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I. BBE UEHlfE 

o~ H8 HeO~aHBHX SROnepHM9HTanbHHX pSSY~TaTOB RBAH9TCH 06
H8.P:P;SHH9 YCHJI9HHoro BlUo.na JISI'KIiIX JOUlax 0 BBMKHyTJiMH odoJIO'l.R8lm lL1Il! 

no.no6oJIo'WIMH ( 'IHi. f 12C , 160 ) B pS8.KQlIHX rJry60Koasyupypu nsp9.na'l 
o HOH8MH "t;4z H $2{" I I. B aTHJ[ p91UU.tKHX JOUla "He·, ftc , 'ItO SHa'lH

T~HO y.narrSRH no MBO09 OT ~STanm9ro HORS. Hx 8H8.'lHT9BbHHA BHXO.n 

Ra'lSCTB9~0 BHTSpapSTKpYSTCR He. OCHOBS MSX8HBSM8 U9HTpo6eXHoA WPBr
M9HTEUlHH II ( p8C~ .IUlOlRoA a,n9PHOA CHOTSMhl H8 .DlIa rIJpBIlwleHT8 Ha nyTH 

K nOJIHOr.ty 'IT.OJIlHllnm ). Ha6JIJO.na 9Mhl.ll, H8npmr9p, B peB..KllWl ~oII + (01.' tOJ#!11 

on8,ll; OS'lSHHI 06paSOBaliHR Jts r KlIX MSM9HTOB no MSpS YMeHloW9HllJ1 l (80

TSCTBSHlW.Il 0 TO'lKH speHHR .IlHIPWSIlOHHO.ll MO,l1SJIH ) OMSRRSTOJI nO,l1;1oSNOM,H8
'UUl8Jl 0 ii! = 8. B 09'lS IilUDC 'l9TRO IIpOJiBJIJUoTCR N8.KCBMyYbI , oTBe'UU)1IijI9 
'lSTHO-'l9THUM R,l1pBY C SaMKHyTHMH o6oJIo'lKBNH RnH n0,l106oJIoliRBMH. 3TOT 

8~KT HS HBW9Jt noxa 06~RCH9HHR B paMKaX Cym9CTB~ Mo.nans .Il. BnOJIH9 

S9POHTHO, 'ITO OH, 0 O,l1HoA CTOPOHH, OTpaM89T o ymec TBOBaHH9 o60JIO'leK B 

R.Iijlax,a 0 .ltPyraA - lIBJIHSTOR CJI9.nCTBH9U KaKOro- TO .nonOJIll.HT9JIbHOro Me
X8HlJaM8, o6sons'lHsB.IlIQero .nOOTarO'lHO rrpo.nOJtlBfrSJII>BOe Oym9CTBOBrumS 

,l1BOAaoA a,nspHoA OHcrSM~ apR 60JIbmHX SHa'lSHKRX S8~OBOa (U8 CCOBO.ll ) 
aOHMM9rpHH . II0 8TOr.ty 06"RCHSHHe STore HBJIeHHSl H}'ZHO BOKST!>, OOHOBIiB8

HOb Ha MO,nSJIH pS~ MHOroHYRJIOHlWX nepe.n8'l, Y'iBTIiB~9a 0 60JIO'l9'lHH9 
~KT"'. 

3q¢eKTN 060JIO'l9K .lIHdo Bo06~s OTCyrCTBynT B CymSCTB~ Mo.ne~ 
psllKUKA C TJUtSJINMlI HOHBMH, JIlI60 BX~r B HHX TOJIb KO 'leps s 3HSp I'lm 
CSRSH R,l1ep . B MO,l1SJIlI B. IiJopsH6spra 2 , HarrpHMSp. MarpH"lHWt M SM9HT 

nspsxo,na HYKnOHa It S ~ B R,l1p0 Orrp9n9~eTcR C nOMomLD rrpons~~ yo
p e.D:H9mm no BCSM OdoJ[0'l9'lH1m KOH<IMryp8lU!RM , l! noTOMY He ConeplKRT 060

JIO'l9'IHI:iX 3q¢eKTOB. lUmJI, B nOTSHl.{HaJIbHYll saGpnm .DlIolbio! RJJ;epHo/t CHe
TeMN MOryT 61i1'l> BR.1IID'lSlW SRCnSpHMSHT8JIbHHS SHSp rmt CBR9B Hnsp, KOTO
PNS , KOHe'lHO, BKnD'laDT ~KTN odoJIoqsx. B HEROM B~S 060JIO'l9'lHU8 

a¢qeKTU~7°~ B paC'l9TY MaTp~ arrSM9HTOB nspexona B nO~One,p8s
nTOM B 3 . 

B C.IlS,IIYIlIIlsu paS;n9J[s MY IrpOSS,nSM op8BJmT~HNA 8H8JIHS pa3JIH'ifDlX 

no~,noB K paC'l9TY MarpR'lHHX aJI9MeHTOB nspSXona, 8 a8TeM BCCJ[S.nySM 
B.JJ:HJllmS 060JIO'l9'lHHX atMaKTOB Ha EwtOn JterlGlX a,nep. 

2. Ml1KPOCKOIDflIECKOE OITYlCAIDfE PEAKl.(IDt MHOIDHYKlIOHllliX IIEPFJlAq 

I1cCJIe.nyeM MeX8.HR3M perum;nn trnorOlfYKJIOHllliX nepena'i, paCCtfaTpHBaR. 

