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1. Beenenue. OTKpbiTHe cBEpXIpoBOIUMOCTH [1] ¢
KPUTHIECKOI Temueparypoii, nocturasireit T, = 203 K
B nnTepBase gasiennit 100-250 I'Ila (B aaMa3HBIX Ha-
KOBaJIbHsAX), B cucreMe H3S BbI3Bas0 HOTOK pabor
[0 KCIIEPUMEHTAJIHPHOMY W3YIE€HUIO BBICOKOTEMIIEPa-
TYPHOI CBEPXIIPOBOIUMOCTH THUPUMOB B OOJIACTH Me-
rabapHbIX JaBieHuii (cM. 0630pbl [2, 3]). Teopermue-
CKUIl aHaJM3 HEMEJJIEHHO IIOITBEPIUJI, YTO 3TU pe-
KOp/IHbIE 3Ha4YeHUs 1, 00eCIIeInBaOTCs TPAIUITNOHHBIM
9JIEKTPOH-(DOHOHHBIM B3aMMO/IEICTBHEM B IIpeJeJie JI0-
CTATOYHO CHIILHOM 351eKTPOH-(OHOHHOI ¢Bsi3u [4, 5]. Bo-
Jiee TOro, IOAPOOHBIE PACIETHI JJIs IIEJI0T0 PAa THIPH-
JIOB [IEPEXOJIHBIX METAJIOB IOJ JaBjeHneM [4] npuse-
JIA K TIPEJICKA3aHUIO JIOCTATOYHO OOJIBIIIOTO YHUCJIa TAKUX
CUCTEM C PeKOpHbIMU 3HadeHusiMu 1.. B psime caydaes
9TH MPEICKA3AHUS MOy IUIN OJIECTSINee MONTBEPKIE-
HUE, B YACTHOCTH OBLIM SKCIIEPUMEHTAJbHO JIOCTUTHY-
Tl peropzuble 3uadenns 1, = 160—260 K B cucremax
Lan [6, 7], ThHlO [8], YH(; [9], (La,Y)HG,w [10] Ha-
KOHEII, COBCEM HEJIABHO ObLI IepeiijieH HOBbII ICUX0JI0-
rudeckuil pybexk, korja B pabore [11] 6buta mosaydena
cBepxupoBogumocts ¢ T, = 287.7 + 1.2K (r.e. okoio
+15 rpamycos Henbcusi) B cucreme C-H-S npu nasie-
num 267 + 10 I'1a.

IIpuaiunmanbHoe 3HaYEHHE ITUX PAOOT COCTOUT,
IIPEXKJIE BCErO, B TOM, YTO OHHU SIPKO IIPOJIEMOHCTPUPO-
BaJIi OTCYTCTBUE CyIIECTBEHHBIX OrpaHuYeHuit 11t T, B
paMKax 3JIeKTPOH-(POHOHHOI'O MEXaHM3Ma, KYyIIEPOBCKO-
T'O CITAPUBAHUS, € TPAJUIMOHHO CIUTAJIOCH, 9TO 1, HE
moxker rnpesbimaTh 30—40 K. CoorBercrBeHHO, CTAJI e1lle

De-mail: sadovski@iep.uran.ru

6oJiee aKTyaJIbHBIM BOIIPOC O BepXHEHl I'paHHIle 3HAYe-
uuit T, KOTOpasi MOYXKeT OBITh JOCTUTHYTA 3& CIET ITOrO
MeXaHU3Ma, CIIapUBAHUSI.

