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Xoaaaen <1>. B Ap. P8- 11145 

Bnasaae opae&TaUBB Tpaacnoaapoaaaaoro caepxnpoaoamnero Ka6enR 
B 06MOTK8 HS noTepB 9HeprBH B BMnyllbCHblX coneHOHABX 

H3y~anocb anBRHBe opaeaTanaa nnocKoro Tpaacnoaepoaaaaoro Ka6eng 
c MeTanna~ecKoll nponaTKoll Ha noTepB e HMnyllbCHhiX ceepxnpoaoamnax co
neHoallax. Hall.tteso, ~To abl6opoM opaeHTanaa Ka6eng e o6MoTKe MOJKHO aoc
Taray~ OAHO&peMeRRO YW8RbWeRBH noTepb H .tterpaASUHK KpHTB~eCKoro TOKS 
npB 60111.WBX CKOpOCTSIX B3W8B8RBH warRBTROro nonS!, 

Pa6oTa BbtnonHeRa B na6opaTopBH Bb!COKHX 9Heprel! OH.HH. 

Coo6 ... Ue OCh.e .... enoro DCTBTYT& B.llepBWX BCCJie.IIOII&BBI. ,l{y6Ba 1978 

Chovanec F. et al. P8 - 11145 

Effect of the Transposed Superconducting Cable 
Orientation on the Energy Losses in Pulsed Solenoids 

The effect of a flat transposed metallic impregnated cable 
orientation on the AC.Iosses in pulsed superconducting solenoids 
has been investigated, 

It was found, that the AC.Iosses and degradation of a critical 
current at higher magnetic field change rates can be reduced by 
the suitable orientation of the superconducting cable in the coil 
winding. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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CeepxnpoBOARIUHe TpaacnoaHpoeaHHbie Ka6enH npRMo
yronbaoro Ce'leHHR C MeTannH'IeCKOii nponHTKOii OTnH'ISIDT
CR XOpOIIIeii CTa6HnbHOCTbiD H fi03BOnRIDT nony'ISTb BbiCOKYID 
KOHCTpyKTHBHYID nnoTHOCTb TOKSo Ho, C apyroii CTOpOHbi, 
H3BeCTHO I 1/, 'ITO B HMnynbCHbiX MaraHTax, H3roToeneHHbiX 
H3 TaKoro Ka6enR, noTepH MOryT 6biTb 3HS'IHTenbHO 6onb
WHMH, 'leM B Ka6enRX C H30nHpOBSHHbiMH npoeonOKSMHo 
BHnbcoa /2/ noKasan, 'ITO e nnocKoM TpaacnoHHpoeaaaoM 
Ka6ene, nponHTaaaoM npHnoeM, noTepH 6onbwe e TOM cny
qae, Koraa MaraHTHoe none aanpaeneao nepneHAHKyngpao 
ero wHpOKoii cTopoae. Tioao6abre pesynbTSTbr nony'IHn 
rnaCHHK/S/ npH pacqeTe noTepb B neHTO'IHOM MHOrO*Hnb
HOM ceepxnpoBollHHKe H3 Nb

3
Sn. .HMaaa H ap./4/ aa-

6nroaanH CHnbHYID SHH30TpOnHID fiOTepb OT HanpaeneHHR 

MSrHHTHOrO nonR npH HCCneAOBSHHH KOpOTKHX o6pa3UOB 
Ka6eng anR npoeKTa "na6nep". B CBR3H c aTHM B03HHKaeT 
BOnpoc: KSK BnHReT Bbi60p OpHeHTSUHH Ka6eng B 06MOTKe 
aa cyMMapHbre noTepH? 

8 HSCTORIUeii CTSTbe npHBelleHbi pesynbTSTbi H3Mepe

HHR noTepb B ABYX coneHOHA8X C p83HOA OpHeHTSUHeii nnoc
KOro Ka6eng B o6MOTKe. f10KS38HO, 'ITO AnR Toro *e Ka-
6eng C MeTannHqeCKOii nponHTKOii MO*HO 38 C'leT Bbi6opa 
OpHeHTSUHH CyiUeCTBeHHO fiOHH3HTb fiOTepH H aerpaaaUHID 
KPHTH'IeCKoro TOKS npH yeenH'IeHHH CKOpOCTH aapaCTSHHR 
MarHHTHoro nong. 

