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MeTo~ MoaTe-Kapno s peaxTopHOH tHs~xe 

B cepew,rne 40-x ro.noa 20-ro BeKa rrpo113omrr11 @a co6brT11J1, noTp}lcrrr11e MHp 11 OKa3am:rrne orpoMeoe 
a.JIIDlHHe Ha pa3B11Tl1e cierroaeqecrna: yc□e□rnoe 11cllbJTaHHe }l.nepHoH 60M6b1 B Jioc-AnaMoce 11 c03,na1rne 
rrepaoii :meKTpOHHOH BhJC{HCITHTeJibHOH MaillliHbr (3BM), norryqHBrrreii Ha3BaHHe ENIAC. 3T11 @a co6hITl1JI 
CKa.3aJil!Cb Ha pa3BHTl111 B M11pe qJyH,naMeHTallhHblX 11 np11KJia)lHhIX HCCJie,n:oBaHl1H, npHBe,n:nnrx K B03pmK,ne­
HHIO 06rracn1 MaTeMaTHKH, H3BeCTHOH paaee KaK CTaTHCTH"!eCKOe MO,L(eJI11pOBaHHe HJil1 "IHCJieHHoe pemeHHe 
MaTeManIqecKHX 3a,naq, B KOTOpbIX HCKOMbie BeJIH"IHHI,I npe,ncTaBAAIOT BepO}ITBOCTHhIMH xapaKTepHCTmcaMH 
KaKoro-JI1160 crryqaHHOro }IBJieHl1JI. B OCI-IOBe CTaTl1CTH"leCKOro MO,neJIHpOBaliHH JJe)I<HT MeTO,L( MOHTe-Kaprro. 

K nepBbIM ny61111KaQH}IM, 113 KOTOpbIX 11 rromno Ha3BaH11e "MeTO,L( MOHTe-Kapno", KaK npaBHJIO, OTHOCJIT 
crre.n:y10ru11e: Metropolis N., Ulam S. The Monte Carlo Method // Journal of the American Statistical Assotia­
tion. Vol. 44. N. 247. 1949, pp. 335- 341 ; Fermi E., Richtmyer R.D. Note on census-taking in Monte Carlo 
calculations // Los Alamos Scientific Laboratory report LAMS-805. July 11, 1946. 7 pp.; Ulam S., Richtmyer 
R.D., von Neuman J. Statistical Methods in Neutron Diffusion // Los Alamos Scientific Laboratory report 
LAMS-55 l. 1947. 7 pp. (6onee norrm,1ii CITHCOK CM. B pa6oTe Metropolis N. The beginning of the Monte 
Carlo method // Los Alamos Science. Special Issue, 1987, pp. I 25- 130). 

B OTeqecrneHHOH Ha)"=JHOH J111Tepazype nepBbie CTaTbl1 no MeTO.n:y MoHTe-Kaprro - :no CTaTbl1 B.C. 
BJia)lHMHpOBa / 0 npHMeHemrn MeTo,n:a MoHTe-Kaprro ,[(AA OThICKamUI HaHMeHbruero xapaKTep11CTH"!eCKOro 
'IHCJia 11 COOTBeTcTByiorue:ii co6cTBeHHOH cpyHKUHH JIHJ-IeHHOro HHTerparrbHOro ypaBI-leHlUI // TeopHJI BepOHT­
HOCTeH 11_ ee rrp11MeHel:lllil, 1956, T. 1, Bhm. 1, c. 113-130 11 B.C. BJiaJJ,HMnpoBa, H.M. Co6om1 / Paccie-r Ha11-
Mem,ruero xapaKTepHCTl1'leCKOrO crncna ypaBI·leHIDI Tiaiiepnca MeTOllOM MOHTe-Kaprro // BbPIBCJIHTeJibHM 
MaTeMaT11Ka, 1958, c6. 3, 113,n. AH CCCP, c. 130- 137. B nocne.n:y1ow.eM MeTO,n □orryq11rr ,narrhHeHil.lee pa3a11-
T11e KaK B Teopenr'leCKOM, TaK 11 npHKJiallHOM acneKTax. 

3a rrpome)Ulliie fO,[J;hl pa3pa6oTaH 11 o6oCHOBaH HOBhlH pa.3,nerr BhJtlHCJIHTeJihHOM MaTeManarn. - MeTOJ:( 
MoHTe-Kaprro - 11 C03)laHhI peaJI113y10ru11e 3TOT MeTO,L( rrporpaMMhl, KOTOpble 11CIIOJib3YIOT KOJIOCCafilHhill 
o6beM 11Hq)OpMaQHH O B3aHMO,lJ.eHCTBl1H pa3JCHC{H0f0 BH,n:a 113rry'IeHHH C aeruecTBOM. C pa3BHTHeM Bhl'Il1CJIH­
TeJibHOH TeXHHKH □porpaMMHhle cpencrna, peaJI113yroIUHe MoHTe-Kapno, HaxOMT ace 6onee m11p0Koe □p11-
MeHeHHe, B qacTHOCTH, rrp11 rrpoeKT11pOBaHHH, o60CHOBamrn 6e3oaaCHOCTJI 11 3KCIIJiyaTal.111H }l,lJ.epm,rx peaK­
TOpOB 11 .D.PYfHX 06beKTOB 11CITOJib30BaHIDI aTOMHOH 3Hepnrn. 

Oco6eHHO 3TO 3aMeTHO B □0CJie,lJ.Hl1e rD.D.bl □ocrre 110RBJ1eHl151 MHOro□poueccopRbIX 3BM. TiporpaMMbl, 
pearrmyIOru11e MeTO,n: MoHTe-Kaprro, OTHOCHTeJihHO npOCTO □OJJ.JJ.alOTCH ycTaHOBKe Ha TaKHe KOMilhlOTephl. 
3KcrrrryaTaUIDI 3THX nporpaMM Ha MHOrorrpoueccopm,rx 3BM C TbICRciaMH 11 ]leCJITKaMH TbICR"I Bbl'lHCJil1-
TeJibHhIX }1)1:ep II03BOAAeT paCC'lHThIBaTh, B qaCTHOCTH, pacrrpenerreHHH ql~lfOHaJIOB IIOTOKa HeHTpOHOB DO 
o6beMY aKTHBHOH 30HhI JI,nepHhrx peaKTopoB, BKJIIOtiaH 6om,rrrne 3HeprcrH"!ecKHe peaKTopbr THIIa BB3P-
1000 H PEMK-1000. 

IIporpaMMbl pacqern H,nepHbIX peaKTOpOB MeTO,lJ.OM MoHTe-Kaprro B HaCTOIDUee BpeMH C03)laIOTC}l 11 pa3-
BHBaJOTCH B HeCKOfilKHX 1UICT11ryTax aTOMHOH orpacJIH 11 HMU " Kyp'laTOBCKHH HHCTHryT" . 

Tio-B11.D.HMOMY, tta116orree arnpoKoe pac11pocrpaHett11e B Pocc11H rrOJiy'lHJI11 rrporpaMMb1 ceMe:iicrna MCU. 
l1HHU11aTopoM pa6oT no npoeKry MCU B 1982 r. BbICTYrIHJJ JI.B. Ma.ifopoa, O,D;HH H3 Be.n:yIUHX )"leHhrx Poc­
c011 a 06rracT11 MaTeMaT11qecKoro Mo,neITHpoaaHH}l □epeHoca 113rryqemrii 11 TeopHH }l)lepm,rx peaKTopoa, pa6o­
ThI KOTOporo IIOJIY'IHITH Me)K.n:yHapO)lHOe npmHaHHe. 

B nepBOH aepcIDI naKeTa rrpmrnaJJ.HhIX rrporpaMM MCU ampoKo 11cnoJib30BaJI11Ch MO.n:yJIB 113 naKeTa 
MMKFK., co3.D.aHHoro A.)J;. <l>paH1<-KaMeHeUKHM - KpynHeHI]Jl{M aBTOpHTeTOM B peme,um rrpaKTH"!ecKHX 
3anaci MeTO.D.OM MoHTe-Kapno. 

B pa3pa6oTKY KOHCTaHTHOro o6ecnecieHH}l rrporpaMM ceMei1:crna MCU pernaIOIIIHM BKJia.D. aeecrra JI.TI. 
A6arJIH, KOTOpaJI BhillO.JillllJia co6CTBeH1Th1e oueHKH rrapaMerpoB pa3perneHHblX pe30HaHCOB Bcex Ba)KHbJX B 
peaKTopm,rx pacqeTax H30TOIIOB. 

3Tl1 pa60Tbl npoBO,lJ.HJIHCh npH IIOCTO}IHHOM 11 rrp11cTaJTbHOM BHHMaHHH 5LB. illeaeneaa, 6bJBillero 8 70 11 
80-e ro,[J;hJ □poarnoro cTOrreTH}l HayqHbIM pyKoBO.D.HTeneM pa6oT B CCCP no TeMe "TeopHH 11 MeTO.UhJ pacCJe­
Ta }l)leptthJX peaKTopoa", pa3BHBaBrnHXc» npH □OJJ.JJ.ep)KI(e M11HHCTepcrna cpe)lHero Marum-1ocrpoen11J1 
CCCP. 

C03.D.aHHa» B <1>311 (r. 06em-rcK) c11cTeMa KOHCTaHT EHAE, B KOTopoi1 .D.ITH )"leTa pe30HaHCHOH CaM03K­
paHHpOBKH cecieuirn 11cnorrhJOBaJIHCb f-<PaKTOphl 11.TI. Eott)lapem<0 11 )lO□ycKarroch □pe)lJIO)KeHHoe M.H. 
HHKonaeBbIM no.nrpyrrnoaoe □pencrnBrreHHe ceqeRHM, BKyne c oueH1<aM11 JI.TI. A6arnH 1-1 pa3pa6oTaHHhIMH 
np11 HenocpencTBeHHOM yqacT1111 11 □OJl pyKoBO.D.CTBOM JI.B. Maiiopoaa nporpaMMaMH pacYeTa cetJeHlfH. pac-
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ceJIHIDI Me,UJieHHbIX HeihpoHOB c HCTIOJib30BaHHeM q>OHOHHblX cneKrpOB 113 cpaiinos ENDF IJ03BOJillill1 K ce­
pe,znrne 80-x ro.n:os c03,n:aTI, KOHCTaHTHOe 11 oporpaMMHoe 06ecneqeHJ1e Ha octtose MeTo,n:a MoHTe-Kapno, 
KOTopoe no TOtffiOCTH paC'leTOB HeHTpOHHO-q>HJHqecKHX xapaKTepHCTHK i:r.n:epHhlX peaKTOpOB HH B qeM He 
ycrynano JI)"IlllHM 3apy6e)KHhIM attanoraM. B 1-racTo~ee speMJ1 see 6onee 11rnp0Koe npoHMeHeHHe Haxo,n:11T 
pocc11iicKaJ1 6H6n110TeKa POC<I>OH.U oueHeHHbJX J1,n:epHb1x ,n:aHHbIX, pa3pa6ornHHaJ1 no.n: pyKoso,n:cTBOM M.H. 
HHKonaesa. 

B npe.n:naraeMOM BHHMaHlilO 'IHTaTeJUI BbIIJYCKe c6opHHKa, a TaIOKe s BbmyCKe, KOTOpbIH BbIH,n:eT scne.n: 
3a HHM, npe,n:CTaBJieHbI CTaThH, ,n:aIOLUHe npe,n:CTaBJieHHe O rrpo6rreMaX np11MeHeIDU1 MeTO,n:a MoHTe-Kapno B 
peaKTOpHbIX opHJIO)KeHIDIX H O Kpyre 3a,n:aq, pemaeMbIX MeTO./l:OM MOFITe-Kapno ,n:IlJI cosepmeHCTBOBaHHH 
cymecrnyIOII.{HX H rrpH pa3pa60TKe HOBhIX rrpoeKTOB JI:,n:epHhIX peaKTopos H .n:pyrHX o6oeKTOB lfC0OJib30BaHHH 
aTOMHOH :mepnrn. 

Y.il:K 621.039.51. .. 17 
CTaTyc MCU-5 

E.A. foMHH, HaYtffibIH pe,n:aKTop Bbrrryc1<a 

H.H. AneKceeB, C.H. '6on&mazun, E.A. FoMuu, C.C. FopoOK06, M.H. Fype6u'l, 
M.A. KMyzun, A.C. KynaK06, C.B. Mapun, A.ll. Ho60CeJlbl{e6,j(.C. OneunuK, 

A.B. llpllllUI/.HUK06, E.A. Cyxuno-XoMe1tKo,J(.A. ll1Kapo6cKuu, M.C. KJOKe6u'l, 
~ "KypqaToBcKHi-i IIBCTHTYT", 123182, MocKBa, nn. Kypt.J:aTOBa, 1 

IlOCT)'IlllJia B peL(aKI.(Jfl{) 24.02.2011 r. 

,UilJI: pacqe-roB JI:,n:epHbIX peaKTOpOB pa3HbIX THIIOB IIIHpOKO HCilOJib3YJOTCJI pa3pa6oTaHHbJe B paMKaX npo­
eICTa MCU rrporpaMMHb1e cpe.n:crna, pearrH3yioIIJHe MeTO,!( MoHTe-Kaprro ,n:nJ1 pemeHHJ1 ypasHemrn rrepeHoca 
pa3JTH'IHbIX a11.n:oa HJny<IeHHJI. OrrncaHa aepcIDI MCU-5, pa6orn Ha,n: KOTopoi1: JaaepmeHa; KpaTKO owcaHbI 
C03,!(aHHbie 6H6JIHOTeKH KOHCTaHT H oxapaKTepH30BaHbl B03MO)KH0CTH Mo.n:yneii naKeTa MCU-5 J1 co6paH­
HbIX H3 HJ1X pa6oqHX nporpaMM; npHBO,n:JITCJI rrpHMepbI rrpaKTH'leCKH Ba)KHI,JX 3a,n:aq q>H3HKH peaKTOpOB, .ll:IlJI: 

pemeHHJI: KOTOpbrx npHBrreKaJJHCh nporpaMMbI ceMeikrna MCU. 
KltJO'-te8bLe CJ1oea: ypasHem1e nepeHoca, MeTo,n: MoHTe-Kapno, oueHeHm1e a,nepH1>1e ,n:aHHb1e, rrpen:H3H­

OHH.bie pacq&fhr, J1,n:epm1e peaKTophr. 

The Status of the MCU-5. N.I. Alekseev, S.N. Bol'shagin, E.A. Gomin, S.S. Gorodkov, M.I. Gurevich, 
M.A. Kalugin, A.S. Kulakov, S. V. Marin, A.P. Novosel'tsev, D.S. O/eynik, A. V. Pryanichnikov, E.A. Sukhi­
no-Khomenko, D.A. Shkarovskiy, M.S. Yudkevich, NRC "Kurchatov Institute", 1, Kurchatov Sq., Moscow, 

123182. 
The software, developed within the framework of the MCU project and realizing the Monte Carlo method 

to solve the transport equations for various kinds of radiations, is widely used for benchmark calculations of 
nuclear reactors of different types. The final version of the MCU-5 is described. The created nuclear data li­
braries are briefly discussed. The opportunities of modules of the MCU-5 package and the working codes ob­
tained from them are characterized. The examples of practically important reactor physics tasks calculated by 
means of the codes from the MCU family are given. 

Key Words: Transport Equation, Monte Carlo Method, Evaluated Nuclear Data, Precise Calculations, Nu-
clear Reactors. 
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► 

Bee,1J;enue 

3a npome,llllllfe ro,n;1,1 MeTO,u MoHTe-Kap­

JIO nOJiyqHJI CBOe ,uam,HeHIIIee pa:mHTHe KaK B 

TeopeTHqecKOM, TaK H B npHKJia,nHOM acneK­

TaX. Co3,UaHbl pearrH3yIOil(He MeTO.U MOHTe­

Kaprro rrporpaMMbI, HCnOJib3yroll(He Korroc­

cam,HbIH o6'beM HaKonrreHHOH HH<pOpMal{HH 0 

B3aHMO,UeHCTBHH pa3.JIH'lllOro BH,Ua H3rryqe­

Hlfli C Bern;eCTBOM. C pa3BHTHeM Bbl'IHCJIH­

TeJibHOH TeXHHKH TaKHe nporpaMMHbie cpe.u­
CTBa Haxo,wrr IDHpoKoe npHMeHeHHe B o6rrac­

TH, CBH3aHHOH C rrpoeKTHpOBaHHeM, 3Kcnrrya­

TaQHeH, o6ocooBaHHeM H,uepHou H pa,uHaQH­

OHHOH 6e3onacHOCTII H,Uepmrx peaKTopoB H 

.upyrHX o6'beKTOB HCITOJib30BaHHJJ aTOMHOH 

3Hepnm. 
IlporpaMMbI, pearrH3yrom;He MeTO,u MoH­

Te-Kaprro, OTHOCHTeJibHO npOCTO a,uanTHpy­

IOTCH .l{JlH ycTaHOBKH Ha MHOronpoueccopHbie 

3BM, qT06b1 pacc1IBTb1BaTb, HanpHMep, pac­

npe,uerremrn <pyHKUHOHaJIOB nOTOKa HeHTPO­

HOB no o6'heMY aKTHBHOH 30H.bI H.uepHbIX pe­

aKTOpoB, BKJIIQqaH 60JibII1He 3HepreTJ,IqeCKHe 

peaKTOphl nma BB3P-1000 H PEMK-1000. 

K 1IBCJIY TaKHX rrporpaMMHbIX cpe,UCTB OT­

HOCHTCH KOMilb10TepHbrn CBO,U MCU-4 [I], 
npe,uHa3HaqeHHbill .l{JlH MO,UeJIHpOBaHHH nepe­

HOCa HeHTPOHOB, q>OTOHOB, 3JieKTPOHOB H no-
3HTPOHOB attarrorOBbIMH H BeCOBl,IMlf MeTo,ua­

MH MoHTe-Kaprro. B HameM noRHMamrn rro.u 

KOMIThIOTepHbIM CBO,UOM nOJl:Pa3YMeBaeTCH co­

BOK)'TIHOCTb naKeTOB npHKJia.l{Hl>IX nporpaMM, 

cnel{HaJIH3HpOBaHHbIX pa60qJ,IX nporpaMM, 

crry)Ke6HbIX nporpaMM, a TaK)Ke 6H6JIHoTeK 

KOHCTaHT H cneQHaJII,HbIX nporpaMM .l{JlH no­

rry-qemrn (reHepal{Hlf) 3THX 6H6JIHOTeK H3 

<paHJIOB Ol{eHeHHbIX H,UepHbIX ,uaHHbIX. 

B CTaTbe no,uBO,LI;liTCH KpaTI<HH HTOr pa6o­

Tbl no co3,uaHHIO cBo,ua MCU-5, KOTOpbrn pa3-

pa6aTbrnarrcH B nep110.u c 01.01.2004 r. no 

21.01.2011 r. KOJIJieKTHBOM aBTOpOB HaCTOH­

meu: CTaTbH. B cTaTue a66pesHazypa MCU 

npHMeIDieTCH B KatJeCTBe Ha3BaHHH naKeTa 

IlpHKJia,l{HbIX nporpaMM, KOMilbIOTepuoro CBO­

.ua H BbIIlOJIIDleMoro rrpoeKTa. K lJeMy OTHO­

CHTCH a66peBHazypa, s Ka)K.l{OM KOHKpeTHOM 

crryqae nOHCIDieTCH HJIH cne,uyeT H3 KOHTeK­

CTa. 

1. HCTopuH MCU 

Ilo HHHUHaTHBe n.B. Maiioposa H npH 

ao.u,uep)l(Ke 5LB. llleBeJieBa B 1982 r. B HHc­

THTYTe (TOr,ua OT,ueJieHHH) H.n;epHbIX peaKTo­

poB KypqaTOBCKoro HHCTHTYTa HalJaJJHCb pa-

60Tbl B paMKax npoeKma MCU. O6rn;He TPY­

,uo3aTPaThI DO npoeKTY BilJIOTb .uo 3aBepme­
HIDI MCU-5 cocTaBJIH10T ~ 350 qenoBeKo-JieT. 

IlepBoHaqam,Ho ueJlb pa6oT no npoeKT)' 

MCU <pOPMYJIHPOBarracb crre.uyroil(lfM o6pa-
30M: KaK MO)KHO 6orree TOqJIOe KOMilbIOTepHoe 

MO)];eJIHpOBaHHe <pH3H'leCKHX npouecCOB ne­

peHOCa pa3JIH'IHoro BH,ua H3rrytJeHHH, oeo6xo­

.D;HMOe B nepByro oqepe,Ub .l{JlH IlOBhlllleHIDI 

TO4HOCTH H Ha.D;e)KHOCTH ouemrn H.D;epHOH H 

pa_n;Hal{HOHHOH 6e3onaCHOCTH o6'beKTOB rrpH­

MeHeHHR aTOMHOH 3HeprHH. ,aocTIDKeHlfe 

3TOH uerrH npe.nnorrararro BbIITOJIHeHHe pa6oT 

no crre.uyrom;HM HanpaBJieHHHM: 

• pa3pa6oTKa H ycosepmeHCTBOBaHHe arrro­

pHTMOB MeTo,ua MoHTe-Kap110; 

• pa3pa6oTKa naKema npu,ozadHblX npo2-
paM.M MCU C MO.D;yJibHOH CTPYKTYPOH; 

• npoae,ueHHe Ol{eHOK H.n;epHbIX _n;aHHbIX, 

C03,UaHHe 6aHKa R,UepHbIX ,uaHHbIX; 

• co3,uaHHe pa6otJHX nporpaMM Ha fia3e MO­

.uy rreii IIaKeTa, IIO3BOJIH10Il(HX pacC'IHTbI­

BaTb pearrbHbie CHCTeMbI co CJIO)KHOH reo­

MeTPHeH H HcnoJlb3yroIUHX R,uepHble ,uaH­

Hbie 6e3 KaKHX-JIH6o ynpomeHHH (JIH6o c 

MHIDIMaJibHbIMlf yrrpom;eHHRMlf); 

• BepH<pHKal{HH nporpaMM H H,uepHbIX .n;aH­
HbIX no pe3yJlbTaTaM Ol{eHeHHbIX 3KCile­

pHMeHTOB. 

K KOHuy 1985 r. 3aBepmeHbI pa60Tbl no 

co3,uanHIO aepcHH naKeTa MCU-1.1 .UJIH 3BM 

E3CM-6 [2], qTQ n03BOJIHJIO C .UOCTaTO'IHO 

BhlCOKOH TO4HOCTbJO pemaTb IIIHJ)OKHJf Kpyr 

3a,uaq Ha KpHTWIHOCTb. ,r:i:JIH orrncamrn reo­

MeTPHH B MCU-1 IIpHMeIDIJICH Ha6op cneuHa­

JIH3HpoBaHHbIX reoMeTPH'IeCKHX Mo.nyrreii, 

MHOrHe H3 KOTOpbrx: fa1JIH pa3pa6oTaHbI 

cf>paHI<-KaMeHel{KHM A.,r:i:. [3]. B 1987 r. na­

KeT 6brn ycTaHOBJieH Ha 3BM THna EC, VAX, 
Convex H Cyber (aepcHH MCU-1.2 [4]), a B 

1988 r. Ha IIepcoHaJibHbie KOMilb10TepbI 

(MCU-1.3 [5]). 
B TeqeHlfe 1989-91 rr. pa3pa6orntta BTO­

paH Bepcm1 rraKeTa [6], HaIIHCaH HOBbIH q>H3H-
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qeciurn Mo;zym., MO,[(eJIBp)'IO~ B3aHMO,[(eH­

CTBHe HeHTJ)OHa C H,n:paMH C yqeTOM Henpe­

pl>IBHOro H3MeHeHIDI ero :meprHH BO BCeM ,[(H­

anaJOHe, H cOJ,n:aH ymmepcam.m:m reoMe-rpH­

qeciurn Mo;zym., peamt:3)'IOIUHH MeTO,[( KOM6H­

HaTOpHOH reoMe-rpHH. 

K 1994 r. 3aKOHqff.JmCl> pa6oTl>I Ha,n: 3-ii 

sepcHeH naKeTa [7], .D,IDI KOTOpOH pa3pa6oTa­

HbI HOBMe -rpaHcnopTHI,IH H pernc-rpal{HOH­
mrn MOJ:zyilll. lfa MO.n:yJieH naKeTa MCU-3 ITO 

rpaHTy PoccIDicKoro <poH,n:a qiytt.n:aMeHTam.­

HbIX HCcJie,n:oBamrn co6paHa rrporpaMMa MCU 

-RFFI [8], rrepe,n:aHHa.si: so MHorne poccKHcKHe 

Hayqm,1e opraml3a.I{HH H BY3M. B HeKOTOpl>IX 

H3 IDIX ee Mo,n:epHH3HpoBaHm1e aepcHH 3KC­

TIJIYaTHp)'IOTC.si: .n:o CHX nap. 
B 2004 r. 3aaeprneHb1 pa6oTM no cOJ,n:a­

HHIO cao.n.a MCU-4 [1]. Pa6oqffe rrporpaMMhI, 

co6paHHI,Ie H3 MOJzyJieH naKeTa MCU-4, no-

3BOJI.sJIOT npOBO,n:HTh MO,[(eJIHpOBaHHe aHaJIO­

rOBl>IMH H BeCOBI,IMJI MeTO,[(aMH MoHTe-KapJIO 

nepeHOCa HeHTJ)OHOB, q>OTOHOB, 3JieKTpOHOB H 

Il03HTJ)0H0B B pa3MHO)KalOUJ,HX HeHTJ)OHl>I CH­

CTeMax C yqeroM H3MeHeHJUI H30TOIIHOro co­

CTaBa MaTepHaJI0B K0HCTJ)YKl..{H0HHl>IX 3Jie­

MeHT0B peaKTopa. ,l];IDI Mo,n:eJIHpoaamrn 3JieKT­

poHHo-<poTOHHhIX KacKa,n:oa B MCU-4 HC­

nom.3yeTcH nporpaMMa EGS-4 [9, 10], a ,[(Jijl 

pacqern pa,n:Hal{H0HHl,IX xapaKTepHCTHK o6ny­

qemrnro H,n:epHoro T0nJIHBa - rrporpaMMa 

ORIGEN-S HJ cHcTeMhI SCALE [11]. 
CJie;zyroUJ,He rrporpaMMhI, co6paHH1>1e H3 

MOJzyJieH naKera MCU-4, arrecTOBallbl Poc­

TeXHa,n:3opoM H B HaCTo.si:mee BpeM.sI HaXOMT­

CH B npOMhIIIIJieHHOH 3KCITJIYaT!U{HH'. 

• MCV-RFFVA c 6116JIH0TeKOH K0HCTaHT 

DLC/MCUDAT-1.0 ,[(Jijl o6ocHoaamrn 

.sI,D.epHOH 6e3orraCHOCTH o6beKTOB HCIIOJil,-

30BaHIDl aTOMHOH 3HeprHH, cpoK ,n:eiicTBIDI 

rracrropTa - ,n:o 17.10.2016 r.; 

• MCU-REA/1.0 c 6H6JIHOTeKoH K0HCTaHT 

DLC/MCUDAT-2.2 .D.JUI pacqern HeHT­
poHHO-Q>HJHqecKHX xapaKTepHCTHK .sJqeeK, 

no.JIIDiqeeK H <pparMeHTOB aKTHBHhIX 30H 

B0,[(0-BOMHl>IX 3HepreTHqecKHX peaKTOpOB 

nma BB3P, cpoK ,n:eiicTBIDI rracrroprn - ,n:o 

03.03.2015 r.; 

• MCU-REA/1.1 c 6H6mtoTeKoii K0HCTaHT 

DLC/MCUDAT-2.2 ,[(Jijl pacqern HeHT­

poHHO-q>H3HqecKHX xapaKTepHCTHK <ppar-
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MeHTOB aKTHBHhIX 30H H ITOJIHOMacmTa6-

HhIX aKTHBHbIX 30H ypaH-rpaq>HTOBl>IX pe­

aKTOp0B THrra PEMK, cpoK .n.eiicTBHH nac­

noprn - .n:o 23.05.2017 r.; 

• MCU-REA/2 c 6H6JIHoTeKOH KOHCTaHT 

DLC/MCUDAT-2.2 ,[(Jijl pacqfua ITJIOTHO­

CTH ITOTOKa HeHTJ)OHOB C 3HeprHeH BhI.IDe 

0,5 M3B B MaTepHane Kopnycoa peaKTo­

poa THIIa BB3P-440 H BB3P-1000 rrpH 

3a)J.aHHOM HCTO'IHRKe .n:eneHIDI B aKTHBHOH 

30He, cpoK .n.eikTBIDI nacnoprn - ,n:o 

19.09.2016 r. 

B HaCTOm.u:ee BpeMH s paMKax pa60T ITO 

npoeKTY MCU, KpOMe naKe:ra MCU-5, C03.lJ.aHhI 

CJie.n:yroIUHe IlaKeThl ITpHKJia,n:HI,JX rrporpaMM. 

1.1. IlaKem npuKllaOHblX 

npo2paMJvt B URNUP 5 
IlaKeT rrpe,n:HaJHaqeH ,[(Jijl pacqfua H3Me­

HeHIDI ttyKJIH,[(HOro COCTaBa MaTepHaJIOB peaK­

TOpa a npouecce ero pa6oTl>I H oueHKH pa,n:Ha­

l{HOHHhIX xapaKTepHCTHK o6nyqeHHoro H,n:ep­

Horo T0IImrna [12]. PeJym.TaTOM pa60TI,l OJJ.­

HOfO H3 MOJzyJieH naKeTa HBJI.sJIOTC.SI ,n:aHHl>Ie 0 

3aBHCHMOCTH OT BpeMeHH pa60TI,J peaKTOpa 

KOHUeH-rpauKH Haqam.Hh!X H o6pa3yIOUJ,HXC.SI 
a .SI,n:epHhIX peaKl..{HHX CTa6Hm.HhIX H pa,D.H0aK­

THBHhIX H30TOTIOB. PacqeT ae,n:eTC.SI BpeMeH­

HhIMH maraMH, qT061,1 yqHThIBaTh H3MeHeHHe 

ceqeHHH H30TOIIOB H pacnpe,n:eJieHHH IIOTOKa 

HeHTJ)OHOB. 

IlpH pemeHHH ypaaHeHHH KHHeTHKH H30-

TOIIHoro COCTaBa rrpHMeHeH HTepal{HOHHhlli Me­

TOJJ., pa,n:HKam.Ho coKpam.aroIUKH Heo6xo,n:HMoe 

qffCJio apeMeHHhix rnaroa. ,z::t;pyme Mo;zy.rm .n.a­

IOT HHq>OpMaQHIO, He06XOAHM)'IO JJ.JI.SI 01.{eHKH 

pa.rmalUIOHHhIX xapaKTepHCTHK o6nyqeHHoro 

.sI,D.epHoro T0IIJIHBa H KOHCTJ)YKl..{H0HHhIX MaTe­

pHaJI0B: pa.rmoaKTHBH0CTH H 0CTaToworo 3Hep­

fOBLLUCJICHIDl, CITCKTpa Q)OTOHOB H .[ij). 

I .2. IlaKem npuKllaOHblX 

npo2paMM IIEPCT5 
IlaKeT [13 ... 21] rrpe,n:HaJHaqeH .D.IDI peme­

HJUI ypaBHeHIDI nepeHoca HeHTJ)OHOB B rpyn­

IT0B0M npH6JIH)KeHHH MeTOJJ.0M o6o6rueHHbIX 

aepo.SITHOCTeii nepBl>IX CTOJIKROBeHHH B 2D H 

3D reoMe-rpHH. BKJIIOqaeT B ce6.SI uecKOJihKO 

Mo;zyJieH naKera MCU-5. B HaCTO.SIIUee apeM.sI 

H3 MOJzyJieii I1EPCT5 co6paHh1 TPH pa601rne 
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rrporpaMMbI: MCU-FCP ,n;JU1 pacqern xqeeK H 
noJilfJiqeeK PBMK; TBC-KMH ,n;JUI pacqern 
gqeeK H Terr110B1>1,n;eJU110I.UHX c6opoK (TBC) 
BB3P; GETERAl O )];JUI HCCJie,n;oBaTeJibCKHX 
uerreit Pa601IHe nporpaMMbI 0T.Jilf<laJOTCH Bep­
cIDIMli M0,n;yJUI pacqern BepOHTHOCTeH rrepBbIX 
CTOJII<HOBeHJIB H qJHJHqeCKOrO M0,n;yJUI, HC­
II0Jib3yeM0ro )];JUI II0,D;r0T0BKH rpyrrrr0BhlX 
K0HCTaHT. 

1.3. IlaKem npwozadHblX 
npo2paMM MCU-Office 

IlaKeT [22 ... 24] ocymecrnJU1eT BH3YaJIH-
3aumo BX0,n;HhlX H BbIX0,D;HbIX ,n;aHHhlX )];JUI ce­
Me:UCTB nporpaMM, co6paHHbIX H3 Mo,n;yrreii 
naKeT0B MCU H IIEPCT. OcHOBHaH q>yHKUIDI 
3T0r0 naKeTa - KOHTPOJib Il0Jib30BaTeJieM npa­
BHJibHOCTH 3a,n;aHIDI reoMeTPHH paCC1lHTbIBae­
MOH CHCTeMl>I C Il0M0lllblO IIOCTPOeHIDI ee 
,n;ByMepm,IX ceqeHHii np0H3BOJibHO opHeHTH­
poBaHHOH IlJIOCK0CTbJO. 

,[{JIH Ka)KJ:(OH TO'IJ.(I{ pHCyttKa MO)KHO IIOJIY­
'IllTb HHq>OpMaa;HJO O ee KOOp,n;HHaTaX B TPeX­
MepHOM npOCTPaHCTBe Mo,n;eJIH H crrel.(Hq>Hqe­
CKHX ,n;JUI rrporpaMMbl aT1m6yrnx COOTBeTCT­
BYIOllleH TO~H, MaTepHaJibHOM COCTaBe reo­
MeTPHqecKHX o6JiacTeH H ,n;p. IlMeeTCH B03MO­
)KH0CTb H3MepHTb paCCTOHHIDl Me)K)zy TO~a­
MH Ha pHCYHKe. O6ecneqeHa B03MO)KHOCTb 
pe,n;aKTHp0BaHIDl HCXO,D;HbIX ,n;aHHbIX H npoc­
MOTpa q>aHJia ,n;HarHOCTHKH BBO,n;a reoMeTPHH-

Ilo~eHHbie c noMOlllbIO MCU-Office 
H306pa)KeHHH MO)KHO coxpaHHTb B BH,n;e rpa­
q>ffqeCKHX q>aHJIOB .UJUI nocJie,n;yJOmero pe,n;aK­
THpOBaHHH, neqaTH HJIH BKJIJOqeHIDI B .UOKy­
MeHTal.(HJO. IlOMHMO ceqeHHH IlJIOCKOCTHMH 
MO)KHO reHepHpOBaTb ,n;aHHhle B q>opMaTe Ta­
KHX rrporpaMM KaK 3D Studio Max, Voxler H 
Amira )];JUI rroJI~eHIDI TPeXMepttoro H3o6pa­
)KeHIDJ paCC'IllTbIBaeMOH CHCTeMbI. 

KpoMe cpe,n;crn BH3YaJIH3aum1 reoMeTPHH 

MO,D;eJIH B IlaKeTe eCTb cpe,UCTBO )];JUI npOCMOT­
pa HCilOJib3yeMbIX B pacqeTe HCT0qmfl(0B qac­
THU, KOTOp1>1e MOryT HMeTb CJIO)KHOe pacnpe­

,n;erreHHe B TPeXMepHOM npOCTPaHCTBe. B03-
MO)KHa aID™-aUIDI B rrporpaMMe 3D Studio 
Max TPaeKTopHii Mo,n;eJIHpyeMhIX B npouecce 
pacqfaa qacnm. 

1.4. JlaKem npwozadHblX npocpa.MM PAJ(AP 
IlaKeT rrpe,n;ttaJHaqeH )];JUI pacqeTa HeHT­

poHHo-cpml{qeCKHX xapaKTepHCTHK BO,D;O-B0-
,n;HHblX peaKTopoB C reKCarOHaJibHOH perneT­
KOH TB3JIOB H TBC B MHororpyrrnoBoM npH-
6JIH)KeHHH ,n;JUI 2D H 3D Mo,n;erreii peaKT0pOB. 
,[(Hcpq>y3HOHHOe ypaBHeHHe pemaeTCjf MeTO­
.UOM KOHeqffl,JX pa3HOCTeH. Mo,n;eJIHpyeTCjf H3-
MeHeHHe H30TOIIHOro COCTaBa MaTepmUlOB, 
BXO,n;HI.UHX B COCTaB 3JieMeHTOB KOHCTP)'KUHH 
peaKTopa. 

2. CB0,11; MCU-5 

OcttoBH1>1e OTJiffqFfj{ cBo,n;a MCU-5 OT 
MCU-4 3aKJIJOqaJOTc,i: B cJie,n;yJOmeM: 

• ocymecrn11eH rrepexo.u c ,i:JhlKa Fortran 77 
Ha 6011ee coBpeMeHHbIH Fortran 90/95/2003; 

• rrpHMeH_jfeTCH ,n;HHaMHqecKoe pacnpe,n;e11e­
HHe rraMHTH; 
• pa6011He npOrpaMMbI I103BOJUl10T npoBO­
,n;HTb He TOJibKO TPa.QHUHOHHbie ITOCJie,n;oBa­
TeJibHI,Ie B~CJieHJUI, HO H napaJIJieJibHbie C 
HCilOJib30BaHHeM MH0rorrpoueccopHbIX KOM­
IlbJOTepoB; 
• pa3pa6oTaHO HeCKOJibK0 H0BbIX MO,n;yJieH H 
IlO,D;MO,D;yJieii; 
• rrpHMeH_jfeTCH ,n;BOHHaH TOqttOCTb pem-

CTPaa;HH. 
CocTaBHhle qacTH cBo,n;a MCU-5 rrepeqHc­

rrem,1 B Ta6JI. 1, a KOMIIOHeHTbI OIIHCbIBaIOTCH 
B crre,n;yJOI.UHX pa3,uerrax. 

Ta 6 JJ HQ a 1. CocTaB CB0JJ.a MCU-5 
oaHKH IlaKeTbl npm<JJa,uHbIX CneumU1H3HpOBaHHb1e Cny)Ke6Hh1e IlporpaMMbI 

)].aHHbJX rrnoroaMM oa6oqHennorpaMMhl rrooroaMMI>I reHeoaulffl 6H6JIHoTeK 
MCUDBS0 MCU-5 MCU-PD MCUREP DOLIPAR 

MCUDBS0RF BURNUPS MCU-KNV DOTEMBR 
IIEPCTS MCU-TR DOKORT 
PA,[(AP MCU-KS RAPAN 

MCU-Office MCU-PTR TERMAC 
MCU-FREE CTEHh 
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2.1. EaHKU daHHblX, 6u6JluomeKu KOHcmaHm u 

npo2paM.Mbl dll.fl ux 2eHepa'LJUU 

IlporpaMMbI ceMeHCTBa MCU pernaIOT 
ypaBHemrn nepeHoca HeHTpOHOB, q:>OTOHOB, 
.3JieKTp0H0B H Il03HTJ)0H0B C T0tJH0CTbIO, or­
pamrqeHHOH rrpaKTHqecKH T0JThK0 T0tJH0CTbIO 
HCTI0JTh3yeMbIX jl)J,epHbIX )J,aHHblX. ,n:onycKa­
IOTCH HenpepbIBHoe, noToqetIHoe, no)J.rpynno­
soe Hilll CT)'IleH1IaToe (KyCOtJHO-TIOCTOHHHOe H 

rpynnosoe) rrpe)J.CTaBJieHIDI ceqemtii MepHbIX 
peaKI{HH. 

IlpH C03)J,aHHH 6aHKOB ,n;aHHbIX HCil0JTh30-
BaHbI pa3JIJflillbie <f:>ai,im,1 oueHeHHbIX HeHT­

p0HHbIX ,n;aHHhlX, 6H6JIHOTeKH H)J.epHbIX ,n;aH­
HbIX, a TaIOKe co6CTBeHllJ,Ie oueHKH Ha 0CH0Be 
6aHKOB )J,aHHhlX CINDA (fo16JIHorpa<f:>JfqecKHe 
.n;aHHl>Ie) [25] H EXFOR (pe3yJThTaTbI H3Mepe­
HHH) [26]. HeoueHHMbrn BKJia)J. B <f:>opMHposa­
HHe K0HCTaHTHoro o6ecnet.JeHIDl MCU BHecrra 
JI.II. A6anrn. 

OCHOBHbIMH HCT0'IHHKaMH )J,JIH C03,n;amrn 
6aHI<OB )J,aHHl,IX }IBJUIIOTCH: 

• poccmicKHe 6Ji6JIHOTeKH: POC<l>OH,n: 
[27], BRAE-78, 90 H 93 [28, 29], LIP AR 
[30], EO<l>C (6H6JIHOTeKa o6o6m;eHHbIX 
q:>OHOHHbIX cneKTP0B 3aMe)J,JIHTeJieH) [31]' 
BROND-2 H 3 [32]; 

• )J,0CTYflHl>Ie HH0CTJ)aHHble fot:6JIHOTeKH: 
ENDF/B [33], JENDL [34], JEF [35], 
IRDF [36], RRDF-98 [37], VITAMIN/C 
[38], VITAMIN/B-6 [39], EPDL97 [40, 
41], EADL [42, 43], EEDL [44]. 
.n:Jljl norryqemrn 6H6JIHOTeK K0HCTaHT, co­

CTaBJUIIOIIJ;HX 6aHKH )J,aHHbIX, npHMeHHIOTCH 
nporpaMMbI reHepau;IDI, nepeq}fCJieHHbie B 
Ta6JI. 2. 

T a 6 JJ u u; a 2. IlporpaMMbl reHepau.HH 6H6Jillo­
TeK, sxo.z:vrmHx B 6aHKH tJ:aHHbIX cso)J.a MCU-5 

Eu6JrnoreKa IlporpaMMa 
VESTA CTEHb 
TEPCON TERMAC 
LIPAR DOLIPAR 
KORT DOKORT 
BNAB/MCU NJOY r441, DOTEMBR 
ACE NJOY 
DOSIM NJOY 
PHOTONT AMPX-77 r451 
PHOTONS AMPX-77 
NEUTRONK NJOY 
PHOTONK AMPX-77 
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OcHOBHbIM 6aHKOM ,n;aHHbIX naKeTa MCU-
5 }IBJijJeTCH 6aHK MCUDB50, BKJIIOqaIOIIJ;HH 
6u6mrnTeKH, nepeq}ICJieHlil>Ie B rn6n. 4.1. B 
.3T0M 6aHKe co.n:ep)l(aTCH ,n;aHHl>Ie )J,Jljl 375 H30-
T0il0B. KpoMe Toro B paMKax pa6oT Ha,n; naKe­
T0M MCU-5 pa3pa6oTaH H BKJIIOl.feH B cso,n; 
MCU 6aHK ,n:aHHl>IX MCUDB50RF, ocuoBaH­
m,rn Ha K0HCTaIITaX fot:6JIHOTeKH POC<l>OH,n: 
H CO)J,ep:>Kam;HH HeHTpOHHO-q:>H3HqeCKHe KOHC­

TaHTbI )J,JIH 460 Jf30T0il0B. B HaCT0j{IIJ;ee BpeMjl 
npoB0J{HTCH BCeCT0p0HHIDI BepHq:>m<al.(IDI 6H6-
illl0TeK .3T0f0 6aHKa. 

IlpH q:>OpMHpOBaHHH Ha 6a3e naKeTa 
MCU-5 KaKoii-JIH6o pa6oqeif rrporpaMMbI ee 
6auK ,n:aHHJ:,IX <f:>opMHpyeTCjl Ha 0CH0Be 6aHKOB 
naKeTa H norryqaeT co6cTBemme HMH . 

2.2. Modyllu 

HaqJfHaH c nepBbIX sepcHH, B nporpaMMe 
MCU Hcnom,3yeTcx TepMHH "Mo)J.ym,". llo.n: 
ImM noHHMaeTcH CTJ)YKTYPHaH e,llHHlIIla a BH­
,n;e C0B0KYflH0CTH nporpaMM, npe,n;Ha3HaqeH­
HbIX ,n;JIH Bbill0JIHeHIDI onpe)J,eJieHH0H 3a)J,aqJf. 
HarrpHMep, q:>H3HqeCKHH MO)J.yJib paCCqJfTbIBa­

eT ceqemUI B To~e, reoMeTpHqecKHii - onpe­
,n;eJijleT np0CTpaHCTBeHHbie K00p)J,HHaThl Jf 
,n;pyrne xapaKTepHCTHKH qacmIJ;I,I. 

OcHOBHOH oco6eHHocTbIO M0)J.yJijl HBJUi­
eTcx He <f:>opMaJibHOe ero YCTJ)OHCTBO, a BbI­
Il0JIHeHHe KpynHOH, )J,0CTaT0'IH0 o6oco6JieH­
HOH 3a)J,aqff. KpoMe rnro, M0)J.yJib norryqaeT 
,n;aHHbie H3 ,n;pyn1x rrporpaMM HJIH MO)J.yJieH 

TOJThKO qepe3 rrporpaMMbl-HHTep<f:>eiic1,1, a He 

qepe3 napaMeTJ)bI HJIH o6IIJ;He CTJ)YKTYPbl ,n;aH­
HbIX. KoHKpeTHax CTJ)YKTYpa ,n:aHHbIX o,n;Horo 
M0)J.yJUi He Ba)l(Ha )J,JIH .n:pyrnx MO)J.yJieH. 

IlaKeT MCU HBJUieTcx coBoKyITHocTbIO 
OT)J,eJibHbIX He3aBHCHMbIX MO)J.yJielf. Bee Me)l(­

MO)J.yJibHble CBH3H ocymecTBJUIIOTCH qepe3 

CTp0fO pernaMeHTHp0BaHIIhle HHTepq:>eHCbl, 
orrpe.neneHHble apx1neKTYpoii naKeTa. Mo­
)J.yJTh MO)l(eT COCTOHTb H3 HeCKOJibKHX rrpor­

paMMHbIX e;:nnrn:a, (no.n;MO)J.yrreii). IlaKeT 
MCU-5 cocT0HT H3 crre.nyiom;Hx MO)J.yJie:u. 

1. YnpaBJ1J110U4uu MoOyllb opraHH3yeT co­
BMeCTH)'lO pa6ory BCex MO)J.yJieH. 

2. Tpa11cnopm11b1u MOOYllb ocymeCTBJUieT 
opraHH3aIJ,HIO MO)J,eJIHpOBaIDUI OT)J,eJibHbIX 

TpaeKTOpHH qaCTHIJ,; BKJIIOqaeT B ce6x Il0J{M0-
)J.yJib EAHKMP, KOTop1,rn opraHH3YeT se,neHHe 
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0qepe,neu qacnu1., no,nne)l(ail{llx Mo,neJIHposa­
rouo ( nepBH'IHhie H BTOpHqfilJe HeHTPOHnI, 
q>OTOHbl H ,np.). 

3. <l>U3Ul/.eCKUU MOOYJlb Bnipa6aTbIBaeT 
ceqeHIDI H ,npynte xapaKTepHCTHKH B3aHMO­

,neHCTBIDI qacTHu co cpe,non. 
4. MooyJ1b ucmol/.HUKOB Mo,neJIHpyeT q>a-

3oa1,1e KOop,nHHaThl qacnu,J. HCTOCJHHKa, B TOM 
tJBcrre H ,nJU1 HaqarrnHoro naKeTa HeHTPOHOB 
rrpH pemeHHH O,nHOpO,nHOH 3a,na'Ill. 

5. FeoMempu'leCKuii MOOyllb onpe,neJUleT 
MeCTOHaxo)l(,lleHHe qacnnu,1, OTCJie)KHBaeT ee 
nepeMeineHHe B rrpOCTPaHCTBe H BhlqHcJUleT 
ace Heo6xo)lHMble q>yttKUHH, apryMeHTaMH 
KOTOpbIX crry)l(aT rrpOCTPaHCTBeHHble KOOp,nH­
HaThl. 

6. Pezucmpa1.4uounbtu MoOyJlb HaKanJIH­
saeT CTaTHCTHKY co6hITHH H Ha ee OCHOBe Bbl­
'IllCJUleT CTaTHCTHtJeCKHe oueHKH <l>YHKUHOHa­
JIOB q>H3HqecKHX xapaKTepHCTHK paccMaTPH­
aaeMOH CHCTeMbl. 

7. Modyllb o6opyOoBauwi co,nep)l(HT cep­
BHCHbie rro.nnporpaMMhI H cpyma.um: ,naT'IllK 
nces,noc.rryqaihn,rx qHcen; nporpaMMbI OTKphI­
TIDI q>aHJIOB, Heo6xO,nHMI,IX ,llJUI pa60ThI, H Ha-
3HaqeHIDI HX rrorHtJecKHX HOMepoB; nporpaM­
MnI ,naT'IllKa BpeMeHH H ,naThI; nporpaMMnl 
BBO,na!BbIBO,na; rrporpaMMbI 6ecq>opMaTHOro 
BBO,na. Ilo,nnporpaMMbl H q>yHKUIDI ,llOCT)'IlHbl 
.llJUI rrpHMeHeHIDI mo6bTh1: ,npyrHM Mo.nyrreM H 
MOryT 3aBHCeTh OT THila KOMill,IOTepa H ycrn­

HOBJieIDIOH orrepaUHOHHOH cHcTeMn1. 

2.3. llpo2paMMHble eouHUl,Jbl MCU-5 
IlpozpaMMHoii eouuu1.4eii Ha30BeM HMe10-

nzy10 CaMOCTOfil'eJibHOe 3HaqeHHe MHHHMaJib­

HYIO nporpaMMffYIO KOMTIOHeHT)'' KOTOprui: MO­

)l(eT HCilOJII,3OBaThCH B IlpHKJia,nHI,IX rrporpaM­

Max cso.na, ,npyrnx nporpaMMax JIH6o aBTO­
HOMHO, JIH60 B crry)l(e6HbIX nporpaMMax H 
rrporpaMMax reHepauHH 6H6ITHoTeK. Ilorrm,rii 
Ha6op rrporpaMMHhIX e.nmrnn. naKeTa MCU-5 
npHBe,neH B Ta6JI. 4.2. B03M0)1(}10CTH peaJIH-
3OBaHHbIX B HHX anropHTMOB KpaTKO OTIHCbl­

BaIOTCH B 3TOM pa3,nerre, a 6orree □o.npo6Ho - B 
pa6ornx [46 ... 60]. 

PemeHHe 3a,naq O KpUT}lq}IOCTH npoBO­
,llHTCH MeTO,llOM IlOKOJieHHH, qHCJIO KOTOpbIX 
3a,naeTCH TTOJII,3OBaTerreM. HaqaITI,HI,Ie q>a30-

Bble Koop,nHHaThI tteHTPOHOB HaqarrnHoro no-

KOJieHIDI 3a,naIOTCH IlOJib3OBaTerreM B HCXO,ll­

HbIX ,naHHbIX ,nJU1 MO,llyJUI HCTOtJHHKOB. 

C noMOI.IJ.bIO cpe,ncTB KOMfornaTOpHOH re­
OMeTPHH MO)l(}IO 3a,naBaTh HCTOtJHHKH, HMeIO­

III.He CJIO)l(HOe npOCTPaHCTBeHHOe pacnpe.ne­
rreHHe no o6neMY paccMaTPHBaeMoH cHcTeMhI, 
HarrpHMep, noTB3JlbHOe pacrrpe,nerreHHe Heifr­
poHOB ,neJieIDUI B aKTHBHOH 30He peaKTOpa TH­
na BB3P-1000 c yqeToM aKcHaJinHo:n 3aBHcu­
MOCTH. ,[(JUI 3HepreTHtJeCKOH, yrnoBOH H Bpe­

MeHHOH rrepeMeHHhIX npe,nycMOTPeH IID1po­
KHH Bbl6op CTatt,napTHbIX O,nHOMepHbIX pac­
npe.neneHHH. HMeeTcH B03MO)l(}IOCTh 3a,naBaTb 
HCTOqJfJ{J(H, ,nJUI KOTOpbIX 3HepreTHtJeCKOe H 

yrnoBoe pacnpe,nerreHIDI KopperrHpyroT Me)l(,lly 
co6oit. 

IlpH pemeHHH 3a,naq C BhITOpaHHeM MO)l(­
HO cyinecTBeHHO ycKOpHTb BbRHCJieHIDI, HC­
II0Jlb3YH MeTO,ll cyMMapHoro H30TOila. MeTo,n 
OCHOBaH Ha TOM, qTO IlOJib30BaTeJib MO)l(eT 3a­
MeHHTb MaJI03Haqall{lle H30TOIIbI (HarrpHMep, 
cpe,nH IlpO.nyKTOB ,nerreIDUI) O,nHHM CYMMap­
HbIM H30TOnOM C HyJieBbIM ceqeHHeM pacceR­
HHR, ceqeHHKMH norrroineHHR H reHepauHH 
HeHTPOHOB, paBHhIMH CYMMe MaKpocKmrnqec­
KHX ceqeHHH oT,neJibHhIX H30TonoB. CIIHCOK 
3THX H30TOnOB 3a,naeTCH IlOJib30BaTeJieM. 

PeaJIH30BaHI:,I TPa;::{HII.HOHHhie BecoBbie 
MeTO,nbl MO,neJIHpOBaHHJI: BeCOBOe OKHO, pac­
ineIIJieHHe, pyccKaH pyrreTKa. IloMHMO 3THX 
MeTO,llOB pa3pa6oTaH H peaJIH30BaH anropHTM 
AJ11IT'P. Ou ,naeT B03MO)l(}IOCTh c rroMOIIJ.hIO 
orrpe,neJU1eMbIX noBepXHOCTeH-JIHH3 cpoKyCH­
poBaTb qacTHl.{I,I B HHTepecyIOIII.HX nOJib30Ba­
TeJUI o6rraCTID{ IIpOCTPaHCTBa, qTo cyinecTBeH­
HO yMeHhIIIaeT CTaTHCTHtJeCKyIO norpeIIIHOCTb 
pacqeTa npH Mo,neJIHposaHHH Toro )Ke 'IHCna 
qaCTHIJ. B cnyqae Heo6xO,nHMOCTH OQeHHTb 
q>YffKUHOHaJibl noTOKa B MaJibIX no o6neMY 
o6nacTID{. 

IlpH MO,neJJ.HpOBaHHH CTOJIKHOBeHHH HeH­
TPOHOB C R.npaMH B pa3HbIX 3HepreTHqecKHX 
o6rraCTID{ MO)l(}IO KOM6HHHpOBaTh rrepetJHC­
rreHHbie B Ta6n. 4.1 fo16JIHOTeKH KOHCTaHT, 
rrpHMeHRH COOTBeTCTByIOIII.He IlO,nMO,llyJIH q>H-
3HqecKoro MO,llyJUI. TaK, B 6nICTPOH 3HepreTH­
qecKoit: o6nacTH MO)l(}IO HCIJOJib30BaTb JIH6o 
KOHCTaRTbl 6H6JIHOTeKH ACE c yqeTOM scex 
3aKOHOB B3aHMo,neHCTBIDI, HMeIOil{IIXCH B 
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q>aiirrax ouetteHHhIX HeihpORHbIX ,n:aHl-lbIX, JIH-

60 fo16JIH0TeKH BNAB/MCU. 

B o6rraCTH Hepa3pememn,IX pe30HaHCOB 

ceqeIDIJI Bhl'IHCllillOTCH B no.n:rpyrrnoBOM npH-

6JIIDI<eHHH. 3To )Ke npH6JIH)KeHHe MO)KHO 

npHMeIDITI, H B o6rraCTH pa3pemeHHbIX pe30-

HaHCOB, a MO)KHO HCTIOJTh3OBaTb TIOToqe11Hoe 

npe)J.CTaBJieHHe 3HepreTaqecKOH 3aBHCHMOCTH 

ceqemm c JIHHeiiHo-JIHHeiiHoii HHTepnoJISll.lH­

eii HJIH HenpepbIBHYIO 3aBHCHMOCTb ceqeHHH, 

BbJqHCJISISI HX ):{JISI HY)KHOH 3Hepnm Heihpoaa 

no pe3OHaHCHbIM rrapaMerpaM H3 6H6JIHOTeKH 

LIPAR. 
B o6rraCTH TepMaJIH3al.lHH MO)KHO npHMe­

IDITb MHororpynn0B0e rpaacnopTHOe npH6JIH­

)KeHHe HJIH npoBO,UHTb MO,UeJIHpOBaHHe C yqe­

TOM HenpepbIBHOro H3MeReHHH 3ReprHH ReHT­

poHa. B rrocrre,n:HeM crryciae npH paccemmH Ha 

rrenrnx wax y11HThrnaeTCji KoppemI~ Me)K­

.n:y H3MeHeHHeM 3Hepnrn HeHTJ)OHa H HarrpaB­

rreHHeM ero ;:i:BH)KeHM. HcnoJTh3YJOTCH ,uaH­

Hbie, norrycieHHbie H3 3aKOHOB paccemM ):{JISI 

3aMe)])IHTerreii. 

B o6oHX crryq~ npH Heo6xo,n:HMOCTH 

YqffTbIBaIOTCjl KorepeHTHble 3q>q>eKTbl. .D:JUI 
6orree TIDKeJThIX &,n:ep po3brrpblill pacce~ 

ocym;ecTBJUieTcH no Mo,ueJIH H,n:eam,Horo ra3a. 

B crryqae, ecJIH 3aKom1 H cecieHIDJ pacceHHHSI 

.UJUI rpe6yeMOH TeMneparypbI 3aMe,llJIHTeJUI 

0TcyTcTBy10T B 6H6JIHoTeKax TEPCON H 

VEST A, OHH paccllHTbIBaIOTCH Ha mare no.u­

roTOBKH ,n:aHl-lbIX ):{JISI npoBe,ueHHjl paccieTa. 

.D:JUI MO,UeJIHpOBaHIDI B3aHMo,n:eHCTBM 

q>OTOHOB c BemecTBOM MO)KeT 6bITb npHMeHe­

HO KaK rpynnoBoe, TaK H rr0Tocie11Hoe rrpe.u­

CTaBrreHHe ce11eHHH. Mo,ueJIHpYJOTCjl crre.n:y10-

Il.lHe npoueccbl: KorepeHTHoe H HeKorepeHT­

Hoe paccemM, q>OT03q>q>eKT H o6pa3oBaHHe 

3JieKTJ)OH-ITO3HTJ)OHHbIX nap C BO3MO)KHOCTblO 

rettepal..\HH BTOpH'-IHhlX q>OTOHOB, 3JieKTpOHOB 

H IIO3HTJ)OHOB. .D:JUI MO,UeJIHpOBaHHSI J)O)K,Ue­

HIDI q>OTOHOB B pe3yJibTaTe HeHrpOHHbIX peaK-

1.lHH HCnOJib3YJOTCR rpyrrnOBble KOHCTaHThl 

HJIH IIOToqe11HO npe,uCTaBJieHHbie ,UaHHbie B 

q>opMaTe ACE. 

Pa3pa60TaH IIO,UMO):{yJib po)K)J.eHM q>OTO­

HeHTI)OHOB. Ce11eHHH H crreKrpbI norryqaroTcH 

H3 aHaJIHTHqecKHX 3aBHCHMOCTeH ):{JISI ;:i:Byx 

Ba)I(HbIX B peaKTOJ)HbIX npHJIO)KeHIIRX H3OTO-
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IIOB - .ueiiTepAA H 6epH.II.IIIDI, HMeIOil.lHX HH3-

K.He noporn peaKl.lIDI. 

B 3JieKTpOHHO-TI03HTI)OHHOM IIO;:i:MO.Uyrre 

MO,UeJIHpYJOTCH crre.llYJOil.lHe npouecCbI B3aH­

MO,UeHCTBHH 3JieKTpOHOB H II03HTJ)OHOB C Be­

mecTBOM: ynpyroe B3aHMOii;eHCTBHe C Kyrro­

HOBCKHM rrorreM H.Uep cpe):{bI, Heyrrpyroe pac­

ceRHHe Ha CBH3aHRbIX aTOMHhlX 3JieKTpOHax C 

HORH3aIOfeH H B036y)K)J.eHHeM aTOM0B, Heyrr­

pyroe B3aHMO,UeHCTBHe C KYJIOROBCKHM rrorreM 

H,Uep H aTOMHbIX 3JieKTpOHOB C HcnycKaHHeM 

T0J)M03Horo H3JiyqeHHR, aHHHrHJlHl.lHR II03HT­

poHOB Ha 3JieKTpOHaX. 

Bo3MO)KH0 M0.UeJIHpoBaHHe no cxeMe HH­

.D:HBH.uyam,mrx HJIH YKJ)yntteHHbIX. CTOJIKHOBe­

HHH. Hcnom,3ycrcH 6H6JIHOTeKa H,uepHbIX 

,uaHHhIX B IIOT01Ie11HOM npe,ucTaBJieHHH 3Hep­

reTH11eCKOH 3aBHCHMOCTH ce11eHHH npH co11e­

TaHHH attaJIHTHqecKoro H 6u6JIH0Te11Horo 

orrncaHHH ce11eHHii B3aHMo.ueiicTBM . 

IlporpaMMbI MCU II03BOllillOT paccMaT­

pHBaTb reOMeTJ)H11eCKH 011eHb CJIO)KHble CHC­

TeMbl, COCTORil.lHe H3 o6'beMHbIX 3JieMeHTOB 

npaKTH11eCKH npOH3BOJThHOH q>OpMbI, 11TO .uoc­

THraeTCH npHMeHeHHeM B reoMerpu11eCKOM 

Mo.n:yrre C01IeTaHID1 MeTO,UOB KOMfornaTOpHOH 

reoMeTJ)HH H MeTo,n:a BbipOBHeHHbIX ce11eHHH. 

C noMOil.lbIO MeTo,ua BbIJ)OBHeHHbIX cecieHHH 

MO)KHO MO,n:eJIHpOBaTb Terra, orpaHl{qeRHbie 

IIOBepXHOCTHMH BbIIIJe BTOporo nopH,n:Ka. 

.D:JUI OIIHCaHHSI CHCTeM C ITOBTOJ)HIOil.lliMH­

CH 3JieMeHTaMH HMeeTCH B03MO)KHOCTb 3a,n:a­

BaTb rpeXMepHI,Ie ceTH H pemeTKH, KOTOpbie 

3aMeTHO ynpoma10T npouecc 3a,n:aHM Hcxo.u­

HbIX ,UaRHbIX. IlpH 3TOM arrropHTM MO,UeJIHpo­

BaHHSI ccreii cym;ecTBeHHo coKpamaeT aeo6-

XO,n:HMyIO onepaTHBH)'lO naMRTb 3a cqeT HC­

IIOJib30BaHHH JIOKaJibHOli CHCTeMbI KOOpJUillaT 

B Hllem<ax CeTH. 

CneI.JJiaJibfilIH arrropHTM reoMeTpwrncKo­

ro MO):{yJUI II03BOJUieT paCCtfil:TbIBaTb CHCTeMbI 

C .UBOHHOH reTeporeRROCTblO (RanpHMep, TB3-

JlbI, co.uep)Kall.lHe MHKJ)OTB3JlbI). Ilpe.n:norrara­

eTCH, qTo pa3Mepbl 3epeH .UOCTaT011HO MaJThI H 

OHH pacnoJIO)KeHbI C IIJIOTHOCTbIO, o6ecneq}f­

BaIOil.leH OTCYTCTBHe nepeceqeRHSI 3epea. 

YTe11Ka H3 paccMaTpHBaeMOH CHCTeMbI 

MO)KeT 3a,UaBaTbCR BeKTOJ)OM 6aKJIHHra, KOTO­

pbIH yqHTbmaeTCH npH MO,UeJIHJ)OBaHHH KOMTI­

JieKCHbIM BeCOM. 



Mo.rzyJlh perncTJ)aUIDI ITO3BOJUHIT paccqH­

TI,1l3aTh pa3JIH'Illbie q>ym<UHOHaJihI nOTOKa 

geHTpOHOB: 3q>q>eKTHBHhIB K03q>(pHl{HeHT pa3-

MJ{O)l{eHIDI; 3<p<peKTHBHYIO ,[{OJIIO 3ana3,[{hJBalO­

IIOfX HeHTJ)OHOB; CKOpOCTH peaKl{HH .[{JUI. npo­

H3BOJihHl,IX 3HepreTWieCKHX HHTepBarroB; Ma­

norpyrrnoBhie KOHCTaHThl .srqeeK H TBC, B TOM 

q}fCJie K03q>q>Hl{HeHT .n;H<p<py3HH. BKJia,[{hI B 

ouemrn <pyttKl{HOHaJIOB BbJqJ,fCJUflOTC.sI Ha BCex 

TpaeKTOpIDIX CJaCTHl{ no TOqKaM CTOJIKHOBe­

mrii, nornom:eHHii, no ,n:JIHHe npo6era. ,[(JUI 

<pOTOHOB H 3JieKTPOHOB npe.rzycMOTJ)eHbI 

ouemrn TIOTOKOB, CKOpOCTeH peaJ(l{Hll, norno­

m:eHHoro MaTep»arroM 3ap,i:,n:a H 3HeprHH. 

Mern.n: MoHTe-Kapno KaK MeTo,n: CTaTHC­

THqecKHX HCilhITaHHH npe,n:HaJHaqeH ,[{JUI II0-

rryqemrn qJJCJieHHhIX oueH0K MaTeMaTJfqeCK0-

ro Q)l{H,[{aHIDI q>yttKl..{HOHaJIOB n0T0Ka HJrryqe­

HHH H HX ,n:oBepHTeJihHhIX HHTepBarr0B. Ba)K­

HhIM ycJI0BHeM .sIBJI.sieTCJI C0CT0.sITeJlhHOCTh H 

HecMem:eHHocn oueHoK. B cocTaBe MCU 

HMelOTC.sl nporpaMMHhie cpe,n:CTBa, n03B0JUflO­

m;He o6ocHoBaTb C0CTOHTeJihHOCTh H HecMe­

m:eHHOCTh oueHOK, a TaK)Ke npaBHJihH0 pac­

CqJ,fTbIBaTh ,n:oBepHTeJihHbie HHTepBaJlhl. 

Ilo.n;BOM HT0r BhimecKaJaHHOMY, nepe­

qlfCJIHM OCHOBHbie B03M0)l{HOCTH H oco6eHHO­

CTH nporpaMM MCU. 

1. Mo.rzyJihHM CTJJYKTYPa rrporpaMM. 

2. IIpH MO,n:eJIHpOBamrn HCTOPIDI HeHTJ)OHOB: 

• ,n:onycKaIOTCH ttenpephmHoe, noToqeqttoe, 

no.n:rpynnoBoe H rpynnoBoe (Kycorm:o-nocTo­

IDIHoe) npe,n:cTaBrreHHH ceqeHHH B3aHMo,n:eit­

CTBllil ueHTJ)OHOB C .s1,n:paMH; 

• npoH3BO,n:HTC.sI uenpepbIBHOe CJie)KeHHe 3a 

3Heprneit HeHTJ)OHOB; 

• B cneKTJ)e ,n:eneHH.sI YqlfTbIBalOTCJI KaK 

MrHOBeHHbie, TaK H 3anaJ,[{I,IBa10m:He HeHTJ)O­

HhI; 

• Heynpyroe paccesnrne Mo,n:em1pyeTc.s1 c 

HCn0Jih30BamteM 3aK0HOB, rrpe,n:cTaBJieHHbIX B 

<paiinax ouetteHHhIX .s1,n:epm,rx ,n:aHHhrx, HJIH no 

6onee np0CThIM npH6JIH)KeHHhIM M0,[{eJIHM; 

• ,n:onycKaeTC.sI yqer reMIIeparypuoii 3aBH­

CHMOCTH ceCJeHHH B o6naCTH uepa3pemeHHhIX 

pe30HaHCOB B no,n:rpynnoB0M npH6JIH)KeHHH; 

• ,n:orrnepOBCKOe yurnpeHHe pe30HaHCHOH 
KpHBOH B o6JiaCTH pa3pemeHHhIX pe30HaHCOB 

paccqHTbIBaeTC.sI no aHaJIHTWieCKHM Bhlpa)Ke-

HH.sIM (ttenpepbIBHhle 3aBHCHMOCTH ceqeHHH 

OT 3HeprHH); 

• yqHTbIBaIOTC.sI XHMHCJecKHe CBJl3H, TeTIJIO­

B0e ,[{BH)KeHHe .s1,n:ep H KorepeHTHhie 3<p<peKThl 

B o6rraCTH TepMaJIH3aUHH C □pHMeHeHHeM 3a­

KOHOB pacce.sIHHH, paccqHTbIBaeMblX .[{JUI. He­

o6XO,n:HMOH TeMIIeparyphI. 

3. IIpH npocJie)KHBamrn HCT0pHH q>OTOHOB, 

reHepHpyeMhrx npH .n:erreHHH .s1,n:ep, tteyrrpy­

roM pacce.sIHHH H pa,n:HaUHOHROM 3aXBaTe HeH­

TJ)0HOB, B3aHMo.n;eHCTBHe co cpe.n:011 OIIHCbIBa­

eTCH B MH0rorpyrrnOBOM npH6JIH)KeHJrn HJIH c 

HCTIOJih30BaHHeM noToqeqeoro npe.n:craBne­

HIDI ceqemrn B3aHMo,n:eHCTBmI; MO.[{eJIHpyeTC.sI 

po)K,[{eHHe q>OTOHeHTJ)OHOB npH B3aHMO,n:eHCT­

BHH c .n:eiirepHeM H 6epRJIJIHeM. 

4. 11MeeTCJI B03MO)KJIOCTh MO,n:enHpoBaHllil 

3JieKTJ)OHHO-(pOTOHHhIX KaCKa,[{OB. 

5. feoMerpHCJeCKHe B03MO)KJIOCTH nporpaMMbI 

o6ecneqHBaIOTC.sI COBMeCTHhIM npHMeHeHHeM 

MeTO,[{0B KOM6mrnropHOH reoMeTJ)HH H Bhl­

pOBHeHHhIX ceqemrn, ,n:onoJIHeHHhIX cne®­

aJihHhIM arrropHTMOM MO,[{eJIHPOBaHIDI CHCTeM 

c .n;BOHHOH reTeporeHH0CThIO. 

6. Cym:ecrnyeT B03MO)KH0CTh paCCqJfTbJBaTb 

KpHTW-IeCKHe CHCTeMbI C yTe'IKOH HeHTJ)OHOB, 

3a,n:aHHOH BeKTopOM reOMeTJ)JllleCK0ro napa­

MeTJ)a (6a1unrnra). 

7. IIpoH3BO,n:HTCH oueHKa Bcex Ba)I(HblX <pyttK­

UROHaJIOB rroroKa H3JIY'leHRH. OueHHBaIOTCH 

Bee MaJIOrpynIIOBhie KOHCTaHThI ,[{JI.sl HH)Ke­

HepHbIX nporpaMM pacqe-ra .s1,n:epHbIX peaKTO­

pOB, BKJIIO'lM K03(pq>HUHeHThJ .n;H<pq>y3HH. 

8. Cym:ecrnyeT B03M0)KH0CTh npoBepKH coc­

TOJl:Tem.HOCTI1 H HeCMeIUeHHOCTH oueH0K Bcex 

<pymantOHaJIOB; BhIII0JIHHeTC.sl ,[{0CTOBepHM 

oueHKa CHCTeMaTHCJeCKHX H CTaTHCTHCJeCKHX 

norpeIIIllocTeii c yqe-roM KoppeJIHURH Me)KJJY 

IlOKOJieHHHMH. 

9. PeaJJH30BaHhI KaK aHarrOrOBbie, TaK H Beco­

Bbie MeTo,n:1,1 MottTe-Kaprro. 

10. 11.Meerc,i: yHHBepCaJihHhIH MOJJYID, HCTO'l­

IDIKOB. 

11. Ilpe.rzycMOTJ)eHa B03MO)KHOCTh pemettmI 

3a,n:aq C H3MeHeHHeM H30TOIIHOro COCTaBa Ma­

TepHaJIOB B npouecce KaMnaHHH .s1,n:epHhrx pe­

aKropoB. 

12. Cym:ecrnyeT B03MO)KHOCTh npoBe,n:ettmI 

oueHKH OCTaT0'lHOro 3HeprOBhI,[{eJieHIDI H pa-
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T a 6 JJ n u, a 3. Ha:rnaqeHHe H n aB006rra,naTem1 

MCU-PD BB3P OAO "TB3JI" 
MCU-KNV PEMK KM, Hlliill3T, BHIIBA3C 
MCU-TR OKEM 

IIporpaMMa npe~a:rnaqeHa T0JlbK0 )VU! yqe6m,JX H Hay<mo-noHCK0BbIX uerreii B PoccHH pac­
oc aID!eTCH Ha 6e3B03Me3L(HOH 0CH0Be. 

,[{Hal.{H0HHI,IX xapaKTepHCTHK 06.rryqeHHoro 

H)lepHoro T0IIJIBBa. 

13. O6ecrre11eHa B03M0)KH0CTh aBT0MaTHqec­

K0ro H3MeHeHIDI mo6:&rx rrapaMeTp0B no 0K0H­

qaHJrn 011epeaHoro BpeMeHH6ro mara B pacqe­

Te BbIT0paHIDI. 

14. MMeeTCH B03M0)K}I0CTh aBT0MaTH11eCK0ro 

H3MeHeHJUI HCXOJ.lHblX )laHHbIX J.l]UI pacqera 
HeCK0JlbKHX COCTOHHHH CHCTeMbI. 

15. O6ecneqeHa B03M0)KH0CTh BbIB0)la 3a)la'lli 

Ha 3a)laHHoe 3HaqeHHe 3<p<peKTHBHoro K03<p­

<pHI.{HeHTa pa3MH 0)I(eHJUI HeHrpOHOB. 

2.4. CnetfUaJlU3upoea,mbte 
pa6011ue npo2pGMMbl 

MMerorrmec}I B HacTom:a;ee BpeMH cne1.urn­

JIH3Hp0BaHHble pa6011He nporpaMMhl ocyme­

CTBJUIIOT pacqfu HeH.TpOHHO-qJH3H11eCK.HX xa­

paKTepHCTHK H H3MeHemie H30T0IIH0ro C0CTa­

Ba MaTepHaJI0B HJ.lepmrx peaKTopos c rrpHMe­

HeHHeM pa3.JIH1lHbIX 6H6JIHOTeK K0HCTaHT, a.rr­
ropHTM0B H rrpH6JIH)I(eHHH, peaITH30BaHHbIX B 

M0J.lYmIX rraKera MCU. .ll:JU1 pa3m,IX 3aKa31ffl­

KOB H pa3JIHl{HblX IlpHJIO)I(eHHH H3 MOJ.lYJieH 

naKeToB MCU-5 H BURNUP5 co6paHbI H ua­

XOMTCH B OIIbITHO-IlpOMbIIlIJleHHOH 3KCnnya­

TaJJ;HH nporpaMMbI, nepeqncrreHHbie B ra6rr. 3. 

IlporpaMMbI MCU-PD H MCU-TR s Ha­

cTom:a;ee apeMH npoxoMT npoa.e,eypy arrecTa­

UHH B PoCTeXHa)l3ope. OTJIH11aIOTCH nporpaM-

MT,I Ha6opoM nporpaMMHbIX e,nmrn:Il, K0T0pbie 

BX0MT B HX C0CTaB, H o6rraCTbIO npHMeHeHH}I. 

B Ta6rr. 4 IlepeqJICJieHbl cpyHKIJ.HOHaJibHble 

B03M0)KH0CTH 3THX nporpaMM. Eorree II0JIH0 

cpyHKUHOHaJibHbie B03M0)I(H0CTH rrporpaMM, 

HX xapaKTepHCTifKH H C0CTaB 0IIHCaHhl s Ta6rr. 

4.3. 

3. 06JiaCTH npHMCHCHHH 

OIIHcaHHb1e B:&nne pa6oq}le rrporpaMMbI 

ceMeiicrna MCU HMeIOT caoH crreUHcpw::i:ecKHe 

oco6eHHOCTH H o6rraCTH rrpHMeHeHHH. B co­

B0eyrrH0CTH 0HH pemaIOT crreayIOil.lHH Kpyr 

rrpo6rreM: 

• ou;emrn KpHTH11H0CTH H H)lepHOH 6e3onac­

H0CTH o6neKTOB HCil0Jlb30BaHH}I aTOMHOH 

3HeprHH; 

• pacqeT pacnpeaerreHH}I 3Heproa:&I)leJieHH}I 

no 061,eMY aKTHBfilIX 3ott; 

• pa,lUlaJJ;HOHHOe 3Hepr0BbI)lenemte B 3Jie­

MeHTax KOHCTpYKJJ;HH; 

• M0)leJIHp0BaHHe KaMTiaHHH H)lepHbIX peaK­

T0p0B pa3JIH11H0ro THIIa; 

• ou;eHKa 3cpcpeKTOB, K0T0pbie He M0ryT 

6:&ITb Bhll{}ICJieHhl C Heo6XOJ.lHMOH T011H0CTblO 

Il0 HH)I(ettepHDIM rrporpaMMaM (3cpcpeKThI 3a-

3op0B, 3aBHCHM0CTb K03<p<pHI..{HeHTOB J.lH<p<py-

3lffl OT IIJI0TH0CTH 3aMe)lJIHTeJUI, ,[lBORHa}I re­

TeporeHH0CTb H T.J.l.); 

T 6 a J1 H I.I, a 4. <l>VHI<UHOHaJibHbie B03M0)KH0CTH nporpaMM 
IIporpaMMa Heirr- <l>o- 3JieICTpOHl,li Bb1poBHeH- MHKpo- BbITO-

P0Hbl TOH.bl Il03HTD0HbI Hbie ceqeHIDI T0llilHB0 paHHe 
MCU-PD + + + + + + 
MCU-KNV + + - - - + 
MCU-TR + + - + - + 
MCU-PTR + + - - - + 
MCU-KS + - - - - + 
MCU-FREE + - - - - + 
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• MO,UeIDfp0BaHHe 3all.lHTbI OT H3Jiyqemrn, 
oueJIKa pa,uHal.{HOHHOH 6e3onacHOCTH; 

• peaKTopmUI .U03HMeTpm1; 
• pacqeT CIITHa.JI0B ,uaTTflf.K0B BH)'TJ)HpeaK­
TOpHoro K0HTpOIDI pacnpe,uerremu1 :meproBbI­

,uerremui:; 
• pacqeT CHrHa.JI0B ,uaTlflll{OB BHepeaKTop-

uoro KOHTpOIDI; 
• on;eHl<a pa.lllfaUHOHHbIX xapaKTepHCTHK 
o6Jl)"IeHHoro .R.,uepttoro TOTIJIHBa; 
• MO,UeJIHpOBaHHe TpaHCMyraUHH aKTHHOH­
,U0B H npo;zyKTOB ,uenemrn; 
• ouem<a Ka11eCTBa 6H6JIHoTeK .R.,Uepm,rx 

.uamn.rx; 
• ouem<a Ka'leCTBa 3KCrrepHMeHTOB; 

• BepH<pm<aUH.R. HIDKettepHbIX nporpaMM 
pac11eTa .R.,uepm,1x peaKTopoB. 

B HaCTOfilIJ,ee BpeM.R. pa3pa6aTbIBaIOTCH H 
coBepmeHCTB}'IOTC.R. TIOJJHOMacmTa6HI>Ie TpeX­
MepHbie MO,UeJIH aKTHBHl>IX 3OH peaKTOpOB TH­

na BB3P-1200, BB3P-1000, PEMK-1000, 
MP-8, peaKTOpOB TpaHcnopTHOro Ha3Ha'leHIDI, 
peaKTopa H,uepHoH 3Hepro,uBHraTeJibHOH yc­
TaHOBKH KOCMHqecKoro Ha3HaqeHJUI. ,ll;arreKO 
He IIOJIHl>IH nepeqeHI, npHMepoB HCilOJib3OBa­

HHjl MCU ,uaH HIDKe. 

3.1. PeaKmopbl muna BB3P 
HaH6orree IIIHpOKO nporpaMMbI CeMeHCT­

Ba MCU, Haq}ffla.R. c BepcHH MCU-1, HcnoJib-
3y10TC.R. s pacqeTax peaKTopoB nma BB3P. 
,ll;IDI MCU-PD no.uroTOBJieHhI BepH<pHKal.{HoH­
Hble oTqeTbl no npHMeHemuo nporpaMMhI .uIDI 

pacqeTa HeHTpOHHO-<pH3H'leCKHX xapaKTepHC­
THK peaKTopos THna BB3P H PWR c ypaHo­
BhIM H ypaH-ITJIYTOHHeBhlM TOilJIHBOM, a TaK­
)Ke .uIDI pacqeTa cprr10eHca 61,1cTp1,rx Hei-iTpo­
HOB Ha nosepXHOCTH H B To.rrm;e KOpnyca 
BB3P-1000 11 BB3P-1200. 

B HaCTOjlmee BpeM.R. se.uyTC.R. pa60Tbl no 
C03,UaHHIO TIOJIHOMaCruTa6HbIX TpeXMepHbIX 
MYJibTH<pH3HqecKHx Mo,uerreif BB3P-1000 H 
BB3P-1200. ITo,uroToBrreHhI IIHJIOTHhie Bep­
CHH MO,Uerrei-i, C IIOMOII.lblO KOTOpbIX BblliOJI­
HeH 60JiblliOH KOMTIJieKC pa60T [61 ... 68]. 

