
Pl - 10122 

E. H.~b.ffqKOB, A.r .3eJibAOBJ1:q, X.MeHKe, IO.A.llIHWOB 

CBEPXTTPOBO~Hl$1E MArID1TY 

B «PH3HKE BYCOKHX 3HEPrHH 

(063op) 



Pl - 10122 

E. J1.~b.aqKoB, A.r .3eJibp;oswq, X.MettKe, IO.A.lllmuos 

CBEPXTTPOBO~HIUJ1E MArID1Thl 

8 <I?J13J1KE BbICOKJ1X 3HEPrJ1l1 

(063op) 

HanpaeAeHo e JKypHaA "3AeK111pu" /I'J(P/ 

i" ovr ~·rtt 
SYI:SJ1H01c.KA 



ilbSl'IKOB E,M, 11 llp, Pl - 10122 
CaepxnpOBOllHWlle MBI'HIITbl B cp11a11Ke Bb!COKIIX aHepr111i ( o6aop) 

TTp11aeneH o6aop pa6oT, coneplKBWIIX OITIIC8HIISI HeKOTOpb!X CBepxnpo-

BOllHWIIX M8I'HIITHbIX CIICTeM, np11MeHSieMbIX nnH o6ecne'!eHIISI 8Kcnep11MeHTOB 

B o6naCTII cpll311KII Bb!COKIIX 8Hepr11tt. B o6aope coneplKaTCSI paanenbI: . 

a) IIMnynhCHbie CBepxnpoBOllSIWlle MBI'HIITbl II CBepxnpoBOllHWl!e ycKop11Ten11, 

6) caepxnpOBOllSIWl!e M8I'Hl!Tbl IlOCTOHHHOI'O TOK8 B YCKOpl!TenSIX II KaHanax 

nnH TpaacnopTllpOBKII ycKopeHHbIX 'IBCTIIU, B) MaI'HIITbl nnH neTeKTOpOB aa

_pSilKeHHbIX '18CTIIU, 

' KpoMe Toro, on11caHbl CBepxnpOBOllSlllll!e coneHOHllbI,CO3ll8HHbie B OM.HM 
nnH Monenll Kp11oreHHOfi BbICOKO'IBCTOTHOfi ycxop11TenhHOfi ceKUIIII KOnbUeTpoHa, 

Pa6oTa BbIIIOnHeHa B na6opaTop1111 Bb!COKIIX aaepr11fi OM.RM, 

IlpenpHHT 06be)U1H8HHOro HHCTHTyTa SAepHbIX HCCneAOBaHHA 

,ll;y6Ha 1976 

Diachkov E.I. et al. 

Superconducting Megnets in High Energy 
Physics (Review) 

Pl - 10122 

A review is made of the papers describing some 
superconducting magnet systems used in the high energy 
physics experiments. The review consists of three sec
tions: a) the pulsed superconducting magnets and super
conducting accelerators,b) the superconducting magnets 
of direct current in accelerators and the channel& for 
accelerated particle transportation, c) magnets for 
charged particle detectors. 

The created at JINR superconducting solenoids used 
in the model pf a cryogenic high frequency accelerating 
section df a koltsetron are also described. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1976 

(0 1976 061,ecJUHeHHWU UHCaU•Y• JlcJepHWX ucc.11ecJoaaHui1,lly6Ha 

BBE.UEHI1E 

<l>II31IKe BblCOKIIX aaeprlI:il:, 3H8'llITenhHYlO non10 8Kcne

p1IMeHT8nhHOro o6opynoBaHIIH KOTopo:il: COCT8BITBlOT MarHIIT

Hble CIICTeMbl, np1IH8):lneX<:IIT 0/:lHO II3 aeny!IllIX MeCT B 06-

nacTII TeXHII'leCKoro IICilOnh30B8HIIH HBneHIIH CBepxnpOBO

)llIMOCTII, Ilo cpaBHeHIIlO c o6bl'lHblMII cBepxnpOBO/:lH!Illie 

MarHIITbl Meaee MeTannoeMKII, 6onee KOMil8KTHbl, noTpe6-

nHlOT 3H8'llITenhHO MeHblliee KOnlI'leCTBO aneKTpOaHeprlIII. 

B H8CTOH!Ilee apeMH pa3pa6oTaHO II IICilOnh3yeTCH MHOro 

yHIIKanhHblX caepxnpOBO/:lHIIllIX MarHIITOB, aaMe-qaeTCH ce

pliliHOe 1I3rOTOBnee1Ie aeKOTOphlX TIIIlOB MarHIITOB. 

