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BEJIEHUE

CBepxnpoBOIUMOCTh - (PU3UUECKOE SIBICHME, 3AKIIOYAIOIIeecss B TOM, UTO Yy
MHOTHUX XUMHYECKHX D3JIEMEHTOB, COCIMHEHMH U CIUIaBOB  (Ha3bIBa€MBbIX
CBEPXIIPOBOAHHUKAMH), TPU OXJAKICHUH WX HUXKE OMPEJCICHHON KpPUTHUYECKOU
temneparypsl T, (XapakTepHOUW IJsl TaHHOTO MaTepualia) HaOJII0IaeTCs epexo U3
HOPMaJbHOIO B TaK HA3bIBAEMOE CBEPXIIPOBOJSILIEE COCTOSHHE, B KOTOPOM HX
ANEKTPUYECKOE COMPOTUBIICHHE MOCTOSTHHOMY TOKY TMOJHOCTBIO OTCYTCTBYET. [lpn
3TOM TEPeX0Je CTPYKTYpHBIE U ONTHUYECKHE (B 00JACTH BUIUMOTO CBETa) CBOMCTBA
CBEPXITPOBOJHHUKOB OCTAIOTCS TMPAKTUYECKH HEM3MEHHBIMU. ODIEKTPUYECKHE H
MarHMTHbIE CBOMCTBA BEILLIECTBA B CBEPXIIPOBOJISAIIEM COCTOSSHUU PE3KO OTINYAIOTCA
OT 3TUX K€ CBOMCTB B HOPMAJIbHOM COCTOSIHMM (TI€ OHH, KaK MPaBUJIO, SBISAIOTCA
MeTajslaMH) WM OT CBOWMCTB JAPYTUX MaTepHaloB, KOTOpbIE MPU TeX Ke
TEMIEPATYpax B CBEPXIPOBOASIIEE COCTOSHUE HE MEPEXOAT. 3a HCKIIOYEHHEM
omaropogabix (Cu, Ag, Au, Pt), memounsix (Li, Na, K u np.), menouno3emMebHbIX
(Be, Mg u np.) u deppomarautueix (Fe, Co, Ni) merammoB, Oonblmas 4acTh
OCTaJIbHBIX METAJUIMYECKUX DJIEMEHTOB SIBISIOTCS CBEPXIPOBOAHUKAMH. DIIEMEHTHI
Si, Ge, Bi, Te cTraHOBSATCS CBEPXIPOBOAHUKAMH MPU OXJIAKIACHUH IO JABICHUEM.
SBnenue ceepxmpoBogumoctu oTkpeiTo B 1911 r. X. Kammepnunr-OnHecom npu
HCCIIEIOBaHNHM HU3KOTEMIIEPAaTypHOTO X0a COMPOTUBIeHUs pTyTH. OH 00HapY KN,
YTO MPU OXJIAXKACHUU PTYTHOU MOBOJIOKK HIbKe 4,2 K e€ compoTuBieHue CKauKOM
oOpammaercss B HyJb. HopManabHOE COCTOSIHHE MOKET OBITh BOCCTAHOBJICHO MPH
MPOIMyCKaHUU 4epe3 oOpa3el] JA0CTaTOYHO CHJIBHOIO TOKa (IIPEBBILIAIOIIETO
kputnueckuii Tok I(T)) unm momernieHneM €ro B JOCTATOYHO CHIIBHOE BHEIIHEE
MarHutHoe Tmone (mpeBblmiaromiee kputuyeckoe wmarautHoe moie H(T)). Ilo
BenuunHe T, B CWJIIy HMCTOPMYECKUX MPHUYMH CBEPXIPOBOJHUKH MCNATCS Ha
kiaccuueckue (y kotopsix T < 30 K) u BeicOKkoTeMIIepaTypHbIE.

Hapsiny ¢ notepeit conpoTUBICHHS BaKHEUIIIUM CBOMCTBOM CBEPXITPOBOJHUKOB
SIBJIIETCS BBITECHEHHWE MArHUTHOTO TMOJISI U3 MaccuBHOTO obOpasma. [lo cBoemy
MOBEJCHUIO B MArHUTHOM II0JIE CBEPXIIPOBOJHHUKHU JENSATCS HA JIBE TPYIIIBL:
CBEPXIIPOBOJAHMKY MIEPBOI0 POJia U BTOPOro poaa. /lanee yu€HbIMU ObLT OTKPBIT Psift
JIPYTUX Ba)XHEHMIIUX CBOWCTB, XapaKTEPHBIX ISl CBEPXIPOBOJHUKOB, Ha OCHOBE
KOTOPBIX U ObllIa TOCTPOEHA TEOPHS CBEPXIPOBOIUMOCTH.

