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CBepxXnpoBoAUMOCTD

CBepxnpoBOAUMOCTD - CBOMCTBO MHOTHMX IPOBOJIHUKOB,
COCTOSIIIEE B TOM, YTO UX BJIIEKTPUUECKOE CONTPOTHUBIICHHE
CKAUKOM ITaJaeT A0 HYIS MPH OXJIAXKICHUN HUKE
OTIPE/ICNIEHHON KPUTHICCKOM Temmeparypsl T , XapaKTepHOu
JUIs1 TAaHHOTO MaTepuana.

CBepXOpoBOJUMOCTb OOHapy’keHa y 0oJjiee 4yeM 25
METaJJINYECKHX JIEMEHTOB, Y OOJIBIIIOrO YKMCia CIIJIaBOB U
MHTEPMETAINUYECCKUX COCTMHECHUM, a TaK)KE Y HEKOTOPBIX
IOy IIPOBOIHUKOB.



B 1911 roay ronnanackuil pu3uK
Kamepmunr - OnHec o6Hapyxwu, 9to mpu B4

OXJIAXKJIEHUU PTYTHU B )KUJIKOM I'€JIUU €€ Roee Dt
COIPOTUBIICHHUE CHAYaa MEHSECTCS
MMOCTENEHHO, a 3aTEM IIpU TemIieparype 4,2
K pe3ko magaer 10 HyJs.
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O1HAaKO HYJIEBOE CONPOTHUBICHUE — HE €UHCTBCHHAS
OTJIMYMTEIIbHAA YE€PTa CBEPXIPOBOAUMOCTH. E1ié u3
TeopuH pyne n3BECTHO, YTO MPOBOJIMMOCTb METAJLJIIOB
YBEJIMYMBACTCS C IIOHUKEHUEM TEMIIEPATYPHI, TO €CTh
SIIEKTPUUECKOE COMPOTHUBIICHUE CTPEMUTCS K HYJIIO.



Tommanackuit puszuk Kamepnuar-Onuec 0bu1 ynoctoeH HobeneBckoi mpemun
o gusuke 1913 1. «3a UcciaeaoBaHus CBOMCTB BEIIECTBA ITPU HU3KUX
TeMIieparypax».

B panpHelmem ObII0O BEISICHEHO, YTO Oosiee 25 XUMHYECKHUX DJIIEMEHTOB —
METAJJIOB IIPU OYC€Hb HU3KHUX TEMIIEpaTypax CTAHOBATCS CBEPXIIPOBOJHUKAMHA. Y
KaXJIOTO M3 HUX CBOS KPUTHUUYECKAas TEMIepaTypa nepexojia B COCTOSHUE C
HYJIEBBIM COIPOTHUBIIeHHEM. CaMoe HU3KOE 3HaYeHue ee y BoibPppama — 0,012
K, camoe Bbicokoe y Huoous — 9 K.

CBepXIpoOBOAUMOCTh HAOMIOAACTCS HE TOJIBKO Y YMCTHIX METAJIOB, HO U Y
MHOTUX XUMHUYECKUX COCIMHEHUN 1 CIUIABOB. [Ipn 3TOM camu 371€MEHTHI,
BXOJAIINUE B COCTAB CBEPXIIPOBOAAIIETO COCTUHEHUS, MOT'YT U HE SIBIATHCS
cBepxnpoBogHukamu. Hanpumep, NiBi1, Au2Bi, PdTe, PtSb u apyrue.

Jlo 1986 r. ObLIM U3BECTHBI CBEPXIPOBOJIHUKH, 00JIaJAI0IINE STUM CBOHCTBOM
P OYECHb HU3KHUX TeMmneparypax — Huxke —259 °C. B 1986-1987 romax 0bu1n
0OHapyXEHbI MaTepHUajbl C TEMIIEPATYPOH MEPEX0/a B CBEPXITPOBOISIIECE
coctositHre 0KoJI0 —173 °C. DTO ABJIEHUE MOJTYYUITIO HA3BAHUE
BBICOKOTEMIIEPATYPHOM CBEPXIIPOBOAUMOCTH, U IS €r0 HaOII0ICHUS MOXKHO
HCIOJIb30BaTh BMECTO JKUIKOTO T€IHUS JKUIKHAM a30T.
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CBOWCTBOM CBEPXIIPOBOAMMOCTH 00J1a1at0T OKOJIO ITOJIOBUHBI
METAaJIJIOB M HECKOJIBKO COTEH CIIIABOB.
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CBGpXHpOBOZ{HHII/Ie CBOHUCTBA 3aBHUCAT OT THIIA KpUCMAJLJIUYECKOU

cmpykmypol. I3MeHEHHE €€ MOKET MEPEBECTU BEIIECTBO U3
OOBIYHOI'O B CBEPXIIPOBOJISIIEE COCTOSTHUE.

