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BBeJJ.eH!re 

Erue B 1964 rony aBTOpbl pa6oTbJ /I/ o6paTHJIH BHHMa

Hne Ha TOT ¢aKT 1 ~TO BH6pHOHHOe B3811MOJJ.8HCTBI1e B 3Jie

M8HTapHbiX eJJ.HHnuax rnna Ti-0-Ti HJIH Ti0 6 (oKTa3np) 

rrpHBOJJ.llT K llX HeycTOH~HBOCTH ITO OTHOW8Hl1W K OITTH~e

CKHM Kone6aHHHM. Ewno noKaaaHo, ~To np11 onpeneneHHOM 

ycnoBHH Ha napaMeTpbl aana~n ( HeManoe 3JieKrpoH-¢ouoH

Hoe B3811MOJJ.8HCTBHe) ~aCTOTa OITTH~eCKOH ¢oHOHHOH MOIJ.hl 

o6paruaeTCH B HYJib ( 11Jll1 CTaHOBI1TC51 MHHMOii) 38 C~eT 
B116pOHHOI'O B3811MOJJ.8HCTBI151 1 ~TO 11 ITpHBOJ].HT K Heycroilql1-

BOCTI1 CHMMeTpH~HO}I KOHqmrypaUllH ynOMHHYTb!X 8JJ.I111HU. 

3Ta HeycTOH~HBOCTb MO:>KeT 6biTb CHHTa aHrapMOI111~ecKHM 

KOJie6aT8JlbHb!M B3811MOJ].8HCTBI18M 1 KaK 11 B KJ18CCI1'1BCKOM 

ITOJJ.XOJJ.e K cerHeT03J18KTpi1~8CKI1M ¢a30BhlM nepeXOJJ.aM/2/. 

TaKHM o6paaoM, B pa6ore/l/ o6ocHoBaHo noHBJieHHe MHH

tv,tofi. ~~CT0Tbl 1 KOTOpaH B pa60T8 / 2 / 6biJ18 BBe}J.eHa 

a pnort KaK aaTpaBO~HaH. 

B pa6oTe/3/ 6wno noKaaano, ~TO B JJ.H3neKTpHqecKoM 

KpHcranne npn 1 = 0 °K B38HMOJJ.ei1cTBHe aanonHeHHOH 

3J18KTpOHHOH 30Hhl C 6nn:>Kai1wei1 nycroA o6ycnOBJ111B88T 

HeyCTOHqHBOCTb Cl1MMeTpl1qHOH KOH¢HrypaUI111 peweTKH ITO 

OTHOW8HllW K CM8lU8HllHM l10HOB 1 llp11BOIJ.51Wl1M K ee 3J18KT

pl1~8CKO~ nonHpHaaunH. KpaTepHH B03HHKHOBeHHH 3¢¢eKra 

6bJJ1 CcjJOpMyJ111pOB8H B BHIJ.8 Tpe60B8HI151 1 qT06bi OTHOIU8HI18 

KBaJJ.paTa MaTpHqHOI'O 3J18M8HTa B38HMOJJ.8HCTBHH 38ITOJI

H8HHOH 11 rryCTOH 30H Ha COOTB8TCTByWIUHX "KpHTH~eCKHX" 

cMerueHnHx noHoB, \'V \ 2 , K CHJIOBoi1 KOHcraHTe 3Toro 

cMerueHnH, M w~ , 6biJIO BenHqHHOi1 Toro :>Ke nopHJJ.Ka 
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( Hml oonbwe), 'ITO H a<fJ<fJeKTHB:J!Oe paCCTOSIHHe M8)!{AY 

9THMH aoaaMH, L\ , T,e, 2 I 'VI I M w~ ·~ L\ , ilpH Bhmon-

aeHHH 9TOI'O ycnOBHSI CHMMeTpH'lHBSI KOH<fJHrypaUHSI peweTKH 

aeyCTOH'lHBa, a yCTOH'lHBhle KOH<fJHrypaUHH COOTBeTCTayroT 

CllOHT8HHO-ITOnSipH30B8HHOMY COCTOSIHHID KpHCTanna, 

Bonpoc caMoro <Paaoaoro nepexoaa ohm paccMoTpeH 

a paooTax 14,61 sa rrpHMepe yaKowenbHJ!IX ceraeTo-

aneKTPHKoa-nonynpoaoaHHKOB H a paoorax 5•61 anSI wHpo

Kowenh&hlX ceraeToaneKTpHKOB-AHaneKTPHKoa. PacqeThl 

DbinH npoaeae&hi a rrpHonH*eHHH MoneKyngpaoro nong 
(MFA) . 

