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1. O.nuoii.IaCTuquau TeopuH 

I. I. BBei>enue 
1 2 

HcxonHhte naHHhJe .u;rur pac'IeroB 6biJUI TIOJIY'IeHbi Ha ocHoBamrn pa6or ' . B 

Ta6miUe 1 OHli CBe.QeHbi B KatfeCTBe OCHOBHblX TipOeKTHbiX napaMeTpOB UHKJIOTpOHa. 

Ta6;mua l. OpoeiM'HLie nanaMeThbl U,HKJJOTDoua Illl-10 

Tvm U\IIKnOTDOHa CeKTOOHbiL;; 

YcKoos:~eMa~ 4acr111ua I Lle>ITooH 

3HeoriiiR iiiH:>KeKU\11111 rMoB 0.3 

KoHe'-!HaR 3Hepri11R IM>B 15.0 

~HTeHC\IIBHOCTb (MA 20.0 

MarHHTH3H cutteMa 

4Hcno cetrropos 4 

Yrnoeas:~ nooTs:~:>KeHHOCTb ce~rrooa (') 30 

Me>KnontoCHOH 38300 -I eM)- 3.0 

PaAiilanbHas:~ npoTR>t<eHHOCTb nontoca (eM) 15.0 •165.0 

CceAHee MarHIIITHOe none l<re\ 5.0 
MaKCIIIMailbHbiL;; dmarreo 1.45 

YcKopHIOW:BH cutteMa 

Ll\llcno .t.-aneKTOOAOB 2 

Pe3oHaHcHas:~ '-!aCToTa IMrul 74.25 

Yrnoean ncoTR>t<El:HHOCTb ueHTDBilbHOrD aneKTDo.lla (') 10.0 

Yrnoea• npoT•JKOHHOCTb yeKOP•tou,ero nooMBWTKa (') 7.0 

Yrnoeoe nono>KeHI!Ie ceoeAMH vcKoos=~tew\llx nooMe>KVTKOB [ 0
) 36.5, 53.5, 216.5, 233.5 

AKC\IIBilbHas:~ aneoTVoa reM\ 2.0 
Pa,o,illanbHas:~ nponm::eHHOCTb (CM) 15.0 +160.0 

84 - Hanps:I>KeH\IIe (KB) 100.0,200.0 

~HHRMHKa 'IBCTHQ 

4acrora o6oawe""" IMFU\ 4.125 

i<oaTHocr• vc•oo•""" 18 
Ha5op 3Hepmlil (M>B) 0.4+0.8 
War oornrr: HS MH>Kei«JMK ICMl 12.0 

Ha BblaOlle reM\ 4.0 
4aCTOTbl CB060,AHbiX KOJle6aHIIIL;;: PaAillanbHbiX 1.1+1.2 

·---
SKCMal1bHbiX L0+_12 

1J.lHKJIOTPOH-IDDKEKTOP (IU-1-10), n:Ma 05-2-1023-97/9, TeXI!H'<ec<oe 

npeJlJIO:lKeHHe, JIJIII OHJill, 1997 r. 
2 H.A.Mopo3oB. "Pac'ferbl MarHHTHOro nonH cenopHoro UHKJI01pOHa~HHJKeKTOpa )ll..{-1" 

(seyrpemmii O'NOT), )\y6Ha, 1997 r. 
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1. 2. HJoxponnoe noJie 

)],JUI pac'IeTa moxpouuoro non~ 6biJia ucnonb3oBaHa npoue.eypa MTopnoHa c 

nocne.u.y~ameH nposepKoii H3oxpouuocru noJI}"'aeMoro Tiomr c noMOIUblO nporpaMMbl 

CYCLOPS. BcnellCTBHe 6onbUIOH BapuauuH MarHHTHoro noJUI no'Ipe6osarrocb uecKOJibKO 

pyqHbiX HTepa.I.ll"lif no .KoppeiCI{lUI IIOIDI, M1l roro, lfT06bi ¢33oBbiH .rtpeH<fJ qacntu;, 

paCC'IHTaHHblii ITO 11pH6JIH)I(CHHOii $OPMYJie, HaxO)].l1JlCH B npe,llenax ±10°8q. npu )TOM 

6htJllf HCIIOJlb30BaHhJ 4, 8 If 12-.si. rapMOHHKH MafHHTHOrD IIOJUI. Mx. JHa"'CHWI, BMCCTe C 

no.nyqeunbiM moxpoHHbiM rroneM, noKa3aHhi ua puc. I. 06paw;aer ua ce6.A BHHMauue 
Ha.JIHIIHe Ha 38BHCIIMOCTH JI30XpOHHOf0 ITOJU£ yt~aCTKOB C 60JiblDOit: HCJIUHeiiHOCTbfO 

TionhiTKH crnaJKHBaHIDI 3TRX yqaCTKOB nyreM KoppeKUUH ITOJUI B npeneJiax ±I 0 r c 

npHBO)l,HJlH K cym;eC'iBCHHOM)' yxy.!I;IlleHHIO lfla30BOfO JlBHiKeHlUL 0lfeBH]lH0, 'ITO 3TH 

uemmeiiuocrw moxpouuoro rro.rm BbBbiBa.KYTC.st uenuHeiiHon.s~MH ero sapuaumt, KOTopax 

5bma HCIIOJib30Ba.Ha paClle'rHOii 
2 

, 6e3 KaKHX - JIU60 H3MCHeHHii. <l>aJOBOe ,[{81-f)KeHHe 

ueHTpa.ru.Hoii Y:acnt.ll,bi n)"'Ka., nonyqeHHoe srrocneACTBHH s pe3ynhTaTe TpaeKTopHbiX 

pacqcros, npuse.ueHO Ha puc. 2. Ha :rroM rpaqune tPa3a ~taCTHUbi rroKa3aHa s 3asHCHMOCTu 

oT HOMepa pacqerHoro o6oporn . .Qn.s~ ycKopeHH.SI 'laCTuu,hl .n:o 30Hbt sbiBo.n:a rro1'pe6osanoch 

36 o6opoTos. To"IKH Ha :noM rpa¢JHKe npocrasmrnHch no JaseprneHHH KIDK.Z:{Oro o6opOTa. 