B npennar~MblH o63op BKnlO'leHbl OillIC8HIIH nlillib ee-
~ . 

KOTOpblX caepxnpoBO/:lHIIllIX MarHIITOB, )l810!Il1Ie npencTaB-

neelie o coapeMeHHOM ypoaee pa3BIITIIH aTofi o6nacTII 

rexHIIKII, 

l1M IlY nbCHbJE CBE PXI1POBO.il.Hllll1E MAfHl1TbI 
l1 CBEPXI1POBO.il.Hllll1E YCKOPI1TEnl1 

Bo MHOrlIX na6opaTOplIHX, aenymux IICCneAOB8HIIH B 

o6naCTII qm3HKII BblCOKIIX aaeprlI:il:, pa3pa6aTblB8lOTCH 

npoeKTbl CBepxnpoBO)lHIUIIX KOnbUeBblX ycKOplITene:il: II 

ycKOp1ITenhHO-H8KOil1ITenhHblX KOMnneKCOB ( CM, Ta6nuuy 1 I. 
IlpoeKThl CBepxnpoBO/:lHIIllIX ycKopHTeneil: n6HBHnlICh 

cpa3y nocne OTKpblTIIH X<:eCTKIIX caepxnpOBO/:lHHKOB BTopo

ro pona. OnaaKo TonhKO B pe3ynhTaTe co3aaH1IH cBepx

npoaonHIIKOB, ynoaneTBOpHlOIIllIX Tpe60B8HIIHM ycKopHTenh

HOli TeXHHKII II IIMelOIIllIX np1IeMneMb1e noTepH B IIMnynhC-
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HOM pe)KIIMe pa6DTbI, B03HIIKna peanbHas:I B03MO)KHOCTb 

coanaHII5I cBepxnpOBOlls:IlllIIX ycKopIITenen. MaBeCTHD, qTo 

panIIYC CIIHxpoTpOHa o6paTHO nponopUIIOHaneH BenIIqIIHe 

IIH/lyKUllll MarHllTHoro nons:I. CnenoBaTenbHD, ncnonbaoBaHne 

CBepxnpoBOlls:IlllllX MarHllTOB Il03BOnllT coanaTb ycKOpllTenb, 

pannyc KOTDporo B HeCKDnbKO pa3 MeHbllie pannyca YCKO

pnTeng Ha TaKyIO )Ke aHeprIIro, HD C 06b1qHbIMll MarHllTaMH 

( nns:I MarHllTOB c llH/lYKUIIell 5 T B nBa-Tpll paaa), 

qTQ 3HaqllTenbHO CHII3llT KannTanoBnO)KeHlls:I nII6o 

nacT B03MO)KHOCTb npn Tex )Ke KannTanoBno)KeHII5IX 

coopynIITb cBepxnpoBOlls:Illlllll ycKopIITenb Ha 6onee BbICOKUe 

aHeprllll. PacqeTbl noKa3bIB8IOT, qTo aKcnnyaTaUllOHHbte 

38TpaTbl /ln5I cBepxnpDBOlls:IlllIIX ycKOpllTenen, coanaBaeMbIX 

Ha OCHOBe y)Ke cymecTBYIOlllllX caepxnpoBO/lHllKOB, 3HaqII

TenbHD MeHbllie, qeM nns:I 06b1qHbIX ycKOpllTeneii. HecoMHeH

HO, qTQ O)l<llnaeMoe B CB5I3ll C HOBbIMll paapa6oTK8Mll 

ynyqweHne napaMeTpoB caepxnpoaoaHllKOB (noBhlllieHne 

KpwrnqeCKllX TeMnepaTypbI ll non5I, yMeHbllieHIIe ynenbHbIX 

noTepb aHeprllll npll pa6oTe a llMnynbCHDM pe:lKIIMe, CHll

)KeHue CTOllMOCTll) a eme 6onbweii Mepe 6yneT CTllMynnpo

B8Tb coanaHlle CBepxnpoBOll5IlllllX ycKopllTeneii. 

