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Coa;~aHo ycrpoilcrso AnSI aaapnlluoi\ 9BaKyauuH ~HeprHH H3 caepxnpoao:t~ 
WHX M8i"'HHT'OB1 pa60T810lllHX B pC>Kin .. te "OCMOpOIKe IIHOr'O TCKa'. rJpe.OiJ0;.:..9Ha 

HOB8Si 9neKTpH'ICCK8SI CXCM8 38!11HTbl M8l"HIJT8 .: EOMO;!lbK> COCiU!liE:HHbiX 
nocne.:lOBATenbHO ceepxnpoaoASilllHX nepeMb!'IKP. li :sbiK.-noqarenH. B 3KCnepu~·eH 

Tax c na6oparopHbiM coneHOHQOM (BT, 150A, 50 KDJK) npoAeMOHCTpirpoBaHa 
p!t60TOCTTOC06HOCTb CHCTCMblo 

Pa6oTa BbiTTon:rena B na6opaTOpHH BbiCOKHX 9Hepruft OlHU1. 

npenp&HT 06be.QHHCHHOrO HHCTHTyTa SIJlCpHblX HCCne.QOB8HHii. llyGHa 1978 

Kabat D. et al. 
8 - 11604 

Protection Device for Superconclucting l\1agnets with 
a Superconclucting Shbrt-s,~itch 

A device for quick energy removal from superconclucting 
magnets operating in the persistent current mode 'l.vas developed. A 
new magnet protection circuit including a superconducting short
switch and a current-power switch, connected in series, is proposed 
Opet·ating ability of the system in connection "ith t.'-le laboratory 
solenoid (BT, 150A, 50kJ) was demonstrated. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna ·1978 

© 1878 06be/1BHeHHblil BHC1'H1Y1' J111epHblX BCCne/10B8HHif J1y6H8 

3KCnnyaTaUBR CBepxnpOBO.IJ;RIUBX MarHBTOB /CM/ B 

pe)KBMe "3aMOpO)KeHHOrO TOKa" /P3T/ ll03BOnReT yMeHL· 

IIIBTL paCXO.IJ; KpBoareHTa B 06'LeM o6cny)KBBaHBR. 3TH 

npeBMYIUeCTBa o6ecnequaanu TaKBM CM IIIBpoKoe pacnpocT

paHeHBe B na6opaTOpHOH npaKTBKe, B HaCTORIUee BpeMR 

OHB TaK)Ke BCllOnL3YIDTCR B 3KCllepBMeHTanLHhlX noe3,IJ;ax 

Ha MarHBTHOH llO.IJ;YIIIKe B,HeCOMHeHHO, HaH.IJ;YT npBMeHeHBe 

B pR,IJ;e .IJ;pyrBX o6nacTeH HayKB B TeXHBKB. 

,D;nx ycneiiiHOH pa6oThl KpynHhlX CM B P3T Heo6xo.IJ;BMhl 

Ha,IJ;e)KHhle ycTpOHCTBa aaapBHHOH 3aiUBThl. lf3BeCTHhle pe

IIIeHBR 3TOH 3a,IJ;a'IB BMeiDT CyiUeCTBeHHhle He.IJ;OCTaTKB. 

HanpBMep, Ma[J?T /0,5 KA; 0,12 M,4JtC/ noe3.IJ;a Ha MarHBT

HOH llO.IJ;YIIIKe l CHa6)KeH MexaHB'IeCKBM KniD'IOM C KOH

TaKTHhlM conpoTBBneHBeM 10-6 OM, IIIYHTBPYIDIUBM MarHBT 

B P3T, B BTOPB'IHOH aniDMBHBeaoi o6MOTKOH, coe.IJ;BHeHHOH 

C BHyTpeHHBM IIIYHTOM • BTOpOH KniD'I B BHeiiiHBH IIIYHT 

Heo6xo.IJ;BMb1 B nepBo.IJ; 3apJI.IJ;KB MarHBTa. Hanuque .IJ;Byx 

CBCTeM 3aiUBThl qpe3MepHO ycnO)KHReT ycTpOHCTBO. 

