
OfibBAMHBHHbiM 
MHCTMTYT 
RABPHbiX 

MCCnBAOB8HMM 

AYfiHa 

y- gD 
Pl7 - 12956 

K BhiBO~Y YPABHEH.HM CBEPXOPOBO~l1MOCTl1 

8 3JIEKTPOH-l10HHOt1: MO~EJI£1 METAJIJIA 

HanpaeAeHo e TMC/J 

1 
~HCT~TYT R~epH~X HayK ~M. 6.K~~P~4a,6enrpa~ 

/C<f>PIO/. 
2 ~HCT~TYT TeopeT~4ecKo~ ¢~3~K~ Bpo4naecKoro 

YH~Bepc~TeTa, Bpo4nae /nHP/. 

1979 



B CBSI3H c noHCKOM csepxnposoaSIIUHX MaTepHanos c Bhi
COKOH reMneparypoH nepexoaa Tc B03HHKna Heo6xoaHMOCTh 
B BhlBOae ypasHeHHH CBepxnposoaKMOCTK anSI o6rueH MOaenK 
MeTanna /4/ , KCXOaSI K3 nonyqeHHbJX B OpKrKHanbHb!X pa-
60T8X / 1·3/ ypasHeHKH anSI npocroH MoaenK <l>penHxa. CpeaK 
6onhruoro qKcna pa6or Ha ary TeMy yKa*eM pa6orhl ~• 61 , 
rae 6hma paccMorpeHa HaK6onee nocneaosarenbHaSI Moaenb 
aneKTpOH-¢OHOHHOH CKCTeMhl B MeTanne C yqeTOM npKMe
CeH s pemeTKe H aHrapMOHK3Ma Kone6aHKi!:. B pa6ore 17 I 
6bin8 paCCMOTpeHa MOaenb CBepxnpOBOaHKK8 CO CTpyKTypHo
Heycroi!:qKBOH pemeTKOH. 

B HacroSirueH pa6ore, MeroaKqecKoi!: no csoeMy xapaK
repy, ypaBHeHKSI CBepxnpOBOaKMOCTK nonyqeHhl anSI aneKTpOH
KOHHOH MOaenK MeTanna npK npOK3BOnbHOM BKae B38KMD
aeHCTBKSI aneKTpOHOB C perueTKOH K C yqeTOM npSIMOrO Ky
nOHOBCKOrO saaKMoaeHCTBKSI aneKrpoHos. B ornKqKe or 161, 

HCnonb3yeTCSI 6onee npOCTOH MeToa ypaBHeHHH aBK*eHKSI 
anSI asyxspeMeHHhiX ¢yHKUKH rpKH8 /8/, B KOTOpOM npoueay
pa pacuenneHKSI npOBOaHTCSI TOnbKO anSI npK6nK*eHHOrO Bbl
qKcneHKSI Maccosoro oneparopa MaTpKqHoH aneKTpOHHOi!: 
¢yHKUKK rpHHa. TipeHe6peraSI nepeHOpMKpOBKOH seplliHHhl B 
aneKTpOH-KOHHOM B38KMOaeHCTBKH, nonyqKnK npK 3TOM 38M
KHyTyiO CHCTeMy ypaBHeHHH. 3¢¢eKTHBHOe B38KMOaei!:CTBKe 
aneKTpOHOB XapaKTepH3yeTCSI nonHbiM aHH8MKqecKHM CTpyK
rypHb!M ¢opM¢aKTOpOM pemeTKH. TiocneaHHH MO*eT 6hiTb 
BhlqHcnea anSI onpeaeneHHOH MoaenH pemeTKH HnH onpeaeneH 
aKcnepHMeHranbHO no pacceSIHKIO HeHrpoaos, qro noasonSieT 
H3yqHTb BnHSIHHe aHHBMHKH pellieTKH Ha CBepxnpOBOaSIIliKe 
CBOHCTBa B paMK8X eaKHOH CKCTeMhl ypasHeHHH. 
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1. faM~nbTOH~8H aneKTQOH- ~OHHOH MOgen~ MeTanna 

DonH~A raM~nbTOH~8H aneKTpOH- ~OHHOA C~CTBM~ npea

CT8B~M B B~ae CyM M bl 

H = H e+ Hi +He- i , 
( 1 ) 

rae aneKTpOHH8Sl ~aCTb raM ~nbTOHH8H8 

+ 
. H e=2f t/J r t/J + 

p p p 3 p (2) 

