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1. BeeoeHue 

0)1.HOH H3 MO)].eJieH cerHeT03JieKTpHKa, HHTeHCHBHO H3y

l.faBliiHXC.R B nOCJie)],Hee BpeM.R, .RBJI.ReTC.R MO)].eJib rapMOHH

l.feCKH CB.R3aHHbiX aTOMOB, Ka)f()],blH H3 KOTOpblX HaXO)].HTC.R 

B .O.IJ.HOl.faCTUl.fHOH noTeHU.HaJ!bHOH .RMe C )].BOHHbiM MUHUMy-
/1 I !2-6! 

MOM /eM. • a TaK)f(e /. 0CHOBHOH 3HepreTu-

l.feCKHH napaMeTp 3TOH MO)].eJIH f 0 - BeJIUl.fHHa rapMo

HUl.feCKOH CB.R3U B e)],HHHU.aX BbiCOTbl noTeHU.HaJibHOrO 6apbe

pa O)].HOl.faCTHl.fHOH .RMbl - onpe)].eJI.ReT THn $a30BOrO nepe

xo)].a: npu f 0 <~< 1 - nepexo.D. Tuna nop.R.IJ.OK- 6ecnop.R.IJ.OK, 

KOTOpblH B CTaTHl.feCKOM npe)].eJie OnHCbiBaeTC.R MO)].eJiblO 

H3uHra; npu f0 » 1 - nepexo.D. Tuna cMemeHHJI, KOTOpbiH 

MO)f(eT 6biTb onucaH B MeTo.D.e caMocornacoBaHHbiX $o

HOHOB 
2

- 4 . B He.D.aBHHX pa6oTax 5 nepexo.D. Tuna cMeme

HHJI 6biJI paCCMOTpeH 6oJiee CTporo, C yl.feTOM HeJIUHeHHbiX 

KOJie6aHUH 60JibliiOH aMnJIUTY.IJ.bl, KOTOpbie 6biJIH HHTepnpe

THpOBaHhl KaK )].BU)f(eHHe 06JiaCTeH nol.fTU O)].HHaKOBO CMe

IIJ.eHHbiX aToMoB. B pa6oTe 6 · 6biJia paccMoTpeHa o6o6meH

HaJI MO)],eJib, KOr)].a, HapJI.IJ.Y CO CTaTHCTHl.feCKHM pa3ynop.R

)].Ol.feHUeM aTOMOB no .Rl.feiiKaM, yl.fHTbiBaeTc.R u .D.HHaMH'IeCKa.R 

HeyCTOH'IUBOCTb KOJie6aHUH peliieTKU, npHBO)]..RIIJ.a.R K nepexo

.D.Y Tuna CMeiiJ.eHUJI. llpH 3TOM B03HHKaeT HeKOTOpaH 3$$eK

THBHaJI 3a)],a'la 0 KOJie6aHUJIX rapMOHH'IeCKOH peliieTKH, 

Ka)f()].biH aTOM KOTOpOH HaXO)].HTCJI B O)].HO'IaCTH'IHOM CJiyqaif

HOM nOTeHU.HaJie, 3aBHCJIIIJ.eM OT TeMnepaTypbl, npH'IeM 

pa3ynop.R)].O'IeHHOCTblO "ynpaBJIJieT" KBa3HCnHHOBa.R no)],

CHCTeMa. llO.D.06Ha.R MO)],eJib MO)f(eT npe)].CTaBJI.RTb npaKTH

l.feCKUH HHTepec )].JIJI cerHeT03JieKTpHKOB, B KOTOphlX 3$$eK

Tbl TYHHeJIHpOBaHHJI He Ba)f(Hbl, HO He06XO)].HM yl.feT He-
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CKOJibKHX HH3WHX ypOBHeH B6JIH3H Ka:>K,IJ;OrO nOJIO:>KeHHJI paB-
/l ' 

HOBeCHJI /a OTJIH'IHe OT KDP 1 I, H B TO :>Ke apeMJI B3aHMO-

,IJ;eHCTBHe aTOMOB H3 pa3HbiX gqeeK ,IJ;O'CTaTOqHo BeJIHKO, 

TaK qyo He06XO,IJ;HM nOCJie,IJ;OBaTeJibHbiH pacqey ~OHOHHOrO 
cneKTpa aceD: peweTKH. 

