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1 . BBE/.IEH~E 

HaseCTHO, 4TO Ae~eKT~ Aa~e npH ManoA HX KOH~eHTpa~HH OKaa~
Bn~T CHnbHOe BnHRHHe Ha TepMOAHHaMH4eCKHe H AHHaMH4eCKHe CBOAcT
Ba KPHCTannos, KOrAa B HHX npoHCXOAHT CTPYKTypHbiA l!Ja30BbiA nepe
XOA/l,2l. 8 3Ha4HTenbHOA CTeneHH MeHReTCR H noBeAeHHe OCHOBHOA 
AHHaMH4eCKOA xapaKTepHCTHKH CTPYKTYPH~X nepeXOAOB - MRrKOA $o
HOHHOA MOA~· 0AHaKO npeACTasneHHR 06 3THX H3MeHeHHRX B HaCTOR
~ee speMR RBnR~TCR nHWb Ka4eCTBeHH~MH H AaneKO He nonH~MH. 

06~4HO BnHRHHe Ae$eKTOB Ha MRrKyn MOAY H3y4aeTCR B npOCTeA
WHX npH6nHmeHHRX THna npH6nH*eHHR cpeAHero nonR ;ncn/ s npeAno
nomeHHH He3aBHCHMOCTH Ae~eKTOs/S~ KOTOpoe B~nOnHReTCR npH npe
AenbHO ManoA KOH~eHTpa~HH Ae$eKTOB,H SHe KpHTH4eCKO~ o6naCTH.3TO 
npeAnonomeHHe CTaHOBHTCR HenpHMeHHMbiM, KOrAa Ae$eKT~ B peaynbTa· 
Te B~COKO~ HX KOH~eHTpa~HH HnH B03paCTaHHR B o6naCTH ~a30BOrO 
nepeXOAa paAHyca KOppenR~HH Ha4HHa~T B3aHMOAe~CTBOBaTb Me*AY 
co6o~. B 3TOM cny4ae Heo6xoAHMO npHMeHRTb 6onee cTporHe MeTOAbl 
KOHl!JHrypa~HOHHOrO ycpeAHeHHR, n03BOnR~~He paccMaTpHBaTb KOp
penR~HOHH~e 3~eKT~ s HeynopRA04eHHO~ cpeAe. HaH6onee npocToA 
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6nHmeHHe THna npH6nHmeHHR CpeAHeA T-MaTpH~~ COBMeCTHO C ncn. 
5onee nocneAOBaTenbH~~ nOAXOA, OCHOBaHHbl~ Ha HCnOnb30BaHHH npH-
6nHmeHHR KorepeHTHoro noTeH~Hana /nKn/ s TeopHH caMocornacosaH
H~x $OHOHOB, 6~n npHMeHeH a 161 AnR onHcaHHR cerHeTo3neKTPH4ecKHX 
TBePA~X paCTBOpOB. 

B HaCTOR~e~ pa6oTe Ha ocHose nOAXOAa, aHanorH4Horo paaBHTOMY 
s/6/, paCCMOTpeHO snHRHHe T04e4H~X Ael!JeKTOB pa3nH4H~X THnOB Ha 
4aCTOTY H 3aTyXaHHe MRrKO~ $OHOHHO~ MOA~ npH CTpyKTypHOM Qaao
BOM nepeXOAe. 8 pa3Aene 2 OnHCaH rnMHnbTOHHaH MOAenH MRrKoA MOAbl 
B KPHCTanne C Ae$eKTaMH 4eT~peX THnos: *eCTKHMH, MRrKHMH, 3aMo
pomeHH~MH /"nonRpH30BaHH0 11 HnH xaoTH4eCKH/ H KBaHTOBbiMH. B 3TOM 
me pa3Aene nony4eH~ ypaBHeHHR, OnHCbiBa~He CTPYKTypy Ae$eKTa. 
B pa3Aene 3 nony4eHa caMocornacosaHHaR CHCTeMa ypaeHeHH~ AnR 
B~4HCneHHR 4aCTOT~ H 3aTyXaHHR MRrKO~ MOAbl npH npOH3BOnbHOA KOH
~eHTpa~HH Ae$eKTOB. B pa3Aene 4 paccMoTpeHo enHRHHe Ae$eKTOB 
Ha noseAeHHe MflrKo~ MOAbl H o6cymAaiOTCR nony4eHHbre peaynbTaTbr. 

2. MOAEilb 

3 AaHHO~ pa6oTe Mbl paccMOTPHM CTPYKTYPH~e $aaos~e nepexOAbl 
THna CMe~eHHR, AnR KOTOp~x xapaKTepHO HanH4He MRrKO~ ~OHOHHO~ 
MOA~- AnR MOAenbHoro onHcaHHR socnonbayeMCR npeACTaeneHHeM no-
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KanbHOH HOpManbHOA KOOPA~HaT~, KOTOpaR on~c~eaeT CMe~eH~R aTOMOB 
B OTAenbHOH 3neMeHT~HOH R4eHKe, Y4aCTBy~~~X B Kp~T~4eCKOM Hop
ManbHOM KOne6aH~~ IS ·MOAenbH~H raM~nbTOH~aH MO~eT 6~Tb 3an~CaH 
B B~Ae I&!: 

P~a Aa 2 8 a 4 
H= ~ t [----x +-X-]+ 

na na 2m 2 na 4 na / 
a 1/ 

1 a~ 2 
+- ~~ tna tn~«<>nn'(Xna- Xn'~) • 

4 nn 
a~ 

rAe npoeKI.l~OHH~A onepaTop tnl = 1- tn2 = l /~n~ 0/, ecn~ e y3ne 
peweTK~ n HaxoA~TCR 3neMeHTapHaR R4eAKa copTa a= 1 /~n~ a= 2/, 
X na, p na - noKanbHble HOpManbHble KOOPA~HaTbl ~ COnpR>KeHH~e ~M ~M

nynbCbl, on~CbiBa1011.1~e KP~T~4ecK~e Kone6aH~R e R4eAKe copTa a y3na 
peweTK~ n, m - np~BeAeHHaR Macca R4eAK~. B3a~MOAeAcTe~e «<>a~, 

a • • nn 
on~CbiBaeT 3$$eKT~BHOe B3a~MOAe~CTB~e R4eeK OAHO~ KOMnOHeHT~ np~ 
a=~ ~ R4eeK pa3HbiX KOMnOHeHT np~ a f. ~. 

