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HccnenoB Hust 1 p 3p GOTK CBEpXIPOBOAAIIEro HUKIoTpoH SC230
19 IPOTOHHOM Tep NuH

[Ipenct BeH KOHIENTY JIBHBINA MPOEKT KOMIT KTHOTO CBEPXITPOBOISIIETO IIUKJIO-
TpoH SC230, yCKOpSIOLIEro My4oK MPOTOHOB A0 aHepruu 230 MaB, g npoToHHOI
Tep MHU U MEIUKO-OMOJIOTMYECKUX UCCIIeNOB HHUIL.

SC230 — M30XpOHHBIIA YETHIPEXCEKTOPHBIN UKJIOTPOH H OCHOBE M THUT Opo-
HEBOTO THIl C M THUTHBIM nosieM B nenrpe 1,7 Ti. Ceepxmpoopsiine oOMOTKH
OyIyT 3 KJIIOYEeHBI B KPHOCT T, BCE OCT JIbHBIE U CTH LIUKJIOTPOH «TEIUIbIe». YCKO-
pEHHE OCYIIECTBIISIETCS H YETBEPTOM Kp THOCTH Y CTOTHI YCKOPSIOIIEH BBICOKOY -
CTOTHOM CHCTEMBI, COCTOSIIEH M3 YETBIPEX PE30H TOPOB, P CIONOXEHHBIX B HOJH-
H X LMKJIOTPOH . B yckopurene I HHUpyeTcs UCHONb30B Th BHYTPEHHHUIl MCTOYHMK
tun  IIeHHUHr ¢ ropguuM K TofoM. BEIBOI ocyliecTBiaseTcs MpU IOMOILM dIIeK-
TPOCT THUUYECKOTrO JeIeKTOp , P CIOIOXEHHOIO B 3 30pe MEXIy CEeKTOp MU, U JIBYX
Il CCHUBHBIX M THUTHBIX K H JIOB.

P Gor Bemonxen B JI Gop Topuu spepHbix npobiem um. B.II. Ixenenos
OUsIN.

IMpenpunt OGbeIUHEHHOTO MHCTUTYT SAEPHBIX HcciefnoB Huil. Jy6H , 2020

Karamyshev O. V. et al. P9-2020-17
Research and Development of the Superconducting Cyclotron SC230
for Proton Therapy

The conceptual design of a compact superconducting cyclotron accelerating the
beam of protons to 230 MeV dedicated for proton therapy and medico-biological
research is presented.

SC230 is an isochronous four-sector compact cyclotron with a magnetic field in
the center of 1.7 T. Superconducting coils will be enclosed in a cryostat, all other
parts of the cyclotron are “warm”. Acceleration is performed at the fourth harmonic
mode of the accelerating radio-frequency system consisting of four resonators located
in the cyclotron valleys. The accelerator will use an internal Penning type source
with a hot cathode. Extraction is carried out by an electrostatic deflector located in
the gap between sectors and two passive magnetic channels.

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

Hcnonp30B HUE MTyYKOB MPOTOHOB U SIEP JIETKUX 3JIEMEHTOB B JIy4eBOM Tep -
MM OHKOJIOTMYECKUX 3 OOJIEB HUil MO psily IIPUYUH SIBIISIETCSl Gonee MpeinouTH-
TEJIBHBIM 10 CP BHEHHIO C OOJIy4eHHEM I' MM -KB HT MH M IIy4K MH YCKOPEHHBIX
DIIEKTPOHOB. 71 BHBIM 00p 30M BTO CBSI3 HO ¢ GoJjiee BBITOAHBIM P CIIpee/ieHUEM
TIOITIOIIEHHOM 03bI B 3 BUCHMMOCTHU OT ITyOMHBI IPOHUKHOBEHUS 3 PSKEHHBIX U -
ctull B 00iyd emylo o6m ctb.  OcOOEHHO 1 HHbBIH METOI B XEH M JIEeTCKOM
OHKOJIOTMH, T KXe€ B CIIyY $5IX, KOTJ OIyXOJb P CHOJ T ercsl BOJIM3U KpUTHYEe-
CKHX OpPr HOB WIHM UMEET CIOXHYI (popMy. Mcnomnp30B HuE IMy4KOB MPOTOHOB U

JPOHOB IIPU3H HO BO BceM Mupe 3(pheKTHUBHBIM CIIOCOOOM JieueHHs] OHKOJIOTHH.

