
8 - 11383 

M.floJiaK, ci>.XoaaHeQ, JI.KpeMnacKH, cJ> .llJTocpaHHK 

~3MEPEHHE nOTEPb 

B MERKO~HCOEPCHhlX CBEPXOPOBO~HHKAX 

1978 



8 - 11383 

M .OoJiaK, * <I> .XoBaHeQ, JI. KpeMrracKH, * <I> .lllTocpaHHK* 

H3MEPEHHE OOTEPb 

8 MEJIKO~HCOEPCHhlX CBEPXOPOBO~HHKAX 

Ohti!~IL . . .c.J:1 R:JGT!n'JT 

n~·z;L.. •· ~o:msd 
G"i6JI•<~.ffEKA 

* 3neKTpoTeXHB'IeCKBii BHCTBTYT CAH, lipaTBcnaaa 
;qccP/. 



nona& M. H ap. 8 - II383 

Ha~~o~epeaae noTepb s MenxoaacnepCHbiX caepxnposoQuuxax 

npaselleHbl peaynbT8Tbl H3MepeHHB UOTepb 3HeprHB 8 MenKO;IHCnepCHbiX 
caepxnposOllHBKax HT-50, HaXOll51111HXCB s MarHHTHbiX nonax ao 3T,MeKBJOillHX 
ca co CKOpOCTbiO llO 1,5 T /c. 06pa3Ubl csepxnpoao.llHBKOB .llBa>.feTpOM 0,5 MM, 
npellH83HaqeHHble llnB HMUynbCHblX .llHilOnei!:, OTnaqanHCb KOnaqeCTBOM H paa-
1\lepOM ceepxnposoaamax HHTeit H waroM ax cxpyrxu. npaMeuea anexrpaqec­
KRA MeTO.Il B3MepeHHll no ¢>HTUy. 

Pa6ora Bbmonaeaa s Jla6oparopaB BbiCOKBX aueprait.OIHIH. 

Coo6meHHe 06'beJ]BHeHHOrO HHCTHTyTa swepHbiX HCCneJJOBSHBA. lly6Ha 1978 

Polak M. et al. 8 - 11383 

A.C.Losses Measurements in Multifilament Superconductors 

A.C.Iosses measurements are reported on multifilament super­
conductors NT-50 in magnetic field up to 3T and field change up 
to 1.5 T/s. Superconductors, proposed for puis e dipole cables have 
outer diameter 0.5 mm, various number and diameter of filaments and 
twist length. Losses have been measured electrically by the F'itz 
method. 

The investigation has been performed at the Laboratory of 

High Er.ergies,'Jl~R. 

Communicatior. of the Joint Institute for Nuclear Research. Dubna 1978 

© 1078 06'beJIBHeBHbl. BHCTIITyT 11/lepHbiJC BCCRetlOBIJDI /1y6s• 

..) HMnynLCHble caepxnpoBOJJ.JI~He MarHHTbl JJ.nJI ycKopuTe­

neB H3rOTOBnJIIOTCJI 06bi'IHO H3 CHnbHOTO'IHbiX Ka6eneH npJI· 

MoyronLuoro ce'leHHJI. Ka6enu cocTOJIT H3 onpe.neneuuoro 

KOnH'ieCTBa npOBOnOK, CO)J.ep:>Kai.QHX CKpy'ieHHble CBepxnpo­

BO)J.JII.QHe HHTH. 0.D.HOH 83 3a)J,a'l np8 KOHCTpy8pOBaH88 TaKoro 

Ka6enJI JIBnJieTCJI Bbi60p CBepxnpOBO)J,JI~HX npOBOnOK 

c H83K8M8 noTepJIM8 ua nepeMeHHOM TOKe. H3BecTuo, 'ITO 

B MenKO)J,8CnepCHbiX CBepxnpOBO)J,HHKaX noTep8 3aB8CJIT OT 

)J,8aMeTpa CBepxnpOBO)J,JI~8X HHTeH, mara CKPYTK8 8 napa­

MeTpOB caepxnpoBOJJ.JI~ero MaTep8ana 8 MeTann8'ieCKOH 

MaTp8Ubl. 0.D.HOH 83 B03MO:>KHOCTeH Bb16opa CBepxnpOBO)J.H8· 

Ka JIBnJieTCJI paCCMOTpeH8e Ka:>K)J,OrO napaMeTpa OT)J.enLHO 

8 pac'leT noTepb no COOTBeTCTBYIOI.Q8M cllopMynaM '!/ · 

Bonee npocToH 8 Ha.D.e:>KHbiH cnoco6 - npJIMoe 83Mepeu8e 

noTepb. 