B AanbHeAweM 6yAeM nonaraTb, 4TO ocHOBHaR KOMnOHeHTa Ia = 1/ 
RBnReTCR 11MRrKOH 11 

- AnR Hee OAH04aCT~4HbiH noTeHI.l~an ~MeeT ABa 
M~H~MyMa /A 1>0/. TaKaR c~cTeMa xapaKTep~3yeTCR ABYMR napaMeTpa
M~: OTHOC~TenbHOH KOHCTaHTOH CBR3~ fOl ~ napaMeTpOM KBaHTOBOc

T~ A 1: 

fn, 

~ «1>11, 
n' nn 

fil 

2 
«<>ot xot 

'tVOl 

hOot 
A,=--- /1;:!1 

'iVot 

rAe V0J-=Ai/4B 1 - rny6~Ha OAH04aCTH4Horo noTeHLIHana, 2x 01 = 
=2y'A 1 B1 - paccTORH~e MelKAY ero MHHHMyMaM~, n01 =v'A1/m 1 - 4ac
TOTa HyneBbiX Kone6aHHi1. ¢la30BOMY nepeXOAY T~na CMell.leHHR COOT
BeTCT8yeT f O >> 1 . nepeXOA, TO eCTb CMell.leH~e nOJ10~eHHi1 paBHOBeOIR 
4acT~Ll Ha eenH4~HY <x01 > f. 0, B03MO>KeH, ecn~ napaMeTp KBaHToeoc
TH A1 <A~ - v' --r;-- HeKoToporo KP~T~4ecKoro 3Ha4eH~R. 3To 03Ha4aeT, 
4TO 3Hepr~R HyneBbiX KOI1e6aH~i1 AOJllKHa 6b1Tb Mana no cpaBHeHHIO 
c rny6HHOi1 OAH04aCT~4HOro noTeHI.l~ana. np~ Al >Acl <xnl > = 0 Aa>Ke 
npH Hyneeoi1 TeMnepaType, 4TO ~ Ha6J1~AaeTCR B KBaHT08biX CerHeTo-
3JleKTP~KaX /?!. 

Ae$eKTHaR R4ei1Ka /a = 2/ a 3aBHC~MOCTH OT B~Aa OAH04acT~4Ho

ro noTeHLI~ana Mo>KeT 6b1Tb e o6~eM cny4ae HeCKOilbK~x T~noe. EcnH 
A 2 < 0, TO TaKOH Ae$eKT RBilReTCR CTa6~n~3~PY~Ili~M, ~IlH 11lKeCTK~M 11 • 
np~ A 2> 0 H TaKOM COOTHOWeH~H VOl H Vo2 , 4TO B Ae$eKTHOH R4eHKe 
MO>KeT npoHCXOAHTb CMellleH~e 4aCT~Ll~ 3a C4eT ee B3aHMOAeHCTBHR 
c coceAHHMH 4aCT~I.laMH, Ae¢eKT Ha3bteaeTcR 11MRrK~M11 • Ecn~ V02 >> V01 , 
To TaKoA Ae¢leKT 6yAeM Ha3~8aTb cHnbHOaHrapMOH~4ecK~M. B cny4ae, 
eCJlH B03MOlKHbl CTaT~CT~4eCKHe nepeop~eHTaliHH 8 OAH04aCT~4HOM 
noTeHI.l~ane, Aec!JeKT RBJlReTCR 11 nepenOJ1RpH3Y~IliHMCR 11 , ~11~ penaK-
C~PYIOII.I~M/4/. Ecn~ >Ke rny6~Ha noTeHI.IHaJlbHbiX MHHHMYMOB HaCTOJlbKO 
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een~Ka, 4TO a paccMaTp~eaeMOM ~HTepaane TeMnepaTyp nepeop~eHTa-
1.1~~ HeBo3MOlKHbl, To Ae$eKT Ha3~BaeTcR 3aMopolKeHH~M. B ceo~ 
04epeAb 3aMopolKeHHble Ae$eKTbl MoryT 6b1Tb xaoT~4ecK~M~ ~n~ non.R
P~3oBaHHbiMH, 4TO 3aB~CHT OT cnoco6a np~rOTOBJleH~R o6pa31.1a/1/, 

c BoaMolKeH e11.1e OAHH THn Ae$eKTOB, AI1R KOTOPbiX A2 >X2 .TaK~e Ae$eKTbl 
Ha30BeM 11KBaHTOBbiM~11 • 

PaCCMOTP~M Tenepb ycnoe~R paBHOBeCHR B CHCTeMe /1/. npeACTa-
B~M CMell.leHHe Xna 0 HO paBHOBeCH~X nOJlOlKeH~A B BbiCOKO-
CHMMeTp~4HOH /Bbl KOTeMnepaT PHOM/ $a3e B BHAe KBa3HpaBHOBeCHbiX 
nono>KeHJ-111 /a HH3 oTeMnepaTypH A $a3e/ bna=< x na > ~ A~HaM~4ecK~x 
/Kone6aTellbHbiX/ Mell.leHHA Una : na"" b na+ Una (t). YcpeAHeHHble 
no KOJle6aHHRM pe eTKH ypaaHeH~ ABHlKeHHR A11R HOpMallbHOH KOOPAH
HaT~ copTa a a y ne peweTK~ n:d/dt <Pna(t)> = 0, no3eonR~T HaHTH 
KBa3~PaBHOBeCHble onol'<eHHR bna. Hcno11b3YR /1 I npH tna= 1, nony-
4aeM 

t -~«<>a~,( b - b -~) = 0 . 
,~ n,_. nn na n ,... 

bna [-Aa + Ba (b!a+ 3<u:a >)] + 121 

np~ B~BOAe /2/ M~ npeHe6pe 11M aHrapMOHH4eCKOH nonpaBKOA 6onee 
8biCOKoro nOPRAKa < u 8 >, To e Tb ~cnonb308anH np~6nH>KeH~e nepeoro 
nOPRAKa TeOp~M CaMOg~rnaC08 HH~X $OHOH08 - np~6Jl~lKeH~e CaMOCO
rnaC08aHHbiX $oHoHo8 /nC~/1 8 1 YcpeAHRR Tenepb a /2/ 4!1eH c e3aM
MOAeikTe~eM no KOHc!J~rypall~RM npHMeceA < ... > c 8 y3nax n 'f, n ~ 
npeHe6peraR KoppenRI.l~eA a pa o~eHHH npHMeceA, AnR b ~ ba 

• na 
HaXOA~M CHCTeMy ypaBHeH~H: 

TJ 1 [77~ +3y1 -1] + c2 fJ2(TJ
1

-712 )-=0, 

'72[K(TJ~ + 3y2)- y] + cl f 62 (T/2- '~t) = 0, 

/3a/ 

/36/ 

rAe BBeAeH~ KOHI.leHTpai.IHR KOMnOHeHT~ COpTa a: C =<t > , H 6e3-
a na c 

pa3MePH~e nepeMeHHble 

Bl B1 2 A 2 B2 12 1 12 
7j = v-b . Y = -< u >, Y = -. K =-. r =- l: «<> , • /4/ 

a A a a A na A B 0 A , nn 
1 1 1 1 1° 

KaK BHAHO H3 ypaeHeH~i1 /3/, AI1R onpeAeneHHR TeMnepaTypHoro no8e
AeH~R napaMeTpoe noPRAKa Heo6xoAHMO 3HaTb cpeAHeKnaApaT~4Hble 
CMell.leHHR, KOTOpble Mbl onpeAem1M B CJleAYIOII.IeM pa3Ae!1e. 

