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Abstract. Multiple charged ion beams are of special interest in the fields of atomic and nuclear
physics, material science and other applications. Electron cyclotron resonance (ECR) ion source can
produce high intensity ion beams of high charge state in cw or pulse mode. All permanent magnet
ECR ion sources have many advantages over traditional ECR ion sources composed of several axial
room temperature solenoids and one permanent hexapole magnet, which make them suitable for
heavy ion facilities based on high voltage platforms and Van de Graaff Accelerators. The article
presents the results of simulations of the magnetic structure of the compact 14 GHz ECR lon source
based on permanent magnets for the production of multiply charged ion beams. The magnetic system
consists of 7 permanent magnet rings (NdFeB) and hexapole. For different plasma chamber diameter,
the optimal configuration of the magnetic system has been determined to obtain the Binj, Bext and
Bmin values in the required range. The optimal position of UHF power input at which power
reflection is minimal was determined.
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BBenenue

HNonHblE HMCTOYHUKM HA OCHOBE OJJIEKTPOHHO-IMKJIOTPOHHOTO pe3oHaHca (DIIP) nammm
IMPOKOE MPUMEHEHHE BO MHOTHX JIA0OPATOPHUSX MUPA JUIS MTOJIYUYEHHUS TyYKOB YCKOPEHHBIX HOHOB,
HCIOJIb3YEMBIX B (YyHIAMEHTAIbHBIX U MPUKIAIHBIX UCCIEIOBAaHUSAX B 00JaCTU SAEpPHON (U3UKH,
(bu3MKe TBEpJOro Tena U Ap.

Pesynbrathl uccnenoBanuii [1] mokasanu, 4To MarHUTHOE T0JIE, CO3/IaBAEMOE CYIEPIIO3UITUCH
aKCHAIBHOTO W PaJMaibHOTO TMoNed /i yaep:kanus miasMel B J1[P-uctounuke u ¢ dekTuBHOrO
O6p330BaHI/I$I MHOT'03apsi/IHbIX HWOHOB, MJOJDKHO YAOBJICTBOPATH CIACAYIOIIMM COOTHOUICHUAM
MarHuTHOW MHAYKIUH (Brad — pamuanbHOE MarHuTHOE moJjie, Binj — MarHuTHOE mosie B 00aacTH
WHXCKIINHU, Bext — MarguTHOE I10JI€ B 00J1aCTH OKCTpPAKIUH, Bmin — MUHUMAJIbHOC MAarHuTHOC I10JIC Ha
OCH UCTOYHUKA, BECR — Pe30HaHCHOE MarHUTHOE 1OJIE):

Brad =2+2.2 BECR;
Binj =3+ 4BECR;
Bext = Brad;

By = 0.3 = 0.45 B, .

B ynuepcurere IFUNAM (Mekcuka) Ha 5.5 MB yckoputene Ban ne ['paada mmanupyercs
MIPOBE/ICHUE UCCIIEI0OBAHHH B 00J1aCTH HU3KOIHEPreTUUECKOH s/IepHON (U3UKH U U3YYEHUU CBOMCTB
MaTtepuasoB. /s BBIMONHEHHS STHX 3a7ad HeoOXxoaumo paszpadboraTs OLIP-MCTOYHHK HMOHOB,
CTMOCOOHBIN MOJTyyaTh IMy4YKH MHOTO3apsAHBIX MOHOB. B cBs3u ¢ teMm, uro DI[P-uctounuk Oyxmer
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pacmookKeH Ha BRICOKOBOJILTHOM TEPMHUHAIIE YCKOPHUTEs, rabapuThl KOTOPOTO OTPaHUYEHBI, TO OH
JTOJDKEH OBITh KOMIIAKTHBIM, U UMETh HU3KOE YHEProMmoTPEOICHHE, TaK KaK JOCTYITHAs HAa TEPMUHAJIE
MOMIHOCTH orpannyeHa 1 kBr. Mcrounuk OyaeT HaxoAuThCs B 00beMe, HaXOASIIUMCS O] BBICOKHM
JABJICHUEM M HAIIPSHKEHUEM, UTO JeIaeT TPYAHBIM pabOThl MO €ro TEXHUYECKOMY OOCITYKUBAaHHIO,
MIO3TOMY OH JIOJDKEH UMETh JITUTEIIbHBIN, HeMpepbIBHBIN pecypc padotsl (He meHee 2000 1.).
[enpro paboOTHI SABISIETCS ONpeAcieHHe KOHPUTYpaAIlid MAarHUTHOW CUCTEMBI JIS TTOTyYEHUS
TpeOyeMoro pacrpeaesieHuss MAarHUTHOTO TIOJIS, B OMPEIEICHHE ONTHMAIBHOTO MMOJIO0XKEHHS BBOJIA
CBU c 1enbro MakCMMaabHOTO MOMJIOIEHHS] MOLITHOCTH B pe30HaHCHOM 30He D[P ncrounrnka noOHOB.