JJ:BO~ Rnep~ CHCTeMY nOCJIe JJ:HCCHTIa~H KHHeTH'ieCKOn SHeprHH H rrpen
nOJIaraR., 'iTO TeIIJIOBOe paBHOBeCHe YCTaHOBRJIOCl>. IToCJIenYJQmy1O SBOJIlOUHIO 

CHCTeMH 6yneM OIIHCHBaTl> C nOMOmPlO raMRJIbTOHRaHa 

f.I=f-Io+V, 
(I)

He "" L Ep a~ ap + LET a; QTP T 

V =;;. (gpra;ap+ R.c. ) , 

rne Ep , f T - O.D:HO'l8CTIfIUille 3HeprHH I'l B HaJIeTaromeM I'lOHe, I'l B R,l1pe
MHmelfJl[ COOTBeTCTBeHHO, Ho OIIHCHBaeT BHYTpeHHee COCTomrne ¢parMeHTOB, 

V BH3NBaeT rrepexo.Uhl HyKJIOHOB MelKny RnPaMn. BSal'lMOnel!:cTBHe V MOlKHO 

nepenicaTl> B B~e 

v= L , V~2' V,2 = I. 9pr a;ap
i;.H=f,2 P, r 

TIPR paCCMaTpHBaeMNX 3HeprRHX CTOJIKHOBeHHR HCnOJID30BaHHe O.D:HO'i8CT~0

ro rqm6.7rnlKeHl'lH )J.7Ijl Olmcamm pea~ BnOmIe orrpaBnaHO. 

TaKo!!: nonxon rronpa3YMeBaeT TO, 'iTO Ha CT~ SBO~ CHCTeMN 

Hnpa COxpaHfflOT CBOIO H~I'lJJ:Y8JIhHOCTo, T.K. RX nepeKp~TRe OTHOCHTeJIDHO 
MaJIO. 

nso~ RnepHYlO CHCTeMY xapaKTepH3yeT ee rrOmIaR SHeprRR E I'l 3a
PHnOBaR aCRMMeTpRR 1 . BBeneM Ta~e B P8CCMOTpem1e Ha60p nOnOJIHHTeJID

llliX KBaHTOBlU ttHceJI n. ,pa3JlJPi8!l:l!mlX COCTomrnH JJ;Bo/!:Ho/t HnepHo!!: CI'lC

TeMH rrpH ¢r\KC~OBaHllliX 3H8'ieHRRX E R I . 

060 SHa'll'lM 'iepe 3 r. (n , I: ) BepoRTHOCTb H8l!:TI'l CHCTeMY B MOMeHT 

BpeMeHl'l t B COCTOHHlll'l C 3apHnOBol!: aCRMMeTpl'lel!: 1. I'l nOnOJIHHTeJIbHID.!l'l 
KBaHTO BtlMH 'ilIC JI8.\ffi fl, 3HeprRH CHCTeMH E 38.D:aHa. MH 6yneM rrpe.n

nOJIaraTl>, 'iTO KHH7Twq7CKH!!: rrO,l1XOn rrpRMelrnM K OIIHCrumlO peaKI.tRff MHoro
nyKJIOHHNX rrepena'i 2,4 I'l Be~HH p. (n , t ) MOryT 6HTl> HaruIellli C no-
MOmPlll ypaBHeHl'lR 

do. PaJn,tJ _ L A(l,nll:n';[ p',(n',tJ- R(n,t)] , (2)J. t - z' , n' ~ ~ 

- MHKpoCKOIIH'l.eCKaR B9PORTHOCTo nepexonarne A ( 1 , n 11.', n' ) 
(;) (I,l1lt',n') =,1(1',n' ll, n» 
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nOCJIe~ee paCCMOTpeIDIe MQJ!teT BeCTHCl> ~ nyTm.m. nepBId CBH

3aR C BBe~eHB9M BepoHTHOCTH nepexo~a A(lIZ'), ycpe~HeHHoft no MHOEe

nlC~ nepexO~OB Mellt,Ily COCTORHruIMH n H MSltpoCKO!IW{eClGIX R'le

eR"~./, XapSltTepHSyunHXCH 3H8'leHIDIMH sapsmoBoft .aCHMM9 TplDl 1 1'1 II H 

n OJIHoft SReprKK, KO TOpaa npe~OJIaraeTCH saKnD'leHHo A B HHTepBaJIe £, 
£ -r ~ f : 

jr( -(
) ( t I l') = '''1. (f, F+ /i.E) At>! , (f , [ +6 ~) x 

x L L A(~ , n. I 1', n') 
(3) 

n n; £,Et4E n.'t ~ ';f +t.E 

r Jle Nl ( f , £ + ~ f ) == f: (£ ) A E - '!HMO COCTOlllilUt B MaKpOCKOIIH

'lec KO A R'leARe, a .Pi ( £ ) - !!JI;OTHOC'l'l> COCTORHHft. 3T0 Be~eT K pesyJll, 

TaTBM, Cqop.!YJIHpoBaHHHM BIZ ,5/ • 

B TOpoA rryTb CBHSaR C Henoope.IlOTBeHHIiM paoOllOTp9RHeM ypaBH9RWi 

(2 ) 6 9 3 BBe~eRWi yope,n;HeHHH.X BepoRTHOCTea nepexo~a (3). ::lTO BOSMOlllHO 

6JIaro~apSI OTHOCHTeJThHO IIPOCTOMy mmy r8MH.J]'J,TOHRaRa (I). TaKoe pac

CMOTpeH~e Be~eT R peSYJIbTaTY,nOJIy'leRHOMy B/3/ • ~eCb MH rrpHJleM K HeMy', 

HCnOJThSYH ~yroa nO~OJl. ITOJIy'leHHHe BHPazeHRR: nOC~T HaM OCROBOa 

lJ)IR Jl9.JThHe tl:rne ro 8H8JIlllsa • 

MHKpOCKonxqeCKHe BepoHTHCCTH nepexo~a CJIe~ 06paSOM BHp8XB

IOTCH 'lepes r8MHJThTOHRaH (I): 
/+41: 

)I(l,l1ll;n) ::::'A~ f<z,nlexp(-fjHmtb-)ll;n'>!'" , (4) 

rJle 11. , n> - B9KTOP COCTOHHIDI CHCTeMH. xapaRTepHOe BpeMR: tJ.t ~OJDK-
HO TIpeBlilIlaTl> BpeMH peJIaRcamm cpe,n;Hero nOAA ~a (,... 10-22 C ), HO 

6HTl> MeHl>me BeJIlrumI:l 1§L~ / t. E , r~e tJ. f - pas6poC no :mepl'm'l COCTO-

SIlIId. rrpKH8,lVIelK8lltRX o,n;HOa MaKpOCROIIH'iecKOft R'leibt9. B rrpe~oJIolltemm:, 
'lTO V MaJIO no cpSBHeHHIO C He , nOJIy'lBeM 

2 . U.t(E i El l) 
J(ln.lt'n'):::~/<lnIVIt'n'>/ 	 SLna Il-n' = 

, , t.i ' , (Eai~f:)1-
(5 ) 

e5ti)
~ 2)i' I<I nIVI r' n'>/2 f"'iT (f i _ E1. 

