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rMePUAHBINA METO/ PACHETA
SALLINTDBI A3Y HA OCHOBE CXEMbI
YMEHbBLUEHUA ANCIMNEPCUUN CADIS

H.P. Cycnos, U.A. Iamues, C.B. YepHoB
THIJ P$-dusuko-3Hepzemuyeckuli uHcmumym um. JleiinyHckoz2o, 2. 06HUHCK

[IpepcTaBned TMOPUAHLIA METOZ pacyeTa 3alljUThl HAa OCHOBE COBMECTHO-

IO WUCIONb30BaHUA MeTofa MonTe-Kapno ¢ HempepHBHON 3aBUCUMOCTbIO
CEeYeHUN OT IHEPTUU U METOLA XapaKTePUCTUK. MeToz peanusyer cxemy
aBTOMaruueckoro ymensuenus gucrnepcuun CADIS (Consistent Adjoint
Driven Importance Sampling) Ha ocHOBe pelleHUsA MHOTOI'PYIIIOBOI CO-
TIPSXKEHHOW 337jayn METOMOM XapaKTepucTuk mo mporpamme MCCG3D u
reHepaluu MPoCTPAHCTBEHHO-9HEPTETUUECKUX BECOBLIX OKOH Ha BCIIOMO-
TaTenbHOW ceTKe ana pacuera nmo Monte-Kapno. [Ipeacrasnena obmas
CTPYKTYpa METOL3, BKl0Ualowas B cebs pe3ynbTaThl MOLENbHLIX pacye-
TOB, ITOATBEPKAAIOWNE BHICOKYIO 3DEKTUBHOCTb TMOPULHOTO METOAA.
06CyXAeHb MPeuMylliecTBa UCII0Nb30BaAHUA METOAA XaPAaKTEPUCTUK B
cxeme CADIS.

KnioueBble cnoBa: pacuet 3awutel, CADIS, rubpuaHblii MeTOA, METOA XapaKTe-
PUCTUK.

Key words: shielding calculation, CADIS, hybrid technique, method of
characteristics.

BBEAEHMUE

B HacToswee Bpems pe3ynbTaTbl PacyeToB 3alMUTHbIX 3KCNEPUMEHTaNbHbIX OeH-
ymapkoB SINBAD[1,2], FENDL[3] n apyrux nokasbiBaioT, 4To Haubonee ToYHoe Mo-
aenupoBaHue 3awmutel 13Y obecneynsaetcs metogom MoHTe-Kapno ¢ HenpepbiB-
HO 3aBUCMMOCTbIO CeYyeHui oT 3Heprumn. MNpu ocnabneHnnm NOTOKOB HEMTPOHOB U
raMMa-KBaHTOB 3a 3alMTON Ha MHoro nopagkos (10-15) paxe npu 6onblWOM Yuc-
e MOLLeNNPYyeMbIX YaCTUL, ML OYEHb MAN0E UX KOJAMYECTBO [JOCTUraeT BHEWHMUX
obnacrteil 3aWmThl, rae M HeobxoaMMa oLeHKa Gu3nyeckux napametpoB. bonblias
CNOXHOCTb TEOMETPUN U BbICOKME TpebOoBaHUA K TOYHOCTU TaKUX pacyeToB C nps-
MbIM MOAENMPOBAHMEM NPUBOAUT K OYEHb BONbLWNM BbIYUCAUTENbHBIM 3aTpaTaM,
KOTOpble 3aHMMAIOT 3HAYUTENbHOE KONMYECTBO BPEMEHU AaXe NMpU UCNONb30BAHUN
COBPEMEHHbIX MHOTOMPOLECCOPHbIX BIYUCAUTENbHBIX CUCTEM,

Mpobnema ewe 6onee yCnoXHAETCA A8 3afay ONTUMU3ALUM CNOXKHOW Tpexmep-
HOM HEOQHOPOLHOW 3alWMUThl. YCNOXHEHME CBA3AHO C TEM, YTO B 3TOM C/lyyae xena-
TeNbHO UMeTb NPOCTPAHCTBEHHble NONA HENTPOHOB M (HhOTOHOB Ha AOCTATOYHO
MENKO MPOCTPAHCTBEHHOMN ceTKe. [IpMepoM TaKoW CETKW ABNAETCA LONOAHUTENb-
Has (He BXOAslWas B 3ajaHue pacyeTHoil reomeTpumn) XYZ- nn6o RZO-ceTka oLeHKU
FMESH B MCNP. Mpu 3ToM pana noKanbHOW ONTUMU3ALKUKM, HAanpumep, Npopuanpo-
BAHMA TAXENOro KOMMOHEHTA 3aWMThl, 3HaYeHUA QYHKLMWOHANOB XKenaTenbHO 3HaTb
Ha MeNKON CeTKe C BbICOKOW TOYHOCTb. OTMETUM, YTO M3-33 PAa3HOCTHOrO Xapak-
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Tepa npouecca ONTMMM3aLuMmu TpebyeTcs TOYHOCTb, NMPEBLIWAWASA NPEAbABAAEMYIO
K COOCTBEHHO ONTUMU3UpPYEMOMY (YHKLMOHANY.

Hanbonee nepcneKTUBHbIM METOAOM pelleHNs 3alLUTHBIX 3a[ay, COYETaloUIUX Bbl-
COKYI0 TOYHOCTb M MpUEMNEMble BbIYUCAUTENbHbIE 3aTpaThl, ABAAETCA UCMONb30BA-
HUe TMOPUAHBIX PACYETHbIX CXEM, OCHOBAHHbIX Ha COBMECTHOM WCMONb30BaHUN fe-
TEPMUHUCTUYECKUX M cTOXacTuyeckux (metona MonTe-Kapno) nporpamm. Onutens-
HOe BpeMs 3TW NOAXO0Lbl Pa3BMBaANUChb He3aBUCMMO, OfHAKO nociegHue 10-15 net
6oNblioe BHUMAHWE NPUBNEKNO pa3BUTUE TMOPUAHBLIX MeTOA0B. MpuUMepbl pa3Bu-
TUA TMOPUAHBIX PACcYeTHbIX CXEM NpeacTaBieHbl B [4, 5].

