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1 • BBEAEHI1E 

B HawHx pa6oTax 11- 31 6~na npeAflo~eHa MOAenbHaH 3aAa4a, 
n03BOnH~aH OnHCaTb B3aHMOAe~CTBHe AflHHHOBOnHOB~X $OTOHOB C 
ABYXYPOBHeB~MH H3ny4aTenHMH B KpHCTanne npH HanH4HH npHMOro 
3neKTpOCTaTH4eCKOrO B3aHMOAeHCTBHH Me~AY 3THMH H3ny4aTenHMH. 
o~no noKa3aHO, 4TO npHMOe AHnonb-AHnOnbHOe B3aHMOAeHCTBHe H 
AHnonb-~OHOHHOe B3aHMOAeHCTBHe, o6ycnoeneHHOe rapMOHH4eCKHMH 
KOnefiaHHRMH H3ny4aTeneH B KpHCTanne, OKa3~Ba~T 3Ha4HTenbHOe 
enHRHHe Ha ycnoeHR H xapaKTep TaK Ha3~eaeMoro ''ceepxHany4aTenb
Horo" ~aaoeoro nepexoAa /cM. 141 /. TaK KaK AeHCTBHe KorepeHT
HOro 3neKTpOMarHHlHOrO nonH 0~4HO npHBOAHT K napannenbHOMy 
ynopRA04eHH~ AHnoneH 151, AnR onHcaHHR 3HeprHH npHMoro aneKTpo
cTaTH4eCKoro aaaHMOAeHCTBHR e pa6oTax11-3/ e~6Hpanocb e~pa~e
HHe BHAa 

-r.~·J(Rr,Rr•)drdr•· J(·)~o. /1/ 

rAe f , f' "' 1, ... , N ; N - 4Hcno yanoe e peweTKe; Rr - KO-
OPAHHaTa f -ro H3ny4aTenR H dr - BeKTOpH~H onepaTop, KOMno
HeHTaMH KOTOporo RBnH~TCR MaTpH~~ naynH. 

B ceR3H c eo3MO~HOH ~H3H4eCKOH peanH3a~HeH MOAenbHO~ aaAa4H, 
npeAflO*eHHOH B pa6oTaxll-3/, 3aMeTHM, 4TO B3aHMOAeHCTBHe, onH
C~Ba~ee cerHeT03neKTPH4ecKoe ynopRA04eHHe e KpHcTannax c eo
AOPOAHYMH CBR3RMH,B~fiHpaeTCR o6~4HO B ~OpMe,cornacy~eHCR C 
/1/ /eM., HanpHMep, 161 /. TaK KaK napannenbHoe ynopRA04eHHe 
KBa3HCnHHOB B cerHeT03neKTPHKaX B03HHKaeT CaMOnpOH3BOnbHO 
npH TeMnepaTypaX HH~e KPHTH4eCKOH, yKa3aHHaR aHanorHR no3BO
nReT npeAnOnO~HTb, 4TO B CHCTeMe cerHeTO~neKTPHK-3neKTpOMar
HHTHOe none npH TeMnepaType HH*e 8c MOmeT B03HHKHYTb ceepx
H3ny4aTenbHaR KOHAeHCa~H~ pe30HaHCHOH MOA~ 3neKTpOMarHHTHOrO 
nonR 171• 

8 3TO~ CBR3H B HaCTOR~eH pa6oTe M~ paCCMOTPHM npocTeHWY~ 
KBa3HCnHHOBY~ MOAenb cerHeT03neKTPHKa THna nOPRAOK-6ecnopRAOK, 
·B3aHMOAeHcTey~ero c pe3oHaHcHOH MOAOH aneKTpOMarHHTHOro nonR, 
H HccneAYeM B03MO~HOCTb B03HHKHOBeHHR CBepXH3ny4eHHR B TaKOH 
CHCTeMe, 

DbE~HEH~~~ ~HCT"TW 

~-'lf ~'!-IOIX .~~r: r: f1; :-· n 8 .:.. HW" 

6M6/rMOTfKA 
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2. YCflOBHR KOHAEHCAUHH ~OTOHHO~ MO~ B CErHET03flEKTPHKE 
C BOAOPOAHO~ CBR3b~ 

PaccMOTPI-iM cerHeT03IleKTPI-1K THna KDP /T. e. Tl-ina KH 2PO 4/, 
B3aHMOAeHCTBY~~I-1H CO CTOR4eH 3IleKTPOMarHHTHOH BOilHOH B peao
HaTope. raM!-1IlbTOHHaH TaKOH CHCTeM~ HMeeT BHA 

}{ = }{ K + J{phot + }{ d-phot • /2/ 

3 }{ u K 6 /8,9/ 
AeCb K- TaK Ha3~BaeM~I-1 raMHilbTOHHaH 0 aRWH , OnHc~-

ea~~HH B3ai-1MOAeHCTBHe A!-inOileH,TYHHeilbH~e nepeXOA~ B ABYXMH
HHMYMHOM noTeH~I-iaile BOAOPOAHOH CBR3H 1-1 B3aHMOAeHCTBHe AHnOileH 
C 3IleKTpH4eCKHM nOileM, C03AaHH~M nOilRPH~MH CMe~eHHRMH HOHOB 
e peweTKe: 

J{K= }{phon+ J{d + J{d-phon • 

}{phon = 0 b + b ' 

J{d= -£I at _ _! I J(f,f' )a/arz' , 
r 2 rr' 

}{ 
-1/2._ z + 

d-phon = N K 7 a f (b + b ). 