PaccqHTaHbI nycKOBbie 3KCnepHMeHThl Ha 
TpeTbeM 6noKe Ka.JIHHHHCKOH A3C H nepBoM 
6noKe Borrro,uoHcKoi-i A3C. ,ll;J]jl 20-TH KpH­
TH~ecKHX H IlO.uKpHTH'leCKHX COCTO.surn:H Ha 
MHHHMaJibHO KOHTpOJIHpyeMOM ypOBHe MOIIJ,-

HOCTH OTJIH'lHe paclfeTa OT 3KCnepHMeHTa B 
BeJIH'lllHe 3q><peKTHBHOro K03<pq>Hl.{HeHTa pa3-
MHO)KeHHjl He npeBhllllaeT 0,3 %. 

Ha MHoronpoueccopm,rx 3BM npoBe,ue­
HhI pacqeThl IlOKacceTHOro H IlOTB3JlbHOro 
pacnpe,ueneHHH 3HeproB1,1,ueneHHH no 061,eMy 
aKTHBHOH 30Hbl BB3P-1000 H BB3P-1200 
npH 3a,uaHHbIX 3HaqeHJUIX IlJIOTHOCTeH H TeM­
nepaTYP MaTepHa.JIOB KOHCTp)'KUHOHHbIX 3Jie­
MeHTOB Ha MHHH.MaJThHO KOHTpo.rrnpyeMOM 
ypoBHe MOlllHOCTH .uIDI CBe)Kero TOITJIHBa. B 
BhmoJIHeHHbIX pacqcrax pacnpe,uerreHlfjl 
3HeproBhl,llerreHHa no 061,eMY aKTHBHOH 30HhI 
peaKTopa TOIIJIHBO TB3J10B pa3fo1Ba.JIOCI, Ha 3a­
,uaHHoe 'iHCJIO BhlCOTHbIX cerMeHTOB. 

B pacqeTax noTB3JlbHoro pacrrpe,ueJJeHHjl 
3HeprOBhl,UeJieIDUI npoBO.lllfJIHCI, oueHKH cpyH­
KUHOHaJIOB B 6orree lfeM 2, 7 MHJIJIHOHax perH­
CTpal.{HOHHbIX 30H (~ 2· 106 TOilJIHBHbIX 30H). 
~ ,UOCTIDKeHlfjl npHeMJJeMOH CTaUICTHqe­
CKOH norpeIIIHOCTH (BapbHpyeTCH OT 0,8 % B 
caMbIX 3HeproHanps.t.)KeHHhlX cerMeHTax ,uo 
2, 7 % B HaHMeHee 3HeproHarrps.t.)KeHHbrx cer­
MeHTax) B Ka)K]];OM BapHaHTe MO,UeJIHPOBaJIOCI, 
OKOJIO 33 MHJIJIHap,uoB HeHTpOHHbIX HCTOpHH. 
BpeM.R. ClfeTa C HCIIOJTh30BaHHeM 96-TH rrpo­
u.eccopoB cocTaBHrro 110 qacoB. 

,ll;eTaJThHM K0MilbIOTepHM MO,UeJTh peaK­
TOpa 3aqacry10 TI03BOJ]jleT HCCJie,UoBaTb BJIHjl­
mrn 3JieMeHTOB KOHCTpYKI.{HH, Ka3a.JIOCI, 6w 
MarrocymecTBeHHhIX c TOlfKH 3peH.1U1 pacqcra 
HellTpOHHO-q>H3HqecKHX xapaKTepHCTHK, Ha­
npHMep, lfHCJia H pa3Mepa KaHa.JIOB B BbITO­
powe, ropH30HTaJThHbIX npoToqeK Ha ee 
BHeIIIHeH noBepXHOCTH; .lllfCTaHIIHOHHpy10-
IIIHX perueTOK, KOTOpbie npH ycJJOBHH coxpa­
HeHIDI IlOJIHoro 3HeproBbl,UeJJeHlfjl npHBO,U.R.T K 
YBeJIH'leHHIO ero MaKCHMaJThHoro 3HaqeHlfjl 
npHMepHO Ha O,llHH npo:ueHT. 

Em.e O,llHH IlOKa3aTeJThHbIH npHMep TaKOro 
BJIHj!HHjl - CMemeHHe Bcei-i aKTHBHOH 30HbI Ha 
3 MM no ropH30HTaJIH B npe,uenax MeTa.JIJIH'le­
cKoro CTaKaHa-BbITOpO,llKH. Otto MO,UeJIHpyeT­
ca H3MeHeHHeM BCero 0,llHOH CTpOKH B noqTH 
qen1peXMera6aHTHOM q>ai-irre BXO,UHblX ,uaH­
HI,IX .UIDI MCU - KOMilbIOTepttoii Mo,ueJIH Bce­
ro peaKTopa, npHBO,llH K BeCbMa 3aMeTHOMY 
nepeKocy rroKacceTHoro 3HeproB1,1,uerreHHjl. 

C HCTIOJib30BattHeM noJIHoMacmTa6Hoi-i 
TpeXMepROH MO,UeJIH peaKTopa paCClfHTaHI,I 
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¢moeHCbl 6bICTJ)bIX HeJfTJ)OHOB Ha noBepxHO­
CTH H B TOJIII{e MaTepHaJia Kopnyca peaKTopa 
.D.IDI nepBoii nJiaHHpyeMOH KaMnaHlrn BB3P-
1200. Pacnpe.D.eJieHHe HCTO<rnHKOB .D.eJieHIDI 
no o6ueMy aKTHBHOH 30HbI norrytieHo no npo­
rpaMMe TIEPMAK-A [69] H c noMOII{bIO pa3-
pa6onurnoro B paMKax npoeKTa MCU mnep­
¢euca rrpeo6pa3oBaHo B ¢opMaT BXO.D.HbIX 
)J.aHHbIX MO)J.yllil HCTO'IHHKOB. 

BblllOJIHeHbl paC':leTbl npoc-rpaHCTBeHHoro 

pacrrpe)J.eJiemrn ITOTOKa HeRTJ)OHOB H ce1:1eHHii 
rromomeHIDI ueKOTOpbIX H)'KJIH.D.OB B 06Jiacn1 
pacrroJIO)l(eHml HOHH3al{HOHHblX KaMep B6JIH-

3H BHYTJ)eHHeH noBepXHOCTH 6HOJIOfH'leCKOR 

3all{HTbI. IlpH pemeHHH 3TOH 3llJ(atI.H rrpHMe­
JUIJIC51 MeTO)J. BeCOBOro OKHa, OTJJa)l(eHHblH B 

MHororrenmx pacqeTax cpmoeuca 6bICTJ)bIX 
HeHTJ)OHOB Ha Kopnyc peaKTopa. 

Pa3pa60TaHbI TJ)eXMepHbie MO)J.e.JIH pO)J.He­
BbIX )J.aT':IHKOB IIp.SIMOH 3ap51.D.KH CHCTeMbI Btty­

TJ)RpeaKTOpHoro KOHTJ)OIDI. IIpoBe.n;eHbl pac-
1:leTbI 3JJeKTJ)H1:1ecKHx c11rnarroB )J.IDI BB3P-
1000 H BB3P-1200, no KOTOpbIM npOHCXO)J.HT 
BOCCTilHOBJJeHHe ITOIDI HeHTJ)OHOB B aKTHBHOH 

3OHe. 

Pa3pa60Tam.1 -rpeXMepHhle MO)J.eJIH TBC 
BB3P-440 pa3JJH1:IHbIX THIIOB, npe.D.Ha3HaqeH­
Hhie )J.IDI pacqrn pa.n;HaUHOHHoro 3HeproBbI­
.n;eJieHIDI B KOBCTJ))'KUHOHHhlX. MaTepHaJiax H 

HX aKTHBaUJilf. 

Pa3pa6oTaHbI -rpeXMepHbie MaTeMaT11qec­
KHe MO.D.eJIH TBC BB3P-1000 n BB3P-1200 
[70], npe.n;Ha3Ha1:1eHHbie )J.IDI pacqeTa pa.n;Ha­
UHOBHbIX xapaKTepHCTHK fOJIOBKH H XBOCTO­
BHKa TBC. OnHcaHHe KOHCTJ)YKUHH noJIHo­
CTbIO COOTBeTCTBYeT )J.aHHbIM, npe)J.CTaBJJeH­
HbIM pa3pa6oT'IHKOM Ha qepTe)l(ax o6mero 
BH)J.a. 

,l].IDI BepH(pHKauHH KOMTIJJeKCOB HH)l(eHep­
HblX nporpaMM, npe.n;Ha3Ha'leHHbIX )J.lliI 3KCn­
rryaTaUHOHHbIX 11 npoeKTHbIX pac'leToB BB3P 
H PWR, c ncnoJib3oBamteM nporpaMMbI MCU 
-PD Be)J.yTC51 pa60Tbl no C03)].aHH10 6aHKa Ma­
TeMaTH'leCKHX 6eH1:1MapKOB, KOTOpbIU 6y)J.eT 
BKmo'laTb MO)J.eJJbHbie 3a)J.a'IH pa3JIH'IHbIX 

KOHq)HrypauHH: .D.BYMepHbie MO)J.eJIH jJlleeK, 
.D.By- H -rpeXMepHbie MO)J.e.JIH q>parMeBTOB aK­
THBHOH 3OHbI, TTOJIHOMaClIITa6Hble aKTHBHble 

30Hbl. B 3THX TeCTaX paccMa-rpHBaIOTC51 TB3-
JJbI, CO)J.ep)l(all{He TOpHeBoe, ypaHOBOe, nnyTo-
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HHeBoe TOITJIHBO, ypaHOBOe TOTIJIHBO C .HHTer­

pHpOBaHHbIM B HeM ra)J.OJIHHHeM, 3p6HeM, 6e­

pHJIJIHeM; c6opKH c norJIOTHTeJlj{M.H Ha OCHOBe 
eCTecTBeHHoro n o6orameHHoro (.n;o 80 %) 
6opa, .n;Hcnpo3H51, cnnaBa ln-Cd-Ag. frry6HHa 
BbITOpamUI TOIUIHBa B MO)J.eJibHbIX 3a)J.a4:aX 

.n;ocTHraeT 80 ... 90 MBT·cyT/Kr TIDKerroro Me­
TaJIJJa. 

3.2. PeaKmopbl muna PEMK 
B HaCTOj{II{ee speM51 pa3pa6oTaHa H rrpo­

C'UITaHa no nporpaMMe MCU-KNV rrepea51 
BepCH51 6aHKa MaTeMaT11qecKHX TeCTOB )J.lliI se­
pH(pHKaI{H.H HH)KeHepHbIX nporpaMM pactieTa 
PEMK. B 3TY BepCHIO BKmotJ:eHbI .D.By- H -rpex­
MepHhle MO)J.eJIH jJlleeK H IlOJIHH'IeeK )J.lliI uc­
cne,noBaHIDI 3q>¢eKTOB o6e3BO)KJIBamrn, TeM­
neparypHbIX H .D.PYrHX 3q>(peKTOB C Y':leTOM 
Bbiropamui: TOITJIHBa. 

L(mi: npoBe.n;eHmJ pacqeToB no MCU noJI­
HOMacmTa6HbIX -rpeXMepHbIX aKTHBHblX 30H 
PEMK-1000 B BbITOpeBmeM COCTOmHH [71] 
pa3pa6oTau HHTep¢euc Me)l()J.y MCU-KNV n 
HH)l(eHepHoH nporpaMMOH TPOHKA [72] )J.IDI 

pactJeTa aKntBHOH 30HbI PEMK-1000 (BxO.n;HT 
B KOMTIJieKc 3HEPfltll, pa3pa6oTaHHbIH BO 
BHMMA3C), aBTOMaTH3Hpy101I{HH norrytJeHHe 
HCXO)J.HbIX )J.aHHbIX Ha 513bIKe MCU H3 .D.aHHbIX 
nporpaMMbI TPOHKA. O6ueM Bxo.n;Hoit HH­
¢opMaUHH Ha H3bIKe MCU )J.IDI TaKHX Bapnan­
TOB COCTaBJUleT HeCKOJJbKO ,neC51TKOB M6a:uT, 
H 3a)J.aTb ero 6e3 aBTOMaTH3aUHH npaKTH'leCKH 
HeB03MO)KH0. 

PacqeTu1 peaKTopoB THna P6MK no rrpo­
rpaMMe MCU-KNV rrpoBOMTC51 s HM1{ 
"Kyp1:1aTOBCKHH HHCTHTYT", HMKI13T H 
BHMMA3C. 

3 .3. P eaKmOpHble naponpOU3600UmeJlbHble 

ycmaHOBKU OflJI, noOBOON020 

u HaoeooH020 qJllomoe 
TiporpaMMa MCU-TR ucnoJJb3YeTC51 )J.IDI 

rrpose,neHHH penepHbIX paC'leTOB, COBepmeH­

CTBOBaHHJI HH)KeHepHbIX MeTO)J.HK, H3ytJeHH51 

pa3JI.H1:IHbIX CJIO)l(HbIX CTJ)YKTYP aKTHBHOH 3o­
HbI c Tecuou perneTKOH TOilJI.HBHbIX CTep)l(HeH 
rrpu Ha.JIH'lHH CHJJbHO nornomaIOII{HX BbITOpa­

lOll{HX norJIOTHTeJieH H nepeMeHHOM TeMne­

parypHO- ITJIOTHOCTHOM none TenJIOHOCHTeIDI 

[73). 



► 

)];JUI o6octtoaamrn rrpHMeHeHIDI rrporpaM­
Mbl MCU-TR K pacqeTaM peaKTopm,rx rrapo­
npoH3BO,uHTeJibHbIX KOpa6eJibHhIX ycTaHOBOK 
npoBe.L(eHa ee aepmpHKaqrur c rrpirnrretJeffifeM 
pe3yJibTaTOB KpHTHqecKHX 3KCrrepHMeHTOB C 
BbICOK006orameHHbIM TOIIJIBBOM H B0.[VIHI>IM 
3aMe,u.r.mTeJieM, BhlilOJrneRHhlX B PHU, "Kyp­
qaTOBCKHH HHCTHTYT" H npHHHThlX B c6opHHK 

ICSBEP. 
Ha ocHOBe MeTo,L(a MottTe-Kaprro pa3pa-

6oTaHa MeTo,L(HKa rrorryqeHIDI Ma.rrorpynnoBbIX 
KOHCTaHT H pact.JeTa .L(H<pq>y3HOHHbIX xapaKTe­

pHCTHK 3aMerornTeneu .L(JUI HIDKettepHhrx npo­
rpaMM (BHBAT, HOPKA H .[{p.) pacqfaa pe­
aKTopoB T))aHcnopTHOro Ha3HaqeHIDI B .[{Hq>­
cpy3HOHHOM Ma.rrorpynnoBOM rrpH6IDDKemrn. 

3.4. 5JoepHble 3Hep2006U2QmeJlbHble 

ycmaH06KU Ollfl KOCMU'l.eCKUX annapamo6 

)];JUI pacqeTOB HeUTpOHHO-q>H3HtJeCKHX 
xapaKTepHCTHK peaKTOpHOU ycTaHOBKH ,L(JUI 

.sI,ZJ;epHOH 3Hepro.[{B.HTaTeJII,HOH ycTaHOBKH Me­

raBaTTHOro KJiacca TIO,L(rOTOBJieHa IIHJIOTHaJI 
BepcIDI nporpaMMl>I MCU-KS H KOHCTaHrnoe 
o6ecnetJeHHe, 6a3Hpyromeec.H Ha poccHHCKHX 
cpannax ouetteHHI,IX .H.[{epHhIX ,L(aHHI,IX POC­
<l>OH)];. HatJa.JIHCh pa6oTbI no BepHcpHKawrn:. 
IlporpaMMa Haxo,L(HTC.H B om,ITHOH 3Kcrmya­
TaUHH B HHIJ. "KyptJaTOBCK.HH HHCTHTYT" H 
HHKH3T [74 ... 76]. 

3.5. JfcCJleOoBamellbCKue peaKmopbl 

IlpH pa3pa6oTKe nporpaMMhl MCU-PTR 
6bIJIH npHH.HThl BO BIDIMaHHe cneUHq>HtJeCKHe 
oco6eHHOCTH HCCJie.[{OBaTeJibCKHX peaKTopoB, 
a TaJOKe yqTeH 0ilhIT HCTIOJib30BaHIDI npor­
paMM MCU-RR H MCU-RR/P npH pactJeTHOM 
conpOBO)K)];eHHH 3KCnrryaTauHH HCCJie,L(OBa­
TeJibCKHX peaKTopoB HHHAP [77, 78]. Tec­
THpOBaHHe nporpaMMbl npoBO,L(HJIOCb rrpHMe­
HHTeJibHO K peaKTopy HP-8 [79]. 

)];JUI HCCJie,L(OBaTeJibCKOro peaKTOpa TH­
rrwrna pa6oTa c craCThIMH KpaTK0BpeMeHHhIMH 
0CTaHOBaMH. Hepe.[{KO IIOCJie.L(ylOII.{HU BhlXO,L( 
Ha MOillHOCTh ocymecTBJI.HeTc.H H3 HO.[{HOH 
.HMhI. IlporpaMMa MCU-PTR o6ecne£UfBaeT 

B03M0)KHOCTh pacqeTa 6bICTpOTeKynutX nepe­
XO,L(HhIX npoueccoB, orrpe.L(e.JUIIOIJ..(HX peaKTHB­
HOCTh peaKTopa. 

Pa3pa6oTaH Ha6op IlOJIHOMaCnITa6HI,IX 
TpeXMepHbIX MO.[{eneu peaKTOpa HP-8 .L(JUI 

pa31IH"'IHhIX BapHaHTOB 3arpy30K aKTHBHOU 30-
HI,I. Mo.L(eJIH B IlOJrnOM CO0TBeTCTBHH C npo­
eKTHOH .[{OKYMeHTauueii OTIHCbIBalOT reoMeT­
pHIO aKTHBHOU 30Hl,l H OT))a)KaTemI, opraHOB 
CY3, KaHa.rrOB H aMIIyJibRbIX ycTpoHCTB. Ma­
TeMaTHlJeCKM M0.[{eJib HP-8 C0,L(ep)KHT npH­
MepH0 20 000 reoMeTpWieCKHX H MaTepHaJib­
Hl>IX 30H: 4 000 TOilJIHBHhIX 30H, 11 000 30H B 
Il0rJIOTHTeJI.HX, 3 000 30H B 6epHJIJIHH, oc­
TaJibRhle 30HhI - B KOHCTpYKIIH0HHbIX MaTe­
pHa.rrax u B HCIIhITyeMhIX o6pa3uax. 

J13yqeHa H BOCCTaHOBJieHa HCTOPIDI pa6o­
Thl HP-8 OT ero 3HepronycKa B 1981 r ,L(O 2010 
r. 3a npome,L(IIIHe ~ 30 rreT peaKTop OT))a6oTaJI 
78 UHKJIOB. OTIHCaHHe pa60Tbl peaKTOpa IIO.[{­
roTOBJieHO Ha 0CH0Be H3Y"lJeHH.H KapTorpaMM 
3arpy30K aKTHBHOH 30HhI, 3aBHCHMOCTH MOill­
HOCTH OT BpeMeHH, IIOJIO)l(eHIDI CTep)ICHeH pa-
6otJHX opraHOB CY3. 3TH .[{aHHhie Il03BOJIHJIH 
c noMOillhIO nporpaMMhI MCU-PTR paccrrn:­
TaTb H)'KJIH.L(HhlH COCTaB TOIIJIHBa H npo.[{yK­
TOB ,L(enemrn o6rryqettHhIX TBC, Bbrropairne 
10B B pa6otJHX oprattax CY3, OT))aBrreHHe 6e­
pHnJIHeBoro OT))a)l(aTeJI.H. 

IlOITY"lJeHHbIH paCtJeTHI,IM nyTeM HYKJIH,L(­
Hhlli COCTaB yqHTbIBa.JIC.H npH MO,L(e.rrnpoBamrn: 
pa60Tbl peaKTOpa. PacClJJITbIBa.JiaCb ,L(HHaMHKa 
peaKTHBHOCTH OCTaHOBJieHHoro peaKTopa, 
CB.H3aIIHaJI c o6pa30BaJIBeM H pacna.[{OM 

135
Xe 

(ii:o.[{HaJI .HMa) H c o6pa3oBaHHeM 149Sm (rrpo­
MeTHeBhIH npoBa.rr). 

Pa3pa6oTaHHhie pacqeTm,1e Mo.[{eJIH rrpH­
MeHeHhI ,L(JUI C03,L(aHIDI aTrraca HeHTpOHHbIX 
Il0TOKOB B ofirryqaTeJibHhlX KaHa.rrax peaKTOpa 
HP-8 c aMIIyJibHhlMH YCT))OHCTBaMH pa.L(HaUJ-1-
0HH0ro HCilbITaHIDl MaTepHa.JIOB. 

IlporpaMMa MCU-PTR oTBelJaeT T))e6o­
BaHIDIM pacqeTHOro conpOBO)K)];eHIDI pa60ThI 
HCCJie,L(OBaTeJibCKHX peaKTopoB H BHe,L(pena B 
npaKTHKY 3KcrrrryaTaUIDI HP-8 . 
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4. CocTaB CBOJJ.a MCU-5 

T a 6 JI u u, a 4.1. CocraB 6aHI<a .ll,aHHhIX MCUDB50 

Ha.3BaHHe OTIHCaHHe 
6H6JlHOTeKH 

EH6JIHoTeKa ceqeRH.ii B3aHMo.ll,eHCTBIDI HeHTJ)OHOB c MpaMH B 3IIHTeIIJIOBOH 

ACE/MCU o6nacTH 3Hepnm B II0T0qelJ.H0M npe.ll,CTaBJieHHH, no.nyqeHHaB H3 q>aHJIOB 
ENDF/B-VII.0 H .ll.PYTHX HCT0'IHHK0B 

BNAB/MCU 
PacumpeHHaB H MO.ll,HQ)HUHpOBaHHaB sepcIDI 26-rpynnoBOH CHCTeMJ,J KOH-

CTaHT EHAE-93 

LIPAR IlapaMeTPbl ceCJeHHH HVKJIH.ll,0B B o6naCTH pa.3perueHHhIX Pe30HaHC0B 
301-rpyIIII0BaB 6H6.JIHOTeKa, CO.ll,ep)Karu:aB B TOM 'IHCJie .ll,aHHbie IIO TeMIIepa-

MULTIC TYPHOH 3aBHCHM0CTH IIO.ll,rpYIIII0BblX napaMeTpOB H)'KJIHJJ;OB B o6nacTH He-
pa.3perueHHbIX pe30HaHCOB 

KORT 
EH6.JIHOTeKa HeHTJ)ORHO-q>H3H<JeCKHX K0HCTaHT B II0T0<JetJHOM npe.ll,CTaBJie-
HHH ,wui: :mepreTH<JeCKOH o6nacTH oT 10-5 ,u,o 5 3B 

TEPCON EH6.JIHoTeKa 40-rovrmoBhIX ce<JeHHH .!I.AA o6nacTH TePMa.JIH3aI\"HH (.ll,o l 3B) 
6H6.JIHOTeKa .!I.AA MO.ll,enHp0BaHIDI CTOJIKHOBeHHH HeHTJ)OHOB C H.ll,paMH 3a-

VESTA 
Me.ll,JIHTeJieH C yqeT0M HerrpepbIBH0ro H3MeHeHIDI 3Hepnrn HeHTpOHOB B 06-
nacTH TepMa.JIH3arnrn; npe.ll,CTaBJieua B q>OpMe sepOHTHOCTHbIX Ta6mm, IIOJIY-

<JeHHbIX H3 3aKOHOB pacceHHIDI S( a, B) 
BOFS DH6.JIHOTeKa o6o6meHHbIX cboHORHbIX CIJeKTP0B 3aMe.ll,JIHTeJieH 

DOSIM 6H6.JIHOTeKa aKTHBa[(H0HHhIX ceqeHHH s Il0T0<Je'IH0M rroe.ll,CTaBJieHHH 

ABBNL 
DH6JIHOTeKa 63-rpyrrnOBblX ceqeIDfH, HCII0Jib3YeMblX .!I.AA nonyqeffHB ceqe-
HHH " cyMMapttoro H30Tona" 
EH6.JIHOTeKa MH0rorpyrrn0BblX ceqeB.KH reHepau.HH Q)OTOHOB npH B3aHMO-

PHOTONS .ll,eHCTBHR ueHTJ)OHOB c semecTB0M Ha ocH0Be .ll,aHHbIX 6H6JIHoTeK DLC-
41NITAMIN-C H DLC-184MTAMIN-B6 

PHOTONT 
MHororpyrrnoBbie ce<JeHIDl B3aHMO.ll,eHCTBIDI Q)OTOHOB C BemecTB0M Ha 0CH0-
Be .ll,aHHhIX 6H6.JIHoTeK DLC-41MTAMIN-C H DLC-184MTAMIN-B6 

BURNS 
llHq>OpMaUHH .!I.AA 3a.ll,a<J pacqern Bhrropamu1: nepHO.ll,bI nonypacna.ll,a Mep, 
BblXO.ll,bI 0CKOJIK0B .ll,eJieHIDI, ueII0'IKH npeBparu:eHHii H T . .ll,. 

SHELLDATA 6H6JIHoTeKa aT0MHbIX neoexo.ll,0B (LLNL EADL) 
EI-16.JIHOTeKa ceqeIDfH B3aHMO.ll,eHCTBIDI Q)OTOHOB C seru:eCTBOM B IIOTO'le'IR0M 

PHOTDATA npe.ll.CTaBJieHHB B 3ueprerH<JeCKOH o6nacTH OT l 00 3B .ll.0 100 M3B (LLNL 
EPDL) 
EH6nHOTeKa ceqemrn B3aHMO.ll,eHCTBIDI 3JieKTJ)OH0B C semeCTBOM B IIOT0qeq-

ELECDATA HOM rrpe.ll,cTaBnemrn B 3HepreTHCJecKOH o6nacTH OT 100 3B .ll.O 100 M3B 
(LLNLEEDL) 
EH6JIHOTeKa ceqeJIHH B3aHMO.ll,eHCTBIDI Il03HTJ)0BOB C semeCTBOM B Il0T0CJeq-

POSIDATA HOM rrpe.ll,CTasnemrn B 3ueprerw.ecKoi1 o6nacTH OT 100 3B .ll,0 l 00 M 3B 
(LLNL EEDL) 

NEUTRONK 
EH6JIHOTeKa KepMa-q>aKTopoB .!I.AA HeHTJ)OHOB B IIOT0'le<JH0M npe.ll,CTaBneHHH 
.!I.AA 3uepreTWJeCKOH o6nacrn OT l 0-5 3B .ll,0 20 M3B 

PHOTONK 
EH6JIHOTeKa KepMa-q>aKTopoB .!I.AA Q)OTOHOB B rpynnOBOM rrpe.ll,cTasneHlrn 

.!I.AA 3HepreTHqecKoi1 o6nacTH OT l 0 K3B .ll.0 20 M3B 

T a 6 JI u u, a 4.2. Morrv.JIH H rrporpaMMHbie e.u;mnnu,r rraKeTa MCU-5 

fla3eaHue Mooy.rm -
(/)yHKl,IWl 

o6o3Ha~eHue 

YnpaBneHHe pac<JeT0M 

YrrpaBmaonurn - C 
O6ecne<JHBaeT B03M0)KH0CTb aBTOMaTH<JeCK0ro H3MeHeHIDI mo6bIX napaMeTJ)0B B 
npouecce pacqfaa BbIT0paHHJl, pacqfaa HeCK0JibK.HX COCTOJIHHH C aBT0MaTHCJeCKHM 
H3MeHeBHeM HCX0.ll,HblX .ll,aRHbIX, aBTOMaTH<JeCK0ro BbIBO.ll,a 3a.ll,a<JH Ha 3a.ll,aHHOe 3Ha-
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- fl036aHue Mody/lJl -
<PyHKIJWl 

0601Ha'leHue 
qem1eK-.m 

Mo.ne.lillJ)OBaHHe TJ)aeKTOpHH qacTim B CHCTeMe 

flo~OlIVJIH TOaHCDOPTHOfO MOlIVllil 

Tpa.HCilOpTHbIH -
Ha:J6aHue noi>ModyJIJl -

<PyHKIJWl 
0601Ha11eHue 

TRJ 
BecoBble MeTO.zu,1 - WM HeaaanoroBoe Mo,neJIHpoBaHHe 

EAHKHP - BNK 
Be.neHHe oqepe.neii qacrim, no.nne)Kammc MO)J.e.lIHpOBa-
HHlO 

P03bl.Il)bllll B3aHMo,neHCTBHJI qaCTifl~ C BemeCTBOM no HH<bOPMaUJ,UI H3 6aHKa )J.3HHbIX 
Ilo~orr JIB COCTaBHOfO <bH3HqecKOfO MOIIVIDI: 

Ha:J6aHue noi>Moi>yJIJl -
<PyHKIJWl 

0601Ha11eHue 
PIN-PIN BBO)J. ,naHHLIX ,nllil <bH3H'IeCKOfO MOIIVIDI 

~ PSI-PSI Pea.JIH33U,HJI MeTo,na cyMMa0HOfO H30TODa 

-~ Mo.ne.rrnp0Ba1me B3aH.Mo.neifoTBHJI HCHTJ)OHOB c Bell_\e-

~ 
FARION - FAR CTBOM B o6nacTH 3HeprHH HeHTJ)OHOB OT 20 M3B .no 

100 K3B 

<I>HM6PO3H - FMB 
Mo.neJIHpOBaHHe B3aHMO.UeHCTBIDI HeHTJ)OHOB C BCil_\e-
CTBOM B 3IIHTennoBOH o6nacTH 

~ Mo.neJmponaHHe B3aHMo,ueHCTBIDI HeHTpOHOB c neme-
CTBOM B o6nacTH TepMarrH3arum. 

<I>HMTO3H - FMT 
HerrpephlBHOe cne)KeHHe 3a 3uepr11en HeHTJ)OHa c He-
IIOill>30BaHHeM IIOToqe'IHOfO IlPC)J.CTaBJICHIDI ceqeHHH 

CTEH1-STN 
ABTOMaTH'ICCKcUI IIO,l(fOTOBKa ,naHHbIX 6H6JIHOTeKH 

VESTA 
CocTaBHOH cpH3H-

Mo.uenHponaHHe B3aHMo.nettcTBH.ll HCHTJ)OBOB c Beme-
qecKHii CO<I> 113M 

-SFM 
MO<I>HTTr - MOF CTBOM B o6nacTH TepMarrH3aU:HH. MHororpynnoBoe 

TPaHCIIOPTHOe np116nH)KeHHe 

TEPMAK - TRM 
ABTOMaTH'ICCKcUI IIO,l(fOTOBKa )J.3HHbIX 6H6JIHOTeKH 
TEPCON 

MULTIC - FML 
PactJeT ceqeHHH tteHTJ)OHHhlX peaKIJ.HH no M)'ill>THrpyn-
IlOBbIM napaMCTPaM 

RAPAN-RAP 
Pacqe-r ceqemrn HeHTJ)OHHbIX pearc.rurn no atta.JIHTH'Iec-
KHM Bbrpa)KeHID!M 

POIRES-POR 
Pacqe-r ceqemrn HeHTJ)OHHhIX peaKQHH B pe3ouattcHoH 
o6nacTH 3HeprHH 

<I>OTOH-PHS - PHS Mo.neJIHPOBaHHe reHepan;HH <boTOHOB B (n, y) peaKQID£X 

<I>OTOH-PHT - PHT 
Mo.uenHpOBaHHe B3aHMO)J.eHCTBIDI !pOTOHOB C Beru;ecr-
BOM C HCTIOill>30BaHHeM fDVIIl]OBbIX KOHCTaHT 
Mo.neJIHpoBaIDle B3aHMO)J.eHCTBHJI !pOTOHOB C BemecT-

rAMMA - PGM BOM C HCIIOJlb30BaHHeM KOHCTaHT B IlOTOqe<JHOM npe.u-
CTasneBHH 

EETA - PBT 
Mo.ueITHpOBaHHe B3aHMO)J.eHCTBIDI 3neKTJ)OHOB H Il03H-
TOOBOB C BemecTBOM 

P03b1rpbIIll B3aHMO)J.eHCTBIDI qacrim C BemecTBOM no ManorpyrrnoBhIM ceqeHIDIM, 

SGM - SGM 3a.uasaeMbIM 110Jlb30BaTeneM B HCXO.l(HbIX .naHRhlX. 
Aill>TeoHaTHBa MOJIVmo CO<I>l13M 

reOMCTJ)H'IeCKH.H - Mo,neJlHOOBaHHe ITOHMOJIHHeHHI,IX yqaCTKOB TPaeKTOPHH Me)l(JTV CTOJJKHOBeHIDIMH 

NCG Ilo)J.MOJIVJIH reoMCTPHqecKoro MOJIVIDI 

Ha36aHue noi>Moi>ynR-
<PyHKIJWl 

0601Ha'leHue 
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Ha3f3GHue ModyMl -
(J)y HICT{Wl 

o603HG'leHUe 
MBC MCTO.D. BblPOBHeHHbIX ceqemrn 

CG KoM6HHaTODHaJI rcOMCTpHJI 

KERN Yqcr .IJ.BOHHOH rCTeporeHHOCTH 

11CTO'IHHI<OB - SRC 
Mo.D.emtpOBaHHC (pa30BblX KOOp.D.HHaT qacnm. HCTO'IHHKa HJJH HeHTpOHOB eaqa.JlhffO-

ro IlOl(OJieHHJI IlPH perneHHH 3a.IJ.aq Ha KOHTH'IBOCTb 

Pacqcr divHKIUfOHarroa rronei1 H3.IJY'IeHHR 

Ilo.IJ.MO.lIVJIH Mo.rrvmr perncTPaUHH 

Ha3eaHue nodModyMl -
<J>yHKl,fWl 

Perncrpal(IDI. - o6o3HG'leHue 
RGS ,[(03HMCTpWICCKHH - DOS Pacqcr (pymCT.lHOHaJIOB aKTHBal{HOHHOro M0HHTOPHHra 

CrnTHCTITTecxoH o6pa-
O1..(eHKa CHCTeMaTWICCKHX 11 CTaTHCTJflieCKHX norpern-

6oTKH - MCUSTAT 
HOCTeH q>yttICllHOHaJIOB C )"lCTOM KOppCJUII{}fH Me)l(J);y 

Il0KOJICHHJIMH 

PerncTpal(IDI .IJ.]UI 
PacqeT (p)'HKI.{HOHaJIOB llOTOI<a HeHTpOHOB .IJ.]UI MO.Izyllil BbITOpaHHR 

BhrropaHID! - BRG 

O6opy.uoaaHHJ1 - Co.D.ep)l(JIT rrporpaMMbI, KOTOpbie M0ryT 3aBHCCTb OT THTia KOMIIhJOTepa H onepal(l!OH-

ENV HOH CHCTeMbl 

BhITopaHHJ1 - BUR 
Pacqcr H3MeHeHHJI H30TOnHoro cocrnaa MaTepHanoa peaKTopa B rrpol(ecce ero 3Kcn-

JJVaTaUHH 

T 6 a JJ H._a 43 X . . apaKTePHCTIUGI oporpaMM oaKCTa MCU5 -
Pa6o'llle aporpaMMbt ceMeHcrna MCU-5 

Mo.zzynH H oporpaMMHh1e C.IJ.HHHUbI MCU- MCU- MCU- MCU- MCU- MCU-

FREE KS PTR TR KNV PD 

Bo3MO:>KHOCTb aBTOMan11IeCKOro H3MCHeHIDI mo6bJX 
+ + + + 

naoaMeTPOB B 11001..(CCCC oacqcra BbJTO0aHHJI (C) 
- -

Bo3M0)l(HOCT.b pacqcra HCCKOJihKHX COCTOj[ff}f}f C aa- - -
TOMaTH1IeCKHM H3MeHeHHeM HCXOJJ;}IhlX .IJ.aHH.bIX (C) 

- + - + 

Bo3MO:>KHOCTb aBTOMaTHqecKoro BbIBO.D.a 3a.IJ.a'ill Ha 

3a.D.aHHoe 3HaqeHHe 3q>q>eKTHBHOro K03q>q>Hl.(HCHTa - - - + - + 
Pa3MHOJKCHIDI HCHTPOHOB (C) 

Oa:eRKa cTaTHCTH1IecKOH rroroernHOCTH (MCUST AT) - - - - - -

ABTOMaTH"ICCI<lUI Eu6JJHoTexa TEPCON (TRM) - + + + + + 
Il0)lrOTOBKa .D.aHHbIX 

EH6JJHOTeKa VEST A (STN) + + + + + 
6H6JIHOTeK 

-

Pacqcr ceqeHHH HeH- Ilo aHaJIHTWICCKHM BblpaJKCHH-
+ + + + + + 

Tp0HHblX peaKl..(HH B .llM (RAP) 
o6rracTH pa3perneH- 113 noToqeqfforo rrpe.D.CTaane- + + + + + + 
H.bIX peJottaHCOB HHJI (POR) 

MCTO.D. cyMMapttoro H30Tona (PSD + + + + + + 
Mo.D.eJIHpOBaHHC B3aHMO.D.CHCTBIDI HCHTpOHOB C aern.e-

CTBOM B o6rraCTH 3tteprHH OT 20 M3B .uo 100 K3B - + + + + + 
(FAR) 

Mo.D.CJJHPOBaHHe e3a11MO.IJ.CHCTBHJ1 HCHTpOHOB c aeme- + + + + + + 
CTBOM B 3ffilTCIInOBOH o6naCTH (FMB) 

Mo.n;e.11HpoeaHHe 
HerrpepbIBHoe CJIC)l(CHHe Ja 

B3aHMO.D.eHCTBIDI HeH-
3HeprneH HCHTpOHa C HCilOJib-

+ + + + + + 
TpOHOB C BCD.lCCTB0M 

30BaHHCM noToqeqttoro rrpe.D.-

CTaaneHID! ceqeHHH (FMT) 
B o6nacTH TepMaJIH-

MHororpynnoaoc TpaHcnopT-
3a[{HH 

Hoe npH6JIH)l(CHHe (MOF) 
- + + + + + 
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Mo.eyn11 11 rrporpaMMHble e,n:HHmu,1 

Pacqer ceqemrn HeiiTpoHHI,IX peaKQHH no MYJibTH-
IrpyTITIOBblM napaMeTPaM (FML) 

Mo.n:eJIHJ)oBaHHe reeepa1.vrn q>OTOHOB B (n, y) peaKD:H-
.soc. (PHS) 

Mo,n:eJIHJ)OBaHHe Mo.eyJib <!>OTOH 

roaHMo.ueikTBIDI cpo-
TOHOB C BemecTBOM Mo.eyJib r AMMA 

Mo,n:eJIHpoBaHHe B3aHMo,n:eHCTBIDI :meKTµOHOB 11 no-
JHTPOHOB c eemecrnoM (PBT) 
Po3hlrphnII BJaHMo,n:eiicTBIDI qacTJm c BemecrnoM no 
MaJIOrpynIIOBblM ceqemuIM, 3a,n:asaeMblM IIOJib30BaTe-
neM B HCXOJ(HhIX ,n:aHHhIX (SGM) 
KoM6HHarnparur 3D reoMCTDIDl (CG) 
Bo3MO)Kll0CTb HCIIOJib30BaHIDI MeTO.Ua BblpOBHeHHhIX 
ceqeHHH (MBC) 
yqeT ,n:BOHHOH reTeporeHHOCTH .n:mi. MHKpOKpOIII.Kfl 
(KERN) 
Mo,n:eJIHJ)OBaHHe q>aJOBhIX KOOp,n:HHaT qaCTHU HCTO"I-
HHKa HJilf Heil'TpOHOB HaqaJibHOro IIOKOJJeITTUI rrpH pe-
memm 3a,uaq na KOHrnqJJ0CTb (SRC) 
PactJeT <livlUUl,nOHaJIOB IIOTOKa H3JIV1lCHHH (RGS) 

BecOBble MeTO.Ubl (WM) 
Be.uem1e oqepe.ueir MO.UeJIHpyeMhIX qacrnu; (BNK) 

Pact:feT <PYHKUHOHaJIOB aKTHBaUHOHHOro MOHHTOpmrra 
(DOS) 
PacqeT H3MeHeHIDI 
H30TOIIHOro C0CTaBa TOJibKO OCHOBHbJe OIIll;HH 

MaTep11anos peaKTopa 
B rrpouecce ero 3KC- Bee B03M0)1.(H0CTH 
mJVaTauHH (BUR) 

Ha 6aJe MCUDBS0 (ENDF/B-
VI, VII; 

EaHK ,n:aHHhIX JENDL 3.2, 3.3; .. . ) 
Ha 6aJe MCUDBRF 
(RUSFOND) 

IlpHBe,n:etto onHcamte cBo.ua MCU-5, 
BKmoqa10mero B ce6» 6aHI<H H.Uepm,ix .uatt­
Hhrx H rrporpaMMbl renepaUHH 6H6mtoreK 

KOHCTaHT, MO,llymt H rraKeTbl npm<Jia,llHbIX 
nporpaMM, CJl)')l(e6m,ie H crreqHa.JIB3HpoBaH­
Hhie pa6owe nporpaMMbI. Pa601rne nporpaM­
MhI ceMeiicTBa MCU-5 rro3BOIDJJOT npoBO.llHTh 

MO,llemtpoBaHHe MeTO,llOM MoHTe-Kapno B3aH­

MOCBH3aHHoro nepettoca HeifrpOHOB, q:JOTO­
HOB, 3JieKrpOHOB H Il03HTpOHOB B CHCTeMax C 
npaKrHqecKH npoH3BOJibHOH reoMerpHeii Ha 

OCHOBe nepBH"IHOH HHq:JOpMaum, 0 B3aHMo-

Pa6oq11e nooroaMM1>1 ceMeiforna MCU-5 

MCU- MCU- MCU- MCU- MCU- MCU-

FREE KS PTR TR KNV PD 

- + + + + + 

- - + + + + 

- - + - + + 

- - - + - + 

- - - - - + 

- - - - - -

+ + + + + + 

- - - + - + 

- - - - - + 

+ + + + + + 

+ + + + + + 
+ + + + + + 
+ + + + + + 

+ + + + + + 

+ - - - - -

- + + + + + 

+ - + + + + 

- + - - - -

.ueHCTBmt pa3illl"IHbIX BH,llOB H3Jl)'qeHHH C Be­
mecTBOM. Bo3MO)l(eH yqer H3MeHeHH» H30-

TOIIHOro cocraBa MarepmUioB peaKTopa B npo­

:uecce ero 3KCnJl)'arauHH. 
Bee rrporpaMMbI MaIIIHHHO He3aBHCHMbl H 

MOryT 6bITb npHMeHem.1 Ha mo6bIX 3BM, B 
TOM 'IHCJie Ha cynepKOMilbIOTepax H nepco­
HaJibHl>IX KOMilbIOTepax. .D:aHbI npHMepbl HC­

Il0Jlb30BaHIDI rrporpaMM .llJljl npoeKTHpOBaHH» 
H o60CHOBamrn q:JH3WieCKHX xapaKTepHCTHK 

H,llepH.blX peaKTOpOB rrpaKTHt:feCKH Bcex THIIOB, 
3KCilJl)'arHpyeMhlX HJIH pa3pa6aTbIBaeMhIX B 
PoccHH. B nacroHmee BpeM» pa6ora tta.u cBo­

.UOM MCU-5 3aBeprneHa. 
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IlaKeT npuKJiaAHhIX nporpaMM BURNUP AJIH pac11eTa 
H30T0ilH0r0 C0CT3B3 MaTepuaJI0B pa60Taro111.ero peaKTopa 

M. C. /00Ke6u11, 
H~ "KyptJaTOBCKHH HHCTHTyT", 123182, MocKBa, nJI. KyptJaToBa, 1 

IlocTymtna B pe,1J.a1<muo 14.03.2011 r. 

OnHcbmaroTCji MeTO.znu<a H B03MO)KHOCTH nporpaMM.bl BURNUP. Ha:maqeHHe nporpaMMbI - nporH03H­
posrurne H3MeHeHIDI HYKJIH,nHoro cocTasa MaTepHa.JIOB peaKTopa s npol.\ecce ero KaMnaHHH H pacqe-r pa;wa­
WfOHHbIX xapaKTepHCTHK MaTepHa.JIOB llOCJie o6nyqeHID!. 

K1llO'le6ble CJI06a: pea.KTop, COCTa.B MaTCpHa.JlOB, BblTOpaHHe, pan;HaU}10HHble xapaKTepHCTHKH. 

Package of Applied Programs for Calculating the Isotopic Composition of the Materials of Operat­
ing Reactor. M.S. Yudkevich, NRC "Kurchatov Institute", 1, Kurchatov Sq., Moscow, 123182. 

This paper describes algorithms and capabilities of BURNUP code. The code may be used for forecast of 
changes in the materials nuclides content during reactor campaign and for computation of radiation character­
istics for irradiated materials. 

Key Words: Reactor, Materials Content, Burnup, Radiation Characteristics. 

BBeJJ.eHHe 

B coBpeMeHHbIX nporpaMMax pacqeTa 

Hei:hpOHHO-(pH3H'leCKHX xapaKTepHCTHK :rnep­

reTHtJeCKHX H HCCITe)].0BaTefilCKHX peaICT0p0B 

Y'lHThIBaIOTC.SI Bhlropam1e ypatta, o6pa30BaHHe 

nnyT0HIDI H np0)].yICT0B ,l].eneHIDI. B nporpaM­

Max MCU [1] :ny cpyHI<I.J.mo BhITI0ITH.HeT M0-

)].ym, BhIT0paHIDI, B 1<aqecTBe K0T0poro HC­

TI0ITh3yIOTCR nporpaMMhl naKeTa BURNUP. 

BURNUP cocT0HT H3 HeCK0filKHX npor­

paMM. Ha3Ha'leHHe OCHOBHOH H3 HHX STEP -

3T0 nporn03Hp0BaHHe H3MeReHIDI H30T0I1H0-

ro C0CTaBa T0IIIDIBa, opraH0B CHCTeMbI ynpas­

neHIDI H Jall(HThI , ,ll.pyrHX MaTepnanos peaKTo­

pa s npouecce ero KaMnaHHH. IlporpaMMa 

DELAY )].aeT B0JM0)Kff0CTh pacctJHTaTh aICTH­

sau,mo KOHCTPYKUHH, HaK0nneHHe pa,ll.H0ttyK­

ITH)].0B, HCT0CUI:HKH 3aila3,l].hlBaI0IIJ;ero raMMa H 

ueihpoHHoro 113nyqeuHJ1, .upyrne pa.rnrn1\r10H­

H.b1e xapaKTepHCTHKH OCTaHOBITeHHOro peaK­

TOpa. 

Qem, HaCTORIIJ;eH ny6JIHKal..\IDf - ,l].aTh HH­

cpopMaumo 0 B03M0)Kff0CT.SIX naKeTa. O)].HO­

speMeHH0 0illlCblBaIOTCR HCTI0IT.b30BaHH.bie an­

ropHTMhl H opraHH3aUIDI pa6oThI ero npor­

paMM B Ka'leCTBe Mo.n;ym B C0CTaBe peaKTop­

HOH nporpaMMbl. 
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1. TpaHCMYf3 ... HH H,!1.ep B ueiiTpOHHOM DOJIC 

H)'K.JIH.LUihrn cocTaB MaTepmU1a, ofinyqae­

Moro HeHTPOHaMH, MeIDleTC.SI BO speMeHR. 3To 

npoHCX0)].HT B pe3yIThTaTe pa3JIH'IHhIX peaK-

1..\HH HeHTPOH0B C .H,ll.paMll H pacna,l].a o6pa30-

BaBDIHXCR pa)].ll0aICTHBHhIX .H,ll.ep. 

PaccMOTPHM pa3MH0)KaJOuzyro HeHTPOH.bI 

CHCTeMY (s )].afilHemneM peaKTop), C0CTOR­

myro H3 HeCK0IThKHX 30H pa3H0r0 C0CTaBa. B 

CJaCTH 30H C0,ll.ep)KaTCR ,l].eIT.HIIJ;HeCR H)'KJIH)].hl. 

Tpe6yeTCR onpe,ll.eITHTh C0CTaB peaKTopa cny­

CT.SI 3a)].aHHoe BpeM.H T npH ll3BeCTHOH 3aBHCH­

M0CTH OT BpeMeHH M0IIJ;H0CTH P(t). 
IlpHCBOHM ttyKITH)J,aM, H3Ha'lafilH0 HMelO­

mHMCR B peaKTope HJIH 00.SIBHBIIHIMCR B npo­

uecce pa60T1>1, nop.S1.LU<0B1>1e H0Mepa i u 6y.neM 

o60JHaCJaTh qepe3 C; HX K0Hll,eHTPaumo - co­

,ll.ep)KaHlfe s e.[{Hlllme 061,eMa. B KIDKJJ.hI.H M0-

MeHT apeMeHH JaK0H coxpaHeHIDI 'IBCJia HYK­

ITH)].08 3aTIHCblBaeTCR B BH,l].e CHCTeMl>J ,ll.llcpcpe­

peHUH afilH.bIX ypaBHeIDf H 

:i C, =- () .. ; + cr;<l>) + Io"ji + crji<l>)Cj ;} 
j (I) 

A; = LA.11 ; 0 , = L0 ,1, 
j j 

r)].e <I> = A ff (E)dE - noT0K HeHTPOHOB, /(£) -

ero 3HepreTHtJecKHH cneKTP, A - H0pMllpo­

BOlJHhrn MH0)KHTeITh, nponopQHOHafilHhlli 

M0I.I{H0CTH peaKTopa; 



p 

o j i == [fa j ;(E) J(E)dEJ/«1> - ceqemrn rrorrro­

ruemrn HeihpoHa H)'Kllli,L{OM j, rrpHBO,Z:VUUee K 

o6pa3oBamno HyKJIH.na i (napuirnm,Hoe ceqe­

HHe); .r{llil peaKTOpHhIX HeHTµOHOB B03MO)l(Hb1 

peaKUlH1 (n, y), (n, p), (n. a), (n, 2n), (n, 3n), 

(n, j), B crryniae .nenemrn cr ji = a JJ £ ji ( Eji - Be­

po.SITHOCTh BbIXO,[{a H30Torra i npH ,neneHHH 

H30TOIJa j); Aji - CKOpOCTb pacna,na H30TOna j, 
B pe3ym,TaTe qero o6pa3yeTc.sr moTon i; B pe­

aKTOpHhIX rrpHJIO)KeHIDIX paccMarpHBaIOTC.sr 

cne.izyioIIU1e Kattam,1 pacna,na: 3rreKTµoHHa.sr 

3MMCCH.SI ~-, npOTOHHa.SI 3MHCCH.sr f, 3JieKT­

poHHa.SI H HeHTµOHHa.sr 3MHCCHH ~-n (3aTia3,nhl­

BaIOIIU1e HeHTµOHbI), 3JieICTpOHRblli 3aXBaT 

EC, anh<pa-pacna.n a, moMepmrn nepexo.n IT 

H3 MeTaCTa6HJibHOro B OCHOBHOe COCTOmIHe 
' 

cnoHTaHHoe .neneHHe SF. 
CHCTeMa ypaBHeHHH (1) ,[{OIIOJIIDleTC.sr yc­

JIOBHeM HOpMHpOBKH IlOTOKa HeHTµOHOB Ha 

MOilUIOCTb 

P= f~:(a1 E1c). <Ddr, (2) 
l l 

r.ne Efi - 3Hepnut, KOTopasr Bbl,[{eJUJeTC.SI np11 

,n;enemrn H.l{pa i. 
IloToK H cneKrp Hei-irpoHOB, a 3HatJHT, 11 

ceqeHIDJ HenpepbIBHbIM o6pa30M 3aBHCHT OT 

KOOp.D.HHaT. 3TO rrpHBO,n;HT K TOMY, qTo B 

ypaBHeHH.SIX ( 1) BCe K03<p<pHUHeHTb1 ( KpOMe 

"A,), a cne.noBaTeJibHO, H nepeMeHHb1e Ci 3aBH­

C.iIT H OT KOOp,n;HHaT, H OT BpeMeHH, T.e. KOH­

ueHrpaIUUI ttyKJIHJJ:OB B npe.nenax 30HhI peaK­

TOpa nepecTaeT 6bITb TIOCTOfilIBOH. B CBOIO 

oqepe,nb IlOTOK H ceqeHH.SI 3aBHC.ilT OT pacnpe­

.nerreHH.SI H)'KllliJJ:OB no 061,eMY peaKTopa, T.e. 

ypaBHeHIDI ( 1) HemrneHHhie. 

,[(AA pemeHIDI CHCTeMbI (1) HCilOfil3YIOTCH 

06bI~Hhie .r{llil BbNHCJIHTeJThHhIX MeTO,[{OB 

npH6nH)KeHH.SI. 

1. PeaKTOp ,n;eJIHTCH Ha 30Hbl, pa3Mep KOTOpbIX 

)];OCTaTOqffO Man, qT06bI B npe,n;enax Ka)KJJ:OH 

H3 HHX MO)KHO 6brnO npHH.SITb, qTo <I> H (J BCex 

HyK!IBJJ:OB He 3aBHCHT OT KOOp,n;HHaT H paBHbl 

cpe.L{HeMy no 30He 3HaqeHHIO. B 3TOM c.rryqae 

061,eKTOM paci1e-ra CTaHOB.SITCH cpe.l{HHe no 30-

HaM KOHUeHrpaw,rn HYKJIHJJ:OB. 

2. MHTepBan BpeMeHH T pa36HBaeTCH Ha PM 
nocne,n;oBaTefilHhIX orpe3KOB (rnaroB) litn = 
= Ctn-I, tn). PacqeT KOHUeHrpauHH H30TOIIOB 

npoBO.L(HTCH rrocne.noBaTeJibHO "mar 3a ma-

roM" H Ha Ka)KJJ:OM mare rronaraeTc.SI, qTo 3a­

BHCHMOCTH <D(t) H cr(t) B Ka)K,[{OH 30He anp1mp­
HO H3BeCTHbl. 

2. OpraBHJaUHH pacqeTa 
ua Ol{HOM BpeMeHHOM mare 

IlpH c.nenaHHhIX ,n;orrymemrnx o 3aBHCH­

MOCTH OT speMeHH <D H CJ perneHHe 3a,[{atJH Ha 

mare litn pacrra,n;acrc.i1 Ha .n;Be nocne.nosaTefil­

Hhie qacn1: 

1) pacqe-r peaKTopa Ha KpHTH'IHOCTb rrpH 3a­

L{aHHOM H30TOTIHOM COCTaBe 30H C;Un-1) B Ha­

qane mara H nonyqeHHe cpe,nHHX no 30HaM 

3HaqeHHH <I>(tn-1) H cr(tn-1); 
2) pacqe-r H30TOilHOfO COCTaBa 30H C;(tn) B 

KOHUe mara npH 3a,[{aHHbIX COCTaBe, IIOTOKe H 

ceqeHH.SIX B ttaqane mara H nocryJIHpoBaHHOH 

3aBHCHMOCTH <D(t) H cr;(t). 
Pa3Mep mara BbI6HpaeTCH c yqeTOM .n;Byx 

npOTHBope~hIX rpe6oBaHHif. litn L{OIDKHO 

6bITh Mano, qTQ6I,1 C ,[{OCTaTOCJHOH TOllHOCTblO 

BbITIOnH.ilJIHCb IIOCT)'JIRpoBaHHhie 3aBHCHMOC­

TH <D(t) H cri(t). C .npyroii CTOpOHbI, Ha,[{O crpe­

MHThCH K COKpameHHIO 'IllCJia maroB, TaK KaK 

nonttoe BpeMH pemeIDUI 3a.L{a'Ill nponopuHo­

HaJThHO HX 1mcny. 

Bo Bcex H3BeCTHhIX aBTopy nporpaMMax 

pacqeTa H30TOIIHOf0 COCTaBa, B TOM qncJie 

ORIGEN [2], npHHHMaeTcH, <ITo <D H cr He 3a­

BHC.SIT OT t H paBHbI 3HaCJeHHIO B Haqane OT­

pe3Ka, T.e. <I>(t) = <I>(tn-1), cr(t) = cr(tn-i). 3rn 

npH6nH)KeHHe He BbI3hIBaeT rrpo6neM, ecJIH B 

peaKTOpHOH nporpaMMe rrpHMeHeH ,[{eTepMH­

IrnpOBaHHbIH MeTo.n pacqera 11 YBeJIHqeHJfe 

'IllCJia maroB He npHBO,[{HT K qpe3MepHOMY 

pocry BpeMeHH cqera. 

qT06bI o6ecneIJRTh Pa3YMHI,Je BpeMeHa 

pacqera rrpH HCTIOJTh30BaHHH peaKTOpHbIX 

nporpaMM, peaJIH3yIOIUHX MeTo,n MoHTe-Kap­

no, B nporpaMMe STEP B KaqeCTBe ocHOBHOH 

OIIUHH npHH.SITO, qTo <D H (J JIHHeHHO MeIDDOT­

C.SI Me)K.[{y CBOHMH 3HaqeHH.SIMH B HaqaJie H 

KOHI.le rnara. B 3TOM cnyqae .r{llil pemeHIDI cH­

cTeMhI ypaBHeIDrn (1) npHMeH.SieTc.si 4-maro­

Ba.sr HTepaUHOHHa.SI npoueeypa rrpe,nHKTOp­

KoppeKTop, %.SI cxeMa noKa3aHa Ha pHcym<:e. 

McnoJib30sa1rne s BURNUP Kycoqffo-JIH­

HeHHoro onHcamui: 3aBHCHMOCTH OT speMeHH 

TIOTOKa l1 ceqeHHH cyIUecTBeHHO yBeJIH'IllBaeT 
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==:::~> REACTOR 

2 

C(tn-1) 
<l>(tn-1) 
o(tn-1) 

==::::::::~> STEP 

3 ==:::> REACTOR 
<I>(t,.) 

==:::> o(tn) ,...._ _____ _, 

4 
C(tn-1) 

<I>(tn-t), <I>(tn) 
o(tn-1), o(tn-1) 

==~~> I STEP 

CxeMa pemeHIDI 3a,na<rn BhtropaHIDI MeTO.U.0M nperon<Top-KoppeKTop: 
REACTOR - HeHTJ)OHHo-cpH3H'IecKHH pacqe-r, STEP - pacqe-r BhIT0-
paIDU!, C*(tn) - npoMe)K)"f0qHoe 3HaqeHHe K0HQCHTJ)aU:IDI 

se.rrwnrny mara no cpaaHemno c K)'CO'IHo-no- 3. BoJMO,KHOCTH nporpaMM 
CTOHHHhIM npH6JIIDKeHHeM, oco6eHHo npH naKeTa BURNUP 
pacqfue CHCTeM C CH.JibHOH rrpocTpaHCTBeH­

HOH HeOJUIOpO,llHOCTblO . .ll:JUI npHMepa s Ta6-

Jll1Ue np1rne,ueHb1 pe3yJThTan.1 pacqfua no npo­

rpaMMe MCU 3q>q>eKTHBHoro K03q>q>HIIHeHTa 

K eff pa3MHO)KeHJiJI HeHTpOHOB B H'leHKe H no­

JIIDlqemce C BbITOpaIOIIJ.HM IIOrJIOTHTeJieM 

BB3P-1000. 
T a 6 JI u u a BJIIDIHIDI cnoco6a annpoKcHMaUIDI 

~ K Il0T0Ka H ceqeHHH Ha T0qH0CTb pacqe-ra ell" 

n !ltn= Tin Kerr 
llirneHHlUI IlOCTOIDII-llUI 

.5JqeHKa VVER-1000. T = l 200 CYT 

l 1 200 0,8840 0,921 
2 600 0,8895 0,9105 
4 300 0,887 0,896 
8 150 0,887 0,894 
16 75 0,890 
IloJIIDll'leHKa VVER-1000 c ra.u.onHHHeM •. 

T = 200 CYT 

10 20 1,027 0,982 
20 10 1,045 1,025 
50 4 1,047 1,032 
100 2 1,050 1,041 

•TB3r B 0KPY)KCHHH 6 TB3Il0B 

Ilocrre ncqepnattHJI maroa 3aancnMOCTb 

<D(t) H CJ;(t) H3BeCTHa Ha BCeM HHTepaarre spe­

MeHH T. 3TO nO3BOJUleT, He o6paIIUUICh K pe­

aKTOpHOH nporpaMMe, paccqHTaTI, H3OTO□HhIH 

COCTaB npH mo6oM t, OTJIH'IHOM OT t,.. 
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IlporpaMMa STEP pacC'IlfTbIBaeT H)'KJIH.U­

Hhrn COCTaB MaTepHaJIOB peaKTopa B 3aBHCH­

MOCTH OT ,llJIHTeJH,HOCTH ero KaMTiaHJrn H 

MOII(HOCTH. CTIHCOK H)'KJIH,llOB HH'leM He orpa­

HH'leH. qHCJIO MaTepnarroB MO)KeT 6bITb CKOJib 

yrO,llHO BeIDflCO. Pe3ym,TaT pacqern Ha KIDK­

,llOM speMeHH6M mare 3ailHCbIBaeTCH B apXHB. 

IlporpaMMa FINTAB ocymecTBJUleT no­

CTo6pa6oTKY J,f Bbl,llaqy pe3yJibTaTOB. Boc­

nOJih3OBaBmHCb eii:, ITOJib3OBaTeJib MO)KeT no­

JIY'l1ITb 3aBHCHMOCTb OT speMeHH KOHIJ;eHTpa­

UHH mo6oro HyKJIH)],a H HHTerparrbHhle xapaK­
TepHCTHKH 3OH - MOII{HOCTb, BbITOpaHHe, no­

TOK HeHTpOHOB, MaKpOCetJeHHH. 

IlporpaMMa DELAY pacctJHTbIBaeT pa,llH­

aunoHHhie xapaKTepHCTHKH o6rryqeHHbIX Ma­

Tepnarros, ,uasaH BO3MO)KHOCTb norry'IHTb ape­

MeHHJ,ie xapaKTepHCTHICH 3ana3,llbma10mero 

H3JJyqeHHH - IlOJIHOe H JJOKaJThHOe 3HeprOBbl­

)],eJJeHHJI, HHTeHCHBHOCTb raMMa H3rryqeHHH H 

ero cneKTp, HCTOqHHKH HeHTpOHOB cnoHTal-J­

HOfO ,uerreHIDI. 

IlporpaMMhI HanHcaHbI Ha H3hIKe Fortran 

90/95 c npHMeHeHHeM ,llHHaMHtJ:eCKOfO pac­

rrpe,ueJJeHIDI naMJITH. Hx MO>KHO HCnOJib3O­

BaTb Ha nepCOHaJThHOM KOMITbIOTepe H Ha 

MyJThTHnpoueccopHOM cynepKOMilbIOTepe 1• 

1 Pacnapa.nnem-rnaHHe BbJ'llfCJleHHH BbmonHHJl WKa­
poscKHi1 ,[(.A. 



4. Pa6oTaromuii peaKTop. AJiropHTMbI 

B 3TOM pa3,n;eJie paccMaTPHBaIOTCH anro­

p.UTMbI, npHMeHJleMbie s BURNUP )J.JUI perne­

HWI CHCTeMbI ( l) Ha O.[{HOM speMeHHOM mare. 

pa3Mep rnara (tn-1, tn) BI,I6paH TaK, qTQ MOIIJ.­

HOCTh P peaKTopa s ero npe,n;enax nocTomrna. 

B KIDK.D.OH 3OBe k 061,eMOM Vi H3Becrn@ coc­

ws C,{tn-1) S Haqa.ne mara H 3aBHCHMOCTH <l>(t) 
H cr;(t). 

Ilocne HOpM.uposKH noToKa HeHTPOHOB Ha 

MOIII.HOCTh peaKTopa 

p = L (v<I> I( cr i 'n-1) C(tn-1 ) El t) (3) 
k I k 

Ka)K)zyIO 3OHY MO)l(HO paccMaTPHBaTh He3aBH­

CHMO OT OCTaJihHhIX. 

Pa3pa60TaHO H o6m.e.n;ocryrrno HeCKOJihKO 

nporpaMM pememm c1-1cTeMh1 ypasttemrn mna 

(1), HO see OHH HMeIOT orpaIIH'IeHHH no tUICJIY 

nepeMemn,ix u , rnasHoe, no .n;.uana3Otty seJilf­

qoe w. = 1,,. +<l>cr . . B HameM c!TVQae qJfCJio ttyK-
' ' ' ~_.._J .... 

JIH.llOB MmI<eT npeBhIIllaTh 1000, a nepuo,n; no­

nypacna,n;a pa,nHOaKTHBHhIX ,i,n;ep Jie)KJIT B rrpe­

,n;eJiax OT CeKYff)]; )].JUI IIpO,n;yKTOS ,n;eJieHHH AO 

COTeH MHJIJilfOHOS JieT y H3OTOIIOS ypaHa. CooT­

seTCTBeHHO u w; MeHHeTCH 6oJiee qeM Ha 15 no­

pH.n;KoB. qT06hI cnpaBHThCH C 3TOH rrpo6JieMOH, 

see ttyKJilf)];hI pa3,n;eJIHIOTCH Ha ,n;Be rpyn:m,1: 

.D.OJirO)KH8YIIJ.He H KOpOTKO)Klffiyrr(He. K no­

CJie,n;HeH rpynne OTHOCHTCH ttyKJilf)];bI C rrepHO­

.D.OM nonypacna,n;a Meeee qeM O)];HH CYTKH, 

IlocJie HCKJIIOqemur KOpOTKO:>KHB)'IJWX 

HyKJIB.D.OS B CHCTeMe ypaBHemrn ( 1) OCTa.JIOCh 

npHMepHo 400 nepeMeHHbIX C;, a ,n;uana3OH w ; 

)'MeHhmHJICH Ha 5 nop,iwos. C.ucTeMa rrepec­

TaeT 6hITh )KCCTKOH Fl 11O,n;,n;aeTCH tUICJieHHOMY 

pemeHHIO. ,[(ml 3TOro HCnoJib3yeTCH nporpaM­

Ma DVERK [3] , pea.JIH3y10ma,i MeTOA P)'Hre­

Kyrra 6-ro nop,iwa. 

LJ:JIH KOpOTKO)KHBYIIJ.HX HYKJIH)];OB npHHH­

MaeTCH, qTo FIX KOHUCHTPaIJ.IDl paBHa paBHO-

secHOMY 3Haqemno C 

C, = [ ~(').,,ji + crj,<l>) Ci ]/')..1 (4) 

(B CyMMy BXOMT TOJibKO )];OJITO)KHBYIIJ.He H3O­

TOTTbI). 

KoHIJ.eHTPaUIDI KopoTKO)KliBYIIJ.HX ttyKJIH­

.n.os ,D.OCTHraeT pasHosec1rn cnycrn HeCKOJihKO 

,n;HeH nocJie Haqa.na o6eyqeHIDl, HO OHM He ,n;a-

IOT 3aMeTHoro sKJiaaa B nonrnm.eHHe Henrpo­

HOB. l1CKJIIO'IeHHeM m3JIHeTCH 
135

Xe, KOHQeHT­

pamno KOTOporo BIDKHO CIIBTaTh TO'IHO npH 

scex speMeHax. KoBIJ.eHTPal{IDI 3Toro ttyKJIH-
n s 

.n.a .u ero rrpe.n.mecTBeHHHKa I paccqJJThIBa-

eTCH 6e3 npu6JIIDKeHHH no amurnTMqecKHM 

cpopMYJiaM. l1cKJIIOqeHHH c,n;eJiaH1>1 M )J.JUI He­

CKOJibKHX CTa6J-fJibHhIX ttyKJIH)];OS C 60JihillHM 

ceqemteM IIOfJIOIIJ.eIDUI, speMH )KH3Hlf KOTO­

pbIX B BhICOKOIIOTO1IHhIX peaKTopax MO)KeT 

6hITh Ma.JIO. 

5. 3anaJi:.hrnaromee HJJ1y11enue. 
AJiropHTMbl 

PaccMOTPeHHhie s rrpellbIJlYil.leM pa3,n;eJie 

aJirOpHTMhl MO)KHO rrpHMeHHTh H IlOCJie npe­

KpameHHH pa60ThI peaKTOpa, KOr,n;a P(t) = 0, 
HO TOJibKO cnycrn HeCKOJibKO cyTOK IIOCJie oc­

TaHOSKH. Ilpu MaJihIX BpeMeHax, a 3TO npaK­

TuqecKH sIDKHo, cneeyeT paccMarp.usaTh ace 

H)'1(.JiliJU>I, He pa3,n;e.JUUI RX Ha )lOJiro- J,f KOpOT­

KO)KHBYIIJ.He. 

B OTCYTCTSHe HeHTPOHHOro IlOTOKa (<l>(t) 
= 0) CXeMY npeBpameHIDI H,l.lep MO)KHO npe)].C­

TaSHT.b s BH)];e OT.D.eJibHhIX nenoqeK TaKOro 

BM.n;a: 

Namet ➔ Name; ➔ .. · ➔ Name; ➔ ·· · ➔ Name!, (5) 

r,l.le HH,l.leKc k - HOMep uerroqKH . 

Ilepexo)lhl B ueno'Il<ax IIpOHCXO)].HT TOJib­

KO Me)K)zy coce.[lHHMH qneHaMH Name;_1 H 

Name; . Ka)KllbIB HYKJJHA MO)KeT cpuryp.upo­

saT.b s HeCKOJibKHX neno'Il<aX, HO TOJibKO O.[{HH 

pa3. KottueirrpaQHH ttyKJIH)];a Name; pastta: 

C1 = L c~ , c)'MMHposaHHe npoBOJl.HTCH no TeM 
4 

ueno'Il<aM, B KOTOphIX Name! = Name1 • 

.D:JIH aKTHHH.L(OS H rrpoeyKTOS ,n;eJieHHH Ta­

KHX l{eIIO'IeK noqn1 17 ThICHq, caMaH .D.JIHHHaH 

CBH3hIBaeT 22 H,n;pa OT 
254

Cf J.lO 
210

Pb. B )].a.Jih­

HeHIIIeM TeKcTe MH,n;eKc k onycKaeTCH. 

Ka)K)];aH napa qnettos B uerroqKe (5) cs,i3a­

Ha ypaBHeHHeM 

dCn/ dt =-AnCn +sn'),.,n-t C,,_1 , 1 ~ n ~ N , (6) 

r.ue Sn - BepOHTHOCTh Toro, 'ITO H,n;pO Namen-1 
pacna.ueTCH no KaHa.ny, npHBo)].Hl]leMy K 06pa-

3osaHHIO ,i,n;pa Namen. 
HaqaJihHI,Ie ycJIOSHH )].JUI 3TOro ypaBHe­

HHH cJie.[ly10mHe: Cn(O) H3secTHO npu n = I H 
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paBH0 ttymo npH n > l. 3a Ha"laJI0 0TCl{eTa 

BpeMeHH 3)leCb rrpHlUIT0 apeMJI rrpeKpam.eHIDI 

06nytJemu1. 
PemeHHe ypaBttemui: (6) 3am1cbmaeTc.11 

TaK: 

/ (7) 

{

c
1 
(t) = c 1 (0) exp(-A-1 t); 

Cn(t) =Sn Jcn_.('r)exp(-An(t--c))dt, n > 1. 

PaccMaTPHBM nocne.uosaTeJibH0 ace na-

pbI HYKllHJl0B, HaqHHM c rrepaoH, M0)KHO no­
rryqHTb aHaJIHTHl{eCK0e BbipruKemte )lJl.ll no-

CJJe)lttero tJJJetta uenocn<H 
N N 

CN(t) = Il s,,, x L RN.m exp( -A.,,,t) . (8) 

R N,m BbPUICJUDOTC.ll peeyppeHTHO: 

R,., = C1(0); 

R = "-,,_, R 
n,m A. _ A. n- 1,m • m < n; 

" "' 
(9) 

m=l 

Om1caHHble anropHTMbl peanH30BaHbI s 

nporpaMMe DELAY, pacc'illTbIBa10mei,i xa­

paKTepHCTHKH 3anaJ.l{bIBa10mero H3nyqemui:. 

3aKJUO'-leHHe 

TiporpaMMbI naKeTa BURNUP Moryr 
6bITb HCil0Jib30BaHbl C0BMeCTH0 C JJI060H pe­
aKTOpHOH nporpaMMOH, X0T.ll opHeHTHposaHbl 

oHH s nepsyt0 oqepe.llb Ha rrporpaMMbI, npH­
MeH.llIOIUHe MeT0.ll MottTe-Kapno. 3,nech BUR­

NUP s pa3bI coKpamaeT cyMMapttoe speMJ1 
pacqeTa no cpaBHeHHIO C .upyrHMH H3BeCTHbl-
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MH nporpaMMaMH sblropaHIDI, HanpHMep, 

ORIGEN [2]. 
AsTOp npH3HaTeJJeH .lJ:.A. lliKapoBCKOMY 

H C.A. EoJJbillarHtty 3a C0TPYJlHH'ieCTB0 H no­
M0I.Ub, C.B. MapHtty 3a 3aMeqaHID1 K nepsoHa­
qaJJbH0MY sapHaHTy TeKCTa. Oco6a,i: 6rraro­
,napH0CTb E.A. foMHH)', 6e3 HaCTOH'i.HBOCTH 

K0T0poro CTaTb.ll He 6bIJJa 6bl HailllCaHa. 
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IIocTyrrHna B pe.n;aKUmo 10.02.2011 r. 

OIIHCaHI,I MeTO.[(hI H anropHTMhI, HCilOJll,JyeMbie B naKeTe IIEPCT-5. JTOT naKeT HB.illleTCJI tJaCThlO CBO­
,n;a MCU-5 H cny:>KHT )];JUI neihpoHHo-qrn311qecKoro pacqe-ra HtJeeK H <f?parMeHTOB Mepmrx peaKTopoB 0606-
meHHhIM MeTO,UOM BepOUHOCTeH nepBbIX CTOJIKHOBemrH. 

KR10tte6ble CRoea: tteiiTpoHHO-!pHJHtJecKHii pacqe-r, 0606memn,1e BepowrHOCTH, ynHBepcam,HM reoMerpHJI. 

Status of PERST-5. E.A. Gomin, M.I. Gurevich, M.A. Kalugin, A.P. Lazarenko, A. V. Pryanichnikov, 
V.D. Sidorenko, NRC "Kurchatov Institute", 1, Kurchatov Sq., Moscow, 123182, V.E. Druzhinin, JSC 
"VNIIAES", 25, Ferganskaya St., Moscow, 109507, A.P. Zhirnov, J.M. Rozhdestvenskiy, JSC "RD/PE", 2/8, 
Malaya Krasnosel'skaya St., Moscow, 107140. 

A description of the methods and algorithms of code package PERST-5 is presented in this paper. The 
PERST-5 is intended for the neutron-physical characteristics calculation of the cell and parts of nuclear 
reactors by generalized first collision probabilities method. 

Key Words: Neutron-Physical Calculation, Generalized Probabilities, Universal Geometry. 

BeeJJ.eHHe 

MeTo.n; BepoHTHOCTeH rrepBhIX 

CTOITKHOBelfl-rii (BIIC) HBJUieTCH O,ll;HHM H3 

KnaCCH'IeCKHX MeTO)J,OB IlOBbillleHHOH TO~OCTH, 

npHMeIDl.eMbIX .n;nH pemeHIDI TpattcrropTHoro 

ypaBHeHIDJ. rrepeHoca HeHTpOHOB B 

MHOrorpynnoBOM rrpH6IDDKemrn. IIonyn11:pHOCTh 

3TOro MeTO)J,a o6bHCIDl.eTCH TeM, l!TO OH 

yqHTbIBaeT reTeporeHHOCTh CHCTeMbI H 

3aBHCHMOCTh IlOT0Ka OT HanpaBneIDUI 6e3 

paJnO)KeHHH ero Ha yrnOBbie C0CTaBJUllOIIUie. 

B TO )Ke BpeM11: pa3MepHOCTh CHCTeMbl 

ypaBHelfl-rii MeT0)J,a paCTeT nponopUHOHanbHO 

KBa,z::,;pary <rncna JOH, Ha KOTOpb1e pa36HBaeTc.sr 

paccMaTpHBaeMM CHCTeMa, Il03TOMY MeTO.[( 

HCilOilb3yeTC.ff .n;nH pacqfua 0THOCHTeJibHO 

He60nbIIDIX CHCTeM. 3TH ,n;Ba KatieCTBa H 

onpe.n;enHnH o6naCTh npHMeHHMOCTH nporpaMM, 

HCDOilb3YJOil.{HX MeT0.IJ. BIIC. qar_ue Bcero OHH 

IlpHMeIDIIOTc.sr .n;nH pacqera »qeeK - He6onbIIDIX 

IlOBTOpIDOI.IUIXC.ff reTepOreHHbIX o6naCTeH. 

YpaBHeHHH MeTo.n;a OCH0BaHI,I Ha TpaHC­

nopTH0M ypaBHeHHH nepettoca HeHTpOHOB, 

3aDHcaHHOM B HHTerpa.m,HOH q>OpMe. IIocJie 

liCDOJib30BaIDJJI OCHOBHhlX npe,D;IlOilO)KeHHH 

"nnOCKOro" Il0TOKa, H30Tp0I1HblX HCTOl!HHKOB 

H pacceIDIIDI HHTerpanMlliie ypaBHeHHH 

aepeHoca CBO)J,HTC.ff K CHCTeMe mrneihn.IX 

ypaBHeHHH C HeH3BeCTHbIMH napaMeTpaMH pij 

- Bepo.srTHOCTHMH nepBbIX CTOnKHOBeHHH, 

BbJqHCJieHHe KOTOpbIX H npe.n;cTaBmeT 

0CH0BHYIO Cil0)KHOCTb MeTO)J,a. 
AnropHTMbI BbJtlliCneHIDI BepOHTHOCTeH B 

npoCTbIX re0MeTpIDIX pa3pa6oTaHbI B Haqane 

60-x ro.n;oB H peanH30BaHbI BO MHOrHX 0Tetie­

CTBeHHbIX H 3apy6e)l(HbJX nporpaMMaX (Ha­

npHMep, [l. .. 3]). B 3THX nporpaMMax BIIC 

BbJtlliCillllOTCH B 3JieMeHTapHhlX gqeiiKax pa3-

JIH1IHOH q>opMbI: KBa.n;paTHOH, reKcarOHaJib­

HOH, np.srMoyroJibHOH. OTMeTHM, l!TO )J,Il1I yqe­

Ta aHH30Tp0nHH pacce.srHIDI B nepeqncneHHbIX 

nporpaMMaX npHMeHHeTCH TpaRcnopTHOe 

npH6nlf)KeHHe. 

1.HCTopnH 

B ttatiane 2006 r. 6brno np11ID1TO perneHHe 

C03)J,aTb OTeqecTBeHHyio nporpaMM)' IlO)J,rOTO­

BKH »qee'Illl,IX cetieHHH )J,Il1I PEMK, 6onee 

T0tIH)'JO H yH1-1Bepca.m,Hyio, tieM HCil0Jlb30BaB-
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rnaj{C.SI Ha TOT MOMeHT rrporpaMMa WIMS sep­

CHH D4 [ 1]. Pa3pa60T'fm<.H omrpaJIHcb Ha y)l(e 

KMeIOIIUIBC.SI y IDIX OIThIT pernemrn rpaHcrrop­

THOro ypaBHeHIDI MeTO.UOM BIIC, peairn3osaH­

m,rn s pa3HI,IX KOMIIJieKcax (4 ... 8]. 
Rosa.SI rrporpaMMa norrytrnna HaJBaHHe 

MCU-FCP [9], nocKOJibKY pemaJia rpaHcnop­

THoe ypasHeHHe MeTO.UOM BITC (First Collisi­

on Probability) 11 rrpHMeffj{Jla Mo.uyJIH naKera 

MCU (10]. OcHOBHOH oco6eHHocTbIO HOBOH 

rrporpaMMbI, OTJIJ,1qa101IIeH ee OT rronymrpHbIX 

rrporpaMM WIMS D4, CJIY)l(HT B03MO)l(HOCTb 

pac<JeTa sepO.SITHOCTeu B IIp0113BOJibHbIX ,usy-

11 rpeXMepm,rx cHcTeMax. IlporpaMMa rrpourna 

TeCTHposaHHe, sepmpm<aumo Ha Bqefucax 
PEMK [ 11] H ycrreIIJHo BHe,upeHa B rrpaKTHKY 

pacqfuos B Hlf.Kll3T H BHJ1MA.3C. 

Eme BO Bpewi: pa60TbI Ha,u nepBOH sepCH­

eu rrporpaMMhl MCU-FCP 6bIJI rronyqeH 3aKaJ 

Ha BHe.upeIDle 6noKa rpattcrropTHoro pacqeTa 

B rrporpaM.M)' TBC-M (12], 11crrom,3yeMyro 

.um 3KcrrnyaTaUHOHHbIX pacqfuos BB3P. Ilo­

CKOJibKY B 3THX peaKTopax pacce.surne rrpo:uc­

xo,u:uT Ha so.ue 11 cymecTBeHHo aHH3orporrno, 
rrpe,unO)l(eHO rrpHMeH.SITb MeTO.U, Y'JHTblBaIO­

u:urn aHH3orpomno pacce.SIHIDI nyTeM pa3rro­
)l(eHIDI IIOTOKa ITO c<pepJ,[qeCKHM <pyHI<l{IDIM. 

