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llPAK~CKOE KOHCTPYHPOBAHHE 
H H3nDTOBllEHHE CHllhHOTQqHhlX TOKOBBOJ(OB 

HanpaJlJieHo B xypHan «Cryogenics» 
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BBE.UEHHE 

KpHOreHHbiC 3JICKTpOTCXHlilJCCKMC ycrpoi:fcrBa rpe6yiOT IIO,UBO)la B XOJIO.UHYIO 

30HY KpHOCTaTa 3JICKTpH4CCKOfO TOKa ,UO HCCKOJlbKHX TbiC.HlJ aMnep. B 3TOM CJiy

lJ3e TCIIJIOBbiC IIOTCpH 33 ClJCT TOKOBBO)lOB CT3HOB.HTC.H .UOMIUIHpyiDIUHMH. Heo6-

XO)lHMO H3X0)1(,UCHHe OIITHMaJibHOfi KOHCrpyKI.lHH TOKOBBO.UOB, o6eCIIC'lJHB3KHl\HX 

MHHHMaJlbHblif IIOTOK TCIIJI3 B XOJIO.UHYIO 30Hy. TeriJIOIIpHTOK IIO TOKOBBO.UY o6yc

J10BJIHB3CTC.sl .ltBYMH npH4HH3MH: TCIIJIOIIpOBO.UHOCTLIO H BbiJ(CJlCHHCM ,!J)KO)'JieBa 

renna. Jln.H OXJJ3)1()l3CMLIX TOKOBBOJ(OB IICpBaH COCT3BJUII01UIDI 8 MCHLIIIefi CTCIICH~ 

33BHCHT OT OTHOlllCHIUI )lJlHHbl TOKOBBO.Ua K ero CClJCHHlO, a B 60JlblllCii CTCIICHII 

- OT K3'llCCTB3 TCIIJI006MCHHHK3 TOKOBC.UYlUCif lJ3CTH TOKOBBOJ(a. BropaB COCT3B

R51101U.a.H TaiOKe HC Ilp51MO .npOIIOpUliOHaiibH3 3TOMY OTHOIIICHHIO, a 6onee 3aBHCMT 

or KalJecrsa Marepwana H rennoo6MeHHHKa roKonposo.ua. McTHHHbiH renno

npHTOK IIO TOKOBBO.UY MOXHO OIIpe,neJIHTb TOJII>KO IIpH UMpKy.TJ.HUHOHHOM peXHMC 

OXJIIDKJl.CHH.H. 

llPAKTHqECKOE KOHCTPYHPOBAHHE 
H H3fOTOBnEHHE TOKOBBO.UOB 

flpaKTW·JeCKH KOHCTpyHpOB3HHC TOKOBBO,Ua CBO,Lt:HTC.H K IIOJ(60py H 

OIITHMH33UHH ero napaMerpoB. Ea:JOBOif 6eperc.sr KOHCTPYKUH.H TOKOBBO)la, C TO

KOIIpOBOJl:OM H3 CBapCHHbiX MC)K.Uy co6ofi MC.UHbiX IIJI3CTHH H OIIJICTOK, OIIHC3HHO

f0 B (1). 3<fJQJCKTHBHblif TCIIJI006MeHHHK TOKOIIpOBOJl:a, C Y.UCJILHOfi IIOBCpXHOCTbiO 

55 cM
2 
/cM3 [2], nonycKaeT nnoTHOCTh TOKa 800 + 100 AIMM2 • xononnoii Jone. 

CClJCHHC TOKOIIpOBO)l3 B XOJIOJlHOif 30He )J,OmKHO 6b1Tb MHHHMaJILHbiM, T.K. 3TO 

onpeJI.CJI51er rennonpHTOK rerrnonpoBOJI.HOCTLIO npn nynesoM TOKe. Ha pHc.l npeJl:

crasnena 33BHCHMOCTb TCllJ100pHTOK3 TCnJ10llpOBO)lHOCTblO OT CelJCHH.H TOKOllpO

BO)l3 .un.s )l.auuoH KOHCTPYKQHH rennoo6MeHHHKa H nnHHLI roKonpono.n.oa 

600 + 800 MM npu UHpKyJI~LtHOHHOM pelKHMe OXJI!UK/IeHH~. 

