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0 pon~ KBa3~noKanbH~x so36ymAeH~~ s peweTKe 
csepxnpoBOAH~Kos c s~coKo~ Tc 

nony4eHa HOBal'l <!>OpMyna Anl'l TeMnepaTypbl CBepxnpOBOAI'l
~ero nepeXOAa Tc • B KOTOPO~ noM~MO 3neKTpOH-<!>OHOHHOrO 
Y4TeHO TaKme B3a~MOAe~CTB~e 3neKTpOHOB C KBa3~nOKanbH~M~ 
B036YmAeH~l'lM~ B CTPYKTYPHO HeyCT0~4~BO~ peweTKe. noKa3aHO, 
4TO nocneAHee B3a~MOAe~cTs~e 3Ha4~TenbHO ysen~4~saeT 
3$$eKT~BHY~ KOHCTaHTY 3neKTPOH-3neKTpOHHOro np~Tl'lmeH~l'l A 
~ nos~waeT Tc. 

Pa6oTa B~nonHeHa B na6opaTop~~ TeopeT~4eCKO~ <!>~3~K~ 

O~R~. 

npenpHKT 06-bellHKeKKOro HKCTHTYT8 SlllepKbiX HCCnellOB8KHA, ,Uy6Ha 1979 

Vuji~lc G.M. et al. P17 - 12561 

On the Role of Quasi local Excitations in 
the Lattice of High-~ Superconductors 

A new formula is derived for the superconducting 
transition temperature Tc which takes into account both 
electron-phonon and electron-quasilocal excitations in
teractions in a structurally unstable lattice. The latter 
results in a considerable enhancement of the coupling 
constant .-\ and Tc. 

The investigation has been performed at the 
Laboratory of Theo~etical Physics, JINR. 
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Haa6onee BbiCOKHe TeMnepaTypbi csepxnpoBOJJ.Bil{ero nepexo.11.a 

'T c Ha6JIJOJJ.a10TCJI B Bell{eCTBaX, 06Jia.D.a10Il{HX CTpyKTypHOH HeycToii

'IHBOCTblO 111. IloMHMO cneuacl>H'IecKHX 3JieKTpOHHbiX csoiicTB, .D.JIB 

3THX Bell{eCTB xapaKTepHbl 3cl>cl>eKTbl CHJibHOrO aHrapMOHH3Ma, KO

TOpble, DO- BHJJ.HMOMY, o6ycJIOBJieHbl KBa3HJIOKaJibHbiMH BO 3 6y)I(JJ.e

HHJIMH npH TyHHeJibHbiX nepeXO.D.aX HeyCTOH'IHBOH rpynnbl aTOMOB 

B peweTKe 12/. IlocKOJibKY MBrKHe cl>oHOHbi (w · T ) cymecTBeHHo 
q c 

He BJIHJIIOT Ha 'I l3 51 . npeJJ.CTaBJIJieT HHTepec H3Y'IHTb pOJib 
c 

KBa3HJIOKaJibHbiX B036Y)I(JJ.eHHH B peweTKe npH Bbi'IHCJieHHH T c 
121 

. 

B HaCTOBI.I.{eii pa6oTe nony'leHbl ypaBHeHHB THna ypaBHeHHH 3nHaw -

6epra Jl.Jlll CBepxnpOBO.D.HHKa C yqeTOM 3TH X B036Y)I(JJ.eHHH H TIOKa-

3aHO, 'ITO PHH 3Ha'IHTeJibHO yBeJIH'IHBalOT KOHCTaHTY CBli3H A DO 

cpaBHeHiilO C 3JieKTpOH-ci>OHOHHbiM B3aHMOJJ.eHCTBHeM, 'ITO npH onpe

.D.eJieHHbiX yCJIOBHliX npHBOJJ.HT K TIOBbiWeHHIO T " . 
PaCCMOTpHM MO.D.eJib CBepxnpOBO.D.HHKa C raMHJibTOHHaHOM : 

II H + H I H • H ! H 
e ph e· ph s ' -- e /1/ 

r.D.e TIOMHMO B3aHMO.D.eHCTBHll H h 3JieKTpOHOB (H ) C cl>oHOHaMH 
P.- p ~ 

(H ) Y'ITeHo BJaHMO.D.eiicTBHe H ~ s 3JieKTPOHOB c KBa3HJioKaJib-
ph r , 

HbiMH B036Y)I(JJ.eHHliMH (H s). IJpe.D.TIOJiarall Jl.Jlll npOCTOTbl HaJIH'IHe 

TOJibKO .D.BYX ypOBHeH B 3JieMeHTapHOH ll'leHKe, KOTOpble OTIHCbiBa

IOTCll CHMMeTpH'IHOH (t/J s ) H aHTHCHMMeTpH'IHOH (t/J a) BOJIHOBbiMH 

ci>YHKI.(HliMH , raMHJibTOHHaH KBa3HJIOKaJibHbiX B036y)I(Jl.eHHH B nceBJJ.O· 

CTIHHOBOM npeJJ.CTaBJieHHH 3aTIHWeM B BH.D.e: 