3. CAMOCOrJlACIJBAHHOE Bb14HCJ1EHHE OAH01>0HOHHO~ c!JYHKL!M"PI rPHHA 

PaccMOTPHM A8yxepeMeHHble c!JYHKLI~H rpHHa /$r/ oT onepaTopo8 
CMeUieH~A una= X0a-<x

0
a> AnR raMHJlbTOHHaHa /1/: 
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, 
00 

<It;) icu(\-t') 
D , (t - t ) = « u (t); u , (t ') » = f - e D , (cu), 

on n n _;,. 21r on 

rAe 11CnOilb30BaH~ o6~enpi1HRT~e o6o3Ha4eHI1R 181• 
YpasHeHI1R AB11meHI1R AilR HI1X nocne <I>YPbe-npeo6pa3osaHI1R no 

speMeHI1 11Me~T B11A 

[ ma W
2 

-At b.a ]tna 0 nn '(w) = 

a/3 
= 8 , + I t tka <II k [ D , (cu) - D ,(cu)] • 

/5/ 

!6! 

on k/3 na ""' n on kn 

3AeCb 6b1110 11CnOilb30BaHO nC<I> /8/: << U 
3

1 U , >> os 3 < U 
2 > << U iu ,>>, n n n n n 

BBeAeHbl OAH04aCT114Hble noTeH1..111a!lbl: 

b. = a 
{ 

3(7J ~ + y 1 ) - 1 ' 

3K (7J: + Y 
2

) - Y , 

a = 1, 

a= 2. 
171 

.QnR ynpo~eHI1R 6yAeM C411TaTb, 4TO <lla/3, "' «\n, AilR 11~6~x a = 1 , 2 
11 /3 = 1 , 2 ~. 3ani1WeM ypasHeHI1e /6/ a IINI1Ae ypasHeHI1R llai1coHa 

D , (cu) = 0° ,(w) + I D 0k (w)Vkk (cu)Dk ,(cu) 
no nn k n n 

!81 

c A11aroHa!lbHbiM noTeH1..111a11oM B03My~eHI1R: 

V (CtJ) =A [~cu 2 -!-It (ma CtJ 2 -b. )- I(CtJ)]. 
kk 1 At a ka A 1 a 

/9/ 

KoMnneKCH~H KorepeHTH~H noTeH1..111a11 I(CtJ), seni1411Ha KOToporo 6yAeT 
onpeAeneHa HHme, on11c~saeT MHoroKpaTHOe pacceRHI1e <!>OHOHOB Ha 
OAHOM y311e. 8 OTI111411e OT/6/, 3AeCb B Ka4eCTBe Hy!lesoro npl16!111me
H11R B3RTO nBK, a KOTOPOM iii= ct m1 + c2 m2 11 A = c 1!1 1 + c 2!1 2 • 

.QnR onpeAeneHI1R ycpeAHeHHOH no KOH<I>11rypal.III1RM np11Mecei1 
< ... > c <l>r /8/ 8ocn011b3yeMcR Teop11ei1 MHoroKpaTHoro pacceRHI1R 1101, 
cornacHo KOTopoi1 ypa8HeHI1e /8/ nocne ycpeAHeHI1R MomeT 6~Tb 3a
nl1caHo a 811Ae 

D ,(CtJ)=<D ,(CtJ)> 
on no c 110/ 

0° ,(cu) + I D 0 k (CtJ)<Tka(CtJ)> D~ ,(CtJ). 
on k,l n ~ c r.n 

*Cny4ai1 npOI138011bHbiX Cl11108b1X nOCTORHH~X ~~~:~~ paCCMOTpeH 8/g/ 
B np1161111meH1111 Bl1pTya11bHOro Kpi1CTa!l!la /nBKI. 

4 

HynesaR <1>r a q -npeAcTasneHI111 onpeAenReTcR Bblpa)!(eH11eM 

m 2 - -t 
DS! (cu) .. [At (-cu -b.- (f0 - f -+) - I(cu))] 

q Al q /11 I 

MaTp111..1a pacceRHI1R a 1101 Tkf(w) a ceo~ 04epeAb YAOB!leTsopReT 
ypasHeH111~ 

T , (w) = v (cu)B -+ I von (cu)Dn°e(w)Tnn•(w). on on no f ~ ~ /12/ 

no!lb3YRCb OAHOy3e!lbHbiM npll16!111meHI1eM1101, 113 
HYil~ MaTPI1l.lbl pacceRHI1R (< Tkf (w)> 0 = 0) AilR 
1..111a11a HaxoA11M ypasHeHI1e 

ycnos11R paseHcTaa 
KorepeHTHoro noTeH-

-c1 [ c2 g+ I(u.~)] c 2 { Ot g- I(a>)] 
"'0. /131 

1 + (c 2g + I(cu))A 1D~0 (a>) 1- (c1 g- I(w))A
1
D:

0 
(w) 

B 113/ sseAeHo o6oaHa4eHI1e 

m1- m2 4 
g = (A 2 - !it) + cu2 • I 1 I 

At 
PewaR ypasHeHI1e 1131 OTHOCI1Te!lbHO I(w),HaXOA11M ABa KOPHR: 

[1-(ccc2)gA1D~0 {w)] 1-(c 1 -c2)gA 1 D~0(cu) 
It2(Ctl) =- ± -./(.----·---

, 9A no (,_,, <>A "'o 1 --' 

2 
) + c 1<2 g2 

1 -nn ·-· - .. 1-nn '~' /15/ 

06b14HO B nKn 1-13 3TI1X ABYX peweHI1H Bbl611paeTCR TO, KOTOpoe AaeT 
<I>H3114eCKI1 npaBI1IlbHoe noseAeHI1e Ha6n~AaeM~x ae!111411H. 3aMeTI1M, 
4To a npeAe!le Manblx Ae<l>eKTOB (c 2 «1) peweHII1e I 

1
(cu) 113 /15/ MO)I(

HO nepeni1CaTb B BI1Ae 

c 1 c2 g
2 
At D~n(CtJ) 

I 1 (CtJ) "' o /16/ 
1- gA1Dnn (cu) 

3To 8blpameHI1e coanaAaeT c B~411C11eHHbiM a 1111 no Teop111-1 ao3My~e-
HHi1 np11 C 2 << l . no3TOMY 8 Ka4eCT8e 8blpa)l(eHI1R A11R KOrepeHTHOrO 
noTeH1..111a11a 803bMeM peweHI1e I

1 
(CtJ). 

_ B80AR 6e3pa3MepHy10 nepeMeHHyY.l v 2 = IDCtJ2/ A
1

, Bblpa)l(eHI1e AilR 
Dnn (w) = ~~ (cu) 3an11WeM 8 8HAe 

Ctlmax 
1 1 

oo (v) = A N : z -(Co- f .... ) no 1 q q 
1 

- Al f. 
p(CtJ2)dCtJ2 

z- (()2 
/171 

0 

3/.lecb z = v 2- K- I(v) 11 88eAeHa d>yHK1..111R nnoTHOCTII1 cocTORHI1i1 
p(CtJ2 ), KOTOpy~ 8bl6epeM B AefiaeBCKOM npl161111)1(eHI111: 
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P (w 2 ) = _.,:..&l::.__ 
2(2 r o) 3/2 

1181 

YpaBHeH~e 1151 C Y4eTOM COOTHOWeH~~ 1171, 1181 CTaHOB~TCH ypas
HeH~eM OTHOC~TenbHO ~(0. 