PaCXOJ(- 0Xfl3)KJ1.3IOIUero raJa no TOKOBBOJI.Y npH HyneBOM TOKe .HBJI.siCTCH CTap

TOBbiM H B .UaiibHCifiiiCM yneJ1HIIHB3CTC51 nponopUMOHaJibHO BeJIHlJHHe 3flCKTpH4CC

KOfO TOKa. Pacnpep:eneuue reMneparyp no )I.JIHHe TOKOBBO.ll.a npnse.neno H3 [3]. 
TipOTCK310Ill,Hif TOK MaiiO H3MCH51CT llOJie TeMnepaTyp B XOJIO)l;HOH 30HC TOKOOpo

BOJia (puc.2). 
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PHc.l. 3aBHCHMOCTb TCnJIODpHTOK3 TermonpOBOJlHOCThlO OT CC4CHHSI TOKOBBO,!la JJ,JT.II 

KOHCTP)'KUHH Termoo6MeHHHKa [ 1] npu UHpKymiuuouuoM pe)I{HMe oxna)Klleuu.s~ 
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Puc.2. Pacnpe.ueneuue TeMnepaTyphi no .llJIHHe TOKOBBOJla npH pa3JJH4HhiX pe)KHMax pa6o
Thi. 1. UHpKyJJHUHOHHbi:i.:f pe)KHM oxna)K.uemu1: a) TeMnepaTyphi npu uynesoM TOKe, 6) TeM
nepaTypM npu TOKe 5 K.A. 2. Pe)KUM oxna)l()lemur napaMu renu51: B) TeMnepaTyphi npu 
uyneBOM TOKC, r) TCMnepaTypbl npu TOKe 5 KA 
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flpu UHPKYJJ5:1UHOHHOM pe)tatMe OXJla)KJICI-HHI TOKOBBOLl CTa6HJlbHO pa6oTaeT 

na noMHHaJibHOM TOKe npH pacxone nna no TOKossony U3 pact~eTa yneJJhiWro 
TennonpHTOKa l BTIKA [ 1 ]. ll.mma TOKonposoJia Mana BJm51eT ua o6uu1H Tenno

npHTOK no TOKOBBOny, T.K. npaKTW!eCKH He H3l.tei!SieTC51 OOJJe Tel\.fllepaTyp B XO

JIOllHOfi 30He TOKOnpOB0113. 8 pa60TUIOllleM B OIITHMaJihliOM pe)J(lfl\.te TOKOBB011e 

MHHa TOKossona B 6onLweH cTeneHH onpelle1151eT TeMnepaTypy Tennosoro KOHua 

TOKOBBO)la. ,[lmmy TOKOBBOna, 111151 pa60Tbl 1-13 IlOCT051iHIOM TOKe, MQ)KIIQ TIOJI06-

pan, 111151 ycJJOBH51: 

T TeilJiosoro KOHUa = T OKp. cpe.Ubl. 

YBeJlHlJeHHe JlJlHHhl TOKOBBOJlU npaKTHlJCCKH nponopUHOHaJlhiiO yBe11W·HIBaeT 

CTOHMOCTh TOKOBBO)lHOfO KpHOCTaTa. 

