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1.Oa"oyacTHYHAS TeopUs

1.1. Beeoenue

1,2
Hcxonxble qaHHbIE U pacyeToB OBUIH MONy4eHb! Ha OCHOBaHHH pabor °~ . B
tabnmuue | OHKM CBeleHb! B KaUeCcTBe OCHOBHLIX POEKTHAIX [TAPAMETPOB LIMKIOTPOHA.

Tabauua 1. llpoekTsie napamerpsl nukaoTpoua IHA-10

Twn UMKNOTPOHA CeKTopHbIv
Yckopaemas 4actvya HdenTpoH
SHEPrUs UHXEeKUUU (MaB) 0.3
KoHevHast aHeprus {MaB) 15.0
MHTEHCUBHOCTb (MA) 20.0
MarHuTHas CHCTEMA
Yucno cexTopos 4
Yrnosan NpoTAXEHHOCTL CekTopa (®) 30
MexnonicHoK 3a3op (c™m) 3.0
PaauanbHaa NpoTAXEHHOCTL NONOCa (c™m) 15.0 +165.0
CpegHee MarHutTHoe none (kf'c) 5.0
MaxkcumaneHoiit pnarrep 1.45
Yexkopaowas CHCTeMA
Yucno A-anektpogos 2
Pe3oHaHcHan vacTora (MI'w) 74.25
Yrnosan NpoTsHKEHHOCTb  UEHTPanbHOro 3nekypoaa (°) 10.0
¥YrnoBasa npoTAXEHHOCTL  YCKOPAKOLWEro NpoMeXyTka (*) 7.0
YFnoBoe NonoxeHue cepeini YCKOPSIOLLMX NPOMEXYTKOB (°) 36.5, 53.5, 216.5, 233.5
AKkcuanbHan aneprypa (cm) 2.0
PaauanbHas npoTsXeHHOCTh (cm) 15.0 +160.0
BY - HanpspkeHue (xkB) 100.0+-200.0
JAunamMuka yacTin
YacroTta obpawjeHun (MINy) 4.125
KpaTHOCTE YCKOpEHUS 18
Habop aHeprum (MaB) | 0.4:08
War opbur: Ha UHXeKM  (CMm) 12.0
Ha BbIBOAE (cm) 4.0
YacTtoTbl cBoBoAHLIX KOnebaHui: paananbHbIX 1.1+1.2
akcuanbHbIX 1.0:1.2

' IIMKJIOTPOH-UHXXEKTOP (ITHU-10), Tema 05-2-1023-97/9, Texnugeckoe

npennoxenue, JIAII OMAH, 1997 .
2 H.A. Mop030B. “Pacuersi MarHHTHOTO MOJIA CEKTOPHOrO LMKIOTpOHa-uikekTopa JII1-1”
(sHyTpeHHHIi oTder), Hybua, 1997 r.



1.2. H3oxponunoe none

Jnst pacyeta w30xpoHHOTro mons Gbula MCMOJNbL30BaHa mpouexypa M.I OpaoHa 3¢
HOCNEAYIOIIEH MPOBEPKOH HM3OXPOHHOCTH MONYHaeMOro IOMA C [OMOILBIO IPOrpaMMel
CYCLOPS. Benencrsue Gonbmoit BapHau#y MArHHTHOTO HOJIA MOTpeOOBANOCH HECKOIBKO
PYYHBIX HTEpalMH MO KOPPEKUHH TOMs, GnA Toro, uyTobsl (asoBslit apeitd wyactuy,
pacCHHTaHHBIH 1o npuOuKkenHol $opMyne, Haxommnca B mpegemax +10°BY. ITpu sTom
Gpumn mcnonszosansl 4, 8 u 12-s FapMOHHKHM MarHuTHoro mond. MIx 3HaveHus, BMecre ¢
TIONYHCHHBIM W30XPOHHBIM TOJIEM, MOKa3aHbl Ha puc. 1. O6pamaer Ha cebs BHHMaHMe
HQTHYHE HAa 3aBHCHMMOCTH H30XPOHHOTO NONHA YYaCTKOB ¢ GONbIIOH HEMMHENHOCTHIO.
IlonbITKM CroaXWBaHHA 3THX YYACTKOB TYTEM KOppekuMH nons B npepenax +10 Ic
TIPHBOHIIM K CYIIECTBEHHOMY YXyAmwieHHI0 (a3oBoro nBiwxeHHs. OQUYeBMOHO, YTO 3TH
HEJIMHEHOCTH H30XPOHHOI'O MO BLISLIBAIOTCA HEMHHEHHOCTSIMH ero BAapUALMH, KOTOpas
ObIa HCNONB30BaHA PACYETHOH 2 , 0e3 kakux - ymbo usMenenwit. PaszoBoe HBMOKEHME
LEHTPAIbHOH HYaCTHHB! [y4Ka, MONYYEHHOE BIIOCHEACTBHM B Pe3ylBTATe TPAEKTOPHBIX
pac4eTos, npHBe/ieRo Ha puc. 2. Ha stoM rpaduxe ¢asa yacTHHB MOKa3aHA B 3aBHCHMOCTH
OT HOMEpa pac4eTHOro 0bopoTa. Jins yCKOPEHHS 4YaCTHLBI KO 30HBI BHIBOAA MOTPeGOBANOCH
36 oboporos. Touku Ha 3TOM rpadHxe NPOCTABIANHCHL MO 3aBEpLICHHH KaXzoro obopora.
Kak Oynmer nokasano Hibke, BHYTpH kaxzoro obopora apeid ¢dasel 9acTHL 3HAYMTENLHO
IpeBRIINAET NHana3oH +10°BY.

