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CBOHM 3aMeqaTeRbHUM 3KCnepHMeHTOM, npo.ueMOHCTpHpoBaBlliHM 

BO3MO~HOCTb npHMOro H3MepeHHH MHoroapeMeHHUX KOppenHUHOHHUX 

cpyHKUHH KBaHTOBoro 3ReKTpOMarHHTHoro nonH, EpayH H TB HCC [ 1) 

OTKpUnH HOBYD 3TIOXY pa3BHTHH KBaHTOBOH OTITHKH. neno B TOM, qTO 

CTaTHCTHqecKHe CBOHCTBa CBeTa, onpe.uenHeMUe BH.llOM pacnpe.ueneHHH 

qHcna qJOTOHOB, np □ HBRHDTCH B TIOBe.UeHHH cpyHKUHH KOppenHUHH 

HHTeHCHBHOCTei1, HaqHHaH co BToporo nopH.UKa 1 ). B 0.llHOMOhOBOM 

cnyqae y.uo6Ho paccMaTpHBaTb KOppenHUHOHHYD ctJYHKUHD, 

onpe.ueneHHYD B CMUcne HOpMaRbHOro npOH3Be.lleHHH, 

+ . + 
<a (t)a(t)><a (t+~)a(t+~)> 

l)3EeCb pe~b HEBT He TORbKO o pacnpeEeReHHH Eo3e-3HmTeHHa, 
KOTOpoe COOTBBTCByeT paBHOBBCHOMY (xaoTH~BCKOMY) COCTOHHH~, HO 
HO pacnpeEe»eHHHX, OTBe~a~mHx HepaBHOBBCHUM COCTOHHHHM (Kore­
peHTHOe, CMaToe, cy6nyaccOHOBCKOe H Ep.). 



TaK Ha3UBaeMyK> CTeneHh KorepeHTHOCTH BTOporo nopHBKa (CM., 

HanpHMep, [2, 3)). B BBYXMOBOBOM CRyqae B03HHKaeT TaKJKe ¢YHKUHH 

Kpocc-KoppeRHµHH G12l 
ab 

AHaRorHqHoe 

llOCTpOHTh BRR npOH3BORhHOro qHcRa MOB. 

onpeBeReHHe RerKo MOlKHO 

HanoMHHM, qTo B CRyqae Korepe~THoro COCTOHHHH, KOTOpOMY 

cooTBeTcayeT pacnpeBeReHHe nyaccoHa BRR qHcRa ¢oToHoB [5], 

Vt G121 1 
aa 

B TOM cRyqae, Kor Ba lim G
121 < 1, npHHHTO roaopHTh o cy6nyac­

t-o. 
COHOBCKOM pacnpeB~neHHH. COOTBeTCTBeHHO, npH YCROBHH G1~,'C >1 

, aa ➔o 

HMeeT MeCTO cynepnyacCOHOBCKOe pacnpeBeReHHe ¢OTOHOB [3]. 

B CBH3H c npeBcTaBRHK>IUHM B nocnegnee apeMH 6oRhWHM 

HHTepeCOM K HCCReBOBaHHIO llORe8 B TaK Ha3uaaeMOM ClKaTOM 

COCTOHHHH H3yqalOTCH BHcnepCHH HX 06061UeHHUX KOOpBHHaT H 

HMllYRhCOB [3]. B cRyqae llORH b 6e3pa3Mepttue KOOpBHHaTa H 

HMllYRhC onpeBeRHIOTCH COOTHOWeHHHMH. 

X = !i_+ b 
1 b 2 

X = .1.b+ - b 
2b 2 

no onpeBeReHHIO COCTOHHHe llORH HBRHeTCH CJKaTUM, ~CRH BRR Hero 

<(~X1 )
2
>b HRH <(~X

2
)

2
>b < 1/4 

fl 
I 

• 
2 / 

I 



9neKTpOMarHHTHOe none C pa3nH"IHUMH CTaTHCTH'ieCKHMH 

CBO8CTBaMH MO~eT 6UTh nony'ieHO B npoueccax B3aHMO.Ue8CTBHH nonH 

C aemecTBOM, CBO.UHmHXCH K 3¢¢eKTaM reHepaUHH H pacceHHHH. ,l\nH 

onHCaHHH TaKHX 3¢¢eKTOB o6U"!HO Hcnonh3Y~TCH raMHnhTOHHaHU .UBYX 

THnOB. B O.UHOM KBa~TOBOe 3neKTpOMarHHTHOe none ~3~HMO.Ue8CTByeT 

c KBaHTOBO8 cpe.uo8, onpe.uenHeMO8 KaK COBOKynHOCTh,, 11 aTOMOB II c 

KOHe"!HUM "IHCnOM ypoBHe8 [ 6]. B .upyroM no.uxo.ue OTKnHK cpe.uu 

Mo.uenHpyeTCH 

BO3HHKa~mHe 

34J4JeKTHBHUM 

npH 3TOM 

B3aHMO.Ue8CTBHeM none8 

MO)lenhHUe 

CXO.Ullll 

raMHnhTOHHaHU 

C 

KOH)leHCHpOBaHHUX cpe.u H B KBaHTOBO8 TeopHH nonH. 

