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H3eecTHo, 4TO naHepncoecKHH CTPYKTYPH~H $a30B~H nepexo~ HMeeT 
MeCTO B KBa3HO~HOMepH~X, CHflbHO aHH30TpOnH~X O~HOBaneHTH~X 
MeTannax. 4aCTO Afl~ OnHCaHH~ npOHCXO~~~HX $H3H4eCKHX np04eCCOB 
e o6nacTH TeMnepaTYP~ naHepncoecKoro nepexo~a Hcnonb3Y~Tc~ 
MeTO~~. OnHC~Ba~~He CTPYKTYPH~e $a30B~e nepexo~~ B ~H3neKTpHKaX. 
HHor~a An~ B~4HcneHH~ napaMeTpoe nepexo~a 6e3 ~oKa3aTenbcTea 
HCnOflb3Y~TC~ npHfiflH*eHH~e $OpMyn~, XOT~ aBTopaM ~Ofl*HO 6~Tb 
H3BeCTHO, 4TO Afl~ 3TOrO OHH He HMe~T HH ManeHWero OCHOBaHH~. 
8 paHHHX pafioTaX /1.2/ aBTOp noKa3an, KaK He06XO~HMO o6pa~aTbC~ 
CO 3HaKOM~MH $QpMynaMH, 4T06~ nony4HTb $H3H4eCKH 060CHOBaHH~H 
npaBHflbH~H pe3yflbTaT. 

BceM H3BeCTHO, 4TO cy~ecTayeT yHHBepcanbHOCTb noee~eHH~ 
TepMO~HHaMH4eCKHX aenH4HH npH cTpyKTypH~x $a3oe~x nepexo~ax. Ho 
4T06~ nOH~Tb $H3H4eCKy~ OCHOBy KOH4en41o11o1 YHHBepcanbHOCTH, Heo6-
XO~HMO HaHTH HCT04HHKH CHHryn~pHOCTH TepMO~HHaMH4eCKHX BeflH4HH 
e KpHTH4eCKOH o6nacTH. EcnH npH cTpyKTYPHOM $a3oaoM nepexo~e 
B ~H3fleKTpHKaX napaMeTp nop~~Ka Henocpe~CTBeHHO CB~3aH C HCKa*e­
HHeM peWeTKH, TO HaBepH~Ka 3TO ~Ofl*HO HMeTb MeCTO H npH naHepn­
COBCKOM CTPYKTYPHOM $a30BOM nepexo~e a MeTannax. EcnH a ~H3neKT­
PHKax HeflHHeHH~e Kone6aHH~ napaMeTpa nop~~Ka OTflH~a~TC~ OT 
m1HeMHbiX KOfleOaHHH peweTKH /00~4H~X $QHOHOB/, TO 3TO ~Ofl*HO 
npoHcxo~HTb H e MeTanne a o6nacTH Tc . EcnH e ~H3neKTPHKax 
nOTeH4Han Afl~ napaMeTpa nop~~Ka C03~aeTC~ CHflbHO non~pH3Y~HMHC~ 
HOHaMH, TO B MeTanne 3TOT nOTeH4Han C03~aeTC~ KOnneKTHBH3HpOBaH­
HbiMH 3fleKTpOHaMH. no3TOMY npaBHflbHOe $H3H4eCKOe nOHHMaHHe 
naHepncoBcKoro cTpyKTypHoro $a3oaoro nepexo~a npHBO~HT K e~ao~y, 
4TO B KpHTH4eCKOH o6naCTH TeMnepaTyp~ nocTeneHHO Ha4HHa~T B03-
6y*~aTbC~ ron~CTOyHOBCKHe HenHHeHHble KOne6aHH~ napaMeTpa nop~~Ka, 
KOTOpble XOT~ H B3aHMO~eHCTBYOT C flHHeHHbiMH KOne6aHH~MH peweTKH 
/o6b14HWMH $0HoHaMH/, He HMeOT o6~eH $H3H4eCKOH npHPOAbl. TaKHM 
o6pa3oM, a y3KOH o6nacTH TeMnepaTypbl a6nH3H T0 6naro~ap~ $nyK­
Tya4HH TeMnepaTypbl B03HHKaOT cpaBHHTeflbHO KpynHble $a30B~e 
HeO~HOpo~HOCTH, H3MeHeHHe KOTOpbiX 3aBHCHT OT noae~eHH~ HeflHHeH­
HbiX Kone6aHHH napaMeTpa nop~~Ka /ron~CTOYHOBCKOH M~rKOH MOA~/. 