PacCMOTpBM Tpe6oBaHBJI, KOTOphlM .IJ;On)KHO OTBe'laTL 

ycTpoicTBO 3aiUBThl CM 3T. 0'1eBB.IJ;Ho, 'ITO Heo6xo.IJ;BMo 

o6ecne'IBTL 3BaKyaUBID 3anaceHHOH B MarHBTe 3HeprBB KaK 

npB BBO.IJ;e /B BLIBO.IJ;e/ TOKa, TaK B B·P3T. fipB'IeM HaB6onee 

'laCTO onaCHOCTL nepeXO.IJ;a MarHBTa B HOpManLHOe COCTOJI· 

HBe B03HBKaeT npB BBO.IJ;e TOKa. )J;nR o6ecne'leHBR BhlCOKOH 

3~eKTBBHOCTB 3BaKyaUBB /OTHOIIIeHBe ,IJ;OnB 3HeprBB, Bhl· 

.IJ;enBBWeHCR B 3aiUBTHOH Harpy3Ke, K 3HeprBB, 3anaceHHOH 

B MarHBTe/ Tpa.IJ;BUBOHHaR CBepxnpOBO.IJ;JIIUaR nepeMhl'IKa 

/CIT/ .IJ;On)I(Ha 6hlTL 3aMeHeHa BnB .IJ;ononHeHa caepxnpo

BO.IJ;RIUBM BbiKniD'IaTeneM /CB/, BMeiOIUBM .IJ;OCTaTO'IHO 6onL

IIIOe COllpOTBBneHBe B HOpManLHOM COCTORHBB B 6biCTpO· 
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~eHCTBYIOU.{ee ynpaaneHHe. KpoMe Toro, 3ITeKTPH"leCKYIO 

CXeMy Heo6xo~HMO llOCTpOHTb TaK, "lT06bi YCTpOHCTBO 

llHTaHH.II MarHHTa He npell.IITCTBOBano 3BaKyaU.HH. 

B KpHoreHHOM OT~ene 011RI1 npe~no)f(eHa H ocyll.{eCT

aneHa cxeMa Jall.{HThi I puc. 1/, OTBe"laiOU.{a11 nepeqncneHHhiM 

Tpe6oBaHH1IM. K BhiBO~aM MarHHTa 1 nocne~oBaTenLHo 
no~coe~HHeHbl eB 2 H en 3, a TaK)f(e Jall.{HTHOe conpoTHB

neHHe 4. K KOHU.aM en no~KITIO"leHo ycTpOHCTBO llHTaHH11 5. 
YnpaaneHHe nepeMLI"lKH 6 H BhiKITIO"laTen11 7 - paJ~enLHoe. 
BeiTH"lHHa COllpOTHBITeHH11 en OTHOCHTeiTbHO HeBeiTHKa 

H Bb16paHa HJ YCITOBH11 3ap1I~KH MarHHTa. eonpOTHBITeHHe 

eB onpe~en11eTc11 pe)f(HMOM 3BaKyau.uu 3Hepruu /Ha o~HH
~Ba nop1I~Ka 6onLIIIe, "leM y en;. eB KaK npu HJMeHeHHH 

TOKa, TaK H B P3T HaXO~HTC11 B CBepxnpOB0~1Ill.{eM COCT011-

HHH. nepeBO~ ero B HOpMaiTbHOe COCT01IHHe C llOMOU.{biO 

8 7 5 

/r-----l 

' 1 
Puc.1. CxeMa .JAeKmponumaHuJI u 3a~umbt ceepxnpoeoOJI~e
zo Ma211uma co ceepxnpoeoOJI~UMU nepeMbt'IKou u 8btKA10-
t~ameAeM. 1 - Ma211um; 2 - 8blKA10t~ameAb; 3 - nepeMbl'IKa; 
4 - 3a~um11oe conpomueAeHue; 5- ycmpoucmeo .JAeKmponuma
HUJI; 6 - 6AOK ynpaeAeHUJI nepeMbl'IKU; 7- 6AOK ynpaeAeHUJI 
8blKA10'1ameAJI; 8 - 6AOK UHOUKaijUU HOpMaAbHOU 30Hbl 8 
MQ2HU111e. /IlyHK111UpHOU AUHUeU 0603Ha'leH Kpuocmam, Y1IIOA
~eHHOU - npUHijUnUaAbHQJI 'IQCT/Ib CXeMbl/. 
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HMllYIThCHOrO HarpeBaTeiT11 ynpaBITeHH.II 7 npOHCXO~HT aBTO

MaTuqeCKH B ITI060H MOMeHT no CHrHany ycTpOHCTBa HH

~HKaU.HH 8, perHCTpHpyiO~ero llO.IIBITeHHe HOpMaiTbHOH 30Hbl 

B OfiMOTKe MarHHTa. 

