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BapTeHeB B.,n:. P8-94-37 
KoM6irnnpoBaHHI,Ie OXJia~aeMhle TOKOBBOAhl 
C Ma.TlhlM CTaTHtieCKHM TeIIJIOIIpHTOKOM B KpnoCTaT 

C03AaHhl H IICCJieAOBaHhl KOM6IIHIIPOBaHHhle OXJia~aeMhle TOKOBBOAhl C 
Ma.TlhlM CTaTH'leCKIIM TeIIJIOIIPHTOKOM B KPIIOCTaT. ToKOBBOAhl paCC'IHTaHhl Ha 
KpaTKOBpeMeuuyro pa6oTy AO 8 KA. Bepxmur tiaCTb TOKOBBOAa, HaXOASIID;aSICSI B 
3OHe 300-80 K, II3fOTOBJieHa ll3 MaTepnaJia C Ma.TlhlM .9JieKTpocorrpOTHBJie
HlleM, a HII:>KHSISI llaCTb, HaXOASIID;aSICSI rrpII TeMrrepaTypax 80-4,2 K, ll3fOTOB
JieHa ll3 MaTepIIa.Tia C HH3KO:U TeIIJiorrpOBOAHOCTbIO. ToKOBBOAhl HCIIhlTaHhl B 
ABYX pe:>KJIMax OXJia~eHIISI. B pe:>KHMe rrpHHYAHTeJibHOfO OXJia~eHHSI CTaTH
qecKH:U TeIIJiorrpHTOK B KpnOCTaT COCTaBHJI 0,8 BT Ha BBOA, B pe:>KnMe OXJia:>K
AeHHSI rrapaMH reJIHSI -0,55 BT Ha BBOA, 

Pa6oTa BhlIIOJIHeua B Jla6opaTopnn BhlCOKnx sHepm:u OI1.Sll1. 

Ilpenp11HT Ofu.e,1111HeHHOro 11HCTl1T)'Ta ll,!lepHblX 11CCJJe,!IOBaHl1H. ,lfy6Ha, 1994 

IIepeBOA aBTopa 

Bartenev V.D. P8-94-37 
Combined Gas-Cooled Current Leads 
with a Low Static Heat Leak into a Cryostat 

Combined gas-cooled current leads with a low static heat leak into a cryostat 
have been constructed and tested. The current leads were designed for a 
short-time operation ofup to 8 kA. The upper part of the lead made of low electric 
resistance material is at 300-80 K, the lower part of the lead constructed from 
'lower heat conductivity material is at 80-4,2 K. The current leads were tested 
for two types of cooling. The static heat leak into a cryostat was 0,8 W per lead 

-in the force-cooled mode and 0,55 W per lead in the vapour-cooled mode. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna, 1994 



BBE,Il,EHl1E 

TOKOBBO)J;bl ruiaHHpOBaJIOCb HCnOJih3OBaTh B KaqecTBe TOKOBBO)J;OB 6e3onac

HOCTH HYKJIOTpOHa. Ilpu nepeXOAe MamHTHOH CHCTeMhl B HOPMaJibHOe COCTO.sl

HHe H npH HapymeHHH CB.sl3H TOKOBBOAOB C ManIHTaMH paooquu TOK H3 Mar

HHTHOH CHCTeMbl AOJI)KeH 6h1Tb BbIBeAeH qepe3 TOKOBBOAhl 6e3onaCHOCTH. KaK H 

OCHOBHhle TOKOBBOAhl HYKJIOTpoHa, TOKOBBOAhl 6e3onaCHOCTH AOJI)KHbl OTBeqaTh 

CJieAyIOw;HM Tpe6oBaHH.sIM: 

1. HOMHHaJibHblH TOK 6,4 KA. 
2. Man1,1ii: craTuqecKuii: TeruionpHTOK B xoJIOAHYIO 3OHY KpnocraTa. 

3. 3JieKTpuqecKa.si: npoqHOCTb H3OJI.s1U:HH - 2,5 KB (B TOM quCJie B aBapuii:-

HblX CHTyau:u.si:x C nopqeu reJIHeM H3OJI.sll.l;HOHHOro BaKyyMa ycKOPHTeJI.sl). 

4. fimpanJiuqecKoe conpoTHBJieuue Mette 10 Kila. · 

5. ,Il,onyCTHMoe BHyTpeHHee p;aBJieuue - 2,5 Mila. 

6. IlpocTOTa KOHCTPYKU:HH H TeXHOJIOrHH H3rQTOBJieHH.sl, uap;e)KHOCTb B 3KC

ruiyaTaU:HH. 