3TOT MeTO,U ~e HCil0Jib30BaJIC.SI P.SI.UOM aBTO­

pOB (13, 14], HO TOJibKO .uo rrepaoro MOMeHTa 
pa3JIO)KeHHj{. 

B pe3yJibTaTe pa60Tbl Ha,n; rrporpaMMOH 

norryqeHbI MeTO.llHKH yqera aHH.3DrpOIIHH C 

I1p0H3B0JlbHI>IM q:ucJIOM MOMeHTOB, orpaHH­

qeHJU,JM TOJibKO ,n;attm,IMH no aHH3orpomrn 

pacce.SIHIDI [ 15]. KpoMe pa60Tu1 Ha,u MeTO.UH­

qecKOH qaCTuro, cyIIJeCTBeHHo rrepepa6oTaHbI 
TeKCTbI nporpaMM, qTo rrpHBeJio K IIO.SIBJieHHIO 

sepcHH MCU-FCP/3 rrporpaMMbI. 

IlporpaMMbl, paCClJHTbIBaIOIL{He IlOTOKH, 

BbI,JJ;eJieHbI s OTJ:(eJibHbIH rrporpaMMHbIH 6JIOK 

IIEPCT2, KOTOpbrn CTaJI rrpHMeIDITbCj{ s rrpor­

paMMe TBC-M. KpoMe Toro 113 rrporpaMMbI 

GETERA93 [ 16] B3.SIT 4>113:uqecKHH MO.UYJib, 
IIO,JJ;rOTaBJIHBaIOI.IJ.HH ceqeHJUI B M)'JihTHrpyn­

IIOBOM pa3611emrn c IlOMOIJU>IO K0MIIJieKca 

CONSYST 11 6H6JIHoTeKH EHA:693 (17]. 
Ilocrre 06be,IU1HeHID1 rpaHcrropTHoro MO­

,uyJij{ IIEPCT2 H <pH3HqecKoro MO.uyJij{ CON­

SYST c03,uatta HOBa.SI sepclij{ GETERAlO 

rrporpaMMbI GETERA. TaKHM o6pa3oM B paM-
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Kax cso.ua MCU-5 co3.n;aH rraKeT rrpHKJia,uHbrx 

rrporpaMM IIEPCT-5, H3 Mo.uyneii KOToporo 

co6:uparoTc.S1 pa3JIHqffbJe pa6o~rne rrporpaMM1>1: 

MCU-FCP/3, IIEPCT211 GETERAl0. 

2. IlEPCT-5 K3K '13CTb CBOJJ.3 MCU-5 

B rraKeT IIEPCT-5 B KaqecTBe cocTaBHbIX 

qacTeH BXOJ:(.SIT MO,llyJIH 11 6H6JIHOTeKH naKeTa 

MCU-5, rro3T0M)' ITEPCT-5 paccMarpHsaeTCj{ 

B KaqecTBe coCTaBHOH qacTH MCU-5 (18]. 
O,uHOH 113 OCHOBHbIX 3a,uaq rrpH TOCJHOM 

BbfllHCJJeHHH sepO.SITHOCTei-i B IIpOH3BOJibHJ,IX 

c11CTeMax .S1BJij{eTc.S1 rrpose,n;eHHe rryqeu qepe3 

CHCTeMy C 0,uH0BpeMeHHhIM BhllJHCJJeHHeM 

.n:mrn orpe3K0B rrepeceqemrn nyqa 11 30H c11c­

TeMb1. Anrop11TMhI rrpose,n;eHID! nyqei1: B MeTO­

.ue BIIC 11 nocTPoeHHj{ TPaeKTOpHH qacnm. 

Me)l(,lly CTOJIKHOBeffHj{MH B MeTo.n:e MoHTe­

Kapno so MH0roM cosrra,ua10T. 3To no3BOJij{eT 

:ucnoJib30BaTb reoMeTPITTecKHH M0,llyJib cso,ua 
MCU-5 6e3 cyIIJeCTBeHHbIX nepe,n;enoK . 

KpoMe rrporpaMMHhIX Mo.uyrrei1: MCU B 

rraKeTe IIEPCT-5 npHMeH.SIIOTCj{ Te qacm 611-

6mrnTeKH MCU, KOTOphle ocHOBaHbI Ha rpyn­

rrosoM rrpe,n;cTaBJJeHHH ceqeHmi B3aHMo,n;eiiCT­

BJij{ HeHrpOHOB C semeCTBOM, a CaMa rrpor­

paMMa MCU HHTeHCHBHO 11crroJib30BaJiacb 

,l{Jlj{ paC"leTa HeKOTOpbIX rpynITOBhIX ceqeHJrn:, 

KOTOphIX HeT B CTaHJ:(apTHOH 61,16.TIBOTeKe na­

KeTa MCU. 

3. 063op MeTo.n:a BllC 

EnoK ITEPCT2 TPattcnopTHoro pacqfua 
paCClfl1TbIBaeT pacrrpe.uerreHHe IIOTOKa HeHT­

pOHOB B JJ:By- 11 TPeXMepm,rx Cl1CTeMax I1p0H3-

BOJibHOH reOMeTpHH. ~ 3TOro rrpHMeH.SleTC.SI 

o6o6IIJeHHhrn MeTo,n; BITC, B rrpocTeHIIIeM 

c.rryqae cosna,uarol.IUffl c "KnaccHqecKHM" 

MeTo,n;oM BITC, ypaBHeHIDI K0Toporo rronyqe­

HbI B rrpH6JIH)KeHH.SIX "rrnocKoro" ITOTOKa, H30-

TPOilHbIX HCTOlfHHKOB H pacce.sJ.Hlij{. O606-

I.IJ.eHHbrn MeTo,n; BTIC ocHOBhIBaeTc.SI tta ypas­

Hemm rrepeHoca HeHTpOHOB, 3arrncaHHoM s 

HHTerpaJibHOH q:>OpMe: 

"' 
<l>(r,E,O) = f dtS(r',E,O)exp(-'t(r,r1), (1) 

0 

r.ue <l> ( r,E,n) - .u:u<pq>epeHUHaJlbHa.SI ITJ10T-

HOCTh IIOTOKa HeHrpOHOB B TOt{l(e r ' HMelO-



F 

IllJ1X 3Hepnno E H neTIDIJ;IfX s HarrpasneH1111 

Q ; r 1 = r - (!}. - TOqKa Ha _nyqe r - tfl ; 

t = Ir - r 'I - paccTOHHHe Me»my TO'IKaMH r H 

I 

r';'t(r,r') = fr(r-t'!!,E)dt' - orTTl1£{ec-

o 

KHH rryTh Me)l(.izy TO'IKaMH r H r'; I(r,E) -
ITOJIHOe ceqeHHe B3aHMO,[{CHCTBIDI HeiirpoHa C 

3ttepmei1 E s TOtfKe r; 
s(r,E,n) = ss (r,E,n) + S1 (r,E) -
HCTOqIDfl( pacceHHHH H ,[{eJieHHH. 

,D;m npOCTOTbl H3JIO)l(CHIDI 6y.[{eM paccMa­

rpIIBaTb ypaBHeHHe rrepeHOCa B O,[{HOCKOpOCT­

HOM rrpH6Jill.)l(eHJrn. B o6o6m;eHHOM MCTO,[{e 

BIIC noTOK s roMoreHHOH 30He i rrpe.[{cTaB­

meTcH s BH,[{e pMa 

<I> ( r, n) = LY" ( n) x; ( r) <I>;"'; r E v; , (2) 
IIV 

r,[{e ¢~ Y" ( n) 11 x; ( r) npe.[{cTaBmooT 

co6oi1 OpTOroHa.JThHblli Ha6op <p)'HK.Ul1H OT yr­

Jia n H KOop,mrnaTbI r C ycJIOBHCM opToro­

Ha.JThHOCTH 

-
1
- f d!!Y" ( !!)Y"' (n) f drx; (r )xt ( r) = 8""'8w' . 

4nv; 4,, 4,, 

(3) 

Ilo.[{cTaBHB pa3JIO)l(eHHe rroToKa s ypasHe- JIH6o <I> ( r, n) = LY" ( n) <I> ~; r E v; - .[{J1H 

mi:e rrepeHoca H rrpoHHTerp11posaB no rroJIHo- u 

MY TeJieCHOMY yrny H 061,eMY v; 30HbI, IIOJiy- 3aBHCHMOCTH OT KOOp,mrnaTbI HCnOJlb3YCTCH 
rrpH6JIH)l(eHHe "ruIOCKOro" IlOTOKa, a ,[{JlH 3a-

'IHM ypasHeHHe o6o6rueHHoro MeTo.[{a BIIC 

(4) 
i u 1v 1 

r,[{e <!>7' - M0MCHT IlOTOKa; p"'~'uv - TaK Ha3bl­

BaeMaH o6o6rn;eHHaH BIIC, HMerom;aH CMbICJI 

BepOHTHOCTH TOJibKO ,[{JlH ttyJiesoro MOMCHTa; 

S";"' - o6o6mem-Ibrn: HCTO<nrnK. 

B 6noKe IIEPCT2 peaJIH30BaHbI pa3JIO)l(e-

BHCHMOCTH OT yrna - Ha6op ccpepl1£{eCKMX 

cpYJil(UHH; 

JIH6o <I> ( r,n) = Ix; ( r )<I>;; r Ev; - no yrno-

BOH nepeMeHHOH npHMeIDieTCH rrpH6JIIDKeHHe 

H30TPOITHOro noTOKa, a ,[{JlH 3aBHCHMOCTH OT 

KOOp,[{HHaTbI - K0HCTaHTa H JIHHeHHaH <PYH­
KUIDI-

HIDI no OT,[{eJlbHOCTH .[{JIH yrnosoii 11 npocT- 3.1. Pac11em 0606w,e1111blX Bep0Rm11ocmeu 
paHCTBCHHOH 3aBHCHMOCTHM, T.e. O6o6m;eHHaH sepOHTHOCTb npe.[{CTaBJUleT 

co6oi1 .[{BOHHOH HHTerpan no npocrpaHCTBY 

P"·~·uv = ~ f dr fdr exp (-'t ( r1 ' r;)) Y" (n) Y"' (n) X~ (r.) x~· (r.). (5) 
IJ 41tV. J I ( )2 J J I I 

, vi v, r1 -r; 

EcJIH nepeHTH OT HHTerpHpOBaHIDI no 

3JieMeHTapHbIM o6oeMaM K HHTerpHp0BaHmo 

r.n.e H(!!) - npOeKUIDI CHCTCMbI Ha nJIOCKOCTb, 

nepneH.um<YJUIPHYlO n; h - TO'Il<a Ha H(!!), 
npe,[{CTaBmnorn;aH co6oii Haqano .rryqa (h, !!), 
onpe.[{eJIHeMoro s napaMerplf<leCKOM BH.[{e -

r = h + tfl ; i" - ITOJIO)l(CHHC TOlJKH BXO,[{a 

Jiytia B 30Hy; fut - IlOJI0)l(eHHe TOC£KH BbIXO,[{a 

.nyqa H3 30HI,I; db - 3JICMCHT rmorua,[{H BOKpyr 

T0CU<.H h, HaXO,[{Hill;CHCH Ha npoe1uorn H(!l). 

B,[{OJTh .rryqei-i (CM. pHCYHOK), TO Bbipa)KCHHe 

,[{JlH Bep0HTH0CTH 3aITHCbIBaeTCH KaK 

(6) 

Bb1pa)l(em1e (6) .[{JlH o6o6rn;eHHoii Bepou­

H0CTH y.[{o6HO 3aITHCaTb B BH,[{e 

P""t° = l f dQ f dbg""t° (h,ll), (7) 
4n v;L; 4,. H(n) 

r ,[{e <PYHJ.<IlIDI g""t (b, n) npe.[{crnsmeT co-

6oi1: HHTerpan no nepeMCHHbIM f; H 9· 
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Q 

K pac11ery BilC 

)],JUI 3a)laHHoro Ha6opa <pyttKI.Uill r ( n) qHeM, qTQ OI.ITH6Ka HHTerpHpOBaHIDI o6paTHO 

( 

' ' ( ) rrponopUHOHaJlbHa '!HCJIY TO'-leK, a He KOpHIO 
H x.: r) Bbipa)l(eHHe guut b, fl HHTerpHpy- KBaJlPaTHOMY OT HX qHCJia. B pe3ynbTaTe IlO-

eTC.SI aHaJIHTI!CJecKH, B pe3ynhTaTe '-lero pacqe-r nyqaeTC.SI cne.uy10ma.SI cpopMYna JlITR pacqe-ra 

o6o6m,eHHOH eep0.SITHOCTH CBO,llHTC.SI K B3.SI- aepO.SITHOCTdi: 

THJO mITerpanoa 
4 

~L Jdn J abf(b, !l) P,!u·= l Jdn J abg""t° (h,!l) = 
7t i ; 4" H(n ) 41t f;L; 411 H(n ) 

OT JaJlaHHOH cpym<UHH./{h,!l). 1 s N, =-- sph "'°' (n ) uu'w' (h Q ) (8) 
4 V:L . N ~ (i) m g ij m' m ' 

3.2. H11mezpupo6auue MemoooM JJy11eu 
)],JUI pac'-leTa BTIC B naKeTe TIEPCT-5 nc-

IlOnb3YeTC.SI MeT0Jl, KOTOphlH B HHOCTPaHHOH 
JIHTepazype [19, 20] Ha3bI.BaeTc.SI "Ray trac­
ing", ,Aanee Ha3bIBaeMbIH MeTOJlOM ny'-leH. 
CyLUHOCTb :noro MeTO)la HHTerpHpOBaHIDI 3a-
KJIIO'-laeTc.SI B cne.Ay1-0m.eM: qepe3 cHcTeMy 
npoBOJl.SIT CeTKY ny'-leH, Ha Ka)l(JlOM H3 KOTO­

pbrx BbJl{HCJUUOT BKJia)l B g ""t (h,fl) . CyM-

MapHbrn HHTerpan nonyT.JaIOT ycpe,nHeHHeM 
3HaCJeHHH, nonyqeHHbIX Ha OT,AeJTbHbIX ny'-lax. 

)],JUI TIOCTPOeHHJI ceTKH rry'-leH npHMeHJl­
lOTC.SI He peryruq>Hbie pa36HeHlUI, a Tai< Ha3hl­
eaeMble nn't rrocne)lOBaTeJTbHOCTII Co60JU1 

[21]. I1HTerpHpOBaHHe C IlOMOJ.UhlO 3THX no­
CJie)lOBaTeJibHOCTeH aHaJIOrH'IHO HHTerp1-1po­

aaHHIO MeTOJlOM MoHTe-Kapno c TeM pa3JIH-
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1t 1 1 r m 

r,Ae Nr - qHCJIO nyqei1; nm - HanpaaneHHe m 

nyqa; S sph = nR;ph - IlJIOilla.zn, IlpOeKUHH OTIH­

caHHOH ccpepbl Ha TIJIOCK0CTh H(!l,,,) ; w( Qm) 
- " sec" nyT.Ja, 3aBHCKil.{HH OT cxeMbl BbI6opKH 

TO'-leK Ha OTIHCaHHOH ccpepe. 
)],JUI rrpoee,AeHJ,ljl ny'-leH n a1,1qncneHHJ1 

JlITHH OTPe3KOB nepeceCJeHlUI ny'-la H 30H HC­
nom,3yeTC.SI yHHBepcanbHbIH reoM~H'leCKHH 
MOJlYnh NCO [22] H3 CB0Jla MCU-5, paccq],1-
ThlBaJOIJ.lHH rrpaKTHCJeCKH mo61,1e CHCTeMbl. 

3.3. Memoo u11mep</Jeucnb1X moKo6 
O6o6meHHhrn MeTOJl BTIC rrpHMeHJ1eTc.S1 

JlJUl paCCJeTa KaK He60ITbllIHX CHCTeM, Tai< H 

uenoro peaKTopa. OcHOBHbIM orpattHqeHHeM 
MeTO)la .SIBJUleTCjl pe3KHH pOCT TPe6yeMOH na-



WITH npH yse.JIWiemrn •rncna 30H u rrop.HJU<a 

pa:rnm1<eHJU1. MeTo,n: no3BOJUieT paccq11Tbman, 

oa COBpeMeHHbIX TI3BM OKOJIO 3 000 30H B 

rrpH6IDOl<eHHH "nnocKHX" IlOTOKOB H H30T­

pOIIHbIX HCTOqJJHKOB. qTOfibI CHH3HTh IlOTPefi­

HOCTb B naM.HTH 3BM, 11c110JTh3YlOT oco6eH­

HOCTH CTPOeHH.H paCCqJ,fTbIBaeMOH CHCTeMbI. 

,[{JUI :noro BCIO CHCTeMy pa36JrnaIOT Ha o,n:HHa­

KOBhle IIO.D:CHCTeMbl - jpieHKH H .D:JUI Ka)KJlOH 

Hqeii:KH 110.rryqa10T ypaBHemrn BTIC c HCToq­

IDIKOM Ha rpammax jpleii:KH. ,[(mi: ypaBHeHHH 

BTIC no.rryqa10TC.H c11e.n:y10:nu1e Bb1pa)l(eHH.H: 
N K 

L/DjVj = LS;P;; + I:Jt P;v, 
k 

N K 

J t = LS;P;;s + LJt P:~k, (9) 
k' 

r.n:e J;"' Jt - COOTBeTCTBeHHO BTeKaIOIIUffl H 

BbITeKaIOIUHH TOKH 113 rp~I r k jlqeHKH, K 

- qJ,fCJIO rpaHHU BO Bcex Hqeii:Kax. 

B 3TIIX ypaBHernrnx, KpOMe BITC P;; , npH-

MeIDIIOTCH Bepo.HTHOCTII npoxo)KJleIDUI 

Pvs p ss . 
ik H k'k , onpe.n:eneHHhle TaK. 

P;v = ~ J d!! J drj exp ( -t ( r j , r ;n ) ) 
'ltSk n V j 

Psv 
kj ' 

Bepm1.THOCTb Toro, qTO tteHTPOH, BJieTeBIIIHH 

qepe3 IlOBepXHOCTb r k IlJIOllla.D:bIO Sk, HCITbl-

TaeT nepBoe CTOJIKHOBeHHe B 30He i; 

P;;s =-
1
- J d!! J dr; exp(- -r( r :u1 , r; )) 

41tV: 41t V 

Bepo.HTHOCTb Toro, qTo tteHTPOH, po,lUIBIIIHHC.H 

OT O.D:HOpO)J.HOro H H30TPOilHOrO HCTOqttHKa B 

30He i, BbIJieTHT fie3 CTOJIKHOBeIDIB qepe3 IlO­

BepXHOCTh r k; 

P;~ = - 1
- J d!! J ds ( n, !! ) exp (-1: ( r ;ui, r ~~ )) 

'JtSk, 4 7t r
1
, 

- Bepo.HTHOCTh Toro, qTo ueii'IpOH, BJieTeBlllHH 

H3 O.n:ttopo,n:Horo H H30TPOIIHOro HCTOqHHKa 

Ha IlOBepXHOCTH r k', BbIJieTHT qepe3 IlOBepx-

HOCTb r k. 

ToKH J;" H J;u1 ' BTeKaIOIJ.J,}fe H BbITeKalO­

IUHe qepe3 rpaHHUbl }lqeii:KH, CB.H3bIBaIOTCH 

Ma'IpH'IHblM COOTHOIIIeH.HeM t n = AJout . BbI-

werrpHBe,n:eHHbie ypaBHeHI-UI Il03BOJIHIOT HaH­

TH ITOTOKH MeTO.[(OM HTepauHH 6e3 IIOCTµOe­

HH.H e.l(HHOH Ma'IpHUbl Bepo.HTHOCTeii: .[(JUI BCeii: 

CHCTeMbI. 3ToT MeTO.D: nonyquJI Ha3BaHHe Me­

TO,n:a HHTepq>eHCHbIX TOKOB [19]. 
TipHBe,n:eHHb1e ypaBHeHH.H MeTo,n:a IIBTep­

q>eii:cHbIX TOKOB HCilOJib3YlOT npe.n:noJIO)l(eHHe 

H30'IpOilHOCTH IIOTOKa Ha rpaHHUaX ,HqeeK. Ee­
JIB 3TO rrpH6JIB)l(eHHe He BbIIIO.IIIDleTC.H, TO 

npHMeH.HeTC.H 0606I11eHHbIH MeTO.D: HHTepq>eu­

CHbIX TOK OB [ 13]' B KOTOpOM ypaBHemrn 3aIIB­

CbIBaIOTC.H qepe3 0606I11eHHbie Bepo.HTHOCTH 

rrpOXO)l(,[(eHHH psv~v'OO , pvs~uv H ps•~:;•uv : 

N K U V 

L/PJVJ =Isl;;+ LLLJ~\.Psvt v'OO 
i k u'=O v'=O 

N K U V 

J OUl = ~s. pvsOOuv +~~~J in pssu'v'uv (10) 
lcuv L.J , 1k L..J L..J L.J lcu'v' k 1k • 

k' u'=O v'=O 

3.4. Pac11em Bepo.Rmuocmeu 
6 pa3llU'lltblX npu6flU:»CellU.RX 

BH,n: <PYHK.llIDI guut' (h, !J.) 3aBHCHT OT 

Kom<peTttoro npH6ID01<eIDU1. HIDKe npHBe,n:e­

HbI Bblpa)l(eHHH .Ll:JUI 3TOH q>yHI<UHH B HaH60-

11ee qacTO HCilOJTh3yeMhlX rrpH6JIH)l(eHHHX: 

1) npH6JIH)l(eHHe "TIJIOCKoro" IlOTOKa H H30T-

ponttoro HCTOqHHKa B TPeXMepHO:U reOMeTpHH 

( 
-{exp(-t;; )(1-exp(- llt; ) )(1 - exp(-titj ) ),i =t= j ; 

g ;; h,!!)­
llt; -l+exp(-111:; ) , i = j, 

(11) 

r.n;e t ij - OilTH'leCKOe pacCTOHHHe Me)l(.n:y OT­

pe3KaMH i Hj, Ii,:; - OilTHqecKa.H TOJI.IUHHa OT­

pe3Ka i; 

2) npH6JIH)l(eHHe " ruIOCKoro" IIOTOKa H H30T­

ponHoro HCTOqttHKa B .n;ayMepHOH reoMeTPHH 

20 ( ) = {.Ki3 ( t ;;) - Ki3(t;; + !it;) - .Ki3(t;; + lit j ) + Ki3(t;; +lit; + lit j ), i * j; (l2) 

g;; p , <p llt;Ki
2
(0) - Ki

3
(0)+.Ki/!it;), i = j, 
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r.ne <pyHKUIDI EHKJIH n-ro nop.sl,llKa Kin ( t) 

[23] onpe.neMeTCH KaK 

Kin ( t) = "'f d0sinn- l eexp(- ~ ) , 
0 

sm0 

Ki2 (0) =l, Ki3 (0)=n/4; 
3) rrpH6JIIDKem1e "nnocKoro" noTOKa H amt30-
T))OnHOro Pn pacceHHIDI B rpeXMepuoH reo­

MeT))HH 

g;u' (b,n) = r (n)r' (n)gij (h,n), (13) 

r.ne cf>ymanrn Y" ( n) rrpe.ncraBJimoT co6oH 

ccf>epwrncKHe cpymanrn 
yu (Q) = Y,m(Q) = K 1mP/lm (cos0)'1'm(<p), 

4) rrpH6nmKeu11e "rrnocKoro" noToKa H aHH30-
T))OIIHoro Pn paccemHH B .IlByMepuoH reo-

MeT))HH 
g2~w (p, <p) = \jlm ( <p) \jlm' ( <p) X 

(l -m+l' -m')/2 

X L a;m;l'm'Tij (Kikmm'+3 ), (14) 

{

1, m = O; 

r,l],e \j/m = cos(m<p ), -/ ~ m ~ l ; 

sin(m<p), 1 ~ m ~ /; 

a;m;l'm' - K03<pq>HUHeHTbI; 

npH"IeM O < / < L H - / < m < I [24]; 
T, (Ki - {Kikmm'(tij ) - Kikmm.(t!i + 6t;) - Kikmm.{t!i + 6t) + Kikmm'(tij + 6tl + 6t ) , i -:tc j; 

I} /rmm' ) - K' (0) Ki {0) K' { ) · · 6t; lkmm'-1 - kmm' + lkmm' 6t; ' l = J; 

(15) 

/ H m COOTBeTCTBYlOT u, a f H m' - u'; 
5) npH6JIH>KeHHe "mIOCKOro" noToKa H P1 
paccej!HJUI B ,lJ,ByMepHOH reOMeT))HH 

g 2°:' (p,<p) = Tif (Ki3)' 

g 2~I0' (p, <p) = ✓?,Tij ( Ki4 ) cos<p, 

g 2~I ,. (p, <p) = 3TIJ ( Ki5 ) cos
2
<p, 

g 2~20' (p, <p) = ✓?,T!i ( Ki4 ) sin<p, 

g 20J°' (p,<p) = 3Tij (Ki5 )cos<psin<p, 

g 2~22· (p,<p) = 3T9 (Ki5 ) sin
2
<p; 

6) npH6mrn<eu11e H30T))OITHOro pacceHHHH H 

nHHeHHOro no BbICOTe noToKa 
.IlIDl pa3HbIX 30H gu/ (b, Q) = Ku/K~

11 gio, 

u = 0, l, r,l],e K03<p<pHIJ.HeHTbl K~I H K:0 Bb_rpa-

E g oo 
K~o=a. + I ;, ' 

1 1 6t; (l-exp(-6t; )) 
)KaJOTCH KaK 

00 

01 E g 
K =a . +E - 1 

JJ 
1 1 1 6t1 (1-exp(- 6t1))' 

H O,llHHaKOBbIX 30H 
gJ;0 = a.lgii - E;g;; / 6t; + E;6t;/2 , 

gi1 =O.;g;; +E;g;; / 6t; +E;g;; - E;6t;/2, 

gJ/ =a.;(a.
1 
+E; -E/ 6t;)g,, - (E/ 6t;)giI +E:6t/ 3. 
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3.5. Pac'lem 0606~em11,ix Bepo11muocmeu 
6 ~e1tmpaJ11,110-cUMMempu'l1tblX cucme..Max 

B MeTo.ne BTIC ueuT))aJJbH~ cHMMeT))HH 
CHCTeMbl npHBO.IlHT K yMeHbUJeHHIO nopj!,l1,Ka 

TeH3opa aepOj!THOCTdt (8). 3To CBOHCTBO oco-
6eHHO aK'I)'aJJbHO a o6o6lll,eHHOM MeTo.ne 
BTIC, nocKOJibKY B xo.ne rrpaKTHqecKHx pac­
CJeTOB BbUI.CHHJIOCb, CITO HMeHHO naMHTb 38M 
orpauHqHBaeT rrpHMeHHMOCTb MeTO.Ila. B CHM­

MeT))HqffbIX 30HaX nOTOKH H HCTO'iHHKH 6y.ll.yT 
O.IlHRaKOBblMH, HO 3TO ycnOBHe He Bb!IlOJIHj!­

eTCH .IlIDl K03<pq>HUHeHTOB pa3JIO)KeHHJI. 

B pe3yJlbTaTe npeo6pa3oBaHHH nonyqa­
IOTCj! cne.uyrom,11e Bb1pa)KeHHJ1 MH o6o6meu­
HbIX aHH3OT))OJIHbIX aepoITTHOCTeH B CHCTeMe 

C noaopOTHOH CHMMerpHeif: 

2xi-1 (pl'.m'!m cos (m 'na) + J 
p sim/'m'/m = 1

..,1 

iJ p l'(-m')lm · ( 1 ) ' 
n=O + i,..J SID m na 

r.ne !, m - MOMeHThI pa3JIO)KeIDUI no ua6opy 
ccf>epHqecKHx cpyHICIJ.HH, a - yron noaopoTa. 

CoOTBeTCTBeHHO cf>yHKU.ml g si;/'m'lm (b,n ) 
B CHMMeT))HqHOH CHCTeMe paccq11Tb!BaeTCj! 

KaK 



r,ne y;1mj ( 0) - IlOIDipHaJr C0CTaBmilOIIJ,aJI C<pe­

pHqeCKOH <pymaorn; fl = ( 0, <p J) - yroJJ qacTH 

nyqa, Ha KOTOpOH JJe)l(J,fT OTPe30K j; i,,a - HO­

Mep O'fl)e3Ka B ceKTOpe, nonyqeHHOM IIOBO­

pOTOM ceKTopa CHMMeTPHll Ha yroJJ na; 
g _ = (0,q>; ) - yron Ton qacTH nyqa, Ha 

111a na 

KOTOpOH JJe)KHT OTPe30K ina . 

3.6. Peiueuue ypa611e11u11 nepeuoca 
umepau,uou11bLM Memoi>oM GMRES 

,n:mr pemeHIDI JIHHeH.HOH CHCTeMI,I ypaB­
HeHHH nepettoca MeTo.n:a BTIC Hcnom,3y10TCH 
KaK IIpHMhie, TaK H HTepaUHOHHhJe MeTO)lhI, a 
TaK)l(e mc KOM6HHaI.J,HJI. lfame Bcero a.rrropHTM 
COCTOHT H3 IIpHMOH qacTH, pemaiomeu CHCTe­
MY ypaBHemrn B npe.n:enax o.n:tto:i1 rpyrrm,1, n 
6JJOKa HTepauHH. TaKOH no.n:xo.n: OKa3hIBaeTCH 
npo.n:yKTHBHhIM, nocKOJJhKY MeTO.n: BTIC 
o6hNHO npHMeID1eTCJ1 .n;mr pacqcra He6oJJh­
rrrnx CHCTeM (MeHee 1000 30H). 

B xo.n:e 3KcrrrryaTaURH rrporpaMMhI CTaJIH 
IIpOH3BOJl:HThCH pactJeThl CHCTeM C 'IHCJJOM 
30H B HeCKOJihKO ThlCH'l, qTO npIIBeJJO K He­
npneMJJeMOMY poczy orrepaTHBHOH rraMRTH H 
pe3KOMY yBe.JllilieHHlO BpeMeHH cqcra. B pe-
3YJihTaTe rrpmurro pememrn peaJIH30BaTh HTe­
paIIHOHHhIH MeTo.n: GMRES, ocHoBaHHhrn Ha 
no.n:npOCTPaHCTBax KphIJJOBa. 

IlpeffMYmecTBo MeTO.n:a GMRES rrpo.sm­
mreTcH npH pemeIDl..li ot.IeHh 6oJJhIIIHX mrneii­
HhlX CHCTeM ypaBHeHHH C pa3pe)l(eHHOH MaT­
pHUeH K03<p<pHIIHeHTOB, IlOCKOJJhKY crroco6 
3a,naHIDI MaTPHIU>I onpe.n:emreTc.si: nporpaMMOH 
nepeMHO)l(eHHH MaTPHI.{hI H BeKTopa. llcnoJJh-
30Brurne TaKoro a.rrropHTMa .n:aeT OIIJ,yTHMhlli 
BhIHrphllli B rraMRTH n 6hICTPOJ:J:eHCTBHH, TaK 
KaK MaTPHIIa Bepo.si:THOCTeH B 6oJJhmo:i1 cncTe­
Me OKa3hlBaeTCJI CHJJhHO pa3pe)KeHHOH. 

3.7. Pac'l.em K03q>q>uu,ueumo6 i>uq,q,y3uu 
OTJJHqHTeJJhHOH oco6eHHOCThIO naKeTa 

TTEPCT-5 crry)KHT so3MO)KHOCTh pacqeTa 
cpe,D,HHX H HanpaBJJeHHhIX K034)4)HUHeHTOB 
,D,H<p<py3HH MeTO;:i:oM yrecnrn Eeeya. HanpaB­
nemlhie K03<p<pHUHeHThl .n:H<p<py3HH onpe.n:eJJH­
IOTc.si: KaK C yqeTOM, TaK H 6e3 yqeTa yrnOBhIX 
KoppeJUIWIH Me)l(Jl:Y npo6eraMH tteHTPOHa 
[25]. .n:JJH 3TOfO rrpHMeIDllOTCH "amnOTPOTI-

Hhie" sepOHTHOCTH, BhJqHCJJ.sleMhle 6JIOKOM 
pacqera o6o6meHHhIX sepo.si:TttocTeH. 

4. Pac'leT BhiropaHHH 

Pa6oqffe nporpaMMhI naKeTa ITEPCT-5 
KpOMe pacnpe.n:eJieHIDI ITOT0Ka HeH'fl)OHOB 
pacct.IHThIBaroT npou,ecc BhrropaHIDI Tonmrna. 
.L{JJH 3TOro pa6olfFle nporpaMMhl HCTIOJJh3YIOT 
co6CTBeHHhie MeTO)lhl pemeHIDI H .n:aHHhie 0 
B3aHMonpeBpall{eHIDf 3JJeMeHTOB. 

KoMTIJieKc TBC-M + 11EPCT2 paccqHThI­
saeT H3MeHeHHe KOHUeHTPal(Hii 21-ro .n:emr­
meroc.si: H30TOna H 99-TH OCKOJIKOB .n:eJieHHJI 
MeTOJ:J:OM Pyttre-Kyrra TIHTOro nop.si:,n;Ka [12]. 

B rrporpaMMe GETERAl0 onpe.n:emI10TCR 
KOHI.J,eHTPalllffl 120-TH .n:eJJHIIJ.HXCR 3JieMeHTOB 
H OCKOJIKOB .n:erreHml MeTOJl:OM Ma'fl)H'IHOH 
3KCIIOHeHThI [16]. IlporpaMMa MCU-FCP/3 
npHMeID1eT MOJl:YJJh BhrropaHHH BURNUP-5 
cBo.n:a MCU-5 [18]. 

5. Eamrn ,ll;aHHblX u 6u6JIHOTeKH 

B rraKeTe ITEPCT-5 HCIIOJlh3YfilTCJI .n:Ba 
Ha6opa 6H6JIHOTeK. O.n:Ha OCHOBaHa Ha 6H6JIH­
OTeKe KOMITJieKca MCU, B .n:pyrou rrp11MeHJ1-
IOTCR 6H6JIHOTeKa EHAE93 H KOMTIJieKC 
CONSYST. 

1) Eu6JZuomeKa MCUDB + FCPDAT 
EaHK FCPDA T .si:.n;epHhIX .n:aHHhIX co.n:ep­

)KHT HH<popMaumo Jl:JJ.sl 282-x H30TOil0B. B He­
ro BXOMT TOJlhKO Te 6H6JIHoTeKH 6aHKa DLC/ 
MCUDAT-2.2 [26, 27], KOTOph1e co.n:ep)KaT 
ceqeHHJI B rpyIIIIOBOM npe.n:cTaBJieHHH. KpoMe 
Toro C03,D,aHhI CIIel{HaJIH3HpOBaHHhie 6H6JIHO­
TeKH C MHKpoceqeHIUIMH B MHOrorpyIIIIOBOM 
rrpe.n:crasnemrn. 3TH 6H6JIHoTeKH co.n:ep)l(aT: 

• yrrrOBhie MOMeHThI (/ = 0 ... 5) ceqeHHH 
pacceJIHIDI yrrpyrmc rrepexo.n:oB, ttopMHpoBaH­
Hhie Ha noJIHoe ceqeHHe pacceJIHH}I B rpyrrne; 

• rpyrrnoBhie crreK'fl)hl .n:erreHIDI aKTHHO­
HJ:J:OB BO seen o6nacrn 3HeprnH; 

• rpyrrrrOBhie MHKpocet.IeHIDI B pe30HaHC­
HOH o6rraCTH 3HeprHH, paCCt.IHTaHHhie MeTO­
Jl:OM MoHTe-Kaprro. 

MaTPHUhI yrrpyroro pacce.si:ttIDI 6H6JIHo­
TeK pacct.IHThIBaJIHCh MeTOJl:OM MoHTe-Kapno 
C HCIIOJih30BaHHeM aBTOHOMH0fO 3anycKa <pH-
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3wiecKoro MOJzyIDI naKe-ra nporpaMM MCU­
REA [10]. 

fot6nnoTeKa FSP co.n.ep>KHT cneKTpbI .n.e­
neHHJI ,n;e.JUII.I{llXCSI H30TOnoa. 3HepreTWJeCKaSI 
3aBHCHMOCTb onHCbIBaeTCSI cneKTpOM YaTTa 
[26]. Pacqtrr cneKTpoB .n.enettHJI npoBOJ:llfJICSI c 
npHMeHeHHeM CTaH.n.apTHOH no.unporpaMMbl 
'!Hcnemrnro mnerpHpOBaHHSI c aaTOMaTwiec­
KHM BbI6opoM maroB. 

nH6nnoTeKa GRC co.n.ep>KlfT rpynnoBbie 
MHKpoceqeH.HJI B pe3oHaHcHoli o6nacTH :rnep­
nrn, pacc'-IHTaHHble MeTO.lJ.OM MoHTe-Kapno. 
3Ta 6H6JIHOTeKa CJIY)KHT e,lJ.HHCTBeHHbIM npo-
6JieMHo-OpHeHTHpOBaHHhIM pa3)].eJIOM s 6aHKe 
.n.aHHhlX FCPDA T. fpyrrnoawe ceqeHHJI R30-
Tonos pacclfflTbIBa10Tcsi: no nporpaMMe MCU­
REA s xapaKTepHOH .lJ.IDI .n.attHoro peaKTopa 
reOMeTplffl TeilJIOBbI,lJ.eJISIIOIUeH c6opK.H 
(TBC). B 6n6JIHoTeKe rpynnoab1e ceqeHIDJ 
npe.n.CTaanem,1 B BH)J.e ra6mm B 3aBHCHMOCTH 
OT noJIO>KeHHJI TB3Jia s c6opKe, TeMneparyphl 
Tonmrna, nJIOTHOCTH TeilJIOHOCHTeIDI H KOH­
ueHTparum H30Tona (sbrropaHHJ1). 

CeqeHHJI 3ara6ymtposam,1 c TaKHM ma­
roM, 'lTOfihI ,lJ.IDI BhifiOpKH ceqemrn HCilOJlh30-
BaTI, mrneHHo-JIHHeHHYIO RHTepno~HIO. Ko-
3<p<pHUHeHThI nomrnoMa HaXO,lJ.SITCSI MeTO,lJ.OM 
[28]. TiomtHOM CTpOHTCSI no cpopMYJie 

K l M 

cr(x,y,z) = LLLAklmx* / zm, (k+ I+ m) ~ N, 

r.n.e x, y, z - napaMeTphI pacI.J:eTa. 
TaKHM o6pa3oM, ceqeH.HJI, nonyqeHH1>ie 

MeTO.lJ.OM MoHTe-Kapno c HeHynesoJi CTaTHC­
TnqecKOH norpelllHOCThlO, npe.n.cTaBJIJllOTCSI B 
s11.n.e rna.D.KOH cpyHKI..{HH Tpex napaMeTpOB. B 
HaCTOSllllee speMJI C03,lJ.aHa npOM.hIIIIJleHHaSI 

aepcHJ1 6116JIH0TeKH GRC, KOTopasi: co.n.ep>KlfT 
ceqeHHSI pe3oHaHCHhIX HYKIDf.D.OB, BXO,WIIIVIX B 

MaTepnanhI npaKmI.J:eCKH acex cymecTsy10-
IIU{X Ha cerO,lJ.IDlII[Hl,fH .n.etth THTIOB SII.J:eeK 
P.6MK. MeTO,lJ.HKa IlO,lJ.rOTOBKH 6n6JIHOTeKH 
,lJ.JIJI PEMK orrncatta s pa6oTe [29]. l13no>Kett­
m,1e IlO,lJ.XO)J.hl IlO,lJ.rOTOBKH HCKJIJOCJalOT KOHC­

TaHTHYIO COCTaBJIJllOIIzylO norpeIIIHOCTH no 
cpasHeHH10 c MCU-4. 

2) Eu6JZuomeKa BNAB93 + CONSYST 
BTOpbIM HCTOqH.HKOM rpynnoBbIX ceqe­

HHH RBIDieTCSI 6n6JIHoTeKa EHAE93 [17]. Otta 
co.n.ep>KlfT ceI.J:eHHJI B 299-rpynnosoM pa36He-
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HHH, H3 KOTOpl>IX 78 rpynn HaXO,lJ.SITCSI HIDKe 4 
3B. Tipn no.n.roTOBKe rpynnoshIX ceqeHrui no 
6H6JilfOTeKe .6HAE93 npHMeHJleTCSI KOMilJieKC 
CONSYST, KOTOphrn MO)KeT 6hITh no,lJ.KJI10-
I.J:eH K nporpaMMe .D.BYMJI cnoco6aMH. B 
nepBOM KOMnJieKC IIO.ll,KJIIOqaeTCSI KaK COCTaB­
HaSI qacTh, so BTopoM cnyqae CONSYST pa-
6oTaeT KaK OT.LJ.eJil>Hasi: nporpaMMa. 

3) BHeumue cpaWlbl ce1.1eHuu 
TiaKe-r TIEPCT-5 MO>KeT secTH pacI.J:eThI c 

HCIIOJil>30BaH.HeM rpynnOBhIX MaKpOCeI.J:eHHH, 
C'IUfTaHHhIX H3 <paHJia. 3Ta 803MO>KHOCTh npH­
MeHJleTCSI ,lJ.JIJI paClfeTOB B YJil>TpaTOHKOM 
rpynnoB0M H no.n.rpynn0B0M pa36HeHHH, a 
TaK>Ke cpymmnoHHpOBaHHJI TpaHcnoprnoro 
6JIOKa a COCTaBe .lJ.PYrHX nporpaMM. 

)J;IDI pacqeTOB Ha YfilTJ)aTOHKOH rpynno­
BOH ceTKe HJill s IIO.n.rpynnoBOM npH6Jilf)l(e­
HHR <pH3HI.J:eCKHH 6JIOK naKeTa fOTOBHT BXO)J.­
HOH cpaiiJI C K0HUeHTpallllJIMH H30TOTTOB ,lJ.IDI 

K0MnneKca CONSYST, KOTOpbrn s cao10 oqe­
pe.lJ.h IIO.lJ.fOTaamrnaeT cpai1n c no.n.rpynnoBhI­
MH ceI.J:eHHJIMH a cpopMaTe ANYSN [30]. Ha 
cne.n.yIOmeM 3anycKe TpaHcnoprnoro 6noKa 
ceqeHHJI C'IUfThIBaIOTCSI H3 <paHJia ANYSN H 
npoBO,lJ.HTCSI TpaHCIIOpTHhlH pacI.J:eT. 

6. JiJJOKH H MO,ayJJH, 

0630p CTpOeUHH naKeTa 

B CTJ)0eHHH naKeTa TIEPCT-5 ncnoJib30-
sancsi: OIIl>JT rrporpaMMHpOBaHHSI K0MIIJieKca 
MCU. B CJaCTH0CTH, B3RTa n.n.esi: pa3.n.eneHHS1 
BCero KO.ll,a Ha He3aBHCHMhie 6JIOKH, 06MeHH­
Ba10IUHeCS1 .n.aHHhIMH nyTeM HHTepcpeHCHhIX 
nporpaMM. Ka)K.lJ.hlH 6JIOK HMeeT JIHCJHI,I.H 

(PRIVATE) Ha6op .n.amn,ix, .n.ocryn K KOTOpo­
MY HeB03MO>KeH H3 .n.pyrnx 6JIOKOB. TaKOH 
cnoco6 TTOCTJ)OeHHJI nporpaMMbl Il03B0JUl:eT 
.n.o6HThCSI MaKCHMaJihHOH He3aBHCHM0CTH 0T­
,lJ.eJil>HblX CMhICJIOBhIX qacTeH H .n.onycKaeT HX 

npocry10 KOMfarnao.H10 H 3aMeay. 
Pa3IDII.J:Hble BepcHH 6noKa MOryT HMeTh 11 

pa3H)'IO pea.rm:3al{H10 .n.aHHhIX. Ba>KHO JIHillb 
coxpaHHTb CTJ)YKTYPY .n.aHHhIX, nepe.n.aBaeMhlX 
HHTepcpeHCHbIMH nporpaMMaMH. Ha npaKTHKe 
y.n.o6HO HMeTh HeKOT0PYJO ITOCTOSIHH)'IO CTpy­
KTYPY ocHosm,rx .n.aHHhIX, yqacTBYIOIUHX s 
HHTepcpeiice. KpoMe HHX 6JIOK co.n.ep>KlfT .n.aH-
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BJ,Ie, CTl)yK-rypa H 3HaqeHIDI KOTOphIX 3aBHC.srT 
oT pea.rrHJamrn 6110Ka. 

IIOIDITHe 6110Ka qacTH'IB0 COBna,n,aeT C 
TepMHHOM MO.zlYJih B .srJhIKe <l>OPTPAH-95. 
OcHOBHhie xapaKTepHbie ,ZlaHHbie H nporpaM­
Mhl xpaffj{TC.s£ B BH,Zle MO,zzyneii <l>OpTl)aHa. 
KpoMe Toro B 6rroK sxo,Zl.srT nporpaMMhI, He 
OIIBCaHHhie B Mo,zzyne, HO II0 CMI,ICJIY CB.sr3aH­
BJ,Ie c Mo,zzyrreM H ero ,ZlaHHhIMH. flo:noMY 
6rroKH COCTO.srT H3 0CHOBHOrO MO.zlYIT.sr H p.sr,Zla 
BCIIOMOraTeJihHhlX nporpaMM H Mo,zzyneii. B 
KOMTIJieKce MCU ,ZlJI.sr o6oJHaqeHIDI TaKOH 
crpyK'fYPhI npHMeID1eTc.sr TepMJrn MO.l{YJTh. 
B rraKeTe IIEPCT-5, qT06h1 He nepeceKaThCSI c 
TepMllHorromeii <l>opTl)aHa, HCilOJih3YeTCSI 
TepMHH EJIOK. 

B Ta6n. 1 nepe'Ill.CJieHhl OCHOBHbie 6rroKH 
naKera IIEPCT-5. lix IlO,llp06ttoe oIIBcamte 
npHBe,ZleHo HIDKe. 

Ta 6 JJ e ~ a 1. OcHosm,1e 6noKH rraKera ITEPCT-5 

0JIOK OrrncaHHe 

MONITOR EnoK yrrpasneHIDI 

IKS DJIOK BXO)UiblX .D,aHHhlX 

XS <l>HJ.lfliecKHH 6noK 

GM f eoMeTOH''leCKHH 6noK 
I1EPCT2 TpaHcnopTHbIH 6noK 

SERV oJIOK o6pa6oTICH Bbl'iHCJiemrii 

E 0JIOK o60PV.IJ.OBaHIDI 
MATH DH6mmTeKa MaTeMaTHqecKHX 

ffiVHKWIH 

EllOK MOHJ1TOP ynpasn.sreT nopMKOM 
BhlJ0Ba nporpaMM H orrpe,Zlerr.sreT M0,UeJih BhI­
'IllcrreHHii. )];n.sr ynpasneIDUI npHMeHSieTCSI 
Sl3hIK KOMaH.Zl C BX0,ZlHhIMH ,ZlaHHhIMH. 

ElloK /KS exo0HblX oaHHblX ocyru,ecrsrr.sreT 
BB0,Zl ,ZlaHHbIX " HX rrepBH~lO o6pa60TKY. OH 
ycTaHaBJIHBaeT JHaqeHHSI no yMomaHHIO H 
nepe,ZlaeT BBe,ZleHHhie ,ZlaHHb1e s ,Zlpyrne 6rrmrn. 

<l>U3U'l.ecKUu 6lloK XS cny)l(.11T ,ZlJI.sr no,Zlro­
TOBKH rpynnoBhIX ceqeHHii B3aHMO,ZleHcTBIDI 
HeHTl)OHOB B MaTepua.rrax. CeqeHHSI B 6rroKe 
XS roTOBSITCSI crre.ZlYIO~MH cnoco6aMH: 

• paCC'Ill.ThIBalOTCSI Ha 0CH0Be 6H6JIHOTe­
I<H MCU B 63-x rpynnax, 6rroKHposKa ceqe­
HIDi Ylfil.ThIBaeTCSI C IIOMOII{I,lO npo6rreMH0-
0pHeHTHpOBaHHOH 6H6JIHoTeKH GRC; 

• pacccrnThIBaIOTCSI K0MnrreKCOM CONS­
YST s 299-TH rpynnax, 6noKHpOBKa ceqeHHH 

yqHThIBaeTCSI qepe3 cpaKTOphl DOH,UapeHKo H 
)];aHKOBa; 

• Clfil.ThIBalOTC.sr H3 q>aHJia B pa3JIHqfilJX 
cpopMaTax. 

TpaHcnopTHaSI KOppeKUIDI II0JIH0ro ceqe­
mrn npOHCXO,ZlHT Ha :nane II0WOTOBKH ceqe­
HHH. B .ZlaJihHeilrneM nporpaMMa onepHpyeT 
Tl)aHcnopTHhIM ceqeHHeM BMecTo nom-mro. 

I'eoMempu'l.ecKuu 6JlOK GM npe,ZlHa3HaqeH 
,ZlJISI onpe.ueneHH.sr reoMeTl)HqecKHX napaMeT­
poB CHCTCMbI, He06XO,ZlHMbIX ,ZlJI.sr pa60ThI .ZlPY­
rnx 6nOKOB. )];aHHhie onpe,Zlen.srIOTC.sr Ha OCHO­
BaHHH napaMCTl)0B, XpaIUIII.lHXCSI B MaCCHBaX 
6rroKa H 3aBHCfill(HX OT KOHKpCTHOH MO,ZlCJIH 
reoMCTl)HqecKoro 6noKa. 

CneQHcpw-i:ecKHe nporpaMMI>I reoMeTl)H­
qecKoro 6rroKa yqacTByIOT B onpe,ZlerreHHH 
o6oeMOB u BhJqHCJiemrn sepo.srTHOCTCH. 3TH 
nporpaMMbI nepeceKaIOTCSI c nporpaMMaMH 
q>HJH:qCCKOrO n rpaHCIIOpTH0ro 6JIOKOB, IIO­
CK0JihKY ,ZlJI.sr BbJqHCJICHIDI BepOSITHOCTeH Tl)e-
6yIOTCSI ceqeHIDJ HJ q>HJHqecKoro Mo,zzyn.sr, a 
BhI,ZlerreHHe naM.srTH II0.Zl sepOSITHOCTH rrpoHC­
XO,ZlHT B Tl)aHCIIOpTH0M Mo,zzyrre. 

TpaHcnopmHbtU 6JloK IIEPCT2 pemaeT Ja­
,Zlaqy nepeHoca, paCC'Ill.ThIBaSI II0TOKH HCHTl)O­
R0B H K03q>q>HUHeHT pa3MH0)KCHIDI CHCTCMl>l 
MeTO.llOM BIIC. B 6rroKe IIEPCT2 HCIIOJihJY­
IOTc.sr M0.ZlYJih ANIS, paccqJ,IThIBalOII(lffl napa­
MCTl)hI, Heo6xo,ZlHMhie IIpH 0606II1eHHOM aH­
H30Tl)OIIH0M pacqe-re, H MO,ZlyJTh LIN, nowo­
TaBJIHBalOIIIHH ,ZlaHHbie ,ZlJI.sr 0606II1eHHOH MO­
,ZlCJIH II0JIHH0MHaJihH0rO pa3JIO)KCHH.sr II0TOKa. 

EllOK SERV o6pa6omKU Bbt'l.uCJleHuil ocy­
mecTBJI.sreT o6pa6oTKY H neqaTh B cpaiirr pe­
JYJihTaTOB BhJqHCJieHHH: roMoreHH3HpOBaRHbie 
H KOH,ZleHCHpOBaHHhIC ceqeHHSJ:, CKOpOCTH peaK­

IJ,HH, IIOTOKH H o6oeMbl. fJeqaTh ocymeCTBJI.sr­
eTCSI s pa3Hb1X cpopMaTaX. KpoMe TOro, 6rroK 
ocyru,eCTBJI.sreT nepe,Zlaqy peJyJJbTaT0B pacqe-ra B 
nporpaAfMY FIN, npHMeHSieMYIO ,ZlJI.sr nocrn6pa-
6oTKH ,ZlaHHhrx nporpaMMbI MCU-FCP. 

EllOK E o6opyooeaHUR ocymecTsrr.sreT pa-
60-ry c 6eccpopMaTHhIMH cpaHJiaMH, 3anycKaeT 
TaHMep H T.II. DJIOK E COCTOHT H3 nporpaMM 
Mo,zzyrr.sr o6opy.ZloBaHIDI IIaKeTa MCU H npor­
paMM, pa60TalOIUllX C cpaHJiaMH rrporpaMMI,l 
GETERA93. B Hero TaK)Ke BX0MT nporpaM­
Ml>I TaHMepa M o6pa6oTKH onrn6oK. 
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T 6 a JI HQ a 2 6 • (l)y~HOHaJibHbie 803M0)1(H0CTH rroorpaMM, co )PaHHI,IX Ha 0CH0Be naKeTa IIEPCT 5 -
IloJl.rOTOBKa Ilo)].roTOBKa PacqeT BIIC a Pac'leT PemeHHe 

Tfill 
MY Jib THrpynTI0BbIX rpynn0BbIX O,llBOMepHOH BIIC MeT0)].0M 

IIporpaMMa ceCJeHHH KoMnneKcoM ce'-leHHH .6HA6- reoMeTPHH + pact:teT MeT0)].0M o6o6meH-
peaKTopa 

CONSYST MCU + MeT0.D,0M JfY':ldt Hl,IX BIIC 
6116mtoTeKa GRS HHTeo<bei-tcm,rx T0K0B 

MCU-
P.6MK 

FCP/3 
-

TBCM/ 
BB3P 

IIEPCT 
-

Geteral0 
Tennoeb1e 

+ 
peaKT0Pbl 

Eu61zuomeKa MATH ecnoMozame.JlbHblX 
npozpa.MM., BKJ1101Jafl 6u6JluomeKy MameMamu­
tJecKUX <pyHKtJUU, COCTOHT H3 rrporpaMM H MO­
.zcyneil:, HCIIOJib3yeMI>IX rrpH MaTeMaTITTeCKHX 

onepauID£X: onepau1uI c MarpHUaMH s pa3HhlX 
q>OpMaTax, BbI'IllCJieHHe <pyHlC.llHH fonorn, HH­

Terpam,HbIX 3KCilOHeHT, <pyttKUHlf HHTepnollil­

UHH H .D.P-

7. Cnel(H3JIH3HpOB3HHble 
pa6oqae nporpaMMbl 

KaK CKa3aHO BO BBe)J.eHHlf, H3 6JIOKOB na­
KeTa ITEPCT-5 co6Jipa10Tcsr TPH cneUBamt:3H­

poaaHHbie pa6o'llfe nporpaMMbI. l1x o6rn.ee 
OilJICaHJle H <pytt:KllHOHaJibHbie B03MO)K}l0CTH 

IIpHBe)J.eHbI a Ta6n. 2. 

8. Pac'leT PliMK 

B HaCTOHll.leM pa3)J.ene H3JIO)KeH.bI pe3yJlb­
TaTbI sepu<puKaum, nporpaMMI>I MCU-FCP/3 

rrpHMeHHTeJlbHO K HeHrpOHHO- q>H3H1IeCKHM 

pacqeTaM j{qeeK H noJIHj{qeeK PEMK-1000 a 
.D.BY- H rpeXMepttoil: reoMerpffj{X [11 , 31]. Be­
pH<pHKaUHsr nporpaMMbI MCU-FCP/3 octtoaa­
Ha Ha cpaaHeHJrn C npeUH3HOHHOH aTTeCTO­

BaHHOH rrporpaMMOH MCU-REA/1.1. 

KpoMe Toro Manorpynnoa@e K03<pq>HUH­
eHTbI .D.H<p<py3HH, nonyqettHbie no MCU­
FCP/3 .lJ.llil j{qeHKH PEMK-1000 c ypatt-

3p6HesoM TOIIJIHBOM 2,8 %, cpaBHHBamt:Cb C 
KOHCTaHTaMH no nporpaMMe WIMS. Ko3<pq>H­
UHeHTbI .D.H<p<py3KH no o6eHM aporpaMMaM 
BbJqHCJUIJIHCb MeTO)J.OM yreqKH Eeeya 6e3 

yqera yrnoaoii KoppeJUII.lKH Me)K.lcy rrpo6era­
MH HeHrpoHa. Ornwrn:e s K03<pq>HUlieHTax 
.D.H<p<py3HH He apeab1maeT 2 %. 
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+ 

-

-

- + -

- + + 

+ + + 

OueHHBaeMcUI TOqHOCTb nporpaMMbl 
MCU-FCP/3 no cpasHeHHIO c MCU-REA/1.1 

CJieJzyIOm~ (pacqe-r COCTOKHHH C 3a,naHHbIM 

H30TOIIHbIM COCTaBOM): 

• 0,3 % .lJ.llil Kerr .D.ByMepHbIX j{qeeK 
PEMK c T0IIJIHBHbIMlf KattanaMH; 

• 0,6 % .D.llil Kerr .D.BYMepHbIX IIOJIIDl'leeK 
PEMK c TOIIJIHBH.bIMH H HeTonJIHam.1MH KaHa­

naMH; 

• 0,5 % .lJ.llil Kerr rpexMepHbIX HqeeK H 
noJIAA'leeK PEMK; 

• 5 % a 3<p<peKTe ,[(oIIJiepa; 

• 10 % B 3<p<peKTe o6e3B0)KHBaHIDI. 
no pe3yJlhTaTaM sepH<pI-rKaUHH MO)K}IO 3a­

KJI10'lHTh, 'ITO rrporpaMMa MCU-FCP/3 c 6H6-
JIHOTeKoH KOHCTaHT FCPDA T MO)KeT 6bITb OT­

tteceHa K KJiaccy nporpaMM IIOBblllieHHOH TOq­
HOCTH )J.llil pacqeTa HeHrpOHHO-q>H3HqecKKX 

xapaKTepHCTHK (H<t>X) 51qeeK H nomurqeeK 

PEMK s npouecce KaMIIaHHH. 

9. Pac'leT BB3P 

B pa3.D.eJie rrpHBe.D.eHbI rrpe.D.BapHTeJibHble 
pe3yJibTaTbl sepH<pHKaUHH nporpaMMbl 

ITEPCT2 s cocrnse KOMnneKca TBC-M npH­

MeHHTeJibHO K HeHrpOHHO-q>H3HqecKHM pac­

qernM srqeeK H TBC BB3P s .D.BYMepHOH reo­
MerpHH, a TaK)Ke 3KCnepHMeHTaM Ha KpHTH'le­

CKOH c6opKe ZR6. Bepuq>HKaUH51 octtoaatta Ha 
cpaBHeHHH C rrpeUH3HOHHOH aTTeCTOBaHHOH 

rrporpaMMou MCU-REA/1.1. 

OQemrnaeMaH TOqHOCTb nporpaMMbI 
TBC-M + 11EPCT2 no cpastteHHID c MCU­
REA/1.0 cne.zcy10mM: 

1) BB3P-l 000 

• 0,3 % .lJ.llil Kerr TBC co cae)KHM ypaHOBbIM 
TOilJIHBOM; 



• 0,4 % ,[(JUI Kerr TBC c BhIT0peBlillfM ypatto­
BhIM T0IIIDIB0M; 
• 0,5 % ,[(JUI Kerr TBC co CBe)lillM MOX TOII­

JIHBOM; 

• 0,6 % .[(IDI Keff TBC c BhIT0peBillHM MOX 
TOIIJIB.BOM; 

2) BB3P-440 

• 0,2 % }:(JUI Keff TBC co CBe)lillM ypaH0BhIM 
TOIIIDIBOM; 

3) ZR6 
• 0,2 % }:(JUI Kerr 0,l],H0p0J:(HhIX [(HJIHHJlPWieC­
KHX c6opoK co CBe)lillM ypaH0BbIM T0IIJIHB0M. 

10. IlpHMepbl npHMeueHHH 
o6o6m.euuoro BilC 

Y11em HepaeHoMepHocmu nomoKa no 6bLCome 
30Hbl e o6o6U{,eHHOM Memode BllC 

PacqeThI TJ)eXMepm.rx TBC BB3P rroKa-
3a.JIH, qTo rrpH HCIIOJib30BaHHH rrp116rrmKeHID1 

"rrrrocKHX" IIOTOKOB K03q>q>lflU1eHT pa3MHO)Ke­

HIDI CXO)lllTC.SI rrpH BbICOTe 30Hbl OKOJIO caHTH-

Ha:rnaID1e 

nporpa:MMHOH 

e,l(HIDIUhl 

<l>HMEP03H 

MO<l>HTTf 

GroRes 

CONSYST 

PElllTY 

BEIIC2 

PROGET 

SERV 

IIporpaMM.hI 

reHepal..(HH 

6H6JIHoTeK GRC 
HELSM 

acqer rpymIOBhIX Ceciemrn B 

rnnernIOBOH o6JiaCTH 23 Tibl 

0-rpymroBbJe ceqeH.IDI .l(JUI o6JiaCTH 

amiu;en 1 3B 
O,l(rOTOBKa 6JIOKHpOBaHHI,JX 

o-ceqemrn B 3IIHTeIIJIOBOH 

CTH 

acqer MaKpocecieHHH B MYJlhTH­

rrnoBoM aJ6HeHHH 299 
porpaMMa pernemrn ypaBttemui 

e eHoca MeTO.l(OM BIJC 

OBemrii H n OXO)l(,l(eIDIH 

porpaMMa pacqera q>}'HK[{HOHaJIOB 

oeyrrh PHEAN naKeTa 

CU-REA/1 

MeTJ)a H tUI.CJie 350 30H, B TO )Ke BpeM.SI JIHHeH­
H0e npH6.IIlf)KeHHe .n:aeT rrpHeMJieMhIH pe3ym,­
TaT y)Ke npH II.SITH 30Hax TOJIIIlHHOH 70 CM. Ta­
KHM o6pa30M, rrpHMetteIDJe JIHHeHHoro npu-
6moKeHHSI 3HaIJJITeJibH0 3K0H0MHT naMSITh, a 
TaK)Ke coKpa:r.naeT BpeM.si: pacqern. 

Y11em aHu3omponuu pacceRHUR 
e o6o6U{,eHHOM Memode BllC 

Pacqer1,1 noKa3a.JIH, qrn B TBC BB3P 6e3 
norJIOTHTeJUI yqeT aHH30TJ)OIDIH HCToqHHKOB 

B Pn rrpH6JIB)KeHHH rrpaKTHqecKH He B.IIIDieT 
Ha pe3yJlbTaT 110 cpaBHeHJ-110 C TJ)aHCII0pTHbIM 
IIpH6JIH)KeHHeM. Yqer aHH30Tp0IIHH .n:aeT 3cp­
cpeKT B CHCTeMax C II0rJI0THTeJUIMH HJIH Ha 
rpaHHu.e TBC c 0Tpa)KaTerreM. 

11. IlpHJI02Keuue. IlporpaMMHble e.l(HHHU,bl 

OcHOBHhie nporpaMMHI>Ie e.n:HHHIU>I, BX0-
;::vnu:He B C0CTaB 6JIOKOB, rrepeqJ,fCJieHhI B Ta6-
.Jll,fUe. 

OnHcamie rrporpaMMHoH e.nHHHIU>r 

0,l(MO,l()'Jlh COCTaBHOro Q)H3H':leCKOro MO,l()'JUI 

HOrorpymroBoe TPaHClIOpTHOe npH6JimKeHite 

COCTaBHoro HJlfqecKoro MO JUI 

npo6JieMHo-op11eHTHpoBaHtty10 

GRC 

ceqeHHe pa36aBnemrn, no.nroTOBJieHHoe 

OH 

bie MaTPHUbI BepOHTHOCTH B C)l(aTOM 

e 
ClIOJlh3yeT MeTO,l( rryqeil:, MO)l(eT BeCTH pacqer 

6o6meHHbIX Be OHTHOCTeH 

IDl 

Je Ql)'HICqHOHaJlhl lIOTOKa H 

eqeHHH, MO)l(eT IlO,l(rOTaBmmaTh CBepttyThle cecieHHH 

BH.l(e, npm-o.l(HOM .l(JUI nocne.nyrorn.ero 

CilOJib30BaHHH aHCIIO THhIM 6JIOKOM 

accqHn,rnaeT rn6JIHUY ceqeHHH .l(JUI .naHHoro Tana 

eaKTopa 

acc<rnTbIBaeT MaTPHI{bl MOMeHTOB (1.. .5) yrrpyroro 

acceHH.IDI ,l(JUI H30TOIIOB 
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3aKJIIO'leHHe 

OnHCaH naKeT npm<JiaJ{HhIX nporpaMM 
IIEPCT-5, s K0TopoM JlJUI pememu1 TpaHC­
nopTHoro ypaBHemrn nepeHoca HeHTJ)OHOB 
HCD0JTh3YeTC}I MeTO,u BITC s np0H3B0JThm.IX 
.D.BY- H TpeXMepHbIX CHCTeMax. 113 Mo.n;y11eH 
naKeTa co6Hpa10TCR c11e.n;yrou:me pa6o'Ilfe 
nporpaMm1: 

l) MCU-FCP/3 JlJUI pacqe-ra H<t>X s }IqeH­
Kax H noilllR-iieih<ax PEMK, aHJf30TJ)0flH}I pac­
ce}IHIDI y-qHThJBaeTC}I B TJ)aHcnopTH0M npH-

611m1<eHHH; 
2) IIEPCT2 _n;Jl}I pacqe-ra H<t>X s }IqeaKax 

H nOJJH}I'leHKax BB3P, s .z:\B}'MepHOH reoMeT­
pHH aHH30TJ)0OH}I pacceHHID1 yqHn,rnaeTcx s 
PN npH6mrn<eHHH ,uo Ps BKJ110'IlfTe111,eo; 

3) GETERAl0 ,lJ.Jl}I pacqfua H<t>X s H'leH­
Kax H noJIIDl'leiiKax Ten110BhIX peaKTopos 6e3 
npHMeHeHH}I npo611eMHO-OpHeHTHpOBaHHOH 
6n6JJHOTeKH GRC. 

JJ:aHHhle pa60l.fJ{e nporpaMMbI HCil0JTh3Y­
lOTC}I BMecTe c 6aHKOM ,uaHHhlX FCPDAT, 6H-
6JJHoTeKoH EHAE93 H K0MTIJleKC0M CONS­
YST, co,uep)l(am,H:x 6H6JJHOTeKH ce'leHHii s 
MH0rorpynnoB0M H M)'JlhTHrpynn0B0M rrpe,uc­
TaBJJeHHHX, C00TBeTCTBeHH0. 

PeanH3aI.J;IDI Me-ro,ua BITC Hap}IJJ:y c MeTO­
A0M MoHTe-Kap110 s naKeTe npHKJJa_n;m,ix 
nporpaMM MCU-5 ua e.n;HHOH 6a3e x,uepm.IX 
JJ,aHHbIX C03.n;aJJa 0Tel.feCTBeHHyro 3aMKuyryro 
CHCTeM)' npeUH3H0HHhlX K0,1:\0B H K0JJ;0B Il0BbI­
rneHHOH T0'IH0CTH )lJUI pacqeT0B H no.n;r0T0B­
KH HeHTJ)OHHO-q>H3H'leCKHX K0HCTaHT, opneH­
THp0BaHHyro Ha perneHHe 3a_naq o6ocHoBaHJ{}I 
6e3onaCHOCTH H conp0B0)l(,ZleHH}I 3KCnnyaTa­
UHH PEMK 11 BB3P. 
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Y)].K 621.039 

AJiropHTMhl reoMeTpuqecKoro MOJJ:YJIH NCG 

M.H. I'ype6u'l, A.B. llp1111u1111uK06, 
HMQ "KypqaTOBCKHH HHCTHTYT", 123182, MocKBa, nn. Kypqarnsa, 1 

Ilocryrnrna s pe.uaKl(HIO 21.04.2010 r. 

O1UfCaHbl MeTO)].bl 11 a.nTOpHTMbl yttHBepcam,Horo reoMeTJ)H"leCKOro MOA}'JUI NCG, KOTOpbrn npHMeWl­
eTCR e ceMeHCTBe rrporpaMM MCU, ocHOBaHHbIX ua MeTo.ue MouTe-Kapno H npeJJ.mi:maqeHHbIX )].JUI pcrneHIDI 
ypaBHeHHH nepeHOCa qacnm. ,nm. OITHcaHIDI reOMeTJ)HH CHCTeMbI H pacqern TJ)aeKTOplrn HCil~Jlh3YJOTCJI 
yttHBepcam,HbIH KOM6HHaTOpHbrn MeTO)]. Ten, MeTO)]. CCTeH, a TaIOKe MeTO.L(bl BblpOBHeHHbIX ceqeHHH H 3epHH­
CTbIX CTJ)YKTYP· 

J(111o"e6ble CJ1oea: MeTo.L( MoHTe-Kapno, reOMeTJ)H"lecIC.IDi Mo.eym., KOM6HHaTopHlUI reoMeTJ)IDI, nyq, 
MeTO)]. Ten. 

Algorithm Description of NCG Geometrical Module. M.I. Gurevich, A. V. Pryanichnikov, NRC "Kur-
chatov Institute ", 1, Kurchatov Sq., Moscow, 123182. . . 

The methods and algorithms ofNCG geometrical module are described. NCG geometncal module 1s used 
in MCU code system, which calculates transport of particles by Monte Carlo method. 

Key Words: Monte Carlo Method, Geometrical Module, Combinatorial Geometry, Ray, Body Method. 

Bee.l{eHHe 

B HaCTO.HIIJ.ee spewi: .llIDI pacqera nepeHo­
ca qacn1u B CHCTeMax co CJIO>KHOH re0MeTpH­
eH IIIHpOKO npHMeIDleTCX MeTO.u MOHTe-Kap­
JIO (MMK) [I]. OH no3BOIDleT o6xo,uHTbcx 
npa1crwiecKH 6e3 npH6JIIDKemrn, xorn " TPe-
6yeT 3HaqHTem.Horo speMeHH cqeTa. 3-roT Me­
TO.ll OCHOBaH Ha CTaTHCTH'IeCKOM MO.llemqJ0-
BaHHH rrpoueccos rrepeHoca H B3aHMo.ueiicT­
BIDI 0T,UeJibHblX qacTHU. )];JUI MO,UeJIHp0BaHIDI 
TPaeKTOpHH qacnuu,1 HCIIOJib3YIOTCX CIIeUH­
aJibllbill cnoco6 om1caHID1 reoMeTpHH H npor­
paMMHax e.IJ,HHHUa, onpe,ue.JU1IOIIU1e MeCTO 
po)K)].eIDIJI n CT0JIKHOBeHHJI qac~hI, .UJIHHY 
ee TPaeKT0pHH H T.Il. TaKax rrporpaMMHax 
e.llMHJ[l.l,a norrytIRJia HaJBaHHe " reoMeTPHYiec­
KHii Mo;zym." (fM). 

,ll;IDI onncamu1 reoMeTpHH CHCTeMa pa36H­
saeTcx Ha KOHeqHbie 30HhI, onpe.ueneHHble 
pa3JIH4HbIMH crroco6aMH. HarrpHMep, MO>KHO 
3a,uaTb npOCTPaHCTBeHttylO ceTKY, KaK 3T0 .ue­
JiaeTCX B .lleTepMHHHCTCKHX nporpaMMax 
(,umpcpy3HOHHbIX, Sn, p n), HJIH 011pe,ueJIHTh 30-
Hhl B BH,ue 3a,uaHHbIX cpnryp, HarrpHMep, mec­
THyrOJibHHKOB C OTBepCTIDIMH H T.TT. O.l{HaKO 
TaKoe onpe.uenemte 30H He o6na,uaeT YHHBep­
CaJibH0CThIO, XOTX H TT03B0JIXeT C03,UaTb 6hlCT­
pO,UeHCTByiom;HH arrropHTM [2]. B TO )Ke Bpe­
WI MMK B rrpHHUHTie YHHBepcaneH H He CBX-
3aH c orrpe.ueneHHOH reoMeTPHeH. 

42 

B cs,i-3n c 3THM 6oJibruoe pac11pocTPaHe­
HHe norryqHJIH ymmepcaJibHbie r M, cnoco6-
m1e OilHCaTb npaKTHqecKH JII06yio CHCTeMY 
[3, 4]. B yttnsepcaJibHbIX rM K~.llM 30Ha on­
pe.ueneHa c rroM0IIJ,bIO nosepXHOCTeH He 6onee 
'leM BToporo rropx,lll<a. KaK HCKJIIO'leIDte MO­
ryT 6b1Tb 3anporpaMMHpOBaHbl nosepXHOCTH 
6onee BhICOKoro rropx,uKa, HanpuMep, Topon.u 
[3]. 3-ro orpaHHYieHHe Ha cpopMY nosepXHOCTH 
CBX3aH0 C TeM, qTo ,llJUI orrpe.ueneHHX TO'll<H 
rrepeceqeHHJI TPaeKTOpHH qaCTffUbl H TTOBepx­
H0CTH Heo6XO.llHMO 6hlCTPO peman ypaBHe­
HHe, OTTHCbIBaIOIIJ,ee rrosepXH0CTb. 

Cnoco6 onncaHIDI reoMeTpHH, rrpHHXThrn 
B yttHBepCaJibHbIX rM, norryqnJI Ha3BaHHe 
KOM6HHaTOpHOH reoMeTPHH (KT), r.ue Ka)K)].ax 
30Ha 0TTHCblBaeTCX KOMfomau,HeH reoMeTPHqe­
CKHX 06beKTOB, CBX3aHHbIX onepaU,MMH Teo­
PHH MHO)KeCTB. He cne;zyeT nyraTb noIUITHe 
KT reoMeTPH'leCK0ro MOJzyIDl c .upyrHM o6me­
npHHXThIM H ycTOXBUilfMCX TepMHHOM KT B 
TeOpHH .UHCKpeTHOH MaTeMannrn [5]. Pa3JIH­
qaIOTCX .UBe MaTeMaTH-ci:eCKH 3KBHBaJieHTHbie 
pa3HOBH.llff0CTH MeTo,ua KT: MeTO.ll TeJI H Me­
TO.ll nosepXHOCTeH. 

B MeTO,Ue TeJI B Ka'leCTBe rrpHMHTHBOB, H3 
KOT0pbIX "co6upaeTcx" 30Ha, BbICryrraIOT npo­
CTeHI.lll1e Tena: map, napaJIJienemme.u, IIBpa­
MH.Ua H T.TT. O6x3aTeJibHbJM CBOHCTBOM TeJia 
CJIY)l(HT ero BbmyKJlOCTb. KpoMe K0HelfHbIX 



Ten paccMa-rpHBaIOTCH H 6eCKOHeIJHb1e, TaKHe 
KaK 6ecKOHeqm,rn. QHIDIH.z:q), nonynnocKOCTh, 
yron H T.Il. Ka)K,[{oe Teno OTIHCbIBaeTC.sl Ha6o­
poM oapaMeTJ)OB, IlOJIHOCThlO onpe,ueJUIJODUIX 
Teno H ero 11ono)Kem1e B npoc-rpaHcTBe. IIo-
8epXROCTH Tena He 3a.[(aIOTC.sl, a TIO.[(pa3)'MeBa­
IOTC.sl qepe3 napaMeTJ)hI Tena. 

B MeTO.[(e noaepXHOCTeH Ka)K,[{M 30Ha 
OIIHChIBaeTC.sl KaK Ha6op nosepXROCTeH, 3a­
,UaHHI>IX ypaBHeHHHMH 

J;(r)=O, (1) 

r.ue r - KOOp;urnaTa TOqKJ,I, 3TO ypaBHeHHe 
011pe.ueJijleT He TOJihKO noaepXHOCTh, HO H 
pa36HBaeT see TO'IKH npoc-rpaHCTBa Ha nono­
)KHTeJihHhie, .[(AA KOTOphIX BhIITOnHJieTCH ycno-

BHe J; ( r) > 0 , H o-rpHU;aTeJihHhie - J; ( r) < 0 . 

MeTOL(hI noBepXHocTei-i H Ten 3KBHBaJieH­
THhI, IlOCKOJihKY MO)KHO CtIBTaTh, qTO ypaBHe­

HHe J; ( r) = 0 011pe,neAAeT Teno, cocTom.uee 

H3 OTPHII;aTeJihHhIX HJIH, Hao6opoT, noJIO)KH­
TeJihHhIX ToqeK, a 30Ha onpe.[(eJijleTcx KaK 11e­
peceqeHHe Ten, onpe.neneHHhIX ypaaHeHIDIMH 
noaepXRocTeit 

fM MO)KeT KOMfimrnpoBaTh MeTOL(hl Ten H 
noaepXHOCTeH, KaK 3TO c,nenaHO B nporpaMMe 
MCNP [3], me Teno oIIHchrnaeTcx Ha6opoM 
IIOBepXHOCTeH co 3HaKOM, a 3OHa onpe.[(eJijleT­

CH KOM6HHaWtei-i Ten. McTopaqecKH cno)KH­
noch, qro .[(Jijl fM-naKeTa rrpaKJia.[(HhIX rrpor­
paMM MCU [6] Bhl6pan MeTO,u Ten, 6nHJKHR K 
MeTo.uy, rrpHMen.s1eM0My a nporpaMMe KENO 
[4]. rM HCilOJih3yeT TaK)Ke peryJI.slPHhie CeTH, 
MeTOL(hl BblpOBHeHHhlX ceqeHH.R H 3epHHCThIX 

C'fPYKTYP, KOTOphie 6y.uyT OIDICaHhl ,nanee. 
qaCTh H3naraeMoro MaTepHana ,uaHa B pa-

6oTe [7]. O.nttaKo 3Ta pa6orn 6hma HaIIHcaHa 
6onee 15 neT Ha3a.[(, H c TeX rrop ITOHBHJIHCh 
HeKOTOpbie HOBhie anropHTMhI. 

1. 0CHOBHhle onpeneJieHHB 

f eoMe-rpHH CHCTeMhl OITHChIBaeTCH qepe3 
KOM6HHaUHIO Ten. Teno - 3neMeHTapHaH Bhl­
nyrurnx o6nacTh npoc-rpaHCTBa, HarrpHMep, 
map, napaJIJienemme.n, IIonynpoc-rpaHCTBO H 
T.,n. PactJeT nepeHoca qacTHU acer.[(a ocymecT­
BJIHeTc.s1 a KOHetJHOH o6naCTH npoc-rpaHCTBa, 
HaJhrnaeMoi-i KOHTeHHepoM cHcTeMhl. EecKo­
He•rnocTh CHCTeMbl OITHChIBaeTCH C TIOMOll{hlO 

rpaHWIHbIX ycnoaHH (fY). KoHTeirnep CHCTe­
MbI pa36HBaeTCH Ha KOHeqJIOe qJfCno roMoreH­
HI,IX o6naCTeH, Ha3hIBaeMhIX reoMe-rpHqecKH­
MH 30HaMH. 

,JJ;eneHHe Ha reoMe-rpffqecKHe 30Hhl rrpo­
HCXO)UIT TaK, qT06bI JII06M TO~a CHCTeMhI 
BXO)Ulna TOJihKO B o,nHy H3 reoMe-rpHqecKHX 
30H. ,z::i:Jljl Ka)K,[{OH reoMe-rpffqeCKOH 30Hhl 011-
pe,neJUIJOTCH ee a-rpH6yTh1: HOMepa pernc-rpa­
WtOHHOH 30Hhl, pernc-rpauHOHHOro o6'beKTa ff 
MaTepHana. Perffc-rpaWtOHHbie 30Hhl H o6neK­
ThI - ,naa He3aBHCHMbIX Ha6opa o6nacTeH, 
Ka)KL(hill. H3 KOTOphIX COCTaBAAeTC.sl H3 reoMeT­
pHqeCKHX 30H. Ka)K,[{M 30Ha oope,D.eAAeTC.sl 
qepe3 KoM6HHaumo Ten, .[1.Jijl qero npHMeHJI­
IOTcx -rpH orrepauHH Teopmt MHO)KecTB: .uo­
noJIHeHHe, nepeceqeHHe ff o6ne,D.HHeHHe [8]. 
• IIepeceqeHHe ( 06ma.s1 qaCTh, norff"leCKoe 
IIpOH3Be,neHHe) Terr Sl H S2 - MHO)KeCTBO acex 
ToqeK, co,nep)KalUHXCH o.nttoapeMeHHo B Terrax 
Sl H S2. 
• ,JJ;onoJIHemte Terra S - MHO)KeCTBO acex 
T01ieK, He co,uep)KalUHXCH B S. 
• O6ne,D.HHeHHe (nornqecKax cyMMa) Ten Sl 
H S2 - MHO)KeCTBO acex TOqeK, CO.[(ep)KalUHX­
CH JIH6o a Sl, JIH6o a S2. 

KoM6HHaTOpHhIH cnoco6 3a,naHHH 30H HC­
IlOJih3yeTCH KaK rrpH 3a,namrn reoMe-rpIDI, TaK 
H IIpH BWIBCrreHHHX. O,nHaKO fM IIpH BhltJHC­
JieHH.slX onepHpyeT He c reoMe-rp111IecKHMH 30-
HaMff, a C TaK Ha3hIBaeMhIMH TepMaMH. TepM 
MO)KeT COBIIa.[(aTh C COOTBeTCTByromei-i reo­
Me-rpHtJeCKOH 30HOH, a MO)KeT COCTOHTh H3 ee 
qacTH. 