KaK 6y.lleT IIOKa3aHO HI·DKe, BHYJPH Ka:JK.[{OrQ o6opoTa .n;peM:tP tPMbi tfaCTHU, 3Ha'lHTeJibHO 

npesbiiUaer LJ;H8Tia30H ±l0°B'l. 

1.3. <facmombl coofioon•u: KOJiefianuii 
llacTOThl Kone6aHHH Qr "H Qz 6hm"H no.rrytJ:eHbl nyreM Tpae:rcropHbiX paCLJeTOB no 

rrporpaMMe CYCLOPS, HCIIOIIh3Yli HJo6piDKeHHDie Ha pHc. 1 KpHBbie Mannrruoro nonli. 

PeJ)'JlbTaTbJ pacqera -qacror npHse.o;eHbi ua puc. 3. KaK cneeycr H3 rpa¢HKOB, o6e qacroTbi 

HaxO)lSITCX B O,UHOM )lH:ai1330He 1,0- 1,25, npH'iCM B HHTepsane pa.ZUfYCOB 70,0 - 130,0 CM 

p33HOCTb '18CTOT He npeBbllllaeT ±0,2, 'iTO, B03MO)KH0, 6y,n;eT npe,nCTaB.IDITh OIIacHOCTb 113-

38 nepecel.feHH.SI pe30H8HCa CIDL311 Or = Qz . 

1.4. AuMumuqecKoe npeocma6Jienue BbiCOKO'Iacmomnozo noJIJI 

IIocKOJibJ<Y Ha6op 3HeprHH B UHK11o-rpoue Ha nepsbiX o6opoTB.x cpaBHHM c 

3HeprHeil HHJKeKll,HH H COCTaBJUleT HCCKOJihKO COT KHJl03JieKTpOHBOJlhT, )1.JUI KOppeKTHOCTH 

paC'leTOB He06XO,!lHMO o6ecne~£HTh a,lleKB8THOe npCJlCTaBJ1eHHe 8MTIJIH1)'UHOii H epeMeHHOH 

38BHCHMOCTeif YCKOp.RKJill,erO ilOJUI. )l.n.s~ 3TOH U,eJlH 6biJIO lfCOOJJb30B8HO npe)lCTaBJitHHe 
4 

E,= '/--, exp(-O.S'(yls)')*cos(2llilt+yr0 ), E,=yz,E {l+~(.'.)'[<z)'-3]}· 
.. h" s ~ 6s s 

rne £~ .. E:- ropu30HTaJThHaJJ n BepTHKaJibHasi KOMnoHeHTbt B4 - noJUI, y- paccrosrHHe oT 

'-taCn-iUhi JlO cepertHHbl ycKop5£torn:eH IUe.nH, U- aMnmrryna B4-Hanp5DKeHIDI, S----'-0,2a+0,4w, 

3 M_M_Gordon '' Calculation of isochronous fields for sector-focused cyclotrons", Particle 

accelerators, 13(1983), p.67. 
4 

N.Hazewindus et al, "The magnetic analogue method as used in the study of a cydotron 

central region"', NIM, 118(1974). p.l25. 
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a • aneprypa, w • untpHHa ycKop.s~tomeH menu, '1/o - Ha'la.JihHbiH c.n:sur ¢a3hl Kone6aHilli, 

t - 8peMfl, h - KpaTHOCTb ycKopeHH.SI. Bo scex pacqerax aMnmrry.n:a aq - Hanp.tnKeHIDI 

npHHHMaJI8Cb mmeH.Ho ysem-t'ii-1B8JOW:eH.c.s~ OT 100 KB Ha pa.n:uyce HH)I(eKUHH .no 200 KB Ha 

pa)JJ-tyce BhJsona. TaK:w;e nuHeHHo c 2,0 JlO 15,0 eM yse.rnPntsanach wupuHa ycxop.s~10n:urx 

meneH.. 

Ha pHc. 4 cxeManlY.ecKu npenCTa8JieH a3HMj'TaJibHhli1 pa3pe3 UHKJIOlpOHa s 

HHTCpBaJJC )'fJIOB 0 - 90°. 3,n:CCb ITOKa38Hhl )lBe IIOJIOBHHKH CeKTOpHbiX M8fHHTOB H O,[{HH H3 

d·3JieliTpO.UOB LI.JUI H111110crpauuu npuse.n:eHa TaK>Ke ropu30HTaJihHM KOMIIOHeHTa 

3Jietrrpu<tecxoro nom1, KaK ee "sMena" tJ:acruua Ha sropoM o6opoTe s O.UHOM H3 pac'leTOB 

Cne.nye-r OTMeTHTh, 'iTO JlJUl. oTse-ra ua sonpoc o creneHH a.z:IeKsaTHOCTH npHMeueuuoro 

npe.uCTasneHH.SI ueo5xo.uuMo s .llaJlhneHweM nposecrn cpaBHeHWI ero c 

3KCnepHMeHTaJlbHbiMH HJIH pac~eTHblMH )l8HHblMH ,u.JUl )laHHOfi reOMC'Jl'HH il-3JieK'I'pO.llOB. 

no-BM.UHMOM)', M8KCHMaJlbHOC He<:OOTBeTCTBHe 5yJJ.eT Hafimo,llaThC.SI T8M, r,lle WHpUHa 

nOTeHUHaJlbHOfO 3JJCKTpO,lla CT8HOBHTbC.SI Cp8BHHMOi1 C BeJIH'lHHOii aKCHaJlbHOH ~rrepT)'pbl, 

T e. B UCHTpe UHKJIOTJ)OHa. 