,QnH Bb14~cneH~H cpe,QHeKBa,QpaT~4HbiX cMel!leH~~ Ya B 131, 17 I 
He05XOA~MQ.. 3HaTb ycnOBHble <!>r, KOTOPble onpe,QenHIOTCH cne,QYIOUI~M 
o5pa30M: nn(a)n' (w) =<t nannn'(w)>c. KoH<!>~rypau,~oHHble cpe,QH~e 
B~4~CnHIOTCH np~ ycno~~~, 4TO B y3ne n HaXO,Q~TCH H4e~Ka COpTa a. 
8 TOM me np~5n~meH~~. 4TO ~ B 1131, ycnOBH~e <!>r MOryT 5b1Tb npe,Q
CTaBneHbl B B~,Qe 

nn(l) n'(w) 

n~n ,(w) 

1 + (c 2 g + ~(w)) A 1n~n (w) 

no ,(w) 
nn 

n ~w) = - ) A no ( ) n(2) n 1 + ( ~(w)- c1 g 1 nn w 

l19al 

11961 

Cpc,QHeKsagpaT~4Hble cMellleH~H y a HaXOAHTCH cTaH.QapTHbiM o5pa3oM 
c noMOI!IbiO cneKTpanbHbiX TeopeM ~ <l>r I 191. YpasHeH~e AnH H~x ~MeeT 
B~A 

"" .\ v A 
Y =A ( dv cth-a- [--1 Irnn () (v+ if)], 1201 
a a

0 
2(H) 77 nan 

rge sse,QeHa 5e3pa3MepHaH TeMnepaTypa 8 = TI(AiiBd).CaMocornaco
BaHHaH c~cTeMa ypasHeH~~ 131. 171. /1S/. /17/-/2 I onoenenHeT 
OAHO<!>OHOHHYIO <l>r 111 I, 117 I, KOTopaH on~cbiBaeT peaKU,~IO c~cTeMbl 
Ha ,Qe~CTB~e BHewHero 3aB~CHI!Iero oT speMeH~ nonH ~ onpe,QenHeT 
A~HaM~4eCKY~ BOcnp~~M4~BOCTb C~CTeM~ C raM~nbTOH~aHOM Ill 80 
seeM ~HTepsane KOH4eHTpau,~~ ,Qe<)leKTos 0 .$. c 2 ~ 1. non10ca <!lr I A~Ha
M~4eCKO~ BOCnp~~M4~BOCT~I ,QaiOT ~H<)lOpMaU,~IO 0 cneKTpe B036ym,QeH~~ 
a ee cTaT~4eCK~~ npe.Qen lw = 01- o TeMnepaType <)la3osoro nepe
xo,Qa. 

4. B.nHfiHHE ,QE<I>EKTOB HA nOBE,QEHHE MflrKOtl MO,Qbl 

PacCMOTp~M O.QHO~OHOHHYIO <!lr 1111. B nBK 4aCTOTa MHrKO~ MO,Qbl 
onpe,QenHeTCH s~pameH~eM 

2 -
w (q) = Ll + (f

0
- f ) 

"" q 
/211 

np~ Y4eTe npou,ecCOB pacceHH~H QOHOHOB Ha np~MeCHX B nKn 4aCTOTa 
MHrKo~ MOA~ CAB~raeTcH Ha sen~4~HY 8 2{q, v) = - Re ~ {q, v + ic) 
~ y Hee nOHBnHeTCH 3aTyxaH~e r(q, v) = - (llv) Irn ~ (q' v +it}. ,QnH 
Ka4eCTBeHHOrO o5cym,QeH~H paCCMOTp~M npe,Qen Man~X KOH4eHTpaLJ,H~ 
c 2 <<1 H ynpocTHM Bblpame~He 1161 .QnH Maccosoro onepaTopa, no,Q
cTasnHH B 1161 <!>r B nBK n:n(v). Tor,Qa, ~cnonb3YH 1111, 116/, 1211, 
nony4aeM ,Qnfl 4aCTOTbl MHrKO~ MO.Qbl BblpameH~e 

6 

t 

l 

w~(q) = w:(q)- c 1c2 80
2

, 

r,Qe 
2n-o ( . ) 

2 g nn v + H 
8 0 = Re ------

gn~n(v + ic} -1 
.QnH 3aTyxaHHH nony4aeM BblpameHHe 

20-o ( . ) 
1 g nn v + H 

r = c1 c2 r0 , r 0 = - Irn ------
v g0° (v+id-1 

nn 

1221 

1231 

1241 

TeMnepaTypa nepexo,Qa onpe,QenHeTCH H3 ycnoBHH o6pa111eH~H B Hynb 
o6paTHO~ CTaTH4eCKO~ BOCnpH~Mll~BOCTH X - 1 (q = q c' W = 0) 
= w~(q= qc)• CneKTpaJJbHafl nnoTHOCTb B036ym.QeHH~ I<!JyHKU,~H pacceH
HHH CBeTa HJl~ He~TpOHOBI onpegenHeTCH MHHMO~ 4aCTbiO A~HaM~4eCKO~ 
socnp~~M4~BocT~: S(q, v) - Irnx (q, v + i£) = - IrnD q (v + id. B o6-
nacT~ 4aCTOT w (q) » r <llYHK4~H S(q, v) ~MeeT pe30HaHCHbl~ xapaKTep 
c MaKC~MyMaM~ np~ 4acToTax w = ± w0 (qc) ~ nonyw~p~Ho~ n~KOB I'. 
np~ 3TOM Wo(qc)=w..,(qc), noCKOJlbKY nepeHOPM~POBKa 4aCTOTbl, CBH-
3aHHaH C r ,Q~CnepC~OHHbiM~ COOTHOWeH~HM~, B 3TOM cny4ae TaK>Ke 
Mana. no Mepe np~6n~>KeH~H K T04Ke nepeXO,Qa 4aCTOTa Wo(qc) yMeHb
waeTCH, ~ B o6nacT~ w 0 (q c) <<f' <)lyHK4~H pacceHH~H np~H~MaeT pe-
30HaHCHbl~ xapaKTep c MaKc~MyMaM~ np~ v = 0. B Knacc~4ecKOM npe
,Qene a 3TOM cny4ae 

T 
S(q, v) = 17W~ (q) 

1/ r q 

(llr )2+ 
q 

2 ' v 
1251 

r,Qe speMH penaKCa4~~ rq = r I w~ (q) onpe,QenHeT w~p~HY n~Ka. 
TaK~M o6pa3oM, np~ T _. T

