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1. BBE,UEHHE 

B He,u,aBHHX axcneparaerrrax 6bUlH nonyxeasr pexoprnn.re 3Haqemm 
zina resrneparypsr caepxnpoaonamero nepexona Te = 30 -:-40 K B coenaae
HIDIX LaS-x (Ba, Sr):I'CuO 4/1-3/ H Te = 90 -:-95 K B coe)J.HHeHHRX 
MBaeCu S0 7 (M = Y;Eu, La, ... ) /4-6/ , nozrraepxcienasre BO MHorHX rraõo
paropaax MHpa (nonornrarensnste CCbUlKH CM. B IJ;HTM:pOBaHHbIX paõorax) . 
MHKpOCKOnHqeCKHH MexaHH3M B03HHKHOBeHHR crorrs BbICOKHX Te OCTaeT
CR, onnaxo, erue ne BbIRCHeHHbIM. 

KBa3H,lJ.BlMepHbill xapaxrep anexrpoaaoro cneK~a KaK B CTPYKType 
La2CuO 4/7 ,8 , TaK H B CTpYKType YBa 2Cu 307 /9 , a TaK)Ke CHnbHaR 
3neKTpOH-<pOHOHHaR CBR3b B Cu-o arparor naaõorree Ba:>KHYIO pons B 06'bRC

HeHHH BbICOKHX Te. TaK, B paõore /10/ 6bUlO nOKa3aHO, qTO 06bNHbIH rpo
HOHHbIH MeXaHH3M npa yxere CHnbHOH rrepeaopxrapoaxa xoneôarern.aoâ 
MO,u,bI oxraanpa CuOe na rpaaane 30HbI Bpanrnosaa (TaK Ha3bIBaeM3;R' 
",IJ,bIXaTenbHaR" Mo,u,a) MO>KeT npaaonars K T e ",,40 K nna CHCTeMbI 
La 2 _ x (Ba, Sr)x Cu 04. B TO »ce BpeMR CTpYKTypHbIe accnenonaaaa /11-15/ 
06HapY>KHBalOT CTpYKTypHYIO HeYCTOHqHBOCTb 3THX coenaaeaaü, aananae 
MRrKHX MO,u" xo ropsre npoRBnRIOTcR B aHOManbHO 60nbIllHX H aHH30Tpon
HbIX TennOBbIX <paKTopax HOHOB KHcnopo,u,a·/ 11, 15/ . Ilpa 3TOM aaõrnonaer- . 
CR KoppenRIJ;HR MaKCHManbHOH rer-rneparypt.r T c c oõpaurenaev B aons 
rer-meparypsr CTPYKTypHoro .nepexozra T d B La 2- x (Ba, Sr) xCuO 4 /13/ 
nO,u,06HaR B3aHMOCBR3b BbICOKOH T e C cyurecraoaaaaevr MRrKHX MO,u, 
H CTpYKTypHOH HeYCTOH~BOCTH yxce orr-reaanacs nrra po,u,CTBeHHbIX coena
HeHHH Ba(Pb, Bi)0:3 CO CTpYKTypOH rrepOBCKHTa (CM. /16, 17/ H IJ;HTHpO
BaHHYIO TaM nHTepaTYPY). B CBR3H,C 3THM He06xo,u,HMO neransao HCCne)J.O
nars B03MO:>KHYIO CBR3b BbICOKOH Te B HOBbIX coe,u,HHeHHRX C nepoacxaro
nonoônoü CTpYKTYPOH C HanHqHeM B HHX HBneHHH carn.aoro aHrapMOHH3Ma 
(MRrKHX MO,u" CTPYKTypHbIX rrepexoztoa) . 

,UnR 06'bRCHeHHR 3Ha~TenbHoro YCHneHHR Te B CTpYKTypHO-HeycToH
qHBbIX cacrer-rax B pa60Tax/ 18/ õsma npennozceaa aHrapMOHHqeCKaR Mo,u,enb 
asrcorcorevmeparypaoro cBepXnpOSO,lI,HHKa. B 3TOH Mo,u,enH npezmonaraer
CR, qTO B CHCTeMe HMelOTCR CHnbHO aar'apsroaauecxae Kone6aHHR B ,u,BYX'bRM-

HOM nOTeHIJ;Hane C õonsuroã ar-rnmrrynoâ d > V <u~, rne <u2 >- cpenae
xaanparaxasre CMemeHHR HOHOB B rapMOHHqeCKOM nOTeHIJ;Hane.Ilocxorn.xy 
3<p<peKTHBHaR 3neKTpoH-3neKTpoHHaR KOHCTaHTa CBH3H À nponopuaonansaa 
cpenaer-ry xaanpary cMemeHHH HOHOB, TO aHrapMOHHqeCKaR KOHCTaHTa 
CBR3H Às OKa3bIBaeTCR B 3TOM crrysae MHorO õorrsure KOHCTaHTbI CBJl3H \h 
B rapMOHHtleCKOM np,H6nH>KeHHH À si À ph ... d 2I <Ui> »1.3Ta Mo,u,enb 6bma 
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I1CnOJlb30BaHa B /19/ ,IJ)IH OueHKI1 YBeJll1qeHHH T c B MeTaJIJlaqecI<:I1X C~eKJIax 

sa cser nBYXypOBHeBbIX CI1CTeM 11 B paõore /20/ nrra oG'bHCHeHI1H oõparxoro 
1130Tonl1qeCKOrO 3<p<peKTa B rnnpanax Zr, Hf - (H, D). OTMeTI1M TaK)Ke 

paõory /21/, rne õsrrra npencrcasaaa Te =:s 100 K ,IJ)IH aHrapMOHl1qeCKOH MO

nena npn .n;OCTaTOqHO BbICOKOH KOHueHTpaUl111 rrsyxypoaaeasrx CI1CTeM. 

