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1. BBE~EHHE 

fipo6neMbl ODTHMH3aUHH TOflllHBHOrO UHKna B Jl;:{epHbiX 

peaKTopax Ja nocne.z:.uue ro.z:.bl cTanu oco6euuo aKTyanb

HbiMH. Bo Bcex nporpaMMax pa3BHTHJI aTOMHoii: JHepreTHKH 

CTpeMJITCJI ;:{06HTbCJI MHHHMallbHOB CTOHMOCTH JHeprHH. 

fipH 3TOM OCHOBHYIO ponb B ODTHMH3aUHH Bblpa60TKH JHep

rHH HrpaeT ODTHMH3aUHJI UHKna Jl;:{epHOrO TOflllHBa, KOTOpbiB 

06bi'IHO .z:.enHTCJI Ha ;:{Be 'laCTH: BHyTpeHHHB H BHeWHHB 

UHKllbl. 0DTHMH3aUHJI B·HyTpeHHero UHKna, O'leBH;:{HO, co.z:.ep

>KHT TaKHe ODTHMH3aUHOHHble napaMeTpbi, KaK War perneTKH, 

o6orall(eHue TonnuBa, pacnono)l(eHue perynupyroll(HX cTep)l(

ueii: H TaK .z:.anee. 0nTHMH3aUHJI BHewuero UHKna co.z:.ep)I(HT 

BCe 4JaKTOpbi, CBJ13aHHble C DpOH3BO,Z:{CTBOM H nepepa60TKOB 

TODllHBa. HeKOTOpble npo6neMbl BHyTpeHHero H BHeWHero 

TOflllHBHbiX UHKllOB CBJI3aHbl ~pyr C .z:.pyroM, HO MHOrHe 

DO'ITH DOllHOCTbiO He3aBHCHMbl/l/. flo npofineMaM ODTHMH

JaUHH TODllHBHOrO UHKna eCTb MHOrO pa60T, B KOTOpbiX 

HCDOllb3YIOTCJI pa3Hble MeTO,Z:{bl MaTeMaTH'IeCKOrO nporpaM

MHpOBaHuJi2-7 I. B uau6onee HHTepecHbiX,c TO'IKH 3peHHJI 

TeOpHH 3BpHCTH'IeCKOrO nporpaMMHpOBaHHJI, .z:.enaeTCJI no

DbiTKa CBJI3aTb peWeHHJI 0 Bbl6ope BapHaHTa neperpy3KH 

aKTHBHOB 30Hbl C TeKyll(HM COCTOJIHHeM TOflllHBa. TaKOB 

DO,Z:{XO,Z:{ MO)I(eT OpHBeCTH HaC K HHTYHTHBHOMy DOHHMaHHIO 

ODTHManbHOrO npouecca neperpy30K TOflllHBa. B O,Z:{HOB H3 

JTHX pa6oT/S/ npe.z:.no)l(eH /.z:.n11 3-Jouuoro BBP/ "nonycTa

uuouapHbiB MeTo.z:." C "BHyTpeHHHM ycnOBHeM ODTHManb

HOCTH" niDfibiX peweHHB, CBJ13aHHbiX C neperpy3KOB TOflllHBa. 

3To ycnoBHe Tpe6yeT coxpaHeHHJI MaKCHManbuoro Janaca 

peaKTHBHOCTH H COXpaHeHHJI 4JaKTOpa HepaBHOMepHOCTH 
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TenJIOBbl,IJ,eJieHH.H a 3a,IJ,aHHblX npe,IJ,enax. T. Hoshino /9/ ctllop

MYJIHpoaan "nOJiyHHTYHTHBHble" npaBHJia, KOTOpble ae,IJ,yT 

K ODTHMaJibHblM peweHH.HM. B ero CTaTbe aHaJIH3HpyeTC.H 

CTPYKTypa ODTHMaJibHOR CTpaTerHH npouecca neperpy3KH 

C HCDOJib30BaHHeM KpHTepH.H MaKCHMaJibHOrO 3HaqeHH.H cpe,IJ,

Hero BblropaHH.H TODJIHBa BO apeM.H KaMnaHHH peaKTOpa. 