H8:>Ke np8Be.D.eHbl pe3ynLTaTbl 83MepeuuJI noTepL B uec­

KOnLK8X T8nax MenKO)J,8Cnepcuoro CBepxnpOBO)J.H8Ka 

HT- 50, 83 KoToporo 6bln8 83roToaneubl Ka6enu JJ.nJI nepBbiX 

MO)J,enbHbiX HMnynLCHbiX )J,HnoneH, 8CnbiTbiBaeMbiX B Jla6o­

paTOp88 BbiCOK8X :mepr88 OHJIH. 

METOJ(HKA H3MEPEHHH 

,[l.nJI 83MepeHHJI noTepb Dp8MeHJinaCb MeTO)J,8Ka, npe)J.nO­

:>KeHHaJI <I»HTUeM/2/. 06pa3eU 4B B8)J,e OJJ.HOCnOHHOH KaTyrn­

K8 I puc.l/ noMe~ancJI BHYTPL OJJ.HOH 83 H3Mep8TenLHbiX 

KaTyrneK /2 8nH 3/, HMeiO~X O)J.H8aKOBOe Ce'ieH8e H paBHOe 

KOnH'ieCTBO B8TKOB. KaTylliK8 H o6pa3eU pacnono:>KeHbl 

BHYTP8 coneH08)J,a 1, C03)J,aJO~ero BHelliHee MarHHTHOe 

none. lloKa o6pa3eU He HaXOJJ.HTCJI B O)J,HOH H3 KaTyllieK, 
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Puc.1. llpucnoco6AeHue OAR U3MepeHuR nomepb. 1 - o6Mom­
Ka c6epxnpo6oORrqezo MazHuma; 2,3 - U3MepumeAbHble Ka­
mywKu; 4 - o6pa3e14. 

uanpJDKeHHJI ua HHX o.z:tHHaKOBbl. KaTyWKH coe,z:tHHeHbl Me>K.z:tY 

co6o:ii TaK, 'IT06bl HX HallpJI>KCHHJI KOMllCHCHpOBaJIH ,z:tpyr 

.z:tpyra. llocne noMemeHHJI o6pa3u;a B O.z:tHY H3 KaTyweK npH 

H3MeHeHHH noJIJI B B u;enH KaTyweK 2 H 3 noJIBJIJieTCJI 

pa3HOCTb HallpJI>KCHHH,nponopD;HOHaJibHaJIHaMarHH'ICHHOCTH 
o6pa3u;a. 

B cnyqae IJ;HJIHH.z:tpa, uaxo.z:tJimerocJI B napaJIJieJibHOM 

none B, cpe.z:tHIOIO BeJIH'IHHY HaMarHH'IeHHOCTH M B o6'beMe 

V MO>KHO onpe,neJIHTb KaK 

4 <I> ' M = _!_ ( ( Bx- B) dV = -;; (d 2 - d22) v . ' 1 /1/ 

4 

Puc.2. fl>omozpa(Juu ce'leHuii o6pa3!l06 /y6eAU'IeHo/. C6epxy 
6HU3 - o6pa3€1l C 199 C6epxnp0600JIIqUMU HUIIlJIMU OUaMem­
pOM 26 MKM; o6pa3€1l C 168 HUIIIJIMU c)uaMelllpOM 24 MKM; 
o6pa3€1l C 1045 HUIIlJIMU c)uaMelllpOM 10 MKM. 
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Puc.3. 3aeucuMOC11fU Kpu11fut~ecKux 11fOKoe 011f MaZHU11fHozo 
noAJi OA.Ii o6pa3ij06 ouaMe11fpOM 0,5 MM. HoMepa 199, 168, 
1045 o6oaHat~a1011f t~ucAo ceepxnpoeoO.IiUIUX HU11feu. 

