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lpennoxeH KputepuasnbHbili METo4 ajanTaumu «HernpoeKTHOro»
A1 BBOP MOX-TonnvBa B aBapuiiHbIX PEXUMax (B TOM 4uC/e Npu Tsxe-
JIbIX @Bapusix C MOBPEXAEHNEM SAEPHOrO TOMINBAE) HA OCHOBE AETepMU-
HUCTUYECKUX OLUEHOK YCII0BUIi YCTOMYMBOIrO PACXOXAEHS TEMIePaTypPHbIX
3asucumocTtesi MOX- 1 ypaHoBOro TornavBa B rpoLecce pasBuTisl aBapui.
lNpumeHeHve meTona NO3BOMUT OMPeaevTb NnepeyeHb aBapuii (3Tanos
aBapwii) ¢ MOX-TonnmBom, TPeGYoLMX [OMOJHUTENLHOMO AETaan3npo-
BaHHOIr0 MOAENVPOBAaHYSI, @ Takxe AornycTumoe oboraleHne niyToHuem
MOX-Tonnua ans aHeprobiokos ASC ¢ BBIP.
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MeTtoaun4Hi ocHoBu agantauii MOX-nanuea B aBapiliHUx pexuumax
Ans peaktopis Tuny BBEP

3arnpornoHoBaHoO KpuTepiasibHUi MeTo4 aaanTauii «HernpoekTHOro»
ans BBEP MOX-nanviBa B aBapifiHux pexuvmax (30Kkpema B pasdi Baxkux
asapivi 3 NoLKOAXEHHSIM S4ePHOrro naansa) Ha OCHOBI AETEPMIHICTUYHNX
OLIHOK YMOB CTI/ikOro pO3XOAXeHHs TeMnepaTtypHux 3anexHocter MOX-
Ta ypaHOBOIro rnasavBa B Mpoueci pO3BUTKY aBapii. 3acTocyBaHHs MeToay
AacTb 3MOry BU3Ha4YMTV rnepesik aBapiv (etanis aBapivi) 3 MOX-nanvsom,
wo noTpebyoTb AOAATKOBOro AEeTasi30BaHOro MOAEJIOBAHHS, @ Takox
zonyctume 36araq4eHHs raytoHiem MOX-nanvea ans eHepro6aokis AEC
3 BBEP.

Knwyoei cnosa: agantauis, asapis, saepHe MOX-nanvBo, ypaHo-
Be sijlepHe naanBo, BOAO-BOASIHUI eHepreTudHuii peaktop (BBEP).
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HacTosiee BpeMs B YKpamHe Ha ueTbipex ADC
SKCIUTyaTupyercss 15 3HeproGJIOKOB ¢ SIIEPHBIMU
peaktopamu Tuna BBOP, ucnonb3yoiuux no mnpo-
€KTy OKCUIHO-ypaHOBOE TOIUIMBO. B cBsizu co cio-
>KUBLUMMUCS B TIOCTeIHEE BpeMsl 0OCTOSITeIbCTBAMU

B Ouukaiilieil mepcrneKkTUBe BO3MOXKEH YACTUUHBIA WU TMOJ-
HBI TIepeXol Ha <«HEMPOEKTHOEe» smepHOe TOTUIMBO Ha YK-
pauHckux ADC, Tak Kak 3amachl MPOEKTHOIO POCCUICKOTO
SIIEPHOTO TOIUIMBAa MCTeKaroT K KoHmy 2015 roma. OmHum
13 BapMaHTOB 3aMCHBI IMPOEKTHOTO SIEPHOTO TOILTMBA pac-
cmaTtpuBaetcss 1 MOX-ToTuMBO, 4TO TpeOyeT MOIOJTHUTEIb-
HOTO TJIyOOKOTro M3y4eHHMS M HAyYHO-TEXHUYECKOro OOOCHO-
BaHMS C y4yeTOM OCOOCHHOCTEH SKCIUIyaTaluy TUTYyTOHUEBOTO
TOIUIMBA Ha OCHOBE COOTBETCTBYIOLLErO aHajlu3a 0e30macHo-
CTU U HEMOCPEACTBEHHOI MO3TAMHON afjanTaluy Ha HATyPHBIX
O0BEeKTaxX.

