117296 MockBa, JleHMHCKUI NpocnekT, 64-A, «KBaHT»
Ten. : [095] 930-56-48
e-mail: bquantum@sovam.com (c nomeTkoun “KaHT").

Ne1 - 2000 r.

A. by3avH, A. BapnamoB

Cmpacmu no ceepxrposooumMocmu
8 KOHUe mbicsiyesiemus

© “KBaHT”

Hcnone3oeaHue urnu pacripocmpaHeHue amoa2o Mamepuarna
68 KOMMep4YeCKuUxX uersiax
B803MOXKHO JlUWb C paspelleHuA peOaKuuu

G

Vivos voco

ObpasoBaterbHbli CETEBOW BbIMYCK

VIVOS VOCO! - 30BY XUBbIX!

http://www.accessnet.ru/vivovoco
http://www.ibmh.msk.su/vivovoco
http://vivovoco.rsl.ru



Crpactv no

CBEPXNPOBOAMMOCTM B

KOH

€ TblCAYENIETUSA

E3YCJIOBHO, CAMOE {PKOE
co6bITre B (DU3UKE KOHIIA yXO-
JISIIIETO CTOJIETUS] — 9TO OTKPbI-
THE HOBOTO KJIAcCa CBEPXIIPOBO/HMU-
KOB, 3JIEKTPUYECKOE COIIPOTUBJIEHHE KO-
TOPBIX B TOYHOCTH OOPAIIAETCS B HOJIb
IIPU TEMIIEpaTyPax BIJIOTH 10 165 Kesb-
BuHOB (Bcero Ha 20 TpaaycoB HIKE

PEKOPJIHO HU3KOW TeMIIepaTypbl BO3-
JIyXa, 3aperuCTPUPOBAHHON HaA pocC-
cuiickoii moJsisipHoii 6asze «BocToks B
Anrapkruge). ITo cBoeMy IpakTHyec-
KOMY 3HAUEHUIO 3TO OTKPBITUE CETOTHS
CPaBHUBAIOT ¢ OOHAPY>KEHHBIM B HaUa-
Je XIX Beka sBJIeHUEM 3JIeKTpoMar-
HuTHOM muAyKImu. B XX ke Beke ero

MOJKHO ITOCTAaBUTDH B O/INH PA/] C OTKPbI-
THUEM [€JIEHUA YpaHa, CO3/TaHuEM Jla3e-
pa, OTKpbITUEM ITOJYIIPOBO/JHUKOB...

Ha4yHeM ¢ KoHLa

Havano HOBOMY 3aXBaTbIBAOIIEMY
3Taly B Pa3BUTUU CBEPXITPOBOIMMOC-
TH ToJIoKIIa pabora A.Miosiepa u

Wnmoctpaums fO.BalyeHko



CTPACTHN IO CBEPXIOPOBOAUMMOCTHN B KOHIOE TBICAUYEJETUA 3

I''Bennopma m3 uccaeroBaTeIbCKOM
saboparopun dupmbl IBM B IIBeii-
napun. Ha py6eske 1985 —1986 ro-
JTIOB 3TUM YYEHBIM Y[JaJOCh CUHTE3W-
poOBaTh CoeIMHEHUE JaHTaHa, Gapus,
MeJll 1 KHCJIOPOJIA, TAK HA3bIBAEMYIO
METaJIJIOOKCH/IHYI0 KepaMuky La—
Ba—Cu—O0O, kotopoe TpOSBJIAIO
MPU3HAKYA CBEPXIIPOBOJAUMOCTU TIPU
PEKOPIHO BBICOKOI MO TeM, elle He-
JIABHUM, BpeMeHaM TeMmIiepatype B 35
KkeabBIHOB! CTaThd MO/ OCTOPOXKHBIM
HaszBaHueM <«B03MOXHOCTb BBICOKO-
TEMIIEPATYPHOI CBEPXIIPOBOJIUMOCTHU B
cucreme La—Ba— Cu—O» 6pu1a o1-
KJIOHEHA BeAyIUM aMEPUKAHCKUM (D1I-
3uvyeckuM skypuasom <«Physical
Review Letters» — nayunoe coobiie-
CTBO 3a TOCJIEJHNE JABAAIATD JIET yC-
TAJO OT MHOTOYUCJEHHDBIX JIOKHBIX
CeHcanuii o TIOBOAY OTKPBITHS TO B
OJTHOM, TO B JPYroM MecTe Mudmyec-
KOTO BBICOKOTEMITEPATYPHOTO CBEPX-
MIPOBOIHUAKA U TAKUM 06Pa30M OrPasK-
naJio cebst oT ouepeaHoro 6yma. MioJi-
Jgep u bBeaHopi orocsiasu crathio B
Hemerkuii sxkypHan «Zeitschrift fur
Physiks. Ceituac, korja cBepXmpoBo-
i 6yM IefiCTBUTENbHO pa3pasui-
¢ W Jake HECKOJBKO yrac, a HccJe-
JIOBAHUS BBICOKOTEMIIEPATYPHBIX
CBEPXIIPOBOIHUKOB BEYTCS B COTHSIX
Jn1a60paToOpHii, TOUYTH KasKAas W3 TbI-
csA4 crareil, TOCBSANICHHBIX HCCJIE0-
BAHWIO HOBOTO SIBJIEHUSI, HAUMHAETCS
CO CCBLIKHM Ha 3Ty Iy6JIMKAINIO, Oce-
wpio ke 1986 roma oma mpomia Tmo-
utn mesameuennoif.! Jlumb oxHa
SIMOHCKAsI TPYTIA HA BCAKUH ciydaid
TepernpoBepusia ... MOATBEpIUIA 3a-
SIBJICHHBIII B 3TOW CTaTbe pe3yJIbTaT.
3ateM ¢eHOMEH BBICOKOTEMIIEpaTyp-
HOI CBEpPXIIPOBOAMMOCTU OBLIT TIOJ-
TBEPJK/IEH aMEPUKAHCKUME, KUTANCKI-
MU, COBETCKUMHU (DU3UKAMHU. ..

B nauvane 1987 roma Bech Mup ox-
BaTUJIa JINXOPAJKa TOUCKA HOBBIX U
MCCJIE/IOBAHUST CBOICTB yske OGHapy-
JKEHHBIX CBEPXITPOBOJHUKOB. Kputu-
Yyeckast Temreparypa ObICTPO IIOBbI-
maJach: JJs coequHeHusi La—Sr—
Cu—O ona cocraBunaa yxe 45 K,
s La—Ba— Cu—O (niog naBjieHu-
eM) TomHsAaach 1o 52 K u, HakowHer,
B (eBpase 1987 roma, xorma amepu-
kaner] [lon Yy gorazgasncs cbIMUTHPO-

! Hobenrescras npemus no gusuxe 1987
200a npucyxoena A.Mwarepy u I'.Bednop-
uy. O upe3svruaiinoii 6axnocmu c0eiannozo
UMU  OMKPLIMUSL CGUOEMEeNbCMBYem  Mmom
paxm, umo mexoy 6v1x000M 6 ceem cmamvi
U npucyKoenuem npemMuu nPowIO HeMHOZUM
6ozee zoda.

1*

BaTh JefCTBUE BHENIHETO aBJEHUS
3aMeHOH aTOMOB JIAHTaHA COCETHUMHU
mo cron6iy Tabauibl MeHJerneeBa,
HO MEHBIIVMHU TI0 pa3Mepy aToMaMu
upuaus (Y), KpuTHdeckass TeMmIepa-
Typa CHHTE3MPOBAHHOTO COEJINHEHUS
YBa,Cu,0O, nepesanuya yepes 3aBet-
HBIIl «a30THBIN Py6GEX», [OCTUTHYB
93 keJbBUHOB.

OTo GBLT TOJTOXIAHHBIN TPUyM,
OJIHAKO ellle He KoHell ucrtopuu: B 1988
TOy CHHTE3UPYETCS COeAMHEHHUE, CO-
CcTosIIIee ysKe U3 ISATH IeMEHTOB, THIa
Ba—Ca—Sr— Cu— O c¢ kputnveckoi
temneparypoil 110 K, a Heckosbko
MO3Ke — PTYTHBIE W TAJJIHEBBIE €T0
anaJoru ¢ temreparypoit 125 K. Ilox
pasrenneM B 300 atM mpeaerpbHAs
KpUTHYECKasl TeMIlepaTypa PTYTHOTO
PEKOp/CMEHa yXKe HelJIOXO 3BYYUT I
B mkane Ilemxbcusa: —108 °C!

