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HMeDllHft, rJlfJJl/(fJ) J'pru 
OJ(llO'I8CTR'lIIOl'eJ OTIor: 
][8Il.IIaea t ht 
(£C5tA>} 00 

k k . ~ 0 
B nOpR.D.Kt? 

B pa60TRX 

\I 

• Cw.tJCtHlPR1eRllOMY 

~ 6i2m;DCT,J=CjAl, 
• 

Y'IOTOM 

11"11. ,MIl /tOTOpla 

(1IIyO/caT.... 

i - {Ltn<~'\ (~,p) = f. - ELm <~o>/I o(jl>,F" (p)) = 
,0 )

J 0, P<.PCJD (}t =-i:.- fi.m.ji.,,(p)<O) ( r. 

lPo(f-»= .P - Pc,o(jO) , P~ fc,o (}\ = t - t.mp ..,Cp)=O)
6) 3KBl'!BaJleHTHOC'l'b KA z BKA B Te pMO,I(mlalllWieCROM (CJIa6oM) CMIiCJIe: 

t (~'f) = ~~~{Pf' - Po(f>'~)} = -t -t.rn :f",o (~J ~) " 

po(j->,jt) = sue{f~ - 1o(~,f)1 = f. - L~tn P",o(j->Jj-t) . (1.5) 
p.... O 

B) HapymeHHe CT8THCTH'IeCKO!\ (CHJIl>HoD) 3RBRB8JleHTHOCTl'I 8HCaM6.ne~ 

( B TOft o6.nacTR ~SOBO~ ~8rpaMMli. KOTOpaa COOTBeTcTByeT !IeHy~eBOMY 

60SB-ROlmeHC8TY Po (f-» ), Bllpal!8Dl\eeca B TOM, 'ITO B EKA I B OTJIH'il'le 

OT I{A I B03IDl:Ra1!lT "tMalll>HHB tPJrY KTyarum MOTHOCTH 'U'lCJIa ttaCTliIU B OC

ROBHOM COCTO.lIlfJU1 II. aTo SRBKBaIlellTJlO T0M,Y. 'ITO I1JlOTHOCTJ., nepoRT

HOCTR~ pacnpe,!{eJIeIDlR JJ.llfI nnOTHOCTZ 'mCJI8 'iaC'I'HU B EKA (I1JlOTIlOC 

Kana 3/ He JiBllReTCR: (; .- rIlYHRlG'IeA BO Bceii 0n8CTH HSMel1eHIDr Tep-

INJ,I(IDlaMH'IeCKHX rrepeMCHHlDC,II,1liI )) ~ 3 (CM. II): 

o 1 JA~O (.p=J5(f->,~)<'pc, o){S"(X-P)
K (xlp) = x - ::c

1',1" Be Pe,o) exp{_ ~Pc,Dl, ~= O (.f» 5\,0) ; 
P-Pc,O e f~ .ol (I.e) 

f (f.>,r) = t -e~rn <~~ D(~'Y) > .Pe,o(}!» = .P (r--,y = 0) 
~l> HacTosmeA pa60TIi CrrepBaR ee QaCTh/2/ ROCHT Te~eCRH~ 

xapaK'l'Bp B nOcBJmteHB l!,ll;eam.aoMY 6ose-rasy) - ilCCJle,IIOB8Tb, 1WR pesYJIl>

T3Tti. cqlOpMYJlHpoBSHHHe B ITpe)l)lolltemm 1. I. , MeHJDOTCR npz BltJOOt{emm 

1I3• .!l1Mc-..u.aAcTBlUl M~ 6030HaMH If). OCHOBlioe BHHMlurne npH aTOM y ,IIeJI.C

lIO Ilpo6J1CMC 3KB.II1l8JIeHTHOCTH KA 1'1 EJ\A, ,lI,7m BWICHCIIBJI npHpo,nbl CTa TRCTl'I

'111t1 1(oR lIC3KBlIB8JteHTHOCTH aH cru.nn:eD. ROTOPwr lIMeeT MeCTO JJ.llfI H,IIe aJIb-

III ml ~O:j(I-rfl:lO. lII~C paCCMOTpeHO He CROJIb KO Ba!)HaHTOB BKJIKlqeIDlJl BSaHMO

AII \h."W\1J1 , KOTopue nplffiO,n.f1T K TO'UlO p ewaSMUM MO.IIeJIRM. 

1l '1)1f d llllW J)OOYJlbT3T1i pa60TIi 6wm JlOJIOlleHU Ita 111 Mell\l(j'Hapo,nHOM CJlM

",,:II1.YM" 11. ) Hs6prumIiM npo6J1ep.mM CTaTIICTll'ICCI<OJ.l MeX81l.l'lKH (Jly6H8 I 

':1 ;JI, UIII'YC'l'/l I9fl 4 I'O,na ) /1/ 

;\ 

'0) 
-MCPlfOM eB~OBO'" npoCTpaHCTlle IR • 

paCllmpeHlDl T" '" 
rJle 6. - OnepaTOp 

COOTBeTOT1!yeT )tHCRpeTIW.it CneRTp 

U.I.2 •••• llYMepyeT TOqxe ClleKTp8 

ItI18TIlOCrn). liuJte Mil 6y,!{eM paCCMST-

e;'lA»O ( e~<)(A) \0 0 
OOcy,-.neJi1fe 9T01"O BOnpoca OM. 

l.!1)-m3Y D cocYJle A O'l'BeqaeT 

raMWIbTOIUlIUl 

00 

~A(f->lf)=L
N..:U 

CTaH;IIaprHNM odpmlOM 

BeTCTBYKllU1e 3'1'IILf UUUII 

(IlJIOTIIOCTl> CBOOoJtl{O 

HaTepac J( ~CWlI'" 
OnoACTB8MU: 
IIpe,WIozeHPI8 1.1. II. 
npeJleJ1e ( i - hrn.) • 

, } , 
'WOltOM BHca;.l· 

EoCI\») : 

{MIt,} : 

(1. I) 
e (KA) 

a) ~3oBWt nepexo,!{. KO'l'<tl"l 

B8HlJBM 6oSe-lIDlUteHC8TI'l Jl (lOIlOli 
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OCBOBHO~ pesy~bTaT pa60TU CBO~TCR K TOMY. ~TO H8H6~ce npoc

TOe llsaHl,;o,t(eRcTBHe. BMIO'IeHHe KOTOporo npHBO,lUlT It BOCCT8BOMemm 

CTaTl'ICTlf1leCKOA 8KmIBaJIeHTHOCTH KA B ERA ) If II TO :>t6 BpeMR: He pas
pyruaeT 60Se-ROR,IieHC8T) - 3TO OTTaJI~nltldt napHliiJ 110TeHD;KaJI TmlB 

BS8J!Mo,neAcTBH.f[ "Bcex co BCeMH" /4.5 . 
B p8S.I\Me 2 pacCMaTpml8eTCH MO.I\eJ1l> lten,t(eam.Horo 60se-rasa. Tep

MO,l(IDl.aMH'IeCK!!.e CBODcTBa KOTOPOro COBrra,u;aJOT co cBOJlcTBSMlI n.n;eam.noro 

(jose-rasa, XOTJl MeX8HH3M 6ose-KOR,!ieHc8D.Bl' cYIl\e(;TBeRHO OTJUflmeTCH. 

Eme o~o~ oco6eHHOCTl>~ 3TOa MO.I\eHH ~eTCH HapyweHHe ~a6oa 9KBH

BaTleHTHOCTZ aHCaMd.i!ei!: npu CMeHe SH81<B B3al'lMO.I\ellCTBBJl. B p8S.I\Me 3 
paCCMOTpeHS .t(pYrBH TO'IHO peruaeMaJl MO~eJ1b HeM.I\eaJIbHoro 6ose-rasa, RO

TOPM ( B OTJIl'I"n!e OT MO,JteHH Z3 pas,t(Ma 2) Ite mIJUleTCR TepMO.I(KBaMl'I'IeC

rot 3KBKBaJIeHTBO~1 BJJ;eaTll>HOMY 603e- ra3Y, XOTJl II 06~8,l{aeT TeM2 lte cBOD

CTBaMIl a)-B) ( CM. TIpe,D,1IOllteJrue 1. I), 'iTo n lI.I\eam,llW! 6ose-ras. Ha

ROBeu. B paS.I\Me 4 npe,D,1IOlleHa MO.I\Mb. HMHTIIPYIIII\M DSaID«l).1,eJtcTBl4e JIe/{

Hap.t(8- l!!!oHca, AIl.IJ ROTOPO~ lIMeeT MecTO OCHOBIlOn pe3Y~bTaT HaCToJlllleil 

pa60TbI. 

2. HeRHeaJIbHgS 6ose-ras I: BsaHMOneJlcTpge B OOHOBHOM cocTQB]]M 

B H8cTORmeM pas,t(Me paCCMOTpeua tlO.I\Mb Hen.n;OanLHoro 6ose-ra

sa ( MO,t(Mb I), raMMbTOlmaFl KOTOpolt l!MeeT rum: 

-r ~ 2- +-11.H" 1- 1\ 2.V 0 ,
> (2. I) 

l'eOOOMB 2. I. .lVIR I«J,t(CJm I DpB 'it > 0 H V ~1 H1WeM: 

(a) i.-b PA,reJ',r)= Po Cfo,r-) y..~ 0 

(6) -t-tLm fA,1 (~,.p)= to (~)f) , .P ~ 0 
,I{01<B38TMl>CTBO. (a) 1{3 sumoI'D ruma raMWIl>TOHHaHa (2.1) C1Ie;r(YeT,'IT{) 

f",if';}l) == P",o(J>'?-)L~~enb€Xp [f-'n.oC,tt-£iM-2t l1.o)J} ; 
QO D1 1 (2.2) 

PII.oCr--,f)= p.,V L en. {1- eXp [-~(6,/I\)-JA)Jr . 
r b O 

TIOCROJIl>RY AIl.IJ JL .:s:;: 0 II npoZ3~~ rparllJ'IHbIX yCJloBH!. ROTOpble 

onpe,t(E!.JIJWl' rrOB8,t(eHne co(A) (CM. 2 ), CYMM8 ,of 

00 . ~ (vy'2. 
n~oexp [Jt1Jf-eo(II)-~t10)J <: C \J>~J ' 

