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He.n:aBHlle ycnexu B C03;:i:aHllll llCTOlJHllKOB, Il03BOm110111ux .. reHepupoBaTb 

CBeT B c~aTOM COCTOHHHH [1,2], OTKpNBaDT B03MO~OCTb '.HCITOnb30BaHHH ero 

YHHKanhHNX CBOHCTB B cneKTpOCKOilllll TBep;:i:NX Ten. 

B HaCTOHUleH pa6oTe MN paCCMOTPHM OCHOBHNe 3qxpeKTN, B03HUKaDUIHe 

npu .n:ettCTBllll llHTeHCHBHOro CBeTa B c~aTOM COCTOHHllll (HaKa'IKa) Ha $OHOH

HNe B036y~eHUH B KpHCTanne. 

npocTeHWHH raMHilbTOHHaH B3aHMo.n:eHCTBllH 

lJeCKoro CBeTa c KpllCTannoM HMeeT Bil.II: [3] 

MOHOxpoMaTll-

H = hwa•a + I{Ml b+b - ihD [a• (b + b+) - a(b + b+)J} , 
q q q q . Q, q q q q 

( 1) 

r .n:e a+ (a) - onepaTOpN po~.n:eHllH (yHttlJTO~eHUH) $OTOHa, b + '(b). COOTBeT

CTBYDmlle onepaTOpN nonepe'IHNX $OHOHOB. ~na npoCTOTN ll3RO~eHllH MN orpa

HH'IHMCH paCCMOTpeHtteM ll30TpOnHoro KpllCTanna, B KOTOpOM . .'IaCTOTN oq H 

KOHCTaHTa B3aHMo.n:ettCTBllH D He 3aBHCHT OT nonHptt3a~uu. OTMeTHM, 'ITO no 
q 

MaTeMaTttlJeCKOH CTPYKType raMHRbTOHllaH (1) HBnHeTCH· o6o6meHlleM pH.n:a 

CTaH.n:apTHNX MO.n:enett, llCTIOilb3yeMNX B KBaHTOBOH OilTllKe .n:na uccne.n:oBaHHH 

xapaKTepttCTHK c~aToro COCTOHHllH CBeTa [4]. 

Ey.n:eM ClJHTaTh, 'ITO B HalJanhHNH MOMeHT BpeMeHll to CBeT HaX0.11:llTCH B 

c~aTOM COCTOHHUH: 

la,t;;> = D(a)S(i;) ID>, 

co cpe.n:HHM lJllCROM $OTOHOB 

(a•a>o = sh2li;I + lal2, 

, D(<X) 

Tor.n:a KaK $OHOHN HaX0.11:HTCH B COCTOHHllH TennoBoro paBHOBecua, KOTOpoe 

OilHCNBaeTCH MaTpu~en nnOTHOCTll 

p n 
q 

<b+b > b+b 
q q O q q 



(b+b) 
q q 0 

1 

exp{hOjk
8
T} - 1 

li kB- IlOCTOHHHaH EOnbUMaHa, T - TeMnepaTypa. \ 

HccneJlyeM 3BOmoumo COCTOHHlill CliCTeMbl ( 1) , B lJaCTHOCTli, B03MO)t(

HOCTb nepeXO)la q>OHOHOB B ClKaToe H cy6nyacCOHOBCKOe COCTOHHliH. OTMeTHM, 

'ITO B cy6nyaccoHOBCKOM COCTOHHHH JlHCnepCHH lJHCna KBaHTOB <(An) 2> MeHb

we ero cpeJlHero JHa'leHHH (n). ,ll.na onpeJleneHHH xapaKTepa cocTOHHHH 

He06XOJlHMO Bbl'IHCnHTb JaBHCHWHe .OT BpeMeHH JlHCnepCHH o6o6meHHblX HMnynb

COB ((AP )
2

) H KOOpJlHHaT ((AQ )
2

) $OHOHOB: 
q q 

<(AP ) 2> E (P2
) - (P ) 2 

q q q 

P q (t) = i b: (t) - b/tl 
2 

<(AQq)2> E (Q:> - (Qq)2 , 

Qq(t) 
b+(t) + b (t) 

q q 

2 

a TaKlKe CTeneHb KOrepeHTHOCTH BTOporo nopH)lKa [4] 

9(2) (t,t+i:) 
(b+(t)b+(t+i:)b (t+i:)b (t)) q q q q 

(b+(t)b (t))(b+(t+i:)b (t+i:)) 
q q q q 

(2) 

(3) 

3JleCb onepaTOpbl paCCMaTpHBaDTCH B npeJlCTaBneHHH rei\:JeH6epra, a ycpeJl

HeHHe npOBOJlHTCH co CTaTHCTH'leCKHM onepaTopOM Ha'lanbHOfO COCTOHHHH. 