OnHO W3 OrpaHMYeHUl OOOCHOBaHHOU ajamTaluu
MOX-tonnuBa st ykpauHckux ADC cBsi3aHO ¢ HeoOXonu-
MOCTBIO 3KCTPAIOJSIINU Pe3yJbTaTOB aJanTalud B paboumx
peXnMax peakTopa Ha YCJIOBHUsI aBapUiHBIX PEXMMOB: UMEIO-
wuyecs pasiuyrs HEUTPOHHO-(DU3MYECKUX XapaKTepUCTUK
YPaHOBOTO U MJYTOHMEBOTO TOMJIMBA MOTYT ONPEAETUTDL pas-
JIMYMSl KaK HEMOCPEACTBEHHO MPOTEKaHWsl aBapUHHBIX IMPO-
LIECCOB, TaK U COOTBETCTBYIOLIMX MEPOINPUSITUI TIO yIpaB-
JICHUIO aBapUsiIMM C YYETOM KOHCTPYKIIMOHHO-TEXHHMUECKUX
ocobeHHoctelt BBOP (nanpumep, [1—11]), yTO B KOHEUYHOM
UTOTe OonpeessieT aKTyaJlbHOCTh pa3paboTKU METOJOB aJlamnTa-
LU «HeMmpoekTHOTo» MOX-Tomn/rBa B aBapUitHbIX pexumax.

VYpoku Dykycumckoir aBapuu B Mapte 2011 roma
TaKXXe ONpEAEIUIM aKTyaJbHOCTb BONPOCOB alanTallKu
MOX-toniuBa: HauboJee MOLIHbIE Pa3pyLIUTEeJbHbIE B3PbIBbI
no oduuMagbHOi MHGOPMaLMK IKCILIyaTUPYIOLleil OpraHu3a-
uuu TEPCO [2] npousouiiy MMEHHO Ha 0OBbeKTax, YaCTUUHO
3arpyXeHHbIX MOX-TOIJINBOM.

JIoTIOTHUTEIbHBIE TeXHUYECKUE OOOCHOBAHUS afamnTaluu
«HETPOEKTHOIO» SIICPHOrO TOIJIMBa TPebyIoT, B oOLIeM cyyae,
MpOBeACHUS] B TMOJHOM OObeMe MOACIMPOBAHUS UM aHalIu3a
BCEX aBapUIHBIX PEXMMOB (BKJIIOYasi BO3MOXHbIE U3MEHEHUS
XUMUUECKOTO cocTaBa UM oborallleHWsl TOIJIMBA B Tpolecce
akcmiyarauuu). [TosTomy ompeleleHHbI UHTepec MpeacTaB-
JISIIOT BOMNPOCHI NPEABADUTEIBLHOIO OINEPAaTUBHOIO oOmNpeaese-
HUS YCJIOBUI M aBapUiHBIX PEXUMOB, B KOTOPBIX BJAUSIHUE
3(pHEKTOB «HEMPOEKTHOIO» SIAEPHOTO TOIJIMBA MOXET OBITH
HauboJiee CyLIECTBEHHBIM, YTO, BO3MOXHO, COKPaTUT 0OBEMBbI
JeTaJIM3MPOBAHHOTO aHalM3a 6e30MacHOCTH.

B maHHoli paboTe mpencTaBiIeHBl METOLMYECKHUE OCHOBBI
agantaunu MOX-TominBa B aBapuHBIX peXUMax AJsl peak-
TOPHBIX ycTaHOBOK ¢ BBOP.

OCHOBHbIE MOJIOXKEHUS MpeAsaraeMoro MeTofa afantaluu
«HempoeKTHoro» 1 BBOP MOX-toniusa B aBapuilHbIX pe-
KMMaX 3aKJII0YaloTcs B CACIYIOLEM.

1. Paznuuue HeUTpoHHO-(U3MuecKux cBoiictB MOX-
TOIJINBA ¥ TPOSKTHOTO TOIUIMBA OIpenesseT pasinine
B OOLeM ciayyae TeMIIepaTypHBIX 3aBHCHMOCTEl MOIIHO-
CTU BHYTPCHHMX 3HEPrOBBIACICHUI SAACPHBIX peakLUUil U yc-
JoBU Mexda3Horo TeryioMaccoodMeHa B Tpolecce aBapuil
KaK C «TUTOTHBIM» PEaKTOPHBIM KOHTYPOM (OTKa3bl aBapwii-
HOHM 3allUTbl peakTopa, MOJHOEe 0OecTOYMBaHHE 3IHEProdIo-
Ka, pa3pbIBbl MaponpoOBOJOB BTOPOro KOHTypa M T. I.), Tak
U C <«HEIUIOTHBIM» PEAaKTOPHbIM KOHTYPOM (Teuu peakTopa
1 000opyIOBaHUS WJIM TPYOOMPOBOAOB PEAKTOPHOTO KOHTYDA,
MEXKOHTYPHBIE TeUU U TIp.).

