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OEID;A51 XAP AKTEPlICTlIKA P AEOTbl. 

. AKTYaJibHOCTb TeMbl ,D;HCCepTaJ:.{HH: 

<PlI3lIKa TH:lKeJiblX lI0H0B' JIBJI,SieTCJI 0.D;HlIM lI3 H0BblX ll rrepcrreKTlIBHblX 

Harrpaa~eHHH COBpeMeHHOH MepHOH q>H3HKH. OHa 0TKpbIBaeT H0Bble rry

TM peIIIeHMJI KaK rrpHKJia,nHblX 3a,naq, TaK ll q>yn.naMCHTaJibHblX rrpo6JieM, 
, . ' ,' '. 

TaKMX KaK CHHTe3 H0BbIX CBepXTJl)KeJiblX 3JieMeHT0B, nonyqemre .H30TO

Il0B, 3Ha'IHTeJihH0 y.nan~HHblX OT o6JiaCTM /3 ~ CTa6HJibHO~TH, ll3J'ICHlIC 

CBOHCTB MepHoii MaTepMn npn 3KcTpeMaJihHblX ycnoBHJIX; Bnaro,napH 

rny6ox~HeyrrpyrnM cToJIKHOBeHHHM (rHC) TH:lKeJiblX noH0B (TII) Brrep

Bble Il0JIJ'ICHa B03M0:lKH0CTh MCCJie,n0BaHlIJI Heo6paTMMblX npon;eccOB B 

TaKOH MaJIOH, KBaHTOB0- CTaTHCTlI'ICCKOH CHCTeMe, KaK aTOMHOe Mpo. 

IlpHBJICKaTCJibHa nepcneKTHBa ll3J'ICHHj{ C IlOMOmblo rHC TH npo6ne

Mbl "KBaHTOBoro xaoca" H CBH3aHHOro c Heii npon:ecca nepexo.na Mep

Horo BemecTBa OT yrropM0'IeHHoro ,D;BH:lKeHlIH K xaoTlI'ICCKOMY n Hao6o

poT (HanpnMep, q>OpMnpoBaHne KJiaCTep0B Ha IlOBepXHOCTlI Mpa lIJIM B 

o6nacTM KOHTaKTa Mep ). HecMoTpH Ha HaKonneHHblH o6IIIMpHbIH 3Kcne~ 

pnMeHTaJibHblH MaTepnan n n:en1,1ii PM TeopeTn'Iecxnx pa6oT, Mbl eme 

.nanexn OT IlOCTpoeHHJI e,nlIHOH MlIKpOCKOillI'IeCKOH KapTHHbl peaxu:nii C 

TH. npn HlI3KHX 3Heprnxx (::; 10 M3B/HYKJioH). llo cnx nop He onpe~ 

.neneH O,D;H03Ha'IHO MexaHH3M, OTBeqaIOmnii 3a lIHTeHCMBHYIO (3a nepuo.n 

BpeMeHH ~ 10-22c) .nuccnnan;nIO KnHeTHtiecxoii 3Heprnn ( ~ coTHH M3B) 

Bo BHJTpeHHIOIO 3HeprnIO B036y:lK,neHHH cTaJIKHBaIOmnxcx Mep. Ilpax

TH'IecxyIO n;eHHOCTI, lIMCIOT 0TBeTbl Ha BOilpOCbl: KaK pacnpe.n:enxeTCJI 

3Hepnrn B036J:lK,D;CHHH Me:lK,ny q>parMeHTaMH, KaK 6blCTpo ycTaHaBJIHBa

eTCH H ycTaHaBJIHBaCTCH Jill Boo6me TeITJIOB0e paBHOBecne? 

llnx orrncaHHH 3B0JIIOU:HM .D:BOHHOH MepHoii CHCTeMbl (ll5IC) axTyanb

HO 3HaHMe rrpnpo,nbl ,lJ;HCCHilaTHBHblX, KOHCepBaTHBHblX ll lIHepn:HanbHblX 

ClIJI, B03HHKaIOmux npn B3aHMO,D;CHCTBlIM Mep. Cno:lKHOCTb rrpo6JICMbl 

Tpe6yeT pa3pa6oTKH 3q>q>eKTHBHblX MeTO,nHK pac'IeTa Mpo-x.nepHoro rro

TeHn:miJ:ra H nHepn:noHHoro TCH3opa ll5IC . 

0CHOBHble l.{eJIH pa60Thl: H3y'ICHHC B paMKax rrpe.n;JIO)KCHHOro 

MlIKpOCKOilll'ICCKOro no.nxo.na BJIIUIHHH o6oJIO'IC'IHOH CTpyKTYPbI B3aHMO

.neiicTBYIOmnx MCP Ha rrpon;ecc .n;HccHrran:un KHHCTH'Iecxoii 3Heprm1 o~

HOCHTCJihHoro ,lJ;BlI:lKCHlIJI H pacrrpe.neneHMH 3Heprm1 B036J:lK,D;CHlIH Me:lK,ny 

rrpo.nyKTaMH peaxu:nn. Y CTaHOBJICHHC CBH3H MC:lK.D:Y MaKpOCKOillI'ICCKlIMlI 

H MHKpOCKOITM'ICCKlIMH no.nxo,naMH, HCilOJlh3YCMblMlI ,D;JIH OITHCaHHJI 3B0-

JIIOU:llll .ll5IC. Pa3pa6oTKa MCTO.D:HK pacqeTa MPO-H,nepHoro IlOTCHIJ;HaJia 

-----1~~'··•-
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II IIHepu;IIOHHOro TeH3opa.Il5IC. 

Hayqmu1 HOBH3Ha n: npaKTn:-.iecKrui I..\eH·uocTh: 

l. CqiopMJJIIIpOBaHa MIIKpOCKOilIIqecKaJI MO,Uem;, Il03BOJI.SIIOmrui yqnThl

BaTh BJIIISIHIIe o6oiroqeqHo:ii CTPYKTYPhl si:,uep Ha rrpouecc .UIICCIIIlaIJ;IIII 

KIIHeTIIqecim:ii :meprIIII OTHOCIITeJihH<>ro ,n:BII:lKeHIISI si:.n:ep II pacnpe.ne.rre

HIISI 3HeprIIII B036J:lK,UeHIISI Me:lK,ny np'o,nyKTaMII rHC TM. PacCMOTpeHa . 

ponh qacrIIqHo-,nhlpoqHhlX B036y:lK,neHII:ii II o6MeHa HJKJIOHaMII B 3TOM 

npou:ec1::e. Mo.nenh onIIChlBaeT .UIIHaMIIKY KaK cpe,nHero nonSI Il5IC, TaK 

II .UByxqacTJfqHhlX CTOJIKHOBeHII:ii, qTQ Il03BOJISieT pacmIIpIITh o6naCTh ee 

npiIMeHeHHSI. Miirepec K Ta.KOH q>yH,naMeHTaJihHOH npo6neMe, Ka:K .UIIC- . 