r.ne Bx - noKaJibHoe none BHYTPH csepxnposo,nHHKa s o6-

nacTH x; <I> - MarHHTHbiH DOT OK, BbiTaJIKHBaeMbiH H3 o6'be-

Ma o6pa3Ua npH HapacTaHHH HJIH 3aXBa'leHHbiH npH na,neHHH 

BHeWHero DOJI.B; d l ,d2 - Hapy)I(HblH H BHyTpeHHHe ,IJ;HaMeTpbl 

O,IJ;HOCJIOHHOH KaTywKH 4. 
Kor.na o6pa3eu Haxo,nHTCJI s KaTywKe 2, MarHHTHbiH 

DOTOK t/J, 3aXBa'leHHbiH KaTyWKaMH 2 H 3, paseH 

TT 2 2 2 2 t/J = "'4 [ B ( N 
2 

d 
0 

- N 
3

d 
0 

)] + MN 2 ( d C d 2 ) , /2/ 

r,ne dO - ,IJ;HaMeTp KaTyWeK 2 H 3. 

IloCKOJibKY N 2 = N 3 = N , MarHHTHbiH DOT OK t/J OKa3bl-

saeTCJI nponopuHoHanLHbiM HaMarHH'IeHHOCTH o6pa3ua H pa­

BeH 

t/J = MN t(d;-d ~). /3; 

6 

l 
l 

l ' 

l 

CHrHaJI C KaTyWeK DOCTynaeT Ha MHKpOse6epMeTp Ql 190 
H DOCJie YCHJieHHJI - Ha OCb Y .IJ:BYXKOOp,IJ;HHa THOrO CaMODHC­

ua. Ha .npyryiD ocb caMonucua no.naeTcJI cHrHan c myHTa 

B uenH DHTaHHJI MarHHTa 1, nponOpUHOHaJibHbiH BHeWHeMy 

MarHHTHOMY DOJIID. IlJIOll(a,IJ;b neTJIH HaMarHH'IHBaHHJI, nony­

'laeMOH Ha caMonHcue npH H3MeHeHHH B, nponopuuoHanbHa 

noTepJIM :meprHH 3a UHKJI. 

B HaweM cnyqae N =200, d1 =0,49 eM, d z=0,39 eM, 
KOHCTaHTa MarHHTa COCTaBJIJieT 0,092 T/A, 'IYBCTBHTeJib­

HOCTb CaMODHCUa Ha OCR X pasHa 4. J0-4 B6/M,Ha OCH Y-
2,92.10 4 A/M. Ilnoma,nb neTJIH HaMarHH'IeHHOCTH 1 cM2 

COOTBeTCTByeT DOTepJIM 8,44.10-6 ,[(JIC Ha 1 CM306'be­

Ma o6MOTKH o,nHocnoB:Hoil KaTyWKH. B ,nanhHeB:-
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Puc .4. 3aaucuMOC11fb zuc11fepeauCHbiX no11fept. Ha oouH l#UKA 
011f MaZHUIIHozo noA.Ii OA.Ii o6pa3l#06 c 199, 168, 1045 caepx­
npoeoO.IiUIUMU HUIII.IiMU. l.(UKA UMee11f 11fpeyzOAbHYIO t/JopMy, 
no11fepu OIIIHeceHbl K 1 cM 3 oOHOCAOuHou o6M011fKU. 
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Puc.5. 3aeucuMocllr. OIIHOIUeHUJI o6r~~ux no11epr. W1 K nome­
PJIM W 

10 
npu B ~ 0 011 cKopocmu HapacllaHUJI noAJI. • -

o6pa3et# C 199 HU11lJIMU, IUOZ CKpymKU 20 MM, + - o6pa3et# 
C 168 HUIIJIMU, IUOZ CKPYIIKU 20 MM, 0 - o6pa3etl C 168 HU-
1/UIMU, IUOZ CKpyiiKU 5 MM, /'). - o6pa3et# C 1045 HU11lJIMU, 
waz CKPYIIKU 5 MM. 