ClKaTOMY COCTOHHlilO COOTBeTCTByeT ycnOBHe 

<(M)2> < ¼, 
r)le ·o E P nnn Q 

q q 
a cy6nyacCOHOBCKOMY 

9< 2
> (t,t+i:) < 1 

HBHaH 3aBHCHMOCTb OT BpeMeHH onepaTopoB b(b+) onpe)lenaeTCH nocpeJlCTBOM 

KaHOHH'leCKOfO - npeo6pa30BaHHH, npHBOJlHmero raMttnbTOHHaH ( 1) K )lHaro

HanbHOMY BHJlY, 

b (t) = u•a:(t) 
q 

va:•(t) + '(G* ~ (t) - F ~•(t)) = L. qp p qp p 
p 

= u(t)a(0) + v(t)a•(o) + '(9 (t)b (0) + f (t)b•(o)) , L. qp p qp p 
p -

r)le K03~Hl~HeHTbl u, V, 9 H f HBnH~CH $yHKUHHMH, 3aBHCHWHMH OT_ na-qp qp . 
paMeTpOB B3aHMO)leHCTBHH raMHnbTOHHaHa H BpeMeHH, H nerKO MoryT 6Enb 

nony'leHN HenocpeJlCTBeHHNM Bbl'IHCneHHeM. Bcne)lCTBHe Toro, 'ITO OCHOBHYD 

ponb B paccMaTpHBaeMOM cny'lae nrpaoT pe30HaHCHble npoueccbl BJaHMOJlei\:cT

BHH CBeTa c $OHOHaMH [ 5], B npe.ncTaBneHHblX pac'leTax Mb1 orpaHH'IHnHCb 

y'leTOM qneHOB C q = k, r.ne k - BOnHOBOH BeKTOp nona HaKalJKH. 
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PHC. 1. BpeMeHHaH 3BOnDUHH JlHCnepctti\: o6o6meHHblX KOOpJlHHaTbl (1) H 

HMnynbca (2) Jlnll napaMeTpOB CHCTeMbl w = Qq= 2,5; Dq= 0,5 H 

Ha'lanbHblX COCTOHHHH rronei\: (a·a>o = 101 (l; = Arsh 1, a: = 10); 

(b+b ) = 1 (hQ /k T = ln 2). q q O q B 

PeJynbTaTbl paclJeTOB, npeJlCTaBneHHble Ha p~c. 1, noKa3blBaDT nOHBne

HHe ClKaTHH KaK y o6o6meHHOH KOOpJlttHaTbl, TaK n ·y o6o6meHHOfO HMnynhca 

$OHOHOB B npouecce 3BOnDUHH CHCTeMbl. HHa'le fOBOPH, B onpe)leneHHble ne

pHOJlbl BpeMeHH B CHCTeMe B03HHKaDT COCTOHHHH C no)laBneHHNMH no cpaBHe

HHD C BaKyyMHNM COCTOHHHeM $nyKTyaUHHMH )laHHblX senH'IHH. qTO CBH)leTenb

CTByeT O B03HHKHOBeHHH crreuH$H'leCKOro ynopHJlO'leHHH Kone6aTenbHOf0 JlBH

lKeHHH HOHOB KpHCTanna. PaC'leT KOppenHUHOHHOH $yHKUHH (3) noKaJblBaeT 

(CM. p~c. 2), 'ITO BJaHMO)leHCTBHe co ClKaTNM CBeTOM npHBOJlHT K H3MeHeHHD 

CTaTHCTH'leCKHX CBOHCTB $OHOHOB. CTapTyH OT xaoTH'leCKOf0 (cynepnyac

COHOBCKOfO) COCTOHHHH, B npouecce 3BOnDUHH CHCTeMa B onpe.neneHHble OT

pe3KH BpeMeHH MOlKeT- nepettTH B cy6nyaccOHOBCKOe COCTOHHtte. nptt 3TOM 

cy6nyaccOHOBCKOMY IlOBe)leHHO KoppenHUHOHHOH $yHKUHH (3) OTBe'laeT ClKaToe 

C0CT0HHHe (CM. p~c. 1 tt 2). TaK KaK cy6nyaccoHOBCK0e COCTOHHHe o6na)la

eT B_eCbMa ManNMH $nyKTyauHHMH 'IHCna $OTOHOB [ 4], T. e. 6nH3KO K COCTOH-
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2. 3aBHCHMOCTh KOppenHUHOHHOH ¢YHKUHH ¢oHOHOB OT BpeMeHH H 

BpeMeHHO~ Ja.n:ep~KH (a) u ee TorrorpaMMa (6) rrpu Tex ~e rrapaMeT

pax, '!TO H Ha PRC. l • 

4 

!l. 

1] 
( 

t 
. II\·· 

} 

HHD $0Ka, TO RMeeT MeCTO CTpeMJieHHe CHCTeMbl K COCTOHHIDO ¢oHOHHOro KOH

.n:eHCaTa (Ha pe30HaHCHOll qaCTOTe). nepexo.n: ¢oHOHOB B TaK'oe COCTOHHHe 

BCne.n:c:BHe ¢oTOH-$OHOHHOH KOppenHUHH MOlKHO tta6nn.n:aTh no xapaKTepy nD

MHHecueHUHH. 

ABTOP~ B~pa~aDT rny6oKyD 6naro.n:apHOCTI>_ A.C.lliyMOBCKOMY 3a rrno.n:oT-

BOpH~e o6cy~.n:eHHH u rro.n:.n:ep~Ky. 
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