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" 
MeTOA KBaJHcpeAHHX H.H.Iioromo6oBa /t/ H HepaBeHcT

Ba ABB KBaHTOBOCTaTHCTHqecKHX ~YHKUHH rpaHa, a TaK~e 
HX aHanorH / 2 / AHB "KnaccaqeCKHX" ~YHKUHH rpHHa/

3
/ B 

3HaqHTeBbHOH Mepe CDOC06CTBOBanH peweHHIO HeKOTOpbiX 

Ba~HbiX JaAaq cTaTHCTHqecKoi MexaHHKH. HcnonbJOBaHHe 

HepaBeHCTB H.H.Iioromo6oBa, ne~aiUHX B OCHOBe H3BeCTHOH 

TeopeMbl o6 oco6eHHOCTBX THna Vq 2 B TeopHH Bwpo~eH
HbiX 6oJe- H ~epMH-CHCTeM, D03BOBHBO nonyqHTb uenbiH PBA 

TOqHbiX COOTHOWeHHH, C DOMOJ.UbiO KOTOpbiX YAaBOCb npoBeC

TH MaTeMaTHqecKH CTporoe AOKa3aTeBbCTBO OTCYTCTBHB 

AaBbHero DOPBAKa B HeKOTOpbiX KOHKpeTHbiX MOAeBBX 6ecKO

HeqHbiX OAHO- H ABYXMepHbiX CHCTeM nr"!' onpeAeneHHOM 

orpaHaqeHHH Ha noTeHuaan aJaHMOAeHC'lBHB /4/. Ha 3TOH 

OCHOBe TaK~e 6wn nonyqeH pBA HeTpHBHaBbHbiX OUeHOK B 

TeOpHH nepeXO)J.OB THDa "nopBAOK - 6eCDOPBAOK" B KOHeqHbiX 

OAHO- H ABYXMepHbiX CHCTeMaX / 5 , 6/. ,lJ.OBOBbHO 3~eKTHBHOH 
oKaJanocb npaMeHeHae HepaBeHCTB H.H.Iioromo6oBa npa 

ycTaHOBneHHH CTpOrHX HepaBeHCTB ABB KOppenBUHOHHbiX 

~YHKUHH / 7 ' S/ • 

B AaHHOH pa6oTe Ha ocHoBe HepaBeHCTBa H.H.Iioromo-

6oBa Mbl paCCMOTPHM BODpOC 0 HanHqHH J.UenH B 3HepreTHqe

CKOM CDeKTpe B OAHOMepHOH MOAenH Xa66apAa npH N-> oo 

(N/V = const) B cnyqasx 0 l 0 B 0 = 0 . 
1. 3aMeTHM, qTo .u.o cax nop HepaaeHCTBa H.H.Iioromo-

6oBa H Ma~opapyroiUHe HX HepaBeHCTBa BCDOBb30BanHCb AHB 
BbiBCHeHB.I onpe .u.eneHHoro Kpyra aonpccoa nHWb npa OTnHq

HbiX OT HYBB TeMnepaT'ypa:x ( (} f 0 ) . 
flpeACTaBn~eT BHTepec nonyqeHBe COOTBeTCTBYJOIUHX 

HepaBeHCTB AB~ Hyn.a TeMnepaTypbl, DOCKOBbKY B 3TOM cny

qae Mbl AO~HbJ BC:XO.U.IITb H3 cneKTpan:&HbiX npeACTaBneHHR 

AHB KOppenBUBOHHbi:X ~YHKUBB II ~YHKUBB rpBHa, ycTaHOBneH

HbiX .u.ns (} = 0 . 
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H.H . .6oromo60BWM .IVI.& ~BYXBpeueuuwx TeunepaTypuwx 

ciiYHI<IUIH rpaHa B 3HepreTH'IeCI<OM npe~~TaBJieHHH 6WJIO yc

TaHoBneuo uepaBeHCTBO /t I. 