3
KpI/ITI/IIICCKI/IC TCMIICPATYPLI U30monoe 3JICMCHTOB, IICPCXOAAITHUX

B CBCPXIIPOBOAAIICC COCTOAHHNUC, CBA3AHbI C Maccamu N30TOIIOB
COOTHOILICHUCM.
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CunbHOE MacHumuoe nojie pa3pymaet 3PhexT
CBEpXIPOBOAMMOCTH. CIien0BaTEIbHO, IIPU MOMENICHNUH B
MAarHMUTHOE TI0JIE€ CBOMCTBO CBEPXIIPOBOAUMOCTHA MOXKET
MCUYC3HYTb.




Peakuus CBepXNnpoBOJHUKOB HA IPUMeECH
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BBenenue npuMecu B CBEPXIPOBOJIHUK YMEHBIIIAET PE3KOCTh MEPEX0/IA B
CBEPXIIPOBOAIIECE COCTOSHHUE.

# n
B HOpMasbHBIX METaIaX TOK Ucdye3aeT mpumepHo uepes 102 ¢. B
CBEPXIIPOBOJIHUKE TOK, MOXKET LIUPKYJIUPOBATh rojjamu (Teoperudecku 105 net!).



du3nyeckasi IPUPOAA CBEPXNPOBOANMOCTH

SBIECHHE CBEPXIPOBOAUMOCTH MOXKHO MMOHSITH
000CHOBATH TOJILKO C ITOMOIIBI0 KBAHTOBBIX
[IPEICTABICHUH.

OHu ObLIM mpeacTaBiaeHbl B 1957 rogy aMepruKaHCKUMHU
yuenbiMu JIx.bapaunaeiM, JI.Kyniepowm, JIx. [Ipuddepom u
coBeTCKUM akagemMukoM H.H. boroaro0oBbIM.

B 1986 roxy Obl1a OTKpBITA BBICOKOTEMIICPATY PHAS
CBEPXIIPOBOAMMOCTD COGJII/IHGHI/II/I JJaHTaHa, Oapus 1
npyrux smemenToB (T= 100°K - aTo TeMneparypa KuneHus
*KHJIKOTO a30Ta).



OnHuM W3 TIABHBIX OTJIMYUAM
CBEPXITPOBOIHUKOB OT HJCATIBHBIX
IPOBOJIHUKOB  sIBJIsieTCA 3 (PEKT
Meiicaepa, OTKpbITEIA B 1933
rojy, T.€. IIOJJHOE BBITCCHEHUE
MArHUTHOTO TIOJSA U3 Marepuaia
pu epexoe B
CBEPXITPOBOJISIIIEE COCTOSIHUE.
BrepBbie sBIIEHHE HAOII0IAIOCH
B 1933 romay HEMEIKUMHU
(pru3ukamu
Meiicaepom u OkceHdenbaoMm.
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['po6 MyxammMmeia — OIIBIT,
JEMOHCTPUPYIOIIUN 3TOT dPHEKT

B CBEPXIPOBOIHUKAX.

I1o mpeganuto, rpod ¢ TEIOM MPOPOKa
MaromeTa BUCEI B MPOCTPAHCTBE 0€3 BCAKOU
MOJIJIEPKKH, TIO3TOMY 3TOT OIBIT Ha3bIBAIOT
KCIIEPUMEHTOM C «MaroMeTOBBIM TPOOOM).