H !:-O l S z _ _ l L J 
s i 2 ij ij 

S X S X 

j 
/2/ 

r.D.e 0. -:: E a - E s > 0 - pa3HOCTb 3HeprHH COCTOliHHH t/1 a H r/1 s , 

3 



J ij - 3¢xlJei<THBHOe B3aHMO,!l;eHCTBHe /BI<JUO'Iall 06MeH tPOHOHaMH/ 

JIOI<aJibHbiX B036y)f(,!l;eHHH B YJJiaX pemeTI<H i ' j , S~ • onepaTop 

I<BaJHCIIHHa (S - l t2) . Bao,~~;.11 noi<anhHYIO I<oop,~~;HHaTy xi ,~~;Jill onH

caHHll ,!l;HCTOpCHH 3JieMeHTapHOH Jl'leHI<H rrpH JIOI<aJibHWX B036y)f(· 

,!l;eHH~X B /2/, IIOTeHIJ;HaJI B3aHMO,!l;eHCTBHll 3Jiei<TpOHa C I<OOp,!l;HHa

TOR r C pemeTI<OH npe,!l;CTaBHM B BH,!l;e: 

' ~ U ( oi 
. ' 
xi ~ r) 

I 

r,~~;e ~ i - yJen pemeTI<H. Tor,~~;a rrpH y'leTe TOJJbKO JJHHeiiHhiX no 

x' i 'IJJeHOB B pa3JJO)f(eHHH IIOTeHIJ;HaJJa Us B IICeB,!l;OCIIHHOBOM 

rrpe,~~;cTaaneHHH /2/ rronyqaeM 

H 
e- . s 

~ V. (l:i. p'') a : a., S x. 
s pa p a q /3/ ... 

p -. p q 

r,!l;e IIpHHJITbl 06bi'IHWe 060JHa'l:eHHll H BBe,!l;eH MaTpH'IHbiH 3JJeMeHT: 

r,~~;e 

v (p . p ') 
s 

xa ~ 
sa 

, i~P; , _ . a 0 ' • -
2e · P i VU(t. - r) 'P 
· S I . y N Ia r 

1 

<cfr a I X~ I cfr ,;) 

z xa 
sn /4/ 

Y'IHTWBa.ll o6a THna BJaHMO,!l;eii.cTBHH, H e·-ph H He-- s B /1/ , 
/,~~;orroJIHHTeJibHWH yqeT I<YJIOHOBCI<oro BJaHMO,!l;eii.cTBH..II H e __ e cy

mecTBeHHO He YCJJO)f(HJieT pacqeTOB/, IIOJiyqaeM CHCTeMy ypaBHe • 

HHH THIIa 3JJHam6epra ,!l;JJ.II MaTpH'IHOB tPYHI<IJ;HB rpHHa 3JJei<TpOHOB . 

BI<na,~~; B MaCCOBhiH onepaTop, o6ycnoaneuuwii. H e-- s /3/, 6eJ 

yqeTa nepeHOpMHpOBI<H BepliiHHW, onpe,~~;en.lleTC.II CTiei<TpanbHOH IIJJOT

HOCTbiO: 

S
8

(w) -a; F
8

(w) 
1 d 2p d2p. ' . 

N(o) ( - ~~ --- ( ~p ' 1Vs(p .p ' l i
2

xs( q .w). /5/ 

r,~~;e HCIIOJJb30BaHW o6bi'IHWe 060JHa'l:eHH.II H BBe,!l;eHa CIIei<Tpanb· 

Ha.ll IIJJOTHOCTb 3aTia3,D;biBaiOtu;e-ii. 4lyHI<IJ;HH rpHHa ,'6 / 

X (q. w) - 1 Im 
s 71 

s X ; s X 

Cj q w I if 

Ilpu 3TOM 3¢xllei<THBHa.ll I<OHCTaHTa CB.IIJH As npHHBMaeT Bblpa

)f(eHHe: 

4 

~ 

A 
~ 

dw _Ss(wl N(O J 
"' 

. ns "' 2 2 cl ~ p d P_ ' V (P P ) I 2 - I ~ E V 
q 

v . 
p " 

r,~~;e Eq • IIOJJIOC CTaTH'IeCI<OH BOCIIpHHM'IHBOCTH: 

Re s x,sx 
q ' -- q 

ns z 
uJ 0 

s ~ s i. 
I 

/6/ 

2 
E ~~ 

B qacTHOCTH, B rrpH6JIH)f(eHHH cnyqaifHhiX $aJ ,!l;Jill raMHJibTOHHaHa 

/2/ nonyqaeM: 

