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Y,uK 539.1 M-I6 

llPMMEHEID!E METOllA IvIOHTE-KAPJIO B KBAHTOBO.MElAlllm:CKMI PACtIE
TAX A1:0MOB ,MOJIEI<YJI •KOH.UEHCHPOBAHHiiX. CPFJJ.: IIpenpIDIT ~rra.» 
20-98/ 

II.II.li7rarOBOJIml, E.A.30Jlo'l'apeBa - M., 1998 - 4c. 

I1pe,llJIaraeTCSl MeTO,n pac"tJeTa , pa3pa60TIlHHbrH ,nJUI aTOMHbL'{ peaKTOpOB,
 

npHMeHHTh A1IJI KBaHTOBO-MeXaHHqecKHX paCqeToB aTOMOB, MOJIeK)'JI,
 

KOH,lJ,eHCHpoBaHHbIX Cpell.
 

npe,nnOX<eHHe OCHOBaHO Ha TO)K)l.eCTBeHHOCTH O,nHorpyrmoBOro YpaBHeHIDI B
 

lJ,H!p!pY3HOHHOM npH6JIIDKemm .nnsr nOTOKa HeHTPOHOB B peaKTope H CTaUHoHapHoro
 

yp31meHIDJ illpe.n:HHrepa ,llIDI t(BIDICeHIDI 3JIeK1pOHa BO BHeIIIHeM nOJIe.
 

AnropHTM OCHOBaH Ha MeTo.n;e Hrepmnrn HCTO"tJHHKa H MeTo.n;e MOHre-Kapno.
 

.n:aHa 6JIOK-CXeMa nporpaMMbT ATOM.
 

CnaCOR ~T. - ? HaRM. 

C£) HHOTMTYT TeOpeTBqeOKOI M SKonepBMeHTa~bHOI ~3BKB, 1998 



B 4JH3HKe I18CTO BCTpeqaIOTCJI CHlYamrn:. KOr.na pa3JJH'ffiLle nJX)ll;eCC})I 

OnHChIB81OTC,H O):UIHM H reM )Ke ypaBHeHHeM. 

XOPOWO H .naoHO 61ill10 H3BeC'IHO. 'iTO CTIUlHoHapHoe ypWmeHHe IlIpe,llHHrepa 

,lIJUI ,lIBIDKeHIDl 3JleKTpOHa so BHeIDHeM nOJIe COBll8,llaeT no cPopMe C OJlHOrpynnOB})IM 

ypaBHeHHeM .llJIJI nOTOKa HeihpOHOB B SI,lIepHOM peaKTope B .zmepepY3HOHHOM 

IlpH6JIIDKemm_ 

B 50c H 60c ro.In>I HHTeHCHBHO p83pa6aThIBallliCh MeTO.llhI pacqern peaKTOpoB, T.K. 

B Te rO,llLI 6ypHO pa3BHBaJIaCL aTOMH8JI 3Heprernxa. 3TH MeTO.llbI pacqen MO:lKHO 

npHMemrn. H JlJUl peweHH.H CTaIniOHapHhIX 38,l18q B KBaHTOBOH MexaHHKe. 

BLImnneM yp-e (10.2) H3 /11 ,lIJUI CJIY'WI aTOMa BOllopona: 

[-1i?12mti + V( r)] 'P( r) =E \P( r), ( 1 ) 

r,lle ii - nocromHaa I1JIaHKa ( 1.054"'10-27 
3pr c); 

m - Macca 3JleKTpoHa ( 9.107.10-28 r)~ 
V( r) == -e 2/1 r I - nOTeHUHaJI JUlpa; 
e - 3apsm 3JlelITpOHa == (4.802*10-10 

CGSE); 

E - 3HepI'IDI 3neJ<TPOHa (E < 0 ) 
Pa3,l1eJIHM H8 e2 

H ytrreM 3HaKH E H V • nonY'lHM : 

1l2/(2me2
)T2. 'J1 - E/(e2)* \}' = - EI(e2)*k*'P. ( 2 ) 

f,lIe Ml.1 0603Ha1lHJ1H k == e 2/(E*lrl ) (3) 
CpaBHHM (2) C ypaoHeHHeM ,lIJlll O,lJ,HorpynnoBoro nOTOKa peaKTOpa. 

