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1. BBEAEHHE 

0XIla>KAaeMble reilHeM TOKOBBOAbl CBepxnpoBOAR~HX ycTpO~CTB, HC
nOilb3yeMble B KHilOaMnepHO~ 06IlaCTH, AOil>KHbl OTBe4aTb CileAYIO~HM 

OCHOBHblM Tpe6oBaHHRM: 
1 • 611H30CTb K TeopeTH4eCKOMY MHHHMYMY YAeilbHoro TennonpHToKa 

B >KHAKH~ re111-1~, KOTOPbl~ npH TeMnepaType Tennoro KOH~a 293 K pa
BeH 0,9-1,0 BT/KA/l/.3TOT npeAeil MO>KeT 6b1Tb AOCTHrHyT npi-1 OnTI-1-
MailbHOM AilR AaHHOrO MaTepHaila OTHOWeHHI-1 AilHHbl K nno~aAH none
pe4HOrO Ce4eHHR TOKOBeAy~ero 3IleMeHTa/2/ 1-1 AOCTaT04HO pa3BHTO~ 
noeepxHOCTH Tennoo6MeHa. 

2. Cnoco6HOCTb AOCTaT04HO npoAOil>KHTeilbHOe epeMR BbJAeP>KHBaTb 
3Ha4HTeilbHbl~ neperpeB - 3TO n03BOilHT COXpaHHTb TOKOBBOA 1-1 BbJ
BeCTI-1 H3 MarHHTa 3anaceHHYIO 3HeprHIO npH 4aCTH4HOM HilH nOilHOM 
npeKpa~eHHH nocTynneHHR oxna>KAaJO~ero ra3a. 

3. OnpeAeileHHaR ee11H4HHa rHAPaBilH4ecKoro conpoTHBileHHR TOKo
BBOAa. B ycTpo~cTBe c 3aMKHYTblM pe~pH>KepaTopHblM pe>KHMOM npH 
TeMnepaType reilHR, HanpHMep, 4,5 K IAaBileHHe Hacbl~eHHblx napoe 
1 ,3·105na/ Ha TOKOBBOAe MO>KHO HCnOilb30BaTb 3Ha4HTeilbHYIO 4aCTb 
n<> .. rH>n;:on;:o n;:oRn .. HIAR M<>llln\f IIIIAnlliAM rPniAPM 1.-1 TPnnhiM nnnr!THhiM nnTOKOM 

re~~R·7~a~;~Mep, 0,3:~~5na~~3/. ~pH KPHOCTaTHPOBa~HH YCTPO~CTB 
nyTeM HX norpy>KeHHR B >KHAKH~ reilH~ C TeMnepaTypo~ OKOilO 4,2 K 
He06XOAHMbl TOKOBBOAbl C MHHHMailbHblM rHAPaBilH4eCKHM conpOTHBile
HHeM. 

4. MHHHMailbHble AilHHa H ce4eHHe TOKOBeAy~e~ 4aCTH, 4T06bl TOKO
BBOA He 3aHHMa11 MHoro MeCTa Ha KPblWKe KPHOCTaTa 1-1 B ero nOilOCTH. 
3TO Tpe6oBaHHe OC06eHHO cy~eCTBeHHO AilR BblCOKOBOilbTHblX MHOrOaM
nepHblX TOKOBBOAOB. 

