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Kyp6aTOB A.M. 
P17 - 12805 

KoppenR~HOHH~e ~YHK4HH AnR KnaCCa MOAenbHWX CHCTeM, 
OnHC~Ba~HX B3dHMOAeHCTBHe ae~eCTBa C fi030HH~M noneM 

PaccMoTpeH Knacc MOAenbH~x KBaHToso-cTaTHCTH4eCKHX raMHnbTOHH
aHos, onHc~sa~Hx aaaHMOAeHcTBHe se~ecTaa c 6oaoHH~M noneM, o6o6~a~
~HH PRA MOAenbH~X 3aAa4 TeopHH KOHAeHCHPOBaHH~X cpeA. npHMepoM MOryT 
cny*HTb MOAenb AHKKe s KBaHTosoH onTHKe, MOAenb Ko6aRwH e TeopHH ~ep
po3neKTPHKOB, CnHH-~OHOHH~e raMHnbTOHHaH~ H HeKOTOp~e BapHaHT~ MOAenH 
~penHxa. B paMKax cne4HanbHOH annpoKCHMa4HOHHoH TexHHKH HCcneAOBaHa 
TepMOAHHaMH4ecKaR a01MnTOTI-1Ka /np~oot v . «> , N -· ...... , N/ V=const.' KBaHTo s o

cTaTHCTH4eCKHx KOppenR4HOHH~X ~YHK4HH TaKHX CHCTeM, HaHAeH~ TepMOAH
HaMH4eCKH 3KBHBaneHTH~e HX 3Ha4eHH~. 

Pa6oTa e~nonHeHa e Da6opaTOPHH TeopeTH4ecKo~ ~3HKH OHHH. 

Coo6weHue 06bellHHeHHoro HHCTHTyra HllepHbiX HccnenosaHuA. • .Uy6Ha 1979 

Kurbatov A.M. P17 - 12805 
Correlation Functions of a Class of Model Systems 
De scribing the Interaction of Matter with Boson Field 

A class of model quantum statistica l Hamiltonians, describing 
the interaction of matter with boson field is considered. The class 
generalizes a number of model problems of the condenced matter theo
ry. As examples may be mentioned the Dicke model in quantum optics, 
the Kobayashi model in the theory of ferroelectrics, spin-phonon 
Hamiltonoans, and some versions of the Frohlich model. In the frame 
of special approximating technique the thermodynamic asymptotics (as 
V • ~ , N • ~ , V N=const) of the quantum statistical correlation func
tions of such systems is studied, their thermodynamically equivalent 
values being found. 

The investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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I. B aacros•el pa6ore uu pa~cKoTpHM ~ace Mo~e~bBYX rauwxb

roBHaBOB Blt.lll 

k ::: T + w e-tc. + lv ~ ( c +A .. c A. t ) ) (I) 

r~e \J - oO'l.eM CJICTeiiH, W , ~ - DOJIODTeUHHe qRCJIOBHe KOH

CTaBTH, oneparopH c , l\ , \ Y.li:OBJieTBopRilT YCJIOBMRM 

cc,c~J-= 1, Cc,c.l-=0; (2) 

i1 A \it. Mt , /([ A,IJII< Mz. , 
(J) 

uCA,A+Ji\<M~/v, T+,.T; 

cc.,AJ--o, L.c,A+J=o, Cc;TJ.=-o. <4> 
B pa6orax II,2/ 6HXo JICCJie~oaaao roqao B repKo~aaKRqecxo• 

npe~e~e noae~eaxe cuo6o~aol 3BeprRR • npocreta.x crarwcrHqecx•x 

cpe,li;BBX CRCT811H (I)-(3). 0c06HI RHrepec npe,li;CTaBJIR8T H3yqeBBe 

XHHaMHKH CltCTeMH nocpe,li;CTBOK KOppeJIRqBOHHHX ~JHKnHI. 

nxs sroro BBe~e• B paccKorpeaze c~exr~e oneparopH: 

b,= 

h.~= 

r S: ... ~ A' \.'4ii w l, 

(
f \( .£ + l 11\ wJ\.w [.JH>) 

. . . . , . ' 
~ ·- ( £ )s-1( £ + 1 A) s.- ~ l[ii tv l 

t 1 C t ff ~ , t; I 
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H ,~;oxa:a:e11 J!elllfY. 