I« A; B» 1
2 «I «.A; A+» I. I «B+; B» I ,/1/ 

E =0 E = 0 E=O 

I<OTOpoe C yqeTOM CDei<TpaJILHhiX npe,ncTaBJieHHH 

1 +oo e w/8 - 1 
«.A; B» = -- f J (w) dw, 

E 217 AB E - w 
-oo 

/2/ 

+oo w/8 -iw{t-t') 
<(A(t);B(t')]>=f JA8 (w)(e -1)e dw, 

-oo 

H DyTeM BLI60pa A = [ Q ( t) ; If] MO)I(HO 3aDHCa TL B BRAe 

2 1 I <[Q; Bl>l 
I«B+;B»E=O 1.? ~ I<[Q;[Q+;HJ]> I /3/ 

'ITO, B CBOIO O'lepe,nL, ~aeT 

< B+B + BB + > > 28 I< [ Q; B ]> 1

2 

/4/ 
I <[Q; [Q+; H ]]>I 

,D;n.a BWBo~a auanoraquoro uepaseHCTBa ~JI.& 8 = 0 6y~eu 
HCXO~TL H3 /1/ H o6paTHMC.B I< CDei<TpaJILHhiMDpe~CTaBJie-
HH.BM ,IVI.B HYJI.B TeMnepaTyphl jgj · 

«A·B>> = _1 +oof dw) lo ( )d 
' . E , AB w w, 211 _

00 
E - W 

0 0 -iw(t-t') 
<B(t')A(t)>= f IA8 (w)e dw, /5/ 

-oo 

+oo . , 
<A( t) B( t') > = f 1!

8
( w) e-lw(t-t )dw, 

0 

4 

"' 

l (w) = ! 1, X > 0 
-1, x< 0. 

B uepaBeHCTBe /1/ nono:lKHM A= [ Q; H ]. Hueeu 

<B(t') A( t) > = i _i__< B( t') Q( t) > = j wl:
8

( w) e -iw( t-t') dw: 
at -oo 

CpaBHHBa.& nonyqeuuoe Bwpa)l(eHHe c /5/, uaxo~HM, 'ITO 

10 
AB( u>) 

0 
cd IQ

8
( c<>) • /6/ 

Tor~a 

+oo 
___ 1 f 

«A; B» E=O - 211 -oo 
e ( w) w 1 ° ( w) dw = 
-w-- QB 

/7/ 

1 1 
= - <B( t) Q( t) - Q( t) B( t) >o = -<[ B( t) ; Q( t) ]> 0 • 

217 217 

PaccuaTpHBa.& B( t) B cooTuoweHHH /7/ I<ai< npou3-

BOJILHhlii onepaTop H nonara.a Be-~ =-[<r~; H], nonyqaeu 

<<A;A+>> =-
1-<[Q(t);{Q

1
(t); 11]]>

0 E=O 217 
/8/ 

Ilo~cTaHOBI<a /7/ H /8/ B /1/ npHBO~HT I< uepaBeHCTBY 

1 
I<<B+(t);B(t)»E=ol>2rr I<[Q(t);[Q+(t); H]]>

0 
I 

2 
I<[B(t); Q(t)l> 0 1 

/9/ 

3Ha'IOK "0 "B DOCJie~HX cilopMyJiaX 03Ha'laeT, 'ITO COOT

BeTCTBYIOU,\He ycpe~HeHHJI ~OJI)I(Hhl DpOH3BO~HTLC.B npH () = 0. 
IJpHBe~eM eU,\e O~HY y~o6HyiO cilopMy HepaBeHCTBa /1/. 
IlocKOJILKY cneKTpaJILHaJI HHTeHCHBHOCTL I

0
(w) .&BJIJI

eTCJI HeOTPHUaTeJILHOH ciiYHKUHeii, TO, COrJiaCHO CDeKTpaJIL

HhiM npe~CTaBJieHHJIM /5/, cnpaBe~JIHBO HepaBeHCTBO 
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+oo 
I«B-t;B»E=OI ~ _1_ f 

2rr-oo 

1 +oo 

~I • I 0 ( w) dw = 
B+b w 

2 f _1 __ 10 
17 

-oo I w 1 B+B ( uJ) duJ : 

/10/ 

PaccMaTpHBaJI neay10 qacTL awpalKeHHJI /10/ a cnyqae 

,AOCTaTO'IHO MaJILIX k• , KOr,na HMeeT CMLICJI rOBOpBTL 06 

"3JieMeHTapHLIX B036ylK,neHHJIX", 06Jia,naiOIIUIX onpe,neJieHHOB 

3Hepraeii, ~OlKeM npe,nnOJIOlKHTL, 'ITO cneKTpaJILHaJI HHT_eH.

