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DpennaraeTC~ o6o6weHH8~ Monenb nnKKe, BKmoqaJOW8~ B ce6H: 

( J) npocTp8HCTBeHHOe H3MeHeHHe 3neKTpOMBrHHTHDrD non~; ( 2) KB8HTOBbie 

ae6ai!eBCKHe Kone6aHH~ 8TOMOB OKOnD nono~eHHH paBHOBeCH~. noK838HO, 

qTo yaenbH8~ CB060UH8~ 3HeprH~ H8 OLIHY qacTHUY Un>I TBKOH MOUenH MO~eT 
6b!Tb BblqHcneH8 B TepMOLIHH8MHqeCKOM npeaene TOqHOo 

Pa6oTa BbmonHeHa B Jla6opaTopHH TeopeTnqecKoii lj:Jn3HKH OYI.f!Yl. 

OpenpJAHT 06be,[IJAHeHHoro JAHCTJATyTa H,uepHbiX JACCJie,[IOBaHJA~ 

,ll,y6Ha 1976 

Zagrebnov V.A., Klemm A., Ziesche P. P17- 10289 

An Exactly Soluble Model for Matter 
Interacting with Radiation 

A generalized Dicke model including: (1) the spatial 
variation of electromagnetic field, (2) quantum Debye 
vibrations of atoms around their equilibrium positions 
is ~roposed. It is proved the free energy per particle 
for such a model can be calculated in the thermodynamic 
limit exactly and rigorously. 

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

Preprint of the Joint Institute for Nuclear Research 

Duhna 1976 

0 1976 06~eOuHeHHWU UHC•u•y• JIOepHWX UCCJieOOBQ HUU _ay6Ha 

I. BBe.neHBe 

He,naBHO, E pa60Tax /I, 2/ 6G~O ,naHO CTporoe BCC~e,AOBaHHe Ho

BO! Mo.ne~ .Anff MaTepBB (TBep.noe reno), EsaBMo.nelcTEymmel c REBH

TOEBHHGM no~eM BS~eHHH. B 8TBX pa6oTax, RpOMe ~eTa npoCTpaH

CTB8HHOro BSMeHeHHR 8~8RTp0MarHBTBOro llanH B peSOHaTope 1\ , npe,n

llOJJB.raeTCJI, 'ITO N ,ltByxypoBHeBux aTOMOB B 1\ coEepmaDT KJIB.C

cl!"'ecxme K0Jl868HHH lllj } OKMO llOJIOlleHd paBHOBeCHH { fj } rap

MOHB"'8CROI pemeTRB. B pa6oTe /I/ o6c~e!CJI TaKlle CBSS~ 8TOI Ho

BOI 11o.ne~ c Mo,nelliDOI TBna .IIBRxe / 3,4/. Ilenll HaCTOJilllel pa6om 

HE~8TCJI ,noxasaTaH~CTBO TOro, 'ITO CB060.nHaR 8HeprBB Ha O,AHH aTOM 

BAa 8TOI MO,A8XB MOlleT 6HT~ BH'IBCJI8Ha B T8pM0~8CROM npe,nene 

TO'IHO ,naae E TOM C~ae, xor,na aTOMH COBe~ He RnaCCB'I8CRB8, 
.... 

a RBaHTOBHe RM86aHBil t Ulj } 

B pas,nene 2 .naHO ODpe,neneHBe raMB~TOHBaHa I BHRCH8HH H8RO

TOpse ero CBOICTBa. B pas,neJie 3 MY BC~e.nyeM COOTB8TCTB~ CTa

TBCTB'I8Cxyll CYIIMY B CBo60~ 8HeprBil HB O,ABH aTOM B T8pMO,nBHB

MB'I8CROM npe.nene N --+ oo , II\/-+- 00 , I 1\ 'IN= 'IT , s.nec~ 1/\ I - o6'Le11 

pesoHaTopa. Hexoropse MaTeMatB'!ecx•e pesy~TaTH, Heo6xo,ABMHe .Anff 

BSXOZeHBR, Co6paHH B llpBnOZ8HBB. 
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2, raMBJil>TOHBaH 

qTodu HSdexaTb ycnozHeHHa, uu paccuoTpHY npocTeamyv Bepcwo 

MO.IlMB C O.IJ;HOI jpo!'OHHol MO.IJ;oit { wk, f< J II O.ItHOI npo.IJ;MDHOI I}}OHOH

