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I[TocTpoeHa croxacTuyeckas TeOpus AfepHLIX PEAKTOPOB HYJIEBON MOWHOCT.

ITonyyeHs! ypaBHEHUA [J151 MHOTOMEPHLIX ITPON3BOAALINX W XaPAaKTePUCTUIEC-
KUX QYHKLUIA, ONIUCHIBAOUX BEPOATHOCTHOE ITOBEAEHUE BO BPEMEHU BETBA-
eT0Cs MPOLlecca C HECKONIbKUMMU TUIIaMU YaCTUl] U UMMUTpauveit. ITOT BET-
BAIINIACA TIPOLIECC ABIAETCA MATEMATUUECKOW MOZEIbI0 TTPoliecca pa3MHOKe-
HUA HEWTPOHOB B AZEPHOM PeaKTOpPe C MOCTOPOHHUM UCTOYHUKOM HEUTPO-
HOB.

KnioueBble cnoBa: sfiepHblii peakTop HyNeBOii MOLLHOCTH, NPOM3BOAALLME U XapaKTe-
pUcCTUYECKME YHKLMM, BETBALLMIACA NPOLECC, MTHOBEHHbIN HENTPOH, 3ana3abiBaowuii
HeNTPOH, cNabblil UICTOYHUK HETPOHOB, NpeAEeCcTBEHHUK, BEPOATHOCTb, AAEPHAs aBapus.

Key words: zero-power nuclear reactor, generating and characteristic functions,
branching process, migration, prompt neutron, delayed neutron, weak neutron source,
precursor, probability, nuclear accident.

BBEAEHMUE

Mpobnema cmoxacmuyeckoli KUHeMUKU MOYe4YHO20 Peakmopa Hy/1esoll MOUHOCMU Hau-
bonee akTMBHO M3y4anacb 6onee 40 net Hazapd. Cnosa B npeablayleii hpase, BbiAeNeH-
Hble KypcuBOM, TpebyioT noscHeHus. CToxacTuyeckas KMHETUKA — NOBefieHUe AAEPHOro
peakTopa B yCNoBUAX, KOrAa Ha 3T0 NMoBefeHue BAMAET CAY4YalHOCTb aKTOB eNeHus Ta-
KENbIX 3/IEMEHTOB M CNYYaNHOCTb UX MPOAYKLMUM (BblAENEHHbIX B OfHOM aKTe AeNeHus
3HEepPrum 1 Yncna BTOPUYHbIX HEHTPOHOB). TOYEYHbIH peakTop — MOAEeNb, KOraa AAepHbIi
peakTop (Bcerfa UMerLLMii KOHeYHbIEe pa3Mepbl) MO aHaNoOruK C NPOCTENLIMM reoMeTpu-
YeCKUM 0OBLEKTOM — TOYKON (He UMeloWMM CTPYKTYpPbl) — paccMaTpuBaeTcs Leankom 6e3
[EeTann3aLum CTpYKTypbl. PeakTop HyneBol MOWHOCTU — ALEPHbIN peakTop, He Tpebyto-
WWit cneumanbHbIX Mep Mo OpraHu3aLuy oOXNaxaeHus B npouecce paboTbl, T.K. Bbiaense-
Mas 3Heprus HaCToNIbKO Mana, YTo eCTECTBEHHOW LMPKYAALMM BO3AYXa BMOJHE JOCTATOY-
HO ANA OXNaXAeHus.