B paboTe B KauyecTBe [eTEPMUHUCTUYECKOTO METOAA UCMONb3yeTCs MEeTOA Xa-
PaKTepPUCTUK, peann3oBaHHbiii B nporpamme MCCG3D (Method of Characteristics
in Complicated Geometry, 3D) ana MHOrorpynnoBOro ypaBHeHUs nepeHoca
HeTPOHOB M ramma-kBaHToB [6-12]. Beibop MeTofla XapaKTepUCTUK Ans aeTep-
MUHUCTUYECKON YACTU TMOPUAHON CxeMbl 0OYCNOBNEH CleAyWNUM.

MeTon xapakTepucTuk obnagaeT HyNeBOW BbIYUCAUTENbHOW aucnepcuein. ITo
no3BONAET rapaHTUpoBaHHO M3beraTb nyyesBoro addekrta (ray-effect), npuso-
OAWEr0 K BbIYUCAUTENbHBIM OCUUANALUAM NONEH HENTPOHOB U (pOTOHOB. [na
CpaBHEHUA, WNPOKO NpUMeHAeMas B LeTEPMUHUCTUYECKUX METOfaxX ajMa3Has
CXeMa B 33aflayax C CUJIbHOWN FreTepOreHHOCTbID MOXET NMPUBOAUTL K OCLUUNNALM-
fM M3-33 nyyeBoro addekTa Npu N0ObLIX CKONb YrOAHO [eTaNbHbIX YrNOBbIX CET-
Kax (XO0TA B 3HAYMTENbHOM 4YuC/e 3afay YAAeTCA CMATYUTb NyyeBoit 3 ekt fo
npuemnemoro ypoBHA). OTCYTCTBME BbIYUCAUTENbHBIX OCLUANALUIA NONA LEHHO-
CTeN 4ype3BblYaHO BAXKHO AN 3DMEKTUBHOCTM TMOPUAHBIX METOMOB.

MeTop xapaKTepucTUK CXOAUTCA K TOYHOMY peleHunio (B paMmKax MHOrorpyn-
NOBOro NOAX0AA) NPW CryWeHUU NPOCTPAHCTBEHHON, YINOBOW U TPAEKTOPHOIA
ceTok. [lna cpaBHeHMA OTMETUM, YTO, KaK MOKa3anu UCCNef0BaHUA HA MEXAY-
HapoJHOM BbIYUCIUTENbHOM OeHYMapKe, Pa3HOCTHbIE CXEMbI, Peain30BaHHbIE B
nporpammax TORT, moryT cxoauTbCAa K TOYHOMY 3HAYEHWIO NPU CrywWeHUn npo-
CTPAHCTBEHHOW CETKU, He CXOAUTbCA BooOWE NGO CXOAUTHCA K HEBEPHOMY
3HavyeHuto [13]. CxopmMmocTb MeTOAA XapaKTepUCTUK BaXKHa ANf UCCeAO0BaAHMIA
B 06/1acTU TMOPUAHBIX CXeM C Manoii (B npefene — HyneBoil) gucnepcuen, Yto
ABNAETCA OAHOW U3 AONTOBPEMEHHBIX Liefiel nccnenoBaHuin B obnactv rubpua-
HbIX CXeM.

ABTopbl nonaratwT, YTO CO3JaHMe BbICOKOI(DGHEKTUBHOTO TMOPUAHOTO pacyeT-
HOrO MHCTPYMEHTA Ha OCHOBe co4yeTaHus meTonoB MoHTe-Kapno u meTtopa xa-
PaKTEPUCTUK NO3BONUT CAeNaTb OYEepeAHOW War B peleHnn Takux ambuumos-
HbIX JONTOBPEMEHHbIX 33ja4ax HEMTPOHUKM, KaK ynyylleHne MeTOAO0B NMOAroTOB-
KU TPpynnoBblIX KOHCTAHT, aHaiM3a 3KCNEePUMEHTANbHbIX OEHYMAPKOB U UX WUH-
tdopmaTuBHOCTU. Pa3pabaTbiBaeMblit TMOPUAHBIA METOA MOBBICUT TOYHOCTb M Ha-
LEXHOCTb PacyeToB 3aWNUTLl U TEM CaMbIM YNYYIIUT TEXHUYECKUE U IKOHOMUYeEC-
Kue xapaKTepucTuKu npoektupyembix A3Y.

METOA XAPAKTEPUCTUK

B nporpamme MCCG3D pacyeTHas obGnacTb MoKpbiBaeTca Habopom syyeit
(TpaekTopuit), BAOAb KAXJOro U3 KOTOPLIX pelaeTcs ypaBHeHUe nepeHoca.

B meTone xapakTepucTUK Npu NpeanonoXeHUn o NIOCKOM B Npeaenax syenku
V; uctounuke S; Baonb noboro otpeska — nepeceyeHus tpaektopun [y (Q,) B Ha-
npasneHuun Qn ¢ ayeitkonn V; — yrnoBoi NoToK yp,(r) aHanuTUYeCKN BblpaxaeTcs
yepes yrnoBOi NOTOK BO «BXOAALWEN» TOYKE OTpe3Ka U UCTOYHUK §;.

