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~opMaposaaae MaraaTaoro nonB anexTpoaHoi MOAena 
Kon&UeBOrO UHK40TpOH8 A4B_BhlBOA8 ~8CTHU MeTOAOM 
pacwapeRIIB 38MKHYThlX op611T 
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B pa6oTe npHBOABTCB axcnepaMeaTaJlbRbie pe3ym.TaTbi no cj>opMapoaaHHIO 
MarHHTHoro nonB MOAena, AaeTCB cpaaaeaae pac~eTa a axcnepaMeHTa, aaa-
4H3HpyiOTCB DpH~HHbl _B03HHKHOBeliHB B03MyWeHHi B KOHcj>arypaUHH nonB. 
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Forming of a Magnetic Field of an Electron 
Model of a Ring Cyclotron for Particle Extrac
tion by the Method of Closed Orbit Expansion 

The results of experoments on forming of a magnetic 
fiel~ __ of an electron model are presented. "The experimental 
data are compared with the calculated ones. The reasons 
of the appearance of the perturbations in the field confi
guration are analysed. 

Coaua-ieat•oa• of the Joint Institute for Nuelear Researeh. 
Duhna, 1974 

B pa6oTe 
111 

nposeJJ;eao pac'leTaoe cllopMaposaaae 

OCHOBHWX xapaiCTepBCTBIC MarHBTHOrO nOJIJI 3JieiCTpOHBOB MO

JJ;eJIB xom.neaoro nBICJIOTpoaa /3MKU/ / 2
/. 1Ioxa3aao, 'ITO 

JJ;JIJI nony'leHBJI aeo6xo}J;BMoro cnaJJ;a sapaanaa noJIJI B 30He 

BWBO]J;a MO>KeT 6WTL BCnOJIL30BaHa JJ;OnOJIBBTeJILHaJI Bapaa

nBOHBaJI o6MoTxa, pa.cnonaraeMaJI ua xouequwx paJJ;aycax 

MOJJ;eJIB. 

B pa6oTe OTMe'leHo, 'ITO aHaJIB3 B03MO>KBWX B03Myme

uaii OT pa3JIB'IHWX 3JieMeBTOB TOKOBOB CBCTeMW n03BOJIBJI 

CJJ;eJiaTL BWBO,IJ; 0 Be06XO,IJ;BMOCTB BCICJIIO'IeBBJI Tpex ICOH

neBTpB'IeCICBX 06MOTOIC B 3aMeHW BX O,IJ;HOB 06MOTICOB, 

pacnOJIO>KeHHOB Ba 60JILWOM paCCTOJIBBB OT Me}J;BaHBOB 

nJIOCICOCTB. IlpeJJ;JIO>KeBHaJI CBCTeMa ICOBneBTpB'IeCICBX o6-

MOTOIC n03BOJIBT C 60JILWeii TO'IHOCTLIO ccllopMBpOBaTL cpeJJ;

Bee uarBBTHoe none MOJJ;eJIB. 

B uacTOJIIneM coo6IneHBB npaseJJ;euw pe3yJILTaTw accne

JJ;OBaBBJI 3ICCnepBMeHTaJILBOrO pacnpeJJ;eJieBBJI MarHBTBOrO 

nonJI, nonyqeuuoro ua 3MKU JJ;JIJI uaiiJJ;euuwx B pa6oTe 111 
napaMeTpOB o6MOTOIC B TOICOB B BBX. Heo6XO,IJ;BMOCTL npo

BeJJ;eBBJI noJJ;o6uoro accneJJ;oBaHBJI CBJI3aua npe~e~cero 

C B03MO>KBOCTLIO nOJIBJieBBJI B03MymeBBB MarBBTHOrO nOJIJI 

OT TOICOnOJJ;BO,IJ;OB B3- 3a HeTO'IBOCTB B3rOTOBJieBBJI 3JieMeHTOB 

CBCTeMW, a Tal()l(e B3- 3a HeB03MO>KBOCTB BWnOJIBeHBJI 3a

JJ;aHBOH ICOHciiBrypanaa no ICOHCTpyiCTBBBWM C006pa>KeBBJIM. 

