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Kyp6aToa A.M. P17 · 12553 

AcHMnTOTH4ecKaR ~HHaMHKa MOAenH ~HKKe 

B KBaHTOBO-cTaTHCTH4eCKOH TeOpHH B3aHMOAeHCTBHR H3fly4eHHR C ae­
~eCTBOM Ha ocHoee MOAenH AHKKe HCcneAOBaHa TePMOAHHaMH4eCKaR acHMnTo­
THKa KOppenR4HOHH~X ~YHK~HH. nony4eH~ CTpOrHe 04eHKH aCHMnTOTH4eCKOH 

6nH30CTH KOppenR4HOHH~X ~YHK4HH no MOAeflbHOMy H annpOKCHMHpy~~eMy ra­
MHflbTOHHaHaM. nocneAHHH npeACTaBnReT B03MO*HOCTb CaMOCOrnacoaaHHOro 
He3aBHCHMOrO OnHCaHHR 6030HHOH H KBa3HCnHHOBOH nO~CHCTeM. 

Pa6oTa B~nonHeHa B na6opaTOPHH TeopeTH4eCKO~ $H3HKH 0~~~ . 

Coo6weHHe 06beOHHeHHoro uucruryra MepHbiX uccneaoaauuA. Lly6ua 1979 

P17 - 12553 
Kurbatov A. M. 

Asymptotic Dynamic of Dicke Model 

In the qu~tum statistical theory of interaction of radiation 
with matter on the basis of the Dicke model the thermodynamic asympto 
tics of correlation functions is studied. Rigorous estimations for 
asymptotic proximity of the correlation functions of model and appro­
ximating hamiltonians are obtained. The latter gives us the possibi-
1 ity of self-consistent independent description of the boson and the 
quasi-spin subsystems. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06J.e/lBH9HHblR HHCTHryT ll/lepHblJC HCCil9/lOBBHBR /1y6HB 

I.BBEJ\EID!E 

B Teopl'!Jil B3aJIIMO~e ~cTD~SI Jll3Jiy1.!eH~R c nemecTBOM 6onbmoe 

3HaqeHMe JIIJ,Ie eT MO.I\CJib J\~KKe/I/, omiCb!BaiOIUaSI (jJa30Bbltl nepexo.11: 

CJIICTeUH B CBepXl'!3JiyqaiOIUee COCTOSIH~e: 

r,lle 

H = c t c + ..;v J c c ~ ~- ... c .g -t J ... IC f!:, c 

N 
£:,d.-= l 2: (1 c( 

V t=< ~e Co(=+-~' ) I ) .) 

\ 
(I) 

( ?) 

0~ . 
.;)!l - onepaTopbl naynl'l, c~, c - ()o3e-on epaTopbl, V - o6~,eH CII!CTe-

MLI, N - 1.!II!CJIO qacTl'!U, ~, IC - nonm::I'TCJihHL!e !<OHCTaHTU. 

jj padOTax/2- 4/ ~!CCJie,llOBaJIMCb TepMO,lll1Ha.MM4eCKI1e CBOi:tCTBa 

ral.lii!JibTOHI-IaHa (I) 1 r ,1\e 6b!JIO !taTeHaTII!1.!8CKII! CTpOrO !1!3y4eHO TIOBe­

,lleH!tle cll!cTe!.ru B npe~eJie V- oo • Oco6Hi1 l'!HTepec npe~craBJISieT 
11!3y1.!eHII!e ,llii!HalmKII! CIICTeJ,lbJ Ha Sl3b1Ke lniOrOBpeueHHblX KOppeJI.fTIU'!OHHblX 

ljlyHKi\Jil~, 4TO I'! SIBJISieTCSI npe,n!!.eTOU HaCTOSI II{etl pa60Tb!. 