3AeCb 0 - 3Hepr!-1R OnTH4eCKOrO (j)OHOHa, £ > 0 - 1-iHTerpail TyH
Heil!-ipOBaHHR, Jr•) - napaMeTp cerHeT03IleKTPH4eCKOrO B3aHMOAeH
CTBI-1R H K- KOHCTaHTa KBa3HCnHH-(j)OHOHHOH CBR31-1. OnepaTOp 
J<phot B /2/ Onl-ic~eaeT pe30HaHCHY~ MOAY CB060AHOro 3IleKTpo-
U~r""UIATUII'"'\r-n nnna 

}{ phot= w a+ a 

H J{d-phot - B3ai-1MOAeHCTBHe 3IleKTPI-14eCKI-1X AHnoneH C peao-
HaHCHOH <!>OTOHHOH MOAOH 

}{ 
-1/2._ z + 

d-phot =N D7 af(a +3), 

D - dy-;;;-p, 

rAe d - paCCTORH!-ie MelKAY Ml-iHHMyMaMH B noTeH~Haile BOAOPOAHOH 
CBR31-1 H p- nnOTHOCTb cpeA~· To4HOe e~pa»<eHHe AilR D MO»<HO 
nony4HTb no aHanorHH c o6~4HOH MOAeilb~ AHKKe /eM., Hanp!-1Mep~10~. 

KaK 6biilO noKa3aHo e 111 1, KBa3HCnHH-<!>OHOHHOe eaaHMOAeHCTBI-ie 
e MOAeilH Ko6aRwH MO»<eT 6~Tb 3<l><l>eKTHBH~M o6pa3oM y4TeHo aa c4eT 
nepeHOPMHPOBKH napaMeTpa AHnOilb-AHnOilbHOrO B3aHMOAeHCTBHR 

J(f,f')-+ J(f,f') + 2K
2 

(N0)-
1 

• 

oonee Toro, TaK KaK /2/ npeACTaBilfleT co6oH 4aCTH~H cny4aH ra
MI-1IlbTOHHaHa pa60T /1-3/, B TepMOAHHaMI-14eCKOM npeAeile (N-+ 00 ) 

ero MOlKHO 3aMeHI-1Tb 3(j)(j)eKTHBH~M raMI-1IlbTOHHaHOM BHAa 

2 

I( 

l\ 

j( = j(phon +Rpbot + j{d • 
- ±- ... _..1/2 -1 
}{phon= 0 b b , b .e b+ KN ~0 , 

/3/ 
- ±- - 1/2 -1 
J< h =waa, a.ea+DN ~w , p ot 

j{d=-£ I a;- ..LI ~(C,f')azaz,, 
r 2 rr, r r 

rAe 

~ (f,f') .. J(f,f' )+ 2K2 (N0)-
1 

+ 2D 2(Nw)- 1 , 

-1 z 
{ =< N I ar >. 

f 

B 3<l><!>eKTHBHOM raMHilbTOHHaHe /3/ Ka»<AaR H3 noAcHcTeM onpeAene
Ha TaKHM o6pa30M, 4TO COOTBeTCTBy~~He npOCTpaHCTBa COCTORHHH 
He nepeceKa~TCRj CileAOBaTeilbHO, Ka>KAaR H3 nOACI-iCTeM BHOCHT 
He3aBHCHM~H BKilaA B TepMOAHHaMHKy nOilHOH Cl-iCTeM~. CornacHo/12/ 
KOHAeHCa~HR pe30HaHCHOH (j)OTOHHOH MOA~ onpeAeilReTCR BeilH4HHOH 

P .. N-
1 <1a>=D2w-2 e. /4/ 

11CeepXH3Ily4aTeilbHOe11 COCTORHHe 'e03HHKaeT B CHCTeMe npH 
P > 0 14•13/, HaHAeM ycnoBHR, npH KOTop~x P > 0. B 3TOH CBR3H 
3aMeTHM, 4TO 0~4HO B TeOpHH cerHeT03IleKTPH4eCTBa HCnOilb3Y~T 
npH61lH»<eHHe cpeAHero nOilR /nCn/, npHBOAR~ee K YAOBileTBOpHTeilb
HOMy COrilaCHIO C 3KcnepHMeHTOM /9,14/, A!lR KBa3HCnHHOBbiX MOAeileH 
THna /3/ ncn npHBOAHT K T04HOMY pe3yilbTaTy B TOM Cily4ae, KOr
Aa /15/ 

T.e. 