1 + + 
+ - ·2 V(q)(t/J T t/J )(t/J , T t/J , ) 

2 pp ' q p- q 3 p p + q 3 p 

3an~caHa B npeac raBneH~~ BT OP~~Horo KBaHTOBaH~H c no

MOUlhJO \ onepa r opoB HaM6y 

a pt + + 
t/J =< + ), t/J = (a a ) 

P a p p t -p ~ 
(3) 

- p ~ 

~ MaTp~U D aynH 

1 0 0 1 1 0 

ro = ( o t" ), T 1 = ( 1 0 ), T 3 = ( 0 -1 ). 
(4) 

KynoHOBCKoe B3a~MoaeAcrB~e v(q) = 4rre 2/ q
2 

V , 
V - o6'be M Kp~cranna ; v(O) = 0 B c~ny aneKrpoHe Arpanh-

HOC T ~ BCeA C~CTeMblo 3 HeprJHl 6nOXOBCK~X aneKTpOHOB f p 

orrpeaenHeTCSl B ycpeaHeHHOM ITO KOne6aH~HM ~OHOB C8MO

cornaCOB8HHOM none peweTK~ , T8K ~TO aneKTpOH-tPOHOHHOe 

B38 ~ M oaeACTB~e OIT~C~BaeTCSI pacceHH~eM a neKTpOHOB TOnb
KO Ha ¢nyKTyaU~SlX rrnOTHOCT~ ~OHHOrO 38pHaa: 

H e- i 
2, (t/J + T 

3 
t/J ' ) 2 V K ( qj p • p , ) p K ( q)' 

pp q p p K 

(5) 

rae 4Jypbe- KO MITOHBHT8 ¢nyKTyau~A rrnOT H OCT~ ~OHOB COpTS 

K p8BH8 

1 iq(t+ --+ -4--+ 

p K ( q) = N- 2 e X K ) I i qu e P e K 

2 

--+ -+ 
iqu eK > I, 

- < e ( 6) 

., 

• 

U fK -CMeUieHKe HOHa COpT a K , H MeJOUle ro KOOpaHHBTy X K 

B f -T-OH aneMeHTapHOH Sl'IefiKe, nonHoe 'IHCnO KOTOpblX paBHO 

N • Yc:penHeHHe < .. .> B (6} npoaeneHo no paaHoaecHoMy 

COCTOSIHHJO KpHCTanna. 

B aanhHeAmeM paccMarpuaaJOTCSl ypaBHeHKSl ronbKO anSI 

~neKTpOHHbiX tPYHKll-KH fpHHa, npH BbiBO!l-e KOTOpblX SliHlbJ J4-

BHll MaTpH'IHOro aneMeHTB aneK-TpOH-HOHHOro ITOTeHUHana 

vI( (q IP ,p ') H raMHnbTOHHaHa Hi He ITOHano6aTCSl~ nnsr yn

pomeH-HSl 38llHCK Mbl 6-yneM, O!l-HBKO, ITOnb30B8TbCR DpH6nH-

.lKeHHeM noKanbHoro ncea-nonoreHuaana V K (q), Korna 

v (q I p, P ') = v (q)6. <P .. ,- j)- Ci>, 
K K 

(7) 

... ... . 
rne 6.{k) = 1 DpH k"" r -BeKTOpy o6paTHOH pemeTKK, L\(k)"" (} 

npn k I; . PacceSIHa-e aneKTpoHoB- Ha aroMax npwMecei1 

B MeTanne TBK)I{e MO.lKHO y'feCTh B Bblpa.lKeHHH (5}. BnHSIHHe 

MarHHTHbiX npnMeceu rpe6yer 6-onee o6wero paccMoTpenHSI. 