[TpakTHdeckoe WCMOIb30BaHNE CBEPXIPOBOJHUKOB OTPAHUUYUIOCH HU3KUMU

3HAYEHUSIMU KPUTMYECKMX Toiel W Temneparyp. HMHrepec K  Bompocy




MPAKTUYECKOTO HCIOIb30BaHUSI CBEPXIIPOBOJHUKOB MOsiBWICA B 50-X TT, KOraa
OBbUTM OTKPBITHl CBEPXIPOBOJHUKU BTOPOIO POAA C BBICOKUMH KPUTHUYECKHUMHU
napaMeTpamMi Kak M0 3HAYeHHIO MJIOTHOCTU TOKA, TaK U MO BEIWYHMHE MArHUTHOU
UHAYKIMH. B HacTosiee BpeMsl HCIONB30BAHHS SBICHHUS CBEPXIPOBOIUMOCTH
npuobperaer BCE OoJbIIIe MPaKTUYECKOE 3HAYCHHUE. [Ipumenenue
CBEPXIIPOBOJAHHMKOB TMOTPeOOBANIO pELIEHUS psijia HOBBIX 3a7ad, B YacTHOCTH,
WHTECHCUBHOTO Pa3BUTHUSl MaTepHAIOBEACHUS B 0o0jacTu HU3KHUX Temrieparyp. [lpu
ATOM HCCIIEAOBAIUCH HE TOJBKO CBEPXIIPOBOJIHUKH COOCTBEHHO, HO U KOHCTPYKIIHH
Y U30JSIIMOHHBIC MaTepUaIbI.
OmKpovimue sA6/1eHUA C6EPXNPOBOOUMOCIU

SIBneHne CBEPXIPOBOAMMOCTH BrepBble HaOmoman Kamepmuar-OHHec B
Jleitinene B 1911 r. Dra mpobiieMa nccienoBanach U paHee, ONBITHI MOKA3bIBAHN, YTO
C TIOHIKEHUEM TeMIepaTypbl, CONPOTHBICHHE MeTauioB naaano. OgHuUM U3
MEPBBIX €ro HCCIEeNOBAaHUI B 00NACTM HU3KHX TEMIlepaTryp ObUIO H3y4yeHHE
3aBUCUMOCTH 3JIEKTPUYECKOTO COMPOTHUBIICHHUS OT TEMIIEpaTypbl B XOJE ONbITA C
pTyTHOM 1enblo. PTyTh TOrma cumranach camMbiM YHCTBIM METaJUIOM, KOTOPBIM
MO>KHO OBUIO MOJMYYUTh AUCTUUIAIIMOHHON MEeperoHKou. /Iy 3Toro oH UCoab30Bal
anmapart (puc. 1), koTopslii coctosm u3 cemu U-00pa3HBIX COCYIOB, COSAMHEHHBIX
nepeBEpHYTHIMU Y -00pa3HeiMu cocynamu ceuenuem 0,005 mm°. Takas dbopma
COCYZIOB HYyXHa ObUTa JUII CBOOOJHOTO CXXHUMaHHS W pPa3KUMaHUS PTYTH 0e€3
HapylIICHUs] HEMPEPHIBHOCTU PTYTHOW HHUTH. B Toukax 1 m 2 mo TpyOkam 3 u 4
MOABOJMICA TOK, B TOUKAX 5 M 6 M3MEpsUIOCh MaJCHHE HAMNpsHKEHUS Ha ydacTKax
PTYTHOM LIETIH.
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Ha puc.2 nmpuBeneHsl pe3yibTaThl €ro 3KCHEPUMEHTOB co pTyThio. Cienmyer
oOpaTuTh BHHMMaHuW€ Ha TO, 4YTO TEMIEpPAaTypHbIl HHTEpBal, B KOTOPOM

COIIPOTUBJICHNUEC YMCHBIIAJIIOCH 10 HYJIA, IIpe3BbI‘la.I\/’IHO Y30K.