13 nocneAHee apeuSI Mccne,llona HII!e npo6ner&! Bbl1.!l'!C J1e lll'!SI Koppe­

JISI lJI!OHHblX q;yHKI\11!~ B p UHKaX !fi.eTO,lla annpOKCJI!MV!])Y!JIII,II!X raiH1JibTOHJila­

HOB CTMUYJil'!pDBaHO pa60TOtt/5/. 
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":? . orPAHPE!IHOCTb CPI:J~m1X Z (J;) ...._G~) "'~ 
JlJIS! HC CJI8)\0BilH11S! TIOB8.I\8HH S! KOpp8.1!SI!.{HOHJ:biX :jlyH:t;(H ll, r amiJT h­

TO!nta.Ha l(HKKe (I) HaM Cly,Ii;CT HGOcJXO.I\!1!.!0 ,ll;OKa 3a Tb orpaHJII 'i 8 HHOCTh 

no V c p c ,ll;HHX 

( e+)~~<( .£. ·)~\ < \tv VV /H . ( :i ) 

A HM8HHO, BBe,ll;eM B paCC !I.OTpeHHe CJie,ll;yiOmi4e OTi t> pllTOpLI: 

~~ c: ( fv + A ~- ) 

' B -==f~)( · ~ ·A~-) C4) 
'2. \IJV VV ' 

( ~ ~ ~ 

B~t. ; ( Jt) 't- t ( jv + A ~-) (5) 
&I t t I) ~ eJ ... • 

111 .I{OKaEel.~ Jie1.my; 

JleMMa I 
l(JISI JIY.>Cloro 't. 

Z (v; )"-( Jv) ·~-;H -<'(A£~)"(~~-)"-~ (a{'<-;:..J 'I (6) 

< t:,~ Bx.\ < ~'c--:: O{ 1/vzl~ )v==, o . C7) 

)J,OKa 3a TeJihCTBO 

]!oKa 3 a TeJ!bCTBO Cly,Ii;eM n p OBO,ll;HTh Me T O,OH IIIH,ll;YKl \IIIH . I'! OOTHOIDe­

HI1S! (6), (7) ,ll;JIS! 't. =I ,ll;OKa 3a Hbl B p a 6ore / 4 • Tipe.I{TIOJIO JKHU , 'iTO 

(6)' (7) Bb!TIOJIH8Hbl ,ll;JI S! 'to= r-i ) ·•.' I ( r~ 2.) 

<(~)P-P(fv )P-f'>u -(~~+))- P(~~-)p-p /k < t·rv::.f\ (B) 

( ~-r br-p '> ~ ~r-r- = o ( 1 /v2/J.) v:;.,_.. o ) c9) 

P'= ~, ... ,p-J. 

4 

.) 

H ,ll;OKa l!C e !A, 'iTO OHM CTi r'la Be,l\JIHBbl l1 ,JIJIS! '1 =p. 
3auerm.! n per.;,ll;e acero, trr o H3 (8),(9) cJie.n;yer, qro ,'CJISI 

p = 1,, .. , f'- { ,Ii;JISI .1\ocra roqHo CloJihriHX V 

<(~?-P(fv)P -?jH (.2_ ~2Cp-p\ (TO) 

l1' 

\((~)P-f(~~ )~-p- 1( fv + "~- )/~ \ ~ 

f ((-%)r-r({o y-~;/2. zhf-r ~-r ·f,2. ~p-p)'F?=o(~~). <In 
BOCTIOJI h3Y814CS! Hep a Br: HCT BOH F. }I . EorOJ!Kl cJOBfl ( J!JI. ) 

1 1 ( 

(_<j~}~JM ~ ~(f!\1: )*')~,dZ: +( ~ \(~(z:)~)J>/ Jzl(iz1f:.~T~~~){3I ?. ) 
'111 0 <1' i) d1 ~) 

r,Ii;e 

~(z) = ezJ'I/e~ez.ff;f; 
~ 

~~[~<#1 I , 

He r p y.l\HO y Cl c ,l\MTh CSI, qro 

ll ~ ~ ~ d z.g · cl-p _z b~(7:.)"'-9r-le (-:=.)e ] I p ct<. w . 
B ra::oM c Jiyqae 

I 

i )1\>ftz\,~Jz ~ f<e~(~)f e U It- (f;)f ~>" 
1 -b._ !£.\-\I -::: ? < l '-1 ) \1/V ) J > 1-1 . 