[7, 

no 

B 

8] • 

CBOe8 

4JH3HKe 

O.nHa H3 npocTe8WHX MO)lene8, o6U"!HO H3 yqaeMUX, B KBaHTOBO8 

OITTHKe B CBH3H C TaK Ha3UBaeMUMH napaMeTpH'ieCKHMH npoueccaMH, 

OITHC~BaeT .UBYXMO.UOBOe B3aHMO.Ue8CTBHe BH.Ua 

OTBe"!a~mee npoueccaM .llBYX4JOTOHHO8 reHepaUHH [ 7] • .l\pyraH 

BO3MO~HaH ctiopMa .UBYXMO.UOBOro B3aHMO.Ue8CTBHH THna pacceHHHH 

HMeeT BH.U 

(1) H 
Int 

3aMeTHM, "!TO TaKo8 BU6op B3aHMO.Ue8CTBHH xapaKTepeH TaK~e .unH 

TeopHH nonHpHTOHa (CMOTPH, HanpHMep, [9]), r.ue O.UHO H3 none8 

HHTepnpeTHpyeTCH KaK 4JOTOHU, a .upyroe - KaK 3 KCHTOHU. KpoMe 

Toro, raMHnhTOHHaH C B3aHMO.Ue8CTBHeM (1) HCITOnh3yeTCH npH 

onHcaHHH Mex'aHH3Ma noTeph .unH nonH, B3aHMO,Ue8CTBY~mero C 
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pe30HaTopoM KOHeqHoR no6pOTHOCTH. 

B HaCTOSIIUeR pa6oTe Mbl HCcnenyeM KBaHTOBble KoppenSIUHOHHble 

CBORCTBa B ~BYXMonoBOR CHCTeMe C B3aHMoneRCTB.HeM 

nonHuR raMHnbTOHHaH paccMaTpHBaeMoR CHCTeMbl HMeeT BHn 

(2) H = w a·a + 0 b♦ b + H 
Int 

THila ( 1) • 

3necb a, b - 603e-onepaTOPbl' ynoBneTBOpSIKJIUHe nepecTaHOBQqH!,IM 

COOTHOWeHHSIM: 

[a,a•] = [b,b+) = 1, 

[a,b) [b+ ,a] 0 • 

Be3ycnOBHblM MeTonHqecKHM nocTOHHCTBOM MonenbHOR 3anaqH C 

raMHnbTOHHaHOM (2) SIBnSieTCSl B03MO~HOCTb nonyqeHHSl TOqHoro 

onepaTopHoro peweHHSI, OilHCUBKJ1Uero nHHaMHKy paccMaTpHBaeMoR 

CHCTeMbl. C 3T08 uenKJ npencTaBHM raMHnbTOHHaH (2) B MaTpHqHQM 

BHne: 

(3) H=(a•,b+) [ :. : l ( : l 
C IlOMOIUbKJ KaHOHHqecKoro npeo6pa30BaHHSl BoronKJ6oBa BHna 

(4a) <:, <;> = a•,b•)x, 

(46) ( ~:] = x• (:] 

rne ( 1 , (
2 

- HOBue 603e-onepaTopb1: 

4 

,, 

<1 (+ 
J 

[ <1 , (J ] 

= 0 
IJ 

= [ <; , <; ] = 0 

H X - MaTpHua C c-qHcnOBblMH K03¢¢HUHeHTaMH: 

X=-1/\12 

rne 

b. (w 

[
-v'l+A exp(-i¢) 

~ exp[-i(¢:-¢9)] 

v'1-=-E exp[-i(¢
2
+¢ 9)]) 

~ exp(-N
2

) 

0) / / (w - 0)
2 + 4 191 2 

raMHnbTOHHaH (3) npHBOnHTCH K nHaroHanbHOMY BHny 

(5) 

3necb 

H 

Tenepb 

H 

u 

E 
1 

«: , <;) u [ ~:] . 

El 

0 

= 1/2 

:2 ) 

( w + 0 + ✓ (w - 0) 2 + 4 

E
2 

= 1/2 ( w + o - / (w - 0)
2 + 4 

nnsi: raMHnbTOHHaHa (5) nepeflneM 

191 2 
) , 

191 2 
) . 

K npencTaBneHHKJ 

refl3eH6epra H 3anHweM ypaBHeHHH nsH~eHHH nnsi: onepaTopoB (J: 
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i (
1 
(t) = E 1 ( 1 (t), 

i t:
2

cti = E2 c;cti. 