5. AocTaT04HO pa3BHTaR noeepxHOCTb OMbleaeMo~ >KHAKHM renHeM 
4aCTH TOKOBBOAa. DilarOAaPR 3TOMY nepeAa4a Tenlla OT TOKOBBOAa 
e renH~ npoHCXOAHT npH He6oilbWOM nepenaAe TeMnepaTyp. HHa4e 
npHnaRHHbl~ K TOKOBBOAY CBepxnpOBOAHHK MO>KeT npe>KAeBpeMeHHO ne-
pe~TH B HOpMailbHOe COCTORHHe. 0co6eHHO Heo6XOAHMO yee11H4H-
BaTb noeepXHOCTb Tennoo6MeHa B TOKOBBOAaX, npeAHa3Ha4eHHbiX AilR 
~HPKYilR~HOHHOro KPHOCTaTHPOBaHHR CBepxnpOBOAR~HX MarHHTOB /CM/. 
6 3TOM Cily4ae reilH~ APOCCeilHpyeTCR B nOilOCTb TOKOBBOAa B BHAe 
napO>KHAKOCTHO~ CMeCH. XoilOAHbl~ ra3 H KanilH >KHAKOCTH MOryT 3a
HOCHTbCR B Ten11y10 4aCTb TOKOBBOAa, B pe3YilbTaTe 4ero B03paCTaeT 
TennonpHTOK e >KHAKH~ re111-1~. Pa3BHTaR noeepxHOCTb Tennoo6MeHa 
C >KHAKHM reilHeM n03BOI1ReT TaK>Ke npeAOTBpaTHTb HeMeAileHHbl~ ne
peXOA B HOpMailbHOe COCTORHHe norpy>KeHHbiX B reilH~ CM B Cily4ae 
4acTH4Horo 1-1111-1 nonHoro npeKpa~eHHR nocTynneHHR oxna>KAaJO~ero ra3a 
B TOKOBBOA. 
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6. KoHCTPYKLIIMl 11 TeXHOilOri1.R 113rOTOBileHI1.R TOKOBBOAa AOil>KHbl 
6b1Tb npeAeilbHO npOCTbiMI1. 
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Ha cneAY~~ee o6cTo~TenbCTBo. Pa3B~T~e nosepxHocT~ Tennoo6MeHa 
C nOMO~b~ onneTOK np~BOA~T K TOMY, 4TO OAHOBpeMeHHO ysen~4~Ba
eTC~ nyTb ToKa, KOTOP~~ ~AeT no 3~r3aroo6pa3HO~ nposonoKe, ~. 

COOTBeTCTBeHHO ,paCTYT A~Oynes~ noTep~, TO eCTb TOKOBBOA C OnT~
ManbH~M OTHOWeH~eM An~H~ K CyMMapHOMY Ce4eH~~ npOBOnOK B Ae~
CTB~TenbHOCT~ HeonT~ManeH. ~aKT~4eCKa~ An~Ha TOKOBeAy~ero 3ne
MeHTa B 2-4 pa3a 6onbwe ~ pasHa pa3sepHyTo~ An~He n~6o~ ~3 npo
sonoK B onneTKe. 

3. TOKOBBOAbl C TEnilOOEiMEHHI1KOM 113 OnJlETOK 

TaK~M o6pa30M, HeKOTOp~e HeAOCTaTK~ ~3BeCTH~X TOKOBBOAOB 
CB~3aH~ C TeM, 4TO onneTK~ B~nonH~~T OAHOBpeMeHHO ~YHK~~~ TOKo
BeAy~ero 3neMeHTa ~ Tennoo6MeHH~Ka. B Kp~oreHHOM OTAene IlB3 
011~~ pa3pa60TaH~, C03AaH~ ~ ycneWHO pa6oTa~T B Te4eH~e HeCKOnb
K~X neT Ha pa3n~4H~X ycTaHOBKaX TOKOBBOA~ C onneTKaM~, n~WeHH~e 
nepe4~cneHH~x HeAOCTaTKOB. An~ yMeHbWeH~~ A~oynes~x noTepb ~c
nonb30BaHbl TOKOBeAY~~e nnacT~Hbl ~3 MeA~, coeA~HeHHble no see~ 
An~He co cnn~~eHH~M~ onneTKaM~. 3neKTP~4ecKoe conpoT~BneH~e 
nnacT~H 3Ha4~TenbHO MeHbwe conpoT~sneH~~ naKeTa onneToK,~ 6onb
wa~ 4aCTb TOKa npoTeKaeT no 3T~M nnacT~HaM. CneAOBaTenbHO, on
neTK~ B~nonH~~T B OCHOBHOM ~YHK~~~ 3~~eKT~BHOrO TennoofiMeHH~Ka. 

