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BBE,llEHHE 

Paapa6aT~BaeM~e B na6opaTOPHH B~COKHX 3HeprHH CBepxnpoao
AR~He MarHHTH~e CHCTeM~ npeAHa3Ha4eH~ AnR nony4eHHR on~Ta 
C03AaHHR en yCKOpHTenR /1/, He06XOAHMOrO AnR nOArOTOBKH Tex
HH4eCKOrO npoeKTa HyKnoTpoHa /2/. eoopy*eHHe Tpex npoTOTHnH~x 
nepHOAOB n03BOnReT H3Y4HTb 3KCnepHMeHTanbHO noBeAeHHe en Mar
HHTHOH CHCTeM~, COAeP*a~eH 3Ha4HTenbHOe 4HCnO OTAenbH~X Mar
HHTOB. 

Ka*A~H nepHOA AnHHOH 1 ,5 M COAeP*HT ABa HMnynbCH~X nOBOpOT
H~X en MarHHTa, ABe KBaApynonbH~e nHH3~, CBepxB~COKOBaKyyMHy~ 
KaMepy H ropH30HTanbH~H renHeB~H KPHOCTaT, 060PYAOBaHH~H CHC
TeMOH MeXaHH4eCKOH ~CTHpOBKH nono*eHHR MarHHTH~X 3neMeHTOB. 

060PY,llOBAHHE TPEX nEPHO,llOB 

MarHHT. B noaopOTHOM en MarHHTe THna OKOHHOH paM~, none
pe4HOe ce4eHHe KOToporo npeACTaaneHo Ha pHc.1a, 
MarHHTHOe none WODMHOYeTCR en 06MOTKOH H 6nH3KO 

pacnono*eHH~M *eneaH~M cepAe4HHKOM. eepAe4HHK BABOe CHH*aeT 
aMnepBHTKH 06MOTKH, He06XOAHM~e AnR C03AaHHR MarHHTHOrO nonR 
3aAaHHOH BenH4HH~, ¢opMHpyeT none C B~COKOH OAHOPOAHOCTb~ H 
BocnpHHHMaeT AeHCTBY~~He Ha 06MOTKY MarHHTH~e CHn~. 

ll m -f- lXI ~ 

PHc.l 

,llnR Tpex npOTOTHnH~X nepHOAOB 6~nH H3rOTOBneH~ 6 MarHHTOB 
THna oKOHHOH paM~. eepAe4HHK MarHHTa H3roToaneH H3 nHCTOBOH 
TpaHc¢QpMaTOpHOH CTanH TOn~HHOH 0,5 MM, COAep*a~eH 3,5% KpeM-
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HHR, H HMeeT BHeWHHe pa3Mep~ 15x14 CM2 C OKHOM pa3MepOM 
65x55 MM2. $H3H4eCKaR AnHHa MarHHTa 42 CM, AnHHa no non~ -
43 CM. 0AHOCnOHHaR 06MOTKa COAepmHT 48 BHTKOB KafienR C none
pe4H~M Ce4eHHeM 0,92x3,75 MM2, COCTOR~ero 1-13 15 TpaHCnOHHpo
BaHH~X npOBOAOB AHaMeTpOM 0,5 MM. npoBOA COAep~HT 1045 HHO
fiHH-THTaHOB~X HHTeH AHaMeTpOM 10 MKM, OTHOWeHHe MeAH K CBepx
npOBOAHHKY 1,5:1. AnR H30nR~HH Ka6enR HCnOnb30BanHCb ABa CnOR 
naecaHOBOH nneHKH TOn~HHOH 20 MKM H CTeKnoneHTa TOn~HHO~ 
0,1 MM, npeABapHTenbHO npOnHTaHHaR 3nOKCHAHOH CMOnOH rOpR4ero 
OTBepAeHHR. MemAY cepAe4HHKOM H o6MOTKOH npHKneeH~ H30nR~HOH
H~e CTeKnOTeKCTOnHTOB~e nnaCTHH~ TOn~HHOH 0,5 MM Ha non~cax 
H 1 MM Ha 60KOBbiX CTeHKaX, HMe~~He KaHan~ WHPHHOH 4 MM AnR 
mHAKOro renHR. Ha Top~ax MarHHTa Ton~HHa nnacTHH yeenH4eHa AO 
8 MM AnR o6ecne4eHHR BBOAa 06MOTKH. B npo~ecce H3rOTOBneHHR 
MarHHTa Ha npeABapHTenbHO H30nHpoBaHH~H cepAe4HHK yKnaA~BaeT
CR en 06MOTKa, ee pa3Mepbl $HKCHpy~TCR cne~HanbHbiMH npHmHMaMH, 
a 3aTeM B HarpeeaTenhHOH ne4H np~-1 TeMnepaType 145oe o6MOTKa 
npHKneHBaeTCR K cepAe4HHKY 3a C4eT nonHMepH3a~HH CMOn~, COAep
ma~eHCR·B H30nR~HH Ka6enR. MarHHT HMeeT HHAYKTHBHOCTb 1,5 MrH 
1-1 pacC4HTaH Ha none 2,3 T np~-1 TOKe 2,1 KA. 

