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HEKOTOPBLIE
MAKPOXAPAKTEPUCTUKUN AKTUBHDbIX
30OH BbICTPbIX PEAKTOPOB CPEAAHEUN
MOLLUHOCTU

I.JI. Xopacanos, A.H. Bnoxux
THI] P®-dusuko-3Hepzemuyeckuli uncmumymum. A. 1. JlelinyHcko2o, 2. 06HUHCK

JIna poccuitckux peakropos cpepHeit momuoctn BH-600, BPECT-300 n PBEII-

340 (PBEL-M) na ocHoBe paccumTanHbix 10 MCNP5 HENTPOHHLIX CIIEKTPOB
OTIpejiesleHbl TaKue IapaMeTpPhl aKTUBHBIX 30H, KaK CpefHAA SHEpPIUs HeWT-
POHOB, OLHOT'PYIIITOBLIE CEYEHUA PAANALUOHHOTO 3aXBaTa HENTPOHOB YPAHOM-
238 n ceueHua penenus amepunua-241. Ina peakropa PBEI-340 s3tn napa-
MEeTpH PACCUUTAHBL KaK AJA CAydYasd MPUMEHEHUA LITaTHOTO CBUHI0BO-BUC-
MYTOBOTO TEIJIOHOCUTENA, TaK U 1A BAPUAHTA C MaJlo ITOTJI0WAINUM U CNla-
60 3aMeqnnAIUM HENTPOHLI TEIVIOHOCUTENIEM HAa OCHOBE U30TOMA CBUHIA-
208, pacCMOTPEHHOTO 10 UHULIMATUBE aBTOPOB CTATbU.

KnioueBble cnoBa: 6GbicTpbie peaktopbl BH-600, BPECT-300, PBEL-340, cpeaHue 3Hep-
TN HENTPOHHBIX CMEKTPOB, TEMNJAOHOCUTENN, TENNOHOCUTENb U3 CBUHLA-208, OgHOrpyn-
MOBble CeYeHUs JeneHua M pagunauLMoHHOro 3axBaTta, ypaH-238, amepuunii-241.

Key words: BN-600, BREST-300, RBEC-340 fast reactors, average energy of neutron
core reactor spectra, coolants, coolant from lead-208, one-group fission and radiative
capture cross-sections, uranium-238, americium-241.

BBEAEHMUE

B nocnepgHee Bpems B nuTepaType WUPOKO 0OCYXKAATCA HEATPOHHO-(DU3MYecKme
XapaKTePUCTUKN PAAA NErKUX U TAXKENbIX METaNNoB M CNAaBOB: HAaTpUs, CBUHLA-BUC-
MyTa, CBUHLA U APYruX, pacnnasbl KOTOPbIX MOTYT CAYXWUTb AN CbeMa Tenna B 3Hep-
FOHaNPsXEHHbIX A4EPHO-3HEPreTUYeckUx yctaHoBkax (A3Y), B Tom yucne GbICTPbIX
peaktopax (bP) u yckoputenbHo-ynpasnsembix cuctemax (YYC) [1-4]. OgHum u3 Bax-
HbIX MapaMeTpoB, N0 KOTOPbIM MOXHO CPaBHMBATb YXKE peanu3oBaHHble UW npeana-
raemble peakTopbl, ABAAETCA BENUYMHA CPEAHEe IHEpruM HeMTPOHOB, KOTOpas Hapaay
C [pYrMMU XapaKTepPUCTUKAMMN aKTUBHOW 30HbI ONpefenfeTcs TakKe 3amenfieHnem Heii-
TPOHOB B TenjioHocKTene. TenjioHOCUTENb, NPUBOAALMNIA K YKECTYEHUIO HEMTPOHHOTO
CMeKTPa, MOXET B ONpefeNeHHo cTeneHn BAUATL HA BEMYMHBI OfHOTPYNMNOBLIX ceye-
HUA peneHus MNagWnx akTMHUAOB, [OOABNSAEMbIX B MajblX KOJUYECTBAX K OCHOBHOMY
TonnuBy. HakoHel, ofHOrpynnoBble ceYeHMs 3axBaTa HENTPOHOB ypaHOM-238, KOTO-
pble XxapaKTepu3yloT BOCNPOM3BOACTBO TOMMBA, TaKKe B ONPeAeNeHHO! CTeneHun on-
pefensoTca CBOMCTBAMW TensoHocuTens. B ctatbe nof 0QHOrpynNnoBbIMU CEYEHUAMM
pafMaLMOHHOrO 3axBaTa HeNTPoHOB u penenus, (o(n, y)) u (c(n, f)), noHumaloTcs
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COOTBETCTBYIOIWME MUKPOCKONUYECKNE CeYeHUs 3axBaTa U AeNeHus, yCpefHeHHble No
HEWTPOHHOMY CMeKTpy. BennumHbl 3TUX OfHOrpYNNoBbLIX CEYEHUI MOTYT ObITb UCMONb-
30BaHbl AN XapaKTepUCTUKN peakTopa C TOYKM 3peHUs BOCNPOM3BOACTBA TOMIMBA U
TPaHCMyTaLMN PagMOTOKCUYHBIX HYKIULOB.