~(f,f')=~· N-1 , ~ =COnst, 

-1 J(f,f')•J•N , J • const. /5/ 
B 3TOM cne~HallbHOM c11y4ae AilR napaMeTpa nopRAKa f nony4aeTcR 
ypaBHeHHe 

f- ~ { ,\-1th(,\8 - 1
). /6/ 

rAe ,\!I! ..; £ 2+ ~2{~ • KaK HeTPYAHO BHAeTb, ~> 0 npH ycnoaHH 

£<g. 8 <8c =dArth(£ g - 1 ). 171 

3anHWeM Aanee ypaaHeHHR ABH»<eHHR AI1R onepa~opoe KBa3HCnHHa 
B npeACTaeneHHH reH3eH6epra C raMHilbTOHHaHOM J{d : 
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d1 ~ t1 C' ( z y y z ) • .w a(f, ) ur, ur + ur ur, • 
dt r 

y z 
!£!. 2 Ell r 
dt 

duZ y 
_:.L ·-2£u r 

dt 

~ ~ (f,f')(ur~ uf + u;rT,z, ), 

YcpeAHRR npasy~ H nesy~ 
K ncn /5/, nony4aeM 

4aCTH 3THX ypaBHeHHH H BHOBb nepeXOAR 

.... 
d~(t) .... .... 
-- = [~ (t) X &(t)], 

dt 

~ (t)"" I2E • 0. 2~~ (t) I. 

/8/ 

-1 a 
rAe ~ (t)"" <N I. ur (t)>. TaKHM o6paaoM, pasHosecHoe 

a J w COCTORHHe CHCTeM xapaKTepH3yeTCR KOrepeHTHOH KBa3HnaPMOPOB-
CK0.:1 npe~eCCHeH K8a3HCnHHOB C 4aCTOTOH 2.\(t), rAe A (t) .. j 6; j/2. 
TpaeKTOPHR KOH~a seKTopa ((t) onpeAenReTCR ypa8HeHHRMH 

~2 +(2 + (2 .c
1

• 
X y Z 

2 ., 

dx+..l..~(z .. c2. 
2 

rAe c1 ,c2 .. const ... /eM. pHc.l/. 3asHCHMOCTb OT speMeHH Z-KoM
noHeHTbl seKTopa ~~LJ onpeAen.AeTc.A ypdaHeHI1eM 

-3 
t = -=4 ----- -1 F(¢(t),k)-F(¢(0),k) I. 

41) 2£ v E2+ ~(C1~-2C2) 
rAe F ( ¢ ,k ) - 3nnHnTH4eCKHH HHTerpan 1 POAa H 

~ ~ 2 4--
¢(t):! arcsinl~z(t)·- 2 VE(C2 -E +y) VY I. 

v cc1 (
2
- c: )[2~P(y+E 2- c2 ~)+~ ~t)l 

.2 1)C1E2-C 2 k= ---- -
- 2 ~ v y (C2fj- E2+ y) • 

Y""EV£2+ ~(C 1 ~-2C2 ). 

HTaK,nPH' sblnOnHeHHH ycn08HH /7/ 8 noACHCTeMe AHnoneH npo
HCXOAHT cerHeT03neKTpH4eCKOe ynopRA04eHHe, xapaKTepH3yeMOe na
paMeTpOM nopRAKa/6/H KOrepeHTHOH K8a3HnapMOPOBCKOH npe~eCCHeH 
/8/ KBa3HCnHHOB. B CHny /4/ 3TO COOTBeTCT8yeT MaKpoCKOOH4eCKO
My aanonHeHH~ pe3oHaHcHo.:1 $oTOHHOH MOAbl. TaKHM o6paaoM, 803-
HHKHOBeHHe COOHTaHHOH nOnRPH3a~HH B cerHeT03neKTPHKe MOmHO 
paCCMaTpHBaTb no aHanorHH C 06bi4HOH na3epHOH CHCTeMOH KaK TeM
nepaTypHy~ HaKa4Ky. KorepeHTHOe H3ny4eHHe B TaKOH CHCTeMe MQ-

4 

i·l 

~ 

X 

------

PHc,l. TpaeKTOpHH KoHUa BeKTopa 
~(t), onpe~enHeMaH ypaaHeHHeM 
npe~eCCHH /8/, 

meT 6b1Tb peanH3osaHo, HanpHMep, 
npH 6blcTpo.:1 nepenonRpH3a~HH cer
HeTo3neKTPHKa BO BHeWHeM Knac
CH4eCKOM none. TaKoro POAa 3~
~eKT Ha6n~AancR, nO-BHAHMOMy, 
8 MOHOKPHCTannax BaTi03 npH TeM
nepaTypax HHme 8c 1161 . EcnH C4H
TaTb, 4TO H3MeHeHHe HanpasneHHR 
KnaccH4ecKoro nonR Ha npoTHso

nonomHoe npOHCXOAHT MrHOBeHHO H aAHa6aTH4eCKH, TO MOmHO O~e
HHTb YAenbHY~ MO~HOCTb B03HHKa~~ero npH 3TOM H3ny4eHHR C no
M~b~ COOTHOWeHHfl 