CIIIlaIJ;IISI 3HeprIIII BhI3BaH' He TOJihKO 'reM, qTO OHa .no CIIX nop · SIBJISieTCSI 

OTKpbITO:ii; HO II qIIcTO npIIKJia,UHhlMII 3a,naqaMII. 3HaHIIe pacnpe.nene

HHSI '3HeprIIII B036J:lK,UeHIISI Me:lK,ny qiparMeHTaMII Heo6xo,niIMo ,UJISI BOC

CTaHOBJieHirn nepBIIqHoro Bhixo.na npo.nykroB peai<u;IIII no II3MepeHHhIM 

BhlXO,UaM IICnapIITeJihHhlX OCTaTKOB. 

2. B paMKax MO,UeJIII pa3BIITa HOBaJI MeTO,UIIKa MIIKpOCKOilIIqecKoro 

pacqeTa "driving" noTeHu;IIana Il5IC. Y cTaHOBJieHa y,nIIBIITeJihHaJI cxo

:lKeCTh MIIKpOCKOilIIqecKoro II MaKpOCKOnIIqecKoro "driving" IlOTeHIJ;IIa~ 

JIOB. 

3. Ilpe.nno:lKeH 3q>q>eKTIIBHhl:ii MeTO,n BhlqIIcneHIISI rioTeHU:IIaJihnoii 

3HeprIIII ,nBo:iiHoii SI,nepHoii CIICTeMhI. IlonyqeHhI aHaJIIITIIqecKIIe Bhipa

:lKeHiiSI ,UJISI pacqeTa si:,uepHOM qacTII SI,npo-SI,nepHoro IlOTeHU:IIaJia·B qiopMe 

.UBO:iiHoii cBepTKII. Haii,ueiia CBSI3h 3Toro noTeHu;IIana c noTeHU:IIaJIOM TII

na "proximity". Mccne,n;oBaHo BJIIISIHIIe .neqiopMaU:IIII II B3aIIMHO:ii opIIen~ 

TaU:IIII SI,nep Ha' noTeHu;IIaJI B3aIIMo,ne:iicTBIISI. MJyqeHO BJIIISIHIIe He:iiTpOH

noro II36hlTKa , Ha BeJIIIqllHJ BXO,UHOro · noTeHU:IIaJihHOro 6apbepa. Qu;e

HeHa BeJIIIqIIHa II3MeneHIISI Bxo,nHoro 6ap1,epa II3-3~ MHrKoii ,nIIrionhHO:ii 

MO.Uhl, CBH3aHHOM co CMemenIIeM neiiTpOHHOro II36hlTKa OTHOCIITeJihHO 

Kopa. Ilpo,neMoHcTpIIpmiaHa ciiH3h Me:lK,ny B036y:lK,neHHhlMII cocToxmrn~ 

MII neK0Top1,1x x.nep II KOHq>IIrypau;IIHMII Il5IC, B cBeTe qero npe.nno:lKeHo 

HOBOe 061,HCHeHIIe TaKoro HBJieHIIH, KaK cynep.neqiopMaU:IIH x.nep. Mccne

.UOBaHa' B03MO:lKHOCTh qiopMIIpOBaHIISI JierKOl'O si:,upa B o6JiaCTII KOHTaKTa 

.UBYX B3aIIMo.ne:iicTBJIOmIIx CJIO)KHhIX Mep. BwqIIcneHIIe IIOTeHu;IIaJihHOH 

3HeprIIII Il5IC B IIlIIpOKOM o6JiaCTII II3MeHeHIIH ee xapaKTepIICTIIK SIBJIH

eTCH aKTJaJihHOH 3a,naqeii. B CBSl3II C IIJiaHIIpyeMhIMII IICCJie,n;OBaHIISIMII 

peaKIJ;IIH C pa.nIIoaKTIIBHhIMH x.npaMII. 

4. Ilpe.nno:lKeH rrpocTO:ii aHaJIIITIIqecKIIH MeTO.n BhiqIICJieHHH TeII30-

pa IIHepir.IIII Il5IC, qro II36a1mxeT oT CJIO:lKHbIX qifcJieHHhIX pacqeroB no 
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"cranking" - qiopMyne. PaccMoTpeua Ba:lKHOCTh yqeTa ue,nIIaroHaJihHhlX 

KOMnoneHT TeH3opa IIHepu:m1 npII OIIIICaHIIII 3BOJIIOU:IIII CIIJlhHO aCIIMMeT

pIIqHhlX Il5IC • 

Anpo6al..\HJI pa6oThI: Pe3JJihTaThl Heo.nuoKpaTuo .noKna,nh!BaJIIICh 

mi. ceMIIHapax Ila6opaTOpIIII TeopeTIIqecKo:ii q>II3IIKII OM5IM II MHCTII

TyTa H,uepHo:ii <pII3IIKII AH Pecny6JIIIKII Y36eKIICTaH.' Pe3yn1,TaThl ,nIIc

cepTaU:IIII npe,ncTaBJISIJIIICh II .UOKJiaoUhIBaJIIICh Ha 41-0M (MIIHCK, 1991 ), 

42-oM (AnMa-aTa, 1992), 43-eM (Ily6na, 1993) Me:lK,nyHapo,nHhlX coBe

maHIIHX no H,uepno:ii cneKTpOCKOnIIII II CTpJKType aTOMHOro H,upa,· 3-e:ii 

Me:lK,nynapo.nno:ii mKone no H,uepHo:ii q>II3IIKe (KIIeB, 1992), Me:lK,nyiia

po,nHoii KOHq>epeHIJ;IIII no H.UepHOH CTpJKType II H,uepHhIM peaKIJ;IIHM npII 

HII3KIIX II npoMe:lKyroquhlx 3HeprnSix (Ily6Ha; 1992), Me)l(,nynapo.nnoii 

mKone-ceMIIHape no q>II3IIKe TSI:lKeJihIX IIOHOB (Ily6Ha, 1993). 

