
1(0 JLfj llC 1-1 JJ. /4.. ISSN 0321-2149 

fOCWfCTBEHHbIH KOMHTET 
no HCilOJlb30BAHHIO ATOMHOH 3HEPrHH CCCP 

I 
HOfI 

11 
11 

CEPIUI: 

<l>H3HRa 
SIA0PHbIX peaRTOpOB 

BhIIlYCK 

2 



-

b?...l \07~1-;-

rocyAapcTBeHHblH KOMHTeT G~ 
no ucnoJib30BaHHIO aTOMHOH 3Hepruu CCCP 

MHcmcyT aTOMHOH 3HeprHH HM. H.B. Kyp11aTosa 

BO 
ATO 

OCbl 
on 

· ! , j :;: :i ""~ .- , ., .. >J ~1 v1 1..1eHrp 
:~my r" 

TEXHM 
HAYqHO-TEXHHlJECKHA CBOPHHK 

CEPH51 

cI>H3HKA .sI,l(EPHblX PEAKTOPOB 

H3n.AETC.Sl C 1989 r. 

BbIIlYCK 2 

cI>H3HKA H METO,l(bl PACqETA 
.sI,l(EPHblX PEAKTOPOB 

MOCKBA- 1989 



BbmyCKH "~H3HI<a H MeTOp;bI paClleta Jl,!lepHbIX pea1<1op0B" 
rro.in-otaBJIHBaJOTC.11 liHCTHTYTOM atOMHOH ~HeprHH HM, H.B. Kypqato&a 
H paHee BbIXOAHJIH B COCTaBe cepHH "~H3HI<a 
H TeXHHI<a Jl,!lepHbIX peaKIOpOB". 

Pe.u.aK~OHHllJI 1<onnerHS1 cepHH: 

A.JO. farapHHCI<HH (rn. pe.u.a1<1op) , BJ(. fopH'leHI<o, C.M. 3apHUKHH (JaM. rnaBHoro pep;a1<1opa), 
B.~. Konecoa, T JI. ~ep;oceeaa (01B. ceKpetap&) , H.B. llleaenea. 

B BbUIYCKax "~H3HKa H MeTOAbI pac11e1a Jl,!lepHbIX pea1<1op0B" rry6nHKyio1c.11 Matepmuu,I no cnep;yioll.lHM 

BOIIpOCaM '. 
- reopHH H MeIOp;bI pac11eta ,11p;epHbIX pea1<1opOB, 6naHKeTOB tepMOJl,!lepHbIX peaKIOpOB, paAl{a~OHHOH JaJ.UH-

TbI, rrepeHOCa HJJIYlleHHH ; 
- npo6neMbI 06ecrre11eHK.11 pac11eTHbIX H JKcrrepHMeHTanbHbIX HccneAOBaHHH rrporpaMMaMH An.II 3BM; ormcaHH.11 

H aHHOTaUJ{H nporpaMM, KOMIDJeKCOB H CHCTeM nporpaMM; 
- pac'leTHbie Hccne

0

AOBaHH.11 no QlHJHKe .11p;epHbIX peaKIOpOB, 6naHKeTOB 1epMO.11AepHbIX peaKTOpOB, paAH~OH­
HOH 3aIUHibI, rrepeHoca H3nytleHHH; paC'leTHbie HccneAOBaHH.11 O1p;emHbIX acrreKTOB pa3BHTH.ll Jl,!lepHOH 3HepreTHKH; 

- 3KCrrepHMeHTanbHbie MeTOAbI H 3KCIIep}lMeHtanbHhie HCCnep;OBaHHH no QlH3HKe Jl,!lepHbIX peaKIOpOB H B nepe­
'lHCneHHbIX CMe)l(}{bIX 06nac1HX; 

- MateMam'leCKHe npo6neMbI 1eopHH nepeHoca H 1eopHH pea1<ropOB. 
Marepmuu,1 An.II ony6JIHKOBaHHH cnep;yet HanpaBJIJITb B HHCTHJYT aroMHoii :meprHH HM. H.B. KypqaIOBa Ha HM.II 

rnasHoro pep;a1<ropa Bb1nyc1<a. 

Materials related to the topics described below are published in issues "Nuclear Reactor Physics and Calcula­

t ional Methods" : 
- theory and calculational methods for nuclear reactors, fusion reactor blankets, radiation shielding and radia-

tior:i transport; 
- codes for calculational and experimental investigations; descriptions and abstracts of codes, code comp-

lexec and systems ; 
- calculational analysis of reactor, blanket and shielding performances and radiation transport; calculational 

analys is of some nuclear energy development aspects ; 
- experimental methods and experimental analysis in field of nuclear reactor physics other above mentioned 

items; 
- mathematical problems of transport and nuclear reactor theory. 
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YJlK 621 .039.5 

TEOPHH 11 PACqET HllEPHhlX PEAKTOPOB 

AJibBEllHhlE MATPHQbl B rOMOrEH113AU1111 KACCETbl 

OnpellClllllOTCJI am,6eAHLle MaTpHULI Allll OAHOPOAHOA AH<l><l>YJHOHHOlt CpeALI H pacCM3TpHB3eTCll BO3MO)l(HOCTL HX BLJ'IHClleHHll H3 AH<l><l>Y· 

3HOHHLIX KOHCTaliT H Hao6opoT, AH<l><l>Y3HOHHLIX KOHCTaHT CpellLI HJ aru.6eAHLJX M3TpHU. 

ALBEDO MATRICES IN ASSEMBLY HOMOGENIZATION. M. MAKAI. Albedo matrices are defined for homogenization media. Possibility 
of their definition from diffusion parameters and vice versa are considered. 

I. BBE.llEHHE 

IlpH pac11eTe pacnpene11e1DU1 nornKa HeHTpOHOB B reTe­

poreHHOM pea1nope JflleHI<H O6bll!HO npHHHM3IOTCJI fOMOreH­

HblMH H K3CCeT3, COCTO~all H3 JflleeK B MaKpopac11eTax, 

OIIHCbIBaeTCJI Ol!eHb ynpomeHHo. B C3MblX 3<p<peKTHBHblX 

M3KpoKonax npenno11araeTcJ1, IITO KacceTa J1B1IJ1eTCJ1 O/lHO· 

pO/lHOH H onHCbJBaeTCJI nmpcpy3HOHHhlMH KOHCT3HT3MH 

[ 1] . Il03TOMY Tpe6yeTCJI onpenenHTb COOTBeTCTBYIOIUHe 

3KBHBaneHTHble reTeporeHHOH Kaccere llH<p<py3HOHHhle KOH· 

CTaHTbl. 3ro BeCbMa B3)1(H3JI 33)lal!a. H3BeCTHO, IITO CTporo 

"3KBHBilJieHTHoro" Ha6opa llH<pcpy3HOHHbJX KOHCTaHT He cy­

mecmyeT [2], HO MO)KHO H3HTH Ha6opbl, coxpaHJUOmHe Te 

HJIH HHble CBOHCTBa peam,HOH K3CCeTbl. Bonpoc B TOM, K3KHe 

CBOHCTBa HaJJ;O coxpaHHTb H K3K onpenenHTb COOTBeTCTBYIO· 

lllHe KOHCT3HTbl. B 11Hrepacype MO)KHO HaHTH Ue/lblH pll/l 

npeATIO)KeHHH [2 - 8], CBJl33HHbIX c pa3pa6oTKOH /l]IJI 

reTeporeHHblX peaKTOpoB. 8 113CTIIOCTH, B HHX nony'llDIH 

pa3BHTHe H MeTO/lbl roMoreHH3aUJOI. 

Cnenyer non11epKHyTL, IITO B /laHHOH pa6oTe He npeMa­

raeTCJI HOBblH MeTO/l roMoreHH33.ll}IH, HO paccMarpHBaeTCJI 

B33HMOCBJl3b Me)!(,ay an1,6e}lHbJMH MarpHU3MH H KOHCT3HT3· 

MH llH<p<py3HOHHOH Cpe/lbl. IlOKa33HO, IITO M3TpHUbl, YllOB· 

neTBOPJIJOlllHe ycnoBHIO (20) , MO)KHO npeBp3THTb B 3KBHB3· 

neHTHble llH<pq>y3HOHHble KOHCTaHTbl, coxpaHJIJOIUHe an&6en­

HbJe MaTpHUbl. IlpH peweHHH o6paTHOH 3a)l311H rpe6y10TCJI 

nono1IHHle/lbHhie npe,a;IIO1IO)l(elDUI. 

2. AJTh6E]lHblE MATPHUbl 

B O]lHOPO]lHO0 JlH~Y3HOHHO0 CPE]lE 

Anb6e)lHaJI M3TpHll3 onHCbJBaeT nHHeHHyio CBJl3b BXOJJ,JI· 

mero H BblXOWUUero TOKOB HeHTpOHOB. KaK 06bIIIHO, HMe­

lOTCJI » »H,Izy ycpellf!eHHhie no rpaHH Kaccer »enHl!HHhJ. 

PaCCMOTpHM CBJl3b Cp(l/lHHX BXOWUUero i- H BblXO)lJIIUero t 
TOKOB: 

•) UH4>H, 6yllaneUJT. 

(I) 

rne t HMeeT 6G KOMilOHeHr » llleCTHrpaHHKKe. IlycTb G -

11Hcno JHepreTH11ecKKX rpynn. Torna ~ J1B1IJ1eTCJ1 6G•6G­

M3TpKUeH. Ilpenno11araeTcJ1, IITO 061.eM V c rpaHHueH av 
J1B1IJ1eTCJI wecTHrpamntKOM H ero 3ano1IHJ1er O/lHOpDllHblH 

/lHcpcpy3HOHHblH MarepHan. MaTpHUy ~ MO)KHO llH3fOHa1IH30· 

83Tb C ylfeTOM CHMMeTpHH O61.eMa V . .llHaroHanH30B3HH3JI 

MaTpHUa ~ HMeeT 11elbIpe 113 llleCTH cymeCTBeHHo pa3Hb!X 

J1IeMeHTOB no llH3rOHanH: R0, RI , R2 H R3 . OHK J1B1IJ1JOrcJ1 

G•G-MaTpHUaMH. Cne.llY!OlllaJI MaTpHU3 npHBOAHT MaTpH­

UY ~ K /lH3fOHa1lbHOH q>OpMe: 

- 1 - I - 1 

2 - 1 - 1 2 - I - 1 
w= (2) 

0 - I 0 - 1 

2 I - I - 2 - 1 I 
0 I 1 0 - I - I 

MaTpKUa Ro nepeBO,!lHT caMy B ce6JI nepBylO CTpoKy MaTpH· 

Uhl w, RI - BTopyio, R2 - TperbJO H 11e1BepTy10, R3 - nJ1cy10 

H weccyJO. R0 coomercmyer pacnpe.a.eneHKIO, D.a!OllleMy OllH· 

HaKOBbie cpe)lHHe BelIHIIKHbl no rpaHllM O61,eMa V, RI - pac­

npeneneHHIO cpe)lHHx Be1IHIIKH n? rpaHJIM cornaCHO BTOpOH 

crpoKe M3TpHUbl W H T .n. 

EcnH rpe6yerCJI onpe.a.enHTb OTHOllleHKe ycpe)lHeHHOH 

HOpManbHOH KOMnoHeHTbl TO Ka J Ha rpaHH a V K Cpe/lHeMy 

no noBepXHOCTJIM noTOKY <l>, TO MarpHUa, OllHCb!BalOlllaJI 3TO 

OTHOllleHHe, 6yner HMeTb BHll 

1 = co.sc~ - EX~+ Er, )<I>. (3) 

B»eneM 

J=g<I> (4) 

H D.a1lbllle 6yneM p3CCM3TpHBaTb M3TpH11,bl THna g, CIIHTaJI, IITO 

OCHOBHOH xapaKTepHCTHKOH JllleHKH JIB11JleTCJI Cpe/lHHH no-
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TOK Ha rpaHH. w rrpeo6pa3yeT H g B rotaroHaJibHYIO q>OpMy. 

IlpHMeM, '!TO gi - MaTpHUbl, CTO.fflllHe Ha J:(HarOHaJIH MaTpH­

Ubl g. 
3rreMeHTbl g MO)l(HO orrpe,[1.eJlHTb CJle)].yIOlllHM o6pa30M. 

3amnueM ypaBHeHHe rot<l><l>Y3HH B crre,lJ.yiomeM BH,l].e: 

(D)~<l>(x) + :E<I> (x) = 0, (5) 

r,l].e (D) - ,l].HarOHaJibHa.R MaTpHUa K03q>q>HUHeHTOB !I.Hq>q>y-

3HH; L ;_ MaTpH.Ua, xapaKTepH3yIOlllaJI npouecCbl, H3MCH.ffIO­

JllHe JHeprHIO HeihpoHOB; <l> - 110TOK HeihpOHOB B TO'lKe x. 

PeweHHe 6a3~pyeTC.ff Ha co6crneHHblX tIHCJlaX A 2 
H BeKTO­

pax t: 

(6) 

Mbl HMeeM G co6CTBCHHbIX tIHcerr (k = I, ... , G) H co6crneH­

HbJX BCKTOpOB. Peweime, npliHa,l])Ie)Kamee K i-H CTpOKe MaT­

pHUbl w, MO)l(HQ 3aIIHCaTb KaK 

G 1r 112 

ii/JgCx) = L Tkg S iwk(o:YSic(o:, x)do:, (7) 
. k= I o 

r,!le 
1
Wk (o:) - BeCOBa.R q>YffKJJ,}UI, H MaTpHJ.ty T q>OpMHpyIOT 

co6cTBeHHble BCKTOpbl. ,Ilmee, 

12 

iSic(o:,x)= ·L wimexp(\Bmx), (8) 
m=J 

r,l].e BeKTOp B1 HMeeT KOMITOHCHTbl 

i31 = (cos o:; sin o:). (9) 

BeKTOpbl Bm q>opMHpyIOTC.ff rrpeo6pa30BaHH.ffMH CHMMCTpHH 

o6oeMa V H3 BeKTopa B 1. TaK KaK Bbipa)KeHHe (I) CB.ff3bIBa­

eT TOJlbKO cpe,!lHHe 110 rpaHH BeJlH'IHHbl, cymecTByeT HCKOTO­

pblH npoH3BOJl (8] rrpH Bb16ope BCCOBOH q>YffKUHH w. B006-

lllC ypaBHCHHe (7) MO)KHO 3anHCaTb KaK 

r)].e 

lb Bbipa)KeHH.R (IO) MO)l(HO onpeAerrHTb MaTpHIJY g: 

ecrrH 

8 cpe,[1.HHH 110TOK ,l].aeT BJ<JlaA TOJlbKO KOMl10HCHTa i = 1 : 

(11) 

(12) 

(13) 

4> = T<Fo>c (14) 

HJlH 

Pe3yllbTaTbl MO)l(HO cyMMHpoBaTb TaKHM o6pa30M. B 

OP){OpO.a;HOH cpene noTOK 6b1Jl pa3JIO)KCH B 11JlOCKHe BOJlHbJ. 

HyMepauH.ff ITJIOCKHX BOJIH 3a,!laeTC.ff HH,l].eKCaMH co6crneH-

4 

HblX tIHCeJl. IlOTOK Ha rpaHH MO)l(HO paccMaTpHBaTb KaK 

"B03MYllleHHe", a TOK Ha rpaHH - Kai< "OTBer" Ha B03Myllle­

HHe. CrpyKTypa aJib6CAffblX MaTpHU ( 11) noKa3bIBaeT, l!TO 

"orBeT" q>OpMHpyeTC.ff TCMH )KC llJIOCKHMH BOJlHaMH, '!TO H 

B03My1UeHHe. ,IlpyrHMH CJlOBaMH, "orneT" !I,HaroHaJibHblH. 

KoHel!HO, ,lJ.aHHa.R 11JlOCKa.R BOJlHa )].aeT BJ<Jla,!l B K~,!lyIO 

rpyrrny, noJTOMY !I,HaroHarrbHa.R MaTpHUa ytel.Ho)KeHa crreBa 

Ha MaTpHUy T, a cnpaBa Ha MaTPHUY r -•. YpaBHeHHe (6), 
011HCblBaIOlllee JlOKaJibHblH 6aJiaHC npH 11JlOCKOH BOJIHe· B 

Kal!eCTBe noTOKa, MO)KHO Cl!HTaTb onpe,[1.erreHHCM MaTpH.Ubl 

D. TiycTb noTOK eCTb llJIOCKa.R BOJlHa fk (x). Tor1:1a B Ka)!(­

,1].0H TO'lKe YTC'Il<a 6yneT -D;\~ tk fk (x). IlpomnerpHpoBaB 

JTO Bblpa)KCHHe no 061.eMY V, norry'llleM -D<~i\>\- 3TO 

Bblpa)KeHHe OTJIHl!aeTC.ff OT HHTerpaJibHOro noTOKa TOJTbKO 

q>aKrnpoM ;\ 2 , TaKHM o6pa30M, D .ffBJl.ReTC.ff MaTpHUeH, npH­

BO~eH K HHTerpaJibHOMY 6aflaHcy. 3Ta MaTpHUa P.Haro­

HaJlbHa H B TOM CMbICJle, l!TO pa3Hble llJIOCKHe BOJlHbl He CMe­

lllHBaIOTC.ff. B pe3yllhTaTe ypaBHeHHe 6arraHca Tenepb npHHH­

MaeT crreey10my10 11pocry10 q>opMy: 

Crre,lJ.yeT OTMCTHTb, l!TO, CCJlH 11JlOCKHe BOJlHbl CMClllHBaIOTC.R, 

MaTpHUa D He 6yner JJ,HaroHarrhHa TaK)l(e H no JHeprHH. 

3. onPEJlEnEHHE D H :E 
H3 AnbliEJlHblX MATPHU ~ 

TiyCTb gi 3a,l].aHbl. CTaBHTC.ff crreeyIOUlaJI 3a,!lal!a: KaK H3 

HHX onpe,[1.eJlHTb MaTpHUbl D H LB ypaBHeHHH P.Hq>q>y3HH. 

,Ilrr.R JTOro uerrecoo6pa3HO OTMCTHTb CBOHCTBa MaTpHUbl T: 

I. CTpOKH T oprnroHarrhHbI TOJlbKO B crryqae, ecrrH :E -

CHMMeTpHl!Ha.R MaTpHUa. Tor,l].a 

G 

L tk/k'( 6kk. 
j=J 

(16) 

2. B JTOM crryqae T npencTaBrr.ReT co6oH opToroHarrbHyIO 

MaTpHUY 

(17) 

r,l].e T° - corrp.R)KCHHa.R, a E - e,!lHHHl!Ha.R MaTpHUa. 

3. B o6meM crryl!ae Bbipa)KeHHe ( 17) cnpaBe,!lJIHBO, ecrrH 

3aMCHHTb MaTpHIJY T+ Ha MaTpHIJY, COCTaBJlCHHylO H3 C06CT­

BCHHblX BeKTOpOB conp.ff)KeHHOH MaTpHUbl B ypaBHCHHH (6). 
BbmorrH.ReTc.R crrenyioma11 npouenypa. KaK BHJlHO HJ (IS), 

WT= T(F0 /f0 )· 
(18) 

lb JTOro Bblpa)KCHH.ff OTblCKHBaIOTC.ff co6CTBeHHbie 'lliCJia H 

BeKTOpbl MaTpHUbl w. lb co6CTBeHHblX BeKTOpoB COCTaBJl.ff­

eTC.ff MaTpHUa T, H3 co6cTBeHHb!X 'I.Hcerr - Fo/fo )])I.ff pa3HblX 

11Jl0CKHX BOJIH. 3aTeM orrpe,[1.err.ReTC.ff "k C yqeTOM Toro, l!TO 

B BeCOBblX q>yHKUH.RX W B ypaBHeHHH (8) q>YHKUH.ff 

5 
_ Fo(Ak) 

k 
fo (Ak) 

(19) 

H3BeCTHa, H npH H3BeCTHOH JleBOH tJaCTH MO)l(HO orrpe,!leJlHTb 

'-k. lb ( I 2) BH.a;HO, l!TO 



9o1 9? =· T( g/o ). 
figO 

(20) 

Orrpe.a.enReM MaTpHUy B neBoH 'laCTH {20) . Ee co6cTBeHHbte 

BeKTOpbl 6y.a.yr Te )l(e, IJTO H B (18)' a co6CTBeHHble IJ}!Clla 

na10r OTH0WeHHR g ./f .. 113 HHTerpanbHoro 6anaHca 
1 1 

F/Vgo + J:.W = 0 , (21) 

r.a.e F / V = 1/ 1,5 H, a H - war peweTKH, rrony'IHM J:.. 3aMe­

THM, '!TO ypaBHeHHR, conep)l(3WHe D, AaIOT Ol];HHaKOBble .D.H<P· 

<PYJHOHHble K03q>q>HUHeHTbl HeJaBHCHMO OT ero orrpenene­

HHR. MO)l(HO l10Jlb30BaTbCR ypaBHeHHeM (6) HJIH ( 11). 
Anb6e.[J.Hbte MatpHUbI, orrpeneneHHbte c rroMOWblO rrony'leH­

HbIX TaKHM o6pa30M KOJq>q>HI.J,HeHTOB, COBl131];alOT C MaTpH­

uaMH gj' 3aMeTHM, '!TO KOJq>q>HUHeHTbl HeOAHOJHalJHbl, TaK 

K3K Bb16op BeCOBblX <PYHKUHH npH Jal];aHHblX 3Jlb6el];HblX 

MatpHuax BJIHReT Ha "k, a JHa'IHT, H Ha CaMH K03q>q>HUHeHTbl. 

B KatJecrae npHMepa paCCMOTpHM anropHTMbl nporpaMM 

HEXAN [9) H HEXNOD [10]. B nepeoit HJ HHX 

iwk(a) = c5(a)ick , 

a e rrocnentteit 

B ra6n. 1 rrpHBeneHbl JneMeHTbt, onpeneneHHb1e anropHrMa­

MH HEXAN .D.HaroHanbHh!X MaTpH.ll, gi H fi (i = 0, I, 2, 3). 
HerpyAHo nony'IHTb H attanorH1JHb1e cpopMyJlbl /lllR HEXNOD. 

T a 6 n II u a 1. Jl,HarOHant,Hble :rneMeHTbl MaTpHU <f/ 11 <g/ 
KaK cl>YHKUHH OT A 

HenpHBOAHMOe ~YHKUHll fi (/1.) ~YHKUHl! ~(/1.) 
npcncraene1111e 

sh/I. 2 
w, 2- + ch/I. (/I.sh/I. + ch/I. - I ) 

)I. H 

th/I. - lj 
2 

w, sh/1. -2 -- - (/I.ch/I. - sh/I.) 
)I. H 

sh/I. 2 
w, ch/I. - - - (2/1.sh/l. - ch/I. + 1) 

)I. H 

ch/I. I 2 
w• sh/I.+ - - - - (2/1.ch/l. + sh/I.) 

)I. )I. H 

B Ta6n . 2 cpaBIUIBaIOTCSi C06CTBCHHble 'IHC1l3 H BeKTOpbl Mat­

PHJ.lbl (D-1 )J:. H W /lllR HEXAN H HEXNOD. MarpHUa W 
BJ.RTa HJ pa6oTbI V. Krysl {Private communication, 1987). 
TaK K3K MatpHJ.J.bl ITO onpeneneHHIO COOTBeTCTBYIOT OAHO· 

pOAHOH cpene, MaTpHUbl Mij 6ynyr )].H3r0H3JlbHblMH K3K BHA· 

HO HJ ypaBHCHH.R (20) , 

4. YCJIOBHE CYIUECTBOBAHHJI 

3KBHBAJIEIITHOA OJJ,HOPOJJ,HOA CPEJJ,bl 

IlpH KaKHX ycnoBH.RX MO>KHO H3HTH Ha6op AHq>q>yJHOH· 

Hb!X napaMeTpoB, Bep;ywHX K TCM lKe caMblM 3Jlb6eAHblM 

Ta 6 n Hu a 2. Co6CTBetlHble &eKTop1,1 11 'IHCna MatpHU 
(D• 1 ) l: H W 

napaMeTp /1.i ti 

(D·' )I: 
0,0570953 (0,96839, 0,24943) 

2 10,1653000 (- 0,29732, 0,95606) 

W (HEXNOD) 
I 0,4050710 (0,96839, 0,24943) 
2 0,2030900 (- 0,29698, 0,95489) 

IV (Hl::XAN) I 0,4050470 (0,96839, 0,24943) 
2 0,2024000 (- 0,29698, 0,95488) 

MaTpHU3M, ecnH MatpHl.l,bl W H gi Jal];aHbl? KaK pa6oraeT 

npouenypa, H3JIO)l(CHHaJI e npeAbl.D.YWeM pa3.a.ene, rrpH 

l1poH3B0JlbHblX MaTpHUaX gi? Omer MO>KeT 6bITb 

Haiin eH pacwHpeHHeM peJyJlbTaToe npeAbtnywero paJnena. 

TaK KaK 3Jlb6CAHble M3TpHUbl H w HMCIOT 5G2 3JleMeH­

TOB, a B TeOpIDI AH<P<PYJHH, KaK Mb! BHnenH B pa3.[J., 2, HMe­

eTCSi ecero G (G + 1) HCJ3BHCHMblX 3JleMeHTOB' BOo6we He 

cywecreyeT 3KBHBaneHTH3R OAHOp0)].HaR cpeA3, )].alO[UaJI naH­

Hble anb6el];Hble MaTpHUbl. 

B Ka'lecTee nepBoro wara onpep;enRIOTCR co6CTBeHHble 

'IHClla H BCKTOpbI MaTpHJ.lbl w. 8TOpb1M warOM RBJIRCTCJI on­

peneneHHe MaTpHUbl J:. HJ (21), '!TO seer.a.a ocywecTBHMO. 

OnHaKo co6CTBCHHblC BCKTOpbl e ypaeHeHIDI (20) He o6RJa­

TCJlbHO COBnanaJOT C BCKT0p3MH tk. 8 HTOre nony'!aeM 

- l r-u 
gj gi - ji . (22) 

.[lpyrHMH cnoeaMH, ypaBHCHHe (20) B o6weM cny'lae He Bbl· 

nonHSieTCSi. 8b1pa)l(aJ1 u .. C l10MOWblO T, rrony'O!M 
lJ 

(23) ,, 

EcnH Mij npe.11.cTaBJ1.Rer co6oit .D.HarottanbHYIO MaTpJqJ.y rrpH 

Jll06bIX i, j' TO MaTpHUbl gi MoryT rrpHBeCTH K 3KBHBaneHT· 

HblM .D.H<P<PYJHOHHb!M KOHCTaHTaM. B o6paTH(?M cny'!ae Ha­

AO paCWHpHTb q>OpMYJlbl (10) - (14) TaK, 'IT06bl 06WHe 

M3TpHUbl 33MCH.RJIH .D.H3rOH3JlbHb!C M3TpHUbl. 3ro BHAHO HJ 

CJICAYIOWHX coo6pa)l(CHHH. EcnH 06'beM V COCTOHT HJ roMO· 

reHHblX l10)].l1poCTp3HCTB Vi, TO B Ka)l(l];OM o6'beMe Vi MOlKHO 

OTb!CKatb peweHH.R B q>OpMe (7), a BeCOBble <PYHKUHH Bbl· 

6paTb Ta.K, IJT06bl TOK H l10TOK Ha rpaHHUe 6blJIH Herrpepb!B· 

Hbl. B o6'beMe vi Bee <PYHKUHOH3Jlbl l10TOKa RBJIJIIOTC.R JIH· 

HeHHblMH Bbtpa)l(eHH.RMH BeKTOpOB \, orrpeneneHHblX no­

KaJlbHblMH ce'!eHH.RMH. B TO >Ke BpeMR cpe.11.HHe Ce'leHH.R CB.fl· 

33Hbl C HeKOTOpblM BeKTOpoM tic H '!epeJ HHX BeKTOpbl ti 

MOlKHO Bb1p33HTb K3K 

N 

ti= L J\tjc' i = I , ... , N. 
j = 1 

TaKHM o6p330M, ilOKaJlbHble <PYHKUHOH3Jlbl MOlKHO Bbtpa­

JHTb B cpopMe JlHHeHHblX KOM6HHaUHH BeKTOpoB \c B aHa­

JlHTH'leCKOM peweHHH, YAOBJleTBOpll!O[UeM ypaeHeHHIO .D.H<P· 

<PYJHH B KalK.tioi1 TOtJKe o6'beMa V. CnenoeaTen&Ho, MO>KHO 

roeopHtb O TOM, 'ITO pa3Hble l1JlOCKHe BOJIHbl (T.e. pa3Hble 

BeKTOpbl tic) CMelllHB3IOTC.R. 3arrHWeM ( 11) K3K 

g. = - (D)TM.r 1 
1 1 ' 

(24) 
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TOr.ua nonyqaeM o6o6meHHe <popMy11b1 (20) H 

-J T-M-1MT gj gi - j i . (25) 

To eCTb B BhlpIDKeHHH (11) Ha,uo 3aMeHHTb ,uHarOHallbHYJO 

Marpwzy (g/9 Ha Mi. Ilpo11,e.uypoii, H3JlO)f(eHHoii B npe.UbI· 

)zyllleM pa3,uene, M0)f(H0 nom,30BaTbc.11 B J11060M cnyqae. ner­

KO y6e,iJ,HTbC.II B TOM, 'ITO H renepb HMeeM no O.UHOH MarpHue 

D H 1:, HO npH 3T0M COXpaH.lllOTC.11 H aJlb6e,uHb!e MarpHIJbl gi 

(i=l, ... ,4). 
8bnlleyKa3aHH0e paC!llHpeHHe UOKa3bIBaer' 'ITO mo6bJe 

allb6e)],Hl>Ie MarpP.IJ;bl MO)f(HO coxpaHHTb, ecnH .uonyCKaJOTC.11 

He,uHar0HaJlbHble MarpHIJbl B <popMynax (10) - (14) . .Upy­

f.HMH CllOBaMH, B o6meM crryqae IlllOCKHe BOllHbl CMelllHBa­

lOTCH: B "orBere" ll0HBllHlOTCH B0JlHbI, orcyrcTByroIUHe B B03· 

MYllleHIIB. EcnH coxpaHHTb ,uHafOHallbHbJe MalpHIJbl, nony-

11.KM pa3Hh!e ,uH<p<py3HOHHble K03<pq>H11,HeHTbl, KOT0pble CO· 

XpaIDIIOT HeKOTOpble anh6e,uHbie MalpHll,bl [2 - 4). B nnoc­

K0H reoMerpHH HMeeM BCero go H gl H H3 HHX M0)f(HO norry-

11.Hlb D H 1:. B 3TOM cnyqae <popMyrrhl (10) - (14) MO)f(HO 

HHrepnpeIHpoBaTb raK, II.TO He,uHaroHallbHble MalpHIJbl BKlllO· 

'leHbl KaK B Marpwzy D, TaK H B 1:. B 6onee CJl0)f(HblX reo,Mer­

pH.IIX B03HHKalOT rpy.uHOCTH, TI03T0MY coxpaHHIOTC.11 TOJibKO 

MarpJmbl go H gl , HHrepeCHO, 'ITO K03<pq>HIJHeHr UH<p<py3HH, 

npHcyrcTBYJOlllHH B Ka)f(,UOH anb6e.uHOH MarpHUe, o6hl'IHO 

CBH3b1Baerc.11 rpelbHM (HllH qerBeprbrM) pH.U0M MalpHUbl w. 

5. 3AKnlO'lEHHE 

B ,uaHHOH pa6ore paCCM0TpeHa CBH3b anh6e,uHbIX MaTpHII, 

gi C Ha6opoM UH<p<py3HOHHblX K03<pq>H11,HeHTOB O.UHOpo,uHOH 

cpe_ub1. B p,e3yrrbrare norryqeHb1 <popMyllbI /JJUI npoBepKH 

11.HcneHH0 onpe.uerreHHhIX anh6eJ:U{b1x MatpHIJ. OrHoweHHe 

(21) np0Bep.11er g0 H W; a (20) npoBepHer ocranbHble gi. 

ECJlH Kaccerbl 3ano11HeHbl 0,uH0pO,uHblM MarepHall0M, TO co6-

CTBeHHbJe BeKTOpbl MalpHII, w' gi - gj C0Bnanaror H MalpH-

Y.UK 621.039 .526 

ua Mij 6y.uer .UHaroHanbHoii. IloKa3aHo, 11.1o B o6meM cnyqae 

310 He crrpaBeMHB0, HO B npoCTb!X CllY'laHX MaTpHll,bl Mij 

HBJlHJOTCH none3Hb!MH. IlpHII.HHa HecnpaBeJJ,JIHB0CTH ofuHC­

HHeTCH CMelllllBaHHeM IlllOCKHX B0JlH, 3aMeTHM, 'IT0 caMH 

aJ1b6e,uHb1e MarpHIJbl, X0TH H cna6o, HO 3aBHCHT or rpaHH'l­

HblX ycnoBHH, HCn0Jih3yeMbIX npH Hx pacqere. Pe3YJibtaTbI 

M0ryr 6bllb rrorre3HblMH npH roMoreHH3auHH tcaccerbl. 
.IlaHHaH pa6o1a BbmorrHeHa npH non,uep)f(Ke BeHrep­

CKoii aKa)];eMHH HayK B paMKaX K0HrpaKra AKA-0267. 
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IlOJIYIIPJIM0:0 METOJl PACqETA 
IlOTOKA HE:0TPOHOB 11 K03cl>cl>l1IJ;l1EHTOB qyBCTBMTEJI.hHOCTM 

B 0IlT.11M113AU110HHblX 3A)lAqAX 

A.M. Ky3bMHH, Jl.B. MopHH, A.E. HoBHKOB, B.B. XpoMoB 

PaccMOTPeH nonynpJIMOll MeTOA pac'leTa pacnpeAeneHHll HellTpOHOB H K03<p<j>Hll.HeHTOB 'IY9CTBHTenJ,HOCTH <j>H3H'leCKHX xapaKTepHCTHK 
AByMepllblX peaKTopoe. Ilpl!BOAJ!TCJI pe3ynbTaTbl TecTOBblX pac'!eTOB pa3nH'IHblX peaKTOpOB H aHanH3HPYIOTCJI norpeWHOCTH. 

SEMI-STRAIGHT METHOD OF NEUTRON FLUX AND SENSITIVITY COEFFICIENTS CALCULATION INOPTIMIZATIONPROllLEMS. 
A.M. KUZMIN, D.V. MORIN, A.E. NOVIKOV,V,V. KHROMOV. Semi-straight method of neutron flux and sensitivity coefficients of reactors charac­
teristics calculation in two-dimensional geometry is discussed. Test calculation results of different reactors are presented and errors are analysed. 

BBEJlEHHE 

IlpH 003/];aHHH 0IlTHMH3all,H0HHblX nporpaMMHblX 

K0MnJieKCOB, npe.uHa3Ha'leHHblX MH Bb16opa K0Mil0H0B0K 

H,uepHblX peaKropoB, OOJibWOe BHHMaHHe ynemieTCll pa3-

6 

pa6orKe 3<p<peKTHBHblX MateMaTH'leCKHX MO,Ueneii npo11,ec­

C0B, nporeKaJOlllHX B peaKTOpax. OcHOBHble rpe60BaHHH 

K raI<HM M0.UellHM - corrraC0BaHHe C MeT0.U0M, Bb16paHHbIM 

MH aBT0MaTH3all,HH IlOHCKa 0ilTHMaJibHblX xapaKrepHCTHK, H 

He6om,woe BpeMH cqe1a. EcJIH B Ka'lecrBe Merana noHcKa 



Bb16paTb MeTOll mrneapH3amtH, xopowo 3apeKOMeHllOBaB­

WHH ce6.11 npH :>1<c11J1yaTaUHH KOM11J1e1<coB POK6AP [I], 
llOKAP [2) H SAPFER [3], TO npH BhmonHeHHH HeITTpoH· 

HO-<jJHJH'leCKHX pac'!eTOB He06X0.[1)1MO nony'!aTb 3Ha'!eHHII 

He TOflbKO pa3nH'!HblX cjJH3H'!eCKHX xapaKTepHCTHK (KpHTH· 

'leCKa.R 3arpy3K3, K03q>q>KI1HeHT BOCnpOH3B0)lCTBa, Tenno­

BbUJ,eneHHe H up.) ' HO H ,<., )' .Pcl>HU.HeHTOB 'IYBCTBHTenbROCTH 

JTHX x apaKTep 11CTHK K ynpaBnlllOlJ.IHM na paMeTpaM. 

B onTHMH3auHoHHhlX K0Mnne1<cax ( I - 3] paccMaTpH­

BanHcb 6blCTpb1e peaKTOpbl UHflHH)lpH'leCKOH cjlopMbl' COCTO.R· 

1.1.111e He 6onee 'leM 113 ABYX a1<c11anbHb.lX cnoeB pa3HOrO 

COCTaBa np11 pa3nH'IHOM 'IHCne pauHanbHblX JOH. 8 HaCTOII· 

1.1.1ee BpeM.R BHl1MaHHe pa3pa6oT'O!KOB 6blCTpb1X peaKTOpOB 

npHBneKalOT reTeporeHHble peaKTOpbl, HMe101.1.111e 60nbWOe 

'111Cfl0 30H pa3HOro COCTaBa 1<31< B pa.u11anbHOM, TaK H B 

3KCH3flbHOM HanpasneHJ,111. PeaKTOpbl Ha Tel1JlOBblX HeITTpO­

Hax (HanpHMep, BblCOKOTeMnepaTypHble rpacjJHTOBble pea1<­

TOpb1) TaK)Ke HMelOT cy1.1.1ecraeHHYIO HeOAHOp0JlHOCTb COCTa· 

Ba B 0OOHX HanpaBIIeHHIIX. Il03TOMY M .R nony'!eHHII pacnpe­

neneHl111 HeITTpOHOB B T3KHX peaKTOpax Henb311 Bbl6Hp3Tb 

Te ynpo1.1.1eHHble anropHTMbl, KOTOpble HCnonbJ0B3Jll1Cb 

B KOM!UleKcax [I - 3] . 

HblX cjlyHKUHH nony'!alOTC.R He Ha~rnoro CflO)KHee Tex, KOT0· 

pble BCTpe'13IOTCII B n11HeHHblX 33.ll3'13X. BMeCTe C TeM npH 

pac'!eTe cjJH3Hl!eCKHX xapaKTep11CTHK 11 KOJcjlcjJHUHeHTOB 

'IYBCTBHTenbHOCTH Y'IHTblBaeTCII 11JMeHeHHe npo6HblX cjlyHK· 

U11H C H3MeHeH11eM COCTaBa peaKTOpa. 

1. Ocuosm,1e ypaBHeHHJI Me-ro,na 

Oco6eHHOCTH nonynp.RMoro MeTO)la paCCMOTpHM Ha 

npHMepe nony'leHl111 pacnpenen eHHII HeHTpOHOB H KOJcjl­

cjJHUHeHTOB 'IYBCTBHTenbHOCTH cjJ H311'1eCKl1X xapaKTep11CTHK 

MIi JlByMepHoro UHJJHHApH'!eCKOro MHOro30HHOro peaK­

rnpa C oceBOH CHMMeTpHeH B MHOrorpynnoBOM nHcjlcjly-

3HOHIIOM npH6flH)KeHl1H (p11c. I) . IlpHMeM T3K)Ke, '!TO 

z 
ci,O<> = 0 

H I 
I 
I 
I 

I 
I 

----- ---- -'--+---- -------
I ci,Ckl 
I =O 

I 
C y'leTOM n epe'IHcneHHblX BblWe rpe6oB3lfJ,fH npeACT3B· t.Hj J·A aKCHaI!bllhlll CIIOA I 

I 
fl ll!OT HHTepec MeTOJlbl CHHTe3a HeHTpOHHblX pacnpe.ueneHHH 

[4 - 6] . Mo)KHO Bbl)lenHTb nse rpynnhl TaKHX MeTOllOB: 

MeTOllbl 11TepauHOHHOro CHHTe3a (4, 5] H npllMble 

(6eJb1TepauHOHHble) MeTO)lbl (6] . B HTepauHOHHblX MeTO­

nax noTOK HeHTpOHOB HllleTC.R B BHAe npo11JeeneHHII cpyHK· 

UHH, 33BHClllllHX OT O)l!IOH nepeMeHHOii, a HeH3BeCTHble 

cpyHKUHH onpe.uenll!OTCII HJ peweHHII CHCTeMbl HenHHeH­

HblX O)lHOMepHblX ypaBHeHHH. 3TH MeTO)lbl y.ua'IHO HCnonb-

30B3flHCb np11 pac11eTe cjJHJH'leCKHX xapaKTepHCTHK peaKTO· 

pOB co CflO)KHOil reoMeTpHei1. OAH3KO npKMeHeHHe 11X 

K pac'!ery K03cpcjJKUHeH TOB l!YBCTBKTenbHOCTH MO)KeT 6b1Tb 

3aTpy.nHeHO TeMH ycno)KHeHl1JIMH B anropHTM3X peweHHII 

conpR)l(eHHbl X ypaBHeHl1H, KOTOpble B03HHK3IOT 113•3a 

Hen11HeHHOCTH ypaBHeHHH MR COOTBeTCTBYIOlllHX O)lHOMep­

HblX cpyHKUHH [7]. 
IlpRMble (6e3blTepaUHOHHble) MeTO)lbl flHWeHbl T3KOro 

He)lOCT3TK3. 8 JTHX Mero.uax pewaeTC.R CHCTeMa n 11HeHHblX 

ypaBHeHJ,fH llll.R HeflJBeCTHblX 1<0:icpcp11.UHeHTOB pa3flO)KeHl111 

noIOKa HeHTpOHOB no 33ll3HHOH anpHOpHO CHCTeMe npo6-

Hb1X cpyHKUHH. OAH3KO J)leCb TO'IHOCTb H BpeMJI pac'!eTa 

KaK cjJH311'1CCKHX xapaKTepHCTHK, T3K H KO:>cpcpmrneHTOB 

'IYBCTBHTenbH0CTH 33BHCIIT OT Toro, HaCKOflbKO Y.ll31!HO 

BbI 6paHa CHCTeMa npo6HblX cjlyHKUHH. 

llnR nony'leHHII pacnpeneneHH.R IICHTpOHOB 11 K03cpcp11-

u11eHTOB 'IYBCTBHTenbHOCTH cjJHJH'!eCKHX xapaKTep11CTHK 

HeO)lHOpO.UHblX peaKTOpOB npellJlaraeTCJI HCnOJibJOB3Tb 

nonynpRMOH MeTOJl, B KOTOpOM CHCTeMa npo6Hb1X cpyHK· 

U11H HC J3)l3CTC.R, a oueH11BaeTCJI H3 peweHHJI BCfiOMoraTeJib­

HblX ypaBHeHHH C 33BHC.RlllHMl1 J!Hlllb OT CBOHCTB peaKTO· 

pa KOJ<p<pHUHeHTaMH. Ilp 11 TaKOM n o.uxone Cl1CTCMa ypae­

HeHHii ,[]]JI! npo6HblX 11 CMellJl1B3IOIUHX cjlyttKUHH 0Ka3bl· 

BaeTCII JIHHeHHOH. B peJyJI&TaTe ypaBHeHHJI llllJI conpR)KeH-

I 
I 
I 

R 

P11c. I. Pac~eT!lall MO)lCJlb peaKTopa 

peaKT0p CHMMeTpH'leH OTHOCHTCJlbHO AHaMeTpanbHOH 11JJOC· 

KOCTH z = 0, HMeeT N 3KCl13JlbHblX cnoeB u = I' 2, ... , N)' 
a noTOK HettTpOHOB <t><k}(r, z) B k-H 3HepretH'!eCKOH rpyn-

ne YAOBJleTBOpllCT o6bl'!Hb!M ycnOBHJIM Henpepb!BHOCTH 

Ha rpaHHU3X pa3.UeJia JOH C pa3Hb!MH CBOHCTBaM11 H yKa-
J3HHblM Ha p11c. I rpaHl1'1HblM ycnOBl1JIM. 

Cnenyll OCHOBHOH HAee MeTOllOB C11HTeJa B Knacce 

HenpepblBHbl X cjlyHKUHH [4], npencTaBHM nOTOK Heihpo­

HOB <l>(k >er' z) B BH)le CY MM bl: 

n 

<l>(k)(r, z) = L &i(kl(r)p,ck)(z), k =I , '.! , ... , m, (I) 
) = I 

r.ue llll.R onpeneneHHOCTH 6y.ueM C'lffiaTb, '!TO g~k\r) -
npo6Hble <l>YHKUHH (0 ,.; r .;;; R); ,p<k) (z) - c~ellJHBalO-

J 
1.1.1»e <pyHKUHH (0 .;;; z .;;; H). IlpennonaraeTc11 npo6ttb1e 

cjlyHKUHH g~k} (r) HaXO)lHTb, np11MeHJ111 n poue.uypy OpTO­

roHanHJaUHH no ltlMHATY K TeM Pa.Lll1aJlbHblM pacnpene­

JieHHJIM c~k}(r) = J<l>(k}(r, z)dz, K0TOpble nony'la!OTCJI 
J A°Hj 

B npH6n11)KeHHH MeTOAa ycnoBHor o paJ.neneHHJI nepeMeH-

HblX [5) . Torna CMeW»BaJOIUHe <pyHKUHK /kl(z) onpe­

.uenHM HJ peweHHJI OAH0MCpHblX ypaBHeHHH, ~OpMyn11pye­

MblX nyTeM np11paBHHB3HHJI HYJIIO B3BeweHH0ro no cjlyHK· 

l\KJIM g}k\r) (/ = I , 2, ... , n) 0CTaTKa e ypaBHeHHl1 nepeH0· 

ca HeITTpOHOB, B0JHHKaio1.1.1ero HJ•3a HCfi0Jlb30B3HH.R npen­

CT3BJieHHJI ( J) . 
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A 

Ecm1 o6oJHa'lHTb qepeJ L(r, z, u) H Q (r, z, u) HJBeCT-
Hbie orrepaTOpbl ypaaHeHHl{ nepeHOCa HeHTpOHOB, JaTTHCaH­
Horo B MHOrorpynrroBOM /J,H<p<pYJHOHHOM npHMHlKemrn, 

➔ ➔ 

H BBeCTH B paCCMOTpeHHe BeKTOp-<pyHKWffl G (r), g. (r) 
H ~- (z) c KOMrroHeHTaMH G~k) (r), lk) (r) H cp~) (z) c~oT-

J J J J 
BeTCTBeHHo, TO ypaBHeHHH J],JlH rrpo6Hb1X H CMeWHBaJOIUHX 
<pyHKUHH npHMYT BH/J, 

J\ ➔ ,._ ➔ A ➔ 

lj-1 (r, u)Gj-i (r) - s/r, u)C}r)+ lj. 1 (r, u)Gj. 1 (r) + 
I\ ➔ . 

+ Aqj(r, u)G/r) = 0, (2) 
. j-1 
~(r)=o:j[G/r) - L, {~(r),gm(r)} r&m(r)], (3) 

m=1 

m =1 

n" ➔ l m ,._ ➔ L ½m (z, u)pm (z) + ~ L Qjm (z, u)pm (z) = 0, 
3<j) m =t 

j = l , 2, ... , N, 
(4) 

r/J,e ~ _ 1 (r, U), s/r, U), lj+ I (r, U) H CJ.j (r, U) - orrepaTO­
pbl 0/J,HOMepHblX ypaaHeHJ,IH (2), DOCTpOeHHbIX B rrpH6nH­
lKeIDm MCTOJ],a ycnoBHOro pa3J],eJieHHH nepeMeHHbIX; u -
BOJMYJUaIOJUHH CBOHCTBa peaKropa aapaMeTp (HanpHMep, 
KOHUeHrpanWI KaKoro-Jll16o HJOTona) ; A H l/K

3
<1> - ae/J,y-

IUHe co6crneHHbie 'iHCIIa B ypaaHeHHHX (2) H (4) COOTBeT­
cmeHHo; o:i = {G/r), l/r)t1 - KOJ<p<pHUHeHTbIHOpMH­
poaKH; 

½m(z, u) = {g/r), L(r, z, u)gm(r)L 
1 

Qjm(z, u)= {~(r), Q(r, z, u)gm(r)L, j, m = I , 2, ... , N. 
(5) 

B BbIIllenpHBeJ],eHHbIX COOTHOWeHKHX <pHrypHble CK06KH 
C HH/J,eKCOM r OJHa'iaJOT HHrerpHpOBaHHe no r CKaJIHpHoro 
npoHJBe,UeHHH HaxO/J,HIUHXCll B CK06Kax <PYHKUHH B rrpell,e­
rrax O ,e;;; r ,e;;;R, gi (r) - J],HaroHaJibHaH MaTpHUa c JJieMeH­
TaMH gfk) (r) (k = l, 2, ... , m) Ha rnaBHOH J],HaroHaJIH H 
J],Jil{ ynpomeHHH BbIKJia/J,OK npHHHTO, '!TO n = N. B o6meM 

➔ 

cnyqae BOJMOlKHO, 'ITO CHCTeMa HJ N <pyHKUHH G. (r) OKa-
J 

lKeTCH rrHHeiiao JaBHCHMOH. Tor/J,a npouecc oproroHam1-
JauHH (3) npHBe/J,eT K COKparueHHIO 'lHCIIa apo6HblX <PYHK­
UHH gj (r) no cpaBHeHHIO c 'IHCIIOM pacnpell,eneHHH Gj (r). 

CHcTeMy ypaBHeHHH (2) - (4) cne/J,yeT pemaTb, HatJH­
HaH C ypaaHeHHH (2) H HCnOJibJYH MeTOJ], HTepauHH HCTO'l­
HHKOB. IlpH peweHHR YtJHTblBaJOTCH rpaHH'lHble ycnOBHll 

JIH6o 

➔ ➔ ➔ 

G/R)=VrGi(O)=O, cp/H)=O, vzq(o)=O 

~i(O) = 0, j = 1, 2, ... , n 

H ycnoBHH Henpepb!BHOCTH <pyHKURH 
➔ A ➔ 

Gj(r), D{r, z, u)VrG/r) 
n 

npH 

~(Z), L Djm (z, u)Vz°7m (z) npH 
m=t 

r/J,e D (r, z, u) - MaTpHUa, cocTaarreHHaH HJ rpynnoBhlX 
KOJ!p!pHUHeHTOB .llH<p<pYJHH o(k) (r, Z, u), a 

Djm(z, u)={gj(r), D(r,z, u)gm(r)}r. 
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KaK HJBCCTHO, B ypaBHeHHJI (2) BOH,llyT napaMeTpbl 
nepeTC'lCK a r) (u, ,J!fk)), KOTOpble JaBHCHT OT JHatJeHHH 
noJIHbIX (HJIR 0/],HOCTOpOHHHX) TOKOB HCHTpOHOB Ha rpa­
HRuax JOH H paCC'lHTblBaJOTCll B MCTOJ],e ycnoBHOro pa31l,e­
rreHHH nepeMeHHbIX Ha OCHOBe aKCHaJibHbIX pacnpe.uene­
HHH il{k)(z) = ,J.'I>(k)(r, z, u)rdr. B pa~cMaTpKBaeMOM 

1 

MCTO/J,C npeJ],norraraeTCH, 'ITO napaMeTpbl ;;I! r)(U, i/Jf<)) 
JaJ],aHbl H He JaBHCHT OT 1/Jfk) (z): 

'£ ~k) (u i/J~k)) = i~k). (6) 
J , I IJ 

3Ha'ICHHll ii?\f> MO>KHO npell,BapHTeJibHO OUCHRTb no HJBeCT­
HblM <pOpMyJiaM /J,JJH peaKTOpa co CBOHCTBaMH, 6JIHJKHMH 
K CBOHCTBaM paCCMaTpHBaeMoro peaKTopa. )lonymeHHe 
(6) J],erraeT ypaBHeHHJI (2) rrHHeHHbIMH, t{TO B nanbHeHWeM 
ynpomaeT pactJeT K03q>!pHll){eHTOB 'lYBCTBHTeJibHOCTH. 

2. ConpJD1Cel:llllde ypaBHCHHll 

H KOacl>ct,HUHCIITld qyBCTBKl'eJil,IIOCTH 

IlycTb Ha peweHRHX ypaBHeHRH (~ - (4) npH u EU 
onpell,erreH aeKoTOpbra ll,p06Ho-JIHHeHHb1ii <l>YHKUHOHaJI no­
TOKa f (u, &, -;p) HJIH KOJ<p<pHUHCHT pa3MHOlKeHRH HeHipo­

HOB K3<I>. )lrrH nonyqeHHH KOJ<p<pHll){eHTOB qyBCTBHTeJib­
HOCTH 3THX <l>YHKUHOHaJIOB npH Ja/J,aHHOM U npoBO/J,HTCH 

HJBeCTHbie paccylK]leHHJI, CBHJaHHble C BapbHpoBaHReM 
ypaaHeHHH (2) - (4) H rrocrpoeHH·eM COIIpHlKeHHbIX oae­

paTOpoB. H.cnoJibJYH rrpeJ],IIOJIO)l(eHHe (6), npHXO,llHM K 

CIIellYIOlllCH CHCTeMe corrpHlKeHHbIX ypaBHCHHH J],Jll{ <PYHK-
UHH¥'j (z) ,gj (r) H Gj (r): 

n " + ➔+ l n " + ➔ - L Lm/z,u)pm(z)+~ L Qm/z,u)p~(z)= 
m=t 3<j) m=1 

aF 0) 
at/z) ' 

ttcr) + o:j{ ~Cr), ttcr)} r~Cr) + L o:m {cm Cr), {Cr)}J;cr) + 
m =j +1 

n 

n 

+ L o:m{g~ (r),~(r)}r Gm(r)= 
m = j+1 

(8) 

re )(;+ "+ ➔... "+ ➔+ + ➔ 
j r, u j-t (r) - sj(r, u)Glr) + 1/r, u)Gj + 1 (r) + Aq/r,u)Gt(r) = 

(9) 

A + {➔ A l. ♦ ?,_+ { ➔ -,.. l. + rne Lmj = gm, Lgjj r ~ \.l mj : gm, \.lgjj r - coIIpl{)l(eH-
Hbie no OTHOlllemoo K Lmj K Qmj (5) orrepaTOphl, onpe­
ll1: eHHbre Ha KJiacce HenpephIBHbIX 1i + (z) BMecre c 

A + m 
m = 1 D m/J z ,Pm <PYHKJ.1.HHX, YllOBJICTBOpHIOlllHX rpaHH'lHbIM 
ycnoBHHM 



nH6o 

aF/3"J. (z) H aF/ag. (r) - cpyHKUHOHaJJbHbie rrp0HJB0.U.· 

HbJe (KOTOpbie cne.u.~eT nonoll<HTb paBHblMH Hynio, Kor.u.a 

paCC'IHTbIBalOTC.11 KOJq>q>HIJ,HeHTbl 'lyBCTBHTenbH0CTH K K3<jl) ; 

P" ( ) { "• " " } 1 jm r,u = - ip/z), L(r,z, u)ipm(z) z +K - x 

{ " ~ 
x aij(z), Q(r, z, u)q,m(z)}z - {~~(z), L(r. z, u)~/z)}: + 

I 
+K {~~(z), Q(r, z, u)v,j(z)};, (IO) 
~ 

j-1 

~(r) = - o:jgj(r) + o:j{ ~(r), ~(r)}r~(r) + o:j L {gm (r), ~(r)}r x 
m = t 

x gm(r), (11) 

~ m (z) H ~ ~ (z) - .11.HaroHanbHble MaTpHJ..{bl C JneMeHTaMH 

ipg)(z) H <P:O(k)(z) ( k = 1,2, ... ) CO0TBeTCTBeHH0, 

a q>HrypHbie CK06I<H C HHAeI<COM Z 03Ha'!aIOl HHierpHp0· 

BaHHe no z B npe.u.enax O ~ z < H JaKmoqeHHoro B HHX 

cKan.RpHoro rrpoHJBe.11.eHH.11. OrreparnpbI 't. (r, u), s: (r, u) 
"+ J, 1 

H q. (r, u) conp.11ll<eHb1 K onepaTOpaM l . (r, u), s. (r, u) 
,.J ( ) J J 

H q. r, 11 C00TBCTCIBeHHo H onpe.u.eneHhI Ha cpyHKI.l,H.RX 

c;- (~, Y.U.0BneIB0p.RIOU.UOC. TeM l!<e ycnoBH.IIM, 'ITO H q>yHK· 

IJ,HH Gj (r). 
PeweHHe CHCTeMbI ypaBHeHHH .(7) - (9) HaX0AHTC.11 

cne.u.yioWHM o6p330M. BHa'lane onpe.u.emuoTC.11 ~: (z) KaK 

peweHJU1. 0.11.Hopo.11.Horo (npH pacqeTe KOJq>JHIJ.HeHTOB 

qyBCTBHTeJibH0CTH K K3<jl) HnH KaK qacTH0e peweHHe 

Heo,[UI.0po,[Ul.oro (npH paCCM0TpeHHH K03q>q>HJ..{HeHTOB 'lyBCT· 

BHTen&Hocm .u.po6Ho-nHHeHHbIX <l>YHI<UHOHaJJOB F) ypaB­

HeHH.11 (7). 3aTeM B CO0TBeTCIBHH C paBeHCTBaMH (10) 
CipO.IITCJI onepaT0pbl pjm (r, u) H cpopMHpYJOTC.11 npaB&Ie 

'laCIH ypaBHelilOI (8). <7>yHKUHH g: (r) H3XO.ll.llT, Ha'll!Ha.R 
t+ J 

c ~n (r), no cpopMynaM BH.!la 

n 
➔• o:. { ➔ ➔ ➔ } ➔ -r 
gj (r) = ~ Kj(r), ij,j(r) + I: -y m/r) rG/r) - ¥j(r) -

l ;t 0:j m =j + I 

n 

L 1mj(r), 
m=j+1 

r.u.e ; (r) - npaBa.11 qacT& ypaBHeHH.11 (8) , j = n, n - l, ... , 1; 

-:; mj(r) = o:m {cm (r), g/r)} J;(r) + o:m {t;(r), ~(r)}x 

➔ ➔ 

xGm(r); 'Ym n =0. 
' ➔ 

Ilocne JToro pacc'IHTbIBaKJTC.11 q>yHKUHH f . (r) H onpe.u.e-

n.11eTc.11 qacrnoe peweHHe er (r) ypaBHeHHA (9), Y.U.OBneT• 

B0p.lllOlllee ycn0BHIO opToroHanbH0CTH 

L {Gj, &ici} r = o. 
j 

Ilocne,[Ul.ee ycnoBHe Bblll0ilH.lleTC.11 Bcer11.a, Il0CK0nbKY 

MH ruo6oro <l>YHI<UHOHana 

L {~.~} =0. 
j 

Ilony'leHHble TaKHM o6paJOM conp.R>KeHHble cpyHKUHH 

HCfi0nbJYIOTC.11 ,[)JI.II H3X0ll<JJ.eHH.R KOJcj>cj>H11HeHT0B 'lyBCTBH· 

TenbH0CTH JC: 

JC= 

r ,!],e 

n n 

(12) 

aF 
- - + I 1 + h B cnyqae <j>yHKUH0Hana F, au 

llHJl= L, L, {~, Ojm(z, u)';m}z, 
j=t m= I 

3F/au - qacTHa.R npoHJ~0AHa.11 cpyHKl.l,HOHana F no napa­

MeTpy u, a B KaqecTBe Gj (r) H ~j (z) 6epyYC.II C00TBeT­

CTBYIOIUHe paccMaTpHBaeM0My cpyHKl.l,HOHany peweHH.11 ypaB• 

HeHHH (7) - (9) . 
B cpopMynax (12) - (13) C0CTaBn.lllOIUa.R 11 ytlHTbIBaer 

➔ 

BKna.U. B BeJlli'IHHY JC 01 H3MeHeHHll q>yHKUHH Gj (r), 

a h - OT HJMeHeHH.11 cMellIHBaKJIUHX cpyHKUHH ~j (z), 

Bbl3BaHHblX H3MeHeHHeM napaMeTpa u . 

3.PE3YJlbTATbl TECTOBblX PACllETOB 

OIIHCaHHa.R BbJWe MeT0.11.HKa peanHJ0BaHa B nporpaM­

Max Ha <1>OPTPAHe ,[)JI.II 38M CM-4. 3anmKeHHhie B HeH 

B0JM0ll<H0CTH eapbHp0BaHH.11 'IHCila q>yHKUHH, JHepreTH· 

'leCKHX rpynn, 30H B aKCHaJlbH0M H pa.u.HanbH0M Hanpae­

neHH.IIX II03B0il.lllOT pewaTb IllHpoKHH Kpyr 33.11.aq pa3nH'I· 

HOH CJlo:>l<H0CTH. 

3.1. HccneJJ;OB8HHe TO'IHOCTH pac..eTa noneA: H ct>YHK~O­
HanOB. )ln.11 oueHKH 3cpcpeKTHBHOCTH paCCMOTpeHHOH Bb!We 

MeI0.11.HKJI 6blJIH npoBe.u.eHbl pac'leTbl peaKT0p0B, CXeMbl 

K0T0pblX npe.U.CTaBneHbl Ha pHC. 2. IIepBOH Ha pHCyHKe 

HJ06pall<eHa cxeMa peaKT0pa Ha Teiln0BblX HeHTp0Hax TP, 
C0CTO.lllllero HJ aKTHBHOH J0Hbl C perymi:TopoM H B0WIH0ro 

0Tpal!<aTen.11. Pac'leT npoB0.11.HnCH B .11.ByxrpyrrnoB0M npH6nH· 

ll<CIOOI C K0HCTaHTaMM, B3.IITblMH H3 [8]. )lanee HJ06pall<e­

Ha cxeMa 6b1e:poro HaTpHeBoro peaKTopa EH 6on&woii 

M0WH0CTH, npel].noll<eHHoro B (9] l].nll TeCTHpOBaHH.11 

nporpaMM. PeaKTop EH, cocTO.IIIUHH HJ JJ.BYX aKTHBHbtX 

30H pa3Horo C0CTaBa, 0KpYll<eHHblX JKpaHaMH, paCC'IHTbl· 

Banc.II B rutTHrpynnoB0M .11.Hcpq>yJHOHHOM npH6nHll<eHHH 

C HCil0ilb30BaHHeM npHBe.u.eHHblX B (9] HCX0.11.HblX ,llaHHblX. 

Ilocne.u.Heii Ha pHCyHKe .U.aHa cxeM·a 6hlCTporo pea1<ropa 

ErH 6on&woH M0WH0CTH, oxnall<.u.aeMoro HaTpHeM H 

C0CT0.lllllero H3 qeib1pex aKTHBHblX JOH pa3H0ro coctaBa, 

pa3.u.eneHHblX no BblCOTe BCTaBKOH BHyYpeHHeH JOHbl BOC· 

9 



y 

Boga 
z 

0 0 

II II 
V') 

e, e, 0 
BJ 0 

C> II ...... 
e, 
C> 

X 200 R 

TP BH 

npoHJBOACTBa HJ MeTaJIJJWleCKOro ypaHa. PacqeT npOBO­

JJ,HJJC.11 B OAHOrpynnoBOM npH6rrmKeHHH. PeJyJI&TaTbl pac­

qera 6fH cpaBHHBaJIHCb c peJyJI&TaTaMH, norryqeHHblMH 

no nporpaMMe SINV AR. B cnyt1ae peaKTopoB TP H 6H 

cpaaHeHHe npoBO,[J,HJIOCb c peJyJI&TaTaMH [8] H [9] COOT­

BeTCTBeHHO. AHaJIH3HpoBaJIHCb B OCHOBHOM JHa'leHHH TaKHX 

q>YJIKUHOHaJIOB, KaK K3cj> - Jq>q>eKTHBHbIH KOJq>q>HUHeHT 

pa3MHO)l(elfflH, KB - KOJq>q>HUHeHT BOCllpOHJBO)lCTBa, 

Kr' Kz - cpe,a,HHe no CJIOHM KOJq>q>HUHeHTbl HepaBHOMep­

HOCTH, q (r) - pacnpeAeJieHHH TellJlOBbI,O:eneHHH no pa-
y 

AHYCY H ,a,p. AHaJIHJ KOJq>q>Hll,HeHTOB qyBCTBHTen&HOCTH 

npoBOAHJJCH no BeJllfllHHaM Hk = dK
3
<t>/dka H HF = 

= dF /d"I:- , r,ne "I:- - MaKpocet1eHHe nornomeHH.11, a F -
q a a q 

q>yttKUHOHaJI, paBHbIH OTHOWeHH!O TellJlOBbl,[l,eJieIDUI B 

O,a:HOH HJ aKTHBHb!X JOH K IlOJIHOMY TellJlOBb!AeJieHH!O 

B peaKTOpe. JJ,n.11 cpaBHeHHH KOJq>q>HUHeHTOB 'l)'BCTBHTeJib­

HOCTH paccqHTb!BaJIHCb BeJIH'IHHbl 

IH~-1 ) - H~-2 )1 1tt<.1 ) - Hfj·2 
>1 

max 11 11 H min 
ij E V IH~.1) 1 ij EV3 IH(1 )1 

~ u u 
r,ne ttV>, · Hit - KOJq>q>HIJ,HeHTbI qyBCTBHTeJI&Hocrn B 

pa31IWIHblX rrpH6JilDKeHHHX; V 3 - HHAeKC JOH (A3 - aKTHB­

HaJt JOHa, T3 - TOpUeBOH JKpaH, 63 - OOKOBOH JKpaH, 

B3B - BHyTpeHHHH JOHa BOCllpOHJBOACTBa). PeJyJI&TaTbl 

pac'!eTOB, npHBe,neHHble B Ta6JI. 1, llOKaJb!BaJOT, '!TO norpew­

HOCTb pac'leTa TaKHX HHTerparrbHb!X napaMeTpOB, KaK K3cj>' 

KB, KBA, He rrpeB&rwaeT l %. O,a,ttaKo cocrnBnHrolllHe KB 

}JJJH JKpaHHbIX JOH H oco6eHHO IJJJ.11 JOH c MaJib!M JHa'!e­

HHeM KB oueHHBaJOTCJl Xy)l(e, 3,necb norpellIHOCTH MOfYT 

,[l,OCTHraTb 5 - 10%. Pacnpe,a,erreHHH llJlOTHOCTH llOTOKa 

HeHTpoHOB H TellJlOBbl,O:eJieHHH AOCTaTO'IHO xopo!llo COBna­

,a,aroT C HCTHHHb!MH pacnpe,nerreHHJIMH. Koop,nHHaTbl MaK­

CHMYMOB H MHHHMYMOB COBlla,[l,aJOT, HO HMe!OTCJl He60JJb!llHe 

OTJJH'IHJI B MaKCHMaJJbHblX JHa'!eHHJIX, oco6eHHO B 3Kpa­

Hax. )lnJI BapHaHTa 6fH C reTeporeHHb!M pa3MemeHHeM 

z <I>= 0 

TJ 
Pttc. 2. CxeMb1 pe3KT0p<>B J],JlH 

0 
II 

i-
TeCTOBh!X p3ClleTOB: n - norno-

e, BJ 00 THTenL; A3 - 3KTHBH3H 30H3; 
C> ...; 

TJ - Topueaof:t 3Kpatt; 63 -
OOKOBOf:t 3Kp3H; BJB - BHYT-

TJ peHHHH 30H3 BOcnpOH3B0,ll.CTB3 
117 R 

BfH 

TOITID!Ba B aKTHBHOH JOHe OTJIH'!He KOJq>q>HUHeHTOB HepaB­

HOMepHOCTH llOJJJl TenJJOBbI,[l,eneHHH no aKTHBHb!M JOHaM 

He npeB&t!llaeT 2 - 3%. 

3.2. nepectteT npo6Hblx cl>YHKnmt. B npouecce ontHMH­

Jarn,tH pacllet non.11 RelitpoHOB H q>yttKUHH ueHHOCTH MO)l(­

HO ynpocTHTb, ecm1 He nepeC'IHTb!BaTb rrpo6Hble q>yttKUIDI 

Ha Ka)l(,[l,OM ware MeTo,na nocne,a,oaaTen&HOH JJHHeapHJa­

UHH, BnHJIHHe nepec'!eTa npo9Hb!X cl>YHKUHH Ha q>yttKUHO­

HaJJbl oueHHBaJJOCb nyTeM cpaBHe!D-IJI 3Ha'!eHHH <l>YHKUHO­

HaJIOB, paCC'IHTaHHb!X Ha npo6HblX q>yHKUHJIX BOJMylll,eH­

HOH H HeBOJMyI.UeHHOH Ja,na'I (Ta6Jl. Z). 0Ka3anOCb, '!TO 

npH BOJMYllleHHH KOHUeHTparn,tH B OAHOH HJ JOH peaKTOpa 

no 200%, pa31IH'IHJI B JHa'leHHJIX q>YHKUHOHaJJOB K3cj>' 

KB He rrpeBbJ!llaJ1H l %, a KOJq>q>HUHeHTa HepaBHOMepHOCTH 

KH - 2%. 
BnHHHHe nepecl!eTa npo6Hb!X q>yttKUHH Ha KOJ(pq>H­

UHeHTbl qyBCTBHTeJibHOCTH OKaJb!BaetCJI 6on&we, oco6eH­

HO )J,TIJI 3KpaHHblX JOH, r,a,e rrorpe!llHOCTb AOCTHraeT COTHH 

npoueHtOB (ra6n.3). 

3.3. BJIHllHHe OTKJIOHeHH~ B JHa'!eHIDIX rrapaMeTPOB 

nepete'!eK. HaH6onee Ba)l(HbJM B o6ocHOBaHHH npHMeHH­

MOCTH ,a,aRHOH MetOAHKH JIBJIJletCJI BblJICHeHHe Toro, KaK 

CHJibHO BJIHJleT HJMeHeHHe rrapaMetpOB nepeTe'!eK Ha JHa­

'!eHHH q>yttKUHOHaJ10B H KOJq>cl>HUHeHTOB 'IYBCTBHtenb­

HOCTH. BoJHHKa!OlllHe npH JTOM norpelllHOCTH CBHJaHbI 

C TeM, '!TO B peaKtopax C paJJIH'IHblMH COCTaBaMH JOH npH· 

XO,[l,HTCJI HCilOJibJOBatb OAHH H re )Ke napaMeTpbl nepeTe'leK. 

)lnJI ou;eHKH JTHX norpelllHOCteH 6bIJIO paCCMOtpeHO tpH 

BapHaHta peaKtOpa 6fH, pa31IH'1310111,HXCJI HanpaBneHHeM 

nepeTe'!eK (pHc. 3): nepeTe'IKH HanpaBrreH&I BBepx 

(pHC. 3,a), BHH3 (pHC. 3,6) H COOTBeTCTBYIOT HCTHHHblM 

HanpaBJJeHHHM (pHC. 3,B). J,fa ra6n. 4 BHAHO, '!TO ,[l,a)l(e ecrrH 

HanpaaneHHe rrepete'!eK noMeHHeTCJI Ha npotHBorrorro)l(Hoe 

B or,a,eJibHbJX JOHax, TO Oll1H6Ka B pac'leTe q>yttKUHOHaJ10B 

COCTaBJIHeT AOJIH npoueHTOB. TonbKO B or,a,eJibHb!X JOHax 

OOKOBOro JKpaHa OHa OKaJanacb Bbl!lle. 

T 3 6 n H U a 1. MaKCHM3nbHbie OTKnOHeHHR, %, p3C'leTHb!X 3Ha'lell10i cpyHKl.{HOH3n0B OT 3T3nOK3 

,o.nR B3pH3HTOB TP, 6H, 6fH 

PeaKTOp K3cj> KBA KB KB A3 KB B3B KB 63 KBTJ K A3 
r Kz A3 

TP 0,2 
EP 0,35 0,0 0,29 0,04 8,2 1,9 
6fH 0,065 0,184 0,145 0,65 1,1 1,02 4 ,0 3,2 0,26 



r 

Ta 6 n KU a 2. OTKJ10HeHHR, %, e 3Hl'leHHllX cpyHKIVK)Hanoe, 

paCC'IHTaHIU,IX Ha B03M)'WeHIUdX H HeB03M)'ll.leHllblX npo611bDC 

cpYffKQHJIX 

Bo3MY• ' I 
meHHe, % K31P KBA KB K 

H 

4,5.10-• 1,44.10- 2 0 0,1 

5 2,5.10-• 5,79.I0-2 1,9,uo-• 0,52 

10 5,8.IO-• 1,16.IO- 1 l ,60.10-2 1,03 

15 9,9.10-• 2,05 ,Jo- I 2,42.10-2 1,54 

20 J,6.10-2 2,35.10-• 4,03.10-2 2,0 

30 2,7 .10-2 3,40.IO-' 6,50.10-2 0,27 

50 6,1.10-2 5,00.10-• 1,50.10-• 0,47 

100 l,8 .I0-1 7,70.10- 1 4,40.10-• 1,03 

200 5,5.10-• 9,1.IO-' 1,22 1,93 

Ta 6 n Ku a 3. MaKCHMallbHble K MHKHMallbHb1e OTKnOKeKHll, %, 
K03cp!pHQHeHTOB 'ly&CTBHTenbllOCTH, paCC'IHTIHHblX C nepec'leTOM 

H l5e3 nepec11eta npo6HbIX <l>YHKUKi 

Al<THBHa.11 J0Ha nOKOB0II 3KpaH Topueeoll JKpaK 

Cl>yHKIU{0Han 

2 

a 

min 

0,6 

0,06 

3 

I 

R 

max 

3,0 

0,7 

min 

0,25 

0,36 

I max 

540 

24 

z -~T"""~T"""-., 
13 14 15 

2 3 

R 

6 

min I 
2,3 

0,1 

2 

B 

max 

340 

4,7 

3 

R 

Pile. 3. CxeMa peaKTopa BfH c pa3nH'IJ{blM HanpaeneHHeM nepete'!eK 

AHan0rH'IHbie peJyJI&TaTbl /lalIH HCCfle/J;OBaHHJI Ha llPY· 

rHX M0)lelIJIX 6bICTpbIX peaKTOpoB. Bee 3T0 roaopHT 0 

CJ1a6oM BJIKJIHHH 3Ha'leHHH napaMeTpoB nepeTe'leK Ha pac-

11eT <l>YHKUHOHalIOB. 

llT06bI oueHHTb norpeWH0CTb pacqera 6HF K03q><l>H· 

UHeHT0B IJYBCTBHTelibH0CTH HF (12), 6bD1H 11HcneHHO nony­

qeHbI Will sapHaHTa EfH H3MeHeHKJI 6ae~) napaMeTpoB 

nepeTe'leK i'Qc) (6) H o6ycnoaneHHble HMH H3MeHeHKJI 
1_.J A 

onepaTopoa 6 'i -
1

, 6si H 6 Ii+ 1 ypasHeHHii (2). PaccMaT-

pHBanHCb K03q>q>HUHeHTbl qyBCTBHTelibH0CTH q>yHKUHOHa­

na F q, pasHoro 0TH0WeHHJO HHTerpana OT 'IHcna. neneHHii 

B 30He 5 K nonHOMY 'IHClIY )leneHHii B peaKTope. B KaqecTBe 

Ta 6 n Hu a 4 . MaKCHM9JlbHble 

OTKnOHeHKR,%,3Kl'leHHH 

cpyKKIU{OHanoe npH pil311K'IHblX 

KanpaaneHH.IIX nepete'leK 

Cl)yHKUHOHan OtKnOHeHKe 

K 0,004 
K~ 0,026 
KB 0,093 
KBA3 0,65 
KBB3B 0 
KBB3 2,7 
KBT3 0 
KA3 0,193 
KA3 0,018 

B03MYIUeHlrn 6panoc& HJMeHeHHe ce'!eHHJI nornoweHHJI 

B J0He 1. Tor.o,a 

oHF= L, { cj(r), 6~-1Gj-1(r) - o~G/r)+6~.,Gj+1<r)}r. 
J 

OKaJanoc&, 1110 l6HF/HF I ~ 2,5%, 1110 M0)l(}{0 c11ITTan 

npHeMJleMblM npH 0ilTHMHJail,K0HHblX HCcne,ll0BaHKJIX. 