B OMAH nepsble ce HCbI KJIIMHUYECKOTO NIPUMEHEHUS IIy4KOB IIPOTOHOB, Ie-
HepupyembIx ¢ 30TpoHOM, ObUTM H 4 THI B 1967 1. [1,2]. H mnyuke ¢ 30TpoH
Bepsble B Poccunt ObUT pe IM30B H METOAMK TPEXMEPHOW KOH(OPMHOM IMpo-
TOHHOM JydeBoit Tep nuu. B mepuox ¢ 2000 mo 2018 r. Kypc MpOTOHHOI JTy4yeBoi
Tep nuu npouutyd okoso 1300 1 1MEeHTOB ¢ p 3IUYHBIMH HOBOOOD 30B HHSIMH.

OUSIH, 061 11 1 MHOTOJIETHHM OIIBITOM CO3[] HUS YCKOPHTeEJeH 1 (PU3NUecKix

YCT HOBOK 151 (hyHZ MEHT JIBHBIX WM IIPUKJI JHBIX WCCIENOB HMH, p 3p O THIB er
MEIULMHCKYI0 YCKOPUTEIIbHYI0 TEXHUKY, COTpyIHMY 4 ¢ ¢upmoil IBA — mupo-
BBIM JIMJIEPOM B OOJI CTH CO3Jl HUS YCT HOBOK JUIsl NMPOTOHHOW Tep muu. Crienu-
quct mu OUSIN mpoBeneHs! p CYETHl U MOAEPHU3 LS CEPUHHOIO MPOTOHHOIO
muknoTpon  C235. Tlepssnii ax3emmuiap C235-V3 Obu1 cobp H, OTI XeH U 3 -
nymweH B OUAHN B 2012 r. [3]. B H crogmee Bpema C235-V3 Bxogur B cocT B
@ejiep JIbHOTO BHICOKOTEXHOJIOTMYHOIO LIGHTP MeIUMUUHCKOM p auonoru @PMBA
Poccuu B 1. Jumutposrp ae. OUSIN u IBA coBmecTHO p 3p OOT JIHM HPOEKT Iep-
BOTO B MHUpE CBEPXIPOBOJAIIEro yriepognoro mukiaorpon C400 [4], koTopbii
ceilu ¢ coopyx ercd B I. K H (Pp Huus).

B 1 crosmee Bpems B JIAII Bexyres p 3p 60TKH COOCTBEHHOTO MPOEKT H30-
XPOHHOTO IHMKJIOTPOH , HPEeIH 3H YEHHOTO U JIeYeHHs OHKOJIOTMYecKHX OOoIib-
HbIX. 14 pe JIM3 UM MPOTOHHOM Tep MM HeOOXOOUMO YCKOPHUTH ITy4OK IPOTO-
HOB 10 sHepruil 60-230 MaB. CylecTBylOT p 3/IHUYHbIE CIIOCOOBI YCKOPUTH PO-
TOHBI 10 ®TOH aHepruu. H cerogHamHuil 1eHp B MEAMIUHCKUX LEHTP X HUCIONb-
3yIOTCS TPU THIl YCKOpHTEJel: IMKJIOTPOH, CHHXPOLMKIOTPOH M CHHXPOTPOH.



T kxe Bemyrcst p 3p OOTKHM JIMHEHHBIX YCKOpHTENeH Ui NPOTOHHOH Tep INHH.
K XIpblil U3 9TUX TUIIOB YCKOPUTEIEH UMEET CBOM IPEUMYLIECTB U HEAOCT TKHU.