Menh TOK011pOBO)l3 MO)KeT 6L!Tb npOMbiWJieHIIOfi, o6Litll!Oi1, C OTHOWeHHeM 

ocTaTolJuoro 3JJeKTpoconponmneiiH51 (RRR) 30 + 40. Ten.rwnponOJUIOCTh o6LJ4-

HOH Me.UH w csepx4HCToH MeJlH c RRR = 1800 + 2000 B HHTepsa11e Ter.mepaTyp 

50 + 295 K npaKTH4eCKH OJlHHaKosa. YneJJLHOe 3JleKTpw-c~ecKoe conpoTHBJJeHHe 

o6LJlJHOi1 Menu: B HHTepsane Ter.mepaTyj:> 5-;-20 K B 5-l 0 pa3 6onhwe, 4eM 

yJle1lbHoe 3JJeKTpH4ecKoe conpoTHBneHHe csepxt.~HCToil Menu. B 3TOM mnepsaJJe 

TeMnepaTyp TCfiJIOllpOBOnHOCTb o6bll.JtiOi1 MenH . B 5-10 pa3 MeHLWe, t.JeM y 

CBepXliHCTOH [4,5]. npHMeHeHHe CBepXlJHCTOii Menu BeJlCT T011hKO K llOBhiWeHlHO 

UeHbl TOKOBBOna. 

Oo TeXHOJIOfHH (I] 6Limt H3fOTOBJICilhl TOKOBBOJlbl C MaJJLIM CTUTltlJeCKltM 

TennonpHTOKOM B KpHOCT3T, paCClJHT3HHl>!e 113 KpUTKOBpeMeiiHYIO pa60TY JlO 

8 KA, B KalJeCTBe TOKOBBOnOB 6e30ilUCHOCTH. BepXH5151 t.JUCTb TOKOBBOJ13, H3X0Jl51-
> 

ruru~c51 s Joue 300 + 30 K, H3nJTOBJJeua H3 MenH, H ee cettemte - 160 MM-. B 

HH)J(Hdi qacTH, H3XOJ151.lllei1c51 B 30He 30 + 4,5 K, Me.UHLJe nOHOChl 3aMeHellbl ua 
> 

Hep)KaBeiOlllYIO CTaJlb H CelJeHHe MC,UH COCTUBmleT 40-:- 45 MM~. 
B pe:amMe UHpKynf!UHOHnoro oxna)K.UCHH51. cTaTwtecKHH TennonpHTOK s 

KpHocTaT 6bm 0,8 BT Ha sso.u, B pe)KHMe oxJTaJoKnenH51 napaMH remt51. - 0,45 BT 

Ha sso.u. ToK JIO 8 KA BBO,UMIIC51 3a 4-5 c H BhtBOJ1HJJC51 3a l--2 c, nocKOJILKY s 

pa60tiHX ycnOBH51X TOK H3 M3fHHTHOi1 CHCTeMhl Jl0Jl)KCU TOllbKO BhlBOJlHThC51 3a 

KOpOTKOe speM51. He6om,woif CK31JOK TeMnepaTypbl Ha6JJIO!laJlC51 npuMepHO B ce

peJIMHe BCTUBKH 113 M3TepH<U13 C HH3KOi1 TennonpOBOllHOCTbiO. nepeJI BBelletUieM 

TOKa Ha TOKOBBO,Ue yCT3HUBJIHBaJJC51 paCXO).l reJlH51, COOTBeTCTBYIOlllUii CTUTHtieCKO

MY TenJionpHTOKY 0,8 BT. ToKossonbJ cTa6HnhHO pa6oTa.IHI s pe)KnMe OXJJ3)J(Jlemm 

napaMH renM51. c y,uenhHbtM Ten11onpHTOKOM 0,8 BTIKA npu TOKe 2,4 KA, t.tTo co

OTBeTCTnyeT K011HlJeCTBY Me)lM (40 + 45 MM
2

) B JIH)J(Bei-1 tJ3CTli· TOKOHBO}la. 