W = (E 8 - E p ) • r, /9/ 

rAe E ... - YAenbHaR 3HeprHR cerHeTo3neKTPH4ecKoro HnH napa3neK
TPH4ecKoro COCTORHHR H T - BpeMR penaKca~HH B KBa3HCnHHOBOH 
nOACHCTeMe. B ncn HMeeM 

E =..!. ~~ 2- .Uh(.\8-1 ), 
s 2 

-1 
EP .. -E th(Ee ). 

AnR BenH4HHbl T MOmHO HCnOnb30BaTb BblpameHHe, nvny4eHHOe B pa
OOTe 1171 : 

2 c 
T - --, 

dw 

rAe C - CKOpOCTb CBeTa. 
3aMeTHM Aanee, 4TO B pa6oTe1181 6blno nOCTpOeHO T04HOe KHHe

TH4eCKOe ypa8HeHHe AnR AOCTaT04HO o6~e.:1 MOAenbHOH CHCTeMbl 
ABYXYP08HeBbiX H3ny4aTeneH, B3aHMOAeHCTBY~HX C KOrepeHTHbiM 
3neKTPOMarHHTHbiM noneM. OpH 3TOM, 8 4aCTHOCTH, 6blno noKa3aHo, 
4TO B TaKOH CHCTeMe MomeT B03HHKHYTb KOnneKTHBHOe cnOHTaHHOe 
H3ny4eHHe npH ycnOBHH KOppenR~HH AHnOneH B Ha4anbHbl~ MOMeHT 
speMeHH. TaK KaK paCCMaTpHsaeMafl 3AeCb MOAenbHaR 3aAa4a OTHO
CHTCR K O~eMy Knaccy, paCCMOTpeHHOMY 8/18/, yKa3aHHbiH peaynb
TaT OKa3bl8aeTCR cnpaBeAnHBbiM H Anfl Hee, npH4eM H3MeHeHHe co
CTORHHR CO 8peMeHeM B paccMaTpHBaeMOH 3AeCb MOAenH o6ycno8ne
HO MrHOBeHHbiM H3MeHeHHeM HanpasneHHR BHeWHero nonR. 

OcTaHOBHMCR Tenepb 6onee nOAPOOHO Ha paccMoTpeHHH 803AeHcT
BHR Ha 11C8epXH3ny4aTenbHYI011 CHCTeMy BHeWHero KnaCCH4eCKOrO no
nR a HeKoTopblx cne~HanbHbiX cny4aRx. 
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3. MOAEnb A~KKE HA PEmETKE B KnACC~4ECKOH nonE 

~3 C006pa*eH~H o6~HOCT~ paCCMOTp~M Tenepb C~CTeMy, xapaKTe-
p~3yeMy~ MOAenbH~M raM~nbTOH~aHOM B~Aa 

J{ + l z -1/? + - + -+ = w a a+ I. £Uc +DN ~ar a+u1 a )+II.(R1 )(a; + u
1
-). 1101 

f + -+ 
3AeCb £=wl2, u-= (all:± iaY)I2 ~ napaMeTp~ II.(Rr) BBOART 
Knacc~4eCKOe none. OrpaH~4HMCR cny4aeM, KOrAa CHCTeMa npeA
cTaanReT co6oH peaoHaTop ~ none 11. -cHHycOHAanbHY~ 

CTOR4Y~ BOnHy: 
-+ .... 

11. (R r ) ~ IL 0 sin ( k R 1- ¢ ) , ILo- const • 111 I 

AnR npOCTOT~ 3aBHCHMOCTb OT epeMeHH 3AeCb ony~eHa. nycTb Ur
cMe~eH~e f-ro H3ny4aTenR H3 nono*eHHR paeHoeecHR ly3na pe
weTKHI: R =f + ur . Pa3nO*HM I 11 I no cMe~eHHRM ii1 : 

... -+ ool..,.-+ n ... 
11. (Rr ) = IL (f) + I. --( u1 v i!1) 11. (f). 

n=1 n! 
OrpaHH4HBaRcb nHHeHH~M no u npH6nH*eHHeM H nepexoAR o6~4H~M 
o6pa30M K npeACTaeneHH~ BTOPH4HOrO KBaHTOBaHHR, BMeCTO nocneA
Hero cnaraeMoro e 110/ nony4aeM 

