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CBEPXHEABHAA CXEMA HEIMNOJIHOU
DAKTOPUSALIMN OA)J1A PELLUIEHAA
TPEXMEPHbIX PABHOCTHbIX
YPABHEHUAN SJUTUNMTUHECKOIO TUMNA
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"HayuoHanbHbwlil uccnedosamenncKuil adepHolil yHusepcumem « MH®H», 2. Mocksa
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L5 pelreHus CUCTEeM JMHENHLIX Pa3sHOCTHBIX anredpanyeckux ypaBHEHWI,
aTNMpPOKCUMUPYIOIINX YPaBHEHUA MEPeHOCa HEWTPOHOB B MHOTOI'PYIIIOBOM
Inbdy3n0OHHOM TIPUOAVKEHUN, U BAPUAHT KOMOUHUPOBaHHON cxembl MHO,
B KOTOPOM Ha YETHHIX UTEPALUAX UCIIONb3YeTCs Mepudepunitias KoMIeHca-
LUl UTEPUPYEMBIX YJIEHOB, a Ha HEUETHHIX OHA OTCYTCTBYeT. Ha uucneHHbIX
IIpUMepax IokKasaHa BbicoKasf 3pdeKTuBHOCTL paspaboranubix cxem MH®.
HccnenoBaHHble CXEMbI peanu30BaHbl B IPOrpaMMax-peluraTensx u UCIOb-
30BaHbl B TPAKTUUECKUX 3afladaX HEUTPOHHON KUHETUKU — B KOMIUIEKCE TTPO-
I'PaMM IPOCTPAHCTBEHHO-BPEMEHHOTO PAacyeTa PeakTOPOB Ha ObICTPHIX HEM-
TpoHax GVA [1, 2] n B KOMIUIEKCE ITPOTPAMM PACUETA KaMIIAHUN PEaKTOPOB
BB3P-1000 WIMS-BOJIHA [3, 4].

IIpennoxeHa cBepxHeABHasA CxeMa MeTozia HemonHon dakropusauun (MH®)

KnioueBble cnoBa: HeMTpOHHAsA KUHETWKA, UTEepPaLUOHHbIe METOAbl, METOA Henon-
HOM haKTopu3aLumu, cMcTeMa NIMHENHbIX YPAaBHEHUI, KOMMIEKChl NPOrpamm.

Key words: neutron kinetics, iteration methods, incomplete factorization method,
systems of linear algebraic equations, program codes

BBEAEHMUE

CucTeMbl IMHEMHBIX PA3HOCTHBIX YPaBHEHWUM, annpOKCUMUPYIOLNX YpaBHeHUEe -
JIMNTUYECKOTO TUMA, 0ObIYHO 3aMUCHIBAIOTCA U PeLaloTcs B ceToYHOM Buae. Homep y3na
Pa3HOCTHOW CETKM B TAKOM C/lyyae OAHO3HAYHO ONpefensieTcs HabopoMm 3HAYEHMil
WHOEKCOB, ONpefensiowmux HOMepa IMHNIA CETKU MO Kaxaoi n3 koopauHat. Ho 3To He
BCerfa yno6bHo. Mcnonb3yiotcs u apyrue cnocobbl HyMepaLun y3n0B PasHOCTHOMN CeT-
KU1, HanpuMep, TaKoi, KOraa y3/ibl HyMepylTCs N0 CMUpany, HauuHas OT OLHOrO y3na B
ueHTpe o6nact. MoXHO NpeanoNoXUTb, YTO HYMEpaLMa Y3N0B CETKU Npou3BoSbHA. B
3TOM C/lyyae HeobXOAUMO BBEfIEHWE HOBOrO MHCTPYMEHTA ANs ONMUCAHUA KaK CaMUX
CUCTEM CETOYHbIX YPABHEHWM, TaK U METOJ0B peleHus 3TUX cucTeM. B aaHHoii pabote
npeasoXeH UMEHHO TaKoi HOBbIA (hOpMaNMU3M s ONUCAHUA UCXOAHbBIX CUCTEM CETOY-
HbIX YPAaBHEHMI M PA3NIUYHBIX UTEPALMOHHBIX CXEM METOfA HEMoNHOM (haKTopu3aLuu
ANA UX peweHus. [Ina 3TOro BBOAUTCA MOHATUE MATPUL, CBA3HOCTM, YCTAHABIMBAKOLMX
O[HO3HAYHOE COOTBETCTBME HOMEpY KaXAOro y3N1a Pa3HOCTHOW CETKM HOMEepa Y3/0B-
cocepeit.

