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B pamkax mpoekTHoro Hanpasnenua «[Ipopsi» B Poccuinckon ®epgepanun
pa3pabaTsiBaeTCA KOMIUIEKC TEXHOJIOIMI 3aMbIKaHUA TOMIUBHOTO LMK
c ucrnonbzoBaHneM cmemanHoro (U-Pu-MA) vurpuasoro tTonnusa. OpHa
13 KJII0UeBLIX 33a4 HOBOW TEXHOJIOTUU — 06ecIieyeHne TaKoro COCTaBa
TOIUIUBA U TAKUX XaPaKTEPUCTUK aKTUBHBIX 30H C HOBLIM TOIZIMBOM, IIPU
KOTOPHIX PEaKTOP UMEET MUHUMANbHLIN 3allac peakTUBHOCTU B ITpolecce
KaMIIaHUW. ITO J,OJKHO MIPUBECTU K CHUXKEHWUIO WIN UCKIIOUEeHNI0 pucka
PEaKTUBHOCTHLIX aBAPUN C TAXKENHIMU ITOCNENCTBUAMU.
B HOBO TexHONOIUMN NIPU JOCTUXeHUN Ko3bduuneHTa BOCIIPOU3BOACTBA
B akTuBHOMW 30He (KBA), 6n13K0ro K eAMHULE, BO3MOXHA peanusanus
PABHOBECHOTO PEXUMA, XapaKTEPU3YIOETOCA CTAOUALHOCTBIO KaK peak-
TUBHOCTMW, TaK U U30TOIIHOT'0 cocTaBa Tomnusa. 0gHako peakTopHas yc-
TAHOBKA ANUTeNbHOE BpeMs (6onee 10-Tu neT) fomxHa paboTaTh B Iepe-
XOLHOM PEeXUMe, KOTOPLIN TpeOyeT CIeluanbHbX Mep M0 YIIPaBleHU0
BLI6ETOM PEaKTUBHOCTU IO KAMITAaHUMU.
[IpepcTaBneHbl pe3ynbTaTH pacuyeTHHX UCCIELOBAHUN, IT0Ka3bBaoOLNeE,
YTO UCIIOJ1b30BAHUE B TOIUIUBE CTAPTOBLIX 3aIPY30K OLICTPHIX PEAKTOPOB
MWHOPHLIX aKTUHWULO0B U3 0TpabOTaBLIETrO A€PHOTO TOIINBA TEIUIOBLIX
PEaKTOpOB M03BONAET YAYULIUTL KPUBYIO U3MEHEHUA peaKTuBHOCTU PY,
IIPUBOAA K CHUXEHWIO 3allaca peakTUBHOCTU Ha BHITOpaHue. B pabore
IIpefCTaBlleHbl Pe3yNbTaTbl MOLeIMPOBAHUA [TOIHOT'0 XU3HEHHOTO LiNKNa
OLICTPOrO peakTopa MowHocTbio 1200 MBT, mepexoza TOMIUBHON KOMITO-
3ULUUN K PaBHOBECHOMY COCTaBY U U3MeHEeHUA HYKAULHOTO U U30TOITHO-
ro cocraBos 0T B sToM mpouecce.

KnioueBble cnoBa: ObiCTpble peakTopbl, HUTPUAHOE TONAUBO, 3AMKHYThI ALEPHbIil
TOMIMBHBIA LIMKN, 3aNac PpeaKTUBHOCTMU, PABHOBECHbIN LK.

BBEAEHME

3amMblKaHWe AAEPHOro TONJAUBHOIO LMKNIA B HACTOsALLEe BpeMs pacCcMaTpUBaeTCs Kak
Crocob peleHns HaCyLHbIX NPO6EM CyLLECTBYIOLLEH AAEPHON IHEPrETUKN U NYTb K KPyn-
HOMacwWwTabHoO AfepHOI 3HepreTuke Ha 6a3e peakTopoB Ha ObICTPbIX HelTpoHax (PBH).
3aMKHyYTbIN AfepHbId TonAuBHbLIA uukn (3ATL) no3sonser npuHLMNUANbLHO peLnTb
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npobnemy otpaboTaswero sgepHoro Tonnusa (0AT) n CHU3UTL PaAMOIKONOTUYECKYIO
0NacHOCTb paAnoakTUBHbIX 0Txo08 (PAQ) Ao npuemnemMoro ypoBHsA paguaLMoHHOMN 3K-
BuBaneHTHoctu [1, 2].Knoyesyio cuctemoobpasywoulyio ponb B 3ATL urpatot peakTopsl
Ha ObICTPLIX HENTPOHax, paboTatolme Ha nayToHuw, Beigensemom u3 0AT, c nocnepyio-
MM MHOTOKPATHBIMErO PeLMKIUPOBAHUEM, U NO3BONAIOLLME BbIXKUIATh JONTOXMUBYLLNE
PAO, Tak Ha3biBaeMble, MUHOPHbIe akTUHUALI. Komnnekc TexHonoruin PBH n 3ATL, akTue-
HO pa3pabaTbiBaeTcs B Poccu B pamMKax NpoOeKTHOro HanpasieHus «MpopbiB» [3 — 5].