(CMOTPH cPoPMYJThI 2.1.49. 2.1.21 B pa60Te I 21) 

D*v 2 <I> - t a* <I> = - K.o'" ~a* t1> (4) 
3.llecb: D - K03c). JlHc)c)yJHH B eM., 

La - MaKpocKOlllReCKOe Ce'ieHHe n.orJlom:eHIDI B liCM.• 

K..,- KOJIHqecTBO BTOplf1DlhIX HeiiTpoHOB Ha an nornOmeHWl. 

D=LJ3 (5) 
Ls -nmrna np06era HeDTpoHa JIo pacceJlHWl
 

La = l~a - .llJlHHa npo6era HeHTpOHa .no nomOllleHIDl B CM. (6)
 

CpaBHHBa.H K03epepHUHeHTM (2) H ( 4 ) HaXO,lJ,HM: 

Ls - .lVIHHY np06era .ZIO pacceJIHH,H YCJIOBHbIX <<pac-qenn.OO) qaCTHU B KBaHTOBO

MeXaHHqecKoH 3a.naqe H JIJIHHY npo6era .no nOrJIOmeHH,H La 
Ls = 3fl21(2me2 

) ( 7 ) 
La = e2/E ( 8) 
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BeJIlNHH8 k H3 ( 3 ) - K03cP4nlUHeHT pa3MHO>KeHlUl ycnoBHhIX «paCqeTliblX}) 

qaCTHU H8 aKY nOrJlOweHIDI. 

06e 3a,nallH ( 2 ) II (4) - KpaeBloIe 3a,nallll lIa co6cmelIlIloIe 3HalleHlUl H M&I IlIIleM 

OCHOBHbIe COCTOmiIDI. 

B ( 2) \V ~ 0 np" Ir I~ a) 

B ( 4) <I> = 0 Ha 3KC1p8IIoJJHPoB8HHoii rpamme peaICTOpa. 

B Kaqecrne C06CTBeHHOrO 3H8qeHHJI B ( 2 ) Bld6epeM BeJIHllliHY E. 
Co6CTBeHHbIM 3HaqeHHeM B ( 4 ) o6f>I11Ho CJIYX<HT K., 
B / 3 / OITHCaH cnoco6 pemeHlUl ( 4 ) MeTO,nOM JITepaQllli HCTO'lHHKa 

D*V2<1>(n+l) ~ ~8cI>(n+l) = ~ Kco"'La"'<!l(n) (9) 

B npasoii qacm (4 ) MI.I nonaraeM, 'ITO <1>(n) pemeHHe B nt! wrepal{lm, B neBoR 
q&eTH nonyqaeM <l>(n+l)B n+l it HTeparum. 
3a.a8BaJlCI> npoH3BOJThHO <1>(0) nOClIe,nOBare.Jll>HO HaxO,nHM <l>(l), <1>(2) H TaK ,nanee. 

MeTO,n: HTepanHH HCT01lHHKa n03BOIDIeT O.D:Hopo.ztHY!O 3a,naqy npe,n:CTaBHTT:. K3.K 

nOCne,IJ;OBareJlLHOCn. HeO,ZJ;H0poJnUdX 3a,naq C HCTOlfiIHIC8MH. 

llepe,IJ; KIDK.ZlOH HTepamleii Ml>1 HOpMHpyeM cP)'HKlUfiO 'P TalC, 'IT06&1 HHTerpan OT ee 
KB8)J,pRTa no BeeR 06JIaCTH onpe.n.eJIeHIDI 61>JII 61>1 paBeH 1 

( 10) 
IToclIe nonyqeHlUl pemeHIDl lIJ B nOCJIe.lJYlOmeH HTepamm MI>I CpaBHHBaeM 

HHTerpaJIbI : 

I \jJ(n+l)dVJ( f \V(n)dV) = Ketr ( 11 ) 

llo.n.6HpaJI BeJIH1lHHY E ,CTpeMHM Kell' K 1. 
B npHHWlIle MO)lQlO npe,ZUIo>KHTb HeCKO.Jll>KO cnoco6oB IIHClIeHHoro pemeHHJI 

ypaBHeHIDI mna ( 9 ). 
MI.l npeMaraeM HCnOJIb30Ban. CTOXacTHqecKHH MeTO.n., MeTO,n: MOIfre-KapJIo. 

