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T'VII “Beepoccuiickuii 1ayHO-MCCACAOBATEALCKUIA HHCTUTVT MeXXoTpacaeBoi MHpopManuy —
beaeparbibi MdOPMAIHOHHO-aHAAMTIMECKHMTT DeHTp 0GopolHOl TpoMbimAcHHocTH”, Mockpa, Pocaa

PaccMoTpeHH  OCHOBHHE  KNaccel  BHCOKOTEMMEPaTYpPHHIX CBEPXIIPOBOGHUKOB
(BTCID), Brmowan oTKpuTHE B nocneghue rogel. [lpuBegeHal MaKcumansHble KpuTtuye-

CKUC TeMIlepatypH, JOCTUTHYTHE B Kaxgom Knacce. O6CyXgaloTca KpucTauiuyecKue
cTpykTypel BTCIT.

UcTtopua oTkpbiTUa

SIBAeHMe CBEPXNIIPOBOAMMOCTH, T. €, NPOTEKAaHUE IAEKTPUIECKOrO TOKA TO TIpo-
BOAHMKY 6€3 IIOTeph — OAHO M3 ABAEHMI B (u3uKe TBepAOro teaa, B 1986—1987 rr,
B 3TO# 06AACT¥ NMPOM3OMAA HACTOAMAS HAYYHAA PEBOAIOLUA: GBIAM OTKPHITHI Bbi-
cokoTemneparypusle cBepxnpoBoAuukyu (BTCII). B nacrosamee Bpema — 3T0 06-
mypHAA 06AaCTb MCCAEAOBAHMIL, B KOTOPONA TPYAATCA THICAYM HAYYHLIX COTPYAHM-
KOB M MHIKEHEPOB BO BCeX Pa3BUTHIX CTpaHax mupa. HamucaTs moaHmlt 0630p,
OXBAaTHIBAIOWMI BCE OCHOBHEIE CBOJCTBA BLICOKOTEMIIEPATYPHLIX CBEPXIPOBOAHM-
KOB, B OAHO¥ CTaTbe HeBO3MOXKHO. IloaTomy Hama 3apadya — AaTh MPeACTaBAEGHMe
O KAACCax 3TMX MHTEPECHLIX MaTepMaAOB, MX COCTaBe, CTPYKTYpPe ¥ HEKOTOPbIX
cpoycTeax. B cBoeM M3AOXeHMM MBI GYAEM YIMTHIBATBL, YTO YMTATEAM 3HAKOMSL C
OCHOBHLIMM TPEACTABACHMAMM O CBEDXIPOBOAAMEM COCTOAHMM ¥ CBOMACTBAMK
OOBIYHBIX (KaK FOBODAT, HU3KOTEMIEPAaTYPHbIX) CBEPXTIPOBOAHMKOB. XOTA TMOMUCK
CBEPXTPOBOAAMMX MaTepUaAroB C GoAee BHICOKMMM TeMIepaTypamy I[epexoaa B
CBepXmpoBoAAmee cocToanue T . IPOBOAMACA NMPAaKTHIECKM C TEPBBIX AHEH OTKpbl-
™A 3roro asaenus B 1911 r., mpoasmkenue maro poBoabHO MeareHHo. K 1986
pekopaHoe 3nagenue T. coctaBasro 24 K u 6bIAO AOCTUTHYTO B MAGHKaX COEAM-
unerua Nb;Ge [1]. Ha nam B3rasa, ocosHanzHo mpo6aeMy BEICOKOTEMITEpaTypHOK
cBepxnposoaumocTy noctasuau B 1964 r. B. A. Aurra [2] u B. A. Tuns6ypr [3],
Ony6AMKOBAaB CTAaThb¥ C I'MIOTETUIECKMMM MEXAHM3IMAMM CBEPXIPOBOAMMOCTH, KO-
TOpbIe, MO WX MHEHMIO, AOAJKHEI IPUBOAUTE K BhlcoKkuM T,

B anpeae 1986 r. Ax. Beanopy u K. Mioarep (Idsesiyapus) o6Hapy>kuau, yTo
coepnnenue La, Ba CuO, (LaBaCuO) nepexoaut B CBEpXIPOBOAMAIIEE COCTOAHNME
npu temmeparype 30 K [4]. D10 65100 AOBOABHO HEOXMAAHHOE OTKpBITME, T. K.
MaAO KTO U3 CIIEMaAuCTOB AyMaA, 9TO TaKue BICOKMe 1. MOryT GBITH AOCTHIHY-
Thl B OKMCA2X. BeAb OKMCABI — 3TO OBLIYHO XOpOmMe AMIAEKTPUKM, XOTA K TOMY

BpeMeHM y>Ke OBIAM M3BECTHEI HEKOTOpPbIE CBEPXNMPOBOAAIIME OKMCABLI C OTHOCH-
TeAbHO Bhlcokumu T, (Li Ti,_,O4 — T, = 13,7 K; BaPb,_,Bi,O; — T, = 13 K).
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[MoBsimenue PeKOPAHOro 3Havenus T, mpou3omao cpasy Ha 6 K, snaumureabHOE
o rem Bpemenam. BeaHopy u Mioarep 3a 5TO OTKPEITHE TIOAYHHMA y>Ke depes TOA

Ho6eAeBcKylo mpeMuiO.
Bcaea 3a 3TMM OTKPEITMEM pekopaHoe 3Hadenme T, crairo CTPEMM'I‘eAbHO no-

pumathca. B mauane 1987 r. rpynmer u3 Bell Labs (CIIA) [5] n yumsepcureTa
Toxuo (SInonus) [6] omy6anxosaru coo6meHus O TOM, 4TO HaMAEHO CBEPXIPOBO-
Aamee coeaunenue La,_ Sr,CuOy (LaSrCuQO) ¢ T, = 40 K. [TpukaapbIBasA BBICO-

Koe AaBAeHMe K TakuM 06pasLam, yAaBaAoCh ToBscuTb T, emle mpumepHO Ha 10 K.
Creayiomum BasXHEIM marom 651A0 OTKpEiTHe B 1987 r. coepnnenns YBa,Cu;0;
(YBaCuO) c¢ T, = 90 K rpynnoii amepuKkaHCKUX u3NKOB M3 YHUBEPCUTETOH

Xpiocrona u XaHTcBMAAA moA pykosoactsom II. Uy u M. By [7]. Bro 6p1A yoKe
HACTOAmMIA TpopbLiB. ILOABMACA MaTepuan, KOTOpLIA CBEPXIPOBOAUA B IKMAKOM
azore (remmepaTypa ero KuIeHus Opy HOPMaAbHOM AABAEHMU Ty = 77,4 K). Bur-
COKasA TENAOTa MCIIAPEHMA 3TOrO KPMOAreHTa, AEMEBH3HA, OTHOCUTEALHAA AEr-
KOCTb TIOAYYEHMS TIO3BOAMAY BKAIOYMTLCA B M3ydeHMe HOBLIX CBEPXIPOBOAHMKOB

: GOABIIOMY KOAMYECTBY MCCAEAOBATEAEH, ¥ AABHOE, CHUMAAUCL TPYAHOCTH pabo-

Thl C JKMAKMM IeAMEM, KOTOphle PE3KO OI'PaHMYNUBAAN BO3MOJKHBIE IIPMMEHEHUA

CBEpPXMPOBOAHMKOB B TEXHMKE.
BbAO TTOKA3aHO, ¥TO MTTpuit B coepntenyu YBa,CujO; moxxeT GbiTh 3aMmeHeH

MpaKTHYecKu Ha A060 u3 AaHTaHMAOB. Marepnaa mpyu 3TOM OCTaBAaACA BBICOKO-
TeMmepaTypHbIM cBepxmpoBoanukom ¢ T, - 80—90 K.

B wuauane 1988 1. 6mao obmapyxeno coepunenue Bi,Sr,Ca;CusOyy
(BiSrCaCuQ), xputuyeckas TemmepaTypa KOToporo cocrasasaa T, = 110 K [8]. B
aToM xe TOAY 6bA0 Haiipeno coeausenue TlyBa,Ca,Cu;0,, (TIBaCaCuO) c T, =
=125 K [9]. orons 3a pexopaoM Ha 3TOM He KoHuMAach. Illro mHTEHCHBHOE MC-
CAGAOBAHME CBOJCTB TaKMX MATEPHMAAOB M, €CTECTBEHHO, IIOMCK HOBEIX, C Goree
soicokumu T .. Hopeut ycmex npumea B 1993 r., xoraa 6r1A0 O6HApPYIKEHO COEAM-
HeHue HgBaZCazCu308 (HgBaCaCuO) c T, = 135 K npu o6rranom Aasaenuu [10].
DT0 Ha CErOAHAMHMI ACHb PEKOPAHOE 3HAYEeHUe KPUTUYECKOM TeMIepaTypsl, KO-
TOpOe BOCTIPOM3BEAECHO B HECKOABKMX AaGoparopuax mupa. IloBrimenne AaBAeHMA
Taxoke yBeamuusaro T, 3TOro coepuneHus. Maxkcumanrbroe suavenue T, = 164 K -
AOCTUTHYTO TIPY OrpOMHOM AaBAeHmy, paBHom mpumepso 30 I'Tla (300 Teic. aTtm.)
[11]. Ho 3aTOoT 3KkcmepumeHT MMeeT NPUHIMIMAABHOE 3HAYEHME, 3HAUUT MPU CTOAL
BLICOKMX TeMIIepaTypax MaTepuai MOXeT 6bITh CBepxmpoBoAAmmMM. Aero B TOM,
4TO (PM3MUKaM NMOKA He M3BECTEH KaKOo#-AuOO NPMHIUIMAABHELA 3aKOH, KOTOPLI
651 orpaHmMYMBa’ BO3MOJKHYIO MaKCMMaAbHYIO TEMIIEpaTypy NMepeXOAa B CBEPXIPO-
BOAfmee cocrosHue. VI BrOAHe BOSMOXHO AyMaTh O CBEPXIPOBOAMMOCTM IpH
KomHaTHLIX Temmepatypax (T ~ 300 K).

VimMeeTcs y>xe AOBOABHO MHOT'O COOOMmMeHM O TQM, TO B PaSHBIX MaTEpMarax (xax
TIPaBMUAO, HEOAHOPOAHEIX, C HE OYeHb SCHLIM COCT \LHOM, ¢ 60ABIMM YAEABHEIM COIPO-
THBACHMEM) HAGAIOAAIOTCA TIEPEXOABI, TIO MHEHMIO aBTOPOB S3TMX paboT, B CBEpXIpoO-
BoAAmee cocTosnue npu remmneparypax T =~ 200—250 K u pasxe koMHATHBIX. Pesyab-
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TATBI 3TH HEBOCIPOM3BOAMMEI ¥ He TOBTOPAIOTCA AaKe y cammux aTopos. O6pasip,
KaK TPaBUAO, GLICTPO TEPAIOT 3TH CBOM YHMKaAbHble CBOJCTBA. Bce 3TO He mosBoaser
CYMTaTh MX TOKa a6coAOTHO AoctoBepHbiMM. OAHAKO KOrAa-TO Aajke CHeLMaAUCTbl
COMHEBAaAMCh B BO3MOXKHOCTM CBEPXMPOBOAMMOCTYM TIPY TeMIIEpaTypax, TpeBOCXOAf-
mpx 40 K. IToatomy He MCKAIOYEHO, 4YTO OOpa3ylOTCA MMKPOKOAMYECTBA KaKOW-TO
Heu3BecTHONM HaMm a3kl ¢ Takumu orpomusiMyu T, KOTOpasA HeycTo#4uBa U 6bICTPO
paspymaetca. M 3apava mccAepoBaTeAelt “‘He IPOXOAMTL MMMO™: OTKpITHE — Gblr0
6:1 HOBBIM BhIAQlOmMMCA AocTuxxenuem ¢usukos. Ha puc. 1 npouarocrpuposaun
POCT PEKOPAHOM KPMUTMYECKOH TeMmepaTyppl C MOMeHTa OTKpuITMA Kamepaunr
Onnecom B 1991 r. csepxnposoaumoctu pryty mpu T = 4,1 K. K nacroamemy
Bpemenu oO6HapyxeHo yxe G6oaee coruu BTCII coeammenmn c¢ T, npesu-
malomumu Kputndeckyio Temnepatypy Nb;Ge (24 K). Kak ckasaar 06 oTKphiTuu
BLICOKOTEMIepaTypHbIX CBEPXTIPOBOAHMKOB OAMH 3 ¢usukos-reopetuxos OVIAH
E. T. Makcumos: “Takoe cobriTue GriBaeT OAMH pa3 B JKM3HM, AQ ¥ TO HE B Ka>KAOK"
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Puc. 1. Pocm pexopdnozo snavenusn T, co Bpemenem:
TemnepaTypa kunexus renus Ty, = 4,2K; sonopopa T, = 20,4 K; Heona Tne = 27,2 K;
asora Ty = 77,4 K; kucnopopa To= 90,2K;'
metaHa (CH,) T,, = 109 K; terpacdropmerana (CF) T,=143,4K
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Knaccbl BTCI1

BLiCOKOTEMIepaTypHble CBEPXTIPOBOAHMKY MOJXKHO Pa3AeAMTb Ha TPM IPYMILL
MEAHBIE OKCHAbI, BACMYTOBbIE OKCHALL M (pyArepuAbl (mAu byArepUTEL).