HO!.t Mo.noA { 52q , qJ } TaRyJ>, "'TO lk = 'f = Q , I Q I ='ilia • 3.necb a.- no

cTomma.a: pemeTRIII B HanpaB~eHIIIH Q (.IJ;eTaJIH CM. /!, 2/). 0606ll!eHHSI 

Ha C~al MHOroypOBHeBHX aTOMOB, ROHe"'HOrO "1111~ MO.IJ;, H9HyJI9BOI 

B9J.IH"'!IHH ~}}aSH 'f BJieKTpOMarHB'l'HOrO DOJIII Ill T • .IJ;. MOliHO OCYIIleCT

BHTD, IIICDOJibSYH MeTO.IJ;H pa60T 1 2 ,3,51. 

AJ1g CTOH"'el CHHyCO~HOI BJieRTpOMarHHTHOI BOJIHH B peSOHa

Tope (\ , l}}asa ROTOpOI <f = 0 , raMHJIDTOHHaH Hamel MO.IJ;eJIH HMeeT 

CJie~ BH,ll (o6c~eHHe CM.III, a TaREe /G/): 

N " 

HN=wq&:r:,Q+E[6~ +w[.A/0ji)Q+6jb:)+S'2Qa:uQ, c2.r> 
j=1 J=1 

r.ne 
" ~ 
\ = A S<.11.. ( Q fj + Q u j) 

.... a~+ aQ c Q o 
uj = VN sz.d, of> t-j 

(2.2) 

3.IJ;eCb ej:: U·j , a rHJID68p'l'OBO npOCTpaHCTBO COCTOJm:d J{ = J.f..._®Ji(,® 

®Jec; , r.ne JiQ II Jf.g- I}}OROBCRHe DIJOC'l'paHCTBa, COOTBe'l'C'l'BYJlltlil8 

onepaTOpaM po~eHHH-YJIH"''l'OEeHHH ( Q~ , QQ) (l}}oHOHH) H ( &: , [j Q) 

(IJ)OToHH); J£
6

- 2N -MepHoe npocTpaHCTBO cocTOlUid N .llBYX-ypo:eHe

BHX 8TOMOB C paSHOCTLil MeJI',lzy' ypOBHHMH. paBHol £ , ROTOI»ie ODHCLI-

~"'} ± X • ?':J 
BaJ>TCH onepaTOpaMH IJayJ.IH {uj : tX.=X,'j,Z ; <:Jj =6j ± 1..\.:Jj • 

ITpenno&eHHe 2.1. UycTb onepaTop f-JN onpe.neJieH BHpaaeHHew (2.1), 

(2.2), Tor.na HN CaMoconpl'IRH Ha odJJaCTH D(TN)=D(H"'), r.ne 

TN== HN0.=-0), z exp(-HN/e) .IlJIII 9> 0- a,~~;epHul'l oneparop 

( Tr -I<Jiacc) • 

4 

Ao&aaaTe~DCTEO npoBO~TCH TaK xe, xax H B padoTaxiJ,S/, ecnz sa

MeTHn, uo onepaTop ~j =A ~i..n [~(a~+a~](2.2) orprum"'eH Ha Je.._. 
-1 '\"" " + 

CJie.noBaTenao, onepaTop ·'-'N L. ;..J. (6: f:, +6j /!:,,) Jll!JllleTCH BOSMYIIleHII-
vlV . 1 J Q 

eM ~ , MaJIHM B CMHC~e I<Ji-o (CM.,HanpHMep/?1). 

