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AbH4KOS E.H. H AP· PH - 12945 
3aSHCHMOCTb TennonpOSOAHOCTH H 3neKTpOcOnpOTHSneHHA 
Nb-Ti(HT-50) OT TeMnepaTypbl H MarHHTHOro nonA 

H3MepeH~ TennonpoSOAHOCTb H 3neKTpoconpoTHsneHHe 
npOSOnOK AHaMeTpOM 10 MKM H 112 MKM, SXOAA~HX S COCTaS 
csepxnpoSOAH~ero Ka6enA, a TaK~e MaccHsHoro o6pa34a 
TeXHH4ecKoro cnnasa Ntr-Ti THna HT-50. H3MepeHHH npose
AeHW s o6nacTH TeMnepaTyp OT 4 AO 25 K H npM 78 K, 300 K, 
s MarHMTHOM none AO 7 T M 6e3 Hero. 

Pa6oTa swnonHeHa s na6opaTOPMM swcoKMX 3HeprMH OH~H. 

npenpHHT 06'bellHHeHHOrO HHCTHTyTa SlllepHbiX HCC11el!OB8J!HI! , ny6Ha 1979 

D'yachkov E. I. et al. PH - 12945 
Thermal Conductivity and Electrical Resistivity 
of Nb-Ti(HT-50) as a Function of Temperature 
and Magnetic Field 

Measurements have been made of the thermal conducti
vity and electrical resistivity for wires 10~ and 112~ 
in diameter from a composite superconducting cable and 
for a bulk sample of Nb-Ti of the HT-50 type. The tem
perature range of the measurements is 4K - 25K and the 
magnetic field up to 7T . It has been found that technical 
superconductors of the same type (HT-50) but of various 
geometrical constructions have different values of thermal 
conductivity, residual resistivity and critical tempera
ture. The thermal conductivity in the superconducting 
state is field-independent at fields up to 7T, and it 
decreases for T >Tc with increasing field. The residual 
resistivity is independent of field s up to 7T. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

BBEAEHHE 

XapaKTepHOH oco6eHHOCTb~ $H3HKH csepxnpOSOAHMOCTH s no
cneAHHe rOA~ HSnHeTCH pacTy~aH CSH3b ee C 3aAa4aMH TeXHH-
4eCKOrO nporpecca. Pa3pa60TKa s nB3 OH~H npoeKTa yCKOPHTe-
nH - HyKnOTpOHa Ha 6a3e csepxnpOSOAH~HX MarHHTHWX CHCTeM 1 

npHSena K npaKTH4eCKOH noTpe6HOCTH S 3HaHHH TennOSWX H 3neKT
pH4eCKHX CSOHCTS csepxnpOSOAHHKOS, SXOAH~HX S COCTas KOM-
6HHHpOSaHHWX csepxnposOAH~Hx Ka6eneH. H3seCTHWe H3 nHTepa
Typw AaHHWe no Tenno- H 3neKTponpOSOAHOCTH HH06HH-THTaHa 2-7 · 

s PHAe cny4aes cHnbHO OTnH4a~TCH APYr OT APYra. Ha pMc. 1 
SOCnpOH3SeAeHW TeMnepaTypH~e 3aSHCHMOCTH TennonpOSOAHOCTH 
Nb-Ti, nony4eHHble pa3HbiMH asTopaMH. Pe3ynbTaTbl MopTaHa 2 

SO sceH o6naCTH TeMnepaTyp npHMepHO Ha ASa nOPAAKa SWWe 
OCTanbHWX. HeCKOnbKO He06~4HWH xapaKTep HOCHT 3aSHCHMOCTb 
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PMc. 1. 3asMCHMOCTb TennonposOAHOCTM Ntr-Ti OT TeMnepaTypbl. 
06o3Ha4eHMA : a/ Nb + 65 aT% Ti / 2 ' ; b/ Nb + 6 7 aT. % Ti -' 3~ 
c/ Nb +55 aT. %Ti ' 4.: ; d/ Nb + 56,5 sec% Ti / 5 1