B KoHue 50-x, Hayane 60-x rogoB NPOLNOro CTONETUS UHTEPEC K 3TON TeMe uccneno-
BaHMW BO3HWK, BO-MEPBbIX, B CBA3M C TeM, YTO MCNONb30BaHMUe (AyKTyaLmii napameTpos,
KOTOpble MOXHO paccMaTpuBaTh Kak MUKPOCKOMMYECKUE NepexofHble NpoLecch B peak-
TOpe, N03BOIMNO0 NPU U3y4eHUU HU3UKM ALEPHBIX PEaKTOPOB OTOWTU OT aKTUBHbIX (3aya-
CTYI0 NOTEHLMANbHO ONACHbIX) 3KCNEPUMEHTOB C OpraHW3aLmneil NepexoAHbIX NpoLeccoB
W nepeiTn K NacCUBHbIM U3MEPEHUAM B CTALMOHAPHOM (KPUTUYECKOM UK MOAKPUTUYEC-
KOM) cocTosiHUM. Bo-BTOpbIX, 3aMeyeHHas npu akcnepumeHTax Ha peaktopax GODIVA [1]
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ciyyanHas 3afepiKa B HEUTPOHHbIX UMMYNbCax MPU Manoi MOLWHOCTU NOCTOPOHHErO UC-
TOYHWKA HENTPOHOB HACTOPOXWA HAY4YHYIO 06LECTBEHHOCTb, T.K. 06ecneyYeHne agepHoii
6e3onacHocTu TpebyeT onpeseNeHHOCTN NOBEAEHNS OOBEKTOB ALEPHbLIX TEXHONOTUIA.
Mogenb XaHceHa [1] no3sonuna NoHATb, NOYEMy TaKOe MPOUCXOAMUT, HO OHA ABNAETCSA
NPUBINKEHHON, NO3TOMY TPEOYIOTCA OLEHKM ee TOYHOCTU B pamMKax bonee obuueit Teope-
TUYecKoit moienun. B cBoel faBHeil n ManogocTynHoi paboTe [2] aBTop NpoBen aHanus
CylL,eCTBOBABLIMX HA TO BPEMA METO[0B TEOPETUYECKOrO M3yYeHUA CTOXACTUYECKON KU-
HETUKU AKEPHBIX PEAaKTOPOB. 3aTeM HEOAHOKPATHO 06CYKAan caMm Unn BMeCTe C Kosera-
MW (Hanpumep, B paboTtax [3—8]) MHOrMe YacTHble MOLENN W UX MPUNOXEHUSA LIS aHaNU-
3a AfepHOI 6€30MacHOCTH CUCTEM C JeNAWMMUCA MaTepuanamu 1 cnabblM NOCTOPOHHUM
WCTOYHWKOM HeilTPOHOB. B HacToswee BpeMs ONATb BO3POXKAAETCA UHTEPEC K TaKUM MO-
[EeNAIM B CBA3M C HEOOXOLMMOCTBIO KOHTPONA U (DU3MYECKON 3alnThl ALEPHBIX MaTepua-
nos [9, 10]. B npepnaraemoit cepun ctateit aBTOp CMCTEMATUYECKU U3NAraeT NOCTPOEH-
HYI0 MM CTOXaCTUYECKYI0 TEOPUIO PEAKTOPOB HYNEeBOW MOLLHOCTM CO CNabbiM NOCTOPOH-
HUM UCTOYHUKOM HENTPOHOB U OGCYKAAET HEKOTOPbIE €€ MPUNOXKEHUS.

BaxHbIM 1 Tpebylowmnm onpefeneHHoro oTBeTa ABASETCA BONPOC: NPU KAKOI MOLLHO-
CTW MOCTOPOHHMIA UCTOYHUK HENTPOHOB CNEAYET CYUTATb CabbiM? ECIM 3TOT UCTOUHMK He
ABNAETCA CNAbbIM, TO HEUTPOHHAA MONYNALMA B aHCaMONe, CofepKalleM fenaumnecs ma-
Tepuanbl, U BO3Nle KOTOPOrO PAaCMONOXEH UCTOYHMK, OyaeT BecTU cebs BnosHe onpepfe-
NIEHHO 1 NpefCcKasyemo, T.K. NpU CUIbHOM UCTOYHUKe hyKTyaLum Yyncna HenTpoHOB BO3-
ne cpegHero mansl. B pabote [1] npusepeHo ycnosue SL << 1 cnaboct NOCTOPOHHEro
NCTOYHUKA, rae S (1/c) — MOWHOCTb NOCTOPOHHEr0 UCTOYHUKA, L — BPeMs XWU3HU MrHO-
BEHHbIX HEUTPOHOB. MOHATHO, YTO OHO TPebyeT YTOUYHEHMUS, T.K. HUKOTAA Henb3sA CKa3aTb
onpeaeneHHo, YTO 3HAYUT KMHOTO MeHblue». B TpeTbeil YacTu 31O paboTbl TaKoe yTou-
HeHWe caenaHo. Bo BTopoit yacTu o6cyxaeHbl 0COOEHHOCTU CTOXAaCTUYECKOTO NOBEAEHUS
LernoyeK feneHunii B ALEPHOM peaKTope, a TakXke NpMMeHeHUe NosyYyeHHbIX TeopeTuyec-
KWX pe3ynbTaToB ANA OLEHOK BEPOATHOCTEN AfEePHbIX aBapuil.

