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OBillA51 XAP AKTEPHCTHKA P ABOThl 

AKTJaJibHOCTb TeMbI. OTKphlTtte B 1986 ro.ny Be.nHopueM n Mronne
poM j[BJieHllj[ BhlCOKOTeMnepaTypHOH CBepxrrp0B0,llHM0CTH B Me,UHO-0KCH,ll

HhlX coe,UHHeHllj[X Il0CTaBHJI0 rrepe.u Teopneii TB~p.uoro Tena pj[,ll cpyH.na

MeHTaJibHblX B0IIp0C0B, cpe.nn K0T0phlX rrpo6JieMa CHJibHhlX :meKTp0HHblX 

KoppeJij[UHii rrpno6pena rrepBocreneHHoe 3HaqeHne. IleiicTBHTeJibHo, y)Ke 

rrepBhle pacqeThl, BhlII0JIHeHHble B paMKax CTaH,uapTHhlX MeT0,U0B 30H

HOH Teopnn, rroKa3aJIH, qTo 3aJIO)KeHHblH B 3THX MeTo.nax o.unoqacTHqHbIH 

rro.uxo.u He .naeT a.ueKBaTH0ro 0IIHCaHHj[ 0CH0BHoro C0CTQj[HHj[ H crreK.Tpa 

B036J)K,UeHHbIX cocTOj[HHH 3JieKTpOHHoii CHCTeMbl Me.UHbIX 0KCH.ll0B. HpH

qHHa 3aKJIIOqeHa, B HaJIHqmr Ha H0Hax Me,llH CHJibH0ro BHyTpHy3eJibH0ro 

KJJI0H0BCK0ro OTTaJIKHBaHHj[ Ud, 0CH0BHbie 3q>q>eKTbI K0TOporo He MoryT 

6b1Tb arrrrpoKcHMHpoBaHhl ua ypoBue cpe.uuero II0Jij[ B paMKax o.unoqa

cTnquoro rro.uxo.ua. B caMI?IX o6mux qepTax rrpo6JieMa M0)KeT 6b1Tb nc

cne.noBaua Ha ocuoBe Mo,neJIH Xa66ap.na B rrpe.nene U » t, r.ue t-uurerpan 

rrepeCK0Ka 3JieKTpoua. Bonee II0CJie,U0BaTeJibH0e H II0JIH0e 0IIHCaHHe C 

yqeT0M oco6eHHOCTeii MJJibTHop6HTaJibHOH CTpJKTJpbI Me,UHbIX 0KCH,U0B 

,ll0CTHraeTCj[ B paMKax p - d M0,UeJIH 8MepH, j[BJij[IOIUeHCj[ TpeX-30HHblM 

BapnaHTOM M0.UeJIH Xa66ap.ua. · 

llcxo,uHa5l p - d Mo.nenb 8Mepu, KaK MHHHMaJibHa5l peanHcTuqecKa5l 

Mo,neJib rrnocK0CTH CuO2 - o6mero cTpyKTypuoro 3JieMeHTa Bcex BbICO

K0TeMrrepaTypHbIX CBepxrrp0BQ,Uj[IUHX Me,UHO-0KCH,UHblX coe,UHHeHHH, rrpH-

3BaHa 0IIHCaTb 3JieKTp0HHble C0CTQj[HHj[ B BepxHeH qacTH BaJieHTHOH 30Hbl 

KyrrpaTOB. B cTau.uapTHblX ycnoBHHX cna6blx rroneft H HeBblC0KHX TeMrre

paTyp qaCTb 3JieKTp0HHbIX CTerreueft CB06o,uhl, 0TBeqaIOIUHX BhlC0K0B03-

6y)K,UeHHhlM C0CT0HHHHM HCXO,UHOH M0,UeJIH, CTaH0BHTCH HecymecTBeHHOll. 

8TH CTerreHH CBo6o,nbl MoryT 6b1Tb ycTpaueHbl ("BbIIIpOeKTHpoBaHbI") rry

TeM Ha,UJie)Kameft pe,uyKUHH HCXO.UHOll M0,UeJIH K ee HH3K03HepreTuqecK0MY 

rrpe.ueny. ~pH 3T0M yqeT BhlC0K03HepreTHqecKHX COCTOHHHll rrocpe,ucTBOM 

BHpTyaJibHblX rrepexo,uoB rrpHB0.UHT K 3cpcpeKTHBHbIM B3aHMO,UeHCTBHj[M Ha 

MacrrITa6e < 1 eV. <l>opMynupoBKa H o6ocuoBauue rrpo:u;e.uypw pe,uyK

:U:HH, a TaK)Ke BblB0.U 3cpcpeKTHBHbIX HH3K03HepreTHqeCKHX MO,UeJieft rrpe.u

CTaBJIHIOT co6on aKTJaJibHJIO rrpo6JieMy Te0pHH BbIC0K0TeMrrepaTypHbIX 

cBepxrrpoB0.UHIUHX (BTCII) CHCTeM. 

8cpcpeKTHBHhle 6a3ucuble M0.UeJIH BTCII CHCTeM K0MIIaKTHo rrpe.ncTa

BJIHIOTCH B TepMHHax rrpoeKIJ;H0HHhlX (xa66ap,UOBCKHX) orrepaTOp0B, HMe

IOIUHX 6onee CJI0)KHble rrepecTaH0BQqHble C00TH0IIIeHHH no cpaBHeHIIIO c 
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KaHOHII'IeCKIIMII <l>epMII- II B03e-onepaTopaMII. lfcnOJib3JeMbie pHJJ:OM IIC

CJie,n:oBaTeJieH ,n:IIarpaMMHble MeTOJJ:bl B TepMIIHaX onepaTopoB Xa66ap.n:a 

Be,n:yT K 3Ha'IIITeJibHblM TeXHII'leCKIIM ycJIO)l(HeHIIHM, 'ITO orpaHII'IIIJIO IIX 

nmpoKOe npIIMeHeHIIe. Tpe6yeTC}I npIIBJie'leHIIe II o60CHOBaHIIe JJ:OilOJI

HIITeJibHblX MeTo,n:oB II no,n:xo,n:oB, OCHOBaHHhlX, K npIIMepy, Ha npe,n:cTa

BJieHIIII MO,n:eJIII B TepMIIHax BCilOMOraTeJibHblX ( qiepMIIOH-6030HHhlX, mi:60 

nceB,n:OCilIIHOBbIX) none:ii. <l>opMJJIIIpOBKa BCilOMOraTeJibHblX npe,n:cTaBJie

HIIH, IIX MaTeMaTII'leCKOe o60CHOBaHIIe II npIIMeHeHIIe JJ:JI}I pactJeTa q>II3II

qecKIIX BeJIII'IIIH npe,n:cTaBJIHIOT co6o:ii Ba)KHJIO npo6JieMy TeOpIIII CIIJibHO 

KoppeJIIIpoBaHHbIX CIICTeM: 

3qi<peKThl XIIMII'lecKoro 3aMern.eHIIH B 6yqiepHbIX CJIOHX BTCTI coe,n:II

HeHIIH npIIBOJJ:HT K pocTy KOHIIeHTpaIIIIII J JJ:blpO'IHbIX HOCIITeJieH B CuO2 

IlJIOCKOCTII, 'ITO Be,n:eT K 6bICTpoMy pa3pyrneHIIIO JJ:aJibHero aHTII<peppo

MarHIITHOro (A<I>M) nopH,n:Ka c nocne,n:y10rn.IIM nepexo,n:oM cIIcTeMhl B Me

TaJIJIII'lecKy10 <pa3y. CIIJibHOe B3aIIMO,n:eHCTBIIe JJ:hlpO'IHOro HOCIITeJIH C 

2x-MepHbIMII CilIIHOBblMII KoppeJIHIIIIHMII B 3Ha'IIITeJibHOH CTeneHII onpe

,n:eJIHIOT ero KBa3II'laCTII'IHble CBOHCTBa II, KaK cJie,n:CTBIIe, pHJJ: Heo6bI'IHblX 

TepMOJJ:IIHaMII'lecKIIX II TpaHcnopTHbIX CBOHCTB, BTCTI cIIcTeM. B 3TOH 

CBH3II pa3pa6oTKa TeOpIIII "MaprIIHaJibHbIX 3JieKTpOHHblX )KIIJJ:KOCTe:ii"' a 

TaK)Ke OilIICaHIIe Ha ee OCHOBe cneKTpa KBa3II'laCTIIII II MeXaHII3Ma IIX 

CBepxnpoBOJJ:Hrn.ero cnapIIBaHII}I C BblCOKOH KpIITII'leCKOH TeMnepaTypo:ii 

Tc npe,n:cTaBJIHeTcH Ba)l(He:iirne:ii npo6JieMoH q>II3IIKII BTCTI cIICTeM. 