. e/ Nb + 
+ 50 sec% Ti .' G/ ; f/ Nb + 37 sec% Ti , MaccM,SHbiH o6pa3e4 
IAaHHaA pa6oTa/. 
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K(T), nony4eHHaR s pa6oTe ' 3 ' , no:HoMy 3Ha4eH~e Tennonpo-
BOAHOCT~ B paHOHe 4K OKaaanOCb C~nbHO 3aB~WeHH~M. PeaynbTaT~ 
APYr~x aBTOpOB OTn~4a~TCR APYr OT Apyra He 60nbwe, 4eM Ha 
$aKTOP 2. KaK ~aseCTHo, TennonpoBOAHOCTb onpeAenReTcR saa~Mo
AeHcTs~eM 3neKTPOHOB ~ $oHoHos Me~AY co6oA ~ c paan~4Horo 
poAa Ae$eKTaM~, np~MeCRM~ ~ HeOAHOPOAHOCTRM~, 4TO np~BOA~T 
K c~nbHOMy sn~RH~~ Ha Hee ycnos~A np~roTosneH~R o6paa4oB, 
~X Ka4eCTBa ~ CTeneH~ o6pa60TK~. nocKOnbKy KP~B~e p~c. 1 
nony4eHbl Ha o6pa34ax, OTn~4a~IJI~XCR He TOnbKO COCTaBOM, HO 
~ cnoco6oM nony4eH~R ~ o6pa6oTK~, paaGpoc AaHHbiX He npeA
CTasnReTcR YA~B~TenbHbiM /sa ~CKn~4eH~eM OTMe4eHHbiX BbiWe 
pa6oT 12 • 3 1 I. 

B Ta6n. 1 socnpo~aseAeH~ peaynbTaT~ ~3MepeH~A paan~4H~M~ 
aBTOpaM~ Kp~T~4eCKOH TeMnepaTypbl TC ~ OCTaT04HOro YAenb-
HOrO conpoT~sneH~R p • 3Ha4eH~R T ~ 1, xopowo Koppen~py~T 

n c n 
C COCTaBOM 06pa340B, ~CnOnb30BaHHbiX B 3T~X pa60TaX, ~CKn~-
4eH~e COCTaBnReT HeCKOnbKO 3aBbiWeHHOe 3Ha4eH~e p

11 

~3 pa-
60Tbl / 3 ' . 

Uenb~ AaHHOH pa6oT~ RBnReTcR ~3MepeH~e TennonpoBOAHOCT~ 
~ 3neKTpoconpOT~BneH~R 06pa340B, HenocpeACTBeHHO BXOARIJI~X 
B COCTaB CBepxnpOBOARIJiero Ka6enR. 8 W~POKOM A~ana30He TeM-

nepaTyp ~ MarH~TH~x noneA 6~n~ ~3MepeH~ MHoro~~nbH~e Ka6en~ 
c paan~4H~M~ A~aMeTpaM~ csepxnpOBOARIJI~x H~TeA ~3 cnnaaa 
Nb-Ti T~na HT-50, a TaK~e AnR cpasHeH~R- o6paae4 Macc~s
Horo TexH~4eCKoro cnnasa HT-50. 