ToKOBep;yw;ue 3JieMeHTbl TOKOBBOAOB (puc.l) COCTO.slT H3 qeThlpex-n.sITH 

CilJIIOiu;eHHblX MeAHhlX oruieTOK ( 1 >, BCTaBJieHHblX Me~y ABYX KOM6HHHpoBaH

HblX nOJIOC (2). IloJIOCbl H3rQTOBJieHhl H3 ABYX MeTaJIJIOB: ua AJIHHe 300 MM H3 

Hep)KaBerow;eu CTaJIH TOJilIJ;HHOH 1 MM, Ha OCTaJlbHOH AJIHHe Me)J;h TOJllIJ;HHOii: 

1 MM. IlaKeT CBapeu no TOpu;aM Ha Been AJIHHe. B pe3yJihTaTe o6pa3yeTC.sl KO-

po6-Teruioo6MeHHHK C YAeJihHOH noBepxHOCTbIO 55 CM
2 

/ CM
3

• KoJiuqecTBO Mep;u 

nepxHeii qaCTH TOKOBBOp;a, KOTopa.si: J:J;OJI)KHa HaXO)J;HTbC.sl B 3OHe 300-80 K, co-

CTaBJI.sleT 160 MM
2

, a B HH)KHeii qacru, uaxoii;.si:~eiic.si: npu TeMnepaTypax 

80-4,2 K, cocraBJI.sleT 45-50 MM
2

• ToK B OCHOBHOM TeqeT no creHKaM, a renuii 

npoxoii;uT BHYTPH Kopo6a (3QXPeKTHBHhltt Teruioo6MeHHHK). IlocKOJihKY cBapKa 

TOPU:OB Hep;OCTaToquo repMeTuqua B YCJIOBH.slX H3OJI.slU:HOHHOro BaKyyMa HYK

JIOTpoua, TOKOBep;yw;uii: 3JieMeHT noMeiu;eu B TOHKOCTeHHYIO Tpy6y (3) H3 He

p)KaBerow;eu CTaJIH. He6oJihlilOe OTBepCTHe B CTeHKe Kopo6a npHBOJ:J;HT K Bbl

paBHHBaHHIO p;aBJieHH.sl BHYTPH H BHe KOpo6a, qTo o6ecnequBaeT ero U:eJIO

CTHOCTb npu anapHHHOM nOBbllileHHH p;aBJieHH.sl. 3JieKTpuqecKHe H3OJI.slTOPhI 

(4-7) BhlnOJIHeHbl H3 KanpoJIOI_Ia. KaK H CBepxnpoBOJ:J;.sllIJ;He MamHTbl HYKJIOT

poua, TOKOBBOJ:J;bl HCnhITaHhl B pe)KHMe npHHYAHTeJihHOro OXJia)K)J;eHH.sl ABYX

cl>a3HblM reJIHeM. ,Il,aBJieHHe reJIH.sl Ha BXOAe B TOKOBBOAhl 110 Kl1a. ,Il,JI.si: HCnhl

TaHH.sl TOKOBBOAOB B pe)KHMe OXJia)K)J;eHH.sl napaMH reJIH.sl C OAHOro TOKOBBOJ:J;a 

6blJia CH.sITa Hep)KaBerow;a.si: Tpy6a (3) u yc-raHOBJieHbl AaTqHKH TeMnepaTyphl. 
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P11c. l. T0KOBBO]I: 1 - onneTKa, 2 - KOM611-
Hl1J)OBaHH8SI nonoca, 3 - -rpy6a, 4-7 - 1130-
JIS1TOphI 
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P11c.2. CxeMa 3Kcnep11MeHTaJJhH0H ycTaH0BKH B 
pelK11Me np11ey]ll1TeJJhH0fO 0XJJ8lK]lemrn: 1 - Kp110-
CT8T, 2 - csepxnp0B0JISI~all nepeMhJqKa, T-T8 -
TepM0MeTphI, p - B8KYYM B Kp110CTaTe 
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Puc.3. CxeMa 3KCnepHMeHTaJJhH0H ycTaH0BK11 8 

pelKHMe 0XJJ8lK]leHl1SI napaMl1 reJJHSI: 1 - KpH0-
CTaT, 2 - yp0BHeMep lKHJIK0l'O reJJHSI, 3 - CBepx
np0B0JISI~aSI nepeMbl=, T - TS - TepM0Me'Tpbl 
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METOJJJ1KA l1CTThIT AHI-f0: 

B pe)KIIMe rrpIIHYAIITeJlhHOI'O OXJia)KJJ;eHII51 TOKOBBOJJ;bl IICIIhITaHhI comaCHO 

cxeMe OXJia)KJJ;eHII51 (pIIC.2). ToKOBBOJJ;bl B HII)KHell qacTII coeJ);IIHeHbl BMeCTe 

rrepeMblqKOH, COCT05IIIJ;eii II3 MeJJ;HOH Tpy6KII II CBepxrrpoBOJJ;HIIKa. TTpoMe)Ky

TOqHblH COCYA eMKOCTbIO 10 JI cerrapIIpy_eT re.lllIH II rrpeJJ;OTBpam;aeT KOJie6aHII51 

IIOTOKa qepe3 TOKOBBOJJ;bl. l130JI51IJ,IIOHHbIH BaKyyM B KpIIOCTaTe 6blJI 10-8 
Ila. 

