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BrimonHeHb pacueTHbIE UCCIE0BaHUA COCTABA TOIUIMBA B peakTope BB3IP-1000

TP MHOTOKPATHOM peluKie IUIyTOHUA U ypaHa ¢ moamuTkon 20% ypaHoM
(PEMUKC-TomnunBo). [JaHbl pe3ynbTaTHl pacyera OTpebneHus MpUpPOLHOTo
ypaHa, paboTsl pasfeneHus, HaKOIleHUA MIAAIINX aKTUHULAOB U MOLHOCTU
no3ut oT TBC co cBexum TonnmeoM. BrimmonHeHo cpaBHeHne peakTopos BBIP-
1000 c pasnuunsimu Bupamu rormea (U0, PEMUKC u MOKC-TomnmBo) 1o yxa-
3aHHLIM XapaKTepUCTUKaM.

Kniouesble cnosa: MOKC-tonnnso, PEMUKC-tonnumso, nerkosogHbiin peaktop BB3P, Ton-
NIMBHbIW LIMKA, YPaH, NIYTOHWIA, aKTUBHAsA 30Ha, PeLMKIMPOBAHUE YPaHa, PeLMKIMpOBaHUE
NNYTOHUSA, U30TOMHBbINA cocTas, OAT.
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core, uranium recycling, plutonium recycling, isotopic composition, SNF.

BBEAEHME

Ncnonb3osanne MOKC unu PEMUKC-TonnmBea B nerkoBoaHblx peaktopax tuna BBIP (PWR)
ABNAETCA CPeLCTBOM 3aMblKaHUA TONJMBHOIO LIMKNA, MHTEPEC K KOTOPOMY pacTeT B CBA3M C
HaKoMMeHWeM 0TPabOTaBLLIErO TOMANBA 3TUX PEAKTOPOB.

AnbtepHaTtueoi MOKC-TonnuBy, npu nonyyeHnm Kotoporo BoigenerHbiin n3 OAT nny-
TOHUIN CMelnBAeTCs ¢ 06eHEHHbIM UK PereHePUPOBAHHbLIM YPAHOM, MOXET CyXuThb PE-
MUKC-tonnuso (Regenerated Mixture of U-, Pu-oxides) Ha ocHoBe ypaH-nnyToHWEBOrO
pereHeparta, Kotopblin Bbifensetca u3 0AT, ouniwaeTca oT Apyrux akTUHULOB U NPOAYK-
TOB [leNleHUs U CMEeLINBAETCA C 060ralyeHHbIM ypaHoM (TONAUBO MOANKUTKK) Ans obecne-
YeHMs He0OXOAMMOro 3HepronoTeHuumana (cm., Hanpumep [1,2]). Mpesnonaraercs npu
3TOM, YTO BCNEACTBME OTHOCUTENbHO HU3KOrO COAEPIKaHUA NNYTOHMA B TAKOM TONIMBE,
BO3MOXHa 100%-as 3arpy3ka UM akTUBHOW 30HbI peakTopa BB3P-1000. Mpu MHorokpat-
HOM peuuknupoBaHuu u BknoyeHun B PEMUKC-TonnnBo Bcero BbIrpyaemoro nayTo-
HUA TaKoe TOMJIMBO MOXET NONHOCTbIO NW30aBUTb OT HAKONNEHUSA NAYTOHUA U CUAbHO
COKpATUTb HAKOMJIEHNEe pereHepUpPoOBaHHOTO ypaHa.

B pa6ote [3] paccMOTpeHO BAMAHME HA PU3MYECKME XapaKTEPUCTUKM peakTopa BBIP-
1000 nonHoM 3ameHbl B aKTUBHOW 30HE YPAHOBOTO TOMJIMBA HA pereHepupoBaHHOE ypaH-
NIyTOHWEBOE U NOKa3aHo, YTO NOC/e [BYKPATHOIO PeLMKIMpOBaHNA pacyeTHble Xxapak-
TEPUCTUKK 3arpy3KM C TaKUM TONJAUBOM He BbIXOAAT 33 NpejeNbl NPOeKTHbIX OrpaHuye-
HWUI aKTMBHOMN 30HbI peakTopa BB3P-1000.
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BmecTe ¢ Tem U3BeCTHO [4], 4TO peunKknMpoBaHUe NAYTOHUSA NPUBEJET K YBENNYEHUIO
ero CoflepXKaHua B TONNMBE U yXYALWEHWNIO ero U30TOMHOro coCcTaBa (YBeNNYEHUIO fONH
YeTHbIX U30TOMNOB). ITO, B CBOIO OYepeb, NPUBELET K YXYALEHNIO PAAUALNOHHbBIX XapaK-
Tepuctuk TBC co cBexum TonnnBom. PeynknmpoBaHue ypaHa NnpuBeAeT K HAKOMIEHNIO
232J, 41O TAKKe NPUBELET K YXYALWEHUI0 PaAnaLMOHHBIX XapAKTEPUCTUK CBEXKEro TOM-
nuBa. Kpome Toro, yxyfleHne M30TONHOMO COCTaBa NNYTOHWUA U ypaHa (yBenudyeHue
coaepxaHus 236U) npuseser K yBennyeHuto 06pa3oBaHus MIAALWUX aKTUHUAOB (HENTy-
HUS, amepuuus v Klopus). Mo3ToMy npeacTaBnseTcs LenecoobpasHbIM OLEHUTb U3MEHe-
HMe HYKIWLHOro COCTaBa pacCMaTpUBAEMOro ypaH-nayToHWEBOro TOMINBA NPU MHOTO-
KpaTHOM pPeLMKINPOBAHUN U €ro BAUSAHWE HA YKa3aHHble Bblle XxapakTtepuctuku. MNpea-
CTaBNAETCA TAKKe LenecoobpasHblM CPaBHUTH XapaKTEPUCTUKM TOMIUBHbIX LIMKIOB pe-
akTopos BBJP c TonnuBamu pa3nnMyHoro coctasa.

