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1, BBE.QEHHE 

CerHeT03JleKTpHKM /C3/ THna nop~AOK-6ecnopfiAOK H THna CMe

~eHH~ C TO~KH apeHHA AHHSMHKH peWeTKH pa3J1H~a~TCA senH4HHOi1 

SHrapMOHH4eCKOfO B3814MOAei1CTBJ.1A Kpl-1n14eCKOill MOAbl: 8 nepBOM 

CJ1y4ae xapSKTepeH CI-1JlbHb1M aH rapMOHio13M, 80 BTOpOM - CJ186blill /l ,2/, 

3KcnepHMeHTaJ1bHO 3TO p83I1VII..illle npOABJlReTCR 8 MSJl0\11 BeJH14J.1He 

KOHCTSHTbl Ktaplll-8ei:1ca C H yaKoill TeMnepaTypHoH o6nacn1 CMRfl.le

HliiR KpHTH4eCKOiiJ MOAbl B nepBOM CJ1y4ae H B 6oJlbWOi1 Bef11.14VIHe C 

"' WlllpoKoill o6n'acn1 npHMeHitiMOCn1 aaKoHa KtOplii-BeHca so eTopoM 

cny\..lae /cM. 111 §32/. nocKO!lbKy npi-1MeHeHIIIe o6bi4Hoill Teoplt1i11 soa

My~eHHR, 3$¢eKTliiBHb pa60TSIO~eill A11R C3 Tlllna CMe~eHliiR, CTSHC

Bli1TCR HeB03MO)I(Hb1M 8 Cny4ae Clo1JlbHOf0 8HfSPMOHIII3MS, TO np1r1 On!-1-

CSHHI-1 C3 nma nop.R,QOK-6ecnop.R,QOK o6b14Ho ~t~cnonbSYtOTC.R ncee,qo

cn~t~HOBble MO,Q€Jlltl, Y4VITbiBa~ltle Illt!Wb Hlt\3WVI€ 3HepreTiti4€CKVI-€ co

CTOAHVIfl/2,l/, 8 H€KOT0pbiX CJly4aAx, O,QHaKo, MO>KeT peailJ.130BaTbCA 

npoMe>KyT04HaA CJ.1TYai..IJ.1R: Kpi-1Titi4€CKJ.1€ KOJle6aHJ.1A MoryT 6btTb CJ.1IlbHO 

aHrapMOHH4€CKVIMJ.1, HO y4eT TOJlbKO HVI3WVIX COCTOAHJ.1~ H€,QOCT8TO

'-I€H. B onpe,QeneHHOM CMbtcne MO>KHO roeop~t~Tb o nepexoAe OT C3 

Ta.1na nopA,QOK-6ecnopA,QOK K C3 TJ.1na cMe~eHI-1A. TaKa~ nepexo,Q, 

HanpJ.1M€p, peailJ.13Y€TCfl AJl.R BH€1..1€HTP0BbtX npHMeCei1 8 J.10HHbiX KpH-

CTailJ1aX /nma Li + e KCl I, r,Qe He6onbwoe H3MeHeH~t~e nocTOAH-

HOYI peweTKVI I- 0, 5%/ npVI Ae~cTBHI-1 BHewHero ,qaeneHHA nepeeo,Q~t~T 

TyHH€Ili-1PY~YIO BH€1..1€HTpOBY~ npi-1M€Cb B Y3€IlbHOe nOilO>K€H\tl€ C Hlt\3KO

'-IaCTOTHOi1 P€30HaHCHOi1 MO,Qoi1 /3/. 

B HaCTOR~ei1 pa6oTe npeAJlO>KeHa MO.Qeilb C3 c CHilbH~M aHrapMo

HVISMoM, ¢a30B~i1 nepeXO,Q B KOTOpoH It\ ,QVIHaM~t~Ka peWeTKH lt\CCil€,QO

BaHbl Ha ocHoee MeTo,Qa caMocornacoeaHHoro ¢oHOHHoro nonR /C<l>n/ 14: 
8 OTilJ.14VI€ OT no,qo6H~X MO,QeneH, r,Qe ,Q11.R onJ.1CaHVI.R aHrapMOHH

'-I€CKOrO B3alt!MO,Qei1CTBVI.R HCnOilb3Y€TC.R O,QH0'-18CH14Hbl~ noTeHu,HaJl 

T1-1na x 4 /eM., Hanp~t~Mep, 151 /: 

s HaCTO.R~eH pa6oTe paccMOTpeH noTeHu,~t~an rayccoecKoro T~t~na /eM., 

Hanplo1Mep, 
161 I: 

Ao 2 A0a -b:r.2 Ao 
~--x +--e _ -

2
-x2 +¢(x). 