T K, K IpEeUMYIIECTB M LUKJIOTPOH OTHOCATCS BBICOK § H IEXHOCTb M IPO-
CTOT YCKOPHTENS, UCTIONIB3YIOLIEro MOCTOSHHOE M THUTHOE I0JIE U YCKOPSIOLIYIO
CUCTEMY C IIOCTOSHHOU Y CTOTOM, BBICOKHMII TOK IIy4K , T KXK€ BO3MOXHOCTb TOY-
HOHW W OBICTPOH MOAYISIIMM MHTEHCUBHOCTH MyYK . HemocT TKOM siBnsieTcs! BHIBOI
€IMHCTBEHHOH (PUKCUPOB HHOU HEPTHH, IIOITOMY Ul MOTY4EHHs] MEHBIIUX 9HEP-
THii IPUXOIUTCS UCIIONIb30B Th CUCTEMY BBIOOD DHEpPIUM, JIeTp Hep, YXYALI IOLIHid
I p Merpbl mydk . CUHXPOTPOH OOJI JI €T BBICOKMM K 4ECTBOM Iy4K , OfH KO H
MOPSAKM MEHBIIMM TOKOM Iydk . Heob6xommmocTs npumeHenust Oycrep obyci -
BJIUB €T CP BHHUTENIbHO OOJIBIINME P 3MEpBl U LEHY CHHXPOTPOH . CHHXPOLMKIIO-
TPOH OOJ A €T TeMM Xe HeJOCT TK MH, YTO ¥ LUKJIOTPOH, IPH 3TOM HMITYJIbC-
HBII X P KTep YCKOPEHHUs IIPUBOIUT K HEBBICOKOU CPEJHEN UHTEHCUBHOCTHU YUK .
OnH KO CBEpXMPOBOIAIINI CHHXPOIMKIOTPOH IOMYCK €T NPUMEHEHHE BBICOKHX
M THUTHBIX TOJIel, 0OeCIieunB IOMIMX CBEPXKOMI KTHbBIE PEIIeHHd, YTO MPHUBEIO
K p CTyLIEMY CIIpOCY H TOIOOHBIE YCT HOBKM H pBIHKE IPOTOHHOH Tep INHH.

H30XpOoHHBII HUKIOTPOH YCKOPSAET KB 3MHENPEPHIBHBIN ITy4OK, TI09TOMY SBJIS-
eTcss H uboliee TMEepCreKTHBHBIM YCKOPHUTENIEM Ul NPUMEHEHHS HOBOTO METO.
P IM LOUOHHON Tep muu — e, Meroauk iamr 3 KITI0Y eTcs B JIOCT BKe
HEeoOXOIMMOU JI03bl M3JIy4EeHUs IPU CBEPXBBICOKOM MOILIHOCTH 103bl. 1o cp BHe-
HUIO C JIy4eBOH Tep IHel, IPOBOAMMON ¢ 0OBIMHOM MOIIHOCTBIO 1036l (1-7 I'p/c),
(hrre1I-00sTydeHHE OCYIIECTBIISIETCS IPH MOIITHOCTH 103bI cBbitie 40 I'p/c 3 Bpems
Mmenbiie 0,5 c. 3700poB S TK Hb JIydllle MPOTUBOCTOMT (QIIBII-O0IyYEHHIO, B TO
BpeMsi K K OITyXOJib OOJI J| €T TeM Xe& YPOBHEM UYBCTBUTEIBHOCTH, YTO M K OOBIY-
HOMY JIeUeHHI0. MeTos BBI3BIB €T OTPOMHBII HHTEPEC Y CIIelH JIMCTOB, T K K K He
TOJIBKO YMEHBII €T BO3IEHCTBUE H 3[0POBbIE TK HH, HO M COKpP I €T KOJIMYECTBO
npouenyp jedeHus ¢ 10-30 npu o6pryHOM Jedenun 10 1-3. OxH Ko, Ipexie 4eM
MIPOTOHH 4 (OIIBII-TEP MK CMOXET OBITh B ITOJTHOM MEpe pe JM30B H H TP KTHKE
(ceitu ¢ MpOXOIIT NOKJIMHUYECKHE UCCIIENOB HUs), OCOOCHHO IS JIOCT BKU JO3bI
HOCPENCTBOM TOYEYHOIO CK HUPOB HHs, YTO B XHO JIs 0OecrieueHus] BhICOKOTOY-
HBIX KOHTYPOB J103, TpeOyeTcsl peluTh psill MHXEHEPHO-TEXHUYECKUX IpoOieM.
B u crHOCTH, HEOOXOANUM YCKOPHUTEIb, 00ECIIEUNB IOIINI CPEIHUI TOK MyYK , CO-
CT BJIAIOUIMIN IO p 3HBIM OLEHK M 0,5-2 MKA JuId BCero iM I 30H IPUMEHSEMBIX
B JIeUEHUHU dHeprui [5, 6].