I 

)r " 	 n n' . ' 
r~e OTIpeJleAAeTCR: ypBBHeHBeME: 

1-1" Ir, 11 >::: E: It, n '> 
- (2:;~) i. l' 

~ 0 Ai: (fa - Enl ) R:BJIF£eTCH MaKpOCKOIIH'ieCKoft b - ~ea. 
ORa lIpaKTJ!1l.eCKI! PBBHB HyJIIO, eCJIH n 1'1 n' TIpKH8,lVIelltB'I' paSHHM MaKpOCKO

IllAeCKHM R'lettKaM, R lffilIHeTCR: KOHe"UIoi!: BElJIHlmHOi!:, eCJ!R n H n' rrpKHa,n:

JlezB'l 0,n;H0l!: H'leftK9. 

4 

n epeb eM K BH'lHCJIeHHlD A ( .'l I 1.' ) . Ilo~cTaBIDJI (5) B ( 3) : 
~ (~ 11') = 2ji' N~-i N..: l r L L <. i!, nl ~ o,ll: n.'><t' til WV II, n')

n .. • n n' i ~ i 1\ lit 'I't'"' 
- 1 !' 


" 1) (En - En l ) = 


"" f ~-\~I L.,~ ~ O , nl~ ~ , &(JI,,-Enl)lt : n'>x 
R"Fa a 	 (6) 

xu',n'l ~i,'t ,n) = 
2~ - f AI-I" " " I I V. c: i! /1 1"" T N~ IV" L '- L , i , n .al o(H.-En)/ l, If >" 
n. < " l~ f rL 1~A " R 

X 0': ~ I tff I ZJ n> . 
B nocne~eM Bup~eHHR H~eKC ~ n po6eraeT no BceM MaKpcl CKOTIH'le 

CK.~ H'lettKaM. IlepexoJl OT CyMMKPOBaHHR: no n' K Cyt.1IvI1IpOBaHHlO no 7. 1/ 

A CTM BO 3MOlKeH , Bo-nspBllX . nOTOMy' , 'lTO rrpP! cIMKCYYPOBaHHOM SH8'leHHH 

rumeKCOB l , ~' BKJIM B CYMM'i no 7. /1 JJ:8e T TOJThKO O~O CJIaraeMOe C 
- i 

b (H. - [,,)- <PYaKlllllii~ 1 1 , 8 BO-BTOpHX . o.rr8ro~apR rrpHCYTCTBHlO 

CyMMHPO B8IDIe no Ii MOlKHO pacrrpocTpaHHTb Ha Bce MaKpclWletUm. 

~CnOJIb3YH yCJIOBHe nOJIHOTH 
l2:: 	 I ii' ~ '> ( t , A I ::: { , 

1/ ~ ,l,,, 
nOJIy"laeM 

~ I t Il ' ) = r N.-\~/lff ~ <t, n l~6.'5(Ho- E:) V~~ / lt, 11) . 
(7) 

C nOMOmplO Te~KH, pasBHTO~ B/6 / nnR Bup~eHHR, CToamero B rrpaBO~ 
'laCT~ (7 ),B/2 6~ nOJIY'leH CJIe~YIOWH~ p e3yJIbTaT: 

~ (l,nl ~f ~( ~,, - Er:) ~~111J n> =Ji.fe(E)(~~I v..~ >. (8 ) 

+ 
BeJIH'lliHa )4.-nopR,lU{B emnm .!.U:l. Ycpe~emle B <. 'viii VUf> BKJIlO'laeT 

Bce 060JIO'l8 'lHHe KOH!lMryps.u;ID1 C sa,naHHo~ sapMOBO~ aCHMMeTpHe~ Z • 

AHM ora'lHHM 06pa30M B Ka~eCTBe rrpoMeMYTO'lHoro coCTOHHHR: B (6) 
MOlKHO HCnOJIb30BaTb It ,n> . TorJJ:a nO CJIe c HMMeTpHsanHR BHPalKeHHe (7) 

I!p'R06peTaeT B~ 

~ I Zft If'" / 1/ \1 + > 
/1 (tll):= -l- (- E)1 r 1 L '\ VU' Vii" (9) 

11 4 P"lIE)fzIE) A,a' 

5 



Ycpemremrua MaTpHtUillM . SJIeMeHT <VU' VI;' > He HeceT IDrnaKHX CJIe,nOB 

o6oJIo'le'lllofi CTpYKTypbl. 060JIO'l8'll1b1e S~RT\;j MOryT BOUTH B ( 9) TOJIl>KO 

'lepes sKcnepRMeHTaJIbHHe SHepl'Hl'I CBRSI'! R,IJ;ep, OT KOTOPliX 3aBI'!CHT llJIOT

HOCTb COCTORHHM CHCTeMbl .P~ . 
BepHeMcR K ypaBHeHH~ (2) H paBeHcTBY (5). B K8'leCTBe KOH~rypa

In'Ijt n H n' MOlKHO B3RTb COCTORHHR C ilMKCKpOBBHHHM 'l.HCJIOM 'laCTHU H 

JniPOK . Y!s O,ll.HO'laCTH'l.Horo XapaKTepa B3aRMO,nenCTBM V CJIe.nyeT, 'lTO 

A( 1:. , n. I t ', n') OTJrn'l.HO OT HyAA, TOJThKO eCJrn COCTORHHR n H n' 
pa3Jm'laIOTCR Ha o,n;HY 'laCTH'l.HO-,llI:lPO'l.HYJO napy. Pa3HOCTlo 3Heprn:!% ROH~ry

p~ B 3TOM cJIY'l.ae CBO,ll;HTCR K pa3HOCTH o,n;HO'laCTH'lHbIX 3Hep~. M3 (5) 
CJIe.nyeT, 'lTO 1'-= l ± 1. • IIo,n;cTaBJIiUI BHp8.XeIDIe ,IT,JI.iI V B (5), IIOJIy'l.8.eM 

