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BBeAeHl.18 

' Kplttn1Y8CKa51 nJlOTHOCTb TOKa 51BJ151eTC51 OAHOVI 1,13 Ba)KH_eviw1,1x xapaKiep\'1Cn1K 
" . . . ' 

csepxnpoBOAHlttKOB, onpeAeJ151IOLUlttX •, - B03~0)KHOCTl,1 '. lttX npaKTlttYeCKOro 

1,1cnoJ1b30BaHltt51. 8 !"1aCT051LUee - BpeM51 'C03AaeTC51 MHOro _ ;np1,16op0B, 

-COAep)KaLUlttX • _B., ce6e CBepxnpOBOA51LUltte 3JleMeHTbl, 3aYaCT}'IO -,_ 60JlbWlttX 

pa3MepOB 1,1 CJlO)KH0VI q>OpMbl, 1,1 ltt3MepeHltte lttX KplttrnYeCKOVI n110THOCTl,1 TOKa ic 

ltt ee , TeMnepa-rypHOVI , 3aBlttClttMOCT1,1 conp51)KeHO C · onpeAeJleHHblMltt 

3KCneplttMeHTaJlbHb!Mltt TPYAHOCT51Mltt. B AaHHOVI pa6oTe npeAJlO)KeHa 
. . . ' 

, _ lttMnyJlbCHa51 cxeMa , ltt3MepeHltt51 KplttrnYeCKlttX TOKOB - BblCOKOTeMnepa-rypHblX 

CBepxnpoBOAHlttKOB _(BTCn) 1,1 lttX, BOJlbT-aMnepHblX xapaKTep1,1crn~ B Alttana30He 

TeMnepa-ryp 77-300, K., __ , 

-1.AHaill,13 M8TOAOB l.13MepeHl.1fl KPl.1TW18CKl.1X TOKOB 
' .. \ 

8b151CHeHltte CB513ltt ic OT CTPYKTYPHblX napaMepoB' BTCn~_o6pa3L\OB 

Tpe6yeT np1,1MeHeHltt51 HaAe)KHOro MeTOAa : ltt3MepeHltt51 BeJlltt'llttHbl ic, 

nplttrOAHOro_, B YaCTHOCTL,1, np1,1 AOCTaTOYHO BblCOKlttX ee 3HaYeHltt51X ... 104A_cH· 2• 

Pacnpoc_TpaHeHHblVI' np51MOVI MeTOA ltt3MepeHltt51 TpaHcnopTHoro 

KplttrnYecKoro TOKa ic COCTOlttT B Ha6J110AeHlttltt MaJlOVI pa3HOCT1,1 noTeHL\lttaJlOB 

( • 1Q·6 V), B03HlttKa10iJJ,evt Me)l(Ay ltt3MElplttTenbHblMltt 3JleKTpOAaMltt 4-TOYeYHOA 

cxeMbl np1,1 · yse111,1YeHlttltt · n110THocrn TOKa- Yepe3 o6pa3el\ AO 3HaYeHlttvt, 

npeBblWalOLUlttX KplttrnYeCKO_e 3HaYeHltte. OAHOVI 1,13 OCHOBHblX npo6JleM TaKoro 

MeToAa 51BJ151eTC51, HarpeB TOKOnOABOA51LUlttX KOHTaKTOB np1,1 npoxo)l(AeHlttltt 

3JleKTplttYeCKOro TOKa. nocJleAYIOLUa51 nepeAaYa Ten11a OT KOHTaKTOB K o6pa3L\Y 

. yBeJlltt'llttBaeT TeMnepa-rypy ero peweTKltt ltt 3aTPYAH51eT ltt3MepeHltte ic ·np1,1 