Dty rpymmst BTCII He paBHO3HAa4HbI, He OAMHAKOBLL IO KOAMYECTBY COeAMHE-
HMIt, IO PEKOPAHBIM AAS AaHHO¥K rpynmel T, MO HEKOTOPHIM ApyruM CBOJMCTBaM.

OAHAKO rAaBHOE MX OTAMYME APYI OT Apyra — 3TO Haauiue (A orcytcTBME)
ONpeAeAEHHbIX CBs3eil, UIPAlOMMX KAIOIEBYIO POAb B BOSHMKHOBEHMM ABACHMA
BLICOKOTEMITEPATyPHO# CBEPXIPOBOAMMOCTH. B KymnpaTax — 3TO CBA3M Cu—O, B
pucmyrax — Bi—O, B dyarepuaax — CBA3M METAAA—YTAEPOA. Psa mccaepoBaTeaent
orrocat x BTCII u HeKoTOpBbIe MHTepMeTaAAWdecKue coepmnerms ¢ T, > Ty = 20,4 K

(TeMmepaTypa KMITeHMS XMAKOrO Boaopoaa). Ilpmmepom sBascTCA yXKe ymOMH-
nasmeecs coeaumenue Nb;Ge ¢ xy6uueckoii pemeTkoi Tuma Al5. Dto aAencrsu-

TeALHO Ba’KHafd IPYNNa CBEPXOPOBOAANIMX COEAMHEHMH, yXKe HMCIOAB3yomaici
AAs ipakTHdeckux ueaeit. Ho ona ussectna ¢ 50-x Ir., AOBOABHO XOpPOINO K3y4e-
Ha (HO He mcuepmanal), MO3TOMY 3A€Ch yMECTHO He pacCMaTpuBaTh €e, a OTHECTH
K HM3KOTEMMepaTypHbIM CBEPXIPOBOAHMKAM.

Takum o6pazom, Mbl Kak 651 0603Hauum rpanuyy T, ~ 25—30 K, Bbime KOTO-

poit Matepuaa momapaer B “kay6” BTCIL B umcTeix sremenTax MaKCUMaAbHO®
sunauenne T, = 17 K pocTurayto B cepe mpy AaBACHUM 6oaee 1,5 Marm [12].

Vkasaunsie rpymmet BTCII, B cBOIO OYepeAb, MOIYT AGAMTBCA Ha KAACCHL Oco-
6euno 3to crmpaBeaauBo AAs KynpatHeix BTCII, rae MOXXHO BLIAGAMTE KAACCEL
O4eHb CMALHO OTAMYAIONmMecs 1o cBouM cBoiicTBam. Hidxe paccmarpupaloTca
ocuosusie kaaccst BTCIL.

Kynpamnwvie BTCII (mednvie oxcudwn)

1. Kaacc La,CuO, (“2anmanobvis”). B rpymme KympaTHbIX BTCII ecrecTBeHHO
HAa4aTh C KAACCA AAHTAHOBEIX COEAMHEHMI, AaBIIMX TOAYOK Bceif o6ractu. Cucre-
ma Beamopua u Mwoanepa La, Ba,CuO, [4] aBAserca CBepXIpOBOAAMEH B WMH-
tepeare cocrasos 0,05 < x < 0,25, 3aBucumocts T, OT x MMeeT MaKCHMYM. Maxk-
cumanpHoe 3mavenne T, = 30 K pocturaerca ars x = 0,15. ViurepecHo, 9ro mpu
MAaABIX X CHCTEeMa ABAAETCA AMIAEKTpuKOM ¥ aHTudeppomarHeTuxom. Ilpumepnas
dasoBaa x-T-pMarpamma 3TO¥ CHCTEMbI IIOKa3aHa Ha puc. 2. Buapno, 4To B cucre-
Me, TIOMMMO MEPEXOAa METaAA — CBEPXIPOBOAHMK, HabAlopaerci psA (asoBIX
TepexOAOB (METarA — AMSAEKTPMK, TeTparoHaAbHAA CTPYKTypa — OpTOpoMOude-
ckad CTpykTypa u Ap.). Ouens moxoskue ¢ha3oBrsle AmarpaMmsl MMEIOT M Apyrue
BTCII-cucremur. SdBasieTcs AM HeOOGXOAMMBIM AAS CYN[ECTBOBAaHMS BBICOKMX T
HaAudue BCeX 3TuxX (Pa30BEIX [IEPEXOAOB B CHCTeMe — BONPOC, AO KOHIA He IOHA-
TBIA AO CHX TIOP.

Bapwuit B coeaunenun LaBaCuO mosxer ObITh 3aMEHEH APYTMMM 3AEMEHTAMM —
KaAblpeM, HaTpueM, cTporuuem [13—16]. Makcumaasraa T, = 40 K aocTuraercs
B coepunenuun La,  Sr,CuO, mpu x =~ 0,15. [IpumepHo Takag >Xe BeAMIMHA T,
HajiaeHa B coepumenyu La, Na CuO, npyu HeCKOABKMX GOABmIMX 3HAYEHMAX X.
CBoAKa 3TMX AAHHBEIX TpuBeAeHa B Taba. 1.
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Puc. 2. QasoBas duazpamma “cocma8 — memnepamypa” dnn Lay_,Ba, CuOy

obnactu:  [§ — amanextpuk; M — merann (opropombuueckan u TetparoHanbHan dhasa);

A® — antudeppomarteruk; ClMl — ceepxnpoBogHHK

WUssectHo, uTo AaBaenue nosbimaer T, y muorux BTCII, B wacTHOCTH, Y Aan-
TaHOBBIX coeAuHeHwit. Heo6braHo BEicokoe mopbimenHoe T, — ¢ 25 ao 49 K na-
6AI0AaAOCH Y COeAMHEeRUA La; ¢Sry ;CuO4 npyu smuTakcHaARHOM CRATHM TIACHKH
[17]. TIpu 3TOM 3HAYMTEABHO YBEAMIMBAAACH MPOBOAMMOCTD TAEHOK, YTO TOBODHT
0 pemalomel pOAM KOHLEHTPaLuy HOCUTEAEH 3apAAa B 3ToM addexre.

Mpu ao6asrennnu B cTpykrypy La,CuO, 6aoka Ca + CuO, moaywaercs coeau-
nenne La,_,Sr,CaCuyOy ¢ makcumarbueim sHavenvem T, = 60 K [18].

2. Kaacc Nd,CuO, (“necdumoBriiz”). OcHOBHOM MpeACTaBUTEAD Nd,_,Ce, CuQ,
¢ T, = 24 K npu x = 0,15. TIpu po6asrenmn crpounua T, yBeawamsaerca ao 28 K.
Heoaum moxer OviTh 3amenen ma Pr, Sm, Eu, Gd [19]. Bmecto Ce moxer 6um
ucnoas3osan Th. Boaee Taxxeasie, vem Gd, peaxkme 3eMAM B COeAMHEHMAX 3TON
KAacca He MPUBOAAT K CBEPXMPOBOAMMOCTH. DTOT KAACC OTAMYAETCA OT BCEX ApY-
rux kynparteeix BTCII-kAaccos Tem, 9TO ero mpoBOAMMOCTh ABAAETCA 3AEKTPOE-
Holt (oTpuuaTeAbHEI# 3HaK 3bdexra Xoara). Apyrue BTCIT-kynpaTs umeloT As-
POYHBLHA THI TPOBOAMMOCTH (MIOAOKMTEABHEIA 3HaK 3ddexra Xoara).

Ta6bnuyal
Kynparume BTCN
Knacc OcHoBHble npeacTaBUTenu Obnact Makcumanbhan MpuMeyanne
ONTUMAaNbHbIX Tc,
COCTaBoB
“Naxranosbii” La, .Ba CuO, x=0,1-0,2 30
LaZCuO N Laz_xNaxCuO‘, x = 0,2-0,5 :g
Laz_xerCuo A x=0,1-0,2
LaZCaCuzo‘i La2 _xerCaCuzoG 60
“Heoaumosbiii™ Nd,_ Ce CuO, x=0,15 24 T = 28 K npu po-
Nd,CuO, 6asnennn  Sr. Nd
MoXeT GbiTb 3ameHen
Ha Sm u Pr
Tmz_xCaxCu04 x = 0,17 30
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lpodonxicerHue maba. 1

Knacc OcHoBsHble NpeacTaBHTeNH O6nacrb MakcumanbHan MNpumeuarune
ONTHUMAa/IbHBIX Ts K
cocrasos
“Urrpuesbin” YBa,Cu,0,_, x = 0,05-0,1 92 MNpwn zamene Ba Ha Sr
M-123 MBa,Cu,0,_, x<0,1 90—95 T.=80K
M = La, Nd, Sm, Eu, Gd, Tb,
Dy, Ho, Er, Tm, Yb, Lu, Pr.
M-124 YBa,Cu,O, 82,5
60—80
MBa,Cu,0,
M = Nd, Sm, Eu, Gd, Dy, Ho,
Er, Tm
Yo,9C2,1Ba,Cu 04 90
Y-247 Y,Ba,Cu,0,, 95
“Bucmyrosbiin” Bi,Sr,Ca,_,Cu O, 120 max T_ana n=3
M-22 (n—1)n n= 1' 2' 3' 4'" -
Pb,Sr,Ca,_Cu O, max T_pna n=3
n=1,23,.
Bi,Sr,Sr,_Cu 0,5 90 max T, paa n = 2.
n=23 ®aaza HectabunbHa.
M-12 (n—1)n PbSr,Ca _;Cu O, 122 gax T pna n = 3.
il ekopd, ANA  3TOrO
s C” - %3 o Knacca.
AlSrCa,_yCu Oy4p, 110 maxT_ana n=4
n=1,23,4,.
BSr2Can__1Cun03+2" 110 max T_pna n= 4
n=3—6
Gasrzcan_‘cuno”z" 107 max T_pna n= 4
n=3,14 ’
(Bo,4Co,6)(Bag 755rg 25),Ca,Cus04 120
Bi-4413 1/2 Bi,Sr,CaCu,0, + 79
(“rubpuatoe” +1 i.Sr.C
coennHeHue) /2 B1,85/00,0
“Tannuesbin” Tl,Ba,Ca _,CuO,pnn 127 max T_pgna n=3
TI-22(n—1)n n=1,23,..
TI-12(n—1)n TiBa,Ca, _,Cu,O,,, 120 max T _anan=4
= Ha n=1,2,3, 4.
T-12(n—1)n (TI,_,Cr,)Sr,Cu0, z= 0,25 25
co Sr
“PryTHbIit” HgBa,Ca,_,Cu 0, . .= 135 max T_ana n =3
Hg-12gn—1)n n= 1' 2' 3'"' 164 an DaB/IEHHH
¢ ba 30 Ma
Hg-12(n—1)n (Hg, _yWy)Srz(Ca,_xYx)Cuzos +5 x=0,4 94
co Sr y=0,2
Hg-2212 Hnga.‘,(YxCa,_x)Cuzoy x=0,6 80
“MepHbii"” Cu,Ba,Ca _,Cu,O,,, .o 113 Ana n = 4. lNpumecs
Cu-22(n—1)n n=3-5 yrnepoga B nepBow
: nosuuMu ans crabu-
nusauyuy casbl
Cu-12(n—1)n CuBa,Ca _CuOy.s 1s §<1 120 Ansa n = 3. MNpumecs
cBa n=3—6 yrnepoaa pas crabu-
nu3auyuu dasbl.
(CuAg,_)Ba,Ca;Cu,0,. . x=0,75 17
(B,_,C,Ba,Ca _CuO,,, .- x =0,6 115 Ana n= 4.
n=3—-4 130 |1'I5p(;4 AaBNeHuH
(Bo,Aco,s)(Bao,7ss"o,2s)2cazcuaos 120 Kam
AuBay(Y,_ Ca )Cu,0, x =0,4 82 Mpp x=1T_=70K
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OxonyaHue ma6a. 1
Knace OcHoBHble NpeacTaBuTenH Obnactb MakcumanbHan Mpumeyanue
ONTUManbHbIX Ter K
cocraBoB
Cu-12(n—1)n (Cuy 5Sq 5)Sr,Ca,_41Cu O0yirits 100 Ona n=3
c Sr T n=3-7
(Cuy 5Cry 5)Sr,Ca,Cu30, 5 103
“Hynesoit” Sr.Ca__,Cu O 109 nan=3
02(n—1)n 2 ”n=1 1:4 2+2n A
c Sr
02(n-1)n BaZCan_1Cun02+2n 126 Ans n = 3. Heobxo-
c Ba n=3-5 AMMO BBeAEGHHe fe-
. cpextos Ca n Cu
“Infinite layer” SrCuO, x=0,3-0,4 Ona  crabunnaauymu
(6eckoHeuHo- (Sr,_.Ca ) CuO Ons poctu- 110 vactb Sr 8 SrCuO,
CNOWHbIN) 1=x=Oxly T2 KeHHA
s I Ll MOXHO 3ameLatb
XOAMM’ pericel taioke Ha Nd, Sm,
Topbili nechi- (?rd,_Pr, La, Ba, Y,
unt Sr u Ca (T, = 40-70 K)
CaCu0, 100
(Sro,4Bag,6)Cu0345 50
Sr_,.Cu O 100 n=23.
+1 2n+1
= 13 Mpun=1T, =70K

Coeaunenne tnna Nb,CuO, mosker 6s1Th moAydeso ¢ Tm B mepBo¥ mo3uuuH.
Toraa mpu AOTIMPOBAHMM KOAbLMEM AOCTHUIAETCA T, = 30 K [20].