JieiOla I 

)(Jur JID6oro s. 

r c~)'-(c \"\ ( 1 A. r)s( l ;\)~" < \'-Jv W) ;11 - ( W I:; M ~ .( ots. v:::; 0, (6) 

<. t,~ h.,. '>H t..t,_.: o ( ~/v~h)v~ o. 
JlOKa3a.T9J!bCTBO 

(7) 

JioKasareJibCTBO npose~ell Kero,~;oll HH,J;yKqza, CooraomeRHa (6), 

(7) .JVIR ~ ~1 ~oxa3aau B pa6ore IZI, IIpe~nonon11, qro · (6), (7) 

BbiUOJIH9Hil )1.111! ~ • 6'-\" .. . "I\.. (,;~"L) 

c+ <'>-w..( c \c:;:""~ ~ A'\"'-1\.\( ~ il\~w.. ( ( vv) vv 1 ~- ((;:; J r:; t1 J ~ (ct-s--w- v:::;l\ (8) 

( ~~ l:s<:::IM. \.:: ~~ .... = o( ~/1 ~/;)"~ o , <9> 

""~ t)• ·· \<S==~, 
M AOKa:a:eK, qyo OHH cnpaB9)1.JIHBH H ~JIR ~:~, 

3aKeTHM, npe:a:Ae scero, qro H3 (R},(9} CJie~yeT, qTo ,I;JII 

~. \..., •. . ).;;-! npH ~ocraroqHo 60.IIbiiBX \J 

r.c.·\~ ...... ( ~ \~""'~ "> L1 M )'2(~~) < \~ ) lj\j ) /il ( '· w l , »t .. l), .. , <?.( , (IO) 

' S..\.\.;;-."' . .S.)<;;:"".1(c ~ \ ~~~ ~w.f~\~~~~ ,h_ , ( l \iv , ~ w .. r:.; 1~ '~~ \ ~ ( \.\iV) ~v; 1\-1 < ~ ... -b.,-::.,;)
11 

< 

( ~ (-6 M~)~~t1<-'- ~ O(l/v2/3.) -o wl> ... ,~~- (II) 
\- y ..... C<O ) 

BocnoJ!&syeKca aepaseHCTBOil H.H.EoronD6osa(MJ!,) 
l \ . j 

~ · ()) 1 t ( . · '!A 1 ~ · v~ 
( ~ ~ )Jt ~ ~~lt. 1~)M .:lz:. \.fi ~~(r1~/dfd<:) l2.zWlF~"h~);r2 > 

rAe 

"00 '- ~aJ -z~ 
~(z:)=- e ~e (D) 

4 

~-:~,Jf] (!4) 

HeTpy~ao y6e~r&ca, qTo 

1». + 1 ~ d [ z: ~ r S:.\~ -z ~J 
~~{r)~cS'wcTz: e ~w 1e . (15) 

B TaJtOif C.lyqae 

~~(~1:)l)11Jz=~(e"(~)'i~k-(tvY'l~=J(C~~lfv)~J'>H. (I6) 

OneHBK KOiflfYTarop 

I r~~,~ rlt.\6=((<:. ~A' (SJ:..{.\~ L ~6, \.~ J J = L ~ ) iJV -t CJ ,, \VV J J -= 

f~\~"Cl£,. 1 A 1 ~\~J f:.J,c.,<--l c. £:.+~c . 1 
-= ~ ) \f\i C) ) \.W) -+ L., 1...~ l Ll 'lli \ l 'IJV ') X\iv .. w A) = 