MHorne na6opaTopIIll u llHCTllTYTbl !pII3llKll BbICOKllX 

aireprnn coanan.II n IIccnenoBann aHaqIITenbHoe qncno paa

Hoo6pa3HbIX B KOHc4pyKTllBHOM ll TexHonornqeCKOM OTHOllie

HIIll llMnynbCHbIX .annonbHbIX CBepxnpoBOll5IlllllX MarHllTOB 

(cM. pnc. 1 II 2) c napaMeTpaMII, ynoBneTBOp5IIOlllllMII 

Tpe6DB8Hll5IM ycKopnTenbHOll TeXHUKll. TiapaMeTphl pgaa 

/lIIIlOnbHbIX MarHllTOB, coanaHHbIX B nocnenHee BpeM5I, 

npencTaBneHhI B Ta6nnue 2. KaK BllllHO ll3 Ta6nllUbI, llMeIOT

CSI IIMnynbCHbie nnnonbHbie MarHllTbl c IIHllyKUIIeii 4-5 T, 
OllHOPOllHOCTblO nong B pa6oqeii: anepType 10 -

3 
n BbIWe, 

CKOpOCTblO HapacTaHllSI nonSI no 3 Tic n /lllHBMllqecKIIMll 

noTepSIMII MeHee 20 BTIM. HeKOTOpbte ua HIIX npopa6oTann 

HenpepbIBHD OKono 10
5 

UllKnOB/
17t 

B nocnenHne ronhl coana10TC5I nonHoMacwTa6Hhle npoTo

TUnbI llMnynbCHbIX nnnoneii npoeKTIIpyeMbIX KOnbUeBbIX yc

KOpIITenen/3,5, 13/. HaII6DnbWee KonnqeCTBO paanuqHbIX 

TUilOB nnnonbHbIX MarHllTOB C03/l8HO II nccnenoBaHO B Ha

UllOHBnbHOll ycKop'nTenbHOii .ria6opaTOpllll llM. 3.<!JepMII ( CIIIA, 
EaTBBUSI) B CB5I3ll C coanaHlleM CBepxnpoBDll5IIUero ycKO-
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pnTenH "Doubler ". 3aecb HaqaTo cepHfiHoe naroToBneHHe 

annonhHbIX MarHHTOB anHHOH 6 M K8)!{Jlbli1 / 3/. 

3KcnepHMeHTanhHbie HCcneaoBaHHH no3BOnHnH paape

lllHTb MHOrHe npo6neMbI, CBH38HHbie C npHMeHeHHeM HM

nynhCHbIX CBepxnpoBOAHillHX AHnonbHbIX MarHHTOB B ycKo

pHTenhHOH TexHHKe, H TeM C8MbIM o6ycnoBHnH B03MO)K

HOCTb C03A8HHH CBepxnpoBoagmero ycKOpHTeng B 6nH)K8H

lllHe rOAbI. BMecTe C TeM, HMeeTCH eme uenbIH PHA He pe

meHHhlX AO KOHUa BOnpocoB. 

0AHHM H3 B8)KHeHlllHX HBnHeTCH CT86HnhHOCTb MarHHTO~ 

npH HX anHTenbHOH pa6oTe B UHKnnqecKOM pe)KHMe H B 

ycnoBHHX nepHOAHqecKoro OTenneHHH-OXnB)KAeHHH. 

HeAOCTaToqHO HayqeHa H npo6neMa paAHBUHOHHOH 

CTOHKOCTH M8TepnanoB, B03HHKaromag B oco6eHHOCTH npn 

Hcnonh30B8HHH CBepxnpOBOAHillHX MarHHTOB B Tex CHCTe

Max ycKOpHTeng, rAe B03MO)KHO HX HHTeHCHBHOe o6nyqe

HHe ( HarrpnMep, Ha BBOAe H BbIBOAe nyqKa H3 KOnhua). 

TTpnqHHbl AerpaABUHH H TpeHHpOBKH MarHHTOB T8K)Ke 

Tpe6yroT TlllaTenbHOro H3yqeHHH, XOTH B nocneAHHe rOAbl 

HM yAengeTCH 3HaqHTenbHOe BHHM8HHe. 

HeKOTOpb1e MarHHThI /l 1, 12, 15- 17/ AOCTHranH npeAenhHhIX 

3HaqeHHH nonH TOnhKO nocne AeCHTKOB (BnnoTh AO CTa) 

nepexOAOB B HOpManhHOe COCTOHHHe, T.e. B HHX cymecT

BeHHO npoHBnHnCH a¢¢eKT TpeHHpOBKH. HMeroTCH MarHH

Tb/ 3, 4/, B KOTOpbIX y)Ke nocne HeCKOnhKHX nepexoAOB 

6b1no AOCTHr/lTO npeAenbHOe 3HaqeHHe nonH. KaK noKa-

3bIB8eT OnbIT 16~ yKpenneHHe o6MOTKH anroMHHHeBb!MH 

6aHA8)K8MH 3HaqHTenbHO CHH)KaeT a¢¢eKT TpeHHpOBKH H 

npHBOAIIT K nOBbillleffHlO 3HaqeHIIH nonH, npH KOTOpOM Mar

HHT nepBbIH pa3 nepexOAHT B HOpManhHOe COCTOHHHe. 

