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r 
rrp~ OITMCaHilil ~a30BHX rrepeXO~OB Me~ ~CTW~ Tep'MO~MHaMMqeCKM

MR W8SaMM B03HMKaeT c~e~yromaR XapaKTepHaR cilTya~R /17. raMil~bTOHilaH 
CHCTeMH ilHBapilaHTeH OTHOCilTe~bHO HeKoTopoH rpyrrrrll rrpeo6pa30BaHHH Er , 
HaSh[BaeMOM rpyrmoã CIUvIMeTpilil Jia~bTOHMaHa. 3Ta rpyrma ilMeeT nonrpyrr
ITM ~~c Er , COOTBeTcTByromMe qilCTUM TepMO~MHaMMqeCKHM Wa3aM. Boo6me 

rOBopR, Borrpoc o TOM, KaIllie ~a3H B03MOXillll rrpil 3a~aHHOM rpyrrrre CilM

MeTpilH raMil~bTOHMaHa il KaKile rrO~rJYrrrrH OTBeqaroT K~~OM il3 ~a3,
aTO OT~e~bHaR c~o~aR rrpo6~eMa 2 , KOTopaR 3~eCb He paCCMaTpilBaeTCR. 

norrycTilM, qTO COOTBeTCTBile Me~y rro~rpyrrrraMM CilNIDneTpilM M TepMO~HaMM

qeCKMMM ~a3aMil YCTaHo~eHo. MMeeTCR ~pyraR rrpoó~eMa, CBR3aHHaR c TeM, 

qTO B rrpilpo~e MHorne CilCTeMH He ~HIDTCR qMCTUMM, a COCTORT il3 Hec

KO~bKHX Wa3. ITpilqeM 8Til Wa3ll He ~OKa~il30BaHll B rrpOCTpaHCTBeHHHX ~O

MeHax, a ~YKTYilPyroT, MeHHH CBOil KOHWMrypaunH il rrepeMeillilBaRCb. EC~il 

BpeMH: Haó~ro~eHilR ropa3~O óO~blIle BpeMeHil rrepeM8illilBaHilR, TO cIJOpMaJIbHO 

C~CTeMa BHr~~T O~OpO~OH, HeCMOTpR Ha TO, qTO OHa B ~eHCTBHTe~b

HOCTil COCTOilT M3 HeCKO~bKMX ~a3 c pa3HOH CilNIDneTpileft. CTaTilCTilqeCKaR 

't'eopilR raxax reTepowa3HbIX tll.i'IYKTYallJ'IM 6bIJIa npennoxena aBTopOM /3-7/. 
B .n;aHHOM ~OKJIa.n;e aHaJIil3HpyroTCR HeKOTopbl8 MaTernaTilqeCKHe acrreKTbI, Ha 

KOTOpbIX 6a3HPyeTcR 8Ta TeOpRff. 

llYCTb ilMeeTCR cilcTeMa q~CTilU Ha il3MepilMoM rro Ae6ery MHOiKeCTBe 

"VI :: {']C Im12S 'W ::Jd»: -= V} . Ha MHOiKeCTB8 W 3a~aHO rH~bóepToBo 
rrpOCTpaHCTBO lVTImpocI\OrrilqeCKHX COCTOm-lilft lJf . IIa 8TOM npocrpaacrne 
onpene.neaa anreo pa ~OKa~bHbl.X Haó~roJLaeM1IX cIi ( A) :: { 11 ( A) 1 (A c W ) > 

o6pa30BaHHaH orrepaTopaMH BM.n;a 

A( li ) :: L JA~ ('" ", , ... "~ ) d~, d x, ... 01 ~, 
k=o . A 

'" rne A" (.,.) - oneparopnoc pacnpenexenae , 110:: const 1 . ITpil 

•	 I\OHCTpYl'l'poBaHHH ynopanoxeauoro MHOiKeCTBa { ÂL I i :: f, a, •.. 1 orpa
H}'PieHHIDe OTI{PblTIDC o6~acTett /t.~ c /li.. il 3a~aHMM :H30TOHHoft nocneztona
TeJIbHOCTl'l' anreop ,;Ji. (!I,) c: til (I\J ) c: • .• , D KOTOpOM A1 c= A~ c . '. , 