1.5. OllmUMWlbllble na'IWlbllbleyCJI08UR i>RR un:HCeKilUU 
Tiepshre paCl.feThi noKa3aJIH, 'iTO ycKopeuHe qaCTHUbl, crapryJO~eH ua 

CT8TH'lCCKOJ1 paBHOBCCHOfi opfiHTC (ClJ=0,0°, r=22,Q CM, Pr=0,0 CM) npH80,llHT K O~eHh 

fiOJlbllUiM 8MOJIHT)',ll8M pa.D,HaJihHhlX KOJie5aHHJ1 H, BOOfilUe, K OTCyrCTBHIO pa3)leJieHHSI 

op6HT nocne 3aseprneuu.s~ nepaoro o5opoTa. npwmua 3Toro 3aKJIJO'iaerc.s~ 8 TOM, LITO 

8blC0Ka5l KpaTHOCTb )'CKOpeHH.SI h::= 18 H C)'lll.eCTBeHHOC OTJJHl.fHC opfiHTbl LJ8CTHQ.hl OT 

paBHOBCCHOH npHBO,ll.SIT K O'leHb 60IIhUJOM)' ApeiftPy ¢a3hi LJ8CTHUhl B Tel.feHHe nepBOfO 

o6opoTa, 8 pe3yJlhTare tJ:ero K qe-rsepTOMY ycKop:gJOrn:eMy npoMe)Kyn<y qacruu.a no,llJieraer 

B 3aMe)lJJfliOLUeif cf>a3e Bq - KOJTe6aHHif. lloHCK OllTHMaJlhHhlX yCII08HH npHBeJI K 

cyll{ecrseHHOMy mMeHeHHlO crapTOBbiX napaMeTpOB tf8CTHUhl: q>=0,0°, r=24,2 CM, Pr=0,3cM. 

3TH napaMeTpbi COOTBeTCT8YIOT Ha'iaJlbHhiM )'CJTOBH.SIM .D,.ll.SI Tal< Ha3biB8CMOif yCKOptHHOii 

pasHo8ecuoH op6HTbl. ,Uanee no Texcry 3Ta op5HTa " l.laCTHUa, Haxomrmcur:cJI ua ueH, 6y.n:yr 

Ha3hl8aTbC.SI OITTHMaJibHbiMH. ):Vui OflTHMaJihHOif. 'l8CTHUbl, Ha'iHHa.SI CO BTOpOrO 050p0T8, 

ycpC,llHeHHbiH 3a 060pOT u,eHTj) op6HT H8XO)lHJ1C.SI Ha paCCTO.SIHHH - 2 MM OT Uttrrpa 

UHKnorpoHa. CpasueuHe rpaeKTOpHH nepsoro o6opOTa ,llJI.sJ 'laCTuu,, CTapl)'fOUlHX na 

pasuosecuoii u oJTTHMaJibHoH. op6HTax, noKa3auo Ha puc. 5. BH.JlHO, 4TO p33.neneuHe op6HT 

nocne nepsoro o6opoT8. ,ll,JUl orrrnManbHoH 'lacrnu.hr :'::: 7 CM. Ha6op 3HeprHH 3a nepBblii 

o6opOT 6b1Jl pa8eH .llJI.SI Hee 0,23 M3B npu aMTIJJHryAe B4 - nanp.s~>KeHH.SI 100 xB. )],n.s~ 

onTHMaJJbHOif 'laCTHU,bl rpaeKTOpWI 8 Te'itHHe nepBblX 5 060p0T08 H306pa)f(eHa Ha 

puc.6. Ha puc. 7, 8 nOK83aHa uanp.s~:w;ennOCTb 84 - nons., KOTOpaJI neiiCTsosana Ha 

pasHosecHyJO » omuMaJJhH}'IO 'lacntiUhl B re'ieHne nepsoro o6opoTa. CpaeHeHne pHcyHKOB 

nOK33bl88eT, 'iTO ,llJijl IIOIIa,llaHHSI 'iaCTHU,bl Ha OJITHMaJJbH)'fO op6my He06XO.IlHMbJM 

)'CJlOBfleM }IBJI.SieTCjl ycKopeHHe 8 nepsoH menu H <flaKTH'iCCKH OTCyrcTBHe ycKopeHH}{ BO 

BTOpoif menH. )ln.s~ paBHOBeCHOif :lKC 'laCTHUbl H85JlfO,[{aeTC.SI 3!J>tPeKTHBHOe )'CKOpeHHe Ha 

nepBbiX 3 IUeJI.SIX H cunbHOe ropMolKeHHe s 4 menu. B pe3ynbTaTe op6HTa pasnoeecHoH 

'-laCTHUbi OKa3biB8eTC.SI CHJlbHO HCKawetiHOii. 

