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JlaHo omncaHWe HEKOTOPHIX XapaKTEPUCTUK OLICTPOro peakTopa MpoekK-

Ta BPUT-300. OueHK” HENTPOHHO-GOU3UYECKUX XapPaKTEPUCTUK peaKTo-
pa-6puziepa BHIMOJHEHB C UCTIOIb30BAHWEM ITPOTPAMMHOTO KOMILIEKCa
TRIGEX. [IpuBoasaTCA pe3yabTaTsl pacuera 3QpheKTUBHOTO Ko3pbuuneH-
Ta Pa3sMHOXEHUA U 6anarca HeUTPOHOB B aKTUBHOW 30HE PeaKTOPHOMU
YCTaHOBKM.

KnioueBblie cnoBa: BPUT-300, TRIGEX, peakTop, 6puaep, AUCCOLUNpYIOLLMIL TENO-
HOCUTENb, KApTOrpamma.

Ewe Ha 3ape pa3BUTMA AAEPHOI IHEPTETUKM ObiN BbIABUHYT TE3UC O HEOOXOAUMOCTH
CO3[1aHNs ObICTPbIX PEAKTOPOB — HAPabOTYMKOB rOpIOYEro AN NOJHOLEHHOTO Pa3BUTHUSA
aTOMHOW NPOMBIWNEHHOCTW 1 3KOHOMUU NPUPOAHOrO ypaHa. [103ToMy NpoeKTUpoBaHue
U CO3[laHMe IKOHOMMUYECKM LienecooOpa3HbiX PeaKTOPOB Ha ObICTPbIX HEUTPOHAX ABASA-
€TCA aKTyaNbHOM 3ajayen 1 No cei AeHb.

HecmoTps Ha 60/blION NPOPbLIB B CO3@HUM U IKCNAyaTaLuKU ObICTPbIX PEAKTOPOB C
HaTpMEBbIM TENJIOHOCUTENEM AflEPHOE COO0BLLECTBO NPOJOKAET UCCNEN0BAHNSA HOBbIX
NepCneKTUBHbIX IKOHOMUYHbIX U 6oee 6e30nacHbIX PeaKTOPOB Ha ObICTPbIX HENTPOHAX.

NMOCTAHOBKA 3AQA4YY U NYTHU PELLEHUA

Llenbto co3paHus onbiTHo-npombiwneHHoin AIC BPUM-300 c razooxnaxpaembim Obic-
TPbIM PEAKTOPOM Ha Juccouuupyiolem TennoHocuTene [1, 4] kKak anbTepHaTUBHOrO Ba-
p1aHTa HaTpueBbIX OpuaepoB fBnseTca paspaboTka A3C ¢ NpocToil OLHOKOHTYPHOI Cxe-
MOV NpY ManblX METANI0EMKOCTH U TPYA0EMKOCTHM U3roToBneHns obopyposaHus. A3C ¢
ObICTPLIMU PEAKTOPAMM Ha LUCCOLMMUPYIOLLMX ra3ax NO3BONAOT NPOrHO3MPOBATh NyylIne
TEXHUKO-IKOHOMMUYECKME XapaKTEPUCTUKMY, a TaKKe pusmyeckmne nokasarenu [5], Koto-
pble HaxoAATCs Ha ypoBHe noka3ateneil AJC c HaTpueBbIMM Gpuaepamu.

Lienbto paboTbl ABAAETCA U3yYEHNE HEHTPOHHO-(DU3NYECKUX MPOLECCOB, MPOTEKAK-
wux B GbicTpoM peakTope npoekta BPUM-300. B paboTe 6biAK MCNONb30BaHbI pe3Y/b-
TaTbl OLLEHKM MOJENN aKTUBHOI 30HbI peakTopa-bpuaepa, NOCTPOEHHOM C UCMONb30Ba-
HueM nporpamMmmHoro komnnekca TRIGEX.05 [2].