B cratbe B kauectBe TennoHocuteneit bP paccmatpusatotcs Hatpuit 23Na, cBuHel
npupopHoro coctaea (52.3%?2%8Pb, 22.6%2°7Pb, 23.6%2%Ph, 1.5%294Ph), 3TekTuyec-
Kas cMecb NMpuUpoaHoro ceuHua (45%) u Bucmyta (55%) U cBMHel, oboraweHHbli [0
100% n3oTonom 298Ph. MocnepHuit xapakTepusyeTcs ManbiMK, B Ba-TPU pa3a MeHb-
WKWMW MO CPaBHEHMIO C NPUPOAHBbIM CBUHLOM M CBMHLOM-BUCMYTOM, BENYMHAMU MUK-
POCKOMUYECKOTro CeYyeHMs 3axBaTa B CNekTpe ObICTpbIX HETPOHOB, £, > 50 k3B, a npu
NPOMEKYTOYHBIX SHEPrUAX HENTPOHOB, £, < 50 k3B, pasHuLa B BENMYMHAX MUKPOCKO-
MUYECKUX CeYEHUI COCTaBAAET HECKONbKO MOPALKOB. JTO JAeT OCHOBAHUA OTHECTU
CBMHeL-208 K TEeNJIOHOCUTENI0 C MajibiM MOrAOLWEeHNneM HENTPOHOB, T.e. C HOBbIMU MNO-
TpebUTENbCKMMU CBOICTBAMM NS nepcnekTuBHbIX BP u YYC.

METO PACYHETA

Pewanack 3afaya HaxoxaeHWUs CnekTpoB HelTpoHoB B A3 peakTopoB BH-600 [5],
BPECT-300 [6] n PBEL-340 [7] 1 no nonyyeHHbIM CNEKTpaM PaccyuTbiBaANUCH CpefHue
3Heprun HEMTPOHOB M OJHOTPYNNOBblE CEYEeHUsA PaMaLMOHHOIO 3axBaTta HEMTPOHOB
ypaHoM-238 u feneHus amepuuua-241 B HeNTpOHHOM cnekTpe A3 peakTopos.

CnekTpbl HEATPOHOB paccuuTbiBanucb no nporpamme MCNP5 [8] ¢ ucnonb3oBaHu-
eM UCXOLHbIX JaHHbIX paccMaTpuBaeMblX peakTopoB. [1pu 3ameHe WTATHOrO CBUHLLO-
BO-BMCMYTOBOro TennoHocutens peaktopa PBEL-340 Ha TennoHocuTenb M3 CBUHLA-
208 BCe MCXOAHbIE AaHHble, KPOMe TOMIWBHOWM 3arpy3Ku, 0CTaBaNNCh HEU3MEHHBIMU.
[\ns BbIXOf@ HA KPUTUYECKUiH pexuM, Kypp = 1.01, oboralieHne nayToHnem B ypaH-niy-
TOHWEBOM HUTPUAHOM TONNMBE ObINO yYMEHbLIEHO CO WTaTHbIX 13,7 ao 13,0% [9, 10].
[fonpaBKkK Ha pa3Hble TemnepaTypbl TEMJIOHOCUTENEN HA AAHHOM 3Tane pacyeToB He
BHOCUIIUCS.