,[(eno B TOM, qTo .[(Jljl BhIIIOJIHeH.IDI BbltJHC­
rreHHR c reoMe-rpHtJecKHMH o6neKTaMH fM He 
rrpHMeHJieT orrepauHIO "O6ne,D.HHeHHe", rro3-
TOMY TepM onpe.neneH KaK COBOKYIIHOCTh Ten, 
HaXO.D.filUHXCH B CTJ)OKe onpe,nerreHHH 30Hbl 
Me)KJ.lY orrepaUHHMH "O6ne,D.HHeHHe". EcJIH 
.[(Jijl 3a,naHID1 reoMe-rpH~eCKOH 30Hbl HCITOJih-
30BaJiaCh onepauIDI "O6'be.[(HHeHHe", TO K0M­
IIHJUJTOP rM pa36HBaeT 30tty Ha ,uaa HJIH 60-
nee TepM0B. B OTJIH"IHe OT reoMe-rpHqecKHX 
30H TepMhl M0ryT HMeTh 06IJUie TOtJKH. TaKM 
oco6eHROCTh CBH3aHa C y,uo6CTBOM BhltJHcrre­
HHH H He rrpHBO)lHT K IIpOTHBopetIHHM. 

IlpH pemeHHH ypaaHeHHH nepeuoca qac­
nm rrpe.D.IIonaraeTcx, tJTO qacTHI{hI Me)KJ.lY 
CT0JIKHOBeIDUIMH ,[{BHraIOTCH IIp.slMOJIHHeHHO. 
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TpaeKTOplUI ,[{BH)l(CHIDI qacTHl..(hJ onHCbJBaeTC.ll 

.11yqoM. HaqanoM rryqa CJIY)l(JfT .JIH6o TO'll<a 

pO)l()].CIDIJI HJIH CTO.IIKHOBCHHJI, .JIH6o TO'IKa, a 

KOTOpOH qaCTHl.l,a OKa3aJiaCb IlOCJie o6pa6oTKH 

fY. JlylJ npe,llCTaB.IUICTC.ll B napaMCTPH'lCCKOH 

<popMe KaK r = h + ut , r.ue r - Koop.mrnara 

noJIO)l(CHHJI qacTIU.(bJ, h - KOOp.rurnaTa Ha­

qaJibHOH TO'IKH JIY'la, U - C,llH.Hlt'll-lhlH BCKTOp 

HarrpaBJJCIDUI IlOJJeTa qacnII.(bl, t - paCCTO.ll­

HHe, npOH,llCHHOe qaCTHI.(CH no JIY1lY OT Ha­

qaJibHOH TOlJKH. 

2. PaC'ICT TpeKa '13CTHUbl 

O.L{HOH H3 OCH0BHhIX 38JlaCJ fM .slBllillITC.ll 

onpe.ueJiemre .ll.lllf.HhI rrp.11Mo.JIHHe.HHoro yciac­

TKa TpaeKT0plrn tJaCTHI.(bJ .ll0 CTO.IIKHOBCHMJI 

H.IIH BbIJICTa H3 CMCTCMbJ. B ,UaJibHC.HII.ICM 6y­

,UCM Ha3bIBaTb 3TOT YllaCTOK TPaeKTopHH TPC­

KOM qacTHl.l,hI. ):(JUI onpe,ueneHHJI TPCKa qacTM­

[.(bI 38JlaJOTC.ll nyq H 0TITHIIeCKa.ll ,ll.lllrna t
0 

ny­

TH, KOTOpyJO ,l],OIDKHa npO.IICTCTb qaCTHI.(a ,llO 

CTO.IIKHOBCHIDI. rM orrpe.neJUICT TOqJ(Y r, B KO­

TOpOH onTHqecKa.H )l.lIHHa TPaCKTOpHM qaCTH-

l.(bl CTaHCT paBHOH t
0

' T.e. 't = J L ( r) dr = t 0 
• 

Ec.lllt qaCTHUa ,llOCTHrHCT rpaHHI.(bl CHCTe­

Mbl .no Toro, KaK BbIIIO.IIHJffC.ll 3TO yc.lIOBHe, TO 

cqHTaeTC.11, qTo qaCTHI.(a ,l],OCTHr.lla rpaIDII.(bJ 

cnCTeMI>J. Tiocne qero qacTHll.a JJH6o HC'le3aeT, 

JIH60 MCHJICT CBOH <pa30Bbie KOOp,l],HHaTbI rroc­

ne OTPa)l(eHHJI, TPaHCJUIUHH R.JIH noaopora. 

,l(JUI pacqera t a TeKymeM TepMe orrpe.neJUI­

JOTC.ll ,l],.IIHHa lout TPCKa qaCTHI.(bl H flO.IIO)l(CHHC 

T0'IKH CTO.IIKHOBCHIDI qaCTHI.(bl a 6eCKOHClJHOH 

cpe.ue, COCTO.IIII.(CH H3 MaTepHana TCpMa, - l inf• 

Ec.lIH t
00

t > t inf , TO cqnTaeTCH, qTo qacTH-

l.(a npeTepnena CTOJIKHOBeHHe, HHaqe YMCHb­

rnaJOT ODTH'ICCKYJO ,lJ,.IIHHy 't nyTH Ha BC.IIHlJH­

Hy Lt
00

t n nepexo,[{JIT K pacqeTy TPCKa B cne­

.llYIOIUeM TepMe. IJ,HKJI nOBTOpKCTC.ll ,llO Tex 

nop, noKa qaCTHI.(a He HCIIhlTaeT CTO.IIKHOBC­

IDIC .1rn60 He Bbl.lICTHT H3 CHCTCMbl. 

2.1. Bbl'lUCJleHue mO'lKU BblXOOa lly'la U3 

mepMa. .D:JUI onpe.neJICHH.ll TPCKa qaCTHIJ.bl B 

TepMe Heo6XO,l],HMO )'MCTb orrpe.neJUITb TOlJKY 

BbIXO,lla rryqa H3 TCpMa. ,l(JUI 3TOro nepe6npa­

lOTC.II see TCJia, COCTaB.II.IIJOau,te TepM. lfa 3THX 

TCJI BbI6HpalOTC.II Te, KOTOpbie JIYl'..f nepeceKaeT. 
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Ka)l()].oe Teno xapaKTepH3yeTC.ll CBOCH TOlJKO.H 

t:
0 

BX0,n:a rryqa H TO'Il(OH t~t BbIXO,lla . .LJ:anee 

paccMaTPHBaJOTC.ll ace TOq]{}f t!u1 BbIXO,Ua H3 

i ~ 
TCJI H TOqKH tin BXO,lla .ll.lUI .uonorrHemrn TC.II. 

,l(JUI onpe,ueJieHHJl TO'IKH BbIXO,Ua rry1rn H3 

TepMa BbI6HpaeTC.II MHHHMaJibHOe paccT0JlHHe 

H3 3THX ToqeK. 

2.2. Bbl'lUCJleHue mo'leK exooa u BblXOOa 
Ry'la U3 me.na. ,l(AA orrpe,n:eneHH.11 TO'Il(J,f BbIXO­

,n:a rryqa H3 TepMa Heo6XO,llHMO 3HaTb TO'IKH 

nepeceqeHH.ff rryqa n Ten. ,l(JUI Ka)l()].oro Tena 

cywecTByeT caoi1 oco6hl.H anropnTM onpe,ue-

rreHIDI T0CJeK t in H /
00

t BXO,Zla H BbIXO,l).a .IIY'la. 

B o6ll.(eM CJIY1lae cq11raeTc.H, 'ITO rryq 3a­

,n:aH B napaMCTPH'ICCKOH <popMe, a Teno onpe­

.ueneuo Ha6opoM noaepXHOCTeH. KaK CKaJaHo 

BO BBC,llCHHH, Ka)l()],a.H noaepXHOCTb orpaHH'lH­

BaeT o6naCTb IIpOCTPaHCTBa, OTIHCbIBaCMYJO 

ypaBHCHHCM /(r) < 0, r.ue r = (x, y , z) - KO­

op,llHHaTa TOtfl<H. Ec.JIH ypaBHCHHe noaepXHOC­

TH orpaHHlJHBaeT HCBbTIIyK.IIOe TC.IIO, TO Ha 

ypaBHCHHe HaKJia,n:hmalOTC.ll TaKHe .llOTIO.IIHH­

TC.llbHbie ycJJOBH.ll, qT06bl ycnOBHC BbmyK.JIOC­

TH BbITIO.IIHJlJJ0Cb. TolJKH nepeceqemUJ rryqa H 

noaepXHOCTH onpe,n:e.lI.IIJOTC.ll H3 pemeHIDI 

ypaBHCHHJI 

/(h + ut) = 0. (2) 

Ecm1 .ll.lUI ypaatteHH.H (2) cymecTByeT no­

.lI0)l(HTC.llbHoe pemem1e, TO rryq nepeceKaeT 

noaepXH0CTh. OTPHll.aTe.llbttoe perneHHe 03Ha­

qaeT nepeceqeHHe noaepXHOCTH ,uononHCHH­

CM .IIYl:.Ja, onpe.ueAAeMoro ypaBHCHHCM h - ut . 
OTcyTCTBHe pemeHH.H 03HaqaeT, CITO .IIYl'..J He 

nepeceKaeT noaepXHOCTh. fM paccMaTPHBaeT 

noaepxuocTH nepaoro H arnporo nop.H,ll.KOB, 

Il03T0MY ypaBHCHHe (2) MO)l(CT HMCTb ,l],Ba pe-

llICHIUI: t: H t~ . 

CywecTBOBaHHe nonO)l(}ITC.llbH0ro H OT­

pHUaTe.llbH0ro pe11IeHID1 03HaqaeT, qTo TO'll<a 

Haqana rryqa Haxo,uHTC.ll BHYTPH Tena, orpaHH­

'ICHHoro ,llaHHOH noaepXH0CTblO. Cyll.(CCTBO­

BaHHe .llBYX IlO.II0)l(}ITC.llbHbIX pe11IeHH.H 03Ha­

qaeT, qTO T0'IKa HaCJaJia rryqa HaxO,D;HTC.ll CHa­

py)l(J,f Tena H rryq BXO,[{HT H BbIXO,ll;HT H3 Hero. 

TotJKH BbIXO,n:a H BXO,lla Jiyt-Ia H3 Tena HaX0MT­

C.ll KaK MHHHMaJlbHOe H MaKCHMaJlbHOe 3Ha'le-



HWl IIOJIO)IGfTefilHI,IX ToqeK t~ H t~t )J,lliI Bcex 

noaepXHOCTeH: tin= max(lin ), tout= min(t;out) . 

PemeIDie ypaattemu1 (2) TJ)e6yeT .n:ocTa­
TO'IHO npo,n:OJDIGfTefilHOro BpeMeIDI cqern. 
Q)lHaKO BO MHOrHX KOHKpeTHhlX CJiyciaHX IIO­
aepXHOCTh MO)J(eT 6I>1Th onpe.n:erreHa He B Ka­
HOIDl'leCKOM, a B ynpomeHHOM BH.n:e. HanpH­
Mep, IlJIOCKOCTh, orpaHH'IHBaIOIIla& I.(HJIHH.n:p 
caepxy, onpe,n:ellileTcH o.n:ttoi1 Koop.zn,rnaToH -
Ztop• 3TOT napaMeTJ) HCilOJII,3yeTCH )J,lliI npoc­
TOI'O onpe.n:erreHIDI q>aKTa nepecetJeHIDI rry-qa 11 
noaepXHOCTH, a TaK)J(e Bhl'UfCJieHHH TO'IKH ne­
pecetJeHIDI. YnporueHHoe 3a,n:att11e noBepXHoc­
TeH qacro IlpRMeHHeTCH npH Bhf'IllCJiemrn TO­
qeK Bxo.n:a H Bhrxo.n:a )J,lliI KOHKpeTHbIX Terr. 

3. IIOHCK TepMa 

fM 3aHHMaeTCH llOHCKOM TepMOB B crre­
.n:yK)IUHX crry-qaHX: 
- Mo.n:yrreM HCTOllHHKa B1Ipa6aTbIBaeTC51 qac­
THI.(a, nocrre qero Heo6xo,n:HMO onpe,n:eJIHTb 
TepM, K KOTOpOMy OHa rrpHHa,n:rre:>1an; 
- qacTHI.(a rrepeceKaeT rpaHHI.(y TepMa H Ha,n:o 
onpe,n:eJIHTb crre.n:yroIUHii: TepM, B KOTOphIH 
OHa Boii:.n:eT; 
- qacTHI.(a nepeMew,aeTCH TJ)aHCJIHI.(ReH HJIH 
IIOBOpOTOM H Ha,n:O onpe,n:eJIHTh TepM, B KOTO­
pblli oHa rrorrarra; 
- qacnma rrorra,n:aeT H3 BHeITIHei1 3om,1 B ceTu, 
Ha,n:o onpe.n:errHTh TepM, B KOTOphIH OHa no­
rrarra; 
- qacTHU:a rrepexo,n:HT H3 o.n:ttoi1 xqeHKH ceTH a 
.n:pyryro, Ha.n:o orrpe.n:eJIHTh TepM, B KOTOpbIH 
OHa norrarra. 

Ilocrre,n:HHe .n:aa crryqa& 6y.n:yT rrpoKOM­
MeHTHpOBaHhI B pa3.n:erre, IlOCBIDu:eHHOM OIIH­
camI10 ceTeH. 

IlpH IlOHCKe TepMa rrpe.n:norraraeTCH, qTo 
'laCTHI.(a Haxo,n:HTCH JIH6o Ha rpaHJll.(e, JIH6o 
BHyTJ)H TepMa. EcJIH qacTHI.(a Haxo,n:HTCH Ha 
rpaHJll.(e TepMOB, TO HW,eTCH TepM, pacrrorro­
)l(eHHbrli Bnepe,n:H no Harrpaarremuo rrorreTa 
tJacnnn,1. IlpH IIOHCKe TepMa IIpHXO)UITCH 
yqHThlBaTh B03MO)l(HOCTh TIOHBJieHHH meJIH, 
He rrpHHa,n:Jie)J(aIQeH HH O,n:HOMy H3 TepMOB. 

ll.(errh MO)J(eT TIOHBHTbCH R3-3a Toro, qTO 
BhrtrncrreHIDI Ha 3BM BhITIOJIHmQTCH c onpe­
.n:erreHHOH norpemHOCTbIO. HaR6orree qacTo 

TaKRe m;eilll TIOHBJIHIOTCH B crryqaHX IIpHMbIKa­

HIDI IIIeCTHrpaHHbIX rrpH3M. TaKHe meJIH npR­

XO,n:HTCH rrponycKaTb, HO 3TO CO3,n:aeT HOByro 

TPY.n:HOCTh. TepM MO)J(eT COCTOHTb H3 oqem 

TOHKOfO CJIOH H B 3TOM crry-qae HrHOpHpoBa­

IDte onrn6KH BhI'IHCJieillUI MO)J(eT npHBeCTH K 
rrponycKY TaKoro crrox. 

Koop,n:HHaTa TOlfKH r onpe,n:eJIHeTCH rry­
qoM H IIOJIO)J(eHJteM t Ha rryqe_ ,[(ml y-qeTa BO3-

MO)J(HblX m;eneii: Me~ TepMaMH IIOJIO)KeHHe t 
orrpe,n:eJIHeTCH C HeKOTOpOH IIOJIO>KHTeJihHOH 
norpemHOCThIO e: [t; t + e], r.n:e e - Marroe tJHC­
rro (10-6). IlOHHTHO, qTo .D;llil BCex TeJI TepMa 

BbIIIOJIHHeTCH yCJIOBRe tin S t S tout , a .ll:llil BCeX 

.n:onoJIHeHHH TeJJ BbIIIOJIHHeTCH ycrrOBHe 

tout s t s tin . C yq:eTOM Heorrpe.n;erreHHOCTH e 
3TH ycrrOBIDI 3amrnryTCH B BH)J,e 

( tins t + E f &( t S tout ) )J,lliI Terr, (3) 

( touts t + e} & (t s tin) )J,IDI .n:onoJIHeHHH Terr, (3a) 

r .ne 3HaK .&. 03HaqaeT norw-1ecKyro orrepa-
1.(IDO H. 

B HeKOTOpbIX crryqaHX 3HaqeIDie E ,n:OJI)K­
HO 6hITh yaeJIHTJeHO no cpaBHeHHIO c nepBO­
naqaJihHI,IM. 3TO npOHCXO,n:HT a TOM crry-qae, 
Kor.n:a yron Me~ HanpaBrremrnM rrorrern qac­
THUbI H HOpMaJihHhIM BeKTOpOM K II.(eJIH 6Jrn-

30K K 90°. Xorn IIIHpHHa meJIH Marra, ,n:JIHHa 
OTJ)e3Ka nepeceqeHIDI m;eJIH H rry-qa OKa3hlBa­
eTCH 3HatJHTeJibHOH. B 3TOM crry-qae TJ)e6yeTCH 
yBeJilftrn.Th Heorrpe.n:eneHHOCTb e, KOTOpa& B03-
pacTaeT .n:o Tex rrop, rroKa JIH6o He 6y.n;eT HaH­
.n:eH TepM, ID160 BeJIHTIHHa (t + e)lt He ,n:OCT.Kf­
HeT HeKOTOpOH KpHTHqecKOH BeJIHl{HHI,I, IIOC­

rre qero noHCK npeKpamaeTcH, TeKYllJ.a& qac­
THI.(a CtJRTaeTCH IIOTepHHHOH H rrpOHCXO)J,HT 

rrepexo.n: K crre.n:yroll.(ett qacTHI.(e. 

3.1. lloucK mepMa npR.MbZM nepe6opoM. 
qrofihl HaHTH TepM, co.n:ep)KaIUHH 3a,naHH)'IO 
TO'IKY, Heo6XO,n:HMO nepe6paTh Bee TepMhl 
CHCTeMbI. EcJIH HaH,l{eTCH Teno, )J,lliI KOTOporo 
He BbIIIOJIHHIOTCH ycJIOBIDI (3), (3a), ro C'IHTa­
eTCH, qTo JIY1I He IIpOXO,n:HT qepe3 npoBepHe­
MhIH TepM, H npOHCXO,n:HT rrepexo.n K crre.n;yro-

m;eMy TepMy. EcJIH TOtJKa r = h + u (t + e) 
rrpHHa,n:Jie)IGfT Tep My, TO rrpoBepKa CtJHTaeTCH 
ycrremHOH, ,na)l(e ecnR TotJKa r = h + ut eMy 
He npHHa,nJie)KHT. 
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3.2. lloucK mepMa no cnucKGM. TIOHCK 
TepMa npHMhIM nepe6opoM - cpaBHHTem.HO 
.ll)IllTeJibHM npoue;zypa. ,n.rrn ycKopeIDUI noH­
CKa npHMeHHIOTCH CilHCKH o6yqeHHH. Y Ka)K­
.D.OH IlOBepXHOCTH TeJia <popMHpyeTCH CIDICOK 
coce,[{HHX TepMOB, B KOTOpLie MO)KeT nonaCTI, 
qacTHUa, BLIJieTeBrnaH qepe3 .n.aHH}'IO noBepx­
HOCTh Tena. 3ToT CilHCOK Ha3LIBaeTCSI crrnc­
KOM o6yqeHHH. TipH IIOHCKe coce,[{Hero TepMa 
CHaqana npoBepHIOTCH TepMLI, BXO.llHillHe B 
CilHCOK. 

EcJIH B crmcKe no.[{Xo.n.mnero TepMa He 
Hamnocb, TO npOH3BO.[{HTCH TIOJIHbIR nepe6op 
TepMOB. Tiocne qero B CilHCOK 3aHOCHTCH HO­
Mep HOBoro uaii.neuHoro TepMa. B cne.ny10-
rrnrn pa3 3TOT TepM y)Ke He npH,D;eTCH HaXO­
.LI.HTb C IlOMOIJ.U,lO npoue.n.ypLI IlOHCKa no BCeM 
TepMaM. TiocreneHHO B npouecce pa60Thl fM 
Bee B03MO)l(Hhle TepMbI MOI)'T nonaCTJ:, B CTIH­
COK H noJIHbIH nepe6op Boo6rue Re 6y.n.er npo­
Hcxo.n;HTL. 

3JieMeHTOM CTIHCKa CJIY)KHT napa uem.cx 
lJHCeJI: HOMep TepMa H CCbIJIKa Ha cne.n.yIOII{HH 
3neMeHT CII.HCKa. B nocne.n.HeM 3neMeHTe CTIH­
CKa BTOpoe 'IBCJIO paBHO ttyJIIO. ,n.rrn Ka)K.[{Oro 
crmcKa HMeeTCH ccbIJIKa Ha uaqano. 

4. 0 6pa60TKa rpaHH'IHblX YCJJOBHii 

Cpe.[{H Bcex noBepXHoCTeH Ten BhI.D.eJIH­
IOTCH TaK Ha3bmaeMbie rpaffifqHJ:,Ie TIOBepXHO­
CTH. EcJIH -rpaeKTOpHH qacrm.u,I nepeceKaer 
rpaHFl'Ill)'IO IlOBepXHOCTb, TO fM nepeC'fHTE,I­
BaeT Q)a30Bbie KOOp.[{HHaTbI qacTHI.{J:,l. B fM 
onpe.n.enem,I HeCKOJlbKO THTIOB rpaHWIHbIX 
TIOBepXHOCTeH: rpaHHua KOHTeHHepa, IlJIOC­
KOCTh CHMMeTpmt: H rpaHMUa cne:QHaJILHOro 
TepMa. 

fY Ha IlJlOCKOCTHX CHMMeTpHH 3a)l.alOT 
ycnOBHH .D.JIH BCeH CHCTeMbI. fY Ha IIOBepxHO­
CTH KOHTei-iuepa o6pa6aTbIBalOTCH nocne Bhl­
XO)l.a nyqa Ha rparumy 3a.n;aHHoro TepMa. fY 
cneuHaJILHoro repMa o6pa6aTLIBaIOTCH nocne 
sxo.n.a nyqa B TepM c oco6bIMH CBOHCTBaMH. B 
3TOM cnyqae BttyTpH TepMa pacqer -rpeKa He 
npOH3B0.[{HTCSI, BMeCTo 3TOrO o6pa6aTbIBalOT­
CH fY, 3a)l.aHHhle Ha TIOBepXHOCTHX cneUHaJib­
HOro TepMa. 

Ha rpaHHue TIOBepXHOCTH MO)KeT 6b1Tb 3a­
.D.aHO IlOJIHOe nornom;eHHe, npH KOTOpOM qac-
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THUa 11cqe3aeT. KpoMe noJIHoro nornorueHJU1 
MoryT 6hlTL onpe.n.eneHLI TpH THna rY: o-rpa­
)KeHHe, -rpaHCJIHUHH H TIOBOpOT. TipH OTpa)Ke­
HMH qaCTMUa MeHHeT CBOe HanpaBJieHHe, HO 
He KOOp.[{HHary B npoc-rpaHCTBe. B cnyqae 
-rpaHCJIHUHH qaCT],flla MeHHeT CBOIO KOOp)l.HHa­
TY, a uanpaBJieHHe ocraeTcH npe)KHHM. Tiocne 
IlOBOpoTa qaCTMUa MeHHeT KaK CBOe HarrpaB­
neHHe, TaK H Koop.[{HHary. Bo3MO)l(Ha c11rya­
UHH, KOr)l.a qacTMUa C HeKOTOpOH BepOHTHO­
CTI,lO a, OTpa)KaeTCH, a C BepOHTHOCTbIO (1 - a.) 
HCITbITbIBaeT nornom;eHHe. 3ToT cnyqai-i COOT­

BeTCTByeT OTpa)KeHHIO c am.6e.n.o a.. 
B cnyqae, ecJIH nocne o6pa60TKH rY qac­

TMUa MeHjfe'f CBOlO KOOp)l.HHary' HIIJ;eTCSI TepM, 
B KOTOpbIH OHa nonana, a 3aTeM -rpaeKTOpHH 
qacTHUhl rrpo.n.oJDKaeTcH. PaccMOTpHM rY no­
.n.po6Hee. 

YCII06Wl ompa:>ICeHWl. TipH OTpa)KeHHH 

qacTHUa MeHHeT CBOe uanpaBneHHe u Ha Uren , 

a MeCTOilOJIO)KeHHe qacTHll,hl He MeHHeTCH. 
PaccMa-rpHBaIOTCH TpH nma o-rpa)KeHIDI qac­
THUhl OT noBepXHOCTH. 

HanpaBnem1e qacTHUhl nocne 3epKGllb­
Ho20 ompa:J1CeHWl orrpe.n.eJIHeTcH KaK 

Uren = u - 2 ( un) n , r)l.e n - HOpMaJILHLIH BeK­

TOp K nosepXHOCTH OTpa)KeHHH B TO~e MeC­
TOTIOJIO)KeHHH qacnll{bl, un - onepaUHH CKa­
nHpttoro yMHo)KeHID! BeKTopoB. HopMan1>H1>rn 
BeKTOp cqHTaeTCH HanpaBneHHbIM npoTHB ny­

qa, T.e. (nu) < 0 . ,n.rrn Bcex Ten cyrueCTByroT 

co6cTBeHHLJe no.n.nporpaMMbI onpe.n.eneHHH 
HOpMaJibHOro BeKTopa. 

EeJZoe ompa:>ICeHue COOTBeTCTByeT H30T­
pOilHOM)' IlOTOKY Ha rpaHHll,e, qeM onpe)l.eJIH­
eTCH cnyqai1Hoe pacrrpe.n.eneHHe uanpaBneHHH 
qaCTMUbI BffYTpH nonynpoc-rpaHCTBa, o6pa30-
BaHHOro IlJlOCKOCThlO, nepneH)l.MKYJIHpHOH 
HOpMaJILHOM)' BeKTopy. 

~WluHopu~ecKoe 6e.noe ompa:J1CeHue on­
pe.n.eneHo Ha 6oKOBbIX rpaHHuax o6o6m;eHHo­
ro UHJIHH.D.pa [7]. Tipn o-rpa)Kemrn qacTHua He 
MeHHeT COCTaBJIHIOIUYIO CBOero HarrpaBneHHH 
B.D.OJlb OCH Z, a npoeKUHH HanpaBJieHHj[ Ha 
nnoCKOCTH OXY MeHHeTCH Ha cnyqai1Hoe. 



5 . .U:epapxu11ecKoe onucanne reoMeTpHH 

5.1. Cemu. B rM pea.rrn3oBaH HepapXWie­

cKHH IIO.l{XO,ll K orrncaHHIO reoMerpIDt, 3a,uaBa­

eMI>m Ha HeCKOJThKHX ypOBIDIX. ,nmt OIIHCaHIDJ. 

KOHCTp)'KllIDI B ueJIOM HCIIOJib3yeTCH rno6aJib­

HM CHCTeMa KOOp,llHHaT (CK), 06pa3y10m;M 

Bepxmrn ypoBem.. CK cne,n;yiomero ypoBM 
npH.MeHHIOTCH ,[{JlH TaK Ha3hIBaeMbIX ceTdt. 

CeTH npe,llCTaBAAIOT co6ou .n:BYMepHbie 

HJlli rpeXMepHhle MaCCHBbI IIJIOTHO IIpHMbIKa-

1-0mHX ,n;pyr K ,n;pyry reoMe-rpuqecKHx o6oeK­

TOB, Ha3bIBaeMbIX H"lJeHKaMH CeTII. 3TOT CIIO­

co6 ,uonycKaeTCH TOJThKO .[{JlH perynHpHhIX 

crpy1<Typ, rropmK,lleHHhIX C,n;BHraMH. IIpHMe­

paMH TaKHX CTJ)YKTYP cny)l(aT perneTKa CTep­
)l(Heu B KacceTe BB3P HJIU COBOKyrIHOCTb Ka­

HaJIOB PEMK. CK HH)l(Hero ypoBM - 3TO no­

KaJibH1>1e KOOp,llHHaThl jfqeeK, K0TOpbie He 3a­

BHCHT OT C,llBHra. PacqeT rpaeKTOpHH BHYTJ)H 

JII060H jfqeHKM npOH3BO,llHTCH B HX JIOKaJibHOH 

CK. 
rpaHHIJ.a reKcarOHaJibHOH ceTH He OIDICbI­

BaeTCH rrpoCTou qm:rypoii, a npnrnyroJibHhie 

cent ne Bcer,n;a 3arroJIMIOT qTo-To spo,n;e rra­

paJIJieJiorpaMMa. 3To npOTHBOpe'Ilfe CHHMaeT­

CH TeM, qTo CeTb HaKJia,llhIBaeTCH Ha TepM, 

OIIBCaHHbIH B rno6aJibHOH CK. 3ToT TepM Ha-

3bIBaeTCH TepMOM-HOCHTeJieM HJIH 30HOH-HO­

CHTeJieM. IIp:u nepeceqeHHH rpaIDII.lhI 30Hhl­

Hoc:uTeAA rrpOHCXO,llHT IIpHH)',llHTeJThHJ,JH Bbl­

XO,ll H3 ceTH :u rrepexo,n; B rno6aJibH)'IO CK. 

IlpH OIIHCaHIIB ceTH ueo6XO,llHMO pa3JIH­

qaTI, H1IeHKH CeTH H :ux rrpoTOTHIIl>I. .5I qei1KH 

cent - 3TO reoMeTJ):uqecK.He o6oeKThI, OTJIHqa-

10m;:uecH ,n;pyr OT ,n;pyra COCTaBOM H IIOJIO)l(e­

HHeM B IIpOCTJ)aHCTBe, HanpHMep, pa3JIHlllibie 

TB3JlbI B TOIIJIHBHOH c6opKe BB3P. Ka)l(,llOMY 

TB3JIY COOTBeTcTByeT O,llHH npOTOTHII, orrpe,n;e­

AAIOIUHH reoMerpuqecKHe pa3Mep1,1 H1IeHKH :u 

pa36:ueIDie ee Ha 30HhI. 

feoMerp:uqecK.HH rrpOTOTHII H'IeHKH CeTH 

OIIHCbIBaeTCH B CBOeU C06CTBeHHOH JIOKaJib­

HOH CK. 3To orn1camte nanoMHHaeT orr:uca­

HHe rrpocTOH reoMerpuqecKoH cucTeMbI. KoH­

TeiiHepOM npoTOTHIIa H"lJeUKH MO)l(eT 61,n1, 

TOJibKO TeJIO, ITJIOTHO 3aIIOJIHHIOIIJ.ee IIp0CT­

paHCTBO. Tio3TOMY B KaqeCTBe KOHTeHHepa 3a­

,llaIOTCH JIH6o napaJinenerrnne.n;, JIH6o rneCT:u­

rpaHHaH npH3Ma. Ha rpaH:uuax KOHTeirnepa 

IIpOTOTHIIa He 3a,uaIOTCH ry, TaK KaK IIpH BbI­

JieTe H3 H'IeHKH qacT:uu.a ne IIOKH,n;aeT c:ucTeMY 

B ll,eJIOM. 
CeTh noJIHOCTbfO 3arroJIHHeT 30tty-HOCH­

TeJib. ToqK:u, Jie)l(am;:ue BHe 30HbI-HOCHTeAA, 

CqffTaIOTCH He npHHa,llJle)l(aIIJ.HMH ceTH, ,lla)l(e 

eCJIH OHH BX0MT B KaKHe-TO ,n;pyr:ue .si:qeiiKH. 

PacnoJIO)l(eHHe KOHKpeTHbIX jfqeeK B ceTH 3a­

,n;aeTCH KapTOrpaMMOH CeTH. )];AA H1IeeK, KOTO­

pbie He IIOilaJIH B KapTorpaMMJ, C03,llaeTCH 

CTaH,llapTHM <PHKTHBHM H"tJeHKa. Oua COCTOHT 

H3 O,llHOH 30Hhl - KOHTeirnepa, 3arroJIHeHHoro 

MaTepHaJIOM 30HbI-HOCHTeAA cent. 

PacnoJio)l(eHHe .si:qeeK ceT:u onpe,n;eAAeTcH 

rpeMR BeKTOpaMH nepeHoca - Tx, Ty ' Tz. B 
cnyqae, ecJIH KOHTeHHep fil3AAeTCH rrapaJIJieJie­

IIHne,n;oM, BeKTophl nepenoca orrpe,n;eJIRIOTCH 

pe6paMH napaJIJieJieIIHIIe,n;a. PacnoJIO)l(en:ue 

H1IeeK B rno6aJibHOH CK onpe,n;eAAeT TaIOKe 

KOpHeBOH BeKTOp ceTH - TO· 
Kopuesoii BeKTop coBrra,uaeT c Koop,llHHa­

TOH uyJieBoii H'IeHKH, TOqttee, 3TO - Koop,n;H­
uaTa TOqKJ,f HaqaJia KOOp,llHHaT KOHTeiiHepa 

uynesoii HqeHKH. TioJio)l(eHHe uenrpa C Koop­

,llHHaT H'IeHKH B CeTH 3a,n;aeTCH -rpeMR ueJibIMH 

'IlfCJiaMH i, j, k H KOpHeBbIM BeKTopOM CeTH 

C=To+iTx+)Ty+ kTz. 
TaKHM o6pa30M, rrp:u BhI'IlfCJieHHH npRMO­

yrOJibHOrO orpe3Ka nynI qacTHUbI, IIpOXOM­

meif qepe3 30uy-HOCHTeJib ceTH, rrpHXO,llHTCH 

paccMarpHBaTh rp:u CK: 

- rno6aJibHaH CK, B KoTopoH orrnchrnaeTcH 

CHCTeMa, 30Hbl B 3TOH CK 6y,n;yT Ha3bIBaThCH 

rno6aJibHbIMH TepMaMH; 

- JIOKaJibHM CK ceTH, orrpe,n;eAAeMM KOOp,llH­

HaTaMH uyJieBoH H1IeHKH ceTH, CBH3h Me)l(Jl)' 

rno6aJibHOH :u JIOKaJibHOH CK ceTH 3a,n;aeTCH 

KOpHeBbIM BeKTopOM CeTH; 

- JIOKaJibHM CK npoTOTHIIa Hqefurn, B 3TOH 

CK orrncaH rrpoTOTHII H'IeHKH ceT:u, CBH3h Me­

)l(Jl)' JIOKaJibHbIMH CK ceTH H rrpOTOTHJia OII­

pe,n;eAAeTCH HOMep0M jfqe"fiKH Ha KapTorpaMMe 

H KOHTeirnepoM H'IeeK ceTH. 
Koop,llHHaThI TOql(ff. B rrro6aJihHOH :u rro­

KaJibHOH CK HtfeMKH CBH3aH1>1 cooTHorneHHeM 

G = C + L = To+ T + L, 
r,ue G - KOOp,llHHaTa s rrro6aJibHOM CK; C -
ueHrp Koop,llHHaT HqeHKM s noKaJihHOH CK ce­

TH; L - Koop.n;HHaTa B JIOKaJibHOH CK H'IeHKH; 
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T = ffx +}Ty + kTz - KOOp,LlHHaTa B JlOKaJih­
HOH CK cen-1; i, j, k - HOMepa H11efurn no OCHM 
ceTH; Tx, Ty, Tz - BeKTOpbI rrepeHoca KOHTeii­
Hepa H'leHIGf CeTH. 

IlpHMeHeHHe ceTeii 3KOHOMHT rrawrn, 
3BM, rrocKOJThK)' 3anOMHHaeTcH OIIHCaHHe 
npOTOTHIIOB H"CieeK, 'IlfCJ10 KOTOpbIX BO MHOro 

pa3 MeHLme, tJeM o6mee qHcJJo Bcex H'leeK B 
cem. Pa3j'MeeTCH, npH 3TOM He06XO,lJ,HMO xpa­

HHTb B rraMHTH KapTorpaMMbI THIIOB H'JeeK. 

0.ZUiaKO, .UJJJI Ka)l(JJ;OH CeTH IJY)l(Hbl TOJibKO He­

CKOJThKO ueJJO'IlfCJleHill>IX MaCCHBOB KapTO­

rpaMM, II03TOMY o6IUHe 3aTpaTbI rrawrm BO 

MHOro pa3 MeHLme, qeM apH HCIIOJ1b30BaHHH 

OJJ;HOH CK. 
BIDICH.bIM rrpeHMYIUecrnoM CeTH HBJJJleTCH 

B03MO)l(HOCTL orrpe,neJJeHHH coce)lHeH H"C{efurn 
rryTeM apH<pMeTH'IeCKHX Bbl'IHCJiemrn, a He 

nepe6opoM TepMOB. 3TO CBH3aHo C TeM, 'ITO 

reOMeTpIDI ceTH )KeCTKO 3a,naHa KOHTeHHepoM 

H'Jemrn cem, KOpHeBLIM BeKTOpOM H KapTO­

rpaMMOH. BcJJe,ncrnHe 3TOro rrpH nepexo.ue OT 
O,n;HOH H'JeHKH cem K .upyroii IIOHCK cne.uyio­
mero TepMa rrpoH3BOJJ;HTCH cymeCTBeHHO 

6blcrpee, qeM rrpH IIOHCKe IIpHMLIM nepe-
6opoM. 

5.2. An.wpumM nocmpoeHwt mpeKa 11ac­

mUlJbZ 6 cucmeMe c cemR.Mu. A.nropHTM rrpo­

se,neHHH TpeKa qacTHUbl B CHCTeMe C CeTHMH 

cymecrneHHo CJIO)l(Hee, 'IeM anropHTM 6e3 ce­
Teii. 3TO CBH3aHO C TeM, 'ITO B CHCTeMe C CeTH­

MH IIpHXO.UHTCH o6pa6an,maTL .UOIIOJIHHTeJib­
HbJe fY: qacTHUa BbIXO.UHT H3 rno6aJihHOro 

TepMa H rrorra.uaer B H'lem<y cent, tJaCTHIJ,a 
BLIXO.llHT H3 OJJ;HOH H'leHKH ceTH H BXO.LlHT s 
.upyryro jlqeHK)' CeTH, qacnma BbJXOJJ;HT H3 

srqefurn ceTH H BXOJJ;HT s rno6aJibHLIH TepM. 

5.3. Pew.emKU. rM C0CTOHT H3 ,nByx 6oJIL­
mHX He3aBHCHMbIX IIOJJ;MOJJ;yJleH: TpaHCJ1JITOpa 

C H3bIKa BBO.Ua H IlOJJ;M0JJ;yJ1JI pactJeTa TpaeKTO­

pHH qacTl-lllbL Ilpe,LlbI.uyIUHH pa3,uen nocBH­
meH 11epapXHtJeCKOMY rro,n;xo.uy, peaJIH30BaH­
HOMY Ha ocHose ceTeit:. KpoMe ceTeit: Hepap­

XJ,fl-JeCKHH rro,n;xo.u B rM peaJIH30BaH Ha ypoB­

He TpaHCJIHTOpa rM C IIOMOIUblO TaK Ha3bIBae­

MbIX pemeTOK. 
PemeTKH TaK )Ke, KaK H cent, 3a,na10T no­

BTOPHIDIIUteCH 3J1eMeHTbI, HO OHH peaJIH30Ba-
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Hbl TOJibKO B TpaHCJIKTOpe H He HCIIOJTh3yIOTCH 

B BLI'IHcneHHHX TpaeKTOpHH qacTHU. PemeTKa 
npe,UCTaBJIHeT co6oit: HeKOT0pyIO COBOK)'Il­
HOCTb reoMeTpMeCKHX 30H. 3JJeMeHTbI pe­

illeTKH paccTaBJIHIOTCH B OJJ;HOH HJIH HeCKOJTh­

KHX 30HaX-HOCHTeJIKX. O6LJ'IHO IIpOTOTHilOM 

3JieMeHTa pemeTKH CJIY)KHT KaKOH-JIH6o Tex­

HH'leCKHH 3JieMeHT KOHCTpYKUHH, HanpHMep, 
TB3J1 HJIH Il3JI. 

O.D;HaKO HH'ITO He MemaeT Bbl,LleJIHTb s 
CHCTeMe KaKOH-TO .upyroii IIOBTOpHIOIUHHCK 
ofo,eM, HarrpHMep, IIIeCTHrpaHHyIO H'IeHKY B 
Kacce-rax BB3P. PemeTKa noJIHOCTLIO peaJIH-
3YeTCH KOMilll.illlTOpOM HCXO,[{HbJX ,naHHLIX 
rM. Ilocne pa60Tbl K0MIDIJIKTOpa npoHCXO­
.UHT pa3MHO)KeHHe 3JieMeHTOB pemeTKH H ne­

peBO.U JIOKaJihHblX K0OpJJ;"HHaT pemeTKH B rno-
6aJihHble KOOp,LlHHaTbI CHCTeMbl. 

IlpoTOTHJJ 3JieMeHTa pemeTKH OJJHCbIBaeT­

CH s JJOKaJibHOH CK. OH MO)KeT co.uep)Kan, B 
ce6e 30HbI-H0CHTeJIH CeTeH I{ OIIHCaHHe 3THX 
ceTeit:, o,n;HaKo 3TH 30HbI-HOCHTeJIH ceTeH He 
MOryT CCblJiaTbCH Ha Cenf, OIIHCaHHble B oc­
HOBHOH reoMeTpHH HJIH .UJ1JI .upyrHx 3J1eMeH­

TOB pemeTKH. KopHeBhle BeKTop1,1 ceTeH, 
rrpHHa)J;Jie)KaIUHX 3JieMeHTY pemeTKH, ,naIOTCH 

s JIOKaJibHOH CK. KoHTeHHepoM rrpornTHTia 
:meMeHTa pemeTKH M0)KeT 6LITL JII06oe Teno. 

Pa3sepTLIBaHHe pemeTKH npe,ncTaBJIHeT 
co6oii npouecc pa3MemeHHH 3JJeMeHTOB H rre­
pexo.u K rno6aJJLHOH CK. IlpoTOTHn 3JieMeHTa 
pemeTKH noMemaercH B pa3m,1e MecTa npoCT­
paHcrna c noMOIULIO rrepeMemeHHii: cmmroB 
H JJOB0p0TOB. CooTBeTCTBHe HOMepa C03.UaH­

HOH reoMeTpH'IeCKOH 30HLI HOMepy ee pentcT­
pauHOHHOH 30Hbl OIIHCaHO B pa6oTe [7] . 

6. MeTO,!J, BblpOBHeHHblX ce'leHHH 

Mern.n Bb1pontteHRhIX ceqemm (MBC) [9] 
Il03BOJ1JleT o60HTH orpaHHtJeHHe MeTo,na TeJJ 
Ha KJiacc rrosepXHOCTeH, K0Top1,1e Hcnom,3y­
IOTCH B MeTOJJ;e TeJl npH OTIHCaHHH reOMeTpHH 
CHCTeMLI. KaK CKa3aHO pattee, B MeTO,ne TeJI 
npHMeHHIOTCH IlJI0CKOCTH I{ IlOBepXHOCTH BTO­
poro IIOpHJJ;"Ka. 3TO CBK3aHO C He06XOJJ;HMO­
CTblO onpe.uenemui: TO'IKH nepeceqeHHH TpaeK­
TopHH noneTa qacTHULI H rpaHHUbI TeJJa. ,[(ml 
3Toro pemaeTcH ypaBHeHHe (2). 



Ecilll noBepXHOCTH OillfCbIBaIOTCSf 6onee 

CJIO)KHJ,IMH ypaBHeIIBsrMH, qeM ypaBHemre 

BTOporo rropsr)ll(a, TO CKOpOCTb BI,JqHcJieHIDI 

rpaeKTop1u1 qacTIUU>I pe3KO na.n;aeT. B MBC 

OT BbJtIHCJieHHsr ToqKH nepeceqemu1 TPaeKTo­

pID1 H TepMa nepeXOMT K BbJtIHCJiemuo HOMe­

pa TepMa, K KOTOpOMY npHHa,D;Jie)K}IT .n;aHHax 

TO'IKa r . .[{JUI JTOro Heo6xo,n;HMO BI,JqHCilllTb 

3HaK.H Bbipa)Keffi!H /;( r ), r.n;e /;( r) - ypaBHeHIDI 

IIOBepXHOCTeH, HCIIOJib3yeMbIX npH OTIHCaHim 

CHCTeMbl. EcJIH CHCTeMa COCTOHT H3 He60Jib­

moro rrncna TepMoB, TO npo:u;e.n:ypa noHcKa 

HOMepa TepMa He 3aHHMaeT MHOro BpeMeIDI. 

6.1. 06u,ue cBedeHUR o MBC, BO MHoroM 
IlOBTOpSllOI:QeM MeTO.D; TeJI. OCHOBHbie 0TJIH­

q}fX 3TOfO MeTo.n;a 3aKJIIOqaJOTCH B cne.n:y­

IOI:QeM: 

- reTeporeHHax o6rracTI, V IIp0CTPa.HCTBa, Ha-

3hlBaeMax o6rraCTblO Bbip0BHeHHbIX ceqeHJ{H 

(OBC), 3aMeHHeTcx Ha roMoreHHyIO c MaKpoc­

K0illfqecKHM ceqeHHeM, paBHhlM MaKCRMaJib­

H0MY MaKpOCKOllf':IeCKOMY ceqemno Bcex 

TepMOB OBC, T.e. onpe,n;eJUieTCH Ma)Kop11py10-

I:Qee ce'L(ettHe Lmax(E), 06na.n;a10mee CBOHCT­

BOM V r E V: l:,(r) :':S Lmax; 
- C Il0M0I:QbIO npon:e.n;ypbI, aHaJIOrH'lHOU npo­

n.e.n;ype MeTo.n;a Terr, BbJqJiCJUieTCH TO'L(l(a r 
CTOJIKHOBeHHH qacTH:Qbl B roMoreHHOH cpe.n;e. 
B 3TOH T0'IKe qacnma MO)KeT HCilhITaTb JIH6o 

peaJibaoe CTOJIKHOBeHHe, ITH6o 8-pacceHHHe, 

IIpH K0T0p0M HH 3HeprHH, HH HanpaBrremm 

norreTa qacTH:QbI He MeHSllOTCH. 

PeaJibHOe CTOJIKHOBeHHe npoHCXO)lJIT C 

BepmITH0CTblO P= I{ r)/~. CooTBeTCTBeHHO 

c BepOHTH0CTbIO 1- P rrpOHCXO)lJIT 8-pac­

CeHHHe, H TPaeKTOpHH qacTH:Qbl npo,n;0JI)Ka­

eTCH. 
Mo)Kffo II0Ka3aTb, '{TO MBC .n;aeT TO )Ke 

pacrrpe.n;enemre TPaeKTOpHH, qrn 11 06b1'lllbIH 

MeTo.n; Terr [8, 9]. QqeBH.n;Ho, qrn B MBC 

HeJib3H IlOJib30BaTbCH on:eHKOH pa3JIH'1HbIX 

CKOpOCTeH peaKQHH no npo6ery. O.n;HaKO 

MO)KHO Bhl'IHCJIHTb HHTerparr CKOpOCTeH peaK­

l(HH qacnrn. no Bceii OBC. 

Ha npaKTHKe MBC npHMeHSllOT .n;JUI pac­

qfaa peaKTOpOB C TB3JiaMH CJIO)KHOH cpopMbI. 

B 061:QeM cny'lae MBC MO)KHO HCTIOJih30BaTh 

.n;IDI pacqern Bo BceM peaKrnpe. O.n;HaKo MBC 

.n;aeT npeHMyI:QeCTBO TOJibKO B o6rraCTXX, co-

.n;ep)Kal:QHX Tena co CJIO)KHJ,JMH IlOBepXHOCTH­

MH. Ilo3TOMY BCIO paccrrnTbmaeMYIO o6nacTb 

.n;eJIHT Ha o6JiaCTb OCHOBH0H reoMeTPHH H 

OBC. 

BMecTo on11caHHH reoMeTPJHf Bcex OBC 

onpe.n;eJISlIOT 0.n;HH HJIH HeCKOJibK0 rrp0TOTH-

0OB OBC, KOTop1,1e noToM CTaBHT B cooTBeT­

CTBHe KOHKpeTHhIM o6nacrnM. TaKHM o6pa-

30M, KOHKpeTHaH OBC OTIHCbmaeTcsr KOHTeH­

HepoM 30HbI-HOCHTeJIH OBC H ccbIJIKOH Ha 

npoTornn OBC, KOTOpbrn noMeI:QaeTcsr B 30-
tty-HOCHTeJih. 

IlpH nona,n;amrn qacnr:u;oI H3 3OHbl OCHOB­

HOH reoMeTPHH B 30tty-HOCHTeJib OBC npo11c­

XO)lJIT 3aMeHa rno6aJibHbIX KOOp;::onrnT r G 
qacTH:QhI Ha JIOKaJibttylO KOOp.n;HHary rl B 

npoTOTHIIe OBC: 

rL =re -R, (4) 
r.n;e R - penepHax TO1-IKa 3OHhI-HOCHTeJIH 

OBC, T.e. KOOp.n;:HHaTa ee eyneBoii TOqK.H. 

6.2. HeJiu1-1eimoe npeo6pC1306a1-1ue Koop­
du1-1am. KpoMe npeo6pa30BaHHH Koop,n;mrnT 

( 4) MBC .n;onycKaeT eme o.n;Ho Hemrneimoe 

rrpeo6pa3oBaHHe Koop,n;HHaT, ynpoma10mee 
oTIHcaHHe OBC H pacqeTu1 B HeH. IIosrcHHM 

3TO Ha IIpHMepe BHHTOBhIX TB3rrOB. BHHTOBOH 

TB3JI npe,n;CTaBJIHeT co6oii TOilJIHBHhlH KpecT, 

3aKpy'L(eHHblH B.D;0Jib BepTHKaJibHOH OCH. B JI0-

KaJibHOH CK TB3Jia ou orrpe.n;eJIHeTcsr Ha6opoM 

crr0)KHJ,IX TIOBepXHOCTeH, 0TIHCbIBaIOI:QHX KaK 

TOilJIHBHhIH cep,n;e'lllHK, TaK H o6ono~ 

TOIIJIHBa. 

B .D;aJibHe:mneM ,n;JIH y.n;o6crna 6y,n;eM Ha-

3hIBaTh 3TY CK rrro6aJibHOH. B TO )Ke BpeMH B 

BHHTOBOH rrOKaJibHOH CK TaKOH TB3JI nerKo 

OilHCbIBaeTCH KaK TOilJIBBHbIH KpeCT, orpaHH­

qeHHbm np0CThlMH II0BepXHOCTSLMH BT0poro 

nopsr)ll(a. ,l],M orrpe.n;erreHHH 3HaKa Bbipa)KeHHH 

J; (re) Heo6xo.n;HMO nepeiiTH OT rno6aJibHOH 

KOOp,n;HHaThI K KO0p,n;HHaTe B JlOKaJibHOH CK H 

BbJtIHCJIHTh 3HaK Bblpa)KeHHH ]; (rl). 
HeJIHHeHHOe npeo6pa30BaHHe KOOp,n;HHaT 

BBe,n;eHO .n;JUI BHHTOBbIX TB3JIOB, HO MO)KeT HC­

IIOJib30BaTbCH H ,n;JIH .n;pyrHX reoMeTPHH OBC. 

KpoMe BHHTOB0r0 npeo6pa30BaHHH B rM 

BKJIIO'L(eHbI npeo6pa3oBaHHX HCKpHBrreHHH, OT­

seqaIOI:QHe He6oJibIIIHM .n;ecpopMaQIDIM TBC 

x.n;epHbIX peaKT0pOB. IIpeo6pa30BaHHe HCKpH-
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srreIDUI coxpaID1eT 06'beMb1 H Koop,wrnan,1 no 

OCH QZ. IJpH Ka)l(,UOM q>HKCHpOBaHHOM Z H3Me­

HeHHe X H y KOOp,UHHaT HBJUleTC.ll <pyHKll}feH 

c,n;BJrra H nosopoTa. 

7. MeTo.n; JepHHCTbIX CTPYKTYP 

Mern.u 3epIIBCThIX CTpYKTYP (3C) II03BO­

JUJeT paCC'IllThIBaTh TOIIJillBHhie 3JieMeHThI, co­

CTO.llII.Ofe H3 .usyx KOMIIOHeHT: MaTJ)HUhI H 3e­

peH. 3epHa crryxiaHHO paCIIOJIO)KeHhI a MaTJ)H­

ue H HMeIOT pa3Mep IIOpH,UKa .uecHThIX .uorreii 

MHJIJIHMeTpa. 06o3HaqJJM 061,eM, 3aIDIThlli 06-

JiaCThlO 3C, KaK V, a o6'beM, 3aIDIThlli 3epHa­

MH, - VK. 06o3HaqHM N - o6mee 'Illcrro qac­

THU B o6rracTH 3C, a n = N/ V - HX IIJIOTHOCTh. 

06hIYJHO VK/V;::; 0,001. 
IlpHMoe MO,UeJIHpOBaHHe TpaeKTOpHH IIO­

JieTa 'IaCTHU B03MO)KH0 .lIHIIIh IIpH HX pery­

JI.llPHOM pacJIOJIO)KeHJrn. PaccMaTJ)HBaTh 06-

JiaCTh 3C KaK e.uHHYIO roMoreffHYlO cpe.uy 

HeJih3.ll, TaK KaK IIpH 3TOM HeIIpaBHJihHO Y'IH­

ThmaeTCJ:I caM03KpaHHpOBKa pe30HaHCHhIX ce­

qemrn. I103TOMY peaJIH30BaH CIIeqHaJihHhlli 

MeTO.U ,UJI5:I pacqeTa IIOTOKa HeHTJ)OHOB B IIO­

.uo6HI,JX cpe.uax [ 1 O], ocHOBaIIHhlR Ha crre.uyro­

IUHX IIOJIO)KeIDUIX: 

- see 3epHa C'Il-ITalOTC.ll O,UHHaKOBhIMH mapH­

KaMH pa.unyca r, HX ueHTphl paBHOMepHO pac­

IIpe,n;eJieHhl no MaTpHQe C IIJIOTHOCThlO n, .uo­

JIYCKaeTC.ll B03MO)KHOCTh rrepeceqellli5:I pa3HLIX 

3epeH; 
- aHaJIOflf'IHO norryxieHHIO MaKpOCKOIIH'IeCKO­

ro ceqeHIDI H30TOna H3 MlIKJ)OCKOIIHYJeCKOfO 

onpe,n;eJUJeTC.ll Sx - ce'IeHHe HeHTJ)Otty BORTH 

B 3epHo, SK = n?n. 
B Mern.ue 3C IIpHMeH.lllOTC.ll .use CK: rrep­

BaJI - 3TO rrro6aJihHaJI CK, oHa OTHOCHTCJI K 

o6rracTH 3C B uerroM; BTOpaJI HCIIOJih3YeTC.ll 

BH}'TJ)H 3epHa (uaqarro KOopmrnaT B UCHTpC 

mapHKa). IlpH ,UBH)KeHHH B rno6arrhHOH CK 

MaTpHUa c 3epHaMH paccMaTpHBaeTCH KaK 

e,UHHM roMoreHHaJI CHCTeMa C MaKpOCKOIIH­

qecKHM ceqeHHeM L = LM + SK, r.ue LM -
rroJIHoe ceqeHHe semecTBa MaTJ)HUhl. 

C sepO.llTHOCThlO LM!L qacnru;a B3aHMo­

,n;eHCTBYeT C .ll,UpOM MaTJ)HUhI, a C sepO.llTHO­

CThlO Sx!L IIOIIa,n;aeT B 3epHo. Ilocrre sxo.ua 

qacTHUhI B 3epHO pacqeT IIepeXO,UHT BO BTO­

pyro CK. To'IKH sxo.n.a B 3eptto pasHoMeptto 
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pacrrpe.n;erreHhI Ha IIpoeimmt 3epHa Ha rrrroc­

KOCTh, nepneH.D;HKYJI.llPHYIO HanpasrreHlflO 

)];BH)KeffiUI qacTHUhl. 3TO O.n;H03Ha'IHO OIIpe.n;e­

JUleT KOOp,UHHaThI TO'IKH BXO,Ua B JIOKaJihHYffi 

CK H, Hao6opoT, KOOp.n;1rnaThl ueHTpa 3epua B 

rno6aJihHOH CK. 

Ilocrre sxo.n.a qaCTHUhl B 3epuo TpaeKTO­

PIDI IIOJieTa 'IaCTHUhl MO,UeJIHpyeTC.ll B JIOKaJih­

HOH CK .uo BhIXo.n;a H3 3epHa HJIH IIornome­

IDl5:I. IlpH BhIXO,Ue qacnmhI H3 3epHa IIpOHCXO­

)];HT so3spaT K rno6aJihHOH CK, IIpH'IeM BBH.uy 

MaJIOCTH 3epeH TO'IKa BhIXO,Ua C'IHTaeTC.ll COB­

na.uaromeif C TO'IKOH BXO,Ua. 

B crryqae IIporreTa 'IaCTHUhl CKB03h 3epHO 

6e3 CTOJIKHOBeHHH 60JihIIlHHCTBO BHYTPeHHHX 

rrepeMeHHhIX rM coxpaIDieTcH, 'ITO 3Ha'Ill­

TeJihHO yseJIH'IllBaeT ero 6MCTJ)O,UeHCTBHe. 

QqesH,n;Ho, 'ITO IIpH TaKOH pearnnauHH 

semecTBo MaTpHUhI 3aHH.MaeT aero o6rracTh, a 

,UBH)KeHHe B 3epHaX IIpOHCXO.D;HT KaK 6hI B 

.upyroM IIpOCTJ)aHCTBe. Ilo3TOMY IlJIOTHOCTh p 
sem,ecTBa MaTJ)HQhl 3aMeIDl:eTc.ll Ha seJIH'IHH}' 

p = p VM/V , 'ITO o6ecIIe'IHBaeT coxpaHeHne 

o6m,ero KOJIH'IeCTBa sem,ecTBa. 

8. IlpeMeeeune rM .UJIH pac'leTa 

eepOHTHOCTCH nepBblX CTOJIKBOBCHHH 

rM HCIIOJih3YeTC.ll B naKeTe IIpOrpaMM 

MCU He TOJihKO ,UJI5I pacqern rrepeHoca qac­

THll. C IIOMOIUhlO MMK. OH TaK)Ke IIpHMeIDI­

eTC.ll ,UJI5:I pacqera BeponTHOCTeH rrepBhIX CTOJI­

KHOBeHHH (BIIC). 3TH seJIH'IHHhI Heo6xo.n;H­

MI:.I rrpH pacqere HeHTJ)OHHO-(pH3H'IeCKHX xa­

paKTepHCTHK Mern.n;oM BIIC. B rrpocTemneM 

crryqae 3TOT MeTO.U HCIIOJih3yeTC.ll ,UJI5:I peme­

Hllil HHTerparrhHOfO ypaBHeHIDI Ilaiieprrca [l] 
a npH6JIH)KeHHH IlOCTOmICTBa IIOTOKOB a IIpe­

.uerrax 30Hhl H H30TJ)OIIHOCTH pacCeJ:IHllil. 

IlpH 3THX rrpH6JIH)KeHHJ:IX ypaBHeHHe lla­

Heprrca CBO.n;HTCJ:I K JIHHeHHOH CHCTeMe ypaB­

HeHHH C K03cpcpm:oteHTaMH, COCTaBJieHHhIMH 

H3 MaKpOCKOilH'IeCKHX Ce'IeHHH MaTepHaJIOB H 

sepoHTHOCTeii nepBhIX CTOJIKHosemtn. BTIC, 

o6o3HaqaeMaJI KaK P.. , rrpe.n.cTaBJUJeT co6oii 
I} 

seponTHOCTh HeHTJ)OHY, po.D;HBIDeMYCH B 30He 

i OT paBHOMepHoro H H3OTJ)OIIHOro HCTOlfIDI­

Ka, IIpeTepIIeTh IIepBOe CTOJIKHOBeHJill B 3OHe 

j. ~JUl pacqern BIIC Heo6xo.n;HMo BhrcrHCJIHTh 



JXBOHHOH HHTerpan no rrpocrpaHCTBY B npe,ne­
nax 30H i Hj 

_ L i f f exp (-1: ( r;, ri)) 
P .. --- dr . dr. 2 , 

lj 4nV; v JV, , lr.-r.l 
J ' l J 

r.ue r 
1 

- MaKpocKorntqecKoe ceqeIDie 30HbI } , 

't ( r;, r1 ) - orrmqecKHH rryTb Me)K)l)' To'l.KaMH 

r. H r. , a V - 061,eM 30HbI i. 
I } I 

MHTerpHpOBaHHe ITO 06beMy 3aMeIDieTCH 
HHTerpHpOBaHHeM B,l{0JTh JI)''leH, rrpoae,neH­
HI>IX qepe3 CHCTeMY: 

pii = l f du f gii (h,u)dh , 
41tV;L; 4n H(n) 

r,ne h, u - xapaKTep11cTHKH ey1:1:a; gii (h, u) 
g:>)'HKUIDI, orrpe.neneHH~ KaK 

exp(-1:ii )(1-exp(-~t; ))x 

gii(h,u)= x(l-exp(-~1:1 )),i:;t:J; 
~t; -1 + exp(-~t; ),i = }; 

j-l 

-rii = L Lk ( t;u' - tt) - onTH'leCKoe paccTOH­
k=i+I 

HHe Me)K)l)' orpe3KaM11 i Hj; ~t;= L;(t:u1-t;" )-
OIITHqecK~ ,nmrna orpe3Ka i . 

Crporo roBopx, :na g:>OPMYJia Beptta TOJlb­
KO Tor.na, KOr,na ace 30Hhl HBJUilOTCR BhIIIYK­
JThIMH. O,nHaKO B CJIY'iae, Kor.na eyq rrepeceKa­
eT 30H)' B HeCKOJlhKHX MeCTax, q>OpMyJia JIHIIIb 
He3Ha'IBTeJlhHO ycJIO)l(IDJeTCH. 

B o6meM CJiyt:Iae 3TOT HHTerpan rrp116JIH­
)KeHHO BhI'IHCJIHeTCH MeTO,l{OM ray tracing 
[11. .. 13]. 11HTerpan CBO,l{HTCH K CYMMe 

1 1 N, 

Pii =--Lro(um)gii (hm,um), r,ne Nr -
V;L; Nr m=l 

trncno JIY'ieH; um - Harrpaaneirne m JIY'ia; 

s (um) - IlJIOIIJ;a,nh npoeKIJ,1111 KOHTeifttepa Ha 

IIJI0CK0CTb H(um) , rreprreH.nHKYJIHPH)'IO um; 

co( um) - "aec" JIY'ia, 3aB11c.srn:urn OT cxeMhI 

BhI6opKH ToqeK hm. 

fM npHMeIDieTCH ,l{JIH BhJqHCJieHH51 0IJTH­
'IeCKHX ,l{Jlllli orpe3K0B, TI0JIY'ieHHhIX IlpH rre­
peceqeHHH nyqa H 30H CHCTeMhI. Ott IIp0B0,nHT 

nyq 113 3a,naHHOH T0'Ilill hm, pacnoJIO)KeHHOH 

Ha rpaHHue KOHTeHHepa, B 3aJJ.aHR0M HarrpaB­
JieHHH um .no nepeceqeirnH c rrp0THBonono)K-

HOH rpaH.JlUeH KOHTeHHepa JIH6o JJ.0 HC'iepna­
mrn 3a,naHHOH orrT111:1:ecKoH .l(JIHHhI. 

3aKJJIOlleHHe 

B pa6oTe OrntCaHhI MeT0JJ.bJ 11 anropHTMhl 
fM ceMeifcrna MCU. IlpRBe,neHhI anropHTMbI 
onpe,neJieHHH ToqeK nepeceqeHHH nyqa c 30-
HaMH CHCTeMhl. PaccMorpeHHhie anropHTMhl 
npHMemtMhI KaK ,D,JIH KOHe'IHJ,IX CHCTeM, TaK H 

6ecKOHe'llihIX c pa3.JIB1IH.hlMH fY: 0'Ipa)KeHHH, 
noaoporn, rpaHCJUIUHH. AnropHTM pacqeTa 
CHCTeMhl C TI0M0IIJ;hlO ceTeH IJ03B0JI51eT pac­
C'IHThIBaTh rrpHMomrneHHbJe yciaCTKH rpaeK­
T0pHH qacT~hl B CHCTeMax C Il0BT0PHIOmH­
MHCH 3JieMeHTaMH. OITHCaHhI MO,l{eJIH Bhlp0B­
HeHHhlX ceqeHHH H 3epIDICTbIX C'fPYKTYP, pac­
rrrnpHIOIIJ;He B03M0)KH0CTH fM. 
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Y,LJ;K 621.039 
AJiropHTMbl oo,euKB K0ppeJUIO,H0HHhIX <l>YHKllHH CJiyqaiiHbIX npoueccoB 

npH pacqeTe H,[J.epHbIX peaKTopoB MCT0,[J.0M MonTe-KapJIO 
C HCD0Jib30BaHHeM MH0ronpoueccopHblX 3BM 

M.A. KaJ1yzuu, J(. C. OJ1eu1tuK, E.A. Cyxuuo-Xo.MeHKo, 
Hl1IJ. "KypqaTOBCKHH HHcnrryr", 123182, MocKBa, IIJl. KypqaToBa, 1 

Ilocryrrnna B pe.n;ammo 24.02.2011 r. 

OOHcam.1 arrropHTMhI on:eHKH KoppeITHn;uomn,IX qJym<I.UiH crryqamu,1x npon:eccos. KoppeJU1.UHOHHb1e 
qiyHKIJ,HH IIpHMeH.IDOTCH npH pacqere HAepHbIX peaKTOpOB MeTOAOM MoHTe-Kapno .lVlJl yTOqffeHHJI OCHOBHbIX 
pacqeTHI,IX pe3yITbTaTOB, a HMeHHO, .lVlJl ou;eHKH CHCTeMaTH'!eCKOH 11orpel1IHOCTH pe3yITbTaTOB pacqeTOB, AO­
CTOBepHOH ou;eHI<H ~caepcHH c yqeroM KoppeJUI.D:HH Me)l(,U)' IIOKOJieHIDIMH, Bhl6opa q}fCJia OT6porneHHbIX 
IlOKOJieHHH, npH KOTOpOM Ha'la.JlhHOe pacapeAeJieHHe HCTO'IHHKOB He OKa3bIBaeT BITIDIHHe Ha pe3yJibTaT. 

KA1011eebie CJ1oea: MeTOA MoHTe-Kapno, crryqaHHbrn: npon:ecc, ou;eHKa, ~caepcm1, KoppeJIHu;IDI. 

The Estimation Techniques of the Time Series Correlation Functions in the Nuclear Reactors Cal­
culations by Monte Carlo Method Using Multiprocessor Computers. M.A. Kalugin, D.S. O/eynik, E.A. 
Sukhino-Khomenko, NRC "Kurchatov Institute", 1, Kurchatov Sq., Moscow, 123182. 

The algorithms of estimation of the time series correlation functions in the nuclear reactors calculations 
by Monte Carlo method is described in this paper. Correlation functions are used for the biases estimation, for 
the variance calculations taking into account the correlations between neutron generations and for choose the 
skipped generations. 

Key Words: Monte Carlo Method, Stochastic Process, Estimate, Variance, Correlation. 

C poCT0M B03MO)l(HOCTeii BbICJHCJIHTem.­
HOH TeXHHKH Bee 6om.rnee npHMeHeirne B pac­
qernx ue:iiTpoHHo-qnrnrciecKHX xapaKTepnc­

Tm< jl)];epm,rx peaKT0p0B HaX0)];j{T nporpaM­

Mbl, pea.JIH3YJOIIU{e MeTO.n; MoHTe-Kapno. Ilpe­
HMyru,ecTBa MeTo.n;a MouTe-Kapno xopomo 

H3BeCTill:,I. OTCYTCTBHe a1IllpOKCHMau1rn. B 

orrncamrn B3aHMO)];e:HCTBIDI HeHT))OHOB C M­
paMH cpe.ru,1, B 0ilHCaHHH re0MeTpHH paCClfH­

TbIBaeMbIX CHCTeM, a TaIOKe 0TCYTCTBHe rrpH-

6JIH)l(eHHH: B npe.n;cTaBneHHH npocTpaHCTBeH-
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ttoii, :rnepreTHqecK0H H yrnoBoH 3aBHCHM0CTH 
IIJI0TH0CTH Il0T0Ka He:HT))OHOB II03B0JU:leT BbI­

lfHCJU:ITb npaKTHqecKH T0t{}{Q MH0f0Mepm,1e 

HHTerpaJlhl, npe.n;cTaBJU:IJOII{He co6oii cKopoc­
TH pea~ s BhI.n;enelilThIX o6nacrnx cpa3oBo­
ro rrp0CT))aHCTBa (npHMeIDIIOTCjl 06m,enpHHJ1-

Tble o603HaCJeHID1): 

R = f dr f dE f d!l L(r ,E) cp(r,E,!l). 
t,,V l!.E 41t 

Pa:rnHrn:e MHoronpoueccopttoH TeXHHKH 
em,e 6onee pacIIIHpuno ccpepy 11cnom,3osaHID1 
nporpaMM Mero.n;a MoHTe-Kapno. 



HecM0TJ).H Ha see nepe<rncJieHHbie npeH­

MYJD.eCTBa, MeT0)I. MoHTe-Kapno He cso6o)l,eH 

H OT He)l,0CTaTI<OB: "s Te0pHH pacqeTa KpHTH­

qeCKHX CHCTeM )1,0 CHX nop cymecTsyeT p.H)I. 

npo6eJIOB, K0T0pble HH0r)l,a yMeHbmaTOT )1,0-

BepHe K pe3yJibTaTaM, nonyqeHHnIM npH pac­

qerax MeT0)I.0M MoHTe-Kapno. 3rn npe)K)l.e 

acero npo6neMa oueHI<H cncTeMaTHqecKHX H 

cTaTHCTHl:JeCKHX rrorpeIIIHOCTeH Bbl4HCJieIDUI 

K03<pq>HUHeHTa KpHTHl:JH0CTH H )l.pyrHX peaK­

T0pHbIX (p)'HKUHOHaJIOB B pa3MH0)KalOIJU{X 

CHCTeMaX 6e3 BHemHHX HCT04HHKOB" [ 1]. 
,[(eno B TOM, qTo npH pemeHHH KpHTJPieC­

KOH 3a)l.a'ill npHMeH.HeTC.H TaK Ha3brnaeMhlH 

MeT0)I, IIOKOJieHHH C II0CT0.HHHblM qHCJI0M qac­

nm. s II0K0JieHHH [2]. Ha Ka)K)l,0M Il0K0JieHHH 

c H0MepoM n MeT0)I.0M MoHTe-Kapno BbiqJ{C­

MeTC.H oueHKa (p)'Hlill.HOHaJia HeHTJ)0HH0ro 

Il0T0Ka, K0T0pyIO 6y)l.eM o603HaqaTb Xn- I1o)I, 

<pyma.utOHaJiaMH Il0T0Ka 3)1,eCb II0HHMalOTC.H 

TaKHe BeJIHqJ[Jfbl, KaK 3<p<peKTHBHbIH K03<pqrn­

W(eHT pa3MH0)KeHH.H, II0T0KH HeHTJ)OHOB H 

cKopocTH peaKQH.H (nornomeHH.H, reHepauHH, 

)l,eJieHH.H H T.)I..) s BbI6paHHOH pernCTJ)aUH0H­

HOH o6JiaCTH. 

ITpoue)l.ypa H0pMaJIH3aUHH, K0T0pa.H HC­

II0Jib3YeTC.H )I.JUI Il0)l,)l,ep)KaHIDI Il0CT0.HHHOro 

4HCJia qacTHU B Il0K0JieIDm:, npHB0.l(RT K CHC­

TeMaTHqeCKOH norpeDIH0CTH B oueHI<e peaK­

rnpm,rx <pyHKUHOHaJIOB [ 4, 5]. TeopeTHqecKO­

MY H rrpaKTH1:JeCK0MY perneHHTO 3TOH rrpo6ne­

MbI Il0CB.HmeHa pa6orn [6]. .l(aHH)'TO CHCTeMa­

THl:JeCKyIO rrorpeIIIH0CTh 6y)l.eM Ha3bIBaTb no­

npaBKOH Manoposa. 

KpoMe TOro, caMH oueHKH <pyttI<l(HOHaJIOB 

Ha HeCK0JibKHX nocJie)l.yTOII..(HX Il0K0JieHH.HX 

0Ka3bIBaIOTC.H 3aBHCHMbIMll, qTo CKa3bIBaeTC.H 

Ha T04H0CTH pacqeTa .l(RCilepcHH, T.e. )l,0BepH­

TeJibH0ro HHTepsana. TaK)Ke cymecTByeT 

npo6JieMa BbI6opa qJICJia OT6porneHHbIX IIOKO­

JieHHH, rrpH KOTOpOM pacnpe)l,eJieID!e HeHTJ)O­

HOB HyJieBoro IIOKOJieIDUI He OKa3bIBaeT BJIH.H­

HHe Ha pe3yJibTaT. 

CTOHT 0TMeTHTb, qTo paccMaTJ)HBaeMa.H B 

pa6oTe CHCTeMaTH1IeCKa.H norpeIIIHOCTb oue­

HOK <pyHI<UHOHaJIOB (nonpaBKa Maifoposa) 

IlO)l.pa3yMeBaeT B )l,aHHOM CJIY1Iae MeTO)l,Hqec­

KOe OTKJI0HeHHe pe3yJibTaTOB OT T04HOro 3Ha­

qeHIDI HeHTJ)OHHO-q>H3HqecKHX xapaKTepHC­

THK peaKTOpa, a He CMemeHHe CTaTHCTJfqec-

KHX oueHoK OT MaTeMaTnqecKoro O)K}f,D;aHIDI 

MO,D;eJIHpyeMoro rrpo.uecca. 

.l(IDI pemeHIDI nepeqJ{cJieHHI,IX rrpo6neM 

MO)KHO rrpHMeIDITh KOppe.mmHOHttyIO Teopmo 

CJIY1Ia.HHI,IX (p)'HKUHH [3, 7], HCII0Jib30BaBHylO 

)l,IDI ouemrn .l(RCITepcHH C Yl:JeTOM KOppe.JI.Hlllffl 

Me)K)l,y IIOKOJieHHKMH B pa6ore [8]. 
ITocne Mo,D;eJI.Hposamui: N IIOKoneHHH 

HMeeM IIOCJie,D;OBaTeJibHOCTb '-IBCeJI 

{xi, X2 , ... ,Xn, ... , XN} , KOT0pa.H rrpe,D;CTaBJI.HeT 

co6oi-i O,D;HY peaJIH3aQHIO HeK0T0poro CJIY1IaH­

H0ro rrpouecca (mrn CJ1Y1:Jai-iHoi-i <pymru.HH) 

[3], TaK KaK, soo6me rosop.H, Xn )I.IDI n106oro 

HOMepa IIOKOJieHIDI n .HBJUieTC.H BhI6opoqHbIM 

3HaqeHHeM HeKoTopoif cnyqai-iHon seJI.H<rnHbI 

Xn co csoen <pym<.UHeH pacnpe,D;eneHIDI. OTMe­

THM, qTo B )l,aHROH pa6oTe peq1, H)l,eT O TaK 

Ha3bIBaeMbIX CJIY1IaHHbIX npoueccax C .l(RCK­

peTHbIM BpeMeHeM [3], poJib KOTOporo BbillOJI­

H.HeT H0Mep ITOKOJieHIDI n. 
Ba)l(HeHmei-i xapaKTepHCTHKOH CJ1Y1:Jai-iHo­

ro npouecca {x1, X2 , ..• ,Xn,···, XN} CJIY)KHT KOp­

peAAUHOHHM <pyHKUH.H Cnm, KOTOpa.H xapaKTe­

pmyeT KOppeJI.H-UH0HHYIO CB.H3b Me)K)l,y oueH­

KaMH <pyHI<l(HOHaJia Ha IIOKOJieIDUIX n H m: 
Cnm = C(Xn, Xm)- .[(AA q>HKCHpOBaHHbIX HOMe­

pOB n H m KoppeJI.HUHOHHa.H <pyttK-UIDI npe.n.c­

TaBAAeT co6oii npocTO K03<pq>HUHeHT KOppe­

JI.HUHH Me)K)I.Y )I.BYM.H cnyqafun,JMH seJIH4HHa­

MH Xn H Xm- AHanorn4HO onpe,n:eJUieTC.H 

KOppe.mmHOHHM <pyttK-UIDI Cnm = C(xn, Ym) 
CB.H3H ,n:syx CJIY1IaHIThIX npouecCOB 

{x,, X2, . .. ,xn,···, XN} H {y" Yi, ···,Yn,···, YN} , 

r.n.e Xn H. Ym oueHKH, HarrpHMep, 

3<p<peKTHBHOro K03<p<pHUHeHTa pa3MHO)KeIDUI 

H CKOp0CTH peaKIUIB s BbI6paHHOH o6naCTH Ha 

IlOK0JieHH.HX n H m, COOTBeTCTBeHHO. 

OKa3bIBaeTC.H, qTO c npHMeHeHHeM pac­

C4liTaHHblX KoppellilUH0HHbIX <pyHKUHH B03-

MO)KHO peIJIHTb CJie)l.yIOmHe rrpo6neMbI: 

1) OueHHTh CHCTeMaTHl:JeCKYIO norpeIIIHOCTb 

oueHOK MaTeMaTHqeCKOro 0)KJ1Jl,aHH.H <pyttKUH­

OHaJIOB, Bhl3BaHH)'IO IlOCTO.HHHblM qJ,!CJIOM 

qacnm. B IlOKOJieHHH (IIOIIpaBKY Maii:oposa); 

2) .l(ocTOBepHO oueHHTb Jl,HCIIepcHIO, a 3Ha­

qJ{T, H ,n:osepnTeJibHbIH HHTepsa.rr ,n:AA oueHOK 

MaTeMaTHl:JeCKOro 0)Kli)l,aHH.H <py~HOHaJIOB; 

3) Bb16paTb 4HCJIO OT6pomeHHblX TIOKOJieHHH, 

npH KOTOpOM Haqa.JlbHOe pacrrpe.ll,eJieHHe HC-
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TOlffiHKOB He OKa.3bIBaeT BJIIDII-Ule Ha pe3y.Jlb­
TaT. 

B pa6oTe H3JIO)KeHbI a.nropHTMbI pacqeTa 
KOppeJUI:UHOHHblX <py'HKUH.H crryqamn,ix rrpo­
lleCCOB. B cnyqae, ec.JIH HMeeTCH O,llHa H.JIH He­
CKO.JlbKO peanH3aQHH crryqaifHoro npollecca, 
KOppe.JIHQHOHH)'lO <pyHICl.lHJO paCCqJ,tTI,IBaIOT 
nyTeM ycpe,llHeHIDI no BpeMeIDI [3], qTO .sIBAA­
eTCH npH6JilUKeHHeM, KOTopoe, soo6me roso­
pH, Heo6XO}UiMO o60CHOBbIBaTb. Ec.JIH HMeeT­
CH HeCKO.JlbKO ,neCHTKOB pea.JIH3aQHH, TO pac­
qeT KOppeAAllHOHHOH <pyHICl.{HH IIpOBO,nHT ny­
TeM ycpe,nHeHIDI no pea.JIH3allIDIM [3]. IlpH 
cpaBHeHHH KOppe.JIHQHOHIThIX <pyHKUHH, nony­
qeHHhIX no 3THM .LJ:BYM anropHTMaM, MO)KHO 
c.n:erraTb BblBO.LJ: 0 B03MO)KHOCTH HCnO.Jlb30Ba­
HIDl Koppe.JIHQHOHHhlX <pYJII<.QH.H, nonyqeHHbIX 
ycpe.n:HeHHeM no speMeHH. 

3aMeTHM, qTo s IlpOlleCce MO,nemtpOBaHHH 
3aTPY.LJ:IDITe.JlbHO BbJIIHCAATh K03<p<pm:n,1eHTbl 
KoppeAAQHll. 3a,naqa cymecTBeHHo ynpomaeT­
CH, ec.JIH pacqeT npoBOJUiTh nocrre 3aseprne­
Hilll BbPIHCJieHHH Ha 3Tane IIOCT06pa6oTKH 
npH ycJIOBHH, qTo 3HaqeHIDI oueHOK <pym<UH­
OHaJIOB Ha Ka)K.LJ:OM IlOKOJieHHH coxpaIDIIOTCH 
B oT,ne.JlbHI,IH <paifrr .LJ:AA mo6oro rrpolleccopa. 

1. Ycpe~aeaue no peaJIB33QIUIM 

IlycTb HMeJOTCH P pea.JIH3aQHH cnyqairno­

ro rrpouecca {Xi, X2, ... ,Xn ,···, XN}, r,ne, HaIIOM­

HHM, Xn - oueHI<a peaKTOpHoro <pyHKQHOHana: 
3<p<peKTHBHOro K03<p<pHllHeHTa pa.3MHO)KeHIDl 
HJIH CKOpOCTH peaKUllll B BbI6paHHOH 30He Ha 

noKOJieHHH C HOMepoM n. IlycTh x~p) - OlleH­

Ka <pyHKQHOHaJia Ha noKOJieHHH C HOMepoM n 
Ha rrpolleccope c HoMepoM p. B Ta6rr. 1 
rrpe,nCTaBJieHI,I peaJIH3aUHH crryqaHHoro 

rrpouecca Ha P npoueccopax ( oqeHb y,natJHbrn 
<popMaT Ta6.JIHUbl B3HT H3 pa60Tbl [9]). 

OTMeTHM, qrn B nporpaMMe MCU [10] 
pea.JIH3OBaH TaKOH a.nropHTM, B KOTOpOM pac­

qeTbI Ha pa.3HhlX npoueccopax npoxo.LJ:HT He3a­
BHCHM0 - :no rapaHTHpyeTCH BhI6opoM reHe­
parnpa nces.n:ocrryqaiiHhIX qHCerr [ 11]. Ilo3TO­
MY cnyqaif Hbie IlpOllCCCbl Ha Ka)K.LJ:0M npouec­
cope MOryT paccMaTPHBaTbCH KaK pa.3.IIH'llible 

He3aBHCHMbie pea.JIH3aUHH o,nttoro cnyqairno­
ro rrpouecca. 