Uenhro aacroSiweil: paooThi SIBnSieTCSI oonee nocneaoaa

Tenbaoe HCcneaoaaaHe npeano*eHaoA a paooTe 141 Moae

nH <Paaoaoro nepexoaa a yaKowenb&biX ceraeroaneKTpHKax

nonynpoaoaHHKax c rroMOWbro caMocornacoaaaaoro MeToaa 

Bhi'lHcneaHA <PY HKUHA fpHaa, npeano*e&aoro a paooTe 17 I . 
3TOT M8TOA ll03BOnSieT OTHOCHTenbHO llpOCTO paCCMOTpeTb 

nonpaaKH K rrpHonH*e&Hro MoneKyngpaoro nong H npoaeCTH 

OU8HKH TO'IHOCTH rrocneAHero, 

1, faMHnbTOHH8H H rrapaMeTp ITOpHAK8 

Cneayg paooTaM 141 1 npeanono*HM, 'ITO <PaaoBbiH 

nepexoa a ceraeToaneKTPHKax-nonynpoaoaan:Kax MO*eT 

DbiTb oo'bHC&ea BH:opo&BbiM aaaHMOAeficTaHeM a cucTeMe, 

OllliCbiB88MOH cnellYIDillliM I'8MifnbTOHH8HOM (h = 1) 
+ 

H= If .,.a .... ka ~k+ 
~ aK a a 

ak 

1 + 2 + ) + -I (P P.... + w_, Q_, Q.... + 
2 qj qj qj qj qj qj 

( 1.1) 

. .... + 
"C' "C' C J ' q ) a .... a ,_, .... Q ' + ! ..:.. ..:.. aa"--+ -+ -+ ak a k- q «Ti aa'-.. ..... k,k-q 
K q J 
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L ·----···- _. -------

rae Q~. , P~. - aopManbHhie KooparrHaTa H HMrrynbc 
,l., q J q .I " + 
't'OHOHa C 'laC"''OTOH W ~. ; a ..> H a ..> - Orrepa TOphi 

qJ a.. aK 
p0)!{/l8HHSI l1 yHH'lT0)!{8HHSI aneKTpOHa B 30He a C HMrrynb-

COM k l1 9HeprHeA f ~ , 
ak 

EyaeM C'IHT8Tb 0 'ITO TOnbKO OAH8 "KpHTH'l8CKaSI" MOAB 

(HH3KO'l8CTOTH8SI rrorrepeqHaSI OITTH'l8CK8SI MOAB) OTBeTCT

B8HH8 3a CM8WHB8HH8 30H! aaneHTHOH (a=l) H 30Hbl 

rrpOBOilHMOCTH (a= 2) , 'ITO ll rrpUBOilHT K <!Ja30BOMY rrepe

XOAY B Hll3KOCllMM8TpH'1Hyro <fJaay, .ilnSI STOrO H800XO/lllM00 

'lTOOhl B ocoooA TO'lKe 30Hhl Epunnroaaa (a HaweM cnyqae 

B TO'IK8 q = 0 ) M8Tpll'1Hb!N aneMeHT M8)!{30HHOrO aneKTpOH

<fJoHOHHOrO B38HMO/l8HCTBHH ohln OTnH'leH OT Hyng, Ecnu 
rrpe/liTOnO)!{HTbiSI , 'ITO M8)!{30HHOe B38HMOA8HCTBH8 HMe-

eT M8KCllMYM rrpH q = 0 , TO BHyTpll30HHbiM B38llMO):l8H-

CTBll8M0 C a a ( q) - q , ABIDillllM rrepeHOpMllpOBKY XH-

Mll'l8CKOrO ITOTeHUUana ll He CBH38HHbJM rrpHMO C <fJa30BbiM 

nepeXOilOM, MO)!{HO rrpeae6peqb, 

TaK KBK ceraeToaneKTpH'lecKuA <PaaoahiA nepeXOil CBH3aH 

C KOH/l8HC8UH8H KpHTH'l8CKHX <fJoHOHOB B U8HTpe 30Hbl 

Epunnroaaa, TO yllooao c caMoro uaqana BbiilenHTb <P oaoa

HhiA rrapaMeTp rropHilKa, Q 1 

Q~ < Q ~ > + Q '~ = 0 ~ .... Q 
q q q q '0 

+ Q: 
q 

( 1,2) 

rae < ... > 03H8'188T CT8THCTH'l8CK08 ycpellH8HH8 C raMHnb

TOH1i8HOM (1.1), 8B81l8HHbiH rrapaMeTp ITOpHAK8 Q (1) 
H8ITOCp8/lCTB8HHO CBH38H C "KpH:TH'l8CKHM" CM8Ill8HH:8M 