3.4. l13MeHeHHe 'IHCJI8 npo6HblX <l>YHKlllUt llHcno npol> 

HbIX <l>YHKUHH n, BbI6HpaeMbIX npH cpopMHpoBaHHH Il0T0Ka 

HeiiTpoHOB (1), 0Ka3bIBaeT BJIHJIHHe Ha TO'IHOCTb H BpeMJI 

pacqera xapaKTepHCTHK peaKTopa. JlcHo, 'ITO cHH)l(eHHe n 

coKpawaeT speMH pac'leTa, HO M0)l(eT npHBOAHTb K yxyn­

wemno TO'IH0CTH. B paccMaTpHBaeM0M MeTO,lle n He npeBbl· 

waeT '!Hcno cnoea peaKTopa N H B&I6HpaeTCJI B npouecce 

opTor0HaJIHJaiJ,KH (3) B 38BHCHM0CTH OT BeJIH'IHHbl H0pMbl: 

H 
IIGir)- L, {ci, &m} r&m(r)II. 

m=l 
B Ta6n. 5 npHBe)leHbl MaKCHMalibHble 3H34eHHJI OTKJIOHeHHH 

K 3<1> H . KB, pacc'IHTaHHbIX lllIJI peaKTOpa EfH npH paJlIH'I· 

HOM '!Hcne npo6HbIX <l>YHKUHH, OT C00TBeTCTBYIOI.I.IHX JTa­

lI0HHblX 3Ha'leHHii, nonyqeHHbIX no nporpaMMe SINV AR. 

T a 6 n H u a 5. MaKCHManbHble 

OTKn0KeHH.11, %, 8 paC'lete ¢,YHKI.IHOHIJIOB 

OT 3TanoHa 

llHcno cpyHKUKII 

Cl)yHKUH0Han 

3 5 

K 0,53 0,074 0,065 
K~ 0,39 0,21 0,184 
KB 7,2 0,01 0,145 
KBA3 4,16 0,65 0,65 
KB'B3B 2,27 1,1 1,1 
KB B3 28,5 2,6 1,02 

BHAHO, ~TO npH n = 1 HMeeTCJI 60libWaJI norpeWH0CTb 

B 3Ha'leHHJIX K03q>q>HUHeHTOB B0Cilp0H3B0,ll,CTBa KB 63 
JOH 6oKoaoro 3KpaHa. 3aMeTHoe yT011HeHHe pe3yn&TaToB 

npoHCX0/lHT npH nepexone OT 0/lHOH K TpeM npo6HblM 

<l>YHKUHHM, 'ITO CBJl3aH0 C 6o11ee Il0lIHblM 0rtHCaHHeM nonJI 

HeiirpOHOB . .,11,anbHeHillee yBenH'leHHe 11Hcna q>yHKUHH (llO 
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IUlTH) npaKTH'leCKH He BJIHfleT Ha CHIDl<eHHe norpeUIHOCTH 

pac'lera q>yHKUHOHalJOB. 

B TO )Ke BpeMR Bbt6op 'IHCJla q>YJiKil;liH n < s npHBOAHT 

K 6onblllHM norpeUIHOCTflM npH pac'leTe K03q>q>HlU{eHTOB 

'l)'BCTBHTenbHOCTH q>YHKUHOHalJOB no OTHOllleHHIO K HJMe­

HeHHIO Ce'leHIDI nornomeHHfl He TORbKO B 3KpaHHblX JOHa.x, 

HO H a aKTKBHOH JOHe peaKropa ErH. 3ro IlOKaJbIBaer 

ra6n. 6, rAe naHbJ MaKCHMallbHble H MHIDtMallbHble OTKJIO· 

HeHHJI K03q>q>HUl{eHTOB 'IJBCTBHTenbHOCTH K3<fl H f q, pac­

C'IHTaHHblX npH nayx, rpex H 'leTbipex q>YJiKUHJIX, OT COOT· 

BeTCTBYJOIIOIX JHa'leIDIH, nony'leRHbtX npH OJITH q>yHKUJ,lflX. 

Bbl6opa 'IHCJla npo6HblX q>YJiKUHH, KOTOpOe MeHbllle 'IHC· 

na cnol:l3 B peaKrope, nHllib B TOM cnyqae, Korna pacnpene­

neHIDI G (r) HaXO,llllTCfl C HCilORbJOBaHHeM OAHOCTOpDHHHX 

(a He llOnHbIX) TOKOB. B npornBHOM cnyqae MO)l(eT B03· 

HHKHytb HeyCTOH'IHBOCTb C'lera. 4ro Kacaerc11 BpeMeHH 

pac'lera pacnpeneneHHi:i HeHTpoHoB (HRH conp11)1(eHHb1x 

<l>YHKUHH M11 KaKOrO-JlH6o q>YJiKUHOHarra): TO, no npen­

B3pHTenbHbJM oueHKaM, OHO CpaBHHMO C reM, KOTopoe 

Jarpa'1HBaerc11 Ha nony'leHHe aKCHallbHbIX H paJJ.HanbHbIX 

pacnpeAeneHHi:i B Merone ycnoaHoro paJneneHH11 nepeMeH­

HbIX npH q>HKCHpoBaHHbJX JHa'leHHJIX napaMeTpOB nepe-

Te'leK. 

Ta 6 n Hu a 6. MaJCCHMaJlbHl>le H MHHHMaJlbHJ,Je OTIIOCHTenbHble OTKflOHeHHJI, %, K03q><f,HUHeHTOB 

'l)'BCTBHreJlbHOCTH K pac'lezy 6e:J BL1(5poca <fJYHKUHii 

IJHcno 
AKntBHaJI 30Ha DOKOBOII 3KpaH TopuesoR 3KpaH 

(l>)'HKI.IHOHan BapHllHT paC'leTII 
<flyHl<Uldt 

min 

Fq Ha nonHLIX TOKax 4 3,7 
2 3,1 

Fq Ha OlIHOCI"OpoHHHX 4 0,8 
TOKBX 3 0,8 

l/K3CP Ha nonKLJX TOKax 4 0,05 
2 2,4 

11HrepecHo orMeTHTb, 1110 cymecrneHHoe yro'IHeHHe 

peJyllbTaTOB npoHCXOAHT npH nepexone OT pacqera q>YJiK· 
➔ ~. 

UHH Gj (a JHa'IHT, H l.jj ) Ha nonHblX TOKa.x K HX pacqery 

C HCnOnbJOBaID!eM OAHOCTOpoHHHX TOKOB. O!IbIT pac'leTOB 

IlOKaJb1Baer, 'ITO OAHOBpeMeHHo C JTHM IlJBbIUiaeTCfl ycroi:i­

'lHBOCTb C'lera npR HaxO>KAeHHH <l>YHKUHH Gj (r), 'ITO oco6eH­

HO JaMeTHO Anfl peaxropoB, B KOTOpbIX aKCHallbHble CJlOH 

co cna6o pa3MHO>KaJOIUHMH HeiirpOHbl CBOHCTBaMH noMe­

IUeHbl BHYTPH aKTHBHOH 30Hbl. 

3AKfllO'IEHHE 

PeJynbTaTbl TeCTOBblX pacqeroB IlOKaJbIBaIOT, 'ITO 

paccMOTpeHHafl MeTOA,!Ka IlOJBOnJleT C nocraTO'IHOH W!JI 

OltTHMHJaUHOHHbIX HCCJleAOBaHHH TO'IHOCTb!O npH He6onb­

UIOM 'IHCne npo6HblX q>YJiKUHH nony'IHTb JHa'leHHfl q>HJH· 

'leCKHX xapaKrepHCTHK peaKTOpoB. TaKafl >Ke TO'IHOCTb 

pacqera KOJ<pq>HlU{eHTOB 'l)'BCTBHTenbHOCTH JTHX xapaKre­

pHCTHK nonycKaer HCilOllbJOBaID!e 3TOH MeTOAHKH npH 

aBTOMaTRJaUHH llOHCKa OilTHMallbHblX xapaKrepHCTHK peaK­

ropoa Ha OCHOBe MeTOAOB nHHeapH3aUl{H. 

OKaJalJOCb, 'ITO AonyweHHe O HeHJMeHHOCTH napaMer­

poB nepeTe'leK npHMeID!MO H He BHOCHT OOllblllOH norpew­

HOCTH B pac'letbI paCCMOTpeHHblX peaKrOpOB Aa>Ke B TOM 

cny'lae, Korna MeHJleTCJI JHaK npoHJBOAHOH OT IlOTOKa Ha 

rpaHHuax cnoeB. Ilo:noMy a npouecce noHcKa ontHManb­

Hoii KOMilOHOBKH peaKropa 3TH napaMetpbl MO>KHO He 

nepec'IHTbIBatb Ha Ka>KAOH Hrepamui: Merona mrneapHJa­

UHH H yYO'IHJITb HX OAHOBpeMeHHO C KOppeKTHpoBKOH 

ManorpyrmOBbIX MHKpoCe'leHltii. 

Pac'leTHble HCcnenoBaHHJI yKaJblBaJOT Ha BOJMO>KHOCTb 
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I max min I max min I max 

1,5 7,9 1960 28,7 334 
7,2 9,0 544 29,1 340 

1,5 0,2 4,7 0,44 2,3 
1,5 0,2 4,7 0,44 3,8 

0,5 0,63 13 0,13 4,5 
2,7 1,6 26,2 0,88 2,6 
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PACqET KAPTOrP AMMbl 3ArPY3Kl1 BblCTPOro PEAKTOPA 
METO~OM nocnE~OBATEJibHO0 RHHEAPH3AUHH . 
IA.A. KaruyTHH,jA.B. Ko6nK, B.B. XpoMoB, M.O. lllae,noa 

PaccMOTpeH anropHTM paC'leTa KapTorpaMMbl 3arpy3KH 6blCTpOro peaKTopa, OCHOBaHHblll Ha Me'TO!le nocneAOBaTeTlbHOII TIHHeapHJauHH. 
IlpHBeAeHbl peJyTlbTaTbJ IIJICTlelllil,IX HCCfleAOBaHHII, H1UIIOCTpHpyJ01UHe B03MOlKHOCTH anropHTMa H ero 3<jKjleKTHBHOCTb, ,Ila.Ha 06Ul8JI xapaKTe­
pHCTKKa COJAllHHblX Ha OCHOBe anropHTMa pac'leTHO-ODTIIMHJauKOHHblX KOMMeKCOB, npeAH83Ha'leHHblX AJlJI peweHHJI pa311H'IHblX OnTHMHJa­
UHOHHblX 33All'I neperpy3KH TOMHBa. 

THE CALCULATION OF THE FAST REACTOR LOADING CARTOGRAMM BY THE METHOD OF THE CONSECUTIVE LINEARIZATION. 
A.A. KASHUTIN, A.V. KOBIAK, V.V. KHROMOV, M.O. SHVEDOV. In this paper the algorithm for calculation of the fuel loading cartogramm 
of a fast reactor based on method of consecutive linearization was considered. The results of the numerical examinations which illustrate opportu­
nities and efficiencies of the algorithm were shown. General characteristic of optimization computer programs solving of different optimization 
tasks of fuel reloading was made. 

MeroA nocneJ].oBareJTbHOii JTHHeapH3au.HH (MITJI) [ 1, 2] 
Hawen lllHpoKoe npHMeHeHHe B anropHrMax peweHWI pa3· 
JTH'IHbIX OITTHMHJauHOHHbIX 3ap;aq peaKropHOH q>H3HKH H 

reXHHKH. 3TH BJiropHTMbl II03B0JTJIIOT paccMarpHBaTb IIOJTHO· 

MaCWTa6Hble paC'leTHO·IlOHCKOBble 3a/l,atJH npH OTHOCHTeJTb­

HO He60JTblllHX ofueMax Bbll{HCJTeHHii. IlpHMepaMH Moryr 

crry)ICHTb KOMIIJleKCbJ nporpaMM POKEAP, SAPFER H 

)lOKAP [3 - 5] , ll03BOJTJIIOI.UHe OTblCKHBaTb OITTHMaJTbHble 

KOMllOHOBKH aKTHBHblX 30H :mepreTHtJeCKHX 6bICTpblX 

peaKropoa. B Hacro~ee apeMll seJ].yrCJI pa6orb1 no npH­

MeHeHHJO MilJl J].JTJI OllTHMH3aUHH Xl!paKT~pHCTHK 6JTaHKe­

TOB THP H BbI6opa napaMerpos H3Y B ycrrosHJIX Heonpe­

J].eneHHocTH HCXOllHOH HHq>OpMauHH [6]. Ilpe/l,BapHTenb­

Hbie HCClle/l,OBaHHSI llOKa3aJTH 3<p<peKTHBHOCTb MilJl B 3aJ],a­

qax OilTHMH3aUHH Kap10rpaMMbl 3arpy3KH 61,1crporo peaK­

ropa [7] H onpeaeJTHJTH B03MO)KHOCTH ero HCnOJlb30BaHHSI 

npH C03/l,aHHH COOTBeTCTBYIOIUHX nporpaMMHblX KOMIIJleK­

COB. 

4>0PMYITHPOBKA 3A,llA'IH 

AKrKBHaR 30Ha 61,1crporo peaKropa cocraBJTeHa HJ 

HtJeeK reKCaroHamHoii q>OpMbI. B J1tJe0Kax Moryr pa3Me­

marbcll rennoBbilleJIJIIOIUHe c6opKH (TBC), opraHbI CY3, 

(KOMIIeHcaropbl H36bITOtJH0H peaKTHBHOCTH (KC), asapKH­

Hall 3al.UHTa H T .,a;.) , pa3JIH'laJOIUHeCJI H)'KJIK]J,HbIM COCTaBOM. 

CxeMa pa3Me1UeHH11 TBC H opraHOB CY3 B lltJeiiKax aKTHB· 

HOH 30Hbl B p;anbHeiillJeM HMettyeTCSI KaprorpaMMOH 3arpy3-

KH. Tpe6yerc11 onpeUeJIHTb OllTKMaJTbttylO KaprorpaMMY 

3arpY3KH 6b1crporo peaKropa (no 3allaHHOMY KpHTepH!O) 

H 3aKOH aeprHKaJTbHoro nepeMeIUeHHJI KC B npouecce pa6o­

Tbl peaKropa Ha MOIUHOCTH. 
Pa3MeIUeHHe c6opoK (TBC H oprattos CY3) B Sllleil­

Kax onHCbIBaercll ynpaBJTeHHeM ~j• k = l, 2, ... , K, j = 
= I, 2, ...• J. 3JJ.eCb K - KOJTH'leCTBO c6opoK, a J - KOJTH• 
qecrno SltJeeK. YnpaBJTeHHe MO)l(eT npHHHMaTb TOJlbKO /l,Ba 

q>HKCHpoBaHHbIX 3Ha'leHWI. ECJTH xkj = 1, k-11 c6opKa pa3Me­

maerc11 B j-ii Jl'leiiKe, B npoTHBHOM crryqae, npH xk. = 0, 
j-ll J1tJeiiKa JaHSITa Apyroii c6opKOH. Ilono)KeHHe no st1core 

Kattana KC c HOMepoM k B j-ii H'leiiKe (s cnyqae ee pa3Me­

meHH11 raM) onpeaeJI11erc11 B MOMeHr BpeMeHH t ynpaa­

neHHeM Ykj (t) (0 ~ Ykj ~ 1). 3ro ynpaBJTeHHe onpeJJ.en11er 

tJaCTb J].JTHHbl KC, KOTOpall BBeaeHa B aKTHBHYIO 30Hy. 

YnpaBJTeHHSI xkj /l,OJll!CHbl IlOlltJHHJITbCSI onpe/l,eJTeHHbJM 
orpaHHtJeHHSIM. B OllHOH Sl'leHKe MO)l(HO pa3MeCTHTb TOTibKO 

0/l.HY c6opKy. 8blp3)1(eHHe JTOro orpaHHtJeHHSI 

K 

~ xkj = I , j = J , 2, ... , J. 
k=1 

OUHY c6opKy MO)l(HO pa3MeCTHTb TOJlbKO B 0/l,HOH·JNeiiKe: 

J 

L, xkj = 1 , k = 1, 2, ... , K. 
j= I 

,IlonycKa10rcJ1 TaK)l(e apyrne orpaHH'!eHHSI Ha pa3MemeHHe 
c6opoK (aanpHMep, q>HKCaUHJI nOJJO)l(eHWI HeKOTOpblX 
c6opoK B onpeJJ.eneHHbJX S1tJeiiKax Hr .,a;.). 

B KatJecrne uenesoil <l>YHKUHH H orpaHH'leHHii 3ao;atJH 

OITTHMH3lUJ,HH paCCMaTpHBaIOTCJI cneJJ.YIOlUHe xapaKrepHC­

THKH: 3cp<peKTHBHbIH K03cpq>HII,HeHT pa3MHO)l(eHHSI Heiirpo­

HOB B peaKrope K34>; apo6HO·JlHHeHHblH <pyttKtt,HoHan 
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rAe I; 1 H I:2 - MaKpoCK0IDl'leCKHe CC'leHHJI npoueccoB, 

0TH0WeHHeM K0T0pbIX onpeAemi:eTCJI <pyHKUHOHan, a I{) -

IUJ0TH0CTb Il0T0Ka HeHlpOHOB; xapaKTepHCTHKa npocTpaH· 

CTBeHHOH HepaBH0MepH0CTH nonH 3Hepr0BbIAeneHHH 

1 ➔ 
F = Vq2 f dr [f dE~rlf, E)cpV, E) - q] 2 , 

rAe V - o6'beM aKTHBHOH J0HbI, a 

l ➔ ➔ .r.:> q = - Jdr fdEI:r(r, E)'P\.r, E) 
V 

cpeAHee 3Hepr0BbIAeneHHe. BoJMOlKHO HCil0nb30BaHHe APY· 

rHX <pyHJ<UHOHan0B , HeHTp0HH0f0 H ttyKIDIAH0ro noneii. 

cI>opMYIDIPOBKa OilTHMH3auHOHH0H npo6neMbl Il03B0· 

n.11eT paccM0TpeTb 3aAa'!H 06 0ilTHM3nbH0M pa3MemeHHH 

opraH0B CY3, OilTHManbHOH neperpy3Ke peaKT0pa B KBa3H· 

ycTaH0BHBWeMCJI pel!CHMe pa6oTbl, ocymeCTBHTb aHanH3 

T0nnHBHblX neperpy30K B nepeX0AHbIX pel!CHMax pa6oTbl 

peaKTopa. 

METOA PElllEHH.ff 

OcHOBHbie nonoll<eHHJI HTepauHOHHOH cxeMhI MIIJI 

CBOAJITCJI K cneAYJOIUeMy [2]. B 0KpecTH0CTH nepB0Ha'lanb­

H0 3aAaHHbIX HnH onpeAeneHHblX Ha npCAbIJJ.YIUCH HTepawrn 

ynpaaneHHH C Il0M0IUblO nHHCHHOH TeopKH B03MYIUeHHH 

(ITrB) [8] ocymecran.11eTc.11 nmIeapH3auHH <pyHKUHOHa­

noa OilTHMH3al(HOHHOH 3aAa'lH. 3To Il03B0nHeT npeo6pa30· 

BaTb ee K ·3mat1e ueno'!HcneHHoro JIHHCHHoro nporpaMMH· 

poaamui: (UJIII) ' peweHHe KOTOpoH C00TBeTCTBY!OIUHMH 

anropHTMaMH [9] AaCT H0BblC 3Ha'!eHHJI ynpaBJieHHH, 6onee 

6nH3KHe K 0ilTHM3nbHblM (B CMblcne ueneaoro cpyHKUHO· 

Hana)' '!eM npeAWeCTBYJOIUHe. l•frepauHH Il0BT0pJl!OTCH, 

noKa He 6yAYT HaHAeHbl 0ilTHM3nbHble 3Ha'!eHHJI ynpaBJie­

HHH. CneAYeT 0TMeTHTb, '!TO TPYA0CMK0CTb peweHHH 3aAa'l 

UJIII 3Ha'!HTenbH0 Bbtwe, t1eM TPYA0eMK0CTb peweHHJ1 

3aAa'l nHHCHHOro nporpaMMHp0BaHHJI C HenpepblBHblMH 

ynpaaneHWIMH. 

IlpHMeHeHHe cxeMbI MIIJI WIH onTHMH3al(HH KapTO· 

rpaMMbl 3arpy3KH 3aTpyAHeH0 cneAYJOIUHMH o6CTOJITenb­

CTBaMH. YnpaaneHHH B TaKOH 3aAa'!e AHCKpeTHbl H, cne­

A0BaTenbH0, HX H3MeHeHHe B X0Ae HTepau,KH TaKl!Ce A0nJK· 

Ho 6bITb AHCKpeTHbIM. Hcnom,30aaHHe )Ke annapau JITB 

npH mmeapH3auHH 3aAa'!H A0nycKaeT ID1Wb M3nblC H3Me­

HeHHJI ynpaBJieHHH. IlonoMy B03M0ll<HbJ cnyt1aH, K0rAa 

ycnoBHH 3aAa'!H UJIII 6YAYT nocraTo'!Ho npHW)l(CHHbIMH, 

'!TO M0l!CeT npHBCCTH K HCCTa6HnbHOCTH HTepllll,H0HH0f0 

npouecca MIIJI. 

O.rnm H3 cnoco6oB CTa6HJIH3al(HH Bbl'lHcnHTeJlbH0r0 

npouecca· B JT0M cnyqae npeJl]I0)l(eH B [10]. Cyth ero cao­

AHTC.R K cnCAY!OIUCMy. Kal!C,D.aH HTCpaUH.R 3aBepwaeTC.R 

aHanH30M HOBOH KaPTorpaMMbJ. EcnH 3ra KaptorpaMMa 
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ACHCTBHtenbH0 ny'!We npeAWCCTBYJOIUeH (no 3Ha'!CHH!O 

ueneaoro q>yHKUHOHana)' oHa npHHHMaeTC.R HCXOAHOH 

Jl]I.R oqepeAHOH HtCpal(HH. B rrp0THBH0M cnyqae Jta Kapt0· 

rpaMMa 6paKyeTc.11, Jl]IH qero K ycnoBH.RM nocneAHeH JaAa­

'lH UJIII A06aarrnetCJI orpaHH'leHHC, 0TCCKaJOmee 3a6pa­

K0BaHHYJO KaptorpaMMy. 3to orpaHR'leHJ,jC HMCCT BRA 

K J 

.L L (I - xkj)x~j;;;. l. 
k = I j= I 

HeTpyAHo npoaepITTb, 'Ito yrrpaaneHH.R x~i (k = 1, 2, ... ,.K; 
j = l, 2, ... , J)' C00TBCTCTBY!OI.IU{C 3a6paKOBaHHOH Kapto­

rpaMMe, He Il0A'llfH.R!OTC.R JT0MY orpaHH'leHHJO. ),fa pewe­

HH.R MOAHq>HUHpOBaHHOH TaKHM o6pa30M JaAa'!H UJIII 
Hax0AHTCJI 0'lepeAHaH KaptorpaMMa 3arpy3KH HT.A, 

MoAH<pHUHpoaaHHbIH anropITTM MIIJI He rapaHTHpyet 

0TblCKaHHe OilTHManbHOH KaptorpaMMbl 3arpy3KH. B HeK0· 

T0pblX CJJY'laHX 3T0 M0ll<et 6bJTb JJHlllb yrry'lilleHHaH Kapt0· 

rpaMMa. CteJICHb 0TJJH'IHJI ee OT OilTHManbHOH KapTorpaM­

Mbl cywecraeHH0 33.BHCHT OT CTeneHH HeIDIHCHHOCIH pewae­

MOH 3~lll{. 

TECTHPOBAHHE METOAA 

C UCJJb!O npoaepKH MOAHq>HUHpoBaHHOro anropHIMa 

MIIJI peweHhI HeCK0JlbK0 npocteHlll.HX 3aAa'l. OnTHMMb· 

HblC KaptorpaMMbl 3arpy3KH B 3IHX 3aAa'!ax JJHOO H3BeCT· 

Hbl, nH6o HMe!OT A0CtaI0'lH0 JICHYJO <pH3K'leCK~!O KH-rep­

nperail,H.JO. 

3ima'l8 N~ 1. Tpe6oaanocb cocraBHib KaptorpaMMY 

3arpy3KH C MHHHM3nbROH HepaBH0MepH0CTb!O Il0JJJI 3Hep­

r0BbJAeneHHJI H3 TBC, 0IJJH'laJOIUHXCJI o6oraiueHHeM I0llJlll· 

aa (BbICOKoro, cpeAHero H HHJKoro 06orameHH.11). KoJIH­

qecmo H'leeK B KaprorpaMMe - 61. KoID!'lCCTBO TBC Ka)!(• 

A0f0 06orameHHJ1 He JJHMRTHpoBan0Cb. 3Ha'!CHHJI Ka¢ 

H APYfHX cpH3H'lCCKHX xapaKtepHCTHK He orpaHH'lHBanKCb. 

IlpouecCbl Bbir0paHH.11 I0ilJIHBa He paccMatpHBanHCb. 

IlpocreHWHe ycnoaIrn H ae6oJJbWaH pa3MepH0Cib 38A3.· 

'lH ll03B0IDIJIH 0iblCKaTb 0IIIHManbHYJO KaprorpaMMY 3arpy3-

KH npHMblMH aapHaHIHblMH pac'letaMH. OTMeTHM, 'IT0 

K0JIH'leCIB0 aapHaHT0B pacctaH0BKM TBC, K0I0poe npH 

3TOM npHll.ll10Cb paCC'!ITTatb, 6bIJJO A0CtaTO'lH0 OOJlbWHM. 

Pe3yrrbtatbl peweHHJI 3aAa'!H MOAHq>HUHpoBaHHbJM MIIJI 

npHBeACHbl Ha pHC. 1. OnTHMarrbHaH KaprorpaMMa HaiiAe­

Ha 3a 0ARY HICpauHIO, IlpH JI0M TBC co cpeAHHM o6ora­

meHHeM I0ilJIHBa HCXOAHOH KaprorpaMMbl (puc. 1,a) JaMe­

meHbI c6opKaMH HH3K0ro H BbICOK0r0 o6oraiueHHH B 0ilTH· 

M3nbHOH KaprorpaMMe (pHC. 1,6) . 3Ha'!eHHe xapaKICpHC· 

IHKH HepaBH0MepH0CTH Il0JJ.R JHepr0BbIAeJJeHHJI Jl]IJI Ha'lanb­

HOH KaptorpaMMbl F" = 0,4459, AJI.R ontHMaJibHOH - FonT = 

= 0,3146. HaHAeHHaH 0ilTHManbHaH cxeMa pa3MCIUCHHJI 

TBC coanarra c cooTBercTBy10meif cxeMoif, norryt1eHHoii 

H3 aapHaHTHblX paC'lCI0B. 

OnTHMarrbHaH KapTOrpaMMa 3arpy3KH TBC cooTBeT· 

CTBYCI npHHil,H.IIaM npOq>KnHpoBaHH.11 ll0JJ.R 3Hepr0BbIAeJJC· 

HHJI B aKTHBHOH 30He peaKtopa H3MeHeHHeM o6orameHH.R 
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PHc. 1. HcXOJJ,HaJl (a) H onTHMRITLllall (6) Ka)7l'OrpaMMLI 3arpy3KH 

B 38,Jllllle Ha MHHHMYM xapaKTepl!CTHKH Hepa.BH0MepH0CIII nom1 

3llepI'OBLlll.eITeHHJI. O - TBC Bi,JCOK0l'O o6orameHHll, dlJJ 
cpell)!ero, • - HIIJK0l'O 06orameH11J1 

TOIUlHBa. TBC HHJKoro 06ora1UeHHJ1 paJMe1UeHhl BO BHYT• 

peHHHx o6nacTHX, TBC BhICOKoro 06ora1UeHHH - Ha nepH· 

cpepHH aKTHBHOH 30Hbl. Co6n10l].eHa CHMMeTpHJI pa3Me• 

1UeHHJ1 TBC. OTMeTHM JIHllib, '!TO OITTHMaJlbHaH KapTOrpaM­

Ma He coneplKHT nepexol].Hoii. o6nacm HJ TBC cpenHero 

o6orameHH.R:. O/:nlaKO peJyJihTaT He npomBope'lHT KnaccH­

'!ecKoM)' [ 11] H o6'bHCH.R:eTCH AHCKpeTHOCTblO ynpaBne• 

HHH Jal].a~. KaK pbIJJO ycTa.HOBneHO BapHaHTHblMH pacqe. 

TaMH, n106an JaMeHa Oil.HOH HJIH HeCKonbKHX TBC BblCOKO· 

ro H HHJKoro 06ora1UeHHH B o6naCTH BToporo H TpeT&ero 

pH,O.OB H'leeK KapTOrpaMMbl Ha TBC cpel].Hero 06ora1UeHHH 

npHBOAHT K yxyJJ,WeHHIO HepaBHOMepHOCTH nonH :mepro­

Bbl,O.eneHHJI. 

38JJ.8'18 N~ 2. Y cnOBJµI Te lKe, 'ITO H B npeAbIAY1Ueii. 

Ja,ua'!e. ,IlonommTenbHO Hano)l(eHo orpaHH'leHHe Ha JHa'le• 

HHe K
3

<1>: 

1,0 ..; K:$ ..; K!t,00 
• 

PaccMOTpeHO TpH BapHaHTa JaJla'IH, OTnH'lalOIJ.IHXCH 3Ha• 

'leHHJIMH K~¢
0

• 3TH JHa'lelUUI npHBe,a;eHbI B Ta6JIHue. TaM 

3Ka'leHHJI xapaKTepl!CTKK OllTHMaJll>Hl,IX K&pTOrpaMM 

3&rpy3Kll 

3a,na11a KAOn 
:$ F K:$ 

N22: 
a 1,0400 0,3299, 1,0399 

6 1 ,0350 0,3381 1,0348 
B 1,0300 0,3460 1,0300 

Nll l 0,3146 1,0508 

)Ke AnH Haii.l].eHHblX OilTHMaJlbHbJX KapTOrpaMM AaHbl 3Ha• 

'!eHHJI xapaKTepHCTHKH HepaBHOMepHOCTH nonH JHepro­

Bbl,O.eneHHJI f H K3(j>. ,IlnH cpaBHeHHJI yKa3aHbl COOTBeTCTBYIO­

LUHe xapai<TepHCTHKH OilTHMaJlbHOH K3pTOrpaMMbl 3a,D;a• 

'IH N° 1. CxeMhr onmManbHoro paJMeweHH.R: TBC npHBe• 

neHbl Ha pHC. 2. 
,Ila,a;HM q>HlH'leCKYIO HHTepnpeT3UHIO nonyqeHHbIX pewe­

HHH. IlocKonhKY paccMaTpHBaeMaH Ja,uaqa OT1lll'laeTcH 

OT npe,a;weCTBYJ01Ueii. HaJIH'!HeM orpaHH'leHHJI Ha JHa'!e­

HHe KJ(j>, AnH :noro AOCTaTO'IHO yKaJaTb O)l(H,a;aeMbie H3Me-
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PHc. 2. OnTl!MaITLHlUI KaprorpaMMa 3arpy3KH B 33,lllllfe Ha MHHHM)'M 

xapaKTepHCTIIKH Hepa.BH0MepH0CTH nonll JHeproBLIIleITeHHll C orpa• 

HHqeHl!eM Ha KJd> (eapHaHTi,J a, 6, i- Jana\111 N9 2). O6oJHalfeHHll 

Te ll<e, lffll Ha p11c.1 

Hemm B OilTHMaJlbHOH KapTOrpaMMe JarpylKH 3aJl3'1H N° 1 
no,a; .a.eii.cTBHeM naHHoro orpaHH'leHHJI. 

B CBH3H C He06XO,[J.HMOCTblO yMeHbllleHHJI 3Ha'!eHHH 

KJ(j> (OT 1,0508 no 1,0400 H HH>Ke) Tpe6yeTCH JaMeHHTb 

B JTOH KapTorpaMMe BbJCOK006ora1UeHHbie TBC Ha TBC 

cpe,a.Hero H HH3Koro 06ora1UeHHH. IlpH JTOM HepaBH0Mep­

H0CTb nonn JHeproBb1,a.eneHHH 6y,a.eT paCTH. CTeneH& pocra 

6y,n.er onpe,n.enHTbCH l!HcnOM 3aMeH. ITonoMy KOnH'leCTBO 

3aMeHHeMblX TBC nomKHO 6b1Tb MHHHMaJlbHblM. JICHO, '!TO 

B nepBylO ol!epe.[J.b .a.omKHbl 6b1Tb JaMeHeHbl TBC BbICO· 

Koro o6oraiueHHJI BO BHyTpeHHHX o6naCTHX aKTHBHOH 

30Hbl. 1-iMeHHo npH TaKHX JaMeHax o6ecne'!HBaeTCH MaKCH· 

MaJlbH0e yMeHbllleHHe 3Ha'leHH.R: KJ(j> npH MHHHMaJlbHOM 

pocTe HepaBHOMepH0CTH nonH 3HeprOBbl,D;eneHHH. C YCH· 

nHeM orpaHH'leHHH (yMeH&WeHHeM 3Ha'leHHH K~;") 'IHcnO 

JaMeH TBC 6y,a.eT pacTH. 3aMeHbI nonlKHbI o6ecne'!HBaT& 

CHMMeTpHIO HJIH KB33HCHMMeTpH!O pe3yn&THPYJ01UeH KapTO· 

rpaMMbl JarpylK.H. 

Ilony'leHHble pelyn&TaTbl COOTBeTCTBYIOT 0)1(.H,[J.aeMbIM. 

OrpaHH'leHHe Ha 3Ha'leHHe KJ(j> npHB0AHT K JaMeHe B onm­

MaJlbHOH KaprorpaMMe 3arpY3KH 3aJl3'1H N° 1 BblCOK006ora-

1UeHHblX TBC e npe,a.nocneAHeM pn,a;y H'leeK Ha TBC cpe,a;• 

Hero H HH3KOro o6or3llleHHH. KoJI.H'leCTBO JaMeH MHHH· 

MaJlbH0 B KalK,ll;0M BapHaHTe (3Ha'lemrn KJ(j> H K~¢n OAK· 

HaKOBbl .HJlH 6JIH3KH). llMcno 33MeH paCTeT C ycHneHHeM 

orpaHH'leHHH. B paJMe1UeHHH TBC Ha6n10,a;aeTcH nH6o CHM· 

MeTpHH (eapHaHT B), JIHOO CHMMeTpHJI B npOTHB0nelK31UHX 

rpaH.R:X (BapH3HT 6) ' JIH6o KB33.HCHMMeTpHJI (eapHaHT a). 

CnenyeT OTMeTHTb BblCOKYJO CKOpDCTb CXOIJ.HM0CTH 

HTepauHoHHoro npouecca Miln. Bo Bcex paccMoTpeHHblX 

3a,11;3'1ax B Te'!eHHe 0,[J.HOH·,[).BYX HTepall,HH H3X0,[J.HJ13Cb 

KaprorpaMMa 3arpy3KH, 0TJIH'l3!01UaHCH OT 0ilTHMaJlbHOH 

paJMe1UeHHeM He 6onee 5% TBC. ,Iln.11 onpe,a;eneHHH 0KOH· 

'!aTenbHOH paccTaH0BKH TBC Tpe6oBanocb, KaK npaeHJio, 

ell.le CTOnbK0 )Ke HTepall,HH. IlpaKTHKa 'IHcneHHblX pac'leT0B 

0OKaJana, 'IT0 AnH pacCM0TpeHHbIX 0IlTHMH33UH0HHblX 33,ll;a'I 

06'beM Bbl'IHcneHHH npH pellleHHK 3aJl3'1 UJIIl He npeBbilllaeT 

4% o6mero o6'beMa BbI'IHcneHHH. 

KPATKA.11 XAPAKTEPHCTHKA 

PAC'IETHO·OnTHMH3AQHOHHhlX KOMilnEKCOB IlPOfPAMM 

Ha 0CHOBe MOAHcl>HUHpOBaHHOro anrOpHTMa Miln 
COJ,ll;aHbl ,ll;Ba KOMIU!eKca nporpaMM C pa311H'IHbIM uene­

BbIM HaJHa'!eHHeM. 
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fEKC-OTTT. Tio3BOmrer 0IITHMH3HpoBarb KaprorpaM­

MY 3arpy3KH wui: 3aJlaHHoro cocromnui: peaKropa. B nepcneK­

rHBe npeAH33Ha4eH .a;rill onmMH3au,HH pa3Mememrn opra­

H0B CY3 H 0TITHMH3aUHH KaprorpaMMbl 3arpy3KH B ycra­

H0BHBUleMCJI pe)KHMe pa60Tbl peaKropa. MoJJ,enHp0BaHHe 

HeihpoHHo-¢H3H4eCKHX npoueccoB ocy1uecrn1rnerc11 B Mano­

rpyrrnoBoM AHq><pY3HOHHOM npH6JIB)KeHHH C npocrpaHCTBeH­

Ho-pacnpeJJ,eneHHbIM KaranoroM MHKp0K0HCTaHr. Pac4er 

HeihpoHH0ro Il0Jlll np0H3B0/J,HTCJI MeT0A0M cer0K ( 0/].Ha 

T04Ka KOHetfHO-p33HOCTHOH ceTKH Ha ll4eHKy) H HrepaD;HH 

HCT04HHK0B. 
fEKC- TIME- OilT. Tio3Bon11er onTHMH3HpoBarb Kapro­

rpaMMY 3arpy3KH pea1nopa c yqeroM npoueccoB Bhiropa­

HHJI ronnHBa. B nepcneKTHBe npeAH33Hal!eH /.UIJI aH3JlH3a 

T0IUIKBHblX neperpy30K B nepexo/J,HbIX pe)KHM3X pa60Tbl 

peaKropa. MonenHpoBaHHe HeiirpoHHoro nonll ocymecrn­

J1J1:erc11 B npH6nmKeHHJIX npeAllleCTBYIOl.llero K0MIIJleKca. 

Pacl!er pacnpeAeneHIDl HeHTpoHOB np0H3B0AHTCJI C II0M0l.llblO 

npll:MblX MeT0A0B co cneI.I,HaJlbHblM BbI6opoM CHCTCMbl 

K00pllHH3THblX <py'HKUHH [12]. 3ro TI03B0JJlleT cymecTBeH­

H0 C0KparHTb o6beM Bbl4HCJleHHH 33 C4er HeK0T0pblX norepb 

B T04H0CTH pac4era. IlpH M0L{enHpoBaHHH Bbir0paHHll rorurn­

Ba Y4HTbIBalOTCJI ll,IlepHBJe peaKI.D-iH pa,llHalI,li0HH0ro 3axBa­

ra H JJ,enemu1. Bb1ropaHHe ronm!Ba paccl!HTbIBaercll: AHCKper­

HblM cnoco6oM. 
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YJJ.K 621.039.51 

OUEHKA norPEllHOCTM 
B PACqETHhIX XAP AKTEPMCTMKAX 

TOilJIMBHoro UMKJIA .fl.I{EPHOro PEAKTOPA 

C.JI. KoHoHoe 

npeJJ,11araeTCJ1 MeTO,ll oueHKH norpeWllOCTH p3C'ICTa pll,113 xapaKTepHCTHK TOnnKBHOro UKKna Jl,llCpHoro peaKTopa: CPCAJICA rnyl511Hbl BblfO· 
p11HKll, K3OTOIIHOro COCTaBa BbirpYlK8eMoro TOMKB3, paCXO,11OB ,11e1U11UIIXCJI HYKnK,11O8. 

TIIB ASSESMENT OF THE UNCERAINTY OF NUCLEAR REACTOR FUEL CYCLE CHARACTERISTICS CALCULATION. S.L.KONO­
NOV. The method of the assesment of the uncertainty in the nuclCaI reactor fuel cycle characteristics calculation is presented. 

BB~EHHE 

HetO'IHOCTb HCXO,[l,HOH HHq>OpMauHH - npHHUHIIMaJlb· 

HO Ba)l(HblH q>aKrop 11J111 nporHO3HblX HCCJJe,[1,OBaHHH, B 

'laCTHOCTH pa3BHTHJI 11,[1,epHOH 3HepreTHKH. ECJJH CTaTHC· 

TH'leCKHe xapaKTepHCTHKH HeTO'IHl,IX BeJlff\lHH H3BeCTHbI, 

TO no,uin11eTCH BO3MO)l(J{OCTb CTpororo peweHHJI 3a,[1,a'lH 

anaHHpOBaHH11 B ycrrOBHJIX Heno1U1oii HHq>OpMHpoBaHHOCTH, 

T .e. OfiTHMH3auHH IUiaHa no BerrH'IHHe MaTeMaTH'leCKOrO 

O)l(H,[l,aHHJI paCCMaTpHBaeMOH uerreBoii <PYHKUHH. 

l.lerr& JJ.aHHOii pa6otbI - npe11J1O)l(HTb cnoco6 oueHKH 

CTaTHCTH'leCKHX xapaKTepHCTHK HCTO'IHO H3BeCTHbIX napa­

MeTpoB TOrimlBHoro UHKrra 11,!J,epHoro peaKTopa: cpenHeH 

rny6HHbl BbIropaHW1, ipoTonHoro cocTasa BblI"p~aeMoro 

Torunma, paCXO,[l,OB ,[l,eJ1HWHXC11 H)'KITH,[l,OB. no CMbICllY 

cnoco6 aHaJJOrH'leH MeTO,!J,aM, Hcnom,3OBaHHbIM p11,!J,OM 

aBTOpoB 1]J111 pewemt11 nO,!J,06HbIX 3a,!J,a'I npHMeHHTerrbHO 

K 6bICTpbIM peaKTOpaM ( 1 - 4) . 

1. METOJl OUEHKH 

1.1. IloCT&BOBKa 38,IUl'IH. IlycTb no HeKoTopoii nporpaM­

Me paCC'IHTaHbl HeiirpOHHO-<pH3H'leCKHe xapaKTepHCTHKH 

TpeX30HHOH H'leHKH, COCTOJIIUeii H3 TOnrrHBa, o6ono'IKH 

H 3aMe1]J1HTen,i: : 

- 3aBHCHMOCTb 3q>q>eKTHBHOro KO3ipq>HUHeHTa pa3MHO· 

)l(eHHJI K3<l> or rny6HHbl BblrOpaHHSI (npH HeKOTOpoH 3a. 

,[l,aHHOH MOLI..IHOCTH H HeKOTopoii yre'!Ke) ; 

- H3MeHeHHe H3OTOnHoro COCTaBa TOJUIHBa B 3aBHCH· 

MOCTH OT rny6HHbl BblTOpaHWI 8. 
IlpH COOTBeTCTBYJOLl..leM Bbi6ope HCXOJJ.HbIX JJ.aHHblX 

3TH Be11H'IHHbl MO)l(J{O HCllOITb3OBaTb 11J111 oueHKH xapaKTe­

pHCTHK TonnHBaoro UHKITa HeKoToporo peaJCTopa. EcrrH 

npKWITb, 'ITO peaKTOp pa6oTaeT B pe)l(HMe Tpex neperpy-

3OK 3a KaMnaHH!O, TO ~eo6XOJJ.HMY!O ,lJ,JlJI oueHKH cpe,[1,H!O}O 

rrry6HHy BbiropaHWI B MO)l(HO onpe,!],enHTb KaJC rny6HHy 

BbirOpaHHH, ,[l,]l11 KOTOpoii BbIIIOnHHeTCJI COOTHOWCHHe 

K3!P(B/3) + KJ<j:,(28/3) + K3!1i(B) = 
1 

3 ' 
(1) 

r,!J,e K3<1> (B/3) , K3<1> (28£?) , K3<1> ~) - 3Ha'leHHH K3<1> 

npH rny6HHax B&iropaHWI B/3, 28/3, B . 

Tor,!J,a onpeneneHb1 crrenYJOI.llHe xapaKTepHCTHKH Ton­

JTHBHoro UHKITa paccMaTpHBaeMoro peaKTopa; 

1) Ha'laJJbHblH H30TOnHblH COCTaB TOilnHBa IlO,[lJIHTKH 

(3a,!J,aeTC11 BO BXO,[lHblX /laHHbIX K pac'!eTy); 

2) cpe/lHHH rny6HHa BbirOpaHH11 TOIUIHBa (paCC'IHTbl· 

B aeTCJI qepe3 COOTHOWeHHe ( 1)) ; 

3) KOHe'IHblH H30TOnHbIH COCTaB TOrutHBa nonmnKH 

(nonyqaeTc11 HJ HeiirpoHHO-<pHJH'lecKoro pacqera nn11 

HaH,!J,eHHOH cpeAHeii rny6HHbl BbirOpaHHH); 

4) pacXO/l )lenHWHXCSI HYKITH,!lOB Ha nO/l,IIHTKY peaK• 

Topa npH pa6oTe B pa3OMKHyYOM TOfinHBHOM UHKITe: 

(2) 

r.o.e NT - TennOBaR MOLI..IHOCTb peaKropa, I{) - K03q>q>H· 

UHeHT Hcnon&3OBaHHJI MOLI..IHOCTH, p~ - CO,!],ep)l(aHHe nen11-

WHXC1I H)'KITH)lOB B 3arp~aeMOM TOfinHBe; 

5) pacxo,[I, AeJ111LI..IHXC11 HYKITHJJ.OB Ha no.o.rrnrKy npH 

pa6ore B 3aMKHyYOM TOnrrHBHOM UHKne: 

(3) 

CO,!],ep)l(aHHe nenHI.llHXC11 HYKITH,!J,OB B Bbtrpy)l(ae­

MOM TOnnHBe. 

IloCTaBHM 3a,!J,a'ly : oueHHTb OWH6Ky B YKa3aHHbIX 

xapaKrepHCTHKax. 

B q>opMynax (2), (3) BeJlH'IHHbJ NT, I{) MO)l(HO C'IHTat& 

H3BCCTHblMH TO'IHO, TaK )l(e KaK H BenH'IHHY p~. n ocne 

roro , KaK OHH no KaKHM·TO coo6pa)l(eHH11M BbI6paHbl. 

Ilo:noMy ,[l,]lll peweHH11 la,!J,a'IH Heo6xo,!J,HMO onpenen11r& 

norpeWHOCTb pacqera cpeAHeii rny6HHbI BbtropaHH11 ronnH• 

Ba H KOHe'IHoro HJOTonHoro cocTasa. 

Bse.o.eM BeKrop HlOTonHoro cocTasa Bbrrp~aeMoro 
➔ • 6 TOnnHBa P, B KOTOpbIH O 'be,!J,HHHM KOHe'IHble KOHUeHTpa-

UHH HHTepecyromHX Hae H)'KITH/lOB: 

➔T - (p ) P - s.P6,P9,Po,P1 ,P2. 

3nec& H nanee HHneKc T - 3HaJC rpaHcnoHHposaHHH; Ps, 
P6, p9,Po,P1,P2 - co.o.ep)KaHH11 235 U, 236 U, 239Pu, 240Pu, 
24 

I Pu H 
2 4 2 Pu B Bblrp~aeMOM TODnHBe. 

KoHe'IHblH H30TOnHblH coctaB 33BHCHT, BO•nepBblX, 

OT cpe/lHeii rrry6HHhI B&rrOpaHHSI B, BO·BTOpbrx, OT tteiirpoH· 
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HO-<jlHJH'leCKKX namn,1x, ~non&JOBaHHhIX npH pacqere 

(KX o6'beUHHHM B BeKTOp X) H, B-rperbHX, OT MeTOUHKH 

pacqera. 

O6oJH3'1HM.:.. /ip - BeKTOp OlllHOOK B KOHe'IHOM HJOTOn­

H~ cocrase, L:.B - oUIH6Ka B cpenHeK rny6HHe BhrropaHH.a, 

L:.X - BeKTOp OlllHOOK B .anepHblX UaHHblX ttyKnHUOB, 
➔ L:.pMCT - MeTOUH'leCKaH OlllH6Ka pacqera KOHe'IHOfO HJOTOn-

HOfO cocrasa. Torna B nHHeKHOM npHMH)l(eHKH MOlKHO 

33IlHC3Tb 
➔ ➔ 

➔ ap - ap ➔ ➔ er 
L:.p =-=- L:.B + --:;:- L:.X + L:.p M • 

aB ax 
BenH'IHHa L:.B JaBHCHT or owH6KH B JanaHHH yre'IKH, 

OT L:.X H or MeroJU{'leCKOK olllH6KH (L:.BMeT) . .Uo6aBHM 

JanaHHyIO yre'IKY B seKrop X. Torna 

_ as ➔ 
L:.B = ---=, L:.X + L:. [M e T 

ax 
(4) 

a Bblp3)1(eHHe J],11JI OWH6KH B K0He'IH0M HJ0TOnH0M cocra­

Be npHHHMaer BHn 

L:.p =----=-~ L:.X + L:.SMeT +-=r L:.X + L:.p MCT . 5 ➔ a,t [ ai3 ➔ _ ] a,t ➔ ➔ ( ) 

as ax ax 
MerOUH'lecKHe ourn6KH L:.BMer, L:.pMer onpenen1110rc11 

qepeJ conocrasneHHe peJynhraroB pac'leroB no ucnonb30· 

BaHHOH nporpaMMe C peJynbraraMH, nonyqeHHbIMH no 

6onee ro'IHOH nporpaMMe. B cny,iae, Korna KcnonhJ0BaH­

HaR nporpaMMa nocraro'lliO xopowa, nonycraMo npKHJ1tb 

L:.BMer = O, L:.pMeT = O H (5) BhirnJIUHT 6onee npocro : 

➔ a;t as a,t ➔ ( 5') 
L:.p = (-=- --- +-=r)L:.X. as ax ax 

TaKHM o6pa.JoM, nn.a onpeneneHH.a owH6oK no qiopMy­

naM (4), (5), (5') Heo6XOUHMO B nononHeHHe K L:.BMer, 
➔ ➔ 

L:.pMeT H3X0UHTb BenH'IHHbl L:.X (0U1H6Ky B 11nepHblX UaH-

HblX H yre'!Ke); aB/aX (IJYBCTBHTeJibHOCTb cpenHeH rrry-

6HHbl Bbir0paHHJI K HJMeHeHKIO 11nepHbIX UaHHblX HyTe'IJ(H); 

ap/aB, ap/ax (qyBCTBHTenbHOCTb HJOTOIIHOfO COCTaBa 

K HJMeHeHKlO rny6HHbl Bblf0paHH11 H 11nepHbIX UaHHblX) . 

1.2. OneHKa OWH6KH s imepHhlX U8HHblX. OcrasHM 

ll0Ka B cropoHe Bonpoc 06 OUIH6Ke B yre'lJC"C H paCCM0T­

pHM onpeneneHHe OUIK6KH B .anepHblX UaHHbIX. 

HnepHble namn,Ie ttyKnHU0B n0JIY'lalOT HJ H3MepeHID1 

C0OTBeTCTBYJOWHX napaMerpOB npH paJnH'IHblX JHeprnRX 

HeKTpoHOB (UHq>q>epeHUHMbHble JKCnepHMeHTbl). KpoMe 

roro, HMeJOTCJ'I JKCnepHMeHTbl no onpe/l,eneHHIO KpHTH'I­

HOCTH Ha c6opKax pa.JnH'IHoro cocraBa H reoMerpHH, B0J­

M0)l(}{0, C nononHHrenbHblMH HJMepeHHHMH p11na napaMeT­

p0B (HHrerpanbHble JKCnepHMeHTbl) . HeKOTOpble HHTer­

panbHble JKCnepHMeHTbl MO)l(}{0 06C1IHTaTb no TOK nporpaM­

Me, T0'IHOCTb KOTOpoK Mbl ou.eHHBaeM. 

TaKHM o6pa.JOM, HMeJOTC.IJ UBa HCTO'IHHKa HHq>OpMa­

IlHH (pac11er H JKCnepHMeHTbl - l];Hq>q>epeHu;HMbHbie H 
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HHTerpam,Hb1e), KOTOpble cnenyer HCnOIIbJOBaTb nnH nony­

'leHH.11 OOOCHOB3HHOH ou.eHKH TO'IHOCTH JanaHHblX B nporpaM­

MY .11nepHblX UaHHblX HYl<JIHUOB. HCHO, 'ITO Hy)l(HO crpeMHTb­

C.IJ 06bell}UIHTb 3TH nOTOKH. Yno6HblH cnoco6 o6'beUHHelilUI 

npenno)l(eH B [5] (no CMbicny oH He ornwiaerc11 or cnoco-

6oB [ I - 4] , HO no q>OpMe, no MHeHmo 3BTOpoB, OH .IJCHee) . 
➔ 

Cnoco6 COCTOHT B cnenyiomeM. IlycTb' <lp - BeKTOp 

OTHOCHrenbHblX OWHOOK pacqera (no OTHOWeHHIO K HCTHH­

HblM 3H8'1eHHHM) HHTepecyioIUHX Hae napaMeTpoB HHTer­

panbHOro JKCnepHMeHra. OlllH6KH pac'lera JaBHC.IJT OT 

OWJtOOK B Merone pacqera qMCT H OWH60K HJ-33 HeTO'IHOCTK 
➔ 

BXOUHblX UaHHblX nporpaMMbl 'lax' KOTOpblMH B UaHHOM 

cnyqae J'IBJUU0TC.IJ 11nepHble UaHHble HYKnHU0B. IlpH MMblX 

6 ➔ -0WH Kax qBX mmeHH0 38.BHCHT OT 0TH0CHTenbHblX 0lllH-

6oK BO BX0JJ;Hl>IX UaHH.blX. Torna 

-+ ➔ ,.. ➔ 
q =qMer +A-ox p 

rne A - MarpKUa KOJq>q>HI.I.HeHros qyBcmInenbaocm pe­

JynbraroB pacqera K HJMeHeHHJO .anepHblX KOHCTaHT, ox -
BeKT0p 0TH0CHTenbHblX OWH60K BO BX0UHblX UaHHblX. 

KoMTIOHeHTbl BeKropa qMeT K MjJTpKll,3 HX K0B8pHa­

U.KH onpenenHJOrc.a 'l{epeJ conocrasneHHe c peJynhraraMH 

pacqera no 6onee rol!Hoii nporpaMMe. EcnH HMeerc.a 

CHCTeMaTK'leCKaJI OWH6Ka, TO ee Hano HCnOnb30B8Tb KaK 

nonpasKy, nocne qero C'IHTaTb, 11ro MareMaTH'leCKoe o)l(HUa­

HHe qMeT paBH0 H)(IllO. 
• ➔ 

IlpHMeM, 'ITO BIKTOpbl ox, qMCT pacnpenenem,1 H0p-

MaJlbHO C HJBeCTHblMH KOBapHal.l.H0HHblMH MarpKUaMH 
,'\ A " ➔ 

Kx, KM, a MarpKll,3 A TaK)l(e HJBecrHa. Torna seKrop ~ 

pacnpeneneH H0pMaJlbHO C K0B3pH31.1.HOHHOH MatpHUeH 

K =K +AKAT. 
p M X 

.Uo nposeneHH.R JKcnepHMeHra npHHHMaeM, 11ro seK­

ropbI qp, qMCT, ox HMeJOT HyneBble MareMaTH'leCKHe 0)1(HU8-

HHJ'I, r.e. OCHOBaHHH J],11.IJ nepecMorpa BXO/l,HblX UaHHblX H 

peJynhTaros pacqera Her. 

IlycTb renepb 3KCnepHMeHT nposeneH. OrHOCKTenbHble 
➔ 

OWH6KH 3KCnepHMeHra 06'beUHHHM B BeKrop ~. Ero C'IH-

raeM pacnpeneneHHblM H0pManbH0 C KOBapH31.1.HOHHOH 

MarpKUeil. K , Koropa.11 onpenenHerc11 ycnosHRMH JKcne-
3 

pHMeHra H C'IHTaerc11 HJBeCTHOK. 

C yqeroM cnenaHHbIx npennono)l(eHKii nocne nposene­

HHJI JKcnepHMeHra onpeneneH seKrop pacxo)l(neHHK pacqe­

ra H JKcnepHMeHra: 

➔ "'➔ ➔ 
Y= Ilq - q p ::i' 

" rne JI - oneparop npoeKrnposaHIDI (MarpKUa HJ eyneK 

C eUHHHUaMH B HeKOTOpblX crpoKax)' KOTOpblK q>OpManb­

H0 0Tp8)1(aer TOT q>aKT, 'ITO 3KCnepKMeHT naer, KaK npaBK• 

no, MeK&we senKl{HJ{, qeM pac11er. Torna, KaK noKaJaHo 

s [5), OT anpHOpHblX (HyneBblX) MareMaTH'leCKHX O)l(Hlla­

HHK seKropos q , qMer, o.X M0)l(H0 nepeiiTH K anocrepKop-
-P + ..... ➔ 

Hb!M JHa'leHHJIM, K0TOpbie 0003H8'1HM ~• q~er, oX•. Ilepe-

X0U OCYIUecmn11erc.11 no qiopMynaM: 



r 

(6) 

K* = fc - K ftTfr1 fIK 
p p p p' 

K*= I( - KJI.TA-1 OK 
M M M' 

3necb K* K* K* ..., ~ "3.'_~ X 
KOBapHauHOHHbie MaTpHlll>I BeKTO· 

pos "ti;, q;.·eT, oX*. 
B MaTeMaTHlJeCKOM CMblCJTe OnHCaHHbIH cnoco6 JIBJTJieT-

CJI peweHHeM Jana'IH nOHCKa JHa'leHHH napaMeTpOB JTHHeH­

HOH perpeCCHH MeTOJlOM H3HMeHbWHX KBa,llpaTOB B cny­

l!ae, Korn.a BeKTOp napaMeTpOB C"!HTaeTCJI cnyqaHHOH BeJIH· 

'IHHOH c HyneBblM MaTeMaTH'leCKHM OJIC.l{JlaHHeM. 3TOT 

cnoco6 MOJICHO HHTepnpeTHp0B3Tb H K3K npHMeHeHHe 

6aiiecoac1<oro noAXona: npHHHToe JKcnepTHbIM nyTeM 

anpHopHoe pacnpeneneHHe aepoJITHOCTeH JaMeHJ1eTCJI 

anocTepHOpHblM Ha OCHOBe nony'leHHblX 3KC1IepHMeHTaJlb­

HblX AaHHbIX; npH JTOM cpyHKUH.R pHCKa HMeeT BHJl npH­

HJITOH B MeTone H3HMeHbWHX KB3Ap3TOB KBa,llpaTH'IHOH 

cpopMbl. 

TTpHMeHeHHe cpopMyn (6) naeT, B 'laCTHOCTH, HaH6onee 

aepO.RTHble JHal!eHHJI OTHOCHTeJTbHblX OWH60K B RnepHblX 

JlaHHblX B cpopMe HOpMWlbHO pacnpeneneHHoro BeKTOpa 

C HJBeCTHb[M MaTe~aTH~eCKHM OJICHJlaHHeM H KOBapHaUHOH· 

HOH MaTpHUeH (6X*, K*). no JTHM naHHbJM HeTpynHo 
X 

norry'lHTb xapaKTepHCTHKH BeKTOpa a6COJTIOTHblX OWHOOK, 

HfJICHble JJJIR HCnOJTb30BaHH.R B cpopMynax (4)' (5)' (5'). 
➔ • 

3aMeTHM, tfl'O conepJ1CaHHe seKTOpa X a COOTBeTCTBeH-
➔ 

HO BeKTOpa 6X MOJICeT MeHJITbCJI B 33BHCHMOCTH OT Jana'lH. 

SeJne nmee non JIJJ,epHblMH Jl3HHblMH ttyKJTHAOB 6yneT 

nOHHM3TbC.R Ha6op OJlHO• H nsyxrpynnOBblX KOHCT3HT: 

0 s QT vT s G 5 - o a / s s s 6 - m•n 9 / s 
fT, s, s, af G,a5 ,vs,ac, af 6 of 5,a ,a 6 ,v8 , a ,af af , 
' , , , C,T C, C ,T ,T 

3nec& a - o6oJHa'leHHe MHKpoce'leHHR; a - o6oJHa'le­

HHe OTHOWeHHJI ce'leHHH JaxBaTa H neneHH.R; II - OOOJHa­

'leHHe 'IHCJTa HeHTpoHOB Ha O,llHH aKT neneHHJ1; 5, 6, 8, 9, 
0, 1, 2,WJT - HHAeKCbl, 0003Ha'laJOUUfe 235 U, 236 U, 238 U, 
2

39Pu, 2 4 oPu, 241 Pu, 
242Pu, nponyKTbI nerreHHJ1; f, c -

HHAeKCbI npoueccoa nerreHH.R H JaXBaTa; T, 6, - - o6oJHa­

qeHHR ycpenHeHHJI no TenJTOBOH o6naCTH 3HeprHH HeHTpO­

HOB, no 6bICTpOH o6naCTH H no BCeMy HHTepsmy HJMe-

HeHH.R 3HeprHH HeHTpOHOB. ➔ 

KpoMe JTHX xapaKTepHCTHK, B BeKTOpe X norrJICHa 

6b!Tb KOMnoHeHTa, OTIHCblBaJOIUaR yYe'lKy HJ peaKTopa 

a npHHJITOH MOJleJIH TOnJIHBHOro UHKJia. 11 cnoco6 Ja.ua­

HHJI yTe'IKH, H ee BeJTH'IHHa MoryT pa3JTH'laTbCJI B pa3Hb1X 

Ja,llal!aX. TTpHMep JaJlaHHJI 3TOH KOMnOHeHn,I naH B pa3n. 2. 
OTMeTHM, tfl'O nony'leHHblH eeKTOp oX• MOJICHO nOHHMaTb 

He TOJTbKO KaK nonpaeKy, Heo6XOAHMYJO JJJIJI npHMeHe­

HHJI cpopMyn (4)' (5)' (5')' HO H K3K yKaJaHHe Ha TO, 

K3KHe HJ JIJJ.epHblX HYKJTHJJ.OB, HCnOJTb3yeMblX B nporpaMMe, 

cnenyeT, BOJMOJICHO, nonpaBHTb H B KaKylO CTOpoHy. 

1.3. OueHKa 'l}'BCTBHTeJlbH0C111 cpe,lllleA rny6HHbl BblI'O­

paHHJ1 K H3MeHeHHJO JIJJ,epHblX AaHHblX H yre'UCH. B paCCMaT· 

pHBaeMOH MOnenH IOnJIHBHOro UHKJTa Cpe,llH.R.R rny6HHa 

BbirOpaHHJI onpenenJieTCR H3 YCJTOBH.R KpHTHI.JHOCTH (1)' 
KOTopoe MOJICHO JanHCaTb B B.l{Jle 

➔ 

C'IIHTaR F cpyHKUHOHaJlOM, ~BHCHIUHM OT X, S, BOJ&MeM 

ero aapHaUHIO B TO'l!Ke S = s, Y'IIHTblBaJI npH JTOM, 'lTO 
➔ 

sapHaUHJO S MOJICHO Bblp33HTb 'lepe3 BapH3UHIO X: 

as I _ as _ F~ _ ax B=B -ax-- F~ -

(7) 

TTpoHJBOJlHbJe B 3HaMeHaTerre MO)l(HO HaHTH, nocTpoHB 

no naHHblM HeHTpOHHO-q>H3H'leCKOro pacqeya annpOKCH· 

MaUHIO 33BHCHMOCTH KJ<I> (B). Jlrrn onpenerreHHJI npoH3· 

BOJJ.HbTX B 'lHCJTHTerre Heo6XOAHMO HCnOJTb30B3Tb TeopH!O 

B03M)'UleHHH HJTH npHMble pac'l!eTbI B TOH HJTH HHOH q>opMe. 

S 60JTbWHHCTBe cnyqaea nonyCTHMO C'lHT3Tb, 'IITO npoH3· 

BO,llHbJe B (7) JTHHeHHo 3aBHCRT OT rrry6HHbl BbITOpaHH.11. 

Torna (7) ynporuaeTcH: 

aB _ a¼(2B/3) aK3!1>(2B/3) (
7

') 
ax'- - ax / as . 

➔ 

)lnH TOH KOMTIOHeHTbl X, KOTOpaR OilHCbIBaeT yTe'l!KY Y, 

(7) BbffJT.JIAHT K3K (noCKOJTbKY aKJ<l>; ay = - 1) 

!B = aK3!1>(B/3) + aK3!1>(2B/3) + aK?<t>(S) ri . (8) 
aY ( as as as 

EcnH yYe'lKa 3a,llaHa He npRM0, a qepe3 HeKOTOpblH 

napaMeTp, HanpHMep 'lepe3 3cpq>eKTHBHblH 6aKJTHHr B!<I>' 

TO 

aB aY 

as~ as~ aY 
(8') 

rne a YI a B~<I> MoJICHo onpenenHTb no AaHHbIM pacqeTa, C'IH· 

raJI, HanpHMep, 'lro Y = const (B) S~<I>. 
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TaKHM o6pa.JOM, q>opMyJibl (7), (7'), (8), (8') ,D;alOT 

B03M0)K}{0CTb paCCtfHTaTb npoH3B0,ll;Hble a B/aX. . 

1.4. OueHK& qyBCTBHTem.H0CTH H30TOIDI0ro C0CT8B8 K 

H3MeHeHHIO rny6HHbl Bb!I'OplUUIK H K,D;epHl,IX ,ll;8HHbLX. 3aJIH­

llleM .D,Hq>q>epeHIOfaJll,Hble ypaBHeHHJI, 0nHCb!BaJOJ.UHe H3Me­

HeHHe H30T0nHoro C0CTaBa T0IUUIBa (T.e. BeKTOpa p) npH 

Bbir0pamiH. IlpH 3T0M HCil0Jlb3yeM ynpoutaJOJ.UHe npe.n­

Il0JI0JICeHHll, 0CH0BHblMH H3 K0T0pblX JIBJllllOTCll cne,D;YJOutHe: 

- K0JIHtfeCTB0 2 3 8 U Il0CT0llHH0; 

- HCil0Jlb3yeMble 0,ll;H0- H .o;Byxrpynn0Bbie napaMeTpbl 

C'IHTaJOTCJI He 3aBHCHIUHMH OT rny6HHbl Bbir0paHHH, T.e. 

npe,o;nonaraeTcH, 'IT0 fJ)lll HHX B3llTbI ycpe,o;HeHHb1e no nepHo­

,o;y BbIT0pamul 3HatfeHHJI; 

-fJ)IJI 23 6U, 240 Pu H 242Pu cet1eHHe nornomemrn 

pa.BH0 ce'leHHJO 3axBaTa. 

B JTHX npe,o;n0JI0JICeHHHX H3MeHeHHe K0MII0HeHT BeKT0-

pa J npH Bblropa.mm M0)l(H0 0ilHCaTb CHCTeMOK .D,Hq>q>epeH­

UHaJibHblX ypaBHeHHH: 

(9) 

3,o;ecb <I>T, <I>6 , <I> - not0KH TeruJ0BblX H 6blCTpbIX Hefupo­

H0B H 0,ll;HOrpynnoBOH fl0TOK (rpaHHUa rennoBOH H 6bICTpOH 

o6nacm - 0,625 JB), a - HHJJ.eKc rrpouecca rrornomeHHJI 

HeHTpoHOB, rrpo11He 0003Ha'!eHHJI onpe,o;eneHbl B pa.3~ 1.2. 
Ilpeo6pa3yeM CHCTeMy (9). Bo-rrepBbIX, B ~ <I>t H, 

cne,o;oBaTeJibH0, M0JICH0 C noM0lllblO 3aMeHbJ rrepeMeHHbIX 

rrepeHTH K 6onee y,o;o6HOH nepeMeHHoH - rny6HHe Bbiro­

paHHH: 

d➔ d➔ ➔ p p dB -dp 
-=- -=<l>- K 
dt dB dt dB ' 

r.ne K - pa3MepHblH KOJq>q>HUHeHT rrepeso,o;a rny6HHbl 

BbIT0paHHll B fBr.cyT/T. Bo-BTOpblX, eCJIH BBecm o603Ha­

'leHIDI fJ)IJI JICCCTK0CTH cneKTpa 

TO 
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B-rpeTbHX, nocne npeo6pa30BaHIDI npaBOH 'laCTH TaK, 'IT06bl 

see BX0,ll;JllllHe B Hee ce'leHHll 6bUIH K0Mfl0HeHTaMH BeKTO­
➔ 

paX-

(9) npHHHMaeT BH,ll; 

dp5 (B) Ps (B) .s 6 s ( T )] 
K--- =---- [or 6(1 +o-5 )r+af I+ o-5 ; 

dB I + r , ,T -

dp6(B) p (B) 
K - -- = - p6 (B)a6 +- 5

- [a5 .a~ r + a5 aJ ] ; 
dB c 1 + r f,u f,T 

K 
dp9(8)= p9(B) [ 5 ~(I+ 6) + s ~ 
--- - --- af 0'9 r of x 

dB 1 + r ,6 a5 ,T a5 
f,6 f,T 

x (l+anJ+...!!__[a8
6
r+a8 ]; 

1 + f C, C,T 

(10) 

+a5 ~ ai] ; 
f,T 0s 

f,T 

K dp,(B) = p,(B) [ s ~(I c) s 3.x_ 
- --- a +a1 r+a x 

dB 1 + r f,6 as f,T ~ 
f,6 f,T 

B BeKTOpHOH q>opMe (10) BbITJIJl,ll;HT KaK 

dp(B) = f (p(B), X ), 
dB 

(11) 

-+ 
r.ne BeKTOp-q>yHKUJ{ll f, 3aBHCJIIUall OT 4>YHKUHH p H napa-

MeTp0B X, o6pa.JOBaHa H3 npas1,1x t1acTeH ypasneHHH ( 10) . 
},fa CHCTeMbl ( 11) ffY)K}{0 fl0JIY'IHTb KOJq>q>lilOieHTbl 

'IYBCTBHTeJibH0CTH H30T0nH0f0 C0CTa.Ba K H3MeHeHll10 
➔ 

rny6HHbI BbiropaHHH B H H,o;epHbIX ,D;aHHbIX X, T.e. HaHTH 

a"?,taB, a"p/ax. 
➔ 

0rROCHTeJibHO Be~Hbl ap/a 8 JICH0, 'IT0 npH q>HKCH· 

posaHHb1x napaMerpax X 
➔ ➔ 

ap dp ➔ ➔ 
-=-=f (p(B)) 
aB dB 

(12) 

H, TaKHM o6pa.JOM, npH JIIOOOM B ap/a B onpe,o;eneH0. 

3a,o;aqa 06 onpe,o;eneHHH ap/aX B MareMaTHtfeCK0M 

CMbICJie JIBJIJleTCll 3a,D;8tfeH 06 onpe,o;eneHHH np0H3B0AKblX 

pellleHHJI CHCTeMbl AHq>q>epeHUHaJibHblX ypasHeHHB no 

napaMeTpaM npaBOH tfaCTH. O6o3H8'1HM M8TPIDlY HCK0MblX 
A ➔ ";t 

npoH3B0,ll;HblX Z = ap/ax. Tor,o;a, K8K M0)K}{Q fl0Ka.J8Tb 



? 
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[6], MaTpHI.1,a KOJ<pq>HU.HeHTOB 'l)'BCTBHTen&HOCTH y,uoBneT­

BOp.11er- MaTpHlllloMy .Il.H<p<pepeHUHaflbHOMY ypaBHeHHIO 

(ypasHeHHIO B sapHllUHJIX no napaMerpy X) 
h ➔ ➔ 

dZ(B) ar h ar 
--=-.- Z(B) +-:r 

dB ap ax (13) 

npH Haqan&HOM YCJTOBHH Z (0) = 0. Marpwome ypasHeHHe 

(13) .IIBfl.lleTC.11 CHCTeMOH nHHeHHbIX .D.H<p<pepetm)ianbHbIX 
ypaBHeHHH. nepsoro nop.11.D.Ka OTHOCHTen&HO JfleMeHTOB 

MaTpHn&I z. Ee peweHHe 0pKHUHnHan&HbIX Tpy.D.HOCTeH 

He npe.ucrasn.11er. 

l .S. 8&1so,u&1. 8&1pa)l(eHH.11, nonyqeHH&1e B paJ,u. 1.2 - 1.4, 

,UaJOT BOJMO:>KHOCTb peWHTb nocrasneHHYJO B paJ,U. 1.1 

Ja,uaqy s· o6meM sime: HaHTH no <popMynaM (4), (5), (5') 
OWH6KH B cpe,uHeH rny6HHe BbITOpaHH.11 H KOHelffiOM HJOTOn­

HOM COCTaBe, a cne.uosarem,HO, H OUJH6KH B xapaKTepHC­
THKax TOIIJIHBHOro UHKJla 1 - 5 (paJ,u. 1.1). 