B Ka)K.LJ:oii CTPOKe Ta6rr. 1 - 3HaqeHllj( cny­
qairnoif <py'HKUHH Xn B p-if pea.JIH3aUHH (B p-M 
OilbITe) rrpH n = 1.. .N, r.n:e n - HOMep nOKOJie­
HIDI. CHMBO.Jlbl < > 03HaqaJOT Bbl6opoqJIOC 
3HaqeHHe MaTeMan1qecKoro O)KH.LJ:aHHH. B no­
crre,nHeH CTPOKe Ta6.JIHUbI - cpe,nHHe 3HaqeHHH 

x ~P> no P npoueccopaM, B nocrre,nHeM CTorr6-

llC - cpe,nHHe 3HaqeHHH x~P> no N noKoneHH.H­

HM, < xn > 03HaqaeT ycpe.n:HeIDie no sceM npo­

llCCcopaM H TIO BCeM TI0KOJieHIDIM. 
Boo6me rOBOpH, ,naHHbie B Ta6.JIHUe - 3TO 

pe3y.JlbTaT p OilbITOB Ha,n CHCTCMOH N 
crryqamn,ix seJlll'll{H X1, X2, .. . , XN. ,[(AA onpe­
.n:eneHHH OCHOBHblX xapaKTepHCTHK CHCTCMbl 

N cnyqaHHhIX BCJIHlDfH cymecrnyIOT CTaH.LJ:ap­
THble a.nropHTMbl [9]. 3aMeTHM, qTQ aHaJI0-
rwrnaR. Ta6JIHUa HMeeT MecTo H .LJ:AA mo6oro 
.l{l)yroro crryqaiiHoro npouecca 

{yp Y2, .. ,,Yn,· .. , YN} · 
OueHKa MaTeMaTHqecKoro O)KH.LJ:aHHH cny­

qairnoii BeJIWIHHbI x~P) Ha TIOKOJICH.Hli C HO-

MepoM n onpe,neAAeTCR. KaK cpe,nHee 3HaqeHHe 
1 p 

no aceM rrpou;eccopaM: m = - °""' x <P> . 
x,n p L...J n 

p=I 

OueHKa Koppe.JIHQHoHHoii <pyttKUHH 

T 6 a JIH~a u 3BM 1 p ea.J1H3al..{HH cnyqaHHoro npou,ecca Ha MHoronnoueccooHoH 
p Xi X2 ... Xn . .. Xm . . . XN m xn 

1 x{l> 
I 

x<J) 2 .. . x<t> n . .. x (I> 
m . .. x<t> 

N <x<'>> n N 

2 Xi(2) x<2> 
2 ... x<2) 

n . . . x<2> m . .. x<2> 
N <x<2> > n N 

. .. . . . . .. . . . . . . . .. . . . . . . . .. . .. 
p x <P> 

l 
x <P> 2 ... X (p} 

n . .. x <P> m . .. x <P> N <x <P> > n N 

. . . . .. . .. . .. 
p X(P} 

I 
X(P} 

2 .. . X(P) 
n . .. X(P} 

m . .. X (P) 
N 

<x(P) > n N 

m x,n <x <P> > I P <x <P> > 2 p . . . <x <P> > n p . . . <x <P> > 
m p . .. <x <P> > N P <x n> 
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C( x~P>, x;;>) Me)K)];y ouem<aMH q>YHI<UHOHana 

aa rroKonemurx n H m, n = 1, ... ,N, m = 1, ... ,N, 
Bcero NxN 'llfcen, BhI'IHCJUie-rCR no qiopMyne 

en m = _ I _ ,f (x~P> - mx n)Cxm<P> - mx m). (1) 
' P-1;:t ' ' 

3aMen1M, qTo Cn,n }IBJUieTCR oueHKOH )UIC­

nepCHH cnyqaHHon BeJIH'IHHhl x~P> Ha noKo­

nemrn n. 
KoppeJUIUHOHHajJ q>YJII<lU'UI CBR3H ,zwyx 

cn~aHHhIX rrpoueccoB {x,, x2 , • • • ,xn, ... , xN} H 

{yp Y2, ···,Yn,···, YN} 
1 p 

R = --'°'(x<P> - m )(y<P> - m ) (la) n,m p - I ;:: n x,n m y,m · 

HopMHpOBaHHM KOppeJijJQHOHHM q>ym<.UID[ 

cn,m = cn_m/Jcn,ncm,m . (2) 

3aMe'fHM, qTO Cn,n = 1. 
KoppeJUIUHOHHble q>yHKUHH H HOpMHpo­

BaHHM KOppe.JUIIU10HHM q>yHKUIDI, ycpe.D.HeH­

Hble no napam1eJlj{M rnaBHOH )UlaroHaJIH Kop­
peAAUHOHHOH MaTPHilbI, 

1 N-k 1 N- k 

ck = --L cn,n+k 'Rk = LRn,n+k ' 
N - k n=I N - k n=I 

1 N-k 

Ck =--~:Cn,n+k> (3) 
N -k n=I 

I'.D.e Cn,n+k = Cn,m, Rn,n+k = Rn,m, Cn,n+k = Cn,m• 

HopMHpOBaHHYJO Koppe.JNUHOHHYJO qiytt­
KUHJO Ck TaK.)l(e Ha3bIBaJOT aBTOKOppeJUIUHOH­
HOH q>ym<:nHeH (AK<D). TiapaM~ k Ha3hlBalOT 
naroM - OH npe.D.CTaBJijleT co6oH 'IllCJIO IIOKO­
Jiemrn Me)K.LJ.)' oueHKaMH, .D.JUI KOTOporo Bbl­
'Ill CJij{}OT AK <D. 

,lJ;HcnepcffjJ cpe.D.Heif no noKonemrnM 
oueHKH q>yttKUHOHana Ha O.D.HOM npoueccope c 
yqeTOM KOppeJUIUHH Me)K.LJ.)' noKOJieHIDIMH [9] 

1 N N 

D(<x~p) >N ) = N2 ~~cn,m. (4) 

,lJ;JUI cpe.D.Hero 3HaqeHI,fj{ no BCeM noKone­
HIDIM H no BCeM npoueccopaM q>OPMYJia oqe­
BH.D.Ha ( CJie.LJ.YeT H3 He3aBHCHMOCTH peaJJH3a­

UH.H Ha KIDK.D.OM rrpoueccope): 

D( < x. >) = D( < x~P) > N) / P . ( 5) 

CTaTHCTHqecKa}I norpeIIIHOCTh pacqeTa cr 
( O.D.HO CTaH.D.apTHOe OTKJIOHeHHe) orrpe.D.eAAeT­
CR KaK KOpeHb KBa.LJ.PaTHbIH H3 )UICnepCHH. 

AcHMITTOTHqecKM q>OPMYJia .D.JUI CHCTeMa­
THqecKOH norpeIBHOCTH pacqern 3q>q>eKTHB-

aoro K03q>q>HUHeHTa pa3MHO)KeHIDJ. (rrorrpaBKH 
ManopoBa) [6] 

1 N-1 

fl K =--Lek, (6) 
kl<P k=I 

r.D.e .D.JUI nonyqeHIDI Ck no qiopMyne (3) rrpH­
Meffj{eTcR KoppeAAUHOHHa}I q>yHKUHjJ Cnm, BbI­
'IllCJieHHM no q>OPMYJie (1), B KOTOpOH TTO.D. Xn 

nOH.HMaeTCjl oueHKa 3q>q>eKTHBHOro K03q>q>H­

UI,feHTa pa3MHO)KeHIDI Ha nOKOJieHHH C HOMe­
poM n. 

AcHMTITOUfqecKM q>OpMyJia .D.JUI oueHKH 
CHCTeMaTH'leCKOH norpeIIIHOCTH CKOpOCTH pe­
aKUHH aHaJIOIB'IHa q>OPMYJie (6): 

1 N-1 

!).R =--LRk, (7) 
kl<P k=I 

r.D.e .D.JUI nonyqeHIDI Rk no q>OPMYJie (3) HC­
IIOJih3ye-rcR KOppeJUIUHOHHM q>}'HI<IlIDI Rnm, 
BbJl{I,fCJieHHM no q>OPMYJie (la), B KOTopou Xn 

H Ym - oueHKH 3q>q>eKTHBHOro K03q>q>HllHeHTa 
pa3MHO)KeHI,fj{ H CKOpOCTH peaKUHH B BbI6paH­
HOH 30He Ha TI0K0JieHlUIX n H m, C00TBeTCT­

BeHHO. 

OTMeTHM, qTo .D.JUI orrpe.D.eJieHIDI OCHOB­
HbIX xapaKTepHCTHK cnyqaiittoro rrpouecca 
Heo6XO.D.HMO HMeTb .D.0CTaTOlJHO 6om,moe 
'IHCJIO p pa3JIH'IHbIX peaJIH3aUHH 3TOro rrpo­
uecca (no MeHb111eii Mepe HeCKOJibKO .D.eCRT­
KoB). 

2. Y cpei:.ueuue no epeMenu 

TipHMeHHM K peaJIH3aUHH cnyqaHHOro 

rrpouecca, nonyqeHHOH Ha 0.LJ.HOM rrpoa.ecco­
pe, CTaH.D.apniyro rrpoQe.LJ.Ypy pacqeTa cpe.D.He­
ro, .D.HcnepcHH 11 AK<D, a 3aTeM ycpe.LJ.HHM 
nony11eHHb1e pe3ym,TaThl no P npoueccopaM. 

OueHKa MaTeMaTH'leCK0ro O)KH.LJ.aHI,fj{ Ha 

npoueccope c H0MepoMp orrpe.LJ.eJijJeTCR KaK 
cpe.D.Hee 3HaqeH.He no BCeM rroKoneHI,fj{M 

l N 

m",P = Ix~P> . OueHKa KOppeJijll{HOHHOH 
N n=I 

qiymcron1 C( x~P>, x~~~) no O.D.HOH peaJIH3aumI 

Ha rrpoueccope c HOMepoM p , k = l ,L: 
1 N-k 

C(p) = -- '°'(x(p) - m )(x(p) - m ) . (8) 
k N _ k L... n x,p n+k x,p 

n=I 

3aMeTHM, qTO Ccip) - OUeHKa .LJ.HCnepCHH 

cnyqai1:tton BeJIH'lHHI,I x~P) no O.D.HOR peaJJH-

3aUHH Ha rrpoueccope p. 
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Ouemca KOppemnzylOHHOH q:J)'HKIUHI 

C( x~P> , y~~t ) )lJUI .[{B)'X crryqaHHhIX rrpoueccoB 

{xi, X2,···,xn,· .. ,xN} H {y,, Y2, ·· ·,Yn, ... , yN} 
1 N-k 

R<P> = --"(x<P> - m )(y<P> - m ) . (8a) 
k N _ k L..J n x,p n+k y,p 

n=I 

HopMHpOBaHmUI KOppeJIJII.UI OHHa_jl q:>yHK­
UHJI ( AK <l>) 

c}Pl = C!p) I ccip) . (9) 

Y cpe.[{HHM C}P> , R}P> 11 c?> no BceM P 

npoueccopaM: 

C - 2--f c <P> R - 2--f R<P> 
k - L..J k , k - L..J k' 

p p=I p p=l 

1 p 

ck= - IciPl. (10) 
p p=I 

3aMernM, qTo ycpe.[{HeHHe, BbIIIO.JilUleMoe 
no q:iopM)'JiaM (10), xopomo H3BeCTHO B Teo­
PHH cnyqamn,ix rrpoueccoB [3]. EcJIH HMeeTCH 
HeCKOJlbKO He3aBHCI1MbIX pea..rrn3aUHH 0,[{HOrQ 
H Toro :>Ke cny'laHHoro npouecca (B HarneM 
crryqae - P pea..rrn3aUHH), ycpe.[{HeHHe Koppe­
JUIUHOHHOH q:J)'HKUHH TIOBbllllaeT TO'lHOCTb 
OI.J,eHICH q:J)'HKT.(HH Ck, Rk H Ck. 

)];HcnepCHH cpe,[{HeH no noKOJieHIDIM 
oueHKH q:iymamouana Ha O.[{HOM npoueccope c 
yqeTOM KOppe.JIHUHH Me)l(,l),)' IIOKOJieHIDIMH 

D(<x~Pl >N)= ~ ( 1+2~ck N;k )= 
=C0 (1 + 2SJ/N. (11) 

IlpH npaKTHqecKOM HCTIOJlb30Bamrn q:iop­
M)'Jlbl (11 ), a TaIOKe q:iopM)'JI (6), (7), C)'MMH­
poBaHHe no k npoBOMT ,ll,O HeKornporo napa­
MeTPa L , r,ll,e L - MaKCHMaJlbHhIH nar, nocne 
KOToporo KOppeJIHI.J,HOHHa,jl CBH3b Me)l(,l),)' 
ou:eHKaMH OTC)'TCTB)'eT. TaK KaK N >> k, BeJIH­
lJI,IHa SL npH6JIH3HTeJibHO paBHa C)'MMe nep­
BbIX L 3JieMeHTOB KOppeJIJIIlHOHHOH q:J)'HKUHH. 
AnropHTM Bn16opa napaMeTPa L cne.[{)'IOIUHH 
[12]: ecJIH np11 np1-1.6aBnemrn L + 1-ro H L + 2-
ro cnaraeMbIX cyMMa SL H3MeWieTCH Ha Ma­
Jl)'ID Be.JI.WrnHY E, ClJI,ITaeTCH, ~o BCe 3JieMeH­
Tbl KOppe.lUllllfOHHOH q>)'HKUKH C HOMepaMH k 
= L + 1, L + 2, ... 3Ha'lHMO OT H)'JIH He OTJIH'la­
IOTCH, H C)'MMHpOBaHI-te Ha 3TOM 06p1,maeTCH. 

)];ncnepcHH cpe.[{Hero 3Haqemrn no BceM 
noKoneHIDIM H no BCeM npoueccopaM 
D(< xn>) onpe,[{emreTCH KaK 
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D(< xn>) = D(<x~Pl>N )/P . 

<l>opM)'Jlhl )lJUI ouemrn c1-1.cTeMan1qecKoH 
norpeIIIllOCTH (nonpaBKH MaifopoBa) aHano­
rH'lHhI q:iopMynaM (6), (7). 

H3 q:>OpM)'JlbI (11) CJie.[{)'eT, 'lTO npH MO,[{e­
JIHPOBaHHH N nOKOJieHHH 3q>q>eKTHBHOe KOJIH­
qecTBO IlOKOJiemlH C He3aBHCHMblMH OUeHKa­
MH Ha Ka)K,[{OM H3 HHX paBHO 
N3 cp = NI( 1 + 2SL), T.e. )lJUI crryqamn,ix npo­
ueccoB C 3aBHCHMbIMH oueHKaMH Ha noKOJie­
HIDIX 'IHCJIO noKOJieHHH, KOTOpoe Heo6XO)J,HMO 
npOMO,ll,eJIHPOBaTb )lJUI ,lJ,OCTH:>KeHHH 3a,[{aHHOH 
TOqffOCTH, B (1 + 2SL) pa3 6oJlbme, qeM L1,JU1 

npouecCOB C He3aBHCHMblMH oueHKaMH Ha IIO­
K0JieHHHX. 3To 03HaqaeT, qTQ CTaTIICTH'leCKM 

norpeIDHOCTb CTcorr C yqeTOM KOppeJIHUHH 

Me)l(,l),)' nOK0JieHIDIMH B JI+2s L 6oJlbme CTa­

THCTit'leCKOH norpeIDH0CTH cr, Bhl"IHCJieHHOH 
6e3 yqeTa Koppe.JIHUHH. 

3. CTal(HOHapuhle CJiylfaDHble npouecCbl 

Ba)KHl,JM KJiaccoM cey1rnHHhIX rrpoueccoB 
HBJUIIOTCH CTaUHOHapm.ie crryqaHHbie npouec­
Cbl. 3To TaKHe npouecCbI, ,[{AA KOTOpbIX MaTe­
MaTH'leCKOe 0:>KH,[{aHIIe H ,lJ,HCnepcHH noCTOHH­
HhI, T.e. He 3aBHCHT OT N, a KOppemrmrnHHM 
q:>)'HKIUrn Cnm 3aBHCHT He OT ,ll,B)'X apryMeH­
TOB (n H m), a OT 0,[{HOro apryMeHTa (pa31fHUbl 
Me)l(,l),)' n H m ): Cnm = ck, k = m - n. CTaUHO­
HapHOCTb crryqaHHoro npouecca H CTPeMJie­
HHe K H)'JIIO COOTBeTCTByroIUeH KOppeJIHI.J,HOH­

HOH q:>)'HKUHH npH k ➔ 00 CJl)':>KaT )'CJIOBIDIMH 
COCTOHTeJlbHOCTH H HeCMemeHHOCTH oueHKH 
cpe.[{Hero Bb16opoquoro 3Ha'leHHH crryqaHHoro 
npouecca, norryqeHHoro no O.[{HOH pea..rrn-
3aUHH [3]. 

OTMeTHM, qTo Ha npaKnrae npHMeIDllOT 
Ra»rnoe ,lJ,Ofl)'IUeHHe [ 13]: C'lHTaeTCH, 'lTO ecJIH 
cpe.[{Hee 3Ha'leHHe ,[{HcnepcHH Hccrre.[{yeMor o 
npouecca nOCTOIDIHO, TO H KOppe.JUIUHOHHM 
q>)'HKUHJI nOCT0HHHa, T.e. Cnm = Ck, k = m - n. 
B pa60Te [8] npoBepHJIOCb TIOCTOHHCTBO MaTe­
MaTH'leCKOfO O)KJl)l:aHHH H ,[{HCnepcHH, a TaK­

:>Ke ycnoBHe lckl ➔ 0 npH k ➔ oo. CTaUHOHap­
Hbie crryqaHHbie npoueccw, ,[{AA KOTOpbIX yc­
pe,ll,Hemrn TIO pea..rrn3aUHJIM MO)KHO 3aMeHHTb 
ycpe,ll,HeHHeM no BpeMeIDI, Ha3bIBalOTCH 3pro­
)J,H'leCKHMH crryqaHHhIMH npoueccaMH. 



4. HecMemeHHOCTb u COCTOHTeJibHOCTb 

OUCHKH KOppeJIHUHOHHOH «J)yHKU.HH 

Boo6me roBop.H, B OTJIHqJ,fe OT ouemrn 
KOppellilII.HOHHOH cpyinaurn ( 1 ), nonyqeHHOH 
ycpe)lHeirneM no peaJIH3allIDIM, uecMemeH­
HOCTh n COCTO.HTeJihHOCTh oueHI<H (8), no.rry­
qeHHOH ycpe.u;ueuneM no BpeMeHH, ueo6xo.D.H­
MO )lOKa3hIBaTb. 

qTO KacaeTC.H HeCMeUfe1t1t0cmu, TO OKa3hI­
BaeTC.H [3], qTQ oueuKa (8) Koppe.JUII.(llOHHOH 
cpyHKUHH, nonyqeHHM ycpe.nueHHeM IIO Bpe­
MeHH, .HBJUleTC.H .IIHIIIb aCHMTITOTHqecIGf ue­
cMemeHHOH. ,[(JUI o,n;HoH pea;rn:3aUHH cnyqa:ii­
eoro npouecca MaTeMaTHqecKoe O)KH,n;auHe 
KoppemruHoHHoH q>)'llK.UHH M(Ck) = Ck-
- D(< xn>). 

,[(AA 3pro.n;wrncKHX cnyqaif HhIX rrpoueccoB 

~n.H KOTOpbIX lckl ➔ 0 npu k ➔ oo ) ,n;Hcnep­
crui: D( < Xn >) CTPeMHTC.H K uymo rrpH N ➔ oo. 

,[(AA o6oCHOBaHIDI cocmoRmeJlbHOCmU 

oueHIGf Koppen.HUHOHHOH cpyHI<UHH IIO O)lHOH 
peanH3aUHH He06XO)lHMO )lOKa3aTh, qTo .D.HC­
nepcH.H KOppemru1mHHOH (pyuKJ.lIDI CTPeMHTC.H 

K ffYlliO IIpH N ➔ oo: lim D(Ck) = 0. ,[(n.H )].HC-
N➔oo 

nepCHH KoppeJUII{HOHHOH cpYffKUHH nonyqaeT­
C.H )lOBOJihHO CJIO)KHOe Bhipa)KeHHe [3], rrpaK­
THqecKHii amurn3 KOToporo 3aTPYJJ.HHTeJieH, 
TaK KaK B 3TOM Bbipa)Kemrn yqacTByIOT MO­
MeHThl )lO qeTBepToro nop.H.D.Ka BKITIOqJ,f­
TeJihHO. 

Cne.nyeT OTMeTHTh, qTo JJ.n.H HOpMaIThHbIX 
cnyqaHHI,IX npoueccoB oueHKa (8) cocTo.H­

TeJihua, ecJIH rrpouecc cTau1muapeu H lckl ➔ 0 
rrpH k ➔ oo, T.e. ecJIH cnyqatiHhrii npouecc 3p­
ro~ecKHii. B TOM cnyqae, Kor.na cnyqaHHhrn 
rrpouecc He .HBn.HeTC.H HOpMaJihHhIM, HanH'IBe 
3pro)].HqHOCTH )].n.H (pym<I{Hlf Xn MO)KeT 6hJTb 
He)lOCTaTOlffihIM ycnOBHeM )].n.H 3pro)lH':IHOCTH 
IIpOH3Be)leHIDI X»Xn+k• 

113 CKa3aHHoro .HCHO, qTo ueo6XOJ].HMO 
IIpOBO)].HTh TeCTHpOBaHHe TOqHOCTH pacqfua 
KoppellilIJ.HOHHOH q>yHKUHH, norryqeHHOH yc­
pe)lHeHHeM no speMeHH, nyTeM cpasueH.IDI c 
KoppemruHoHHo:ii cpyHKUHeH, no_rryqeHHoH yc­
pe)lHeuneM no peanH3aQH.HM. EcnH 3TH cpym<­
UHH He cosna.naIOT, 3TO MO)KeT 03Hat.IaTh, qTO 
IIpOMO)leJIHpOBaHO He)lOCTaTOqffOe KOJIHqecT­
BO noKoneHHH N HnH qTo ueBepuo Bb16pauo 
lfficno OT6pomeHHhIX noKorreHHH NsKlP· 

5. PeJyJibT3Tbl pacqeTOB 

B HaCTO.HineH pa6oTe H3yqaJIHCh pe3yITh­
TaThI pacqeTa MeTO)lOM MoHTe-KapJIO O)lHOro 
H3 COCTO.HHHH nOJIHOMacmTa6HOH -rpeXMep­
HOH MO)leJJH BB3P- l 000 3Hepro6noKa N!1 I 
Borrro.noucKoii A3C [14]. B JJ.aHHOH MOJJ.eJIH 
Ka)K)la.H TBC aKTHBHOH 30HhI (scero 163) pa3-
61na Ha 14 CJIOeB no BbICOTe, qTO COCTaBn.HeT 
B CYMMe 2 282 perHCTPaUHOHHhie 30Hhl (uo­
JJ.hl). PaccMaTPHBanHCh TaKHe peaKTOpHbie 
<pym<UHOHaJihI, KaK 3cpcpeKTHBHhIH K03cpcpHUH­
eHT pa3MHO)KeHJUI H CKOpOCTh peaKUHH .nene­
HH.H B ueHTPaJihHOH Ho.ne 8-ro BhICOTHoro 
CJIO.H CHH3Y (B HO)le C MaKCHMaJihHOH Mom­
HOCThIO ) . 

Ha pHCYHKe nOKa3aHhI rpacpHKH 3aBHCH­
MOCTH KOppellilIJ.HOHHOH cpyHKUHH OT HOMepa 
Jiara k )].n.H CKOpOCTH peaKJ.lIDI .n;erreHIDI B Bhl-
6paHHOH uo.n;e, nonyqeHHh1e ycpe.u;ueHHeM no 
peaJIH3aUH.HM H no speMeHH no cpopMYJiaM (3) 
H (10), COOTBeTCTBeHHO (NrnT = 2 000). BH.n;­
HO, qTQ KOppelUIUHOHHble 4)YHKUHH npaKTJ{qe­

CKH c0Bna.na10T H lckl ➔ 0 npH k ➔ oo. 
113 CKa3aHHoro MO)KHO C)leJiaTh CJie.n;yIO­

mue BhlBO)lhl: 
1) )].HCnepcH.H cpe)].Hero MO)KeT 6bITh paCCqJ,J­
TaHa no cpopMyne (II); 
2) CHCTeMan1qecKa$l norpeIIIHOCTh (norrpaBKa 
MaiiopoBa) MO)KeT 6bJTh paCCqHTaHa no cpop­
MynaM (6), (7), B KOTOpbIX KOppeJUIUHOHHhie 
q>YffKUHH Ck " Rk noeyqeHJ,I ycpe.n;ueHHeM no 
speMeIDt; 
3) )lJI.H pacqfaa cKopocTH peaKUHH .n;erreHH.H 

qJ,JCJJO oT6pomeHHbIX nOKOJieHHH NsKlP ~ 100, 
TaK KaK npH k 2 100 ck~ 0. 

B Ta6n. 2 .. .4 rrpe)lCTaBJieHhI pe3yJihTaThI 
pacqeTOB CTaTHCTnqecK.HX norpeillHOCTeH 3cp­
cpeKTHBHOfO K03q>q>HUHeHTa pa3MJIO)KeHH.H, 
CKOpOCTH peaKUHH )].eJieHJUI B BbI6paHHOH HO­
.n;e, a TaK)Ke BeJIHqJ,JHl,I CHCTeMaTJ,fqeCKOH no­
rpeIIIHOCTH, no.rryqeHHble ycpe,u;ueHJUIMH IIO 
speMeHH H peanmaUIDIM. IlapaMe-rpw pacqe­
Ta: qJ,JCJIO qaCTHU s IlOKOJiemrn NrnT = 2 000, 
<rnCJIO npOMO)leJIHpOBaHHbIX IlOKOJiemm Ha 
O)lHOM npoueccope - 2,5 · l 04, qHcJio oT6po­
rneHHhrx noKoJieffifH - I 00, q11cno rrpouecco­
poB - 48, DOJIHOe qJ,JCJIO HCTOpHH - 2,4· 109. 

Ha61110)laeTC.H oqeHh xopomee cor11ac11e 
pe3y1IhTaTOB, nonyqeHHhIX ycpe.u;ueuneM no 
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rpaqnnrn 3aBHCHMOCTH AK<D ck OT HOMepa nara k J.LJIJI CKopoCTH peaK~ t1,enemu1 (NrnT = 2 000): 
1 - ycpe,nHeHHe no apeMeHH, 2 - ycpe,nHeHHe no peru:rH3al.(IDlM 

BpeMeHH H no pea.mt:3aUIDiM. 3To O3HaqaeT, 
qTo H cnyqaihn,1e npouecchl Xn, H npoH3Be,n.e­
Irne X,,Xn+k o6rra,n.aroT CBOHCTBOM 3pro)UlqHoC­
TH. Crre,D,OBaTeJibHO, BCe BbIBO,D,hl, c,n.erraHHhle 
BbIIIIe ua OCHOBe aHa.mt:3a IlOBe,D,eHIDI AK<l>, 
crrpaBe,D,JIHBbI. 

T a o JI u u a 2. CTaTHCTH'leCKaJI norpemHOCTb 
3 eKTHBHOro KO) O)KeHJUI, % 
CrnTHCTHqecKaJI peJ:{Hem1e no 

no eilIHOCTh ea.rrn3aI.J,IDIM 

ne3 yqera 2,26· 10.3 2,23• 10·3 

KO e.lUII{H.H 
C yqeTOM 2 38•10·3 2,38• 10·3 

KO eIDIIUfii ' 
CTcorrlcr 1,055 1,066 

T a o JI u u a 3. CTaTHCTffqeCKrul norpernHOCTh 
CK B HOtJ,e, % 

Y cpe,nHeHHe no 
no eIIIHOCTb eamnaJ.UU[M 

ne3 yqera 0,110 0,108 
KO e.lUII{H.H 

C yqeroM 0,314 0,313 
KO e.lUU.{mi: 

CTcorrlcr 2,86 2,88 

lb ra6rr. 2 H 3 BH.D.HO, qrn ecrrH WUl 3cp­
q>eKTHBHoro K03Q)Q)HIJ.HeHTa pa3MHO)KeHIDI 

yqeT Koppemn:.nrn yseJIHq1{8aeT aerrwnrny era-
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nt:CTJ,lqeCKOH norpeIIIHOCTH ua ~ 6 %, TO ,D,JUI 
CKOpOCTH peaKUHH ,n.erreHHK B HO,D,e yqeT KOp­
peJij[UHH Me)K,D,)' TIOKOJieHJ{j[MJ,I yseJIH1IBBaeT 
Be.JilPrnH)' CTaTHCTHTieCKOH rrorpeilIHOCTH noq­
TH s rpH pa3a. 

T a o JI u Q a 4. CHcTeMaTffqeCKrul rrorpeIIIHOCTh 
3Haqemrn ~ H CKOpOCTH peaKI(HH .ueneHHJI B 

HO,Ue % 
' 

CHCTeMaTi;rqecKrul Y cpe,uHeHHe Y cpe,uHeHHe no 
norpemttocn no apeMeHH pea.rrn3aUID™ 

t:,.K - 4,51 · 10·3 - 4,47· 10·3 

t:,.R - 0,472 - 0,463 

qTo KacaeTCK rronpaBKH Ma:noposa, TO 
)')Ke npH NrnT = 5 000 CHCTeMaTHqecKaK no­
rpeIIIHOCTI, 3cpcpeKTHBHOro K03Q)Q)HUHeHTa 

pa3MHO)KeHIDI !).K = - 0,002 %, a CKOpOCTH 

peaKr.urn .n.enemui: !).R = - 0,2 %. 

3aK.rnoqeuue 

B HaCTOKm:eH pa6oTe IIOKa3aHO, qro rrpH­
MeHeHHe KoppeJUU{HOHHOH TeOpHH crryqaH­
HbIX npoueccos npH auaJIH3e pe3ym,TaTOB 
pacqeTOB HeHrpOHRO-Q)U3lfqeclUIX xapaKTepH­
CTHK K,D,epHbIX peaKTopoB MeTO,D,OM MoHTe­
Kaprro cymecTBeHHO TIOBbIIIIaeT Ha,D,e)KHOCTh 
pacqeTHbIX pe3)'JlbTaTOB. 8 3HaTIHTeJibHOH 



crerreHH :no CTaJTO BO3MO)l(Hl>IM 6naro.n;apH 

ucrroJlb3oaamuo MHororrpoueccopHhlX 3BM. 
IlpH pacCJeTe Ha TaKHx 3BM JJ;JIH a1,16paH­

HI,IX q>ym<-UHOHaJTOB, HarrpHMep, 3 q>q>eKTHB­

HOI'O K03q>q>HU;HeHTa pa3MHO)KeHJUI HJIH CKO­

pOCTH peaKUHH B Bhl6paHHbIX 3OHax, Ha Ka)K­

)lOM rrpo.ueccope peaJIH3yIOTCH He3aBHCHMbie 

c.JI)'1IaHfilie rrpouecc1,1, cTaTHCTHCJeCKHH atta­

JIH3 KOTOpbIX IlO3BOJIHeT C 60JlbillOH TO'IHO­

CTblO paCCCJHTbIBaTI, KOppeJIH-UliOHHbie q>ym<­

:QHH JJ;JIH BbI6paHfilIX q>)'HKUHOHaJTOB, CITO B 

CBOIO oqepe.z:n, )J.aeT BO3MO)KHOCTh pemaTb Ta­

KHe rrpo6JieMbI, KaK o.ueHI<a CHCTeMaTHqecKOH 

norpelllROCTH pe3yJibTaTOB, )J.OCTOBepmui. 

oueHI<a CTaTHCTHqecKOH norpeIIIHOCTH C yqe­

TOM KoppeJIH.UHH Me)K)ly IlOKOJieHH.llMH, a TaK­

)Ke o6ocHOBaHHO orrpe.ueJIHTI, 'IHCJIO OT6po­

meHlil>IX noKoneHHH. 

Ilpe,llCTaBJieHlil>Ie B CTaTbe pe3yJibTaTbl 

rronyqem,1 B paMKax BbIIIOJIHeHHH HlIP no 

rrpoeKTY A3C-2006. 
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IIpo6JJeMa OQCHKH TOl.fHOCTH pacl.feTa JlOKaJJbHhlX cf>ynKQHOHaJJOB 

MeTo,aoM MouTe-KapJJo 

J(.H. CKopoxoi>oo, 
~ "KypqaToBcKHii HHCTHTYT", 123182, MocKBa, nn. KypqaTOBa, 1, 

F.B. TuxoMupoo, 
lllUIY "MM<I>M", 115409, MocKBa, KaIIIHpcKoe DI., 31 

floczyrnma B pe.uaKU:mo 19.11.2010 r. 

PaccMaTpIIBaeTCR npo6neMa CMemeHIDI oueHKH JIOKaJibHhlX <pyHI<IOIOHaJIOB. .z:t:eMOHCTPaD.IDI npo6JieMhI 
rrpoBe.n:eua c noMOmhJO npocToro qHcneHHoro 3KcnepHMeHTa. IlpoBep11eTCR MeTo)OU(a anpuopHo.ii oa.emrn 
norpeIIIHOCTH JIOKaJihHhlX <pyHKUHOHaJIOB. 

K111011e6ble CJI06a: MeTO,D, MoHTe-Kapno, pacCJeT cna60CB513HhIX CHCTeM, rrpo6neMa CXO,D,HMOCTH HCTOCJHH­
Ka, CMem:eHHe ouemrn JIOKaJihHhIX <pyHKUHOHaJIOB. 

The Problem of Variance Estimating in Monte Carlo Tallies Calculations. D.N. Skorokhodov, NRC 
"Kurchatov Institute", 1, Kurchatov Sq., Moscow, 123182, G V. Tikhomirov, National Research Nuclear Uni­
versity "MEPhl", 31, Kashirskoe Sh., Moscow, 115409. 

This article describes problem of bias variance in Monte Carlo tally calculations. The problem was dem­
onstrated in simple numerical experiment. Method of a priory variance estimation in Monte Carlo tally calcu­
lations is verified. 

Key Words: Monte Carlo Method, Large System Calculations, Source Convergence Problem, Bias Varian­
ce in Tally Calculations. 

C pOCTOM npOH3BO,lU.fTefilHOCTH BbPIHCJIH­

TefilHbIX MaI.IDIH nommJiaCb BO3MO)KHOCTb 

npoBO,l];HTb IlOJIHOMacmTa6Hb1e pacqeTbI 6om,­
IIDIX peaKTOpoB n xpaHH~ oTpa6oTasrnero 
sr.uepHoro TOTIJIHBa C IlOMOIIl;blO nporpaMM, oc­
HOBaHII.blX Ha MeTO,n:e MoHTe-Kapno. Ho npH 
aHaJIH3e pe3ym,rnTOB pacqeToB o6Hapy)KeHo 
3Ha'IHTefilHoe cMem;em1e ou;eHKH 3cpcpeKTHB­
Horo K03<pq>Hu;HeHTa pa3MHO)KeHIDJ H JIOKafil­

HblX cpyHKu;HOHaJIOB npH pemeHHH O.UHOpo.u­
HOro cTaUHOHapttoro ypasHeHIDI nepeHoca 
HeHTpOHOB, qTQ npHB0.lllfT K cymecTBeHHOH 
He,n:oon.em<e norpeilIHOCTH [ 1]. 

O6Hapy)KeHHbIH 3cpcpeKT MO)KeT npHBeCTH 
K HeKOHCepBaTHBHhlM ou;eHKaM B 3a,n:aqax, 

c1u:13aHHh1x c 6e3ouacHOCThIO, 1-1ar1pHMep, up11 
pacqeTax xpaHHJIHm; orpa6oTasmero Tonmma. 
,D;llil HCCJie,UOBaHIDI J,f TI0HCKa nyTeH peDiemrn 
3TOH npo6neMnI B 1999 r. co3,n:ana Me)K.llyHa­
PO.llHa.H 3KcnepTHa.H rpynna OECD/NEA [2]. 

flpo6neMa CMem;emra ou;emrn JIOKaJibHbIX 
cpyHKUHOHaJIOB npn npoBe,l];eHHH pacqeTOB 
60filillliX CHCTeM ( CHCTeMa Ha3bIBaeTC}I 6om,­
IDOH, ecJIH ee pa3MepbI cymecTBeHHo npeBoc­
XO.lJ:j!T TIJIOIIJ;a.uh MHrpaI{HH HeihpOHOB B HeM, 
T.e. S >> M) CBK3aHa c MeT0.UOM pememt51 o.u-
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HOpO.llHOf0 CTau;HOHapHoro ypaBHeHlfjl nepe­
HOCa, npHMeIUleMoro B nporpaMMax, OCHO­
BaHHhlX Ha MeTO,n:e MOHTe-Kapno. ,[(aHHa.H 3a­
,n:aqa 51BllileTC}I 3a,uaqe'ti Ha Haxo)K.llem1e rnaB­
HbIX co6cTBeHHoro 3HaqeHHH Keff J,f co6CTBeH­
HOH cpyma:um H pemaeTCH, KaK npaBHJIO, CTe­
neHllbIM MeTO,UOM (MeTO,UOM IlOKOJiemm). 

MeTO,l]; IIOCJie,l];OBaTefilHOfO M0,UeJIHpOBa­
HJ,fjl TTOKOneHHH HeifTpOHOB - HTepau;HOHHbIH 
MeTO.lJ,, oco6eHHOCTblO KOTOporo CJIY)l(HT TO, 
qTQ llJljl pa3birpbIBaHHH HeHrpOHOB cne.uy10-
mero TIOKoneffHjl B KaqecTBe HCTOq_IDfKa HC­
IlOJib3YlOTC}I HeiirpOHbl npe,n:hmym;ero IlOKOJie­
HIDI. O.llHO ITOKOJieHHe - 3TO )KH3Hb HeifrpoHa 
OT po)K.lleHHH B pe3yJJbTaTe peaKI{HH ,n:eJieHIDI 
,ll;O CMepTH B pe3yJibTaTe yTetJKH, napa3HTH0fO 
3axBaTa HJIH nornomemu1, rrpIIBo~ero K pe­
aKUHH .ueneHH}I. flpn TaKOM nocrpoemrn HTe­
pau;HoHHoro npou;ecca B03HHKaeT KoppeJijlu;lfjl 
Me)K.lly coce.unHMH TIOKOJieHIDIMH HeHrpOHOB, 
TaK KaK HeHrpOHbl cne.uy10mero TIOKOJieHIDI 
po)K.llaIOTCH B6JIH3H HeHrpOHOB npe.llbI.Uymero 
TIOKOJieHH51. 

flo.upo6noe TeopeTHqecKoe oTIHcam1e Me­
xaHH3Ma H npHqlfH B03HHKHOBeHIDI CMelD,eHHH 
ou;eHOK nOKaJibHbIX cpyHKUHOHaJIOB, B03HHKa-



l{)Ill,HX rrpH pemeHHH 0,nH0po,wrnro CTaUH0-
aapttoro ypaBHemrn MeTo,noM MottTe-Kaprro, 
rrp1rne;:i;euo B pa6oTax [3, 4]. 

PaccMOTPHM peamnaumo anropHTMa 
oueHI<H Jl0KaJThHbIX cpyHI<l.J;HOHaJIOB Ha npRMe­
pe nporpaMMbI MCNP KaK O,nHOH H3 HaH6orree 
H3BeCTHbIX nporpaMM M0,neJIHp0BaHIDI rrpoTe­
KaHIDI jJ_JJ;epHI,IX rrpouecC0B C npHMeHeHHeM 
MeTO,na MoHTe-Kaprro. 

3HaqeHHe Jl0KaJlbH0ro cpyttKUlfOHarra BbI­
qHCJljj_eTCjj_ rrporpaMMOH MCNP KaK 3KcnepH-

MeHTaJThttoe cpe,nHee X cpym<IJ,HOHarra X, pa-
31,rrpaHHoro N pa3 (N BerrHKo): 

X=(txn)/N. 
O:u,eHKa cpyHKUHOHaJia X BbJqHCJljj_eTCjj_ 

nporpaMMOH MCNP KaK 3KcnepHMeHTaJlbHM 

JJ;HCIIepcmi: X B npe;:i;n0JJ0)KeHHlf He3aBHCH-

x . -2 1 [(~ 2) /4 -2] M0CTH n• ax= N ;:rXn ;eN-1)-X . 

ilCTHHHM oueHKa, ~TbIBaIOill,M K0ppe­
JljJ_Qlflf Me)KJJ;y coce,nHHMH II0K0JleHHjj_Mlf, M0-
)KeT 6bITh 3alllfcatta crre.ny10Ill,lfM o6pa30M: 

00 

o} ~ cr:r + 2cr:r Ir; ' r.ne r; - K03cpcpRUHeHThI 
i=l 

KoppeJljj_wm Xn, rrp11qeM cr:r > cr~ B crryqae, 

eCJilf K0ppeJljj_UHH II0Jl0)KHTeJlbHbl. 
PeaJIH30BaHHhIH B nporpaMMe MCNP arr­

ropHTM He )"IHTbIBaeT K0ppeJljJ_Qlflf coce,nHlfX 
IIOKOJiemm., qTQ npHB0JJ;HT K 3Hat{JfTeJlbH0MY 
CMem,eHlfJO oueHKH JI0KaJThHbIX cpyHKUlfOHa­
JI0B npH pacqeTe cHcTeM c nrrom,a,nI,10, cymec­
TBeHH0 npeBhnna10iuen nrroma.nh MHrpa:QHH B 
cpe;:i;e [5]. TaK)Ke CT0HT 0TMeTHTh, qTQ He,no­
o:u,em<a JJ;HCIIepCHH He 3aBHCHT OT tUICJia pa-
3brrpbmaeMbIX HCTOpHH. 

YMeHbmeHJfjj_ cMerueHJ,ljj_ 01.1,eHI<H rroKaJlb­
HhIX cpYHKUlfOHaJIOB npH pememrn 0JJ;Hopo;:i;­
H0ro CTaUH0HapHoro ypaBHeHlfj)_ MeT0,n0M 
MoHTe-Kaprro M0)KH0 ;:i;o6HTbCjl pa3foteHHeM 
pacqern Ha cepmo He3aBHCHMbrx pacqeToB c 
HCII0Jlb30BaHHeM pa3JIHqfilIX crryqaHHhlX •mc­
JI0BbIX rrocrre,noBaTeJlbHOCTeH. 

B 6y.nym.HX BepcJljj_X rrporpaMMbI MCNP 
_nJljl ycKopeHJ,[jj_ cxoJJ;HM0CTH npe;:i;norraraeTCjj_ 
TipHMeHjj_Tb MeT0JJ; BHJiaHJJ;Ta, qTo TaK)Ke 
YMeHbIIllfT CMemeHHe o:u,eHKH Jl0KaJlbHbIX 
(pyttKUHOHaJIOB [6]. 

~ 

a 

PHC. l. reoMerpIDI MO,L(eJibHOH 3a,n:aqH 

,r:i:Jljj_ rrpoBepKH nmOTe3hl 0 CBjj_3H TQqffQC­
TH ou.eHKH Jl0KaJlbHhlX <p)'HKUROHaJIOB H IlJlO­
maJJ;H paCCt{JfTbmaeMOH M0JJ;eJllf rrpOBe;:i;eH 
q11cneHHbIH 3KcrrepHMeHT. IloMHMO 11ccne.no­
BaHJ,ljj_ cMeruemrn oueHKH rroKarrbHhlX cpymant­
oHarroB npH pemeHHH 3a;:i;at{Jf Ha co6cTBeHHbie 
3Haqemrn BhlTI0JlHeH0 HCCJleJJ;oBaHJ,le npH pe­
memrn 3a.n;aqH C BHeilIHHM HCT0qfflfK0M. TaK­
)l(e B xo;:i;e q:ncneHHoro 3KcnepHMeHTa rrpoBe­
peHa MeT0JJ;HKa anpHOpHOH oueHKH norpem­
H0CTH Jl0KaJibHbIX cpyHKIJ,HOHaJIOB, rrpe;:i;rro­
)KeHHM B pa6oTe [7]. 
~ HCCrre;:i;oBaHJfjj_ II0CTpoeHa npoCTM 

Mo;:i;eJlb (pHc. 1), npe.ncrnBJU110m,ajj_ co6on npjj_­
MoyroJlbHhIH naparrrreneTIHIIe;:i; C q>HKCHpOBaH­
HOH BbICOTOH H KBa;:i;paTHhIM ceqeHHeM. Ceqe­
Hne HMeeT pa3Mepbl axa H pa36HTO Ha 289 
o;:i;HHaK0BhIX KBa.npaToB pa3MepoM bxb, r.n;e 
b = all 7. Ha Bcex rpaHHUax Mo;:i;eJIH ;:i;eikTBy­
eT rpaHH'IBoe ycrroBHe 0TPa)KeHJ,ljj_. Mo;:i;eJib 
roMoreHHM H C0CT0HT H3 MaTepHarra, H30T0II­
Hblli C0CTaB K0T0poro npH.Be;:i;eH B rn6rr. 1. 
.51;:i;epHM K0HIJ,eHTPaIJ,H_jj_ MaTepHarra 4,0· 10-2 

6apHlcM. 

T a 6 JI u u a 1. lfaoTomn,rli cocTaB 
HCCJl o,n:eJJH 

H. ,% 
3,1 

94,0 
2,9 

,r:{Jljj_ ;:i;aHHoro MaTepHan:a paccqHTaHa nrro­
rua.nh MH.rpauHH HeHTPOHOB s cpe;:i;e 

M2 = 1/(3:Etotra). KoHCTaHTbl, tty)KHbie _nJljl 

oueHKH M, npe;:i;BapHTeJlbH0 no.rryqeHbI npH 
pacqeTe 3JleMeHTapHOH j[qe'ffKH C IIOMOill,blO 

nporpaMMhI MCNP. lfucrreHHo M ~ 643,0 
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2 B ~ ~ CM . Ka)K,l(OH H'!eHI<e BbI,n;eneH Kpyr ,llHaMeT-

poM b, BHYTPH KOToporo paCC1IBTbIBaCTCSI HH­

TerpanbHhIB IlOTOK 

<I>; =_!_ J dE f dt f dVcp(r,E,t) ± cr;, r,n;e i = 1. . . 289. 
V E ( 

Bee jlqeHKJil HaXO,l{SITCSI B O,nHHaKOBbIX yc­

JIOBIDlX H He 3aBHCSIT .npyr OT ,n;pyra. Ilo:nOMY 

MO)KHO paccMaTPHBaTb <I>; KaK pe3yJibTaThl He-

3aBHCHMbIX H3MepeHHH 0,[{HOH H TOH )Ke <pH3H­

qecKOH BCJil{q}IHbl. L{n.sr rrpoBepKH rHIIOTe3bl 0 

BJIIDilillH nnom;a.n;H pacqeTHoH Mo,n;enH TPe60-

Banoc1, npOBCCTH cepmo pacqfuoB C MO,llCAA­

MH pa3HOH nnom;a,n;H. TipH H3MCHCHHH nnom;a­

,n;H MO,llenH MCIDIJICH pa3Mep ,rqefurn. B Kaqec­

TBe CJUIHWIHOH nrrom;a,n;H MOJ];eJllf B3SITa llJIO­

m;a,u;I, Mmpaium M = So. Tiposo.n;HnHCh pacqe­

TbI MO,n;eneH C nnom;a.n;SIMH B ,llHana30He OT 

0,01 ,n;o 1000 S0. 

t1To61,1 JIOKanH30BaTb npo6JICMY KaK B03-

ID1Ka10:a:zyio HCKnlOtfilTCnhHO IIpH peme:mrn 

KpHTJfqecKHX 3a,naq, HCCJie,n;oBaHa no.n;KpHTH­

qecKM MO,llCnh C BHeIIIIDfM HCT04HHKOM. Tipo­

se,n;eHhl pacqeTbI 3a,n;a1IB C BHCIIIHHM HCT04HH­

KOM .n;n.H scero .n;HaIIa30Ha nnoma,n;eH. B Ka)l(­

,n;oM pacqfue pa3blrpbIBanOCb 100 000 HCTO­

plrii HCHTPOHOB. Hap}l,lly C OTHOCHTCnhHOH ,ll;H­

cnepCHCH O"MCNP, nonyqeHHou no nporpaMMe 

MCNP, pacc4HTaHa 3KcnepHMeHTanhHM ,n;Hc-

1 1 N 2 1 N 
nepcH.H s=- --L(x; -m) , m=- LX;, 

m N -1 i=I N i=l 

N = 289, r,n;e x; - 3Ha'-leHHe HHTerpanbHoro no­

TOKa B i-u jlqeHKe. 

Pe3ynhTaTbI nOKa3bIBaIOT, qTo ,n;nSI Bcero 

,n;Hana3oHa nnoma,n;eu BblIIOnlijleTc.sr ycnoswe 

0-MCNP > s. 3To rosopHT 06 OTCYTCTBHH He.n;o­

oueHI<H JIOKanbHbIX <pym<I{HOHanOB B npor­

paMMe MCNP npH pemeHHH 3a,n;a4H c BHern-

HHM HCTQqHHKOM. L{aHHbIH BblBO,ll TaK)l(e no,n;­

TBCp)l(,l],aCTCSI 0,[{HO<paKTOpHbIM ,n;HcnepCHOH­

HbIM aHanH30M. KpHTepHH <l>Hlllepa BblilOnlijl­

eTCSI ,n;nSI BCCX nrroma,neif MO,llCJIH. 

TipH HCCJie,llOBaHHH MO,llenH C KpHTHIIeC­

KHM HCTQqJ{Hl{OM, HapSl,n;y C npoBepKOH fHIIO­

TC3bl O BJIIDIHHH nnom;a,n;H MO,llCnH, TaK)l(C 

nposepj!JIQCI, BnHSIHHe KOnHqeCTBa pa3blrpbI­

BaeMhIX HCTOpHH HeHTpOHOB Ha ToqHoCTh 

Ol.J,CHI<H JIOKanbHblX <pyHKIJ,ROHanOB. Tipose,n;e­

Hbl cepHH pacqeroB C pa3HbIM KOnH'ICCTBOM 

pa3birpbmaeMbIX HcmpHH HCHTPOHOB. CrnTH­

CTHqecKHe xapaKTepHCTHKH pacqeTOB npe,n;c­

TaBneHhI s Ta6n. 2. 

T a 6 JI H 1' a 2. CTarnCTlf'IecKHe xapaKTepwcTHKH 
pacqeTOB C KOHTHqecKHM HCTO'IHHKOM 

IlapaMeTp 
Ceollil 

1 2 3 
lfCTOpHH B O,ll-

1000 1000 100 
HOM IlOKOJieRHH 

IloKoneHHii 3 000 500 500 
IloKoJJeHHH 

200 200 200 
rrponvmetto 

Pe3yn1,TaT1,1 aHanH3a pacqfuoB KpHTHqec­

KOH 3a,n;a'-IH .n;n.H scex rrnoma,n;eif H cepHH npe,n;­

cTasneHhl s Ta6n. 3, nOKa3bIBM, qTQ ycn OBlie 

0-MCNP > s BblilQnlijlCTCSI ,n;nSI MO,n;eneii C nno­

ma,u;I,IO, MCHbIIIeii HnH rrporropu,HOHanbHOH 

nnoma,n;H MHrpauHH M. ,Un.SI Mo,n;eneif c nno­

rua,u;I,10, rrpesocxo,n;Hm;eii nnom;a,n;1, MHrpaUHH 

B cpe,n;e, 3KCnepHMeHTaJibHM ,n;HCnepCHSI 3Ha­

'-IHTenbHO rrpesblllaCT ,n;Hcnepcmo, pacc4H­

TaffHYIO no MCNP. TaKM CHTYaUH.H Ha6n10,n;a­

eTC}I .n;n.H scex cepHH, qTo rosopHT o cnpase,n;­

JIHBOCTH flffiOTC3bI 06 OTCYTCTBHH CB}l3H MC)l(­

,n;y CMemeHHeM ouemrn JIOKanbHblX <pyttKUHO-

a J1 H 1' a . e3YnhTaTbl pacqeTOB KDHTlfC{CCKOH 3a,n;aqH T 6 3 P 
Ilnoma;:n, MO- Cepm1 
,n;eJIB B e.D;HHH- 1 2 3 

uax So 0-MCNP s 0-MCNP s 0-MCNP s 
0,01 0,0004 0,0004 0,0014 0,0011 0,0043 0,0035 

0,1 0,0007 0,0006 0,0021 0,0021 0,0066 0,0066 
1,0 0,0012 0,0012 0,0038 0,0041 0,0119 0,0120 

10,0 0,0025 0,0028 0,0075 0,0100 0,0238 0,0236 
50,0 0,0040 0,0105 0,0121 0,0175 0,0386 0,0724 
100,0 0,0048 0,0175 0,0147 0,0513 0,0470 0,0982 
500,0 0,0072 0,0985 0,0231 0,3292 0,0732 0,3464 
1000,0 0,0083 0,1616 0,0273 0,5124 0,1251 1,0295 
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PHC. 2. rpaqm11ecKHH aHaJIH3 pe3yJibTaTOB pacqe­
Ta KpHTHCfeCKOH 3a)J,a'lli: a) - nnoma)].I, MO)].eJIH 
MeHbme M; 6) - n11011J,a,UI, Mo,neJIH cosna,naeT c 
Jvl; s) - nnoma,UI, Mo,neJIH npeBI:,Imaer Ai 

HaJIOB H KOJIWieCTBOM pa:n,rrp1,rnaeMhIX HCTO­
pHH. 

H~e cMemeHIDI oueHI<H JIOKaJihHhIX 
cpyHI<IUIOHaJIOB IJO.UTBep)K)];aeT O,nHOq>aKTop­
HhIH .u:ncrrepcHOHHI,IH aHaJIH3. Kp1nepHH <l>H­
rnepa BhIIIOJilUH!TCH TOJII,KO .UM MO.[leJieH C 
IJJIOII(a.[{I,IO, MeHbIIIeH HJIH rrporropl.l,HOHaJib­
HOH !vi-. ,nmi Mo.ueneii c 6ofilmeii IJJIOI..Qa.[lhIO 
KJ)IHepHH <!>mnepa He BbIIJOJIHjleTCH. 

Ilpose.ueH rpacpH11ecKHH amunn, 3aKJII0-
11aIOII(HHCH a HaHeceHHH Ha pHcyttoK 3HaKoB 
OTKJIOHeHHH 3HatJeHJUI Xj OT m B Ka)K)];OH H1IeH­
Ke. Ha pHC. 2 a), 6), B) IJOKa3aHhI pe3yJII,TaTbI 
.[{JIH Mo.uenei1 c rrnoma.uHMH 0,01 S0, 1 S0, 1000 
So, COOTBeTCTBeHHO. 3HaKaMH "#" H "." OTMe­
tJeHhl o6nacTH, a KOTOphIX OTKJIOHeHHe OT 
cpe.[{Hero IJOJIO)K}fTeJII,HO H OrpHI.1,aTeJII,HO, co­
OTBeTCTBeHRO. 

rpacpH11ecKHH amurn3 rroKaJan, 11To .UJUI 
MO.[leJieH C IJJIOII(a.[{I,IO, MeHhIIIeH HJIH paBHOH 
M (pHc. 2 a), 6)), HHKaKHX aHOMaJIHH He Ha-
6JIIO.uaeTCH, a .[lJIH MO.[leJieH c IIJIOII(a.[{I,IO, rrpe­
BOCXO.[{HII(eH !vi-, Ha6JIIO.[laeTCH tJeTKaH rpattH­
I.J,a (pHc. 2 s)). 

B pa60Te [7] rrpe.urraraeTCH YtJHTbIBaTb 
OIIHCaHHbIH 3cpcpeKT TIO TOH )Ke cxeMe, tJTO H 

BJIHHHHe TeXHOJIOrHtJeCKHX .UOIJYCKOB, TaK)Ke 
OKa3bIBaIOII(HX 3Ha1IHTeJihHOe BJIHHHHe Ha .ue­

cpopMal.l,H10 HeHrpOHHOro IIOM B 60Jil,IllliX pe­
aKTopax. B pa6ore rrpe.[{JIO)KeHa cpopMyna .UM 
arrpHOpHOH OI.J,eHI<H JIOKaJibHblX cpymcrmoHa-

s 1 
JIOB O" F ~ Csh 2 r,;,- , r.ue S - IJJIOI..Qa.[ll, MO-

M '1/Nhist 

.uerrH, !vi- - IIJIOII(a.[{I, MHrpaI.J,HH B cpe.ue, Nhist 

- KOJIWieCTBO pa31,rrp1,rnaeMbrx HCTOpHH, C sh -

K03cpcpHI.1,HeHT Weserresa, 3aBHCfil.I.J,HH OT cpop­

Mhl MO.[leJIH. 

Ilo .uaHHoi1 QJOPMYJie MO)KHO y)Ke .uo tta­
qarra pacqeTa TIO.JIY'IllTb HH)KHJOIO oueHICY no-

a, 0TH. eA. 

10-1 

10-2 

10-3 

S, eA. S
0 

10 .. 
10-2 10·' 101 102 103 

PHc. 3. AnpHOpHruI oueHKa norpemHOCTH JIO­
KaJ1hHbIX q>YffKI.1,HOHaJIOB: 1 - )].HCnepcIDI, paccqJI­
ThIBaeMruI nporpaMMOH MCNP; 2 - 3KcnepHMeH­
TaJ1hHaJI )].HCilepcID!; 3 - anpHOpHWI oueHKa )J.HC­
nepcHH 

rpeIIIHOCTH JIOKaJII,HI,IX cpyHJCIU10HaJIOB. TaK­
)Ke no .uaHHOH cpopMYrre, 3a.[laBIIIHCb rpe6ye­
MOH norpeIIIHOCThIO, BhltJHCAAeTCH KOJIH"leCT­
BO HCTOpHH, KOTOpoe Heo6XO.[{HMO pa3brrpaTb. 

,[(mi scex Tpex cepHH rrpose.ueHa oIJ,eHKa 
crF. Ha pHc. 3 rrpe.ucrnsrreH pe3yfilTaT .[lJIH ce­
pHH 1. KaK BH.[{HO H3 rpacpHKa, .[lJIH MO.[leneii: C 
IIJio:r,na.[ll,IO MeHhrne HJIH rropH.[lKa rrrroma.u:n 
MHrpaI.J,HH 3Ha<JeHHe .[lHCrrepCHH, pacctJHThIBa­
eMoe nporpaMMOH MCNP (JIHHJU1 1), coarra­
.uaeT C 3KCnepHMeHTafilHOH .[{HCIIepcHeH (rrH­
HHH 2). ,n.rni MO.[leJieH C IJJIOII(a.[ll,IO, 3Ha"IH­
TefilHO npeBOCXO.[{HII(eH IlJIOI..Qa.[{I, MHrpaIJ,HH 
tteii:rpoHOB, B Ka"leCTse HH)KHeii oueHKH .[{HC­
nepcHH JlOKafilHhIX q>y'HKl.l,HOHaJIOB MO)KHO HC­
IlOJI1,3OBaTh 3Ha'leHHe O"F (.IIHIDUI 3). 

3aK.Jiro'leene 

Pa6oTa IIOCBHII(eHa aKl)'aJII,HOH rrpo6neMe 
CMe:rneHHH OI(eHKH JIOKaJil,HhlX cpYflKl.l,HOHaJIOB 
rrpH pacqfae 6ofilnrnx cHcTeM rrporpaMMaMH 
Ha OCHOBe MeTO.ua MoHTe-Kaprro. ,[l,JIH .ueMOH­
crparu,rn npo6rreMhI 3aHH)KeHHH rrorpeIIIHoCTH 
pa3pa60TaHa rrpocTeHrnaH roMoreHHaH MO­
)].efil. Ilpoae.ueua cepHH pacqfaoa MO.UeJIH c 
pa3HOH IIJIOII(a.[lhlO KaK 3Ha'IllTeJII,HO Mem,weii. 

rrrroma.llH MHrpaI.J,HH B cpe.ue, TaK H cymecT­
BeHHo ee npeaocxo.[{HII(eH . 

Pe3yJihTaThI .n:aHHOro 'IHCJieHHOro 3KCIIe­
pHMeHTa IIOKa3aJIH, tJTO npH rrrroma.u:n MO.[le­
JIH, 3Ha'llfTefilHO rrpes1,rmaromei1 rrnoma.[lh 
MHrpaIJ,HH, norpeDIHOCTI, JIOKafilHhIX q>YflKl.l,H­
OHaJIOB, paCC'IHThIBaeMaH nporpaMMOH 
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MCNP, 3Ha1IBTeJibHO 3aHIDKaeTc.si:. TaIOKe cTo­
HT OTMeTHTh, qTo npH IlJIOIIla,[(H MO,ll.eJIH, 3Ha­
qffTeJibHO npeBOCXO,ll..SllUeH IlJIOIIla,ll.I, MHrpa-
1..\lUl, OTKJIOHeHIDI 3Haqemrn JIOKaJibHl,IX cpyHK­
l{J,IOHaJIOB "rpynnHpyIDTC.SI" B 3aBHCHMOCTH OT 
3HaKa. 

IlonyqeHbl pe3yJibTaThI, IIO,ll.TBep)K)lalO­
Il{J,fe MeTO.[(HK)' anpHOpHOH oueHKH IIOrpeIIIHO­
CTH JIOKaJibFlnIX cpyHKl{}fOHaJIOB [5]. IlOKa3aHO, 
qrn IIpe)].Jio)KeHHa.si: cpopMyna pa6oTaeT npH 
TIJIOIJJ;a,[(H MO,ll.eJIH, 3ttarnneJibHO IIpeBOCXO,ll..Sl­
meH IlJIOIIla,ll.I, MHrpauHH. 
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~621.039 
Pac'leTLI MeTO,ll.OM MouTe-KapJio no nporpaMMe IIPH3MA 

uen:Tpouuo-cl>nJu1.JeCKHX xapaKTepucTnK aKTHBHOH JOHLi BB3P-1000 

O.B. 3a~enu11, H.3. Ka11oueB, E.A. KautaeBa, r.H. MaRblUIKUII, ;,.r. MooecmoB, 
<J)fYII "P¢JIIJ;-BHl111T¢", 456770, r. Ctte:lKHHCK qellil6HHCKOH o6JI., yn. BacHJibeBa, 13 

Iloczymrna B pe.n.aKUHJO 23.03.2011 r . 

.[1.aHo orrncattHe pacqfuoB MeTo,n:oM MoHTe-Kapno no rrporpaMMe IIPII3MA HeHTPOHBO-qJHJHqecKHX xa­
paKTepHCTHK aKTHBHOH 30HhI BB3P-1000 1-ro 6noKa BoJITo,n:oHcKoH A3C c nepBOH TOilJIHBBOH 3arpy3KOH. 
IlpHBe,nem,1 pe3yJihTaThl pacqeTOB noKacce-rnoro H noTB3JibHoro pacrrpe.n:eneHHH 3eeproBh1,n:eJieHllil c yqeToM 
ero BbICOTHOH 3aBHCHMOCTH rrpH '3a.D.a.HHbfX TIJIOTHOCTHX H Te.MIIeparypax MaTepHaJIOB ,n:JIH IlOJIHOMacrnTa6HOH 
TPeXMepHOH Mo,neJIH aKTHBHOH 30HJ,J. 

Kll,011eeb1e CR06a: MeTO.ll. MoeTe-Kapno, nepeeoc HeHTPOHOB, rrporpaMMa IIPII3MA, BB3P-1000. 

Calculations for the VVER-1000 Core by the Monte Carlo Method Implemented in the PRIZMA 
Code. 0 . V. Zatsepin, Ya.Z. Kandiev, E.A. Kashaeva, G.N. Malyshkin, D.G. Modestov, Russian Federal Nu­
clear Center - Zababakhin Institute of Apllied Physics (RFNC-VNIITF), 13, Vasil'ev St. , Snezhinsk, Chelyab­
insk Region, 456770. 

The paper presents calculations performed with the Monte Carlo PRIZMA code for the VVER-1000 core 
with the first load (Unit l of Volgodonsk NPP). They were done for a full scale 3D core model and include 
assembly- and pin-wise distributions of released energy at different core heights and material densities and 
temperatures. 

Key Words: Moote Carlo Method, Neutron Transport, PRIZMA Code, VVER-1000. 
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BBe,ll.CHHe 

CoapeMettuoe pa.3BHnte BhJqJICJIBTeJibHOH 
TeXHHKH H rrporpaMMHOf0 06ecneqeIDU:1 OT­
KpbrnaeT nrnpoKHe nepcneKTHBhl .l(JUI II0JIH0-
MaCmTa6Horo TpeXMepuoro Mo,n:eJIBpoaaHIDI 
cpH3aqecKHx npoueccoa, rrponcxo.wnunx a 
aKTIIBHhIX 30Hax :mepreTnqecKHX peaKTOpOB. 
McnOJib30BaHHe npelU13HOHHhIX KOMIIhIOTep­
HbIX nporpaMM TIOBbICHT TOqttOCTb H ,n:eTaJib­
HOCTh pacqeT0B, qTO 6y,n:eT cnoco6CTBOBaTb 
IIOBbJlleHHIO KOHKypeHTOCilOC06HOCTH pa.3pa-
6aThIBaeMhIX peaKTopoB, a rrpHMeHHTeID,H0 K 
pa6oTaIOII{HM 3Hepro6rroKaM BbUIBHT IIYTH HX 

MO.n:epm13al01H H yrryqmeHIDI TeXHHK0-3KOHO­
MH-iJeCKHX napaMCTpOB. 

O,n:ttHM H3 HHCTpyMeHTOB npeUH3HOHHOfO 
M0,l(eJIHp0BaHIDI .l(JUI pacqeTOB HeHTpOHHO­
q>H3HqecKHX xapaKTepHCTHK aKTHBHhIX 30H 
peaKTOpOB H perneHIDI 3a,n:atJ pa,n:HaQHOHHOH 
3aTIUfTbl CJl)')KaT K0MIIbIOTepHble nporpaMMbI 
Ha ocHoBe MeTo,n:a MouTe-Kaprro. CBo6o,n:tthie 
oT yrrpomaromux rrpe,n:norro:>Kemrn, caoiicT­
BeHHbIX ,n:eTepMRHHpoBaHllliIM MeTo,n:aM, OHH 
BbIJIOJilUIIOT paClJeTbl B IIOCTaHOBKe, MaKCH­
Ma.JibH0 npH6JIH)KeHHOH K peam,HOH. 

B P<l>511(-BHMMT<I> B Te'leHne MHOrHX 
JieT pa.3BHBaeTCK ymmepcam,Ha.H nporpaMMa 
IIPM3MA [1], npe,n:tta.3HalJeHHa.H .l(JUI perne­
HHJI JIHHeHHhIX 3a,n:aq nepettoca qacTHU MeTO­
,n:oM MouTe-Kapno. IlporpaMMa Mo,n:eITHpyeT 
pa.3,n:eJibHbIH H COBMeCTHhIH nepeH0C HCHTp0-
HOB, qJOTOHOB, 3JICKTPOHOB, TI03HTpOHOB H HO­
HOB Ha OCHOBe 6n6JIHOTCK ceqeHHH. 

~JUI pacqeTa HCHTpOHHO-qJH3WieCKHX xa­
paKTepHCTHK CHCTeM C .l(CJIJIIIUIMllCJI MaTepHa­
rraMJt, q}ICJICHHoro M0,n:eJIHp0BaHIDl qJH3HlJeC­
KHX 3KCIIepnMeHTOB Ha HMIIYJibCHblX peaKTO­
pax H cTett,n:ax KpHTHqecKHx c6opoK npHMe­
rureTCJI MCTO.l( IlOKOJieHHH C JJOCTOmnn.IM lJHC­
JIOM rnqeK .n:erreIDUI B II0K0Jiemrn [2, 3]. 

Ilo nporpaMMe IIPM3MA BhIIIOJIHeH 
6om,mou UHKJI pacqeTHhIX Hccrre.n:oaaHHH xa­
paKTepHCTHK HMIIYJibCHOfO rpaq>HTOBOfO pe­
aKTopa MTP [4 ... 15], J1,n:epuou H pa.n:naUH0H­
HOH 6e30IIaCHOCTH KOHTeHHep0B .l(JUI nepeB03-
KH OTpa6ornsmero ToIUIHBa [16], xpaHHJIHm 
J1,n:epH00ilaCHhIX MaTepHaJI0B [ 1 7] . 

HalJHHM c 2008 r., a paMKax COBMCCTHhlX 
pa6oT HMIJ. "KypqaTOBCK.HU HHCTHl)'T" H 

P<l>511(-BHMMT<I> pa.3pa6aThIBaeTc,r 110JIHo­
MaCIIITa6HaK K0MJlhIOTepHM MO.llCJib .llllil Omt­
caHIDI q>H3HlJeCKHX rrpoueccos, nponcxo,n:.si­
II(ID{ s aKTHBHOH 30He BB3P-1200 :mepro6rro­
Ka A3C-2006, c ncnom,3osamrnM rrporpaMM 
MCU [18] (HHI.J; "KypqaTOBCKHH HHCTmyr") 
H IIPl1.3MA. B xo.n:e BhIIIOJIHeHIDI 3THX pa60T 
B nporpaMMY IIPl1.3MA Btte.n:peHa ycosep­
meHCTBOBaHHa.H MO,n:em, TepMaJIB3aUHH HeHT­

pOH0B [19, 20], yqHTbIBaIOilla.H TeMneparyp­
ttyIO 3aBHCHMOCTb ceqeHJfH B3aHMO.l(CHCTBHK 

HCHTpOHOB H MC:>KaTOMHI,Ie CBK3H B MOJieKY­

nax, npose.n:eHa sepHq>HKaUIDI nporpaMMhI Ha 
aHaJIBTHlJCCKHX pemeHIDlX, 3KCIIepHMCHTaJih­

HbIX H pacqfuHbIX TCCTax. 
B 2009 r. no rrporpaMMe IIPl1.3MA Bhl­

aoJIHeHhI paClJCThl II0KacceTHOfO H II0TB3Jib­
H0f0 pacrrpe.n:erreHHH 3HeproBhI,n:erreHHK no 
BbICOTC aKTHBHOH 30Hbl npH 3a,n:aHHbIX IIJIOT­
HOCTKX H TeMneparypax MaTepiiaJI0B .llJUI IIOJI­
HOMaCmTa6HOH Mo,n:eJIB BB3P-1000 1-ro 6no­
Ka Bonro,n:oncKo.H A3C c nepaoii TOIIJIHBHOH 
3arpy3KOH [21]. TeXHHlJCCKHe xapaKTepHCTH­
KH M0,llCJIH 0CHOBaHI>I Ha npoeKTHI,IX ,n:aHHhIX 
H ,n:aHHbIX IIYCK0BhIX 3KCIIepnMeHT0B 3TOro 
6rroKa. Pac'lCThI npose,n:eHbl s naparr.JieJlbHOM 
pe:>KHMe Ha MHoronpoueccopHoM s1,yqncrrn­
TCJibHOM KOMJIJieKce P<l>511(-BHMMT<I>. 

1. KpaTKOe ooucauue B03MO~ocTeii 
nporpaMMbI IIPH3MA ,ll.JIH pemenHH OJJ.HO­
po,ll.uoro ypaBneu11H nepeuoca ueiiTpouoe 

OnucaHue 83QUMO0eucm8UR HeumpOH08 C 
eeUJeCmB0M. CncTeMa KOHCTaHTHOf0 o6ecne­
qeHJUI pacqeTOB - 6H6JIHoTeKa IIPOM [22] 
co,n:ep:>KHT .l(BQffqffbIC 6n6rrnoTeKH HeHTpOH­
HhIX KOHCTanT: EAC [23], ENDF/B-V, -VI, -
VII H .llP· ~JUI 0IIHCaHIDl B3aHMo.n,eikTBllil 
HCHTpOHOB C K,llpaMH semecTBa B 06nacn1 
3HeprHH .n,o 20 M3B ncn0Jib3YeTCK npe.n:cTaB­
rreHHe .n:aHHbIX B BH,n:e na6opa peaKUHH H3 pa-
6oThI [24]. B HX lJHCJI0 BXOMT peaKIJ,HH: yn­
pyroe pacce,rHHe, Heynpyroe pacce.surne, .n:e­
rreHHe, norrromeHHe, ueynpyroe cToJIKHose­
HHe C HCIIYCKaHHCM 3apK:>KeHHhIX qacTHU, pe­
aKUHH (n, 2n), (n, 3n) H .n,p. 

~JUI ~eTa 3aBMCHM0CTH ceqeHffH B3aHMO­
,llCHCTBMK HeHTpOHOB OT TCMTiepaTyphI cpe,llbl 
npHMeHKeTCK M0,lleJib 11,llCa.JibHOro ra3a, B KO-
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TOpOH pacnpe.neneHHe aTOMOB no CKOpocnIM 

npH TenJIOBOM JJ;BIDKemm OITHCbIBaeTC.SI yce­

qeHHbIM pacnpe.neneHHeM MaKcsenna. Mo.ne­

.rmposaHHe TpaeKTOpHH HeHTpOHOB npH yqeTe 

TeMIIeparyphl cpe.l{bI ocym.eCTBAAeTC.SI MeTO­

JJ;OM MaKCHMaJibHOro ceqemrn [25]. 
.ll:AA TenJIOBbIX HeHTpOHOB TaIOKe peaJIH-

30BaHa MO,D:eJib y"lleTa XHMlJqecKOH CB.Sl3H aTO­

MOB sem;ecTsa, Haxo,n:Rm;eroc.SJ s cocTORHHH 

TepMOJJ;HHaMHqecKoro paBHOBeCHR [19, 20]. B 

3TOM cnyqae pacceRHHe HeHTpOHOB OITHCbIBa­

eTC.SI TpeWI peaI<J.UUIM}f: KOrepeHTHbIM ynpy­

rHM, HeKorepeHTHbIM yrrpyrHM H HeKorepeHT­

HbIM HeynpyrHM pacceHHIDIMH. Mo,neJib OCHO­

BaHa Ha HCnOJib30BaHJrn 6H6JIHOTeK oueHeH­

HbIX .H.nepHbIX ,naHHbIX ¢opMaTa ENDF [24]. 
B o6JiaCTH pe30HaHCOB HHTerpaJibHbie ce­

qeffHR B3aHMo,neHCTBHR onHChIBaIOTC.SI Ta6-

JIH"llH.bIMH q>yHIG.J,IDIMH, BbI4HCAAeMbIMH no 

,naHHbIM 6H6JIHoTeirn ENDF/B-VI. 
OnucaHue zeoMempuu 6a3HpyeTC.SJ Ha 

,nsyxypOBHeBOM pa36Hemrn CHCTeMbl Ha co­

CTaBHbie qacTH. Ileps1>rn yposeHb CB.SJ3aH c 

pa36HemrnM CHCTeM.bI Ha 6JIOKH - aBTOHOM­

Hbie qaCTH, reoMeTpHR KOTOpbIX OllifCbIBaeTC.SI 

s co6cTBeHHOH (oTHOCHTeJibHOH) CHCTeMe KO­

Op.[(HHaT He3aBHCHMO OT OCTaJibHbIX 6JIOKOB. 

BTopou yposeHb CBR3aH C pa3foteHHeM 

6JIOKOB Ha o6naCTH, KIDK,LJ.a.SI R3 KOTOpbIX o.n­

HOpo,nHa no XHMHqecKOMY COCTasy. TeMIIepa­

rypa H nJIOTHOCTb sem;eCTBa s o6naCTH, KaK 

npaBHJIO, nOCTOj[HHhl, HO MOryT 3a,nasaThC.SI H 

B BH,ne npOH3B0JlbHOH q>yHIG..UiOHaJibHOH 3aBH­

CHMOCTH, HanpHMep, OT npOCTpaHCTBeHHbIX 

KOOp,nHHaT. 

IIpe.nyCMOTpeH.bI O,nHOMepHbie, .nsYMep­

Hbie H TpeXMepH.b1e 6rroKH. O,n:HoMepH.bie 6no­

KH (nnocKHH, c¢epnqecKHH, QHJIHHJJ.pWiec­

KHH) xapaKTepH3YIQTC.SI H3MeHeHHeM 0)],HOH 

KOOp,nHHaTbI. ,L{syMepm,1e 6noKH 0IIHCI.IBaIOT 

Tena, 06na.na10IQHe ocesou HJIH QHJIHHJJ;pWiec­

KOH CHMMeTpHeii, BHeIIIHHii KOHTYP ceqeHHR 

KOTOpbIX B IIJIOCKOCTH CHMMeTpHH COCTOHT H3 

rrpoH3B0JlbHOro Ha6opa OTpe3KOB IIpRM.bIX, OK­

py)KJJOCTeH HJIH 3JIJIHTICOB. 

,lJ;AA OTIHCaIDUI o6naCTeH TpeXMepH.bIX 

6JIOKOB cym.ecTByIOT .nae B03MO)KJJOCTH. Tiep­

BaR H3 HHX - 3TO Tpa)lHI(HOHHhlH KOM6HHa­

TOpH.bIH TIO)],XOJJ;, B KOTOpOM B KaqeCTBe npH­

MHTHBOB paccMaTpHBaIOTCH pa3JIHqH.ble no-

66 

sepxHOCTH: [IJIOCKOCTH, c¢ep1>1, [(HJIHH)].pbl, 

KOHYCbl H .npyrHe nosepXHOCTH BTOporo IIO­

P.H.nKa [26]. BrnpM B03MO)KJf0CTb - 3TO OTIH­

caHHe o6nacTH nyTeM nepeqncneHHR orpaHH­

qffBaIOilIHX ee KYCKOB nosepXHocTeii, s1>ipe3a­

eM1>1x H3 KIDK,LJ.OH nosepXHOCTH .npyrHMH IIO­

sepXHOCTRMH. 

B3aHMBoe pacrroJIO)KeHHe 6nOKOB OIIHCbl­

saeTC.SI C IIOMOIIU>lO onepaQHH C,nBHra H IIOBO­

poTa, onpe.neJij[lQIIJ;HX CB.Sl3b OTHOCHTeJI.bHOH 

CHCTeM.bI KOOp,nHHaT 6JIOKa c a6COJilOTHOH CH­

CTeMOH KOOp,nHHaT. Ka)K)].brn 6JIOK BKJia,l{bma­

eTC.SI JIH6o s nyCTory, JIH6o s OJJ;Hy HJIH He­

CKOJibKO o6nacTeH .npyroro 6noKa 6e3 KacaHHR 

HJIH nepeceqeHHR rpaIDII.{ 6noKOB. OrpaHHqe­

HHe Ha rrry6HHY BnO)KeHHOCTH 6JIOKOB OTCYT­

CTByeT. 

Cym.ecTByeT B03MO)KHOCTh KOMIIaKTHOro 

OITHCaHHH BJIO)KeffHR s o6naCTb O)],HHaKOBbIX 

061,eKTOB, pacnono)KeHHbIX BHYTPH .SJqeeK o.n;­

Horo H3 cne.n:YIOIUHX THTIOB pemeToK: reKca­

roHaJibHOH, IIpRMoyroJibHOH mm KocoyroJib­

HOH [27]. CaM ofo,eKT, OIIHCbIBaeMblli 6JIOKOM, 

MO)KeT HMeTb cno)KHYIQ TpeXMepHylO reoMeT­

pHIO, B TOM rrncne co.nep)KaT1> B ce6e pemeTKY 

061,eKTOB cne.ny10m;ero ypOBHR BnO)KeHHOCTH. 

.ll:AA yqeTa cnyqairnou CTpYKTYPhl ,D:HC­

nepCHI:,IX cpe.n B03MO)KH0 MOJJ;enHpOBaHHe B 

CTOXaCTHqecKOH reoMeTpHH, OIIBCbIBalODieH 

MHOrOKOMIIOHeHTH.bie IIOJIH,nHCTiepcm,ie cpe­

.l{bl co cnyqairno opHeHTHpOBaHH.bIMH BKJilO­

'leHHHMR, HMeIODIHMR q>OPMY BbIIl}'KJil>IX Ten 

spameHHR c 3a)].aHH.bIM pacnpe.neneHHeM no 

pa3MepaM [28]. 
OnucaHue pe3yllbmamoe. IIporpaMMa pac­

C4HTbIBaeT HHTerpaJibHble HeHTpOHHO-qJH3H­

qecKHe xapaKTepHCTHKH CHCTeM.bl, TaKHe KaK 

3q>q>eKTHBH.bIH K03q>q>HUlieHT K 3<!J pa3MHO)Ke­

HJUI HeHTpOHOB, cpe,n:Hee speWI )Klf3HH HeHT­

p0H0B, cpe,n:Hee tntcno HeHTpOHOB .neneHHR, a 

TaIOKe JIHHeHH.bie q>yHKQHOHaJibI TIOTOKa HeHT­

pOHOB Ha reoMeTpWieCKHX nosepXHOCTRX H B 

o6naCT.SIX CHCTeMhl. 

IIosepXHOCTHI:,Ie pe3yJI.bTaTbl - 3TO TOKH H 

£IOTOKH qacnIu, TOKH H TIOTOKH 3HeprHH. O6-

naCTHbie pe3yJI.bTaThl - 3TO IlJIOTHOCTb H no­

TOK qacTHIJ, nJIOTHOCTh CTOJIKHOBeHHH, no­

rrrom;eHHM 3HeprHR, CKOpocnI peaKUirn, CKO­

pOCTH o6pa30BaHHR BTOpHqHI:,IX qacTHIJ onpe­

.neneHHoro THTia H pRJJ. .npyrax. 