Puc. 2

Touka 1 Ha rpaduke COOTBETCTBYET TEMIIEpaType 3aMep3aHus pTyTH, TOUKa 2 —
TeMIIepaType KHUJIKOTO BO3/lyXa, TOUKa 3 — TeMIeparype KHuIkoro Bogopoza. I[locie
JaNbHEHIIEro  CHIDKEHHs  TEeMIIEpaTyphl — CONPOTUBJICHHE  PE3KO  HCYE3Jo.
DJEKTPUYECKOE COMPOTHUBICHHE B CBEPXIPOBOJSIIEM COCTOSHHM TOYHO PABHO
HYJI0 WIH, N0 KpaiHell Mepe, Tak OJM3KO K HYJIO, YTO HEe HaOJII0JaI0Ch
ocialJeHusl TOKa B CBEPXIIPOBOJALIEM KOJbIIE B T€UEHHE Oojiee 4eM roja BIUIOThH
710 TIpEKpaIeHHst SKCIIEPUMEHTA.

Teopus ceepxnposodumocmu

Jlanee oka3anock, 4To MpHU KpaiiHe HU3KUX TeMIepaTypax LeJbli psiji BELIeCTB
o0ajaeT CONMPOTUBIIEHUEM, MO KpaiiHed mepe, B 10-12 pa3 meHblue, yem IpH
KOMHATHOW TeMmIepaType. DKCIIEPUMEHTHI MOKa3bIBAIOT, YTO €CIIM CO3/1aTh TOK B
3aMKHYTOM KOHTYpPE€ M3 CBEpPXIPOBOJHUKOB, TO JTOT TOK MPOJOIDKAET
mupkynupoBath M 6e3 ucrounuka OJ[C. Toku PDyko B CBEpXNPOBOAHUKAX
COXpAHSIOTCSI OYEHb JOJroe BpeMs M HE 3aTyXaloT M3-3a OTCYTCTBHUS JDKOYJIeBa
tera (Toku 10 300A mpoAomKalT Teyb MHOrO 4acoB mnoapsna). M3yuenue
NPOXOXKIEHUA TOKa Yepe3 psAld Pa3IUYHbIX MNPOBOJHUKOB II0Ka3ajo, YTO
COIIPOTHBJIEHUE KOHTAKTOB MEXJY CBEpPXIPOBOJAHUKAMHU TaKXe pPAaBHO HYJIIO.
OTIUYUTENBHBIM CBOWCTBOM CBEPXIIPOBOJAUMOCTHU SIBIISICTCSI OTCYTCTBUE SIBIICHHS
Xomra. B To Bpemst, Kak B OOBIYHBIX TPOBOJHHUKAX O] BIUSHUEM MAarHUTHOTO TOJIS
TOK B METaJlJIe CMELIAETCs, B CBEPXIIPOBOJIHUKAX ITO SIBJIEHUE OTCYTCTBYeT. TOk B
CBEPXIPOBOJHUKE KaK Obl 3aKpEIJICH Ha CBOEM MECTe.

CBepXIpoBOIMMOCTb UCYE3aET MO ICHCTBUEM CIEAYIONIMX (PaKTOPOB:

1) moBBIIEHHE TEMITEPATYPHI,

2) nercTBHE TOCTAaTOYHO CHIIBHOTO MAarHUTHOTO TTOJIS;




3) nocTaTo4yHO OOJBIIAs ITIOTHOCTH TOKA B 00pasiie.

C noBbIIIEHUEM TeMIEPATypbl 10 HEKOTOPOU 7, MOYTH BHE3AMHO MOSIBISAETCS
3aMETHOE OMHYECKoe compoTuBieHue. llepexoq OT CBEpXMPOBOAMMOCTH K
MPOBOJAMMOCTH TEM Kpyde M 3aMETHee, YeM OJHOpOIHEee o0pasel] (Hanbomee KpyTou
nepexo;] HabJIr01aeTcsi B MOHOKPUCTAJLIAX).

[lepexon OT CBEpPXMPOBOJSIIETO COCTOSIHUSI B HOPMAaJlbHOE  MOKHO
OCYIIECTBUTh ITyTE€M IMOBBIIICHUS MArHUTHOTO TIONIs MpPH TeMIepaType HUXKe
kputnueckod T.. MwuHumManpHoe mone B, B KOTOpOM pa3pylIaercs
CBEPXMPOBOJUMOCTh HA3bIBACTCS KPUTUUYECKUM MArHUTHBIM TIOJIEM. 3aBHCHMOCTD
KPUTHUECKOT'O MOJIS OT TEMIEPATYPhI OMUCHIBAETCS SMIIUPUUECKON HOopMYIIOii.