OEiPA3Ubl H TEXHHKA H3MEPEHHR 

XapaKTep~cT~K~ ~3MepRsw~xcR o6paa4os npeAcTasneH~ 
B Ta6n. 2. 06pa34bl 1 ~ 2 COCTORn~ ~3 CnaRHHbiX Ha KOH4ax 
KYCKOB ABYXKOMnOHeHTHOH nposonoK~ A~aMeTpOM 0,5 ~ 1 MM 
cooTBeTCTBeHHo. Ka~AaR nposonoKa cocToRna ~3 6onbworo 4~cna 
H~o6~A-T~TaHos~x H~TeA HT-50 s MeAHOH MaTp~4e /s o6paa4e 
~1 - 1050 wTyK, s o6paa4e ~2 - 61 WTyKa/. Ha ~3MepReMOM 
Y4acTKe MeAb YAanRnacb np~ noMOIJI~ TpasneH~R. PaaMepbl ~ 4~c
no H~TeA s nposonoKe 6bln~ onpeAeneHbl noA M~KpocKonoM c ow~6-
KoA He 6oRee 2 %. Macc~BHbiH o6paae4, Ha KOTOpOM ~3MepRfl~ 
TennonpOBOAHOCTb, npeACTaBnRn co6oA wecT~rpaHHbiH CTep~eHb 
A~aMeTpOM _ 8 MM. AnR ~3MepeH~R 3neKTpOCOnpOT~BneH~R C 3TOrO 
CTep~HR 6~n cpe3aH no Ce4eH~~ A~CK TOniJI~HOH ~1 MM, ~3 
KOToporo Bblpeaan~ npRMoyronbHY~ nnacT~Hy paaMepoM _ 
0, 28x0, 98 MM 

2
• Ha KOH4bl nnacT~Hbl HaHOCWlCR 3neKTpOn~T~4eCK~i1 

cnoA MeA~, K KOTOPOMY np~na~san~Cb TOKOBble ~ nOTeH4~anbHble 
KOHTaKTbl. HaMepeH~e 3neKTpoconpoT~sneH~R scex Tpex o6paa-
40B npo~3BOA~nOCb no o6~4HOH 4eT~peXKOHTaKTHOH CXeMe np~ 
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P~c.2. 3a8~C~MOCTb 3neKTpoconpoT~8neH~H o6pa3408 OT TeMne
paTypw. 0603Ha4eH~H: A- o6pa3e4 W1; 0- W 2; •- W 3 
/eM. Ta6n.2/. 

TeMnepaTypax 300 K; 78 K, 3aTeM OT 20 K AO T0. Tennonpo-
80AHOCTb ~3MepHnacb CTa4~0HapHWM MeTOAOM 8 np~6ope, on~CaH
HOM paHee 1 8 1 .A6con~THaH ow~6Ka ~3MepeH~~ He npe8wwana 3%. 

B Ka4eCT8e AaT4~K08 TeMnepaTypw ~cnonb308an~cb n~6o 
TepMonapbi /Au + 0,03 aT. % Fe I- xpoMenb,n~6o TepMOMeTpbi 
conpon~ 8neH~H c!>~PMbl Allen- Bradley c HOM~ Han bHbiM conpo
T~8neH~eM 560 ~ MO~HOCTb~ 1/8 BT. np~ ~3MepeH~~ 3a8~C~MO
CT~ Tennonp080AHOCT~ OT MarH~THOro nonH ~cnonb308an~Cb 
TepMoMeTpw conpoT~8neH~H, KOTopwe npeA8ap~TenbHO Kan~6po8a
n~cb 8 MarH~THOM none. 

3KCnEPHMEHTAnbHWE PE3YnbTATW H HX 06CYIAEHHE 

1. H3MepeH~H 3neKTpoconpoT~8neH~H ~ TennonpoeoAHOCT~ 
B OTCYTCT8~e MarH~THOro nonH 

Pe3ynbTaTbl ~3MepeH~H T c ~ YAenbHoro 3neKTpoconponr8-
neH~H np~ TeMnepaTypax 300 K, 78 K, a TaK~e ocTaT04~oro(p 0) 
AaH~ B Ta6n. 3. Ha p~c. 2 npeAcTaeneHw 3aB~CHMOCT~ p(T) 
8 OTCYTCT8~e MarH~THOro nonH. B~AHO, 4TO AflH BCeX o6pa3408 
3neKTpoconpoTHBneHHe 8 o6nacTH OT 25 K AO Ha4ana nepexoAa 
B CBepxnpOBOAH~ee COCTOHH~e Ke 3a8HCHT OT TeMnepaTypw. 
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P~c. 3. 3aB~C~MOCTb TennonpOBOAHOCT~ o6pa340B OT TeMnepaTyp~. 
0603Ha4eH~A Te ~e, 4TO ~ Ha p~c.2. 