Mo nonyyeHHbIM HEHTPOHHBIM CMEKTPaM HAaXOAMNUCHL YCPEAHEHHble Mo CneKTpam
OAHOTPYNMoBbIE CEYEHUs 3axBaTa U AeNeHus pns BblbpaHHoro nzotona. Mukpockonu-
YecKue ceyeHus 3axBaTa HEMTPOHOB W AeNeHus, 3aMMCTBOBAHHbIE U3 OLEHeHHbIX (ail-
nos 6ubnuoteku ENDF/B-VII.O, npeacTaBieHbl B hopmaTe 28-rpynnoBoii CUCTEMbI
BHAB [11].

PE3YJIbTATbl PACYETOB U UX OBCYXAEHUE

CpeaHnAA 3HEPrus HEMTPOHOB AKTUBHOM 30HBI

Pe3ynbTaThbl BbIMOJHEHHbIX PAacYeTOB NpuBefeHbl B Tabn. 1, B KOTOpOiIl npeacTase-
Hbl CPEAHME IHEPTUU HENTPOHOB M OAHOrPYNMNOBLIE CEYEHUS 3axBaTa HEMTPOHOB ypa-
HOM-238 u aeneHus amepuuna-241. B kavectse Tonnuea peaktopos bPECT-300 n PBEL-
340 paccmatpuBaeTcs CMeCb MOHOHUTPUAOB 00eHEHHOrO ypaHa U IHEpPreTMyeckoro
NIYTOHUA, MONYYEHHOr0 B pe3ynbTaTe pereHepauuu TOMNMBA, BbIFPYXEHHOrO B peak-
Topax BB3P u BbigepaHHOro nocne 31oro B TedeHue ~20-Tu net. B peaktope bH-600
NCNONb3yeTCH OKCUMHOE YPaHOBOE TOMAMBO BbICOKOro oboraweHus. AKTUBHAsA 30Ha
BCEX PAaCCMaTPMUBAEMbIX PEAKTOPOB ABNAETCA TPEX30HHOW M COCTOUT M3 30H Manoro
(3M0), cpegHero (3C0) u 6onbworo (360) oboraweHus. MpuBeaeHHble B Tabn. 1 Benu-
YMHbI IHEPrUM HEWTPOHOB yCpefHeHbl N0 YKa3aHHbIM TPEM 30HaM.

N3 Tabnuubl cnepyet, 4To Hambonblwen cpeaHeid 3Heprueit 06NafaOT HEATPOHBI
peaktopa BH-600 (0.4698 M3B), HaumeHbleit — HelnTpoHbl peakTopa BPECT-300
(0.4137 M3B). B peaktope PBEL}-340 3ameHa CBWHLOBO-BUCMYTOBOTO TEMJIOHOCUTENS
Ha CBUHLOBLIA cOo 100%-HbIM oboralieHMeM nNo CBMHUY-208 NpUBOAMUT K YBENUYEHUIO
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Tabnuua 1

3Hepruu HEeHTPOHOB, O[HOrPYNNOBbLIE CEYEeHUSA

3axBaTa HEMTPOHOB YPpaHOM-238 U file/IeHun
amepuuuna-241, ycpeHeHHbIe N0 HEMTPOHHOMY CNEKTPy
noa3oH 3MO, 3CO u 350 aKTUBHbIX 30H PeaKTOpPOB
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5H-600 Na-23 0.4698 0.2965 0.96 0.2937
BPECT-300 | Pb-nat 0.4137 0.3089 1.00 0.2708
PBELI-340 Pb-Bi 0.4169 0.1886 0.61 0.2745
PBELI-340 | Pb-208 0.4362 0.1874 0.61 0.2935
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1014 Am-241(n, f) A0 BenunyuHsl 0.4362 MaB, yc-
pepHeHHoi no 3MO, 3CO n 360.
s °
3 , OpHorpynnoBbie
< 10 ceyYeHMUs fie/ieHus agpa
= Am-241
S Ha pucyHe 1 npepcTaBneHbl
-1
g 107 B BHAB-dopmate paszbueHus
< No 3HepreTMYyecKMM rpynnam
MUKPOCKOMMUYECKNE ceyvyeHus
FE LeNeHns QONTOXMBYLEro pa-
10-2 100 102 104 106 AMOTOKCUYHOrOo u3otona Am-