Yrnoso noToK B TOYKe r . paBeH
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Puc. 1. PacyeTHas sayveiika B nporpamme MCCG3D

MeTop xapaKTepUCTMK eCTECTBEHHbIM CNOCOOOM BefleT K UTEPATUBHOMY pelle-
HUI0, BK/OYaloWemMy B ce6s «npoxofbl» (sweep) yepe3 pacyeTHylo obnacte. Ha
KaX[lOM NMpOXOAe BAONb TPAEKTOPUM C MOMOWbI OJHOMEPHOW KOHEYHO-pa3HO-
CTHOI CXEMbl BbIYNCIAETCA HEATPOHHbIA NOTOK BAO/Nb TPAEKTOPUU HA OCHOBE pa-
Hee pacCYMTAHHOTO MCTOYHMKA. TaK KaK Kax[aas BXOAslas TOYKA KayAoro u3 oT-
PE3KOB ABNAETCA BbIXOLHOW TOYKON NpefblaylUlero oTpeska Ha TOW Ke camoit Nnu-
HUM [o(Qm), ycpenHeHune B Hanpasnenun Qb nepneHankynspHom Q,, He UCnonb-
3yeTcs, U YUCIEeHHAs AUCNepcus paBHa Hymto. [pOUMHTErpupoBaHHbLIA MO pacyeT-
HOW AYeilKe NOTOK MONYYaeTCs CIOXEHMEM BEIMYMH MO BCEM OTPE3KaM, Nepeceka-

owum aveitky (puc. 1):
If,m :Z\I]f,m,ahf,m,(an Y

W CPeAHM No AYelKe YrnoBOW NOTOK MONYYAETCA AeNeHUeM MHTErpasbHOro noToKa
Ha BbIYUCAUTENbHBIN 00beM V;,, aveitkn V; B HanpaBneHun Q,:

Vi,m =Z hi,m,(x Ag 4 Yim= Lm/ Vi,m '

roe A, — Bec, cooTBeTcTBYIOWUA Nyyy [, (Qn) NpU UHTErpUPOBAHUM B HANpaBleHUU
QL. B npocTeiiwem cnyyae paBHOMEPHOW CETKM Nyyeilt BenuymHa A, ecTb NpocTo
war mexgy ayyamu Ans ABYMEPHON reoMeTpuu U Npou3BejeHue Laros B [BYX Op-
TOFOHaNbHbIX HaMpaBieHUAX Ana TpexMmepHbix 3agad. llpu cryweHumn ceTku Tpaek-
TOPMIit BbIYUCAUTENbHBI 00beM V/;, cTpemMuTca K TouHoMy obbemy V. Torpa ycpea-
HEHHBbII NO fYelKe NOAHBIA (YyCpeAHEHHbIW MO yray) NoTok B aveiike V; nonyyaetcs

KaK 00blYHO:
O; =Z VimWm .
m

OTMeTUM, YTO NPM CryleHUM NPOCTPAHCTBEHHON CETKM METOA ANMHHbIX XapaK-
TepUCTUK obecneynBaeT KBAAPaTUYHYIO CXOAMMOCTb MO NMPOCTPAHCTBEHHON nepe-
MEHHOW ANA peweHUi, CoWeWNXCA OTHOCUTENbHO CTYWEHUA NO TPAEKTOPUSAM.
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METOAbl YMEHbLIUEHUA AUCNEPCUHU B MCNP

Kputepuit ctatuctuyeckon 3chheKTMBHOCTH

Bo Bcex meTopax ymeHblueHus pucnepcum (variance reduction) kputepuem addek-
TUBHOCTW sBnseTca BenuunHa FOM (Figure-of-Merit), onpepgensemas kak

FOM = (RE? x T)71,

raoe RE — oTHOCHUTenbHasA NOrpewHocTb B OLeHWBaeMOM (yHKLUMOHane; T — Bpems, He-
06xoaMmMoe Ans BbYUCAEHMS 3a[jaHHOTO KONMYecTBa n uctopuii [14, 15]. Tak kak RE?
AOMKHO ObITb 06pPATHO NponopuuoHanbHo T, 3HayeHue FOM pomKHO GbITb NPUGAN3U-
TeNlbHO MOCTOAHHbIM MpPK 3afaHHbIX nNapameTpax 3ajayu. 3HayeHue FOM npepcraBna-
eTcA yno6HON mMepoit oueHKM 3dEKTUBHOCTM METOAOB YMEHbLEHUA AUCNEPCUM, TaK
Kak OHa BKNlOYaeT B cebs AOCTUraeMyld TOYHOCTb (MOrpewHoCTb) U 3aTpaThl KOMMbiO-
TEPHOTO BPEMEHM HA MOJlyYeHWe 3TOW TOYHOCTM. MeToAbl YMEeHblIeHUs LUcnepcuu
00bIYHO MPUBOAAT K YBENUYEHWIO KOMMbIOTEPHOrO BPEMEHW Ha ofHy uctoputo (T.e. T
yBENNYMBAETCSA), OLHAKO NPU UX NPUMEHEHUM LEeNblo ABNAETCA yMeHbleHue REZ 6onb-
Wwee, YeM yBenuyeHue T, TaK YTO 3HAMeHaTeNb B LEesOM yMeHblaeTcs u FOM ysennuu-
Baetcs.

CraHpapTHble BecoBble OkHa B MCNP

CTaHpapTHble BECOBblE OKHA MO0 BBOAATCSA HEMOCPeACTBEHHO NoJb30BaTeNeM, 1Mbo
3a[al0TCA UM C MOMOLLbIO reHepaTopa BecoBbix OKoH B koge MCNP [16]. Cytb meTofa
BECOBbIX OKOH 3aK/II0YAETCA B KOMOMHALMM METOL0B PaCLUENIEHNS U PYNeTKN OIS Kax-
[OW TOYKM (Ha30BOro MPOCTPAHCTBA PACCUMTHIBAEMOW CUCTEMBI.

