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B O6benrHeHHOM HHCTUTYTE siepPHBIX HccienoBanuil coBMecTHO ¢ AO «HUHIDPA um. [1. B. Ed-
peMoBa» BefyTcsl pabOTHl MO CO3MAHHI0 MEIUIMHCKOTO CBepXmpoBoasilero nukaorpona MCII-230.
CpenaHbl pacyeTbl MarHUTHOTO MOJIsl, PE30HAHCHOH CHCTEMbI, paclpelesieHHs] BaKyyMa B YCKOPH-
TeJIbHOH KaMepe W AMHAMHKH MyuyKa NMpoToHOB. OCyIlecTBJsieTCs NPOEKTHPOBAaHHE Y3JI0B U CHCTEM
UMKJI0TpoHa. HauaTo H3roToB/eHHe OTHENbHBIX Y3J0B ycKopuTeds. [IpencTaB/ieHbl onucaHue LUKJIO-
tpona MCILI-230, ero ocHOBHEIE MapaMeTphl U CTaTyc paboT MO peasnn3allHd MPoeKTa.

The medical superconducting cyclotron MSC-230 is under construction at the Joint Institute
for Nuclear Research and JSC NIIEFA. The parameters of the magnetic field and the resonance
system as well as dynamics of the proton beam were simulated. The development of the cyclotron
structure is in progress. The manufacture of the cyclotron’s units was started. The description of
the MSC-230, its parameters and status of the project are presented.

PACS: 29.20.dg

BBEJAEHHE

CaepxnpoBonsiui u3oxpoHHblid UMKJAOTPoH MCILI-230 npenHasHaueH AJist POBeIeHHUs
TIPOTOHHOM JIy4yeBOH Tepamnuu M MeIHKO-OMOJOTHUECKHX HCC/AeOBaHUH. YCKOPUTENb pac-
CUHTaH Ha paboTy B HENPepbIBHOM M HMIIYyJbCHOM peXHMMaX ¢ MaKCHMaJbHOH 3Heprueit
npotorHoro nyuyka 230 M3sB u makcumanbHbiM TokoM g0 10 MKA [1]. XapakTepucTHKH
LMKJOTPOHA MO3BOJAT MNPOBOAUTb PA3JHUHbE SKCIIEPUMEHTHl B 00/1aCTH NPOTOHHOH Tepa-
MHUH, B TOM UYHCJE 110 U3yUeHHUI0 (Pa31-3hdeKTa.

Menununcku# ceepxnpoBogsamui HUKI0TpoH MCLI-230 — HM30XPOHHBIH KOMIAKTHBIH
nukaoTpoH BecoMm 130 T. Bricora sipma 1900 mM, nuamerp 3860 mm. CBepxmpoBopgsiiie
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Puc. 1. O6mwm# Bux MCLI-230: 1 — sipMO 3JIeKTpOMAarHuTa; 2 — KPHOCTaT JJIsl pa3MellleHHsl CBepX-
NPOBOASILIMX KaTylleK; § — CHCTeMa MoJbeMa BepXHel uacTu sipMa; 4 — CUCTeMa MOANEPKKH KPHO-
FeHHBIX KaTylleK; 5 — rejieBblil pe)puKepaTop; 6 — BBEIBOJ POTOHHOTO MyuYKa

Tabauua 1. OcHoBHble napameTpsr MCII-230

[Tapamerp 3HayeHHe
OHeprus nportoHoB, MaB 230
Tok nyuka (HenpepbiBHBIA pexuM), MKA 1
Tok nyuka (MMMyJbCHBIH pexXnuM), MKA 10
JIIMTeIBHOCT UMIYJIbCA, MC 10-100
JlnurenbHoCTh PPOHTA UMITYJIbCA, MC <1
Hecra6uabHocTs TOKa, % +5
Cpennee maruutHoe noge (Ro/Reusona), T 1,7/2,15
[abaputsl (BbICOTA X AHAMETD), MM 1900 x 3860
Macca spwma, T 130
Tok B 06MoTKe BO3Gyx/IeHHUs (HA OQHY KaTYyLIKY), aMIep-BUTKH 281 000
Yacrora yckopenusi, MI'n 106,5
Uwnceso rapMOHUK 4
[ToTpe6.isieMast MOLIHOCTb PE30HAHCHOM CHCTeMBl, KBT 60

KaTYIIKH DasMellalnTcss B KpuocraTe. B KauecTBe YCKOPUTENbHOH BaKyyMHOH KaMepbl
B MCLI-230 ucnosneayercst 06/1aCTh BHYTPH sIpMa 3JeKTPOMAarHuTa M CTEHKH KPHOCTa-
ta (puc. 1) [2]. OcHoBHBIE mapaMeTpbl UUKJIOTPOHA MpUBeeHbl B Tab1. 1.