O6JiaCTHbie H noBepXHOCTHbie pe3yJlbTa­

Tbl MO)KHO nonyqaTb B BH,D.e CBepnrn c Ta6-

JIB'IHOM HJIH aHaJIHTWICCKOM cpyHKI.{lfeH OT Tia­

paMCT{)OB qacntUbl. Jlio6bie cpyHKUHOHaJibl 

MOryT 6bITb pacTipe,D.eJieHHbIMH no TipOCTJJaH­

CTBCHHblM nepeMeHHbIM B .ueKapTOBOM, ccpe­

pwiecKOM H UHmrn.upKqecKoM cttcTeMax KO­

op,uHHaT, a TaIOKe no HaTipasneHlflO TIOJieTa 

qaCTHU H ITT( 3Repnm. 

,n:mr TionyqeHIDI 6onee JlCTaJibHOM lfH­

q>opMaUIDI o TIPOUecce pacTipOCTJJaHeIDUI qac­

THU HCn0Jib3yeTC51 B03MO)KHOCTb Bbl)leJieHIDJ 

BKJia,ua qacn1u, TJJaCKTOpHH KOTOpbIX Y.llOBJie­

TBOpil-OT onpe.ueneHHbIM ycJIOBHHM, OilHCbIBa­

IOII.lHM ,UHaIIa30HbI H3MeHeHIDI !pa30BblX KO0p­

,llHI-IaT qaCTHUbl H pH,lla ,llOilOJIHHTCJibHbIX Tia­

paMeTpOB (29]. ,n:mr OUCHKH B.JIIDillliH Ha cpyH­

KUHOHaJibl MaJibIX B03MYIIICHHM reoMeTpHH, 

XHMHqecKoro COCTaBa HJIH TIJIOTHOCTH Be­

mecTB IlpMMeIDieTC51 MCTO,ll KOppeJIHpOBaHHbIX 

TJJaCKTOpHM, Il03BOJUIIOIIJHH nonycrnTb B O,ll­

H0M pacqeTe pe3yJlbTaTbI neCK0JibKHX BapH­

aHTOB 3a,uaqH (3]. 

HeaHaJI0206oe MoOe!lupo6anue. Oco6eH­

HOCTbI-O peaJIM3aUMM MCTO,Ua IlOKOJieHHH B 

nporpaMMe IIPH3MA HBJUleTcH pa3,ueneHHe 

npouecca rettepauMM cne.D.yromero noKoneHIDI 

H oueHKH <pyHKUHOHaJIOB ,llJUl TeKyIIJero TI0K0-

nem,rn Ha .l(Be cTa.l(MM. 3To no3BOJUleT npHMe­

IDITh B TI0JIH0M 061,eMe MeTO,llbl HeaHaJIOfOBO­

ro MO,UeJIHPOBaHHH, pa3pa60TaHHJ:,Ie B npor­

paMMe 11Pl13MA .UJUI pememrn tteo,llHopo,llHo­

ro ypaBHCHIDI nepettoca (30], Ha BTOpOH CTa­

,llHH .l(JUl TIOBbIIIIeI-IIDI 3cpcpeKTHBHOCTI1 pacqe­

TOB pa,llHaI.(HOHHOM 3all(HTbl, xapaKTCpHCTHK 

HCHTJJOHHoro H raMMa-H3nyqeIIHM B ,ueTeKTo-

pax, paCTIOJIO)KeHHbIX BHYTJJH H BHe aKTHBHOH 

30Hbl peaKTOpa, H T.Jl. 

2.PacqeThIHenTpouuo-<t>nJuqecKnx 
xapa1nepucTHK BB3P-1000 

2.1. llocmauo«Ka 3aoattu 
PaccMaTJJHBaeTC51 TJJeXMepHM MO,n;eJib 

BB3P-1000 1-ro 6noKa Bonro,u01-1cKoM A3C 

(21]. AKTlfBI-Ia51 30Ha COCTOlfT 113 163 reKcaro­

HaJibHbIX TeCTJIOBbIJJ,eJUIIOIIJHX c6opOK (TBC) 

pa3.JIWIHOro THIIa, OKpy)KeHHblX OTJJa)KaTeJieM, 

B COCTaB KOToporo BXO,ll5IT, HalfifHM OT ueHT­

pa, BO,ll5IHOH 3a30p, CTaJibHa51 BbITOpOJJ,Ka C UH­

JIHHD;pH''leCKHMH KaHaJiaMH, 3aIIOJIHeHHbIMH 

BO,UOH, BO,llRHOH 3a3op, rnaxTa peaKTopa, BOJla, 

Kopnyc peaKTopa. Ka)KJJ,aH TBC cocTOHT m 

331-H reKcaroHaJibHOH 51qeihrn, 03 KOTOpbIX 

312 .51qee1< co.n;ep)KaT TB3Jlbl pa3Horo 06ora­

meHID1 no H30TOilY 
235U. 

I1ornoma10m11e 311eMeHTbI (I13JI) B onpe­

)1.enemn,IX TBC o6pa3YJ-OT rp)'IIIlliI o6IIU™ 

COiCJIOM 10. fI3fu1 OJJ,HOH rpynIIbI .l(BHTal-OTCH 

0,llHHaKOBO .11 nepeMer.u.aIOTCH no BhICOTe Me)K­

ey IlOJIO)l(CHIDIMFf sepXRero J,f FIB.)KHCfO KOH­

UCBbIX BbIKJII-OqaTeJieH (HKB). IToJIO)KeHHe 

rpyilI.Th1 3aJJ,aeTCH TipoueHTOM ee H3BJieqeH.115I 

(OT O J],0 100 %). 
PacGeTbI pacnpe,ueneHHH crn:cna ,ueJieHJ,f.H 

TIO aKTHBHOH 30He C yqeTOM ero BbICOTHOH 3a­

BHCHMOCTH BbillOJIHeHbl J],JUI GeTbipex KpHTH­

'-ICCKHX COCT05IHHH (2, 7, 15, Al) 11 .llByx noJJ,­

KpHTHqecKHX COCTOHHHH (A2, A3), xapaKTe­

pHCTHKa KOTOpbIX .n;a1-ia B Ta6JI. 1. 

B pacqeTaX HCIIOJib30BaHbI )laHlll,le TIO 

B33HMO,D.eHCTBHIO HeMTJJOHOB 6H6JIHOTeKH 

Ta 6 JI HQ a 1. CocT051HIDI 1-ro 6noKa BB3P-1000 Bonro.n.ottcKOH A3C 

N!! C0CTO-
N2 pery- I1ono)KeBHe 

N!! rpyIIIIhI 
KoHIJ,eHTpau.IDI 

T, °C I1noTHOCTb 6opHOH KHCil0Thl, peryn. rpyilIIhI, 
mIDI 

ID!p. Ha HKB B0,llbI, r/cM3 

rpynnh1 % H3Bneqemui r/Ja: 

2 10 82 278,5 0,76802 7,39 

7 10 64 9 271, I 0,78016 6,90 

15 10 25 279,2 0,76650 7,23 

Al 10 80 278,2 0,76814 7,39 

A2 1...10 278,2 0,76814 7,39 

A3 
l...10, Kp0Me 

278,2 0,76814 7,39 
TBC N° 17 
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P-1-1c. 1. IIorro)KeHHe rpynn II3JI B cocTomnrn N2 7 (BepXHIDI 

wnlma - HOMep T B C, HIDKHIDI UHcbPa - HOMep rpynnhI II3JI) 
ENDF-BM. IlpH ou:eHKe CTaTHCTHqecKOH no- IIPH3MA, a TaK)Ke pe3yJihTaThI pacqern K 3<!J 

rpeIIIHOCTH KoppemmIDI Me)K)ly BKJJa;::i:aMH B n o nporpaMMe MCU-PD [3 1] H 3HaqeHID1 oT-

ou:emrn cpyma:nrnHarros Ha coce.ZJ:HHX noKorre- KJJOHeHHH Me)K.ZJ:y pe3yJihTaTaMH, nonyi:1eH-

murx He ycrnTbIBaeTCH. HhlMH no .ZJ:BYM nporpaMMaM. 

2.2. Pacitembt 6btcomnozo pacnpeoeJ1eHuR 

:mep206btOeJlenuR 6 TBC 
PacqeThI noKacceTHoro pacnpe.n:eneHIDI 

3HeprOBhI.ZJ:eneHIDI BhITIOJIHeHhI u p 1-1 cne.n:y10-

mmc napaMeTPaX Mo;::i:eJJHpoBaHIDI: 

- HeHTPOHl>I eyneBoro noKorremrn pacnp e.n:e­

neHhI no BCeM TB3JiaM aKTJ.1BHOH 3OHhl (Bepo­

HTHOCTh po)K.ZJ:emrn B TB3Jie C 3a;::i:aHIIhIM 060-

raiu:eHHeM nponopu:HoHaJJhHa npmnBe;::i:eHHIO 

q1-1cna TB3JIOB ;::i;aHHoro o6oraiu:eHIDI Ha K03cp­

<pHU:HeHT o6oraiu:ettIDI; Bee TB3JihI OJ(HOro 

o6oraiu:eHIDI paBHOBep OHTHhI); 

- tIHCJIO ToqeK .n:eneHIDI B IIOKOJieIDrn - 1 024· 
103

, qrn np1-1 cpe,llHeM crncne ~ 2,46 tteHTPO­

HOB B O)];HOM aKTe .n:eneHIDI, xapaKTepHOM J(JIH 

.n:aHHhIX pacqeTOB, COOTBeTCTByeT MOJ(eJIHp o­

BaHHl-0 ~ 2 5 19· l 0 3 
HefiTpOHOB B nOKOJieHHH; 

- 'IHCJIO aKTH.BHhIX nOKOJJeHHH - 500, 'IHCJIO 

OT6pomeHHI,IX UOKOJieHHH - 300, T.e. qffCJIO 

rrpoMo.n:emrpoBaHHhIX aKnfBHhIX J.1CTOpHH paB­

HO ~ 1,259· 109
. 

B Ta6n. 2 n pHBe;::i:eHhJ 3HaqeHIDI 3cpcpeK­

THBHOro K03lpqJHu;HeHTa K 3Q) pa.3MHO)KeHHJI 

Hei-ITPOHOB, pacccrnTaHHbie no rrporpaMMe 
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T a 6 JI H Q a 2. 3cpcpeKTHBHhIH K03<pqJHTJ.HeHT K,<t, 
Pa.3MH0)KeJOUl HeHTD0H0B 

N!! C0CT0- MCU- OTI<JIOHe-
TIPlf3MA 

HHe t/, % .!U:IIDI PD 

2 1,0017 1,0025 0,08 

7 1,0010 1,0019 0,09 

15 1,0019 1,0028 0,09 

A l 1,0017 1,0025 0,08 

A2 0,9375 0,9391 0,17 

A3 0,9535 0,955 1 0,17 

K MCU _ KnPHJMA 

*OTKJlOHeI:IHe t::,. = , cj> ,ct> 100 % 
K MCU 

,ct> 

KaK BH.ZJ:HO H3 Ta6JIHD:h1, pa.3JJHq1-1e B 3Ha­

qeHHHX K 3QJ, p aCC911TaHHhIX no rrporpaMMaM 

IIPH3MA 11 MCU-PD, He rrpeBhmrneT 0,1 % 
J(JIH KPHTH'IeCKRX COCTOHHHH H 0,2 o/o .ZJ:AA 

ITO.ZJ:KPHTHqecKHx COCTOHHHH. 

.D,mr pacqeTOB Bhicornoro pacrrpe.n:eneHIDI 

3HeproBbI.ZJ:eJieIDrn aKTHBHaH 3OHa pa.36HTa Ha 

42 OJ(HHaKOBhlX CJIO}l no BbICOTe. Hm1<e npH­

BO.ZJ:HTCH HeKOTOpbie pe3yJihTaThl p acqeTOB J(JIH 

COCTOHHIDI N2 7' H306pa)KeHHOro Ha pHC. 1 
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P11c. 2. Pacrrpe.ueneHHe cKopocrn pea1a:urn .ueneHIDJ 
rro BbIc0Te aKTHBHoM 3om,I s TBC N2 112 

()lillpfilIM BhI,Uenem,1 TBC, B KOTOphrx ou:em-I­
Ba.JIBCb pe3yJlbTaTbl). 

Ha pHc. 2 npHBe,ueHo pacrrpe.ueneHHe 
CKOpOCTII peaKIJ;IDI .ueneHHR .llJIR COCTOID-IHR .N2 
7 a TBC .N2 112 no BbICOTe aKTHBHOH 30HhI, 
pacclfilTaHHoe no nporpaMMaM IIPI13MA H 
MCU-PD [31]. B ;::i;aHHott TBC nornoma10IIU1e 
cTep»arn pery11HpYIQme11 rpynIThr .N2 10 113-
BJlet:JeHbI Ha 64 %, ':ITO npHBO,llHT K H3rH6y 
KpHBOH :meprOBbIL{eJleHHR. 

KaK B11.llHO, Me)l(.uy nporpaMMaMH IIPI13-
MA 11 MCU-PD TaK)l(e tta6mo.uaeTCR xopo­
mee cornacHe pe3yJlbTaToa. CTaTHcTw:1ecKaR 
norpemHOCTb ou:eH1<I1 no nporpaMMe IIPI13-
MA noKacceTHOfO pacrrpe.ueneHHR 3HeproBhl­

.ueneHHR rrpH pa3fo1eH1111 aKTHBHOH 3OHbl Ha 

42 CJIOR no BbICOTe He npeBbIIIIaeT 1 % L{JIR 

QeHrpallbHbIX CJIOeB 11 3 % L{JIR Kpa:mmx. 

2.3. Pac'lembl 6btcomuozo pacnpeoe.neuua 
3uep20Bbtoe.neuua 6 mB:Jllax 

Pact:JeTbl nOTB3JlbHOfO pacnpe.ueneHMR 
':IHCJJa ;::i;eJJemrn: IIO aKTHBHOH 30He C Y':IeTOM 
ero BhICOTHOH 3aBHCHMOCTH BbffiOJJHel-!hl rrp11 
Tex )Ke napaMerpax Mo;::i;eJJHpoBamur, qTo 11 B 
pact:JeTax noKacceTttoro pacnpe.ueneHHR, co 
CJle.llYIOIIUIMR H3MeHeHIDIMM: ':IHCJIO aKTHBHbIX 
nOKOJleHHH - 6 000, ':IJ1CJJO OT6porneHHhrx no­
KOJieHHH - 300, T.e. ':IHCJIO IIpOMO,lleJJHpOBaH­
HblX aKTHBHbIX JilCTOpMH paBHO ~ 15· 109. 

Ha pHc. 3 )];AA TBC .N2 112 rrpHBe,uem,1 
KpHBhie pacnpe;::i;eJJeHHH no BbICOTe CKOpocn1 
peaKu:MH ;::i;eneHH.SJ B rpex TB3JJax, orpaH1I'IH­
Ba1-0IIU1e CHH3Y H CBepxy Bee KpHBhie pacnpe­
;::i;eneHMH B TB3Jlax ,uaHHOH TBC, a TaK)l(e Bbl­

COTHOe pacrrpe;::i;eneHHe, cpe,uHee no TBC. 
HH)l{e Ha pHC. 4 .. . 8 IIpHBe,lleHbl IIOTB3Jlh­

HI,Je pacnpe.ueneHHR no BbICOTe CKOpOCTH pe­
aKJ.:O,Uf .ueneHHR BO BCex 312-TH TB3JJax Ka)I(-

8hJC Ta aKT 

0 50 100 150 200 250 300 350 

P11c. 3. Pacrrpe.!leneH11e cKopocnt pea.KWIB .!leneH11J1 rro BbICOTe 
aKTIIBHOM 30HbI s TBC N2 l 12: 1, 2, 3 -TB3mr; 4 - cpe.uuee fIO TBC 

69 



.LI.OR 113 IT.SITH TBC, OTMe'ieHHhIX Ha p11c. l. B 
OTJIBL[11e OT npHBe.n.eHHbIX paHee pe3yJThTaTOB 

.n.aHH1>1e pacnpe.n.eneHIDI no BhICOTe B Ka»<.uoM 

TB3JJe HOpMHpOBaHbl Ha TIOJIHOe l{lfCJJO .uene-

HliH B TB3Jle. 3TO ITO3BOJUleT ys11.n.eTh, Ha­

CKOJlbKO CHJlbHO OTJlli'·IaIOTC.H BbJCOTHbie 3aB11-

CHMOCTl1 ::meproBbJ.LJ.eJTeHJUI B pa3JTJiliHbIX TB3-

nax O.LJ.HOH TBC. 
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8bJCO a aKTHB OH 3OH I, CM 

0 50 100 150 200 250 300 350 
P11c. 4. HopMHposaHHoe pacrrpe.n.enem1e CKOpOCTH peaKI.J.HH neneHIDI 

rro BbICOTe aKTHBHOH JOHbI B 312-TH rn:max TBC N!! 83 

0,04 
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0,01 

BbICOT 8KTHB H 3OHb , CM 

0 50 100 150 200 250 300 350 

Puc. 5. HopMHpOBaHHOe pacrrpeneneHHe cKopocTH peamIDf neneHH5! 
no BbtcoTe aKTHBHOH JOHbI B 3 12-TH TB3Jiax TBC N!! l 0 I 

0,05 ~ H-
0
-~-~--~--~-~--~-~ 

. en. 

0,01 
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PHC. 6. HopMHpOBaHHOe pacnpeneneHHe CKOpOCTH peaKIIHH neneHIDI 
no BbICOTe aKTHBHOH 3OHbI B 312-TH TB3nax TBC N!! 112 



8bJCO aKT 

0 50 100 150 200 250 300 350 
PHC. 7. HopMHpOBaHHoe pacrrpep,eneHHe CKOpOCTH peaKUHH p,eJieHID! 

JIO BbJCOTe aKTHBHOH 3om,1 B 312-TH rn:max TBC N!! 127 

0,04 

8bJC a aKTH HOH 30 hi, CM 

0 50 100 150 200 250 300 350 
Pwc. 8. HopMJ,IpoBaHHoe pacrrpe,ueneHHe cKopocTH peaKQIDI ,ueneHH.R 

no BbICOTe aKTHBHOH 30HbJ B 312-rn rn:max TBC N!! 14 7 

KaK BH}];IiO Ha rrplrne;::r:eHHhIX pHCym<ax, 

.Ullil Tex TBC, B KOTOphIX OTCYTCTBYIOT rro­

rnom;aIOrn;He CTep)l<I-IJ1:, HOpMHpOBaHHhie pac­

npe,uenemur 3HeproBhI,ueneHIDI no BhICOTe BO 

acex TB3Jiax 6JIH3KH .upyr ;::r:pyry (TBC .N2.N2 
83, 127, 147). B TO )Ke apewi: .UJUI TBC .N2N2 
101 11 112, co,uep)l(anu-rx II3nb1, TaKoro cor­

nacIDI He Ha6mo.uaeTCH, II03TOMY HMeHHO .llllil 

TaKHX TBC 110TB3JlhHhie pacqeThI BhICOTHoro 

pac11pe,ueneHIDI 3HeproBbIJJ:eJiemur rrpe,ucTaB­

JIHIOT Ha1160JihWHH npaKT11qecKHH HHTepec. 

CTaTHCTHqeCKM 11orpeIIIHOCTh OIJeHKH 

IlOTB3JlhHOrO pac11pe,ueJieHIDI 3HeprOBbl,lleJie­

lfH.H B OTJ:{eJihHOM CJIOe .Ullil IIRTH paCCMOTpeH­

ElbIX TBC np11 pa3611emrn aKTHBHOH 30HhI Ha 

42 CJIOH no BhICOTe He npeBhllllaeT 8 % ,Ullil 

TIOJJ:KpHTWieCKHX COCTOIDHIH 11 6 % ,Ullil KpH­

TlflleCKHX. MaKCHMaJihHhle 3HaqeHIDI CTaTHC­

TRqecKOH norpeIIIHOCTH npHXO.U51TCH Ha Bepx­

Inre CJIOH aKTHBHOH 30HhI, B u,eHTpaJihHbIX 

CJIOHX IIorpeIIIHOCTb Jie)l(HT npeHM)'IlleCTBeH­

HO s rrpe,uenax 1 ... 2 % . 

3aKJIIOLfe HHe 

B paMKax COBMeCTHhIX pa6oT .Hl1I.J: "Kyp­

qaTOBCKHH HHCTHTYT" 11 P<l>511.J:-BHlll1T<l> 110 

nporpaMMe IIPM3MA npoBe,ueHh1 pacqeThI 

3QHpeKTHBHOfO K03cpqnn111eHTa pa3MHO)l(eHID! 

He:HTpOHOB, □oKacceTHOro H TIOTB3JlbHOro 

pacnpe,ueneHl1H 3HeproBI,1,nenemur c yqeTOM 

ero BhICOTHOH 3aBHCHMOCTH rrp.11 3a,UaHHbIX 

TIJIOTHOCTHX H TeMIIepaTypax MaTepHaJIOB .Ullil 

nOJIHOMacmTa6HOH TpeXMepHOH MO,UeJIH 

BB3P-l 000 1-ro 6noKa Bonro,uottcKOH A3C c 

rrepBOM TonmmHOM 3arpy3KOH. Pe3yJihTaThI 

pacqeTOB HaXO)lRTCH B xoporneM corJiaCHH C 

pe3yJihTaTaMH, nonyqeHHhIMH no nporpaMMe 

MCU-PD. Pa6orn BbIIIOJIHeHa B paMKax HMP 
no npoeKTy A3C-2006. 
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A1nopbl CTaTI,H rrpHH0C51T 6naro}].apH0CTh 

C0Tpy.[{ID!KaM HHI.J: " KypqaTOBCKHH FfHCTH­

ryT" E.A. roMHHY, ,[(.C. Oneinnfl<y H C.C. ro­

p0}].K0BY 3a nocrnH0BKY 3a,na'IB, K0Hcyfilrn­

UHH H 06cy)KJ.leIU1e pe3yJibTaT0B H 3.C. Ky­

ponaTeHKo 3a ueHHbie 3aMeqaHH.51 rro ynyqme­

HlUO TeKCTa CTaTbH. 
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Y,ll,K 621.039.518.4 

Pac11eTuoe MOAeJIHpoeauue KpHTH11eCKHX 3KCnepuMeHTOB 
ua CTeui:.e PliMK c MOAepeH3HpOBauuou rpact,uToeou KJiaAKOH 

10.B. A.nUMo6, B.K. /(a6bldo6, A.ll. )/(up1106, H.B. PeU1emu11, H.M. Po:J1cdecm6e11cKuii, 
OAO "HHKM3T" , 107140, MocKBa, Ma.JIM KpacttoceJibcKW! yn., 2/8, 

E.A. I'0Mu11, B.E. )/(umape6, B.M. Ka11a1106, 
HHI.J: " K yptiaTOBCKHH HHCTHTYT", 123182, MocKBa, IJJI. K ypqarnBa, 1 

IlOCT)'IDIJia B pe.n.aKUHJO 25.03.2011 r. 

TTpe.LJ.CTaaneHbJ pe3yJibTaTbI pacqernoro MO.D.emtpOBaIDUI 3KCnepH:MeHTOB Ha CTeHJJ.e P6MK C MO,nepHH-
3HpOBaHHOH rpaqmTOBOH KJia,nKOH H HX cpaBHeIDle C 3KcnepHMeHTa.JibHbIMH pe3yfibTaTaM1-I. 3KcnepHMeHTbl 
npoae,neHbI B 2007 r. B o6ocHOBaHHe rrpoeKTa 5-ro 3Hepro6noKa KypcKoH A3C. HeHTPOHHO-q>HJffqeCKHe 
pacqeThl BbJIJOJIHeHbI c HCilOJib30BaHHeM rrporpaMMHbIX KOMnneKcoa MCU-KNV, MCNP4A, SADCO. ll,enh 
pacqeTHJ,JX HCCJie.D.0BaHHH - L{OII0JIHHTen.hHIDI BepmpHKa[{HJI rrporpaMMHhlX cpe,n:cTB, npHMCIUleM.bJX B pacqe­
Tax KaHan:hHblX ypau-rpaq>HTOBhJX peaKTopoB. 

I U llO'le6ble CJI06a: KpHTffqeCK.HH CTeHJJ., MO.D.epID13HpOBaHHIDI rpaq>HTOBIDI KJJa,nI<a, KOMIIeHCaUHJI pea1<­
THBHOCTH, npefU13HOHHhIH paC'leT MeTO.D.OM MottTe-Kapno. 

Calculated Modeling of Critical Experiments on RBMK Mock-up with Modified Graphite Blocks. 
Yu. V. Alimov, V.K. Davydov, A.P. Zhirnov, L. V. Reshetin, J.M. Rozhdestvenskiy, JSC "RD/PE", 2/8, Ma­
laya Krasnosel'skaya St., Moscow, 107140, E.A. Gomin, V.E. Zhitarev, V.M. Kachanov, NRC "Kurchatov 
Institute", 1, Kurchatov Sq., Moscow, 123182. 

Results of calculational modeling of critical experiments on RBMK mock-up with modified graphite 
blocks are presented and compared with experimental results. Experiments were performed in 2007 for sup­
port of the Kursk-5 NPP project. Ncutronic calculations were performed using MCU-KNV, MCNP4A, and 
SADCO codes. The purpose of computational research is additional verification of codes to be used for 
RBMK reactor analysis. 

Key Words: Critical Mock-up, Modified Graphite Block, Reactivity Compensation, Monte Carlo Precise 
Calculation. 

Bee,aenue 

CTeH,ZJ. PEMK c Mo.n.epHH3HpoBaHHOH rpa­
~HTOBOH KJia,[{KOH SIBJUHITCSI ~HJHqecKOH M0-
.n.em,10 peaKTopa 5-ro 3Hepro6noKa KypcKoH 
A3C H HCil0Jib3yeTCSI )].JUI 3KCnepiiMeHTaJibH0-
ro HCCJie)].0BaHHJI HeHTPOHHO-~H3HtieCKHX xa­
paKTepHCTHK eatiaJibHOH 3arpY3KH peaKTopa. 
B MO)].epHH3HpOBaHHOH KJia)].Ke rrpH coxpaee­

HHH rrrara pewe-r.trn Kaeanoa 3a CIJCT rrpHMene­
HIDI B0CbMHrpaHHbIX 6JIOKOB K0JIWieCTB0 rpa­

¢HTa B Sl'-leHKe yMeHI,maeTCSI Ha ~ 20 %. 
IlpH coxpaHeHIDI K0HCTPYKQHH TeIJJI0Bbl­

)].eillllOillHX c6opoK (TBC) :no o6ecrretIHBaeT 
YBeJIWleHHe ypae-rpa~HTOBoro 0TH0meHHSI B 
aKTHBHOH 30He H npHB0)].HT K H3MeHeHHJO 3<p­
¢eKTOB H K03~¢HIJ,HeHTOB peaKTHBH0CTH, B 
nepByro oqepe.l{b nycroTHoro (napoBoro) 3<p­
~eKTa peaKTHBH0CTH TeITJI0H0CHTeJUI. Onpe­
.n.eneHHe 3~~eKTOB peaKTHBHOCTH, CBSI3aHH.bJX 

C H3MeHeHHeM ITJI0TH0CTH TeilJI0H0CHTeJUI B 
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KaHaJiax c TBC, .smJU1eTcsi Ba)KH0H Ja.uaqeif 
(pH3H'-leCKHX HCCJie)].OBaHHH, H 3KcnepHMeH­

TaJibHbie )].aHHbie HCITOJib3yJOTCSI B KaIJeCTBe 

penepHbIX pe3yJibTaTOB . 

Ilocne npmurTHSI peweHIDI o 3aBepmeHHH 
CTP0HTeJibCTBa 5-ro 6noKa KypcKoH A3C Ha 
crett.n.e PEMK Bhmonueea cepHSI 3KcnepH.MeH­
T0B )].JUI BepH<pHI<aUHH paCIJeTHbIX K0)].0B B 06-
0CHOBaHHe HaIJaJI.bHOH 3arpy3KH peaKTopa H 

JKcnepHMeHTIUibttoro onpe.n.eneHIDI HeHTPOH­
HO-~HJHqecKHx xapaKTepHCTHK KpHTHqecKHX 

CHCTeM C MO)].epHH3HpOBaHHOH KJia)].KOH [1]. 
PacqeTHOe MO)].eJIHpOBaHlle 3KCnepHMeH­

TOB npoBe)].eHo C IlpHMeHeHHeM npeQH3HOH­

HblX K0.D.0B MCU-KNV [2] (.uaJiee MCU), 
MCNP4A [3] (.uaJiee MCNP) H Ko.ua SADCO 
[ 4]. B C00TBeTCTBHH c pa6oqeif nporpaMMOH 
BbIIl0JIHeHa cepHSI 3KCnepH.MeHT0B co c6opKa­
MH, co.n.ep)Kall{HMH KnacTepm,ie perynHpyro­
IIJ,He opraHbI (KPO) H KJiaCTepHhie )].0il0JIHH­
TeJibHbie IT0rJI0THTeJIH (KJJ:TI). 



1. KpaTKOe OilHCaHlfe CTCH}la PliMK CAB-6, pemeTKa KaHaJIOB KBa.npaTHaj{ c ma­

roM 250 MM. BbICOTa 3KTl1BHOH 30Hhl CTeH,L(a 

no TOITJ111BY COCTaBAAeT 3,46 M. r paqrnToBaH KJia)U<a cTeH,L(a 11MeeT pa3Mep 

4,5x4,5x4, l M H COCTOHT H3 6JJOKOB pa3JIBq­

HOH KOHqH1:rypa11IIB (p11c. 1). U:eHYpam.HaH 

qacTb rpaq>HTOBOH KJia,L(Irn (196 KOJJOHH) co6-

paHa H3 MO,L(epHH3HpOBaHHblX rpaq>HTOBbIX 

6JJOKOB - BOCbMHrpaHHbIX np113M co CTOpOHOH 

ocHoBaHIDI l 03 MM. ITo nepmteTPY 3TOH qac­

TH KJia,L(KH pacnorrmKeH pR.n KOJIOHH m mec­

nrrpa1-rnbrx 6rroKoB. ITocrremuttt nepmpepIDi­

HbIB pH,L( COCTOHT H3 qeTb1pexrpaHHbIX 6JJOKOB 

co CTOpOHOH OCHOBaIDUI 250 MM. B KJI3,L(Ke 

pa3MemeHbI 324 BepTHKaJIJ,HbIX KaHaJJOB c 

Ypy6aMH ,L(HaMeTpoM 88/80 MM 113 crrrraBa 

B 33BHCHMOCTl1 OT pemaeMblX 33,L(aq B Ka­

HaJIJ,J ycTaHaBJIBBaIOTCH pa3JIWIHbJe 3JJeMeHThI 

3arpy3KH peaKTopa: TBC, ,[(IT, HMHTaTOphI 

cTep)l(HeH CY3, CTep)Klm CY3 cTeH.na. Bee 

3JJeMeHTbJ 3KT11BHOH 3OHbl HMeIOT He3H3q],1-

TeJihHbie OTKJiotteHIDI OT rnTaTHOH KOHCTPYK-

1.IHH, HO BhICOTa aKTHBHOH 3OHbl paBHa norro­

BHHe BhICOThI peaKTOpa. 3TOT cj:>aKT B COBO­

KynHOCTl1 c KOHCTPYKTHBHblMH oco6eHHOCTR­

MH onpe.neAAeT .nmrny norJJOTHTeAA B HCIIOJib-

3yeMhIX MO,L(eJUIX ,[(IT H CTep)KHeH CY3. Ka)K­

,L(hIH 3JieMeHT 3arpy3KH, a TaIOKe ,L(eTeKTOpbl l1 
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P7 

P6 
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P4 
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IDIP 
1 

3m 
1 

IDIP 
4 

3:m-I ITTJI IDIP 
1 1 2 

211 2,0 p- 2,0 2,0 2,0 hl 2,0 2,0 2,0 2,0 2,0 2,0 I-:!- 2H 
- - c - - II - - Cl - -□- - a - - - -

2,0 I 2H I 2,0 I ,J;II I 2,0 I 2H I 2,0 I ,J;II I 2,0 I 2H I 2,0 I ,:i;rr I 2,0 I 2H I 2,0 I ,J;II - - - - - - - - - - - - - -
K' I 2,0 J 2,0 I 2,0 I .-\J I 2,0 I 2,0 J 2,0 I Pl J 2,0 I 2,0 ] 2,0 J A - J 2,0 J 2,0 [ 2,0 

- - a - - a - -□- - •- - c - - c - -
2,0 I ,J;II I 2,0 J 2,0 I 2,0 I ,J;II I 2,0 I 2,0 I 2,0 I ,J;II I 2,0 J 2,0 I 2,0 I ,:i;rr I 2,0 I 2,0 

- - - - - - - - - - - - - -
2,0 I 2,0 I A:- I 2,0 I 2,0 J 2,0 I Il(' I 2,0 I 2,0 I 2,0 I II(' I 2,0 I 2,0 I 2,0 [ I 2,0 

a - - a - - m- -□- -□- -□- - a- -□ 
2,0 I 2H I 2,0 I ,J;II I 2,0 j 2H J 2,0 I ,:i;rr I 2,0 j 2H I 2,0 I ,J;II I 2,0 I 2H I 2,0 I ,J;II 

- - - - - - - - - - - - - -
~~2~l~J~l rr~~l~t 2~1 ~ ~ 2~12~~~ln~2~l~J~ 

3:m-I 
2 

2,0 I ,J;II I 2,0 I 2,0 I 2,0 I ,J;II I 2,0 2,0 I 2,0 I ,:i;rr I 2,0 I 2,0 I 2,0 I ,:i;rr I 2,0 I 2,0 
- - - - - - - - - ----< - - - -

2,0 I 2,0 I N I 2,0 I 2,0 I 2,0 ] i-:- I 2,0 I 2,0 I 2,0 j II(' J 2,0 I 2,0 j 2,0 I P6 j 2,0 

•- - •- - Cl - - •- - •- - •- -■- - • 
2,0 I 2H I 2,0 I ,:i;rr I 2,0 [ 2H I 2,0 I ,J;II I 2,0 I 211 I 2,0 I ,J;II [ 2,0 I 211 I 2,0 I ,J;II 

- - - - - - - - - - - - - -
~2~,~~~l ~l ~l~l~l m12~J~~~IM~~l~ l ~ 

3IlT 
2 

2,0 I ,J;II I 2,0 I 2,0 I 2,0 I ,J;II I 2,0 I 2,0 I 2,0 I ,:i;rr I 2,0 2,0 I 2,0 I ,J;II I 2,0 I 2,0 
- - - - - - - - - - - - - -

2,0 I 2,0 I A:! I 2,0 I 2,0 I 2,0 J 1'.'8 I 2,0 I 2,0 J 2,0 I A➔ J 2,0 J 2,0 I 2,0 J I-:➔ I 2,0 
- - 11 - - CJ - -□- - D- - [] - -□- -

2,0 I 2H I 2,0 I ,J;II j 2,0 I 2H I 2,0 I ,J;II I 2,0 I 2H I 2,0 I ,J;II I 2,0 I 2H j 2,0 I ,J;II 
- - - - - - - - - - - - - -

i-:6 I 2,0 I 2,0 I 2,0 I I 2.0 I 2,0 I 2,0 I ~ I 2,0 I 2,0 I 2,0 I P8 I 2,0 I 2,0 I 2,0 
- - a - -■- - a- - •- - •- - •- -

2H ,J;II 2,0 2,0 2,0 ,J;II 2,0 2,0 2,0 ,J;II 2,0 2,0 2,0 ,J;II 2,0 2H 

HTJI 3:m-I IDIP 
2 3 3 
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P0:c. l. KaprorpaMMa 3arpy3KH 1-1:ccrrenoBaHHbrx c6opoK: 2,0 - TBC 2 % (JlHOKCHJl); 2I1 - TBC 2 % c HMHTa­
TopaMH HHTeHCHCpHKaTopoB Tenrroo6Metm; ,I(II - )lOnOJIHHTem,HbTH nornonnellb ( CTaJTbHOH HJII-I: KJiacTep­
Hbrn); HC - HMHrnrnp crep)Kffi! CY3; Al...- cTep)KHJ1 A3; Kl...- cTep)l(IDI KO KOMneHcamn1 peaKTRBHO­
crn; Pl...- cTep)KHll pyqHoro peryrr11posaHID1 (PP); ■ - KaMepa "KeHrasp" {KHT-5); I - rnpJIJIHna BhI­
COTHhIX KaMep "KeHTaBp" (KHT-5); III1P, 3lII1, I1TJI, 3I1T - J(arq],fKH HefiTpOHHOro TIOTOKa 
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cTep)KHR CY3 Ha ttl-f)KHeM K0HUeBHKe (HK) 
pacITonaraIOTC.sI ITO BblC0Te CHMMeTPWIH0 0T­
H0CHTeJibH0 cpe,ruieii ITJI0CK0CTH aKTJilBHOH 
30Hbl. 

,n:mi: H3MepeHH.sI rrp0CTPaHCTBeHHblX pac­
rrpe.n;eneHHH IIJI0TH0CTH IT0TOKa TeITJI0BbIX 
HeHTp0H0B no aKTHBHOH 30tte rrpHMeIDirrach 
MH0f0Kamun,Ha51 aBT0MaTH3HpoBaT:IHa51 CHCTe­
Ma KEHTABP. B MO,n;epHH3HpoBaHHOH KJia.n;­
Ke MaJIOra6apHTHbie KaMepbI CHCTeMbI pacIT0-
naraIOTC.H B BepniKaJibHl,IX KBa.n;paTHbIX KaHa­
nax B yrnax .srci:eeK: 54 B cpe.n;tteii ropH30H­
TaJibHOH ITJJ0CK0CTH )I.JI51 H3MepeHH51 pa,n;HaJib­
HbIX pacrrpe.n;erreHHH, a ,n;Be fHpmIHJJ;bI ITO 7 Ka­
Mep .UM BbICOTHbIX pacrrpe.neneHHH (Hl B Ka­
Hane 10-8, H2 s KaHane 6-12). 

.ll:AA HCCJie)I.0BaHIDI xapaKTepHCTHK KPO B 
MO.n;epHH3HpOBaHHOH rpaq:>HTOBOH KJia,n;Ke Ha 
CTeH.n;e HMeIOTC51 3 KJiaCTepHbIX CTep)KJUI CY3 
C nornorn.aIOIIIHMJ-1 3JJeMeHTaMH BbICOTOH 375 
CM H )I.HaMeTP0M 8,2 MM, co.n;ep)l(aIIJHMH no­
pomoK THTaHaTa )I.HCITp03H51 C TIJI0THOCTbIO He 
Mettee 4,9 r /cM3

' K0T0pbre M0ryT pa3MeIIJaTbC.sI 
B Kattanax HMHTaT0p0B CY3. 

2. MeTO,!lm~a pac'-leTOB u pac'-leTHble KO,!lbl 

,n:n.si: ITp0Be,n;eHH51 pacqeTHbIX Hccrre.n;osa­
HHH rrpHMeHeHbI npeumH0HHoie K0JJ;bI MCU H 
MCNP, HCIT0JJb3YIDIJ.Ufe MeTO.n; MoHTe-Kapno 
(MMK), a TaK)l(e rrporpaMMHnIH KOMITrreKc 
SADCO, s K0TopoM ypaBHeHHe rrepettoca 
HeHTpOHOB pemaeTC.sI B .n;Byxrpynn0BOM )I.Hq:>­
cpy3HOHHOM npH6JJH)l(eIDfH C npHMetteHJiteM 
H0)I.aJibHbIX MeT0ll0B. 

B pacqernx no Ko.ny MCNP 11cnoJJb30Ba­
Ha CTaH)I.apnia.H 6H6JJHoTeKa HeHTPOHHbIX ce­
qeHMH ENDF60 s noToqeqttoM npe.n;cTasne­
mrn, octtoBaHHaR tta cpaiirrax ouetteHHhIX .n;aH­
m,rx ENDF/B-VI. B pacqeTHOM M0)I.eJIH no K0-
.ny MCU np11MeH.HeTc.si: 6H6JJHoTeKa tteHTpoH­
HbIX ,n;aHHhIX MDBKNV50. 

B KOHqmrypawrn C0CTaBH0ro q:>H3HqecKO­
ro M0)I.yJI51 HCIT0JJb3yeTC.H: no.n;Mo.n;yJJb <l>HME­
PO3H B .n;Rana3otte 3Heprnii HeHTP0H0B 10,5 
M3B .. .4,65 38 Ha octtoBe 6H6IDioTeKH EHA6 
MCU. B TennoBOH o6rracTH cneKTPa npHMe­
I-UieTc.si: no.II.M0.II.YJJb <l>I1MTO3H c fo16JJH0Te­
KOM VEST A H □oTOqeqffbJM npe.n;cTaBJJeHHeM 
ceqeirn:it B pacqernx no rrporpaMMH0M)' K0M-
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nrreKcy SADCO 11c□OJJb30BaHbI MaKpoceqe­
HIDI, norryqeHHbJe H3 IIOJJHOMaCII1Ta6ttoro pac­
qeTa cTett.n;a no Ko.n;y MCU. 

3. Pe3yJibTaTbl pac'-leTHblX HCCJie,!lOBaHHH 

Ha 0CH0BaHIDI pacqeTH0f0 aHaJJH3a 3KC­
ITepHMeHTaJJbFfblX .n;aHHbIX ycTaH0BJietto, qTo 
CK0MITeHCHp0BaTb H36bITOCJHYIO peaKTHBH0CTb 
HaqaJibHOH 3arpy3KH peaKTOpa C □pHMeHeHH­
eM T0JJbK0 0)1.HHX CTaJibHbIX ,[(II (C,[(Il) HeB03-
M0)l(H0. Ilo3TOM)' npHIDIT BapHaHT C HCil0JJb-
30BaHHeM KOM6Httarnrn C,[(Il H K,n:Il. 

B 3KcnepHMettrnx Mo.n;errh KPO, a.n;arrTH­
poBaHHa.si: K ycJJ0BH5IM CTeH.n;a, HCCJJe)I.0BaJiaCb 
s KpHTH'IeCKOH c6opKe, npe.ucTaBJUllOIIJeH co-
600. cpparMeHT IlOJJHOMacrnTa6HOH HaqaJJbHOH 
3arpy3KH peaKT0pa H3 256 KaHaJI0B. Hcxo.n;Ha.SI 
c6opKa co.n;ep)l(ana 192 TBC 2 % o6orame­
HIDI, TPH HMHTaTOpa CY3 (HCY3), a s Kaqe­
cTBe ,n:rr - 32 C,[(Il ( c6opKa 3A). KPO 3arpy­
)l(aJJHCb B KaHan:bI .HqeeK c6opKH BMeCT0 IllTaT­

HbIX HCY3. 
3KcITepHMeHTaJibHO HCcrre.n;oBam1 crre.ny-

1-0IIIHe C0CT0IDIIDI: 
1. Hcxo.n;Ha.H c6opKa 3A (32 c,n:n, 3 HCY3) B 
cocTO.SIHHH KOMTiettcamm: (KO, PP5,7 Ha Bepx­
tteM KoHUeBin<e (BK), PP3 - 255 CM (3,n;ecb H 
HH)l(e no YKa3aTeJIIO IlOJIO)KeHIDI), 0CTaJJbHble 

PP-HK). 
2. 32 C,[(Il, 2 HCY3, 1 KPO (HCY3 s KamU1e 
P 13-8 3aMetteH Ha KPO, K0MTieHcauH51: KO, 
PP5,7-BK, PP3 - 305 CM, ocTaJJoHbie PP-HK). 
3. 32 c,n:n, 1 HCY3, 2 KPO (.n;onomrnTeJTl,HO 
3aMeHa HCY3 B KaHarre P7-6 Ha KPO, K0M­
ITeHcawur: KO-BK, PPS - 210 CM, ocTaJJoHbie 
PP-HK). 
4. 32 c,n:n, 3 KPO (.II.OITOJIIDiTeJJbHO 3aMeHa 
HCY3 B Kattarre P13-12 Ha KPO, K0Mneuca­
UJ,151: KOl,2,3,5,6,7,8-BK, KO4 - 165 CM, see 
PP-HK). 
5. 24 C,[(Il, 3 KPO, 8 K,[(Il (c6opKa N':! 3A-8-
24). Bee cTep)l(IDI KO, PP - Ha BK. 
6. 24 c,n:rr, 2 KPO, 8 K,[(Il. KoMITeHcauH.SI: 
KO, PPl,3,5,7-BK, PP4 - 290 CM, 0CTaJibHbJe 
PP-HK. 
7. 24 C,[(Il, 8 K,[(Il. KoMITeHcauH51: KO, PPS­
BK, PP7 - 360 CM, ocTaJJoHbie PP-HK. 



T 6 a 1 p JI nu a . e3ynbTaTbl pacqeT0B K 6 ,m Kp11TC 0p0K 

CocTOHHHe K,m o**, % 
MCNP MCU MMK• SADCO 

1 0,9994 ± 0,0003 1,0013 ± 0,0002 1,0004 ± 0,0003 0,9977 0,04 
2 0,9997 ± 0,0003 1,0021 ± 0,0002 1,0009 ± 0,0003 0,9980 0 ,09 
3 1,0000 ± 0,0003 1,0022 ± 0,0002 1,0011 ± 0,0003 0,9980 0,11 
4 0,9996 ± 0,0003 1,0022 ± 0,0002 1,0009 ± 0,0003 0,9978 0,09 
5 1,0004 ± 0,0003 1,0002 ± 0,0002 1,0003 ± 0,0003 1,0031 0,03 
6 0,9997 ± 0,0003 0,9995 ± 0,0002 0,9996 ± 0,0003 1,0013 -0,04 
7 1,0003 ± 0,0003 0,9988 ± 0,0002 0,9996 ± 0,0003 1,0040 - 0,04 
8 1,0000 ± 0,0003 0,9971 ± 0,0002 0,9986 ± 0,0003 1,0000 - 0,14 

* - cpero-ree 3HaqeHHe K,cj, B pacqeTa:x 110 MMK 

** - ornocHTefilHaH norperuHOCTh pacqeTa MMK (6 = ( K ~MK - K;c )/ K;c ) 

8. 16 C,[(ll, 16 K,[01 (c6opKa N!! 3A-16-16). 
KoMueHcau1ur: KO, PPl,3,5,7-BK, PP4 - 333 
CM, 0CTaJibHhie PP-HK. 

Pacr.ieTHbJe HCCJie)].0Bamrn )].aHHbIX 3KCIIe­
pHMeHTOB npoBe)].eHbI no K0)].aM MCNP, MCU 
H K0MrnieKcy SADCO. Pe3yJibTaThI npHBe)].e­
Hbl B Ta6JI. 1. 

CrnTHCTWiecKaJI norpellIH0CTh K:x (lcr) 

IIpHBe)].eHHblX pe3yJibTaT0B C0CTaBJUieT ± 
0,0003 (20-106 HCTOpHH HeHTpOHOB B Ka)J()].0M 
COCTOfillIDf). 

,[(JUI COCTOHIDIH 1 (HCXO,[(HaH c6opKa N!! 
3A) 11 8 ( c6opKa N!! 3A _ 16 _ 16) npoBe)].eHbI 
pacqeTbI pa,[(HaJibHblX H aKCHaJibHbIX pacnpe­
)].eJieHRR TI0T0Ka HeHTpOHOB B MeCTax pacno­
JI0)l(eIDUI )].aT'lliK0B H3MepHTeJibH0ro K0MTI­
JieKca KEHT ABP. Pe3ynhTaTbT H3MepeHHH 11 
pacqeT0B npHBe)].eHbJ Ha pttc. 2 ... 5. B pacqe­
rnx pa.[(HaJibHbIX pacnpe)].eJieilllli cpaBHHBa­
IOTCH 3HaqeHH5[ II0T0K0B HeHYpOHOB B pH)].aX 
paCII0JI0)l(eHIDI )].aT'Il:IK0B (pHc. 1 ), B T0"!Ke ne­
peceqeHHH K0T0pbIX HaX0,[(HTCH MaKCHMYM 
noJUI. HYMepauHJI pH)].0B no X - CJieBa Hanpa­
Bo, no Y - CHH3Y BBepx. 

Pa.[(HaJibfilIH K03Q)QJHI.lHeHT Kr ttepaBH0-
MepH0CTH II0JUI Heih·poHOB B c6opKe 3A pa­
BeH 2,3 no H3MepeHIDIM H 2,3 ... 2,35 no pac­
qernM. Ko3QJQJHUHeHT Kz aKCHa.JlhHOH ttepaB­
H0MepH0CTH no H3MepeHH.H.M B BbIC0THbIX 
rnpJUIH)].ax Hl 11 H2 paBeH 1,33 ... 1,34, no 
pacqernM 1,36 ... 1,37. 

llp11 nepexo)].e K c6opKe N!! 3A_ 16_16 (3a­
Metta 16-ru C,[(ll Ha K,[(ll) K,. CHM)l(aeTcH .no 
2,11 no H3MepeHHHM H )].O 2,12 ... 2,14 no pac­
qernM. 3ttaqeHHe Kz npaKTWJeCKH He MeHHeT­
CH. CornacHe Me)l(.n:y pacqeToM H 3Kcnep11-
MeHT0M M0>KH0 rrpH3HaTb xop0illHM. 

O60CHOBaHHe BbI6opa HaqaJibH0H 3arpy3-
KH aKTHBHOH 30HbI peaKTOpa 5-ro 6noKa Kyp­
CKOH A3C ocHoBaHo Ha cpaBHeIDrn H aHa.JIB3e 
pe3yJibTaT0B 3KCnepHMeHT0B Ha CTeH)].e H pac­
"!eT0B HeHYpOHHO-QJH3JflJeCK.HX xapaKTepHC­
THK CTeH,n:a H peaKTopa. 

B Kaqecrne npHMepa rrp1rne)].eM pe3yJibrn­
TbI pacqeTH0-3KCnepHMeHTaJibHbIX HCCJie,n:o­
BaIUfH 3QJQJeK'ra o6e3BO)KJIBaHHH TBC B KpH­
T11qecKHX cocT0HHRHX c6opKH N!! 3A_ l6_ 16 
cTeH,n:a PEMK (192 TBC, Bap1rnHT 8 rn6n. 1) 

T a 6 JI n u a 2. 3 eKT o6e3BO)l(HBamur TBC 

1,0 1,0000 ± 0,0003 0,9998 ± 0,0003 
- 7 ,6 - 7 ,0 ± 0, I - 8,2 ± 0, I 

T 6 a JI n u a 3 ,n orrsi rrornorueHHhJX HeHTP0HOB, % 
CTeHJJ. C6opKa4x4 

(c6. NdA 16 16) II 0JUUf'I eeK 
TBC 79,8 79,5 
L(II 11,7 12,6 
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P11c. 3. Pacnpe.neneHHe IlOTOKa HeifTpOHOB B BhICOTBOH rnpnmne Hl (c6opKa 3A) 

H c6opKH 4x4 norr1151tieeK B peaKTope 5-ro 
6noKa KypcKOH A3C (189 TBC) npH Ha6ope 
HatJa.JTI,HOH 3arpy3KH, K0TOpaj{ no tJH.cny TBC 
HaH6onee a,n:eKBaTH0 C00TBeTCTByeT ycnoBH­
}TM 3KcnepHMeHTa, a TaK)l(e cpaBttem1e .n.onH 
nornomeHHbIX HeHTpOHOB B }T'leHI<ax c TBC 11 
.l(Il B KpHTHl.feCKHX C0CT0IDUUIX. Pe3yJ!bTaTbl 
npHBe,n:eHhJ B Ta6n. 2 H 3. 

ITonyqeHHhie pe3yJ!bTaTbI no,n:TBep)l(.D,aIOT 
xopoUiee c0Bna.uem1e pe3yJ!bTaT0B pacqfaa H 
3KCnepHMeHTa, a TaK)l(e a.n.eKBaTH0e C00TBeT­
CTBHe HeHTpOHHO-cpH3HlJeCKHX H cneKTpaJ!b­
HblX xapaKTepHCTHK RaqaJII,HOH 3arpy3KH pe­
aKTopa 5-ro 6noKa KypcKOM A 3C H CTeH.n.a 
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PEMK c Mo.uepIDt3HpoBaHHOM rpacp11TOBOH 
Kna,n:Koi1. 

3aKJUO'-ICHH C 

C 11cn0Jih30Ba1-rneM rrperun110H1-1brx Ko,uos 
MCU-KNV, MCNP4A H nporpaMMHoro K0M­
nneKca SADCO Bhtn0JIHern,1 pacqfabI HeMT­
poHHo-cp113H':l:ecKHX xapaKTepHCTHK pa3JlHq­
HbIX c6opOK CTetma PEMK B BH)J.e cpparMeHTa 
3arpy3KH peaKT0pa B ycnOBllifX M0)J.epHH3Hp0-
BaHHOM rpacpHTOBOM KJlaJ(KH 5-ro 3Hepro6no­
Ka KypcKoii A3C, co.D.ep)l(am11x TBC 2 o/o 
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PHc. 5. Pacnpe,uenettHe noToKa HettTpOHOB B BhICOTHOH mpmrn,ue Hl (c6opKa 3A_ l6_ 16) 

o6oram,emur, C)lll HJIB K)UI, a TaK)Ke lllTaT­

n1,1e HJIB KJiacTeptt1,ie cTep>KHl1 CY3. 

IlpoBe,UeHO cpaBHeHHe paclfeT0B H 3KCne­

PHMeHT0B no 3cp<peKTJIBHOMY K03qJ<pl1I.{HeHTY 

Pcl3MHO)Kemrn B KpHTH':leCirnX COCTOIDUUfX 

np11 KOMTieHcau1111, a TaK)Ke no pacnpe,ueneHH­

™ IIJIOTHOCTH TTOTOKa HeihpoHOB no pa.[(Hycy 
a Bl,ICOTe c6opoK. 

Pe3yJibTaTbl pac1:1eTOB 3THX c6opoK no KO­

.ll;aM MCU 11 MCNP c0Bna,ua10T Me)K,lly co6oii 

B npe,uenax CTaTHCTI11:IeCKOH norpeIIIHOCTFI 

pacqeTOB (± 3cr). MaKCHMaJibHOe OTJIH1:1He 

pacqeTHI,IX 31-lalfeHJfH K3cp OT 3KCIIepHMeHTaJib­

RI,JX cocrnBJUieT 0,06 % .llJUI. Ko,ua MCNP 11 

0,29 % .llllil Ko,ua MCU. TaKoe OTJIHlfHe Me)K­

.llY 3KCrrepHMeHTaJibHblMH ,UaHHI,IMH H pe3yJib­

TaTaMH penepfilIX pacqeTOB no MMK xapaK­

TepHo .llJUI IIO,UaBJIIDOl!lero 60Jil,IIIHHCTBa KpH­

TI11:IeCKl1X 3KcnepHMeHTOB KJiacca Benchmark. 

OTJIHq],le pe3yJibTaTOB pac1:1eTOB no KOMTI­

JieKcy SADCO OT 3KcnepHMeHTaJibHbIX ,uaH­

filIX coCTasJUieT 0,2 ... 0,4 %. Xopowee corna­

cHe pacqeTOB H 3KCIIepHMeHTOB Ha6mo,n:aeTC51 

.llAA pa,UHaJibHbIX 11 BbICOTHI,IX pacrrpe.uenemrn 

IIJIOTHOCTH IlOTOKa HeHTpOHOB. Cpe,UHeKBa,ll­

paTHlfeCKOe OTKJIOHeHHe OT pe3yJibTaTOB 3KC­

□epHMeHTOB ,n:JUI: KO.UOB MCNP H MCU B pa­

.UHaJibHOM pacnpe,n:eJieHI1l1 TTJIOTHOCTH IIOTOKa 
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1-1eihpoHOB COCTaBJUleT He 6011ee 9 %, a B Bbl­
COTHOM pacnpe.ueneHID! no ~YM rHpllilH).J.aM 
KaMep rncTeMhI KEHTABP - or 6 .uo 10 %. 

IIony'-leHHbie pe3yJibTaTbI Il03B0JlffiOT C)J,e­
JlaTh BhIBO).J., 'ITO npHMeHeHHe pacqerm,rx KO­
.nos MCU-KNV, MCNP4A 11 SADCO .Ullil on­
pe,ueJ1emu1 Heihpo1-11-10-cpH3lflJeCKHX xapaKTe­
pHCTHK PEMK c Mo,uepHH3Hposamrni1 rpacpH­
TOBOH KJ1a,UKOH co cse)KHM ronmrnoM s xo-
11on1-10M cocTOITTrnH 6y,ueT o6ecnet.J.HsaTh no­
rpemHOCTb pacqerns K3qi 1-1e 6onee 0,5 %. 

CnucoK J1HTepaTypb1 

l . Ka11aH06 B.M., )/(umape6 B.E., AuopuR.1106 
I'.A., l/11Ky tt06 B.K., mamtlJI0610.C., Cepze6Hllll 
A.IO. IIposeneHHe 3KCnepHMettTOB Ha cTeEUJ.e 
PEMK c KpITTWieCK11MH c6opKaMH, conep)l(allJ.KM11 
KJTacTepHh1e ,UII 11 KPO. IIpoTOKOJI PHU "Kll" 
HHB. N°!l 33-14/07-75, 2007. 
2. AReKcee6 H.H., Eonbiuazull C.H., I'o111u11 E.A., 
I'opodK06 C.C., I'ype6U'I M.H., Kllllyz1111 M.A., 

KynaK06 A.C., Mapu11 C.B., Ho6oce.nbl(e6 A.ll., 
OneiinuK J(.C., llpRHll'IIIIIK06 A.B., Cyx11110-
XoMeHKO E.A., filKapo6cKuii J(.A., IOdKe6U'I 
M.C. CTaryc MCU-5 II BAHT. Cep. ¢H3HKa 
»nepm,rx peaKTopoB, 2011, HaCTOHll~IUI c6opHHK. 
3. MCNP - A General Monte Carlo N-Particle 
Transport Code. Version 4A. LA-12625-M. 1993. 
4. AlzUM06 10.B., Eapu1106 C.B., ,4a6bl006 
B.K., Ky1ueUr06 ll.6., lla11uu B.M., Po;,,c<)ecm-
6eucKuii M.H., Caxapo6a T.10. 11porpaMMHhlH 
KOMnJTeKc SADCO ,n;JUI pac4e-ra QJH3H4eCKHX H 
.nHHaMITTeCKHX xapaKTepHCT11K sono-rpa<pHTOBhlX 
peaKTopos nma PEMK. Bep11cpHKal(HOHH1>rn OT'IeT 
Hl1KH3T HHB. N!! 050-001-5320, 1998. 

KomnaKmHaR UHqJOpMai/U.R. -
J(aebLOoe BRaiJw.,up KoHcmaHmUHOBU'I, c. H. c., 
meR.: (499)763-04-00, e-mail: davydov@nikiet.ru 

BonpOChl aTOMHOH HayKH H TeXHl1KH, 
Cep. <l>l13HKa H,D;epHhlX peaKTopoB, 2011, Bhin. 4, 

C. 74-80. 

Y,LJ;K 621.039.526 
Pacl.feTHblH auaJIH3 3KCnepHMeHTOB B peaKTope ua 6blCTpbIX ueuTpouax 

B.K. ,4a6bl006, K.M. Ka.nyz una, 
OAO "HHKJ13T", 107140, MocKBa, Manrui: Kpac1-1oceJ1bCKa~ yn., 2/8, 

E.A. I'o.Mu11, 
HMIJ: "Kypt.JaTOBCKHH HHCTHTyT", 123182, MocKsa, nn. Kypt.JaTosa, 1 

Ilocrymma s pe,lJ,aK1UfIO 21.03.201 l r. 

TipencTaBJTeHI>1 pe3yfilTaThI pacqe-r1-1oro Monerrnposamur 3KCIIep11MeHT0B na 3arpy3Ke MK-I peaKTopa 
JOYO Ha 6hIC'fPhIX He11-rpo11ax c na-rpneBhIM TellilOHOCHTeJTeM . .[(n:H pacCieTOB 11cnoJTh30BaH Kon MCU-KS, 
ocHoBaHHhIH Ha MeTo)le MottTe-Kapno. Uefil pacCieTHhIX 11ccnenosamrn - nonoJIID1TefilH<UJ sep11cp11Kal.lIDI 
Kona MCU-KS nJUI c11cTeM c 61,1cTphIM caeKTp0M Hefrrpottos. 

Kll10'le8ble CJIO(Ja: peaKTOp Ha 6hIC1"phIX Hett-rpOHax, MeTO)l MoHTe-Kapno, 3cpcpeKT peaKTHBHOCTH, pac­
C{e'fHblH K0)l MCU-KS. 

Calculated Analysis of the Fast Reactor Experiments. V.K. Davy dov, K.M. Kalugina, JSC "RDIPE ", 
2/8, Malaya Krasnose/'skaya St., Moscow, 107140, E.A. Gomin, NRC "Kurchatov Institute", 1, Kurchatov 
Sq., Moscow, 123182. 

The results of calculated simulation of experiments on the core MK-I of the fast reactor JOYO with so­
dium coolant are presented. MCU-KS code, based on Monte Carlo method, was used for calculations. The 
purpose of computational research is additional code verification for systems with fast neutron spectrum. 

Key Words: Fast Reactor, Monte Carlo Method, Reactivity Effect, MCU-KS Code. 
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IIepBhIH Hn0HCKMH 3KcnepHMeHTaJThfilrn 

peaKTop JOYO Ha 6bICTJ)hIX tteifrpottax c HaT­

pHeBbIM TeTTJI0H0CHTeJJeM BBe)].eH B 3Kcmrya­

TaU:HIO B OKrn6pe 1977 r. AKTHBHaH 301-Ia pe­

aKTOpa co6patta H3 mecTHrpaHHbIX TBC c 

TB3JiaMH Ha 0CH0Be ypaH-TTJIYT0HHeBoro 0KHC­

H0ro TOnJIHBa MOX. EoKOBOM 11 Topu:eBoi-1 

6JiaHI<eTbl C0)].ep)KaT TB3JThI 113 )].BY0KHCH 

o6e)].HeHHOro ypatta. 

Ha Ha1IaJibHOH 3arpy3Ke peaKTopa, Ha3-

BaHHOH MK-I, nepe)]. BhIB0)].0M Ha M0II.{H0CTh 

50 MBT rrpoBe)].eH0 HeCK0JibK0 cepHi,i 3KCIIe­

pHMeHT0B, ,neTaJibHoe ormcaane H aHaJIH3 pe-

3Y JibTaT0B K0T0pblX [1] 0TH0CHT HX K KaTero­

pHH benchmark (B [I] 3TO 3KcrrepHMeHT 

LMFR-001). 

PaccMOTJ)eHbI CJie)].yl-OIIIHe cepHH 3KCrre­

pHMeHTOB: 
• KpUmU</HOCmb - )].Be KOHqmrypaQHH aKTHB­

HOH 30HbI (64 TBC - MHI-IBMa.JibHa.si: KpHTMac­

ca H 70 TBC), 

• 3rjHpeKmU6HOCmb cucmeMbl CY3 - H3MepeH 

noJIHI,rn "Bee" Ka)K)].oro H3 rnecTH CTep)KHeH 

pery illip0Bamrn peaKTHBH0CTH, 

• 3cpcpeKm yoaJ1eHW1. HampWI. - H3MepeHbI 3<p­

<peKTbI peaKTHBH0CTH rrpH Y)].aJielUlli HaTJ)HH 

H3 BHyTJ)eHHero rrpocrpaHCTBa K0)Kyxa TBC 

( 0T)].eJibH0 )].llil rnecn1 TBC B HanpaBJiemrn OT 

u;eHTJ)a aKTHBH0H 30HI,I K rrepwcpepHH), 

• 3cpcpeKm 3GMeHbl TBC - H3MepeHhI 3<p<peK­

ThI peaKTHBHOCTH rrp11 3aMeHe O)].HOH H3 TBC 

aKTHBHOH 30HhI Ha TBC 6oKoBoro 611aHKeTa, 

• U3omepMul/eCKuu meMnepamypHblU K03cp­
cpui1ueHm peaKmueHocmu - H3MepeHbI 3<p<peKT 

H K03Q)Q)HIJ;HeHT peaKTHBH0CTH rrpH H30Tep­

MH1IeCKOM ynen1111emrn TeMnepaTypbI BCex 
K0MTT0HeHT aKTHBHOH 30Hbl H 6JiaHKeTOB OT 

170 )].0 250 °C. 

,D;mr pac11eTHoro M0)].eJIHPOBamrn 3Kcne­

pHMeHT0B pa3pa6oTaHa TJ)eXMepHaH M0)].eJII, 

3arpy3KH MK-I no Ko,n:y MCU-KS [2] (,nanee 

MCU) c 6H6IDioTeKoi1 HeHTJ)OHHJ,IX )].aHI-JbIX 

MDBKS50 [2). B KOHQ)Hrypau:HH cocTaBHoro 

q>H3H1IeCKOfO M0)].YJI.si: npHMeH.si:eTCH TT0)].M0-

)].yJib <1>HMEPO3H B ,n:Hana3otte 3HeprHH 

HeHTpOHOB 10,5 M3B ... 1 3B Ha octtoBe 61-16-

JIH0TeKH EHAEMCU. B o6nacrn Hepa3pe­

meHHbIX pe30BaHC0B )].AA 1130T0TT0B ypa1-rn 11 

TTJIYT0HIDI 11cnom,3yeTC5l MH0rorpynnoBa5l 611-

6JIJ10TeKa MULTIC. 

1. CocTaB H reoMeTpu11 

aKTHBHOH 30Hhl H 6J1aH1CeTOB 

lifccne)].OBaHbl )].Be KpHTH1IeCKMe KOH<pHry­

pawrn aKTHBHOH 30HbI B Ha1IaJihHOH 3arpy3Ke 

- 64 (MHHHMaJibHa5l KpHTMacca) H 70 TBC. 

Pac11eTHM cxeMa JlAA sap11aHTa 64 TBC II0Ka-

3aHa Ha p11c. 1, napaMeTpbI aKTHBHOH 30Hbl H 

6JiaHI<eTOB npe}lCTaBJieHbI B Ta6JJ. 1. 

T a 6 JI u a: a 1. IlapaMeTphI aKTHBHOH 30HhI 
H 6namceTos 

BbICOTa aKTHBHOH 30Hhl, CM 60,0 ± 0,2 
Tomn.mrn aKCHaJihHhIX 

40,0 ± 0,2 
6naHKeTOS, CM 
TOJ1IIJHHa 6oKosoro 

~ 30 
6naHKeTa, CM 
3KBHSaJieHTHbIH )].Ha."1eTp 
aKTHBHOH 30HbI (,nm, c6opKH C ~ 72 
64-wr TBC), CM 

Macca IlJIYTOIDUI ()].JUI c6opKH 
~ 130 

c 64-wr TBC), Kr 

Macca mu (,nru1 c6opKH c 
~ l40 64-M51 TBC), Kr 

KoJIHllecrno TS3JIOs s TBC 
91 

aKTHBHOH 30Hbl 

Torrmmo aKTHBHOH 30HhJ 
U-Pu mixed 

oxide (MOX) 
Co.L{ep)l<aHHe rmyToHIDI 

17,7 ± 1,0 
s TOilJIHse, sec. % 
Co.L{ep)KaHHe ,L{eJ]jJil.(Hxc.sr 

80,4 ± l,0 
R30TOilOB S ITJIVTOIDIH, Bee. % 
O6orameHHe ypaHa, sec. % 23,0 ± 0,3 
TonJIHBo 6naHKeros UO2 (0,2 % 235U) 
KoJIWiecrno TB3JIOB B TBC 

19 6oKOBOro 6JiaHKeTa 
MaTep11an nornoTHTeJ]jJ B 

Kap6H,n 6opa CTep)KID!X CY3 (y = 2,35 r /cM3
) 

Konut:Jecrno I13JJ s CTep'lKHe 
7 

CY3 
BhICOTal,IOiaMeTP I13JI, CM 70/ 1,5 
O6orameH11e no 10B, Bee. % 91 ,7 
TenJIOHOCHTeJlh HaTpHH 

KoHCTp}'KI010HHbie MaTepHaJlhJ 
Hep)K. CTaJih 

(SS316) 

lfaOTOilHblM C0CTaB IIJIYTOIDrn ( C yqeT0M 

H3MeHeHIDI KOHIJ;eHTJ)aU:HH 
241 Pu Ha M0MeHT 

rrpose,neHJtJI 3KCnepHMeHTOB) TT0Ka3aH B Ta6JI. 

2. Ilorrepeqm,1e ce11emu1 TBC aKTHBHOH 30-
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TBCl50Koeoro 
l51111111(eTII 

CTepllCeHb CY3 (pery1111P'f1()~ 
CTef)JO<eHb) 

CTepJO<etb CY3 (aee,pMiH,M 
CTepJO<eHb) 

P11c. l. KapTOrpaMMa c6op101 c 64-MJI TBC 

Hbl, 60KOBOro 6naHKeT3 11 cTep)l(IUI CY3 npH- TeMneparype 250 °C. PeJynbTaTbl paC4eTOB 
ae,ueRbI Ha p11c. 2 .. .4. K:,cl> npencrnsneHbJ s rn6n. 3. 

T a 6 JI II u a 2. JihoTOITHhIH coCTaB 

2. KpHTH'IHOCTb 

Tiepsoe KpHTH4eCKOe COCTOHHHe ,UOCTIIT­
HYTO Ha c6opKe c 64-MJI TBC B aKTHBIIOH 30-
He npH TeMneparype 204,7 °C (see CTep)l(HH 
SR H RRl nonHOCTbIO BbrneneHbI HJ aKTHBHOH 
JOH.bl, RR2 BBe,UeH Ha 15,7 CM), BTOpoe - Ha 
c6opKe c 70-10 TBC s aKTaBHOH 301-1e np11 
TeMneparype 200 °C (ace CTep)l(HH SR TTOJIHO­
CTblO abme,ueHbl 113 aKTHBHOH 30HbI, RRl sse­
ne1-1 Ha 35 CM, RR2 - Ha 38,3 CM). TaIOKe BbJ­
nomIeHbI ouemrn K:,<t> naHHOH c6opKH np11 
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T a 6 JI H U a . ...,1, KDITTH'leCKHX C 0P0K 3 K 6 
64TBC 70TBC 

Pacqe-r 0,9983 ± 0,000 l 0,9990 ± 0,000 l 

Pacqe-r• 0,9976 ± 0,000 l 0,9985 ± 0,0001 

3Kcnep11MeHT l,0000 ± 0,0018 l,0000 ± 0,0018 

3KcnepHMCHT 0,998 1 ± 0,0018 0,998 1 ± 0,0018 
. C0OTBeTCTByeT ycJJ0BHJIM npH TeMneparype 
250 °C 

3. 3ct,ct,eKTuenocTh cTep,Knen CY3 

3Kcnep11MeHTbI no H3Mepemuo .uHcpcpe­
peHUHaJibHOH 3q>q>eKTHBH0CTH Ka)l(.[lOfO H3 
wecTH cTep)l(HeH CY3 nposo,uHJIBCb 1-1a c6op­
Ke c 70-10 TBC s aKTHBHOH 30He np11 TeMne­
parype 250 °C np11 nowarosoM H3BJie4e~rnH 
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PaJMep " no.n KJJI04" KO)l{yxa TBC: 

BHeWHHH (B): 7,85 CM 

BHyTpeHHHH (C): 7,47 CM 

W ar Me)l{,ny TBJJJaMH (D): 0,76 CM ••••••••••• ••••••••••• ••••••••••• 
Bttew HHH .nHaMeTp o6ono4KH TBJJJa (£): 0,63 CM 

BttyTpeHHHH .AHaMeTp o6oJJ04KH TB3JJa (F): 0,56 CM 

, )J.HaMeTp TOnJJ HBHOH Ta6JJeTKH (F): 0,56 CM 

' ••••••• : (HeT JaJopa Me)l{)ly o6oJJ04KOH TB3JJa H TOnJJHBHOH 

••• 
C --------►I 
B 
A 

! Ta6JJeTKOH) 

■TonJJHBO 
D KoHCTPYKUHOHHhJH MaTepHan 

D TenJJOHOCHTeJJb (mrrpHH) 

(Bee pa3Mepbl npHBe,neHbl ,nm, MO,nem,1 npH 

Ter.rnepmype 20 °C) 

P11c. 2. TBC aKTHBHOH 3om,1 

f 
F E 

War Me)l{)ly TBC (A): 8, 15 CM 

PaJMep "no.n KJJI04" KO)l{yxa TBC: 
BHeillHHH (B): 7,85 CM 
sttyTpettHHH (C): 7,47 cM 
War Me)l{.ny TonnHBHblMH JJJeMeHTaMH (D): 1,642 CM 
BHeWHHH ,L\HaMeTp o60JJ04KH TOnJJHBHOfO 
)JJeMeHTa (£): 1,5 CM 

BttyTpeHHHH ,[\HaMeTp o6oJJ04KH TOnJJHBHOro 
)JJeMeHTa (F): 1,38 CM 

,[(HaMeTp TOnJJHBHOH Ta6JJeTKH (F): 1,38 CM 

(HeT 3a309-a Me)l{.ny o6ono4KOH TBJJJa H TOnJJHBHOH 
rn6neTKOH) 

D TonJJHBO 

D KoHCTPYKUHOHHbJH MaTepHan 

D TennOHOCHTeJJb (HaTpHH) 

--------- c--------~ (Bee pa3Mepb1 npHBe,[\eHbl .AJJJI MO,[\eJJH npH 

---------<~ TeMnepmype 20 °C) 

.., ________ B ---------i 
i..-------- A 

P11c. 3. TBC 6oKoBoro 6Jiam<era 
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._ ______ E ------~I 

PaJMep "no.u KJJIOlf" HlfeHKJ1 
opraHa CY3 (A): 8,15 CM 
B11ewilllH Tpy6a opraHa CY3: 

BHeWHHH .m1aMeTp (8): 7,50 CM 
sHyTpeHHHH .u11aMeTp (C): 7,10 CM 

BHyTpeHHHH Tpy6a opraHa CY3: 
BHCWHHH .UHaMeTp (D): 6,50 CM 
BHyrpeHHHH .UHaMeTp (£): 6,1 1 CM 

War Me>K.ny crep>KHHMH CY3 (F): 1,97 CM 
Crep>KeHb CY3: 

BHCWHHH .UHaMeTp (G): 1,76 CM 
BHyTpeHHl1H .llHaMeTp (H): 1,52 CM 

_n11aMerp ra6neTKH nornmuat0w.ero 3JJeMeHTa 
CY3 (H): 1,52 C~l 

(HeT JaJopa Me>K.uy o6onoYKOH cTep>KHJI CY3 
11 rn611erKOH nornow.a1011.1ero 3JJeMeHTa CY3) 

□ MaTep11an nornomat0mero :>neMettra 
CTep>KHH CY3 (B~C) 

D Kottcr pyKUHOHHblH MaTep11an 

D Tennottoc11reJJb (Harp11H) 

1------- D ------..i 
i-------- C-------...i 

•-------- B --------

(Bee paJMepbI np11se.ue11bI .UJJH Mo.nenH np11 
re~meparype 20 °C) 

A 

PHc. 4. PacqeTttaJI Mo.LJ;eJih crep)l<tu1 CY3 

COOTBe'fCTByJOmero CTep:>KlUI 113 aKTHBHOH 3O­

Hhl H KOMTieHcamrn peaKTIIBHOCTH )lpyntM 

CTep)l<HeM. Pe3yJihTaThI paCIJeTOB TIOJIROfO 

"seca" Ka)KJ{OfO CTep)l<JUl B cpaBHemrn C 3KC­

nepnMeHTOM rrpHBe)leHhJ s Ta6Jl. 4. 

T a 6 JI H u. a 4. Ilonttaj{ 3cpcpeKTHBHOCTb 
~ CY3 CTCO)l(HCH 

CTep)l(Clll, 
3~~eKTHBHOCTh, ~eHT 

Pac4eT, 3KcrrepHMCHT, 
CY3 

B,m = 0,0051 B..+. = 0,0052 
RRl 372,4 ± 3,9 387,5 ± 2,1 
RR2 358,5 .L 4,0 385,8 ± 3,2 
SRI 375,5 ± 4,0 407,1 ± 4,0 
SR2 386,0 ± 3,9 410,7 ± 3,0 
SR3 370,5 ± 3,9 396,4 ± 4,0 
SR4 376,4 ± 4,0 400,3 ± 3,0 

Ilo pe3yJI.hT3TaM B3BeWRBaIDUI CTep)KHJI 

RR.l rrpose)leHhI pacqeThI TPex peaJihHhIX 

KpHTHqecKHX. COCTOfillHH. Pe3yJI.hTaThT npe)l­

CTaBJleHbI s Ta6n. 5. 
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T a 6 JI H u. a 5. K)(j, npH BJBernHsaHHH 
CTCP)l(WJ. RR l 

RRl RR2 K'ld, 
IlonHOCThlO Bse.LJ;eH 

1,0003 ± 0,0001 
BBC.L(CH Ha 8 CM 
B se.LJ;eH Bse.L(eH 

0,9998 ± 0,0001 
Ha 35,5 CM Ha 33,8 CM 

IlorrHOCTbIO 
IlOilHOCThlO BBC.L(CH 

(SR4 BBC.L(CH 1,0011 ± 0,0001 
BhlBC.L(CH 

Ha 18,9 CM) 

4. 3 <f><f>eKT YJJ.3JleHHH HaTpUH 

113MepeIDU! 3cpcpeKTa peaKTHBHOCTH npH 

y.uaneH.HH H3TPHJI H3 BHYTPeHHero npocTpaH­

crna TBC npose.ueHI>I Ha c6opKe c 70-10 TBC 
B aKTHBHOH 3OHe npH TeMnepazyp e 250 °C. 
Y )lanemte HaTPIDI H3 TBC nposo.u11.noc1, no­

cne.uosaTeJI.hHO B mecTH TBC OT ueIITpa aK­

THBHOH 3OHbl K nepHcpepITT1 (pHc. 5). l13MeHe­

HHe peaKTHBHOCTH KOMneHcHpOBaJlOCb n ep e­

Mem;eHHeM crep)l(IDI RR2 ( cTep)l(eHJ, RRl 
BBe,UeH .uo cepe,1lHHhI aKTHBHOH 3OHbI , see 

CTep)l(HH SR TIOJIHOCThlO BbIBe)leHbI). 



TBC. B KOTOpblX npoBOA111flOCb 

1113MepeH111e 3 cj)cj)eKra 

peaKTll1B HOCTll1 np111 YA8fleH~1111 

Ha TpMR M3 BHyrpeHHero 

npoc rpa HCTBa 

r paH!lll\8 Me)t(AY 8KTll1BHOl4 

30H0 14 111 30HOl4 6 0KO BO ro 

6naHKera 

PHc. 5. PacCJeTHM cxeMa 3KCnepHMeHTa no y.r(aneHHlO HaTPIDI 113 TBC 

Pe3ym,rnn1 pacqfaos 3cpcpeKTa y,n;arremui: 
HaTJJIDI (,Ll,JUI rnecrn TBC) npe,n;cTaBJieHbI B 
Ta6JI. 6. 

T a 6 JJ H u a 6. 3<b<beKT Y.r(aJieHIDI HaTJ)IDI H3 TBC 

RR2, 
3<b<beKT peaKTHBHOCTH, ueHT 

TBC PacCJeT, 3KcnepHMeHT, 
CM 

B..,., = 0,005 I B..,., = 0,0052 
0 34,4 - 9,1 ± 3,9 - 6,57 ± 1,87 

lFI 34,4 - 12,4 ± 3,9 - 7,16 ± 1,76 
2Fl 34,4 - 8,6 ± 3,9 - 7,25 ± 1,87 
3Fl 34,5 - 2,3 ± 4,0 - 5,98 ± l ,79 
4Fl 34,6 - 11,3 ± 3,9 - 5,68 ± 1,90 
6Fl 35,4 - 1,4 ± 3,9 0,58 ± 1,39 

5. 3 cl>cl>eKT nepecTauoeoK TBC 

3cpcpeKT nepecTaHOBOK TBC H3MepeH B 
lIIecrn TBC aKTHBHOH 30Hh1 (pHc. 6) Ha c6op­
I<e c 70-10 TBC B aKTHBHOH 30He npH TeMTie­
parype 250 °C. TipH nepecTaHOBKax TBC H3-
MetteHHe peaKTHBHOCTH KOMITeHCHpyeTCH ne­
peM.em,eHHeM CTep)KHH RR2 (cTep)KeHb RRl 

BBe,n;eH )J,O cepe,D;HHbl aKTlIBHOH 30Hbl, Bee 
CTep)KHH SR IlOJIHOCTblO BbJBe,n;em,1). 

B xo,n;e rrpose,n;em1.SI 3KcnepHMeHTa qeTI>I­
pe TBC aKTHBHOH 30HhI (4Fl , 5A3, 5C3, 5F4) 
nooqepe,n;Ho 3aMeIDIIOTCH Ha TBC 6oKosoro 
6nattKeTa, QeHTJ)am.HaH TBC (000) H TBC 60-
KOBoro 6JiaHKeTa (5Fl) y,n;aIDIIOTCH (3aMeHH­
lOTCH Ha TBC 6e3 TB3JIOB). Pe3ym.TaThl pacqe­
TOB 3cpcpeKTOB peaKTHBHOCTH npe,n;CTaBJieHbI B 
Ta6JI. 7. 