2. 3neKTpOHHble dJYHKUHH fpnHa 

PaccMoTpaM ypaaHeHHSl nBH/heHHSI nnst aneKTpOH-HbJX 

cpyHKUHH fpHHa-, KOTOpble B M8TpH~HOH 38HH-CH (3) npeLrCTa

BHM B cnenyJOrueM Bltne: 

{ 

+ 
«a Ia- » 

pt pt 
G (t-t ') = 

P «a+ Ia + >> <<a+ I a » 
-p ,. p• -p. -p~ 

«a I a >> 
p t -p.. -

(8) 

«t/J (t) l l/1 +(t')>> • 
p p 

rne DpHHSITbl 06bi~Hble 06-03H8~eHHSI anSI llBYXBpeMeHHblX 
cpyHKUHH fpHHa .'8 1 . llHcp<iJepeHUHpySI (8) ITO BpeMeHH t C y'Ie

TOM raMHnhTOHH8H8 (1), (2), (5) UnSl cpypbe-KOMITOHe HT 

tPYHKUHH fpHHa, nony'IHM 

(w r - l r ) G (w) 
0 p 3 p 
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+ 
= T + ~ V( Q) « p T 1/J 11/J » + 0 q q 3 p- q p (tJ . 

+ 
+ 1: v ( q) «p ( q) T 1/1 I¢ » ' 

qK K K 3 p- q p W - (9) 

r)le onepaTOp nnOTHOCTH a neKTpOHOB (q -/:- 0) 

. ' + + 
p = ~ a a + = ~ (1/J r 3 ¢ + ). 

q pa pa P qa P P P q 

(10) 

YTo6w oTrienHTb nepeaopMHpOBKY aHeprHH aneKTpOHOB B 
npH6nH)K8HHH cpenHero nomr XapTpH- cPOKa-Eoromo6oaa 19 / 
(c yqeTOM 8HOM8nbHhlX cpellHHX) OT nepeHOpMHpOBKH B BhlC
WHX nopHJlKax, o6ycnoaneHHOH aeynpyrHM pacceHHHeM, aae
JleM .Jlanee HenpHBOJlHMhl8 ·'l~~TH ¢JyHKUHH fpHH8. n nH 3 TOrO 
npeJlCT8BHM <lJyHKUHH fpHH8 B npaBOH 'l8CTH (9 ). npH Kyno

HOBCKOM B38HM0Jl8HC TBHH B BHJl8 

+ . + 
«p a 1¢ » = «(p a ) n 11/1 » + 

q p-qa' P q p- qa P 

+ I I o <a+, , a , , > «a 11/1 + » -
p a, q,o p a p a p- qa p ( 11 ) 

-o. o ,<a+ a >«a 11/J+>.> + 
p , p-q a,a q-q,a p- q,a pa p 

+o, o, < a a > <<a + 1·'·+»1, 
-p ,p -a ,a -(p-q),-a p-q, a -p,-a 'I' p · 

+ + + ir + 
«a p 11/1 »=«(a p) I.P » + 

-p+q,-a q p -p+q,-a q p 

+ ~ , , 
pa 

I o 
q,o 

+ <a , , a , , 
p a p a 

+ + 
> <<a I·'· » --p+ q, -a 't' P 

( 12) 

-o , o . <a+ 
-p ,p -a ,a -p+ q,- a 

a > <<a+ I·'· + >> + 
-p+ q,-a -p,-a 'I' p 

+ 0 ' 0 ' p, q- q a ,a 
<a+ a+ 

-p+q,-a p-q, a 
' 

> «a I.P + » 1. 
pa P 

4 

r\ 

• 

8 hi 60p HeDpHBO.ltHMhiX (ir) 'l8CTeA ¢lyHKUH H fpHH8 B (11), 
(12) O.ltH03H8'lHO onpettenHeTCH H3 ycnOBH H 

<[( ir + ] 
Pqap-qa) , 1/J P +> .. O, 

(13) 
<[(a+ ) i r ' 1/1 + ] > = 0' 

-p + q,-u Pq P + 

KOTOpble DpHBOJlHT K o6paiUeHHIO B Hynb HeOttHOpO.ltHbiX 'in~ 
HOB B ypaBH8H HHX ttnH HenpHBO.ltH MbiX ¢JyHKUH H fpHH8 
(cM.(17) ). 