~T~-~-~d 
~ 

PHc.l. ToKoBBo~ Ha 3 KA: I - nna
CTHHa, L - onneTKa, A - MeCTO 
CBapKH, 

KOHCTPYK~~~ TOKOBBOAa Ha 3 KA noKa3aHa Ha p~c. 1 , OCHOBHble 
TexH~4ecK~e xapaKTep~cT~K~ AaH~ B Ta6n~~e. ToKoBeAy~a~ 4aCTb 
COCTO~T ~3 ABYX MeAH~X nnaCT~H 1 ~ 4eT~pex onneTOK 2, TOP~~ Ko
TOP~X csapeH~ /nosepxHoCTb A/. B pe3ynbTaTe o6pa3yeTc~ Kopo6. 
B xonoAHO~ 3oHe, s~we pac4eTHoro ypoBH~ ren~~. B CTeHKe Kopo6a 
CAenaH na3 An~ BXOAa ra3a. B Tenno~ 4aCT~ np~BapeH~ ABe MeAH~e 
nnacT~H~ An~ MexaH~4ecKo~ npo4HOCT~ ~ MeAHa~ nnacT~Ha An~ Kpen
neH~~ noABOA~~~x TOK Ka6ene~, a TaKme np~na~H ~naHe~ ~3 Hep~a
se~~e~ CTan~. TaK~M o6pa30M, KOHCTPYK~~~ ~ TeXHOnor~~ ~3rOTOBne

H~~ TOKOBBOAa npeAenbHO npocT~. 
C03AaH~ TOKOBBOA~ Ha 8 KA, KOTOPble ~cnonb30BaH~ np~ ~CnbiTa

H~~ CM c npoKa4Ko~ ra3oo6pa3Horo ren~~ 4epe3 non~~ npoBOAH~K 
/eM. Ta6n~~y/. 

113MepeH~~ YAenbHOro Tennonp~TOKa B ~~AK~~ ren~~ no TOKOBBOAY 
Ha 3 KA noKa3an~, 4TO B~6paHO HeAOCTaT04HO 6n~3KOe K OnT~Manb
HOMY COOTHOWeH~e An~Hbl ~ nno~aA~ Ce4eH~~ TOKOHeCy~ero 3neMeHTa. 
no3TOMY An~ ~cn~TaH~~ B TpaHcnopTHOM Ab~ape c ropnoB~HO~ A~a-
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PHc.2. ToKoBBo~ Ha 1,6 KA, A
MeCTO CBapKH, 

MeTpOM 45 MM ~3rOTOBneH~ TOKO
BBOA~ Ha 1,6 KA /eM. Ta6n~~y 
~ p~c.2/.0Tn~4~e 3Toro TOKOBBOAa 
OT npeA~AY~~X COCTO~T,KpOMe pa3-
n~4~~ B pa3Mepax,B TOM,4TO B Ka~
AY~ cnn~~eHHy~ onneTKY BCTaBn~~T-

~ en no Top~aM ABe MeAH~e nposonoK~. 
a 3To AaeT B03Mo~HOCTb noA6~paTb 

A 3a3op Me~AY onneTKaM~, o6ecne4~-
Ba~~~~ Heo6XOA~MOe r~ApaBn~4eCKOe conpOT~BneH~e TOKOBBOAa. KpoMe 
Toro, YA06Hee BeCT~ CBapKy TOKOBBOAa. 