.A (l,nl r.+J, 11')-::..;E L IOn,2 /1~+I,n;{_n~'l,n') x 
n p,T ~ ( IO) 

• ni, II. (1- rl
1

, 11.) f ( Et - E < ) 
T f P r 

~( Z n lr.-f n') =V,X- /O /2 ni.- I, n'({_nl 
-
I, fl ) x 

) ) ~ P, T I PT T P 

II n ~' II. (( _ n i, 11.) f ( E i! _ [Z )
P T !' T 

B ( 10) np • paBHH HYJIRJ RJIH 8~e. l1s OmrO'l.8CTlAHoro XapaKTepanT 
B38KMo,n;el cTBHR c~e.nyeT, 'lTO npH ~KCHpOB8HHOM n' 

'" i n t. nL I1 ' (I-n' )={ (II)n T,P p, T 

IIpe,ncTaBIDII ~ ( n', I: ) B BH,ne 

~ (/7. ',1) - ~ (tJ Cfi (n') , 

I',ll;e ~ C1i (n') = 1. BeJIH'l.ID!a ~ ( n' ) - 3TO BepoRTHOCTL HaitTH CRCTe-

WJ npR S8,ll;aHHOM SHa'lemrn 3apR,IJ;OBOI aCHMMeTpHH 1 B COCTORHHH n' 

PaoCMoTpHM CYMMY 

,i,n' t~ nl I 
(I2 ) ft np, r (1 - nT,p) lfi (n). 

1:,fl ~J n 
B STOM Bllp8lItemm IIpOHSBe,ll;eIm9 n p,T ( { - nr,p) ycpe,ll.HReTCH no BC8M 

0 6cJIO'l9'DmM ROH~RM, npJll1l9M9lIIBII\I'IM O.n;Hot!: H TOt!: X8 MaKpOCKOmt'l.e

CROa ff"leftJte C sa,n;rumoi:! 3He-PI'Hat!: Bo s6yJQJ;emm . MIl rrpemroJtOlltHM, 'lTO CYM

Ma (12) MOllteT 61lT}, Blipa!teHa C nOMOlI1l>rJ TeMllSpaTYPRllX (q,ep.m:eBOIGIX) 'l.R

o eJI SanOJIR9Hl!R 

6 

_ l,n' l,fI.' I i. :i! ~ np, T ({- nT,p J ~UL) -= np,r(T) (f-flT,ptTJ) ) (12a ) 

r ne TeMlIeparypa T CBfISaHa C 3H8-prne a Bos6yz,ne lm-Il., XapaKTepHsyDlleft 

MaKpOff"l8 itKY. Ilo,ncTa.BJI.fiR COOTROmeFmH (10, II, 12 ) B (2), no.rrytte.9M 

• 1_) 1+) [-) (-I-) P (13)P :=: l1H f P2 .j.~ + .1J,. - ~ ~_~- (.11. + c1. z ) e }z 

rn9 
• Z(At £ 1 - i!) I 

(-)_ {\" 2. t . l 5HZ iT ( p - i: r 'J (I3a)
.1~ - d[" f;;T I ~PT I np cTJ U-nr (T») (=p ; E: y 

2(Ai (£'I _ E 'I) I 
Sin rr p r'/ (136)

d / ..) =- -L r. Ia Il,lmU-npl (Ti) (E:-£;)21 Il t P, T ~PT T , 2 

O,ll.HO'l.aC~ cneKTP , KpaTHOOTH BbIpoXneHRR~BHe~ ~enOc-pe,nCTB9HHO 
BXO,Ir,frT B p aC'l.eTIi BelXHrI'ROCTel IIepeXo,na (). l . TaRl'IM 06paSOM, BeJIR'UI

HH 6. (1;1:) o TpalK8..lOT BJnUI1me 060JIO'l8'l.HHX S\fltleKTOB Ha SBOJII01(IDO CHCT9Mb1. 

B OT~e OT (9) B (13a,6) He BXO,n;RT HBHO TIoJIHHe IIJIOTHOCTn COCToRHHil 

CHCTeMH npH Sa,ll;aHHOa 3apRnOBO~ aCHMM8T-pKK H no~oa 3HeprKH. OHH nOR

BKrrHCL B (9) B pe3YJThTaTe ROHqMrypauHOHHOro ycpemreHHR MaTP~oro SJIe

M8HTa nepexo,n;a . KoHe'l.HO, IIJIOTHOCTI'I O~O'l.8CTK'l.HHX COCTORIDI~ ~~8CKH 
BMRl'laIOTCH B paC'leTIi no ilXlpMYJIaM (I3a.,6) 'lepe 3 oco6eHHOC'l'H o6oJIo'le'l-

HO~ CTPYKTYPIi. 

3. PE3YlIbTA'lH PACT.lETA 

B STO~ p a6oT8 MIi IIpOH3B9JIH yrrpomeHHli~ paC'leT B p aMKaX MO,ll;8JIK C 

BiipOlK.Il o6oJtO'l.K8MH. B TaKOt!: Mo,n;eJIH o60JIo'l.e 'l.Hbl8 S@leKTli ,n;0JIllRH emmMH 
rrpoHBRTl>CH HaH60JIee OT'leTJIHBO. ITYCT}, hwop, ~ WOT - paCCTOfIRHR 

M9!UI;y o60JtO'iKSMH BO q,pameHTRX.; SlN,-p ,QK.
T 

- KpaTHOCTlo Bb!pOl!.IleHlUl: 