© H.M. TposaHnosa,B.II. T'unxun, 2013
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B paGoTte npepnoxeHbl U YUCIEHHO UCCNE0BaHbl HOBblE CBEPXHEsSBHAA CXeMa Me-
TOAA HeMosHON (aKTopu3auumM LNA pelleHns LEeBATUTOYEUHbIX CUCTEM PA3HOCTHBIX
YPaBHEHWI, OCHOBAHHAA HA MCNONb30BAHMM TaK Ha3blBaeMOW NepudepuinHoOin KoMneH-
cauum UTepUpyeMbiX YNeHOB, U HOBAas KOMOMHMPOBAHHAsA CXeMa, B KOTOPOW nepude-
pUIAHAA KOMNeHCaLua NPUMEHAETCA He Ha KaX[oi utepauuu, a yepes opHy. Mpea Ta-
KO KOMOMHMPOBAHHOW CXeMbl 3aK/I0YAETCS B TOM, YTOObI HA OfHOW UTEpaLUKU BOOUTLCS
3 PeKTUBHOrO CrNaXKnUBaHMA UCXOAHON DYHKLWM OWNOKM, @ HA Clefylowein utepaymum
C MCnonb3oBaHWeM nepudepuinHoOin KOMMEHCALUUU UTEPUPYEMBIX YJEHOB J0OUTHCS
3 heKTUBHOro NOAABNEHUSA TNAAKOWM CoCTaBnsowen ByHKLAN OWNOKH.

MpeanoxeHHblt MeToA 6biN MCNONb30BAH B KayecTBe pelatens B KOMMAEKce npo-
rpamm GVA, HanucaHHOM ns pacyeta NMPOCTPAHCTBEHHOM AMHAMUKW PEAKTOPOB Ha
ObICTpbIX HeldTpoHax [1, 2] u B komnnekce nporpamm WIMS-BOJIHA, HanucaHHoM ans
pacyeTa KamnaHuii peaktopos BB3P-1000 [3, 4].

ONMUCAHUE METO/IA HEMOJIHOW ®AKTOPU3ALIUUN
C UCNMOJIb3OBAHUEM MATPMUL] CBA3HOCTH

Myctb TpebyeTcs pewnTb ypaBHeHWe AUGdY3UM B HEKOTOPON 06M1aCTU C 3aAaHHbI-
MU FPAHUYHBIMU YCNOBUAMK Ha ee rpaHuue. [lna onpefeneHHOCTM paccMOTpUM ypas-
HeHWe nepeHoca HENTPOHOB B MHOrOrpynnoBoM Auddy3noHHOM npubamxeHun B (hex-
Z)-reomMeTpum.

g-1
—VD(g)V(p(g) + Z(yz)(p(g) _ Zz(l—w)(p(l) — X(Q)O,
=1

rae g — HOMep rpynnbl HEWTPOHOB; OCTaNbHble 0003HAYeHUA OOLENPUHATDI.

BBeaem pa3HOCTHYIO CeTKy M nepeHymepyeMm y3/ibl B NpoM3BONbHOM nopsagke. Uc-
NoNb3ys AEBATUTOYEYHbI PA3HOCTHBbIN WABGNOH, NMOCTPOMM PA3HOCTHBINA aHANOr UCX0[-
HOro ypaBHeHUs. YTo6bl onpepenuTs HOMepa y3n0B COCEAEN ANA LEHTPaNbHOro y3na
WwabnoHa, BBEAEM MOHATUE MATPULbl CBA3HOCTU MS(j, 7), IneMeHTbl KOTOPOW ANIA Kax-
AOro pacyetHoro y3na i, i = 1,...No, onpegenstot Jo HOMEpPOB y310B-COCEEN, COOTBET-
CTBYIOWMX OCTaNbHbIM y3NaM WabnoHa, j = 1,...Jo. Mpu 3TOM TpexmepHoit (hex-z)-reo-
METPUM COOTBETCTBYET AEBATUTOYEYHbIN WABNOH € Jg =9, ] = 9 — UeHTpanbHbIi y3en,
j=1,..6 — y31bl reKcaroHanbHoOW peLeTKkn B CEYEHNUMN Z, ] = 7, 8 COOTBETCTBYIOT Npefbl-
pywemy (j = 7) n nocnegytowemy (j = 8) ceueHnio no KoopauHare z.

NcxopHoe pa3HocTHOe ypaBHeHue B (hex-z)-reoMeTpum Npu UCMONAb30BAHUN BBeE-
LEHHOro opmanuima nNpumeT Bup

8
A(PZGQ(P_ZGJ(PMS(J') =f.
j=1
[ins peweHuns 3Toro ypaBHeHuUs Mcnonjbsyem UTePaLMOHHBIA MeTOA HemoNHON ak-
Topuzauuu (MH®):
(DA+B)o" =Df +Bo™ ', m=1,2...
c Takumu onepatopamu D n B, ytobbl (DA + B) mor 6biTh Nerko hakTopu3oBaH:
(DA + B) = M.