4. METOA11KA 11CnWTAHI1~ 

An~ T04Hb1X ~3MepeH~~ Tennonp~TOKa B >K~AK~~ ren~~ no TOJ<OBBo
AaM Heo6xoA~Mo OTAen~Tb ero OT Tennonp~TOKOB K Kp~ocTaTy. Kon~-

4eCTBo ra3oo6pa3Horo ren~~. B~XOA~~ero ~3 Kp~ocTaTa, HenocTO~HHO 

~ 3aB~c~T oT ypoBH~ ~~AKoro ren~~. speMeH~, npoweAwero nocne ero 
noAn~BK~, ~ ~3MeHeH~~ AaBneH~~ B o6paTHOM noToKe. Pa~~oHanbHO 
He y4~T~BaTb sen~4~HY ~cnap~eMOCT~ Kp~ocTaTa B ~3MepeH~~x. An~ 
'!~:':) ~P~~~~T~~ ~.'"1e~y~~~~e ~~e~~!. ~ !~~~~~-..:;::; ~ /;:~~=.3/ :: ::::::,·"'!'"p::::::~;;:, 
A~aMeTpOM 500 MM BCTaBneH repMeT~4H~~ COCYA 2, B KOTOP~~ 4epe3 
ynnOTHeH~~. OAHOBpeMeHHO o6ecne4~Ba~~~e 3neKTP~4eCKY~ ~30n~~~~. 
BCTaBneH~ TOKOBBOA~ 3, B AaHHOM cny4ae C HOM~HanOM 3 KA. PaCXOA 
ra3a ~3Mep~eTc~ c noMo~b~ poTaMeTpos. An~ 3anonHeH~~ cocyAa re
n~eM ~cnonb3yeTc~ seHT~nb 4. CocyA norpy~eH B ~~AK~~ ren~~. 4TO 
o6ecne4~BaeT ero Tennosy~ ~3on~~~~ np~ ycnos~~ cosnaAeH~~ TeM
nepaTyp~ ~~AKOro ren~~ B Kp~ocTaTe ~ cocyAe. An~ 3Toro B Te4e
H~e 3KCnep~MeHTa Heo6XOA~MO nOAAeP~~BaTb B o6o~X nonOCT~X OA~
HaKOBOe AasneH~e nyTeM peryn~poBaH~~ conpoT~BneH~~ B o6paTHOM 
noToKe ~3 Kp~ocTaTa. To4HOe ~3MepeH~e pa3HOCT~ 3T~x AaBneH~~ 
seAeTc~ c noMO~b~ BOA~Horo A~~~epeH~~anbHoro MaHoMeTpa 5. KoHT
ponb ypOBHe~ ocy~eCTBn~eTC~ CBepxnpOBOA~~~M~ ypOBHeMepaM~ 6. 
C noMO~b~ ABYX MaHOMeTpOB ~3Mep~eTC~ r~ApaBn~4eCKOe conpOT~Bne
H~e TOKOBBOAOB. 

TeMnepaTypy sepXHe~ 4aCT~ TOKOBBOAOB nOAAep~~Ba~T noCTO~HHO~ 
C noMO~b~ BOA~, nponycKaeMO~ 4epe3 np~na~HH~e K nOABOA~~~M W~HaM 
3MeeB~K~. CTa6~n~3a~~~ naAeH~~ Hanp~~eH~~ no see~ An~He TOKo
BBOAa cny~~T OCHOBH~M np~3HaKOM AOCT~~eH~~ ycTaHOB~BWeroc~ pe
~~Ma. KOHTpon~pyeTc~ TeMnepaTypa TOKOBBOAa HenocpeACTBeHHO noA 
KP~WKO~ Kp~OCTaTa. 

CxeMa ycTaHOBK~ An~ ~ccneAOBaH~~ pa60Tbl TOKOBBOAOB Ha 1 ,6 .KA 
noKa3aHa Ha p~c.4. ToKOBBOA~ 1 BCTaBneH~ B Tpy6y 2 C Kp~WKO~ 3. 
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PHc.3. CxeMa ycTaHoBKH AITR He- - PHc.4. CxeMa ycTaHOBKH AITR 
nbiTaHHR TOKOBBO,!I;OB Ha 3 KA, HCCJiep;OBaHHii TOKOBBO,!I;OB 

Ha 1,6 KA. 

