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cozganusi  3ddexrtuBHbix  MI'Jl-anexkTpocTaHumid, KOTOpPBIE  CMOLYT
KOHKYPHUPOBATh C OOBIYHBIMH 3JIEKTPOCTAHIUSMU.
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VJIK 539.125.5
CBEPXIIPOBOJIAMOCTbD

Kogsanéna K. 1.
Hayunsiit pykoBoautens — lllegenkon C. U.

CBepxXnpoBOJUMOCTh — 3TO CBOMCTBO MHOI'MX NPOBOJAHUKOB, COCTOSILEE B
TOM, YTO MX DJIEKTPUYECKOE COMPOTHUBIICHUE CKAYKOM ITaJaeT 10 HYJIs NpH
OXJIAKICHUHA  HWXKE * ONPEACIEHHOW  KpPUTUYECKOM  Temmeparypel Tk,
XapaKTEepHOU JUIsl AJAHHOTO MaTepHAaIa.

B 1911 r. Kamepiunr-OHHEC OTKpBUI SBJIEHUE CBEPXIPOBOAUMOCTH,
U3Y4EHUE KOTOPOTrO MHTEHCHUBHO IMPOJOJIKAETCS 10 HAIIMX JHEH U COCTABIISIET
OJTHO U3 BaXKHEUIINX HallpaBieHUN (Gu3nku TBeproro tenaa. Okazanoch, 4YTO MpU
Temnepatype, 61u3koii k 4K, 31eKTpUuecKkoe CONPOTHUBIECHHE PTYTH CKAYKOM
oOpamiaeTcsi B HyJIb.

HyneBoe comnporuBieHME — HE EIMHCTBEHHAs OTIWYUTEIbHAs Yepra
cBepxnpoBoAUMOCTH. OJHMM W3 TJABHBIX OTJIMYMN CBEPXIIPOBOJHUKOB OT
UJeaNbHbIX MTPOBOJHUKOB siBIsieTcs 3dext MelicHepa, OTKpbIThI Banbrepom
Meticaepom u Pobeprom Oxcendenbmom B 1933 roxy. OHu 0OHAPYX UM, UTO
€CJIM LWIMHAPUYECKUA 0o0pa3el] NOMECTUTh B MPOJOJIBHOE MarHUTHOE MOJE U
OXJIAIUTHh HWXXE TEMIEpaTypbl MEPEX0Ja, TO OH IOJHOCTBIO BBITAIKUBACT W3
ce0s MarHUTHBIA TOTOK. D¢ dexT MeliccHepa, KaKk Ha3Bald ATO SBJICHHUE, ObLI
BAXKHBIM OTKpPBITUEM, IOCKOJIbKY Onarojapsi emy (Qu3MKam CTajlo SICHO, YTO
CBEpPXMPOBOAMMOCTh — 3TO KBAaHTOBO-MEXAaHMUYECKOe sBiieHHe. Ecnu Obl
CBEPXIPOBOAMMOCTh 3aKJIIFOYAJIACh TOJBKO B HCUYE3HOBEHUM AIJIEKTPUYECKOIO
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CONPOTHUBJICHUSI, TO €€ MOXHO OBbUIO TMBITATECS OOBACHUTH 3aKOHAMHU
KJIACCUYECKON (PU3HKHU.

[lepBoe TeopeTrueckoe OOBICHEHHUE CBEPXITPOBOAUMOCTH ObUTO AaHO B 1935
rony ®puniem n Xaitanem Jlongonom. bonee o61ias Teopust Opl1a TOCTPOCHA B
1950 romy JI. I. Jlanmay m B. JI. T'ma3Oyprom. OHa mosyuyusia MIHUPOKOE
pacmpocTpaHeHue W U3BecTHa Kak Teopust ['mH30ypra — Jlanmay. OqHako 3Tu
Teopur UMenu (EHOMEHOJIOTHUYECKUI XapaKTep M HE pacKpbIBaIM JeTaJbHbIE
MEXaHU3MbI CBEPXIIPOBOIUMOCTH.

BniepBbie CBEpXIPOBOAMMOCTD HA MHUKPOCKONMYECKOM YPOBHE HOJy4uiIa
oOwscHenne B 1957 rogy B pabote amepukanckux (usukoB JIxoHa bapauna,
Jleona Kynepa u [xona Ilpuddepa. LleHTpaabHbIM 3€MEHTOM UX TEOPHH,
nosyuyusier Ha3Banue Teopuu bKIL, sBistoTCS Tak Ha3pIBaeMbIEe KYIIEPOBCKHE
Mapbl AIEKTPOHOB.