A6coniOTHble 3Ha4eH~A 
APYr OT APyra, XOTA 
C COCTaBOM o6pa340B 
BOWeAW~e B Ta6n. 3, 
N'2 ~ N'3 KP~ Bble p(T) . 

p He OTn~4aiOTCA 6onbwe, 4eM Ha 10 % 
H~nb3A yCTaHOB~Tb 4eTKO~ KOppenA4~~ 
~n~ cTeneHbiO ~x o6pa6oTK~. 3Ha4eH~A Tc , 
cooTBeTCTBYIOT p =0.5pn. AnA o6pa340B 
np~BeAeHH~e Ha p~c. 2, 6~n~ nony4eH~ 

np~ npeAenbHO H~3K~X 3Ha4eH~AX nnOTHOCT~ ~3Mep~TenbHOTO 
TOKa I j < 5·10-2 A/cM 2/, TaK 4TO ero ~3MeHeH~e He an~A-

Wl ~l . _ 
no Ha 3Ha4eH~e p. AnA o6pa34a N'1 np~BeAeHHaA Kp~aaA p(T) 
cHATa np~ ~3Mep~TenbHOM TOKe J. = 6 A/eM 2 a 3Ha4eH~e Tc 

~13M , ' 
B Ta6n~4e nony4eHO nyTeM 3KCTpanonA4~~ K HyneBOMY ~3Mep~-
TenbHOMy TOKy. KaK B~AHO ~3 p~c. 2, W~p~Ha CBepxnpOBOAA~ero 
nepexoAa Macc~BHoro o6pa34a cy~ecTBeHHO 6onbwe ocTanbH~x: 
1\T c-=- 0,9 K BMecTo i\Tc = 0,3 KAnA o6pa34a ~3 npoaonoK 
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• 

¢10 MKM ~ -0,15 K - ~3 npoaonoK ¢ 112 MKM (~Tc = T n -Tp=O) . 
oonbwaA w~p~Ha nepexoAa Macc~aHoro o6pa34a, B03Mg~Ho, OObAc
HAeTcA HeOAHOPOAHOCTbiO ero no COCTaBy, T.K. B 3TO~ o6nacT~ 
KOH4eHTPa4~~ ~3MeHeH~e nocneAHe~, Hanp~Mep, Ha 10%, B~3~
aaeT ~3MeHeH~e Tc np~MepHo Ha 0,5 K. B nonb3Y TaKoro o6bAc-
HeH~A roaop~T TaK~e 6onee H~3Koe 3Ha4eH~e OTHoweH~A p 1 p 
B MaCC~BHOM o6pa34e. 300K n 

TennonpoBOAHOCTb acex Tpex o6pa340B np~ H=D ~3MepAnacb 

a o6nacT~ TeMnepaTyp oT 4 AO 25 K. Pe3ynbTaT~ ~3MepeH~~ 
npeAcTaaneH~ Ha p~c. 3. B~AHO, 4TO TeMnepaTypHaA 3aa~c~
MOCTb TennonpOBOAHOCT~ BCeX o6pa340B Ka4eCTBeHHO COBnaAaeT. 
Ha Kp~a~x K(T) Ha6niOAaeTcA ~3nOM a pa~oHe Tc, TaK 4TO np~ 