1.3. Yacmomsi caoboonbix Konebaruii

Hacrots! xonebanuit Q; u Q, 6bUTH MONyHEHH! ITyTEM TPACKTOPHBIX PacyeToB IO
nporpamme CYCLOPS, ucronesys usoGpaskesnnsie Ha puc. | KPHBBIE MArHHTHOTO IOJIA.
PesymbraThl pacuera 4acToT npusesieHs! Ha puc. 3. Kak cienyer us rpapukoB, o6e 4acToTh
HaxomsTes B OBHOM AManasoHe 1,0 — 1,25, npuyeM B HHTEpBAllEe pasHycoOB 70,0 - 130,0 cm
PasHOCTb 4aCTOT He NpesbimaeT 10,2, 4T0, BO3MOXKHO, OyHeT MpeACTaBIATh ONACHOCTD M3-
34 nepeceyeHus pesoHaHca ¢Ba3H Q, = Q, .

L.4. Ananumuvyeckoe npedcmagnenite 8s1COKONGCMOMHO20 NOAA

Hockonexy Habop JHEPrMH B LMKIOTPOHE Ha MHepBbIX oboporax cpaBHHM C
3HEPTUER HHKEKLHH U COCTABIIAET HECKONBKO COT KWJIO3NEKTPOHBONLT, A KOPPEKTHOCTH
paceToB HeobXonuMo 0becHeYnTh aIeKBaTHOE NpeACTABICHHE aMMINTYIHOH M BPEMEHHOI

3aBHCHMOCTEH ycKopsAromiero noss. [Uis 3Toit nenu 6110 HCNONB30BAHO NPEACTABICHME
4 1 z y
E, = =exp(-05*(y/ s)*) *cosQmht +y,), E. = ;}%‘Ey{l + E(_;)z[(:)z _ 3:,} '

rae £, , K, - ropH3OHTaNbHAsA W BEPTHKANbHA KOMIOHEHTbI BY - [IOJiA, Y - PACCTOSIHHE OT
HaCTHLIB! 10 CEPERHHBI yCkopsiomed wenH, U - ammmutyna BY-nanpskenns, s=0,2a+0, 4w,

* M.M.Gordon * Calculation of isochronous fields for sector-focused cyclotrons’’, Particle
accelerators, 13(1983), p.67.

* N.Hazewindus et al, “The magnetic analogue method as used in the study of a cyclotron
central region”, NIM, 118(1974), p.125.



@ - anepTypa, W - WHMPHHA YCKOPAIOWEH WenH, iy - Ha4aNbHBIH CIABUT ¢aser konebanwmii,
{ - Bpems, h - KpaTHOCTb yckopeHus. Bo Bcex pacuerax amriMTyna BY - Hanps:xeHHA
IPUHHAMANACh JIMHENHO yBennuuBatomeics ot 100 kB Ha paauyce umxekuuu no 200 xB Ha
paanyce Bbisona. Takoke nuueiino ¢ 2,0 o 15,0 cm yBenuumsanach WHPHHA yCKOPRIOLIHX
wenen.

Ha puc. 4 cxemaTd4eckd NPENCTAaBNECH a3sMMYTallbHBIH paspes UMKIOTpOHA B
unTepsane yrnos 0 - 90°. 3aech noxasaHwl ABe NOJTOBHHKH CEKTOPHBIX MarHATOB M OZHH U3
A-3nextponos. JUid MLUNIOCTPaUMH TPMBENEHAa Takke TOPU3OHTaIbHA® KOMIOHECHTA
3EKTPHUECKOro Nojis, Kak ee ‘‘Buena’’ 4acTHua Ha BTOPOM 0B0OpOTe B ONHOM H3 pacteTos.
Crneayer OTMETMTb, YTO ANA OTBETa Ha BOMPOC O CTENEHH aneKBaTHOCTH NPHMEHEHHOTO
npeacTaeneHus  HeoOxomMMo B JanbHedlleM  NPOBECTH  CpaBHCHMA  ero ¢
SKCMIEPHMEHTANLHBIMU MM DAaCHETHBIMM JNaHHBIMH IS NAHHOW NeOMETPUHM A-3]IEKTPOLOS.
[To-BuarMOMY, MAKCHMaibHOE HecooTBeTcTBHe Oyner HabmionarbCs TaM, TI€ WIHPUHA
MOTEHUMANBHOTO NEKTPOa CTAHOBHTHCA CPABHUMOMN ¢ BEMWYHHON aKCHANLHOM amepTyphl,
T.€. B LILHTPE LHKNOTPOHA.