P 3p 6 ThIB eMble COBpEeMEHHbIE MPOEKTHI LIMKJIOTPOHOB I MPOTOHHOW Te-
P MUK H LEIeHbl H TO, YTOOBI CAEN Th LUKJIOTPOH M KCHUM JIbHO KOMIT KTHBIM,
CHH3MB €ro p 3Mep U BEC 3 CUeT yBeIM4YeHUs MHIYKIUN M THUTHOrO nonsa. Cosp -
B €Mble HOBEIIlNe CBEPXIPOBOMAIINE LUKJIOTPOHBI Ul IPOTOHHOM Tep MUU, T -
kue K Kk SC200 (mpoekt SC200 p 3p 6ot H B OUAU cosmectro ¢ UDII, Xadoii,
Kur i) [7], Pronova K230 (USA) [8], Sumitomo 230 M3B [9], uMerT cxoaHbie
I P METpHI, ONpPENeNdoIe CTPYKTYpPY LIMKJIOTPOH . [| HHbIE MPOEKTHI MPEeicT -
BIISIIOT COOON YeThIPEXCEKTOPHbIE M30XPOHHBIE LUKJIOTPOHBI H OCHOBE M THHUT



OpOHEBOrO TUII C M THUTHBIM IoseM B eHtpe ~3 Tn. Hu opun u3 nepeuncien-
HBIX LIMKJIOTPOHOB eIlle He 3 IMYIIEH B ®KCIUTy T IMI0, B OCHOBHOM M3-3 MHOXe-
CTB HMHXEHEPHBIX CJIOXHOCTEH, BO3HUK IOLIMX U3-3 BBICOKOTO M THUTHOTO ITOJIS
yckopurens. [Ipu yBenuueHMHd M THUTHOTO 1o 10 3 T UMKIIOTPOH CT HOBHUTCH
CIIOXHEEe B H CTpOiiKe, TpeOyeT Ky Oosblleil TOUHOCTH IPH WU3TOTOBICHUH, YTO
MIPUBOIUT K YIOPOX HHUIO IPOEKT , T.€. OH JIMII €TCS HEKOTOPhIX HPEHMYLIECTB
YCKOpHTENIeil | HHOro TUI , NPHU 3TOM II0 KOMII KTHOCTH BCE€ P BHO YCTYII €T
CHHXPOLIMKJIOTPOH M.

B 00651 cTM NPOTOHHOW Tep MU MOXHO BBIIEJUTH JIB H HOOJIEe yCIELIHbIX
p OOT IOIUX YCKOPUTEN: CBEPXIPOBOIAIINIA HUKIOTPoH Varian Proscan [10] u
«rerslity muKIoTpor C235 (IBA, Benbrus) [11]. Varian u C235 saBrsiotes p 3-
p 60tk Mu 90-X IT., B H CTOsIee BpeMs NpOrpecc B METOA X MOIEIMPOB HUS,
TEXHOJIOTUU CBEPXIIPOBOAMMOCTU U TeHep Top X BY mo3Boisger co3m Th 3H 4H-
TeJIbHO OoJiee JIeleByI0, H JIEXHYI0 U KOMI KTHYI0 YCT HOBKY. O6 UMKIIOTpPOH
HMEIOT MEeHblIIee, YeM COBPEMEHHbIe MPOEKThl, M THUTHOE Iojie B LeHTpe — 2,4
u 1,7 Tn coOTBETCTBEHHO.

[MoaTomy, p 60T 1 H I CBOMM IIPOEKTOM, Mbl PELIMIA BHIOP Th HEBBHICOKOE
M rHutHOe mnone 1,5-1,7 Tn B uentpe. CoorBercTByom S 4 cToT BY-cucrembl
IUI 3TUX 3H YeHUH MHAYKIMH M THUTHOTO mojis cocT Biger 91-106 MIt mpu
p 6ore H 4-ii r pMoHHKe (CM. T O1. 1).