;~	 nOJIyqaeTCR ceTb anreop f clt (1\.. ) 1. MH ceTVI a.n:reóp MOJKHO onpezrenarr, 
lIH.n:y I{TMBHbl9. npenea , ~':.a cft (Ai) , Ha3bffiaelvILLü I<Ba3M~OKaJIbHoll. anrso
pOMo L 

TIpe.n;rrO~O~M, paccMaTpHBaeMaR Cl'l'CT8Ma COCTOHT il3 HeCKO~bKHX Tep

MO~HaMl'l'qeCKl'l'X ~a3, rrep8HYM8poBaHHbLX MH~eKCOM ~ = 1,2, ... ~. 

fIpocTpaHcTB8HHoe pacrrOJIOJKeHVIe ~a:3 xapanrepasyer cx sanaanea ceMellcTBa 
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rrO~MHO:lK8CTB {w~ 1 ,06paSYIOII.\ero rrOKpHTlII8 MHO:lK8CTBa w 
~	 ~ 

U wo/. = V , L"\:"vat- ='V iv. :: me!> 'Yol ) (1) 
ol:::1 ,).=1 

B CBOIO Oq8P8~b, B rrpOCTpaHCTB8 hlliKpOCKorrHqeCRMX COCTOHHHM ?f MO}K
HO BbI,J.J:8JIMTb 7/ nonnpocrpancrna d; C Je (ri: 1, ~,o.o 3) , na KOTOp1IX GOC-

P8.n:oTOqeHH YCJIOBHHe BepoRTHocTHMe Mepu, OTBeqaroII.\lIIe cooTBeTcTByromMM 

TepMOEMHaMaqeCKMM ~asaM. KaE,I(oe MS rrpOCTpaHCTB ~ rrpe.n:CTaRllHeT CO
60M MHOiKeC'rBO BeKTOpOB, TMrrllIqflbIX 171 MR W8Sbl: oi • Ha rrpOCTpaHCTB8 

~ orrpe,I(eJIReTCR rrpe.n:cT8BJIeHMe arrre6pbl: JIOK8JIbHbl:X H86JIIO.n:ae~~IX 

~[A 0\",) '] ;rr.JIR 06JIaCTeM Âo/. C W\)( • IIpH sarmca rrpe.n:cT8RlleHHH 
orrep8TopoB H3 aTOM 8JIre6pM MO:lKHO orrpe.n:eJIMTb" orrepaTOpHbl:e pacupe.n:eJIeH}ill 

ti ( ... ) c rrOMOII.\bIO panencraa
kJ. 

»: [f1 (1\ J] = L 
00 

JAL,( (x" X;lJ • O' :xJ< ) 0/ x f ch;J. ... J 'X.k • (2) 

~=o A,J. 

Pas6MeHHe fvIHO:lKeCTBa· W na rrO,Il;MHO:lKeCTBa { '\Yo< 1 rrpOBO,I(HTCR 

c rrOMOII.\bro MeTo~a pas.n:eJIRIDII.\MX rrOBepXHOCTeM rM66ca B ero TeopHH reTe
poreHHUX CHCTeM. MaT8MaTH~eCRH TaRoe paSóH8HHe HRCRPOBaTh/ 6 ,7< Y~OÓHO W
sanaa HaÓop xapaxrepac TH~eCKHX cPYH1\IJ;I1H rro.n;MHOJKe CTB, HMeIOII.\IDC 
BH,I( 

1 , x	 e: W..c. , 
(x)	 :::
 

[
5~ O;) x 4. \Vo( 
( 3) 

Tor.n:8 Ha OCHOBaHHH TOEAecTBa 

Jflkg( ("Xf , 'X,) oh:, .•. cl'X lc =: JAle'" (:x,;) •.. xI< ; ~cl) «x f "0 dXko" 

\}lo(	 W [ "J
rrpe.n:CTaBJIeHHe KBa3lUIOKàJIbHOM anreopa 7í", clt (\YÁ) MOiKeT 6bITb npc
~OJIJKeHo .n:o rrpe.n:CTaMeHHH KBa3lUIOKaJIbHo:ti anreopa ~ [fi (\Y; ~Qt) ] :; 
_ A (~ ) C oneparopaaxa pacnpe.n:eJIeHHmlli 