PaccMOTJ.>eH1u,1ii cnoco6 o6na.uaer onpe.ueneHHOH rn6-

Kocr&10: B JaBHCHMOCTH OT 33.D.a'IH M0)l(HQ Bbl6HpaTb JKCne­

pHMeHTaJibHYIO HH<popMau,mo .un.11 nony'leHH.11 oX*, or6HpaT& 
HMeIOIUHe JHaqeHHe .11.D.epH&1e ,uaHHb1e X, Hcnon&J0BaT& re 

HJIH HHbie npH6nH)l(eHH.II npH JaIIBCH .D.H<p<pepeHUHanbHbIX 
ypasHeHHH BbirOpaHH.11 H T.,U. 

B p33,U. 2 paCCMaTpHBaeTC.11 npHMep HCnon&JOBaHH.11 

0llHCammro cnoco6a ,un.11 oueHKH 0lllH6KH B paCXO,UHbIX 

xapaKrepHCTHKax TOIDlHBHoro UHKna peaKropa rnna BB3P. 

2. OPHM:EP PAC'IETA 

Ey.ueM oueHHBaTb OWH6Ky B xapaKtepHCTHKax TOnnHB­

Horo UHKna peaKropa THna BB3P, OTnH'laJOIUeroc.11 or cepHH­

Horo BB3P-1000 [7] rnasH&JM o6paJOM cne.uy10mHM: 

- npOH3Be,UeH OTKaJ OT HCnon&JOBaHH.11 Bbir0paJOIUHX 

notnorHreneii; 

- B 3neMeHTax KOHcrpyKIJ,HH KacceTbl Hep)l(aBeIOUJ3JI 
CTaflb JaMeHeHa Ha cnnas UHpK0HH.11. 

TOWlHBHblH ll;HKJI CMO.UenHpyeM pac'leTOM rpeXJOH­
HOH .ll'leHKH c OTHOllleHHeM BO.Ubl K TO!llTHBY 1,8. fny6HHY 

BhlropaHH.11 6y,ueM onpenen.llTb no ycnOBHIO KpHTHlffiOCTH 
(1), r.e. npe,i::u10naraeM pa6ory peaKropa B pe)l(HMe rpex 
neperpyJOK Ja KaMnaHHio. 

Yte'lKy HJ peaKTopa 33Jla.D.HM J<pq>eKTHBHblM 6a.KJIHH­

roM B!<I>. Benwmaa J<p<peKTHBHoro 6aKnHHra 6&ma HaH.D.e­

Ha Ha 0CHOBaHHH conocrasneHHH pacqera .11qeiiKH c nsyMep­

HblM pacqeroM peaKropa (pacqer&1 JJleC& He npHBOJlHM 

H3-3a rpoM03,UKOCTH). OueHeHHa.11 BenH'lHHa B!<I> cocraB­
n.11eT 5,3 ± 0,7 M-l. 

Ey,ueM CqfilaTb, qro TOMHB0 - .D.BYOKHCb ypaaa C 

Ha'laJibHblM o6oraUJeHHeM no 13 5 u 34,5 Kr/r. HempoHHO· 

q>HJH'leCKHH pac'leT .11qeiiKH npose,ueM no nporpaMM~ 

WIMS-D4 [8] c sepcH.IIMH KOHcraar: nn.11 23 5 U - 235,4, 
M.11 l 3S U - 2238 ,4. 

flpH oueHKe OlllH6KH no HJnolKeHHOMY Bblllle CITO· 

co6y 6y,ueM CttHTaTb, 'lTO MeTO.D.H'leCKOH OWH6KOH pacqera 

no WIMS-D4 B ,uaHH&1x ycnoBH.IIX MOlKHO npeHe6pe'lb, 

r.e. pacqer 6y,ueM secTH no cpopMyne (5'). 
B Ka'leCTBe JKCnepHMeHTaJibHblX naHHblX, Ha OCH0-

BaHHH KOTOpblX 6y,uyr BbJqHCJI.IITbC.11 HaH6onee Bep0.IITHbie 

nonpaBKH K .11.uepHbJM ,UaHHblM, B03bMeM peJyn&taTbl KpH­

TH'leCKHX JKCnepHMeHTOB Knacca benchmark Ha fl.llTH 

nerKOBO.UH&Ix pewencax TRX-1, -2, BAPL-UO2- l, -2, -3 

[9) . PeJyn&Tatbl HJMepeHH.11 0.D.HOHMeHHbIX napaMetpoB 

B O.D.HOHMeHHblll. JKCnepHMeHTax 6y,ueM C'lHTaTb KOppenH­

pOBaHHblMH c KOJ<pq>HUHeHTOM KOppen.llUHH 0,9. 

PeJyn&TaT npHMeHeHHJI npe.ucrasneRHOH MeTO,UHKH -
oueHeHHblH no ,UOCTOBepHOCTH Ha6op xapaKrepHCTHK TOMHB­

Horo UHKJla nn.11 paccMorpeHHoro peaKropa - npHBe,UeH 

B ra6nHue. 

Ha6op O~eHelUll,IX IIO AOCTOBepHOCTH xa.paKTepMCTHK TOMHBHOI'O JtH_K/la (npH K03:t,<l>~HeHTe HCIIOnb30BaHHlt 

MOII.IBOCTH 0,8) 

BenH'•nma 
AnpHOpHoe BenH<oola 

I 
AnpHOpHOC i nonpaeKa I AnocrepHop-

3Ha'leHHe 3Ha'leHHe Hoe 3Ha'leHHe 

3neKTpH'leCKBlt MOW- rny6101a BblI'OpaHHJI, 

HOCTb, fBT 1,0 fBT.cyT/T 40,2 0,7 t 3,8 39 :t 4 
Tennosall MOUOIOCTb, Co CT as s LirpY JKae MO ro 

fBT 3,2 TOnnHBa, Kr/T: 

3arpy3Ka peaKTOpa, T 70 "'U 6,9 -0,2 :t 1,0 7 :t 1 
Cocras 1·11 3arpy3KH, "'U 4,6 0,0 :t 0,1 4,6 :t 0,1 

Kr/T: "'U 936 

'"U 24,0 239Pu 5,7 - 0,2 t 0,3 5,9 :t 0,3 

"'U 976 "
0 Pu 2,5 0,0 ± 0,3 2,5 ± 0,3 

CoCTas nOD;IIHTKH, ,., Pu 1,6 0,0 t 0,2 1,6 :t 0,2 

Kr/T: 2 42 Pu 0,8 0,0 t 0,2 0,8 ± 0,2 

'"U 34,5 

'"U 965,5 
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3AKfllO'IEHHE 

PaccMorpeHHbIH crroco6 JJ,aer B03MO)l(HOCTb oueHHBaTh 
MateMarnttecKHe OlKH,!l,aID!Jt H /l,HCrrepCHH BalKHbIX HeTO'IHO 
H3BeCTHbIX rrapaMetpoB rorunmttoro inucna JtJJ,epttoro peaK­
ropa: cpeJJ,HeH rny6HHbl BbirOpaHHJt rorrmma, H30TOITHO"r0 
COCTaBa B'birpylKaeMoro ronmrna, paCXO/l,OB )],eJIJtIJ..l}{XCJt 
HYJ<JIH,D;OB. Cnoco6 o6Jia.a;aer onpeneneHHoH rn6Kocrb10, 
ero MOlKHO H3MeIDITb B orrpeneJ1eHHbIX npenenax B 3aBH­
CHMOCTH OT 3a,D;atJH. HeKOTOpbU'.i npaKrntteCKHH Henocra­
TOK - Heo6XO/l,HMOCTb noJiytteID!Jt /l,OBOJibHO OOJibWOro 
061.eMa HHq>OpManHH H3 HeHTpOHHO.q>H3HttecKoro pacqera, 
npH o6pa6orKe Koroporo npHXO/l,HTCJt pa6oraTh c rpoM03A­
KHMH MaTpHUaMH. 

ABrop 6naronapHT .H.B. llleBeJieBa 3a KpHTH'leCKHe 
3aMe'laHHJt, KOTOpbie rrpHBeJIH . K CWibHOMY H3MeHeIDl10 
pa6orbI H K cymecmeHHoMy ynyttweHHIO e~ Ka'lecma, 
a TaKlKe Il.H. AJieKceeBa 3a BID!MareJI&HblH npoCMOTp 
PYKOITHCH. 
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IIPOrPAMMbl "KOMIInEKCbl IIPOrPAMM 

YJlK 621.039.5 

IIPOrPAMMA MAMO HT ,nIDI p ACqET A HEfITPOHHbIX IIOnEA 
METO.IJ:OM MOHTE-KAPno 

E .E. JiyxMHHCKHM, IO.C. JlIOTOCT8.HCKH0, B.l1. n1:unyK, H.B. Ila.HOB 

0DHCaHa 1'peXMCpHlUI nporpaMMa MAMOHT ll/UI MOjlCllHpOBaHllll nepeHoca HeitrpoHOB MeTOjlOM MOHTC-Kapno B :mepreTHIICCKOM ,IJ.llaD830· 
He OT 15 M3B no rennoaol! rov TJT'll,1 

THE CODE MAMOHT FOR CALCULATION OF NEUTRON FIELDS BY MONTE CARLO METHOD. B.E. LUHMINSKY, Yu.S. LYUTOS­
TANSKY, V.I. LYASHUK, I.V. PANOV. The three-dimensional Monte Carlo code for modeling neutron transport in energy region from J5 MeV 
to the thermal group is described. 

Ilpej!MyllleeTBa Merana MoHTe-Kapno npH MonenHpo­

BaHHH nepeHoea H3Jly'leHHii (lleTanH3au,Hlt B3aHMO)leHeTBHH, 

6onee o6mee 33,!J,aHHe q>yHKUHH HeTO'IHHKa, eYllleerneHHo 

6onee o6maJt reoMeTpHlt) HaJ.llJTH eBoe nonrnepJKAeHHe 

B e03)laHHH plt)la WHpOKO H3BeeTHbIX nporpaMM pae'!eTa 

nepeHoea HeHTpoHOB, raMMa-KBaHTOB H 3aplt)l(eHHblX qae­

THU [l - 9]. C y'leToM noeTaTO'IHo WHpoKoro Kpyra 33,!J,a'I 

no MO)leJilfpoBaHHIO HeHTpOHHbIX noneH Anlt HeTO'IHHl<:OB 

e AenHTemHbIM cneKTpoM H e 3HeprHeH ""' 14 M3B HaMH 

6&ma C03Aatta TpeXMepHaJt nporpaMMa MAMOHT 

(MaTeMamqeekoe MO)leJilfpOBaHHe HeHTpOHHbJX TpaeKTO· 

pHH) [10]' pe3Jllf3Y!Oll.13lt nepeHoe HeHTpOHOB aHanorOBbIM 

H HeaHanoroBblM (paemerrneHHe TpaeKTOpHH) MeTO)laMH 

MoHTe-Kapno npH 3Hepnm OT 15 M3B no TerrnoeoH. 

06mu xapaKTepHCTHKa nporpaMMIJ. B nporpaMMe 

MAMOHT no q)yHKUHOHanbHOMY HaJHa'!eHHJO BbI)leneHo 

'leTbipe ypOBHJI: MO/lYilH HHHUH3IlH331.(HH nporpaMMbI; 

ynpaBnsnomaR '!aeTb (ronoBHaJt nporpaMMa) ; q>yHKUHO· 

HanbHbie MOllYJIH; HroroeaJt o6pa6orKa H npeneTaBneHHe 
pe3ynbTaTOB. 

Ha er3AHH HHHl.(H3IlH3al.(HH BbIIIonHl'IIOTel'I onepal.(HH 

HaerpoHKH nporpaMMbl: nonroTOBKa MaeeHBOB rpynnOBbIX 

MaKpoKOHeTaHT, npHeBOeHHe Ha'!anbHbIX 3Ha'!eHHH (B TOM 

'!Hene B paMKax npaeHJia yMon'laHHlt), HHrepnperaUHJt 
/lHpeKTKB. 

B ynpaemuomeH qaem opraHHJOBaHa pa6ora BeeH 

nporpaMMbl - Bbl30B Hmm,HanH3HPYIOll.leH 'laeTH, nanee -

MO)leJilfpOBaHHe HeHTpoHHbIX .TpaeKTOpHH B UHKne, no 

33BepweHHH KOroporo BbI3bIB3!0Telt MO)lynH HTOfOBOH 

o6pa6orKH HaKOnneHliOH craTHemqeeKOH HHq>OpMal.(HH H 

ne'!araerelt 3arpe6oeaHHaJt HHq>opMaI:OUI. MoeynH Hroro­

BOH o6pa6oTKH Bbl3bIBaJOTelt no )lOeTH)l(eHHH 33/laHHOfO 

'!Rena HeropHH HnH Ha3Ha'!eHHoro BpeMeHH e'!era. 

Ilpe)lyeMorpeHo nponon)l(eHHe e'lera Anlt tta6opa 6omwH){ 

eraTHeTHK. B q>yHKUHOHanbHbIX MO)lylll'IX pe3Jllf30B3Hbl 

eo6erneHHO anropHTMbl B3aHMO)leHeTBHlt HeHTpOHOB, npo­

Be)leHHR TpaeKTOpHH H HaKOIIneHIUI q>yHKUHOHanOB. 

IlporpaMMa MAMOHT HaIIHeatta Ha <I>OPTPAHe 

B eTporoM eooreereTBHH e npHHUHnaMH MO)lyilbHOeTH H 

noeraeneHa Ha E3CM-6. Tpe6yeMaJt naMRTb - 128 K. O6!.eM 

nporpaMMbI - 2800 o_nepaTopoe. 

AnropHTM MOAeJIHpoBIUDUI nepettoca HeAlpOHOB, IlpH 

aHanorOBOM nO)lX0)le pae'!er HeHTpOHHblX noneH H HX q>yHK· 

UHOHanoa, no eymeerey, CBO)lHTeR K MO/lenHpoBaHHJO 

npol.\eeea 6nyJK/lllHHJt HeHTpoHa or ero pO)l()leHHJt no paJJ.Ha• 

UHOHHoro nornomeHIUI HnH yxona HJ eHereM&I. MoAenHpye• 

MOH BeJUl'IHHOH l'IBnReTelt BeKrop R ={7 n., E., t ., w.}, 
j j' I I I I 

33,!J,a!OWKH B q>330B0M npoerpatteTBe J]JIR i-H rpaeKrOpHH 

KOOp/lHHary ee y3Jla, e)lHHH'IH&IH BeKrop HanpaBneHHJt, 

3HeprHIO HeHTpoHa H BpeMR e M0MeHTa ero p0)1(AeHIUI, 

reKYIUHH erameTH'!eeKHH Bee (BBOAHMblH J]JIR eHH)f(eHHlt 

)lHenepeHH npH 3aMeHe nornomeHHR BepoRTHOeTblO pae­

eeRHHR) . A perHeTpHpyeM&Ie BenH'IHHbl npeneraBnRIOTeR 

KaK p33IlH'IHbie q>yHKUHOH3Ilbl eeMeikrBa TpaeKTOpHH 

Rij' rne eyMMHpOBaHHe npoH3B0)lHTeR no 'IHcny eronKHO• 

BeHHH i H '!Hcny HeropHHj . 

HarrpHMep, eenH npH rettepaUHH HeKOMOfO H30Tona 

ero BblXO)l B eHereMe o_npenenHT& IlHHeHHblM q>yHKUHO· 
H3IlOM 

I = L, fa/x)F(x)dx; x={i7, E} , (I) 
k 

rne ak (x) - MaKpoee'!eHHe reHep3UHH; F (x) noroK, 

eyMMHpOBaHHe BblIIOilHRereR no aeeM k H30TonaM, reHe­

PHPYJOlllHM HeKOMbIH, T0f)la BblpaJKeHHe (1) a eraJl}IO­

HapHbIX ycnOBHRX npHHHMaeT BH)l ( e yqerOM HOpMHpoBKH 

Ha '!Meno HeTopHH HIST MR nony'leHHlt Hero'!HHKa enHHH'I· 
HOH MOUlHOerH); 

HIST 

I = (HisTr · LL L, (aik W) I 

k j = I 
(2) 
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rAe aik KYCOIIH0-nocrollHHa, ecnH cpeAa C0CT0HT H3 H'eCK0nb­

KHX oAHopown,1x o6nacreJi. 

B nporpaMMe rpaHcnopr HeHTpoHOB peanHJyerc.11 anro­

PHTMaMH noKanbHblX oueH0K, HO npoueCCbl C ManOH Bepo.11r­

H0CTblO perncrpHpYJOTC.11 B yJnax rpaeKTOpHH CO0TBeTCTBYIO· 

lllHM yMeHbWeHHeM CTaTHCTITTeCK0ro Beca HeHTpoHa. 

AJ0130TporlHH ynpyroro pacce.llHH.II npeACTaBneHa B P8 • 

npH6nH>KeHHM cornacH0 oueHKaM pa6oTbl [ 11] . IlpH Heynpy­

roM pacce.RHHM B036Y>KAeHHe .RApa M0AenMpyeTCJI Ha 0AHH 

HJIH HeCKOnbK0 AHCKpeTHbIX ypoBHeH, a npH 6onee BblCO· 

KHX ypoBHRX B036y>KAeHH.R - B K0HTHHYYM C IlJJ0TH0CTblO 

ypoBHeH [12): 

P(E, N, Z) = [y';/(12 cx114 E514 
)] -exp [2./aE], (3) 

rAe E - 3HeprW! BOJ6y>KAeHM.R .RApa; N H Z - 'Ofcno HyKno­

H0B H 3apRA CO0TBercmeHHo; CX - napaMerp !UI0TH0CTH 
COCTOJIIDIH. 

B nporpaMMe pean»l0BaH anropHTM MHoroKpaTHoro 

pacmeIIJ1eHHJ1 rpaeKTOpHH, BKmO'llleMbIH no Tpe6oBaHH10 

npH cocTasneHHJf naKeTa 38AaHHJI. Ilpe,tzycMorpeHo JJ,Ba 
pe>KHMa pacmenneHHR: no paccT0.RHHJO OT HCT0'lHMKa 

(B 33Aa11ax rny6oKoro npoHHKHOBeHH.R) H no A0CTH>Ke­

HHIO HeKoropoii noporOBOH 3HeprHM (B 33Aa11ax JJ,11.11 HCTOII· 

HHKa c 3Heprnefi 14 M3B). 

HcropHR HeHTpoHa M0Aen»pyeTC.11 11.0 A0CTH>KeHM.11 

38AaHH0ro 3HepreTH11ecKoro nopora • .r\H<l><PY3HJI YIIHTbJBaer­

CJI (no Tpe6oBaHHJO) B 0AH0CK0p0CTH0M npH6nH>KeHHH. 

C uen&IO BBeAeHHJI HeCTaUHOHapHOH KHHeTHKH peanH30Ba­

BaHa B03M0>KH0CTb nepeonpeneneHH.11 nopor0BblX 3HeprHH 

Hal!ana AH<P<PY3HH B <PYHKUHH OT BpeMeHH >KH3HH HeiiTpo­
Ha H ero yAaneHH.R OT HCT0'lHMKa, IITO 3KBHBaneHTH0 y11e­

ry HeCTaUJ{0HapHblX TeMneparypHblX 3q>q>eKTOB. 
6H6JJHore•11u.1R Monym.. MoAyn& HaX0AHTC.11 B HHHUJ{a­

nM3HpYJOllleH 11aCTH rrporpaMMbl H COAep>KHT l].aHHble no 

cne,tzylOlllHM H30T0ilaM H JneMeHTM ( C ecTecmeHHOH CMeCblO 

H3oronoB) : 1 H, 2H, 3 He, 6 Li, 7 Li, B, C, N, 0, Na, Mg, 

Al, Si, S, K, Ca, Mn, Fe. Y11reHb1 peaKIJ;HH (n, n'), (n, n) , 
(n, 'Y) H HHKffi03HBHble peaKUHH C o6pa30BaHHeM rpKTH.11. 
HanonHeHHe 6H6nHOTeKH rpynn0BblMK K0HCTaHTaMH ocy­

mecrBneHO H3 q>aHJIOB ENDL-83, ENDF/B-IV H JENDL-2 
C Il0M0lllblO nporpaMMbl no,a.roT0BKH rpynn0BblX KOH· 

craar NJOY, aAanTMpoBaHHoii Ha EC 3BM B ~311 [13). 

fpyIIllOBble ce11eHID1 npeACTaBneHbI II llBYX q>opMarax -

38 K 79 rpynn, rrpH 3TOM ]J,1111 3HeprKH HH>Ke 0,1 M3B q>OpMaT 

C0Bnaa.aer c rpaHHUaMH 28-rpynnoBOH CHCTeMbl KOHCTaHT 
EH.A£. 

feoMeTpil'leCKHC MOAYJIH, Ilpe,tzyCMOTpeHbl cneAYJOUlHe 

onpeAeneHHJI reoMerpH'!eCKHX JOH M.11 38AaHM.R cocTaBa 

cpe,D.bl : cq>epHl!eCKH~HMMerpK'IHall Cll0HCTall reoMeTpH.11; 

UHJD[H,0.pKl!eCKK CHMMeTp}{qffall C1I0HCTall reoMeTpH.11; np.RM0· 

yromHbJe rrapannenenHnel].bI, Bn0>KeHHbte Apyr B Apyra. 

B AaHHOH BepcHH oapeAeneHa B03M0>KH0CTb J&AaHHJI 1 S 
30H, HO 3T0 IIHC110 M0>KeT 6b1Tb nerao·YBeJlH'leH0. 

reoMeTpHlO HCT0IIHHKa M0>KH0 orrpeAenMTb KaK ro11e11-

HYIO, cq>epH'lecKYJO HnH J.O{JIHffApKl!eCKYJO. flnoniOCTb 
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p0>KIJ.eHH.11 HeHTpoHOB paBH0MepHa no BCeMY 061,eMy HnH 

C1I0IO C 38AaHHOH TOnUlHffOH. Bo3MO>KHOe yrnosoe 33Aa­

HHe pacnpeAeneHH.11 !UI0TH0CTH noT0Ka HeiiTpoHOB HCT0'r 

HHKa - H30Tpo11Hoe, aHH30TpoIIH0e B BHAe Ta6yrrHpoBaH· 

Hb)X BeC0BblX 3Hal!eHHii B yrn0BblX HHTepBanax HnH aHH30· 

TpoIIHoe B BHAe li-<l>YHKUKH. 

reoMeTpH.11 nporpaMMHblX ,a.eTeKropoB AonycKaeT pe­

rncrpaUH10 HeHTpoHOB BHyTpH (HnH BHe) 061,eMa n106ofi 

30Hbl B cpenax c<t>eiHl!eCKOH C1IOHCTOH reoMeTpHH C ueHTpoM 

B 3al].aHHOH TOl!Ke r, npH 3TOM MO)l(HO rpe6yeMI>IM o6pa30M 

orpaHHIIHTb 061,eM nporpaMMHOro AeTeKTOpa: X1 ,;;;; X ~ X2, 

Y1 ,;;;; Y ,r;;; Y2, Z1 ,;;;; Z ,;;;; Z2. nononHHTen&Hble orpaHHl!eHH.11 

Ha perncrpauH-10 MO)l(H0 38AaT& H BBeAeHHeM renecHoro 
- ➔ A yrna C BepWHH0H B r1. HanOrHIIHble B03MO>KHOCTH onpe-

11.eneHH.R nporpaMMHoro 11.ereKTopa pean»JYJOTC.11 B cpeAax 

c reoMeTpHeH UHJIHHApa H napanneneITHITeAa. 

Pacc'8fTLIB8eM&1e q>}'HKUHOH&m.I. TTpeeycMorpeHo Ha­

KonrreHHe H ycpe,a.aeHHe <PYHKUHOHanOB KHHeTHKH JaMeA­

neHH.11 ( cpeAHenorapH<j>MKllecKaR noTep.11 3HeprHH, BpeMJ1 

JaMeJJ,1IeHHJ1, .wnma CB06oAHoro npo6era, l!Hcno cTonKHo­

BeHID1, B03pacT) , napaMeTpoB AH<l><PY3HH (MKHa H BpeMJI 

AH<l><PY3KK) , cneKrpoB yreqKH H nOTOKOB AnJ13a)J,8HHOH 

reoMeTpHIICCKOH noBepXH0CTH, o6pa30BaHHJI OTAenbHblX 
H30TOITOB no 30HaM. 

IlpHBeAeM pa6o'Ofe anropHTMbI onpe,a.eneHHJ1 cpe,D.He­

norapHq>MH'leCKoii norepH 3HeprnH AO nepexoAa K AH<l><PY· 

3HH ~ (Ek), cneKrpa yrel!KH sk H l!Hcna aTOMOB TpHTIUI 

T~. o6pa30BaBWHXC.II Ha AaHHOM (.RApO THna n) rpHTHH· 
o6pa3YJOUleM JneMeHre B JOHe l: 

HIST d-1 d- 1 

~CEic) = (HISTf1 L ( L ~iW/ [ Wj), (4) 

HIST d- 1 
j= I i= I i= I 

fk [ L Wi •A(ri - R)·A(R - max{ro, r1 , r2 , ••• , ri- i}) 
j = I i = I 

¾=---------------
HIST·(~+l - Ek) (5) 

HIST d-1 

T'n =(HJSTfl I L fk[L Wlm(E!)+WdPm(Fd)] X 
j = I k 1= I 

(6) 

rAe k - <pHKCHpoBaHHblH HHAeKC 3HepreTHIICCKOH rpyITITbI; 

d - HHAeKc nepexona (cny11aHHoe 11Hcno) K AH<P<l>YJHH; 
i = 1 -;- (d - 1) - reKymHH HHJJ.eKc rpaeKropKK JllMeJJ,1Ie­

HHJ1 H ee yJna; fk - crarHcTHqeCKHii Bee k-H :meprerKl!ec• 

KOH rpylTITbI B cneKrpe HCTO'IHHKa (npH HOpMHpoBKe 

A(x) ={ I ,x ;.. 0 -
O,x <o 

<PYHKUKJI e,a;IQ{}{'D{oro CKall_Ka XesHcaJiAa; ri - M0Ayn& 

palJ.HYca-BeKropa T0'I_KH i-ro pacce.llHH.II (3a Ha11ano Koop­

AHHaT npHHRI u,eHrp CHMMeTpHH HCTO'IHHKa) ; R - MOIJ.Ynb 

pa/l.H}'ca-BeKropa T0II_KH nepece'leHH.11 i-H rpaeKropHM (HnH 



ee n~.QOn)l(eHH.11) paCCMaTpHBaeMOH reoMetpH'leCKOH no­

BepXHOCTH; pm (Ei) H pm (Ed) - Bepo.llTHOCTH KaHanOB 

peaKU}{H C o6pa30BamteM TpHTHJI Ha Jl,IJ.pe THna m npH JaMeA· 

neH.HH H AH<l><l>YJHH COOTBeTCTBetmo· om o1 - CHMBOn 
' n ' I 

KpoHeKepa; t - reKylllJffl HHAeKc JOl:il,I, KOTopoii npHHaA· 

ne>KHT reKyu.utii yJen rpaeJ:S_ropHH JaMeMeHHJI (H11H to'll<a 

norn01ueH.H.11 npH .n;Hq>q>yJHH) . 

8Bon n&lDIWX. B nporpaMMe peanH30BaH pe>KHM 6ec­

cpopMamoro ssona namu,ix ('lllcno o6pa6atbtBaeMbtX 

reoMetpHel1; 'IHCilO rpynn B cneKTpe; MOTHOCTH, COCTaB, 

reoMetpHJI JOH H np.) H AHpeKTHB (M.11 opraH.HJ3.UHJ{ pa3-

nH'IHl. !X pelKHMOB pa6otbl nporpaMMbt) C nOMOIUblO cepBHC· 

HOH (Ma.tl.lHHHO-HeJaeHCHMoii) nporpaMMbt FFREAD [14] , 

BXOn,t1Ueii e cocrae uepHOBCKOH 6H6nHOTeKH nporpaMM. 

Bso.o. ocY1UeCTBJI.11erCJ1 no npen»apKtenbHO oqx>pM1IeHHblM 

B cnosape HffKU!'lanHJHpYJOmeii 'laCTH KnJO'leBhtM cnoeaM, 

pacnOJHaeaeMblM no nepBblM 'leTblpeM CHMBonaM. Ilocne 

neKCH'lecKoro aHaJIHJa KOMaHA BBO,!l;HMble JHa'leH.H.11 JaHO· 

C.IITC.11 B cooreetCTBYIOIUHe MaCCHBbl (e TOM 'l:Hcne no ornenb­

HblM anpecaM .1111eeK) . IlopJIJJ.OK seona KnJO'leBbIX cnoe 

npoHJBMbHbffl, 

Anpo6auwl nporpaMMbl. KoHrponb KOppeKTHOCTH 

pea.nHJOBaHHblX B nporpaMMe anropKTMOB ocymeCTBnJlnC.11 

cpaeHeH.HeM c JKCnepHMeHTanbHblMH naHHb1MH no 6aJOBblM 

HHterpanbl:il,IM JKCnepHMeHTaM. IlposeneHbl pac'leTbl [ 15) 

(no JKCIIepHMeHtaM B <?>311; HCTO'IH.HK - 2 s 2 Ct) cneKtpOB 

yre'll<H Hel1rpoHoe nn.11 wapoe HJ lKeneJa H noJIHJTHneHa, 

pac11er nponyc1<aHHJ1 HeiirpoHOB nn.11 onpeneneHHJI ce11eH.H.11 

yeona non nopor neneHHJ1 2 38 U. JJ,rr.11 MOHOJHepreTH11ec­

Koro (14 MJB) 11cro1JHKKa onpenenJIJIHCb cne1<tpb1 yre'IKH 

HJ BOn,tRblX wapoB. no MatepHanaM JKcnepHMeHTa B 

KapncpyJ c T(d, n)a•HCTO'IHHKOM B nHTHeeoM wape IIpo­

seneHo MOAenHpoeaH.He [1~] HaIIpaeneHHb1x cneKrpoe 

yte'IKH H CKOpoCTH HaKonneHH.11 tpKTH.11 B cpyHKUHH OT 

panuyca. 

Te )l(e JKCnepHMeHTbl o6c'IHTb1BanHCb TaK)l(e !IO 

nporpaMMaM PQ3-6.3, ANISN, SORS, DTK. PeJynhtaTbI 

JtHX pac11eroB H pac11eroB no nporpaMMe MAMOHT ynoe­

neTBopKTenbHO cornacy10rc.11 Me)l(.o.y co6oii H c JKcnepHMeH­

tanbHblMH naHHblMH. 

ABropbl HCKpeHHe npH3Ratenbl:il,IM A.C. KpHBUOBY 3a 

IIOMOIUb B pa6ore c KOMnneKCOM nporpaMM NJOY, 

C.K. A11Kacosy, IO.B. Ko11eBanHHy, M.B. Jl1,eosy Ja no­

MOIUb B nposeneHHH pac11eroB. 
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Y.llK 621.039.5 

rPA'1>MtIECKl1E IIPE.UCT ABJIEHIDI PEAKTOPHhlX CBOPOK 
B PACqETAX METO.UOM MOHTE-KAPJIO 

C.B. OcTaweHKo 

Meron MoHTe-Kapno noJBOIIJICT npoBOAHTh pac'!eTbl peaKTOpoe, o6nanaIOll.lHX npaKTll'lecKH npOHJBOJlhHOII l'eOMeTpHell. 4T06bl onHcan, 
reoMeTpil'lecKHe ceollcTBa peaKTopa npH pa6oTe c KOMnneKC8.MH nporpaMM, Tpe6yioTcJ1 onpeneneHHble YCHJIHJI co CTOp0lll,J nom.3oearenJ1. O6ner­
'll!Tl, ero 311,1],ll'IY H npe,i:toTBp&THTh BOJMOlKHhlC OUIH6KH e onHcaHHH l'eOMCTpllH peaI<TOpa nOMOI'aIOT nporpaMMb! MauIHHHOII rpa¢HI<H. OnHcalll,J 
nporplMMb! rpa¢HI<H PLOT, COLOR H DRAW, npe,i:tHaJHa'leHHble AflJI KOMnneKca nporpaMM MCU. 

MACHINE GRAPHICS TO REPRESENT REACTOR ASSEMBLIES INMONTECARLO CALCULATlONS. S.V. OSTASHENKO. Monte Carlo 
Method enables analysis of reactor systems of practically arbitrary geometry. However, it needs certain effort from user to describe reactor geometry 
for reactor code input. Machine graphic codes are desighed to ease that user's task and to prevent possible errors in reactor geometry description. 
Graphic codes PLOT, COLOR and DRAW which are intended for MCU code system aie described. 

1. BBEAEHHE 

OAJ{o HJ npeHM)'IUecm MeTOlla MoHTe-Kaprro nepen 

APYl'HMH MeTOllaMH pac11eTa .11)],epHblX peaKTOpoB JaKJIJO· 

11aeTc.11. B TOM, 'ITO OH He npeJJ.norraraeT ynpoLUemm B reoMeT­

pHH peaxropoB. C noMOil.lbIO MeTOJJ.a MoHTe-Kaprro MO)KJIO 

pacc'IHTaTb peaxTOpbl C IlO'ITH npOHJBOJlbHOH reoMeTpHeH 

npH ycrroBHH, 'ITO B COCTaBe KOMIUieKca nporpaMM, pearrH­

JYIOLUero 3TOT MeTO)],, HMeeTC.11 COOTBeTCTBYIOI.U,HH reoMeT­

pH'leCKHH MOJJ.YIIb [I] - TaK npHHJITO HaJbIBaTb Ha6op 

IlO)],nporpaMM, o6ecne'IHBaIOLUHX BBO)],, XpaHeHHe H o6pa­

OOTKY HH$OpMauKH, COCTaBJI.11IOI11eH reoMeTpH'leCKYIO MO· 

)],en& peaKTopa. OcHOBHOH Ja/J,a11eii: reoMeTpH'!ecKoro MOJJ.Y· 

n.11 )].JlR HY)l(Jl pac'lera no MeTOllY MoHTe-Kaprro HBrr.11eTc.11 
orrpeJJ.eneHHe )],1IHH npo6era 11acrmu,I B p331IH'1HbIX cpenax 

IIpH ee np.llMOIIHHeHHOM )],BHlKeHHH H3 J31laHHOH TO'IKH 

B J31laHHOM HaIIpaBJieHHH. Heo6XO/lHMaR )],JI.II BbPOICJieHHH 

HH$opM3UH.II 6eperc.11 npH 3IOM HJ reoMerpH'leCKOH MO)].e­

IIH peaKT0pa, C KOIOpOH pa6oTaeT llaHHblH MOJJ.YJib. 

IIom,30BaTeJib-HCCJle)],OBarerrb, npHMeH.IIIOLUHH KOMIUieKC 

rrporpaMM pacqera no MeTOJJ.Y MoHre-Kaprro, 06.11JaH noA­

roroBHTb HCXOAHbie AaHHble, J3/laIOLUHe napaMeTpbl reoMer­

pH'leCKOH MO/J,eIIH peaKTOpa: <J>opMy' pa3Mepbl' pacnorro­

lKeHHe H COCTaB paJJIH'IHblX MarepHanbHbIX JOH peaxTOp­

HOH c6opKH. IlpH 3TOM eMY rrpHXO)],HTC.11 pewaTb J31la'ly 
rrepeBO)],a )],aHHbIX, npe)].Cia.BileHHbIX B IIOH.IITHOH H Har JI.II)],· 

Hoii rpa<J>H11eCKoii <J>opMe (HanpHMep, B BHJJ.e qepre>Ka), 

B MeHee IlOH.IIIHbIH <l>opMaJIHJOBaHHbIH TeKCIOBblH <J>op­

MBI, npo,llHKIOBaHHbIH IIpHMeH.lleMbIM reoMeipH'leCKHM MO· 

AyneM. YcneWHoe peweHHe noif 33/la'IH BO MHoroM JaBH· 

CHT or ypoBH.11 cepBHCa, npe)],OCTaBJI.lleM~ro Il0Jlb30BaTeJIIO 

KOMIUieKCOM nporpaMM. O)].HHM H3 acneKT0B Taxoro cepBH· 

ca HBJI.IIJOICR rpaq>H'leCKHe Bbl)].a'IH. 

feHepHpyeMbie MallIHHOH rpa<J>H'leCKHe o6pa3bl ITOJ· 

BOJI.IIJOI Il0Jlb30Bare11IO y6e/lHTbC.II B TOM, 'ITO 3aJI0lKeH­

H8.II HM' B pac11er reoMeYpH'!eCKa.11 MO)],eJib )],eHCTBHieJib· 

HO npaBHJibHO orpa>KaeT CTPYKTYPY. HCCJieJJ.yeMoii: peaxTOp­
H0H YCTaHOBKH. IIpe)],CTaBJieHH.11 reoMeTpH'leCKHX ofueK­

T0B cpeACTBaMH MauIHHHOH rpa$HKH IlOM0raIOT BbIHBHTb 
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OWH6KH, KOTOpble MOryY 6b!Tb )],OnyllleHbI ITOJlb30BaTeneM 

apH 0IIHCaHHH reoMeTpHH peaxTOpa. KOMIUieKCbl nporpaMM 

pacqen peaxTOpoB no MeTo.a;y MoHTe-Kapno, KaK npaBH· 

rro, CHa6lKeHbI nporpaMMaMH MallIHHHOH rpaq>HKH. 
3311aqa, pewaeMa.11 reoMeTpH'leCKpM Mo.a;yneM npH 

paC'leTe peaKTOpll, BO .MHOrOM CXO>Ka C J311a11eii: IT0CTpoe­

HH.11 HJ06pa>KeHH.11 o6'beKra MeTOJJ.OM npocrre:>KHBaHH..11 rryqa 

[2]. 3TO ynpomaeT pa3pa6oTKY ynoM.IIHyYbIX aporpaMM 

MallIHHHOH rpaq>HI<H, TaK KaK OHM CBO)],.IITCll K H31lCTpoH­

Ke Ha.a; OCHOBHblM KOAO,M reoMeTpH'leCKOro Mo.a;yn.11. 

HaH6onee nonyn.11pHbl nporpaMMbl )],11.11 H306pa>KeHH.11 IUI0C· 

KHX ce11eHHH (cpe30B) reoMeTpHH peaxTOpOB. K HHM OTHO· 
c.11Tc.11 nporpaMMbI: PICTURE, npHMeH.lleMaR c H3BeCTHbIM 

KOMIUieKCOM nporpaMM MORSE - CG [3] , H COLOURSCAN 

)],JI.II KOMIUieKca MONK [4]. B 3THX nporpaMMax JJ.11.11 no­

ny'leHH.11 H3o6pa>KeHH.11 cpeJa peaxTOpa ero reoMerpH.11 

"npocTpenHBaeTCH" rrapanneJibHblMH JIY'laMH, ne>KaLUHMH 
B IUIOCKOCTH Ce'!eHH.11. 

MeTOll rrpocrre>KHBaHH.11 nyqa fiOJBOJI.lleT CTpOHTb H 

nepcneKTHBHbie HJ06pa>KeHH.II TpeXMepHbIX ofueKTOB. 

O1I,Haxo no cp~HeH.HIO c HJ06pa>KeHHeM cpe3a reoMeTpKH 

B 3TOM crry11ae pe3KO BOJpacTaer 'IHCJio rrpocrre>KHBaeMbIX 

rryqeii H BpeM.11 <J>opMHpOB3.HHJI HJo6pa>KeHH.II npH6rrHlKaeTC.II 

K BpeMeHH pac11eTa peaKTOpa MeTO/lOM MOHTe-Kapno. 
IIepcneKTHBHbie H306pa>KeHH.II reHepHpyioTC.11 nporpaMMaMH 

JUNEBUG JJ.11.11 KOMIIJieKca MORSE - MARS [5] H SABRINA 

)],JI.II MCNP [6] , npHMeH.lleMbIMH Ha BbICOKonpoHJBOJJ.HTem,­
HbIX Bbl't{}{CJlHTerrbHbIX cHcTeMax THna CRAY. 

B )],aHHOH CTaTbe OIIHCaHbl TpH nporpaMMbl MallIHHHOH 

rpa<l>HKH, npe1I,HaJHa'leHHb1e JJ.11.11 KOMIUieKca nporpaMM 

MCU [7]. Bee oHH .11B11.1110rc.11 nporpaMMaMH nocTpoeHH.11 

IlJIOCKoro ce'!eHH.11 reoMeTpHH peaKTOpa H OTJIK'laIOTC.11 

TOJlbK0 THIT3MH BHellIHHX ycTpoHCTB, Ha KOTOpbie npoHCXO· 

AMT BbI,a;aqa rpa<J>H'!eCKOH HHq>OpMaUHH . .D,n.11 nporpaMMbl 

PLOT 3TO nocTpo'IHo rreqau10111ee ycTpoiicTBo, JJ,11.11 COLOR­

UBeTHOH rpa<l> H'!eCKHH JJ.HCIDleii, JJ.11.11 ORA W - rpa<J>o­

nocTpoHTenb. Bee TpH nporpaMMbl pa3pa6oTaHbl KaK '!aCTb 

reoMeTpH'leCKOH CHCTeMb1 GDL [8] JJ.11.11 naKeta nporpaMM 

MCU H paCC'IHTaHbl Ha COBMeCTH0e HCIIOJlbJOBaHHe C reoMeT-



pl{tleCl(HM MonyneM GDL. TeM He MeHee craH,D;apTH30BaH· 

HbIH HHrep<f>euc c reoMetpH'leCKHM MOJJ.yneM MCU no3· 

Bomi:er HCnOnb30B3Tb H APYI'He MQ,!zyJIH naKeta (7]. 

2. nPOrPAMMQ PLOT H COLOR 

KaK y)l(e OTMe'l3JIOCb, MR nocrpoeHHJI H306pa)l(eHHJI 

HeKoroporo cpe3a reoMerpHM peaKropa aeo6xo,IOIMO reHe­

pHpOBan Ha6op nyqeu (rpaeKTopHii 11acnru.), ne)l(amHX 

B nnOCKOCTH ceqeHHJI. IlocrpoeHHe O,!lHOH rpaeKTOpHH 

BblilOnH.JleTC.11 33 OJ:U{O o6pameHHe K noAUporpaMMe 

TRACGM reo~erpH'!ecKoro Monyn.J1, BXOAHbIMH napaMet• 

paMH KOTOpou .JIBmlI0TC.JI HaqanbHOe nono)l(eHHe 1!3CTHUbl 

H HanpaBneHHe ee nonera. IlonyqaeM3JI B pe3yn&rare .xaKoro 

06pameHH.J1 rpaeKropWI npeJJ,craBn.J1er co6ou nocneJJ,OBa• 

ren&Hocr& ro11eK nepeceqeHH.JI qacnmeu rpaHHU MarepHan&­

HbIX 30H peaKtOpa C YK333HHeM HOMepoB MarepHanbHOro 

cocraBa. EcnH qacnma _npH CBoeM J].BIDKeHHH nepeceKaer 

NX MarepH31IbHblX 30H, TO BblXO,!lHOH HH<f>opM3lJ;HeH 6y,[leT 

Ha6op nap '!Hcen D., M-; i = 1, NX, rJJ,e D. - pacc10.J1HF1e 
I I I 

OT Hal!anbHOH TOl!ICH JJ.O T0l!KH BblJieta H3 i-u nepeceKaeMOH 

30Hbl, Mi - HOMep MarepH31IbHOro COCTaBa i-H nepeceKae• 

MOH 30Hbl (pHC. 1) . 

' \ 
M, M, \ M, 

llE---+----4------1~---­
D, D, 

PIie. 1. TpaeKTOJ)IUl 'laCTl!Uld (• -.Ha'l&JJJ,ll3.JI T0111<a, Di - paCCTOJIJUle 

OT Ha'la1lbHOA TO'IKH AO TO'IKH nepece'leHJUI rpaHHUhl ABYX CpeA, 

Mi - HOMep CpeALI) 

B pac11ere MetoJJ.OM MoHte•Kapno nocrpoeHHe rpaeKro­

pHH JJ,aer B03MO)l(HOCTb onpeJJ.eneHHH roqKH 011epeJJ.Horo 

coyJJ.apeHHH 'laCTHUbl Ha OCHOBe HH<f>OpM3lJ;HH O IlOnHOM 

ce11eHHH cpeJJ. Mi' B nporpaMMax rpa<f>HKH PLOT H COLOR, 

BbIJJ.aBaeMb1e reoMetpH'lecKHM MonyneM rpaeKropKH, 

HCnOJib3YlOTCH M.JI noctpoeHHH H306p3)1(eHH.JI no pacrpOBOMY 

npmunmy. 

Ilone BbmoJJ,a rpa<f>H'!eCKOH HH<f>opM3IJ;HH Mll 3THX 

nporpaMM npeJJ.CTaBn.11er co6oif np.11Moyron&HyIO pewet• 

KY, cocroHWyio H3 NY crpoK no NU KJieroK (nHKceneu) 

B K3)1(Jl.OH crpoKe. IInocKocr& ce'leHHH peaKropa 33Aaerc.11 

HeKoropou TO'IKOH npocrpaHCTB3, KOtopaH COOTBercmyer 

BepXHeMY neBOMY yrny pacrpa, H JJ.BYMR HanpaBJieHH.IIMH 

oceu (ocb U - BnpaBo, ocb Y - BHHJ) c p33MepaMH no 

BepTHKanH H ropH30HtanH. IlocrpoeHHe NY rpaeKropHii, 

napannenbHbIX OCH u H paBHOMepHO CMemaeMblX no OCH y' 
noJBOJl.Jlet onpeJJ,emtTb HOMep MarepHanbHOro COCT3B3 

B K3)1(,[}.0H KneTKe pacrpa H H33H3'1HTb COOTBeTCTBeHHO 

eMY arpH6yTbl H306p3)1(eHHH (UBet, .llpKOCTb). qeM 6on&we 

NY. reM Bblllle Ka'leCTBO H306p3)1(eHHll. 

IlporpaMMa PLOT p33pa6otaHa Ha oCHoBe nporpaMMbl 

PICTURE HJ nporpaMMHoro KOMIUieKca MOR1?E - CG (3] . 

I,fao6pa)l(eHHe BbIBO,!lHTCR Ha o6bI'IHoe nocrpol!Ho ne11ar810-

IIIee ycrpoucrBo. K3)1(A3JI H3 nony11aeM&1x B npouecce pa6o­

tbI nporpaMMbI rpaeKropH.ii no3BOn.ller creHepHpoBan 

OAHY crpoKy nel!3TH, COCTO.JIIIIYfO HJ NU KOnOHOK. B KOnOH· 

K3X crpoKH neqar310TC.ll CHMBOnbI, H33Hal!eHHble nonb30Ba­

reneM Mll coomercTByJOIIIHX HOMepoB MarepHan&Horo 

COCTaBa. HanpHMep, COCTaB HOMep l H306pa)l(aerCJI CHM­

BOnOM 1, cocraB HOMep 2 - CHMBOnOM 2 H r ,JJ.. (pHc 2) . 
HecMotp.ll Ha ro, qro c noMOIIIbJO nporpaMMbI FLOT 

MOryt 6&Itb nonyqemI ronbKO 011eHb rpy6b1e H306p3)1(e­

lilfJI (npH NY> 78 rep.lleTCll HarnllJ].HOCTb H3•Ja 6onbIIIHX 

p33MepoB KapTKHKH), OHa .JIBn.JletcH BeC&Ma none3HOH, 

raK KaK MH ee HCilOnb30BaHHH He rpe6yJOTC.JI cneUHanb­

Hble rpa<f>l{tlecKHe ycrpoucma. 
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l'Bc. 2. IlpHMep sw;aat111 oporpaMMhl PLOT 

Eonee KaqecmeHHbie H HarnllJ].HbIe H306p3)1(eHHH MO)l(HO 

nonyqm& c noMOIIIbJO nporpaMMbI COLOR. OHa BbmOJJ.HT 

H306p3)1(eHHe Ha 3KpaH IJ.BeTHoro rpa<f>Hl!ecKoro ,!lHCIU1e11. 

TeKyw3JI BepcH.11 nporpaMMbI pa6oraer Ha nepcoHan&HOM 

KOMllbJOrepe mna IBM PC, ocH3.I.UeHHoM ycoBepwe.HctBO· 

B3HHhIM rpa<f>H'!eCKHM 3JJ.anrepoM EGA. EGA no3BOnHet 

HCnonb30Batb 16 p331IHl!HblX usetoB npH p33peW3lOIIIeH 

cnoco6HOCTH 350x640 to'leK pacrpa. 3ro JJ,aer B03MO)I(· 

HOCTb reHepHp0B3Tb H3o6p3)1(eHHH C npocne)l(HBaHKeM JJ.O 

350 nyqeu (NY = 350). Xopowee Ka'lecrno H306p3)1(eHHH 

nony11aerca y)l(e npH NY = 180. P33nHl!Hbie MarepHanb· 

Hble 30Hbl npeJJ.CTaBneHhI Ha Cpe3e p331IHl!Hb1MH useraMH. 

Ilonb30Barenb HMeet B03MO)l(HOCTb H33H3'13Tb CBOJO ra6nH· 

UY COOTBetCTBH.JI UBeTOB HOMepaM MarepHanbHblX 30H. 

fpa<f>HKa o6ecne'leHa B nporpaMMe COLOR o6parue• 

HHHMH K noAUporpaMMaMnaJCera rPA<I>OP [9] (BepcHH 

Mll IBM PC) . Co6crBeHHo H3o6p3)1(eHHe BbIBO,!lHTCR o6pa• 

meHK.IIMH K noJJ.UporpaMMe PNTREG - 33KpacHT~ npRMO· 

yrOJibHyJO o6nacr&. TaKa.11 onep3UHH xapaKrepHa Mll pact• 

poBoro JJ,Hcnne.J1. TaK)l(e Hcnom,3yiorc.J1 noJ].IlporpaMMI>I 

Macwra6HpoBaHHH REGION, LIMITS, TMF H noJJ,nporpaM· 

Ma BbIJJ,al!H reKcra SYMBOL. 
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C noMOUlbIO na.Keta Show Partner qiHpMbI Microsoft 

H306palKeHHe MO)l(J{O coxpaHHTb B B}Ule Meraqiaiina Ha 

/l,HCKe. 3TOT MeTaqiaiin MOlKeT 6b!Tb HCfi01Tb30BaH JJ]ISI BOC· 

CTaHOB1TeHH11 H306palKeHHSI Ha 3KpaHe HnH ,DJUI pacne'laT­

KH ero Ha rrpl1l!Tepe. IlpH pacne'laTKe AenaeTc11 noIIblTKa 

HMHTHpoBaTb UBeTa H3MeHeHHeM IlJIOTHOCTH ne'laTH. OJJ,Ha.KO 

qacn.HH(pOpMauHH npH 3TOM Tep11eTC11 (pHC. 3) . 

PIie. 3. Ile'IIITillUI KODHll BLIIJ,a'IH nporpaMMhl COLOR 

IIporpa.MMhl PLOT H COLOR pupa6aTbIBanHcb Ka.K 

qacTb reoMerpH'leCKOH 0OACHCTe¥f>I GDL (8). feoMeTpH­

qecKu MOAenb pea.KTOpa B GDL 3aJJ,aeTc11 B B}Ule Hepap­

xH'leCKOH CTPYKTYPbI noHMeHOBaHH'.bIX reoMeTpH'leCKHX 

o6JieKTOB, BX0,[VIJ.UHX Mell(,[zy co6oii B 0TH0WeHHSI THna 

"'laCTb - uenoe". C IIPMOUlbIO nporpaMM PLOT H COLOR 

B03M0)l(J{0 JQ06palKeHHe rr106bIX reoMeTpH'leCKHX o6'beK­

TOB, BX0,[VILUHX B GDL-oID:!caHHe. ,nn11 noro Bo BK0AHbIX 

AaHHbU JTHX nporpaMM 3aJJ,aeTC11 HMSI o6JieKTa, K0T0poe 

Hcnon&3yeTC.ll npH pa6oTe c reoMerpJilleCKHM MOAyneM 

GDL. IlpH pa6oTe c OTITH'IHbIMH OT GDL M0JJ,y1T11MH HMR 

o6JieKta HrHOpHpyerc.11. 

KpoMe HoMepa MaTepHanbHoro cocTaaa B03M0ll<HO 

H306palKetme reoMeTpHH H no APYl'HM ee aTpH6yraM: H0Me­

paM perHCTpa.JO{OHHblX 30H, HOMepaM 30H no Ba)l(J{OCTH, 

H0MepaM peraCTpa.JO{OHHblX. o6'beKTOB. Eme O)J,l{HM AOil01T· 

HHTe1TbHbIM pe)l(HMO!'.i pa6oT&I nporpaMMb1. PLOT .11Bn11er­

c11 C03AaHHe- qiaiina, coAeplKamero Ha6op rpaeKTOpHH. 

3TOT qiaiin HCil01Tb3yeTC11 B Ka'lecTBe BXO)J,HOro B rrporpaM· 

Me DRAW. Oaa OilHCaHa HIDKe. 

3. IlPOfPAMMA .DRAW 

IlporpaMMa DRAW BbIBO/l,HT H306palKeHHe cpe3a reo­

MeTpHH pea.KTopa Ha rpaqionocTpoHTen&. B npoTHBononolK• 

HOCTb pacTpoBbIM ycTpoiiCTBaM Ha rpaqionocrpouTeJIRX 

H306palKeHHe qiopMupyerc11 H3 0Tpe3KOB JIHHHH. B HaWeM 

cnyqae H3o6palKeHHe MOlKeT 6&ITb nocTpoeilo nyreM BbI'lep­

'IHBaHH.11 JIHHHH, COOTBeTCTBYIOU.UOC KpHBbIM, no KOTOpbIM 

3aJJ,aHHaR nom,3oBaTeneM rrnocKocn ce'leHH.11 nepeceKaeT 

IlOBepXHOCTH pa3Aena pa31TH'IJ!bIX cpeA. ,nn11 onpeAeneHH.11 

taKHX KpHBbU Tpe6yeTc11 aHarrH3 Bcex q>aKTOB nepece-
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'leHHSI rpaHHn cpeA, COAeplKaril,HXCSI BO BCeM Ha6ope H3 

NY TpaeKTopHii. C JTOH uerrbIO q>aiin c Ha6opoM TpaeKTo­

pHii, noArOTOBneHHbIM paHee nporpaMMoii PLOT, C'IHTbI· 

BaeTCSI ueJIHKOM B onepaTHBHylO IlaM.IITb H Ha ero OCHOBe 

CTp0HTC11 pa3MemaeMu TaK,Ke B onepaTHBHOH fiaMSITH 

pacTpoBu MaTpima pa3MepHOCTbIO NYxNU. 3Ta pacrpoBu 

Marpima .IIBJISleTC.11 BHyrpeHHHM npeACTaBJie
0

HHeM H306pa­

lKeHH11, KOTOpoe MOrno 6bl 6b!Tb nocTpoeHo no AaHHOMy 

aa6opy TpaeKTOpHH nporpaMMaMH PLOT HJIH COLOR. 

IlpH BblBOAe Ha rpaq>onOCTp0HTenb npeACTaBmtIOT HHTepec 

T01TbKO 31TeMeHTbl rpaHH!lbl pa3Aena cpeA. IlpeACTaBJieHHe 

JJ]ISI rpamm,i,1 norry'laeTc11 npH nepexoAe OT pacrpoBOH 

MaTpm.u,1 K TaK Ha3bJBaeMOH rpaHH'IHOH MaTpHUe, HMeIO­

UleH TaKYJO >Ke pa3MepHOCTb, Ka.K HCXO)J,Ha11 pacTpOBa.11 

MaTpHU.a. 

KalKAbIH 31TeMeHT rpaHH'IHOH MaTpmu,1 norryqaeT ueno­

'lHcneHHoe 3Ha'leHHe OT O AO 3. ECITH 0003Hll'IHTb 11epe3 

Rij JneMeHTbl pacTpOBOH MaTpHUbI H 'lepe3 Bij 31TeMeHTbl 

rpaHH'IHOH MatpHIJ,bJ {i - H0Mep cTpoKH, j - HOMep CTonl>­

ua), To :meMeHTbI rpaHH'IHOH MatpHIU>I norryqa10T 3Ha11e­

HH..11 B COOTBeTCTBHH C npHBO)];HMOH 3A6Cb Ta6nHUeH. qHC· 

C.00TBeTCTBHe 3Ha'lellldt 3neMeHTOB 

rpaHll'IHOH MaTp11111,1 3Hl'IIIUUIM 

3/leMeHTOB paCTpoBOH MaTplfW,I 

Bij I Rij=Rij-1 Rij = Ri-1j 

0 .Ila .Ila 
1 Her .Ila 
2 Jla Her 
3 Jier Her 

naMH OT O AO 3 KO/l,HpYJOTC.11 31TeMeRTbl H306palKeHHSI rpa­

HHJ.U>I, npeACTaBJieHHble Ha pHC. 4. 

□□□□ 0 2 3 

PIie. 4. ·KoJlHpoBatU!e H306pB>KeHHJI rpaHHULI cpeA (Bij O + 3) 

IlpHMep rpaHH'IHOH MaTpm.u,1 H coofaercTBYJOUlee 

eMY H306palKeHlle rpaHHIU>I MaTepHarrbHbIX cpeA npHBeAe­

m,1 Ha pHC. 5. 
IlepeA BbIBOAOM H306palKeHH.11 Ha rpacponocTpoHTen& 

nporpaMMa DRAW npoH3BOAHT noHCK Henpep&IBHhlX JIHHHH 
(noMaH1>1x) B rpaHH'IHOH MaTpmi.e. IlpoueA:ypa TRACEL 

(oTcne>KHBaHHe rpaHHIJ,bI o6JieKra), npHMeH.lleMa.11 B npo­

rpaMMe' DRAW, Bo MHoroM cxolKa c npoueAypoii 

EDGETRACE [10), Hcnon1>JyeMoii B CHCTeMe TeXHH'lecKoro 

;ipeHHJt po6ora. CHa11ana B rpaHH'IHOH MaTpHUe OTbICKHBaeT· 

CSI HeHyneBOH JJieMeHT. 3aTeM npoCMaTpHBaIOTC.11 CMelKHble 

C HMM. ECJIH JJieMeHT H306palKeHHJt rpaHH!lbI, 33.KO/l,Hp0BaH• 

Hl>IH TeKYI.UHM 31TeMeHTOM MaTpHUbl, MOlKeT 6bITb Ilp0A01T· 

lKeH B O)J,HOM H3 CMeJKHblX JJieMeHTOB, TO COOTBeTCTBY10· 

lilHH CMe)l(J{bJH JneMeHT CTaH0BHTCSI TeKYI.UHM. Ilpouecc 



1 
1 0 0 0 0 0 0 0 0 0 1 
1 0 1 0 1 
1 0 1 0 1 
1 0 1 0 1 
1 0 1 0 2 1 0 1 0 1 
1 0 2 2 2 2 2 0 0 1 
1 0 0 0 0 0 0 0 0 0 1 

2 2 2 2 2 2 2 0 

PHc. 5. KoJ];)lpoBaHHe H3015paJMeHHll rpllHH'IIIOA MaTpH11ell H COOTBeT­

CTBYIOll.lee eA H3ol5pa:>KeHHe 

DOBTOplleTCJI. Orcne>KHBaeMbie JneMeHTbl rpaHH'IHOH M3T­
PHIJ.bl o6p33yi<>T uenoqKy, KOTOpllll J1BnJ1eTCJ1 npencTasne­
HHeM HeKOTOpoH HenpepblBHOH KpHBOH (pHC. 6,a). Ko]:lbl 
OTC1Je)l(HB3eMbIX :meMeHTOB HJ06p3)1(eHHJl ynanJIJOTCJI HJ 

rpaHH'IHOH M3TpHIJ.bl (cTHp310TCll) . 3TO npenOXpaHJleT 
anropHTM OT ITOBTOpHoro npoCMOTpa HJIH 33,UHKIDfBaHHJl 
B cnyqae 33MKHyYblX KOHcypoB. 
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PHc. 6. noHCK H H3015pall<eHHe nHHH.lt : a - Henpepb!BHall nOMllHUI, 

ee ue1IHU13anHci.: (4,3) - (5,4) - (6,5) - (7,6) - (8,7). ; 15 - eeH3015pa­

ll<eHHe B nporpaMMe DRAW 

IlpH pHCOBaHHH .IIHHHJI npoBO]:lHTCJI qepe3 ueHTpbl 
BepTHK3nbHl>IX cerMeHTOB noMaHOH - JTO ll03BOnlleT cne­
naT& HJ06p3)1(eHHe 6onee IDiaBHl>IM (pHc. 6,6). fpaq>HKa 
o6ecneqeHa natceTOM fPAWP (9]. 1ImmH BbtnaJOTCll Ha 
rpaq>o11octpoHTen1> o6pameHHeM K nonnporpaMMaM LINEO 
H LINEC. Bb1naqa MO)l(eT ocymecTBJIJ1T&CJ1 Ha mo6oe ycTpoif­
crno, nonnep)ICHBaeMoe naJCeToM fPA<I>OP. IlpHMep BbIJ:l3· 
'lH nporpaMMbl DRAW npHBeneH Ha pHc. 7. IlpH HJo6p3)1(e­
HHH rp3BHUbl cpen HHq>OpM3IO(JI O HOMepax cpen TeplleTCll, 
0/l,HaKO 3TH HOMepa MOryY 6h1Th BIDfC3Hhl B YK333HHl>IX 
non&JOBaTeneM Mecnx H3o6p3)1(eHHll. 

4. 3AKJIIO'IEHHE 

IlporpaMMbl rpaq>HKH, HCDOJJhJyeMble ]:lnll 3HanH33 
reoMetpH'leCKHX Moneneif peaKTOpoB, o6rre!"'laJOT pa6ocy 
non&JOBaTen,r npH 3a,o;3HHH H OTnanKe HCXO]:lHhlX ]:laHHl>IX 
]:lnll KOMIUJeKCOB nporp3.MM MeTOna MoHTe-Kaprro. OnH3KO 
nporpaMMbl, nono6Hble 0IDICaHHhJM a CTaTbe, He orp3HH­
qff83JOT ypoBeHb B03MOlf0-IOro ITOJJb30B3TeflbCKOro cepBHCa. 

PHc. 7. IlpHMep Bbll],a'OI nporp&MMbl DRAW 

Oco6yio DOM0illh MOryT OK33aTb DOnh30B3TeIDO CHCTeMbl 
HHTepaKTHBHOro reoMeTpH'leCKoro MO]:lenHpoBaHHJI. Pa6o­
T3JI C T3KOH CHCTeMOH, non&JOBaTen& CTpoHT reoMeTpH­
qecKyio MO]:lenb peaKTopa DyYeM BBOna KOMaH]:l H 'IHCen 
C Kn3BH3TYP,hl, IIpH JTOM p,rn KOM3H,[I, Bbl3blB3eT reHepauHJO 
HJ06pa)l(eHHJ1 Ha JKpaHe nHCIDleJI. TaK cnenaHo, HanpHMep, 
B nporpaMMe SABRINA (6]. 

ABTop 6rraronapHT B.B. MaMH'!eBa Ja noMOtU& npH p33· 
pa6oTKe nporpaMMbl ORA W. 
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10. l<HT'IHH II.B., llbIO A. 06pa6on<:a 6HHapHbIX H3o6pa­

)KeHHH. - B KH.: Te,ornqecKoe 3peHHe po6oT0B/l10,1; 

pe.u.. A. ll&IO. - M.: MaunmocTpoeHHe, 1987, c. 30 - 47. 

Y.[(K 621.039.51 

CnTLX nocryruma B peA11KUHIO 
16 Mapn 1989 r. 

BoapocbJ aTOMHOII irayKH H TeXHHKH. 
Cep. C!>H3HK8 JIAeplll,IX peaJ<TopoB, 1989, BLIIL 2, c. 26 - 30. 

AHHOTAIUffi IlAKETA IlPMKJIA,1lHbIX IlPOrPAMM rPYKOH-6 

Il&KeT nplll<llawu,oc. nporp8MM rP~OH-6 npeA}ia3Ha'leH AJlll rettep~HH CHCTeM HellTpoHHbIX rpyanoBLIX KOHCTaHT. 

APPLIED PROGRAM PACKAGE rPYKOH-6 ABSTRACT. V.V. SINJTSA, A.A. RlNEJSKY. The applied program package fPYKOH-6 is meand 
for group cross-sections generation from evaluated nuclear data files. 

1. HA3BAHl1E IIPOfP AMMbl 

llaKeT npHKJI!l,lPfbJX nporpaMM rPYKOH-6 ·,IIJUI nepe­

pa6oTKH l);aHHI,I.X no HeHTpOHHbIM Cel!eHHJIM B rpynno­

Bble KOHCTaHTbl. 

2.3BM 

EC-1060, EC-1061. 

3. IIOCTAHOBKA 3~AqJ1 
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BbIIIOJIHeHHe Bbl'IHCJIHTem,HbIX H pacl!eTHO-HCCJie,J;OBa­

TenbCKHX pa6oT npH pa3pa6oTKe CHCTeM MHOrorpyn­

nOBbIX KOHCTaHT B3aHMO,J;eHCTBH1f· HeihpoHOB C Be­

meCTBOM: 

- pacl!eT rpynnoBbl.X KOHCTaHT B npoH3B0JI1>HOM rpyn­

nOBOM pa36HeHHH B HOMeHKnaType CHCTeMbl KOH­

CTaHT EHA.E-78 [l] (cpe)J.Herpynn0B1>1e JHal!eHHJI 

cel!eHHH, q>aKTOpbl pe30HaHCHOH CaM03KpaHHpOBKH, 

p;onnepoBCKHe npHpameHHH q>aKTOpOB, no.u.rpynno­

Bbie napaMeTpbl' MaTpHUbl Me)KrpynnoBblX nepexo­

,J;OB, q>aKTOpbI BeCTKOTTa, KepMa-<paKTOpbI) Ha OCHO­

Be )J.aHHbIX O B33.HMO,J;eHCTBHH HeHTpDHOB C BemecT­

BOM B qiopMaTe ENDF/ B [2]; 

- BOCCTaHOBneHHe ceqeHHH H3 pe30HaHCHbl.X napaMeT­

poB, Bbl'IHCJieHHe q>yHKI.OfH nponycKa.HHJI H caMO· 

HH)J.HKau,HH, H3MepeHHbIX B YCJIOBHJIX "xopomeii" 

reoMeTpHH, a TaK)Ke HX K03q>q>HUHeHTOB qyBCTBH­

TenbHOCTH K cpe,J;HHM pe30HaHCHbIM napaMeTpaM 

B o6naCTH Hepa3pemeHHbIX pe30HaHCOB )J.nH aHanH-

3a H 01.1eHKH ,J;aHHblX MHKpDCKOIIHl(eCKHX JKCilepH­

MeHTOB; 

- nonyqeHHe 6noKHpoBaHHbIX CelleHHH )J.nH cpe.Qbl 

3a)J.aHHoro COCTaBa H pacl!eT Ha HX OCHOBe noTOKa 

H 1.1eHHOCTH HeHTpDHOB B HyJlbMepHOH MO,J;emI peaK­

TOpa C nocneJzyJOmeii CBepTKOH B rpynn0Bhle KOH­

CTaHTbl npH Ja)J.aHHOM rpynnoBOM pa36HeHHH (no)J.CH­

CTeMa f PYKOH- CIIEKTP) ; 

- pep;aKTHpoBaHHe H KOMnHTIHUIUI q>aHTIOB 01.1eHeHHblX 

HeHTpDHHbl.X )J.aHHbIX, npep;CTaBneHHhIX B q>OpMaTe 

ENDF/B. 

4. MET0,!1; PEIIIEHIDI 

Ilpo1.1ecc Bhl'IHCJieHHH COCTOHT B nocrrep;oBaTeTibHOM 

Bhl30Be q>yHKUMqHanbHbl.X Mop;yneu IlaKeTa, Kll)l(JJplH 

H3 KOTOpbIX pemaeT OTHOCHTen&HO Y3KYJO 3a)J.aqy 

(BoccTaHoBneHHe p;eTan&Horo xona ceqeHHii HJ peJo­

HaHCHhIX napaMeTpOB' CJIO)KeHHe ,cel!eHHH C BeCOM 

KOH:J.leHTp3.IJ;lil1, HHTerpHpOBaHHe qlyHKl.l,HH OT cel!e­

HHH B 3a)J.aHHhl.X rpynnOBhlX HHTepBanax H .u.p.). Ha6op 

Hcnon&JyeMbIX B pac'leTe MOJJ.yneu, nocrre,1;0BaTen1,­

HOCTb HX Bhl30Ba H CBH3b .u.pyr C p;pyroM no BXO,U"HblM 

H BblXO)J.HbIM )J.aHHhIM 3aBHCHT OT BH)J.a pemaeMOH 

3a)J.al(H H onpe.u.e1U1eTCH B paCQeTHOM 3a)J.aHHH. 8 q>yHK­

l.lffOHanbHbIX MOAYTIHX IlpHMeffilIOTCH anropHTMbl Bbl­

'IHCJieHHH q>yHKI.IHH qJOpMbl pe30HaHCa (3] ' HHTerpanb­

Horo npeo6pa3oBaHHH .u.eTan&Horo xop;a cel!eHHJI c 

3a)J.aHHblM HJJ.poM [4] ' na.u.e-annpOKCHM~H napaMeT­

pHlleCKHX JaBHCHMOCTeii qlyttKI.OfOHanOB cel!eHHH [5]. 

OpHrHHanbHblMH pa3pa6oTKaMH HBTIHIOTCH MeTOp; Bhl­

'IHCJieHHH q>YHKUMOHanOB CelleHHH B o6nacTH Hepa3-

pellleHHbIX pe30HaHCOB C HCnOTib30BaHHeM cne1.1HanH-

3Hp0BaHHhIX KBa,l;paTypHblX q>OpMyn [6]' MeTO)J. 

norryqeHHJI no.u.rpynnOBhIX napaMeTpoB HJ MOMeHTOB 

[7]' npHMeHeHHe MeTOp;a KOHel!HbIX paJpblBH.bIX Jne­

MeHTOB )J.UH pacqeu cneKTpOB no-,:oKa H 1.1eHHOCTH 

HeHTpOHOB (8]. 

5. OfPAHWIEHIDI CJIO)l(HOCTH 3A)];Aql1 

.HBHhlX orpaHHlleHHH Ha OOheM )J.aHHbIX no ceqeHHJIM 

H KOTIHlleCTBO waroB npeo6pa30BaHHH HeT. HeJIBHO 

CJIO)KHOCTb pewaeMOH 3a)J.a'IH orpaHHQeHa HMeIOmeH­

CR B pacrropH)KeHHH naMHTbIO npHMoro .u.ocryna .u.ns 
pa3MemeHHH pa6ol!HX q>aunoB. CTporocTh qJH3Hl!ec­

KHX MO,J;eneii COOTBeTcmyeT cornaweHHHM, npHHH­

ThlM B 6HWIHOTeKax oueHeHHhIX JJ.aHHbl.X B q>opMaTe 

ENDF/B. Cy111eCTBYJOIUaH BepcHH naKeTa npep;ycMaT­

pHBaeT nepepa6oTKY B rpynnOBhie KOHCTaHTbl CJieAYJO­

IUHX ,l;aHHhIX: 

q>aHTI 1, ceKI.IHH 452, 455, 456 - nonHoe 'IHCJIO HeuT­

poHoB p;eneHHR, l(HCJIO JanaJ)J.bIBaIOillHX H MrHOBeHHhIX 

HeHTpOHOB .u.eneHHH; 



cpaim 2 - napaMeTpb.t pll3peweHHblx H Hepa.3peweH• 
HblX pe30HaHCOB; 

cpaiin 3 - Ta6n:HIJ.bl Ce'leHHH H pe30HaHCHblX "noA­
no)KeK"; 

cpaiin 4 - yrnOBbie pacnpeAeneHIU[ BTOpH'lHblX HeHT­
poHoB; 

cpaiin 5 - JHepreTH11ecKHe pacnpeAeneHHJl BTOpH'I· 
HbIX HeHTpoHOB. 

Bee npo'IHe, pll3pewemn.1e cpopMaTOM ENDF/B, 
HrHOpHpYJOTCJl. YmOBble pacnpeAeneHHJ[ BTOpH'IHl>lX 
HeirrpoHoB AIUl peaKUHii ynpyroro H Heynpyrnro 
(c BOJ6ylKJJ,eHHeM ,[UfCKpeTHblX ypoBHeii) paccellHHJ[, 
npHBO,[U{Mble B cpaWJe 4, AOJllKHbl 6bITb 3aJJ,aHbl B CHCTe­
Me ueHTpa Mace. Ilnll peaKUHii, JHepreTH'leCKHe pacnpe­
AeneHHll KOTOpblX npHBO.[ll[TCJ[ 'B cpaiine s' yrnOBble 
pacnpeJJ,enemrn npHHHMaJOTCll H30Tponm,rMH s na6o­
paTopHou CHCTeMe; COOTBeTCTBYIOlllHe .a;aHHbie HJ 
cpaima 4 HrHOpHpYJ()TCJJ. 

6. THllWlHOE BPEM.R cqETA 

BpeMJl C'leTa JaBHCHT OT THIJa npeACTaBJleHIDJ HCXO.[lHblX 
JJ,aHHbIX no ce11eHHJ1M, KOnH11ecTBa waroB npeo6pll30· 
BaHHJl, 'lHCJla napaMeTpoB H CTeneHH neTaJlbHOCTH OJ'lHCa­
HHJ[ JaBHCHMOCTH OT napaMeTpoB (TeMneparypbl, Ce'le­
HHJ[ pll36aBJ1eHHJl, TOnIIUUil>I MlUlleHH H np.) Bbl.XOA· 
Hbl.X cpyHKUHOHaJIOB. IlOnHblH pac'leT rpymIOBblX KOH· 
CTaHT B HOMeHKnarype 6HAE Ha 3BM EC-1061 MO)Ket 
3aHHMaTb OT HeCKOnbKHX MHHYT /:l]lll nerKHX J[Aep 
no HeCKOJlbKHX '12COB /:l]IJ[ llJJ.ep CO CllO)KHOH peJOHaHC· 
HOH CTpyKrypou (/:IJIH 23 a U - 3 q) . 

7. OCOBEHHOCTH ITPOfPAMMbl 

Oco6eHHocn rraKera fPYKOH-6, OTnH'laJOWaH ero 
OT ApyrHX rrporpaMM nepepa6oTKH 6H6nHOTeK oue­
HeHHb[X JJ,aHHblX B rpyrrnOBble KOHCTaHTbl, COCTOHT 
B 6on&weu rn6KOCTH opraHHJauHH Bbl'lHClleHHH, 6na­
roJJ,apH KOTOpoH yJJ,aeTCJl CHHTb PH/:1 orpatm'leHHH <pop­
MaTa ENDF/B, 06ycn0Bnemn,1x B03MO)KHOCTllMH .a;py­
rnx nepepa6aTbIBaJOWHX nporpaMM (HanpHMep, 
.a;onyCTHTb HaJIO)KCHHe o6nacreii pa.3peweHHbJX H Hepll.3-
peweHHbJX peJOHaHCOB), a TaK)Ke HCilOJlb30B2Tb ero 
/:l]IH peweHHH CMe)l(HbJX Ja)la'I: oueHKH ce11eHHH, KOMIIH· 
llllUHH cpaHJIOB H T.JJ,. 