TO ~0K83aTMbCTBO (a) CBO~CR R npoBepKe paBeHCTBa 

t - {i.trl F/\oCJ'.f ) = Po Cj>,r) . 
(2.3) 

,I{aMeHne PA o(~.}.l) COOTBeTcTByeT H.D;eaJTbHOMY d03e- r83Y. Y KOTOPO

ro B O,t(HO'I8CT~OM CIIeKTpe OTCYTCTBy eT TO'I1<B Ck:O(I\). ~ 06~oro 
M acca rprumqHl:lX YC1IOBBit (CTeHK!!. 01\ 6es "rrpHTJllleIDIJl" 2/) 
co(II»O E: eoc/\) =V-~o OPE: V _00 , OTl\Y.t(8 (2.3) CJIemreT .IVIJI 

Bcex .fA ~ 0 . ,Urui nepHo.zorqeClGDC rpamJ'IHl:lX YC1IOBID!. OlIJJTb llMyqa

eM (2.3). nocKO.J'Il>KY .t(JlR 3T01'O ,t(OCTaTO'IHO S8MeTBTb JII!IIlL. 'ITO 

t 1(A) ::>r v-c(~ IIPJI{ V -- 00 • 

(6).lVIR tAI(j->,N/V) meeM ouerucy (~;;~o ,?~~) 

~~fo [t~ ~2'p2 + t>o(~'f(1 - ~))} ~ tA,l (f>,j» ~ (2.4) 

~ Ln-![1..Q~~'p2.+.f (r.,>f(1-~))J-~t,. (N+1)
I;~d 2 <1 TA,D )- rpV 

r.ne h0 - llJIOTHOCTb CBo6o,t(Hoi! 3HeprBB lI,IleaJIbHOrO 60se-ra3a B cocy

,t(e /\ : B O~O'iaCTl'I'IHOM cneRTpe ROTOPOro OTCYTcTByeT TO'iRa Co (1\) • 

3aMeTRM Tenepb. ~o HS 72. 3) :Ii aprYMeHTOB , HCIIMhSOBaHH.bIX np H .I\O

K8SaTeJIhCTBe TeOpeMH 2.1 2/ C1Ie~eT: 

i-ELtTl {\,o(f ,p(1- f,,)) = to (f>,p(1-~)) (2.5) 

il03TOMY R3 (2.4) R (2. 5) nOJIY'iaeM: 

i- tlm f"rCf>,p) = Lrlt [ t6 t;2'p 2 +fo(f' ) f(1-~))J= 
t~ 0 (2. 6) 

= ta ( j.> ,j»· 
TIoC1Ie.l{Hee paBellCTBO B (2. 6) r e.t(YeT 113 YCJJOBZR ~ > 0 11 Toro, 'iTO 

t()->,p) • REl It B3BeCTHo/
2 • HeB03paCT8lO1IIaH CPYH.KIJJIj{ p 0 

CnenCTBl1e 2. 1. ~ Hen.n;eanhHoro 603e-ra sa (2.r) KA H ERA TePMQ.t(HHa

Ml'I'ieCKII (C1Ia6o) 3KBIUl8JleHTHU npH YMomm ~ ~ 0 
Cne.I\CTBl1e 2. 2. EC1IRl ~ < 0 ,TO TepMO.t(IDlaMlflie CKM ( C1Ia6BJ1) 3KBI1Ba

JIeHTHO CTh 3}fCaM6.IleD HapymaeTCR. ,UeiCTBlJTMbHO, B 3TOM C1Iyt{ae B ERA 
,ll8B11eJUIe P",I(j\~)=+OO (CM. (2. 2), B TO lie BpeMR: B KA TepMO.t(HHa

Ml'I'iecKHA npeneJ1 AnJl nnO THOCTB cBodo.l{Hott 3ReprRH c~ecTByeT 11 paBeH 

(cp. (2. 4» ): 

~ /j>,f) =: ~~fo U~~2l+ :fo(j-».P (1-f,,»] . (2 .7) 

. } 
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BoJIee TOrO, 113 nOBe.neHiiR: 'PYRI<llHH f0 tIb.p) CJle.nyeT, 'lT0 JVUI V ~ .3 ° 

B~paaeHDe (2.7) rrpHHHMaeT BH.lJ;: 

.) 1 - 2 2 .f ( - )tr~f)'.P)='l~!; ? + To j> 'f(1-~) ; 

~	( >== {O 0 , f' ~ ]>c,o Um ~ (p) = 1 (2. 8) 
f >0 , P>.p t iD D-+ooJ 

3aMeTldM. 'ITO WIR ~ <. 0 ~ylUOlKff (2,8) I B OTJJ1If'tl!e OT (2.6) I RllJIReTCR 

HeBlmYKlIOf% no rrepeMeHHOn .p 
3aMe'iaHlle 2. I , TePMo.ll;HH~ecKHe CBOJ.\CTB8 MO,Ile.n.B (2 . I) JJ.IlR ~ < 0 
npe.nCTaBnRDT cruAOcToRTe~bnua RnTepec . 0 CUHHOBUX MO.Ile~ . B ROTOPHX 

apywena CJlaCiasr 3KBlffiMeHTHOCT1> aHcaM6JIe1t, CM 16/. B 'laCTHOCTR . .ld3 

(2.8) CJle.nyeT. 'ITO B 3TOH MO,Ile~ B RA JJ.IlR f;;?! pc,o .poHoxoroIT (j)a.3o

Bmf nepexo,ll C 06pa30BaH.ldeM C503e-lroHJleHGaTa if(9) -: t-Um ni'N B 00

HOBHOM coc Tomum, B TO BpeMfl RBK B BKA. MO,IleJI:b npoCTO Ite CYJ!leCTByeT 

(KOJDlanc ) • 

BepHeMCJI Tenepb K MO,IleJrn (2.1) )J,II.ll ~"> 0, 'IT06~ BWICHHTb 

Bonpoc 0 cWIbHOi! (CT8TMCTH'lecROg) 3KBRBaJIeHTHOCTH rrCft'6JIett Ii oco6eH

HOCTRX ipa30BOro rrepexo,Ila. nns.: STOro. RBK li3BCCTIIO 1,2 . Heo6xo,JJ;HMO 

Bll'rnCJlHTb WHKumo MOTHOCT!! Kaua K~
T
,f'i (:x: If) . KQTOpacr CBfI3alia C xa-

paKTepI1CTH'leCKOli <PYHKU2eit CJlyqaitHoit BeJIll!'llUiIi (n,,10THOCT1I) N Iv B 

EKA coo THoruelmeM 
00 I 

<exp Cd: N)>. = Sd:x. K (x I.p) exp lLix)= 
I V /\,1 0 P,t< 	 (2 .9) 

r> ( i.t)/..----,_ 

= -=-A,1 j-> ,j-l+ j>Vf -=-/U(~'.P) 


O,IlHaKO BJr8ttaJIe ,IlOKUl£eM YTBeJlll!,D.cHne , IIpoJIoHffiOO\ee MexaHU3M tPa30BO

ro nepexo,Ila . KOTOpW!, COl'JlaCIfO TeopeMe 2. It ,IlOJIBleH npoHcXO,n;HTh B MO

)le;m (2. I) npH .f- = 0 ( .P >- .Pe,o ) I 8 TaroKe Bwm.'L'lIO!l\ee oco6ermOCTH 

03e-ROHJleHCal.\IDl B STOH MO)le;m. 

TeopeM8 2,2, .lVIR MO.IleJIH (2. I) I1Pli· %> 0 nMeeM: 

(a.) t _t.m / t1.o\ (y:.lY) = t-fLm(Vt1.0 
\ Cf->,f)::' 0 , )) ~ 1 ~ 

\V~,1 	 IA,I 
11. ° In.~\ f O,'p<O(~<'pc,~ (2.IO) 

(0) i-ii.ln\v1 (f>,~)=t -!Ltn\V~ (f.>,y)= 
A,l 	 A,l 0-0 ,u-=O Cp~pc: o)r fc.lO J-- ~ 

.Il.OKa3aTeJl1>CTBO. (a) PaCCMOTplIM BePORTHOCTHoe pacnpe,IlCJleIme 'ill0M 3a

I10JIReHliR OCHOlllOro COCTOJIHRII (CM. (2. I» : 

(, 

exp[p. t1o(~ - 2tI1D)]
H.. (n.lj.I.) = po 	 , ~~O o 

A 0 L exp[f>t1.0C}l-2t nO)] (2.II) 

II,yCTb Y < 0 I Tor.n:a )I,llR V:01° KMeeM.J?,u.ellKY: 

~ 1 ~ Itoexp(f-'~I1. o)
.~? (~i)=~L l'toPr,,(nolf) ~ V ~::p[(l,n f" - ltl)~

A,I l'la"'O 	 L r oV" 2V u 'J 
rtg=U 

OT.KY,Ila npH V-+- (X) nOJlJ'ia eM (2 . IO) (a) .Ir.1lR ERA. IlyCTlo Tenepb y .=: 0 , 

TOl',lJ,a CYlIIeCTByeT TaKoe 'mCJlO C • 'lTO sOO ,,) 
00 d.-;,:: x exp L 1.1:x:'2 

Ina\ ( ,\_ -1 "\ P ( I --0) C D \. 2'1
\ vi ~,y.=O}- vL 11.0 rA,nof - ~ v So<> ( Jl>:3 " 

/\ I 11.",0 	 d-x exp ---x 
'0 u 2V 

OT.KY.Ila IIpil V - CXJ OlUlTb 1!0000'la eM (2 . TO) (a) .IlJlll EKA . nOK8SaTeJlh

CTBO nepBoro lf3 paBeHcTB ~2. IO) (a ) (paBellcTBo cpe,lJ,HIDC ,IVlR 'DIce.n 3a 

UOJIReHRff B ERA H HA ) CM 1 I. 
( .j ) J.13 (2. IO) ( a) CJle.nyeT . 'ITO ,II,JIR. naxol!tJ.\eHM aCHMIITOTlIKB nOCJIe,no

BaTeJlbROCTH fF"CI')1AclRv , KOTOPaR y,noMeTBo j)Rc T ypaBHeHHl!l 
00 

?= <~O~}r<F"( ~))+kS<~k~})->,FJ\(?)) ==: 5\1(J',F,,(~)) , (2.12 ) 