1M• I 
~~~ ~ \<E>-It ~~,~~ ~ r c.. \6+w..r c..+\~ts. \~-~~,g..\ n\1 

~ v \. w J , w l -+ LJ ~ -rv ' \. \iV 1 Wv J \1/v w"" \ . < 17) ... ~\ 
' . 

CorAacRo reopeKe BKJta • aepaseacTBall (IO),(II) XII ~ocraToqHo 

6onnx \J 

zl~ )~~'(~)~'l\\('2l6 MS.l~'\ou/v)) <ra> 

\ (~)~'-w.l ~'t'( tv )'M-(c®~b~\'-JL~~{r--~+O(,~):{'(f/v1r9> 

0~ ) 

f \ ( ~lr.)k )~d(: ~ ~ 1~ l~ M1 r6-'~ 
~~ ~~ ltM,f""~w.•Ol~/V'A) J dt ~{wM~O( {jv2~\ <2o> 

r~e \4.,. ~"\. 
-\ 

OileR.. Be.IBGRJ (.. ~.s ~ .;; '> , r ~e 
~ 

l26 = ~ ~b, ~l. (21) 
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Hlleew 

~~-= [~ r'(~ ~~ 1\l. '-~l=(~ f'rlfv ·A A), ~J+ Z.ot \~'-"'cJv, ~l c~ )~ (22) ... ~, 
I!OCKOJI&Ky 

c%,~1 =w(~~~A) 
if 

(A,~J =-[1\.IJ•>.VCA,I\\Jl-lv\ 6A) - 6'-Vt:AJ~l ~" 
nonyqaeM 

~1(-= ~ w k_. gv r A,~ ~J L~ Y'-'(~ • ~ l\)1-

.. t l~'{-- 1 { [A,I J--6v CA ,At] A 1. 
Ha OCHOBaHHH HepaB8HCTBa 

< -r. ru~ · Z'U;) ~ ('Z (~,4 Q\ >'Af 
I ' I 

HMeew 

< R.~R6'\ {, -l c(i.J ( ~ k>fz.~ gz~LA.~\J+v CA~A ~Jk ~~2.-t 
~1. I .s.~ \~1- -1- L£ \<5;'-1 )'h.+ 4 w (\.'-IV ) c A;T 1 [ ~,\] 1/1.; l H 

... r, ( l s,_\ )E;"-1 A 1- (~ ~*1\-V'l_t:: ~ n+J A r £ ,~~--.,1/-tj '2 
i.:, 'l. \[ij I I" \....'Vv ) /\{ . 

(23) 

(24) 

(25) 

( 26) 

(27) 

Bocno~&3yeMcR renepL rex ~xrow, 'liTO, ec~• liH Hxeew oneparopRoe 
HepaBeHCTBO 

2t<\l' ( ~t,~, ~l-=~ ), (28) 

ro npH Jlmelow oneparope \) raxze cnpase.uHso Bepase&cTBo 

6 

o+w o (. o·~ u. (29) 

ilOCKO~K,Y, COrnBCHO yc~OBaaM (3), 

(A.~\] VL( A,~\](. M~2 ) w CA,~' J V'O, A1 J A~ M/·.Ml, 

( A;~J+[ A;~ l di.:, 
(30) 

nonyqaew 

(12.6R.6'\ ~ {l6'w ... g)l..~k'4l..+ 
~ 1. ..\. I~ \<!i>-1( lC \'~;o \ ~~ p 

-+r;:;(M,_+wMtM~)(\WJ fvJ ~J - <3I) 
ITp•HWKaR 80 BHHK8HK8 (8), C IIOKO .. m BepaBeBCTBa KOmH-EyBRKOB

CKOrO Hai,J;eK 

z o.;, R6/" ~ ~ l..;w"' g)Z ~ ~'>t ~"2 t\6 f1M/,-.'(Ml.ftM,M~)J~<32) 
\ "2. '1. ~ ~ (~ \X6'1\ 'Z.l,-1\/ 1 M u -z..JC I + l s(l6'w-~-~) +'2.£:Z1. wJ M1 ~~~w '"~) L(~~/1(-+{]=-