1.5. OnmumansHble HAYAIbHbBIE YC08UA ONA UHNCEKK LU

IMepBble pacdeThl  [OKAa3aNH, 4YTO YCKOPEHHE HaCTHLb, CTapTylolleK  Ha
cTaTHueckoil paBHoBecHoil opbure (¢=0,0°, r=22,0 cm, P,=0,0 cM) mpHBOAMT K O4eHb
foNbIIMM aMIIMTYHaM paguajibHbiXx konebaHuid W, BoOOWlE, K OTCYTCTBHIO Pa3fieNeHHs
opbut mocne 3aBepuieHua neporo oboporta. [IpHuMHa 3TOTO 3aK/IOYAETCA B TOM, {TO
BHICOKAs KPATHOCTb yckopenus h=18 M cyliecTsenHoe OT/IM4He OPOMTHI HACTHUBI OT
PABHOBECHOH NPHBOAAT K oueHb GonbuioMy Apefidy (a3l 4acTHMLBI B TEYCHHE NEPBOro
060poOTa, B PE3YNILTATE Yero K YETBEPTOMY YCKOPSIOWEMY NPOMEXYTKY HaCTHUA NOMNETaeT
B samemnsaomeit ¢ase BYU - konebanmuit. [lomck ONTHMajJbHBIX YCJIOBHH NpHBEN K
CYLIECTBEHHOMY H3MEHERUIO CTApTOBBIX NapaMETPOB YaCTHLbI ¢=0,0°, r=24,2 cm, P=0,3cm.
JTH napamMeTpbl COOTBETCTBYKOT HAYaibHBIM YCIOBHAM N7 TaK HasbiBaeMOH YCKOPEHHOH
paBHOBecHoii opbuThl. Janee no TeKCTy 3Ta opbUTa M HaCTHLA, HAXOAAWAACS Ha Hel, OynyT
Ha3bIBATLCA ONTUMANbHbIMK. It ONTHMaNbHON 4acTHLB, Ha4yMHasiA co Broporo obopora,
ycpenHeHHbii 32 00OpOT UeHTp OpOMT HAaXORMACA HA PACCTOAHMM ~ 2 MM OT LEHTpa
uknoTpona. CpaBHeHHe TpaeKkTopHii mepBoro ofopoTa 1M 4YacTHL, CTapTyIOUHX Ha
paBHOBECHO M ONTMMANbHOM OpGHTAX, MOKa3aHo Ha puC. 5. Buano, uto pasnenenune opour
focne nepsoro ofopoTa Amsd ONTHMAILHON uacTHUE! ~ 7 cM. Habop sneprum 3a nepsbiit
obopor 6bin paed ans sHee 0,23 MaB npu amnautyne BU - manpsokenus 100 xB. s
ONTHMANbLHON YaCTMLBI TPAEKTOPHS B TEHYEHHME MNEPBHIX 5 obopoToB H3obpaxeHa Ha
puc.6. Ha puc. 7, 8 mokasana HanpsbkeHHocTh BY - noms, xotopas peiicTBoBana Ha
PABHOBECHYIO H ONTHMANIbHY!O HaCTHLBI B TeueHHe nepsoro obopora. CpasHeHne pUCyHKOB
MOKa3blBAET, 4TO JNS MNONAaAaHMsA YacTHUBI HAa ONTHMANbHYI0 OpOMTY HeoOXONHMBIM
YCNOBHEM SBJIAETCA YCKOpPEHHE B MepBOH wiend W (QaxTHHeCKH OTCYTCTBME YCKOPEHHMs BO
propoit wenu. s paBHOBecHOH ke JacTHULl Habntonaerca sddekTuBHOE yckopeHue Ha
nepebIX 3 WENsAX H CHIIbHOE TOPMOXKeHne B 4 menH. B pesynsrare opbura paBHOBeCcHOH
YACTHUb! OKa3bIBAETCA CHIIbHO HCKAXKEHHOM.