3. Kaacc “125” (“ummpneboi” ). ITlepoe o6HapyReHHOE BTCII-coeannenne
storo kaacca YBa,Cu;O;_, uMeAO MAKCMMaABHYIO T. 2 90 K [7, 12]. Ha3Banue
“123” cucrema TMOAYYMAA IO COCTaBy “metasrudgeckux” aromoB. CoeauHennue
YBaCuO uHoraa obosmauator kak Y-123. Beauwumna T_ 3aBucur OT x M umeer
maxcumym npu x =~ 0,06. E

Bapwuit B 3TOM COEAMHEHMM MOXKET 6LITh 3aMeleH CTPOHLMEM C HEKOTOPEIM MO-
moxeruem T, O6Hapy>KeHO, YTO MITPWMA MOKET OLITh 3aMEeHEH NMPAKTUYECKH AlO-
6LIM 3AeMEHTOM AanTaHoBoi rpymmsl (La u AamTaHuAB). DbiAM CHHTE3MPOBAHLL
coeannenus MBa,Cu;0;_, ¢ M = La, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu. B pa6ore [22] moxa3aHo, 4TO COEAMHEHHE PrBa,Cu;O;_, C MaAbIM KOAK-
yecTBOM Ae(EKTOB TaKJKe ABAAETCA BHICOKOTEMIEpPATypHLIM CBEpPXIIPOBOAHUKOM.
Bo Bcex 3TMX COGAMHEHMAX MaKCuMaAbHble 3Hawenua T, = 90—95 K. He HajtaeHa
CBEPXIPOBOAMMOCTh AMIb B COEAMHEHMH, IAE WTTpuit 3amemeH Ha uepuit. Ilo-

3TO CBA3aHO C TeéM, 4TO uepnﬁ TNIpOABAAET B COeAMHEHMM BAAEHTHOCTD

BUAMMOMY,
AauHEIe O PaAMOAKTHBHOM

+4, TOraa KaK OCTaAbHbIE 3AeMeHTs! M TpexXBaaeHTEL
Pm me uM3BeCTHEL

Ormegeno snauurespnoe nossmmenue T, B YBa,Cuz07 (a0 105 K) npu BHEApe-
Huu BOAOPOAA. DddpexT, BEpOATHO, CBA3AH C M3MEHEHMEM KOHLEHTPALMM cBo60)-
HEIX HOCMTeAed 3apipa. B coeammenyn PrBa,Cu;jOg¢ ¢ Taxoke oGHapy>KeHO OrpoM-
noe yeeanmdenue T. (wa 350 K) mpu AasreHuu 10 I'Tla, mpux TaKoM AaBAEHHMH
seananna T, = 105 K [113].

B xauecTBe meTaara M uCIOAB30BaAMChH TAKKE xombuHanuu THma Yq_,Sm, K
ApYTHe, KOTOphIe TOXKe IIPMBOAMAM K BBLICOKOTEMIEepaTypHOM CBEPXIPOBOAMMOCTH.

K xaaccy “123” npumsixaior BTCII, nmeromue 6AM3KYIO CTPYKTYPY, HO OTAH-
yalomuecs AOTMOAHMTEALHEIMY GAoKaMu CuO B 3AemeHTapHO¥ Adeiike, DTO mpex-
Ae Bcero coepuuenus YBa,Cu,Og (Tun “124” o6osnavaerca Y-124) ¢ T =~ 80 Ku
Y,Ba,Cu;O15 (Tun “247” o6osnavaerca Y-247) ¢ T, ~ 95 K, a Taxske ux aHaAOM
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¢ raHTauupamu. Hanpumep, B coepmnenmu tuma “124” UTTpMii ObIA 3aMeHeH Ha
Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm. IIpaBaa, Beanunna T, npu atom meckoabko
TIOHMOKAAACL TI0 CPABHEHMIO C KPUTHIECKOi TeMmepaTypoit Y-124, no ocrasapacs
B npeperax 60—80 K. ITokasano Taxske, 9TO YacTHyHOE (10 %) samemernue ur-
TpuA Karbuuem moseimaer T, coepumenma po 90 K. B coepuHeHuUM Tuma “247”
MITPUi MOXXeT GbITh 3aMeHeH, Hanpumep, Ha Yb.

OTmeTum, 4ro cymectsyer, TO-BUAMMOMY, CBEPXNPOBOAAIMIEE HEHEepPOBCKUIIO-
AoGHOe coepuHeHMe Ba,Cu;304_, ¢ T, ao 13 K [23].

Haxonen, ussectho, uro Ba B coepnHenun M-123 mosxer 6p1Th 3amemen Sr.
Oanaxo HeAmrmpopammoe coeaumenye YSr,Cu;30y, no-suaumomy, meanss npuro-

TOBMTE 1Py O6BIYHEIX ycaoBuax [24]. Ero HEOGXOAMMO CHHTE3MPOBATDH IIpM BLICO-

KoM Aasaenmu [25] mam crabuamsmpoBaTs, wacTuumHO 3amemas Cu pasawgHBIMM
MeTaaramyu uau rpymnamu CO;, SO, BO;, PO,

B aureparype cymecrryior COOOmEenns o cuHTe3e BTCII-coepunennit, mo co-
CTaBy GAM3KHMX K COeAVHEHMAM M-123, Ho oTAmuaomuxcs cTpykTypoi. IIpumepom
_CAYKMT COEAMHEHMe CaSrZ(CL10,83Bi0'17)3Oz ¢ T, = 75 K [26]. Apyrum upuMepom
AvAferca coeaunenye (La, Gd, Ce),(La, Ba),CusO, (daza 446) ¢ maxcumarbmoit

T, = 40 K [27]. Ero CTPYKTypa 6Am3Kka kax x M-123, rak u x Nd,CuO,. Cy-

.ECTBYIOT ¥ GOAee CAOKHBIE BTCII-coeaunenns.

4. Bi-xaacc (“Bucmymoboui” ). O6rapyxeno, yro CYImEeCTBYeT I[eAOE CEeMEMCTBO

CBEPXIPOBOAAMMX COEAMHEHMI C o6mieit dopmyaroit BiZSrZCa\n_I(Iu"04.,_2n [8].

3aecs n =1, 2, 3,... Makcumarpgroe 3Havenne T = 110 K AOCTUTHYTO B COepMHE-

Huu Bi)Sr,Ca)Cu;0,, [8, 28]. Dro coeAmHenue o6osHawaloT xax Bi-2223.
Ha T, mapaer xak npu yMeHbIIeHmuy,

Beanun-
TaK ¥ Npy yBeAwdeHuu n or n = 3. Ars ma-
ABIX 7. KPUTIIECKME TEeMIIEPaTyphl TAKOBLL 7 = 1 (Bi-2201) T.=22K[29, 30], n= 2
(Bi-2212) T,

= 95 K [8, 31]. Hassanue stor xracc TOAYIMA MMEHHO IO A2HHOMY
CeMeMCTBY,

TMPEACTABUTEAM KOTOPOrO GHIAM CHHTE3UPOBAHEI IIepPBBIMM,
AaHel u “ru6pupmeie” BTCII. B Ka4eCTBE mnpuMepa NPUBEAEHO COeAMHEHMe
Bi4Sr4CaCu3.Ol4 (Bi-4413). DAeMeHTapHas Agelika 3TOrO COEAMHEHMA COCTOMUT M3
ABYX moaosum: 1/2 (Bi-2212) + 1/2 (Bi
BTCII-coepuuenus aroro KAacca,
Aunermy Bi,SryCu,0, T = 90 K.

Briau cos-

-2201). HoAyuens Taxsxe MeTacTabuabHEBIE
rae Ca moaHOCTRIO 3amenen ma Sr [32]. B coe-

Bricokue TC AOCTHUTaIOTCS U B COCAMHEHMAX, B KOTOpEIX Bi 9aCTHUYIHO 3aMenme”

ca cepebpom.
cemelicTBa PbZSrZCan_ICunO‘H_Zn
B KOTODBIX BMCMYT HOAHOCTBIO 3aMemeH CBUH-
~ 110 K apocturaercs B coeAusenun Pb-2223.

Bo Bcex atux coeammenuax KaABLIMI MOXXeT 6LITh 4
AMCIIDO3ueEM U APYIMMM 3AeMenTaMy Ges 3aMEeTHOIO u3

Ha Pb uan Al. Mear wactuano MOJKET 3aMemaTs

K sromy xe xaaccy ormocsr COeAMHEHNSA
(06o3navaior xax Pb-22(n~1)n),
gom. Maxkcumanbnas T,

4CTMYHO 3aMemeH UTTpueM,
meHenus T.
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[lo cymecTBy K 3TOMY K€ KAAcCy B KayecTse ITOAKAAcca CAeAyeT OTHECTH Coe-
annenus tuna MSr,Ca,_;Cu,O;.,,. B kasecTse merarra M moryr BeicTymats Al

[33], B [34, 35], Ga [36]. MakcumaabHbIe 3Ha9eHuA ux T, M COOTBETCTBYIOMME 7

ykasamsl B TaGA. 1. Bee aTu coepmHeHMA CHHTE3MPYIOT TIPU AaBAEHMAX 5—6 TTa
(50—60 xatm) u Temmeparypax 1200—1250 °C. M3 Taba. 1 BuanO, uTo mMerasr M
NpaKkTMIeCKM He BAMSET Ha MaKCMMaAbHOe 3HaveHue T, AoCTUraeMoe B 3TOM

xaacce coeauHenmit. B coeammenmax c Al mabaopaanck dase # = 8. Kaanunit B
3TUX COEAMHEHMAX YaCTMIHO 3aMemaloT Ha MTTpuit. MaxcumarbHOe 3HaueHMe
T. = 122 K aocturayro B coeaunenuu Pb-1223 [37] n aBAsieTCA PEKOPAOM 3TOroO

KAacca.
5. Tl-xaacc (“manaruebuii” ). COCTOUT M3 ABYX NMOAKAACCOB.

IMepssiit moaxaacc — 3rto TlBa,Ca,_1Cu Oyyy,, BeCbMa HAMOMUHAIOMMI BHC-
myroBeie coepunenus [9, 33—40]. Briperenue TarrMeBOro Kaacca B OTAEAbHBIN
KAACC CBA3aHO C TeM, YTO M3MEHMAUCH ABA €r0 JAEMEHTA MO CPaBHEHMIO C BUCMY-
TOBBIM KAACCOM, TP ITOM 3HAYMTEABHO MOBBICMAACh T, M3MEHMAMCH €TO HEKOTO-
pblé CTPYKTYpHBIE XapaKTepUCTHKHM, M HAKOHEL, ¥MEeeTCA BTOpOIf MOAKAACC B 3TOH
cucreme. Makcumaapusie T, = 127K AOCTHTHYTHI B COEAMHEHNH Tl,Ba,Ca,Cu;04
(T1-2223). Apyrue coepMHEHMA STOTO NMOAKAACCA MMEIOT CACAYIOIME SHAYEHMA Tg
mpun=1T.,= 90 K; npu n= 2T = 110 K, npu » >3 seanunna T mommkaerca.
VBeauueHMeM AaBAGHUA YAAAOCH NMOAHATL T, COeAMHEHNUA T1-2223 a0 131 K.

Bropoii moakAacc — 3TO COEAVHEHMS TlBazCan_]CunOJ_,_Z" ¢ oAHMM 6AOKOM .TlO B

crpyxrypHoit earmme [41, 42]. MakcymaareHOe 3HATEHME T, B 3TOi FOMOAOIMIECKOH

cepuyt AOCTUTHYTO B COEAMHEHMH TlBaZCa_-,Cu40u u pasno 120 K. Ara Apyrux coeau-
= 103 K; npu

wemyit sTOro moaxaacca umeem: mpu = 1T, = 50 K; npu n =2 T,
n=3T,= 110K

BeposaTHO, CymecTBYeT MOAKAAcC BTCII-coeannernit Tl-12{#—1)n co cTpoH-
uuem BmecTo Gapua. JacTuyHO 3amemas TaAAMI XpOMOM, YAAAOCh CUHTE3UpOBaTh
coeannenna (Tl_,Cr,)Sr,CuOs. Bro nepeeiit 9nen (T1-1201) romoaormieckoro
papa Tl-12(n—1)n ¢ Sr. MakcumarpHaA T, = 25 K pocturayra mpu x = 0,25.