Pa3JIHllHble MO,nHq,HJCaIUfll cTOxacnrqeCKOro anropHTMa OITHCaHId B / 4 /. 
B peaKTOpHblX 3Maqax MbI MO,IJ;eJIHpyeM «cYlu.6y» KIDKlloro HeliTpoHa H HaxO,IJ;HM 

HYJKHLIe HaM cP~OHaJIbI e TPC6yeMoR TOlIHOCThIO, paCCMa'IpHBaJI ,nOCTInO'IHoe 

KOJIHlIeCTBO HCIU:d.TaHHit 

B KB8.HTOBO-MeXalfHqeCKHX 3a.,n:aqax HeT HHKaKHX pe8JIhHbIX 'laCTHU. 

MLI BBOllHM «qaCTHl.{bD> TO.1II>KO JeaK npHeM lfficneHHoro HHrerpHpoBaHIDl Ha OCHOBe 

no.n.06ID1 yp8BHeHllil IIIpe.n.mrrepa ypaBHeHHIO lIJUI nOTOKa HeliTPOROB B peaKTope. 

MTaK, npe.n.naraeTCH cne.ny:roID.HH anropHTM CTaTHCrnqeCKHX HCnbJTaHHH 

1.	 qacTHUbl pO,WITCJI BHyTpH HeKoero 061>~Ma, B ueHTpe KOToporo HaXOlIHTCJI 

nOnO>KHTelIbHO 3apa>KeHHOe JIllPO C 3apJlllOM Z . 
2.	 IlJIOTHocn. BepoJITHOCm TOllKH pO)I(JJ:eHIDl nponopUHOH8JThHa npoH3BelIeHHIO 

K( r )*\jI( r) 
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3. POX<J:ltHHM qaCTHua J1BIDKeTCJI cclJepJllleCKH BJOTponHO, T.e. B o6LNID.IX ctPepH

. qecKHX KoopwmaTax yrOJI Cj) paBHOBepmlTeH, a J1JU[ yrna apaBHOBepoJiTeH
 

ero KOCllliYC.
 

4. IlnOTHOCTb BepoJITHOCTH .IIJTHHhI npo6era .IIO pacceJIHIDI nponOpItHOHBJII>Ha 

exp(-lor IfLs). 

5.	 IlocJIe pacceJlHIDI qacmua nBIDKeTCJI OIUlTI> H30'TpOnHO, ctPepHqeCKH 

CHMMeTplfllHO 

6. B pe3yJILTaTe nOCJIellOBRTeJILHbIX pacceJIHHii qacTHlla onHCbIBaeT JIOMaH)'lO 

JIHHHIO.	 • 
7.	 CraTHCrnqeCKHH Bec ponHBIIIeHCJI QaCTH1.lb1 npHMeM 3a 1. 

8.	 Ha KIDK,lJ,OM npJIMOJIHHeiffioM o1J>e3Ke TJ'SCIcrOpIDf cTaTHcrnqecKHH Bec lf8CTH1lI>1 

H3MeIDIeTCJI H8 MHO:>I<HTeJTh exp(-lor! /La). 
9.	 Korna CTaTHCTHlfecIGdl Bec qacTHIlId CTaHeT MeHLIIIe 3a,nammro MaJIOrO lIHcna E, 

MLI ClfHTaeM,lfIO TaI<a.JI qacnma nOJIHOCThIO IIOrnOTHnaCL. 

10. IlpHcryrraeM K MOJ1e11HpoB~ CJIe~meH BHOBL poAHBllieHc~ 

QacTHl.J.b1,38.HOBO pa3bIrpbIBM TO"'lK)' PO'>K.neHIDl. 