JEKTPOMATHHUT

DJIEKTPOMarHUT LHKJIOTPOHA COCTOMT M3 CBEPXNPOBOAALIMX Karyllek [3] W «TemJo-
ro» sipma, obecrneurBalollero BeJUYUHy MarauTHoro noas 1,7 Ta B ueHTpanpHOH ob/acTu
u 2,15 Tn B obnacTd BBIBOAA NyuyKa. fpMO COCTaBJISIOT UeThIpe Maphl CEKTOPOB M SIp-
MO OpPOHEBOTO THIA M3 4eThblpex uacTedl (puc.2). B kpuocTaT BXOAMT BaKyyMHBIH KOXKYyX
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Puc. 2. DnexTpoMarHuT LHUKJOTPOHA: | — BepXHss YacTb pMa; 2 — BepxHee KOJBLO sIpMa; 3 —
HH2KHee KOJIbLIO sIpMa; 4 — HMXKHSS 4acTb SpMa; & — TeIJIOBOH 3KpPaH COJIEHOMAd; 6 — KPHOTeHHBble
KaTyLIKHU COJIEHOUAA; 7 — BaKyyMHBIH KOXKYX KPHOCTaTa; 8§ — rejiMeBbIil pedpukepatop

)

Puc. 4. CxeMa BBOa TOKa B COJIEHOM],
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Tabauya 2. IlapameTpbl KPUOTE€HHOIN CHCTEMBI

[Tapametp 3HaueHHe
BuyTpeHHMI nHaMeTp KaTYIIKH, M 2,56
BHemHuil nuaMeTp KaTyLIKH, M 2,67
Uucso KaTyliek, COCTaB/SIOUUX COMEHOUN 2
PaccrosiHue Mexay KaTylkamu (3aszop), M 0,13
BricoTa, M 0,35
3anaceHHas Heprus Mpyu MakcUMasnbHOM Toke, Mk 3,85
HupykTuBHOCTL cosleHoMaa, ['H 28,4
O6beM KHUAKOTO I'eslisi B CONEHOUNE, J1 7
Matepuan 06MOTKH Cu + Nb-Ti
JlaBsieHre B H30/SIHOHHOM BakyyMHOM o6beme, [la <1-1073
N3ossunoHHbIH BaKyyMHBEIH 00beM OtTnesieH OT My4KOBOH KaMepbl

U TerJoBOH 3kpaH. CBepXMPOBOASAIINE KATYIIKH, Pa3MellleHHble B KPUOCTATE, OXJ1aXKIaloT-
csl IOTOKOM TeJIUsi CBEPXKPUTHUECKOTO NaBJeHHUs, TPOU3BOIUMBIM T'eJINEBBIM pedprKepa-
TOPOM, KOTOPBIH MPOKAaYMBaETCs BHYTPH OXJaxKAawllero kaHasna Kabess. TernsoBod sxkpaH
COJIEHOMIA OXJIAXKJAeTCsl UeThIPbMsl KPHUOKYJepaMH, a TaKxkKe IMOTOKOM KHIISILEro as3ora,
napbl KOTOPOT0 KOHAEHCHPYIOTCS B rejiieBoM pedpukeparope. 2KUIKHH a30T cTeKaeT U3
petdpuKepaTopa K TEIJIOBOMY 9KpaHy Mo CU(OHY AJs MOJAUH U BO3BpaTa B pedpHUKepaTop
KUAKUX Tesus U a3oTa. CH(POH HMeeT H30JSIHUOHHBIN BaKyyMHBIH 00beM, TENIOBOH 3KpaH,
OXJlaXKJaeMblil MapaMHu a30Ta, U MHOTOCJIOMHYI0 9KPaHHO-BaKyyMHYI0 U30J1HUI0 (pHUC. 2, 3).
Ycunusi, neficTByolIMe Ha CBEPXMPOBOJSIIME KAaTYIIKH, BOCIpPUHUMAIOTCS 12 mopBecamu
(u3 HUX 8 BepTHKaJIbHHIX H 4 pamuasbHbX) (cM. puc. 1). BBox Toka B KpHOCTAT OCYIIECT-
BJIsIeTCs1 ¢ moMolibio onHoi napbl BTCII-ToKOBBOIOB, OXJaxKAaeMbIX KPHOKYJ1epoM (pHc. 4).
[TapameTpbl KPHOTEHHOH CHUCTEMBI MPEACTABJEHBl B TalJI. 2.