Taxae B03My~eHBJI BBOCJIT cymeCTBeBBWH BICJia,IJ; B HB3WBe 

rapMOBBICB, 'ITO Ba>KBO npB aHaJIB3e 3cllcilexTa pacwapeHBJI 

3aMICBYTWX op6BT. 

Tpe6oBaBBJI IC MarBBTBOMY llOJIIO CBO,IJ;JITCJI IC CJie-

JJ;yro~euy: 

1. lboxpouuoe cpeJJ;uee uarBBTBoe none JJ;OJI>KBO 6wTL 

~H ± 2,5.10-3
. BLinOJIBeHO C TO'IBOCTLIO --= H 
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Puc. 1. 06UIUU euo 30/10 3AeK111POHHOU MOOeAU. 

2. rpa)I.HeHT OeHOBHOi rapMOHHICH MarHBTHOrO DOJIJI Ha 

dH8 pa)I.Hyee r = 97,5 CM )I.OJDKeH eoeTaBJIJIT.L -- = -2,8 3/CM, 

d¢ dr 
a rpa)I.HeHT ~3hl MaJCeBMyMa-~ =0. 

dr 

3. HB3111Be rapMOHBKB uarHBTHoro DOJIJI He )I.OJDKHW 

npeswmaT.L 

H lz = 0,015 3, H2z = 0,15 3, 
H lr = 0,015 3 )I.JIJI ICOHeqHWX pa)I.ByeOB r::;: 100 CM. 

B nponeeee pa6oTw 6wno yeTaHOBJieHo: 

1. rp&)l.yBpOBICa B3MepBTeJI.LHWX WYHTOB BeToqHBICOB 

DHTaHHJI TOICOBWX 06MOTOIC D03BOJIJieT yeTaHOBBT.L 3HaqeHBJI 

TOICOB e OTHOeBTeJI.LHOi TOqHoeT.LIO He Xy)Ke 10-4. 
2. rpa)l.yBpOBICa DpB6opa )I.JIJI B3MepeHBJI MarHBTHOrO 

DOJIJI, BWDOJIHeHHOrO Ha OeHOBe nepM&JIJIOeBOrO )l.aTqBJCa /
3

/ , 

o6eeneqxsaeT ToqHoeT.L B3MepeHBJI 2.10-3 • 

4 

3. MarmiTHoe none 3euJIR B epe,IUiei nnoeJCoeTB uo)l.eJIR 

He BUeeT BeK8JICeHBi OT ICOHeTpyiCTBBHWX 3JieMeHTOB IC&Uepw 

B 3)1.&HBJI B eoeT&BJIJieT BeJIRqHBW 0,43 B 0,132 3 )I.JIJI 

BepTBIC8Jii.HOi B ropB30HTaJI.LHOi eoeT&BJIJIIOIQIIX DOJIJI eOOT

BeTeTBeHHO BO seeM ,IUI&D&30He p&)I.ByeoB MO)I.eJIR. 

4. ToqaoeT.L np~BJIJI OeHOBHOi B&pB&nBOHHOi 06UOTICB 

eoeTaBJIJleT ± 0,3 MM, a OTICJIOHeHBe OT 3a)l.aHHOi eDBpaJI.L

HOeTB r = 64 • ¢ CM Be npeswmaeT A r = ± 0,2 MM. 

5. ToqHoeT.L reoueTpxqeeJCBX pa3Mepos )I.ODOJIHBTeJI.LHoi 

BapBaJJ;BOHHOi 06MOTICB He X}')Ke ± 0,2 MM. 

Ha pxe. 1 noKa3aH o61Q11i BB)I. 3ana e 3JieKTpoHBoi uo

)l.eJI.LIO B De pRO )I. peBB3BB B MOHT8JICa )I.ODOJIHBTeJI.LHWX 06MO

TOIC. Ha eHJITWX ICpWIIIICaX JCaMepw BB)I.Hhl BapBanBOHHWe 

o6uoTJCB B npxenoeo6JieHBe )I.JIJI nepeueiQeHBJI nepu&JIJioeso

ro )l.aTqaJCa B3MepxTeJI.LHoro npx6opa B pa,IUiaJI.LHOM B a3B

MYTaJI.LHOM HanpaBJieHBJIX. KoH~BrypanxJI )I.ODOJIHBTeJI.LHoi 

BapxanBOHHOi 06MOTICB DOICa3aHa H& pRe. 2 B 4. 

