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Ceqe1me MeJIRO,n;HCnepcHoro ROMll03HTHOro CBepxnpOBO,IUmRa npe,ncTaB­
JllleT cooofi . .JtBYMePHYJO CHCTeM,V qepe,nyIOlltlIXCR sneMeHTOB CBepxnpoBO,nmnero 
H HOPMaRbHoro MeT~OB. B nocne,JUiee BpeMR: npORBJI.IIeTCR OORl:,IIIOfi HHTepec 
R ITO.I(OOHoro po~a CHCTeMaM RaR B aRcnepHMeHTaRbHOM/I~3/, TaR H B Teo­
peTlI'leCROr/-t:-5/ pacCMOTpemm. B.naro.napR a<W>eRTY OJIH30CTR ITPH noHIDKe­
HHll TeMIIepaTypu B03HHRaeT B3aHMo.nettcTBHe Mem.ny cBepxnpoBo.wnnm.m sne­
MeHTru.m:, ·TSR qTO BCR CHCTeMa B ROHD;e ROHD;OB ne~eXO)l;HT B CBepxnpOBO.I(R. -
lllee COCTOmme • .Iu3YMepHUe nocTpOeHHR B pa60Tax11- 31 OUJIH non~eHU Ha 
nnemmx • 00WJHO Ha noBepxHOCTb nneHRH H3 HOpM8RbHOrO MeTaJIJla H8rrJI.II­
IDTCR B BH,ne P,eryJI.1IpHOfi CHCTeM!l OCTpOBa cBepxnpOBO.wmtero MeTaJIJla 1 , 2/ 
HJIH cnJUIB/37, HMeIDlllHe MaRpOCRO~eCRHe pa3Mm H paCCTORHHR Mel!r,Izy' 
coce,I(HHMII OCTpOBaMH. B paOoTe AopaxaMa H .np. • HanpHMep, no,I(JIOlltROfi 
CJIY]OIM Me,JUiaR nneHRa TOJilllHHOfi IlOPR.I(Ra·IOOO A, Ha ROTOPYID OUJIH Hanu­
neHU B BH,ne nPfIMoyro~Hofi ceTRH RBa.npaTHUe ocTpoBa H3 Pl,--5 aT.%Bi 

' & ' 

TO~HOfi 2000 Ac paCCTORHHRMH M8l!r,Izy' ueHTPaMH OCTPOBOB 25 MRM H npo-· 
CB8T8MH M8l!r,Izy' OCTPOBaMJII 6 MRM, C.!ICTeMa co.nep11tana,., rn6 CBepxnpoBO.I(R­
mmc 3R8M8HTOB. XapaRTepHott ocooeHHOCTbID pe3HCTHBHOro ITOBe,neHHR no.noo­
HUX llOCTpOeHllfi RBJI.IIeTCR ,JtByxcTyne~aTUfi nepexo.n B CBepxnpoBo,nmnee 
COCTOmme. IlpH nOHHl!t8HmI TeMIIepaTypu HaO~,naeTCR CHaqana CKaqoR conpo­
THBJieHRII npHMepHO .no 0,7 OT 3Haqemrn B HOPMaRDHOM COCTORHRH, nOTOM 
conpoTHBJieHHe nnaBHO YMeHl,IIl8eTCR Ha .I(OCTaToqHO npOTID!CeHHOM ~aCTRe 
TeMIIepaTyp, noRa He HacTynaeT OKO~aTeRbHOe na.neHHe ero .no HYJI.II, Ha­
qanbHUfi CRaqoR COOTBeTCTByeT nepexo.ny OCTp0BOB B CBepxnpOBO,nmnee coc­
TORHHe, a nMBHOe YMeHl,llleHHe conpoTHBReHHR ooycnOBReHO npoRBReHHeM 
a<W>eRTa OJIH30CTH, KoHetnrntt CRaqoR conpOTHBReHHR .no HYJI.II BO Bcex paoo­
Tax no,no6Horo THna onpe,neJI.1IeTcR RaR q>a30BUfi nepexo.n KocTepJIHTUa -
Tayneca. 