OTKpBITHE BBICOKOTEMIIEPATYPHON
CBEPXIIPOBOJIUMOCTA BO MHOTOM yHMU-
KaJIbHO /IS COBPeMeHHOH (pusnku. Bo-
MEePBBIX, OHO CAEJTAaHO BCETO JBYMS
YYEHBIMU ¥ OY€Hb CKPOMHBIMHU CPEJI-
cTBamMu. Bo-BTOpBIX, B coctaB o6Ha-
PY’KEHHBIX COEIMHEHUI BXOMIST JIeT-
KOJIOCTYITHBIE 3JIEMEHTBI, ¥ B IPUHIIU-
e TaKue CBEPXIMPOBOAHUKU MOTYT
ObITb TIPUTOTOBJIEHDBI 32 JIeHb PaGOTHI
B IIKOJIbHOM KaOuHere xuMuu. Kakoii
PA3UTEJbHBI KOHTPACT C OTKPBITHUS-
MU B APYTUX 061acTsIX (U3UKH, CKa-
»KeM (PU3UKM BBICOKUX aHepruii! 31ech
UCCJeJIOBAHUSI BeAyTCss GOJbIIMMU
«KOMaHIaMI» YYEHBIX — TIepevnce-
HUE aBTOPOB CTAThbU MHOT/Ia 3aHUMAET
IeJTYI0 JKYPHAJbHYIO CTPAHUILY, a WC-
moJib3yeMoe 060pyZ0BaHIEe CTOUT MHO-
re MUJIJTHOHBI fosmapoB. HoBoe oT-
KPBITHE BHYIIAET ONTHMU3M — BPEMs
nccaeoBaresei-oquHouek B Gusnke
eme He MuHoBasno! Hakomer, HecMOT-
pPS Ha TO, YTO €ro JKJAATH CEeMbJECST
IATD JIET, 3TO OTKPBITHE 3aCTAT0 BCEX
BpAaCIIOX. TeopeTHKu MOTJU TOJBKO
pa3BecTH pyKaMH, W 4YeM BBIIIE CTa-
HOBHUJIACh KPUTHUYECKAs TeMIepaTypa
[0 MepPe OTKPBITHSI BCE HOBBIX M HO-
BBIX CBEDPXITPOBOJHUKOB, TE€M IIUPE
PYKU TIPUXOUJIOCH PA3BOJNTD.

Tak cayyailHO naM 3aKOHOMEPHO
oTKkpbiTe Mionnepa u bemnopia?
MoskHO 1 6BLIO CHHTE3NPOBATh Be-
MIECTBO CO CTOJIb YHUKAJbHBIMU CBOH-
cTBaMu pasbie? Kak HempocTo nath
OTBETBI HA 3TH BOIPOCHI. MBI JaBHO
MPUBBIKJN K TOMY, YTO BCE HOBOE
MOJTydaeTcsl Ha TPAHU BO3MOXKHOCTEH:
C TIpUMEHEHNEM YHUKAJbHBIX yCTAHO-
BOK, CBEPXCHJIBHBIX IT0JIEH, CBEPXHN3-
KX TEMIEepaTyp, CBEPXBBICOKUX SHEP-

ruii. 371ech Ke HUYero TaKoro HerT,
«HUCII€Yb» BBICOKOTEMIIEPATYPHBIN
CBEPXITPOBOJIHUK, KaK TOBOPUJIOCH, HE
TaK YK CJIOKHO — C 3TUM BITOJIHE MOT
6bI CITPABUTHCS KBATH(UIINPOBAHHBII
cpelHeBeKOBBIN aaxuMuk. Ctout
BCIIOMHUTD, YTO JBa JIECATKA JIeT Ha-
3a/l BO MHOTHMX J1aGOPaTOpPUSX MHUPA
MHTEHCUBHO WCCJIE/IOBAJIOCh BecbMa
HEOOBIYHOE CBEPXITPOBOJSIINEE COE/U-
HEHMe — TaK Ha3bIBaeMOe aJIXUMHIYec-
Koe 30JI0TO0. IJTO Ha3BaHME COEIIHe-
HU€ TTOJIyYUJIO 32 CBOW JKEJThIH 6JIeCK
u GOJIBINON yAEJbHBII BEC, YTO Jeja-
JIO €T0 TIOXO0XKUM Ha 6JIaTOPOIHBIN Me-
taJ1. CHHTe3MPOBaHHOE aJXMMUKAMU
ele B CpeJHNE BeKa, OHO, OBIBAJIO,
BBIIABAJIOCh 32 HACTOAIIEE 30JI0TO U
PEKJIaMHPOBAJIOCH KaK Pe3yJbTaT ycC-
MENTHOTO TTpuMeHeHusT (hua0cohCKOTO
KaMHS. AJIXUMIYECKOe 30JI0TO — [0-
BOJIBHO CJIOXKHOE COeMHEHUe, U, Kak
3HATb, HE <HCIEKJU» JU ObI BBICOKO-
TeMIEPATyPHBI CBEPXIPOBOJHUK B
cpefHue Beka, 006Ja/lail OH 30JI0ThIM
6J1ecKoM?

Uto KacaeTcs CpeIHUX BEKOB, TO
TaM, KOHEYHO, Bce OOCTOUT B BBICIIEH
CTereHn Mpo6JIeMaTHYHO, HO YUTaTe-
JIIO, TIO-BUIUMOMY, JIIOGOTBITHO Oy1eT
y3HATD, YTO HEKOTOPHIE U3 CETO/HSII-
HUX BBICOKOTEMIIEPATYPHBIX CBEPXITPO-
BOJIHUKOB JIEXKAJIM Ha TOJKe Jabopa-
TopHoro mKada c... 1979 roga!l Vmen-
Ho TorAa B MIHCTHTYyTE 0O6IIIell 1 HEOp-
raamueckoit xumuun AH CCCP onn
6b1n cuntesupoBanbl W.C. Ilamibr-
THHBIM C COABTOPAMU COBCEM [IJIS JIPY-
rux 1esneit. OnHAKO U3MEpEeHnd Mpo-
BOJIUMOCTH 3TUX COEJNHEHUN TIPU HU3-
KIX TeMIeparypax, MO3BOJTUBIIUX ObI
0OHAPY’KUTH HOBOE SIBJIEHHE, IMIPOBe-
JIEHO He OBLIO — OTKPBITHE HE COCTOSI-
JIOCK. ..

OT yansneHus —
K NTOHUMaHUIO

Temepn, Korjga Bo BceM MHpe 06CYK-
JTATOT CBOICTBA BBICOKOTEMIIEPATY PHBIX
CBEPXIIPOBOTHIKOB U TIEPCIIEKTUBBI X
NMpUMeHeHnl B HayKe U TEXHUKEe, MHO-
rue MOMEHTBI WCTOPHUU Pa3BUTUSA
CBEPXIIPOBOJMMOCTY BBICBEUMBAIOTCS
He TaK, Kak ObLIO JO 3TOTO BbIJA0-
IETOCST OTKPBITHS.

BriepBpie 0 CBepXIpPOBOANMOCTH,
OJTHOM U3 CaMbIX SIDKUX U HEoObIu-
HBIX SIBJICHUH (DU3NKH TBEP/OTO TeJa,
crayio u3BectHo 28 anpenst 1911 roaa,
Korpa HuzpepJanackuii ¢usmk I'.Ka-
MepJsinHr-OHHec Ha 3aceannu Kopo-
JIEBCKOI aKkaJleMU¥ HayK B AMcCTep/a-
Me COOOIIMJI O TOJbKO 4YTO OGHapy-
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>keHHOM uM 3¢ dexTe — TOJTHOM HUC-
YE3HOBEHUN 3JIEKTPHYECKOTO COTIPO-
TUBJICHUS] PTYTH, OXJAKIAEHHON JKWUJI-
KUM TeJaueM [0 TeMreparypbl 4,15
KeJbBHHA. XOTSI 3TOTO OTKPBITUST HUK-
TO HE OXXHUIAJT W OHO IPOTUBOPEUILIO
CyIIecTBOBABIIEH B Te BpeMeHa KJjac-
CHYECKOH 37IEKTPOHHON TeOpUN MeTas-
JIOB, TOT (DaKT, YTO TIEPBOOTKPHIBATE-
JieM CBepXIIpoBoAUMOCTH cTan Kamep-
suHT-OHBec, 6611 He cuaydaeH. [lerno
B TOM, YTO UMEHHO €My NepBOMY y/ia-
JIOCH PEHINTD TPYAHEHIIYI0 HAYYHYIO
M TEXHUYECKYIO 33/[a4y TOr0 BpeMeHU
— MOJIy4YuTh KuAKHU remmii (Temie-
parypa kunenus 4,16 K), Bo3MOK-
HOCTb paboTaTbh C KOTOPBIM ITO3BOJIH-
JIa 3aTJIAHYTDh B HEBEJOMBI MHUP TEM-
meparyp, OJM3KUX K aOCOJIOTHOMY
nymo. OH pemn TyT ke TPUMEHUTD
TTOSIBUBITIEECS] CPEJICTBO MICCJICTOBAHUS
JIUIST BBISICHEHUSI HU3KOTEMIIEPaTypPHO-
TO TIOBE/ICHUSI COTIPOTUBJICHUS] YHCTHIX
MeTasIoB. B aTo BpeMs mmia OXuB-
JIEHHAsI TeOpeTHYecKas IUCKYCCHS —
obpalaercs J B HOJIb UJIM OCTAETCS
KOHEYHBIM COINPOTHBJIEHUE YHCTOTO
MeTajia B a6COTIOTHOM HYyJe TeMIle-
parypbl. Byayun cTOpOHHHKOM Tiep-
Boll Toukm 3penus, Kamepsanur-On-
HEC C YJOBJIETBOPEHHEM BOCHPIHSLI
TOJIYYEeHHDII Ha PTYTH PE3yJIbTaT, 0/-
HAaKO BCKOpE OCO3HaJ, 4TO obpairie-
HUE CONPOTHBJIEHUS B HOJb TPH KO-
HEYHOH TeMIepaType sIBJISeTCS] COBCEM
UHBIM 3(ppeKToM.

