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AnHotanus. [lpeacraBieHbl pe3ynbTaThl aHadW3a OC30MACHOCTH KOHIICMIUM  OOJBIIOTO
sHepreruueckoro peakropa tuna BPECT-3000. B ormuume ot crposimerocs peakropa BPECT,
paccMaTpuBaeTCsl MHHOBAIIMOHHBIA OBICTPBIA YHEPTETUICCKUI PEaKTOp dJIEKTPHIECKON MOIIHOCTH
mo 3I»PB. B aktuBHOW 30HE TmpejyiaracTcs — WCIONB30BaTh  HOBBIE  MaTepUAbL.
METaJJIOKEpaMUIeCKOe TOTUIMBO Ha OCHOBe MHUKpozepeH mMoHoHHTpuaAa UN-PUN m HaHomoporika
Metaindeckoro ypana (mo 20% mno o0beMy), OOOJIOYKH TBIJIOB B BHIE BOJIb(PPAMOBBIX
TMHAPIYECKUX KaICyll, TEIJIOHOCHTENh Ha OCHOBE CBHMHIIA TOPHEBBHIX pyd. MaremaTmueckoe
MOJICIMPOBAHKUE PEAKTOPA W aBAPHHMHBIX PEKUMOB IPOBOJMIOCH C HOMOIIBIO pa3pabOTaHHBIX
aBTopoM nporpamm Dragon-M, FRISS-2Dr ussectusix kogoB WIMS n MCU.

ON THE POSSIBILITY OF ENSURING THE SAFETY OF A LARG E
POWER REACTOR OF THE BREST-3000 TYPE
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Abstract. The results of a safety analysis of the concep tdrge power reactor of the BREST-
3000 type are presented. In contrast to the BRESiEtor under construction, an innovative fast
energy reactor with electrical power of up to 3 Ge\being considered. It is proposed to use new
materials in the core: metal-ceramic fuel basedJbRPuN mononitride micro grains and uranium
metal nanopowder (up to 20% by volume), fuel elenetadding in the form of tungsten cylindrical
capsules, coolant based on lead thorium ores. Muattieal modeling of the reactor and emergency
modes was carried out using the Dragon-M, FRISSgiyrams developed by the author and the
well-known WIMS and MCU codes.

BBenenune

[IpoekTbl  OBICTPBIX  PEAKTOPOB  CO  CBHUHIIOBHIM  TEIJIOHOCHTEIEM
paspabarsiBaroTcst B Poccun, crpanax EBpocorosa, CIIIA, Kutae [1].

ABTOpOM BefeTcsl pa3pabOTKa KOHIEHIUH DKOJIOTUYECKH MPHEMIIEMOTO
SZIEPHOTO OE30MAaCHOT0 peakTopa JJisi MPOU3BOJICTBA AIICKTPUIECKON HEepruu [2].
PaccmarpuBaercss MHHOBAIIMOHHBIN OBICTPBI SHEPreTUYECKUN pEaKTop THIIA
BPECT »nextpuueckoit momHocTH a0 319B. B akTuBHOW 30HE mpemiaraetcs
UCIIOJIb30BaTh HOBBIE MAaTepUajbl: KEPMETHOE TOIUIMBO HAa OCHOBE MHKPO3EpPEH
mounouutpuga UN-PUN u HaHomopomika Mertamauueckoro ypana (mo 20% mo
00beMy), OOOJIOYKH TBIJIOB B BHIC BOJIb()PAMOBBIX IMHIUHIPHUYSCKUX KaICYII,
TEIJIOHOCUTENh Ha OCHOBE CBHHILIA TOPUEBBIX PYI.
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JI1st mpeiyIoKeHHOM KOHIIENITUN PeaKkTopa MyCTOTHBIN A(()EKT peakTUBHOCTH
(ITSP) otpurareneH npu J000M ClieHapuu ero peanusanuu [2]. Haubonee onacHo
BOBJICUEHHE TIy3blpeli B AaKTUBHYIO 30HY TIpU pasrepMeTu3aluu TpyOoK
napoHarpeBaTelis. Y MEHbIICHHE INIOTHOCTH TETUIOHOCHUTENSI B aKTUBHOM 30HE 110 5

7r/cM® COOTBETCTBYET MaKCHMAIBHONW BBEICHHON pPeaKTHBHOCTH (HanmGoiee
OIMACHOMY CIICHApHIO pean3alliy IyCTOTHOTO 3P PeKTa peakTuBHOCTH). [Ipu 3TOM
L[eNHasl peaklus JeJeHUs OBICTPO 3aTyXaeT U PeakTop MepexoquT B Oe3omacHoe
MOJKPUTUYECKOE COCTOsIHUE. MakcuMalibHasi TeMIIepaTypa TOIUIMBA HE MPEBBIIIAET
1463 K, a MmakcumanbHas TeMmreparypa TerioHocutens He npesbimaer 950K. Dto
JIOTTYCTHMBbIE 3HAYCHHUS JJIsI aBAPUHHBIX PEIKUMOB.