OTTaJIKMBasiCh OT HEMOJIBUKHOIO
CBEpXITPOBOJAHUKA, MATHUT
BCIUIBIBAET CaM M MPOJIOJKAET
NapuTh /10 TE€X MOp, MOKa
BHEIIIHUE YCJIOBHUS HE BBHIBEAYT
CBEPXITPOBOAHUK U3
cBepXmpoBojsileH ¢gas3bl. B
pesyiabTrare 3Toro 3 @exra
MarHuT, MpUOJIMKAIOUITUICS K
CBEPXITPOBOJHUKY, «YBUIUT
MarHut oOpaTHOM MOJSIPHOCTH
TOYHO TAKOTO K€ pa3Mepa, 4To U
BBI3BIBAET JIEBUTAIIUIO.
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C eTrOIHS [lepcrieKTUBBI MPAKTUYECKOTO TPUMEHEHHUS CBEPXIPOBOAUMOCTH ObLITU

/ OYEBHJIHBI JJABHO, HO MEPBBIE CBEPXIPOBOJIHUKN TPEOOBAIN HU3KUX TEMIIEpaTyp
"“ B Y MOTJIM MPOBOAUTH JIMIIIb HEOOIBIITUE TOKHU; TPU MPEBBIIICHUU KPUTUYECKOU
k: . S [UIOTHOCTH TOKa CBEPXIIPOBOAMMOCTB pa3pylianack. PeanbHble TpUMEHEHNUS
' ' CBEPXITPOBOAUMOCTH CTAJIX BO3MOKHBIMH TOJIBKO MOCJIE€ CYIIECTBEHHOTO
. nporpecca B Hayke U TeXHHUKE — K 1970-m ronam. CriekTp nmpuMeHEHUM
| CBEPXIIPOBOJHUKOB YIOOHO Pa3eIUuTh HA OTHOCHTEIFHO MAaJOMOIIHYIO
} SJICKTPOHUKY (OBICTPOJCHCTBYIONINE BHIYUCIUTEIBHBIE YCTPOMCTBA, TETEKTOPHI
MarHUTHOTO TOJIA U U3JTYyYEHUM, 000pya0BaHUE IS CBSA3M B MUKPOBOJIHOBOM
JIMana3oHe) U CUJIOBbIE MpUMEHEHHU (Kabenu, TOKOOTPaHUYUTENN, MAarHUTHI,
MOTODBI, TEHEPaTOPhl, HaKomuTenu sHeprun)

B CHJIOBBIX MPUMEHEHHUSX CBEPXIPOBOIHUKU O3BOJISIOT CHU3HTS AHEPIroNnoOTEepU U COKPATUTH
MaccorabapuTHbIE MOKa3aTesn 000pyaoBaHua. OTCYTCTBUE IIEKTPUUYECKOTO CONMPOTUBIEHUS MO3BOJISAET
UCIIOJIB30BaTh CBEPXIPOBOAHUKY 11 3G(DEKTUBHOM TTepeiaun JICKTPOIHEPTUH.

3ameHa MeHO 0OMOTKH B TpaH(OpMaTOpax Ha CBEPXIIPOBOJISIIINE TPOBO/IA MO3BOIUT YMEHBIIUTh
noTtepu ekTposHeprun Ha 80-90% u cHU3UTH OOIIYI0 Maccy MpUMEpHO B 2-3 paza. MckiiroueHue
TpaHC(OPMATOPHOTO Macia AENIAeT CBEPXIPOBOAHUKOBBIA TPaHCPOPMATOP MOKAPOOE30MACHBIM U
AKOJIOTHYECKHU Oe3ynpeuHbIiM. BObIas yCTOMYMBOCTh K pabOTe P NEeperpy3Kkax Mo3BOJIUT 3aMEHUTD
TPaJUIIMOHHBIN TpaHCPOPMATOP MEHEE MOIIHBIM CBEPXIIPOBOJHUKOBBIM, 3 YMEHBIIIEHHOE CTapEHUE
U30JISIUHU U3-32 HU3KUX pab0YuX TEMIIEPATYP U OTCYTCTBUSI TEMIIEPATYPHBIX TPAUECHTOB MO3BOJIUT
YBEJIUYUTh BPEMSI SKCILTyaTaluu.



