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A LlepemoHus 3anmBkuM nepeoro 6eToHa peaktopa BPECT-O/[1-300 npoekTa «MpopbiB»



SAYEM HYXHA
ABYXKOMMNOHEHTHAHA
AOEPHAA
DHEPFETUKA?

CoBpeMeHHbI TEXHONOTMYECKMI yK1ag aTOMHOW 3HepreTMKU BO BCeEM MMpe BasumpyeTcs
Ha peaKkTopax Ha TEMJIOBbIX HEMTPOHaX (B poccuickon knaccudmkaumm — BBIP, B mex-
AyHapogHon — PWR) c BogsiHbIM KOHTYpoM. bonee 80% 13 HUX — peakTopbl KOPMyCHO-
ro TMNa: KOPMyc 13 HePXKABEIOLLEN CTaNN ANamMeTpoM okono 4,5 m, BbicoTon 15-20 m,

c TonwmHom cteHok Ao 30 cm. Kopnyc aepxut gasneHme 160 atmocdep, Heobxogmmoe
ANS TOro, YToObl MONYYNTb OCTATOYHO BbICOKYIO TEMMNEPaTypy KUMNEHUs TennoHoCuTe-
Nna 1 Tem caMbiM — Bbicokuin KM npeobpasoBaHus Tenaa B 31€KTPUYECTBO C MOMOLLbIO
napoBbIX TYPOuH (xoTsa Obl Ha ypoBHe 33%).

ApepHoe TonnBo ANnA peaktopos BB3P npon3BogaT n3 npnpogHoro ypaHa nytem
ero oboraweHuns. Pusmyeckan cneymdurka peaktopos BBIP Ha TennoBbix HENTPO-
Hax TaKOBa, YTO Y HUX OYEeHb HN3KaA 3GPEKTUBHOCTb MCMONb30BaHMS NPUPOLHOIO
ypaHa — nopsaka 1% (Bkntoyas Kak gensiwmecs, Tak M BOCNPOM3BOASLLNE N30TOMbI).
OTpaboTaBluee sgepHoe Tonnmeo (OAT) nocne NpoxoXaeHWa TONAMBHOMO LMKNA
HaKaMnJIMBaeTCsA B 0COObIX XPaHUULWAX AECATUNETUSMUN N NepepabaTbiBaeTCsA NULWb
YacTUYHO.

[BYXKOMMNOHEHTHas sAepHas sHepreTnka, o0begnHEeHHas 3aMKHYTbIM AAE€PHbIM TOMINB-
HbIM Luukom (3ATL,), o6ecneynT kKapanHanbHOe peleHne 3TUX ABYX OCHOBHbIX Npobnem:
obpaueHure ¢ OAT, pagnoakTnBHbiMK oTxogamm (PAO) 1 noBbiweHue 3PpHeKTUBHOCTH
MCNONb30BaHUSA MPUPOLHOro ypaHa.

[ns 3Toro Heo6xo4MMO CO34aTb IHEPreTUHECKMN KOMMJIEKC U3 ABYX TUMOB PEAKTOPOB:
BOZO-BOASHOIO CO CNeKTpanbHbiM perynnpoBaHmem (BB3P-C) n Ha bbICTpbIX HEMTPOHaX:
OnNbITHO-AeMOHCcTpaumoHHoro (BPECT-O/[-300) n sHepreTuyeckoro (paspabaTbiBatoTcs
ABa BapmaHTa: BH-1200M c HaTpueBbiM TennoHocuTenem n 6P-1200 co cBUHLLOBbIM).
Ncnonb3oBaHne BBOP-C ob6ecneynT 3KoHOMMIO NMPUPOLHOIro ypaHa Npu U3roTosne-

HUKW sapepHoro Tonnmea Ans ASC, a pa3paboTka 1 MPOMBbILLNEHHbIV 3aMyCK PeakTOpoB

Ha BbICTPbIX HEMTPOHAX NO3BONAT 3G PeKTUBHO Ucnonb3oBaTb OAT, nepepabaTbiBaTh €ro
M n3roTtaenmeaTb HoBoe Tonnmeo (MOKC, CHYIM).
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OrpomHoe NpenmyLLeCTBO PEAKTOPOB Ha ObICTPbIX HEMTPOHAX COCTOUT B TOM, YTO OHU
MOryT obecrneynTb pacliMpeHHoe BOCNPON3BOACTBO AAEPHOro TONAnBa. B ObicTpbIx
peakTopax HapabaTbiBalOTCA HOBblE Aenswmeca nsoTonsl (B nepsyto ovepenb 2°Pu)

B 6onbliem oObeme, YeM PACXOAYETCA M3HAYaNbHO 3arpy>XeHHOro AenALWerocs n3oTona.
KoaddurumeHT BOCNpoM3BOACTBA B 3TUX peakTopax bonble — npumepHo 1,3. Monyya-
eTCsl, YTO BbICTPbIe peakTopbl 0b6ecrneymBatoT TOMIMBOM CaMM Ce6S U [ONONHUTENbHO
HaKanMBaloT TOMJIMBO A1 PEAaKTOPHbIX YCTAHOBOK APYrnX TUMOB, B YacTHOCTK BBIP.
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< [laHopama
CTpouTeNbHOM
NAOLWaAKM OMbITHO-
LEMOHCTPaLMOHHOIro
3Heprokommnaekca

C peakTopom

Ha ObICTPbIX
HEeMTPOHaXx
BPECT-0O/-300,

r. CeBepck

Pa3paboTka 1 nocnenyowmnin BbIXo, Ha MPOMbILLIEHHY MOLLHOCTb 0Opa3LL0oB BCex
Tpex COCTaBSAOWMX aTOMHOM SHEPreTUKM byayLiero: BOA0-BOASHOMO peakTopa