[loguepkHeM, 4TO B CBEPXIIPOBO/IA-
IIIEM COCTOSIHMU COIPOTHBJIEHHE 06-
pasiia 3JeKTPUYECKOMY TOKY PaBHO
HYyJII0 He TPUOJU3UTETBHO, a CTPOTO.
[ToaToMy TIO CBEPXTIPOBOJIAIICH 3aMK-
HYTOH I TOK MOKET CKOJIb YTOJHO
JIOITO  TIMPKYJIUPOBATh He 3aTyxXas.
Camoe pauTeTbHOE CYIIECTBOBAHIIE
HEe3aTyXalollero CBePXIPOBO/SINErO
TOKa — OKOJIO JBYX JIeT — ObLIO 3a-
(pUKCHPOBAHO BIOCTEACTBUM B AHT-
jun (3TOT TOK IMPKYJMpOBam Gbl B
KOJIbIle W TIOHbIHE, ecu Obl He Tie-
pepbiB B CcHaGKeHUU JaGopaTopuu
JKUJKUM TeJueM, BBI3BAHHBIN 3a-
6aCTOBKOI TPaHCIOPTHBIX  pabo-
yux). Jlaxe crycrs aBa roga He Obl-
JIO 3aMeYeHO HHUKAKOro ocJabJeHust
TOKA.

Bckope  mocse OTKpbITUSA CBepX-
MIPOBOAMMOCTD OOHAPY KUJIU HE TOJb-
KO B PTYTH, HO U B IEJIOM pSfie IpY-
TUX MeTaJoB. IlepCreKTWBBI Tpak-
THYECKOTO NPUMEHEHUsT OTKPBITOTO SIB-
JIEHUsT Ka3auCh Oe3rpaHUYHbIMU: JIN-
HUU Tepeaun 3JeKTposHeprun 6e3
MOTepPb, CBEPXMOIITHbIE MarHUTBI, 3JIeK-

KBAHT: - 2000/Nel

TPOMOTOPBI U TpaHCHOPMATOPHI HO-
BBIX THUTIOB ¥ Tak jajee. OaHAKO 1B
MPEISTCTBUS BCTATW Ha MyTH Peau-
3aiy aTMX TJaHoB. [lepBoe — 3TO
Ype3BBIYAIHO HU3KHE KPUTUYECKUE
TEMIIEPATYPbI, IIPA KOTOPBIX ABJICHHUE
CBEPXIIPOBOIUMOCTH HAOIIOIaJI0Ch BO
BCeX M3BECTHBIX Marepuasax. /s ox-
JIAKIEHUS CBEPXIPOBOJHUKOB [0
CTOJIb HU3KUX TEMIIePATyp MPUXOIH-
JIOCH TIOJTb30BATHCS OCTPOIEUITHTHBIM
resmeM (3amacel ero Ha 3emJe orpa-
HUYEHbI, W MOJy4eHue OJHOTO JIUTpa
JKUKOTO TeJusl Jaske ceiiuac 06X0-
JIMTCS B HECKOJIBKO JOJIAPOB). ITO
06CTOSATEBCTBO JIEIAJI0 MHOTHE 3aMaH-
YHBBIE TPOEKTHI UCTTOIb30BAHNS CBEPX-
MIPOBOUMOCTH TIOTIPOCTY HepeHTaGe b-
wbiMu. Bropoe mpemsarctBue — ero
BCcKope o6uapyxuia cam Kamepsuur-
OnHec — CBSI3aHO C TeM, YTO CBEPX-
MPOBOJUMOCTb OKa3ajJach BecbMa
«KaIllpU3HOIT» MO0 OTHOIIEHWIO K Mar-
HuTHOMY ToM0 (a Cc/eoBaTENbHO, U
K TpeIebHON BeJUYWHE ITPOTEKAIO-
IEr0 TOKA): B CHUJIBHBIX IIOJSX OHA
paspynranach.

CaenyomuM (yHIaMEHTaTbHBIM
CBOICTBOM CBEPXITPOBOJISIIIIETO COCTO-
saHust, oGHapy:keHHbiM B 1933 roay,
OKa3aJjcsl TaK Ha3bIBaeMblil addexT
Meiicuepa — Oxcendenbga: MoTHOE
«BBITAJKUBAHNE» MACCUBHBIM CBEpX-
MPOBOJHUKOM MAarHUTHOTO TIOJST W3
CBOETO 00beMA.

CymrHocTh (peHOMeHa CBEPXIIPOBO-
JUMOCTH OCTaBaJiaCh COBEPIIEHHO
HEOOBSICHIMOI C TOYKU 3PEHUST KJIac-
CUYECKOIl TeOpUU METAJJIOB, a KBaH-
TOBasl TEOPUS B TO BPEeMs JIMIIb HAYM-
HaJla CO3/1aBaThcs. DbLia mpemsoske-
Ha Tak HasbiBaeMass (HEeHOMEHOJIOTH-
yecKast JABYXSKHUIKOCTHAsI MOJEJb, B
KOTOPOU IIPUHUMAJIOCH COCYIIECTBOBA-
HUE B CBEPXIPOBOMSIIEM MeTaJlje
JIBYyX COPTOB 3JIEKTPOHOB: OOBIYHBIX,
B3aMMO/IEHICTBYIONIMX C PelIeTKOH, u
0COOBIX, CBEPXITPOBOJSIIUX, C PEIIeT-
KOH 10 KaKWM-TO NPUYWHAM He B3au-
MOJIEHCTBYIONIUX. DTO IO3BOJIUJIO
6patbsiM X. u @.JIoHmoHAM HamucaTh
YpaBHEHUS 3JIEKTPOIMHAMUKHI CBEPX-
MPOBO/IHUKA, omuchiBaolye addext
Meiicuepa — OgxceHdenbia 1 HEKO-
TOpBIE IPyTHE CBOUCTBA, OJHAKO MUK-
POCKOITHYECKAsT IPUPOIA CBEPXIIPOBO-
JIUMOCTH OCTaBaJach 3aTa/IKOM.

Ortxpoitue B 1938 rogy II.JI.Kanu-
el SBJIeHUS CBEPXTEKYYecTH — Mpo-
TEKAHUS KUAKOTO resnst 6e3 KaKoli-
Ju60 BSIBKOCTU 4Yepe3 CKOJIb YTOIHO
TOHKHUE KallWJLIAPBI IIPU TeMIEepary-
pax Huxe 2,18 K — u mocaexnyoiee

oObsicHenue storo ssjenus JI. /1. Jlan-
Jlay TOPOIUIN  HAJEXKIbl HA CKOPOe
nmoHnMaHue PeHOMeHa CBEPXITPOBO/IH-
Moctu. OKasasoch, 4TO MPH HU3KHUX
TeMIIepaTypax B CHCTEME aTOMOB Te-
JIASI, SIBJISIIONUXCS KBAaHTOBBIMHU dYac-
TUIIAMA C TEJBIM CIUHOM, TPOUCXO-
JIAT X HaKallJIMBaHWe HAa CaMOM HU3-
KOM 9HepreTUuecKoM ypoBHe. Jlanmay
MOKa3aJj, 4To IPH 3TOM B JHEPreTH-
YECKOM CIIeKTpe BO3OYSKIEHUI TTOsIB-
JigeTcs XapaKTepHas IeJb, TPUBO/IS-
mas K BO3MOXKHOCTH CBEPXTEKYYEro
COCTOSIHUSI. DTO YUCTO KBAaHTOBOE, O/I-
HaKO TIPOSIBJISIIONIEECS B MAaKPOCKOIIH-
yeckoM Macintabe, sSIBJIEHHE [T03BOJIN-
Jgo Jlanpnay Ha3BaTb KUJAKUM resuit
<OKHOM B KBaHTOBBIH MUP».
MexaHn4yecKkn TiepeHeCcTH Ty Ke Hie-
OJIOTHIO HAa CBEPXIPOBOJANMOCTD, T.€.
TPaKTOBaThb ee KaK CBEPXTEKYydyecTb
3JIEKTPOHOB B MeTaJljie, HE yAaJoCh.
[leno B TOM, 4YTO IIOBejleHHE KBAHTO-
BOW CHCTEMBI 2JeKTpoHOB (wacTui ¢
MOJTYIIeJIBIM CITUHOM — TaK Ha3bIBae-
MBIX (PEPMHOHOB) KapAWHAJIBHO OT-
JINYAETCSI OT TIOBEJIEHUSI CUCTEMbI aTo-
MOB rejus (4acTHI[ ¢ HeJbIM CIHHOM
— 6030HOB). 3jechb U IIpH HyJEBOMH
TeMIepaType MOTYT BO3HWKATh BO3-
OyKIEHUS] CO CKOJIb YTOJHO MAJIbIMU
SHEPTUSIMH, a CJEOBATENbHO, HE BbI-
nostHsieTcst copMy IUpoBaHHbIH JlaH-
Jlay KpUTepHii cBepXTeKkyuecTn. Ecre-
CTBEHHOE JKeJaHWe CBECTH 3a/auy K
TIpeBIIYINell HATAJIKUBATIO HA MBICJb
co3/1aTh W3 ABYX 9JEKTPOHOB-dep-
MHUOHOB OJHUH COCTaBHO# G6GO30H C
CYMMapHBIM IeJIbIM CITHHOM, IIOCJIe
Yero peasin30BaTh JJIsI CBEPXIIPOBO-
JIUMOCTH CXEMY CBEPXTEKYYeCcTH IO
Jlanmpay. OmgHako 3TOMY, OYEBUIHO,
MEIaI0 KyJOHOBCKOE OTTAJIKUBAHUE
MEXK/Iy [JBYMsI 3JIEKTPOHAMH, IIyCTb
Jlake M CHJIbHO SKPAaHUPOBAHHOE B
AJIEKTPOHENTPATHHOM METaJLJIE.
IMpomio eme mecsatsb Jyet, u B 1950
rosly ObLI OTKPBIT TaK HAa3bIBAEMBIii
n3oTonuueckuii 3dp¢eKxT, KOTOPBIi
BIIEPBBIE YKa3ald Ha CBSI3b SBJICHUS
CBEPXIIPOBOJIUMOCTHU C KPUCTAJIINIEC-
Ko penterkoit Metasa. [Ipu usmepe-
HUYM KPUTHYECKOHN TeMIIepaTypbl CBUH-
1a 0OHAPY’KUJIOCH, YTO OHA 3aBUCHT
OT MacCOBOTO YHCJA HCCJIeLyeMOTo
M30TOTIa, T.e. CBEPXIPOBOUMOCTD Tie-
pectasia 6bITh YUCTO AJTEKTPOHHBIM SIB-
genueM. Yytp mnoszxe X. Dpémux u
JIx.BapayH He3aBUCMMO TOKa3aJiH,
YTO B3aMMO/IEHCTBUE 3JIEKTPOHOB C KO-
JebaHusIMU penieTku — (poHOHAMU —
MOXKET MPUBOJUTH K MPUTIKEHUIO.
ITO NMPUTSLKEHWE B MPUHITAIIE MOYKET
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nake 2(dEKTUBHO TPEBBIMATH KYJI0-
HOBCKO€ OTTAJTKUBAHNE MEXIY 3JIEKT-
POHAMHM, O/IHAKO HE CJIEJ0BAJIO0 3a0bl-
BaTb 06 OIPOMHBIX KHHETHYECKHX
JHEPIusIX 3JIEKTPOHOB, Ka3asoch Obl,
Pa3pbIBAONIMX HaWJEHHYIO cJaabyio
cBs13b. CocTaBHble GO30HBI CHOBA He
TOJTYYNJINCD.