Ilycn TenepD c:Pn:: ~"~ 11., ® 11..:; npoeKTop Ha ROHe"'HOMepHoe n0,1t .

npoc'l'paHCTBO I}}OHOHmiX COCTOJmHI C He doJiee, "!eM n !fJOHOHaMH, TaR 

"'TO '.P ... -11.u® 11r.® 11.6 CltiiDHO npB n ._ oo • Onpe.neJ.IHM onepaTop , .. , 
HN = '3' ... HN g>n :a paccMO'l'pHM: 

Zn<e,N)= Trx .. Tr~,Tr!)("'.P,.exp(-H~"'le)=Tr Pn.exp(-H~"/e). (2.3) 

IIpeJL1lOEeHHe 2.2 IIycn Z(e,N)= Tr expf.HN/e)cTaTHcTH"'ecKB.fl CYJMMl 

.IlJIII Hamel MO.IJ;8J.IH (2. I), 3.Il8CD 9 - T8MD8pa'f'Ypa CHCT8MH, Tor,na 

CLm Z (e,N)=Z.Ce,N). 
n_,. oo n (2.4) 

JlOR838T8JIDCTBO. { ~.J , OUpe.IJ;eJieHHHe BLime, o6pasymT B03paCTaDQYJ> 

.I{RCRpeTayJ> IIOCJI8.IJ;OB8TeJil>HOCTD npoe:uopOB TaJcyll, "'TO ~n+-1 'fn- O.IJ;

HOMepHUI npoenop B Jfa .IlJIII ~oro n.= -1,2, ... ;<5' [Jl4 ®D.(HN)®Jl'Jc])(H) 
~ n o ~ N 

B ~. ~n.[:J<.,.sD,(H,.,)s.Je,J = Core H N • C~e.noBaTeJIDHO, onepaTO!ti 

{exp(-H~/e)} CXO.Ilfl'l'CH R exp (-HN/e) B H.IJ;8pHoA 'l'ODOJIOrHHISI. 

O.IJ;HaRO Tr ( · ) , RaK IIISBeCTHO (eM., HanpBMep /
7 
I), HenpePf>IBeH B 

H.IJ;epHOI 'l'ODOJIOrHH, "'TO Iii npHBO.I{RT K (2.4) •• 

3. CBo6onHS! aHeprBH HB OXHY "'aCTHUy 

B 8TOM pas.IJ;eJie MH BH8"1aJI8 DOC'l'pOHM HeROTOPYJl HHEHJ>Il Iii Bepx

Hilll !'paHHIJ,li .IlJIII CT8'l'IIICTiii"'8CROI CyYNH Hamel MO.IJ;8JIH (2. 4). AJ1g 8'l'o-

ro HCDOJID3Y8M o6pe3aHHH8 ROrepeHTHHe COC'l'OfiHBH rJJay6epa .IlJIII 

I}}OHOHOB (eM. HBnpHMep 191): 

lot,n)= Pa,'"Jlot> (3.!) 
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Ham no~O~ 6XHSOR R MeTo~, npe~&eHBOMY B pa6oTe / 3/, ROTOpul 

MH o6o6maeM Ha cnyqal, ROr~ RorepeHTHHe COCTORHBB HCll~SymTCR 

~ OllHCBHHH He TO~RO ~OTOHOE, HO H ~OHOHOB. 

HHliBIVI rpaaHilf\. Hs pa6om 131 .II.llll Hamel uo~exz (2.!} cJie,eyeT, 'ITO 

Z_(e,N)" z (e,N) , (3.2) 

r~e 

z_ce,N)=Trx .. ~ J1d2~ Tr!J((,exp [-H ... (J',f>*>/eJ ' 
"' N 

H"'(~,f'*)==Wo.lf-!12 +E?:6I +~L,:>-Si.n[VN~ (a~+a.<¥)]x ( 
3

) 
J=1 j·~ Q 3. 

x(<b;f-! +6j ~·) + 52,..a~aG , cf·_r-. = d(Re~) d (Im_r-.) . 

llpeAAo&eHHe 3.1 llycTL Z_Ce,NJ-BenouoraTe~HaR ~. onpe~e
JieHHM BHpalleH.HeM (3.3), TOr~a 