meM BCe pelyJI&TaTLI npHBe,AeHLI ,AnJI ,AaHHOB e,AHHHIJ;bl 06'be­

Ma. llps nepec'leTe Ha e.AHHHUY o6'beMa nposonoKH Heo6xo­

.AHMO pe3yJI&TaTLI H3MepeHHJI noTepb yMHO~Tb Ha ICOJ~­
~HIJ;BeHT 1/0,785, nps nepec'leTe Ha e,AHHHUY o6'beMa 

csepxnpoBO.AHHKa - KOJ~H:u;HeHT 1/ A 0,785. KoJ~s:u;HeHTLI 
JanonHeHHJI A .AJIJI JCa)I(,IJ;Oro o6pa3:u;a Haxo.AJITCJI B Ta6nH­

:u;e. 

PE3YJihTATbl H3MEPEHHH 

HlMepJinHCb noTeps B 4 o6pa3:u;ax MeJIKO.AHcnepcHLIX 

CBepxnpOBO,IJ;HBICOB C Hapy~LIM ,IJ;HaMeTpOM 0,5 MM. 06pa3-

IJ;LI OTnH'IanHCb ,IJ;HaMeTpOM CBepxnpOBO.AJimsx HBTeB,ICOJ~-

8 

Ta6mrua 

06paaeu 168 168A 199 045 

Hapy)KHbiH .QRaMeTp, MM 0,5 0,5 0,5 0,5 

KonaqecTso csepxnposo.QR-
max HRTeil: 168 168 199 1045 

nHaMeTp HRTeil:, MKM 24 24 26,5 10 

Koa~~RUReHT aanonHeHRR 0,38 0,38 0,553 0,395 1 

War cKpyTKR HRTeil:, MM 20 5 20 5 

CooTHomeHRe nnoma.QR ceqe-
HRH Me.QR H CBepxnpoBO.QHRKru,63 1,63 0,8 1,53 

KpRTRqecKRH TOK B none 5T, 
A 127 121 178 136 

fRCTepe3RCHbl9 noTepR B no-
ne 2T, Mn)K CM -S 35 - 40 9,8 

PTHomeHRe Wl/Wto .QnR 
8=1 T /c 2,54 1,15 2,54 1,35 

-- ---- --

~BIJ;BeHTOM JanonHeHHJI B marOM CKPYTKB. Hx OCHOBHble 

napaMeTpbl npHBe,AeHLI B ma6AUI.#e, ~OTOrp~BB Ce'leHBB 

o6pa3IJ;OB UOICa3aHLI Ha puc.2 /yBeJIH'IeHo/. 3aBBCBMOCTb 

ICpHTB'IeCICHX TOICOB o6pa3IJ;OB OT MarHBTHOrO UOJIJI npsBe,Ae­

Ha Ha puc.3. Ha puc.4npe,AcTaBneHLI peJyn&TaTw HlMepeHHJI 

rscTepeJBCHLIX noTep& Wh/cKopocT& B =0,05 T/c/. 
C yBeJIB'IeHHeM CICOpOCTH HapaCTaHHJI MarHHTHOrO UOJIJI 

BCe 6on.&me npOJIBJIJIIOTCJI fiOTepH OT BHXpeBLIX TOICOB 

B Me,AHOB MaTps:u;e MeJIKO,AHCnepCHOrO CBepxnpOBO,AHHICa. 

KaK BH,AHO Hl puc.5, BKJia,A BHXpeBLIX noTepb B o6mse 

noTeps W l CHJibHO JaBHCHT OT mara CKPYTKH HBTei. 

06pa3IJ;LI C mar OM CKpyTKB 60JibWe 'I eM 5 MM HenpseMneMLI 

,IJ;JIJI BCUOJiblOBaHHJI B HMUYJibCHLIX MarHHTaX. 

9 



JIHTEPATYPA 

1. ToH~apoe H. H., Hwwmuy A., Xyxapeea H. C. OH.RH, 
8-8302, ,4y6Ha, 1974. 

2. Fietz W.A. Rev.Sci.Instr., 1965, 36, p.l621. 

10 

PyKODHCh DOCTynHna B HJ,IJ;aTenhCKHH OT,IJ;en 
14 MapTa 1978 ro.D;a. 


