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[IpnBopATCA pe3ynbTaThl ONpefieNieHus pacnpeziefeHu SHeproBLIieNleHus,

IUIOTHOCTW TeIJIOBOTO ITIOTOKA W BHITOPAHWA IO TPEM SKCIIePUMeHTallbHbLIM
TBC (3TBC) c TB3naMu C MansiM BpeAHLIM MOraomeHneM HelrpoxHos (MBII),
IIOJlyYeHHbIE B SKCIIEPUMEHTE U IIPU PaCYeTHOM MOZLeIMPOBAHUN YCIIOBUN UX
PaboTHI B METNIEBO YCTAaHOBKE UCCIEN0BaTeNbCKOTO peakTopa CM. Paccmor-
peHsl Teropusnueckne mapamerpsl pabotst TBaNoB ITBC. IlpuBenenst oc-
HOBHbIe KOHTPOJUPYEMble ITapaMeTphl uctbitanuit. Ilokasano, uro Bce ITBC
c TB3namu MBII ycrmemHo BLIZepKanu peakTOPHbIE IeTeBble UCIILITaHUS,
COXpaHUB pabOTOCTIOCOOHOCTb ITPYU SHEPTOBLIIENIEHUY, TEIUIOBLIX HArpy3Kax
U INyOuHe BHIIOPAHUA TOIUIMBA, COOTBETCTBYIOWMK YCA0BUAM 3KCIULyaTalLun
B MOZLEPHWU3UPOBAHHOW aKTUBHOW 30He peakTopa CM.

KnioueBble cnoBa: netnesas ycraHoBka, ITBC, TB3A ¢ ManbiM BpefHbIM NOTNOWEHU-
€M HEeNTPOHOB, 3HEProBbIAeNEeHMe, BbIrOpaHe TOMIMBA, NIOTHOCTb TENAOBOrO NOTO-
Ka, TemnepaTtypa TOnauBa, TemnepaTypa 060104KM.

Key words: loop facility, EFA, low neutron poisoning fuel rod, heat rate, fuel burn
up, thermal flux density, fuel temperature, cladding temperature.

B 0AO «lHL, HUWAP» B TeyeHue pspa net npoBoautcs pabota nMo MOAepHU3aLUM
aKTMBHOM 30HblI peakTopa CM c uenblo paclMpeHuns ero 3KCNepuMeHTanbHbIX BO3MOX-
HOCTei No BbICOKOJO3HOMY 00/1y4YeHWI0 MaTepuanos aTOMHOWM TexHUKM. Ha nepsom
3Tane MOAEpPHM3aLWK, K HACTOALWEMY BPeMEHU 3aBepLlEeHHOM, ObiIM N3TOTOBNEHbI W
anpo6upoBaHbl TB3INbI C yBenuyeHHoN Ha 20% 3arpy3koit no ypaHy-235, 6naroaaps
YyeMy B aKTMBHOW 30HE OpraHW30BaHbl AONONHUTENbHbIE 06NyYaTenbHble (ANs 00bEK-
TOB M3Yy4YeHUs) 0ObEMbI MPU COXPAHEHWUU BCEX OCHOBHBIX KOHCTPYKTUBHbIX OCOOEHHO-
cTein peakTtopa [1].

3apaya BTOPOro 3tana MofepHM3aLmMmu aKTUBHOI 30HbI peakTtopa CM cocTtouT B ynyu-
WeHWM YCNOBUIA ANA HAKOMNEHUA PALMOHYKNUAOB B OTHOWEHUM Kak CYMMapHON, TaK W
VOENbHOM aKTMBHOCTM NyTeM YBENUYEHWA MAOTHOCTM NOTOKA HEWTPOHOB B 3KCMEpu-
MeHTanbHbIX KaHanax (IK) peaktopa nmpumepHO B nonTopa pasa 3a CYET YMeHblUeHUs
06beMa aKTMBHOI 30HbI MPU COXPAHEHWM MOLLHOCTM peakTopa. Bropoi 3Tan mopep-
HM3aLMK CBA3aH C Pa3paboTKOI HOBOro TB3/MAa HAa OCHOBE KOHCTPYKLMOHHbIX MaTepu-
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anoB ¢ 6onee HU3KUM CeYyeHWeM pafMaLMOHHOTO 3axBaTa HENTPOHOB, YEM B LITAaTHOM
BapuaHTe. lpuMeHeHWe 3TUX TB3NOB NO3BONUT YMEHbLWWTb NApPa3nTHOE NOrNOWEHNe HellT-
POHOB B aKTUBHOW 30HE W TEM CaMblM YBENNYUTL AOMIO HENTPOHOB, MAYLMX HA 06NyYeHe
00pasLioB, a TaKXe KOMMNEHCMPOBATb NOTEPU PEAKTUBHOCTH, CBA3AHHbLIE C yBENUYEHUEM
yTeUYKn HeilTpoHoB. Kpome Toro, npumepHo Ha 30% YMEHbWMUTCA roaoBoe notpebneHue
Tonnmea [2].