6. “Pmymnoui xaacc”. Tomoarormiecxkasd BTCII-cepua HgBa,Ca,_1Cu 05,942
[10, 43, 44]. B oTAmdue OT TaAAMEBEIX COeAMHEHMIL, TA€ B 3AeMEHTapHON AdeKe
copepskutcsa 6A0K (MAn 6aoku) TIO, B pryTHBHIX COEAMHEHMAX — 3TO 6a0x HgOs.
BeauunHAa & 3A€Ch MaAa IO CPaBHEHMIO C eamumneit (tumeaso 8 < 0,1), T. e. ume-
JOTCs, KaK FOBOPAT, BaKaHCUM KMCAOPOAA. Maxcumansaas T =135 K HabaropaeTcA
8 HgBa,Ca,;Cu304,s. IMosbimenyeM AaBACHMA YAAAOCh AOCTHIATh B 3TOM COEAK-
nemyu T, = 146 K [11]. Dro pexopaAHEIe Ha ceropHsmHMi AeHb BeAwanHsl T, BOC-
IIpOu3BeACHHEIE B Pa3HEIX AabopaTopuax mupa. B Apyrux uAeHax cepuu nMeeM:
mpun=1 T,= 97 K; npu n = 2 T, = 128 K. C pocTom AaBA€HMA SHATEHUA T,
AASL ITHX YACHOB CepMM TaKXKe YBEAMIMBAAUCE U aocturaay mpu n = 1 T = 118 K;
= 154 K. Croap cuapHpni poct T, coepuHeENMA Hg-1223 u apyrux
4 C TeM, 9TO B OTAMUME OT TPEXBAACHTHO-
+2), orciopa — ApYyroe KMCAOPOAHOE

opu n= 2 T,
YAEHOB Cepuy C AaBAEHMEM CBASBIBAETC
ro taaaua (TI¥3) pryTe AByXBareHTHA (Hg
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OKpY>K€HMe M, KaK CAEACTBUMe, APYras KOHLEHTpauus CBOOGOAHBIX HOCUTEAEH 3a-
paaa N. . : _

Takum o6pa3zoM, AaBAeHue, KOTOpPOEe TPUBOAMUT K M3MEHEHMIO KOHIEHTPALMM
N, mosxer no-paznomy usmenntb T, y passeix BTCII-coeannennii, YUUTHIBaA, 9TO
3aBucumocTh T, or N He MOHOTOHHa.

[Ipu Aarvueitmem yseawsenmm 7 (mocae n = 3) Beamumna T coepmnenus
HgBa,Ca,_Cu 0y, 4,45 Hauunaer mapate (mpu # =.4 T_ = 126 K; npu n = 5
T, =110K).

Ha puc. 3 nmokasama 3asucumocts T, or =n  ars  coeammenwit
HgBa,Ca,_,Cu,0,, 5.5 Brlro cunTe3snpoBano aaxxe coeaunenue c # = 8. IToxo-
JKMe 3aBUCUMOCTH HAaOAIOAZIOTCA AAS Apyrux kympartaeix BTCIT-kaaccos.

T.. K
150

140 ¢

130

120

T Ty

110

100

90

aoJlll
0 1 2 3 4 5 6 7 8

Puc. 3. 3a8ucumocme T BTCIl-coedunenuii HgBa,Ca, Cu O, , ..

om n-yucna cnoeB CuO, 8 snemenmapnoii auelixe

B Hactosmee Bpems ymenbmenue T, c pocTom # (mOCAe AOCTMIKEHMA MaKCH-
MyMa) CBA3SLIBAIOT C YMEHbIIEHMEM KOHIEHTPALUM CBOBOAHLIX HOCHUTEAE! 3apsaaa B
croax CuO;, HAXOAAMMXCA B CepeAMHE 3IAEMEHTApHON ATEHKM. ITepcnexTusnoe
HanpaBAeHMe — BBEACHME KATHOHHLIX BaKaHCHMA BOAM3M 3THX OGeAHEHHBIX HOCH-
TeAaMu 3apapa caoes CuO,.

B coeausennsax storo xaacca Ao 40 % pryT yaaerca 3a MEHMTb Ha 30A0TO, HO
¢ HeKoTOpbiM oHuxkeHnem T . _

[To-sumaMMoMy, cymecTBylOT M cCoeAvHeHUA “pTyTHOro” xaacca co cTpoHLMEM
BmecTo Gapua. Ham ne ussecTHn pabotsi, rae CHMHTE3UPOBaHbI ‘“‘yucThie” coepm-
renua tuma HgSr,)Ca _,Cu O,; 6oaee Toro, mmeiorcs coobmenus, 9TO0 OHM He
noayqaorca. Oprako yaarocs moayunts BTCII-coepumenmus 3toro MOAKAAcca,
HaCTHIHO MAM MOAHOCTBIO 3amenas Ca ma Y, La, Nd mau KOMOMHALMKU pa3HbIX
metaaros. (Ho, Ce), (Sr, La) u ap. [45]. Makcumarbnas T =81 K noaygena B
3TOM CAy4Yae, AAf _HgSrz(La,UCe"'zCa",5)Cu206+8. YactuvHOo 3amenss Takke
Hg ma W, yaaroce moayunts T. =94 K B coeaunenun (Hgy sW 2)
Sry(Cay Yy, 4)CuyOp4y 5. Umetorca u Apyrue Bapuanti: Ca wacTidmo 3amemaeTcs
AaHTaHMAAMM, St — AanTtanoM, Hg — moau6aenom u ap.

Heo6xoaumocTs Takoro ycaoskHemms uCXOAHBIX COGAMHEHUA AAA TIOAYYEHMSA
6onee BLICOKMX 3HaYeHM T, cBA3anHa ¢ TOHKO} pPeryAMpoBKO} KOAMYeCTBa CBO-
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6OAHBIX HOCHTeAeH 3apAAa (BaAeHTHOCTb), CTPYKTYPHBIX MapameTpoB (pa3mep
aTOMOB), KOTOPaA COXpPaHAET CTAOMABHOCTh pemeTKH.

Haxorew, omy6AmMKkoBaHb! pe3yAbTaTsl cuHTe3a coeAunenna Hg-2212 ¢ T, = 80 K.
B stom coeaunennn aABa 6aoka HgOg B anementapHoit avesike. OaHako Tpebyercs
CTaBMAM3MPOBATh ITY CUCTEMY, JACTMYHO 3aMemas KaAbLMA APYIMMM 3AeMeHTa-
MM, Harpumep UTTpueM [46].

O630p caoiicts prytusix BTCII npeacrasaen B pabore [47].

7. “Mednvit” wxaacc. ‘Taxkoe TaBTOAOIMYECKOe Ha3BaHMe, BO3MOIKHO,

HeyAagHoe. AeA0 B TOM, YTO B COEAMHEHMAX 3TOrO KAacca MeAb MIPaeT Ty
e poab, uro Bi, Tl, Hg B cBoux kaaccax. Kak u B “raramesrix” BTCII, o6-
Hapyxesmo ABa mnoakaacca:  Cu,Ba,Ca,_ ;0,5 .5Cu (Cu—=22(n—1)n) [48] u
CuBa,Ca,_Cu 0y, 4,45 (Cu—12(n—1)n) [49—52].

CoeAVHEHMA CHHTE3MPYIOT TIpY BRICOKMX AaBAerwix. Bewrsmmr T, B Cu—22(—1)m:
mpun=23 T.=67/ K, mpun=4 T.,= 113K, npun= 5 T.< 110 K; npn Cu—l.’.’(n—l)n
umeem: mpu n=3 T.= 120 K, mpu n =4 T_= 117 K [51, 53, 54]. B smmoro-
dasnom obpasue Cu-Ba-Ca-Cu-O nabawaarace T, = 126 K, pekopaHas Ard 3TOrO
KAaCCa COeAMHEHMI, OAHAKO TOUHOe 3HadeHme 1 AAs (aswl ¢ Takoit T, He 6blr0
onpeaeaeHo [55]. O6mapykeHo, 9TO BO BCEX 3THX COGAMHEHHMAX B CAOAX CuQ;

MEAb YACTUMYHO 3aMEMaeTCA YIAepOAOM. YIAepoA CAY>KMT IPOCTO CTabMAM3MpYIO-
myM (aKTOPOM TaKo¥ CTPYKTYpsl M cAabo Bauser Ha T.. Vlmoraa gopmyay sTHx
CoeAMHeHMi mMmYT C yraepoaom, Hampumep, (Cu, C)-1223 [56]. Yraepoaom mox-
Ho samemath A0 50 % MeAu B TepBO¥ MO3MULMKU TOUTH 6e3 nomwkenua T. Ara
crabuansaumuu aspl C MEABIO MOIYT GBITh MCIIOAB30BAHBI ¥ HEKOTOPEIE ApYTMe
sarementsl, Hanpumep, Ca, P, Ge. B 3atom caydae A06aBOYHBIM IAEMEHT TaKxKe
9aCTHIHO 3aMemaeT MeAb B e} .oi mo3ulmy. B Takom coeanHeHMH (Cu, Ca)-1223
aocturayra T, = 116 K. B coeannernu Cu, 5Ag 75-1234 B KavecTse cTabuansu-

pYIOImero 3AeMeHTa CKOpee y>Ke BBICTYTIAeT MEeAb, 3AeCh T.= 117 K.

B poAu Meau B KadeCTBe IIepPBOTO 3AeMEHTa MOIYT BBICTYHaTb ¥ Apyrue 3ae-
ventsl, Hanpumep Ag [49]. OTHeceHme Takux COEAMHEHMH K “meaHOMY” Kaaccy
CBA33HO C TeM, 9TO AAA HMX TakKe Tpefyerca A06aBKa yrAepoAa Ans crabuansa-
mu. OTMeTMM 3AeCh IOAYIeHye HECKOABKMX YAEHOB TrOMOAOTMIeCKOM Cepun
(B;—<C,)Ba,Ca,_1Cu, 0,5, 5 Makcumarvuas T. = 115 K nanaerna arx n = 4
IIpu aAaBaenmn 150 xatm T AocTuraer 130 K (u3mepeHo mo Haday mepexoAa)

[57]. Tpu wactuanoit (25 %) sameHe Ba ma Sr B coepuHeHMM C # = 3 TMOAydeHa
T. =120 K (x = 0,2-0,6) [58]. B kavecTBe ApyrMX 3A€MEHTOB B COEAMHEHMAX

(M, C)(Ba, Sr),Ca,_,Cu O;_5, MOryT BRICTYIIaTh TaKXKe Ga, Al [59].
3HaIUTEAbHOE KOAMIECTBO MEAYM B NeEpBOi MO3MLMK MOXKET OBITh 3aMEmeHo
TaKyKe Cepoif uAM XpoMoMm. B coeamHeHmax (CuOJSU,S)Sr_ZCan_1CunOx (n = 3-7),
[IPUrOTOBAEHHBIX TIPY BBICOKMX AABAEHMAX, MOAYHeHE maxkcumarpmas T, = 100 K
npu 1= 3. VI paxe and n = 7 seawaura T, = 60 K [60]. O6paTum BHMMaHKE, TO
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npu 3tom B “MeaAHOM” coepuHenmu BMecTo Ba mcmoanzosan Sr. Ilpu 3amemennnu
meau xpomom B o6pasye (Cuy sCry 5)Sr,Ca,Cuz0y4_, Aocturayra T, = 103 K [61].

K sTomy >xe KAaccy cAepyeT OTHECTM HEAAaBHO CHMHTE3MPOBAHHOE COEAMHEHME
AuBa,(Y,_,Ca,)Cu,0; [62]. Asropr! moAyamAM Takoe coepuHeHyue ¢ Au B IepBoOi
noauuun A 0 € x < 0,4, Makcumaarnoe snavenne T, = 82 K moaydero arsz x =
= 0,4. O6pa3ysl CUHTe3UPOBaHEI IpPM BHICOKMX AABAEHMAX ¥ TEMIEPaTypax.
[IpeamoaaraeTcs, 4To MOXKET CyIeCTBOBaTh HeoOHapyskennasa moka BTCII romo-
aorudeckas cepus AuBayM,_Cu Os,, ¢ M =Y, Ca, Sr.

B BhICOKOTEMIEPaTypHLIX CBEPXIPOBOAHMKAX OCOGEHHO APKO MNPOABAAETCA
o6mas yepra, NpUCymas BCeM U3BECTHLIM CBEPXIPOBOAAIIMM MaTepPMaraM C OTHO-
cureabHO Bhicokumu T, — HecrabuabHOCTh., IIpo6rema HectrabuabrocTy BTCII

n—

BaxXHa AAA moHuMaHua ux npupopbl. B BTCII, wapsapy ¢ Apyrumyu Tumammu Hecrta-
GMALHOCTH, TIPOSIBAAETCS M HOBBI TUI — YXOA KuCAopopa co “csomx” mect (u
Aaxke u3 o6pa3ua). DTOT NpoLecc MPOMCXOAUT IPyM HarpeBaHuyu O6pasIOB AasKe
Ip¥ OTHOCHTEABHO HM3KMX TeMmepaTypax B Bakyyme. IlosaTromy mpm cunrese Ho-
Beix BTCII Bce wame Bosmmkaer npobrema crabuanuszanuyu cTpykrypsl. OTciopa —
HeOOGXOAMMOCTh CHHTEe3a 06pasLOB IPY BBICOKMX AABAEHMAX M TeMepaTypax, A0GaBKu
“nocroponnux” saeMenTOB. DTO B CBOIO OYepeAb He 6e306MAHBIE Omepalyy U BEAYT K
pocty uucaa AecheKTOB B 06pasiie ¥ M3MEHEHMIO IAEKTPOHHLIX YCTPOJCTB,

Takum 06pa3om, BO3HMKAeT HEOGXOAMMOCTE B ONTMMM3ALjM NPUTOTOBAEHMS
o6pa3noB u koppeTnposky cocrasa. Ho 3ro yxe Hexas TexHorormueckas “‘Kyxua”
(xors u BaxxHas).

