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BBE,llEHME 

B pa6oTe npHBOARTCR OCHOBHH8 perneHHR, onpe~e~BmHe ROHCTPYRUHID 
H T8X,OJIOrmo C03~8HHR CBepxnpOBOm'11118H (CIT) MBI'HHTHOH CI'!CT8MH HyKJio
TpOHB I/_ ycRopHTeJIR peJIRTHBHCTCRI'!X ~ep, coop~aeMoro B ]a6oparopHH 
BHCORHX aHeprH:ii 0Hffil. 

ITepHMeTp 6y~ero ycROPHT8JIR c aHepnefi 6 raB/H]RJI.-250 M, 
~CJIO ~UOJILHHX MBrHHTOB ~~HO:ii 1,45 M - 96, ~CJIO RBB~pynOJILHHX 
MBI'HHTOB ~~HOH 0,42 M - 64. ~~RCHMBJILHBR HHT8HCHBHOCTL 
Nro9 ~acT./UHRJI ~JIR u 82+, ~acrora noaropeHHR UHRJIOB ycRopeHHR-
- 0,25 + 0,5 UHRJI /c. 

MAI'HHTHO-KmOCTA'l'Iilltl EJIOK 

0CHOBH~ SJ18M8HTOM MBI'HI'!THOH CHCT8~ti HYKJIOTpOHa RBJIR8TCR MBI'HHT 
THna "]ly6Ha"1 2 • :3/. 3To I'!MJIYJILCHHH CIT-MarHHT c ·"xoJIO~IiiM" JKeJie3HHM 
c:rn••n•• n ,.,,..,.,1"\nn T""m"n",.." ,......,,.. • .,,.....,.,.,...,.,...., _,....,...,..,..,...l( ..................... r9' ..-...< ....... - ......... ··- ----""-----1:'···-···' .- ...,..,.~"".J:'..., .._,-.;..,..,.1:'"",."" J:'<.A._.U,._,.....,.....,..,,u.A VV~ti ... V'VVt'"""'-'.I.U...tJ.L VVlflV.&.J.\U ¥1V .&.~JV"lQ-

TOI'O CBepxnpOBO~HIIRB. MarHHTH08 ITOJie, iJiopMHpyeMOe llt8Jl830M, I'!M88T B 
anepType M8RCHM8JILH08 3H8~8HH8 OROJIO 2 TJI. f,larHHT TBROI'O THUS OT.'U1-
~89TCR SROHO~OCTLID, npOCTOTO:ii B H3rOTOBJ18HHH, BHCOROH H8~8JKHOCTLID. 
~ ycRoPHTeJIR H3 TaRHX MBrHHTOB Ha~o6HocrL B re.'Il1eBOM cocy~e RpHo
crara OTU8~80T. 3TO 06Jie~aeT ~OCTYIT R MBI'HHTBM H pe3RO CHRJK88T Tpe-
60B8HHR R ROHCTPJRUHR BBRYYMHO:ii RBMOPH YCROPHTOJIR, ORp~OHHOIT H30JIR
UHOHHHM BBRy,yMHHM npocTpSHCTBOM RpROCTBTB. 

Ka6eJlb 06MOTRH npe~CTBBJIR8T C060fi M8JlLXHOpOBYffi Tpy6Ry, BORpyr 
ROTOpO:ii CITHpBJILHO HBBHTH ITPOBOJIORH 1'!3 M8JIRO~crrepcHOI'O NbTi CBepx
npOBO~RB. Tpy6RB Ra6eJIR ~OrryCRBOT BHCOR08 3H8'IOHIW ~8BJi8H>IR I'8.'U1R, 
B03HHRBIDm88 npH rrepexo~e MBI'HHTB 1'!3 CBepxrrpOBOnflm8I'O COCTORHHR B 
HOpMBJILHOO H.'U1 npH 8B8PHHHOM HapymeHHH H30J'..mutOHHOI'O B8RJ'Y!.l8, B TaR
litO Heo6xo.~nmoe ~JIR ycRopeHHR rrpouecca ox.'lalK.IleHHR MBI'HHTOB. 