8. BCilOMOfATEJihHblE H COilYTCTBYIOLUHE 
IIPOf P AMMbl 

IlaKeT pa6oTaeT aBTOHOMHO. 

9. COCTOH.HHE ITPOfPAMMbl 

IlaKeT rrporpaMM f PYKOH-6 Haxo,[U{TCH B npoHJBOJl· 
CTBeHHOH JKcnnyanw,HH B <I>3l1 H MA.3 HM. H.B. Kyp11a­
TOBa H BKnJO'leH B O<I>AIT-H.P. 
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1981. 
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102), 1983. 
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11. TPEBOBAHIDI K 3BM 

OnepaTHBHall ITaMllTb 400 K6oo. 

12 . .H3bII<l1 ITPOfP AMMl1POBAHIDI 

<I>OPTPAH-IV, ACCEMBJIEP EC 3BM. 

13. OIIEPAUl-fOHHAfl Cl1CTEMA 

oc. 

14 . .UOIIO.JIIDITEJibHAJI HH<I>OPMAI.U·UI 

IlaKeT nporpaMM r PYKOH-6 coJnaH Ha ocHoBe 6onee 
paHHHX BepcHii, pa3pa6oTaHHbIX AJl.ll 3BM B3CM-6. 
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EC 3BM, coxpaHeHbl B TeKCTe B Ka1Jecme K0MMeHrapHll. 

15. ABTOPbl ITPOrP AMMbI 

B.B. CHHHIIa, A.A. PHHeHCKHH. 
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16. 11MEIOllll1ECH MATEPHAJibl 

TeKCT nporpaMM, HHCTPYJ<UHJI 1::r,1uI nom,30BaTemI, 

OITHCaHHe MeTOAOB BbJllH<;JieHHJI (5 - 8), KOHTponb­

Hbie 33Aa'IH. 

17. PY6Pl1KM l1 KJilO'IEBblE CITO BA 

A,B. 

YJlK 621.039.51 :539.125.523.5 

6H6nHOTeKa oueHeHHbIX AaHHbIX, HeHTpoHHble Ce'le­

HHJI, rpymIOBble KOHCtaHTbl, q>YHKUHH nponyCKaHHJI, 

cneKTp HeHTpOHOB. 

CtaTLll noCTymrna B pe.o.8KUHIO 
29 ,II.CK815pll 1988 r. 

Bonpoch! aTOMHOll HayKH H TCXHHKH. 
Cep. ~H:lHXa Jr.[lepHLIX peaKTOpoB, 1989, B!i.m. 2, C. 30 - 32. 

AHHOTAIUffl ICOMilJIEICCA IlPOrPAMM AICOP.Il 

KpaTKO ODHC8H KOMIIJleKC nporpaMM AKOP.Il, npe,11.H33H3'1eHHhlll ,ll.1IJI peweHHJI 38,11.3'1 nepeHoca HelltpOHOB H 4>oT<>HOB,BTOM'IIIC1IeBTOpll'I­

H.hlX «l>OTOHOB, C yqeTOM J<l>«l>eKTa TCpMaJIH33IUIH HelltpolioB B MOCKHX reTeporeHHhl.X CHCTeMax npa Ol5U1HX I'p8HH'IHhlX ycnOBHJIX. 

THE CODE COMPLEX AKOPll ABSTRACT. G.Ya. TRUKHANOV, I.I. MAGLEVANNY, N.P. MIKHEEV, M.Yu. VIRSKY, A.M. MALO­
FEEV, V.I. SHASHKJN, E.V. GURAVLEVA, U.A. MEKHTIEV, V.A. FADEEV. AKOPll - The code complex for solving of the stationary neutron 
and photon transport equation (including secondary photons taking into account, the effect of the neutron thermalization) in the plane heteroge­
neous systems for the arbitrary boundary conditions is reviewed. 

I. HA3BAHl1E IIPOf P AMMbl 

AKOPJJ: - ABTOMatH3HposaHHbIH KOMmreKc, BKnlO'laIO· 

ll.UfH nporpaMM&I PO3IIPI13 H JJ:EMETPA-EC-1 H 

npeµ;Ha3Ha'leHJD,m AflJI peweHHJI CtaUHOHapHoro KHHe­

ra11ecKoro ypasHeHWI nepeHoca HeiiTpoHHoro H raMMa­

H3ny11eHHJ1, B TOM 11Hcne BIOpH'IHbIX q>OTOHOB, C yqe­

IOM Jq>q>eKta TepManH3aUHH HeHTpOHOB B IIJIOCKHX 

rereporeHHbIX CHCTeMax AflJI pa3JIH'IHbIX mnos Kpae­

B&IX ycnoBHH. 

2.38M 

EC 3BM. 

3. IIOCTAHOBKA 3A.ll:A1ll1 
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ConoetaB!IeHHe peJyn&taTOB pac11eIOB · B OAffOMepHblX 

reTeporeHH&IX KOMil03HUKJIX no nporpaMMaM rana 

PO3IIPH3 [1), PO3 [2] (CHCTeMbI i<oHCtaHT O6PA3 

(3), OKC (41) c pac11eTaMH, B Korop&IX 3q>q>eKT Tenno­

soro ABIDKeHHJI Mep cpeAbl Y'{HTbIBaeTCJI C llOMOIUblO 

nporpaMMbI JJ:EMETPA [5, 6), noKa.Jano, 'ITO 3q>q>eKt 

TepMaJIH33.UHH HeHTpOHOB CyIUecrneHHo CKll3bIBaerCJI 

He TOJlbKO s nonJIX' TeIIJIOBblX HeHTpOHOB (7) , HO H 

B T3KHX 331UHTHbIX xapaKTepHCTHKax, KaK q>ruoeHc 

H A033 BTOpH'IHblX q>OTOHOB, BKnaA OT KOTOpbIX B 

061UYIO A03Y MO)l(et OK33atbCll cpaBHHMbIM, a HHOfA3 

H npeBblWaIOIUHM BKnaA OT HeHTpOHOB. B KOMIIJieKCe 

AKOPll OCYIUeCTBneHa CT&IKOBKa nporpaMM PO3IIPH3 

H .ll:EMETPA- EC-1 (s Aan&HeHl.l.leM ynoMHHaeTCJI KaK 

nporpaMMa JJ:EMETP A) . TeM CaM&IM B aBTOMaTH3H· 

poBaHHOM pe)l(}{Me npOH3BOAJITCJI: BbIOOpKa H nepe-

" 

.a;aqa He06XOAHMbIX KOHCiaHT H pe3ynbtaTOB H3 nporpaM­

Mbl PO3IIPH3 B nporpaMMY JJ:EMETPA (H Hao6<ipoT), 

KoppeKTHbIH pacqeT ITOJl.eH TeIIJIOBbIX HeHTpOHOB, 
BHeCeHHe H3MeHelDIH B rpynnOBbie 3Ha'leHHJI IlOTOKOB 

TeIDJOBbIX HeHTpOHOB H B Ce'leHHll nepeXOAOB H3 HeHT­

pOHHblX rpynn B raMMa-rpymihI H, HaKoHeu; pac'leT 

noneii BTOpH'IHbIX q>OIOHOB C H3MeHeHHbIMH HCXOA­

HbIMH AaHHblMH. 

4. METOll PEIIIEHM 

IIpH pacqeTe noneii nepBH'IHoro raMMa-HJny'leHHJI 

KOMIIJieKC AKOPn pa6oTaeT, KaK nporpaMMa 

PO3IIPI13. Ilon.11 HeHTpOHOB H BTOpH'IHbIX q>OTOHOB 

paCCIIHTblBalOTCJI C yqeTOM 3q>q>eKta TepManH3a.uHH 

HeHTpoHoB c npHBne'leHHeM nporpaMMbI JJ:EMETP A. 

B nporpaMMe PO3IIPH3 pewaeTCJI 'cneAYJOIUaJI Kpae­

BaJI 33A3'13 AflJI npoctpaHCTBeHHOH 3HepreTH'leCK0-
yrnoBOH IIJIOIHOCIH ITOTOKa 'l3CTHU (HeHtpOHOB H 

➔ 

q>OTOHOB) ,P (x, U, 11): 

:t ➔ a ➔ :t 
(H n) - ,p(x, u, 11) + k/x, u),p(x, u, H) = ax 

UT f ➔ I ➔ .... , I ➔, 
= J du' d11

1
du

1
k

5
(x, u +- u, 11 n ),p(x, u, 11 ), 

0 4,r 

➔ ➔ ➔ :;t,. 
,p(0, u , 11)= G0{u, 11), (11nJ> 0, 

,p(h, u, ~)= 0, (Urt) < O, (2) 

rAe u = lnE0/E - neraprHJ1, E0 - MaKCHMan1>Hoe 3Ha­

'leHHe 3HepraH; UT - HeKOTOpoe q>HKCHpoBaHHOe 3Ha­

'leHHe neTaprHH; h - npasaJ1 rpaHHUa CHCTeMbI. O6o3• 



HatJeHHJr OCtaJil,HblX Bell.HIJHH COOTBeTCTBYIOT o6me­
npHHHTblM. 

MetoA npHWUl)l(eHHoro pewemm KpaeBOH 3aAa'IH 

OCHOBaH Ha Bapmw,HOHHOM IIpHl:il0me Pycconynoca 

(8, 9) }];]Ill HecaMOCODpH)l(eH~IX oneparopOB. CoorBeT­

CTBYIOIUHH q>YffKUHOHan KOHCTpYffpyetCJI taKHM o6pa-

30M, IJT06bl H3 ycn0BHJI ero CTaJ.(HOHapH0CTH cneAOBa­

IlH HCXOAHaH KpaeeaH laAatJa (l) - (2) u KpaeBaH 

3aAatJa AnH conp.ll)l(eHHOH q>}'HJ<UHH. ,D,n.11 peweHH.11 

paccMatpHBaeMOH KpaeBOH 3a):latJH HCn0ilb30BaH MeT0A 

KaHtOpOBHIJa [10)' CYIUH0CTb K0toporo 38KJJIOtJaercH 

B cneUHanbHOM Bbl6ope MHO)l(ecraa AOnyCTHMblX q,yHK­

UHH, noBeAeHHe KOtOpbIX no Kaxoif-ITH6o rpyrme apry­

MeHtoB C'IHTaerc.11 3aAaHHbIM, a q>YffKUHOHan&HaH 3aBH­

CHMOCTb 0TH0CHtenbHO APYrHX nepeMeHHblX H8X0AHT· 

CJl C noM0IUblO eapHaUH0HHoro npmuoma. MetOA peanH-

3YetCJI B cneAyiou.ooc npH6Jrn)l(eHHJlX: 

1. IIo 3HeprHH HCn0nblyetCH rpyrmoBOH D0AX0A 

(K8K }];]IJl HeHtpoHOB, taK H }];]Ill q>OTOHOB). Pa36He­

HHe Ha rpyrrm,r C00TBetcTByer npHHHT0MY B CHCTeMe 

EHA.6. B CYlllecrayiomeii: eepcHH KOMIUleKcoe AKOP.II. 

3aIT0)l(eHbI 28-rpynnoBbie K0HCtaHTbl Will HeHtpoHOB 

H 15-rpynnOBble K0HCT8HTbl W!Jl q>OTOHOB. 

2. YrnoBaH 38BHCHMOCTb peweHHJI H AHq>q>epeH1.1Han&­

HOro cetJeHHJl pacceJIHHJl armpoKcHMHpyercH palno>Ke­

HHJIMH B pHA no cq,epHtJeCKHM rapMOHHKaM. 

3. O6nacT& H3MeHeHHJl npoctpaHcraeHHoii: nepeMeH­

HOH pa36HBaetCJI Ha HHtepeanbl taKHM o6pa30M, IJT06bl 

B npe,n,enax Ka)f(AOro HHtepBana cetJeHHJI MO)l(}f0 6bmo 

CIJHTaTb He 38BHCJllUHMH OT x . 

4. 11Hrerpanb1 no µ = cos8 (8 - nonHpHbIH yron) 

Ha IlOilYHHtepBanax (-1, 0) H (0, +I) 38MeHHIOTCJI 

KOHelJHhlMH cyMMaMH no KBaApatypHOH q,opMyne 

raycca. 

5. PeweHHe np.11Moif 38,D,atJH B npenenax npoctpaH­

creeHHbIX HHtepBanOB 38BHCHT ITHHeHHO OT x , conpH­

)l(eHHaH q>YffKUHJl nponopUHOHan&Ha q>YffKUHH fpHHa 

conpH)l(eHHoro oneparopa .D.Hq>q>epeH1.01an&HOH tJacrn 

rpyrmoBoro ypaeHeHHJI. 

BapHar.ui:oHHhiii npmm;mr Aaer CHcteMY anre6paHtJec­

KHX ypaBHeHHH }];]IJl onpe,n,eneHHH m-ro yrnoBoro Mo­

MeHta peweHHH no a3HMytanbHOMY yrny e q-if rpyn­

ne Ha k-M npoctpaHCTBeHHOM HHTepeane: 

<I>~ k (¾ ' µj)' 

rne µj - j -ii: y 3en KBa,n,parypHOH cpopMynbl faycca no 

µ = cos8 (m = 0, 1, ... , N; q = I, 2, ... , N , N + I , - n n 
Nn + N , rne N - tJHcno Heii:rpoHHb1x rpyrm, N -.,, n .,, 
tJHcno raMMa-rpynn; k = l , ... , K, rne K - tJHCJio npo-

ctpaHctBeHHhrx HHtepBanoe) . Ilon)"leHHaH KOHetJHo­

pa3HOCTH8Jl cxeMa armpOKCHMHpyer ypaBHeHHJl }JJ!Jl 

MOMeHTOB peWeHHJl C TO'IHOCTblO ~ A¾ . l::~. CHcteMa 

yp8BHeHHH pewaetcH MeTO,D,OM M8TpH'IllOH q>aKTO­

pH3awrn . 

.II.mi 06ecneqeHHJ1 coeMeCTHOH pa6oTb1 nporpSMM 

PO3IIPH3 H JlEMETPA norpe6oeanocb ,n,anbHeHWee 

pa3BHTHe Metona HHTerpanbHOro H,D,pa [5, 6) B paM­

Kax KBa3H,D,Hq>q>y3HOHHOH CXeMbl. CootBeTCTBYIOUlaJl 

BepcHH nporpaMM&1, nonytJHBwu Ha3BaHHe ,IJ,EMET­

PA-EC-1, pewaer e tpaHcnoptHOM npHMH)l(eHHH 

KHHerntJeCKOe ypaBHeHHe (I) C npaBOH tJaCtblO 

,,.. 1 I v.::.f 
Q(x, v) = - Q = - [ L l::s tr(x, V +- v')w(x, v')dv' + 

47T 47T 0 

+ So(x, v)] 
(3) 

H KpaeBblMH ycnoBH.llMH 

IP+(x, v, µ)I = g1 (v, µ), µ> 0, 
x = R

0 

ip_(x, v, µ)lx =R = h =g2(v,µ), µ < 0 , 
I n 

(4) 

rne 1"(x, v) = 21rfl/J (x, v, µ) dµ, 0 ~v"v ; v _ eepx--\ rp rp 
HHH rpaHHU8 rermoeoii: o6nacrn; S0 (x, v) - H)'Ile-

BOH yrnoeoH MOMeHt HCTOIJHHKa TeDITOBbIX HeHtpOHOB. 

11Hq,opMailHOHHOe B3aHMOAeHCTBHe nporpaMM PO3-

IIPH3 H .II.EMETPA ocYlllecranHercH noJTanHo (wa­

raMH): 

1) B rpy1UIOBOM rrpHOOIDkeHHH npoBOAffTCH pactJet 

npocrpaHCTBeHHoro JHeprer111JecKo-yrnoBoro pacnpeAe­

neHHJI IlilOTHOCTH IlOTOKa 6blctpb!X H npoMe>KytOIJHbIX 

HeHTpOHOB 1/1 (x, E, il) (E ;;;i, Erp = v:p/2) no nporpaM­
Me P03IlPl13; 

2) Ha ocHoBe pe3ym,tatoB rrepeoro wara BbMICITHet­

CR HOTO'IHHK S0 (x, v) (6noK PO.UE): 

l qmin 
So(x, v)~ ~ I; ipq(x)l::~ ➔ P , 

P qmax 
(5) 

vp- i ..;;v" vp< vq,' p = I , 2 , ... , Ng, 

r):le Avp - HHtepean CKOpoCTH B rennoBOH OMaCTH, 

B KOtOpblH nonanaer CKOpoCtb Ha6n10,n,eHHJ1 v; qmin ----0 

HOMep rpynllbl, B KOtopy10 nonanaet BeITH'IHHa 

E/ a
2

. ·E=v2/2 a . =(M . -1) 2/ (M +1) 2 
mm' ' mm mm max ' 

Mmin - Macca HApa caMoro nerKoro JneMeHra e 3oHe, 

KOTOpOH npHHa,n,ne)l(HT T0IJKa Ha6mo,n,eHHJI x (ecnH 

B 30He npucyrcTByer eonopon, ro q . = I) ; q -
mtn max 

HOMep rpYflllbI pa36HeHHH PO3IIPH3, rpaHH'llllUeH c 

rermoBOH 06Itacr&10; ipq (x) - B&ItJHcneHHaH nporpaM­

MOH PO3IIPH3 npoctpaHcTBeHHaH nnot HOCTb notoKa 

HeHTpoHoB B q-if rpynne; l'; -p - cetJeHHe nepexona 

H3 Ha,n,rermoBoH rpyrrm,I q B rermoeyio rpynny p; 

Ng - 'IHcno rpynn B rermoBOH o6nacTH e nporpaMMe 

,IJ,EMETPA. 

3) paC'let npo»o,tr;HTcH no nporpaMMe ,IJ,EMETPA 

C HCTO'IHHK0M (5) , K0HCtaHtaMH, YIJHTb!BalOl.llHMJl 

TeJUJ0B0e ,D,BWKeHHe H,D,ep Cpe,D,br, H KpaeBblMH ycno­

BHJIMH (4). <l>YHKII;HH g1(v, µ) (i = 1, 2) B0CCT8H8B· 

IlHBalOTCJI H3 (2) ; 
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➔ 

4) C .HCl10nb30BaHHeM q>ymcuHH I() n (x, v, !2)' Bbl'UfC-

neHHOH Ha rpeTbeM 3TaIIe, 6noK llEPO<l>l1 paccirnt&I­

Baer pac11pe,o;eneHHe q>moeHca rermoB&IX HeihpoHOB 

B rpyrrnoBOM npe,o;crasnemm PO3rIPI13 (11,1m rpyilll 

NqT, NqT + 1, ... , Nn, r,o;e NqT = qmax + 1 - HOMep 
nepBoii: (Mlla,o;weii) TermoBoii: rpyrrIIbI PO3f1Pl13; 

5) B·epo.11rnocrH 11epexo,o;0B H3 HeiitpoHHbIX rermo-

BbIX rpyrrrr 1;P03 II1;'H3 3aMeID110rc.11 Ha (6noK llE-
POKO) qn ➔ 1-r2 

:rAKOPJl 
_ ;::.Cl,c.,94aR>---- L PO 3 fl P 113, 

1;IT03IIP113 qn-+ l -y2 
a ,qn 

(6) 

r,o;e qn = NqT, NqT + 1, .. , Nn; j-y2 = Nn + t' Nn + 2' ••• , 
N ) . lln.11 CIJY'la.11 N = 28, Nq = 26, N 

2 
= 43 6y,o;yr 

-y2 n T 'Y 
3aMeHeHbI Bee BepO.IITHOCTH nepexo,o;oB H3 26-ii, 27-ii, 

28-H rpynrr B 29-10, 30-JO, •.• , 43-fO rpyITIIbI ~O3f1Pl13; 

6) 3aJ<JIJO'fflten1,H1,Iii 3tarr COCTOHT B pacqere pacnpe­

,o;eneHHii MOTHOCTH notoKa BTOpH'IH.blX q>OTOHOB H 

CB.1138HHbIX C Heii q>yuKUH0HW0B THIIa A03bl , qin10eHca 

H T.11. 110 nporpaMMe PO3rIPl13 C H3MeHeHHbJMH KOH­

CTaHTaMH ( 6) H HC11paBneHHblMH 3Ha'leHH.IIMH II0TOK0B 

B HeiiTpoHHbIX IeM0BbIX rpynrrax. 

5. orP AHWlEHIDI cnO)l{HQCTH 3A.UA q11 

l!HCJIO 30H B CHCieMe He 6onee 20. O6mee 'IHCJI0 HHTep­

Ban0B pa3HOCTHOH ceTI<H He 6onee 200. 4HCJIO Y3II0-

BbIX t0'leK no CK0p0CTH IlpH pac'leiax B IeIIIIOBOH 

o6nacTH He 6onee 20. qHCJIO pa3nH'1HblX CHCTeM K0H­

CTaHT JJ.JJ.11 o,o;Horo H Toro lKe MarepHana B rennoBoii 

o6nacTH He 6onee 10. qHCJIO npo6HbIX q>yHKUHH npH 

Hcnon&30BaHHH MeTop;a nepeKpbIB3..IO[UHXC.ll rpyrrrr B 

rermoBoii o6nacTH He 6onee Tpex. qHCJIO pa3nH'IHblX 

BapHaHTOB pac'leTa He A0nlKHo npeBbIWaTb 100. 

6. TillIJillHOE BPEMH cqETA 

lln.11 nonyt1eHH.11 peweHH.11 npH Hcnom.3oBaHHH nepBoro 

npH6nHlKeHH.ll B rermoBOH o6naCTH npH MaKCHMaIIbHblX 

3Ha'leHH.IIX 'IHCJia Y3II0B no npoctpaHCTBY H no CK0p0CTH 

Tpe6yeTc.11 "'=' 120 MHH Ha 38M EC-1035 . lln.11 B1>monHe­

HH.11 (npH rex lKe YCJIOBH.IIX) O,o;HOH HTepauHH no K03q>­

q>HUHeHry KBa3HAHq>q>y3HH npH pact1erax B rermoBoii 

o6nacTH ueo6xo,o;HMo 150 MHH Ha 3BM EC-1035. BpeM.11 

C'leTa K03q>q>HUHeHTa KB33H,!1;Hq>q>y3HH nponopUH0Hanb­

H0 'IHcny Y3II0B 110 CK0p0CTH H KBa,o;pary 'IHCJia Y3II0B 

no npocrpaHcmy. 

7. OCOEEHHOCTH rIPOfPAMMhl : 
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- MOp;ynbH0CTI, CTpyKtypbl, 'II0 1103B0II.llet nerKO 

MOAHq>HUHpoBaTb nporpaMMy; 

- B03MOlKH0CTb BBOAa 33,!l;aHHH 110T0K0M; 

- B03M0lKH0CTb Hcnonb30BaHH.ll npH pacqe1ax no 

11porpaMMe llEMETPA (TpeTHii war) ,o;n.11 o,o;uoro H 

Toro lKe C0pTOBoro MaTepHana pa3nH'IHblX 6H6nHO• 

TeK KOHCTaHT; 

- Harll.11,o;H0CTb npeACTaBJieHH.11 pe3ynbTaT0B; 

- B03M0lKH0CTb ynpasneHH.11 Bb!XO,o;HOH HHq>OpMa-

UHeii; 

- HCil0nb30BaHHe BHeWHHX HOCHieneii All.II 3aIIHCH 

Y3II0BbIX 3Ha'leHHH KHTerpanbHblX .IIAep• npH BbIIIOn­

HeHHH BTOpOH HTepamrn no K03q>q>HUHeHTY KBa3H­

AHq>q>y3HH, 'II0 Ha nop.11,o;oK COKpamaeT BpeM.11 C'leTa 

npH BbIII0JJHeHHH IlOCJieAYJOlUHX HTepauHii; 

- B03M0lKH0CTb MOAHq>HKaUHH CHCTeMbI rpyrrrroBblX 

K0HCiaHI; 

- B03M0lKHOCTb MOAHq>HKauHH CHCTeMbI MHororpyn­

IlOBbIX K0HCTaHT B TerDIOBOH o6nacTH. 

8 . BCIIOMOf ATEJibHhlE 11 COIIYTCTBYIOIUI1E 

rIPOf P AMMbl 

IlporpaMMa Il0AfOT0BKH 6H6nHOTeKH MHororpynn0BblX 

K0HCTaHT B TeilJIOBOH o6naCTH All.II 33,!l;aHHbIX MaTepHa­

noB. MHororpynnOBble K0HCTaHTbl, . a taKlKe BCilOM0-

raTen&Hhle ,o;aHHb1e ,o;n.11 pac'leTa BHyrpeHHero HCT0'IHHKa 

TerDI0BbIX HeiitpoHOB paCC'IHTblB3..IOTC.ll B npH6nHlKeHHH 

0AH0aTOMH0ro ra30B0ro 3aMeAIIHTen.11. IIporpaMMa 

33,!l;aHH.ll BHeUIHero HCT0'IHHKa. 

9. COCTOHHI1E IIPOf P AMMbl 

IIporpaMMa Hax0AHTC.11 B 3KycnnyataUHH H BKJIIO'leHa 

B O<l>AII-HP. 

10. CCblnKI1 

1. XoxnoB B.<1>., IlleiiHo 11.H. MeIOA pac'leta BapHa­

UHii q>yHKUHOHaIIOB noneii H3IIy'leHHH npH H3MeHe­

HHH napaMeTpoB B 33[UHTe B lllHpOKHX npe,o;enax. -

AIOMHa.11 JHeprH.11, 1978, T. 45, Bblll. 2, c. 112. 

2. BonomeHKo A.M., llY6HHHH A.A. - PO3-6.3 npo­

rpaMMa ,o;n.11 peweHH.11 ypaBHeHH.11 nepeHoca Heih­

poHoB H raMMa•KBaHT0B B OAH0°MepHOH reoMeTpHH 

MeT0A0M AHCKpeIHbIX op,11,HHaI. - BAHT. Cep. 

<l>H3HKa H TeXHHKa .11,llepHbIX peaKI0poB, 1984, 

BI,Ill. 6,c. 30. 

3. TKa'leB B..D:., XoxnoB B.<I>. O6ecnet1eHHe pac'leT0B 

3a[UHtbl MHOT0rpynn0BblMH KOHCiaJ{TaMH. - 8 KH.; 

PaAHaUHOHHa.11 6e3011acHoct& H 33[UHta A3C. 

81,m. 2. - M.: AtOMH3Aat, 1976, c. 197. 

4. fepMoreHoBa T .A., Kap.llrKH n.A., nyxOBHUKa.11 3.C. 

H AP· O6be,o;HHeHHa.ll CHCTeMa K0HCTaHTH0ro 

06ecneqeHHJ1 - OKC. O6mee oIIHcaHHe: IlpenpHHI 

l1IlM 140. -M., 1979. 

5. TpyxauoB f..R. 0 peweHHH 3a,o;aq tepManH3auHH 

HeiitpoiroB B 0AH0MepHoii .11qeiiKe rereporeHHoro 

peaKT0pa MeT0A0M KBa3H,!l;Hq>q>y3HH. - 8 KH.: 

MetOAbI pact1era noneii rerm0B1>1x HeihpoHOB B 

pewerKax peaKt0poB. - M.: AtoMH3,o;ar, 1974, 

c. 240 - 286. 



6. TpyxaHoB fJI., MarneBamwii H.H., A6,eynnaeB X.111. 
AHHOT3IlHll nporpaMMb1 llEMETPA-EC. - BAHT. 
Cep. <I>H3HKa H TCXHHJCa llJJ.CpHblX peaxropoB, 1988, 
Bblll. 2, C. 56 - 60. 

7. Tpyxa110B f..H., Bon~eHI<o A.M., Bb1pc1<Hii M.IO. 
H .a.p. IlpH6nH:lKCHHblH y<ier 3q>q>eKra repManH33.UHH 
HCHTpOHOB B IInOCKHX rereporeHHblX CHCTeMax 
B paMKax nporpaMM PO3-6 H llEMETPA. - BAHT. 
Cep. <l>H3HKa H TCXHHKa llJJ.CpHblX peaxropoB, 1986, 
BbID. 4, C. 64. 

8. Roussopaulos P. Methodes Variationales en Theorie 
des Collisions. - IN: Compt.Rend.Acad.Sci.­
Paris, 1953, vol. 236, p. 1858. 

9. Pomraning Cr.C. A Derivation of Variational 
Principles . for lnhomageneous Equations. - Nucl. 
Sci. Eng., 1967, vol. 29, p. 222 - 236. 

IO. KaHTopoBH'I n.B., KpbUlOB B.H. IlpH6nH:lKCHHblC 
MCTO.D,bl BblCWero aHanH3a. - M.: rocTCXH3.D,aT, 
1962. 

11. TPEEOBAHIDI K 3BM 

.Ilnll nommro HCilOnh30BaHHll B03MOlKHOCTCH nporpaM· 
Mbl rpe6yercll: 

- onepaTHBHaJI IlaMJITb 750 K6aiir; 
- BHCWHJIJI naMJITb I M6aiir Ha TOMe npllMOrO 

.a.ocryna; 
- anq>aBHTHO-u;Hq>poBoe ne<iaraiowee ycrpoiicr~o 

(MaJCCHManbHblH pa3Mep q>H3H'ICCKOH 3aJIHCH 121 6airr) . 

12 . .H3bl1Gf IIPOfPAMMHPOBAHIDI 

PL-I, <I>OPTPAH-N. 

13. OIIEPAUl1OHHAR CHCTEMA 

OC EC (BepcHH 4.1, 6.1). 

14. llOIIOJIHHTEJihHAR HH<I>OPMAUIDI 

IIporpaMMa aBroHoMHa H B npouecce pa6orh1 He 06pa-
11.1aercJ1 K 0611.1ecTBeHHbIM 6u6nHoreKaM. IlporpaMMa 
PO3IIPH3 peanH30BaHa ua .113b1Ke PL-1. IlporpaMMa 
llEMETPA peanH30BaHa Ha .113bIKe <I>OPTPAH-N. llnll 

ocywecraneHHJI HHq>opMauHOHHOH CBJ13H MC:lKJJY npo­
rpaMMaMH PO3IIPH3 H llEMETPA Hcnom,3y10r­
Cll BcnoMorarenbHhie nporpaMMbJ POllE, llEPO<I>H, 
llEPOKO. O61>eM re1<cra nporpaMMbJ 0Kono 10000 
oneparopoB. 

15. ABTOPbl IIPOfPAMMbl 

Pa3pa6orKa KOMnneKca nporpa.MM AKOPll ocywecra­
nMacb non HaY'fflblM pyKoBoncrBoM r . .H. TpyxaHoBa. 
MeTO,D;HKa H anropHTM pac<iera, peanH30BaHHblC B 
nporpaMMe PO3IIPH3, pa3pa6oraHhI H.H. llleiiHo. 
B cocraBnemrn H orna.a.Ke nporpaMMbI PO3IIPH3 
npKHHManH yqacTHe H.H. IIJeHHo, M.IO. BblpcKHH, 
A.M. Manoq>eeB. EnoK llEPOKO pa3pa6oraH A.M. Ma­
noq>eeBbIM. 

IlporpaMMa POllE, llEPO<I>H pa3pa6oram.1 
H.H. MarneBaHH1>1M H Hll. MH:x.eeBbIM. 

B nonra:roBKC q>H3H'ICCKHX TCCT0B, OT1l3AKC 
K0MIDlCKCa AKOPn, npoBeneHHH pac<iCT0B H aHanH3C 
pe3ynhTaTOB npHHKManH y,iacTHe: r.R. :fpyxaHOB, 
H.H. MarneBaH.HbIH, Hll. MHXeeB, M.IO. Bb1pcKHH, 
A.M. Manoq>eeB, B.H. lllawKHH, E.B. )KypaBneBa, 
Y.A. MexraeB, B.A. <I>aneeB. 

16. HMEIOII.lHECR MATEPHAJibl 

TeKCTOBblC H 0TTpaHcnHpOBaHHblC MonynH nporpaMMbl, 
0T<ICT C 0ilHCaHHCM nporpaMMbI H HHCrpyKu;HCH 1J]Ill 
nonhlOBaren.11, recroBaJI 3ap;a<1a H np. 

17. PYEPHKH H KJilOqEBbIE cnoBA 

A,B,R. 
CrauitoHapHoe KHHCTH<iCCK0e ypaBHeHHe, nepeH0C HeifT­
poHOB.,. q>OTOHOB, repManH3au;Hll HeiirpoHOB, BT0pH<i· 
HOC f~MMl\-H3Jcy'<iCHHC, pa3H0CTHaJI cxeMa, K0MnneKC , u t 
nporpaMM P03IIP1t13, ,llEMETP A-EC-1. 

Dim.a DOCT)'IIIUla B p~UDO 

20 ci,eBpana 1989 r. 

Bonpoc1,1 aTOMHOlt Hayl<H H TeXHHKK. 

Cep, ~H3HI<a SJAepllWX peaxTOp0B, 1989, Bl,III. 2, C, 32 - 35, 
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Y,UK 621.039.5 

AHHOTAUIDI IlPOrPAMMbl PAUIDI-1 

!laeTCJI ODHCllIDle nporpaMMbl MHororpyllDoeoro KHHeTH'll!CKOro pac<1en UHJlHHJlpll'ICCKOII JlllellKH MeTOAOM noeepxHCx:nn.ix DCCBAOHCTOlf­

HHKOB BG,• HG, -npHl5nHJKeKHJIX. 

CODE PAUHJl-1 ABSTRACT. N.V. SULTANOV. Code for transport calculation of many-group neutron flux in the cylindrical cell by the 
G, and G, approximation is described. 

1. HA3BAHHE· IIPOfPAMMbl 

PAUH.H-1. MHororpymtOBOH pacqer UHJIHHJJ.pHqecKHX 

Jl'leeK H,1:tepHoro peaKtopa MetonoM noBepXHOCTHblX 

nceBnOHCTO'IHHJCOB. 

2.3BM 

B3CM-6,EC 

3. IIOCTAHOBKA 3.An,AqH 

PaccMatpHBaetcJI MHoroJOHHaJI UHJIHHJJ.pHqecKaJI J1qeii­

Ka. Ka)l(,[laJI JOHa 3TOH J[qeifKH 01Il{CbmaetCJI TIOCTOJIH· 

Hl>IMH no JOHe rpyilllOBbIMH ceqeHHJIMH pacceRHHR 

:2;
18

, nomoweHHH l:
88

, nencHHll :2:;, nepexonos Heifrpo­

HOB HJ rpynilbI g' B rpynny g l: 
5 

g _
8

,. BHYtpH Jlqeif­

KH pewaerCH MHororpynnoBoe KHHerHqecKoe ypasHeHHe 

NG 

n V,J//1. n) + l:tot g(()Yl/7, n) = L l:s 8 -lr),J/ogo(r)+ 
NG ' f= 1 (1) 

+~ L vl:fg'(r)Ylog'{t) + IgCU )o(r - C:cT) + s&{t), 
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k .. g'=1 

rne 1/1
8 
(t, 11) - q>yHKUHJI pacnpeneneHHH HeHtpoHoB 

B rpynne g; 1/1
08

(r) ~1/1/t, n)dn - notOK HCHTp0· 

HOB B rpynne g; lg (n) - HHteHCHBHOCTb HCTOqffHKa 

HCHTp0HOB, pacno110JKeHHoro Ha UHJIHHJJ.pH11CCKOH no-

DOBCpXHOCTH p3ABYca I (r ,i;;; I ) H COJJJ.8)0• 
HCT BB HCT 

wero Ha BHeWHeH rpawme Jl'ICHKH r HHterp8JIJ,HhIH BB 
TOK HCHTp0HOB HHTCHCHBHOCTblO T g B rpynne g; 
S8 (i) - IDIOTHOCTb noctoHHHoro no . 30HaM o6MeH­

Horo HCTO'IHHKa HeHTpoHOB B rpynne g. 
B nporpaMMe ypasHeHHe (1) pewaercR Ha HaxoJK­

neHHe co6crseHHoro JHaqeHHJI k.. JlqeifKH (rorna 

T
8 

= 0 H ~(t) = 0 JJ.JIR 1 ,i;;; g ,i;;; NG) H co6CTBeHHoii 

<l>YHKUHH 1/1
08 

(r), ycpenHeHHoii no JOHaM. PewaiorcH 

talOKe Ja]J.aqff C BHCWHHMH HCTO'IHHJCaMH HeiitpoHOB: 

JlHOO C OfuCMHblMH HCTO'IHHKaMH Sg (r} (f = 0) , 
g 

1IHOO C KHterparrbHbIMH TOKaMH HCHTp0HOB T Ha BHCW· 

Heit rpa.HHUe JlqeifKH (Sg (l} = 0), 11H6o c regMH H npy­

rHMH . .LlnR peweHlUI ypasHeHHR (1) B nporpaMMe 

Hcnorri.JyercR cnoco6 pacmenrreHHH oneparopa [I, 2), 
IlpHlleM JJ.JIJI peweHHH rrpoctpaHCTBCHHO-yrnoBOH qacTH 

Ja]J.aqff rrp~MeHeH Meton noBepXHOCTHl>IX nceBnOHCTOq­

HHKOB B G1 - H G3 -npH61IHJKeHH.11x (3, 4] . OcHOBHbIMH 

rrpH6rrHlKeHHHMH crroco6a pacmenneHHJI oneparopa 

.IIBJIRJOTCJI npeJJ.ITOJIOJKCHHJI O JlOCTO.llHCTBe no JOHaM 

HCTO'IHHKOB HeiitpoHOB ne11eHHJ1 H Ilp0HJBOnHblX JHep­

rerHqecKoro roKa HeiirpoHOB [I, 2). Ilocrre]J.Hee npH6-

JIH)l(eHHe naer 6o11ee tOqHbie peJy11&tatb1 pacqera 

Jl'ICeK, qeM WHp0KO HCn01Ib3YCMOC npHWIH)l(CHHe "nrroc­

KHX" notOKOB B Merone BepoHTHOCTeH nepBbIX CTOJIK· 

HOBeHHH [ 1] , qro nOJBOJIJICT He npo6Htb 30Hbl JlqeeK 

Ha noJJ.30Hbl, teM CaMbIM yMeHa.WaJI BpeM.11 cqera Ha 

3BM. Ha BHeWHeH rpllll]{Ue l'l'ICHKH Hcno11bJy10rc.11 

C1ICAYIOlllHC rpa.HffqffblC ycrroBHJI: "ctOK Ha 6eCKOHC'r 

HOCTH" [3, 5)' "H30Tp0IlHbIH CTOK"' 61IHJKHH K ycrro­

BHIO H30Tp0JlHOro orp~eHHJI HeirpoHOB Ha BHCWHCH 

rpaHHUC gqeiiKH (5), H "KOM6HHHpoBaHHblH CTOK" 

(5). IIocrreJJ.Hee rpaHHqHoe ycnoBHe no peJyrrbtataM 

pacqeroB 6rrHJKO K ycrrOBHIO 3epKa1IbHOro orp~eHH.11 

HeiitpoHOB B KBa]J.patHblX H wectHrpaHHblX pewetKax, 

oco6eHHo "recHb1x" (5). 

IIporpaMMa neqaraer KOJq>q>HUHcHr k.. J1qeiiKK, 

rpynnOBbie cpc]J.HHe no JOHaM notOKH HeiirpoHOB, 

rpynnOBbie nOTOKH H TOKH Ha rpaHHUax JOH, rpynno­

Bble ypoBHH HeHtpOHOB Ha BHeWHeH rpaHHUe Jl'ICHKH. 

Ile'latalOTCJI MarrorpynnOBble KOHCTaHTbl, cpe.[lHHe KaK 

no JOHaM, taK H no JlqeKKe. PaccqHTbIBaIOtc.11 H neqa­

talOTCJI JJ.ByxrpylIIIOBblC Jq>q>eKTHBHhie ceqeHHJl, KOTO· 

pble HCnOJib3YIOTCJI B o6o6meHHOM Merone roMoreHH­

JauHH - MCTOAe noBepXHOCTHbIX rapMOHKK [6]. 

4. METO,U PElllEHllil 

IlpHMeH.llll cnoco6 pacmenneHHR oneparopa [l, 2), 
npeo6paJyeM ypasHeHHe (I) K 3KBHBaIICHTHOH CHCTe­

Me ypasHeHHH 

B nporpaMMe q>yHKUH.11 cg (r) = 1 Bo Bcex JOHax, 3a 

HCK1110qeHHeM rex JOH, rne I:! < 10-s. TaM c
8 

(() = 
= 0,99999. BH.llHM, qyo nepBoe ypasHeHHe CHCTeMbI 

(2) OTBCTCTBCHHO Ja JJ.Hq>q>yJHIO HeiirpoHOB B ,11qeifKe, 



a BTOpQe - Ja nepeX0JJ,hl HeiiTpOHOB HJ O.[lHOH rpymn,I 

B npyryio. OTMeTHM, 'ITO B nepBoe ypasHeHHe CHCTe­

Mbl (2) HOMep rpymn,1 BXOAHT KaK napaMeTp, no:no­

My O.[lHOrpynIIOBbie YPaBHelOUl MOllCH0 peWHTb OTAeJib· 

HO onHH pa3 B Ha'lane peweHJOt Jana'IH. 

IlpoHHTerpHpyeM BTOpoe ypasHeHHe CHCTeMhl (2) 
no 061>eMaM JOH H nocne HeK0TOpblX npeo6pa30Ba­

HHH nony'IHM Bblpa>t<eHHe IJ)UI CpeAHero no 30He i 
noTOKa HeiiTpoHOB 'J; . H HCT0'IHHKa HeiiTpoHOB gi Dig g 
B BHAe 

Si = ~G l: ;;;i t:+"\ ig :T.i -,t& NG ig :r.i 
g L., so g-g'°"g - Cg\r Jl:s 'Pog+-- L v:Er "'og + 

g=1 k .. g'=1 

(3) 

3aMeHHM B nepBOM ypasHeHHH CHCTeMbl (2) HCTO'I· 

HHKH s g (r) , JaBHCj(IJ..U{e OT npoCTp~CTBeHHoii nepe­

MeHHOH, Ha noCTOJIHHbie no 30HaM $1 
• J).anee 6yneM 

g 
pewan nocnenoBaTeJibHO Bee OAHOrpynnoBble ypas-

HeHH,,. (nepBoe ypasHeHHe CHCTeMbl (2)) c nocTORH· 

HblMH no 30H8M HCTO'll:IHKaMH HeiiTpoHOB MeTOO,OM 

noBepXHOCTHblX nceBAOHCTO'IHHKOB (nonpo6HOCTH MO)I(• 

HO HaHTH B (2, 7)), IlOJIY'IHM JaBHCHMOCTH, JaJJHCaH· 

Hble B MaTpH'llfOH q>OpMe, nJijl Ka~oii rpyllilbJ g B BHAe 
➔ 

(4) 
➔ 

rne ~ g - BeKrop cpe~ n<?_ 30HaM nOTOKOB HeiiTpo-

HOB rpynm,1 g B R'leiiKe; D - MaTpHl.\a, JJieMeHTbI 

KOTOpoii HBJIJDOTCH KOM6HHallHeii MOMeHTOB q>)'HK· 

Wo< fpHH, (CM. [I 7]); s, =! ~ }-

BeKTOp HCTO'UIHKOB HeiiTpoHOB Si H T0KOB HeiiTpo• 
g 

HOB Ha BHewHeii rpa.HHl.le H'leiiKH T g. 

IlpH nonyqeHHH 3aBHCHMOCTH (4) npHMeHJIJICjl 

MeTOn MatpH'UIOH nporOHKH (8), ycTOH'IHBblH K OWH6-

KaM OKpyrneHHii. 

Jln,,. onpeneneHHR cpenHHX no JOHaM rpynrroBbIX 

noTOKOB HeiiTpOHOB peWaIOTCjl COBMeCTHO ypastte­

HJljl (3) H (4). B o6JiacTH JaMenneHHR HeiirpOHOB, 

rne MaTpHUa rpynnoBhIX nepexonoB HMeeT TpeyroJib· 

Hbiii BHA, HcnoJibJyeTc,,. cnoco6 nocnenoBarenbttoro 

pewelilUl ypaBHeHHii Ha'IHHaR c nepBoii H KOH'laJI nocnen­

Heii rpynnoii o6JiacTH JaMe)JJleHHii (9). B o6JiacTH 

TepMaJIH38UHH HeiirpoHOB, rne MatpHil,a rpynnOBblX 

nepexonoB KBmIerc,,. nonHoii, pewaeTc,,. CHCTeMa HJ 

NGT ypasHeHHii BHAa (3) H (4) (NGT - 'IHCIIO repMa­

]Il{JaUHoHHbIX rpynn) (2, 7) . 3ra CHCTeMa pewaerc,,. 

npHMblM MeTOAOM o6pameHHR noJIHoii MaTpHl.\bl. 

HanoMHHM, '!TO HJ•3a HCnOJib3yeMblX npH6JIH)l(e­

HHH ( CM. (3)) B Merone paciueIUieHHJI oneparopa 

reoMetpH'!eCKHe 30Hbl jl'!eeK He npo6RICjl Ha nOAJOHbl. 

B peJyJI&Tare B o6nacTH TepMa]Il{JauHH nonyqaerc,,. 

11,iatpHl.\a pa3MepHoCTbIO NGT .NZ (NZ - 'IHCJlO JOH 

B jlqeiiKe), KOTOpaR, KaK npaBHJIO, HMeer He. TaKYJO 

60JibwyIO BeJIHlfHHY, 'IT06bl Ilpj!MOH Meron peweHHJI 
JaMeHHTb Ha HTepaUHOHHblH. 

8bIWOOIIHCaHHblH anropHTM HCnOJibJyerc,,. B npo­

rpaMMe nJijl peweHHJI Janaq C BHeWHHMH HCTO'IHH· 

KaMH HeiiTpottoB H Ha onpeneneHHe k ... Co6cTBeHHoe 

3Ha'leHHe k
00 

JaAB'IH (2) muerca Mero,t\OM HTepaUKH 
no HCTOIIHHKy. IlpH JTOM BBO,t\HTCjl HOpMHpoBKa -

B R'leiiKe nornoiuaerca OnHH HeiiTpoH: 

NG I . . . _ 1 LL 1:~ w•gv1- . (5) 
g= I i= I 

HrepaUHOHHblH npouecc JaKaH'!HBaeTCJJ npH BblilOJI· 

HeHHH nsyx ycnoBHii 

I 
f(n) I 

·max --- - 1 < 10-3 
yi(n-1) ' 

rne MaKCHMyM onpenemIeTCJ1 no Bceii coBoKynHOCTH 

JOH H rpynn. OTMeTHM, '!TO anropHTM peweHHJI Jana'IH 

(2) TaKOH, '!TO Ha JIIOOOM ero Jrane Bb!IlOJIHJleTCJI 

6anaHC HeiiTpOHOB. 

5. OfPAHHllEHllil CJIO>KHOCTH 3AJJ.Aq:H 

.H'leiiKH pacc'IHTbIBaIOTCJI B G1 • H G3 -npH6JIH)l(eHHn 

MeTOAa IIOBepXHOCTHblX BCeBAOHCTO'IHHKOB. AHH30Tpo­

IlHJI pacceHHHJI HeiiTpoHoB Ha snpax Y'IHTbIBaerca 

B TpattcnopTHOM npH6JIIDKeHHH. Ce'leHHJI nornoiueHHH, 

pacceJ1HHJ1, rpynnoBbIX nepexonoB BBOAJITCJJ B nporpaM• 

My. liMeIOTCJJ BapHaHTbl nporpaMMbl, KOTOpb!e aBTO· 

MaTH'leCKH 6epyr Hx HJ nporpaMM TERMAC (10) (nn11 

TeIDioBoii o6JiacTH JHepraii HeiiTpoHoB) H WIMSD-4 
[ 11] (nJIH BCeii o6JiacTH JHeprnii HeiiTpoHoB) • feoMer­

pH'!ecKHX JOH B H'leiixe He 6onee 11, 'IHCJlO rpynrr 

He 6onee 30. 3TH orpaHH'leHHR He npHHJlHJIHaJI&Hbte: 

H3MeHHB pa3MepHOCTb COOTBeTCTBYIOIUHX M8CCHBOB, 

MO)f(}{O paCC'IHTblB8Tb Jl'leHKH H C 6onbWHM 'IHCJIOM 

JOH H rpynrr, oco6eHHo Ha MawHHax THna EC, rne nocra­

TO'IHO 60JibW8JI onep8THBH8JI naMJITb. 

6. TMIIHllHOE BPEM.H CqETA 

CpeAHee BpeMH, JaTpa'!HBaeMoe Ha 06c<1er OAHOH 30Hbl 

H onttoii rpyilllbl, cocTaBMeT ~ 0,4 c B G3 • npH6JIH)l(e-
"' HHH H ~0,2 c B G1 -npH6JIH)l(eHHH. BpeMH pacqera 

Ha MawHHax E3CM-6 H EC-1055 npHMepHo onHHa­

KOBOe. 

7 . OCOEEHHOCTH IIPOfPAMMbl 

IlporpaMMa P AI.OUl-1 JJBJIReTCJJ MOAHq>HKaUHeii npo­

rpaMMbl PAUM.H (9). 3-ra MOAHq>HKauHJI ocyiuecm-
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mmaci, B .a;Byx ttarrpaBneHHJ1x. Bo-rrepB1>1x, ,ll1Ill ycroH­
'IHBoro K owH6KaM OKpyrneHHH pacqera o.a.ttorpyrrrro­
BbIX KHHetH'lecKHX ypaBHeHHH MetOAOM llOBep)t}IOCT­
HbIX rrceBAOHCTOqHHJ<OB rrpHMeHeH Mero.a. MatpH'IHOH 
rrporoHKH (cM. [81). B pe3yn1,rare JTHX HJMeHeHHH 
crano BOJMO)l(}{blM yctOH'lHBO paCCqffTbJBatb UHJIHHA­
pH'lecl<He gqeiiKH C KOflbUeBblMH JOHaMH, MatepHanbI 
KOtopbIX HMelOT KaK yronHo 6on1>1IIHe JHa'!eHHll 
l: Ar (2: - ce'!eHHe rrornomeHHll JOHb1; Ar = r -a a BH 

rBHY.) • 
Bo-BtOpblX, BblllOnHeHHble MO.[).Hq>HKanHH rrporpaM-

Mbl CBllJaHbl C pac'!etOM 3cpcpeKTHBHbIX Manorpyrrrro­
BbIX KOHCTaHT gqeeK ,ll1Ill Merona llOBepXHOCTHl>IX 
rapMOHHK [6), IIpH'leM JTH ceqeHHJI paCC'IHTaHbl B 
ta.KOH cpopMe, 'Ito MOryr 6bITI> HCllOnl>JOBaHbl ,ll1Ill 
pacqera no11Hll'!eeK, c6opoK H peaKropo.11 no .D.Hq>cpy­
JH0HH1>IM rrporpaMMaM (HarrpHMep, JOSHUA [ 12)). 

8. BCllOMOfATEJlbHbIE 11 COITYTCTBYIOIUHE 
IIPOf P AMMbl 

llporpaMMa peweHHJI CHCteMbl anre6pawieCKHX ypaa­
HeHHH MeTOAOM faycca C BblJ];eneHHeM rnaBHOfO Jne­
MeHta MATIN-1 BKnIO'leHa B caMy rrporpaMMY B BH.O.e 
rrpouenyp1,1. 

9. COCTO.HHHE llPOfPAMMbl 

llporpaMMa H3X0/.1,HTCll B llp0H3BO.[].CTBeHHOH JKcnnya­
Ta.IJ,HH H BKnJO'leHa B 0$ATI-RP. lloctaHOBKa Ja.[).aqff 
H MetOAbI ee peweHHJI OllHCaHbl B pa6orax [2, 7 - 9). 

10. CCbIJIKH 
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1. JlaneTHH H.11. IlpHMeHeHHe Merona pacmellJleHHll 
orreparopa Aflll paJ.a.eneHHJ1 JHepreTH'!eCKOH H rrpo­
crpattcTBeHHOH Ja.[].a'I rrpH pacqere pacrrpe.a.eneHHJI 
HeHtpoHOB B ll'leiiKe peaKtopa. - BAHT. Cep. <l>HJH­
Ka H teXHHKa lll];epHblX peaKtOpOB, 1981, 
BbIII. 5 (18), C. 63 - 68. 

2. CymattoB H.B. MttororpynrroBoH pacqer uwnrn.a.pH­
qecKoii ll'leHKH MetO.[).OM llOBepXHOCTHbIX nceB.[).0-
HCTO'IHHKOB (rrpHMH>KeHHe IlJIOCKHX npOH3BO.[].HblX 
JHepreTH'leCKOfO TOKa HeHtpoHOB). - TaM >Ke, 
c. 69 - 76. 

3. JlanetHH H.H. Mero.a. rroBepXHocnn,1x rrceBAOHCTO'I· 
HHKOB Aflll pemeHHJI ypaBHeHHJI nepeuoca HeHTpo­
HOB (GN·rrpH6nH>KeHHJ1). - B KH.: MetOAbl pacqera 
rroneii rennoBhIX HeHTpoHoB B pewetKax peaKto­
poB/IIon pen . .H.B. llleBeneBa. - M.: AtoMHJAat, 
1974, C. 114 - 118. 

4. JlaneTHH H.11., CymmoB H.B. PaJBHTHe Merona 
IIOBepXHOCTHbIX rrceBAOHCTO'IHHKOB ,ll1Ill pacqera 
HeHtpoHHbIX rroneH B ll'leHK3X C ny'IKOM crep)l(}{e­
BbIX TBJllOB. - AtOMHaJI JHeprWI, 1979, T. 46, 
Bblll. 3, C. 148 - 154. 

5. CynrattoB H.B., )l(oKHHa M.A. YtoqtteHHe rpaHH'I­
HbIX ycnOBHH llpH pac'lete "teCHblX" pewetOK 
MetO.[).OM llOBepXHOCTHbIX nceBAOHCTO'iHHKOB. -
AtOMHaJI JHeprHll, 1982, T. 53, Bblll. 3, C. 155 - 158. 

6. JlaneTHH H.11. 06 ypaBHeHHJlx rereporeHHoro peaK­
ropa. - BAHT. Cep. <l>HJH1<:a H reXHHKa llJJ.epH1>1x 
peaKtOpOB, 1981, Bblll. 5 (18}, C. 31 - 46: 

7. CyntaHOB H.B. MHororpynrroBaJI rrporpaMMa pacqe. 
ta KOJ<pq>HUHeHta HCllOllbJOBaHHJI tellJIOBbIX HeHT­
poHOB B MHOfOJOHHOH l.l,HllHH.O;pH'leCKOH ll'leKKe 
(MfIIPAKTHHEU}: IIperrpHHt HA:3-3376/5, 1981. 

8. CynraHoB H.B. MHororpynrroBoii pacqer UHJIHHAPH· 
'!eCKHX ll'!eeK C CHllbHOllOfllOlUaJOLUHMH KOflbUe­
BblMH 30H3MH MeTOAOM llOBepXHOCTHl>lX nceB.[).0-
HCTOqHHJ<OB. - AtOMHaJI JHeprHll, 1985, T. 58, 
Bblll. 6, C. 410- 413. 

9. CymattoB H.B. MttororpynrroBaJI rrporpaMMa pacqe­
ra UHJJHHApH'leCKOH ll'!eHKH P AUH.H: IIpenpHHt 
HA:3-3536/5, 1982. 

10. foMHH E.A., MaiiopoB JI.B. KoMilJleKc TERMAC 
Aflll pacqera rpynnOBblX Ce'leHH(i HeiitpoHOB B 
o6nacm repManHJaIOfH. - B KH.: BAHT. Cep. <l>HJH• 
Ka H teXHHKa .11nepH1>1X peaKtOpoB, 1982, 
Bblll. 5 (27), C. 70 - 73. 

11. Askew J.R., Fayers F..J ., Kemshell P.B. A General 
Description of the Lattice Code WIMS. - JBNES, 
Oct. 1966, p. 564. 

12. Roth M.J., Thompson Mrs. M.A. The Facade version 
JOSHUA: AEEW- Rl186, 1978. 

11. TPEEOBAHH.H K 3BM 

OttpaHC11HpOBaHH3.II nporpaMMa BMecre C BCllOMO­
raren1>HblMH rrporpaMMaMH JaHHMaer B 3BM E3CM-6 
BCIO orrepamBHylO llaMllTb H 0.[).HH MarHHTHbIH 6apa6aH, 
B 3BM EC-1055 ~400 K6aHT. 

12 . .H3blK llPOfP AMMHPOBAHH.H 

c?>OPTPAH-N. 

13. OIIEPA.I..UiOHHA.H CHCTEMA 

0C nHCIIAK "ny6Ha", MOHHTOpH3.11 CHCteMa "ny6Ha", 
tpattcn.11rop c?>OPTPAH-fnP Ha 3BM E3CM-6; 0C 
SVS6.1 Ha 3BM EC-1055. 

14. norrOJIHIITEJlbHA.H HH<I>OPMAUH.H 

O6'beM nporpaMMbI ~ 5000 nepcpoKapr. IIporpaMMa 
COCTOHT H3 ll.llTH 6on1>1IIHX qacreii, KOTOpbie B rrpouec­
ce pa6otbl BblJblBaJOTCll B orrepaTHBHylO naMllTb no 
Mepe H006X0/.1,HMOCTH. IIporpaMMa, HaITHCaHHaJI Aflll 
3BM EC-1055, HMeer oBepneHHyJO CTPYKTYPY• 



15. ABTOP IIPOfPAMMbl 

H.B. CynraHoB. 

16.11MEIOl1lHECH MATEPl1Am,J 

ManrnrHaJI neHTa C TeJ<CT0M nporpaMMbl H 0TTpaHcnH­

pDBaHHOH nporpaMMoii. Pa6or&1 (7, 9), conep)K21.UHe 

orrHcaHHe Merana peweHHJI JaJJ,a'IH, oIIHcaHHe rrpHMe­

HeHWl rrporpaMMbl, l<0HTponbHYIO 3aJJ,a'ly. 

YllK 621.039.5 

17. PY6Pl1KH 11 KJilOqEBbIE CJIOBA 

B. 
MHororpyrrrrosoii pac11er, UHJJHHJJ.pH'leC1<aJ1 ll'!eii1<a, 

Meron pacmeIUieHHJl orreparopa, Meron rrosepXHocr­
H1>1x rrcesnoHCT0'IHHl<0B. 

CtaThJI nocrynHna B peAaKUHIO 

1 HIOHII 1987 r. 

Bonpocbl aTOMHOlt HayKH H rexHHKH, 

Cep. ~HI<ll ~eplWX peucropoB, 1989, BLIII. 2, c. 36 - 39. 

AHHOT AI.Urn IlPOrP AMMbl KJIAP A-1 

,llaercx 0ilHCa!IHC np0rpll/l'fMbl MHororpynnosoro KHHCTH'ICCK0f0 pacqera KJlaCTCpHoll JltlCllKH THna PBMK MCT0A0M nosepxH0CTKl,lX 
IlCCBA0HCT0qffHK0B a GN-npH6JlHlKCHHH. 

CODE KJIAPA-1 ABSTRACT. N.V. SULTANOV. The code for transport calculation of many group neutron flux in the RBMK-cell by the 
Surface Pceudo-Sources method in the G~ approximation is discribed. 

1. HA3BAHHE IIPOfPAMMbl 

KJIAPA-1. MHororpyrrrrosoii pac11er 1<nacrepHoii Jllleii­

KH HJJ,epHoro pe21<ropa MeronoM II0BepXH0CTH1>IX 
rrceBJ:);0HCT0'IHHl<0B. 

2.38M 

63CM-6, EC. 

3. IIOCTAHOBKA 3A,UAqJ1 

PaccMarpHBaercn 1<IIacrepHaJ1 JaJJ,a'la mrra PBMK 

(cM. pHcyH01<). Ka.JKJJ.aJI J0Ha 1<nacrepHoii JllleHJ<H 

1/12 tiaCTJ, KJiacrepHoll Jl'lelfKH 

xap21<repH3yercn II0CT011HH1>IMH II0 30HaM rpyrrrro­

BblMH cetJeHHJIMH nornomeHHn l: ag, paccenHID1 l: sg, 

neneHHR l:rg• rrepexoJ:J;oB HJ rpyrrm1 g' B rpyrrrry g 
l: sg _ 8,. Beyrpu J<IIacrepHoii JaJJ,a'IH pewaercn MHoro­
rpyrrrroBoe J<HHeTH'lec1<oe ypasHeHHe 

NG 
➔ ➔ d'➔ 

n V-tigv. n) + l:tot g(t.)l/lg1.r' n) = L l:s g ot-g'v) 'Pog-V} + 
NG g'= I 

+ ~ g"?;l vl:fg'v)l/log 'v) + Ig(n)6(t - r:cr) + s&(r), 

rJ:J;e 1/1 g (r, 0) - <pyHl<U,HR pacrrpeneneHHJl HeHTpoHoB 

B rpyrrrre g; IP O g {t) = J. 1/1 g (r, n) dU - II0I0I< HeHTp0-
H0B B rpyrrrre g; lg - HHTeHCHBH0CTb HCT0'IHHJ<a Heiir­

pDHOB, pacrrono)KeHHoro Ha UKJIHHApH'lec1<oii nosepx­

Hocm pa,uuyca rHCT (rBH ,;;;; rHCT) H coJnaK>mero Ha 
BHelllHeii rpaHlru;e R'leHJ<H rB H HHTerpanbHblH TOI< HeHTpO­

H0B HHTeHCHBH0CTblO Tg B rpyrrrre g; s8 (r) - rrnor­

H0CTb II0CT0JIHH0f0 II0 30HaM 061.eMHoro HCT0'IHHJ<a 

HeHTpOHOB B rpyrrrre g. 

B nporpaMMe ypasHeHHe (1) pewaercn Ha Haxo)KJJ.e­
HHe co6CTBem10ro JHa'leHHJI k Jl'leiiKH ( rorJ:J;a T = 0 H ... g 
S8 (r) = 0 nnn 1 ..;; g ..;; NG) H co6CTBCHHOH <pyHl<UHH 

1/1
08 

{r), ycpeJ:J;HeHHoii rro J0HaM. PewaK>rcn TaJ<)Ke 

3aJJ,a'IH C BHelllHHMH HCT0'IHHJ<aMH HeHTpOHOB: nu6o 

C 06'bCMHblMH HCT0'IHHl<aMH s8 (r) (T = 0) • nu6o C 

HHTerpanbHblMH T0J<aMH HCHTpDHOB f g Ha BHelllHeH 

rpaHH:ue n11eHJ<H (S8 (r) = 0) , 11u6o c reMH H APYrHMH . 
.llnn peweHHJI ypaBHCHHR (1) B nporpaMMe HCIIQilb· 

Jyercn cnoco6 pacmenneHH11 oneparopa (1, 2], npH'leM 

A1111 peweHH11 npocrpaHCTBeHHo-yrnoBoii 11acTH JaJJ,a'IH 

rrpHMeHeH M~TOA II0BepXHOCTHhIX nceBAOHCT0'IHHl<OB B 
G?-. cg-, Gf- H Gi-npHMH)KeHHRX (3, 4]. 

OcHOBHbIMH npufuIH)KeHHJIMH crroco6a pacmerrne­
HHn oneparopa RBilRIOTCR npeAUon0)KeHHn 0 II0CT0JIH· 

CTBe no 30HaM HCT0'IBHJ<0B HeHTpoHOB neneHHR H 

npoHJBOJJ.Hl,IX JHepremqec1<oro ro1<a HeiirpoHOB 

[l, 2]. IlocnenHee npHMJi)KCHHe npHB0AHT I< 6o11ee 

TO'IHbIM peJyn&raraM pac11era J111ee1<, 'leM lllHpDl<0 

HCil01Jb3yeMoe npHMH)l(elDfe "IUIOCl<HX" II0T0KOB B 

Merone BepDJITHOCTeii nepBbIX CTOill<HOBCHHH [I] ' 
'IT0 II03B01JReT He .o.po6HTb 30Hbl n11ee1< Ha non30H1>1, 

reM caM&IM yMeH1>waJ1 BpeMH c11era Ha 3BM. Ha BHew­

Heii rpaHH:Ue Jl'ICHl<H HCII01Jb3yercn rpaHH'IH0e ycno-
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BHe "cTOK Ha 6eCKOHe'IHOCTH" [5). 
IIporpaMMa neqaTaeT KOJ<l><t>HUHeHT pa3MHOlKeHHJI 

k_ H'leHKH, rpynnOBhie cpenHHe IIO 30HaM noTOKH 

HeihpoHOB, rpynnoBhie IIOTOKH H TOKH Ha rpaHHD;ax 

30H, rpyIIIIOBhie ypoBHH HeHTpOHOB Ha BHellIHeH rpa­

HJme JltJeHKH. IJeqaTalOTCJI ManorpyTTTTOBhie KOHCTaH· 

Thi, cpeA}{He KaK IIO 30HaM, TaK H IIO JltJeHKe. Pacc'IH­

Th!BaJOTCJI H netJaTalOTCJI nByxrpynnOBhie 3<p<peKTHB­

Hhle cetJemut, KOTOphle HCIIOJih3YJOTCH B o6o6iueHHOM 

Mernne roMoreHH3aJ.U{H - Mernne IIOBepXHOCTHhlX 

rapMOHHJ< [6). 

4. METO.U PEIIIEHIDI 

40 

Hcnon&Jy.11 cnoco6 paciueTIJieHHH oneparnpa [l, 2), 
rrpeo6pa:3yeM ypaBHeHHe (1) K 3KBHBaJieHTHOH CH­

CTeMe ypaBHeHHH 

n Vi/I/(, n) + Ltot g(J)i/lgCr'; U) = cg<t°):Eso glfHoglf) + 

+ sg(t) + IgCU)o(t -tT). 
NG 9) 

Sg(() = ,L Lso g +-g'i/log'(()- cg(() i;sogCt)i/log(() + 
g'= I 

',<' NG 

+ k_ gf:1 VLfg'i/log'(() + Sg(r). 

B nporpaMMe <pyHKUIUI C (r) = 1 BO Bcex 30Hax, 3a 

HCKJIJOtJeHHeM Tex, rne 'f. ag ~ 10-5 . TaM cg (r) = 

= 0,99999. BHAHM, '!TO nepBoe ypaBHeHHe CHCTeMbl 

(2) OTBeTCTBeHHO 3a nH<p<py3HJO neihpOHOB B JltJeHKe, 

a BTopoe - 3a nepeXOAhl HeiiTpoHOB H3 OAHOH rpyTTTThl 

B npyryro. OTMeTHM, '!TO B nepBoe ypaBHeHHe CHCieMhI 

(2) HOMep rpyllllhI BXOr(HT KaK napaMeTp, II03TOMY 

OAHOrpyTTTTOBhle ypaBHeHHJI MOlKHO pellIHTh OTAeJihHO 

OnHH pa3 B HatJane peweHHH Jart;a'IH. 

IlpoHHTerpHpyeM BTOpoe ypaBHeHHe CHCTeMhI (2) 
no ofu.eMaM 30H H nocne HeKOTOphIX npeo6pa30BaHHH 

nony'IHM BhipalKeHHe lI,]IH cpenaero no JOHe i noToKa 

HeHTpoHOB ~!g H HCT0'IHHKa HeHTpoHOB S~ B BHr(e 

. NG . . . . Xi NG . . 
'S' = ~ L ,v? - c1 l:1yi! + --'"°' vl:1 i/11 + sic g L, so g ---g g g s Og k L.., fg Og . 

g=t - g=l (3) 

3aMeHHM B nepBOM ypaBHeHHH CHCTeMhI (2) HCTO'I­

HHKH Sg (r), 3aBHCHI.UHe OT npOCTp~CTBeHHOH nepe­

MeHHOH, Ha nOCTOHHHhle no 30HaM S1 . .Uanee 6yneM g 
pemaT& nocnenoBaTen&Ho Bee onaorpynnoB&Ie ypaB-

HeHHR (nepBOe ypaBHeHHe CHCTeMhl (2)) c nOCTOHH­

HhlMH IIO 30HaM HCTO'IHID<aMH HeHTpOHOB MeTOAOM no­

BepXHOCTHhlX nceBAOHCTO'IHHKOB (nonpo6HOCTH MOlK­

HO HaHTH B [7]) . IIonyqHM 3aBHCHM0CTH, 3anHCaHHhJe 

B MaTpH'IHOH <pOpMe, lI,]IH KalKAOH rpynllhl g B BHrt;e 
➔ 
- I\ ➔ 
•1• =D S 'l'g g g' 

(4) 

rne 1/1 g - BeKTOp cpenaHX n~ 30HaM IIOT0K0B Heihpo­

HOB fpYilflhl g B H'leHKe~ 0 g - MaTpHUa, 3JieMeHThl 

KOTOpOH JIB]IJIIOTC.11 KOM6HHau;HeH MOMeHTOB <PYHKUl{H 

rpm .. (oM. (71); s; 4~ l -
BeKTOpOB HCT.O'IHHICOB HeHTpOHOB Si H TOKOB HeHTPO-

~ T g 
HOB Ha BHelllHeH rpamru;e H'leHKH g· 

II pH nonytJeHHH 3aBHCHM0CTH ( 4) HCnOJih30BaJICH 

Mernn MaTpH'{HOH nporoHKH [7]. ycTOH'{HBhlH K OlllH6-

KaM OKpyrneHHH . 

.lln.11 onpeneneHH.11 cpenHHX no 30HaM rpynnoBhIX 

IIOTOKOB HeHTpOHOB peillaJOTC.11 COBMeCTHO r(Ba ypaB­

HeHHH (3) H (4). B o6nacTH 3aMer(]leHHH HeiirpoHOB, 

rne MaTpHUa rpynnoBhIX nepexonoB HMeer rpeyron&­

HhIH BHA, HcrromJyerc.11 cnoco6 nocnenoBaren&Horo 

pewemrn ypaBHeHHH, Ha'{HHaH c nepBoii H KOH'laH nocneJJ,­

neii rpynnoii o6nacrn JaMenneHHH [7-) . B o6nacrn 

repMaJIHJau;HH aeiirpuriOB, r.o.e il-iarpHUa rpynnoBbIX 

nepexonoB HBJIHeTC.11 noJIHOH, peilllleTC.11 CHCTeMa H3 

NGT ypaBHemrn BHAa (3) H (4) (NGT - 'IHCJIO repMa­

JIHJOBaHHhlX rpynn) [7] . 3ra CHCTeMa pewaerc.11 np.11-

MhIM MeTOAOM 06paiueHW1 IIOJIHOH MaTpHUhl. 

HanOMHHM, '!TO H3-3a HCnOJih3yeMhlX npHOOHlKe­

HHH ( CM. (3)) B Mernne pacmeTIJieHHH oneparopa 

reoMetpHtJeCKHe 30Hhl HtJeeK He Ap06HTCH Ha IIOA30· 

Hhl. B pe3yn&rare B o6nacrn repManH3au,HH rronyqaer­

c.11 MatpHUa pa3MepHOCThIO NGT . NZ (NZ - 'IHCJI0 

30H B HtJeiiKe), K0Topa.11, KaK npaBHJIO, HMeer He taKyro 

6omwyro BeJIHtJHHy, tJT06&1 npHMOH Meron peweHHR 

JaMeHHTh Ha Htepau;HOHHhlH. 

B&IWeOilHCaHHhlH anropHTM HCIIOJih3yeTCH B npo­

rpaMMe lI,]1.11 peweffilJt 3art;aq KaK C BHeillHHMH HCTO'I· 

HHKaM11 HeiirpoHoB, raK H Ha onpeneneHHe k_. Co6-

CTBeHHoe 3HaqeH11e k_ 3art;atJH (2) HI.UeTC.11 MeTOAOM 

Htepau;HH no HCTO'{ffHKy. OrMeTH~, '!TO anropHTM 

peweHHH Jart;a•111 (2) TaKOH, qro Ha mo6oM nane ero 

BhlIIOJIHHeTC.11 6anaHC HeiirpoHOB. 

5. orP AHWlEHIDI CJIQ)l(HOCTl1 3AJlA qli{ 

KnacrepHa.11 HtJeiiKa pacc'IHT&maerc.11 B G?-, G~ -, Gl -
H G\-npH6nHlKeHHHX Mernna IIOBepXH0CTHhlX nceBAO· 

HCTO'IHHKOB. AHH30TpOilHH pacceHHHH HeHTpOHOB Ha 

H,!1.pax Y'IHThIBaerc.11 B rpaHCIIOpTHOM I1pH6JIHlKCHHH. 

CetJeHHH nornoiueHH.11, pacceHHHH, .o.eneHH.11 H rpyTTTTo­

BhIX nepexonoB BBOAHTC.11 B nporpaMMy. HMeeTCJI 

BapHaHT nporpaMMhl, KOTOphlH aBT0MaTHtJeCKH 6eper 

HX H3 nporpaMMhI WIMS [8]. feoMetpHtJecKHx JOH 

B HtJeiiKe He 6onee 11, rpynn He 6onee 30, KJiaCTep­

HhIX 30H He 6onee 5. 3TH orpaHHtJeHHJI He IlpHHUHIIHaJih· 

Hhle: H3MeHHB pa3MepH0CTH CO0TBeTCTBYJOlltHX Mac­

CHBOB, MOlKHO paCC'IHThlBaTh ,11qefiKH H C 6cnhlllHM 

'IHCJI0M 30H H rpynn, OC06eHHO lI,]1.11 MaillllH THila EC, 



r,a;e ,a;ocraro'!Ho 6oni.wasr onepaTHBHasr naMJITI>. 

6. TmIIBIHOE BPEMR CllETA 

Cpe,a;Hee speMll, 3arpa'IHBaeMoe Ha pacqer O.D.HOH rpyn­
m,1 KJlacrepHOH Jl'leH,KH C ABYMJl KJlacrepHblMH 30HaMH, 
cocrasnJ1er npHMepHo 3, 5, 4, 10 c s G?-, G~ ·, Gl­
H Gl •npHWIHllCeHHJIX coorsercrseHHo. BpeMll pacqe­
ra Ha 3BM E3CM-6 H EC-1055 npHMepHo o,D;HHai<:osoe. 