OTMeTI1M, qTO pa3B;HTaH B /18/ aarapcroaanecxaa MO.n;eJIb caepxnpoaomraxa 
HBJIHeTCH npHMbIM oõoêureaaer-r 113BecTHoH 3JleKTpOH-<t>OHOHHOH Mo.n;eJlI1, 

paCCMOTpeHHOH B paõorax /22/, na crryxaá cansao aHrapMOHl1qeCKI1X KOJle

GaHl1H peiuerxa. 

B HaCTOHmeH paõoTe BbICOKOTeMnepaTypHaH, caepxnpoaornoaocrs 
B OKCI1.n;HbIX MaTepl1aJIax C nepOBCKI1THOH CTPYKTypOH I1CCJle.n;yeTcH aa OCHO

ae aHrapMOHl1qeCKOH Mo.n;eJlI1 :/18/. B pasn. 2 BBO)l;lfTCH nceB.n;OCnI1HOBaH 

Mo.n;eJlb nna: MHrKoH MO.n;bI, CBH3aHHOH C BpameHl1eM KOMnJleKCOB CuO n· 
B paan, 3 nOJlYQeHbI ypaBHeHI1H cBepxnpoBo.n;I1MOCTI1 B nceB.n;oCnI1HOBOH 

Mo.n;eJlI1. B pasn. 4 zraerca ouemca naparaerpoa MO.n;eJIl1 11 HaxO.n;I1TCH Te )J)IH 

CTpYKTYP La 2-x (Ba, Sr)x C u O 4 11 YBa2CuS0 7· OGCY:>K.n;eHl1e pe3YJIbTaTOB 

npaseneao B pasn. 5. Ilpenaaparensasre peayrrs'rarsr :noH paõorst GhIJlI1 

cooôutensr B /23/. 

2. llCEB,UOCllHHÚBAH MO,UEJIb 

H3BeCTHO õonsmoe QI1CJlO CTPYI<TypHhIX ct>a30BhIX nepexonos (C<1>IT) 

B nepoacxarcnonofiastx coe.n;l1HeHI1HX (AX) n ABXs , oGYCJlOBJIeHHhIX MHr

KI1MI1 pOTaul10HHhIMI1 Mo.n;aMI1 na rpanaue 30HhI BpI1JIJUo3Ha. 3TI1 MO.n;bI 

npencraanmor coGOH npameane .n;OCTaTOQHO )I(eCTKI1X OKTa3npOB BX6 B jIqeH

xe,	 oGpa30BaHHOH KaTI10HaMI1 copra A. llpe.r:r,BeCTHI1KaMI1 TaI<:I1X C<I>ll HBJlH

IOTCR: aHOMaJIhHO õorrsurae 11 Cl1J1bHO aHl130TpOI1Hhle rennoasre ct>aKTOphI, 

OG.hIQHO naõnronaewsre C nOMOmbIO .n;11<ppaKUI1I1 HeHTpOHOB (CM., aanpn
Mep, /24/). 

CI1CTeMa La 2 -x (Ba, Sr) xC u O 4 I1CnhIThIBaEg C<I>IT 113 BhICOI<:OTeMne

paTYPHOH TeTparOHaJIbHOH <pa3hI (np, rpynna D4 h ) B pOMGI1QeCKYIO (rrp.
 
rpyrma D ~~) npn rer-rneparype T d, KOTopaH nOQTI1 nl1HeflHO YMeHblllaeTCH
 

C xoanearpauaeá x OT Td (x = O) =:: 530 K no T d :::: °npa x == 0,2/ 13/ . Ilpa
 
3TOM naõrnonarorca aHOMaJIbHO õornauae rennonsre <paKTophI .n;JIl1 110HOB
 

xacrropozta, B_ = 2"2 <u 2> 1,5 Â, aHI130TpOnl1H KOTOphIX yxaasraaer
=:so 
na GOJlblllYIO avmrnrrvny KOJleGaHI1H, CBH3aHHhIX C BpameHl1eM oxrasnpon
 
anorrs oceá [110] I1J1I1 [í10] (CM. /11, 121. CI1MMeTpl1HHhrn aHaJIH3 norca

3hIBaeT /25/, QTO cen D l~ -+D ~~ npOI1Cxo.n;I1T C y.n;BoeHl1eM npl1MI1TI1BHOH
 

HQeHKI1 11 onpenerraerca .n;ByxKoMnoHeHTHhIM napaererpowr nopaznca (C 1,
 

i~ ~, KOTOphIH CBH3aH C O,lJ.HOMepHhIM Henpl1Bo.n;I1MhIM npencraaneaaesr 
na .n;ByxnYQeBOH aaesne (Ql' q2) BOJlHOBOrO aeicropa B TOQKe X 30HhI Bpan '1. 
JlI03Ha. <1>113I1lteCKOH peaJII13aUl1eH napasrerpa noparnca HBJUIeTCH apauteaae 
oxraanpa coo , BOKpyr_ocl1 [1,1,0] .n;JlH~yQa q1=("/a) (1,1,0) I1JlI1 

apameaae aorcpyr OCI1 (1,1,0] ,IJ)IH JlYQa q = ("/2) (-1,1,0) COOTBeTCTBeH

"tH O /2~; . 2 

,llnH CI1CTeMhI YBa2 CU3 °7 TaK:>Ke HaGJIIO,IJ;alOTCH aHOMaJlbHO GOJlbllII1e 

11 Cl1JlbHO aHI130TpOnHhle -rennoasre rpaxropsr nna 110HOB KI1CJlOpo.n;a /15/ . 

Haaõom.uree 3HaQeHI1e I1MeeT ::::: 3 -;-.4 Á2 nna cMemeHHH 110HOB KI1CJIOB zz 
porra nepneH.n;I1KYJlHpHO O,lJ.HOMepHhlM uerrouxara Cu-o (CM. 115/) • Cneno
aarerrsno, 11 B cacrexre YBa ~us°7 I1MelOTCH MHrKI1e porauaoaasre Má.n;hI, 