[Io cymecTBy, TOABKO 4YTO pacCMOTpeHHEIe deThlpe kaacca BTCIT —
“BucmyToBei”, “rTasrueBnir”, “pTyTHEH” M “MeAHBNI” — ABASIOTCA YAaCTHBIMU
CAy4aAMM OAHOTO KPYMHOTO CBEPXKAACCa, AAf KOTOPOIO MOJKHO HamMCaTh O6mYIO
dopmyay M, Ry)Ca, ,Cu,O,.

3aece m = 1wman 2; n=1, 2, 3, 4,...; M = Bi, Al, B, Ga, Tl, Hg, Cu, Au uan
HeKOTOpble KOMOuHaLuu 3reMenTOB, R = Ba mau Sr. Beanunna z 3aBucur or Toro,
KaKOJ 3AeMEHT 3aHmMMaeT mo3yuumio M u KakoBo 3Hadenue m. OAHAKO HEKOTOpEIE
pasAwanA CTPYKTYPHBIX M APYIMX CBOMCTB 3TMX KAACCOB NO3BOAFIOT BEIAGAMTh MX
B OTAEeAbHbIE CeMeNMCTBa. T0, YTO yKa3aHHEIA CBEPXKAACC CYMECTBYET, IIOATBEPIK-
A3eTCAi HaAMIMEM COeAMHEHMH, B KOTOPHIX IlepBas IO3ULUA 3aHMMAeTCA KOMOMHa-
Ljeli 3AeMEHTOB M3 PAa3HEIX KAaccoB. IIpu sTOM Takas KOMOUHALMS MOIKET opu-
BOAUTh K COEAMHEHMIO, KPUTHMYECKAs TeMIepaTypa KOTOPOTO AajKe NpeBhImaeT
BeAwanHbl T, “MCXOAHBIX” COeAMHEHMII C OAHMM SA€MEHTOM B KadecTse M. IIpu-

mepom cayxur coeamnenue Tl Cuy_ Ba,Ca,Cu;0;;_
Aocturayra T, = 121 K [63].

B aureparype cymecrsyer psaa coobmemmit o ﬁo;xyqemm, nomumo BTCII-
coepnnenuit kaaccop 12(n—1) u 22(n—1)n, 6Au3KMX 1O CTPYKType CoOeAMHEHM,
KOTOpEle MOXHO O603HawmTs Kak 1222 mam 2222 ¢aser Ilpumepom daser 1222

y» B Kotopom mpu x = 0,7
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cayxur coeanuenue (Pb, Cu)(Eu, Ce),(Sr, Eu),Cu,0,, B koTopom moayueHa
T.= 25 K [64].

8. “Hyaebow” xaacc. Popmyaa ero SryCa,_1Cu, Oy, 4, man BayCa_,Cu 0,,,.
DTOT KAacc Ha3BaH TaK MOTOMY, YTO NepBasA MO3MLMA, TA€ AOAXKEH HAXOAUTHCA
arom Bi, Tl, Hg uan Cu, orcyrcreyer. CuHTE3MpPOBaHbl COEAMHEHMA CO Sr U 1; =
= 1—4 [65]. UaeT cnop o ceepxmpoBoaumocTy coeAuHeHns ¢ n =1 [66], cunres
IIPY BBICOKMX AQBAEHMAX.

B coeannenusax c 6apuem maxcumarpHas T, = 126 K aocruraerca mpu n = 3
[67]. Oanako ars yBeanuenus T, npumaock BHocuth Aedextst Ca u Cu. Ilpu yse-

AndeHmu n Beime 3 Beawumna T, mapara. CoeamHeHus HecTaGuAbHBI Ha BO3AyXe
(moraomator CO,). Dt coeannenna Hanomuuaior Tl,Ba,Ca,_;Cu,0y4y ), HO Ges

6aoxos TIO B 3anremeHTapHOM suesike. IIpuBAaexaer (mpm cToab Bhicoxkoi T.) or-

cyTcTBMe TOKCuYHBIX 3aemenToB Tl, Hg.
9. “Infinite layer” uan “Gecxoneunocaounouwt” Kaacc. Hau6oaee sapxkuit mpea-

CTaBMTeAb ITONO KAacCca SrCuO, [68]. CrpykTypa HectabuabHa. AAa crabuansa-

MM YacTb CTPOHLMA 3aMemaeTcsi KaablLueM [69, 70]. B coeaunenun
(Sr_,Ca,),CuO, AocTuruyra T, = 110 K [71]. Crabuansanmus Moxer 65ITH OCY-

mecTBAGHa TaKyKe C MOMOmBIO Apyrux 3aemenros (Nd, Sm, Pr, La, Y) [72]. Ipu
stom seawanust T, = 40—70 K. Vmerorcs coobmenusa O MOAHO} 3aMeHe CTPOHLMA

Ha KaAbumit. MakcumaapHoe T, HalAeHHOE B o6pasnax CaCuO,, pasro 100 K.

Hecxoarbko —Aer Hasad  Owina - obHapy>xeHa FOMOAOrWiecKkas Ipymna

Sr,+1Cu, 0142045 [73]. Coeannenne SrCuQ, aABAsieTcA Kak Obl mpeAeABHBIM Mepe-

XOAOM IPH 7L —> 0. .
OTMCTMM, 4YTO 3AeCh BO3MOJKHO 3aMEIICHHUE CTPOHUNA 6apmeM. B COeAMHECHUN

(Sr;_Ba,),CuOs3,5 mpy x = 0,6 aocturayra T, = 50 K [74]. Haanaue raxoro
BTCII-coepnHeHus yKa3blBaeT Ha BO3MOJXKHOCTh CYyIeCTBOBAaHMA TOMOAOIMIECKOH

rpymmsl ¢ 6apuem.
Oco6ennoctsio BTCII-coeannenmit Tvna Sry_,Ca,CuO, sBAseTCH, KaK MpaBu-

AO, TO, YTO OHM COA€piKaT 3HAaYUTEAbHOE KOAMIECTBO BaKaHCUHI CTpPOHLUNA, KaAb-
Oy, KuCAOpOAa. VeBeAnunBasa, Hampumep, KOAMYECTBO KHMCAOPOAHBIX BaKaHCHH

OCTHUIraeTcsa OT>KUIOM 06})83].108 B a:rmoccbepe Pa3sAnUYHOIO cocmsa), MOJKHO

(uto A
= 100—110 K B o6pa3us

npeBpaTHTh 06paslLsl C ABIPOTHOI IPOBOAUMOCTEIO M T,
C 3AeKTPOHHOJ MPOBOAMMOCTBIO, IIPY STOM MX T, maaaet Ao 40 K [75].

TaxkoBsr ocHoBHbIe xaacchl KynpaTasix BTCII, xoTopsle CHHTE3MPOBAHEI B Le-
AoM psae rabopatopuit. B TO Jxe BpemA B AuTepaType CYMECTBYIOT coobmeHsusa u
0 APYI#X COeAVHEHMAX, MMEIOMMX MOXOXYI CTPYKTYpYy M Beicokue T, Drtu coe-

AMHEHUs MHOIAa MMEIOT eme 6oaee CAOJKHBIM COCTaB, 4YeM Te, KOTOp&IE 6bLAM IIe-

TO AVIIb eAMEWYHELE COOGmeRMs ¥ TPeGYIOT IpOBEPK.

peInUCAEHBL BhBIIIE. MHOI‘Aa 3
HEe BKAIOYCHEI B TabA. 1 ¥ He BBIAGAEHHI B OTAEAb-

ITo IIpUIMHAM TaKoro poAa OHM
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Hele Kaaccel, IIpuBepem Heckoabko mpumepos rtakux BTCII. Coeaunenme
Y;Ba;CuyOy_s cunresupoBano meckoabko Aer Hasaa, T. = 90 K (aBropsr Hass-
BaIOT 3TO coeAuHeHue Tuma 224). Dto coepuHeHme umeeT AMmHMIA 6AOK Y B sae-
MEHTapHOM sA4Yedike mo cpapHeHuio ¢ Y-124. Apyrosi npumep — 310 coeaumenue
Ba;La,LuCucO, (x = 14) [76]. CeepxnpoBoauMocTh B HeM Ha6AIOAAAACH TIOCAE
OTXKMIa B KMCAOPOAE NIPM BHICOKOM AaBAeHMM (IIPM 3TOM KPUCTAAAUYECKAA CTPYK-
Typa 3 TETParoHaAbHOM CTAHOBUTCA OpTOpoMbudeckori). MakcumaabHOe 3maye-
une T, = 50 K. Coepnnenne ErsBa;Cu;,0, ¢ T, = 93 K (cunresuposano B Buae
MAEHOK) 06AaAaeT OPTOPOMOMIECKOl CTPYKTYPOIL C YBEAMYEHHBIMM IO CPaBHEHMUIO
c coeaunennem Er-123 mocrosamneiMu pemerkyu B maockocTax “ab” [77]. Coo6ma-
AOCh TaKXe O cuHTrese coeAunenuit MBa,Ca3Sr,CusO,, rae M = Gd, Ho, Dy c
T, = 50-65 K. BosmoxxHocTh mOsABAeHMA “mMapasuTHBIX” (ba3 B TAKMX CAOIKHBIX
COGAMHEHMAX OYEeHb BEAMKA, NIO3TOMY HEOOXOAMM THIATEABHEIA ha30BBI aHAAMS.
Ormewanack Takske CBEPXIPOBOAMMOCTb (C T. = 25—-42 K) B pyTenueBrx coeamu-
wenmax tuna RuSry(R, Ce),Cu,0,, rae R = Sm, Eu, Gd, obrapaomux MH-
TepeCHBIMM MArHUTHBIMM CBOMCTBamu. HeOOLIYHEI CBOFMICTBA ¥ COEAMHEHMSA
CaLaBaCu3Oy (T, = 80 K) [78]. Tak ke, Kax ¥ CBepXIpPOBOAAIMME COEAMHEHWS
Z}dSrBaCu3Oy u EuSrBaCu3Oy (¢ meckoapko mempmuvu T_.), OHO aBAseTCH
“BO3BPaTHEIM” CBEDXIPOBOAHMKOM, T. €. €r0 CONPOTHBAEHME BOCCTAHABAMBAETCA
Ipu Hu3Kux Temnepatypax (~ 40 K). Dro coeaunenme, B oTAMuMe OT coeAmHeHwMI
> Gd u Eu, He uMeeT MAarHMTHEIX MOHOB, C YIOPAAOYMBAHMEM KOTOpBIX TIPM HU3-
ax T < T, o6erano u cBA3aHo “BO3BpaTHOE” mOBeAeHMe.

B o6paspax cocraBa InKBa,Ca;Cu 0, aBroper paborsr  [79] moayuman
[. = 126 K (mo nawaay nepexopa). Oamaxo o6pa3npl ObIAM HEOAHOPOAHBI,
rowdent coctaB BTCII-casel me ycramosien. B coepummenuu CuBa,Ca;Cu 0y,
T0AyUEHO T, = 117 X [51, 80]. Coobmanocs u O CuHTE3e COeAMHEeHMIt
I1,Ba;CeCu,Og,, (x = 0,3) ¢ T, = 90 K [81], Pb,SryACu;0;,5 (rae A — aamra-
iMA uAM cmech ‘AaHTamupa ¢ Ca mam Sr) ¢ MakcMMaAbHOM T. =70 K [82] un
?bBaSrYCu;04 ¢ T, = 65 K [83, 84].

Vmeercsa Takske orpoMHOEe KOAMYECTBO COOBmeHM O cuuTese COEAMHEHNH Ky-
IpaTHOX rpynmsl Tvma 123, B KOTOpHIX mepBEIf K BTOPOM 3AEMEHTEHl YaCTHIHO
}aMEHEHbl HA mMEAOYHBIE ¥ MEAOTHO-3eMEABHEIE 3AEMEHThI, MEAb YACTMYHO 3aMe-
eérHa NepeXOAHBIM METaAAOM MAM raraueMm. Beawumna T, xak mpaBmao, HeCKOAb-
{0 MOHMIKAETCH, HO YaCTO OCTAETCA BEINIE TeMIEPATYPhl KMITEHUS a30Ta.

Oxcuxapbonamnoie BTCII

Oxcuxap6onaturie BTCII — 3to xynpatusie BTCII, B xoTopeix 9acts aro-
10B MeAu 3ameHeHa 6aokamu COj; (Taba. 2) [85—87]. Taxum obpa3om, 3TO Kax

JBI MOATPYTIA IpyTIIBI Kynparaeix BTCIIL Ilomumo ykasamsoro B Taba. 2 xaacca
)Kcuxap6oraTueix BTCII-coeanmenmit MSr,Cuy(CO;)0; ¢ maxkcumarbHO T, =

=70 K [88], Bmicokme kpuruaeckue TeMIIepaTypsl HaMAEHEl TaKXXe B BAM3KUX
‘Aaccax MSr,Ba,Cu,(C0O;)0; u MSr, ,Ba,Cu,(CO;)0;, rae M = TI, Hgy, sPby s,
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Hg [89]. Cpean coeannennit Tuma M,Sr,Cu,(CO;3)Og umerorca BTCII, rae B mep-
BOJ IIO3ULMM HAXOAATCA ABa MeTaaawdeckux atoma. Kpurwdeckme remmeparyph
CHMHTE3MPOBAHHEIX A0 CHMX IIOp COeAMHeHMi C AByMAa aromamu M okasaaucs
HeCKOABKO Huxe (TaK, mpu M = Bi seasrunna T, = 25 K).