,D;n11 npoaepKH pa6oTocnoco6HoCTH paccMaTpnaaeMoH 

CXeMbl 3ITeKTpOllHTaHH.II H Ja~HTbl HCllOITbJOBaHa na6opa

TOpHa11 CBepxnpOBO~H~a11 MarHHTHaH CHCTeMa jeMC/ /eM. 

ma6A./, coJ~aHHax B KpnoreHHOM oT~ene 011RI1121 
H co~ep

)l(all.{ax coneHOH~ C BbiCOKOH O~HOpO~HOCTbiO llOITH. 

ene~yeT OTMeTHTh, qTo coneHOH~ HMeeT px~ oco6eH

HOCTeH, o6ycnoanHBaiOU.{HX ero noae~eHHe npu 3BaKyau.HH. 

Bo-nepBbiX, B 06MOTKe cy~eCTByeT He O~Ha, KaK B Hece

KU.HOHHpOBaHHOM coneHOH~e, a HeCKOITbKO JOH C COCTOHHHeM, 

6ITH3KHM K KpHTHqeCKOMY. 3TO 06'bHCHHeTCJI MeTO~OM 

KOHCTpyHpOBaHHH, o6ecne"lHBaiO~HM KOMnneKCHYIO OllTHMH

JaU.HIO paJMepoaconeHon~a 121 . 3arpyJKacaepxnpoao~HHKOB 

Ta6JIH:ga. OcnoBHUe rrapar.leTpu Jia6opaTopHo!l CMC. 

Fam.teHOBaHHe napaMeTpa 

COJieHoH.n 

l1u.n;ymWt B neHTpe 

KpH'l'H'iCCKHit TOK 

MaKcHMaJihHaJI sanaceHHa.a' aHep!'IDI 

KoJIH'ieCTBO ceKUHH o6MoTKH 

finOTHOCT:b TOKa B ceKUHRX 

Ji.HaMeTpil rrpOBO,IJ,JillJ:QB (liT -50, 
MI-!OrOJiUIJibHUe, K35Q%) 

llHK.mo'laTeJib 

J!.Har"eTp rrpOBO.IJ.HitKa (liT B Me,llHo
HHJteJieBOH MaTpiD.{e) 

KoJIH'ieCTBO npoBO.II;HUKOB 

CorrpoTHBJieHHe npn IGK 

KpUT.INCCKHit TOK 

Pa3MepHOCT:b 

T 

A 

K.liJg 
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MM 

MM 

OM 

A 

Be.Jm'f!ma 
napaMeTpa 
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B CeKUHHX, TO eCTb OTHOIIIeHHe KpHTHl.feCKOro TOKa CeKUHH 

K KpHTHl.feCKOMy TOKY MarHHTa HaXO,IJ,HTCH B npe,IJ,eJiaX 

0,7 71,0. Bo-BTOpbiX, ,IJ,OBOJibHO BeJIHKa nJIOTHOCTb TOKa 

B o6MOTKe. B-TpeTbHX, o6MOTKa HaBHTa TaK, '"ITO npaKTH

l.feCKH MO)I(HO Cl.fHTaTb llpOBO,IJ,HHK a,IJ,Ha6aTHl.feCKH H30JIH

pOBaHHbiM OT )I(H,IJ,KOrO reJIHH. 11, B-l.feTBepTbiX,Me)I(CJIOeBaH 

H30JIHUHH llpH H3rOTOBJieHHH COJieHOH,IJ,a npoBepHJiaCb Ha

llpH)I(eHHeM 1 KB, TaK '"ITO npHHHTO pemeHHe BeCTH 3BaKya

UHIO npH HanpH)I(eHHH, He npeBbiillaiOI.UeM 0,5 KB. 

HarpeaaTeJibHbiH 3JieMeHT CB, BblllOJIHeHHbiH H3 <l>onhrH, 

COe,IJ,HHeH C KOH,IJ,eHCaTOpHOH 6aTapeeif '"lepe3 THpHCTOp, 

KOTOpbiH ynpaBJIHeTCH BbiXO,Il,HbiM CHrHaJIOM YCTpOHCTBa 

HH.IJ.HKaUHH 8. Ilocne,IJ,Hee cpa6aTbiBaeT, KOr,IJ,a BeJIHl.fHHa 

H ,IJ,JIHTeJibHOCTb ,IJ,eHCTBHH pe3HCTHBHOrO HallpH)I(eHHH B 

MarHHTe npeBbiillaiOT onpe,IJ,eJieHHhie noporH /500 7100 MB, 
1710 MC - B ,IJ,aHHbiX 3KcnepHMeHTax/. B ycTpOHCTBe 

HH,IJ,HKaUHH HCllOJib30BaHa MOCTOBaH CXeMa C BCllOMOraTeJib
HOH Ka TYWKOH. 