CO CneKkTpanbHbIM perynmposaHmem BBIP-C n aByx ObiCTpbiX peakTopoB (OMnbITHO-
aemMoHcTpaumnoHHoro bBPECT-O/1-300 ¢ npnUCTaHLMOHHBIM TOM/IMBHBLIM LIUK/TOM

n aHepreTnyeckoro BH-1200M n/unu BP-1200) — N03BONAT POCCUNCKON aTOMHOM OT-
pac/v yBEPEHHO LWArHyThb B Oyayluee.
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CoopyxeHue 3Heprobsioka ¢ peakTopHon yctaHoBko BPECT-0/1-300



«MPOPDIB»
HA CEPEAVUHE NYTHU

MpoekT «[MpopbIB» — OANH U3 KNOYEBbIX M MAaCLITAOHbIX MHHOBALMOHHbIX MPOEKTOB MU-
POBOW iAEPHOM SHEPreTUKK, ocyecTBnsembln B Poccun. OH NnpegycMmaTpumBaeT co3a-
HMe HOBOW TEXHOIOrMYEeCKOM NNaTPopMbl SAEPHOM SHEPTreTUKM HA OCHOBE 3aMKHYTOr0O
anepHoro TonaneHoro umkna (3ATL) ¢ ncnonb3oBaHMeM PeakTOPOB HA ObICTPbIX HEN-
TpoHax. OgHa 13 BaXHeMnLWmnx 3aga4, NOCTaBNEHHbIX Nepes pa3paboTynkamm npoekTa, —
NPOAEMOHCTPUPOBATb BCEMY MUPY, KaK OyaeT BbiraAeTb KPynHOMacWTabHas sgepHas
3HepreTnka, OCHOBaHHas Ha TEXHONIOMMAX eCTeCTBEHHOM 6e30MacHOCTU.

MacwTtab npoekTa «[popbiB» NoTpeboBan cepbe3HOro NnepecMoTpa MoAenu ynpas-
NeHnsa B aTOMHoM oTpacan Poccun. MHoronpodmnbHOCTb NpoekTa onpeaenvna He-
06X0AMMOCTb BO3BPALLEHUS K MPAKTUKE MPOEKTHOro yNpaBieHNs, HEKOr4a yCneLwHo
NPYMEHEeHHOMN ANA CO3AaHNA AAEPHOM0 OPYXUA U PaKeTHbIX CPeACTB ero AOCTaBKM.
Hapsay c dopmmpoBaHnem HOBbIX MpeanpuUsATUIA, Kak 1 B 310Xy NepPBOro aTOMHOIO
npoekTa, Ha NpodunbHbIX 6a3oBbix NpeanpusaTuax NK «Pocatom» n PAH 6binun Bbl-
penenbl LleHTpbl oTBeTcTBEHHOCTH (LLO) No peakTopHbIM YyCTaHOBKaM, MPOEKTUPO-
BaHuto Ob, pa3paboTke TEXHONOrMN CMELIAHHOMO HUTPUAHOIO YPaH-MN1yTOHUEBOO
Tonnmea (CHYIM), no nepepaboTtke OAT, obpaweHunto ¢ PAO, co3gaHuio KOgoB HOBOTO
NOKOJIEHUS.

B pamkax npoekTa «[popbiB» NnaHMpyeTca pa3paboTaTb 1 3anyCcTUTb ABa TUNA
ObICTPbIX PEAKTOPOB: CO CBMHLLOBLIM TEMIOHOCUTENEM (OMbITHO-AEMOHCTPALLMOHHbIN
BPECT-O/[1-300 n BP-1200) n c HaTpueBbim TennoHocuTenem (bH-1200).

OCHOBHbI€e 3apa4m, KOTOpbie OyAYyT peLUeHbI
B paMKax npoekTa «lpopbiB»:

obecneyeHne KOHKYPEHTOCNOCOOHOCTU AAEPHOM SHEPTeTUKM B CPAaBHEHUM

C aNbTepHaTUBHOW reHepaLumnen, B NepByo o4epeab C Mapora3oBbiMU YCTaHOB-
KaMu Mpu y4yeTe BCexX 3aTpaT TOM/IMBHbIX LMKIOB (Ha OCHOBE CPaBHUTENIbHOIO
aHanu3a LCOE);
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2 dopMMpOBaHME 3aMKHYTOMO iAEPHOro TONAMBHOrO umkna (3ATL) ons nonHoro
NCNONb30BaHMA SHEPreTUYECKOro NoTeHUMana NpUpPoAHOro ypaHoOBOrO Cbipbs;

nocnegoBaTesibHoe NpubAnxXeHne K pagnaLmMoHHO-3KBMBaNEHTHOMY (MO OTHO-
LWWEHUIO K MPUPOAHOMY Cbipbto) 3axopoHeHuto PAO;

HaceneHumsa,;

TEXHOMIOMMYECKOE YKPENNEHME PeXNMa HEPACNPOCTPaHeHus (nocnefoBaTesb-
HbI OTKa3 OT 06OralLeHns ypaHa Aas a4epHON SHEPreTUKN, HAPabOTKM OpyXen-
HOro NNyTOHWSA B BNIaHKeTe U BblaeneHusa npu nepepaboTke OAT, cokpalleHune
TPAHCMOPTUPOBKM SIAEPHBIX MaTepuasos).

4 NcKoYeHne aBapuii Ha ASC, Tpebytowwmnx 3Bakyauun, a Tem bonee otceneHus

PelleHuve 3TMx 3a4ay NO3BONUT Ha AONTME FOAbl 3aKPENUTb MMPOBOE NMAepCTBO Poccum
B iL€PHOM JHepreTuke.