Zo( e,N) ~ z_ ( e,N) (3.4) 

r~e 

Z (e,N) = ; 2 S d 2
,( ~ d'lj-> Tr". exp [- HN(ot.,o(•; f>,f>*>lel , 

0 Jt cr:' <r' -"& 

2. ~ l >. ~ [ Q • ,1(3.5) H ... ("'-,"'";J3,f-'") = w11 1f->l + E(._.6 +r:-;~ Si.n VNS2 (ot.. +O()J .. 
J=1 J vN J-1 Q 

'l + • 2 
" exp (-Q/2.NQa) (bj f' +6J- f.>)+ 5211 fo{f . 

AoxasaTe~eTBO. BoenOJILayeMca o6pesaHHHMH KorepeHTHHMH coeToaHKR

MH ,II,llll ~OHOHOE (3.1) H ODpe~eJIHM 

z~n"\9,N)= Tr!Jf Bt' f s d2.j-> Tr!J( exp [- H~"\J3,f-'*)jg] =: 

" c' (, 

== idJ~Sd2f-> <o{,n.l Tr!Jf exp [-H~"'(f->.f->")je]/ot..,n) , 
I 4:' c' 6 

(3.6) 

r~e 1-l~"(t>.r--*)~o/,_ HNC~,f->*)g>.,_ • Tor.na e noMOIIIl>ll aepaBeHeTBa 

[ 
(1\l • 1 -J llalep.nea-EoroJill6oBa: (ot..,n.jexp- HN (j->,)-> J/e jot..,n) > <ol,rl./ ..... ,ll)x 

x exp[-<"',nf H~"Lf",~·J/ol.,n)/e<",nfol.,n>} nonyqo 
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t 

' 

) 

"' z~"\e,N) ~ 2.S d~ s d .. ~ K .. (ot,o{) Trx exp [- { WQ 1~12+ £ L 6; + 
~~ ~ . ~ 

"' rQ + .1 ~ ~((/&+b-:fl..*)(oL,n/Stn ~(a.Q+O.Q)Ji"'-,n) Q f"'-fzKn-,(o<,o<)}/] 
+ m F1 J r J r K,.(o(,c{) + Q K,..(oi,<{) !e , 

n f<Xf2t 
s~eeL Kn.(ot.,c()= exp(-fo<f2.)L e! . OnepaTop S~r~.[v~(a.~+aQ)J orpa

l·o 
HH'!eH sa Xa , CJie~oBaTe~Ho, e~M cxo,Itl!IIIoeTL npoexTopoB 

s- &m. P..("'== 11.0 BJie'!eT sa eo6ol 
n-.oo 

ti.m <ot.,n( 5i.l't. [VN~ .(a~+Oa)]!oi.,rt)"" 
n.-.oo a 

= <ot.. I Si..n..[VN~Q.(C\~+C\G))Iol> . 
(3.?) 

MaTpH'IHHI aneMeHT B DpaBOI '!aCTH (3.?) MOKHO Bli'IHCJIHTL e ITOMOmLll 

~OpMynH Eelxepa-Xaye~o~. 3TO, BMeeTe e TeOpeMOI ]e6era 0 noeJie

•" 1 ~oBaTeJILHOeTH q,yaxQHA, exo,ItiDJlHXca npH n~oo s '-' (R HeM. llpuozeH.He), 

llpe~O&eHHett2.2 H e..m K,.(o(,o<)= 1 ~ORaSHBaeT (3.4). • 
n.-+oo 

BepxH!I!I rpamma. Hs pa6om 131 ran:e eJie,DyeT, 'ITO .II.llll Hamel Mo-

~exz (2.!} 

Z(e,N) ~ Z_(fJ,N) exp(wafe) . (3.8) 

llooliJIO:KeH.He 3,2 IJyen Z_(e,N)- BenoMora'l'eJ!l>HaR: 4IYHRQHJ'I, onpe~e

JieHHaR: Blipa&eHH8M (3.3), TOr~ 

Z_C9,N) ~ Z
0
(9,N) exp(52a./e) . (3.9) 