Puc. 2. llOAIOC MOZHUliiHOU CUC1tleMW. 
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Puc. 3. 0cH06Hble xapaKTitepucmuKu MazHumHozo no11.11 e pe
xuMe 6e3 pacwupeHUJI op6um. 

H3Mepeaue pacnpe.IJ;eneHUR MaruuTHoro nonR .IJ;nR 3a· 

,IJ;aHHOrO pa.IJ;uyca npOBO.IJ;HllUCL no 144 paBUOOTCTORUUIM Toq

KaM no a3UMYTY C marOM no pa.IJ;uycy /0,5 71/ CM. )l;aHHLIC 

MarHUTHLIX U3MepeHU8 3anUCLIBallUCL Ha ne~OllCHTy, KO· 

TopaR 3aTeM o6pa6aTLIBanacL aa 3BM. PelynLTaTLI Mar

HUTHLIX U3MepeHU8 npUBC.IJ;CHLI Ha puc. 3-7. 

Ha pUC. 3 ,IJ;aHLI OCHOBHLIC xapaKTCpUCTUKU MarHUTHOrO 

nonR 3MKIJ. BO BCCM .IJ;Uana30HC pa.IJ;UyCOB .IJ;llR pe>K.HMa pa-

60TLI 6e 3 pacmupeHUR 3aMKHYTLIX op6uT. Ha TOM :>Ke pucyaxe 

npUBC.IJ;CHa CXCMa pa3MC~CHUR TOKOBLIX 06MOTOK, ucnonL· 

3YCMLIX npu ~OpMUpOBaHUU 3TOrO nonR,U 3HaqeHUR TOKOB 

B HUX. 0TKllOHCHHC C~OpMUpOBaHHOrO nonR OT U30XpOHHOrO 

B6nH3U pa.IJ;Uyca UH:>KCKIJ;UU r = 18 CM o6ycnOBllCHO Tpe6oBa· 

HUeM o6xo.IJ;a UH:>KCKTopa Ha nepBLIX o6opoTax. 

CpaBHeHue pacqeTHoro u 3KcnepuMeHTanLHoro pacnpe

.IJ;CllCHHR 8·8 U 24-8 rapMOHUK nonR .IJ;llR .IJ;OnOllHUTCllLH08 

BapHaiJ;UOHH08 o6MOTKU npUBC.IJ;CHO Ha puc. 4. 0Tnuque 
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Puc. 4. PacnpeoeAeHue aMnAUIIyo u (Ja3 8- u u 24- u zapMo
HUK MQZHUiiiHOZO nOAJI OOnOAHUJiellbHOU eapUQijUOHHOU 06Mom
KU~l ,uorr= 500 A. 

COOTBCTCTByiOIIJ;IIX 3HaqeHU8 HC npeBLimaeT 0,2 3, qTo Haxo· 

.IJ;UTCR B npe.IJ;enax TOqHOCTU 3KCnepUMCHTa. 0TMCTUM TaK· 

:>KC, qTO BenuquHa BHOCUMOrO CpC.IJ;Hero nonR OT 06MOTKU 

COCTaBllRCT 0,05 3. 
Hl npuBe.IJ;eHHLIX rpa~uKOB 3aBUCUMOCTe8 rapMOHUK 

U UX ~a3 Ha pUC. 5 BH.IJ;HO, qTo rpa.IJ;UCHT 8-8 rapMOHUKU 

nonR Ha pa,IJ;uyce r = 97,5 CM cocTaBnReT Tpe6yeMyiO Benu

quay, a ~ala ¢ 8 6nU3Ka K nocToRHHoii Benuquae B ,IJ;uana-

30He pa.IJ;UyCOB /94-99/ CM. 