2 2b 
/2/ 

1 



npH a >1 OOTeH4HBJ1 /2/ lr!MeeT ,QBB MHHHMYMB rnyfiHHOt:i E 0 = 
= (Ao /2b)[a-l-ina] C paCCTORHHeM Me>KAY HHMH 2Xo, CAe x3 =(1/b)lna. 8 CJ1Y4ae CHJlbHOrO aHrapMOHH3Ma, a>> 1, 3TOT noTeH41o1a11 He MO>KeT 
6bJTb annpOKCHMHPOBaH nepBbJMH 4JT6HSMH pa3J10)I(6HHR ¢(x) B BH,Qe /1/ .. XapaKTePHO~ oco6eHHOCTbiO noTeH4Hana /2/ no cpaaH6HHIO 
C /1/ RBJ1ReTCR HeCy~eCTBeHHBR POJlb 8HrapMOHH46CKOrO 83SHMO
,Q6~CTBHR ~(~ B 0611BCTH BbJCOKHX TeMnepaTyp /KOr,q,a cpe,QHe
KBa,q,pBTH4HbJe CMe~eHH.R <u2> >>(1/b) I, H no3TOMY ere MO>KHO 
H8388Tb OOT6H41o1BJ10M C HH3KOTeMnepaTypHbJM aHrapMOHH3MOM. /8 cny4ae 6onbwo~ 3HeprHH HyneBbJX Kone6aHio1~, hw

0
:E

0 , noTeH-
41-1an ~(X) RB11R6TCR CJ1a60aHrapMOHHLleCKHM H B ofiJlaCTI-1 HH3KHX 
TeMnepaTyp/. 8 peaynbTaTe aTe~ oco6eHHOCTio1 noTeH41o1a11a a cny-
4ae CHJlbHoro aHrapMOHirlaMa, a>>l, o6nacTb TeMnepaTypHoro CMRr-
4eHHR KpHTHI.leCKO~ MO,QbJ OKB3bJBaeTCR Y3KO~ H, KaK OOKB3BHO 
a pa6oTe, ~aaoabJ~ nepexoA a Mo,QellH np~r~ onHCBHHio1 ero a MeTOAe 
C~n Ka4eCTBeHHO cornacyeTCR C nepeXO,QOM 8 nCeB,QOCOHHOBO~ MO
,q,enH 8 KBaHTOBOM npe,Qene HH3KHX TeMnepaTyp. AH8J10rH4HOe pac
CMOTpeHHe AJ1R npHMece~ BH64eHTPOSOrO THna C noTeH4HBJ10M /2/ 
&!no npoae,QeHo a pa6oTe 171 • 

2. rAMHflbTOHHAH MO~EflH 
H YPABHEHHE aflR nAPAMETPA nOPR~A 

nonb3YRCb npe,qcTBBJ16HHeM 110KBJ1bHOJ1 HOPMBJlbHO~ KOOPAHHBTbl /2/, 
raMHllbTOHHaH MO,QenH C3 aan~t~weM a a~t~,q,e 

2 
H= fl :m• +U(s,JI+! ~ t 1J(s 1-si) 2 

/3/ 
r,q,e pi ~ S i - J10K8!1bHble HOpMaJlbHble lo1MnY11bC H KOOPAHHaTa Kplo1-
TH46CKOH MO,Qbl 121

, m - npHB6,QeHHBR Macca, f t· - B3BHMO,QeJ1cT
BJ.1e CMetqeHHa::i B pa3HbiX 3J1eMeHTapHbiX R4ea::iKax, 

1 i~j. 0,QH04aCTH4Hb1H 
noTeH~Han U(s 1) •~6paH B BHAe /2/. AnR onpeAeneHHR pasHo-
secHbiX nono*eHHH X1 =<S i> Bb14HCI1HM CB06oAHYIO 3HeprHIO: 

F =-T lnSp(e -H/T) , 

H COCTBBHM ypaSHeHHe: 