B 0AO «THL, BHUNHM» obocHoBaHa KoHCTpyKums (¢ yyactnem cneumanuctoB OAO «THL|
HWUWAP»), pa3paboTaHa TEXHONOMUSA WU U3rOTOB/IEHbI IKCNEPUMEHTANbHbIE AUCNEPCUOHHbIE
B3/l ¢ MBI Kpectoo6pasHoro npothuns fas 1x BO3MOXHOTO NPUMEHEHUs HA BTOPOM 3Tane
MOJEPHM3ALMM aKTUBHOI 30HbI peakTopa CM [3].

Jarmymka  IIpodka  Obomouka U0, +Al+  Tlpobka 3arnymka

BEPXEILL \BerI-L’iL’iI\ \A._ / CEUTYMHH
S N =

Puc.1. 3cku3 t83na ¢ MBI nepBoro ucnonHexus

Tabnauua 1
cpaBHHTeanble reoMmeTpmMyecKue m matepuajibHbie
XapaKTepUCTUKH TBIJIOB
Tean Tean ¢ MBI
MapameTp peaxkTopa nepsoe BTOpOE TpeThe
WGTMOMHEHWE | UCMIONHEHWE | UCNONHEHNE

[uameTp onucsizawoLen ckpyiHocti, 102 m 515 5,15 515 515
Paguyc enagutsl, 1073 m 1,2 1 1 1
TonwwuHa obonovku, 103 m 0,15 0,15 0,15 0,15
[iNvHa aKTHBHON YacTh, M 0,35 0,35 0,35 0,35
Mnowags nonepeyHoro ceyenus, 1078 m2

— TONMWBHOTO CEpAEYHMKA 8,05 7,12 4,29 712

- TBana 10,46 9,64 9,64 9,64
HapyxHeit nepumetp Teana, 10 m 16,57 17,26 17,26 17,26
MosepxHoCTL TENNoOBMEHE, M2 0,0058 0,006 0,006 0,006
OBbem TONNKMBHOMO cepaedHuka, 1075 m3 2,82 2,49 1,50 2,49
3arpyaka ypaHa-235 B tBane, 1073 kr 6 5 4,5 5
ObbemHas 4ons TONNWUBHOW haskl, OTH. ea. 0,31 0,25 0,45 05
KoadhpumeHT TennonposogHocTH, Bt/(m K)

— AvoKeug ypaHa 4 4 4 -

— WHTEpPMEeTannua ypaHa - - - 25

- MaTpula 220 150 150 125

— TONMYBHAA KOMMO3NULUA" 127 95 40 41

- obonoyka 17.4 17,4 17.4 174

" Paccuntan no cpopmyne B.W. Ogenesckoro [4]
,D.ﬂﬂ MUCNbITAHUIN OMbITHbIE TB3Jbl U3rOTOBNEHbI B TpeX UCNONIHEHUAX, B KOTOPbIX B
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KayecTBe ffEepHOro TONAMBa UCNONb30BaNU

— AMOKCHUE, ypaHa, pa3baBieHHbI KPYNKOW antoMUHUA (NepBoe UCMONHEHNUE);

— AMOKCKMJ, ypaHa, pa3baBneHHbI KPYNKON aNloMUHUA; B LEHTPE TB3Ja pa3MelleH
aNIOMUHUEBBIN BbITECHUTENb KBAAPATHOrO NOMNEPeYHOro ceyeHus (BTOpoe McnosHe-
Hue);

— WHTepMeTannug ypaHa, pasbaBfeHHbll KPYNKOW WHTepMeTanInaa LUPKOHNUA K
anioMuHNA (TpeTbe UCNONHEHME).

CB06OAHOE NPOCTPAHCTBO NOA 0000YKOW TBINA MPONUTAHO MATPUYHLIM MaTepu-
anom — CNiaBOM KPeMHWI-HUKeNneBoro anoMuHus (cunymmHom). B kavectse o6ono-
YeyHoro matepuana B TB3J1aX WCMONb3YyeTCA HepKaBelowas ctanb. [pumep KOHCTPyK-
LMy TB3NA NEpPBOro UCMOAHEHUs npusefeH Ha puc. 1. CpaBHUTENbHbIE XapaKTepucTy-
KM WwTaTHoro TB3a peaktopa CM u BapuaHToB TB3n0B ¢ MBI npepctaBneHsl B Tabn. 1.