UeJILIO HaCTOJilQe:B: pa6oTLI JIBJIJieTCJI cTporaJI ~opMy
JIHpOBKa 3TOH MO,IJ;eJIH Ha OCHOBe MeTO,IJ;a KOrepeHTHOro 

noTeHIJ,HaJia, KOTOpbiH npe,IJ;CTaBJIJieTCJI B HaCTOJilQee BpeMJI 

O,IJ;HHM H3 HaH60Jiee 3~eKTHBHLJ-t 1 MeTO,IJ;OB npH HJyqeHHH 

HeynopJI,IJ;O'IeHHLIX CHCTeM /eM. ' /. IloMHMo 6onee no

cne,IJ;oBa TeJILHoro pacqeTa ycJIOBHLIX KoppeJIJIIJ,HOHHLIX ~YHK

IJ,HH CMelQeHHH aTOMOB B HeynopJI)l.oqeHHOH peWeTKe, 3TOT 

MeTO)l. n03BOJIJieT BblqHCJIHTb B JIBHOM BH)l.e H ~OHOHHbiH 

cneKTp peweTKH, KOTOPLIH MO:>KeT 6LITL, HanpHMep, H3MepeH 

no HeynpyrOMY HeKorepeHTHOMy pacceJIHHIO HeHTpOHOB. 

2. 3tjj(JeK1!1U6HbiU 2QMUAb1fiOHUQH 

IlpH o6cy:>K)l.eHHH d>aJoaoro nepexo)l.a B cerHeTOJJieKT

PHKe B onpe,IJ;eJieHHOM npH6JIH:>KeHHH MO:>KHO paCCMOTpeTb 

)l.HHaMHKY JIHWb O)l.HOH nO)l.peWeTKH, ynopJI)l.OqeHHe aTOMOB 

KOTopo:B: H onHcblaaeT ~a30BLIH nepexo)l. 1 II. IIpocTe:B:wu:B: 

B 3TOM npH6JIH:>KeHHH JIBJIJieTCJI MO,IJ.eJib rapMOHHqeCKH CBJI-

3aHHbiX aTOMOB B CTaTHqecKOM noJie V (s i) OCTaJibHbiX, 

He aKTHBHbiX aTOMOB: 

-> 2 
pi 1 -> -> 2 

H=:!l-
2 

+V(s.)l+-
4 

I ¢
1 
.. (s.-s.) 

ffi I i-=/ j J I J /1/ 

• -> 
r)l.e pi H S.- HMnyJILC H KOOp)l.HHaTa aTOMa B y3Jie peweT-

. I 

KH l . liy)l.eM npe)l.nOJiaraTb ,IJ;JIJI npOCTOTbi, qyo KpHTHqec-

KHe CMeiiJ,eHHJI aTOMOB npOHCXO)l.JIT B)l.OJib O)l.HOH OCH KpH

CTaJIJia, )l.JIJI KOTOpbiX noTeHIJ,HaJI HMeeT BH)l. )l.BOHHOH JIMLI: 

V (s . ) = - ~ s ~ + !!. 8 4 
I 2 I 4 j /2/ 

4 

c BLIC(no:B: noTeHu.HaJILHoro 6apLepa u 0 = A 
2 

I 4 B H pac-

CTOJIHHeM Me:>K)l.y MHHHMyMaMH 

MeTpbl CBJI3H ¢ i' OnHCbiBaiOT 
v ] 

TpexMepHoH peweTKe. 

2s0 =v A/ B . O.D.uaKo napa

B3aHMO.D.eiicTBHe aTOMOB B 

CTporoe HCCJie)l.OBaHHe TepMO)l.HHaMHKH CHCTeMbl C ra

MHJibTOHHaHOM /1/, /2/ B03MO:>KHO JIHWb B O)l.HO- H )l.By

MepHbiX cnyqagx /eM., Hanp., 
151

/. B HacTOJilQeii pa6oTe 

Mbl paCCMOTpHM npH6JIH:>KeHHe, KOTOpoe yqHTbiBaeT ~OHOH
Hble B036y:>K)l.eHHJI CHCTeMbl, COOTBeTCTBYIOlQHe MaJiblM KO-