Oqemw K OI.H.Iyrn rop 

[~ fS:.~)!J =- [r .s._ ·)f-l(· ~ d~r) (~)ll = 
Cf1 \VV \.1/V Vv 1 vv -
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(I?) 

( T 1 ) 

(T!'i) 

( Tr:) 



p-I 
_f<;)l-l[(. %_ .. ~~- (S:))J~Z (~\?1H[~ (C")fj(s-,.l~-)= 
- ~V VV . 1 }V p=l Vv ) VII 1 \W 'IV 

-= ~ _~ ( ~)r-'( ~ -)~·~ ~r (£: )?+Pcs."w-'( · ~ \1'-((,~~,ts-)1 <17) 
V 1 Vv vv ?"'( 1/V w J w J ~v J-
r.orJr<·J cHo TeopeMc %P<a 11 HepancHcna~.l (IO),(n), .1\JIR .1\0C Ta­

TO'IHO tlOJ!blli'11X V 

OTKY,D,Il 
I 

<_(fv )?-l(~;y·-\ <'2 A .Zlf-1'> + 0( ~)) (IA) 

k(Gvl+1;) (~)f-' ( vt )P-\ Jv ds-y;H\ < 

< v2. ~ p-~ ~r-r .. o ( Q ) -= o ( J ~4 ) , < 19) 

-~ \ ( ~(z) ~ )~ ch:: ~ Q t'L ~ "L(p-r) + 
o pq p-p I .Jl l 

+12.
1
'£ ~ h-r+O(v-.n)={M .. o(v~~)J, <2o) 

r,l\e 

M"' Co11.!:.f. 

OueHim aeml'IHH:' <. ~ R?\1 , r,11e 

Q?:o [~ ~~f}. (2I) 

liMe eM 

R? = [ L fv) ?-t ( ~ .. A~-), H l"' 
f_c.)~H[f.c. \ - ~(cw+p[-c. 1c.)1~ ~ ~-v ~¥v-+ ~.g-.~, H J+ ~~ :rv) w~ kl~v . <"?) 

fiOCKOJ!brty 

[ Yv. ~]'" ( Jv--~~-\ (?~) 
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J 

'11 

[ ~-, ~J ""c s-, ~eg1] .. ~ v c.s~s+J (&, +~£:.-)- f"V [S.~!l"J s-) <2 1) 

noJiy'IHU 

Q?'T~ .. pv (-Q~"i)(~)P-'(~+AS-)+ 
+ ~ l fv) ~-~ i- ~ £- - ~ ~ V (- o ~ 'l ) s -j . 

Ha OCHOBaH'IIII-1 HepaDCHCTBa 

(~~~i~. ~21. 1st~ CF <.~.~21; >t- y 
HMeeu 

(2!'1) 

(•or) 

<.QrRr)~ ~t?(~~>f-·d2ds~(-~.slYvc-~Jt~;~ -<?.-+ 
n < (.£~ )?-1(- ~ £- )tf_ c ){g__)p-('>t/c.. 

+ t1 \Jv '' L v Wv' l~o~ ·-i-

~ r~ < (~;) r-( & .. (- ~i ~ ~) t V' (- ~ ~ z ) ~- ( rv) ~- I ?!"L . ( ?7 ) 

BocnOJib3yeMCR Tcne pb Tel.! tjla.KTOM, 'ITO, ecm1 HH ImeeH oncJXt­

TOpHoe HepaBCHCTBO 

QJ.~~ fQJ._~~9J.,~\--=~) (?A) 
1 l ) 

TO npl'l mo6o!f onepoTope rJ T[lKJ![e cnpaBe,llnHDO HepanoHCTBO 

v~Vl cJ s Tf~rJ. ( ?9 ) 