Lenb paboTbl 3aknioyaeTcs B NosyYyeHUN JaHHbIX ANs 060CHOBAHMA BbIOOpA KOHCT-
pykuuu MBI TB3n0B, paboToCnoCOOHbIX B pexumax paboTtel TBC B MoaepHM3NpOBaH-
HOW aKTMBHO 30He peakTopa CM no BTOopomy 3Tany.

| AKTHBHAS 30HA

CIIA3

AKTHBHAd 30HA

f i

N

0
Puc. 2. Cxema ropusoHTanbHoro (a) u ocesoro (6) ceueHnit kaHana ¢ OY: 1 — okHa AnNA NPoOXofa TEMIOHO-
cuTens; 2 — y3en ynnoTHeHWs; 3 — pasgenutens noTtoka; 4, 7 — T3M; 5,9 — 3TBC; 6, 8 — kopnyc kaHana;
10 - 783N

[lna npoBefeHUA UCMBbITAHWUIA U3roToBUAW TpW 3KcnepumeHTanbHbix TBC (3TBC), B

Ka)XXLOW M3 KOTOPbIX Pa3MecTUin No BOCEMb TBIOB OAHOro ucnonHewus (puc. 2a). 06-
nydatensHble yctponctsa (0Y) ¢ ITBC 3arpyxanu B netneBoit kaHan (puc. 26) peakro-
pa CM. Netnesble ncnoitaHua ITBC npoBoguau nooyepegHo. B npouecce ncneiraHuit
KOHTPOZIMPOBaNM NOKa3aHWsA AATYMKOB METNEBON YCTAaHOBKM, U3MEPAIOLLMNX PACXOA Ten-
JIOHOCUTeNs yepes KaHan, TemnepaTypy TENNOHOCUTENA HAa BXOLEe M BbIXOAE M3 KaHana,
[aBJieHWe Ha BXOfe B KaHaJs, nepenar AaB/ieHUA Ha KaHane, NokasaHMA [aTYMKOB CUC-
TEMbl KOHTPONIA repMeTUYHOCTM obonoyek TBaN0B (cuctema KI0). Kpome Toro, peruc-

TPUpOBaNM NokasaHus TepmoanekTponpeobpasosateneit (TAM), pasmeweHHbIx B OY Ha
Bxope v Bbixoge 13 3TBC.

PACHETHbIE NAPAMETPbI UCNIbITAHUH 3TBC

BaxxHbIM thakTopoM, onpefenstowmm paboTocnocobHOCTL TB3NOB NOA 06/yye-
HUeM, ABnAeTCa XMMmM4yeckKkas COBMeCTUMOCTb KOMMNOHEHTOB TOMJINBHOTO CEPAEYHMU-
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ka mexpy coboil u ux B3ammopeiicTBue ¢ matepuanom obonoyku. Hanuyue npo-
LYKTOB B3aMMOAENCTBMA KOMNOHEHTOB AMCNEPCMOHHON KOMMO3ULMUMK, KaK NpaBu-
N0, CYLWEeCTBEHHO NOHMXAET TENNONPOBOAHOCTL TOMJMBHOIO CEPAEYHUKA U yBENU-
YMBAET CKOPOCTb ero pacnyxaHus. [1o MMeIWMMCA AaHHbIM MaKCUManbHas ponyc-
TUMaA TemnepaTtypa TonauBHOW Komnosuuuu UO,+cunymuH coctaBnsaet npumep-
HO 430 - 450°C (pnsa TB3710B NEPBOro M BTOPOr0 UCMONHEHMUA), @ ANA TOMIUBHOM
komnosuuuu U(ALSi)s+cunymnu — 550°C (Ana TB3INOB TpeTbero UCMONHEHUA).

MpeaBapuTenbHbIl pacyeT HERTPOHHO-(U3NYECKNUX YCIOBUIA UCTBITAHUA TBINOB
MBI BbiMOAHMAKM C NOMOWbO YncneHHon mopenu peaktopa CM, cos3pgaHHoM Ha oc-
HOBe aTTecToBaHHOro focaToMHaf30poM nakeTa npuknagHeix nporpamm MCU (Bep-
cus MCU-RFFI/A [5]). B nporpamme MCU peanu3oBaHo pelleHuWe ypaBHeHUs nepe-
HOCa HEeWTpPOHOB MeToaoM MoHTe-Kapno Ha OCHOBE OLEHEHHbIX AfEepPHbIX AAHHBIX
C NPOU3BONbHON TPEXMEPHOW reoMeTpuen.