01 cI. •	 k 

11 ('Xf , 'X~,'" xl; F;.",,) := fl (':til :lC~l) Xl) nç ('Xj) o 
~ol.	 h( 

"0 

o(

ti:::. ( 
OTCIO~a BH,UHO, ~TO s. O,", nrpaer pOJIb ,n;orrOJIHHTeJIbHo:l1 WYHKI..UWHaJIb-

HO~ rrepeMeHHoH. ~ Toro q~06bI orrpe.n:eJIlIITb rrpe.n:cTaBJIeHlIIe KBaSMJIORaJIb-

Hoí! anreõpu r./l:- ( (}I) ,KOTOpyro li ~aJIbHeIDrreM 6y.n:eM HaSID3aTb rJI06aJIb

HOn arrecpoã, naou OTJIHqaT:b ee 0'1' KBaSIDIOR8JIbHhIX anrecp el! (\Yj t ot) , 

HeOOxO~MO rrORffTb , R8KYIO ROHCTpYKnnro MOXHO COCTaBHTb HS rro.n:rrpOCTpaHcTB 

~. 

2 

.llorrYCTHM, lIIMeeTCH TOrrOJIOmqeCKOe rrpOCTpaHDTBO ~ , na KOTOpOM 

SB,UBHO oT06paJKeHHe fT\Cl)J,,(. : ~ -'P r.,( ,0rrpe,neJIRIDII.\ee ~ • TpOHKa 

(T', Ttlap.,t: , Tr/.) H831lBaeTCR rrpOCTpaHCTBOM paCCJIOeHlIIH, F -'1'0
Il~ T8JI~HIDA rrpOCTpaHCTBOM, JÇ - 6a30H paCCJIOeHHH. llpo~e.n:Ypa rrOJIyqeHHH 

~ H3 ~ rro AaHHOMY OT06paJK8HHID Ha3bIBaeTCR paCCJIOeHlIIeM, a 06

paTHbIt1: nponecc BoeCTaHOBJI8mm J:" rro ~ - CeqeHH8M paCCJIOeHHH. 
ECJIH 'l'OTaJI1HU8 npocrpaacraa paamrsaax paccnoenaã rOIvIeoMopcpHbl, a IDe 

OasM O~HHaKOBH, TO TaRllIe p8CCJIOeHHH 8F~HBaneHTHbl. ~R HallilDC ueJIeM 

MO~O BOCrrOJIb30BaTbCH JIID6m~ lII3 8RBMBaJIeHTHUX paCCJIOeHllll. Y~OÓHO Bbl6

paT1 TaK HaShIBaeMoe CTaH.n:apTHoe pacc~oeHMe c TOTaJI1Hb~ rrpOCTpaHCTBOM 

B BM~e T8HsopHoro rrpOMSBe.n:eHHH qp t: . 0'1'0 TOT~I1H08 rrpOCTpaHCTBO 
npa WHKCHpOBaHHOM aacope OT06paJK8I-llill +- r; (d. =. f, :J).. ~)6y.n:eM Hao 

3brB8T1 CTaH,napTHblM paCCJI08HHLllV! rrpOCTpaHCTBOM 

T= ®T ( mar01 : T"~ »; ). ( 4)~ d. 

Ea3U paCCJIOeHlIIH, COOTB8TCTBYIDII.\Me pa3Hhllil TepMoEHIIarnuqeCKHM epa3aM, H8 
/ 5/ 06HSaTeJIbHO BSallIMHO opTOrOHaJIbHbI, XOTH BO MHOrMX c~yqaRX 8'1'0 T8K . 

Terrepb rJI06a~1HYID aJIre6PY .~ (0/) MO:lKHO HHTeprrpeTllpOB8T1 K8K 

rrpRMYID CYWJIlY KBa3HJIOKaJI1HhIX anrec p eft (~J ~o() , a COOTB8TCTBYIOII.\88 

rrpe,n;CTaBJIeHHB "77" [e~ (W>l : .tt (~), B I{QTOPOM 

~ == { ~~ ('x) I ti.. =: 1, ~ , O" ~ "i: E \YJ , ; 

(5) 