Hx peweHHe, oqesHnHo, ecTh 

(6a) C (t) = C (O) exp[-iEt], 
J J 

(66) c;(t) = c;(o) exp[iEt] , 

rne C (O) H C+(O) onpeneneHu HaqanbHUM cocToRHHeM cHcTeMu. 
J J 

Tenepb C yqeTOt,I npeo6pa30BaHHR (4) H COOTHOWeHH8 (6) 

HaxonHM nnR TOqHo8 3aBHCHMOCTH OT speMeHH HcxonHUX onepaTopoB 

a, b: 

(7a) a(t) = (cos[l/2<w
1

- w
2
1t] - iflw sin[l/2<w1- w21t] x 

x exp[-1/2i(W + w Jt) a(O) + i/1 - flw
2 

exp(-it/1) sin[l/2<W -
1 2 g 1 

- W2Jt)exp(-1/2i<W1 + W2Jt] b(O) 

(76) b(t) i/1 - flwi exp(it/1 ) sin[l/2<w - w >t] x 
g 1 2 

x exp[-1/2i<w
1

+ w
2
1t] a(O)+(cos[l/2<w1 - w21t)+iflw sin[l/2<w1-

- W2Jt)exp(-1/2i(W1+ W2>t] a(O) 

(7B) a• (t) = (cos(l/2<w - w it] + iflw sin[l/2<w - w it] x 
1 2 - 1 2 

x exp[l/2i<w + w· it] a• (0) - iv'i - flw
2 

exp(it/1) sin[l/2<w -
1 2 g 1 

-w Jt]exp[l/2i<W + w >t] b+(O) ; 
2 1 2 

6 

(7n) b+ (t) = -iv'i - flw
2 

exp(-it/1 ) sin[l/2<w - w it] x 
g 1 2 

x exp[l\2icw1+ w21t] a+(O)-(cos[l\2<w1- w21t]-iflw sin[1/2(w1_-

-w 1t)exp[l\2i<w + w >t] ~+(O). 
2 1 2 

COOTHoweHHR (7) onpenenRKlT TOqHyKl 3aBHCHMOCTb one pa TOpOB 

a(t), b(t) OT BpeMeHH H HaqanbHUX ycnOBH8, 3anasaeMUX 

onepaTopaMH a(O), b(O). Tenepb c IlOMOIUbKl (7) nerKO nonyqHTb 

3aBHCR(UHe OT BpeMeHH KOppenRUHOHHUe ¢YHKUHH BTOporo nopRnKa 

G<21 G'2>_ G'21. 
a a ' bb ' ab 

nnR qHcRHTene8 H 3HaMeHaTene8 CTeneHe8 KOrepeHTHOCTH 

G~! 
1 

HaxonHM 

<a•(t)a•(t+-r)a(t+-r)a(t)> = (1-i\ (t,-r)) IA (t) 1
4 

x 
3 1 

G<2J 
aa ' 

x<a•a•a a> + [l+i\ (t,-r)) IA (t) l 4<b+b+b b> + [4-i\ (t,-r)+i\ (t,-r)+ 
4 2 3 4 

+ i\ (t,-r))IA (t)l 2 IA (t)l
2
<a•a><b.b> - <A*(t)A (t)([2+i\ (t,-r)+ 

5 1 2 '1 2 5 

+ i\ (t,-r))IA (t)l 2<a.><b+b b> + [2+i\ (t,-r)-i\ (t,-r))IA (t)l
2 

x 
4 2 5 3 1 

X <a·a·a><b>) - [l+i\ (t,'t')](A*(t)A (t)]
2
<a·a·><b b> + h.C.} 

5 1 2 

<a+(t)a(t)><a·ct+-r)a(t+-r)> = [1-i\ (t,'t'))IA (t) 1
4 

X 
3 1 

x <a•a> 2 + [l+i\ (t,-r))IA (t)l
4
<b+b>

2 
+ IA (t)l

2
IA (t)l

2
([2 -

4 2 1 2 

- i\
3

(t,-r)+i\
4

(t,-r))x<a+a><b+b> + 2[l+i\ 5 (t,-r)]l<a>l
2

l<b>l
2

) -

- {A*(t)A (t) ([2+i\ (t,-r) - i\ (t,-r)]IA (t) l 2
<a•a><a.><b> + [2 + 

1 2 5 . 3 1 

+ i\ (t,-r)+i\ (t,-r))IA (t)l
2

<a+><b+b> <b>) - [l+i\ (t,-r)][A*(t) x 
5 4 2 5 1 
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X A (t)] 2<a.>2<b>2 + h.c.} 
2 