BHcoRaR aJieRTpWiecRaR npo'!HOCTL, r.~a::aR HH.nJRTIIBHOCTb o6::.roTOK H 
XOpOmHO ycJIOBHR HX RpHOCTBTHpOB8HHR IT03BO.~T 06ecrreq~Tb BHCORJID 
'IBCTOTY UOBTOpeHHR UHRJIOB YCROP8HI'!R B HYKJIOTpOH9, ROTOpH~ ITJ18HHpyeT
CR I'!CITOJIL30B8TL B K8'!8CTB8 6ycrepa ~;~ rroc::e~~)~~Z YCROPHT8JlLHOtt 
CTynOHH ITpH ~BJILHe!t..TieH p83BI'!Tim YCROp!IT8JlbHOI'O KOI;ffiJIORCB Jia6opaTOpHH. 
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PHc. I. CxeMa MarHHTHo-KpHOCTaTHoro 6~oKa. 

I - CH~~H; 2 - re~eBHe KO~eKTOpH; 3 - TeU~OBO! 

SKpaH; 4 - B8KYJMH8R KSMepa; 5 - ~a; 6 - RpMOi 

7 - Tpy6onpOBO~ C ~HM 830TOM; 8 - BSKYJMHHft KOMYXi 

9 - TRra; IO - Cll-Ka6e~~ a~eRTpKqecRo! CBRSH MarHHTOB; 

II - Teu~oBo! MOCT; I2 - o6MOTKa; I3 - Tpy6Ra ~~ 

ox~a~eHHR RpMa; I4- cyuepzso~; l5- uo~cTaBKa; 
I6 - ~OMKPBT. 

MarHHT 38Kpeu~eH B KpHOCTaTe (eM. pzc. I) H8 BOCLMH TRraX 9 '1'8-

RHM o6p830M, ~TO UOC~e ero OX~a~eHHR OT ROMHBTHOft TeMUepaTypH ~0 
re~eBOI UO~OEeHHe B UpOCTPSHCTBe OUTKqeCKOI OCR MarHHTa He H3MeHR

eTCR. K o60RM TOPUBM BSKYYMHOro KOE,yXa 8 C UOMOm~D HSK~ ~SHUeB 
np:Hcoe~HeHH rR6RHe cH~~HHHe a~eMeHTH I. HaKH~oft ~aaeu nosBo~eT 
UOBOpSqHBST~ 6~0R BOKpyr OCH. fM6RHe a~eMeHTH U03BO~T nepeMemaT~ 

COCe~He 6~0RH ~ OTHOCRTe~~HO ~yra Ha He06XO~ ~~ DCTHPOBKH 

MarHHTOB Be~~. E.noK ycTaHaB~BaeTCR Ha no~cTamty I5, HMeueyKJ npH

cnoco6~eHHe ~ DCTHPOBKH. BaKyyMHHe ROxyxH 6~0ROB COe~HRDTCR Me~ 
co6ol c noMom~ro pas~eMHHX ~T 5, o6ecneqHBBDm:HX ~ocTyu K coe~HeHH
RM a~eKTp~eCRHX H KPHOreHHHX KOMMyHHKBUHft, anuapaType ~ ~arHOCTH

KH ~Ka H ~p., pacno~oXeHHHM B Ma~ npOMexyTKBX Me~ MarHHTSMH. 

TEXHOJIO:rnR CEOPID'I MAI'HHTHOti CHCTOO 

MarHHTHSR CHCTeMa C03~aeTCR H3 O~HSROBHX MarHHTHO-KpHOCTSTHHX 
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PRe. 2. CxeMa a~eKTp~ecKHX n re~eBHX KOMMYffHRaunff 

MarHRTHo-RpHOCTSTHHX 6~0ROB. 

I - UHT8IDmHH RO~eRTOp; 2 - Tpy6Ka ~~ OXR8~8HHR 

RORHeKTOpa; 3- MeT8~0R8p8MHq8CR8R 8H8KTPOH30~HOHH8fl 

Tpy6Ka; 4 - Tpy6Ka ~~ OXH8~8HHR ~8H83HOrO RpMa; 
5 - 06MOTR8 KBa~yuo~; 6 - OTBO~H R0~8RTOp; 

7 - o6MOTKa ~no~. 