JHeprusa HelTpoHoB, 3B
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MWUKPOCKOMUYECKUM CeYeHUAM fleNleHna amepuumna-241,
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Puc. 2. OueHeHHble faHHble U3 6ubnnotekn ENDF/B-VII.O no

MUKPOCKONUYECKNUM CeYyeHMAM pafualMOHHOro 3axeaTta HEVITpOHa

amepuumnem-241, npeactaBneHHble B 28-rpynnosom
JHepreTuyeckom pasbuerun bBHAB-93
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241. CeyeHns 3aMMCTBOBaAHHI
n3 6ubnmotekn ENDF/B-VII.O.

BupgHo, yto ceyeHus pene-
HUA  amepuumsa-241  pactyt
Npu  3HEpruax HeMTpPOHOB
Bbiwwe 0.1 M3B wu pocrturator
BEAUYMHbI NPUMEPHO  [BYX
GapH Npu 3HeprumM HeMTPOHOB
E, =1 M3B. Takue e BeAUYUHbI
CeYeHui feneHus Moryt poc-
TUraTbCA NPU HU3KUX IHEPTU-
AX HEMTPOHOB, OJHAKO B 3TUX
06nacTax 3Heprun ypessblyaii-
HO BEJMKM CeYeHUs 3axBaTa
HeWTpPOHOB (puC. 2), T.e. TONb-
KO XeCTKUI CNeKTp HENTPOHOB
3pdheKTUBEH ONS BbIXUIAHUA
amepuunsa-241 [13].

B Tabnuue 1 npuseneHbl
O[LHOTPYMMOBbIE CeYyeHusa fpe-
NeHus amepuumsa-241 B ucxop-
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HbIX HENTPOHHBIX CNEKTpax pacCMaTpuMBaeMblX peakTopoB. BuAHO, 4TO OHM pacTyT ¢
BO3pacTaHWeM CpefHei 3Heprum HeiTpoHoB. B peakTope PBEL-340 npu yBennyeHum
3HEprunm HeMTPOHOB Ha 4.6% ceueHue penenus Am-241 Bo3pactaeT B cpefHeM no A3
Ha 6.9%.

OaHoOrpynnoBblie CeYeHUs

3axBaTa HEeMTPOHOB SIAPOM T AU
U'238 101 3 U-238(n, Y)

Ha pucyHke 3 npusepersl Mukpo- & 100 ] ]
CKOMMYECKME CeYeHUs 3axsaTa Hen- ©
TPOHOB ypaHOM-238, KOTOpbI npu- = 1e ]
BOAUT B KOHEYHOM cueTe K Hapabor- g 10" 3
Ke naytoHua-239. BugHo, uto ceve- g 10-1 ] ]
HUA PACTYT C YMeHblIeHUEM SHepruM 2
HENTPOHOB, [OCTMras MaKcMmyma ©

! 10 4
Npu 3HEPrusx HeWTPOHOB Mopsaka E ]

10 3B. CnekTpbl paccmMaTpuMBaeMmbix S
6bICprIX PEaKTOpOB COMEpPKaT 3Ha- 10-2 100 102 104 106
YUTENbHYIO [ONII0 HENTPOHOB NpOMe- JHeprus HeliTpoHos, 3B
)KyTO‘-IHOVI 3Heprun, oo 20-25% Hen- Puc. 3. OueHeHHble gaHHble u3 6ubnnotekn ENDF/B-VII.O no

TPOHOB C 3Heprwel7| <50 k3B [12] J7q MUKPOCKOMMYECKUM CeYeHUAM PAZMaLMOHHOTO 3axBarta
: HeiTpOHa M30TONOM ypaH-238 B AMana3oHe 3Heprui