Anekcanpgp JIOKLWUUH,

nepBblv 3aMeCTUTe b reHepanbHOro
anpekTtopa K «Pocatom» no aTomHou
3HepreTuke, KypaTop NPOEKTHOro
HanpasneHus «lpopbiB»

(( HE COMHEBAIOCb, YTO 113 PA3PABATbBIBAEMbIX
N PEAJTM3YEMbIX HA CEFOQHA NMPOEKTOB
TONbKO C «[MMPOPbIBOM» MOXET BbITb
CBA3AHO JONTOCPOYHOE BYAYLUEE
MWUPOBOW ATOMHOW SHEPTETUKWN»
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A [naH-cxema onbITHO-AEMOHCTPALMOHHOI0 SHEPrOKOMIMIEKCA C PEAaKTOPOM Ha BbICTPbIX
HenTpoHax BPECT-O/1-300

2 . 1 OO0>K B CEPALUE CUBUPU

Ha Tepputopum CMbMpcKoro XMMmM4eckoro KoMorMHaTa co34aeTcs OMnbITHO-
AEMOHCTPALMOHHBIN 3HepreTudeckuii komnnekc (OA3K), cepaLie KOTOpPoro — yHu-
KanbHbI 3Heprobnok ¢ peaktopom BPECT-O/1-300 co CBMHL,OBLIM TEMIOHOCUTENEM.
Momumo peaktopa O[19K BkntoyaeT B ceba moaynb pabpukaunn/pedabpurkaumm (MOP)
ANS U3roTOB/IEHUSA CMELLAHHOMO YPaH-MJlyTOHMEBOrO TOM/IMBA U 3aMbIKAOLLNN A0EPHbIN
TOMJIMBHBIV LMK MoAynb nepepaboTkm (MIM) o6nyyeHHoro CHYM-Tonnmea. MpuctaHum-
OHHbIN TOMJIMBHBIN LUK UMEET 00LLY0 CUCTEMY 0OpaLLEHMSA C PaANOAKTUBHBIMWN OTXO-
namu (PAO).

O[L13K BnepBbie B MMpe fOMKEH NPOAEMOHCTPMPOBaTL YCTONYMBYIO PaboTy NOSIHOrO
KOoMMiekca o6bekToB, obecneymBaoLWwmx 3aMmblKaHMe TOMIMBHOIO LMKNA, U 3aN0XUTb
OCHOBY CO34aHMA KPYNHOMAaCLWITabHOM SAepHOM 3HepreTuku byayuiero.
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OLHMM 13 KJTHOYEBbIX BONPOCOB fallbHENWLIErO Pa3BUTUS A0EPHOM SHEPTeTUKM ABNAETCS
obecneyeHune 3konornyeckor 6esonacHocTn npm obpaweHunm c PAO. B MH «MpopbiB»
YCTAHOB/IEHO, YTO 3a CYET peanu3auunm apdeKTa pagruonormiyeckor 3KBUBaNIEHTHOCTH,
KOrfa BblpaBHMBAKOTCA KaHLeporeHHble puckm PAO 1 NnpMpoaHOro ypaHOBOMO Cbipbs

3a CYeT TPAHCMYTaLMN MUHOPHbIX akTMHMA0B B PBH, Bonpoc o pagnaunoHHom 3awmre
HblHELHero 1 ByayLnX NOKONIEHNN MOXET ObITb PELUEH OKOHYATENbHO.

Pa3paboTaHHbIM B pamKax NPOEKTHOro HanpasneHus «[1popbiB» NPOrpPaMMHbIN MO-
aynb PO3A (pagronoruyeckoe obecrneyeHmne 3almThbl), peannsyowmnin CoBpeMeHHble
cTaHAapTbl MATATD no oueHKe pagnaLnMoOHHbIX PUCKOB, Obli BK/tOYEH B EQNHbBIV peecTp
POCCUMICKMX Nporpamm MnMHUCTepcTBOM LndpoBoro paseutusa PO.
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2.2 PEAKTOPHASl YCTAHOBKA BPECT-0/1-300

KntoyeBor anemeHT O1OK — nepBbi B MMPE MHHOBALMOHHbI 3HEProbok Ha 6ase
6bicTporo peaktopa BPECT-O/L-300 co CBMHL,0BbIM TEMIOHOCUTENEM, B MONHOMN Mepe
peanun3yoLMn NPUHLMIMbI «KeCTeCTBEHHOM 6e30MacHOCTUY.

OcobeHHoCTH PeaKTOopa No3BOINIIN OTKa3aTbCA OT FepMOO60}'IO'-IKVI, paCCLIMTaHHOVI
Ha BbICOKOE OaBneHne, NoByWKN pacniaBa, 6onbLlworo obbema 06eCI'Ie‘-IVIBalOLIJ,VIX cn-
CTEM, a TaKXe CHU3NTb KJlaccC 6e3onacHocTH BHEPEaAKTOPHOro o6opy,u,0|3aHM;|.

NHTerpanbHas KOHCTPYKLMA PeaKTOPHOM YCTAaHOBKM U CBMHL,OBbIA TEMNIOHOCUTEb

C BbICOKOM TEMMNEPATYypOMn NaaBfeHUS NO3BOMAIOT JIOKANIM30BaTb TEYM TEMNIOHOCUTENS

N UCKNTIOYUTb OCYLLIEeHME aKTUBHOM 30HbI. [NOTHOE CMEeLlaHHOe HUTPUAHOE YpaH-Mny-
TOHWEBOE TOMJIMBO MO3BONISIET MMETb MaJlblil 3aMac PeakTUBHOCTM Ha BbIFOPaHME N TeM
CaMbIM UCKJTIOYUTb aBapMM C PAa3rOHOM Ha MITHOBEHHbIX HEMTPOHAX W KaTacTpoduyeckm-
MU NOCNeACTBUAMU, TPEOYIOWMMM IBaKyaLMN HAaceNeHuns.