T 6muy 1. Cp BHeHHe 3H YHMMBIX I P METPOB HUKJIOTPOHOB — JINAEPOB PHIHK IPO-
TOHHO¥ Tep muHu U npoekt SC230

IT p metp Varian Proscan | IBA C235 SC230

Mupun , m 3,1 4,3 35

By, Tn 24 1,7 1,7
OOMOTK NbTi MeIH 4 NbTi wm BTCII?
Bec, T 90 200 94

Y cror BY-renep Top , MI'it 72,8 106 106
Mounocts BU-cucreMsl, KBt 115 60 55
KonuuecTBo pe3oH Topos 4 2 4

Kp THOCTB ycKOpeHus 2 4 4

K KX MoKk 3 7u p c4yeTsl, yMEHbILIEHHE M THUTHOW MHAYKIIMU OIS B 1B P 3
no cp BHeHHIO ¢ SC200 u ApyrUMH COBPEMEHHBIMH NPOEKT MH IPHUBEAET K yBe-
JIMYEHUI0 B 1B P 3 TOJBKO O¥ METP IOJIOC , TOJIIUH SIPM LHUKJIOTPOH HpH
YCJIOBUM COXP HEHHSI M THUTHOW MHAYKLIMU B SIpME, T. €. IIPU YCIIOBUM OJUH KOBOM
BEJIMYUHBI P CCEIHHOTO MO BOKPYT YCKOPUTENS, P KTHUYECKH HE MEHAETCH.

IMockonpKy y IMKJIOTPOH OyIeT OTHOCUTENIBHO HeOONbIIoe M THUTHOE HOJIe,
JOITyCTUMO MCIIOJIb30B HUE K K CBEPXIIPOBOIALICH, T K M PE3UCTUBHONH OOMOTKH.



OO0 peweHus UMEIOT CBOM IUTIOCHI M MHHYCbHI, HECKOJIBKO OTJIMY IOTCS 1O II -
P MeTp M U KOHCTPYKTHBHBIM 0COOEHHOCTSIM. BO3MOXHBIE B pH HTBHI KOHLIEIIIIUU
LMKJIOTPOH C HU3KUM CPEIHUM I10jieM ObUTH HPEICT BICHBI H YCKOPHTEIbHBIX
KoH(epenuusx [12, 13], onybnukos Her [14], T KxXe 0OCyXIeHbl U PeKOMEHIO-
B HBI K NPOM3BOACTBY H 9KCIIEPTHOM MHUTHHIe B Xaoe. B 1 HHOI p GoTe Ml
MIPEICT BUM B PU HT KOMIT KTHOTO W30XPOHHOI'O LIMKJIOTPOH CO CBEPXIIPOBOJI-
meit oomoTkoit SC230 u yposaem nosist 1,7 Tin, umeromero r 6 puTHbIE P 3MephI
U BEC, Cp BHUMBIE C LMKJIOTpOoHOM Varian Proscan.

Mbl 0OBeAMHIIM B H LIEM IPOEKTe NPEeUMYyLIECTB OOOUX IMKJIOTPOHOB —
JUIEpPOB PHIHK MNPOTOHHON Tep muu. OT mUMKIOTpoH C235 MBI B3sIM HHU3KOE
M THUTHOE TOJIE€ M YeTBEPTYI0 Kp THOCTb YCKOPEHHS, OT LIMKJIOTPOH Varian —
CBEPXIPOBOJIALILYI0 OOMOTKY, IIOCTOSIHHBIN BIOJIb P JUYC 3 30p MEXIy CEKTOp MH,
JIOCT TOYHBIA U1 p 3MELIEHUS B HEM 3JIeKTPOCT THYECKOro aeaekTop , ¥ K K
pe3ylnbT T — CBOOOIHBIE JUIS P 3MELIEHHs YeThIPEX YCKOPSIOIINX PE30H TOPOB
JOJTUHBI.