B HaCTO.HIUeR pa6oTe TaiOKe ,IJ,eJiaeTC.H DODblTKa HaRTH 

npaKTHqeCKHe peweHH.H 3a,IJ,aqH, OCHOBblBaJICb Ha DOJIYHHTyH

THBHOM DOHHMaHHH npouecca neperpy3KH. llpe,IJ,MeTOM H3y

qeHH.H JIBJIJieTC.H BbiCOKOTeMnepaTypHbiR peaKTOp C ra3o

BblM TeDJIOHOCHTeJieM, a l.l,eJib pafiOTbl MO)I(HO onpe,IJ,eJIHTb 

TaK: HaRTH ODTHMaJibHYIO CTpaTerHIO, T.e. DOCJie,IJ,OBaTeJib

HOCTb BapHaHTOB neperpy30K, KOTOpa.H ,IJ,aeT MaKCHMaJib

HOe 3HaqeHHe cpe,IJ,Hero BblropaHHJI B KOHI.I,e nepHO,IJ,a ODTH

MH3ai.I,HH DpH C06JIIO,IJ,eHHH onpe,IJ,eJieHHblX orpaHHqeHHR. 

2. MO,[(EJib PEAKTOPA H BXO,[(HblE )l.AHHblE 

)J;JI.H pacqeTOB MO,IJ,eJIH BblCOKOTeMnepaTypHoro peaK

TOpa 'CDOJib3YIOTCJI ycoaepweHCTBOBaHHble nporpaMMbl 

FEVER 12
/ H RELOAD FEVER/ 13/ ,IJ,JI.H O,IJ,HOMepHoro aHaJIH-

3a KaMnaHHH peaKTOpa Ha OCHOBe 4-rpyDDOBOR 6H6JIHOTeKH 

HeRTpOHHblX ,IJ,aHHblX. 

AKTHBHaJI 30Ha peaKTOpa npe,IJ,CTaBJI.HeT C060R I.I,HJIHH,IJ,p, 

pa3,IJ,eJieHHblR Ha TpH 30Hbl /Ha3b1BaeMble ,IJ,aJibWe DO,IJ,30Ha

MH/ O,IJ,HHaKOBOrO 06beMa. AKTHBHa.H 30Ha OKpy)l(eHa rpa

tilHTOBblM OTpa)l(aTeJieM. llOTOK HeRTpOHOB H pacnpe,IJ,eJie

HHe MOIUHOCTH BblqHCJIJIIOTCJI, KaK tilYHKI.I,HH pa,IJ,HaJibHOR 

nepeMeHHOR. B Ka)I(,IJ,OR no,IJ,3oHe aKTHBHOR 30Hbl abJqHcnJI

IOTCJI KOHI.I,eHTpai.I,HH 3JieMeHTOB /.IJ.O 25 KOMDOHeHT/. B aK

THBHOR 30He HaXO,IJ,JITCJI DOrJio~aiOIUHe CTep)I(HH H Bblro

paiO~He ,IJ,OfiaBKH, HO OHH He ODTHMH3HpOBaJIHCb DpH ,IJ,aJib

HeRWHX pacqeTax. "lleperpy3Ka no,IJ,30Hb1" 03HaqaeT nepe

rpy3KY BCeX TODJIHBHblX KaCCeT B 3TOR DO,!J,30He O,IJ,HOBpe

MeHHO. 

0nTHMH3ai.I,HJI BHyTpeHHero I.I,HKJia DpOBO,IJ,HTCJI DpH yc

JIOBHH, qTo Mbl 3HaeM HeKOTOpble napaMeTpbl H3 pacqeTOB 

ODTHMH3ai.I,HH BHeWHero TODJIHBHOrO I.I,HKJia, TaKHe, KaK 

nepHO.IJ.bl neperpy3KH, cocTaBJIJIIO~He aeKTop T (Ti ), H 

MO~HOCTb JI,IJ,epHOrO peaKTOpa Me)I(,IJ,y oq~pe,IJ,HblMH nepe-
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rpy3KaMH E (Ei ! Ha ocHoae pa6oTbl/ 14/ npHHJITO, qTo 

Ei = 1,15·10
8

Bm=const H Ti = 500 OHeu=const 

llOCKOJibKY BblCOKOTeMnepaTypHble peaKTOpbl pafioTaiOT 

Ha ypaH-TOpHeBOM TODJIHBe C BblCOKHM ofiora~eHHeM ypa

Ha /910/o/, npHHJITO, qTo ODTHMaJibHa.H CTOHMOCTb 3HeprHH 

CBJI3aHa TOJibKO C BblrOpaHHeM 3arpy)l(eHHOrO ypaHa-235. 

BJIHJIHHe Ko3tlltilHUHeHTa aocnpoH3BO.IJ.CTBa H B03MO)I(HOCTb 

DpO,IJ,JieHH.H pafiOTbl peaKTOpa 3a cqeT yMeHbWeHHJI MO~OCTH 

B KOHI.I,e KaMnaHHH He paCCMaTpHBaJIHCb B 3TOR pafioTe. 