Tins yacTHUbE, ABHXKymieHes no moboii yckopeHHoi opbure, Benmnunna Ay=2nhfi,
rne f - pesonancHaa uacrora obpatuenns, npeacrasnser coboil Haber daspl BY - xonebamnii.
JInst THNOTETMYECKOH H3OXPOHHOR YACTHUBI, NBHXXYUIEACA MO OKPYXXHOCTH, aHanOrHYHBIA
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Haber daswt Gyner pasen Ay,=ho, rae ¢ - asUMyTaNBHEIH yron. Bemnunna Ay, - Ay, Oyner
XapaxTepu3oBaTh Apedd dasel  yckopsemoii 9aCTHUBl  BHYTPH Kaxaoro o6opora.
Onpenenenusiii Taxum o6pasom npeiip asbl paBHOBECHOH M ONTHMATLHOM 4acTHI B
Te4eHHe nepeoro o6opoTa NokasaH Ha  puc. 9. Bunno, g0 nmpeii¢ daser yacTai BHYTpH
obopora mpocruraer coren rpanycos BU u ero ¢opma 3aeucut ot AMIUTHTY BBIHY>XIEHHBIX
H CBOBOIHBIX KOylebaHHil,

1.6. Akcenmaricst yenmpansnoii o6nacmu YcKopumensn

Hns pacuera akcenrancos crauana TCHEPUPOBANHCE Cly4afiHbiM 06pasoM Habopat

50 uacrtuu B 5-mMepHOM (a3oBoM oGmeme (r, ¥, z, Z, y). 3arem 31H Habopb! YacTuu
yCKkopAnuce B TeueHHe 5 o6opoTtos. B kadecTse OrpaHHYEHMH, ONpeaeNnAIouIux 3HAYEHHA
aKCeNnTaHCOB LHKJIOTPOHA, B IaHHOM Clydae GbUIM MCIIOIB30BAHEI CIIEAYIOLLHE TIOMOXEHHUS

¢ PaaWanbHas NPOTAKEHHOCTh  CBOGONHOH OT YacTHI 3OHEI MexXay
HIDKEKTUPYCMBIM NyYKOM W COBEPIUIMBIIMM ORHH 060POT XOMmKHa GbiTh He Menee § cM;

® aKCHAaNbHbIH pasMep Ny9YKa He JOJDKEH TIPEBLIATD OOBHHLI aneprypsr A-
3JIEXTPOAa.

B pesynerare pacueror Guitu TIOJIy<€HBI CIEAYHOLIIHE 3HAYEHHS AKCEITTAHCOR:
- PanuanbHbli £=161 MM-Mpan, (Ar=0,5 ¢m), '

~ AKCHAIBHBIA €;= 257 MM-Mpax, (Az=0,5 CM),

- basoBsIit  £,= 20° BY. |

Ha puc. 10 nokazans! B Teuenne 5 060poToB TpaekTopuu 50 YaCTHL, 3aMOMHHBLIEX
dKCEeNTaHC UMKIOTPOH2. BuiHO, YTo nonHoe pasmenenue opbuT Habmionaercs Tonbko B
TeHeHHe nepBelX 3. 06oporos. CunkHoe pajHansHOe YUWHpPEHHE My4Yka, KOTOpPOEe HaYHHAET
APOHCXOIHTE YKE C MEPBOro 000poTa, eCTh CIEACTBHE GOJBLIONO ¢asosoro npeiiga wactun
BHYTPH 060pOTa H CBA32HHOTO C HHM YBEJTMYEHHA JHEPreTHYeckoro pazbpoca B myuxke.

Ha puc. 11 npusepenml axcuannHbie TPAaCKTOPHH 3THX € YaCTHI[. 3aMeTHO
YABOCHHE aKCHANLHOTO pa3Mepa My4ka N0CNe ApOJIeTa NepBoro A-snextpona, 4T roBopHT 0
nepedoKyCUpOBKe My4dka TEKTPHYECKHM TOJEM NepBOH yckopsAoueil menu.

1.7. Ycxopenue nyuxa 0o 301st esi0da

Ha puc. 12 nokasana Tpaexropns LCHTPaNIbHOH 4acTHLbL (Pa3oBoro obveMa mytuka B
TedenHe 36 o6opoTos, koTopeie NOTPeOOBaNHCh, N4 TOrO0 YTOGHI YCKOPDHTE ee [0
MAKCHMaNbHO BO3MOXHOTO DPafMyca, KOTOPBHIi B HaHHOM CIy4ae OINpefensics HavaloM
Crafa BapHallMH MarHUTHOTO Nond Ha pamuyce 150 cm, wuro OPHBOIMIO K pe3KOoMy
H3MeHeHHI0 BY - ¢ase gacTume.

