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B Jia6opaTopHH BbICOKHX 3HCpruii O6'hC,nHHCHHOro HHCTH· 

TyTa Jl,nCpHbIX uccnc,noBaHHH B CBJl3H C pa3pa6oTKOH rrpOCKTa 

ycKopuTcnH pcnHTHBHCTCKHX J1,ncp HYKJIOT POHA /t, 2/ co-

3,nau cTcH,n, rrpc,nHa3Ha'ICHHbIH ,nnH uccnc.noaaHHH HMnynhc

HbIX CBCpxrrpoBO,nJllUHX MarHHTOB. O,nHOH H3 CHCTCM CTCH,na 

JIBnJICTCJI ycTpOHCTBO ,nnJI H3MCPCHHJI IIOTCpb 3Hcpruu B Mar -

HUTax, pa6oTalOI.l\HX B UHKnU'ICCKOM PC)KHMC. 3TH H3MCpCHHJI 

003BOnJIIOT rrpoacpUTb CBOHCTBa CBcpxrrpoBO,nJllUCro Ka6c

nJ1, npUMCHe1111oro ,nn.ff H3rOTOBnCHU.ff o6MOTKH MarHHTa. 

l13BCCTHO, 'ITO B KOMII03HTHbJX CBcpxrrpao,nJllUHX Ka6cn.ffx 

,nnJI MarHRTOB ycKOPHTCncii IIOTCPH na IICpCMCHHOM TOKC 

CKna,nwBalOTCJI H3 rHCTCpC3HCHhlX IIOTCpb B CBcpxnpoao.n

HUKC' 0OTCpb OT BHXpCBbIX TOKOB B nopManbHOM MCTannc, 

rtoTCpb OT co6cTBCHHoro nonH rrpoao.nnuKa u ,norronnuTcnb

HhJX 0OTCpb 3a C'ICT HCO,nnopo,nHOCTH MarHHTHoro nonJI / 3 / • 

Xopomcc cornacuc MC)K,ny TcopcTH'ICCKHMH u 3KcrrcpuMcn-· 

TanbHblMU pc3ynbTaTaMH ,nnH IIOTCpb B MarHHTax rrony11aCTC.ff 

06w11110 TOnbKO B HCKOTOphlX crrcuuanbHhlX cny11aJ1x. Pac

xo>K,nc11uc MO>KCT 6bJTb Bbl3BaHo pa3HbIMH IIpH'IHHaMH, Ha

npuMcp, OTCYTCTBHCM TO'IHblX ,naHHbIX no rrapaMCTpaM MaT

puuw, npocTpa11cTac11110My pacrrpc,ncnc11H10 cacpxrrpoao,nJ1-

JUUX HUTCH, a TaK)KC ,nccpCKTaMH, B03HHKalOI.l\HMH rrpH H3ro

TOBnCHUH u HaMOTKC Ka6cn.ff /pa3pbIB CBCpxrrpoao,nHlUHX 

HUTCH, 3aKopoTKH H ,np./. 3KcrrcpHMCHTanbHO 3TH IIOTCpH 

MO>KHO U3MCpUTb KanopHMCTpH'ICCKHM unH 3nCKTPH'ICCKHMH 

MCT0,naMu. Hc,nocTaTKOM rrcpaoro MCTO,na JIBn.ffCTCJI ,nnu

TCnbHOC BPCM.ff ycTaH0BnCHHJI paBHOBCCHhlX ycnoBHH rrocnc 

UMnynhCOB TOKa. IlpH H3MCpCHHH Hco6xo,nuMo IIOMCCTHTb 

MarHHT B KanopHMCTp, rrorpy)KCHHbIH B )KU,nKHH rcnuii, 'ITO 

3Ha'IHTCnbH0 3aTpy,nHJICT uccnc,noBaHUJI MarHHuOB 6onblIIHX 
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pa3MepoB. 3neKTpnqecKHe MeTOJJ,hl no3BOn.ffIOT nonyqnTL 
pe3ynLTaT B TeqeHHe OJJ,HOro QHKna, npnqeM H3MepeHHe 
ue 3aBHCHT OT TennonpHTOKOB B KPHOCTaT H3 OKpy)KaIOIQeii 
cpeJJ,hl H no TOKOBBOJJ,aM. HeJJ,OCTaTKOM HBm1eTCH Heo6XOJJ,H· 
MOCTL onpeJJ,eneHHH KOHCTaHThl Me)KJJ,y noKa3aHHHMH npn-
6opon H nenHqHHOH noTepb KOCBeHHhIM o6pa30M. 