-= L,l (Z ~ ~~~1(-~-IJ" <33> 
ue L -: '1~"~ . 

Touo :raitaR ze o~eHxa (33) Mozer 6Hn no.JiyqeRa K ,J;JIRL.U..s-\t~)" • 
B pe3y.11nare 

tZif6'~ .. ~~>" ~ i,-lt(~~\_ .. (]) (34) 

OTitf,J;a 

l\. (~Q.~ .. ~~~~)'hsLL< ~~ f+ \1. (35) 

fiOACTauaa (85) • (20) a •tpUIJICUO (!2), DO.IJ .... 

< ~~)u ~ ~~tt·ot•fvl.h)).t (~Y~~to(V'.f/3)) L[(~~f .. n, <36> 
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HJIH 

< ~\o.,-v L(~)'~ Ol Vv·A)] M L i'. 9 ~ • ~ ·otlv>J )o.) 
HepaBeacrso (37) HMeer sw~ 

x<o..x~+ ~ 
') 

(38) 

orKy~ cJie~er, qro 

~'~~q .. ?.R. (39) 

CraJIO OUT•, OROBqaren•uo, 

~/?..M1../~; M J.; .f I 
(~~' <. ~ r.v.,.l2. "' .. eM .. f"'I~V"l.f~)., '" vlA. ~ v u__ 

~ f'~"' o Cl/v'tf-.) v::;;:: o. <4o> 
TaxHK oOpasox, cooraomeaHe (9) ~o&asaao. 

,lloKaZeK (8). Herpy~o yOe~•r•c•, qro 

Zl~)~({v'{\ -<:etA{'{"(~ A)~/":: 
= !:, { ((~.~A ~~,c ~)~"'(~ A~rt ~A)~-~(~)~~ & 4 ~A)~ -
- ( lfv)~-~(t ~~~~(~ ~ ~-~(~ )~~(~i 6 A)~ -

- ( (~~~A~) ( ~ J~w'(~ ~~ "'-·\ ~~ )~(Jt 'f"'" \1. (41) 

YVKTYBa& CBOICTBO (28),(29), Ha OCHOBBBW. (4!) H81~9K 

( ~\6( s '6: ~ { ((d A\~ 
( ~vJ \.'{~ ) ~~-((wA) \W 1 >14 ~ 

£ 1 ~ u )<.tt(-1){ ~ M { 11u \~""-j 
~ E, '-w Ml ~e;:. .... ~"rz..w 1 w'v''J 16-" .... , = ct~v-:;:cP• <42> 

TO ecTh cooraomeHHe (5) raKze ~oKasaao. 

8 

noxazex renep&, qro cnpase~JIHBa 

Jlel0l8. 2· 

.ll.l& JIIIOoro orpaHneaaoro oneparopa W 

I zttv)"\W (Jv ')"~- ((-~ ~lfW(-~ A))l ~II Wllc.~~ ) 
c: ... ~ ~ o . 

,lloxasarencno 

,loxasarencno npose~eK no HWltlUIH. .nxR V\'-~ ... 1:1 

(43) 

(43') 

BYDOJIR&ercs TpHBH8nbRO. llpe~DOJIOZHK, qro (43) CDpaBe~JIHBO ~ 

"-.r-·L "1 ...... ~- L H .-ottazex ero .us . ~~ lk 'I 't."'l-\. ( "·f ~ l ) .· Hweex 
d d J -

<C~Yw~~Y- '>u ~ <C ~·· ~N)[~)J-'\K!&t.f>u 4-

+ Cz (- ~ N)($)J'·' w lfvY-'!u -<c- 64~-y·t-~At)w(- ~ At?u J-+ 
+ <C- 6 A~}f"w (-AA) v-l/u . (44) 

COrJiaCHO HepaB9HCTB8K (9),(!0), DpBHH¥8Jr BO BHHK8HH8 (2R),(29}, 

no.tyqae• 