0603Hauns No =, 3anuwem MH® B Bupe cucTembl ABYX YpaBHEHWIA, KOTOpas pe-
LWAeTCA MeTOLOM MOC/NeA0BaTENbHbIX NPUONUKEHNI C UTEPUPYEMbIM onepaTopom B:

My = Df + Bo™,
No™ = .
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CBEPXHESIBHASl CXEMA HEMOJIHOW ®AKTOPU3ALIUM

BapuaHT mMeToa HenonHon (akTopusauun onpepenseTca KOHKpPeTHbIM BUAOM one-
patopoB M, N u D. Bribepem onepatop D auaroHanbHbiM, @ M n N — gBYXTOYEYHBIM K
BOCbMUTOYEYHbLIM COOTBETCTBEHHO:

D = diag(y),

My =y - O‘7\|/M5(7) '

8
No=o¢— Z aJ(PMS(j)'
Jj=1,j#7
MonyyeHHas cxeMa ABNAETCA He MPOCTO HEABHOM, @ CBEPXHEABHOM, TaK KaK AnA
pelleHns NocnefHero ypaBHEHMUSs, ONpefeNeHHOro Ha BOCbMUTOYEYHOM LWaboHe,
HeNb3s NPUMEHUTb NPAMOIA 3KOHOMUYHbIA METOA C MCMNONb30BAHMEM TONbKO MPOCThIX
HeABHbIX CXEM TUNA OJHOMEPHbIX MPOrOHOK, NPUXOLUTCA MPUMEHATL UTEPALUOHHBIN
MeToA. Mbl ucnonb3ayem Ana 3TUX Lenei cxemy HenonHon cdaktopusauum Lnanpepa-
3epaHa [5], B KOTOpPOIi C LUeNbio YCKOPEHUS CXOAMMOCTU BBefeHa nepudepuitHas Kom-
NneHcaumsa MTepupyeMmblx YieHoB no tuny h-daktopmsauun [6] c UTepaLMOHHbIM Na-
pPaMeTPOM KOMMEHCALUK, MeHAIOWMMCA OT Hyna fo 1.
B onepatop B BXOAAT AOMNONHUTENbHbBIE MO OTHOWEHWIO K UCXOAHOMY WABNOHY y3/bl
c Homepamun MS(7, MS(j)), j = 1,...6, noaBuBwMeCA Npu PaKTOPU3aLUN TPEXMEPHBbIX
ypaBHEHWII OT nepemHoXeHUs onepaTopoB M un N. 3Tu y3/ibl 06pasyioT JONONHUTENb-
Hblii Wa6/JOH NO OTHOWEHMI0 K UCXOMHOMY Pa3HOCTHOMY IIABIOHY.
Bknag B onepatop B [ONONHUTENbHbLIX Y3/10B MOXHO KOMMNEHCUPOBATb KOMOWUHALM-
€1 UNeHoB, B3ATbIX B y3/1aX OCHOBHOTO WabnoHa. Myctb B = R + S, onepaTop R onpepe-

6
NEeH Ha AONONHUTENbHOM WabnoHe R(p=(x7ZOLJM5(7)<PMs(7,MS(j)), S — KOMNeHcupyLWnii
j=1

6 9

o~ j u 0

onepartop Sp=au E (x'JMS(7)§ 0% kY @ys(y, TAE 05 M ki — napameTpbl U mMaTpuua Ko-
Jj=1 p=1

abduumeHToB komneHcauuu. Monoxum 65 =const=0 u onpepenum KomneHcupyio-
WMt onepatop S no Tuny h-hakTopusauum:

6 .
Bo= o ZOLJMSU) |:(pMS(7,MS(j)) + 9((P ~Ousiy ~ Pus(j) )]

j=1

MOAW®ULUPOBAHHAA CXEMA WHAWAEPA-3EJAHA

Kak yxe oTMe4yanoch Bblllle, B CBEPXHEABHON CXEMEe ABYXTOYEYHbIl onepatop M
o6palaetcs NpoCTbIM NepecyeToM B CTOPOHY BO3pacTaHMs KOOpAMHATH Z; obpauye-
Hue e onepatopa N BefeTcs B CTOPOHY YMEHbLIEHWUS KOOPAMHATHI Z, NPUYEM s Kax-
[0r0 (DMKCMPOBAHHOIO Z HEOOXOAUMO 06PaTUTL ABYMEPHbI CEMUTOYEYHbIN onepaTop
BMAA