0 , F , D - Cil-Ka6eH~ 8H8KTpH~8CKOH CBR3H COOTBeT

CTBeHHO OTIWOH.fiiOIIlHX, !lJoKYCHPYIDmHX H ~erpOKyc.r.rpyromzx Ma

rHHTOB; 0
1

- o6p8THHH Ka6eHb ~UO~bHHX MarHHTOB; 

XI· x2 - cpe~ee 3Ha~eHHe MaCCOBoro napoco~e~aHHR 
B UOTOKe reHHR Ha BHXO~e .li3 K8H8~0B COOTB8TCTB8HH0 

06MOTKH H Tpy6KH ~~ OXH8~8H.Iifl RpMa; X0 - M8CCOB08 

napoco~e~aHHe B ITHTaromeM KOR~eKTope. 

6ROKOB TpeX THUOB COOTB8TCTB8HHO ~~ ~TIORbHHX, tPoKYCHpyromHX H ~e

tPoKYCHPYIDmHX MarHHTOB. Ka~ft 6~0K nepe~ ycTaHOBKOH H8 KORbUe ycKo

pHTe~ npoxo~T KOMUReKCHYID npoBepKy (r.r.r~paB~qecKoe conpoTHBReHHe, 

8R8KTp~eCK8fl npo~OCTb, MarHRTHH8 H3M8p8HHR H ~.) Ha CU8UH8RbHHX 

CT8H~8X. ilpH C60pKe MSrHHTHOH CHCT8MH C TIOMOmbiD pas6opHHX BSKYJMHHX 

COe~HeHHft CTHKYDT~fl (eM. p.r.rc. I) re~eBHe KORR8KTOpH 2, Tpy6onpo

BO~ C ~HM 830TOM 7, B8KYJMH8R K8Mepa 4 H pa3~8MHH8 MYtPTH 5 BaKy

YMHOrO Koxyxa coce~ 6~0KOB. Bee MarHHTH ycKopnTe~ coe~HRIDTCR no 

rpynuaM B TpH a~eKTpHqeCKH8 U8nH: 0,0'- OTKROHRIDmHe MarHHTH, F - rpa-
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KYCRPYID~e H D - ~eWOKYCHp~e MarHHTH. B KB~OM 6AOKe UOMHMO 
aneKTPOUenH C06CTBeHHOro MBrHHTB HMeDTCR Tp8H3HTHHe Ka6enH aneKTpR
~eCKO~ CBR3H MarHHTOB ~pyrHX rpynn (OM. pHC, 2). ~ aneRTp~eCROrO 
coe~HeHHR COCe~ 6AOKOB B RB~OM npoMeMYTKe Me~ MarHHTBMH BH
llQHHRDTCR ~erupe aneKTp~eCKHX cnaR Tpy6~aTHX Cll-Ra6enet. llpu aTOM 
Bee renHeBHe RaHanu 6noRa coe~eHH c renHeBHMH RonneRTopaMH aToro 
6AOKa H npOBepeHH Ha rePMeT~HOCT.b HB CTeH~e. TaRaR TeXHOAOrHR COe
~HeHHR 6~0ROB U03BOAHT C BHCOROI CTeneH.bD BepORTHOCTH HCRAD~T.b re
AHeBHe Te~ B BBKY]MHOe npOCTpaHCTBO, OKp~mmee MarHHTH. 

B nepuo~ Ha~a~u ycKopuTe~ M~eT noTpe6oBaT.&cR Heo~oKpaTHaR 
C60pKa - pas6opKa OT~e~.bHHX a~eMeHTOB MarHHTHO~ CHCTeMH C UenbD HX 
peMOHTB HAM 3aMeHH. ~ COKpameHHR 38TpaT BpeMeHH, He06XO~ Ha 
RB~H peMOHT (a C~e~OBaTe~.bHO, H HB BeC.b nepHO~ sanycRa YCKOPHTe
~), MarHRTHaR c«cTeMa pas6HTa Ha ~e ueno~KH 6~oKoB. Ueno~Ra coc
TaB~eT nOAOBHHY KO~bUS ycROpHTe~ H HMeeT pas~e~HHH H30~0HHHH 
BBRYYM• 3TO U03BO~eT YMeHbillHTb Macey, OTOrpeBaeMYID R OX~a~aeMYID 
rrpH peMOHTe. Pac~eTH UOK83HBBDT, ~TO npH Ha~HH TpeX renHeBHX pe
WPHMepaTOpOB c xo~o~onpousBO~Te~bHOCTbD npH 4,5 K no I,6 KBT saTpa
TH BpeMeHH HB O~H peMOHT COCTBBRT OKO~O IQO ~BOOB. 