PacueTHblit KO3 DULNEHT HEPABHOMEPHOCTM pacnpefeneHns 3HeproBbigeneHus
no ceyeHuto ITBC c TBanamm MBI nepsoro ucnonHeHus paseH ks =1,21+0,03, BTO-
poro — ks=1,17+0,03, TpeTbero — ks =1,19+0,03. KoacbduumeHT HepaBHOMepHOC-
TU pacnpepgeneHus 3HeprosebifeneHuns no soicote ITBC paseH npumepHo 1,25. C
y4eToM 3TUX KO3 DULMUEHTOB MAKCMMaNbHbIA TENNOBON MNOTOK C MOBEPXHOCTU TB3-
nos MBI nepsoro ucnonHeHus cocrasut 7,8+0,4 MBT/m2, BToporo — 9,1+0,5 MB1/M?,
Tpetbero — 7,7+0,5 MBT/mM2 npu pacyeTHoii TennoBoi mowHoctn ITBC B kaHane
netnu 250+14, 300+£16, 250+12 kBT cooTBeTCTBEHHO.

Mpu MopfenMpoBaHUM TENNOTMAPABANYECKUX pexnmoB obnydenus ITBC ucnonb3o-
BaNnuCb MeToauKM [6, 7], nporpamma [8], peanusytowas pelweHne ypaBHEHUS Tenso-
NPOBOLHOCTU METOLOM KOHEYHbIX 3/IEMEHTOB M NO3BONAIOLLAA MPOBOANUTL pacyeT TeM-
nepaTypHOro Nons B TB3fax CO CAOXHbIM Npoduaem nonepeyHoro ceveHus. Metopu-
Ku [6, 7] TecTupoBann no pesynbTaTaM BHYTPUPEAKTOPHbLIX IKCMEPUMEHTOB Ha Kpu-
3uc Tennootgaum [9].
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Puc. 3. 3aBMCMMOCTM MaKCMManbHON TemnepaTypbl TONAMBHOTO cepAedHuka (1, 2, 3) u TemnepaTypbl Hapyx-
HoW NOBEPXHOCTU 0607104KM TB3NA (4, 5, 6) OT MaKCMManbHOW MAOTHOCTU TENAOBOro NOTOKAa C NOBEPXHOCTU
TB310B: 1, 4 — nepsoro; 2, 5 — BTOpOro; 3, 6 — TPeTbero UCNONHEeHUA

Ha pucyHke 3 npepcraBneHbl 33BUCUMOCTU MAKCUMaNbHOW TeMnepaTypbl TONAUBHON KOM-
NO3WULIMK W HAPYXKHOI NMOBEPXHOCTM 000N0YKM OT NJOTHOCTY TENJOBOTO NMOTOKA ANs TPex
BapuaHTOB ucnoaHeHus TBanos. CpepHaa ckopocTb TennoHocutens B ITBC npuHATa pas-
Hoit 12,4 m/c, Temnepatypa TennoHocutens Ha Bxoge B ITBC — 50°C, 4To COOTBETCTBYET Na-
pameTpaM paboTbl TenJoHaNpsKeHHoi wratHoit TBC peaktopa CM.

Takum 06pas3oM, NpefBapuUTENbHbIMU HEATPOHHO-(DU3NYECKUMU U TENNOTUAPABIM-
YECKMMU pacyeTamu ObiNU onpefieNeHbl PEeXUMbl, MPU KOTOPbIX NPU MaKCUManbHOW
NAOTHOCTM TEMJOBOrO NOTOKA MaKCMManbHas TemnepaTypa TOMIUBHOIO CEPAEYHUKA
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TB3/I0B NEPBOro, BTOPOr0 U TPETbero UCMONHEHUI He NpeBbICUT 3HavyeHuin 395, 375 u
435°C COOTBETCTBEHHO, @ TeMNepaTypa HAPYXHOW NOBEPXHOCTHU 060104kM — 260°C
ANA BCEX UCNONHEHWIA TBINOB (CM. puc. 3).
NAPAMETPbI PECYPCHbIX UCNbITAHUMA 3TBC

OcHoBHble napameTpbl ucnbiTanmnii ITBC npusefeHsl B Tabn. 2.

. Tabnuua 2
MapameTpbl ucnoiTanuu 3TBC
3uavenue ansa teana MBI ucnonHeHus
[Napametp
NepBoro BTOPOro TpeTbero
BpemeHHoN uHTepBan obnydexus ITBC
- Havano 07.05.2009 | 17.02.2011 | 20.07.2011
— OKOHYaHVe 18.09.2010 | 15.04.2011 | 12.11.2011
Cpeghuin pacxon TennoHocutens yepes kaxan, 10 m3/c 2,14 217 2,14
CpeaHsaa ckopocTe TennoHocutens, Mic 14,4 14,6 14,4
[aeneHwe TennoHocuTens Ha BXxoAe B kaHan, Ma 49 4.9 4.9
MakcumansHas Temneparypa TennoHocUTENA
Ha Bxoge B OTBC, °C & % 50
MowHoeTs STBC, kBT
— CPefHAS 191 225 188
— MaKcuManksHan 217 257 236
MakcumanbsHas nnoTHeCTk Tennosoro notoka, 108 Br/m?2 6,8 8,0 7.3
MakcumansHas Temneparypa, ‘C
— Hapy)XHOI NoBepXHOCTM 0Bonodku 238 215 229
— TONNWEHOTO CEPAEYHIKa 360 333 391
OHeproeeipaboTka, 102 Ix 1,23 0,89 14
Bpems paboTsl ka mowkocTw, add.cyT 75 46 86
CpegHee Briropanue Tonnuea 8 9TBC, % 50,6 40,7 57.4