Tabauy a. 2
Oxcukap6oHartHbie BTCI
Knacc OcHosHble npeacTasuteny O6nactb Maken- Mpumeuanue
onTiManb- | ManbHan
Heix cocta- [ T, 'K
BOB
MSr ,Cu,(CO,)0, M= Hg1_bey (y =0,7); MNonyuetbi TaKoKe
(SZCC-1201) Hg,_ Bi_ (y = 0,5); ceepxnpoBsoaAuHe
- B_Y v 0.3—0.5): coepuHenus, rae M—
1—yBiy (y = 0,3—0,5); kom6uHauun Tl ¢ Cr
TI,_yCry (y = 0,2—0,25) wmV,HgcV
(T, Pb,)Sr,Cu,(CO;)O0; y=05 70
HgSr Cu,(CO,)0, 76
M,Sr Cu,(CO,)0, Bi,Sr,Cu,(CO4)0, 30
(8,CC-2201)
(ST, Ca), . ,Cu(CO)0,,, | (57,_,Ca,);Cu,(CO,)0, z~ 1 92
(Sr,44C,C—CaCu0,) (S,CC—CaCu0,) y =4
(Sr,_,Ca,),+1Cu,(C, B)O, 15 | fnan=3
n=1,23 -

MmeloTca nyOAMKanuM, B KOTODHIX ONMCAHEI okcuxap6onarueie BTCII Ha
ocuose Ba Bmecto Sr [90]. Heckoarko cAoB o Hux 6yaer cKasaHO B paspeie
“Crpyxrypa BTCII”. BeAnauHa KpuTHIeCKON TeMIOEpPaTypsl B 6apueBLIX COEAMHE-
muax cocrasaira T, = 60—100 K.

Haxoser, moaydensr okcukap6onatheie BTCII-coeanHenyus Ha OCHOBE TACHOB
paaa Sr,;1Cu Oy, [91]. B Hux AoCTHUIHYTEL T. 2 90 K. Ao6aska 6opa yBeAwin-

BaeT mMakcumaabHyIo T, A0 115 K.
OaxoBpemenHo ¢ kapGonarsoif rpynmoir CO; yAaerca BBOAUTE HMTPATHYKO

rpynny NOj, moAyyas, Takum o6pa3om, oxcumurpatHeie BTCIL B coeausenmu

YCaBa, Cus(NO3)g 3(CO3)o,7011 [92] aocTurayra T = 82 K.

Oxcuzanrozenudnve BTCII

Oxcuraroremuausie BTCII — sto taxxe kynpatasie BTCII, B xoTOpBIX YacTs
KMCAOPOAHBIX ATOMOB 3aMeHEHa Ha FaAOTeHB! (XAOp MAK drop). Kak mpasuao, 3ro
raK Ha3bIBaeMble 3MMKAABHbIE aTOMEL B HacTosAmee BpeMA M3BECTHO yXe OKOAO
ABYX A€CATKOB Taxux coepunenmit ¢ T, or 25 a0 100 K [i00]. B Ta6a. 3 mpuseae-
HO HECKOABKO IPMMEPOB OKCHUIAAOTEHMAHBIX BTCII, moaydueHHBIX 3aMemeHHeM
KMCAOPOAa FaAOTeHaMM B Pa3HBIX KYNPaTHBIX BTCII-kaaccax. Ara xaacca Y-123
6ban moayuensl Takoke BTCII-coeanuerusa c dropoM, KOrAa B COEAMHEHWMM IPUCYT
cTBOBaAM OaHOBpemeHHO ¥ Sr u Ba: YBa,_,Sr,Cu3O;_JF; makcumarbHag T = 8K




lNpuknagraa ¢usuka 1-1999 41

U3 Taba. 3 BuAHO, UTO TpM 3aMemeHMM KUCAOPOAA (TOPOM MAM XA0poM pe-
3yAbTHpYlOmee 3HaYeHue T, B OCHOBHOM NOHWMKA€TCA 1O CPABHEHMIO C BEAMYMHO

T, B ucxoanom xynparaom BTCII, xora npucyrcrByioT u o6paTHsie CAy4au: raro-
res yseamamsaer T, MCXOAHONO COEAMHEHMA. Hanpumep, B coeaunenun
T1;Ba,CuO(F, moayueno T, = 100 K [93], sBeaenne dropa B Hg-1201 yBeAuuH-~
Baer ero T, c 61 ao 97 K [%4], é MCXOAHO HECBEPXIPOBOASINIEE COEAMHEHME
YBa,Cu3Og 1y Aeraer BTCII ¢ T, = 94 K [95].

Ta6bnuya3l
Oxcuranorenugsbie BTCN
Knacc OcHoBHble npeacrasutent O6nactb MakcumansHan
ONTUMAaNbHBIX Tc, K
COCTaBoB
La,CuOF La,_,Sr,.Cu(O, F)yys x=1,3 55
YBaZCu3O7:F YBaZCu3O7_5Fx x = 0,066 94
YSrZCu_.,O.,:F YSr,Cu,0, -VFY 63
Nd,CuO zF Nd,CuO,_F y 27
' Nd, 5sCeq, 1sCU0,_F, 27
Sr,CuO,:F Sr,CuO,F, %
Sr,Cu0,_F,
Srz,_xA,(Cuo.l_,F2 +3 x=10,6 64
(A = Ca, Ba) (A = Ba)
SrZCan_1Cun02n+8:F SrzCan_1Cu02n +5F2 iy " f 2 _ 19191
SryCu,0,:Cl (Sry_Ca,),Cu,0, +5CI2_Y x=0,7 80
y=0,7
Ca,Cu0,:Cl (Ca, M),CuO,Cl, M = Na 26
(M = Na, K)
Caz_xNaxCaCUZO 4CI2 49
Sr,ReCu,0:F Srz(Nd1_xCax)Cu205F x=0,8 85
(Re—pegkas aemns) 05<x<1
Tl,Ba,CuO:F Tl,Ba,CuO,F, x=0,6 100
HgBa2CuO iF HgBa2CuO F 97

Pexopanoe 3Hawemme T, B 3TOM KAacce AOCTHIHYTO B COEAMHEHMM
SryCa;1Cu,Oyyy45F sty Monyseno T, = 99 Knpu n=2u T = 111 K — npu n = 3
[96].

B pa6orax [97, 98] cunresuposans oxcurarorenupusie BTCII ¢ sarexTpomHOlM
IOPOBOAMMOCTLIO (n—’fnn). O6mas dopmyaa ux LySr; Cu(O, F)yys rae L = La,
Nd. 3uawenns T, = 55 K ¢ La u 27 K — ¢ Nd. TTo-Buanmonmy, T.= 55 K asaser-
CA peKopAHOM Ha ceropnramnmit Aewb AA2 BTCII ¢ n-runom mposoaumoctn [99].

B nexoroprix pa6orax yTBep>KAaAOCh, 4TO BBeAeHME (PTOPA YBEAMIMBAAO T,
kepamuxu YBa,CuzO;_s ao 125 K (n paxxe 150 K). Oamaxo Takue o6pa3sipl oka-
3BIBAAMCH HECTaOGMABHBIMM. ABTOPEI 3TMX paBGOT TakKe He COOBMAIOT, B Kakue
nosumuu capuaci ¢rop. Pe3yabTaTsl BecbMa MHTEpECHEI, HO TPe6YIOT AOHNOAHM-
TEABHO} IPOBEpKH.
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IIpuryunuaspsan BaxxHocts uccaepoBanua BTCII ¢ smmMkarbHBIMM raroreHamu
BMECTO KMCAOPOAA COCTOMT B TOM, 4YTO IIPY TaKOM 3aMeHE AOAXKEH PaAUKAABHO
MEHATBECA (POHOHHEIM CIIEKTP COEAMHEHMA M MHOILME €ro 3AEKTPOHHLIE CBOMCTBA.
ITosToMy Haau4Me BBHICOKMX KPUTHIECKMX TEMIEPATYP Y OKCUTAAOIEHUAHEIX COe-
AVMHEHMM AOASKHO HaKAaABIBATh OrpaHudYeHus Ha Hekoropsie moaeau BTCIL '

Bucmymobeoie oxcudnesie BTCII

Bucmyrossie oxcuasl — 310 Bropas rpynuna BTCII-coeaunenmit. Xors Bucmy-
TOBBIX OKCUAOB, OO6GA3AZIOMMUX BHICOKMMM KPUTHYECKMMM IapaMmeTpamy, Cymie-
CTBEHHO MeEHbIIe, YeM KYIpPaTHBIX, 3TOT KAACC ABAfSETCA NpuHumMIMarbHEIM, OH
AOKa3LIBaeT, 9TO He TOABKO CBA3b Cu—QO B COEAMHEHUYM MOJKET NMPMBOAUTHL K BbI-
cokum T, Kpome toro, orcyrcreue marmutaeix momeHntoB y BTCII-coeannenwmi
3TOTO KAAaCCa MCKAIOYAaeT BO3MOJXKHOCTh OOGBACHEHMA MX CBEPXIPOBOAMMOCTM Ha
OCHOBE MarHUTHBEIX B3aMMOAEMCTBUIL.

B Ta6a. 4 nokazausr ocuousle BTCII-npeacTaBuTeAn 3Toro xaacca. Ars coeamme-

Hua Ba,_ K BiO; makcumarbHas T, = 34 K, xoropaa 6pira omy6AMKOBaHa AAA Mac-

cusHoro marepuana [101, 102]. TIpu ao6aBrenwu Pb 6vira cunTesupoBana cBepxmpo-
Boaamasa cucrema Ba—K—Pb—Bi—O co caouctoit crpykTypoit. Cunresuposan
HOBBIf KAQCC CBEPXIPOBOAAIMX 6e3meAHBIX OKCHMAOB Ha ocHope SrBiO; [103]. Max-

cumanpHan T, = 12—13 K apocturnyra B Sr_, K. BiO3 u Sr;_ Rb,BiO; (x = 0,4-0,6).
Tabnuya 4

Bucmyrossle okcugHbie BTCN

Knacc OcHoBHble O6nactb Maxcu-
npeactaBuTend | onTUManbHbIX ManbHas
cocraeoB T, K
BaBiO, Ba, K BiO, z=04 34
(0,4 < x < 0,6)
B.'=\1_xbeB|O3 29
BaPbO, Ba,_K,PbO, x~ 0,1 30

B cucreme Ba;_,K,BiO; HaGAIOAAETCA MHTEPECHAs 3aBUCUMOCTb T, OT KOAM-
yecTBa Kaaus x. MakcumaabHoe 3Hawenue T, AocTuraercs B6AM3Y rpaHuusl daso-
BOTO IEPeXOAd METAAA—AUIAEKTPMK (IPAHMIBEI HEYCTONIMBOCTH METaAAMIECKOK
dazmn). [Ipn x < 0,3 coeaunenue SBAAETCA AMIAEKTPUKOM. Bo3moskHOCT: CTabu-
AM3UPOBaTh MeTarrmdeckyio ¢asy Bay K, BiO; npu x < 0,3 mo3BOAfET MOBBICHUTH
T. sToro coepuHenus. Taxag 3apava 6eira pemeHa AAS IIAGHOK COCTaBa
Ba, gKy ,BiO3 [104], rae pocturayra T. = 35 K. Beanuuna T, Taxxe mapaer c
poctom x, u mpu x 2 0,5 cranosurcs pasmoi 15 K (pac. 4), Beanmauna T ars
ONTMMAABHOTO AONMPOBAHHOIO KaaueM o6pa3la Takike Pe3KO MapaeT mpy yMEHb-
[meHuy KOHIEHTpaIuy KMCAOpOoAa (Huoke 3Hadenusa 2,92 B (OpPMyABHON eAMHMLLE).
CAeAyeT OTMETUTh, YTO B CBEPXIPOBOAAIIMX CHCTeMaX, ¥ B 9aCTHOCTH B BTCII-
cucreMax, MakcumaabHble T, AOCTHTalOTCA MMEHHO Ha IpaHMLaX HeyCTONIMBOCTH
cucreM, rpaHnnax (a3oBEIX IEPEXOAOB (BO MHOIMX BTCII ua rpaHuie rnepexoaa

TeTParoHaAbHOM CTPYKTYpEI B opTopoM6uIecKyIo).
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T, K
o}

20

10}

OH_J 1 i 2

0,2 0,3 0.4 0.5 0,6

Puc. 4. 3aBucumocme T_ coedunenuii Ba 11—/ Bi03 om codepxcanusn xanus x

Dyarepudo:

Dyarepuast (fullerides) — sto coeaunenun meraaros ¢ dyarepenavm C¢o+ BI-
Ao o6HapyxeHO, 4T0 coepmHenms M;Cg, aBAmioTCH CBEPXIPOBOAHMKAMM C AO-
BoAbHO BhicokuMyu T_.. 3aece M — menounsie MeTaaAbl MAM MX KoM6uHammm. B
paspaA BTCII atu coeaunenus momaam mocAe CHHTe3a TaKuX COEAMHEHMM, Kak
Rb;C¢p ¢ T.= 30 K, RbCs,C¢ ¢ T, = 33 K. ITocaepnee coeammenue umeeT mMak-
CUM3ALHYIO HA CETOAHAIIHMIA ACHb KPUTHIECKYIO TEeMIEpaTypy B 9TOi Ipymme.