B Ttom ke 1950 romy Ha ocHOBe
HAKOIJIEHHOTO 3KCIIEPUMEHTATbHOTO
MaTepuaja M Pa3BUTHS TEOPETHYEC-
KUX TIpeficTaBJeHnil 0 (U3NKe TBEp-
JIOTO TeJia, 3WKAYIINXCS Ha MpIMeHe-
HUM KBAaHTOBOW MEXaHWKU U CTaTHC-
tuueckoil dusuku, B.JI.Tunsbypr u
JI.[I.Jlangay cosmaior HOBYIO (eHo-
MEHOJIOTHYECKYIO TEOPHIO CBEPXIPO-
BO/INMOCTH — TaK HA3bIBAEMYIO TEOPUIO
I'musGypra—Jlanzgay. 9ra Teopust oka-
3aJaCh HACTOJIBKO IPOBHUIYECKOH N
YCIIEITHOH, YTO W CEerojHs SBJISETCS
MOIIHbIM HMHCTPYMEHTOM HCCJIe/0Ba-
HUSI CBEPXIIPOBOIMMOCTH, HECMOTPSI Ha
npomeamue 50 JeT n nocJenyioree
CO3/1aHrie MUKPOCKOIIIYECKOH Teopun
CBEPXTIPOBOIIMOCTH.

B 1957 romy amMepuKaHCKUMH yue-
wbiMu />x.bapaunowm, JI.Kynepom u
Ilx. 1MIpuddepom cobuparorcs Boeau-
HO YIOMSIHYTBIE BbIIlle HAMEKH U UJIEH
n HopMyIpyeTCs MOCae0BaTeTbHAS
MHUKPOCKOTIMYECKasT TEOPHST CBEPXIIPO-
BOJIUMOCTH. SIBJIeHNE CBEPXITPOBO/IN-
MOCTH [IefiCTBUTEIbHO OKa3aJI0Ch CBSI-
3aHHBIM C BO3HMKHOBEHHMEM B MeTaJl-
JIaX TPHUTSKEHHUS MEXKIy 3JIeKTPOHA-
mu. IIpuposa aToro MpUTSKEHUS HO-
cut cyry60o KBAaHTOBBIN Xapaxrep.
Bosbmue knHeTMYeckue 3sHEPTHU
3JIEKTPOHOB, 06YyCJIOBJIEHHbBIE OCOOEH-
HOCTSIMA OCHOBHOTO COCTOSIHMSI KBaH-
TOBOI cucTeMbl (PEPMUOHOB, HE IIO-
MeXxa: CIIapuBaHME BO3HUKAET HE MEXK-
Iy CaMUMHU 3JIEKTPOHAMHU, a MEXIY
HU3KO3HEPTeTHYECKUMU BO30Y K/ EHH-
SIMH B 9TOH CHCTeMe — KBa3W4acTHIla-
M. OHU UMEIOT TOT K€ 3apsifi, 4To U
3JIEKTPOH, W HEKOTOpPYyIo 3(h(heKTHB-
HyI0 Maccy, O/IHaKO B MeTaJLImdec-
Kol paze UX HHEPruU MOryT ObITb
CKOJIb yTOJHO MaJibiMu. [IputsokeHue
MPUBOJIUT K NEPeCTpPoiike M 3TOTO
CIIEKTPa U K <«OTKPBITHIO» B HEM Tak
HEOOXOMMON JIJISI BBINIOJIHEHUST KPU-
Tepus cBepxXTeKydecTn Jlangay mesm.
B xavecTBe HECTpOTOI aHAJOTUN MOXK-
HO IIPUBECTH IIPUMEP /IByX IIAPUKOB,
JIeXKalnX Ha PE3MHOBOM KOBPHKE.
Ecim aTn mapukn Janeku Apyr oT
JIpyTa, TO KK/JABIH U3 HUX AeopMu-
pyeT KOBpHUK, 00pasysi BOKPyT cebst
JyHKy. Ecam e mosoxunTh cHavasa
OJIMH IIapHK, a 3aTeM HeBJaJeKe OT

2 Ksant Ne 1

HETO JIPYTOil, TO UX JYHKH COJIBIOTCS
B OJHY W IIapUKU CKATATCSI BMeECTe
Ha JHO o6muieil myHKu. YacTb KBasu-
yactun (06BIYHO, TOC/IE BBEAEHHS B
TEOpUI0, WX CHOBA HAa3BIBAIOT 3JIEKT-
POHAMM) TIPU JOCTATOYHO HU3KUX TEM-
neparypax Kak Obl OObeJAMHSIOTCS B
cBaszannple (Tak HasbIBaeMble Kylle-
POBCKHE — TI0O UMEHU HUX ITIePBOOTK-
pbIBaTessi) Iapbl, KOTOPbie, Npe6bl-
Bas B 0cO60M, KBAHTOBOM COCTOSIHWIH,
HEPEHOCAT 3AJEKTPUUYECKUil TOK 06e3
moTepb dHepruu. PazMepbl Takux map
B aTOMHOM MaciiTabe BeChbMa BEJTHKU
— OHHM MOTYT JIOCTUTATh COTEH W TbI-
csAY MeXXaToMHbIX paccrosiHuii. Ilo-
3TOMY CJeIyeT TPEJICTaBISATb UX He
KaK /IBa 9JIEKTPOHA, CBS3AaHHBIX JIPYT
¢ apyrom Hamogobue BOWHOI 3Be3-
JIbI, a, CKopee, KaK /IBYX MapTHEPOB,
MPUIIEANTIX BMECTe B JUCKOTEKY, HO
TaHIYIONNX, MOKET OBITb, B Pa3HBIX
KOHI[AX 3aJia, KOTJa WX pasessiorT
JIECSITKUA  IpyTuX TaHmopos.? Takum
00pa3oM, CBEPXIPOBOAUMOCTD — HE
YTO WHOE, KaK MaKpPOCKOIINYecKoe
KBaHTOBOE SIBJICHUIE.

Wrak, motpe60oBasoCch TOYTH TOJI-
BEKa C MOMEHTA OTKDBITHS CBEPXITPO-
BOJIUMOCTH, TIPEXK/Ie YeM ObLI JOCTUT-
HYT Ka4eCTBEHHBIN MPOrPecc B MOHU-
MaHUW TIPUPOJIBI ITOTO YAMBUTEIHHO-
TO SIBJIEHUS M CO3/IaHa ero MocJeI0Ba-
TeJbHAsl TeOPHsi. TOT MEPHO MOKHO
CYUTATH MEPBBIM 3TANOM B U3YYEHUU
CBEPXITPOBOIMMOCTH.