,ll,nA 1.18CTHUhl, ABH)I(}'uteiicJI IIO mo6oii yCKOpeHHOH op6Kre, seJJH'iHHa il\jJ 1=21thft, 

r]le f- pe3oHaHcHcur: qacroTB. o6paJ.lleHWI, npeJJ.CTa.BJIJier co5oii Ha5er tP33hi B'll - KoJJe6annH 

Jl,nA rHTIOTeTH'ieCKoH H3oxpouHoH "faCTHUbl, .llBH)I()'lUeHcH no oKpyJKHOCTH, aHaJIOrH'IHhlH 
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ua6er lfla3bi 6y.lleT paseu Aw2=hQl, rl{e Ql- a3HMyraJibHhlit yron. Be.nwmua 6\j./ 1 - 6\j./2 6yner 

xapaKTepH30saTb npefi¢ ¢133bl ycKopxeMoH 'laCTHUbi BHyrpH Ka)KJJ.Oro o6opoTa. 

Onpe.D.eJieHHbiH. TaKHM o6pa30M .npeH¢ i)a.3bi p3BHOBecuoH H OITTHMaJibHOH '13CTHU B 

Te'leHne nepsoro o6opon noKaJaH ua pHc. 9. BH.llHO, 'ITO JlpeH!p <f:laJbi 'lacruu seyrpu 

o6opOTa AOCTHraeT COTeH rpa,nycOB 81.1 Hero lflopMa 33BHCWf OT aMOnlfi)'Jl BhlHyJK.QeHHbiX 

H CB06oJlHhlX KOne6aHHfi 

I. 6. Ar.:cenmaucw ~eHmpWI&Hoii o6Racmu ycKopumeJIJI 

J{rul pac'f.en aKcerrraucos cna'lana reuepuposanHcb cny'i.aHnbtM o6paJoM na6opbr 

50 lf3CTHU B 5-MepHOM tl>830BOM 06beMe {r, r', Z, z', 1.(1). 3aTeM 3TH na6opbl 'i.3CTHU 

ycKopji]IHCb B reqeuue S o6oporos. B K31fecTBe orpauuqeuuH, onpe)lemnow;ux: JHalfeHnH 

3KCeiiT3HCOB UHKJIOTpOHa, B )l3HROM cnyqae 6biJTH HCITOJib30B3Hbl cneJzyiOIUHe IIOJTO:lKeHIDI: 

• p!l,llHaJibHaJI IIpOTIUKeHHOCTb CB06o)lHOi1: OT 'laCTHU 30Hbl Me)K)l)' 

mnKeKTupyeMbJM 11}'1fKOM H: COBepWHBWHM O,llHH o6opOT ,Zl0JiiKH8 fibiTb He MeHee 5 CM; 

• 3KCHaJlbHblii. pa3Mep II}"iK3 He ,ZlOJI:lKeH npeBblW3Tb OOJTOBHHbl anepTypbl 6-

3JieiiTJ>O.D:a. 

B Pe3YJTbT3Te paclferos 6biJIH nonyqeHI>I cne.tzyiOw;He JHa"tleHHJI aKcemaHcos: 

- P'WiaJibHbiH &,=161t MM·Mpi!J1, (8r9J,5 CM), 

- 3KCH8JlbHblii ez_= 251t MM·Mpa,ll;, (Az---0,5 CM), 

- <!JaJosbrH ev= zoo aq. 

Ha puc. 10 noK833Hbl s TeqeHne 5 o6oporos 1Jl3eKTOpuH 50 '18CTHU, JarronHHBIIIHX 

8KcemaHC UHKJI01p0H8. BHJUiO, "'TT TIOJIHOe pa3,lle.JieHUe Op61IT H36JTJO,Il3eTCH TOJibKO B 

Te"tleHue nepsbrx 3 o6opmos. CHnhHOe pa.n;Ha.TfbHOe yumpeHue rryq:Ka, KOTOpoe H31fHHa.eT 

npoucxo.rurrb yiKe c nepBoro o6opora, eCTb cne,llCTBHe 6oJibiiioro <!JaJosoro .npeii<!Ja 1f8CTIIU 

BHyrpH o6opoTa u cBDaHHoro c HHM ysenu'leHHJI :mepremlfecKoro pa36poca B II)'lfKe. 

Ha puc. 11 npHBe)leHbr axCH8JlhHbie rpaeKTOpnn JTHX }l(e 'laCTHU;. 3aMeTHO 

YABOenHe 3KCH8JihHOro pa3Mepa rryqKa rrocne rrporreTa nepsoro 6-::meicrpo,ll;a, 'ITO rosopJIT o 

nepetl>oKycHpOBKe nyqKa 3JieKT]JHlfeCKHM noneM nepsoii ycKopRIOIUeH menu. 

I. 7. YcKopenue nyqKa oo JOH., 6•16ooa 

Ha pHc. 12 noK83aHa rpaeKToprur u;eHTpa:.m.HoH lf8CTHU,bi <IJa:3osoro o6'beMa II)'lfK8 s 

TelleHlfe 36 o6opOTOB, KOTOpbie n<rrpe6os8JIHCb, ,lVUI TOro 'IT06bJ yCKOpliTb ee ,ll;O 

M3KCHM8JibHO B03MQ:)KHOrO pa,nnyca, KOTOpblil B )la.HHOM CJiy9:8e Onpe,lleJIHJTCJI H31:f8JIOM 

C08Jl8 BapHal(HH M8rHHTHOrO OOJIH H3 pa;:myce }50 CM, "'TT npliBO)lUJIO K pe3KOMY 

U3MeHeHHIO B4 - $aJhl 'i.8cntUbl. 