<b.(t)b.(t+-c)b(t+'C)b(t)> = [l+i\ (t,-c)] IA (t) 14 
X 

4 2 

x<a•a•a a>+ [1-i\ (t,-c)]IA (t) l 4<b+b+b b> + [4-i\ (t,-c)+i\ (t,-c)+ 
3 1 3 4 

+2i\ (t,-c)]IA (t)l
2

IA (t)l 2<a•a><b+b> + <A*(t)A (t)([2+i\ (t,-c) + 
5 1 2 1 2 5 

+i\ (t,-c)]IA (t)l 2<a•a•a><b> + [2+i\ (t,-c)-i\ (t,-c)]IA (t)l
2

<a+> x 
4 2 5 3 1 

X <b+b b>) + [l+i\ (t,'C)][A*(t)A (t)]
2
<a·a·><b b> + h.c.> 

5 1 2 

<b+ (t)b(t)><b+ (t+'C)b(t+-c)> = [l+i\ (t,'C)] IA (t) 1
4 

X 
4 2 

x <a•a> 2 + [1-i\ (t,-c)]IA (t)l 4<b.b>
2 

+ IA (t)l
2

IA (t)l
2

([2 -
3 1 1 2 

-i\ (t,-c)+i\ (t,-c)]<a•a><b+b> + 2[l+i\ (t,'C)]<a+>
2
<b>

2
) - {A*(t) x 

3 4 5 1 

x A (t)([2+i\ (t,-c)-i\ (t,-c)]IA (t)l
2
<a•a><a.><b>.+ [2+i\ (t,-c) + 

2 5 3 2 5 

+i\ (t,-c)]IA (t)l 2<a+><b+b><b>) - [l+i\ (t,-c)][A*(t)A (t)]
2
<a.>

2
x 

4 1 . 5 1 2 

X<b> 2 + h.c.}, 

r.ue 

A1 (t). 
1/2[(1-~w)exp[-iw

2
t] + (l+~w)exp[-iw

1
t] , 

A (t) 
2 . 

-1/2 [/2. ~w2
' exp[-it/1 ] (exp[-iw t] - exp[-iw t])] , 

g 2 1 

. i\1 ('C) COS ( W l -W 
2

) 'C _ I 

i\
1

(-c) = sin(w
1
-w2)-c, 

8 • 

.. 

i\ (t,-c) = (1-~w
2
)([1->.. ('t")]cos(w -w )t+i\ ('t")sin(w -w )t)(l+ 

3 1 12 2 12 

··-1 
~w + (1-~w)cos(w

1 
-w

2
)t l , 

i\ 4 (t,-c) = ([l-i\ 1 (-c)]cos(w
1
-w

2
)t + i\

2
(-c)sin(w

1
-w

2
)t) (1-cos(w

1 
-

- w2) t )-1, 

i\ 5 (t,-c) = {~w((l-i\
1 

(-c))cos(w
1
-w

2
)t + i\

2
(-c)sin(w

1
-w

2
)t) + 

+ i([l-i\ 1 (-c)]sin(w
1

-w
2
)t - i\

2
(-c)cos(w

1
-w

2
)t)}{~w(l-cos(w

1
-

-w2)t] - isin(w
1
-w

2
)t).}. 

Kpocc-1rnppeJH1UHOHHaH cf>YHKUHH BToporo nopH.UKa G( 2 ) onpe,neJHieTCH 
ab 

cne.ny~mHM o6pa3oM: 

r.ne 

G< 2 l(t,-c) = 
ab 

<a•(t)b.(t+'C)b(t+-c)a(t)> 

<a•(t)a(t)><b.(t+-c)b(t+-c)> 

<a•(t)b.(t+-c)b(t+-c)a(t)> = [l+i\
4

(t,-c))IA
1
(t)l 2 x 

xlA (t)l
2
<a•a•a a>+ (1-i\ (t,-c))IA (t)l 2 IA (t)l 2<b+b+b b> + 

2 3 , 1 2 · 

+ ([l+i\ (t,'C))IA (t)l
4 

+ (1-i\ (t,'C))IA (t)l 4 
- 2[1+i\ (t,'C)) X 

4 2 3 1 5 

XIA (t)J
2

IA (t)l
2

)<a•a><b.b> + {A*(t)A (t)([l+i\ (t,-c))IA (t)l 2 -
1 2 1 2 5 1 

- [l+i\ (t,-c))IA (t)l
2
)<a•a•a><b> + ([l+i\ (t,-c)IA (t)l 2 - (1-

4 2 5 2 

- i\ (t,-c)]IA (t)l
2

)<a•><b+b b> - (l+i\ (t,-c)][A*(t)A (t)) 2 x 
3 1 5 1 2 

X <a·a·><b b> + h.c.} , 

9 



<a.(t)a(t)><b+(t+-c)b(t+-c)> = IA (t)l
2

IA (t)l
2

([1 + 
1 2 

+ ;>.. (t,-c)]<a•a> 2 
+ [l-;\ (t,-r)]<b+b>

2
) + ([1+;\ (t,-c)]IA (t)l

4 
+ 

4 3 4 ;! 