B Kaxpon A4verKe pacyeTHOW MOAENW 3aJaeTCA HUKHAA rpaHuLa BECOBOr0 OKHQ,
06paTHO MponopuMOHaNbHasA LEHHOCTU YacTulbl. BepxHAs rpaHuua KpaTHa HUXKHER,
W 3TU FpaHuLbl HOPMUPOBAHbBI TaK, YTOObI YaCTULl UCTOYHMKA WUCTYCKANUCh B UHTEp-
Bajie BECOBOro OKHaA. [pu MofenupoBaHUW BNyXAAHWUA YACTULbI, €CNIM BEC YACTULbI
Bbllle BEPXHEN rpaHMLbl BECOBOTO OKHA, TO OHa ApOOUTCSA Ha paBHble JOAM OT MepBO-
HayanbHoro Beca (pacuwenneHue). Bec Kaxpoit HOBOW YaCTULbl NEXUT BHYTPU FpaHuL
BECOBOTr0O OKHA. Eciin BeC YacTulbl HUXKE BECOBOTO OKHA, TO cpabaTtbiBaeT MPUHLMUN
pynetku. Yactuua nmbo yHUYTOKaeTcs, MMbo ee BeC YBENUYMUBAETCA [10 3HAYEHUS, Ne-
Xallero B Auana3oHe BeCOBOro OKHA. Pycckasa pynetka CTaTUCTUYECKU CAYYaiiHO
YMEHbLAET KOANYECTBO HE3HAUYMMBbIX YacTul,. Hu pacuienneHune, HU pyneTka He cMella-
0T OLLEHKM, TaK KaK CYMMapHbIA BEC COXpaHAeTCs.

CTaHpapTHbIA reHepaTop BecoBbix OKOH B MCNP npon3BoauT CTaTUCTUYECKYIO OLEH-
Ky (meTofom MoHTe-Kapno) rpaHuL, OKOH MO BKA3AaM 4YacTuL, U3 JAHHOMN Adelikn da-
30BOr0 MPOCTPAHCTBA B (YHKLMOHAN, OAHAKO NpW 3TOM TpebyeTcs UTepauuoHHoe
MCnonb3oBaHWe reHepatopa. B TeyeHue nepBbIX LMKNOB HabMpaeTCcs COBOKYMHOCTb
BECOBbIX OKOH /1 NOCNeAyloWmx pacyetoB. B TunMyHom cnyyae noab3oBatesib MHOMO-
KPaTHO 3amyCKaeT Ha pacyeT CO3/AaHHble BECOBbIE OKHA U MOJYYEHHbIE HA BbIXOMAE HO-
Bble BECOBbIe OKHA MCMONb3yeT /1A NOCNeAyoLLNX pacyeTos.

Tem He MeHee, B CUJY CTATUCTUYECKOW NMPUPOAbl NOJNYYEHHbIX TAKUM CMOCOOOM
OKOH, 33 pa3yMHOe CYETHOe BpeMs He yfaeTcs u3bexaTtb CTaTUCTMYecKoro pasbpoca
3HaYeHWUN rpaHuL, OKOH, M NONb30BaTENb BCErAA AOMKEH ObiTh FOTOB BbIPOBHATL BECO-
Bble OKHa BpYYHYl. HeT HWKaKOoW rapaHTMu, YTO AaHHOE MHOXECTBO BECOBLIX OKOH
OyAeT NpaBUIbHBIM, HE TOBOPSA YXX O TOM, YTO OHO OyAEeT ONTUMANbHbLIM.

MeTopbl aBTOMAaTUYECKOr0 YMEHbLIEHUA AUCNepcun
Ha OCHOBEe AeTepPMUHUCTUYECKMX PacyeToB

B nutepatype npepcTaBneHO [OCTaTOYHO MHOTO MOAXOAO0B K aBTOMATUYECKOMY
YMEHbIWEHUIO AUCNEPCUM HA OCHOBE COYETAHUS Pa3UYHbIX AETEPMUHUCTUYECKUX
M CTAaTUCTUYECKUX nporpamm [17].
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AVATAR [18] - 370 pacwupeHHas Bepcus MCNP, peanu3zoBaHHas ¢ nomowbto
rpadmyeckoro nHtepdenica Justine. B chopmynuposaHHoit 3agaye AVATAR asTo-
MaTUYECKU TeHepupyeT CEeTKY ANA CONPAXEHHbIX BbIYMCNEHWUIA, NPOU3BOAMUT C NO-
Mmolwbto koga THREEDANT [19] BbluMcAeHUs HA 3TOW CETKe, CTPOUT TpexXMepHble
3aBUCALME OT IHEPTUN BECOBbIE OKHA U3 COMPSAXKEHHOrO PEWEeHUs, KOTOpble B CBOK
oyepeab ucnonb3ytotca B MCNP. Monb3oBatens MoXeT BMewWwaTbCA M UCNPABUTH
CeTKy AN BECOBbIX OKOH MOCie TOro, Kak oHa 6bina cozgaHa Justine.

CeTka pis conpsikeHHbIX Bblyncnenuit ¢ kogom THREEDANT npepctaBnseT coboii
NpsAMOYrofbHUK 160 B cucteme KOopauHaT XYZ, nubo B UMNUHAPUYECKON cUCTEMe
KoopAuHaT RZO, noKpbIBAKOWMIA BCO PAaCYETHYIO CUCTEMY, U COCTOUT U3 WHTEPBANOB
ceTkun (coarse mesh), pa3busaembix Ha sAveitkn (fine mesh). Matepuan, npunucsisae-
Mblii fiYeiike CETKW, — 3TO MaTepuan B LEHTpe sueiiku (6onee cloXHoe NpubanKeHue
nnanupyertcs B byaywem). MCNP nonyyaet faHHble BECOBbIX OKOH M3 3TOW NPAMOYrofib-
HOM CeTKMU.