Reo6xo~o B C)'MMe (2 . 12 ) BN,lJ,eJmTb ~eH . cooTBeTcTBY1OOUl« b=1 . 
TIOCKOJIbKY B MO,neJlH (2. I) cpe;oum IlJIOTHOCTb 'mCJl8 qaCTIU1.IVlR k >-: 1 
B EKA COBI!a,naeT C coo'rBc TcTBYJOIID'!M cperoUIM ( .lJ)IR k ~ 1 B EKA) JJ.IlR 
H.lJ;eaAbHOrO 603e-ra38, TO B TepMOnHHa~eCKOM npe,IleJJe RMeeM: 

i-eLtn ~ L 
00 

<rtk>i\ l (f',r ) = 55 (j-',p) = .PI (f-',r) ) 
k~2. ) 

\00 	 r1 - (2 I 3)
jl(jh,j-l)= J dX(E){ex p[f-> (E. -y)]- 1J ) ?c.,I=jJl~b, O)=.PC , D· . 


o 

BI1.IlTIoaToMY aCI1MnTOTldRa nOCJle,nOB8Te.nbHOCT1:1 {F"(~) ~ "c IR ) J.lM.eeT 

1r tjJ ) + 0 (v - ) , .P '" .Pc,u 

FJ\(~) \ = j 	 ,r 1 ( 1) (2.14 ) 
/\ /lR) ( E/I\) - [y,V (.P-Pe,o)J - 0 Y - , f>J\ oi 

'lTO COOTBeTcTByeT MaKpoCKOnH'IeCKOI"\Y sanOJrnemno :mepreTHl.Je CKOrO y pOBHiI 

e, lA) ,D.IlJI.u =U(p>'p' J,CM. ( 2. IO) (6). n OKa3aTeJ1bCTBO nepBoro 113 
~ .1 J . e ,O 	 12 

pSBeHcTB (2 . IO) (6) npoBOJJ:'RTCJJ TaR lie. KaK It .IVlR H,IleM bRoro r838 1,0 

-; 



~SO~ nepexo~ B MO~enH (2.I) B C~eCTBeHHOM COBn~aeT C TeM, 

KOTOpH! KMeeT MeCTO B R~eanhROM 6ose-rase, cpo (1.4) R (2.13) . 

3a1ie'laRHe 2.2. BKnD~eHHe oTTan~ero BS8HMO~eHCTBHR B OCROBHOM 

COCTOJiHID! Eo (/\) npRIlO;.cHT K TOlAY, "ITO 60ae-ltOH,lteRCatGm "BHTeClUleTCS!" 

Ha CJle;IU'RlUHA 6Jrn:llaRmrul. ypoBeHh O~O'laCTl!'lHoro cneKTpa Gil\.) -"0606

lIleHHaSI" 6ose-KOH.llencarnm (2.10). C .DJlyroa CTOPOHH, nOCK().lll,KY qJaSO

Ban nepexo~ (I~K H I.18KpOCKOrm'leCKOe sanOJIHeIrne O.IJ;Horo ypo:r.HlI) rrporm

MeTCS! JIH1llI> B npe~eJle A ~ .'f IR v , ItOr~a CkJII) '" 0 , TO ..06061l1eHHaSI" 

60se-KOHneHcauna B MOneJl~ (2.1), TaR ae RaJ( H B anean~OM rase, npo 

HCXO~T .ltlI.R: 'iaCTRn C HYJIeBOA" aHepI'HeA, E =0 • 
TeoooMB 2.3 • .arut MOneJlll (2.1) npB ~ > 0 CWIDHaSI SKBRBaIIeHTHOCTb aH

caM6.1leA HapywaeTCSI.ltlI.R: Y~ 3 nOCKOJIbKY CPYHKrnut IIJIOTHOCTR KaIlj:l 

T 0 
K- (x!.r)= K ex If)

J',f' f>.r-' (2.15) 

Cp o (I . 6). 


,/{OKaS8TeJThCTBO. Xap8KTepHOT1JtIeCRafI IPYH1tI.UU! (2.9) n ItOHe'IIIOM oocy~e 


OTJIHqaeTCSI OT cooTBeTcTBy~ea CPYHl~ .ltlI.R: aneanhHoro 6ose-r asa T().lll,KO 


IJepBl:IM MHOJmTeJleM ( k 0: 0 ):


<exp Cd: ~)~ J.(y.,f) = 

~ (; t nq\ IT {1 ~exp[-j!>(£k(")-.f)]} (2.16) 

~oPrA(t1Jt.t)exP\1. Vlb.1 {1-exp[-J!>(£,,(A)-f- ~t)]J 
C nOM01ll1>t:l 3JIeMeHTapmD( Hep8BeHCTB nOJIytlaeM OI\eRKY: 

00 00

I~Pt'A(h.olf) exp (~t ~o)l ~ ~ + ~o2t ~g P-1'A (~olf) 
~S aTO! oueRKB H (2.10) (a) CJle~eT, "ITO 

N rrt1-exP[1{Ck(A)-j-t)]J (2.17) 

t -Urn <e.xp(d: v» Ct,y.) =i-fUn 5 r ( i.t ~L' 
11,1 h\1-exprj>\.Ek,(II)f - j>v)Jj 

BuqacneHHe rrpe~eJIa B IJpaBoa ~acT'r72.1?) DOBTopaeT COOTBeTCTB~e 

paCCyI,!{eHHII .ltlI.R: .I'I,l\eaJIhHoro rasa ..IWt.r< a c.p < .Pc,o) cpasy lie 
IIo.nyqaeM: 

{1- exp [-J:>(Ck(A)-f)]1 .t 
-t-lLmTI { [ G ~t~J expCl .fI(f',~)(2. 18)


h1 1-eX p -~ f.1«A)-~-J>V 

8 

Oc06eHHocTR BOSHJJKa!lT .ltlI.R: f > p c, o • BH.neJIAA B (2. 17) nepBIdt COMIIO

D'l' €Jlh, COOTBeTCTByxJilB1t k =", J!: J!:cnOJIbSYR HaitneHHytl .ltlI.R: STore CJly

'laII aCRMITTOTHKY (2.14), IJonyqaeM 

{- eLm. {1-exp[-f.>(E.~(A)-F,.)]} = [~ _i.t (O - D )T 1 . 
. t ~~ J Je,O 'j , 

{ 1- ex pL-f>(ep,) -}i,,- ;v)jJ 
(2.19) 

l~ . II {1 - ex p[-f.>(CI«A) -F,)H ( t o (~O))
1: - 1.Ltn _ <1:. ex P L J I F' 

h2 {1 - exp[-f>(£k,(A)-Y,,- ¥>v)J~ 
C yqeToM (2.I?), (2.19) OKOH'ffiTeJlbRO HMeeM: 

00 [ X-Pea ] 
t-£Lm<exp (d: ~)>, ~,F,) = ) d x exp (Lix) exp =~ 

(2.20)
A,l j>c,o .P .Pc,O 

CooTBOmeHHSI (2. 18)-(2. 20) ( cp. ( 1.6) H nOKaSUB8IDT (2.15). [] 

3aMe'lrume 2.3. He CMOTplI H8 aapYlUemm CWlbHol!: 3KBZl3aJIeHTHOCTIf aHcaM6

JIeA, .wm MOn eJIlll (2 . I ) , TaK lie KaK H .ltlI.R: H;l{eanhHore r a3a, HMeeT Mec

TO p8BeHCTBO cpe.I\RHX 'lHceJI SanOJIH8HM ( lDm me IIJIOTHOCTH) B RA H ERA, 
CM. ( 2. 10). ~OK8SaTeJIhCTBO STore qaKTa TaKoe lie , RaK B CJIY'!ae ~eanb
HOro rasa /2 , H OCHOB8HO HB JIeMMe I'pJllippHTca ( CM •• HarrpHMflp. 7/rJI •1, 
§ 2) . 

3aMe~aHHe 2 .4. Ms TeOp€M 2 .1 - 2.3 CJIenycT, "ITO MO~eJIb (2 . 1) npB 

'il > a C TO'lHOCThID no 381J\e'lWiliR , KOTopoe C~eJI8HO nOCJI e nOK8 SaTeJIbCT

:sa TeopeMH 2.2, 3KBRBaJIeHTH8 aneanbHOMY 60se-ra3Y. Hao60poT . ,lI)l.fI 

'a- < 0 MO.n,eJIb (2.1) 110 CBOl!M CBoRCTBBM OT.iem, n aneKa OT aneaJIbHOre 

ra3a. CM. 3 8J111e ~aHll:e 2.1. 

3.lIeAA8a..rJ.hHIlli ooae-ra3 ll: B3aJ1lMo,gei-tcTIllie BHe oeHOBHOI'O 

COCTOSIHWl 

PaCCMOTpHM Tenepb MO~eJlh Hel'ln eaJIhHoro 603e-I'aS8 (MO)leJIl> TI). r a 

ManhTOHHaH KOTOpoA HMeeT ~: 

- + -~ (L n. )'2
HA.] - T/\ 2V I<,,_~ k (3.1) 

Teop€ Ma 3 . I. ,UJIJI MO~eJIl! ( 3 . 1) npH ~ > 0 HMeeM 

(a) t T[( fl,) O) = Lrd [4~P22+ to(f-')~)]
L )- J 7z ~ P 

( 6) PTI(f' > JJ.):::: ~~~ [y ? - tlI (~ , ?)1 
n0R83aTeJIhCTBO. (a) ilpenCTaBKr& cTaTHCTH'lecRYD cYMMY B KA B ~e : 

() 
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Z")ll(~,N) =t {L exp [-J> (TA+ 2t cN- h ol)]} = 
Itll-O {h.: L. n. = N- n. 1 


00 k kl>1 k 0 


= "'\ ex.p [- '" (I:. (1\) (N-m)+ ~m?)J Z (p, tn.) (3 2) bo _ J- 0 2.V 11,0 J ' 1 • 

r,ne Z 
II, 

0- CTBTHCTlt'leCKWI CYMMB iUlea.zu,Horo 60se-r'B3a, J RO'l'Oporo B 

O;IHO'laCTWUlOM ClIe ItTpe OTCYTCTByeT TO'1K8 E (") • Tor.na 
~ 1<=0 

i.n.1 [ i~'t+ Eo (A) (?-~)+f",o(j->;~ )] ~ fA jjCf->,J)? 
~~ r ~ >

(3. 3)
~t1 f [ t %1t+£ o(I\) (f-~) +tA,OCj>,,?)] - p,~ fn. (N +1) • 
1Z ~ J' .r 
~ - m ~ 

t" , o(f-"'1!=v)~=- f>V fn. Z ",oCj':l,tn) 
Y'ffiTllBM, "ITO npe.neJI i -.fun f oC.\->,12) cymecTByeT B paBeH fo(j!>,"l[) 
(CM/2/, a i -flm8 (J\) = 0 • Hs"'(3.3) lIOJIyqaeM YTBeID,neHHe (a).o
(6 ) CTaTHCTH'JeO~ cyMMy ~ ERA npz ~<O npe,ncTSBHM B ~e: 