Pacnpe,IJ;eneHUR HU3WHX rapMOHUK Hz - cocTaBnRIO~eii 
MarHUTHoro nonR, c~opMupoBaHaoro /puc. 5 u puc. 3, 

xpuBaR H I MR aHanu3a pacmHpeHUR 3aMKHYTLIX op6uT, 

npe.IJ;cTaBneHLI rpa<lluxaMu aa puc. 6. HMeiOTCR Tpu npuqUHLI 

B03HUKHOBCHUR rapMOHUK. 

1/ rapMOHUKU C03.IJ;aiOTCR BO BCCM UHTCpBane pa.IJ;UYCOB 

06MOTKaMU KOMnCHCaiJ;UU ropU30HTallLH08 COCTaBnRIO~e8 
nonR 3eMnu. Kax noKa3LIBaiOT pacqeTLI, aMnnHTYALI 1-8 
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Puc. 5. 0cH06Hble xapaKaepucauKu MaZHUaHozo noAJI 
e pexuMe c pacruupeHueM op6u• /ruapuxoer,ae AUHuu - 6ea 
pacruupeHUJI op6ua/. 

rapMOHHKH B03paCTWOT npHMepHO nBHeHHO C paAHYCOM OT 

0,02 3 Ha r = 18 CM ,D;O 0,1 3 Ha r = 100 CM. 

2/ B ~eHTpanLHOi qacTH scnnecx aMnnBTY,D; rapMOHHK 

o6ycnosneH B03M~eHHeM nonJI, BW3BaHHWM nepMannoeswM 

3KpaHOM, pacnonolKeHHWM B TpaxTe HHlKeK~H. XapaxTep 

3TOrO B03M~eHHJI UOKa3aH Ha TOM lKe pHCYHKe /A/, r,D;e 

npHBe,D;eHo a3HMyTanLHoe pacnpe,D;eneHHe MarHHTHoro nonJI 

Ha r = 18 CM npH BKmoqeHHHKOH~eHTpHqecKOH06MOTKH )@14 

a cnyqae I W = 1020 A. BH,D;HO, qTo aenuqHHa B03M~eHHJI 
COCTaBnJieT -1,0 3, a3HMyTanLHaJI npOTJilKeHHOCTL '"'100° 

C MaKCHMYMOM B03M~eHHJI npH a =180°, qTO COOTBeT

CTByeT a3HMYTY pacnonolKeHHJI ~eHTpa TpaKTa HHlKeK~HH. 

3/ Bo3pacTaHHe aMnnBTY,D; rapMOHHK B 30He paAHYCOB 

/60-100/ CM 3aBHCHT OT TOKOUO,D;BO,D;OB H TOKOBBO,D;OB. 
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B xaqecTae npHMepa Ha 3TOM lKe pHCYHKe /B/ npHBe,D;eHo 

a3HMYTanLHoe pacnpe,D;eneHHe MarHHTHoro nonJI ,D;ononuH

TenLHoii sapH~HOHHoii o6MOTKH Ha r = 83 CM. BenHqHHa 

B03Myi.QeHHJI COCTaBn.lleT 0,5 3, H 30Ha ero ,D;eHCTBHJI COOT

BeTCTByeT a3HMYTY pacnonolKeHHJI BBO,D;a H ero paCCTOJIHHJI 

OT cpe,D;Heii nnocxocTH. T .K. 4la3a 1-i rapMOHHKH Hz -
COCTaBn.IIIOI.Qei B 30He KOHeqHWX pa,D;HYCOB MO,D;enB f =100 CM 

OCTaeTCJI UOCTOJIHHOH, aMUnHTy,D;a MOlKeT 6WTL yMeHLWeHa 

3a cqeT ,D;BYX nap rapMOHHqecKHX 06MOTOK /l/ . 
Ha pHc. 6 mTpHxoaoii KPHBoi noKa3aHa 3aBHCHMOCTL 

H 1 z nocne xoMneHca~H pacqeTHWM nyTeM. 

