZcrZgv», aZf_g_gu \ i_j\hc lhieb\ghc aZ]jmad_ gZ

ZgZeh]bqgu_ L<K k l\weZfb lZdh]h `_ h[h]Zs_gby k h[hehqdZfb ba kieZ\Z M5 c

ih\ur_gguf kh^_j`Zgb_f `_e_aZ. LZd`_ \ khklZ\ i_j\hc lhieb\ghc aZ]jmadb

wg_j]h[ehdZ �3 :WK «NeZfZg\bev» \dexq_gu jZg__ ihklZ\e_ggu_ L<K, l\weu

dhlhjuo ba]hlh\e_gu ba hleb\hd kieZ\Z M5 k hlghkbl_evgh ih\ur_gguf kh^_j`Zgb_f

`_e_aZ, \ lhf qbke_ k fZdkbfZevguf gZqZevguf h[h]Zs_gb_f lhieb\Z ih 235U [21].

< aZdexq_gbb BgklblmlZ y^_jghc b jZ^bZpbhgghc [_ahiZkghklb NjZgpbb IRSN

hlf_qZ_lky, qlh ehdZevgh_ ih\ur_ggh_ hdbke_gb_ h[hehq_d l\weh\ ba kieZ\Z M5 \ oh^_

i_j\hc lhieb\ghc dZfiZgbb wg_j]h[ehdZ �3 :WK «NeZfZg\bev» [m^_l h]jZgbq_gh aZ

kq_l khq_lZgby hilbfbaZpbb khklZ\Z lhieb\ghc aZ]jmadb k Zijbhjb [he__

[eZ]hijbylgufb mkeh\byfb wdkiemZlZpbb JM ih kjZ\g_gbx k wg_j]h[ehdZfb :WK

«LZcrZgv» [21]. Dhgdj_lgu_ mkeh\by wdkiemZlZpbb JM ^Zggh]h wg_j]h[ehdZ \

aZdexq_gbb IRSN g_ mdZaZgu. Ijb wlhf, ih ^Zgguf njZgpmakdh]h ^_eh\h]h ba^Zgby

«L'Usine Nouvelle», ba-aZ \hafh`gh]h ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ ba

kieZ\Z M5 wg_j]h[ehd � 3 :WK «NeZfZg\bev» g_ [m^_l wdkiemZlbjh\Zlvky gZ

ghfbgZevghc fhsghklb ^h 2027 beb, \hafh`gh, 2028 ]h^Z [22].
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<aZbfh^_ckl\b_ h[hehq_d l\weh\ ba pbjdhgb_\uo kieZ\h\

k l_iehghkbl_e_f, \hafh`gu_ ihke_^kl\by ih\ur_ggh]h

hdbke_gby h[hehq_d l\weh\

Hl\h^ l_ieZ hl l\weh\ j_Zdlhjh\ k \h^hc ih^ ^Z\e_gb_f hkms_kl\ey_lky

l_iehghkbl_e_f i_j\h]h dhglmjZ. Ih^ ^_ckl\b_f g_cljhgh\ b ]ZffZ-baemq_gby

ijhbkoh^bl jZ^bheba \h^gh]h l_iehghkbl_ey k h[jZah\Zgb_f \h^hjh^Z, dbkehjh^Z b

jy^Z dhjhldh`b\msbo jZ^bdZeh\. Ijb jZ[hl_ JM gZ fhsghklb dbkehjh^ fh`_l

\klmiZlv \ j_Zdpbx k ]hjyq_c f_lZeebq_kdhc ih\_joghklvx h[hehqdb l\weZ, \

j_amevlZl_ gZ g_c h[jZam_lky lhgdZy hdkb^gZy ie_gdZ. >Zgguc ijhp_kk mqblu\Z_lky

ijb ijh_dlbjh\Zgbb JM. Ijb wlhf lhesbgZ hdkb^ghc ie_gdb g_ ^he`gZ ij_\urZlv

hij_^_e_ggh]h agZq_gby.

EhdZevgh_ ih\ur_ggh_ hdbke_gb_ h[hehq_d l\weh\ j_Zdlhjh\ k \h^hc ih^

^Z\e_gb_f fh`_l bf_lv g_kdhevdh ihke_^kl\bc k lhqdb aj_gby [_ahiZkghklb

wdkiemZlZpbb JM, lZd dZd hgh fh`_l ih\ukblv \_jhylghklv kd\hagh]h ih\j_`^_gby

h[hehq_d l\weh\. < kemqZ_ fZkkh\hc jZa]_jf_lbaZpbb l\weh\ fh`_l ijhbahclb

agZqbl_evgZy ml_qdZ ijh^mdlh\ ^_e_gby \ l_iehghkbl_ev i_j\h]h dhglmjZ k

^hklb`_gb_f khhl\_lkl\mxsbo wdkiemZlZpbhgguo ij_^_eh\ b g_h[oh^bfhklvx

ijh\_^_gby \g_ieZgh\h]h hklZgh\Z JM.