Ily6JIHKal..\HH: OcHo~Hhle pe3JJihTaThl ,nIIccepTaU:IIII ony6nIIKOBaHhl 

B 11 ·neqaTHhlX pa6oTaX. 

CTpyKTypa H o6t.eM pa6oThI: IlIIccepTaU:IIH · cocTOIIT II3 BBe,ne

HIISI, qeThlpex rnaB, .UBYX npIIJIO)KeHHH II 3aKmoqeHIIH o6mIIM o6'beMOM 

111 CTpaHIIU:, BKJIIQqaJI 24 pIICJHKa, 1 Ta6JIIIU:Y II CIIIICOK U:IITIIpOBaHHOH 

JIIITepaTyphl II3 110 Ha3BaHII:ii. 

KPATKOE COIIEP)KAHHE PAEOTbl 
''t; 

Bo 'BBe,neHHH .,nano o60CHOBaHIIe aKTJaJihHOCTII lI Ba)l(HOCTII ,IICCJie

.nyeMhlX npo6neM. IlpIIBO.llIITCSI KpaTKHii ofoop JIIITepaTyphl, nocBSimeu

HhlH MIIKpOCKOnIIqecKOMJ OilIICaHIIIO rHC TM. 

B nepuou: rnaue B paMKax MIIKpocKonIIqecKoii Mo,nenII IIccne,noBaH 

npou:ecc pacnpe.neneHIISI 3Heprm1 Bo36y:lK,nenIIH Me:lK,ny npo.nyKTaMII rHC 
TM. . 

B '§1 · npIIBe,n;eHhl HOBhle 3KCnepIIMeHTaJihHhle ,naHHhle, cnoco6cTBOBaB-

IIlIIe pe3KOMY pocTy 1rnrepeca K ,naHHOH npo6neMe. . · 

B §2 cqiopMJnIIpOBaHa MO.UeJih MIIKpocKonIIqecKoro onIIcaHIISI ,nIIc_cII

nau;IIH iIIHeTIIqecKoii · 3HeprnII OTHOClITeJihHoro .ZlBlI)l(eHmI B. rHC TH .. 
B OCHOB~ MIIKpOCKOrr~qecKOH ~o.ne1rn iie:lKIIT TOT q>aKT, qro' iipn p~c-

. . ,: '· '· ·. ' ; . . ' '. 

CMaTpIIBaeMhlX 3Heprmnc CTOJIKHOBeHIISI Mpa coxpaHSIIOT. CBOII lIH.l{lIBlI-

.nyanh,~hle oco6eaaocTII •. 0.nHoqacTlI'IHhlii MexaHII3M. nepecip~iiKn cp~.n

HIIX noneii si:,uep (qacTII'lHO-.ZlhlpO'IHhle B036y:lK,neHIISI B Kai<,noM H3 si:,uep 

II o6MeH HJKJIOHaMII Me)l(.ny MPaMII) B ,naHHoii MO.lleJIII C'IIITaeTCa: ocHoB

HhlM MeXaHII3MOM Bo36y*.nenm1 _II .l{IICCIInau:nn. GqicpeKT ,nByxqacTII'IHhlX 

CTOJIKHOBeHIIH HYKJIOHOB Y'ITeH qieHOMeHOJIOrII'leCKII. ' . 
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Ilmi: orrncamui: 3BOJIIOUHH 115IC ncrroJib30BaH rroJIHhIH raMHJihTOHHaH 

iI CJie,n;y10rrrero BH.na 

H = Hrd + H;n + ½nt , (1) 

r.ne Hre1- raMHJihTOHHaH OTHOCHTeJibHoro .UBH)KeHHH. IlBa rrocJie,nHHX 

'IJieHa (1) OIIlICbIBaIOT, COOTBeTCTBeHHO, BHJTpeHHee ,UBlI)KeHHe HeB3a

lIMo.neiicTBYIOIIIlIX H,nep lI CBH3b OTHOCHTeJibH0ro ,UBII)KeHHH C BHJTpeH

HlIM, KOTOpbie B rrpe,ncTaBJieHIIII BTOpII'IHoro KBaHTOBaHIIH 3aIIIIChIBaIOT

CH CJie,nyIOIIIlIM o6pa30M 

if= kn+ ½nt, (2) 

kn= :L,E;pati,a;p + L,£;Tat;,a;T' 
ip iT 

. E (T) + ¼nt = X· · ,a. a. , lplp Ip Zp 
ip-1,ip' 

~ (P) + ~ ( + . h ) . + L, X;T;T,a;Ta;T' + L...., g;P;T a;pa;T + .c. , 
iT#-iT' . ' ii,ip . ·' '. 

r.ne Eip(iT) - 3HeprHII B03MyrrreHHhIX o,nHoqacTH'IHhIX cocTOKHHii. He

.nnaroHaJibHhre MaTplI'IHble 3JieMeHTbI xi~lp, lI xi:1T, COOTBeTCTBJIOT qac

TII'IHO-,UbipO'IHbIM nepexo.naM. Me)K,ny · ypoBHHMII B • O,UHOM • lI3 51,nep rro.n 

B03,neiicTBHeM cpe.nHero IIOJIH H.npa-napTHepa. B mo~. oqepe,nh, gipiT 
OIIpe,neJIHIOT IIepeXO,UbI HJKJIOHOB II3 H,npa B H,llpo·, II3:.C3a; 'J];eHCTBIIH II3Me-

, . <·"" 
HHIOIIIerocH BO BpeMeHH cpe.nHero IIOJI5J. ,UBOHHOH' H,nepHoii: ClICTeMbl.. 

YpaBHeHHe .UJIH o,nH01IacTII1IHo'ii: MaTpIIUhI IIJIOTH<>CTII ii.(t) IIMeeT BH.U 

iii 0!~t) ~- [if, ii.(t)]- i: {il.(t) ~ fieq(t)}, :·: (3) 

3,UeCb T - napaMeTp BpeMeHII perraKcaunn, fie<i'(t) :.:.._ KBa3HpaBHO~ecime 

pacnpe,neJieHIIe. IloCJie,n;Hee CJiaraeMoe B npa:soii qacT~i (3) J'IIITbIBaeT 

Heo6pa TbMbie 3cpcpeKTbI .n~y.l{qaCTHqHbI~ CTOJIKHO~CHlIH, ( T-ripII6irn)KeHHe). 