CHBHOCTL .1 1( 8 ( ,,) ) npaKTH'IeCKH pasHa HYJIIO npa I <<~I < t~ ( k), 
r.ne (~ ( k) - MHHHMaJILHaJI 3HeprHJI 3JieMeHTapHoro B03-

6ylK,neHHJI c HMnyJILCOM k . Tor.na H3 /10/ cne,nyeT 

I <...:: n+. n>--, > / 

E I< 0 -

1 +oo 

2rrlHk) -~ I~B(u;) dw 

1 
2rr & ( k) .; B + B + B B + > o 

06'Le,nHHJIJI 19 I H I 11 I, nonyqaeM 

2 I <I B; Q l '> 0 I 
<B+B+BB+'- -c~(k) !<IQ;IQ~-;-II·ol 

/11/ 

1121 

3aMeTHM, 'ITO, HHTepecyJICL noae,neHHeM KOppeJIJI~BOH
HLIX cllYHKilBH < B+B+ B B+ > B ,nJIBHHOBOJIHOBOM npe.nene ( k -• 0 ), 
B Ka'leCTBe Q= Q k CJie,nyeT BLI6pa TL "KBa3BHHTerpaJI" ,ABH-

lKeHHJI ,naHHoii 3a,naqa: -t fim l Q .. k; H] = 0 . . 
K-->0 rJO II . 06paTHMCJI K raMHJILTOHHaHy Xa66ap.na r 1

• KOTo-

pwii HMeeT CJie.AYJOIIUIB BH,n: 

r.ne 
a-1 

fa 

6 

H = ~ {3 , a+ a , + y ~ n n , 1131 
r r' rr ·fa r a r' a r' -a 
' 

cyMMHpoaaHae no f , f' ae,neTcJI no y3JiaM peweTKH 

, a fa - onepaTopw polK,neHHJI H YHH'ITOlKeHHJI 3JieKT-

] 

) 
] 

POHOB co CnHHOM a=± 1/2 B BaHLe-coCTOJIHHH Ha Y3Jie f ; 
n fa= at a a fa ; B nepaoii cyMMe o6LI'IHO Y'IHTLIBaiOT 

TOJILKO 'IJieHLI {1 ff = a O - KYJIOHOBCKHB HHTerpaJI, 

{3 f, f± l cc {3 < 0 .: pe30HaHCHLIB BHTerpaJI, y - napaMeTp 

KYJIOHOBCKoro B3aHMo,neiicTBHJI 3JieKTpoHOB Ha o,nHoM y3ne. 

raMHJILTOHHaH 113/ 6LIJI HCnOJIL30BaH ,AJIJI 06'LJICHeHHJI 

KOHe'IHOB BeJIH'IHHLI llleJIH B cneKTpe rr - 3JieKTpOHOB B ,nJIHH

HLIX nOJIHMepHLIX nenO'IKaX/ll/, Hap11,ny C KOHe'IHLIM 3Ha'le

HHeM llleJIH B 3HepreTH'IeCKOM cneKTpe npa N __, 0u 6wno 

noKa3aHO, 'ITO OCHOBHOe COCTOJIHHe paCCMaTpHBaeMOB ne

nO'IKH JIBJIJieTCJI aHTHclleppoMarHBTHLIM. 

HHlKe, OCHOBLIBaJICL Ha HepaaeHCTBax I 41 HI 12/, MLI 

noKalKeM, 'ITO 3TH pe3yJILTaTLI HMeiOT MeCTO JIBWL npH 
(} = 0 . 

BocnOJIL3yeMCJI CJie,nyJOIIUIM npe,ncTaBJieHHeM CnHHOBLIX 

onepaTopoa 11epe3 cllepMa-onepaTopwf121 

" 1 + 
sf= 2( af,-l/2af,+1/2 

+ 
+ af,+l/2 af,-1/2 ), 

-Y i -+ + 5 r== 2(af,H/2 af,-1/2- ar,-t/2 af,+l/2 ), 1141 

z 1 ) 5 r=2("r,-t/2-nf,+t/2 · 

llpe,nnOJIO>KHM, 'ITO OCHOBHOe COCTOJIHHe paCCMaTpHBae

MOB CHCTeMLI JIBJIJieTCJI aHTHclleppoMarHHTHLIM, T .e. CyllleCT

BYIOT DO,npeweTKH THna f( l) H f( 2) , ,AJIJI KOTOpLIX MOlKeM nOJIO

lKHTL 

"r ~ ·nfiil,-1/~-nf,+l/2 ·c··nll2).·11/2-nf(2),-l/2 >. 