H3onR~HOHHaR npuKnaAKa MemAY non~coM MarHHTa 1-1 o6MOTKOH 
C03AaeT HenHHeHH~e HCKameHHR $OpM~ nonR, B 4aCTHOCTH, nopOmAa
eT ceKcTynonbHY~ rapMOHHKY aMnnHTYAOH 0,7% OT ocHOBHOH. AnR 
KOMneHCa~HH ceKCTynonbHOH H AeKanonbHOH rapMOHHK OAHOBpeMeHHO 
B o6MOTKe ycTaHoeneH~ ABe nap~ AOnonHHTenhHbiX lo130nRUHOHHblx 
npOKnaAOK TOn~I-1HOH 0,8 MM MemAY BHTKaMH 7 H 8, C4HTaR OT nnoc
KOCTH CHMMeTpHH MarHHTa/3/. 6narOAapR 3TOMY HHTerpanbHaR aM
nnHTYAa yKa3aHH~X rapMOHHK OKa3biBaeTCR He 6onee 0,1-0,2% Ha 
paAHYCe 2,5 cM/4/. AnR KOHTpOnR 3a BenH4HHOH CeKcTynonbHOH 
rapMOHHKH Ha 6onbWHX ypOBHRX nonR, rAe npORBnReTCR HaC~~eHHe 
mene3a cepAe4HHKa, Ha non~cax MarHHTa yKpenneH~ nnocKHe Kop
peKTHPY~~He OfiMOTKH, B KamAOH 1-13 KOTOp~X HMeeTCR 15 BHTKOB en 
npOBOAa AHaMeTpOM 0,5 MM. 

nHH3a. WHXTOBaHH~H cepAe4HHK KBaApynonbHOH nHH3~ THna na
HOBCKOrO /pHC. 16/ HMeeT nonepe4H~e pa3Mepbl 15x11cM2 
H AnHHY 15 CM. B OKHe cepAe4HHKa C pa3MepaMH 