Co Bpemenu nosiBiiennsi Teopun BKIIT cramo owe-
BUIHBIM, UTO MOBBIIIeHNE 1, B CBEPXIPOBOIHUKAX MO-
KeT OBbITh JOCTUIHYTO IIOBBIINIEHHEM YaCTOThI (DOHO-
HOB, OTBETCTBEHHBIX 3a KYIIEPOBCKOE CIIapUBaHUE, a
Takke yBeqmdeHneM 3G@EeKTUBHOIO B3aMMOIEHCTBUS
9TUX (POHOHOB C 3JIEKTPOHAMH. DTH BOIIPOCHI HEOJI-
HOKPATHO HCCJIEIOBAJINCH pa3HbIMKU aBTopamu. Hanbo-
Jiee PA3BUTHIM IOIXOJO0M K OIMCAHUIO CBEPXITPOBOIMMO-
CTH B CHCTEME JIEKTPOHOB M (POHOHOB OCTAETCsI TEO-
pust Dumambepra—MaxkMuiutana [5, 12, 13]. Xopormo
MU3BECTHO, UTO 9TA TEOPUs IEJIMKOM OCHOBAHA HA IIPH-
MEHUMOCTHU 3 THA0ATUIECKOTO MPUOJINKEHNST U TEOPEME
Murgana [14], nossoasiromeil nmpeHe6pedb BEPIINHHBI-
MU IIOIIPABKaMU IIPH pacyerax 3(M@PEKTOB 3JIeKTPOH—
GbOHOHHOrO B3aMMOAEHCTBUSA B TUIWYHBIX METAJIIAX.
PeaibHbIil MapaMerp MaJIOCTU TEOPUM BO3MYIIEHU IIPU
9TOM HUMeeT BU]L )\g—g < 1, tie A — 6e3pasmMepHast KOH-
CTaHTa JIEKTPOH-(POHOHHOTO B3anMozeiicTBus, {2y — xa-
pakTepHas dactora (GOoHOHOB, a Er — sneprusa @epmu
9JIEKTPOHOB. B wacTHOCTH, 3TO BEJET K BBIBOILY O TOM,
9TO BEPIIMHHBIMY ITOTPABKAMHU B 9TOW TEOPHH MOXKHO
npenebpedsb maxke mpu A > 1, Osarogaps BBIIOJIHEHUIO
HEPABEHCTBA, g—; < 1, xapaKTepHOro JIJIsl TUITUYHBIX Me-
TaJIJIOB.

B memasuux paborax [15-17] mamu 6buio IOKa3a-
HO, 9TO B yCJIOBUSIX CHJILHOH HEaMabaTUIHOCTH, KOTJIA
Qo > EF, B Teopun BO3HUKAET HOBBIA TAPAMETD MAJIO-

Ep D
¢t Ap ~ AgE ~ Ags <1 (D — mosymupuHa 3JeK-
TPOHHO} 30HBI), TaK YTO MONPABKA K 3JEKTPOHHOMY
TTucema B 2K9TO

ToMm 113 Bpm.9-10 2021



MITepaT BEPXIIPOBOISIIETO IIEPEX JIST OY€Hb CHJIBHOIH CBS3H. . .
Temmepa a CBe 0OBO, ero repexosa OY€eHb C ol CBsI3 601

CIIEKTPY CTAHOBATCS HECYIECTBEHHBIMU. BeprumHHbIMI
[IOITPABKAMHE IIPU TOM TaKKe MOYKHO IpeHeOpedb, KaK
5T0 OBIJIO TI0Ka3aHO panee B pabore [18]. B obmiem ciry-
9ae, HePEHOPMUPOBKA JIEKTPOHHOIO creKTpa (3ddek-
TUBHO# MACChI 9JIEKTPOHA ) OIIPEIeJISIeTCsl HOBOM 6e3pas-
MEDHOIl KOHCTAHTO! A, KOTOPAs! HEPEXOIUT B OGBITHYIO
A B a1uabaTUIeCKOM IIpejesie, a B CHJIbHOM aHTHAIAA~
OaTHMIeCKOM IIpejiesie CTpeMuTcs K Ap. B To Ke Bpe-
Msl, TEeMIIEPATypa CBEPXIIPOBOJIAINEro mepexoja 1. u B
AHTHAINAOATUYIECKOM IIPeJIeJIe OIPEJIeIsieTCsl ClIapuBa-
TeJIbHOI KOHCTAHTO# cBsi3u Dumaribepra—MakMuiana
A, ODOOIEHHOM C yYIeTOM KOHEYHOCTU YaCTOTHI (DOHO-
HOB.

st caydast B3aMMOJIEHCTBUS ¢ OJTHUM OHNTUYECKUM
(sitHmITEiHOBCKNM) (boHOHOM B pabore [15] Gbuia mo-
JydeHa enuuas dopmyna st 1., cupaBemjnBas Kak B
anabaTHIecKOM, TaK U B AHTUAUAOATUICCKOM PeXKU-
MaxX ¥ UMEIOIIAasi HHTEPIOJISIUOHHBIN XapaKTeP B IIPO-
MEKyTOYHON 00JIaCTH:

D 1)
—exp|—F |,
A

T. ~
e A = )\QU% [LUTABHO M3MEHSETCsl OT 3HAYEHUS A IIPH
Qo <D~ EF K )\D B IIpegesie Qo > D~ EF.

Tlomumo BOMPOCOB O BO3MOXKHBIX mpeneaax 1, B
PUJIPUIAX, TJ€ BO3MOXKHO CYIIECTBOBaHUE HEOOJIBIIIX
“kapMmanoB” moBepxHOCTH PepMu C MAJIBIMU 3HAYUECHUSI-
mu sueprun Pepmu [5], uaTepec K npobsemMe CBEPXIIPO-
BOBIMMOCTH B CHJIbHOM aHTHAINADATHIECKOM IIPeJIeJie
CTUMYJIUPYETCsI OTKPBITHEM PsiJia JPYTUX CBEPXIIPOBOJI-
HUKOB, Tje annabaTudeckoe MPUOJINKEHNe HE MOXKET
CUNTATHCS BBITOJIHEHHBIM, & XapPaKTEePHBIE YaCTOTHI PO-
HOHOB IIOPSIJIKA WJIU JiazKe MPEBBIMA0T 3Hepruo Pep-
MU JIEKTPOHOB. BecbMa XapaKTepHBIMU B 9TOM CMBICJIE
ABJISIOTCS MHTEPKAJAPOBAHHBIE CUCTEMBI C MOHOCJIOSI-
mu FeSe, a Takke moHocjion FeSe Ha mopjioxkax Tuma
Sr(Ba)TiO3 (FeSe/STO) [19]. Buepsbie Ha HeannabaTu-
9eCKUil XapaKTep CBEPXIIPOBOIUMOCTH, B IPUMEHEHUN K
FeSe/STO, o6parua sanmanue T'oprkos [20, 21] npu 06-
CY>KJIeHUH UJer O BO3MOXKHOM MEXaHU3ME ITOBBIIIIEHUST
TeMIIepaTyPbl CBEPXIIPOBOILINEro epexoqa 1, B cucre-
Me FeSe/STO 3a cuer B3anMOoJeHCTBUS ¢ BBICOKOIHED-
reruueckumu onrtudeckumu Goronamu B SrTiOsz [19].
Amnajiornganasi cuTyarysi BOSHUKAET U B CTapoil 3aJiade
o cBepxipoBoguMocTy B jeruposannom SrTiOs [22].

2. OrpanuvyeHnsi Ha TeMOepaTypy CBEPXIIPO-
BO/ISIIIIET0 MEpexXo/ia B CJydyae O4YeHb CUJIbHOMN
3JIeKTPOH-(OHOHHON cBaA3u. OO0mue ypaBHEHUs
teopun Idsmambdepra—MakMmiana B MaiybapoBCKOM
[IPEJICTABJICHUH, OIPEJIEISIONINEe CBEPXIPOBOISIILY IO
mesb A(wy,), umeror sug (w, = (2n+ 1)7T) [5, 12, 13]:
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Zoon) =1+ 2 )3 / Z [ " dwo?(w)F(w) x

w

w2;@ +§2 +A2(wn,)7 (3)

X D(wp, — wp/;w)

I'Jie BBeJIN

2w
(Wn _ wn,)2 + w2 .

(4)

D(wy — wprjw) =

Bnech o?(w)F(w) — dbynkimusa MakMuanana, F(w) —
[UIOTHOCTH COCTOSTHUH (DOHOHOB, W JJIS MPOCTOTHI MBI
peJrnosaraeM MoJIeJ b TOJIy3al0THEHHOM 9JIeKTPOHHOMN
30HBI KOHEUHOM mupunbl 2D (D ~ Ep) ¢ TOCTOSHHON
IUIOTHOCTBIO COCTOSHUI (IBYMepHe).