6
P PN _
Ao =0 _Za Pusjy =f
j=1
pa3mMepHoCTbio Mg, rae My — KONMYeCTBO Yy310B B hex-niocKoCTU.
[ns 3toro Bbi6paHa M MOANDULUPOBAHA BBEAEHWEM NapaMeTpUYeckon nepudepui-
HOW KOMMeHcauuu no Tuny h-aktopusauum cxema LHanpgepa-3enaHa.
(xema meTofa HenonHoi akTopu3auuu Ans 3TOr0 CAyyas BbIIIAAUT TaK:
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D’ =diag(y’),
Mu=u— " By, =vf +B¢" ", n=12,..

j=1,3,5
rno_ j _
No"=¢— Z B(PMSU)_U’
j=2,4,6

rie n — Homep Tekyuen utepaumu; B/ ¢ HeyeTHbIMU j — KO3 dULMEHTLI onepaTopa M,
C YeTHbIMU j — KO3 duLMeHTb onepaTtopa N/, npuyem M’ u N’ umeloT eAMHUYHbIE fUa-
roHanu. Onepatop B’ GypeT copepxaTb 3NEMEHTbl B JONOAHUTENbHbIX y3nax MS(1,
MS(4)) n MS(5, MS(2)), BKNag KOTOPbIX MOXHO KOMNEHCUPOBaTh KOMOMHALMeEN yne-
HOB, B3ATbIX B y3/J1aX OCHOBHOro WwabnoHa. Beibepem

M’ = (R1 + 51) + (Rz + 52),
roe R1 n Rz — Onepatopsbl, onpenendlmne UTeEpMpyemMble YneHbl Rl(P:BIBZS(l)(PMS(l,MSM))

M R =B°Blss)Puss.msizy ; @ S1 M S2 — KOMNEHCUPYIOLLME OMEPATOPbI, ONPeaeNeHHble B
y3/1ax OCHOBHOrO WabnoHa:

9
_ Ty
Si(P_aizni ki Pus(uyr
n=1
11,“ 8 k,.“ — napaMmeTpsbl M MaTpuua KO3PMhULMEHTOB KOMNEHCALMMK.
KomneHcupytolwme onepatopsbl BbiGUpaoTcs no Tuny h-daktopusauuu, 1 onepatop
B’ nweert Bupg

B'o= Blﬁ;su) |:(pMS(1,MS(4)) +M, ((P ~Pusy ~ Pusa) )} +

+BSB;IS(5) |:(pMS(2,MS(5)) M, ((P_(pMS(Z) ~ Pus(s) )]

Onpenenvs no pekyppeHTHbIM hopmynam kKoadduumentsl B, npu n; =M, = 0 nony-
yaem cxemy lHainpepa-3efaHa 6e3 KoMneHcauuu, Npu My = 1M, = 1 — nonyyaem moau-
tduumpoBaHHyto cxemy LHainaepa-3enaHa ¢ nepucepuinHon KoMneHcauuen no Tuny
h-chakTopn3aummu, B KOTOPOJ NepBble YneHbl pasnoxeHus B B pag Teinopa B LeHT-
panbHoM y3sie WabnoHa paBHbl HYJKO.

Kpome uccnenoBaHus ceepxHesBHOW cxembl MH® ¢ noCTOAHHBIM NapaMeTpoMm KoMm-
neHcaumu 6 chopmynupoBaH M UccnefoBaH KOMOMHMPOBaHHbIH MH®, B KOTOpOM 3Ha-
YyeHWe napameTpa KomneHcauuu O™ 3aBUCUT OT M — HOMepa UTepauuu.

AnropuTmbl BeiGOpa napameTpa KomneHcauum 67 MoryT 6biTb PasAMYHLIMKU, HaNpu-
Mep, NPOCTOEe YepefioBaHUe, LUMKANYECKNit nepebop 1 apyrue. [loctaToyHo 3ddeKTns-
HOW U 3KOHOMHOW MO MaMATU C TOYKMU 3peHus HeobXOAMMOCTM nepecyeTta u (unu)
xpaHeHus ko3t duuyneHto onepatopos M n N ans kaxporo 67 okaszanacb KOMOMHU-
pOBaHHas CXeMa, NonyymnBLIas Ha3BaHue cxembl MHO ¢ mepuatowmm napametpom (MHO-
M), B KOTOpOIt ANA KaX[OW HEYETHOW UTepauun UCMONb3yeTCs NapameTp KOMMeHca-
UMK, PaBHbIN HYNIO, @ ANS KAXKLOW YETHON uTepauun — eguHuLe.