CJIe.n,yeT S8.n:aB8Tb Ha CT8H,napTHOM paCCJIOeHHOM rrpOCTpaHCTBe (4) B BH~e 

clt (~) = ~ s, (~ci) ~ fA (~)} . 
(6) 

llpH 8TOM rrpe.nCTaBJIeHlIIH onep8TopOB HM8IOT CTPYKTYPY 

li ('~) := e A~ (~.J , 
rJ..	 (7)k 
00 

fl"l ef,of) -= L. f Ak,'/:Xt , 'X;z., -''' -, ") n ~ol (:~.) t:hj . . 

k=o W	 i =-T 

tv'IHoiKecTBO ncex B03M01KIlblX nacopoa oopasyer TonOJIOrHqeCK08 npocr
p8HCTBO [~\ .na KOTOpOM sa.n:aeTcRl 71 WYIIKIJJ10HaJI1>HaR Mepa ~ ~ • 
CT8Tl1CTHqeCKHM orrep8TOp RB83MpaBHOBeCHoro reTepoepa3HOI'O aHCaMÓJIH HM8eT 

~OPMY - r-r t:,)/ .f - rn:,)
j'(É;) -= e h j e ~ ~ , (8)T 

3 



r~e r(~) - KBa3MraMH~LTOHMaH CMCTe~~I. MaTeMaTM~eCKHe O~M~aHrrR, CR KaK WYHKm~OH~LHblli MHTerpa~ 

COrrOCTaBnReMbre Ha6~ID~aeMbIM Be~M~HaM, orrpe~e~HIDTCR rro WOPMY~e '3 n~ 

l'
 .f F(~) .2)p s =t; JF(t) n n. cla o<
 
(I4)( S) n ~oc oi::::t ~=f • V 

WYHKImOHMLHbIe narerpanu B (8) M B I\OTOpor.1 npe.ne.n rrOHMMaeTCH B CMblc~e (12).
 

rypaI..J;rrRM epa3. TeopeMa r. EC~I1 epYHItIJ;V10H8JI F ( l;) HB~ReTCR rrO~MHOMOM OT xa


3a~aBaH CPYHKIU1oHa~LHYJO Mepy 2) ~ . , MO~O 3aMeT.MTL, ~TO ycpe.n paKTepMCTM~eCKMX CPYHKIJ;V1l1 (3), TO 

HeHMe rro epa30BbID~ KOHepMryparmHrA co~ep~T ~Ba BM~a ~eHcTBMM. TIepBoe 
~eMcTBMe - 8TO rrepe60p Bcex KOHcpMryparmM rrpM cpMKcMpoBaHHoM Ha60pe .r F(~)~p~ = F(p), (15) 

p ~ f P.c lo<: -= of,:l.J'" ~ \ reOl'lreTpM~eCIrn:X BepORTHOCTefi
 
~ r'ne F (p) nonysaea ca MS F (~) B peSY~LTaTe saMeHbI ~ol (:x) ~ 1\(.
 

VgI. 
( o ~ Foi !:: 1 ') L PJ. = 1 ) . nOKasaTe~bcTBo co BceMM rro,rr;po6HOCTHr~ ~aeTCR B pa6oTe/7/ .
 P", -= V .,( ::::1 (10) CJIe.nCTBrre. TeopeMY MO~O pacrrpocTpaHMTL Ha rrpOMSBOJILHbIe- ~YHK

IU10HMbI, rrpe,rr;CTaBneHHhlepH,IJ;aMM rro CTerreHHM xapaxre pMCTl1~eClCIDC ~YHIC
BTopoe ~eMCTBMe - 8TO BapMarmR Ka~oro M3 p~ OT HY~H ~O e~TIHMUbI c IJ;vüi rrO.n;MHOJKeCTB~ eC~M nonararr., KaK 8TO 06bI~HO C~I1TaeTCR B WMSI1~eC-
y~eToM YC~OBMR MX HOpMMpOBKM. B COOTB8TC1BMM co CKasaHHblM KMX aanaxax, ~TO CYlVIMMpOBaHMe M I1HTerpMpOBaHl1e ,rr;orrYCTMMO MeHHT:h r~ec

!3 s TaMH. Tor,rr;a M3 ~bpMY~bl (9) ,Il)[H MaTeIvIaTI1~eCKOro O~I~,rr;aHI1R c~e.TI:YeT 
1~ s; ~'c2)p 'fJ, cl p , dp = n d (L Pl-1) oi p • 