060JtO'l8R. TaR R8K pacCTOfiHHR MelK.IlY o6oJtOq!{8MH 3Ha'l.RTenbRO npeBHIDSDT 

TeMn8paTYPY B p aCCMaTPKSaeMIiX pea~, TO TeMTIepaTypHoft SaBKCHMOCTL~ 
'l.RCeJ[ sanOJIHeHHH MOlltRO npeHe6pe"U>, e BB.1lK'U!Hli n, ' nr 6YJI3T xa

PeKTSPH30B8.Tb CT8IIeHL sanOJIReHH.ff 0 60JIO'l.lO'l. 060 sHe.'l.EM "!ep e s IV" R IY~ 
HOMepa 0 6cJtO'leK BO ~arYeHTax. O~'l.8CTK'l.HNe 3HeprHH 060JtO'l9K HMeIDT 

OJIe,llYl1ltHii rum: 
l. 1 2Ell. = - A + -Ii %p l Ap- Alp) )

Fp p 

7 

http:sHe.'l.EM
http:sanOJIReHH.ff
http:PeKTSPH30B8.Tb
http:BiipOlK.Il
http:KoHe'l.HO
http:O,ll.HO'l.aC
http:no.rrytte.9M
http:IIOJIy'l.8.eM
http:IT,JI.iI
http:cJIY'l.ae
http:OTJrn'l.HO


E;' = -;>,:' + *WeT ( NT - tV: )
~ 1 T T 2;; 

r,ns AFp' Ah- - JrnMHtiscrors TIOTSHIijmJIH; Np , NT - HOMspa TIOCJIS,n-

Hsfi (TIOJIHOCToID HJIH 'laCTK~O) 3allOJIHSHHOfi o60JIotiKH BO WParMSHTS npH 

3a,UaHHOM l . MaTpK'l.HblS SJISMSHTH 	 apT napaMSTPH3YSM, RaJ{ Ii: B/ ? I: 
if Z [l!

lEN: - JIIr! J{~PT==-9oexp - ~(:op+t).h) 

BSJIWlliHY go B030MSM HS pa6oTH/3/. 

rIpl'! C,nSJIaHHHX npS.nnOJIOlKSHKRX 

6 (-) =~ : L .Q Q 1: ( ;;nlYp 1- n ) x
l t:.1: 9 ,v.:!Y. K" AlT lVr 

P' T 

(14) 
;; i . 2.(At(f'tfl,l

lEN, -EM I J SUI IT' tIp- /lr );)( exp { - 2 p T 

~ (Wop +U;~T) ( £;, - £! )2. 
e 2 Tj 

it) 't i 
BbipalKSHKS.IlJIR t:./. TIOJIY'l.aSTCR 1'13 (I4) 3aMSHOfi nlV, ~ nAl,

S2C -IU P 
B I<B'lSCTBS npHMspa ~'CCMOTPHM ps8.RlUt!O 2 + Ta. (380 MsB). 3Ha

'lSIDIR A~ B030MSM Hi • ECJIK '3HSprnR o60JIoqror OI<B31:maSTCR TIOJIOlKH~ 
P,T 

TSJIDHOfi, HO H3BSCTHO, 'lTO npH yqSTS paCmSTIJISHHR o60JIoqror tlBCTh yp0B

Hsfi 6y,nST HMSTh OTpHuaTSJIDHblS SHSPrKH, TO 3TO tlI'!CJIO yp0BHSfi yqTSM B 

paC'lSTax. 3TO BTIOJIHS onpaB,naHO, T.R. B tlI'!CTO OCU1J..lIJlRTOPHO~i MO.I\SJH1 Y 
R,USp MO~ST TIOJIYtiHToCR HSPSaJIKCTHtlSCror MaJIOS tlI'!CJIO CBo6o,nHblX O,nHOtiBC

TKtiHblX yp0BHSfi. MBCCOBbiS ~CJIa wparMSHTOB ~RCKpOBaJIHCh H3 YCJIOBHR 

6STB-CTB6HJIDHOCTH JISrKOra iPParMSHTa. 3HBtlSHHS 6t 6b1JIO B3J§0 paBHHM 
ro-22 

c. TaKora lKS TIOPR,UI<B 3HatlSHHS 0 I: 6PaJIOCh I'! B pa60Ts 91, r,ns 

nps.nnOJIaraJIOCh, 'lTO OHO nOJDKHO 6b1Th 3HBtiHTSJThHO MSHDITJS xaPaKTSpHOra 

BpSMeHH H3MSHSIDIfl MaKpOCKOTIHtlSCRHX B9.7IKtiHH. 

it) 

Pe3yJloTaTH pBCtlSTa(t) {:j;; npHBsnSHH HB Pl'!c. I. OcmuumPymlHtt xa-

PaKTSP 3aBHCHMOCTSfi 6 z OT i! OTPaJKaST BJll!RID!S o60JIotlS'l.Hott CTPYK

TypH. rIpl'! I = 2, Cl, 20, 28 I'! 15 (conpRlKSHHhIfi TRlKS.JIill:! qiparMSHT ms-

ST 1. = Cl2) t:,';i H 6~) O.IJ:HOBPSMSHHO HMSIDT MHHHMJMH, TaK KaR MaI'H

tlSCRHS R,Upa C MSHornstt BSPORTHOCToID OTn~T H npHHHM~T HYKJIOHH. 

IToBsnsHHs ~ It) 3aBHCHT OT I-IatlaJIoHOrO 3Ha'leHHR: 3apJUIOBolt aCHM-

MSTPruI lo (B HawSM cJIYtias I a = 24) I'! COOTHOmSID!:R MSlK,Uy RO S~WlSH-
[-) (+) 

TaMH f'1;; H f'1 . KaK BYIJIHO H3 pHC. I, npaKTHtlSCRH BO Bcsfi o6JIac
[~J 1: I-I 

TI'! l: < 24 III > /::, l ' 'lTO YMSHDIllaST BSPORTHOCTo o6pa30BaIDIR B xo

ns SBOJIlOIUm CHJIDHO aCHMMSTPKtlHHX no 3apa,n:y ROH<fJHrypa.mtA. 
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PHC. I. BepoRTHoCTK nspsxo,na ~)~ - , paCCtiRTaHHHS no ~PMYJIS (14) 

(CTIJIOlIIHaR KpIDlaR - l'>...1 7. {mTPHXOBaR - ttl ) )l.lIR PSaK-
UHK S2 Cl. + "ITa. (;:J80 MsB), ] = 70 ~ . 