EBreHun AJAMOB,

Hay4HbI pykoBoantens MH «MpopbiB»
n AO «<HUKNIT um. H.A. Jonnexansa»

(( HOBASl TEXHOJTOTUYECKAS MNATOOPMA
OTKPbIBAET AIEPHOW SHEPTETUKE
BTOPOE [bIXAHUE, PELLAAl HAKOM/BLUMECS
NPOBJIEMbI 1 CO30ABASl BOSMOXHOCTb
CTATb BA30OBOW 3KONOMMYECKM
MPUEMMEMOW FTEHEPALIVE»
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Ye nony4eHbl pesynstatel HWOKP B 060CcHOBaHMe 0CHOBHOro 06opyaoBaHus, N3nennm
AKTMBHOW 30Hbl, KOHCTPYKLMOHHbIX MaTepPManoB, TEXHONOrMM CBUHLLOBOIO TEMNJIOHOCK -
Tensi, NO3BO/INBLUME NMPUCTYMUTL K CO34aHMNI0 peakTopHoW ycTaHoBkn BPECT-O/[-300.
Bce KOMMOHEHTbI yHMKanbHOro o6opynosaHus PY npolwnn skcnepmmeHTanbHoe oboc-
HOBaHWE Ha MaNo- M cpefHeMacluTabHbIX MakeTax (4acTb MAaKeTOB A1 OTPabOTKM Tex-
Honoruni O3K 6binn pa3paboTaHbl c Hyns). MpoekT 3b npowen 3kcnepTnsy PAH 1 6bin
pekoMeHOO0BaH K peann3aummn B KayecTse OMbITHO-AEMOHCTPALMOHHOIO.

Hatanbsa WJIbUHA,

P AVPEKTOP MO yrpaBieHunto
Hay4YHO-TEXHMYECKMMM NPOorpaMmmMamm
M NPOoeKTaMn — ANPEKTOP AeMapTaMeHTa
Hay4YHO-TEXHMYECKMX MPOrpaMm
n npoekToB K «Pocatom»

(( «MPOPbIB» — MPEBOCXOACTBO B KAXIOM
HAMPABTEHUW: B LENSX, B MOOAX,
B UHCTPYMEHTAX YNPABJTIEHUS,
B OMEPEXAKLWEN LMDOPOBU3ALINN —
B KAXXJOM CBOEM MPOSIBNIEHUW MPOEKT
HAXOLWNTCS HA LLAT BIEPEOM»
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A 3D-mopenb peakTopHom yctaHoBkm BPECT-O/1-300

OcHOBHbIe pe3ynbTaTbl paboTbl B 2022 roay No HanpaBieHUIo
«DHeprobsIoK C peakKTOPHOWN YCTaHOBKOMNN:

¢ Co3paH cTeHA NPUEMO-CAATOYHBIX UCMbITAHUI MABHOMO LUPKYNALMOHHOIO Ha-
cocHoro arperata (FL{HA).

*  3anylieH CTeHA 1 NpoBeAeH HavaslbHbIM 3Tan UCMNbITaHUN BUOPALMOHHOW MOAenu
naporeHepatopa (BMIMTI) PY BPECT-0O/-300

*  [poBepeHbl UCCNefoBaAHUA AN CMELWAHHOMO HUTPUAHOIO TOMIMBA HA MOJTHO-
MacwTabHon cbopke nccnenoBaTenbCKOro Kputmyeckoro cteHga bdC-2 ana
BepudPUKaLnm HEMTPOHHO -bm3nyeckmx nporpamm ans PY BPECT-O/1- 300.

*  Ob6paboTaHbl pe3ynbTaTbl UCMbITaHMM B KazaxcTaHe CMELAaHHOro HUTPUAHOIO
TOonAMBa Npu ObICTPOM Habpoce MOLLHOCTU: NpeaenbHas cpeaHepaananbHas
3HTanbnunsa 167 kan/r Boiwe nporHo3Hom ana PY BPECT-0O/-300 80 kan/r.

*  PaspabotaH TexHn4yeckmm npoekT TYK, nonyyeH ceptndumkaTt-paspeLlleHne Ha
KoHcTpykumio TYK PY BPECT-O/1-300 gns ero TpaHCNOPTMPOBKM MO TEPPUTOPUM
PO.

*  3akJo4YeHbl 4OroBOpPbI HA M3roTOBNEHME M NOCTaBKy Ha naowaaky AO «CXK» Te-
NNooOMeHHMKOB pacxonaxmeaHusa CAOP, cBUHLA peakTopHOM YacToTbl, ACY T
BPECT-O/-300.
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B 2023 roay lNockopnopauusa «PocaTom» nnaHupyert:

*  W3rotoBneHme onbiTHoro o6pasua NUHA PY BPECT-O/-300, nyck cTeHAa, npoBe-
AeHue npeaBapuTeNnbHbIX UCMbITAHUN.

*  3aBeplleHne NcnbiTaHui Ha cteHae BMIMT Ha BpemeHHoM 6a3e 180 cyTok ans
noJsly4eHus BepUUKALNOHHbBIX AAHHBIX.

*  [locTaBKy Ha NnowWanKy CTPOUTENbCTBA KOHAEHCATOPA TYPOUHbI.

*  PasBuTMe cTpouTenbCTBa 3Heproboka.
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2.3 Moayib MoP

Mopaynb dabpukaumm n nyckoeoro komnnekca pedpabpukaunmn (MOP) CHYIM-Tonnmnea
AN PeaKTOpPOB Ha ObICTPbIX HEMTPOHAX, BO3BOAUMbIN Ha nnowaake OL3K B CeBepcke,
npefHa3HayveH ans pabpukaumm n pedabpmkaunm TonaMBa peakTopoB Ha ObICTPbIX
HEWTPOHaX M 0TPABOTKMN PEXMMOB 3aMbIKaHWUS SAEPHOMO TOMIMBHOMO LMKAa. Mponseo-
avtenbHocTb MOP — 120 Tennosbigensitowmx cbopok (TBC) B rog (14 ToHH B rog no da-
6purKaumm Tonanea U 5 ToHH B rof no pedabpukauymm). B HacTosiwee BpeMs NAET MOH-
TaXk OCHOBHOTO TeXHONornyeckoro obopynoaHms Ha MOP O13K.