84x42 MM2 pa3Me~aeTCR 28x4 BHTKa 06MOTKH, BblnOnHeHHOH 13-npo
BOAH~M en Ka6eneM TOro me THna, 4TO H B MarH~Te. AnepTypa nHH-
3~ 32x64 MM2. nHH3a HMeeT HHAYKTHBHOCTb 0,67 MrH H paCC4HTaHa 
Ha rpaAHeHT 88 T/M npH TOKe 1 ,63 KA. npH 3TOM MaKCHManbHaR 
HanpRmeHHOCTb MarHHTHOrO nonR Ha CBepxnpOBOAR~eH 06MOTKe pas
Ha 3,5 T, aHa non~cax He npesocXOAHT 2,5 T, no3TOMY CBR3aH
HaR C HaC~~eHHeM non~COB HenHHeHHOCTb rpaAHeHTa npaKTH4eCKH 
He3aMeTHa. B $-nHH3aX fiOnbWaR CTOPOHa anepTypbl OPHeHTHPOBaHa 
ropH30HTanbHO,a e A- sepTHKanbH0,4TO no3BOnReT 3¢¢eKTHBHO Hc
nonb30BaTb anepTypy nHH3 np~-1 ¢oKycHpOBKe ny4Ka. 
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KaMepa. eeepxe~coKoeaKyyMHaR KaMepa npoTOTHnH~x nepHOAOB 
H3rOTOBneHa 1-13 Hepmaee~~eH CTanH CO CTeHKaMH TOn
~HHOH 0,5 MM/5/. B noeOpOTH~X MarHHTaX KaMepa Kpyr

naR, C BHyTpeHHHM AHaMeTpOM 50 MM, B nHH3aX - 3nnHnTH4eCKaR, 
C OCRMH 30x62 MM2. MemAY MarHHTaMH H nHH3aMio1 KaMepa lo1MeeT CBO
fiOAHble npoMemyTKH AnHHOH 9 CM AnR pa3Me~eHHR nHKan-3neKTPOAOB, 
KOppeKTHPY~~HX 6e3mene3Hb1X MarHio1TOB H np. 0TAenbHble y4aCTKH 
KaMepbl OAHOrO nepHOAa COeAHHR~TCR MemAY co60H ceapKOH, a Ka
Mep~ COCeAHHX nepHOAOB - C nOMO~b~ pa36opHoro COeAHHeHHR THna 
KOH$n3T. KaMepa OAHOrO nepHOAa HMeeT AnHHY 1,5 M H B ~eHTpe 
CHa6meHa BepTHKanbH~M naTpy6KOM, B~XOAR~HM BHI-13 4epe3 CTeHKy 
renHeBOH BaHHbl B V'"~OnR~HOHHY~ nOnOCTb KpHOCTaTa. 3AeCb K na
Tpy6Ky B cpep,HeM nepHOAe nOACOeAHHeH MarHHTOpa3pRAH~H HaCOC 
THna HopA-100, a e KpaHHHX - AaT4HKH AaeneHHR. Ha e~XOAe 1-13 
renHeBOH BaHHbl naTpy6oK HMeeT npOXOAHOH H30nRTOp, o6ecne4H
sa~~HH 3neKTpH4eCKY~ H30nR~H~ KaMep~ OT renHeBOH BaHH~. 

KpHOCTaT. renHeBaR saHHa npeACTaenReT co6oH ~HnHHAP H3 
Hepmaee~~eH CTanH AHaMeTpOM 28 CM CO CTeHKOH 
Ton~HHOH 1 ,5 MM. AnR YA06cTsa MOHTama 1-1 peMOHTa 

pa3Me~eHHOrO BHYTPH BaHH~ 060PYAOBaHHR ~HnHHAP pa3pe3aH Ha ABe 
nonOBHH~ no ropH30HTanbHOH nnOCKOCTH. renHeBaR BaHHa ynnOTHR
eTCR CBapH~MH WBaMI-1 MHOrOKpaTHOrO nOnb30BaHHR H Ha KOH~e Kam
AOrO nepHOAa CHa6meHa CHnb$OHOM AHaMeTpOM 28 MM, AOnycKa~~HM 