IlpII IlOCTpoeHIIII Teoprrn KBa3II'laCTII'IHblX CBOHCTB KynpaTOB CJie,n:yeT 

npIIHHTb BO BHIIMaHIIe cyrn.ecTBeHHOe pa3JIII'IIIe B IlOBe,n:eHIIII CIICTeMbl B 

pe)KIIMaX HII3KOH, J < 0.1 (HeCKOJibKO npo11eHTOB), II npoMe)KJTO'IHOH 

cTeneHII, J ~ 0.1 7 0.2, .n:onIIpoBaHIIH CuO2- nnocKOCTII. TaK M3MepH

eMaH B q>OT03MIICCIIOHHOM (ARPES) 3KcnepIIMeHTe.qiopMa 3aK0Ha ,n:IIcne

pcIIII JJ:blpO'IHOro HOCIITeJIH B JJ:II3JieKTpII'leCKOH <pa3e IICXOJJ:Horo Me,n:HO

OKCIIJJ:HOro COCTaBa COBMeCTIIMa C npe.n:cTaBJieHIIeM O MaJIOH IlOBepxHOCTII 

<l>epMII B BII,n:e 'leTblpex JJ:blpO'IHblX KapMaHOB B pe)KIIMe J ~ 0.01. B 

TO ')Ke BpeMH npII J ~ 0.1 7 0.2 (pe)KIIM OilTIIMaJibHblll JJ:JI}I CBepxnpo

BOJJ:IIMOCTII) q>OT03MIIcciioHHbie II3MepeHII}I ,n:eMOHCTpIIpJIOT "6oJibIIIJIO" 

IlOBepXHOCTb <I>epMII IIHOH TOilOJIOrIIII c oco6eHHOCTHMII TIIna nceB,n:orn.eJIII 

II IlJIOCKOro yqacTKa B cneKTpe o,n:Ho'laCTII'IHbIX B036J)KJJ:eHIIH B HOpMaJib

HOH qia3e. CIIcTeMaTII'lecKIIH TeopeTII'lecKIIH aHaJIII3 Bceii: coBoKynHOCTII 

3KCilepIIMeHTaJibHbIX ,n:aHHblX B paMKaX e,n:IIHOll JHIIBepCaJibHOH MOJJ:eJIII B 

HaCTOHII1.ee BpeM}I KpaiiHe· Heo6xo,n:IIM. 

O6Hapy)KeHIIe B MeTaJIJIII'lecKOH <pa3e Me,n:HO-OKCIIJJ:HhlX coe,n:IIHeHIIH 

,, '-2 

B 3aMeTHOM IIHTepBane ,n:onIIpoBaHIIH xoporno pa3BIITbIX A<f>M KoppeJIH

IIIIH nopo,n:IIJIO pH.n: rIIIlOTe3 0 B03MO)KHOCTII CBepxnpoBOJJ:HII1.ero cnapII

BaHII}I HOCIITeJieH qepe3 MarHIITHble CTeneHII CB06o,n:hl. Pa3pa6oTKa CilIIH

q>JIJKTyaIIIIOHHOro MexaHII3Ma CBepxnpoBOJJ:IIMOCTII B IlOCJie,n:HIIe ro,n:hl npe.n:

CTaBJIHeT co6oft OJJ:HO II3 HaII60Jiee nepcneKTIIBHbIX II aKTIIBHO pa3BIIBae

MbIX, HanpaBJieHIIH B TeopIIII BTCTI. 

Uenb ,n:IIccepTaIIIIII: B paMKax MHoro30HHhlX 3JieKTpoHHhlX Mo.n:eneii c 

yqeTOM CIIJlbHOro BHYTPIIJ3eJibHOro KJJIOHOBCKOro OTTaJIKIIBaHII}I cqiop

MJJIIIpOBaTb II o60CHOBaTb IlOCJie,n:oBaTeJibHYIO npou:e.n:ypy BblBOJJ:a 3<p<peK

TIIBHbIX pe.n:yIIIIpoBaHHblX Mo,n:eJieH II Ha IIX OCHOBe ,n:aTb OilIICaHIIe COBO

KJilHOCTII 3JieKTpOHHblX II MarHIITHbIX CBOHCTB MeJJ:HO-OKCIIJJ:HblX coe,n:IIHe

HIIH. 

Hay'IHaH HOBII3Ha II npaKTII'leCKaH 11eHHOCTb. 

BnepBble npe,n:JIO)KeHa IlOCJie,n:oBaTeJibHaH cxeMa pe,n:yKIIIIII MHOr030H

HOH p - d Mo,n:eJIII ,n:JIH CuO2 nnocKOCTII K ee HII3K03HepreTII'lecKoMy npe

,n:eny {KJiaCTepHblH MeTOJJ: TeopIIII B03Myrn.eHIIH). <I>opMJJIIIpOBKa MeTO,n:a 

OCHOBana na npIIMeHeHIIII npou:e.n:yphl TO~HOH ,n:IIarOHaJIII3aIIIIII JJ:JI}I MIIHII

MaJibHoro KJiacTepa CuO4 II nocne,n:y10rn.ero yqeTa Me)KKJiacTepnoro B3aII

Mo,n:e:iicTBIIH no TeopIIII B03Myrn.enIIii, 'ITO Il03BOJIHeT ocyrn.ecTBIITb BblBOJJ: 

3<p<peKTIIBHhlX HII3K03HepreTII'leCKIIX MO,n:eJieH C KOHTpOJIIIpyeMOH TO'IHO

CTbIO. 

B paMKaX MeTo,n:a BnepBble BblBe.n:ena CIIHrJieT-TpIInJieTHaH MOJJ:eJib II 

,n:aHbl oueHKII JJ:JIH ee napaMeTpOB. IloJiy'leHHaH npII 3TOM MaJIOCTb na

paMeTpa CIIHrJieT-TpIInJieTnoro Me)KKJiaCTepnoro CMeIIIIIBaHIIH npII 60Jib

IIIOH BeJIII'IIIHe CIIHrn;eT-TpIInJieTHOro pacrn.enJieHIIH Il03BOJIIIJia o6ocno

BaTb KOHUeilUIIIO CIIHrJieTa )Kanra-Pa:iica, KaK BbICOKOCTa6IIJibHOro JJ:BJX

qacTII'IHOrO cocTOHHIIH, B pe)KIIMe CIIJibHOH p - d rII6pIIJJ:II3aIIIIII. Ha 

OCHOBe npe,n:JIO)KeHHOro MeTo,n:a onpe,n:eJieHbl 'IIICJieHHble ou:enKII JJ:JI}I Ma

TpII'IHblX 3JieMeHTOB 30HHOro JJ:BII)KeHIIH CIIHrJieTOB H KOHCTaHT 3<p<peK

TIIBHoro A<f>M o6Mena JIOKaJIII3oBannwx cnIIHOB. 

BnepBhle na ocHoBe BhlBe,n:enHo:ii t - t' - t" - J Mo,n:eJIII npoBe.n:eH pac

'leT KBa3II'laCTII'IHhlX xapaKTepIICTIIK JJ:bipO'IHOro HOCIITeJI}I. O6napy)KeH 

noporoBhlH xapaKTep 3aTyxaHII}I KBa3IIJJ:blpoK, 'ITO npIIBOJJ:IIT K IIC'le3HO

BeHIIIO B 3aMeTHblX o6JiaCTHX 30Hbl BpIIJIJII03Ha KorepeHTHOro KBa3IIJJ:bl

p0'1HOro COCTOHHIIH. IloKa3aHo, 'ITO pHJJ: xapaKTepHbIX oco6eHHOCTeii KBa-

3II'laCTII'IHOro ,n:wpotIHOro JJ:BII)KeHIIH, o6Hapy)KeHHhlX B ARPES 3KcnepII-
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MeHTax, rronyqaeT 06'b.si:cHem1e JIHIIIb B paMKax o6o6meHHofi: t - t' - t" - J 
MO,UeJIH. 