Uenb HacTo~~eH pa6oTbl - o6paTHTb BHHMaHHe Ha no~eneHHe 
0C06eHHOCTH B AH3neKTpH4eCKOH npoHH4aeMOCTH 3neKTpOHOB no 4ac­
TOTe npH no~BneHHH 3anpe~eHHOH ~enH Ha $epMH-ypOBHe B HX 3Hepre­
TH4eCKOM cneKTpe. TaKHe ~enH no~Bn~OTC~ npH nepHO~H4eCKOM HCKa­
*eHHH peWeTKH, KOTOPOe HMeeT MeCTO npH naHepnCOBCKOM CTpyKTypHOM 
nepexo~e. O~HaKo TaKHe oco6eHHOCTH ~on*H~ Ha6noAaTbC~ H a ~H-
3neKTPH4eCKOH npoHH4aeMOCTH Y3KO~eneeblx nonynpoBOAHHKax. 04eHb 
Ba*HO TaK*e H3MeHeHHe ~H3fleKTpH4eCKOH npOHH4aeMOCTH B CHflbHO 
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aH1130TpOnHbiX KBa3110AHOMepHbiX MeTaJlJlaX B y3KOH 06JlaCTI1 TeMnepa-
TYPbl T - T c np11 ao3H11KHOBeHI111 o6nacTI1 c OTJ1114HbiM oT HYJlR 
napaMeTpOM nopRAKa. B 3TI1X o6nacTRX 11CKameHI1e peweTKI1 npi1BOAI1T 

K nORBJleH11~ aanpe~eHHOH ~eJ111 Ha ~epMI1-ypOBHe B 3HepreTI14eCKOM 

cneKTpe 3JleKTpOHOB. TaKI1M o6pa30M, aoa6ymAeHI1e ~JlYKTya~"'"' napa­

MeTpa nopRAKa TeMnepaTypHbiM11 ~JlYKTya~I1RMI1 B y3KOH TeMnepaTypHOH 

o6nacTI1 a6Jll1311 Tc o6ecne411BaeT cy~ecTaoaaHI1e ~JlYKTya~"'"' 
A113JleKTPI14eCKOH npOHI1~aeMOCTI1 3JleKTpOHOB. 4eTaepTb aeKa TOMY 

Ha3aA HKoaneBbiM, M11xeeaoi1 "' BeJ1114KI1HOH
131 

3Kcnepi1MeHTaJlbHO 
Ha6n~Aanocb aHoMaJlbHOe pacceRHI1e ny4Ka naaepa Ha TaKI1X ~JlyKTya­
~11RX AI13JleKTPI14eCKOH npOHI1~aeMOCTI1 np11 a~ 8 nepeXOAe Kaap~a. 
B HaCTOR~eii pa6oTe "'ccneAoaaHbl ~JlyKTya~"'"' A113JleKTPI14eCKOH npo­
HI1~aeMOCTI1 B paMKaX npOCTOH OAHOMepHOH MOAeJ111 OAHOBaJleHTHOrO 

MeTanna. 

rAe 
2 

v o(q) = .1!:..L n q2 

).' (Q,w) = I. _f(k+~- f(k)_ 
0 f (k+Q)- f (k)-~w -iflf · 

/1/ 

/2a/ 

/26/ 

B np1161111meH1111 CI1JlbHOH CBR311 cy~ecTBY~T cneKTPbl 3JleKTpOHOB, 

AJlR KOTOpbiX MOmHO noA06paTb TaKO~ BOJlHOBOH BeKTOP q , AJlR KOTO-

poro 11MeeT MeCTO paaeHCTBO f (k +Q)- f ( ~) = f ( ~ )-E(k) • BcerAa 

MOmHO nOA06paTb TaKy~ nJlOTHOCTb 3JleKTpOHOB, 4T06bl 8blnOJlHRJ10Cb 

paaeHCTBO , (~)= 11 • B 3TOM cny4ae noaepxHOCTb ~epM11 3neKTpOHOB 

coanaAaeT c noaepxHOCTb~ BblpomAeHI1R 11X 3HepreTI14ecKoro cneKTpa 

B 11CKameHHOH peweTKe, KOTOpOe CHI1MaeTCR 3JleKTpOH-peWeT04HbiM 

aaai1MOAei1cTBI1eM. Aei1cTBI1TeJlbHO, ec1111 a CI1MMeTp114HOH peweTKe 

3JleKTPOHbl 11Me~T 3HepreTI14eCKI1H cneKTP f (k) , TO B 11CKameHHOH 

peweTKe B ABYX30HHOM np116J111meHI1I1 11X 3HepreTI14eCKI1H cneKTP 

Oni1Cb1BaeTCR ~OpMyJlOH/ 7 /: 

131 

3AeCb q=Aa oni1Cb1BaeT 11CKameHI1e peweTKI1, a qW - nOJlYW11PI1HY 

HOBOH ~e1111 a 3HepreTI14eCKOM cneKTpe 3JleKTpOHOB. B OAHOMepHOM 
MeTaJlJle 3HepreTI14eCKI1~ cneKTP 3JleKTpOH08 B CI1MMeTp114HOH peweTKe 