Momumo npobnem, ceazaHHbix ¢ OAT u PAO, PBH nonxHbI NpoieMoHCTpUpPOBaTh M HO-
Bblil, paHee HeJOCTUXUMbIiA, ypOBEHb 6€30MACHOCTH, AeTEPMUHUHUCTUYECKU UCKIOYAs
NOTeHLMaNbHYI0 BO3MOXHOCTb TAXENbIX aBapuid, Noao6HbIX YepHoObibCKoM. B yacTHo-
ctu, B.B. OpnoBbIM NpeAnoXeHo CHU3UTL 3anac peakTUBHOCTM PBH po BennyuHbl He
6onee Bspg, YTO NO3BONAET UCKNIOUNTL PEAKTUBHOCTHbIE @aBapuit HAa MTHOBEHHbIX HEllT-
poHax [6]. ITo gocTuraeTcs 3a cyeT obecneyeHns BbICOKOro BOCNPOMU3BOACTBA TOMIM-
Ba B aKTUBHON 30He KBA He MeHee eguHULbI.

TeopeTnyecku Takas BO3MOXKHOCTb, 6€3YCNIOBHO, CyLWEeCTBYET NP1 UCMNO/Ib30BAHUM B
aKTUBHOW 30He NNOTHOrO TonnMBa. B pamkax npoekTa «lpopbIiB» A8 3TOr0 MCNOAb3Y-
eTca cmewaHHoe HuTpuaHoe Tonaneo (CHYM-Tonnueo). KnioueBon npakTuyeckoii npo-
6n1emMoi peanusauun gaHHOM naen sBaseTcs Heo6xoaMMOoCTb obecneyeHus BbICOKON TOY-
HOCTM 3amaca peakTUBHOCTU W y4eTa HeONpeeneHHOCTeH B NPOrHO3MPYeMOM COCTaBe
TONAMBA M AKTUBHOM 30HbI. ITU HEONpPeAeNeHHOCTU CBA3aHbl KaK C HEOAHO3HAYHOCTbIO
M30TOMHOrO COCTABA UCXOHOTO NAYTOHUA, TaK U elle B 6ONbLIEH CTENEHU C NOCTOSAH-
HbIM M3MEHEHMeM COCTaBa TONAMBA B NPOLLECCe MHOFOKPATHOIO PeLUKINPOBAHNS, 3aBu-
CAWEro OT YCNOBUI 06/1y4YeHUs, AAUTENbHOCTU U CXEMbl Peanu3aLumu TONIMBHOTO LMK-
Na, BLIFOPAHMA TONMBA, y4eTa BbXKUraHusa MA, a TakKe C TEXHONOTMYeCKMMIM Heonpee-
NeHHOCTAMM NPW U3rOTOBAEHWUM TONIMBA. XapaKTePUCTUKM TOMIMBA U aKTUBHOW 30HbI, @
cnefoBaTeNbHO, M 3anac peakTuBHocTu PBH n3MeHsAOTCSA B TeUeHMe ANUTENBHOTO Bpe-
MeHM, YTO TpebyeT UX NPOrHo3a Ha 6onblyo rnybuHy (He meHee 30-Tu neT).

METOAMKA MOAE/INPOBAHUSA }KU3HEHHOIO LIUKJ/IA
AKTUBHOMU 30HbI PY

[ilns nccnenoBaHMA onucaHHbIX Bbllwe Npo6aem pa3pabaTbiBaeTcs cneymanbHas me-
TOAMKA aBTOMATU3MPOBAHHOIO MOLENMPOBAHMUA MOTHOTO XU3HEHHOTO LIMKNA aKTUBHOIA
30Hbl PBH, paboTatouero B ycnosusx 3ATLL ¢ MHOrokpaTHbIM peumnkiom Tonauea. OCHOB-
Hble NOJIOXXEHUA 3TOM METOLUKM 3aKNI0YAIOTCA B CleayioLem.