BrrepBble Ha OCHOBe CTaH.uapTHOlI t - J MO,UeJIH .uaH aHaJIH3 3aBHCHMO

CTH OT BeJIH"<IHHbI pa.uttyca A <PM Koppen.si:unfi: cpopMbI JaKoHa .uttcrrepcnn 

.UhlpO"<IHOro HOCHTeJI.ll KaK CIIHH-IIOJI.si:poHa MaJIOro pa.unyca, "<ITO II03BO

JI.lleT IIO.UTBep.UHTb cueHapnfi: rrepexo.ua OT "qeTwpex-KapMaHHoro" Tnrra 

.UhlpO"<IHOlI IIOBepXHOCTH <l>epMH K 6oJibIIIOlI IIOBepXHOCTH <l>epMU rrpu pa3-

pyIIIeHUU A <l>M Koppen.si:uufi:. 

B paMKaX t - J MO.UeJIU B CIIHH-IIOJI.llpOHHOM rrpe.ucTaBJieHUII Brrep

Bhle .uaH BhlBO.ll B caMocorJiaCOBaHHOM 6opHOBCKOM rrpn6JIH)KeHIUI CHCTeMbl 

ypaBHeHHlI .UJI.ll O.UHO"<IaCTH"<IHOlI .llblpO"<IHOlI H CIIIIHOBOlI cpyHKUUlI rpnHa 

rrpn KOHe"<IHOlI TeMrrepaType H rrpoaHaJIH3HpoBaHa 3aBUCHMOCTb OT TeM

rrepaTypbl TH .UhlpO"<IHOlI KOHUeHTpaun11 d crreKTpaJibHbIX xapaKTepUCTHK 

n HMIIYJibCHoro pacrrpe.ueneHn.si: KBa3H.UhlpoK. B rrpe.uene cna6oro .uorr11po

BaHn.si:, <5 << l H T = 0, BrrepBwe B cxeMe rronHoro caMocornacoBaHu.si: 

aHaJIHTII"<IeCKII rroJiyqeHa <popMa 3aKOHa 3aTyXaHII.ll KBa3II.UblpOK B6JIH31I 

IIOBepXHOCTH ¢epMII. 

Pe3yJibTaThl pacqeTa KBaJnqacTII"<IHoro crreKTpa .uwpo"<IHoro Hoc11ien.si: 

IIOJIY"<IIIJIH rrp.si:Moe rrpaKTH"<IeCKOe rrp11MeHeH11e H KOJIII"<IeCTBeHHOe IIO.UTBep

)K,lleHHe rrp11 IIHTeprrpeTau1111 3KcrrepnMeHTaJibHhlX ARP ES .uaHHhlX B p.si:.ue 

KyrrpaTHhlX coe.u1rnem1fi:. ' 

II pe,UJIO)KeHO HOBOe cpepMIIOH-IICeB,UOCOIIHOBOe npe.ucTaBJieHIIe :rin.si: t- J 
Mo.uen11, Koropoe IIMeeT p.si:.u rrpe11MymecTB no cpaBHemuo c paHee H3BecT

HbIMH <pepMIIOH-6030HHbIMII rrpe.ucTaBJieHII.llMII 3TOlI MO,UeJIII. 

Ha ocHoBe ypaBHeHIIM CBepxrrpoBO.UHMOCTH .un.si: t - J u p - d Mo.uenefi: 

B orrepaTopax Xa66ap.ua BIIepBble nonyqeHbl KHHeMaTII"<IeCKHe ycJIOBH.ll, 

1ICKJIIO"<Ia10mue S-BOJIHOBYIO CHMMeTpHIO rrapaMeTpa nop.si:.uKa. 

Ha 3aIUIITY BbI.UBIIraIOTCH cne.uy10mue pe3yJibTaTbI. 

1. Ilpe.UJIO)KeH u pa3pa6oTaH MeTo.u pe.uyKUHH OT MHoro30HHOM p - d 
MO.UeJIH Xa66ap.ua K 3<p<peKTHBHhlM MO,UeJI.si:M, OillICbIBaIOIUHM 3JieKTpOH

Hbie CBOlICTBa Cu02 IIJIOCKOCTH BblCOKOTeMrrepaTypHhlX CBepxrrpoBO.U.ll

mux coe.unHeHnfi: B HH3K03HepreTH"<IecKOM rrpe.uene. 

2. B paMKax BhlBe.ueHHOlI 3<p<peKTHBHOM cnHrJieT-TpurrneTHOlI Mo.uen11 

rrpoBe,UeH pacqeT 3HepreTII"<IeCKOro crreKTpa .UhlpO"<IHbIX HOCHTeJielI B napa

MarHHTHOlI o6JiaCTH. 06ocHOBaHa B03MO)KHOCTb .UaJibHelIIIIelI pe.uyKUHH 

OT cnHrJieT-TpnrrneTHofi: K o6o6meHHofi: t - J Mo.uemi. IlaH BhlBO.U 3<p<peK-
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THBHOro t - t' - t" - J raMHJibTOHHaHa H ccpopMynnpoBaHa O,UH03Ha"<IHa.ll 

rrpoue.uypa Bbl"lJHCJieHH.ll ero rrapaMeTpOB qepe3 rrapaMeTphl HCXO.UHOlI MHO-

ro30HHOlI Mo.uenn. , 

3. Pa3BHT BapnaunoHHhllI rro.uxo.u B cnnH-rron.si:poHHOM Teop11n HH3-

K03HepreTH"<IecKnx KBa3H"<IaCTH"<IHhlX CBOMCTB B'I;'CII cncreM. IlaH. KOJIH

qecTBeHHhllI aHaJIII3 H3MeHeHH.ll <popMhl KBa3H"<IaCTH"<IHOro crreKTpa - KaK 

pe3yJibTaT 3BOJIIOUHH OT CIIHH-IIOJI.llpOHHOro COCTO.llHH.ll MaJIOro pa.unyca K 

COCTO.llHIIIO KBa3HCB06o,uHoro .UBH)KeHH.ll HOCHTeJI.ll C yMeHbIIIeHHeM pa.un

yca A <l>M Koppen.si:unfi:. 

4. IlaHo KOJIH"<J.eCTBeHHoe orrncamie crreKTpanbHhlX cBofi:cTB .uwpoq

Horo HOCHTeJI.si: B rrnocKOCTH Cu02 B A<l>M cocTO.llHHII Ha ocHoBe BhlBe,ueH

HOM t ,,-t' -t" -J MO,UeJIH B caMocornacoBaHHOM 6opHOBCKOM rrpn6JIH)KeHHH. 

Hafi:.ueH Mex,aHH3M rroporoBoro _3aTyxaHH.ll KOrepeHTHhlX KBa3H.llhlPO"<IHhlX 

COCTO.llHHlI. 

5. Ilpe.UJIO)KeHo o6o6meane cxeMhl caMocornacoBaHHoro pac"<IeTa KBa-

311qacTII"<IHhlX qmlICTB .UhlpO"<IHhlX HOCHTeJielI Ha cnyqafi: KOHe"l!HhlX TeM

rrepaTyp H KOHUeHTpaunfi: HOCHTeJiefi:. Ha 3TOlI OCHOBe B paMKaX CIIHH

IIOJI.llpOHHOlI t - J MO,UeJIH .uaH KOJIH"<IeCTBeHHhllI aHaJIH3 H3MeHeHH.ll crreK

TpaJibHOlI ITJIOTHOCTII, KBa3H"<IaCTH"<IHOro ~aTyxaHII.ll .H <pyHKUHH pacrrpe

.ueneHH.ll ITO HMIIYJibCaM aHCaM6JI.ll KBa3H.llhlPOK. 