. Jie6aHHJIM aTOMOB B6JIH3H HeKOTOpbiX llOJIO:>KeHHH paBHOBeCHJI 

a Ka:>K)l.OH gqeuKe. IIocne;J;HHe, O.D.HaKo, pacnpe)l.eJieHLI no 

peweTKe CJiyqaHHO H onpe,D;eJIJIIOTCJI CaMOCOrJiaCOBaHHblM 

o6pa30M KOJie6aTeJILHOH H KOHd>HrypaD,HOHHOH qacTJIMH CB0-

60,IJ;HOH JHeprHH. B JTOM npH6JIH:>KeHHH KOOP.D.HHaTLI aTOMOB 

y,IJ;06HO npe)l.CTaBHTb B BH)l.e cpe)l.HHX llOJIO:>KeHHH paBHOBe

CHJI b, H CMeiiJ,eHHH U. 
I I 

s, = b' + u' 
I I I 

/3/ 

H BBeCTH MO,IJ;eJibHbiH KBa3HrapMOHHqecKHH raMHJibTOHHaH 

p_2 
H =2(rm+ o i m 

A 2 1 2 
-1\.u.) + -2 ¢ .. (s. -s. ). 
2 I I 4 i_j 1_1 1 J 

/4/ 

llapaMeTpbl b, H !\. Ollpe)l.eJIHM Ha OCHOBe BapHaiJ,HOHHOrO 
I I 

npHHU.Hna lioronro6oaa )l.JIJI cao6o)l.HOH JueprHH 

F1 = F 0 + < H-H 0 :0 oFI_~c~O, 
, 8b.-- o,\ i 

I 

KOTOPLIH npHBO.D.HT K ypaaueHHJIM: 

2 ., . (., . - 1 + 3 y. ) + 2 f.. (., ' -., ' ) = 0, 
I 1 I j IJ I J 

~ i = 3( ., ~ + y i) -1 , 

r)l.e BBe)l.eHbl 6e3pa3MepHbie BeJIHqHHLI: 

.sb 
11 i = v A i , Yi 

B . 2 =-<.u.>, 
A I 0 f ij = t ¢ij 

/5/ 

/6/ 

/7/ 

/8/ 
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YpaaHeHHe 161 - ycnoBH.H paBHoaecH.R aroMoB a CHCTeMe -

HMeeT BH,!J; pa3HOCTHOrO ypaBHeHH.R H, KpOMe HyJieBoro 

T/i =0, MO)I(eT HMeTb npOCTpaHCTBeHHO Me'H.RIO~HeC.R pemeHH.R 

npH COOTBeTCTBYIOU(eM Bhl6ope KpaeBbiX YCJIOBHH. B ,lJ;aJib· 

HeHliieM paCCMOTpHM rrpH6JIH)I(eHHOe pemeHHe ypaBHeHH.R 

161, rrpe.nrronara.R, qTo T/i MoryT npHHHMaTh JIHliih .nsa 

3HaqeHH.R B Ka)I(,!J;OH .Rqeii:Ke, 1/ + H 1/ _ , COOTBeTCTBYIO~He 
cpe,!J;HHM paBHOBeCHhlM JIOJIO)I(eHH.RM aTOMOB B "npaaoii:" 

H "JieBOH" qaCT.RX O,lJ;HOl{aCTHl{HOrO nOTeHQHaJia 121. llpH 

3TOM npOCTpaHCTBO COCTO.RHHH HCXO,!J;HOrO raMHJibTOHHaHa 

111 3aMeH.HeTc.H Ha6opoM B3aHMHo oproroHaJihHhlx no.n

rrpocrpaHCTB C06CTBeHHhiX COCTO.RHHH raMHJihTOHHaHOB 141 
c npoH3BOJihHhiM pacrrpe.neneHHeM napaMeTpoa 11 i H .,i no 

,lJ;ByM 3HaqeHH.RM 11 a H 11 a B Ka)I(,!J;OH .lll{eHKe, a={± 1). 0qeBH,lJ;

HO, l{TO B 3TOM npH6JIH)I(eHHH HCKJIIOl{alOTC.R H3 paCCMOTpe

HH.R 3$$eKTbl TYHHeJIHpOBaHH.R. 
a 

BBO,!J;.H npoeKQHOHHhle orrepaTOphl t i Ha ,!J;Ba COCTO.RHH.R, 

r.ne i ·biB aTOM KOJie6JieTC.R B6JIH3H nOJIO)I(eHH.R 1/ a' 3d>dJeK· 

THBHhlH raMHJibTOHHaH 141 3anHliieM B BH,!J;e: 

a Cpf)
2 

A a 2 1 a f3 a f3 2 
Herr=It.(-2 +-A (ui) )+- 2 ¢ .. t.t. (s.-s. ). 191 

ia 
1 

m L. a 4 ijaf3 IJ 1 J 1 • 

Ycpe.nHeHHoe ycnoBHe paaHoaecH.R 161 ,!J;JI.R aToMa a .Rqeii:Ke 

i, HaXO,!J;.H~eroc.R B COCTO.RHHH a (t~ =1 ), HMeeT BH,!J;: 
I 

., c.,
2

-1+3Ya )+fot c.,+ +1., I) =0, 
a a ~ - 1101 

r.ne npH ycpe,!J;HeHHH B CYMMe ITO j f i B 161 no KOH$Hry· 

paQH.RM It f l c ycJIOBHeM t f = 1 6Mno Hcrronh 3oBaHo npH-
6JIH)I(eHHe: 