Ha pHc. 7 npHBe,D;eHw rpaiiJHKH 3aBHCHMOCTH 1-i H 2-i 

rapMOHHK ropH30HTanLHoi cocTaBn.llromei non.11. Ha 3TOM lKe 

pHcyHxe noxa3aHo pacnpe,D;eneHHe B03M~eHH11. Hr -
COCTaBn.IIIOI.Qei, BW3BaHHOrO nepMannoeBWM 3KpaHOM TpaKTa 
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Puc. 6. PacnpeoeAeHue Huaruux zapMoHUK 
111ei1 e pexuMe pacruupeHuJI op6ua. 

\ I \ .,. 

H, 

Hz 

.,>. __ ..... ------

100 R[cM] 

Hz - cocaaeAJIKJ-

9 



H .. ,Ha-l»f .,_., .,_.(piiCI 

Q3~2D 

122~QO 

0.1 ~-20 

Hplal 
05 

OJ 
D.3 

"·-

.,,._ 

:;~ '--- .. . . m 
o.o~ ~eo Hr 

H,. 

20 '0 60 80 tOO RCcHJ 

Puc. 7. PacnpeoeAeHue HU3UIUX zapMOHUK H r- COCJia6AJIIO• 
rqux. 

HH~eKUHH ~n· f=24 CM, MaKCHMYM KOTOporo COCTasn•eT 
0,5 3 npu senH'IHHe uaMaruuqusaroiQero non• 10 3, co3~a
saeMoro KOHD;eHTpH'IeCKOH 06MOTKOH N\ 14. 

3AKJIIOlJEHHE 

B pa6oTe u3no~eu cllaKTH'IecKuii MaTepuan, nonyqeuuwii 
H3 aHanH3a ccllopMHpOBaHHOro MarHHTHOrO non• 3MKQ ~n• 
3KcnepuMeHTam.uoro uccne~osaHK 1 34lclleKTa pacWHpeuu• 
3aMKHYThiX op6HT B D;HKnOTpOHe C ~eCTKoiiclloKyCHpOBKOH. 
B pe3ym.TaTe npose~euuwx uccne~osauuii noKa3auo: 

1. BLI6op reoMeTpH'IeCKHX pa3MepOB H TOKOB Bapuan;HOH
HLIX K aKCHanLHO· CHMMeTpH'IHhiX 06MOTOK 3MKIJ.ua OCHOBa
HKK pacqeToB, BLinonHeuuwx a pa6oTe /I I, o6ecnequsaeT 
nonyqeuue Tpe6yeMLIX 3aBHCHCMOCTeii cpe~ueii cocTasn•ro
meii H OCHOBHOH rapMOHHKH non• B 3a~aHHhiX ~onycKaX. 
3TOT BLIBO~ Ta~e cne~yeT H3 npose~euuwx uccne~osauuii 
xapaKTepHCTHK ycKOpeHHOrO ny'IKa 3neKTpOHOB Ha MO~enH. 

10 

2. Cpe~Hee MarHHTHOe none, BHOCHMOe ~OnOnHHTenLHOH 
sapuan;uouuoii o6MOTKoii, uaxo~Tc• B npe~enax ~onycKa. 
3To o6ecnequsaeT B03MO~OCTL rny6oKoro perynHposauu• 
xapaKTepa 3aBHCHMOCTH OCHOBHOH rapMOHHKH MarHHTHOrO 
non• ua Kouequwx pa~ycax npu uccne~osauuu 34lclleKTa pac
WHpeuu• 3aMKHYThiX op6HT 6e3 BhiiTOnHeHH. Tpy~oeMKHX 
onepan;Hii no no~cTpoi:Ke cpe~ero MaruuTuoro noni. 

3. KoMneucaD;H• HH3WHX rapMOHHIC B CTPYKType MaruuT
uoro non• MO~enH MO~eT 6WTL OCYIQeCTBneua C nOMOIQLIO 
~OnOnHHTeJihHhiX 06MOTOK, pa3MeiQeHHhiX BHe BaKYYMHOH 
ICaMepw. 
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