HH)Ke onncana CHCTeMa JJ,nH H3MepeHHH noTeph 3neKTpH· 
qecKHM MeTOJJ,OM, npHMeHHeMaH n Jla6opaTopHH BhICOKHX 
3Heprnii OMJHI. IlpnneJJ,eHLI pe3ynLTaTLI HJMepenHH noTepL 
B o6MOTKe HMnynLCHOro JJ,HnonH CII,[( • 2 / 4/ 3neKTpHqeCKHM 
MeTOJJ,OM, a TaK)Ke pe3ynLTaTL1 H3MepeHHH Tennonoro no
ToKa K )KHJJ.KOMY renmo, o6ycnonneunor<;> QHKnnqecKoii 
pa6oToii MarHHTa, nonyqeHHLie no KonnqecTny ncnap11n
rnerocH rennH. 

CxeMa U3Mepe11uJ1 

CxeMa H3MepennH npeJJ,CTanneHa ua puc. 1. 
MarHHT/2/,HaXOJJ,HIQHHCH B KpHOCTaTe/1/,JanHTLIBaeTCH 

HMnynLCHhIM HCToqHHKOM TOKa 3. McToqHHK HMeeT BhIXOJJ,· 
Hoe nanpH)KeHHe 50 B H MaKCHManLHYIO aMnnHTYJJ.Y TOKa 
3000 A. TpaneuenJJ,anLHLie HMnynLCLI TOKa / puc. 2/ qiop· 
MHPYIOTCH C nOMOIQhlO THPHCTOPHLIX Kmoqeii. Tennonoii 
nOTOK K )KHJJ,KOMY rennro, o6ycnonneHHhIH QHKnnqecKoii pa-
6oTOH qll ' MO)KHO onpeJJ,enHTh H3 ypaBHeHHH: 

qll = Q pr - q 0 Bm, /1/ 

rJJ,e: Q - 06beMHL1ii pacxo,IJ, rennH qepe3 cqeTqHK B M 3/c; 
p • nnoTHOCTh renHH, npOXO,IJ,HIQero qepe3 cqeTqHK B 
, K2/ M 3; r - TennoTa ncnapeHHH )KH,IJ,Koro renHH npn TeMne -
pa Type KHneHHH' COOTBeTCTBYIOIQeii JJ,anneHHIO B KpHOCTa Te 
B ,l(JK:/K2; q 0 • CYMMapHLIH Tennonoii nOTOK K )Kll)J,KOMY rennro 
H3 OKpy)KaIOIQeii cpeJJ,hl H no TOKOBBOJJ,aM B Bm. TeMnepaTypa 
n a6con10THoe JJ,aeneHne raJa, npoxoJJ,HIQero qepe3 cqeTqnK, 
perHCTpupoeanHCh caMonncqaMH. Tennonoii nOTOK qo H3· 
MepHnCH npH nocTOHHHOM TOKe, paBHOM 3qlq>eKTHBHOMY 
3HaqeHHIO TOKa B QHKne )J,0 H nocne H3MepeHHH q LI • ,D;nH H3 • 
MepeHHH KonnqecTna ncnapnnrnerocH rennH 6Lrn ncnonLJo• 
naH ra3oeL1ii cqeTqnK Pr-40-1. 
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Puc. 1. CxeMa U3Mepe11uJ1. 1 - Kpuocmam, 2 - Ma211um, 
3 - UMnYAbCHblU ucmO'l1IU1( moKa, 4 - menA006MeHHUK, 5 - pe-
2YAJlmop OQB/leH{JJl, 6 • 2Q30BblU C'lem'lUK, 7 • OBYXKOOpou· 
11am11b1ii caMonuceij, 8 - wime2pamop. 