B 3101 yacTu paboTbl NpuBOAMTCA onucaHue HU3NYECKOW U MaTEMATMYECKON Mofe-
NeW mpolecca AeneHuns B AAepHOM peaKkTope KaK BeTBALErocs npouecca ¢ HeCKONbKNMM
TMNamu Yactuu, u ummurpaumeit [11, 12].

DOU3UYECKASA MOAEJIb

PaccMoTpuM aneMeHTapHbIe NPOLIECCHI, B KOTOPbIX Y4ACTBYIOT HEATPOHBI B AEPHOM pe-
akTope. OfMH HETPOH CyLLECTBYET B PeaKTOpe B TeYeHWe HEKOTOpOro BpemeHu. Mo uc-
TEYEHUW 3TOr0 BPEMEHM OH UCYE3AET UM 33 CYET YTEYKM, MU 33 CYET NOTNOLEHUA MaTe-
puanamu peaktopa. [pu NornoweHn HeNTPOH C onpefeNeHHbIM pacnpefeneHnem Bepo-
ATHOCTE MTHOBEHHO POXAAET HOBbIE HEMTPOHbI UK POXKAAET NPEALECTBEHHUKN 3ana3-
AblBAOLMX HEMTPOHOB, UM NOrNowWaeTcs 6e3 feneHus.

MpefWwecTBEHHNKN 3ana3abliBaloWnX HENTPOHOB CYLLECTBYIOT B TEYEHWE HEKOTOPOro
BPEMEHM, N0 OKOHYAHMW KOTOPOro MCMYCKAOT JONONHUTENbHOE KONMYECTBO HETPOHOB.
31 NpeaLWecTBEHHNUKN MOTYT GbITh pa3buTbl Ha rpynnbl (TUMbI) MO XapaKTepHbIM Bpeme-
HaM X13HU. HeiTPOHbI, BbleNsieMble NpefWecTBEHHUKAMI, B AaibHELEM HEPA3TNYMUMbI
C HENTPOHAMM, POXKAEHHBIMU MTHOBEHHO, X PAaBHOMPABHO YYaCTBYIOT B NOCNEAYIOLEM
UMKNE POXKAEHUS U TMbBenu HeilTpoHOB. YTOObI He MeperpyaTb MoAeb U3UWHUMK Jie-
TaNU3aLUAMK, HECUBHO BAMAIOWMMU HA BUF OKOHYATENbHbLIX COOTHOLWEHNUIA, 3aech (U B
[aNnbHelleM Ans HEMTPOHOB UCTOYHMKA) NPELNONAraeTcs, YTO CNeKTpasnbHbie U Apyrue
XapaKTEPUCTUKM ITUX HEMTPOHOB HE CAINLIKOM OT/IMYAIOTCA OT TEX JKe XapaKTePUCTUK MIHO-
BEHHbIX HETPOHOB, T.e., YTO LLEHHOCTU HEMTPOHOB PA3NIMYHOrO MPOMCXOXKAEHUA MO OT-
HOWEHMIO K 3NeMeHTapHbIM MPOL,ECcCaM pPaBHbI.

Ecnu B ajepHOM peaKkTope NpUCYTCTBYET NOCTOPOHHUI UCTOYHUK HENTPOHOB (NOCTO-
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POHHWIA B TOM CMbIC/IE, YTO UCNYLIEHHbIE UM HEATPOHBI POXKAAIOTCA He B NpoLiecce norno-
LWEHWA U POXIEHUA HENTPOHOB MaTeEpUanaMn peakTopa), To U3 Hero B CUCTEMY B HEKOTO-
pble MOMEHTbI BPEMEHU NOCTynatoT (MMMUTPUPYIOT) HEMTPOHbI, B MOCNEAYIOWEM PaBHO-
NPaBHO y4YacTBYIOLME BO BCEX, ONMUCAHHbIX BbILIE, MPOLECCax rMbenn 1 poxaeHus.

Bce HeiTPOHbI 1 NpeALeCTBEHHUKM 3ana3fblBaloLWMX HENTPOHOB YYaCTBYIOT B 31EMEH-
TapHbIX NpoLeccax He3aBUCUMO Lpyr OT Apyra.