8 np116J111meH1111 CI1JlbHO~ CBR311 Oni1Cb1BaeTCR BblpameHI1eM 

2 
/ 

/ 

f (k) =-J cos(ka). 
/4/ 

TOrAa B 11CKameHHOH YABOeHI1eM nepi10Aa peweTKe, KOrAa Q= 3_ 
" a 

11 n03TOMY f (k + a)=-£(k) , COrJlaCHO <I>OPMYJle /3/ 3HepreTI14eCKI1H 

cneKTP 3JleKTpOHOB AOJlmeH oni1CbiBaTbCR BblpameHI1eM 

/51 

Mbl Hap04HO 8bl6paJ111 Ha4aJlO OTC4eTa 

~epMI1 8 OAHOBaJleHTHOM MeTaJlJle, 4T06bl 

3Hepr1111 t (k) OT ypOBHR 

11MeJlO MeCTO pa8eHCTBO 

f(k+.!l.)=-c(k) np11 ( (...!:_)= 11 =0. np"' 3TOM Bb160pe 11MeeT MeCTO 
a 2a 

CJleAY~~ee paaeHCT80: 

f(k [ 
dk+Q) -1 -dk) -1 

+Q)= exp(-)+1] =[exp(--)+11 , 
k 0T t 0T 

T.e. 

TorAa 8MeCTO /26/ MOmHO aan11caTb BblpameHI1e 

;!!__' '-~•'-'f(k),,0/1.\.-t:. 
~ o ' a , tu '- - - "'"' 2kT' l ..... (. '4"' T .. UJ 

0 

,t 1-1 
•••( I • 

/6a/ 

/66/ 

I II 

Ecn11 y4eCTb, 4TO np11 CAenaHHOM Bbl6ope Ha4ana oTc4eTa 3Hepr 1111 

3JleKTpOHOB f(k) MOmeT MeHRTb 3HaK, TO 113 /7/ MOmHO nOJlY411Tb 

!81 

4T06bl 6onee HarJlRAHO npeACTaBI1Tb BbiBOA ~OpMyJlbl /8/, Mbl aep­

HeMCR K caMOMY Ha4aJly noJly4eH11R eopMyJlbl n11HAXapAa. HTaK, eCJ111 

aBeAeM a MeTanne 3JleKTp114ecKoe none 

TO BMeCTO 06b14HOH nJlOCKOH BOJlHbl 3JleKTpOHa 

'I' k (r) = 1 exp (ikr) 
vn 

191 

/10/ 
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AnA OnHcaH~A ero noseAeHHA B 3neKTpH4eCKOM none 191 M~ AOn*H~ 
HCnOnb30BaTb HOBY~ BOnHOBY~ ~yHK~H~: 

1111 

npH 3TOM -
H 

a* (k) .. W * (q) • I 1 21 
-q f (k-q)- £ (k)+"ttw+ ibf 

3To oaHa4aeT, 4TO 3neKTPH4ecKoe none 191 s~asano MOAYnA~H~ 15 ,81 
B nnOTHOCTH rOMOreHHOrO 3neKTpOHHOrO raaa 1101. npH 3TOM HMeeM 

n(q) .. W(q)I. f(k)[a (k)+a* (k)l= q -q 

l13al 

- 2 Jl 2 -1 
,. W(q) I. 2f(k)(£ (k+q)- £ (k))[(£(k +q)- f (k)) -~nw) 1 . 

11361 

npH nony4eHHH ¢opMyn~ 11361 M~ socnonbaosanHCb paseHcTBaMH: 
£ (k -q) = £ (q-k)• f (q + k) . ,l\anbWe He06XOAHMO B~4HCnHTb KynoHOBCKHH 
noTeH~Han, C03AaHH~H MOAYnA~HeH nnoTHOCTH 3neKTpOHOB 1131: 

1141 

A Tenepb c noMO~b~ paseHcTsa caMocornacosaHHoro nonA 
1151 

W(q) --eE0 +V 3 Jl(q) 

H paseHCTBa 1141 MO*HO nony4HTb 

~opMyna 1161 6onee npasHnbHaA, 4eM ¢opMyna 181. 0Ha o6~aR 
H ~H3H4eCKH o60CHOBaHHaA. 0AHaKO, ecnH y4eCTb CAenaHH~H HaMH s~-

q 71 

6op Ha4ana oTc4eTa 3HeprHH £ (k) I c( -) = £ (--)•!! =01 H scnoMHHTb 2 2a 

o so3MO*HOCTH aaMeH~ aHaKa y c (k). Tor A a H3 I 161 cpaay nony4a-

eTCA ¢opMyna 181. 
nocne nony4eHHA o6~el1 ~opMyn~ 181 MO*eM npHcTynHTb K HccneAo-

saHH~ noseAeHHA AH3neKTPH4eCKOH npoHH~aeMOCTH 3neKTPOHOB npH no­
ABneHHH AH3neKTPH4eCKOH ~enH Ha ~epMH-ypOBHe B HX 3HepreTH4eCKOM 
cneKTpe. XoTA see naliepncoscKHe CTPYKTYPH~e ~aaos~e nepeXOA~ 
npoHCXOAAT npH T ~0 K , paAH npocTOT~ M~ cHa4ana He 6yAeM 

