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3neJ:TpOMar'HHTHaSI CeKUHSI KaHana B CHCTeMe Bh!BOJ:la IIY'!Ka 

H3 H30Xp0HHOI'O UHKnorpoHa 

B CHCTeMe OTKnOHeHHSI IIY'!Ka H3 H30Xp0HHOI'O UHKnOTpOHa Y-12QM 
HCIIOnb3yeTCSI 3neKTpOCTaTH'leCKHIT ae¢neKTOp. B ll8HHOIT pa60Te IIOK838Ha 

B03MO)!{HOCTb 38MeHhl llBYX rrocneaHHX CeKUHIT ae¢neKTOpa 3neKTpOMal'HHTHOIT 

CeKUHefi If ¢eppOM8I'HHTHhiM ¢oKyCHpyiO!UHM ycTpOITCTBOM, npHBelleHbl OCHOB

Hhle pe3ynbT8Thl pac'!eTa H MOaenHpOB8HHSI aneKTpOM8I'HHTHOIT CeKUHH KaHana 

C paaHaUHOHHOCTOITKOIH H30nSIUHefi B BHJ:le rrneHKH H3 OKHCH aniOMHHHSI. 

Pa60'T'!l BhmonHeHa B Jla6oparopHH SlllepHhiX rrpo6neM OHHH. 

Coo6~emte 06be,rutHeHHoro HHCTHTyTa HAepHbiX HCcJieAOBaHH~ 

.l1,y6Ha 1976 

Achmanov V.V., Zaplatin N.L~, 
Chesnov A.F. P9 - 10306 

Electromagnetic Section of the Channel at the 
System of the Beam Extraction from the 
Isochronous Cyclotron 

The electromagnetic deflector is used at the system 
of the beam deflection from the isochronous cyclotron 
Y-120M. The possibility of substitution of the electromag
netic section and ferromagnetic device for the two last 
deflector sections is shown. We present the basic results 
of calculation and modeling of the electromagnetic sec
tion of che channel covered by radiation-resistant layer 
made of alumina. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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<0 1976 06 .. eOUHeHHI>IU UHc•u•y• JIOepHbiX UCC.IIe006QHUil,l{y6HO 

~llH BhlBOAa nyqKa H3 H30XpOHHOrO UHKllOTpOHa 
Y-120M/l/ c 3HeprHeii nporouoa AO 40 M3B HcnonLJyer
cx 3lleKTpOCTaTHqeCKHH AedmeKTOp, COCTOHIUHH H3 Tpex 
CeKUHH 06IUeH a3HMyTallbHOH npOTH)KeHHOCTbiO a= 132°. 
B AaHHOH CHCTeMe OTKllOHeHHH nyqKa ABe llOClleAHHe CeK
UHH AedlneKTOpa MOryT 6hlTb 3aMeHeHhl 3KBHBaneHTHO Aeii
CTBYIOIUHMH 3neKrpoMarHHTHoii ceKuHeii I 21 H dleppoMar
HHTHhlM lPOKYCHPYIOIUHM ycTpOHCTBOM, pacnOllO)KeHHe KO
TOpbiX a KaMepe ycKopHrenx noKaJauo ua puc. 1. B AaHuoii: 
cxeMe nepaouaqanbuoe orKnoueuHe nyqKa ocyiUecranxer
CH 3lleKTpOCTaTHqecKHM AedlneKTOpOM aJHMyTallbHOH npo
TH)KeHHOCTbiO 58°, C HanpH:>KeHHOCTbiO 3lleKTpHqeCKOrO llOllH 
-84 t<B/cM, o6ecneqHaaJOIUero pa3AeneuHe op6HT ua BbiXOAe 
-2 CM. 3neKTpOMarHHTHaH CeKUHH, paCllOllO)KeHHaH B Ja-
30pe Me:>KAY cnHpanLHbiMH WHMMaMH I 8 = 8,8 -:-11,2 cMI, 
rAe ypoBeHb MarHHTHOrO llOllH MeHHeTCH AllH JaAaHHhlX 
pe)KHMOB pa6oTbi B npeAenax 8-:-17 t<Fc, o6ecneqHaaer 
AOllOllHHTellbHOe OTKllOHeHHe nyqKa C lPOKYCHpOBKOH ero 
B paAHallbHOM uanpaaneHHH. <l>OKYCHPYIOI.Uee ycTpOHCTBO, 
ycrauoaneuuoe B Joue, rAe MaruHruoe none ue npeahlwaer 
-10 t<Fc, KOMneHCHpyeT paAHallbHO- AelPOKYCHPYIOIUHH rpa
AHeHT cnaAaiOIUero MarHHTHoro nonx ycKopHrenx. KpoMe 
TOrO, C llOMOIUbiO lPOKYCHPYIOIUero ycTpOHCTBa MO)KHO pe
rynHpOBaTb llOllO:>KeHHe nyqKa Ha BXOAe B CHCTeMy Tpau
CllOpTHpOBKH Ja cqer nepeMeiUeHHH ero B paAHallbHOM ua
npaaneHHH. 