ITocKOJibKy,cornecno onpe.IIeJi eni'ID (~), 

(-~P)'-~ f l g{ ( .s,'ty-~- d 
1 

Q! -y ( ( , 
(30) 
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~ue eM 

( Df ~)H ~{ (f ~ A2.) d¥ h~): -+ 
.. ~ 1 ( { .. A') ( ,~"'\?- '( £ )f-'>'/2.1 L 

\_\fV) Vv H J . (::<I) 

Tip~!H!1MB H BO BH11MUH~ e (10) 1 C fl OMOI!lb;) HepaBeHC TB<t ){OWll - EyHHKOB­
CKOr O HaR;rr,ea 

r.n:e 

:~~>~ dcp~F) c ~ ~->!2.- + 
.,.{2_ p~fH(~d)p ~ 

~[lp~~1)L .. IL~'t~2lf'-n(l_.) )1JL~·br~)~~-t/l-= 

L ~ C ( &p ~ )~-+ 1 'J , 

l ~ (b~~ ~ . 

( ::l? ) 

(::13 ) 

T04HO r aKaH z e oueHKa ( ~8 ) MOJKe T 6HTb non::qena n .nnH ( ~f ~p >1-\ • 
B p e3yJibrare 

!_ <: R? Q? .. R.l Q~ )\1 ~ .6 3 [ < ~ ~ ) 11 -t { j 
1 

( 34 ) 

OTKy;rr,a 

(~c\2p~r·llr~p\)' /:-.~ L c,~ ~'i~ .. (J . (35) 

TIO;t;CTHBJIHH (35 ) !'r ( 20) B Hepa.BeHCTDO (12), nonyqaeM 

<(-~ ~ 1t ~ ~~ (t .. o(( /v2.f-. '>)---

• (~)'!t (I· o( 1/v'A )) · Wl>f ~f •IJ3 <eel 

J.!Jl~ 

8 

z~ ~>" ~ [ ~)'L/~~ O(t/v'/l) J t. ~ ~'>f!> + 

.. GM ... M113 L -+ O(/ lv2/3. ·) 
V ~ I . 

HepaneJic rno ( '0 7 ) ~1.1 ee t n~;rr, 

X$ O.. ll lfo.., g 

orKy;rr,a cne;rr,yer, qro 

~.~ 2 -i~a. .. l(~ -

(17) 

(?P) 

( :1<1 ) 

Gr ano 6llTI>,oKonqar en i> Ho 

lt- t 9.."*-M'l~L 12 M'/lL eM ( I ) 
!.. ~ P.>t>" c_ y2./!:, .. y2.A ... v + 0 v'/l "' 
"'Tr' =- 0(~,;~) ., 0 , ( 40 ) 

TaKJ.I !e: o6pa30M ,coorn o111em1e (9) ;rr,o '-':a 3aHo. 

.UoKalll:eM (8). Herpy;rr,no y6e;rr,11 TI>CH, qro 

.((~l~ )"">t-t- ( ~~-t)r(~a-)?)" = 
~ :.. c~ ~ 

~ ~~ { <l-?v -d~-t)( w )tf' o~'t )' '(~~-) {'_, ~~ )~-rc?v· ~~- Y~t-~-

- ( (~)?-PO~+)P(~,s-)~-~ ( fv )P-F(}v+~~-'))H-
-< ( Jt .. ~ s+) (.J~ y·-p (.\~ .. y~ _, l A~-y~ Cifv y-~ /~J. <4r > 

Y4J.!ThiB8JI CBOf\CTBO ( 28 ), ( ?.9) 1 Ha OCH0 lk'1.HJ.I~ (41 ) Ha'1.l{el.! 