7. OCOEEHHOCTM flPOrPAMMbl 

IIporpaMMa KJIAP A- J J1BnJ1ercJ1 MO.a;Hq>mcawi.eif npo­
rpaMMbl KJlAPA. 3ra MOAH<PHKauHJI ocymecrsnMacb 
B ,a;syx HanpaJmeHHJIX. Bo-nepBbIX, l]JIJI ycroH'IHBoro 
K oum6KaM nKpyrnemtii pacqera o,a;Horpynnos&1x 
K.HHeTH'leCKHX ypasHeHHH Mero,a;oM nosepXHOCTHbIX 
nceB,D;OHCTO'IHHlCOB IlpHMeHeH Mero.a; MatpH'IHOH npo­
roHKH (cM. [7]). B pe3ynbrare nHx H3MeHeHHH crano 
B03M0)K}{blM ycrOH'IHBO paCC'IHTblBaTb KJiacrepH1>1e .ll'ICH· 
KH C MarepHanaMH 30H, KOTOpble HMelOT KaK yro.D,Ho 
6onbume 3Ha'leHHJI ~ all.r (~ a - ce'leHHe nornomeHHJI 
30Hbl; Ll.r = rBH - rBHYT). 

Bo-sropbIX, H3MeHeHHJI nporpaMMbl CBJl3aHbl C 
paC'leTOM 3q>q>eKTHBHblX ManorpynnoBblX KOHCTaHT 
Jl'leeK l]JIJI Mero,a;a nosepXHOCTHblX rapMoHHK (6], 
npH'leM 3TH ce'leHHJI paCC'IHTaHbl B TaKOH q>OpMe, 'ITO 
MOryT 6bITb HCnOnb30BaHbl l]JIJI pacqe-ra 0OnHJl'leeK, 
c6opoK H peai<:ropos no JJ.H<P<PY3HOHHblM nporpaM· 
MaM (HanpHMep, JOSHUA [9]) . 

8. BCIIOMOr ATEJibHhlE M COIIYTCTBYlOlllME 
IIPOrPAMMbl 

IlporpaMMa peweHHJI CHcreMb1 anre6paH'leCKHX ypas­
HeHHH Mero,a.oM raycca c Bb1,a;eneHHeM rnasHoro 3ne­
MeHra MATIN-! BKJIIO'leHa B caMy nporpaMMY B BH.a;e 
npon;ell,ypbI. 

9. COCTORHME IIPOf P AMMbl 

IIporpaMMa Haxo,D;HrCJI B npoH3B0,D;CTBeHHOH 3KCnnya­
TauHH H BKJIIO'leHa B O~AII-RP. IIocrauosKa 3a,a;a'IH 
H MerO,D;bI ee peweHHJI OOHCaHbl s (2 - 4, 7]. 

10. CChlnKM 

1. IlaneTHH H.M. IIpHMeHeHHe Mero,a;a pacmenneHHJI 
oneparopa Afill pa3,a;eneHHJ1 3HepretH'leCKOH H npo­
crpaucrseHHoH 3a,a;aq npH pacqere pacnpe,a;eneHHJI 
Heii:rpouos B Jl'leHKe peaKropa. - BAHT. Cep.: ~H-
3HKa H reXHHKa J1,D;epHb1x peaKropos, 1981 , 
BbIIT. 5 (18), C. 63 - 68. 

2. Cymauos H.B. MHororpynnosoH pacqer IJ;HJIHHJl,PH· 
'leCKOH H'leHKH MetOAOM nosepXHOCTHblX nceBAO· 

HCTO'IHHKOB (npH6nHllCeHHe MOCKHX npo!i3B0,D;HblX 
3HepreTH'leCKoro lOKa HeHrpoHOB). TaM llCe, 
c. 69-76. 

3. IlaneTHH H.M., CynraHos H.B. PaJBHTHe Mero,a;a 
nosepXHOCTHblX nces,a;OHCT0'IHHKOB Aliff pacqera HeHT­
rpoHHblX nonej;j B Jl'leHKax C ny'IKOM crepllCHeBbIX 
TB3nOB. - AroMHasr 3HeprHll, 1979, r. 46, Bbm. 3, 
c. 148 - 154. 

4. Cynrauos H.B. Pa3BHTHe Mero,a;a nosepXHOCTHblX 
nceB,D;OHCrO'IHHKOB l]JIJI pacqera HeHTpoHHbIX noneH 
B J1'1eH1CaxPEMK: IIpenpHHT MA3-3005, 1978. 

5. naneTHH H.M. Mero.a; nosepXHocrHbIX nce.a;oHcro'I• 
HHKOB JJ;JIJI peweHH.11 ypasHeHHH nepeHoca HeHTp0• 
HOB (GN•npH6nHllCeHH.11). - B KH.: Mero,a;bI paC'lera 
noneif rennoBbJX HeHTpoHos B pewerKax peaKro­
pos/Ilo.a. pe,a;. R.B. IIlesenesa. - M.: AroMH3,a;ar, 
1974,c. 114- 118. 

6. IlanerHH H.M. 06 ypasHeHHJlx rereporeHHoro peai<:­
ropa. - BAHT. Cep.: ~H3HKa H reXIDlKa J1,a;epHbIX 
peaKropos, 1981, BbIIT. 5 (18) , C. 31 - 46. 

7. Cynrauos H.B. MHororpynnosoj;j pacqer KJ1acrepHbIX 
Jl'leeK MeTO,D;OM nosepXHOCmbIX nceB,D;OHCTO'IHH· 
KOB. - AroMHasr 3HeprHll, 1985, r. 58, Bb!O. 6, 
c. 414 - 418. 

8. Askew J.R., Fayers F .J ., Kernshell P.B. A General 
Description of the Lattice Code WIMS. - JBNES, 
Oct. 1966, p. 564. 

9. Roth M.J., Thompson Mrs. M.A. The Facade Version 
JOSHUA: AEEW- Rll86, 1978. 

11. TPEEOBAHMR K 3BM 

OrrpaucnHpOBaHHasl nporpaMMa BMecre C BC0OMO· 
raren&HhlMH nporpaMMaMH 3aHHMaer B 3BM E3CM-6 
BCIO oneparHBHylO 0aMJlTb H O,D;HH MarHHrHbIH 6apa6au, 
a 3BM EC-1055 ~ 400 K6aHT. 

12. R3blK flPOfPAMMMPOBAHMJI 

~OPTPAH-N. 

13. OIIEPAIDiOHHAJI CMCTEMA 

OC .UMCIIAK H "Jly6Ha", MOHHTopuasr CHcreMa "Jly6Ha", 
rpaucm1top ~OPTPAH- r,UP na 3BM E3CM-6; OC 
SVS6.l Ha 3BM EC-1055 . 

14 . .IlOIIOJIHMTEJibHAfl MH~OPMAIDIJI 

O61>eM reKcra nporpaMMbI ~ 6000 nepq>oKapr. Ilpo­
rpaMMa cocrOHT H3 WITH 6omumx 'lacreH, KOr0pble 
B npon;ecce pa6otbl Bbl3b!Ba!OrCJI B oneparHBHYIO na­
MJITb no Mepe Heo6XOAHMOCTH. IIporpaMMa, HanHCaH· 
Has! n,ur 3BM EC-1055, HMeer osepneihfyJO crpyi<rypy. 
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15. ABTOP IIPOfPAMMhl 

H.B. CynraHoB. 

16. HMEIOlI.(11EC.H MATEPl1AJihl 

MarHHTHaJI JieHTa C teKcroM nporpaMMbl H C OTTpaHCJIH­

poBaHHOH nporpaMMOH. Pa6orh1 [ 4, 7] , conep>KamHe 

OIIHCaHHe Merona pemeHIDI JaAa'lH, oIIHcaHHe npHMeHe­

lilUI rrporpaMMbl, KOHtpOJibHylO 33J];aqy. 

YJU< 681.32.05 

17. PYEPHKH 11 KJilOqEBbIE CJIOBA 

B. 
MHororpynnoBou pac11er, KJiacrepHu J111eu.xa, Mero.a; 

pacmeIDieHHH oneparopa, Mero.a; noBepXHoctHbIX nceBno­

Hcro'IIDII<OB. 

CTaThll nocrymrna B pe,uaKJJ.l{lO 
12 MaJI 1987 r. 

Bonpocld aroMHolt HayKH H TeXHHKH. 
Cep. ~H3HKa JIAepHWX peaKT0pOB, 1989, BLIII, 2, C. 39 - 42. 

AHHOTAI.UIB IlPOrPAMMhl AREAS 

TTpHBO,a;HTCJI Kp8TKaJI HH¢,OpMaJJ,HJI O nporpaMMe !ildcrpOlt pa3MeTKH HeCBll38.HHblX o6nacrelt, o6p830B8.HHblX KOOp,a;HHaTHO-CMe)l(HldMH 
3neMeHT8MH ,D;ByMepHOlt MaTpHUbl ,ll;aHHh!X. P83MeTKa OTKpldBaer ,D;Ocryn K 30H8M HHTepeca, QeM ol5ecneqHBaer·so3MO)l(ff0CTh aHaJlll38 HX crpoe­
HHJI H ,ll;HH8MHKH npOTCKaJOUJHX B HHX npoueccos. TTporpaMMa npe,D;H83Haqaercll ,ll;flJI peweHHJI 38,ll;aq pacWH¢,pOBldBaHHJI ,ll;HarHOCTH'leCKHX 
H306paJKeHHlt. 

CODE AREAS ABSTRACT. O.L. RYABOV, B.V. SOKOLOV. The brief information is pr_esented about the prograri'I of the speedy tracing 
of the non-connected areas produced by the adjacent-coordinate elements of a two-dimensional data matrix. The tracing opens access to zones 
of interest, thereby enabling one to analyze their structure and dynamics of processes run in these zones. The program is intended for solving the 
problems of decoding diagnostic images. 

1. HA3BAHHE IIPOf P AMMhl 

AREAS. BLmeneHHe ceMeiicTB KoopAHHarHO-CMe>K-

HbIX JJieMeHrOB ABYMepHOH MarpHil,bl naHHbIX. 

2 . 3BM 

IlporpaMMa MannnnlO-HeopHeHTHpoBaHa, HCIIl,IraHa H 

JKcITJiyaTHpyercH Ha E3CM-6, CM-4, PDP-11. 

3. IIOCTAHOBKA 3NI.Aq11 
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A. ,llaHa ra6Jrnua nono>KHTem,HhIX ueJibIX 'IHCeJI. HeKo-, 
ropbie 'IHCJia, 6oJI&IIlHe 3aJJ;aHHoro 'IHCJia, Moryr Haxo-

.a;HTbCH B KOOpJ];HH3THO-CMe>KHbIX TO'lKax ra6JIHubl, 

T .e. TO'lK3X nepece'lelilUI cocei:umx crpOK H CTOJI6UOB. 

HmH Bee CeMeH.CTBa KOOpJ];HHaTHO-CMe>KHbIX TOlleK, 

npHHa,a;lle)l(3UIHJ( TaKHM 'IHCJl3M H pa3MeTHTb HX raK, 

'IT06b1 eyMepauwr ceMeiicTB BOJpacrana c yMeHbme­

HHeM B HHX 'IHCJia TO'leK. PeIIlHTb JTY 3aJJ;aqy 33 rpH 

CKaHHpyro11.1HX npoxona ra6mmh1. 

Ii. ,llaHo MHO)l(eCTBO nap OTJIHllaJOUIHXCJI UH<ppo­

BbIX MeTOK. HeKOTOpbie H3 nap conep)l(aT o.a;Hy H ry 
)Ke UH<ppoByJO MeTKy. 3TH nap&! C'IHTaJOTCJI CBJl3-

HbIMH. Pa3JI0)1(1{Th MHO)l(eCTBO Ha ceMeiicma TaKHX 

CBH3HblX nap, 'ITO BTOpbie JJieMeHTbl nap K3)1(J];Oro 

ornen&HO B3JIToro ceMeH.CTBa .IIBJIJIIOTCJI MHHHMaJib­

HblM :meMeHTOM :noro ceMeH.CTBa. 

B. ,llaHa Kapra UH<ppoBbIX MeTOK. Ilepepa3MeTHTb 

ee taK, IITO l!eM MeH&IIle 'IHCJIO TOlleK B ceMeHCTBe, 

I 
reM 60JibIIlaJI 'IHCJIOBaJI MerKa eMY orBe11aer. 

4. METO,ll PEIIIEHH.H 

,lleu.cmyrol.U}{H anropHTM pa3MetKH [ 1, 2] npennona­

raer MHoroKpareyro nepeHyMepaUH!O MatpHil,bI AaH­

Hhrx. 3ra 3a)J;a'la pewaeTCJI B TpH .a;eii.CTBHJI. BbinOJI­

HJleTCJI pa3MeTKa. HcnpaBJIJUOTCJI norrymeHHble OWH& 

KH. HcnpaBJieHHoe nepepa3Me11aercH raK, 1110 6d'n&­
WHe 'IHCJIOBbie MeTKH AaJOTCJI ceMeHCTB3M C MeHbWHM 

'IHCJIOM TO'leK. 

IlOHCK OWHOOK pa3MeTKH non'lHHeH npaBHJiy: 

)]Jill o6Hap~eHHH orJIH'laroweucH cocenHeii MeTKH 

nocraro'lHO npoBepHTb TO'lKY nepece11eHHJ1 npenmecr­

BYJOJ..UeH crpoKH H cnenyromero cron6ua . 

MHO)l(eCTBO nap OTJIHl!aJOIUHXCJI UH<ppoBblX MeTOK 

pac1.11eIDIJ1erCJ1 Ha ceMeucrBa CBH3HbIX nap ( Jana11a Ii) . 
B K3JKJ];OM ceMeHCTBe H3XO.a;HTCJI HaHMeHbIIlHH :meMeHT, 

KOTOpbtii 33TeM rrpHCOeJ];HHHeTCJI K OCTaJibHblM UH<ppo­

BblM MeTK3M roro )Ke ceMeHCTBa, npHl!eM TaK, 'lTO BO 

BCex o6pa30B3BWHXCJI napax OH Bropou. JJieMeHT. 

B COOTBeTCTBHH co cnoco6oM nocrpoeHHH nap nony­

tteHHoe KX MHO)l(eCTBO CBJl3bIBaer pe3yn&T3Tbl HeOJ);H0-

3H311HOH pa3MeTKH C pe3yJibT3T3MH OAff03H3'lHOH. Ena­

ro.a;apH JTOH CBJl3H Kapra HCnpaBJIHeTCJI 33 OJJ;HO CKa­

HHpOBaHHe ra6JIHUbI. IlorryrHO C HCnpaBneHHeM Bbl­

'lHCJIJleTCJI mcrorpaMMa 'lHCJieHHOCTH OTAeJibHblX 

MeTOK. 

3aBepwaromu cranHH pa3MerKH (Janatta B) Ha'IH­

HaercH C <pOpMHpOB3.HHJI BCnoMoraren&HOH ueJIO'lHC-



neRHOH q>}'HKIOIH, l{l,ff 3Ha11emu1 paBHl>I apryMeHtaM 
H 111,,i: o6nacTb onpeAeneHHR orpaHH'leHa semf'IHHOH 
HaH6on&llleii IO!q>posoii MetKH . .llanee :meMeHtbl mcro­
rpaMM&I 'IHcnemmctH MetoK no.o;sepr310TCR nepe­
CtaHOBKe, BblCTpaHBaiomeii HX B nopR:AKe y6&1B8HHJI 
(3). CHHxpOHHO c nepeMemaeMblMH JneMeHTaMH 
fHCTOrpaMMJ,J BblilOnHRetCR nepectaHOBK8 COOtBet­
CTBYIOlllHX JHa'leHHH ueno'IHC1IeHHOH q>}'HKIOIH, IlocneA­
HRR JateM npeo6paJyetCR B o6patHylO C uen&IO npHBR3· 
KH o6nactH ee onpeAeneHHR K pe3yn&tataM teKyweii 
pa3MetKH, a o6naCTH JHa'leHHH - K peJyn&tataM OKOH· 
'laten&HOH. Ilocne :noro npoH3BOAHTCR tpetbe CK3HH· 
posaHHe ra6nHUhl, B npouecce Kotoporo ee UHq>pos&1e 
MetKH JaMeHRIOTCR HaimeHHblMH no HHM 3H3'1eHHRMH 
q>Yff.KJ:OIH. 

5. or P AHWIEHIDI cnO>KHOCTl1 

PeJynbtaTbl nepsoii pa3MetKH He nposepRIOTCR. IlpeA­
nonaraercR, 11ro oHH scerna olll1i6011Jt&1. IlonoMy 
nepepaJMetKa BblilOnHReTCR A3.)l(e torAa, KOrA3 B 
peJyn&tatax Het HeOAH03H31ffiOCTH. 

6. Tl1ffilllHOE BPEMR cqETA 

OnpeAenRetCR Heo6XOAHMOCTblO npope)KHBaHHR MaCCH· 
Ba HCX0AHblX AaHHl>IX H pa3MepaMH MaCCHBa. IlpH 
pellleHHH nonHOH 33Aa'IH, B TOM '!Hcne 38A3'1H npope­
)KHBa,HHR MatpHilbl H3 64x64 TO'leK, BpeMJI uempanb­
HOro npoueccopa 63CM-6 He npes&rmaer 1 c. 

7. OCOEEHHOCTl1 IlPOfPAMMhl 

BseAeHbl AB3 Janpoca. OAHH yt0'11U1et Heo6XOAHMOCTb 
npe.o;sapHten&Horo npope)KHBaHWI MatpHilbl HCXOAffblX 
A3HHhlX, Apyroii - uenecoo6paJHoct& paJMetKH ce­
Meiicrn, 'IHC1IeHHOCTb KOtOpblX HH)Ke seJIH'IHHl>I, yKa-
33HHOH s ornere. 

8. BCilOMOfATEJibHhlE 11 COilYI'CTBYIOII111E 
IlPOfP AMMhl 

IlporpaMMa He rpe6yer o6p8llleHHR K o6mecrseHH&IM 
6H6nMoteKaM. 

9. COCTORHME IlPOfPAMMhl 

HaXOAHTCR B npOHJBOACTBeHHOH 3KCnnyat3UHH H 
BK1IIO'leHa s O<I>Ail-RP. 

10. CChlJ1K11 

1. Rosenfeld A. Picture Processing by Computer. -
N.Y. - London: Acad. Press, 1969. 

2. 63.lllKHpOB O.A. H Ap. B&meneHHe H C'let CBR3HblX 
o6nacteH Ha AHCKpetHOM H306pa)KeHHH. - AstoMa­
THKa H reneMexaHHKa, 1972, t. 11, c. 84 - 92. 

3. Hoare C.A.P. - Computer Journal, 1962, vol. 5, 
p. 10- 15. 

11. TPEEOBAHIDI K 3BM 

B&monHeHHe OCHOBHblX <l>YHKUHH nporpaMMbl o6ecne­
'IHBaer 3BM B MHHHMan&HOH KoMnneKtauHM. 

12. R3hIK IlPOfPAMM11POBAHIDI 

<I>OPTPAH-UEPH. 

13. OOEPAUHOHHAJI CMCTEMA 

IlporpaMMa pa6oraet B rr106oii onepaIOIOHHOH cHcte­
Me, conep)Kameii tpaHcnRTop c <I>OPTPAHa. 

14 . .llOilOJIIDITEJihHAR 11H<I>OPMA1.U'UI 

Her. 

15. ABTOPhl IlPOfPAMMhl 

o.n. P,i:6os, 6 .B. Corconos. 

16.11MEIO(Ill1ECR MATEPl1AJihl 

Pacne'latKa nporpaMMbl, OnHCaHHe MeTOAa pellleHHR, 
teKCT Ha MarHHTHblX nemax HnH M3fHHTHblX AHCKax, 
HHCTpYKUHR MR Il0Ilb30BatenR, K0HtponbHaR 3ap_aqa, 

17. PYEPl1Kl1 H Knl0%BhIE en OBA 

O, P. 

Cnn.ll nOCTymma B peAlJ(UHJO 

13 anperui 1988 r. 

Bonpocbl aTOMHOA HayKH H TeXHllKH. 

Cep. 4l>H3HJ<.a H,tlepHl>IX peal<TOpoB, 1989, BWll, 2, C. 42 - 43. 

HH<I>OPMAUHR 

Otpacnesoii q>OHA anropHTMOB H nporpaMM IJllR pacqera R)lepHblX peaKtOpoB, 6naHKetOB tepMOR)lepHblX peaKtOpoB 
H P8AH3I.U'IOHHOH 38llJHT&I (O<I>Ail-RP) B l1HcTHryte atoMHoii :meprHM HM. H.B. Kyp'latosa npHHHMaet JaKaJ&I Ha pa6oty no 
noctaHOBKe HeKOTOpblX nporpaMM H 6H6JIHoteK KOHCTaHT, HMelOUlHXCR s q>OH.Ae. IlpOBOAffTCR aAantauHJI K Bbll{J{CilHten&HOH 
cpeAe 3aK33'1HK3, HactpOHKa Ha pellleHHe TH0OBblX Jap_aq, o6yqeHMe Il0Ilb30Bateneii, peweHHe THilOBblX 38A3'1. 

3aKaJbl cneAYet HanpaBnRT& B l1A3 HM. H.B. Kyp'latosa, OtAeneHHe R:AepH&1x peaKtopoB, PYKOBOAHtenlO O<I>Ail-RP. 
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3KCilEPMMEHTAnbHhlE MCCnE~OBAHMH 

Y.IU< 621.039.51 

P AcqETHO-3KCilEPMMEHT AnbHhlE MCCnE~OBAHIDI 
~BO0HO0 rETEPOrEHHOCTM TB3nOB BTrP 

B.M. Bphl3I'8JIOB, E.A. roMHH, M.M. rypeaffll, A.C. Ka.MHHCKHH, 
E.C. Cy66omH, B.B. Te6HH 

O1IHC8HbJ KOMIUleKCHlJ.e HccneAOBaHHll xapaKTepHCTHK TB3nOB BTfP. 3xcnepHMeHTh! BbJJlOJtHCHbl H8 CTellll.C rPOr. C HX DOMO!UlJO anpo!5H­
pOB8Hbl DpCUH3HOHHbJC p8C'ICThl no aporpBMMe MCU,. 8 C DOMOJilJ,JO 3THX p8C'ICTOB H 3KCDCpHMeHT8J'll,HbJX A8HHbJX.anp0!5HpOB&H8 aporp8MM8 
SCOCR T, DpHrOAHaJI IVIJl ocyiuecnneHHJl HH)l(eHepHblX paCtlCTOB. 

CALCULATION AND EXPERIMENTAL RESEARCH OF DOUBLE HETEROGENEITY FUEL ELEMENTS OF HTGR. V.I. BRIZGALOV, 
E.A. GOMIN, M.I. GUREVICH, A.S. KAMINSKY, E.S. SUBBOTIN, V.V. TEBIN. The complex researches of characteristics of HTGR's f~I 
elements ue described. Experiments was made at the assembly rPOr. The calculations by Monte Culo programm MCU have been approbated with 
this measurements. The programm SCOCRT for fast calculations have been approbated with MCU and experimental values. " 

8 aKTHBHblX 30Hax BTr p HCilOilb3YJOTCJI wapOBbie 

TB3ID,I C MHKpotOWIHBOM. 3TH TB31Ibl COCTOJIT H3 TOWIHB· 

Horo cep,tJ,e'IHHl<:a B BH,!J,e ,!J,HCneprnpOBaHHhlX B rpaq>HTOBOH 

Matpime MHI<p0TB31IOB H rpaq>HTOBOH 0001IO'IKH. TaKoe 

pacnono)l(eHHe ronmma o6ycno»JIHBaet cneUHq>H'll£bie 

HeHtpOHHO.q>H3fflleCKHe xapaKtepHCTHKH TB31IOB H Hetpa­

,IJ,HIO(OHHbie IlO,[J,){0,!J,bl K onpe,tJ,eneHHJO 3THX xapaKtepHC­

THK. 

)lnJI H3yqeHHJl oco6eHHocteH HeHtpOHHO-<PH3H'leCKHX 

xapaKtepHCTHK TB31IOB BTfP, anpo6aD;HH MHororpynnoBbIX 

nporpaMM HX pacqera, Heo6xo,!J,HMblx ,IJ,11JI KOppeKtHoro 

npe,!1,CKa3aHIDI npoeKTHbIX napaMetpoB pa3pa6atbIBaeMbIX 

peaKtOpoB, 6b111H BblllOJIHeHbI KOMll1IeKCHbie HCC1Ie,!J,OBa­

HHJI. OHH BK1IJOqanH 3KCnepHMeHtam,Hoe H3yqeHHe HeHtpoH­

HO.q>H3ff11eCKHX xapaKtepHCTHK q>H3HqecKoro MaKeta TB3-

1IOB BTr p Ha KpHTHqecKOM eteH,!J,e fPOr [ 1] • npeUH3HOH­

Hbie pacl!eTbl MetO,!J,OM MoHte-Kapno 6eCKOHeqffOH CHCteMbI 

tB31IOB no nporpaMMe MCURT (KR) [2] H pacqerbl 3KBH· 

»aneHtHOH JI'leHKH no HH)l(eHepHoH nporpaMMe SCOCRT­

BTf P. 

KpHTc6opKa rrpe,tJ,cta»mma co6oii: rpaq>HTOBYJO K113,!J,· 

KY CteH,tJ,a r POr' B ueHtpanbHOH o6naCTH KOtOpoH peanH-

30BaH8 perynJipHaJI YK11a,ll,Ka q>H3MaKeTOB wapOBblX 

TB31IOB BTfP. PaccMotpeHa rerparoHam.lWI pewetKa. 

3KcnepHMeHta1IbHOe uccne,tJ,OBaHHe HeHtpOHHO.q>H3ff11eC­

KHX xapaKtepHcTHK q>H3MaKeta wapo»oro TB3na BTf P 

BbinOJIHeHO B ueHtpa1IbHOH qacm aKTHBHOH 30Hbl KpHT· 

c6opKH, r,tJ,e yctaH8B11HBa1ICJI aCHMllTOTHqecKHH cneKtp 

ueiitpoHoB; oueHKa pa3MepoB o6rracm aCHMlltOTH'leCKoro 

cneKtpa npoBO,!J,H113Cb Ha OCHOBaHHH H3MepeHHH Ka,tJ,MHe­

BOro OTHOllleHHJI H30tona 6 3 Cu. HeKOTOpble H3MepeHWl 

Bbffl011HeHbl tal()l(e H Ha peaKtope ~1 B cneKtpe 1/E [3]. 
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Hcno1Ib30BanHCb q>H3MaKetbl HatypHbIX wapoBblX TB3110B 

BTf P c OKHCHbIM TOllJIHBOM. 3KcnepHMeHtbl BblllO/IHe­

Hbl npH teMnepatypax 2d' c. IIapaMetpbl q>H3MaKeTOB, 

norryqeHHbie no pe3ynbtataM o6pa6orKH nacnoprHbtx ,!J,aH­

HbIX, crre,tJ,YJOlllHe: 

,ll1!8MCTp (pH3M8KCT8 ............... 60 - 0,4 MM 

,lluar,sc:Ip TOnnHBHOro cepAe'IHHKa . . . . · • · 3S + 0,2 
- 0,8 

Bee (pH3MaKeT8 ................... 200,3 :1: 2,3 r 
3arpy31<a ypaHa B «pH3MaKeTe .......... S,11 :1: 0,03 r 
O6oI'8ll.leHHe no"• U ............... 9,9S :1: 0,06% 
3arpy3K8 2 s s U B (pH3M8KCTe ..... . .... 0,508 :I: 0,004 r 
,llHaMCTp KCpHa MH1<pOTB3n8 .. , . , . , , , .. 502 MKM 
\IHcno MHJ<poqacTHU . •.. .... . ....... 8S02 
Cpejl,HJlJI DnOTHOCTI, rp8cpHT8 B TOIUIIIBHOM 

cepAeqHHJ<e .......... .. . ....... 1,490 r/cM' 
flnOTHOCTJ, rpa«pHTB B o!5onoqxe ......... 1,777 r/cM' 
Ko34><j>IIJ.llleHT onaCHOCTH (Xap8KTepH3YCT 

HaJlllllHC DpHMecell) ........•. . .... 1,611 :1: 0,03 
.slAepHOe OTHOWeHHC rpa«pHT8 H yp8Ha .. . . . 754 

lfaMep&nHCb pa,tUWibHhle pacnpe,tJ,e11e1UU1 cKopocteii 

peaKUHH 3axBata nau H ,tJ,eneHKH 235U, cneKrpam,Hble 

napaMetpbI p2 8, c• B TOnmtBHOM cep,!1,e'IHHl<e Ha pa,tJ,Hyce 

9 MM. Hcnonb30BarrHCb HH,lJ,HKatOpbl C pa31IH'IHOH cteneHblO 

61IOKHpOBOK pe30HaHCHbIX HeHtpoHOB: 

- MHKpotB31Ibl, H,tJ,eHTH'IHhie BXO,lJ,JilllHM B COCTaB 

q>H3MaKetOB wapoBbIX TB3110B BTf p (B TOIDlHBHOM KepHe 

'Yuo, = 10,3 r/cM
3
); 

- ,tJ,eteKrOpbI ·1,13 YHffBepcanbHbIX q>H3ff11eCKHX HMHTaro­

poB {,!J,HaMetp 5 MM, torruuma 0,5 MM, 'Yuo = 0,5 r/cM3, 

o6orameHHe no 2 3 5 U I 0%) ; 
2 

- MeTaJIIDl'leCKHe ypaHOBble q>orrbrH (pa3Mep 4x4 MM, 

rommma 120 MKM ,IJ,11.11 ypaHa ecrecmeHHoro o6orameHHJl 



H TOJllllHHa 60 MKM C 90% o6orameHHeM no 2 3 5 u. 
,llereKrOpbl YCT3H3BJIHBaJIHCb B H3MepHreJibHble q>H3-

MaKeTbl, B K3)1(noii nOJIOBHHe KOTOpbIX nonroroBneHbl 

yrny6rreHHJl non HHnHKaropbi. 

IIporpaMMbI MCURT (KR) H SCOCRT- BTfP Hcnorrb-

3y10rcJ1 onHH H re )Ke 6H6nHOTeKH HeiirpoHH0'4>HJHqeCKHX 

KOHcraHT: 6HA.6-78 (4), LIPA.R (5) H TEIIKOH (nonro­

TOBKa c noMOlllbIO nporpaMMbI TERMAC (6)). 
B pacqerax no nporpaMMe MCURT(KR) HanH'l:He MHKpo­

TBJnoB - KepHOB Y'l:HTbIBaIIOCb crreny10meii MOnerrbIO. 

K3)l(l];biii KepH paCCMarpHBanc.11 KaK roqe'l:Hoe "HApo" C norr­

Hb!M ceqeHHeM ~P = 71'R~, ceqeHHeM nornomeHHJl 

aKP = 71'~p(cr )p(n/cr) 
(1 

H ce'l:eHHeM pacce.11HH.11 

~ P= 11'~p(cr )p(pac/cr) + a(s/fi ) , 

rne Ro - PMHYC KepHa; p(cr) - BepoH'THOCTb CTOJIKHOBe­

HH.11 BHyrpH KepHa npH ycrroBHH H30TpOnHoro H p3BHOMep­

HOro anera HeiirpoHa 11epe3 noaepXHoclb; p (n/ cr) - ycno»­

Ha.11 Bepo.llTHOCTb nornomeHHJl npH CT0JIKHOBeHHH B Kep­

He, a p (pac/cr) - ycrroBHa.11 Bep0.llTHOCTb pacce.llHH.11 npH 

CTOJIKHOBeHHH B KepHe. 

a(s/5)=11'~(1 - p(cr)]fi(!t,E) 

- nonHoe ceqeHHe fi-pacceHBaren.11 AJI.11 yqera nporrera KepHa 

6e3 CTOJIKHOBeHHH. 

TaKHM o6p330M, noJIHoe Ce'l:eHHe MarepHana TOIDnlB· 

Horo cepne'l:HHKa (c yqeroM ronnHBa B BHne KepHoB) npH· 

HHM3110Cb paBHbIM 

(1) 

rne 

M V - V 
1;*= ~ T C Kp 

t t V , 
T.C 

~t - norrHoe MaJ<poceqeHHe MarepHana MaTpHI.lbl, V 
T .C 

ofueM TOilJIHBHOro cepne'l:HHKa, V KP - norr:Hblii 06'beM 

KepH0B; NKP - 'l:HCJIO KepHOB B eAHJ{KIJ;e ofueMa TOilJIHB· 

Horo cepne'l:HHKa. 

IIpH MoneJIHpoBaHHH rpaeKrOpHH HeHTpOHa BHyrpH 

KepHa q>aKTH'leCKH onpenerr.llIOTC.11 BBeneHHbie BbIWe "MHKpo• 

KOHCTaHTbI" a:P H ~p: npH CTOJIKHOBeHHH HeHTpOH C 

Bepo.11tHOCTbIO ~PNKP/~~c (E) cranKHBaerc.11 c KepHOM. 

IIpH non3AaHHH HeitrpoHa B KepH npOH3BonHTc.ll nanLHeii­

wee npllMOe MonerrHpoBaHHe HCTOpHH HeHTpoHa, r.e. onpe­

nen.11erc.11, 'IT0 npoH30iil];er C HeHtpOHOM BHYTPH KepHa 

(nornomeHHe HJIH Bbmer c onpeneneHHeM B crryqae pacce.11-

HIDI HOBoro HaIIp3BJieHH.ll nonera H HOBOii JHeprHH). B crry­

qae BbIJiera HeiirpoHa H3 KepHa cqHraerc.11, qro ero nono)l(e­

HHe B npocrpaHCTBe He H3MeH.lleTC.ll. 

IIporpaMMa MCURT(KR) B d6nacrH 10,5 - 10 MJB 

Hcnonb3yer rpyrrnoBoe npH6JIH)l(!lHMe·. fpynnoBbie ceqeHHJl 

BbJqffCJI.llIOTC.11 Ha OCHOBe naHHblX 6ii6JIHOTeKH 6HA.6-78 

C HCnOJib30BaHHeM q>OpM31IH3Ma f-4>ai<ropoB 6oHnapeHKo. 

Hff)l(e 10 KJB no o6rracTH p33peweHHb1x pe3oHaHcos Hcnonb· 

3yerc.11 nowpynrroBoe npencraBneHHe ceqeHHii. B o6nacTH 

p33peweHHblX pe30HaHCOB AO rpaHHllbl o6rracTH repM31IH· 

3aIJ,H}I - peanbHa.11 KHHeMaTHKa pacce.llHHll C TOlJHblM Bbl· 

tJHCJieHHeM pe30HaHCHblX Ce'l:eHHH no )laHHblM 6H6JIHOTeKH 

LIPAR. B o6nacTH repMarrH33.UHH pacqerbI npoBo)l.11rc.11 

B rpacnopTHOM npH6JIH)l(eHHH npH HenpepblBHOM H3MeHe• 

HHH 3HeprHH HeurpoHa, Y'l:HTbIBaIOTCll XHMH'ieCKHe CBJl3H 

HAep H HX rennoBoe nBH)l(eHHe. 

IIporpaMMa SCOCRT- BTfP B o6rracTH Jijeprnii 

10,5 MJB - 10 K3B HcnorrLJyer ro )Ke caMoe rpynnoBoe 

npH6JIH)l(eHHe, qro H nporpaMMa MCURT (KR). B pe3o­

HaHCHoii o6rracrH JHeprHii npHMeHJiercll 0606meHHb1ii 

no.nrpynnoBoit no.nxon [7] . IIo.nrpynrroBbie napaMetpb1 

B o6nacTH Hep33peweHHblX pe30H3HCOB 6epyrc.11 H3 6H6rrHO· 

reKH 6HA6-78, a B o6nacTH p33peWeHHblX pe30HaHCOB -

nonyqa10rcll Ha ocHoBe 6H6JrnoreKH LIPAR. B o6nacTH 

repMaJIHJa1.om HcnonLJyercJI rpyrmoBoe npe.ncraB11eHHe 

ceqeHHH 6H6JIHoreKH TEIIKOH. 

Pac11er npocrpaHcTBeHH0-JHepreJHqecKoro pacnpe.uerre­

HHH HeHTpOHOB BbIWe 1 JB npOB0,!l,HTCJI Ha OCHOBe Merona 

Bepo.11rHocrew nepBbIX cronKHOBeHHii (BIIC) B npH6JIH)l(e­

HHH IlJIOCKHX noroKOB C H30TponHbl.M paccellHHeM. 

B o6rracTH repMaJIH3aIJ.H11 (0 - 1 JB) pacqer npocrpaH· 

CTBeHHOfO pacnpe.nerreHHJl HeHTpOHOB npoB0,!1,HTC.11 KJiac­

CH'l:eCKHM MeTOAOM BIIC II npenoorro)l(eHHH nJIOCKMX no 

30H3M 0OTOKOB C HCDOJib30BaHHeM rpaacnopTHoro npH6nH­

)l(eHHJl yqera aHH3orpornm pacceRHH.11. 

Yqer ABOHHOH rereporeHHocrH B pe3oHaHcHoit o6rracrn 

3HeprHH BblJIOJIH.lleTCll Ha OCHOBe npH6nH)l(eHHJI paBHblX 

xopn, 3aJIO)l(eHHoro B anropHTM nporpaMMbI. SCOCRT-2 

.ll)I.11 yqera B3aHMHOfO nepeKpblBaHHll pe30H3HCOB. Kor.na 

paccMatpHBaerc.11 peweHHe WI.II nonrpynilhI HeHtpoHoB 

.ll)I.11 OAHOro HJ pe30HaHCHb!X HJOTOnOB, TO M.11 BCex APY· 

rHX pe30HaHCHbTX H30TOnOB K norrHoe ceqeHHe Bbl'l:HCJIJleT• 

C.11 CJieAYJOll.lHM o6p330M: 

~ = - ~ In L, Jkexp(- ~t l), (2) 
I j 

- k 
r.ne :Et - cpenHerpynnoBoe ceqeHHe B npH6nH)l(eHHH p3B· 

HbIX xop.n; / - cpeAH.lfll xop,na reoMetpH'l:eCKOH o6rracTH, 

co,nep)l(amew HJoron K ; aik. - .norr.11 no.nrpyrrnhl j ; :Ei
1
k -

norrHoe ceqeHHe. 

IIpH HaJIHIIHH nBOHHOH rereporeHHoCTH ocHOBHou 

anropHTM pacqera B nporpaMMe SCOCRT-2 He MeHHerc.11. 

B JTOM crryqae AaHHble no ~OCT3BY 33,naIOTCll roMoreHHO· 

p33Mewamn.1e no scew JOHe c TOJIJIHBOM. OAHaKo cpeAHll.ll 

xop.na WI.II K3)1(noro HJorona onpenerr.11erc.11 reM, r.ue OH 

pacnOJIO)l(eH: BHyrpH KepHa MHKpoTBJJia HJIH Her. .lln.11 

HJOronoB BHYTPH KepHa oueHKa cpeAHeii XOpAbl cne.uy10-

llla.ll: /' = lC, r.ue C - AOJI.11 o6'beMa, 3aHHroro BCeMH Kep­

HaMH B roJIJIHBHOM cepne'l:HHKe, l - cpenH.11.11 x op.na cep.ue'I­

HHKa. JierKO MO)l(HO nOK333Tb, qro 3T3 oueHKa .ll)I.11 cpe,nHeH 

XOpl];bl 3KBHB31IeHTHa npH6JIH)l(eHHIO (1), npHMeHlleMOMY 

B nporpaMMe MCURT npH pacqere TBJJIOB BTfP. lknom,-
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30BaHHe nonpaimeHHOH cpe,!UieH xop.ru,1 l' o6ecne'IHBaeT 

B JlOCtaTO'IHOH cTeneHH t011Hoe no cpaBHeHHIO c MCURT 

3HalleHHe cpe,!UieH nnoTH0CTH CTOnKHOBeHHH BHytpH cep­

)lel!HHKa. 

Haxo)l(neHHe cKopocTeH peaKUHH Ha pe3oHaHCHbIX 

H30Tonax BHytpH KepHa CtpOHTCH Ha cneJzyIOWHX paCC}')K· 

nemrnx. Cpep;HJUI no T0nnHBH0MY cepnetIHHKY nnoTH0CTb 

cronKHOBeHHH non)l(Ha 6bITb paBHa cyMMe nnoTHOCTeii 

CTOnKHOBeHHH B KepHe MHKp0TB3na H MaTpHUe C COOT· 

BeTCTBYIOmHl,fH o6'beMHhlMH nonHMH: . 
~(:Ei C+ :ri (1 - C)) = 4,i (1 - c) + 4,i ki C (3) 1<p M M 1<p 1<p ' 

rne :E i , :E Mi - MHKp0CK0IIHl!eCKoe ce11eHHe B no,nrpynne 
!<p . . 

MarepHana KepHa MKI<p0TB3Jia H MaTpHUbI; cf>~p' <I>~ -
lJOT0K HeHTpoHOB B KepHe MKI<p0TB3Jia H MaTpime. 

.D,nx pacnpeneneHHJI TOKa HeHtpoH0B B KepHe MHKpo­

TB3na B npHWJH)l(eHHH cpe,!UiHX xopn M0)l(H0 HCnOJib30BaTb 

npH6Jm)l(eHHyro 3aBHCHM0CTb 

· ~M i J1 (x)=-exp(-x:E , O<x<l , (4) 
!<p 2 a KP 

rne X - paccToHHHe OT noBepXHOCTH KepHa MHKpOTB3Jia; 

:ri - ce11eHHe yBona HeiiTpoHOB H3 nonrpynnbI i; l -a !<p 
cpeJlHHH xopna o,!Uioro KepHa MHKpoTB3na. Torna llJIH 

cpe,!Uiero 3Ha11emrn noToKa B KepHe MKI<p0TB3na nonyqHM 

1 
~ = <l,1M· (1 - exp(- ki l )) -

1
-. - • 

!1<p a 1<p' :E l 
a !<p 

(5) 

IIoncraBJIHH· (5) B (3), onpenenHM 110T0K HeHtpOH0B B 

MaTpim;e: 

. __ . [k~
0

C + :E~(l - C)] 
4/M - ~ · · · · (6) 

:E~(l - C) + (1 - exp(- k~l1<)):E~PC/k~ /1<p. 

,!J,anee H3 (5) nony'IHM OKOH'laTeJibH0 noT0K HeHTpoHOB 

B KepHe MKI<p0TB3na MH BbIIIHcneHHH CKOpOCTeH peaKIJ;lfH, 

YtieT llBOHHOH reTeporeHHOCTH B o6nacTH TepManH-

3aIJ,HH ocywecTBJIHeTCH C noMOWblO CTaHllapTHOH roM0· 

reHH3au;HH reTeporeHHOH CTPYKTYPbI cepp;el!HHKa TB3na. 

PactieT pa36HBaeTcH Ha ii;Ba 3Tana. Ha nepBoM Bbl'IHC· 

JIHIOTCH 3<pct,eKTHBHJ,Ie MaKp0KOHCTaHTbl TOnnHBH0f0 cep­

,o;el!HH1<:a TB3na . .D,nx 3Toro MeronoM BIIC npoH3BOllHTCH 

pac11eT c<pepH11eCKOH MHKpoH'leHKH, conep)l(ameii T0nnHB· 

Hb!H KepH, ero noKpbITHe H 3KBHBaneHTH0e KOnHlleCTB0 

rpact,HTa MaTpHD;bI. OfueM MHKpo1111eiiKH paBeH o6'beMy 

roIIJIHBHoro cepne'IHHKa TB3na, )leneHHoMy Ha 11Hcno ron­

nHBH.bJX KepHOB. Ha rpaHHUe MHKpOHl!eHKH CTaBHTCH ycno­

BHH H30Tp0nHOro 0Tp3)1(eHHJI C 33,D;aHHblM anb6e,o;o. l1CTO'I· 

HHKH M0ryt 6bITb BHytpeHHHMH H BHeUIHHMH. BeyTpeH­

HHe HCT0IIHHKH paCC'IHTb!BaIOTCH B npennono)l(elilffl, '!TO 

BbIWe rpaHHUbI o6nacTH TepManH33UHH HeHTpoH.bI pacnpe­

,o;eneH.bI no 3aK0HY 1/E H paccemme 3nHTennoBbIX HeHtpo­

H0B npoHCX0,lUIT Ha CBOOOp;H.blX noK0HmffXCH xnpax. IlpH 

pactiere BHelllHHX HCTO'IHHK0B Cl!HtaeTCH, IITO BJieTaIOmHe 

B MHKpoH'leHKY HeHTp0HbI HMeIOT H30TponHoe yrnoBoe 

pacnpeneneHHe. 
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CTaHnapTH.bIH pac11er np0H3B0llHTCH C an&6e,o;o, paB­

HblM 1, npH 0TCytCTBHH BHeUIHHX HCT0'IHHK0B. 

3ct,ct,eKTHBH.bie MaKpoce11eHHH :E' l-H peaKUHH B k-ii 

relUlOBOH rpynne Bb!'IHcnHIOTCH 110 <popMyne 

N 

L :E~k clink V n 
n=1 

:E~ = -------
N 

I: 
n=l 

(7) 

r,o;e N - 'IHcn0 pefHCTpalJ;lf0HHbIX 30H B MHKp0TB3Jie (o6bl'I· 

HON= 2, X0TH M0)l(}{0 33,D;aBaTb OT,D;e,JbH0 noKpbITHe MHKp0· 

TB3na); . :E~k - MaKpoce11eHHe B l·H peaKil;IIH B k-H rpynne 

n•H 30H.bI MKI<p0TB3na; clink - noToK B k-it rpynne n-H 

30He; V n - o6'beM n-ii 30Hbl. 

Ha BT0p0M 3Tane paCC'IHTbmaercx TB3JI C roMoreHHbIM 

T0nnHBHblM cep,o;e'IHHKOM, MaKp0K0HCTaHTbl K0T0poro Bbl· 

11HcneHbI no ct,opMyne (7) Ha nepB0M 3Tane pac11eTa. 

IIporpaMMbI MCURT (KR) H SCOCRT-BTrP pacc'IH­

IbIBaIOI cneKipbl HeHipoHOB B 63 rpynnax c 0llHH3K0BblM 

3HepreTHl!eCKHM pa36HelilleM. ,. 

B pacl!eTe no nporpaMMe MCURT (KR) TOIDIHBHblH 

cepne'IHHK pa36HBanCH Ha ceMb paBHI,IX no o6'beMY 30H, 

PernctpalJ;lfH noTOK0B HeHtpoHOB H BbMlcneHHe fl>YHK· 

UH0HaJI0B OT HHX Dp0H3BO,a;HJIHCb llJIH K3)1(,D;OH 30Hbl 0T,D;eJib­

HO llJIH MaTpHU,bl H KpeH0B MHKp0TB3JIOB. Pe3yJibTaTOM 

pac11eT0B HBJIHnHCb HllTerpanbHble no 30HaM H 3Hepnm: 

11eJIH'IHHbl Il0TOKK HeHtpoHOB, CK0p0CTH peaKUHH, 

I.e. f cf>(r, E) dEdV, J a (E) <l>(t, E) dEdV, r,o;e HHTerpHpo· 

BaHHe npoB0,D;HJI0Cb no o6'beMaM 30H H no o6nacrnM 3Hep­

rnit, HH)l(Hffe rpainnu,I K0I0pblX paBHbl 104 3B, 465, 10, 

1, 0,55 3B, 0 . 
3KaHBaneHTH.ui cq,epH11ecK.ui H'leHKa npH pac11eTe 110 

nporpaMMe SCOCRT-BTrP cocToHJia H3 ronmmHoro 

cep,o;e'IHHKa, rpaq>HTOBOH OOOJIO'IKH H 3KBHBaJieHTH0fO 

CJIOH B03,D;yXa . 

.D,nx onpe,o;eneHHH 3<p<peKTOB ,D;BOHHOH reTeporeHHOCTH 

no nporpaMMaM MCURT (KR) H SCO~RT -BTrP pacc'IH­

TbIBancx TaK)l(e <pH3MaKer wapoBoro TB3Jia c roMoreHHblM 

pacnpe,o;eneHHeM TOJUlHBa no cep,o;e'IHHKY-

CpaBHeHHe 3KcnepHMeHTanbHblX llaHHbIX H pe3YJibTa­

T0B, nony11eHHb1X no nporpaMMe MCURT (KR) , noKa3bI· 

Baer KX y,o;oBneTBOpHTeJibHoe cornacHe (paJnHIIHJI Haxo­

AHTCH B npe,o;enax norpeUIHOCTH H3MepeHHH H CTatHCTH· 

11ecKOH TO'IH0CTH pae11eTa MeTo,o;oM MoHTe-Kapno, nocne,o;­

HHe Kone6nIOTCH OT 0,2% B K_ ,D;0 4% B CK0p0CT.IIX peaK· 

UHH) . ConocTaBJIJUIHCb cneJzyIOmHe BeJIH'IHHbI: 

- pa,D;Han1,m,1e pacnpe,o;eneHIDI cKopocTeH peaKUHH 3ax­

BaTa 238U B cneKTpe MHKp0TB3n0B (pHc.1); 

- pa,D;HanbHble pacnpe,o;eneHHH cKopocTeH peaKUHH 3ax­

Bara 2 3 a U B cneKTpe rpaq>HTOBOH MaTpHD;bl T0JUlHBH0fO 

cep,o;el!HHKa (B 3KcnepHMeHTax nonyqem,1 npH Hcnoni,-

30BaHHH ypaHOBbIX <t,onhr 90% o6orameHHH no 2 3 5 U) , 
IITO H1DllOCtpHpyeTC.ll pHC. 2; 

- 3Hal!eHHH C• {pHC. 3) H p2 a {pHC. 4) . 
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Pitc. 1. PaatpeAeneHHll no pllAHYcy TOnmmRoro cep.ne'IHRK3 CKOpo· 

crR peaKURR JaXB3T3 "'U B ateKTpe MRKp0TB3nos : § - 3Kate­

p111,teHT; ~ - pBC'l:T 

2,01-------,-----.-----:7 

0 2 3 

Pitc. 2. Paatpe,tr.eneHRe no pBARycy TB3na CKOpoCTR peaKI.IHll :iaxsan 
1 "U B ateKTpe rpa<f>RT3 TOMRBHOI'O cep,11e'IHHK3 R o!!onO'IKH TB31ll: 

i - 3KatCpHMeHT; ~ - pBC'leT 

TaKoe cornacHe JKCIIepHMeHTaJlbHblX H pac11eTHblX 

(rro rrporpaMMe MCURT (KR)) peJynbTaTOB H 6onbWaJI 

HH<pOpMaTHBHOCTb IJOCIJeAHHX llO3BOII.IIIOT C AOCTaTOlfHOH 

yBepeHHOCThlO Hcrronb3OBaTh rrporpaMMY MCURT (KR) All.II 

H3y,JeHHJI npyrHX HeHTpoHHO-<i>HJH'leCKHX rrapaMeTpOB TBJ· 

IIOB BTr p H B KalfeCTBe perrepHOH All.II TeCTHJ)OBaHHll rrpo­

rpaMMLI SCOCRT- BTf P . 

MO)IQ{O OTMem:Tb HeKOTOpble 38KOHOMepHOCTH HeHT­

pOHHO-<j>H3HlfeCKHX xapaKtepHCTHK HccnenoBaHHOro <pH3-

MaKeta wapoBoro TBJna BTfP. 

3aMemo p83l1HlfaJOTCll panHan&m1e pacrrpe.a.eneHWI CKo­

pocTeH peaKIOtH 3axBaTa 
2 3 a U IJO TOIJJO{BHOMY c epnelfHHKY 

<pHJMaKeta B cneKTpe MHKpoTBJna H rpacj)HTOBOH MaTpHUbl 

(oTHOWeHHe JHa11eHHH Ha rpamme TOIUIHBHoro cepnelfHH­

Ka H B ueHTpe COCTaBJilllOT 1IpHfum3HTen&HO 1,2 H 1,4 COOT­

BeTCTBeHHO - CM. pHC. 1 H 2). 
AHanorHl!HaJI 38KOHOMepHOCTh HMeeT MeCTO H AIJll 

MOJJ.Hq>HUHpOBaHHOro KOJ<p<pHUHeHTa KOHBepCHH, lfTO HnnlO­

CTpHpyetcll pHC. 3. OrHoWeHHe JHalfeHHH c• B CIJeKTpe 

MHKJ)OTBJna Ha rpaHHUe TOruJHBHoro cepnelfHHKa H B ueHTpe 

rrpHfumJHTenhHO paBHO 1,2, B CIJeKtpe rpa<pHTOBOH MaTpH-

c•r-------.------=-"""T"--, 

0 2 
R,cM 

PHc. 3. Pacnpe.aeneHHe no pllAHYcy TonnHBHOI'O cep,11e\lHHK8 MO,D.H­

<f>Hl\Hp0B3HHOI'O K03<1><l>HUHeHTa KOHBCpCHH B alCKTpe MRKp0TB3na 

(BKH3Y - B cneKTpe MRKp0TB3na; BBepxy - B cneKTpe rpa<f>KTOBOA 

MllTpHULI TOnnKBHOI'O cepilC'alHKa) : ~ - 3KatCpKMCHT; 331 -
pBC'l:T 

Uhl - 1,3. IlpH JTOM 3HalfeHHe MOJ].Hcj)HIOtpoBaHHOro K03cp• 

<pHUHeHTa KOHBepCHH B ueHtpe TOIUIHBHOro cep.a.elfHHKa 

IIpHMepHo BJ],BOe 6omwe J].llll CIIeKtpa rpacj)HTOBOH MatpH· 

Ubl, 'ICM J].llll CIICKTpa MHKp0TB3IJ3. Ilocne.a.Hee, C yqeTOM 

IIpaKTHlfCCKH IJOCTOllHHblX no panHYCY cj)HJMaKeTa JHalfe­

HHH CKOpOCTH neneHwi: 
2 3 s u' xapaKtepHJyeT CTeIIeHb 6no­

KHJ)OBKH pe3OHaHCHoro 33XB3Ta 2 3 8 U B MHKp0TBJnax. 

3TO TaIOKe BH.U;HO HJ 8HaJIH3a pHC. 4 H 5: 6onee lfeM B 2 p83a 

rrpeBbIW3IOTCll 3H31feHHJI CIIeKTpanbHOro rrapaMeTpa p 18 B 
crreKtpe rpacj)HTa rro cpuHeHHIO co JHa11eHHeM B cneKTpe 

MHKJ)OTBJna (npH 6nH3OCTH HX paJJ.HaJibHblX 33BHCHMOCTeH), 

3aMeTHO OTJlH'laJOTCll 33BHCHMOCTH nollH 33XBaTa B 

l 
3 a U OT JHeprem11ecKHX HHTepBaJIOB B KepHax MHKpoTBJ· 

IJOB IIO cpaBHCHHIO C JaBHCHMOCTllMH, rrony11eHHhlMH IIpH 

ycpei:i,HeHHH B CIJeKTpax rpa<pHTOBOH M3TpHUbl H o6ono'I• 

KH TOIUIHBHOrO cepnelfHHKa. ,llnll CKOp0CTeH .a;eneHHH H 

33XBaTa 2 3 SU JTHX 33BHCHMOCTH rrpaKTHlfeCKH COBIIanaJOT 

(n6n. 1). 
DIJOKHpoBKH Ha MHKpoTBJnax cywecTBeHHO BIIHlllOT 
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0 
R,cM 

2 

l'Hc. 4. PaaipeAeneHl!e no p&JU!Ycy TOOJIHBHoro oepAe'IIIHKa TB3na 
napaMeTpa p1 • B cneKTpe rpa~HTOBOlt MaTpKUhl TODnRBH0I'O oepJl,e'I• 
HHKa: 2 - 3KaiepHMeHT; 1221 - pac'leT 

Ha pe30HaHCHoe nornomeHHe B 238 U (MHKpoce'!eHHe 

nornomeHHJ1 B HaD.Tennosoii o6naCTH JHeprHii: Heii:TpoHOB 

C reTeporeHHhlM paJMe1UeHHeM TOIUIHBa B cep,!le'IHHKe 

npHWIHJHTenhHO Ha 30% MeHhWe, 'leM npH rOMOreHHOM 

pacnpeAeneHHH TOIUJHBa no cepAe'IHHKy), HO cna6o 

( 1 - 3%) CKaJhlBaJOTCJI Ha nornomeHHH B 23 au B TennoBOK 

o6nacm JHepnm Heii:TpoHOB H Ha nornomeHHH H AeneHHH 

JJllH TeIDIOBOK H Ha,a;TeIDIOBOii JHepreTHlleCKHX o6nacTeii 

B 235 U, llTO H11JilOCTpHpyeTCJI Ta6n. 2. 

3,0 ...._-----~------~ 
0 R,cM 2 

l'Hc. 5. Pac'leTHOe pacnpeAeneHKc no paJU1ycy ronnHBHoro oepAe'I­
HHxa napaMCTpa p2 I B cneKTpc MKKpoTB3na 

OrnoweHHe JHa'leHHii CKOpoCTH peaKI.Olii JaxBaTa l 3 SU 

Ha rpaHHue TOIUIHBHOro cepAe'!HHKa H B 11.eHTpe npH roMO· 

reHHoM pacnpeAeneHHH TOnnHBa B cepAe'!HHKe npH6nHJH· 

TCnhHO B 1,4 H 1,2 pala 6on&we, qeM COOTBeTCTBYJOlUHe 

JHaqemrn, nonyqeHHb1e no CKopocu1M pe3KI.OIH JaxBaTa 

l 3 SU B cneKrpax MHKpoTBJnOB H rpaq>HTOBOH MaTpHUl>l 

reTeporeHHoro TOIDIMBHoro cepAe'!HHKa (cM. pHc. l, 2, 6). 
CpaBHeHHe noKa3hIBaeT YAOBneTBopHTenhHYJO 6nHJOCTh 

OCHOBHhlX Heii:TpoHHO-<l>HJH'leCKHX napaMeTpoB q>HJMaKeTa 

waposoro TBJna BTr P, nonylfeHm1x no penepHoii nporpaM• 

Me MCURT(KR) H HH)l(eHepHoii nporpaMMe SCOCRT-BTfP. 

Ba)l(HhIM JIBnHeTCJI TO o6CTO.llTenbCTBO, 'ITO YAOBneT• 

B0pHTCnhHO cornacyioTCJI He TOnhKO HHTerpanhHhle no 

JHeprnH xapaKTepHCTHKH, HO H peJynhTaThl MJI PaJJIH'IHhlX 

JHepreTH'leCKHX o6nacTeii, 'ITO HmTIOCTpHpyeTCJI Ta6n. 3. 

T a 6 n H u a 1. 3HeprllTll'le<:KHe 3BBHCHMOCTH AOneA 3llXBITa 1 
•• u M 1 

• s u 

CpcAa 104 <E>4653B 465<E>103B 10<E >l03B E < l 3B 

••• u 

Kepi MIIKp0TB3na 0,017 :t 0,002 0,054 :t 0,005 1,399 :t 0,036 0,317 :t 0,029 0,213 :t 0,019 

MaTpHUITOIIJJHBROI'O 

cep,o.e'IHHKI 0,009 :t 0,001 0,029 :t 0,002 0,462 :t 0,037 0,391 :t 0,031 0,11 :t 0,009 

O6ono'IKa ronrumuo-
ro oepAe'IHKKa 0,006 :t 0,001 0,022 :t 0,002 0,4 7 l :t 0,033 0,42 :t 0,029 0,081 :t 0,006 

•ssu 
Kepi MIIKp0TB3na 0,0043 :t 0,0001 0,0102 :t 0,0003 0,091 :t 0,002 0,047 :t 0,001 0,848 :t 0,024 

MarpHUa TODnHBHO-
ro oepAe'IHK1<a 0,003 :t 0,001 O,Ql :t 0,001 0,091 :t 0,006 0,046 :t 0,003 0,849 :t 0,059 

O6ono'll<a ronnRBHO-
ro cepAe'IHHKa 0,003 :t 0,001 O,Ql :t 0,001 0,091 :t 0,006 0,046 :t 0,003 0,85 t 0,059 



Ta (5 Jl,H U a 2. HeATpoHH0~3H'l8CKHe naplMeTJ)W cj,H3MaKeTa c renpore111u1M H l'OMOreHHJ,IM TOMHBHJ,JM cepAeolHHKOM, 
IIOnr-tlll,le no nporpaMMaM MCURT(KR) H SCOCRT -BTrP 

TO 

XapaKTepHCl"HKa ~(E>E )'*) o5 (E > E ) 2 •) a• (E > E ) 2 •) 

IP•) 
f rp C rp C rp 

IIJIJDIHOl'O cepA-.xa K 
00 °r (E < Erp) u~ (E < Erp) o~ (E < Erp) 

MCURT(KR) 

.llHareplllpoBiHHJ,Je B rpa-

4'HTOBOlt MaTpeue MHK-

poTB:mw: 
13,20 ± 0,26 7,24±0,14 4,35 ± 0,22 

Erp= 1 38 1,688 ± 0,003 0,852 ± 0,001 
334, 11 ± 6,68 57,05 ± 1,14 1,69 ± 0,08 
14,59 ± 0,29 7,2±0,14 4 ,2 ± 0,21 

Erp= 0,5 38 1,688 ± 0,003 0,844 ± 0,001 
350,74 ± 7,01 60,12 ± 1,2 1,76 ± 0,09 

foMOreKHoe paaipeAeJJeHHe 
15,09 ± 0,11 7,29 ± 0,07 5,42 ± 0,14 

TODJIHBa, E = 0,55 38 1,636 ± 0,008 0,799 ± 0,003 rp 
355,74 ± 3,91 61,22 ± 0,67 1,77 ± O,D2 

SCOCRT-BTfP 

.llHaieprHpoBaHHLle B rpa-

4'HTOBOA MaTpHue MHK-
14,07 ?,88 4,79 poTB3JlbI, Erp= 1 38 1,679 0,824 --
341,37 58,33 J ,71 

foMOreHHOe paa!peAeJJeHHe 
TODJIHBa: 

13,24 7,38 5,14 E = 13B 1,646 0,808 --rp 
349,26 61,97 1,75 

Erp= 0,55 3B 1,646 0,808 
14,30 7,94 5,31 

368,59 63,06 J,81 

•> no nporpaMMe MCURT(KR) IP paCC'll!TaHa ll,l!Jl E > Erp, no SCOCRT-BTrP - AJJJI E > 1 3B. 
2 •> CpeAHHe 3Ha'leHHJI no TOnllHllHOMY cep,D,eiafHJ<y. 

2,0~----+------1-+-------

1,5 ~----4----,-+----1--------1 

1 2 3 
R,CM 

PHc. 6. Pac'leTIIOC paa!pe,D,elleHHe no pa,D,Hycy TB3Jla CKOpoCTH peaK­
UHH 38XBaTa 23"U npH roMoreHHOM pacnpe,D,eJJeHHH TOOJIHBa B 

ce PAC'IHHKe 

Ilony'leHHhie pe3ym,t3Tbl HCCJieA0BaHHH B C0'letaHIOI 
C BbICOKHM 6bletpone1ictB'HeM MHororpylilloBOH nporpaM­
MbI SCOCRT-BTrP n!UOT 0CH0BaHHe peK0l\:feH,!l;0Batb ee 
,!J,JHI HCil01Ib30BalllUI B rrpoeKTHblX npopa6otKax peaKt0poB 
AaHH0ro KJiacca. 

CnHCOK JIHTepatypbI 

1. 6or0Mo110B A.M., 3aBopoxHH B.A., KaMHHCKHH A.C. 
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Ha.11 JHeprHJl, 1984, T. 57, Bb!Il. 6, c. 397 - 400. 

2. JIHMaH r.~ .• Ma11opoB n.B., IOAKeBH'I M.C. IlaKet npo­
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c. 61 - 64. 

3. rapanoB 3.~ .• 11HHxoB A.r., Ky'lep.11BeHKo E.II. H AP· 
CoJAaHHe pa6otJero 3TaJIOHa WI0TH0CTH tenJI0BbIX HeHtpo­
H0B Ha 6aJe peaKtopa ~-1. - AtOMHlUI JHepOUI, 1977, 
T, 42, Bbin. 4, C. 286 - 289. 

4 . A6arRH IT.IT., 6aJapRH H.O., HHKorraeB MR.HAP· fpyn­
noBbie K0HCTBHTbI Arr.II pac'leta peaKtOp0B H 38LUHTbI. -
M.: 3HeproHJAat, 1981. 

5. A6ar.11H n.n., Te6HH B.B., IOAKeBH''I M.C. CROSS -
naKet nporpaMMHbIX 6H6JIHoteK /l11.II pac'!eta ce'!e­
HHH B 0611aCTH p33peweHHbIX peJ0HaHC0B: 11 penpHHt 
11A3-4009/5, 1984. 
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1· . 

Ta 6 JI H u a 3. CilnpoCTH PeaKIOIH 3&XB&Ta H AeJ!eHHH 2 • I u H 2 '. u B cneKrpe MHKJ)OTB3JIB (HOpMHJ)OB&Hbl Ha IIOJIHytO 

cxopocn) 

Il po rpa MMll E > 104 aB 104 < E > 456 3B 465 < E > 10 3J3 10 < E > 1 3B E < l 3B 

PeaKUHll :iaxaaTa 2 
• 

1 U 

MCURT(KR) 0,017 ± 0,002 0,054 ± 0,005 0,399 ± 0,036 0,317 ± 0,029 0,213 ± 0,019 
SCOCRT - BITP 0,017 0,055 0,389 0,336 0,204 

PeaKUHJI 3&XB&Ta 2 
'S U 

MCURT(KR) 0,0043 ± 0,0001 0,0101 ± 0,0103 0,091 ± 0,002 0,047 ± 0,001 0,848 ± 0,024 
SCOCRT- BITP 0,003 0,011 0,100 0,050 0,836 

PeBKUHH AeneHHll 2 5 s U 

MCURT(KR) 
SCOCRT-BITP 

0,003 ± 0,0001 
0,003 

0,0053 ± 0,0001 
0,006 

6. foMBH E.A., MaaopoB n.B. KoMrmeKC TERMAC /J)l.11 

pacqe-ra rpynnOBbIX ceqeHJtii HeHTpoHOB B o6na_CTH tepMa-

1IH33IlHH. - BAHT. Cep. ~3HKa H teXH1iKa J1JJ,epH1>1X 

peaKtopoB, 1981, Bhln. 8 (21), C. 62. 
7. Te6HH B.B., IOAJ(eBHII M.C. O6o61.1.\eHH1>1ii nop,rpynnosoa 

Y.lll< 621.039.5 

0,0281 ± 0,0006 
0,031 

0,0162 ± 0,0004 
0,017 

0,948 ± 0,023 
0,944 

no.a.xoA K pacqery pe30HaHcHoro nornmueHH.11. - AtoM­

Ha.R 3HeprH.11, 1985, T. 59, c. 96. 

CTBTLH JIOCTYllHJJa B pe.lUIKUHIO 
28 KIOJIJl 1988 r. 

BonpocLI &TOMHOlt HayKH H TCXIIHKH. 

Cep, ~H3HXA ~epm.IX peaxropoa, 1989, awn. 2, c. 44 - 50. 

PACtlETH0-3KCDEPHMEHT AJihHOE HCCJIE,IlOBAHHE 
HECTAUHOHAPHOrO P ACIIPE,IlEJIEHIDI HEATPOHOB 

B HMilYJibCHbIX 3KCilEPHMEHTAX HA B4l>C-40 
C YllETOM OBJIACTH BbICIDHX r APMOHHK 

B.M. PoMllHOB, B.H. flynKo, T.r. rym:HHa 

IloII)"leHLI AeKpCMCHTLI 38TyX8HHJI TpeX nepawx rapMOHHK HCltTpOHHoro DOTOKL .IlllHa 4>H3ff11eCKU HHTepDpeT8UHJI npouecca BO3HHJ<HOBO­

HHJI AHCKpeTHJJX co6CTBeHHJJX 3HaqeHHII KBB3HCTaUHOH1pHoro yp1BHeHllll nepeHoca HeltTpOHOB B p13MHOlKaJOIUHX cpeAax. 

CALCULATIONAL AND EXPERIMENTAL RESEARCH OF THE MEUTRONS TIME-DEPENDENT BEHAVIOUR IN PULSED EXPERI­
MENTS ON BFS-40 IN FIELD OF HIGER HARMONICS. V .M. ROMANOV, V.Ya. PUPKO, T .G. GUSHCHINA. Decay constants of the for st tlu:ee 
harmonics of neutron flux are flnded. Physical interpretation of discret eigenvalues occure on tl\e quasi~tationary neutron transport equation in the 
multiplying media is given. ' 

Hap.11µ.y C np.llMblMH MeTOAaMH peweHHJI HeCtaD;HOHap­

Horo yp&.BHeHJUl nepeHoca (npenct3B11eHKe npoH3BOAHOH 

no BpeMeHH B BHAe KOHe'IHl>IX p33HOCTeH, MeTOA M0Hte­

Kap110) , WHpoKoe pacnpoctpaHeHHe no11)"1H11H Meto,IJ,bl, 

OCHOBaHHble Ha p33P,C11eHHH nepeMeHHbIX H Ha CBeP,eHHH 

HeCT3IlHOHapHOH 3a,o.a'IH K 'IHC1leHHOMY peweHHJO KB33H· 

CT3IlHOHapHoro ypasHeHHJI nepeHoca. K TaKHM MeTOAaM 

OTHOC.IITC.11 p33JlH'IHble CHCTeTHlleCKHe MeTOAhl, aJJ;Ha6aTH­

'leCKHH . Y3JIOBoii, a ra10Ke MOA31lbHhlH [ 1, 2). IlpeffMY­

I.QecmoM MetoAOB p33Ae1!eHJUl nepeMeHHhlX, Korp,a 3T0 

B03MO)IQ{O, .IIBJl.lletC.11 001lbW3.11 no Cp8.BHeHlUO C llp.llMblMH 

MOTOA3MH CKOpOCTb peweHHJI HeKOtOpbIX 3a,rJ.aq npH pe311H· 

33llHH HX 11a 3BM, a talOKe, qro, no-BH.!O{MOMY, 6o11ee B3)1(• 

HO, B03MOllQfOCTb Har1IAAffOH q>H3HllecKpH HHtepnpet3IlHH 

p03y11btaTOB pacqera. B Hact0.111.1.\ee speMR cywecrsyer 

PJIA nporpaMM y Hae H 33 py6ellCOM, B KOt0pbIX pe311H30B3· 

Hbl MetO,IJ,bl p33P,01leHH.11 nepeMeHHbIX. Oµ.HaKO 0611acn 
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npHMeHeHJUl )'K33aHHhlX MetOAOB (3a HCKJJioqeHHeM MeTO· 

A3 MOP,3111,Hl>IX p33110l1Cemm) - 3TO 3Hamt3 OTHOCHie11hHO 

Me)J)1.eHHhlX BpeMeHHl>IX npoueccos. Macwra6 BpeMeHH 

taKHX npoueccos xapaKtepH3yerc.11 nepHOAOM pacna,rJ.a 

npe,ll,WecmeHHHKOB 33n33Abm3l01.1.\HX HeHTpOHOB. IlpH pa~ 

CMOTpeHHH 6btetponpoteK3JOIUHX HeHtpoHHO.qlH31{qeCKHX 

npoueccoB B Macwra6e BpeMeHH, MeHbwero HJIH cp&.BHH· 

Moro C BpeMeHeM llCH3Hll MnfOBOHHhlX HeHTpoHOB B peaKTO• 

pe, Hcno11b3oBaHHe Merona p33neneHll.ll nepeMeHHl>IX c 

yqeroM B pewemm T01lbKO OCHOBHOH rapMOHHKH B onpe­

neneHHblX K11aCCaJC peaxropos He no3soru1er a,rJ.eKBatHo 

oIIHcan peanbHoe Heet3UH0HapHoe pacnpep,eneHHe aempo­

HOB B Hl!X. K TaKOMY THny peaKtOpOB OTHOC.IITC.11 M3110· 

ra6apHIHble peaxropbl c npoMellC)'TO'IHbIM cneKtpOM 

HeHtpoHOB. B TaKHX peaKTOpax BO BpeMeHHOM pacnpe­

neneHHH MrHOBeHHbIX HeHtpoHOB cywecmeHHyIO po11b 

Hrpaet He T01lbKO OCHOBHa.11 rapMOHHKa, HO H 6o11ee 

BhlCOKHe. 



8 60-e fOAbI peweHHe Ja,a:aq HecraUHoHapHoro nepeHo­

ca Heii:rpOHOB MeIOAOM MOAaJlbHblX p33nO)l(eHHH C yqeTOM 

Bb!ClllRX rapMOHHK npoBOJJ,HJJOCh ron&KO npHMeHHTen&HO 

K O)lHOMepHbIM reoMeipIDIM B ManorpynnoBOM npH6nH­

)l(eHHH. ,IJ,11.11 nepexoAa K 'IHCIIeHHoMy peweHHto Ja,a:aq B 

pean&HblX reoMerpHHX B paMKax p33pa6oraHHblX B 3TH 

rOAbl MeTOAOB (3) rpe60B3JICJI yqer cnHWKOM 6on&woro 

qHcna rapMOHHK 11)1JI aneKBaIHoro OIIHCaHHJI AeHCTBHTen&­

HOro BpeMeHHoro pacnpeAeneHHJI Heii:rpoHOB. II03IOMY 

MeIOA MOAaJihHblX p33nO)l(eHHH repM CBOH npeHMymecraa 

nepeA ApyrHMH MeTOAaMH H ero p33BHIHe 6btn0 npHOCia­

HOBneHo. MeIOA MOAaJlhHblX paJnO)l(eHHH KOHKypeHIO­

cnoco6eH c npHMblMH 'IHCneHHhlMH MeIOAaMH pacqera 

ron&KO rorAa, KOr)la MO)l(HO o6oii:rnc& yqeroM He6on&woro 

KO)IffqeCTBa rapMOHHK (MOA). 3AeC& YMeCIHO npoBeCIH 

aHaJIOrHIO C npH6/}H)KeHHbIM npeACiaBneHHeM yrnoBoro 

pacnpeAeneHHH npH pacceHHHH Heii:TpoHOB. KorAa KOJIH­

qecrBo rapMOHHK HeBerrHKO (Pl-, P-2, P3-npH6JIH)l(eHHH), 

3IOI cnoco6 npeACiaBneHHJI yrnoBOH 33BHCHMOCIH OKa-

3bIBaerc,i: npeAnoqTHren&HbIM. Ho nepexoA K 6onee BbICO­

KHM npH6JIH)l(eHHJIM y)l(e BeAeI K cymecraeHHOMY ycno)l(­

HeHHIO pac11era, H npeHMYmecmo norryqaror cero'IH&Ie Me­

IOAbI. 