Ha puc. 1 npHBeAeHa rpaeKropHH BhlBeAeuuoro nporou
uoro nyqKa c uaqanbHhlMH ycnoBHHMH r = 51,9 CM, r' = 

1,3 cM/pao u W = 39 M3B AllH Bhl6paHHhlX napaMerpoa 
3neKrpoMarHHTHoii ceKUHH I ~H = 3170 3; d~H/dr 
= 160 3/cMI u dloKyCHPYIOIUero ycrpoii:craa I d~H/dr 
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Puc. 1. PacnOAOJICeHue 3AeMeHmoe KOM6UHUpoeaHH020 oe(J
AeKmopa e KaMepe ycKopumeAJf u xapa~emepucmu~eu ny<~Ka 

eooAb eb!eooHou mpae~emopuu. 
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= 1400 3/cMI. 3,IJ,eCL )l(e IIOKa3aHLI H3MeHeHHJI pa,IJ,HanLHO

ro If r = 8 TTMM Mpaol H aKcHanLHoro If = 7rr MM Mpaol 
3MHTTaHcoB 13/ ,IJ,nB pB,IJ,a xapaKTepHLIX ~3HMYTOB B,IJ,OnL 

BLIBO,IJ,HOH TpaeKTOpHH, a TaK)I(e OrH6aiO~He rryqKa. 

BH,IJ,HO, qTo ,IJ,aHHaB CHCTeMa o6ecrreqHBaeT OTKnOHe

HHe rryqKa B HY)I(HOM HarrpaBneHHH C He3HaqHTenLHLIM 

yBenuqeHHeM ero pa3MepOB H yrnOBOH paCXO,lJ,HMOCTH. 

3neKTpOMarHHTHaJI CeKI.J;HJI COCTOHT H3 ,IJ,BYX !lleppOMar

HHTHLIX rrnaCTHH, O,IJ,Ha H3 KOTOpLIX BBnBeTCJI IIO,IJ,BH)I(HOH 

B pa,IJ,HanLHOM HarrpaBneHHH; TOKOBOrO cerrTyMa H aHTHCerr

TyMa. Ocna6neHHe MarHHTHoro rronB BHYTPH ceKI.J;HH co3na

eTCB C IIOMO~LIO !lleppOMarHHTHLIX rrnaCTHH H TOKOBLIX 

3neMeHTOB, rrpuqeM, MeHBB pacrrono)l(eHue aHTHcerrTyMa, 

MO)I(HO CKOppeKTHpOBa TL rronyqeHHLIH rpa,IJ,HeHT IIOnB. lla

paMeTpLI ceKn;HH I puc. 21 6LinH Ha:H,IJ,eHLI pacqeTHLIM rryTeM 

c rroMO~LIO rrporpaMM, orrucaHHLIX B pa6oTe I 41. H3MeHeHHe 

BenuquHLI ocna6neHHB MarHHTHoro rronB BHYTPH ceKI.J;HH 

KaHana B Tpe6yeMOM ,IJ,Haiia30He L\H = 11400 731701 3 
OCy~eCTBnBeTCJI 3a cqeT rrepeMe~eHHJI IIO,li,BH)I(HOH !lleppo