AoxasaTeJILCTBO. CJie~g MeTo~ pa6om 110~ onpe~eJIHM (cp. (3.3)) 

z(n) = ~ ~ d4
j!> exp (-wGII~1 4/a) Tr~ P..'"'Tr!lf [ 1- H~"'(~.~·J/meJ'"-

m c• Q l. ' (3.!0) 

H:)(~.~·) == 5'.._ H,.,(f>,f>*>9 ... - w<;j 1 ~1 2 
• 

P Z'"> zen.> 
llOCROJILRY CJie~ B ( 3. I0) ROHe'IHOMepmdl, l,i.m m == - · ( 3. 6) • 

m~oo 

TenepL y~o6ao Bocno~so:sanca ".llBarOHaJIJ,m.tM" npe~eTaB.neHHeM 
A ~ 

HN ("',¥'· e > onepaTopa HN CF>.;>*> , RoTopoe eTpouca e noMOIIIl>ll 

4JoHOHHioiX ROrepeHTBHX COCTOIIHH£1 (eM. llpUO&eHBe) • .llJm ROppeRTHOeTH 
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~bHelmax paeey~eHKI BBe~eM MHOKHTe~. o6eene~HB~ exo~

MoeTb HHTerpanoB, B03HHR~ UpH HenO~b30BaHHH TaROrO npe~eT8B

JI8HHSI oneparopa H N (f', f->*) • HaM noHa.zto6JuCII CJieJIYIIItl!e q)opuyu 

(eM. (IT.2), (ll.3)): 

£ o.~ oQ} = _i_ ~ d~ (i«l=-1) exp (- t 1«1') i«> <«I 
l>O 7! 4:~ 

{s<-n.[~Co.~+c.Q)J} = i,. ~d'cx.s .. ~[v ~-C«*+oOJ x 
vNQil £>o I It' N~'ll 

(S.II) 

" exp (-Q'hNQil) exp (-€.1«1 2
) /oO<<XI . 

- " " H • - 2 CJie~OBaTenHo, N(f->,y. )--+ HN(o<,f>,E.)=HN(«,j?>,t.)-wQf~l, npil<!eM 

e , .. , "' J z , ... , n z(n.) ~ ] z(t1.) z(tt) 
i.m Z_ [ HN("'-,j!~,f.) = _ H t-L.m m. [ HN(«,j?>,'C.) = _(f.l • .lJ.zui (£)= 

f.++O " m~oo 1n 

= z~'[ H~"'-,f>,£)], RSR UORasa.n .Jlil6 /IO/. HMeeTCII MeJJYD118.11 on;eHRa 

eBepxy: 

z(l\)(£) ~ 2.) d'ix. K,_(o.:,cx:) ~I ) d'i>. exp (-wQI~I/e)Trn. [ 1- H (o(,~,€.)/rnef 
m _, c' ct' ,- .n." N , 

N N 

H {«,~,£) == E~C:,~ +,~ [. Si.n. [VN~ ·("' "'+ o()J exp (-Q2./2NQQ)" 
,;r J -1 J v ll J=1 Q 

"'(6j?+6j~*) exp (-E.I«I"L) + SlQ(l"'/2.-1) exp(-E I<X/
2
). 

Hami~He MHOD'!'eJIR: exp(-E.Ioif) 11 6HeTpoe y6w:eaHBe K ... ("',"') npB 

I o(( --+ oo U03BOJ1SDlT BOeDOJlb30BaTLCII .nJ11i UOCJie,llOBaTe.IIbHOeTH B 

UpaEOI ~aeTH HepaBeHeTBa (3.!2) TeopeMol ]e6era, BS ROTOpOI Me

,IzyeT, ~TO 

Z (n) .-1 ( 2. -1 r 2 'T' [ - J (E)~ -1 JdOC:. K.,_c"'·"'>~J, Jd~ 1r,,exp -H(o(,f',O/e x 
- J 1 {;1 .n.6 N 

2. a: 
"exp(-wotl~l/e). 