-1/2 + - -+ + -+ + + 
N I. (u r + u r ) ~ [ B ... (f) (b ... + b .. ) + B.!J. (f) (b ot :+b ... ) ] + I. 0 .b b . , 

r .. Q.j QJ QJ -qJ -q -'!J QJ q,J QJ QJ QJ 

-+ -+ .. -112 i-+f -+-+ 
Bqj (f)= r qj k(2m0qj) e q IL

0
cos(kf-¢), 

rAe ffi- Macca "H3ny4aTenR", ;if j - eAHH~4H~H BeKTUp nUill11JI'I~d
~HH ~OHOHa C KBa3~~MnynbCOM q AnR j -TOH BeTBH ~OHOHHOrO 
cneKTpa. Y4HT~BaR Han~4He CHnbHOH CBR3~ Me*AY AHnOnbHOH H ~o
HOHHOH nOAC~CTeMaMH H CBR3aHHY~ C 3T~M HeCTa6HnbHOCTb OAHOH 
HnH HeCKOnbKHX ~OHOHH~X MOA npH ~a30BOM nepeXOAe 1191, orpaH~-
4~MCR Aanee paccMoTpeHHeM TOnbKO He 6onee 4eM C4eTHoro Ha6opa 
~OHOHH~X MOA. B 3TOM cny4ae, Hcnonb3YR MeTOA pa6oT 11- 31, nony-
4aeM BMeCTO 110/ 3KBHBaneHTH~H eMy 3~eKT~BH~H raMHnbTOHHaH 

6 

j{ • j{phot + j{ phon+ j{d • 

J{d. I. l~u!+ll.(f)urJ: 
f 2 

- 1 2 1 + -N I.[Dw-ur u
1

, 
r' 

+2 ~ 0~1 B .. (f)B;. (f')ur\~ ]I, 
q,j QJ qj '!J 

.:!: .. ± + -1 - + 
J{phot - wa a , a =a +Dw yN<u

1 
> , 

+ 

- .t_ + +-
J{ h = I o .. J b ... b ... , t>.. =b .. + yN A(f)< u

1
][ >, p on q,j q QJ QJ qj qj 

A ·= 0 -QJ.
1 I. B j( t). 

QJ f q 

~ 

~ 

BHOBb HCnOnb3YR aHanorH~ C pa60TOH 1151
, nOCTpO~M 

raMHnbTOHHaH BHAa 
AnR Rd ncn-

- (llCll) z ][ -2 1 + 
J{d = 7 I ~ ur + IL(f)uf - Ir w- (u; C* +Ur C)-

-1 
- ~ ~Oqj [Bq/f) 11~. +B~ (f) 11 -.. 

rAe q .J '!J J QJ 

-1 
]u][I+ND2w- 1CC*+I2NO ... I1 11* .. , 

r q-:j QJ qj qj 

-1 -1 -1 
C=-N I. Z 1 Er th(E 1 8 ), 

f 
-t: -1 -1 

11qj .. -N 7 B Q.j (f) E r Re Z r th (E r 8 

/12/ 

H 

Er =vw2 +4ZrZr*, 

Zr·IL(f)-o2w-1 C- ~ 20:~[B~.(f) 11 * +B* ... (f) 11 ... ]. 
q,j QJ '!J qj QJ QJ 

YpaeHeHHR /12/ no3eonR~T, eoo6~e roeopR, onpeAenHTb He TOnbKO 
MOAYnb napaMeTpa nopR~~a C,KaK B o6~4HOH MOAenH AHKKe, HO 
H apryMeHT.;, (C=ICie 1 

). PeweHHR cHcTeM~ /12/ cy~ecTeeHHO 
3aBHCRT OT AnHH~ BOnH~ H ~a3~ KnacCH4eCKOrO nonR /11/. PaCCMOT
pHM nHWb HeCKOnbKO xapaKTepH~X cny4aee. ~3 C006pa*eHHH Har~RA
HOCTH orpaHH4HMCR cny4aeM, KOrAa 3~eKT~BHa nHWb OAHa MOAa 
~OHOHHOrO nonR 0 qj = (l 1191 , • H 6yAeM C4~TaTb BeKTOP k Kon
nHHeapHbiM OC~ OX /KBa3HOAHOMepHbiH KPHCTann/. 

\..IlY\.fdt-1 I • #-4JU"1MO DV.IInUI n,-;u~--:.~;~~~:::;:-:: ~~-~~ /11 I n::aau::ll nnrTnAI-41-40~ 
peweTKH a H ¢=-rr/2 /eM. p~c.2a/. TorAa 

1L (f) =ILo , B (f) =0. 