B cuny TpaHCJIJIIlBOHHoi CHMMeTpHH aeJIH'IHHa or= 21 .-: S ~ >I 
He 3aBHCHT OT f. , 

PaCCMOTpHM cllYHKilBB rpaHa BH,na <·.a r a ; a;, a :..-> E • 
.l ' 

PeweHHe ypaBHeHHJI ,nJIJI BBe,neHHLIX cllYHKilBB rpaHa B npa-

6JIHlKeHHH XapTpa-fl»oKa MOlKeT 6LITL 3anacaHo a aa.ne /13/ : 

-+ ,. 
<<aka; aka/.> E /151 

2rr E- E 1(k) 
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+ 1 . >> =-<<ak+G,a' ak+G,a E 2rr 
1 

E-E
2
(k)'' 

r.ne 

...... 
-1/2 i k f 

ak = N 2 af e a _ a 

E1,ik) = ao+ ~y+ ~ (tk+t k +G)+ ;(y2a;+(tk +G-tk)~l/2, 

tk = 2 ({3 , _ f3 0 ) e ik ( f- r') 
f ff ff ff' . 

/16/ 

3,necb G - BOJIHosoii Bei<Top Tai<oii, 'ITO e iG f< 
1

> = + 1 , 
e iGf( 2) = - 1. B Bblpa:lKeHHH 3HepreTH\feci<oro cnei<Tpa 

3Hai< ~) COOTBeTCTByeT OCHOBHOMY COCTOHHHID CHCTeMbl, 

3Hai< (+) - B036y:lK,neHHbiM COCTOHHHHM, KOTOpble OI<a3biBaiDT

C.H OT,neneHHbiMH OT OCHOBHOrO COCTOHHH.H J..QeJibiD, paBHOH 

i\E =yaf, 

Iloi<a:lKeM, 'ITO npH e fc 0 H N--> (X) I vI ~ 
peweTI<H/ 

1'-E(N) ... 0. 

Bse,neM onepaTopbl 

-->--> 
S ( x) = N -1/~ ( _n f e i k f S x 

k " r ' f 

S (y) -N-t/~ .._. ikf Sy 
.._ - ... e ' 

k f f 

H B uepaseucrse /4/ Bbl6epeM 

B B ~I \1 Q 
k -~ ' 

Q. ~ ~I VI 
il. ' k ' 

/17/ 

a - war 

/18/ 

/19/ 

8bi'IHCJ1HH BXO,nHJ..QHe B /4/ KOMMyTaTOpbl, nonyqaeM 

8 

I <[ B . ; Q ] > 12 = I< { s ( X). s ( y)] > 12 -
k k -k ' k -

=I _!_ 2 (-l)r < sz >I 2 = .!.a2 
N r r 4 r ' 

< ( Q · [ Q+ · H n > = < [ s < y) • ( s< Y> · H 1 1 > = 
k' k' k ' -k ' 

1 
=-

2N 

... -> .... 

2 f3rr'(1-cosk(f-f')) <a+r af, >~ 
rr'a ,a ,a 

>. 
k , 2 + 

:::; - 2 f3rr' ( f- f ) < af ar, > . 4N ff'a a a 

Ilo,ncTaBJI.H.H /20 H /21/ B /4/, HMeeM 

a 2 
<S<x>s<xl + s<xl s<xl >>20 ______ r _____ _ 

-k k k -k -
1 2 + 
N- 2 f3rr'( f-f') <ar a, > 

rr' a a fa 

/20/ 

/21/ 

_ 1_, 

k2 

/22/ 

.... 
PaJ,neJIHB o6e tfaCTH /22/ Ha N H CYMMHPY.H no BCeM k .f 0 
B nepsoii 30He JipHJIJIID3Ha, npHXO.IUIM I< HepaBeHCTBy 