• oi.;( r =1 l>l ( 11) <fi> = "t J J< p) fi (p) fÁ r ) 
~ o (16) 

WYHKI..J;rrOHa~LHbIM ~MlfK:PepeHIJYIa~ 9)p~ onpe.aeaaecoa c~e,rr;YIO~MM 06pa30M. 3a-, 
,rr;aeTCH pa3óMeHMe Ka~,rr;oro M3 rro~o~eCTB ~ rrocpe,rr;CTBOM rro,rr;rrOKpbI JUiepepe peHI..J;rrM oIp orrpe~e~eH B (11), 

/ 
TMl1 f \Yo(i ~ , TaKHX, ~TO - r (p) / T i e - rl p) cIS (p) = e ~ p
 

na! 110/. ~ "'i" o I
 ( 17) 

U V. ~ W ~·V. = \ r ( L ». = n ·V. == mes w:.) TeopeMa 2. TIyCTL Y epYHKurrrr9., ri. ~ L oit. VoI. .,..) alI. clt •
 
i.::1 . i =1 01. =1
 - r( p)

/1 l p) := .:« fh 'h e 
XapaKTepMCTM~eCKaR WYHKIU1R (3) rrpe~CTaBnHeTOR CYMMOM N 1: (T8) 

ol 
n [1 -' "e: '\Y.,( i ) B KOTOpOM N: N (V) - aexoropoe ~CJIO, raxce , ~TO 

t:. ( 'X) == ) 1; (')C - a .) ~. (-x- CCci) = 
SJ. L Ji. o(('.H 

00i =1 • O) ~ fi. \V~ L ~ N-'J 00 ,'V~ , N I V ~ c onst , (19) 

cy~ecTByeT a6CO~IDTHHM MMHHMYMI1MeJI B B~ IlpS,rr;eJlhHI:lli nepexon 

n __ 00 , nr/. ---'t cP , ·Vr;lL·. ~ O ( P =c""d ) ) ~(w) =af!>rnt'n tflp) . 
Il {2G}

(12) r 
MO,KHO 3aTIMCaTL aCMMITTOTM~eCKoe .Bblpa~eHMe Tor,n:a
 

-$ °cl cl
 I}

~ ~ ~ n n aali ( n -'I 00) 

( 13)- fim ~ h [if l PJ A lP) c1 p - y <w) !9 (\\I )1 =0 (21) 
P "'=1; =1 V I, N~oo Te. 

OKOH'tlBT8JI:bHO ycpennenne CPYHKIU10Ha~a F (~) no epaSOBbIM KOH<ImrypaIJ;IDIM r,rr;e rrpe~e~ rrOHl1MaeTCR B CMHGne (19), 
npa @U\Cl'IpOB8HHOM naoope reOMeTpM~eCKI1X BepOJITHOCTefi (IO) onperreaaar

4 5 
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PaSBMTaR TeopMR rrpHMeHMMa )I)lR reTepocIJasHhlX CHCT8M rrpOH3BOJII:>HOM 

rrpMpo,nbI 11 JIroóoro trllcJIa TepMo,UllH8MHtrecRllX was. Ee ,na~e MOY~O oÓOÓmHTI:>_rcw ) / _r(w) 
.f(W) = e h e . na oJIYlJ:aí1: KOHTllHY8JI:OHO~ OMeCll ep83, xorna cIJa30BbIl1 MH,Ue.KC oL npooera

1I0I\33aTeJI:DCTBo. BBO;IJ;.fI OÓOSHa-qemle 
(22) 

er asnpe punnoe IvlHOiKe C'1'130 {.;,,1 . Hanpzvep, aTO MorYT ÓUT:D M8rHMTHble 
T 

:1 
cIJasbI o p8SHbIMM JIOK8JI:OHMMM BeJIMlJ:llHaMH MJIM HarrpaBneHMRMM HaMarHMlJ:eHHOC-r{p) -r<p)A(p) := "1i e f) (p) / h. e TeH. TaR8R oMTyalmR MoiKeT BOSHMID1YT:D 13 pa3yrrOPHAOlJ:eHHh~ Be~eCTBax c 

~ T 
rrpMMeCH~rn /18/ MJIM 13 crrMHOBh~ CTeRJIaX /9,10/. Oóoó~eHMe H8 KOHTHHYM MCrrOJI:DsYR (16), MO~Ho sap~CaT:D 

8JI:DHYro CMeC:D ~a3 ocymeCTBJIReTCR ,nocTaTÜlJ:HO rrpocTo. PaCCJIOeHHOe rrpOCT- !'I~(P). - NYlpJ _ /
 
~ .f-{ p) A(p) = e 19 (p) S e dp paHCTBO (4) CTaHOBMTCR nenpepusmaa nponaseneaaea. Ha MHOiKeCTBe .[ rJ. !
 