JKcnepumeHTanbHy MowHocTs ITBC onpefenanu no TennorupaBaMyeckum napa-

MeTpaM MCMbITAaHUA C MOMOLLbIO 3aBUCUMOCTH

W3TBC = G'Cp'(tBbIX - th)r (1)
rae Wi — MowHoctb 3TBC, BT; G — pacxop TennoHocuTens Yepes KaHan, kr/c; C, — ten-
noemkoctb TennoHocutens, I/ (kr4K); tsux — TeMnepartypa TeNAOHOCUTENS HA BbIXO-
ne u3 3TBC, K; t;x — Temnepatypa TennoHocutens Ha exoge B ITBC, K.

N3meHeHne mouwHoctu ITBC BO Bpems MCMbITaHWt NoKasaHo Ha puc. 4. 06was TeH-
AEHUMS YMEHbLWEHMUA UX MOLHOCTM 06YCNOBNEHA BbITOPAHWUEM TOM/IMBA, B TO BPeMs Kak
NIOKanbHble U3MEHEHWUA MOLHOCTU — NepepacnpefeneHneM TONAMBA B aKTUBHOW 30HE
BO Bpems neperpy3ok TBC, uameHeHMeM MOLHOCTM peakTopa, nepemelyeHnem PO CY3.

JHeprosbipaboTky ITBC paccunTbiBanM € UCNONb30BAHMEM 3HAYEHUIA MOLHOCTH, Bbl-

YMCNeHHbIX No Gopmyne N
Qa’rsc = ZVVaTBci AE ’
i=1

rae Qysc — 3HeprosbipaboTka, Ik; Wirsei — cpeaHsas mouHocTs ITBC Ha 7-M MHTepBane
BpemeHu, BT; AT; — npofonKUTeNbHOCTL 7-ro0 MHTEpBana BpemeHu, ¢; N — yucno Bpe-
MEHHbIX UHTEPBANOB, B TeyeHne Kotopbix ITBC obnyyanach B peakTtope.

CpenHee Boiropanue tonnusa B ITBC BelumcasnmM cnegyolwmm ob6pasom:

B = g'aaTBc/SQ/MU5‘1OO ’
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rae B - BbiropaHue, %; g — macca 235U, 3aTpaunsaemas Ha BblpaboTky 1 [ sHepruu
(g = 1,448-107% kr/[x); Mys — macca 23°U B 3TBC, kr; &g — fons 3Heprosbigenequs 3TBC,
BblJeNsieMas B BMe TENJOBOW IHEPruM B KaHane, Kotopasi c1abo 3aBUCUT OT reomert-
puu 1 matepuanos TBana (gq ~ 0,88).
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Puc. 4. N3menenne mowHoctu 3TBC B 3aBUCMMOCTM OT BpemeHu obnyyeHus: 1, 2, 3 — mowHocts ITBC
¢ T83namu MBI nepBoro, BTOPOro, TpeTbero UCNONHEHU COOTBETCTBEHHO; 4 — IMHUA TPEHAA

BenununHbl g u gq 6binM onpefeneHbl ¢ NOMOLLbI0 HEUTPOHHO-(PU3NYECKOro pacyeTa
YCNOBMWIA peakTopHbix ucnbiTaHuit ITBC. PacyeTbl NpoBOAUAM C UCMONB3OBAHUEM UMMU-
TaTopa aKTUBHOI 30Hbl peakTopa CM (IMCOR_SM [10]) ¢ yyeTomM ocobeHHOCTEN KOH-
CTPYKLMM 3arpyXKeHHbIX B PeaKTop 06/y4YaTeNbHbIX YCTPOMCTB, U3MEHEHUI B 3arpy3ke
AKTUBHOW 30Hbl Ha NPOTAXEHWUM BCEro nepuofa ucnoltaHuit T83108 MBI, BbIrOpaHus
Tonnuea B paboynx TBC n ITBC, nepemewieHmnii KOMNEHCMPYIOWMUX OpraHoB. Pe3ynbTa-
Tbl PAacyeToB U 3KCNepUMeHTaNbHble JaHHble npuBeaeHsbl B Tabn. 3 — 5. B kavecTse
NnorpelHoCcTen yKasaHbl CTAHOAAPTHbIE OTKIOHEHUSA MHOMXECTB 3HaYeHUil, N0 KOTOPbIM
NpoBefeHO yCcpeaHeHue.