ONPEAENIEHUE XAPAKTEPUCTUK PEMUKC-TOIJIUBA
NMPU MHOITOKPATHOM PELUK/IUPOBAHUMU

PaccMoTpuM M3MeHeHMe HYKNUAHOIO COCTaBA YpaH-NIYyTOHMEBOrO TONMBA B NpoLiec-
Ce MHOTOKpaTHOTro peuuknmpoBaHus B peaktope BB3P-1000. Konnyectso TBC akTuBHOIA
30Hbl ¢ PEMUKC-TonnMBOM, KpaTHOCTb Neperpy3ok 1 BbiropaHue B OyAeM cyuTaTh Taku-
MU e, KaK B pedpepeHCHO YypaHOBOM akTUBHOM 30He co cpeaHum no TBC oboraieHnem
4,33% [3] v BbiropaHuem 49,2 MBT-cyT/Kr.

B pa6ote [3] npu dopmupoBaHum akTuBHoi 30Hbl ¢ PEMUKC-Tonnueom maccoBas
A0NA YpaH-NNYTOHUEBOTO pereHepaTa 1 BbICOKOOOOralleHHOro ypaHa npu ux cMewwmnBsa-
HUM ObIAK NPUHATBI paBHbIMK 0,8 1 0,2, COOTBETCTBEHHO. COXpaHeHWe IHepronoTeHLa-
na ToniMBa JOCTUranoch nogbopom oboralieHms ypaHa B TONAUBE NOANUTKYU, KOTOpOe
coctaBuno B cpefHem no TBC ana Tonnuea nepsoro peuukna 17,1%.

B otnnume ot paboTbl [3] B HAlWMX pacyeTax B Ka4yecTBe TOMAMBA NOANUTKM UCMONb30-
Ba/CA ypaH MOCTOAHHOIO COCTaBa C MAaKCUMaJbHO BO3MOXHbLIM PA3peLleHHbIM I1f UCMOSb-
30BaHMA B rpaXaaHCcKkux uensx 20%-HoiM oboralieHneM. Kpome Toro, NpuHUManoch, YTo BeCb
nayToHui (c yyetom notepu 0,1%) U3BneKaeTca U3 pereHepara u B Buje fiBYyOKUCH NOCTY-
naeT B CBEXee TONMBO ciefytoliero peuukna. 0becneyeHne Heo6X0ANMOro SHEPronoTeH-
Uuana Tonamea AOCTUranoch NOAGOPOM MAcCOBOI JONM TONAMBA NOANUTKU. [pu 3TOM Mac-
COBas [0/ NOANUTKM B TOMNMBE NepBOro peuukia cocrtasuna 16,1%.

Tak e, kak 1 B paboTe [3], npeanonaranocs, 4to Bpems Bbigepxku 0AT nocne obnyye-
HUS B0 nepepaboTku cocTaBnseT 5 neT. Bpems oT BbiaeneHus ypaH-nayTOHNEBOrO pereHe-
paTa 1o NOrpy3Ku ero B COCTaBe TOMJMBA B PeaKTOP NMPUHUMANOCh PAaBHbIM O[HOMY Fofly.

Pacyet TBC ¢ ypaHOBbIM W ypaH-MIyTOHMEBbLIM TONJAUBOM B MpOLIECCe BbIFOPaHUA Npo-
n3BoaMACA ¢ ucnonb3oBaHnem nporpammbl WIMS-ABBN [5], npefctaBnsioweit co6oii Mo-
anduunposaHHyto Bepcuto nporpammbl WIMS-D4 [6], a Takxe nporpamm AVERAGE u
CREDE [7]. CunuTanock 4to Ans coxpaHeHus aHepronoteHyuana TBC goctaTouHo BbINO-
HeHUA yCnoBua coxpaHeHus cpeareit no TBC sennunHsl Kj,r Ha KOHeL| L1Kna peakTopa,
rae Kins — K03t duLUNeHT pa3MHOXeHNA HeATPOHOB B GECKOHEYHON cpefie, COCTOoALeNn 13
TBC paHHoro Tuna.

Ha pucyHke 1 nokasaHbl 3aBMcMMOCTU o06oraweHus no 23°U (kpueas 1) u no cymme
AENALMXCA M30TONOB YpaHa 1 NAyToHMA (KpUBas 2) OT KONMYecTsa peumnknos. [ina cpas-
HEHWS HAaHeCeHbl TaKKe 3HaYeHus (Toukun % u %), B3aTble U3 paboTsl [3].