KpoMe roro, He~6paT:i;M0CT~ .s ypaB~eHHe :uB~)KeHHH (3) BBO,UIITCH B co

OTBeTCTBlili C npe.n;IIOJ"IO)KeHIIH~II, qro. iie.nnaroH
0

~bHble 3JieMe:i=hr MaT

PHUbI IIJIOTHOCTlI lIMeIOT CJiyqafi:Hbie·ipa3bI n 'rip~u~2c: MapKoicKiiH. 

PenreHne ypaBHeHHH (3) Il03BOJIHeT Bbl'Ill~JIHTJ; jiI:eprHH B036~)K,Ue

HlIH_ H,nep: 

. Ej,(T)(t) = L, [e;P(T) - £Fp(J:T)][n~;(i~)(t) '-:- fii;(;T){.to)f, . ( 4) 
iP(T) .. . , •• ,. . . . 
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r.ne £Fp(FT) - 3HeprIIH <l>epMII, 1lip(iT)(t)- ,UIIHaMH'IeCKIIe 'IIICJia 3aIIOJI

HeHHH O,UHO'IaCTII'IHbIX COCTOHHIIII II n;p(iT)(!o) - 'IIICJia 3aIIOJIHeHIIH .no 

B3aIIMo.neftcTBHH iuep JierKoro "P" ( TH)KeJioro "T") cpparMeHTa. 

B §3 rroJiyqeHbI pe3JJibTaTbI, YKa3bIBaIOIIIHe, 'ITO, B co:rJiaCIIII C 3KCIIe

pIIMeHTaJibHbIMlI .naHHhIMII., B peaKUIIHX 56Fe(505 M3B)+165Ho, 74Ge(629 

M3B)+165Ho II 58Ni(880 M3B) + 19~ Au 3HeprnH B036y)K,neHHH pacrrpe.ne

JIHeTcH rrpII6JIH3IITeJibHO rropOBHY Me)K,ny rrpo,nyKTaMII 6nHapHbIX peaK

UIIH. B peaKUIIHX 238U(i468 M3B)+ 124Sn, 238U(1398 M3B)+110Pd OOJib

IIIaH qacTh 3Hepnrn B036y)K,neHIIH KOHUeHTpIIpyeTCH B JierKoM rrpo,nyK·Te 

,na)Ke rrpII .OTHOCIITeJibHO 6oJihIIIIIX IIOTepHX KIIHeTII'IeCKOM 3HeprIIH. 

HyKJIOHHhrii o6Men, oco6enno, neiiTpoHHhIH, HBJIHeTCH rJiaBHhIM Me~ 

xaHH3MOM ,UIICCIIIIaUHlI KHIIeTII'IeCKOH ~neprIIH OTHOCHTeJibHOro ,UBII)Ke

mrn. O.nnaKo, .UJIH TH)KeJibIX CIICTeM BKJia.n B .UIICCIInauIIIO OT qacTII'IHO

,nhlpO'IHhIX B036J)K,UeHIIM CTaH0BHTCH cpaBHIIMbIM C BKJia.UOM OT o6MeH

H0ro MeXaHH3Ma. 

Bo BTOpoii:·rnaBe ccp~p~ym1p0Ban MHKpOCKOillI'IeCKHif MeTO.U IIOCTpo-
eHHH "driving" IIOTeHI~IIa.Jia 115IC. . . 

. ;·B §1 ycTaHOBJieHa CBi3b "driving" IIOTeHUHaJia C TpaHcnopTHbIMH K0-

3<p<pIIUIIeHTaMH D. ~ •, xapa'.KrepH3JIOIIIIIMH Bep~~THOCTh nepexo.na npoTo~ · 

Ha II3 TH)KeJioro· H.Upa B JierKoe "+" H o6pa THO " - ". B TpancrropTHoii 

Mo,neJIH BepoHTHOCTh Pz(t) o6napy)KeHIIH Il5IC B MoMeHT BpeMeHII t B 

cocTOHHIIH c.3apH.UOB~fi acIIMMeTpIIeft Z OIIHCbIBaeTCH "MacTep"- ypaB

neHHeM 

oPz(t) = it>l)pZ+1(t) + ~~~,Pz_,(t) at 
(D.~+> + ~~->)Pz(t). (5) 

J,fa paBeHCTBa HJJIIO JieBoii qaCTH (5) CJie,n;yeT CJie.n;y10mee CTaUIIOHapnoe 

ycJIOBHe 

IlpH t -t 00 

-Pz+1 ~~+> 
Pz = A(-) 

L.1z+1 

Pz(t) ~ Pz ~ exp{-U(Z)/T}; 

(6) 

(7) 

r.ne U(Z) - 3HeprnH ocH0:'3HOro cocTOHHIIH H Pz - IlJIOTHOCTh cocroxHiiii 

1151(: c;3apH,noBoft acHMMeTpHeii Z, .T- TepM0.UHHaMII'IeCKaH TeMnepa

Typa, CBH3aHHaH C 3,Heprueii B036J)K,UeHHH CIICTeMbI. YpaBHeHHH (6) H 
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(7) II03BOJUIIOT BOCCTaHOBIITh MIIKpOCKOIIII'leCKMH "driving" IIOTeHUM<WI 

I[5I C c noMOIUhIO cne.n:y10meii MTepaUMOHHoii npoue.nyphI 

- Uz+1 ( 
A(-)) 

U(Z + 1) = U(Z) + Tin b.~+> . , (8) 

r.ne b.~±) Bhl'IHCJI.SIIOTC.SI B paMKaX MMKpOCKOIIM'leCKOH MO,n:eJIM, Il3JIO)KeH

HOH B § 1 rnaBbl 1. 
. B §2 IIOKa3aHo, 'ITO B paMKax MHKpOCKOIIM'leCKOro no.nxo.na IIOJIY

qaIOTC.SI Te )Ke COOTHOllieHM.SI Me)K,n:y TpaHCIIOpTHhIMM K03<p<pMUMeHTaMM, 

'ITO M B cpeHoMeHOJIOrM'leCKOH TpaHCIIOpTHOH MO,n:eJIM: 

A(-) 
Uz+1 Pz 
b.~+) ~ Pz+1. 