0 
npo~cxo.Q~T nepexo,Q ~3 pe3oHaHcHoro 

pe>K~Ma B.,Qan~ OT To' KOr,Qa w (q) >> r' B penaKCa4~0HHbl~ pem~M 
s6n~3~ T 0 , KOr.Qa w 0 (q) « f'. no~ 3TOM B caMo~ T04Ke nepexo.Qa co
rnacHo 1221 ~CXO.QHaH IB~COK04aCTOTHaHI MHrKaH MO,Qa ~MeeT KOHe4-
HOe 3Ha4eH~e 4aCTOT~: 

w!,(To) = c1 c2 802. /261 

B npocTe~weM np~6n~>KeH~~ s npegene Mano~ KOH4eHTPa4~~ ge<)leKTOB 
3TO 3Ha4eH~e 4aCTOT~ MHrKO~ MO,Q~, KaK ~ ee 3aTyXaH~e 12~1, npo

nopLJ,~OHanbHO c 2• 
B cny4ae 3aMopomeHHbiX ge<)leKTOB B c!>YHKU,~~ pacceHH~H noHBnHeT

CH ,QOnOJJH~TeJlbHO K 1251 KBa3~ynpyr~~ n~K - 4eHTpaJJbH~~ n~K, W~

pHHa KOToporo o6ycnosneHa npo4eccaM~ nepenonHP~3a4~~ ,Qe<)leK-
TOB 11• 4/ , 

C u,enbiO 6onee .QeTaJJbHoro B~HcHeH~H xapaKTepa sn~HH~H ge<!>eKTOB 
Ha nOBe,QeHHe MHrKO~ MO,Qbl 6biJ1 npoBe,QeH 4k1CJ1eHH~~ aHaJ1H3 C~CTe
M~ ypaBHeHH~ 131, 171, 1151, 1171-1201 ,QnH nepeXO,QOB B U,eHTpe 
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p(w2)"" Sw • 1181 
2(2 f o) S/2 

YpasHeHHe 1151 C Y4eTOM COOTHOWeHHH 1171, 1181 CTaHOBHTC~ ypas
HeHHeM OTHOCHTenbHO I(0. 

,lln~ Bbi4HcneHH~ cpeAHeKBaApaTH4HbiX CMellleHHH Ya B 131, 17 I 
Heo6xOAHMQ. 3HaTb ycnoBHble <!lr, KOTopble onpeAen~IOTc~ cneAYIOlllHM 
o6pa30M: nn(a)n' (w) =<t 0 annn'(w)> 0 • KoH<!lHrypai..IHOHHble cpeAHHe 
Bb14HCn~IOTC~ npH ycnogHH, 4TO B y3ne n HaXOAHTC~ ~4eAKa COpTa a, 
8 TOM me npH6nHmeHHH, 4TO H B 1131, ycnOBHble <!lf MOryT 6b1Tb npeA
CTaBneHbl B BHAe 

no ,(w) nn 
nn(l)n'(w) = 1 + (c 2 g + I(w)) Aln~n (w) l19al 

no ,(w) nn __ _ 
nn(2)n~w) = -1-+-(I-(-w)- clg) A 1n~n (w) 

11961 

CpCAHeKBaApaTH4Hble CMellleHH~ Ya HaXOA~Tc~ cTaHAaPTHbiM o6pa30M 
c noMOlllbiO cneKTpanbHbiX TeopeM H <!lr 1191. YpasHeHHe An~ HHX HMeeT 
BHA 

oo ~ v A 
y = ~ f dv cth _a_[- - 1 Imn ( ) (v +if)], 
a a

0 20 11 nan /201 

rAe BBeAeHa 6e3pa3MepHa~ TeMnepaTypa 8 = T/(A~IBd).CaMocornaco
saHHa~ CHCTeMa ypasHeHHH /3/. /7/. /1S/. /17/-/2 I onoenenReT 
OAHO<!lOHOHHyiO <!lf /11/, /17/,KOTOpa~ onHCbiBaeT peaKI..IHIO CHCTeMbl 
Ha AeHCTBHe BHewHero 3aBHCRl!lero OT speMeHH nonr~ H onpeAenr~eT 
AHHaMH4eCKy~ BOCnpHHM4HBOCTb CHCTeMbl C raMHnbTOHHaHOM /1/ BO 
seeM HHTepsane KOHI..IeHTPai..IHA Ae$eKTos 0~ c 2 ~1. non~ca <!lr /AHHa
MH4eCKOH BOCnpHHM4HBOCTH/ .qaiOT HH$OpMai..IHIO 0 cneKTpe B036ym.qeHHH, 
a ee cTaTH4eCKHH npeAen !w = 0/- o TeMnepaType $a3osoro nepe
XOAa. 

4. B.nH.RHHE ,llE<IlEKTOB HA nOBE,llEHHE H.RrKO~ MO,llbl 

PaCCMOTPHM OAHO~OHOHHYIO <!lr /11/. B nBK 4aCTOTa MRrKoA MOAb! 
onpeAenr~eTc~ BblpameHHeM 

2 -
w (q) = ~ + (f

0
- r ) . 

00 q /21/ 

npH y4eTe nPOI..IeCCOB pacce~HH~ QOHOHOB Ha npHMeCRX B nKn 4aCTOTa 
MRrKOH MOAb! CABHraeTc~ Ha senH4HHY 8 2(q, v) =-Rei (q, v + ic) 
H y Hee nor~sn~eTcR 3aTyxaHHe i(q, v) = - (1/v) Im I (q, v + id. ,llnR 
Ka4eCTBeHHOrO o6cymAeHHR paCCMOTpHM npeAen ManbiX KOHI..IeHTpai..IHH 
c 2 <<1 H ynpocTHM Bbtpame!:!_He 116/ An~ Maccosoro onepaTopa, noA
cTasn~~ B 116/ 4lf B nBK n~n (v). Tor.qa' HCnonb3Y~ 111 I. /161' /21 I' 
nony4aeM AnR 4aCTOTbl MRrKOH MOAb! BblpameHHe 

6 

~· 

l 

2 2 ., 2 
wo(q) = wa (q)- c1c2u0' 

rAe 
2n-o ( . ) 2 g nn v + H 

8 0 = Re ---=---
gn~n(v + id -1 

An~ aaTyxaHH~ nony4aeM BbtpameHHe 

1 r = c1 c2 10 , r 0 = - Im 
v 

2-
g n~n (v + it) 
------
g00 (v+id-1 nn 

122/ 

/23/ 

/24/ 

TeMnepaTypa nepexoAa onpeAenReTcR H3 ycnoBHR o6pallleHHR s Hynb 
o6paTHOH CTaTH4eCKOA BOCnpHHMllHBOCTH )( -l(q = q 0 , W = 0) 
= w ~ ( q = q 

0
). CneKTpanbHafl nnoTHOCTb soa6ym.qeHHA l<llYHKI..IHR pacce~

HH~ CBeTa HnH HeHTpOHOB/ onpe.qen~eTCR MHHMOA 4aCTbiO AHHaMH4eCKOH 
socnpHHM4HBOCTH: S(q, v)- Imx(q, v + i£) =- ImDq (v + id. B o6-
nacTH 4aCTOT w (q) >> l $YHKI..IH~ S (q, V) HMeeT pe30HaHCHbiH xapaKTep 
C MaKCHMYMaMH npH 4aCTOTaX W = ± w0 (q

0
) H nonywHpHHOH nHKOB I'. 

npH 3TOM Wo(q 0 },=w.,.(q 0 ), noCKOnbKY nepeHOPMHPOBKa 4aCTOTbl, CBR-
3aHHaR Cl AHCnepCHOHHbiMH COOTHOWeHHRMH, B 3TOM Cny4ae TaKme 
Mana. no Mepe npH6nHmeHHR K T04Ke nepeXOAa 4aCTOTa Wo(q