BpemeHa cylyecTBOBaHMA KaXAOro HEMTPOHA M KAXAOrO NPeAlecTBEHHNKA, @ TaKkKe
WHTepBasbl BpEMEHU MEXY NOABAEHUAMU B CUCTEME HEUTPOHOB UCTOYHUKA ABASAIOTCA CIy-
yalHbIMU. Kpome TOro, CiyyalHbIMU ABNAIOTCA YNCNO HENTPOHOB, BbILENAEMbIX B OLHOM
aKTe JeNeHuns, a TaKKe KaHanbl pa3BuTMA npoLecca.

BepOATHOCTb OCYLLIECTBNIEHNS B PeaKTOPe AABYX MeMeHTapHbIX NPOoLeccoB 3a Bpems t | 0 npe-
HeOPEXKMMO Mana No CPABHEHMIO C BEPOATHOCTbIO OCYLUECTBIEHWUS OJHOTO 3/IEMEHTAPHOTO NpO-
Liecca 3a 3710 Xe Bpems.

OBLIASI MATEMATUMECKASI MOAEJIb BETBSILLErOCsl NPOLIECCA
C HECKOJIbKUMU TUNAMM YACTULL U C UMMUIPALIUEN

XOTA y4yeT B MaTeMaTUYeCKON MOLENU HECKONbKUX rpynn (TUNOB) NpefLecTBEeHHUKOB
3ana3fblBaloLMUX HENTPOHOB NPUHLMNNANBHBIX TPYAHOCTEN HE NPEACTABAAET, OH flenaeT
Heo6XoMMble BbIKNaAKM HE0603pUMO rPpOMO3AKUMU. [INs BbIACHEHWS XapaKTepHbIX 0COo-
OeHHOCTE BAUAHMA 3ana3fbiBaloWyUX HENTPOHOB HA CIyYalHbIA NPOLECC POXKAEHUS W
rnéenn HeTPOHOB JOCTAaTOYHO YYMTHIBATL OfHY rpynny. [o3ToMy Ans AanbHeiwero aHa-
nn3a u3bepem crefyioLyo MaTeMATUYECKYI0 MOfIeNb BETBALLEroCs NPoLecca, Clefys pa-
6otam [11, 12].

HelTpoHaMm UCTOYHMKA NPUCBOUM TUN To, HEWTPOHAM, MPUCYTCTBYIOLLMM B PeaKTOpe U
YYaCTBYIOLWMM B 37IeMEHTApHbIX MpoLeccax, — Tun Ty, NpefWwecTBEHHUKAM 3ana3/biBalo-
WMX HENTPOHOB — TUM T,. 3aMETUM, YTO YaCTULbl TUNA Ty ABNAOTCA PUKTUBHBIMK [12], 1
BBEZEHbI TONbKO A1 YA0OCTBA NOCTPOEHNUS MaTeMaTUYeCKO Moaenu.

Ecnu B peakTope MMeeTCs COBOKYMHOCTb YaCTUL, COCTOALLAA U3 Olp YacTML, Tuna Ty, O
yactuy TMna Ty v o YacTuy, Tuna T, To ByAem cYnTaTh, YTO BETBALLMIACA MPOLECC Haxo-
[ITCA B COCTOAHNN O = (Olo, Oly, OL2). 3aAaAMM ero BepoaTHoCTAMK nepexopos Py()(t), pas-
HbIMW BEPOSTHOCTAM TOrO, YTO OAHA YacTMLA TMNa T; 32 BpeMs t NepexofuT B COBOKYM-
HOCTb YacTuL, o = (O, 0Ly, O12).

Beepgem MHOromepHble npoussopawme QyHKL MK

O(t,s)= ZPé”(t)s“
$"=5075"5,7 5= (Sgr51:5,)
W MHOTOMEpHbIe XapaKTepucTuyeckmne hyHKLUN

FO(t,2) ZP N(t)e’™

j = Il'_l: 7 = (ZU, Zl, 22), ejuz _e Jlogzg+izg 21+1’.!.222)

PaBeHCTBO e/ = s* onpepenseT B3aMMHOOAHO3HAYHOE NPeo6pa3oBaHne BEKTOPOB S 1 Z.