PE3YJ/IbTATbl YUC/IEHHBIX UCCNEAOBAHUH

N3n0xeHHbIA MeTo, HEeNnoNHOM haKTopu3aLuu Obi1 UCMbITaH Ha MOAENbHbIX HEOHO-
poaHbix 3agayax Aupuxne u HeitmaHa c npaBoit YacTbelo f = 1, TOYHOE pelleHne KOTo-
pbiX PaBHO eAMHULE BO BCEl pacyeTHOW obnactu, U HayanbHOM npubnuxeHun (HM)
ABYX TUNOB — rNAfKOW HayanbHoW GyHkumnen (MHM)

@, =cos(ni / N,)-cos(nl / N,)-cos(nk / N,)
W Hernagkoit HayanbHoit dyHkumnen (HHI)

@) = (~1)"*"**.200-cos(ni / N,)-cos(nl / N,)-cos(rk / N,)+ @,
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rae ctyneHyatas dyHKUWA paBHa naTW B nepsoi nonosuHe (i = 1,..., No/2) n 300 BO
BTOpOit nonosuHe (i = No/2+1,.... No) pacuetHoit obnactu ¢ Ng = Ni-Np-N3 y3namu;
My = N1-N, — KonuuecTBo y3noB B Kaxpgon u3 N3 nnockocTeid no z.

KoadpduumeHTbl pa3HOCTHbIX aHanoroB onepaTtopoB A ana MofenbHbIX 3ajay Mme-
10T BUp

rae ¢ — BeAMYMHA AMAroHaNbHOro NpeobnafaHus Ans BHYTPEHHMX Y3/10B PaCYeTHO
obnactu. Ans 3apaun Oupuxne ¢ = 0, ans 3agaumn HeitMaHa o =const #0.
OnucaHue TUNOB MOAENbHbIX 334ay NpUBEAEHO B Tabn. 1.

Tabnauua 1
Tunbl MoAeNbHbIX 3aaa4
leomeTpus (hex-z), Jo=9
Tun 3agaumn 3apava Jupuxne 3apava Heitmana
Bug HIM
THMN 9D1 9N1
HHM 9D2 9N2

Pewenune mopenbHblX 3afad i YCTAHOBJIEHUA CXOLUMOCTU U UCCNe0BAaHUA CKO-
pOCTU CXOAMMOCTU WTEPALMOHHbLIX MPOLECCOB C Pa3HbIMW NapameTpamy KoMneHca-
uuu 6, M1 M 12 CPaBHUBANOCL MO KOJMYECTBY UTEepaLMiA 1 3aTpaTaM NpoOLECCOPHOro
BPEMEHM C pelleHnemM MEeTOAOM BepxHel ToyeyHol penakcauumn (BTP) c akcnepumen-
TaNbHO NofoMpaemMbiM U GAU3KUM K ONTUMANbHOMY UTEPALMOHHBIM napameTpom [7].

BHyTpeHHMI UTepaunoHHbIi npouecc no moauduumposaHHomy metogy LHaiige-
pa-3efaHa CYMTANCA 3aKOHYEHHbIM, eCNu abCcoNioTHasA BeAMYMHA MAKCUMyMa Mo BCEM
My y3nam nOKanbHOM OTHOCUTENbHOW MOrPeWHOCT CTaHOBUAACh MeHblle 33aAaHHON
€1 = 1075, BHEWHMII UTepaLMOHHbIA Npolecc B cBepxHesBHON cxeme MH® KoHTposnu-

300 902 (BTP) _
9N2 (BTP)
250
/ 902 (1)
200

// 9p2 (0)
150 / 9N2 (0)

/ / 9N2 (1)

Konunyectso utepaumii

50 9D2 (mepu)
/ 902 (onT)
9N2 (mepu)
0 1 T T T
1000 8000 27000 640000

Konunyectso pacyeTHbIX y3/10B

Puc. 1. 3aBucumocTb KonuyecTsa utepaumnit Ky OT YMcna pacyeTHbIX y3n0B
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200,000 g 902 (BTP)
902 (mepu)
©
& /
=
: 150,000
s 901 (BTP)
[
(=N
o
8 /
z 100,000
5 901 (mepu)
v
=
o
o
E 50,000
0,000 T T ]
1000 8000 27000

Konuuectso pacyeTHbix y3nos

Puc. 2. 3aBMCUMOCTb OTHOCMTENLHOrO BPEMEHU pelweHus 3agayu [upuxae OT Yucna pacyeTHbIX y3noB

pOBaNCA MaKCUMyMOM E€max NO BCeM N y3nam abCoNOTHOrO OTKIOHEHUA M-0ro npu-
ONIMKEHNA OT TOYHOTO pelleHus, PaBHOTO €AUHULE, U 3aKaHUYUBANCA MpU YCI0BUM
€, <e<107°,

Ha pucyHKke 1 nokasaHbl 3aBUCHMOCTH KONWYeCcTBa UTepaumnit K, 0T Yyucna pacyer-
HbIX Y310B ANs AOCTUXEHMs ToyHocTM 1073 npu peweHun 3agay 902 n 9N2 ¢ ¢ = 0,05
Tpems metogamm MH®: npu 6 =0, 6 = 1 1 MH®-MI ¢ mepuatowmm napameTpom.