Ilo,no6Horo po,na .ItBOfiHott nepexo.n, HO Ha TeMIIepaTypHott 3aBHCHMOCTH 
nepeMeHHOtt MarHHTHOfi BOCnpIDIM'U[BOCTH, Oun OOHapyxeH rpynnott RilOHCRHX' 
q)H3HROB/S/ np:e: HCcne,noBamm ROMII0.3HTHOro MenRO.I(HCITepcHoro CBepxnpo­
BO,nmma, cocTORlllero H3 .Nl',-Ti. HHTett H Me,JUio:lt MaTP~ :e: noMellleHHoro B 
BH,ne ~a H30RHPOBSHHUX npoBonoR B napannenbHOe Mal'HRTHOe none Ma­

non aMIJRHTY.ItU. 
llMeR B BH.I(y nORHYJO auanormo ceqeHHR MenRO.n;HcnepcHoro ROMII03HTHO­

ro cBepxnpoBO.I(HHRa .ItBYMepHott c:e:cTeMe peryJI.1IpHHX nocTpoeH!l:lt S -N - .s' 
nepexo,noB, MU npe,nnp:e:HRRH H3~eHHe pe3HCTHBHoro noBe,nemrn TaRHX npo­
BO,IUlliKOB npH ~ponycRaHHH H3MepHT8nbHOro TORa nepneH.I(HRyJI.IIpHO HanpaB­
nemm CBepxnpOBO.ItRlllHX HHTefi. Ha .TOM lite npOBO,IUmRe H3Mepwm Mal'HHTHYJ) 
BOcnpJmMtmBOCTb B nepeMeHHOM MarHHTHOM none Manon aMIJJIHTY,Il;!l, B Ra­
qecTBe oopa3UOB HCil0~30BancR Tex~eCRH:lt ROMII03HTHUfi npoBO.I( ,n;HaMeT­
poM I MM, cocTORlllHtt H3 !045 HHTefi Nlr1i( HT- 50) ,nHSMeTpOM I9 MRM 

-~ttNIH!ail tn~ ,, 
lll!i~..-i! ilt!CJmltt)!mll!lll ' 
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Rallt,l.{aR ll Me,IUiott MaTPmtli (Roa~eHT sanoJIHeHRa 0,45); cpe,IUiee pac-
cTomme Melll'.,lly CBepxnpOBO.Itffiln™R HRTSIMII ,.,, 8 MKM. . 

ConpoTHBHeHHe HsMepHJIOCL no ttempexnpoBo,IUiofi cxeMe Ha o6paauax, 
BHpeaammx H3 HCXO,IUioro rrpOBO,IU!lma TaKHM o6pa30M, tJT06H CBepxnpOBO­
,IUil!Uie HHTH 6HJIH rreprre1wrnyMpHH .n.mrne o6pasua. 06pas~ 6HJIH .nmmofi 
~I MM H UMeJIH llp.iIMOyrOHLHOe cetteHHe ~ 0,5 x 0,2 ~- Jf,JIJr YBe~emm 
H3MepsreMoro HanpmI!:eIDUI B HeKOTopmc CJIYttaRX HeCRO~KO KYCKOB npoBo,na, 
npe,nBapllTeHLHO o6TotJeHHHX .no np.iIMoyro~Horo cettemm, cnaHBaJJRCL B 
nHOCRYJO CTOITKy/7/. CxeMaTHtJeCKOe K306pruitemte ll3Me_pJmlilliXCH o6pa3UOB 
rrpe,ncTaBJieHo Ha pllo. I. ~anpmteHHe c o6pasua rro.naBaHocL Ha yc~Te~ 
TIDJa ~II8, Ha BllXO,Ite KOToporo CTOJIJI BO~TMeTP c till\PPOlletJaT8lOlllKM ycT-

pofiCTBOM. IlpH qlHKCHPOB8HHOfi TeMIIepaType npOH3BO,IJ;HJiaCL samtcL Hanpsr­
~emm npK pasHHX 3HatJeHWIX•K3MepKTe~HOro TOKa OT 50 MA .no I A. 

