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npH H3MepeHHI1 3HepreTH4eCKHX noTepb 8 KOMn03HTH~X CBepxnpo
BOAH11KaX /KC/ MeTOAOM, OCHOBaHH~M Ha 3anHCH neTe11b rHCTepe3HCa, 
04eHb Ba~H~M RB11ReTCR ~OPMHpOBaHHe o6pa3~a, T.K. ero napaMeTp~ 
MOryT Cy~eCTBeHH~M o6pa30M 811HRTb Ha pe3y11bTaT~. 3TOT BOnpOC 
HMeeT oco6oe 3Ha4eHHe A11R KC c 6o11bWHM waroM TBI1CTa 11 a c11y4ae 
o6pa3~oa 6o11bworo pa3Mepa, KOrAa A11R 113MepeHI1R noTepb Heo6xo
AHMo C03AaHHe HMny11bCHOrO MarHHTHOrO no11R 8 6011bWOM 06DeMe. 

HaMH 3KcnepHMeHTa11bHO HCC11eAoBaHo B11HRHHe HeKoTop~x ~aKTopoa 
~OpMHPOBaHHR o6pa3~a Ha Be11H411HY noTepb.B 4aCTHOCTI1, 6~1111 pac
CMOTpeH~ C11eAY~He BOnpoc~: 

- B11HRHHe Ha Be11H4HHY aHxpea~x noTepb A1111H~ KC a o6pa3~e ( fKc) 
no cpaaHeHH~ c warOMTBHCTa KC(fT8 ). M~ 113y4a1111 3TOT 3$¢eKT 
Ha KOMn03HTH~X CBepxnpOBOAHHKaX Kpyr110r0 Ce4eHHR, KOTOp~e 

RB11R~TCR OCHOBH~M 311eMeHTOM KOHCTPYK~H11 6011bWHHCTBa CBepx
npOBOAR~HX CHCTeM. PaHee 3Ha4HTe11bHoe B11HRHHe napaMeTpa 
f*=fKc/fTB Ha Be11H4HHY BI1XpeB~X noTepb 6~110 ycTaHOB11eHO A11R 
KC APYrOH KOH~Hrypa~HH /1,2/ 

- B11HRHHe Ha ae11H4HHY H3MepReM~x noTepb K03~H~I1eHTa 3ano11HeHHR 
o6pa3~a KOMn03HTH~M CBepxnpOBOAHHKOM. 

- B11HRHHe YC110BI1i1 TPnnnnT~~~= ~:~ :~C a III"'~K"'i1 rem1H. ~TOT ~aKTOp, 
KaK y~e 6~110 noKa3aHO paHee, MO~eT 11rpaTb Ba~Hy~ p011b npH 
6011bWHX CKOPOCTRX H3MeHeH11R MarHHTHOrO n011R/3/ 11 8 C11y4ae 
04eHb n11oxoro Ten1100TBOAa' 4~ M~ npoBOAI11111 3KcnepHMeHT~ npH 
OTHOCHTe11bHO HH3KI1X 3Ha4eHHRX B, co3AaBaR a o6pa3~ax pa311114-
H~e YC110BHR Ten1100TBOAa. 

METOJl H3MEPEHHR H HCCflEJlYEMbiE 06PA3Llbl 

MeTOA 113MepeHI1R noTepb a KC 311eKTPI14eCK11M cnoco6oM 151 o611a
AaeT PRAOM npei1My~ecTa no cpaeHeHI1~ c Ka110PI1MeTpl14eCK11M, a 11MeH
Ho: 
- A1111Te11bHOCTb 113MepeHI1H 3Ha4HTe11bHO MeHbWe; 
- 4YBCTBHTe11bHOCTb 113MepeHI1H B~We npH TOM ~e 06DeMe o6pa3~a; 
- OW116KI1 113MepeHHH cy~eCTBeHHO MeHbWe; 
- 311eKTPI14eCKI1H MeTOA n038011ReT Ha611~AaTb B03MO~H~e nOMeXH 80 

apeMR 113MepeH11H IAe~eKT~ HMnY11bca no11R, n11oxoe ox11a~AeHHe o6-
pa3~a 11 T.A./ 11 11CK~4aTb 11X. 