Kop Justine moxeT aBTOMaTM4yecKW co3faBaTh CETKY A CONPAXEHHbIX Bblyuche-
HUi koga THREEDANT. CHavana co3gaeTcs npsimoyrofibHas 061acTb, cofepialyas B cebe
BCIO cUCTeMy. B Kaxaom HanpasneHuu 3Ty 06/1acTb pasfensioT Ha UHTEpBanbl, KOTO-
pble 00pa3yoT KpynHble 37eMeHTbl ceTkU. PaBHOMepHas KpynHas ceTka Co3paetcs
nyTeM paBHOMEPHOro AENEeHWUs MO BCEM HANpaBNeHWUAM orpaHuyeHHoro 6noka. Hepas-
HOMEpHas unu «pasymHas» (smart) cetka cozpaercs nytem pa3bueHWUs UCXOLHOI 06-
NacTU Ha MeHblUMe NPAMOYrosibHble NoA06aacTU TakK, YTO KaXaas M3 HUX KacaeTcs no
BCeM HanpaeneHusaM aveitkm MCNP. XoTs pa3ymHas ceTKa He CBfi3aHa HEMOCPEACTBEH-
HO ¢ averkoit MCNP, 3Ta KOHCTPYKUMS NOOXOAMUT LA afeKBAaTHOrO LeTajlbHOro onuca-
Hus reometpumn. Kogom Justine co3paerca «pasyMHas» CeTKa, XOTS NONb30BaTeNlb MO-
XET BMEWaTbCA W BbIOPaThb PaBHOMEPHYIO KPYMHYIO CETKY.

BbluncneHHble KpynHble 3feMeHThl (Ccoarse mesh) moryT ObiTb paBHOMEPHO NGO J0-
rapudmnyeckn nogeneHsl Ha 6onee TouHble. Mo ymonyaHuio AVATAR penut ceTky paB-
HOMEPHO, HO MO/Ib30BaTE/lb MOXET BMelaTbCs U BbIOpaTh Norapupmuyeckoe pasbue-
Hue. OObIYHO MCMONb3YIOTCS PaBHOMEpHbLIE, @ He NIorapudMUYECcKU NOLENEHHbIE CETKM,
TOrga nporpamma paboTaeT HeCKONbKO ObicTpee npu BbIGOpKE MHbOpPMaLMKM O Beco-
BbIX OKHax B MCNP.

3TAMNbI NPOBEAEHUA TMBPUAHOIO PACHETA 3ALUMUTDI

[MOPUAHbLIA MeTon pacyeTa peann3oBaH B BU[E PACYETHOW LENOYKM
(MCCG3D + MXWWG + MCNP).

OCHOBHas MOTMBALWA NpUMEHEHWUs TMOPUAHOTO METOAA A/A pacyeTa 3alUThl:

— BO3MOXHOCTb MPAMOro y4yeTa BCeX 3EMEHTOB KOHCTpyKuum A3Y, mHorne us
KOTOpPbIX BHOCAT 3aMeTHblii BKNaf B ocnabneHune usnyvyeHus;

— HEenoCPeACTBEHHbIN pacyeT BaxHenwWwmnx GyHKLMOHANoB 6e3 AONONHUTENbHbIX
3KCTpanonauuii;

— WCNONb30BaHWE KOPPEKTHOrO OMUCAHWUA CEeYeHUn B3auMOLEeNCTBUI, npexae
BCEro aHW30TPONMM PacCeAsHUA raMma-KBaHTOB M HEATPOHOB BbICOKUX IHEPTHUiA.

Hanbonee npubnauxeHHas K peanbHoi reoMeTpuu Mojaenb paccyutbiBaemoin f3Y
NO3BONAET YMEHbWNTb 3aNacbl Ha HEONPEeAENEeHHOCTb U NONYYUTb MUHUMANIbHbIE
MaccorabapuTHble XapaKTepUCTUKM.

JTanel NnpoBeAeHUs pacyeta No rMGpUAHOMY METOAy.

1. Pacuyet conpsaxeHHoi 3apayn no MCCG3D (nocTpoeHue reomeTpuyeckon
mopenn n pacyetHon cetkm MCCG3D, peweHne conpsAXeHHOro ypaBHEHUS Nons
LEHHOCTU AN BbIGpPaHHOro yHKLMOHANA).

2. NoprotoBKa (anna BECOBbIX OKOH C nomoublo nporpammsl MX_WWG:
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- noctpoerune cetkn WWG (Weight Windows Grid) nns BecoBbix OKOH;

- npoektupoBaHue cetkn MCCG3D Ha cetky WWG;

— NpoBepKa BbINONHEHUSA YCNOBUA Wi/Wi1 < 2 (eCnn yKa3aHHOE YCNOBUE He Bbl-
nonHsetcs, 7o noctpoeHune cetkn WWG BbINONHAETCSA 3aHOBO, T.e. OHA pa3buBaert-
cA Ha Gonee Menkue sYeiikM [0 Tex Mop, NOKa ycA0BUe He OYAeT BbIMOJHEHO);

— npoBepKa OTCYTCTBUA OCUMANALMIA B pelWeHUM CONpPAXKEHHON 3afaynm no
MCCG3D (ecnu ocumanauum NpUCYTCTBYIOT, TO BbIMOAHAIOTCA AOMNONHUTENbHbIE UTe-
pauun no MCCG3D c 6onee feTanbHOi yrnoBon CeTKOM).

3. Pacyet no nporpamme MCNP.

4. TlogroTtoBka ¢anna p[030BbIX (QYHKUMOHANOB C MOMOLbLI NPOrpaMmMbl
Meshtal2MX.

5. Busyanusauma fo30BbiX QYHKLWOHANOB C NOMOLbIO MPOrpamMMbl-BU3yann3a-
Topa MCCG_G.

C nomowsbto rpaduyeckoro Busyanuszatopa MCCG_G BbinonHAeTCA nmocTpoeHue
TpexXMepHON reoMeTpUyecKon mopenu, ana kotopon no nporpamme MCCG3D pewa-
eTcs conpsXeHHas 3ajaya B rpynnoBOM MPUOAUKEHUN.