c+ l +) f~~'-\.f· < (~)"·' I ( ( vv 4 w A \.'fV J W w lu \ ~ 
/~ // f£;_)'}-1 + (c. )V-1 - 'i' 1M )I)-( 

~ v<d d ... \. 'K. Wv. W \XI VIi t, ~WI/~ ... ,'\ z,.: ( ~_£. <4s> 
C~e~OBaT8JI.R01 B CHJIY DpeXQOJIOZeRHB KR~KnHH 

\( ~'fW{JvY"1 >v.- ((- ~A+)cfW(- !A)v\ I~ 
f liW\ll 'J·'·"·' + '2. (6 M,) ~-t~ J =- /1Wil2f"·v-1 <46> 

~,v· l~O. 

AR8Jiornao ~OKaSHBaercs coorao•ene (43) H .US ...._: J-1."' ~,.\)'I 
qro nosBOJIBer sa&Jrmqxr•, qro (43) cnpase~HBO ~· npoHSBO.I~HVX ~,~. 
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n. llepea.ew renep& K paccworpeHH~ no~Kxacca raMMx&TOHHaaoa 

KR8CCa (I), oneparopy ~ KOTOpHX HBXH~TCR a~HTRBHYMM CYKMaMW 

BM~a 

II _d_ ,-v 
H ~ V L, ~ , II e:t; It~ /A < 47 J 

Q<.. ';;/_ ' · l 

ll !j_ ll.,. fv, (48 ) 

K8Z~YI oneparop eY<._ t ,J;9lCTByeT TOJlbKO Ha nepellleRHy~ '0\ '(_ BOJI-

HOBOJI cflyHKitMM \ 'fl.c:....., 'i\ \ 'I. , . ·/•t 'I". 1't,~ ( ~ ... - 'IHCXO 38nOJIH9HHR 6030R-

HOrO ll0Jlll 1 ~\. - "liHCJl8 38llOJIHeHM.R" llO,II;CIIICTeMY "Bell!eCTBa"). 

Hopya IIIHOXeCTB8 'f - ~ MMeeT cfJH3MlleCKMJI CIIIYCX 'IHCX8 "qac

Tan• a •aemecrae" . 

~8K M3BeCTH0/2/, r8111HJlbTOHM8H (I) annpOKCHII!MpyeTCH raMMJlb-

TOHH8HOW 
x~ 

\-\o-= 1-" ~· ( q_+- A .-a_ At) 
) 

(49) 

r,~~;e c-qMCJTOBHe napawerpY ~ onpe.D:eJtH~TCR corn<l CHO ycnoBHIJ 

a6COJI~THOrO MMHMMyMa cfJYHKnlUI C B060~HOI! 3He prn \.,.\_\\c.\.~\-;:~Ql. 

3aii!9TBM; qyo 

Q_ l- tA+)rc ~ . fl-(+-~) - F--\\= k..~ v~ ( vv " w 1....\Fv .. r;.. A) - V w A- a, lA -o.) ~V wa.+-a.= 

= \-k ... L>.\-1' 

Ecu \ auurca raue cywoll BJI.J;a (47), (48) 

T=~ :To e_c..!J. Q., 

TO B BeCb anDpOECHKipy~.-1 raii!JIJibTOBJiaH 

a,J;,J;JITBBHOI CYKIIIOI 

rAe 

~0 = '2: <9-Q' 
eec.JJ. 

\\~ raxze RB.JI6TCR 

~ = :JQ.- .g (ll4~ ·U.~l) . 
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<so > 

(5I) 

(52) 

(53) 

Ho .naxe 

C8Jl I 
ecnM npe~crasneHMe ( ~ I) He wveer wecra, a pa.ne cJtyqae a 

WOZeT 61iT b a nnpOKC HVMpO BaH raVHJ!bT OHH8 HOW '\~ : 