IIpu sTom MBI TakKe peHeOperyin ddbdekTamu Ky-
JIOHOBCKOTO OTTAJKUBAHUSI, BEJIYIIAMU K TOSBJIEHUIO
KYJIOHOBCKOTO TICE€BJIOIIOTEHITNATA, (4*, KOTOPBII OOBITHO
MaJI ¥ JIOCTATOYHO HECYIIECTBEH B 00JIACTU OY€HDb CUJIb-
HOI'O JIeKTPOH-(DOHOHHOIO npuTsizkenus [5, 12, 13].

Torma, ¢ yaerom:

b 1
de¢ —
/43 w2, + &2 4+ A% (wy)
2

= arct -
wer’ + A% (wp) ¢ wr%' + A% (wn)
2 D
— —— arctg—— nupu A(wy/) = 0 (5)
|wn| |wn|

JINHEaPU30BaHHbIE YpaBHEHUsI DJualndepra mpruodbpera-
0T CJIeIYTIONTIit OOIUit BUT;

Awp)Z(wy) = TZ/OOO dwa? (w)F(w) x

2A(wn/)

| |

X D(wpn, — wpr;w) arctg

(6)

)
|wn’|

Z(wn) =1+ w—j; Z/OOO dwa? (W) F(w) x

Wn! D
X D(wp — wpr; w) ——2arctg——. 7
( n nt )|Wn’| |wn’| ( )
Paccmorpum ypaBmenme gua n = 0, ompemensioriee

A(0) = A(#xT) = A(—7T), HENOCPEACTBEHHO BHITEKAIO-
mee u3 (6), (7):
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e 2w
A0)=T dwa? (W) F
(0 g/ 02 () F () o o
2A (wp)
arctg . (8)
|| |wn |
Ocrapisia clipaBa TOJILKO BKJIaJ oT ' = —1, HeMe 1jIeH-
HO II0JIydJaeM HEPAGEHCIMEO:
2 [ 2w D
1> - dwo? (w)F (w) ————— arctg— 9
2 [ dwet)P ) G et )

0b6o01IaoNIee aHAJIOTUYIHOE HEPABEHCTBO, BIIEPBBIE T10-
JygenHoe B pabore Asutene u aitaca [23] u onpenens-
oree HudtcH0t0 Tpanuty s 1.. B sfiHmTeitHOBCKOIM
Mogiesn (poHOHHOTO crekTpa uMeeM F(w) = d(w — Qp),
tak uro (9) cBoxuTCs K

a3

ey 00

1> 2)\ t D
—larctg—
0 g7TT
rie A = 2a2(Q)/Qo — Gespasmepnast ciapuBaTesbHas
KoHCcTaHTa cBaA3u. [Ipu D > w1 orcooma HeMeIIeHHO
caenyer pesynbrar Asstena—aitaca [23]:

1
T. > 2—\/)\ — 100 — 0.16VAQ mpu A > 1, (11)
™

KOTODBIN (baKTHIECKU OIIPeJIe/isieT acCUMITOTUKY 1, B
obJracTu OYeHb CUJIbHOM cBsa3u A > 1. Tounoe unciien-
HOe pelleHue ypasHeHuil dumarbepra [23] maer ms T,
pesysbrar Tuna (11) ¢ 3amenoil yucsiennoro koadbdu-
nuenta 0.16 ma 0.18. IIpu sToMm maHHas acUMITOTHKA
OYeHb HEIIOXO APOKCUMUpPYeT 3Hadenust 1, yxxe B 00-
Jacta A > 2.

B ciyuae domonnoro cnexkrpa obiiero Buja 371€Ch
JOCTATOYHO TIPOBECTH IPOCTYIO 3ameny g — (Q2)1/2]
rjie

) =2 /O " dwe? (W) F(w)w (12)

— CpeJIHUIA 10 CIEKTPY KBaJIPaT YaCcTOThl POHOHOB, a 00~
IIee BBIPayKeHNe JJIsl CIIAPUBATEILHOI KOHCTAHTHI CBSA3H
nmeer Bug [5, 12, 13]:

> d
A= 2/ =02 (W) F(w). (13)
0 w
ITpu D <« 7T u3 (10) numeem
1
T> A1) 19, (14)
T
rie
2D
M(T) = ==\ 1
(T) = 5 (15)

TaK 4YTO B CHJIHOM aHTHAINA0ATUIECKOM IIpeJiesie T0-
JIydaeM:

T. > () "V3(ADO2)Y3 = 0.17(ADQ2)Y3. (16)

W3 ouesuaoro TpeboBanns A*(T') > 0 BOSHUKAET yCJI0-
BUE:

2

T. < F)‘D’ (17)

OTpPaHIMYNBAIONIee 3HAUEHUA 1, CBEPXY.
Takum 006pa3oM, JOPKHO BBIIOJTHATHCS HEPaBEH-

CTBO: 9
@2r")"VEADQR)? < T. < SAD, (18)
e
YTO CBOJUTCA K Tpe60BaHI/IIOZ
4 D 078
Qo < —=AD ~ 1.27AD — > = 19
0 < - nin N > N ( )

TaK 4TO JIjIsl CAMOCOIJIACOBAHHOCTH HAITIEI'0 PacCMOTpe-
HUsT PAKTUIECKN TPEOYeTCsi BHITIOJHEHUE YCIOBUS:

Qo
A — 1.
> D >

rje 1ocjiejHee HEPaBEHCTBO COOTBETCTBYET IIpeaeily
CUJIbHOM aHTI/IaILI/Ia6aTI/IKI/I. COOTBeTCTBeHHO7 BCe 1IpuBe-

(20)

JIEHHBIE BBIIIE OIEHKN 3aBEI0OMO He paboTaior mpu A ~ 1
U MOT'YT OIIUCHIBATH TOJIBKO IIPeJiel OYeHb CUJIbHOI CBsI-
30.

Ha pucynkax 1 u 2 npuBeeHbl Pe3y/IbTATHI IUCJIEH-
HOTO cpaBHeHus rpanui st 1., caemyromux u3 (10) co
3HAYEHUSIMH TEMIIEPATYPbI IIepexo/ia B 006/1acTu cradboi

1.8
1.6F
1'4- ,,,,,,,,,,,,,
1.2f
o — D/, =0.001
< 1.0p — 0,01

Puc.1. (Ipernoii onnaitn) Temmeparypa CBEPXIPOBOJIsI-
IIEero Iepexoia B SWHINTEAHOBCKON Mozaeau (HOHOHHOTO
cuekrpa B eamnunax 2m1./Qo, kKak dbyHKOua cnapusa-
TEJIbHON KOHCTAHTBI \ JIJIsI PA3HBIX 3HAYEHUN OOPATHOIO
rmapaMeTrpa aJaruabaTUuIHOCTH Qﬂ. IIyaxkTrpoM mokasaHbI
coorBeTcTByOIIMe 3aBucuMocTr st 2nTe /Qo B obactu
caaboit u npomexyrounoit cas3u (1) [15]. YepHbiit myHK-
Tup — onenka Asutena—/laiiHca, cipaBeyiuBasi B ajunada-
THYIECKOM Iipejierie [23]

U IPOMEXKYTOYHOM CB#A3H, cieryomumu u3 (1), ais pas-
JIMYHBIX 3HAYEHMI mapamerpa ajuabaruanoctu dg/D.
fcHo, 9TO B OKPECTHOCTH IepecedeHns] MyHKTUPHBIX U
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Temmeparypa cBe 0OBO, ero 1mepexosa OYEeHb C oIf CB3 603

CILUTONITHBIX JIMHUI HA 3TUX TPadUKaX MPOUCXOIUT IIJIAB-
HBII KpoccoBep oT mnoBejienus T, B obyacTu cadboit u
[IPOMEXKYTOYHON CBSI3W K €e aCUMIITOTHKE B 00JIacTH
OYeHb CHJIbHOM cBs3u A > 1. Buano takike, 9To mo-
BBIIIIEHNE TACTOTHI (DOHOHOB W MEPEXO K aHTuagnaba-
THYECKOMY IIpejlesly He BeIyT, BOODIEe roBOPsi, K MOBbI-
MeHnio 1, 10 CPABHEHUIO C A Na0ATHIECKUM CJIYIaeM.