H~Hovi·TeMnepa-rype, a Tal()Ke caMovi TeMnepa-rypbl o6pa3L\a. E.o.lttHCTBeHHblvt 

nYTb yMeHbWeHltt51 KOHTaKTHoro neperpesa AJ151 1,13MepeHlttvt B CTal\lttOHapHOM 

pe)KlttMe • yMeHbWe_Hltte KOHTaKTHOro conpon1BJleHltt51. 8 _HaCT051LUee BpeM51 

AOCT~rHYTO OYeHb Hltt3KOe 3HaYeHltt8 KOHTaKTHOro conpornBJleHltt51 r= 1o-10 OM· 

cM2 /1/, HO, 3TO conp51)KeHO , C cyLUeCTBeHHblMl,1 TeXHOJlOrlttYeCKlttMl,1 

TPYAHOCT51Mltt. , ,l],pyrovi . pacnpocTpaHeHHblvt MeTOA onpeAeJleHl,151 ic no 

"13MepeHlttlO MarHlttTHoro MOMeHrn M 1,1 no w1,1p1,1He nem1,1 rncrnpe31,1ca /2/, 
XOT51 1,1 . He Tpe6yeT -· YCTPOVICTBa - Hltt3KOOMHblX KOHTaKTOB, ; HO -AJ151 ; ero 

np1,1MeHeHltt51 · He06XOAHHO np1-1sneYeH1-1e HOAenbHblX npeAC'faBJleHlttvt /3,4/, 

peanltt3YIOLUlttXC51 06§1:Jtt~;ttMillWJt.21 ~$ 
: s,qepaMx nccne¥oBa.mrli 
I BMBnMoTEI-CA --- -~- ' . 



CymecrnyeT npSlMOH 6ecKOHTaKTHblH MeTOA onpeAeneHIIISl . ic, 
OCHOBaHHblH. Ha AOCTaTOYHO MeAneHHOM -~HAYUlllpOBaHIIIIII TO Ka B. 06pa3ue Ill 

1113MepeHIIIIII apeMeHHblX 3aBIIICIIIMOCTeH HapaCTaHIIISl . TOKa Ill CKOpoc-r;111 ero 

1113MeHeHIIISl, HO OH . Tpe6yeT 1113fOTOBneHIIISl cneu111anbHblX o6pa3UOB . 

KOflbUeo6pa3HOH . cpopMbl Ill He6onbWIIIX pa3Mepoa /6/. 1,13 :noro'· 

cpaBHIIITeflbHOrn aHanlll3a cymecTBylOIJ..llllX MeTOAOB lll3MepeHIIISl KPIIITIIIYeCKIIIX 

TOKOB BIIIAHO,YTO eCTb onpeAeneHHble TPYAHOCTIII lll~MepeHIIISl KPIIITIIIYeCKIIIX 

_TOK.OB, KOTOpb!e He _n03BOflSllOT ocymeCTBIIITb IIIX . 1113MepeH111e B WIIIPOKOM 

Alllana3oHe. 

,ll.nsi . pa3peweHIIISl PSlAa npo6neM 1113MepeHIIISl KPIIITIIIYeCKIIIX TOKOB 

· uenecoo6pa3Hee nep·ewrn K 111MnynbcHow MeTOAIIIKe. KaK noKa3aHo B pa6orn 

/8/,,. 111MnynbcHa~ ·. TOKosasi 3an111TKa caepxnpoBOASlll.lero · o6pa3ua no3aonsiei' 

nonyYIIITb. YMeHbWeH111e rnnnoB_blX · Harpy30K Ha KOHTaKTbl. B 3TOM cnyyae 

KOHTaKTHble TennOBble 3cpcj>eKTbl CTaHOBSlTCSl HeOIJ..lYTIIIMblMIII, Ill nosiansieTCSl 

B03MO)l(HOCTb BBOAa 6onbWIIIX TOKOB AflSl 1113MepeHIIISl ic- OAHaKo OCHOBHaSl 

MeTOAIIIYeCKaSl npo6neMa, np111 3TOM . - 3TO 1113MepeH111e TOKa .. npSlMble · 

1113MepeHIIISl TOKOB KpawHe 3aTPYAHeHbl, T.K. conpornsneH111e nOABOASllJ..llllX 

npOBOAO_B CTaHOBIIITCSl 6onbwe, .YeM conpornaneHllle 06pa3ua. 