MarepuaJjbl 1 METOABI

Onnoit w3 Hambosiee TMPEANOUYTUTEIBHBIX KOHIICTIIIMN JHEPTreTUYECKUX
SJIEPHBIX PEAKTOPOB SIBIISETCS KOHIICTIIIHUS OBICTPOTO PEaKTOpa CO CBUHIIOBBIM
termoHocuteneM. C 2021r. B Poccum B 1. CeBepcke Tomckoi oOnacTu Ha
mwiomanake CHOUPCKOTO XMMHYECKOTO KOMOMHATa COOPYXKAeTCS  OIMBITHO-
nemoHcTpanronHbli  peaktop BPECT-O/[-300 snexktpuueckoii MmormHoctr 300
MBT. B peakrtope mnpeamnosaraercs HUCIOJIb30BaTh CMEIIAHHOE MOHOHUTPHUIHOE
ypaH-Tu1yToHHeBoe TOMBO [1]. OHO ONTHUMAaJbHO MJIsl OBICTPHIX peakTopoB. B
COCTaBe TOILTMBA UCIIOJNIb3yeTCst OTBaNbHBINA ypaH (80%)u mIyTOHMIA, H3BICUCHHBIH
3 orpaboraBmiero ToruBa peaktopoB BBDOP. Ilpu wucmonas3oBaHMM Takoro
TOTUIMBA MOXHO MHUHUMHU3HMPOBATH 3alac PEaKTUBHOCTH Ha BBITOpPaHHUE, a TaKKe
obecreuynTh caMO3alUINEeHHOCTh OT aBapuii Tmma ATWS (anticipated transient
without scram). B kadectBe TeroHocurens asropamu KoHuemniuu BPECT
[peUIaraeTcs KCIoJb30BaTh CBUHEL] MPHPOTHOTO U30TOMHOIo cocrana (1,4 %°%Pp
— 23,6%°%%Pb — 22,69%6°"Pb — 52,4%°%PD).

TormmBo BPECT-OJ/I-300 comepkut g0 5% (ec.) mumaimux akTHHHIOB
(237Np, 24Am, 243Am). OTO MONTOXUBYIIME OTXOIBI SIIEPHONM OSHEPTETHKH
TPAaHCMYTHUPYIOTCS, TJIaBHBIM 00pa3oM, 3a CUeT JIeJICHUS B OBICTPOM peakTope.

OKCIEpUMEHTBl 10 KPYIMHOMACIITAOHOMY MOJICTHPOBAHUIO aBaAPHITHBIX
pexkumoB tuma ATWS (xmouass LOCA WS) u ux KOMOHMHAIUE B SIEpPHOM
peakTope TPYIHOBBIIIONIHUMBIE H JAoporocrosimue. [lo 3Toif mpuunHE aBTOp
HCIOJIb30BaJl METO/Ibl MaTEMATHUYECKOr0 MOAEIMPOBAHHUS, peaTM30BaHHbIE B KOAAX

[3-5].

Pe3yabTaThl M 00Cy:KI€HUE

[Ipu noBeimiennun MomHOCTH peaktopa BPECT  yBenuuumBaercs [19P.
MaxkcumanbHoe 3HaueHue [IOP peanmusyercs He 0pU TOJHOM OCYIIEHUU
LEHTPAIbHOM 4YAacTH AKTUBHOW 30HbI, a NPU YMEHBIIEHWH IIJIOTHOCTHU
Termmonocutenst 10 5...6r/em® (puc. 1). IInoTHOCTHON >(PdEKT peakTHBHOCTH Ap
TOXJeCTBEHHO paBeH [IDP nmpu Hys1eBO#l IIOTHOCTH TEMJIOHOCUTES.

B pacuerax npeamnonaranock, 4TO IUIOTHOCTh TEIUIOHOCHUTENS U3MEHSETCS B
AKTUBHOM 30HE M HWKHEM oTpaxkarene. [Ipm 3TOM my3bIpu BOBJIEKAIOTCS B
aKTUBHYIO 30HY CHU3Y BBEDX.
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[TTOTHOCTE TEMITOHO CHTEN, T/CM?
Puc. 1. 3menenue 3¢ pexTa peak THBHOCTH B 3aBUCUMOCTH OT TUIOTHOCTH TEIUIOHOCHTEIIS
B aKTHBHOW 30HE U HIKHEM OTpaxkarelie npu ocymeHnu peakropa BPECT Gonbmoit

morrocTH: 1 —npuponssiii ceurer; 2 —2°%Pb pacderst mo MCU); B —sbdexTrBHAs 101151
3amnas/ibIBaloluX HEUTPOHOB

[Tpu mambosee omacHOM creHapuu peanuszanuu [1DOP (wmu Ap) B 2,5 pasa
npesbimaer B (puc. 1), uto Henpuemsiemo uiss Oe3omacHocTH. O0ecneunTh
0€30MacHOCTh PEaKTOpa TPAJAUIIMOHHBIMU CITOCOOAMH HE yaaeTCs.