CxeMa 113MepeHHR npeACTaa11eHa Ha p11c.l. 06pa3e~ 11011 pacno11o
~eH a OAHOH 113 HAeHT114H~x 113MepHTe11~KaTyweK K1 H11H K2 ,Ko
Top~e HaXOARTCR 8 pa604eM 06DeMe MarHHTa Jl /B HaWeM C11y4ae -
Al1n011b THna 110KOHHaR paMa 11 161 I. ~~~c11y~HT A11R 
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PHc.l. CxeMa H3MepeHHR rroTepb 
3neKTpH~eCKHM crroco6oM $HT~a. 

KOMneHca~H~ B03MOmHO~ pa3HOCT~ 

~HAYKT~BH~X C~rHanoe ~3-3a He
nonHO~ ~AeHT~4HOCT~ KaTyWeK. np~ 

Han~4~~ o6pa3~a B OAHO~ ~3 ~3Me
p~TenbH~X KaTyWeK B Te4eH~e 
TpeyronbHoro ~~Kna ~3MeHeH~R Mar
H~THoro nonR 0-+ B M-+ 0 An~Tenb
HOCTbiO "t" Ha B~XOAe aHanoroeo
ro ~HTerpaTopa eo3H~KaeT HanpR
meH~e U8 , KOTOpoe B KamA~~ MOMeHT 
epeMeH~ nponop~~oHanbHO cpeAHeMy 
3Ha4eH~IO HaMarH~4eHHOCT~ B o6oe
Me o6pa3~a M: 

1 t ua =- r ~u<t>dt 
T 0 

= J..tr ·F·M·N, 
T /1/ 

rAe T- nOCTORHHaR BpeMeH~ o6paTHO~ CBR3~ ~HTerpaTopa: kr- K03$
$~~~eHT,3aB~CR~~~ OT e~coT~ o6pa3~a ~ B3a~MHoro pacnonomeH~R 