OyHkuyum TTO(t, 5) YA0GHO MCNONIb30BATL NPU U3YYEHNM AUCKPETHOTO CIY4anHOTO Npo-
uecca o(t), a pyHkumumn FO(t, z) — Npu NOCTPOEHNN €ro HEMPEPBLIBHOTO aHanora.
Ecmtd 0,70 _
PO(t) =8 + POt +olt),

1 i=k 1 a=g 1
e =(@,5.8): =1t =K. 5 . (1)
0 izk 0 a=ze
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B dopmyne (1) yuuTbIBaETCS, YTO BEPOATHOCTb OCYLIECTBAEHUS ABYX 3JEMEHTAPHBIX
npolieccos 3a Bpems t | 0 npeHe6Pe}MMO Mana no CPaBHEHNIO C BEPOATHOCTBLIO OCylile-
CTB/IEHWS OfIHOTO 3/IEMEHTAPHOTO Mpolecca.

Bennunnbl py() ectb MNOTHOCTM BEPOSTHOCTM NEpPexofia OHOM YacTuLbl Tuna T; B co-
BOKYMHOCTb O YaCTWL. ITU NNOTHOCTM B 06LEM Cly4ae MOryT 3aBUCETb OT BPEMEHH t, Ha-
npumep, Koraa Ko3hhULMeHT pa3MHOXKEHUS HETPOHOB K ABNAETCA NepPeMEHHbIM BO Bpe-
MeHMU.

B 3aaHuu NAOTHOCTEN BEPOATHOCTU o), TaKkux, 4TO

Z:Pff’ =0, )

M COCTOUT NOCTPOEHUE MaTeMaTMYyecKon Mogenu n3y4yaemoro npotuecca.

Mpouecc npeBpauweHna yactuy tuna To. Ecav npu £ = 0 ecTb ofHa Takaa yacTu-
1, TO C BEPOATHOCTbIO 1 — St OHa OCTAHeTCA XMUTb B CUCTEME B TeYeHne BpemeHn t | 0,
He MOpOoAMB YacTul, Tuna Ty U Ty, U C BEPOATHOCTbIO St OHa UCYE3HET, NOPOAUB OAHY
yacTuuy TMna To M OAHY YacTuuy Tuna Tp, BHE 3aBUCMMOCTU OT HANUYUA UK OTCYT-
CTBMA B CUCTEME APYTUX YACTUL. 38eCb S — MHTEHCUBHOCTb (MOLWHOCTb) NOCTOPOHHE-
ro UCTOYHMKA HENTPOHOB. [Mo3aTomy

-5 a,=1 a,=0, a,=0;

) _ = = —0-

e S a,=1.a =10, =0;
0 npuBCex oCTanbHbIX Oy, 0Ly, 0y,

3ameTuM, 4TO YacTuLpl TUNA To HE MOPOXKAAIOT HENOCPEACTBEHHO YaCTULbl TUNA T,.

Mpouecc npespaweHusa yactuy tuna T;. locKonbKy, N0 onpeaeneHunio YacTuy,
Tuna To, OHM He NOABNAKTCA B pe3ybTaTe Pa3MHOXEHMUSA, TO YaCTULbl TUNA T; HE POX-
[atoT yactuubl Tuna To. OHM MOrYT NPOCTO MCYe3aTb UK, UcYe3as, NOPOXAATb TONbKO
yactuubl TUNOB T1 unu Tp.

MycTb YacTULpl TMRa T; Mcye3aloT 3a BpeMsa t 1 0 ¢ BeposTHocTbio t/ L, rae L — cpep-
Hee BPEMSA XW3HW HENTPOHA B peakTope. [pu 3TOM C BEPOATHOCTbIO T OHWU MOPOXAAOT
HOBbIE YacTULbl TUNA Ty 1 TUNA T, C pacnpefeneHuem Yucna aTux yactuy q,, ., , Toraa

%[I—E(I_QQ,Q)JI 0"'(;1 =0' O“"1 =O’ 0:2 =O"’

_%[1_7“71,0]' % =0, o, =1, 0, =0;

T
pm _ Iqo,azf 0,=0,0,=0 0,21
o
T B _ o1
Iql,uzf (€ —O; oy —1, o, 2 1,
T _ > 2.
Iqﬂmﬂz' Ol —O, o, > 1, G, 2 2:

0 npuBCex ocTaNbHbIX COYETAHUAX O, Oy, COl,.
Ycnosue (2) BbINONHEHO, MOCKONbBKY
Z qu],uz =1 *
Ly 0y
3pech, Kak u B pabotax [13, 14], m=k /V, roe k — BBeAeHHblii Bbie KO3DdULMEHT

Pa3MHOXeHWUs HEMTPOHOB, V — CPeiHEe YMCNO BTOPUYHBIX HEATPOHOB, NOABAAIOWMXCS B
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pe3ynbTate OLHOr0 aKTa fefeHus.