_ Kp0Me Toro, eme OAHOH cymecrneHHOH npo6neMOH IIIMnynbCHblX ·MeTOAIIIK 

SlBnSleTCSl TOYHOCTb 1113MepeHIIISl noporosoro HanpSl)l(eHIIISl, .no KOTOpOMY 

onpeAensieTCSl le, B TPaAIIIUIIIOHHblX IIIMnynbCHblX reHeparnpax fl l nplll pa3pSlAe 

MCKYCCTBeHHblX fllllHIIIH (LCcKOHTYPOB) Ha cornacoBaHHYIO Harpy3KY . Ill 

nocneAOBaTenbHO_ coeAIIIHeHHblH H1113KOOMHblH o6paaeu CKOpOCTb HapaCTaHIIISl 

IIIMnynbca TOKa orpaHIIIYIIIBaeTCSl . co6crneHHblMIII IIIHAYKTIIIBHOCTblO - 111 

OTHOWeHllleM L/R, B pe3yflbTaTe Yem Ha o6pa3ue BTCn B03HIIIKaeT IIIMnynbc 

TO Ka' KOflOKOnoo6pa3HOH, a He npSlMoyronbHOH cj>OpMb!,. 3TO CHlll)l(aeT TOYHOCTb 

onpeAeneH111si _rnro MoMeHTa,. KOrAa naAeH111e Hanpsi)l(eHIIISl Ha 06pa3ue 

CTaHOBVITCSl OTnlllYHblM OT Hynsi. np111 ManblX 3HaYeHIIISlX TeKYIJ..lero TOKa naAeH111e 

Hanpsi)l(eHIIISl :Ha 06pa3ue OTCYTCTByeT, . HaY111HaSl C He1<ornporo . MOMeHTa . . ' . . . . 

apeMeH111 t, KOrAa aen111Y111Ha 3neKTpviY_ecKoro TOKa.yepe3,06pa3eu AocrnraeT 

KPIIITIIIYeCKOro: 3Ha4eHIIISl; nosiansieTCSl naAeH111e HanpSl)l(eHIIISl . Ha 06pa3ue, 

KOTOpoe CBSl3aHo co 3HaYeHllleM· 3T0f0 . KPIIITIIIYeCKoro TO Ka. Ecn111 

AfllllTenbH0CTb . cj>pOHTa · ¼, 111 CnaAa IIIMnynbca 6yAeT MH0ro · MeHbWe 

AfllllTenbHOCTIII caMoro IIIMnynbca, YTO A0crnraeTCSl 6eCKOHTaKTHblM MeTOAOM 

1113.MepeHIIISl TOKa, TO· T0YHOCTb . cj>111Kcau111111 caepxnpoaoASlll.lero nepexoAa 

cymecrneHH0 yaenlllYIIITCSl Ill 6yAeT onpeAensiTbCSl fllllWb TOYH0CTblO 1113MepeHI/ISl 

noporosoro HanpSl)l(eHIIISl pernCTPIIIPYIOIJ..leH annapaTYP0H. CK0pOCTb 

! .,,t1;.trr:.1!"i:; {ti~(tiH~·;ir;:J~' ,, ,:~:~i)) 
l,, . 

illH.H tnri2~!.~/J:,;-;1 
! ~ \ r r-,!· r-rr·1 
~ l• fz,:,, i • ... _t 

HapaCTaHIIISl IIIMnynbca 

noABOASllJ..llllX. npoBOAOB. 

orpaHIIIYIIIBaeTCSl co6crneHHOH IIIHAYKTIIIBHOCTblO 

,ll.nsi nonyYeHIIISl _; 6onbWVIX TOKOB np111 Manb!X 

HanpSl)l(eHIIISlX Heo6XOAIIIMO 111cnonb30BaTb rHlll3KOIIIMneAaHCHblH '"rei-lepaiop 

111MnynbcHoro Hanpsi)l(eH111si. 

npoBeASl KpaTKIIIH aHan1113 MeTOAOB 1113MepeHIIISl . KPIIITIIIYeCKIIIX TOKOB .. ,\ . 
MO)l(HO CAenaTb BblBOA, YTO B 3TOH o6nacrn CYLL\eCTBYIOT ABe 3aAaY111: 

1) BBOA TO Ka B o6paaeu; 

2) M3MepeHMe npoTeKalOIJ..lero Yepes o6paaeu TOKa. 