C><J N <t \1
S" uCf->,p.) =Lexp (~r-N)~ e.xp G.f>(to(A) (N- m)+ .2V m

21x 
>- N=-O 111.-0 ex> 

X ZA,O(~,m)=I.exp [-f-'h.o(E,o(")-~)J~ exp [~m(tt-2~rn)] ~1,m)= 
h. -= 0 

={ 1- exp [-J> 
o 

(E. D(I\) -~)1r" L
00 

exp [~vt,,(~)] , (3.4) 
In-=O 

-i 
r.ne tll(?) ~f-P-2~~2_fhj,.,P)' TOr,It8 WIJI ,narurelOO! PA,jjCf:o,¥) llOJIY
qaeM CJle.IlY.I!lUlYil oneHKY CHH3Y : 

1 [1 D
PA.tf->,J-l)~JV In.t1-exp[-~(£0(A)f)]J +:~f 1'lA(?) (3.5) 

BoCnOJThsyeMcJt Tenepb TeM, 'iTO f4~ o(j->,p»)" - IIOCJle.IIOBaTeJlhHOCT:b B1i

rryW ( IIO .p ~ 0 ) 1P,YltKUIGt, 'cxo;tViIlll!XcJt K to(~'?) r:JM. (2.5)
H 2 . Tor~a ,rr.IDI K8J1Jtoro fA ' COOTBeTCTBYlJll\ero sup hl\Cp) , nalt

;IleTCil TaRoe ;nOCT8TOtIHO 6om.moe p'" > .PA H Q : 0 -< Q -< 3h. ' 
2

'ITO ft"Cp) <-Cl'p MH ..P >p* . :no 0 3HS'IaeT, Tfl'O Jt,1!Ji PA 1j(j->,t<) lJMB

eTCH CJle.JlY!XnM Ot:\9HRB c:aepxy: ,

PJ\,[Cf',J.(.) ~ J~ en {/j - exp [-J>(e~(A)-~)]r~ 
(3.6) 

+ ~ L exp(~Vh. ('n)"l+ 
,?V O~I11. <f"V " V) 

)0 

+ ~I exp[-j>VQ(~t] ~ ~ ftl {1 - exp [-J->(So(J\)f)Jr~ 
, m~~V J 

+sup -hACf) + I\~ in. p*V + ~~ £n. I exp [-JVa. (~fJ 
~~ 0 r F 1T~~.f'*V 

C Y'le TOM a CHMIlTOTHlG! coCJ\) • TIpH A f lR" ,R TOro , 'ITO ~ft,,(f)},,-
CTPOro BWlj'KlIlie IPYHIW;KI!, B ou:eHRaX (3. 5) H (3.6) ~lKHO Terrepl> nepen

TH K i - t.m . Tor,na WI1l y ~ 0 TIOJIY'lRM : 

1\(y..f)=t-t.m PII -(~,f) = StAe {Yf -i%f2
- r/l~'P)J . 

/ !.. I I ,!!. .P ~O (3.7) 

1JTo61i 3aBePIllJ!(Th ,llORBSaTeJlbCTBO . SaMe TJIM. 'ITO <PYHKIll'I.F! 

1* -1 2 -f 
n (~) =-23-"2 - To (j!>,OZ) (3 . 8) 

JIBJH!eTCil CTPOro BWIY I~,otl. H ;nOCTHraeT cBoero MaKCHMYMa B TOqRe ~ > a 
IIosTOMY ~ qJyH lUll'm .f... ( p) == - f-Cf>,f) rrOJlyqaell! ( CM. (a ») : 

.!1 It 

,... '* {{. ( p) ,.P <- 12
{(p) =sup {C,?) = It _ (3.9) 

?[ .. p {CifJ ' p?OZ 
lis ( 3 . 7) - (3 . 9) CJle.ltYeT , 'ITO ~ }A < a cyrrpe"\YM B rrpaBotl. 'IaCTH 

(3.7) ;nOCTID'aeTC.fI ~ F<'i[ . Tor;na 113 (3.7) II (3.9) C Y1JeTOM (a), 

BlITeKaeT: 

PTi Cr-,y.) = SUE {JA f + hCf)) =:: s~Pa t.r.p + 
- r~o f (3. 10) 

+ sUI? {*C1l)1. = sue tff-tIT(~>f)J .
?Z ~1' J .P~O 

.IV'}! }l = 0 ;nOKaSaT B.llbCTBO (3. 10) CJle.nyeT HelIocpe,nCTBeHHO 1'13 (3.7) 

Jd orrpe.n:MeHIUI t j(j->,,P) CM. (a). 0 
CJIe,llCTBl'le 3.1. IlOCKOJl1>KY 4;; Cj->,r) - Burry K.Jl 8..F! <PYHRLUi.F! IUIOTHOCTH, TO 

B cany CBO~CTB8 npeo6pa30BaHRa ]ezaH,Itpa m~eM: 

1jJ (j-> ,p) = :;'~Pa {f'.P - Pli (f>,jA)} , 
T. e. )JJlR MO,UeJlH (3 , I) ]{A 11 EKA TepMo.rumaMH'le CKH ( CJla6o) SKBHBaJIeHTHIi. 

CJI e,UcTBHe 3. 2. 113 smHOro BIUl8 l1JJOTHOCTll CBo6o.n:Holt SHepI'ID'l (,naBJI eHRff) 

HeTpy.n:HO yCTaHoB~Tb , 'ITO HeH,ItMbHYD 6os e- raa (3 . 1 ) , ~>O . HClIIi

TliBaeT <Pa30BIiA rrepexo,U: 

~.P +aAaCf',p) , J <,PC," 
jt (p) =dj'fiI(j->,,P) = > -,(3.n){ o ,.P y.Pc II, 

3;n;ech HpHTHqeCKOe 3fla'IeHlie IUIOTHOCTH .f' Co ,!!: onpe;nM.fICTCR HS ypaBHe-

J I 
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fum : f~ +°,Pfo ( jl>,f) = 0 . 
(3 .12 ) 

113 (3.12) CJle.n;yeT, B lI8CTHOCTZ, 'iTO.IUliI 3 ~ 0 ruJOTHOCTb .?e, lI ~ 

::S jlc,a=?c:.l ' ~e Pc,o KpHTH'ieCKOe 3H8'1emre IlJlOTHOCTII .l\llIl z;neB.JlbHoro 

60aB-ra38, KOTopoe, lmK YCTaHOaneHO DHWe, conn~aeT C KpH~eCKHM 


3Ha'lellHeM ruJOTROCTI! .l\llIl HeaneaJIbHoro ra3a I. CM. pa3,l{eJI 2. 

CJ.!e.I\cTBl1Ie 3.3 (6039-KOIi,I.\aHC8.UliH). 11:3 mmoro mma CTa'l'l1lCT>JIIecltOA CYM


MIl .IUliI MO.I\eJI.II: (3. I) B EKA CJlemeT, 'ITO 


f... = <~o)... /f.>,J4) + <N~ttO>A /f->,r)=o~p".!I (j'>.~) ., 
1 - (3.13) 

~o = <~o) - (r--,f)= ~ {exp 
~_ 

[~(f.o(") -~)J - 1 r1. 
A,l!. 

Bocm.'Jl b3yeMC!I Tenep:b TeM, 'ITO ,naMeHRe- BIillYMM tPyHKl.tHH .IVlII Y ~ 0 • 
rrpe.I\eJI t -fLmp",i{NJ,) == PlI cymecTByeT H JIBJlJleTCH .m$PepeHllHPyeMOt! 

tPYE'5~ei!.I\JlH y. -< 0 (TBOpeMa 3. I ). TOI'.lla B CBJCY JleMMll I'pl!rWmTca 

(CrK? , rJI. I, § 2) : 

i -tm Or P"",:rr(f->,J-4) = orPE(J».j-() • y. -< a (3.14) 

11'3 (3 . 13) If ( 3.14) CJle.ltYeT, 'iTO.nIDi Y. -< 0 

Of' fIT ( f->,~ ) =: i - t.m <~h.o),.,,11. C$> •.N = 
(3. 15 ) 

=; t-E.i.m <:;\, lj(f.>,r) . 
ITpaBYJO'laCTb (3. 15) Malmo ;{pe,nCT8B1fT:b B BM.D.e :o~p[(f-'lf)=f ii , r.I\e 

?Ii(~'\'-) (<. Pc Ii) COOTBeTcTByeT cynpeMYMY B i.3 •1O). ])Mee TOro, 

H3 -RBHOro ruma ' -tii (j':>Jf) CJlemeT, 'iTO e~":!:o'p][ = Pc,!, • ITOSTGMY 

( CM. ( 3. 13».nIDi .P1\ ...,. P> Pc, i MI:I CTaJI~eMCH C YEa KaBe CTliofi CHTY
auaeA: cymecTByeT nOCJle.I\OBaTeJIbHOCTb fj(I\(P)~A Taroaa, 'iTO 

1f"C5') \ ~ E.o(I\) - [f->V(p -pC:I1!)r ~ " (v - ) (3.16)
~f~- . 