/4/ 

OpH Bb14Hc.neHHH cpe,q,HHX < ... > no Kone6aHHRM u i =Si-x i OT 
aHrapMoHH4ecKoa::i 4BCTH noTeH~.tHana ¢(s) a /2/ socnonbayeMcR 
nceB,QOrapMQHH4eCKHM OpH6J1H>KeHH6M M6TO,QB C~n/4/, KOr,Qa B KyMy
nRHTHOM paano>KeHH~ Y4HT~BaiOTCR n~Wb cpe,QH6KBa,QpaTH4H~e ~nyK~YB1.4HH Y i = 2b<u ~ >: 

2 



Ao a ! 2 b 
~ -- ---- exp -x --- l 

2b ...;~ 1+ y 

/5/ 

_,2_b __ 

x. !1 - a e 
1 1 + Yi l + ~ f ( ) 0 

1 (l+y.)3/2 j ij xi-xj = • 

1 

/6/ 

rAe BBeAeHo 6eapaaMepHoe B3aHMOAeHCTB!rle f ij = 'ij I A 0 . noAane

Hl-1€ H€HYJ1€BbiX peweHHH (Xi f= 0) B03MO>t<HO npl-1 AOCT8TOLIHO Hl.-!3KOH 

TeMnepaType T <T c , onpeAem'leMoH 1-13 ypaaHeH\.1R 

171 

np~r~ 3TOM TeMnepaTypHaA 38BHCHMOCTb OAHOpOAHOro napaMeTpa no-

PAAK8 Xi =X HaXOAJ.IITCR 1-13 ypaaHeHlr1R /6/ B BHA€ 

ry ~ ...lL ~ [ .l±L1n a J 112 

•o lna (1+Y) 312 

/8/ 

~R CaMOCOrnacoeaHHOrO peweHHA ypaBH€HHH /]/, /8/ H€06XOAHMO 

HaHTYI TeMnepaTypHyiO 3aBHCI-1MOCTb CP€AH€KB8AP8TI-14HbiX ¢)IlYKTY8l-'HH 

y(T) = 2b<u2 >, nonb3YRCb, HanpHMep, MeTOAOM $YHK~L-1H rp\r1Ha. 