11. Bcero pa3blrpblBaeM tPHKCHpOBaHHOe -.rncno N BHOBb PO)l}fBtmfXCJI 'laCTIm. 

12. BllOJIb rpaeKTOpHH q8CTHW>I MbI BbflIHCJIJleM qHCnO nOrJIOlIlemrn B KIDK)J;OM 

:meMeHTHKe 06'beMa.Bce nornoIl{eHIDI B K8X<J:lOM 3neMeHTHKe Ml.I cYMMHPyeM.B 

3JIeMeHTHKe 06'beM8 OT O,llHOH q8CTHUbI nomOTHTCJl CJIenyroIllee KOJIHllecTBO: 

CTaTHClWIecKHit Bec qacTHULJ Ha BXOJ1e B 06'beM'IHK MHHYc CTaTHCTlfllecKHii Bec 

qaCTHULI Ha BbIXOAe H3 3Toro 06'beMtulKa. 

13. KOJIKllecTBo BHOBb PO,Z(HBIIIHXCJI qaCTHll Broporo nOKOJIeHIDI B KIDK,l:lOM 

neMeHTHKe 061>eMa 6YlleT paDHO qHCJIy Bcex nOrJIomelUlii B 3TOM 3neMeHTHKe, 

)'MH0)KeHHoMY Ha 3HaqeHHe K( r ) B 3TOiI ro1fKe npocTpaHCTBa. 

14. Haxo}1HM nOJIHoe KOJIHlleCTBO BHOBb pommIIDIXcJI qaCTHU BToporo nOKOneHHJI H 

,u;eJIHM 3TO KOJIHlleCTBO Ha N, T.e. Ha <rnCJIO HCII)'l1(eHHhlX qaCTHu. B nepBoM 

nOKonemm.IIoJIylfaeM !<elI. 

15.	 HaxoltHM BHJ1 tPymanm \II( r) - OHa nponOpI.UlOHaJILHa 'lHCJIy IIOrnoIl{eHHA. 

16. HaxollHM HOBYIO nnOlHOCTh BePOJITHOCTIf poX<J:leHIDI qacnm -OHa 6YlleT nponop

WfOHaJlLHa npoH3BeAeHHlO K( r )"'\II( r in+l). 

17.TIoBTOpJleM BCIO npou.e.llYPY C n.2 npH HOBOM 3Haqemm E.KorAa !<eft' 6Y,lIeT OTJIH

'laThCJI OT 1 Ha BeJIHllHHY MeHee Hanepell 38,lJ;aHHOIt MaJIO" BeJIH1UlHbI,TO COOTBeT

cTBYlOiuHe 3HalfeHIDI E H \II( r ) 6yJJYT pewetrneM 38,lJ;aQH. 

18. PeweHHe HOpMHpyeTCJI H3 YCJIOBHJI: J\II2dV= 1. 

KaK H3BeCTHO H3 KBaHTOBOH MexaHHKH, tPH3HqeCKHH CMbICJI \V2dV - :no 

aepoJlTHocTb 3JIeKTpOHy HaXO,lIHTbCJI B 06bcMe dV. 
IIpe,lIJlaraeMRJI nporpaMMa -rpe6ye-r 60JIblliHX 06beMOB nawrrn 3BM H paCClIHTaHa 

Ha OqeHh 3HallHTeJIbHhle 38"rpaTbI MalillfHHoro BpeMeHH. 
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Mhl nOnaraeM, 'ITO no xopomo OTBeqaeT cerO,!lWlWHeH TeH,lleHlUUl B pa3BHTHH 

BbItIRCJlHTeJILHoA' TeXlIMKH.06'beMLJ naWlTH H CKOPOCTH cqem 3BM yaeJIHllBBalOTCJI 

eJKero):(HO f'HI'aHTCKHMH TeMJIaMH.YX<.e ceiiqac cyweCTBYIOT «CBepXKOMllLIOTepW». 

CnelIYeT yxorn.maTh H B03MOOICHOCTH CneUUaJIH3HPOBaHHbIX 3BM, CneUUaJIbHO 

C03,ZU1HHhIX ,ZLJlJI LUlHHoii 3a,na'lH, I<alC 3TO 6hIJlo C.llenaHO B KOMIlLlOTepe «Deep Blue» 

)UlSI lIlaxMaT. 

Mero.ll MOHTe-Kapno xopomo npHcnoco6J1eH .llJlJI MHoronponeccopHLIX Manum. 