TIOCTAHOBKA 3KCTIEPHMEHTA 

CTpyKTypa o6MoToK HccneayeMbrX coneHOHllOB npHeeae
aa Ha pH c. 1. Ka6enb 1 COCTOHT H3 12 npoeonOK llHSMeT-
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PH c. 1. CTpyKTypa o6MOTKH coneaoeaoa Cl H C2. 1 
CBepxnpOBOJ:IHWHH Kafienhj 2 - OXnaM):IaiDWHH KaHan; 3 
npoKnaaKa. 

pOM 0,5 MM, coaepMaWHX CKpy'leHHbJe CBepxnpOBOJ:IHWHe 
HHTH H3 cnnaaa HT-50 aHaMeTpoM 24 MKM. MaTpHua 
npoaonoK - MeaaaH. DpoaonoKH CKpy'leHhi a aKCHanbHOM 
aanpaaneHHH, o6MaThi anH npHaaHHH Ka6enro npHMoyronb
aou <jlopMbi H nponeTaHbi cnnaaoM aa ocaoae ln. (ao6aa
KH: Ka):IMHH, onOBO H UHHK) • DapaMeTpbl Ka6eng npHBeae
Hbl B T a 6 n. 1. 

Ka6enb caaqana aaMaThiBancg Ha TeKCTOnHTOBhiH Kap
Kac TaKHM o6pa30M 0 'IT06bJ ero WHpOKaH CTOpOHa 6bJna 
HanpaaneHa napannenbao aeKTopy MarHHTHoro nong a ueH
Tpe coneaoeaa • .llnH co3aaHHH oxnaMaarowHx KaHanoa 2 
(pH c. 1 ) aayTpb o6MOTKH qepe3 KaMJ:Ihie aaa ee cnog 
B aKCHanhHOM HanpaaneHHH BKna):lbiBanHCb npoKnaaKH 3 
TOnWHHOH 1 MM H WHpHHOii 9 MM. CaapyMH o6MOTKa CTH
rHBanaCb 6aaaaMOM H3 HepMaaeroweu npoaonoKH. 06MoTKa 
6bJna HaMOTaHa TaK, 'ITO KOHeU Ka6eng, HMeiDWHH 6onee 
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HH3Koe 3HaqeHHe KpHTHqecKoro ToKa B none 5T,pacnona
rancR BO BHyTpeHHeM cnoe. ConeHOHll C T8KOH CTpyKTypoA 
o6MoTKH 6yneM B nanbaenweM o6osaaqaTh Cl. 

Ilocne HCnbiT8HHR coneHOHll8 Cl Ha TOT :>Ke C8Mb!H 
KApKaC H8M8TbiBanCR TOT :>Ke Ka6enh 1 HO, B OTnHqHe OT 
npellhillYIUero cnyqag, WHPOKaR cTopoaa Ka6enR 6hma Ha
npaaneHa nepneHUHKyngpao nomo B ueaTpe (pH c. 1). Ilpo
KnaUKH 3 BKnanhiBanHcb qepes KS:>KllbiH cnon, caapy:>KH 
o6MOTK8 T8K:>Ke CTRrHaanacb 6aHU8:>KOM. 06MOTK8 H8M8Tbl
aanacb T8K 1 qTo KOHeU Ka6enR, HMeiOIUHH 6onee HH3KOe 
saaqeaHe KpHTHqecKoro ToKa B none 5T, pacnonarancR 
a aapy:>KHOM cnoe. 8ToT coneaoHn 6yneM B nanhHeAweM 
o6osaaqaTh C2. OcaoBHbie xapaKTepHCTHKH o6oHX cone-

HOHllOB npHBeUeHbl B T a 6 n. 2 o 
KpHTHqecKHA TOK B coneaoHnax onpenenRnCR H3 pas-

6anaaca MOCTHK8 1 COCT8BlleHHOro H3 llBYX nonOBHH 06MOT
KH coneHOHll8 H llBYX conpOTHBneHHH. HcToqHHK TOK8 
3000 A/78 oTKniOqancg B cnyqae, Korna Ha cKoMneHCH
poaaaaoM MOCTHKe nORBnSinCSl CHrHan 1 npeBbiW810lUHH 
200 MB. IloTepH H3MepRnHCb CHCTeMOH, OnHC8HHOH a/6/, 
PesynhTaThiJ nonyqeHHbie aneKTpHqecKHM cnoco6oM no 
BHnbcoay /7 , conocTaansmHCh c H3MepeHHeM noTepb no 
HCnapReMOCTH :>KHUKOrO renHR H3 KpHOCT8T8o 

PE3Y nbT ATbJ H3MEPEHHf1 

Ha pH c. 2. npHaeneHhi xapaKTepHCTHKH coneHOHllOB C1., 
C2 H o6pasuoa, B3SIThiX c npoTHBonono:>KHhiX KOHUOB Ka-
6enR, H3 KOTOporo 6hinH H3rOTOBneHbi coneHOH,[{bl Cl H 
C&. EyKaaMH Cl H C2 o6osHaqeHbi npRMbie, onpenenSIIO
IUHe KOHCTaHTbl Me:>KUY TOKOM H noneM B o6naCTH ero 
MaKCHManhaoro saaqeHHR B o6MOTKax coneHOHUOB Cl H 