B HUCT051lllee speM51 MarHMTbl csepxnposO):UilllHX ycKopuTe11eH [6] 11 6oJJhWIIX 

M3rHHTHhiX CHCTCM [7] paCilOJJUJ'310TC51 B B3KyyMe H OXJia)!(JlUIOTC51 U1tpKy-

1151UHOHHhlM CIIOC060M. ToKOBBOnLI ,[{1151 T3KHX CHCTeM )KeJtaTeJibHO HMeTb TUK:>Ke C 
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PHc.3. CxeMa 3,1CKTpH'·:lCCKOU H renHeBoH: KOMMYHliKaUHil TOKOBBOLla c 

Ma£1-IHTOM. I - nHTaJOUJHti KOJl.llCKTOp, 2 - MCTaJUIOKCpaMH4CCKaH 3JICKT

pOH30.l.liUHOIJHa.sl Tpy6Ka, 3 ~ Cn-Man-nn, 4- cnaH Cn-Ka6eneH, 5 - cnafi 
Cn-Ka6cml C TOKOBBOllOM, 6 - TOKOBBOll 

UHpKyiHIUHOHHbiM pe)f(HMOM OXJI3)!(.llCHH~, liTO CYlllCCTBCHHO ynpomaer KOHCT

pyKUHIO ManmniOif CHCTCMhl B. UCJJOM. 

Pa6ora roKosno.non c UHpKynHUHOHHbiM pe)KHMOM oxna)l(.uetnul onHcaHa B 

(} ). npocrpaHCTBCHHOC pacnOJJO)!(CliHC TOKOBBO,Qa (ropH30HTaJlf.HOC, BCpTHKaJlb

HOe) c UHpKymmHOHHhiM pe)KHMOM oxna:>K)lCHHH He oKa3LJBaer BJIHHHH» Ha o6uutH 
TCnJIOOpHTOK 00 TOKOBBO.Uy. )KH)lKHi.f feJH.fti, nona,nafOIUHi1 B TOKOBBO,U, cpa3y 

HCnap51CTCH B Hl-OKHeH l.J3CTH TOKOnpOBO)la. fipH OXJiiUK)lCHHH TOKOBB0Jl8 O)l.HOcl>aJ

IILIM )f(H)lKHM reJIHCM HJJH lJHCTLIM napOM (4,2 K) OfilUHii Tennonp.HTOK no TOKOB

BO.UY 8 K3)f()l0M CJiytJae OTJJH 1-JaCTC51 Ha BeJJW-IHHY TCfiJJOTLI HCnapeHH51 )f(H)lKOfO 

renw51. 

fipH pa6ote B norpy)f(HOM pe)f(HMe, T.e. K0f)l8 XOJJO)lHblit KOHCU TOKOB_BO.U3 

H3XO.UHTC51 8 )f(H)IKOM fCJIHH, 80JMQ)f(H3 pafiOTa C MCHbWHM OOTOKOM OXJJa)f()l3fO

lUCfO raJa T.Jepe3 TOK0880)l. YMCHblUCHHe fiOTOKa OXJia)f(,[(afOIUCfO raJa T.Jepe3 TO

K08BO.U .UOBCJJH )lO 5Qo/o, H TOKOBBO)l ycTOitlJHRO pafiOTaJJ KaK fiLl «C YJlCJJLHLIM 

TemwnpHTOKOM 0,53 Bt/KA npw 6 KA» • .Upyrru~ lJ3CTb o6iuero TennonpHTOKa no 

TOKOBBOJlY CHHM3CTCSJ )f(HJlKHM fCJIHCM [3]. PeaiiLHLJit OfilUHfi TennonpHTOK no 

TOKOB80JlY MO)f(J-10 H3MepHTL TOJII>KO B pC)f(HMC UHPKYJJ51UHOHHOf0 OXJia)f()ICHH51. 

MarHHTHM CHCTeMa COCTOHT HJ CBepxnpOBO)l51lllCfO (CTI) M3fHHTa, TOKOBBO

llOB w coe.rum51IOlUHX wx CTI-Ka6eneM. CxeMa 3JICKTpHlJCCKOH H renwesoH KOM

MYIIHKauww TOKOBB0Jl3 C M3fHHTQM noKa3aHa J-13 pHC.3. 