MarHHTHOH rrnaCTHHLI B pa,IJ,HanLHOM HarrpaBneHHH OT n;eHTpa 

YCKOpHTenB Ha L\r = 5,7 CM C COOTBeTCTBYIO~HM H3MeHe

HHeM "roKa IW = 16400-c-127001 Ae. IIpu noM, KaK BH,IJ,HO 

H3 puc. 2, BenuquHa panuanLHo-!lloKycupyro~ero rpanueHTa 

rronB B KaHane Haxo,IJ,HTCB B rrpenenax - 1160 -c-3001 3/cM, 
a B03My~eHHe MarHHTHoro rronB u ero rpanueHT B o6nacTH 

n;upKynupyro~ero rryqKa I Y = 2,5 cMI He rrpeBLIIIIaroT Be

nuqHHLI L\H = 6 3 H d£\H/dr"' 3 3/CM, COOTBeTCTBeHHO. 

Ha 3TOM )l(e pucyHKe rrpuBe,IJ,eHo pacrrpeneneHHe HarrpB)I(eH

HOCTH MarHHTHOrO IIOnB B,IJ,OnL CeKI.J;HH KaHana IIpH TOKe 

IW = 12700 Ae. 
Ha OCHOBaHHH pacqeTHLIX ,IJ,aHHLIX 6Lina H3rOTOBneHa 

IlpBMOnHHeHHaB MO,IJ,enL 3neKTpOMarHHTHOH CeKI.J;HH B MaCIII

Ta6e 1:1, KOTOpaJI IIOKa3aHa Ha puc. 3. TOKOBLie 3neMeHTLI 

MO,IJ,enH KaHana BLIIIOnHeHLI B BH,IJ,e ,IJ,BYX He3aBHCHMO ox

na)I(,IJ,aeMLIX Ka TyiiieK lrro 4 BHTKa B Ka)I(,!J,OHI, COe,IJ,HHeHHLIX 

IIOCne,IJ,OBaTenLHO 110 TOKY H pacrrono)l(eHHLIX CHMMeTpHqHO 

OTHOCHTenLHO cpe,IJ,HeH rrnOCKOCTH. KaTyiiiKH BLIIIOnHeHLI 

H3 anroMHHHeBo:H IMapKH AMI.Jj Tpy6KH ¢0,6x0,1 cM. 
MexaHHqecKaJI rrpoqHQCTL H 3a,IJ,aHHOe IIOnO)I(eHHe TOKO

BLIX 3neMeHTOB ,IJ,OCTHraeTCJI 3a cqeT pa3Me~eHHJI IIpOBO,IJ,-
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HHKOB KaTyWeK B naJaX OCHOBaHH.H, H3rOTOBJieHHOrO H3 