2. Kpurtepuem agantaiuu «HempoekTHoro» MOX-TorinBa
B aBapMIHBIX Tpolieccax ONMpPeNessIoTCsl YCIAOBUSI OTCYTCTBUS
YCTOMYMBOIO PacXoXAEHUS TEeKYLIUX TEMIIEPATypHbIX 3aBUCU-
MOCTEI TI0O OTHOIICHUIO K «ITPOCKTHOMY» YPAHOBOMY TOILIMBY.
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MeTtonuueckue ocHOBbBI afantaliuu MOX-ToriiBa B aBapuilHbIX pexXUMaXx JiJis peaKTopos Turia BBOP

3. TenJoBbIACSIONINI 21eMEHT (TB3J1) KOHCEpPBAaTUBHO MO-
JeupyeTcsl KaKk cOCpeJOTOYCHHAsl cucTeMa ¢ MaKCUMaJlbHOMI
TeMIIepaTypoii spepHoro Tornusa 7T, ,, a TAKXe TPUHUMAIOTCA
KOHCEPBATUBHbIC 3HAUCHUS TerIodU3nYecKuX CBOUCTB siAep-
HOTO TOTLIUBA.

PacuetHass Mozpenb KpuTepusi afanTallMud TpUBeAeHa
Ha puc. 1.

O6om0uka

SlnepHoe TOmIMBO

(XSI.TA}].T! MSI.T! QSLT: TSI.TJ Cﬂ.T
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Tennonocurenb

OC06"406

TBX
Puc. 1. PacueTHasi Monenb KpuTepusl agantaluu

VYpaBHeHMEe COXpaHEHWUsI TEIJIOBOWl 3Hepruu B dopmare
M3MEHEHUsT MaKCUMaJbHOU (IO BBICOTE TB3Ja) TeMIepaTyphbl
AlepHoro Tormausa 1)

A7y,

Mﬂ,TCﬂ.T( Tﬂ,T ) dt

= QH.TM;LT(T;LT) - Q’O(TH.T)[TH,T - TBX] (1)
MpU HaYaJbHBIX YCIOBUSX

TH,T(t = 0) = TFLTO’ (2)
me M., C,,, T,,, Q;, — Macca, yjeJbHas TEIIOEMKOCTb,
TeMIepatypa W ylaeibHasi MOLIHOCTb BHYTPEHHUX SHEPrOBbBI-
HENIEHWii SIE€PHOrO TOIIMBA COOTBETCTBEHHO; T, — TeMIle-
partypa TeIJIOHOCUTE sl Ha BXOJAE B aKTUBHYIO 30HY SIICPHOTO

peakTopa; ¢, — MNPUBEACHHBIA OOLIMI KOIDHUILKMEHT Temno-
rnepenadyy MeXIy SIACPHBIM TOTLIMBOM M TEIIJIOHOCUTEIEM:

1 .

1 A 1 ’
400 4

MosAos  OosAos

g Oy 7 — KOI(DDULUEHTHI TEMIOOTAAYM OT OOOTOUKH U STEP-
HOTO TOMJIMBA COOTBETCTBEHHO; A 5, A 5 — TEMIONPOBOAHOCTD
1 ToNKMHA 000I04KHU TB3A; A 5, A, — TNIIOLIAAb IOBEPXHO-
cTM O0OJIOYKM TB3JIa M SIICPHOrO TOILIMBA COOTBETCTBEHHO;
t — BpeMsI pa3BUTHS aBapUITHOTO peXnMa;

oy =

aﬂ.TAfLT

B kputepuanrbHoMm (opmare ypaBHeHus (1) u (2) mias aBa-
puitHOro mpolecca IJTUTEIbHOCTBIO ¢, UMEIOT BUJ

dT,
dﬂ'T - KN - KT[Tﬂ.T - TBX]’ (3)
t
T5l-T(t = 0) = Tﬂ.TO ) (4)
0,,(U,0)t4 0, .(MOX)
Ty, =Tyno /Tt =1/ 14T, ==2 (K = 2 :
roel, 51,10/ m /A m C;“.(MOX) N Qm(U2O)
Kr =ﬁtg\40){); 0,,(U,) — MaciuTab MOIIHOCTH BHYT-

PEHHUX SHGPFOBHHGJ’[CHI/Iﬁ UZ-TOHJ'[I/IBa.
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VYcnoBusl yCTOMYMBOTO PACXOXICHUST TEKYLIUX 3HAuCHUI
temneparyp MOX- u U,-ToninBa MOXHO OLEHUTb U3 OOLLIUX
MOJIOXKEHUI TEOPUU HEYCTOWUMBOCTU B «MaJOM» TPUOIUKe-
Huu [12]: eciu GayKTyauMOHHOE BO3MYILIEHUE TEMIEpaTyphl
saepHoro Torusa (87, << T, ) NPUBOAUT K YCTOHYMBOMY
POCTY OTHOCUTEJbHBIX TEKYLIMX 3HayeHuil Temneparyp MOX-
n U,-TomiuBa B IPOLECCE Pa3BUTHs aBapUIHBIX MPOLECCOB,
TO KPUTEPUii alanTallMy He BbIIIOJIHSCTC.