OcHOBHble ,IJ,aHHble MO,IJ,eJIH peaKTopa npe,IJ,cTaaneHbl a ma6A.l. 

Ta6AU14a 1 

0CHOBHble ,IJ,aHHble MO,IJ,eJIH peaKTOpa H ODTHMH3ai.I,HOHHblX 
napaMeTpoa 

PeaK Top: 

MOIUHOCTb 
3arpy3Ka aKTHBHOR 30Hbl; 
,IJ,eJI.HIUHRC.H Ma TepHaJI 
CblpbeBOR MaTepHaJI 
o6oraiUeHHe ypaHa 
reoMeTpH.H aKTHBHOR 30Hbl 
pa,IJ,HYC 
BblCOTa 
llepHO,IJ, ODTHMH3ai.I,HH 
llepuo,IJ, neperpy3KH - 'Ii 
KonuqecTBO neperpy3oK 
MaKCHMaJibHbiR Ko3tlltl~HuHeHT 
HepaBHOMepHOCTH TeDJIOBbi

,IJ,eJieHH.H PP FMAX 
MaKCHMaJibHOe BbiropaHue 
Bbirpy)l(aeMoR no,IJ,30Hbi - DSBRMAX 

- 1 15·10
8 B111 , 

159,3 K2 

1057,5 K2 

- 910/o 
- I.I,HJIHH,IJ,p 
- 2,1 M 

- 2,286 M 

- 3000 OH. 
- 500 OH. 
- 5 

- 2,5+2,8 

- 100 000 MBm·oH/111111. 

• Onpe,IJ,eJieHbi TPH orpaHuqeHHH Ha pa6oTy peaKTopa: 

1. 3anac peaKTHBHOCTH - EXK - .IJ.OJI)I(eH 6biTb nono

)I(HTeJibHblM. 

2. BbiropaHHe pa3rpy)l(eHHoro Tonnuaa H3 n106ou no,IJ,-

30Hbl - DSBR - ,IJ,OJI)I(HO 6hiTh MeHhWe, qeM MaKCHManh-

HO ,IJ,ODYCTHMOe BhiropaHHe. 

3. Ko3tlltilHUHeHT HepaaHoMepHOCTH TennoBbl,IJ,eneHHH 

PPF - ,IJ,OJl)l(eH 6biTh MeHbWe, qeM MaKCHMaJlhHO 

,IJ,onycTHMaH aenuquHa. 
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Ta6Aul#a 2 

BapHaHTLI neperpy30K TonnHBa IF - cBe)l(ee TonnHao; 
1,2,3 - HOMep TIO,!J;30HLI TOTinHBa, H3 KOTOpOH B3JITO Ton
JlliBO; 8 - nepeMei.QeHHOe TOTinHBOI 

HoMep BapmHTH I Hm.:ep Tom :oac;~aHTa ncrcrC'.'3I~': 
BOP,I18H- ~Io::ec non20HH Tllna Ho;.;ep norr30Hil 
Ta {ro) I - 2 3 I 2 3 

I F F F I F F r 
2 I F F 

3 2 F F 2 5 F F 

4 3 F F 

5 F I 
!=' 

6 F 2 F' 3 F s F 

? f 3 F 
-

a I 2 F 
9 I 3 F 

IO 2 I F s s F II 2 3 t= 4 
I2 3 . I ;:: 
I3 3 2 ;:: 

I4 F F I 
5 I5 F r:: 2 5 F f 

I6 F F 3 

I7 I F 2 
I8 I F 3 5 F s I9 2 F I 6 
20 2 F 3 
2I 3 F I 
22 3 F 2 

23 F I 2 
24 F I 3 f 5 5 25 F 2 I 7 
26 F 2 3 
27 F 3 I 
28 F 3 2 

TpH no.D.30HLI aKTHBHOH 30HLI peaKTopa MoryT 6LITL 

neperpy)l(eHLI nyTeM 3aMeHLI BLiropeawero TonnHBa cae

)I(HM HnH 3a cqeT nepepacnpe.IJ.eneHHH TonnHaa Me)I(.IJ.Y no .D.-

30HaMH. 3To .n;aeT 28 B03MO)I(HLIX peweHHH I ma6A. 21, 
KOTOpLie o603Ha1.faeM HOMepoM 10. 
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3. 3BPHCTHqECKHHllO~XO~ 