anroMHHHH. BLI6op aJIIOMHHH.H B Ka'leCTBe MaTepHana .IJ;JI.H 

TOKOBLIX 3JieMeHTOB H COllpHKaCalOII(HXC.H C HHM KOHCTpyK· 

THBHLIX ,IJ;eTaJieii: 06b.HCH.HeTC.H B03MO)I(HOCTLIO llOJiy':leHH.H 

HeopraHH':Iecxoii: pa.IJ;Hal.(HOHHO- cToii:xoii: HJOJI.Hl.(HH B BH.IJ;e 

nneHKH H3 OKHCH aJIIOMHHH.H. KpOMe TOrO, MOII.(HOCTL .IJ;03LI 

raMMa·HJJiyqeHH.H npH pacce.HHHH nyqxa Ha 3Jie-

MaHTax yCKOpHTeJI.H, BLillOJIHeHHLIX H3 aJIIOMHHHJI, 

/5 .10 2 P. 'l-1.cM fMKA-1 Ha paCCTO.HHHH 1 CMllOCJie .IJ;JIHTeJIL· 

Horo o6nyqeHH.H npoToHaMH c \\ = 41 M3B 151; Ha nop.H.IJ;OK 

MeHLwe, 'leM .IJ;JI.H Me.IJ;H. OKCH.IJ;Ha.H nneHKa 6Lina nony'leHa 

MeTO.IJ;OM 3JieKTpOXHMH':IeCI<OrO OKCH.IJ;HpOBaHH.H /aHO.IJ;Hpo

BaHH.H/. AHO.IJ;H,OBaHHe ,IJ;eTaJieH KaHaJia llpOBO.IJ;HJIOCL B 

3JieKTponHTe I 6 , co,IJ;ep)l(all(eM 15o/o cepHoii H 2o/o II(aaene

aoii: KHCJIOTLI/no aecy/, npH TeMnepaType 8° C H nnoTHOCTH 

ToKa 0,03 A/eM 2a Te':leHHe 60 MUH. llepe.IJ; aHo.IJ;HpoaaHHeM 

xa TYWKH 6LIJIH noJIHOCTLIO HaMoTaHLI / OKCH.IJ;Ha.H nneHKa 

HenJiaCTH':IHa/, C llOBepXHOCTH Tpy6oK 6LIJIH y6paHLI Mexa

HH'IeCKHe .IJ;e$eKTLI H 3aMaCKHpOBaHLI llJIOII(a.IJ;H, npe,IJ;Ha3-

Ha'leHHLie .IJ;JI.H 3JieKTpH':IeCKHX KOHTaKTOB. ,l],eTaJIH o6e3)1(H· 

T'HBaJIHCL MOIOII(HM paCTBOpOM, 3aTeM .IJ;JI.H y,IJ;aJieHH.H BKpan

J1eHHH HHOpO.IJ;HLIX MaTepHaJIOB C llOBepXHOCTH CHHMaJIC.H 

CJIOH 50-100 MKM B paCTBOpe II(eJIO':IH. llJieHKa OCa,IJ;Ka, 

ocTaroll.(a.Hc.H Ha MaTepHane nocne TpaaneHH.H, y6HpanacL 

B cepHo-xpOMHCTOM ,IJ;eOKHCJIHTeJILHOM paCTBOpe, a 3aTeM 

llpOBO.IJ;HJIOCL aHO.IJ;HpOBaHHe B BaHHe C paCTBOpOM cepHOH 

H ll.(aaeneaoB: KHCJIOTLI. B npouecce aHO.IJ;HpoaaHHH 3JieKTpo

JIHT HHTeHCHBHO nepeMeWHBaJIC.H .IJ;JI.H npe.IJ;OTBpall(eHH.H JIO· 

KaJILHLIX neperpeBOB llOBepXHOCTH aHO.IJ;HpyeMOH ,IJ;eTaJIH H 

llOJiy'leHH.H O.IJ;HOpO.IJ;HOrO llOKpLITH.H. 

3JieKTpH':IeCKHe HCllLITaHH.H o6pa31.(0B H3 aHO.IJ;HpOBaH· 

HOB aniOMHHHeaoii: Tpy6KH H nHcToaoro anroMHHH.H MapKH 

AMU, noxaJaJIH, 'ITO npo6oB:Hoe Hanp.H)I(eHHe HaXO.IJ;HTC.H B 

npe.IJ;enax 250-500 B. H3 pa6oT/7,S/ cne,IJ;yeT, 'ITO 3TOMY 

Hanp.H)I(eHHIO COOTBeTCTByeT TOJIII(HHa OKCH.IJ;HOH ITJieHKH 

-/30-7-50/ MKM C BeJIH':IHHOH y,IJ;eJILHOrO conpOTHBJieHH.H 

-1· 1015
0M· CM. 3Ta BeJIH':IHHa cpaBHHMa C y,IJ;eJILHLIM COllpo-

THBJieHHeM CTeKJia, 4Jap4Jopa, TBep.IJ;OH pe3HHLI H CJIIO.IJ;LI 

/-1·1013 ; 1·10 14 ; 1·101 5 ; 5·10 16 OM·CM/. 

H3 3JieKTPH':IeCKHX H TellJIOBLIX HCllLITaHHH MO.IJ;eJIH 

3JieKTpOMarHHTHOH ceKI.(HH KaHana 6LIJIO onpe.IJ;eJieHO, 'ITO 
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npu MaKCHManbHOM pa6o"'eM TOKe I = 1590 A I j 
= 100 A/MM 21 noTpe6mieMaJI MOIUHOCTh pasHa -30 KBm; 
neperpea oxna)I(,IJ,aJOmeH: BO,IJ,hl cocTaBnJleT 50 ° C npu axo,IJ,
HOM ,IJ,aBneHHH BO}l,bl 4,5 K2/CM 2. 