B.=Bo[1- (T/TC)2 ], tme By - kxpuTHUEcKoe MoJie, SKCTPANOITUPOBAHHOE K
a0COTIOTHOMY HYJITIO TEMIIEPATYPHI.

JI1s1 HEKOTOPBIX BEILIECTB, MO-BHAMMOMY, UMEET MECTO 3aBUCUMOCTH OT T B
nepBoid creneHu. [lpu AEHCTBMM MarHUTHOTO TIOJISI HAa  CBEPXIPOBOJIHUK
Ha001aeTCsl 0COO0T0 BUIAa TUCTEPE3HC, 4 HMEHHO €CJIH TMOBBIIIAasi MAarHUTHOE TOJIe
YHUUTOXUTH cBepxnpoBogumocts npu H = H; ( H - cuna nons, H; - nossienHas
cHuJia II0JIA: H: = a(Tcz - TZ) ) , TO C IOHM)KCHHEM WHTEHCHUBHOCTH TOJIS
CBEPXIIPOBOJUMOCTbD MOSIBUTCS BHOBb IPH TOJIE H.'< H,, dH = H;, - H," mensetcs
oT oOpa3zna Kk oOpasmy u o0baHO coctaBisier 10% H; IloBelmeHue cuiibl TOKa
TaKk)Ke TMPUBOJUT K HCYE3HOBEHUIO CBEPXIPOBOAMMOCTH, TO €CTh IMPU STOM
nonmwkaetcs T.. UeM Hipke TemmepaTypa, TeM BBIIIE Ta MpeJesibHas CUJIa TOKa i
MIPU KOTOPOM CBEPXIIPOBOAUMOCTD YCTYHAET MECTO OOBIYHOM MPOBOAMMOCTH.

CBepXmpoBOIUMOCTh HAONIONAETCs KaK y 3JEMEHTOB, TaK U y CIUIaBOB U
MeTaJUInYecKux coenuHeHnit. CepxmpoBoaumocts ectb y Hg, Sn(Genoe), Pb, TI,

Tn, Ga, Ta, Th, Ti, Nb (unorma Cd).
Tynnenwnuwiii 3¢hhexm

TynHenbpHBIN 3QPEKT — ATO TUNIMYHAS 33a/lada KBAHTOBOM MeXaHWKU. YacTuiia
(HampuMmep, SJEKTPOH B MeTajuie) MOAJeTaeT K Oapbepy (Hampumep, K CIOIO
JIUAJIEKTPHUKA), IPEOJI0JIETh KOTOPBIN OHA MO KJIACCUYECKUM MPE/ICTABICHUSM HUKAK
HE MOXET, TaK KaK €€ KMHETHYeCKash SHEpTHsi HeJAOCTATOYHA, XOTS B 00JacTH 3a
OapbepoM OHA CO CBOCH KMHETHYECKOW YHEPTHUEH BIIOJIHE MOTJIA OBl CYIIECTBOBATH.
HampoTtuB, corimacHo KBaHTOBOW MeXaHUKE, MPOXOXKIACHHE Oapbepa BO3MOXKHO.

Yactuiia ¢ HEKOTOPOI BEPOSITHOCTHIO MOXKET, KaK Obl MPOUTH MO TYHHETIO 4Yepe3




KJIACCHYECKH 3allpelIeHHYI0 O0JIacTh, TNI€ €€ NOTEHIMalIbHAs JYHEPTusi Kak Obl
0oJbIlle TIOMHOW, TO €CTh KJacCHYecKas KWHETHYecKass OJHeprusi Kak Obl
oTpunatensHa. Ha camom pene ¢ TOYKM 3pEeHHMS KBAaHTOBOW MEXaHUKHU JUIS
MHUKpPOUYACTHIIbl (JIEKTPOHA) CIPABEAJIMBO COOTHOLIEHHE HEONPEIEICHHOCTEN
AxAp>h (x — KoopAMHaTa dYacTUIBl, p — ee wumnyisc). Korma wmamas
HEOTPEAENEHHOCTh €€ KOOPAMHATHI B AMAJICKTpUke Ax = d (d — TonmuHa cios
TURJIEKTPUKA) MIPUBOIUT K OONBILION HEONpeAeTIeHHOCTH ee uMIyibca Ap > h/Ax, a,
CJIeIOBaTeNIbHO, U KUHETUYECKOM SHEPTUU pz/(Zm) (m — Macca 4acTHIIbI), TO 3aKOH
COXpaHEHMs SHepruM He Hapymaerca. ONBIT MOKa3bIBaeT, YTO JCHCTBUTEIBHO
MEXIY JBYMS METAJUIMYECKHMMH OOKIIAIKaMH, pa3felCHHBIMH TOHKUM CIIOEM
TUDJIEKTPUKA (TYHHEIbHBIA MEPEX0Jl), MOXKET MPOTEKaTh JJIEKTPUUECKUN TOK TEM