Ha puc. 13 npKBeJleHbi rno6anbHbie xapaKTepHCTHKH npouecca ycKopeH.IDI noH 

'13CTUUbl: 3Heprmt, Ha6op 3tlepnm 3a o6opOT u IIIar op6JIT B 3a.BHCHMOCTH OT cpe.zutero Ja 

o6opoT pa.zmyca op61ITI.l. Kax cne.zzyer U3 pHcymrn., Ma.KCHMaJibHO .n;oCIIDKHMaH 3Heprm: 

.n;eih'poHos s paccMcrrpeHHOM MarHnTHOM none pasHa 14,2 MJB, Ha6op 3Hepnm 3a o6opor 

He npeBhiWaeT 0,475 M3B, a war op61IT K KOHuy ycKopeHHH yMeHbWaeTCJI JlO 2,4 CM. 
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Ha pH:c. 14 noKa.Jaua rpauc<f:lopMaUIDI B reqenHe 36 o6oporos pa,nuam.uoro 

¢a3oBoro nopTJ)era ~Ka c H)'nesoH cratyrosoH np<rnnKeHHOCfbiO cryCTKa. 3MH'ITB.Hc 

ny'IKa yseJTH'-IHJICR" rrpHMepHO B 20 pa3, BCJTe,llCTBHe yseJIH"'eHH~ <f:la30BOif npOTIDKeHHOCTH 

crycn:a ;:J;O 25° sq H 3Heprer}{qecKoro pa.36poca JlO ±0,25 M3B. ECTeCTBeHHO, npu 

HeHyJieBOfi CT3pTOBOH npOT~)I(eHHOCTH CryCTKa, napaMeTJ)bl nyqKa B 30He BbiBO)la. 6yJlYf 

ewe Xy)f(e H e,llHHCTBeHHbiM BblXO.IlOM 113 OOJIO)KeHHJl HBmieTCR HCilOJTh3083HHe flattop -

pe30H3TOpa. 

1.8. )1onycK na mo•mocm& ljJopMupo6aHUJI cpeouezo no!IJI 

Ha pHc. 15 nOKa38HO, KaK 113MeH:Rercx !}laJosoe ,ll,BH)KeHHe qa.cTRU:bl B cnyqae 
CMemeHJUI ypOBIDI. cpe.n;Hero TIOJIH H3 + 1 H.JIH -1 f C BO see H. o6nacTH yCKOpeHIDI. lftrrerpan 

J6B·dr 3Toro B03Myi.IleHWI nonH 6brn paseH ±130 rc·CM. fu pucymca BH.WW, "'ITO no.n;o6Hble 

H3MeHeHH.R cpe.!lHerO OOJTH npHBO,!l)IT K <f:l830BOM}' CMeiUeHHIO K KOHizy I.\HIUI3 YCKOpeHIDI 

Ha -35° HJTH +35°8q COOTBeTCTBeHHO. 

Ha p»c. 16 rrpHBeJleHbl pe3ym.TaTbl auanorH'llibiX paclferos .IliDI B03M)'lll.eHHJt +5 fc 

8 UHTeps8Jle PMHYCOB 60 - 70 CM (HHTerpan 50 rc·CM). B 3TOM cny"l8e H3MeHeHHe <IJ83bl 

npoH30lllJTO Ha -15°. CpasHeHHe rrpHBe.lleH.HbiX PeJYJibTaTOB OOKaJbiBaer, tiTO cyrueCTByer 

npaKTwteCKH JIHHeiiHall CBJI3b Me)K)l)' HHTerpanOM BOOM}'IUeHWI. H C,IJ;BHI'OM !}l!l3bl "ti8CTIW,bl. 

EcnH y'iHTDIB3Tb Heo6xo)lHMOCTb BKJIJO'i.eHWI B YCTaHOBKY IJ;ll-1 0 flattop - peJoHaropa, 

CKOpee scero, He06XO,!llfMO orpaHH'iHTb BeJIJitiHHY <f:laJOBOrO ,Zlpeil<f:la DO 18 rapMOHHK.e 

se.nHlfHHoH ±5°. Tor)la paccMOTpeHHbie pe3ynbTaTbl pacqeros IIOK83hlB810T, q-ro mrrerpan 

.!lOnyCTHMbiX B03MyW.eHH.it cpe.n;Hero IIOJIH ,llOJT:IKeH H8XO)l1ITCJI B npe.n;enax ±15 rc·CM. 

1. 9. 3aKmoqeuue 
TiylfOK B I..J;ll-1 0 ,ll;OJDKeH HH:lKeKTH.pOB8TbCR Ha ycKopeHHYJO pa.BHOBeCH)'IO op6my, 

TIOllO)I(eHJie KOTOpOif cyw:eCTBeHHO OTJIHIJ.8eTCJI OT pa.BHOBeCHOif. 

PMHaJibHhlii paJMep cso6o)lHoit or '18CTHIJ; JOHbi rrocne nepeoro o6opOTa coCTaBJIHeT 

-5 CM .lliDI nylfKa C <f:la30BhiM 06'beMOM S.1 . Bz. S.w = 16 • 25 • 20 rt
2 

MM
2
·Mpa,n;

2-rpRJl Bq, Hafiop 

)HeprHH 38 nepBbJi.i 060p0T )lOIDKeH 6b1Tb npR 3TOM He MeHee 230 JOB. 

BbiCOKall KpaTHOCTb ycKopeHIDI yx<.e Ha nepsoM o6opore npHBO.llHT K pocry 

pa.nHaJibHOro pa3Mepa nyq:Ka s HecKOJibKO pa3. Cne)losaTeJihHO, flattop - pe3oHarop AOIDKeH 

yqacrsosaTb B pa6o-re or caMoro nepsoro o6opOTa. Heo6xo;r:u~Mo onpe.nemrrb napaM.erpbl 

flattop- pe30HaTopa u nposeCTH coOTBeTCTB)'lOlllee MO,Zle.TIHposaHHe ycxopeHIDI rryq::K&. 