T a 6 JJ H u a 7. 3cpcpeKThI peaKTHBHOCTH npH 
ne pecTaHOBKax TBC 

3cpq>eKT peaKTHBHOCTH, 

TBC 
RRl , RR2, ueHT 

CM CM PacCJeT, 3KcnepHMeHT, 
B.,.., = 0,0051 ltd,= 0,0052 

4Fl---+ B 35 25,3 - 93,3 ± 3,9 - 92,87 ± 4,31 
5A3 ---+ B 35 28,5 - 67,4 ± 4,0 - 66,84 ± 3,64 
5C3---+B 35 26,8 - 76,7 ± 4,0 - 82,54 ± 4,12 
5F4---+B 35 27,0 - 73 ,8 ± 3,9 - 76,20 ± 3,93 

000 ---+ Na 0 29,5 - 268,l ± 3,9 - 262,37 ± 6,82 
5Fl ---+ Na 35 33,4 - 14,4 ± 4,0 - 16,46 ± 2,93 
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rl1 t:6 (11F', 
,--:1 T , 0~ • 

I ~t·t-:.lioJ.; 
\ 1 I I":·, -i,1 : F' 1M5 
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AApeca creplKHei:i CY3 

3A3 303 383. 3C3. 3E3 3F3 
{RR1 . RR2. SR1 SR2. SR3, SR4 ) 

5C2 li1CT04H"1K HelATpOHOB 

~ 
} 

® nepeCTaH08Ka TBC: 

4F1: TBC aKrnBHOiil 30Hbl Ha TBC 60K0B0ro 6naHKeTa 
SA3: TBC aKrnBHOi:i 30Hbl Ha TBC 6oKosoro 6naHKera 
SC3: TBC aKrnBHOiil 30Hbl Ha TBC 60K0B0ro 6naHKeTa 
SA4: TBC aKmBHOIA 30Hbl Ha TBC 60Kosoro 6naHKer a 
000: TBC aKTIIIBHOiil 30Hbl Ha A4eii1Ky C HaTp111eru1 
SA1 : TBC 60K0B0ro 6naHKeTa Ha A4eii1Ky c HaTpllleM 

P11c. 6. Pacqe-rHrui cxeMa JKcnepHMeHTOB np11 nepeCTaHOBKax TBC 

6. H10TepMeqecKHii TeMnepaTypuLIH 
KOlctut,anaeHT peaKTHBHOCTH (TKP) 

Jl:mi: rrpoee,L1.eIDU1 H3Mepemm H3oTepMH'ie-

cKoro TKP ccpopMHpoeatta KpHTH-qecKrui: c6op­

Ka H3 65 TBC e aKTHBHOH 30He. 

Ko3Q)Q)Hl.lHeHT peaKTHBHOCTH COOTBeTCT­

eyeT yeeJIJ{qeHJllO TeMnepayYpbI OT 170 ,LI.O 

250 °C C y-qeTOM COOTBeTCTByIDIIJJ1X H3MeHe­

mrn pa3Mepoe H IIJIOTHOCTeH TOruJHBa, Tenno­

HOCHTemi: H KOHCTl)YKUHOHHbIX MaTepHanOB. 

PacqeT TKP npoee.D.eH e pacqfuttoH MO,lJ.eIDI 

npH cne,L1.y10meM nono>KeHHH cTep>KHeii CY3: 
RRl H ece cTep>KHJt SR noJIHoCTbIO e1,rne,L1.e­

Hhl H3 aKTHBHOH 30Hhl, CTep>KeH.b RR2 BBe,lJ.eH 

Ha 25 CM. Pe3yJJbTaTbl pacqfua npIIBe,lJ.eHbl B 

Ta6JJ. 8. 

86 

T a 6 JJ H u, a 8. 113oTe MHqecKHH TKP 
l13oTe MHqecK.JtH TKP, ueHTl°C 

PacqcT 3KcnepKMeHT 
= 0,0051 = 0,0052 

- 0,835 ± 0,049 - 0, 769 ± 0,022 

3aK.rnoqeuue 

Pe3ynhTaTbl pacqeTHbIX HCCJJe,LI.OBamrn, 

npe,LI.CTaBJJeHHbie B ,lJ.aHHOH CTaTbe, TI03B0.1Ul­

IOT npoeeCTM ,lJ.OilOJJHHTeJJbttylO eepHcpMKa­

UMIO KO,Ll.a MCU c Bb16paHHOH KoHqmrypauH­

ei1 COCTilBHOro q>HJHqecKoro MO,Ll.y.lUl npHMe­

HJfTeJlbHO K peaKTopaM Ha 6b1CTl)bIX HeH-rpo­

Hax C Ha-rpHeBbIM TennOHOCHTeJJeM. I1pH 

cpaeHeIDIM C pe3ynbTaTilMH cepHH 3KCnepH­

MeHTOB Ha HaqaJJbHOH 3arpy3Ke MK-I peaKTO-



pa JOYO rrpH ero Bhrno.n;e Ha M0IIJ.H0CTb M0)K­
H0 c.n;eJiaTb cne.izyromHe BbIB0,ll;hl. 
1. Pacqfmoe 3HaqemIe 3cpcpeKTHBHoro K03cp­
<pKUHeHTa K Jci, pa3MH0)KeHHJI HeitTPOHOB OT­
JmqaeTCR OT 3KCnepKMeHTa no a6COJIJOTHOH 
BeJIM'IHHe He 6onee qeM Ha 0, 17 %. 
2. PacqeTHM 3cpcpeKTHBHOCTb crep)l(Heii CY3 
MeHbIIIe 3KCrrepHMeHTaJibHhlX 3HaqeHHH )];JIR 

BCex CTep)KHeH B cpe.n;HeM Ha 0,25 ~ J<jl (MaK­
CHMaJibH0e OTJIHqHe COCTaBJUieT 0,32 ~ J<jl ,n;JIR 

cTep)KHR SRl ). 
3. 3cpcpeKT peaKTHBHOCTH rrpH y.n;anemrn HaT­
pIDI H3 BttyTPeHHero IIpOCTPaHCTBa HeKOTO­

phlX TBC Man (HecKOJThKO u,eHTOB), pe3yn1,Ta­
TbI pacqeTOB COBrra.n;aIOT C 3KCrrepHMeHTOM B 
rrpe.n;enax rrorpemHOCTH. 
4. OTJIHqHe Me)K)];y pacqeTOM J,f 3KCrrepHMeH­
TOM B 3cpcpeKTe peaKTHBH0CTH rrpH nepecTa­
HOBKax HeKOTOpbIX TBC COCTaBJIReT B cpe.n;­
HeM 2,8 u,eHTa, a MaKCHMaJibHOe OTJIHqffe -
5,8 u,eHTa rrpH 3aMeHe TBC B RqeHKe 5C3 Ha 
TBC 6oKoBoro 6naHKeTa. 
5. OTHOCJUeJibHOe 0TKJIOHemrn pacqeTHOro H 

3KCIIepHMeHTaJibHOfO 3HaqeHHii H3OTepMH1Iec­

KOrO TKP cocTaBJIReT 8 %. 
B u,enoM no pe3ym,TaTaM rrpoae.n;eHHhrx 

pacqeTHbIX Hccne,n;oBamrn BbUIBJieHo xopomee 

cornacHe pe3ym,TaToB 3KcrrepHMeHTOB H pac­
qeToB no Ko.n;y MCU-KS. 
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HcooJih30BaHHe rrporpaMMhI MCU-RR .UJIH pemeuuH JaJJ.a11 

coopOBOiKJ].eHHH 3KCDJiyaTau:uu HCCJie)J.OBaTeJibCKHX peaKTopoB 

A.B. A.neKceeB, IO.E. BaneeB, H.IO. Mapuxu11, B.B. IIUMeHoB, 
OAO 'T~ Hill1AP", 433510, r . .[(mrnTPoBrpa.n;-10 Ym,HHoBCKOH o6n. 

IIocTyIIHna B pe.n;aKIUIIO 18.03.2011 r. 

Ilpe.n.cTaBJJeHhl HOBbie o6naCTH HCilOJlb30BaHHH npeU:H3HOHHOro KO.[(a KaK OCHOBhl nporpaMMHhlX cpe.[(­
CTB )J.JlH orrepaTHBHOro perueHHH HeiiTpOHHO-qJH3H'IeCKHX 3a)J.aq npH 3KcnnyaTau;HH HCCJie)J.OBaTeJIJ,CKHX pe­
aKTopoB. 

Kn10tte6ble Cll06a: HCCJie)J.OBaTeJibCKHe peaKTOphl, aKTHBHM 30Ha, rrporpaMMHbie cpe.n.crna, HeifrpOHHO­
q>H3WieCKHe pacqeThJ_ 

Application of MCU-RR Code for Solution of Tasks of Research Reactors Operation Support. A. V. 
Alekseev, Yu.E. Vaneev, N.Yu. Marikhin, V.V. Pimenov, JSC "SSC RIAR", Dimitrovgrad-10, Ulyanovsk 
region, 433510. 

New fields of the precision code application as a basis of software for operative solution of neutronics 
tasks arising under research reactor normal operation are described. 

Key Words: Research Reactors, Active Core, Software, Neutronics Calculations. 
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Beeneuue 

B COOTBeTCTBHH c pa.3pa6oTaHHOH s fHI.J, 
HMMAP TeXHonorneii SupRROS [1] pacqe-r­

uoro conposo)l(J].eHHJI JKcnnyaTamrn 11ccne,no­

saTeJibcKHX peaKTopos (HP) co3,na10Tc.s1 opH­

eHTHposaHHbie Ha KOHKJ)eTHbie THilhl peaKTO­

pos BbfqHCJillTeJibHbie KOMTIJieKCbl ( HMHTaTO­

pbl aKTHBHhlX 30H), o6ecneqHBaIOll.(He npHeM­

JieM)'JO ,nnH npaKTHKH onepaTIIBHOCTb H 6onee 

BbICOKYIO TOtJHOCTb HeHrpOHHO-q>H3HqecKHx 

pacqeTos no cpasHemt:10 c nporpaMMaMH HH­

)KeHepHoro Knacca. 

B Kaqecrse 6a.3osoro (YHHSepcanLHoro, 

npHMeH11Moro K n1060My MP) rrporpaMMHoro 

cpe,ncTBa (ITC) B 3THX KOMTIJieKcax HCIIOnb3Y­

eTC.sl cnemtamt3HposaHHM rrporpaMMa npeUll-

3H0HHoro Knacca MCU-RR [2], s KOTOpOH pe­

arrn3osam,1 MeTo,n MoHTe-Kapno H pe)KHM 

pacnapannenHBaHH.sr BbT'IHCJieHHH Ha MHoro­

npoueccopHbIX K0MIThIOTepax (KnacTepax). 

O.u;Ho H3 H0BblX HarrpasneIDtii cymecTBeH­

ttoro IIOBbillieHIDI npOH3BO,AHTenbHOCTH pac­

qeTOB no M0HTe-Kapn0BCKHM rrporpaMMaM 

cs.sr3aHo c HX pacnapannemmaHHeM Ha rpaqrn­

qecKHX npoueccopax (ap11q>Mer11qecKHX ycKo­

pHTeJIHX) [3]. B CBH3H c JTHM rrepeso.n npor­

paMMbI MCU-RR Ha Hosy10 BhJqHCJIHTennuy10 

nnaTq>OPMY C oueHKOH peanbH0ro ycKopeHHJI 
cqe-ra npH pellieHHH 3a,na11 conposo)l(J].eHHJI 

pa6oTbl MP npe.ucTaBJI.sleTC.sl aKTyanbHbIM. 

B ,naHHOH pa6oTe Bb1,nenem,1 eme }];Ba ac­

neKTa npHMetteHHH nporpaMMbI MCU-RR: 
- Haxonnem1e pe3yfilTaT0B MH0r0qJiCJieHHbIX 

pacqeTos no JToii nporpaMMe, HX nocne,ny10-

ma.s1 o6pa6oTKa C HCIT0Jih30BaHHeM armpOKCH­

MaUHOHHhIX npoue.nyp TIO3BOllillOT onepaTHB­

H0 (6e3 MO,nen11posaHID1) HMeTb .U0CTaT0tJH0 

Ha,Zle)KHbJe oueHKH H3MeHeHHH OCHOBHbIX 

HeHrpOHHO-q>H3HqecKHX xapaKTepHCTHK aKTH­

BH0H 30HhI s npouecce pa6oTbI peaKTopa 
[ 4, 5]; 
- npe,noCTaBJI.sleMM nporpaMMOH BO3MQ)KHQ­

CTb pa.3,neneHHJI BKna.UOB B 3 HeproBbl.UeJieHHe 

s Hccne,nyeMoii TBC OT pa.3JIHtJHhIX HCT0'-lHH­

KOB HeiirpOHOB B aKTHBHOH 3OHe peaKTopa 

Il03B0JI.sleT pa.3pa6oTaTb a.rrropHTM, CBOJl.slmHH 

perneHHe CJI0)l(HOH 3a,naqu o npocrpaHCTBeH­

H0M pacnpe,nenettm1 JHeproshmeneHHJI s JTOH 
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TBC K ua6opy rrpocnix apHq>MeTHqecK.HX 
,neHCTBHH [6]. 

11,enb .uaHHOH pa60Tbl - OIJHCaHHe TeKy­

mero C0CT0HHH.sl pa.3pa60TOK ITC B C0CTase 

HMHTaTopos aKTHBHbIX 30H peaKTopos CM, 

PET-6, MJ1P [7] 11 HX npHMetteHHH .nnH one­

paTHBHoro perneHIDI HdtrpOHHO-q>H3HqecKHX 

33,/laq s npouecce JKcnnyaTaQHH JTHX peax­

Topos. 

1. <l>opMupoeauue yHHBepcaJibHbIX 

KOMDOHeHT Bbl'IHCJIHTeJJhHOro KOMOJJeKca 

QqesH,u;Ho, qTo B C0CTaB BbJqHCJIHTeJibH0-

ro KoMTineKca .nnH pacqeTH0ro conposo)l(,ne­

HHH 3KCnnyaTaUHH MP )KeJiaTeJThH0 BKJilOqJITI, 

B MaKCHManbH0 B03MQ)KHOM 061,eMe YffHBep­

CaJihHbie, HCIT0Jib3yeMble ,AJUI JII06hIX MP K0M­

noHeHThI, K K0T0pbIM 0TH0CHTC.sl K0MilhIOTep­

HM CHCTeMa C napanneJihHOH apXHTeKTypoii, 

CIIeQHaJIH3Hp0BaHHa.sl npeUH3H0HHM npor­

paMMa, ITC ,nnH pacnapanneJIHBaHIDI. Bhlq}IC­

neHHii, pa.3pa60TKH rpaq>nqecKOH 060JIOqI(}l H 

T.n. Ha s1,16op TaKHx yHHsepcanbHhIX cocTas­

.JUIIOII{HX KOMIUieKca .nnH HHHAP H3naqafilHO 

OKa.3ana BJill.slHHe cneUHq>HKa cocpe.uoToqeH­

HhIX Ha 3TOM npe,nnpIDITHH o6'beKTOB [8], KO­

TOpbie xapaKTepH3YlQTC.sl pa.3Hoo6pa.3HeM npH­

MeHHeMbIX TOTIJIHBHhIX, 3aMe,nJI.sl}OII{HX, no­

rnomaIOII{HX H .n.pyrHX MaTepHaJIOB, a TaK)l(e 

pa.3uoo6pa.3HeM cpopMhI H BHyrpeHHeH CTPYK­
TypbI COCTaBllillOII{HX 3JieMeHTOB. 

Pa3pa60TKY ITC, HX TeCTHpOBaHHe H pe­
meHHe HeKOTOpbIX 3a_naq conpOBO)l(J].emul 

3KcnnyaTaUHH HP ocymecTBllillOT, KaK npa­

BHJIO, Ha o.nHonpoueccopHbIX (2 .. .4-x .sr.nep­

HbIX) II3BM, BXO)l.slll{HX s JIOKaJibHYIO KOM­

ITbIOTepHYIO CeTb rrpe,nnpHHTH.sl. IlpH 3TOM 

oco61,ix rpe6osaHHH K onepaTHBHOCTH pacqe­

TOB He npeJJ,1,.srBJUH~TC.sl. 

3q>q>eKTHBHhIM H II1HpOKO HCnOJih3yeMI>IM 

s HacTosrmee speM.sl cnoco6oM 3HarrnTeJThHoro 

yse;rnqeHH.sJ npOH3B0.l{HTeJibHOCTH KOMTII,IO­

TepHbIX Bhl"IHCJieHHH cny)KHT pacnapanneJIH­

BaHHe B~CJIHTenbHOro npouecca B MH0rO­

npoueccopm.IX CHCTeMax, TaK Ha.3bIBaeMbIX 

"KnacTepax". HHHAP - O.llHH 113 nepBbIX ro­

cy.napcTBeHHhIX uay"IHbIX QeHrpOB, r.n.e s 1999 
ro,ny pa.3pa6oTaH co6cTBeHHbI.H KnacTep ASIR 

.nnH QeHrpaJTH30BaHHoro 06yqeuHJ1 onepaTHB-



Horo rrepcomUia HP c rrp1rneHemIeM cpymm11-
0HaJThHo-amurn:n1qecKMX Tf)eHa)KepoB. B 200 l 
ro,n:y OH CTa.JI 0)lH0BpeMeHHo HCTT0Jlb30BaTbCH 
H )lllil TeKylIU{X HeHTpOHHo-qm3J11IeCKI1X pac­
qfa0B aKTHBHbrx 301-1 HP. 

YcTaHOBJieHHaH s 2002 r. CHCTeMa y,n:a­
neHHoro ,n:ocTyrra K K.JiacTepy MBC-1000/M 
(BU: P AH, MocKBa) fihrna ,n:ocTyTIHa )lllil pac­
qerns HP scero o,n:HH ro,n:. C 2004 r. OTKphIT 
,n:ocTyn K K.JiacTepy BHHH3cf> (r.CapoB), Ha 
K0TOp0M B rraKeTH0M pe)KJ1Me ( o6MeH q:>aHJia­
MH II0 3JieKTf)OHHOH TTO'ITe) rrpoBO)lJIJIHCb 
HeHTpOHHO-q:>H3H'-leCKMe pacqfabI B o60CHOBa­
HHe nepeso,n:a aKTHBHOH 30Hhl peaKTopa CM 
Ha T0TTJIHB0 C TT0BhIIIIellifl:,IM co,n:ep)KaHHeM 
235U. H TOJihK0 B 2009 r. Ha )lOJirOBpeMeHHOH 
0CH0Be BBe)leHa B 3Kcrrnyarnrnno aBT0MaTH3H­
poBaHHaH CHCTeMa y,n:aneHHoro )l0CTyrra K BhI­
tIBCJIHTeJihH0MY ue1-1Tpy K0JIJieKTHBHOro TT0Jih-
30BaHlUI, C03)laHH0MY Ha 6a3e M0IIIH0ro K.Jiac­
Tepa - cyrrep-3BM BHHH3cf> [9]. 

TaKHM o6pa30M, o6ecneqetta B03M0)KH0-
CTh cymecTBeHH0ro yse.JIJ11IeIDU1 BbPIHCIDI­
TeJihHbIX pecypcos HHHAP npH pernemrn. 
qacTH 3a,n:aq corrpoBo)K)leHJ,tjj_ 3KcnnyaTamrn. 
HP: rrporH03H.hie M II0CTTeCT0Bbie (yTOtJI-UIIO­
IJU1e) pacqfabI ycnomrn 06.Jiy"tleIDUI MaTep11a­
nos B KaHanax, paclfeThI B 060CHOBa1-rne M0-
,n:epHH3aUMH aKTflBHOH 30HJ,I H 3KCIIepHMeH­
TaJihHhIX ycTf)OHCTB. 

O)lHaKo orrepaTHBH0 pernaTb 3a,n:at.m TeKy­
mero corrposo)K)lemrn rreperpy3oK H KaMrra­
HHH 0KaJaJIOCh HeB03M0)KH0 B cHny oco6eH­
HocTeH q:>yI-fl<1.lJ,IOHHpOBaHHH ueHTpa KOJIJieK­
THBH0ro TT0.Jlb30BaHHH (rrpHOpHTeTbI, oqepe,n:­
H0CTh, npoq:>H.JiaKTHKa, c6oH ... ). Ilo TOH )Ke 
rrpwnme tta.JI1f'Ule B Hl1MAP co6cTBeHttoro 
K.Jiacrepa, 3a,n:eHCTBOBaHHoro Ha perneHHe 
Bcex 3a,n:aq corrpoBo)K)leID1H 3KcnnyaTaUI1H 
Bcex peaKT0p0B HHCTHTYTa, He o6ecne'IHJIO 
6&1 Tpe6yeMOH orrepaTHBH0CTH M0)leJTHp0Ba­
HIDI neperpy30K H KaMIIaHHH )lllil Ka)K)lOro 
peaKrnpa. 

HaH6orree orrTHMa.JibHnIM pemeITT1eM npo-
6rreMbI npe,n:cTaBJUleTcH rro3TaTTHoe octtame­
!Ilie Ka)K)l0ro peaKTOpa )l0CTaT0CJ:H0 MOII~HOH 
K0MTTbI-OTepHOH CHCTeMOH rrp0H3B0)lHTeJihH0-
CTbIO 1 .. . 2 TFlop/s, KornpaH JJ.0JI)KHa cpyHKUH­
omrposaTh B pe)KHMe IlOCTOHHHOH roT0BR0CTH 
I1 pernaTh 3a.l(arrn corrpoBo)K)leHHH 3Kc1rnyarn-

UHH T0JihK0 0)lH0ro peaKT0pa. CTOHMOCTb Ta­
KOH CHCTeMhI Ha fia3e Tpa)lJlmtOHHOH KJiaCTep­
H0H apXHTeKTypbl oueHHBaeTCH s 1 ... 2 MJIH. 
py6. (HarrpHMep, K0MnaKTHaH cynep3BM 
npo113B0JlCTBa BHHH3cf> CT0HT 1,4 ... 1,6 MJIH. 
py6.), qTQ M0)KeT fihITb HerrpHeM.JieMo )lAA Ha­
yq1-1oro ueHTf)a C HeCK0JTbKHMJi peaKT0paMH. 

Ilpo6rreMY pelllaeT ocHam;e1-me K0Mill,I-O­
TepoB rpaq:>HqeCKHMH Bbl'-IHCJIHTeJlj{MH ( apHq:>­
MeT11qecKHMH ycKOpHTeAAMH), o6ecrrel:[11BaIO­
mHMH cymecTBeHHo MeHbIIDie 3Ha'-leH.IDI co­
oT1-1omeHHH "ueHa/npOI-13BO)lJITeJihHOCTh" H 

3HeprorroTf)e6rreHIDI no cpastte1-1n1-0 c Tf)a)lJI­
UH0HHI,IMH KJiacTepHbIMH CHCTeMaMH [3]. 

B K0HUe 2009 r. rrocrre npno6peTemrn 
HHHAP rpacpw1ecKoro BI>PmCJIHTeJlj{ (GPU) 
Tesla Cl060 (NVIDIA) nocrnsrretta 3a,n:aqa 
o6ocHOBaHIDI rrpe11MymecTB "rH6pH)lHOH" 
(CPU + GPU) apXHTeKTyphI BhPIHCJIHTeJihH0-
ro K0MTTJieKCa nepe,n: Tpa)lHUHOHHOH K.JiaCTep­
HOH c0cTeMOH Jlllil corrpoB0)K)leHHH 3Kcrrnya­
Tal.(Hll HP. Ha Ha'-:la.JThH0M :narre oTpa6aTbr­
Banach TeXH0JI0rID:I rrepeB0)la M0HTe-KapJIOB­
CKOH rrporpaMMhI )lAA peaKT0pHhIX HeH.TpOH­
HO-q:>H3Hl:[eCKMX paC'-leT0B Ha HOBYIO " rnrnT­
q:>OpMY" (CUDA [10]). C rrp1106peTeID1eM 
npoueccopa Tesla C2050 (Fermi) a,n:arrTaUID:I 
TipHKJia,UHOH nporpaMMbI npoB0,ll.IDiaCb y)Ke C 
yqfaoM 6onee IIDip0KHX B03MO)KHOCTeH 3T0ro 
BbPIHCJllifTeJUI: [ 11]. 

IloKaJaHo, qTo cpe)lHee spewi Mo,n:eIDipo­
BaHHH Tf)aeKT0pIDI o,n:HoH qacnrr.1,1,1 Ha Fermi 
npHMepHo B 10 ... 20 pa3 Memme, qeM Ha 0JJ.­
H0M H)lpe CPU C qaCTOTOH 2 .. . 3 rru. Ilp11 
l:[HCJTe 100 ... 200 0)lH0BpeMeHHO M0)leJIHPye­
MhIX ua Fermi '-:laCTJIU M0)KeT fihITb )],0CTHnty­
Ta CTenem, ycKopeHHH B pa6oTe TpattcnopTH0-
ro M0JJ.YAA rrporpaMMnI MCU-RR B 10 ... 20 
pa3. Hcrrorrb3oBaHHe Tpex GPU Fermi B co­
CTaBe "MHHH-cyrrep3BM" (HanpHMep, rrp0H3-
B0)lCTBa BHHH3cf>) II03B0JIHT )l0CTH'Ib rrpo-
113B0,Z:{J,-ITeJTbH0CTH BbPIHCJieHHH, Heo6XO)],HMOH 
JJ.llil rroJIHoIIeHHoro pacqeTHoro corrpoB0)KL{e­
mrn 3Kcrrnyarnwrn o)lHoro HP. 

2. Pa3pa60TKa HMHTaTopa 
aKTHBHOH 30Bhl peaKTopa CM 

Bbr6op 3Toro peaKTopa B KaqecTBe THIIO­
soro 061,eKTa )],JU[ OTf)a6oTKH H0B0ro TT0)lX0)la 
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K pacqenIOMY conp0Bo)l(Jl.em110 3KC­
ruryarnrvrn MP, 0606rn,e111mro B Tex­
H0JI0rHH SupRROS, o6ycrroBJieH 
.l(ByMK OCIIOBHbTMlf npwnrnaMM. 

El 
,_11e __ 
..... 11-m--♦, ---
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... _. 11 EEEE ·--· 

I) HaqaJII,llhIB 3Tan pa3pa6oTKH 
(2000 r.) 0TH0CHTCK K nepI10,uy flQjfB­
rremrn nepBhIX B P0CCHH KJiaCTepHblX 
K0MilbIOTepHbJX CHCTeM, B TOM qJ,fCJie 
ue6om,woro (24-x npoueccopHoro) 
KJiaCTepa B Hl1MAP' Ha K0TOp0M yc­
TaH0BJieHa pacnaparuierreI1HM BepcIDI 
npcUH3HOHHOH nporpaMMhI MCU-RR. 
Ha 3T0M KJiaCTepe, C03,UaHH0M C ue­
JlhIO o6yqem,rn 11 IT0BhillleHIDI KBaJJH­
~HKal.{HH onepaTHBHoro nepcotta.rra 
peaKT0p0B, L{JIK pacYeTHblX 11ccrre.uo-

P0c. I . f naettoe oKHo no.l{MOJI)'JUI GraMod _ CM 

BaHHH 0TB0LlHJI0Ch He 6orree 5 npoueccopos 

THTia Pentium-lll. 
EcJIH L{J!K OTpa60TKH np11HI.IHTIHaJihHbIX 

nono>KeHHH TeXHorrorHH cmcno npoueccopoB 
He HMeJIO 3HalleHIDI, TO L{JIK ,UOKa3aTeJl.bCTBa 
npHeMJICMOH .[{JUI npaKTHKH onepaTHBHOCTH 
nporno3ttoro Monen11posaHID1 Ha MaJI0Mom­
H0M "BbIYHCJUITerre" aKTHBHM 30Ha peaKTOpa 
noIDKHa HMeTb ne6oJibrnHe pa3MephI, ttanp11-

Mep, KaK y peaKrnpa CM. 
Bb16op 3T0rO peaKTopa 00,UKpe□JUlJICK 

ewe 11 TeM, YTO L{JIK ero aKTHBHOH 30Hhl C cy­
wecTBeHHO reTeporeHHOH CTpyKl)'pOH HH>Ke­
nepHbie ITC Ha ocHoBe ,umptpy31101-1ttoro np11-
6m1>KeHI1J1. He 06ecneq11BaJIH ,UOCTaT04HOH 
T04H0CTH pacl!eT0B, qTO eme 6onee TI0.ll,Yep­
KHBaJI0 npeHMymecTB0 HOBOH TeXHOJIOnrn, 
HCilOJlb3YIOWCH npeUH3HOHHYIO nporpaMMy 
Ha ocHoBe MeTo,ua MottTe-Kapno. 

2) PeaKTop CM jfBMeTcK npoTOTHilOM co­
opy>KaeMoro B Ill1.5l<I> (r. faT4HHa) wccne;::i;o­
saTeJibcKoro peaKTopa IlliK, nIIK K0Toporo 
np11Mettett11e ITC, pa3pa6oTaHHhIX B cooTBeT­
CTBHH c HOBOH Tex1-mrrorneH, o6ec□eqJ,fJIO 6b1 
umpoKHe B03MO>KHOCTH pacqeTH0rO conpOB0-
>KJ).eIDUI nocne sso,ua peaKTopa B 3Kcrn1yarn­
u11ro, BKJIIO<Jajl B03M0>KH0CTH 06oc1:-10BaHID1 
BapHaHTOB MonepHlnaUHH aKTHBHOH 30Hhl, 

peanmyeMhIX Ha peaKTope-npoToT11ne. 
C03,uaHHe K0MnrreKca ITC - HMlfTaTopa 

aKTHBHOH 30HhI peaKTopa CM (lmCor _ SM) 
[ 12] BKJJT0llaJIO crrenyrow11e 3Tanhl: 

- pa3pa6oTKa ttapj{.,uy c pacnapanneneH­
HOH sepc11ei1 nporpaMMhJ MCU-RR cne,uyro-

90 

WHX 061,eKTHO-op11e11THpOBaHHhfX KOMilOl!eH­
T0B: 6a3hl naHHhIX c HCXO,UHOH HHq>OpMauHeH 
06 3neMe1uax K0HCTpYKUHH 11 HaKanmrnae­
MOH HHq>OpMauweii o rrporne,uWHX KaM□aHH­
HX, "6a3osoii" pacl!eTHOH Mo.ueIIH aKTHB11oi1 
30Hbl, cpe;::i;CTB aBT0MaTH3arn,rn M0,UeJIHp0Ba­
HIDJ H rpaq>HllCCKOrO HHTepcpei:tca; 

- TeCTHp0BaHHe pacqeTffhIX MO,UCJieH 3JIC­
MeHT0B KOHCTpYKUHH H sceii aKTHBHOH 30Hhl 
Ha 3KCilepHMeHTaJII,HhIX ,uaHHbIX; 

- pa3pa60TKa H peaJIH3aU,HH anropHTM0B 
Bbl'HlCJieHHJI HeHTpOHHO-q>H3H1IeCKHX xapaK­
TepHCTHK aKTHBHOH 30Hhl C npHMeHeHHeM 

HMHTarnpa ImCor _ SM. 
ITepBblli 3Ta□ pa3pa60TKH HMHTaTOpa 3a­

seprneH B 2010 r. BHe;::i;pe1rneM era B 0IThJTHyro 
3KCTIJiyaTaUHIO. B ttaCT0Hmee speMR liMHTa­
T0P HCTIOJlh3yeTCH HJ-OKeIIepHI,IM nepc0HaJI0M 
L{JIK nporH03HbIX pacYeTOB KaMnaHHH, B xo,ue 
K0TOpblX cp11KCHpy10TCH 3aMeYaHHH H npe,uno­
>KeHHJI no nanhtteiirneMy coseprnettcrsosa­
HHIO cepBHCHbJX B03MO>KJIOCTeH. fnaBH0e OK­
HO rpacp11qeCKOfO HHTeptpeiica HM11TaTopa 
(no)lMo,uymr GraMod_ CM) np11sc,uetto Ha 

pHC. l. 
B natrnO.H pa6oTe aKll,eHTHpyeTCH BHHMa­

HHe Ha 0.[{HOM 113 IlOJIO>KemtH TeXHOJIOrH}f 
SupRROS, s cooTBeTCTBHH c KOTOpblM 1-1a oc­
Hose attaJIHJa pe3yrrhTaToB pacqeToB npo­
uie.u11111x KaMTiaHHi1 norryqaroT 3MmrpHYecKHe 
(annpOKCHMaUHOHHbie) cpopMyJlbI B3aHMOCBH-
3H napaMCTp0B aKTHBHOH 30HhJ, YT06hl onepa-
THBH0 (6e3 MO,l),eID!pOBattffj)) BhNHCmITh Ba)l(­
Hbie L{JIK 3KCnrryaTaUHH xapaKTepHCTHKM aK­
THBHOH 30Hhl, nporH03Hp0BaTb HX H3MeHeHHH 



s TlillOBblX KaMITaHI-UIX. 3TO )lOCTa­

TOWO 3q>q>eKTHBHOe HH)KeHepHoe 

cpe.n:crno COIIpOBO)K)leHIDI, KOTOpoe 
crre.uyeT IIpHMeIDITb KaK HaqanbHOe 

IIpH6JIB)KeHlie B nporHO3HbIX ou,eH­

Kax. 

,r t,,.1Mml ' . 

B pe3yJibTaTe mrnrneTHeH 3KC­

nnyarnuHH HMHTarnpa ImCor _ SM B 

ero 6a3e .n:aHHbIX HaKonrreH 3Harrn­

TeJibHhIH o6neM HHq>OpMamrn DO 

BCeM CMO)lenHpOBaHHbIM COCTOfilill­

.SIM npttMepHo 140 rrpome)lIIIHX KaM­

naHHH (Bcero OKOJIO 1 400 COCTO.H­

IDIH). B pa6oTe [ l] rrp1rne.ueH npH­

Mep rronyqeHJU1 Ha 3TOH 6aJe cpym<­

UHOHannm,rx 3aBHCHMOCTeH K03q>­

cpm.u-1eHTOB HepaBHOMepHOCTR 3Hep­

rOBbI,LJ,eJieHIDI B IIOIIepetJHOM ceqe-

1H"I TBC: UH.OB 

mrn: TBC OT Bhrropamrn TOTiflRBa H noJIO)Ke­

mrn opraHOB CY3. B pa6oTe [5] .uaHhI JaBH­

c11MocTH OT Tex )Ke rrapaMerpoB pacrrpe.uerre­

mrn 3HeproBbI,UerreHID1 no TBC aKT.HBHOH 3O­

HhI. 

TaKHM o6pa30M, 6aJa ):{aHHbIX HMIUaTopa 

ImCor _ SM rrpHMemreTc.sr cei-fqac H 6y .n:eT ttc­

IIOJib3OBaT1cR B )lanbHeHIIIeM )lM rronyqemui: 

HOBbIX .n:aHHbIX, qTo rrpH.n:aeT eH KaqecTBO 6a-

3bl 3HaHHH o peaKrnpe CM. 

3. CocTOSIHHe pa3pa6oTOK HMHTaTopa 
aKTHBHoii JOHhl peaKTopa PET-6 

B Hccrre.n:oBaTeJibCKOM peaKTope PET-6 

6accei1HOB0f0 nma rrpoeKTHOH MO~OCTbIO 6 

MBT rrpHMeIDIIOT OTPa6oTaBIIIHe TBC peaK­

Topa CM c .n:ocTaTO':lHO lllHpOirnM cneKTPOM 

3HaqeHHH BhrropaHHR TOilJlliBa. IlpH pa3pa-

6oTKe HMHTarnpa ImCor _ RBT6 BTIOJIBe ecTe­

CTBeHHO HCTTOJib3OBam,J Mo.n:enH TBC, Borrpy­

)KaeMhrx H3 peaKTopa CM, xpamrm11ec51 B 6aJe 

)laHHbIX HMHTaTOpa ImCor _ SM. 3TH MO,UeflH 

co.n:ep)KaT CTP)'KTyp11poBaHHYIO 1rncpopMaI-Uuo 

o npocTPaHcTBeHHbIX pacrrpe.n:erremrnx Bhrro­

paHHR TOIIJlliBa H KOHUeHTPaUHH HYKnH.UOB B 
BbI)leJieHHbTX rpyrrnax TB3JIOB. 

B pa3pa60Ta1-moi1 "6aJoBoi1" Mo,uerrH aK­

TRBHOH 3OHbI peaKTopa PET-6 pearrHJoBatta 

B03MO)l(HOCTb "aBTOMannauHH" H3MeHeHHH 

norrmKeHHH opraHoB CY3 H KOHUeHTPaUHH 

HyI<Jn:l)lOB B 3OHax TBC c pa3IIH':lHl>IM BbirO-

6 ... rec I ammm a am 
lliPDi:lm 
I(_,.,_ 

Jos.OJ.2011 .:.l !0903.2011 .:.] 

11~~ I 
YAeJMra Tett.~ee COCTor:H411 

P11c. 2. rnaBHOe OKHO rIOJ.J,MOJzyllif GraMod_RBT6 

paHHeM. fpacpHqecKHH 11HTepcpei1c IIO3BOMeT 

IlOJib3OBaTenRM cpopMRpoBaTI, cpaHJibJ HCXO)l­

HbIX ,n:aHHbrx )lJIR MO)leJIHpoBaHHR rreperpy3OK 

H KaMIIaHHH (rro)lMo.n:yJlb GraMod_RBT6), a 

TaK)l(e npOBO)lHTb aHcUIH3 nonyqaeMbIX pe-

3YJibTaTOB (no,n:Mo.n:yJlb GraFin_RBT6), rrpH­

MeH5I51 npHBb~1>1e .UM nepcm1ana o6pa3bI 

TTYJlbTOBblX npH6opoB H 3JieMeHTOB aKTHBHOH 

3om,1. fnaBHoe oKHo no,n:Mo.n:yM GraMod _ 

RBT6 npHBe,n:eHo Ha pHc. 2. 
Ilocne 3Tana TeCTHpOBaHHR HMRTaTopa Ha 

3KCrrepHMeHTaJII,HI,JX )laHHbIX OH HCIIOJib3yeT­

C51 B HacTrnnuee BpeMR ,n:M nporHO3HbIX pac-

11eTOB 3arpy3OK H KaMJiaHHH, B ':laCTHOCTH, .UM 

MO)leJIBpOBaHIDI pe)KHMOB 06rryqeHH51 MHIIIe­

HeH B KaHanax peaKTopa .UM HaKOIIJieHHR H3O­

TOIIa 99Mo. 

Ilo aHanorH11 c HMHTaTopoM aKTHBHOH 3O­

m,1 peaKTopa CM B HMHTaTOpe ImCor _ RBT6 
npe.n:ycMOTPeH pe)KHM rrporno3HOH oueHKH 

pacnpe.n:eneHHR 3Hepros1,1.n:eneHl1R no TBC 

aKTRBHOH 3OHbl Ha OCHOBe annpOKCHMaUHOH­

HblX 3aBHCHMOCTeH, IIOJI~emn,IX TTOCJie o6pa-

60TKH pe3yJlbTaTOB BapHaHTHbIX pacqeTOB no 
nporpaMMe MCU-RR [5]. 

4. llcnoJibJOBauue nporpaMMbl MCU-RR 
B pa3pa60TKaX cpeACTB conpOBO:>K):(CHHSI 
oeTJieBbl.X HCIIbJTauuu e peaKTOpe MIIP 

MHoroneTJieBoii Hccrre,n:oBaTeJlbcKHH pe­

aKTop MllP o6ecneqi;rnaeT HCIIbITamur Terrrro­

Bbl)leJI51lol.I(JfX H rrornoma10mttx 3neMeHTOB 
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OcHOBHoe HaJHaqeHHe JToro 

HMHTaTopa - npOrH03HOe MO)le­

mrponaHHe 3arpy3oK, KaMnaHHH 

M ycrrOBHli o6rryqeHH.H TB3JIOB J,f 

TBC B neTneBbIX KaHarrax, KO­

rnpoe rrpoBO)lHTCSI nepe.n BbJXO­

,noM peaKTopa Ha HOMHHaJlbHYIO 

MOlll,HOCTb. O,LlHaKO onpe)leJUlTb 

c nOMOIJU>IO nporpaMMbI MCU­

RR npOCTPaHCTBeHHbie pacnpe­

)leJieHH.H 3HeprOBbJ)leJieHH.H B 

o6'beMe TTTBC a pe)KHMe pe­

aJibHoro speMeHH B npouecce 

06rryqeHID1 He npe,ncTaBJUleTCjj_ 

B03MO)KHbIM. 

PHc. 3. frraBHOe oI<Ho no,n:MOn)'JUl GraMod_MIR 

(TB3JIOB, TTJJIOB, TBC) B CTailHOHapH.bIX pe)K}I-

,[{m peweHJlj)_ TaKoii 3a,naq11 

pa3pa6oTaH npOCTOH B pearrH3a­

IJ,.MH arrropHTM [6] , OCHOBaHHbIH 
Ha HCTIOJlb30BaHHH B03MO)KH0-

CTeH npeum110HHOH nporpaMMI,I MCU-RR H 

yYeTe oco6ettHOCTeH aKTHBHOH 301-ll,J peaKTO­

pa MHP, B Kornpoii ycnoBHSI o6rryYeHH.H 

IJTBC 3aBHC5IT OT MOLUHOCTH TOJlbKO .LlByx 

pHJ.lOB OKpy)Karou:mx ee pa6o'ilfX TBC 

(PTBC): 

MaX (pecypcm,Je H.CTibJTalflUI) H MO)leJilipOBa-

mte nepexo.um,rx H aBapIDhu,1x npoueccos s 

rrpe.uerrax neTrreBbIX KaHaJIOB. IIpH Ta.KHX HC­

IlbITaHIDIX. B pa60qi;f){ H IleTJieBE,JX KaHarrax 

rrpe.uycMOTPem,1 cpe,ncTBa KOHTPOJUl HX MOill­

HOCTH, OCHOBaHHbie Ha H3MepeHlUIX pacxo,na H 

TeMnepaT)'J)bITenrroHOCHTeJUl. 

Eorree )leTaJihHYIO HHcpopMaumo o npo­

CTPaHCTBeHHoM pacnpe)lerreHHH JHeproBbJJ.le­

nemur B o6'beMe nerneBbIX TBC (IITBC) c 

Heo6rryqeHHbIM TOTIJiliBOM (Ra HaqaJibHOH 

crn)lHH 11cnbrramrn) norryqaroT B JKcnep11-

MeHTax Ha KpHTH"l.JeCKOH c6opKe peaKTOpa 

:MMP. ,[{JUl nonyqemrn TaKoro pacnpe)leneIDUI 

B IITBC c qacTHqHo BbiropenurnM HJIH pe­

cpa6pHKOBaHHbIM TOTIJTHBOM ueo6xO)lHMbl 
cneUHaJibHbie peaKTOpHbie 3KCnepHMeHTbJ, 

IIOCTaHOBKa KOTOpbIX TPe6yeT 3Haq],1TeJibHbIX 

MaTepHarrbHbJX H npeMeHHbix JaTPaT. 

8 l(eHCTBHTeJlbHOCTH )Ke H3MepHTb 3Hep­

fOBE,J)leJieHHe BO scex TBJrrax ITTBC B 3a)laH­

Hbie MOMeHTbl BpeMeffii HCTTbITaHHH npaKTH­

qecKH HeB03MO>KHO. B CBH3H c 3THM aKTYaJib­

Hhl pa3pa60TKH anropHTMOB J,f COOTBeTCT­

ayro.a.u,rx KOMITblOTepHbIX KO)lOB )lJUl TIOBbIIIIe­

HHH HHcpopMaTHBHOCTH neTJieBblX HCTibITa­

mrn. 
B HaCTOHmee apeMH pa3pa6oTKa HMJfTa­

TOpa lmCor _ MIR uaxo)lHTC.H B CTa)lHH c03,na­

HID1 "6a30BOH" pacqeTHOH MO,LleJIH aKTHBHOH 

30HhI 11 rpaqrnqecKoro HHTepcpei-tca (pMc. 3). 
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VP 

W.. =Wr + '°' Wr (l) 
n n A+-0 .L..J P K+-P 

' P•I 

r.ne WK - MOll{HOCTb K-ro o6oeKTa K = I1 T ' ' ' 
Z (IT - ITTBC, T - TBJJI, Z - BhICOTHbIH yqac-

TOK TBJJia HJIH IITBC); NP - 'lllcno TBC s 

OKpy)KeHHH I1TBC; Wr - MOLUHOCTb PTBC; 

rK---n' rK+-P - BKJla,Llbl B MOillHOCTb K-ro 060-
eKTa OT tteHTPOHOB, po,nHBIIIHXCR B IITBC H 

PTBC, cooTBeTCTBeHHO, npH e.nmm.YHOH 

MOlll,HOCTH 3THX TBC. 

ArrropHTM pacqeTa TIOTB3JlbHOro {WT} H 

BbICOTHOfO { Wz} pacnpe,neJieHHH 3HeproBbl­

.neneHH51 B o6oeMe IITBC, octtoBaHHhrn Ha 

cpopMyne (1), HaJBaH IlAMMP-arrropHTMOM, a 

BeJIH4HHhI rx---n , rK.,_P - 11AMMP-napaMeTpa­

MH. 3ttaYeIDUI 3THX napaMeTPOB norryqaIOT 

npH peruemrn Ha6opa Mo.uenhHbJX 3a,na4 c 

pa3HhIMH cocTO.H:HIDIMH IITBC 11 oKpy)KaIO­

lUMX ee 5£-qeeK C TIOMOlllbIO rrpeu.H3HOHH0ff 

nporpaMMbJ MCU-RR, rrpocJie)KJIBaromei-i 

TPaeKTOpHH He.HTPOHOB OT TotJeK HX po)K)le­

HIDI .no ToqeK nornomettH.H c perncTPaw-1e» 

Heo6XO)lHMbJX CKOpOCTeH peaKUHH 11 BhI,Llene-



P11c. 4. <l>parneHT KapTorpaMMhJ JarpyJKH aKTHBHOH Jo­
HhJ KpHTc6opKH pcaKTopa MHP: 3-13 - xqemca c IITBC; 
4-15, 4-20 - HtJeihrn c nornoTHTCJieM (Ka.l{MHeaax TPY-
6a); 2-9 - .ll'lemca c KOMileHCaTOpOM K)J, (c norpyJKOH); 
4, 5, 19, 20, 21, pp - KOMnenc11pyiomue CTCp)f(RH (KC); 
1-5 - HeHKa c PTBC c JarpyJKOH TOIIJIHBa 0,6 OT HOMH­
HaJThHOro JHatJeHHH; 2-10 - .ll'leHKa c 6epwurneaoH 
rrpo6KoH 

H.HeM B HlfX BKJHl)lOB (.uoneii) OT pa3JIH[{Hl,IX 

HCTO'iIDIKOB eeHTPOHOB .uenemui:. 

B pe3yJibTaTe perneHIDI MO,D;eJibHbIX 3a,n;aq 

fOTOB.H.TC.R: 

- "6a30Bbie" napaMeTpbI { r 60 
} , orrpe.n;e-

K+- n ,P 

llileMI,Ie Llllil KIDK,D;Oro TB3Jia (K = T) H Ka)K)lO­

ro BbICOTHoro yqacTKa (K = Z) TITBC rrpH ey­
rreBOM BbiropaHHH TOIIJIHBa BO acex TBC H 

BepXHeM IlOJIO)KeHHH acex opraHOB CY3; 

- 3Haqemrn IlAMMP-napaMeTpOB { r K, 
11

_p(f)} 

Llllil Ha6opa COCTO.SIHHH jlqeeK, orrpe,llellileMbIX 

<paKTOpaMH B.IIIDIHHJI Ha MOIIJ,HOCTb K-ro 06'b­

eKTa (J= 1. .. F): noJIO)KeHHeM Ka)K)loro H3 op­

raHoa CY3, BbiropaHHeM TOIIJIHBa B llTBC H 

PTBC; 

- IlAMI1P-napaMeTPbI, HOpMHpoBaHHbie Ha 

COOTBeTCTB}'lOtnHe "6a30Bbie" 3HaqeHIDI, 

K K<--11/f) = r K,-n/f) / r :: n.P. 
B npouecce Mo,neJIHpoaaHHJ1 rrpocTPaHCT­

BeHHoro pacnpe.uerreHIDI 3HeproBbI)lerreHIDI B 

o6'beMe llTBC no H3BeCTHhIM 3Ha4eHH.H.M 

MOII{HOCTH H BhiropaHHJ1 PTBC, norro)KeHHHM 

opraHOB CY3 B oKpy)KeHHH ,naHHOH llTBC 

Bbl4HCJIJIIOTC.SI 3HaqeHH.H. KIDK)lOfO llAM.MP­
napaMeTpa (B npe,llilOJIO)KeHHH B3aHMHOH He-

3aBHCHMOCTH <paKTopoa/): 

P11c. 5. Ilorrepe<tHoc cetJeHHe mrrneaoro 
Kanana c IITBC B .ll'lemce 3-13: 1 - TB3n; 
2 - CTarrI,HaH TPY6Ka; 3 - qexon HJ cOJia­
aa UHPKOHIDI; 4 - amoMHHHeBbrn Koprryc; 
5 - CTaJil,HOH KO)K)'X; 6 - B0.11,a; 133 H 144 
- TB3JibJ, JlJlH KOTOpbIX HJMepHIDt. BbJCOT­
HOe pacnpenenen11e 3HeproBbIJleJieHH.R 
(t - OpHeHTaUHH Ha H'Iemcy 2-9) 

F 
6a'.l 

r K< n.P = r K<-n,PII K K,-n/1), 
1~, 

a TaK)Ke MOIJUIOCTb llTBC 
NP 

wn = ( 1- rn,-n r I I WPrn,-p ' 
P=l 

a JaTeM IlOTB3JibHOe H BbICOTHOe pacnpe.n;ene­

HH.SI 3HeprOBbI)leJieHIDI no <pOpMyrre (1 ). 
,[(na nepaoro 3Tana TeCTHpoaaHHa TIA­

Ml1P-anropHTMa, peaJIH30BaHHOro B npor­

paMMe I1AMJIP [13], rrpoae,neHhl 3KCnepH­

MeHTbI Ha KpHTWieCKOH c6opKe peaKTopa 

MHP c ITTBC B aqeHKe 3-13 (pHc. 4), co.n;ep­

)Kamen 18 TB3JIOB peaKTopa THIIa BB3P c 

,D;JfHHOli aKTHBHOH qacTH 1000 MM. Macca ypa­

Ha B ITTBC - 7 Kr, o6oram,eHHe 4,4 % no 
235U. ,[(HaMeTp TB3JIOB 9,15 MM, rnar pa3Meme­

HH.H. 12,75 MM. llonepeqHoe ceqeHHe neTneao­

ro KaHana c TITBC rrp11ae,neHo Ha pHc. 5. 
B 3KCnepHMeHTax H3Mepanacb aKTHBHO­

CTb TB3JIOB H JaKpenJieHHbIX Ha HIDC HH)lHKa­

TOpOB B BH)le <pOJibf H3 MeTaJIJIHqecKoro ypa­

Ha (90 % o6orameHHe no 
235U). ,[(IDI cpaaHe­

HIDI pacqeTHbIX ,naHHbIX C 3KCnepHMeHTaJil,­

HbIMH HCTTOJib3OBaJIOCb IlOTB3JibHOe pacnpe.ue­

JJeHHe JHeproab1.n;eneHHJ1, ycpe.n;HeHHoe no pe-

3YJibTaTaM H3MepeHHH LlBYMJI cnoco6aMH (no-
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rpeUIH0CTb .uo 3 %), n BbIC0TH0e, ycpe,utteH­
H0e no .UBYM TB3JiaM ( norpelllH0CTb .uo 5 % ). 

MccJie,UOBaJIHCb TPH C0CT0HHIDI KpHTC6op­
KH, B K0T0pbIX <popMHposanacb p3.3fillqJfa,J 
CTeneHb HepaBHOMepHOCTH Il0TB3JThH0ro H 

BblC0THoro pacnpe,lleJieHHi-i 3eepros@,uerremU1 
s IITBC c 18-10 TB3JiaMH: 

1) YK3.3aHHbie HepaBH0MepH0CTH MHHH­
MaJibHl>I, qTo ,U0CTHraJI0Cb TI0JIHI,IM H3BJieqe­
HHeM oprattos CY3 s6JIH3H .si:qeHKJI 3-13; 

2) M0,ZleJIHP0BaJIC.H MaKCHMaJThH0 B03M0)K­
Hb1H "nepeKoc" 3Hepros1I,uerreHH.H s nonepeq­
H0M ceqeHHH IITBC JaMeHoi-i PTBC s .si:qei,ixe 
4-17 Ha nornoma10nzyro qaCTb K0MIIettcarnpa 
c HH)l(HeH TOilIIHBHOH ,uorpy3KOH (IQ:() H cmt­
>KelllleM 3arpy3KH ypatta s .si:qem<ax 4-16 H 4-
18 .uo 0,6 OT H0MHHaJil>H0ro 3HaqeHIDI; 

3) M0,UeJIHP0BaJIC.H MaKCHMa.JThH0 B03M0)K­
HblH "nepeKoc" 3Hepr0BbI,UerreHH.H no BbIC0Te 
IITBC ycTaHOBKOH s cpe.uHee nono>KeHHe 
KC-20, KC-21 H IQ:( (s .si:qei-iKe 2-9). 

PeJyJThTaTbl pacqfuos (P) no rrporpaMMe 
IIAMMP np0C'fl)aHCTBeHH0ro pacnpe,ueneHH~ 
3Hepros1i.ueneHID1 s 061,eMe IITBC ~ 'fl)ex 
COCTOHHHH KpHTC60pKH npnse,ueHhI B cpasHe­
HHH C 3KCnepHMeHTaJil>HI,IMH (3) ,uaHHbIMH 
(pnc. 6 ... 8). ,[(JI.H scex 3THX COCTO.HHHH B no­
TB3JThH0M pacnpe,uenemm 0TH0CHTeJThHI>Ie 0T­
KJI0HeHH.H /l = (P/3 - 1)100 % Hax0,Zl.HTC.H s 
HHTepsane ± 4 %. 

B C0CT0.HHH.HX 1) H 2) ~ "HeB03MYIIIeH­
Horo" s1IcoTHoro pacrrpe,ueneHIDI 3Hepros1,1-
,ue11eIDU1 (ttynesru1 Koop,uHHaTa cosna,uaeT c 
yp0BHeM ueH'fl)aJILHOH TIJI0CK0CTH aKTHBHOH 
30HLI) HHTepsan OTKJIOHeHHH I::,, = ± 6 % 
(cpe,n;HeKBa,llpaTHqecKoe 0TKJI0Hemrn 3 %), 
npH 3T0M 3HaqeIDUI K03<p<pH~eHTOB Kz 81,I­

COTHOH HepaBH0MepH0CTH B pacqeTax H 3KC­
rrepHMeHTax C0BilaJIH (ll < 1 %). 

B C0CT0.HHHH 3) c rrpoMe~TOtUll,lM nono­
)KeHHeM opraHos CY3 (500 MM no YK3.3aTeJI.HM 
noJIO)KeHHH K,[( s .si:qefu<e 2-9, KC-20 H KC-
21) cpe,uHeKBa.upaTnqecKoe 0TKJI0Hettne pac­
qeTHI>IX H 3KCnepHMeHTaJil>Hl,IX 3HaqeHHH co­
CTaBHJI0 9 %, rrpH 3T0M C00TBeTCTBYIOIIIHe 
3HaqeHIDI Kz TaIOKe cosnaJIH. 

TaKHM o6p3.30M, no~etto y,uosneTBopH­
TeJThttoe cornacHe pacqfum,1x 11 3KcnepHMeH­
TaJII,Hl>IX ,uaHHbIX 06 0TH0CHTefilHhlX no-
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TB3J11,HI,JX H BbIC0THbIX pacrrpe,uerreHH.HX 3Hep­
ros1,1,ueneHID1 s 061,eMe IITBC. 

IlpH HCil0JII,J0BaHHH B KaqecTBe "3TaJIO­
ea" ~ cpasHeHIDI pe3yfilTaToB pacqeTos Tex 
)Ke pacnpe,ueneHHH no npeQH3HOHHOH npor­
paMMe MCU-RR 0TH0CHTeJThHl>Ie 0TKJI0HeHIDI 
OT HHX C00TBeTCTByIOIIIHX pe3yJThTaT0B pac­
qerns no nporpaMMe IIAMl1P He s1,ixo,u.si:T Ja 
npe,UeJII,I MaKCHMaJil>H0H CTaTHCTIPieCKOH no­
rpeIDH0CTH "3TaJIOHHbIX" 3HaqeffHH (± 2 % 
npH ,ZlOBepHTeJibHOH sep0.HTH0CTH 0,95), qTo 
CBH,UeTeJibCTByeT O ,UOCTaToqHo BbICOKOH Toq­

H0CTH pacqfuos, K0T0pyIO M0)KeT o6ecne'lHTI, 
anropHTM IIAMMP. 

Ha06orree J<p<peKTHBHO npHMeHeHHe rrpo­
rpaMMI>I IIAMl1P B C0CTaBe HH¢opM~OHHO­
H3MepHTefilHOH CHCTeMI>I peaKTopa MMP, K0TO­
pa.si: nOCTaBJI.HeT nporpaMMe 3HaqeHJUl MOIIIHOCTH 

{ Wr} scex pa6o'IltX KaHanos H noJI0)KeIDUJ: scex 
oprattos CY3 c qaCTOTOii orrpoca ,uaT'IHK0B K0H­
rpon.si:. 3To n03BOJI.HeT MrHOBeHHO nonyqaTb H 

0,uH0BpeMeHH0 0TCJie)IQ{8liTb pacrrpe.ueneIDUI 
{WT} H {Wz} s HeCK0filKHX IITBC, npornoJH­
py.si: "nepeKOCLI" JHeproBLI,ZleJieHJUl, BLIXO.lJ)III.Oie 

3a npe,UeJII,I 'rpe60BaHHH K HCIII,JTaIDUIM. 

3aKJIIO'ICHHe 

Om.rr p3.3pa60TICH H MHoroneTHeii JKcn­
nyaTaUHH HMJITaTopa ImCor _ SM noK3.3aJI J<p­
<peKTHBHOCTb HCIIOJII,30BaHH.H npe~3HOHHOH 

rrporpaMMI>I .ZlJl.H onepaTHBHoro pemeHIDl tten­
rpomm-¢HJnqecKHX Ja,uaq, B0JIDIKaIOIIIHX s 
IIp0Qecce COIIp0B0)K,ZleHIDI pa60TbI peaKT0pa 
CM, H noJB0JIHJI c¢OPMYJIHPOBaTb noJI0)l(eHIDI 
o6o6ma10meii TeXHonornH SupRROS, Ha octto­
se KOTopoii se.uyrc.si: p3.3pa60TICH HMHTaTopa Im­
Cor _ RBT6 H "6aJOBbIX" MO,UeJieH aKTHBHbIX 30H 
peaKTopos MMP, BK-50 H EOP-60 KaK aepsooc­
HOBbI COOTBeTCTByIOll(HX HMHTaTOpOB. 

IlpHMeHeHHe orpoMHoro Maccnsa ttaKan­
JIHBaeMhlx HMHTaTopaMH pe3yJII,TaTOB pacqe­

T0B B KaqeCTBe CTaTHCTHqecKoro MaTepHana 
,uaeT HOBI,Je annpOKCHMaUHOHHble B3aHM03a­

BHCHMOCTH OCHOBHT,IX HeH'fl)OHHO-<pHJHqec­

KHX xapaKTepHCTHK aKTHBHOH 30Hl>I, KOTOpbie 

06ecneqnsa10T MrttoseHHoe nonyqeHHe npH-
6mm:eHHbIX (Ho ,Zl0CTaTOqHo Ha,Ue)KHT,JX) 
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PHc. 6. Pacnpe.u.eneHIDI 3eeprosr,1,u.eneHID1 a IITBC a cocro»HHll 1): a) - II0TB3JlbHoe (HHTepsan oTKJiottemrn 
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a) 6) 
PHc. 7. Pacnpe,u.eneHHH 3HeproBbI,U.eJieHll.!I B IITBC B cocTo.simrn 2) (o6o3ttaqeHHe CM. Ha pHc. 6): a)­

II0TB3JibH0e (HHTepBaJI OTKJIOHeHHH ± 4 %); 6) - BbIC0TH0e (HHTepBaJI OTKJIOHeH.HH ± 6 %, 
cpe,u.HeKBa.u.paTII'IeCK0e 0TKJI0HeHHe 3 % ) 
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a) 6) 
PHc. 8. Pacnpe.u.eneHIDI 3HeproBbI.U.eJieHHH B IlTBC B cocT0HHHH 3) (o603aaqeHHe CM. aa pHc. 6): 
a) - II0TB3JThH0e (HHTepBan OTKJIOHeHHH ± 3 %); 6)- BbICOTH0e (cpe,u.HeKBa.u.paTHqecKoe 0TKJI0HeHJ{e 9 %) 
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IlpOrH03HbIX oueHOK H3MeHeHHH 3THX xapaK­

TepHCTHK B npouecce neperpy3KR H KaMTia­
HHH. 

Hcnom,3oeaIDt:e B03MO)KHOCTeH nporpaM­

Mhl MCU-RR no cpparMeHrnu1,m BKJIM0B e 
oueHHBaeMble <pym<UHOHafill H oco6eHHOCTH 
cpopmtpoeaIDt:» ycnoeIDi 06.JIY"IeHIDI IlTBC e 

aKTHBHOH 30He peaKTopa MHP no3B0JUIIOT 
C03,naBaTb anropHTMbI OT06pIDKeHIDl H3MeHe­

HHH TIOJieH 3Hepr0Bbl,neJieIDUI. B o6beMe 
ITTBC c qacTOTOH orrpoca ,naTTIHK0B BHYTJ)H­
peaKTopttoro K0HTJ)0JUI. 
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PaCI.JCTHble HCCJle.[I.OBaHIDI 1<1><J>eKTHBHOCTH ueuTpOHHOH 3aUJ.HTbl 

Kopnyca H snyTpnpeaKTopuoro xpauuJ1urn.a peaKTOpa MEHP 

A.B. BapuBu,eB, H./0. )/(eMKOB, /0.B. Ha6ouWrUKOB, 
OAO 'THU: HM11AP", 433510, r . .D:HMHTpOBrpa.u-10 Ym,.srnoBCKOH o6rr. 

Ilocrymma B pe.uaKmno 05.05.2011 r. 

IlpIIBO,LVITCH pe3YJihTaTI,I pacqcrm,rx. Hccne)l,OBamrn Hrut:6onee 3<p<peKIBBHbIX MaTepHaJlOB )l,JlH HeITTpOHHOH 
3aIIU1ThI Koprryca peaJ<Topa MEHP H OTpa6oTaBilIBX TBC BO Bll)'TJ)HpeaKTopHOM xpamurnme. PaccMaTpHBaIOTC}I 
KaK Tpa)l,HUHOHHI,Je MaTepHaJII,J 3all(HTI,I - CTaJII,, Kap6HJJ. 6opa, TaK 11 aID,TepHaTHBHI,Ie - rH,UpHJJ.I,I 11,llpKOIOUl 
H raQ)HHji, 

lvuo'le6ble CJZ06a: Hei1TpOHH8jl 3aDlHTa, 60KOBOH 3KpaH, KOprryc peaKTopa, BH)'TpHpeaKTOpHoe xpaHJIJIB­
m:e, norJIOTHTeJII, Hei-hpOHOB, 3aMe)l,JIHTeJII, HeHTpOHOB. 

Calculations of the Efficiency of the MBIR Vessel and In-Vessel Storage Vault Neutron Shielding. 
A. V. Varivtsev, l Yu. Zhemkov, Yu. V. Naboyschikov, JSC "SSC RIAR ", Dimitrovgrad-10, Ulyanovsk regi­
on, 433510. 

The paper presents the calculational results oftbe most effective materials for neutron shielding of the reactor 
MEIR vessel and in-vessel storage vault for spent FAs. Both traditional shielding materials (steel, boron carbide) 
and alternative ones (zirconium and hafnium hydrides) are considered. 

Key Words: Neutron Shielding, Blanket, Reactor Vessel, In-Vessel Storage Vault, Neutron Absorber, 
Neutron Moderator. 

Bee.L1,enue 

B HaCTom:n;ee speM.5:1 aKTlIBHO Be.D;yTCjf pa-
6oTI,I no co3.uaID1J-O npoeKTa MHorouerreBoro 
6bICTporo Hccrre.uoBaTeJlbcKoro peaKTopa 
(MBHP) [ 1]. B KaqecTBe HeihpoHHOH 3all{HTbI 
B 60KOBOM 3KpaHe (E3) IIJiaHHpyeTCjf IIpHMe­
ffjfTI, CTaJlbHbie c6opKH, KOTOpbie ,UOJDKHbI 
CHH3HTb IIJIOTHOCTb ITOTOKa 6oICTpbIX HeH.TpO­
HOB (E > 0,1 M3B) B Koprryce peaKTopa .uo 3Ha­
qeHHH, o6ecne'llIBa}OIIlMX cpoK CJJ)')K6bI KOp­
nyca no 50 rreT. 

KpoMe rnro, B KOH.QenTyaJlbHOM rrpoeKTe 
MBHP paccMarpHBaeTC}I B03MO)KH0CTb pa3Me­
meHIDI Bttyrp11peaKTopHoro xpaH.HJIHI.I.{a (BPX) 
orpa6ornsIIIHX TBC (OTBC), 'ITO cymecTBeH­
Ho TIOBbIIIIaeT rpe6osaHIDI K 3cpcpeKTHBHOCTH 
HeihpOHHOH 3all{HTbI H ysenwnmaeT pa3Mep 
Koprryca peaKTopa. 

QqeBH,[(HO, qTo npH yBeJIHqeHHH pa3Mepa 
Koprryca peaKTOpHOH ycTaHOBKH (PY) TIOBbI­
CHTC}I ee CTOHMOCTb H y'MeHbrnaTCjf TIOTOKH 3a 
KoprrycoM peaKTopa, r.ue npe.unonaraeTCH pa3-
MeCTHTb BepTHKaJibHbie H ropH30HTaJibHbie 
3KCnepHMeHTaJlbH.bie KaHaJlbI. O.D;HaKo IJHCJIO 
PH.UOB 3all(HTbl H COOTBeTCTBeHHO pa3Mepbl 
KOprryca peaKTOpa MO)KHO )'MeHbJIIHTI, 11pH 

HCil0Jlb30BaHHH B KaqecTBe 3all,}1Tbl IIOrJIOTH­
TeJieH IDHillf 3aMe.UJIHTenei,i HeHTpOHOB [2, 3]. 

U:errb .uaHHOH pa6oTbI - norryqeIDJe pac­
qeTHbIX o~eHOK, CT03BOJifilOIIIID( BbI6paTb Ma­
TepHarr .um HeHTpOHHOH 3aI.UHTbl KOprryca 
M6HP H OTBC B BPX. 

1. lICXO)),Hble )),3HHble If paC'ICTHble MO)),eJIH 

Pacqen1 Hei1rpoHHo-cpmMecKHX xapaKTe­
pHcTHK (H<I>X) M6HP npoBe.L(eH.bI no npe~11-
3HOHHOMY KO.UY MCU-RR [4]. KoMnrreKc npo­
rpaMM MCU-RR npe,UHa3Ha'ieH .L(Jljf pacqern 
H <I> X H,UepHbIX peaKTOpOB H TIO,[(KpHTHqecKHX 
cHcTeM MeTO.UOM MoHTe-Kaprro B npoH3BOJlb­
HOH TpexMepHoH reoMeTpHH c .ueTaJibHbIM 
y-rJeTOM 3HepreTWieCKOH 3aBHCHMOCTH ceqe­
HHH B3aHMo.uei1:CTBffjf HeiirpoHoB 11 raMMa­
KBaHTOB C BemecTBOM. BepHcpHKaQffjf KO,Ua 
BbITIOJIHeHa no MHO)KeCTBy 3KCnepHMeHTaJlb­
HbIX HCCJie,UOBaH.HH B aKTlIBHOH 30He (a.3.) pe­
aKTOpa EOP-60 11 3a ee rrpe.uerraMH - B E3, 
MaJIOH IlOBOpOTHOH npo6Ke, ropH30HTaJibllbIX 
Kattarrax, 611ononrqecKOH 3all(HTe. 

PacqeTHbJe HCCJie,UOBaH.11}1 HOCjfT o~eHoq­
Hblli xapaKTep, H aBTOpbl He CTaBjfT QeJII,lO HC­
crre.uoBaH.He KOH.KpeTHOH KOHQ)HrypauHH a.3. H 
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0 - TBC 
- c6opKH Mn 

, - c6opK11 nP 
0 - CTanbHbl8 c6opK11 63 
• - c6opK11 38~HTbl 

fl - CTeplKHH PYYHOro peryn11pOB8HHR (PP) 
@ - CTepll<HH 8Bap11MHOM 38~11Tbl (A3) 
@ - CT8PlKHl1 8BTOM8THY8CKOro 

• 

perym1pOB8HHR (AP) 
- nerneBbl8 KaHanbl 

P11c. l. KaprnrpaMMa a.3. H E3 M6liIP c Hew-rpoHHoi-1 JaWHTOH 

£3 peaKropa. ,nmr rrpoBe,ueHIDI pacqfu-oB BhI-

6patt 0,[{HH 113 Bap1taHT0B K0MII0H0BKJI a.3. 11 £3 
M611P, paccMaTpHBaBIIIHXCH B Hlfl1AP (p11c. 

1). HeTOruntBHbie c6opKH Ha KapTOrpaMMe 

MEHP o603ttac1eHb1 KaK TIP (naKeT .Ll)UI ttapa-

6oTKH pa,rrHOH)'KJIH)].0B) 11 MII (MaTepHaJIOBe.u­

qecI<Ji:H naKeT). OcHOBHhie HCX0.[lHl,Ie .[laHHbie 

no MEHP .UJUI rrpoBe.uemUI pacqeTOB np11Be­

.uem1 B rn6n. 1. 

T a 6 JI H u. a 1. lfcxo.ntthie .U.aHHh1e 
·· H<l>X )J.njl pacqeTa 

I1apaMem 3HaqeHHe 
Tennoarui MOWHOCTI> peaKTopa, MBT 150 
Irncno TBC 132 
Pa3Mep TBC " no.n KJDOq", MM 67 
Illar Pa3Mew:eIDU1 TBC, MM 69 
81,1c0Ta a.3., CM 55 
BhICOTa Topueabtx. JOH 

20 
BOCITPOH3B0)J.CTBa,cM 
Irncno HeTonmmHbIX c6opoK a a.3. l l 
qHCJIO neTJieBblX KaHaJIOB 3 

)];11aMeTp Kopnyca peaKTopa onpe.uenHeT­

cH HCX0.UR 113 K0HCTPYKTHBHI,IX H q>M3HqecKHX 

napaMeTJ)0B. Tip11ID1B rrpe,uem,ttoe 3Ha'Iem1e 

q>moeHca 6bICTphIX HeHTpOHOB MaTepwaJia 

Kopnyca paBHbIM 6,5 · I 022 CM- 2 11 nnaHHpye­

MhIH cpoK cny>K6b1 PY 50 JieT np11 K03q>q>HUH­

ettTe 11Cil0Jih30BaIDUI ycTaHOBJieHHOH M0IUH0-

CTH 0K0JJ0 0,65 0TH. e,n., TI0JIY'IHM, qTo .uonyc­

THMM IlJI0THOCTh II0T0Ka HeHTpOHOB C 3Hep­

rneii BhIIIIe 0, l M3B Ha BHyTJ)eHHeii CTeHKe 

Kopnyca peaI<Topa He ,noJDKHa npeBhIIIIaTh 
6,3· I 013 CM- 2·c- 1

. 
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2. PeJyJibTaTbl pacl.feTHblX ucCJie,noeanuu 

PacCMOT{)HM MaTepHaJihJ .Ll)UI B03M0)l(H0f0 

npHMeHeIDtH B Ka'Jecrne HeHTJ)OHHOH 3aIUHThI. 

CTaJih ( oco6eHHo co,nep>KaIUaH HHKen1,) 

CW!f'-IaeT crreK-rp HeH-rpOHOB 3a cqeT Heynpy­

roro pacceH:HIDI. 3aMe,nneHHbie Heii-rpOHhI 60-

nee 3q><peKTHBHO nornomaIOTCH B HeH caMOH 11 

,upynrx MaTepHaJiax. TeM He Mettee BCJie,nCTBHe 

tteB1,1coKOH 3aMe,LlJUIIomei1 11 nornoma10rueii 

cnoco6HOCTH CTaJIH .Ll)UI 3<p<peKTHBHOH 3am:HThl 

Tpe6yeTCH MH0ro PM0B CTaJihHhIX c6opoK. 

Kap611.n 6opa 8 4C 3a cqeT nornomettHH 

TeITJI0BhIX 11 Ha.[lTeTIJI0BhIX HeH-rpOHOB 3aMeT­

f-\0 CHIDKaeT IlJI0TH0CTh Il0TOKa. 3q>q>eKTHBHO­

CTh 8 4C yMem,rnaeTCH C Bhir0pam1eM H30T0na 
10B. IlpH Bhtropamrn Kap611.n 6opa pacrryxaeT 

3a CCJeT o6paJOBaHJUI renIDI, BCJie,UCTBHe ciero 

TepHeT np0'iH0CTHhie CBOHCTBa. KpoMe Toro, 

HHTeHCHBH0e IIornorueHHe Heii-rpoHOB B B4C 

BH0CHT 0TpH~aTefilHYIO peaKTHBH0CTh. 

O6e.z:tHeHHhIH Kap611.n 6opa ( co.nep)KHT 3 
o/o 10B) B MeHbllleH CTeneHH Il0,UBep)KeH BhirO­

pamno H, cne,uoBaTeJihH0, pacrryxamno, HBJIH­

.RCh cna6hIM norJIOTMTeneM J1 HeITJI0XHM 3a­

Me.UJI11TeJieM Hei-1-rpottoB. 

f w,upH.Ll l.(HpK0HIDl ZrH2 cymeCTBeHHo 

cw1P-taeT cneKTp tteiiTpottoB 3a cqfu- ynpyroro 

pacce.sI:Hl-Ul Ha H,upax Bo,nopo.na, rrpHB0M TeM ca­

MhIM K HHTettcHBH0MY nornom;e1-Il1l0 Hei-1-rpottoB 

B CaM0M rn,upH.Lle UJtPK0IDUI, K0HCTp)'l<IU10HHbIX 

MaTep11anax H TelIJI0HOCHTene. )];OCTOHHCTBOM 

T11,upH.[la UJtPK0HIDI HBAAeTC.R TO, ~o ero 3<pq>eK­

THBII0CTh He MeHJleTC.R no.n o6nyqeHHeM (He Bbl-
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PHc. 2. Pa.[IJlaJihHOe pacnpe,n:eJieHHe IlJIOTHOCTH nOTOKa 6bICTµhIX HeHTµOHOB 

B 63 M:EHP (- - ,n:onyCTHMOe 3HaqeHHe Illl.OTHOCTH IlOTOKa 6bICTµhIX 

ttettTµOHOB Ha BH)'Tµer-meif cTeHKe Kopnyca peanopa) 

ropaer). IlpHMeHeHHe ZrH2 TIUOKe BHOCHT O'IpH- BHOCHT o-rpm..i:aTeJibHYIO peaKTHBHOCTb OTH0-

1.laTeJil>ttyIO peaKrnBHOCTb. CHTefilHO CTaJibHbIX c6opoK E3. OTpm..i;aTeJII,-

r11.z.qm,n r acpHIDI HfH1,5 CJiy)KHT O,l(H0Bpe- HM peaKTHBH0CTb, BH0CHMa5r HeihpOHHOM 3a-

MeHHo H 3aMenJIHTeJieM, H IlOrJIOTHTeJieM Hdi- IlUiTOH, pacnoJIO)l(eHHOH B 11, 12 p5lnax Kap-

TJ)OHOB. HeHTJ)OHbI, 3aMen.lIID!Cb Ha 5lnpax BO- TOrpaMMbl (CM. pHC. 1), COCTaBJUieT: 

nopona, RHTettcHBHo nornoma1orc.H 5rnpaMH B 4C (3 % 10B) - 0,4 % M lk 
raq>HH5I - peaKUIDI (n, y). faq>HHH npaKTifl!e- B 4C (19 % '0B) - 0,6 % M lk 
CKH He Bbiropaer - n pH nornom;elilflf aeurpo- ZrH2 - 1,0 % tik/k 
HOB ttyKIDl,l.lbI raq>HIDI nepexoMT npyr B npy- H fH, 5 - 1,0 % tik/k 
ra. KpoMe Toro, 3aMenneHHbie HeHipOHbl XO- PacCMOTpHM nanee sapHaHT KOMIIOHOBKH 

p orno nornom:aroTc5r KOHC1J)yKizy10HHbIMH Ma- a.3 . H E3 MEHP c BPX OTBC (pHc. 3). 
TepHanaMH H rennoHOCHTeneM. ProMep BPX onpeneAAeTC5r 'IllCJIOM OTBC, 

Cnen yeT TIOMIDITb, qyo npH BblCOKHX TeM- KOTOpbie noJDKHI,I B HeM pa3MeCTHTbC5l. ,[(Jui 
neparypax 420 .. .450 °C B fH,llPHn ax UHpK0- paccMarpHBaeMoro sapHaHTa K0MIIOHOBKH a.3. 
HID[ H raq>HIDI B03MO)l(eH 3<p<peKT qacrHqHoH (132 TBC) no OKOffqaHHJ-1 MHKpOKaMTia.mrn 

noTepH Bonopona. Ha pHc. 2 rrpHBenea1,1 pa- (MK) s BPX 6ynyT Bbrrpy)l(aTbCR no 33 OTB C, 
,l.lHaJibHbie pacnpen eneHIDI IlJIOTHOCTH ITOTOKa 

6b1crp1,ix Heihpottos B E3 MEllP (6e3 BPX) c 

pa3JIHqffbIM cocrasoM ttewrpoHHOH 3am:HTb1. 

TaKHM o6pa30M, npH HCITOJib30BaHHH 

CTaJibHbIX c6opoK s KaqecTBe tteurpoHHoH 3a­

m;HThI c yqeroM nonepe'Il-lbIX pa3Mepos c6opKH 

MHHHMaJil>Hbrn BttyTpeHHHH ,l.lHaMerp (nanee -

.l.lHaMerp) Kopnyca peaKTopa noJDKeH cocras­

AATb OKOJIO 188 CM. IlpHMeHeHHe Kap6H,l.la 6opa 

( KaK npHpO.l.lHOro, TaK 11 o6e,l.lHeHHOro) YMem,­

maeT ,l.lHaMerp Kopnyca no 174 CM, a HeHipoH­

HM 3allU1Ta, BhillOJIHeHHM H3 fl1,l.lpH,l.lOB UHpKO­

Hlli:l HJIH racpmur, - n o 160 cM. 

KaK OTMeqeHo Bhune, HeHTJ)OHHM 3am11Ta 

Ha ocHose n ornoTHTeneu HJIH 3aMenJIHrenei1 

KOTop1,1e rrocne pacxonIDKHBaHH5I s TeqeHHe on­

HOM MK 6ynyT Bbrrpy)l(em,1 H3 peaKTopa, a Ha 

11X MeCTO 3arpy)l(eHa CJienyIOIUM rrapTH.H 

OTBC. TaKHM o6pa30M, .l.lM o6ecneqeHH.H 

rnTaTHOH neperpy3KH a.3. BPX noJDKHO HMeTb 

no 40 ,HqeeK. Bee OHH noJDKHb1 6b1r1, pacrrono­

)l(em,r Ha pacCTOfilIID:I OT a.3., noCTaTOWOM ,l.lJI5[ 

CHH)l(eHIDI IlJIOTHOCTH TIOTOKa <l>n HeMipOHOB H 

cooTBercTBeHHo M0I.l{HOCTH OTBC n o np:11eM­

neMoro ypoBIDI. 

Ilo attanorHH c BPX peaKTopa EH-600 cne­

,nyer no6HThC.H CHIDKeHH.H yneJibHOro 3HeprOBbI­

neneHH5I Qv a OTBC BPX .n;o 4 % OT ypOBllil 
nocne,l.lHero p-Hna a.3. 

BeJIHqm.ra yneJibHOro 3HeproBhl,l.leJieHIDI B 
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0 - TBC 
• - c6opKMMn 

- c6opKM nP 
Q - CT8/lbHbl8 C6opKM 63 

~:::::~<:co• - CT&plKHM pp 
___..__,.._,__,....,.._, ~ - CT&pll<HM A3 

@ - CT&PlKHM AP 

~-OTBC 

PHc. 3. KapTOrpaMMa a.3. H 63 MnHP c BPX 

TBC □ocne,uHero p'1.LJ.a ( 6, 7 p~I) cocraBJUleT 
rrpHMepHO 550 KBT/JI. Ha pHC. 4 rrpHBe,nem,I pe-
3YJil,TaThl pact.J.e-ra Qv B OTBC B 3aBHCHMOCTH 
OT pac□oJI0)Kemrn BPX B peaI<Tope co cranbHOH 
3aII{HTOH. 