Ecnn k usmeHsieTcs BO BpeMeHu, T0 T — dyHKLMSA BpeMeHu t. B 3Tom cnyyae nsyuae-
Mbl1 BETBALLMIACA NPOLLECC CTAHOBUTCA HEOAHOPOAHBIM NO BpeMeHU. [1nd npocToTsl M3n0-
)XEHWA Aanee Mosjaraercs, YTo T = const, a 3aTeM, No Mepe HEOOXOAMMOCTH, AeNatoTCs
006061(eHMA HAa HEOAHOPOAHbIN CyYail.

Mpouecc npeBpateHna YacTuy TMRa To. 3T YACTULLI MOTYT MCYE3HYTH 3a BpeMa t 4 0
C BEPOATHOCTbIO At, NOPOAMB YACTULy TUMA , UM OCTATbCA B CUCTEME C BEPOATHOCTHIO
1-At, rhe A nocTosHHAA pacnaja NpeALecTBEHHUKOB 3ana3fblBaloLux HEMTPOHOB, TOrAa
—A a,=0,0,=0a,=1;
p¥ =4 A a,=0,0,=1, a,=0;
0 npu noObIX APYruX COYETaHUAX O, O, O,.

BBenem B paccMoTpeHWe Npou3BoAALLNe U XapaKTEPUCTUYeCKMe DYHKLUM NIOTHOCTEI
BEPOATHOCTU Nepexoaa

?)(S) Zp(i)s (3)
F9(2) Z pPele. (4)

Moactasus B (3), (4) nonyyeHHble Bblilwe BoipaxeHus ana pq), numeem
(O)(s) = Sso(s1 = 1) = sag(s1),
M(s) = (1 -m)/L si/L + mQs(s1, 52)/L,
@)(s) = A(s1 - s2),
rae g(s1) = S(s1 — 1), Qs(s1, S2) npou3Boaswas GyHKLMA pacnpegeneHus oy
Mocne npocToit 3ameHbl s, =e’, s, =™, s, = e’ umeem
fO(z2)=Se* (e -1),
£O@)= -1 e +70,(2,2,)
fOz)=n(e" —e),
rae Q,(z1, ;) xapaKkTepucTMyeckas GyHKUMA pacnpepenequs g, ..

B cooTBeTCTBUM C TeOpUel BETBAWMXCA npoueccos [11,12] MOXHO 3anucaTth ABa TMNa
ypasHeHnit ans T10)(t, s):

din® o) (110 O [0} = 1@ g (1
P (H A0, 19)=n%g(n®)
dr®
dt i (e, ) = (5)
T
=—(1-m)—= )+_O H(l),H(Z) ,
i il )
dIl @ (17 [0 @ W _q@
s (@, @, m® ) = (M -11®)
¢ HayanbHeiMu yenosuamu T1V)(0, s) =s;, unu
—_ = 5 6
b 7%, (©)
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c kpaesbiMu ycnosuamu I10(0, s) =s;, TIO(¢, 1) = 1.

YpaBHeHus (5) unu (6) c COOTBETCTBYIOWMMM YCIOBUAMN AAIOT IKBUBANEHTHOE W NON-
HOe onucaHue BEPOSTHOCTHbIX XapaKTEPUCTUK M3Y4aeMOro BETBALLErocs npouecca.

Mpouecc pasmMHOKEHUA B PEAKTOPE MOMKET HayaTbCs C NOSABNEHUSA B HEM, N0 KpalHen
Mepe, 04HOro HeNTpoHa. [epBOHaYaNbHO OH MOXKET MOSBUTLCS OT MOCTOPOHHErO UCTOY-
HWKA HEUTPOHOB, KOTOPbLIM MOTYT ObITh, HAMPUMEP, CNOHTAHHbIE ieNeHns (BCerfa npouc-
xopswue B peakTope). Beenem B paccMotpenue P, (t) BEPOATHOCTb HANMYMA B PEaKTO-
pe i3 YacTuuy, TMna 71 U Ol YacTuL, TMna T, B MOMEHT BPEMEHMU t, eC/ii B MOMEHT BPEMEHN
t = 0 yacTuL, 3TUX TUMOB He BOblno.