KnaccHqecKHe MeTo.n;M onpe.n;eneHHH 3KCTpeMyMa cTa

HOBHTCH oqeHL rpOM03,!J;KHMH BCne,n;CTBHe 6onLWOrO KOnH

qeCTBa He3aBHCHMMX nepeMeHHMX. HanpHMep, ,n;nJI 5 nepe

rpy30K C 28 B03M0)1(HhlMH BapHaHTaMH ,n;nJI Ka)I(,!J;OH H3 HHX 

Tpe6yeTCJI npoaHanH3HpOBaTL 28 5 - 1,7·107 "HCTOpHH" aK

THBHOH 30HLI. TaKoH o6"LeM pacqeTHOH pa6oTLI npaKTH

qecKH He,!J;OCTyneH ,n;nH COBpeMeHHMX BhlqHcnHTenLHhlX Ma

WHH. B 3TOH CHTyaUHH pa3yMHO HCTIOnL30BaTL 3BpHCTH

qeCKHH TIO,!J;XO,!J;, TI03BOnJIIOIUHH KOpeHHhlM o6pa30M COKpa

THTL KOnHqecTBO TIOHCKOB TipH peweHHH MHOrOMepHOH 3a

,n;aqH/lO~ 3BpHCTHqecKHH MeTO,ll; qaCTO Ha3LIBaiOT MeTO,ll;OM 

"3,ll;paBOrO CMLICna", HCTIOnL3YIOIUHM ynpOIUeHHJI, HHTYH

UHIO H ,n;pyrHe XHTpOCTH, orpaHHqHBaiOIUHe HnH HanpaB

nJIIOIUHe TIOHCKH peWeHHH. 3BpHCTHKa He rapaHTHpyeT on

THManLHhlX peweHHH; CTporo rOBOpH, OHa B006I.Qe He ra

paHTHpyeT peweHHH/Io/. CMLicn HcnonL30BaHHH 3BpHCTH

qecKoro MeTO,ll;a 3aKnJOqaeTCJI B TOM, qTo B 6onLWHHCTBe 

cnyqaea oH .n;aeT .n;ocTaToqHo xopowHe peweHHH. 

3BpHCTHqecKHH MeTO,ll;, HCTIOnL3yeMLIH ,n;nJI OTITHMH3a

UHH npouecca neperpy30K TonnHaa19/, HnnJOcTpHpyeTcH 

puc. 1. 
3a Haqano npHHHTO onpe.n;eneHHoe cocTOHHHe npe,n;LI

.n;yiUero "KOHUa KaMTiaHHH" (Eo L), B KOTOpOM npoBepHeTCJI 

npe.n;aapHTenLHoe peweHHe B aapHaHTe neperpy3KH ID H 

H3BneKaiOTCJI 3BpHCTH'-IeCKHe npH3HaKH, onpe,n;enHIOI.QHe 3TO 

peweHHe H COCTOJIHHe aKTHBHOH 30Hhl peaKTOpa. 0HH H3Bne

KaiOTCJI H3 COCTOJIHHJI "Haqano KaMTiaHHH" (Bo L) cornaCHO 

npe.n;aapHTenLHOMY aapHaHTY neperpy3KH 10. 
3BpHCTH'-IeCKHMH TipH3HaKaMH JIBnJIIOTCJI: 

1. BenHqHHa EXK - 3anac peaKTHBHOCTH B cocTOHHHH 

"Haqano KaMnaHHH". 

2. BenH'-IHHa BLiropaHHJI BLirpy)l(eHHOH no,n;30HLI. 

3. PaBHOMepHOCTL TennoBLI,n;eneHHH B aKTHBHOH 30He 

B COCTOJIHHH "'Bo L ". 
Ka)l(,ll;LIH npH3HaK xapaKTepH3yeTCH caoeB: ueHHOCTLIO, 

Ha3LIBaeMOH "CTOHMOCTLIO TipH3HaKa": 

1. V 1 - aenH'-IHHa EXK B e.n;HHHuax 0,1 k :lrpcp. 
2. V ,

1 
- BLiropaHHe BLirpy)l(eHHOH TIO)J.30HLI B e)J.HHHUaX 

30 000- MBm .011/mm IMeraaaTT - .D.eHL Ha TOHHY TonnHaal. 
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,.------__., npo&epKa rlpQAIIOfH.tT8A.ItWQr0 aaptAOI.HO 

neperp~31<w I D 

/i\OAeAb 

peaKTOpO 

CocTOtlHue Bol, MO"'OAO c~y..ow•ro 

CocTosa.._wa Eo\ 

'Kowe\4 
HOOT 

3Q 

CocTOAwue Eol. 
KOHel4 nepaoro 

l-'UMAQ KO""""QNU'.A 

UCKA.I01.18lolUQ 

JCY4UJI .. nt eop~oi-4-
TOe neperpyaK~ 

I MeOCM08~bUt. 