Ha puc. 5 noxasana sasucumocrs T, coeamnermit M;Cq or BeAmuanunl ux ma-
pamerpa pemeTky . MOXHO HapeATECA Ha AaAbHeiimee yBeawzemue pexopaAHOro
3Havenua T, 3Tof rpymmel, opHaKO HecoMHeHHO, 9TO MapaMeTp pemeTKM HeAb3A
YBEAMIMBATE AO 6ECKOHEYHOCTH: MBI IIOAOMAEM K T'PaHHuLE YCTONIMBOCTH CHUCTEMEL
U croBa OTMETMM NMPMHIMIMAABHYIO BAXKHOCTh 3TOIO Kiacca BTCII: x Bricokum
T, moxer npusoauTs ¥ cBisr M—C (Meraar—yraepoa). Kpome Toro, paccmorT-
penusie Tpy ‘rpymmel BTCII umelor cymecrBernno pasusle cTpykTyprl. O630p
CBOJCTB CBEpPXIPOBOAAIMX quMepnAon copepxrurca B pa6ore [105].
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Puc. 5. 3aBucumocme T_ ¢pyanepudoB M3Cgp om napamempa pewemxu a
(oKONO KaXROW TOMKM YKa3aHo 3HaueHne M3)

Apyzue BTCII

Tlomumo paccmorpennrix Tpex rpynn BTCII-coepunennsi, MMeIOTCA Takxe CO-
o6menus 0 AOCTIKeHuM BHICOKMX T, B MaTepuarax, He OTHOCAMMXCA HHM K OAHOI
u3 sTux rpymnm. HekoTopile u3 STMX Pe3yABTaTOB a6COAIOTHO HAAEIKHEI, TaK Kak
TOATBEpPIKAEHbl B HECKOABKMX Aa6OpaTOpuAX, HEKOTOpHIE K€ AaHHEIE TpebyoT
AOTIOAHMTEALHBIX pOBepoK. OTMETHM Mpe>XAe BCETO IPYINY MeTaAANIECKUX Kap-
6AOB — COEAMHEHMIi Pa3AMYHEIX METAAAOB C YrAepoAoM. DTO OYeHb MHTepecHad
CpyNNa CBEPXIPOBOAHMKOB, 3aCAYKMBAIOMasa OTAEABHO} CTaThu. B mocAepHnue
roA! GEIAM OTKpBITEI HOBIe Kap6uarl Tma YNi,B,C ¢ N, = 15—17 K. Pexopanoe
sgavenue T . AOCTUTHYTO B kap6upae YPd,B,C u cocrasaser 23 K. Ho aTo eme He
AaeT TpaBO KapOmpam BCTYIUTH B “xay6” BTCII, Ho yxe mpubamxaer K Hemy.
VauTHBaA 3HATUTEABHEIA Iporpecc B moBsimenmuyn T, B Kap6uAax ¥ MX MOTEHOM-
aabHBIE BO3MOJKHOCTM, MOJKHO HAaAeATHCA Ha AaAbHejmee yBeAWIeHHE MX PEKOPA-
Ho!t T.

HecKOABKO AeT Ha3aA coo6marock O CHHTE3E BTCII-coepuHeHusa B CHUCTeMe
Tl—Sr—V—O0 ¢ T, = 31 K co crpykrypoi (TIpeATIOAORUTEABHO) MEPOBCKHUTA.

Bompoc 0 BO3MOJKHOCTYM CYMECTBOBaHMA APYIMX Ipynm BTCII (xpome KympaTos,
BUCMYTOB ¥ (YAAEPMAOB) OdeHb BaXKeH ¥ AAA Hamero NOHUMAHUA MeXaHu3Ma
BLICOKOTEMIIEpATYPHOJ CBEPXIPOBOAMMOCTH, M AAA AaAbHeNmero yBeAWdeHUA
pexopasoro suaserna T.. AanHEIe HyXXA3IOTCA B IPOBEPKE.

Tpymma aBTopoB cooGmMAa O HaGAIOAEHMY CBEPXIPOBOAMMOCTH C T.~ 70 K B coe-
avmermnx  La,NiO, n Lag gSrg ,NiO4 (mpu cnenmanpHOi 06paborke). Koasrzecrso
CcBepXTpoBOAsAmeif (haskl OeHb MaAO. AaHHLle TaKXKe HYKAIIOTCA B IpOBepKe.
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B pa6ore [106] coobmaercs o aocTwokenun T, = 25,5 K B croucrom coeanue-

muu B-HINCI, cocrosmem n3 apoiinpix croes HIN, pacrosokeHHbIX MeEXAY ABYMA
NAOTHO YITAKOBAaHHBLIMM CAOSMY XAopa. Makcumaarvnas T, pocTuraercsa mpy Aeru-

pOBAHMM AMTMEM. DTO IAEKTPOHHO-AOMMPOBAHHOE COEAMHEHME ABASETCH NpeACTa-
BUTEAEM HEKOTOPOrO KAACCa HUTPMAHBIX COeAMHEeHM) (ApPYroi NpeACTaBUTEAb —
B-ZrNCl, aommposauusit anmtmem; T, = 13 K). MosxxHO OXXMAATL AAABHEMIIETO

nopsimenys T, B COEAMHEHMAX 3TOrO KAACCa NPy ABIPOYHOM ACTMPOBAHMM.

Asrops1 pa6ors [107] YTBEPIKAAIOT, YTO HAGAIOA2AM HyAEBOE CONPOTHBACHME B
cucreme K ;MoO; B unrepsase 4,2—40 K. Aaunble Hy>KAaIOTCA B IIpOBEpKeE.

Crpykrypa.

KpaTko paccMOTpuM KpMCTaAAMYECKYIO CTPYKTYpy ocHOBHEIX Kaaccos BTCIL.
Bce xympatusie BTCII umerot xapakrepryio caoucryio crpykrypy [108]. Ha puc. 6
noxasaxa sremenTapHas syeiika BTCII-coeaunenns La,_  Sr,CuO, B ageiiky La,CuO,
mosxeT GeiTh Ao6GaBaeH 6aok Ca + CuO, B coepunenuu La,_,Sr,CaCu,O, Bean-
uua T. pocturaer 60 K. BuaHO, 9TO B 3TOM COEAMHEHM): Ka>KAbIA aTOM MeAM
OKpPYJXKEH KMCAOPOAHbIM oKTasapom. Ha pumc. 7 mpuBepeHa 3neMeHTapHas AdeiKa
BTCII YBaZCu3O7. CrpykTypa op’ropom6m1ec1caa C mapaMeTpaMM pemeTKy a =

3,82 A b= 3,88 A, c= 11,7 A [Ipeanoaaraior, 9T0 ¥MMEIOTCA IAOCKOCTH ab u
OCh ¢, MEepNeHAMKYAAPHas uM. UTOObI MOAYEPKHYTh CAOMCTEHIA XapakTep 3TOrO M
Apyrux kynpatHeix BTCII-coepmnenusf, X CTPYKTYpPY 3alMCHIBAIOT B BUAE TIOCAE-
AoBaTeAbHOCTH caoeB uau maockocreir: (CuO)(BaO)(CuO,)(Y)(CuO,)(BaO)(CuO).
Tak 3anmceIBaeTcA IOCAEAOBATEABHOCTh CAO€B B 3IAEMEHTAapHONM  sAdeiKe
YBa,Cu;0;. TakoBa >xe cTpykTypa BCEX aHAAOTOB 3TOrO COEAMHEHMA THIIA
MBa,Cu;0;. OTmeTuM HaAudmMe BasKHBIX CTPYKTYPHBIX 3AEMEHTOB B peIIeTKe
YBa,Cu;0;. Bo-nepBrix, 3TO MAOCKOCTH CuO,. VcranoBAeHO, YTO IIPOBOAUMOCTb
OCYImEeCTBASETCA B OCHOBHOM IO 3TMM NAOCKOCTAM. CumMraeTcs Takke, 4YTO 3a
BLICOKOTEMIIEPATYPHYIO CBEPXIPOBOAMMOCTbL 3TMX COEAMHEHWME OTBETCTBEHHBI
TaKJKe 3TV TAOCKOCTH. BO-BTOPEIX, IAOCKOCTH, B KOTOPHIX PACIIOAOIKEHE! LieMOYKH
CuO Takixe AQIOT HEKOTOpPLUZ BKAZA B IPOBOAMMOCTE ¥, BO3MOJKHO, B CBEPXIIPO-
BOAMMOCTb coepuHenuA. OHuM ABAAIOTCA pe3epByapoM CBOGOAHBIX HOCHTEAEN.
OcraabHBEIe CTPYKTYpHEIE 3AeMEHTH! O6ECIeYMBAIOT MAOCKOCTH CuO, cBobopnsIMu
HOCUTEAAMY 3aPAAa U CTAGMAMSUPYIOT PEIeTKy. DUMKAABHEIA KMCAOPOA, YIIOMM-

HaBMMUCA B OPEABIAYIIEM Pa3AeAe, — 3TO KMCAOPOA B mosumumax O(4).
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npepcraBneH KUCNOPOAHLIA OKTaanp,

yKa3aHbl HEe3KBHBAJIGHTHbLIE NO3WUUMH
OKpYXaloUWHit aToMbl Meau

aTOMOB KMCNOPOJA W MegH

Ilo Takomy >ke mpuHuMITy nmocTpoeHsl u Apyrue KympaTthsie BTCII-coepmnuenus.
OnycTuM CAOKHBEIE PUCYHKM 3AEMEHTAapPHBIX PEIETOK TaKMX COEAVHEHWH, M TNpu-
BeAEM AMIIL IIOCAEAOBATEABHOCTL CAOEB B 3AeMeHTapHO¥ adeiike Tl,Ba,CaCu,Og:
:TI0O—BaO—CuO,—Ca—CuO0,~Ba0—TI0—TI0O—BaO—CuO,—Ca—CuO,—BaO—TIO.

TlocTOAHHAA pemeTKy BAOABL OCH ¢ (NEPHEHAMKYAAPHO CAOAM) 3TOTO COEAMHEHMUS
oxoao 30 K DAeMeHTapHas pemeTKa COAEpXKMT ABe opMyAbHBIE eAMEMIBL Tod-
HO TaKkXXe ycTpoeHo coepunenue Bi,Sr,CaCu,0q ¢ 3amenoit TIO ma BiO u BaO na
SrO. B saemenrapHoi sdeie Tl,Ba;Ca;Cus0yy moABAZETCA AONOAHMTEABHEIN
caoit u3 AByx maockocret Ca—CuQO,, ToamuEa KOTOpPOro cocrasaseT 6 R Aerxo

COCYUTAThb, CKOAb BeAMKM (AAS METaAAOB) IIOCTOAHHEIE PEMEeTOK CUHTE3UPOBaH-
HbIx coepuHeHmsi Tuma Bi,Sr,Ca,_;Cu O4,,, ¢ n = 7—8. Takue pemeTky HaXOAAT-

ca Ha rpammie ycroiramBoct. O630p crpykryp ocHOBHEIX BTCII-coeanHenwmit
npuseped B paGore [109]. Ormerum, wro B kxracce “sucmyrosbix” BTCII
Bi-22(n—1)n obuapyxena MoAyAsous cTpyKkTypsl B caoe (BiO), ¢ mepmoaom B
HECKOABKO NOCTOAHHEIX pemeTKy. OAHAKO BEIACHEHO, YTO 3Ta MOAYAALMA Npax-
THMYEeCKM He OKaseiBaeT BAuAnue Ha BeAwauHy T, B “raaamesrnix” BTCII Takas

MOAYAALMA OTCyTCTByeT. B “pTyTHBIX” BTCII CTpPyKTypHOe OTAWdME OT
“BucMyTOBLIX” ¥ “TaAAueBBIX” COCTOMT B TOM, 4TO BMecTo croeB TIO u BiO ume-
iorca caou HgOg, rae o ~ 0,1 BMecTO eAmHuMIE], T. €. B ITUX MAOCKOCTAX MMEETCHA
3HAYUTEAbHOE KOAWIECTBO KMCAOPOAHEIX Bakaucui. Hakomemn, B “mepurix” BTCII
B croax CuO 9acTs aTOMOB MeAY AAA CTaGuausamum CTPYKTYpPHI AOAKHA GORITH
3aMeHeHa, HalmpuMep, YTAepOAOM.

UnTtepecna crpykrypa BTCII-coeannemmit Tuna SrCuO, (“infinite layer”). Omn

cocrosaT u3 uepepyiomuxca caoes CuOg u Sr. Kazanroce 6r1, 9TO CTOAR MpoOCTas
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CTPYKTYpa AE€rKO MOMOJKET TIOHATbL MEXAaHU3M CBerHPOBOAMMOCTM TakKUx coepaun-
HEHMA, OAHE‘IKO AO HacTOAOEro BpeMeHM CpEAM ¢M3MKOB HEeT EAMHOﬁ TOYIKK 3pe-

HUA Ha MEXAaHU3M Bmcoxo'remnepa'rypﬁou CBEpPXNPOBOAUMOCTH.
METOAHMM TTOCAOMHOM 3NUTAKCUM CO3AAHBI MCKYCCTBEHHbIE CTPYKTYPEI 'I‘MI'IEl

“infinite layer”, uanpmmep, (SrCuQ,),(BaCu0,), c¢ T, = 70 X [110],
(BaCu0,),,(CaCu0,),, ¢ T, = 80 K uan [(Ba, Sr)Cu0,],,[(Ca, Sr)CuO,],

TC
CAO€B BTOPOrO COEeAMHEHMA.