Hcnonp3oBaHne B KayecTBE TEIJIOHOCUTENS CBHHIA, W3BJICYEHHOTO W3
TOPHEBBIX Py, OTYACTH CIOCOOCTBYeT pemieHuto npodsembl [19P. M3oTomHbrii
COCTaB OJHOW M3 MPOO MECTOPOKICHHS MOHAIIUTA! 0,024%°%*Pb — 16,199%°Pb —
2,21%°°Pb — 81,58% %D [6]. Conepsxanue uzoromna 2080 g cBUHIIE MOHALIMTOB
nocrturaet 68 ... 98% [6].

JBaxxpl Mmarnueckue sigpa cBuHIa-208 XxapakTepu3yrOTCsS MaJIbIM CeUYEeHUEM
HEYNPYTHX MpOIeccOoB  (HOTJIOMICHUS HEHPOHOB, HEYNPYroro paccesHHs
HeiTponoB). Takue sapa I0X0 3aMeUISIIOT U MOTIIOIAIOT HEUTPOHBI B pe3ysprare
[I19P munumanen. [Ipy ymMeHbIIEHHH IUIOTHOCTH TEIJIOHOCUTENS 0 6...8r/cM’
sHauenne [IOP B 1,7 paza mnpeBwimaer [. DTOro BIOMHE AOCTATOYHO IS
UHHULAAIIKN TsOKeNo aBapuu. Takum o0pa3oM, mepexoi Ha TOPHEBBIN CBHHELl
(naxe ¢ 100%koHienTpauueii n3ororna *°°Pb)ue pewaer npobiemy.

NanpHeiimemy cHmwkenuo [I9P (wim Ap) crmocoOCTByeT pa3MmelieHue
JOTIOTHUTEILHOTO TOTJIOTUTENS] B akTUBHOM 30He. Hampumep, BonbdpamoBbie
MOKPBITUST TBIJIOB TIO3BOJISIOT CHU3UTH IJIOTHOCTHOH 3D (PeKT peakTuBHOCTH Ap 10
HYJIEBOTO 3HaueHHs (MIPH CaMOM OIMACHOM CIICHApUH ero peanusanuu). Kpome Toro,
BOJIb()PAMOBBIE TOKPBITHS CIYXaT JOMOIHUTEIbHON 3((EeKTUBHON 3aIIUTON OT
Koppo3un U 3po3un [3]. OHU HpPeAOTBpAIIAOT XMMHUYECKYIO PEakinio Xpoma (B
COCTaBe CTaJbHOW O0OJOYKM) M BOJSHOTO Mapa MpH pasrepMeTH3aluHu TPyOOK
TerI000MEHHUKA «CBUHEI] — ap»

Camoii onacHOl KOMOWHAIMK aBapUMHBIX PEKUMOB ISl PEKTOPOB TaKOTO
tupa seisercs (LOF + LOHS + TOP) WSr. e. «loss-of-flow + transient over
power + loss-of-heat  sink + without scram»B  pacuerax mno FRISS
MpeJIoJiarajioch, TO BpeMs BblOera riaBHbIX IUPKYISIIIMOHHBIX HacocoB paBHo 20
c. BBoaurcs monueiii 3anac peaktuBHoctd (0,9B) 3a 10 c¢. DTu aBa mporecca
HAUMHAIOTCS. OJHOBPEMEHHO M COMNPOBOXKIAIOTCS OTKAa30M OBICTpOAEHCTBYIOLIEH
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aBapuiiHoii 3ammthl. [Ipu loss-of-heat sink without scramm Bxox B akTHBHYIO
30HY MOCTYIAET rOPSYUi TEIIOHOCUTEND ¢ 3amna3apiBanreM Ha 30c.

[lpn WCMONB30BAaHUM WHHOBAIMOHHBIX MATEPUAIOB B AaKTHBHOW 30HE
(ToruMBa, TEMJIOHOCHTENSA, O00OJOYEK TBIJIOB) TOJHOCTHIO OOECIIEUNBACTCS
6e3onacHocTh peakTopa Tuna bBPECT-3000.