B §3 npoBe,n:eHO cpaBHeHMe MMKpOCKOIIM'leCKOro tt MaKpOCKOIIM'leCKO

ro "drivirig" IIOTeHUMaJIOB :Un.SI I[5IC C Ztot = 108,I(OTOpa.SI p~an~3yeTC.SI 

B peaKUM.SIX 40 Ar(220M3B) +232 Th M 32S(192M3B) +238 U ., Pe~yJihTaThl 

pac'!eTOB IIOKa3hIBaIOT y,n:MBMTeJihHYIO CXO)KeCTh' ?60MX ': driving" IIOTeH

UMaJIOB. 

Ilonyqeno xopomee cornactte pe3JJihTaToB yacqeTa 3ap.S1,n:OBhIX pac

npe.neneHMii: npo.nyKTOB BhimenpHBe,n:eHHhIX peaKUMH C 3KCIIepHMeHTaJih-
. '' -

HhIMH ,n:aHHhIMH, 'ITO MO)KeT CJIJ)I(IlTh .Zl:0Ka3aTeJihCTBOM cnpaBe,n:JIHBOCTH 

npe,n:JIO)KeHHOH MHKpOCKOIIH'leCKOH MO,n:eJIH • 

B TpeTbeii: rnaBe npe,n:JIO)KeH 3<p<peKTHBHhIH MeTO,n: Bhl'IHCJieHH.SI no

TeHUHaJihHOii: 3HeprHH I[5I C npn pa3JIH'IHhIX 3Ha'!eHH.SIX 3ap5,1,n:0Boii: ( Mac

coBoii:) acHMMeTpHH Z(A), Me)KueHTpoBoro paccTO.SIHH.SI R, .necpopMaUHH 

.SI,n:ep /3i (i = 1, 2) H yrnoBoro MOMeHTa J. 
B· §1 OTMe'!eHa aKTJaJihHOCTh 3a,n:aqn Bhl'IHCJieHH.SI norenunanhnoii: 

3HeprHH I[5IC. lfa-3a Manoro nepeKphIBaHH.SI .SI,n:ep B I[5IC H coxpaHe

HH.SI HX HH.Zl:IlBH,n:JaJibHOCTII, IIOTeHUHaJihHa.SI 3HeprH.SI I[5IC npe,n:cTaBJie

Ha B BH.ne cyMMhl 3HeprHii: CB.Sl3Il .SI,n:ep M 3HeprHH MX B3aHMo.neii:cTBH.SI U. 
51,n:po-.SI,n:epHhlH IIOTeHUMaJI 

U =UN+ Ucoul + Urot (9) 

npe.n:cTaBJI.SleT co6oii: CJMMY .SI,n:epnoro, KJJIOHOB.CKOro M ueHTpo6e)I(Hpro 

IIOTeHUHaJIOB. I[an KpaTKHH ofoop MHOrQ'IHCJieHHhIX BepCHH .SI,n:epHOH 

qacTH .SI,n:po-.SI,n:epnoro noTenunana UN, c KOTOphIM ,C:!l.SI3aHhl Hatt6onhmHe 
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Tpy,n:HO~TM IIpH Bhl'IHCJieHMM IIOTeHUMaJihHOH 3HeprHH. IloKa3aHo, 'ITO 

HaH6onee 3<p<peKTHBHOH npoue.nypoii: IIpH IIOCTpoeHHH .SI,n:po-.SI,n:epnoro IIO

TeHUHaJia .SIBJI.SleTC.SI MeTO,n: .Zl:BOHHOH CBepTKH HJKJIOH-HJKJIOHHOro B3aM

MO,n:eii:CTBM.SI C M3BeCTHhIMH cpyHKUM.SIMH pacnpe.neJieHH.SI npocTpaHCTBeH

HOH HJKJIOHHOH IIJIOTHOCTM Pi(i = 1, 2) cTaJIKMBaIOIUMXC.SI .SI,n:ep. 

B §2, C IIOMOIUhIO <l>ypbe npeo6pa30BaHHH II reopeMbl O Bbl'leTax, IIO

nyqenhl aHaJIHTH'leCKHe Bhlpa)KeHH.SI .nn.SI pacqeTa .SI,n:epnoii: qacTH .SI,n:po

.SI,n:epnoro IIOTeHUHaJia B cpopMe .Zl:BOHHOH CBepTKM 

UN =J P1(r1)P2(R- r2).r(r1 - r2)dr1dr2. (10) 

B IIOTeHUHaJie UN OTTaJIKHBaIOIUHH KOp eCTeCTBeHHO B03HHKaeT IIpII HC

IIOJih30BaHMM 3aBHC.SIIUHX OT IIJIOTHOCTH HJKJIOH-HJKJIOHHhIX CHJI Mnr.na

na 

.r(r1 - r2) 

Fin,ex 

po(r) 

( 
po(r1) ( Po(r1))) ( ) ( ) = Co Fin-- + Fex 1 - -- S r1 - r2 , 11 

Poo Poo 

= (fin,ex + J:n,exT1T2) + (9in,ex + 9:n,exT1T2)0-10-2, 

= P1 (r) + P2(r), 

3,n:ecb O"i, H Ti- CIIHHOBble Il Il30CIIHHOBble MaTpHUhl, COOTBeTCTBeHHO. 

3naqeHH.SI Co M 6e3pa3MepHhIX napaMeTpoB f, f', g II g' H3BecTHhI H3 

OIIMCaHH.SI 60JihlliOro na6opa 3KCIIepHMeHTaJihHhIX ,n:aHHhIX B paMKaX Te

opIIH KOHe'!HhIX cpepMH-CHCTeM. 

IlpH Bhl'IHCJieHMM HHTerpana (10) MCIIOJib30BaHa MO,n:H<pMIIHpOBaHHa.SI 

napaMeTpH3aUH.SI IIJIOTHOCTeii: .SI,n:ep no napaMeTpy .necpopMaUHH /3i ( i = 
1, 2). 

CcpopMJJIHpOBaHa MeTO,n:MKa pacqeTa KJJIOHOBCKOro Il uenTpo6e)KH0-

ro (npe.nen IIOJIHOro CJIHIIaHH.SI) IIOTeHUHaJIOB. 