3. M~rKA~ MOAA ~ <I>A30BbiA nEPEXOA 

~A onpeAeneHHA $oHoHHoro cneKTpa a MOAenH /3/ aeeAeM WYHK

~~~ rp~Ha /<l>r/ An" CMe~eH~~ 

G ik (t -t')~ «u 1 (t); uk (t')», 191 

rAe npHHATbl 06bi4Hble o6o3H84€Hir!A A.nA ABYXBpeMeHHbiX <I>YHKU,Irlal! rpl-1-

Ha181. CocTaB.nAA ypaBHeH~r~R AB~r~meHl-'1A AflA <1>r /9/ Ha ocHoae MeToAa 

C<l>n 
141, AflR <I>Ypbe-KoMnoHeHTbl <l>r no.ny41-1M: 

~ 

+ ~ 
n=2 

_1_ <l>(n+l)« n I >> (ir) 
u. uk , 

nl 1 

/10/ 

3 



r,Qe BB€,Q€Ha nc€BAOrapMOHH~€CKaR CHnoaaR noCTORHHBR 
a2 -A 0 ~ ~ --<U(x +U) > ~ A 0 + ¢"(x). Jx2 /11/ 

AHrapMOHH4ecKoe aaaHMoAe~cTBHe a~cwHx nopR.QKoa (n23), npH80AR~ee K 38TYX8HH~ $0HOHOB, npeACTaBneHo nocneAHHM 4neHOM 8 /10/, 

n 2 b a a -x ---::== --e 1+ y -ax" /12/ 

nepeHOPMHPOB8HHOe 8 Cp€AH€M $0HOHHOM none B38HMOA€~CTBHe 11 <<u~luk>> (ir) - HenpHBOAHMSR (ir) cJ>r, He COA€P>K8(48R BKn8AOB cpe,QHerJ ¢loHoHHoro nonA /eM. 141
/. YpaaHeHHe AIJR ct>r <<u~(t); uk(t')>> nony4a€TCR aHanorH4HO /10/ npH AH¢l¢lepeH~Hp088HHH no 8TOpOMy apeMeHH t'. B peaynbTaTe /10/ Mo>KeT 6b1Tb 3anHcaHo 8 BH.Qe ypa8-HeHHR ,lla~COHa 

a-:-k1(w) ~ [0° (w)] -l -M (w), 
1 ik ik /13/ 

/14/ 

3AeCb v 2~ w 2/ w ~ ; w~~A of m; f ij ~ f (QJ /A 0 - <!Jypbe-KoM-noHeHTa noTeH~I-Iana eaaHMOAe~cTBHR. t'1acco8blall onepaToP a I 131 onpe,QenReTCR co6CTB€HHO~ (pr.) ~aCTb~ /He COAep>Ka(4eali OAHHO~HbiX ct>r G0 I MHoro¢oHoHHoH ct>r: 
00 1 (n+l)' (m+l) n m (ir.pr) M 'k (w) ~ ~ -- <!J <I> «(u.) ICu k) » w 1 n,m=2 n! m! l 

/15/ 

8 npH6nH>K€HHH 2-ro nopR,QKa M€TOA8 CcJ>n, 8 KOTOpOM npH 8~~HcneHJ.1J.1 MHoro4acTH4HoH ct>r HcnonbayeTCR pac~enneHHe 
<u"(t) u m> ~ n!3 (<u.(t)uk>)" 1 k n,m 1 

nony4aeM cneAyf014ee Bblpa>KeHJ.1e AnR Maccoaoro onepaTopa 14
/ • 

oo 1 (n+1),2 oo oo dw 1 ••• dw n M ·k (w) ~ ~ -(<!> ! f ··· f 1 
n=2 n! -oo -oo w1 + .. ~+W0 -w 

X 

/16/ 

4 



Afi~ O~eHK~ CXOA~MOCT~ CaM.OCOrnacoBaHHOH Teop~~ 803M.y~eH~~ 

8 M.eTOAe C$n paccM.OTp~M 8KnaA Macco8oro onepaTopa 1161 8 CTa

T~4eCKOM npeAene (cu=O) 8 o6nacT~ 8biCOK~X TeMnepaTyp, T >>hw 0 • 

Y4~Tbt8a~ Ol..leHKy AJlfl aHrapMOH~4eCK~x 8ePWL1H I 1 Zl npL1 11 = 0 

(2n) .-- n 
a •~Ae <I> - (aA0 /2byl+y)(2b/l+y) , nony"aeM: 

~ n 
1 ~ _1 8 (__L_) 

(l+y)2 n=3 nl• n,2m-ll+Y 
/17/ 

rAe t = T/(Adb~nocTpoeH~t~e Teop~t~~t~ eo3My~eHL11A no nepeHOPMYIP08aH

H~M B cpeAHeM $OHOHHOM none 8ePWIIIHBM /121 npiii80AL1T K XOPOWeiA 