HOHOB, rrpHBOAHWHM K B03HUKHOB8HH:ID CITOHTBHHOH rronHpli

~3UHH BH*e KpHTuqecKofi TO'IKH: Tc. B napa<!Jaae, 1>1c, 
Q = 0 

ilony'IH:M ypaBH8Hl18 AnH rrapaMeTpa rrOpSIAK8 Q ( 1) , 
nerqe acero ero ahlaecTH:, H:CXOilH !13 ypaaae&H:H llBH:*eHuH 

llnH orrepaTopa H:Mrrynbcal7 I . Y'lHThiBaSI ycnoaH:e paaao

aecH:SI, at <P.. (t)•> = 0 I rronyqaeM 

2 0 + 
Q w = -! C _ ( -+k k) <a .... a _,... •> , ( 1.3) 

0 a k a a ' a k qk. 
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r.ue ;; = 2 ( HJlH 1 ) UpH u = 1 ( HJlH 2) • 

YpaaHeHHe ( 1.3) siBnHeTCH TO'IHhiM. O.uHaKo .ueikTBH

TenbHaH TO'IHOCTb Bbl'IHCJleHHH Q (T) 38BHCHT OT npHOJlH

)!{eHHH, B KOTOpOM Bbl'IHCJlHeTCSI KOppeJ1HUHOHH8SI <jJyHKUHH 

(HJ1H <jJyHKUHSI fpHHa). 

2.<f>yHKUHH fpHHa 

/9/ 
Bae.ueM .uayxapeMeHHbie ¢YHKUHH fpHHa ( <f>r) .llJlH 

:3JleKTpOHHbiX H <jJOHOHHbiX onepa TOpOB 

G .... ,~, (t- t ') =«a _.(t)lja+ , .... ,(t ')>> 
uk ,u k u k u k 

- .i () ( t - t ' ) < [ a ( t) , a+ ( t ' ) ] ·> , 
uk u'k' + 

D ........ ,(t-t') 
q,q 

, 
= «Q .... (t):J Q :, 

q q 
( t ') ·>> 

- :1 () < t - t , ) < [ Q _; ( t ) ' Q _; , ( t , ) ] - ·> 
q q 

(2 .1 ) 

(2.2) 

I1cnOJ1b3YH ypaBHeHHSI .llBH)!{eHHSI .llJlH :3JleKTpOHHbiX one

paTOpOB, nonyqaeM cne.uyiOIUee Bbipa)!{eHHe llJlH ¢ypbe-o6-

paaa :3JleKTpOHHOH <f>f: 

(cu-E ... )G .... _,(cu) 
uk uk ,u 'k' 

8 8 + 
kk' uu 

6 

0 
+ Q c - ( ... ... ) G _... ... ( w) + 

uu k k u k ,u 'k , 

q (2 .3) 
, + 

+ ! c - ( k ... ->) <<a_,. ... Q ... Ja , ... , ·>> ... uu k-q uk.-q q u k w 
q 

UnH Bhl'IHCneHHH llBYX'IaCTH'IHOA <f>f, CTOHIUeA B npasoA 

'18CTH (2.3) 1 BOCTIOJ1b3yeMCSI MeTOilOM .llH,qlepeHUHpOBBHHSI 

llBYXBpeMeHHblX <f>f TIO BTOpOMY BpeMeHH I0,7/ : 

. ' + 
(w - £ ... ) <<a --> ... Q ... 1 a .... ::>> 

u 'k ' u k-q q u' k , w 

+ 0 + 
=QC (--. ... )«a Q' Ja >> + 

u'a' k'k' ak-q q~ a'k' w (2.4) 

... 
+! c + 

q 

.... ' 
q 

a '(j, 

+ 
)«a Q' IQ' a » .... , .... k, -+, --+ -+ ---) -+, -,-+, -•, (JJ 

k -q (J k-q q -q (J k -q 

CHcTeMy ypasHeHHA (2.3), (2A) Yll06Ho aanHcarb B 

MaTpH'IHOM BHile: 

G (k w) = G 0 (kw) +G 0 (kcu)I{(kw)G 0 (kw), ( 2.5) 

rne (;o =!Go , 
(J(J 

I . HynesaH <f>f, 

HMeiOT B(1Jl: 

~ 

Go 
k k' 

(w)=8 ... _.. 
k k' 

~ .... 
G 0 (kw) 

~ ~ 

Go , H MaTpHua R 
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0-> -> k k, 

( w - -; -> )( w - -; -> ) 
1k 2k 

-> 
R (k w) 

a a' 

-> 
q 

( 

- 0 ) 
w - < -+ , QC ( _,) 

2k 12 I( k 

QC (-+ 0-+),w-< (2.6) 
21 k k 1 r 

(2. 7) 

-> 
q 

= ! C ( _, -"' _, )«a ,_, _, 
-> ~ a a k k-q a'k- q 

, , + + 
Q _.J Q _, a _, _, » C _ ( _, -~ _, ) 

qq 
q -q' zr'k-q' wa'a'kk-q' 

flomoca HY1l8BOll <f>f (2.6) ,[{8101' rrepeHOpMHpOB8HHblll 38 
cqar CMelliHB8HHSI 30H 81leKTpOHHhlll CITeKTp 

-> 1 
f (k)=-lt _,+f ,_,+ 

I ,2 z I k 2k 

:;-: [ ( ( --+ 

2k 
- ( -> 

lk 
)2 +4Q2JC 
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0 
(--> ->)!21Y, k k l. 