CBH3aHHhle C apameaaesr rpyrm Cu06 I1JlI1 CuO4 B ,D.OCTaTOQHO )f(eCTKOM 

xapxace, oGpa30BaHHOM OCTaJIbHhIMI1 110HaMI1. Ilpn 3TOM TaI<: Ha3hIBaeMaH 

".n;hIXaTeJIbHaJI Mo.n;a", CBH3aHHaH C nOJlHOCI1MMeTpl1QHhIMI1 KoneGaHl1HMI1 

KI1CJIOpo.n;a anorrs CBH311 Cu-o, I1MeeT rapMOHI1QeCKI1H xapatcrep C nocra
TOQHO BhICOKOH cpenaeã QaCTOTOH W "" 600 K (csr., Ha~pI1Mep, /27/). 

YQI1ThIBaH npnaenemrsre axcneparaearansasre naaasre , nna onl1CaHHH 

.n;l1HaMI1KI1 110HOB xncrropona B MHrKOH pOTaUI1OHHOH Mo.n;e MO)KHO BOCnOJlb

30BaTbCH MO.n;eJIbHbIM raMI1JlbTOHl1aHOM oõutero nana /26/: 

H =	 ~ E!.x 2 (f, k) +.!... I L <l> ,(f, f#.)X(f, k) X(f ',k') + 
fk 2 2 fi' kk' kk 

+ .!.. B ~ X
4 êf , k) • 

(1) 

4 fk 

3.n;ecb X (f I k) - KOMnOHeHTa cMemeHIDi 110HOB xacnopona copra k B f-H 

npl1MI1TI1BHOH HQeHKe, cBH3aHHoH C apauteaaer-r rpyrmsi CuO n (n = 4,5,6) , 
T.e. cwremenae npOI1Cxo.n;I1T nepneanaxyrrapno CBH311 Cu-o. rapMOHI1QeCKaH 

CI1JIOBaFI nOCTOHHHaFI '<Il kk,(f, f') onpenerraer B3aI1Mo.n;eHCTBl1e TaKI1X cxrerne
HI1H B cocennax HQeHKax (f I: f') 11 3<PePeKTI1BHhIH o.n;HOQaCTI1QHhrn nOTeH

uaarr (npa k =k", f = f') B BI1,IJ;e ,D;BolmoH HMhI, onpenenmouieã aeycroã
QI1BYIO B rapMOHI1QeCKOM npl1GJlI1)f(eHI1I1 pOTaIJ,110HHYIO MO.n;y. AHrapMoHI1

QeCKOe JlOKaJIbHOe B3aI1Mo.n;eHCTBl1e cMemeHHH 110HOB KI1CJlOpo.n;a C OCTaJIb

HhIMI1 110HaMI1 orrpenenaerca Mo.n;enbHhIM napasrerpoxr B. BBO,D;H rroxarn.asre 
aopr-ransasie MO.n;hI KOJle6aHI1H, xoropsie onacsraaer apaureane rpynn CuOn , 

11 nepexons K nceB.n;OCnI1HOBOMY npencraanemno, B KOTOpOM yQI1Thma~TCH 

JlI1111b naa HI13111I1X ypOBHH B036Y)f()l;eHI1H B aHrapMOHl1lIeCKOM nOTeHUI1aJIe 

B (1), MO)KHO norryxars 3<p<pe'KTIIDHhIH Mo.n;eJlbHhIH raMI1JlbTOHl1aH B BI1.n;e 

1 c	 SI SXH=-OI.S: ~	 (2)
2 fm f mf f Im 

rzte O::: E li. - E 8>0- pa3HOCTb aaeprnã Me)K.n;y .rmYMH HI13111I1MI1 COCTOHHHH

MI1	 B aHrapMOHI1QecKOM JlOKanbHOM nOTeHUl1aJIe B nane )lBOHHOH HMhI: 

aHrnCI1MMeTpl1qHhlM ('I'a.) 11 CI1MMeTpl1QHhIM ('I' 8) COCl'OHHI1HMI1. C f, m 
3eP<t>eKTI1BHaH KOHCTaHTa CBH311 nrra pa3HhIX aseex, ePYPbe-l<:OMnOHeHTa KO

TOpOH C (q) orrpenenaer nacnepcmo MHrKoH'Mo.n;hI. Ilceanocnaaoasrã orre
parop S~ (8 = 1/2) .n;eHCTBYeT B npocrpaacrae .n;BYX COCTOHHID1 ('11s' 'P a ) . 