BTopoe ypaeHeHHe B /12/ HMeeT TOnbKO TPHB~anbHOe peweH~e 11 =0. 
~Ha4e rOBOpR, np~ TaKOM Bb160pe nonR CHCTeMa OKa3biBaeTCR 11He-
4YBCTBHTenbHOH11 K ManbiM TennOBbiM Kone6aH~RM H3ny4aTeneH B pe
WeTKe. H3 nepeoro ypaeHeHHR /12/ nony4aeM: 

R C C 2 -1 -1 -1 

{ 

e = ][ .. -(1! 0 -0 w .Cx)E th(E8 ) • 

....2 -1 -1 -1 
lm C !I Cy .u w Cy E th (E 8 ), 

E 1 _, 2 0 2 -1.. 2 

/131 

= 2 v w +4( w ex -~-~a) . 
BTopoe ypaeHeH~e /13/ HMeeT TOnbKO Hyneeoe peweHHe ImC =0. 3a
B~CHMOCTb CJ: OT TeMnepaTyp~ 8 AnR pa3nH4H~X COOTHOWeHHH Me*
AY ILo ~ D2 w-1 H3o6pa*eHa Ha pHc.26. AnR Ka*A~X ~HKCHPOBaHHbiX 
1L O ~ o2 w - 1 cy~eCTBYIOT ABe BeTBH peweHHR, OAHa H3 KOTOp~X 
cooTeeTCTeyeT cny4al0 CJ:> 0 /nyHKTHpHaR nHHHR/, a APYraR - Cx<O 
/cnnowHaR nHHHR/. npH ILo-+0 BeTBH c6n~*a~TCR, nepeXOAR np~ 
11. 0 =0 B o6~4HOe peweH~e AnR MOAenH AHKKe lwTpHx-nyHKTHpHaR 
KP~BaR/. TaKaR CHTya~HR HarnRAHO Hnn~cTp~pyeT KOH~en~H~ Kea-
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PHc.2. ~HeHHaH Qeno~Ka HSnyqaTeneH B xnaCCH~eCKOM 
none c ,LVIHHOH eonHbl a H elias oM ¢ =- 77/2 I 2al H 
TeMnepaTypHaH saBHCHMOCTb Be~eCTBeHHOrO napaMeTpa 
nopH.n;Ka Ox I 261. 

Cx.<O 

e 

3HCPeAHHX 6oron~6osa 1201 , cornacHO KOTOPOH CKOnb yrOAHO Manoe 
B03My~eHHe MO*eT npHBeCTH K Ka4eCTBeHHOMY H3MeHeHH~ 8 noseAe
HHH napaMeTpa nopRAKa. 

CpasHHBaR nnoTHOCTH cso60AHOH 3HeprHH, HeTPYAHO noKa3aTb, 
4TO a6con~THO ycTOH4HB~M oKaa~saeTcR peweHHe c Cx<O, TOrAa KaK 
seTBb C Cx>O peanH3YeT nHWb noKanbH~H MHHHMYM CBo6oAHOH 3Hep
rHH. AHanorH4H~H peaynbTaT nony4aeTcR npH aaMeHe ~aa~ ¢=-77/2 
Ha c/>=77/2. TaKHM o6pa3oM,s paccMaTpHsaeMOM cny4ae ~aaoebiH ne
peXOA 8 CHCTeMe OTCyTCTByeT; COCTORHHe CHCTeMbl xapaKTePH3yeTCR 
MOHOTOHHO y6b1Ba~~HM C POCTOM TeMnepaTypbl napaMeTpoM nOPRAKaiCxl· 

Cny4aH 2. AnHHa eonHbl pasHa a H ~aaa ¢= 0, 77 I eM. pHc. 3a/. 

8 

~ 

I 
1 

)L 

I 

I 

J 
I 
I 

npH 3TOM 

(f) B A 
-1/2 -1 -1/2 

11 = 0. (f) = 11o 0 , A =e 2 77a (2m) • 

YpaeHeHHR /12/ npHHHMa~T BHA 
2 1 ....3/2 -1 -1 

C .. [D w- C +2~~oAu ·(7J+7J*)]E th(E8 ), 

-a12 2 -3/a 1 
11• 411

0
AO (D w-1 Ox+ 4~~oAO Re 71 )E- th(ES-1 

), 
/14/ 

1 J 2 972 2 
E = '2 w2 +4 !D w 1 C +4110 AO Re71 I 

e 

a/ 6/ 

ca 

-l a l- e e' e 
c (" 

PHc.3. ~HeHHaH Qeno~Ka Hsny~aTeneH e xnaccH~ecKoM 
none c ,LVIHHOH eonHbl a H clJasoH ¢=0 /3a/ H TeM!lepa
TYPHaH saBHCHMOCTb .n;eHCTBHTenbHOH H MHHMOH ~acTeH 
napaMeTpa nopH.n;Ka C . 

Ha sToporo ypaeHeHHR I 14/ BHAHO, 4TO 11 = Re 71 I 1m 71 =0/. ,llanee, 
cpaBHHBaR nepsoe H BTOpOe ypasHeHHR, HaXOAHM 

-3/2 
11 .. 4110 AO Ox 

/15/ 

npeAnOnO*HM' 4TO Cy J. o. B 3TOM cny4ae npH 11 0.; 0 nony4aeM 
Cx=O. AnR C y HMeeT MeCTO cTaHAaPTHOe ypasHeHHe 

cyJw 2 +4D 4w-2 c;=2D 2w- 1 th()w2 +4D 4 w- 2 c;/28). 