+ [1- ;>.. (t,-c)]IA (t)l 4 )<a•a><b+b> - 2[1+;\ (t,-c)]IA (t)l
2 

x 
3 1 , 5 1 

xlA (t)l
2

l<a>l
2

l<b>l
2 

+ {A.(t)A (t)[([lH (t,-c)]IA (t)l
2

- [l+ 
2 1 2 5 1 

+ ;\ (t,-c)]IA (t)l 2 )<a•a><a•><b> + ([l+;\ (t,-r]IA (t)l
2 

- [l -
4 2 . 5 2 

- ;>.. (t,-c)]IA (t)l 2 )<a+><b+b><b>] - [l+;\ (t,-c)][A•(t)A (t)]
2 

x 
3 1 5 1 2 

X <a·a·><b b> + h.c.} • 

llHcrrepcHH o6o6meHUX KOopnHHaT H HMilYJibCOB"rroneH a H b rrpHHHMaDT 

cnenyDWHH BHn 

<(6X ) 2 > = 1/4 + l/4{([A (t)]
2

(<a
2
>-<a>

2
) + 

j a 1 

+ [A (t)] 2 (<b2>-<b> 2 ))exp(-2il/l) + h.c.} + l/2{(1A (t)l
2

(<a•a>-
2 j 1 

-<a•><a>) + IA (t) l 2 (<b.b>-<b.><b>)}, 
2 • 

<(6X ) 2 > = 1/4 + 1/4{([B (t)]
2

(<a
2
>-<a>

2
) + 

j b 1 

+ [B (t)] 2 (<b2>-<b> 2 ))exp(-2il/l)-+- h.c.} + l/2{(1A (t)l
2

(<a•a>-
2 j 2 

-<a•><a>) + IA
1 

(t) l2 (<b.b>-<b.><b>)} , 

rne j 1,2'; 1/J 
1 

0 H 1/1
2 

rr/2. 

3aMeTHM, qTo cpenHHe 3necb orrpenenH~TcH KaK o6uqHo: 

10 

,, 

l 
K~ 

l 
l .. 

< u > Tr{U(t) 0 p(0)} 

rne p (O) cTaTHCTHqecKHH orrepaTop HaqaJibHOro COCTOHHHH 

CHCTeMU·. 

B naJibHeflrneM 6yneM cqHTaTb, qTo a HaqaJibHUH MOMeHT BpeMeHH 

HMeeT MeCTO ycJIOBHe cpaKTOpH3°aUHH: 

p(0) = pa (0) 0 pb(0) .• 

TaK KaK HaqaJibHOe COCTOHHHe JID6oro H3 ITOJieH He o6H3aTeJibHO 

HBJIHeTCH xaoTHqecKHM (paBHOBeCHUM C 3anaHHOH TeMrrepaTypoH), TO 

y Hae HMeeTCH B03MOlKHOCTb HCCJienoaaHHH 3B0JIDUHH CHCTeMU nnH 

aecbMa rnHpoKoro au6opa HaqaJibHUX ycJIOBHH.113 coo6paJKeHHH 

rrpOCTOTU H HarJIHnHOCTH orpaHHqHMCH HCJienoaaHHeM onHoBpeMeHHUX 

KOppeJIHUHH .('C = 0). 

PaccMOTpHM HeKOTOpue HHTepecHue cnyqaH: 

1) none a HaxonHTCH B KOrepeHTHOM COCTOHHHH, b - B rayccoB­

CKOM (xaOTHqecKOM) COCTOHHHH. Torna 

H 

pa(0) I ex> <ex I , 

lo:> 
eo:a•-ex•a ID> 

pb(0) = l p(n) In> <nl, 
n 

<b+b> 0 

p(n) = o 
(1 + <b+b> )l+n 

0 
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<b+b> 
0 

Ml/~ - 1}-1 , {e 

r.ue ~ - TeMnepaTypa paBHOBeCHoro H3nyqeHHH. B 3TOM cnyqae .URH 

CTeneHe8 KOrepeHTHOCTH H Kpocc-KoppeRHUHOHHUX ~YHKUH8 nonyqaeM 

G
1 2 

> (t,-r) = 1 + { [l+i\ (t,-r) J IA (t) l 4<n > 2 + 2 [1+ 
a a 4 2 b 

+i\ (t,-r)JIA (t)l
2

IA (t)l
2

lal
2
<n >}{[1-i\ (t,-r)JIA (t)l 4 lal 4 + 

5 1 2 b 3 1 

+ [l+i\ 4 (t,-r) J IA2 (t) l
4
<nb>

2 
+ [2-i\

3 
(t,-r)+i\

4 
(t,-r) J IA

1 
(t) 12 x 

x IA2(t) l2lal2<nb>}-1; 

G
12

> (t) = 1 + { IA (t) l
4
<n °>

2 
+ 21A (t) 12 IA (.t) 12 x 

aa 2 b 1 2 

x lal
2
<n >}{IA (t)l

4
lal

4 
+ IA (t)l

4
<n > 2 

+ 21A (t)l 2 IA (t)1 2 x 
b 1 2 b 1 2 

I 1
2 -1 x a <nb>} ; 

G
12

>(t,-r) = 1 + {[1-i\ (t,-r)JIA (t)l 4<n > 2 - 2[1+ b b 3 1 b 

-( + i\ (t,-r)JIA (t)l
2

IA (t)l
2

lal
2
<n >}{[l+i\ (t,-r)JIA (t)[4 lal 4 + . 5 1 2 b 4 2 

+ [1-i\ (t,-r) J IA (t) I 4<n >
2 

+ [2,i\ {t,-r)+i\ (t,-r) J IA (t) 12 x 
3 1 b 3 4 1 

x IA2(t).l2lal2<nb>}-1 ; 