,UJlH npoCTOThI B (2) ae YQI1ThIBaeTcH cyuiecraoaaaae HeCKOJlbKI1X 

BeTBeH MHrKI1X KOJleGaHIDi B I1CXO.n;HOH Mo.n;eJlI1 (1). Hanpavrep, B rerpa
rOHaJIbHoII diase L~ CUO 4 crrenyer paccvrarpasars nayxxparno asrpoxorea
HYlO B TOQKe X MHrKYIO pOTaUl10HHYIO MO.n;y (CM. /26/), a B CMCTeMe 

YBa2Cu 30 7 I1MeeTCH HeCKOJlbKO MHrKl1X pOTaUl1oHHhIX MO.n; (CBH3aHHhIX, 

tt1~ 
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,UeHCTBHe ,lJ;JIH 3JIeKTpOHoB B ( 5) onymeao - yscr ero MO)I(HO nponecra 
~qeHKe, np. rpyrma D ~h /15/). Hanaxae HeCKOJIbKHX MHrKHX MO,ZJ; MO)l(HO 

COOTBeTCTBeHHO, c 3 rpyrmar-ra CuO n B npHMHTHBHOfl OpTOpOM6HqeCKOfl 
CTaH,UapTHbIMH MeTO,lJ;aMH (CM. /28/) . 

yqeClb B (2), BBe,ZJ;H oneparopsr Sb. H COOTBeTCTBYIOrn;He naparaerpsr 0À' 
C ~~ , rne À - HOMep BeTBH. ,UJIH ,ZJ;aJIbHeHIllHX OueHOK MbI 6Y,ZJ;eM npene

õper-ars 3THMH YCJIO)I(HeHHHMH. 3. YPABHEHI1H CBEPXIlPOBO,UI1MOCTI1 

KaK nOKa3bIBaIOT pacserr.r 3JIeKTpOHHOH 30HHOH CTPYKTypbI B BbICOKO

rexmeparypasrx caepxnpoaonamcax /7-9/ , HaH60JIee CHJIbHOe 3JIeKTpOH L{nH BhIBO,lJ;a ypaBHeHHH cBepxnpoBo,UHMOCTH ,lJ;JIH Mo,UerrH (5) neoõxo
,lJ;HMO nonysari, astpazceaae ,UJlH MaTpHqHOH <PYHKUHH I'paaa 3JIeKTpOHoB<pOHOHHoe B3aHMo,ZJ;eHcTBHe B03HHKaeT ,ZJ;JIH KOJIe6aHHH, H3MeHHIOrn;I1X ,ZJ;JII1HY 

Iltl 
CBH3H Cu-o (,Ue<popMaUHOHHbIH nOTeHUHaJI J"" 2-:- 3 3B/ Â /7.10/). O,UHaKo 

BbICOKaH qaCTOTa KOJIe6aHHH ,UJIH 3TOH MO,UbI (6e3 CneUHaJIbHOrO yuera ee G p (t - t ") =« t/I p (t) ; t/I +p (t') » , (6) 
nepeaopvrapoaxa aa rpaanne 30HbI - CM. /10/) npHBO,ZJ;HT K MaJIOH BeJIH

qHHe KOHCTa.HTbI CBH3H B TO »ce BpeMH MarraH BeJlHqWHa 3J1eKTpOH-<p0 rne BBe,lJ;eHbI oneparopsr HaM6yÀph . 

HOHHoro B3aHMo,UeHCTBlIH ,UrrH pOTaUHOHHOH MO,UbI /7.10/ B cnysae MHrKoH 

MO,UbI MO)KeT 6bITb rcoraneacapoaaaa 60JIbIllOH aMnJIHTY,UOH KOJle6aHHH a 
HOHOB nns 3TOH MO,UbI, qTO ztaer ,UocTaTOqHO 60JIbIllYIO BeJlHqHHY KOHCTaH

Pt 
p P

t/l ) , t/I+ = (a + a • ) (7)
P't -p+a+TbI Às. B CBH3H C 3THM' B rtansneâmer-t ,ZJ;JIH ouenorc MbI paccr-rarpaaaexr ,-p .. 

B3aHMo,UeHcTBHe. 3JIeKTpOHoB na noaepxaocra <l>epMH TOJIbKO C MHrKHMH 

pOTaUHoHHbIMH Mo,UaMH B Mo,UeJIH (2) . lJT06bl OI~eHHTb 3TO B3aHMo,UeHcTBHe, H HCnOJlb30BaHbI 06bNHble 0603HaqeHHH ,UJIH aanaansraaromeã ABYXBpeMeH

He06xo,ZJ;HMO ysecrs noaanenae ziononaarem.noã rH6pH,ZJ;H3aUHH Cu-d HOH <PYHKUHH I'pana /29/. llH<p<pepeHUHpYH (6) no t, a 3aTeM no t', KaK 

3TO OIlHCaHO B /28/ (CM. TaK)I(e / 181, npHXO,lJ;HM K ypaBHeHHIO ,llaflcoHa 

napno CBH3H CU-O. Ilpn 3TOM HHTerpaJI nepercpsrrna t ..... J . X( f, k) .r'ne 
(x.2 _ Y 2) H O-p z Op6HTaJIeH rrpn cMelI~eHHH' HOHOB xacnopona rrepnennaxy

,UJIH <PYPbe-KoMnoHeHTbI (6) : 
X (f .k) - cr-remenae HOHa O (CM. (1». B nceB,UocnHHOBOM npe,UcTaBJIeHHH, 

) - 1 )-1npHHHToM B (2), COOTBeTCTBYIOrn;ee 3JIeI(TpoH-<P0HoHHoe B3aHMo,UeHCTBHe Gp (cu = G o (cu - I (cu), (8) 
p p

MO)KHO npa 3TOM sarracars B BH,ZJ;e 

r,ZJ;e 
~ V (-+ ~ X +H ......, q P, p~) S-;t a~ a ~ ( 3) -1e-s pp qu ~ 1l0' pa G~ (cu) = (cu, O - ( p r 3 ) (9) 

H M8.CCOBbIH orreparopr,Ue ...... . 
~... 1 iqf a ... -+ ...