4 

-., 

y4HT~BaTb BnHAHHA TeMnepaTyp~, 3aMeHAA npH 3TOM th(.!J!L) 2koT 

HH~eli. no3TOMY npH T-0 K noAcTaHOBKOH 141 s 181 nony4aeM 

1171 

rAe a• tw . HHTerpan 1171 6epeTCA T04HO, H B peaynbTaTe nony4a-

eM gJ 

X (E.., w) = 2N __ ln( _ __;:,._ ). 
0 a 11J"1-a2 1+v1-a

2 

1181 

B npH6nH*eHHH sin x- x H3 I 17 I nony4aeM 

11 2N 71
' 

2 xdx 2N 2a 
x (-,w) =--r - =-lnC--==-->· 

0 a 71J 0 a2-x2 71J v' 712.... 4a2 

1191 

HeTPYAHO coo6pa3HTb, 4TO, HHTerpHPYA no X OT 0 AO 2, MO*HO 
nony4HTb peaynbTaT, OTnH4a~~HHCA OT B~Pa*eHHA 1181 4neHaMH, 

nponop~HoHanbH~MH a
2 << 1 . 

KaK Y*e 6~no cKaaaHo, nocne HCKa*eHHA s peaynbTaTe YABOeHHA 
nepHOAa peweTKH 3HepreTH4eCKHH cneKTP 3neKTpOHOB OnHC~BaeTCR 
..,~~ .... "~'~ /C I n""'.,."""" a ••r""'"'p .... niA nPIIIPTI<P. nnR <bVHKUHH OTKnHKa 
.... ~t'' •J•""""' , ..,, • ··--. -· •,J -

3neKTP0HOB BMeCTO 1171 HMeeM 

/ZOal 

12061 

rAe v=1]W /J . PeaynbTaT HHTerpHpOBaHHA B 1201 MO*HO aanHCaTb 
c noMO~b~ nonH~X 3nnHnTH4eCKHX ~yHK~Hii nepsoro H TpeTbero no­
PAAKOB, OAHaKO 3TO rpOM03AKHH H TPYAHO o6o3pHM~H ~TB~T · 2TaK KaK 
H3 1201 BHAHO, 4TO 3HaMeHaTenb aHHynHpyeTCR npH X =a - V , TO 
M~ socnonb3yeMCR npH6nH*eHHeM SinX"' X , TaK KaK CaM~H 6onbWOH 

sKnaA a HHTerpane Aa~T x .. v \a 2-v2
\ << 1 • B 3TOM npH6nH*eHHH 

sMecTo 1201 nony4aeM 
5 



.. -- cP 2 
X (..!..,w) "'~. r y'x2+v2 dx = E:!_ ( 1 v c~ 

0 a 77J 0 a 2_v2- x 2 77J 0 cos 2¢(a 2cos 2¢-v 2) 

{ 

zl dz .. m... (- 2 2 
77J 0 (1- .!::-.)- z 

a2 

zl dz } • 

J 1-:-;2 

l21al 

12161 

2 
BepxHI-!e rpaHI-11.4bl 1-!HTerpl-!poeaHI-!R e 121 I cneAYIOIIII-!e: ¢ 1 =arctg( v-> , 

z1= 2 . nocne npocrblx npeo6pa3oeaHI-1~ 1-13 1211 MomHo nony41-1Tb 
.../ 4+ v 2 

2N{ 
2 Jr-4-iJ22- } l22al - ( 77 ) a l ( a+ + f/ a -v ) 1 ( v ) x -,w =- - n --- + n 0 a 77J ra~v~ vv'l+v2....a2 2+v4+v2 • 

- 77 -2N { 2+J4;':2 a 2a } x
0

<-a.-.w)=- ln(- -+--=-arctg(-r.=--=- ) • 12261 
77 J v v~ai! v4+v 2v'v2....al! 

KaK BI-IAHO 1-13 3ani-ICI-1 vr;;2:t,2 e l22al 1-1 r­v v 2-a 2 e /2261, Cl>op-
- 77 Myna l22al onl-!cbleaer x 0 <a-. w ) np~-1 a> v 

- 77 • 
, TO eCTb np~-1 hw>27jW, 

... ,...,.....,. •• , .... ..,. /??F:./ ,...,..,.,..,,n"'nT ,~{- _ ,.,, ) 
............ '"'. 'J"''""'" , -- .... , -····--·--- •.• - a ~::-~~ (J <11 • .- Tn orT.._ nniA 

2 71W > hw . BblpameHI-!e l22al noKa3b1Baer, 4TO np~-1 a-+" , HO a <v 

Mbl 1-!MeeM cneAYIOIIIH~ npeAen: 

lim x ( ..!!..., w) = 
a-+v 0 a 

,--2~ 
-- 2 + . 4 + v ,; a2-v2 ) = r 2 N a 

1 
( a v _ _.__ __ _ 

=-~ln(lbL.~)+-J lim -r--2.... 2 n -2 - r4-+t/~v'a2_f/2 123al 77 J v 77 a-+t' v a v a v 

r--"2 r.-
=- ~ ln( 2tv4+v ) + .lL.v 4+v2. 