.[(AA CIDDKeIDUI 3Haqemrn Qv .Ll.0 -rpe6yeMOH 
seIDl~I Heo6xo.D.HMo pacnoJI0)KHTh BPX s 
15 ... 17 pMax (pHc. 4), T.e. HMeTb 8, 9 PMOB 
CTaJIJ:,HbIX c6opoK Me:>K.Izy a.3. 11 BPX. KpoMe rn­
ro, caMo BPX MO)KeT cocro51Th H3 HeCKOJibKHX 
PM0B j{qeeK, ~o B COBOK)'Il.HOCTJ.f rrpHBe.D.eT K 
3HaqJ,ITeJibHOMY yseJillllemno pa3Mepos Koprry­
ca peaI<Topa. IlpHMeHeHHe nornoTHTenei1 H 3a­
Me.ll.IDfTenei1 s KaqecTBe Hew-rpoHJ-IoH 3allJ)1ThI 
(pHc. 5) YMeHbumT lJ.J.fCJIO PH.LI.OB 3all{J.fTbl H co­
OTBeTCTBeHI-10 pa3Mepb1 KOpnyca. 

T a 6 JI u ~ a 2. IlapaMeTPbJ HeHTPOHHOH 3all.lHTbI 
BPX H KOPIIYCa peaKTopa 

Pacno-
0rnOCH-

MaTep11an 
Pacno- TeJibHoe JJ:HaMeTp no)Ker-rne 

no)KeID:le YJleJibHoe Kopnyca, 
3aJIOITb] 

BPX, p,m 
3aJ101Tb], 

:meproBbJ- CM 
p,m 

}lene1-rne, % 
Crnm, 16 ... 18 - 2,7 228 
CTanb 15 ... 17 - 4,0 214 
B4C (3 %) 14 ... 16 11. .. 13 3,9 202 
B4C (19 %' 13 ... 15 10 ... 12 3,3 188 
B4C (19 %' 12 ... 14 10 ... 12 4,0 188 
ZrH2 13 ... 15 10 ... 12 2,0 188 
ZrH2 12 ... 14 10 ... 12 4,0 174 
ZrH2 12 ... 14 9 ... 11 3,1 174 
HfH, s 13 ... 15 10 ... 12 2,0 188 
HfH, s 12 ... 14 10 ... 12 2,8 174 

B Ta6JI. 2 rrpe,UCTaBJieHbl sapHaHTbl pa3-
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MelI{eHH.ll BPX H c6opoK Hew-rpoHHOH 3all{H­
ThI, y,nosnernopmolI{He ycnomno CHH)KettHj{ 
y,ueJibHOH MOIIlHOCTH :meproBbI}leJieHID! B 
OTBC. :>KHpttbIM wp11q>TOM s rn6nm.{e BhIJle­
neHbJ Te sapHaHTbJ pacnono)KeHJ.rn BPX 11 
HeihpOHHOH 3all.{HTb1, KOTOpbie □pH co6mo­
,neHHH ycJI0BH.H no CITTI)KeHHIO 3HatJ.eHHH Qv 
Il0380JI.l[JOT .ll.OCTWfb MHIDIMaJil,HbJX pa3Mepos 
Koprryca peaKTopa .LI.AA Ka)K.LJ.oro KOHKpeTHoro 
MaTepHana HeHTJ)OHHOH 3all{HTbl. 

Jfa Ta6JI. 2 BJ.f.ll.HO, I.J.TO MH.HHMaJibHbIX 
pa3Mepos KOp□yca □pH HaJIHI.J.ID1 BPX MO)KHO 
,no6HTbC.ll, npHMeH.ll.ll s Kat.JeCTBe HeHTpOHHOH 
3aII{HTbI c6opKH C fJ.fJlPHJlaMH UHpKOHHj{ HJIH 
raq>HH'1, ycTaHOBITeHHbJe s 10 ... 12 pH,nax. 

3aKJIIO'leHHe 

Ilpose,neHHb1e pacqeTHb1e 11ccrre,nosaHl1.ll 
IlOKa3aJIH, I.J.TO HCTIOJlb30BaHHe norJIOTHTeneH 
H 3aMeJlJIHTerrei1 s Kaqecrne tteti-rpoHHOH 3a­
ll{l1TbI □03BOIDIT yMeHI>lliHTb .ZJ;HaMeTp KOpny­
ca MEHP co 188 .D.O 160 CM rrp11 ycnos1111 OT­
cyTcTBl1.ll BPX OTBC. 

Ha.JllflHe BPX □pHBe,neT K yse.11HlJ.emuo 
pa.ZJ;Harrbm,JX pa3Mepos Koprryca. TaK, rrp11 
npHMeHeHHH cranbHOH tteihpoHHOH Jall.{HThI 
MHHHMaJibHblH ,ZJ;HaMe-rp KOprryca peaKTOpa C 
BPX COCTaBHT rrpHMepHO 214 CM. l1c□OJib30-
sattHe rrp11pO,llHOfO Kap611.D.a 6opa yMeHbUIHT 
,ZJ;HaMe-rp KOprryca ,no 188 CM, a rrpHMeReHHe 
rn:,npH,llOB UHpKOHl1.ll Hlli1 raq>HIDI - .no 174 CM. 

TaKHM o6pa30M, HeH-rpOHHM 3aII.{HTa tta 
OCHOBe rn,npH,llOB tta116orree 3q>cpeKTHBHO 3a­
IllHill.aeT Kopnyc peaKrnpa 11 BPX, cylI{ecT­
settHO CHJ.f)KM □JIOTIIOCTb □OTOKa HeHTJ)OHOB 
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PHc. 4. Y,nem,Hoe 3Heproeh1,neneITT1e B OTBC BPX 

0 - TBC 
- c6opKl1 Mn 

, - c6opKM nP 
0 - CTanbHble c6opK11 63 
fl - CTeplKHH pp 
® - CTeplKHH A3 
• - c6opKM 3all.\11Tbl 

\)_A,.._.-"...-,1~~'\llr__)_,J..,.._.-'-_,1~'(,(!/:,_r__;.,_'~~J":'.l)'f;~')o. ,J..,,,_.J._,1..).J~½: ,·~ _-½_J..-.J..l . .J~ jl ;-' @ - CT8PJKHl1 AP 

• - nemesb1e KaHanb1 

® -OTBC 

P11c. 5. KaprnrpaMMa a.3. MEI1P c BPX H HeihpoHHOH 3ammo0 

B HMX, OCTaBJIAA rrpw 3TOM B03MO)KHOCTb ,[IOC­

TJ1)KeHIDI BbICOKOH IlJIOTHOCTlf ITOTOKa HeH­

TpOHOB B 3KCrrep11MeHTaJibHbIX Kattanax, pac­

ITOJIO)KeHHoIX 3a KoprrycoM peaKTOpa. 
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MOJJ.H(J>HK3UHH MeT0J].a MOHTe-KapJIO )J.JIH pacqeya BJIHHHHH HeH3BeCTH0ro 

pa3MemeHHH TBepJJ.hlX pa)J.H0aKTHBHhlX 0TX0)J.0B Ha HeonpetI,eJieHIIOCTh JJ.030BhlX 

OOJieH npu pa3JIHqffhfX secoraoapHTHhlX xapaKTepHCTHKax KOHTeiiHepa 

lifA. AnopocenKoj, K.M. Ko11zaH06, B.r. Mozy11Jt1t, 

11.AT3 HIDIY "MM<I>M", 249040, r. O6ID0-1cK Ka.JIY)KCKOH o6nacrn, Cry,ueH'IeCI<11H ropo,uoK, 1 
IlocryTIRna B pe.uaKIJ:mo 29. 03.2011 r. 

PaccMaTplffiaeTC.SI no.n;xo.n K 0QeHKe Heonpe.neneHH0CTH HCX0JJ.HbIX .naHHblX B pacqerax MeT0JJ.0M MottTe­
Kapno. Ilpe.nnonaraeTC.SI HeH3BeCTHbJM B3aHMHoe reoMeTpH'-!ecKoe pacnoJJ0)KeIDte qaCTeH 11ccne;zyeMOH CHc­
TeMbJ. TaK)Ke 113y-qaeTC.SI BJIIDIHHe Ha T0'-lH0CTb pe3yJJbTaTa pa3JJH'{Hb!X np.116JIH)KeHHH np.11 orrncaIDIJi reoMeT­

pH1IeCKOH q>opMbl o6'beKTOB CHCTeMbI. ,[(JUI 3a,naq nepeHoca q>OTOHOB paCCMaTpHBaeTC.SI BJ1IDIHHe Ha BeJIHlJ.Htty 
.[(030BbIX noneH HeH3BeCTH0ro pa3Me[l..(eIIlUI. 11 np.116m1-)KeHHOro OJI.HCaHIDI q>OpMbl TBepJJ.bIX pam10aKTIIBHbIX 

0TX0JJ.0B B K0HTeHHepe. 
K111o'leeb1e e11oea: MeTo.n MoHTe-Kapno, Heonpe.neneHR0CTb HCX0JJ.HhIX .uaHHhIX, Heattanoroeoe Mo.nenH­

poeaHHe, a3HM)'TaJThHhIH yron paccejlliJ,fjl. 

Monte Carlo Method Version for the Estimation of an Influence of Unknown Radioactive Waste 
Layout on the Dose Fields Uncertainty with Various Overall Container Dimensions. !P.A. Androsenkoj, 
K.M. Kolganov, V. G. Mogulyan, Obninsk Institute for Nuclear Power Engineering of National Research Nu­
clear University "MEPhl", 1, Studgorodok, Obninsk, Kaluga region, 249040. 

The new method of taking into account the initial data uncertainty in Monte Carlo calculations is describ­
ed. Relative geometry layout of parts of a system under study is supposed to be unknown. An influence of 
various objects geometry approximations on the calculation accuracy is researched. An influence of unknown 

radioactive waste layout on the dose fields is investigated for photon transport problem. 
Key Words: Monte Carlo Method, Initial Data Uncertainty, Non-analogue Simulation, Azimuth Angle of 

Scattering. 

CTeneHb .uoeepIDI HCK0MbJM 3HaqeflIDIM, no­

.rryqeH}IJ:,JM B pe3yJlhTare npose,ueHIDI pacqe'f0B, 

3aBI1CITT He TOJlhK0 OT JJ.0CT0BepH0CTH HJ-HpopMa­

IUfl1 0 noee,ueHHH MO,UeIDfpyeMOH CHCTeMl>I, HO H 

OT TeX ynpoUJ,eIDrn 11 arrnpOKCHMarorn, K0T0pble 

MI,I Bbrny)K)leHI,I npl-{MeIDITb, crro6b1 IlOCTp0HTh 

'-lliCITeIDll,IH 3KCnepHMeHT. Ha T0'IHOCTb pe3yJlh­

TaTa BJIIDieT, so-nepBbIX, He3HaHl1e T0'Illl,IX 3I-Ia­

qemrn rrapaMeTp0B CHCTeMbl. 3TH 3Ha':leHIDt 113-

BeCTHbl Jll1IIIl, C HeKOTOpOH norpeIIIH0CTblO. 

Bo-BTOpbIX, Ha rl01-l11)1(eHlie T0lJ.H0CTH pe-

3YJlbTaTa smureT 11cnom,3oeamte ynporu:eHHOH 

reoMeTpHqeCKOH M0,UenH, TaK KaK Il0JIH0UeH­

Ha.R ee pea.JIH3aUJ,U£ M0)l(eT noTpe6oeaTb 

CIT0)l(Hl,IX, a HHor.ua 11 Hepa3perrrnMbIX Bb[lUfC­

neHHH, t.J.T0 MH0r0KpaTH0 ycno)KfUleT no­

crpoe1rne K0MTibIOTepHoro Ko,na. Bmuim1e 

BblilleynowrnyThlX npHq],[H MO)KeT 6bITb a He­

KOTOpOH CTeneHH CHH)KeH0, TaK KaK, YCJI0)l(­

IDIJI reoMeTpH':leCKYIO M0)J.eJib, Mbl np116nIDKa­

eMCH K peanbHOH MO}leJill CHCTeMbl. 
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O61,eKTHBHO Henpeo.uonHMhIM npeilllTCT­

BHeM CITy)l(],fT np11CyTCTBI1e ecTeCTBeHHOH He-

0.llH0P0.llH0CTH B TOH ci:acn1 11ccne,uyeMoii 

CHCTeMhI, K0TopyI0 Mhl B npo11ecce Il0CTpoe­

HIDI M0,Uemt pacqeT0B BbIHy)K)leHI,I rrpHHH­

MaTh O.llHOPOJJ.HOH. K noMy npttHy)l(.uaeT 0T­

cyTCTBHe TO'iHOH HmpopMaUJrn: 06 0JlH0POJJ.­

HOCTH cpe,Ubl. Ho HaH6onee CIT0)l(HhIM c T0'iKJ:1 

3peHIDI yqeTa BnH.RHWI Ha pe3yJibTaT 0Ka3bIBa­

eTC.R 0TCYTCTBHe TO'iHOH 1rncpopMaumr o B3a­

HMH0M paCTI0il0)Kem,rn reoMeTpH9eCKHX 061>­

eKT0B CHCTeMhl. 

Ecmt pa36poc 3ttaqe1-rni1 nnoTH0CTH KaKo­

ro-n1160 aemeCTBa M0)KeT 6bITb Y':lTeH, Ha­

npHMep, rryTeM rrpoae,ueIDrn pacqern .Ullil rpa­

HH'iHbIX 3Hat:Jemrn (HHTepaan Kone6aHH11 3Ha­

qeH1111 npe,unonaraeTc.sr ManbIM) c ,uanbttei1-

wei1 HHTepnorum11eii tta HHTepean [ 1 ], TO B3a­

HMH0e pacnono)Ke1-rne reoMeTpH'iecKHX qac­

Teii CHCTeMbI M0)KeT BhIHY.UHTb n0JIH0CThlO 

rrepeCTp0HTb M0,Uenh pacqeTa. .LJ:eno B TOM, 



qTo 0CH0BHhle BbJl:IHCIDITeJibHbie CHCTeMhI, 

orrnpaIOIW{eCH Ha npHMeHeHHe MeT0,n:a MoH­

Te-Kapno (H He TOJibK0 OHH), cyru:ecTBeHH0 

HcnoJib3YIOT ,n:aHHhie o reoMeTPHqecKoii 

CTpyKrype paccqHTbIBaeMOH eHeTeMhI. 

HaCTOHmM pa6oTa KaeaeTejJ oueHKH He­

onpe,n:eneHH0eTH pe3yJibTarn paeqfaa, K0T0-

PM Bbl3BaHa He3HaHHeM TO'IHOH HHcpopMaUHH 

0 B3aHMHOM paenoJIO)l(eHHH reoMeTPHqeeKHX 

qaeTeii eneTeMhI. lfayqaeMM npo6neMa pae­

eMoTPeHa Ha npHMepe ou:eHKH neonpe,n:eneu­

H0eTH JJ:030BbIX norreii npH HeH3BeeTH0M pa3-

MeIIIeHIDI TBepJJ:bIX pa,n:H0aKTHBHbIX 0TX0JJ:0B 

(TPO) B KOHTeimepe. 

Ilpu 3KermyaTar.nrn A3C KaHaJibI HeHT­

poHHoro H3MepeHIDI (KIIB) H ,n;aT'lliKH TeMDe­

parypHoro K0HTP0JijJ (TK) B KaqeeTBe Bbieo­

K0aKTHBHhIX 0TX0JJ:0B no,n;rre)KaT yrropH,n;oqeH­

H0MY xpauemno B xpaHH.rmme TPO. KIIB 
rrpe,n;eTaBJIHIOT eo6oii JJ:IDIHHbie Tpy6KH rrpo­

T.)l)KeHHoen10 10 ... 11 M. 

KIIB, eMoTaHHhrn uaMaThrna10meii Marrm­

HOH B M0T0K, npe,n:eTaBJijfeT eo6oii uasmyro 

H3 TPY6KH MHOroeJIOHttylO npy)Klfi{)' B BH,D;e 
yeeqeHHoro K0Hyea e u:eHTpaJibHbIM 0TBep­

eTHeM. ,z:i:HaMeTp oeH0BaIDUl K0ttyea HMeeT 

Be.JIJ[qJffi}' 120 MM, ero Bbie0Ta 100 MM. 

O6pa3YJOIIIM Konyea noqrH rrepneHJJ:HKy­

JIHPHa oeH0BaHHIO, Il03T0MY HeX0,n;HM H3 Toro, 
qrn cpopMa KHM npe,n:eTaBJIHeT eo6oii IIOJibIH 

QHJIHH,D;p. MO)KHO yrnep)K,lJ;aTb, qrn ,D;HaMeTp 

ccpepbl, orrneaHHOH B0Kpyr eM0TaHH0ro B MO­

TOK KHM (TK), He 6orree 150 MM. Maeea o,n:­

noro M0TKa KIIB (TK) ::::: 2,33 Kr. 

CMOTamn,1e B 6)'HTbl KIIB Il0MeIIIaIOTeH B 

Kaneyrry, ycTaHaBJIHBaeMyro B KOHTeHHep, 

rrpe,n:Ha3HaqeHH1>rn JJ:JijJ HX e6opa H TpaHenop­

THp0BKH H3 peaKT0pHoro 0T,n:eJieHJljf B xpaHH­

.rmme TPO. PaJMeIIIeHHeM 6)'HTOB H3 KIIB s 

Kaney ne 3aHHMaeTeH ene:QHaJibHM MarrmHa. 

CornacHo TeXHonorHqeeKHM ,n;aHHbIM B 0JJ:HY 

Kaneyrry 3arpy)KaeTeH He 6onee 9 6ynTOB. l1x 
B3aHMHoe reoMeTpuqeeKoe paeilOJIO)KeHHe 

BttyTpH KarreyJibI 3aBHeHT OT eo6eTBeHHbIX 

re0MeTplflieeKHX pa3MepoB, ,n:HaMeTpa Kaney­

JibI H erryqaHffbIX cpaKTopoB. 

CrryqaimoeTb rrp0HBJijJeTe.si: B TOM, KaK 

erreQlfa.JThHM MallIHHa rrpOH3Berra 3aXBaT rro­

rpy)KaeMoro o6'heKTa (6ynTa), KaKyro OH no­

JIY1IllJI eKopoeTh BpameHHJI npH orryeKaHHH B 

Kaneyrry H, eoOTBeTeTBeHHo, KaKHM "60KOM" 

o6'heKT Jier Ha oeTaJibHbie rrpHeyreTBYJOIW{e s 

Kaneyne o6'heKTbI. Ilo,n; ,n;eiicTBHeM CWihl rn­

)KeeTH u e yqeroM eHfilI TpeHHH o6'beKTbI M0-

ryr noMeIDITb CBOe B3aHMHOe paenoJIO)KeHHe, 

HanpHMep, 6onee K0MilaKTH0 pa3MeeTHTbe.si: s 

Kalleyrre. 3ro eeTeeTBeHH0 H3MeIDieT rrpocpIDih 

H3ny11enlljf, eo3,n;asaeMblli Kaney noii c pa.n;Ho­

aKTHBHhIMH 0TX0,n:aMH. Bee 3T0 He II03B0JIHeT 

nonyqHTb T0qnyro HHq>OpMaQHIO 06 HT0I'OB0M 

paeilOJIO)KeHHH. 

PeafilHM reoMeTplflieeKM cpopMa eMO­

TaHH0ro B 6yHT KHM npe,n;eTaBJIHeT eo6oii 

yeeqeffHblli Konye e nonoeThlO BHYTPH. O,n:Ha­

KO TaKM cpopMa yeJIO)KIDleT onpe,n:eJieHHe B3a­

HMH0ro pa3Memefflljf HeeK0JII,KHX 6y'HTOB 

BHYTP" KaneyJib1. PaeeMaTpHBM pa3Hbie yrr­

pomeHHH e TO'IKH 3peHHJI reoMeTpHqeeKOH 

q>OpMbl 3THX 6yHTOB, 0,n:H0BpeMeHHo ynpoma­

eM 3a,n;aqy orrpe,n;eneHHH B3aHMHoro paenono­

)l(eHIDI 6}'HTOB. IlpHMeHAA no,n;o6H1>Ie ynpo­

IIIeHHJI, BHOeHM H3MeHeHHjf, pa3ID1tJHhlM o6-

pa30M BJIHJIIOIWfe Ha peafileyro 3a,n:aqy orrpe­

,n;enefflljf ,n;o30BhIX rroneii HJrryqeHHH. 

O,n;HHM H3 TaKHX "Ilo60'IHblX 3cpcpeKTOB" 

HBJIHeTe.si: BJIHJIHHe cpOpMhl 6y'HTa Ha eaM0TI0-

rJIOIIIeHHe, T.e. BeJIHqffffa IlOTOKa H3rry'leHHJI, 

TI0KH,n:aromero 6ynT, MeHHere.si: B 3aBHeHM0eTH 

OT cpopMbI rrpH cpHKeHpOBaHHOH Maeee H3JIY­

qaromero MaTepuarra. ,[(Jljf epasHeHHJI pae­

eMoTpeHhI .n:se cpOpMbl rrpe,n:eTaBJieHHJI 6y'HTa 

- ecpepa H UHJIHH,n:p. EeTecrneHHo, B o6onx 

erryqruix Maeea MaTepHarra o,n:HHaKosa, o,n:HaKo 

H3-3a pa3JIHtJHOH cpOpMhl npHXO,n:HJIOeh rrpH-

6eraTb K H3Menemno cpaKTiflleeKOH IlJIOTHOe­

TH. Pa3Mepbl IUIJIHHJJ:Pa 83.sIThI B eOOTBeTeTBHH 

e 3a,n:aHHbIMH pa3MepaMH 6y'HTa, TaKHM o6pa-

30M, ,n:HaMeTp l.(HJIHH,n:pa paBHHJiej)_ 120 MM, a 

Bhie0Ta 100 MM. Pa3Mepbl ecpepbl B3HThI H3 

eoo6pa)KeHHH, qro otta orrnehrnaeT 3a,n:aHHbrn 

QHJIHH,n:p. 

Onpe,n:eneHHe BIDIJIHHJI cpopMhI Ha eaMo­
rrornomeHHe, a TaK)Ke see Ilpe,n;eTasnemn,1e B 

3TOH pa6oTe paeqeTbI rrpose,n:eHbI MeT0,D;0M 

MonTe-Kaprro e Heil0Jib30BaHHeM KoMnJieKea 

BRAND 3.4 [2]. IlorryqeHHbie 3HaqeHHJI (pHe. 

1) Il03B0JIHIOT r0B0pHTh 0 He60JihIIIOM pa3ID1-

q}fff, a HMeHHo, BeJIH'IHHa IIOTOKa H3rryqeHHH, 

TIOKH,n:aromero UHJIHH.l{JJ, npH6Jill3HTeJibHO Ha 

4 % MeHhIIIe, qeM B erryqae ecpep1,1. Ba)KHO 
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Pnc. 1. Bmunme cpopMhI Ha caMonornoru.eHHe 
0TMeTHTb, Iff0 " :na.n:oHHoii" rrpH TaK0M cpaB­
ttemm cJiy)KffT cpopMa :UHJIIDI.Upa, oHa 6JIH)Ke 
C00TBeTCTByeT pea.m,HOH reoMerpHqeCKOH 
cpopMe CM0TaHHI,IX B 6yttTuI KHll. 

Cne,z:cyIOil{KM cpaKTopoM, BH0C~ He­
orrpe.n;eJieHH0CTb B pe3yJibTaT, jIBJUiefCjJ_ B3a­
HMH0e reoMerpHqecKoe pacrroJio)KeHHe 6ytt­
T0B 0TH0CHTeJibH0 .n;pyr .n;pyra BttyrpH Kancy­
Jlbl. OHO HeH3BeCTH0, TaK KaK RX pa3Mern;eHHe 
BHYTPH KarrcyJibI orrpe.n;eJUieTcH cnyqaHIThIMH 
cpaKTopaMH, 3a 3T0T npo:uecc 0TBeqaeT Manrn­
Ha, B 3a.n;aqy KOTOpOH BX0.[{HT JIHllib onycKa­
HHe 6yttTOB BH)'TPb KancyJibI, a He opraHH3a­
:QJrn HX K0MIIaKTH0fO paCII0JI0)KeHHjJ_ BttyTJ)H 
Hee. Ilo.n; .n;eiicTBHeM CHJI TH)KeCTH H TpeHHjJ_ 
6yHThI 3aIDIMaIOT orrpe.n;eJieHH0e II0JJ0)KeHHe. 
KoMIIaKTHOCTb pacn0JI0)KeHHjJ_ 6yttTOB BHYTJ)H 
KaIICYJibI, TaKHM o6pa30M, TaK)Ke HeH3BeCTHa, 
qTo BJieqeT H3MeHeHHe o6m:ero rrpo<pHJUI .n;o-
30BbIX noneii B0Kpyr KOHTeHHepa. 

Cpa3y 0TMeTHM, qT0 :ueJib .n;aHH0H pa60TI,I 
C0CT0HJia B TOM, qro6bl rrpoBepHTb B03M0)K­
H0CTb }":le'ra rro.n;o6HOH Heorrpe.n;eJieHH0CTH B 
npo:uecce pacqeTa MeT0)l0M MoHTe-Kapno, 
Il03T0MY rrepB0HaqaJibH0 B rrpoBe,n;eHHbIX pac­
qeTax pea.m,HaH 06011o~a KOHTeHHepa H Karr­
cyJibI He HCII0Jib30BaJiaCb, JIHllib :UHJIHH.n;pHqe­
CKaH cpopMa KancyJib1 H ee pa3Mep1,1 orrpe.n;e­
murn B3aHMH0e pa3Mern;eHHe 6yHTOB. <l>aKTH­
qecKH, Karrcyna 61,rna "3cpeMepHoii", HO Ha-
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KJia,l(bma.n:a reoMerpH11ecKHe orpaHHqeHHjJ_ Ha 
B3aHMH0e pacnoJI0)KeHHe 6yHTOB . 

.[(JUI orrpe.n;eneHHjJ_ cpopMbI H BeJIHqaHI,J 
)l030BbIX IIOJieH B rrpo:uecce M0)leJIHp0BaHHjJ_ 
MeTo,n;oM MoHTe-Kapno .n;eTeKTopbI pacrrona­
raJIHcb B0Kpyr :UHJIHH.LqmqecKoii KarrcyJibI no 
cne.n;YJOm:eii cxeMe: .n;eTeKTop .N°!.! 1 - 110.n; Kan­
cynoii, .n;eTeKTop N!! 2 - Ha.n; Kancyrrou, .n;eTeK­
rnp1,1 N!!N!! 3 ... 6 - B0Kpyr KancyJib1 Ha norro­
BHHe ee BbTC0TbI. 

TaK KaK oqeHb CJI0)KH0 CM0)leJIHp0BaTb 
reoMerpHqecKoe paCII0JI0)KeHHe 6yHTOB B 
cnyqae HX peaJibHOH q>OpMbI, B KaqecTBe yn­
porn;eHHH rrpe,n;CTaBHM 6yHT B cpopMe ccpepbI, 
KaK 3T0 y)Ke paccMorpeH0 BbIIIJe. TaK KaK 
,l(HaMeTp ccpephl paBeH 150 MM, a :Ulf.JiliH.l(pH­
qecKaH Il0JI0CTb Kancy JThI HMeeT ,l(HaMeTp 310 
MM, TO c<pepbI 6y.n;yT pacnonaraTbCH napaMH. 
IlepBM napa ccpep JTe)KffT Ha ,n;He KancyJTbI, 
BT0paH napa mrnpaeTCH Ha npe.l(bI;zym:YJO rra­
py, npWieM ccpepb1 onym:em,1 B o6pa3oBaB­
IillfHCH 3a30p Me)K.l(y ccpepaMH npe.l(bl.l(YIUeH 
napbl H CTeHKaMH KancyJibI. 

TaKHM o6pa30M, .n;a)Ke npR TaKOH npocrnu 
cpopMe 6yttTOB Tpe6yeTCH onpe)leJieHRoe HC­
KyccTB0, qTo6hl rrpaBHJibH0 paCCq:HTaTb HX 
paCII0JT0)KeHJfe BffYTPH :QH.JIHH)lpWieCKOH Kan­
cyJibI. Ilo3TOMY oqeBH)];HbIM npR6JIH)KeHHeM 
6y)ler pacnonaraTb c<pephl Re K0MIIaKTRbIM 
crroco6oM, a " pacKJia.l(bma11" nx napaMH Ha 
Boo6pa)KaeMbIX IIJI0CK0CTHX. 3TO npHB0.l(HT K 
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PHc. 2. CpasHeH.He noKaJaHH.H ~ereKTopos rour ~yx pacnonmKemrn cqiep 

rrpocTOMY pacqezy me pacrrorro:>KeHJUI, HO BHO- cymecTBeHHoro pa3JrnqJ,U{ He 3aMeqeHo. MaK-
CHT, KaK YBHWJM, cymecTBeHI-11,rii BKJia.n. B He- CliMaJll,HOe OTJIJltrne COCTaBHno 0, 7 % .LJ.IDI o.n:-
orrpe.n.erreHHOCTb pe3yfilTaTa. HOro H3 .n.eTeKTOpOB. 3n1 H .n.pyrHe pe3yfilTa-

Ha pHC. 2 rrpe.n.CTaBJieH pe3yJibTaT MO.LJ.e- Tbl rrpe.n.cTaBJieHhl B CBO.LJ.HOH Ta6.JIHIJ.e. 
JIHpOBaHJUI MeTO.LJ.OM MoHTe-Kaprro .LI.JUI crry- B npoQecce CTaTHCTWieCKOro MO.LJ.eJIHpo-
qaeB, Kor.n.a cqiep1,1 pacrrorro:>Kem.i KOMIIaKTHO BaHIDI orrrn6Ka MeTo.n.a MoHTe-Kaprro cocTaB-
HJIH .n.pyr Ha.n. .n.pyroM Ha Boo6pa:>KaeM1>IX nrro- llilJia BO Bcex 3KcrrepHMeHTax He 6orree 0,3 %, 
CKOCT.SIX. OCHOBHOe OTJIH'Ilie (140 %) rrpmco- qTQ I'OBOpl1T O perrpe3eHTaTHBHOCTH rrorry-
.LJ.HTCSI" Ha .n.eTeKTOp N2 2, pacnorro:>KeHHl>IH Ha.LJ. qeHHbIX .n.aHHhIX, T.e. OTKJIOHem1e IIOKa3amrn 
Karrcyrrow, llTO roBOpHT O cymecTBeHHOM BJIH- .LJ.eTeKTOpOB .n.pyr OTHOCHTefilHO .n.pyra cyme-
.IDIBH rro.n.o6Horo po.n.a yrrpornemrn rrpH pac- CTBeHHO, a He srBllileTCSI" 011rn6KOH, Bbl3BaHHOH 
IlOJIO:>KeHHH 6yHTOB BHyTPH Karrcyfilr. caMHM npoueccoM MO.LJ.eJIHpOBaHJUI. 

Crre.n;y101QHM 3TaIIOM B ''yTffC{HeHHH" MO- IIpoBe.n.eHHbie pacqeTI,I IIOKa3bIBaIOT cy-
.n.eJIH 6y.n.eT rrpHMeHeHHe He cqiep, a cHa':larra mecTBeHHoe B.IIIDIIDle HeH3BeCTHoro reoMeT-
1.llillHH.LJ.POB, 3aTeM IIOJibIX l(HlIHH.LJ.POB. B crry- p11qecKoro pa3MemeHIDI 06-1,eKTOB MO.LJ.errHpy-
qae UHJTHH.LJ.POB HX .LJ.HaMeTp II03BOllileT pac­
nOJIO)KHTI, HX rpyrmaMH no TpH: Ha .LJ.He KaII­
cyJII,I nepBasr rpyrrna H3 rpex 061,eKTOB, Ha 
HHX ycTaHOBJieHa BTOpasr, eme Bblllle - rpeThsr 
rpyrrna. QHJTHH.n.pbl OIDlpaIOTCSI" Ha .LI.HO Kan­
cyfilI CBOHM TOpQOM. TaKoe pacnoJIO:>KeHHe 
.LJ.OJI)KHO .n.aTh HaM60Jll,lllliH BKJia.LJ. B BeJIH-.iHHy 
.n.o3oBoro no.JUI .ll.llil .n.eTeKTopa, pacnorro:>KeH­
Horo ITO.LI. Karrcyrrow. Pe3yJII,TaTbl MO.LJ.eJIHpO­
BaHIDI MeTO.LJ.OM MoHTe-Kaprro rrpe.n.cTasrreHhI 
Ha pHC. 3, H3 KOTOporo crre.n;yeT, qTO OCHOBHOe 
pa3JIHq11e IIpOSl"BllileTCSl: B 3TOT pa3 .LI.JUI .n.eTeK­
TOpa N2 1, pacrrorro:>KeHHoro no.n. Kancyrrow. 

TaK:>Ke npoBe.n.eno cpaBHem1e Me:>KJJ;y QH­

JIHH.n.paMH H nOJII,lMH l(HJIHH.LJ.paMH, O.LJ.HaKO 

eMOH CHCTeMJ,I Ha Heonpe.n.erreHHOCTb pe3yn1,­
TaTa. TaK KaK B rrpoQecce MO.LJ.eJrnpoBaHHsr 
Kancyrra q>aKTwiecKH OTCYTCTBOBarra, TO OT­
KJIOHeHIDI npH pa3HblX rrp1-16JIH:>KemUIX COCTa­
BHJIH 6ofilmyro BeJIH-qMHY, O.LJ.HaKO rrpH pacqe­
Te peaJibHOH 3a.n.arrn, cy.n.sr no BCeMY, q>opMa 
.LJ.030BblX norrew MO:>KeT crrra:>KHBaT1,csr, 'ITO 
rrpHBe.LJ.eT K YMeH1,memno OTKJIOHeHHH . 

KaK y:>Ke CKa3aHO, CMOTaHHbie s 6yHThl 
KH11 (TK) noMemaIOTCSI" B Kancyrry. IlOJIOCTh 
B Kancyrre HMeeT .LJ.HaMerp 310 MM, a BhICOTa 
3TOH IlOJIOCTH 750 MM. B Kancyrry IIOMera;aIOT 
9 MOTKOB .KHH, 3aTeM Karrcyrra ycTaHaBJIHBa­
eTCSI" B KOHTeHHep. Kopnyc KOHTeHHepa rrpe.n.­
CTaBJUleT co6oi1 CTaJibHOH l(HITHH.LJ.P c oceBhIM 
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Puc. 3. CpaBHeHHe .D.030BhIX noneif no .n.eTeKTopaM ,lVUl ccpep H IJ.HJIHH.n.pOB 

ornepCTHeM ,zvur pa3Mern:eHIDI Kancym,1. ToJJ­

rn:HHa KphlIIIKH H HH)Kllero 0CH0BaHIDI C0CTaB­

IDieT 30 CM, TOJJrqHHa CTeHOK 40 CM . .[(IDI cpo­

TOHOB TaKasr TOJJID:HHa cTeHOK CJJY)KHT TPYJJ:­

Honpeo.n:oJJHMbIM npeTIHTCTBHeM. 

KaK y)Ke noKa3aHo, B OTCYTCTBHe KOHTeH­

Hepa npH pa3HbIX 0TIHCaHIDIX cpopMbl pa,ll.H0-

aKTHBHbIX OTXO.l{OB H HX c.rryqamIOM pa3Me­

rn:emm BffYTPH Kancym,1 nonyqaeM .n:ocTOBep­

HO 0TJIHtJa10rn:11ecsr pe3yill>TaTbI. O)UlaKO "yc­

TaHOBKa" KancyJII,I c TPO B Kopnyc KOHTeii­

Hepa MO)KeT npHBeCTH K crna:>KHBaHHIO JJ:030-

BbIX noneii. Pa3Mep1,1 KOHTeIDiepa 3aMeTH0 

onpe.n:eJIHIOT cTeneHb TaKoro crJJa)KJIBaHIDI. 

QqeBH.l{HO, tJTO npH He6om,moH TOJJII{HHe 

3TOT 3Q)Q)eKT npoHBHTCH CJJa6o Ii rnr.n:a OIDICa­

HHe cpopMbI TPO ocTaeTCH Ba)l(HbIM 11 cyrn:ecT­

BeHHbIM M0MeHTOM. YseJIHl:JeHHe pa3MepoB 

KOHTeirnepa M0)KeT npOHBHTb 3T0T 3Q)Q)eKT B 

6om,meH CTeneHH. Tor.n:a B03HHKaeT Heo6xo­

JJ:HMOCTh onpe.n:eJIBTh, npH KaKHX ra6apHTHhIX 

xapaKTepHCTHKax KOHTeHHepa OTIHCaHHe q>op­

Mbl TPO y)Ke notJTH He BJJHHeT Ha q>OpM)' .n:o-

30BbIX noJJeH. 

O.l{HaKO He TOJII,KO pa3Hhl.H rro.uxo.u K OTIH­

caHHIO Q)OpMbl TPO npHBO.l{HT K TIOHBJieHHIO 

Heonpe.ueneHHOCTH. CaMa T0.JIIIJ,HHa KORTeH­

Repa MO)KeT 6bITb 3a,UaHa C HeKOTOpOH TOtJH0-

CTblO. B Hameii pa6oTe npoBe,ueHhI pactJeThI 

BeJIHqJ,IHI,I nornorn:eHHOH JJ:031,J .UIDI TOJJID:HHI,I 

CTeHOK KOHTeirnepa 10, 20, 30 11 40 CM c BBe­

.ueHHOH norpeIIIHOCTbIO ± 1 CM. 

3HaqeffiUI .U030BbIX noJJeii, no.rryqeHHbie 

npH TOJJrqHHe CTeHOK 10 ± 1 CM, roBOpHT 0 

TOM, qTO ,zvur HIDK.Hero .n:eTeKTopa (pnc. 4) H 

60KOBOrO .ueTeKTopa (pHC. 5) pa3JIHtJHbie 0illl­

caffiUI q>opM TPO .z:i;a10T 3HatJHTeJJbHOe OTJIB­

tJHe B seJIHtJHHe rrornorn:eHHOH ,n:031,1. 

PacqeTbl, npOBO.[(HMble ,zvur TOJJID:HHbl CTe­

HOK KOHTeIDiepa OT 9 .n:o 21 CM, 3aHHMaIOT He­

CKOfilKO qacoB, a 3HatJem1e orrrn6KH MeTo.z:i;a 

MoHTe-KapJJo rrp11 3TOM cocTaBIDieT MeHee 

0,5 %. O.l{HaKo 6om,mee 3Haqemre 3THX pa:3-

Mepos Bbl3bmaeT Heo6xo,n:HMOCTh rrpoB0.IJ:HTb 

6oJJee )];OJITHe pacqeTbI. IlpH TOJJrqHHe CTeHOK 

nopsr,n:Ka 30 cM BpeMH pacqeTa BblpacraeT 

T 6 a JIHIJ;a IlOKaJaHHH .n.eTeKTOPOB B c.rryqae Oa3.JIH1llil,IX anrrOOKCHMaIJ.HH, 0TH. e.n.. 

LJ:eTeKTOp 1 LI:eTeKTop 2 LI:eTeI<Top 3 LJ:eTeKTop 4 

Ccbepbl Ha IlJIOCKOCTIDC. 1,7600 2,2293 1,0934 1,1348 

lliIOTHlUI ynaKOBKa ccpep l ,9692 0,92343 1,1140 1,1950 

UHJIHH.D.P 3,4350 0,74447 0,74447 1,2280 

ITOJiblH lIHJIHH.UP 3,4221 0,7459 1,2257 1,2259 
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PHc. 5. 3Haqem1e nornomeHHOH A03b] AJUI 6oKOBOro neTeKTopa npH TOJJmHHC CTeHOK 10 ± 1 CM 

B,nB0e npH CTaH,ZJ.apTH0M 0TKJl0HeHHH TI0p.sI,ZJ.Ka 

I % (pHc. 6 H 7). 
saHHe a3HMy-TaJihttoro yrrra paccesrnIDI qac­

THU. HIDKe rrpHBe,ZJ.eHO ee OTIHCaHHe. 

O,ZJ.HaKO 0I.(eHKa .ZJ.03 q>OTOHHOro H3Jiy'Ie­

HIDI qepe3 CTeHKy KOHTdiHepa TOJilllHHOM B 40 
CM (pHC. 8) MeT0,ZJ.0M MoHTe-Kaprro BeCbMa 

3aTpy.n.mneJibHa, TIOCKOJihKY 3a,ZJ.a'IH paccifua 

nepettoca H3rry<IeHIDI c CHJThHhlM (6onee l 01°) 
OCJia6JieHHeM 0'IeHJ, "cJIO)l(}lbI" ,ZJ.JUI pemeHIDI 

MeTO,ZJ.OM MoHTe-Kaprro. ,[(JI.sI TIOBbIIIIeHIDI 3cp­

cpeKTHBHOCTH MO,ZJ.eJIHpOBaHH.sI HCTIOJTh30Ba­

JiaCb MO.ZJ.Hq>HKal.(H.sI MeTo.n.a MoHTe-Kapno, 

oc)'Il.leCTBJI.sIIOlll,a.sI HeaHanorosoe Mo.n.em:1po-

CrnuHoHapm,ri:i npou,ecc rrepeHoca H3Jiy­

'IeHIDI OTIHChIBaeTCX mnerpaJTuHbJM ypaBHe­

HHeM <J)pe.n.roJihMa 2-ro po.n.a 

'l'(x) = f K(x' ➔ x)\jl(x')dx' + f(x), r.n.e 
X 

'l'(X) - TIJI0TH0CTb CTOJIKHOBeHHM qaCTHD, 8 

T0'IKe cpa3osoro npocrpaHcTBa x, f{x) - TIJI0T­

H0CTh nepBbIX CTOJIKHOBeHHii 'IaCTHU B T0'IKe 

cpa3osoro rrpocrpaHcTBa x, K(x' ➔ x) - TIJI0T-
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Pwc. 7. 3HatJeHHe rrornomeHHOH ,n03hl ,nIDI 6oKOBOro ,ne-reKTopa rrpH TO.JIIUHHe CTeHOK 30 ± 1 CM 

HOCTh BepoHTHOCTII nepexo,n;a H3 TO'IIGI X' B 
TO'IKY x. 

3,n;ech g(r';Q',E' ➔ n ,E) - HH,n;HKaTJ)HCa 

pacce.srnJ-UI, -r( r ' , r , E) - onTHqecKaH ,n;JIHHa 
nym Me>K)J.y TO'Il<aMH r' H r )J.Jljl CJaCTHU C 
~ttepn:1ei1 E. 

B 3TOM Bbipa>Kemrn x E X, X = { r , E, Q} , 
r ={x,y,z}, (x,y,z)E(-00,00), EE (O,oo), 

n E (0,41t). 51.upo K(x' ➔ x) HHTerpam,Horo 

ypasHeHIDI ,n;m1 npouecca nepeHoca Q)OTOHHO­
ro HJrryqemur HMeeT cne,n;yroIIurn BH,n;: 

r (r' E') 
K(x' ➔x)= s ' g(r'·Q'E' ➔OE)x 

r,(r',E') '' ' 

xL, (r,E)e-•l•',,,eJ o( n-
1
~ =~:

1

)l-•'l2
. 
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KaK npaBHJIO, 3a,n;aqei,i pacCJeTOB MeTO,ll;OM 
MoHTe-Kapno HBJijleTcH oueHKa rnrneHHbIX 

Q))'HKIJ.HOHaJIOB BH,n;a Jh = ('Jf,h) = f 'lf(x)h(x)dx, 
X 

r,n;e h(x) - Q)}'HKUHJI ,n;eTeKTopa, B ,n;aHHOM 
cnyqae Q)ym<I.lIDI nornorueHHOH .u.031,1 ,n;m1 1po­
TOHHoro H3JiyqeHIDI B B03.LJ.YXe. 

PemeIIBe ypasHeHHH nepeHoca H3JIY1IeHIDI 
MeTO)J.OM MoHTe-Kapno o6bI'IHO npOH3BO)J.HT­
CH nyTeM IlOCTJ)OeHIDI uenH MapKOBa. Map-



6 
rlor.rlOUICIIIIJll .,o·ia. OTII . C:t. 

♦. 
■ ctf>cpt.1 11a 11,'IOCKOCTllX 

5 • r1.1or 11ai1 ) nai.oei.a c41ep 

• • 
• u11:11rn.1p1,1 
" 110,11,IC 1111m111.1pt.1 

~ 
I ---------------------• 

Ho\lcp ,1cre...-ropa 
0 ----.----.---,---.---.....,.-----.-----IL----, 

2 ~ ➔ 

PHc. 8. 3HaqeHHe aorrroru:eHHoH .U03h1 .umr HH)l(Hero (1), BepXHero (2) 
H .u-eyx 6oKOBE,JX (3 H 4) ,UeTeKTOpOB rrpH TO.JIIIOIBe CTeHOK 40 CM 

KOBCKrul nern, co6hlTHH npe.[(CTaBllileT co6oH 

CJI)":lairno pa3hrrpaHJJYlO rpaeKTopmo .[(BIDKe­

HHH qacnn.,J;hl. Ee nocrpoeHHe BhIIIO.JIIDleTCH 

nyreM IlOCJie,[(OBaTeJThHOro MO,[(emt:pOBaHIDI 

npol{eCCOB B3aHMO.[(eHCTBIDI. C BemecTBOM H 

npo6era OT 0,[(HOH TO~ B3aHMO,[(eHCTBHH K 

i:q>yroH. B .[(anhHeinrreM c QenH MapKoBa CHH­

Maerc» mI<pOpMal{HH npH IlOMOlllH KaKOH-JIB-

60 H3 OI,J;eHOK. 

B 'IlfCJie IIpO'lliX y <pOTOHOB cymecrnyeT 

TaKOH nm B3aHMo.[(eifoTBIDI, KaK paccemrne Ha 

Hi:q>aX. KaK H3BeCTHO, pacnpe.[(eJieHHe yrJIOB 0 
pacce.srnIDI OnHChIBaeTCH 3aKOHaMH B3aHMO­

.[(eHCTBIDI. H3JI)":leHHH c BemecTBOM. MHO)KecT­

BO HanpaBJieHlll no11eTa qacTHl.lhl, pacceHH­

HOH Ha yro11 0, o6pa3yeT KOHH"tJeCKylO IlOBepx­

HOCTh, npH"lleM pacnpe.[(eJieHHe HanpaBJieHHH 

no yrny ~ npH pa.[(Hyce ocHoBaHIDJ. Kottyca 

H30TpOITHO. B 3TOH pa6oTe OIUICaHa MO.[(H<pH­

Kal{HH MeTo,[(a MottTe-Kapno, II03Bomnomrui: 

IIpOBO,[(HTh HeaHaJIOrOBOe MO.UeJIHpOBaHHe 

a3lfMYTaJihHoro yrna ~ paccefillIDI c nelihro 

ero npH6JIIDKeHHH K MO.[(eJIHPOBaHHIO " no 

QeHHOCTH". 

KaK H3BeCTHO H3 TeopHH MeTO.[(OB MoHTe-

K " " 6 apno, H.[(eaJlhHhIM cnoco OM Mo,neJIHpoBa-

HHH yrna ~ C'IlfTaeTCH p03hrrphllll "no QeHHo­

cni:", T.e. B COOTBeTCTBHH C peIIIeHHeM co­

IlpH)KeHHoro ypaBHeHm1 nepeHoca . .LJ:llil cpyttK­
llHH ueHHOCTH qacTHl{ TaK )Ke, KaK H .Ullil 

IlJIOTHOCTH CTOJIKHOBeHHH, cnpaBe.[(JIBBo pa3-
CX> 

JIO)KeHlfe B pH.[( HeHMaHa 'I'• ( x) = I 'I': ( x) , 
rt=O 

r.[(e 'l':(x) = JK\x' ➔ x)\jl:_1(x')dx' = 
X 

= J. .. J 'I' ~(x)K• (x0 ➔ 4 ) .. x• (x,,_1 ➔ x,,)dxi ... dx,,_1• 

X X 

Bc11e.[(CTBHe CBOHCTBa conpH)KeHHhIX one­

parnpoB jjK•jj = IIKII < 1 PM HeH.MaHa cxo,[(HT-

c», a 3Ha'IllT, cnpaBe.[(JIBBo npH6JIH)KeHJ1e 

'I'• (x) ~ 'l'~(x) = J K*(x' ➔ x)h(x')dx'. 
Xd 

TipoH3Be,neM eme O.[(HO YIJPOmemt:e, xa­

paKTepH3YH ,[(eTeKTop TOJihKO O.[(HOH reoMer­

pnqecKoif To~oif xd. Tor,[(a cnpaBe.[(JIHBO pa­

BeHCTBO 

f K•(x' ➔x)h(x')dx' =K•(xd ➔ x)h(xd). (1) 

Tip11 HCIIOJih3oBaHlfH noKaJlhHou oueHI<H 

,[(Ba noc11e.[(HHX .[(onymeHIDl He npHHOCHT Ka­

KHX-mt:60 HeToqHOCTeH, a ,[(llil CJI)":laeB npH­

MeHemrn .[(pyrHX BH,[(0B OQeHOK T04HOCTh 3TO­

ro npn6JIIDKettm1 3aBHCHT OT cTeneHH nporn:­

)KeHHOCTH reoMerp11qeCKOH 0611aCTH ,[(eTeKTO­

pa. QqeBH.[(HO, qTO ,[(llil CHJihHO IIpOTH)KeHHhIX 

0611acTeH T04HOCTh 3Toro npH6JIH)KeHIDJ. 6y­

,[(eT KpaHHe Hll3Ka, HO :no o6CTOHTeJlhCTBO He 

IIpOTHBope'IllT "11,[(eOJIOrHH" MO.nH<pHKaQHH 

HeaHaJIOrosoro MO,UeJIHpOBaHHH a3HMYTaJlh-

109 



ttoro yrna paccemnui qacnu.1, npu noCTpoemrn 

ueIDI MapKOBa. 

aJHMYTa.m,ttoro yrna paccemuui: c yqeTOM 

npH6ITIDKeHIDI (1): 
3amm1eM Bb1pa)KeHHe ;:vui: "H,ueaJlbHOH" 

MO,Ue.rr:HpyeMOH TIJIOTHOCTH pacnpe,ueneHIDI 

• (x )~ fK.(xd ➔ x')K.(x' ➔x) h(x )o(nc )- r-r' t~,. 
'l'n ,cp x g*(r';!l',E' ➔!l,E) d cp lr-r'IT 

Ilpeo6pa3yeM 3TO Bbipa)KeHJJe K BH.l{y 
~ ( E ) ~ { , E')~ ( £) - t (rd,r ',E')- t (r ',r ,E} 

• J,:.s rd• d ,:.s r, ,:., r, e •(•n•, n) 
\fo(x,cp)~ ( ) 2 2 g r ;u ,E ➔u,E x 

x l:, rd,Ed lr-r'I Ir' -rdl 

[ 
r' - rd ) [ r - r' ) , 

xh(xd)o n -lr' - rdl O !l(cp) - lr - r'I dx . 

,AIDI onpe,uenemui q>yHKUHH, rrpH6flH)KaJO­

meii "u,uea.m,ttyro" IlJIOTHOCTb J (x,q>)' Tpe-

6yeTc.sr HMeTb He HCTHHH.ble 3HatJeIDUI q>yttK-

IJ,HH ueHHOCUf "'~ (x, q>) ' a COOTHOIIIeHIDI Me­

)1(.l{y 3HaqeHH.srMH 3TOH q>ym<IlIDI ,[(JUI pa3HbIX 

ttanpaenemrn. 3aMeTHM TaK)Ke, qTo npH 6oJib­
IIIHX 3HaqeHHJIX yrna Me)K.l{y ttanpaeneHHeM 
!l( cp) ,uBH)Kemui qacnm,bI H ttanpaeneirneM H3 

TOqJ(}f pacce.slHHK qacTHUbI Ha TOt{KY ,ueTeKTO­
pa TpattcnopTHa.sr qaCTb TIO,l{bIHTerpanbHOro 
Bblpa)KeHIDI ,UOCTaTOtIHO 6bICTpO CTpeMHTCK K 
ttymo no Mepe ,uBH)KeIDUI no nyqy OT TOtJKH 

pacceKHIDI. 
MO)l{HO ,UOKa3aTb, tJTO OTHOmeHHe 

'V~(x,cpk) f 'V~(x,cpm).UIDI yrrroB </>k H </>m IIpH 

L1 - oo CTpeMHTCjJ K 
g• (r';O'(cp*),E' ➔ O,E)! g• ( r';O'(cpm),E' ➔ O,E), 

r,ue IIITpHXOM o603HaqeHbI q>a30Bbie KOOp)lH­
uaTbI pacce.sruttoii qacnu.1,h1, pacnoJIO)KeHHOH B 
TotJKe pacce.srmui:. B npe,ucrneneHHOH pa6oTe 
npe,unaraeTc.sr HCilOJib30BaTb 3TO o6CTOKTeJib­
CTBO ,[(flj{ rrpH6flH)KeHlijl q>yma.nm ueHHOCTH 
no aJHMYTaJII,HOMY yrny pacce.srHJUI. 

B KatJeCTBe nJIOTHOCTH pacrrpe,ueneHIDI 
yrna q> Bb16patta KYCOlJHO 3a,D,aHRaJI. DJIOTHO­
CTb, 3KCIIOHeHIJ,HaJlbHa}l Ha HHTepeane [O, n/2] 
H paeHoMeptta.sr ua HHTepeane (n/2, n], rrpaqeM 
3HaqeHHe q> = 0 COOTBeTCTByeT HaH6ITIDKaH­

rneMy K ,ueTeKTopy HanpaeneHHJO ,l{BH)KeHIDI 
qacTHIJ,bI nocne pacceIDIID1. 3m rrnoTHOCTb 
pacnpe,ueneHHK CTpOHTCjJ no ,uBYM onopHbIM 
TOtJKaM, KOTOpbie BbJ6HpaIOTC}l TaK, tJT06bI lfX 

OTHOIIIeHHe paBIDIJIOCb OTHOilleHJnO 3HaqeHHH 

HH,[(m<aTpHC pacce.HHIDI B TOtJKY ,ueTeKTOpa Ha 
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COOTBeTCTByrom;He 3THM onopHbIM TOqKaM 

yrJibI. 
OIDICaHHa.sr MO,[(Hq>HKaIJ,H}l nOKaJana xo­

ponrne pe3yJibTaTbI rrpH anpo6aullf Ha TecTo­
BhIX 3a,uaqax. ,AIDI ouemrn ee 3q>q>eKTHBHOCTH 
HcrroJib3oeanc}l YHHBepcaJibm,rn cnoco6 oueH­

KH KatJeCTBa anropHTMOB MoHTe-Kapno - TaK 
HaJbmaeMI>rn KpHTepHH tD~. CyTr, 3Toro KpH­
TepH.sr COCTOHT B cpaBHeHHH anropHTMOB no 
aeJIHtJHHe, paBHOM npoH3Be,ueHHJO 3aTpaqeH­
Horo Ha pactJeT epeMeHH t H nonyqHBmeiic.sr 
rrpH 3TOM ,[(HCrrepCHH oueHKH D~. qeM MeHb­
me aenWIBHa tD~, TeM Ka'leCTBeHHee anro­
PHTM. IlpH anpo6aIJ,HH BbIHrpbIIII, B CMbICJie 
KpHTepJ,l}l tD~, 3aqacTYIO ,uocTHraJI 4 pa3. TeM 
caMhIM MO,[(Hq>HKaUH}l HeaHanoroBoro Mo,ue­
JIHPOB~ aJHMYTaJlbHoro yrna paccefillIDI 
IIO,UTBep,UHJia CBOIO 3q>q>eKTHBHOCTb. 

KaK OTMetJaJIOCb BbIIDe, ,[(JUI rrpHMeHeHIDI 
MO,[(Hq>HKaIJ,HH Heo6XO,[(HMO BbI6paTb HeKOTO­
pyro xapaKTepH3yroIUyro ,ueTeKTOp TOtIKY Xd, B 
Harrpaanemm KOTopoif npH pacce.srHHH 6y,[(YT 
"cMeIIJ,aTbC}l" MO,UeJIHpyeMI>Ie TpaeKTOpIDt 
qacTHIJ,. IlpHMeHHTeJibHO K ,uaHHoi-i 3a,uaqe Ta­
KOBbIMH CJIY)KaT co6cTBeHHO reoMeTpHqecKHe 
TOqJQ,f, B KOTOpbIX pacnonaraIOTCK JIOKaJibHbie 

,UeTeKTOpbI. 
3Haqemui:, nonyqeHHble rrpH TOJIIIJ.IDie 

CTeHOK B 40 CM, roBOp}IT O TOM, l{TO 3q>q>eKT 
"crJia)K1rnamui:" rrpHCYTCTByeT, HO TOJibKO ,[(JUI 

6oKOBbIX ,UeTeKTopoB (pHc. 8). B 3TOM cnyqae 
He3aBHCHMO OT q>OpM OIDICaHH.sr KHl1 pe3yJib­
TaTbI 6JIH3KH ,n;pyr K ,upyry. O,ZlHaKO, 3HaqeIDUI 
HH)l(Hero H aepXHero ,ueTeKTopoe ace eIIJ,e oc­
TaIOTCjJ pa3HbIMH. 
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3aKJJIOlfeHHe 

Ilpose.ueHI1oc Hccne.uosamte ITO.llTBep.nH-

110 CYllICCTBCIIIIOe smrn:mte HC113BCCTHOro 

reOMCTP114CCKOro p33MellleHI-UI 061,eKTOB MO­

.uenHpyeMOH CHCTCMbl 113 Heonpe.uenellHOCTb 

pe3ym,TaTa. Cno)l(HruJ reoMCTpllil BhJHY)KJl3CT 

np116eraTb K ynpom:eHHlO MO.[lenH, 4TO TalOKC 

npHBO.UHT K BHCCCHMIO 11eonpe.ueneHHOCTJ,f B 

pe3ym,TaT. Mo.uemq>osamte reOMCTPH4ecKoro 

p33Memettllil MO)KHO npOBO.UHTb Henocpe.ncT­

BCHHO B paMKax MeTO.na M o11Te-K apno. Y n ­

poll1eH11e reoMCTp114ecKOH Mo,uen 11 cna6o cKa-
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IIAMSITll IIETPA AJIEKCAH,Ll:POBll1:lA AH,Ll:POCEHKO 
(20.06.1952-12.05.2011) 

CKopOilOCTIDKHO CKOH'laJIC.SI TaJiaHTJJHBbIB yqem,rn " rre.n:aror IleTp ArreKCaH)lpOBlf'I AH.n:po­

ceHI<O, O)lMH 113 Be.n:ym;HX cneu11arrHCTOB B o6rraCTH pemeHIDI 3a.n:aq MaTeMaTITTeCKOH q)H3HKl1 MeTO­

)lOM MottTe-Kaprro. 

B 1975 r. Ilerp ArreKcaH.n:pOBH'l, OKOIPrnB O6mmcKHH cp11JI11aJI Mll<l>M, nocTyrnrn tta pa6oTy B 

MaTeMaTH1IeCKHH oT.n:err <!>3M. TaM OH npornerr rryTh OT cTaprnero rra6opaHTa .n:o HaqaJibHHKa rra6o­

paTopRH, 3alll,HTHJI )lHCCepTaUHH Ha COHCKaHHe yqeHOH CTerreHH KaH)lH)laTa, a 3aTeM 11 )lOKTOpa q)H-

3HKO-MaTeMaT11qecIGIX Hayx. Ilo ero HHHUHanrne H IIO)l ero PYKOBO)lCTBOM 6bIJI C03)laH KOMIIJieKC 

nporpaMM BRAND, npeJlHa3Haqemn,1H .n:mi: pememui: 3a.n:aq rrepettoca HeHTpOHOB, cpoTOHOB 11 3ap.si:­

)KeHHbIX qacnm MeTOJlOM MottTe-Kapno B ycnoBIDIX tteperyAApttoH rpeXMepttoii reoMeTp:mt. Heno­

cpe.n:crneHBO IleTpOM ArreKCaH.n:pOBH'leM H no.n: ero ttay'IHbIM PYKOBO)lCTBOM pa3pa60TaHbI H o6oc­

HOBaH1:>I anropHTMbl H rrporpaMMbI, Il03B0JUIJOIIJHe .n:eTaJlbHO ytJHTbIBaTb BCe rrpouecChl B3aHMO)leH­

CTBHH HeHTpOHOB, q>OTOHOB li 3ap.S1)KeHHJ,.IX qacTHU C Belll,eCTBOM Ha 6a3e oueHeHHbIX .si:.n:epHbIX .n:aH­

HI,JX. MBoro rpy.n:oB 61,mo rrocB.si:m,etto rrpo6neMe cym,ecrneHHoro II0BbIIIIeHH.H BbIYHCJIHTefilHOH 

3cpcpeKTHBHOCTH pacYeT0B MeT0)],0M MoHTe-Kaprro 3a cqer KaK BeC0Bb.IX MO)lHq>HKaUHii MeTO.n:a, TaK 

H opHTHHaJlbHbIX cnoco6oB IlOHH)KeHHH )],HCIIepc1rn oueH0K cpyHKUHOHaJIOB. 

OrpoMtta.si: 3PYJlHP0Ba1-rnocTb Ilerpa ArreKcatt.n:poBH1Ia rro3B0JIHJia eMy c 6necKOM pernan MHO­

r11e CJIO)l(Hble 3a)la'Ill MaTeMaTHqecKOM q>H3HKH. TofilKO 3a IIOCJie)],HHe r0)],I,I HM 011y6JIHKOBaHbI pe-

3YJibTaTbl perneHHH TaKHX rrpo6neM, KaK yqeT tteorrpe)],eJieHH0CTH B BI,JqJ,ICJIHTefilHOH )l03HMeTp:mt, 

MO)leJIHpOBaHHe IIOKa3aHHH .n:eTeKT0p0B Ha 3KCrrep11MeHTaJlbH0M CTeH)],e ITO onpe)],eJieHHI-0 rrry6HHbI 

BbITOpaHHH .si:.n:epttoro TOilJrnBa, OIITHMH3aum1 KOHCTPYKUHH KOHTeHHepoB .UM aepeB03KH pa)],H0aK­

THBHbIX 0TXO)],0B, pacl.feT .Sl)],epHOH 6e3orraCHOCTH KOHTeHHepoB )],ill! Tpattcnopn1pOBKH orpa6oTaB­

mero .Sl)],epttoro TOITJIHBa, MO)leJIHp0BaHHe ITOKa3aHHH CUHHTHJIJIHUH0HHbIX H norryrrp0BO)],HHKOBbIX 

)],eTeKTOp0B H pacqeT HX cpyHKUllli 0TKJIHKa, pacqeT xapaKTepHCTHK y-H3rryqeHHH, rrpoX0)],.SIIIIero qe­

pe3 rra6HpHHTbl B pamrnUHOHHOH 3aIIJHTe, pacqeT )],030BbIX IlOJieH C yqeT0M BJIIDIHH.SI TOHKHX BbI­

HOCHbIX KOHCTPYKUHH nptt wcrrom,30BaIDrn KottycHoH pa.n::1-rnUHOHHOH 3am,HTbI, pacqeT xapaKTepH­

CTHK MHIIIeHHbrx y3noB ycKopHTeneii qacnm. 

Ilerp ArreKCaH.n:pOBU'I BHec cymecTBeHHblli BKJia)], B pemeHHe TaKHX 3a)],al.f pa;::i:HaUHOHHOH Me­

JlHUHHbI, KaK Mo;::i:eJIHpoBaIIBe )],030Boro pacrrpe)],eJieHHH y-113rry1:J:eHIDI np11 6pax1uepaTI:mt, pacqeT 

Jl030BhIX ttarpy3oK npH BHenrneM 06rry1:J:ett1111 H npH BHYTPliIIOJIOCTHOH pamrnu110HII0H TeparrHH, no­

crpoett11e MaTeMaTHqecKOH MO)leJIH KpOBeI·IOCHOH CHCTeMbI )],illl rrorryqemrn TI0JIH ToqeqHbJX HCToq­

HHK0B <pOTOHOB npH HCTI0fil30BaHHH B Kaqecrne HOCHTeJieH neqe6HbIX pa)],H0HYKJIHJl0B 6em<OBbIX 
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MHKpoc<pep, MO,n:eJIBpOBaHJ{e .Zl:030BOro pacrrpe,n:eneHIDI ~-H3.II)"IeHIDI npH 3H.Z1:0BacKyllilpHOH pa,n:HO­
XRpypnrn. 

IIe-rp AneKcaH.n:pOBHt{ - aBTOp u coaBTOp 320 HaylffibIX pa6oT. 

B 1995 r. IIe-rp AneKCaH,n:pOBITT OCHOBaJI Ka<pe,n:py UH<popMaIUIOHHO-KOMIThIOTepHbIX ,n:HCI.Uffi­

JIHH B O6HHHCKOM HHCTUryTe aTOMHOH 3HepreTHKH, C03,n:aB rrpo<peCCHOHa.JThHblli H CIIJI01Iemn,rn 

KOJIJieKTHB. IIo.n: ero PYKOBO.ll:CTBOM BbillOJIHeHI>I H ycneIIIHo 3anum::i;eHbI 6onee 20 ,n:HIIJJOMHbIX rrpo­

eKTOB u 6 KaH,n:H,n:aTCKHX ,n:HccepTal.U{n. 3a MHoroneTHIOIO IlJIO.ll:OTBOPH)'lO pa6ozy no pa3BUTHIO u 
COBepmeHCTBOBaHJflO yqe6Horo rrpouecca, aKTHBttylO .n:eITTeJibHOCTb B o6naCTH Hay'IBJ,JX HCCJie,n:o­

BaHHU, 3Ha'lHTeJibHblli BKJia,n: B ,n:eJJO TIOWOTOBKH BbICOKOKBaJIH<pUUHpOBaHHbIX cnel.{HaJIHCTOB OH 

HarpIDK,n:eH Harpy,n:Hbl.M 3HaKOM "IloqeTHbrn pa60THHK BhICmero npo<peCCHOHaJibHOro o6pa30BaHIDI 
P<I>". 

OrpoMHbrn Kpyr03op, roTOBHOCTb TIOMOlJb COBeTOM H npHIDITb yqacTHe B pemeHJrn UillpOKOf0 

CIIeK-rpa HayqHbIX npo6neM CHUCKaJJH IIe-rpy AneKCaH.n:pOBHtJY yBa)KeHHe H JII060Bb Bcex pa60TaB­
IllliX C HI1M. 

ropbKO C03HaBaTh, qTo c HaMH 6on1,me He 6y,n:eT 3Toro secenoro, .n:py)KeJII06Horo, KpacHBoro 

qenoseKa, ero npI111.{ypa, ero yJibl6KH, ero 6apxaTHoro ronoca. 

KoJIJiern H .n:py3MI IIe-rpa AneKCaH.n:pOB.Kqa rny60KO CKOpfoIT O ero KOH1iHBe H Bhlpa)l(alOT Ha­

,D,e)K.Zl:y, qTo .n:erro, KOTOPOMY OH IIOCBHTHJI CBOIO )KJ13Hb, 6y.n:er .ll:OCTOHHO npo,n:oJI)KeHO ero MHOro­
'DICJieHHbIMH yqeHHKaMH. 

Korrrrern 
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IlpaBHJia 04>opMJieHHH CTaTeii 

Ilpu no,nroTOBKe eTaTbH B e6opHHK aBTOp llOIDKeH PYKOBOlleTBOBaTbea eTa~apTOM 

"OpHTHHa.JILI aBTopeKHe H TeKeTOBbie H3llaTem,eKHe" (OCT 29.115 - 88). K aBTopeKHM 

OpHTHHaJJaM, rrepeaaBaeMbIM ,nruI H3llaHHSI, rrpe.m,.R:BmnoTeSI erreey10m;He TPe60BaHID1: 

1. 3K3eMTIJij[p eTaTbH aomKeH 6bITh nepBhIM, ome'laTaH Ha OllHOH eTopoHe JIHeTa q>OpMaTa A4 
wpmf>TOM .N!! 12 qepe3 2 HHTepeaJJa. CTaTbSI llOIDKHa 6bITh eoeTaBJieua B erre~meM rropsr~e: 

HHlleKe Y.[{K; JarJJaBHe; HHHQHaJlhJ H (J>aMHJIHH aeTopoe; MeCT0 pa60Thl KIDKJl:0ro aBT0pa C 

n0'IT0BblM al).pecoM; aHH0TaQHH (ne 6oJiee 10 CTpOK); KJIIOlfeBble CJI0Ba Bee 

BbIIIJenepe'IlleJieHHOe Ha pyccK0M H anrJIHHCKOM BlblKax; TeKCT; en.HeOK JIHTepazyphr; Ta6JIHI.U>1; 

pHeyttKH; IlO~HeyHO'lHble IlO~HeH (Ha OTllefilHOM JIHeTe). 

2. CTaTb.R: llOIDKHa TaIOKe npeaoeTaBJij[Tbea o6si:3aTeJII,HO B BHll,e JJieKTp0HHOii eepcuu 

06bl'IHblM mpu(J>TOM .N!! 12 Times New Roman, Me~yCTPO'IHblH HHTepBaJI - 0ll,HHapHbJH, B 

peaaKTope Word 97 HJIH 6orree II03llHHX Bepemi. TeKCT ue <popMarnpyeTesr, B Ka'-leerne HMeHH 

<paitrra Henofil3yeTeSI <1>110 nepsoro aBTopa CTaTbH. KaBbl'IKH B TeKeTe CTaBHTea opn aarJIHHCKOH 

pacKJiall,Ke KJlaBH3Typbl (" •• "). 

3. Coaep)KaHHe eTaTbH llOIDKHO 6bJTb KpaTK.HM H 'leTIGIM. l1eKJI10qa10TeS1 o6m;ue paeey~emtsr, 

H3BeeTHbie IlOJIO)KeHIDI. He aonyeKaeTeSI ey6JIHpOBamre MaTepHaJJa B TeKCTe, Ta6JIHIJ,ax, 

no~ueytto'lHhIX H~nHeIDC.. Heo6xo~o eo6rr10aaTh eaHuoo6pa3ue B HarrHeamm TepMHHoB, 

HaKMeHOBaIDf.H q>H3H'leeKHX BeJlwnrn H erornuu H3MepeHIDI, yeJIOBHhJX o603Haqemrit, eoKpam.eIDtH, 

eHMBOJIOB. HaHMeHOBaHml H o603Ha'leHHa e~Hlll.l q>H3H'leeK.HX BeJIHtfHH tteo6xo~MO npHBO~b B 

eHeTeMe CH. 

Heo6xo~o o6pamaTh BHHMaHHe Ha Hanncauue npoDHCHbJX n CTp0'IHblX 6yKB: pyccKHe u 

rpe'leCKHe 6yKBbl (a, p, 'Y, cp H T.lJ..) ua6upa10TCH DpHM0, a JiaTHHCKHe (x, y, Z, w H T.ll,.) -
KypCHB0M. Te )Ke TPe6oBaHHJI B o603Ha'leHHHX ffY)KHO eo6moaaTb npH HarmeamrH HHlleKeOB H 

eTeneHeH B q>OPMYJ1ax. O601na'leHHH MaTpnu H BeKTop0B na6apa10TCB noJiy,te_HpHbIM 

wpn(J>TOM npBM0. <l>opMyJibI, BKJllO'leHHbie B TeKeT, eneeyeT Ha6HpaTb 6e3 yBeJIH'leHIDI HHTepBaJJa 

Me)Key eTPOKaMJt, uarrpnMep bid, exp(x/e). 
4. Ta6.IIHI.J,bl ttyMepy10Tesr, Ka,Kll,aH Ta6JIHQa l).0JI,KUa HMeTb Jar0JI0B0K. CoKpameHHa B 

rpa<pax Ta6JI.HUbl ue aorryeKaIOTeSI. B TeKeTe Heo6xo~1 eebIJIKH Ha Bee Ta6JIHI.{bl. Ka,Kll,aH 

Ta6JIHQa nel.faTaeTCH ua 0Tll,eJlbH0M JIHCTe, a B JJieKTp0HH0M BHll,e opell,CTaBJIHeTCB B 

0Tll,eJJbH0M (J>aiiJie. 

5. <l>opMym,1 H 6yKBeum,1e o603Ha'-leHHSI BeJJH'-IHH llOJl)l(HbJ 6b1Tb pa3Meqem,r " epa3y 

paemmppoBaHbI. ct>opMyJlbI HYMePYIOTe.!l apa6eKHMH UHCppaMH, HOMep eTaBHTeSI e rrpaBOH eTOpOHbl 

nueTa B KpyrJibIX eKo6Kax. HyMepOB3Tb CJieJQ7eT T0JibK0 Te (J>opMyJibl H ypaBHeHHH, Ha 

K0T0pble ecTb CCblJIKa B D0CJ1ell,y101.UeM HJJI0X.:eHHH. <1>0PMYJibI BbillOJIHaIOTe.!l B peaaKTopax 
I } 

Equation 3.0 HJJH MathType npu HeB03MO)KHOeTH Ha6opa Ha KJiaBuazype (x~,y;,✓x, fx,- u T.a.). 
0 y 

IlOllCTPO'lHbie H HallCTpO'lHbie HHlleKebJ BBOMTeSI e KJiaBHazyp1,1 (x3, KM
2 

H T.ll.), rpeqeeKHe 6YK13bl 

BeTaBJUUOTesr qepe3 MeHio BcmaBKa ➔ CUMBOfl . 

6. B TeKCTe eTaTbH pHeyttOK o6H3aTeJibHO npeaCTaBJij[eTeSI Ha OTlleJibHOM JIHCTe <popMaTa He 

6orree A4. Ha pHeyHI<ax aonyeKaeTe.!l MHHHMa.JILHOe querro o603Ha'leHHH - KpaTKHe UH<ppOBhie (no 

nop.s1~y HOMepoB erreBa HanpaBo urru no qaeoBou eTPeJIKe) HJIH 6yKBeHHhie 0603uaqettm1. Bee 

nosretteH.Ha BhlHOesi:TeSI s no.n;pueyHO'lllbie noam1eH. Ha o6opoTe Ka~oro pueyHKa YKa3blBaIOTeSI 

<paMHJIHH aBTOpOB, Ha3BaH.He eTaTbH, HOMep pueyHI<a, o603Ha'leHH.!l Bepxa H mna. BnyTpeHHHe 

H3l).DHCH Ha pncynKaX ua6upa10TCH wpu(J>TOM .N!! 11. BHH3Y K~Oro pHeyttKa llOJDKHbl 6bITb 
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IIpHBe.n;em,1 ero H0Mep H 00.L{pucyuoquaH 00.L{DHCb mpH(t,TOM .N'!! 11. IlpH HaJTH'lliH HeCK0JThKHX 

pa.3JIH1IHI,IX rpaqmKOB Ha 0.llH0M pHcyHKe KIDKJJJ,IH H3 HHX o603HaqaeTC.H pyccKHMH 6YKBaMH a), 6), 

B) H T.JJ;. H pacmmppOBhlBaeTC.H. 

B KOMDblOTepHOM BH,L{e pucymrn npe.L{CT3BJUIIOTCH B OT.L{CJJbHblX ct,aiiJiax, BhIII0JIHeHHhle B 

rpaqmqecK.HX pe.n;aKrnpax Paint, PhotoShop, Core/Draw B qepHo-6eJIOM I.{BeTe ( q>oTorpaqnrn B 

pacTP0B0M q>opMaTe tif, dpi-300). PHcymrn B Word He BCTaBAATh Kp0Me c~aeB, Kor.n;a pHcyHoK 

H3Haqam,tto BhlII0JIHeH B Word. 

7. CchIJIKH Ha JIHTepaTypy B TeKCTe .llaIOTC.H II0 II0p.H.n;KY apa6CKHMH U:Hq>paMH B KBa.n;paTHhIX 

CK06Kax. CnucoK JJHTeparypbl COCT3BJ1HCTCH B TOH :lKe DOCJIC.L{OB3TeJJbHOCTH, B KOTOpon 

DpHBO,!J;HTCH CCbIJIKH Ha JIBTeparypy. <l>aMHJIHH 11 HHHUHaJTuI aBT0p0B Ha6HpaIOTC.H II0JIY)KJ,fJ)HhIM 

KypCHB0M. 

8. CIIHCOK JIHTepaTYPhI CJie.D;yeT oq>opMJI.HTh B C00TBeTCTBHH c focy.n;apcTBeHHhIM CTatt.n;apTOM 

":6116JIHorpaq>11qecKa.H cchIJIKa" (fOCT P 7.0.5-2008), B qacrnocTH, Heo6xo,LO{Mo YKa.3aTh : 

a) .n;mi: )Kyt)Ha.Jil,HI,IX CTaTeH - q>aMHJIHH H HHHI.lHaJlhI aBT0p0B, Ha.3BaHHe CTaThH, Ha.3BaHHe 

)Kyt)HaJTa (6e3 KaBhJqeK), ro.n;, TOM, BhIIIYCK, H0Mep, CTPammr,I; 

6) .n;mi: KIDIT - q>aMHJIHH H HHHUHaJlhI aBT0p0B, Il0JIH0e Ha.3BaHHe KHHrH, MeCT0 H3.n;amrn, 

H3JJ;aTeJTuCTB0 (6e3 KaBLl'IeK), ro.n; H3JJ;aHH.H; 

B) .llll.H aBTOpeq>epaTOB JJ;HCCepTal.(HH - q>aMH.JIIDO H HIDll{HaJThI aBT0pa, Ha.3BaHHe aBTOpeq>epaTa 

JJ;HCCepTaUHH, Ha C0HCKaHHe KaKOH yqeHOH CTeneHH HaIIHCaHa .l{HCCepnUJ,IDI, MeCT0 H ro.n; 3aIUHTbI; 

r) .n;mi: npenpHHT0B - q>aMHJIHH H HHHIUiaJihl aBT0p0B, Ha.3BaHHe npenpHHTa, HaHMeH0BaHHe 

H3.llaJOIII.eH opraHH3a-UHH, nrnq>p H H0Mep, MeCT0 H ro.n; H3,llaHH.H; 

.ll) .llll.H naTeHT0B - q>aMHJIHH H HHHUHaJlhI aBT0p0B, Ha.3BaHHe naTeHTa, CTPaHY' H0Mep H KJiacc 

naTeHTa, .n;ary H ro.n; 3a.HBJieHH.H H ony6JIHKoBaHIDI naTeHTa; 

e) JJ;lliI oTqeT0B - q>aMHJIHH H HHHI.l,Ha.Jil,l aBT0p0B, Ha.3BaHHe oTqeTa, HHBeHTapHhIH .N2, 

BaHMeH0BaHHe opraHH3aUirn, ro.n; BbIITYCKa; 

)I() .L{JlH :meKTpOHHblX HCTO'IHHKOB - DOJIHbIH 3JieKTpOHHblH a,LJ;pec (BKJIIO'l3H ,LJ;aTy 

o6pa~eHHH K HCTO'IHHKY), II03BOAAIOII{I'[H o6paTHTbC.H K ny6JIHI(aUHH. 

9. B K0HU:e TeKCTa YKa.3bIBaeTC.H K0HTaKTHa.H HRq)OpMaUH.H 06 aBT0pax CTaTbH: q>aMHJIH.H, HM.ff H 

oTqecTB0 (IIOJIHOCTbIO ) , .ll0JDKH0CTb, TeJieq>oH, e-mail H no )l(eJiaHHIO aBTopa - .llOMaIIIHHH noqTOBbIH 

a.n;pec. 

116 



HoBaH ne«t,opMa ... nH 

,n:JUI q11TaTenei1 HaytIHo-TeXIDfqecKoro c6opHltKa 

"BonpoChI aTOMHOH nayKH 11 Texmnrn. CepIDI: <l>HJHKa H,n:epmix peaKTopoB"! 

Pe,n:KoJIJierIDI c6opmtKa "BAHT. Cep. <l>H3HKa H,n:epmix peaKTopoB" 1rncpopMJ1pyeT 

aBTOpOB 11 tJIITaTeJieH, tJTO HatJHHaH c 2011 r. B Cep. <l>H3HKa H,n:epm.rx peaKTOpOB H3,L(aIOT­

CH BbIIIYCKH "<l>H3HKa H MeTO,L(hI pactJeTa H,n:epHhIX peaKTopoB" (3 BhmycKa B ro,n:) H "MM­

nyJlhCHbie peaKTOphl H IIpOCThie KpHTHT:leCKHe c6opKH" (1 BhlnyCK B ro,n:). IlO.ll.IIBCKa Ha 

"BAHT. Cep. <l>H3H.Ka H,n:epHbIX peaKTopoB" c 2012 r. 6y,n:eT ocymeCTBJIHThCH TOJThKO no 

KaTanory "fa3eThI. )l(ypHa.m,1" OAO AreHTCTBO "PocnetJaTh" (no,n:nHCHOH HHJJ;eKc 

32067). 

BOIIPOChl ATOMHOD HAYKH II TEXHHKII 

Ce p 11 s: <l>113mca s.uepHhrx peaKTopos 

BLmycK 4 

OTBeTCTBeHHhrn 3a s1,rnycK C.M. 3apn._.KHH 
(Ten./q>aKc: ( 499) 196-71-98, e-mail: zaritsky@adis.vver.kiae.ru) 

Pe,D,aKTop B.B. I111eJiee 
(Ten./q>aKc: ( 499) 196-99-44, e-mail: pchelin@adis.vver.kiae.ru) 

ilO.lJ.IlHCaHo s ne'iaTb 24.10.11. <l>opMaT 70x 108/ 16 
Ile'iaTb oqicernrui. Yen. ne'i. JI. 7,25. Y'i.-113.lJ.. JI. 14,5. THpa)K 250. 11.H.11.eKc 3646. 12 CTaTe». 3aKa:3 85 

OTne'iaTaHo B HHIJ. "KypqaToscKHii HHcrn:ryr" 
123182, MocKBa, nn. AKa.11.eMHKa Kyp'iaTosa, I 