V q (p, p') -== I e <p \- U(f + X + r ) 1 p ~ > 2x sa ~ Ip(cu) = ~IVq(P,p')I~r3«S~t/lp'. \S_~t/I;, »w's' (10)
.jN f ax 

( 4) 1 O 1 O u 

3,Uecb r O = ( O 1 ) H '3 = ( 0-1)' Ilpeaeõperaa nepeHopMHpOBKOH aepuia1 
"'""'="" 2x sa J q o... ..., ... HbI, ,ZJ;JIH MaCCOBoro oneparopa norryuaewr npH6nH)KeHHOe asrpasceaae.jN p-p , q
 

(CM/2a. 18/) :
 

3,UeCb x s a = <'1's IX I 'lia> H J q - ,Ue<popMaUHOHHbIH noreanaan. Ouearca 1 d (.rJ1 dcu 2 /3<u 1 {3úJe
I, p (cu) - - Ir -----(th- + cth-)ero npHBO,UHTCH B nA. TaKHM 06pa30M, Mbl npHXO,lJ;HM K nCeB,lJ;OCnHHOBoH 

2" 2 . cu _ Cü - (j) • 2 2 
aHrapMOHHqeCKOH MO,lJ;eJIH ,UJIH asrcorcoreraneparypasrx CBepxnpOBO,UHHI(OB 1 2 

t(Ji3 BH,Ue (11) 
...... 2 x x

I IV (p,p')\ Im.«S 18» l:" ImO ,(cu 
1

+ io ) , s • 
q q q -q we +lu 3. PH = ~ e a~' a... + H + H • (5) 

pu p pa pa s e-s 

r'zte (p - 3JIeKTpOHHblH cnexrp B6rrH3H rronepxnocra <l>epMH, a H s H H e _ s on ,UaJIbHeihIlHH aHaJIH3 ypaBHeHHH cBepxnpoBo,UHMOCTH B npH6JIH)KeHHH CHJIb

\4pe,lJ;eJl5HbI B (2) H (3) COOTBeTCTBeHHO. TIpHMoe xyrronoacrcoe B3aHMO BOH CBH3H npoBo,UHTCH CTaH,ZJ;apTHbIMH MeTo,UaMH. ,UJIH queHKH resmeparypsr 

<.'\ 
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caepxnpoaonautero nepexona neoôxonasro BhItIHCJIHTh KOHCTaHTY CBR3H /18/: 

00 d, 2 
À r -4 (cu) F (cu)s (j) S S 

-00 

(12) 
2 2 

__~1 r d p r d p ' IV (P, p') 1 
2 «8~ 18 x-+» o~ N(O) J;x s • 

q q -q ú)=


N(O) S F V S v ,

P F P 

3neCb N(O) -- nJIOTHOCTb 3JIeKTpOHHhIX COCTOHHm1 na nOBepXHOCTH <I>epMH 

S F ,J2 "" J2 - ycpernreaasrã neq>opMaUHoHHhrn nOTeHUHaJI B (4). Ycpen
HeHI-IO~ 3HatleHHe CTaTHtleCKOH BoCnpHHMtlHBOCTH nJIR MRrKoH MOnhI B MO

neJIH (2) onHChIBaeTCR BhIpa)KeHHeM 

2
) 2 x x» (2x sa) 2 n<sZ> 

(2x sa ~ «8 ---+ 18 ---+ ú) = ° (13)x ---k q_q -- -+
 
S N q N q E2
 

q 

rne 

<8 Z > = (n/2h) th(f3h/2) , h 2 = n 2 + (C(O) < 8 x> ) 2 

H cnercrp B036Y)I(,U,eHHH B npH6JlH)KeHHH CJIytlaHHhIX <pa3 nrta MOneJIH (2) ~ 

E 2 = h 2 + nc (q) <8 z>. (14) 
q 

3neCb C(q) - <PYPbe-KoMnoHeHTa B3aHMOneHCTBHR C em B (2). Bsnue TeM

neparypsr CTPYKTypHoro nepexona T> T'd' rcorna <8 ~ == O, HMeeM h~ n~ 
H ouemca (13) npHHHMaeT BHn 

2x 2sa ao 0 2 1 z -1 ___ nth _fJ'JoII_ -- = - 2 ( 1 + 
'cwt 

<8 >) (15 )X s 
ú)2 2 (j)2 N q n 

Ss 

BBHny CHJIbHOH aHH30TpOnHH MRrKoH pOTaUHoHHoH MO,lJ;hI (CJIa60H CBR3H 

npn noaopore o xrasnpoa B cocennnx nJIOCKOCTRX B,nOJIb OCH Bpa~eHHR / 261 
MO)KHO csnrars , srro (j)s""O B (15). ,UJIR cpaBHeHHR Às (12) c À ph.lJ,J1R rap

MOHHtleCKHX <pOHOHOB aarnnuevr nOCJIe,nHIOIO KOHCTaHTY B tOM »ce nane, 

xro H (12), (13) : 
-.) 

'.2 (16)
= N(O) Jph X ph 'Àph 

rne CTaTHtleCKaR BOCnpHHMtlHBOCTb ,nJIR rapMOHmIeCKHX <pOHOHOB
 
~, ,
., 

6 

1, 1 2<u
2 > /3hw

= --th--. (17)
X ph - Mco 2 h~ 2
 

3,neCb BBeneHO cpenaercaanparauaoe CMe~eHHe HOHOB
 

j
 
:::I .
.cu2> (h/2Mw) cth(J3tiw /2) , ó) = j w2 

B rapMOHHtleCKOM npH6JIH)KeHHH co cpenneã tlaCTOTOH W. Oraomenae KOH

CTaHT (12) H (16) MO)KeT 6hITb rrpencraaneao B nane 

2 ,2

Às J 8 X sa nC;;
---=-___ . -- » 1 , (18) 
À p h J2

ph 
<u 2> n 

r-ne CHJIbHOe aepaaeacrao 06YCJIOBJIeHO TeM, tlTO X;a > <u2 > H 1íw>n. Ha

npar-rep, .lJ,J1R La2CuO 4 Mo:>Klto, npHHRTb x sa 2: 0,2 A (CTaTHtleCKOe cr-teuie-

HHe npa T < T d /11/) H Y <Ü2 > CId 0,06 A/27/ ,nJIR rapMOHHtleCKHX KOJIe

6aHHH B,nOJIb CBR3H Cu-o. 