H cnonb3YH (11), (12), npHXOttHM K ypaaHeHHIO ttnH 

QYHKUHH fpHH8 (9) B BHJle 

c 
(wr -r r -I )G (w) 

0 p 3 p p (14) 
ir + 

= r + I v( q) « (N r 1/1 ) 11/1 » , 
0 q q 3 p- q p (tJ 

rtte BBetteHa ¢>ypbe-KOMnoaeHTa Nq(q ~0) ¢nyKTyauHii nnoT
HOCTH nonaoro 3apHJla a peweTKe: 

v ( q) N = V{ q) p + I v ( q) p ( q) (15 ) 
q q K K K 

H MaCCOBhiH onepaTop B npu6nH)KeHHH cpettaero nonH: 

c ~ ') + I = • V (P - p r 
3 

< 1/1 , 1/1 , > r • 
p , p p 3 

p 
(16) 

.finH Bbi'lHCneHHH HenpHBO.ltHMOH M8TpH'IHOH ¢YHKUHH 
fpHH8 B (14) BOCDOnb3yeMCH Jlanee MeTO.ltOM COCTSBneHHH 
ypaBH8HHH .ltBH)K8HHH DO BTOpOMY BpeMeHH t' (cM.,HanpH
Mep, / 10/). Y'lHThiBaH (13), ttnH ¢>ypbe-KOMDOHeHThi ¢YHKUHH 
fpaaa nonyqaeM ypaBHeHHe 

«(N r
3 

¢ ) i r I¢+ » (cur - r T 
3 

) = 
q p-q p (tJ 0 p 

07) 
~ ') ) ir I + N - ._ v·(q «(N r ·'· ·'· , r .>> • q 3 'f' p- q '~'p-q 3 -q 
q 

noaTopHH a (17) a a anorH'lHO (11 ),(12) n pouettypy BhiJle
neHHH HenpHBO.ltHMOH 'l8CTH OTHOCHTenbHO o n epaTOpOB B npa
BOii 'laCTH lfiY HKUH H fp HHa, nony 'IHM 
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ir 
«(N T tjJ ) 

q 3 p - q 

+ c I t/J » (wr - £ r - ~ ) = 
p w 0 p 3 p 

ir 
= ~- v ( q ' ) « (N q T 3 tjJ p- q ) 

+ ir 
I (tjl: •T N ') » 

p -q 3 - q w 
q 

(18) 

B Boa.H HyneByiO cpyHKUH IO fpHH a 

c -1 
Q 0 (w) = (w r - f T - ~ ) 

p 0 p 3 p 
( 19) 

nony qae M perueHHe CHCTe Mbl ypaBHeHH H ( 14), ( 18) B BRae 

G (w) = G 0 (w) + G 0 (w)T (w)G 0 (w). 
p p p p p 

(20) 

MaTpHua pacceHHHH onpeaenHeTcH HenpHBOaHMOH qacTbiO 
MIIOrO'I8CTH'IHOH cpyHKURH fpHHa B (18): 

. (21) 
, ir + H 

T (w) = ~ v(q)v(q )«(N r tjJ ) I (tjJ ,r N ,) » . 
p ' q 3 p- q p-q 3 -q 

qq 

YpaBHeHHe (20) MO)!(HO aanRCaTb TaK)!(e B BRae ypaBHeHHH 

naHCOHa: 

G (w)- 1 = G 0 (w)- 1 - ~ (w), (22) 
p p p 

eCnR BB8CTH M8CCOBbiH onepaTOp ~ (w), KOTOpb!H CBH38H 
C M8TpHUeH pacce.HHH.H ypaBHeHHeM p 

T P (w) = ~P (w) + ~P (w)G~ (w)T P (w). (23) 

KaK cneayeT H3 sToro ypaBHeHHH, MaccoBbiH onepaTop .HB
n.HeTCH CB.H38HHOH ( HnH "C06CTBeHHOH") 'I8CTblO M8TpHUbl 
paCCe.HHHH, B KOTOpOH He coaep)!(HTCH oaHHO'IHhlX HyneBhlX 
cpyHKUHii fpHHa. CneaoBaTenbHO, anH Macr.oBoro onepaTopa 
B (22) H8XOaRM TO'IHOe npeacTaBneHHe 'Iepe3 MHOrO'I8CTR'I~ 
HYIO cpyHKUHIO fpHH8 

ir + ir (C) 
~ (w)= ~ v(q)v(q)«(N r tjJ ) I (tjl: , r N , ) » . (24) 

p qq' q 3 p-q p-q 3 -q 

6 

• 

B peaynbTaTe nonyqaeM HaH6onee o6mee Bbipa)!(eHHe .unH 
sneKTpOHHOH cpyHKURH (22) C yqeTOM (16), (19) B CBepX
TipOBOaHHKe npH npOH3BOnbHOM sneK TpOH-HOHHOM B38UM0-
aeHCTBHH ( 5) . 