nonpo6HO CXeMa 3JICKTpHlJCCKHX H reJIHeBLIX KOMMYHHKaUHii M3fHHTH0-

KpHOCT3TIILJX 6JJOKOB HYKJIOTpOHa npHBe)l.eHa B [6]. KouctpyKTHBHO .llJIHHa cn
Ka6eJJSJ, COCtlHH5110lUCf0 M3fHHT C TOKOBBOJlOM 8 HYKJIOTpOHC pasHa 1,8 + 2 M. fipH 

TaKoH cxeMe KOMMYHHKaUHH JlJIHHHbiH CTI-Ka6eJJb H nsa cilru~ 8HOC51T JlO-
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OOJIHHTeJibHblH TCITJIOnpHTOK B TOKOBBO)l. 3TOT TennonpHTOK 33BHCHT OT K3lJCCTB3 

Cn-Ka6eJJ51, ero npOCTpaHCTBCHHOfO paCOOJlO)f(CHHSJ H KpenJICHI-151 H K3lJCCTBa Cna

CB. CxeMa pa3JlCJILHOii 311CKTpHlJCCKOJ:t H fCJIHCBOif KOMM)'HHK3UHH TOKOBBO)la C 

M3rtiHTOM CYlUCCTBCHHO YCJIO)f(HSJCT KoticTpyKUHIO M3IlHITHOii CHCTCMbl B UCJIOM. 

B MarHHTHoH CHCTeMe HaH6onee cna6bJM 3BCHOM SJBmteTc51 CTI-Ka6enL, coe.rU1H51-

f01UHH TOKOBBOJl c MarnHTOM. Tip11 nepexone CTI-Ka6emi B HopManLuoe COCT051HHe 

TOK JlQJI)f(CH fiLITb BbiBCJlCH B KpatlJaJ:truee speM.SI, H3flpHMep )lJUI HyKJJOTpOHa 33 

50 MC, HJm coenwHsromwH CTI-Ka6enL nomKeH 6btTL 3aiUH1UeH oT nepe)Kora. Yc

TOHT.JHBOCTL TOKOBBO)la Ha nep_erpes npH YCJIOBHH OOTepH OXJI3):1()leHH51 MO)KHO 

nposepHTb TOJILKO npw HMHlJHH MOLUHOH ruyHtHposaHHOH CTI-Ka6eJieM MeJlHOii 

nepCMbllJKH Me)f()ly TOKOBBOJlaMH H3 XOJlOJlHOM KOHl.(e. Ee3 nepeMbilJKH COe.[{HH.si

IOIUHii Cn-Ka6enL cropaeT npH fiOTepe OXJJIDK,UeHH51 4epe3 TOKOBBOJl npH pa6ote B 

norpyJKHOM peJKMMe (3,8] H TeM 6onee npM pa60Te npH UHpKyn»UHOHHOM peJKHMe 

OXJ1IDK)leHH51. 8 60JiblllHX M3fHHTHbiX CHCTeMaX, C MeJ{JTCHi-fbiM BbiBO)lOM TOKa, XO

JlO)lHbie KOHUbl TOKOBB0Jl0B KOHTaKTHpYJOT Ha lllYHTHpOB3HHbiti CBepxnpo

BO)IHHKOM KOnneKTOp (9]. 

ToKOBBO)l )IOnycKaeT neperpy3KY Ha 40 + 50% npv. COOTBeTCTR}'IOIUeM )I06an

JJCHJ.:fl1 pacxona oxniDK):laromero raJa lJepe3 Hero. ToKOBBOJlbi HyKJiorpoHa, 

- paCClJHT3HHLie Ha 6,2 KA fiOCTO.siHHOfO TOKa, pa60TaJ111 H3 CTCH)le HCOLITaHIDI 

MarHlfTOB npH roKax JlO 9,8 KA. PacxOJl raJa no HHM yctaHasnJ.:tsancs H3 pacqera 

1,6 + 1,8 Bt/KA, T.K. TOKOBBO)lbl pa60T3JIH Ha neonTHMaiJLHbiX TOK8X H lJTOfiLI 

TOKOBBO)lbl He 6biJ1H npHlJHHOti nepexo,na MarHHTa 8 HOpMaJibi-lOe COCTO.siHHe. 