CXOAIIIMOCTL1 P~Aa 117/ He TODbKO B o6naCTL1 Manoro aHrapMOHL13Ma, 

Y~t<<l, HO Ill 8 o6naCTIII 6onbWYIX ClHlYKTya~~t~H, y>>l. noAo6Ha~ )1(€ 

o~eHKa e KBaHTOBOM npeAene, T ---+0, np~t~BOAIIIT K Bbtpa>KeHYIIO I 17 I 

C 3aM€HOH t -+ ,\ O = h w 0 / (Ao /b) H 01..1€HKOIA Afl~ y -· ,\ 0 • no.ny-

4€HHbl€ 01..1€HKH no3BOn~IOT B nepBOM np~t~6nL1)1(€HHH npeHe6pe4b 8K.naAOM 

Maccoeoro onepaTopa 8 1131 H paccMOTpeTb caMocornacoeaHHYIO 

CHCTeMy ypaeH€HHIA 8 nC€8AorapMOHL14€CKOM npL16nYI)I(€HHJ.1 An~ ~r 1141. 
8 3TOM np~t~6n~t~>KeHHH ADfl onpeAeneHH~ cpeAH€K8BAPBT~4H~X $.nyK-

TYai..IHIA y(T) nony4aeM ypaBHeHHe 

/18/ 

()2 ~I'. +I-! ~t.+w 2 !19/ 
q 0 q q 

IUenb a cneKTpe, n5~t.(T), np" T>T
0 
(q~O) onpeAenReTCR /5/, Ill/ 

8 BHAe 

I'.+(T) ~1- _.::___ 
rl+y)3/2 

" np" T<T c (ry ~0) c y"eToM /8/ - a •~Ae 

- 2 lna a 
1'. (T) ~ 2q -- ~ 2ln-...::.,...,-

1 + y (l+y)3/2 

/20a/ 

/206/ 

B6n~3~ T
0

, rAe I'.(T 0 )~0, paano>KeH~e no r~(T-T0 )/T0 «1 AaeT 

06bt4Hbte COOTHOWeHH~ AJlR 4aCTOTbl 8 npH6m1>K€HHirl CP€AHero Ia AaH

HOM M€TOA€ - ¢OHOHHorol no.n~: 

+ 3 y(T)- y(T 
0

) 

1'. (c)~ 2" ~ar, 
l+y(T

0
) 

/21/ 

y(T
0

) -y(T) 



r.Qe, nonaraR y(T)~T nony41-'!M a =[3(a 213 -1)/2a 213]. MaKcHManb-1 ' ' 3 1 2 Ho+e aHa4eHr.-te uten~-t np~-1 T=O t\";;Jax"' 21n[a/(1+A0) J, H np~-1 T>>Tc 1'1max ""1 /s e,QJ.1HH4ax wo I. Cne,QosaTenbHo, o6nacTb CYilt€CTeeHHoro I-13MeHeHHR 4SCTOTbr MRrKm1 MOAbr B6111113lt1 T c onpe.QenReTcR ycnosHeM a r ~ 1 Hfll-1: 

/22/ 

3Ta 06JlaCTb OKS3biBSeTCR ,QOCTST04HO Y3KOi1, r-1 npl-1 ayl, TO €CTb 8 CJ1y4a€ CHilbHOrO SHrSpMOHI-13MS . 
.llnR o~pe.QeneHI-111 TeMnepaTypbr <Paaosoro nepexo,Qa T c 4epea napaMeTPbl Mo,Qenl-1 cornacHo /7 I, I 18/ nony4aeM ypasHeHI-Ie 

Ao 1 Ao(u ~--:l:-cth~ 
N q6>q 2tc 

B KilSCCt.14ecKOM npe,Qene, Te >> o.J D 

T ~t(0)-1 -(a2/3 -1), 
c 2by2 

/23/ 

/23a/ 
r,qe noCTORHHSR y

2 
= (1/N) 2 (f

0 /o>!) _::1,5 onpe,qemJeTCR nmoM pe-q weTKH. TeMnepaTypa nepexo,qa Tc onpe,QenReTCR xapaKTepHoH 3Hep-rt-~ea:1 cBR31-1 Me>~<AY ~4ei1KaMH ,(o) x6 ~(,(0)/h) H nponop~HoHaJlbHa B€JlH4HHe SHr8pMOHH3Ma a. 
8 KJlaCCH4eCKOM npeAene cornaCHO /21/ MO~€M nony4J.1Tb TSK~e BbfpS}f(€HHe All~ napS3Jl€KTPYfll€CKOill KOHCTSHTbf K10pH-8ei1ca C: 

_c_ ~ -'-'-~ 1 2 
a 3 

a 2/3 

a 2/3 - 1 

rAe /\
2 

= (417Z 2 
/vA0), Z - 3$¢eKTHBHb1i1 3SP~A Ha 3JleMeHTapHyiO 

/24/ 