(2.8) 

/4/ . -> 
CrreKrp ( 2.8) 6biJI Hail.r:teH B pa6ore • G '{k w) rrpea-

craB.'Is:rer co6oH: peweHHe ypasHeHHSI (2.3) B MFA , r.e. 
B rrpeHe6pe~eHHH B (2.3) .r:tByxqacrnqHoil <f>f. 

CpaBHHBas:r rerrepb ypaBHeHHe (2.5) c ypaBHeHHeM 
LlaiJ:COH8 A'!.H O.[{HOSJieKTpOHHOll <f>f, BHAHM, qro M8CC0Bblll 
orreparop ! (k w) orrpeaens:rercs:r co6crBeHHoil qacrbJO orre-
paropa R (kw) (He coaep~awell: qacrell:, coenHHeHHbiX 

" II " "'P O.r:tHoil JIHHHeil G 0 
; CM 7 ), r.e. !(kw)=R (kw) 

8 

<f>opMaJibHOe peweHHe ypasHeHHSI LlailcoHa HMeer BHA 

G(l{w) = 1 

-+ -+ 
w-< -! (kw),QC (0)+! (kw) 

2 k 22 12 12 

det[G 0 
-

1-!] 
QC (0) +! d~w), w -< -! (kw) 

2I 21 I k 11 

(2 .9) 

AHanorH~HbiM o6pa30M rronyqaeM ypasHeHHe ans:r ¢oHoH
Hoil <f>f 

D(qw) = D 0 (qw) +D 0 (qw}P(qw) 0°(~w), (2.10) 

P.r:te 0°(iw) OITHChlBaeT CB060.r:tHOe pacrrpocrpaHeHHe "ro
Jlb!X" ¢0HOHOB, a 

Ptq w) = 

(2.11) 
-+ -+ 

-q -q 
=! ! c (-+_.--)«a+_. a-+ -+Ia+ ->a _, ->> c+ <-- _. ~> 
aa'ik' aa k,k+q ak ak+q a'k' a'k'-q w a'a'k'-q,k 

-> 
MaccoBbill OITEparop (oHOHHoil <f>f, _, II(qw) -+, orrpe.r:t~ps:rercs:r 
co6crBeHHoil ~aCTbJO orreparopa P(qw) , II(qw) = pP(q w) • 
0KOH~aTeJibHO, 

-> 2 2 -> -1 
D(qw)=[w -w_,-TI(qw)]. 

q 
(2.12) 
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3. Hyneeoe npH6nH*eHHe (MFA) anSI napaMeTpa 
nopSIAKa 

McxoaSI H3 tfJopMynhi (2.6) H nonb3YSICb cneKTpanbHhiM 
npeACTaeneHHeM 

791 
1 H8HAeM aneKTpOHHYID KOppenSIUHOH

HyiD tPYHKUHID, tPHrypupyiDIUYID B ypaeHeHHH ( 1.3). IloACTBB
nSISI ee e ( 1.3), nonyqaeM ypaeHeHHe anSI napaMeTpa no
pSIAKa 

Qlc}-2!IC (k 0 k)l 2 fF(;Ik)-f F (f-2k) 
o [' 12 I = o, ( 3 1 ) 

E __,.- l • 

2k Ik 

rae eeeaeHa tPYHKUHSI pacnpeaeneHHSI f = [exp(w/kl)± 1]-1. 
F,B 

PerneHue Q = 0 cooTBeTCTeyeT napatfJpa3e, KaK H B/~/ 
perneHHe anSI cerHeTo¢a3hl nerKo nonyqaeTcSI e npH6nH*e
HHK p8BHhlX aneKTpOHHhlX H AhlpO'!HhlX M8CC, ecnH BBeCTH 
cpeaHIDID no Heeo3MymeHHOMY cneKTpy menb, L\=f

2
r-f Ik 

flpH aTOM AnSI CyiUeCTBOB8HHSI perneHHSI B cerHeTotfJa3e 
( Q =/ 0) Heo6XOAHMO BblllOnHeHHe ycnOBHSI 

2 
r = 2 I 'V~O) I > 1, 

M w0 L\ 
( 3.2) 

/4,8/ 
npeanono*eHo , 'ITo .... rae 

q .... 1 .... 
c12 < k r__q > ..,. C(q) = vW 'V(q). 