B nonckax BbICOKUX
KPUTUYECKNX NapamMeTpoB

Co3ganne Teopuu CBEPXIIPOBOINMOC-
T MOCJYKNUJI0 MOIIHBIM UMITYJIbCOM
ee 1eJIeHAIIPABJIEHHOTO UCCJIEI0BAHUS.
Be3 mpeyBesnueHusi OrpOMHBIH TIPO-
rpecc ObLI JOCTUTHYT B TOJIyYEHUU
HOBBIX CBEPXIIPOBOJSAIINX MaTepua-
JoB. BaxkHYI0 pOJib ChITpasio TYyT OT-
KkpbiTHe A.A.AGPUKOCOBBIM HOBOTO
KJIacca CBEPXIPOBOAHWKOB (Tak Ha-
3BIBAEMBIX CBEPXITPOBOJHUKOB BTOPO-
ro poza), KaueCTBEHHO OTJIMYABIINX-
CS OT y>Ke M3BECTHBIX CBOUM BeCbMa
HeOébI‘-IHbIM IIoBeicHueM B MarHUT-
HOM 1oJie. Ecam panee cumTasoch,
YTO MArHUTHOE TI0JIe HE MOJKET IpOo-
HUKHYTb B CBEPXIIPOBOAAIIYI0 asy,
He paspyumus ee (M 910 AeiicTBUTEND-
HO BEpPHO IOYTH [JII BCEX YUCTBIX

2 9mo obpasnoe cpasuenue npunaoie-
Kum 00HOMY U3 co3dameieli meopuu ceepx-
nposodumocmu [x. I pugdepy.

MeTa/108)3 | T0 AGPUKOCOB TeOpeTH-
YeCcKH 10Ka3aJl, 4To CYNIECTBYET U JIpY-
rasi BO3MOXKHOCTb — MarHUTHOE MoJie
MOKET MMPOHUKATD MPH OIPEIeTeHHBIX
YCJIOBUSIX B CBEPXIIPOBOIHUK B BHJIE
Buxpeil Toka (BuXpeii AGPUKOCOBA),
CepAIleBUHA KOTOPBIX IEPEXOIUT B
HopMasbHylo dasy, mnepudepus sxe
ocTaeTcsi cBepxnpoBosiieit! B coor-
BETCTBUU C TIOBE/IEHNEM CBEPXITPOBO/I-
HUKOB B MarHUTHOM TIOJI€ UX CTaJU
JIeJIMTHh Ha CBEPXIIPOBOJHUKU ITEPBOTO
pona (crapoie) u BToporo (OTKpPBITbIE
A6purocossiM). Baskuo, uTo cBEpX-
MTPOBO/IHUK MOXKHO TT€PEBECTH U3 TIep-
BOTO pO/la BO BTOPOH, <«HUCIOPTHB»
€TO TIPUMECSIMU WUJIU APYTUMHU Jedek-
TaMH.

Cpenn cBepXIIPOBOIHIUKOB BTOPOTO
PO/ia YAJI0Ch HAWTH COEIMHEHNST, CIIO-
co6HbBIE HECTH TOKYM GOJIBIION MJIOTHO-
CTH W BBIJEPKUBATh TUTAHTCKUE Mar-
HUTHBIE ToJsg. VY XOTS IS UX mpak-
THYECKOTO MCIOJIb30BAHUST MTPHUIILIOCH
pemunTh pAl HEIMPOCTbIX TEXHOJIOIM-
yecknx npobseM (a1u BemecTBa ObLIN
XPYNKUMH, OOJIBIINE TOKH OKa3bIBa-
JIUCh HEYCTOWYMBBIMU M T.IL.), (hakT
ocraBayics (aKkTOM — OIHO U3 JBYX
OCHOBHBIX MPEMATCTBUI Ha MyTH
HIMPOKOTO UCIIOJIb30BAHUST CBEPXIIPO-
BOJIHUKOB B TEXHUKe OBLIO TIPEOJIO-
JICHO.

Xy:xe 06CTOSIO 10 C MOBBIIIEHNU-
€M KPUTHYECKOW TeMIepaTyphl. Ecim
KPUTHYECKUE MAarHUTHbIE TI0JIS K IIIeC-
TUAECATDBIM TO/laM Y/1aJI0Ch YBEJIUYUTDH
IO CpaBHEHUIO C TEPBbIMU OIbITAMN
Kamepsmnr-OHnHeca B ThICSYU pas, TO
POCT KPHUTUYECKON TeMIIepaTyphl He
BCeJIsL1 0cO60TO ONTHMU3MA — OHA J10-
crurana Jjumnb 20 KeabBUHOB. Takum
o6pa3oM, i HOPMaJIbHON pPaGOThI
CBEPXIIPOBOJAIINX YCTPOICTB BCe TaK
JKe TpeGOBaJICS TIOPOrOl KUMKW Te-
guii. I 310 6BL710 0COOGEHHO OOM/IHO,
MOCKOJIbKY KaK pa3 B 3TO BpeMs 06-
HAPYXUJIHU TPWHIUTNHAJBHO HOBBIM
KBaHTOBBIN addert — addert [[xo-
3epcoHa, OTKPBIBIINI CBEPXIIPOBOJ-
HUKaM OOIIUPHOE IOoJie TPUMEHEHUS
B MUKDO3JIEKTPOHUKE, MEIUIIIHE, W3-
MEpUTEJIbHOW M KOMITBIOTEPHOU TeX-

3 Caedyem ozosopumocs, umo nodobuoe
ymeepxoenue, cmpozo 2060ps, CNPAEOIUBO
AUy 018 00pa3y0e YuIUHOPuueckoll Gop-
Mbl IPU NPUNOKEHUU NOJSL 800> OCU UYUNUN-
dpa. B cayuae 6oaee croxnou popmol 06pas-
ua unu Opyzoi opuenmauuu He CAUUKOM
16020 MAZHUMHOZO NOJISL BO3MOKHA PEANU-
3auus, Max HA3LIBACMO20 NPOMEKYMOUHOZO
COCMOANUSL, NPU KOMOPOM MAKPOCKONUUEC-
Kue caou ceepxnposodsueti pasol uepedy-
omes 6 0bseme 00pasua ¢ HOPMALLHOLMU
CALOSAMU.
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nuke. IIpo6G/ieMa NOBbINEHUST KPUTH-
4YecKOoil TeMreparypbl BcTaja HeoObl-
yaiiHo octpo. TeopeTmueckue OIeHKU
TpeleJIbHO BO3MOKHBIX €€ 3HAYeHUi
MTOKA3bIBAJIN: B PaMKax OOBIYHOH, (o-
HOHHOW cBepxmpoBogumoctn (T.e.
CBEPXITPOBOJMMOCTH, 06YCJIOBJIEHHO
MIPUTSIKEHUEM JIEKTPOHOB JIPYT K JIPY-
Ty TIOCPEICTBOM B3aUMOJIEHCTBUS C pe-
IIETKOI) 5Ta TeMIlepaTypa He J0JKHA
6br1a nipesbiniaTh 40 K. Ognaxko 06-
Hapy»KeHue CBEPXIPOBOJHUKA U C Ta-
KOI KPHUTHYECKOH TeMmeparypoil cra-
JIo GbI OTPOMHDBIM JIOCTHUXKEHHUEM, TaK
KaK MOKHO ObLITO ObI TepeiiTh Ha OX-
JIAXKJICHUE CPABHUTEJNbHO JIENIEBBIM U
JOCTYITHBIM KMAKUM BOJA0poaoM (ero
temmeparypa kunerus 20 K). Irto
OTKPBLIO Obl BECbMa BAXKHYIO JMOXY
«Cpe/IHeTeMIIepaTypPHOIl» CBEPXIIPOBO-
MUMOCTH, W 3/IeCb HAYaJuCh aKTHUB-
HbIe TIOUCKH COBEPIIEHCTBOBAHUS CY-
IIECTBYIOMMUX W CO3JaHUS HOBBIX
CBEPXIIPOBO/SIINX CIJIABOB TPAJMIIH-
OHHBIMHM MaTepPUAJIOBEJUECKUMU METO-
namu. loay6oit ke MeuToll ocTaBa-
JIOCh CO3[IJaHUE CBEPXIIPOBOIHHUKA C
kpuTuyeckoit temrneparypoii 100 kesb-
BuHoB (a eme Jsydiie — Bblle KOM-
HATHOIT), KOTOPBIH MOXHO GBLIO ObI
OXJIQXK/IaTh [IENIEBBIM M IITHUPOKO HC-
M0JIb3YEMBIM B TEXHUKE JKUJKUM a30-
ToM. Jly4immm pesysapTaTtoM aTHUX II0-
UCKOB CTaJI CILJIaB C KPUTUIECKOH TeM-
nepatypoit 23,2 K — pexopa 6611 110-
cturayT B 1973 romy u mpojep:kaics
JIOJITUX TPUHAJIATD JIET, BILIOTH 10
1986 roga KpHUTHYECKYIO TeMIIepaTy-
Py He yJaJ0Ch TIOBBICUTb HU HA OJUH
rpamyc.

CxJiapIBajioch BII€YATJIE€HUE, YTO
(OHOHHDBINT MEXAHN3M CBEPXIIPOBO/II-
MOCTH MCYEPIIAJ] CBOM BO3MOXKHOCTH.
B aroii cBa3u emnte B 1964 romy ame-
pukaHckuM ¢usukom JIurriom u
B.JI.Tun36yproM ObLIM BbICKA3aHBI
TaKWe WEeH: Pa3 OTPAaHWYEHHEM BO3-
MOJKHOCTHU TIOBBIIIEHUSI KPUTUYECKON
TEMIIePATypPbl SIBJISIETCS caMa IIPUpPO-
J1a (DOHOHHOTO MeXaHM3Ma CBEPXIIPO-
BOJUMOCTH, TO CJIEYeT KAKIM-TO CIIO-
co60M M3MEHHUTDb 3TOT MEXAHU3M MPH-
TSDKEHUSI 3JIEKTPOHOB, T.€. 3aCTAaBUTH
3JIEKTPOHBI 06Pa30BBIBATH KYIIEPOBC-
K€ Tapbl ¢ HOMOIIBIO He (POHOHHOTO,
a KaKoro-TO JIPyroro MpUTSKEeHUsI.