OKpymeHa pa360pHbiM a30TH~M 3KpaHOM H Tenn~M BaKyyMH~M KOmyXOM. 
Bee MarHHTH~e 3neMeHT~ OAHOrO nepHOAa C o6~HM BeCOM 120 Kr 
C noMe~eHHOH B HHX BaKyyMHOH KaMepOH ycTaHOBneH~ Ha o6~eM 
nomeMeHTe, o6ecne4HBa~~eM B3aHMHoe nonomeHHe MarHHTH~x 3ne
MeHTOB C T04HOCTb~ He xyme 0,05 MM. nomeMeHT H renHeBaR BaHHa 
B ~eHTpe nepHOAa nOAAepmHBa~TCR TennOBbiM MOCTOM B BHAe ~HnHHA
PH4eCKOrO na6HpHHTa H3 Tpex KOaKcHanbHbiX ~HnHHAPOB. BHeWHHH 
~HnHHAP nOAAepmHBaeT a30TH~H 3KpaH H BHH3Y 060PYAOBaH ~CTHpo
B04HbiM yCTpOHCTBOM, n03BOnR~HM Ha Tenne KOHTpOnHpOBaTb npOCT
paHCTBeHHOe nonomeHHe nomeMeHTa nepHOAa. 4epe3 BHyTpeHHHH ~H

nHHAP na6HpHHTa npOXOAHT sepTHKanbH~H naTpy60K BaKyyMHOH Ka
Mepbl. 

PE3YnbTAT~ 3KenEPHMEHTOB 

BHeWHHH BHA Tpex npOTOTHnH~X nepHOAOB B MOMeHT c6opKH no
Ka3aH Ha PHC.2. Bee MarHHT~ H nHH3~ nepeA ycTaHOBKOH B pa604HH 
KpHOCTaT HCn~T~BanHCb B OTAenbHOM ropH30HTanbHOM KpHOCTaTe.Ha 
pHc.3a,6 noKa3aHbl KpHBble TpeHHpOBKH en MarHHTOB H nHH3, rAe 
100% COOTBeTCTBy~T pac4eTHOMY pa604eMy TOKy. npH TpeHHpOBKe 
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PHc.2 

TOK B MarHHTaX H nHH3aX poe CO CKOpOCTb~ nOPRAKa 100 A/c BnnOTb 
AO nepeXOAa 06MOTKH B HOpManbHOe COCTORHHe. EcnH MarHHT~ npaK
TH4eCKH He HMe~T TpeHHPOBKH /pHc.3a/, TO KpHTH4eCKHH TOK nHH3 
'npH6nHmaeTCR K 100% nocne 5-6 nepeXOAOB B HOpManbHOe COCTOR
HHe. no-BHAHMOMy, 3TO CBR3aHO C TeM, 4TO 4aCTb 06MOTKH nHH3~ 
HMeeT ABa cnoR. Ha pHc.4a,6 noKaaaH~ aaeHCHMOCTH KPHTH4ecKoro 
TOKa MarHHTOB H nHH3 OT 4aCTOT~ cneAOBaHHR HMnynbCOB TOKa 
e $opMe paeHocTopOHHHX TpeyronbHHKOB. BHAHO, 4TO Aame npH 4ac
TOTe cneAOBaHHR HMnynbCOB 1 r~ KpHTH4eCKHH TOK MarHHTOB CHHma
eTCR BCero Ha 20%. noTepH 3HeprHH B MarHHTe, B036ymAaeMOM HM
nynbCH~M TOKOM, COCTaBnR~T OKOnO 2 BT npH 4aCTOTe 0,2 r~.B KpHO
CTaTaX npOTOTHnH~X nepHOAOB Bee MarHHT~ COeAHHRnHCb nocneAOBa-
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PHc.3 PHc.4 

TenbHO H nHTanHCb OT OTAenbHOrO HCT04HHKa TOKa 4epe3 CBO~ na
py TOKOBBOAOB. TOKOBBOA~ B~nonHeH~ B BHAe MeAH~X KOaKCHanbH~X 
~HnHHAPOB, Ha BHeWHeH noeepXHOCTH KOTOP~X Hape3aH~ BHHTOB~e 
1<'::11-f::ln~o.~ ·"·""' n!"'nxn.n.::~ nxn::~lll.n.;::umt~Prn r:=~~nnfi!"'::I~Hnrn rPnLAA. llPnP~ 
TaKy~ me napy TOKOBBOAOB OT APYrOrO HCT04HHKa TOKa nHTanHCb 
KBaApynonbH~e nHH3~. KpHTH4eCKHH TOK BCeX 6 MarHHTOB 6~n pa
BeH 1,97 KA HnH 95% HOMHHanbHOrO, a nHH3- 1,15 KA HnH 70%. 
HaMepeHHR noKaaanH, 4TO KPHTH4eCKHH TOK onpeAenRnCR nHH30H 
~5, o6MOTKa KOTopoH peMOHTHpoeanacb nocne cny4aHHoro noepem
AeHHR B npo~ecce MOHTama. 