4acTb HEVITpOHHOFO CNeKTpa OTBET- HeilTpoHoB 1072 — 2-107 3B, npepcTaBneHHble B 28-rpynnoBom
CTBEHHA 33 OTHOCUTENIbHO BbICOKME 3Hepretuueckom pasbuexun BHAB-93

OHOTpYNnoBble CeYeHUA 3axBaTa HEMTPOHOB ypaHOM-238, KoTopble Ana paccMmartpu-
BaeMblX peakTopoB coctaBsioT 0.2—-0.3 6apH (Tabn. 1). Hanbonblwas BennymnHa ceve-
Hus, (o) = 0.3089 GapH, nonyyeHa Ans HeiTpoHHoro cnekTpa A3 peakTtopa BPECT-300
Kak 13BecTHO, KO3(hPULUMEHT BOCNPOU3BOACTBA TONAMBA B aKTUBHOM 30HE 3TOr0 pe-
aktopa KBA~1. NMockonbky KBA nponopuvoHaneH ofgHOrpynnoBbIM CEYEHMAM 3axBaTa
HeTPOHOB ypaHOM-238, B Tabnuue npusoasTcs npeanonaraembie KBA pns octanbHbix
paccMaTpMBaEMbIX PEAKTOPOB.

MocKoNbKY MUKPOCKOMUYECKME CEYEHMA 3axXBaTa HEMTPOHOB PAaCTyT C YMEHbLUEHHU-
€M 3HEepruu HeMTpoHOB, TO Ha nepudepumn A3, B 4aCTHOCTU, GOKOBbIX IKpAHaX, OAHO-
rpynnoBble CeyeHWs 3axBaTa UM, COOTBETCTBEHHO, KO3 MULMEHT BOCNPOU3BOACTBA TON-
nuea KB moryT cyuwectBeHHO BO3pacTu. PacyeTsl NOKa3biBAOT, YTO CPeLHAA IHEprus
HEMTPOHOB B GOKOBOM 3KpaHe CBMHL0BO-BUCMYTOBOrO peakTopa PBEL-340 napaet mo
BeNnYMHbI Ecp = 0.2509 M3B, npu KoTopoit BeMYUHA OJHOIPYNNOBOro CeYeHWUA 3axBa-
Ta ypaHa-238 Bo3pacteT Ao BennyuHbl (a(n, y)) = 0.5567 6apH. Mpu Mcnonb3oBaHUK
CBMHLA-208 B KayecTBe TEMJOHOCUTENA 3TOr0 peakTopa BeNuyYMHA CPefHEen 3Heprum
HeTPOHOB GOKOBOro 3KpaHa BO3PACTAET [0 BENUYUHbI Ecp=0.2662 M3B, Tem He me-
Hee, OLHOrPyNnoBOe ceyeHWe 3axBaTa HEMTPOHOB ypaHOM-238 pacTeT 4O BENUYUHbI
(o(n, y)) = 0.5771 6apH, YTO CBA3AHO C HEOGONbWWUM POCTOM AONWN HEHTPOHOB HU3KOIA
3Hepruu.

3AKNIOYEHHUE

1. PaccunTaHbl HEKOTOpble MaKpOXapaKTEPUCTUKN aKTUBHBIX 30H ObICTPbIX peakTo-
poB cpepHen mowHoctu BP-600, BPECT-300 n PBEL-340 Ha ocHoBe pacyeTHbIX No
MCNP5 HelTpoHHBIX cnekTpoB. lonyyeHbl BeAUUYUHbI CPEAHEN IHEPrUN HeTPOHOB B
AKTUBHbIX 30HAX, OQHOTPYNMNOBbIE CEYEHUA 3axBaTa HENTPOHOB ypaHOM-238 u pene-
HUA amepuuna-241.

2. BbiABneHbl npenmyLLecTBa UCNONb30BAHNA TEMJOHOCUTENA Ha OCHOBE BbICOKO-
oboralieHHoro ceuHUa-208 B peaktope PBEL|-340, 4To no3Bonser OTHECTU CBUHELl-
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208 K nepcneKkTMBHOMY MaTepuany, KOTOpblil MOXeT ObiTb MCMONb30BaH B KayecTBe Ten-
NIOHOCUTENS B PeaKTOpax Ha ObICTPbIX HEUTPOHAX CNEAYIOLWEro NOKONEHHUS.