r.ne 

-~ 

r,~;e 

r,~~;e 

T = T, ·Ll: 

Tc~ i?. ~~c)_ 
e...,y_ 

,~;eRcrayer ron&Ko Ha nepeweHHyll "'~ • Tor.~~;a 

\i ~la~ ~ -+L>l't>~ -=- (; ... L,l• ~:~ W , 

\ I_ . ~ 

c"T-=- L. G.Q = -z (~101 - t (O..~e ·u ~&''e. )~ . 
e.~ e.'-.!/._ 

B 060HX CJIY'IMX 

H~ ~~ fi 

~ =- L. G.e' 
et.M. 

a G.- l ,~~;aerca BYpaxeaRe¥ (53) IIJIH (.55). 

(5 11) 

(55) 

(56) 

(5 7) 

(58) 

(59) 

HtaK,6y.ll;eM HCCJ1e~OB8tb raUHJibTOHHaHY KJI8CC8 (I), ~JIH KOTO

PYX HMeer M9CTO npe~CT8BJieHRe (5R),(59). 

Jy 6y~e111 p8CCM8TpHB8Tb KOppeJI.RnHOBHiie ~YHKQRM BR~a 
<nlleU~) .. . c:Je"'-01c.\ QlcUL))~, <6o) 

r,~~;e .J l ,J;eiCTBYIIT TOJIUO Ha nepe¥ennyll ~\...., 

/!;.. .. ) .... /c)"Q(c_ " wv vv . 
.JtU) • <li.c.L{\ - oneparopy .Jle R Cll<-
npe,~;craBJreHBB: 

II 

B rai39R6eprOBCKOIII 

(6I l 



.J/dll = e ; /Jcife e·i 11 1- , 
Qlc.(+) ~ e.;U~ 21<- e.-iH-_ 

(62) 

ITycn ~t - npoP.3BOJibRHit orpaHHqeHHHI onepaTop, .leltcTByD

~~ TO~bKO Ra nepeweRRym ~l . B npe~noxo~eHHW, qro suno~ReRB 

yCJIOBJUI 

((J2l~, f\J~[Q{~,-tiJ)2/It ~ l~ \I Qk \\ Lt~O' 

I [!2{( 1 C'2tz, ~JJ\ = )v 112lt'HIIQ(dl ~o 

Q.,~'~{) ... , N, e"'e', 

o~eHHK BeJinJIHy I_~ 'Q_ ') , r.le 
\ 

Q... c ~ Q,' .. . , Qt e"' QLc , ~ J 

II ~~ H' 1A ) r f, .. , t 

(63) 

(64) 

(65) 

(66) 

llOCitOJiblty onepaTOPH ~ C pa3JlHqHWIJI I'IH.l8KCIUIJI t II 

~<-- ltODyTHpyiiT, npOII3B8.l8HJ18 ~~ .. ~t~~~~, , -~~ IIODO 

np8.lCT8BIITb B BH.l8 

fll Lo\ fl( (~) fll 
~e. ... '4 t, Att., (67) 

r.le 

~(Qt-= Il ~ ~) <6s> 

~~ 
npnew cpen t~., " . ., ~ B {67) BeT O.lWHaltOBHX. 'B TaJtow c.11J11ae 

R.=-{Q.t~)··· ~~~I)(Qll~ 1ti]4 ... + (Q{t~\~J~{(~>.) .. ~~~ Q{(_ ..-

111 [I) (~·1\ ('Z) Ill I~) (o) U -d., 1 Ill 
-= { ~ttl, ... Qle~-1 Ul.e.ftiJ ~ .. ,+- Qlh ... 'M ~ [2le., '.J ~ 'Pd <(((.,.. 

iJ { ~ ai .. ~J Qi.~... , <69) 
i=-1 
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• 

r.le onepaTop ~ TaKoR,qro 

/tcb#~ Sv1Ak .. '2~.!Ak.-t ... ~{y-r)f.,1Ak=f~ID!b.!> b(~I)/Ab (70) 