4. OUEHKA TEMnEPATYPbI nEPEXoM 

Ilpa BhItlHCJIeHHH Te MO)KHO BOCnOJIb30BaTbCR o6~eH <POPMYJIOH.B nane 

T = ú,) f (À, Il *) , (19)
c s 

r-ne ú) s - Cpe)l.HRR xacrora MRrKoH poranaoaaoü MO,nhI, a f(À,J-L *) onacsr
aaer 3aBHCHMOCTh T c OT KOHCTaHTbI CBR3H À H KYJIOHOBCKoro nceano

nOTeHUHaJIa Il*' B .cnyuae À::;' 1 MO)KHO BOCnOJIb30BaTbCR H3BecTHOIi <POPMY

JIOH MaK-MHJIJIaHa, a ripa À> 1 ,nJIR npOMe)KYTOtlHOH CBR~H - <Í>OPMY

JIOH /3,0/ : 

f(À) "" 0,05 (À - 0,25) , (19a) 

HJIH npn À» 1- <POPMYJIOH /31/ : 

f( À) "" 0,18 YÀ. (196) 

.unR nansaeámax oueaorc COrJIaCHO (19) BKna,nOM KYJIOHOBCKoro nOTeH

UHaJIa J-L * , a TaK)Ke BKJIa,nOM rapMOHHtleCKHX <pOHOHOB À ph 6y,neM npeae'Iil1 ' 
I õperara, nonaraa À ph - J-L * «L 

(, QTo6hI BhItlHCJIHTb Às (12) ,Heo6xo,nHMO onpenenars napasrerpsr N(O), 
J H X s (15). COrJIaCHO pe3YJIbTaTaM BhItlHCJIeHHR 3JIeKTpOHHOH CTPYK'ryphI 

,u,JIR La 2-x (Ba, Sr)xCuO 4 CHCTeMhI N (O) "" 1,3 (COCT./3B aTOM Cu) /7/ , 

~ 
7 



Ir 
~ 
I 
li 

a mIR. YBa2CuS07 N (O) "'" 3 (COCT./3B aTOM Cu) /9/ . ,1lJUI oueaxa zrerpop
MaUliOHHoro norenuaarra Js yxrewr, tlTO npli C<t>ll B epTOpOM6litleCKOH rpase 
La2Cu04 orxpsraaerca naanexrpaxecxaa uiens ~ g = 0,1+ 0,2 3B npa CMe
mennax liOHOB xncrropona <X (f t k) > "" X 8. "" 0,2 A ~ MHrKOH pOTaUliOHHOH S 
r-rone. Ilorraraa E g""J sXa 8.' HaXO,IJ;liM J s " 0,5+ 1 (3B/ A). L(JIH cpenaeã tlaCTD
TbI MHrKoH MO.n;hI npliMeM nú.l = 20 M3B. COrJIaCHO /32/ B La 2_xBaxCu04s 
liMeHHO 3Ta rpyrma tlaCTOT liMeeT aHOMaJIbHOe rexrneparypnoe noaeneaae , , • I 

CJIe,n;OBaTeJIbHO, ,IJ;JIH 3TliX ouenox naxoznoa 

2x 2 A2X = __S_8._ o:: 4 __ 

s llCL>s 88 

H .n;JIH 3epepeKTliBHOH KOHCTaHThI CBH3li (12) 

Às 0::1 ,3+ 5 ( La2_ x (Ba, 81')xCu O 4)' À S o:: 3 + 12 (YBa 2Cu S07 ). 

COrJIaCHO rpopr-ryne (19a) (HJIli 196) nOJI~aeM 

Te "" 10+60 K (45790 K) ,n;JIH La 2_x (Ba,8r)xCu04' 

Te ... 30 +130 K (70+140 K) .n;JIH YBa2Cu30 7. 

(20) 

(21) 

(22) 

"I 
vi' . 

!)
 
.,j
. , 
! 

.1 
1 

s • 

Ilpaaeneaasre OIJ;eHKli )])IH T, 6JIli3Kli K axcneparaearansao Ha6JIIO.n;aeMhIM
 
revmeparypawr nepexona /1-6
 

5.0ECY)J(L(EHI1E 

\ 
B aacroauieã paõore .n;JIH 06õHcHeHliR BhICOKliX rexmeparyp cnepxnpo

aonamero nepexorta Te B He.n;aBHO OTKphIThIX OKCli.n;HhIX csepxnpononaa

xax /1-6/ HaMH 6hIJIa HCnOJIb30BaHa anrapsronavecxaa Mo.n;eJIb /18/, crpop

MYJIlipOBaHHaH panee ,IJ;JIH 06'bHCHeHHH Ha6JIIO.n;aeMoH B parte axcnepar-rearoa
 
xoppenauaa Me)K,n;y noasnuenaevr T c li CTPYKTYPHOH HeycTOHqliBOCTblO
 
CliCTeMhI. B OCHOBe 3TOH Mo.n;eJIli rrexcar npennonoaceaae O CYI1~eCTBOBaHlili
 

CliJIbHO anrapxroaauecxax KOJIe6aHHH B JIOKaJIbHOM .n;BYX'bHMHOM nOTeH.
 
uaane. Ilortoõasre CliJIbHO am-apxronaaecxae KOJIe6aHliR HBJIHIOTCR .xapax .
 