TO~I'<OX \.tCCJ\e

AOBOHU~ 

Puc. 1. CxeMa ucnoA&3oeaHUJI 3epucmu<~ecKozo Memooa 
OAJI onmuMu3afluu nepezpy30K monAuea. 
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3. V3 - o6paTHbiH K03ilJ4!Hll,HeHT HepaBHOMepHOCTH Tenno

Bbi,IJ,eneHHH B e,IJ,HHHIJ,aX 0,5. 
Ka*,II,OMY npH3HaKy COOTBeTCTByeT HHTYHTHBHOe npa

BHnO neperpy30K. HanpHMep, npH3HaKy /1/ COOTBeTCTByeT 

npaauno, cornacHo KoropoMy 3anac peaKTHBHOCTH nocne 

neperpy3KH ,IJ,On*eH 6b1Tb KaK MO*HO 6onblliHM. AHanorH'IHO, 

llpH3HaKH /4/, /3/ COOTBeTCTBYIDT npaaunaM yaenH'IeHHH 

BbiropaHHH (DSBR) H yMeHbllleHHH HepaBHOMepHOCTH Ten

nOBbi,IJ,eneHHH. 

113 TaKHX npaBHn, KOTOpble, cne,IJ,yeT 3aMeTHTb, 'laCTO 

npOTHBOpe'laT ,IJ,pyr ,II,pyry, MO*HO COCTaBHTb nHHeHHYIO 

KOM6HHaiJ,HIO H onpe,II,enHTb "<lJyHKIJ,HIO OIJ,eHKH" pellleHHH: 

G (ID) = WT . v (ID) ' 

r,IJ,e W = (W 1 , W2 , '.1' 3)- BeCOBOH BeKTOp, V = (V 1 , V2, V3)

BeKTOp npH3HaKOB, 3aBHCHIIJ,HH OT npe,II,BapHTenbHOrO pellle

HHH. 

IloKa Mbl yaepeHbl B DOnO*HTenbHOM BnHHHHH npaBHn Ha 

KOHe'IHYIO u.enh jyaenH'IeHHe cpe,II,Hero BblropaHHH AB/. 

,IJ,onycKaiOTCH npOH3BOnhHble aenH'IHHbi aecoa (W 1 , W2, ~3) 
Hauny'llllee pellleHHe -· lOMAX ·- COOTBeTCTByeT MaK-

CHMYMY <lJyHKIJ.HH ou.eHKH pellleHHH 

G(IDMAX) maxG(ID) 

ID. 

PellleHHe co,IJ,ep*HT napaMeTpbl, cocraanHIDIIJ,He aecoao:H BeK

Top W. 3TH napaM~Tpbl ,IJ,O~Hbl 6biTb TaKHMH, 'IT06bl n1060e 

pellleHHe y,IJ,oaneTaopgno rnaBHOMY ycnoBHIO - yaenH'IeHHID 

,IJ,O MaKCHMyMa cpe,II,Hero BblrOpaHHH B KOHIJ,e KaMDaHHH 

peaKTopa. Onpe,II,eneHHbiH TaKHM o6pa30M "aec" He JaBHCHT 

OT TeKyiiJ,ero COCTOHHHH npoiJ,eCCa, a TOnbKO OT 3KCnnyara

IJ,HOHHbiX H <lJH3H'IeCKHX ycnoauH: pa6oTbl peaKTOpa. Cne,IJ,o

aarenhHO, cpe,II,Hee BblropaHHe AB MO*HO paccMaTpHBaTb 

KaK <lJyHKIJ.HID, 3aBHCHIIJ,YIO OT W. OcHOBHaH u.enb CBO.IJ.HTCH 

K nony'leHHIO ODTHManbHOrO Beca _Wopt, KOTOpbiH ,IJ,aCT 

MaKCHMYM .IJ.HCKpeTHOH <lJYHKIJ.HH AB (W). 
TaK KaK nw6o:H TO'IKe B npocrpaHCTBe AB(W) oraeqa-

eT onpe,II,eneHHaH cTparerHH neperpyJoK, runepnoaepx-
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HOCTb 'B (W) MO)I(eT 6blTb HCCJie,IJ;oBaHa MeTO.IJ;OM BOCXO)I(· 

,IJ;eHHJI/ 
15 

• 3TOT aJirOpHTM Y.IJ;06eH .IJ;JIJI aHaJIH3a .D;HCI<peTHblX 

I}JyHI<li,HH BCJie.IJ;_ETBHe .IJ;HCI<peTHOCTH neperpy30I<. 