3$<1JeKTHBHOCTh yCKOpCHIDl He npeBhiiiiaeT 55% 80 BceM ,1lHaTI!l30He pamtyCOB, 'ITO 

onpeJ].eJIJieTCH rnasHbiM o6pa30M He oiiTHMaJibHoH Be.JlH'iHHoH (17°) yrnosoro paccroXHHJI 

M.CJK,ey cepe.llHHaMlf ycKOpRlOIUHX m:eneH B ~-JnCicrpO.IUlX. ,ll,.rul )lOCTH)I{eHHJI Ma.KCHMaJibHOro 

Ha6opa 3Heprmr 3Ta BeJIH'il!Ha nomtma 6b1Tb 6JIH3xoif x 10°. 

,U.rui.llOCTH;t;:eHIDI npoeKTHoH 3HeprHH 15,0 M3B Heo6xonmto yaenu'IHTb Pa.ztKaJibHYIO 

npoTIDKeHHOCTb MarHHTHOrQ IIOJUl Ha 3 - 4 CM. 

,l],onyCK Ha Hlf"Ttrpan B03MYJilCHWI cpe,!lHero TIOIDl He npeBWDaeT 15 rc·CM . 
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2.31jlljleiiTM npocrpauCTBenuoro JapHIIS - auaJJnTn<JecKne ouenKH 

.2.1. BeeiJenue 
CHJibl npocrpaHCTBeHHOrO 3apji,lla B UHKJIOTpOHe MO:IKHO pa3ACmiTb Ha CillibJ 

nonepe'IHoro " oponOJJbHOro neHCTBHH. TionepeLIHhte CHJibi npoc-rpaHCTseHHoro Jap~na 

npeo6na)laJOT B UCH'TpC UHKJIOTpOHa H B OCHOBHOM OCna6mnoT BCVfHKaJlhHYIO 

¢0IC}'CHpOBK)'. fipOJlOJihHblC CHJlbl npHBO.Q.IIT K pa36pocy 3HeprHH, KOTOpblfi np51MO 

nponOpUHOHaJfCH CpMHCH HtfTeHCHBHOCTH rry'IKa l1 o6paTHO nponOpUl10HanCH UOJIHOfi 

<flaJosoii ruHpiiHe. B pa6crre npm13B0.1lHJIHCh ou,eHKH CKJI npocrpaHCTBeHHoro 3ap~Aa Mx 

.llByx sapHaHTOB UHKJlOTpOHa: 1) C napaMeTpaMH, OmiCaHHbiMH B pa60TC
1
, 2) napaMeTpaMH, 

paCCMOT])CHHblMH B npe)lbllJ.Yll(CM pa3.llCJIC . 

.2. .2. O~enKa 6JIURIIUR nonepeqnozo npocmpancmeennozo JapRiJa 

TaK Ka.K npo6neMa rronepe<JHOro npoCTpaHCTBCHHoro 3apx.lla JJ.OMHHHpyer Ha 

HK3KHX 3HepnUIX (TO CCTb B UCHYpC UHKJIOTpOHa), UOCJie.llyJOLUHC paC'iCTbT CJl;CJiaHbi .llJUI 

'JHCprHH HH)I(CKIJ;JHI. )l,eifCTBHe nonepC'iHOrO npocrpaHCTBCHHOfO 3ap.H)l.3 np051BJI51eTC.H B 

BHJJ:C yMCHblliCHIUJ l.JacTOThl 6eTaTJ>OHHbiX KOJie6aHHii 8Haqane I1pOH3BClleM OLJ;CHI')' C.llBHra 

'iaCTOT, BOCITOJlb30BaBIIIHCb CJIC.D.YIOLUHMH 4JopMyJiaMH
5

: 

Q; ~ Q;o 4117 r x t:.r 
~ 'J:• , f.llC X - []JIQTHOCTb rrpocrpaHCTBCHHOro 3ap51,lla, npH 

r' t:.r + /'.z 
3JTJIHITTH'iCCKOM ITOITepC'iHOM CClJ:eHHH CryCTKa H paBHOMepHOM pacnpeACJICHHH 33pKJJ:3 

pasHa 

81 
X 

ect:.r /'.z A'(J(J 

Qzo=}, 1, fi=0,017, Yor/=0, 767* 10"16 
CM (KJiaCCH'fCCKHH pa,n;uyc .llCHTpoHa), 

f."~c!lJif~//57,5 "~· 
flepsbi:H .sapuaHT: 

ill'=J,6 CJ.t ,t:J..z=J,6 CM,f1f{r 1,5 paiJ- pa.n;HaJlbHhTif, aKCHaJlbHbii::f H 33HM)'Ta.JibHhTif 

pa3MepbrcrycTKa 

3Ha<fCHlfC 3KCHaJlbHOi1 qaCTOTbl .lliDI TOKa 20 MA CHIDHTCfi Jl;O 0,9, 'iTO BITOJIHe 

nonycn:IMO 

BTopotl sapHaHT; 

&-0,5 CM, &-0,5 CM ,!1rp=20° - PallHaJibHblii, 3KC11aJTbHbiii H a3HM)'TaJlbHbTH 

pa3MCpbr crynKa llonyt.JeHHOe 3H3'-ICHHC npe,!lCJibHOfO TOKa lnux '= 2MA ('iaCTOTa CHH3liTC}I 

no 0,29). 