Onpepenum Npoun3BOAALLYI0 PYHKLUIO

I1(t,s,,s,) = ZP%_% (t)sisg

M xapakTepucTuueckyio dbyHKumio pacnpeaenexus P, , (t)

Ft2,2) = S, Qe e,

P o (), o,=1;
P(fo)(t}: {Ou],u.z( ) aCl 1
r D -

fAcHo, uTO

Ho Torpa .
[ (t,s)=s,I1(t,s,,s,);

FOlt, z)=e"™F(t,z,,2,).

Haitnem u3 ypasHenus (6) ans T100)(t, s) ypasHenue ans I1(t, sy, S5):

oIl 1 oIl oIl
D‘d_t =g(s,)IT+ I[l—n -5+ nﬂs(sl,sz)]a—%+ Ms, —sz)a—ﬁ2 . (7)
Mockonbky
F(t, zl,zz)zl'l(t,e“"",e*"*) ,
T0
as; dz,
Otctopa u n3 ypaBHeHus (7) nmeem ypaBHeHue ans F(t, z, z,)
F s —1)F +4[1-(1-men —nenq, (zl,zz)]a—F+
ot L 0z, ®8)
oF

+jA[ 1@ | —.
0z,
YpaBHeHus (7) u (8) AONONHAIOTCA KPAeBbIMU YCNOBUAMM
P(O, S 52) =1, P(t, 1, 1) =1,
F(O, Z1, Zg) = 1, F(t, O, 0) =1.
YToObl BCEM MOMTyYEHHBIM YPAaBHEHWUAM NPUAATh OKOHYATENbHbIN ABHbIN BUJ, HAM0 Hali-
TV ABHbIA BUA DyHKUNI Qs (S1, S2) W Q; (24, S2)- MycTb r(v) pacnpepeneHune yncna Bcex Heu-
TPOHOB (B TOM YMCNe U 3ana3fblBAIOLMX), POXKAEHHBIX B PE3yNbTaTe OLHOMO aKTa AeNeHus.
MpeAnonoXMM, KaXAbIA U3 V HENTPOHOB C BEPOATHOCTbIO [3 OKAXeTCA 3ana3fbiBatolLuM, 1
C BEPOATHOCTbIO 1 — 3 MrHOBeHHbIM. Torfa Ans noayyeHus pacnpeaeneHns gy NpuMeHMa
cxema bepHynau [15] ¢ v =k + [ ucnblTaHMAMMU U [BYMS UCXOAAMM, NOITOMY

g, =r(k+0C;,1-B)B,  C, — uncno covetaHnit us n nor.
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OUV3MKA 1 TEXHKA PEAKTOPOB

CnepoBatenbHo,
N

Q,(s,,5,) =Y r(W[(1-B)s, +PBs,]" .

v=0
3pecb KOHeYHbIn BepxHuMii npepen N B cymme onpeaensieTca orpaHnYeHHOCTbO Ynucna
V CBEpXy, Hanpumep, cornacHo pabore [16], N = 5.
Takum o6pa3som, nonyyerHsie ans T10)(t, s) u F(t, z1, z,) ypaBHEHUs NPUHUMAKOT Cie-
LVIOLNIA ABHbLIN BUA:

(0)
dri ( )

=951 -1),
ddttl) N
I1 1 1 T v
——(1- __nU) had 1— n(ﬂ ]—[(2) )
=LA 2w a-pn® - | )
2
dn( ) — )“(H(l) _H(Z))
dt _
117(0,s)=s,,
P _s(em -1)F+

+ % {1 -(1- :rr)e‘f”l _e nVZ:; r(v)[(l - B)ele + Befzz ]V }% + (8)

1

+j7t[1—ej(z“z”:|g,
2

F(O, Z1, 22) = F(t, 0, 0) =1. (9)