G
12

>(t) = 1 + {IA (t)l
4
<n >

2 
- 21A (t)l 2 IA (t)l 2 x bb - 1 b 1 2 

x lal
2
<n >}{IA (t)l

4
la.1

4 
+ IA (t)l

4
<n > 2 

+ 21A (t)l 2 IA (t)l 2 x 
b 2 1 b 1 2 

I 1
2 -1 

x a <nb>} 

tf~ 

12 

Gc
2

> (t,-c) = 1 + IA (t) 1
2

1A (t) 1
2
{[1-i\ (t,-r)J<n >

2 
-

ab 1 2 3 b 

2[1+i\ (t,-r)Jlal
2
<n >}{.IA (t)l

2
IA (t)l

2
([l+i\ (t,-r)Jla.1

4 
+ [l-

s b I 2 4 

-i\ (t,-r) ]<n >
2

) + ([1-i\ (t,-r)] IA (t) 1
4 

+· [l+i\ (t,-c)] IA (t) 1
4

) x 
3 b 3 1 4 2 

2 -1 
x la.I <nb>} 

Gc
2
>(t) = 1 + IA (t)l

2
IA (t)l

2
{[1-i\ (t,-c)J<n >

2 
-

ab 1 2 3 b 

[ 1+ i\ ( t, -c) J I a I 2 
<n > }{ I A ( t) I 

2 
I A ( t) I 

2 
( [ 1+ i\ ( t, -r) J I a I 4 

+ [ l-s b I 2 4 

-i\ (t,-r)J<n >2
) + ([1-i\ (t,-r)JIA (t)l

4
.; [l+i\ (t,-r)JIA (t)l

4
) x 

3 b 3 1 4 2 

x I a I 2 <n >} -1 
b 

<(llX ) 2 > 
I a 

<(llX )2> 
2 a 

1/4 + 1/2IA
2
(t} l

2
<nb> 

<(llX ) 2 > 
1 b 

<(llX ) 2 > 
2 b 

1/4 + 1/2IA1 (t) l
2
<nb> . 

COOTB8TCTB YIO!l\88 B peMeHHOe noae.ueHHe H306paJKeHO Ha pHC .1. KaK 

HeTpy.UHO BH.U8Th, HMeeT M8CTO rrepHO.UHqecKoe H3M8H8HHe 

CTaTHCTHqecKHX CBO8CTB B3aHMO.Ue8CTBYIO!l\HX none8. TaK, H3HaqanhHO 

xaoTHqecKoe COCTOHHHe ITORH b B npouecce BpeMeHHO8 _3BO~IOUHH 

rrepeXO.UHT B KorepeHTHOe COCTOHHHe, npH 3TOM none a nepeXO.UHT B 

xaoTHqecKoe COCTOHHHe. B cnyqae IlORHpHTOHOB B HOHHOM KPHCTanne 

nonyqeHHU~ pe3yRhTaT ITOKa3UBaeT, qTo, HarrpHMep, KorepeHTHOe 

COCTOHHHe ~OHOHOB 6y.ueT xaoTH3HpoBaTbCH npH O.UHOBpeMeHHOM 

nepexo.ue ~OTOHOB B KOrepeHTHOe COCTOHHHe. nocne.uttee MOlKHO 

Ha6RIO.UaTb no xapaKTepy RIOMHHecueHUHH. 

2) HaqanhHOe COCTOHHHe ITORH a~ ClKBTU8 BBKYYM, a IlORH b -
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PHC. 1. 3aBHCHMOCTb KOppeRHUHOHHUX ¢YHKUHH OT BpeMeHH nnH 

cnyqaH 1) npH napaMeTpax cHcTeMu : w = n = 2,5 ; g = 1 

(A== ✓ (w - 0) 2 + 4 lgl 2 = 2) H HaqanbHUX COCTOHHHH 

+ + noneA: a= 1; hQ/~ = ln 2 (<a a>
0

; <b b>
0

= 1). 

rayccoBCKOe COCTOHHHe. Co3naHHe HCTOqHHKOB cBeTa B cmaTOM 

COCTOHHHH [11) OTKpUBaeT WHpOKHe BO3MOmHOCTH HCilORb30BaHHH 

nocnenHHX nnH pa3RHqHUX ueneA, B TOM qffcRe H nnH cneKTpOCKOnHH 

KOHneHcHpoBaHHUX cpen. HanoMHHM, qTQ nnH cmaToro COCTOHHHH [3] 

pa la,c> <a,CI, 

la,c> 

+ • • 2 + 2 
eaa -a a e1/2( a -1/2(a IO>. 
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HHme MU 6yneM paccMaTpHBaTb cneuHaRbHU8 cnyqa8 TaK Ha3uaaeMoro 