+ -<.,. > =<t . ., + t . ., > = t ., + t ., . 
JC J+ j-C ++ -- 1111 

a 
3.necb ta = < t i >c = 1- t -a - cpe.nHee 'IHCJIO aTOMOB B co-

CTO.RHHH a . YpaBHeHH.H 17 I TaK)I(e CBO,!J;.RTC.R K ,!J;BYM ypaBHe

HH.RM ,!J;JI.R napaMeTpoa A+, A_ : 

A = 3( .,2 + y ) -1, 
a a a Y 

B 2 =-<(ua) 
a A i > · 1121 

6 

CHcTeMa ypaaHeHHH 1101, 1121 BMecTe c raMHJihTOHHaHoM 

191 nOJIHOCTblO onpe,!J;eJI.ReT MO,lJ;eJib. 

3. cPOHOHHbiU cneKmp HeynOpJIOO'leHHOU pewe111KU 

llpH HJyqeHHH ,lJ;HHaMHl{eCKHX xapaKTepHCTHK MO,lJ;eJib· 

HOB CHCTeMbl paCCMOTpHM ypaBHeHH.R ,!J;Jijf dJyHKQHH rpHHa 

I<I>r I oT onepaTopoa cMell(eHHii:: 

D .. c t- t , ) = - i e c t - t , ) < [ u . c t); u . c t , ) 1> , 
IJ I ) 1131 

r.ne npHH.RThi o6Lil{Hbie o6o3HaqeHH.R. Cpe.nHee < ... > onpe

,!J;eJI.ReTC.R C raMHJibTOHHaHOM 191 ,!J;JI.R 3a,lJ;aHHOH KOH$Hry-

paQHH It~ l, TaK qTo cocTO.RHH.R B y3nax (i) H (j) $HKCHpo-

a {1 
BaHhi: u. =U. , u. =U .. <l>ypbe·KOMnOHeHTa no BpeMeHH 

I I ) ) 

<I>r I 131 y.noaneTaop.ReT ypaaHeHHIO: 

2 a 
(mctl -A.!\ t 1· )D .. (cd) ==o .. + L c/).k Dk.(cd), 1141 a IJ lJ k I . ) 

r.ne yqTeHO, l{TO CJiyqanHOH BeJIHl{HHOH .RBJI.ReTC.R O,lJ;HOl{aC· 

TH'IHhlH noTeHQHaJI ;\a , a CB.R3H </) i" O,!J;HHaKOBhi ,!J;JI.R BCeX 
. J 

Y3JIOB. ll03TOMY 3TO ypaBHeHHe MO)I(HO nepenHCaTh B BH,!J;e 

ypaaHeHH.R ~a:HcoHa 

D .. ( cd ) = D -~ ( (J) ) + 2 D . k ( (I) ) V k k ( (I) ) D k . ( (J) ) 
IJ I) k I. . . . ) 

1151 

C ,lJ;HaroHaJibHhiM noTeHQHaJIOM B03My~eHH.R 
a 

V kk ( uJ) = [ t k 1\ a - t\ ( (J)) I A , 

r.ne Hyneaa.R <I>r D.~ ( w) onpe.neJI.ReTc.R ypaaHeHHeM c 3$

dJeKTHBHhiM, B006mb rOBOp.R, KOMnJieKCHhiM napaMeTpOM 

i\(w) BMeCTO cnyqauHoii BeJIH'IHHhi tf A a B 1141. 
~JI.R onpe.neneHH.R ycpe.nHeHHOH no KOH$HrypaQH.RM < ... >c 

<I>r 1131 aocnoJIL3yeMc.R Teopue:H MHoroKpaTHoro pacce.R

HH.R 17 • S/, COrJiaCHO KOTOpOH ypaBHeHHe 1151 nOCJieycpe.n

HeHH.R MO)I(eT fihiTb npe,!J;CTaBJieHO B BH,!J;e: 

D .. (wh< DiJ' (w)> =D?. (w)+I D.0e (w)<Tek(w)> Dk0 .(w)•, 1161 
IJ c IJ Ck I c J 
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r~e MaTpHua pacceHHHH Tfk(w) y~oaneTBOpHeT ypaBHeHHID: 