MoaroToBka ¢haiina BeCOBbIX OKOH BbIMONHAETCA C MOMOLWbI NPOrpammel
MX_WWG. [aHHbli1 KOA BblYUCAAET BEAUYMHBI 0OPATHO MPOMNOPLMOHANbHbIE LEEHHO-
CTAM YaCTUL, M NOJyYaeT HUXKHKUE TPaHNLbl BECOBbIX OKOH KaX[O0ro 31eMeHTa U Kax-
Ao rpynnbl. BecoBble OKHa 3aTeM HOPMUPYIOTCA HAa UCTOYHMK TaKUM 06pa3oM, YTo
OH reHepupyeT 4acTuubl C BECOM BHYTPW BECOBOr0 OKHAa. TaK Xe, KaK CeTOYHbIN
reHepatop BecoBbix okoH WWG B MCNP, MX_WWG BbIBOAMT 3HAYeHUA BECOBbIX OKOH
B popmaTHbin dainn WWINP, ctangapTtHbin gns MCNP, KoTOpbIi MOXeT Mcnonb3o-
BaTbCA CTAHAApPTHOW HemoauduumpoBaHHoi Bepcueir MCNP.

Mocne Toro, Kak dain BecoBbix oKoH WWINP creHepupoBaH, NponM3BoLUTCA Nps-
MOM pacyeT A030BbIX (PYyHKUWOHANOB. [0 OKOHYAHWW BbIYUCNEHUII MonyvaeTcs
thaiin, copepalmMii 3HAYEHUA J03 HA BCNOMOraTeNbHOW CeTKe BO BCEN pacyeTHOM
obnactu. Mocne nposepnenns pacyetoB no MCNP, nonyyeHHble AaHHble Npeobpasy-
toTca nporpammoit Meshtal2MX B dopmat MCCG3D. 3atem Busyanusatop MCCG_G
rpadmnyeckn n3obpaxkaeT TpexMepHble [030Bble NONA AN BCeil pacyeTHoit obnac-
TU UAKN ee BbIJENEeHHbIX YacTel.

C ncnonb3oBaHMeM rMOpUAHOrO MeTOAA NOSBMNACL BO3MOXKHOCTb BbIYMCIEHUS [0-
30BbIX (DYHKLMOHANOB 3a 6UONOrMYecKoil 3awuToin ¢ ocnabneHnem 10-12 nopsapgkos €
norpewHocTblo 5-10%. MMOpUAHLIN METOA ABNAETCA MAKCUMANbHO TOYHLIM MO OMUca-
HWUIO peasbHON reoMeTpun, CeYeHnit B3aMMOAENCTBAA HENTPOHOB M raMMa-KBaHTOB C
BeLWecTBOM. BHyTpeHHMIT KOHTPOIb MO CTaTUCTUKE pacyeToB MO3BONAET YTBEPXKAATb O
NPaBUALHOCTK NOJYYEHHbIX Pe3yibTaToB. BbINONHEHHbIE PacyeThl 3KCNEPUMEHTANIbHbIX
0eHYMaApPKOB He BbIBUIMU CYLECTBEHHbIX MOrpelwHocTeil MeToaa.

PE3YJ/IbTATbl PACHETOB TECTOBbIX 3AAAY4

C ucnonb3oBaHWeM rMOPULHOTO METOAA NPOBEAEHbl PacyeTbl TECTOBLIX 33afay B YMpo-
LEeHHOI reoMeTpUM, NOKa3aTesbHbIX C TOYKM 3PEHUA (PU3NKKM PafMaALMOHHON 3aLMUTHI.

PaccmoTpeHa mogenbHas 3agadva u3 Habopa 6eHumapkoB Kobaswn[20]. Feometpus 3a-
Jauy COCTOMUT M3 TPex 30H: UCTOYHMKA, MYCTOr0 KaHana CA0XHOW hopMbl W 3aLuThl, reoMeT-
pua KOTOpbIX NpeAcTaBaeHa Ha puc. 2. Ha nnockoctsax x = 0, y = 0, z = 0 3aaaHbl rpaHUYHble
YC/I0BUA OTPaXEHWS, @ HA BHELWHUX rPaHULAX — BaKyYMHble rpaHUYHbIE YCI0BUA.

Bbinn peanusoBaHbl TpU BapuaHTa 3aaaun. Bo-nepsbix, MatemaTnyeckuii 6eHumapk OECD
C OJHOTPYNMOBLIMUA CEYEHUAMM, AN KOTOPOro B Tab/. 1 npuBeAeHbl CeYeHUs HEUTPOHOB W
MOLLHOCTb UCTOYHMKA B 30HAX TECTOBOI 3afayu. Kpome TOro, pewanvce age MHOrorpynmno-
Bble 3aJa4u, rae MaTepuanoMm 3alnTbl B OLHOM Cydae Obln GETOH, @ B ApYroM — MOANUITUNEH.
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. . Tabnuua 1
Mal(poce-lemm HeUMTPOHOB TECTOBOM 3afjauim
Obnactb MowHocTe ucTouruka | [MonHoe cevenne | Cevenve pacceaHns
1 (MCTOUHMEK) 1 0.1 0.05
2 (kaHan) 0 10+ 510
3 (sawmTa) 0 0.1 0.05
i
B
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4 o i/
td it desde b bt e AN, 100
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‘o .’ '!’ "_ '¢’ t’
Q o, / ......... 60
; N O 50
o 4-'
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Puc. 2. TeomeTpus TecToBon 3agauu
Y
100 —
« 38407311102 [38102| 01 07 3.0
0 404073 (11407237402 |95102| 03 07
o 344073 [ 751072 | 22402 | 451072 | 751072| 0.4
o 344073 (434073 [ 111072 | 1.71072 | 191072 | 221072
5 114073 241073534073 | 731073 | 5.71073 | 5.6-1073
p 54407 [ 111073 231072 | 231073 | 171073 |1 51073
" 29407 [42107% |8.0107* | 6.5107% | 5.4-107% | 47107
" 124074 [ 20407 204107 | 24407 | 1.7107% | 1.31107*
° 53407 | 76407 |6.2407° | 6.3107° | 6.1-107° |4.4-407
. 31407 | 26407 [ 28407 | 24107 | 2.8-107° |1.3407
10 20 30 40 50 60 X

Puc. 3. ConpsxeHHoe pelleHne Ans ofHorpynnosoit 3agauun (nnockocts Z = 35.0)
B pacuetax MCCG3D u npwn 3agaHuu BecoBbix okoH B MCNP mncnonb3oBanach cetka

6x10x6 (c warom 10 cM no Kaxpoit U3 KoopauHat). MCTOUHUK pa3melueH B sYeitke ¢
ueHtpom (5,5, 5). [leTeKTop NoMewWwancs B «TPyAHOAOCTYNHYIO» 4S8 NMPAMOro MOAeNU-

poBaHus Aveitky ¢ KoopanHatamu (55, 95, 35).