cmaToro BaKyyMa, Korna_a = o. Torna nnH cTeneHe8 KorepeHTHOCTH 

H Kpocc-KoppeRHUHOHHUX ¢YHKUH8, a TaKme nHcnepcH8 HaxonHM 

G
121

(t,'t') 1 + {[1-A (t,-c)]IA (t)l
4

(sh
2
2s -sh

2
s) + 

3 1 a a aa 

+[lH (t,-c)]IA (t)l 4 <n >2 + 2[1H (t,'t')]IA (t)l
2

IA (t)l
2
sh

2
s 

· 4 2 b 5 1 2. a 
X 

x <n >}([1-A (t,'t')]IA (t)l
4

sh
4

s + [lH (t,'t')]IA (t)l
4
<n >

2 
+ 

b 3 1 a 4 2 b 

+ [2-A (t,-c)H (t,-c)]IA (t) I
2

IA (t) l
2
sh

2
s )<n >}-

1 
3 4 1 2 a b 

G121 (t) = 1·+ (IA (t)l
4

(sh
2

2s -sh
2
s·) +·IA (t)l

4 
x 

aa 1 a a 2 

<n >2 + 2IA (t) I 2 IA (t) l 2sh
2

s <n >}(IA (t) l
4

sh
4

s + IA (t) 1
4 

x 
b 1 2 ab 1 a 2 

x <n >2 + IA (t) I 2 IA (t) l
2
sh

2
s )<n >}-

1 
b 1 2 a b 

G121 (t,'t') = 1.+ ([l+A (t,'t')]IA (t)l
4

(sh
2

2s -sh
2
s) + 

bb 4 2 a a 

[1-A (t,-c)]IA (t)l 4 <n >2 - 2[1H (t,-c)]IA (t)l
2

IA (t)l
2
sh

2
s x 

3 1 b 5 1 2 a 

X <n >}([lH (t,'t')]IA (t)l
4
sh

4
s + [1-A (t,'t')]IA (t)I

4 <n >
2 

+ 
b 4 2 a 3- 1 b 

+ (2-A (t,-c)H (t,'t')]IA (t)l
2

IA (t)l
2

sh
2

s )<n >}-
1 

3 4 1 2 a b 

2 
X <n > 

b 

X <n >2 

b 

G121 (t) = 1 + (IA (t) l
4

(sh
2
2s -sh

2
s) + IA (t) 1

4 
x 

bb 2 a a 1 

- 2IA (t) I 2 IA (t) l 2sh2s <n >)(IA (t) f4
sh

4
s + IA1 (t) l

4
X 

1 2 a b 2 a 

+ IA (t) 12 IA (t) I 2sh2s )<n >}-
1 

1 2 a b 

G121 (t,'t') = 1 + IA (t) I 2 IA (t) l
2

{[1+A (t,-c)](sh
2

2s -
ab 1 2 4 a 

- sh2s) + <n > 2 - 2sh2s <n >}{IA (t) I
2

IA (t) l
2

([1+A (t,'t')] x 
a b ab 1 2 4 
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xsh4 s 
a 

+ [1-A (t,-r)]<n > 2
) + [1-A (t,-r)]IA (t)l

4 
+ [l+A (t,-r)]x 

3 b 3 1 4 

x IA (t) l 4 sh2 s <n >}~ 
2 a b 

G121 (t) = 1 + IA (t) 1
2

1A (t) l
2

{(sh
2
2s -sh

2
s) + 

ab 1 2 a a 

2sh2 s <n >}{IA (t)l 2 IA (t)l
2

[sh
4

s +<n >
2

] + (IA (t)l
4

+ 
ab 1 2 ab 1 

+ IA '(t) l 4 )sh2 s <n >}~ 
2 a b 

<n >2_ 
b 

<(~X ) 2 > = 1/4 
1 a 

i/4[A2 exp(i0 )+A*
2
exp(-i0 )]shs x 

1 a 1 a a 

x chs + 1/2[IA (t) l 2
sh

2
s + IA (t) l 2

<n >] 
a 1 a 2 b 

<(~X ) 2 > = 1/4 + 1/4[A2 exp(i0 )+A*
2
exp(-i0 )]shs x 

2 a 1 a 1 a a 

x chs + 1/2[IA (t) l 2
sh

2
s· + IA (t) l 2

<n >] 
a 1 a 2 b 

<(~X ) 2 > = 1/4 - 1/4[B2 exp(i0 )+B*
2
exp(-i0 )]shs x 

1 b 1 a 1 a a 

x chs + 1/2[IA (t) l 2
sh

2
s + IA (t) l 2

<n >] 
a 2 a 1 b 

<(~X ) 2 > = 1/4[B2 exp(i0 )+B*
2
exp(-i0 )]shs chs + 

2 b 1 a 1 a a a 

+ 1/2[IA (t) l 2 sh
2

s + IA (t) l 2
<n >] . 2 a 1 b 

COOTBeTCTByDmee noBe,lleHHe npHBe,lleHO Ha pHC. 2 H 3. KaK 

HeTpy.aHo BH,lleTh (pHc. 2), B3aHMO,lle8CTBHe IlOJIH B xaoTHtieCKOM 

COCTOHHHH C noJieM B COCTOHHHH ClKaToro BaKyyMa npHBO,llHT K 

yBeJIHtieHHD cynepnyaccOHOBCKOro xapaKTepa CTaTHCTHKH nepBoro 

(G 1 2 l (t) 2': 2, Tor.aa KaK G1 2 
l (0) = 2). C .apyrofl CTOpOH!l, npH 

bb bb 
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PHC. 2. TO lKe, l!TO H Ha PHC. 1, .llJIH cnytiaH 2) npH Tex lKe 