CuynTaercs, 4To 3anyck ObICTPOro peakTopa NPOUCXOAMUT B PAMKaX ABYXKOMMOHEHTHOIA
ALEPHON 3HepreTuku n ns hopMmUpoBaHuaA cTapToBoit 3arpy3ku PBH nnytoHus, Boige-
neHHoro u3 OAT TennoBbix peakTopos BBIP. MnyToHMI Takoro e coctaBa UCMoONb3y-
eTCA M 44 ABYX NEPBbIX NEPErpy30K TOMAMBA, @ HAYMHAA C TPETbE Neperpy3Ku Tonau-
Ba PBH nepexoput Ha ucnonb3oBaHMe COOCTBEHHOTO pereHepUpPOBAHHOrO TOM/IMBA.
Mockonbky Tennoseigenstowme coopku (TBC) c nepoHayanbHO OANHAKOBLIM COCTABOM
TON/IMBA 00/1y4AOTCA B HECKONbKO PA3NNYaAIOLLMUXCA YCNOBUAX NO HENTPOHHOMY NOTOKY
M 3HEProBbIJENeHNI0, TO U COCTAB BbIFPYXXaeMoro, a 3aTeM peLuKIMpyemMoro Tonausa
TaKXe MOXET pa3nuyatbes. MoaToMy HeobxoaMMa opraHu3aums MOLENUPOBAHUSA KaXAoiA
nepcoHansHou TBC.

[ins hopMMUpoBaHUs KpUTMYECKUMX 3arpy30K pa3paboTaH cneuuanm3mpoBaHHbIi anro-
pUTM NoA6GOpa MAacCOBOW JOM NAYTOHWUA [BYX MU TPeX KOMMNOHEHTOB TonaMBa € obec-
neyeHneM KpUTUYHOCTM HA HAYyano MUKpoKamnaHuu. B Hanbonee npoctom BapuaHTe
NMPOMCXOAUT UTEpPALMOHHOEe onpeaeneHune maccosoi gonu naytouua B CHYI-tonnuse.
B 6onee cnoxHbIX BapMaHTax BO3MOXHO MOAENMPOBAHME CMeleHUs bonee CNOXKHbIX
KOMMO3ULMIA, HanpumMep, Hepa3AeNeHHbIX CMeceit ypaHa 1 NayToHWs nocie nepepaboTku
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C NPUPOLHbLIM MW 0BEHEHHbBIM YPAHOM.

B TeueHne MMKpoOKaMNaHuu ynpasneHne KPUTUYHOCTBIO OCYLLECTBAETCS U3MEHEHU-
em nonoxeHnusa PY CY3. lNpu BbIroHKe peakTopa B KpUTUYECKOE COCTOSAHME YYMTbIBAETCA
BO3MOXHOCTb y4eTa METOMYECKON NOTPELIHOCTM PAacYeTHOIO KO3, @ Takxke Tpebyembiii
YPOBEHb TOYHOCTU UTEPALUIA.

CocTaB aKTMBHOM 30HbI PopMUpyeTCcs U3 pereHepupyembix TBC aBTOMaTUUECKM Ha OC-
HOBAHMW 3alAHHOW NOb30BaTENIEM CXEMbl YaCTUYHO-PABHOMEPHOW Neperpy3ku Tonau-
Ba 4 pPacYeTHOro COCTaBa TOMJIMBA, BbIFPYXEHHOrO BYMA Neperpy3Kamu paHee c yye-
TOM U3MEHEHUs B TeYeHUEe XpaHEHUs 1 nepepaboTKu.

Co6CTBEHHO HENTPOHHO-(DMU3NYECKNMIA pacyeT BeAeTcs Ha 6a3e MHOrorpynnoBoro and-
(hy3MOHHOI0 ypaBHeHWA NepeHoca C 3apaHee oNpeaeNeHHON MeToAMYECKOW NOMNPaBKOA
Ha KpUTUYHOCTb. MpumeHeHune anddy3noHHOTro NpUbNUKEHNS [AeT LOCTOBEPHbIE pe-
3yNbTaThl U3MEHEHUA PEAKTUBHOCTU NMPU BLITOPAHMM TONMBA NPU PAa3yMHON CKOPOCTU
pacyeToB, N03BONALWMX 0becneynTb MogenuposaHme 30-Tv — 60-Tv neT IKCNAyaTauum
PBH B 3ATL.