B COBpeMeHHbIX HMnynhCHbIX MarHHT8X ypoaeHb Aerpa

A8UHH OTHOCHTenhHO HeBb!COK (80.;..g0%lc ), qTo, B KOHeq

HOM cqeTe, aeAeT K yaenJiqeHHro Heo6xoAHMoro KonJiqecT

Ba CBepxnpoBOAHillHX MaTepHanoB, HO He HBnHeTCH npHH

UHnHanhHOH nperpaAOH AnH Hcnonh30B8HHH CBepxnpoBOAH

IllHX MarHHTOB B ycKopHTenHx. 
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CBEPXTIPOBOn.HllU1E MAfHHTbl TIOCTO.HHHOfO TOKA 

B YCKOPHTEJl.HX H KAHAJlAX nn.H TPAHCTIOPTHPOBKH 

YCKOPEHHbIX l.JACTHU 

TiepcneKTHBHblM MeTOAOM ycKopeHHH TH)KenbIX 38pH)KeH

HblX qaCTHU HBnHeTCH T8K H8GbIBaeMblH MeTOA KonneKTHB

HOro Y,CKopeHHH HOHOB, H8XOAHillHXCH BHYTPH aneKTpOHHhlX 

Koneu/ 18~ Konhua nponeTaroT qepea CHCTeMy nocneAoBa

TenhHhIX peaoaaTopoB, pacnono)KeHHhIX B npoAOnhHOM Mar

HHTHOM none, Heo6xoAHMOM AnH nOAAep)K8HHH BpamaTenbHO

ro ABH)KeHHH aneKTpOHOB B KOnhuax. 

B KaqeCTBe aepOHTHoro npoo6pa3a YCKOpHlOilleH CHCTe

Mbl KonneKTHBHoro ycKopHTenH B OH5B1 coaAaHa KpHoreH

JiaH BbICOl{OqacTOTH8H ycKOpHTenhH8H ceKUHH "Konbue

Tpoa"ll?1ceKUHH (pHc.3} COCTOHT H3 qeTbipex pe30H8TOpOB 

UHnHHApHqecK oro THna ( pe30H8HCH8H qacToTa 500 M ru), 

caepxnpOBOAHillHX coneHOHAOB nocTOHHHoro TOKa, C03A8IO

IllHX ynpaBnHromee MarHHTHoe none, H pe¢pH)KepaTopHofi 

CHCTeMbI.Pa6oqag AnHHa ceKUHH 1,6 M, O)KHAaeMaH aHep

rHH ycKopeHHbIX npOTOHOB ~ 0,4 faB. PeaoHaTOpb! oxaaqe

Hbl ocHoBHhIM coneHOHAOM CTIC-600 ( cM. Ta6nHuy 3). 

Ta6nHua 3 •• TiapaMeTpbI coneHOHAOB "KonbuerpoHa" (19 / 

H "KpiioHa" / 211 

0603Ha'CJ8Hl!8 CIIC-600 CITC-170 CITC-50 

Ma:MmTHoe nOJie B ll8HTpe T 2 0+0,23 l,28 
I!HyTpemml!: ,llH8M8Tp 06MOTKH CM 59,6 17,0 5,0 
Hapyi1and! ,JD!SMeTp CM 62,4 20,2+20,8 
Jtnm{a CM 235,2 l,65 120 
HOMmi8JJ1,mlA TOK A 2440 0+50 80 
II1.!0THOCT& TOMB 06MOTK8 A/c,l- l,14•104 O+l,3•I04 

HH.zl.vKTHBHOCT& I'B 0,375 0,14 0,54 
8anaceHHaJ1 sHepI'HJI lt"l l,06•106 0+175 1750 
IlpoB0,11HBK : ~ 
PasMe!Jl cetJeHHJI MM 5x2,5 ¢ 0,5 
MaTepzam, NSTi.-+Cu NS-so•fo'l'i. +Cu 
OTHomemte cetJeHd 2:1 3:1 
JlRBMeTp JOWi MKM 60 65 
KoJnrqecTBO llC1IJ1 1500 19 
Dlar CKPY'l'lffl DJI MM 35 30 
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pH c. 3. KpHoreHHast BhICOKO'laCTOTHast YCKOpHTenbHaSI 
ceKUHst "KonbueTpoa"/ 19~ Ha nepenHeM nnaae - c6op
Ka Ha peaoHaTopoa H coneHoHnoa CITC-170, Ha aanHeM 
nnaae - aaKyyMHhI:il: KD*YX c KpHocTaToM nnst CITC-600. 