Msl 11 HUpyeM MHCHOJNB30B Th CT HI PTHYIO, IIHPOKO IPUMEHSEMYIO TeX-
Homoruio H ocHoBe NbTi mis mpow3BOACTB CBEpXHpPOBOAAIIEH OOMOTKH, Of-
H KO MPOEKT LIMKJIOTPOH , O 3UpYyIOIIMiicSs H MHHUMHU3 UM SHEPronorpedieHus,
JeN eT MEePCHEeKTHBHBIM IPUMEHEHHE BBICOKOTEMIIEDP TYPHBIX CBEPXIPOBOIHHKOB
(BTCII) BBuay Cp BHUTEJIBHO HEOOJBIIOrO0 KOJIUYECTB TpPeOyeMOro M Tepu Ji
a1 obecriedenus HeBbIcOKoro Tok o6motku. [Ipumenenune BTCII nepcrniekTnBHO
HE TOJIBKO H3-3 TOTEHIM JIbHOM BO3MOXHOCTH HCIIOJIB30B HHUS AELIEBOTO 30T
IS OXJI XIEHHWs, HO T KXX€ IIPH HMCIIONb30B HHUM TellUs B K 4ECTBE OXJI JIUTEN,
T K K K [IMPOKHUH AW I1 30H TEMIIEP TYPhI O TEMIIEp Typbl KBEHY CYIIECTBEHHO
YIPOCTUT KPUOTEHHYIO CUCTEMY M YMEHBIIUT 3KCIy T [IMOHHBIE P CXOIBI.

P 3BuTHE TexHONOTWII B OOJ CTH CBEPXIIPOBOAMMOCTH M BOCTPEOOB HHOCTh
BBICOKOI MHTEHCHBHOCTH IyYK JUIsl METOX (QIIdII-TEp NHU JIesl €T UHTePECHBIM
p 3p GOTKY LMKJIOTPOH , ycKopswomero H?T-HOHBI M MOHBI yrIiepon , K K Ipej-
ar anJI.K n 6perr [15], omH KO T KOW yCKOpUTEsb OyleT UMeTh CYLIECTBEHHO
Gonpire r 6 puThl, MOTpedyeT Oojiee BHICOKOIO B KyyM U IPUHECET C COOOi
M CCY MHXEHEPHBIX CIIOXHOCTEH B CBSI3M C HEM30EXHBIM YBEJIMUCHHUEM CPEIHEro
Moy M THUTHOM cucTeMbl. Bompoc KTy JIBHOCTH MOAOOHOrO mpoexkT Oyxer
OIIpeNesIAThC TOK elle He ChOPMHUPOB HHBIMU TPeOOB HUSIMH K II P METp M
Oyyk JUid (IIsLI-Tep IMUH.

OUKJIOTPOH SC230

Huxnorpon SC230 MoXeT NPOU3BOAUTh IYYOK IIPOTOHOB C OHEpPrueut
230 M»B s Tep muM ¥ MeIMKO-OMOJIOTMYECKHX HCCienoB Huil. B T 6.2 co-
Op HBI OCHOBHBIE 1T p MeTpbl HUKJIOTPOH SC230, H puc.l NOK 3 H KOMIIbIO-
TepH 51 MOZIENb LIUKJIOTPOH .



T omun 2. IT p merpsl nukinorpon SC230

Tun M rHAT CII-06MOTK , «TEILI0e» SpMO
Koneun 4 sneprus, MsB 230
CpenHee M THUTHOE moJie (LeHTp/BbIBOL), T 1,7/2,15
I' 6 puthl (BBICOT X IIUPUH ), M 1,7 x 3,5
Bec M rauT , T 94

3 30p XOJIM /IONHHBI, MM 50/700
Yucno Mmrep-BUTKOB 310 000
Bec CIT-06MOTKH, KT 170
[L1IOTHOCTD TOK B 0GMOTKe, A/cm> 90

Y cror BY-cucremsr, Mg 106

Kp THOCTB ycKOpeHus 4
KonuyecTBo ycKOpSIOUIMX PE30H TOPOB 4

H npsxenue, ueHtp/30H BbIBOA , KB 30/120
Momnocts BU-cucremsl, KBt 55

P nmuyc BbiBOO , MM 1070
KonunuecrBo 060poToB 500
HHTeHCcuBHOCTD MyYK , MKA 1,0
Tun cucreMbl BBIBOJ DCI+2MK

KomnbloTepHOE MOJEIHPOB HHe M THHT . P cyeTbl M I'HHT LMKJIOTPOH
nposogwiuck B CST Studio ¢ uCHoOnb30B HUEM I p METPU30B HHOW MOIETH
(cMm. puc. 1), co3n uHo#t B Autodesk Fusion 360.