TRIGEX co3pmaH ans mofenMpoBaHMs akTUBHO 30HbI ObICTPbIX PEAKTOPOB C HaTpue-
BbIM TENJIOHOCUTENEM, OHAKO €ro PYHKLMOHANbHbIE BO3MOXHOCTY NMO3BOAAIOT paccyu-
TbIBATb MOZIENIMN U UHbIX ObICTPbIX peakTopoB. ViMeHHO nporpammHblii komnnekc TRIGEX
© J.C. Camoxun, U.M. 3nax, A.M. Tepexosa, 2015
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[,aeT BO3MOXHOCTb MPOBECTM OLLEHKM TaKUX BAXKHbIX XapaKTEPUCTUK, KaK KO3 puumneHt
BOCNPOU3BOACTBA, 3D PEKTUBHbIA KOIPPULNEHT Pa3MHOKEHUSA HEATPOHOB, CNEKTP Helli-
TPOHOB, U30TOMHbIY COCTaB, KOIPPULMEHTb PEaKTUBHOCTM U T.[., YTO MO3BONAET CO3/a-
BaTb AJOCTATOYHO TOYHbIE MOAENYN ANl 0O0CHOBAHUSA NOBEeLEHUS ObICTPbIX PEAaKTOPOB.

OCOBEHHOCTU PACHETHOU MOJIE/IU

Ha pucyHke 1 npefcraBneHa KapTorpaMmma 3arpy3ku akTuBHom 30Hbl PY BPUT-300, nc-
No/sb30BaHHAA B PacYeTHON MOAenu.
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Puc.1. Kaptorpamma 3arpy3ku tonnusa bPUI-300 (6pupep): 1 — 30Ha BbIAEPKKM; 2 — 30HA BOCMPOU3BOACTBA; 3 — 30Ha
6onblworo oboralleHns; 4 — 30Ha Manoro oboraueHns; 5 — KOMNEHCUpyIoLWKi opraH; 6 — cTepxeHb aBTOMaTUYeCKOro
perynnpoBaHus; 7 — CTepxeHb aBapuitHoi 3awuTbl

B kauectBe ocHoBHOro BapuaHTta bPUI-300 paccmatpuBanca peakTop C MaTpuyHbIM
Tonnueom B akTusHoi 3oHe (UO;, + PuO; + 30%Cr) 1 ypaHaToM MarHus B BOCNpPOU3BO-
Aawmx 3kpaHax (MgU;0¢). OCHOBHblE HENTPOHHO-(U3NYECKME XapaKTEPUCTUKM, UCNONb-
30BaHHblE AN NOCTPOEHUS MOAENM 3TOr0 PeakTopa, ykasaHbl B Tabn. 1. B 6puaepax
BPWUTI-300 o6oraweHune Tonausa no Pu?3® gocturaerca mexaHunveckoit cmecsio Uo, ¢
Pu0,. 310 faeT BO3MOXHOCTb NONYYNUTb MEHbLUYIO 3arpy3Ky Tonauea (3,595 Bmecto 3,893
T B BapMaHTe NepBOM 3arpy3ku) BCNEACTBME MeHbLWEro 06beMa aKTUBHOMW 30HbI, Jlyylle
cnpoduaMpoBaTh nosie 3Heprosuifenerus [1, 5].

AHAJIU3 PE3YJIbTATOB

B ocHoBHOM BapuaHTe Gpuaepa nosHbIit K03 hULMEHT BOCMPOM3BOACTBA COCTaBAseT 1,33 1
HEe3HAYMTENbHO YMEHBLIAETCA NPU BbIXOJE PEaKTOPA HA YCTAHOBMBLUMIACA PeXUM PaboTbl, 4TO
00BACHAETCA YBENMYEHMEM Pa3MEPOB aKTUBHOI 30HbI 3@ CYET KBOBJIEYEHNSAY B paboTy nepude-
PUIAHOI 30HbI BOCMIPOM3BOACTBA M M3MEHEHWEM M30TOMHOrO COCTaBa Tonuea. B Tabnuue 2 yka-
3aHbl OCHOBHbIE XapaKTEPUCTUKM, MONYYEHHbIE B pe3y/ibTaTe pacyeTa MOAEeM peakTopa-6puaepa
BPUI-300. MorpewHocTb 3chheKTBHOro KO3 hULMEHTa pa3MHOXEHUA HEMTPOHOB ONpeaens-
€TCA KaK NOrpeLuHOCTb YACNIEHHOW anpoKCMMaLm.

B Tabnuue 3 npuBeaeHsl 6anaHchl HEMTPOHOB B HAYabHOM COCTOSIHUM U B YCTaHOBMB-
wemcs pexume. Okono 4% HeNTPOHOB yTeKaeT 3a Npefensl peaktopa. CylecTtBeHHas fons
HelTPOHOB (~ 32%) yTeKaeT U3 aKTUBHOI 30HbI B 3KPaHbl peakTopa. 3meHeHue 6anaHca npu
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nepexope B YCTAaHOBUBLUUIACA PEXUM ONpeaenseTcs «M3MeHeHNeM Pa3MepoB» aKTUBHOM 30Hbl,
M30TOMHOrO COCTaBa TOM/IMBA U NEPefBUKEHUEM OPraHOB CUCTEMbI YPABAEHNSA U 3aWUTbI.