npHMep BbinOJIHCHJ.:f51 BCeX H3JB3HHblX BblWe yCJlOBHii MO)KHO YBHJlCTb H3 

npeJl.flOJJaraeMOM 1 QQ KA TOKOBBO)le. TaKOfi TOKOBBO)l JlQJI)KeH HMeTb CJJe)lyi01UHC 

napaMetpLI: 

Pe)KHM oxna)[(JleHH51 UHPKY1151UHOHHLiii, TOKOBBOJl MeJlHLIH csapnoH 

Jl.JJHH3 TOKOflpOBO)la 

Ce'T.JeHHe TOKonposo)la s tennoH JOHe 

CeqeHHe TOKonpoBoJla s xononHoH JOHe 

Bee TOKOnposona 

MaccosLJH noTOK oxna)l(naeMoro ra3a 

Y.uenbHLiii TKnnonpHTOK 

TennonpHTOK 6eJ toKa 

fH)lpaBJIHlJeCKOC COnpOTHBJICHHe 

TeMnepatypa tennoro KOHUa 

5 

1200 MM 

3000 MM
2 

JOQQ MM
2 

35 Kr 

5 r/c 

I BT/KA 

42 BT 

10 + 12 Klla 

250 K 

rj 

II 
f 
I 
I 



------------------------------~---------------------------------------------------------------------·-----

AHAfll13 CYIUECTBYIOIU11X 
KOHCTPYKUHH TOKOBBOAOB 

TOKOnpOBO,Ubl TOKOBBO)lOB H3fOT3BJJHBaJOTC51 H3 ope6peHHhiX CTCp)tCHCii, 

JICHT, rpy6 H npOBOJJOK HC601Ihlll0f0 JlH8Metpa, COJJCTCHHbiX B nyLJKH. TOKOBBO

)lbl C TOKOnpOBO.l{OM H3 Ope6peHHhiX CTCp)f(HCii OnHCaHbi B [8,1 0,11 }. ToKonpo
BO)lhi H3 Ope6peHHhiX Ctep)I(HCif HMCIOT YllCJibi-IYIO DOBCpXHOCTh TCDJ1006-

MCHHHK3 1--2 CM
3/cri. YsemJ4HTb 3TY BCJIWUIHY npaKTH4CCKH HCJ1b351, T.K. 

)'Benn4etme 1HICJ1a pe6ep BCJ.(CT s pe3KOMY pocry n-t)lpasm-tqecKoro conponmneHH51 

TOKOBBO)la. Ce4CHHC TOKOnpOBO)la TaKoii KOHCTpyKUHH TOKOBBO)lOB JI0CT8TOl.JHO 

BCJUIKO ,QJ151 BLl6paUH11X HOMHHaJ1hHhiX TOKOB, H JI-ialJHT y I:IHX 60JlhlliOii 

CT3Tl-IlJCCKHi.:f TCnJIOilpHTOK. 

ToKOBBOJlhl c TOKonposo)loM MJ nep$opwposaHHhiX neHT H He6oJILllloro 

.n:HaMe-rpa nposonoK onHcaHhl B [12~15]. ToKonpoBO)lhl raKHx KOHcrpyKuwii MO

ryr HMCTh 6onLlllYIO ygenhH)'IO nosepxHOCTL rennoo6MeHHHKa [2], HO :nora eme 

He )locrarol:IHO. ToK npoxo,u,MT no napannenhHLIM neHTaM MJIH npouonoKaM, H He

o6xo,!I.HMO 06CCI1Cl.IH'fh O]J,HH3K0Bhlif OTBO,U Tenna C K3)f()l0if MJ HHX. 

OpH npoXO)K.UCHMH roKa no napaJinenLHhiM nposo,nHHKaM BOJfiHKaJOT ::JJieKT

po.r:umaMHl.JeCKHe CMJihi, KOTOpL!C npH)f(HM3JOT npOBO.UHHKH ,n:pyr K Apyry. 