Kak BMOHO M3 NpUBEAEHHbIX JAHHbIX, OTKNOHEHUA PACYETHLIX 3HAYEHUA MOLLHOCTM
OT 3KCNepuMeHTaNbHbIX JaHHbIX He npesbiwaoT 10%.

B Tabnuue 6 faHbl oueHKU KOIDGDULMEHTOB KOPPENALUM MHOXKECTB PACYETHbIX U
3KCNepUMEHTaNbHbIX 3HAYEHMII MOLHOCTYU, NPUBEAEHHbIX B Tabn. 3 — 5, rae B nocne-
OHEM CTONOLE yKa3aHbl KPUTMYECKME 3HaYeHUs BbIGOPOYHOro KoadduumeHTa Koppe-
NALUN 018 OLEHKM 3HAYUMOCTU KOpPensuMOHHON CBA3M C LOBEPUTENbHOW BEpPOATHO-
ctbto p = 0,995 [11].

Tak Kak 3HaYyeHWs BbIOOPOYHbLIX KOIDDULMEHTOB KOppensuun nas BCex UCMosHe-
HUI TB3NOB ¢ MBI Gonblue COOTBETCTBYIOWMX KPUTUYECKUX 3HAYEHUIA, TO HET OCHOBA-
HUIA OTBEpraTb CTAaTUCTUYECKYIO rUNoTe3y 006 UX 3HAYMMOCTHU.

Takum 06pa3oMm, MOXHO CAeNaTb BbIBOJ, YTO pacyeTHas TOYHOCTb ONpefeNeHns Mol -
HocT 3TBC BO Bpemsa uMx UCNbITAaHUA yRoBNETBOpPUTENbHA. CnefoBaTeNbHO, €CTb OCHO-
BaHWS monaraTb, YTO TOYHOCTb HENTPOHHO-(PU3NYECKMX PACYETOB U APYrUX WHTErpab-
HbIX NapameTpoB ucnbiTaHuin ITBC, Taknx, HaNpuMMep, Kak yaeNbHbIA pacxod TONANUBA g
M BEAUYMHA e, TaKxe yaosnersoputenbHa. OTHOCUTENbHO TOYHOCTU ONpefeneHus
NOKaNbHbIX XapaKTepUCTUK, Hanpumep, MaKCUManbHbIX IHEPrOBbIgENEHUA U Bbiropa-
HMA TOMJMBA B TB3JIaX, MOXHO OyfAeT cyauTb MO pe3yibTaTaM NOCNepeakTOpHbIX MaTe-
pranoBefyeckux UccnefoBaHuit.
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CpepHsaa no KamnaHuam mouHocTh ATBC ¢ TBanamu nepBoro m:no.uTla;?:;Llasl3
Howep CpenHas mowHocTs 3TBC, kBT OTKNOHeHWe
Kkamnanmn Pacuer (P) BkenepumenT (3) (P-3)13. %
1 234+6 212+3 10
2 22545 2062 9
3 224+9 20443 10
4 186+6 1775 5
5 17843 191+3 -7
6 17245 183+2 -6
7 166+2 181+2 -8
8 1574 168+2 -6
Tabnuua 4
CpepHsaa no KamnaHuam MouwHocTb 3TBC ¢ TB3/1aMM BTOPOro MCNOJIHEHHUA
Homep CpenHsas mowHocTs ITBC, kBT OTKroHeHWe
KamnaHum Pacuer (P) (P-3)/3, %
1 2744 2525 8
2 2525 231£3 9
3 2268 2142 6
4 219£5 217£2 1
5 2015 2003 1
Tabnuua 5
CpepaHsaa no KamnaHuam MmouwHocTb 3TBC ¢ TB3iaMm TPeTbero UCNOJIHEeHUA
Homep Cpegras mowHocTe ITBC, kBT OTKnoHeHWe
KamMnaHum Pacuet (P) (P-3)/3, %
1 223+6 2316 -2
2 213+3 209+4 3
3 190+£3 198+3 -3
4 20016 2132 -4
5 187+7 20442 -6
6 1755 181£2 -3
7 156+5 161£2 -1
8 149+4 1501 1
9 1466 15242 -2

Mo pacyeTHbIM JAaHHBIM B KOHLUE UCMbITaHUiA cpefHee (CM. Tabn. 3) M MakcUManb-
Hoe BbiropaHue Tonauea (yoeinb 235U) B ITBC cocTaBnAOT COOTBETCTBEHHO

— ¢ TBanamu MBI nepsoro ucnonHenua — 50,6 n 57,4 %;

— ¢ TB3namn MBI BToporo ucnonHeHus — 40,7 v 44,6 %;

— ¢ TBanamu MBIl TpeTbero ucnonHenusa — 57,4 n 64,2 %.