Puc. 1. TpexmepH g KOMIIBIOTEPH $1 MOJENb LUKJIOTPOH (M THUT U YCKOPSIOL] s CUCTEM )



850

Puc. 2. O6mue p 3mMepsl M THUTHOrO 9pM  u o6MoTkn SC230 (MOK 3 H 4YeTBEpPTh YCKO-
puTens)

H puc.l moxk 3 H BHYTPEHHSS Y CThb M THUTHOH U YCKOPSIOIIMX CHCTEM
UUKJIOTPOH . DopM  OOMOTKH, KPHOCT T , IIOJIIOC U SIpM IOBTOpsIeT hopMy Tp -
€KTOPUHU Y CTULBI. B IeHTpe HUKIOTPOH P CHOJ I' €TCS BHYTPEHHUI HCTOYHHMK
nporoHoB Tull Ilennunr . HeBpicokoe M rHUTHOE 10J1e B LieHTpe ~ 1,7 T no3so-
JIUT UCIIOJIB30B Th HCTOYHUK C FOPSIYUM K TOJIOM, T KXe 00eCreuuT MPOCTOPHYIO
LEHTP JIbHYI0 O0J1 CTh, JOCT TOYHYIO VIS P 3MeIleHHs HEOOXOOUMBIX DIIEMEHTOB,

V.s/m?
0.050

g
=3
=
=

Soooococos
Soooo00000
SSEEORRHOHE

S REFNS R IORNS.

B-Field
Component Abs
Cross section A
Cutplane at Z 0.000 mm
Maximum (Plane) 2.98167 V.s/m?
Maximum 4.50906 V.s/m?

Puc. 3. P ccesgHHOe M THUTHOE 110JI€ HIMKJIOTPOH B MEM HHOU IUIOCKOCTU (KP CHBIH LIBET
coorserctByer 500 I'c, cunmit — 0 I'c, Genblii LBET COOTBETCTBYeT 00N CTH, B KOTOPOM
M rHuUTHOe mosie Boime 500 I'c)



T KUX K K OOMOTKHM KOppeKUMH opOuThl, au ¢p ™Mbl ¢ 30BOi cenekumu. Bos-
MOXHO P 3MeLIeHHEe JIByX MCTOYHHMKOB IPOTOHOB WJIM NPUMEHEHHUE KCH JIbHOM
UHXKEKIUH 1y4YK , TEeHEpUPYEMOro HHTEHCHUBHBIM BHEIIHMM UCTOYHUKOM, B CIy4 €
HEoOXOIMMOCTH YBEJTMYEHUSI MHTEHCUBHOCTU BBIBEJIEHHOIO YUK , H IPUMEp, VIS
(pnd1-Tep num.

P 3mepsr apm  (cM. puc. 1, 2) 6putH BBIOp HBI T KUM 0Op 30M, 4TOOBI OTp -
HUYUTh P CCeIHHOE M THHUTHOe mojie B au 1 30He 500 I'c BOAM3M ycKopuTels,
u3ber s H Ju4Ms 00J1 CTel HeH CHIIEHHOTO Xeme3 (cM. puc. 3).

Cpennee M rHuTHOE Tosie U ¢t TTep p 3p Oor HHOU Mouenu (¢t TTep X -
P KTepusyeT IIyOuHYy 3WUMYT JIbHOH B PU IMM M THUTHOTO TIOJIS) TIPEACT BIICHBI
H puc.4. Bricokuil ¢ TTep MO3BOMSET MUHMMH3UPOB Th Yrojl CIHP JIBHOCTH
CEKTOPHBIX MMM (CM. puc.5). @ TTepoM U YITIOBOH CHHP JBHOCTBIO CEKTOPOB
obecrieynB eTcsl HeOOXOOUM $1 U1 YCKOPEHHs Iy4K BEPTUK JIbH 51 (POKYCHPOBK
(cM. BepTHK JIbHYIO 4 CTOTY OeT TPOHHBIX KojieO Huii H puc. 7).