KBaHTOBO-MexaHuueckass Teopusi cBepxmnpoBogumoctu (Teopust BKIII)
paccMaTpuBaeT SIBIICHHE CBEPXIPOBOJUMOCTH KaK CBEPXTEKydecTh 0o03e-
SUHIINTEHHOBCKOTO KOHJIEHCATa KYNEPOBCKUX IMAp BJECKTPOHOB B METAJIE C
MPUCYIINUM CBEPXTEKYUYECTH OTCYTCTBUEM TPEHUS.

B kBaHTOBOW TeopuM METAIOB MPUTSHKEHUE MEXAY dJIEKTpoHamMHu (0OMeH
(oHOHAMM) CBSI3bIBAETCS C BO3HMKHOBEHHEM  DJIEMEHTAPHBIX BO30YKICHUI
KPUCTANIMYECKON PEIETKU. JEKTPOH,  ABWXKYIIMICA B KpUCTaIE H
B3aMMOJECUCTBYIOIIUN € JIPYyTMM  JJIEKTPOHOM IIOCPEACTBOM  PELIETKH,
nepeBouT e€ B BO30YKIEHHOE cocTostHEE. [Ipu mepexoie peméTku B OCHOBHOE
COCTOSIHME M3JIy4aeTcsl KBaHT DHEPTUHU 3BYKOBOW YaCTOTHl — (DOHOH, KOTOPHIiA
MOIJIOLIAETCA APYTUM 3JIEKTPOHOM. [IpuTsikeHue Mexy 3JIEKTPOHAMHU MOXKHO
NpEeACTaBUTh Kak OOMEH - BJIEKTPOHOB (POHOHAMM, MPUYEM MPUTSIKEHUE
Hanbonee 3(PpPeKTUBHO, €CIM HUMIYJIbCHl B3aWMOJCUCTBYIOUINX 3JIEKTPOHOB
MPOTHUBOMOJIOKHO HAIIPABJICHBI.

Bo3HMKHOBEHHE ~ CBEPXIIPOBOSIIETO COCTOSIHUSI BEHIECTBA CBA3aHO C
BO3MOXKHOCTBHIO 00pa3oBaHMsl B MeETaIE CBS3aHHBIX TMap DJIEKTPOHOB
(xynepoBckux map). OleHka MOoKa3bIBaeT, YTO AJIEKTPOHBI, oOpasylolue mnapy,
HaxoIsiTCs -~ APyr OT Jpyra Ha pPacCTOSHUAX TMOpsAIKa CTa TEpPUOJOB
KPUCTAJLIMYECKON PEMETKA. Besl AlEKTpoOHHAas CUCTeMa CBEPXIIPOBOIHUKA
npencTaBisier cobol cruiou€HHOe O00pa3oBaHWE, MPOCTUpAOIICeCs Ha
rpOMaJHBIC 10 AaTOMHBIM MAacIITabaM pPacCTOSHHUS.

Ecnu npu ckosib yrOJTHO HU3KHX TEMIIEpaTypax KyJIOHOBCKOE OTTaJIKHUBAHUE
MEXKy AJIEKTPOHAMU MpeoOIagacT Hall MPUTSHKEHUEM, 00pa3yIoluM Maphkl, TO
BEILIECTBO (METall WM CIUIaB) COXpaHsAET OObIYHBbIE CBOMcTBAa. Eciu xe mpu
temneparype TK CUIIbl TIPUTSKEHUSI TPeoOajatoT HAJl CUJIaMU OTTAJIKUBAHMUS,
TO BEIIECTBO MEPEXONUT B CBEPXIPOBOASAIIEE COCTOSTHUE.

Baxueiimeil 0cOOEHHOCTBIO CBSI3aHHOTO B IMapbl KOJUIEKTUBA AJIEKTPOHOB B
CBEPXIIPOBOJIHUKE  SBJISIETCS HEBO3MOXHOCTh OOMEHA DJHEpPrueil Mexmy
AJEKTPOHAMHU U PEHIETKON MaJbIMU MOPUUSIMUA, MEHBIIMMH, YEM OINPEACICHHAS
SHEprusi. DTO O3HAYAET, YTO MpPHU ABUKEHHH DJIEKTPOHOB B KPUCTALIMYECKOM
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peméTke He W3MEHSETCS DHEPrusi AJIEKTPOHOB M BELIECTBO BEHET celsl Kak
CBEPXMPOBOAHUK C HYJEBBIM YJIE€JIbHBIM CONPOTUBICHHMEM. KBaHTOBO-
MEXaHUYECKOE PACCMOTPEHHME TMOKA3bIBAET, YTO NPU 3TOM HE MNPOUCXOIUT
paccesiHds DJIEKTPOHHBIX BOJIH HA TEIUIOBBIX KOJICOAHUSAX PEIIETKU WU
npuMecsx. A 3TO U 03HaYaeT OTCYTCTBUE DIEKTPUUECKOTO COMTPOTUBIIEHUS.