ITPH aTOM B OCHOBHOM COCTOHHHH ClmllnHBaaTCfl MaKpoCKo~eCKoe 'lEcno 

lI8CTRn ( CM. (3.13»: 

PII :: t - tim <r;)",if',F"Cy)) = .p - .PC,! . (3.1'7) 

3aMe'lBlme 3.1. TaK Ee. K8K H MO~eJlb I. MO.I\eJI1> II cym.ecTByeT !1pl'l ~ <: 0 
B KA. HO He B ERA ( P",I(~.JA-)=+OO , CM. (3.4»: 

P_(~,p) = Lttf [ir~z'-+ to(f-»~)] = 13'p2+ fa (~,f) . (3.18)tJ! '1l~.P 

12 

TaKI!M 06pa30M, .nIDi MO,lleJIH rr (3.1) T8Klte HapyrnaeTCJI TepMO;nnlaMK'leC

R8JI (cna68R) 9KBBBBJIeHTHOCTh aHcaMOJIeM ( cp o cne.I\CTBMe 2.2 II 3aMe~a

Rlm 2.1), rrpH'leM WYHKIJ;Wi (3.18) N1R ca -< 0 OlUITb RJ3JI.JIeTCH neBhlIIYR

JloJ;\ no IIJlOTHOCTH ..p 
IIepelneM Tenepb It o6cYE.IleHmD Borrpoca 0 CMbHO/a 3KBHBaJJeHTHOCTH 

KA H EKA ~ MO,neJIH (3. I) rrpld ~ > 0 • KaK .II: BWlle, .II,lUI 9TOl'O Heo6

XO;IJ;HMO BWnICJlHTb i -.f.i.m .nIDi q,YHru.nm IJ.JlOTHOCTH KaIIP. 
TeopeMa 3.2 • .ltnJI m,neJm (3. I) rrpB 'it> 0 B ~ ?-:3 CM:&H8R alCBlIB8

JleHTHOCT:b KA n EI{A HapyrnaeTcR, rrocJ<OJJ:b~ IPYHKIlHR ruJOTHOCT1:f Iwua >!MeeT 

:rum: - . 1 s (x - f1[(.l",[\)) • y. ,.;, a (p = .PI<.f.>Jj-I) ~PC, If) 
II 

K:...(xls»= sex-pc,.!!) [ 'X-Pc:,!l 0 ( (3.19) 
.T'J ' - - ----'-- exp - - -- J ,p =- P>J'c:.i' 

.p - Pc,lI .P Po,,!: 

.uOlm3a TeJIbCTBO. }.f3 RllHOro Bl'Uta CT8 THCTR'ieCROH CYMMl! B EKA (3.4) CJle

m eT . 'ITO xapaRTepllCTH'le CRruI qJyHKInUl )J,.!lR c.nyqaji.Hoa BeJIH'mllbI N/y HMe

eT BH;It: 0<> Ii 

( ex-p(d:: N)'\. _Cl'>,lA.) = 5dx K- (xl1') exp (~t;:c) = 
V '''''',!t r J - 0 »,)....,1\ 

(3.20){~ - exp [-j!>(t;o(")-}t)]~ ~ (. t tn)1P (ttL)
-= . t L exp V r;.. VL . 

{1 - exp[-J"' (~o(")-~-;v)J) m = O 


3.I\ec:b ceMefilcTBO BepoRTHOCTeii {lPr"(-x)},, onpe,neJlJIeTCJI,JJ,1lJI .:x:~O 1'1 

j-(~O WYH..RIJ;lIJJJMR i-h"(;x:)l,, ' KOToplie yx.e BCTpe'l8JUIC.b BLlllle, CM. (3.4): 

Pr,,(-;,;:) = Q~.j exp [~V~I\(;X:)] , 
~ 00 (3.21) 

-t C~) = u:x: -i.2 qx2._~ (~)x)Q =Lexp [f>vt(~)]
A J- a I A)O 'II m =O 1\ 

B CWlY (2.5) nOCJle,nOBaTMbHOCTb CTPOro BblIIYKIDlX £llYHKmtl! ft (x)~ •Q.>D • v 1\ A q 
CXO.I\RTCH npK !\ /' IR K CTPOro Bwry10101 ql~ 

h(:x.)=,J-{:c-i cr:c2 -fo(J>.X) ... 'X~OJf-~D. (3.22) 

1I03TOMY DOCJle.I\OBaTeJI:bHOCT1> TO~elt tx...)A , COOTBeTcTBj'I!l1lllX su.p -ft."(~}". 
= ~I\(~) ' CXO.I\KTCII K TO'IKe .::L , HOTopan COOTBeTc TBY9T paBBHCTBY 

SU~ {. (~) = f.. (::c) _ 
x~O (3.23) 

H3 STOro cpaay lie CJlB.nyeT. 'iTO )J,.!lJt mo6oro E. > a cyIqecTByeT 1\ e 
TaKOe, 'lTO )J,.!lJt A(;:.Af,)t IR Y 

BBPOJITTlOCTh 

2- Pr (tn)I - 1
A V ~ 

xA- e <~ < ~,,+e "fIR 
J:i 
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-------------------------------------------------------------------------------------------------- ---

IlliHMH CJIOBalIm , nOCJIe.rr.OBaTeJIbHOCTb {JPr (:x:)3 CJIado CXO.l(HTM 1< pacrrpe-
II II 

.rr.e.JIeHIDO, cocpe.rr.OTO'IeHHOMY B TO'IKe :x:: = f jfC.r) (CM. (3.7», (3.15», 
Rim OQ 

{- li. m foexp(d: ~) JPr/{~) = exp (i.tP]!Cf>,f)) , 
(3.24) 

.f~ O, f Il (f-> .j-{ == 0) ="pc;g (j:» . 

ECJIH Y < 0 ('ITO COOTBeTcTBy e T .P <.Pc, jf , CM. (3 . 13)-(3. 15» , TO 

COOTHome IDIe (3 . 19) CJIemeT H3 (3. 20) , (3 .24) B TOro, 'ITO i -.fi.m c,o(I\)=O 
Jl.,Jm CXO.lUlll1eitCR K Hy JlJO nO OJIe;nOBaTeJIbHOCTll ~jiA(f')~A ,COOTBeTCTBYlOO\ef,i 

P>?c,)! ( CM, (3 . 16». KapTIDla 6 y ;neT JllHoY: Ha BH.n;8 aCIDIIIITOTHKH 

(3 . 16) H BHpalKeHl'lH (3.20), (3 . 24) nOJTY'!aeJol (3. 19) ,lJ,iIJI u=;O (0)0 II} 01 II I- l rc,1 

3aMe'Irume 3. 2. J1noTHoCTH K , Kj'>-l" ,lJ,iIJI MO,I(eJleil: (2. 1 ) H (3. I ) 

pa3.Jrn'IaJOTCR TOJIbKO BHpalKe~ ,lJ,iIJI !lJy a Krnu! fl(f-',r) :II: PlI C}'>,jA.) ( 000'1'

BeT~TBeHHoo Jc,1 'Pc,!I ). ITpH'IeM, e CJIH,lJ,iIJI MOJI;8JlH (2. I) 
k J'>~ = K f.>. r- ' r.n;e ~eKc ( 0) _ COOTBBTCTByeT H)lea1lb~MY ~o-

3e-rt y , TO .ll)I..'lMo.rr.eJJH (3.I) ?jj (~.r)<PI • OM. (3.7) ,-iL!!o?Ji = ? o ' 
O.lO'l3KO M9X3ID13MI> Hap yrueHRR cm BOR 3KBKBa1l911'l'jiQC'm KA 3 EKA ,1l)IJl MO-

l II C'" 
.rr.e.n:CH I H IT COBna.IlaJOT: OTJJH'llIe MOTHocTe:t!: K '~ OT 0 - WHK

U\ill B03HRKaeT H3-3a BKJIa.IlEl B Bl:lpWKeHl1e ,1l)IJl JoTHOCTl'I Kaua O.n;Horo 

MHOEl'lTe~ (CM. 2.16) H (3.20» , oooTBeTcTByromero 3HSprSTH'ISC

KOMY ypomuo ( B O)lHO'IaCTH'ffiOM cneKTpe), Ha KOTOPOM npol'lCXo)lHT 603e

KOH.n:eHcaUlffi. 

B aTOM CMHCJIe Hapyrnemw CMbHO.l!: 3KBl'IBa1leHTHOCTH aHcaMMeA B 

Mo.rr.eJIRX I l'I IT npo, cXO)lHT no TeM ~e npH'IHHru~, 'ITO H B z.n;eaJIbHOM 60

3e-raae. CM. / 1,2 . ITPH 3TOM K: = K~ ,XOTR KOH,lleHca Ulffi B Mo.ne
r ' !' r-r 

JJH I Ha'IHHaeTCR Ha ypoBHe E. (/\) , a He Ha eo (/\) . KaK ,1l)IJl 'I'I.lle-

Kli K 0 1aJIbHOro rasa , 8 - =/: " , XOTR KOH)leHcaIJ;lm ,lJ)IJI oden MOJI;6JISl<i 
!,>, j'< ;->1" 


npoHCXO,rcJirT B oCHOBf!OM COCTOmum . 


4. 	 HelUIea1lbHlli! 6 0 3e- ra3 1II: 110TeHI.IRan M OTHOC'!''' 1!.1!1! Baam4on eRcT

BKR ]eHapn a - ]!qHca 

I1s ;nOKa38 Tem,CTB TeopcM 2.3 H 3. 2 Ii 3aMetIam m 3 . 2 CJIe.nyeT, Ka

KKM o6pa aoM IlYlDfO BKJI lO'lJ1Tb B3aRMOneficTBHe MeJmY 6030 HaMll. 4T06 1i BOC

CTaHOBJ!lTb CT8 THCTH'l8CI\,YJO ( CllJlbHYJO ) oKBliBaJIeHTHOCTb aH caMClJI e.l!:: OT

TanKHBaHl'!e .n0Jl&HH J!ICITUTUBaTb 'IacTRUI> H8 Hcex 3Hep TCTH'Ie CKKX ypoBlillX 

O,IJ,HO'laCTH'lHoro cneKTpa. OTKPYTUM OCTSe TCJl JI amb BOl1POC 0 TOM, COX

paHHTCB. AIf np l'! 3TOM ~eRHe 603e-KOH;n;eHcaURl'! J!/ KaK OHO 6y;neT npoTe-

KaTb? O,IJ,Ha 113 MO,I(8JJ8H TaKOrO THITa paCCMOTpeHa HHJi(e. 