· ,ll.nsi peweHIIISl , nepaow · 3aAaY111 uenecoo6pa3Hee 111cnonb3oBaTb 

IIIMnynbCHblH BBOA TOKa yepe3 Hlll3KOOMHble KOHTaKTbl, a AflSl peweHIIISl BTOPOH' 

3aAa~111 Heo6XOJJ.IIIMO 111i::non_b3oaaTb 6ecKOHTaKTHb1e MeTOAbl 1113MepeH111si TOKa 

111, cneAoBaTenbHO, 111cnom,~0BaTb IIIMnynbCHYIO aanlllTKY o6paauoa: . 
1. - ' ~ < •' £ 

OueHIIIM TenflOBble. np111. IIIMnynbCHOM MeTOAe 1113MepeH~~ Kplllrn~ecKoro 

TOKa. 3m -MO)l(HO CAenaTb 111cxoASl 1113 cneAYIOIJ..llllX coo6pa)l(eH~w: M0)l(HO 

npeHe6peYb HarpeaoM, ecn111 t 11Mn<<tp; rAe tp- rnnnosasi nocrnsiHHasi 

1113MepsieMoro. o6paaua, tl-'\Mn- AfllllTeflbHOCTb IIIM.nynbca To Ka. ,llJ,si BTCn tp-1 o-5 

C, cneAOBaTeflbHO; np111 AfllllTeflbHOCT~ IIIMnynbCa tHMn"'.1MKC Harpeso6paaua 

npeHe6pe)l(IIIMO Man'. hnsi np111~ep~ HaHAeM nOBblWeH~e TeMnepaTYpbl 

o6paaua KepaM111K111 c .Te~noeMKOCTblO. 0.4 A,K·K-1-r-1,. nnoTi-i~cTblO 5.1 r·cM-3, 

·Maccow 1 Or, HaXOASlll.ler~CSl B pe3111CTIIIBHOM. COCTOSlHIIIIII C R=4MK0M·CM np111 

nnoTHOCTIII TOKa 10kA·cM·~ 3a i MKC. 6e3 yYeTa rnnnOOTBOAa' OHO COCTaBnSleT 

acero, 2-10-3 K, YTO, 1-iarnSlAHO AeMOHCTp111pyeT, YTO B AaHHOM MeTOAe 

npo6neMbl Harpeaa o6paaua He Cyll.lecrnyeT._ 

2. v1MnyJlbCHbli1 Me'TOA "13MepeH"1H KPlt1TW--leCKOro TOKa 

Ha p111c.1 noKa3aHa 6noK-CXeMa IIIMnynbCHOro MeTOAa 1113MepeHIIISl 

KPIIITIIIYecKoro. TO Ka. 6blfl0 paapa6oTaHO 2 reHepai-opa IIIMnynbCHblX 

Hanpsi)l(eH111w. vlx cxeMbl np111BeAeHbl Ha p111c.2 111 3 coorneTcTBeHHO. napaMeTpbl 

111MnynbCHblX reHeparnpoa np111aeAei-ii:i1 a rn6n111ue 1. 

Ta6 - .. •-, 

N reHeoarnoa UBblX B · • I HarDV3KIII A AfllllT. IIIMn. MKC 

1 ·0.1-1.0 20 - 200 .. 10.0 

2 1 - 5 200 - 1000 1.0 

,ll.nSl 1113MepeHIIISl TOKa B pa3pSl,l:\HOH uen111 111cnonb30B.anCSl RL-111HTerp111py10ll.llllH 

nosic PorOBCKOro. B nplllHUlllne> np111, nopore HanpSl)K8HIIISl 10-4 B AaHHaSl 

MeTOAIIIKa · noaaonsieT 111aMepSlTb 111aMeHeH~e coripornaneH111si AO 10-7 OM. 

,ll.nsi 111aMepeH111si TeMnepaTYPbl · o6paaua 111cnonbaosan111cb 

3 



e 
Q. 
cc 

16000 

TBO- 0.125 

14000 

12000 

10000 -'r---.--,,--,---,--,---,---,---,-- -,--, 

50 100 150 200 250 300 
T(K) 

Puc. 4 

a 6 

P111c .5 

5 



conpOTIIIBJleHIIIS1 rnna rnna TBO-0.125 HOMIIIHallOM 10 KOH. ABTOpbl np01113Be11111 

cpaBHIIITeJlbHOe IIICCJ1eAOBaH111e 3aBIIICIIIMOCTIII conpOTIIIBJleHIIIS1 pe3111CTOPOB OT 