Tal< I<ai< W 0603HaqaeT OTHOCHTeJibHYIO Ba)I(HOCTb JB• 

pHCTHqeCI<HX npaBHJI, TO TOJibi<O HanpaBJieHHe Bei<TOpa W 
I<OTOpblH MO)I(HO 3allHCaTb B llOJIJlpHblX I<OOp.D;HHaTaX (cp, ()) : 

w = cw1 , w2 , W3 ) 

W1 = sin() cos¢ 

w2 = sin() sin¢ 

W3 = cosO, 

npe.D;CTaBJIJleT Henocpe,IJ;CTBeHHbiH HHTepec. 

4. PE3YJihTAThl 

Pacnpe.D;eJieHHe BblropaiOili,HX .IJ;o6aBoi< H nornoTHTeneii 

B ai<THBHOH 30He peaKTOpa ,II;OJI)I(HO 6biTb TaKOBO, qyo6bl 

B COCTOJIHHH "HaqaJIO KaMnaHHH" (B0 L) nonyqHTb OTHO

CHTeJibHO 6oJibWYIO HepaBHOMepHOCTb TennoBbi.IJ;eJieHHJI. Or

paHHqeHHJI Ha DSBR H PPFMAX I ma6A. 11 npHHJITbl co

rJiaCHO .IJ;eHCTBHTeJibHblM orpaHHqeHHJIM B pa6oTaiOili,HX Bbl· 

COKOTeMnepa TypHbiX peaKTOpax/14/. 

Ha puc. 2 npe.D;cTaBJieHa Tonorpai}IHJI cpe.D;Hero Bblropa

HHJI TOllJIHBa B .!_IOJIJlpHblX KOOp.D;HHaTaX. llOCKOJibKy OllTH

MaJibHble BeCa Wopt He JIBJIJIIOTCJI TOqHblMH BeJIHqHHaMH 

H3- 3a .IJ;HCKpeTHOCTH neperpy30K, Mbl MO)I(eM pa3.IJ;eJIHTb 

llpOCTpaHCTBO (¢, ()) Ha 30Hbl O.IJ;HHaKOBblX BapHaHTOB nepe

rpy30K H, cne.IJ;oBaTeJibHO, O.IJ;HHaKoBbiX BeJIHqHH AB. 

H3 puc. 2 BH.D;Ho, qyo JBPHCTHqecKHii MeTo.IJ; 6blcTpo 

HaXO.D;HT JIOKaJibHble JKCTpeMyMbl lnocJie HeCKOJibKHX no

llblTOKI. 

Cpe.IJ;Hee BblropaHHe ypaHa- 235 B 3aBHCHMOCTH oT cTpa

TerHH neperpy30K llOKa3aHO B Tfta6A. 3, H3 KOTOpOH BH.IJ;HO, 

qyo npu .IJ;aHHbiX ycnoBHJIX pa6oTbl peaKTopa TOJibKO nepe

rpy3KH THna SFS I ma6A. 21 .IJ;aiOT MaKCHMaJibHoe Bbiro

paHHe TOllJIHBa. llpH neperpy3Kax THna FSS H SFF .IJ;o

CTHraiOTCJI CaMble 60JibWHe HepaBHOMepHOCTH TellJIOBbi.IJ;e-
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Puc. 2. Tono2patpu.11 cpeOHe2o 6bi20paHu.R mon/lu6a - AB 6 
nOA.RpHbiX KOOpOUHaTftaX. e - TftO'IKU 6b16paHbl C/ly'laUHbiM 
o6pa30M, X - TftO'IKU noAy'leHbl MeTftOOOM 60CXOJICOeHUJI, 
A - noAy'leHHble 3KC11tpeMyMbl, + - TftO'IKU 3anpeJI#eHHbiX 
cmpame2uu nepe2py3oK, - - AUHU.R oouHaK06020 ypo6H.R 
no6epxHocmu AB (¢, e); ; yKa3aHHble 6e/lU'IUHbl oaHbl 6 eou-
Hut~ax 10000 MBm OH/mm. 