T < T c 3aa~c~MOCTb K(T) 6n~3Ka K cTeneHHO~, a o6nacT~ 
T · T c oHa ~MeeT 6onee cno~Hbl~ xapaKTep. A6coniOTHbJe 3Ha-
4eH~A TennonpOBOAHOCT~ o6pa34a N'1 /¢ 10 MKM/ Ha $aKTOp 
2-3, a N'2 /¢ 112 MKM/- Ha $aKTOp 1,2-1,6 B~We, 4eM y MaC
C~BHOrO o6pa34a. 0cTaT04H~e conpOT~BneH~A 3T~X o6pa340B 
COOTBeTCTBeHHO H~~e, 4eM y MaCC~BHOrO. nony4eHH~e HaM~ 3Ha-
4eH~A TennonpoBOAHOCT~ AOCTaT04HO xopowo coanaAaiOT c pe-
3ynbTaTaM~ APYr~x aBTOPOB /eM. p~c. 1 I 15 .6,9 ! , noa~weH~e 
Tenno- ~ 3neKTponpOBOAHOCT~ TOHKOnpOBOJ104H~X o6pa340B no 
cpaBHeH~IO C MaCC~BHbiM~, no-B~A~MQMY, 06bACHAeTCA TeXHOJ10r~-

4eCK~M OT~~rOM B np04ecce l-13rOTOBJ1eHI-1A MeJlKOA~CnepCHOrO 

Ka6enA. HMeHHO TaKaA TeHAeH41-1A B lo13MeHeHI-11-1 TennonpOBOAHO
CT~ ~ 3neKTpoconpoTI-1BJ1eH~·A nocne OT~~r.a o6pa340B Ha6ni0Aa
nacb a pa6oTax 2,4 · . TeMnepaTyp~ caepxnpoaoAA~~x nepexoAOB, 
onpeAeneHHble no ~3MeHeH~IO .HaKnOHa KP~BbiX K(T) , xopowo 
coanaAaiOT c T c , nony4eHHbiM~ a pe3yJ1bTaTe I-13MepeHI-1A 3neKTpo
conpoT~aneH~A. 

2. BnH~HHE MArHHTHOrO non~ HA 3nEKTPOCOOPOTHBnEHHE 
H TEnnonPOBOAHOCTb 

np~ TeMnepaTypax B~we Tc c T04HOCTbiO AO 1% fi~no ycTa
HOBJleHO OTCYTCTBI-1e BJ1~AHI-1A MarH~THOrO nOJlA AO 7 T Ha aeni-1-
4~Hy Pn· CH~MaA KPI-1Bble p(T) np~ pa3H~X 3Ha4eHI-1AX H=const, 
nony41-1J11-1 3aBI-1C~MOCTb BciT) s6nl-131-1 Tc, Ha £._~ OHa npeA
cTaaneHa B OTHOCio1TeJ1bHbiX /no TeMnepaType/ eAI-1Hio14aX. BI-1AHO, 
4TO 3Ta 3aBI-1C~MOCTb 6J11o13Ka K J11-1He~HO~, 1-1 3Ha4€HI-1e 
dBc2/ d(T/ Tch=T =22,5T B npeAenax 0Wio16KI-1 lo13MepeHI-1A OA1-1HaKOBO 

AnA acex Tpex o%pa340a. 3aBI-1CI-1MOCTb BciT) HaXOAI-1TCA a xopo
weM cornac1-1~ c pe3ynbTaTaMI-1 I-13MepeHI-1A Aecop6o Ha Nb-
50 aT. % Ti /34 sec %/ 1 101 . 

AnA o6pa34a N'1 6b1na ~3MepeHa 3aBI-1CI-1MOCTb TennonpoBOAHo
CTI-1 oT MarH~THoro nonA AO 7 T np1-1 TeMnepaTypax T <Tc 11 T >Tc. 
Pe3ynbTaT~ npeACTaaneH~ Ha p1-1c. 5. 
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P1-1c . 4. 3asi-1CI-1MOCTb Be!li-141-'!Hbl 
Kpi-1TI-14ecKoro non~ Bc 2 or 
OTHOC I-! T eil bHO~ TeMnepaTyp~ T/ TC . 
1\. - o6pa3e4 N' 1 ; 0 - N' 2; 
• - N' 3; ~ nony4eHbl no I-13Me
peHI-1~ rennonpoBOAHOCTI-1 o6pa3-
4a N' 1. 