TeopeTHqecKH AOKaJaHo [4, 5), '!IO peweHHe ypaBHe­

HHJI nepeHoca Heii:rpoHOB HMeer o6nacib AHCKpernoro 

Ha6opa co6crBeHHbIX JHa'leHHii: HapH/lY c o6nacibIO cnnow­

uoto cneKrpa, O)lHaKo B o6meM cnyqae KOHKperHoe KOnH­

qecrBo co6CIBeHHbIX 3Ha'leHHH, a IaK)l(e KOHKpeIHaJI 

o6naCib HX cymecTBOBaHHJI, rpa.HHUbl Henpep&IBHOH H 

)lHCKpeIHOH o6nacreii: - Bee 3IO BonpocbI, Ha KOIOp&Ie 

noKa B reopHH OIBera Her. TeM He MeHee pe3yn&IaTbI 3Kcne­

pHMeHiaJlhHbIX H pac'!eIHbIX pa6or, npoBeAeHHblX Ha npoc· 

IbIX O)lHOMepHbIX CHCTeMax C HMIIyn&CHhIMH HCTOqffHKaMH 

HeHTpoHOB, nOK33bIBatoI, '!TO cymecmyror yqaCIKH KB33H-

3KCnoHeHUHaJlbHOro BO BpeMeHH noBeAeHHll noroKa HeHI­

poHOB [ 6, 7) . B' )laHHOH pa6ore npHBOJJ;llICJI pelyn&Iaibl 

pacqerH0-3KCnepHMeHTaJlbHblX HCcne.uoBaHHH Ha KpHTHqec­

KOH c6opKe B<l>C-40, npeACTaBnllto1Ueii: co6oii: 6&1crp&1ii: 

peaKIOp C 33MeJJ;llJIIOlll,HM Oip3)KaTeneM H3 6epHn11HJ1 (8). 

Pa6ora npoBeAeHa c uen&ro B&IllCHemu1 ofuiacrn cymecr­

BOBaHHJI )lHCKpernoro Ha6opa rapMOHHK H HX KOJIHqecrBa 

JJ;llll 3IOro THila peaKIOpOB. 

HMnYJILCHblE 3KCnEPHMEHTbl 

8 Kaqecrae JKCnepHMeHiaJlbHOro MeIOAa HccneAOBa­

HHJI HeCT31U{OHapHoro pacnpeAeneHHJI Heii:rpOHOB B KpH­

IHqeCKOH c6opKe 6btn BbI6paH HMnyn&CHbIH MeIOA. 

IloCKOllbKY 3IOT MeIOA JIBlllleICll Ipa.!Ulll;l{OHHl>IM, 3AeCb 

6y)lyr OIMeqeHbl IOllbKO OillH'IHTellbH&Ie oco6eHHOCIH 

ero npHMeHeHHll B ,llaHHblX HCcneAOBaHHJIX. 

Oco6eRHOCTH noCTBHOBKH HMUym.au.rx 3KCDepHMCHTOB 

Ha B~-40. .11.mt npoBe)leHHJI HMnyn&CHbIX JKCnepHMeH­

IOB C aHaJIH30M HX peJyn&raTOB B o6nacrn BhlClllHX rapMO­

-HHK Heo6XO,llHMO perHCipHpOBaib JBOnlOUHIO BO BpeMeHH 

npocrpaHCIBeHHoro H 3HeprerffqeCKoro pacnpeAeneHHJI Heii:r­

poHoB B peaKrope. Ofuiacn Bb!ClllHX rapMOHHK no BpeMeH• 

HOH KOOpiD1H3Te npocrnpaerc,i: or O AO 200 MKC B MaJIO­

ra6apHrHblX peaKropax c 6epH11nHeBbIM orp3)KareneM H 

onpeAenHerc,i: BpeMeHeM JaMeJJ;neHHJI HeiirpoHoB AO renno­

BOH :mepmH. 8peMJI 3aMeJJ;neHHJI HeHipOHOB AO 3HeprHH, 

xapaKiepH3Yf01UeH Ha11ano o6nacrn repManHJaUHH ( 1 38) , 

B 6epHn11HH cocraBnHer 10 MKC. IIepe'1HcneHHb1e BpeMeH­

H&Ie HHTepBanbI onpe)lenJIIOI He06XOJ],HMOe BpeMeHHoe 

p33peweHHe. l13MepeHHJI npoBOJJ,HJJHCb B ABYX BpeMeHHblX 

Macwra6ax c ueHoii: KaHana BpeMeHHoro aHanHJaropa0,1 MKC 

H 2 MKC. Jln,i: roro 'IT06bl o6ecne'IHT& yKa3aHHOe Bblllle 

BpeMeHHoe p33peweHHe, HCnOllb30BaJIHCb ,llBa THna Hcroq­

HHKOB HeirrpoHOB: HMnyn&CHblH Heii:rpoHHblH reHeparop 

(HHr) C HHieHCHBHOCTblO 2.106 Heii:rpoHOB 3a HMJTYn&C, 

lllHpHHOH HMnyn&ca 2 MKC, qacroroii: HX cneAOBaHHll 10 ru 

H KaJIHq>opHHeBu KaMepa AeneHHii:, pa6oraroma,:i B pe)l(H­

Me CiaIHCTH'leCKOro HCIO'IHHKa HeHipOHOB. 11HreHCHB­

HOCih cnoHTaHHbDC neneHHH B KaMepe COCiaBnJi:na 5.104 ne­

neHHH B ceKyuny. 8 nape c KaMepoii: neneHHii: KHT-54, 

HCnon&JyeMOH B Ka'leCIBe AeTeKropa HeHTpoHOB, OHH o6ec­

ne'IHBaJIH BpeMeHHoe p33peweHHP. 10 HC. 3BonlOUHll JHep­

reTH'leCKOro cneKrpa HeHipOHOB perHCTpHpOBanaCb B rpex 

3HeprernqecKHX rpynnax: nepBaH - E ;;;. 0,1 M38, Bropu -

0,1 MJ8 ;;;. E ;;;. 0,2 J8, rpeT&ll - E ..; 0,2 38. Mero,llHKa 

perncrp~ ueii:rpoHoB JTHX rpyrm 3HeprHii: JaKnro11anac& 

B cneAyromeM: nepBu rpynna perncrpHpoBanac& c rro­

MOlll&IO nponopUHOHan&uoro cqer11HKa CHM-38, uanon­

HeHHoro BOAOpOAOM, c noporoM perncrpauim ~ 0,1 MJ8. 

8peMeHHoe pacnpeneneHHe Bropoii: rpyITIIbI 6&mo nony11e­

HO rryreM BbI'IHTaHHJI HJ BpeMeHHoro pacnpeAeneHHJ1 

orcqeroB nponopUHOHaJibHoro c11eHHKa CHM-11 c panHa­

ropoM HJ 1 o 8 B 3KpaHe H3 Ka,IJ.MHJI (ronlll,HHa 3KpaHa 1 MM, 
11IO no3B011MO perncrpHpOB3Ib HeHipOHbl C 3Hepmeii: 

B&IWe 0,2 38) BpeMeHHoro pacnpeAeneHWI CKopocrH cqera 

AereKropa 6b1Cipb1x Heii:rpoHoB CHM-38. IlpH 3IOM Jq>q>eK­

THBHocrn AeieKIOpOB conocraBnMHCb BO BIOpOM BpeMeH• 

HOM KaHane (2 - 4 MKC). ,UonyCKaJIOCh, qyo 3HepreTH'leC­

KHe 3aBHCHMOCIH Jq>q>eKIHBHOCIH JTHX AeieKIOpOB 

(r.e. ceqeHHJI BlaHMOAeHCTBHJI HeHTpoHOB JJ;)]JI BOAOpOAa 

H 6opa) B ofuiacrn 3HeprnH E > 0,1 M38 nono6H&I. Y'IHT&I­

Banc,i: I3K)l(e IOI q>aKI, '!IO Ja BpeMJI ~ 2 MKC nocne HH)l(eK­

UHH 6bICipbIX Heii:rpoHOB B peaKIOp 3aMeJJ;llHBlllHeCJI Heii:r­

pOHbl E < 0,1 M38 eme He HaKO0HllHCb H HX BKna,IJ.OM 

B CKopocib cqera nereKropa CHM-11 MO)KffO npeHe6peTh. 

Mero,llHKa norry11eHHH pacnpeneneHHJI rpeibeii: rpynmI 

6bma aHanom'IHa npeAbIJJ;Y1Ueii:, Ja HCKnroqeHHeM roro, 

qro JAeC& HCnon&30BaJIHCh BpeMeHHbie pacnpeAeneHHJI, 

nonyqeHH&Ie 6opHbIM AeieKI0poM 6e3 Ka,IJ.MHeBoro 3Kpa­

Ha H JIHM lKe nereKI0poM, HO C Ka,IJ.MHeBblM 3KpaHOM. 

HccneAOBaHHe npocrpaHCTBeHHOH JaBHCHMOCTH BpeMeH• 

Horo pacnpeAeneHHJI Heii:rpoH0B p33nH'IHbIX rpynn Juep­

rHii: npoBOJJ;HllOCh o6&1'1HbIM o6p330M, ,UereKIOpbl nepe­

MemanHCb no paJlHYCY peaKropa H pacnonaranHC& Ha cpen­

Heii: ero BblCOie. l13MepeHHll npoB0JJ;HllHCb B 'leiblpeX Ka-
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HaJiax pea.KTOpa: B ueHTpe 3.KTHBHOH 30Hbl, Ha cepe,a;HHe 

ee pa,D;Hyca, Ha rpaHHUe 3.KTHBHOH 30Hbl H OTpIDKarerul 

H B cpell,HeH qacTH OTpIDKareru1. KpoMe Toro, AflJI BbUIBJle­

HHJl B1IJUIHHJI pacno110)f(eHKJ1 HCTO'IHHKa HeirrpoHOB Ha HX 

BpeMemme pacnpeAeneHHe H3MepeHH11 c KaJIH4>opHHeBOH 

KaMepoH npoBOAH1IHCb npH AByx ee IT01IO)f(eHHlUC: B ueHT­

panbHOH qacTH 3.KTHBHOH 30Hbl H B OTpIDKaTene. JJ:eTeKTOp 

(KaMepa AeneHHH KHT-54) BcerAa HaxOAH1Ic11 B ueHTpan&­

HOH qacTH aKTHBHOH JoH1>1. l1MnynbcHb1ii HeirrpoHHhlH 

reHeparop BO BpeMJI 3KCnepHMeHTOB HaxOAH1ICJI BHe pea.K­

ropa. Bee HJMepeHHJI npoBOAHIDfCb npH ABYX nol].KpHTH· 

qecKHX cocroJIHHJIX pea.Ktopa (-0,4/33$ H -8,5P3ct>). IloA­

KpHTH'IHOCTb C03AaBanac& nyreM HJBneqeHKJI H3 3.KTHBHOH 

JOHbl Aenmuerocll MarepHana. PemCTpauHJI BpeMeHHoro 

pacnpeAeneHHJI CKOp0CTH cqeTa AeTeKTOpoB npOBOl].H1laCb 

C IlOMOIIlblO 6110Ka 6b1CTpoH npoMe~Oq}{O~ IlaMJITH H 

3BM "3neKTpoHHKa-100H" [9] npH WHpHHe KaHana Bpe­

MeHHoro aHaJIHJa 2 MKC H aHaJIHJaropa YHO-4096 c 6110-

KOM BpeMeHHor9 npeo6p330BaHHJI EBII2-96 npH umpHHe 

KaHana 0,1 MKC. 

3KCnepHMeB'J'8J'JLHhle pe3YJD,T8TM. Ka11ecmeHHb1H BH· 

3yan&H1>1H aHaJIH3 nonyqeHHbIX 3KCnepHMCHTa1IbHblX pe-

3YJibTaTOB ll03B01IJICT CAenan cneAYJOUOle BhIBOAbJ: 

1. KpHBblC cnal].a CKOpoCTH cqera AeTeKTOpa 6blCTpblX 

HeHTpoHOB HMelOT TpH oTqeTJIHBO Bblpll)KelilildX KB33H· 

3KCllOHeHD;HanbHblX yqaCTKa CDal].a C cymeCTBCHHO OTJIHq~ 

rueHCJI KpyTH3HOH (pHC. 1) : nepBblH - OT O AO 12 - 15 MKC, 

3 

• <II\ •• ....... 

0 100 200 300 
I, MXC 

l'Mc. 1. BpeMelOll>e pacnpe)lelleHHJI OT)leJll,HWX rpynn HeltTpoHOB, 

nony'lellHJ,J8 c noMOUD>JO )leTeKTOpoB, pacnonoll<eHHWX ea rpaHHUe 

8KTHBH08 30Hld K OTP3ll<aTellll, npK IlO)lKJ?HTH'IKOCTH - 0,45 /j 

(KCTO'IKHJ< HeltTpoHOB - HHf) : l - CSldCipWe HellTpoH.bl, E:,:. 0,1 M3rf 

2 - npoMell<;)'TO'IH1>e HellTpoHbl, 0,1 MJB > E > 0,2 JB; 3 - Ten­

noBlde HellTpoHbl, E < 0,2 JB 
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BTOpoH - OT 15 AO 200 MKC, TpeTHH - aCHMIITOTH'lecKHH 

CITaA, Ha~mHHCJI c 200 MKC. 

2. BpeMCHHble pacnpeAeneHHJt npoMe)f(yTOq}{b}X H TCIDIO· 

BblX HeHTpoHOB AalOT OCHOBaHHe nonaraTb, qTO noHBJJeHHe 

3THX yqaCTKOB Ha KpHBOH cnal].a CK0poCTH C'leTa AeTeKTOpa 

6blCTpblX HeHTpoHOB CBJ13aHO c H3.KOIT1ICHHCM oqepeAHOH 

rpynm,1 HeHTpoHOB. Xapa.KTep llOBCAeHHJI KpH11blX Ha nep, 

BOM yqaCTKe 06ycnos11eH Cllal].OM HHTCHCHBHOCTH 6b1CTpblX 

HeHTpoHOB, Ha BT0p0M yqaCTKe - H3.KOIT1IeHHeM B AOCTaroq. 

HOM KOJIH"ICCTBe Hal].TelDJOBblX (HaAKaAMHCBblX) HeHTpo­

HOB H Ha nocneAHeM - H3.KOll1ICHHCM TCll110BblX HeHTpoHOB. 

C yqeTOM 3T0f0 3KCnepHMeHTaJibHble KpHBble cna,ua 

6b11IH anµpOKCHMHp0BaHbl 3aBHCHMOCTJIMH BHP.a 

+ A}(l - exp(- a2 t.))exp(- a 1 t .) 
I I 

(1) 

AflJI nepsoii rpynm,1 HeHTpoHoB, 

f2(t) = A~(l - exp(- a3ti))exp(- a2ti + Ai(l - exp(- a2 ti))x 

(2) 

AflJI BTOpoH H 

f3(ti) = MO - exp(- a2 ti))exp(- a1 ti) (3) 

AflJI TpCTbeH rpynm,1 HeHTpoHOB. 8b16paHHb1H BHA annpoK­

CHMHpYJOIJ.UIX <l>YJilCl.lJIH 06ycnoBJ1eH He T01IbKO 4>opMOH 

3KCnepHMeHTa1IbHblX BpeMeHHblX pacnpeAeneHHH. HeTpY/J.· 

HO BHACTb, qro BblpIDKeHKJI (1), (2), (3) no BHAY COOT· 

BeTCTBYJOT pa31IO)f(eHlOO H30Tp0llHOH qaCTH ct>~ HeHT­

pOHHOfO ITOTOKa npH BCllbllllKe HeHTpoHHoro HCTO'IHHKa 

B PJIA no co6cmeHHb1M 4>ym<llHJIM roqeffloro cneKTpa 

co6CTBeHHblX 3HaqeHHH KB33HCTaJ:OIOHapHoro ypasHeHHJI 

nepeHoca HeiiTpoHoB [4) : 

N 

<I>((, E, t) ""- L, ~Fk(t• E)exp(- akt), (4) 
k=1 

rAe Fk (r, E), ~ - HJOTponHaa qacn co6crseHHb1X <l>YHK· 

~H H C06CTBeHH1,1e 3Ha'leHHJI KBaJHCTaJ:OIOHapHoro ypaB­

HCHIDI nepeHoca HeHTpoHOB. JJ:eHCTBHTC1IbHO, eCJIH pacKpblTb 

CK06KH B BblpIDKeHHH (1) H yqecn npH JTOM, "!TO a3 > 
► a, ► a,. TO llOnyqHM npoCTO CYMMY JKCilOHeHT, K3.K 

H B (4): 

f1 (t) ~ (A; - A½)exp(- a 3 ti) + (Ai - Al)exp(- a2t) + 

+ Ai exp(- a 1 tJ 
(5) 

AnnpoKCHMaIOIJI 6bma Bblll01IHCHa c llOMOlllblO CTaH· 

AapTHOH nporpaMMbl MHIIHMH3aIOIH KBal].paT}{q}{OfO <l>YffK· 

~oHana FUMILI. PC3YJibTaTbI npHBeAeHhl Ha pHC. 1, 2 

H B Ta6n. 1, 2. PeJy11bTaTbl o6pa6oTKH IlOKaJblBaJOT, qro 

Bb16pllHHa11 amipoKCHMHpYJOllla11 cl>YliKUHJI AeHCTBHTe1IbHO 

B npeAenax 3KC0epHMCHTanbHl>IX norpelllHOCTCH, MO)f(HO 

CKaJaTb, HAeam,Ho ODHCbJBaeT 3KCilepHMeHTanbHble pac> 

npe,11eneHHJ1. l1CKJJ10"1eHHe COCTaB1IJICT o6naCTb BpeMeH 



0 2 4 6 8 10 12 14 t, MKC 

0 100 200 t, Ml<C 300 

PHc. 2. BpeMltDll,le pacnpeµ,eneHHJI lildcrpLIX HellTJ)OHOB npH no,11,­

KpHTH'IIIOCI'H - 8,5 /l3<1>: 0 - . HCI'O'IIIHK HeltrpoHOB B OTplllkllTene; 

• - B aJ<THBHOII 30He; -- - annpoKCl!MaUHOHHaJI KpHBu; 1 -
HCI'O'IIIHK Hel!TpoHOB - KaMepa )leneHHJI •'•Cf; 2 - HCI'O'IIIHK 

HeltrpoHOB - HHr 

CTBeHHyio TOIIKy peaKTOpa H8'0IH810TCJI ,LUia OCHOBHblX 

npouecca: npoCTpaucmeHHblii nepeuoc ueiiTpoHoB or 

HCTO'IHHKa (HJC "pacteKaHHe" no 061.eMY peaKtopa) H 

JaMe.a,neHHe ueiiTpoHOB. B pe3yn&Tate JtHX npoueccos 

B peaKtope yctllHllBJIHBaJOTCH aCHMnTOTH'lecKHe npOCTpaH­

' ctBeHHoe H JHepretH'leCKOe pacopeneneHHJ1. IIepHOll spe­

MeHH, B te'leHHe KOtoporo JTO npoHCXOllHT, Ha3bIBaJOT 

nepeXO.a;HJ,lM, HllH tpaH3HTHl>IM, MH o6naCtblO BblClllHX 

rapMOHHK. B 3aBHCHMOCTH OT roro, C KaKHM H3 JTHX npo­

uecCOB CBJl3aHO co6cTBeHHoe 3Ha'leHHe H COOtBeTCTBYJOWaH 

C06CTBeHHaJI <PYHKUHH KBaJHCTauHOHapHoro ypaBHCHHJI 

nepeHoca HeiiTpoHOB, 6yneM HaJblBatb HX npoCTPaHCtBeH­

HbIMH HnH JHepreTH'ICCKHMH rapMOHHKaMH. Kor.a.a CKOpOC­

TH HJ1H xapaKTepm,1e BpeMeHa npoteKaHHJI 3THX /UIYX opo­

uecCOB cywectBeHHO pa3nH'lalOTCH, npoctpaHCTBCHHble H 

JHepretH'ICCKHe rapMOHHKH MOlKHO Bbl.lleIIHTb no OTIJ.e)]b­

HOCTH. B paccMatpHBaeMOM B AaHHOH pa6ote KJ1acce peaK­

ropoB JTH ,LUia npouecca HMe10r cyweCTBeHHo paJnH'IH&1e 

BpeMeHa nporeKaHHH. XapaKte~;uoe apeMJ1 penaKcauHH 

npocrpaucrBeHHoro pacnpe.neneHHJI ueiitpoifoB MOlKHo oue­

HHTb no q>OpMyne ts ~ X/v, rne b = l/V3~tr'~a' v - MH· 

Ha CBo6o,llHoro npo6era H CKOpOCTb HeiiTpoHOB, ycpe,llHeH­

Hbie no cneKtpy aKTHBHOH 30Hl>J peaKtopa. Ono COCTaBAAet 

~ 20 HC, 'ITO cywectBCHHO MCHbWe xapaKtepuoro B peMeHH 

penaKcauHH ueiirpoHoB B npouecce 3aMe.nneHHH B o6nacTH 

npoMe>K)'TO'IHbIX JHepfHH (tM ~ 200 + 3Q0 uc). C yqeroM 

T a 6 n H u a 1. Oapu,teTpbl annpoKCHMllIIHH 3KCltep!IMellT&IWll,JX epeMeHHWX pacn~e.nellllit 

61,IC'rpl,IX HeiTpOHOB f 1 (t), IIOll)"leHHWe B pa3Jlll'IHJ,J:X TO'IKllX peaKT()pa 

IlonolKeHHe..aereKTopa 

Ilapu,eTp 
,UeHTp nonoBRBa pa,o;Hyca I'])&ID!nl 3J<THBH08 nono11.1111I TOnWHHld 

aKTHBHOlt 30Hld aJ<THBHOlt 30Hld 30Hld H OTpalkllTelllil OTpa)l(lltenlil 

p= -0,45 /334> 

A!, 071!, e,11,. 785 :t 12 656 :t 13 871 :t 15 

a, x10-•, c- 1 3,19 t 0,06 3,43 t 0,08 3,40 :t 0,06 
AL OTH. e)l. 1950±51 1530 :t 43 2150 :t 52 
a2 x10-•. c-1 3,52 :t 0,11 3,22 :t 0,11 3,30 t 0,10 
A}, 0TH. e,a. 9420 :t 310 7850 :t 260 9320 :t 290 

°'• x10-•, c- 1 3,20 :t 0,17 3,04 :1: 0,16 2,97 t 0,16 

p 2 - 8,5 /l3<1> 

A!, 0TH, e,a. 144 :t 8 161 :t 9 
a, x10-•, c- 1 10,0 :t 0,28 8,04 :t 0,25 

A!, 0TH. e,11,. 684 :t 37 877 :t 32 
a 2 x10-•, c- 1 5,49 :t 0,30 4,19 :t 0,17 

AL 0TH. e,a. 8710 :t 410 11100 t 390 

°'• x10-•, c-• 4,48 :t 0,24 4,13±0,16 

t < 2 MKC, rAe Ha6n10.a.aerc,i: otJIH'IHe JKcnepHMeHTan&­

HOH KpHBOH CJ1aA8 CKOp0CTH C'leta J].eteKtOpa_ 6bltrpbIX 

HeiitpoHOB OT annpoKCHMHpyweii KpHBOH. 

3to OTIDl'IHC CJICJJ.YCT noHCHHTb. IloCJie HIDKCICll:JIH 

HMJIYJibCa 6b1Ctpb1X HeiitpoHOB B npoH3B011bHYJO npoctpaH· 

134 :t 9 74,7 :t 5 

8,37 :t 0,28 9,24 t 0,4 

735 :t 22 443 :t 23 

4,16 :t 0,18 4,57 :t 0,25 

9080 t 340 4840 :t 280 

3,99 t 0,16 4,32 :t 0,28 

CKaJaHHoro CTaHOBHTCH HCHbIM CJ].enaHHoe pauee 3aMC'lll• 

HHe 06 OtnH'OIH JKcnepHMeHtam.HOH H pacqetHOH KpH· 

BbIX cna.n;a nnotHOCTH notOKa 6bletpl,IX HeiitpOHOB B o6nac­

TH BpeMeH, MCHblllHX 2 MKC. l1MeHHO a JTOH o6nactH npo­

HBnlleTCH xapaKtepHaJI oco6eHHOCTb npoctpaHCTBCHHblX 
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Ta 6 n H u a 2. napaMeTJ)bl annpoKCH~H 3KCnepHMeHTIIJlhllhlX BpeMeHHhlX pacnJ)CACJteHHH 

HBAffMOBl,IX HeHTp0HOB f, (t), IIOJI)"ICRKl>le B p113JIH'llll,IX TO'!KaX peaxropa 

ypaBHeHH.11 nepeHoca HeiiTpoH0B B 

peaKrope. ,I:Lrui: 3THX neneif 6bIJI 

HCilOJib30BaH lliHp0K0 H3BeCTHblH 

nporpaMMHhIH K0MIDJeKc MMKFK, 
MOAHq>HUHpOBaHHblH C lleJJhlO pac­
qera B peMeIDI )l(HJ}{H MTH0BeHHhIX 

HeHTp0H0B (10) . 

npH DOAJ(pRTH'IIIOCTH -0,45 /l3 <J> 

nonoll!llHHe 

JJ;eTeKTOpa 
A~,oTR. ep;. °'• x10·•, c- 1 A;, 0TH. ep;. °'• x10-•, c- 1 °'• x10•, c·1 

rpaHHUld aKTIIBROII 

30Hld 758 :I: 13 3,16 :1: 0,06 3190 :1: 130 4,07 :1: 0,48 0,86 :1: 0,33 MoneJD, l)ac'le'Ta. Ilony'leHHe 

neKpeMeHTa JatyxaHH.11 OCHOBHOH 

rapM0HHKH 11epe3 pac'let speMeHH 

IlonoeHHa TOJIIUHH!d 

OTpa)l(llTeJill 2090 :I: 23 3,36 :1: 0,04 8060 :1: 180 4,45 :1: 0,34 1,08 :1: 0,22 

rapM0HHK: 3aBHCHMOCI1, q>opMbl upeMeHH0I'O pacnpeAe­

neHHJI HeirrpoHoB oT BJaHMHoro pacnono)l(eHHJI Hx ne-reK­

Topa H HCTO'IHHKa. B TO )Ke BpeMJI ,D,TUI o6nacTH 60111>WHX 

upeMeH ( > 2 MKC) q>opMY upeMeHHoro pacnpeneneHHJI 

M0)l(H0 C T0'IH0CThlO no 3KCnepHMeHTanhHhlX norpeWHOCTeii 
C'IHTaTh He3aBHCHMOH OT MeCTa ycTaH0BKH neTeKT0pa H 

HCT0'IHHI<a 6hlCTpbIX HeiiTpoHOB, 3to nonTBep)l(naeTC.11 

coBnaneHHeM neKpeMeHT0B JayYX3HHJI ucex Tpex rapMo­

HHI< ,D,IIJl pa31IH'IHhlX IlOJIO)l(eliHH neTeKTOp0B B peaKT0pe, 

'ITO CBHAeTe111>cTByeT 06 0TCyTCTBHH Bh!CIUHX npoctpaH­

CTBeHHhIX rapM0HHK. 
3aMeTHM, '!TO BO BpeMeHH0M BHtepBane O ~ t ~ 20 RC 

nocne M0MeHTa HCnyCKSHH.11 HeiiYpOHOB HMJIYnhCHhlM HCToq­

HHK0M B peaKTope, oco6eHHO BfinH3H OT 3T0ro HCT0'lllHKa, 

npHCyTCTByeT MH0T0 HeiiTpoHOB, B006we He npe-repneB­

WHX coynapeHHii, H!IH ycneBWHX, 6bITh M0)l(eT, T0JihK0 

oJJ,HoKpaTH0 pacce.11u,c.11. MaTeMaiffqeCK0e onHcaHHe pac­

npenenemm TaKIDl HeiiTpoHoB no uceM nepeMeHHhIM nocm­

raeTCll c IIOM0WhlO HHTerpanbH0T0 qneHa, KOTOpblH no6au­

JilleTCll K cyMMe ,a;HCKpeTH0T0 Ha6opa co6CTBeHHhIX 4>YHK· 
UHM- HH-rerpanbHhiii imeH conep)l(HT 06o6weHHh1e co6cTBeH­

Hh!e <PYHKUHH cHHrynllpH0T0 BH,Da, a nepeMeHHa.11 mner­

pHpoBaHH.11 CO0TBeTCTBeHH0 npBHa,D,lle)l(HT Clln0lllH0M}' 
K0HTHffYYMY co6cTBeHHhIX 3Haqemm KB33HCT3UH0HapHOT0 

ypaBHeHH.11 nepeHoca HeiiTpoH0B. 
llo'leM}' HMeHH0 neTeKTOp 6bICYpblX HeiiTpoHOB llBJilleT­

C.11 B AaHHOM cnyqae Hamiytll.llllM perHCYpaT0p0M ,a;HCKper­

HblX neKpeMeHT0B 3atyX3HH.II B o6nacm BblClllHX rapMO­

HHK? IlOTOM}', 'I.TO, C 0/J,HOH CT0p0Hhl, R0K333HHJI 3T0TO 

neTeKTopa, 6naronap.11 nponeccy p33MH0)l(eHHJI, nponop­

llH0Ham.HbI rno6am,HOM}' Il0T0KY HeiiTpoH0B s peaKT0pe, 

a C npyroii CT0p0Hbl, ero 3q>q>eKTHBHOCTb cna6o 3aBHCHT 

OT neq>0pMan;HH 3HepreiffqeCK0TO cneKYpa HeiiTpoH0B 

s nponecce JaMenneHH.11. 

PAC'IET HAliOPA ,llHCKPETHhIX 

C06CTBEHHblX 3HA'IEHHil 

BeJycrroBHO, nonyqeHHhie 3MIIHpK'leCKHe pe3ynhTaTbl 
Hy)l(A3!0TO.II B AaJibHeHl.lleM aHanH3e H TeopeTH'leCK0M 

06o6weID1H. C 3TOH nem,10 6blna HCCJieA0BaHa B03M0)l(H0CTb 

nonyqeHH.11 npHBeAeHHbIX 3KCI1epHMeHT3nbHhlX neKpeMeH­

TOB 3ayYX3HHJI rpex rapM0HHK nyTeM HCIIOJib30B3HH.II cospe­

MeHHbIX 'IHCJieHHbIX nporpaMM perueHH.11 CT3UHOHapHoro 
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reHepanHH MrH0BeHHhIX HeHTpo­
H0B - Janaqa He H0BaJI H ycneumo peweHHaJI B nocneJJ,Hee 

speM.11 AM pe3KT0p0B Ha 6h!CTpbIX HeHTpoHax (10). )lnll 

peaKTopos paccMatpKBaeMoro B naHHoii pa6ore KJiacca 

pacqerHoe 3HaqeHHe AeKpeMeHTa 3atyX3HHll OCHOBH0H 

rapM0HHKH, nonyqeHHoe no 3TOH MeT0AHKe, 6yner HMeTh 

cHcteMaTH'leCKYJO norpeWHocn. OHa o6ycnosneHa TeM, 'I.TO 

B pacqere neKpeMeHT JatyXaHHJI OCHOBHOH rapM0HH.KH 

onpenen.11erc11 K0CBeHHhIM nyTeM, qepe3 pac11er cpeJU{ero 

BpeMeHH reHepanHH HeHTp0HOB B peaKTOpe. B CB0IO 011epenh, 

onpeneneHHe BpeMeHH reHepaUHH npopso,a;Hrc.11 He c 

HCil0Jib30BllHHeM co6CTBeHHOH q>yHKUHH KB33HCT3UHOHap­

H0ro ypauHeHH.11 nepeHoca HeHTpOHOB, a c HCnOJih30Ba.HHeM 

co6cTBeHHbIX <PYHKllHH IlOTOKa H 11eHH0CTH HeHTp0HOB H3 

ycnoBHO KpHTH'leCKOTO ypaBHeHJIH. IlOJTOM}' 6onee nocne­

AOBateJibHblH nonxon K peweHHJO nocrauneHHOH 33Aa'IH 

3aKJ110iranc.11 6bi B TOM, qro6bI pewath 'IHCJieHHO KB33H· 

CT311H0HapffY!O Janaqy, rne co6cTBeHHhlM JHa'leHHeM 
HenocpencTBeHHo .11Bn.11erc11 neKpeMeHT 3aryxa.HH.11 a, JIH6o 

npHMoe peweHHe HeCT3UH0HapHoro ypauHeHH.11. OJJ,HaKo B 

HaCT0.IIWee BpeM.11 Het WHp0KO HCilOJI&3yeMOH nporpaMMbl 

paC'leta, OCHOBaHHOH H3 JTHX I1pHHllHil3X, K-OTOpaJI nauana 
6b1 pacqeTHoe JHa'leHHe a, 0TJIH'l3l0Weeca or JKcnepHMeH­

TaJihHOro MeHee 'leM Ha 10 - 20% ,D,llll AaHHOT0 KJiacca 

peaKT0p0B. IloJTOM}' 6bUI Bbl6p3.l{ MeTOA pacqera c no­
M0lllhlO MMKFK, Il0CK0JihKY A3)1(e C yqeroM OTMeqeuuoii 

B&1111e CHCTeMam11ecKOH norpeWHocm OH naer 6onee 

uane)l(ffb1e KOJIH'lecTBeHHb1e JHaqeHHJI .ueKpeMeHra JayYXaIDl.11 

0CHOBHOH rapMOHHKH B peaKtopax paccMatpHBaeMoro 

Knacca. npyraJ1 B3)1(H3.II npo6neMa, a HMeHHo, Haxo)l(neHHe 

neKpeMeHTOB JayYXaHH.11 /JJl.11 6onee BhlCOKHX rapMOHHK, 

pewanac& Ha 0CHOBe yqera COOTHOWeHJIH Me~ co6CTBeH­

HblMH 3Ha'leHH.IIMH ai H K3<l>i' nonyqeHHhlx B pa6oTe (4): 

(6) 

TAe a., K~,h ., A. - neKpeMeHT 3aryxaeHJ1, 3q>q>eKTHBHhIH 
I ~'l'J I 

K03q>q>RUHeHT p33MH0)l(eHH.II H BpeMll reHep311HH i-H rapM0· 

HHKH B p33MHO)l(8!0WeH CHCteMe CO0TBeTCTBeHHo. IlpH'leM 

3aMe'laHHe O B03MO)l(HOH CHCTeMam'lecKOH norpeWHOCTH 

B pac11ere cpe,D,Hero BpeMeHH reHepaUHH HeirrpoHOB no 

MeT0AHKe pa6oTbl (10) 0TH0CHTC.11 H K pacqery A. s (6). 
I 

1113 (4) cnenyeT, '!TO BenH'IHHa A1 B Jtoii q>opMyne conep-

)l(HT co6cTBeHHhle q>yHKUHH nn.11 noTOKa H neHH0CTH HeHT­
poH0B H3 ypauHeHHii p331IH'IH0TO THna - KB33HCT3UH0• 

HapHoro H yCJIOBH0·KpHTHqecKoro. 



IloCKOllbKY B 3KCnepHMeHTa.X 61,mo noKa:JaHO, qyo 

KIDICAllJ{ H3 Tpe.x BbI,D,eneHHbI.X rapMOHHK CBJOaHa C onpe­

nenelllfOH 3HepreTHqecKoH rpynnoH HempoHoB, TO, rrpo­

BO,!J,jl pac11eT1>I no MMKFK Ha K
3

4> H A »Haqane c }"leToM 

» ce.x 26 rpynn HeHTpoHOB, IJOny'laeM ,D,eKpeMeHT JaTy.xa­

HH.11 OCHOBHOH rapMOHHKH a1 ; JateM, HCKlllOttrul H3 pac­

CMOTpeHIUI TeIDIOBble He1hpom1, npoBO,lJ,HM pacqey Ha 

K 34> 2 H A2 (25 rpyIIll), non}"laeM, cornacHo (6), a2 ; 

3aTeM aHanOrH'IHO, HCKnlOIJaJI H3 pacCMOTpeHIUI TennoBble 

H Ha,D,TennOBble HeHTpoHbl, nonytiaeM a3 . 
11CKnIO'leHHe B pacqeTa.X H3 paCCMOTpeHHJI 26-H rpyn­

rn,1 ocyw;ecmnJDioc1, rryyeM H3MeHeHHH nornomeHHH HeHT· 

pOHOB (BBO,D,HnOCb O'leHb 6on1,1noe Ce'leHHe nornomeHH.11) 

B 3TOH rpyrrne B aKTHBHOH 30He H OTp!l)l(aTene. ,D.n.11 no,D,aB· 

neHH.11 npoMell<yrO,'IHblX HeHTpOHOB Me:>K,IJ,y aKTHBHOH 30· 

HOH H OTp!l)l(aTeneM BBO,D,HnC.11 CllOH 1 OB. KOnH'leCTBO BBe­

,D,elllforo B 3KpaH I O B Bbl6HpanOCb C }"leTOM ycnoBH.11 MllHH· 

Man1>Horo B03Myw;eHHH K
3

4> H3•3a y»enHqeHHJl nornomeHHH 

6blCTpbIX HeHTpOHOB B pe.aJ<TOpe. 

Pe3ym,T8TJJ pacqe-ra H cpa»HellHe HX C 3KCnepHMeHTOM. 

IlpHBe,D,eHHh1e B Ta6n. 3 pe3yn1>TathI pac11eTa~K H K ,.. 
3 1 3-.,3 

non}"lemI npHM.hlM pac11eToM Ha K
3

4> no K B Te11e-

HHe 1 q Ha 63CM-6. BenHllHHa K
3

4>
2 

nonytieHa c noMOWbIO 

nporpaMM1>1 pac1JeTa o6WHpHhIX J303Myw;eHHH peaKTHB• 

HOCTH PERL [ 11] , peanHJOBalllfOH Ha 6aJe MMKFK. 
IlpH nony11eHHH pac1JeTH1>1.x 

HOH nporpaMMbl peweHHJI HeCTlll.QIOHapHoro ypa»HeHHH 
nepeHoca HeHTpoHOB MeTO,lJ,OM MO,lJ,allbHhl.X P83JIO)l(eHHH. 

3,D,eCb ,!J,ll.11 pactiera BhlCWHX C06cTBeHHhl.X 3Ha'leHHH 61,ma 

Hcnon&30BaHa anpHOpHaH 3KCnepHMeHTallbHaJI HHq>OpMa­

lJ,H.11 o JHa'leHHHX E nn.11 Tpex paccMaTpHBaeM.hlx rapMO· rp 
HHK. B Tex Cll}"laHX, KOr,D,a Tat<OH HHq>OpMauHH Het, nony-
'IHTb ee B npHHIJ;lme MO)l(}{O, npoBe,!J,jl ,lJ,OnOnHHTenbHble 

pac'leTbI C uen&IO BhlJIBneHHJI 38.BHCHMOCTH a = f (E ) , 
rp 

MeHJl.11 E npoH3BOJibHO BO BCeM paccMaTpHBaeMOM 3Hep-rp 
reTH11ecKoM ,D,HanaJoHe. CymecmoBaHHe nonorIDC }"laCTKOB 

("nnaro") B 3TOH 38.BHCHMOCTH 6y,D,et 03Ha'laTb npHCyYCTBHe 

,lJ,HCKpeTHblX a B cneKTpe co6crneHHbl.X 3Ha'leHHH, KOTO· 

p1,1e H HCnOJib3YIQTC.II B ,D,anbHeHllleM. 8 KalJecTBe co6cTBeH­

HhlX q>yHKUHH 6epyYc.11 npocrpaHcTBemu,1e pacnpeneneHHH 

HeHTpoHOB paCCMaTpHBaeMbIX 3HepretHllecKHX rpynn. 

Ilono6Horo THna pac11er1,1 npo»o,D,HnHc1, paHee, ron&KO 

paCCMaTpHBanacb 3aBHCHMOCTh a OT BpeMeHH, a = f (t). 
IlpH 3TOM ,D,eHCTBHTeJI&HO Ha6n10,D,anHCb B o6naCTH BblO­

WID{ rapMOHHK norrorne }"laCTICH B BH,D,e "nrraro" (3, 13], 
y HHX ,lJ,alKe nOJIBHJIOCb CBOe Ha:3BaHHe - "KBa:3HaCHMITIO· 
THKH". 

0601K.UEHHE 

Ilo1.1eMy )l(e BCe-TaKH npH HenpepblBHOH ,D,eq>opMalJ,HH 

HeHTpolllforo cneKtpa B o6naCTH BhlCllIHX rapMOHHK Ha6rr10-

3Ha'lemtii ,D,eKpeMeHToB 3ary.xaHHJ1 

3q>q>eKTHBHaH non.11 3ana3,lJ,bIBaIO­

lllHX HeihpoHOB 61,ma B3.11Ta pa»­

HOH 0,0075 [12]. ,D.n.11 cpa»HeHH.11 

C paclJeTOM 3KcnepHMeHTaJII,Hble 

3Ha'leHWl ,D,eKpeMeHTOB 3atyxa­

HH.II Tpe.x rapMOHHK, nonytieHHbie 

B pa3rrH'1Hbl.X TO'lKax peaKTOpa npH 

llO,D,KpHTIRIOCTH -0,45~
3

4> 
(cM. ra6rr. 2), 6_&IJIH apHq>MeTH-

Ta 6 n H u a 3. CpaaaeHHe pac'leTHbIX a JKcnepHMeanni.a1,1X JHa'leHHA napaMeTpOe 
Tpex rapMOHHK 

fapMO-

BIi.Ka K3(j)i 

I 1,0000 ± 0,0029 

2 0,9829 ± 0,0031 

3 0,9278 t 0,0092 

qecKH ycpe,D,Hem1 no npoctpaH· 

cmy (CM. ta6n. 3). ACHMllTOTHtJeCKHH ,D,eKpeMeHT 3aty.XaHH.11 

B KpHTHtJeCKOM peaKTOpe norryqeH C HCnOJib30BaHHeM 0!1, 

H3Mepelllforo npH p = -0,45~
3

4>, H cpopMYJibI (6). Ilorpew­

Hocrn paclJeTHhlX H 3KCnepHMeHTaJibHhlX pe3YJibTaTOB, 

npe,D,CTaBJieHHb1e B ta6JIHIIa.x, norryqem1 C }"leTOM TOJTbKO 

CTaTHCTHtJeCKIDC COCTaBJIJIIOIUHX, 

IlpHBe,D,elllfhle pactJeTHble H 3KCnepHMeHTallbHble pe-

3YJibTaTbl xopowo cornaCYIOTC.11 MelK,ay co6oit 3to y6elK• 

naeT B TOM, '!TO Ha6n10naeM.h1e B 3KcnepHMeHTe ,lJ,HCKpet­

Hhie 3HatJeHH.II ,D,e1<peMeHTOB 3aty.XaHH.II OCHOBHOH H Bbl(), 

lllIDC rapMOHHK 06ycno»rrem1 teM, qTo B peaKtope B pac­

CMaTpHBaeMhIH BpeMeHHOH HHTepBan OCHOBHylO poJib HrpaIOT 

HeHTpom.1, 3HeprHH KOTop1,IX rre)l(Ht »1,nne onpenerrelllforo 

rpaHH'IHoro 3HaqeHHH E • rp 
CornaCOBalllfOCTb pacqetH0·3KCne pHMeHTallbHhlX pe3YJib· 

TaTOB naeT OCHOBaHHe CIJHTaT&, 'ITO paCCMOTpeHHaH B ,lJ,aH• 

HOH pa6oTe MeTO,lJ,HKa pac11eTa ,lJ,HCKpeTHblX C06CTBeHHhIX 

3HatJemtii MOlKeT 6b1Tb HCnOJih30BaHa npH C03,lJ,aHHH pac11er-

ai' c-• 
Ai' MKC 

I piC'ieT 3KCDep11.MeHT 

3,64 ± 0,44 (2,060 t 0,25) .103 (2,30 t 0,05) .103 

0,718±0,051 (3,4 2 t o,6) .1 o• (3,35 t 0,11) .10• 
0,238 t 0,003 (3,34 ± 0,43) .IO' (3,07 t 0,16).105 

l];aIOTCH 3KCnoHeHIJ,HanbHble yqacTKH cnana? Ka11eCTBeHHO 

q>H3H'leCKYIO HHTepnpeTalJ,HIO npouecca B03HHKHOBeHH.II 

"KBa3H3CHMllTOTH'leCKHX" }"laCTKOB Ha KpHBOH Cna,D,a 

IlJIOTHOCTH HeHTp0HOB B peat<tope B o6nacTH BblCWHX .rap­

MOHHK, rne npoHcxo,D,Hr Henpep&IBHblH npouecc 3aMenne­

HHH HeHTpoHOB H acHMITTOTH'leCKHH cne1<Tp eme He ycra­

HOBHJIC.11, MO)l(HO ,D,aTb no aHarronm C q>H3H'leCKOH HHTep­

npetlll.QleH 3B0lllOUHH IlJIOTHOCTH HeHTpOHOB B orpaHH'IeH­

HblX omeMa.x 3aMe,D,JIHTen.11, ,lJ,aHHOH B [14]. 

HeHTpOHlil>IH crreKTp B Haqan1,Hl,Jff MOMeHT BpeMeHH 

3a OTHOCHTenbHO K0p0TKHH npoMe)l(yYOK BpeMeHH 

( < 1 MKC) Cpa3y nocne HH)l(eJ<UHH HMnyJI&ca BblCOKO· 

3HepreTH'IHhIX HeHTpoHOB 6naronap.11 npoueccy aeynpyroro 

pacce.llHH.II HeHTpOHOB Ha Jl,!J,pa.x TJllKe111,Ix 3lleMeHTOB 

npHo6peTaeT OTHOCHTeJibHO cra6mn,HyIQ q>OpMy, aHanorH'r 

HYIO q>opMe cne1<rpa 61,1crporo peaKtopa ( cpe,1J,HJ1.11 3HeprHH 

~ 0,4 M3B). B ,D,an&HeHl.l.leM 3BOJIIOUHH HeHTpolllforo notoKa 

onpenen.11erc.11 rpeMH npoueccaMH: nornomeHHeM, yre11-
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KOH H 3aMe,llJleHHeM HeifrpOHOB B OCHOBHOM 3a C'leT ynpy­
roro pacce,omJI Ha 6epHJmHH. IlOCKOJibKY B 6bICTpOM peax­
rope Bepo11moCTH nepBbIX AByx npoueccoB cymeCTBeHHo 

6011&we Bepo11mocm npouecca 3aMeA11eHHJ1, rno6anbHM 
IDIOTHOCTb HeHTpoHOB y6&maer 3a C'leT nornomeHHJI H 
yretU<H npaKTHqecKH 6e3 HCKll)((eHHJI q>opMbI cneKrpa, 

raK KaK npouecc .a.eneHHJI, o6ecne'IHBM "pacceRHHe" BBepx, 

cra6HJIH3Hpyer q>OpMY cneKTpa HeHTpoHOB B ero BbICOKO· 
JHepreTHqJ{OH 'laCTH. B pe3YJI&Tare noJ1BJIJ1eTCJ1 nepBbIH 

KB8.3HaCHMDTOTH'ICCKHH yqaCTOK ,cna.a.a IDIOTHOCTH HeHTpo­
HOB. Taicu KapTHHa Ha6ruo,a.aeTCJI AO Tex nop, noKa IDIOT· 

HOCTH HeHTpoHOB nepBOK H BTOp0K rpynn no BeJlHllHHe 
He CpaBWl.lOTCJI. 3ro npoHCXO,IJ;HT qepe3 10 - 15 MKC. 

C JToro BpeMeHH Ra11HHaeTcJ1 rrpouecc repMaJIH3auHH, npu 
KOTOpOM CKOp0CTb 3aMCAJleHHJI BHOBb cymecmeHHO yMeHir 
waeTC.11. B 3TOT nepuo.a. (OT 10 AO 200 MKC) yre'IKa H norno­
meHHe J1BJIJ110TCJ1 npoueccaMH, HJlYU.lHMH c 6omweii uepo.11r­
HOCT&10, 'ieM npouecc HaKOIDieHHJI TeTOIOBbIX HeifrpOHOB, 
Il03lOMY Ha6rno.a.aeTCJI eme owra KBa3H8CHMIITOTHKa, CB.II· 
3aHHM y)l(e c npoueccoM TepMaJIHJau,HH. CneeyeT no,a;qepK· 

HYTh, 'ITO KBa3HaCHMmOTHKY npouecca TepMaJIH38lO{H 
llhITaJIHCb o6uap}')KHI'b H Ha 'IHCTbIX 3aMe.D,JIHTeJI.IIX, HO B 
CHCTeMax C pa3MHO)l(eHHeM OHa, 6e3yCJIOBHO, ,[J.OJilKHll 6bITb 
Bbipll)((eHa B OOJibWeH CTeneHH, qro H Ha6rnoAaeTCJI B 3KC­

nepHMeHTe. 
OKOff11aTenbHO, IIOCJie 200 MKC, Kor.a.a q>opMHpoBaHHe 

aCHMIITOTH'leCKOl'O cneKTpa HeHTpoHOB B peaxTope 3aBep­
waeTCJI, HacrynaeT nocneJJ,HJIJI CTa,r:J,HJI, B TeqeHHe KOTopoif 

ua6ruoA3eTCJ1 acHMUTpTH'leCKHH cna.a. IDIOTHOCTH HeHTp0HOB 

B peaxrope. 
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Y.IU< 621.039.5 

OilPE.IlEJIEHHE PEAKTHBHOCTH PEAKTOPA B OBJIAC'fH HA,llKPHTHlIHOCTH 
3KCTP AriOJIRUHER 110.IlKPHTWIECKHX 3KCIIEPHMEHTOB 

C.B. BoHToBeuKHii, JI.C. I.{1,muU(oB 

B .ll,IIHHOlt pa6oTe 11pep,naraeTCJ1 IICfiOm.3OBaTL nporp&MMY MIIOI'OMepHOlt ~DpOl<CHM&!DIH, OCHOB&HHYJO Ha DpllHUJIDe 3BpHCTH'leCKOII C&MO­

OpraHH3&UKK, .ll,1lJI o6pa60Tl<H fiOAl<J)JmACCl(J(X 3J<cnepKMeHTOB DpH ODpe,QeneHHH pelll<THBHOCTH pelll<TOpOB II c6opoK. 

THE DEFINITION OF ASSEMBLY REACTIVITY IN THE OVERCRITICAL REGION BY EXTRAPOLATION OF THE SUBCRITICAL 
EXPERIMENTS RESULTS. S.V. VOYTOVETSKY, L.S. TSIGANKOV. Multidimensional approximation program based on the euristical selforgani­
zatlon principle is apP.lled in the subcritlcal expeziment analysis for the assembly reactivity definition. 

TpllAHUHOHHbIH Mero.a. onpe.a.eneHHJI peaKTHBHOCTH B 

Ha,D.KpHTHlleCKOH o6naCTH OCHOBaH ~a H3MepeHIUl peaxnrn­

HOCTH B COCTOmDUIX, 6mt3KHX K KpHTHlfeCKOMy. 3to CBJl-

3aHO C teM, 'l1'0 CTaTHCTHtlecKaJI norpeUilfOCTI> H3MepeHHR 

peaKTHBHOCTH teM MeH1>We, lfeM 6mtlKe peaxtop (c6opKa) 

K KpHTHIIHOCTH (1), a HMeHHo: 

(1) 

r.a.e D - JJ,HcnepcHJ1 pacnpe.a.eneHHR etatHCTHt1ecKOH norpew­

HOCTH H3MepeHHR peaxTHBHOCTH, 

p = K31b - 1 

K34> 
IlyCTb p = p (H, CB), r.a.e H - napaMetp, BmUlIOlllHH 

Ha KpHTHIIHOCTI> (ypouem BOJJ.bI, nonolKeHHe opraHoB pery-

1lllp0BaHHJl H T.JJ..); CB - KOHUeHtpau;HJI 6opa. 3KcnepKMeH­

tanl>HO H3MepJICTCJl OTKnOHe{{He peaxTHBHOCTH OT KYM 
npK H3MeHeHll1t napaMetpa H, 3ateM H3MeHeHHeM KOHUCHT­

pawm 6opa BHOBI> JJ.OCTHraeTCJl KpHTHlleCKOe COCTOJIHHe 

(p = 0), T.e. 

ap ap 
- (H, Ca)LlH = - -- (H, Ca)LlC = Llpi, (2) 
att acB 

r.a.e c; (H) - KOHUeHtpllllHJI 6opa, COOTBeTCTBYJOLI.UIJI KpH­

THlfeCKOMY COCTOJIHHIO. Tor.a.a MO)l(}IO 3aUHcatl> 

(3) 

3.a.ec1> 5pi - nonpauKa, Kotopax HaxoJJ,HTcR HHterpHpo­

BaHHeM cMewaHHoii npoH3BoJJ.Hoii· a 2 p/ 3H3C no HeKoto­

poii o6nacTH (2) . 
B q>opMyne (3) nepuoe cnaraeMoe H3MepaetCJl 3KC­

nepHMeHtanl>HO, a nonpauKa, CBR3aHHaJI CO BTOpbIM cna­

raeMbIM, paCCIIHTbIBaetCJl HCXOJJ,R H3 HeKOH MOJJ.eJIH peax­

topa. TaxHM o6pa30M, C pacl!eTOM JJ.aHHOH nonpaBKH CBR· 

3aHa MetoJJ,HlfeCKaR norpewHOCTb onpe.a.eneHHJI peaxTHB­

HOCTH. B TO )Ke BpeMJI, HecMOTpR Ha CYllleCTBeHHyIO Cta­

THCTH'lecKyio norpeWHOCTb H3MCpeHHJI peaKTHBHOCTH B 

no.a.KpHTHlleCKOH o6nacTH [l J , OKalbIBaetCR, MO)KHO, COOT· 

BeTCTBeHHo o6pa6otau 3KcnepHMeHTan1>H1>Ie IJ,8HHbie, nony­

lfHTb aHanHTHlfeCKYJO 3aBHCHMOCTI> p (H, CB), KOtopu 

.a.aet JJ.OCtaTOIIHO TOIIHl>le 3H&lfeHHJI peaKTHBHOCTH KaK B 

o6nacbt 6onee rny6oKOH noJJ,KpHTHIIHOCTH (no OTHOWelUUO 

K JJ,Hana30HY H3MepeHHR peaKTKBHOCm), taK H B o6nac­

TH cymecTBeHHOH HaJJ,KpHTH'IHOCTH. To ecn, ecnH JKCne­

pHMeHtanbHhle TO'll<H H8XOJJ,RTCR B o6naCTH -0,1 < p < 0, 
TO JKCtpanonRUHJI nony11eHHOH 33JIHCHMOCTH p (H, CB) 

.a.aet npHeMneML1e no TOIIHOCTH pe3ym,tatbl B o6naCTH 

-0,2 < P < 0,2 (QOm,waa o6nacn JKetpanomn~H He npoue­

p.1uiac1>) • .llnR H11n10ctpauHH CKa3aHHoro paccMotpHM cne­

JJ.YJOlllYJO MOJJ,en1>HYJO 3aJJ,aqy. 

IInocKHH peaxrop c ynpollleHHbIM OUHcaHHeM otpa­

)Kitena (o6bIIIH8Jl BO.a.a) COCTOHT H3 paCTBOpa COnH ypaHa 

{o6oraLUeHHe 90%) H 6opa B BOJJ,e (pH/pj-35 = 800). KoH­

ueHtpa.IUUI I OB BapbHpyeTCR OTO JJ.O 5.10- r / CM3 . 

PaCCIIHTbIBanacb peaKTHBHOCTb p B JaBHCHMOCTH OT 

ronlllHHbl peaxtopa H H KOHUeHtpauHH 1 0 B. IIony11eHH1>Je 

3HalfeHHJl peaJCTHBHOCTH B o6nacTH noJJ,KpHTHIIHOCTH 

-0,l < p < 0 "nopTHIIHCI>" B COOTBeTCTBHH c JKcnepHMeH­

tanl>HOH norpeWHOCTbIO H3MepeHHR: 

p = Pi,acq ± tip, 

r.a.e 5p - cny11aiiHax norpeWHocn, onpe.a.enaeMax B corna­

CHH C (1). 
Ilo "Kcnop11eHH1>1M" to11KaM no nporpaMMe IIYCIIOJIHH 

(3, 4) 61,ma noctpoeHa aHanHTHlfecKaa <PYHKUHJI p = annp 
= p (H, CB). IlpH noetpoeHHH annpoKCHMSJ.g{OHHOro nom1-

HOMa Pannp = P (H, CB) MHHHMH3Hpouanca <PYHKllHOHan 

BHJJ,8 

IIocrpoeHHaJI TaKHM o6pa30M q>yHKUHJI npouepanac1> Ha 

paCCIIHTaHHbIX "tOIIHbIX" TOIIKax KaK B o6naCTH HaJJ.KpH­

THIIHOCTH 0 < p < 0,2, TaK H B o6nacm noJJ,KpHTHIIHOCTH 

-0,2 < p < 0. Bcero 61,mo pacclfHtaHO 150 tolfeK: npH 

URTH KOHUeHtpaJ.OU[X 10B (0, 1,25.10-s r/cM3' 2,5.10-s' 
3,75.10-5, 5.10-5 r/cM3) pacc11HTblBanac1> tomuHHa peax­

ropa H, COOTBeTCTBYIOlllaJI 3Ha11eHHJ1M peaKTHBHOCTH P = 
= -0,2, -0,19, ... , 0, 0,02, 0,004, ... , 0,2. B K&IICCTBC "KBaJH· 

3KCnepHMeHtanl>Hl>IX" TOlfeK 6bIJDI BbI6paHbI 44 3Ha'leHHJI, 

CB = 0, 1, 25 .10-5, 2,5.10-5, 3,75.10-5 r / cM3 ; p = -0,1, 
-0,09, ... , -0,01, 0. Ilo octan1>HbIM 106 TO'IKaM npouo­

JJ,HnaCb npouepKa nony11eHHOH q>opMynbl. MaKCHManbHOe 

OTHOCHTeJil>HOe OTKnOHeHHe 
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COCTaBHJIO 1,8%. AHanol"H'!HO CTpoHJJac1, OAHOMepmUI <l>YHK• 

IJ,HJ1 p (H, CB = 0) ('1HC1IO "KBa3H3KCnepHMeHTaJJI,Hl,lX" 
anup 

TO'leK N O = 10) : 
3KC 

max I P~nnp~- P~o•rn 
i=l, 2, ... , 30, p~O•IH I· 100 %-<2 %. 

Ilpe annpoKCHMau;HH HCXOAffl,lX 3Ha'leHHH, He "Hcnop­

'leHHbtx" BHeceHHeM norpeWHOCTeH, MaKCHMaJJhHOe OTKJIO· 

HeHHe npe 3KCrpanon11UHJ{ MHOfO MeHbWe 1 %. AnnpOKCH· 

MaD,IU( no }'MeHl>WeHHOMY 'IHCIIY "Hcnop'leHHbtX" TO'leK 

yBeim11HBaer norpeWHOCTI> JKCTpanon.llJJ;HH. OHa c~ecmeH• 
HO 33BHCHT OT TOro, OAHOMepHIUI HJIH .a;ByMepHIUI CTJ)OHTCH 

q>yHKIJ,HJI H CKOnhKO TO'leK npHXOJ],HTCH Ha OAffY paC'leTH)'IO 

KOHUeHrpa.nmo. Taic, npH 16 TO'lKax, pa.36pocamn,1x no 

AByMepHOH o6nacTH (H, CB) norpeWHOCTb JKcrpanonH• 

UHH COCTaBllJla ~ 150%; npH 14 TO'lKax, noMeIUeHHhlX Ha 

.a;Byx KpHB1>1x (CB = 0, CB = 1,25.10-5 r/cM3
), norpew­

Hocn, JKCTpanonHUIDI yMemWllJlac1, AO 30%. Ilpe 6 TOIi· 

Kax, noMeIUeHHl>lX Ha OJJ.HY KpHBYJO CB = 0, norpeIIIHOCTb 

3Kcrpanon.llJJ;HH npH pa.3H1>1x BapeaHTax po31,rrp1,1wa norpew­

HOCTH "JKCnepHMeHTan&HhlX" TO'leK MeWUiac1, OT 2,5 AO 3%. 
HaicoHeU, npe 15 TO'lKax, nelKamHX Ha KpHB&IX (CB = 0, 
CB = 1,25.10-5

, CB = 2,5.10-5
), t pa.3H1>IX BapHaHTax 

p03hlrphlllla JKCTpaDOJVIIOUI Aa.Bana norpeWHOCTh OT 3 
AO 4,5%. BHJJ,HMo,. HaJJ,elKHIUI JKCTpanonlllU{JI HeB03MOlKHa, 

eCIIH Ha QAHY KOHUeHrpauHIO npHXO.a;HTCH MeHee 5 TO'leK. 

ECIIH TO'IKH pacnonararoTCH B WHpoKOH .a;ByMepHOH o6nac­

TH, HX 'IHC1IO AOillKHO 6h1Th JHa'IHTenhHl>IM, a npH JKCTpa­

non,unm C OAHOH KpHBOH CB = Const Hennoxyro TO'IHOCTI, 

JJ,aIOT H 6 TO'leK. 

Y.llK 681 .12 :621.039.534 

CneJJ,yeT OTMeTHTb, qro C IlOMOIUbIO COOTBeTCTByIOIUeH 

o6pa6oTKH "nnoXHX" JKcnepHMeHTaJJbHhIX JHa'leHHH HHBe­

nHpyeTCH TOnhKO CTaTHCTH'leCKaJI aorpell.lHOCTh. ECIIH )Ke 

npH HJMepeHHHX peaKTHBHOCTH npHcyrcmyeT CHCTeMaTH­

'leCKaJI norpeWHocn,, TO OHa COOTBeTCTBeHHO JKCTpanonH­

pyeTCH B paccMaTpHBaeM}'IO o6nacn. )lnH ycTpaHeHHJI 

cHcteMaml.feCKOH norpewHocTH, no-BH)lHMoMy, MO>KHO 
TOilhKO peKOMeHJJ,OBan no BOJMOlKHOCTH pa.3H006pa.JHTI, 

nOCTaHOBKY JKCnepHMeHTa. 
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CilEKTP AJibHblE METOnbl OUEHHBAHIDI BPEMEHH 3AilA3~1BAHIDI 
B PEAICTOPHO-IIIYMOBbIX HCCJIEnOBAHIDIX 

B.11. naaenKo 

PaccMOTpeHbl cneKTpam.HhlC DpCQ(ip830B8JilUI A/lll Bb!J:tCllelllUI HH¢,OpMB.UHB O 3aD83llblBaHHH, KOTopLie B peu:ropHO-ID}'MOBLIX HCcnenosa­

lllUlX yno-rpc<5runoTCSl DpM Bhl'IMCfleHHM pacXOll,II TelUIOHOClfl'Cllll no pltllllNHLIM ¢,K3ll'leCKHM norutM. OIIHCIIHld ycnOBHSl, DpM KOTOpldX cneKTp8JJJ,,­

HhlC MeTO,l];IJ ll.lllDT nyqmec KaqeCTBo oueHKJI BpeMCHH 3an83llblBllHMll, 'leM Tp3JJ;HUHOIIHl,IA MeTOll. B3aHMHOA KOppCJIJ[lllfOHHOll ¢,YHKUMH. 

11IE SPECTRAL METIIODS FOR TIME-DELAY ESTIMATION IN TIIE REACTOR-NOISE INVESTIGATIONS. V.I. PAVELKO. The spect• 
raJ transformations for obtaining time-<lelay information in the reactor-noise investigations for calculation of the coolant flow rate by various phy­

sical fields are considered. The conditions are described, under which the spectral methods provide better time-delay estimation then the conven­

tional cross- correlation function method. 

BBE,llEHHE 

B peKTOpHO·myMOBhIX HCC1IeAOBaHHJIX /l,1IJI noneH 

p33nH'IHOH q>H3HlleCKOH npHpoJJ.hl (ueilrpoHHoe, reMIIe-
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parypuoe, aJ<?ycmqecKoe HT.A.) pacnpocrpaueHHoil 3aJJ,a­
qeit J1BJ1J1eTCH BhIJJ,eneHHe 3ana3JJ.hIBllHH11 T O oJJ,Horo CIIy· 

'l3HHOfO npouecca S ( t - To) no 0THOWeHHIO K APYTOMY 

S (t) • IlapllMerp To He JIBJlJleTCH KOHe'IH1>IM npOJJ.YKTOM 



HccnenoBaHH.11, a ynoTpe6n.11eTc.11 J]JI.11 BhNHCJieHHJI pacxona 

(CKOpOCTH) TenJIOHOCHten.11 'lepe3 KaKOH·JIH6o KOHtyp J]JI.ll 

peUieHHJI BCeB03MO)KHbJX 33,lla'I JIOKaJIH33UHH. Ilepexon 

OT H3MepeHHOH BeJIH'IHHb! To K 'CKOpoCTH ABHlKeHHJI lKHA· 

KOCTH, a 3aTeM K pacxony .JUIH Bhl'IHCJieHHe MeCTOilOJIO)l(e­

HH.11 KaKOfO-JIH6o HCTO'!Hl{Ka .llBJI.lllOTC.ll caMOCTO.llteJibHblMH 

npofilleMaMH M.ll HccnenyeMoro wyMoaoro rron.11. O,1J;Ha1<0 

K oueH11BaHHIO caMOH BeJIHl{}fi{bI To rrpHMeHHMbl HeKOTO­

pbie 061.UHe npHHUHObI, pewaeMbIe a paMKax 33,lla'IH TOE 

(Time Delay Est.;rnatlon). B rrpHJio)l(eH1uI.x K peaKTopy 

AaHHaJI 33,lla'la .llBJI.lletC.ll HOBOH (H Ha3bIBaeTCJI no HOBOMy: 

Trans.it Time Measurement), rop33,uo 6on&UIHH .on&IT 

HaJ<oIUieH B pllJJ.Ho- H nmpono1<iu.orn. He Bcerna pea1<top­

HO·UIYMOB&Ie HCCJie,UOBaHHJI OTJIH'!'aIOTC.ll HOBH3HOH, coaep• 

lllaIOTC.11 nepeoTKpbITHJI y)l(e H3BeCTHblX MeTO/lOB. HanpH­

Mep, Meton peocaHca (rehocence) [I, 2] H3BecteH a1<yc­

THKaM Ka.I< rrpeo6p330BaHHe CrJia)l(eHHOH KorepeHTHOCTH 

(SCOT - Smoothed Coherence Transform) [3], a <t>opMy­

na ,a;n.11 TO'IHOCTH OUeHHBaHH.11 To [4] nonyqeHa c '!'eTblpH3JJ.Ua­

THJieTHHM Oil03.UaHHeM [5]. 
HH<t>opMauH.ll O rrapaMetpe To tpa,ll;HIU{OHHO BbI,UeJIJlet­

C.11 BO BpeMeHHOH ofillacTH. H Ha cerOjlHJIUIHHH neH& 

HaH6onee ynotpe6HTeJibHblM JIBJI.lletC.11 MeTOA B33HMHO 

1<oppeJIJ1UHOHHOH <l>YHKUHH (BK<I>-MeTO,u). Hccnenoaate­

nH pea.KtOpHblX UIYMOB ctam-1 npoHBJI.l!Tb IlOBbIUieHHblH 

HHTepec ([6] - [91) K HHblM MeTOA3M Bhl,IJ;eJieHH.11 To 

nocne orry6JIH1<0BaHH.11 pa60T&1 [I]. TaM nponeM0HcTpH­

poaaH&I HefillarorrpH.IITHbie YCJIOBH.11, corrytCTBYIOl.llHe reaJ<­

TOpHblM H3MepeHH.IIM, npH KOTOpblX BK<I>-MeTOA nepectaeT 

6b!Tb pa6oTocnoco6HblM, a paCCMOTpeHHble cneKtpanbHble 

MeTOAbl teM .He MeHee To -HHq>OpMauHIO BblAeJI.IIJIH. 

l. nPOCTEAIIIAH MOJJ;EJlb TOE 

B rrpocTeHUieM BHAe rrpo6neMa TOE JaKJI10tJaeTc.11 

a oueHHBaHHH napaMetpa 3aIT33AhIBaHH.R T O no peanH3a­

UH.IIM ABYX CJIY'!'a.HHbIX rrpoueccoa X (t)' y (t): 

x(t) = s(t) + 01 (t), 

y(t)= s(t - To) + 02(t). 
(1.1) 

qacro AOilOJIHHTen&HO rrpennonaraeTC.ll, '!'TO COCTaBJI.lllOLUHe 

rrpoueccoa - cHrnan s (t) H wyMb1 n 1 (t), 02 (t) - norrap-

HO He KOppeJIHpy!OT, r.e. 

(1.2) 

rne M - orrepauit.11 MareMaTHtJec1<oro O)KHJJ.aHH.11. Tor.a.a 

3BTO- H B3aHMHbie Btopble BpeMeHHhle MOMeHTHbie <l>YHK· 

UHH - Koppen.llUHOHHbie q>yHKUHH - (AK<I>) H (BK<I>) -

B rrpe.urronolKeHHH CTauHOHapH0CTH H CTauHOHapHOH CB.II· 

33HHOCTH npoueccoB X (t) , y(t) HMelOT cneny!Ol.l.lHH BHJ].: 

K (T) = K {T) + Kn {T), 
X S 1 

K (T) = K5(T) + Kn (T), 
y ' 

{1.3) 

K (T) = Ks(T - To). XY 

B qacTOTHYIO o6nacn JTH paaeHCTBa nepeaon.11rc.11 

q>ypbe-npeo6p33083HHeM H OilHCbIBalOT CB.IIJb Mell<,a;y aaTO­

H BJaHMHblMH cne1<TpanbHblMH IUI0THOCTllMH MOIUHOCTH 

(ACIIM, BCIIM) COCTaBJI.IIIOLUHX s (t), o 1 (t), o 2 (t): 

G/f) = G
5
(f) + G

0 
(f), 

I 

G/f) = G5(f) + G
01 

(f), (1.4) 

Gx/f) = G5(f)exp(- i27rfr0 ). 

Bo BpeMeHHOH o6naCTH HCKOMblH napa.MeTp To OTblCKH· 

aaetC.11 Ka.I< apryMeHT rno6an&HOro M3KCHMYMa q>yHKUHH 

Kxy (T): 

To = arg max K Y(T), 
T X 

(1.5) 

a qacTOtHoii ofillacTH - qepe3 HaKJioH q>a3&I BCTIM cf> (f) : 
xy 

I 
To= - - · cf> (f). 

2rrf xy 
(1.6) 

Y)l(e H3 /l3HHOro JJieMeHTapHoro paCCMOTpeHHJI BHAHO, 

'!'TO BpeMeHHOH no.a.xo,a; orrocpe.a.oaaH <:B0HCTB3MH CHrHa­

na. )].eHCTBHTeJibHO, TO'IH0CTb OTC'leta napa.MeTpa To no 

3Ha'leHHIO MaKCHMyMa Kxy (T) 33BHCHT OT Toro, HaCKOJib­

KO OH p33peweH BO BpeMeHH: .IIBJI.lleTC.11 JIH OH Y3KHM HJIH 

UIHpOKHM. BHA q>yHKUHH K (T) onpeneneH 3BTOCBOH· xy 
CTB3MH npouecca S (t) H no J].3HHOH MOJJ.em1 HHKaK 33pa-

Hee He oroaapHBaeTCll. HanpHMep, CHrHan s (t) MOll<eT 

6b!Tb Y3KOilOJIOCHblM H HH3K0'l3CTOTHbIM, T.e. ero AK<l> 
6yneT o6na,a;an nonornM, nnoxo p33peweHH&IM rno6am,­

HhIM MaKCHMYMOM. Jl.n.11 BCIIM Bee aaTOcaoiicTBa CHrHa­

na 33KJIIO'leHbl B MOO,yne 3TOH KOMnJieKCH03Ha'IHOH 

q>yliKI.OIH, a HHq>opMauit.11 o To - TOJI&Ko a q>a3e BCIIM. 

PaccMotpHM BK<I>-MeToJJ. a qact0THOH o6nacTH: 

= F-1 [G5(f)-exp(- 2rrfT0 )] = F-1 (G5(f)J. F-1 [exp(- i21rfr0]: 

(1.7) 

rne F- 1 
- orrepal.O{.ll o6patnoro <I>yp&e-npeo6pa3oaaHH.R. 