Bce caomcteie xympatasie BTCII-coeannenns 06Aa;.\axo'r 3HAYUTEABHOM aHU30-
Tponueit pusuveckux cBoicTB., TaKkue XapaKTepUCTHKH, KaK MPOBOAMMOCTD, Kpy-
TMYECKME MATHUTHBIE ITOAfA, IAyOMHA MPOHMKHOBEHMA MAarHMTHOIO IIOAA U ApyTrue
AAfL pasHbIX HANpaBAEHMA MOTYT OTAMYATBCA B AECATKM pas. Ocobenno BeANKa
anusoTpumuaA cBoicTB ArA “rubpupnsix” BTCII tuma Bi-4413. B srom coeamne-
HWM, HaTIpUMep, OTHOMEHME TAyOMH OPOHMKHOBEHMA MarHUTHOIO IOAS B Hampas-
AGHMAX, TIAPAAAEABHOM M TIEpUeHAMKYyAspHOM mpoBopammm maockocTam CuOy,

= 80-110 K. Ouu npeactaBAsioT co00# YepeAOBaHME 772 CAOEB NEPBOrO M 7

oraugaercsa B 1000 pas.
O6napy>xeHsl pa3awgnere mMoaucukayuu cTpykTyp Kynparusix BTCIL. Hanpu-
mep, B ynomuuasmemcs Brime coeAnHenunu ErsBa;Cu;,O, nmocrosnusle pemeTku B

ab-TIAOCKOCTM COCTAaBASIOT 2 ¥ 242 OT TOCTOAHHLIX pemeTKu a- U b-coepMHEHWUA

ErBa,Cu;Oy, T. e. areMeHTapHaA A9e€#Ka CAOUCTOrO COEAMHEHMA ABAAETCA CBEPX-

crpyktypoit aueixu Er-123 B ab-narocxocru.
Daemenrtapnas aveiika oxkcuxkapbomarusix BTCIT Tmma  MSr,Cu,(CO;)O,

(cm. Taba. 2) mpeacTaBaser co6oir pBoitHoi caoit (MO)(SrO) ruma NaCl, cBasar-
Hbl} Yepe3 caoi kapborara SrCO; co caoem SryCuO; TMma meposckura, T. €.

CTPYKTypa 3TMX OKCHKapOOHATOB COCTOMT M3 depeAylommxca caoes tima M-1201
(MSr, CuOs) u kap6onatasx caoes Sr,Cu0,CO; (oM obosmauarorca kaxk S,CC).

Ars o6o3HaYeHuA MOAHON CTPYKTYpEI BBOAAT cumBoa S,CC-1201.
Crpykrypa okcuxap6omatubix BTCIT tuma M,Sr,Cu,(CO;)Og mpeacraBaser
co6oii yepepyompeca caou tnia M-2201 u S,CC u o6osnaqaerca xaxk S,CC-2201.
Ormerum, uro B “umcrom” coepumenmu SryCuO,CO; cBepXmpoBOAMMOCTL He
HabaoAarack. Takum o6pa3oM, B KOMOMHMPOBAaHHEIX COEAMHEHMAX S,CC-1201 n
5,CC-2201 Beawumna T_,, Kak NpaBuAO, BhlME, 4YeM B MCXOAHBIX MaTepyuarax

M-1201 » M-2201.

Coeaunenne (Sr, Ca);Cu,0, mpeacrasaser co6oii wepeayommecs caou S,CC
u CaCuO,.

Haxomnern, HyXXHO yKa3aTh Ha HEAaBHO CHHTE3MPOBAHHLIE CBEPXIIPOBOASIIME
coeAmHeHMA (B BMAE MAEHOK), NpeACTaBAAIOmue co60} UepeAyommecs CAOK
Ba;Cu0,CO; u CaCuO,. ITeperie, MO aHAAOIMY C COOTBETCTBYIOIUMM CAOAMM HA
ocHOBe St, MOXKHO 0603HaunTh Kak B,CC, a BTOpsIe — 3TO O6CY>XAABMMECH BEIME
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npeacrasuteru “infinite layer” tuna. Briro moAyueHO HECKOABKO YAeHOB CTpyK-
rypHoi cepuu (CaCuO,), (Ba,Cu0,CO;),,, rae m u # — neasle umncaa. [Tepexoa B
CBEPXNPOBOAAIIEE COCTOAHME B ITUX COeAMHeHMAX Hawmmaercsa mpu T, = 80-100 K,
TIOAHAA CBEPXNMPOBOAUMOCTS (paBHOe HyAIO comporuBAenue) — mpu 60 K. Takue
MaTepUaAbl BECbMA HAMOMMHAIOT MO CBOEJ CTPYKTYPe MCKYCCTBEHHbIE CBepXpe-
IIEeTKH.

Crpykrypa BucmyrtoBeix oxcuambix BTCIT Tuna Ba,_,K,BiO; 6Anska k ky6u-

4ecKoik (ecau mpeHeGpeybh HeGOABIIMMM MCKA>KEHMAMN). DTO TAKIKE BasKHBIA pe-
3yAbTaT, mokassiBalomuit, uTo BTCII-coepnnenns (mo xpasiuesr mepe, c T. = 30—

35 K) ne 0643aTeABHO AOAXKHBI MMETh CAOMUCTYIO CTPYKTYpy. C APYI'O¥f CTOpOHEI,
M3BECTHBI CAOMCTEIE coeAuHeHus, Hampumep Sr,RuQ,, cTpyxrypa xoropmix maen-
TdHa cTpykrype La,CuQ,, opnako T, mpesrimaer 1 K. Dto ykasmiBaer Ha crmeum-
aAbHYIO poAb meau B BTCII.

VYxe c mepseix otkpeitmit BTCII-coepamnenmit 6BIAO ACHO, YTO CTPYKTYypa
UIpaeT KAIOYEBYIO POABL B MX CBoicTBax. Ceifyac O4eBMAHO, 4TO 3TO HeO6XOAMMOE,
HO HepOCTaTo4HOe ycaoBue. DyHAaMEHTaABHYIO POAb MIPAIOT M CAAaraiomue 3Ty
CTPYKTYPY HEKOTOpLIE THIIEI aTOMOB. VI3yueHue TOHKMX AeTaAeit CTPYKTYPEL Bax-
HO AAa mouuManusa dusuxu BTCIL. Hampumep, uem 6Goabme (moroskuTeAbHas)
BaAGHTHOCTh KaTMOHOB (Hampummep Bi), TeM 6oAbme CTemeHb OKMCAGHMA ¥ TeM
menpme AAMHA cBA3K Bi—O, T. e. CTPYKTypHbIe M3MEPEHMA MOI'YT YKa3LIBaTh CTe-
IEHb OKMCAEHMA M BaseHTHOCTb MoHOB B BTCIL

Taxum o6pa3om, coBpemenHasa -Texuuka moAyderua BTCII-coeannennit
(nampumep, MOCAONHOE OCaXKAEHME METOAAMY MOAEKYASDHO-AYYeBON# MAM Aasep-
HOJ SMMUTAKCHM) AOCTMIAA TAKOIO YPOBHA, YTO MOTYT GbITh MOAY4YeHEI (M ITOAyHa-
1oTca) uckyccrsennsle BTCII-coeanuennus, DaeMenTapyas A9eifka pemeTKM TaKux
COeAMHEHMM MOJKET COCTOATh, Hampumep, u3 ABYX noAroBuH pasubix BTCII. Bos-
MOJKHEI M 6OAee CAOXHEIE cAydau. Hampumep, HEAaBHO METOAOM ITOCAOMHON MO-
AEKYAAPHO-AY4YeBOM smMTaKkcuu curesupoBanbl ‘“‘uckyccrsenusie” BTCII-cTpyxk-
Typel BaCuO,/(Ca, Sr)CuO,, cocrosamue u3 wepepyiomuxcsa caoe Tuma “infinite

layer” u umeromue T, ~ 70 K. VuursiBas AOBOABHO GOABIIYIO IO aTOMHBIM Mac-

mTabaM MOCTOAHHYI0 pemeTku KympaTHeix BTCII, cMHTe3 MCKYyCCTBEHHBIX COEAM-
HEHMI CMBIKAaeTCA C Co3paHmueM cBepxpemerok Ha ocHose BTCII [111].

Sakniwo4yeHue

B opmHOM cTaThe HEBO3MOIKHO pPacCKa3aTh Aa’ke O Ba>XHEMIMMX CBOMCTBAx
BTCII. 3a 12 aer, npomepmue CO BpeMeEM MX OTKPLITMA, AOCTULHYT OIPOMHbIHK
Tporpecc Kak B u3ydeuuu ¢pyupamentarvHeix cBoycte BTCII, Tak u B TeXHOAOIMK
nx noaydeHusa. O6Hapy>KeH pAA aHOMaAui CBOMCTB 3TUX MATEPUAAOB B HOPMaAb-
HOM COCTOAHUM. MHOroe ceifyac y>ke M3BECTHO O BEICOKOTEMIIEPATYPHBIX CBEpX-
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nposopnukax [111]. Ho, x cosxarenuio, Heu3BeCTeH OTBET Ha rAaBHBIA BOIpoC —
KAKOB JKe MEXaHM3M BLICOKOTEMIIEpaTypHO! CBepXmpoBoauMOCTH. SIBAsercs An
3TOT MEXaHM3M 3AeKTPOH-(DOHOHHBIM, KaK B OOBIYHEIX HM3KOTEMIIEPATYpPHEIX IIPO-
BOAHMKAX, MAM pajuKaAbHO OT Hero oramiaerci. IIpeproskeHo yxke AOBOABHO
MHOTO Pa3sAMYHEIX (PM3MIECKUX MOAEAEH AAS OMMCAHMA MEXaHM3Ma SAEKTPOHHOIO
CriapuBaHuA, NPUBOAAIIETO K CTOAb BHICOKMM KpuTudeckum Temmeparypam [112].
U ecau ¢ tem, uro mexauusm BTCII ue acen, moxer 6bITh, He BCe 6yAyT coraac-
Hbl, TO C T€M, YTO B 3TOM BOIpOCE HET €AMHCTBA, MPUAETCA COrAACUTHCA BCEM.
Bropojt, He MeHee BaJKHEI BOIPOC: CYHIECTBYeT AM MaKCUMaAbHas BEANMIMHA
T, # KakoBa oHa, MosxeT Au 6bITh CBEPXIPOBOAMMOCTS IIPYM KOMHATHBIX Temmepa-

typax ? B HacTosAmee Bpems HauboAee Cepbe3HEIM IIPENATCTBUEM HA MyTH YBEAM-
venus T,, MO-BMAMMOMY, ABAAIOTCH HECTAOMABHOCTM Pa3AMdYHOrO Xapaxrepa. Pe-

menue mpobrem crabuansauuu BTCII-cTpyKTYyp B Ka>XAOM KOHKPETHOM CAy4ae -
KasxeTca Ham MHoroobemaiomum HamnpaBieHueM. CTpyKTypHbI aHaAM3 pa3And-
HBIX CEME}CTB CBEPXIPOBOAAIMX OKMCAOB BhIIOAHeH B pa6ore [108].

HaxoHel, mMOMCK HOBEIX, B 9aCTHOCTH, APYyIMX HeKympaTHeIX Kaaccos BTCII —
Ba)XHOE HaTpaBA€HMe uccAepoBanuit. He Oe3bIHTepecHBl M IONIBITKYM CO3AAHMA
6eckucaopoansix BTCIIL. Iloka Takue MmOMBITKM He IPMBEAM K IOAOXMUTEABHBIM
obmenpuHATEM -pe3yAbTaTam. Ho kax yke yrromimazxocs BO BBEACHUM, MMEETCH
pPAA HEBOCTIPOM3BEACHHBIX, HEIIOBTOPAIOMMXCA PE3YALTATOB, ONMUCHIBAIOMMX Iepe-
XOABI THIA “‘TIepexoAa B CBEPXIPOBOAfANIEe COCTOAHME” IpM TeMmmeparypax 25—
300 K u Aasxe Bpime. HeAb3f MCKAIOUMTE BO3MOJKHOCTbL TOrO, YTO B KaKMX-TO M3
3TUX OMBITOB AEMCTBMTEABHO HAaBAIOAAAOCH HEYCTOMYMBOE CBEPXIPOBOAAIIME CO-
CTOsAHME.

Uccareposaune BTCIT — opmu u3 nepepunx Kpaes pu3MKyu TBEPAOro Teaa., DTo
OYeHb yBAeKaTeAbHasA 0bAacTb pu3uku, umeromas (yHAAMEHTAABHYIO IpobaeMmy,
ofemalomasn 60ABIOe MpaKTuiecKoe npumeHeHue, IIlpmpoaa 3arapara Ham 3arap-
ky B Bupe BTCII, moxkno ckasaTs, uro 6pocuaa Bei3osB. OTBer Ha Hee GypeT mo-
AydeH, BepoaTHO, B XXI Beke,
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A brief reveiew of thr basic hight-temperature superconductor (HTS) including the
new ones have been made. The highest critical temperatures of every HTS groups
are given. Crystal structeres of these material are treated.