GZebqb_ lheklhc hdkb^ghc ie_gdb fh`_l ijb\_klb d mom^r_gbx l_iehh[f_gZ

f_`^m h[hehqdhc l\weZ b l_iehghkbl_e_f i_j\h]h dhglmjZ b, khhl\_lkl\_ggh, d

ih\ur_gbx l_fi_jZlmju lhieb\Z b h[hehqdb.

<hafh`gh_ hlkeZb\Zgb_ hdkb^ghc ie_gdb fh`_l hdZaZlv \ebygb_ gZ h[hkgh\Zgb_

[_ahiZkghklb JM ijb Z\Zjbb k ba\e_q_gb_f kl_j`g_c KMA. Wlh k\yaZgh k l_f, qlh, \

kemqZ_ hlkeZb\Zgby hdkb^ghc ie_gdb, gZ ih\_joghklb h[hehqdb l\weZ h[jZam_lky

hlghkbl_evgh oheh^guc mqZklhd (ih kjZ\g_gbx k mqZkldZfb, ]^_ aZ kq_l gZebqby

hdkb^ghc ie_gdb ih\urZ_lky l_fi_jZlmjZ h[hehqdb), ihwlhfm gZ ^Zgghf mqZkld_ ijb

jZ[hl_ JM gZ fhsghklb fh`_l ijhbkoh^blv \uiZ^_gb_ ]b^jb^h\, dhlhjh_ ijb\h^bl d

hojmiqb\Zgbx pbjdhgb_\h]h kieZ\Z [17]. Ijb wlhf gZ ^Zgguc fhf_gl dhfiZgby EDF

ihdZaZeZ, qlh dhjjhaby h[hehq_d l\weh\ ba kieZ\Z F5 g_ khijh\h`^Z_lky

]b^jbjh\Zgb_f, qlh fh]eh [u hkeZ[blv h[hehqdm \ Z\Zjbcguo j_`bfZo jZ[hlu [17, 23].

HlkeZb\Zgb_ hdkb^ghc ie_gdb k ih\_joghklb h[hehq_d l\weh\ fh`_l ijb\_klb d

agZqbl_evghfm ihklmie_gbx ihklhjhggbo qZklbp \ l_iehghkbl_ev i_j\h]h dhglmjZ.

H^gZdh kqblZ_lky, qlh ^Zggu_ qZklbpu g_ [m^ml ij_^klZ\eylv gbdZdhc hiZkghklb k

mq_lhf bo jZaf_jZ b gbadhc f_oZgbq_kdhc ijhqghklb. Ih ^Zgguf dhfiZgbb EDF,

hlkehb\rb_ky njZ]f_glu hdkb^ghc ie_gdb hq_gv ojmidb_ [17].
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EhdZevgh_ ih\ur_ggh_ hdbke_gb_ h[hehq_d l\weh\ j_Zdlhjh\

k \h^hc ih^ ^Z\e_gb_f

H^ghlbigu_ kemqZb ehdZevgh]h ih\ur_ggh]h hdbke_gby h[hehq_d \ \_jog_c

qZklb l\weh\ j_Zdlhjh\ k \h^hc ih^ ^Z\e_gb_f (<<WJ, PWR b EPR) gZ[ex^Zxlky, ih

djZcg_c f_j_, gZqbgZy k 2005 ]h^Z. >Zggh_ y\e_gb_ aZj_]bkljbjh\Zgh gZ wg_j]h[ehdZo,

wdkiemZlbjm_fuo \ JN, =_jfZgbb, ;jZabebb, NjZgpbb b DblZ_. G_evay bkdexqZlv, qlh

^Zggh_ y\e_gb_ gZ[ex^Z_lky b gZ :WK \ ^jm]bo kljZgZo. GZijbf_j, ba-aZ aZij_lh\ b

h]jZgbq_gbc, k\yaZgguo k wdkihjlguf dhgljhe_f, hlkmlkl\mxl ^Zggu_ h dhjjhabhgghf

khklhygbb l\weh\ gZ :WK \ KR: [23].