Ha OCHOBaHI'IH CBOICTBa {2A),(29) 1'1 RepaBeHCTBa 

I ( t<. ~t'>\!. ( ~. -~1+)/z<'rt+\. ,/2- (7IJ 

RaXO)lHJl 

~ 

+ II 11 ~ Jt 11 ~ IJ1 C\1 () · { -
( ~{ K.1 \,. t.. ~t~.. t Ut.,, t1 ~tti-' . . .ae. ile, .. -~, . 1 [ Qk,. HJ Ze )k ~ 

~ U {l;_, ... 2Lt~-tll (Q~Qk(Ql~, flJ 1 [2l~f• if] /'
11 

~ 
~ 11 ~l~-~ .. Ql~-t \1 t.. ~QU.{~ 21.t-)~ < l c Qt~, ~l~ c 2ie~, 1-IJ) ... !'~ ( n> 

Cor~acao OQeHKe (A) 
I 

( lQJJ QL~Y )t 5 l6 J\'11 ) "Ltl«·~ t t+ 0( l/V)), 

OTKy,JJ;a, B CHJry YCJrOBI'IJI (16), 

( 7J) 

'Lk '1 )'l.(lu•"-\ ~ 
~~tQ,\siA l~,.;Ml llv(~~O(lf\/)). (74) 

AHaJrOrHqH8JI O~eHKa cnpaBe)(JIHBa H )lJIR \l._'L. ~ • , . ') Q_'\ , OTKy,Jta 

~ lJ Q' Q 1/z. t1 • 4::, th_ 1. .r.- ~fq.{) ~ )2JAk(l M )""'II (Q. Q_)~ s f; <. 1 .\ "(.Cb 7~) s(~v~~ "Tijv w 1 ~ 

, t 1· ot t/v\l, i b v~. • kt~t''F JA '(tM,f'1( f'Di t/v l l . (75) 

BBe.lell 

:11 ' , ) • U ~ -· G.~no i (4 -, H 
~\.t ·=- e e ~"" e. E2. (76) 

~U)-:: p·b+ ~e,c;..~ 
(77) 

H 0603HaqHJl 
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~e -=~. ( 78) 

BwqHcHHM npOK3BO~Hyo 

iit c~~U-) ... ~eel~) ~lnJ ~ ·, it ~e ... ~~ ~J+) ~ 
-= . s1 [ .u~e-• f&.t no n 1\9 n (}} e .b-te-i Uf...t., .~+[ -;~trJi n ('{) n 

• dt e ~~a~:.~ · .. ~~ 'Rl>c.. _1 e. e. fCl)t< ·· · v;;,~..._ 

~e·c.~ U-~]e;u~-= e :U {C~e.H' ... ~~(--t)~e.l-~ ).fJ ci;k~. (79) 

Ho, corxacao (59) 

~{)-= e-;~t 9be e' <;e~, <8o) 

T .e. ~tl~ \ ') nper..cTaBmreT co6olt orpaaJIIqeaawlt onepaTop 
"' ( ~~l\_:~)~ .-,. []\ ) 1 .ll;eltCTBYOII!HJI JIHIIL HB. nepeMeHeyll V\~ 1 a 

AJ 

~.fJ)" Qk__ (81) 

TaKzK o6pa3o», ~HR 

.dJ.)-=cQttl-n .. 1te,Jn Qt(-t\ f'{J (82) 

cnpaBe.li;JIHBa oneHKa (74): 

~At(~) bln>~~ ~ ~J1v ~ k(~-' 1.J~ Yl./Ak 0 M,) \«~(1+ O(i/v) ). (83) 

Rcxo~ H3 aepaBeHctaa (83), c nowom&o oueHRH (q) H caoltcTBa 

(28),(29), TaR ze, RaK H B pa6oTe / 3/, KOZHO fiOKa3aTL 1 qTO 

I (~e.(~,) ... ~e'<Lt.\ ~~ll )/~-<~e.(-~) .. ~~(-k) A-e.(-tc) /\ '