5
10.f.AneHHUKHH H ..up. "CeKTOpHbrH: UHKJiorpoH·HH)f{eKTop .UU.-1'', MelK.n;yHapo.!lHOe 

COBCUJ.3Hl1e no UHK.'IOTIJOHaM M liX rrpHMCHCHHfO, C.96, Ay6Ha, 1989. 

14 

)J,anee 6biJIH npOHJBC,!lCHbl OUCHKH npCJltJibHOrO TOKa (.lliDI TCX )f(C napaMeTpOB) C 

HCnOJib30BaHHCM UHJIHHJlpH'iCCKOii MO.n;emt ny'-1Ka
6

, npelliTOJiaratOlUeH paBHOMepH}'IO 

nnOTHOCTb 3apfi.n;a_ CJte.n;yJOmue nonymeHHj[ 

a) Bepnt:K3JibHaJI tiaCTOTa B UCHTpC UHKJIOTpOHa MeHbWC, lleM ropH30HTIUlbHIUI; 

6) 3KCeiTTaHC yCTaHOBKl1 MHOrO 6oJibWC, liCM 3MH1T3HC ITY<fKa; 

B) ny•IOK 6aH'-1epoBaH C $a30BOii WHpHHOH 11({1 

npHBO,ll51T K <lJopMyJie 

I =_I_ _:1_ I ' &/2 D.rp 
( )

2 

hm 4 ( z) "1"2'" R~ ( z,J 
/ 0 - YHHBepcanbHbiH: TOK Jl_TI}I n:eftrpOHOB fo ::::: 62MA, (py)fa -Aifven- TOK

6 

CornacHo :noH ¢opMyne nepsbrH sapHaHT ycKopHTeJI51 l.fMCCT npen,enhHbll'i TOK 

80 MA, sTopoH - 2 MA TaKHM o6pa3oM, yMeHhllitHHe pa3Mepos 6aHlfa s KOpHe H3MeH~er 

ITOJlD:lKCHHC C orpaHJ.l.liCHHCM Ha TOK ny'-iK3 B pe3yllbTaTe Jl;Ci1:CTBH}I CHJJ llOnept'-IHOrD 

npocrpaHCTBeHHOrO 3ap~,na, npH.BOJl~ K pe3KOMY YMCHbWeHHtO npeJJ,CJlhHOro TOKa nyqxa. 

.2.3.0/{eHKa iJeiicmBUR npoiJO!lbHozo npocmpancmBennozo Jap11iJa 
BmmHHe CHJI npo.o.onhHOro npocrpaHcrseuHoro 3apRD;a npHBO.Il.HT K pa36pocy 

:meprHH ny'iKa, 'iTO MQ)f(eT npemiTCTBOBaTb pa3.!lCJICHlUD op6HT, He06XOJl;HMOMy Jlllii 

3<lJ$eKTHBHOro BblBOJJ:a. Pa36poc 3HeprHH, Bbl3BaHHblH npocrpaHCTBeHHbiM 3apfi.Il.OM, He 

fiBJI~eTC~ JlHHeHHOH cflyHKll;HeH cfla30BOro pa3Mepa ny<Jxa. 

nonHhiH pa16poc 3Hepnm nocne n o6opoTos, Bbi3BaHHbli1: JIHHeapH30BaHHoH 

1.{3CTbfO npocTpaHCTBCHHOfO 3ap}I.Il,a, MO)l{HQ OlJ,CHl'fTb ITO $OPMYJICII' ,BblTeiaUOllJ,ei:t H3 

.ll,HCKOBOif MO,llCJIH: 

'{j' ,~ 1 2n n' 
Ll =28.rt:.t< >---

,.. ' 11rp Pme.~ 

Ou;eHKM, npoBeJleHHbie JlJ(n .usyx aapHaHTOB, npHBeJIH K cne,!],ytoUJ.MM pC3yJibTarnM· 

sapHaHT: KOJIHlfecrso o6opOTOB n=20, Ha6op Jueprnu Ha o6opoT 38=0,8 MJB, 
~max=O, 126, <I >=20 MA, pa36poc 3HepruH- 0,74 M'JB; 

2 sapHaHT: n=36, 38=0,4 M3B, J3nw:=O, 126, <I>= 2 MA, pa36poc :meprn11- I M3B. 

JlHHei1HID1 'i3CTb npOCTp3HCTBeHHOrO 33p}l,!l,a MO)f{eT 6b1Tb KOMTICHClipOBaHa 

flattop - pe3oHaTopoM. 

,[J.eHCTBHe HCJIHHeifHofi '-13CTH npO.llOJlbHOrO npocrpaHCTBeHHOro 3ap~,lla npnBOJlHT 

K orpaHH"'ICHHIO H8 npC,IltJlbHblfi TOK ITY'-IKa, CBfi3aHHOMY C pa3JlCJICHHCM op6m 

Bocnonb3yeMc~ CllCJJ.YJOlll.HM KpHTepHeM pa3Jle.JICHH}I op6HT'
6 

6 
WJoho, "Space Charge Effects in Cyclotrons", TpyJlhr Me)I(JlyHaponHoH wKOJihl MOJIO.!lbiX 

y"'.eHblX no np06JieMaM yCKOpHTCJICH 33p:IIJKCHHhiX 93CTHU, C.94, ,[J.y6Ha, 1989. 
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I Ut (t;"')P-
< /,.2,8k!l br ~ ) 

rne /,- npuHHManacb paaHoii 0,25 H onpe.nemnrr .o:omo nemrneH:noro pa36poca 

nanpjiJKeHIDI OT nune:Hnoro: 
SU,,(nonlmear) :0 f/1U ~(lmear). 