Pz 

15 2'5 3S z 

n[ ffI-rhIe. 2. PSSyJIoTBT paCtlSTa P .U,.JIR psaF~ Z + fa (380 MaD),
J ~ 1C I; , TIpf! 

l I: = 5 '10-2 C C I'!CnOJrD30BrumeM !J.<±) , 
H306p~eHHHX Ha pHC. I. CTPSJIRa YKa3b1BaST HatlanbH~ 3ap!noByro 

acm.w9TpHD lo = 24. 
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Ha pRC. 2 rrpe,ncTaBJIeHll p e S¥JlbTa TH paC'leTa Pi ( I: = 5 -ro-2I C). BM.n 
HO, 'lTO Pi peslw y6HBaeT B HaITpaBJIemm YMemm9HHfl "l . C YBeJm'!e
HHeM BpeMeHH 3BOJIlOLUm OTHOCl'ITem, Hl:l.R BIJXO,n JIe r lGlJ( IIpO.rr;yKTOB pa CTeT. 
TIPH -I: = I O- 20 c OH Ha .n;:aa 1I0pnnlW. 60JThme, 'leM rrplJ i = 5 -10- 210. Ha 
pHC. 3 IIp>IBe,netm pe sYJII>TaThl paC'leTa PI IIpR " = 5'ro-20c. 10- 19 C H 
IO- I 8c • HecMoTpfl Ha POCT OTHOCHTenbHOro BHXo,na JIe rKRX ~ep C YB9JI}\t(.e 

HHeM t HaH60JIe e BepoflTHHM rrO-IIpe~HeMy OCTae TCfl HanpaBneHHe 3BO.~ 
UIm CHCTeMH K ROHtlMrypa.1~lnl!4 C MeHbruett aC MMM9Tpl'Iel!. B0 3MOll!:HO , !rpH Ma 
JIHX 1 cyme CTBeHHUMH CTaHOBflTCfl nepe,na'l.ll RrraCTepOB, 'lTo,6e 3YCJIOBHO, 
YBeflH~T BHXO,n JIe rKHX nnep. 

:;P 'K 

J5 L5 

PHC. 3. 	To lite , 'lTO Ha pHC. 2 ~ CJ1JIO!IlHM Kp>IBM - .£ 5 -ro-20c 
ruTpHXOB8.f! - I: = 10- 9 c, WTpWCnyHI<THP:18H i = ro 11i c) . 

TeOpeTK'leCROe 3Ha'leHHe BepoflTHocTR 06pa30BaHRfl JIerlGlJ( ~ep B03
pacTaeT, ecJIl'I paC'leTH ,n9JIaIDTCfl B IIpe.nnOJIO~eHHH. 'ITO B Ha'l8JlbHHl! MO 
MeHT CTOJIKHOBeHRH ,no yCTaRosneHHfl TeJ1JIOBoro PaBHOB9CHfl 'laCT~ HYKJIOHOB 
rrepeXO;IJ;l!T R3 JIe rKoro ~pa B TmReJIOe 6JIaro.napfl paBHOMepHOMY B Ha'lam.
~ MOMSHT pacnpe,naneHHID 3Hep~ B036~eHBfl Me~ nnpaMR . 3Ta I'l'IllO
Te3a yc rrelliHO RClIom, 30BaJIaC~ B 10/ ~ o~flcHeHHfl aHOMam.HO 6oJlbworo 
c e'leHHR C~ B peaxmKRX C 6om,mo~ MaCCOBO~ aCRMMe?pHeft BO BXO,nHOM 
RaRaJIe . Ha pzc. 4 rrpn e,neHH pe3YJIM aTH paC'leT8 ~ ( I: ) IIpR 14 = 22 

l! I: = 10- 20 C R 5 ' 10- 20 c. B 06JIaCTR l = 5-10 BH:XO,n JIel'Kl!X R.nep 

BOSPOC lIO CpaBHeHlm C pesy.rr~TaT8MH . IIpn e .n;eHmlMB' Ha pHC. 3, IIpH6JIl'I3R
T8JlbHO Ha lIOp~OK. 
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PUC. 4. To lIIe , 'ITO H~ pHC. 2, HO;rT.1Ifl l c = 22 (CJ1JI8WHM Kp>IBM -
I: = ro c, WTpRXOBM - i = 5 -10- 2 C). 

no CIU nop MH He J'illTHB8..JIll Toro 06CTOflTeJlbCTBa, 'ITO lUl:Pa, 06pa
synIDne ,nBofiHyID nnepHYID CRCTeMy, RMe~T HeKOTopoe KOJIH'leCTBO 06mHx o,n

HO'laCTR'l.HHX ypoBHe~ 6JIaronapfl YMemwe~ 6ap~epa Me~ ,nBYMH OnKO
'laCTK'lHHMH rrOTe HJJ;l!l.8JIBMH IIpH c 6JImKeHHl! nnep. KoHe'lHO, BOJIHOBHe ciJyHKUIffi 

Han60JIee rxy60KHX OnHO'laCTH'l.HHX COCTOflHH~ rro-rrpelKHeMy KOHUeHTpHp~
Cfl B OnKOM HS nsyx ~ep. TaKIDII 06paSOM, MO~HO BH.It8JIflT~ HYKJIOHH, JIOKa

JIl'ISOBaHHHe B K8XOM-TO OnKOM HS !lJparMeHTOB, H HYKJIOHbl , HBnRlOIDneCfl 06
mm.m ~ 060n, nnep. TaK K8X o606meCTBJIeHHHe HYRrrOHH C 6om,weil Bepo

flTHOCT~~ HaxonflTCfl B TmRanOM ~e (06~eM ROTOpOro 60m,me), TO BHXOn 
nnep 60JIes JISrKHX, 'leM HaJIeT~ HOH, YB9JIH'lHBaSTCfl 6JIaronapH STO
My ~KTY. B pac'leTax IIpe,IUIOJIaraJIOC~, 'iTO o606meCTBJIfleTCfl IIpH6JIl'ISH
Tem,HO 5% OT 06mero 'lRCJIa IIpoTOHOB/I/. nnH TOro 'lT06H Y'lecT~ S~KT 
0606~eCTBJIeHHfl ypoBHe~ IIpH paC'leTe ~(t) BepoflTHocTH HesaIIOJIHeHHOCTH 