Ha pyc. 13 npusenensr rno6ambusie XapaKTEPUCTHKH IIPOLIECCA YCKOPEHHS 3TOH
HaCTHLEI. 3HeprHA, HabOp sHepruw 3a o6opor U mar OpOHT B 3aBHCHMOCTH OT CPeSHero 3a
obopot pammyca opburel. Kak CHCIYET M3 PHCYHK3, MaKCHMAIBHO NOCTHXMMAs 3HEPIHs
NERTPOHOB B PACCMOTPEHHOM MATHUTHOM IOJie paBHa 14,2 MaB, naGop 3xeprum 3a obopoTt
He npesbiitaeT 0,475 MaB, a war op6ur k KOHLly yCKOPEHHA yMeHbIIAeTCs 0 2,4 M.



Ha puc. 14 noxazana TpaHcdopmaima B TedeHHe 36 ofopoToB pagManbHOrO
$a30BOro nopTpera myuKa C HYJNEBOH CTapTOBOH NPOTHKEHHOCTHIO CTYCTKA. JMHTTaHC
My4Ka YBEAHYMNICS TIPUMEPHO B 20 pas, BCIEACTBHE yBenwdeHHS (a3soBOH POTHKEHHOCTH
cryctka ao 25° BY u sHeprermueckoro pasbpoca no 10,25 MsB. EcrectBenno, tpu
HERyJIeBO#t CTApTOBOM MPOTSKEHHOCTH CIYCTKa, MApaMeTphl My4ka B 30HE BhiBOoma OynyT
elle XY>X€ W €AHHCTBEHHBIM BBIXOHOM H3 MNOJOXKEHHA ABIACTCA HCHOJL30BaHHE Slattop -
pe3oHaTOopa.

1.8. Jlonyck na mounocms popmuposanus cpeonezo nons

Ha puc. 15 mokasaHo, kak H3MeHsercs (a3oBoe ABHXKEHWME HacTHUBI B CIIydae
CMeIeHHs YPOBHSA cpeHero mons Ha +1 mmm -1 I'c Bo Bee obnactu yckopenust. Hurerpan
JAB-dr sToro Bo3myuienna noss 66in pasen £130 [e-cM. M3 pucynka BHAHO, 910 mogobHEIe
W3MEHEHHs CPENHEro MONA NMPHBOZAT K (a30BOMY CMEIUEHHIO K KOHIy LMKIIA YCKOPEHHS
Ha -35° unu +35°BY cooTBETCTBEHHO.

Ha puc. 16 npuBenieHs: pe3ybTaThl aHAIOTHIHEIX PAacUeTOB I BO3MynIeHud +5 T'c
B HHTepBaje paauycos 60 - 70 cm (uHTerpan 50 I'c-cM). B atom cnyuae n3meHeHHe Qaswl
npousoutio Ha -15°. CpasHeHHe NPHBENEHHEIX PE3YNbTATOB IMOKA3BIBAET, YTO CYMIECTBYET
NPaKTHYECKY JIHHEHHAS CBA3b MEXJAY HHTErPANOM BO3MYILIEHMS H CHBMIoM ¢a3bl JaCTHUBL
Ecnu yuuthiBaTh HeOOXOAMMOCTh BKIIOueHHs B ycraHoeky I[H-10 flattop - pesonaropa,
CKOpee BCEro, HeOOGXOMMMO OrpaHHYMTh BENHYHHY (asosoro mpefida mo 18 rapmonmke
pennuuHOM +5°. Torma paccMOTpeHHEBIE Pe3YNLTAThl PAaCUETOB MOKA3BIBAKOT, YTO HHTErPai
AONYCTHMBIX BO3MYIIEHHKH CpeNHero nons JoJKeH HaXORMTCA B Ipeaenax 15 I'c-om.

1.9. 3aknwoyenue

Iyuok B IJA-10 n0IkeH MHXEKTHPOBATHCA HA YCKOPEHHYIO PABHOBECHYHO OPGHTY,
NOJIOXKEHHE KOTOPOi CYILECTBEHHO OTIHYAETCA OT PaBHOBECHOH.

PaguanbHbiil pasMep cBOOOMHOM OT YaCTHI 30HK Nocie nepBoro o6o0pora COCTaBNAeT
~5 ¢M I 1y4Ka ¢ Pa3OBBIM OOHEMOM &, .€;.€, = 16 ® 25 @ 20 n° mm’-Mpax’-rpax BU. Habop
IHEepryH 3a nepBuii 060poT AokeH ObITH NpH 3TOM He MeHee 230 k3B.

BpicOkas KpaTHOCTb YCKOPEHHA Y€ Ha nepBoM o00poTe NPHBOAMT K PpOCTY
PajgHANBHOrO pa3Mepa Imydka B HECKONbKO pa3. Caenoarensno, flatfop - pe3oHaTOp JOTDKEH
y4acTBOBaTh B pabote oT camoro mepeoro obopora. Heobxomumo onpenenuTs napameTprl
flattop - peaoHaTOpa U MPOBECTH COOTBETCTBYIONICE MOAEHHPOBAHHE YCKOPEHHA ITydKa.