6. IlaH BbIBO.ll 3<p<peKTHBHOlI .UBYX30HHOH 3JieKTpOHHOlI Mo.uenn .UJI.ll 

rrnocKOCTH Cu30 4 Me.UHhlX oKcnxnopn.uoB. C.uenaHo reopeTn"<IecKoe rrpe.u

CKa3aHne O HaJIH"<IHH B crreKTpe CHCTeMhl .UBYX copTOB CHHrJieTHhlX COCTD

.llHHlI .UbipO"<IHOro HOCHTeJI.si:. OcymecTBJieHo rrp.si:Moe cpaBHeHne pe3yJibTa

TOB TeopeTH"<IeCKHX pacqeTOB C .uaHHhlMH q>OT03MHCCHOHHOro H3MepeHH.ll 

B Ba2Cu304Cb; KOTopoe no,uTBep.unno c.uenaHHoe rrpe.ucKa3aHne. 

7. Ilpe.UJIO)KeHo npe.ucTaBJieHIIe orreparopoB Xa66ap.ua n t - J MO.UeJIII 

B TepMHHaX 6eccnIIHOBhlX cpepMHOHOB n nceB.UOCIIHHOBhlX orrepaTopOB s = 
1/2. 

8. B rrpn6JIH)KeHHH cpe.uHero ITOJI.ll C lICIIOJib30BaHHeM onepaTOpOB 

Xa66ap.ua .uaH BhlBO.ll ypaBHeHHlI CBepxrrpoBO.UHMOCTH n ocymecTBJieH HX 

qncneHHhllI aHaJIII3 .un.si: t - J n p- d Mo.uenefi:. CcpopMynnpoBaHhl orpaHH

qeHn.si: B <popMe O.UHOJ3eJibHhlX KHHeMaTH"<IeCKHX ycJIOBHlI Ha CHMMeTpHIO 

CBepxnpoBO.U.llIUero cnapnBaHH.ll, KaK CJie,UCTBHe yqeTa ClIJibHhlX 3JieKTpOH

HhlX Koppen.si:unfi:. 

Anpo6au11.si: pa6oThl. Pe3JJibTaTw, H3JIO)KeHHhle B .UHccepTau1111, .uo

KJia,llhlBaJIIICb Ha ceMHHapax Jla6oparop11n reopeT11qecKofi: q>H3HKII OH5IH, 

5 



CaHKT-IleTep6yprcKoro HHCTHTyTa :si:.uepHofr q>H3HKH, UeHTpa TeopeTH

qecKoii q>H3HKH B r. Mapcene, yHHBepcHTeTa r. CanepHo, Ilpe3,lleHcKoro 

TeXHHqecKoro yHHBepcHTeTa, B HHCTHTyTax MaKca IlnaHKa B III TYTT

rapTe H Ilpe3,lleHe, a TaK)Ke Ha Me)K.llyHapo.uHoM coBem:aHHH "MexaHH3Mhl 

BhICOKOTeMnepaTypHoii CBepxnpoBO.llHMOCTH", Ily6Ha, 1988; Me)K.llyHapo.u

HOM ceMHHape no BhlcOKOTeMnepaTypHoii cBepxnpoBO.llHMOCTH, CaHKT

IleTep6ypr, 1991; Ha Me)K,llyHapO.llHhIX KOHq>epeH:UHHX no BhICOKOTeMne

pa TypHOH cBepxnpoBO.D:HMOCTH, Ily6Ha, 1989; no <l>H3HKe HH3KHX TeMne

paTyp , EpaiiToH, 1990; "MaTepHaJihI H MexaHH3MhI cBepxnpoBO.llHMO

cTH"' fpeH06Jih, 1994; "Ilon:si:poHhl H 6HnOJIHpOHhl B BhICOKOTeMnepaTyp

HhIX CBepxnpoBO,llHHKax H po,n:cTBeHHhIX MaTepHanax", KeM6pH.D:)K, 1994; 
"CttJihHO KoppenHpoBaHHhle :meKTpoHHhie CHCTeMhI" , Uropttx ( 1996) H Ila

' pH)!( (1998); H Ha IIIKonax no TeopeTHqecKoii q>H3HKe "KaypoBKa" (1992, 
1996). 

Ily6nttKa:UHH. Ilo MaTepttanaM ,n:HccepTa:UHH ony6JIHKOBaHa 21 pa6oTa. 

CTpyKTypa H o6'heM .llHCcepTa:UHH. IlttccepTa:UHH cocToHT H3 BBe.ue

HHH, 5 rJiaB, 3aKJIIOqeHHH, .D:BYX npHJIO)KeHHH H cnHCKa JIHTepaTyphI. OHa 

co.uep)KHT 17 4 CTpaHH:Uhl MaIIIHHOnHCHoro TeKcTa, 34 pHCYHKa H 5 Ta6JIHIJ;. 

CnttcciK JIHTepaTyphI BKJiroqaeT 182 HaHMeHoBaHHH. 

CO.UEP)KAHHE P ABOTbl 

Bo BBe,lleHHH ,llaH KpaTKHH o63op C0BpeMeHHOro COCT0HHHH TeopHH 3JieK

TpOHHhIX CBOHCTB BTCII coe.un:neHHH. O6ocnoBaHa 1!PHH:UHnHaJihHa:si: poJih 

CHJihHhIX 3JieKTpOHHhIX KoppeJIH:UHH H He06XO,llHMOCTh HX yqeTa B paMKaX 

o6o6m:ennoii MHoro30HHOH Mo,n:eJIH Xa66ap.ua. YKa3aH cnoco6 nocTpoemrn 

ee HH3K03HepreTHqecKoro npe.uena B q>OpMe 3q>q>eKTHBHhIX pe.uy:uHpoBaH

HhIX Mo.ueneii. CqiopMynttpoBaHa :uenh pa6oThl, o6ocnoBaHa aKTYaJihHOCTh 

npoBe,lleHHhIX B ,llHCCepTa:UHH HCCJie,llOBaHHH, HX HOBH3Ha H npaKTHqecKa:si: 

:ueHHOCTh. lI3JIO)KeHO KpaTK0e co.uep)KaHHe ,llHCCepTa:UHH. 

B nepBoH rnaBe H3JI0)KeH KJiacTepHhIH MeT0.ll TeopHH B03Mym:enttii, no-

3BOJIHIOID:HH pe.n:y:uttpoBaTb MHOro30HHYIO (MYJihTHOp6HTaJihHYIO) M0,lleJib 

Xa66ap.ua K ee HH3K03HepreTHqecKoMy npe.ueny. MeTO.ll peaJIH30BaH na 

npHMepe ee TpeX30HHoro BapHaHTa (p - d MO,lleJib 8MepH ,llJIH nJIOCK0CTH 

CuO2) B TPH 3Tana. Ha nepBoM 3Tane BhI,lleJIHeTc:si: 3JieMenTapHhIH KJia-
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CTep CuO4, ,llJIH K0Toporo MeTO.D:OM TOqHoH ,llHaroHaJIH3a:UHH HaXO,llHTCH 

co6cTBeHHhie BeKT0phl lia) (MoJieKyn:si:pHhle op6HTaJIH) H HX co6cTBeHHhle 

3HaqeHHH Ca B 0,llHO- H .llByxqacTHqHhIX ceKT0pax. OproroHaJIH3a:UHH MO

JieKyn:si:pHhIX op6HTaJieH .D:0CTHraeTCH npe.uBapHTeJlhHhlM nocTpoeHHeM B 

HCX0,llHOM npocTpaHCTBe p -op6HTaJieH q>yHK:UHH BaHhe, :ueHTpHpoBaHHhIX 

Ha Y,3Jiax i Me.llHhIX H0HOB. TeM caMhIM, BHYTPHKJiacTepHhle B3aHMo.ueii

CTBHH yqTeHhl B raMHJihTOHHaHe HyJieBoro nop:si:.uKa 

Hioc = E eax:a' x;a = lia)(ial. 
i,a 

Ha 3T0M 3Tane onpe,n:eJIHIOTCH no.unpocTpaHCTBa HH3KO- H BhIC0KOJie)Ka

m:Hx KJiacTepHhIX cocTOHHHH. Cn:JihHOe 3HepreTn:qecKoe pacmenneHHe no.u

npocTpaHCTB, KaK 3q>q>eKT HyJieBoro nopH,llKa, B03HHKaeT, B OCHOBHOM, 

B pe3yJihTaTe CHJihHOH BHYTPHKJiacTepHoii p - d rtt6pn:,nn:3a:UHH op6n:Ta

neii. Ha BTOpOM 3Tane npoeKTHpoBaHHeM HCXO.D:HOro raMHJihTOHHaHa Ha 

noJIHOe npocTpaHCTBO BeKTopoB jia) Bhl,lleJIHIOTCH ocTaTOqHhle B3aHMO,lleH-

C!TBHH 

°" °" [ ( I lb' b. )' ~ ( I I I ] a' ,a b' ,b H hop = L...., L., t;j,u a 'a ' + t;j,u a 'a b 'b) X; xj 
ij,u a,a',b,b' 

t;j,u (a', a lb', b) 

t;j,u (a', a I b', b) 