Tak Kak ypaBHeHus (5”) unu (8’) nonHOCTbIO 33JalOT BCe BEPOATHOCTHbIE Xa-
PaKTEPUCTUKM W3y4aeMoro BETBALErocs NpoLecca, T0 OHU NPeACTaBAAT coboil
3KBUMBANEHTHbIE MeXAY coboit oblume Mofenn 3TOro NpoLecca ¢ HeCKONbKUMU TH-
namu yactuy u ummurpauuein. C nomowbto ypasHenuin (5) yaobHo pewatb 3apa-
4y 0 BEPOATHOCTW BbIPOXAEHWUA BETBALEroCA NpoLecca U BEPOATHOCTU BO3HUK-
HoBeHUs afepHoi aBapun. C nomowbto mogenu (8’), (9) yaobHo nccneposath Bon-
poc 06 onMCcaHMM AUCKPETHOTO YMCNa HENTPOHOB HEMpPEpPbIBHLIM AaHANOrOM U TOY-
HOCTW TaKOro onucaHus, B ToM ynucne no mopenu KoaHa [16], a Takxe nonyyuth
COOTHOLWEHNA ANA OLLEHKM MaclwTaboB nocnefCTBUI AfEePHOI aBapum.
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(Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. — 9 pages, 2 tables, 4
illustrations. — References, 9 titles.

The calculation studies on VVER-1000 fuel composition when multiple plutonium and
uranium recycling along with medium enriched uranium feeding (REMIX-fuel) were made.
The calculation results of natural uranium consumption, separation work, minor actinide
accumulation, and the dose rates of FAs with fresh fuel are given. A comparison between
VVER-1000 types reactors fuelled with different fuels (UO,, REMIX, MOX) on characteristics
indicated above was performed.

YK 621.039.54

Investigations on justification and development of concept of direct-steam NPP with water cooled
reactor at supercritical parameters with fast resonance spectrum \ Glebov A.P., Klushin A.V.; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of
Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. - 10 pages, 8 tables, 2 illustrations. -
References, 10 titles.

The features of experimental reactor WWER-SCD-30 cooled by water of supercritical
parameters (P = 25 MPa, t = 540 °C), with power of 30 MWt are considered. This reactor is
characterized by fast resonance neutron spectrum and two-pass coolant flow scheme. Physical
characteristics of WWER-SCD-30 calculated for three types of fuel are given. The first of them
is based on U0, with ~ 20 % enrichment. The two other fuel types are from depleted uranium
enriched by weapon or commercial plutonium. Application of small fuel assemblies without
sheath that consist of ~ 19 fuel pins in each is provided. Calculated data on fuel cycles with
these fuel types including values of K . and maximum power density distribution form factor
K - on fuel assembly and K, - throughout the reactor core volume in dependence of burnmg
up duration are presented The heat removal scheme of NPP with WWER-SCD-30 reactor is
discussed. The maximum temperature on the fuel pin cladding is not higher than 620 °C.

V1K 621.039.516

Stochastic theory for zero-power nuclear reactors. Part 1. Physical and mathematical models \ Volkov
Yu.V.; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Hier Scools. Nuclear Power Engineering) — Obninsk, 2013. - 8 pages. — References,
16 titles.

Stochastic theory built for zero-power nuclear reactors. The equations were obtained for
the multidimensional generating and characteristic functions describing the probabilistic
behavior in time branching process with several types of particles and migration. Branching
process is a mathematical model of in neutron multiplication assumed in a nuclear reactor
with an external neutron source.

YNK 621.039.55

Calculations in support of MIR research reactor conversion to low-enriched fuel \ Izhutov A.L., Maynskov
S.V., Pimenov V.V., Starkov V.A., Fedoseev V.E.; Editorial board of journal «Izvestia visshikh uchebnikh
zavedeniy. Yadernaya energetica» (Communications of Hier Scools. Nuclear Power Engineering) —
Obninsk, 2013. - 9 pages, 5 tables, 8 illustrations. — References, 6 titles.

The paper presents the results of the calculations in support of MIR reactor conversion to
low-enriched uranium fuel (LEU fuel). There were two LEU fuel types with 19.7% enrichment
studied based on uranium dioxide and U9%Mo alloy. The neutron-physical and thermal-
hydraulic calculations show that there is a slight decrease (4-6%) of fast neutron fluence on
the experimental fuel element claddings during the conversion as well as a significant decrease
of the annual consumption of FAs (30-33%) and ?**U (8-12%). However, the total uranium
consumption increases by approximately 4 times. The results also show that the conversion
to LEU fuel does not degrade the safe operation criteria (performance of the control and
safety rods, departure from nuclear boiling, heat exchange crisis, etc.). It is concluded that
the conversion of the MIR research reactor to LEU-fuel is feasible in principle with insignificant
changes of the reactor experimental capabilities.
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