77J v 77J 

0AHaKO npH a-+ v , HO a< V H3 12261 Mbl MOmeM nony4HTb 

. - (77 . ) 2N ln( 2+~ )-~lim ~arctg( 2 a~)j2361 
hm x -,w =- -J v rrJ J~ · r.--94+ 2 2 o a 77 a-+v v"-a "' V 'l+v~v v a-+v 

6 

I 

} 

H3eecrHo191, 4TO np~-1 x2>>1 HMeer Mecro pa3nomeHHe 

trX 00 £ 
x arctg(x) = ___ , i _...!.::.!L 1241 

2 -~ 

f =o (2f +1) x2 

no3TOMY 1-13 12361 cneAyeT, 4TO npH a-+ v HO a<v CI>YHKL41-!R 

- ( 77 OTKnHKa 3neKTpOHOB XO a;w) CTpeMI-!TCR K -oo , 1-1 no3TOMY HX 

AH3neKTpH4ecKaR npoHHI.4aeMOCTb K (-~, w ) I 1 I pacrer HeorpaHH-

4eHHo. OrpaHI-!4eHHe MOmHo nony41-!Tb c noMOIIIbiO epeMeHI-1 ceo60AHOro 
npo6era. MomHo coo6pa31-!Tb, 4TO y4eT npi-!BOAI-!T K KOHe4HOMY 3Ha4e­
HI-110 K , 0AHaKO Mbl 3TI-IM 3aHHMaTbCR He 6yAeM, a nepe~AeM K y4eTy 
BnHRHI-IR TeMnepaTypbl Ha noBeAeHHe Al-13neKTPI-!4eCKO~ npOHI-!1.4aeMOCTI-1 
3neKTPOHOB. AnR 3TO~ 1.4en1-1 e 1171 Heo6XOAHMO noACTaeHTb onyllleH-

Hbl~ paHee th(;:i~). Ae~cTBI-!TenbHO, noAcTaHoeKa 141 e 181 Aaer 
ft~ 77 

cneAYIOUiee BblpameHI-Ie AnR CI>YHKL41-11-1 oTKni-!Ka x0 <-a. w. T ) : 

77/2 
X (..!..,cu,T)=.lli_ ( siusllt th(~.!..), 

0 a 77J 0 a 2- sin 2x a 
1251 

rAe o= 2k0T/ J • KaK BI-IAHO H3 /251, 3AeCb raKme caMbl~ 6onbwo~ 
BKnaa B HHTerpan AaiOT 3Ha4eHHR X ,. a << 1. no3TOMY Mbl 1-1 3AeCb 
eocnonb3yeMcR npH6nHmeHI-!eM sinx "' x • nocne 3TOro BMecro /251 
HMeeM 

2 
- 77 2N xdx x 
X (-,u>,T)=- ( -2:2th(7). 1261 

0 a 77J o a - x 0 

0AHaKo e 1261 ocrancR th( ;). KOTOPbl~ Mewaer nony4eHI-!IO 

npocroro oreera. 4ro6bl Ha~TH xopowy10 HHTepnonRI.41-!0HHYIO CI>OpMyny 

AnR th ( .].-) 
0 ' 

rerpan: 

Mbl nonomi-IM e 1261 a = 0 H Bb14HCni-IM nony4eHHbl~ 1-!H-

2 dx x 8yo 9,08 f -- th(-) = 1n(-) =ln(-). 
0 X o 770 2 o 127/ 

B 127/ l-!cnonb3oeanocb o6o3Ha4eHHe Yo 
nocroRHtiaR 3~nepa. nocne 3aMeHbl th( ..!.) 
127/ HMeeM 0 

, rAe 1ny0• C 0=0,577-

Ha x1J-x2+ 0 2 BMeCTO 
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2 -
dx x 2 + v' 4+ o 2 4 (- -= =ln(--)= ln ("7 ). 

0 X v' X2+ o2 0 0 
/28/ 

CpaBHHBafl peaynbTaT~· /27/ H /28/, BHAHM, 4TO paanH4He 
MemAY HHMH 04eHb Mano H ero MOmHO yCTpaHHTb C nOMO~b~ 

MHOmHTenfl 17/15, Ha KOTOp~H He06XOAHMO YMHOmHTb TeMnepaTypy 
B HaWHX peaynbTaTax, 4T06~ HaHTH 3Ha4eHHfl, nony4eHH~e C HCnOnb-

30BaHHeM th(~). PaayMeeTcfl, npH 3TOM ocTaeTCfl paanH4He MemAY 
0 2 

HHMH H no cTeneHflM Manoro napaMeTpa o , KOTopoe npeHe6pemHMO 
Mano, TaK KaK o<< 1 • 

nocne 060CHOBaHHfl npaBOMepHOCTH CAenaHH~X npH6nHmeHHH, M~ 
nepeXOAHM K B~4HcneHH~ cneAy~ero HHTerpana: 