3pech e npuBefeHa 3aBUCUMOCTb Yucna utepaumii ot No ans 3agauun [unpuxne npu
ONTUMANbHOM 3KCMEpUMEHTaNbHO NofobpaHHoM napametpe 6. Oka3anoch, YTO OHa
6nu3ka k 3aBucumoctn K, ot No ans MH®-MI. BugHo, 4to konnyectso utepauuin K, B
3aBUcMMOCTH OT Ny U3MEHAETCA NO 3aKOHy, 6iM3KOMY K NMHeiiHOMY, B 3ajaye 902 u
cnabo 3asucut ot Ny B 3apgaye 9N2. OueBupHa acdektusHoctb MH®-MI no cpasHe-
HUIO Kak ¢ MH® ¢ napameTpom KOMNeHcauuu, paBHbIM KaK HyNio, Tak U eAuHuLE, BHe
3aBMCMMOCTM OT TUMA TPAHUYHBIX YCIOBUIA U AuddepeHLnanbHoOin 3aaaun.

Ha pucyHKkax 2 n 3 npuBefeHO OTHOCUTENbHOE BPEMA, 3aTPayeHHOe Ha pelleHune
pa3HbIX TeCTOBbIX 3afay (HOPMWUPOBKA BbIMOJIHEHA HA HAUMeHbluee BpPeMs, NOJyYeH-
Hoe B 3agayax 901 u 9N1 cooTBeTCTBEHHO), @ Ha pUC. 4 — OTHOCUTENbHOE BpeMms, 3aT-

120,000 j 9N2 (BTP)

100,000

/ 9N1 (BTP)
80,000 / ~
60,000
/ / 9N2 (mepu)
40,000
/ // 9N1 (mepu)
20,000 %
0,000

T T 1
1000 8000 27000
Konuyectso pacyeTHbix y3108

OTHOCUTEeNbHOE BpeMa cyeta

Puc. 3. 3aBUCMMOCTb OTHOCUTENLHOTO BpeMeHW peleHus 3ajayn Helimana (puaroHanbHoe npeobnapaHue
paBHo 0,05) OT uMcna pacyeTHbIX y3/0B
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200 \
©
o
=
© 150
=
=
[
=
o 9N1 (BTP)
2 100
2 9N2 (BTP)
g
=
o
o
E 50
9N2 (mepu)
9N1 (mepu)
0 1
0,0005 0,005 0,05 0,5

BenuyuHa guaroHanbHoro npeoGnanaHMﬂ

Puc. 4. 3aBUCMMOCTb OTHOCUTENBHOTO BPEMeHM pelleHns 3ajadun HelimaHa (KOJMYECTBO PacyeTHbIX Y3108 —
1000) MeTOfOM BEpXHeil TOYeYHON penakcaluuu u MeTofOM HEMoNHOM (akTopusaluum ¢ Mepuaolmnm
napameTpoM OT BeNMYMHbI AWUAroHaNbHOro npeobnasaHus

payeHHoe Ha peleHune 3afayn HeiliMaHa c pasHbIM [uaroHanbHbIM NpeobnafaHuem
(HopMMpoBKa BbINMOJAHEHA HA HaWMeHbLUee BpeMs, MojyyeHHoe B 3apave 9N1). Ha atux
pucyHkax byksamu BTP 0603HauyeH MeToh BepXHell TOYEYHOI penakcauuu ¢ onTuManb-
HbIM UTEPALMOHHbLIM NapaMeTpoM.