B §3 IIOKa3aHo, 'ITO IIOTeHUIIaJI .Zl:BOHHOH CBepTKH MO)KHO npHBeCTH 

K cpopMe IIOTeHUHaJia "proximity"' HO C .npyroii: YHHBepcaJibHOH cpyHK

uneii:. CpaBHeHhl YHHBepcanbHble cpyHKUHH 3TllX IIOTeHUHaJIOB, OTKy.na 

CJie.nyeT, 'ITO npe,n:JIO)KeHHhIH IIOTeHUHaJI UN HMeeT MeHhIIIYIO · rny6nny 

IIOTeHUilaJihHOro KapMaHa. 

B §4 IIOKa3aHa 3aBHCHMOCTh .Sl,n:po-.SI,n:epnoro norenunana U OT R H J 
.Zl:Jl.SI pa3JIH'IHhIX KOM6Hnaunii: .SI,n:ep. I[JI.SI MaCCHBHhIX CHCTeM Il3-3a CHJih

HOro KYJIOHOBCKOro OTTaJIKHBaHmI IlOTeHUIIaJihHhIH KapMan B u HMeeT 

MaJIYIO rny6nny HJIM OTCYTCTByeT. O,n:HaKO, OTMeqeno, 'ITO H3-3a o6MeHa 

HYKJIOHaMH B3aIIMO,n:ettCTBYIOIUHX .SI,n:ep IIOTeHUilaJihHhIH KapMaH MO)KeT 
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yrny6.iUIThCK; Il03TOMY' ,neJiaJI 3aKmoqemie 06 YCTOH'IHBOCTH M8.CCHBHhIX 

.II5IC, cne.nyeT yqn;hlBaTh 3TOT 3<p<peKT~ 

}fa cpaBHeHHX CHCTeM 
400

Ar+197 Au H 4He+233Am rrony<JeHo, 'ITO C 

yBeJIH<JeHHeM acHMMeTpIIH .Il5IC rny6nHa noTeHUHaJihHoro KapMaHa yBe

JIH'IHBaeTCK. 

IloKMaH0 BJlHKHHe HeiiTpOHHOro H36hlTKa Ha BeJIII'IHHY BX0,UH0ro II0-

TeHUHaJihH0ro 6apbepa Eb. BenH'IHH~ Eb ,nnK peaKUHII 48Ca+248Cm 

MeHhme, <JeM ,nnK 4°Ca+248Cm. TaKiKe ycTaH0BJleHo, 'ITO BeJIH'IHHa 

BX0,UH0ro Il0TeHUHaJihH0ro 6apbepa yMeHbmaeTC:K H3-3a MKrKoii .l(Hil0Jlb

HOH MO.Uhl, cBK3aHHoii co cMerueHHeM HeiiTpoHHoro H36hITKa 0TH0CHTeJlh

H0 Kopa • .IlnK peaKUHH 54Ca+144Sm BeJIH'IHHaEb H3MeHKeTc.sr:npHMepHo 

Ha 5 M3B, _'ITO npe.nrronaraeT yBeJlH<JeHHe Ha HeCKOJihKO rropK_.UK0B ceqe-- . . 

HHK no,n6apbepHoro CJIHKHH.!I. 

ll:ccne,noBaHO BJlH.!IHHe .ne<popMaUIIH II B3aHMHOH opIIeHTaUIIH K,nep 

Ha noTeHUIIaJI B3aHMo,neiicTBH.!I. IloKa3aHo; 'ITO ,nnK cncTeMhl' 4He+ 
233 Am ·rrpII KoH<pIIrypauHH "HOCIIK K HOCIIKy", II3-3a .ne<popMaUHII TK)Ke

noro K,npa (/3 == 0.45), BeJIH'IIIHa 6apbepa B3aHMO,neiiCTBIIK Eb yMeHh

maeTCK rrpH6JIH3HTeJlhHO Ha 15%, 'ITO rrpaKTIJqecKII na6mo.naeTCK .l(Jljl 

3MHCCHH a - qacTHUhl B peaKUIIII 40 Ar+197 Au. · 

3aBHCHMOCTh rroTeHunanhHoii 3HeprHH .Il5IC OT 3apK.ua z,o.uHoro H3 

Mep H yrnoBoro M0MeHTa J paccqnTaHa ,nnK CIICTeM 58Ni+58Ni~ 116Ba 

n· 76 As+ 76 As--t152Dy. IloKaJaHo, 'ITO c yBeJlH<JemieM yrnoBoro M0MeH

Ta 3HeprHK CHMMeTpH'IHOH KOH<pHrypaUHH .Il5IC 0Ka3bIBaeTCK 6JIH3KOH K 

3HeprHH C0CTaBH0ro K,npa. OTHOmeHHe rronyoceii 3KBIIBaJieHTH0ro_ 3J1J1II

I1C0H,lla ,nnK cHMMeTpH'IHoii .Il5IC rrpH6JlH3HTeJlhHO paBH0 2 : 1. TaKoe 

0TH0illeHHe xapaKTepHo .l(Jljl cynep.ne<popMHpOBaHHhIX COCTOKHHH K,llpa. 

Ilo3ToMy M0)KH0 npe.nrrono)KHTh cymecTB0BaHIIe CBK3H Me)K.llY cyrrep.ue

<popMHpoBaHHhIMH K,npaMH H CHMMeTpH'IHhIMII .Il5IC •. C pocTOM meiiKH 

Me)K.llY K,npaMII CHMMeTp11qHaK .Il5IC, BepoKTHo, rrepexo,nJIT B cyrrep.ne

<popMHpoBaHHoe M0H0K,npo. 

Ji3 C0II0CTaBJleHHK pacctJHTaHHhlX II0TeHUIIaJibHhlX 3HeprHii C 3Hep

rneii CBH3H Mpa cne.nyeT, 'ITO .l(Jljl HeiiTpOHHO-,netpHUHTHhIX K,llep HeK0-
, ' 

T0pbie HX C0CT0KHHK M0)KH0 paccMaTpHBaTb KaK rrpHHa,llJle)KaIUHe CHM-

MeTpH'IHOH .Il5IC, cocToKmeii H3 cTa6IIJlhHhlX Mep. Bnaro.napK 6anaHcy 

3HeprHii, 3TH C0CTOKHHK KJlaCTepHoro THIIa MoryT II0.!IBJlKThCK rrpH OT-

' H0CHTeJihH0 MaJihlX 3HeprH.!IX B036y)K,neHHK. . . 