3. Bonpocbl 3KOHOMUYECKOW NPUEMIEMOCTM TEMNOHOCUTENS HA OCHOBE 06OralyeH-
HOro CBMHLA-208 TpebyloT cneynanbHOro UCCNeA0BaHUSA, OfHAKO BbICOKUIA MPOLEHT
cofiepKaHMa 3Toro 13otona B NPUMpoAHOM cBUHUE (52,3%) ¥ ycnexu NasepHbiX WU LeH-
TPUDYKHbIX METOAOB 06O0ralleHns CTabubHbIX M30TOMOB CBUHLA OTKPbLIBAKOT pe-
a/ibHble BO3MOXHOCTW MONyYEHUA TaKOro Matepuana B KONMYecTBaX, U3MepAeMblX COT-
HAMU TOHH.

Pa6ota BbinosiHeHa nNpu ¢MHaHCOBOW nopaepxke Poccuitckoro ¢oHpa dyHAaa-
MeHTanbHbIx uccneposaHuin (npoekt PO®U N208-08-92201-TPEH_a) u lNocypap-
CTBEHHOI Kopnopauuu no atomHou 3Hepruu «Pocatom».
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Application of the Undetermined Lagrangian Coefficients Method in the Analysis on Consistency of
Experiments on the Example of Systems with High Enriched Uranium from ICSBEP Handbook \Yu.E. Golovko;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 13 pages, 13 tables, 3 illustrations. —
References, 12 titles.

There are results of application of undetermined Lagrangian coefficients method in the analysis
of consistency of experiments from ICSBEP Handbook in the current paper. It has been obtained
biases to initial conditions of experiments (dimensions and concentrations) and to cross-sections
based on the fact that criticality conditions in the real experiments have been strictly reached. Taking
into account of these biases allows removing observed contradictions between calculation and
experiment data which was not possible to remove using traditional Generalized list square method.
Calculations have been made for experiments performed in SSC RF IPPE.

VAK 621.039.526: 621.039.59

Some Macroscopic Characteristics of Fast Reactor Cores of Intermediate Capacity\G.L. Khorasanov,
A.L Blokhin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energeticax»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 5 pages, 1 table, 3
illustrations. — References, 13 titles.

Mean neutron energies, one-group cross sections of neutron capture by uranium-238 and fission
of americium-241 for the Russian reactors BN-600, BREST-300 and RBEC-340 (RBEC-M) are calculated
using MCNP5 code. For RBEC-340 these characteristics are calculated for the reactor with its standard
lead-bismuth coolant as well as for this reactor cooled with Pb-208, as it was proposed by the authors
of the paper.

VIK 621.039.58
Nuclear Safety of Melt Localisator Device for NPP with WWER Reactor Model\N.V. Artamonov, A.S. Sidorov;
Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications
of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. — 9 pages, 5 tables, 9 illustrations. —
References, 19 titles.

Calculations of nuclear safety of melt localisator device for different types of NPP are presented.
Basing on results analysis, recomendations regarding choice of sucrifice material for perspective melt
localisator devices are given.

YIK 621.039.53

The Technique of Ultrasonic Testing of Two-Component Metal-Reflex Reaction Setup VC-50\R.A. Globa,
M.A. Trofimov; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2012. - 4 pages, 4 illustrations.
— References, 4 titles.

In JSC «NITAR» operated research single-circuit reactor setup made the VK-50 boiling like. Feature
of the setup made the VC-50 is that the reactor vessel consists of a two-component metal (the metal
core thickness of 100 mm and a cladding corrosion thickness of 20 mm). During the ultrasound control
the body was found several problems: control of deposition and to identify areas of fusion, control of
the base metal, bred for the welding. In the developed technique provides a solution to these problems,
which has found practical application

V1K 621.039.524.44:697.93

Simulation of Dynamics of Steam-Gas Front Distribution in Thermal Insulation of Power Plants Pipelines
P.A. Dvornikov, S.N. Kovtun, A.A. Budarin, V.P. Polionov, N.N. Titarenko, N.G. Roshchin, A.L. Matveev,
E.L. Matveev; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
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