PerneHHe ypaeHeHHSI (3.1) HMeeT BHA 

kT=~[fn r+ML\ 
2 -r - L\/ L\ 

-I 
J. Q I o, (3.3) 
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' \ 

I 
1 

rae, cornacHo (2.8), eeeaeHa nepeHopMHpoeaHHaSI cpeAHSISI 
menb 

~2=L\2+4Q2IC(O)I2 (3.4) 

OnpeaenSieMaSI tfJopMy noli ( 3.3) TeMnepa TypHaSI 38BHCHMOCTb 
napaMeTpa nop.SIAKa Q(T) xapaKTepHa anSI tfJa3oeoro nepe
xoaa BToporo poaa. 

CneayeT OTMeTHTb 1 'ITO, B OTnH'!He OT HCnonb30B8HHOro 
HBMH ycnOBHSI paBHOBeCHSI 1 at < Pq (t )> = 0 1 B pa6oTe / 4/ 
ypaeHeHHe anSI napaMeTpa nopSIAKa 6hino HaliaeHo H3 ycno

BHSI MHHHMyMa ceo6oaHoli aHeprHH 1 Bhi'IHCneHHOH e MFA 
Cor nacHo ( 3.2), Me*30HHoe B381iMOAelicTeHe aon*HO 

6b!Tb AOCT8TO'IHO ClinbH.biMo 0AH8KO eenH'IHHa r He AOn*H8 
6biTb MHOrO 60nbiiie eAHHHUhi 1 T.K. B npOTHBHOM cnyqae 
n~ny<JaTCSI 8HOManbHO 6onbiiiHe 3H8'IeHHSI CMeiUeHHH HOHOB 1 

Q , H TeMnepa Typhi tfJa3oeoro nepexoaa, ~ • KpoMe Ta
ro, 6onbiiiHe 3H8'IeHHSI r npHBOASIT K 3H8'IIiTenbHOMy 38-
nonHeHHID 30Hbl npOBOAHMOCTH: fF(f2 ;T=Tc)=(r-1)/(2r). 
IlpH aTOM He06XOAHMO 6hlnO 6hl A068BHTb B raMHnbTOHH8H 
( 1.1,) qneH, Y'IIiThiBaiDIUHH npSIMoe aneKTpoH-aneKTpOHHoe 
B381iMOAeHCTBHe, 

4. CaMocornacoeaHHaSI CHCTeMa ypaeHeHHSI anSI ~r 

PaccMoTpHM Tenepb cneayiDIUHH nopSIAOK caMocorna
coeaHHOH TeopHH B03MyiUeHHH. B ~..:roM cnyqae aeyxqacTH'I
Hhie ~f B M8CCOBbiX onepaTOpaX ! H fl (eM. (2,7), 
(2.11)) 'l<iO*HO npH6nH*eHHO Bhi'IHCnHTb 1 y<JHThJBaSI TonbKO 

nepebiH 'IneH B ypaeHeHii5IX AnSI aTHX tPYHKUHH, KOTOpbiH 
onHChieaeT HeKoppenHpoeaHHoe pac~ocTpaHeHHe aeyx nepe
HOpMHpoeaHHhiX KB83H'I8CTHU (eM. I ). Ilonb3YSICb cneKT

panbHhiM npeacTaeneHHeM anSI ~r, tfJurypupyiDmeli e tfJopMy
ne (2. 7), H pacuennSISI BpeMeHHYID KOppenSIUHOHHYID tPYHKUHID 

< Q ' .... , ( t ) a+-, .... .... , ( t ) a _ .... .... 
-q a k -q a k- q 

Q>:::: 
q 

II 



L 

+ 
-:.~(q-q')<Q'_,(t)Q~><a_,-> _,(t)a_ ........ >, 

-q q a k - q a k - q 

nony'IaeM 

00 

.... :::.\ + -> 
! ,(kw)= ~ c- ('VC ,-, (q) ff 

aa q aa a a -oo 

1 + fB (w 2)- fF (wi ) 
X X 

w - w 2 - w I 

dw I dw2 
2 

TT 

--> -> -> 
x Im D ( q w + i c) lm G _ , ( k - q w + k ) . 