C2 • 3aqepaeHHhiMH Kpy:>KKaMH o6ooaaqeHbi saaqeHHR TOKOB 
nepeXOllOB coneHOHAOB B HOpManbHOe COCTOSIHHe. 8 cone
HORAe Cl KpHTHqecKHH TOK KopoTKoro o6pasua 6bm 
nocTHrHyT nocne TpeTbero, B coneaoHne C2 - nocne 
nRToro nepexona B HOpManbHOe cocTORHHe. B coneaoHae 
C2 6bmo aocTRrHyTo 6onee BbiCOKOe none, qeM B Cl 
H3-3a 6onee Bb!COKOrO KpHTHqecKoro TOK8 yqaCTKa Ka6enR1 
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PH c.2. XapaKTepHCTHKH coneHOHllOB Cl, C2 H o6pas-
uoa Ka6enH. • -. TOKH nepexonoa coneaoHAOB B aopManhHoe 
cocToRHHe npH B < 0,5 T /c. (llH<!Jpbi o6osaaqaJOT nopsmKo
BbiH HOMep nepex;noa). 0 - TOKH nepexonoa B aopManhHoe 
COCTORHHe o6pa3U8 Ka6enSI H3 BHyTpeHHero CnOR 06MOTKH 
Cl ; + - To :>Ke anSI o6pasua Ka6enR H3 auyTpeaHero 

cnoR o6MoTKH C2. 

aaxoaRIUerocg a o6naCTH MaKCHManhHoro nonR, H 6onee 
BbiCOKOro K09<P<PHUHeHTa sanonHeHHR o6MOTKH caepxnpoaon

HHKOM. 
Ha pH c. 3 noKasaaa nerpanaUHSI KPHTHqecKoro ToKa 

J C B coneHOHU8X. BHUH0 1 qTo, B OTnH'IHe OT coneHOHll8 
Cl , a coneHoHne C2 Ha6niOnaeTCSI cHnhHaH nerpanauHR 

KPRTHqeCKOrO TOK8 C yaenH'IeHHeM CKOpOCTH H3MeHeHHSI 

non B. 

7 



0 

)1 L__, C1 J 

0,5~ \. I 

I 

0 2 4 6 8 10 

B, T/c 
pH c. 3. 3aBHCHMOCTb CTeneHn ):lerpaaaUHH ~PHTH'i8CKOI'O 
ToKa J /J coneaouaoa Cl H C2 oT B a ueHTpe. c co • 
Jco nony'ieHo npn B .:5 0,5 T /c. 

floTepH H3MepSinHCb B UHK1IH'i8CKOM pe:lKRMe, HenpepbiB

Hhie HMnyllhChi TOKa H nOlJSI HM81JH <}lopMy paBH06eapeHHOI'O 

TpeyronbHHKa 6es nays c MaKCHMallbHhiM saaqeaneM nonSI 

B M • Ha pH c.4. npuaeaeHhi pesynhTaTbi usMepeHHSI sa

BRCHMOCTH noTepb 9Hepi'HH sa OJlHH UHKll OT aMnliHTyJlhi 

nonSI B U8HTpe COlleHOHJlOB, nolly'ieHHhie 91J8KTpH'i8CKHM 

cnoco6oM. flpn MeaneHHOM HapacTaanu nonSI noTepn a o6o

nx COlleHOHJlaX npaKTH'i8CKH 6binH 0JlHH8KOBhi (nyRKTHpHaSI 

liHHHSI) • C yaenn'ieHHeM CKOpOCTH RapacTaHHSI nonSI CHTya

UHSI nsMeHnnacb, B coneaonae C2 noTepn 6onbllle, 'ieM 

a coneaonae Cl ( cnnolllHbie nnann). Ha p n c. 5. noKasa

HO OTHOlll8HHe o6mnx noTepb K I'HCTepeSHCHbiM B saancn

MOCTH OT CKOpOCTH HSM8H8HHSI Mai'HHTHOI'O nOlJSI B COne
HOHJlaX Cl. H C2 • rucTepeSHCHhie I!OTepn nony'ieHbi 9K-
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p H c. 4. 3aBHCHMOCTb noTepb 9Hepi'HH sa OJlHH UHKll OT 

Mai'HHTHoro nom1 a ueHTpe coneHOHJlOB Cl n C2 anSI 
pa3HhiX CKOpOCTeH H3MeHeHHSI nonSI. flyHKTHpHaSI liHHHSI -