Ha mporspkennu mocjeHux ABaJ-
I[aTH JIeT BBIJBUTATIOCH MHOXKECTBO
HOBBIX TEOpHH, NETaTbHO MCCIEI0BA-
JIChb JIECSITKU, & TO U COTHHU THICSY
caMbIX HeOObIUHBIX BellecTB. B 1ep-
BOi1 ske pabore JIuTT/Ia BHUMAHWE 9K-
CIIEPUMEHTATOPOB TIPUBJIEKJN TAaK Ha-

KBAHT: - 2000/Nel

3bIBaeMble KBa3MOIHOMEDPHBIE COEIH-
HEHUS — JIJIMHHBIE MOJICKYJIIPHbBIE IIPO-
BOZIAIINE TIeTH ¢ GOKOBBIMHI OTPOCTKA-
mu. Kak ciemoBaso m3 TeopeTuyec-
KIX OIIEHOK, 3/[eCh MOYKHO OBLJIO OKU-
AaTb 3aMETHOT'O IIOBBIIIECHUA KpI/ITI/I-
yeckoli Temmeparypbl. OnpHako, He-
CMOTPSI Ha YCHJIUS MHOTHX J1aboparto-
puil MuUpa, CUHTE3UPOBATh TaKue
CBEPXIIPOBOJHUKH He yaajochk. V1 Bce
’Ke Ha 9TOM TYTH (PU3NKUA W XUMHUKH
COBepH_[I/UII/I HEMAJIO yI[I/IBI/ITeJIbeIX
OTKPBITHIT: OBLIM MOJyYeHbl OpPTraHu-
yeckue MeTaJabl, a B 1980 roxy Brep-
Bble CHHTE3WUPOBAHbI U OpPraHUYECKUe
CBepXIpoBOAHUKN (PEeKOpAHas KpH-
THYECKasi TeMIIepaTypa OPTaHUYECKUX
coelMHEHHII Ha cerogHsa — OoJjee
10 K). Yzmanoch moiyunth AByXMEp-
HbI€ <«COHABUYU». <«METAJJT — HOJIy-
NPOBOJHUK», a TaKyKe CJOUCTbIE
CBEpXIPOBOJIHUKN M, HAKOHEI[, Mar-
HUTHBIE CBEPXIPOBOAHUKM — B HHUX
MHUPHO COCYIIECTBYIOT CBEPXITPOBO/IU-
MOCTb U MaTHETH3M, KOTOPBIl, COTyac-
HO COBCEM e€Ille HEIABHUM IIPEICTaB-
JIEHUSM, TOJIHOCTBIO €l aHTarOHMCTHU-
yeH. Ho peanbHbIX yKazaHUil Ha BbI-
COKOTEMIIEPATYPHYIO CBEPXIIPOBO/IU-
MOCTb TaK ¥ He OBLIO.

B cepenune cemupecsATbIX TO/I0B
cpe MHOTOYMCJIEHHBIX KaHIUIATOB
B BBICOKOTEMIIEPATyPHbBIE CBEPXIIPO-
BOJHUKYN MEJbKHYJIM U HEKHe JIUKO-
BUHHBIE KepaMUYeCKHe COeIMHEHUs
tuna Pb—Ba—O. Ouu, 6yayuu npu
KOMHATHBIX TEMIIEpaTypax 110 CBOUM
AJIEKTPUIECKUM CBOWCTBAM TOCPE/-
CTBEHHBIMH TIPOBOJIHUKAMHU, HE CJIMII-
KOM JajJieKo OT aGCOJIIOTHOTO HYJIS
MEPEXO/IUJIN B CBEPXIIPOBO/ISIINEE CO-
crosguue. Koneuno, «He CIUIIKOM ga-
JIEKO» — 3TO BCe JKe Ha JOOPBIN 1ecs-
TOK TPAJyCOB HIDKE PEKOPIHOTO IO
TeM BpeMeHaM 3Hauenus. OmgHako ¢o-
KYyC COCTOSLI B TOM, YTO HOBOE COEJIH-
HEHUE U METaJLJIOM-TO MOYKHO OBLIO
HasbIBaTh ¢ 6oJibinoi HaTsKKoi. Co-
TJIACHO MMEIONUMCSI B TO BPEMS Teo-
PETHYECKUM TIPEJICTABJIEHUSIM, IOCTHUT-
HyTasl B KepaMUKaX BeJMYNHA KPUTHU-
YeCcKOU TeMIepaTypbl OKa3bIBaIach He
MaJIoii, a MOPa3UTENbHO GOJIBIION s
TaKUX BeEIeCTB.

ITO0 06GCTOSTEHCTBO W MPHUBJIEKJIO
BHUMaHNe K KepaMHKaM KaK K BO3-
MOJKHBIM KaH/JaTaM B BbBICOKOTEM-
TepaTypHbIe CBEPXITPOBOTHUKN. MioJT-
Jep u begnopit, Haunnag ¢ 1983 roxa,
0/JOGHO CPEHEBEKOBBIM aJIXUMUKAM,

Temnepamypa, K Csepxnposodsiuue Kpuma
Temnepamypol cpasnenus  MAMePUAIbL memne,
220
200
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BO3UJIKCDH C COTHSIMH PA3JIMYHBIX OKUC-
JIOB, BapbuUpysl HX COCTaB, KOJIHYe-
CTBO, peXuMbl cuHTe3a. Ilo paccka-
3aM camoro MioJjuiepa, OHU PYKOBO/I-
CTBOBAJICh HEKOTOPBIME (PU3UUECKU-
MU COOOPaKEHUSIME, KOTOPBIE, MOX0-
K€, CETOIHsI HAXO/SAT CBOE MO/ITBEPIK-
JleHIe B Pe3yJIbTaTe CJAOKHEUINX K-
CHEPUMEHTAJIBHBIX MCCJIeI0BAHIII HO-
BbIX BelecTB. Ha aroMm HempocToM
myTu B KoHIle 1985 roma onu u mosmo-
6pasiuch, HAKOHEI[, K COeJUHEHUI0 6a-
pusi, JaHTaHa, Meau U KHCJIOPOJa,
KOTOpPO€ TIPH M3MEPEHUSX MPOSBIIO
[IPU3HAKN CBEPXIIPOBOAMMOCTHU IIPH 35
KeJIbBUHAX.

KBa3unpBymepHas
CBEpPXNpPOBOANMOCTb:
Mexay aHTudgeppoMarHUTHbIM
M MeTannmyeckum
COCTOSIHNAMM

Cero/iHst yske TOJIy4€eHbI JeCSTKU pas-
JIMYHBIX COEJUHEHUN, TIEePEXOISIINX
B CBEPXIIPOBOJISIIEE COCTOSHUE IIPU
BBICOKUX, TIO CPABHEHWIO C PEKOPOM
1973 ropa, temmepartypax. Hexoto-
pble U3 HUX BbI Haﬁz[eTe B IIpUBEAEH-
HOIT 3/1€Ch TabIHUIIE.

OO611eil XxapaKTepUCTUKON BBICOKO-
TEeMIIEPATYPHBIX CBEPXIPOBOJIHUKOB
SIBJISIETCST MX CJIOUCTasi CTPYKTypa. B
HACTOSIIEe BpeMs, TOXKaJayii, Hambo-
Jle€ M3YyYCHHBIM BBICOKOTEMIIEPATyP-
HBIM CBEPXITPOBOHUKOM SIBJISIETCS CO-
enunenue YBa,CuyO,, ero Kpucraj-
JIMYecKasl CTPYKTypa NpHBeleHa Ha
pucynke 1. Kax xoporro BugHO, ato-
MbI M€/l 1 KNCJ0PO/Ja BbICTPANBAIOT-
csl B IIOCKOCTH, TlepeMekaeMble JIpy-
TUMU atoMaMu. B pesyibrare mpoBo-
JISIIUE CJIOU YepeAyIOTCs ¢ M30JUPY-
IOMUMHU, W JIBUKEHUE HOCHUTeJel 3a-
pana (KoTopbIMH, Kak NPaBUJIO, SIB-
JISTIOTCSI IBIPKM, a He DJIEKTPOHBI) HO-
CUT TaK Ha3bIBAEMbIH KBa3WIByMep-
HBIII XapaKTep: HOCUTEJU MOTYT Jer-
KO TMepeMelaTbcs BHYTPHU CJIOEB
CuO,, B TO BpeMs KaK MX MEPECKOKH
Ha COCe/[HUEe CJION TPOUCXOJSAT CPaB-
HUTENbHO pefKo. KymepoBckue mapbi
TaK)Ke OKa3bIBAIOTCS JIOKATM30BAHHbI-
MU UMEHHO B 3TUX CJIOSIX.