A 3aBeplUeHMe OQHOMo 13 3TarnoB MoHTaXa obopynoBaHus MOP
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3aBeplieHo obnyyeHne 18 TonnmeHbIX cbopok. B OTBC-11 ¢ TBanamum Tuna BPECT go-
CTUrHYTO MaKCMMaribHoOe BbiropaHue 9% T.a. NPy MaKCMMaribHOM NoBpeXxaatoLwen gose
107,6 cHa. Mpopgonxaetcs o6nyyeHmne ITBC-14 c TB3namm tmuna bH-1200 n 3TBC-15

¢ TBanamn Tuna BPECT. JOCTUIrHYTO MaKCMMasibHOe BbiropaHue 8,5% T.a. Npu noBpexaa-
towen go3se 105 cHa n 8% 1.a. npun noepexgatowen gose 102 cHa cooTBeTCTBEHHO. [Tpo-
fomkaeTtca obnyyeHune wectn OTBC ¢ TB3NaMM YCOBEPLIEHCTBOBAHHOM KOHCTPYKLUMN.

B pe3ynbraTte nccnenoBaHuin Obinn nojsiy4eHbl oONOJIHUTENbHbIE OaHHbIE, HEO6XO,EI,MMbIe
ona BepMd)MKaLI,MM TONJIMBHbIX KOOOB.

OCHOBHbIe pe3ynbTaTbl PaboTbl N0 HanpaBneHuo «Mopynb
¢abpukauumn/pedabpukaumn» B 2022 roay:

3aBepLUEH MOHTaX y3/10B BBOJA ra3000pa3HOro a3oTa, ra3000pa3HOro aproHa u
renvs B 3gaHun 4;

3aBepLUEHbl CTPOUTENIbHO-MOHTaXHble paboTbl No coopyxeHuto 46 (BbiTsaxHas
Tpy6a);

3aBepLIeH MOHTax 0b6opyAoBaHMA MMHUN COOPKN TBIMOB,;

HayaTo onpoboBaHMe obopynoBaHua MOP («nunoTHoe» obopynoBaHME — TIUHUK
c6opKM TB3/10B);

3aBepLUEHbI CTPOUTENBHO-MOHTaXHble paboTbl N0 06bEKTaM MHXEHEPHOTo 0be-
cneyeHuns (61o4HO-MoayNbHAA TPAHCPOPMATOPHAA NOACTAHLMA, KOMIPECCOp-
Has HU3KOro JaBNeHUA, KaMepa NepeKTOYEHNS X03.-NMUTbEBOI0 BOAOCHAOXEHNS
1 ,06aBOYHOM BOAbI;

3aBepLUEH MOHTaX 060pya0BaHMA BbIMAPHON YCTAHOBKW NepepaboTKM TpanHbIX
BOJA, C 030HMPOBAHNEM;

KnioueBbie paboTbl No HanpaBneHuo «Mopynb ¢pabpukauun/
pedabpukauun» Ha 2023 roa;:

3aBEPLWNTb MOHTAX BHYTPMMNIOWAA0YHbIX KaOeNbHbIX CBA3EMN;

3aBepWNTb MOHTAX KOMMeKca obopyaoBaHms obpalleHuns ¢ TPO;

32aBEPLWNTb MOHTaX CUCTEM BEHTUNALWMK B 34aHUK 4 1 43;

3aBEPLWNTb MOHTAX YCTAHOBKWN LLEMEHTUPOBAHUS;

nepepnaTtb CMCTEMY X0Nnoa0cHabxeHus B MHP;

3aBEPLWNTb a3POANHAMUYECKME UCMBITAHUSA CUCTEM BEHTUNALNM B 34aHNN 4;
3aBEPLUNTb MOHTaX 0bopynoBaHus nnuHun TBC;

33aBEPLUNTb MOHTaX 060PYyAOBaHMS aHANUTMYECKON nabopaTopuu;

obecneynTb rotoBHocTb CO3 MDP;

33aBEPLUNTb MOHTaX 060pPyA0BaHMS aBTOMATU3MPOBAHHOM CUCTEMbI KOHTPONA U
ynpasnexmsa MOP;

ob6ecneynTb FOTOBHOCTb TEXHONOMMYECKUX NMNHUI MOP K Hayany KOMMNIEKCHOro
onpoboBaHMS Ha UMUTATOPAX.
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A DTan nyckoHanago4vHbIX paboTt obopyaoBaHua MOP

B HacTosLee Bpems yCrnewHo NpoaosikaeTcs MOHTax obopyaoBaHusa MOP. Ha aB-

ryct 2022 roga 3aniaHMpPoOBaHO KOMMJIEKCHOE TecTMpoBaHMe obopyaoBaHus MOP.

B 2022 rogy nnaHnpyeTcs NpoBeCcTn ovepeaHble ucnbitaHnsa TBC B pamkax paspaboTku
n obocHoBaHms TB3N0B co CHYIM-TonnnMBOM A5 peaKTOPOB CO CBMHLIOBbIM M HaTpue-
BbIM TennoHocuTensMmn. byayT otTpaboTaHbl npoueccol pedabpukaumm CHYM-Tonnmea

B 3ATL,. MnaHnpyeTca akTyanmsaums UMUTALMOHHbIX Mogenen NMHUn nsrotosnenus TBC
B YaCTV MOAENIMPOBAHUA LOCTABKM M MOHTaXa 000pyA0BaHUSA C MPUMEHEHNEM IPy30-
NoAbEMHbIX MeXaHN3MOB — byayT cpopMynMpoBaHbI MPeAIOXKEHMS MO UCMONTb30BAHMIO
HeobX0ANMbIX FPY30MOAbEMHBIX M BCMOMOraTe/IbHbIX MEXaHU3MOB A1 [OCTaBKM U MOH-
Taxa. B onbITHO-NpoMbIWIeHHY0 3kcnayaTaumio MOP nnaHupyeTca BBeCTU B MepBOM
nonyrogunu 2024 roga.