Peanusauns ykazaHHOro nogxona OCyWecTBAAETCA B paMKax NpoOrpaMMHOro KoMm-
nnekca PTM-2 [7], coBpemMeHHas OMbITHas BEPCUS KOTOPOTO UCMONb30Banach U B faH-
HoW paboTe.

AHANU3 BINAHUA PA3JINYHLIX AJITOPUTMOB ®OPMUPOBAHUA
KPUTUYECKUX 3ArPY30K HA 3ANAC PEAKTUBHOCTHU

Pa3nnyus B M30TOMHOM COCTaBe NAYTOHUA TPEOYIOT KOPPEKTUPOBKM €ro MacCoBOI
f0AU Ans obecneyeHns KPUTUYHOCTU 3arpy3Kn aKTUBHOI 30HbI. BBUAY 3aMeTHbIX no-
rpewHocTeit pacyeta KputuyHoctn ~ 0.4 — 0.5%Ak/k (6onee B,gqp) ANA HaxoXAEHNA
MacCcoBOI AONU Lenecoo6pa3HO ONUPaThCA He HA PACYETHYI, @ IKCMEPUMEHTANbHYIO
BENIMUYNHY, ONPefeNeHHYI0 Ha AaHHOI cTapuu 3KkcnayaTtauuu. OgHaKo LenecoobpasHoCTb
M3MEHEHUs MAaCCOBOI JONMN KAXKAYI0 MUKPOKAMMaHUI BbI3bIBAET COMHEHMUSA MO TEXHOJO-
TMYeCcKUM NpuynHam. M Kak nokasanu pacyeTsl, NONbITKA «MPONOHIALUMU» U3MEPEHHOTO
3anaca peaKkTUBHOCTM HA HECKONIbKO MUKPOKAMMNaHMiA BNepes MOXET NPUBOAMUTL K noTe-
pe CTabunbHOCTU METOAMKM KOPPEKTUPOBKM (puc. 1), KonebaHWAM Kak 3anaca peaKkTus-
HOCTM, TaK U MAaccoBon fonu. ITy NpobieMy MOXHO PeWwnTb 3a CYET UCMONb30BAHUA
pacyeTHO yCpPeAHEHHOW BEIMUYNHBI MACCOBOW AONM HA NPOrHO3UPYEMOE YMCIO MUKPO-
KamnaHuii. B uenom moxet ObITb peKOMEHA0BAHA KOPPEKTUPOBKA He MO MUKPOKaMMaHM-
M, @ N0 KaXKAOMY PeLMKAY TOM/IMBA, YTO TEXHONOTUYECKM Hanbonee npuemnemo.