0
) yMeHb

waeTCR, H B 06naCTH w 0 (q
0

) <<r$yHK1..1HR paCCeRHHR npHHHMaeT pe-
30HaHCHbiH xapaKTep c MaKCHMyMaMH npH v = 0. B KnaccH4eCKOM npe
.qene s 3TOM cny4ae 

.I.J T Q 

T 2 ' S(q, v) = 2(q) (1/r )2+ v 
11w0 q 

/25/ 

rAe speMR penaKCai..IHH Tq = r I w~ (q) onpe.qenReT WHPHHY nHKa. 
TaKHM o6paaoM, npH T-+ T0 npoHCXOAHT nepexo.q H3 pe3oHaHcHoro 

pel!<HMa s..qanH oT T0 , KOrAa w (q) >> 1, s penaKCai..IHOHHbltll pemHM 
s6nH3H T0, KOrAa w 0 (q) <<1'. np~ 3TOM s caMoA T04Ke nepexo.qa co
rnacHo /22/ MCXOAHaR /BbiCOK04aCTOTHaR/ MRrKaR MO.qa HMeeT KOHe4-
HOe 3Ha4eHMe 4aCTOTbl: 

w!<To) = clc2802. /26/ 

B npocTeHWeM npH6nMmeHMH s npeAene Mana"' KOHI..IeHTpai..IHH .qe$eKTOB 
3TO 3Ha4eHMe 4aCTOTbl MRrKOA MOAb!, KaK H ee 3aTyxaHHe /2~/, npo
nOPI..IHOHanbHO C 2• 

B cny4ae aaMopomeHHbiX Ae<!leKTOB s ¢yHKI..IMM pacceRHH~ no~snr~eT
c~ AOnOnHHTenbHO K /25/ KBa3MynpyrMH nMK - l..leHTpanbHbiH nMK, wH
pMHa KOToporo o6ycnosneHa npol..leccaMM nepenonRPM3ai..IMH Ae<!leK-
TOB /l, 41 , 

C 1..1enbl0 6onee AeTanbHOrO BbiRCHeHMR xapaKTepa BnMRHH~ Ae$eKTOB 
Ha nose.qeHHe MRrKOH MOAb! 6btn npOBeAeH 4MCneHHbiH aHanM3 CMCTe
Mbl ypasHeHHH /3/, 17/, 115/, 117/-/20/ An~ nepeXOAOB s l..leHTpe 
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0 l,O ~0 8 o t;o t9 
Pnc.l. TeMnepaTypHaH 3aBncn
MOCTb napaMeTpOB MHrKOH MOghl 
cu!, 82 H ee 3aTyXaHHH lO IIPH 
KOHIJ;eHTpau;«H 11JKeCTKHX11 ~et;eKTOB 

c 2 "'0,1. 

Pnc.2. TeMnepaTypHaH 3aBncn
MOCTb napaMeTpOB MHrKOii MOAJ>I 
cu 2 , 8 2 H ee 3aTyxaHHH l 0 IlpH 
Ko'Hu;eHTpau;nn "MHrKHX 11 ~ei!JeKTOB 
0 "'0,2. 

2 

02 

0,05 

0,10 

0,15 

0,20 

0,25 

Ta6JIHu;a 

3aBHCHMOCTb rrapaMeTpOB MHrKOi% MOAJ>I H TeMnepaTypbl <}Ja30BOro 
nepexo~a OT KOHD;eHTpaiJ;HH ,IVIH 

11)!(eCTKHX11 ~ecl>eKTOB 

w2 ... ro 8o 

0,09 2,8· 10-s 3,5 

0,14 4, 3· 10-2 
2,4 

0,21 6,6. 10-2 I ,5 

0,27 8, 9. 10-2 0,4 

4>a30Bbm nepexo~ OTCYTCTByeT 

30H~ 6pHnn~3Ha; qc = 0. 06eyAHM OTAenbHO BnHRHHe pa3nH4H~X THnOB 
Ae~eKTOB eornaeHO KnaeeH$HKa4HH, npHBeAeHHOH B pa3Aene 2. 

")t(eeTKHe 11 Ae(j)eKT~ npHBOART K yMeHbWeHHIO TeMnepaTyp~ ljla30BOrO 
nepeXOAa, TaK 4TO npH HeKOTOPO~ KPHTH4eeKOH KOH4eHTPa4HH nepe
XOA OTeyTeTayeT /eM. TaKme / 6• 91 /. Ha pHe. 1 noKa3aHa TeMnepa-

8 

TypHaR 3aBHeHMOeTb aenH4HH cu! /21 I' 8 2 =-ReI 1 (v 2 = cu~) , r 0 = 
= (l/cu 0 )Imi 1 (v 2 = cui(,) npH KOH4eHTPa4HH Ae~eKTOB c 2 "' 0,1 H napa
MeTpax MOAenH /1a/, /4/: y =-5, K"' 1, .\ 1 = .\ 2 = 0,01, fo= 20. 
CABHr 4aeTOT~ MRrKO~ MOA~ 82 H 3aTyXaHHe10 B03paeTa~T no Mepe 
npH6nHmeHHR K TeMnepaType ljlaaoaoro nepexoAa 8 0 ,npH KOTopo~ o6-
paTHaR aoenpHHM4HBOeTb x01 = cu! - 8 2 o6pa111aeTeR a Hynb. B 
Ta6n.1 npHBeAeHbl 3Ha4eHHR senH4HH cu~, 82, lo H 80 B 3aBHeHMOeTH 
OT KOH4eHTpa4HH. BHAHO, 4TO 3Ta 3aBHeHMOeTb 6nH3Ka K nHHe~HO~. 
TaKOe me BnHRHHe Ha XapaKTepHeTHKH MRrKO~ MOA~ OKa3~Ba~T H KBaH
TOB~e AeljleKT~. 

3aMeTHM' 4TO B nc~ ~a30Bbl~ nepeXOA B MOAenH I 1 I OKa3biBaeTeR 
nepexoAOM nepaoro POAa· 0AHaKo pa3Mep o6naeTH rHeTepeaHea npo
nOP4HOHaneH 1/f 0, TOrAa KaK 8 0- f 0• no3TOMY npH f 0 > 1 0 3TOT Ae~eKT 
npH6nHmeHHR RBnReTeR HeeyllleeTBeHH~M/8/, 

11MRrKHe11 Ae~eKT~ MOryT KaK yMeHbWaTb, TaK H ysenH4HBaTb TeM
nepaTypy nepeXOAa, B aaaHeHMOeTH OT eOOTHOWeHHR rny6HH OAH04ae
TH4H~X noTeH4HanOB OeHOBHO~ peweTKH Vol H npHMeeH V02 .npH 
v02 > V01 TeMnepaTypa nepexoAa yaenH4HaaeTeR, npH v02 < v01 -