T .. (w)=V.. 8 .. + ~ V .. D.9J(r.u) To. (w). 
IJ II IJ e II I[_ Lj ' /17/ 

I1onh3YHCh Teneph O~HOy3enhHhiM npH6nH:>KeHHeM MeTO~a 
KOrepeHTHOrO noTeHUHana 

17 
,S/, ~nH napaMeTpa c\ ( u.>) H3 

ycnoBHH < T Ck ( w) ~ = 0 nonyqaeM cne~yromee ypaBHeHHe: 

~ 
a 

<t.(w)> 
I 

Aa -A((,) 
·-----

1-A[\ -c\(w)1D .. (w) 
a 11 

/18/ o: 
a=+,- c 

IlpH 3TOM ycpe~HeHHaH <l>r B /16/ COBna~aeT C HyneBOH 

H, o6na~aH TpaHCnHUHOHHOH HHBapHaHTHOCThiD, MO:>KeT 

6hiTb 3anHCaHa B BH~e: 

... ... ... 
_ i q <ri _ ei J 1 D .. ( w ) = D ~- ( w ) = _L ~ e , I I 9 I 

'J lJ NA q-+ v2 -[.tl(v)+~-f j 

-~ 

r~e e . 
I 

- BeKTOphi y3nOB peweTKH, 

..!....~ 
f q = A i~i 

-· ... iq(C.-Cj) 
¢ .. e ' 

'J 

q 

2 
2 w m H 

v =T, 
f = f ... 0. 0 q = 

IJOMHMO ycpe,D,HeHHOH no BCeM KOHcPHrypaUHHM <l>r /19/, 
Heo6xo,D,HMO eme HaHTH ycnoBHYID <l>r D i(a )· ( w ), KOTopaH 

onpe,D,enHeTcH npH ycpe,D,HeHHH ypaBHeHHH liS/ npH ycno

BHH, 'ITO B yJne i aTOM HaXO~HTCH B COCTOHHHH a· B TOM 

:>Ke npH6nH:>KeHHH, 'ITO H B /18/, cornaCH0/9 / OHa MO:>KeT 

6hiTh npe~cTaaneHa B BH,D,e 

D dw) 
D.( ).(w)=---~----

' a J -
1-A[A -L\ (r.u)] D .. (u>) a 11 

/20/ 

3Ta <l>r n03BOnHeT 3aMKHYTh CaMOCOrnaCOBaHHYID CHCTeMy 

ypaBHeHHH ,D,nH onpe~eneHHH napaMeTpOB /12/ 3cPcPeKTHBHOrO 

raMHnhTOHHaHa /9/, nOCKOnhKY KOppenHUHOHHaH cPYHKUHH 

CMemeHHH a TOMOB Bhipa:>KaeTCH C ee nOMOIUhiD B BH~e: 

8 

II 

' 

1 
\ 

· B 2 B "" 1 -
Ya = A<(u~) > =Aix, dw cth 

2
wT[- -;-ImDi(a)(w+if)], 

/21/ 

I""~ [-~lmD. ).(v+if)]~rRe 
1
-A[A -A(O)]D .. (O) "' r TT •<a I ua II -ooV 

AD ii (0) 

2 
r~e r=TI(A /B)- 6e3pa3MepHaH TeMnepaTypa. I1pH6JIH:>KeH-

Hoe paBeHCTBO 3anHCaHO B cnyqae BhlCOKHX TeMnepaTyp, 

T >> w max ' COOTBeTCTBYIDIUHX KnaCCH'IeCKOMY npe,D,eny' 

KOr~a ,D,OCTaTO'IHO onpe~enHTh <l>r npH HyneBhiX 'laCTOTaX 

v = 0. OcTaeTCH eme HaHTH paBHoBecHMe 3Ha'leHHH napa-

a 
MeTpa t a = < t > . 