,[(nH HJMepeHHH noTeph B MarHHTe 6Lrn ncnonL3OBaH 
3neKTpnqecKHH MeTOJJ,, npeJJ,nO)KeHHhIH BnnLCOHOM / 5/_ 3TOT 
MeToJJ, oTnnqaeTcH npocToii cxeMoii n HarnHJJ,Hoii qiopMoii 
JanHCH pe3ynLTaTOB. Ha OJJ,HY OCh .D.BYXKOOp,IJ,HHaTHOro ca
MOnncua /7/ noJJ,aeTcH HanpH)KeHHe H3 nuTerpaTopa /8/, 
KOTOphlii HHTerpnpyeT HanpH)KeHHe n o6MOTKe MarHHTa n 
TeqeHHe qnKna. Ha ,IJ,pyry10 ocL caMonncqa nocTynaeT Ha· 
npH)KeHHe C IIIYHTa R)ll ' nponopQHOHanLHOe TOKY B MarHHTe. 
Mo)KHO noKa3aTL /5/ qTo ecnn B Haqane H KOHQe QHKna 

' TOK paneH Hymo, TO nnoIQaJJ,L neTnn, KOTopy10 pncyeT nepo 
JJ.BYXKOOPJJ.HHaTHoro caMonncua, nponopqnoHanLHa noTe· 
PHM. 3HeprHH Wr, KOTOpaH TepHeTCH 3a O,IJ,HH QHKn, panHa: 

T 
WI = -r if' ( f U(t)dt)cll = kS ll.')/(,, /2/ 

0 
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rAe: U(t)- uanpH)KeHHe B MarHHTe B TeqeHHe UHKna BB; 
Ht) - TOK B MarHHTe B TeqeHHe UHKna B A; 'I - apeMH 
Me)f(AY HaqanoM H KOHUOM H3MeHeHHH TOKa / puc. 2/ B c; 
T - noCTOJIHHaH apeMeHH HHTerpaTopa B c; k - KOHCTaHTa 
A)f(OynhMeTpa a 4x/cJ.f 2 ; S - nnoiuam. neTnH ua AByx
KOOPAHHaTHOM caMonHcue, nponopuHOHanhHaH noTepHM. 

KoHCTUHTY AO)KynhMeTpa MO)KHO onpeAenHTh KaK 

k 
T 
-k k /1.'"' 2 H X y ./11/ CM ' 
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Puc. 2. <PopMbl UMnyAbC06 T:ZOKa. 1,2,3 - (JopMbl UMnYAbC06 
c pa311oii aMnAur:zyooii u oowwKoaoii cKopocTilb10 11apacr:za11uJ1 
u naoeUUJl 1/l0Ka, a,6 - (JopMbl UMnyAbC06 C pa3110U CK0-
p0CT/lb10 uapacmaHUJl U naoettUJl 1/l0Ka U O0UllaK060U aMnAu
myooii. 
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rAe: R Ill - conpoTHane1me wynTa a OM; k x, ky - qyecT
BHTenhnocTH ABYXKOOPAHHaTHoro caMOnHcua no OCHM X, 
y B B/cM. 

,[l;nH KOMnencaUHH uanpH)KeHHH OT peaKTHBHOH COCTaBnH -
IO{Ueii:, KOTOpoe a MarHHTax o6hlqno HaMHOro Bhlllle, qeM 
nanpH)KeHHe, CTporo nponopuHonanhuoe noTepHM, npHMe
HHnach nHHeii:HaH B3aHMOHHAYKTHBHOCTh L M H noTeHUHO
MeTp R K / 6/ • 

rpaAyHpOBKa cxeMhl ocyJ..QeCTBnHnach aKTHBHhIM co
npOTHBneHHeM H3BeCTHOH aenHqHHhl. B cnyqae TpeyronhHOro 
UHKna C AnHTenhHOCThlO 'I ceKyHA MO)KHO onpe,D;enHTh KOH
CTaHTY A)KOynhMeTpa KaK 

rAe: 