't o
 

3a,UaeTCH Mepa d rn (J.) • ITpe.n;cTaBJIeHM8 rJIOÓaJI:DHo}í 8JIreÓphI na pac-
IIpMMeHRR MeTO.n JIaITJIaca npn N ~ 00 -' HaxO,IJ;:í1M 

CJIOeHHOM npocTpaHcTBe (4) onpe.n;eJIReTCH KaK npHMofi MHTerpaJI Ha rrOJIe 
f !$-( r 1 ® 

-1V,j'{P) - N!I(w) - n ~) 1/0. rrpe,I(CTaBJIeHM:M 1.1f:d. (~J S , TO eCT:D ,ti- (~) =S Il.,l(~.)dm (01). Bce noc-

S e li (P) dp ~ e !t(""') ( JIe,II;yIDmne BhIp8iKeHMH COXpaHRIDT CBOM CMhICJI rrpM S8MeHe CYl~1 rro ~ Ha 
o tI=f N s: I 

COOTBeTcTByromM8 l'IHTerpaJIhI no cI m ( ;J..)
 

";l 2
nne :J,.l :: a ,y(w) / d4'-~ ( N·~ (0) . II08TOMY 

JIMTepaTypa
1 

~ JP{p)A(p) c/r ~ (}(,w) . 1. PID8JI:D n. CTaTMCTMlJ:eCR8R M8XaHMRa. M.: rm1p, 197I. 
y o • 

2. Birman J .L. - Ph,ys1oa, 1982,~ 114A, p, 564.
Bcnommaa ocoanaveane ir (p) 11 onpenezeane (22), rroJIYlJ:ael-JI (21).. 

CJIe.ucTBMe. MaTeMaTI1treclcoe oxnnanae (16) naerca BUpruKe(UleM 3. IDRaJIOB B.M. - TI~~, 1976, 26, c. 403. 

4. Yukalov V.l. - Physioa, 1981, 1OfrA, p. 402. 
<..It> ~ Ti J(W) 11 (wJ ('v - 00) . 5. Yukalov V.l. - Phys. Lett., 1981, 85A, p. 68.(23)~ 

6. Yukalov V.l. - Phys. Rev., 1985, B32, p. 436. 
ITpe.nCTaBJIeHMe orrepaTopoB H8ÓJIroJJ;aeMHX BeJIHqMH (7) Ha paCCJIOeHHOM 7. Yukalov V.l. - Phys1oa, 1987, 141A, p. 352. 
npocrpancrae (4) rrpMHVltiI88'T' C'r:PYKTYPY 8. AP~MROB A.R., Be~eB A.B. - ~HT, 1982,8, c. 1185. 

Haõop 
,UHTCR 

A (-w) :: -G) fl (w",) , 
;i.. ti. 

oc k JAo( (~...;".) = L Wo( l1tttl. (;r"x.1. )"':X") c1x, clx'J. '" cJx k • 
k =0 W 

w:: {wJ. 1 sanaer BepORTHOC'l'H TepMO,UHHaMMtreCt~IDC ~83 
113 MM.Hl1MHSalum TepMOJJ;Imal\U1trecKoro rtoremnrana 
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(24) 

H8XO
l, 

9. 
10. 

Duplantier B. - J. Phys., 1981, AI4, p. 283. 
Sompo11nsky H. - Phys. Rev. Lett., 1981, 47, p. 935. 

rrpM YCJIOBMM HOpMHpOBKH 

(y (w) :: - t f" h. e - r ('IV) 

j: 
~ 

L "'.i :: 1
til =1 .. . 

, CJIe,II;yromeM M3 (10). 

(25) 

PylCOllilC:O nocTYIDlJIa B H3,IJ;8TeJI:OCRID1 

12 M8.íI 1987 rO,I(a. 

OT.n;8JI 
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