BcR 3Ta c6opKa paaMe~eHa B Ab~ape 4, ~cnapReMoCTb KOToporo npe
He6pem~Mo Mana. YpoBeHb m~AKoro ren~R KOHTpon~pyeTCR csepxnpo
BOAR~~M yposHeMepoM 5. PacxoA raaa ~aMepReTCR poTaMeTpaM~ c no
rpewHoCTb~ He 6onee 3%. 

5. PE3YflbTAT~ HCn~TAHHA H 06CY~AEHHE 

ToKoBBOA~ HOM~HanoM 3 KA ~cn~TaH~ TOKaM~ AO 3,5 KA. MaKc~

ManbH~A yposeHb CTa6~nbHOA pa60T~ AOCT~rancR np~ 3 KA, np~ 

3,5 KA TOKOBBOA 6~cTpo HarpesancR. PaaHocTb noTeH~~anos ysen~-
4~Banacb aa 10 M~H c 45 MB AO 300 MB. PeaynbTaT~ ~3MepeH~A 
B CTa6~nbHOA o6naCT~ ycnOBHO aBTOHOMHOrO pem~MaX npeACTaBneH~ 

Ha p~c.5 ~ B Ta6n~~e. M~H~ManbH~A YAenbH~A Tennonp~TOK B m~AK~A 
ren~A, paBHbiA 1,1 BT.KA-1 Ha TOKOBBOA, AOCT~rancR np~ 3 KA. 
BpeMR B~AepmK~ np~ AaHHOM ToKe paBHo 2 4acaM. 

PaaMep~ TOKOBBOAa Ha 1 ,6 KA onT~M~a~poBaH~ nyTeM nocneAoBa
TenbHoro yKopa4~BaH~R TOKOBeAy~eA 4aCT~ ~ ysen~4eH~R nno~aA~ 

Ce4eHJ.1R TOKOBBOAa BBepxy, npoBOA~n~Cb npoMemyT04H~e ~CnbiTaH~R • 
PeaynbTaT~ oKOH4aTenbH~x ~cn~TaH~A B ycnoBHO aBTOHOMHOM pem~Me 
AaH~ Ha p~c.5 ~ s Ta6n~~e. HccneAOBaHa TaKme pa6oTa np~ cH~meH
H~x no cpaBHeH~~ c asToHOMH~M pem~MOM noToKax raaa, npoxOAR~~x 
4epe3 TOKOBBOA. np~ TOKe 1,6 KA ~ nOTOKe raaa 1 M3.4- 1 TOKOBBOA 
pa6oTan cTa6~nbHo 6onee 2 4. np~ TOM me ToKe ~ noToKe raaa 
0,8 M3• 4-) TOKOBBOA pa60Tan 1 4 0 B 3TOM cny4ae OH MeAneHHO Ha-

X noA ycnoBHO aBTOHOMH~M pem~MOM noH~MaeTCR pa6oTa C OXnam
AeHioieM TOKOBBOAa TeM KOn~4eCTBOM raaa, KOTOPbiA I-1Cnapi-1nCR B pe
aynbTaTe Tennonpi-1TOKa OT TOKOBBOAa B m~AK~A ren1-1A, 3a Bbl4eTOM 
raaa, ~AY~ero Ha aaMe~eH~e ~cnapeHHor·o ToKOBBOAOM m~AKoro re
n~R /-1/7 4aCTb/. Tennonp~TOK s ren~A s 3TOM cny4ae HecKonbKO 
fionbwe, 4eM B aBTOHOMHOM pem~Me. 
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PHc. 5. 3KcnepHMeHTaJibHbie 3aBH
cHMOCTH TenJionpHTOKa Q H yp;eJib
HOrO TenJionpHTOKa q B ~,!I;KHH 
reJIHH OT TOKa J, H3MepeHHbie 
AITR TOKOBBO)J;OB Ha 3 KA /cnJiom
Hble JIHHHH/ H Ha I ,6 KA /nyHK
THPHaR JIHHHR/, 

rpesancR. Pa3HOCTb noTeH~~anos ysen~4~nacb B ABa paaa: c 72 AO 
130 MB. Pem~M c nonH~M npeKpa~eH~eM noAa4~ raaa B TOKOBBOA~ 
HaM~ He 1-iCCneAOBaH. 0AHaKO MOmHO CKa3aTb, 4TO TOKOBBOA~ fiYAYT 
HarpesaTbCR 6biCTpee, 4eM TOKOBBOAbl Ha 1 0 KA/ 3/, aa C'-leT 6o~ee 
s~coKoA nnoTHOCTI-1 TOKa /50 A.MM-2 B HaweM cny4ae, 14 A.MM
s/3/ I. 