PA3PABOTKA TEXHOOT NI IBYXKOMMOHEHTHO ATOMHOW SHEPTETVKM ’.’ POCATOM
C 3AMKHYTbIM LEPHBIM TOM/IMBHbBIM LIKIOM h

2 4 MOAYIIb NEPEPABOTKU (M) OAT

TpeTnin ob6si3aTenbHbIn 3nemeHT OLOK — moaynb nepepaboTkm 061y4eHHOro saepHo-
ro Tonnuea. MpegnonaraeTcs NO3TanHO peann3oBaTb KOMOMHMPOBAHHYHO TEXHONOMMIO
nepepaboTtkn CHYM OAT, BKNOYaOLLYIO FONOBHOM, MUPOXUMUYECKNI U TMAPOMETANNyp-
rMYeckni nepepensl. 3ajava NMPOXMMMYECKOro nepeaena — obecneymnTb BO3MOXHOCTb

IOpun MOYANOB,

rnaBHbIA TexHonor MH «MpopbiB»

OHOW N3 OCOBO BAXKHbIX 3AAAY
TEKYLLEIO NMEPNOJA CTAHOBUNTCA
OBECTEYEHWNE NCXOAHbIMU
OAHHBIMU MPAKTUYECKWNX PABOT

Mo CO3O0AHUIO M 043K, YTO TPEBYET
TECHOTO B3AVMOLENCTBUA MEXLY
TEXHOJIOTAMU, KOHCTPYKTOPAMMU,
NMPOEKTAHTAMW, PASPABOTYHUKAMNA
KOAOB, CMEUMATTNCTAMW B OBNTACTH
APB MO YCTPAHEHUIO KONNN3UIA

N HEOMPEOENEHHOCTEN, OBbEKTUBHO
ConyTCTBYKOWMX PASPABOTKE J1FOBbIX
WHHOBALIMOHHbIX TEXHONOT N>
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nepepaboTtkn OAT c Manow BbiAEPXKKOM NyTem BblaeneHns n3 notoka OAT oCHOBHbIX
NPOAYKTOB AeNeHnsi. DTO NO3BOJISIET B Pa3bl COKPATUTb MacluTabbl xpaHeHus OAT nepes
nepepaboTkor. 3ajava rugpomMeTanypruyeckoro nepegena —adpuHax ypaHa, niyTto-
HUs 1 HenTyHus (U-Pu-Np), Bkitoyas BbigeneHune n pasgeneHune amepmums (Am) un ko-
pusa (Cm) n nony4yeHue nopolkos okcmaos U-Pu-Np-Am.

KombuHmnpoBaHHasa cxema nepepabotkn OAT PBH — focTnxxeHne MMPOBOro YPOBHS.

OcHoBHbIMU pe3ynbTatamun 2022 r. no HanpasneHuto «Mopaynb
nepepaboTKu» ABNAIOTCA:
OnpepeneHbl 3Ha4YeHUst 6e30MacHbIX U 4OMYCTUMbIX MapaMeTPOB aaepHOM 6e30-
nacHoctu gna cuctem MM OA3K, cogepxawmx AOM.
Pa3paboTtaHa koHuenums nycka MM O43K.
JKCNepMMeEHTaNbHO NOATBEPXAEHA TEXHONOrns cTabunmsauum nnytoHus (VI)
030HUPOBAHWEM YPaH-MTyTOHMEBOrO MNiaBa.
Pa3zpaboTaHa nporpamma mnssneveHunsa A0M n3 obopoTHbix pactBopoB MIMT OAT
N3roToBneHa MHOrokaHanbHas cnekTpodoToMeTpuYeckas CMCTemMa TEXHONOMM -
yeckoro KoHTpons MMM OA3K. NcnbiTaHa MogepHU3NPOBaHHAaa cMcTeMa noaro-
TOBKM NPO0 XMOKMX NPOLYKTOB.
Mony4yeHbl pe3ynbTaTbl BEPOATHOCTHbIX OLLEHOK HAaAEeXHOCTU U B3PbIBOMOXaPO-
6e3onacHocTv MM OA3K ans yyeTa Nnpu NpOeKTUPOBAHUM U NOATOTOBKN K NTN-
LeH3mpoBaHuo MIT.
Pa3paboTaHbl TpeboBaHUA No HagexHocTn obopynosaHma MM OL2K.
YTOYHEHbI NepeYeHb U CLLeHapUK PA3BUTUSA UCXOAHbIX COObITUI NMPOEKTHbIX 1 3a-
NMPOEKTHbIX aBapui, BbINMOSIHEH BCECTOPOHHMI aHANN3 BO3MOXHbIX AedULNTOB
6e3onacHocT MIT Ha OCHOBE MCXOAHbIX AAaHHbIX AJ1 MPOEKTUPOBaHMSA. BbiaaHbl
peKkoMeHOaUNM AN y4ETA B MPOEKTHOM AOKYMEHTALMN.

KnioueBble paboTbl No HanpaBneHuto «Mopgynb nepepaboTKmu»

Ha 2023 roa:
OTpaboTKa M CUHXPOHM3ALMA PEXMMOB KOMMIEKCHOM paboTbl MOAEPHU3NPO-
BaHHOro obopyaoBaHMA y3na NIMHENHOro KpUCTanan3aTopa «ynapnBaHue — cta-
Gunmlaumnsa — KPUCTaNIN3aLunsa».
Co3pgaHue 1 ucnbiTaHMe ycTaHoBKK pparmeHTaumm OTBC.
OTpaboTKa TEXHOIOrMYECKNX PEXMMOB NPOBEAEHMA CTabunnsaumm nnyToHms
N pa3pyLleHns BOCCTAaHOBUTENEN.
MOHTaX 1 MCMbITAaHUS OMbITHOro 06pasL,a CUCTEMbI [LO3MPOBAHNS BbICOKOKOH -
LeHTPUpPOBaHHbIX pacTBopoB AAM Ha umuTaTopax.
M3roToBneHme annapaTypHO-TEXHONOMMYeCckoro KOMMaeKca aBTOMaTU3MPOBaAH-
HOTrO BbIMOJTHEHUA U3MEPEHUI C SHENKAMU ANS PealibHbIX aHANUTUYECKUX NPU-
6opoB AN1s CNeKTPanbHOro aHann3a.
Bbinyck OKymMeHTa «TexHonornm koHgmumoHnporanmsa PAO Ha MIMT O 2K npwu
ruapomeTannypruyeckon nepepabortke CHYIM (MOKC) OAT».