E 2 ~ Q(Q - J(q)S z) (J(O) 
q 

r)le J(q)- 4>ypbe-o6paJ Jii 

S X ) 2_ 
I 

)l;Jill OIJ;eHKH As BBe,!l;eM ycpe,!l;HeHHbiH Ma TpH'IHbiH 3JieMeHT 

B3aHMO,!l;eBCTBH.II 

J2 
s 

1 

(2xsa>2 

1 r ct 1> 
N2(0) v -p 

- ct~ · !V 'P -p'·)l 2 I s \ v • 
p 

H ycpe,!l;HeHHYIO 'l:aCTOTY w s I<BaJHJIOI<aJJbHbiX BOJ6y)f(,!l;eHHH: 

L 
w2 

s 
r dw_ S (uJ) - -- s 

w 
/ w dw Ss(wl 

Cne,11;y.11 7 IIOJJY'IHM ou;eHI<Y A 8 B BH,!l;e: 

/7/ 

/8/ 

As J; i2x 5 a i
2

(0Sz w~) --~~-~- w 191 
A J 2 ( 1 ·~ 2 ) w2 D ph ph ',., w q s 

r)le 6hlno npHH.IITO, 'ITO J 2 J 2h • cornacuo onpe,~~;eneHHIO /4/, 
s p 

H BBe,!l;eHa ynpyra.ll 3HeprH.II I<BaJHJIOI<aJJbHbiX KOJie6aHHH IIpH ,!l;HC· 

TopCHH pemeTKH y(2xsa) 2 - w 0 , r,~~;e y - M w~ • · ,D;n.11 TeMrre

paTyp T ~ T c ·/D - ("s TIOJiyqaeM S z ·-112 H,CJie,!l;OBaTeJJhHO,A,. ' Aph 

IIpH W s · fl ··,wo · lJOCJJe,!l;Hee He-paBeH-CTBO BbiiiOJIH.IIeTC.II ,!l;JJJI pemeT· 

KH C BbiCOKOH CTerreHbiO ueyCTOB'IHBOCTH /
2

' . 

Ha OCHOBe IIOJiy'leHHOH CHCTeMbl ypaBHeHHH ,!l;JI.II 4>YHI<IJ;HH rpu· 

ua 6 .blna pacc"'IHTaHa TeMnepaTypa cBepxnpoBO)J..IItu;ero rrepexo,~~;a 
T c . B cTau,~~;apTHOM npH6JIH)f(eHHH cna6oii: CB.IIJH (Tc · (us w 0 ) 

6blna nonyqeua 4>opMyna: 

T c ~ 1. 14 w 
8 

exp (- -l} · /10/ 

r,lle 3¢xlJeKTHBHa.ll KOHCTRHTa CBJI3H A /c ytteTOM 3KpaHHpOBaH· 

uoro xynoHoBcxoro OTTaJIKHBaHHJI 11- * I HM·eeT BH.Il-: 

Ah - p.* A = A + ______ !!__ ________________ ______ • 

8 1 ·-(Aph -IL*)ln(Wo / w 8 ) 

/11/ 
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KaK cne.l{yeT H3 /9/-/11/, yqeT KBa3HnoKanbHbiX B036y)l(.l{eHHH 

w 8 - Q << W D npHBO.l{HT K 3Ha'IHTenbHOMY yBenH'IeHHIO KOHCTaHTbl 

CBli3H A /"aHTH3KpaHHpOBaHHe" (f.. ph -1..! "' ) B /11//, H, KaK cne,I{

CTBHe, K yBenH'IeHHIO T c OTHOCHTenbHO T ~O ) . Bbi'IHCneHHOH npH 

As o . HanpHMep, npH Aph 0.3 H WrfWs 3 nonyqaeM t.. ~ 1.14 H 

Tc /T~O ) , 27(fL * 0,1l) . 

llony'leHHble pe3ynbTa Tbl, no- BH.l{HMOMY, n03BOnliiOT 06'bliCHHTb 

pe3Koe yBenH'IeHHe T c .Anll BemecTB, o6na,I{aiOLUHX CTpyKTypHoii 

HeyCTOH'IHBOCTbiO, HanpHMep, HanblneHHbie nneHKH, COe.l{HHeHHll 

THna A-15, .l{Byx- H Tpex-KOMnOHeHTHble cnnaBbl /cM / 1 •21 H l(H

THpOBaHHYIO TaM nHTepaTypy/. CpaBHeHHe pa3BHTOH TeopHH c ::JK

cnepHMeHTOM H o6o6meHHe fllopManH3Ma Ha cnyqaii Heynopll.l{O'IeH

HbiX CHCTeM 6y.l{eT npOBe.l{eHO B OT,I{enbHOH pa6oTe. 

0.l{HH H3 aBTOpOB /H.ll./ npH3HaTeneH npofll . <l> . AnneHy 3a 

none 3Hble o6cy)l(.l{eHHll. 
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PyKonuc& nocmynuAa a u3oameA&cKuii omoeA 
19 UIOHJI 1979 zooa . 

HeT JU1 npo6eJioB B BarneM. 6H6Jn1oTeKe? 
8bi MOJKe Te n OJI Y411Tb no nO'ITe nepe4HCJieHHble HHJKe KHI1r'l1 , 

e CJIII OHII He 6biJII1 3aKa3aHbl paHee . 
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