np1-1 TeMnepaTypax, MeHbWI-1X Tc, TennonpOBOAHOCTb OCT~eTC~ 
nocro~HHO~ AO 3Ha4eHI-1~ non~, pasHoro Bc 2 Ail~ AaHHO~ TeMne
parypbl. npl-1 AaJlbHe~weM yBeJll-14eHI-11-1 non~ TennonpOBOAHOCTb 
pe3KO naAaer. nony4eHHble TaKI-1M o6pa30M 3Ha4eHI-1~ Bc 2, KaK 
BI-1AHO 1-13 p1-1c. 4, xopowo cosnaAa~T c I-13MepeHI-1~MI-1 3TO~ seni-1-
41-'!Hbl no p(T). HaAO OTMeTI-1Tb, 4TO B Jli-1TepaType OTHOCI-1TeJlbHO 
MallO npeACTaBileHO 1-13MepeHI-1~ TennonpOBOAHOCTI-1 CBepxnpOBOAHI-1-
KOB 2-ro POAa B MarHI-1THOM none. TaK, s pa6ore 131 rennonposoA
HOCTb Nb- 67 ar. % Ti - I-13Mep~Jll-1 np1-1 TeMneparypax l,2K-4,2K 
B MarHI-1THOM none AO 0,6T, 1-1 TaK >Ke, KaK y HaC, 3aBI-1CI-1MOCTI-1 
OT Be!li-141-'!Hbl non~ He 6b1Jl0 06Hapy>KeHO. YMeH bWeHI-1e TennonpOBOA
HOCTI-1 C POCTOM non~ B~WeHC\,' Ha6Jl~Aa!ll-1 TOJlbKO Ha Nb+Q,87 aT. % 
KI-1CilOPOAa / 3/ 1-1 Pb - 21 aT. ~ In I 111 4TO aaropbl o6b~CHI-1m1 
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• 

7,2 10,6 

7,0 10,4~ T • 10,3K 

6,8 T•7,2K 1Q2 

6.H 0 -j 10,0 

~I~ ' ~~ I 
-......o ' ' ~ 0 a> :[ 

~ ~ 9,8 :1: u 6,0 
,; ,; 

5,8 0 0 
8,4 

~~' 5,6 T· 6,4K 8,2 

5,4 8,0 T=8,0K 

5,20 7,8 
2 4 6 8 0 2 4 6 8 

B,T B,T 

P1-1c.5 3aBI-1CI-1MOCTb TennonpOBOAHOCTI-1 o6pa34a N'1 OT MarHI-1T-
Horo non~. 

AOnOJlHI-1TeJlbHbiM pacce~HI-1eM $OHOHOB Ha $Il~KCOI-1AaX. An~ cnna
sa Nb-Ti Aili-1Hbl npo6eros 3IleKTPOHOB 1-1 $OHOHOB HacTOilbKO 
MaJlbl, 4TO nO~BJleHI-1e 4eHTPOB pacce~HI-1~ B B1-1Ae $Il~KC01-1AOB He 
AaeT AOnOJlHI-'!TeJlbHOro BKJlaAa. 

KaK BI-1AHO 1-13 p1-1c. 5, s HOpMa!lbHOM cocro~HI-11-1 IT= 10,3 K/ 
c pocroM MarHI-1THoro non~ rennonpoBOAHOCTb yMeHbwaerc~. TaK 
KaK 3JleKTpoconpOTI-1BileHI-1e np1-1 3TOM ocraerc~ Hei-13MeHH~M, TaKoe 
noBeAeHI-'!e TennonpOBOAHOCTI-1 06b~CH~eTC~ pacce~HI-'!eM $OHOHOB Ha 
3JleKTPOHaX. 
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