I I 

• KaK H3BecTHo , ,lJ)Ul c ymecTBOBlu!IDI TepMo,IUil:UlMH'lecKoro npe,neJIa 

o~ HS B03MOKRYX Tpe60BSHH~ K B3aKMO.rr.~aCTBBD HBnHeTCR Y~loBHe 

YCT01t'llmOCTH:U("",\, .;rN)~-e.N, !'.n;e 11 ('X:t, ··,""'N) - 3He pI'IDI B3aKMo,I(eDcT

'BM N 'laCTIm) B;::,. 0 / 8/ , .lVrJI 'IaCTllrr , 1I0 MemeRHl1X B cocy,n !\ c JR Y 

E B3aHMOneaCTBynuroc C IIOMOm1>JO napHoro IIOTeHmla1l8 JIeHap)4a - )llKoJica . 

q,(~)=a. I-:c I -"'_!;J-:cI-r iQ.>D , b~O ; ";;.(1'>0, llMeeT MeCTO 60Jlee 

CWlbHaH OU8HKa ( CBepxyCTO~OCTb, OM /8/) : 

V(x:~, ... , :x:,)?:.-BN+CN (-Nj:>'/v:::;Vu eVN) . B"O , C >O . 
V ' 	 (4. 1) 

B HaCTORllleM p83;ne.n:e !ID1 paCCMOTPIDIl HeJ:U(ea1lbmLii 603e-ra3 (MO.n;eJIb 

ill), .lJ,IDI .KOTOPOro IIOTeHIUfB.ll 'BSImMO)4ei!CTBM onpe.ne.rureTCB. flJIOTHOCnlO 

'D'Ic.'Ia 'IaCTHIt: 

lJ (:X:-1 " ., :"rN ) = v ur (~) ) tV E C OR~) . 
N) 	 (4.2)

SaMe'Ialme 4. I. BSaID.!O.n;eitcTBl!e V'U. eV (4.1) JIBJUIeTC$i '18CTHbIM CJfy

qaeM BsaRMO.n;etcTBHff 06~ero BH.n;a (4.2) . ECHR B3am~0.n;e~cTBHe B 603e

rase orrpe.n;enReTCR TIOTeRQaanOM, aaBHCRmHM TOJl1>KO OT nnOTHOCTH qzc-

JIa Q8C'l'lm f==.N/V ' TO B KA COOTBeTcTBynIUfit TepMO,Ilml8MH'Iecrmlt nOTeH

UBaJI ( nnOTHOCTb CB060,IO{0.l!: ::lHep l'HH) JIe!'KO BwmCJIETb ; 

t (f> '~) = to (~,f) +'UY (f) . 	 (4.3) 

RCRO T8K!r.e. 'iTO WIil npoH3BOJlbHoft HenpepllBBo.l!: 'PYlilunm tJ (S') COOTBeT


CTBYDmBB. nnOTHOCT.b TepMo~~urqeCKoro nOTeaUBaJIa B BRA MORCT He 


cymecTBOBaT.b ( p(~>r-) =+<x> ). a eMB t (j->,f) He RBlllIeTCJI BWJyK-


JIO.!!: ~KUaeA f, TO aspywaeTCH TepMO~~eCKaH 3KBHBaJJeHTHOCTb 


aHcaM6.n:ea . 


TeopeMa 4.1 . ~ HeHAeaJI1>Horo doae- rasa co B3aHMO.n;eaCTBH8M 


V(ox-l,_.,r,,,) = Vue,:;) (4.1) KA 11 EKA TepMo,I\JllHaMH'IeCIm (CJI860) 3.FIf 


BSJleHTli .nruJ Bcex ,norrYCTHMWC aRa'leHltll. napaMeTp0B p>-: 0 .}< E IR . 

,ll0K338TeJIbCTBO. 1l0CROJlbI\V 1tll0THOCTb CB06o;n:Hoit 3HepI'lm NlJi B3~O-
.lle.lil:cTBH1l Vu (j» .fIJ3JlReTCR BWTyKJlO~ IPyltltIUlea MOTHOCTl'!: 


1li!(~,~)=t(j>.j» - B'p+C'po£.) ~ : 1+ ~ J (4.4) 

"H t!!! 0 'Of t\l!. = +00 , TO}t € IR~ ( cpaBIDl p8a.neJW 1-3), Ii ~OC'I'aTo'Ulo 
y6K;rr;aT'rCH., 'ITO .n;aBJIeHPI8 t - { i.m PA,]j] = Piii , ,IVIJJ f< E IR ,cyIlIec'I'-

ByeT M HBnHe TCH. npe0 6pa 30BaRHeM He~ ~YHK~~ (4 . 4). ~ STODO 

38MeTBM, 'ITO qJJHKIJ,KH t~(f>.p 1.1'9 =JA~-U(.r)-tJo(f-').P)JI\' ,lI,IlJt rE IR ~ , 
RMmOTCR C'rpoDO BWT,YK1lW>m no 'p If cXO)lMCJl l CM. (1. 5» R 

CTPOro BWlYMof,! ifJYJiKIl)m 
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i -fLtn ~(f-'Jf i r) = F(j-> JFlr) ~f?-u. (p) - fo (~JP) . 
(4. 5) 

TaR KaK 3Ta CXO~CTb paBHoMepHa no JP HB .mo60M KOMlJa l,Te Kc:. fR! ' 
TO 

-t -t.m. ~ (f-' ,f" ltt)= F C,f->,p 1ft) 
I (4. 6) 

r .ne tf,.J,,- 1l0 CJle.nOBaT e..7lb~CTb TO'IeK, B KOTOPIlLX rIr,YliKIUm { F....c.l-',.? lr)~A 
1l0CTllrBIOT MaKCID.!YMa. a ? - cooTBeT cTBymfi!l TO'1Ka ,ll)I.f{ IPYHKIUm 
F(f-',pl,t4-) . rrOCKO?~ oJ'-tJ&~>?)~ O lf i --firno ,rf",o= 0 ,n.,m f >-.Pc,o 

( CM. p83~eJI I B I. I ), TO ,M.ff JIroOI'O ~ CYIl\eCTByeT TaKOe 0'> 0 

H f*>Pc,o , 'lTO ,ll)l.f{ .p >.p* H Bc ex V >V-o HMeeM: 

~ (1'" J'p Ift) - ~ (f-' ,p'"lr)< C?-p*) (.f - u '(f'~) + ~ ) , 

rrpIF!eM J '* BIiOllpaeTCJl J113 YCJIOBWl Cf - U'( p*) + '?i' }s. d. < 0 
3TO Bcer,na B03MOlKHO, rrO Cf<OJIb KY d.. '> 1 ( 4.4 ) . Tor .n,a,ll)l.f{ CT8TJIICTWIeC

ROM cy MMhl 1l EKA nOJIyqaeM OIleHR;Y: 
ex) 

S A 1T,Cf> ,tt)=exp [~V ~ (f>.j5"lf )] L exp [pV~ (~>~l.fA) -
,- N'"O (4.7 ) 

-~ (» Jf,.I~)J ~ exp [~V ~ Cj->,PAly)]{ f *V +L exp [~(N-
N>f*V 

- ?*V) (jA - u' Cp*) + o)]j 

C n OMOlUblO ou.eHIUI (4. 7) nOJIyqaeM ,ll)I.f{ .n,aBJJ e!lIDf PI\(S" .f) CJIe,n;ylOO{He He

paBeR CTBa : 

~(\",~... lf) ~PI\,ill (S" t-) ~ ~(f-',P/.lf) + j'>~ £h. [p*V+t-i-exp(-f>d)( ] . (4 .8 ) 

Tor,ll8 Jl3 (4 .5 ) , (4 . 6) 1'1 (4 . 8) CJIe,n;y eT, '11'0 {-eLm. F(ro,r) cYlI\e CTByeT 

H paneH: 

P!iJ(~'f) = ~~ fo {rp-f~ (~,p)J , 
(4.9) 

r.ne t ijj(f>.p )-IlJIOTJIO CTb CBo6o.lOio~ 3HepI'lm B KA (4. 4) . 0 
~cTBI1 e 4 . 1. PewaJOlllHM Od CTOffTeJ1 b CTBOM rrpH ,ll01<33a TeJIbC TBe 'l'eopeMH 

H1lJli[eTCJJ He KOHl,peTllUi:l: BH.D. n OTeHlU1a.Jm BS8BMo.n.eMc TBHJJ, ( 4 . I) , a 

JmJIJb CTpof'fi!l HllrrYM ocb BHI13 'lJYHKI.Urn U <P) ,ll,JUi'p ~ 0 . II03ToM,Y 

YTBeJllK.nemlO TeopeMii OCTae TCR crrpaBe.IJ:JlI1BHM , eCJDil 3aMeHllTb UCP ) ( 4. I) 
Ha JIIOCylO CT! 'OI'O BllrrYMYKl BF!lI3 IPYHIUuno ur q ») (4 .2) . IIarrpH1!ep. tJSCp)= 

= ~p~'l.. COOTBe T c TBy eT MO.n,eJ1R, KOTOPYJO HaSllDaJIlT Imperfect Bose Gas 
/4. 9- II1 

TeopeMS 4. 2. nnE He~eaJIbHoro d03e-ra3a CO B3aRMO.ne~cTBHeM (4.1 ) 

If, 

(HmI (4. 2» KA B EKA 3KBHBaJIeHTHH B CT8Tl:1CT1I'IeCROM ( CWlbHOM) CMHMe 
1 

,IJ.IUl HCeX f> ~ 0 H ~ E IR 
.ll0K83aTeJIb CTDO . 3aMe'l'HM, 'lT0 Tenepb . H OTJllf'Il'Ie OT (2.I6) I (3.30), 
xapaKTep SCTMQe CKaa ~YRKunH ,IJ.IUl unOTHOCTl:I B KOHeqaOM cocy~e He CO

~epMHT MHO~TeJIea, COOTBeTCTBYDmRX ~earrbHOMY ra3y: 

<exp (L t ~»",~(~Jf) = ~ exp Cd;V) CY" (~) , 

CS/P)={S,,:iJ>,j-t)r1exp [f-'V F,,(j->,rl.f)] . (4.IO) 
Hs ap ryMeHTOB. npRBe,nemrux B ~OK8SaTeJJl>CTBe TeopeMii 4. I . c.ne~eT. 'lTO 

pacIlpe~e.n:elllIe ~(~) .wm Mo~emr mTaKOBO, 'frO (CM. (4 . 6» ,ll)I.f{ JIJ06o

I'Oe>O ~ t 
i -t.1n L ~A(?) J = -1 .~/I.+£>?>¥...-c. ( 4. II ) 

Cne~OBaTenbHo. (cp. n. 3) pacnpe~eJIeHHR BepoRTHOCTe~ {~I\(f)JA 
c.na60 CXO.IVITCJl .wm /\ -; IRY 

It pacnpe~eJIeHm>, cocpe~OTO'leHHOMY B TO'lKe 

P=:'?Ijj(M-')' KOTOpaR: COOTBeTCTBye T MaKCHMYMY IPYHKUID! (4.5) ( CM. (4 . 9», 
wm: 