~3Mep~TenbH~x KaTyweK IAnR o6pa3~a 6ecKoHe4HO~ e~cOTbr k1 =1/; 
F- ce4eH~e o6pa3~a B nnocKocT~, ~epneHA~KynRpHo~ ocH ~aMep~-
~~~:...: :~~ ~~~"7:,·~~~~; ~! ..., .... C.JiV Dl'l I "UD D VI~Mt::IJVI I t::JID MUV1 Kd I YWKt!. 

Heo6xoA~MOCTb K03$$~~~eHTa kr 6~na ycTaHoeneHa paHee /7,8/, 

M~ onpeAenRn~ kr no MeTOA~Ke, on~caHHO~ a 171.~ nony4~n~ 3Ha4e
H~e kr=O, 91 . 

noAaBaR Ha BXOA ABYXKOOPA~HaTHOrO caMOn~c~a B~XOAHOe HanpR
meH~e ~HTerpaTopa U8 ~ HanpRmeH~e c wyHTa,eKnl04eHHoro nocne

U 
AOBaTenbHO B ~enb MarH~Ta ( B = kM · IM= kM_J!! ), nony4aeM B Te4e-

Rw 
H~e ~~Kna ~3MeHeH~R nonR neTniO HaMarH~4eHHOCT~. no nno~aA~ 
neTn~ S MomHo B~4~cn~Tb een~4~HY YAenbH~x noTepb B o6pa3~e 3a 
OA~H ~~Kn: 

W = kw · S, 121 

rAe kw npeACTaBnReT co6o~ YAenbH~e noTep~ Ha eA~H~~Y nno~aA~ 
neTn~, np~4eM 

k w = lloM (1) · B(l) = kr';~k; 
111 

U8 (1) U111(1), /3/ 

3AeCb U8 (1) 
YAenbHble 

~ U111(1)- 4YBCTB~TenbHOCT~ caMon~c~a. 

noTep~ B o6oeMe KC paBHbl: 

w KC = k w s I k 30. 
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PHc.2. CxeMaTH~ecKoe H3o6pame
HHe o6paa~a N•2. 

rAe k30 = VKc/V, 3AeCb V =abc -
o6oeM o6pa3~a /eM. p~c.2/. 

HccneAoBaH~R npoBeAeHbl Ha 
MHOrOm~nbHOM KOMn03~THOM CBepx
npOBOAH~Ke Kpyrnoro ce4eH~R c 
MeAHO~ MaTp~~e~. napaMeTp~ npo
BOAH~Ka cneAYIO~~e: 

BHeWH~H A~aMeTp 

4~cno m~n 

A~aMeTp m~n 

K03$$~~~eHT 

3anonHeH~R 

KP~T~4eCK~H TOK 
war TB~cTa 

- 1 MM 
- 1045 
- 20 MKM 

- 0,387 
- 500 A/5T 
- 16 MM 

XapaKTep~CT~K~ ~ccneAoBaHH~x o6pa3~oe npeACTaeneH~ e Ta6n.1 . 
06pa3~br 1 ,2 ~ 3 oTn~4aiOTCR APYr oT APYra TOnbKO K03$$~~~eHTOM 
3anonHeH~R ~0.06pa3e~ 1 COCTO~T ~3 TeKCTOn~TOBOH nnaCT~Hbl, Ha 
KOTOPYIO C OAHOH CTOPOH~ nnoTHO APYr K Apyry np~KneeH~ TOHK~M 
cnoeM anoKc~AHOH cMon~ ~ccneAyeMble npoeonoK~ KC. 06pa3e~ 2 
COCTO~T ~3 ABYX TaK~X nnacT~H, cnomeHHbiX APYr C APYrOM, KaK 
noKa3aHO Ha p~c.2. 06pa3e~ 3 ~AeHT~4eH o6pa3~Y 2, HO B HeM 
npoeonoK~ npHKneeHbl He nnoTHO APYr K APYrY, a c npoMemyTKaMH, 
paeH~M~ AHaMeTpy npoeonoKH. 

8Topy10 rpynny COCTaBflRIOT o6pa3~bl 2a-2r, KOTOp~e ~3rOTOBfleH~ 
H3 o6pa3~a 2 nyTeM nocneAoBaTeflbHOro pa3pe3aHHR nonepeK oc~ 
Ha 2,4,8 ~ 16 4acTei1. TaKHM o6pa30M, o6oeM o6pa3~a npaKT~4ecK~ 