OOJIBIINIA, YeM TOHBINE AUIICKTPHUUECKUNA CIOH.
I pexkmut /[rcozeghcona

Ecnu nBa cBepXmpoBOAHMKA pa3lieleHbl MEXIY COOOW AOCTATOYHO TOHKUM
CJI0EM JUMAJIEKTPHKA (HampuMep, 1Ba METALTUIECKUX CI0S, Pa3AeIeHHBIX OKUCIIOM),
TO TIPOHUKHOBEHHE depe3 Oaphep MAaKPOCKOIMMYECKHX BOJHOBBIX (DYHKIIHMA
OPUBOJUT K MX TMEPEKPBITUI0O MM K TYHHEIMPOBAHUIO JJIEKTPOHHBIX TMap.
CeszanHble ¢ 3TUM 3(PQeKTsl ObUTH KOJIMYECTBEHHO HcCienoBaHbl bpaitanom
Jlxozedconom B 1962r. OH mokazai, 4To eciIi UMEeTCs pa3HOCTh (a3 MEXKAY dTUMHU
JBYMSI BOJTHOBBIMU (DYHKIIUSIMH, TO TOK MOYKET MPOTEKATh B OTCYTCTBUE KaKOW-JIHOO
Pa3HOCTH MOTEHIIUAJIOB.

Crnoii IUANEeKTpUKa - HE EIWHCTBEHHO BO3MOXHBIM TuU ‘“‘caboro 3BeHa”,
Cpemu JpYruxX THIIOB MOXHO OTMETUTh TOUYEYHBIH KOHTAaKT JBYX XOPOIIO
NpUIUTH(QOBAHHBIX CBEPXIPOBOJHUKOB, WM KE MHKPOMOCTHK, OOpa30BaHHBIM
MyTeM TPaBJICHUS CBEPXIPOBOJAIICH TUIGHKHM. Ha TpakTHke mpu HyJICBOM
HaNPSOKEHUU Yepe3 KOHTAKT MOXHO MPOIYCTUTh TOK TOJBKO BIUIOTH 0 HEKOTOPOTO
MOPOTOBOTO 3HAUEHHS, BBIIIE KOTOPOTO MOSIBUTCS HAMpPSKEHHE. DTO HAMPSIKEHHE
3aTeM BO3pacTaeT MPU POCTe TokKa. Takoe sBIEHUE HA3bIBACTCS CTAlMOHAPHBIM
addexrom Jxo3edcona. Hecrarmonapusiii apdext [[xo3edcoHa BOZHHKAET, KOTaa
K KOHTaKTy TMpPHUKJIAQAbIBACTCS HANpsHKEHUE U Yepe3 Hero HauyuHaeT Tedb
MEPEMEHHBIH TOK.

Dddext [Ixo3edcona MOKET IMETh MHOTO TIPUIIOKEHHH, HO OH MOXKET OBIT U
napa3uTHeIM. OH BO3HHMKAET HA TPAHMIIAX 3€PEH B MOJIMKPHUCTATUIMYECKUX 00pa3Iax
HOBBIX CBEPXIIPOBOJHUKOB W MPENSATCTBYET, HAMpUMeEp, IMOMNBITKAM H3MEPEHUS

HOHI[OHOBCKOﬁ FJ'IY6I/IHBI IMPOHUKHOBCHUS.
CeepxnpooOHUKU nepeozo pooa

HpoaHanI/BI/IpyeM MNPOTCKAHUC TOKa II0 IIPOBOJIOKE KpPYIJOro CCYCHU,
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Hpunoscenue

Puc. 6

Puc. 8