IIOJiaraJI ,lr,aJiee,e y~eTOM Bee Tolu TeopeMH ]e6era,£~+o(eM.(3.I2)), 

UOJ.JY'IHM 

Z ':'~ ~)d.~ K ... ("',o() ~ ~d2.1-' Tr:w exp [- Hiot.,«.;f!>,J'>*>/e] exp(52Je)(3.I3) 
• 4:1 c' & 

raMH~b'l'OHHaH 1-JN(;:X,o<.._; j->,J',;*) (eM. (3.5)} eo,llepD'l' ~~eH 
2. 

QQio(( , eJie.llOBaT~Ho, BenonsyH e~e pas Teopeuy ]e6era, Te-

8 

nepb yae .IU1II npaBol ~aeTH (3.13) np11 n.- oo , B llpe,ll.llOKeHHe 2.2, 

n~aeu (3.9). • 

Tenepb HaM noHano6sTcs CJie~ee 

ITpe810KeHHe 3.3. IJyen zo(\I,N) ... Z.(e,N,.>.N~ >.exp(-Q'izN2))eTaTHeTHtJeeKaJI 

eyYMa, onpe~enHeMaR (3.5), TOr~ .1U111 eOOrBeTeTBymmel eBo60~0I 

8Heprn Ha OJniH aTOM :f-~) ( e, 11...,) ==- ~ [n. zoe e,N, AN) 

0. (0) '\ 

u.m f..., (e,).N)==fo(e,-") 
N~oo 

(3.!4) 

r.lle 
0 f (0) f. (e),) = -t.~m N ( e, X) 
N-+oo (3.15) 

.IloRasaTMLeTBO Hs HepaBeHeTBa EoroJIIl6oBa (T.e. BHnyKJIOeTH j-~·1(e,p 

no \ E IR
1

) n~aeM 

6, " {0) (OJ -1 
NN<Hl>~=~N~fN(O,AN)-yN(O,.\)~ 6N-;v<HI>f=>. . (3.16) 

r~e 6NH1 == HNC"'-,"'-~~·~*1->-N)-HN(«,"'~~.f>"l>.) (eM. (3,5)), T.e. 
N 

H ==~ \ Si.n[~Coc*+oc)Jrc;~&+()~e.*) t:. =exp(-Qil.N.Q)-1 (3.17) 1 {N {;r vNQQ I.! J r JF , N Q , 

<H;~ =z:le,Nip;1)d~ Jcif.. Trjf [ Hl exp[-HN(oL,ot.~~,fo·lp/eJ} . 
l .l 4:~ a:• 6 

Be~HHa I ~ < H1 > t I orpaHs~eHa Henpefii!!HoA i{lyHRilHeA c ( e, ~ ) , 
Me,llOBaTeJILHo,(3.14) RBJIR:eTCH DpRMHM e~e,lleTBHeM (3.15)-(3.17).11 

C~exeTBHe 3.1. CPQEHHBSR HepaBeHeTBa (3.2), (3.4) H (3.8), (3.9), 

MY UOJIYtfaeM, e yqeTOM (3.14), (3.15), 'ITO 

eLrn {-~en. Zce,N)} = f ( 9,/.) 
N~~ o 

(3.18) 

4. 3aKJJJl'JeHHe 

.JJ.zui npe~ozeHHol B BTol pa6oTe MO,Ile~ BaaHMO.IleleTBKa MaTepss 

e B3J.IY1feHHeM (2. I) eBo6o~ aHepru Ha o,llBH aTOM 5- N (e) = 
=- ~ fn ZCe,N) o6Jia,JtaeT Me.IIYJIIIHMH e:eolerBaMH: 
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(I) TepMo~aMH~ecRBA npe~an: 

z co:ena.naeT c fo(G,>.) (3.I8); 