KBasuaByMepHBIil XapaKTep 3JeKT-
POHHOTO CITEKTPa BBICOKOTEMIIEPATY P-
HbBIX CBEPXITPOBOAHUKOB, TO-BUAUMO-
MY, SIBJISIETCST KJIIOYEBDBIM [IJIsT TIOHIMA-
HUS MUKPOCKOTTNYECKO TPUPO/IBI 3TO-
TO 3aMeyaTebHOTO SIBJIEHUS, YTO TIOKa
ocraetcs AenoMm Gyaymiero. OgHAKO
y>Ke CEerofHs CO3/aHa 3aMevaTresTbHast
0 cBOeii KpacoTe (heHOMEHOJIOTHIEeC-
Kasi TEOPUST BUXPEBOTO COCTOSIHUST BBI-

ok
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COKOTEMITEPATYPHBIX CBEPXITPOBOIHU-
KOB B MarHUTHOM II0JI€, KOTOpasi OKa-
3aJ1aCh HACTOJbKO HHTEPECHOU 1 6ora-
TOH pa3JImYHOro poja addexramn, 4to,
0 CYTH JIeJIa, BBIJENJIACH B CAMOCTO-
SATeNbHYI0 061acTh PU3NKN — HUUKY
«BUXPEBOTO BellectBay. M B Hell KBa-
3UIBYyMEPHOCTb 3JIEKTPOHHOI >KU3HU
SIBUJIACH oTipeiesistionieil. /leficTBuTe b-
HO, BBU/Y KBa3WIBYMEPHOCTU 3JIEKT-
POHHOTO JBMKEHUS, BUXPU AGPUKOCO-
Ba OKa3bIBAIOTCS KaK 6bI HAOPaHHBIMU
13 3JIEMEHTAPHBIX BUXPEH, JTOKATH30-
BAaHHBIX, BCJEJ 32 KyIEePOBCKUMU T1a-
paMy U caMUMU 3JIEKTPOHAMHU, B MPO-
BOASIIUX CJ0SX. [Ipu HUBKUX TeMIle-
paTypax aTH 3JIeMEHTapHble BUXDH,
MOJTyYUBIITHE HA (PU3MUECKOM JKaproHe
Ha3BaHue «OJMHOB», 6Jarofapsi cJa-
60OMYy TPUTSIKEHUIO MEKy HUMU BBI-
CTPaWBAIOTCSI B JIMHUIO, & 3aTEM YiKe
911 iuHUE (GOPMUPYIOT BUXPEBYIO Pe-
TIETKY .

ITo Mepe MOBBITIIEHUST TEMIIEPATY PBI
BUXDEBblEe JIMHUU W3-32 TEIJIOBBIX
duaykryanuit Bce Gosibiiie u 6OJIbIIE
U3BUBAIOTCS, W MPH HEKOTOPOH TeM-
neparype peleTKa IIaBuTCs, MpUMep-
HO TaK >Ke, KaK OOBIKHOBEHHBIN KPIC-

tasi. TakuM o6pa3oM B BBICOKOTEM-
MEePaTypPHOM CBEPXIPOBOJHUKE C TI0-
BBIIICHUEM TEMIIEPATyPbl YIOPSA/I0YEH-
HYIO pelieTky AGPHKOCOBAa CMeHseT
HeymnopsiloueHHas (asa <«BUXPEBOW
JKUJIKOCTU», COCTOSIIIAST U3 XaOTHYeC-
K PACIOJIOKEHHBIX, M3BUBAIOTIIXCST
U TIEPEINyThIBAIOIIUXCS MEXIY coGOoi
BUXPEBBLIX JIMHUI. VIHTEepecHO, YTO
pu Z[aJIbHeﬁHleM IIOBBIIIICHUM TEMIIC-
parypsl (HO Haxogschb BCe emle B
cBepxIpoBoasdieil (ase) BUXpeBbIe
JIMHUU MOTYT <HCHAPSIThCS» — Paciia-
JIATbCsI HA 3JIeMEHTAPHbIE BUXPH, I0-
JIOJKEHUST KOTOPBIX B KaXXJOM CBEpX-
IPOBO/ISIIIEM CJI0€e OYYT XaOTHYECKH-
MU W COBEpPHIEHHO HE3aBUCUMbIMU OT
KoHbUTypalun BUXpeil B COCETHUX
cnosix. Hanuuwe pasziudHoro poja
HEO/IHOPO/IHOCTEl, Hen3GeskHOe B pe-
aJbHBIX KpHUCTaJLIax, emle Gojee yc-
JIOJKHSIET KapTHHY TePEXO/I0B MEXIy
Pa3IMYHBIMU BUXPEBBIMU (DOPMAMU.
XoTs1 B MOHUMAHUKM CBOUCTB BbBICO-
KOTEMIIEPATYPHBIX CBEPXITPOBOJIHUKOB
3a TIOCJIe/IHUE TO/IbI JOCTUTHYT 3HAYH-
TEeJIbHBIN TIporpecc, mnpupoja camoii
BBICOKOTEMIIEPATYPHOI CBEPXIIPOBO/IN-
MOCTH OcTaeTcs 3araikoil. CyIecTBy-
eT 110 KpallHell Mepe JBA/IATh TIPOTH-
BOpeYAIuX J[PyT JIPYTy TEOpHii, mpe-
TEH/YIOIUX Ha OObSICHEHHE BBICOKO-
TeMITepaTypPHON CBEPXIIPOBOJNMOCTH,
B TO BpeMsi KaK HY)KHA O/[HA, €/INH-
CTBeHHO TpaBWbHasA. Tak, pan ¢u-
3UKOB TI0JIAraloT, YTO KYHEePOBCKHUE
mapbl B 9TUX CBEPXIPOBOJHUKAX 006-
pasyloTcsl 3a CYET CBOEro pojia Mar-
HUTHOTO (PAYKTYallHOHHOTO B3au-
MO/IENCTBUSI. YKa3aHUEM HA JTO CJIy-
KAT TOT (PaKT, 4TO B KPHUCTAJJIAX
YBa,Cu,0O, . c coiepxanueMm Kuc-
JopoJla MeHbIle HOMHHAJIbHOTO
(x = 1) KpuTHueckas Temmeparypa
nagaer (puc.2; mpaBas KpuBas), paB-
HO KaK U KOHIIEHTPAIUs CBOOOIHBIX
asexktpoHos. Ilpu x < 0,4 MBI yKe
UMeeM [IEJIO C JIUITEKTPUKOM, B KOTO-
pPOM, OJIHAKO, TIPU JOCTATOYHO HU3-
KX TeMIepaTypax HalJIo/aeTcst Mar-
HUTHOE YHOPSI/IOUEHE aTOMOB Me/H.
MaruutHble MOMEHTbI cocegHux arTo-
MOB Me/ll OKa3bIBAIOTCS COPUEHTUPO-
BAHHBIMU AHTHIAPAJIIENbHO, U pe-
3yJIbTHPYIOIIas HAMATHUYEHHOCTD KPU-
CTaJlJIa OCTAaeTCs PaBHOI Hy 0. Tako-
TO pO/ia MATHUTHBIN MTOPSITIOK XOPOTIIO
N3BECTCH B Cl)I/ISI/IKe Mar"Hetu3sMa 1 Ha-
3biBaeTcst aHTUhepPOMarHuTHbIM (CM.
JIEBYIO KPHUBYIO Ha DUCYHKe 2; 3/1eCh
Ty — Tak HasbplBaeMas TeMIlepaTypa
Heeunsi, T.e. TeMiieparypa mepexo/a B
aHTU(EPPOMATHUTHOE COCTOSTHUE).
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00BSICHUTh HEOOBIYHBIE CBOII-
CTBA BBICOKOTEMIIEPATYPHBIX
CBEPXIIPOBO/IHUKOB €JIMHBIM
o6pasoM. Bbi3oB, 6porieHHbII
MpUpPOOii, ocraercss 6e3 OT-
BETa, TEOPETUKU MO-TIPEKHE-
My He MOTYT IPHHITH K COTJIa-

1T K  cwo. To mu Gymyuu, cormac-

HO METKOMY CPaBHEHHUIO, TI0-
JOGHBIMU XOpY TJIyXWX, T[e

100 KaXX/IBII TIOET CBOIO MApPTHUIO
He CcJymas APYyroro, TO Jin
MIOTOMY, YTO BpeMs JIeHCTBH-

50 TeJbHO elle He IIPHIILIO0, HO
[paBUJIbHASL TEOPHs IIOKa He
chopmynupoBana.
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MoskHO 6bLJI0 Obl lyMaThb, YTO U B
CBepXIPOBOIATIEN (a3e aTOMbI Mean
COXPAHAIOT (QPIYKTYUPYIONINI MarHUT-
HBIII MOMEHT, KOTODBIN M OTBETCTBEH
B KOHEYHOM CYeTe 32 BO3HHUKHOBEHUE
CBEPXITPOBO/IAIIETO TIPUTSIKEHUS MEK-
ny aJjektponamu. Takoro poma mexa-
HU3M CBSI3aH C OCOOBIMH CBOHCTBAMU
aTOMOB MeJlM, KOTOpPble MOTYT Ipe6bl-
BaTb B MarHUTHOM WJM HEMarHUTHOM
COCTOSTHUSIX B 3aBHCHUMOCTH OT MX Ba-
JIEHTHOCTH.