Mo maHHbIM paboTbl [12] cpefHee BbiIropaHMe TOMAMBA B BbIrPYXAEMbIX WTATHbIX
TBC peaktopa CM cocTaBnsieT 37%. Takum o6pa3oM, AOCTUTHYTOE BO BPEMSA WUCMbITa-
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HUWA cpefHee BblrOpaHUe TONJIMBA B TpeEX JTBC BnonHe COOTBETCTBYET CpeAHEMY BbIr0O-

paHuto Tonnuea B wraTHbIx TBC.

Tabnuua 6
Ko3dduuneHTbI Koppensiunuu pacyeTHbIX U SKCNepUMeHTaNbHbIX
3HaYeHu#u mowHocTH ITBC ¢ TBanamu MBI

Homep ucrionHeHus 3HaueHue koathuLMeHTa KoppensaLWn
Tean0e ¢ MBTT BbIGopOYHOE kpuTiueckee (p = 0,995)
1 0,936 0,870
2 0,982 0,974
3 0,978 0,836

lpauKn U3MEHEHWUA MAKCMMaNbHOI TemnepaTypbl TONAMBHOIO CEPAEYHUKA W Ha-
PYHOI NMOBEPXHOCTU TEMNOHANPSAXKEHHbIX TBINOB, B NPEANON0OXEHUU NOCTOAHCTBA
TENNONPOBOAHOCTU TOMJMBHOTO CEPAEYHMKA U aKCManbHOro Ko3thduumeHTa Hepas-
HOMEPHOCTU 3HEProBbiAeNeHNs, NPUBEAEHbI HA PUC. 5 1 6.
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Puc. 5. Vi3ameHeHne makcumanbHOW Temnepatypel Ton-  Puc. 6. 3MeHeHne makcumanbHOW TemnepaTypbl

JINBHOTO CEpAeYHUKA TB3JIOB BO BpeMs 06yYeHus: HapyXHOW NMOBEPXHOCTU 060/10YKM TB3JOB BO BpEMS
1, 2, 3 — TB3Nbl COOTBETCTBYIOWEr0 UCMONHEHNA; obnyyeHus: 1, 2, 3 — TBINbI COOTBETCTBYIOWETO
4 — NNHUA TpeHAaa UCNONHEHNA; 4 — NUHWUA TpeHAaa

3a BpeMs 00/y4YeHUs MAKCUMaNbHble 3HAYeHUs TeMnepaTypbl TOMJMBHOTO cepaeu-
HMKA W HapyXXHON NOBEPXHOCTM 000MI0OYKM TBIJIOB C YYETOM IKCMEPUMEHTANbHBIX AaH-
HbIX MO pPacxojy ¥ TemnepaTtype TENAOHOCUTENS U3MEHANUCH B AMana3oHax

— ¢ T83namm MBI nepsoro ucnonHeHua — ot 360 go 260°C n ot 238 po 167°C;

— ¢ TBanamu MBI BToporo ncnonHennsa — ot 333 po 250°C un ot 215 po 162°C;

— ¢ T83namn MBI TpeTtbero ucnonHeHus — ot 391 po 240°C u ot 229 po 143°C.

MaKkcumanbHble TeMnepaTypbl TOMIMBHOTO CEPAEYHUKA U HAPYIKHON MOBEPXHOCTH
o6onoyku Bo Bcex Tpex ITBC He AOCTUIAM NPEATECTOBbIX PACYETHbIX 3HAYEHUN BCed-
CTBME MOHMXEHHON Ha4yanbHO TennoBoi MowHocTM ITBC M HECKONbKO YBEAUYEHHO-
ro pacxopa tennoHocutens yepes 0Y (cm. Tabn. 2). MoBEpPXHOCTHOE KUMEHWe Tenno-
HocuTens (TemnepaTtypa HacblweHns Kotoporo 260°C) Ha Bcex TBaNax 3a BpeMmsa UC-
neiTaHui 3TBC oTcyTcTBOBanNo.

AKTMBHOCTbL TennoHocUTens Ha Bbixoge 13 ITBC B nepuopg UcnbiTaHKit bbina cTabuNb-
HOW, a 3HaYyeHus nokaszaHuin cuctembl KIO B kaHane ¢ OY He npeBbiWwanu gonycTMMoro
3HayeHus, T.e. pasrepmeTn3auum 06on04Yek TB3NOB He 3ahMKCMPOBAHO.

3AKNIOYEHHUE

Pe3ynbTaThl pacyeTHOro 1 3KCNepuMMeHTanbHOro UCCNefoBaHUNA YCNOBUIA UCMbITA-
HUi TB3N0B ¢ MBI Tpex ucnonHeHuit B peaktope CM cBMAETENLCTBYIOT O TOM, Y4TO ObINK
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obecneyeHbl HEOOXOAMMbIE PEXMUMbI PeaKTOpHbIX ucnbiTaHuit ITBC u HenpeBbiweHune
npefenoB ux 6e3onacHon kcnayatauum.