YsenwieHHLie KaHaJILI npoxona oxna)[()laromero raJa JHal.JMTeJibHO yxy,u,waror Ka

qecruo TCI1JI006MemmKa [16). CeqeJme TOKOBBO,lla arofi KOHCTpyKUHH TOKOBBO,UOB 

)lOCT3TOl.JHO BCJIHKO, H JH3l.JHT y HHX 60JihWOii CT3TW:ICCKI-tii TCfiJIOnpHTOK. KatJe

CTBO TOKOBBO)lOB C T3KOi1 KOHCTpyKJJJICif TOKOilpOBO)la CO BpeMeHeM )l0Jl)[(H0 yxy,n:

Ill3ThC51, T.K. npOHCXO.UHT YBCJlWICHHe K3HaJIOB npoxo,n:a OXJIIDK,U3JOIUerD raJa. 

3TOT npouecc HMeeT CBOH npe,n:en H JaBHCH'f OT IKCCTKOCTH JlCHT H npOBOJIOK. 

OnHcaHHilli KOHcrpyKJJJ151 [1] TOKOBBO)la muueHa ::JTHX He.n:ocraTKOB. ToK-npo

xo.n:Hr 110 CTCHK3M KOp06a, a OTIJICTKM )!(eCTKO 33KpenJICHhl H Bhli10JlH5IlOT p011h 

p33BI1TOfi IlOBCpXHOCTH TCI1Jl006MeHHHK3. XapaKTepHCTHKa TOKOBBO.UOB He MJMe

H51CTC51 npO,UOJI)f(HTCJihHOe BpeM51, 6onee 10 JICT. 

B H3CT051LUee BpCM51 MHOfO pa60T I10CB5:llllei-IO KOM6HH1-tpOB3HHhiM TOKOBB0-

.[{3M, T.e. C BCTaBKUMH ll3 BhiCOKOTCMile{JarypHOfO CBepxnpOBO.[{HHKa [17, 18, 19}. 
BLICOKOTeMrteparypHLie CBepxnpOBO,[{HHKH li3I'OT3BJiqBaiOTC5I B BH,Ue nnaCTHH, Tpy-

6oK HJIH CTep)[(HeH. BcranKw H3 BhiCOKOTeMneparypHoro cuepxnpono,I:UIHKa 3ana

prume.neHLI TOKOllpOBO,IJ;OM 113 MeTaJIJl3, MC.UH liJIH nep)KUBCIOIUeH CTaJIH. Me

TaJlJIWJCCKHti TOKOnpOBO,[( o6eCTICliHBUeT MCXaHHl:leCKYJO npOl.JHOCTh BCTUBOK H 

3UlUHI.U3CT BCTaBKH npH nepeXOllHUX B HOpM3l1LHOe COCTmnnte. KoncrpyKUH51 TO

KOBBO)la ,IJ;OCT3TO'--IHO CJlQ)KHU. Heo6XO.[{HMO OXJ131K.O:CHHe lfH)!(Heti l.J3CTH TOKOBBO,Ua 

feJll.iCM, npH ::JTOM yseJ1Hl.JHBaCTC5:1 IlllOTHOCTh TOKU BCTUBOK. 

3HeprOJaTp3Thi 1-13 KOMileHC3UHIO TennonpHTOKa 110 TOKOBBO.UY KOHCTpyKUHH 

[1] H [18] B nepecqe-re Ha 1 KA npaKTHl.JCCKH O.UHH3KOBLI. KoM6mmposanHLie 

TOKOBBO)lhl He ,UOHYCK310T neperpy30K H TCM 6onee T3KOfO YC110BH51, K3K IlOTep51 

6 

~ 

" 

OXJ1a%,UCIIHSI. 803MQ)IOW pa3pywCHHe TOKOBB0113. nonpo6HO 0 npem,fyWeCTBaX H 

ue.uocrarKax raKHX TOKosso.uos Hamtcano s [ 19}. 