2tpd Aij [( a' Id! I a) (b' IPu I b) + ( a' IP! I a) (b' Id,, I b)] 

- tPPµij (a' IP!I a) (b' IPul b) 

tPP Vij [ ( a' IP! I a) ( b' I Pu I b) + ( a' IP! I a) ( b' IPu I b)] , 

onHCbJBaIOm:He npo:uecchl ,llHar0HaJibHhIX H nem1aroHaJihHhIX Me)KKJiaCTep

HhIX nepexo,n:oB. IlttaroHaJihHhle nepexo,n:hl n HH3K03HepreTHqecK0M no.n:

npocTpaHCTBe paccMaTpHBaIOTCH KaK npo:uecchl nepBoro nop:si:,n:Ka. Toq

HOCTh HX yqeTa o6ecneqHBaeTCH 6bICTpbIM na.n:enHeM aMnJIHTY.D: ~ >.;;, µ;;, 
v;; Me)KKJiacTepHhIX nepexo.n:oB KaK q>yHK:UHH paccTOHHHX Ii-ii• HaKone:u, 

npo:uecchl Me)KKJiacTepnoro B3aHMo.n:efrcTBHX BToporo nopH,llKa BKJiroqa

IOTCX B paCCM0Tpenne nyTeM yqeTa BhIC0K0Jie)Kamnx KJiaCTepHhIX C0CTO

XHIIH K'aK BHpTyaJihHhIX. Bo3MO)KHOCTh TaKoro no.n:xo.n:a 0CH0BaHa Hana

JIHqHH 3q>q>eKTHBHhIX MaJihIX napaMeTpoB t!V b..!t r.n:e t!{(b..!{) ecTh Ma

Tpnqnhlii 3JieMeHT ( xapaKTepna:si: 3HeprHX) ne,n:HaroHaJihH0ro nphl)KK0B0ro 

nepexo.n:a ,n:hlpoqnoro nocHTenx. 
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Ha npoMe)KyToqHhIH cTynem1 pe.uyKUim p - d MO.UeJih cBe,UeHa K 3q>

cpeKTHBHo:fi: .UBYX30HHO:fi: CHHrJieT-TpttnJieTHO:fi: Mo,neJIH. B napaMarHHT

HO~ npe.uene B nptt6JIH)KeHHH ~e.n:Hero nom1 paccqnTaHhI 30HHhIH cneKTp 

E(k), BeJinqnHa o6neMa VF Bk -npocTpaHCTBe, noKphlBaeMa.ll .Zl,hipoqHo:fi: 

noBepXHOCThlO <l>epMH, KaK cpyHKUHH .Zl.hlpoqHo:fi: KOHUeHTpaUHH 8. KoJIH

qeCTBeHHO HCCJie.n,oBaHhl 3q>q>eKThl Me)K30HHOro nepeHoca cneKTpaJihHOro 

Beca H Me)K30HHoro CHHrJieT-TpHnJieTHOro CMelllHBaHH.ll. 

Ha KOHeqHo:fi: CTyneHH pe.n,yKUHH cpopMyJIHpyeTC.ll 0.Zl,H030HHa.ll t - t' -
t" - J MO.Zl,eJib, onHChlBaIOIUa.ll .Zl,BH)KeHHe .Zl.hlpoqHoro HOCHTeJI.ll ( CHHrJieTa 

)KaHra-Pa:fi:ca) c y<IeTOM Tpexy3eJihHhIX nphl)KKOBhIX npoueccoB. B OTJIH

qne OT aHaJIOrHqHhlX no.n.xo.n,oB, pa3BHBaeMhlX .n.pyrHMH aBTopaMH, npe.n,

JIO)KeHHhlH B .n.nccepTaUHH MeTO.Zl, pe.n,yKUHH no3BOJI.lleT ycTaHOBHTh 0.Zl,H0-

3HaqHoe KOJIHqecTBeHHOe COOTBeTCTBHe Me)K.n,y napaMeTpaMH 3q>q>eKTHB

HOH t - t' - t" - J Mo.n,enn H ncxo.n,Ho:fi: p - d Mo.n,enn. B 3aKJIIOqeHHH 

rJiaBhl paCCMOTpeHO pacrnnpeHHe HCXO.Zl,HOH p - d MO.Zl,eJIH .n.o ee 5-30HHOro 

BapnaHTa nyTeM yqeTa d3z2-r2- H aneKCHhlX Pz- op6ttTane:fi:. O6cy}K.n,eHhl 

rpaHHUhl npHMeHHMOCTH OIIHCaHH.ll Me.Zl,HhlX OKCH.Zl,OB Ha OCHOBe 0.Zl,H030H

HOH t - t' - t" - J Mo.n.enn. 

Bo BTOpo:fi: rJiaBe n3yqeHhl KBa3HqacTHqHhle CBOHCTBa .Zl,hlpoqHoro HO

CHTeJI.ll B .n,ByMepHo:fi: cnnHoBo:fi: CHCTeMe c .Zl,aJihHHM H 6JIH)KHHM A<l>M no

PH.Zl.KOM. faMHJihTOHHaH BhlBe.n,eHHhIH B nepBo:fi: rJiaBe t-t'-t"-J/Mo.n,eJIH 
npe.n,cTaBJieH-B BH,Ue H = k +t + HJ, r.n.e - . --. . .. .. ,.;.-

K = 

t 

HJ 

~t~ xouxuo 
L b i i+b, 
ibu 

ts E 
ia1a2u1u2 

JEsisj. 
(ij) 

~ XOu1xu1u2xu20 0 a1 ,-a2 i i+a1 i+a1 +a2 

B KHHeTnqecKo:fi: 'IaCTH K nphl)KKOBhlM .Zl,BH)KeHH.llM .Zl.hlpoqHoro HOCHTeJl.ll 

no perneTKe OTBeqa10T aMnJIHTY.Zl.hl ib( = ti, t2, t3). CnnH-q>JIYKTyaunoHHhle 

Tpexy3eJihHble nphl)KKOBhie npoueccbl onHChlBaIOTC.ll onepaTopHo:fi: cpopMo:fi: 

T c aMnJIHTy.n,aMH t5 , r.ue CHMBOJI 6a 1 ,-a2 , onpe.n,eJI.HeT reoMeTpHIO nphl)K

KOBoro .Zl,BH)KeHH.ll. 