Pe3ynbTaTthl YNCNEHHbIX MCCNELOBAHUIA NMO3BONAIOT CAENATb BLIBOL O TOM, YTO Hau-
6onee BbICOKON CKOPOCTbIO CXOAMMOCTM M3 UCCNEA0BaHHbIX CXeM 06nafaeT cxema c
mepuaiwlum napametpom MHO®-MI. IddekT oT YyepenoBaHus 3HaYeHWn NapameTpa
komneHcaumu (0 u 1) Ha KaXAon MTepauMu OKaszancs BecbMa BbICOKMM (3aBUCUMOCTb
yucna utepauuin ot yucna ysnoe B cxeme MHO-MI1 npu pelieHun TecToBbix 3afay OKa-
3anacb 61M3KOM K 3aBUCMMOCTU NPU ONTUMANIbHOM 3KCMEPUMEHTANbHO NOA0OPaHHOM
napameTpe 0) u 06bACHAETCA TeM, YTO NMPU NapaMeTpe, PaBHOM Hyft0, 3DHEKTUBHO
racATCcs BbICOKOYACTOTHbIE, @ €AMHULE — TNafKME KOMMOHEHTbl OWNOKM. XoTa 3Ta cxe-
Ma TpebyeT pacyeTa U XpaHeHWs [ByX Hab0poB KO3(DdULNEHTOB B OTIMYME OT CXEMbI
MH® c nocTosiHHbIM NMapaMeTpoM KOMMNEHCALuUW g, 3TOT Nepepacxon naMaTM U Bpeme-
HW ONpaBAbIBAETCA YBENYEHUEM CKOPOCTU CXOAMMOCTW UTEPALMOHHOrO npoLecca u
CHUXEHUEM 0OWMX BPEMEHHbIX 3aTpaT Ha pelleHne 3afayn. AHANOrUYHbIA 3ddekT
YCUNEHUs CXOAMMOCTU Habnoaancs B LByMepHON KOMOMHMpOBaHHOI cxeme HFPP [6,
8]. MpennoxeHHbI anropuT™M YepeaoBaHMs 3HaYeHU napameTpa He TpebyeTt noabo-
pa ONTUMAaNbHOrO 3HaYeHMs napameTpa KOMNEHcaLUn u 0cobeHHO 3thheKTUBEH NpK
pELEHNN NNOX00OYCNOBNEHHBIX 3afay.
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fresnoite and perovskite, chemical durability of produced glasses was very high level, since
equilibrium leach rate of Eu was 3-107° g/m?day and of U was 4-10"° g/m?day.

VOK 546.212:541.12.012.3+534-14

Use of Generation of Acoustic Vibrations in Chemical Reaction and Properties of the Bubble Medium in Liquid to
Reveal through Defects in Claddings of Slugs with Sodium \ Titarenko N.N., Dvornikov P.A., Kovtun S.N., Polionov
V.P.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 8 pages, 5 illustrations. — References, 23 titles.

An opportunity to use the acoustic emission method to control micro-defects in the equipment
is considered. In particular, for the first time it is shown experimentally that while sodium is interacting
with water, the acoustic emission parameters are determined by the size of the interacting area for
reacting components of the reaction. It is assumed that the major source of acoustic emission in the
reaction of sodium interacting with water is generation of acoustic vibrations caused by phase
transitions of sodium hydroxide. The obtained data make it possible to design a high-efficient
system to control through defects in claddings of slugs with sodium.

V1K 621.039.534

The Investigation of the Acoustic Level Limit Switch of Coolant in the Integrated Stand of the KV-2 \ V.I. Melnikov,
V.V Ivanov, Yu.A. Kiselev, A.A. Kiselev, K.M. Miriasov; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013.
5 pages, 3 illustrations. — References, 4 titles.

The results of the level switch based on 24 point acoustic probes which monitored process into
the testing integrated unit KV-2 three-year operation was generalized. It has been estimated that
the developed level switch worked satisfactorily. They make possible monitoring the thermohydraulic
processes associated with vapor phase formation died to the increase of liquid level and steam
condensation into reactor.

VYK 004.42.001.5
Coolant Forecasting of Nuclear Reactors \ Malovik K.N., Nikishin V.V.; Editorial board of journal «Izvestia visshikh
uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) —
Obnibsk, 2013. 6 pages, 7 illustrations. — References, 15 titles.

The article considers analytic forecasting of coolant and its limit condition. Shown experimental
data of physical modeling of volumetric steam content via improvement of machine vision system.
Proposed using theory of dynamic trends for coolant forecasting of nuclear reactor.

VK 621.039.517

Technique and Software to Calculate Temperature Field in the System of Layered Cylindrical Fuel Elements \ Starkov
V.A., Marikhin N.Yu.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 9 pages, 2 tables, 4 illustrations. —
References, 5 titles.

A technique has been proposed and thermal conductivity problem has been solved analytically for the
system of layered cylindrical fuel elements. Based on the results, an algorithm and FORTRAN software for the
thermo—hydraulic calculation of a channel (THCC) have been developed to calculate the temperature field
and thermal flux density in a fuel assembly with layered cylindrical fuel elements. The software also provides
the calculation of the surface boiling onset temperatures on the fuel elements, critical fluxes and corresponding
thermotechnical margins. Two coolant circulation schemes are provided for a fuel assembly: straight flow
and Field tube. The results of the THCC calculations were compared with the analogous ones. A correlation
between the calculation results is shown as well as the advantages of the THCC software performance.