KPHOCTATifPOBAIDffi M.AIIDITOB 

lloc~e SKCrrep~eHTB~bHOH rrpoBepRH yc~OBH~ KPHOCTBTHpOBBHHR Ha 
MO~e~bHHX MarHHTBX 3•4 •0/ B Ra~eCTBe XA~OareHTB 6H~ BH6PBH naPOXHH
KOCTBHI UOTOK renHR. 0~0Wa3~ KpHoareHT (~HI renH!) B cpaBHeHHH 
C ~yxWSSHHM rrpHBO~T K MHOrOKpBTHOMY YBe~eHHD OX~a~ammero UOTOKB 
~epe3 MarHHT, HeKOTOPOMY YBe~eHHD TeMITepaTypu KPHOCTBTHPOBBHHR H 
ITOH~BeT ycTO~BOCTb CIT-o6MOTRH K TeUAOBHM HarpysRaM OT pa~aUHOH
HHX rroTepb. Ha BH6op ~yxwasHoro renHR ORasa~o BAHRHHe H To, ~To ~ 
MarHHTOB HlKXOTpOHS OCHOBHBR TeUAOBBR HarpyaRa UpHXO~TCR He HB 06-
MOTRy, a Ha ~e~e3HOe RpMo. llpH MBCCOBOM rrapoco~ep~HHH HB BHXO~e H3 
MarHHTa x2 = 0,9 (eM. puc. 2) rrapoco~epzaHHe HB BHXO~e H3 06MOTKH 
xi = 0,35. 3ToT WaRT nosso~eT ~onycTHTb sHa~Te~HHA pas6poc B sHa
qeHHRX r~aB~ecKoro corrpoTHBAeHHR H Tennosoa HarpyaRH ox~a~a~ 
K8H8~0B ~arHHTOB OT HX cpe~HHX 3HaqeH~ ~ BCeX Ma~HHTOB YCKOPHTe~. 
CxeMa RpHocrarHpoaaHRR MarHHTOB syltiiOTpoua rrpuBe~eua Ha puc. 3. Co
CTHROBaHHHe Me'll!,.zy C060H RpHOCTBTH 6~0ROB o6pas]DT O,IUIH, 06!1lHit ~~ 
Ka~an rro~oBaHH RORE>ua ycRopure~. Rpuocrar. BHYTPH BaRYYMHoro Ro~y
xa I RPHOCTara pacrro~o~eH TeU~OBOit SRPBH 2, UHTammuA 3 H OTBO~It 
4 renH8BH8 RO~neRTOpH, R ROTOpHM rrapanne~bHO UO~~eHH MBrHHTH 5,6. 
ful:~un remr~ Hs pe<f'ptr:r;eparopa nocryrraer B rrHTBD!IlH~ RonneRTOP KPHOcra
ra rronoBaHH Ro.~ua ycRoprrre~ H pacrrpe~e~ercR no oxna~aDmKM RaHa-
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RaM OT~eAbHHX 6~0KOB. B RB~OM 6~0Re (eM~ PHC. 2) napo~ocTHHI no
TOR renHR noc~e~oBaTe~HO npoxo~T oxna~aromue RaHa~ cBepxnpoBo~ 
Ra6enel aAeRTp~eCROI CBR3H COCe~ MarHHTOB, 06MOTKY MarHHTa H rroc
~e ox~a~eHHR rrHTaiDmero xonneRTopa H ~enesHoro RpMa MarHHTa nocryrraeT 
B OTBO~f KOnneRTOp, ITo Mepe npoxo~eHHR RaHa~OB 6AOR8 H CHRTHR Te
nAOBOfi HarpyaRH MaCCOBOe rrapoco~epzaHHe renHR MeHReTCR OT 0 HB BXO~e 
B 6~0R ~ON0,9 (B cpe~eM ~~ BCeX 6AOROB UOAOBRHH ROAbUB) Ha BHXO~e 
H3 6noxa. TeMUepaTypa rroToRa renHR, nocTyrrammero B OTBO~fi RenneR
Top, ROHTpOnHpyeTCR TepMOMeTpOM R xapaKTepRsyeT ycAOBRR OX~a~eHHR 
MarHHTa. 