B BapnaunoHHOM no.n,xo.n,e nocTpoeH Ha6op 6a3HCHhlX q>yHKUH:fi:, oTpa-

.. " " u )KaIOIUHH IIOJI.llpOHHYIO CTPYHHYIO CTPYKTYPY HOCHTeJI.H B MarHHTHOH 

perneTKe, perneHo ceKyJIHpHoe ypaBHeHHe H Ha:fi:.n,eH ero cneKTp. IlaH qn

cJieHHhl:fi: aHaJIH3 H3MeHeHH.ll cpopMhl 30HHoro cneKTpa E(k) cnHH-nOJI.HpoH-
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Horo HOCHTeJI.ll npH a) nocJie,UOBaTeJibHOM ycJIO)KHeHHH raMHJlhTOHHaHa OT 

CTaH.uapTHOro t - J BapttaHTa (t2 = [3 = t5 = 0) .n.o nOJIHOH t - t' - t" - J 
MO.Zl,eJIH n 6) yMeHbllleHHH pa.n,nyca A <l>M KoppeJI.llUHH e B MarHHTHOH 

no.n.cHCTeMe. C noMOIUhIO cpaKTOpH3aUHH X-onepaTopoB xr0 = fib!u 
(r.n.e 6eccnHHOBhlH q>epMHOH Ji accounnpyeTC.ll ~ 3ap.H.Z1,0BhlMH, a IllBHH

repOBCKHH 6o3oH b!u( o- =t, -!-) - co cnHHOBhlMH cTeneH.HMH CBo6o.n,hl), B 

npe.unoJio)KeHHH o .Zl.aJihHeM A <l>M nop.H.n,Ke B cncTeMe ccpopMynnpoBaHo 

BCnoMoraTeJihHOe npe.n,cTaBJieHHe t - .t' - t" - J MO.n,em:1 H cneKTpaJih

Hhie CBOHCTBa .Zl,hipoqHoro HOCHTeJI.ll paccqHTaHhl B caMOCOrJiacoBaHHOM 

6opHOBCKOM npH6JIH)KeHHH. IloKa3aHo, 'ITO no Mepe ycJIO)KHeHH.ll MO.Zl,eJIH, 

T.e. BKJIIOqeHHeM t'-, t"- B3aHMO.Zl,eHCTBHH, .Zl,OCTHraeTC.ll 6onee noJIHOe KO-' 

JIHqecTBeHHOe COOTBeTCTBHe Me)K.n,y paccqHTaHHhlMH xapaKTepHCTHKaMH 

(cpopMo:fi: KBa3HqacTnqHoro 30HHoro cneKTpa E(k) H ero 3aTyxaHHeM) H 

pe3yJihTaTaMH HX H3MepeHHH B q>OT03MHCCHOHHOM 3KcnepHMel{Te. B qH

CJieHHhlX H aHaJIHTHqecKHX" pacqeTaX Bhl.llBJieHa npHqHHa Ha6n10.n.aeMoro 

B 3KcnepHMeHTe CHJihHoro, noporoBoro no THny, 3aTyxaHH.ll KBa3HqacTH'I

Horo COCTO.llHH.ll B BepxHe:fi: qacTH 30Hhl. 

CcpopMyJIHpoBaHO HOBOe q>epMHOH-nCeB.n,ocnHHOBoe npe.n,cTaBJieHHe one

paTopoB Xa66ap.n,a H t-J Mo.n,eJIH. Pa3JIHqHhle, HO CB.ll3aHHhle yHHTapHhlM 

npeo6pa3oBaHHeM, q>OpMhl raMHJlhTOHHaHa MO.Zl,eJIH B HOBOM npe.n,cTaBJie

HHH MoryT 6b1Th peaJIH30BaHhl B 3aBHCHMOCTH OT xapaKTepa MarHHTHoro 

ynop.H.n,oqeHH.ll B cnHHOBOH no.n,CHCTeMe. IloKa3aHo, 'ITO HOBOe npe.n,cTaBJie-

HHe He HapyrnaeT HHBapHaHTHOCTH raMHJihTOHHaHa npH onepauHH o6pa

meHH.ll BpeMeHH. BMeCTe C TeM, q>epMHOH- nceB.n,ocnHHOBOe npe.n,cTaBJie

HHe He ycTpaH.HeT He06XO.Zl,HMOCTh yqeTa .n,onOJIHHTeJlhHhIX ycJIOBHH .Zl,Jl.ll 

HCKJIIOqeHH.ll Heq>H3H'IeCKHX COCTO.llHHH B K0HKpeTHhlX pacqeTax. IIno.n,o
TBOpHOCTh HOBoro npe.n,cTaBJieHH.ll nOKa3aHa Ha npHMepe pacqeTa cneKTpa 

.Zl,hlpoqHoro HOCHTeJI.ll B cnHH-)KH,UKOCTHOM COCTO.llHHH MarHHTHOH no.n,cH

CTeMbl. 

TpeTh.ll rJiaBa noCB.llIUeHa H3yqeHHIO 3JieKTpOHHhlX CBOHCTB HeCTaH

.n,apTHoro npe.n,cTaBHTeJI.ll Me.Zl,HO-OKCH,UHOro ceMeHCTBa, a HMeHHO, coe.n,H

HeHH.ll Ba2Cu3O4Ch, HMe10mero Cu3O4 nnocKoc.Th B KaqecTBe ocHOBHoro 

CTpyKTypHoro 3JieMeHTa. Ha OCHOBe H3BeCTHhlX pe3yJihTaTOB 30HHhlX pac

qeTOB .Zl,JI.ll 3TOro coe.n,HHeHHK B pa6oTe aBTOpa .Zl,HCCepTaUHH Cq>OPMYJIH

poBaHa ll-30HHM Mo.n,eJih Xa66ap.n,a. IlpHMeHeHHeM KJiacTepHoro MeTo.n,a 

TeopHH B03MyIUeHHH 3Ta MO.Zl,eJih pe.n.yuHpoBaHa K ee HH3K03HepreTnqe

CKOMY npe.n,eny - .n.Bo:iiHo:ii t - J Mo.n,eJIH. Mo.n,eJih onHChlBaeT .n,BH)KeHHe 

CHHrJieTa )KaHra-Pa:iica B .Zl.BYX npocTpaHCTBeHHO pa3.n,eJieHHhlX H CJia6o 
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rn6pn,nn3npy10ru:nx A- n B- no,ucncTeMax IIJIOCKOCTHhIX op6HTaJieii. 

IloKa3aHo, qTo reoMeTpnqecKaJI no CBoeii npnpo,ue qipycTpaum1 Mar

HHTHOro B3aHMo,neiicTBHH cnHHOBhIX A- H B- no,ucncTeM npHBO.UHT B o6Jia

CTH, npoMe)KyToqHbIX TeMnepaTyp K cyru:ecTBOBaHHIO .UBYX pa3JIHqHbIX 

KBaHTOBhIX cocTOHHIIH CHHrJieTa B Cu30 4 IIJIOCKOCTH. · TaK B A- no,u

cncTeMe qiopMnpyeTCH CIIHH-IIOJIHpOHHOe COCTOHHHe CHHrJieTa C 30HHOH 

,uncnepcneii 

EtA> = EaA> + o.ssJ AA ( cos k. + cos kd)2 + .x ( cos k. - cos kd)
2 

B TO )Ke BpeMH, B B- IIO,UCHCTeMe ,UJIH CHHrJieTa xapaKTepHo JIHIIlh KOp

peJIHUHOHHOe cy)KeHHe 3OHhl c pe3JJihTHpy10ru:eii ,uncnepcneii 

ElB) = EaB) + tB (cos(kxa) + cos(kya)) . 

CpaBHeHHe (pnc. 1) TeopeTnqecKHX pe3JJibTaTOB c H3MepeHHhIM B ARP ES 
3KCIIepHMeHTe 3aKOHOM ,uncnepCHH <pOTO,UblpoqHoro COCTOHHHH B BepxHeii 

qacTH BaJieHTHOH 3OHhl Ba2Cu30 4Ch coe,nnHeHHH noJIHOCThIO no,nTBep

.UHJIH BhIBO,UbI TeOpHH. 

KoJinqecTBeHHble oueHKH, noJiyqeHHble MeTO,UOM KJiacTepHOH TeopHH 

B03Myru:eHHH, ,UJIH KOHCTaHT (JAA, JBB H JAB) aH,nepcoHOBCKOrO CBepx

o6MeH'a HaXO,UHTCH B xopoIIIeM corJiaCHH C H3BeCTHhIMH 3KCIIepHMeHTaJib-. 

HbIMH ,UaHHhIMH ,UJIH 3THX BeJIHqHH. 