TaKHM o6pa30M, npH 8<8
0

• w /2Arth(w2 /2D2 ) a CMCTeMe 
B03HHKaeT ynopRA04eHHe, xapaKTepH3yeMOe 4HCTO MH~M napaMeT
pOM nOPRAKa 0 =iCy , npH4eM ~HOHHblH napaMeTP nopRAKa 7l paseH 

HY~· 
nycTb Tenepb ex I o. B 3TOM cny4ae Cy=O 11 ypasHeHHe An.R ex 

HMeeT BHA 
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Cx Jw 2 +4(D 2 w -l + 16"'~ A20-3 )2c!. 
=(o2w - 1+16~t 02A20-3 

)th( Jw 2 +4(D2w-1+ 161l 2A2 0 -a /c 2 /28) 
• 0 J: 

1-1 npH 8<8~ ... w/2Arthlw/2(D2w-~16"'~A20-3 )1 
B CHCTeMe B03HHKaeT ynopRA04eHHe, xapaKTepH3yeMOe 4HCTO Be~ecT
BeHH~M napaMeTpOM nopRAKa C=Cx, npH4eM B CHfly /15/ ~OHOHH~H 
napaMeTp nopRAKa TaK*e OTfli-14eH OT HYflR. HcHo, 4TO 8c<8~.Aa
nee, HCCfleAOBaHHe CB060AH~X 3HeprHH noKa3~BaeT, 4TO YCTOH4HB~M 
6yAeT BTopoe H3 yKaaaHH~x peweHHH /T.e. c ex~ 0/. TaKHM o6-
paaoM, e 3TOM cny4ae B03HHKaeT ynopRA04eHHe o6~4Horo THna, 
OAHaKO HaflH4He BHeWHero nonR npHBOAHT K nOB~WeH!-1~ TeMnepaTyp~ 
tPaaoeoro nepexoAa e "ceepxHany4aTeflbHOe 11 cocTORHHe /eM. 
PHC.36/. 

~ a t-
PHc.4. ITHHeHHaR QenoqKa Hanyqa
TeneH B KnaccHqecKoM none c AITH
HOI'i BOnHhl 2a u fh,qqnu ,.~.,---/? 

Cny4aH 3. AflHHa eonH~ pasHa 
2a H ~aaa ¢=rr/2 /pHc. 4 I. 

B 3TOM cny4ae 

+1, f=2k+1, 

sin(kf-¢) = { _ 1, f=2k, k =1,2, .•• ; 

f':nQ ff,f' 1 \ n 
~~-v, 

OTKYAa B(n =0. no3TOMy BTOpoe ypaBHeHHe B /12/ HMeeT TOflbKO 
TPHBHaflbHOe peweHHe. nepeoe ypaeHeHHe npHHHMaeT BHA 

D
2
w - 10- -1 D2w- 1C+ 

c= ll
0 th(E+8 )+ "'o -th(E e-1 ), 

2E+ nt:" -

rAe 

E± -Jw 2+41 ~-'o'F'D2w- 1 C 1
2

• 

PeweHHR 3Toro ypaeHeHHR Ka4eCTBeHHO cornacyDTCR co cny4aeM 1. 
RcHo, 4TO npH CABHre tPaa~ Ha rr /T.e. npH ¢• 3rr/2 I Mbl 

CHOBa HMeeM Cfly4aH 2. AHanorH4HO MOryT 6~Tb pacCMOTpeH~ H 
APYrHe eoaMO*H~e CHTya~HH. 

4. 06CYIAEHHE PE3YnbTATOB 

TaKHM o6paaoM, M~ noKaaanH, 4TO cerHeTo3neKTPH4ecKoe ynopR
A04eHHe B KPHCTannax C BOAOPOAH~MH CBR3RMH MO*eT paccMaTpH
BaTbCR KaK TeMnepaTypHaR HaKa4Ka B naaepe, npH4eM KOrepeHTHOe 
3fleKTpOMarHHTHOe H3fly4eHHe MO~eT 6~Tb peanH30BaHO, HanpHMep, 

10 

~ 

il 
~ 

r 

npH 6~cTpOH aAHa6aTH4eCKOH nepenonRp!-13a~Hi-1 cerHeT03fleKTpHKa. 
KaK noKaa~ea~T npocT~e o~eHKH, AflHHa eonHbl TaKoro !-13ny4eH!-1R 
AOfl*Ha ne*aTb e Ml-iflflHMeTpoeoM AHanaaoHe. 