BhiBOAhl 

ToKOBBO.ULJ, HJroTosneHHhle comacno [I], pa6oTaiDT c y.n:eJihiiLIM Tenno

npHTOKOM I BTIKA npu UHPKYJI51UHOHHOM pe)f(HMe oxJlruKllemm. 0HJJ KOMnaKTHhl, 

fi3.UCIKllhl B pa6oTe. HCTHHHLiif TellJIOilpHTOK llO TOKOBBOlly onpe.UeJI51CTC51 TOJILKO 

I1pH UHPKY1151UHOHHOM pe)I(HMC OXJlmKllCHH51. noKa TOKOBBO.[{hl C BCTUBKUMH H3 

BLICOKOTeMnepaTypHoro csepxnpouo.umtKa Tpe6yiOT oxJJa)!(.Ueuna renneM, no 3Hep

ro3aTpaTaM 1-13 KOMileHCaUHlO TCilJlOrtpHTOKOB 110 TOKOBBOllUM OHU ne UMCIOT 

npeHMyiUeCTBa nepe,n: TOKOBB0ll3MH H3 MeJIH. Km.t6mmpOBUHIIhle TOKOBBO.Ubl 

CJIO)!(Hbl no KOHCTPYKUHH, JioporH, ne o6ecne4HBatoT speMennoii cTa6HJIHJauuu, 

ue .uonycKaiOT neperpy30K w TeM 6onee raKoro ycnosm1, KaK norep5:1 oxnmKnemm. 

B 3UKJIJOl.JeHHe aurop Bhlpa)Kaer 6naro.uapHOCTb IO.A.llluwosy Ja noneJHLJe KOH

cynLTaUHH H ,[{HCKYCCHH IlO paCCMOTpei-IIIhiM npo6neMUM. 
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6apTeHes B .)l. 
npaKTit:l.fCCKQe KOIICTpyupooamte H H3roTOBJICIUfe 

CWlLHOTOlfHbiX TOKOBBOJlOB 

P9-97-19 

8 pafioTe OIIHC3.H3 MeTO)lHK3 KOIICTIJYitpos3111UI It TCXIIOJIOOUI 1131'0TOBJICJHf}l 

CJ.tiiLHOTOqHLIX ToKoano.nos c yJteJILHLIM TennonpJtTOKOM I BT/KA npu unpKy.: 

Jt1fUHOHHOM pe:IKHMe oxniDKuenuSI. I13JIO)KCHLI npliUUUIILI __ BLJ6opa- Ma!evu.an_a TO_K~-. 

BCJlylllefi lf3.CTH, feOMCT()HlJCCKHX p33h-_tepoB It IIX BJJIUIIIIIC 113 TCIIJIOJipUTOK no

TOK0880)13M. PaCCMOTpeHbl pa:mWUILie pe:>KUMbl OXJIIDKJICIIIUI TOKOtJBOliOB. npoBCJlCH' 

cpaBHHTCJibllblit 3H3.JIH3 cyuteCTBYEOlUHX icOHCTpyKUJtii TOKOBBOJlOB. 

Pa6oTa BLmonuena B Jla6opaTopnu BbJCOKIIX ::mepn1it 0115111. 

npenpiiHT Ofu.emiHeiiHOf() IIIICTJtT)'TilSJtepHYX IICCi'le.J.OI!alfllii:. Dy6na. 1997 

nepeoon aoropa 

Bartenev V.D. 
Practical Design and Manufacture 
of Powerful Current Leads 

P9-97-!9 

The design technique and manufacturing technology of powerful current leads 
with a specific heat leak of I W lkA in the force-cooled mode are described. The 
prjnciples of selection of the current-carryiOg element material. geometric sizes and 
their influence of the heat leak by the current leads are expounded. Different modes 
of cooling the current leads are considered. A comparative analysis of the existing 
designs of current·Ieads is carried out. 

The investigation has been performed at the Laboratory of High Energies. J!NR. 

Prepiint of the Joint Institute for Nuclear Research. Dubna. 1997 
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