YIK 519.6:621.039.5
The Overimplicit Scheme of Incomplete Factorization Method for Solving the Three—-dimensional Diference Equations
of Elliptic Type \ N.M. Troyanova, V.P. Ginkin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 8 pages,
1 tables, 4 illustrations. — References, 8 titles.

The over—implicit scheme of the incomplete factorization method (IFM) is proposed for solving the
systems of linear algebraic equations that approximate the equations for neutron transport in the multigroup
diffusion approximation, and the variant of combined IFM schemes is proposed, in which the peripheral
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compensation is used in the even iterations and is absent in uneven iterations. The numerical tests
demonstrate high efficiency of developed IFM schemes. Proposed schemes are implemented into several 3D
codes of neutron kinetics and are used in the practical calculation by the fast neutron reactor code GVA and
by the code WIMS-BOJIHA for the VVER-1000 reactor life-time calculation.

VK 629.76:629.78
On the Conversion of Thermal Energy of Nuclear Reactor into Directional Flow Energy of Electromagnetic Radiation
in Nuclear-Photon Engine \ A.V..Gulevich, O.F..Kukharchuk, N.I. Loginov, A.S. Mikheev; Editorial board of
Jjournal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear
Power Engineering) — Obnibsk, 2013. 9 pages, 2 tables, 5 illustrations. — References, 4 titles.

Questions of direct conversion of thermal energy of the nuclear-photon engine into the energy of
directional flow light radiation have been discussed. Possible design options of this converter differing in
their irradiators geometrical forms have been highlighted, with comparative analysis of these options

VAK 621.039.534.6

Calculation of Mass Exchangers for Providing Specific Oxygen Regime in Heavy Liquid Metal Coolant \ A.Yu. Legkikh,
P.N. Martynov, R.Sh. Askhadyllin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 12 pages, 1 tables, 5
illustrations. — References, 5 titles.

Technical implementation of solid—phase method for adjustment of oxygen content in lead alloys
coolants, developed by IPPE, is realized by means of specially designed devices — mass exchangers which are
a significant component of heavy liquid—metal coolant technology. On the design stage of mass exchanger
it is necessary to calculate major features of mass exchanger. At this paper the calculation method of mass
exchangers with solid—phase oxygen source (lead oxide) is described which allows to estimate the major
features of apparatus and to predict it changes in depend on operating time.

VK 532.526.4:621.039.533.34

The Modeling of Subheated Coolant Influence on Temperature Measurement at the Exit of Fuel Rod
Assambly in WWER-1000 reactor \ Belozerov V.I., Varseev E.V., Kolesov V.V.; Editorial board of journal
«Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear
Power Engineering) — Obnibsk, 2013. 9 pages, 1 tables, 3 illustrations. — References, 15 titles.

Errors in measurement of bulk temperature at the core exit of WWER-1000 reactor depends on the
flow of relatively cold coolant through the control rod guide thimble tube in the fuel assembles - so called
“absorber” effect. The problem of temperature field modeling at the exit from WWER-1000 reactor core
was solved in order to predict influence of such effect on thermocouple registrations along reactor radius
at reactor measurements. The problem was solved in two stages. Energy release within the core elements
of serial WWER-1000 reactor was calculated using the neutron transport code MCNP. The temperature
field was calculated by using the OpenFOAM CFD package and heat release distribution, obtained at
first stage of calculations. The results, obtained with developed methodology, are in good agreement
with the reactor measurements results and researches of other authors. Obtained data allowed evaluating
influence of the “absorber” effect at measurements in different position along core radius of WWER-
1000 reactor.

VK 621.039.546

Numerical and Experimental Investigation of the Model Steam Generator Reactor Facility BREST-0D-
300 \ V.A. Grabezhnaya, A.S. Mikheev, Yu.Yu. Stein, A.A. Semchenkov; Editorial board of journal «Izvestia
visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power
Engineering) — 0bnibsk, 2013. 9 pages, 3 tables, 6 illustrations. — References, 5 titles.

The paper presents the results of testing the 3-tubes model of steam generator reactor facility BREST-
0D-300, heated by liquid lead, at subcritical (18 MPa) and supercritical (25 MPa) pressure of the water
at a flowrate — 80, 100 and 120% of the nominal value. The experimental data are compared with
numerical simulation using the code RELAP5/mod 3.2.

VAK 621.039.51

Assessment of the Increasing in ®Mo Production for Different WWR-c Reactor Core Compositions \ 0.Yu. Kochnov,
V.V. Kolesov, R.V. Fomin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obnibsk, 2013. 6 pages, 3 tables, 6 illustrations. -
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