kn 
N 

1 2 RK 1 

3 RN 1MaKc TR S J/,JK/ c.M 
2

, 
N 

/4/ 

k ll N - KOHCTanTa A)KOynhMeTpa, onpeAenenHaH C no-

MOI..QhlO aKTHBHoro conpOTHBneHHH RN; IMclK('..- MaKCHManb
HaH aMnnHTyAa TOKa B TeqenHe UHKna B A; R K - nonnoe 
conpOTHeneHHe noTeHI.J,HOMeTpa B OM; R - conpoTHBneHHe 
noT~Hl.J,HOMeTpa nocne KOMneHcaI.J,HH B OM; SN - nnoJ..QaAb 
neTnH Ha caMonHgue, nponopuuoifanhHaH noTepHM B co
npoTueneHHH RN . 

IlpH rpaAYHPOBKe A)KOynhMeTpa qyaCTBHTenhHOCTH Ha 
OCHX ABYXKOOPAHHaTHOro caMOnHcua H conpoTHnneHHe H 6b1-
n11 OCTaeneHhl TaKHMH )Ke, KaK H BO apeMH H3MepeHHH na 
MarHHTe. BenHqHHa conpOTHBneHHH H N 6hrna noA06pana TaK, 
qTo6w nnoJ..QaAh SN npnMepuo cooTeeTCTaoaana nnoJ..QaAH 
s ' nponopl.l,HOHanhHOH noTepHM B MarHHTe. 

'B KaqeCTBe HHTerpaTopa 6hrn Hcnonh3OBaH onepaiJ.Hon
HhIH ycHnHTenh c RC qnenoM H cxeMoii: KoMnencaI.J,HH Apeii:clia. 
IloCTOHHHaH epeMeHH HHTerpaTopa r 6wna nOA06paua, HC
XOAH H3 auanH3a cxeMhl c uenhIO nonyqeuHn npeAenhnoii: 
qyaCTBHTenhHOCTH / 7/. ,[l;nH T == 6,4-10 - 3 c, R w == 
== 1,5 • 10-4 OM, k x == 10-3 B/cM, ky == 10-1 B/cM H 

RK/R = 1 KOHCTaHTa A)l(OynhMeTpa, nOACqHTaHHaH H3 ypaa
HeHHH /3/' paaua 4,3· 10-3 4JtC/CM 2 • IlpeAenhHaH qyacT
BHTenhHOCTh B peanbHOM cnyqae 3aBHCHT, B OCHOBHOM, OT 
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,D,peii:qia HHTerpaTopa H OT Toro, HaCKOJlbKO 6JIH3KO COOTHO· 

rneHHe RK/R K e,IJ,HHHiie. IlpH RidR == 1 npe,IJ,eJibHa.11 '-IYBCT· 

BHTeJibHOCTb OnHCaHHOH CXeMbl COCTaBJI.HJia OKOJIO 5 'l 0-3 ,l!JIC. 