4. Kea3ucnwwea.R cucmeMa 

3cPcPeKTHBHhiH raMHnhTOHHaH /9/, nOMHMO cPOHOHHhiX 

(u i ) CO,D,ep:>KHT H KOHcPHrypaiJ,HOHHhle nepeMeHHhie t~ = 
= (1 + aai )12 , r,D,e ai = ± 1, H n03TOMY paBHOBeCHhle 3Ha'leHHH 

KBa3HCnHHa a=< a i > MO:>KHO Henocpe~CTBeHHO Bhl'IHCnHTh 

no MHHHMYMY nonHo:H CBo6o~Ho:H 3HeprHH. O~HaKo Bhl'IHcne

HHe wnypa no KBa3HCnHHOBhiM H cPOHOHHhiM nepeMeHHhiM 

,D,nH MaTpHUhi nnOTHOCTH C raMHnhTOHHaHOM /9/ npe~cTaB
nHeT CnO:>KHYIO npo6neMy, TaK KaK cPOHOHHhie H KBa3HCnHHO

Bhie nepeMeHHhie He paJ~enHIDTCH. Bo3MO:>KHo. npH6nH)J(eH

HOe Bhi'IHCneHHe napaMeTpa a C nOMOIUhiO BapHaUHOHHOrO 

MeTO,D,a, KaK H B pa6oTe/6/, Ha OCHOBe npo6Horo raMHJih

TOHHaHa ,D,nH KBa3HCnHHOBOH CHCTeMhl: 

- 1 -
H = ~h. a. - - ~ 1 .. a. a. , 

S j I I 2 if. j I] I J /22/ 

r_.D.e 3cPcPeKTHBHoe cpe~Hee none h i H o6MeHHaH 3HeprHH 

1 .. y:>Ke HBHO He 3aBHCHT OT cPOHOHHhlX nepeMeHHhiX. BLI-
'J - - -

';!Hcn~B n_po6Hyro _cao6o~HYIO 3HeprHIO F1 = F 
0 

+ < H-H0 >o , 

H 0 = HL + Hs , r ,D,e H L - cooTBeTCTBYIOIUHH npo6HhiH raMHnh

TOHHaH peweTKH, He 3aBHCHIUHH OT a. , H COCTaBHB BapHa

UHOHHhie ypaaHeHHH: oF 1 I ofi. = 0 , '8 F I o j .. = 0, on-
1 ) IJ 

pe~enHM napaMeTphl raMHnhTOHHaHa /22 B BH,D,e: 
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<( a)2 
h.=! ( Pi > 

I a----+ 
a 4m 

A a 2 1 a f3 2 
-r ~ < ( u . ) >) + ""Q ! a¢ .. < ( u . -u . ) > 
'f a 1 ~ af3j IJ 1 J 

/23/ 

-1 A 21 a {32 
J i · = -4 ¢. · -B- ( 1J + + 1] ) - -8 !{3 a {i ¢ .. < ( u . - u . ) > , 

J IJ - a 1J I J 
/24/ 

r.LJ.e a, (i = ± 1. Cpe.LJ.Hee none hi o6ycnoBJieHo pa3HOCTbiO 

KOJiefia TeJihHOH 3HeprHH B .Ll.BYX COCTO.HHH.HX a= ±1 H npH 

a-> 0 ofipa~aeTC.H B HOJih. 3<MJeKTHBHa.H OOMeHHa.H 3HeprH.H 

3aBHCHT OT paCCTO.HHH.H ( 1] + + TJ j Me)I(.LJ.Y paBHOBeCHhiMH no

JIO)I(eHH.HMH aTOMOB B .H'leHKe H BhiWe TeMnepaTyphl CTpyK

TypHoro nepexo)J.a, Kor.LJ.a ( 11+ +TJ _)=0, paBHa Hynro. 

PaccMoTpHM .LJ.anee .LJ.JI.H npocTOThi npu6JIH)I(eHHe Mone

KYJI.HpHoro nOJI.H )J.JI.H KBa3HCnHHOBOH CHCTeMhl, KOr)J.a ypaB

HeHHe )J.JI.H napaMeTpa a (T ), C y'leTOM /23/, /24/, MO)I(HO 

3anucaTh B BH.LJ.e: 

2 
a = th - 1- I a f 0 ( TJ + + TJ ) + 

4r 
!a[ry4 _ _!_i\4 _ 
a a 6 a 

- f 
0
y + 2 ! f. . J1 < u ~ u . > 11 , 

a j IJ A I J /25/ 

a 2 
r)J.e Y'ITeHO, 'ITO B CJiy'lae BhlCOKHX TeMnepaTyp <(p.) >/mc·Tu 

I 

He 3aBHCHT OT COCTO.HHH.H a. B npaByiO 'JaCTh ypaBHeHH.H /25/ 

BXO)J..HT KOppeJI.HU.HOHHhle tiJYHKU.HH H napaMeTphl tiJOHOHHOH 

nO)J.CHCTeMhi, )J.JI.H Bhi'IHCJieHH.H KOTOphlX MO)I(HO HCnOJih30-

BaTh Bhipa)l(eHH.H, nony'leHHhle B n.3. CoBMeCTHOe peweHHe 

noJiy'leHHOH 3aMKHYTOH CHCTeMhl ypaBHeHHH n03BOJI.HeT HC

CJie)J.OBaTh tiJa30BhiH nepeXO)J. B MO)J.eJIH npH pa3JIH'IHhiX 3Ha

'JeHH.HX napaMeTpa CB.H3H f O . 