2 -1 1 1 
L 2 20a r M -2 --;;- , /23/ 

Nk=O k"' 

r,ne senH\fHHbl L H M , BMew~e cTaTHCTH\feCI<HH nop.H,noi< 

N°, paBHbl 

L = .!_ 2 < S ( x) S ( x) + S ( x) S ( x) > 
N k .f o -k k k -k ' 

/24/ 
M 1 

N rr' a 
f3cr' ( f- f') < a~a af'a > · 2 
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)l.nJJ. .D.OCTaTO'IHO 6onLWHX N H3 1231 Haxo.IJ.HM 

2 
o a2 M-1 _a __ N. L 

r 2rr2 
1251 

Tor,D.a .D.HJJ. aenH'IHHhl 3HepreTH'IeCKoii ~enH, onpe,D.enJJ.e
Moii tlJopMynoii I 17 I, nonyqaeM cne.D.YIO~YIO oneHKY 

-\E(N) _:::y(2rr2L) I/2 (--~\--)1/2 
IJa 

• N -- 1/2 1261 

CooTHoweHHe 1261 noKa3hiBaeT, 'ITO B 6ecKoHe'IHOii 
O.IJ.HOMepHoii Mo,D.enH Xa66ap,D.a npH 0 f 0 ~enL B cneKTpe 
3neMeHTapHhiX B036Y)K.IJ.eHHii OTCYTCTByeT, T .e. \ E ( N) , 0 
npH N -• "", B TO BpeMJJ. KaK ,D.nJJ. KOHe'IHhiX CHCTeM BenH'IHHa 
nepaoro 3neKTPOHHoro nepexo.D.a 6y.n.eT oTnH'IHa OT HynJJ. 

;\ E( N) · 1271 
N ti2 

0TMeTHM, 'ITO aHanOrH'IHaJJ. CHTyaUHJI HMeeT MeCTO H 
.D.nJJ. caepxnpoao.n.JJ.~eii tlJepMH- CHCTeMhl /H/. 

06paTHMCJJ. Tenepb K cny11a10 0- 0 _ B HepaaeHCTBe 1121 
onepaTopw B~BkH Q=Qk B03LMeMBB~.D.el19l .. 

B paccMaTpHaaeMoii CHCTeMe t~(k)~.lar(ka) 2 ", r.D.e 
J • llOpJJ.,D.Ka o6MeHHOH 3HeprHH Me)K.IJ.y COCe,D.HHMH y3naMH. 

Tor,D.a H3 1121 nonyqaeM cne.IJ.YIO~ee HepaaeHCTBo: 

3 t N- 1 
L 0 2: J af M(, 

1281 

L
0

=fimL, M
0
=fimM. 

e--o e .... o 

fipH 3TOM BenH'IHHa 3HepreTH'IeCKOH JQenH 

L M t/ · 
/1 E( N) < y ( o o ) 3 ( N ) 1/3 

J N-
1291 

6y.D.eT oTnH'IHa oT HynJJ. npH N .. "". TaKHM o6pa3oM, npH 
e = 0 B O.IJ.HOMepHoii MO,D.enH Xa66ap,D.a HapJJ..n.Y c aHTHtlJeppo-

* C~ecTBOB8.HHe TaKoro cneKTpa 6y.D.eT paccMoTpeHo 
B cne.D.YIOWeii pa6oTe. 

10 

MarHHTHhiM ynopJJ.,D.O'IeHHeM C~eCTByeT ~enb B ClleKTpe 
O,D.HO'IaCTH'IHhiX B036y)K.IJ.eHHH. 

Cne,D.yeT 3aMeTHTL, 'ITO no.D.o6Hwe pe3ynLTaTw 6Y.D.YT 
HMeTb MeCTO H ,D.nJJ. .D.BYXMepHOH MO,D.enH Xa66ap,D.a. 

B 3aKniO'IeHHe aaTop awpa)K&eT rny60KYIO 6naro,D.ap
HOCTL li.H.Ca.D.OBHHKOBY H B.K.«<>e.D.JJ.HHHY 3a none3Hhle o6-
cy)K.IJ.eHHJJ. H neHHhle 3aMe'laHHJJ.. 
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