TepHOH oc06eHHOCTblO nepOBCKliTHOH CTPYI<:TyphI /24/, KOTOpyIO liMelOT ~
 

I 
OKCH,n;Hhle caepxnpoaortaaxa. B 3TOM cnysae 60JIbI.llaH BeJIHtrn:Ha KOHCTaH- I 

.lhI CBH3li Às (li BhICOKlie Te) ,n;OCTliraIOTCR ae sa cxer CliJIbHOH 3JIeKTpOH

. epOHOHHOH CBH3li, a sa c-rer BhICOKOH aocnpaasoraaocra peurerxa X s (ee 
asrcoxoü nonapaayexrocra) , KOTopaR 06YCJIOBJIeHa ManoH BeJIlitlliHOH 13ep<peKTRBHoH CliJIOBOH nocToHHHOH. L(eHcTBliTeJIbHO, COrJIaCHO ouemce (20)
 
liMeeM f .= X -1 ::::s 0,25 (3B/ A2) , tlTO r-nroro MeHbllle xaparcrepaoü rapseo- li
 

:\Hlf1IecI<:od nocT~HHHOH ,n;JIH "zrsrxarerrsnoã" MO.n;hI f o:: 7 +11 (3B/ A2) /10/. 
~ ph 1 

t" 
8

I 

ll03TOMY .n;IDKe npn CJIa60H CBR3li: TJ 8 = N(O) J 2 o:: 0,3 +1,3 (3B/ Ã2) nJIR
02 s

La 2-x (Ba, 81'}zCuO 4 li TI s o:: 0,75+ 3 (3B/ A ) ,n;JIR YBa 2Cu 30 7 nonyxaexr 
COrJIaCHO (12) .n;OCTaTOtlHO õorrsmae Às (21) . Ilonoõaaa )Ke ouemca ~JIR 

poncraeaaor-o coenaaeaaa Ba(Pb, Bi)Os, HMelOrn;ero euie 60JIee HH3Koe 3Hà
xeaae N (O) o:: 0,5 (COCT ./3B aTOM) /16, 7/ rrpasonar K Às"'" 0,5 +2 li Te"" 
::::s 10 + 15 K B COOTBeTCTBHH c axcnepaxrenrora. 

Xaparcrepaoü oc06eHHOCTb.lO MRrKliX pOTaUHOHHhIX MO,n; B nepoactcarax 
RBJIReTCR ax CliJIbHaH anasorponaa: CJIa6aH CBR3b Me)K.n;y nOBopOTaMH OK
Ta3.n;pOB, pacnOJIO)KeHHhIX B,n;OJIb oca apaurenaa, rrpanonar K MaJIOH aeria
tlliHe znrcnepcaa B 3TOM aanpaaneaaa H 60JIblllOMY BKJIany B KOHCTaHTY 
Às (12) npn ycpenaeaaa no epa30BoMY npocrpancray B (13). 3KcnepliMeH
TaJIbHO 3TO Ha6JIIO.n;aeTcR B "CHJIbHOH anasorponaa TenJIOBhIX rpaxropon - HX 
60JIblllOH aenasaae B,n;OJIb xaparcrepasrx HanpaBJIeHHH cMern;eHHH HOHOB 
(cp. c /24) . 

MHKpOCKOnlitleCKOH npaxaaoà nORBJIeHHH MRrKliX pOTaUliOHHhIX MO.n; 
B nepOBCI(HT3:X ABX 3 RBJIReTCR HeYCTOHtlliBOCTb nearparrsnoro nOJIO)KeHHH 
aHHOHa X B nJIOCKOCTH rpana, 06pa30BaHHOH xarnonar-ra A, xoropoe li onpe
.n;eJIReT JIOKaJIbHhIH nOTeHUliaJI c .n;BYMR (B 06rn;eM cnyxae - HeCKOJIbKHMH) 
MliHliMYMaMli. Ilpn ztocraro-nroà rJIy6HHe 3THX MliHliMYMOB (6ÓJIbIllHe snep
rlili HYJIeBhIX KOJIe6aHliH) H ,n;OCTaTOtlHO CHJIbHOH CBR3H B03HHKaeT CTpYK
TypHhlli nepexon c nOHli)KeHHeM CliMMeTpHH, KaK B La 2Cu0 4. MO)KHO npen
nOJIO)KHTb, xro aaeneaae npavreceã Ba2+ HJIH 81'2+ BMeCTO La 3+ sdxpexrna
HO yxreasuraer 3TY HeYCTOHqliBOCTb (r-nyõaaa MHHHMYMOB yr-tensuraerca) , 
qTO rrpaaonar K noaaaceamo reraneparypsr CTPYKTypHoro nepexona Td H npa 
BhICOKHX KOHueHTpaUHRX, x ~ 0,4, liCtle3HOBeHMlO MRrKliX MO,n; H pe3KOMY 
nanenaro Te (CM. /26/). Boanaxasoutaã npn 3TOM naHepJICOBCKHH nepexon 

I11 
D12/,B La 2CUO 4' KaK nOKa3hIBalOT CTPYKTypHhle HCCJIe,n;oBaHliR MO)KeT 

6hITb CBR3aH TOJIbKO c pOTaUHOHHOH MO,n;OH, B CBH3li c qeM HOCHT aeoõsrs
HhIH xaparcrep nonepeaaoü BOJIHhI 3apR.n;OBoH nJIOTHocTH. B03HHKalOrn;ee 
npa 3TOM nOHli)KeHlili aaepr'aa 3JIeKTpOHHOH no,n;CHCTeMhI MaJIO aaany CJIa· 
60H CBR3H 3JIeKTpOHoB c nonepesm.n-r cxreuienaevr HOHOB KHCJIOpo,n;a, H no
3TOMY naHepJICOBCKHH nepexon ne RBJIReTCR onpenenaroumra B 3TOM CTPYK
TypHOM nepexone. Ilonoõaaa caryanaa, nO-BH.n;liMOMY, Ha6JIIO,n;aeTCR 
li B eaepxnpoaonmneà rpase Ba(Pb, Bi)03 116/. 