< ( ~]?(~)1\- < os.-,.')~os.-y? >ll 5-

~ 2!p-t) J ~-p•l ./- t 
~ ~ ~ 1~p -p~ , .. '2~ vrrf-' .. 1 d ::- o(l v.:;:--;;, 0 . ( 4 ?. ) 

T. e, COOTHOllielll-!e (6) Ta:·:Ee ,ll;OKa3aHO. 
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J. JWPPERillU10HHI1E <PYHJ{[U1H 

;,ibl Ciy,II,ZM paCCHetTpV.BUTh Jtop rlGJIR1~11 0Hl!b!C (JyHT{T(V.T• B!1)\a 

<: ~~.Ll.) ... £e~ U'<:. \ Vc L~c.. '> /" ) ( 4~ ) 

r .n.c ~~~ npc.~cTaBJil!CT c o don JIJIClo on n paTop ~~, JIMCio ~ , 

at~~ (q;r(Jv )~ (44 ) 

11 ~l ( {) 11 f.U_~( \) - COOTB 0. TCT B€Jil!O orrepaTO]lbl ~ 11 ~'- B f f'.f1 3CH-

CicprcBC IW I! npe,II,CTE'.BJICHHVI 

L 
. ~l £. -i\.lt 

~~ +\ ~ e ~e. ~ 

))J~lt'l"' e.;\\t')Jc.e~ili~ . 
(45) 

J!amsl1 3a,ll,atie l1 l!BJil!CTCll rroKa3aTh, '!TO Koppenli~HOHH~&e IPYHK~HH 
BY! ,J\a (43 ) ,II,Jlll rmrnJJbTOHI1UHa )lHKKC L!OfYT Ci ·•Th Bblt{}ICJI CHH TOt{HO B 

TCpUO,J\VIHD.!fvi'!CC!W H ll pC,liCJIC HU OCHOBC KOppeJIIl'U10HllllX ~YWCHJ1 11 ,II,JIS! 

anrrpOO:CI1!.1MpyiO~lCf0 r aW1Jl hTOHWU!a /
3, 1'; /: 

H.o(~)=- V~l(!.·g,- .. .&-~+)• Vc~'l...., ( ·16 ) 

r.ne C-t{V!CJIODblC n ap JMCTpbl .J.• 1 ;s_- onpe,II,Ci!l!mTCll 1-!CXO,II,f. 1-13 YCJIOBV..I! 

adCOJillTHOfO MVIHHMyMa ,II, Jill !lJyHK~HH CBOCiO,II,HOil 3HC]lfi1H ~" [\I,,U,) .. l~~-J · 
3aMCTl1M, t{TO 

~- ~d~ ' ( A 7) 

r.ne 

tl..,- v ~l c J!~ -~~) cs-- ~- '> ... V(~- ~£"')(_~ ~~£,-)· V~1 -&·i-. <-1P ) 

BBe,IJ;e_M 

10 

'\1r (_I\ ·, ~t -iH~t 01 i"ot -i U~ 
;(.( tJ-=e e -«e e ( 49 ) 

~(t)-= e·,uotQi e-'dkt 
) 

( 50 ) 

~ 

T. e . ~l( ~) lTBJI.I! e Tc f! onepaTopo!.! \).( B ralf3cHCieproscrw:.' npe!l;cTaB­

neHY!H .!{Jill C!-ICTCI.fi.J C annpOKCW.mpylO~l-1!,! r;·l'H1 !!hTOH1-T.~ l!OH (A,n . 

TiyCTh \Ul - rrpOH3BOJihHb!ll orpUH!'t{CHHb!!' Ol1C)1E'.TO!J, ,)\G i1CTflYIO­

IliH!1 TO!IhKO Ha nepe!JCHHYKl V\t "t{ !-!C!Ia qacTHT\" St.' ~t- B e -OM Y3!!e. 

0IICH!1M pa3HOCTh 

\ t.. Q(t, (t) ... 27e.eU~e.)<[(k))"- (QIR,{k) ... ~~e(k)Of,(k))~ . 
06o3naqa.l! 