Tabnuua 1

XapaKTepuMCTUKHM OCHOBHOIO BapuaHTa peakKrtopa-opuaepa BPUI-300
Tennosas mowHocTs, MBT 1110
OnekTpuyeckan mowHocTs, MBT 330

AKTHBHaRA 30Ha
MnotHocTs Tonnuea (UOz + PuQy), ricm® 98
BbicoTa akTWBHOW 30HbBI, M 0,74
OKBMBANEHTHLIN AUAMETP aKTWBHOM 30HbI, M 142
OBbEMHBIN COCTAR SKBUBANEHTHON AYEIKM
LUTATHOM TONNMBHOM KacceTbl, %:
- Tonmuea (UO;z + PuOy) 35,04
— obonoyek TB3MOB M KOHCTPYKUMOHHLIX MaTepyanoe 21,56
- maTepuana maTpuupl 15,01
— TENMOHOCUTENS 28,39
Konwyectso Tonnuea B Teane, r 125

CpepnHee oboralyeHue Tonnuea Pu?é, Pu2!!
B HayansHom coctosHumn (360/3MO), %

15,795/21,75

Tabnuua 2

TopugeBble aKkpaHbl
TonnweHas KOMNO3NLKS MgU20s
MNOTHOCTL TONMMBHOM KOMNOZULMK, r/om? 74
OBBbEMHBIN COCTAB SKBUBANEHTHON AYeiki
WTaTHOR TONMMBHOM KacceTbl, %:
— TONAUBHOW KOMNO3ULIMK 48,28
— obonoyek TB3NOB 1 KOHCTPYKLMOHHBIX MaTepuanos 21,56
— TennoHocuTens 28,39
— NyCTOThI 1,77
TornwmHa 3KpaHoB, HUKHWIA / BEPXHUIA, M 0,35/0,5
PacyeTHoe KonW4ecTBO TONNWBHON KOMNOIULIK
B LUTATHOI TONNMBHOW KacceTe 8,3/11,67
HUXHero / BepxHero akpaka, kr
Bokosoit akpaH
TonnueHasa KOMNO3WULKA MgUz0s
IMNOTHOCTL TONAMBHOM KOMNO3WLWK, oM 74
[nameTp TB3Na x TONLWMHa 060NOYKK, MM 10,6 x 0,5
XapaKTepuCTUKHM aKTUBHOM 30HbI peaKTopa
CpeqHss aHeproHanpsxeHHoCTb, kKBT/n 815
KoahunumeHTbl HepaBHOMEPHOCTW SHEPrOBbIAENEHUS
B Ha4yanbHOM COCTOAHMMK
— N0 paguycy 1,343
- N0 BbICOTE 1,208
MakcumansHbliA NOTOK HETPOHOB, 1/(cM2-c) 1,42.1016
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Tabnuua 3
BanaHc HEHMTPOHOB B OCHOBHOM peaKTope-opuaepe BPUI-300
Cocraensowue HavankHoe CpegHecTaynoHapHoe
Eananca COCTOAHKWE COCTOAHWE

CpepnHee 41Cno BTOPUYHbIX HEMTPOHOB Ha OAMH aKT AeNeHus
Mo peakTopy 2,94 2,94
[No aKTWBHOI 30He 2,95 2,95
Mo akpaHy 2,66 272
YTeuKa HENTPOHOB M3 peakTopa 0,036 0,041
YTeuka HeiTpoHoB
13 KTMBHOI 30HbI B 3KPaHb 0319 0312

(n, y)-3axBaT B MaTep1ane MaTpuLbl, KOHCTPYKLUMOHHBIX MaTepuanax,
NnornoTUTENe, OCKONKax
B aKTWBHOI 30He 0,0944 0,0830
B akpaHe 0,0475 0,0563
B peakrope 0,1419 0,1399
(n, v)-3axBat AensawmuMICa sremMeHTamm
B aKTWBHOW 30He 0,0494 0,0493
B akpaHe 0,0023 0,0033
B peakTope 0,0518 0,0527
(n, y)-3axsat B U2 n Pu?? (BoCNPOM3BOACTEO)
B akTueHOM 30He 0,1850 0,1935
B akpate 0,2466 0,2322
B peakTope 0,4316 0,4258
[lenenue Ha 2%, Py py24
B aKkTeHOI 30He 0,2750 0,2732
B akpate 0,0069 0,0087
B peakrope 0,2820 0,2820
[lenenue Ha U2 y P24