PA3PABOTKA TEXHOJIOTUI IBYXKOMMOHEHTHOM ATOMHOW SHEPTETUKM 4.,' POCATOM
C 3AMKHYTbIM SAEPHbBIM TOM/IMBHBIM LIMK/IOM ‘

A Peaktop BH-800, benospckasa A3C
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MPOMDILWIJTEHHbI
SHEPTOKOMMNNEKC (M3K)
HA BA3E PEAKTOPOB

HA BbICTPbIX HEUTPOHAX

OCHOBHOW paccMaTpUBaeMbI BapMaHT Ang npoekTa MoK — BapuaHT ¢ 4BYMA SHep-
robnokamm c peakTopamm Ha BbICTpbIX HeMTpoHax BP-1200 co cBMHL,OBbIM TEMNOHOCU-
Tenem, NPOM3BOACTBaMU NepepaboTkm oTpaboTaBluero n pabpukaumm ceexero sgep-
HOro TOM/IMBA C BO3MOXHOCTbIO TONIMBOOOECNeYeHuns, a TakxKe BAPUAHT C peakTopamu
C HaTpueBbIM TennoHocutenem bH-1200M.

KoHkypeHTocnocobHocTb 3Heprobnoka ¢ PY BH-1200M noaTBepxaeHa Ha COBMeCT-
Hom HTC lNockopnopauunm «PocaTom» M peKoMeHO0BaHO ero COoOpYyXeHue C MyCcKoM

B 2031 roay. C y4eTOM BbICOKOM CTagMKn pa3paboTkm 3Heprobrioka c PY BH 1200M oH
MOXeT CTaTb NepBbIM 3HEeProbs0KOM C PeakTOpPOM Ha BbICTPbIX HEMTPOHaX, paboTato-
wmm B 3ATLL, KOTOpPbIM NNAHNPYETCA BO3BECTU Ha nnowaake 6noka N2 5 benoapckon
A3C. dHeprobnok c PY BH 1200M — norvyeckoe pasBuUTME PEAKTOPOB Ha ObICTPbIX
HENTPOHax C HaTpueBbIM TernnioHocuTenem bH-600 1 BH-800, noaTeepamBlLmMx 6e30-
NAaCHOCTb W HAJEXHOCTb PeaKTOPOB AAHHOMO TUMa.

Mo ob6wWwmMm NokasaTensm, Nosly4eHHbIM B pe3ysibTaTe pa3paboTky TEXHUKO-
3KoHOMMYeckoro obocHoBaHusA, ADC Ha 6ase peakTopoB BP-1200 n BH-1200M nmetoT
nepcrnekTUBY AOCTUXEHUA KOHKYPEHTOCMOCOOHbIX MOKa3aTeNel B CPaBHEHUM C UHbIMU
NCTOYHUKAMU FreHepaLnmn, B TOM YMC1e Ha YINIEBOAOPOAHOM Cbipbe 1 BMD.

OcHoBHble 3aaa4m no HanpasneHuio Ha 2023 roa:

. npogo/mkeHne ocHoBHbIXx HWOKP B o60cHOBaHMe 6€30MacHOCTN N TEXHUYECKMX
peweHu npoektos PY BP-1200 n PY BH-1200M.

*  Pa3pabotka OBWMH Ha 36 PY BH-1200M.
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OCHOBHbIe pe3ynbTaTbl N0 HanpaBneHuto «MpombilNeHHbIN
3Heprokomnnekc (M3K)» 3a 2022 r.:

*  NonyuyeHbl pesynbtatel HWOKP B 060CHOBaHME TeXHUYECKNX peLleHnii no 060-
pygoBaHuto PY BP-1200, TeXHONOrMM CBMHLLOBOIO TEMNJIOHOCUTENS U TEN0rn-
APaBINYECKMX XapaKTepPUCTUK (3KCNepUMEHTaNIbHO NOATBEPXKAEH KOHCEPBATU3M
Tennoeblx NnapameTpoB TYK ansa NA3 PY bP-1200, n3y4yeHo B3aMmoaencTene
TPUTUA C KNCIIOPOAOM B pacniaBe CBUHLA, CO34aHbl Mmogenn kamep PY ansa Banu-
Jaumn n nocnegyouwen attectaumm CFD-kogos,

*  M3roTtoBneHbl NOSHOMACWTabHble MakKeTbl U34enni akTMBHOM 30HbI BP-1200
ANS NPOBEAEeHMA KOMMIEKCA MEXaHNYEeCKNX, BUDOPALMOHHbIX, FTMAPaBINYECKMX
NCNbITAaHUI, 3aNyLEeH CTEHA, 419 UCNbITAHWUIA MAaKETOB U3A4eNUA aKTUBHOM 30HbI
N KOHCTPYKLMOHHbIX MaTepManoB c obecneyeHnem CKOPOCTU TEMIOHOCUTENS He
MeHee 3 m/c).

o Peann3oBaHa CMHXPOHM3aLMA pacyeTa YacTHbIx mogenen PY BP-1200 n Ml ¢ mo-
AenaMM anropuTmoB, obecneyeHa paboTa KOMMNIEKCHOW MOAENN Ha TEXHUYECKNX
cpencTBax cteHaa mogenunpoBaHua ACKY PY.

*  NonyuyeHbl pesynbtathl HWOKP B 060CHOBaHME TEXHUYECKNX peLlleHnii no 060-
pynoBaHuto PY BH-1200M (nogTBepXAeHbl: paboTocnocobHOCTb 3NeKTpoaBMIra-
Tena MUH-2 Ha HaTpueBOM CcTeHAe, TeNNOrnapaBnnyeckmne xapakrepnctnku MTO
PY BH-1200M, xapakTepuUCTMKM onbITHOro obpasua DMH CAOT).
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BBOP-C
K2030roay

MpuHumMnuanbHoe otnnyne BBSP-C oT 06bI4HbIX BBIP 3akntoyaeTcs B cnekTpanbHOM
perynMpoBaHUM — OTKa3e OT XXMAKOCTHOro OOPHOro perynmpoBaHus 1 ynpaBneHnm
peakTOpPOM 33 CHET U3MEHEHMA BOAHO-YPAaHOBOIO COOTHOLIEHUS B aKTUBHOM 30HE NMyTeM
BBELEHMSA B HEE U BbIBEAEHWNS U3 HEe BbITECHUTENEN MO XO4Y TOM/IMBHON KaMMaHUN.