R4ei1Ky C3, HMeiO!l.IYIO o6beM v. BenHllY!Ha C oKa3b1BaeTcR 6onbwoill AflR C3 co cna6bfM aHraPMOHJ.13MOM, a -1 << 1, COOTBeTCTBYI014J.1X C3 THna CMei4€HHR, 4TO cornacyeTCR C 3KCnepHM€HTQM, 

PaccMoTpHM ceo6oAHYIO 3HeprHIO AflR MOAeflH /3/, nonb3yRcb nceBAorapMQHHI..leCKHM npJ.16JlJ.1>K€HJ.1eM /CM. /4/ /: 

6 

.Lr ~..!:!: ln(2sh 
N N q 

w0 ng ~ 
2T )+¢(x)+ 

Ao 
+--1~ 2ina 

2b 
1 + -y[1 -t.JI = f(ry), 
2 

/25/ 



{3(T) =/3 (1-3 eCT) ), {3 "'--.-::"--='""" 
0 1 + ~(T) 0 (l+y)5/2' 

<!>nyKTya4"0HHbiH napaMeTp ((T) 
li1M€€T Blii,Q 

.;(T) = 3/i0J_ :l: -1 -~ 0,1( 
N q !J4 

q 

a 2/3 -1 

[ 2/3 
o" 

1/2 
) 

/27/ 

I /28/ 

B cny'·lae CHilbHoro aHrapMOHI-13Ma, a »1, o6nacTb TeMnepaTyp c paa
BitiTbiMVI $I1YKTY84li1.RMI<-1, ~> 1, I-1M€€T 06bi4Hyl0 3881-iCIAMOCTb OT 6ea
pS3M€PHOrO pa,q~t~yca eaa~Mo,Qe~cTBIIIR R0 : r.::; RQ6 /eM. 111 I. 
B cny4ae cna6oro aHrapMOHI-13Ma, a -1<<1, 3Ta o6nacTb MomeT oKa
a.aTbC.R 3H8"1VIT€IlbHO y>K€ np~tt $lri31,1'·-I€CKOM pa3yMHOM COOTHOW€Hli1Yt 

napaMeTpoe A0-,(0) !To ecTb f 0 - I I, 
¢aaoebr~ nepexo,q 1- ro po,qa, onV1CbreaeMbl~ paano>KeHHeM /26/, 

B KOTOPOM {3(r -+0) =-2{"30<0, y(r --. Q) > 0, o6yCJ10BJ1€H np~rtH.ATblM 
npVI Bbi'-IJ.1CJ1€Hio11o1 /25/ npH6111<'1>K€HVI€M: K8K nOK838HO B /9/t nC€B,QO

rapMOHli14€CKO€ np!-16Jllii>K€Hll1€ 3KBHB8J1€HTHO CYMMIIIPOBSHIIIIO 8C€X pac

XO,QRU4li1XCA neTJl€BbiX ,QirlarpSMM B l.leTBepHO~ BepWHHe /27/. 

4. CPABHEH~E C APYI~MH MOAEnRMH H 06CY~AEH~E 

8 cnyl.lae cna6oro aHrapMOHH3Ma, a -1 << 1, noTeH~~t~an /2/ 
MOH<eT 6blTb pa3J10>KeH B 06JlaCTH X< XQ no MallO~ BeJ11.1'-lHHe 

bx5=lna << 1 "' annpoKcHM~t~poeaH noTeH~lo1anoM nma /1/ c K03¢l-
¢H~HeHTaM~t~ 

/29/ 

8 cnyl.lae cna6oro aHrapMOHH3Ma Mana TaKme Koppen~~HOHHa~ ¢lYHK-

4~" y =2b<u 2>=(<u 2'>/x~)2Jna« <ulZ:>/x~ - l, no3TOMY 8 no-
llyl.leHHbiX BbiWe ypaBHeHH~X MO>KHO npOBeCTH pa3110H<eHHe no y ~ (a-1) <<1. 
8 pesynbTaTe nonyl.laeM caMocornacoeaHHY~ c~t~cTeMy ypaeHeHH~ ,qnR 
Mo,qen~t~ c noTeHt,4Ha11oM /1/ c napaMeTpaMI-1 /29/, ¢asoBbl~ nepexo,q 
e KOTopo~ paccMaTpHaancR so MHOrHx pa6oTax /eM., Hanp., 15·1° 1 I. 
npH 3TOM nepexo,qy THna CMe~eHH~ B 3TO~ MOAellH COOTBeTCTByeT 
BbJ6op napaMeTpoa A<< ,(O), '-lTO cornacHo /29/ AOCTlr1raeTc~ np1r1 
¢lH3lr1'-leCKYI pa3yMHOM COOTHOWeHYIYI A0 -. (0). 

7 



B cnyyae CHllbHoro aHrapMOHH3Ma 1 a>> 1. paano>KeH~t~e noTeHU.Ha-