OCTaBaflCR nOCTORHH~M, HO ~3MeHRnCR napaMeTp f~. 

TpeTbiO rpynny npeACTaenRIOT o6pa3~bl 4a ~ 46, oTn~4aiO~~ecR 
ycnoB~RM~ TennoOTBOAa. Q6pa3e~ 4a ~3rOTOBfleH ~3 npOBOflOK CO CHR
TOH naKOBO~ ~30flR~~eH, KOTOpble o6MOTaHbl xnon4aTo6yMamHOH H~TbiO 
c 6onbW~M waroM HaMoTKH AflR ny4wero o6TeKaH~R noeepxHOCTH m~A
KHM renHeM. nocne H3MepeHHH 3TOT o6pa3e~ 6blfl 06Ma3aH 3nOKCHAHOH 
CMOflOH ~ nOKPbiT TpeMR CflORM~ naBCaHOBOH neHTbl - TaK~M o6pa30M 
6~n nony4€H o6pa3e~ 46, npeAnonaraeM, 4TO TennOOTBOA B o6pa3~e 
46 3Ha4~TeflbHO xyme, 4€M B 4a. 

PE3YflbTATW 113MEPEHI1~ 

Ha p~c.3 AnR o6pa3~a ~1 npeAcTaeneHa 3aB~C~MOCTb YAenbH~x 
noTepb OT ~ AnR pa3H~X 3Ha4eH~H MaKC~ManbHOH ~HAYK~~~ MarH~THO
ro nonR B. noTep~ onpeAenRn~cb ABYMR pa3n~4HbiM~ cnoco6aM~, a 
~MeHHO: 1/ B~4HCneHHeM no H3MepeHHOH nn~aAH neTfl~ rHCTepe3HCa 
/CM, $OPMYflY /4// H 2/ Bb14HCneH~eM no $opMyne11/ 
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WKc =(Wh +21loMr 8 m)/kso · /51 
3AeCb Wh- rHCTepe3HCH~e noTepH, paCC4HTaHH~e no ~OpMyne /4/, 
rAe Hcnonbaoeanacb nn~aAb Sh rHcTepeaHCHOH neTnH, nocTpoeHHOH 
no Mh H3 3KCTpanom=ll.lHH aaeHCHMOCTH M/B/ K s:..o. M r =M -Mh
COCTaBnR~~aR HaMarHH4eHHOCTH 3a C4eT HHAY4H~OBaHH~X BHXpeB~X 
TOKOB, H3MepeHHaR B none B/2. 

npHMeHeHHe BToporo cnoco6a Bbi4HcneHHR 4enecoo6paaHo, ecnH 
neTnR HaMarHH4eHHOCTH 3anHCbiBaeTCR npH6opoM, HMe~~HM HeyAOBneT
BOPHTenbHOe 6biCTPOAeHCTBHe. B 3TOM cny4ae npH 6onbWHX B KPHBaR 
rHCTepe3HCa MomeT 6~Tb CHnbHO HCKameHa B o6naCTH 8M3a C4eT 
HHeP4HH caMonHC4a. HaMepeHHe me HaMarHH4eHHOCTH e none B/2 eoa-
MOmHo e~e 6e3 HCKameHHH, • 

H3 pHC,3 BHAHO, 4TO B paCCMOTpeHHOM HHTepeane B BTOpOH cno
co6 AaeT 3Ha4eHHR noTepb Ha -15% 6onbwHe, 4eM nepe~H, npH4eM 
yKaaaHHaR pa3HH4a yMeHbwaeTcR c yeenH4eHHeM ~noTepH, nony4eH
H~e no nepeoMy cnoco6y /nyTeM H3MepeHHR nno~aAH neTenb/, npH 
6onbWHX 3Ha4eHHRX B RBnR~TcR 3aHHmeHHbiMH, KaK cneAyeT H3 Bbl
wecKa3aHHoro. B ceo~ o4epeAb, BTopoH cnoco6 onpeAeneHHR He
CKOnbKO 3aBbiWaeT peanbHble BenH4HHbl nOTepb, T ,K. B 3TOM cny4ae 
~OpMyna /5/ He Y4HTbiBaeT COfiCTBeHHble BpeMeHa B036ymAeHHR H 
aaTyxaHHR TOKOB HaMarHH4HBaHHR e KC. 

/lnR BM =1,03 T /eM. pHc.3/ 6brnH npoBeAeH~ KOHTponbHble H3Me