Pe3YAblllalllbl U3MepeHui1 

B Ka'-leCTBe HCCJie,IJ,yeMoro o6'beKTa 6brn HCnOJib3OBaH 

caepxiipoao,IJ,.H~Hii: ,IJ,Hnonh CII,D; - 2 I 4/ . IIpuae,IJ,eHHble HH:>Ke 

pe3yJibTaTbl HCnbITaHHH 6hrnH nony'-leHbl nocne OTKJIIO'-leHH.H 

Tpex BHyTpeHHHX cnoea. B "Tennoii:" anepType ,IJ,HaMeTpoM 

5 CM ropH3OHTaJibHOro KpHOCTaTa 3TOT ,IJ,HnOJib COJ,IJ,aaan 

none 4,1 T npu TOKe 360 A. MarHHT ,IJ,JIHHoii: 0,7 M, c Ha· 

PY:>KHbIM ,IJ,HaMeTpOM o6MOTKH 0,22 M, c '-IHCJIOM cnoeB 

o6MOTKH 31, HaMOTaH HJ 19 · :>KHJibHOro Ka6en.11. Ka6eJib 

CKpy'-leH HJ 10 caepxnpOBJl,IJ,.HI.QHX :>KHJI ,IJ,HaMeTpOM 0,25 MM 

Ta6Au1,1a 1 
Pe3yAblllalllbZ U3MepeHui1 qn u W1 /T1,1 OAJl ounoAJl CII,l!-2 

----- -

IMAKC. t1 t2 t3 Tu ql..J. 
I 

W,/TL.J. I 

[A] [c] [c} [cl [c] [Bm] [Bm] I 

244 1 1 1 35 11,5 12 ! 
-4 

244 1 1 1 65 1,5 6,5 i 
i -- .. ---- ----

212 1 1 1 35 13 13,2 

240 1 1 1 29 11 14,5 
·- ·- - -- --

224 5 1 1· 20 19,4 20,5 
·-

300 6,5 8 15,5 34,5 15 11 

250 6,5 8 8 25 5 15,3 11,4 
. -

250 21 8 8 48 9 9 
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Puc. 3. 3anucu 2UClllepe3UCHblX KpUBblX IIQ caMonuc1,1e. 
06031IQ'JeHUJl 1,2,3 u a, 6 COOlllBelllCIIIBY10lll puc. 3. ,l!AJl 
1<pueoi1 a u aMnAUlllYObl 3 t 1 = 46c, t 2 =1 c, t 3 = 7,5 c 
/cM. puc. 2/. ,l!AJl ,cpueoii 6 u aMnAUlllYOb~ 3 t1 ""t3 = 7,5 c 
u t2=lc. . 

HJ cnnaaa 65.liT H 9 Me,IJ,HbIX )KHJI H npona.HH HH,IJ,HeM. Illar 

CKPYTKH Ka6em1• - 2J5 CM. Hapy:>KHbIH ,IJ,HaMeTp Ka6en.11 6eJ 

HJOJI.HUHH paBeH 1,6 MM. 

PeJyJibTaTbl HJMepeH~H TenJIOBOro noTOKa K )KH,!J,KOMY 

reJIHIO ,IJ,JIH paJHblX napaMeTpOB UHKJIOB npnae,IJ,eHbl D 

ma6A. 1. CyMMapHbIH Tennoaoii: noTOK K )KH,!J,KOMY reJIHIO 

HJ OKpy:>KaIOI.Qeii: cpe,D,bI H no TOKOBBO,IJ,aM - qo npH noCTO.HH -

HOM TOKe 300 A cocTaamm 2 -;-2,5 Bill. Pa3HHUa MC)K.IJ.Y 

BCJIH'-IHHOH qo, HJMepeHHOH C TOKOM 300 AH 6e3 TOKa, 6brna 

0,3 Bill; 
Ha puc. 3 npHBC,IJ,CHbI JanHCH rHCTepeJHCHbIX KpHBbIX 

Ha .IJ.BYXKOOp.D,HHaTHOM caMonHcue, noJiy'-leHHbIC 3JICKTPH'-le • 

CKHM MeTO,IJ,OM. 3aBHCHMOCTII noTepb 3HeprHH Ha O,IJ,HH UHKJI 

OT aMnJIHTYJ.J.bI MarHIITHoro nomI a uenTpe ,IJ,HnOJIH CII,D;- 2, 
,IJ,JIH paJHbIX CKOpOCTeii: IIJMCHCHII.H nonH, npHBe,IJ,eHbl na 

puc. 4. 
Ha puc. 5 npHBe,IJ,eHbI JaBHCHMOCTH noTepb Ha O,IJ,HII UHKJI 

OT CKOpOCTH IIJMCHCHH.H MarIIHTHOrO noJI.H B Cil,lJ; • 2 ,IJ,JIH 
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Puc. 4. 3a6UCUMOC111U no111epb ~mep2uu HQ OOUH ijUl</1 0111 
Ma2Hu111Ho20 no11J1 a 1.1eH111pe uMny11bcH020 ouno11J1 CllA- 2. 
C1<opoc111u Hapac111aHuJl u naoeHUJl no11J1 OIIJl 1<puab1x 0,2 T /c 
u 0,48 T /c 6b111u oouHa1<oab1e. 