BaKyyMH~e KaMep~ Tpex nepHOAOB nepeA ycTaHOBKOH e KpHOCTaT~ 
o6earamHBanHCb B OTAenbHOM CTeHAe nporpeBOM B Te4eHHe 48 4aCOB 
npH TeMnepaType 45ooc. nocne MOHTama KaMep~ nporpeeanHCb Ha 
MeCTe B Te4eHHe 3 4aCOB npH TeMnepaType 140°C. 3Ta npo~eAypa 
noaeonHna nony4HTb AaBneHHe e KaMepax nopRAKa 3 Mna npH KoM
HaTHOH TeMnepaType H 10 nna - npH TeMnepaType mHAKOro renHR. 

B nepe~x ABYX oxnamAeHHRX KpHocTaTa Tpex npoTOTHnH~X nepHo
AOB CTaTH4eCKHH TennonpHTOK K renHeBOH BaHHe o6~eH AnHHOH 
5,4 M, BKn~4aR TaKme TOKOBBOA~, COCTaBHn 53 BT. CTOnb 6onbWaR 
BenH4HHa TennonpHTOKa 6~na B~3BaHa cny4aHH~MH TennOB~MH KOH
TaKTaMH MemAY aaoTH~M 3KpaHOM H renHeBoH eaHHOH. B AanbHeHweM 
a30TH~H 3KpaH 6~n AeMOHTHPOBaH H 3aMeHeH 50-cnOHHOH cynepHao
nR~HeH H3 an~MHHH3HpoeaHHoro naecaHa Ton~HHOH 11 MKM. AnR CHH
meHHR TennonpHTOKa 4epea Tennoe~e MOCT~, nHweHH~e B 3TOM cny-
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4ae aaoTHoro oxnamAeHH~, BHyTpeHHHH ~HnHHAP H3 HepmaseiD~eH 

CTanH 6~n 3aMeHeH ~HnHHAPOM H3 CTeKnOTeKCTOnHTa. B 3TOM Ba
pHaHTe TennOH30n~~HH renHeBOH BaHH~ H3MepeHH~H npH TpeTbeM 
oxnamAeHHH TennonpHTOK oKaaanc~ paBHbiM 32 BT. 

3AKJ1104EH~E 

~CnOnb30BaHHe CBepxnpOBOAHMOCTH B MarHHTaX OnHCaHHOrO B~We 
THna n03BOn~eT A06HTbC~ 3Ha4HTenbHOH MHHHaTIDpH3a~HH MarHHTHOH 
CHCTeM~ CHHXPOTpOHa npH COXpaHeHHH AOCTaT04HO 6onbWOH anepTy
p~ saKyyMHOH KaMep~. Mana~ MaTepHanoeMKOCTb MarHHTOB /sec 
CBepxnpOBOAHHKa B HHX paBeH 2,5 Kr/M/ nOMW~O CHH>KeHH~ HX CTQH
MOCTH Cy~eCTBeHHO yMeHbWaeT TaKme npo~sneHHe B Cn MarHHTaX 
TaKHX OTPH~aTenbHbiX 3$$eKTOB, KaK nOTepH 3HeprHH npH HMnynbc
HOM pemHMe pa60Tbl, Ha4anbHOe HCKameHHe $OpM~ MarHHTHOrO non~ 
3a C4eT BHXpeB~X TOKOB B CBepxnpOBOAHHKe H np. nony4eHH~e B 
XOAe onHcaHH~x 3KcnepHMeHTOB AaHHble noason~IDT npoeKTHposaTb 
CHHXpOTpOH C AOCTaT04HO 6onbWHM OTHOWeHHeM MaKCHManbHOrO non~ 
K MHHHManbHOMy H C AnHTenbHOCTbiD ~HKna yCKOpeHH~ snnOTb AO 
2-4 c. 