MpencTaBneHHbIi Ha PUC. 3 CPe3 pelleHns COMPSXKEHHOI 3afaun Yepes3 NAOCKOCTb
z=35.0 unnocTpupyeT cnocobHOCTb METOAA XapaKTepPUCTUK, pean30BaHHOIO B Npo-
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rpamme MCCG3D, nonyyats rnagkoe peleHne Aaxe Ha OTHOCUTENbHO rpyboi ceTtke.

Bbinn npoBeAeHbl BHIYMCAEHUA NO TMOPUAHOMY METOAY, a TaKKe NpsAMble pacyeTsl
no MCNP. Pe3ynbTaTel pacyeToB M COMNOCTaBAEHWE CKOPOCTEN CXOAMMOCTW npej-
cTaBfeHbl B Tabn. 2.

Tabnuua 2
Pe3ynbTarbl TECTOBLIX pacyeToB
QECD BetoH MonuaTuneH
MpAmo#i Pacyet no [pAmo#i Pacyet no [pAmo#i PacyeT no
MAPAMETP pac4eT rubpuaHaNy pac4eT rUBpUOHONMY pac4eT rWBpHaHONY
MCNP METOZy MCNP METOOY MCNP METOZy
PacyeTHoe
AHAEHME 443E-5 4 44E-5 8.78E-4 8.79E-4 318E-07 JA9E-07
Ouexra
OTHOCHTENLHOM 09 06 05 07 09 08
NOrpeLLHocTH,
¥
Yucno woropwid 5E+10 1E+8 1E+8 4E+5 6.4E+10 4E+8
FOM J1E+0 6.1E+2 5 2E+0 4 0E+2 1.2E-02 3. 2E+1
FOM T FOM, 1 20E+2 1 T7E+ 1 27E+3

MOpuUaHLIA MeTon NoKa3an BbiCOKY 3 dEeKTUBHOCTb B YCKOPEHUU CXOAMMOC-
TW Ha TeCTOBbIX 3ajayax. Bmecte ¢ TeM ero 3heKTMBHOCTb 3aBUCUT OT BblOpaH-
HbIX MAapaMeTpoOB pelWeHUs N0 MeTofy XapaKTepucTUK M BbIbOpa CETKM BECOBbIX
OKOH HenocpeacTBeHHo B nporpamme MCNP. BbiGop onTMManbHbIX napamMeTpoB
MOXeT ObiTb 0YEHb CYLECTBEHHbIM. [103TOMY Hapsaay C Ucnonb3oBaHUeM paspabo-
TAHHOTO TMOPUAHOrO MeTofa B MPAKTUYECKMUX 3ajayax HEOOXOAMMO npoBefeHue
AONONHUTENbHBIX PACYETHLIX UCCNEe[OBAHWUI NO Pa3BUTUIO TUOPUAHON METOAUKMU.
MpepnonaratoTcs cnepyiolime Wwarkn B 3TOM HanpaBieHUU:

— BKNoYeHne B kKog MX_WWG anroputmMoB ONTMMMU3ALMM CETKU BECOBbLIX OKOH;

- peanusauusa B koge MX_WWG npoueaypbl hOpMMPOBAHMUA CMELWEHHOTO UCTOY-
HuKa (B cooTtBeTcTBUM Cc MeTogonoruneir CADIS).

3AKNIOYEHHUE

PaspaboTaH rubpuaHbIi MeToa L[S BbIYUCIEHUIA NEepPeHoCa YacTul, MEeTOAOoM
MoHTe-Kapno ¢ nomowbio kofa MCNP 1 BecOBbIX OKOH, MONIYYEHHbIX METOAOM Xa-
paktepuctuk no nporpamme MCCG3D. Paspa6oTaHa nporpamma MX_WWG pns ces-
3 kopgoB MX n MCNP. MpoBeaeHbl TeCTOBbIE UCNbITAHWUA, MOKA3aBLWMWE BbICOKYIO
3P HeKTUBHOCTb PAaCYETHOW CXEMbl, CKOPOCTb BbIYUCAEHWUI BO3POCAA B CTO — TbICA-

4y pas.
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Belozerov V.1, Shilina A.S., Ananieva 0.A., Kunizina T.E., Gordienko A.B.; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering)
Obnibsk, 2013. 8 pages, 5 illustrations. References, 10 titles.

The paper presents the results of research on hydrogen generation in heterogeneous compositions
containing aluminum, liquid sodium glass, crystalline sodium metasilicate and water of varying salinity.
Found that silicon reagents remove the passivation oxide coating on the surface of aluminum and its
translation into an activated state, effectively decompose water into hydrogen. Chemical
decomposition into hydrogen efficiently are aqueous solutions with varying degrees of mineralization.
The process of generating hydrogen is carried out at low temperatures and atmospheric pressure at
high speed and theoretically limiting the release of hydrogen H, 0.12 kg / 1 kg of AL The study of
chemical processes of decomposition and removal of surface oxide films and the generation of
hydrogen from restoration water by reactor metallic materials is one of the tasks of hydrogen safety
for nuclear power plants.

VIK 621.039.586.001.57

Application of computer codes RELAP\SCDAP and MELCOR for the analysis of management of WWER-1000 accidents
\ Samokhin D.S., Chuklin A.A.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 10 pages, 4 tables,
5 illustrations. References, 7 titles.