peHHR noTepb KanopHMeTpH4eCKHM cnoco6oM 191. CpaeHeHHR noKa3br
ea~T, 4TO B AaHHOM cny4ae 3Ha4eHHR nOTepb, nony4eHH~e BTOp~M 

L.IIUL.UUUM' UJII-1/Kt:! K 11<!Mt:!J.Jt:!HHbiM Kanopi-!MeT J.JI-14t:!(.;KI-!M cnoco6oM. 

BnHRHHe OTHOCHTenbHOM AnHHbl o6pa34a E* Ha COCTaBnR~~y~ Ha
MarHH4eHHOCTH KC, B03HHKa~~Y~ aa c4eT HHAY4HPDBaHH~x BHxpee~x 
TOKOB, npeACTaeneHO Ha pHc.4, H3 KOTOporo cneAyeT, 4TO 3Ha-
4HTenbHOe H3MeHeHHe HaMarHH4eHHOCTH 06pa34a npOHCXOAHT B TOM 
cny4ae, KOrAa ero AnHHa MeHbwe ABYX waroe TBHCTa /E* 5 2/. /lnR 
cpaeHeHHR Ha 3TOM me pHCYHKe npeACTaeneHbl aHanorH4Hble aa
BHCHMOCTH, nony4eHHble APYrHMH aBTOpaMH. 

PeaynbTaT~ H3MepeHHR HaMarH~4eHHOCTH AnR o6paa40B c pa3nH4-
H~MH K03~~H4HeHTaMH 3anonHeHHR HX KOMn03HTHbiM CBepxnpOBOAHHKOM 
npeACTaeneH~ Ha PHC.5. BHAHO, 4TO B paCCMOTpeHHOM C1ly4ae K03~
~H4HeHT aanonHeHHR k 30 npaKTH4eCKH He enHReT Ha eenH4HHY YAenb
H~x noTepb e KC, T.e. ~opMHpoBaHHe o6paa4a e npeAenax k 30 = 
0,250 +0,712 MOmeT 6~Tb AOCTaT04HO npOH3B01lbHb~. 

Ha 3TOM me PHCYHKe H3o6pameH~ aaeHCHMOCTH 2M ;A; A11R o6paa-
4DB c pa311H4H~MH ycnDBHRMH TennooTBDAa /4a, 46/. BnnoTb AD • 
cKopocTeH B=1 T/c noTepH e HHX npaKTH4eCKH coenaAa~T, HO npH B~ 
~ 1,5 T /c neperpeB CTaHOBI-!TCR O~yTHM~M H 3TO npHBOAHT K CHH

IKeHH~ HaMarHH4eHHOCTH H, C1leAOBaTe1lbHO, noTepb npHMepHO Ha 10%. 
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PHc.4. ~aBHCHMOCTb HaMarHH
qeHHOCTH KC OT OTHOCHTeiTbHOft 

AJIHHbl f *= fKC/fTB' 1 - /1/, 2 - /2/, . 
3 - HamH AaHHbie. 06paa~hi 2a-
2r, B =0,5T, B =I T/c. Mroo-
3HaqeHHe HaMarHHqeHHOCTH rrpH 
E* = E* • max 

3AKJ1104EHHE 

PHc.3. 3aBHCHMOCTb YAeiTbHh~ 
ITOTepb KC B o6p. ~) OT CKOpOCTH 
H3MeHeHHa MarHHTHoro rrona. 
I • B =0, 405 T, o- 1-ft crroco6; 

e - 2-ft crroco6; 2. B =0,823 T. 
1!1 - 1-ft crroco6; • - 2-ft crroco6; 
3.8 =1,03 T.o- 1-ft crroco6; 
•- 2-ft crroco6; •- KanopHMeT

pHqecKHe H3MepeHHa. 4. B = 
=I ,45 T.x- I-ii crroco6. 
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PHc.5. 3asHCHMOCTb HaMarHH
qeHHOCTH KC oT cKopocTH H3Me
HeHHa MarHHTHoro rrona, B=0,5T. 
+- o6p, ~I; o - o6p. ~2; 

•- o6p. ~3; 1!1- o6p, N'4a; 
•- o6p. INs. 

nony4eHHble peaynbTaT~ nOATBePIKAa~T, 4TO A1lHHa KOMn03HTHOrO 