2 au I 

X 

( 4.1 ) 

( 4.2) 

Aaanonnao, IICXOJUI II3 ( 2.11 ) , nony'IaeM nnSI lj:Joaoaao
ro Maccosoro oneparopa cneny10mee BbipmKemre: 

00 -> -> + -> 
ll(qw) = 2! c- (-q)C-,, (-q) ff 

k-> , aa a a aa -oo 

X 
f F (wi) - fF(w2) 

X 
()J -w2 + wi 

-> -> -> 
xlmG-, (kwi+k)ImG- ,(k+qw +k). a a aa 2 

dw dw 2 I 

TT 2 
X 

( 4.3) 

YpasHeHII5I (2.9), (2.12), (4.2) II (4.3) nnSI ::meKrpoH

HoA H lj:JOHOHHOA ~f, BMeCTe C ypaBHeHHeM Jln5I napaMeTpa 
llOp5IJlK8 ( 1.3) 1 npencrasn5IIOT co6oft 38MKHyTyiO CaMOCO
rnacosaHHYIO CHCTeMy ypaBHBHHA. DpH KOHKpeTHhlX 3Ha'Ie
Hll5IX lj:JH3II'IeCKHX napaMerpos 3a.Qa'IH f k,., w-> , C(q), 

a q 
ara CIICTeMa ypasaeauA nonycKaer TO'IHOe 'IHcneaaoe peweaue. 

12 

OnaaKo onpeneneHHhle npH6nHMeHHhle pe3yn&TaThl MOMHo 
nony'IHTb II B aHanHTll'IBCKOM BHAB1HCXOA5I H3 o6ruHX npen
CTasneHHA o noseneHHH napaMerpos f k->' w .... ,C(q). 

a q 

5. M 5If'K85I MOAfl 

Bbi'IHCnHM cneKrp "KpHTH'IeCKIIx" ¢oaoaos, onpenenSie
MbiA non:IOcaMH ~r (2.12). MaccosbiA oneparop a HHTepe
cy:IOmeM HaC JlnHHHOBOnHOBOM npenene llpii6nHMBHHO Bhl'IHC
niiM1 noncrasn5I5I a ¢opMyny (4.3) aneKrpoHHbie "ayneabie" 
~r (2.6), y'IHTbiBa:IOmiie nepeaopMHposKy s MFA • Dony
'IHM 

2 
ll(q= O,w)=2! IC(0)1 2 ({ 2~ - f Ik) fF (f"IIt)- f F((2k) 

k (_.-( 2 (- - )2 (5.1) 
2k Ik,... w - f .... -f .... 2k Ik 

BsonSI, KaK H s pa3nene 3, cpenHTo:IO no cneKrpy men& 
~' HaXOAHM cneny:IOmee Bblp8)KBHHe .Qn5I '18CTOTbl "OABTbiX" 
ciJoHOHOB: 

2 .... n _ (q = o) 
+ 

1 I A"2 2 [(A-2 2)2 
- u +w - u +w -2 0 + 0 

16w 2 1C(O)I
2 Q2 

-
0 ( 5.2) 

2 2 2 
- 4 ~ ( w - 2 2 I c (O) I fF((Ik)-fF(f-2k) I/2 

-------)] l. 
0 ~ IS. 

BHAHO, 'ITO n_ npencrasn5IeT co6oA M5If'KYlO ¢oHOHHylO 
Many. B ceraero¢a3e, cornacao (3.1), rrocnenHHA 'IneH 
non KDpHeM B (5.2) TO)Knecrseaao pasea ayn:IO. DoseneHHe 

M5If'KoA MDAbi npH T -+1 c-0 onpen~n5IeTC5I reMneparypaoA 
3aBHCHMOCTbiO napaMeTpa nopSinKa Q (T) • Pa3Jiara5I (5.2) 
IIpH ManbiX Q 1 HMBBM: 
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2 41 C (0) 12 w~ -2 
!1_ (0) z Q 

6.2 + w2 
0 

(5.3) 

2 2 
1 -I T -T 26. wo 2 

£'n !.:!:.__ -1 ] 
c 

--y--"2- [ 2 --
T -1 Tc tl +wo r(r-1) 

Dprr rrony~eHrrrr rrocneaHero paBeHCTBa Mbi rronb30Bannch 
pa3nOlli8HH8M ¢opMynhl (3,3) rrprr ManhlX 3Ha~eHHHX Q. 

B cny~ae rrapa¢pa3hl ~neH c ij B (5.2) rrc~e3aer.Dprr 
T --+T + 0 Manoii Benrr'lrrHoii HBnHeTCH rrocneaHrrii ~neH 

c 
rroa KOpHeM, KOTOpbiii rr orrpeaenHeT TeMrreparypHoe rroBe-
aeHrre !1 (0) • Dony'laeMoe nprr aTOM BbipallieHrre coBrraaa-

- /4/ er c rrony'leHHbiM B pa6ore • TaM *e H3 pa3nollie-

HHH cBo6oaHoA sHeprrrrr 6hlno rrony'leHo rr BhlpallieHrre anH 
MHrKoA MOahi B cerHero¢a3e, ornrr'laJOmeecH or ¢opMynbi 
L5.2), rrony~eHHoii MeroaoM ¢f, xoTH rrx acrrMITTOTHKH rrprr 
Q--+ 0 rrprr6nrrllieHHO oarrHaKOBbi, 