°rPiIlCj.>l]'l) = .Pm(j:>,y..) . 
(4.12) 

IToaTOMY npe.nen ~ xapaRTep:acTH'leCKOn ~KQBB HMe8 T ~ 

{-t.tn <exp(i.t ~»A IijCf->,r) = exp{LtJ5"m(j-o•.¥)) , (4.13) 

T. e. tPYRKJ.J;P1Jl IlJlOTHOC'l'R l{a~ )WI MO,n;eJIJII ill lIBJIReTCH b - WH~ei1:K: (-:1:.) = 6' (a:-'p~(y..y..)) :, j>~O>}i-EjR1 , (4.14)J4 
'ITO l:'I 3!U1epwaeT ,I(OKaS8TeJlbCTBO. 0 

3aMe'l8lllIe 4.2 • .Ilnsr TeopeMli 4.2 YMeCTHO TO lite 38M9'mHH9. I<OTOpoe C,lle


JIaRO B CJIe~CTBBH 4. I, IlpHQeM CTPOI'8.11 mmyMoCTb q,YHKD;\m to (j» 06ec


n elfitBaeT CTPOI',Yll r.«lHOTOHHOCTb WHKIJ;B:JII F (9) =oPtii(¥>,j» i'I TeM CaMliM 


( B OT.1IB'Jlle OT MO~eJIef! I R IT) , B38HMHO 0,I(HOSH8t1}lOe COOTBeTCTBHe MeJI


p:y I11l0THOCTblO B XHMII'feCImM nOTeJl1:1;maJIOM, ROTOpmt ,IVUI MO~eJIB ill MOlKeT 

RSMeHHTb CiI OT - 00 ,I(O + 0() ,CM. (4.4). 
Pac cMOTPHM Tenepb BOOPOC 0 603e-RO~eHca~ B MO~eJIH ill. 3aMe

Tl'IM, 'iTO CIlen;ea.JI.l>Fndl: B~ BSaHM:>~eiicTBRIJ (4. I). (4.2) nOSBOJIiIeT JIeI' 

RO penmTb STOT Bonpoc 11 RA. ,noitCT1II!'l'eJI1>HO , ~ KOHe'IHOI'O COCY~8 A 
B KA ~ cp e;nmx <mOeJl sanomtelU!.R ( t'lE. - 'Il'IMO sanOJUleHllll ypoB

lUi C aHep I'ReA £ ) HMeeM: 
•<n.t;)" jjf(J>.,P) = <"\.~ aCj-.,j» . (4.15) 

KaK HSBeCTHO, CM 11,21, ,lJ,llJl ~eaJ:[J,Horo cose-ras'a npe~eJI cpe;nmx 

(4. 15) HMe eT B~: 
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1 

(A exp lJ>f. )- 1T , .P ~ Pc,o " 

{ -tm<n£\,o(f-" p) =~ { ( exp ( f-> E.) - 1y 1 , E > 0 ~ 
.P~fc, o ' (4 . I 6) 

'- (p - ? r..o) ,£= O(v >-.3) 
rne Ilapar.~eTp A=ACj»Y) onpeneJliIeTCH li3 YCJIOBJ!JI: 

.p =: i -t.rn v~ ~<n~,> o(f->.f! ) = {- t.m {VeA,,-1)r~ 
E > 0 II, 

00 ' 1 ~ .J. 2 V'2 --r. -1 (4. I7)- 2Xh. f' £ 2

+ )odX(c) (Aexp (~E.) -1 ) , clX(£)= ~). ref) de . 

3aMe'lrurne 4.3. Yl3 (4. 15)- (4.I7) CJIe,lU'eT, 'ITO B KA ClOSO- KOMeHcaIJ;HH 

,lI..'lR MO,neJlH 1II BOSHHKBeT Tal( lite Ii rrpH Tex Ee YCJIOBHIDC, "iTO H .t\IDI :a;ne

MhHOro dose-ra3a . Ta KHM 06pa30M. B3aIDllO.neHoTBue (4. 1) , (4.2), BOC

CTalfaBJIHBaJi nOJlHYJO 3KBHBWIeHTHOCTb aHCaMOJleJ;i. He pa3pywaeT 603C-KOH

,n;eHcaT B KA • 
./lJLR TOro, 'lTOOhl IlcpeHTH K ERA,HanOMlHIM (CM. (4.9) , 'ITO 

Piii(~Jr)=y.p (~>j-\) - tm (j-> .fCf->,f )) , 
r,Ile IlJIOTHOCTb f ()'>,~):; P!!! RBJUIC TCR e~CTnCH1UiM pelUelmeM ypaBHeRIDI 

JA- =Off/ f' ,p)+W" CP) . (4 . I8) 

KilK l1SDCCTIlO ( eM.' II)
I 

0sfo CJ,f)=t}»_1-tn A (f-' ,p) . (4. 19) 

TIO aTOMY ,ll)!R lPYHltJ..(llli A(N-t)=A (y. ,f ) Jl!3 (4. 18), (4.19) nOJIyqaCM 

A(J, f ) = exp [~ (w/(p(t)~»-y)J . (4.20) 

l1cnOJlb3YR TClIeph C,!)!hHYIO 3KBl1BaJIeHTHOCTb KA ERA ( TCOpCll£l (4 . 2 ) Ii 

(4.20), .lDlR cpe.lUU{){ 'liCP.JI 3anOJIHellHH B EKA nOJlY'laPM ( cM.(4.IG) ) : 

<n£,> (j->,Y) = <t\,) (j->, ,P (f>,r )) = 

={exp [f-> (f.-j-U-'tV'(p (.\"',r)))] - 1r1
, (4 .21) 

a ypaBHe,Ufc (4 .18 ) A1IJi 55 (~,r) MOliHO npcnc TamlTh, C IlOMOGlhl'l (4. 21), 
B Blome: 

jl == (~.-p)B (p -)lc) + S~ d J((E)tex? [f-'(E-y + W fCr))]-1 r.1 

(4 .22) 

o 

I K 

3neCh nlJpnuli 'IJIOJI uU.nn.~cll JJ,IIJI' TOro, 'ITOOJ.l Ilpn ~ >-:. 3 yqecT:& 603e

KOH)lCllcmnnl Il oCllotmoM Coc'rOstlllfl!l , ROTOpaH, KaR CJIe.ltYeT ll3 }4.22) , 

nORBJUICTGJl A11J11" >yc·w-f(fc) , .?c=fc:,o , CM. (4.18) n /2 . 
OQ 1 

'pc: (j!» = Sod.J(Ce) [exp (j->£)-1r , 

}Ac(l'»"'" "UJ'cpc(~)). (4.23) 

TeopeMB 4.3. B Uelmea.1U>HOM dose-rase co BS8lfMO.I\e'lcTBBeM (4.I) I (4 . 2 
,lI..1lR: -V >-:. ~ H .P > P e(,\!') KA , Jll160 jl>}'-o-",wf(f'o) (EKA), BOSmtKaeT 

c503e-I(OFmeHca~rn"po B OCHOBHOM COCTomum, p8BHM Po(/>,p)==P-.P.(J» 
( KA), JlMcSO jlo(j'>,J"4)=:f(l',~)-'pocr) (ERA) . 


~Ae~e 4.4.~oKBSaTeHbCTBO TeopeMbl cne.nyeT HS paccy~eHHU, KOTopHe 


IlpPl:Be,nefW BllIIIe 1J SaMe'l3.lUtlJ 4 . 3. OTMeTIIM 3,neCb JDmIl:, oc06eHHocTH nOBe


,neHIDi XlTh1H'Je c~ro nOTeHIlII8Jla jA-C.l\P) B l<A (CM. (4.3) I (4.18»: 


_ {oytoCy,,?) + ur/Cp) , .P~.PI:C.~) ~ 
]A- (j> •.f) = 

ur'C?) , .9 > .Pc(~)' (4.24) 

BaJilloe OTJIH1lHe nOBe,neHIDI y. (.f-> •.P) OT TOro, qTO MIl IDvle.Jllf B MO,ne.nmc I, 
II ]2[ B H;l(eMbHOM oose-rase, 38KlI1OQaeTCli B TOM, '{TO .wur r.lO,lleJtlf 1JI \PYHlt
u;KIl Fey.,f) MOHOTOliHO B03paCTaeT C POCTOM llJIOTHOCTH.f • AHSJlOI'lpmo, 

]2[S YpaBHelIIDl: (4.I8) wm 3KBffBWIeHTHoro eMY ypaBHeHWi (4.22), onpe.JJ:e

MeTCH cpe,nHlUJ llJIOTHOCU 'mCJIa QaCTID! j5'<J.,j.() B ERA, KOTOpaH, KaK 

OqeB~O, RBnHeTCli ~~ea, OdpaTHott \PYHKUHll (4.24). 

B SBK1ID'IeIDIe 3TOro rryJffiTB oc5cy~.1 HeKoTopue TepMo,n;mlal.rn.qeCKHe 

cBo~cTna He~eanDlIoro Close-rasa ill. 
I1s T80peMu 4.3 (CM. T8late (4.I7), (4.23) CJle.nyeT, "{TO retmepa

Typuoe nOBe.JJ:CHlle c503e-KOH,lJ;eHC8T8 B KA ( J'! ero S8BUCm.lOCTL OT IlJIOTllOC

TH) conna.JJ:aeT C TOM , KOTopoe liMeeT MeCTO A1IJi u.neBJIbHoro cS03e- I'"<lSa, 
CM. (1.4) H /1,2/ : 

0 ) J < j>c (f) 

5'o(~'f)= (4.25){ 
P-.Pc.o(~) , :f ~!fc <f!) 

r.ne KPlfTl1'lCCRi.iJI TeMIlCpaTYpa (y.e<p))-1 onpe,neJlrreTCrr rl3 yc.nOBM (CM. 