• ~ A 
ypoBHefi B L -M qJparMeHT6 YMHOl!t8JllIC~ Ha qJaKTOP )/, / (If + 1ft ) • 

B pesym,TaTe SaMeTHO YMeHnmaJIOC ~ t(.HCJIO HeSaIIOJIHeHHHX COCTOflHH~ B JIer
ROM ~eHTe, 'iTO YMeHnWaJIO BepoflTHOCT~ rrepexona HyRrrOHa us TmReJIoro 

lUl:Pa B .!terKoe. 

PeS~Ta'l'H TaRO ro 
,nOBaJIO o~aTh. Teneph 

1 COOTHoru8HHe M8l!,lly 

It)
paC'leTa (). ~ rrplrneneHH Ha pHC . 5 . KaK H CJIe

" 1-1 l+) I 

rrpH Z (24 B OCHO BHOM 1:1i > II I Il'PH 6Om.mHx 
!:.~) H 1:1;) O CTa.noO~ rrpellHHM. TaKl!M 06p a 90M. 

¥'leT 06maOCTR BHCOROJt~ ypoBHe~ Be,ne T R yseJtH'leHHD BHXOna JteI'KKX 
~ep . 3m 1I0,nTBepllt,D;8.!lT pe syJrbT8'l'H, IIp>IBen8HHH9 Ha pRC. 6. BrotHo, 'ITO 

PI CT8.lla 60JIee 'lYBCTBHTeJlbHa K H3M8HeHHll /: IIpH M8JIBX i . TaKBM 
o6pasoM , BnRHRHe 06~OCTR BHCOKOJteMamRX ypoBHel Hn BHXO~ JI8rKRX ~sp 

OKasanOOh 38MStHHM. 
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Bepo.f!THOC TlI rrepexo;na 6.
(~i ) , paCC'lHTaHlllie C Y'ieToM 06ll\HOCiIl:PvtC . 5. BblcoKoJ[elKamruc O;W0'l.aCTWlilHX ypo BHett ( CILJIO~ffl KPHBa.f! - 1:1 -) , 

mTpRXoBM _ tI;' ) JT.1l.f! perurn;mt S2 ( 't +- Ta (380 MaB) ,'J.loA. 
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PIl:C . 6. Pe 3yKLr8Tbl paC'l.eTa ~ ~~~eaKUZB S2 C~ + Q'Ta (380 MaB),
J-= 10 * C >'[CnOJTh30BaHReM {j.) , }'t306palKeHHHX sa pHC . qo

( CILJIODIHcJ'i KPRB8.R - " = 5 ' - Z/ C (IJTIlKXOB8.H - ~ =10 - C I 

-2DWTpHXnyEK TirpHaR - I: = 3 ' ro C l. CTpeJTRa j'Ka 3llBaeT Ha'l-8JTh
~ sap5woBym aCHMMeTpK~ £0 = 24 . 
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3AKJml.ffiHIiE 

Mu IIpOaHanR3>!pOBanH pa~s rro~o~ K paCqSTY BepoHTHOCTen rre
pexo,na HYMOROB MelItJcr .f!,llJJaMH R nOKas8J!H, K8.K paC C'IliTHBaTl> KOS$IMrmsH
TH TpaHCnOpTHo ro YPaBHSHR.f! , OIIIl:ChlB8.Illle ro IIpOueco MHOI'OHYMOHHlDC rrepe
,na'l, ~THB8.H IIpH aTOM 9¢IeltTH R.JlepHllX 060JIOqeK. Ha OCHOBe IlOJIY
QeHHblX PSSYJI:bTaTOB 6wm Bhl'iHCJIeHN BSPO HTHO CTH 06pa30BaHR.f! KOH<l!H rypa
ruti\ .nBO:ltHo1! SI,lt9PHOA CRC'l'eM!l C 60JIblllBMl! 3Ha'leHRRMH 3ap.A:JlOBott a Cm.!MeTp'M 
~ pa3JIKqHHX SHa'leHHt BPSMSHK 3BOJIDl.\HH . HaK60JIse CRJIbHOS BJIH.f!HHe Ha 
BepoHTHOOTH 06paSOBaHRH KOH~rypauBa C 60JIbmo! 3ap.A:.nOBOn aCRMMeTpHe a , 
IIpRBOMmes K S8MeTHOMY YBeJll!1l.sBlIIO BllXo,na JIer KHX .A:.nSp, OKa38JI Y'leT o61ll
HO CTH BHCOKOJIS~ ypoBHeA ~ ~~eHTOB ,nBOaHOa .A:.nepHott CRCT9MH . 
Hso6xo,nHMo rrO,n'l.epKHYT~, 'ITO 3TOT ~KT HeB03MOXHO Y'lSCT:b B paMKaX 
no,nxo,na, HCnOJIbS~ero IIpH BHBO,ne ycpe,nHeHHe MaTpR'lHoro 3JIeMeHTa rre
pexo,na no MHO I'RIM o60JIO'le1UruM KOR<lErypaurulM . B T8KOM rro,nxo,ne a<I¢eKTH 
CTpYRTYPH n;nep BXO,n.aT TOJIDRO B IIJIOTHOCTH COCTO.f!HHn ~epes SaBHCHMOCTl> 
nOCJIe,nnRX OT rrO'l'eH~HOI 3HeprKH ~O~Hon ~epHo~ CBCTeMH. 