6. DepeHopMrrpoBKa sneKTpOHHoro crreKTpa 

--> 
MaccoBhiii orreparop sneKrpoHHoii ¢f, I (k w) , B 

rrepBOM ITpl6nHlli8HH H HaiiaeM, rroacTaBnHH B ( 4,2) HyneByJO 
sneKTpOHHyJO ¢f (2,6) fl ¢oHOHHyJO clJf, OITHCb!B8JOlllyJO 

pacrrpocrpaHeHrre "oaeThlX" ¢oHoHoB (cneKTp KOTOphlx rrprr 
<i= 0 rrprrBeaeH B (5,2)): 

I (kw)= I ICI2@12 x 
aa __. ( 6.1) 

q f ~ - ( 4 4 

2k-q lk-q 

x [(£ -> _,- ( -> )'L
1
(w,q,k-q)-(£ .--> _,-€ ~k -t..)'L

2
(w,q,k-q)], 

ak-q Ik-q aK-q 2 -'1 

14 

-> - c _ <vc- <-<o aa aa _..;;.....;;_ _ ___;;...;;__ __ X I_ (kw) = -Q C_ 
aa aa 

(0) I 
-> 
q 

- -
( - ( 

->_, .->-> 
2k -q lK -q 

~ ...... -+ ...... -::+ ...... 
x [·L

1 
(w,q,k-q)- •L

2 
(w,q, )( -q)h 

-> 
=-QC(O) I'_ (kw), 

a a 

rae 

- + 
·L = ·L -·L 

a a a 

L + = 
a-

!1: (q)- ~2 
--~~---------- X 
211 C><n 2 C> -·n2 (>> +q _q +q 

1 + fB(!1+ (q)) -fF (£ ak -q ) 
x[ -> - + 

+ 

w - !1 ( q) - ( k--> .... + a -q 

f (!1 (q))+ f F(( ar q) ]. B + 

w + !1_(q)- ( ar-q 
+ 

L I _____ ..-. _______ _ 

(6.2) 

( 6.3) 
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OueHHM norrpaBKH K sneKrpoHHOMY crreKrpy, HaAaeH

HoMy s MFA , 3a cqer Maccosoro orreparopa ( G .1 ) ·
(6.3), flomoca sneKrpoHHoA cflf (2.9) orrpeaen5t!OTCH H3 

ypaBHBHHH 

(w- < fk- !11 (kw))( w- f 2"1t -!. 22 (kw ))-

(6.4) 

-2 2 ff ~ 
-Q I C (O) I (1- 21'2 ~Kw ))(1- !;

1 
(kw)) = 0. 

flpearronaraH, KBK o6wqao, MaccoswA orreparop MeaneHHO 

MBHH!OmeACH rpyHKUHeA OT w 19/, pa3nO)KHM ero DO MilllOfi 

( orHocnrenbHO A2 ) senrrqnHe Q2
1 C(i:i) I 

2 : 

! (Q)== !(O)+Q2IC(q)l2!(l)' 
aa aa aa 

(6.5) 

rae 

!
0 >=a!. /a(Q 2 ICC'D1

2
>1-

(J(J aa Q =O 

Toraa pewenrre ypasHeHHH (6.4) 3arrnweM B snne 

--> 1 - - - - 2 - 2 - 2 l,i2 
E (k)=-2 I<.,.+<~+[(< :-t -( ~) +4Q IC! ] l ' 

1,2 1K 2k 2K 1k 
(6 .6) 

rae 

f~"'=f ~+ 
ak ak 

! ( 0) 

a a 
(6.7) 

ICI 2
== IC!

2
[(1-!' )(1-!' )--!

0 >-- :t(l) 
12 21 f 1 22 ( 2 ll 

]. (6.8) 
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• 

CpasHeHHe <f>opMyn (6.6) H (2.8) rroKa3hisaer, qro rro

rrpaBKH, BHOCHMbie IIpHOnH)I{8HHeM IIepsoro IIOpHaKa C8MO

cornaCOBBHHOH TeOpHH B03MymeHHH 1 CBOaHTCH K IIepeHOp

MHpOBKe HCXOaHoro sneKTpOHHoro CIIeKTpa, ( 6. 7) 1 H M8)1{-

30HHOrO sneKTpOH-<f>oHOHHOrO B3BHMOaeACTBHH1 (6,8). ilnH 
KOnaqeCTBBHHbiX OUBHOK rrepeHOpMRpOBOK HeooxoaHMO 

HMBTb HBHbiH BHa <f>yHKUHH C(q) , oaHaKO H3-38 OT-

cyTCTBHH !l8HHbiX OTHOCHTenbHO Hero Mbl M0)!(8M 3!l8Cb 

IIpOBBCTH TOnbKO KaqeCTBBHHbiB OUeHKH, flocneaHHe IIO

KB3blBBlOT, qro yiiOMHHYTbie IIepeHOpMRpOBKH 3HaqrrrenbHblo 

BhJqHcneHae 3aBHCHMocra C(Cj) anH KOHKpeTHhiX aemecra 

HBnHeTCH CBMOCTOHTenbHOA npooneMOH 1 KOTOpb!H Mbl 3!leCb 

38HHMBTbCH He 6yaeM. 