- 77 2N 2 x2 dx X (-;w,T) .. -- { __ .,__ __ 
0 a rrJ 0 a2-x2 v'~ /29a/ 

/296/ 

CpaBHHBafl /296/ C /18/, BHAHM,4TO npH 8~0 peaynbTaT B~pame­
HHfl /296/ T04HO nepeXOAHT B peaynbTaT B~pameHHfl /18/. npH 3TOM 
nepeXOAe He AOnm~ Ha6n~AaTbCfl HHKaKHe OC06eHHOCTH. npoBeAeHHOe 
HCCfleAOBaHHe noKa3~BaeT, 4TO B MeTannH4eCKOM COCTOflHHH nOB~WeHHe 
TeMnepaTyp~ npHBOAHT TOflbKO K cna6oMy yMeHbWeHH~ AHHaMH4eCKOH 
AH3neKTPH4eCKOH npOHH~aeMOCTH 3neKTPOHOB. 

OcTaeTcfl B~4HCnHTb H3MeHeH~e A~3neKTPH4ecKOH npoHH~aeMocT~ 
3neKTpOHOB npH naHepnCOBCKOM CTpyKTypHOM ~a30BOM nepeXOAe, TO 
eCTb npH nOflBfleHHH aanpe~eHHOH ~enH B HX 3HepreTH4eCKOM cneKTpe 
H np~ oTnH4HOH OT Hynfl TeMnepaType. B ~cKameHHOH peweTKe ~YHK~Hfl 

OTKflHKa X O ( ~ , w , T ) 3neKTpOHOB B OAHOBaneHTHOM OAHOMepHOM MeT an­

ne onpeAenfleTCfl e~pameHHeM 

~ 3Aecb M~ eocnonbayeMCfl CAenaHH~MH paHee npH6nHmeH~flM~. 
TorAa nony4aeM 

8 

t 
I 
I 

/31 a/ 

/316/ 

/21a/ nerKo npHaecTH K cneAy~eMy BHAY: 

/21e/ 

CpaBHHBafl /21a/ c /316/, BHAHM, 4TO HHTerpan~ a o6oHx e~pame­

H v Ha V V 2 + 0 2 . 

AeHCTBHTenbHO, nocne npocT~x npeo6paaoeaHHH, aHanorH4H~X CAenaH­
H~M B /21/, H3 /316/ MOmHO nony4HTb 

/32/ 

rAe z
2
=2/v4+v2+o2 • nocne HecnomH~x B~4HcneHHH H3 /32/ nony-

4aeM a~pameHHfl 

" T ) _ 2N 1 ( .=2:..:+-lv~' 4:;+:=:8:::
2 

+=:v...._
2 

) + X (-.w. --·- n 
o a "J Jv2+o2 

/33a/ 
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CpasHeH~e /22/ c /33/ noKaa~saeT, 4TO TeMnepaTypa xoT~ He­
MHoro H yMeHbWaeT BnH~HHe aanpe~eHHOH ~enH B 3HepreTH4eCKOM 
CneKTpe 3neKTpOHOB Ha HX AH3neKTpH4eCKy~ npOHH~aeMOCTb BAanH OT 
KpHTH4eCKOH o6naCTH, BCe-TaKH He ycnesaeT yCTpaHHTb OC06eHHOCTb 
B KpY!H14eCKOH T04Ke a "'V , no3TOMy noBeAeHYte <)>yHK~HH OTKflY!Ka 

3neKTPOHOB x0 (~.w.T) ~ Y!X AY13neKTPH4eCKOH npoHH~aeMOCTY! 

K (.!:.;w. T) s Y!CKa>KeHHOH YABOeHY!eM nepHOAa peweTKe np1-1 T .f, 0 K a 
cna6o OTnH4aeTc~ OT Y!X noBeAeHY!H (x (...!;w) ..., K(-.!t,w)) npH T-oK. 

o a a 
npoBeAeHHOe HCCneAOBaHYte noKa3~BaeT, 4TO B CY!flbHO aHH30TpOnHOM 

KBa3HOAHOMepHOM OAHOBaneHTHOM MeTanne no~sneHYte aanpe~eHHOH ~enH 
Ha <)>epMYt-ypOBHe B 3HepreTYt4eCKOM cneKTpe 3neKTpOHOB cpaay CKa3~­
saeTC~ Ha noseAeHY!Y! Y!X AY13neKTPH4eCKOH npoHY!~aeMOCTH. B KPY1TH4ec­
KOH o6nacTH s6nH3H Tc , KOrAa senH4HHa BBOAY!MOH Y!CKa>KeHHeM 
peweTKY! 3anpe~eHHOH ~enH B cneKTpe 3neKTpOHOB MeHbWe HnH nop~AKa 