st Toro 4yToOBI Pa3pyLUIUTh COCTOSIHHE CBEPXITPOBOJMMOCTH, HEOOXOIMMa
3aTpara omnpeaeneHHor sHepruu. llpm Ttemneparype T=Tk npoucxogur
HAapyUICHHE CBS3aHHBIX COCTOSIHUM JJIEKTPOHHBIX Map, IPEKpamiaeTcs
IIPUTSKEHUE MEXKY JIEKTPOHAMU U COCTOSIHAE CBEPXITPOBOJANMOCTH UCUE3AET.

CrexkTp TpUMEHEHUW  CBEpPXIPOBOJHUKOB  YIOOHO  pa3leluTh Ha
OTHOCHUTEIIBHO MAJIOMOIIHYO AIEKTPOHUKY (ObICTpOMICICTBYIOIIINE
BBIUHCIIUTEIBHBIE YCTPOWCTBA, JETEKTOPbl MArHUTHOTO MOJS W U3JIyYCHHH,
o0opynoBaHWE I CBS3W B MHUKPOBOJIHOBOM JHMAalia30oHE) W  CHUJIOBBIC
npuMeHeHus1 (kabenu, TOKOOTPAHUYUTENIU, MarHUThl, MOTOpPHI, I'€HEPaTOPHI,
HaKOIIUTEJIN DHEPIHUH).

B cuUOBBIX NOPUMEHEHUAX  CBEPXIPOBOJHUKH  ITO3BOJISIIOT  CHHU3WUTH
HHEPronoTepru M COKPATUTh MaccOorabapuUTHBIE MOKa3aTedn OO0OpyAOBaHUS.
OTCyTCTBHE  DJIEKTPUYECKOTO CONPOTHUBJIEHUS IO3BOJISET  HCMOJIb30BaTh
CBEPXMPOBOAHUKH ISt 3P PEKTUBHOM Mepeadn 3JIeKTPOIHEPTUH.

YK 621.311
IMPUMEHEHUE TEPATEPHOBOI'O U3J1YYEHUA

SApoxosuu A.H.
Hayunslii pykoBoautens — Kononosa T.C.

TepareproBoe uziyueHue O0bu10 OTKpbITO B 100 Merpax ot Kpemus, oxono
100 ner Hazaxm B < maboparopum ['nmaroneBoi-ApkanbeBoidl AJEKCAHPHI
AnpapeeBasl B MI'Y. Jleno 3akirouaercss B TOM, 4TO emié co BpeMeH HbroToHa
ObLJI0O HM3BECTHO JJIEKTPOMArHUTHOE H3JIyYeHUE BHJIUMOro crekrpa. [lotom
CTaJ0 M3BECTHO, YTO BHE IpeJeia BUAUMOIO M3IYyYEHHUS CYILIECTBYIOT €Il
W3JIyYEHUS.

AJlexcaHapa AHJpPEEBHA 3aKpblia IIETb MEXAY ONTHYECKOH 00JacTbio U
panrodacToTHOM oOnacthio. OHa mepBasi chenaja TeHepaTop TepareplroBOro
U3JIy4eHHs] Ha OCHOBE, TaK HAa3bIBAEMOM IIACThI, T.€. 3TO TaK HAa3bIBAEMBII
TeparepiioBblil MacTOBBIN reHeparop, oH Obul co3nan emE B 1924 rogy. Cyth
JIEUCTBUSA CBOAWIACH K TOMY, YTO B COCYJ IOMEUIAlach Macra, cocTosuas U3
METAJUIMYECKUX YACTUIl U HEKOW XKUAKOCTH. Uepe3 3Ty MacCy MpOILyCKaJICs
NEeKTpUUecKuil paspsan. Oxazaloch, YTO BO BpPEMS TOrO, Kak IPOMYCKaJCs
ANEKTPUYECKUN  pa3psii, 3Ta CMECh M3JIy4aeT BOJIHBI TEPareproBOro
CHEKTPaJIbHOr0 JAMana3oHa.