The article describes the problem of shortage of significant information about the processes occurring
in a nuclear reactor during heavy failure, about parameters of these processes, and as consequence, absence
of optimum actions for management of heavy failures. The article gives a description of power plants,
performed with the code MELCOR. There is compares the results of calculations of WWER-1000 severe
accidents generated by means computer codes MELCOR and RELAP/SCDAP.

VAK 621.039.586: 536.42

About the Nature of the course of BN Reactor beyond Design Accidents under post-accident Core Materials
Relocation \ Vlasichev G.N.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 7 pages, 3 illustrations. References,
22 titles.

In the safety analysis of BN reactor accepted division of beyond design accident into four stages: initial,
transitional, post-accident material relocation and post-accident heat removal. Formed in transitional
stage as a result of the molten cladding relocation and solidification initial steel blockages of channels for
a while impede the flow down of liquid fuel and form a solid foundation for the pool. To move the fuel in
channels it is required at first a melting of blockages. After reactor shutdown it is possible in the case of
insufficient heat to the surrounding fuel assemblies. Under melt-through of blockage the melt will be flow
into the channels between the yet solid parts of the fuel rods at some length, it hardens there and again forms
a layer of blockages. As a result, the process of heat-generating mass moving will be not smooth, and the
intermittent nature and will consist of repeating phases: melt-through of blockages layer, leaking of melt at
some length and solidification, the melting of the next layer, etc.

VK 620.172.251.222

Mechanical properties of E110 alloy at temperature range up to 1273K \ Izmalkov I.N., Loshmanov L.P., Kostyukhina
A.V.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 7 pages, 4 illustrations. References, 22 titles.

E110 alloy is one of the main structural materials of VVER type reactor core. The effect of temperature
up to 1273 K and strain rate on the mechanical properties of the E110alloy have been studied. The
ring samplesmanufactured from VVER fuel rod cladding was tested. Tests have been conducted in the
air and in a vacuum. As a result the strength and ductility properties of E110the alloy have been
developed.

VK 621.039.54
Hybrid technique for shielding calculations on basis of CADIS \ Suslov I. R., Lyamcev L.A., Chernov S.V.; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools.
Nuclear Power Engineering) Obnibsk, 2013. 9 pages, 3 tables, 3 illustrations. References, 20 titles.

Presented a hybrid technique for shielding calculation that uses continuous energy Monte Carlo
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with the weight windows generated with the method of characteristics. Technique proposed
implements CADIS (Consistent Adjoint Driven Importance Sampling) scheme and includes solving
the adjoint multigroup problem with characteristics code MCCG3D to generate the space-energy
weight windows for the Monte-Carlo calculation. A general structure of the technique for use in
design calculation is described. Presented numerical results confirm the high efficiency and accuracy
of the proposed hybrid technique. The advantages of using the method of characteristics in the
CADIS scheme are discussed.

YAK519.6:621.039.5

Space-time calculation of transient processes in fast reactors \ Ginkin V.P., Troyanova N.M.; Editorial board of
Jjournal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear
Power Engineering) Obnibsk, 2013. 8 pages, 7 illustrations. References, 4 titles.

Algorithms of 3-D neutron physics simulating for fast transient abnormal conditions in BN-type
reactors core were developed in the GVA code. A quasi-static approximation is used for the solution
of non-stationary equation of reactor physics This approach divides the original equation onto the
system of two equations: for calculating of the amplitude factor, which is quickly changed during the
time and does not depend on spatial coordinates, and form-function, which depends on spatial
coordinates and is slightly changed during the time. The results of test simulating in flow rate stop
conditions and in self-movement of control rods conditions are demonstrated.

VK 537.58:539.321.9

The physical phenomenon of emission of electrons in metals under the action of ultrasound \ Trofimov A.L;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 8 pages, 5 tables, 5 illustrations. References, 9 titles.

A theoretical and experimental study of a new physical phenomenon the emission of electrons in
metals under the influence of ultrasound. Shows the analogy mechanisms to increase the internal
energy in metals by heating and effect of ultrasound. The substantiation of a possible rise in the
emissivity of the emitter thermionic converters.

VK 621.039.052
Numerical and experimental investigations of thermalhydraulic characteristics for fast reactor vessals on integral
model SARH in different operation regimes \ Zaryugin D.G., Kalyakin S.G., Leskin S.T., Opanasenko A.N., Sorokin
A.P.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 9 pages, 8 illustrations. References, 4 titles.
Features of the stratified flows on examples of reactors on fast neutrons, possibility of their scale
modelling are considered. Some results of experimental and numerical researches in mixing chambers
and pipelines are presented. It is underlined necessity of the account of the stratification phenomena
at a substantiation of reliability, safety, periods of operation for various nuclear power plants.

VK 621.039.517

Simulation of loop test conditions for the modified SM reactor fuel rods and test results in justification of their
performance \ Starkov V.A., Fedoseev V.E., Shishin V.Yu.; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 9
pages, 1 table, 9 illustrations. References, 9 titles.

Irradiation conditions were simulated to test pilot modified fuel rods of the SM reactor under
middle (10MW/m2) and maximal (up to 15MW/m2) thermal load. Some post-irradiation results are
presented. A conclusion was made about the performance of the pilot SM fuel rods with the U content
increased by 20%. A comparative analysis of both test conditions and material tests of the SM fuel
rods was performed. The material tests results were used as a basis to propose and justify a
phenomenological model of fuel rods swelling.

VK 621.039.519
Tests of experimentel low neutron poisoning fuel assemblies in reactor SM \ Klinov A.V., Kalinina N.K., Marikhin
N.Yu., Pimenov V.V., Petelin A.L., Starkov V.A., Fedoseev V.E.; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) Obnibsk,
2013. 9 pages, 6 tables, 6 illustrations. References, 12 titles.

The paper presents the heat rate distribution, thermal flux density and burnup for thee experimental
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