Q(c.-:- Qle.._.,) l~ Jl<..,, 
YIM88M 

tdhlL).. . Qf~ .. )k.,)\- z9le,U~c.,) .. . '}ltlc./!ll!.l))u ~ 
~ - - - -

~ _2: I<:Q{~(~\ ... .Qi~(Lj1~t- .,l~.,) .. Wt~.)~ ..... )/~-
d•\ - - - d -
('{i.e,l~.,') ... "il~~l~.,)~~, 1 (~.,) ••• WQ.._,~(!oc.tJlu \::-

1_ I .._ ~ 
~ ~ - - - . -,. L. \~ l(.d2h.(r) ... <:)i~(-z). J)U~· (z) ... ~p,(z)) • 
- - 1 ~ 1 .dz dz. u .r .1: 

..1 ~ _i - - J',{ 
x (Qir ... )l"'l) ... !U~tll~•I)\U~ 1 (kt)...!Z/~,, (~•tl)\4 . 

CornacHo ( 28) , ( 29) H(IO),m.reeu 

.! ...! - -

(9J~I<A( l~~·IJ, .. Qf~,lh•l\ "2J ~-·r it•l) ••· \ULrUwo•l) )\i ~ 

~ /Aill'tj) ( ~ ttt.) 2t~U<-))~-=/A ~tb~) (~:~to ... ) ~(k) >H ::­

-= 1A'2.l"=-~)~~tQ.(c.'> ~ IA2(~-~, ~'2( ..... ,(~ .. ocdv11 . 

II 

( ">I ) 

(c; :> ) 

( " "1) 

(~4: ) 



Paccl.rO Tpl'm KO:.:uyTa Top 

[%,~] -=- ~'[lllt,~J (S--~-)-P(s~- i .. \ C\Ut,~i J _.. 

• ~ C"lt~.3tJ (~J~-~As.;').~(~_.~g,"')\:.lli._,~J.,. 

-= ~ (~~~h-) t")tt, SdJ •A ( ~ • h-+ \ ('J.le.~]. 
'l pa60Te / 4/ 110Kfl.3flHO, 'l!TO 

< (£·-~+)(£--~- )\~ ~~v ~O( l/V~) 
( (~ .. ~~~)(&--~,g-))"~ ~v ~0( 1/v"lh), 

oT r;y .n:a cne.n:yeT, 'ITO 

< l~-+ h+)(.Jy+i~-))~ /:Ov-.yv .. tt.lavyv=-0({/v'l) . 

Ji 3 COOTII OUJelll<ff' (55) ll (57)C IIOH0 !!1hl0 0 '(€HKI1 (IO) t C '1 0 ~'C TBa 
( 2P ) 1 ( 29) CJie .~yeT HepaBeJIC TBO 

( Ul.Q, tiJ ~c"llt,n\ ~ t" u~ltll\ e~ 1, . , 1+1, 

f" V_.<>= o . 

( ~~ ) 

(5fi ) 

(57 ) 

('jP ) 

(59 ) 

!;po:w TOr e 1 D CI!Jly nepeCT<li!OBO'l!HOCTl: .~(!_ J.l ~I npyr, eo~e' 

t~t', cQld~TJ =o, e)~,·~, ... , N) ere'. 
B •Ja6oTe / :i/ nOK83aHo, 4TO ~13 ycnoBv. '' ( ":CJ), (r'Q) c .~ OJ\YCT 

0 :.(€HKe. (~ ~ 1.:_ ) 

(ro) 

- - 1 ~ 
<d~d~:) ... a£%(r~ . .d0i~(z), .. Q.If,{z:)/. ~ · fA'~ ( F.I) 

dz: .dz: \.l J 'l" , 

12 

OTKy.n;a, !1 ~J !~Hl:l.!afl BO DH~HAaHH€ ( ' 4 ), HaX0)\1'!! 

It_ tiittt. \, .. aik(k) W~(l )~ - (Ql~ (~_). .. 9le .. (.k)~,(k)'>~ \ ~ 
\:. 