B aKTWBHOI 30He 0,0500 0,0496
B akpaHe 0,0081 0,0081
B peakTope 0,0581 0,0580

[lons GbICTPbIX HEMTPOHOB cOCTaBNAET 67%, a HENTPOHOB, oNpeaensUnX 3PheKT
Jonnepa (13B < £ <30 k3B), — 30%. Mpu nepexofe B yCTaHOBUBLUMIACA PEXUM HabNio-
[AeTCA CMArYeHMe CNeKTpa HENTPOHOB B PEAKTOPE, YTO 0OBACHAETCA U3MEHEHUEM U30-
TOMHOTO COCTaBa TONNMBA.

BbIiBO[J

Ha ocHoBaHWM aHanM3a npoekTa 6bICTPOro PeakTopa C AUCCOLMUPYIOLMM TEMNIOHOCUTE-
nem BPUT-300 v nocTpoeHus mofienu peakTopa-opuaepa, MOXHO 3aKYNTb, YTO €70 HENT-
POHHO-(U3MYECKME XapaKTEPUCTUKN CONOCTaBMMBI, @ B HEKOTOPbIX C/Ty4asx MpeBoCXoAAaT
ObICTpbIN PeaKTop C HAaTPUEBLIM TEMIIOHOCUTENEM, aHANOrMYHON MowwHoCcTH [3]. C yyeTom
Pa3BUTUS TEXHONOTWIA repMETM3aLMn U CNOCOBOB NOBbIWEHNS 6E30MACHOCTH PEAKTOPHbIX
YCTaHOBOK C arpecCUBHbIM 1 TOKCUYHBIM TEMJIOHOCUTENIEM MOXHO CAENaTh BbIBOJ O KOHKY-
peHToCcnocobHOCTM BbICTPbIX peakTopos TMna bPUT-300 1, cooTBETCTBEHHO, Lienecoobpas-
HOCTU MUCCNef0BaHUA JAHHO NpobnemMaTuky.
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ABSTRACT

The article deals with description of some of the characteristics of the BRIG-300
reactor design. Evaluation of neutronics characteristics of a breeder reactor BRIG-300
are made in the software package TRIGEX. The results of the calculation of the effective
multiplication factor, the balance of neutrons in the core of the reactor plant.

At the very beginning of the nuclear age, many of physicists was expressed the
idea that the full development of nuclear energy is possible only on the basis of a
closed fuel cycle with fast reactors. Despite a major breakthrough in the
development and operation of fast reactors with sodium coolant, the nuclear
community is still interested in the development of advanced, fuel-efficient and
safer fast reactors.

The purpose of the pilot commercial nuclear power plant BRIG-300 gas-cooled
fast reactor coolant dissociating [1, 4], as an alternative, sodium breeders is to
create plants with a simple single-circuit at low metal content and time consuming
manufacturing equipment. NPP with fast reactors on dissociating gases allow to
predict the best technical and economic characteristics, as well as physical
performance [5], which are at the level of performance of NPP with sodium breeders.

The aim of the present work is the study of neutron-physical processes fast
reactor project BRIG-300. To achieve the objective results of the evaluation were
used core model breeder reactor built in the software package TRIGEX.05 [2].

Software package TRIGEX created to simulate the core of fast reactors with
sodium coolant, but its functionality allows count models and other fast reactors.
It is a program complex TRIGEX allows an assessment of important characteristics
such as reproduction rate, the effective neutron multiplication factor, neutron
spectrum, isotopic composition, reactivity coefficients, etc., which allows you to
create a sufficiently accurate models to study the behavior of fast reactors.

BRIG-300 reactor is comparable to the fast reactor with sodium coolant, similar
capacity, in terms of neutron physics [3]. Taking into account the development of
sealing technology and ways to improve the safety of reactor facilities with
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hazardous and toxic coolant, it can be concluded about the competitiveness of fast
reactors BRIG-300 and, accordingly, the feasibility of the study of this problem.

Key words: BRIG-300, TRIGEX, reactor, breeder, dissociating coolant, nitrin,
cartogram.
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