Cnepyet oTMeTUTb, 4TO B paboTe [3] paccMOTpeHO M3MeHeHMe GU3NYECKUX XapaK-
TEPUCTUK PeaKTopa AulWb NpU ABYKPATHOM PELUKAUPOBAHWUYM TONAMBA U NOKA3aHO,
4TO NMPU 3TOM He TpebyeTcs KaKUX-NMbo N3MEeHEHUI KOHCTPYKLUK peakTopa. 060CcHO-
BaHMe U3NYECKMX XaPAKTEPUCTUK PEAKTOPa B C/ly4ae MHOTOKPATHOro peLukia Ton-
nuBa TpebyeT OTAENbHOrO PACCMOTPEHMUS.
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Puc. 1. O6oraweHue Tonnuea (% no macce) oT Homepa peunkna
Ha pucyHke 2 npuBefeHbl yMeHbLLIEHNE OTHOCUTENBbHO YPaHOBOrO TOMIMBA Pacxofa npu-
ponHoro ypaHa (1) u paboTsl pasgenenus (2). Npu pacyeTHOI OLEHKE 3TUX XapaKTEPUCTUK
conepxaHue 235U B 0TBaNbHOM ypaHe NPUHUMaNnoch pasHbiM 0,2%.

30
. —_
20f -,
X 10l
s I‘F-—.—-‘—-—
’
/
ok
/ A
L A

0
o 1 2 3 4 5 6 7 8 9 10

Puc. 2. YmeHbleHne pacxofa npupoaHoro ypaHa (1) u paboTbl pasgeneHus (2) 0THOCUTENbHO YPaHOBOTO TOMNNBA

MoTpebneHne NPpUPOLHOTO ypaHa Npu UCNONb30BAHWUM YPaH-NIYTOHUEBOTrO pereHepaTa
YMeHbLUIAeTCs No CPaBHEHMIO C ypaHOBLIM TOMANBOM Ha 21% B nepsoMm peLukie u Ha 29% B
CTaLLMOHAPHOM COCTOAAHUM. [pK 3TOM KONNYECTBO paboThl pa3feneHns COKpaLLaeTcs He3Ha-
4nTenbHo (Ao 8% B CTALLMOHAPHOM COCTOAHUM).

Cnepyet oTMETUTb, YTO HEKOTOPbIE OTANYMA MPUBOAMMBIX HA puc. 1 1 2 pe3ynbTaTos OT
AaHHbIX paboTbl [3] 06bACHAOTCA BO3BPATOM BCErO NAYTOHUS B TOMANBO U HECKONBKO 60/1b-
W1M oboralieHeM TONAMUBA NOAMUTKM B HALWMX pacyeTax. [locneHee N03BONAET HECKOIb-
KO yBENMYNTb KONMYECTBO pereHepaTa B CBEXEM TOMIMBE 3a CHET yMEHbLUEHUSA KONUYeCTBa
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238), BBOAMMOTO C TOMAMBOM NOAMUTKM. YBENMYEHUE KONMYECTBA NAYTOHUA NMPUBOAUT K
yMeHblIeHto oboralleHns Tonamea 23°U, Tpebytoierocs Ans COXpaHeHUs 3HEPronoTeHLma-
N3, YTO U CNedyeT U3 pe3ybTaToB pacyeTa, NpuBeAeHHbIX Ha puc. 1. CymmapHoe Konn4ecTso
LeNAWMXCA N30TOMNOB ypaHa U NIYTOHWUA NPU 3TOM OCTAETCA O[JMHAKOBbIM, YTO TAKKE BULHO
u3 puc. 1.
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Puc. 3. OTHocutensHoe yBeNu4YeHne BbIrpy3Ku Np, Am u Cm no CpaBHEHUIO C PEaKTOPOM Ha ypaHOBOM Tonsinee

Ha pucyHke 3 eMOHCTpUpYeTCA OTHOCUTENbHOE yBennyeHune Bbirpy3ku Np, Am n Cm
Mo CPaBHEHMIO C YPAHOBBIM TONAMBOM (nocne 5 net Bbigepxkn). N3 pucyHka BUJHO, 4TO
BbIFPY3Ka HEMTYHUA U aMepuLua YBENMYMBAETCA NPUMEPHO B TPU Pa3a, a BbIrpy3Ka Kio-
pus — B 10 pas.

MolwwHOCTb 3KBUBANEHTHON [03bl OT He3awuueHHon ceexent TBC ¢ PEMUKC-Tonnu-
BOM 10-0ro peuuKkna npeacrasieHa B Tabn. 1. Bknag B MowHoOCTb A03bl 0T 232U 1 npo-
OYKTOB €ro pacnaja nokasaHol B Tabn. 2. PacyeTbl MOWHOCTEN UCTOYHUKOB HEWTPOHHO-
ro 1 GOTOHHOTO M3ny4yeHuit nposogunuce no nporpamme CARE [8], a mowHoOCTM f03 —
no nporpamme DORT [9] B (r, z)-reomeTpun B P3S16-npubUMKEHUN C MCNONB30BAHUEM

cuctembl KoHctaHt BHAB-93/CONSYST [10, 11].