CKopocTb H3MeHeHHSI nonSI a ueHTpe Cl H C2, paaHaSI 

0,5 T /c; cnnolllHhie nuHnn - CKopocTb, paaHaSI - 3,4 T /c. 

cTpanonSiuneii o6mnx noTeph K ayneaoii cKopocTn nsMeHe

HHSI nOliSI H 6binH OJlHHaKOBhi .llliSI o60HX COlleHOHJlOB, 

Ha p n c. 6 npnaeaeHhi saancuMocTn MomaocTn Tenno

Bbiaeneanii a coneHou.uax Cl n C2 npu aenpephiBHoii 

UHKliH'ieCKOH pa6oTe, OT CKOpOCTH H3MeH8HHSI Mai'HHTHOI'O 

nOliSI1 nony'ieHHhie 91JeKTpH'ieCKHM MeTOJlOM H no ncnapSI

eMOCTH :lKHJlKOI'O I'81IHSI H3 KpHOCTaTa. 

113 9TOI'O BHJlHO, 'iTO npnMeHeHHhiH Ka6ellb OT1IH'i88TCSI 

60llblllOH 8HHSOTponneii noTepb. nerpaJl8UHIO KpUTH'ieCKo

I'O TOKa C yBeliH'ieHH8M CKOpOCTH H3MeHeHHSI nonSI B CO

ll8HOHJle C2 MO:lKHO, no-BUJlHMOMY, o6'bSICHHTh 6onee Bbi

COKHMH noTepSIMH, B OTliH'iHe OT COlleHOHJla Cl, a T8K:lKe 

XYJllllHMH ycnoanSIMH oxna:lKJleHnSI noaepxHoCTH Ka6enSI. 
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p H Co 5. 3aBHCHMOCTb OTHO!ll9HHSI 06!llHX noTepb 9HeprHH 

W 1 .K BenH'IHHe noTepb W 10 OT CKOpOCTH H3M9H9HHSI na

ng B B ueHTpe coneHOH.llOB Cl a C2. W 
10 

nony'leHo 

9KCTpanonSIUHe~ o6mHX noTepb K HyneBOH CKOpOCTH H3Me

H9HHSI nonSI. • - anSI coneHoH.ua Cl H MaKCHManhHoro 

aHa'leHHSI nonSI BM"' 2T; 0 - C2, BM "'2T; x - Cl, 
BM "'4,1T; + - C2, BM "'4,1T. 

BbiBOnhi 

flnOCKHe Tp8HCnOHHpOB8HHbl9 CBepxnpOBO.llSimHe Ka6enH 

C MeTannH'I9CKOH nponHTKO~ OTnH'I8IDTCSI 6onbmO~ 8HH30T

pOnHe1i noTepb OT OpHeHTBUHH Ka6eng B MarHHTHOM none. 

8hi6opoM OpHeHTBUHH Ka6eng B 06MOTKe M8r'HHT8 MO)I(HO 

O.llHOBpeMeHHO .llOCTH'Ib yMeHbmeHHSI noTepb H .llerpaaa

UHH KpHTH'IeCKOro TOK8 npH yaenH'I9HHH CKOpOCTH H3MeHe

HHSI nonSI. nerpaaaUHSI1 no-BH.llHMOMY, CBSI38Ha C BenH'IHHOH 

MOmHOCTH TennOBbi.lleneHH~ H ycnOBHSIMH TennoOTBO.lla B 

o6naCTH M8KCHManbHOro nang B 06MOTKe. 
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8, T/c 
pH C. 6. 3aBHCHMOCTb MO!llHOCTH p, Bbi.llenSieMOll ConeHOH-

.ll8MH rypH UHKnH'IeCKOll pa60Te, OT CKOpOCTH H3MeHeHHSI 

nang B B ueHTpe coneHoa.uoa C1 H C2 • KpHBbre rrony

'leHbi rrpH MaKCHManbHOM 3Ha'leHaH nang B M "' 2T : 
+ x - nony'leHbi no acrrapSieMOCTH )l(f!JlKoro renuSI, 0 • -
sneKTpH'IeCKHM MeTO.llOMo 

AaTopbr Bbrpa)l(aJOT 6naro.uapHoCTb A.r .3enh.llOBH'IY, 

n.r.MaKapoay, A.A.CMupHOBy, I-1.A.Wenaeay 38 noCTOSIH

HhlA HHTepec K pa6oTe H rrone3Hhle o6cy)I(JleHHSI, a TaK)I(e 

COTpy.llHHK8M KpHOr'eHHOr'O H sneKTpOTeXHH'IeCKOr'O OT.lle

noa fl83 Ol15H1, rrpuHaMaB!llHM yqacTue a rroaroTOBKe 

H rrpoaeaeHHH SKcrrepaMeHTa. 
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