YMeHbwaeTeR /eM. TaKme 11,9/ /. Ha pHe.2 noKaaaHa aaaHeHMOeTb 
aenH4HH cu.;, 82 'H loOT TeMnepaTyp~ npH KOH4eHTpa4HH Ae$eKTOB 
c 2 , 0,2 H napaMeTpax MOAenH y = 10, K =10 /V02 >V01 /,.\ 1 =.\2 = 

= 0,01, f O = 20. - B OTnH4He OT npeA~AYillero eny4aR eABHr 
4aeTOT~ H aaTyXaHHe yMeHbWaiOTeR no Mepe npH6nHmeHHR K 8 0 ,KpoMe 
TOrO, OHH HMeiOT HenHHe~Hy~ 3aBHeHMOeTb OT KOH4eHTpa4HH c 2 , 

B eornaeHH e npoaeAeHH~M s~we aHanH30M npH nepexoAe K 8o 
- .. -- - .. - . - - . - -- - - - -
"""r' .... • '""'"lu, 1"''01"- r1 g ''t-''-"1-\DI...,.J'I.L.\~,... \,..II:/ ""'10~ J ••~ •• n-. .. AVHt"ll 1'"1..:> IJ~.:tvnan'-"nVI v 

a penaKea4HOHHbl~ pemHM: ABa 6oKoa~x nHKa ~YHK4HH paeeeRHHR, 
eoOTBeTeTBy~He MRrKOMY (j>OHy, eABHra~TeR K 4eHTpy, enHBaReb B 
OAHH nHK npH cu =0. 0AHaKo eenH a eny4ae 11>KeeTKHX11 Ae~eKTOB wH
PHHa 3TOrO nHKa ysenH4HBaeTeR npH 8 _. 8 O /TaK KaK l O yaenH4HBaeT
eR npH 8-> 8 0/, TO B eny4ae 11MRrKHX11 AeljleKTOB WHpHHa yMeHbWaeT
eR. 3TOT pe3ynbTaT MOmHO Ka4eeTBeHHO 06DReHHTb, eenH y4eeTb, 
4TO Maeeos~~ onepaTop I 1 (cu) nponop4HOHaneH ¢yHK4HH g 2 /14/, 
KOTOpaR yMeHbWaeTeR npH 8 -> 8 , 

"MRrKHe" Ae~eKT~ npH V02 > ~0 MoryT npHBOAHTb K B03HHKHOBeHH~ 
ljla30BOrO nepeXOAa B 11 KBaHTOBOH 1f CHeTeMe, B KOTOPOH A> A c H eTpyK
TypH~~ nepeXOA a o6~4H~x yenoBHRX He npoHeXOAHT. Ha pHe.3 npH
BeAeHa 3aBHeHMOeTb TeMnepaTyp~ ~a30BOrO nepeXOAa OT KOH4eHTpa4HH 
B eHeTeMe e TaKHMH me napaMeTpaMH, KaK H B npeAbiAYilleM eny4ae, 
HO AnR A l "' 3. TaKaR aaaHeHMOeTb Ha6n~Aanaeb B KBaHTOBOM eer
HeTo3neKTpHKe THTaHaTe eTpOH4HR ~Ti03 npH BBeAeHHH npHMeee~ 
Ba 1121• 04eHKH napaMeTpoa MOAenH AnR SrTiO 

8
, npoaeAeHH~e Ha 

OeHOBe aHanH3a AaHHbiX no paeeeRHH~ He~TPOHOB, nOKa3biBa~T/1S/, 
4TO AnR 3Toro eoeAHHeHHR r0 = 16, .\ = 3,6. TaKHM o6paaoM, npH
Meeb Ba a SrTi08 HrpaeT, no-aHAHMOMY, ponb 11MRrKHX11 Ae~eKTOB 

npH Vo2»Vot• 
3aMopomeHH~e xaoTH4eeKHe Ae¢eKTbl npHBOART K noHHmeHH~ 8 0 

/eM. TaKme /l,g/ /. BenH4HHbl cu 2 , 8 H l BeAYT ee6R TaK me, KaK 
H 8 eny4ae 11meeTKHX 11 Ae~eKTOB ~ KaK noKa3aHO Ha pHe.1 /eM, /ll/

9
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PHc.4. TeMnepaTypHaa 38BMCHMOCTb 
napaMeTpoa MarKoif MO.ro>I w2, 82 

H ee 38TYX8HHR r 0 H napaM~Tp8 ~ 
TIOPHAK8 ~l I1pH KOH~eHTpa~HH 
38MopoJKeHHbiX nonapH3oBaHHDIX Ae
¢eKTOB c 2 ~ 0,025. 

PHc.3. KoH~eHTpaQMOHHaa 3aBMCH
MOCTb TeMriepaTypbi ¢a3oaoro ne
pexoAa npM Qc = 0 B KBaHTOBOM 

CerHeT03JleKTPHKe C "MaPKHMH 11 

Ae4leKTaMH. 

"'!f ~~ r: K/OJ 

t,o 

() S,o /o,() (} 

3aMopomeHHble non:1pi-130BaHHble Ae¢eKTbl ( ~ 
2 
~ + v y I K) 1-13MeHHIOT 

TeMnepaTypy nepeXOA8 B 38BI-1eJ-1MOeTI-1 OT 3H8K8 nOIJHpi-138UI-11-1: eeill-1 
naiJHPI-138UHH Ae¢eKTa eoenaAaeT no SHaKy e noiJHPI-138UI-1e~ napaMeT
pa nOPHAKa B OeHOBHO~ peweTKe /onpCAeilHeMO~ 3H8KOM BHeWHero 

nonB/, To TeMnepaTypa noeblwaeTeH, e npoTI-iBHOM eny4ae - noHH>l<aeT
eB /eM. T8K>l<e 

111 
/. 6onee 1-iHTepeeHbl~ 3¢0eKT eOeTOI-iT B pa3MblTI-11-1 

¢aaoeoro nepexoAa. Ha p~-ie.4 npeAeTaeneHa aael-1eHMOeTb napaMeTpoe 

W!, (j 2, r 1-1 napaMeTpa nOPHAKa ~ 1 OT TeMnepaTypbl np1-1 KOHUeHTpa
UI-11-1 c 2 ~ 0, 025 1-1 napaMeTpax MOAeill-1 y = 1 0, K = 1 0, A 

1 
= A 

2 
= 

= 0,01, f 0 = 20. KaK BI-1AHO, eTaTH4eeKaH eoenpHHM41-1BOeTb eHcTeMbl 
Xo B T04Ke nepeXOA8 He o6pa~aeTeH B 6eeKOHe4HOeTb, K8K B npe
AblAY~I-1X eiJy48HX, a I-1MeeT M8Kei-1MyM, xapaKTepHbl~ AIIH P83MblTblX 
<)l830BblX nepeXOAOB/B~ nonomeHHe M8Kei-1MYM8 B J8BI-1ei-1MOeTI-1 OT TeM
nepaTypbl ena6o I-13MeHBeTeH e 4aeToToi1 BHewHero nonH v. B Ta6n. 2 
npi-1BeAeHbl 3Ha4eHI-1H napaMeTpOB MHrKO~ MOAb!, eOOTBeTeTBy~~He 

M8Kei-1MYMY BOenpi-1HM41-1BOeTH npl-1 V ~ 0 B 38BI-1ei-1MOeTI-1 OT KOHUeH
TP8UHH npHMeee~, nOilHPI-130B8HHbiX TaK >l<e, K8K napaMeTp nOPHAK8 
B OeHOBHOi1 peweTKe. npH nOBblWeHHH KOHUeHTP8UI-1H Ae¢eKTOB Bee 
KpHBble eTaHOBHTeH 6onee niJOeKHMI-1 H npH c

2 
= 0,1 el-1eTeMa OK83bl

B8eTeH nonHoeTb~ noiJHPI-130BaHa Ae¢eKT8MH. 