B qeTBepTo:ii rJiaBe KBaJnqacTnqHhle CBOHCTBa aHcaM6JIH .UhipoqHhIX 

HOCHTeJieH HCCJie,nyIOTCH B paMKaX CIIHH- IIOJIHpOHHoro. npe,ncTaBJieHHH 

CTaH,napTHOH t - J MO,UeJIH. MeTO,UOM HenpHBO,UHMbIX .UBYXBpeMeHHbIX 

<pYHKUHH I'pnHa caMOCOrJiacoBaHHaJI cxeMa pacqeTa B 6opHOBCKOM npH-

6JIH)KeHHli o6o6ru:eHa Ha cJiyqa:ii KOHeqHhIX TeMnepaTyp T n HeBbICOKHX 

,UblpoqHhIX KOHUeHTpaunii J < 0.1. Co6CTBeHH0-3HepreTnqecKaH qacTh 

E(k,w) ,nb1poqHo:ii <pJHKUHH I'pnHa 

a-1(F,w) = w + µ - E(k,w), 

HMeeT BH.U 

{ )2 +oo 

E(k,w) = z~ ~ j j dw1dw2 [N{w2) + 1 - n{wi)] 
g -oo 

A(k - if,w1)x;; -(w2) X ,g 

W - W1 - W2 + iT/ ' 
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PHc. ,1. PelyJILTaThl H3MepeHHH e ARPES 3KcnepH
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(kx, 0) J:{JIH q>oTOJ:{hlpo•rnoro cocT0HHHH e eepxHeH qacTH ea
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opeTH'leCKHe 3aBHCHM0CTH q>OpMbI J:{HCnepCHH ):{JI.II 'ABYX co
CTOHHHH CHHI'JieTa )KaHra-Pauca. 

11 



r.n:e N(w) H n(w) - q>yHKUHH pacnpe.n:eneHH.SI o03e H <PepMH, cooTBeT

CTBeHHOj A(k,w) = -1r- 1ImG(k,w + i77) H 3cpcpeKTHBHa.SI cneK'I'panbHa.SI 

cpyHKUH.SI xk/w) = -¼ Lo,8 9o,a(k, ij)ImDo,a(if,w) OTBe'!aeT CIIHHOBhlM cpny

KTyauH.SIM, B3aHMo.n:eiicTBJIOIUHM c .n:wpo'IHhlM k -cocTO.SIHHeM. CxeMa 

3aMbIKaeTC.SI BBe,neHHeM ypaBHeHHH caMocornacoBaHH.SI .D:JI.SI IIOJI.SipH3aUH

OHHOH qacTH II0 ,0( if, w) Ma TpH'IHOH MarHOHHOH cpyHKUHH fpHHa D o,8 ( if, w) 
H .D:JI.SI XHMH'IeCKOro IIOTeHun:ana µ. 

B npH6JimKeHHH HenepeHOpMHpOBaHHbIX MarHOHOB caMOCOrJiaCOBaH

HhlH 'IHCJieHHhlH aHaJIH3 cneKTpaJihHOH cpyHKUHH A(k,w) H 3aTyxaHH.SI 

f(k,w) = -ImE(k,w) Bhl.SIBHJI BhlCOKJIO cTeneHh cTa6HJihHOCTH KBa3H

qacTH'IHhlX COCTO.SIHHH .D:hlpO'IHhIX HOCHTeJieH ( KBa3H.D:blpOK) C pOCTOM J 
n: T. "l..JeTbipex-KapMaHHa.SI" cTpJKTypa cpyHKUHH pacnpe.n:eneHH.SI N(k) 
KBa3H.D:hlpOK no HMIIJJlbCaM, o,n:HaKo, IIOJIHOCTbIO pa3MhIBaeTC.SI npn: .D:OCTH

,KeHHH oTHocn:TeJihHO iieBhlCOKOH TeMnepaTyphI BhlpO,K,neHH.SI Td ~ l.5J 8 
c nocne,nyIOIUHM nepexo,noM, npn: T > Td, aHcaM6JI.SI KBa3H,nhlpOK B neBhl

po,K,neHHhlH pe,KHM noBe,neHH.SI. 

Pe3JJihTaThl 'IHCJiennoro pacqeTa cneKTpaJihHOH IIJIOTHOCTH A( k, w) 
.n:wpo'IHhlX. Hocn:Teneii n:cnoJih3OBaHhl npn: n:3yqeHHH 3cpcpeKTOB n:x BJIH.SIHH.SI 

Ha nepenopMHpOBKY MarHOHHOro cneKTpa. C yqeTOM nepeHopMHpOBKH 

MarHOHOB npoBe.n:en aHaJIHTH'IeCKHH pac'IeT 3aTyxaHH.SI KBa3H'IaCTH'IHhlX 

.n:wpo'IHhlX cocTO.SIHHH B6JIH3H noBepxHOCTH <l>epMn:, IloKa3aHo, 'ITO npn: 

c ➔ CF 3aTyxann:e n:MeeT 3aBHCHMOCTh 

ImE(k,c:) ex J(lkk;l)(c:2/c:F)ln(c:/c:F), 

xapaKTepnyIO ,n:JI.SI HOpMaJihHOH ,n:ByMepnoii cpepMH-,KHJJ:KOCTH. TeM ca

MhIM, no-cymecTBY, B paMKax ,naaaoro Mo,neJibHOro no.n:xo.n:a npon:3Be,nena 

BepHcpn:KaUH.SI npe,nnOJIO)KeHH.SI O cpepMH-,KHJJ:KOCTHOM IlOBe,neHHH ancaM-

6JI.SI KBa3H.D:hlpoK npn: T = 0. 
, B Il.SITOH rJiaBe npe,ncTaBJieHbl pe3JJibTaTbl HCCJie,noBaHH.SI MarHHTHoro 

Mexaun:3Ma cBepxnpoBo,n.SIIUero cnapn:BaHn:.SI, nonyqennwe B paMKax cTaH

.n:apTHOH t - J Mo.n:enn:, a TaK,Ke p - d Mo,nenn:. 

YpaBHeHH.SI ,n:JI.SI MaTpH'IHOH q>JHKUHH fpn:aa 

G'[i(t - t') = ((Xf (t)IXJ"(t'))) 

C .D:BJXKOMilOHeHTHhlMH X-onepaTOpaMn:, Hanpn:Mep, xr = ( X;°O', xpu), 
BbIBe.n:eHhl B npn:6JIH,KeHHH cpe,n:Hero nomr c yqeTOM aHOMaJibHoro cnapn:-

12 

BaHH.SI KBa3H'IaCTHU. 3cpq>eKTHBHble B3aHMO,neHCTBH.SI J'ITeHbl JIHHeHHOH 

annpoKCHMaun:eii ypaBHeHH.SI .D:BH)KeHH.SI 

i.X:(t) = [Xf, 1l] = I:AfiX1(t) + Z:(t). 
l 

HenpHBO.D:HMa.SI qacTh Zr(t), OTBe'IaIOIUa.SI HeynpyrHM npoueccaM pacce

.SIHH.SI KBa3H'IaCTHU, B ,naHHOM no.n:xo.n:e onyrueHa B IlOJIHOH ananorHH C 

BKIII TeopHeii cpe,n:Hero noJI.SI. Pa3BHThIH q>opMaJIH3M B repMn:nax n:cxo.n:

HhIX onepaTopoB Xa66ap.n:a o6ecneqn:naeT cTporn:ii yqeT 3cpcpeKTOB CHJih

HhIX 3JieKTpOHHhIX KoppeJI.SIUHH no cpaBHeHHIO C ananorH'IHhlMH reopn:

.SIMH, OCHOBaHHhlMH Ha HCilOJlh3OBaHHH MeTO,Ua BCilOMoraTeJibHhlX IlOJieH. 