na /2/ no bx2_ bx5- 1 HeB03MO>KH0 1 8 I<OppeilRU.HOHHSR ¢lyHKU.YIR 
y(T c)_ a213-1 >> 1. 4TO Tat<me He noason.ReT npoBOAr.1Tb paano>KeHr.1e 
no y a ypaeHeHHRX, nony4eHHbiX 8b1We. T eM He MeHee r.1 8 3TOM 
cnyYae 803MO>KHo pa3yMHoe on~t~caHHe ¢aaosoro nepexoAa, nocKOJlbt<y 
COrJ18CHO /28/ ¢l11YKTY81..\HOHH8R 06J18CTb TeMnepaTyp MO>KeT 6b1Tb 
Mancil In pH r 0 = '(0) 1 A0 _ I I. B MOAenH c noTeH4HanoM I 1 I cny"a10 
CHJlbHOrO aHrapMOHr.13M8 COOTBeTCTByeT Bbl6op napaMeTpOB A/> ,(0), 
t<OTOPbli-1 npr.1BOAI-1T K 6onbwoi.1 aenH4r.1He ¢nyt<Tyau.r.1i.1, ~-A/' (0) . 
YTO He no380J1ReT nony4r.1Tb ¢H3r.14ecKr.1 paayMHoe on~t~caHHe ¢aao8o
ro nepexoAa a MeTOAe C¢n 19•101• no3TOMY 8 cny4ae 0111bHoro 
aHrapMOHY13M8 nepeXOART K nceBAOCnHHOBOMy OnHCSHH~, KOTopoe 
n03B011ReT y4eCTb ABa HJ.13Wr.1X 3HepreTH4eCKr.1X ypoBHR B paMKSX 
MoAem1 ~3r.1Hra c nonepe4HbiM noneM /eM. 11. 21 I. CneKTP KonneK-
TI-1BHblx aoa6y>KAeHHi1 8 3TOi1 MOAelll-1 np\.1 T > T c a nplt16m·HKeHI-11t1 
C!lyLlaHHbiX ¢laa I-1MeeT Blt1A 

E 2 = r 2 -n<<i> .!..th...!::_ Q 2 2T ' /301 

rAe r onpeAe.nReTCR P83HOCT b~ 3Hep r1-1ill ABYX HI-13WHX yp08Heill B 3¢
¢eKTHBHOM OAHOL48CTH4HOM noTeHI..\It1811e, KOTOpbli-1 B MOAelll-1 /3/ YA06-
HO npeACT881-1Tb B BHAe 

U(x) = ~ [A0 + ,(O)]x2 + ¢(x). 1311 
J((j) onpeAeJlReT B381-1MOAel7icTBI-1e soa6y>KAeHr.111 B pa3Hb1X R4ei.1KaX 

~ 2 ~ H Ane MOAenH 131 HMeeT BHA: J(q) =4X80 ' (q) • X sa - MST-
p!-14Hbli-1 3.neMeHT no BOJlHOBbiM ¢lyHKU,HRM HI-13Wr.1X COCTORHHi-1 B /31/, 
AJ1R OU,eHK\.1 KOTOpOro BOCnOJ1b3yeMCR npH6J1H)f(eHHeM: 

x 2 =hw/2mw 2 , hw=r. 
sa 

A.nR conOCTaB.neHHR cneKTpa /30/ C 48CToToH MRrKcii-1 '¢loHOHHOi-1 
MOAbl /19/ npl-1 OU,eHKe r HCnO!lb3yeM 8H8110rH4HOe /11/ npi-16IlJ.1>KeHI-1e 
cpeAHero ¢lQHOHHoro nonR AllR noTeHu.1-1a11a /31/*: 

r2_,(0)+~[1- a l 
- m m (l+yo)372 ' 1321 

rAe y 0 "" h b/m r "" A 0 - ¢.nyKTY8U.14H' onpeAe.nReMble Hy.neBblMH 
t<one6aHHRMr.1. YYHTblBSR 3TH ou.eHKH, AJlR cneKTpa /30/ nonyYaeM: 

E~=r 2- ,(q) th.!:...= ., 2[1- __ a __ J + 
q m 2T 0 (I +y )3/2 /331 

~ 0 
+ !lQL(I-th.!:_) +' (O)-,(q) th..!:._. 

m 2T m 2T 

* CpasHeHHe /32/ c TOLlHbiM peweH~eM ypaaHeHI1R WpeAHHrepa AilR 
noTeHu,Hana /2/ noKaablaaeT, 4TO /32/ AaeT xopowy~ ou,eHKY a o6-
nacTH a/>. 'l/2 ;; 5. 
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not<a)f(eM, 4TO B c.ny4ae HVI3KVIX TeMnepaTyp, T <<f', KOf.Qa .QO-