BoaAeHcTeHe KOpOTKoeonHoeoro KnaccH4ecKoro nonR Ha ceepx
H3fly4aTenbHY~ CHCTeMy B Kpi-iCTanne MO*eT npi-iBeCTH K H3MeHeHHD 
TeMnepaTyp~ tPaaoeoro nepexoAa /cny4aH 2/ H Aa*e K Ka4eCTBeH
HOMY H3MeHeHHD noeeAeHHR napaMeTpa nDPRAKa /cny4aH 1,3/. 

3aMeTHM Aanee, 4TO B CHflY CHflbHOH CBR3H Me*AY ~OHOHHOH 1-1 AH
nOflbHOH nOACHCTeMaMH B cerHeT03fleKTPHKaX /11/ B HHX HMeDT 
MeCTO CTPHK~HOHH~e H nbe303fleKTPH4eCKHe 3t1lt1leKT~. nocneAHHe 
TaK*e MoryT paccMaTpHeaTbCR KaK HaKa4Ka npH TeMnepaTypax, npe
e~waD~i-ix T04KY cerHeTo3neKTPH4ecKoro tPaaoeoro nepexoAa. C APY
roH CTOpOH~, B03AeHCTBHe KOpOTKOBOflHOBOro KflaCCH4eCKOro nonR 
MO*eT npHBeCTH K KOMneHCa~HH CTpi-iK~HOHH~X 34lt1leKTOB/cny4aH 1 ,3/. 

Ba*HO nOA4epKHYTb, 4TO B03HHKHOBeHHe ceepxHany4eHHR e cer
HeToaneKTPHKe onpeAenReTcR rnaeH~M o6paaoM ycnoBHRMH cerHeTo-
3neKTPH4ecKoro ynopRA04eHHR /7/, 4TO AenaeT npo6neMy nony4e
HHR KOrepeHTHOrO 3fleKTpOMarHHTHOrO H3fly4eHHR B TaKHX Cl-iCTeMaX 
BeCbMa peanHCT!-14eCKOH. 

B aaKnD4eHHe nOA4epKHeM, 4TO npoeeAeHHOe3Aecb paccMOTpeHHe 
6ea TPYAa·o6o6~aeTcR Ha APYrHe THnbl cerHeToaneKTPI-iKOB 1-1 eoo6~e 
Ha CHCTeM~ C xapaKTepH~M ynOPRA04eHHeM Ai-inOneH. 

nonb3YRCb Cfly4aeM, aBTOp~ B~pa*aDT rny6oKyD 6narOAapHOCTb 
H.H.6oronD6oey /Mn./, H.K.KYAPRB~eey, H.B.CTaCDKy, H.A.4epH!-1-
wn~v R w ~w~nn~v w p nv~n~rwnMV q~ M~nrnu~rnP~~~p nnnpq~~p 

w ., ... ~ 
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AxHeTenH A.H., HeneWKO A.H., ruyHOBCKH~ A.C. 0 KOHAeHca~HH Pl]-82-39 
~TOHHO~ HOAW npH asaHHOAe~CTBHH 3neKTpoHarHHTHoro nonA c cerHeT03neKTPHKOH 

B Ka~ecTae ~H3H~ecKo~ peanHsa~HH HOAenH, nPeAnO*eHHO~ a pa6oTax 11
-

31
• 

paccHOTpeHO a3aHHOAe~cTaHe cerHeT03neKTPHKa THna KDP c pesoHaHCHO~ HOAO~ 
3neKTpoHarHHTHOrO nonA. noKa3aHa B03HO*HOCTb B03HHKHOBeHHA KOrepeHTHOrO 
3neKTpoMarHHTHOrO caepXH3ny~eHHA B TaKO~ CHCTeHe npH ycnoBHH KOppenA~HH 
3neKTpH~eCKHX AHnOne~ . noKa3aHO TaK•e, ~TO B03Ae~CTBHe KOpOTKOBOnHOBOrO 
KnaCCH~eCKOrO nonA HO*eT npHBeCTH K C~eCTBeHHWH H3HeHeHHAH B noaeAeHHH 
napaHeTpa nopAAKa a caepxHsny~aTenbHO~ CHCTeHe. 

Pa6oTa awnonHeHa a fla6opaTopHH TeopeTH~ecKo~ ~H3HKH OHRH. 

C~HMe ~HHeHHOrO HHCTHTyTa AAePHWX HCCneAOBaHH~. AY6Ha 1982 

Akhmetel l A.H., Heleshko A.N., Shumovsky A.S. On the Photon Mode Pl]-82-39 
Condensation In the Ferroelectric-Electromagnetic Field Interaction 

An interaction of the ferromagnetic of KDP-type with resonance mode of 
electromagnetic field is considered. It is shown that the coherent electro
magnetic superradiation can arise in such system when the electrical dipoles 
are correlated. It is also shown that the influence of short-wave classical 
field can lead to .the significant changes in the behaviour of the order 
parameter for the superradiative system. 

The investigation has been performed at the laboratory of the Theoretical 
Physics, JlNR. 
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