Tabnuua 1
CyMmmapaHaf MOWHOCTb J03bl HEHTPOHHOIro U GOTOHHOIr0 U3NIYyYEHHUSN
oT cBexew TBC ¢ PEMUKC-tonauBom 10-ro peumkna

PaccTosHue ot nosepxHoctn TBC, cm 0 50 100 200

CymmapHas MOLLHOCTb [03bl, MK3B/Y 2390 3 168 67.9

Ha pucyHke 4 npepcTtaBneHo cogepxanue 232U B ypaHe CBeXero Toniuea B 3a-
BMCMMOCTM OT KonmyecTBa peuunknos. Cam 232U BHOCUT Manibliid BKAAJ B MOLHOCTb G-
W3ny4YeHUs, OCHOBHOI BKNaj B MOWHOCTb A03bl BHOCAT NPOAYKTHI €ro pacnaga. Mo-
3TOMY MOLHOCTb [,03bl 3aBUCUT OT BPEMEHW NOCNE XUMUYECKON OYUCTKN ypaHa (B
HalWeM clyyae — Noc/ie pereHepayuu Tonamuea).

Mo paHHbIM paboThl [12] MOWHOCTb 03kl HA PACCTOAHMM 1 M OT HE3aLMULLEH-
Hbix TBC peakTopa BB3P-1000 ¢ U0, n MOKC-TonnnBOM 3HEpPreTM4yecKoro coctaBa
paBHa 2,6 u 120 mk3B/4 COOTBETCTBEHHO.

112



M3secTua syszos * ApnepHasa aHepretmka * Ned « 2013

Tabnuua 2
Bxaaj B MOLHOCTb A03bl (MK3B/4) oT 232U M npoAyKTOB ero pacnaaa
B 3aBMCMMOCTH OT BpemMeHH nocne BbigeneHusa U-Pu pereHepara
Ansa ronausa 10-ro peumkna

PaccrosHwe ot nosepxHocTi TBC, cm 0 50 100 | 200

05 | 529 | 713 | 359 | 147
Bpems nocne BbigeneHus 10 | o2 | 131 66 97

U-Pu perenepara, net 10 | 2040 | 397 | 200 | 818
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Puc. 4. Copepxanue 232U B ypaHe CBeXero Toniusa

MockonbKY MOLWHOCTL A03bl 0T 232U nponopLoHanbHa ero cogepxaruto 8 TBC, u3 npu-
BEIEHHBIX JAHHbIX CNIEAYET, YTO MOLWHOCTb A03bl oT cBexel TBC c PEMUKC-Tonnmeom byaet
CUNbHO 33aBMCETH OT KOIMYECTBA PELMKIIOB 1 BPEMEHU NOCAe BblfeNeHus pereHepata. [Ans
TOM/IMBA NEPBOro PeLMKIa MOWHOCTb J03bl MeHbLUe MowHocTH fo3bl oT TBC ¢ MOKC-Tonnu-
BOM. lpy MHOrOKpaTHOM peuMKANPOBaHUM MOWHOCTb A03bl 0T TBC ¢ PEMUKC-Tonnusom
npesocxoauT molHocTb Ao3bl oT TBC ¢ MOKC-Tonnneom. [peactaBneHHble pe3ynbTaThl pac-
4EeTOB MOKA3bIBAIOT, YTO MOLWHOCTbL A03bl 0T TBC ¢ PEMUKC-TonnnBom cpaBHMMa € MOLWHOC-
Tbto f,03bl 0T TBC ¢ MOKC-TonniMBOM 1 MHOrOKpaTHO NPEBOCXOAMUT MOLLHOCTb A03bl OT ypa-
Hosou TBC.

CPABHEHME HEKOTOPDbIX XAPAKTEPUCTUK TOMN/IUBHLIX LIUK/1I0B
CUCTEM PEAKTOPOB BB3P-1000 C TOMNJIMBOM PA3JIMYMHOIO TUMNA

CpaBHMM HEKOTOpbIe XapaKTepuCTKK cuctem peaktopos BBIP-1000 c pa3nuyHbiMu BU-
Jamu Tonnuea. Paccmotpum Tpu BapuaHTa:

1) Bce peakTopbl paboTaloT Ha ypaHoBOM TonuBe (pedepeHcHas ypaHoBas a.3.);

2) BCe peakTopbl paboTatoT Ha TON/IMBE U3 pereHepata ypaHa v naytoHus — PEMUKC-ton-
JINBEe — C COCTABOM, COOTBETCTBYIOLMUM CTALUOHAPHOMY COCTOAHMIO, LOCTUTAEMOMY B NPO-
Lecce MHOrOKpaTHOIO peLyKIMpoBaHUA ypaHa 1 NayToHUs;

3) pAL peakTopoB paboTaeT Ha ypaHOBOM TonaMBe (Takue e, KaK B BapuaHTe 1), a oc-
TanbHble — € YacTuyHom (33%) 3arpy3skoit MOKC-tonnusa. YpaHoBoe TONMBO B 3TOM Bapu-
aHTe nMeeT oboraleHue 4,1%. Copepxanue fenswmxcs notonos naytoHus 8 MOKC-tonnu-
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Be cocTaBnseT 3,87%. Copepxanue U235 — 0.2%. Boiropavue B ypaHobix- 1 MOKC-TBC
coctaenset 41,9 n 39,1 MBtYcyT/Kr cooTBeTCTBEHHO[12].