<h \k_o ba\_klguo gZ ^Zgguc fhf_gl kemqZyo ehdZevgh_ ih\ur_ggh_ hdbke_gb_

h[hehq_d l\weh\ j_Zdlhjh\ k \h^hc ih^ ^Z\e_gb_f gZ[ex^Zehkv \ ijhe_l_ f_`^m ^\mfy

\_jogbfb >J, gZ ]jZgbp_ \_jog_]h dhgpZ lhieb\gh]h klhe[Z b ]Zahk[hjgbdZ. Ih

bf_xs_cky bgnhjfZpbb, gZ aZjm[_`guo :WK jZkkfZljb\Z_fh_ y\e_gb_ gZ[ex^Zehkv

lhevdh gZ h[hehqdZo l\weh\ ba kieZ\Z M5, ba]hlh\e_gguo dhfiZgb_c Framatome, ijb

wlhf g_ gZ \k_o l\weZo ba ^Zggh]h kieZ\Z. Dhebq_kl\h L<K k l\weZfb k ih\ur_gghc

lhesbghc hdkb^ghc ie_gdb \ khklZ\_ hl^_evghc lhieb\ghc aZ]jmadb fh`_l

\Zjvbjh\Zlvky hl g_kdhevdbo rlmd ^h g_kdhevdbo ^_kyldh\.

FZdkbfZevgZy aZj_]bkljbjh\ZggZy lhesbgZ hdkb^ghc ie_gdb gZ mqZkldZo

ehdZevgh]h ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ j_Zdlhjh\ PWR khklZ\ey_l

ihjy^dZ 200 fdf, qlh wd\b\Ze_glgh ijbf_jgh 30% lhesbgu h[hehqdb. GZ hl^_evguo

:WK aZj_]bkljbjh\Zgu kemqZb hlkeZb\Zgby hdkb^ghc ie_gdb k ih\_joghklb l\weh\.

NjZ]f_glu hdkb^ghc ie_gdb ijbkmlkl\h\Zeb gZ Zglb^_[jbaguo nbevljZo, Z lZd`_

ihklmiZeb ba L<K \ l_iehghkbl_ev ijb ijh\_^_gbb ljZgkihjlgh-l_ogheh]bq_kdbo

hi_jZpbc (jbk. 2Z). Ih \k_c \b^bfhklb, \ ihke_^g_f kemqZ_ hlkeh_gb_ hdkb^ghc ie_gdb

ijhbkoh^beh \ j_amevlZl_ agZqbl_evgh]h baf_g_gby l_fi_jZlmju h[hehq_d l\weh\

ihke_ hklZgh\Z JM.

Lhqgh_ ihgbfZgb_ y\e_gby ehdZevgh]h ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\

j_Zdlhjh\ k \h^hc ih^ ^Z\e_gb_f gZ ^Zgguc fhf_gl hlkmlkl\m_l. D hkgh\guf

nZdlhjZf, ijh\hpbjmxsbf ^Zggh_ y\e_gb_ hlghkyl:

� ih^dbiZgb_ l_iehghkbl_ey i_j\h]h dhglmjZ \ \_jog_c qZklb L<K,

kihkh[kl\mxs__ nhjfbjh\Zgbx \ l_iehghkbl_e_ i_j\h]h dhglmjZ hdbkebl_evghc

kj_^u;

� hlghkbl_evgh gbadh_ kh^_j`Zgb_ `_e_aZ \ dhgkljmdpbhgghf fZl_jbZe_

h[hehq_d l\weh\;

� gbadbc nex_gk g_cljhgh\ gZ gZqZevghf wlZi_ wdkiemZlZpbb L<K;

� wdkiemZlZpbx JM gZ ih\ur_gghc fhsghklb;

� jZ[hlm wg_j]h[ehdh\ :WK \ fZg_\j_gghf j_`bf_.

>ey h]jZgbq_gby ehdZevgh]h ih\ur_ggh]h hdbke_gby ih\_joghklb l\weh\ gZ

aZjm[_`guo :WK [ue j_Zebah\Zg jy^ dhfi_gkbjmxsbo f_jhijbylbc:
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� h]jZgbq_gb_ fZdkbfZevghc fhsghklb JM k p_evx mf_gvr_gby ih^dbiZgby

l_iehghkbl_ey i_j\h]h dhglmjZ \ \_jog_c qZklb Zdlb\ghc ahgu, qlh y\ey_lky h^ghc ba

hkgh\guo ijbqbg ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\;