- ·Pacc<JHTaHhI rroTeHUHaJihHhie 3HeprHH TpoiiHhlX cIIcTeM, KoTOphre Mo

ryT o6pMoBaThCK H3 B036Y)K.lleHHoro K.npa 235U . IloKaJaHo, 'ITO 3HeprHK 
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HeK0TOphlX TpOHHhlX CHCTeM MeHbIIIe 3HeprHH COOTBeTCTBj'IOIUeii .Il5IC . 

Cne.uoBaTeJlhHO, rrpH B3aHMo.ueiicTBIIH ,nByx CJl0)KHhlX Mep B o6nacTH nx 

K0HTaKTa B03M0)KH0 <pOpMHpOBaHHe nerKoro K,npa. 

B rnaBe 4 rrpe.uno)KeH rrpocTOii aHaJIIITH<JecKHii MeTO,n. Bhl'IHcneHHK 

.nnaroHaJihHbIX H He,llIIar0HaJihHbIX K0MII0HeHT TeH30pa HHepUHH .Il5IC. 

B §1 rrpoBe,neH aHaJIH3 MIIKp0CK0IIHqecKHX MO,UeJieii, B paMKax K0TQ-
pbIX Bhl'IHCJIKeTck TeH3op IIHepunn .Il5IC. _ · 

B §2 rronyqeHa <popMyna .l(Jlj{ K0Mil0HeHT TeH30pa HHepUHII, IIpII BhIB0-

,lle KOTOpoii HCII0Jlh30BaH KBaHTOBorn.upo.uIIHaMnqecKIIii 'raMIIJihTOHHaH 

H =; j drj(r)p-1(r)j(r) + U(p(r)), (12) 

Bhrpa)KeHHhlii qepe3 orrepaTOphl TOKa j(r) H rrnoTH0CTH p(r). IloKMaHa 

3KBHBaJieHTH0CTh TeH30pcrn IIHepUIIH Harnero H "cranking" IIpII6JlH)Ke

HHH. Ilp1rno,nKTCK pK.ll rrone3HhIX co0Tnouiem1ii Me)K.llY K0MrroneHTaMH 
TeH3opa HHepUHH . 

B §3 B KaqecTBe K0JlJleKTHBHhlX rrepeMeHHbIX .Il5ICpaccMOTpeHbl 0T

H0CIITeJlbH0e pacCTO.Rl~IIe Me)K,ny ueHTpaM~ .sr.uep R, 'MaccoBaK acHMMe

TPHK 1J = (A1 - A2)/A (A1 n: A2 MaCCOBhie qn:cna K.uep, A= A1 + A2) H 

rrapaMeTp rneiiKH v =Ane~1./A'(A~;;,;., ·_-'.qiicno HYKJI0H0B B rnefi:Ke). 

IIony<JeHbl cne.uyrom11e rrpocTi;Ie aHaJIIITH'leCKHe <popMy.rihi .zlJljl pac
qeTa HHepUHOiiHhIX rrap~MeipoB: 

·(B-l)~R':= _£,~ (l _ AAneck)·, 
m A1A2 . 4A1A2 

'(13) 

B-1)· _ 1 Aneck 
( ·- ,,,, - m2~b2A2' (14) 

(B..:1) = .!__ Aneck A2 -A1 
. Rr, r,;:;b AA'A · . m2y11" I 2 

(15) 

(B_:l )vv = : ~;~:
2

, · (16) 

-(,B--_1) 1. A~~c~ 
R--

v - m fobA1A2' (17) 

. me b2 == 1ra2 /4, b- rrapaMeTp; cBK3aHHhiii c Bennqmioii .nti<pq>y3Horo cn:oK 

K,npa.·· Ilpe.ndraB!{eHa· MeTO.riIIKa ·MukpoCKOIIH'leCKOro pacqeTa A,ie~k H~ 
C001'Bei'CTBetiiio/K6ifrroHeiI'J''Te11·3opa>'nHepuHH·.. '-, . -· -·· . . ·.. > 

; B; §4 rrpe.zicTaBJlCHbl pe3JJihTaTbI pacqefuB KOMilOHeHT TeH30p~ HHep

uirii KltK. <pJHKI(Ill'I RH 1)"':zinR CHCTeM 58Ni+58Ni.'..:.+116Ba H 118Pd+118Pd~ 
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236{!. TaK)Ke 11ponm110cTpHpoBaHa JaBHCHMOCTh Aneck OT R II 7J. lloKa

JaHo, qro JHaqeHHe OTHOIIIeHHll 

IBR11I = 
JBRRB1111 

l Aneck 
.J2'i A(A1A2 -AAneck/4) IA1 ~ A2l 

(18) 

JHaqHTeJihHO BOJpacTaeT c pocTI?M MaccoBoii acHMMeTpHH. llo,uqepKHY

Ta Ba)KHOCTh yqeTa He,UHaroHaIThHhIX KOMIIOHeHT MaCCOBOro TeH30pa IIpH 

onHcaHHH 3BOnIOUHH cHm,Ho aCHMMeTpHqHhIX 1151C . 
B' 'rrpHnO)KeHHH:'A npe.ucTaBneH npOCTOH a~anHTHqecKHH MeTO.U pac

qeTa O,UHoqacTHqHhIX MaTpHqHhIX 3neMeHTOB rrepe,uaqH HyKnOHOB HJ ll.Upa 

B MpO. 