3akiir0ueHue

PacueTHblii  aHamM3  CIOXKHBIX ~ KOMOMHAIMA  aBapHMHBIX  PEKUMOB
MTOKA3bIBAET, YTO MPHU HCIIOIB30BAHUM IPEJIOKEHHBIX ABTOPOM HHHOBAI[MOHHBIX
MaTepuaioB aKTUBHOM 30HBI B peakTope OOJbIION dIEKTPUUECKON MOITHOCTH (110 3
I'BT 1 BbIIIIE) HCKIFOYNTH BCE COBOKYITHOCTh aBapuil, KOTOPBIE MOTJIH ObI IPUBECTH
K HEJOIyCTUMBIM BBIOpOCAM pPaJHMOAKTUBHBIX BemecTB 3a mpenensl ADC.
MakcumanbHble — TeMIepaTypbl ~ MaTepualioB  aKTHBHOW  30HBI  (TOIUIMBA,
TETUIOHOCUTENSI, 000JOYEK TBIJIOB) B PACCMOTPCHHBIX aBapUIHBIX PEKUMAX HE
MPEBBINIAOT JOMYCTUMBIX 3HaUCHHM. iIMeeTcst 00bIION TeMIepaTypHBIiA 3armac 10
JOMYyCTUMBIX 3Ha4eHUH. ENMHCTBEHHOI HepeleHHoM 3aaueil sBisercs npobiema
YCTOMYHUBOCTH PEAKTOPa aHOMAIIBHO OOJIBIITION MOIITHOCTH.

Cnmcok JuTepaTypsbl

1. 2017 GIF Annual Report. Printed by the OECD Nucl&mergy Agency for the
Generation IV International Forum Nuclear EnergyeAgy. — Paris, 2017. — P. 50-72.

2. Okunev V.S. On the Possibility of Ensuring the SBéemination of Loss-of-Coolant

Accident without Scram in a High-Power Fast ReattéiP Conference Proceedings.

2023, vol. 2999, pp. 020020. doi.org/10.1063/5.@B33
3. Okunev V.S. ATWS Analysis for Innovative Lead-Cableligh-Power Fast Reactor

with Accident Tolerant Materials of Core // IOP Gemnce Series: Earth and

Environmental Science. 2021, vol. 808, pp. 0120Gdi: 10.1088/1755-
1315/808/1/012002.

4. Towmuu E.A. Craryc MCU-4 // BAHT, cep.. ®usuka saepusix peaktopos. — 2006. —
Bom. 1. —C. 6-32.

5. WIMS-D/4. Energy Science and Technology Softwarent€e NEA Data Bank.

United Kingdom Atomic Energy Authority. Reactor @m/ General Reactor Physics

Division. Atomic Energy Establishment. Winfrith. Exhester. Dorset, 1967.
6. Karanor nzoronHeix gat nmopoxa Ykpaunckoro mmra / Pen. llepoax H.I1., MucTutyT

reoxumum u ¢usnku MmuHepanoB Munreosoruun Y CCP. —Kues: HaykoBa qymka, 1978.
—C. 90, 136.

References

1. 2017 GIF Annual Report. Printed by the OECD Nucl&mergy Agency for the
Generation IV International Forum Nuclear EnergyeAgy. — Paris, 2017. — P. 50-72.

2. Okunev V.S. On the Possibility of Ensuring the SBéemination of Loss-of-Coolant

Accident without Scram in a High-Power Fast Reatt&iP Conference Proceedings.

2023, vol. 2999, pp. 020020. doi.org/10.1063/5.@B33
3. Okunev V.S. ATWS Analysis for Innovative Lead-Cableligh-Power Fast Reactor

with Accident Tolerant Materials of Core // IOP QGemnce Series: Earth and

Environmental Science. 2021, vol. 808, pp. 01200f&i: 10.1088/1755-
1315/808/1/012002.

42



4. Gomin E.A. MCU-4 status // VANT, ser.: Physics ofidlear Reactors. 2006, vol. 1,
pp. 6-32.

5. WIMS-D/4. Energy Science and Technology Softwarent®e NEA Data Bank.
United Kingdom Atomic Energy Authority. Reactor G/ General Reactor Physics
Division. Atomic Energy Establishment. Winfrith. Bxbhester. Dorset, 1967.

6. Catalog of Isotopic Dates of Rocks of the Ukraing&tnield, Academy of Sciences of
the Ukrainian SSR / Edited by Scherbak N.P. —tugtiof Geochemistry and Physics
of Minerals, Ministry of Geology of the UkrainianSR®. — Kiev: Naukova Dumka,
1978. — Pp. 90, 136.

OxyHeB BsiueciaB CepreeBud — KaHauaaT Okunev Viacheslav Sergeevich eandidate
TEXHHUYECKHUX HAYK, JOIECHT of technical sciences, associate professor

okunevvs@bmstu.ru

Received 14.12.2023

43