H3MepeHHJI HanpJI)I(eHHOCTH MarHHTHoro nonJI Mo,IJ,enu 
ceKUHH npoao,IJ,HnHcb B 3a3ope 3neKrpoMarHHTa I ¢ = 115 cM, 
0 = 11 CMI XOnnOBCKHMH MarHHTOMeTpaMH C TO"'HOCTblO 
~H/H"" lxl0-2 BHYTPH H ~H/H ""lxl0-3 BHe ceKUHH KaHa
na. ;lKcnepHMeHT BblllOnHJlnCJI npH HH,IJ,YKUHH BHeWHero 
nonJI B = 11,6 KTc, "'TO cooTBeTcTayeT aenH"'HHe nonJI Ha 
KOHe"'HOM pa,D,uyce ,IJ,nJI 3HeprHH nporoHOB -17 M:JB. 

Pe3ynhTaThl 3KcnepuMeHTanbHoro MO,IJ,enHpoaaHHJI Mo
,IJ,enu KaHana npu TOKe IW = 8000 Aa npuae,IJ,eHhi Ha puc. 4. 
BH,IJ,HO, "'TO aenH"'HHhl HeorwHMMHpoaaHHoro nonJI H ero 
rpa,D,HeHra ,IJ,nJI cpe,D,Hero nonepe"'Horo ce"'eHHJI MO,IJ,enH 
B o6naCTH UHpKynupyromero ny"'Ka COOTBeTCTBeHHO paBHbl 

d~H 
---"" 5 3/cM I y= 2,5 cM/ H xopowo corna-

dy 
~H""7 3 H 

cyroTCJI c pac"'eToM. H3MepeHHJI nonJI B o6nacTH WHMMHpo
BaHHJI B,IJ,Onb ,IJ,nHHbl MO,IJ,enH llOKa3anH, "'TO Ha BXO}l,e HMeJOT
CJI B03MYIUeHHJI nonJI o6w;eH: npOTJI)I(eHHOCThlO - 9 CM C 
MaKCHManhHOH aMnnHTY,IJ,OH - 130 3 Ha paCCTOJIHHH y= 

= 1,2 CM OT cenTyMa, Bbi3BaHHhle HeCOOTBeTCTBHeM KpHBhiX 
cna,IJ,a noneH: clJeppoMarHHTHhlx nnacTHH H TOKOBhlX 3neMeH
TOB. C y,IJ,aneHHeM OT cenTyMa BenH"'HHa H npOTJI)I(eHHOCTh 
3TOrO B03MyiiJ;eHHJI yMeHhWaiOTCJI H Ha paCCTOJIHHH y = 

= 2,2 CM lo6naCTh UHpKynHpyJOIUero ny"'Ka y = 2,5 CMI 
paBHhl -60 3 H -7 CM, "'TO COOTBeTCTByeT BenH"'HHe nepBOH 
rapMOHHKH MeHee 1 3. 

Ha OCHOBaHHH pacqeTa MarHHTHOrO llOnJI 3neMeHTOB 
OTKnOHJIJOIIJ;eH CHCTeMbl 83 H30XpOHHOrO UHKnOTpOHa 
Y -120M, a TaK)I(e MO,IJ,enHpOBaHHJI 3neKTpOMarHHTHOH CeK
UHH KaHana nony"'eHhi cne,IJ,yJOIUHe pe3ynhTaThi: 

11 onpe,D,eneHhl ace Heo6xo,IJ,HMhie napaMeTphi 3neKTpo
MarHHTHOH CeKUHH KaHana H cPOKYCHpyrow;ero yCTpOHCTBa, 
npH KOTOphlX o6ecne"'HBaeTCJI OTKnOHeHHe YCKOpJleMhlX "'aC
THU B HY)I(HOM HanpaaneHHH ,IJ,nJI 3a,IJ,aHHOrO ,IJ,Hana30Ha H3Me
HeHHJI 3HeprHH; 

10 

21 noKa3aHo xopowee coana,IJ,eHHe pac"'eTHhlX H 3Kcne
PHMeHTanhHhlX pacnpe,D,eneHHH MarHHTHhlX noneH: MO,IJ,enH 
3neKTpOMarHHTHOH CeKUHH KaHana; 

31 onpe,IJ,eneHhl TeXHH"'eCKHe H 3KCnnyaTaUHOHHhle xa
paKTepHCTHKH CeKUHH. 
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