<)>oHOHHOH 4aCTOTbl, B03MO>KHO aHOManbHO CY!nbHOe yMeHbWeHYte 4aCTOT~ 
npOAOnbH~x Kone6aHY!H. PeaynbTaT~ nposeAeHHbiX HccneAoBaHY!H Aa~T 
HaM npaso npeAnOnO>KY!Tb, 4TO TaKY!e aHOMaflHH B <)>OHOHH~X cneKTpax 
B03MO>KH~ Y1 B CY!flbHO aHYt30TpOnH~X y3KO~eneB~X nonynpoBOAHY!KaX. 
3KcnepY!MeHTanbHOe B~~BneHYte OC06eHHOCTH B AY13neKTPH4eCKOH npo­
HH~aeMOCTH C nOMO~b~ H3MeHeHH~ K03<)><)>Y1~HeHTa npenoMneHH~ CBeTa 
AaeT HaM B03MOlKHOCTb OnpeAenHTb MOMeHT no~sneHH~ 3anpe~eHHOH 

~enH B 3HepreTH4eCKOM cneKTpe 3neKTPOHOB npH naHepnCOBCKOM 
CTpyKTypHOM <)>a30BOM nepeXOAe. KaK 6~no OTMe4eHO B Ha4ane pa60T~, 
AO HacTynneHH~ naHepncoscKoro CT.PYKTypHoro nepexoAa s peweTKe 

MeTpa nop~AKa. npH6nH>KeHHe K T04Ke nepeXOAa Tc CHnbHO yMeHbWaeT 
HX 4aCTOTy, 4TO AaeT B03MO>KHOCTb ysenH4HBaTb HX 4HCnO, aMnnHTYAY 
..., paaMepbl. Ho c ysenY~4eHHeM paaMepa o6nacTY1 soa6y>KAeHH~ /paAHyca 
KOppen~~HH/ C OTnH4H~M OT Hyn~ napaMeTpOM nop~AKa /TO eCTb C Y!C­
Ka>KeHHOH peweTKOH/ nc~Bn~eTCR ~enb B 3HepreTH4eCKOM cneKTpe 
3neKTpOHOB, 4TO AOn>KHO B~3BaTb CHnbHOe H3MeHeHHe noBeAeHY!~ 

AH3neKTpH4eCKOH npoHH~aeMOCTH 3neKTpoHos s 3THX o6nacTRX. TaKHM 
o6pa30M, <)>nyKTya~HY! napaMeTpa nOPRAKa B~3b1Ba~T He3aMeAnHTenbHO 
¢nyKTya~HH AH3neKTpH4eCKOH npOHH~aeMOCTH. no3TOMy 3KCnepHMeH­
TanbH~e HCCneAOBaHY!~ noBeAeHHR AH3neKTpH4eCKOH npOHH~aeMOCTH 
3neKTpOHOB B Y3KOH o6naCTH s6nY13H Tc MOryT nponHTb CBeT Ha o6pa-
30BaHHe 30HHOH CTpyKTyp~ H onpeAenHTb MHHHManbH~H pa3Mep KnaCTepa 
HCKa>KeHHOH peweTKH, npYt KOTOpOM nORBn~eTCR aanpe~eHHaR ~enb B 
3HepreTH4eCKOM cneKTpe 3neKTpOHOB. 

Heo6xOAHMO OTMeTY!Tb, 4TO 3KcnepHMeHTanbHO Ha6n~Aanc~ 110 · 111 

CKa40K pacce~HH~ ny4a naaepa Ha <)>nyKTya~HRX AH3neKTpH4eCKOH npo­
HH~aeMOCTH npH npH6nYt>KeHHH K TeMnepaType Tc T04KH naHepnCOBCKOrO 
cTpyKTypHoro ¢aaosoro nepexoAa. B 3THX pa6oTax yTsep>KAaeTc~. 4TO 
s y3KOH TeMnepaTypHOH o6nacTH (0,5 K) s6nH3Y1 Tc s 3KcnepHMeHTe 
Ha6n~AanOCb B03HY1KHOBeHHe cpaBHY!TenbHO KpynHbiX <)>a30B~X HeOAHOPOA­
HOCTeH, npHBOA~~HX K CHnbHOMy pacce~HH~ CBeTa, OC06eHHO 

10 

~eCTBeHHOMY npH Man~X yrnax pacce~HH~. <l>a30B~e HeOAHOPOAHOCTH 
-~~erAa B~CTpOeHbl BAOflb onTH4eCKOH OCH KpHCTanna. npH oxna>KAeHHH 
KPHCTannos AO 185 K (Hg 2Cl2) Y1 AO 143 K (Hg2Br2) 1~HY1 H~~~T~­
sa~T cTpyKTYPHble ¢aaos~e nepeXOAbl TY~na cMe~eHY!~ D 4h ... D2h 
conpOBO>KAa~~YteC~ YABOeHYteM 3neMeHTapHOH ~4eHKH. 6blnO 06Hapy>KeHO, 