bynyiee cBepXmmpoBOAUMOCTH
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Yepes 10-20 et cBepXmpOBOAUMOCTD OYIET MIMPOKO
UCIIOJIb30BAThCS B SHEPrETUKE, TPOMBIIIIIEHHOCTH, Ha
TPAHCIIOPTE U rOpPa3/io IIUPE B MEAUIIMHE U IICKTPOHHUKE.
Buenpenune CII-TeXHOJIOTHI TPUBEAET KaK K MIPOCTOU
3aMEeHEe TPAJAUITMOHHOTO 000py/I0BaHUs Ha Oosee

3¢ (peKTUBHOE CBEPXMPOBOASIIEE, TAK U K U3MEHEHUSIM
CTPYKTYPHOTO XapaKTepa U K MOSBJICHUIO COBEPIIEHHO
HOBBIX TEXHOJIOTMYECKUX HOBOBBEICHMUIA.

B anexTpoHuKe CBEpXIPOBOIUMOCTh HAMAET MIMPOKOE
IPUMEHEHHUE B KOMITBIOTEPHBIX TEXHOJIOTHSIX. 31€Ch
CBEPXIIPOBOISIINE JIEMEHThI MOT'YT 00€CIIEYNBaTh OUYCHb
MaJjible BpeMeHa NEePEKIIIOUEHN S, HUYTOXKHbBIC TOTEPH
MOIIIHOCTH MPH UCTIOJI30BAaHUU TOHKOIIJIEHOUYHBIX
AJIEMEHTOB M 00JbIINE 00BEMHBIE TIJIOTHOCTH MOHTaXa
cxeM. [ToTeHnnanbHO Hanboee BHITOIHOE MPOMBIIIIJIEHHOE
NPUMEHEHHUE CBEPXIIPOBOIUMOCTH CBSI3aHO C
reHepUpOBaHUEM, nepenadeit u 3PpPeKTUBHBIM
UCIOJIb30BAHUEM 3JIEKTPOIHEPTHH.

Hamnpumep, 1o cBepXnpoBoasIIeMy KaOeI0 JUaMeTPOM HECKOJIBKO CAHTUMETPOB MOKHO
nepeaBaTh CTOJBKO YK€ DJIEKTPOIHEPTUH, KaK U 110 orpoMHoM cetu JIDII, u mpu 3ToM C
OYEHb MAJIBIMM TIOTEPSIMU. bosiee Toro, B CBA3U ¢ HEM30E€KHBIM U3MEHEHHUEM Teorpaduu
OCHOBHBIX IIEHTPOB UCTOUHMKOB dHEPTUM (Harpumep, HepTh/Ta3 B pailoHe mmenbda u
KOHTUHEHTAJIbHOM yacTh CeBepHOro JIenoBUTOro okeaHa U AHTApKTHU/IbI, COJTHEUHAS
SHEPrus — MyCcThIHU AQpUKU U ABCTpaIUU U T.J.), COMPOBOXK/IAEMbIM OTAAJICHUEM OT
OCHOBHBIX IIEHTPOB MOTPEOJICHUS, MPOoOIeMa MOBBIIICHUS TIepejaBacMO MOIIIHOCTH Ha
OOJIBIIIME PACCTOSHUS TTPY MUHUMU3AIUU TIOTEPh CTAHOBUTCS BCE 00JIe€ aKTyaJIbHOM.