(4.23) : 

f~,o(~e(~))=P . (4.26) 
I 

~aJree , nOCKOJIhKY W' (p )-MOHOTOHHO BOSpaOTaKIllBJI (llYIlItI.1WI MOTHOC

TJ2[ ( OM. CJIe.nCTBBe 4.1). TO.lVlfl j<. ~}icC,!)) , CM. (4.23) cpeJtH,IDI 

wrOTHOCTb f <j!>,r-) ~ Jc(j» , if ~ItI.1WI 5> (T',y.~J<.q!.)=.P..(r) He 3aBllCHT OT 

TeMIlepaTypll, TaK Raj( ypaBHerme (4.18) ,ll)!R .? >PC,D(~) npliHHMaeT Blf.l{: 

Jl =w'CPII-(Y») ) ~ ~j{~(») . (4.27) 
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TaKKM 	 OOpaSOM: _ _) f (f')~) , .tl < }( c (j!» ; 

l 

? (j-> ,r-) -1 .Hi (~) > .fA- ~ flc (~ ) ; 
J> (f;>,J-!c(f») = ?*(t-l.c(~) = 'pc (f-»; }(t (j'.>= + 00) = 'liT'(O) . (4. 28) 

Cne,nODaTeJIhHO , TSMnepaTYPRaR 38BH CHMO CTh 6ose-KoH,!{eHc8T8 B ERA oy,!{eT 

TaROK .l!e, KaK l'I B RA: 
0 > }> < J> c (~) 

?o(j>,r)= ( 4.29) 

'p1t (}-l) - ~C.DCJ», .f-o ~ l\(~) , 
rne KpHTll'le CHaR TeMITepa'l'Ypa (y.c:(r ) t 1 onpe,neJlReTCR 1I3 YCJIOBIDI ( CM. 

(4.28 » : 
Pc(~c. (r-») = .P* (J-t ) ) J-l ~}tc . ( 4.30 ) 

O,UHOBpeMeHHO BUpaMeHHR (4.25 ) 1I ( 4 .29) OllBCHB8IDT 3allHCKMO CTb 603e 

KOH,ll;eHC8Ta OT IUIOTHOCTH H xm.m'IecKorO IlOTeH.I:tHaJIa (rrplI rpHKCHPOBaHHO! 

Tel.mepaType ). COOTBeT CTBeIlHO, B RA H ERA. 
HaKOHeu, 113 ( 4.3) HeTpy,UHO nOJIY'll'ITb ,lI.7UI Hepu\eaJIbHoro 003e-ra

3a ill y paBaeHBe COCTOHHHH: 

P( f-', f ) = f °S' t¥! Cj->. f) - till (j'J . ~ ) = 
( 4 .31) 

= PoC},?) + yur\p) -w(p). 
113 ypaBHeHIDi (4. 31) C yt1eToM CTPOro~ BurryJt1.l0CTH BHH3 WIlliIllJIol 'UT(P) 

CJle.nyeT, 'ITO ~30BU~ nepexo~ B MO~eJIl1 ill He conpoBo~aeTCR nOHBneHl1eM 

Ha p-V ,llHar paMMe ('V' = p_1) WlOCKOro roP.l'l30HTaJIbHOro y qaCTKa, KOTO

p~ COOTneTcTBy eT, KaK R3BeCTHO, ~30BOMy nepexo.ny nepBoro pona H. 

KaK CJIe.nyeT 1'!3 pa3neJIOB 1-3, HMeeT MeCTO ,I(,il.fI MO~eJIe~ I,IT 11 pu\eaJIb

HOro r as a ,lI.7UI 11' <lfcC,f' ) . 3'1'0 03HaQaeT, 'ITO ,I(,il.fI MO~eJIl! ill !J!a30Buif ne

p exon no nnOTHOCTH oy~eT Orrpe.I\eJlRThCR He IUIOCKHM Y"l8 CTKOM Ha p-V' 
.n;Har paMM8 , a 1I3.ll0MOM ~allJIeHM pC!",'l1-1

) B TO'li\e 1T='lJ (j-» , a ~30c 

Bull' lIepexo~ no TeMJTepaTYpe ( CM. (4 .3) 6Y.I\eT T8 KHM lIle. KaK H B ~eaJIh

HOM 603 e-ra 3e - OH onpe~eJlfIeTCR R3.ll0MOM TennO eMROCTl! C.,/j» / 3, 4 . 

5. 3aKJIJO'll'ITeJlbHH8 3aMetffiHrut 

MexaIUl3M BO CCTaHOB.'1eHRJi CTaTPICTH'le cJ<Oi\ ( CM hHo l\ aKmIBaJ1eHTHO CT~ 

KA B ERA .lVlR H6H,UeaJIhllOI'O 60se- raaa III RceH l'I S Cp8BHeHH1i 3TO.\! MO,!{eJll! 

C MO.I\e~ I,ll PI H.I\eaJIhHHM 003e-rBSOM: BS aHMO,neilcTBHe (1'7)' (4. 2) 
rrO~SBJlReT aHOt~hHHe ~YKTyaunH nnOTHOCTH '!Bens ~n CTl:!U I . n eilc TBH

TanhHO, PIS pas~anoB 2 PI 3 (CM. T8RXe III)CJle.nyeT, 'ITO 

i -tmDD (!i)=t -li.mD
I (!!)=

J\f'/\ 	Y j\jt,A V 
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, II N f 0 ,},, < O ( f<Pc)~ 

= L-P.Urt D" /~) = (5.1)


J'",f· \: ( 2. a ( )(.) 	 p-Pc) ,}t= f~}\ I 


r,na D~I)'l 1\ (~)- )J;HCnepClUJ: WlOTHOCTl! 'O'ICJl8 'laCTIm N/v B cocy,ne 


1\ 	 13 Ei{A. cOOTBe'l'CTBemlO. ,I\JIR l!,IteaJIbBoro 60se-rasa l! Mo,ne.n:en I, 
II. 3sMeTWI! 'reneph. 'lTD ~ 1.t;),!{eJIH III B RA, IIO orrpe;n;eJlellllJO 3TOro a1l

- D)CaMMH,J)(l,lll. ..Jt'!.)=D (~=D.Tor.na, B CHJrY T80peMli 4,3,mteeM:n.p. 	 V ;..)',1\_ 

i -lim :n:JA-lA (~)=O ; j!>>- 0 , Y. E: JR 
1

. (5.2) 

3TIDII MO,!{eJIh 1!I cym8cTBeHHo OTJIlJ'ro8TCR 0 '1' MO,!{eJI8il I.ll H H,!{eam.Horo 

rasa, 	XOTJ'! B Hen, Tal< , KaJ\ H B ynOrvumyTllX MO,!{eJIJ!X, HMe8T MeCTO 4la
30Blll!: 	nepexo.I\ C 06pasOBaHJ!l8M 60Se-IIDH,neHCaTa B OCIlOBHOM COCTOmnrn. 

BepoSl'THOCTH08 pacnpe,!{eJIemm WUI ilJIOTHOCTB tIl1CJI8 '1aCTH~ 11 cocy

,!{s /\ ,I\JIR ERA >w.eeT rum (eM. n.l1. 1-4 zlI .2/): 

(5.3)P (0(.) (t!.=!;) = ZA.o<. (j>,N =: l; V) 
c=<: "" 0, I >:rr.m ' r 

1'.1",/\ V ::=:A (~,j,(.) 
11,0( 

Tor~ liS ( 5 .1 ) - ( 5 .3) H Rep8BeHCTB8 qeoilllJeBa c.n8.ztYeT , 'ITO : (a) ,I\JIR 

MO,!{eJIeA 0,1. II B TOn o6JIacTll 3Ha'leHl!! napaMeTpoB, KOTopue COOTB8TCT

BJ'1OT IIOJ1BJ1emm ooae-J<OfI,ll;eHCBTa:}'-=< 0 (P >Pc.o() napymaeTCfI npiBfA pe

rrpS 3eHTaTIDlHOCTH CJlY'lalffio~ BeJIH'iHHbI B TOM CMblCJIe. 'ITO (CM. 12 ) 

t - t~mPr("':()/\{I~ -.p i > E} * 0 ) cX = D,I,Ji;
p,y" f' • 

N I D. _ (5.4)<v~ ole" ,,}-{/p») =J> >.Pc,oL ~ 1'.- t.L.tnjlACj» = 0 ; 

( 0) .IJM MO'!{eJIll in CJlytJ:ail:HaR nemrnma N/V YJ(OB1leTBoprr8T !!JlID!l.IHllY pe

npeS8HT8TmlHOCTl:!, T . e. OHa CXO,14RTCR (rro BepoJ'!THOCTH fi..lf(,A(.) ) 
K H6CJIyqa!H.O! BeJIlf'I!IH6 f (Jb,N= -t-f~11 <!J~.iil(N')J!.1LF! BC8X 31Ia'leHlflt 1'8p.!O

.IUlliaMId'leeRKlC IIapaMeTpoB. B TOM 'Il'ICJIe le.!WI fA- >~ Co (j-» , T. e . B 06

nBCT~, COOTBeTCTBYDU\ea UOHBneHHD 60ae-KOH,ll;8HcaT8 (CM. n. 4). 
TOT ~T, 'ITO aapymeHRe rrpl'!H~ penpas8HTaTKBHOCTB ~ nnOT

HOCTH qncna qaCTl'!~ MOXeT ~Tb RpRTepEeM CYmeCTDOBa~ ~SOBHX 


rre p exo,!{oB nePDoro po'!{a, 6W1 BIlepm18 OTMeqeH B padoT8X 13.14/. Ta


KHM 06paSOM . HapywelUle CTaTl!ICTJIlIecROi! (Clt1IJ,HOtO 9KBtma/leHTHOCTR 


KA 11 EKA ~ 60se-oRoTeM . pacCl.!OTpeBHIiIX B H8CTOIDItea pa60Te. CMSS


HO C HapymemmM ,IVIH 3TlilX ClICTeM B ERA npHHIUIlI8 perrpe38RTaTmlHOCTH 


(aBRoM 6oJ1l>11IIDC 'mCeJI) ;IVlJI c.nyqaaHoii Be.IIJAlUIH, psnHol! OTnomeHIDO 'll!C


JIa 1ffiCT.H~, nOll8lllJllltX B BH;II,eJIeHHYlJ 00JI8C'n>, K o61.eM,Y STOa OMac'I'III. 
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On the Problem of the Ensemble Equivalence for Bose.-Sys t ems 
(Nonideal Boson Gas ) 

We study the problem of canonical and grand canonical 
ensemble equivalence for nonideal Boson systems by conside
ring three exactly solvablemode1s exhib i ting phase. transi 
tions with Bose-condensation. It is shown that the violat i on 

f statistical (strong) equivalence of ensembles is not 
o simple consequence of Bose-condensation. The equival ence 
can be restored if the type of phase transition changes . 
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