.ltn.R: H3Mepemm MarHHTHOtt BOCllpHHM'IHBOCTH nytJOK HBOJIHpoBaHHIDC npo­
BOHOK noMemaHCH B O,nHy H3 nyx H3MepHTeRLHHX KaTymeR, BKJJllltJeHHHX Ha­
BCTpetty .npyr .npyry, a OHH,B CBOID ottepe.nL,pacnoJiaraJIHCL BHYTPH cone­
HOH,Ita TaK, tJT06H MarHHTHOe none 6uno napaMe~HO OCH npoBOROK. Cone­
HOH,It 38IIKTHB8RCH OT BBYKOBOro reHepaTopa Tuna rS-!02. HsMepaeMWl: 
CHI'Han C KaTymeK ll0,It8B8RCH Ha ceneKTHBHHfi HaHOBO~TMeTp, C BllXO,na 
KOToporo npOH3BO,IJ;HJiaCL 38IIHCL C llOMOmLID UHq)ponettaTaromero ycTpOfiCTBa. 
H3Mepemra IlpOBO,ItHJJHCL JIH60 n!)H llR8BHOM H3MeHemm TeMIIepaTypH, JIH60 B 
OT,Ite~H!lX TOtJKax no TeMITepaType H qlHKCHPOBaHH!lX 3HatteHHHX aMIJJIHTY.ItH 
H tJ8CTOTH nepeMBHHOro MarHRTHOro ITOJl.ll. IlpH HSMeHeHKH tJaCTOTH OT 30 
,ItO 3000 I'.n xapaKTep 38BHCHMOCTH BOcnpmfMtIHBOCTH OT TeMIIepaTypH He Me­
~CH. HaMepeHIDI conpoTHBReHKH H MarHHTHOtt BOCllp:imMtm:BOCTH 6HJIH npo­

Be,IteHH B mITepBane TeMIIepaTyp OT !5 R .no I,? R. 
Ilo H3MepeHHHM sHatteHHHM y,ne~Horo conpoTHBnemm o6paauoB B Hop­

MaJILHOM COCTomnm (T.::::12 R) 6uJia c,IteJiaHa oueHRa ,ItnHHH CB060,IUiOro npo-
6era aneKTPOHOB B Me,IUiott MaTpm:i;e: 

f!e. = 7, 7 • ro-!6 st .. -I Ow~ /8/, 
IloJIYtteHo sHatteHHe /!. c 2 MKM. 

.IlJm:Ha KorepeHTHOCTH B Me,IJ;H 6uHa pacCtJHTaHa no ifioPMYRe/9/ 

-i;: ~ 1i v;: ,ItJl.ll ~ << eC!. . 
5N - 2,r Kl?,, '1" , SN 

Ilpu T=4,2 R °§,; 0,3 MKM. 
Ha pnc. 2 npe.ncTaBJieHU nonepetJHoe conpoTIIBneHHe H MarHHTHaR BOcnpu­
KM<mBocTL ,ItaHHoro KOMII03HTHOro CBepxnpOBO,IU!lma B 3aBHCHMOCTH OT 

TeMIJepaTypu. BK,nH:o, tJTO 8TH BeJIHtJHHU MeHJDOTCH C TeMIJepaTypott ll0,It06-
HUM o6pasoM. Ilpn nommeHlm: TeMIIepaTypu CHatJaJia Ha6JIID.I(aeTCH ,ItOCTaTOtJHO 
pesKHtt CRatJOK, COOTBeTCBYJOUIHfi nepexo.ny B CBepxnpOBO,nRlllee COCTOHHHe 
HH06Htt-THTaHOBUX HHTett. ,IJ,aJiee, B HHTepBaJie TeMIIepaTyp ll,PHMepHO OT 
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7,5 R ,ItO 4 K COllpOTHBHeHHe H MarHHTHaR BOCllP:imMtm:BOCTL nRaBHO MeHH­
IDTCH C YMeHmeHHeM TeMIIepaTypH, tJTO COOTBeTCTByeT npoHBHeHIDO a<IqieKTa 
6Jlll30CTH. 