CBepXIPOBOAHUKOBBIE TEXHOJIOTUHU YPE3BbIUAMHO MPUBIIEKATEIBHBI 111 IPUMEHEHUS Ha (UIOTE — KaK TPa)kIaHCKOM, TaK U
BOEHHOM. CBEpXIPOBOJHUKOBBIEC MPUBO/IBI M T€HEPATOPHI OTIMYAIOTCS BEICOKON KOMITAKTHOCTBIO IIPH Macce B 2-3 pasa
MEHbIIIEH, YeM Yy TPAJIULIMOHHBIX aHAJIOTOB M 00JIa/Ial0T BHICOKOM TATOM Jdake HAa HU3KUX 00opoTax. OTKa3 OT MEXaHMYECKUX
PEAYKTOPOB U MEPEXO]] K MPSMOMY MPUBOLY TPEOHOTO BUHTA 3JIEKTpoJBUTraTesieM cyiectBeHHO noguumaet KII cunoBoit
YCTaHOBKHU. YPOBEHb BUOpALIMiA U ITYMOB TAK)K€ 3HAYUTEIBHO HUXKE, YTO BAXKHO HE TOJIBKO ISl BOCHHBIX IPUMEHEHUH, HO U
JUTSL KPYU3HBIX JIaWHEPOB U pbl0ooBerkux cynoB. C pazputrem CII-TexHONIOru# CBEpXNpOBOSAILIUE ABUTATEIN HATYT
MIMPOKOE MPUMEHEHHE TAK)KE U B CaMOJIeTaX U Ha aBTOMOOMIIBHOM TpaHcrnopTe. MHkeHephl TaBHO yKe 33 TyMbIBAJIUCH O TOM,
KaK MOHO OBbLIIO ObI MCIIOJIb30BATh OTPOMHbBIE MATHUTHBIE TOJISI, CO3/]aBAEMBbIE C IIOMOIIbIO CBEPXIIPOBOIHUKOB, JIJIsI
MarHUTHOM MOJIBECKHU MOe3/1a (MAarHUTHOM JIEBUTAIIMH). 32 CUET CUJI B3AMMHOTO OTTAIIKUBAHUS MEXKIY JBUKYIIUMCS
MarHuTOM U TOKOM, UHIYIIUPYEMBIM B HAIPABIISAIOIEM IMPOBOIHUKE, TTOE3]] ABUTAJICS OBl IJIaBHO, O€3 IIyMa U TPEHUS U ObLI
YeHb OOJBIIYIO CKOPOCTb.

EnuncTBeHHas B MUpE IEUCTBYIOIIAs MTacCAXUPCKas MarHUTHO-JICBUTAIIMOHHAs (HO HE
CBEPXITPOBO/IAIIAS ) JKEJIEC3HOJOPOKHAS TUHUS MPOTsKeHHOCThIO 30,5 kKM pacnoniokeHa B Kurae.
CTpouTensCTBO CBEPXITPOBOASIICH JKEJIE3HOW IOPOTH 3aINIAHUPOBAHO B SMOHUM.
[Ipennonaraercs, yto JuHUA 1IUHON 290 KM coequHUT TOKHO U pailoH B IEHTPaIbHOU AMOHUMU.
Hcnonb3yeMast TEXHOJIOTHS MOJIpa3yMEBAET UCIIOIb30BAHUE IICKTPOIUHAMUYECKOM MTOABECKH Ha
CBEPXIPOBOJIAIINX MarHuTaX, yCTAHOBJIECHHBIX KaK Ha MOE3J1€, TaK U Ha Tpacce. TecToBbIe
UCIIBITaHUsI OBLIN yCcTenTHo npoBeieHsl emie B 2003 1., B X Xoe ObLI MOCTaBJIeH MUPOBOM
PEKOpJT CKOPOCTH NepeaBrxKeHus moe3aa (581 kv/gac). Oxumaercs, 4ro gopora OyJaeT BBeIeHa B

sKcrutyaramnuio k 2020 1. .
B nepcnexkTuBe BO3MOXXHBI TPOEKThI COBMECTHOM MPOKJIAIKH

™~ KpUOTPYOOITPOBOIOB M JKEJIE3HBIX JOPOT. BO3BMOXKHOCTH YCKOPEHHUS
MaKpPOCKOTIMYECKUX OOBEKTOB 3JIEKTPOMArHUTHBIM MOJIEM HaMIeT
CBOE MPUMEHEHHUE TaKXKe Ha a’poJipoMax M KocMmoapomax, rae CII-
MarHuThl OyyT 0OeCIIeunBaTh B3JIET/TIOCAAKY BO3IYIIHBIM CydaM H
KOCMHUYECKUM KOpabisim. PaccmaTrpuBaroTcst Takske BOZMOXKHOCTH
MPUMEHEHUS CBEPXIPOBOISAIINX MATHUTOB JJII aKKyMYJIHPOBAHUS
AIIEKTPOAHEPTUN B MATHUTHOM TUIPOAMHAMUKE U JJIS POU3BOICTBA

TEPMOSIAEPHON SHEpruu (TokaMaku). JlaHHbIE TEXHOJIOTUHU, KAK

H3BECTHO, CITOCOOHBI KapJAMHATLHBIM 00pa30M M3MEHHUTh OOIHK
MHPOBOM DHEPTETUUECKOU CUCTEMBI.
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