� ijb jZ[hl_ \ m^ebg_gghc qZklb lhieb\ghc dZfiZgbb ih^^_j`Zgb_ ]jmiiu

hj]Zgh\ j_]mebjh\Zgby KMA \ iheh`_gbb, j_dhf_g^m_fhf ^ey dhgpZ rlZlghc (g_

m^ebg_gghc) lhieb\ghc dZfiZgbb, k p_evx h]jZgbq_gby wg_j]h\u^_e_gby \ \_jog_c

qZklb Zdlb\ghc ahgu b, khhl\_lkl\_ggh, ih^dbiZgby l_iehghkbl_ey i_j\h]h dhglmjZ

[17];

� kgb`_gb_ dhebq_kl\Z fZg_\j_gguo j_`bfh\, dZd h^gh]h ba \hafh`guo

\ebyxsbo nZdlhjh\;

� m\_ebq_gb_ dhgp_gljZpbb jZkl\hj_ggh]h \ l_iehghkbl_e_ \h^hjh^Z ^ey

ih^Z\e_gby h[jZah\Zgby hdbkebl_evguo ijh^mdlh\ jZ^bhebaZ;

� ih\ur_gb_ kh^_j`Zgby `_e_aZ \ dhgkljmdpbhgghf fZl_jbZe_, bkihevam_fhf

^ey ba]hlh\e_gby h[hehq_d l\weh\ dZd ijbf_kb, dhlhjZy iheh`bl_evgh \eby_l gZ

dhjjhabhggmx klhcdhklv pbjdhgb_\uo kieZ\h\ ijb ih\ur_gghc l_fi_jZlmj_ [24];

� \bamZevguc hkfhlj L<K, baf_j_gb_ lhesbgu hdkb^ghc ie_gdb b mlhg_gby

h[hehqdb gZ hl^_evguo l\weZo \ i_jbh^ hq_j_^gh]h ieZgh\h]h j_fhglZ;

� hp_gdZ wnn_dlb\ghklb b, ijb g_h[oh^bfhklb, dhjj_dlbjh\dZ j_Zebam_fuo

f_jhijbylbc.

LZd dZd \ jy^_ kemqZ_\ ehdZevgh_ ih\ur_ggh_ hdbke_gb_ h[hehq_d l\weh\

ijhbahreh ihke_ gZqZeZ wdkiemZlZpbb JM gZ ih\ur_gghc fhsghklb, \ lhf qbke_ \

khq_lZgbb k jZ[hlhc JM \ fZg_\j_gghf j_`bf_, ijb hlkmlkl\bb baf_g_gby

dhgkljmdpbhggh]h fZl_jbZeZ, lh eh]bdZ hl^_evguo dhfi_gkbjmxsbo f_jhijbylbc

aZdexqZ_lky \ \ha\jZs_gbb mkeh\bc wdkiemZlZpbb JM d l_f iZjZf_ljZf, dh]^Z hiul

wdkiemZlZpbb \ qZklb dhjjhabhggh]h khklhygby l\weh\ \ p_ehf [ue iheh`bl_evguf.

<u\h^u

H]jZgbq_gb_ ehdZevgh]h ih\ur_ggh]h hdbke_gby h[hehq_d l\weh\ j_Zdlhjh\ k

\h^hc ih^ ^Z\e_gb_f y\ey_lky \Z`guf k lhqdb aj_gby [_ahiZkghklb JM. Dhj_ggu_

ijbqbgu ^Zggh]h \b^Z dhjjhabb gZ ^Zgguc fhf_gl g_ba\_klgu b __ ihke_^kl\by

g_\hafh`gh kijh]ghabjh\Zlv iml_f ijh\_^_gby jZkq_lh\. JZkkfZljb\Z_fh_ y\e_gb_

fh`_l ijb\h^blv d agZqbl_evguf nbgZgkh\uf ba^_j`dZf b ihl_jyf aZ kq_l

g_aZieZgbjh\Zggh]h m^ebg_gby ieZgh\uo j_fhglh\ wg_j]h[ehdh\ :WK, aZljZlZf gZ

j_ZebaZpbx ki_pbZevguo f_jhijbylbc, \ lhf qbke_ k\yaZgguo k g_h[oh^bfhklvx

wdkiemZlZpbb JM gZ ihgb`_gghc fhsghklb. Ihwlhfm \hijhk h[_ki_q_gby

dhjjhabhgghc klhcdhklb dhgkljmdpbhgguo fZl_jbZeh\ h[hehq_d l\weh\ j_Zdlhjh\ k

\h^hc ih^ ^Z\e_gb_f ijb baf_g_gbb mkeh\bc wdkiemZlZpbb L<K \ klhjhgm

m`_klhq_gby ijh^he`Z_l hklZ\Zlvky ZdlmZevguf.
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