5. Pe3yA&mam&r u o6cyxoeHue 

AHaJIH3 noJiy'leHHOH CHCTeMhl ypaBHeHHH )J.JI.H KOHtiJHry

paU.HOHHOrO napaMeTpa nop.H.LJ.Ka a ( r) /25/ u napaMeTpoB 

CMe~eHHH TJa(r), ypaBHeHHe /10/ C y'leTOM /12/, /21/, 

10 

• 

nOKa3hJ.BaeT, 'ITO B CJiy'lae MaJihiX 3Ha'leHHH CB.H3H f
0 

<<0,1 
npoucxO.LJ.HT tlla30BhlH nepexo.LJ. Tuna nop.H.LJ.OK-6ecnop.H.LJ.OK 

/BToporo po.LJ.a/ no napaMeTpy a(r), H B npu6JIH)I(eHHH Mo

neKyn.HpHoro non.H /25/ TeMnepaTypa Kropu rk = f 
0 

. 

C .LJ.pyroil cTopoHhl, npu .LJ.OCTaTO'IHo 6onLwux 3Ha'leHH.HX 

CB.H3H: f 0 ::_ 0,25 , ypaBHeHHe paBHOBeCH.H /10/ MO)I(eT 

HMeTh JIHWh O)J.HO He paBHOe HYJIIO peweHHe TJ ( r) npH 

nOJIHOM ynop.H.LJ.O'IeHHH BCeX aTOMOB, TaK 'ITO B 3TOM 

CJiyqae B03MO)I(eH JIHWh nepeXO.LJ. THna CMe~eHH.H. 06a 3THX 

npe.LJ.eJihHhlX cnylfa.H H3y'lanuch paHee /eM. 11 -·61 I, u 

n03TOMY npe)J.CTaBJI.HeT HHTepec paCCMOTpeTh npoMe)l(yTO'I

HYIO OOJiaCTh CB.H3H: f O ~ 0, 1. 
IlpH peweHHlf CaMOCOrJiaCOBaHHOH CHCTeMhl ypaBHeHHH 

npe)I()J.e BCero Bhi'IHCJI.HJIC.H tiJoHOHHhiH cneKTp peweTKH 

2 1 -
p (v )=--1m D .. (v+id 

1T 1 1 

H tiJoHOHHa.H nJIOTHOCTh COCTO.HHHH )J.JI.H KOJiefiaHHH aTOMa 

2 1 ·-
B tiJuKcupoBaHHOM COCTO.HHHH a: p ( v ) = - - Im D "( ) . (v + i £) 

a 17 1 a , 1 

cornacHo ypaBHeHH.HM /18/-/20/ npu 3a.LJ.aHHhlX 3Ha'leHH.HX 

napaMeTpa a . II pH Bhl'IHCJieHHH CYMMhl no BeKTOpaM pe

WeTKH q B /19/ HCnOJih30BaJiaCh MO)J.eJihHa.H nJIOTHOCTh 

COCTO.HHHH B BH)J.e: 

P (v
2
)=l.lo(v 2 -f

0
+f_, 

o N q q 

v 2 s 2fo. 

) 2 2 2 
= -;r v v (2f 0- v ) ' 

rrf 0 

Ha puc. 1 H 2npe.LJ.cTaBneHhl pe3yJILTaThi pac'leTa p(v2 ) u 

p+(v2) B 3aBHCHMOCTH oT napaMeTpa a npu f
0
=0,1. Oco-

6eHHOCThiO paCCMa TPHBaeMOH MO)J.eJIH Heynop.H)J.O'IeHHOH pe

WeTKH .HBJI.HeTC.H 3aBHCHMOCTh CJiy'laHHhlX BeJIH'IHH ~a OT 

TeMnepaTyphl /u napaMeTpa ta /, B pe3yJILTaTe 'lero 

tiJoHOHHhlH cneKTp HMeeT BH)J. cneKTpa H)J.eaJihHOH peweTKH 

He TOp;hKO B nOJIHOCThiO ynopJI)J.O'leHHOH 4Ja3e npH a = 1 
{t + = 1, t _ = 0), HO H nOJIHOCThiO pa3ynop.H)J.O'IeHHOH, a= 0 
(t + =t _ = 1/2 ), nOCKOJihKY B nocJie)J.HeM CJiyqae CJiy'laHHOe 