B .rrpnno)KeHHH B .uaH llBHhlii BH.n :ehlqHcneHHhIX HHTerpanoB, ncrronh-

JyeMwtB rnaBe. 3. · 
.,B JaKJuoqeHJUf KpaTKOHJno)KeHhl OCHOBHhle BhlBO.Uhl H peJJ.IThTai'hl 

.UHCCepTaUHOHHOH pa6oThl. 
','\ '; 

. ,OCHOBHhIE PE3~JlhTAThl 

1. Pa3pa6oTaHa M~KpOCKO~H~~~Ka~ Mo.uenh ,nnll Hc'cne,uoBaHHll Mexa

HHJMa .UHCCHIIaUHH KHHeTH'!eCK(?,H <>HeprH,ll OTHOCHTem,Horo .UBH)KeHHll 

B rny6oKoneynpyrnx cronKHOBeHHllX Tll)KenMJ:C ~ouoB. llonyqeHnhle pe

JynhTaThl, cornacyromnecll KaqecTBeHHO C 3KCnepHMeHTaIThHhIMH .uaH

HhIMH, rroKaJhIBaror; ·"!TO 3HeprHll · B~J6y)K.UeHHll pacnpe,uenlleTCll rrpH-

6nHJHTenhHO nopoBHY Me)K.uy q>parMeHTaMir, a He nponopUHOHaIThHO HX 

MaccaM. BnHllHHe o6onoqeqHoii · cTpJKTJphI .UBYX BJaHMo.neiicTBYIOIUHX 

H.Uep · Ha .uanHhlii rrpouecc llBnlleTCll ·mi.)Kuhi~. HyKnoHHhlii o6Men, oco-

6eHHO HeiiTpOHHhlii, llBnlleTCll rnaBHhIM MeXaHHJMO.M .UHCCHIIaUHH KHHe

THqecKoii 3HeprHH OTHOCHTeJlhHOro· .UBH)KeHHll. Oi(HaKo, .nnll Tll)KenhIX 

CHCTeM BKna.u B .UHCCJIIIaUHIO OT qacTHqHO-.UhipoqHhIX BOJ6y)K,UeHHH cTa

HOBHTCll cpaBHHMhIM c BKna.noM OT:o6MeHHoro ~ex~HHJMa . 

2. llpe.nno)KeH MHKpocKonnqecKHii Mero.u pacqeTa "driving" rroTeH

unana .nBOiiHoii MepHoii cncre~~;· PeJynhTaThl pa.cqeTOB rroKaJhIBaIOT 

Y.UHBHTeJlhHYIO CXO)KeCTb MHKp0CKOIIHqecKoro H q>eHOMeHonornqecKoro 

"driving" IIOTeHUHaITOB. 3ro MO)KeT cny)KHTh .nonoJIHHTeJihHhIM 110.U

TBep)K,UeHHe~ crrpaBe,nnHBOCTH MHKpOCKOIIHqecKoro ,no.uxo.ua, B OCHOBe 

KOTOporo ne)KHT KOHUeIIUHll coxpaHeHHll·. MpaMH ~Boeii .HH.UHBH.UYcl..!'1h

HOCTH. MHKpocKorrnqecKJ:IH "driving" no.TeHUHan H~ceT 6onhrne HHq>op

Maum1 o rryTHX 3Bon101urn cHCTeMhl., 3roT "driving" ,IIOTeHUHan 6onee. 
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qyBcTBMTeneH K HJMeHeHHIO HJOTOIIHoro cocTaBa 'lac-reii .UB0iiHoii: H.Uep-
Hoii: CHCTeM~. · · .• · · ·, · .. , 

3. llonyqeHhl aHanHTnqecKHe Bhlpa)KeHHll .uirn pacqeTa ~.uepiI<>ii qac

TH Mp0:-H.uepHoro 'noTenumma' B q>opMe ,llBOHHOH CBepTKH •. Haii.ueHa 

CBll3b ;3Toro IIOTenuuana c'rioTCHUHaITOM nma "proximity". lkc.rre.uosauo 

BJIHllHHe .ueq>opMaUHH u BJaHMHoii: opHeHTariuH H.nep Ha rro~eHuttan inau

Mo.ueii:cTBHll. lloKaJauo, qTo BhICOTa 6apbepa BJauMo.ueii:cTBHll·yMeHbIIIa

eTcll C yBeJIHqeHHeM Heii:TpOHHoro HJ6hITKa B .si.upax. lfa COIIOCTaBJieHHll 

paccqHTaHHhIX IIOTeHUHaITbHbIX 3HeprHii: C 3HeprHeii: CBllJH Mpa cne,uy

eT, qro BoJ6y)K,neHHhle cocTOllHHll HeK0T0phIX ll,nep MO)KHO paccMaTpH

BaTh KaK rrpHHa,UJie)KaIUHe .UBOHHhIM HJIH TpOHHhIM ll.UepHhIM CHCTeMaM. 

11 pe.UJIO)KeHHhIH MeTO.U pacqeTa IIOTeHUMaJibHOH 3HeprHH .UBOHHOH iuep

HOH CHCTeMhl MO)KeT 6b1Th HCIIOJlhJOBaH npu n106oii ee MaCCOBOH (3apll

.UOBOH) aCHMMeTpHH. 

.4. PaJBHThl q>eHOMeHOJIOrHqecKHii: II MHKpOCKOIIHqecKHH MeTO.Uhl pac

qeTa TenJopa m~epu1m . .uBoiiHoii: ll,nepHoii: cncTeMhI. llpoamtJIHJHpoBaHa 

CB513h Me)K,Uy pa3JIHqHhIMH M0,UaMH .UBH)I(eHHM ,UJIH pa3JIHqHhIX KOHq>nry~ 

paunii: n paccTOHHHM Me)I(.uy q>parMeHTaMn. lloKaJano, qTo cBHJh Me)K

.uy pa.unanbHOM. H MaccaCHMMeTpHqHoii MO,UaMH .UBH)KeHHM OKaJhIBaeTCH 

cna6oii: .UJIH CHMMeTpH'IHhIX KOH<Jrnrypaunii: n JCHJIHBaeTCH c yBeJinqe

HHeM MaccoBoii: acnMMeTpHH. llo3TOMY yqeT He.unaroHanhHhIX KoMno

nenT MaccoBoro TeH3opa Ba)I(eH npn paCCMOTpemm .UHHaMHKH CHJihH0 

aCHMMeTI?HqHbIX CHCTeM. Ilonyqennhle pe3JJibTaTbl MoryT 6bITh II0JieJ- . 

Hbl rrpH 0IIHCaHHH npouecca CJIHH~HH 51.Uep • 

5. Ilpe,UJIO)KeH npoCTOI1 ananHTHqecKHH MeTO.U pacqeTa o.unoqacTHq

HhIX MaTpnqnhIX 3JieMeHTOB nepe,uaqn HYKJI0H0B HJ ll.Upa B 51.Up0. 
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