~CKniD4eHHe H3 KOHCTpyK~HH MarHHTa CHnOBOrO 6aHAama, ponb 
KOTOpOrO BblnOnH~eT mene3HbiH cepAe4HHK, cy~eCTBeHHO ynpo~aeT 
TexHonorHID H3roTosneHH~ MarHHTa. BoaMomHOCTb c BbiCOKOH T04-
HOCTbiD H3rOTOBHTb cepAe4HHK npOCTOH <!>OPM~ H nocneAy~a~ Ha-
MU I Kd Hd H~M Cii UUMU I Ki'l UU~I..IIt::"1i'll>diU I t>bii..UKYIU I U"1MU'- I D ... .:.1 0 I VC> 

neHH~ MarHHTa H nOBTOp~eMOCTb napaMeTpOB MarHHTHOrO non~ B ce
PHH MarHHTOB. Bee 3TO nOATBepmAaeT nepcneKTHBHOCTb Hcnonbao
saHH~ MarHHTOB TaKara THna B CHHXpOTpOHaX, no KpaHHeH Mepe, 
OTHOCHTenbHo He6onbworo nepHMeTpa. 

nony4eHHe B xonOAHOH BaKyyMHOH KaMepe CBepXHH3KOrO AaBne
HH~ n03BOnHT yCKOpHTb He TOnbKO npOTOH~ HnH ~Apa T~menbiX 3ne
MeHTOB, HO H Manoaap~AH~e T~men~e HOH~ npaKTH4eCKH 6e3 noTepb 
aa c4eT nepeaap~AKH Ha ocTaT04HOM raae. 

AsTop~ s~pamaiDT rny6oKyiD 6naroAaPHOCTb npo<t>. A.r.3enbAOBH-
4Y H COTPYAHHKaM era OTAena aa nOMO~b npH npoBeAeHHH KpHOreH
H~X HCn~TaHHH KaK OTAenbH~X MarHHTOB, TaK H Tpex npOTOTHnH~X 
nepHOAOB. 
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H3AaTeRhCKHH OTAen 06beAHHeHHOrO HHCTHTYTa HAePH~X HCCReAOBaHHM 

1 

~· 

,_ 

511 

WenaeB H.A. H AP· P9-82-383 
TpH npOTOTHllHhiX nepHOAa err MarHHTHOH CHCTeMbJ 

e ~enbw 3KCnepHMeHTanbHOro HccneAoBaHHH xapaKTepHCTHK I 

err MarHHTOB H OCBOeHHH TeXHOnOrHH HX H3rOTOBneHHH 6biDH cnpoeK
THPOBaHbi, H3rOTOBneHbJ H HCllbJTaHbJ TpH npOTOTHllHbJX Crr MarHHTHbiX 
nepHOAa. KaJK,II;biH nei;HOA COAeplKHT ABa AHDOnbHbiX MarHHTa THna 
OKOHHOH paMbl H ABe KBaApynOnbHbJe nHH3bl rraHOBCKOrO. 

Pa6oTa BblnonHeHa B Jia6opaTopHH BbJCOKHX 3HeprHH: OIDIH • 

npenpHHT 06beAHHeHHOro HHCTHTyTa AAePHWX HCC~eAOBaHHH, ~y6Ha 1982 

Shelaev I.A. et al. P9-82-383 
Three Prototype Cells of a se Magnet System 

To study experimentally the properties of SC magnets and 
to master the technology of their fabrication, three proto
type cells were designed, constructed and tested. Each cell 
comprises two dipole magnets of the window-frame type and 
two quadrupole lenses of the Panofsky type. 

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