B dopmate paykTyallMOHHBIX BO3MYILeHU ypaBHeHUE (3)
nMeeT BUJL

dsT,,  dKy

dt dT,

AT

OT, , — K0T, .. )

Peiienue (5) umeer Bug

dT,

AT

8T, . = exp (dKN - KT)t . (6)

W3 pemienust (6) cienyeT KpUTepuil afantaquu

dr,

A

<Kp. @)

OnpenensolluM MapaMeTpoM Kputepust agantauuu (7)
Mpu TMOAOOUU <«BHEIIHUX» YCJIOBUU TerjaoMaccooOMeHa SIB-
JIsieTcsl OTHOILEHME TeMMEepaTypHbIX 3aBUCUMOCTE MOLIHO-
CTM BHYTPEHHUX 3HepropoiaeacHnii MOX- u U,-Tomuusa.
MouiHocTs BHYTPEHHUX SHEPTOBBIACICHUN IJISI PEeaKTOPHO-
TO TOIJIMBA B 3aBUCHMOCTHM OT TEMIIEPaTypbl SIAEPHOTO TOI-
JUBa B TIPEATIONOXEHUM TPOCTPAHCTBEHHON OTHOPOIHOCTH
HEUTPOHHOTO IO B aKTUBHOI 30HE peakTopa M TIpH TpeHe-
OpeXXCHUM YMEHBbLICHUEM KOHLEHTpPALMU siIep, BbI3BAHHBIM
TEPMUYECCKMM PACIIMPECHUEM, MOXHO OIICHHUTb C IOMOIIbIO
cJleayIolero BolpaxkeHus [1]:

0,.(T,.) = X, Qi) )N,

roe @ — MpHUBEACHHAsl 1O Pa3MEPHOCTH TIJIOTHOCTb MOTOKa
HEITPOHOB; Q; — yCpelHeHHas TEIJIoBast SHeprus NeJeHUs Ofl-

HOTO sfipa I-HYKJUJa PeakTOPHOTO TOTLINBA; <G}> — ycpen-

HEHHOE IO SHEPTeTUYCCKOMY CIIEKTPY HEMTPOHOB CeUeHUE Jie-
JIeHUS -HyKaunaa; N' — KOHIIEHTpalus siaep i-HYKJIHUIa.

IIpenBaputenbHble pacueTbl MOKa3aau, YTO OINpeAesiio-
KM TapaMeTPOM PACXOXIEHUSI OTHOCUTEJbHOM MOLIHOCTU
BHYTPEHHUX 3HEPTOBBIACICHUUN AJSI TJIYTOHUEBOTO U ypaHO-
BOTO TOTLJIMBA SIBJISIETCSl CYLIECTBEHHOE pasjiMuue B ompele-
JICHHOM JMaTia3oHe TeMIlepaTyp 3HaueHUWil ceueHUsl NeTeHUs
HYKJIHMAOB, YTO COOTBETCTBYET M3BECTHBIM pe3yJbraram [7—9].

BriBoAbI

IlpennoxxeHHbI MeTOA ajamnTallMy MO3BOJSIET MPU Bapbu-
pOBaHMU 3HAYEHMII TemIepaTrypbl SIAEPHOrO TOIMJIMBA (BKJIIO-
yas BBICOKHME 3HAUEHMSI, COOTBETCTBYIOLIWE pa3pylICHUIO
SIIGPHOTO TOTLJIMBA, — TSKeJble aBapuu), a TaKxKe YpPOBHS
oboralleHus TUTYTOHHWEM SIIEPHOTO TOTMJIMBA OMNMEepaTUBHO
OLICHUTBH TIepeUYeHb aBaphii (3TAlOB aBapUMHBIX TTPOLIECCOB)
¢ MOX-toniuBoM, TpeOYIOIIMX AOMOJHUTEIBHOTO IeTalIu-
3MPOBAaHHOIO MOJCIUPOBAHUS, M TOMYCTUMOE oOOoTallleHNe
MOX-T1ormuBa myToHueM ais 3HeprobiaokoB ADC ¢ BBOP.
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Kpome TOro, mpenjioxeHHBI MeTON TIO3BOJSIET Olepa-
TUBHO OLCHUTH BIUSHUE Ha aBapUUHbIC PEKUMbI U3MEHEHUS
XMMHMUYECKOTO COCTaBa M OOOTalleHUs MPOEKTHOTO sAEPHOTO
TOIJIMBA B MpOLiecce IKCITyaTalluu.

B mocnenyiomux paGotax OymyT TpPUBEAEHLI COOTBETCT-
BYIOUIWE Ppe3yJIbTaTbl COBEPILICHCTBOBAHMSI TPEITOKSHHOTO
MeToIa U pacyeTHOTO MOIEJVPOBAHMSI.
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