Tor ¢axT, 9T0 BO BCeX BBICOKOTEM-
IIePaTyPHBIX CBEPXIIPOBOJHUKAX IIPU-
cyrcrByiot cion Cu— O, kazanoch 6bi,
SIBJIIETCST aPTYMEHTOM B TOJIb3Yy JaH-
Hoit Teopun. OTHAKO COBCEM HEIABHO
MTOSIBUJIOCH COOOGIIeHNe 0 HAGIIOIeHNN
IIPU3HAKOB CBEPXIPOBOJAMMOCTH TPU
temrepatrype 90 K B coenmHenun
W,ONa, ;. Tounbiii cocras cBepxnpo-
BOIsIIEN (ha3bl MOKA He U3BECTEH, HO
10 KpailHell Mepe $ICHO, YTO <«Maru-
YECKUX» aTOMOB M€V TaM HeT, U BO-
o01lle HU OJIUH U3 HJIEMEHTOB HOBOTO
BBICOKOTEMIIEPATYPHOTO CBEPXIIPOBO/I-
HUKA He 00J1a/IaeT MATHUTHBIMU CBOW-
CTBaMH.

B npyrux rteopusix (UWKH TIBITA-
10TCST 0606IUTH TEM UJIU MHBIM 06pa-
30M KJIACCHYECKYIO TEOPUIO CBEPXIIPO-
BOJIMIMOCTH, [IEPECMATPUBAIOT CaMK OC-
HOBBI TEOPUH METAJJIHYECKOTO COCTO-
STHUSI, «CKPEIIUBAIOT» CBEPXIIPOBO/IN-
MOCTb C aHTU(QEPPOMATHETU3MOM B
MIPOCTPAHCTBE BBICIIETO YHCJA H3Me-
peHuil, pas3/essiorT CIIMH U 3apsii HO-
cuTesieil, 3ar0TaBIMBAIOT KYIIEPOBCKHE
mapbl 3arojis, ele Bblllle KpUTHYec-
KOU TeMIIepaTyphl, a Tak:Ke TIPe/IpH-

1,0 Postscriptum ansa
x HanoronnartenbLMKa

OTcyTCcTBHE TEOPETHUECKOTO

00bsICHEHYSI SIBJIEHUST BBICOKO-
TeMIIepaTypPHOH CBEPXIIPOBOIUMOCTH,
KOHEYHO, HE OCTaHaBJIMBAET IIOMCKOB
NPaKTHYECKUX MPUMEHEHWH 3TUX Ma-
tepuajoB. OCHOBHasE TPYyJQHOCTb HA
3TOM IIyTH 3aKJIOYaeTcsl B <«IJIOXOU
TEXHOJIOTUYHOCTU» HUMECIOIUXCA BbI-
COKOTEMITIEPATYPHBIX CBEPXIIPOBOJI-
HUKOB: OHI OKAa3aJMCh BeCbMa XpYII-
KMMU ¥ HEIPUTO/HBIMU JUIST BasKHEII-
IIETO TEXHOJIOTMYECKOTO Mpoiiecca 06-
paboTKu MeTasioB — mpokarku. Om-
HAKO y:Ke ceiyac psi/i KaMIaHUH T10-
CTaBJISTIOT HA MUPOBOIl PbIHOK Kabesn
13 BBICOKOTEMIIEPATYPHBIX CBEPXIIPO-
BO/[HIKOB /IJINHOH B HECKOJIBKO KHUJIO-
MeTpoB. VX M3roraBiMBaiOT, HAMOJ-
Hsst TPYOKy u3 cepeGpa WJu APyroro
XOPOIIIEr0 MEeTaJJIa MOPOIIKOM BbICO-
KOTEMIIEPATYPHOTO CBEPXIPOBO/IHUKA,
a 3aTeM IPOKATbIBas M OTXKHUTasl ee.
Ceituac 8 CIIIA u Bo ®DpaHuun yxke
(pyHKIIMOHUPYET PsI/L ONBITHBIX JIMHUN
nepeziad 2JEeKTPOIHEPTHU 110 T10/[3€M-
HOMY Ka0eJll0 M3 BbICOKOTEMIEPATYp-
HOTO cBepXnpoBoHuKa. Co3/lanbl Tak-
JKe TepBble MOTOPBI W TeHepaTopbl Ha
6a3e BBICOKOTEMIIEPATYPHBIX CBEPX-
npoBojiHNKOB. Her comHeHms, uTO
cepa TpUMeHEHUS ITUX MATEPHAJIOB
Gyner pacmupsarbesi. Y MoxxHO Haje-
ATbCSI HA OTKPbITHE G0Jiee COBEPIIEH-
HBIX BBICOKOTEMIIEPATYPHBIX CBEPX-
IIPOBO/THUKOB.

CkaxeM Telepb HECKOJbKO CJIOB O
nepcrekTuBax. OHm momctuHe dan-
tTactnuHbl. Ha noBecTky aHsi cTaBsT-
Csl MHOTHE M3 TIPE/IIIOKEHHBIX paHee
r106aJIbHBIX NTPOEKTOB — BBICOKOTEM-
nepaTypHble CBEPXITPOBOIHUKH JleJIa-
10T UX PeHTa0e]bHbIMH.

- Tak, ceffuac B TUHUAX 3JEKTPO-
nepesau Tepsiercs ot 20 no 30 mpo-
IIEHTOB Bcell BbIpaGaThIBaeMOll B
Mupe 2JieKTposHepruu. IIpumenenue
BBICOKOTEMIIEPATYPHBIX CBEPXIIPO-
BOJIHUKOB /IJIS TIepPe/Iaudl 3JIeKTPO-
SHEPTUH CMOKET TTOJTHOCTBIO AT TI0-
TepH MCKJIOYUTD.

- Bce mpoeKTHI TepMOSIIEPHOTO CHH-
Te3a 6Ga3upPyIOTCS HAa UCIIOJb30BAHUU
TUTAaHTCKUX CBEPXIIPOBOJSIIMX Mar-
HUTOB /LIS YCP’KaHUS BBICOKOTEMITE-
PaTypHOU TJIa3Mbl OT KACAHUS CTEHOK
Kamepbl. 18 Toaaep:kaHuUS UX B
CBEPXIIPOBO/ISAIIEM COCTOSTHIH PACXO0-
JIYTOTCS €CJIN He PEeKH, TO PYUIbH KU/~
Koro requs. B HemasekoMm Oyzayiiem
UX MOXKHO OyJIeT TIepeBecTH Ha a30T-
HOEe OXJIaK/IeHNeE.

- OrpoMHbBIE CBEPXIPOBOASINUE Ka-
TYIIKA CMOTYT CJYKHTb HAKOIUTEJISI-
MH 3JIEKTPOIHEPruH, CHUMAIONMMU
MUKOBbIE HATPY3KH B TOTPe6IeHUN
3JIEKTPOSHEPTUN.

OcHOBaHHAass Ha TPUMEHEHUU
CBEPXITPOBOJISAIINX [?K03e(DCOHOBCKUX
3JIEMEHTOB CBEPXYYBCTBUTEJbHAS arl-
mapaTtypa IS CHATHS MarHUTO-Kap-
JIMOTPaMM M MarHUTO-3HIIe(asorpaMm
MOJKeT TPUUTH BO BCe OOJIBHUIIBI.

- Mexay ropogaMu €O CKOPOCTBIO
400 — 500 kmIOMETPOB B Yac rmomyar-
CSI 9KCIpecchl HA MAarHUTHOW TTOMYIII-
Ke, CO3/1aBaeMOll CBEPXIIPOBOSAIINMHI
MaTrHUTAMU.

- Byner cosmano HoBoe MOKOJIEHUE
CBEPXMOIIHBIX KOMIIBIOTEPOB Ha
CBEPXIPOBOJHUKOBON 3JI€eMEeHTHON
6a3e, OXJAXKAAEMBIX JKIIKUM a30TOM.

[Iyctb Hac He 3aMOJJO3PST B «CBEPX-
npoBogeit aiiopun». [lake 3a He-
JIoJIToe  BpeMs, TpoIlejlee co IHS
OTKPBITHUSI, TIBLJT MHOTHX HMCCJIEI0OBaTe-
Jiell 6bLT U3PSITHO yMepeH — Tak Obl-
BaeT, KOT/Ja BBIJAONIMNACS OJTUMIHIIC-
KU pexops He yIaeTcs MOTOM Toja-
MU 1epekpbiTh. Ho pekopa cocrosics,
Terepb OH CJY>KUT OPUEHTHPOM, BO3-
MOJKHOCTD TIOJTyYeHUS MaTepPUaJOB C
VHUKAJbHBIMU CBOICTBAMHU TIOATBEPIK-
neHa. U Xorst akoHOMHKA, 6e3yCJIOB-
HO, He Pa3 ellle BHeCeT KOPPEKTHUBHI B
OCyTIeCTBJICHIE HA3BAaHHBIX MTPOEKTOB,
XOTSI PEKOpJHbIE pe3yJbTaThl elre
TOJIBKO CJIEAYeT MPEeB30HTH, a 3aTeM
MepeBecT B PAa3psi/i MacCOBBIX, Ce-
TO/IHSI MBI TBEPJ/IO 3HAEM, UTO HEITABHO
HEBO3MOXKHOE CTAJI0O PEaJbHO JOCTH-
JKUMBIM. A 9TO yKe HeoO6paTuMo Me-
HSIET TOYKY OTCYeTa B HAllleM OTHOIIIe-
HUW K CBEPXITPOBOMMOCTH.