B03My~eHHe OTCYTCTByeT: ~ + -~ _ =0. 0)1.HaKO nOBe)J.eHHe 

cneKTpa npu a .... 1 H a .... 0 pa3JIH'IHO: B nepBOM cnyqae npu 
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~! o- TJ- (j 

1.01 === 

0.5 

't' 
0.01 0.05 0.1 

Puc. 3. 3aeucuMocmb napaMempoe nop.ROKa om meMnepamypbl 
npu £0 =0,1. 

ynopH.D,O'ieHHH BCeX a TOMOB B COCTOJIHHH a = + 1, BTOpag 

nonoca a = -1 npocTo HC'ie3aeT, a TO apeMH KaK npu 

a--o006e ITOJIOCbl CJIHBalOTCH B O.IJ.HY. 0TMeTHM, 'ITO ciJoHOHHbiH 

cneKTp npu nepexo.D,ax Tuna nopH.D,oK-6ecnopH.IJ.OK o6hl'IHO 

He Bbl'IHCJIHeTCH, H IT03TOMY 3KCnepHMeHTaJILHOe Ha6JIIO.D,e

HHe yKa3aHHhiX oco6eHHOCTeii cneKTpa npe.D,cTaBJIHeT on

pe.D,eneHHbiH HHTepec. 

14 

(j 

tol L 

~ 
0.01 0.05 0.1 . 

Puc. 4. 3aeucuMocmb napaMempoe nop.ROKa om meMnepamypbl 
npu f o= 0,11. 

PeweHue aceii cucTeMbl ypaaHeHHH c y'ieTOM teMnepa

TypHoii 3aBHCHMOCTH napaMeTpa a( r), COrJiaCHO /25/, npe,D;

CTaBJieHO Ha puc. 3 (f o"'O,l)H puc. 4 (f 
0

=0,11). KaK BH.D,HO, 

3Ha'leHHe napaMeTpa f O = 0, 11 JIBJIHeTCJI npe.D,eJILHLIM ,D;JIJI 

nepexo.D,a Tuna nopH.IJ.OK-6ecnopJI.IJ.OK: npu 6onLwHx 3Haqe

HHHX f 0 HeyCTOH'IHBOCTL peWeTKH pa3BHBaeTCJI paHLWe 

ITOJIBJieHHJI Heynop~,IJ,O'ieHHbiX peweHHH, a < 1 . CpaBHeHHe 

ITOJiy'leHHbiX pe3yJILTaTOB C .D,aHHbiMH pa60Tbl /6/ ITOKa-
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3hiBaeT, qTo 6onee ToqHhlii, no cpaBHeHHIO c npH6nH)KeHHeM 
cpe.IJ.Hero nonH B /6/, pacqeT l!loHOHHOro cneKTpa HeynopH
.IJ.oqeHHoii pemeTKH lnpH 0 <a< 1 I He npHBOJl.HT K KaqecT
BeHHO HOBhiM peJynhTaTaM, MeHH.JI HX qHcneHHhle 3Haqe
HH.JI B npeJ].enax 5o/o. 

B 3aKmoqeHHe OTMeTHM, qTo npe)l.ilO)KeHHa.JI HaMH MO
)l.enh c 34l4leKTHBHhiM raMHnhTOHHaHoM I 41, HnH 19 I, onH
ChiBaeT 6onee mHpOKHii Knacc cerHeTo3neKTPHKOB, no cpaB
HeHHIO C J].pyrHMH pa6oTaMH IHanp.,/2- 4/ I, TaK KaK OHa 
CO)l.ep)KHT )l.Ba BapHai.J;HOHHhiX napaMeTpa H n03TOMy no-
3BOn.JieT J].aTh pa3yMHOe HHTepnonHI.J;HOHHOe OnHCaHHe KaK 
nepexo.IJ.y THna nopH.IJ.OK-6ecnopH.IJ.OK no napaMeTpy a(r) , 
TaK H THna cMeii.J;eHHH no napaMeTpy ., (r ). KoppenBI.J;HOHHhle 
34l4leKThi, o6cy)K.IJ.aBmHec.JI B pa6oTax 141 .IJ.nH nepexo.IJ.OB 
THna CMeii.J;eHH.JI, )l.il.JI )l.aHHOH MO)l.enH 6y)l.yT paCCMOTpeHhl 
B OT )l.enhHOH pa6oTe. 
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