Moka3aHo, yto Bce ITBC c MBI Bbigepxanu netneBbie UCNbITAHWA, COXPAHUB repme-
TUYHOCTb NPU TENJOBbIX HArpy3kax W raybuHe BbIFOPAHWUA TOMIMBA, COOTBETCTBYIOLWMX
YCIOBMAM 3KCNyaTauuyM MOLEPHU3MPOBAHHON aKTUBHOW 30HbI peakTopa CM:

— MaKCMManbHaa MJOTHOCTb TEMJOBOrO NOTOKA C NOBEPXHOCTU TB3J0B NEpBOro UC-
nonHeHus coctasuna 6,8 MBT/m2, BToporo — 8,0 MBT/m?, Tpetbero — 7,3 MBT/M?;

— CpefiHee BbIrOpaHuWe TONJMBA B TB3JAx NepBOro ucnosHeHusa cocrasuno 50,6%,
BTOporo — 40,7%, TpeTbero — 57,4%.

Takum 06pa3om, B pe3ynbTaTe NPOBELEHHBIX PECYPCHBIX UCMbITAHUIA TB3JIbI C MasibiM
BPeAHbIM MOTNOWEHNEM BCEX KOHCTPYKTUBHbBIX UCMOAHEHWNI COXPaHWUIU repMeTUYHOCTb
B peXumax, 6JMU3KUX K IKCMAYaTaLMOHHBIM B YCIOBUAX MOAEPHU3UPOBAHHON aKTUB-
HOV 30HbI peakTopa CM.
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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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fuel assemblies (EFAs) containing low newtron poisoning fuel rods evaluated both experimentally anf
by calculated simulation of their operation in the SM reactor loop facility. The EFAs thermo-physical
parameters are considered. The key cotrolled test parameters are presented. All EFAs with low newtron
poisoning fuel rods have been sucsessfully tested; they preserved their perfomance under heat rate,
thermal load and burnup typical for the operating conditions in the modernized SM core.

VAK 621.039

Optimization of plutonium stores for closed fuel cycle with thermal and fast nuclear reactors | Moseev P.A.,
Korobeinikov V.V., Moseev A.L.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya
energetica» (Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 10 pages, 8 illustrations.
References, 9 titles.

In this work the algorithm for supplies plutonium minimization is described. That algorithm is
needed for nuclear power scenarios modeling. As an example the test calculations for scenario of
development Russia nuclear power on the basis of thermal and fast reactors are given. This algorithm
can be used for nuclear power scenarios modeling in case when the nuclide composition of loaded
uranium-plutonium fuel in fast reactors are unknown in advance.

VK 621.039.531
Ensuring of the design value of fuel burnup in high-temperature gas-cooled reactor with operability graphite |
Nesterov V.N.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 10 pages, 2 tables, 4 illustrations.
References, 13 titles.

This paper describes a method of determining compliance of exhausted graphite’s resource of fuel
blocks in high temperature gas-cooled reactor with fuel burnup. Obtained axial distribution of local
values of exhausted resource of graphite of fuel blocks. It is shown that for ensuring of the design
value for burnup fuel with operability graphite fuel blocks is need to reduce the average mixed
temperature of helium coolant leaving the reactor core and reduce the time between congestion
nuclear fuel.

VK 503.2:504.064

Environmental risk management with the use of multi-criteria GIS for decision-making support \ Didenko V.L.,
Yatsalo B.1., Gritsyuk S.V., Mirzeabasov 0.A., Pichugina LA.; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 10
pages, 3 illustrations. References, 40 titles.

Environmental risk-based land management requires implementation of tools for spatial information
analysis, problem-oriented models for assessment of risk values, and computer systems for decision-
making support. A new Decision Support System (DSS) DECERNS (Decision Evaluation in Complex Risk
Network Systems) has been developed to address this class of problems. DECERNS is a web-based
Spatial DSS (WebSDSS) for multi-criteria analysis of a wide range of spatially-distributed alternatives
within the problems on risk management and land-use planning. This paper provides a brief overview
of methods and tools used in DECERNS; application of DECERNS for a case study on multi-criteria risk
management for contaminated land resulting from Chernobyl is presented.

VK 621.039.56
The N generator on the base of 14 MeV/ neutrons accelerator source \ Khryachkov A.V., Dvornikov P.A., Zhuravlev
B.V., Kovtun S.N., Khromyleva T.A., Roschin N.G.,; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy.
Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) Obnibsk, 2013. 3 pages,
2 illustrations. References, 2 titles.

The N generator on the base of 14 MeV neutron accelerator source for calibration of leak
detection and velocity of heat-transfer radiation channels in first contour of WWR nuclear reactor on
base of N activity measurement is suggested.
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