127 ——----0,/D=1000

LoF —— """ 100

A

Puc.2. (Ligernoit onuaiin) Temmeparypa cBEepXIPOBOJs-
IEro Tepexojia B SWHINTEHHOBCKON Mojean (hOHOHHOTO
criekTpa B equaunax 21 /D, Kak QyHKIWs CiapuBaTeIb-
HO¥ KOHCTAHTBI A JIJIsl PA3HBIX 3HAUYEHN IIapaMeTpa aiua-
6ATUIHOCTH %l. IIyakTrpOM ITOKa3aHbI COOTBETCTBYIOIINE
sapucumoctu aiis 271, /D B obnactu ciaboit 1 HpoOMexKy-
Tounoi cs3u (1) [15]

3. BakarouyeHue. B ganmoit paboTe MBI paccMOTpe-
JIM O9€HDb CUJIBHYIO JIEKTPOH-(POHOHHYIO CBA3b B TEOPUH
Omuambepra—MakMuniana, B TOM 4YHCJIe B aHTHA A~
OaTUIeCcKOl CUTyannm, KOTAa B CUCTEME HMEIOTCT (Po-
HOHBI C JIOCTATOYHO GOJIBINON YacToToll (IIpeBbimaorei
suepruio Pepyu Er). Besmuuna nepeHOPMUPOBKY MaC-
CBI, B ODIIEM CJIydae, OlpeeJsieTcsl KOHCTAHTOM CBA3U
A [15], koTopas Maja B aHTHAAMAOATHUYECKOM HDEIe-
Jie. B TO ke BpeMmsl BeJIMYMHA CIIAPUBATEIBHOIO B3a-
UMOJIEIICTBUsI BCETJIa OIPEJIEsIsieTCs CTaHIaPTHON KOH-
cTaHTO# CcBs3u A Teopun dsmaribepra—MaxkMwuirana,
COOTBETCTBYIOINM 00pa3oM ODOOOIIMEHHOM ¢ yIeTOM KO-
HeqHOCTH JacToThl poHOHOB [15]. OaHako npocreiimme
orneHku [15, 17] mokas3elBalOT, 9TO B aHTHAAHAOATHIE-
CKOI CUTYyaIlid U 9Ta KOHCTAHTA, BOODIIIE TOBOPs, JOCTa~
TOYHO OBICTPO yOBIBAET C POCTOM YacCTOTHI (POHOHOB {2
pu o > Ep. B 3T0M CcMBIC/IE, pACCMOTPEHHAST BBIIIIE
acuMnIToTuKa 1, B 00J1aCTH OY€HD CUJIBHON CBSI3U MOXKET
OBITH JIOCTUTHYTA TOJIBKO B UCKJIIOUUTE/IbHBIX CJIy4dasiX.
[Tpu 5TOM, KaK sICHO U3 HAIIUX Pe3yJIbTaTOB, CaM II0 cebe
mepexo B 00JIaCTh aHTHAINAOATUKN HE MOXKET IIPUBE-
CTH K TOBBIIMIEHNIO 1, IO CPABHEHUIO CO CTAHIAPTHBIM
aanabaTHIeCKUM CIIydaeM.
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ITpu Bceit HarIsiAHOCTH U y10OCTBE BHIPAXKEHUI 17151
T, yepe3 ciapuBaTe/IbHYI0 KOHCTAHTY A U XapaKTEPHYO
gacrory cdononos Qo ~ (Q2)1/2 crenyer umers B Bu-
Jly, 9TO 9TU MApaAMeTPhl HE ABJIAIOTCs, BOOOIIE TOBOPS,
HezaBucuMbIMUA. PaKTUIECKH, KAK ITO BUIHO U3 BbIpa-
skennit tuna (12), (13), oHu OIpeesIsIFoTCs OJTHON 1 TOI
xe dbynxmmeit mmantepra-MaxMmrana o (w) F(w).
CoOTBETCTBEHHO BO3HUKAIOT OIPAHUYEHUsI HA CBODOI-
HOe M3MEHEHUE ITHX [1apaMeTPOB IIPU OIEHKaX OITH-
MAaJIbHBIX (MAKCHMAJbHBIX) 3HaUeHui Tt.

Asrop npusnaresen 3. 3. Kyunnckomy 3a 06cy XK ie-
HUsl ¥ [IOMOIIb C YACJIEHHBIMU PACUETAMU.

Pabora BbIOJIHEHA 1IpU  YACTUYIHOW  IOIJEPIK-
ke rpanTa Poccuiickoro ¢oHma GyHIAMEHTAJIBHBIX
uccaenosauuit # 20-02-00011.
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