06~OCT:b ~C'l'H O~OqaCT~ ypoBHeA ~ ~ParM9HTOB OaaaqaeT, 
'i'l'O B npo~ecce BSaHMO~elC'l'BHK .A:.nep OC~eCTBnaeTCH nepexo~ x ~yx

~eHTpoBOMY O~OqaCTK~OMY UOTe~~. BB~ BaXHOCTH (l TOrO ~eKTa 
ero Heo6xo,nRYo HC~e~OB8T:b 60xee ~eTanbHo. 

HeCKOJIDKO CJIOB 0 BpeMeHH lKHSHH ~BOaaOa .A:.nepHOa CHCTew IIpR 60JID

lliHX SHa'ieHBHX Sap.A:.nOBOn aCRMMeTpHR. ITPR YBeJIK'lSHIl:H Sap.A:.nOBOa aCHMMeT
PHR B xo~e 3BOJImUHB CHCTew KYJIOHOBCKoe OTT8JIKHBaHHe CTaHOBHTCR CJIa
6es. B peSYJIDTaTe .A:.nepBHe CHJIhl IIpHTRMeHH.f! RMSDT 60JIDme maHCOB YnepMaTL 
~a ~n.feHTa B KOHTaKTe, T. e. YBElJII!l!m3B.1OT BPeM.f! !tHSffit .n;BOIHoA .A:.nepHoA 
CBCTGW. OTOT qaKTOP MOlleT OKaSaT:bM CYDleCTBeHHl:lM IIpH pac~eTe Pi! rrpH 

M8JI!lX "1 • .lI.1ur rroJlY'le~ 60JIse TO'lHHX SHa'ieHID!: Pi! ' Ha Ham BSrJI.A:.n, 
Heo6xo.n;HMo Y'lIiITHBaTL BRJIa,n .npyrmr. KaH8JIOB rrepe,na'lR HYRJIOHOB, BJIHJ'iHRe 
noJI.f! O,nHOro q,pameHTa Ha BeJIR'IIDIY o,ngO'iacTK'UillX IlHepI'HA .npyroro, a 
'1"aKlIte B03MollHoe H3MeHemte1:" K MOMeHTY YCTaHOMeHR.f! TeILJIOBOro paBHO
BeCRff B ,nBolHoft CHCTGMG. 

uropii BYpaaarn 6Jt:aro~apHOC'1'h B.B. Bo.uOBY sa n0Jl98BH8 .IOIlC KfOollll. 
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AHToHeHKO H.B. , n*onoc P.B . 	 p4-88 -735 
BnHRH He 060n04e4 Hwx 3$$eKToe Ha 06pa30BaHHe nerKHX ftAep 
B CTonKH OBeHHRX T R*en~x HOHOB 

npoaHanH3HpoBaH~ pa 3nH4H~e nOAXOA~ K paC4eTY Koa$$H~HeHTOB TpaHcnopTHO
ro ypaBHeHHR, onHC~Ba~~ero npo~ecc MHorOHYKnOHH~X nepeAa4. nOKaaaHo, 4TO, 
He npH6eraR K ycpeAHeHH~ MaTPH4 H~X aneMeHTOB no MHorHM 060n04e4HWM KOH$Hry
pa4HAM, MO*HO nonY4HTb B~pa *e HHR AnR BepoRTHocTeH nepeXOAOB , cOAep*a~He 
3$$eKT~ ofiono4e 4HoH CTPYK TY P~ AAep . Ha aTOH OCHOBe B paMKax MOAenH c B~PO*
AeHH~MH 060no4KaMH Hcc neAyeTcR B~XOA ner KHX RAep B peaK~HRX c T R*en~MH HO
HaMH. Pac4 eT~, B~onHeMH~e 8 npeAnono*eHHH, 4TO BonHOD~e $YHK~HH B~COKone
*a ~HX 0AH04aCTH4H~X COC TOR HH H CHC TeMW He coc peAOT04e HW B OAHOM RApe, a pac
npeAene HW no 060HM RAPaM nponop~HOHa nbHO HX 06.eMaM, npHB enH K saMeT HOMY 
YBenH4eHH~ B~xoAa nerKHX aneMeH TOB no cpaBHeHH~ c pac4eTaMH, B KOTOp~X 
OAHo4acTH4H~e COC TORHHR c4H Ta~TcR npHHaAne*a~HMH TonbKO OAHOMY H3 RAep. 
¢OPMHPY~~HX ABOHHY~ cHcTeMY. 

Pa50Ta B~nonHeHa B Da50paTopHH TeopeTH4ecKOH $H3HKH OHRH. 

npenpHHT 061oeJ1HHeHHOrO HtlCTHT)'Ta /lAepHhllt HccneAoBIIHHA . Jly6HB 1988 

nepeBOA O.C.BHHorpaAoBoH 

Antonenko N.V., Jolos R.V. p4-88-73 5 
Influence of the Shel I Ef f ects on the Production of the light 
Nu cleus In Heavy-Ion Colli s ions 

Va rious approaches to c alculate the coeff ici en ts of the transport equa
tion describing the proc ess of the mu ltl nuc leon t ransfer ha ve been ana lysed. 
It Is shown that the exp r es s ions for the transi t ion probabili ti es contaI n
Ing the effects of the nucl ear she ll structure can be obtained If we do 
not use averaging of the mat rix elements over many shell configuration·s. 
On this basis in the framework of the model wi th the degenerated she l Is t he 
production of the l ight nucl ei In the heavy- ion reacti ons i s investi ga ted . 
The calculati on s performed under the as\umpt lon that the wave functions of 
the high-lyi ng s ingl e-pa rt ic le states of the sys tem do no t concentra ted in 
one nucleus bu t di s tributed among both nuc le i p ropo r t ional l y to thei r volu
mes gives much hi ghe r producti on proba bi lit ies for l ight nuc l e i than the 
result s obta ined under the a s sumpt i on t ha t the sing l e -part ic l e states be
long on ly to one of the Interac t ing fragment s. 

The Invest igat ion has been performed at the labora tory of Theoret ica I 
Phys i cs, J INR. 

Preprlnt of the Joint lnAitute for Nuclear Reaearch. Dubna 1988 

PyROID1Cb nOCTyTIlUIa B H3,n:aT9JIbCKIDi OT).(9Jl 
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