MonHOe KONMYECTBO PEaKTOPOB BO BCEX BapMaHTax byaeM cuMTaTb OAMHAKOBbLIM U MO-
CTOSIHHbIM BO BpeMeHU. Bce peakTopbl paboTatoT B CTaLMOHApHOM pexxume neperpy3ok. Co-
OTHOLIEHMEe MeX Ay KOANYeCTBOM PeaKTOpPOB Ha ypaHe 1 ¢ YacTuyHoli 3arpy3koin MOKC-ton-
NMBa B TPETbEM BapMUaHTe ONpefenseTcs U3 YCI0BUS, YTO KONMYECTBO AeNsALWerocs nayTo-
HUS, BbIJENSIEMOrO U3 BCeX 0TpaboTaBLmMxX ypaHoBbIx TBC Bcex peakTopos, paBHO KonnYe-
CTBY AeNAWErocs nnyToHus, 3arpyxaemoro Bo Bce TBC ¢ MOKC-tonnusom.

[laHHble MO cOoCTaBy 3arpyKaemoro 1 BbIrpyXaemoro Tonauea peakropa BBIP-1000 ¢
YacTUYHoI 3arpy3kon (33%) peakTopHOro nayToHMA Bo3bMeM 13 pacyeto PHL, KW, pe3ynb-
TaTbl KOTOPBIX NpUBeaeHbl B paboTe [13]. Bblgepkka TonamMBa B 3TUX pacyeTax npegnonara-
Nacb paBHOM 4 rofiam.

MpubanKeHHO ByfeM CYUTaTh, YTO CTALMOHAPHbINA COCTAB TOMMBA BO BTOPOM BapuaHTe
COOTBETCTBYET AECATOMY PeLMKIy.

Onpepensiemoe 13 ycnosus 6anaHca AenAWNUXCs U30TONOB MJYTOHMS, BbIFPYKAEMOro U3
ypaHoBbix TBC u 3arpyaemoro B TBC ¢ MOKC-TonniMBOM, KONMYECTBO peakTOpPOB C YacTuy-
How 3arpy3kont MOKC-tonnnBom B TpeTbeM BapuaHTe cocTaBnseT 70% OT KonuyecTsa ypa-
HOBbIX PEAKTOPOB MK 0KOoNo 40% OT 06lero KonuyecTea.

B Tabnunue 3 npepcTaBneHbl 0THOCUTENbHbIE JaHHbIE MO NOTPEBNEHNIO NPUPOAHOrO ypa-
Ha 1 paboTe pa3aeneHns B pacCMaTpUBAEMbIX BapUaHTaX.

Tabauua 3
OTHOCHMTe/NIbHbIe 3HAYEHUA NOTPEOG/IeHUA NPUPOAHOro ypaHa U pacoThl
paspeneHus

Homep Bapuanta | lMoTpebnenue npupogHoro ypaHa | Pabota pasgeneHus

1 1.00 1.00
2 0.71 0.92
3 0.86 0.86

B BapuaHTe N2 1 ecnvm OTBC He nepepabaTbiBalOTCs, TO BCE OHW NOCTYNAIOT B XPaHu-
nuwe. Ecnu OTBC nepepabaTtbiBaloTCs, TO pereHepUpoBaHHbI ypaH, nayToHuit 1 MA B
NosHOM 06beMe MOCTYNaloT Ha CKNafbl.

B BapuaHTe N2 2 Bce OTBC nepepabatbiBatoTcs U B XpaHuauue He noctynatot. Pere-
HepUPOBAHHLIN NAYTOHUIA NOAHOCTBIO, @ pereHepMpoBaHHbIN ypaH NoyTn Ha 90% ucnonb-
3yl0TCA NPU U3rOTOBNEHUU CBEXero Tonnuea. Ha cknaabl noctynaet anwwbs okono 10%
ypaHa 1 Bce HapaboTaHHble MA. Mpu 3TOM, KaK yKa3aHo Bblilwe, HapaboTka MA cunbHO
yBenn4yuBaeTca no cpaBHeHuio ¢ BapuanTom N2 1.

B BapuaHTe Ne 3 KONMYeCTBO BbIFPYKAEMOro NAYTOHMA COKPALLAEeTCA N0 CPAaBHEHUIO
c BapuaHtom N2 1 Ha 40%, npuyem oH pa3melaeTcs B kKonnyectse oTpaboTaBwmx TBC ¢
MOKC-Tonnueom npumepHo B WecTb pa3 meHblweM. ITn TBC gonmxkHbl 6biTb NepepaboTa-
Hbl, U BbIJ@NIEHHbIN NAYTOHWI UCNONb30BAH A1 U3rOTOBNEHNUSA TONINBA ANA PEAKTOPOB
Ha ObICTPbIX HENTPOHAX.