U3MEHEHUA PEAKTUBHOCTHU B PEAKTOPAX
C HATPUEBbIM U CBUHLIOBbIM TEN/IOHOCUTENAMMU

lNepBble e pacyeTbl NOKa3any, YTo 3anac peakTUBHOCTW JOCTAaTOYHO AONTO U3MEHSAETCA
B CBAA3M C Mo UKaLMel coCcTaBa TONAMBA NPU PELMKAMPOBAHMN A0 CTaOUAM3aLMM Ha TaK
Ha3bIBa€MOM «paBHOBECHOM ypoBHe». MoXHO 0TMeTuTb, uTo hu3nka KBA 1 3anaca peak-
TMBHOCTM 6osee 6naronpusTHa B peaKTopax co CBUHLOBBIM TEMIOHOCUTENIEM, B KOTOPbIX MOX-
HO HabniofaTh AaXke poCT PEaKTUBHOCTW NP BbIrOPaHUW TON/IMBA, B TO BpeMs kak B PY bH
M3MEHeHMEe PeaKTUBHOCTU HOCUT Bonee TPAAMLMOHHBIN cnafatolnii xapakTep. TexHU4ecku
npu BoicokoMm KBA 1 pocTe peakTUBHOCTM ynpaBaATb 3aNacoM PeakTMBHOCTU NPOLLe, TaK Kak
AN CHUXKEHWSA 3TOr0 POCTa MOTYT ObITb MCMONb30BAHbI TAKMUE MEpbl, KaK CHUXKeHUE 06beM-
HOW J,ONW TOM/IMBA, MCNONIb30BaHMe nornoTutenen. Bnuauue norpewHoctu gna PY bH kom-
NeHCUpPOoBaTb CNOXKHEE, MOCKONbKY OHO TPebyeT YBENMYEHNS CpefHeN NIOTHOCTM TONAMBA
MO aKTUBHOM 30HE, a TaKWe BO3MOXHOCTH yKe NPAKTUYECKM ncyepnaHsl. Pe3ynbTaTsl cpas-
HUTEIbHOrO PaCcYeTHOro aHaNn3a U3MeHeHNs PeakTUBHOCTM NPU BbIrOPaHWUM TOMINBA AN
BAUTENBHOCTU XU3HEHHOTO LMKNa, paBHOro 60-Tu rogam, npeAcTaBieHsl Ha puc. 2.
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Puc. 1. N3meHeHue 3anaca peakTMBHOCTM MPU UCMONb30BAHUM PA3NUYHbBIX anropUTMOB HOPMUPOBAHNS KPUTUYECKUX
3arpy3ok: a) — 6asosbiii coctas Tonausa (1 — nogbop Pu ans Kawaoi Mukpokamnauuu, 2 — nopbop Pu uyepes
MUKpOKaMnaHuio, 3 — nog6op Pu yepes Tpu MUKpoKamMnaHuu, 4 — nop6op Pu yepes Natb MUKpOKaMnawuil); 6) — u3meHeHue
peaKkTMBHOCTM Ans 6a3oBoro cocrasa Tonnuea (1 — nepeas MUKpOKaMnaHus, 2 — BTOpas MUKPOKAMMaHus, 3 — TpeTbs
MUKPOKaMNaHus, 4 — NATas MUKPOKaMnaHms)
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Puc. 2. N3meHeHne PEaKTUBHOCTW NpU BbIrOpaHUKU TONJNBA B aKTUBHOI 30He: 1 — aKTUBHAsA 30HA C HaTpueBbIM
TennoHoCuTeNeM; 2 — aKTUBHAs 30HA CO CBMHLLOBbIM TEMJIOHOCUTENEM
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AHAJIU3 BJIMAHUA COCTABA TOMNJIMBA CTAPTOBOW 3ArPY3KHU
HA 3AMNAC PEAKTUBHOCTH

BkntoyeHune B COCTAB TOMIMBHOM KOMMO3ULMMW He TONbKO PU, HO U MUHOPHbLIX aKTU-
Hugos (Am n Np), no3BoNAeT yNy4yWuTb KPUBYIO U3MEHEHUA peaKTUBHOCTH PY, Bbixo-
NaXKMBas ee U NPUBOAA K CHUXEHMIO 3anaca PeakTMBHOCTM Ha BbiropaHue (puc. 3). Mo-
BuanMoMy, MA urpatoT pofib HEKOrO JOMONHUTENLHOTO «BbIFOPAOWEro NornoTuTe-
NA®, a UX JoNA MOXeT ObITb 406ABOYHLIM NApaMeTPOM A1s ONTUMU3ALMM 3anaca pe-
aKTUBHOCTMU.
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Puc.3. U3meHeHune PEaKTUBHOCTU NPU BbIFTOPaHUKX TONIMBA NPU UCNONb30BAHUN Puc JJ,OﬁaBﬂeHI/IeM MWHOPHbIX aKTUHUL0B
B CTApTOBYIO 3arpy3ky: 1 — akTuBHas 30Ha ¢ Pu-3arpy3koil; 2 — akTuBHas 30Ha ¢ Pu+Ma-3arpy3skoin
HauanbHas koHueHTpauusa MA B Tonnuse PBH onpepensanach cootHoweHnnem MA n Pu
B OAT BB3IP, Tak 4To6bI BCE TpaHCypaHOBbIE 3NEMEHTbI OblIN BOBJIEYEHbI B TONAUBHBIN
umnkn. fons MA moxeT 6bITb UCMONb30BAHA U A1 PETYANPOBAHMA 3anaca PeakTUBHOCTH
Mpy UCNOJIb30BAHUU NJIYTOHUA Pa3NIMYHOro U30TOMNHOrO COCTaBaA.

BbIBOAbI

OaHa 13 Knodesbix 3apa4 TexHonoruun 3ATL — obecnevyeHne Takoro coctasa ToNAU-
Ba M TaKMX XapaKTEPUCTUK aKTUBHbIX 30H CO CMELUAHHbIM YPaH-NNYTOHNEBbLIM TOMIMBOM,
NPy KOTOPbIX PEAKTOP MMEET MUHUMaNbHBIA 3aNac PeaKTUBHOCTU B MPOLLECCE KaMNaHuMm.