JKCNepUMEHTAIbHAS YaCTh

Pabouas uacrota mcrounuka BbiOpana 14 I'Tm, 4TO TMO3BOJSET BBINOJHUTH MAarHUTHYIO
CUCTEMY IIOJIHOCTbIO W3 TOCTOSIHHBbIX MarHuToB. [Ipu BbpIOOpe MaTepuana MarHMTOB HYKHO
YYUTHIBATh KPUTHYECKOE II0JI€ pPa3MarHUYMBAHWSA, MArHUTHYI0 HMHIYKIMIO HACBIIICHUS,
KOSPIUTHBHYIO CHJIY W TEMIIEpaTypy pa3MaruuumBanus. [l pacuera BeiOpan marepuan NdFeB
(N48SH) [2]. Cxemarndeckoe HM300pakeHHE MAarHUTHOM CHCTEMbI MOKa3aHO Ha pUCYHKe 1, a
pacmpesielieHne MarHuTHOTO TOJIsl HA OCH CUCTEMBI [TI0Ka3aHO Ha PUCYHKE 2.

Puc. 1. Macnumnas cucmema ucmounuka. Cunuil — Koavya 08 CO30aHUsL AKCUATbHO20 NOJIsL, Keamblil — 2eKcanoiv,
Cepuiti — Cmanw 10; Opanoiceswiti — CBY 6600, 3enenviii — obnacme 1P, Cmpenku — Bexmop namasnuyeHHOCmu

OnpeneneHo ontuMansHOe mnosioxkeHue Beoxa CBY, mpum KOTOpOM 3HaueHHE OTpaKeHHOU
MOIITHOCTH MHHHMMAJIbHO. 3HAau€HUE HANPSHKEHHOCTH »JJIEKTpHuYecKkoro monsg B oOmactu JL[P
coctaBuiio 52 kB/M nipu ypoBHe BBoanMOi MotHOCTH 100 BT.

YucneHnoe MOACIIUPOBAHUC MPOBOAUIIOCH C HUCIIOJIB30BAHUCM IMPOTPAMMHOIO ITaKCTa
COMSOL Multiphysics [3].
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Puc. 2. Pacnpedeﬂenue MACHUNHOZ20 NOJIsL HA OCU UCMOYHUKA
Pe3yabTaTsl

B Ttabaume 1 mnpeacraBieHbl mHapaMeTpbl MarHUTHOW CHUCTEMBI, IOJYYE€HHBIE B XOJE
MOJIETIMpOBaHus, a Takxke mnoioxeHue CBY BBoja, mpu KOTOPOM IOJIY4YaeTCsl MUHUMAJIbHOE
orpaxenue momHocTH (L — miMHa MarHUTHOW cucTeMbl, D1 — JAMamMeTp MarHUTHOH CHCTEMBI,
di — ntuamerp Kamepbl HCTOYHHKA, M — Macca MarHUTHOW cUCTeMBbI, Lw — paccTosinue ot D[P 30HbI
710 BOJTHOBOJIA, Iy — MOJIOKEHHE BOJTHOBOa OTHOCUTEIFHO OCH KaMephl, P — majaroiias MOIIHOCTb,
Pref — KOO GHUIHEHT OTPaKEHHOM MOIITHOCTH).

Tabnuya 1

Tapamempor macnummuoii cucmemol komnaxmuozo 14 I'T'y SL[P-ucmounuxa uonog

L, Mmm | Dy, MM | di, mm Biny T | Bext, T | Bminy T | Brad, T | M, kr | Ly, MM | Fy, MM | P, BT | Prer, %
200 176 46 1.74 1 0.4 1.13 | 38.47 20 11 100 2.51

3akaoueHne

B pe3ynbrare mpoBeIeHHBIX UCCIIEIOBAHMI CMOEIMpOBaHa MarHuTHas cuctema st 14 I'Tg
OUP ucrouHrka HOHOB. MarHuTHas CCTeMa YAOBIETBOPSET YCAOBUIM 3PPEKTUBHOTO MOTyUEHUS
MHOT03apsiIHBIX MOHOB. OmpeneneHo onTtuMaibHoe TosiokeHue BBojga CBY, ¢ MUHUMaIbHBIM
kodpduimeHToM oTpakeHHON MomHocTH. [lomydeHHas koHdurypauus kommnaktHoro 14 I'Tig
OIIP-ucTOYHMKAa HMOHOB TIOJHOCTHIO YIOBIETBOPSET TpeOOBaHUAM, HEOOXOAMMBIM [IJISI €O
pasMenieHus B yckopuresne Ban ne ['paada.
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