~~~~ MAy~~~{,l-(~ ~1v ~ p{J'.i\!S" ')j { ~+0( i/V)) = 

it lA~ ( ~Mi )'""' b~ ,~e Cvl( (*Ol (/V )) 1 ~,.,.~ l V) ~o . (84) 
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• 

noJiarM ~Q1 .. ~J fir(_ 1f j ) (85) 

B yqHTHBaR TOT ~KT 1 QTO 
('V 

Q~l~\-= QlL 
1 

noxyqaell 

(86) 

\4Jt,(l! ... aAf~(L\ Qt<-LkY>~- <Jdt-i) ... ai~c[L_.t)Ql)u \? 
~ lA~(_~M~)~"d"-~~.~tv)(l+O(t/V)) . C87) 

TaKHil o6pa30il, cornacao Jleuue 2, 

\ Je.U,-l) "• aJ1Pv.. Uw_-1..) ~~" - <(~ 6 W)~~ ll.- -k\.-. 
~ l l 1- . ~ 

... Qf/ e..,_ t. ~ k ') (- w 1~) I l.\ \ S: lA E....... ) 

--0 c_ "'·"'" v-c..:. 
C .ll;pyrolt CTOpOHH1 

l ~ - l <C- w A 1 )~e,(ttL). .. J/eJk-l)C-~A)"')u = 

(88) 

1 ( l )""'"'" "'" • ~ 7r "' ), "'\Jw.•~.< - w L; (eR.et•) ... ~ni .. ,.){~,(J.-Lt). ~ll-l'ft ... ef. "(89) 
e<·; ... et ..... ··'lf.,j[ • ~c: e~"'"' e"'""'"'· 

KaK noKa3aHo B pa6oTe 1~1 

\ (~~(1),., ~~) ~-lfj,l ~ 'k \ .. Je~ u.._.JL J 6eel~«• l\ ... eeel''""'\'> - . 
~ ~ 

- <.~lq ... ee~~. ... 1·:1fl~ (l,-l~) ... v?e~c.U~-l)~e.~ ..... ,) ... ~(Jl'i<'"'))El--5 
~ lA k ....... , ~LV) I J l\1) ~ o, (90) 

OT.KY.IUl, yqnwsaa, qTo \\ :::e \\ ~ \l_ , 

Ill 

\- ~ "' 'ir. (~~t.l) .... ~eY"'\rJ}~ (l~--lL) ... cViekO"-L\ ~et""·'\ ~~ ( r ...... , )~""' 
'V\- "' j. ""' ,., "v "V 

-=(~,,,llJ., ~e, .. { Lt)J/e.O.L Je..,(l \ ~( ... ••llk) ~e('"'"l (JL) >G-.<91) 
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TaKHM 00pa30M, Ha OCHOBaHHH HepaBeHCTB (A7),(AR),(9~) OKOR

qaTen hRO nonyqaev 

\(J/t,U.) .. Je~tt"\~LJL.))k- ~ ....... (- t ) .. A-<~" 
"'t "'t "' "' ~ 'z ( a:tl•) lL\ .. &~t ... , UL\A e,U,J.. .~Ic.u\.. 'l~el .. •l\(k \ "' ~~ .... ~,(l)? \c. 

e''' e'"""'' ,, · @. 
) ' ") E. a.. 5 ~\.\/) - 0 (94) 

\1-C><> 

HJIJI 

\(Je,[k\ ,. Je"-tl~) Qlcl-kY> 1.\-

- ( c-l ~+lk'\'):le,(t,\ .. . Je~U\:.)(-~A(k'!Y/a\~ 
~ ~ lV) - . ., 0. v--c- (95) 

ABrop HcKpeHHe npH3HaTe~eH np~eccopy H.H.Boro~~oBy (Mn.) 

K A.H.EpManoBy 3a o6cy~~eHHe TeMH. 
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