TeMneparypbI AJ1S1 TBO 1 KOH III TBO 10 KOH no n11arnHOBOMY TepMoMeTpy 

TCnH-3. np111 3TOM 6b1Jl0 YCTaHOBJleHO, 4TO 111cnOJlb30BaH111e pe3111CTOPOB 

HOMIIIHaJlOM 10 KOH np111 TO Ke 100 MKA AaeT np111 a30THblX TeMneparypax B 

pe3yllbTaTe T04HOCTb 0. 1 K, 111 np111 3TOM , no cpaBHeHIIIIO C IIICnOJlb30BaHllleM 

TBO 1 kOM Tpe6osaH111si K perncTp111pyiow,e£1 annaparype cyw,ecTBeHHO HllllKe, 

T.K. BeJ11114111Ha 1113MepsieMblX HanpsilKeHIIIIA 60JlbWe no aMnlllllTYAe. A,lsi np111Mepa 

np111BeAeHa 3aBIIICIIIMOCTb R=f(T) Ha p111c.4 . 1113 Hee BIIIAHO, 4TO B 0611acrn 

a30THblX TeMneparyp ee MO)KHO 3KCTpano11111poBaTb 3aBIIICIIIMOCTblO 

T=:Ekn(Ro/R)" . 

A,lsi 1113MepeHIIIS1 KPIIITlll4eCKIIIX TOKOB BTCn pa3pa60TaH a30THbllA 

KPIIIOCTaT, B KOTOPOM pa3MeUJ,alOTCS1 1113MepsieMble o6pa3l\bl. O6pa3l\bl 

HaXOAS1TCS1 B BaKYYMHblX YCJ10BIIIS1X ( TeXHlll4eCKIIIIA BaKYYM ) . Ha p111c.5a 

np111BeAeHa c)>oTorpacjmsi Kp111ocrnrn, a Ha p111c .5 6 - c)>ornrpac)>111si reHeparnpa 

IIIMnyllbCHOro HanpsilKeHIIIS1 C 1113Mep111TeJlbHOIA annaparypo£1. 8 1113Mep111TeJ1bHYIO 

annaparypy BXOAS1T Alllc)>c)>epeHL\lllallbHbllA YCIIIJllllTeJlb Y7-1 , ABYX11Y4eBOIA 

OCL\IIIJlJlOrpac)> CB-17 ( B HaCTOS1W,ee BpeMS1 111cno11b3yeTCS1 l.llllc)>poBOIA 

OCL\IIIJlJlOrpac)> C9-8 ) . 

A,lsi np111Mepa Ha p11c. 6a, 6 np111BeAeHbl OCL\IIIJlJlOrpaMMbl, 1113MepeHHble 

Ha Yo_g5Hoo.05Ba2Cu3O7-06pa31..laX. BepXHIIIIA IIIMnyllbC (p111c. 6a ,6) - IIIMnyllbC 

TOKa C TOKOBOro TpaHcc)>opMaTOpa ( nosic PoroBCKOro ). Ha p111c 6a Ha HllllKHelA 

JllllHIIIIII np111BeAeHbl c)>opMbl ClllrHaJlOB: 1 - IIIMnyllbC HanpsilKeHIIIS1 C o6pa31..la np111 

T=300 K; 2 - 111Mny11bc HanpsilKeH111si c o6pa31..la np1,1 T=B0 K (csepxnpoBOAS1W,ee 

COCTOS1H"1e); 3 - IIIMnyllbC HanpsilKeHIIIS1 np111 CPblBe csepxnpOBOAIIIMOCTIII 

a 6 

P1-1 c,6 

6 



, . KpV1rn4eCKVIM . TOKOM (aMnJJVITYA8 U-5MKB). VIMnyJJbC HanpmKeHVISI Ha HVl.)l(He~ 

' OCL\Vl~Jlorpa~Me (PVIC.6~) no~83blBaeT CMewaHH08 ', COCTOSlliVI~ o6pa31..\~, KOrAa 
BBOAVIMbl~ TOK npV16J1V1.)l(ae+cS1 K KpVlrn4ecKoMy. BpeMH pa3aepTKV1 , = 5 ·µc' / 

Ae11eHV1e. 