H.ueanhHoe BhIJJ.eneHHe rrapaMetpa T O ocymecmn.11eTc.11 

c noMOIU&IO 6-o6pa3HOH BK<I> Kx Y ( T) = 6 ( T - T O), rrono­

MY IlOCJieAH.11.11 onepauH.11 caeptblB3HH.11 B {1.7) JIHUib yxyn­

waeT TO'IH0CT& r0 • B o.aHHOM cnyqae HHq>opMauH.11 06 aaTo­

caoiicrnax CHrHana, nocTaBJI.11eMaJ1 1<oppen.11UH0HH&IM aHanH-

30M, He TOJibKO H36hITO'IHa, HO H Bpe,IJ;Ha. EcrecmeHHO, 

AaHHOe paccylK)leHHe He 03Ha'laer, 'ITO B 'laCTOTHOM npen­

CTaBJieHHH 33JIOlKeHo 6on&we HHq>OpMaUHH O To, lfeM BO 

apeMeHHOM, T3K KaK paaeHCTBa {1.3) 11 {1.4) CBJl'.33Hbl 

B33HMHOO/lH03H31fHblM COOTBeTCTBHeM. Ilepexo)].ll'. K oueH­

KaM (r .e. K BbllfHCJieHH.IIM Ha KOHe'!'HbIX J]JIHHax peanH3a­

UHH (0 - T])' q>330BaJI xapaKTepHCTHKa TaKlKe 6yneT 

33BHCeTb OT aBTOCBOHCTB npouecca S (t). IloKa MO)KHO 

npennonolKHTb, lfto B qacTOrHoii ofillacrH cymecrny10t 

npe.D,IIOCblJIKH .D,JI.ll H3BJie'leHHJI'. OOJibUieii HHq>OpMaIOIH 0 

To npH TOM, lfTO npe.a,eJibHO J].OCTHlKHMaJI HHq>OpMaUH.11 

OAHa H ta lKe a o6eHX o6nactHX. 
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2. nPHHI..UfITbl nOCTPOEHH.R cnEKTPAJlhHhl.X METO.UOB 

B pa6ore [ I OJ npe)J)lO)l(eHa eJ:U{HaJI cxeMa, Korop:ui 

OIDICblBaer pa3JJH'IHble IlOAXOAbl K npo6neMe TDE (pHC. 1). 
Ilocne TaKOH o6pa6oTKH BbIX0AHaJI q>}'HKII;IDI HMeer BH)l 

~}'HKIJ,HIO 

(2.2) 

Ha3bIBaIOT nepenarotJHoif q>}'HKUHeH (qrnJJbrpoM) cneKrpaJJb­

Horo Merona. O11esH)lllo, IJT0 npH W(f) = 1 Kuv(r) ecrb 

06bl'IHaJI BK~. IlpH 

ylGx(f)·Gy(f) 

nony11aeM peoca.Hc (HJJH SCOT) [2, 3). IlpH 

w - Irx/f)l2 

(f) - IGx/f)I [1 - ir x/f)l2 J 

(2.3) 

(2.4) 

3aIIHWeM MeT0A q>}'HKil;HH MaKCHMaJJbH0ro np3BAOilOA0-

6WI - ML [11). 

u(t) 

Kopperurrop 

v(t) 
H,(f) 

PHc. 1. O6o6u.teHHlUI cxeMa cneKTp81lbH0I'O MeTOna 

CxeMa, noKa3aHHaJI Ha pHC. 1, Bbl!IBJJJleT cyTb cneKT­

pan&HbIX MeTOAOB - np1mne1JeHW1 AOilOJJHHTeJJ&HOH anpHOp· 

HOH KHq>OpMaiom B BH)le cneKTpaJJbHblX sepollTHOCTHblX 

xapaKTepHCTHK (BX) npoueccoa x (t), y (t). To)l(JlecrBo 

W (f) = 1 (BK~-Merog) COOTBercTByer orcyrCTBHIO anpHOp­

HblX cseneHIIH. B HAeane cneKrpanbHble MeTO,D;bl He A0JJ)l(­

Hbl 6b1Tb xy)l(e BK~-Merona, KHalJe Her CMbICJJa npoH3B0-

/l:HTb AOilOJJHHTeJJ&Hbie npeo6pa30BaHHJI, COOTBeTCTBYIOIUHe 

q>YJIKUWIM H 1 (f), H2 (f). Ha rrpaKTHK·e KaprnHa MO)l(eT 

6bITb o6paTHOH H3-3a Hea.o;eKBaTHOCTH Monemt 3aTia3,D;bIBa­

HHJI H KOHelJHoro BpeMeHH peaJJH3aJ.OIH, Ha KOTOpoM npOH3-

BO}];HTCJI oueHHBairne CIIeKTpaJJbHbIX BX. 

OcraHOBHMCJI nonpo6Hee Ha JlBYX nocneromx npeo6-

pa30BaHWIX (2.3), (2.4), KaK HaH6onee ynorpe6Hren&­

HbIX cneKrpanbHblX Meronos B npo6neMe TDE. CxeMa 

Ha pHC. 1 He JIBJJJleTCJI anropHTMH'leCKOH a TOM CMbICJJe, 

qyo cneKrpan&Hb1e Mero,D;b1 peanH3YJOTCJI He nocrpoeHHeM 

q>HJJbTpOB C xapaKrepHCTHKaMH H1 (f), H2 (f), a npHMe­

HeHHeM npeo6pa30BaHHH ~ypbe (npHMoro H o6parnoro) 

Han cneuHaJJbHO CKOHCTPYHPOBaHHblMH q>yHKUHJIMH, KOT0-

pble, KaK np3BHJ10, cocrasneHbI H~ anpH0pH H3BeCTHbIX 

ClleKrpanbHbIX BX-npoueccos X (t)' y (t) HJJH HX oueHOK. 

TaK, peocaHc nonyqaercll KaK o6parHoe npeo6pa30B&HHe 

~yp&e KOMIIJJeKCHOH KOrepeHTHOCTH: 
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Rex/r) = F-
1 
[fx/f)J = F-

1 t ~G;\: (f) exp(- i21r<I\/f))], 

X y (2,5) 

a ML-Meron- Ka.K 1neny10mee npeo6pa30BaHHe: 

( ) pi-Ir. 1r xy(f)l
2 

. ' ~ ) 
Mxy r = Li - ir (f)l2 exp(- i27T<l\y\f)) . (2.6 

XY 

C DOMOLUblO cxeMbl pHC. l nerKO IpaKryercJI npeo6pa30· 

B3HHe, ocyweCTBJJJleMOe peocaHCOM. MO)l(HO npeACTaBHTb, 

qro nepen KoppenHposaHHeM npouecc x(t) nponyweH 

qepe3 q>HllbTp c rrepenaro'IHOH q>YJIKUHeH H 1 (f), a npouecc 

y (t) - qepe3 q>HllbTp Hi"{f). 3TH neHCTBHJI COOTBeTCTBYIOT 

s1,16em1BaHHIO apoueccos ~ ACIIM npoueccoa Ha axo}];e 

KOppenJITOpa He 6yAyr 3aBHCeTb OT qacrOTbl. 

G/f);;; M[IF[u(t)) 12 ] = M[IF[x(t)] 12 ·Hi(f)] =Hi(f)G/f) = 

1 
= ( yG/f) )2 G/f) = 1 = Gy(f). 

(2.7) 

TaKHM o6pa30M '}'HH'!TQ)l(aJOJCJI cneumpH'leCKHe CB0HCTBa 

npouecCOB x ( t) , y ( t) H rno6aJJbHbIH Ma.KCHMYM BblXOA· 

HOH q>yHKUHH Ku~ ( r) HMeer BHJl, npH6mt)l(eHH1>m K 

<'l-06pa3HOMY. B paMKax M0AeJJH {1.1) 

r}];eo:tGn/G8 , i= 1,2. 

8 OTCYTCTBHe MeWaIOWHX wyM0B n1 (t), n2 (t) H 

KOrAa Ir xy (f) I = const, nocTHTaercH HJJ,ean&HblH cnyqaii 

(2.9) 

O6paIUaJl'.Cb K onpeneneHHIO (2.5)' HerpyAHO 3aMeTHTb, 
qro peocaHc npHJJ,aer 6on&WHH sec reM qacrorHbJM rotana-

30HaM, rAe q>YJfKIJ;IDI KorepeHTHOCTH npo11eccos x (t), 

y (t) s1,1we. TaKKM )Ke csoHCTBOM o6na.o;aer H ML-Mero}];, 

HO C TOH JJHWb pa3HHlleH, IIT0 ,llH3Il330Hbl BblCOKOH Kore­

peHTHOCTH BbIAeJJJIIOTCJI C ewe OOJJbWHM.BeCOM. 

ML-npeo6pa30BaHHe (2.6) pasHoCHJJbHO HeJJHHeHHoii 

q>HllbTPaUHH C nepeA3TO'IHblMH q>YHKII;IDIMH 

H _ If x (f)I = 
1
'
2 
(f)- VIG (f)l(l - 1r (f)l2 ) 

XY XY 

-J IGxy(f)I (2.10) 

- G/f)G/f)(I - If x/f)l
2

) 

TaKHM o6pa30M , Ha sxone KOppenllTOpa H3MIO/l:3IOTCH 

CJJYIJ3HHbie npo11ecCbl co cneKTpaJJbHblMH IlJJOTHOCTJI.MH: 

; (2.11) 

G (f) = 1r x/f)I 
v I - Ir <'"'12 xy 'JI 

(2.12) 



r.e., soo6me roeopll, cpwu,rp&I H 1 (f), H 2 (f) Hee&16enH­

Ba10nute. B OTnH'!He OT peocaHca 3,UeCb no Kll)l(.UOMY HJ 

KaHaJIOB q>HllbTpau,wi: npoHCXOAHT C yt1eTOM He TOJibKO 

aero-, HO BJaHMHblX CBOKCTB BXO.UHblX npo11eCCOB x(t), 

y {t) (Gx, GY, IGxy I). KoHcrpyKUHJI ML-¢HJI&rpa MO>Ker 

llOKaJaTbCJI HCKyccreeHHOK, eCJIH He O.UHO HCI<JIIO'lHTeJib­

HOe ee CBOKCTBO: ML-Mero.u o6ecne'lHBaer MHHHMaJibffYIO 

norpellIHOCTb 011eHKH To cpeAH BCeBOJMO>KHblX BHJlOB 

cpyHKIIHH W (f) : 

DM L [fo} = min(D[fo , W(f)]). 
W(f) 

(2.13) 

B pa6ore ( 5] BblBOAHTCll'. cpopMyrra JJJill .a;HcnepcHH 011eH­

KH r 0 npH ycrroBHH, 'ITO x(t), y(t) - peanHJaIIHH rayccoe­

CKHX CJIY.'laKHbIX npou;eccoe: 

J (2-,rt)2 IW(f)l
2
G/f)G/f)[I - lrx/f)l 2

] df 

D[;0 ] = - - -------, (2.14) 
♦-

T[ J (2-,rt)2 IW{f)I 1Gx/f)l
2 
df] 

2 

--
r.ue T - JJJlHHa peaJIHJau;HK npo11eccoe x (t) , y (t). 

KpoMe roro, HJBeCTHa HH>KHll'.ll'. (no'reHIIHaJibHO .UOCTH-

>KHMall'.) rpaHHUa D [r o], nocraBJilleMall'. HepaBeHCTBOM 

Pao - KpaMepa [ 10] : 

(2.15) 

Hecrro>KHo npoeepHr&, 'lro paeeHcTBo (2.14) cosna.uaer 

c paeeHCTBOM (2.15) npH 

W(f) = IG (f)l(I - If 12) ' xy xy 
(2 .16) 

r .e. npH ML-¢HJI&Tpau;HH. 

CymeCTBOBaHHe MHO>KeCTBa .upyrHX cneKTpaJibHblX Me­

TO.UOB' HeOilTHMaJibHblX B CMbICJie .UOCTH>KeHHJI HH>KHeli 

rpaHHUbl HepaBeHCTBa Pao - KpaMepa {2.15), 06'bJICHJleT­

CJI p331IH'lHl>IMH npe.ucraBJieHHJIMH HCXOl].HblX npo11eccoB, 

HHblMH, 'leM npocrelinme paeeHCTBa (1.1). He JJJlll JII06bIX 

MOl].erreli JanaJl].bIBaHHJI MO>KHO Bb!BeCTH HepaeeHCTBO 

Pao - KpaMepa B JaMKHyYOM BHJle. qaute ecero Ha npaK­

THKe He H3BeCTHbI anpHopH G , G , G H JJJI11 peanHJauHH 
. X y XY 

cneKTpaJibHblX MeTO.UOB npHXOl].HTCX IIOJibJOBaTbCJI HX 

011eHKaMH, r.e. TO'lHOCTb Bhil].eneHH11 TO 6y11.er JaBHCeTb 

or ro'IHOCTHbIX napaMerpoe oueHOK Gx, GY, Gxy· 
B ynpomeHHoM BHJle HepaeeHcTBo Pao - KpaMepa 

.uaer norre3Hble JJJl$1 npaKTH'leCKHX npHMeHeHHK JaBHCHMOC­

TH. ECJIH n 1 (t), n2 (t) , s (t) - 6err&1e rnyM&I B orpaHH'leH­

Holi norroce qacror [f1, f2J, f2 - f1 = t.f: Gs = S.t.f, 
G = G = G = N .t.f, ro npH S/N < 1 HMeeM: 

n 1 n 2 n 

a[rol 

I S 
TT( N , fo , t.f)* , 

I 
S/N (T, f0 , t.f), 

✓1 + const-t.f2 (T, fo ' S/ N), 

-y-;=l=+=c=o=ns=t=-:::;;f~=- (T' M , S/N), 

3. KJJACCH'IECKHE nPOIJ,EllYPbl 

OnTHMAITbHOA ~HITbTPAUHH 

B 3AllAlfE TDE 

(2.17) 

B ra6mrue 11pe.a;craBJieH&1 nepe.a;aro'lH&Ie cpyHKUHH 

pa31IH'lHbl~ q>WibTpOB H H.X rpaKTOBKa B paMKax npocreli­

weli MOl].errH. 

<l>HJI&rp ROTH [12] c nepe.uaro'lHoli cj>yHKUHeli 

wR (f) = 1/Gx (f) ll'.BJill'.eTCJI npeJ].llleCTBeHHHKOM peocaH­

ca H cosna.uaer C HHM npH TO>K,a;eCTBCHHblX KaHarrax X , y 

(G/=A GY), a ypaaHeHHe 

· - IG (f)I 
Kuv(r) = ~L ;:(f) · exp(i2mro ) df (3.1) 

.uaer HMnyllbCHYIO xapaKrepHCTHKY .a;llll OilTHMaJibHOro 

nHHeli'Horo cj>H.ll&rpa BHHepa - Xoncj>a [13]. EcrrH yqecr&, 

qro c-pe.a;HeKsaupaTHt1ecKoe orKJ10HeHHe (CKO) oueHKH 

Mo.a;yn.11 BCIIM o6parHo .nponopUHOHan&Ho cpyHKUHH Kore­

peHTHOCTH 

(3.2) 

TO HJ Bblpa>KeHHJI 

F-1 [·r; • - 1 
- • exp(i2,r<I> } 

Gx a[Gsl xy 1 (3.3) 

crre.a;yer, qro q>Hll&rp ROTH HaI<Jia.a;brnaer 6on&IIIHK sec 

Ha re 'laCTOTHble .a;HanaJOHhl, rue TO'lHOCTb ou;eHKH CHfHa­

na (Gs (f)) Bblllle. 3THM ,!J;OCTHraeTCJI HeKoropall H.HBa­

pHaHTHOCTb peJyrrhTara K JJJlHHe pearrH3aUHH. )la.HHOe pac­

cy>K,a;eHHe pacnpocrpaHJ1ercJ1 H Ha Mero.a; peoca.Hca. O'leBHll­

HO, 'ITO yqer cneKrpanbHOK BX TOllbKO 0/lHOro KaHarra 

J1BJ1ll'.erc.11 He)locrarKoM cj>HJibTpa ROTH. ITepeAaTO'lHall'. 

q>yHKUHJI W xy (f) /lOll>KHa o6rra.uaTb CBOKCTBOM CHMMeT­

pHH no OTHOlllCHHIO K JaMeHe X <+ y, r.e. 

(3.4) 

Meroll npeo6paJOBaHH11 q>aJbI - PHA T (Phase Trans­

form) [ 10] c nepe.uaro'lHoli cpyHKIIHeli wP (f) = 1/Gs (f) 
H)leaneH, Kor.ua M [n1, n 2 ] = 0, raK KaK 

.) napaMC'Jllbl, yK33aHHhlC B CKOl5Kax, - KOHCTaH'Il>l. 
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4hm.Tp 

ROTH 

SCOT 
(peocaiic) 

PHAT 

Eckart 

ML 

HB 

w,v 

Wiener 

HBLS 

FHS 

Wiener - 21 

3aBHCHMOctl, 

W(f) = F(Gs, Gn1 • Gn2) 
OT COCTaBruooDUIX 

npocreltwelt MOAeJIH 

Gs +G n, 

✓CG,+ Gn )(Gs+ Gn ) 
I 2 

Gs 

GS 

G G n1 n,. 

Gs 

GS(Gn + Gn ) + G G 
I l Ol nl 

GS 

(GS+ Gn )(GS+ Gn ) 
I 2 

2·Gs 

(Gs + G )(Gs + G ) + G's n 1 n 2 

G' s 
(Gs +,Gn, )(GS+ Gn,) 

G' s 
(Gs+ G )(Gs+ G ) - 2Gs' 

01 0 2 

~s 
Gn Gn + Gs 

I l 

G' s 
Gn Gn + Gs' 

I 2 

3asHCHMocn. W(f) = F(Gx, Gy• Gxy) 
OT B3MeplleMYX 4>y1ncmot 

Gx 

✓GxGy 

IGxyl 

IGxyl 

(Gx - IGxyl)(Gy - IGxyl) 

1r 12 

Xl'._ 

IGxyl(l - 1rx/) 

~ 
✓GxGy 

2-1r 11 

x_r: 
1 + Ir I' xy 

Ir xyl' 

tr 11 

xr 
t·- 21r x/ 

1r xyl' 

IGxyl((l - 1r xyl✓G,JGx )(1 - 1r xyl✓G,/Gy)+lr xyl') 

1r xyl' 

(1 - ✓G.JGxl r xyl)(l - ✓G,/Gylr xyl)+ Ir x/ 

3aBHCHMOcn. W(f) = 

= F(D[Gsl. D(4'xy]) 
OT TO'lllOC'lllhJX napa­
MeTpOB 

Gso [Gsl 

Gs·D(ct>xY) 

1 
_ [ 

Gs·D[Gsl 

2 

D[ct>xyl + 2 

l 

D(Gsl 

D(ct>xYf - 1 .. 

BLlp&lKeHlle W(f)·Gx/f) AJUI o6pamoro 
npeo6}>830B8Jlllll ~ypi,e 

✓G.JGx Ir xylexp(- ict>xy> 

1rxylexp(- ict>xy> 

exp(- ict>xy> 

1r 12 

-===------'-"---===-- · exp (- ict> ) 
0 -✓G;/"Gxlr xy) (1-~lrxyl) xy 

I' ) 1 
r xy exp (- ict> xy 

l - 1r xy 1• 

Ir I' ·exp(-ict> ) xy xy 

2 r 12 

xy ·IG I 1 + I r I' XY exp (- ict> ) 
XY XY 

Ir x/'tGxylexp(- ict> xY) 

1r 1• xy 
l - IC' I' IGxylexp (- ict> ) 

XY XY 

IC' I' 
=====---------- ·exp(- ict> ) 

(1 - IC' xylJGY/Gx)(l - 1 l' xyl✓G,/Gy)+ IC' x~I' xy 

1r xyl' 

(1 - 1r xyl ·../Grx)(l - 1£' 1✓G IG )+Ir I' !Gxylexp(- ict>xy) 
xy X: Y XY 



p-t [ Gxy ] = p-l [exp(- i27Tfr0 )]~ o(r - To)-
IGxyl 

(3.5) 

O.a;HaKO cymecTBeHHbIH .a;eq>eKT ero C0CTOHT B TOM, 4T0 

nepe.a;aT0'IH3JI q>yHKUHJI o6paTHO nponopUHoHan&Ha cneKT· 

panbHbIM IUI0TH0CTJiM M0UlH0CTH (CIIM) CHrHana 

CNP (f) = I/Gs (f)), T.e. c MeH&WHM aecoM y'IHT&1aa10TCJ1 

Te 43CT0THbie .a;HanaJ0Hbl, r.a;e CHrHan MaKCHManeH H, B 

4aCTH0CTH, Kor.a;a oTcytcTayeT CHrHan (IG (f) I = 0) xy 
q>aJa npoH3B0JlbHa. TaKHM o6p330M, ecrrH Hey.a;a'IH0 Bb16paH 

qacTOTHbIH D;HanaJoH (cymecTayioT o6rracm c G (f) = O) xy 
HJtl{ MeW310lllHe JlIYMbl K0ppenHpy10T M [n1' n21 * 0, pe3-

K0 B03pactaeT D;HCnepCHJI 0UeHKH To. llo CKX 110p paCCM3T· 

pHB3.1lllCb _q>HJJbTpbl, AJlll K0TOpblX He Tpe6oBaJTOCb B JIBH0M 

BH,D,e anpHopHoro JHaHHJI napaMeTpoa JawyMJieHHR -

BX n1 (t), n2 (t). O6cy>K,UaeM&IH HH>Ke q>HJJ&Tp Eckart 

[10) c nepe.a;aT0'IHOH q>yttKUHH wE (f) = Gs/G G peanH-
nl n2 

JyeM He MR rrio6&IX Mo.a;erre.i TDE. llrrR npocTeHWeH Mo.a;errH 

anpHopH HeHJBeCTHb1e CIIM G , G a&1pa>Ka10TCJ1 4epeJ 
"• "2 

HJMepReMbie cneKTpaJJbHbie IUJ0TH0CTH H 

(3.6) 

llattH3JI nepe.a;aT0'IH&/1 q>yHKU)UI nocTaBJJJleT peweHHe CJJe­

AYJOllleK JKcTpeMarr&Hoif Jma'IH 

♦oo 

♦oo 

W(I) 
max. (3.7) 

TaKHM o6paJoM, q>HJJ&Tp Eckart o6ecne'!HaaeT MaKCHMYM 

0TH0WeHHIO KBmpaTa M0LUH0CTH CHrHana Ha BblX0.a;e K0p­

penRT0pa K .a;HCnepCHH BbIX0.a;a K0ppenRTOpa, o6yCJJOB· 

rreHHor0 wyMaMH. To ectb qaCT0THbie ,D,H311330Hbl, r,o,e CHfHaJJ 

Man H lllYMbI BeJJHl<H, npaKTH'leCKH He Y'IHTb1B3IOTCJI. 

B&mo.a; JJ,JJJI RBHoro BH,D,a nepe,o,aTO'IHOH q>yttKUHH ML­

q>HJJ&Tpa coaepweH B U0JJH0M CO0TBeT.CTBHH C npHHUH· 

noM MaKCHMaJJ&Horo npaanono,o,06HJ1 [ 10, 11] . ML-<j>HJJ&Tp 

npe.a;Ha3Ha4eH T0JJbK0 MR rayccoBCKHX npoueccoa x ( t), 

y (t) H o6ecne'O!BaeT MaKCHMYM YCJJ0BH0H aepoRTH0CTH 

I 
P(zlGs, G , G , G , r0 ) ~canst• exp(- - J), (3.8) n, n1 n, n , 2 

X (fi) 
rne z (9 = y (f.) - .D.BYMepHaR noCJJe,o,oaaTeJJbH0CTb He3a-

BHCHMblX raycc6BCKKX CJJy'laHHblX BeJJH'IHH, X (f) = 

= FN [x (t) 1. v <9 = FN [y (t) 1 co cneKTpanbHOH MaTpHI,leH 

Q = [Gx Gxy] (3.9) 
G* G ' xy y 

...J 

+oo 

J ~ s z•o-1 (l)z(f)df (3. 10) 

- noKaJaTeJJb JKcnoHeHTbJ .a;ByMepHoro rayccoaoro pac­

npe.a;erreHHJI. llrrR Hea&1po>K.a;eHH0CTH pacrrpeAerreHH.11 Heo6-

X0AHM0 cymeCTB0B3HHe o6paTHOH MaTpHll,bl 

I G 
___x_y_ 

Gx G G X y 
I (3.1 I) 0-1 (I)- G* I 

I - Ir 1
2 _.xy_ --xy 

GXGY Gy 

'!TO ane4eT 3a co6oii ,o,ononHHTerr&Hoe yCJJoBHe Ir x Y I i:. J, 
T.e. ML-<j>HJJ&Tp A0JI>KeH q>yHKUHOHHp0B3Tb B npHCytCTBHH 

MewaiomHX wyMoB n 1 (t), n2 (t) $ 0. nonctaanJiJI a (3.J I) 
ypaBHeHHJI npocTeHWeH M0/leJJH H MHHHMH3HpyR J, nony­

qaeM 

ECJJH y'lecTb, 'Ito 

lrxy(f)l2 
D[<l\/f)l ~ -~..._-

Ir x/1)12 

(3.12) 

(3.13) 

TO o6Hapy>KHBaeTCJI Ba>KH0e CBOHCTBO ML-<j>HJJbTpa: ero 

.a;eHCTBHe 3KBHBaneHTH0 npeo6pa30B3HHIO 

p-1 [ exp(- i<l\/0) ] 
P[<l\yCl)J ' 

(3.14) 

T.e. 4aCT0THble JJ,Hana30Hbl, MJI K0T0pblX q>aJa BCI1M oue­

HeHa C 60JibWeH · norpelllH0CTblO, Y4HTblBalOTC.II C MeHblllHM 

BeC0M. 

IlpH cna6oM cHrnarre Gs/G , Gs/G ~ I H B npen-11;., n, 
norro>KeHHH, 'Ito G = G = 1..,, HeCJJo>KHo HaHTH CBJl3& 

"· "2 Me>K,o,y npe.a;CtaBJieHHblMH q>HllbTp3MH (10): 

G G 
wM L ""wE"" -=s..G ws ""(-=-s._)2wP_ (3.15) 

n Gn 

Otciona CJJenyet, 'IT0 ML-<j>HJI&Tp H q>HJJ&tp Eckart 3q>q>eK• 

THBHee Bbl,D,eJJJOOT r O 113 CJJa6oro cHrnarra, 'leM peocaHc 

CNS), a OH, B caoio 04epe.D.b, Jq>q>eKTHBHee q>HJJ&Tpa PHA T . 

<l>HJJ&Tp&1 Eckart H ML 0TH0CJIT K Krraccy ontHMaJJb· 

HblX, TaK K3K 0HH 06na,o,a10T 3KCTpeManbHblMH CBOHCTBaMH 

no 0TH0WeHHJO K HeK0T0p0MY KpHTepHIO. llpyrne q>HllbT· 

pbt, noctpoeHHble H3 3BpHCrn4eCKHX coo6pa>KeHHH, HanpH· 

Mep peocaHc - K Knaccy cy6ontHMarr&HbIX npoue.a;yp. 

OCHOBHhte ycnexH a peaKT0pH0·WYM0BblX npHJJ0>KeHHJIX 

Jma'IH TDE rrorry4eHbl Ha cy6ontHMan&HbJX <j:>HJJ&Tpax 

(peocattc, KencTp [ 1, 14)) . HIDKe paccM0TpeHbJ ewe naa 

KJiacca 0llTHMaJibHblX q:>HllbTpoB, K0TOpble K o6pa6orKe 

peaKT0pHblX lllYM0B He npHMeHJUIHCb. 

HB-<j>HJJ&Tp (Hassab - Boucher) [15) MaKCHMHJH· 

pyeT 0TH0WeHHe KBmpara M0UlH0CTH CHrHarra K UOJIHOH 

,D,HcnepCHH BblX0,D,a K0ppenJIT0pa ... 
[ J IW(l)IGs{f)df] 2 

+oo W(I) 
max (3.16) 
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H HMeeT nepe/J,aTO'!HylO q>yHKl.l,HIO 

wHB(f)= Gs(f) lfx/f)I 
G/f)GyCf) y'GJf)GyCf) (3.17) 

'ITO 3KBHBaJieHTHO npeo6p330BaHHIO 

p-1 (lfx/· exp(- i<l\y)] ~ F-
1 [o(~ (f)] -exp(- i<l>xyl 

s (3.18) 
KaK cneizyeT H3 npHBe}J,eHHblX COOTHOWeHHH, OH ITOA06eH 

peocaHcy (H COBIT3Aaer C TOIIHOCTblO /J,O KOHCTaHTbl npH 

Irxy(f) I - const, B 11acrHocrn, npH Irxy(f) I = 1, 
T.e. B orcyrcrBHe JawyMJieHHH), B ro >Ke BpeMH np\.!: 

MaJIOM cHrnane Gs ~ G , G - q>HJibTPY Eckart. 113-Ja n 1 n 1 

npHCyrCIBHJI CHTHaJibHOTO 'lJleHa H B 'lltCJIHTene, H B 3H3· 

MeHarene 
G wHB(f) = ___ __., ____ _ _ 

G G + Gs(G + G ) + G
2
s n

1 
n 2 n 1 n 1 

(3.19) 

/J,aHHblH q>HJI&rp o6nmaer HeKoropou HHBapHaHTHOCTblO 

K BeJl.HtJHHe OTHOWeHHJI CHrHaJI - wyM Gs / Gn H He AOJI>KeH 

6bITb KpHTHtJHblM K ypoBHIO CHrHaJia, KaK peocaHC (AJIJI 

6on&IIIHX Gs/Gn) HJIH q>H11brp Eckart (Mll MaJibIX Gs/Gn). 

ECJIH or6pOCHTb npe/J,0OllO>KeHHJI o nonapHOH HeKoppe-

1IHpoBaHHOCTH COCTaBllJIIOl.llHX npouecCOB x (t), y(t) (1.2), 

TO HCXO/J,HaJI MOAeJib B qacTOTHOH o6nacTH 6y/J,er HMeTb BH/J, 

G (f)=G5-exp(- i2nfr0 )+G +Gs +G sX xy n 1 n , 0 2 n 1 

x exp(- i2nfr0 ). 
(3.20) 

IIOMHMO He>KenarellbHOH 3MII1IHryl].HOH MO/J,ynJIIOIH HHq>op­

M3UHOHHoro qneHa exp ( - i2nfr o) CHl"HaJibHblM COMHO>KH· 

reneM (Gs) B o6uieM CJIY'lae npoHCXOAHT /J,OITOJIHHTeJibHOe 

3awyMlleHlle B3aHMHblMH cneKTpaJibHbIMH IlllOTHOCTJIMH 

G , Gs , G s. ,UaHHbie q>YHKIIHH, Boo6me roBop11, 
n1n2 n1 "• 

KOMillleKCHQ3H311Hbie, T.e. BHOCJIT HCKa>KeHHJI B OIIeHKy 

To, OHH MOryr HOCHTb KaK CHCTeManrqecKHH, TaK H cny­

tJaHHbIH xapaKrep. Ilepe/J,aTOtJHbie q>yHKIIHH, npHBe/J,eHHb1e 

B ra6nHue, no-p33HOMY npOIHBOAeHCTBYIOT TOMY HJIH HHOMY 

BHAY 3awyMJieHHJ1, HO K3K CJieAYeT H3 HX BblBO/J,a, cne­

IIHaJibHO He npel].HaJHa'leHbl AJIJI 6op&6bi c KOppenHpoBaH· 

HbIMH COCTaBJIJIJOlllHMH G
0 

n , Gsn , Gn s. ECJIH K3KaJl·TO 
1 2 2 l 

HHq>OpM3IIHll O HHX anpHOpH H3BeCrHa H ee Ha/J,O 3aJIO>KHTb 

B nepeA3TOtJHYJO q>yHKllHIO, TO nytJllle BOCIT01Ib30B3TbCJI 

MHK-q>HrrbipaMH. 3ror IIIHpoKHH KJiaCC OllTHMaJibHblX 

q>HJibipoB norryqaerc.11 H3 KpHrepWI MHHHMH33UHH p3311.H• 

'lWI Me>KJJ;y CKrHaJIOM H B3BeweHHoH oueHKOH BCIIM (15]; 

113 CBOHCTB oproroHan&Horo J1HHeHHoro MHK oueHHBa­

HHJl npH rayccoBbIX npoueccax x(t), y(t) H o6&ItJHbIX 

/J,OnyllleHH.IIX (1.2) nony'lalOT BH/J, OllTHMaJibHOro q>HJibT· 

pa WI V (f), 33BHC.lllllero or Bcex COCT3B1I.IIIOIIIHX Bbipa­

>KeHHJI (3.20) : 

21G 12 
W = ______ ...._ _______ = __ ...1.xuVc...._ _ _ = 

IV G G + Gs(G + G ) + 2G2s G G +IG 1
2 

n
1 

n, n 1 n, x y xy 
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(3.22) 

,IlaHHblH BHA WI V (f) .IIBJI.lleTCJI ynpomeHHbIM, 3/J,anrnpoBaH· 

HbIM K npocreHWee MOAe1IH. Boo6me roBop.11°, q>yHKIIHJI 

WI y (f) KOMITJieKCH03H3tJHaJI, oHa Op.HOBpeMeHHo BblllOll· 

H.ller H OIIeHHBaHHe G~ , ~ , H BbI/J,eneHHe To. Ee /J,eHCTBHe 

JKBHBaJieHrHo Bbiq>H1IbrpOBbIBaHHIO K3 BK<I> - K (r) xy 
CHrHaJibHOH AK<I> - Kg(T - To) 6e3 BbI6eJIHBaHH.II x(t), 

y (t). HanpHMep, npH r :c const < 1 nepe,narotJHaJI q>yHK· 

IIHJI WI y (t) He MeH.ller BH/J,3 Kxy (T), a nepe/J,aIOtJHbie 

q>YHJ<IIHH w5' wM L, wHB o6ecnetJHBaJOT cS-o6pa3HblH Bbl· 

xo/J, Koppen.11ropa. 

OcranbHble q>HJibTpbI, npe/J,CTaBJieHHble B Ta6llHlle, 

raK>Ke OnTHMaJibHbie, HO KpHiepHH, no KOIOpbIM OHH 

nocrpoeHbI, HOC.IIT .nerepMHHHpOBaHHblH xapaKrep 

(s (t) - HeCJiytJaHHaJI q>yHKIIHJI). IlpHMeHeHHe HX B 33/J,aqe 

TDE co croxacJHqecKHMH CHrHanaMH HHOr}J,a }J,aBano 6on&• 

WHH Jq>q>eKr, 'leM y>Ke paccMorpeHHbie nepeAarotJH&Ie 

<pyHKIIHH. -

Heol].HOKpaTHO npOBOp;H]IHCb cpaBHeHH.11 p331IHtJHblX 

cneKrpanbHblX MeTO,(lOB Ha MOAeJibHOM ypoBHe. B pa6ore 

(16)' npOH3BOA.11 3awyMJieHHe rayccoBa CHrHaJia 6enbIMH 

raycCOBCKHMH npoueccaMH ·Il1 (t)' n2 (t)' 6bIJIO HaH}J,eHO, 

'lTO ML-MeroA Jq><peKTHBHee BK<I>-Meroga, H oH, B CBOJO 

oqepe/J,b, 3q><peKTHBHee peocaHCa. IlpH Y3KOITOllOCHOM, 

npaKTH'leCKH CHHYCOH/J,aJibHOM CHrnane (Gs (f) ~ cS (f - fo)) 
BK<I>-MeTO/J, OK33aJICJI He npHMeHHM, 33IIIHilleHHbIMH K 

TaKOMY BRAY MO/J,YJI.IIIIHH HHq>OpMaIIHOHHoro 'lJleHa OK333· 

1IHCb peoCaHC H HB-q>HJibip. O1].HaKO 3q>q>eKTHBHOCTb 

peocattca pe3KO naJJ;aer rrpH yMeH1>wemrn orHoweHH.11 CHI· 

Han - lIIY!-1 [ 17). 
IlpH anpHopHOM 3HaHHH G H OtJeHb HH3KOM OTHO· 

0 1 °2 
weHHH CHrnan/wyM nytJUieH npoIIeAYpOH cpe/J.H nepe-

narntJH&IX q>yHKUHH WE, WFHS, WW OK33aJIC.II ML-q>Hllblp 

(13) . 
IlepeAaTOtJHbie q>yHKI.UIB 11106oro H3 cneKrpanbHblX 

MeIO/J,OB KOHCTPYHPYJOTC.11 H3 rpex cneKrpaJibHblX nnor­

HOCieH: Gx, G , G . <I>opMaJibHO oHH /J,Oll>KHbI 6&IT& Y xy . 
H3BeCTHbl anpHOpH. Ha npaKTHKe /J,aHHOe rpe6oBaHHe He 

peanHJyeMO H cneKrpaJibHble IIJIOTHOCTH 33MeHJIJOTCJI HX 

OIIeHKaMH G ' G ' e . Ilonyqaerc.11 CJIO>KHa.11 BbltJHC1IH· 
X y XY 

rellbHaJI npoue/J,ypa, B pe3y111,rare KOTOp<lH Ha/J, HCXOAHblMH 

npoueccaMH COBepl.lliUOTCJI ABa HeJIHHeHHbIX npeo6pa30Ba• 

HWI H ABa q>yp&e-npeo6paJ0BaHH.11 (np.11Moe H o6paTHoe). 

<I>yp1,e-npeo6paJOBaHHe F (x] H nepBoe HerrHHeHHoe npeo6-

p330BaHHe F 1 (F [x], F [y]) (pHc. 2) coomercmy10r oueHJ1-

BaHH10 cneKrpan&Hbix nnornocreu rrp.11M&IM cnoco6oM 

no peaJIH33IIH.IIM CJIY'l3HHblX npouecCOB X (t), y (t), BTO· 

poe HeJIHHeHHoe npeo6p330BaHHe - F2 (G , G , G ) -
X y XY 

norryqeHHJO nepe/J,arotJHoH <pyHKIIHH cne1<rpan&Horo Mero-

}J,a H nocne o6parttoro q>yp1,e-npeo6paJOBaHH.11 p-i (F2 ] 

HMeeM BpeMeHHYJO q>yHKIIHIO, 06061UaJOIIIYJO BK<I>. 



BpeMJ1 
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BpeMJI 

l'l!c. 2. BLl'IHC11HTMLHaJ1 cxeMa cne1<TpanLHoro MeTOAa : <I> - MaTe­

MaTH'leCKidl ¢,Hm.Tp, F - np.llMOe npeo6pa30BaHHe cl>ypLe, F~ 1 -

o6paTHoe npeo6pa30B3.11He <I>ypi.e 

3AKJ1IO'IEHHE 

EcrrH paHee npeAIIO'ITeHHe OT,D;aBaJJOCb npoCTOTe anna­
pazypHOH oueHKH BK<I> H pll3BHBanac& non11pHaJ1 Koppe­
noMeTpHR, Tpe6y10ma.J1 yBeJIH'leHHOH )JJIHHbl peaJJH3auHH, 
TO Tenepb B COBpeMeHHb1X Hccne}lOBaHHJIX COJHaTenbHO 
HJJ.YT Ha JHa'IHTenbHOe ycno)l(HeHHe KOMITbIOTepHbIX anro­
pHTMOB o6pa60TKH BO HMJI BbIJIBneHHJI cna6bJX Koppen11-
UHH Ha KOpoTKHX peanHJauHJIX. B JKcnnyaTaUHOHHbIX 
ycnoBHJIX (HanpHMep npH BbI'IHcneHHH aenH'IHHbl paCXO/la 
TeITnOHOCHTenJI '1epe3 aKTHBHYIO JOHY peaKTOpa), KOr}la 
rrapaMeTp To HJMeHJleTC.11 B UIHpOKOM /lHaIIaJOHe JHatJe­
HHH, aenHKO JawyMneHHe H Mana JJJIHHa pearrHJauHH cny­

'laHHbIX npoueccoa, BbI6op nowcownuero crreKTpan&Horo 
MeTo.n;a MOJKeT 6b!Tb e.n;HHCTBeHHblM cnoco6oM ,!l;OCTHJKe-

- I\ HHJI npHeMneMOH TO'IHOCTH To. 

B peaKTOpHo-wyMOBblX npHnOJKCHHJIX HCilb!TaHbl Bcero 
llHlllb llBa crreKTpaJJbHblX MeTO}la : peocaHC H KeITCTp. B Ja­
BHCHMOCTH OT q>HJH'leCKOH IIpHpo/lbl HCcneeyeMoro lllYMO­
BOro rron11, OT KOHKpeTHblX CBOHCTB CHrHana H JalllyMne­
HHJI OITTHMaJJbHbIM MOJKeT OKaJaTbC.11 JII060H HJ pacCMOT­
peHHblX MeTO/lOB B&meneHHJI To. Ilporpecc B JTOM Harrpaa­
neHHH CBJIJbmaeTCJI C HCITOnbJOBaHHeM BCero apceHana 
MeTO/lOB TDE. 
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P A3HOCTHAH CXEMA ,llJIR P ACqET A ,lll1HAMl1Kl1 TTAPOrEHEP11PYIOmEro KAHAJIA 
CO C)K11MAEMhlM ,llBYXll>A3HhlM TEilJIOHOCl1TEJIEM 

E.<l>. Ca6aeB, o.r. CaBHXHH 

)lng pacqe-ra AHJ{8MHKH C)l(HM8eMoro D,Byx<p83Horo noTOKa CTpOHTCJI '18C'l'H'IHO HeJIBH&J[ pa3HOC'I1i8JI cxeMa, peaJIH3yeMaJI CKanJlpHolt npo­

roHKOll. IlpoBOAffTCJI npoBepKa pa6orocnoco6HoCTH npe.Q)lo)l(eHHoro anropKTMa. 

DIFFERENCE SCHEME FOR DYNAMICS. CALCULATION OF THE EVAPORATION CHANNEL WITH COMPRESSIBLE 1WO-PHASE 
FLOW. E.F . SABAEV, O.G. SAVIHIN. Partially implicit difference scheme, realized in scalar run, is developed for dynamics calculation of comp­

ressible two-phase flow. Testing of the algorithm is conducted. 

Ha paHHeit CTa,!lHJI rrpoeKmpoBaIDUl A3C AJUI pacii:era 

Ha 3BM HecraUHoHapH.bIX rrpoueccoB B K0Hrypax UHPKY· 

mnum reJD10HOCHTem1 WHp0K0 HCIIOllbJyerCJI HHrerpanb­

HaJI MOAeJTb coxpaHeHRJI KOllH'leCTBa ,IJ.BWKeHHH [I, 2] . 
3ro o6ycnoBneHo B rrepByto oqepeiu, rrpocrotoit 'lHCJTeH­

HOH peanH3auHH H MaJTbIMH JarparaMH MaWHHHoro Bpe­

MeHH Ha Op;HH war HHterpHpoBaHHJI. Op;HaKO HHterpanb­

HaJI M0AeJTb coxpaHeHHH KOJTHqecrna ABWKeHHJI KMeer 

orpaHH'leHHy!O o6naCTb npHMeHHM0CTH, TaK KaK HCKJTIO­

qaet HJ paccMorpeHHH 6&1crp&1e rrpouecc&1 , orrpenenHe­

M&I e C)l(Hl\11aeMOCTblO reIIJTOHOCHteJTJI. Eonee YHHBepcanb­

HblMH OKa3bIBalOTCJI 'lHClleHH.ble anropHTMbl, pa3pa6ar&IBae­

Mble Ha OCHOBe HeJIBHbIX pa3HOCTHblX cxeM, KOTOpbie no3BO­

l1JIIOT pacc'IHTbIBatb rrpouecc&1 c cymecrneHHo pa3J1H'la10-

lllHMHCJ1 noCTOJIHHI,IMJI speMeHH. B HaCTOJIIUee BpeMH 

HMeetCJI UeJTl,lH pHA 'IHClleHH.bIX MeTOAOB MJI pac'leTa p;HHa­

MHKH C)KHMaeMoro ,ll.Byxq>a3HOro noroKa, HCIIOllb3YIOIL(HX 

HeJIBHbte pa3HOCTH.ble cxeM.bI ( CM., HanpHMep, [3 - 5]). 
J:vrJr MH0rHX H3 HHX xapaKrepHbl OTHOCHTeJTbHO 60llbWHe 

JatpatbI MaWHHHoro speMeHH Ha OAHH war HHrerpHposa­

HHH, '!TO CBJl3aH0 C He3g>q>eKTHBHOCTblO npHMeHJleMblX 

MeTOAOB pa3peweHHH CHCteM anre6paHqecKHX pa3HOCTHbIX 

ypasHeHHH. J],nJI nocrpoeIDUl 3g>q>eKTHBHbIX 6eJHTepaUHOH­

HbIX 'IHClleHH.bIX anropHTMOB B BbI'IHCllHTeJibHOH npaKTHKe 

HCIIOllb3yercJI nHHeapH3aUHJI HCXOAHOH HeJTHHeHHOH 3ap;a-

1U{ Ha Ka)KAoM ware HHterpHpOBaHHH c rrocnenyioIUHM 

npHMeHeHHeM npllMblX MeTOAOB peweHHJI JIHHeHHbIX pa3-

HOCTHbIX ypasHeHHH, HaH6orree 3KOHOMH'IHblM H3 KOTO­

pbIX JIBJJJleTCJI MeTOA CKallllpHOH nporoHKH. 

B AaHHOH pa6ore AJJJI pacqera p;HHaMHKH CllCHMaeMoro 

JJ,ByXq>aJHOfO IIOTOKa npe.a.naraeTCJI 'laCTH'IHO HeJIBHaJI 

Op;HOp0IU{aJI pa3HOCTHaJI CXeMa, peanHJyeMaJI CKallllpHOH 

nporOHKOH. lJHcneHHbIH MeTOA npe)U{aJHa'leH AJTll pac qe­

ra A03BYKOBbIX re'leHHH IIOT0Ka. IlpHMeHeHHe JJTeMeH­

TOB HeJIBHblX cx eM JI03B0JIJleT war HHTerpHpOBaHHJI no 
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BpeMeHH B3JITb 60JibWHM, 'leM war, onpep;enlleMbIH H3 

ycrroBHJI. KypaHra no reIUIOHOCHTeJIIO . C IIOMOlUblO BbIOOpa 

CIIeUHaJTbHOH anrrpoKCHMauHH npoH3BOp;Hl,IX repMOp;HHa­

MH'leCKHX q>yHKUHH nocmraetCJI HeJaBHCHMOCTb BHp;a 

cxeM&I H anropmMa pacqera or q>aJOBoro coctoJ1HHJ1. reJIJ10-

HOCHtenJ1. trncrreHHbIH MeTOA no JarparaM MawHHHOro 

BpeMeHH Ha O,!lHH war HHTerpHpoBaHHJI cpaBHHM C pewe­

HHeM Ha OCHOBe HHterpanbHOH MOAeJIH coxpaHeHHJI K0JIH­

qecrna ABWKeHHH. 

JJ,nll OIIHCa.HHJI npoueccoB reIIJToMacconepeHoca B o6orpe­

saeMOM KaHane co C)l(HMaeMblM ,IJ.ByXq>a3HbIM reIUIOHOCH­

rerreM HCIIOJlbJyeM OAHOMepHyio paBHOBeCHYIO MOAeJTb 

ABYXq>aJHOrO IIOTOKa 6e3 npoCKaJTb3bIBaHHJI cpa3 [6]. 
CHcteMy ypaBHeHHH MareMaTH'leCKOH MOAeJIH MR KaHana 

noCTOJIHHOrO ce'!eHHJI MO)l(HO 3allHCaTb B cnenytomeM BHp;e: 

ai ai ap ap 
p(- + u - ) - (- + u - ) = TI/S(q +f plulu2

); 
at ax at ax 

I ap ap au TI , • 2 -,- ( - + u - ) +- = - v.(q +~Plulu ); 
p_C at. ax ax ~ I 

(2) 

au au n ap 
p(- +u - )+~ - plulu+g p+ - =O· 

at ax S X ax , (3) 

{

vn<i, p) v"(p)- v'( ) 

v= v'(p)+ i"(p) - i'(p~ (i - i'(p)), 

v/i, p), 

i> i"(p), 

{(p) < i ..;; i"(p), 

i(O, t) = iBX, p(O, t) = Pax ' p(l, t) = P
8

bI X . 

3necb T - BpeMH; X - KOOpAHHara; P, 1, u, p, V - IIll0T-



HOCTb, JHTaJibnHJI, CKOpoCTb, naBJieHHe, YACITbHblH ofueM 

TCITnOHOCHTenJI COOTBeTCTBeHHo; n - nepHMCTp; s - nno-

1U3Ab npoxonHoro ce'!eHH.JI KaHana; q - ynenbHbIH Tenno­

BOH noroK; t - KOJ<pq>KUHeHT rHD,paBJIH'ICCKOrO conponrn­

neHHJI; gx - npoeKUHJI ycKopeHHJI CH]Jbl TJOKCCTH Ha HanpaB­

neHHe KaHana; l - MHHa KaHana; ', ,, - :>KH,IJ;Kall H raJO­

o6pa3HaJI q>aJa Ha ITHHHH HaCbIIUeHHJI COOTBCTCTBt:HHu; 

n - nap, B - Bona, BX - axon B Kattan, BblX - BbIXOA HJ 

Kattana. 

OUHH HJ nonxonoB nocTpoeHHJ1 pa3HOCTHbtX cxeM, 

peanHJyeMbIX CKaJIJlpHOH nporoHKOH H 6e3ycnoBHO ycro»­

'IHBbIX B crryqae MenneHHoro Te'!eHHJI HJJ,eanbHoro raJa, 

paCCMOTpeH B (7] . B JTOH pa6oTe B Ka'!ecTBe HeJaBHCHMbIX 

nepeMCHHbIX HCITOITb30BaHbl fUlOTHOCTb, pacxon H nonHaJI 

JHeprHJI. B peJynbTaTe annpoKCHMat.l,HH pHna '!nCHOB Ha 

HH)l(HCM BpeMeHHOM crroe H ltCKnIO'leHHJI npOH3BOUHOH 

nnoTHOCTH no KOOpl];HHaTe HJ ypaBHCHHJI ABH)l(CHHJI MJI 

orrpeneneHHJI pacxona ynanocb nony'IHTb ypaBHeHHe c Tpex­

AHaroHanbHOH MaTpKUe». IlpH HenocpencTBeHHOM npH­

MeHeHHH ,a;aHHoro Merona ,11;7IJI pac'leTa HecTaUHoHapHbtx 

npoueccoB B KaHane co C)l(HMaeMblM ABYXq>a3HblM Tenno­

HOCHTeneM B03HHKaeT PllA TPYUHOCTCH. CpenH HHX OTMe­

THM CIIe,Il.yIOIUHe. Hanwrne JaMCTHblX OWH60K OKpyrne­

HHJI CBJl3aHO C np1tcyrcTBHCM B JHaMeHarene CKOpoCTH 

JByKa B '!neHax ypaBHCHH.11 ABH)l(CHH.11, onpe.o.enJIIOlUHX 

nepena,o. naaneHHJI B KaHane. B npenenbHOM cnyqae Hec:>KH­

MaeMoro rermoHOCHTenR. MeT0A npHB0AHT K HeaepHoMy 

pe3ynbraTy. KpoMe roro, He1tJ6e)l(Hb1 owH6KH B onpeAe­

neHHH CKOpOCTH 3ByKa, TaK KaK oHa H3MeH.lleTC11: B WHpo­

KOM ,I].RarraJoHe OT KHnOMerpa B ceKYHAY no HeCKOITbKHX 

necJITKOB MeTpOB B napoBO,Il.JIHOH CMeCH H TepilHT paJpblB 

Ha rronBH)l(HOH rpaHHue pa3nena q>a3. OwH6KH )KC B onpe­

.o.eneHHH CKOpOCTH JByKa OKa3blBaIOT npH naHHOM cnoco-

6e Bbl'IHCneHHJI cymecTBeHHoe BJlHJIHHe Ha HCKOMOe JHa'le­

HHe pacxo.o.a. Eonee npe,Il.IlO'ITHTenbHhIM J1BJ1J1eTCJ1 nony­

'leID!e ypaBHeHHJI OTHOCHTeJ1bHO AaBneHHJI. B JTOM crryqae, 

KaK OTMe'!aeTcJ1 B pa6ore (5] , nerKo ocymecrBnJ1ercJ1 

rrpe.o.enbHblH nepexo.o. K ypaBHeHHJIM, OilHCbIBaIOIUHM HeC)l(H­

MaeMblH TennoHOCHTeJ1b. ,I1nJI Toro '!T06bI ypaBHCHHe, B 

peJynbTaTe peweHHJI Koroporo onpe.o.enJ1eTcJ1 .o.aaneHHe, 

HMeno rpexl];HarOHaJibHblH BHA, Heo6XOl];HMO npH HCJIBHOH 

annpoKCHMatU-IH KOHBeKTHBHOro '!neHa B ypaBHeHHH ABH­

)l(eHHJI HCilOJ1b30BaTb pa3HOCTb npoTHB llOTOKa. 8 TO )Ke 

BpeMJI HJBCCTHO, '!TO, arrnpoKCHMHpoBaB KOHBeKTHBHble 

qneHbl pa3HOCTJIMH no noTOKY, a '!neH, COOTBeTCTBYIOIUHH 

rpa,Il.HeHTy .o.aBneHHJI, no conpH)l(eHHOH q>opMyne, MO)l(HO 

nonyitHTb 6eJycrroBHO ycro»'IJIBYIO CXeMy. PacCMOTpHM 

MO,I].en&HblH npHMep, ,I].eMOHCTPHPYIOIUHH BCJMO)l(ffOCTb 

HCnon&JOBaHHJI pa3HOCTH npOTHB noTOKa MJI nonyqeHHJI 

6e3ycrroBHO YCTOH'IHBOH cxeMbl B crryqae ,I].03BYKOBOf0 

re'leRHJI TennoHOCHTen.11. flpHBO,I].HMaJI Hlt)l(C pa3HOCTHaH 

cxeMa npencTaBJIJ1eT co6o» AHCKperHbIH aHanor nHHeHHo» 

CHCTeMbl ypaBHeHHH aKyCTHKH B Ol];HOpol];HOH cpe,a;e: 

1 pn•I _ p" pn•1 pn•1 un•1 un•1 
--( k k + Uo k - k-1 ) + k - k-1 
Poci At AX Ax 

=0; 

(4) 

0. (5) 

3AeCb Ax, At - warH ceTKH no x, t C0OTBeTCTBeHH0; k -
HOMep yJna ceTKH no K0OpnHHaTe; n - HOMep yJna ceTKH 

no BpeMeHH; Uo' Po' Co - nocTOJIHHble BenH'IHHbl. 

IlOACT3BHB B (4), (5) peweHHe a BHne BOJ1Hbl p = 

= OpA"ei"' rnt.x, u=liuA" ei~ rnt.x, r.o.e .e - B0llHOBOe 'IHC­

no, j - MHHMaH enHHHUa, m, n - uenb1e '!Mena, nony'IHM 

xapaKTepHCTH'ICCKOe ypaBHeHHe 

I 
--2- (l + u0 ct_ -
Po Co 

ct., PoO +uoct. = 0. 
I 

3.o.ecb BBe,Il.eHbl 0003H3'1CHHll 

At At 
ct.= - - (I - cos <E. Ax - j sin if. Ax), ct = -- x 

Ax Ax 

x (I - cos :1 Ax+ j sin"£ 6.x). 

KopHH xapaKTepHCTH'leCKoro ypaBHeHHJI p3BHbl 

I 
A12 =----

• J - WJ 2 ' , 
rne 

At 
W1 2 = - u0 -- · J. sin a- Ax ± , Ax 

J ti.t 2 2 :J?Ax 2 2 2 ~x 
± ~ 4(--) sin -- (c0 - u0 sin --) 

ti.x 2 2 

OTc10.o.a cneAyeT, '!TO cxeMa ( 4) , (5) 6eJycnoBHO ycTOH-

'!HBa npH c5 ;;;,, u5, raK KaK I A 
2

1 ,;;;; I nn11 Bcex At, Ax. 
1, 

IlpHHHMaJI BO BHHMaHHe BblllieCKaJaHHoe, annpoKCH-

MHpyeM CHCTeMy ypaBHCHHH (1) - (3) '!aCTH'IHO HellBHOH 

pa3HOCTHOH cxeMOH nepBoro nopnnKa TO'IHOCTH: 

= (v')n-on . 
i le k ' 

r.o.e 

+ 

(7) 

2 Un+ Un Il /- + J-

P
- kn = ____ n k k-1 - _ )k )k+1 

Uk = J k + 1 - -S ( 2 ), 
~ +~-1 ' 2 

67 



k = 1, 2, ... , N, N - '!Hcno yJJioB cerKH no KOOpWU1are. 

Ha Ka)l(JJ.OM BpeMeHHOM ware pa3HOCTHaR cxeMa (6) -
(8) ,mm1ercJ1 CHCTeMoii .JIHHeHHb1x anre6paHqecKHX ypaB­

HeHHii. OHa pa3pewaercll B cne.o.yromeii nocnenoBarem­

HOCTH. B peJyn&rare HCKmoqeHHJI u" + 1 HJ ypaBHeHHii 

(7) , (8) nonyqaeM OTHOCHTemHO p" + 1 pa3HOCTHoe· ypaB­

HeHHe c rpex.a;Har0Han1>Hoii MarpHUeii 

A p" + 1 - E p" ♦ 1 + B p" ♦ 1 = - F 
• "le k-1 k k k k + 1 k ' 

(9) 

r,o.e 

D = R v" (I c-n 1- n )2 k ·1c k +1 - Uk+ 1 Ck +1 • 

t.x. -
Ric = 1/(Tt + t k + lt.xlu~ •1 I), 

Fk = yk-1 - yk + Wk • 

t.x. 
Y = R (u" -n 

k ·1c k ~ - ¾ + 1 Wk +l - gpr +l ), 

t.x. 
w = - p"v"/(c")2 + t.x(v.'\JIQ" 

k At k k k 1 /Jc k · 

PeweHHe ypaBHeHHJI (9) c yqerOM rpaHH'IHblX ycnOBHH 

pr+ 1 = Psx, p~ + 1 = pBblX MO)KeT 6bITb Hau,o.eHO MeTO,!I.OM 

CKaJillpHOH nporoHKH. no HJBeCTHOMY pacnpeneneHHIO 

nmnelDUI Bb[l{}{cnlleTCll CKOpoCTb HJ cnenyiomero COOT­

HOllleHHll: 

un•1 =D pn•t _ 8 pn+1 +Y . 
k k k k k +l k 

.D.anee, MeTO/:(OM CKBOJHOro cqera HaxOJ].HTCll pellleHHe 

ypaBHeHHll :meprHH (6) : 

in+1 = (i" + un•1 At i" - n+1 At 
k k k t.x k-1 +Tk)/(l +uk ~• 

r,!le 
At 

T = v"(AtQ" + pn+1 + u" • 1 - (p" •1 _ 0•1 )) 
k k k k k t.x_ k P1c:-1 · 

CnenaeM pllA JaMeqaHHii o cnoco6e annpoKCHMauHH 

qacTHbrX npoHJBO,!lHbIX YAeIIbHOro 061,eMa. HanH'IHe nO,[lBH)K• 

HOH rpaHHIU>I pa3J].ena q>a3, Ha KOTOpoii npOHJBOJJ.HI,Ie repMO· 

J].HHaMffqeCKHX <PYHKUHH repIIJIT pa3pbIB, IlpHBOJ].HT K CHH· 

)KelUDO IIOpllJ].Ka annpoKCHMauHH, a B HeKOTOpbIX cnyqaJIX 

K norepe ycroiiqHBOCTH pa3HOCTHOH cxeMbI. HaxO)K,[leHHe 

TOIIHOH KOOp,!lHHaTbI nono)KeHHJI pa3J].ena q>a3 Il03B0nller 
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CBeCTH HCXOJJ.HYJO 3a)].aqy K 3a)].aqe C q>HKCHpoBaHHbIMH 

rpaHHuaMH. O)].HaKO rrpH JTOM replleTCll CBOHCTBO O,[lHO­

pO.a,HOCTH paJHOCTHOH cxeMhl H rrpOHCXO,[lHT ycno)KHeHHe 

anropHTMa pacqera. HaH6onee npocroii H3BecrH&Iii cnoco6, 

C noMOUlblO KOTOporo HCKnioqaercll BbI'IHcnHren&HaR 

Heycroii'IHBoCTb H nOBbllliaercll TO'IHOCTb pacqera, OCHOBaH 

Ha crna)KHBaHHH rrpoHJBOJ].HbIX repMO):(HHaMHq;CKHX <PYHK· 

UHH (2] . B JTOM crryqae qacTHble npoH3B0,[lHhie 3aMeHlllOTCll 

cpeJJ.HHMH no Koop.mmare. B J].aHHoii pa6ore Hcnon1,3yercll 

aHanOrH'IHhlH no,[lXO,[l. qaCTHhle npoHJBO/:(Hble YAeIIbHOrO 

061,eMa H CKOpoCTb JByKa Bb[l{}{cnlllOTCll no cneny101UHM 

q>OpMyJiaM; 

(10) 

(11) 

l 
c." = [ - --((v' )e + v"(v'.)ll)J-112 
-K (v ~)l p k k 1/Jc · 

(12) 

IlpHBe/:(eHH1>1e Bblp3)KeHHll HMelOT npocfoii reoMeTpffqeC­

KHH CMhicn. <I>opMYilbl BbJ'IHcneHHJI qaCTHblX npOHJBO,[l· 

Hb!X COBna,l].alOT C COOTBeTCTBYIOlUHMH COOTHOllleHHllMH 

Ailll K03q>q>HUHeHTOB ypaBHeHHll IlIIOCKOCTH, npoXOAJIIlleii 

( •n ") ( n n ) c•n n ) ttepe3TpHroqKHv lk,pk ,v lk,pk-1 ,v lk-1•Pk-1 · 
.Ilnll HeC)KHMaeMoro rerrnoHOCHTeJill C T0'IHOCTblO J].O 'llleHOB 

Broporo IIOpllJJ.Ka cnpaBe,[l)IHBO paBeHCTBO 

Koropoe OJHaqaer, qro B&JqHcneHHoe no q>opMyne (10) 

3HaqeHHe rrpOHJBO,[lHOii Cvi) ~ KBJilleTCll cpe.a,HHM Ha HHTe~ 

Bane pa36HeHHll no Koop.mmare. IlpeHMYmecTBo ,o.aHHoro 

cnoco6a annpoKCHMau;HK 3aKJIIOqaercll B O,!lHOpOJ].HOCTH 

rronyqaeMoii TaKHM o6pa30M pa3HOCTHOii cxeMbl, r.e. Ha 

yttaCTKax C pa31IH11Hb[MH q>a30Bb!MH COCTOJIHHJIMH pactter 

Benercll no eJ].HHOMY anropHTMy. IlpH JTOM J].a)Ke npH HanH· 

'IHH q>aJOBOro nepexona BCe q>HJHqeCKHe BeIIH'IHHbl HJMe­

HlllOTCll HenpepblBHO. KpoMe roro, Bb[qHcneHHe qacTHb!X 

npoHJBOJJ.HhIX yAen&Horo 061,eMa no q>opMynaM ( 10) -
( 12) ' a raK)Ke HCnOJib30BaHHe pa3HOCTH rrporHB noroKa 

An~ anrrpoKCHMau;HH KOHBeKTHBHblX 'lJleHOB B ypaBHeHHH 

J].BH)KeHHJI TI03B0Jlll!OT rronyqHJb npH ycraHOBJieHHH KOHCe~ 

BaTHBHYIO CXeMY Broporo rropll,O.Ka TO'IHOCTH. 

H.JJio)KeHH1>1ii Meron pacqera 6hm peanHJOBaH B BHJJ;e 

rrporpaMMb1 TYMAH, HaIIHcaHHoii Ha J1J&IKe <I>OPTP AH 
Mll 3BM E3CM-6. IlpoBepKa pa6orocrroco6HocTH anro­

pHTMa 6&ma ocymecTBneHa Ha rrpHMepe AByx recrOBhJX 

JaAaq. 

B rrepBoii recroBOH Ja)].aqe npoBO/:(HTICll aHanHJ KOppeKT· 

HOCTH OIIHCaHHll npoueccoB pacrrpocrpaHeHHll BonH ,!laBne­

HHll B Heo6orpeBaeMOM rpy6onpoBO/:(e noCTOllHHOro ceqe­

HHJI aHaIIOrH'IHO paCCMOTpeHHOMY B pa6ore [8]. 



PeJyJibTaTbl pac'leTa npH 40 TO'IKaX pa36HeHH.R no 

KOOp/lHHaTe H ware no BpeMcrn1, paaHOM 10-4 c, npeA­

crnarreHbt Ha pHC. I. <I>pOHT BOJIHbl AaBJieHH.R, KaK BH,ll;HO 

10'-----L.J.... _ __.,,._ _ __. _ __.__;,.,_...J._ __ -=-i 
0 4 llmlHa, M 

12 20 

PJ.ic. 1. PacnpocrpaHeHHe sonttw nasneHHJI B Tpy6onposone nocrmrn­

Horo cetreH11J1: - - - - attanHTH'!ecKoe peweH11e; -- - pac4eT 

no cxeMe (7) , (8) np11 Ax= 10-• i:, N = 40 

HJ pHC. 1, pacnonolKeH CHMMeTpwmo OTHOCHTeJibHO aHanH­

TH'leCKOfO peweHH.R H pa3MaJaH Ha HCCKOJlbKO YJJIOB no 

AJIHHC Tpy6bl. KpyrHJH3 cppoHTa npHMepHO TaKa.R lKC, KaK 

H y 'IHCJICHHoro peweHH.R, norry'leHHoro B [8] no nporpaM­

Me "Te'lb-M". Ha OCHOBaHHH npoBCACHHblX paC'ICTOB MO)l(­

HO CACJI3Tb BblBOA O nplffOAHOCTH CXCMbl (6) - (8) AJI.R 

OIIl1CaHH.R pacnpocrpaHeHH.R BOJIH .q,aaneHH.R B rpy6onpo­

BOAax. 

Bo BTOpoii TCCTOBOH JaAa'le pa3HOCTHa.R cxeMa HCnOJib­

JOBanacb AJIH 'lliCJICHHOfO MOACJTHpOBaHHH nepeXOAHOro 

npouecca B KHIIHWCM Kamme co ClKHMaeMblM ABYX<PaJ­

HblM TCnJIOHOCHTerreM. PelKHMHble napaMeTpbl KaHana 6blJIH 

Bbi6paHbl 6m13KHMH K COOTBCICTBYIOWHM napaMerpaM 

TeXHorrorn'lecKoro KaHan PEMK-1000. Pac'leT npoaoAHrr­

c.11 npH CJICAYIOWHX npeAnOJIOlKCHH.RX: renrrOBOH IIOTOK 

H KOJq>q>HUHCHT rimpaBJTH'ICCKOro conpOIHBrreHH.R nOCTO.RH­

Hbl no AJIHHe, OTCYTCTBYIOT cocpeAOTO'leHHble nmpaBJIH· 

'leCKHe norepH, BJTHHHHeM CHJibl T.RlKecrn MOlKHO npeHe6-

pe'lb. Ha pHC. 2 11 3 npeACTaBJICHbl peJyrthiaTbl pac'!era 

nepeXOAHOfO npouecca, BblJBaHHoro HJMeHeHHeM BCJTH'IH­

Hbl renrroaoro noroKa npH pa3JTH'IHOM BbI6ope wara no 

BpeMeHH H KOOpAHHaTe. fpaq>HK H3MeHeHH.R Tenrroaoro 

IlOTOKa co BpeMeHeM npHBeAeH Ha pHC. 4. Ha pHC. 2, 3 no 

oc11 opAHHaT ornolKeHaaen11'IHHa l>G (N, t.t) = (G1 - Gr) /Gt , 
fAe G1 - pacXOA Ha BXOAe B KaHan; Gt - paCXOA B CT3J.Ui0· 

HapHOM pelKHMe; N - 'IHCJIO TO'leK pa36HeHID! no KOOpAH­

HaTe. Ilo paccro.RHHIO MelKAY KpHBblMH MOlKHO onpeAe­

JIHib HJMeHeHHe OTHOCHTeJibHOH OWH6KH paC'ICT3 npH aapHa­

UHH wara AHCKpernJauHH. KaK BHAHO HJ pHC. 2, 3, HMeeT 

MeCTO MOHOTOHHa.R CXOAHMOCTb KpHBblX npH HJMeJib'leHHH 

waroa ceTKH. 

BHA TOfO lKe nepeXOAHOfO npouecca AJI.R npeAeJibHOfO 

cny'la.R HeClKHMaeMOfO rerrnoHOCHieJI.R IlpHaeneH Ha pHC. 5. 
YlleT ClKHMaeMOCTH npHBOAHT K yaerrH'leHHIO JaryxaHH.R 

Kone6aHHH H HJMeHeHHIO nepHOA3. 3ro CB.RJaHo C HJMe-

. -0,06 
~ 

~ 
0 

ci 
0 

~ -0,12 
0.. 

2 6 1, C 10 

-0,18<-----'----------'---------1 

PJ.ic. 2. Pac4eT nepcxonttom npouccca, BbJJBa1uIoro HJM~HCHHcM 

TennoBom nOTOKa, npH paJnH4HOM 4Hcne yJnOB CCTKH 110 KOOpL111Ha· 

Tex [80 (KpHBaJI I) , 40 (2), 20 (3) , 10 (4)] 

ci -0,06 ., 
~ 
0 

~ 
X 
~ -0,12 

0.. 

2 6 I, C JO 

-0,18.___ __ .._ _____ __._ ______ _J 

PJ.i c. 3. PactreT nepcxonttoro npouecca, BbIJBaHJlom :ias11c11MOCTb10 

HJMeHeHHJI Tennoeoro noTOKa llpH pa3nl14HOM Bb16ope wara OT Bpe­

MCHII (0,01 c (Kp11eaJ1 l), 0,05 (2), 0,1 (3) J 

Puc. 4. 3aBHCHMOCTb H3MCHCHHJI Tcnnoaoro no­

TOKa OT BpcM::HH 

t, C 

HeHHeM MHHbl 3KOHOM3H3epHoro y'laCTKa H COOTHOWe­

HH.R nepenmoa AaaneHHH no BOAe H napy. Pac'ler nepexoA• 

Horo npouecca a o6orpeaaeMoM KaHane c HeClKHMaeMbIM 

TenrroHOCHTeneM HerrocpeACTBCHHO no HHTerpanbHOH MOAe-
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0 2 6 t, C 10 ',---------------....:., ___ _ 

J'Hc. 5. PaC'leT 11epexo11,Horo npouecca, BLDBaHHoro H3MeHeHHeM 

rennosoro OOTOKa, B c:ny'Cle HecllG!MaeMoro Te11noHocHTellJI 

ITH coxpatteIDUI KO1IH11ecma /J;BIDKeIDUI H no cxeMe (6) 
(8) naeT oniraaKOBbie peJynhtaThl. IlpHBeneHH1>1H npKMep 

nonmep)l(naeT HaJIH'IHe Ba)l(HOro CBOHCTBa npe.DJiaraeMOH 

pll3HOCTHOH cxeMbl, KOTOpoe 3aKJIIO'laeTCH B TOM, qTO 

mnerparrbHaJi Monen& coxpa1mnu1 KOJIH'lecTBa nBIDKeHIDI 

HBJIHeTCH qacnn,1M CJl)"iaeM paccMaTpKBaeMoro MeTona, 

H ee MO)l(HO noJIY'{HI'b npoCTblM H3MeHeHHeM napaMeTpoB 

CHCTeMbl. 

B JaxmoqeHHe npKBeneM xapaxTepHCTHKH 6b1crpo­

neii.cTBHH npe.D,JIO)l(eHHoro MeTona pac'leTa. 3aTpaThl Ma­

WHHHoro BpeMeHH Ha pacqeT OnHOH . npocrpaHcTBeHHo­

BpeMeHHoH TO'IKH no cxeMe (6) - (8) COCTaBJIHeT 

4,6.10-4 c. IlpHBeneHHaH BeJIH'IHHa BKJJIOqaeT JaTpaTbI 

MaIIIHHHOro epeMeHH Hll Bbl'IHCJieHHe ynenbHOro 061>eMa 

MeTonoM JIHHeHHoH HHTepnomunrn H ero 1-1acTHbix npoH3· 

BOAHbIX no q>OpMynaM (10) - (12), KOTOpbie COCTaBJIHIOT 

2,2. 10-4 c. . ,Um!: cpaBHeIDUI OTMeTKM, qyo pac'leT no 

HHrerparrbHOH MO,[l;eJIH coxpaHeIDUI KOJIH'leCTBa )lBH)l(e­

IDUI Ha OCHOBe MeTona paOOTbl [ 1] rpe6yeT npKMepHO 

TaKoe )Ke epeMH Ha pac'leT OnHOH npocTpaHCTBeHHo-Bpe­

MeHHOH TO'IKH. IlpH YBeJIH'leHHH 'IHCJia TO'leK pll36HeHHH 

no KOopniraare 3TOT noKa3aTeJib AJIH HHrerpanbHOH MOAeJIH 

pacTeT, 'ITO, nO-BHnHMOMY, CBH3aHO C 3aTpaTaMH Ha Bbl· 

tIHCJieHHe /lBOHHbIX CYMM, 

TaKKM o6pll30M, npenno)l(eHHbIH Meron pacqeTa npHMe­

HHM .D,JIH 6onee IIIHpoKoro Kpyra 3a,D;all, qeM HHTerpanb­

HaH MOAeJib COXpaHeHHH KOJIH'leCTBa )lBIDKeHHH, H npH 

JTOM BKJUOtiaeT noCJienHIOIO KaK 'laCTHblH CJl)"iaii. B TO 

)Ke epeMH no JaTparaM MaIUHHHoro BpeMeHH Ha onira war 

HHTerpHpoeaHHH nor MeTon cpaBHHM c peweHHeM no 

HHTerparrbHOH MOAeJIH coxpaHeHHH KOJIH'leCTBa ABH)l(eHHH. 
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HnEPHAH 3HEPfETHKA 

YnK 621.039.5 

OilTHMH3~IDI AKTIIBHblX 30H PEAKTOPOB BB3P 
nIDI IlOBbIUIEHIDI 3<I>cl>EKTHBHOCTH HCilOJih30BAHHH TOilJIBBA 

H BE30IlACHOCTH PEAKTOPA 

C.A. AcraxoB, B.A. Bo3HeceHCKHH, A.C. nyxoBeHCKHH, H.E. KyxapKHH, 
r.n . .fiYHHH, B.H. TTpocenKOB 

PaCCMOlpeHa OpraHH33.UIUI TOIDlHBHOI'O UHKJia peaKTOpOB BB3P. IlpenCTa1111eHbl OCHOBHbJe HanpaBJJeHIUI OJITHMH33.UHH TOOJIKBHOI'O UHKJia 
,llJlJI IlOBhlllleHHJI 6e30ilaCHOCTH H YIIY'{llleHIUI HCilOllh30BaHIUI TOIDlHBS. 

roRE OPTIMIZATION VVER REACTORS FOR IMPROVING THE EFFICIENCY OF FUEL UTILIZATION AND REACTOR SAFETY. 
S.A. ASTAKHOV, V.A. VOZNESENSK.II, A.S. DUKHOVENSKll, N.E. KUKHARK.IN, G.L. LUNIN, V.N. PROSELKOV. The present.day situa­
tion in the field of organization of the fuel cycle for VVER reactors is considered. Basic trends of the fuel cycle optimization from the viewpoint 
of increasing the safety and improving the fuel utilization are presented. 