B peakTopHoM ycTtaHOBKe BBOP-C 1M36bITOYHbIE HEMTPOHbLI BMECTO NOrfoweHns B 6op-
HOM KMcnoTe nornowatoTcs Ha 238U, Mpu 3ToM NpoM3BOAUTCS NMIYTOHUIM, TO eCTb HOBOE
Jendweecs TonaMBeo.

Pa3paboTtkon BBOP-C 3aHMMaeTcss OKB «uaponpecc» (BXOAUT B MalLMHOCTPOUTENb-
HbI AMBM3MOH PocaToma — «ATomaHepromMall»). NMpumeHeHne cUcTeMbl CNeKTPaNbHOro
perynupoBaHua BBOP-C npnBoaunT K cepbe3HOor 3KOHOMUM MPUPOAHOro ypaHa. Mpwu

TOW €& MOLLHOCTH, 4TO 1y 06bI4HOro BBIP, peakTop co cnekTpanbHbIM PeryinpoBaHMemM
noTpebnaeTt Ha 30% MeHblUe ypaHa.

Kpome Toro, BBOP-C moryT paboTaTb B pa3nnyHbIX TOMIMBHbIX LMKIAX — KaK B OTKPbI-
TOM, TaK 1 B 3aMKHyTOM. CnekTpanbHOe yrpaBieHne No3BOMSET 3arpy3nTb B 1erKOBO-
LHbIN peakTop akTUBHYH 30HY, NOMHOCTbIO cocToAwyo 3 MOKC-Tonnumea (Tonnunea,
cofepxallero HeCKosIbKO BUAOB OKCMA0B AeNAWMXCA MaTepmnanoB — B OCHOBHOM MJly-
TOHMSA 1 ypaHa). Ceryac B TIerkOBOAHbIE PEaKTOPbl MOXHO 3arpy3nTb aKTUBHYIO 30HY,
copepxauyto He 6onee 50% MOKC-Tonnuea. Kak oTmeyatoT CneunanmcTbl, NpUMMeHeHne
CUCTEMbI CNEKTPasIbHOrro perynanpoBaHnsa No3BoNUT peakTopam BB3P octaBaTbcs KOH-
KYPEHTOCNOCOOHbBIMM B CTPYKTYpP€E aTOMHOWN 3HEepreTMkun byayuiero B yC10BUMAX nc4Hepna-
HMS 3aMacoB AeLeBoro NPUPOLHOro ypaHa.

UHUNTMALL (BXxOAWUT B MalLMHOCTPOUTENbHbIM OUBU3MOH PocaToMa — «ATOM3Hepro-
MaLw») pa3paboTan HOBbIM MeTanIMYecknin cnnae aAns Koprnyca peaktopa BBOP-C.
CneuranmncTbl 3TOro MHCTUTYTA YCOBEPLUEHCTBOBANM CTaslb Mapkn 15X2HMOA.

Ona BBOP-C pocTurHyTa Kateropumsa Nnpo4HocTn 55 npum temnepatype 350 °C.

CTpounTenbCcTBO 3HEeProb10Ka C UHHOBALMOHHbBIM BOAO-BOASHBIM PEAaKTOPOM CO Crek-
TPanbHbIM perynnpoBaHmem HauHeTtcsa B 2030 roay.



PA3PABOTKA TEXHONTOTNI IBYXKOMMOHEHTHOM ATOMHOW SHEPTETUKN
C 3AMKHYTbIM AOEPHbBIM TOTIJTBHBIM LIMKJTOM

Bnapnmup ACMOIJIOB,

COBETHMK reHepasibHOro AMpeKTopa
PocaTtoma, Hay4HbI pykoBOAUTENb
NPUOPUTETHOrO HaMpPaBNEHNS HAay4YHO-
TexHonormnyeckoro passutus (MHHTP)
«Pa3BunTME COBpEMEHHOM AAepHOM
3HepreTukn Ha H6ase peakTopos BBIP»

TEXHOJIOITA BB3P UMEET BOJIbLUWNE
PE3EPBbI 419 PA3BUTUA, N KAYECTBEHHbIN
CKAYOK B EE PA3BUTUUN HEOBXO AWM.

A YBEPEH, YTO B BJIMXKANMLLUWE 20 NET

HA BHELWWHEM PbIHKE BYJET BOCTPEBEOBAHA
TOJIbKO 3TA TEXHOJNIOTNA. CO3AAHUNE
BB3P-C — BAXXHEMLIAA 3AOAYA ONA
FOCKOPMOPALNN HA BIVXANLIUE
WECTb-BOCEMb JTIET. HNOKP YXXE NOYT, NX
OUNHAHCNPYIOT POCATOM N AO «KOHLEPH
POCSHEPTOATOM», 3A TTOCJIEAHNE OBA
rOAA BbIAEJIEHO BOJIEE 500 MJ1H PVYB.

Mo NMPOrPAMME PTTH Mbl MOJTYHUM
OOMNONHWUTEJIbHbBIE BIOAXETHbBIE AEHbBIA,
KOTOPbBIE MOMOTYT PEAJTN30OBATb

MPOEKT. ECTb OTPOMHOE XEJTIAHNE

K 2028 roaly UMETb Y>KE TEXHUYECKWIA
MPOEKT, MOCJIE COMMACOBAHNA KOTOPOTO
B POCTEXHAA3OPE Mbl CMO>XEM HAYATb
COOPYXEHWNE PEGEPEHTHOIO BJTOKA»

6’ POCATOM