B paboTe npuBeaeHbl OCHOBHbIE NOJIOKEHWUSA aBTOMAaTU3MPOBAHHOIO MOJENMPOBaHMA
MOIHOTO XXM3HEHHOTO LiMKNa aKTUBHOI 30HbI PBH, paboTatowero B ycnosusax 3ATL, ¢ mHo-
FOKpaTHbIM peLuknom Tonnuea. [ns GopMmupoBaHnUsa KpUTUYECKMX 3arpy30K pa3paboTaH
Cneunanu3npoBaHHbIA anropuTM Noabopa MaccoBom J0NM NAYTOHUA € obecneyeHnem
KPUTUYHOCTM HA HA4Yano MUKPOKaMNaHum,

MpencTaBneHbl pe3ynbTaThl MOLENUPOBAHNUSA NONHOMO KU3HEHHOTO LMKAA ObICTPbIX
PeaKTOpOB CO CBUHL,OBbIM M HATPUEBBIM TEMJOHOCUTENAMU B 3aMKHYTOM Al€pPHOM TON-
JIMBHOM LMKNE 1 peleHnsa HEKOTOPbIX MPaKTUYECKMUX 3aA4ay NO peannsaunm KoHuenuymm
Masioro 3anaca peakTMBHOCTU ANA UCKIIOUYEHUA PEAKTUBHOCTHbIX aBapuii Ha MTHOBEHHbIX
HeiTpoHax. loka3aHo, 4To ucnonb3oBaHme MA 6naronpuaTHO CKa3biBaeTCs Ha BENUYM-
He MaKCMManbHOro 3anaca peakTMBHOCTH, a MaccoBas aona MA moxeT ObITb Napamert-
pOM, NO3BONAIOWMM ONTUMU3NPOBATb NEPEXOAHOI PeXnUM B paBHOBECHbIN pexum 3ATL,.
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ABSTRACT

Closure of the nuclear fuel cycle is now seen as an approach to solving the pressing

problems of the existing nuclear power industry and as a way to develop large-scale

nuclear power based on fast reactors (FR). Closed nuclear fuel cycle (CNFC) makes it
possible to ultimately solve the problem of spent nuclear fuel (SNF) and reduce radwaste
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related radioecological hazard down to an acceptable level of radiological equivalence
[1, 2]. Fast reactors using plutonium recovered from spent nuclear fuel with its
repeated reprocessing are a key, systemically important component of CNFCs, in which
long-lived radioactive waste, the so-called minor actinides (MA), can be successfully
incinerated. The suite of FR and CNFC technologies is being intensively developed in
Russia within the framework of the «Proryv» project stream [3 - 5].

Apart from solving problems related to SNF and radwaste, FRs should
demonstrate the new level of safety that has not been reached before. In this
safety-grade reactor plants, the possibility of a Chernobyl-type severe accident
would be deterministically eliminated. In particular, V.V. Orlov suggested that
excess reactivity value in FRs should not exceed Befs, thus eliminating prompt
neutron reactivity accidents [6]. This is achieved by ensuring a high breeding ratio
of the core (equal to at least 1).

Certainly, such a possibility theoretically exists if high density fuel is used in the
reactor core. In this view mixed nitride uranium-plutonium (MNUP) fuel is in demand
within the framework of the «Proryv» project.

Provided that the core breeding ratio is close to 1, the new technology makes it
possible to implement equilibrium mode characterized by the stability of both
reactivity and isotopic composition of the fuel. However, the reactors should be
operated in a transient mode for a long period (more than 10 years), and this operation
requires special measures to control the reactivity scram during the core lifetime.

The article presents the main directions of automated modeling of the entire life
cycle of the FR core operating in a CNFC with repeated fuel recycling. A designated
algorithm of plutonium mass fraction selection assuring reactor criticality in the
beginning of the core run was worked out for making critical loadings.

The authors present the results of modeling the entire life cycle of fast reactors
with lead and sodium coolants in a closed fuel cycle, as well as the results of solving
some practical problems to implement the concept of low excess reactivity in order
to eliminate of prompt neutron reactivity accidents. It was demonstrated that the
introduction of MAs had beneficial effect on the maximum value of excess reactivity,
and the mass fraction of MAs might be the parameter that makes it possible to
transform transient mode into CNFC equilibrium mode.

Key words: fast reactors, nitride fuel, closed nuclear fuel cycle, excess reactivity,
equilibrium cycle.
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