3roT MeTO,ll oqem:. nepcneKTBBeH H lUUI MHorOMepHhIX 38,llaQ.MOHTe-KaPJIo- xopom, 
TaK CKa3aTh, (<Ha BblpocU).ECJIH cero,WUl MbI B COCTOJIHHH pewan. JlHlIIJ. 

OTIIOCHTeJIbHO npocThle 38,lla'IH, TO B 6y.nymeM nporpecc B pa3BHTHH 
BLI'DICJIHTeJIbHOH TeXHHKH HaM o6ecne'IHT B03MOJKHOCTH peweHHJJ 60nee cno)1(J{blx 
Ja,lJ;aq. 

n0Tpe6Hocrn )ICe B ycnO)f(HeHHH KBSHTOBO-MexaHHqecKHX paCqeTOB CODepmeHHO 

6ecKoHe'IHLI. 

npe,!lJIaraeMLrll HaMH Mero,ll cnoc06eH yqHTblBaTh 3neKTpOH-:meKTpOHHoe 

B3aHMO,lleHCTBHe, TOr.na KaJ.( p83BHB3eMLIe ,ll0 CRX nop Mero.Ilbl 06xo,llJlT 3TOT BOnpoc 

npH nOMOIUH HCxyCCTBeHHhIX npHeMOB ( CM. HaI1pHMep / 5 / ). 
Tpy.IlHO OlKH,ll8.Th, 'ITO 38,llatIH MHornx Ten, 3aJla'IH H3yqeHIDl XHMH'IecKHX CBJl3eH, 

rrpo6JIeMbl pac-qfTa KpHCTaJIJIOB 6yJlYT pemaThcJl « B n06 « npH nOMOlllH 

ymmepcaJIbHoro MeTO,lla MOHTe-Kapno. KOHe1JHO, 6oJIbwyIO POJib 6y,llYJ; RrpaTh 

ynpollleHIDl, npH6JIIDKeHHJI, KOTOpbIe 06nerqaT pac'leTbi. 
llOlIHMaHHe 4>U3HIGI 3JIelcrpOHHbIX 06onoQeK B aTOMe, KOTOpble )"Ke AaBHO 

H3yqeHld ( CM. HanpHMep / 6 / ) nOMO)ICeT 4>oPMyJIHpOB8Th 38Jlaqu HaH60nee 

3KOHOMHO. 

Eom.myro pom. 6y.zlYT Hrpan. anpHopHLle ,LlaHHble: co06pax<eHIDI CHMMeTpHH, 

JTPHIiQHIJ 3anpeTa IIayJIH, npeo6.II3JJ.8lO1IlWl ponb B XHMH'IeCKHX B3aHMO,lleitCTBIDIX 
3JIeKTpOHOB BHelIlHeH 06ono'IKH H T.n.. 

HHrepeCHO OTMe'IHTh, 'ITO nepexo.n OT paC'ItITa, MoneKYJIhl K paC'Ie-ry KpHCT8JlJla B 
MeTOl1e MOHTe-Kapno OtIem:. npocT: HMO BDeCm OTpWKeHHe HaIIIHX 4>HKTHBHbIX 
qaCTHIl OT rpamw nepHO,llH'lecKOH fleitKH, KaK 3TO npe,lJ,Jl8raeTCJI B pa60Te / 7 /. 

IIpennaraeMbIit MeTO,Z( paCq~Ta aTOMOB, MOJIeKYJI, KOH,IteHcHpoBaHHl>IX cpe.n HMeeT 

HeCOMHel:lJlhllt npHKJIa,nHOH mrrepec. MeTO.n nOTpe6yer HOBbIX pa3pa60TOK B 
06J1aCTH BbJ'IHCJIHTeJIbHOH MareMaTHKH. 

Ha OCHOBe OIIHCaHHOro BblIOe a.nropHTMa 6h1JIa pearrH30BaH8 nporpaMM8 
<<ATOM), KOTOpaB: HMeeT .neMoHcTPauHoHHoe, Mero,lJ.lflIecKoe 3HSQeHHe. 

B KaqeCTBe npHnoiKemul K nWlHoH pa60re lPoPTPaHJJ:bIH TeKCT rrporpSMMbI 

«ATOM» MOJKeT 6blTh npe.nCTaBJIeH no 3anpocy. 
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