12 

Me)Klly peaoHaTopaMH paaMemeHbl 5 ceKUHOHHpoBaHHhlX 
coneHOHllOB, Ka)Kllblli H3 KOTOpbIX conep)KHT 16 caepxnpo
BOllstmHx KaTyllleK CITC-170 (cM. TaM )Ke), c HHllHBHnyanh
HbIM sneKTponHTaHHeM. ConeHOHllbl npenHa3Ha'leHbl nnst 
coanaHHSI nHnoo6pa3HOI'O MarHHTHOI'O nonst C MaKCHManb
HbIM 3Ha'leHHeM 2 T H 5 -;.-10-npoueHTHO:il: MonynstUHe:il:, KO
Topast noaaonsteT o6ecne'IHTb paBHoMepHoe ycKopeHHe 
sneKTpOH-HOHHhlX Koneu. PeaoHaTopbl BbmonHeHbl H3 MellH, 
Ha BHyTpeHHJOJO noaepxHOCTb HaHeceHo NbTi -noKpbITHe 
TonmHHOli 10 MKM. renHeBast CHCTeMa KOnbUeTpoHa 6a3H
pyeTCS1 Ha Q)KH)KHTene npoH3B0llHTenbHOCTblO- 60 nHTpOB 
)KHllK oro renHst a qac ( - 250 BT a peqipH)KepaTOpHOM pe
)KHMe) • 

CsepxnpoBOllstmHe MarHHTbl nocTOSIHHOro TOKa nony'IHnn 
IIIHpoKoe npHMeHeHHe TaK*e B KaHanax nnst TpaacnopTH
poBKH qaCTHU. OcymecTBneH opHrHHanbHblli npoeKT MlOOH
HOI'O KaHana/20~ ITpononhHoe MarHHTHoe none Ha 
nnnHe 8 M coanaeTcst cHcTeMo:il: na 16 csepxnpoaonstmnx 
coneHOllOB Ha 5 T, HaxonstmHXCSI a BaKyyMHpoBaHHOM KO
)Kyxe. ConeHOHllbl TepMOCTaTHpylOTCSI npH 4, 7 K CBepx
KpHTH'leCKHM renneM, HaxonHmHMCH non nasneHHeM 6-10 aTM, 
KOTOpblli Te'leT no MellHbIM Tpy6KaM, HaBHTblM Ha nponHTaH
HYlO snoKCHllOM o6MOTKY coneHoHna. 3TOT BHll TepMOCTa
THpoBaHHH MO)KHO H~3BaTb KOCBeHHbIM, TaK KaK o6MOTKa 
He norpy*aeTcH HenocpencTBeHHO a *HllKH:il: renH:il:. 

KocBeHHoe TepMOCTaTHpoBaHHe csepxnpoBOllHmero co
neHOHlla npnMeHeHO H B KpHoreHHOM sneKTPOHHo-ny'leBOM 
HCTO'IHHKe MHoroaapHllHbIX HOHOB ( "KpHoH") / 21~ OnHaKo 
anecb coneHOHll CITC-50 ( CM. Ta6nnuy 3) cKpenneH 6onTa
MH c MenHo:il: aaHHoA, opnep*ame:il: aanac )KHllKoro rennst. 

06bI'IHO KaHanbI nnst TpaHcnopTHpOBKH 'laCTHll conep)KaT 
OTKllOHHJOmne nnnonhHbie H qioKyCHpyromHe KBanpynonhHbie 
MarHHTbI. flpHMepoM TaKHX csepxnpOBOllHmHx MarHHTOB 
MoryT nocny)KHTb KBanpynonhHbI:il: ny6neT "Orsac " n naa 
nnnonbHbIX MarHHTa "Cesar': H3rOTOBn7HH;;1e B CaKne 
( cf>paHUIIH) H Hcnonh3oBaHHbie a UEPHe 

22 
( cM.Ta6nHuy 4). 