4TO B oKpeCTHOCTH T04KH CTpyKTypHOrO ¢a30BOro nepeXOAa B03HHKaeT 
aHoManbHa~ AH<)>paK~H~ ny4a naaepa, KOTopa~ npeTepnesaeT Ka4ecT­
seHH~e Y13MeHeHH~ s y3KOM HHTepsane TeMnepaTyp~ s6nH3H Tc . B o6-
nacTH T< T c , KOrAa s KPHCTanne ycTaHaBnHsaeTc~ OAHa <)>aaa, 
Ha6n~AanOCb TOnbKO pacce~HHe CBeTa Ha AOMeHHbiX CTeHKaX Me>KAY 
o6nacT~MH c pa3nH4H~MH 3HaKaMH napaMeTpa nop~AKa. 3To cneAyeT 
..., 3 <)>aKTa, 4TO B 3TOH TeMnepaTypHOH o6naCTH (T<Tc) TOnb~O 
B AOMeHHbiX CTeHKaX cy~eCTBY~T <)>nyKTya~HH AH3neKTPH4eCKOY1 npOHH­
~aeMOCTH 3neKTpOHOB. 
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H3naTenbCKHA OTnen 0t5~enHHeHHOrO HHCTHTYTa RnepHbiX HCCnenoaaHHA 

PaHrenoa A.M. 
HaMeHeHHe AH3neKTPH4ecKo~ npoHHqaeMOCTH OAHOMepHoro MeTanna 
a6nH3H TeMnepaTypw na~epncoacKoro cTpyKTypHoro nepexoAa 

P17-82-505 

HccneAOBaHa aaBHCHMOCTb AH3neKTpM4ecKo~ npoHH4aeMOCTH K(q.w,T) H ~YHK-
4HH OTK/lHKa flHHAXapAa )(0(q,w, T) 3/leKTpOHOB OT 4aCTOTW H TeMnepaTypw B OAHO­
MepHOM MeTanne npH TeMnepaTypax, 611M3KMX K TeMnepaType na~ep/lCOBCKOrO CTpyK· 
TypHOrO nepeXOAa. 0ony4eHO aHOManbHO CHilbHOe M3MeHeHMe AM3/1eKTpM4eCKO~ npo­
HHqaeMOCTH 3neKTpOHOB npH nORB/leHHM aanpe~eHHO~ ~enM Ha ~epMH·ypOBHe. TaKHM 
o6pa30M, H3MeHeHMe CMMMeTpMH KpHCTa/1/1H4eCKOrO nOTeHqMana B pe3ynbTaTe nepMO­
AH4eCKO~O MCKa*eHMR peweTKM npH naHepncOBCKOM CTPYKTYPHOM nepeXOAe, HHAY4M­
py~~ee npORBneHMe aanpe~eHHO~ ~enH B 3HepreTH4eCKOM cneKTpe 3neKTpOHOM, 
Bw3wBaeT aHOMallbHO 60I1bWOe yBe/1M4eHHe MX AH3/1eKTpM4eCKOH npOHMqaeMOCTM • 
003TOMY He/1HHe~Hwe KOne6aHMR /~nyKTya4MH/ napaMeTpa nopRAKa TeCHO CBR3w&a­
QTCR C ~llYKTyaqHRMH AM3neKTpH4eCKO~ npOHMqaeMOCTM 3/leKTPOHOB B 06naCTH TeM­
nepaTypw Tc CTPYKTypHoro ~a30BOrO nepeXOAa. OpOBeAeHHOe HCCileAOBaHHe MaTe­
MaTH4eCKH npOCTO OnMCwBaeT ~M3H4eCKY~ OCHOBY 3KCnepMMeHTOB, B KOTOpwX 
Ha6noAanacb aHoManbHaR AM~paK4HR naaepHoro ny4Ka. 

Pa6oTa BwnonHeHa B na6opaTOpMH TeopeTM4eCKO~ ~H3MKH OHRH. 

Rangelov J.H. P17-82-505 
Dielectric Permeability Change in One-Dimensional Metals 
near the Temperature of The Peierls Structure Transition 

The dependence of dielectric permeability K(q,w,T) and Lindhard 
response function )(0(q,w ,T) of electrons on the frequency and temperature 
is investigated in area of the Peierls structure phase transition. The 
anomalous strong change of the dielectric permeability of electrons takes 
place when the forbidden gap appears in their energetic spectrum. So the 
appearance of the forbidden gap in the electron energy spectrum due to the 
asymmetry change of the crystalline potential in a one-dimensional metal at 
the Peierls structure phase transition induced anomalous strong increase of 
their dielectric permeability. Therefore the fluctuations of the ordering 
parameter near the critical point T of the Peierls structure phase tran­
sition are intimately connected with dielectric permeability fluctuations. 
Similarly the results of our research describe in a simple mathematical way 
the physical basis of the experiments, in which the anomalous diffraction of 
laser beam, suffering the quality change near T of the Peierls structure 
phase transition with the doubling of the elementary cell, is observed. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 8 
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