JieHHJI, H orpaHHqeHHJI 06blqHO HapywaiOTCJI. llOXO)I(He pe-

3YJibTaTbl nonyqHJIH B cBoeii pa6oTe Wall H Fenech/
5

/ npH 

llOMOili,H .IJ;HHa_MHqeCKOrO nporpaMMHpOBaHHJI, XOTJI B HaWeM 

cnyqae .IJ;JIJI Wop t He nonyquJICJI paBHOBeCHblB li,HKJI nepe-

11 



Ta6/1Uf4a 3 

Cpe.IJ;Hee BLiropaHHe (AB) ypaHa-235 a JaBHCHMOCTH oT 
IIOCJie,IJ;OBaTeJibHOCTH BapHaHTOB neperpy3KH H BeKTOpa 
aecoa W . OrpaHuqeHHJI - PPFMAX - 2,8 MB111· OH/111111, 
DSBRMAX - 100 000 MB111 OH/111111, nepHO.IJ; onTHMH3a:u;HH -
3000 OH, nepuo,IJ; neperpy3oK - 500 OH. 

w AB 
!IOC]J8)lOB3TC.7rS HOCT:b BDr!!EiH~'OB 

!J:I lJz ()I:B•J:.n~/Tr) 
necero 3RII 

-0.112 o. 8'34 0.510 
-0.130 lJ,972 0,195 
-0.221 0,956 0,195 
,-0,G92 0.800 0.374 
-0.358 u. 813 u tt~qz 

• ~:J- I ~ -0.3ffi 0.877 o. 21£5 a:i,IOO I I,F,2;2,P,I;2,F,I;3,F,2;I,:;2 
-0.395 0,898 0.195 
-0.410 0.7351 0.540 
-0.477 o. ffi7 0,195 

0.369 -0.838 0.403 
0.300 -0. ffi4 -U,329I 
0.492 -0.841 -0.227 
0.513 -0.799 0,315 I 83,300 I 2,~I;3,F,2;3,F,2;I,F,2;I,F,2 

-0.229 0.689 0.688 
0.299 -0.9DI 0.315 
0.3G9 -O.w8 0.1.03 

r 

83,400 I.f,3;2,F,I;2,F,I;3,F,2;2,F,I 
0.403 -0.915 0.039 

-0.292 u.8m 0.374 83,500 I,F,2; 2 ,F, I; 2 ,F ,I ;2 ,}',:~ ;2 ,F ,I 
-0.700 0.600 0.19 83,710 :;F,I; 2,F,l;I,F,2;3,F,:2;I,F,2 
-0.560 o. roo 0,19 83,770 I,F,2 ;2,F ,I ;I ,F ,2;3,F,2;I ,}',2 0,684 -U.693 -0.227 ffi,7'7u 

onrm.:ailh-
HOC peLle-
Hl'Ie 

0.539 0,840 0.0407 1 77,900 I F,2,I;F,P,I;(P,2,I; F,F,I) 0.235 0.952 0.195 PaBnoEec-
Hh'H UUK]J 

rpy3oK *). IIpHqHHOH 3Toro JIBJIJieTCJI, no- BH.IJ;HMOMY, CJIHlll

KOM KopoTKHH nepHO.IJ; onTHMH3ai.J;HH / \\all H Fenech .IJ;o

CTHranu paaHoaecHoro :u;HKJia nocne 6 +10 ToqeK neperpy3-

KH/ HJIH I.J;HKJI .IJ;eHCTBHTeJibHO JIBJIJieTCH HepaBHOBeCHbiM. 

PaaHoaeCHLIH :UHKJI MO)KHO npocTo JaMeTHTL .IJ;JIH "xy.IJ;

lllHx" aenuqHH AB, HanpHMep, .IJ;JIJI cTpaTerHH, npu KoTopoB: 