B Kaqecrae rrpaMepa rrpaseaeM oueHKY rrepeHopMHPOBKH 

sneKTpOHHOH ruena B IIapa<f>pa3e (Q =0). 0CHOBHOH BKnaa 

B HHTerpan B (6.1) BHOCHT "<f>nyKTyBUHOHHbiH" qneH OT 

MHrKHX <f>OHOHOB c qacroroA o_ • ITonO)I{HB B !. (w) 
w = fa , rronyqHM 

1 c(tt> 12 

A- A o + ~ 0+2(q)- n: (q) 

1 +2 f 8 (0_(""4>) 

211_ (q) 
) . 

a a 

flOCKOnbKY 0!(0)- 0~(0) - A2 , a CpeaHee IIO q 3Ha-

qeHHe "<f>nyKryauHOHHoro" qneHa k T I <O:(q)>- k T I w~ , 
BHAHM, qro IIOIIpaBKa K mena IIOpHAKa r•A • 

AHanH3 ycnoaaH B03HHKHoseHHH cerHero<f>a3hl c yqeroM 

rronyqeHHOH B 9TOM pa3aene IIepeHOpMHpOBKH B3BHMO!leH

CTBHH H sneKTpOHHOro CIIeKrpa IIOKB3bJBaeT, 

ypasHeHHH ( 1,3) C Q ,/0 B03MO)I{HO IIpH 

- 2 
2NICI 

r = -----' 2-
w0 A 

> 1, 

qro perneHHe 

(6.9) 

- 2 
rae A H IC I orrpeaeneHbi B (6.7), (6.8). 
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3aKmoqeHHe 

TaKHM o6pa30M, npoaeneHHhlA awwe aHanH3 ¢a3oaoro 
nepexona a cerHerosneKrpH:Kax-nonynpoaoanHKaX c noMo
lllbiO Merona caMocornacoaaHuoA reopHH B03MyllleHHA nnSJ 
<Pf, noKa3waaer, qro xapaKrep ¢a3oaoro nepexona, nony
qeHHbiA a uyneaoM npH6mnKBHHH (MFA) , coxpauSJeTCSJ H 
npH yqere qneHoa cnenyiomero nopSJnKa. OnHaKo nnSJ Ko
nHqecraeHHoro OTIHC8HH51 H Cp8BHBHH51 pe3ynbT8TOB TeOpHH 
C 8KCnepHr~eHTOM, BBHDY CHnbHOPO sneKTpOH-¢0HOHHOPO 
B38HMODBACTBH51 1 He06XODHMO yqHThlB8Tb H BKn8Dhl TiepBOPO 
nopSJnKa. OueHKa Hx MomeT 6wTb npoaeneHa nnSJ KOHKpeT
HoA MonenH nonynpoaouHHKa-ceruerosneKTPHKa Ha ocHoae 
nonyqeHHbJX H8MH 061llHX BbipameHHA (6,1 )-(6,9), 

CneayeT OTMBTHTb, t,ITO paCCMOTpeHH851 B 8TOA pa6oTe 
MOaenb C P8MHnbTOHH8HOM (1,1) 6e3 yqera C06CTBBHHOPO 
¢oHOHHoro aurapMOHH3Ma uenocraroqua nnSJ HccnenoaaHHSJ 
KOppenSJUHOHHbiX s¢¢eKTOB B OKpeCTHOCTH ¢a30BOPO Tiepe
XODa (eM,, uanp., /II/ ). AuanH3Y anHSJHHSJ aurapMOHH3Ma 
6yner nocaSJweua cnenyiOillaSJ pa6ora, 

Mbi rny6oKo 6naronapHbi H.M.TinaKHDe, MHOP04Hcneu
Hhle H TinODOTBOpHhle DHCKYCCHH C KOTOphlM OK838nH HaM 
6onbwyiO TIOMOillb npH BbiTIOnHeHHH pa6oTbi. Mbi raKme 
npH3HarenbHhl H.H.KpHcro¢eniO 3a HHTepec K pa6oTe H 
UBHHbiB 38MBt,I8HH51, 
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