B .n:aHHOM no.n:xo.n:e ccpopMynn:poBaHa CHCTeMa caMOCOrJiacoBaHHhlX ypaB

HeHHH .UJI.SI o.n:Ho'IaCTH'IHOro cneKTpa Ek, BKJIIO'Ia.SI rueJieByIO q>JHKUHIO 

Lik, XHMH'IeCKoro noTeHI~MaJia µ H cpe.n;Heii 3Heprnn: cn:cTeMhl (H)n,s B 

HOpMaJihHOH n: rnepxnpoBO.U.SIIUeii q>a3ax, KaK cpyHKUMH 3JieKTpoHHOH KOH

ueHTpaun:n: n(n :'.S 1) n: TeMnepaTyphI T. l..Jn:cJieHHhlH anann:3 ypaBHeHHH 

ocymecTBJieH KaK .n:m1 s-, TaK H .ll;Jl.SI d- BOJIHOBoro cnapHBaHH.SI, H noJiy

'IeHa KOHUeHTpaun:oHHa.SI 3aBHCHMOCTh TeMnepaTyphl CBepxnpoBO.ll;.SIIUero 

nepexo.n:a r;:d(n). i 

Ba,KHeHIIIHM BhlBO,UOM Teopn:n: .SIBJI.SieTC.SI 3anpeT Ha CBepxnpoBO,U.SIIUee 

cnapn:BaHn:e C s- BOJIHOBOH CHMMeTpn:eii. 3anpeT BO3HHKaeT H3 TO'IHOro 

panencTBa ,n:JI.SI paBHonecnoro cpe.n:Hero OT onepaTopoB Xa66ap.n:a B Bn:.n:e 

(Xf° Xf0
) = 0. B paMKaX pa3BMTOH npn:6JIH,KeHHOH Teopn:n: ,UJI.SI t - J 

MO,ll;eJin: 3TO ycJIOBHe BblcTynaeT B cpopMe KHHeMaTn:'IeCKoro orpaHH'IeHH.SI 

1 Li~ No/ 21Jk tanh(Ed2T) = 0, 

KOTopoe HapymaeTC.SI B cnyqae s- BOJIHOBOH CHMMeTpn:n: meJieBOH cpyHK:. 

un:n: .6.t n: BhIIlOJIH.SieTc.SI .UJI.SI d- BOJIHOBOH cn:MMeTpnn: .6.f AHaJiorn:'IHhlH 

no.n:xo.n: pa3BHT TaK,Ke ,UJI.SI .UBJX30HHOH p - d Mo.n:eJin:. 

B 3aKJIIO'IeHHH .n:aHa CBO.ll;Ka OCHOBHhlX pe3JJibTaTOB, noJiyqeHHhlX B 

.n:n:ccepTaun:n:. 

B .n;Byx npHJIO)KeHH.SIX npe.n:cTaBJieHhl TeXHH'IeCKHe ,n;eTaJIH BblBO,Ua He

KOTOphlx MaTeMaTH'IeCKHX COOTHOIIleHMH, HCilOJib3OBaHHhlX B OCHOBHOM 

TeKcTe .n:n:ccepTaun:n:. 

13 



OcHOBHble pe3yJihTaThl .rui:ccepTau1rn: ony!>_JIHKOBaHbl B CJie,llyIOIUHX 
2_a60Tax: 

1. N. Plakida, V. Yushankhai and I. Stasyuk " On the role of kinematic 
and exchange interactions in superconducting pairing of electrons in 
the Hubbard model", Physica C 160 (1989) pp. 80-88. 

2. N.Plakida, V. Yushankhai and I.Stasyuk "On d-wave pairing in one 
band Hu_bbard model", Physica C 162-164 (1989), pp. 787-788. 

3. N. Plakida, V. Yushankhai and I. Stasyuk "On d-wave pairing in 
one band Hubbard model", Proc. Intern. Conf. "High-Temperature 
Superconductivity" (Dubna, 28 June - 1 July 1989) World Scientific 
(1989), pp. 508-513. 

4. V. Yushankhai, G. Vujicic and. R. Zakula " Singlet pairing in the 
single-band Hubbard model: contributions of second order in t/U", 
Phys.Lett.A 151 (1990), pp. 254-256. 

5. S. Lovtsov, N. Plakida and V. Yushankhai "On superconducting pair
ing in the two-band Hubbard model", Proc. 19-th Intern. Conf. 
on Low Temperature Physics (Brighton, 1990) Physica B 165-166 
(1990), pp. 1007-1008. 

6. R. Hayn, V. Yushankhai and S. Lovtsov "The bandstructure of the 
copper-oxide plane within the singlet-triplet model", Proc. Bilateral 
Soviet-German Seminar on high-Tc Superconductivity, (St.-Peter
sburg, 6-13 October 1991), pp. 140-145. 

7. V. Yushankhai, N. Plakida and P. Kalinay "Superconducting pair
ing in the mean-field approximation for the t-J model: numerical 
analysis", Physica C 174 (1991), pp. 401-408. 

8. S. Lovtsov, N. Plaki·da and V. Yushankhai "On superconducting pair
ing in the two-band Hubbard model", Z.Phys.B - Condens.Matter 82 
(1991), pp. 1-4. 

9. R. Hayn and V. Yushankhai "The electronic structure of the copper 
oxide plane within the Green's function projection method", phys. 
stat. sol. (b) 166 (1991), pp. 415-422. 

14 

10. S. Lovtsov and V. Yushankhai "Schrieffer-Wolff transformation of 
the p- d model for oxide superconductors", phys. stat. sol. (b) 166 
(1991), pp. 209-217. 

11. S. Lovtsov and V. Yushankhai "Effective singlet-triplet model for 
CuO2 plane in oxide superconductors: The charge fluctuation regime", 
'Physica C 179 (1991), pp. 159-166. 

12. R. Hayn, V. Yushankhai and S. Lovtsov "Analysis of the singlet
triplet model for the copper oxide plane within the paramagnetic 
state", Phys. Rev. B 47 (1993), pp. 5253-5262. 

13. J.L. Richard and V. Yushankhai "Quasiparticle band structure of a 
hole in a quantum Heisenberg model", Phys. Rev. B 47 (1993), pp. 
1103-1106. 

14. N. Plakida, V. o·udovenko and V. Yushankhai "Temperature and 
doping dependence of quasiparticle spectrum for holes in spin-polaron 
model of copper oxides", Phys. Rev. B 50 (1994), pp. 6431-6441. 

15. N. Plakida, V. Oudovenko and V. Yushankhai "Concentration and 
temperature-dependence of magnetic polaron spectra in the t-J model", 
in "Polarons and Bipolarons in High-Tc Superconductors and Re
lated Materials" (Ed. E.K.H.Salje, A.S.Alexandrov and W.Y.Liang), 
Qambridge University Press, 1995, pp. 320-333. 

16. R. Hayn, J.L. Richard and V. Yushankhai The change of the hole
dispersion due to spin-correlations in 2D quantum antiferromag
nets ", Solid State Comm. 93 (1995), pp. 127-130. 

17. V. Yushankhai, V. Oudovenko and R. Hayn "Proper reduction scheme 
to an extended t-J model and the hole dispersion in Sr2 CuO2 Cl2 ", 

Phys. 0 Rev. B 55 (1997), pp. 15562-15575. 

18. R. Hayn, V. Yushankhai and A. Barabanov "Hole dispersion and 
magnetic correlations in cuprates", Proc. Intern Conf. "Strongly 
Correlated Electronic Systems" (Zurich, 1996), Physica B 230-232 
(1997), pp.903-905. 

19. G. Jackeli and V. Yushankhai "Normal Fermi liquid behavior of qua
siholes in the spin-polaron model for copper oxides", Phys. Rev. B 
56 (1997), pp. 3540-3543. 

15 



20. M. Golden, H. Schmelz, M. Knupfer, S. Haffner, G. Krabbes, J. 
Fink, V. Yushankhai, H. Rosner, R: Hayn, A. Miiller 
and G. Reichardt "The dispersion of a hole in a two-dimensional 
Cu3O4 plane: a tale of two singlets", Phys. Rev. Lett. 78 (1997), 
pp. 4107-4110. 

21. L. Siurakshina and V. Yushankhai "Generalized double t - J model 
and the Zhang-Rice singlet formation in the Cu3 04 plane of copper 
oxychlorides", Proc. Intern. Conf. "Strongly Correlated Electron 
Systems" (Paris, 15-18 July, 1998), Physica B 259-261, (1999), pp. 
486-487. 

PyKOilHCb nocTynHna B HJ,llaTeJibCKHH OT,llen 

I 9 <1iespam1 1999 ro,lla. 

16 