~ PeaKTop .IJ;OCTHraeT paaHoaecHoro :UHKJia, ecnu ace 
xapaKTepHCTHKH ero pa60Tbl paBHbl HJIH oqeHb IIOXO)KH ,!J;JIH 
HeCKOJibKHX I.J;HKJIOB. 
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Puc. 3. MaKcu..wa/lbHbiU u MUHUMa/lbHbiU K3cpcp 0/I.R on111u
Ma/lbHozo f4UK/Ia nepezpy3oK. o-o - ..waKcu.Wa/lbHbluK3cbdJ 
noc/le nepezpy3KU, x-x - Ma~cu..wa/lbHbiU K3 cpcp oo nepe
zpy3KU, -o-o - MUHUMQ/IbHbiU K3cpcp noc/le nepezpy3KU, 
t1-t1 - MUHUMQ/IbHbiU K 3 4Jcp 00 nepezpy3KU. 
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Puc. 4. MaKcuMa/lbHbiU u MUHUMa/lbHbiU K3cp¢ O/I.R paeHo
eecHozo f4UK/Ia nepezpy30K. o-o - MaKcu..wa/lbHblu K 3 ct;dJ 
noc/le nepezpy3Ku, x-x - MaKcuMa/lbHbiU K34J¢ oo nepe
zpy3KU, o-o - MUHUMQ/IbHbiU K3cpcp noc/le nepezpy3KU, 
t1-t1 - MUHUMQ/IbHbiU K 3¢cp 00 nepezpy3KU. 
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AB = 77 900 MB111· OH/111111 j111a6A. 3/. B :noii cTpaTerHH 

HCllOnb30BaHLI TOnbKO 2 THlla H JJ;Ba BapHaHTa neperpy-

30K- FSS H FFS = (F. 2,1; F, F,l). 
HHTepecHo cpaBHHTb HeKoTopLie napaMeTpLI .n;n.11 onTa

ManbHOH H paBHOBeCHoii cTpaTerHH neperpy30K. Ha puc. 3 
H 4 llOKa3aHO H3MeHeHHe MaKCHManbHOrO H MHHHManbHOrO 

K3 q:Hp Henocpe.n;cTBeHHO nepe.n; neperpyJKaMH H nocne HHX. 

,ll;n.ll paBHOBeCHOrO :UHKna B mofiOM COCTO.IIHHH pa3HHIJ;a Me>K.n;y 

3Ha'leHH.IIMH K3 d.H:b .n;o H nocne neperpyJoK 6onbwa~ no cpaB

HeHHIO C OllTHMa.flbHLIM :UHKnOM. ,ll;n.11 OllTHManbHOH CTpaTe

rHH MO>KHO 3aMeTHTb TeH,n;eHIJ;HIO K yMeHbWeHHIO K 3 4J<j:: B 

COCTO.IIHHH "Bo L ", XOT .II KOpOTKHB nepHOJJ; OllTHMH3a:QHH 

He ll03BOn.lleT onpe.n;enHTb KOHKpeTHLIB BHJJ; 3THX H3MeHeHHB. 

To'IHLIB aHanaJ npo6neMLI MO>KeT 6LITb noneJHLIM .n;n.11 

$opMynHpOBKH HOBLIX 3BpHCTH'IeCKHX npH3HaKOB H pewe

HH.II OllTHMH3a:QHOHHLIX Ja.n;aq C nornOTHTeneM. 

5. 3AKJIJO lfEHHE 

1. PeJynbTaTLI 3Toii pa6oTLI no.n;TBep>K.n;aiOT nocTynaTbi 

pa6oTLI Hoshino/9/ o TOM, 'ITO "MHoro3Ta>KHLiii" npo:u;ecc 

peweHH.II MO>KHO pa3nO>KHTb Ha HHJJ;HBHJJ;yanbHbie peweHH.II, 

3aBHC.IIIIJ;He TOnbKO OT TeKyiiJ;ero COCTO.IIHH.II npo:u;ecca. "Be

ca" 3BpHCTH'IeCKHX npH3HaKOB MO>KHO paCCMaTpHBaTb KaK 

He3aBHCHMLie napaMeTpLI BO BpeM.II OllTHMH3aiJ,HOHHOrO ne

pHo.n;a. 

2. ,ll;n.11 onpe.n;eneHHLIX ycnoBHii pa6oTLI /eM. 111a6A. 1/ 
OllTHManbHYIO CTpaTerHIO neperpy30K .n;aeT TOnbKO BHJJ; 

neperpyJoK SFS. 

3. ,ll;anbHeiiwHe ycHnH.II .n;on>KHbi 6LITb HanpaBneHbi Ha: 

a/ yBenH'IeHHe nepHOJJ;a OllTHMH3a:QHH H HCCne.n;oBaHHe 

3aBHCHMOCTH OllTHManbHOB CTpaTerHH OT pa3nH'IHbiX yc

nOBHB pa60TLI peaKTOpa; 

6/ yBenH'IeHHe 'IHCna llOJJ;30H B aKTHBHOB 30He peaK

Topa; 

B/ BKniO'IeHHe B OllTHMH3aiJ;HOHHbie pac'leTLI CTOHMO· 

CTH Th-232 H OllTHMH3aiJ;HIO C y'leTOM nornOTHTeneii. 
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