3. npR 6 n H)!(e HHOe Bhl'IHCneHH e M8CCOBOr O on e p a Topa 

nn.H n o nyqeHH.H 38MKHy TOH C8MOCOrna COB8HHOH CHCTeMbl 
y paBHeHH H an .H M8C COB OrO onepaT opa (24) He o 6 xoa HMO HaH
TH npH6nH)!( eH HOe Bblp8)!(eHHe e r o qepe3 cpyHKUH IO fpH Ha (8 ). 
MaccoBw ii onepaTop (24) onHc wBa e T He y npy roe pacceHHH e 
sneKTpoHoB ( y npyra.H qac Tb coaep)!( HTCH B ~ c (16)) Ha p 
cpny KTY8UHHX nnoTHOCTH nonHOrO sneKTpOH-HOHHOrO 3ap.Haa 
B perueTKe H CX9M8TH'I8CKR MO)!(e T 6hlTb npeacTa BneH aHar

p8MMOH: 

~ (w) 
p ~ ~ (25) 

rae BOnHHCT8H nHHHH COOTBeTCTByeT pacnpOCTpaHeHH IO 
cpnyKTyauHii nnoTHOCTH aapHaa Nq, a np.HMaH - pacnpo
CTpaHeHHIO BwaeneHHOro s neKTpOHa (awpKH). EcnH npeHe-
6pe'Ib nepeHOpMHpOBKOH BepWHHW, TO eCTb KOppenHUHeH B 
pacnpOCTpaHeHHH STHX aByX THTIOB B036y)!(aeHHH 1 TO nony
qaeTC.H TipH6nH )!( eHHOe Bhlp8)!(8HHe an.H M8CCOBOrO onepaTopa, 
CX8M8TH'I8CKH npeacTaBneHHOe B npaBOH 'I8CTH (25), rae 
BOnHHCTOH nHHHH COOTBeTCTByeT nonHaH ¢YHKUHH fpHH8 
<<Nq IN-q •>>, onHC bJBaiOrnaH s¢cpeKTHBHoe aanaaabmaJOwee 
B38RMOaeHCTBHe s neKTpOHOB B perueTKe, a llp51MOH nHHHH -
nonHaH cpyHKUHH fpHHa (22). HeTpyaHo nony<JHTb aHamnu
qecKoe Bblp8)KeHH8 an.H M8CCOBOrO onepaTOpa B STOM npH-
6nH)!(eHRH "aByX B38HI\·tOaeHCTBYIOlllHX Moa", eCnH 38TIHC8Tb 

cneKTpanbHoe npeacTa Bn e HHe anH (24) B BHae 

00 dw ' -{3w' 00 dt iw' t 
~ P <w) = f -----;-< 1+ e ) I --e 

-oo W - W -oo 2 TT 

~ v(q)v(q ') x 
qq' 

i r + i r (C) 
x<(N(t)r

3
·'· (t)) 1<0 -rN •) > q 'f'p-q . p-q 3 -q 

(26) 
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H B COOTBeTCTBHH C (25) rrpoaeCTH pacuerrneHHe: 
ir + ir (C) 

<(N (t) T 1/J (t)) I (rp • T N • ) > ... 
q 3 p-q p-q 3 -q 

+ "'<N (t)N .>r <1/J (t)rp .>r 
q -q 3 p-q p-q 3 

(27) 

3aMeTHM, 'ITO cor·nacao orrpeneneanro aerrpHBO.UHMbiX qacreii 

B (11), (12) crrapHB8HHe orrepaTOpOB 1 OTHOCRWHXCR K OllHQ

MY MOMeHTy apeMeHH 1 naeT HyneBOH BKnan - 3TH cpellHHe 
y}!{e yqTeHbi B MaccoaoM orreparope B rrpu6nH}!{eHHH cpenaero 
rronR (16). 

nonb3YRCb uanee crreKTpanbHbiMH rrpencraaneHKRMK nnR 
KOppenRUKOHHbiX ciJyHKUHH B (27): 

oo ,~_ -iwt 
+ ~ e + 

<1/J (t).p • > =- r- ------lm«rp lr/1 .» . , (28) 
p p . 1T 1 _t:l.... p p w + 11> 