XapaKTepHOH ocoõenaocrsro rponoanoro MexaHH3Ma B crryuae rap
MOHHqeCKHX epOHOHOB RBJIReTCR HaJIHqHe H30TOnHqeCKOrO 3epepeKTa, OCO
6eHHo eCJIM BO asaavroneâcraaa yqaCTBYIOT rnuus KOJIe6aHHR aTOMOB o,n;
HOrO copra: Te'" (1/Mt1l 2 . B aHrapMOHHqeCKOH Mo.n;eJIli 3epepeKTliBHaH 
KOHCTaHTa CBR3li (12) cymecraeaao 3aBliCHT OT qaCTOThI anrapraoaavec
xax epOHOHOB (CM. (15)) H n03TOMY aaoronasecxaã 3epepeKT HOCHT 60JIee 
CJIO)KHhrn xapaxrep: B 06JIaCTli À < 1 + 2 B03MO)KeH 06paTHhIH H30TonH· 
qeCKliH 3epepeKT (CM. /121 ), a npa À > 10 nonysaer-r Te .... M -1/4 IS31 

0 16 ll03TOMY OTCYTCTBlie asororraaecxoro 3epepeKTa npa aar-rene na °18 
B orccanasrx caepxnpoaonnmcax 1341 ae npOTHBOpetlHT pa3BHTOH MO,n;eJIH. 
L(on0JIHHTeJIbHaH MacKlipOBKa H30TOnHqeCKOrO sdxpexra B03HMKaeT TaK
)Ke npn ysere BKJIa.n;a epOHOHOB, CBR3aHHhIX c xorreõanaext npyrax aTOMOB 
CliCTeMhI, H BKJIana IJ."* 122, 341. . .~ 
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B ueJIOM npe,IJ;JIO)KeHHOe B HaCTOfI:meM paõore o6'bfIcHelm:e BbICOKOM 

Te B HOBOM KJIaCCe O KCH,IJ;HbIX cBepXnpOBO,IJ;HHKOB Ba(Pb, Bi)Os' 

La2-x (Ba, Sr)xCu04' YBa2Cu a07 aa ocaone aRI'apMOHHqeCKOH MO,IJ;eJIli / 18 1 

npn yuere B3aHMO,IJ;eHCTBliR 3JIeKTpOHoB c CHJIbHO aHrapMOHliqeClGiMH po

TélUHOHHhIMH KOJIe6aHHRMH, xaparcrepasn-ra ,IJ;JIR nepoBcKHTOB, npe,IJ;CTaB

JIReTCR ePH3liqeCKH p·a3YMHhIM. .llaJIhHeHIlllie HCCJIe,IJ;OBaHH.H ePoHoHHoro 

cnexrpa xynparon JIaHTaHa, HTTpHR-6apHR H ananor-auasrx HM COe,IJ;HHeHHH 

n03BOJIHT npOBeCTH 60JIee neransnsre KOJIHqeCTBeHHhle pacsersr Te. 
ABTOpbI 6JIarO,IJ;apRT aKa,IJ;eMHKa .H.H.EorOJII06oBa sa nJIO,IJ;OTBOpHhle 

oficyscnenan. 
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HET flH nPOSEflOB B BAmEA BHBflHOTEKE? 
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IlJiaKH,n;a H.M., AKceHoa B.JI., JJ:peKcnep Ill.JI. 
AHrapMoHmlecKaH Mo.u;em, 
BbiCOKOTeMnepaTypHbiX CBepxnpOBOAHHKOB 

P17-87-498 

3Hal!HTenLHOe yaenaqeHHe TeMnepaTyphi caepxnpoao.n;HI~ero 

nepexo.u;a T c B nepoBCKHTHhiX OKCHAHhiX coe.u;HHeHHHX o6'bHCHHeTcH 
Ha OCHOBe aHrapMOHHtieCKOH MOAeJIH CBepxnpOBO,lJ;HHKa CO CTpyK
TypHO HeycTOHtiHBOH perneTKOH. lloKa3aHO, liTO B3aHMO,lJ;eHCTBHe 
3neKTpOHOB C CHnbHO aHrapMOHHtieCKHMH Kone6aHHHMH HOHOB 
KHcnOpO,n;a pOTa~HOHHOrO THlla npHBO,lJ;HT K 60nblliOH KOHCTaHTe 
CBH3H A • llonyt~eHHbie .n;nH T c oueHKH Haxo.u;HTCH B cooTaeTCTBHH 
c 3KcnepHMeHTanLHhiMH .u;aHHhiMH .u;nH cHcTeM La(Y)BaCuO. 

Pa6oTa BhmonHeHa B Jla6opaTopHH TeopeTHtiecKou QJH3HKH 
OHJUI. 

llpenpHHT 06'be,D;HHeHHOro HHCTHTyTa fi,D;epHbiX HCCJJe,D;OBaHHH. ,!J;y6Ha 1987 

llepeao.u; aaTopoa 

Plakida N.M., Aksenov V.L., Drechsler S.L. 
Anharmonic Model for High-Tc Superconductors 

P17-87-498 

A considerable enhancement of the superconducting transition 
temperature T c in perovskite-type oxides is explained in the frame
work of the anharmonic model for superconductors with structurally 
unstable lattices. It is shown that interaction of electrons with highly 
anharmonic oxigen-ion vibrations of a rotational type results in a suf
ficiently large coupling constant A. The obtained estimation for T c 
is in agreement with experimental data for La(Y)BaCuO systems. 

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