HakonneHue HenTyHWs B 3TOM BapuaHTe AaKe HECKONIbKO CHU3NUTCA MO CPABHEHMUIO C
CUCTEMOMN, COCTOSALLEN U3 ypaHOBbIX PEaKTOPOB, @ HAKOMIEHWe aMepuLMa 1 KIopus BO3-
pacTeT COOTBETCTBEHHO B 1,4 1 2 pa3a. CpaBHeHMe HakonaeHus MA Bo BTOpPOM U Tpe-
TbeM BapuaHTax nokasblBaeT, 4To B cOaNaHCUPOBAHHON CUCTEME, COCTOALEN U3 ypaHo-
BbIX PEAKTOPOB 1 peaKTopoB € YacTuuHom 3arpy3koit MOKC-Tonnnea, HakonneHue He-
NTYHWA, aMepuumna 1 Kiopus 6yaeTt B 3,2 1 5 pas, COOTBETCTBEHHO, MEHbLIKUM, YEM B CUC-
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TeMe C TakuM e KonmyecTeoM peaktopoB ¢ PEMUKC-tonnusom. CnegyeT oTMETUTD, 4TO
npuBeAeHHbIe OLEeHKN CAenaHbl B NPeAnooXeHNH, YTO NAYTOHWUN, BbIFPYKaeMblit U3 pe-
akTopos B BapuaHTe N2 1, u nnyToHwuii, Boirpyxaembiit 3 TBC c MOKC-tonnnsom B Bapu-
aHTe N° 3, nocne yKka3aHHbIX BPEMEH BbIJEPXKM BbILENAOTCA U NOCTYNAOT B ObICTPLIE
peakTopbl. Ecnv nayToOHMI He nocTynaeT B GbICTPble PEAKTOPbI U NPUCYTCTBYIOLLMIA B HEM
Pu?41 pacnagaeTcs NoNHOCTbIO, HAKOMIEHWE aMepuuus B BapuaHte N2 1 cTaHeT npumep-
HO TaKUM e, Kak B BapuaHTe N 2, a B BapuaHTe N2 3 6yaeT npumepHo Ha 10% MeHbLue,
yem B BapuaHTe N2 2.

Kak nokasaHo Bbilwe, MOLWHOCTb A03bl 0T TBC € TONAMBOM Ha OCHOBE ypaH-nayTo-
HWeBOro pereHepaTa M3MeHAETCA B 3aBMCUMMOCTU OT BPEMEHMU BbILEPXKMN MOC/Ie Bbl-
[eNeHns ypaH-nayTOHMEBOro pereHepaTta u Homepa peunkna. OgHako B nto6om cy-
4yae MOXHO CYUTATb, NO-BUAMUMOMY, YTO PafMaLMOHHbBIE XapaKTepucTukm 3tux TBC
cpaBHUMbI ¢ xapaktepuctukamm MOKC-TBC n 06e 3tu TBC aBnstoTcs BbICOKO(OHOBbI-
MW NO CpaBHEHUIO C HU3KodoHOBO ypaHosoi TBC.

Mpun 3TOM BaXHO OTMETUTb, YTO B CUCTEME PEaKTOPOB C ypaH-NIyTOHUEBbLIM pere-
HepaToM (BapuaHT 2) Bce TBC copepxat nAyTOHWIA U AOJKHbI U3TOTABAMBATLCA MO
6onee goporoii TexHonorun. Kpome T0ro, NoBbIWEHHAA MOWHOCTb U3NYYEHUs 3aTPY .-
HAeT obpalleHne ¢ HUMKU. B 0AMHAKOBOI NO KONMYECTBY PEAKTOPOB CUCTEME, COCTO-
ALl U3 ypaHOBLIX PeaKTOPOB U PeaKTOpPOB € YacTU4Hoi 3arpy3kon MOKC-tonnusom
(BapuaHT 3), nons Takmux TBC coctaBnset auwb 1/6 yactb, a octanbHble TBC — HU3-
KodoHoBble ypaHoBble TBC.

B cBA3M c 3TUM cnepyeT 0TMeTUTb, 4TO cToumocTn usrotosneHunsa TBC ¢ MOKC-ton-
nusom u PEMUKC-TonauBoMm, no-BuaNMOMY OKaxyTcs 61u3kumu. B 1o e Bpems us-
BECTHO, YTo cTtoumocTb n3rotosneHns MOKC TBC Ha ocHoBe BbICOKOOHOBOTO Niy-
TOHUSA CyLLeCTBEHHO Bblle CTOMMOCTM u3rotoBnernus TBC Ha ocHoBe ypaHOBOro TOM-
nuBa. Mo faHHbIM 3apy6exHbIX UCTOYHUKOB (CM., Hanpumep, [14]) cToumocTb U3ro-
ToBneHna TBC ¢ MOKC-tonnnBom npeBOCXOAUT CTOMMOCTb U3TOTOBIEHUA YPAHOBbIX
TBC no KpaitHei mepe B NATb pas.

MpepBapuTenbHOe paccMOTpeHMe 3aTpaT Ha CBeXee AAepHoe TOMIMBO NOKa3ano
cnepyiolee. 3aTpaTtbl HA TOMUBO CKAAALIBAOTCA U3 CNEAYIOWUX COCTABASAIOWMX:
3aTpaTt Ha MOKYMKY NPUPOAHOro ypaHa, ero KoOHBepcuto B rekcadtopug ypaHa ans
nocnepytouwero oboraweHuns, cobcTeeHHo oboralweHune, usrotosnerune TBC.