5./A~ ~"'·v.c\~~~~ .. ,-~1 .J~(l+O(t!vY). 
::laH€TJ.I!,!1 'l!TO 

( f.? ) 

- - - i u+ ~ "" "' -il{~ < Qle,Ot) ... QipJLc.)Ritl~c ))11 -= <e. ~lt(-k \ .. !Ud-k )'2l~H<.-)e. ~: 
~ "-' "" 

=- ~ ld.e, L -l/ .. . 91 e" (-k.) QL'L t-it.">>~~ . ( f:i ) 

Tor~a, nonaran B ( 62 ) 

""' ~~l .. ~~\ t ~) ) ( 64 ) 

H Y4HTWBaR TOT ~aKT, 4TO 

"' Ql~(~ )., Qt._ ) ( 5") 

ITOJiyl.!a eM 

1 G\,q_, U 1 ) ••. S Q,._ (!,._) ~Jk. Y>u - (&e. (!.-i(_ ) ... ~e~c.Ci~c~k ) !J.l(.. >w I~ 
1.. 

$/A\, ~ ~·1\~~ j It~.,~ tj I ·Vfv · (l+ 0( t/v)). (6 11 ) 

EJIR .n:aJihHe~mero HaM 6yl(eT none3Ha 

JieMMa 2 
~JIR JID6oro orpaHH'l!eHHoro on epaTopa ~ 

! <(~ t W t-iv Y\- /.. (- ~s:)'"" w (- ~s-'t> \ ~ \1 WI! c-...... 
' ( 67) 

c. ...... v--~ 0 
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noKa 3ateJibCTBO 

)lOKa3a T C.'lb CT DO npolle,ll;eK no MH,II;Y !< U'll' . J!JIII nt 1 n' 0 (67) 
Bb!IIOJIIIIIB TC II Tp !! Dl11l JlhHO. ITpC,II;TI OJI O:: HM, 1.! TO ( 67 ) cnp.1.D8 ,llJIM BO )!Jill 

"'~-~ , ..... -~- ~ !·: .n.oml:,:e ·,r era ,nJw w.:f, ~;J-i <J· v ~ ~ ) • J·!!.re cu : 

<Jfv y·w (ytY -~\ ~ ~( $ ~ ~s~)( ~ )rw({v) "->~ -t 

--[((- 'A·i-r)( fO y-~ W ($v y-~;u- (( -~ ~~+ )1'.1(- ~s.+)W (-~~-y -~}~ 

~ ( (- ~~'~')YW (- t£.- J'H>u . ( 68 ) 

~ OfJi t.l CH O HepaDe liC T BaM (9), (1 0), Ti i iH HI~Wlfl BO BHl~!faHHe ( ?P ), ( ?9 ), 

n onyq a -u 

c~ ~\( .£!\.)"'"' (c )v-1'> \ \(lVt; 4 A~ J wJ Wlfv lu ~ 

~v<~ -~~11 J (%Y"' w~w(J11Y-' ~ 1\Wllv~ .. ~r'-~-_, o.<n9) 

Cn e,no na t eJihHO, n c~ ;n y n :Je,nn on o r.: em111 l~H.llYK 14HTA 

\Z(rv)J'w(JvY-')~- (f~s+}fW(- ~~-)v>uls 

~ IIWII [/A.~. -~,•-t · ... '2. ~ ~-~v~J'- J, \IWii · ~·"-~, 

~J 1v - f ~0 

(70 ) 

! Ha JIOfl!I.JHO ,!\OKEt 3!11li1 ' TCS! C OOTHO I'!CHJ~ P. ( n7) l1 ,1\JIS! "'- ;_j' · i , 
~' J , 1.! TO TI 03 BOJifl e T 3UKJIJ01.! l' Th 1 1.! t0 ( ' 7) CTIJlC' ll ~ .~JI"BO )I;,~P. TI!J0113-

BOJlhHliX "- l! V\ . 