3anycK ycTpOHCTBa JaiUHTbi npH ee Hccne,IJ,oBaHHH ocy

I.UeCTBJIHJICH TpeMH CllOC06aMH: 1. Pa3pH,IJ, KOH,IJ,eHCaTopa 

HHHUHHpyeTCH Bpyl.fHyiO. 2. Pa3pH,IJ, HHHUHHpyeTCH YCTpoif

CTBOM HH,Il,HKaUHH llpH llO,IJ,al.fe HMllYJibCa B HarpeBaTeJib, 

ycTaHOBJieHHbiH B 06MOTKe COJieHOH,IJ,a. 3. Pa3pH,IJ, HHHUHHpy

eTCH YCTpOHCTBOM HH,IJ,HKaUHH llpH npeBblilleHHH KpHTHl.feC

KOrO TOKa COJieHOH,IJ,a. 

PE3YJTbTAThl 3KCIIEPHMJiHTA 

II pH 3HeprHH ynpaBJieHHH BbiKJIIOl.fa TeneM -50 ,4JtC I 3Hep

rHH, JanaceHHaH B KOH,IJ,eHcaTope/ BpeMH ero nepexo,IJ,a 

B HOpMaJibHOe COCTOHHHe ,Il,OCTaTOl.fHO MaJio,oco6eHHO llpH 

Hal.faJibHOM TOKe COJieHOH,IJ,a, 6JIH3KOM K KpHTHl.feCKOMy 3Ha

l.feHHIO. B nocne,IJ,HeM cnyqae CB nepexo,IJ,HT Ja -100 MKc. 
0,IJ,HaKo COllpOTHBJieHHe BbiKJIIOl.fa TeJIH He ,Il,OCTHraeT MaK

CHMaJibHOH BeJIHl.fHHbl B 41 OM, a COCTaBJIHeTiiHllib 50 780%. 

ConeHOH.IJ. npH 3BaKyauHH BeCbMa nerKo H 6biCTpo 

nepeXO,IJ,HT B HOpMaJibHOe COCTOHHHe He TOJibKO llO,IJ, ,IJ,eH

CTBHeM HarpeBaTeJIH, HO H CaMOllpOH3BOJibHO. 3KCllepHMeH

TaJibHO YCTaHOBJieHo, '"ITO HOpMaJibHaH 30Ha llOHBJIHeTCH 
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B coneHOH,IJ,e qepe3 HeKoTopoe BpeMH />_ 0,1 c/ nocne 

Hal.faJia HHHUHHpOBaHHOH Bpy'"IHYIO 3BaKyaUHH KaK pe3yJibTaT 

llOTepb B llpOBO,IJ,HHKe, Bbi3BaHHbiX H3MeHeHHeM MarHHTHOrO 

nonH H ToKa. O,IJ,HaKo npH Hal.faJibHOM TOKe coneHoH,IJ,a :S BOA 
H BeJIHl.fHHe JaiUHTHoro conpoTHBJieHHH S 5,3 OM HarpeB 

06MOTKH OT llOTepb He,IJ,OCTaTOl.feH, H COJieHOH,IJ, OCTaeTCH 

B CBepxnpOBO,Il,HI.UeM COCTOHHHH. 

Hal.faJibHaH CKOpOCTb pOCTa COllpOTHBJieHHH B COJieHOH,IJ,e 

COCTaBJIHeT llpH HHHUHHpOBaHHOH Bpy'"IHYIO 3BaKyaUHH 

8 710 0M/C, npH BKJIIOl.feHHH BCTpOeHHOrO B COJieHOH,IJ, 

HarpeBaTeJIH - 3,57 5,0 OM/c, npH npeBbiilleHHH KPHTHl.fec

Koro TOKa COJieHOH,IJ,a - 15 :-20 OM/c. 3TH CKOpOCTH 

llpHMepHO Ha ,IJ,Ba llOpH,IJ,Ka Bblille 3Hal.feHHH, llOJiyl.feHHbiX 

npH pacl.feTe pocTa conpoTHBJieHHH 3a Cl.feT JIHHeiiHoro 

pacnpOCTpaHeHHH HOpMaJibHOH 30Hbl H3 O,Il,HOH TOl.fKH B,Il,OJib 

npoBO.IJ.HHKa B a,IJ,Ha6aTHl.feCKHx ycnoBHHx. 0l.feBH.IJ.Ho, B 

06MOTKe B03HHKaeT O,Il,HOBpeMeHHO MHO)I(eCTBO HOpMaJibHbiX 
30H. 