J¢dexTHBHOCTL YCKOPEHMs HE NpEBbIMIaeT 55% BO BCeM AWANMA30HE PajHyCoOB, 4TO
onpeaenseTca FIaBHEIM 00pa3oM He ONTHMANbHOM BenuunHoi (17°) yrioeoro paccrosHus
MeXIy CepeHHaMH YCKOPAIOINX Iene B A-3nekTponax. Jnd HOCTHXKeHHA MaKCHMAJTbHOTO
Habopa 3HepTHHM 3Ta BENHYNHA NOMKHA ObITh OH3KOMH K 10°,

Jlns nocTimkeHus MPOeKTHOH sHepru# 15,0 MaB reo6xoquMo yBeMMYIHTE PagHANBHYIO
IIPOTAXEHHOCTb MATHMTHOI'O NoJiA Ha 3 - 4 ¢cM.
Homnyck Ha HHTErpasna BO3MYIIEHHA CpEeAHEro MoJiA He npeBhimaet 15 I'c-em.
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2.9¢¢exTHI HPOCTPAHCTBEHHON0 3aPSAAa - AaHAJHTHYECKHE OLEHKH

2.1. Beeodernue

Cunbl HPOCTPAHCTBEHHOTO 3apAfia B LHKIOTPOHE MOXKHO DasfeldTh HAa CHIIbI
NOMepeyHOro M npojonbHoro AekicTemii. Ilomepeunble CHbI MPOCTPAHCTBEHHOrO 3apsia
npeo6bNagaloT B LEHTPe LHMKJIOTPOHA H B OCHOBHOM OCNalNstOT BEPTHKAIBHYIO
doxycupopky. [lporonbHBie CHIBI NPHBOIAT K pa3bpocy 3HEprHM, KOTOPHIA NpsMo
NpoOINOPUHOHATEH CpPefHed HHTEHCHBHOCTH Nyuxa M OOpaTHO MpOMOPLMOHANEH IOJIHOH
¢asosoii wupure. B pabore NpoU3BOAMAMCH OLEHKH CHI APOCTPaHCTBEHHOTO 3apsza Ans
NBYX BapMaHTOB UMKIOTPOHa: 1) ¢ mapamerpamH, ONMUCAHHBIMHU B pabore', 2) mapamerpamu,
PacCMOTPEHHBIMH B IIPEABIAYLIEM pasfierie.

2.2, OyeHKa eIUAHUAR RONEPEUHO20 RPOCMPAHCMEEHHOZ0 3apAada

Tak xak npobnema MONEpPEHHOro NPOCTPAHCTBEHHOrO 3apsfa ROMKHUpYET Ha
HM3KHX 3HEPrusx (TO ecTs B IEHTpEe LMKIOTPOHA), MOCHEAYIOIHE PACYETH CHENMaHbI JUIA
SHEPTHH MHKCKLHH. JleficTBHE MOMEPEYHOTO MPOCTPAHCTBEHHOTO 3apsfa MNpOABIAETCA B
BHJIE YMEHBIUEHHS YaCTOTH OeTaTPOHHBIX Konebanuid. BHauane npousBeZiEM OLEHKY CABHTa
JaCTOT, BOCIIOJB30BABIIHCE C/IEYIOIMMH dbopMymaMu’:

2 __ A2 4y v X Ar
Q. =0, — 5 , THe y - IUIOTHOCTh IPOCTPAHCTBEHHOrO 3apsAja, mpu

4 Ar + Az
3JUTMIITHYECKOM MONEPEYHOM CEYEHHWH CrYCTKa ¥ PaBHOMEPHOM paciipefie/ieHHd 3apsaa

paBHa

8/

ecArAzApf

Qz0=1,}, p=0,017, Fod=0,767*10" ® cm (xnaccHueckuii pamnyc AeiTpona),

ro—C/2mf=1157.5 cm.

IlepBpiil BapHaHT:

Ar=1,6 cm Az=16 cm, Ap=1,5 pad - pagHanbHbIA, aKCHANBHBIA ¥ A3HMYTAJNbLHbINA
pasMepel CTyCTKa.

JHaueHHe aKCHabHOH 4acToThl A Toka 20 MA cHusurcs o 0,9, 4ro BHOAHe
HOMYCTUMO.