CtroumocTtb nayToHMsA, nayuwero Ha usrotosneHme MOKC TBC, MoXxHO NpuHATL paB-
HOW HYJ0, MOCKOJ/IbKY 3aTpaThbl HAa ero BbifeNeHNs BXOAAT B 3aTpaTthl Ha nepepaboT-
Ky OAT, koTopas npeaycmaTpuBaeTcs Kak B TexHonorum MOKC-tonnuea, Tak u B Tex-
Honorun PEMUKC-tonnuea. CroumocTtu nsrotosneHuns TBC ¢ MOKC-tonnusom un PE-
MUKC-TonnuBoM, No-BUAUMOMY, OKaXyTCs 6AU3KUMHK. B TO e Bpems U3BECTHO, YTO
ctoumocTb n3rotosneHna MOKC TBC Ha ocHoBe BbICOKOOHOBOTO NAYTOHMA CylLe-
CTBEHHO Bbllwe cTtoumocTn nsrotosneHnsa TBC Ha ocHoBe ypaHoBoro Tonnusa. Mo
AaHHbIM 3apy6eXHbIX UCTOYHUKOB (CM., Hanpumep, [9]) ctoumocTb nsrotosnerus TBC
¢ MOKC-tonnneom npeBOCXOAUT CTOMMOCTb U3roToBNeHKUa ypaHoBbix TBC no kpai-
Hell Mepe B NATb pas.

Kak BuaHo u3 Tabn. 2, BapuaHt ucnons3oaHns PEMUKC-Tonnusa (BapuaHT 2)
AaeT 6ynblWY 3KOHOMUIO B NPUPOAHOM ypaHe No CPaBHEHUIO C BAPUAHTOM UCMOJb-
30BaHusa MOKC-TonnuBa, B To BpeMs Kak 6onee 3aMeTHas IKOHOMUsA paboTbl pasge-
neHuns umeet mecto ansa sapuaHta MOKC-tonnuea.

OpHaKo rnaBHbI BKNAj B 3KOHOMUIO 3aTpaT Ha TOMJAMBO B BapuaHTe 3 faer cy-
wecTBeHHoe (B WeCcTb pas3, CM. Bbllie) COKpalleHMe KoNnyecTBa JOCTaTOYHO AOPO-
rux TBC, cofepxawmx BbICOKOMOHOBbLIA NAYTOHUIA.

OTHOCMTENbHbIE BENIMYNHbI 3aTPaT Ha TOMJINBO AN TPeX PaCCMOTPEHHbIX BapuaH-
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TOMIIMBHBIM LIMKIT 11 PAOVNOAKTUBHBIE OTXO/b!

TOB patoTcs B Tabn. 4.

Tabnuua 4
OTHOCUTE/NIbHbIE 3aTpaTbl Ha TOMNJIUBO
3arparel BapuanTNe 1 | Bapuant Ne 2 BapuanT Ne 3
(UOX) (REMIX) (MOX)
MpuponHsIi ypaH 0.45 0.32 0.41
KoHeepcust 0.09 0.06 0.08
OboraLuenne 0.13 0.12 0.12
WaroTosnenue TBC 0.33 1.60 0.59
[NonHble 3atpartsl 1.0 2.1 1.2

N3 npepcTaBneHHbIX pe3ynbTaToB CAeAyeT, YTO COOTHOWeHMWe 3aTpaT HA TONK-
BO, NPUXOAALMXCA HA €MHULY MOLHOCTM AN PACCMOTPEHHbIX BAPUAHTOB, BbITNfA-
OUT cneayoumm o6pasom:

UOX : REMIX: MOX=1:21:1,2.

3aTpathl Ha 3aKNOYMTENbHYIO CTAAMIO TOMMBHOTO LMKNA 3eCh He yunTbiBanuch. OaHa-
KO YYeT 1x, No-BUAMMOMY, TPUBEET K ellie 6onee cunbHOMY npourpbily Bapuanta ¢ PEMUKC-
TONNUBOM BCNEACTBMUE Oynbluero 06bema niyToHWICOAEPKaLLEero TOMINBA, A1 KOTOPOro
Tpebyetcs Gonee goporas TexHonorus nepepabotku 0AT[9].

13 npuBefeHHbIX Bbille pe3yNbTaToB CPABHEHWA MOXHO CLeNaTh 3aKN0YeHue, 4To BCie-
CTBMe Oynbluei CTOMMOCTY TOMNMBHOW COCTaBAAIOWEN U 60/bLIEro HAKOMNEHUS MabIX aK-
TUHWMAOB ucnonb3osaHne PEMUKC-Tonnuea B peaktopax BBIP npeacraBnsercsa meHee npu-
BNleKaTesbHbIM No cpaBHeHuto ¢ MOKC-tonansom.
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YK 621.039.052

Numerical simulation of the coolant flow in the porous body model of a fast breeder reactor \ Leskin
S.T., Slobodchuk V.I., Shelegov A.S., Yaurov S.V., Chistozvonova E.A., Sorokin A.P., Opanasenko A.N.,
Kalyakin S.G., Zaryugin D.G.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013.
- 8 pages, 8 illustrations. — References, 5 titles.

The results of numerical simulation of the coolant flow in the model of a fast breeder
reactor are presented. 3D-model of an experimental facility is developed and the simulation
is carried out with ANSYS CFD code. The porous body approach is used for simulation of
complicated elements of the reactor model such as heat exchangers, reactor core. The numerical
results of thermohydraulic characteristics for the case of the coolant forced circulation as
well as for the case of emergency cooling are presented. The numerical results are in qualitative
agreement with the experimental data. The performance capability of a passive emergency
cooling system with self-contained heat exchangers is confirmed.

VAK53.072.8

Conception design of intensive nonreactor neutron source based on hydrogen ion accelerator \ Kononov
0.E., Kononov V.N., Bokhovko M.V., Gremiachkin D.E.; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power
Engineering) — Obninsk, 2013. - 9 pages, 7 illustrations. — References, 3 titles.