B pe3yJlbra-re ,llJUI nepsoro eapwaHTa npe.QeJlbHbiH TOK, .nonycKatounlif pa3ll.eJICHHe 

op6HT, COCTaBIIT 85 MA, a ,IlJljl BTOpOro B8pH8HTa - 3 MA. 8 OTJIHI.fHe OT .neiiCTBHJI 

nonepe'iHOro rrpoc:rpaHCTBeHHoro 38pH.n:a, Kor.na KpHTH'IHbiMH OKa3amtCb pa3Mepb1 ny'fKa, B 

c.n)niae c npoll.OJibHMM npocrpaHCTBeHHbiM 33p$1JlOM onpe,a:e.mnomuM }IB.IHieTCJJ. Ha6op 

3Hepnm na o6opore, a cne.l{osaTeJibHO - KOJIH"'ecmo o6oporos. YseJUt:LJenue KOJIHI.feCTBa 

o6opOTOB npwseJJo K pe3KOM)' yMeHbllleHHK> npe,neJibHOrO TOKa 

2.4. 3fli(JJHJ'Ienue 

Pac'tfen.I noK83anR, 'ITO CHJibl nonepe'IHOro npoClpa.HCTBCHHoro nytJKa ne 

npe;o:CTaBJUIJOT orracHOCTH .lUUl nepsoro sapHaHTa npQ~~m~pyeMoro ycKopHTe.TUI u 

.llOOYCKa.JOT npOeKTHblii TOK 20 MA ,llmi BTOporo B&pHaHTB. npe.QCJibHhlii TOK HaxO,ZUiTCH Ha 

yposne 2 MA 
liDnbUIHe npofineMbl C03,llllCT Ta.IOKe npO,ll0flbH8.Jl COCTaBJUUOUlaJI CHJT 

npocrpaHcrseHHOro 3apJUla, JIHHefutyiO LJaCTh KDTopo:H Heo6x:O,IJ;HMO KOMneacuposaTh 

flattop- cuc:reMoif, TaK KaK pa.16poc 3Hepnrii (0,7 M3B, 1 M3B) CJIHWKOM serutK WUI o6oux 

sapuaHTOB IJ,HKnmpoHa. HenHHeHH8Jl "la.cTh npo.llOJThHhiX CHJI npHBOAHT K orpa.HuLJeHHIO Ha 

TOK IJY'IK3 85 MA ,llJUl rrepsoro sapna.HTa UHKnOTJX>Ha u 3 MA WUI BTOporo sapua.HTa 

UHKJIOTpDHa. KoMneacaumr HerumeihmH LJaCTu - JJ;OCTaTOLJHO cnoJKHaJI 3a,llaLJa. ,ll.rul 

MHHHMH38UHH JJ;eiiCTBH.Il HeJIHHeit:HOii llaCTH npO.ll,OJibHOfO IIpOCTpaHCTBeHHOfO 3ap.SIJJ;8 

B03MO)I{HO ucnOJJb30BaHHe .n;orronHHTellhHoii BhlCOKOLJacroTHoH RF • CHCTeMhl, TUlatt:JihHO 

no)lo6paHHoii no.n: O)KH,D,aeMoe pacnpeJJ;eneHue 3ap.srJJ;a. Ilocne OKOHLJaTeJihHoro Bbi6opa 

napaMerpos ycxopHTeM cne,eyeT nposecru LJHCneHHble pacLJeTbl c Y'"feToM cHn 

npocrpaHCTBeHHoro 3ap~ 

PylmnHcb IIOCT)'111UI3 B Hl,!la"Te.JD.CKHii OT.IteJI 

23 anpen.t 1999 ro/18. 
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CaMcoHOB E.B., KapaMhiwcsa f'.A., Bopo.»:noB C.E. 

Pac4CT .JHHaMHKH qac-rHU H UHKJioTpoue UH-10 
P9-99-126 

flpHBCilCHbl pC3YilbTaTbl '-IJ.ICJJCHHbiX. paC4CTOB OCHOHHhiX xapaKTCpHCTHK 

CH.JlhHOT04HOro W1K.~"I0TpOHa-HHA<.CKTOpa, npe.J.Ha3HalJCHHOfO .JJUI ll0_1lY4CHH}I 11)"-1-

Ka geHrpOHOB c KOHeliHOH 3HeprHeH 15 M3B. flpencraMeHbl aHaJIHTH'"IecKne 

OUCHKH aTJJUIHH51 ::~riJclJeKTOB npocrpattCTHCHHOI"O 13pS!:il3 Ha D:HHa\mKy lJ3CTHU. 

llaHt.J pcKOMeHD:aumt Ho H1.\tCHCHHJO napaYterpon ycraHoBKH c uenhiO ysc.rJH'-ICHH}I 

HHTCHCHBHOCTH )"CKOpCHHOI"O liY'-!Ka. 

Pa6ora BhlliOJJHeHa B Jla6oparopmt 51.JepHr..Ix rrpo6JieM OH5ll1. 

Coofiu(tmie 06hC,lllHCHHOro ltHCTIIT:yra >lllepHhiX ncoeD.oRamni. UyfiHa. 1999 

f1cpCBO.J. aBTOpOB 

Samsonov E.V., Karamysheva G.A., Vorozhtsov S.V. 

The Dynamic Calculation in CI- l 0 Cyclotron 
P9-99-126 

The calculations of beam dynamic characteristics of High-Intensity Cy

clotron-lnjcctor Cl-IO for deuteron beam of 15 MeV energy are presented. Ana

lytical estimations of space charge effects are given. In order to increase intensity 

of accelerator hcam some ideas about cyclotron design modification are given too. 

The investigation has been performed at the Laboratory of Nuclear Problems, 

Jlt\R. 
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