Bropoit BapHaHT:

Ar=0,5 cm, Az=05 cm ,A@p=20° - panuanbHBIH, aKCHaNbHBIA M A3UMYTalbHbIHA
pasmephl crycrka. I1olyyeHHOe 3HauYeHHe NPENebHOIO TOKA Imax = 2ZMA (YacTOTA CHU3MTCA
no 0,29),

Z:

 KO.I". Anenuuxuii u ap. “CexropHblii uuknorpor-urxexrop JI1-17, Mexaynapoauoe
COBEI@HHKE 10 HHUKIOTPOHAM H HX NpHMEHEHHo, ¢.96, Jlybxa ,1989.
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Hanee 6 MpoK3BeneHbl OLEHKH NpPEJENbHOro Toka (JUs Tex XKe NapaMeTpoB) ¢
HCTONB3OBAHMEM LMIUHIAPHYECKOl MOAENH nyuka’, mnpeamonarawomeii PaBHOMEPRYIO
FIOTHOCTE 3apsana. Clefyrone JOnyLeRHS:

a) BEpPTHKaJlbHas 4acTOTa B LUEHTPE LHMKIOTPOHA MEHbIE, YeM FOPH3IOHTANbHAS,

6) akcenTaHC YCTaHOBKM MHOTO H0JbLIE, YeM SMUTTAHC My4Ka;

B) ny4yok HanueposaH ¢ $a3oBoii WHPHHOH Agp

MpUBOIAT K GopMyIie

' 2
1( 4 Az/2Y [ Ap
I, =—| = |1,p0?
lim 4 Z oﬂQ-o Rw 27[ )

I, - yauBepcanbHeli Tok s aeRTpoHoB Iy ~ 62MA, (By)I, -Alfven - Tox’.

Cornacno aTo#l dopmyne mepBbiif BapHAHT YCKOPUTENA HMeEET MNpeledbHbIH TOK
80 MA, BTopoit — 2 MA. Takum ofpa3oM, yMeHbIIEHHe pasMepoB GaHYa B KOPHE H3MeHSeT
NONOXEHHE € OrpaHUYCHMEM HA TOK MNy4ka B pesyibTaTe ACHCTBUS CUN MONEPEYHOTO
MPOCTPaHCTBEHHOIO 3apsza, MPHBOAA K PE3KOMY YMEHBLIEHHIO MPENENBHOrO TOKA My4Ka.

2.3.0yenKa Oeiicmeus npooobHOZ0 NPOCMPAHCMEERHOZ0 3apAJa

Biusnne Cuia NPOAOABHOrO MPOCTPAHCTBEHHOTO 3apsAfa NPUBOOMT K pa3bpocy
3HEPrMH Ny4Ka, YTO MOXET MNpensTCTBOBaTh pasgeneBuio opbur, Heobxomumomy ans
s¢dexrusroro Beieoma. Pazbpoc 3mepruu, BHI3BAHHBIA TPOCTPAHCTBEHHBIM 3apANOM, He
siBnsieTCs NHReHol dyHkuueit $ha3oBoro pasmepa nyyka.

Homuwit pasbpoc snepruu mocne n 06OpOTOB, BLI3BaHHBIA JMHEAPH3OBAHHOI
YaCTbIO MPOCTPAHCTBEHHOTO 3apsna, MOXHO OLEHHTb mo Gopmyne’  BhiTeKaromed w3
MHCKOBOH MOAEIH:

2
AU, =2‘,8kQ<1'>2—7r ik
qu ﬁmm(

Ouenku, NpoBenéHHbIE s ABYX BAPHAHTOB, MPUBENH K CJIEAYIOLIMM PE3yNbTATAM:

1 papuant: konmdectso oboporoB n=20, naGop 3ueprum Ha oBopor 3B=0,8 M3B,
Brmax=0,126, <1>=20 MA, pa3bpoc snepruu — 0,74 MaB;
2 apuaHT: n=36, 3B=0,4 MaB , B,.,=0,126, <> =2 MA, pa3bpoc sHepruu — 1 MaB .

JluneiiHas 4acTh NpPOCTPEHCTBEHHONO  3apANa MOXET ObiTh KOMIMEHCHPOBaHa
flattop - pesoHaropom.

JleficTBHe HENHHERHON HaCTH NPONONBHOTO NPOCTPAHCTBEHHOTO 3apANa NPHBOAMT
K OrpaHHYEHHI0 HA MpeNeNbHBIH TOK Iy4ka, CBA3AHHOMY C pasneneHHeM OpOuT.
Bocrnonbsyemcs crenyrotum kpurepuem pasaenenns opbur:®

 W.Joho, “Space Charge Effects in Cyclotrons”, Tpyasl MexayHapoaHo#i mwxonst MOTOAbIX
Y4€HBIX 10 npobriemMam yckopuTenei 3apsXeHHbIX 4acTH, ¢.94, ly6ua, 1989.
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< v, (ACDJ B
1,280\ 27 ) n’
rae f,- npuHHManace paHoit 0,25 M onpexesseT KOO HennHeRHOro pasbpoca

Hanps>keHUs OT JUHEHHOTO:

OU  (nonlinear) < f,AU_ (linear)