CTaT04HO y4eCTb IlYIWb nepBbltii B036y)f(,Q€HHbttii YPOB€Hb, 3TOT cnet<Tp 

cornacyeTCA c /19/. J1nA nora o~eHHM senH4HHY y(T) s /20a/ 
e npV16IlH)f(eHHVI, aHanorH4HOM cpe,QHeMy non~ e /30/: 

A 1 
y(T) < -N° :l: -;;- [ 1 + 2n(T)] = y0 [1 + 2n(T)], 

q 2"q 
/34/ 

"1/T -1 
rAe n ( T) < ( e -1) , w ~ < ~ (0) /m . 
e c.ny4ae HYI3KVIX TeMnepaTyp, n(T) << 1, 

noACTaBDRA /34/ B /20a/ 
ADA /19/ nony4aeM: 

n2=[1- a ]+l.. a ~-2n(T)+w2 
q (1+y)3"2 2(1+y)3/21+y q 

/35/ 
0 0 0 

B paccMaTpHeaeMoM HaMH cny4ae CHJlbHoro aHrapMOHH3Ma, a>> 1, 
npVI T;?_' Tc HMeeM: y

0 
-a 213 >>1, VI n03TOMy w6-I' 2 << 1 

I 
H 1- thw <2n(T) « 1. CneAOBaTenbHO, cneKTPbl /33/ H 1351 Ka-
4eCTBeHHO cornacyiOTC.R npr.1 Bbl6ope napaMeTpoe A0 .. tp(O) (w0 -w 0 ). 

B 3TOM cny4ae TeMnepaTypa $a3oeoro nepexo,Qa s o6e111x Mo,Qe.n.Rx 

Ol.I€HH B8€TC.R Bbtpa)f(€HH€M 

T ~ 
c 

1 + q -1 
<u

0
0n---) 

1- q 
1361 

a 
1- q < , -1 <d . 137 I 

(1+yo)32 

Tat<HM o6pa3oM, npe,QJlO)f(eHHa.R MO,Q€Ilb C nOT€Hl.IHaJ10M /2/ B OTI1VI-

4YI€ oT /1/ no3eo.n.ReT ,QaTb pa3yMHoe onHcaHHe $a3oeoro nepexo,Qa 

H e cny1.1ae CVIJ1bHoro aHrapMOH1113Ma, a>> 1, KoTopoe cor.nacyeTc.R 

C ,QByxypOBH€BbtM npH6m-t)f(€HVI€M 8 KBBHTOBOM npe,Qene HH3KVIX TeM-

nepaTyp, T c <<wn • B Knacct.14ecKoM npe,Qene BbtCOKvtx TeMnepa-

TYP, T c >> f, $B30Bbttii nepeXO,Q 8 nceB,QOCnHH080tfi MO,Q€Ill-1 COOTBeT

CT8Y€T nepeXOAY B 06bt4HOtfi MO,Q€J1H ~3J.1Hra (J(O) >>I~), COnOCTaB

J1€HJ.1e KOTopotfl C MO,QeilbiO M.Rrt<Otfi $OHOHHQti\ MO,Qbl /19/ H€ VIM€€T 

$H3H'-I€CKOro CMbiCila. 

5onee T04Hoe onHcaHII!e $aaoeoro nepexo,Qa "' AvtHBMIIIKH peweTKVI 

e MO,Qent-1 /3/ MO>t<Ho no.ny'-IVITb, Bbt4vtcn.R.R no.nHyiO 4>r I 13/ c y4eToM 

aaTyxaHvt.R, onpe,Qen.ReMoro ImMik (w + i8) · 8 npvt6Jlvt)f{€Hvtt.1 I 16/. 
B 3ToM c.ny4ae MO)f(HO npoeecTvt cpaeHeHIIIe pac4eToB c 3KcnepHMeH

TaMH Afi.R peanbHblx cerHeT03I1€KTPIIIKOB. B 4BCTHOCTH, 8 K H PO 
npt-1 ,QetliCT8t.1VI 8H€WHero ,QaBJ1€HVI.R Ha6n~,QB€TC.R nO.RBJ1€Ht.1€ pe§oHa~c
HOtli MO,Qbl, o6pa60TKa KOTopotfl 8 ,QByXMO,QOBOM npvt6m-t)f{€HIIIVI noKa-

3btBaeT 3HB'-IHT€J1bHyiO H€J1111H€ti\Hy10 3aBIIICIIIMOCTb 4BCTOTbl M.Rrt<OIIi MO,Qbl 

OT TeMnepaTypbt (T -Tc) ill/. 
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B aaKn~4eH~e asTop 6naroA8PHT B.r.BaKca H B.fl.AKceHosa aa 
o6Cy)f(AeHHe. 
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