10 

Ta6nH~a 2 

3aBHCHMOCTb napaMeTpOB MJirKOU MOAb! H TeMnepaTypbJ, COOTBeT
CTB~3~X MaKCHMYMY BOCilpHH~HBOCTH IlpH HyJleBOH qaCTOTe 
TIOJlH V, OT KOH~eHTpa~HH 3aMOpOlKeHHbiX I10J1HpH30BaHHbiX Ae

¢eKTOB 

c2 w2 
00 

82 ro em 

0,001 0,20 0,015 2,7·10-6 5,4 

0,005 0,54 0,078 3,1· 10-ti 6,3 

0,025 I ,60 0,384 5,0· 1 o-4 6,9 

0,050 2,55 0, 718 l ,6 ·10-3 6,0 

0,100 3,80 I ,030 5,3. 10-3 d>asoablli nepexoA 
OTCYTCTByeT 

nony4eHHble B 3TOM p83AeiJe pe3YilbT8Tbl nOK83blB8~T, 4TO pas

BI-1T8H T€0PI-1H n03BOilH€T Ha nOilYMHKpoeKOnl-14eeKOM ypOBH€ Onl-1e8Tb 
60ilbWOe P83H006p83He esoi1eTB eTPYKTypHblX ¢a30BblX nepeXOAOB B 
Kpl-1eTannax e Ae¢eKTaMH. 06eyAHM npeAeilbl npHMeHI-1MOeTH Teopwl-1 
H B03MO>l<HOeTH ee epaBH€HHH e 3KenepHM€HTOM. ,[\IJH Onl-1e8HI-1H <)lOHOHOB 
Mbl HenOilb3oeanH npH6IJHNeHHe nepsoro nopHAKa TeopHI-1 eaMoeorna-

. - - -- ·-····--·--·""· -&:--.-.-·· "--U'='dNMbiA 4JVMUMVD' \,..I IJ.ICCc;HJ IVICV~ !;Jill\.,. '"" ........ I ... -. .......... ,, ....... , .......... ~ .......... I ... ' 
..... -. ............ ..... 
1"""""' ...... ,_. .... 

KOTOpOi1 AIIH A8HHm1 MOA€IlH npOnOPUHOf:I8Il€H 1/f0 • ,[\anee, Mbl HenOIJb-

30B8IlH npeAnOilO>l<€HHe 06 OAHOPOAHOeTH napaMeTpa nopBAK8: ~n=~, 

XOTH B KpHTH4eeKOi1 o6naeTH B pe3yiJbT8Te eHIJbHO H€Ili-1H€i1HblX 3¢
<)leKTOB 1-1 npH H8Ili-14HI-1 A€¢€KTOB MOryT B03HHK8Tb KIJaeTepbl 6IJH)l(Hero 
noPHAKa 121 • HaKoHeu, HeynopHA04eHHoeTb peweTKH paeeMaTpHeaeTeH 

B OAHOY3€IlbHOM npH6IJH)l(€HHH M€TOA8 KOrepeHTHOrO nOT8HUH8Il8, XOTH 
B KpHTH4€eKoi1 o6naeTH B8>l<HYIO pOilb MO>l<€T HrpaTb paeeeHHHe <)lOHOHOB 
Ha napax Ae¢eKTOB H HX KnaeTepax. TaKHM o6paaoM, noseAeHHe 
MHrKOi1 MOAbl B KPHTH4eeKOi1 06IJaeTH Tpe6yeT AOnOIJHHT€IlbHOro He
eiJ€AOB8HHH. 

,[\eTailbHOe epaBHeHHe e 3KenepHM€HTOM H8 A8HHOM 3Tane B03MO>l<HO 
TOilbKO Ha K84eeTB€HHOM YPOBHe. 3To eBH38HO ri18BHblM o6pa30M 
e TeM, 4TO BO MHOrHX HM€10~HXeH 3KenepHM€HT8X TPYAHO HA€HTH
¢HUHPOB8Tb THn A€$eKTa • .[\IJH 3TOrO, B 48eTHOeTH, MO)l(HO HenOIJb-

30B8Tb noily4€HHOe 3A€eb noBeAeHH€ xapaKTepHeTHK MHrKOi1 <)lOHOHHOi1 
MOAb!. HanpHMep, 3KenepHM€HTbl no H3Y4€HHIO BIIHHHHH npHMeeei1 
6apHH Ha ¢830Bble nepeXOAbl B THT8H8Te eTpOHUHH/ 121 nOK83blB810T, 
4TO s eny4ae ¢aaosoro nepexoAa Ha rpaHHue soHbl 5pHIJiln3Ha npH 
T c "' 1 05 K npHMeeH npoHBilHIOTeB KaK ''meeTKHe'' Ae¢eKTbl. B HH3Ko
TeMnepaTypHoi1 >l<e o6naeTH, rAe SrTi03 RBilHeTeH KBaHTOBblM eerHeTo-
3Il€KTpHKOM, OHH HrpaiOT pOilb 11MHrKHX 11 Ae¢eKTOB, npHBOAH~I-iX K 803-

HHKHOBeHHIO ¢a30BOro nepeXOA8 npH q c = 0 /eM. pHe. 3/. 
II 



3aMeT~M TaKme, 4TO np~ cpaBHeH~~ C 3KCnep~MeHTOM noBeAeH~H 
3aTyxaH~H MHrKoi1 MOAbl Heo6xoA~Mo y4~TbrBaTb ~ APYr~e MexaH~3Mbl. 

B nepsy~ 04epeAb 3TO OTHOC~TCH K He paccMaip~saeMOMY B AaHHOH 
pa6oTe c)lOHOH-c)lOHOHHOMY B3a~MOAeHCTB~IO, KOTOpOe np~BOA~T K ysen~-
4eH~IO 3aTyxaH~H np~ T ... T 611• B 114~ Hanp~Mep, 6brno noKa3aHo, 
4TO 3aMopomeHH~e Aec)leKT~ B~3~BaiOT ll~HeHHYIO CBH3b Kp~T~4eCKOH 

MOAbl C APYr~M~ MOAaM~, np~BOAH~YIO K A06aBKe K 3aTyxaH~IO, KOTO
paH BeAeT ce6H KaK ~r- [(T- T0 )/T

0
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AsTop~ s~pamaroT np~3HaTellbHOCTb A.n.nesaHIOKY ~ H.M.nnaK~Ae 

3a o6cymAeH~e pe3YllbTaTOB pa6oT~. 
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