e._m. f!V (e> 
N-.oo 

CYllleCTEyeT 

(2) BanH'IHHY Jo (8, A) MDZHO Bfi~l'ICJIHTl> TO~HO, eCJIH BOCDOJI:b-

3DBQT:bCR (3,5) H MeTO~OM nepeBana; HeTpy~O B~eTL, 'ITO OHa COB-

nanaeT CD CB060~0I 8Hepreel Ha 0~ aTOM (B TepMO~BMH~eCKOM 

npe~eJie) ~ MO~eJIH (2,1) C KJiaCCH~eCKHMH ~DHOHaMH BMeCTO KBaH

TOBfiX /!, 2/, 

ABTDPfi npuaocaT 6.naro~apHOCTh B.B.TipuesxeBy H B.THMMepMaHY 

sa o6cy~eHHe H8KOTDpHX BDllpOCDB, saTpOayTfiX B HaCTaRmel pa60Te, 

IIpHJIO&eHHe 

l, 3~eC:b NN HanOMHHM TeopeMY ne6era, KOTOpaR ~aCTO HCDOJI:b

SOBaJiaC:b Bfime (CM, HanpHMep /?/): 

TeopeMa. (Jle6er) IIycn { Fn (x)} - noc.ne~oBa TeJibHOCTL BemecTBeH

" HfiX 4JyHKI4d c xo=IR~ TaKas:, ~To F;.<x)E L(I<1 )Mei.mF;.<x)= F(x) 
-1 n~oo 

no~TH BcJJ,ey. EcJili CYllleCTByeT G (x) E L (IR1
) TaRas:, 'ITO 

I F'" lx)l ~ G (x) llD'ITH BCil.JlY, Tor,na 

(I) F"'(x) E L.\IR1
) ; 

(2) [i.rn I F'- F'n I L\R•)= 0 · 
11. .... 00 

2. Ilycu J.ea- npocTpaHCTBD ~Ka c JlaRYYMOM I o>a , cooTBeT

CTBYJJIIee 6030HHDi1 MD.Ile (a+, 0.) , Tor,na .1JJ11i DpOH3BDJil>HOl'O ROMD
~ 

JI6RCH0l'O 'IHCJia ZE C r.nay6epOBCKOe KDrepeHTHOe CDCTOSHHe HMe-

eT BH~: 
oo n 

(: 
2 )~ n. ca+) 

IZ)= exp -l'll/2. L Z --1 lo>a n.. 
n=o 

(TI.I) 

,lJ.nJi Z E CC.
4 

COC'l'OSHlllR: {I i!>} o6paayll'l' "cBepxno.mce" MHD&eCTBO 

BeRTOpOB B :Je.<l , BaJaiyJl oco6eHHOCTL 8TOl'O CBOICl'Ea KOrepeH'l'HliX 

COC'l'OSHHI Bfipa&eT c~e~ 
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TeopeMa /II • 12/. IIycn A - onepa'l'op c n.noTHol o6~CTl>D onpe~e.ne
(a+)"· 

Hli1R: D(A)cleaH ~ JID6oro rt : Itt> E D(A) , a~ec1> lrt>=?""'flo>a.. 
(Z:)" ;gm Vtl! 

EcJIH piU L <nlAim>~ CXO.IlH'l'CR a6c0JIIl'l'HO ,llJ.DI JIJJ6ax 
n,m=c tt.m. 

KOl!e'!HliX l!e.nH'!HH I :l) , I Z21 , Tor~a: 

(I) onepaTop A o~osRB.~Ho onpe.neMe'!.'CR c:eomm .JlH8.I'OH8.JII>

Hlillll'I 8J[eM6HTBMH <: i! I A I iD , "2 € { 
1 

; 

(2) A oeeT cJie.llYDIIee ".llHarOHa.Jll)Hoe" npe~cTB.llJieHHe 

A=!) d2
i! <fU> 1~><1.1 ' (TI.2) 

Jl 4:~ 

r.ne ~ (it) - o6o6meHHM ~' KO'!.'OpM y~OBJie'l'J!Opf.leT ypa.llHe-

HHD 

G1Aiz)=W~1d2i!' CfCZ') exp(-lz-Z'l
2

) • (TI._3) 
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