Creation of intensive neutron source for various types of neutron therapy is discussed.
The way to generate intensive neutron beams and they ability is described. Shown that
accelerator with 3 MeV beam energy it is possible to create neutron facility for oncology
clinic.

VAK 621.039.526.034+621.039.546.8:536.24

Experimental analysis of flowrates distribution features in double-loop reactor channels \ Avdeev
E.F., Chusov I.A.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. — 7 pages,
5 illustrations. — References, 5 titles.

Experimental data on the flowrate distribution in working channels dummies of «Research
reactor model» experimental facility with double-loop configuration are provided. The
procedures of experiments performance and received experimental data processing are
provided in detail. Based on the fulfilled experiments, the conclusion was made on
applicability of the obtained data for the reactor plant safety analysis.

VIK 532.5

The equations and algorithms for the calculation of temperature fields of shells of revolution in
aerodynamic flow considering dependence of its material properties on the temperature \ Rozman
L.S.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. - 7 pages, 4 illustrations.
— References, 6 titles.

Due to the rapid development of space exploration programs using rockets with nuclear
facilities there was a necessity to quickly and efficiently calculate temperature fields of head
part of missile to ensure safe transport of nuclear installations to orbit. We consider the
formulation and solving algorithms of the non-stationary problem for calculation of
temperature fields of shell of revolution in high-temperature aerodynamic flow with known
temperature. We propose and consider the physical model and calculation of temperature
fields in the frontal part and in circle sections of the shell of revolution. The proposed physical
model of shell heat transfer with the ablation of material will predict the ability to perform
the targeting of the shell by calculating the temperature fields and the total thickness of
entrained layers for different possible values of the parameters defining the ablation
parameters for shell material.

V1K 621.039.516

The comparison analyses of VVER REMIX-fuel characteristics when multiple recycling were made \
Dekusar V.M., Kagramanyan V.S., Kalashnikov A.G., Kapranova E.N., Korobitsyn V.E., Puzakov A.Yu.;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
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(Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. — 9 pages, 2 tables, 4
illustrations. — References, 9 titles.

The calculation studies on VVER-1000 fuel composition when multiple plutonium and
uranium recycling along with medium enriched uranium feeding (REMIX-fuel) were made.
The calculation results of natural uranium consumption, separation work, minor actinide
accumulation, and the dose rates of FAs with fresh fuel are given. A comparison between
VVER-1000 types reactors fuelled with different fuels (UO,, REMIX, MOX) on characteristics
indicated above was performed.

YK 621.039.54

Investigations on justification and development of concept of direct-steam NPP with water cooled
reactor at supercritical parameters with fast resonance spectrum \ Glebov A.P., Klushin A.V.; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. - 10 pages, 8 tables, 2 illustrations. -
References, 10 titles.

The features of experimental reactor WWER-SCD-30 cooled by water of supercritical
parameters (P = 25 MPa, t = 540 °C), with power of 30 MWt are considered. This reactor is
characterized by fast resonance neutron spectrum and two-pass coolant flow scheme. Physical
characteristics of WWER-SCD-30 calculated for three types of fuel are given. The first of them
is based on U0, with ~ 20 % enrichment. The two other fuel types are from depleted uranium
enriched by weapon or commercial plutonium. Application of small fuel assemblies without
sheath that consist of ~ 19 fuel pins in each is provided. Calculated data on fuel cycles with
these fuel types including values of K . and maximum power density distribution form factor
K - on fuel assembly and K, - throughout the reactor core volume in dependence of burnmg
up duration are presented The heat removal scheme of NPP with WWER-SCD-30 reactor is
discussed. The maximum temperature on the fuel pin cladding is not higher than 620 °C.

V1K 621.039.516

Stochastic theory for zero-power nuclear reactors. Part 1. Physical and mathematical models \ Volkov
Yu.V.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. - 8 pages. — References,
16 titles.

Stochastic theory built for zero-power nuclear reactors. The equations were obtained for
the multidimensional generating and characteristic functions describing the probabilistic
behavior in time branching process with several types of particles and migration. Branching
process is a mathematical model of in neutron multiplication assumed in a nuclear reactor
with an external neutron source.

YNK 621.039.55

Calculations in support of MIR research reactor conversion to low-enriched fuel \ Izhutov A.L., Maynskov
S.V., Pimenov V.V., Starkov V.A., Fedoseev V.E.; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) —
Obninsk, 2013. - 9 pages, 5 tables, 8 illustrations. — References, 6 titles.

The paper presents the results of the calculations in support of MIR reactor conversion to
low-enriched uranium fuel (LEU fuel). There were two LEU fuel types with 19.7% enrichment
studied based on uranium dioxide and U9%Mo alloy. The neutron-physical and thermal-
hydraulic calculations show that there is a slight decrease (4-6%) of fast neutron fluence on
the experimental fuel element claddings during the conversion as well as a significant decrease
of the annual consumption of FAs (30-33%) and ?**U (8-12%). However, the total uranium
consumption increases by approximately 4 times. The results also show that the conversion
to LEU fuel does not degrade the safe operation criteria (performance of the control and
safety rods, departure from nuclear boiling, heat exchange crisis, etc.). It is concluded that
the conversion of the MIR research reactor to LEU-fuel is feasible in principle with insignificant
changes of the reactor experimental capabilities.
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