napaMeTpax CHCTeMU H a= o, ( = Arsh 1: hO/~ = ln 2 

( <a+a> = <b+b> = 1). 
0 ' 0 

3TOM . Ha6JID,llaeTCH 3¢¢eKT nepexo.aa H3 xaoTHtiecKoro COCTOHHHH B 

ClKaToe COCTOHHHe (Ha pHC. 3 3HatieHHe .llHCilepCHH 0606meHHoro 

HMilYJihCa ¢0HOHOB 

CTaHOBHTCH MeHhme 

<(~X )2> 
2 b 

1/4). 

B onpe.aeneHHUe MOMeHTU BpeMeHH 

TaKHM o6pa30M, MU paccMOTpeJIH 3BOJJDUHD CHCTeMU IlOJIHpHTOH­

HOro THna BO BpeMeHH H npo.aeMOHCTpHpoBaJIH B03MOlKHOCTh H3MeHeHHH 

ee ¢JIYKTyaUHOHHUX H CTaTHCTHtIHCKHX CB08CTB npH B3aHMO,lle8CTBHH c 

3JieKTpOMarHHTHUM noJJeM, npHrOTOBJJeHHOro B pa3JIHtIHUX ¢H3HlleCKHX 

COCTOHHHHX. 
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PHc. 3. BpeMeHHaH 3BOJIDUHH nHcrrepCHH o6o6weHHUX KoopnHHaT (a) H 

HMITYJibCOB (6) nnH cnyqaH 2) rrpH Tex ~e rrapaMeTpax, qTQ 

H Ha PHC. 2. 
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B 3aKJIDqeHHe aBTOpu BUpa~aDT 6JiaronapHOCTb P.TaHaCD H 

A.C.WJMOBCKOMY 3a ITOCTOHHHUR HHTepec K pa6oTe H ITOJie3HUe 

o6cy~neHHH. 
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XMenhoBCKH B., qH~OB A.B. 
KoppenHQHOHHble CBOHCTBa 603e-cHcTeM 
rronHpHTOHHOro THrra 

Pl7-90-353 

Hccnep;oBaHbl HepaBHOBeCHb!e KBaHTOBbie KOppenHQHOHHbJe 
H q>JIYKTYaQHOHHbJe CBOHCTBa ABYXMO,!];OBOH 603e-cHcTeMb1' C 3qi­
qieKTHBHbIM raMHnhTOHHaHoM rron.HpHTOHHoro THrra. MeTOAOM 
KaHoHHqecKoro rrpeo6pa30BaHHH Boronw6oBa Haiip;eHa ToqHaH 
3BOnWQHH orrepaTopoB. IloKa3aHa BO3MO~HOCTb rrePHOp;HqeCKO­
ro H3MeHeHHH CTaTHCTHqeCKHX CBOHCTB TaKOH CHCTeMbI, a 
TaK~e BO3HHKHoBeHHH c~aToro COCTOHHHH Y rronH, H3Haqanb­
HO Haxop;HBllierocH B xaoTHqecKOM COCTOHHHH. Hccnep;oBaHHe 
KPOCC-KoppenHQHOHHOH 4JYHKQHH p;eMOHCTpHpyeT BO3MO~HOCTb 
o6MeHa CTaTHCTHqeCKHMH CBOHCTBaMH Me~y B3aHMO,!];eHCTBYW­
~HMH rronHMH. 

Pa6oTa BblITOnHeHa B ITa6opaTOPHH TeopeTHqecKOH qJH3HKH 
arum. 

IlpenpHHT 06'beAl{Heeeoro HHCnfTyra .RAepHhlX HCCJieAOBaHHH. ,lly6ea· 1990 

IlepeBop; aBTOPOB 

Chmielewski W., Chizhov A.V. 
Correlation Properties of the 
Polarit~n-Type Bose-Systems 

P 17-90-353 

Nonequilibrium quantum correlation and fluctuation 
properties of the two-mode Bose-system with the effec­
tive Hamiltonian of the polariton type have been inves­
tigated. An exact time-evolution of operators has been 
found with the help of the Bogolubov canonical trans­
formation. A possibility of periodic alteration in sta­
tistical properties of such a sjstem, as well as of ris­
ing of a squeezed st·ate of the field, initially being 
in a chaotic state, has been shown. A study of the cross­
correlation function demonstrates an ability for an ex­
change of statistical properties between the interact­
ing fields. 

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