PE3OHAHCHAS CUCTEMA

Pe3onaHcHas yckopsiooliasi CHCTEMAa COCTOUT M3 UEThIPEX KOHTYPOB C pacrpefiesieHHbI-
MU TapaMeTpaMH, MOJHOCTBIO Pa3MeIleHHBIX B JOJHHAX 3JeKTpomartuta (puc.5). Cucre-
mMa BU-nmutanus mnosBoJsisieT reHepupoBaTh MoIIHOCTb no BeandyuHbl 100 kBt Ha uacrore

Puc. 5. Mopesib pe30HAHCHOH CHCTEMBI
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Tabauya 3. IlapamMeTpbl pe30HAHCHOU CHUCTEMBI

[TapameTp 3HaueHue

['apMoHHKa ycKOpeHHs 4
OcHoBHas yactora BY-noss, MI1g 106,5
KosuuectBo nyantos 4
KosnuecTBO MITOKOB B MOJMype30HaTOpe 2
KosnyectBO reHepaTopoB 1
Hanpsixxenue Ha ayaHTax, kB 30-80
Pacuernas pacceuaemass BU-mouinocts, KBt 60
PacuetHast o6pOTHOCTD YCKOPSIIOLIEH CHCTEMBL 11200

106,5 MIu, obecrneunBasi nepenayy BY-MOLIHOCTH B PE30HAHCHYIO CHCTEMY MO KOaKCH-
aJbHOMY (buzepy, CTabGUIN3UPYET YaCTOTy U aMILIMTYAY YCKopsiollero noJs. [lapameTpsl
Pe30HAHCHOH CHCTEMBI MPUBENEHbl B TabJI. 3.

HCTOYHHK ITPOTOHOB

B uuknorpoHe MCIL-230 Gyner HCIosb30BaThCsl BHYTPEHHHH HCTOYHUK Thna [leH-
HHHTa ¢ KaTogoM NpsiMoro Hakasa (puc.6). KoHCTpyKIHs HCTOUHHKA MTPOTOHOB, BKJOUAs
CHCTEMY LIJIIO30BaHHS, T03BOJSIET OCYLIECTB/ATh NepeMellleHHe HOHHOTO HCTOYHHKA IPH
3aMeHe Karojia 0e3 pas3repMeTH3alUH YCKOPSIOIEero o6beMa YCKOPHTES.

Puc. 6. C6opka y3Jsia HCTOUHHKA POTOHOB
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3AKJIIOYEHHE

[TpoBeneHbl pacueTbl XapaKTepPUCTUK 3/1€KTPOMAarHMWTa, Pe30HAHCHOH CHUCTeMbl, JUHa-
MHKH Ny4Ka [POTOHOB B 30He YCKOPEHHMsS M BBbIBOAA LMKJOTpPoHA. Benercs TexHuyeckoe
NIPOEKTUPOBAHUE CHCTEM LIMKJOTPOHA. 3aBepIleHO NPOEKTHPOBAHHE U U3rOTOBJNEHHE T'eslu-
eBoro pedpuxeparopa. Hauato u3rotossieHue sspMa UUKJIOTPOHA. 3aBepllaeTcs NOArOTOBKA
UH(PACTPYKTYPHL AJIS1 IPOBeJeHUs] KPUOT€HHbIX UCIbITAHUH CBEPXIPOBOASLLETO COJIEHOUA.
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