YMeHmeHHe nonepettHoro conpoTHBnemm c noHIDlteHHeM TeMIIepaTypu 
llOJIHOCTLID aHaJIOrntJHO llOBe,IteHHID corrpoTHBJiemm .nBYMePH!lX nocTpOein . 
npu TeMITepaTypax Bllllle nepexo.na KocTepnnTua-TayJieca. B pa6oTe/3 sa­
mICHMOcTL R. (T) B aTOM HHTepBaJie TeMIIepaTyp pacctJHTHBaeTCH Ha OCHO­
Bamm cne.It,YIOillett MO,IteJIH. Ilpe,nnoJiaraeTcH, 'ITO S - N - S cHcTeMa HMe­
Jia 6H HeeyJieBott KPHTHtJecKHtt TOK npH Bcex TeMIIepaTypax HID!te Tc - KPK­
TKtJeCKOtt TeMnepaTYPH CBepxnpOBO.IUnllHX aJieMeHTOB, B OTCYTCTBll8 TeITJIO­
BllX mYMOB, paspymaIDDtHX \PBSOBYJO KorepeHTHOCTL CBepxrrpOBO,nRlllero napa­
MeTpa no.PH,nKa B HOPMaHLHOM cJioe. IloaTOMY KpHTJtllecRHtt TOK - .f -N 
KOHT8KTa saimCHBaeTCH B BH,Ite qjymanm paccTO.IIHWI ,Ito CBepxrrpoBO,ItHHKa -
'X., Ha KOTOPOM BHnORHHeTCH ycnOBRe, 'ITO aHepI'RII CMSH CHCTeMH 60HLme 
HJIH paBHa TellJIOBOtt aHeprHH. Tor.na Ha ,ItJIHHe :X. Me,ItL 6y.n;eT CBepxnpoBo­
,nRlllett, H o6mee conpoTHBneHHe o6pasua YMeHHIIHTCH Ha Be~ey, nponop­
UHOHa~HYJO :X. • PacctJHTaHHrui: TaKRM o6pasOM saBlICHMOCTL R_ .(T) C YtJBTOM 
reoMeTputtecKHX oco6eHHocTe' H~ o6pasuoB .ItaJia xopomee coBna.neHHe c 
3KCIIepHMeHTaHLHHMH TOtJKaMH IO • IlpH TeMIIepaTypax .HID!te 4 R noBe,Itemrn .. 
}S (T) H R...J.(T) CHJILHO SaBHCHT OT aMIJJIHTY.ItH nepeMeHHoro MBrHHTHOro 

noJl.ll B nepBOM CJ!YtJae H Be~HH HSMBPHTeHLHOro TOKa BO BTOpoM. Ha 
pHc. 3 aTa o6nacTL ;IlJIH norrepetJHoro conpoTHBJiemm npe.ItCTaBHeHa B 
YBe~eHHOM MacmTaOe. BH,ItHo, tJTO C YMBHlllieimeM llHOTHOCTH HSMepHTeHL­
HOro TORa SaBHCHMOCTL S'..1. (T) CRJILHO BH,ItOHSMBHHeTCH,, rrpnoopeTaR ifioPMY 
cKatJKa .ItM caMoro HHSKoro sHattemm J RSM. = 9 A/cwt'. TaKoe noBe,IteHHe 
rronepetJHoro conpoTHBnemm B aTofi o6JiacTH Hamno oTpa~eHHe Ha BOJILT­
aMIIepH!lX xapaKTepHCTHKax o6pasua. RaK Bll,IUiO Ha PHC. 4, npn T = 4,2 R 
IIMeeT MecTo nHHeirnaH SaBHCHMOCTL U ( I ) np:a Bcex sHatteHHHX HSMepn­
TeHI,Horo TOKa. Ilp.H OOHee HH3KHX TeMIIepaTypax Ha BOHl>TaMITepHHX xapan­
TepHcTRKax IlOJIBJl.lleTCH HattaJILHHtt HeJIRHettHHfi YtJaCTOK, ROTOputt xopomo 
OIIHCHBaeTCH <liYHRUHei'! 1f~Jcl.(T) • .ltn.R: T = I,8 R noJIYtteHO SHatJ:eH.Heo{(T) 
= 2,35. 