B pesynbrare pis nepeoro BapuaBTa NpenesbHbIN TOK, ROMYCKAIOWMKA paseienne
opOuT, cocraBuT 85 MA, a ana Broporo BapuaHTa — 3 MA. B oTnHuMe oT meiicTBus
NONEPEYHOro NPOCTPAHCTBEHHOTO 3apANa, KOTAA KPHTHYHBIMH OKa3alHCh pa3Mepbl My4Ka, B
ciyyae C TMpPOAOJbHBIM MPOCTPAHCTBEHHLIM 3apAAOM ONPENENAOMM ABJAETCA Habop
3HEPrMH Ha o0OpOTe, a CNeNOBATENIBHO — KOJNHYECTBO 060pOTOB. YBEIHYEHHE KONHYECTBa
060pOTOB NPHBEAO K PE3KOMY YMEHBIIEHHIO NPEAEILHOTO TOKA.

2.4. 3aknrouenue

Pacuers! mokasanu, 4YTO CHIBl TNONEPEYHOTO NPOCTPAHCTBEHHOTO Hyuka He
NPEACTABJIIOT ONACHOCTH  AJIA TEPBOrO BapHaHTa IPOEKTHPYEMOTO YCKOPHTENA H
NONYCKAT NpoekTHLIH ToK 20 MA. Jlns BTOpOro BapHaHTa MpeiebHBI TOX HaXOAMTCA Ha
ypOBHE 2 MA.

Bonbwre npobnembl  CO3MacT TaloKe MpPOAONBHAA — COCTABIAIOMAA- CHII
[POCTPAHCTBEHHOrO 3apsAfda, JHMHEHHYI0 4YacTk KOTOPOH HEeOOXOAHMMO KOMHNEHCHPOBAaTh
flattop - cucTemoi, Tak kak pa3bpoc snepruii (0,7 MaB, 1 MaB) cnumkoM Benuk 1 06oux
BapHAaHTOB LHKNOTPOHA. HelnHeHHas 4aCTk NPOROABHBIX CHJI IPHBOAHMT K OFPaHUYEHHIO Ha
TOK nydyka 85 MA UIA nepsoro BapMaHTa UHKJIOTPOHAa M 3 MA /A BTOPOrO BapHaHTa
UHKIOTpoHa. KommeHcauus HenHHEHHOH 4acTy - JOCTaTOYHO CnoxHas 3amada. [l
MHHHUMH3ALMY OeHCTBUS HENMHEHHOM YacTH MpOJONBHOIO MPOCTPAHCTBEHHOTO 3apANa
BO3MOXXHO HCIOJIb30BAHKE AOTIONIHUTENbHOM BBICOKOYACTOTHOH RF - CHCTeMEIl, TIAaTeNbHO
MOA0OpaHHON MO OXHAAEMOE paclpenencHHe 3apsama. Ilocme OKOHYATeNbHOro BhIGOpa
NapaMeTpoOB YCKOPHTENA CHEAYeT MPOBECTH YHCICHHBIE pacqeThl ¢ Y4éTOM  CHI
IIPOCTPaHCTBEHHOI'O 3apAna.

Pykonuce nocrynmuna B H3aaTensckuii otaen
23 anpemst 1999 rona.
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Camconos E.B., Kapamsimesa I'.A Bopoxuos C.B. P9-99-126
Pacuer nunamuku yactuy B uukiorpore 1H-10

IlpuBeneHsl pe3ynbTaThl YHCIEHHBIX pacyeToB OCHOBHBIX XapaKTepHCTHK
CHITLHOTOYHOIO HUKIIOTPOHA-HHXEKTOPA, NPEHA3HAYEHHOTO TS NONYYEHHd Myy-
Ka JEATPOHOB C KOHEYHOM aHepruern 15 MaB. Ilpencrarnens! aHanuruueckue
OLCHKHM BITMAHHA 3(PEeKTOB NPOCTPAHCTBEHHOTO 3apsina Ha OMHAMHKY YacTHLL.
Hanel pekOMEHAAUNH IO H3MEHEHHIO NApaMCTPOB YCTAHOBKH C LEJIBIO YBEITHYCH U
HHTCHCUBHOCTH YCKOPEHHOIO IyyKa.

Pa6ota BeinonneHa B Jlaboparopun saaepuobix npo6aem OUSIU.

Coobienne O6LennHeHHorO HHCTHTYTA AnepHbIX HccnenoBaHui. dybua, 1999

[lepeson aBropos

Samsonov E.V., Karamysheva G.A., Vorozhtsov S.V. P9-99-126
The Dynamic Calculation in CI-10 Cyclotron

The calculations of beam dynamic characteristics of High-Intensity Cy-
clotron-Injector CI-10 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 beam some ideas about cyclotron design modification are given too.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 1999
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