6. 3AKfli04EHHE 

Hcn~TaH~H noKaaanl-1, 4TO TOKOBBOA~ c Tennoo6MeHH~KOM ~3 onne
TOK HaAemH~ B pa6oTe ~ B AOCTaT04HOA CTeneHI-1 OTBe4a~T paCCMOT
peHH~M B~We Tpe6oBaH~RM. Ha OCHOBe AaHHOA KOHCTPYK~~~ ~ TexHo
norl-1~ MOmHO C03AaBaTb KOMnaKTH~e TOKOBBOA~ Ha AeCRTK~ K~noaM
nep. 

ABTOP~ B~pama~T finaroAaPHOCTb 3a y4aCTI-1e B l-13rOTOBneH~I-1 TOKO
BBOAOB COTPYAH~KaM KPI-10reHHoro OTAena flB3 OH~H A.A.AeM~Hy, 
6.3.mi-1TH~KOBY, B.n.MoKpi-1HOBY, r.r.Xopesy, H.C.~A~Hy. 
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PyKonHcb nocTynHna 
6 HIOHR 

B H3AaTenbCKHH OTAen 
1983 roAa. 

BapTeHeB B.~ •• ~aQKOB B.M., lliHmoB ro.A. P8-83-373 
KpHOI'eHHbie TOKOBBO~ C TenJI006MeHHHKOM H3 onJieTOK 

Co3p;aHbl MHoroaMnepHble I p;o 8 KA/ KpHoreHHbie TOKOBBOIJibi 
C TenJioo6MeHHHKOM H3 OnJieTOK. Mop;yJib TOKOBep;y~eH WHHbl COCTOHT 
H3 PiBYX MeiJiHbiX nOJIOC H pacnOJIOX<eHHbiX MeX<p;y HHMH CnJIIOCHyTbiX 
MePiHbiX onJieToK. TopQbi noJioc H onJieToK cBapeHbi MeX<iJiY co6oil, 
B pe3yJibTaTe qero o6pa3oBaH Kopo6, qepe3 KOTOpbrn npoxop;HT 
I'a3, OTBOPiR~H TenJIO OT pa3BHTOH noBepXHOCTH OnJieToK. OnHCaHbi 
YCTaHOBKH PiJIR HCnbJTaHHH TOKOBBOIJiOB. MCCJiep;oBaHa pa6oTa onTHMH-
3HPOBaHHOI'O TOKOBBOp;a Ha 1,6 KA. Yp;eJibHblli TenJionpHTOK B X<HPiKHH 
reJIHH COCTaBJIReT 0,95 BT/KA. 

Pa6oTa BbmOJIHeHa B Jla6opaTOPHH BbiCOKHX 3HeprHil OIDIM. 

,._ ~- _ 1 nO-t 
IJIJ""n"'" 'J"'J 

Bartenev V.D., Datskov V.I., Shishov Yu.A. P8-83-373 
Cryogenic Current Leads with a Heat Exchange from 
the Woven Copper Shields 

High-rate (up to 8 kA) cryogenic current leads with 
a heat exchange from the woven copper shields have been crea
ted. The module of the current carrying elements are two 
copper strips and the flattened copper shields between them. 
The butt ends of the strips and shields are welded together 
making a box, through which the calling gas passes, taking 
away the heat from the developed surface of the shields. The 
arrangements for testing the current leads are described. 
The optimized current lead for 1.6 kA is tested. Specific 
heat influx at this current is 0.95 W/kA. 

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