CsepxnpOBOAHHKa £Kc3Ha4HTe1lbHO B1lHReT Ha Be11H4HHY H3MepReM~X 
YAe1lbH~X BHXpeB~X nOTepb B C1ly4ae EKC < 2ETB • 

Pa3HH4a s HaMarHH4eHHOCTH o6pa340B c paanH4H~MH K03~H4HeHTa

MH 3an011HeHHR HX csepxnpoBOAHHKOM B HHTepsane k 30 =0,250 +0,712 
nemHT B npeAenaX OWHfiKH H3MepeHHM • 

BnHRHHe paccMOTpeHH~x ycnosHi1 TennooTBOAa Ha senH4HHY noTepb 
B HCC1leADBaHH~X o6pa34aX CTaHOBHTCR 3aMeTH~M npH CKOpOCTRX H3-
MeHeHHR nonR, 6onbWHX 1,5 T/c. 
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H3AaTenbCKHH OTnen 06beAHHeHHOrO HHCTHTYTB HAePHNX HCCnenOBaHHH 



TEMATWIECKHE KATErOPHH OYBJIHKAI.lHA 
OB'bE,llHHEHHOrO HHC'Ilfi'YTA H)lEPHYX 

_ HCCJIEAOBAHHA 

HJuleKC TeM8TIIka 

1, 3KcnepMMeHTanbH8R ¢M3MKa .WCOKMX 3HeprMH 

2. TeopeTM~ecKaR ¢M3MKa .wcoKMx 3HeprMH 

3. 3KcnepMMeHT8nbH8R HeHTpoHHa~ ¢M3MK8 

~. TeopeTM~ecKa~ ¢M3MKa HM8KMX 3HeprMH 

5. HaTeMaTMKa 

6. ~AepH8~ cneKTpOCKOnM~ M P8AMOXMMM~ 

7, tM3MK8 T~•enwx MOHOB 

8. KPMoreHMKa 

9. YcKOPMTenM 

10. AaTOMBTM3a~M~ o6pa6oTKM 3KcnepMMeHTanbHWX 
A8HHWX 

11, 8w~cnMTenbH8~ MaTeMBTMK8 M TeXHMKa 

12. XMMM~ 

13. TexHMKa ¢M3M~cKoro 3KcnepMMeHTa 

1~. MccneA9BaHM~ TBePAWX Ten M *HAKOCTeH 
~AePHWMM MeTOAaMM 

15, 3KcnepMMeHTanbH8~ ¢M3MK8 ~AePHWX pea~MH 
npM HM3KMX 3HeprH~X 

16, Ao3MMeTPM~ H $H3HK8 3~TW 

17. TeopM~ KOHAeHCMpoB8HHOrO COCTOAHMA 

18. McnonbaoaaHMe peaynbTaToa M MeTOAOB 
~HAaMeHTanbHWX $H3M~CKMX MCcneAQB8HMM 
B CMe*HWX o6naCTAX H8YKM M TeXHMKM 

19. 6H~3HKa 

aPQ6MH B.H. M AP· K on~eneHMO 3HepreTM~eCKMX noTepb P8-82-551 
8 KOMn03MTHWX CBepXnpoBOAHMK8X 

3KcnepMMeHT8nbHO MCCneAOBaHO BnMRHMe HeKOTOpwX .. KTOpo8 ~PMMpo8aHMR 
o6paa~a Ha 8enM~MHY noTepb, HaMepeHMR noTepb npoaoAMnMCb a OCHOBHOM 
3neKTpM~eCKMM cnoco6oM, 

Pa6oTa 8wnonHeHa 8 Ra6opaTopHM 8WCOKMX 3HeprMA OHAH. 

C~HMe ~~HHOro MHCTMTYTa RAepHwx MCCneAO&aHMA. AY6Ha 1982 

Drob in V.H. et al. On Determination of Energy Losses P8-82-551 
in Composite Superconductors 

The effect of some factors of sample formation on losses is experimentally 
Investigated. The measurements of losses were performed In an electrical 
way. 

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

COMMUnication of the Joint Institute for Nuclear Research. Dubna 1982 