CorJIB.CHO/II,!2( B TOtJKe, COOTBeTCTByiomettol(T)_= 3, B .nBYMePHOtt 
CHCTeMe CJl800 CMSaHHmc CBepxnpOBO,nRlll.HX aHeMeHTOB npOllCXO,Il;HT \PBBOBHtt 
nepexo.n, .11 Hmte aTon TeMIIepaTypa cxcTeMa .HMeeT HeeyJieBott RPHTJr<IecKHtt 
TOK. IlOJIYtteHHHe HaMR 3Hatiemm ol. np.11 T,:63 K 6JIR8KR K KPRTHtJeCROMY. 
3To ll03BOJl.lleT CtJRTaTL, tJTO Ha6Jlll,ItaeMHe np11 HHSRBX TeMIIepaTypax aHO­
Ma.JUm B llOBe,IteHHH ,S?i. (T) R ss (T) rrpOHCXO,ItlIT B 06JIB.CTR \PBSOBOro nepe­
XO,Ita RocTepJIHTUa-TayJieca. 
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PKc. I. CxeMaTll'.'lecKoe irso6paxe1me o6pasuoB WISI irsMepemm uouepeti:-

a 

HOro COIIpoT:imJieHKJi. 

• Hae• 2,80 Oe 

QOBO 
QD16 

, ' 

to 

QB 

Q6i 

· j· 120M,,,1Q4 
40 
9 ~[]2 

0 

0 1 2 3 4 5 fJ .7 8 9 10 11 12 
T{K) 
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BnaAHMHpoea H.M. HAP• PB-85-654 
3neKTPH4eCKHe H MarHHTHNe CBOHCTBa MenKOAHnepcHoro ceepxnpOBOAHHKa 
(NbTi...:cu) HH)f(e Tc 

Uenb~ pa60TN RBnReTCR HCCfleAOBaHHe ABYMepHOH ceepxnpOBOAHMOCTH Ha 06pa3-
4ax TeXHH4eCKoro KOMnO3HTHoro ceepxnpOBOAR~ero npoBOAa, COCTOR~ero H3 TOHKHX 
HHTeH HH06HH-THTaHa H MeAHOH MaTpH4N. B HHTepeane TeMnepaTyp 12 K - 1 ,7 K 
H3MepRnHCb BOnbTaMnepHNe xapaKTepHCTHKH npH nponycKaHHH TOKa, nepneHAHKynRp­
HOro ceepxnpoBOAR~HM HHTRM, H MarHHTHaR eocnpHHM4HBOCTb BO BHewHeM nepeMeHHOM 
none ManoH aMnnHTYA~- YcTaHoBneHo, 4TO nonepe4HOe conpoTHBneHHe H MarHHTHaR 
eocnpHHM4-HBOCTb MeHR~TCR. C TeMnepaTypoH nOA06HblM o6pa30M' o6Hapy)f(HBaR ABYX­
CTyneH4aTNH nepeXOA B ceepxnpoBOAR~ee COCTORHHe. BepXHHH CKa4OK COOTBeTCTBYeT 
ceepxnpOBOAR~eMy nepeXOAY Nb-Ti, TOrAa KaK HH)f(HHH CKa4OK, no-BHAHMOMY, RB­
nReTCR ¢a3OBNM nepeXOAOM KocTepnHT4a - Tayneca, xapaKTepHblM AflR ABYMepH~X 
CHCTeM cna6o CBR3aHHNX ceepxnpOBOAR~HX 3neMeHTOB. 

Pa6oTa BNnonHeHa a na6opaTOpHH BNCOKHX 3Heprliii OHRH. 

IlpenpHHT oo~e,IIHHeHHoro HHCTHTyra RAepm.ix HccneAOBalDIR. nYOHa 1985 

nepeBOA O.C.BHHorpaAoBoH. 

Vladimirova N.M. et al. PB-85-654 
E~ectrical and Maqnetic Properties of Multifilament Superconductor 
(NbTi-Cu) Below T0 

Two-dimensional superconductivity of samples of a technical composite su­
perconducting, wire consisting of thin niobium-titanium filaments and a copper 
m~trlx is studied. At temperatures between 1,7 Kand 12 K the magnetic sus­
ceptibility in an external alternating field of small magnitude and voltage 
-current characteristics are measured. The direction of the current flow is 
perpendiculat to the filaments. The transverse resistance and maonetic sus­
ceptibility are found to depend on the temperature in similar mariner exhibit­
ing a two-step superconductlnq transition. The upper transition Is the Nb-Ti 
transiti.on, whereas the lower one seems to be the Koster! ltz-Thouless transi­
tion, which is typical for two-dimensional systems of weakly bound super-
conducting elements. · 

The investigation has been performed at the Laboratory of High Ehergy, 
JINR. 

Preprint of the Joint Institute ·for Nuclear Research. Dubna 1985 