Puc. 3. CxeMa KPHOCTBTHPOBBHHR MarHHTOB HYKJIOTpOHa. 
I - BBKY]MHHH KO~yx no~OBHHH ROADUa YCKOpHTe~; 
2 - TeUJIOBOfl SRpaH; J - UHTBIOillll;i FOJ!JleKTOp; 
4 - OTBO.IUIUUrA ROJ!JleKTOp; 5 - .mrrro:;bHHi: ~:JarH:rr; 

6 - RBa~pyrroA.&HH!t MarH>rT; 7 - po-:~pr'!tepaTop. 

ABro u 6naro~apHH E.f!..I:I»fqKOBy, A.':.r::a.n.mmy, .. 1.r.:.:ar-:apoBy, 
A.f.3eJI.&~OBKqy, H.A.~eJiaeBy H H.H.ArarrOBJ 3a rrone3HHe coBeTH H o6-

-- ---- ___ u ---- .• pa60TH, BOlli"l,IJ,::!i!X B Uf'0-3!\T "HYR~OTpoH". 
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CMHPIIOD A.A., Xo~OarHHII r.r. 9-88-344 
KonQem,HH caepxnponop;R~eA MarHHTIIOA cucTeMbl 
uyKJioTpoua 

llpHHOARTCR OCHOBUble pemeHHR, onpep;enHBWHe KOHCTPYKL\HIO 
H TeXHOnOI'HJO M8I'HHTHOA CHCTeMbl HyKnOTpOHa, 0CHOBHbiMH sne
MeHT8MH M8I'HHTHOA CHCTeMbl RBnRJOTCR HMnynbCHbJe M8I'HHTbl C 
11xonop;Hb1M11 lKenesHbiM RpMOM H OfiMOTKOA H3 Tpyol!:aTOI'O CBepx
npOBOAHHKa, MarnHTHoe none ciJopMHpyeTCR lKenesoM, ero oenH
l!:HIIa a anepType oRono 2 Tn. MarUHT oKpylKen nsoTUbJM sKpanoM 
H lJaKYYMllbiM KOlKYXOM, Ue HMeeT renHeBOl'O cocyp;a. Bee M8I'UH
TW napanJienbiiO UOAKJlJOlJeHJ,J K UHT8JO~eMy H OTBOAR~eMy renHe
BbiM• KonneKTopaM. KpHoarenT - p;oyxclJasnbiA rEiJmA. MarHHTHaR 
CHCTeMa ycKOPHTenR pas5HTa ua p;oe Qenol!KH. Uenol!KH co5Hpa
JOTCR H3 M8I'UHTHO-KpHOCT8THbJX finOKOB, npOWC,D;WHX KOMnneKCJJyJoi 
npooepKy ua CTenp;ax. 

Pa5oTa nwuonueua a na5opaTopHH DbJCOKHX sueprHfi OHHH. 

OpenpHHT 061.e,QHHeHHoro HHC1HTyTI R,ll8pHwx HccneAOButHI. ,lly6Ha 1988 

llepeaop; n.H,Bapa5am 

Smirnov A.A., Khodzh1bagiyan H.G. 9-88-34~ 
The Concept of a Superconducting Magnet System 
for the Nuclotron 

The concept of a magnet sysrem for the Nuclotron is ba
sed on the following, Pulsed magnets with a "cold" iron 
yoke and a hollow superconductor winding are used. The va-
1lue of the iron-shaped magnetic field in the central bore 
is about 2 T. The magnet surrounded by a nitrogen shield 

·:and a vacuum shell has no helium vessel,. All magnets are 
connected in series with supply and return helium headers. 
Two-phase helium is used as a coolant, The magnet system 
of the accelerator is d'ivided into two strings.The strings 
are assembled of magnet-cryostat units .• Each unit is tes
ted on the test stands, 

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

Preprlnt of the Joint lnatltutefor Nuclear Re~earch. Dubna 1988 
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