B AproHHCKo:il: HauHoHanhHoiI na6opaTopnn ( ClllA) B qieapane 
1976 rona Ha'lan qiyHKuninpoaaTb KaHan ,unH TpaHcnopTH
poBKH K cneKTpoMeTpy/23 nonHpH30B8HHbIX npoTOHOB C 
sHeprHe:il: 12 rsB/c. KaHan COCTOHT H3 10 CBepxnpoBOllH-
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Ta6nHua 4. TiapaMeTpbl HeKOTOpbIX llHnOllbHbIX H KB8/lpynonb

HbIX M8I'HHTOB nOCTOSIHHOI'O TOKa 

JlHDO·JIH K B a ~ p y n o JI H 

J!a6opaTOPM 
Ha3B8HH8 Mal'HHTa 

JlHTepaTypa 

MarHRTHOe DOJie B ue11Tpe 
HoMliH8JII,llllll: rpa,nlleHT 
Bl!yTpeHHRI!: ,D;HaM8Tp 
06MOTKH 

T 
T/M 
CM 

CEN 

Cesar 

/22/ 

4,57 
-

15 

ANL CEN ANL 

- Orsao 

/23/ /22/ /23/ 

2,6 
- 35 30 

7,6 18,5 7,6 

MarHRTHBJi ,MHHa 
HOMHHBJII,llllll: TOK 
JlJIOTHOCTI, TOKa B 06-
MOTK8 

CM 212 91 95 41 
A 860(85%1c) l60(85%1c) 600(75%1() l90(85%lc) 
A/cM2 2,5°104 2,45•104 

3anaceHH8Ji :mepr:rui 
IIpoBO;omK: . 
PMMel)H ceqeHHI!: 
MaTepH8JIB 
0THomeane ceqeHHI!: 
JlHSMeTp llWJIH 

KoJm'leCTBO llWJl 

Jl,'!t 0,52•106 

MM2 2,2xl,3 
Ngn +Cu 
2:1 

MKM 

2xl 
Ngfl -'"Cu 
2:1 
50 
361 

IUHX KB8/lpynoneil: ( CM. TaM )Ke), pa3MeIUeHHblX B tJ:eTbipex 

KpHOCT8Tax. TipoBe/leHbl onbITbl no B031:teil:CTBHIO nytJ:Ka 

npOTOHOB H8 MBI'HHTbl. 

B HaUHOHanhHOil: yCKOpHTenhHOil: na6opaTOpHH HM. ·ct>epMll 

( CWA) H3f'OTOBneHbl tJ:eTbipe KpynHbIX OTKnOHSIIOIUHX Mar

HHTa, KOTOpbie HCnonh3YIOTCSI /lnSI npoBe/leHHSI aKcnepHMeH

TOB B o6naCTH qiH3HKH BbICOKHX aHeprHil: / 24/. PaaMepbl 

H pa6otJ:He napaMeTpbl 8THX M8I'HHTOB ne)KaT _B cne/lyIOIUHX 

npe1:tenax: 

o6mHil: Bee 

aanaceHHBSI aHeprHSI 

HarrpSI)KeHHOCTh M8I'HHTH0f'O nong 

pa6otJ:Hii TOK 

aanac )KH/lKOro aaoTa 

pacxo/l aaoTa 

aanac renHSI 

pacxo/l renHSI 
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65+165 T; 

300-:--2000 Kll)K; 

18-:--20 K3; 
200 A; 
l 70-;-200 n; 
18-:--25 n/cyTKH; 

500..,.600 n; 
36-;.50 n/ cyTKH. 

Co3/l8TenH 8THX M8I'HHTOB nocTaBHnH nepe/l co6ou 

.uenh: npH Tex )K8 KanHTanbHblX 38Tp8T8X H CTeneHH Ha

Jle)KHOCTH pa60Tbl ( BpeMSI OTKnIO'IeHHSI H3-38 nonoMOK) t 

'ITO Hy 06hl'IHhlX Mar'HHTOB, ll06HThCSI CHH)K8HHSI o6mero 

noTpe6neHHSI aaeprHH HenpepbIBHo pa60Ta10mero MarHHTa 

/lO BenH'IHHbI, COCTaBnSIIOIIIeii MeHee 10% OT aHeprHH, 

noTpe6nSieMoil: o6bI'IHbIMH M8I'HIIT8MH. 

Eonhwoii rpynnoil: aBTopoB/ 25/ paapa6oTaH H HaxollHTCSI 

B CT8/lHH H3I'OTOBneHHSI cBepxrrpOBO/lSIIUHil: M8I'HHT "fHne

poH-1" C HHllYKUHeii 6 T, npe/lH83H8'I8HHblll /lnSI K8Hana 

KOpOTKO)KHByIUHX 'I8CTHU. llHaMeTp Terrnoro OTBepCTHSI 

MarHHTa - 100 CM, aanaceHHaSI aaeprHSI - 24 Mll)K. Mar

HHT CH86)KeH )Kene3HbIM SipMOM. Tipe/lyCMOTpeH pSill 

ycTpoil:CTB aneKTpH'IeCKOil: H IlHeBM8TH'IeCKOii 38IUHTbl Ha 

cnytJ:ail: rrepexo1:ta o6MOTKH B HOpManhHOe COCTOSIHHe. 