Vl3 Vl3MepeHVI~ CJJeAyeT, 4TO KPVIH14eCKVI~ TOK COCTaBJJHeT 

... 1:2, 103 A/cM2, 

3.3AKJ1IOYEHlt1E 
8 38KJll04eHV1e MO.)l(HO CAeJJaTb CJJeAylOW,Vle BblBOAbl: 

- npeAJlO.)l(eHa VIMnyJJbCHaH MeTOAVIKa onpeAeJJeHVISI KpVITVl4eCKOro TOKa VI 

BOJlbT-aMnepHblX xapaKTepVICH1K BTCn c:6eCKOHTaKTHblM Vl3MepeHVle~ TOKa. 

-ysemi4eHVle conpOTIIIBJleHV151 A8T4VIKa TeMneparypb'i; Ha OCHOBe TBO-0, 125 AO 

10-15 KOM no3BOJ151e_T nOBblCVITb T04H0CTb ' Vl3MepeHVl51 :reMneparypbl VI 

VICnOJlb30B8Tb JlVIHetlHy:o 38BVICVIMOCTb R(T) B AVlana30He , a30THblX 

TeMneparyp. 

, AaropM BMpa~amr 6naroAapHOCTb C.A.nonoay Ja 

noMOW,b B 1113rOTOBJleHIIIIII cepe6p51HblX KOHTaKTOB 1113Mep51eMblX o6pa31..\0B, 

H.B.nV111Hpy .111 A.n.6opoai<oay 3a noMbW.b B pa6orn, A.M. 6anarypoay 111 

H.Vl.6aJJaJJblKIIIHY 38 noJJe3Hble AVIC!cyCCVIIII . 

. Pa6orn BblnOJJHeHa a paMKax ., rocnporpaMMbl no BTCn, npoeKT N 

91035. "3JJeKTpOH":_ 
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· KopeHeB C.A., CnKoJieHKO B.B. . 
MMnym,CHblH MeTOA H3MepeHH51 KPHTnqecK9ro ToKa 
BblCOKOTeMnepaTypHblX CBepxnpOBOAHHKOB 

P13-93-471 

IIpeAnaraeTCSI HMnyJibCHblii: MeTOA H3MepeHHSI KPHTn11ecKoro TOKa BbICOKo
TeMnepaTypHhlx cuepxnpo:soAHHKOB (BTCII), ocHoBaHHhlH Ha npSIMOM npony
cKaHnH HMnyJihca TOKa qepe3 o6pa3en; BTCII H 6ecKOHTaKTHOM ero H3MepeHHH. 
3TOT MeTOA Il03BOJI51eT npH H3MefeHHH 6e3 Harpeua o6pa3n;a yBeJIHqHTb BeJIH
qnHy nponyc~aeMOI'O TOKa AO 10 A. PaccMaTpHBaIOTC51 ABa BapHaHTa H3MepH
TeJibHblX cxeM H npHBOA51TC51 pe3yJibTaTbl H3MepeHHH KpHTHqecKHX TOKOB 
BTCII-KepaMHK Ha ocHoue Y1Ba2Cu30 7..J. 

Pa6oTa BblilOJIHeHa u Jia6opaTOpHH CBepXBblCOKHX ::mepmii: H Jia6opaTOpHH 
Heii:TpOHHoii: q>H3HKH HM. M.M.<l>paHKa OM.SIM. 

Coo61I1,eH11e 061.e,111HeHHOI'O HHCTHT)'Ta l!JlepHblX HCCJie,iosaHHH. )fy6Ha, 1993 

IIepeBOA auTopou 

Korenev S.A., Sikolenko V.V. 
Pulse Method of Measuring Critical Current 
of High-Temperature Superconductors 

P13-93-471 

The new pulse method of high-temperature superconductor (HTSC) 
critical current measurement founded on direct passing of current pulse through 
HTSC specimen and on its noncontact measurement has been described. This 
method allows one to increase current up to 103 A without any sample heating. 
Two variants of measuring scJ1emes are considered and the results of 
Y1Ba2Cu30 7..J criticaLcurrent measuring are described. 

The investigation has been performed at the Laboratory of Particle Physics 
and Frank Laboratory of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1993 