Pa3BHTHe ,m,epHoii 3HepreTHKH BhIJJ;BHraeT 3l!J];a'IH no TonnHBHbIH UHKn peaKropoa BB3P440 H BB3P-JOOO 

ynyqweHHIO Hcnom,30BaHHff ,m,epHoro TOIDIHBa H nOBbIWe­

HHIO ypoBHJI o6ecneqeHHn 6e3onacHocTH A3C. ,Unn pewe­

HHJI JTHX 3a,o.aq paccMaTpHBa!OTCff CflCAYJOlllHe nyrH: OIITH­

MH3auHJI TOIInHBHblX 1.tHKnOB, BKflJOqaJI peUHpKynJIUHIO 

TOrunma H OIITHMH3auHIO xapaKTCpHCTHK Bbiropa!Oll.lHX 

nornoTHTeneii; IlOBblWCHHe HllJ];eJICHOCTH TOIIJlHBHblX Jne­

MeHTOB H ynyqweHHe HX KOHCTPYKUHH; HCnOilb30BaHHe 

HOBblX KOHCTPYKUHOHHhIX MaTepHanOB H CHHliCeHHe Bpe.o:­

Horo BllHJIHHH npo,a.yKTOB .o:eneHHJI. 

IlapaMeTpOM, no KOTOpOMY OUCHHBaeTCJI JKOHOMHKa 

A3C, JIBflJICTCff ce6eCTOHMOCT-I> JneKTpDJHeprHH. 

C pocToM 'IHcna neperpyJoK Ja KaMnaHHIO J<p<peKTHB­

Hocn HCll01lb30BaHHJI npHpoJJ.Horo ypaHa llOBb!WaeTCJI. 

B TO liCe BpeMJI C YMCHbUJCHHeM 'IHCJla neperpy30K 

Ja KaMilaHHIO yaenHqHBaeTCJI KOJ(pq>HUHCHT Hcnon&JOBa­

HHJI MOll.lHOCTH (BoJpacTaeT BpeMJI pa6oTbI peaKTopa 11 

reqeHHe KaneH,a.apHoro ro.a.a Ha HOMHHaJlbHOH MOlllHOCTH) . 

B OTKpblTOM TOIInl!BHOM UH~e OIITHMaJlbHblH ypoaeHb 

a&rropaHHn Jmn peaKTopoB THna BB3P cocTaanneT npH­

MepHo 50 MBT.cyr/Kr ypaHa . .Il.OCTHliCeHHe OIITHMaJlbHbIX 

rny6HH BbirOpaHHJI YMCHbWaeT Macey BbirpyliCaeMOI'O 

o6nyqeHHOI'O TOnnHBa llpl!MepHO Ha 40%, 110Tpe6HOCTH 

a npHpOJJ.HOM ypaHe - npHMepHO Ha 20% no cpaBHeHHIO 

C cymeCTBYJOll.lHMH TOIIJJHBHbIMll UHKnaMH, B KOTOpblX 

rny6HHa BbITOpaHHJI 'tOMHBa cocTaanneT 30 - 33 MBT.cyr/Kr 

ypaHa. 

MHpOBOH OIIblT IIOKaJbIBaeT, IITO uenecoo6pa3eH nepe­

xo.a. Ha 18- H 24-MCCJll{HbJe KaMnaHHH TOIDIHBa npH ,[I.OCTH· 

)l(CHHlf r.ry6HHbl BbirOpaHHJI 50 MBr.cyr/Kr ypaHa. 

IlporpaMMbl npe,a.ycMaTpHBa!OT OIITHMH3al.(HIO KOHCTPYK· 

UHM TBC H TBJna (onTHMH3auHJI peweTKH, ,a.HaMeTpa TBJna, 

'lllcna TB3noa B TBC1 Hcnon&JOBaHMe TOMHBa c BbIropa10-

ll.lHMH nornoTHTCJUIMl! H r.n.). 

B 611HllCaHUJHe I'O,o:bl 6y,o:eT 0IlTHMll3HpOBaTbCff 6e3 yqeTa 

B03B paTa ypaHa H nnyroHMH B TOIUlHBHblH UHKn. 

Yny'l1.lleHHIO xapaKTepHCTHK TOIUlHBHOI'O UHKna cno­

co6CTBYIOT: 

- nepeao.o: peaKropoB BB3P-440 Ha tJen1pexro,a.w1-

HbIH TOIIJlHBHb!H UHKn, '!TO ll03B0JlHT IlOBblCHTb rny6HHy 

BbirOpaHHn B&irpyliCaeMoro Tommaa .o:o 40 - 45 MBT.cyr/ Kr 

ypaHa, CHHJHTb pacxo.o: ecTeCTBeHHOro ypaHa Ha 10 - 15% 

H TOMHBHYJO COCTaBJlfflOIJ.lYIO CTOHMOCTH JJleKTpDJHeprHH 

Ha JO - 12%; 

- nepeao.a. peaKroooa BB3P-I000 Ha Tpexro,a.H11H&1ii 

TOIDIHBHblH UHKn, '!TO Il03B0JlHT IIOBblCHTb rny6HHY BbirO· 

paHHff BbirpyliCaeMoro TOMHBa JJ,O 40 - 45 MBT.cyr/Kr 

ypaHa, CHH3HTb pacxo11, ecTeCTBeHHOro ypaHa Ha 15% H 

TOIIJlHBHYJO COCTaanmomy10 CTOHMOCTH :meKTpD3HeprHH 

Ha 15%; 

- CHHllCeHHe Bpe,o:Horo nornomeHHJI HeHTpOHOB B aKTHB· 

HbIX JOHax BB3P nyTeM JaMeHbl cTanH B .a.eTannx TBC 

Ha UHpKOHHH, yMeHbWCHHe co,a.epllCaHHJI raq>Hllff B UllpKO· 

HHH (cHHllCeHHe pacxo,a.a ecTeCTBeHHoro ypatta .a.nn BB3P440 

Ha 3 - 7%, MH BB3P-1000 Ha 8 - 12%) ; 

- pa3pa6oTKa pellCl!MOB neperpy3KH C YMCHbWCHHOH 

yTetJKoit HeiirpoHOB (.a.ononHHTen&Hoe CHHllCeHHe pacxo,a.a 

ecTeCTBeHHoro ypaHa Ha 4 - 5%, CHHliCeHHe HeiiTpoHHoro 

TIOTOKa Ha KOpnyc peaKTOpa) ; 

- HCilOJlbJOBaHHe HOBblX THIIOB BbirOpa!OlllHX 11orno­

THTeneit (ra.o.onHHHit). 

Ilepeao.a. peaKropoa BB3P Ha JaMKffYTbIH TOruJHBHbIH 

UHKn C HCnOJlb30BaHHeM U02 - Pu02 npHBe,a.er K cymecT­

BCHHOMY (B 2 - 3 pa3a) COKpameHHIO y,a.enbHblX pacxo­

,[1.0B ecTeCTBeHHoro ypaHa ( Ta6n. 1) . 
AKTHBHble 30Hbl ,[I.OJlliCHbl o6na,a.aTb Ha6opoiv. qJH3l!'leC-
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KID( xapaKTepHCTHK, 06ecne•nrna101.1.J;HX Tpe6yeMoe pac­

npeAeJieHHe :meprOBbIACJICHHJI, C UOMOU(b!O opra.HOB pery­

JIHpOBaHHJI AOJI)l(f!O o6ecne'IHJ3aTbCJI ynpaBJieHHe MOIUHOCTbJO 

Ta 6 nu u a 1. YAMbHhle paCX0Abl eCTeC'llleHHoro ypaua MIi 

p11311H'DlblX TOIUIHIIHblX ~HKnOB 

3Taflbl pa3BHTllll TOllnHBHblX 
UHKJI0B BB3P 

Cosper.teHHbJe peaJ<T0pbl BB3P-440 H 

BB3P-1000 
BHell,peHHe yroaepweHCTB0BaHHblX 0T-

Kpbl'l'b!X T0nnHBHblX UHKJI0B 
Hcnom,JosaH11e pereHepan ypaua 
3aMbIJ<aHHe TOnnHBHbJX UHKJI0B 
Hcnolll,30BaHHe pereHepan ypaHa 
0nTHMHJaUHII 38MKHyYb!X UHJ<JI0B 
J.1aJ0lll,30BaHHe 33KpHTH'leCKHX napaMeT-

poe Tenn0Hoa1Ten11 

Y11,em,Hbdl pacxo11, eCTeCT­
eeHHoro ypaHa Ha Bblpa· 
6oTaHHbdl pea1<T0p0M, 
MBT(31I.) .ro,u. 0TH. e11,. 

1,0 

0,7 - 0,8 
0,6 - 0,7 
0,5 - 0,55 
0,4 - 0,45 

0,20 - 0,25 

0,15 - 0,20 

peaKropa BO BpeMJ1 ero 3KCITJIYaramm, B TOM 1IHcne B nepe­

XOAHbIX H aBapHHHbIX CKr)'au,HJIX, oco6eHHo CBJl3aHHbIX 

C BBCACHHCM nonOlKHTCJTbHOH peaKTHBHOCTH. 

8 H3CTOJIU(CC BpeMJI paccMaTpHBaCTCJI AaJibHCHlll3JI 

OUTHMH33J.J;JUI aKTHBHblX 30H peaKTOpOB 8B3P-440 H 

BB3P-1000 KaK no BOAOYpaHOBOMY OTHOWCHHJO, TaK K no 

o6orameHHJO TOIUIHB3 UOAIIHTKH. l1cnOJTb30BaHHC ITOAUH­

TO'IHOfO TOUJTHBa UOBblllleHHoro 06orameHHJ1 4 - 4,4% 

C TpCMJI H 'leTblpbMJI neperpy3K3MH 3a KaMilaHHJO /JJUI 

peaKTopoB ·BB3P-440 H BB3P-1000 cooTBeTcTBeHHo npHBo­

AHT K IIOBbllllCHHJO BbirOpaHJUI H cymeCTBCHHOMY CHIDKC­

HKIO pacxona eCTCCTBCHHOro ypa.Ha. 

IlpencraBJIJICTCJI ue11ecoo6pa3HblM paccMOTpCTb B03MO>K-

Ta 6 n H u a 2. CpaeHHTMbHble xapaKTepHClHKH A3C H peaKTOpoB 

HOCTb yBeJTH'ICHHJI Bonoypa.HoBoro OTHoweHHJI B BB3P-440 

rryTeM YMCHbWCHHJI KOJTH'ICCTBa TB3JIOB B KacceTax. HanpK­

Mep, yMeHbWeHHe 'IKCJia TB3JIOB B KacceTe BB3P440 rry­

TCM 3aMeHbI TB3JIOB Ha Tpy6KH, 3aIIOJIHCHHbie BOl];OH, C 

COOTBCTCTBYJOU(HM YBCJTH'ICHKCM Ha'lanbHOro o6orameHHJI 

)],IIJI coxpaHeHHJI l];JTHTCJibHOCTH KaMITaHHH IT03BOJIJICT nonoJI­

HHTeJibHO CHH3KTb pacxon npHponHoro ypaHa. Ha 2%. IlpH 

npaBKJJbHOM Bbi6ope MeCT pacnono>KeHHJI H3BJICK3CMblX 

TB3JIOB nonoJIHHTCJibHO CHH>KaCTCJI HepaBHOMepHOCTb 3Hep­

rOBbll];eJICHHJI no KacceTe, '!TO B 3Ha'IKTeJibHOH Mepe KOMilCH­

CKpyeT yMCHbWCHHe ITOBCpXHOCTK Tennoo6MeHa. 

3KcnrryaTBQHOHHl,lC xapaKTepHCTKKH aKTHBHJdX 30H 

H TODJIHBS peaKTopoB BB3P. B Hacro11mee . BpeMR B CCCP 

K 33 py6e>KOM 3KCITJiyampyercH 48 6JIOKOB C peaKTOpaMH 

B83P: 8B3P-70 (oAHH), B83P-365 (onHH), BB3P-440, 

(32), 8B3P-1000 (14). 

OcHOBHblC xapaKTepHCTHKH aKTHBHblX 30H H TOITJIHB3 

neiicTByJOw;HX A3C c peaKropaMH BB3P, rrepcrreKTHBHbIX 

peaKTopoB H cpaBHeHHe c 3apy6e)l(Hb1MH aHanoraMK rrpen­

cTaBJieHbI B ra6n. 1, 2 . BonoypaHOBOi OTHOWCHHC ll,ll.1I 

peaKTOpoB BB3P-i 000 H 3apy6eJKHbIX aHanoroB rrpHMep­

HO Ol];HH3KOBOe - 2,05; ,u;nJ1 8B3P440 OHO HeCK0JibK0 

HH>Ke K C0CTaBJIHeT 1,8. 

OcHOBHblC 3KcrrnyaTaUH0HHblC Tpe60BaHHJI, 3allJI3HH­

p0BaHHbie B rrpoeKTC, - o6ecrre'leHHe HOMHHanbHOH Tenno­

BOH MOIUH0CTH peaKT0pa (1373 MBT l];JIH peaKT0pOB 

BB3P-440 H 3000 MBT nJill peaKTopoe BB3P-1000) H npo­

no11JKKTenhH0H pa60Tbl Ha HOMHHaJibHOH M0IUH0CTH MeJKAY 

neyMJI rreperpy3KaMH (7000 11) IIpH COMJOACHHH Tpe6oea­

HHH 6e30IIaCHOCTH. 

IlpoBeAeH IIOJTHblii aHaJTH3 3KCrrnyaT3UHK aKTHBHOH 

J0HbI H TOIIJTKBa peaKrnpa BB3P-1000 V 6110Ka HB A3C. 

npoeKTA3C A3C .I n poeKT A3C 
A3C ronoBHOl! peaKT0p Cepul!Hu PY "CaHottoct,pe" 

XapaKTepKCTHJ<a npeW!0)l(l:HHJI "fpoHll,e.. npell,n0)l(l:HHII (pHpMLI BB3P-1000 BB3P-1000 
(pHpMLI KBY '1JupMb1 KBYi (pHpMLI (V 6rtoK HB A3C) (ronoeHall Ha "KoM6aC11eH 
(~Pr) (~Pr) "~BMBTOM" llioKHRHpHHI"" I 6rroKe 3A3C) 

(~BHIXHJI) (CllIA) 

3neKTpM'leCKall MOIUJI0CTb (6pyrro) , MBT 1299 1360 980 1170 990 1050 

Knll A3C (6pYTTO), % 34,6 36,0 34,l 34,3 33,0 33,3 

KonM'leCTBO T0MHB8 B aKTHBH0l! 30He, T 102,7 102,7 72,5 89,4 75,5 80,0 

npo11,0n:>IG!Tenbl!OCTb K3MllaHHH TO!UIHBa, 

T0/1,bl 3 3 3 3 2/3 2/3 

Cpe/l,HKJI eenH'll!Ha 06orameHHJ1 ronmma 
B CTaUH0H3pH0M uHKne neperpy30K, 
eec.% ypaua-235 3,1 3,1 3,25 3,0 3,3/4,4 3,3/4,4 

frry6HHa Bbll'OpaHHII BblrPY)l(l:HH0l'O 

TonnHBa, MBT.cyT/T YpaHB 32000 32033 33730 34350 26000/40000*) 25000/41000 

)laeneH'!e napa, Kr/ cM2 55 70 64 70 64 64 

Y11,em,11b!l! pacxo11, npupo11,11oro ypa11a, 
r /KBT.q 0,0242 0,0231 0,0241 0,0216 0,035 6/0,0285 0,0356/0,0285 

•> ll0CTHrnyTOe 3H8'1eHHe rny6HHbl BblI'OpaHHJI COCTllBnJleT 29600/42600. 



Ta 6 n Hu a 3. OCHOBHbte xapatcrepHCTHIOI .QeHCTBY!OllDIX H nepcneKTHBHbIX A3C c BB3P H napaMeTpbl TOMHBHoro 

Ka.Hana AJlR UQ~ 

BBJP-440/500 BB3P-I0O0 
HaHMeHOBaHHe BB3P-440 (ycoaepweHCTBO· BB3P-1000 (ycoeepweHCTBO· 

BaHHbtJ;\) aaHHbtll) 

Tennoaall MOJJ.l}I0CTb, MBT 1375 1500 3000 3200 
naaneHHe B nepBOM KOHType, aTa 125 125 160 160 
llaaneHHe BO BTOpoM K0H'fYpe, 3Ta 47 47 64 64 
Ynem,H3JI MOI.IUIOCTb, KBT/n 86 94 108 116 
3neKTpH'leCK3R M0JJ.l}IOCTL (6pyrro) , MBT 440 500 1000 1070 
Kflll (6pYTTO/HeTTo) , % 32,0/29,9 33,3/3 1,3 33,3/31 ,7 33,4/32,0 
TeMnepaTypa Ha axo11e e peatcrop, ° C 268 270 288 290 

TeMnepaTypa Ha BbIXOAe 113 peaKTOpa, ·c 296 300 318 322 

Hapyiton,i! AHaMeTp TB:m, MM 9 , 1 9, 1 9,1 9, 1 

3KBHBaneHTHbll! AHaMeTp aKTHBHOll J0Hbl, CM 288 288 316 316 
llnHHa atcrHBHOll JOHLi, CM 246 246 356 356 

nonll TonnHBa, cMeHHeMaH ".PH neperpyJKe 0,33 0,25 0 ,5 0,33 
O6orameHHeTO!IJTHBanonnHTKH,% 3,33 4 ,4 3,3 4 ,0 
fny6HHa BLJropaHHJI, MBT.c}'T/Kr 28,6 41 ,7 25,0 40 
Pacxon eCTeCTBeHHOl'O ypaua Ja 30 neT a OTKpLITOM 

UHK11e (6pyrro), T/fBT {31I.) 7300 6500 7480 6000 

•> Ko34>¢11u11eHT Harpy3KH A3C COCTaBnHeT 0,8, o6orameHHe OTBana - 0,3 %. 

B Hacro.lllllee BpeM.11 Jtor 6noK rrepeaeneH a pe)KJ{M rpex­

roUH'II-IOH KaMllaHKH c TOIUIHBOM rronllHTKH 4,4% (ro'lHee, 

4,23%, taK KaK B 3THX Kaccerax ace TBJJJbl rrepH<pepltiiHoro 

p.11na H yrnoBhJe TBJJJhI cnenyrol.l.lero pHna HMeror o6ora­

l.l.leHHe 3,6%). 

ITpH Bhlxone B CTllUlfOHapHb!H pe)l(HM C rpeMJI rrepe­

rpy3KaMH nocrHrnyra cpeUHH.11 rny6HHa BhITopaHHH Bhlrpy­

)l(aeMbIX TBC o6orallleHHeM 4,4% H rrpopa6oraa111HX rpH 

rona - 42,6 MBr .cyr/J<I" ypaHa, '-ITO rrpeBb1111aer rrpoeKr­

HyJO BeJIHt£KHY 40,0 MBr.cyr/Kr ypaHa (ra6n. 4). flpH 

Ta 6 n H u a 4 . 3HeproBbtpa6oTKa TBC c MaKCHManbHblM 

06ora111eHHeM 4,4%,npopafioTaBllDIX Ha V 6JtoKe HB A3C 

TpH TOllJlHBHbIX 14HK11a M neperpy3IOI B 1987 r. 

HHTepaan BbJropaHHJI, 
MBT.c}'T/Kr ypaua 

40,10 - 41,00 

41,10 - 42,00 

42,10 - 43,00 

43,10 - 44,00 

44,10 - 45,00 

KonulleCTBO 

TBC a Ka)l(­
A0M HHTep­

BaJie 

18 

0 

2 

4 

18 

BblI'OpaHHe B HHTepaane, 

MBr.cy,-/Kr ypaHa 

cpeJ:(llee I MaKCHManLHoe 

40,59 40,94 

42,43 4 2,48 

43,36 43,45 

44,63 44,79 

3TOM HH onHa TBC, npopa6oraB111aH rpH rona, He rrore­

pHIIa repMeTH'IJ-IOCTb. 

Bo B_peMJI 3KCl1JlyarauHH peaKropa BB3P-1000 V 6noKa 

HB A3C 6bmo ycraHoBneHo cooraercrBHe q>H3H'leCKHX 

xapaKrepHCTHK aKTHBHOH 30Hbl rrpoeKTHblM 3Ha'leHHJIM. 

C 1987 r. Ha'lar rrepeBon I 6noKa KanHHHHcKoii A3C 

c cepHiiHbIM peaKropoM BB3P-1000 B pe)l(HM c rpeMJI 

rreperpY3KaMH 3a xaMnaHHJO H o6or~eHHeM TOIUIHsa 

llOnllHTKH 4,4%. 

PacqerHaH rny6HHa Bb1ropaHHJ1 ypaHa no Bhlrpy)l(ae­

MblM KacceraM BB3P-440 C rpeMJI 'l3CTH'IHblMH neperpy3-

KaMH Ja KaMllaHHIO rrpH cpeUHeH M3CCOBOH none ypaHa-235 

B ronn.Hse rronrrHTKH 3,3% COCTaBnlleT 28,6 MBT.cyr/Kr 

ypaHa, npH 06ora111eHHH T011J1J1B3 110/l;llHTKH 3,5 

31 ,0 MBr.cyr/ Kr ypaHa. MaKCHMaJJbHlUI rny6HHa Bhlropa­

HHH rro Kaccere - 36,0 MBr.cyr/Kr ypaHa. 

B H3CTOJl!Uee BpeMJI HMeeTCJI Ollb!T 3KCl1JlY3TaUHH 

6onee 700 TBC B peaKropax BB3P-440 (HB A3C, KA3C , 

ApMJIHCKOH A3C) s re'leHHe 'lerb1pex H 6onee ronnHBHhlX 

11.HKJIOB (6onee 1000 Jq>.cyr). flpH JTOM nocTHrnyro 

M3KCHMaJJbHOe BbiropaHHe (a onleJlbHblX TBC) 

48,95 MBr.cyr/ Kr ypaHa. 

Ha KonhCKOH A3C ocsoeH pe)l(HM c 'letbipbMJI 'laCTH'l· 

HblMH neperpy3KaMH 33 llOJJHYIO KaMllaHHIO T011J1HB3 C 

npoeKTHblM o6oral.l.leHHeM. OUHH HJ 6rroKOB KA3C 6bUI 

BblBeneH B CTaUHOHapHblH pe)l(HM co cpenHeH rny6HHOH 

BbtrOpaHHH T011J1HB3 ~ 36 MBr .cyr/Kr y paHa (•!TO rrpeBbl· 

111aer rrpoeKTHOe 3Ha'leHHe Ha 17%) rrpH M3KCHMaJJbHOH 

rny6HHe Bb1ropaHHJ1 39,7 MBr.cyr/Kr ypaHa. 

JJ,nJI llOHH)l(eHHJI reMrreparypbl TOl1JJHBa H CHH)l(eHHJI 

BbIXona raJa non o60JJO'IKY, '!TO JIBJJJleTCJI Ba)l(HblM q>aKTO· 

poM llpH ll0BblllleHHH Bbir0paHHJI, 6hlJ13 H3fOTOBJieHa OllblT· 

HlUI naptHJI TB3JJOB C llOBblllleHHblM HCXOnHblM naarreHHeM 

reJIHJI rron o60JJO'IKOH AO 0,5 Mila, KOTOpble npOXOUJIT 

ycne111Hb1e HCITbITaHHJI Ha PoBeHCKOH H KoJJbCKOH A3C. 

ITpoBeneHbl COOTBeTCTBYJOl.l.lHe pacqerHbJe o60CHOB3HHJI 

pa6orocrroco6HOCTH TaKHX TB3JIOB no 60JJblllHX rny6HH 

Bbir0paHHH ( ~ 55 MBr.cyr/Kr ypaHa). 

Ha OCH0B3HHH HMe!Ol.l.lerocJI 0llblta 3KCl1JlyaraUHH 

TOllJlHBa p eaKropa BB3P-440, coornercrsy10l.l.lHX HeHTpoH­

H0'4>HJH'leCKHX pac'letOB, pacqernoro o60CHOB3HH11 pa6o­

TOCl10C06HOCTH TB3JJa npH rny6oKHX BblropaHHJIX H o6ocHO-
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BaHWI 6eJonacHOH 3KCIDIY8Tlll.(RH· Haqar nepeBOA Ill 6noKa 

Kon&cKOH A3C Ha tJetbIpexro,nH'JHY10 KaMnaHHIO c rorum­

BOM no,D,IIHTKH 4,4%. PactJeTH!Ul ,D,nHtenbHOCTb CT8UHOHap­

HOfO TOIUlHBHOfO UHKna B pe>KHMe TOIDlHBOHCnon&JOBa­

HHJI C tJetblpbMH tJ8CTHtJHbIMH neperpy3K8MH 38 KaMna­

HHIO oueHIIBaetC.ll B 347 3q>.cyr. IlpH 3TOM O)KH,IJ,aeMaH 

rny6HHa BbrropaHHH Bbirpy>KaeMbIX TBC o6oraweHHeM 

4,4% B CT8UJ,IOH8pHOM pe>KHMe COCTaBHT 47 MBt.Cyt/Kr 

ypaHa (MaKCHMan&H!Ul) H 44 MBr.cyr/Kr (cpeAJUU1). 

Ha ,D,aHHbIH MOMeHt Ha Ill 6JioKe KA3C JaKaH'UIBaer­

C.ll BTOpOH ro.u. 3KC!Dlyatau,HH TOIUlHBa o6oraweHH.ll 4,4% 

"(mJn.&1 c ,naBneHHeM reJIHH rro.u. o6onotJKoH 0,5 MIIa) 

B pe>KHMe tJetbipexrO,D,HtJHOfO TOIUlHBHOfO UHKna. 

Be,u,yrcH pa6otbl no COJ.U.aHHJO ycoBepweHcmoBaH­

HOH TBC. Ilpe,u,rronaraetcH, tJTo ycoBepweHCTBOB8HH!Ul 

TBC ,u,omKHa 6hITb p836opHou (JTo ,u,aer BOJMO>KHOCTb 

nepe6opKH H JaMeHbl TBJnOB Ha creH,ne HHCileKUHH H pe­

MOHTa TBC, notBJnbHoro KfO), c UHpKoHHeBbIMH pe­

wetKaMH H HarrpaBJI.lll01UHMH rpy6KaMH (cHH>KeHHe Bpe,u,­

Horo nornomemut Hem:poHoB) H npoq>HnHp0BaHHoft no 

pa,D,Hycy H BblOOTe (BblpaBHHBaHHe MKKpononeu JHepro­

BbJAeneHIDI). 

Ynyqwa!OTC.ll rrapaMetpbl TO!DlHBa, BJIH.ll!OIUHe Ha ycno­

BHJI 3KCI1JlY8TaUJ,IH aKTHBHOH 30Hbl. 

llnH ycoBepweacmoBaHWI crparernH 06pameHHJ1 c 

TOIUlHBOM H o6ecnetJemra HHJKOH yretJKH HeiiTpoHOB, a TaK· 

>Ke ,D,n.ll }'MeHbWeHHJI o6nytJeHH.ll HeHTpOHaMH KOpnyca 

peaKtopa, KOMileHCailHH nepBOHatJanbHOfO H36bITKa peaK­

THBHOCTH H CHH>KeHH.ll pa,D,HanbHOH HepaBHOMepHOCTH MOIU· 

HOCTH B TBC uenecoo6p83HO Hcnon&JOBaHHe mJnoB c 

BbirOpa!OIUHM ra,u,onKHHeBblM nornOTHTeneM (ypaH•fa,D,OnH· 

HHeBoe rorumBo) HnH nornorHrenH B BH,D,e 6opco,u,ep>Ka-

1Uero IlOKpblTWI, HaHeCeHHoro Ha TOIUlHBHble ta6neTKH. 

IloBldllleHHe 6esooaceocrH peaKTOpoB BB3P. B HatJane 

rorumaHoro UHKna aKTHBH!Ul JOHa BB3P-1000 o6na,naer 

MaKCHManbHblM JanacoM peaKTKBHOCTH, rrpe,D,HaJHatJeHHbIM 

,D,JI.ll Bbmo,u,a peaKropa B pa6oqee cocroHHHe H BbtropaHHH 

TOIUlHBa B TetJeHHe 7000 q Ha HOMKHanbHOH MOIUHOCTH 

3000 MBr renn. 

3anac peaKTHBHOCTH B peaKtope BB3P-1000 {taK >Ke, 

KaK H B peaKrope BB3P-440) KOMrreHcKpyercH 6opHoii 

KHCflOTOH, pactBopeHHOH B te!DlOHOCKTene nepBoro KOHtypa. 

DbICtponpO.llBJlJIIOIUHeC.ll Jq>q>eKtbl peaKTHBHOCTH 

(MOIUHOCTHble H tJaCTb TeMnepatypHbIX) B aBapHMHblX 

H rrepeXO,D;Hl,IX pe>KHMax KOMIIeHCHPYJOTC.ll MexaHH'leCKHMH 

opra.HaMH CY3, BBO.D.HM.bIMH B aKTHBHYJO JOHY no cHrna­

naM aBapHHHbIX 381UHT 3a BpeMH He 6orree 4 c. 

Tpe6oBaHHH no 6blctpo,neiicmHIO IlOBbIWeHH.ll KOH· 

ueHtpaUHH 6opHOH KHCflOTbl Ha COBpeMeHHOM Jtarre HCXO· 

,IJ,.l[T HJ H006XO,D,KMOCTH KOMneHClU.(RH Jq>q>eKTOB peaKTHB· 

HOCTH no teMneparype BO,IJ,bl B pe>KHMax C ycKopeHHbIM 

paCX0fl3.)l(l!BaHHeM. TaKHMH pe>KHMaMH .llBJI.ll!OTC.ll aBa­

pKH C HeynpaBn.lleM.bIM HCtetJeHHeM rrapa BO BTOpOM KOHTY· 

pe (p83pbIB naponpoBo,u,a, He3aKpb1rne ycrpoiicm ,D,JIH 

c6poca napa) , 
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H3MepeHH.ll KOMneHCHPYJOIUeH cnoco6HOCTH opraHOB 

CY3, npoBe,D;eHHbie B OCHOBHOM Ha ronOBHOM peaKtope 

BB3P-1000 (V 6JioK HB A3C), noJBOJIHnH• npoBepKTb 

pac'leTHOe 3HaqeHHe teMIIepatypbl, npH KOtOpOH aKTHB· 

H!Ul 30Ha B03BpawaetC.ll B Kp~eCKOe COCTO.llHHe C BBe­

,u,eHHblMH opraHaMH CY3, ecnH H,D,eT npouecc pacxona>KHBa­

HHJI peaKtOpHOH ycraHOBKH (paJrepMeTHJa:u;IDI naponpo­

BO.U.OB) . MaKCHManbH!Ul BeJIH'IKH8 teMneparypi,1 xapaKTep­

Ha ,D,n.ll KOHD,a TOilJIHBHOfO UHKna H COCTaBn.lleT 220 - 240°C. 

3aBHcaHHe npH cpa6atbIBaHHH A3 o,D,Horo opraHa CY3 

(a teM 5orree 5on&wero KonH'lectBa) noBbIWaer JTY reM­

neparypy H YBenH'IHBaet aepo.lltHOCTb npOH3B0flbH0f0 

B&ixo.u.a a KpKTH'lecKoe cocroHHHe. 3roMy >Ke crroco6crayer 

ycraHOBJieHHbIH q>aKT He,u,ocrarotJHoro nepeMe1ll.HBaHHH B 

peaKrope re!DloHocHterrH, rrocryna10mero HJ p83HbIX nererr&. 

O6a YK83aHHbIX 06CTOJ1TeJibCTBa Moryr rrpHBeCTH K Hapy­

weHHIO repMeTHtJHOCTH mJn0B, eCJIH CBOeBpeMeHHO He 

o6ecrretJKTb n0BbIWeHHe KOfilleHTpaUHH 6opHOH KHCJIOTbl 

B rrepB0M KOHtype. Ha,u,e>KHOCTb TaKOH onepan;HH BO MHO· 

r0M o6ycrroBnemi pa6orocnoco6H0CTblO H fOT0BH0CTblO 

CHCTeM 6eJonacHOCTH. .-

llnx npeo,u,orreHWI raKOfO po,u,a pe>KHM0B B HOBOM 

npoeKte peaKtopa BB3P-1000 KOJIH'lecmo opraHOB CY3 

cymecraeHHo YBenH'leHo. 

Ilpe,u,naraercx YBeJIHtJKTb KoJIHqecmo opraHoB CY3 

peaKropa or 61 ,u,o 121, p83MeCTHB HX B K3.)l(,IJ,OH TBC, 

KpoMe TBC rrepHq>epHiiHoro pH,u,a (no aHanonra c rorroa­

HbIM peaKropoM BB3P-1000 Ha V 6noKe HB A3C, HMelO­

IUHM 109 opraHOB CY3). 

IlpH TaKOM YBeJIH'leHHH 'IHCJia opraHoB CY3 pacxorra­

>KHBa.HHe aKTHBHOH 30Hbl 6e3 YBenH'leHHJI KOHIIeHTpaUKH 

6opHOH KHCJIOTbl a rrepBOM KOHtype MO>Ket rrpoHCXO,IJ,HTb 

,u,o reMIIepatypbI 100° C B rr106oii MOMeHt rorumBHOro 

UHKna. 3rn JHa'leHHe reMIIepatypbI coomercrByer BOJMO>K· 

HOMY npe.U.enbHO HH3KOMY ,D,aBJieHHJO HaCbiuteHHH, npH KOTO· 

poM OK3.)l(etc.11 ao,u,a Btoporo KOHtypa B naporeHeparopax 

npH KpyrrHoft te'IH Ra naponpoao,u,ax (1,0 Kr/cM
2
). 

Y.u.ep>KaHHe IlO,D,KpKTHtJeCKOfO COCTO.llHHJI aKTHBHOH 

JOH.bl TOJibK0 opraHaMH CY3 npH HeynpaBJIJleMOM pacxo­

Jl8)Kl{BaHHH peaKTOpHOH ycraHOBKH B 3H8'1HTeJibHOH Mepe 

6y,u,er cnoco6cmoBatb 06ecne'leHH10 6eJorracHocTH A3C. 

B H8CTO.ll1Uee BpeMH, tJT06bl HCKnlO'IKTb nono>KHTeJib· 

HYJO o6paTHYJO CBJl3b Me>K,u,y MOIUHOCTblO peaKtopa H napa­

MetpaMH relDl0HOCKTeJIJI B Ha'lane pa6otbl JarpYJOK, 

npe,u,ycMatpHBaercH pa6ora peaKtopa Ha MOIUHOCTH c qacr&IO 

BBe,D,eHHblX opraH0B CY3, a taK>Ke BblXO,IJ, a KpHTHqecKoe 

COCT0JIHHe npH reMITeparype teIUlOH0CHTeJIJI B aKTHBHOH 

JOHe 6orree 260°C, ,u,ocrnraeMoii Ja cqer pa6ot&I HacocoB 

nepBoro KOHtypa. 

llnH rapaHTHp0B8HH0fO Bblil0JIHeHHJI yctaH8BJIHBae­

MOf0 orpaHH'leHHJI H teM C8MhlM Il0BbIWeHHJI 6e3onac­

HOCTH peaKtopa BB3P-1000 npe,nrraraercx HeKotopYJO 

tJ8CTb 3anaca peaKTHBHOCTH KOMileHCHpOBatb C TT0M0IUblO 

Bbrropa10mero nornornremI. 

IlpH tpexrO,D,HtJHOH KaMilaHHH TOilJIHBa crep>KHH C 



BbrropaJOI.I..\HM nornonneneM (CBII) Hcnonh3yJOrca no 

npoeKry B "cae>KHX" TBC a reqeHHe nepaoro roAa pa6oTbl. 

3a,uaqa COCTOHT B TOM, qro6b1 B aKTI!BHOH 30He npHcyr­

CTBOBano yaenHqeHHOe KOJIHqecreo BbirOpawmero norno­

THrena, T.e. OH AOn>KeH BKmoqaTbCll B TBC H BO BTOpOH, 

a MO>KeT 6b1Tb, H B rpeTHH ron HX npe6b1BaHHll B peaKTO­

pe. ,Una peanH3aUHH 3roro MeponpID!rna paccMarpHaaer­

ca B03MO>KHOCTb BBeAeHHll B aKTHBHYIO ·30Hy Bbrropaio­

!llero nornon1rena a BHJJ.e Han&meHWI 6opa Ha ronnHe­

Hbie ra6nerKH HJIH Hcnon&30BaHID! ypaH-ra,uonHHHeeoro 

ronnHaa. TaKoii cnoco6 BKnJOqeHID! Bbiropaiomero norno­

rHrena e cocraa aKTHBHOH 30HbI Hm6onee oraeqaer ero 

Ha3HaqeHHJO: nonttoe e&IropaHHe, paaHoMepttoe pacnpe­

AeneHHe no ofueMy, cra6Hn&Hoe KOnHqecreo Te3noe B 

TBC, noe&lllleHHe 6e3onacttocrn. 

KaK 3anacttoii aapHaHr paccMarpHBaerca Mettee npHane­

Karen&Hoe pa3MemeHHe Bbiropaiomero nornorHrena B 

BH,o:e HeH3BneKaeMbIX crep>KHeii, pa3MemaeM&IX B cneUHan&­

HO oTBeAemu,rx .11qeiiKax TBC. 

HanpaaneHID1 pa6or no OJITHMH3aUHH aKTHBHblX 30H. 

IlpoBeAeHHe yKa3aHHbJX pa6or 003B0IlHT cymecrBeHHO 

nOBblCHTb ypoBeHb OOOCHOBaHHOCTII npoeKTOB peaKTO­

poe BB3P. Pa60TbI CBll3aHbI c BhmonHeHHeM 6on&woro 

ofueMa 3KCnepHMeHT3IlbHblX Ii pacqerHblX HCcnenoBamtii 

)J)lll 060CHOBaHHll: 

- pa6orocnoco6HOCTH TOnnHBa B CTauHOH3pHbIX H 

nepeXO/lHbIX pe>KHMax npH nOBbIWeHHblX rny6mrnx BblfO­

paHI-!ll; 

- HeiirpoHHo-4>H3H'leCKHX H rennorHJJ,paam-f'leCKHX xa­

paKrepHCTIIK aKTHBHblX 30H BB3P npHMeHHren&HO K HOBblM 

TOIUIHBHblM UHKnaM; 

- 6e3onaCHblX pe)l(HMOB 3KcrmyaraUHH peaKTOpHblX 

yCTaHOBOK, rpaHcnoprnpoBKH Ii xpaHeHID! TOnnHBa. 

B 06'beM BbinOilHlleMblX 3KCnepHMeHTanbHblX pa6or 
BXOAJ{T: 

- creHJJ,oBbie, nerneB&Ie H peaKropHb1e HccnenoBaHHa 

(B TOM 'IHCne C HCIIOnb30BaHHeM cneu;HanbHO C03AaBaeMblX 

MerponorH'leCKHX Kaccer) /lHHaMHKH HJMeHeHHll B npo­

ueccax BbirOpaHHll TOilJIHBa TeMneparypbl TOIUIHBHbIX 

ra6neTOK, fa30BbIAeneHHii, B3aHMOAeiiCTBHll TOIUIHBa C 
o6ono'!Koii; 

- orpa6orKH Meronoe KfO Ha wrarHbJX rs3nax c 

HCKYCCTBeHHblMH neq>eKT8MH; HaKOIUleHHe OObITa 3Kcnnya­

T3UHH HOBbIX H ycoaepweHCTBOBaHHbIX TBC; npoeeneHHe 

nocnepeaKTOpHblX HCCileAOBaHHH COCTOllHHll TBC H TB3-

noa (B TOM 'IHCne Ha cneUHanbHO C03AaeaeMblX Ha A3C 

creHnax HHcneKUHii) ; 

- HCcneD.oaa1rna Ha rermoq>H3H'leCKHX creHnax renno­

BbIX H rermorHnpasnH'lecKHX npoueccos np11MeH11renbHO 

K TOIUIHBHbIM pewerKaM BB3P; 

- npoBeD.eHHe 3KCnepHMeHTOB /]Jlll 6e3onacHOCTH H 

TeXHH'leCKOH H8/le>KHOCTH aKTHBHbIX JOH BB3P Ha peaKTOp­
HOH neme; 

- BbinOnHeHHe :JKcnepHMeHTOB Ha KpHTH'leCKHX CTeH­

nax C peweTK8MH nOBbIWeHHoro 06orameHID1 H HOBbIMH 

Bh1ropai01UHMH nornornrenHMH; 

- c6op H o6o6meHHe HeHTpOHH0-4>H3H'leCKHX /l8H­

HbIX 3KCIUlyaraUHH BB3P B ycnoBHllX nepeXOD.a Ha HOBble 
TOIUIHBHbie UHKilbl. 

B 06'beM BbinOilHlleMbIX pac'!eTHO-MeTOLJ.H'leCKHX pa6or 
BXOAJ{T: 

- pac'!eTHbie 11ccne,o:oaaHHll noeeneHHH rormHsa a 

CT3UHOHapHbIX, nepeXO/lHbIX H aaapHHHblX pe>KHMax; 

- pacqerHoe o6octtoeaHHe pa6orocnoco6Hocrn ronnw­

aa npH rny6oKHX BbiropaHHax; 

- coaepweHCTBOBaHHe MeTO/lOB rermoq>H3H'leCKHX H 

rermonmpaBm-i'leCKHX pacqeroe MH o6ecne'leHHH 6e3onac­

Hocrn 3i<cnnyaraUHH peaKropoe BB3P; 

- pac'!eTHO-MeTOAH'leCKHe HCCne,o:OBaHHll pa3nH'IHbIX 

rryreii nOBblllleHHll 3<pq>eKTHBHOCTI! HCOOflbJOBaHHll TOIUIHBa 
B peaKropax BB3P; 

- npoaeneHHe HeiirpoHHo-4>H3H'lecKHX H rermorn,o:pae­

nH'!ecKHX pac'!eroe e o6ocHoaaHHe B03MO>KHOCTH nepexona 

Ha HOBbie TOnm-fBHble UHKnbl. 

Cra= noczymma e pell,aKUIIIO 

15 ceHn16pJt 1988 r. 

BonpOCLI aT0MH0I! HayJ<H ff TeXHHIOI 

Cep. C!>H3HKa JIIJ,epHh!X peaKTopoe, 1989, BL!Il. 2, c. 71 - 75. 
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UL! ,[IBHHhlX. 

METHOD OF DISCRIMINATING THE IMAGE NON-CONNECTED AREAS. O.L. RYABOV, B.V. SOKOLOV. A method of speeded-up search 

and tracing of the areas formed by the adjacent-coordinate elements of a two-dimensional data matrix is described. 

1. CxeMa pac1llH4>pOBblBaHH.ll AJ{arHOCTH'leCKHX HJ06pa­

)l(eHHH rrpe,a;ycMaTpHBaeT aHanHJ cTpoeHHJ1 "JoH HHTepeca", 

a TaK)l(e AJ{HaMHKH npoTeKalOUlHX B HHX npoueccoB. Jlrr.11 

BbI.D;erreHHJI JOH T04KH MeT.IIT OCOOOH MeTKOH. 

3a,a;aqa paJMeTKH HMeeT p.11,a; oco6eHHOCTeH. HeHJBeCT· 

HO 'IHClIO TO'leK B JOHax, MeCTOIIOJIOlKeHHe, KOH<t>m-ypa­

D;K.11, opHeHTauH.11 JOH, HX o6mee 'IHClIO, B JTHX ycrroBH.IIX 

rrpH6eraioT K IIOCTpD'IHOMY CKaHHpoBaHlilO TO'leK I.l,H<l>po­

BOro opm-HHana. 

llpH CJ<aHHpoBaHHH pewaeTC.11 BOIIpoc, KaKOH HOMep 

rrpHCBOHTb O'lepeAHOMY JJieMeHcy. II pH HaJIH'IHH y Hero 

paHee JaHyMepoaa.HHoro coce,a;a JJieMeHTY ,a;aeTc.11 ero HO· 

Mep, B OTCyTCTBHe Ta.KOBoro - HOBblH. Ilocrre CKaHHpo­

BaHHJI oueHHBaeTC.11 rrpaBHIIbHOCTb pa3MeTKH. IIpaBHJibHOH 

OHa IIpHJHaeTC.11 rnr,a;a, KOrJJ,a B OpHrHHaJie He HaH,a;eHO 

CMe)l(ffblX TO'le.K C pa3HblMH MeTKaMH. 

IlOCKOllbKY HJBeCTHO [1, 2), '!TO JTa cxeMa He rapaH· 

THpyeT OAJ{OJHa'IHOH paJMeT.KH o6nacTeH (pHC. 1), OpHrn­

HaJI nepeHyMepoBbIBaJOT. Jlrr.11 :noro orrpe,a;en.lllOT, Ka.Ka.II 

HJ JJ.BYX CMelKHbIX TO'leK C pa3HblMH MeTKaMH .IIBJilteTCJt 

IIpeJllllecTBylOIUeH, H ee MeTKY rrepeIIpHCBaHBalOT ,a;pyroH. 

,IlaHHoe ,a;eHCTBHe He rapaHTHpyeT HCIIpaBlleHH.11 HeOAHO· 

JHa'IHOCTH Ja OJ],HH npoxoJJ. OpHrHHaJia, CKaHHpoBaHHe 

MO)l(eT IIOBTOpHTbCJt MHoro pa3 K B JTOM HJ6bITO'IHOCTb 

JaTpaT Ha peweHHe Ja,D;a'IH. 

HH)l(e ,a;aeTC.11 MeTOA 6bICTporo HCrrpaBJJeHKJt HeOAJ{O· 

JHa'IHOCTH. Ero cyr& TaKOBa. IlpH rrepaoif paJMeTKe opK­

nmana BblIIHCbIBalOTCJI ace JaMe'leHHble rrap&I HeoJJ,HHa­

KOBbIX CMe)l(HbIX HOMepoB. Ilo HHM CTpOHTC.11 uenO'IHClleH­

Ha.11 <l>YHKI.UUI, CBJtJblBalOIUa.11 pe3YJJbTaTbl HeOAJ{OJHa'IHOH 

H OAJ{03l{a'IHOH paJMeTKH. OHa IIOJBOJlHeT HCIIpaBHTb OWH6-

KH Ja BTOpoe CKaHHpoBaHHe rryTeM JaMeHbl HOMepoB opH­

rHHana Bbl'IHClleHHbIMH no HHM JHa'leHHJIMK <l>YHKUKH. 

C IIOMOIUblO TpeTbero C.KaHHpOBaHHJI rrpoHJBO,ll;HTC.11 

,a;ononHHTerr&Ha.11 nepepaJMeTKa, o6ecne'IKBaJOIUaJI 6onee 

rK6KHH ,a;occyn K JOHaM. OHa BeJJ,eTCJI no IIpaBHJiy: MeHb· 

UlHH nopJIAKOBbIH HOMep - OOllbWHM no 'IHClIY TO'leK 

76 

o6naCTJIM. ~e ~YTb MeTO,a;a_pacKpbIBaeTC.ll OOllee no,a;po6Ho. 

2. PewaeTc.11 Ja,a;aqa paJMeTKH ceMeHcm Koopnimar­

HO<Me)l(HbIX JlleMeHTOB Ta6nHubI' 'lbH .. JHa'leHKJt BbIWe 

noporoaoro. Koop.o;HHaTHo<Me)l(ffbIMH C'IHTalOTC.11 TO'IKK 

nepece'!eHKJt CMelKHbIX CTppK H CTOJ16UOB. 3a,a;aqa peweHa, 

eCllH ceMeHCTBa C MeHbUlHM 'IHCllOM TO'leK noMe'leHbl OOllb· 

WHMH 'IHCllaMH. 

IIpH nocTpo'IHOH paJMeTKe coceAJ{KM TO'lKaM ra6JIH­

ll;bl Moryr 6bITb JJ.aHbI Heo,a;HHa.KOBble MeTKH. TaKa.ll _HeOAJ{O· 

7 

7 

7 

7 

7 

7 

7 7 7 7 7 

3 

2 

PHc. 1. 3aBHCHMocn. pe3}'Jil,TIITOB nepB0A p83MeTKH OT OpHeHTIIIDlll 

seTBJIIJIHXCJI fil-<>6pa:nwx o6naCTeA K HBDpBBJllllUIIO nocrpo'llloro 
CK8HHp0B8Hllll. Y 31leMa!TOB 1 - 6 llll)l(Hell H cpe.QHeA o6naCIH HeT 

pBHee 311B}'Mep0B8HHOI'O cocena, a y 31leMa!TOB BepXHeA - OH ecn.. 

Heo.tl}I03Ha'IHOCTI, Onpe,tlenJleTCJl IWlll'IHeM ,ll;IIBCOHam.Ho-cMellCHIJX 

TO'leK C He0,[IHHlU(OBLIMH MeTKaMH 



JHa'lHOCTb noa:BmleTCH BCHKHH pa3, Kor.a.a o6nacTH HMeJOT 

BeTBHmeeca: CTpoeHHe, a OKOHqllHIDI BeTOK opHeHTHpoBa­

Hbl npoTHB HanpaBneHJIB CKaHHpOBaHHH HnH o6pameHhI 

K Ha'lany !JI)OHJ].eHHOH CTpOKH (cM. pHC. 1). Ee npHHHro 

HcnpaBnHTh nepeHyMepaUHeii opHrHHana (1 , 2]. He.uocra­

TOK TaKoro no.uxo.ua B roM, qTo nepepaJMerKa MO)l(eT 

TTOBTOpHTbCH Heonpe.o.eneHHoe '_!Hcno pa3. 

OnHCbIBaeMhIH HH)l(e MeTO.O. rapaHTHpyer HcnpaBne­

HHe Heo,D,HOJHa'lHocrH Ja o,D,HH npoxo.u opHTKHana, a perne­

HHe aceii JaJJ.a'lH 3a rpH npoxo.ua. Ha nepBOM Bhmon­

HHerca: pa3MerKa H onpenena:eTca: Heo.a;H03HatJHocTb, Ha 

BTOpoM HeOJ].H03Ha'lHOCTb KCnpaana:eTCH, Ha TperbeM 

HcnpaBneHHOe nepepa3Mel!aerca: TaK, qTo ceMeiicrao c MeHb­

lllHM 'lHCITOM TO'leK MeTHTCH OOnbWHM nopHJJ.KOBblM 

HOMepoM. 

Yro'lHHM COCTaB 3a)J.a'I H o6mHe npHeMbl HX perneHHH. 

a. PaJMeTKa BKflJO'laer TPH .ueiiCTBHH. BbIHCIU!erca:, 

KaKOH HOMep J].aTb oqepe)].HOMY :meMeHTy. flpoBepHercll, 

ecn nH y Hero coce.u c HHblM HOMepoM. O6Hapy)l(eHHble 

H0Mepa BK!IIO'la!OTCJI B CCMeHCTBO CBH3HbIX HOMepoB 

Kmf po)l(JJ.aJOT HOBoe ceMeHCTBO. 

B cxeMy TTOHCKa coceJ].HHX TO'leK C pa3Hb!MH MerKaMH 

3aJJ;eHCTBOBaHO TaKOe npaBlfJI0. EcnH y TO'IKH HMeerc,i: 
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coce.u C HHOH MeTKOH, TO OH eCTb H B TOl!Ke nepeceqeHHll 

npe)].lllecray10me11 cTpoKH H cne.uy10mero cTon6ua. 3ro 

npaBlfJI0 HJ6aBna:er or npoBepKH acero OKpy)l(eHHH .a.aH­

HOH TO'lKH H n03Bona:er He .uenaTb nHWHHX onepauitH. 

Cym6a K~J].OH o6Hapy)l(eHHOH napbl HeOJ].HHaKOBblX 

CMe)l(HblX HOMepoB TaKOBa. flo OJJ.HOMY HJ HOMepoB pac­

nOJHaeTCH co.a.ep)l(awee ero ceMeiicrno. B Hero JaHOCHTCll 

TOflbKO TOT HOMep, Koroporo TaM Her. EcnH ceMeHCTBO 

He HaHJ].eHo, HJ OOOHX 'IHCen COJJ].aerc,i: HOB0e. 

flocne CKaHHpOBaHHll BO scex ceMeHCTBax BbIJJ.enHJOTCll 

HaHMeHblllHe 'IHC1Ia. OHH BblCTpaHBaJOTC.ff no B03pacraHHJO 

H HyMepYJOTCH. 3aTeM npOH3BOJJ.HTCll ofuemrneHHe l!HCen 

B napbl. flapbl COCTaBnHIOTCH nyTeM npHCOe)lHHeHHll nopHJJ.­

KOBOro HOMepa Ka)l(J].Oro HaHMeHblllero l!Hcna K OCTanb­

HblM 'lHcnaM co.uep)l(awero ero ceMeiicrna. 8Toph1e JneMeH­

ThI scex nap - nopHJJ.KOBbJe HOMepa HllHMeHbl.l.lHX 'IHCen. 

3TH .ueiicTBH.R npecneJJ.YJOT JJ.Be uenH. OHH ¢>opMHpy10r 

CBH3b MC)l(,!l,y peJynbTaTaMH HeOJ].H0JHal!HOH H OJJ.H03Hal!­

HOH pa3MeTKH, onpe.uenHeMblMH COOTBercmeHHo nepBblMH 

H BTOpblMH JneMeHraMH nap, H HCKnlO'laIOT pa3pb1Bbl B 

HyMepaUHH o6nacreii nocne BToporo CKaHHpoBaHHH opHrn­

Hana. 

6. 11cnpaBneHHe pa3MeTKH no.a.pa.JyMesaeT JJ.Ba .a.eii-
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CTBHJL 3aMeHy 'IHCen CKaHHpyeMoro opHn!Hana HaH]:leH­

HblMH no HHM JHa'leHHJIMH BTOpbIX JneMeHTOB nap. TTOAC'leT 

'IHcna Ka)Kl].OrO HJ Ja,UeHCTBOBaHHbIX HOMepoB . 

.Ilo JaBepwaIOweii p33MeTKH CTpOHTCJI uenotfHcneHHaJI 

cj>yHKll,HJl, '{bH JHa'leHHJI paBHbl apryMeHTaM H 'lbJI o6naCTb 

onpe,ueneHHJr orpattH'leHa senH'llfflOH HaH6onbwero nopR.U· 

KOBOro HOMepa. nocne COOTBeTCTBYIOLUHX npeo6pa30Ba­

HHH ee OCHOBHOe HaJHa'leHHe 6y,ueT COCTOJITb B TOM, 'IT06bI 

o6ecne'IHTb B03MO)KHOCTb OKOH'laTenbHOH p33MeTKH OpH• 

rlfflana. 

s. Ilpoue,uypa Jaaepwaiowei,i nepep33MCTKH o6M.UH· 

}:IJleT cneJJ,yIOWHC ,ueHCTBHJI. 3neMeHTbl rHCTorpaMMbl 'IHC· 

neHHOCTH MeTOK nonsepraJOTCJI nepecTaHOBKe, BbICTpaH· 

saiowei,i HX B nopllJlKe y6bJBaHHJI. CHHXpoHHO C nepeMe• 

waeMbIMH JneMeHTaMH rHCTOrpaMMbl npOH3B0,!lHTCJI nepe­

CTaHOBKa COOTBeTCTBYIOlllHX JHa'leHHH ueno'IHCneHHOH cpyHK· 

wm. nony'leHHair cpyHKUHJI npeo6p33yercJr a o6parHYJO 

c uenbJO npHBll3KH o6nacr» ee onpeneneHHJI K peJynhraTaM 

reKywei,i p33MeTKH, a o6nacm JHa'leHHii - K peJynbTaTaM 

OK0HttarenbH0H. llHcna CKaHHpyeMoro OpHTRHana 33MeHJIIOT· 

CJI H3.H,!lCHHblMH no HHM 3Ha'leHHJIMH cj>yHKUHH. 

3. OllHCaHHblH MeTOA aonnoweH B BHl].e cj>oprpaHOBCKHX 

nporpaMM o6pa60TKH ra6nHu cj>HKCHpOBaHHblX (64x64 
CIIOBa H 128 X 128 63HT) H npOH3B0flbHblX paJMepoB. OHH 

npownH /l/lHTenbHYJO anpo63UKIO Ha 38M 63CM-6, CM-4, 

P.D,P-11 , NOVA-3. IlpH npoH3BOACTBeHHOH JKcnnyat3UHH 

nporpaMM 6hmo ycTaHOBneHo, 'ITO a cpe)lHeM HX 6bICTpo­

AeHCTBHe BO MHOro pa3 BbUUe 6bICTpOACHCTBHJl nporpaMM, 

peanHJYIOWHX cxeM)' [ 1, 2). Ha pHC. 2, 3 npeACTaBnCHbl 

THllH'IHbie peJyn&TaTbl p33MeTKH 

UHcj>poaoi,i opHrnHan nony<1eH 

YnK 681.3 

HeCBJIJHblX o6nacTeH. 

MeTO/lOM MoHre-Kapno. 

a 6 
P11c. 3. Marp11ua ltCXOJJ.HblX JJ.311HblX (a) 11 pC3ynbT3T ce OKOH43Tenb· 
HOA p33MCTKlt (6) Ha 'lepHo-6cnoM n11cnnee 

PeanbHbie B03MO)KHOCTH nporpaMM HeCKOflbKO paCWH· 

peHbl. OHH n03B0flJIIOT pa3Me'!aTb TOflbKO Te o6naCTH lllicp• 

poaoro OpHOIHana, 3Ha'leH(,tJI JneMeHTOB B KOTOpbIX npe• 

BbIWaIOT noporoaoe. KpoMe Toro, H3 pe3ynbTaTOB pa3MeT• 

KH MOrYT 6bITb ynaneHbl Te o6nacm, 'IHCflO TO'leK B KOTOpbIX 

MCHbWe J3AaHHOH noporoB0H Bem,ittHHbl. 

CnHCOK nHTepaTypbl 

I. Rosenfeld A . Picture Process mg by Computer. - Acad. 

Press N .Y. - London, I 969. 
2. D3WKHpDB O.A. HAP· 8bIJleneHHe H C'ICT CBJl3HbIX o6nac­

TCH Ha AHCKpeTHOM H306pa)KCHHH. - ABTOMaTHK3 H 

TeneMexaHHKa, N° 2, 1972. 

CraTbll nocryn11na e penaJ<Umo 

13 anpen11 1988 r. 

Bonpocbl 3TOMHOll HayKM It TeXHlt!OI. 

Cep. ¢)1t3llK3 !IJJ.epHbIX peaKTOpOB, 1989, Bbm. 2, C. 76 - 78. 

METO.U CHIDKEHl1H TIOTEPh nHArHOCTI14ECKl1X CJIE.UOB 
B 11306PA)KEH11JIX nAHHblX MATPl14HOro Tl1TIA 

O.Jl.PR6os,6.B.Coxonos 

O11HCblB3eTC!I MeTOU nocrpoeHlt!I H306pa>KeHW! JJ.3HHblX M3Tplt'IHOro THlla, OTnH'laJOLUHllCII OT nel!CTI1YJOU1ero MCHblllHMlt norep!IMl1 UH3rnOC· 
ll!'leCKOll HHcl>OpMIIUHH. 

MEl11OD OF REDUCING THE LOSS OF DIAGNOSTIC TRACES IN MATRIX-TYPE DATA l\1AGE. O.L. RYABOV, B.V. SOKOLOV. 
A method or constructing a matrix-type data image is described. It differs from the method being u~ed by the less loss or diagnostic information . 

.IlHarHOCTH'ICCKHe AaHHble M3TpH'IHOro THna npHHJITO 

aHanH3HpoBaTb no HX H306p3)Kelfl,fIO. ,IlnJi ero nocTpOeHHJI 

B rn6nHue BbI/lenJIIOT ceMeHCTBa O/lHH3KOBblX BenH'IHH 

H K3)((1].0e TaKoe ceMeHCTBO crpeMJITCJI pacKpaCHTb KaKHM·TO 

0)lHHM OTTeHKOM HnH uaeTOM. Korna JTO ynaeTCJI, rosopllT, 

'ITO H306pa)KeHHe TO'IHO BOCTTpOH3B0/lHT lllicppOBOH OpHrnHan. 

Ilony<leHHair KapTHHa o6pa30BaHa MHO)KeCTBOM p33HO· 

TOH0BhlX HJIH u,BeTHblX nonoc. '1x HCKpHBneHH.R, pa3JJH4· 
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HOro pona CBJl3HOCTH, a TaK)Ke yronweHHJI H cy)KeHHJI 

JIBflJIIOTCJI TeMH .[I.HarHOCTH'leCKHMH npH3HaK3MH, KOTO· 

pble CTpeMJITCJl 06Hap~HTb B nepByIO 01Iepe/lh. AnropHTM 

nocTpOCHMJI H306pa)KeHHH craHnapTH30B3H H BXO/lHT B Ma• 

reMaTH'lecKoe 06ecne<1eHHe 38M. 

np» pa6o'leM pacWHcppoBb!BaHHH H306p3)KeHHJI nona­

raJOT, lfTO OHO TO'IHO OT06pa)KaeT UH<i>J>OBOH OpHrHHan. 

3ro He Bcerna T3K. J,fa.3a HCJlOCTaTKa Kp3COK H He3KOHOM· 



HOro HCnOJib30BalOUI HMelOI.JJ,HXC.11 peanbHall KapTHHa He 

nepenaer MHorHX neTaneii npoo6pa3a H HMeeT Ha e)lHHH­

uy nnomaAH 6onee roMoreHHyJO pacKpacKy, tieM npH TO'I­

HOM BOCnpoH3Be)le!Offl. 

IlorpeUIHOCTb HMeeT )lBa cne)lCTBHJI. C 0/lHOH CTOp0Hbl, 

Ha H306pcl)l(eHHH MO)l(eT HC'le3HYTb PM npHCYJCTBYIOlllHX 

B OpHrHHane cnenoB IlOHCK0BblX aHOMaJIHH H HeJib3.II npeA­

BHJleTb, KaKHe '!Mena JIBJI.IIIOTC.11 HX HOCHTeJI.IIMH. C npyroii -

MO)l(eT pa3pyWHTbCJI npHBbJl{HaJI JTaJIOHHall KapTHHa, 

a BMeCTO Hee o6pa3oBaTbC.II COBepweHHO HOBall. O6a cneA­

CTBH.11 OTpHUaTeJibH0 BJIHJIIOT Ha pe3yJI&TaT pacWH<ppoBbl­

BaHHJI )laHHbIX. 

IlponycK H pa3pyweHHe cnenoB MO)l(HO 3Ha'!HTeJibHO 

CHH3HTb, ecnH 6orree 3KOHOMHO pacnop.11/lHTbC.II HMe!OlllHMH­

C.11 KpaCKaMH. B 3TOM OTHOWemrn npellJiaraeMblH Meron 

nocrpoeHHJI H306pa)l(eHHH HcnpaBJI.lleT He)lOCTaTKH neii­

CTBYJOlllero H pewaeT yKa3aHHYJO 33/latiy nyTeM ynnoTHe­

HHJI 'IHCJIOBOfO )lHana30Ha HCXO/lHbIX /laHHblX. TaKoe ynnoT­

HeHHe .a,ocTHraercH ueH0H T0\!Horo nonctieTa B opHrnHane 

'!Hcna ceMeHCTB 0/lHHaKOBbIX aem!'IHH H npHcoe,a;HHeHHJI 

MaJIO'IHCJieHHbIX ceMeiicTB K 6JIH)l(aHWHM CeMeiiCTBaM 

60JibWOH 'IHCJieHHOCTH. 

Yro'IHHM npH'IHHhI noTep& cneAoa. IlocTpoeHHe H3o6pa­

)l(eHHJI no,a;paJyMeaaeT: onpeneneHHe 'IHCna ceMeiicra O/lHHa­

KOa&IX aenH'IHH, pacnpe,a;erreHHe Ha6opa KpaCOK Me)l(ey 

rpynnaMH ceMeiicTB, pa~KpacKy JJieMeHTOB Kcl)l(,D;Oii rpyn­

n&1 KaKHM·TO OAHHM OtteHKOM HJIH UBeTOM. KpaCOK, KaK 

npaBHJIO, He.a;ocTaeT. 3To BbIHy)l(,a;aeT pacKpawHaai& Kcl)l(AOH 

He OAHO ceMeHCTBO, a HX rpynny. Ilo,a;o6Hoe ,a;eiiCTBHe 

,a;erraet Hepa3JIH'IHMblMH pa3JIH'!Hble 'IHCJia H roMoreHH-

3HpyeT H306pcl)l(eHHe a MeCTax HX pacnoJIO)l(eHHJI. qeM 

60JibWee 'IHCJIO ceMeiicta BOWJIO B rpynny' TeM Bbl We 

noTepH crre.a;oB. 

K /lOil0JIHHTeJibHblM HCKcl)l(eHHJIM npHBOAHT HeBepHblH 

no,a;ctieT '!Mena ceMeiicrn. HanpHMep, neiicTayJOIUKii anro­

PHTM npHpaBHHaaeT KOJIH'!eCTBO ceMeiicTB HaHOOJibWeMy 

'!Herry opHrHHana. CtiHTaeTc.11, tito a opHrHHane ecTb ace 

uerr&1e '!Herra, co,a;ep)l(amHec.11 Me)l()];y HyrreM 11 JTHM HaH6orr&­

WHM 'IHCflOM. B neiiCTBHTeJibHOCTH MH0fHX H3 JTHX 'IHCerr 

B HeM MO)l(eT H He 6b1Tb H tor,a;a KOJIH'leCTBO ceMeiicTB 

OKa3bIBaeTC.II JaabIWeHHbIM. Bcrre,a;craHe 3aBbIWeHH.II B 

rpynn&I 6yneT aKJIJO'leHO Heon1rnaKOBOe KOJIH'leCTao ce­

Meiicm. B 0/lHHX HX MO)l(eT 0Ka3aTbCJI MHoro, B npyrnx -

He 6bITb COBCeM. HanH'!He nycTblX rpynn 03HatiaeT' '!TO 

a&1,a;eneHHbIX non IOIX OTTeHKOB Ha H306pcl)l(eHHH He 6yneT. 

OHH nonpocry nponanyr. 3rot MOMeHT roBopHT o Hepa­

UHOHanbHOM HCnOJib30BaHHH KpacoK, npHBO)lJIIUeM K noTe­

pe MHOfHX ,D;HarHOCTH'leCKHX cne)lOB. 

IlpellJlaraeMblH nyTb COKpaweHHJI notepb caO)lHTCJI 

K ynnoTHeHHJO 'IHCJIOBOfO AHanaJOHa HCXOAffblX /laHHblX H 

npHMeHeHJUO llBYX cxeM <popMHpoBaHHJI rpyrm. Ilo onHoii, 

rpyrmbl OOCTaBJIJIIOTCJI H3 0/lHHaKoaoro 'll!cna ceMeiicra, 

no ,a;pyroii - HJ ceMeHCTB, KOJIH'lecTao JJieMeHToa a KOTO­

pb!X ablille 33/laHHOH rroporoaoii BeJIH'IHHbl. YTOIIHHM CYJb 

MeTO/la. 

1. IlonctieT '!Herra ceMeikra H C)l(ame •I11cnoaoro UHana­

JOHa HCXO/lHblX ll3HHblX abin0JIHJleTC.11 cneny101UHM o6pa-

30M. lib Ta6JIHUbl BblIDICbIB3IOTCJI 11 BbICTpaHa3IOTCR no 

ao3p3CT31-'11IO npencTaaHTen11 acex CeMeHCTB 0AHHaK0ablX 

Be1IH'IHH. K Kcl)l(,D;OMY np11coeAHHReTCR ero nopR.UKOBblH 

HOMep a nocneAOBateJibHOCTH, TaK '!TO BTOpoH :meMeHT 

nonytieHHbJX nap - HOMep 'IHCJI3. HaH60JJbWHH HOMep 

0Tpa)l(aeT K01IH'leCTB0 CeMeiicTa B Ta6nHue. MHOlKeCTBO 

o6pa3oaaHHblX nap npencraanlleT co6oH UeJIO'll1CJieHHYIO 

<l>YHKUHJO, 'lbll o6nacTb onpe,a;eneH1111 JanaeTc.11 ti11cnaM11 

Ta61I11Ubl, a o6naCTb ;lHatieHHH - HOMepaMH HX rrpeacTaBH­

Terreii. Co6CTBeHHO yrmoTHeH11e COCTOHT a 33MeHe naHHblX 

ra6nHUbl Bbl'IHCJieHHblM11 no HHM JHatieHHJIMl1 q>YffKUHH. 

B OTJil1'1l!e OT )leHCTBYIOIUeii cxeMbl, He pewaJOweii 

33/latiy no.uctieTa 'IHCJia ceMeiicTB, npeMaraeM&1ii anrop11TM 

rapaHTHpyeT' '!TO Ha 11J06pa)l(eHHl1 6y.uyr 33,lleHCTBoaaHbl 

ace KpacKH, '!TO Ka)l(A3J1 KpacKa 6y.ueT abI)leneHa MHHH­

MaJlbHOMY 'll!CJIY ceMeHCTB, '!TO MaKCHMaJlbHble, cpe,llHHe 

11 MHHHMaJibHble 'IHCJia 11CXO)lHblX )laHHblX OCTaHyTCR B 

npe)l(HHX nopll,llKOabIX pa3pllllaX. 

2. 3anatil! rrpHCOe)lHHeHH.11 MaJIO'IHCJieHHblX ceMeHCTB 

K 6JIH)l(3HWHM ceMeiicTBaM OOJibWOH 'IHCJieHHOCTl1 11 C>Ka­

TH.11 'IHCJIOBOro .u11ana3oHa HCXO)lHblX )laHHblX pewa!OTCJI 

TaK. KalK)lOe 'IHCJIO ra6JI11Ubl 3aHOCHTCJI B onpe,lleJIJleMoe 

HM )Ke ceMeiicrno. HatiHHall c nepBoro ceMeiicraa, JneMeH­

Tbl norrytieHHOH rncrorpaMMbl HyMepy!OTCJI. HyMepaUHll 

BblilOJIHReTcll no crre.uy101UeMy npaaHJJy: ceMeiicTay .uaeT­

CJI nopR.UKOBblH HOMep npe.llllJeCTBYI01Uero, eCJIH ero 'IHC· 

JJeHHOCTb HHlKe noporoaoii BeJil1'1HHbl 11 HOabIH HOMep, 

eCJIH BbIWe noporoBoii. 3aMemeHHe JHatieH11ii n1cTorpaM­

MbI nopR/lKOBblMH HOMepaMH npeo6paJyeT ee B uenO'IHC· 

rreHHYIO <l>YHKUHIO, HaH60JibWee 3HatieH11e KOT0p0H f0BO­

pHT O 'IHCJie 06oe.u11HeHHblX ceMeHCTa. Co6~aeHHO yrmoT­

HeHHe COCTOHT a 3aMeHe HCXO/lHblX .uaHHblX Bbl'IHCJieHHblMH 

no HHM 3HatieHHllM11 q>YffKUl111. 

llaHHblH anropHTM paCWHpReT B03MO)l(HOCTl1 npe.U­

WeCTBYIOlUefO 11 rapaHrnpyeT, '!TO H11 O)lHH HJ OTTeHKOa 

He 6y.ueT 113pacxo.uoaaH Ha O)lHO ceMeHCTBO MaJIOH '!HCJieH­

HOCTH HJIH HX rpynny. 

OrnicaHHblH BbIWe MeTO)l peanH30aau a BHJle KOMnneK• 

ca nporpaMM, pa6oTaJOLUHX Ha PDP-11, CM-4, NOVA-3. 

Bee nporpaMMbI HanHcaHbl Ha <I>OPTPAHe 11 n0JBOJIJIIOT 

BeCTH o6pa60TKY KaK craTHtieCKOH (64x64 CJIOBa, 

128 X 128 6aiir)' TaK 11 )ll1HaM!1'1eCKOH l1Hq>OpMaUH11, COCTOJI· 

weii 113 nocne.uoBaterrbHOCTH "Ka.UpoB" pa3MepoM 64x64 

CJIOBa. BpeMJI o6pa60TKH O)lHOf0 Kanpa ~ 2 C. 

Mero.u anpo6Hp0B3H Ha o6WHpHOM 11 pa3H006pa3HOM 

MaTep11ane. Tl1IlHIIHble pe3yJibT3Tbl npe.ucTaBJieHbl Ha pHC. I. 

KapTHHbl CJieBa norrytieHbl C JIOMOIUblO .ueiiCTBYIOlUero 

anropHTMa, cnpaBa - c noMOlllblO npeMaraeMoro. lib HHX 

BHJlHO, '!TO miarnocT11tieCKaJ1 HHq>OpMarnattocTb H3o6palKe­

HHii 3Ha'!HTeJibHO 00BblCHJJ3Cb. HeHa6mo.uaeMbie ytiaCTKH 

c.uerran11c& Ha6n10naeMbIMH 6naro.uap11 HeKOTOp0MY rawe­

HHIO o6rracTeH, HMe!OlUHX H36bITO'IHYIO Bblpa)l(eHHOCTb. 

Harn.11,llHOe npe.ucraBJieHHe O npo11CXO/llllllHX np11 3TOM 
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a 6 

l'ltc. 1. PeJyHbT3Tbl nocrpoeHH.11 HJ06pall«:HHII no craHA3JlTHOMY an­

l'Op!ITMY (a) H no npeAnaraeMOMY (6) 

H3MeHeHIDI.X )laer pHC. 2. 113 Hero BHJJ.HO, qyo BblpaBHHBa­

HHe no BbICOTe cryneHeK nHpaMH)lbI )lenaer Ha6n10JJaeMbIM 

HX o6wee ~cno. YcTaHOBneHO, 'ITO 3<p<peKTHBHOClb MeTO­

)la oco6eHHO pe3KO BO3pacraer npH aHanH3e JJHHaMH'leCKOH 

HHq>OpMfillllH, Korna 6onblllaJI 'laClb KapTHHbl He npocMaT-

a 6 

B r 
PMc. 2. ileMOHcrpauMOHHb!l! pe3ym.T3T. ncesll,OTpeXMepHblll (a, Ii) 

H nonyTOHOBOII (B, r) aapmll!Tbl H3O6pall«:HIUI , n ocrpoeHHblX c no­

MOUl),IO craH.11apTHoro (a, a) H npell)laraeMoro (6, r) anropHTMOB. 

nocne.D,HHII BblpaBHHBaeT BblCOTY cryneHeK nHp3MHAbl H JTHM AenaeT 

Ha6monaeMblM HX o6mee 'Ofcno 

pHBaeTCJI H3-3a HanH'IHJI He6onbllIHX CHnbHO BblpIDKeHHblX 

o6nacTeii H Korna Tpe6yeTcH 6&1crpo conocraBHTb npeJJ­

UiecrBy10WHH KaJJP c nocnenYIOWHM. 

CTan.JI nocrymma B pen3Kl!Ml0 

13 anpen.11 1988 r. 

Bonpocbl 3TOMHOII HayKM H TeXHHKM. 

Cep. ~lf.lHl<a .11,Jl;epHb!X peaI<Topoa, 1989, B&m. 2, c. 78 - 80. 
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