MAfHHTbl nnH llETEKTOPOB 3APH)KEHHbIX 
tJACTHU 

lleTeKTOpbl 38pH)K8HHbIX 'I8CTHU o6br'IHO pa3M8lll8IOT B 

Maf'HHTHOM none, 'IT06bI no KpHBH3He TpeKOB nonytJ:aTb 

CBe/leHHH 06 aHeprHH H THne 8THX 'I8CTHU. CaMbie KpynHbl8 

M8f'HHTbl Tpe6yIOTCH /lnH )Kll/lKDBO/lOpO/lHbIX ny3blphKOBbIX 

KaMep. TiapaMeTpbl .cBepxnpOBO/lHIUHX M8I'HHTOB Kpyrraeil:wHx 

ll'.3 H8XO/lHIUHXCH B aKcrrnyaTaUHH BOllOPO.llHbIX IlY3blpbKOBbIX 

KaMep/26 / rrpHBe/l8Hbl B Ta6nHue 5. 

Ta6nHua 5. CBepxnpOBO/lHIUHe M8I'HHTbl B0/lOpO/lHblX rry3blpb

KOBbIX KaMep / 26/ 

J!a60paTOPHJI BNL All'L FNAL CERN 
0603naqeHHe K~epli 7 QJYT 12 qiyT IS ifiYT BE:OC 

liH.n:YKI.u!JI B U8HTpe T 2,8 I,8 3,0 3,5 
HOMHH8JII,Hlll\ TOK KA 5,6 2,0 5,0 5,7 
Bl!yTpeHHHll: ,ItHaMeTp 06- M 2,44 4,78 4,27 4,72 MOTIGI 
BHemHHI!: ,ItHSMeTp 06MOTKH M 2,76 5,28 5,08 6,0 
BHcoTa 06MOTKll M 2,4 3,04 2,89 4,4 
3anaceHHaJI anepI'H!I 1,1,It!t 64 80 400 830 
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PacCMOTpHM H9KOT0pbre oco6eHHOCTH MaI'HHTa KaMepbl 