Ha puc. 2 noKaJaHbi JaBHCHMOCTH 3<l><PeKTHBHOCTH 3Ba

KyauHH OT Hal.faJibHOrO TOKa COJieHOH,IJ,a H BeJIHl.fHHbl 3aiUHT

HOrO COllpOTHBJieHHH llpH pa3JIHl.fHbiX Cll0C06ax HHHUHHpOBa

HHH 3BaKyauHH. HeBbiCOKaH B HeKoTopbiX pe)I(HMax 34>-

<l>eKTHBHOcTb CBH3aHa C 6ypHb1M nepeXO,IJ,OM COJieHOH,IJ,a B 

HOpMaJibHOe COCTOHHHe ,'"ITO 06'bHCHHeTCH BbiilleynOMHHYTbl

MH OC06eHHOCTHMH KOHCTPYKUHH 06MOTKH.IlOBbiCHTb 3<l><i>eK

THBHOCTb B 3THX CJiyl.faHX MO)I(HO 3a Cl.feT yBeJIHl.feHHH CKO

pOCTH 3BaKyaUHH.3<l><i>eKTHBHOCTb pa60Tbl paCCMOTpeHHOH 

CXeMbl 3aiUHTbl llpH HCllOJib30BaHHH ee ,IJ,JIH He CTOJib "MeTa

CTa6HJibHbiX"06MOTOK MO)I(eT 6biTb BeCbMa BbiCOKOH.06 3TOM 

CBH,IJ,eTeJibCTByeT POCT 3<l><l>eKTHBHOCTH C yMeHbilleHHeM 

Hal.faJibHOrO TOKa, a 3Hal.fHT, H llJIOTHOCTH TOKa COJieHOH,IJ,a. 

lionee noJIHhle CBe,IJ,eHHH o6 ycTpoHCTBe CMC c npe,IJ,

JIO)I(eHHOH CXeMOH 3aiUHTbl, 0 pe3yJibTaTax ee HCllbiTaHHH 

H KpaTKHH 0630p no BOllpOCaM 3aiUHTbl MarHHTOB, pa6oTaiO

lliHX B pe)I(HMe "3aMopo)l(eHHoro TOKa", npe,D,cTaBneHbi 
B /3/. 
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Puc.2. 3aeucuMocmb 3(/xjJeKmueHocmu 36aKya!lUU 1'/p 3anaceH
HOU e MazHume 3Hepzuu om eeAU'lUH Ha'laAbHOZO moKa I MO 

MazHuma u 3a1JIUTIIH020 conpomueAeHUJJ RP npu pa3AU'lHbiX 
cnoco6ax 3anycKa ycmpoucmea 3aUIU111bl. 1 - IM..0/IMc =0,55-
py'lHOU 3anycK 3eaKya!luu; 2 - IMrfi Me =0,110 - PY<lHOil 
3anycK; 3 - IMJIMc =0,80- Hazpee MazHuma, aemoMamu'lec
KUil 3anycK; q. - 1 /I =1 - aeT/IOMaTIIU'leCKUU 3anycK. 

MO l\C 

BhiB0,4bl 

1. IlpeAllO)I(eHa HOBaJI. CXeMa 3lleKTpOllHTaHHJI H 3aiUHTbl 

CBepxnpOBOAJIIUHX MarHHTOB, pa6oTaiOIUHX B pe)I(HMe "3a

MOpO)I(eHHOrO TOKa". linarOAapJI HCll0llb30BaHHIO CBepxnpo

BOAJIIUeH nepeMblqKH H 6hiCTPOAeHCTBYIOIUero CBepxnpoBO

AJIIUero BbiKnJOqa TenJI o6ecneqeHa B03MO)I(HOCTh BbiBeAeHHJI 

3HeprHH H3 MarHHTa B ni060H MOMeHT pa60Thl, KaK npH 

BBOAe /H BbiBOAe/ TOKa, TaK H B aBTOHOMHOM pe)I(HMe. 

2. Pa6oTocnoco6HOCTh H 31}MlleKTHBHOCTh npeAnO)I(eHHOH 

CXeMhl llOATBep)I(AeHhl 3KCnepHMeHTaMH Ha na6opa TOpHOH 

CBepxnpOBOAJIIUeH MarHHTHOH CHCTeMe. 
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