Pe)KIIM oXJia)KJJ;emrn rrapaMII remrn BhIIIOJIHeH cor;iactto cxeMe oXJia)KJJ;eHII51 

(pIIc.3). TOKOBBOJJ;bl B HII)KHell qaCTII coeJJ;IIHeHhl BMeCTe rrepeMhlqKOH, COCT051-

~eii II3 MeJJ;HOH IIOJIOCbl II cnepxrrpOBOJJ;HIIKa, HaXOJJ;51ID;eiiC51 B )KIIJJ;KOM re.n:IIII. 

YpoBeHh )KlIJJ;KOI'O reJIII51 II3Mep5IJIC51 ypOBHeMepoM C TOqHOCTbIO ± 1 MM. Ilo

rpeIIIHOCTb II3MepeHII51 pacxoJJ;a qepe3 pomMeTpb1 3%. TepMoMeTphl Tl-TS 

3aKpeIIJieHhl BJJ;OJib TOKOBBOJJ;a BHYTPII KpIIOCTaTa, T - B B03JJ;yxe. TepMOMeTpbl 

T 1-T8 II IIX 3aKpeWiett1Ie BhIIIOJIHeHhl KaK n [ 1 ]. CTaTIIqecKIIii TeWiorrpIITOK B 

XOJIOAHYIO 30HY KpIIOCTaTa II3MepeH rrpII cm6IIJihHhIX TeMrrepaTypax T-T8. 

PE3Y JlhTAThl l1CTTbITAHI1ti l1 OBCY)K.D:EHI1E 

HeKOTOphle pe3yJibTaThl II3MepeHIIH rrpeJJ;CTaBJieHhl B Ta6JIIIIJ,e. l1CIIhlTaHII51 

rrpOBOJJ;IIJIIICb B 6oJiee T5J.)KeJlbIX yCJIOBII51X ITO cpaBHeHIIIO C pa6oq1IMII. TOK AO 

8 KA BBOJJ;IIJIC51 3a 4-5 C II Bb1BOJJ;IIJIC51 3a 1-2 c, TOrJJ;a KaK B pa6oqIIX YCJIOBII51X 

TOK II3 MarHIITHOH CIICTeMhl JJ;OJI)KeH TOJibKO BbIBOJJ;IITbC51 3a KOpOTKOe BpeM51. 

Ha1I60JibIIIIIH CKallOK TeMrrepaTyphl Ha6JIIOJJ;aJIC51 rrpIIMepHO B cepeJJ;IIHe BCTaBKII 

II3 MaTepIIaJia C HII3KOH TeilJIOIIpOBOJJ;HOCTbIO Me)KJJ;y JJ;aTqIIKaMII TeMrrepaTypbl 

Ta6JIHI.\3, Pe3yJihT3Thl llCilbITaHUH TOK0BB0]I0B . 

YposeHhl TeMneparypa, K I 
He, CM Tl I T2 I T3 I T4 I TS I T6 I T7 I TS I T 

U11pKy JJlll.\H0HHhIH pelKHM oxnalK,11emrn 

4,54 I 4,54 I 4,721 4,52 I 4,53 I 4,72 292,00 

PelKHM oxnalK,11e1111S1 napaMH remrn 

20 5,50 J 4,87 J 6,10 J 8,70 J 26,00 J 50,50 J 55,00 Jll0,00J292,00 

Ilepe,11 BB0]I0M TOKa 

20 4,6o I 4,92 I 5,251 s,451 7,60J26,00J31,00J s1,00J292,oo 

Ilocne BhIB0J18 T0Ka 

18 4,6o I 5,23 J 16,00 J 41,so I 42,10 I 4o,5o J 40,00 I 95,oo 

3 

CrnT11qecKHH 
TeUJionpHT0K 
no T0K0BB0JIY 

B KpH0CT8T, BT 

0,80 

0,55 



T4-T5. TiepeA BBeAeHHeM TOKa Ha TOKOBBOAe yCTaHaBJIHBaJICSI paCXOA reJIHSI, 
cooTBeTCTBYIOIIJ;HH cTaTHll~CKOMY TeruionpHTOKY (0,8 BT). _TI pH BBeAeHHH TOKa 
CBepxnpoBOAHHK nepeMhlllKH cpa3y nepeXOAHJI B HOPMaJibHOe COCTOSIHHe, AaB
JieHHe B KPHOCTaTe YBeJIHllHBaJIOCb npHMepHO BABOe, paCXOA ra3a qepe3 TOKO
BBOA YBeJIHllHBaJICSI nponopU,HOHaJlbHO. ToKOBBOAhl CTa6HJihHO pa6oTaJIH B pe
)KHMe oXJia~eHHSI napaMH reJIHSI c YAeJihHhlM TeruionpHTOKOM 0,8 BT/KA npH 

TOKe 2,4 KA, llTO cooTBeTCTBYeT KOJIHllecTBy MeAH (45-50 MM2
) B HH)KHeH 

llaCTH TOKOBBOAa, 

JH1TEPATYPA 

1.Bartenev V.D., Shishov Yu.A. - Force-Cooled Current Leads for the 
Force-Cooled Superconducting Magnets of the Nuclotron. Cryogenics, 
1991, 31, p.985. 
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