TaKKM o 6 pR3ou, n o n ew•e 2 H3 ( 66 ) c ne.ny e T 

c.~)""'( c \ """ ](£~et.-k) ... ~elll". l> (v=v wv; ~~-

14 

- < C- ~ s ~) ~~ (!,- tc..) .. , S e~ lk-~" \ (- ~ s-) ..... >~)!:.A kc ... ,"', <n ) 

c ....... ~0 

C ,1\pyroli CTOp OH!J , 

<C- ~ ~~)-&t1 (L- Lc. 'l ... le~llk-1") c - ~s- Yl~ -= · 
N 

~ . .... .... ""' 1- ~ '"" "' ( - - . "-:-.., .... t-n L z£et., .. . ~e~ ... ,~e . (1 , -~._) ... ~.).- ~,\,Se .. !J .. <!.-..... ~fz~ ) 
y t '' et"'·~~ ~ ''t 

r~K noKa3aH o B p~6ot e IS~ 

k~(•) ... £;~ ... ,~e. U~ - l.:.) .. . ~e..,lh,.t~) ~: .... 1) . .. ~~~ ... ", '> 1-1 -

~ ~ - ,.._ - -
- ( SQt•\ ... ~e'"'' Se, lt- ~). .. S.et\.!..,- Lc)~Q.I"'•'\ .. . ~~(~o..-.) \o \ ~ (T1 ) 

~:-_. .... " 
~ iA ".1" ~ o, 

OtKy~a, y1.!~tH BeSI, qro 

( n1
'' nt<) Q 1""•"\ {. N (74 ) ~ "' ''-. ' ... , 

H 

< ~~''' ... ~;1w-1 [Q 1 U,-it. ). .. ]:Q~c.li~- l) ~~t .. ••l ... ~tl"'""' )uo-= 
"' + ?r -1- "' '(t' "'- ""' ""< ~~·,lk.) ... ~Q.l"")(it. \~e.(!,). .. ~Q~.,ll) ~t .. ·•l(~t) ... ~~ ..... ,(k )'> (7~ ) 

''\!1)' 
noJiyqaelol 

I( C- ~~ .. )"'"ieJ!.-+c.) ... ~e"U~e-k) (- ~ s_,-y;~ -

~h .... "~ ""• Q' t (I' "' "'- ~-- ~ J Lr ( Set•) (i._) ... ~~ .. ,(.k)~(t) ... ~eJ~~:)Se, ... ,) Ot) ... ~~ ... ,~, l~t))u \ s 
· v t1'1 ... (1"'',.~ l · no 

) ........ '""''"' !A\...,.. .... 
~ Vlo 11 <~ v , (76) 
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r,~~;e 

( 77) 

Ta 'MM o6p; t3ou , na OCHOBe.H!!M HepaneHCTB (67), (71) , (76), 
OKOHtJBTaRhi!O IIOHyqaeM 

l1Jiiol 

~ {Rv- 0 
'1/- = 

\ Ubdt,). .. ~e"ll..:> Wc.lk)) 11 -

(7R) 

- < C- ~ s +cl '> '>""~e,(~) ... ~eJt) c- ~~-c ~ )'l 1\ ><; 1 ~ 
(79) 

TeM CaMbiM ,!(ORa3aHO COBIIan:eHne B TGpMO,!(:V!HaJI1!!'18CROM rrpe.n:eJie 

ROpp8JIJJIJ;I10HHbiX C\l,YHRUHii , OTB8'lniDitl1X M0,!(8Jll1 ]{!1RR8 M arrrrpORCl!MMpy­

KXll8H CJiCT8/A8 ( 46) , 'ITO 11 II03BOJIJJ8T OIII1CaTb .D;HHaMJ1R,Y M0,!(8.7!H 

J\HRR8 B IIp8,T(8JlbHOM T8 pMO.T\HHaMI1'18CR01,1 crmr.Jie HB OCH0Il8 raMMJibTO­

HMaHn ( 46) • 

ABrop ncRpeHHe rrpa3HareJien H . l! . I)oroJIIOoony(Mn .) ;r A.ll . Epmr­
.JIOBY 3a OClC,Y}il.l"(8HU8 ,l{aHHO!.\ T8MI:l , 

llilreparypa . 
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