-oo + e '""" 

oo dw e -iwt 
<N (t)N .» =- r- -------lm«N IN • » (29) 

q q -oo 1T 1-e-fJw q q w+ il> 

H rroncraanRR (27) B (26), rronyqaeM aaannTH'leCKoe Bbipa
}!{eHHe nnR Maccoaoro orrepaTopa: 

1 oo oo dw
1
dw 2 {Jw

1 
{Jw

2 I (w) = -- f r --------(th -- + cth--) X 
P 2rr2 -oo -oo w- wcw2 2 2 

xI v(q)v(q')Im«N IN .>> .s: r
3 

x 
• q -q w +1u 

qq 2 

(30) 

x Im«cfr. lcfr.; .» .0 r 
p-q p-q (.:Jl - 1 3 

34>¢eKTKBHOe aneKTpOH-aneKTpOHHOe B.38liMOlleiiCTBKe, orrpe
nenHeMoe a (30) ciJyHKuueii fpuaa ciJnyKryauuii rrnoTHOCTH 

aapswa, MO}!{eT 6biTb Bbipa>~- eHo •tepe3 rronHyro !lHaneKTPH'le 
CKYIO llpOHHUBeMOCTb aneKTpOH-IIOHHOii CUCTeMbl cornaCHO 
COOTHOUieHHIO ( CM. /4/ HnH, H811pRII.Iep, ll . ) : 

8 

v(q)v(q')«N IN.» =v(q)[f- 1 (q,q',w) -o ,]. 
q -q w e-1 q,q 

(31) 

DpH Bbi'IHCneHHii nocnenHeii MO>KHO npeHe6pe'lh cBepxnpoBo

!lSIWHMH KOppenSIUHSIMH, llOCKOnbKY OHH OKa3hlBaJOT cna6oe 
BnHRHHe H8 KOnneKTHBHble KoneOBHHSI nnOTHOCTH 3apSilla B 
pewerKe. B qacrHOCTH, B craHnapTHOM npH6nH>K8HHH cny
qaiiHbiX ¢aa' (DCct>) nonyqaeM (eM., HanpHMep/

111 

v(q)v(q')«N IN . » =l> .v(q)(f- 1 (q,w) -1)+ 
q -q w qq 

(32) 
+IV (q,w)V ,(-q',w)«p (q)IP , (-q')» , 

KK' K K K K W 

rne llH8neKTpH'18CKaSI npOHHUaeMOCTb aneKTpOHHOI'O rasa B 

DCcl> liMeeT BHll . 

( ) 
n -n 

f q, w = 1-v(q) I --~--_?_+_ q 
p w -(( _-;--) , 

p+ q p 

(33) 

np -¢epMH-pacnpeneneHHe. 3KpaHHpOB8HHhlii aneKrpoH
HOHHbiii noreHuHan V (q,w)=V (q)/f(q,w). DoncrasnSISI (32) 
B ( 30) H y'lliTbiBaSI ( 16), non~biii MaccoBbiii oneparop npe.o.-

craBHM B Blill8 

· c oo dw 1 I + I (w) = - I r --I v c ( q I w, w 1 ) 0 q q , + 
P P qq'-oo 2rr 

+Vh(q,q .'lw,w
1
)lr lm«rp \Vi+ ,.» + . ..,r 3. ' p 3 p- q p- q w lU 

1 

rne a¢¢eKTHBHOe KynoHOBCKOe B38HMO!leiiCTBH8 

f3w 1 
Vc(q \w,w ) = v(q) I th --

1 2 

1 00 dw ' f3w 1 f3w ' 1 - f ---------- (th-- + cth--Hm----------1 = 
17 -oo w -w

1
-w' 2 2 f(q,w '+io) 

(34) 
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v(q) fJwl 1 oo dw. 
_ _....;.-=----th---- J --- {3 , 1 

cth~lm-----. 
l (q,w-W.) 2 rr-<>ll w.-w-«> 

1 1 
2_ l(q, w '+iS) 

{35) 
Hocnennee coornowenHe nonyqeno na ocnose cneKrpanbnoro 
npeACT8B1leHHg ll1lg o6paTHOH DHS1leKTpH'IeCKOH npOKKQ&eMo
CTH. Depi>blH •meR B- HeM OllHChiBaeT 3Kp8HRpOB8HHOe Kyno
HOBCKOe B38HMODeHCTme , a BTOpOH~ CODep.>KaWHH cth ({Xu '/2), 
- BK1l8ll ll1l83MOHOB, KOTOphiH 06ht'iHO He y'iHThiBaeTCSI BBHllY 
ero ManocTH no napaMerpy w

1
/w

0 
rr-o cpaaneHHJO c nepahiMt

wn - nnaaMeHnag qacrora (cp. c /41). 