pa3HhlX aMnnHTY.IJ. TOKa. 113 3TOrO pHCYHKa MO)KHO onpe.n.e -
nHTh BKna.n. IlOTeph OT BHXpeBhlX TOKOB B Me.IJ.HhlX )KHnax 
Ka6enH .B o6mHe noTepH. CKopOCTh H3MeHeHHH MarHHTHOro 
nonH ·Bn;IlpH KOTopoii IlOTepH B HOpManhHOt,f MeTfnfe 
paBHhl rHCTepe3HCHhIM noTepHM B caepxnpoBO.IJ.HHKe ' 
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· 

paBHa 0,95 Tic .n.nH TOKa 320 A. 
B 111a611. 1, KpoMe aenH'IHH q 11' H3MepeHHhlX no KOnH

qeCTBY HcnapHBmerocH renHH, npHae.n.euw TaK)Ke aenH'IHHhl 
W1 / T1.1, nony'leHHhie 3neKTPH'leCKHM cnoco6oM. B npe.n.e
nax TO'IHOCTH H3MepeHHH q I\ 3Ha'leHHH aenH'IHH \\ J / T1.1 
H qt\ coana.n.aroT. 113 3TOro MO)KHO c.n.enaTh BhIBO.IJ., 'ITO 
pa3HHIJ,a BBe.n.eHHOH H Bhrne.n.eHHOH H3 MarHHTa 3a IJ,HKn 
3HeprHH .IJ.HCCHilHpyeTCH npaKTH'leCKH nonHOCThlO B )KH.IJ.KHH 

renHii. 
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Puc. 5. 3aaucUMOC111U no111epb 3Hepzuu HQ OOUH ijUl</1 0111 
c1<opoc111u U3M21leHUJl MQ2HU111H020 nO/IJl 6 UMny/lbCHOM ou
noAe CIIA-2 OAJI ptl3HblX aMn11u111yo 11101<a, t 1 = t 3 • 

ABTOphI 6naro.n.aptthI 11.rnacttHI<Y H <1>.IIIToq>aHHKY, coT
PY.IJ.HHKaM 3neKTpoTeXHH'lec1<oro HHCTHTyTa CAH, :SpaTH
cnaaa, 3a none3Hble COBeTbl H IlOMOll\b npH C03.IJ.aHHH anna
paTypw, a TaK)Ke C0TPY.IJ.HHKaM KpHoreHH0ro QT,nena O11Jll1, 
IlPHHHMaBlllHM y'laCTHe B 3TOH pa6oTe . 

JlHTepaTypa 

1. B.II.AneKceeB H ,np. O11Jll1, 9-7148, ,l];y6Ha, 1973. 
.z. A.M.Jian.n.HH H ,np. Tpy,nb1 IV Bcecoro3ttoro coaemaHHH 

no YCKOPHTeJI.HM 3apH)KeHHbIX 'laCTHU, MoCKBa, 18-20 
HOH6pH 1974 r., M., Hay1<a, 1975, T. II, c. 4. 

11 



3. H.Brechna. Superconducting Magnet Systems, Springe~Verlag, 
Berlin, 1978. . 

4. B.Il.AneKCela!B H ,up. Tpy,uhI III Bceco103Horo coaemaHH.R 
no YCKOPHTen.RM 3ap.R)KeHHhlX 'laCTHU, MocKBa, 2-4 OK" 
T.R6p.R 1972 r., M., HayKa, 1973, T. I, C. 163. 

5. M.N. \\ilson. Cryogenics, 13, 361, 1973. 
6. I.Hlasnik, C.Lefraricois, J.P .Pouillange. CEN Saclay, Sedap/69-308, 

1969. . 
7. I.Hlasnik, .F.Stofanik, F.Chovanec. Elektrotechnicky ustac SAV 

Bratislava, P03-56l-006/:U.2-4, 197 4. 
8. \Ii.Gilbert, .F.Voelker, R.Acker, J.Kaugerts. LBL, 571, California, 

1972. 

12 

Py1wnuct, nocmynw1a e u3oameAbc1<uil omo·eA 
30 UIOHJI 1976 2000. 