BEBC *, OJlHOM H3 KpynaeiirnHX B MHpe. CaepxnpoB0JlHHK 

8TOI'O MaI'HHTB H3I'OT0BneH B BHJle nonHOCThlO CTa6HnH3HpO

B8HHOM lliHHbl H COCTOHT H3 200 HHOfiHM-THTaHOBbIX 

:i1mn JlHBMeTpOM 200 MKM, HaXOJUIIUHXCSI B Mell-

HOH MaTpHue C ce'!eHH9M 61 x3 MM 2 127 I . ill HHa yKna

JlbIB89TCSI B o6MOTKY MaI'HHTa BMecTe C 6aH]l8)1{HOM CTanh

H0ll neHTOH H nep~opHpOBBHHOM H30nSIUHOHHOM neHTOH, no

nycKBIOIUeii npOHHKHOBeHHe K lliHHe )KUJlKOI'O renHsr. MaKCH

ManbHaSI HHllYKUHSI B o6MOTKe 5, 1 T, CHnbI C)l{8THSI M9)KJlY 

nonoBHHBMH o6MOTKH COCTaBnsr10T 9000, T. Pe~pH)l{epaTOp 

JlnSI BOllOPOJlHOM KaMepbl H MarHHTa HMeeT xono]lonpoH3-

BOJlHT9nhH0CTh B pe~pH)l{epaTopHOM pe)l{HMe 25 KBT npH 

22 K (a O)l{H)l{HTenhHOM pe)l{HMe 1000 n )KHJlKOI'O Bonopo

ua a qac) H 1,5 KBT npH 4,4 K (a O)l{H)l{HTenhHOM pe)l{H

Me 700 n )l{H]lKOI'O renHSI a qac). MarHHT BbIIlOnHeH 

CBepxnpoBOJlSIIUHM JlnSI nony'IeHHSI noBbillieHHOM MarHHTHOM 

HHJlyKUHH, 'ITO ynyqrnaeT TO'IHOCTh H3MepeHHSI aHeprHH 

qacTHU. llpyroii Ba)l{HOM uenh10 HcnonhaoaaaHsr caepxnpo

BOJlHHKa sransreTCSI 8KOHOMHSI aneKTpoaHeprHH. llnsr o6bI'I

HOI'O MarHHTa C TBKHMH )Ke HHJlYKUH9H H o6beMOM Mar

HHTHOI'O nonsr noTpe6oaanach 6bI MOlllHOCTh 70 M BT, a 

KaMepa BMecTe co caepxnpOBOllSIIUHM MBI'HHTOM noTpe6nsr-

eT acero 1 MBT. · 

MeHee KpynHbIMH sransr10Tcsr MarHHTbI "Pluto " B 

DESY /28/ ** H "OMera" B UEPHe 1291 • 

MarHHT "Pluto 
,, 

ycTaHoBneH Ha MecTe ne-

pece'IeHHSI ny'IKOB aneKTpOHHO-n03HTpOHHOI'O HaKonHTensr. 

BHyTpeHHHM ]lHaMeTp MaI'HHTa 1,4 M, BH9lliHHll llHaMeTp 

2,04 M H JlnHHa 1, 15 M. flpH HOMHHanhHOM ToKe 1,2 KA 

M8I'HHTH8SI HHllYKUHSI B ueHTpe COCTaBnsreT 2 T, aanaceH

HaSI aHeprHSI 4,2 Mn)!{. CaepxnpOBOJlHIIK COCTOHT H3 210 
HH06Hfi-THTaHOBbIX )l{Hn ]lHaMeTpOM 100 MKM, aaKnIO'!eHHbIX 

B M9JlHYIO MaTp1my, OTHOllieHHe ce'!eHHSI MellH K C9'!9HHIO 

caepxnpoBOJlHHKa paBHo 14,5. 
MarHHT "OMera" BbIIlOnHeH B BHll9 KaTyrneK renhMI'Onb

ua, ycTaHOBneHHbIX Ha paCCTOSIHHH 1,5 M Jlpyr OT npyra. 

*BEBC 

** DESY 
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Eonhrnasr eaponeficKasr nyabiphKoaasr KaMepa. 

HeMeUKHll aneKTpOHHblll CHHxpoTpOH,faM6ypr,<1>Pr. 

BHyTpeHHHfi JlHaMeTp 3M, MarHHTHasr HHllYKUHsr 1,8 T. 

B MBI'HHTe pacnon0)1{9Hbl MHIII9Hh C )KHJlKHM B0JlOpOAOM 

H HCKp0Bbie KaMepbI. O6MOTKa H3I'OTOBneHa H3 MellHbIX 

nonbIX Tpy6oK, Ha KOT0pb!X npHnasrHbI caepxnpoBOJlHHKH. 

flo Tpy6KaM npoHCXOJlHT npHHYllHTenbHasr UHpKynsruHSI )KHJl

KOI'O renHsr. TaKHM o6paaoM JlOCTHraeTcsr xopornee ox

na)l{neHHe npH ManoM KonHqecTae aanaceHHoro renHsr. 

3AKnIOt.JEHHE 

flpHBe]leHHbI9 B H8CTOSIIU9M o6aope ]laHHbie CBHneTenh

CTBYIOT O TOM, 'ITO B MHpe HaKonnea 6onhlli0ll OilbIT C03Jl8-

HHSI cBepxnpoBOilSIIUHX MaI'HHTHbIX CHCTeM H B psrne na6opa

TOpHH H3I'OTOBneHbI HCKnIO'IHTenhHbie no paaMepaM H cno)l{
HOCTH YHHKBnhHbie CBepxnpoBOllSllllHe MaI'HHTbI. flepexon K 

cepHHHOMY npoH3BOllCTBY caepxnpoBOllSllllHX MaI'HHTOB CBSl-

38H c npeoJloneHHeM psrna TPYllHOCTefi. Heo6xonHMbI cne

uHanhHoe o6yqeHHe KBJlPOB, pa3pa6oTKa OTHOCHTenhHO 

npoCTOH T9XHOnOI'HH H3I'OTOBneHHSI npeUH3HOHHbIX o6MOTOK, 

Bb!IlyCK MOlllHbIX, 8KOHOMH'IHbIX H aBTOMaTH3HpOBaHHblX 

pe~pH)l{epaTopoB. Tpe6y10TCSI TaK)l{e JlOilOnHHTenhHbie HC:

cnenoBaTenhCKHe H HH)l{eHepHbre pa3pa6oTKH. Xon pa3BH

THSI 8TOll o6naCTH TeXHHKH Il03BonsreT O)KHJlaTb lliHpOKOI'O 

npHMeHeHHSI caepxnfOBOllSllllHX MaI'HHTHblX CHCTeM a 6nH
)l{attrnHe I'Ollbl. 
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