3<P<j:JeKTitBHOe B38HMOlleHCTBHe 31leKTpOHOB qepe3 K01le6a

HHe peweTKH HMeeT Ball 

1 00 dw~ f3w1 R •.• ' 
V (q,q'lw, w ) =- ~ f (tfl--.!.. + cth~} x 

ph 1 TT -oo w- w -w' 2 2 
1 (36) 

x :I. V (q,w')V , (--q~w')In«p (q)lp (-q') » 
, , K K K. K ' W '+iS 

KK qq 

OHO OT1lH-'i88TCSI OT o6menpHHSITOrO Bblpa}f{_eHHg (cM)4 / ) 38-

MeHOH OllHO<ilcmOHHOH qiyHKUHH fpnna Ha ll01lHhlH JlHHBMH"'e
CKRH CTpyKTypHhiH <j:lopMlP8KTOp peweTKH - apeMeHHyJO KOp

penSIUHOHHYJO <j:lyHKUHlO onepaTOJJOB ll1lOTHOCTH p (q) (6 ). 
K 

00Jl06Hoe :>Ke Bhlpa:>KeHHe HB OCHOBe TeXHHKH lPYHKUHOH81lb-
HOrO llK¢<ilepenuuposaHHSf 6hmo nonyqeno a ! 61 , rlle- paccMaT
pnaanocb Itn-HSIHKe aarapMOilK3Ma na reMneparypy nepexolla 
T c • nanbHeHlllHH 8H81lH3 nonyqenno:H CHCTeMbl ypaBHeHHH 
(22), (34)- (36), B 'IBCTHOCTH, BhiBOll ypaaaeHKg 

nnsr T c Mo:>KeT 6hJTb npoBelleH craHllaprHhTMH MeTOllaMH 
(CM,, HanpHMep, / 4/) H ll03TOMY 3lleCb He paCCM8TpHaaeTCSI. 

B 38K1HO'IeHHe o6cyllHMr oniTaKo, Ba*HhiH sonpoc o B1lHSI
HKH CTpyKTypHOH HeyCTOH'IHBOCTH pemeTKH H8 CBepxnpOBOllH
MOCTb, KOTOpOe 3KCnepHMeHT81lbHO H861lJOll8eTCg B 601lblliOM 

'IHCne cnnasos H coe-JlKHeHK:ii . CrpyKrypnag neycro:ii'iHBOCTb 
X8p8KTepH3yeTCSI llOSIBJleHKeM B cneKTpe KOne6aHHH pemeTKH 
CH1lbH08HrapMOHH'IeCKHX MOll, OllHCBHK e KOTOphlX B p8MK8X 
06hi 'IHOH aHrapMOHH'IeCKOH Te op HH B03MyllieHKH, K8K H8llpH
Mep, B / 6 / , M81l"OS¢<j:leKTKBHO, 00STOMY B 3TOM cnyqae He
o6XOllHMO HCll01lb3-0B8Tb 6onee o6mHe MOlle1lH ll1lSI OllHC8HKSI 
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llHH8MHKH perueTKH, 8H81lH3 KOTOpb!X C llOMOWb!O o6rueH 
¢opMynhr (36) oco6enno yllo6en. B qacrnocrH, a pa6ore/7/ 
na ocnoae nonyqeHHhlX anecb ypaaneHHH 6wno accnenosano 

B1lliSIHH8 KB831i1lOK81lbHh!X B036y)KneH1iH Ha Te Mneparypy 
nepexona T • llnst onacaHHSI nnnaMHKH pemeTKH B srol1: 

c . Monenn 6hi1lO acnonbaosano ncesnocnanoaoe npencraanenae , 
mHpOKO npHM8HSIIOlli88CSI npH H3Y'I8Hiili CTpyKTYPHbiX nepexo-

noa (eM., nanpaMep/121). 
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