K x p Buio, ¢ M s CJIOXH 93 & 94 TIpu (GOPMHUPOB HUH TOJISI H30XPOHHOTO
LUUKJIOTPOH — OOECHeynTh POCT CPEIHEro Mojsl K K MOXKHO J JIbIEe 0 P M-
yCy TOJIIOC Ul COKP LIEHWs P OM JIBHOTO P CCTOSIHUS, IPOXOOMMOIO ITy4KOM
IpU BBIBOJE M3 OOJI CTH BBICOKOTO M THHTHOIO IOJISI, YTO CHOCOOCTBYeT OOser-
YEeHHMIO BBIBOJI MYYK W yMEHbUI €T P 3Mepbl M BeC YCKOpUTens. DT 3 1 4
peur ercsi p 3nuuHbIME crioco6 mu. H mpumep, B mmkiorpon x SC200 u C235
(IBA) H psany ¢ yBeJIMUEHUEM 3HUMYT JIbHOM MPOTSIXEHHOCTU CEKTOPOB MPUMEHS-
eTcsl MPOohUIMPOB HHBI BEPTUK JIBHBIN 3 30p MEXIY CEKTOP MM (JJUIUNTHYECK 5
copm ). B H meM ciyd e BeJIMYMH BEPTUK JILHOTO 3 30p MeEXJy CEKTOp MU
IIOCTOSHH BJIOJb P AMYC U cOCT BisgeT 50 MM, YTO JOCT TOYHO WIS p 3Melle-
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Puc. 4. Cpennee M rHuUTHOE 1osne (CUHAs CIUTOMIH s JIMHUSA) U ¢ TTep (Kp CH S LITPUXOB 5
JIMHUSA) B 3 BUCUMOCTH OT P AUYC
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Puc. 5. Yron cnup 1bHOCTH CEKTOPOB (Kp CH 5 CIUIOIIH $ JIMHUSI) U 3UMYT JIbH $ IIUPUH
ceKTop (CHHSS IITPUXOB 4 JIMHUS) B 3 BHCHMOCTHU OT P JHYC

HHSI BIEKTPOCT THueckoro aeduiektop . s obecrieueHus: pocT CpemHero moJist
B 30HE BBIBOJ MBI 3 A U (OpMY IOJIIOC HE MO OKPYXHOCTU C LEHTPOM B Ieo-
METPHYECKOM LIEHTPE HUKJIOTPOH , M0 (popMe Tp €KTOPUHU YCKOPSEMBIX 4 CTHII,
KOTOp 5 OTJMY €TCsl OT OKPYKHOCTH TeM OoJIbllie, YeM BbIlIe (I TTEP M THUTHOTO
nosisi. PopM  CBEPXITPOBOIALIMX OOMOTOK T KX€ 3 MEHEH C KPYroBoii H ¢opmy,
COCTOSIIILYIO U3 TTOCJICHOB TEIbHOCTU AYr OKPYKHOCTEH, MPUOIMXK IOIUXCS K TP -
exrtopuu 4 ctuibl. [Togo6H 5 hopM OOMOTKM MO3BOJISIET M KCHM JIbHO d(hhek-
TUBHO HCIIOJIb30B Th BECh TEHEPUPYEMBI IOTOK M HUTHOI MHIYKLUH, IIPOITYCK £
€ro HCKIJIIOUUTENIbHO Yepe3 00l CTh YCKOpEHHs IMydK , YTO ®KOHOMHT Tpebyemoe
KOJIMYECTBO MIIEP-BUTKOB.

JIng KOppeKTHOro (hOpMHUpPOB HUS M THUTHOIO IIOJII B M30XPOHHOM LMKIIO-
TpPOHE HEOOXOAUMO 00ECHeYrTh OJAMH KOBYIO 4 CTOTY OOp IIEHHS 4 CTHIl H 3 -
MKHYTBIX P BHOBECHBIX OpPOMT X JIs BCEro JM I 30H P AUYCOB M XoI p Ooueii
TOYKM H [U TP MME Y CTOT, HE IIEpeceK IOIIMK Ol CHble pe30H HCbl. Il oTOU
LeJIN MIPOU3BOAIT H JIM3 K PThl M rHUTHOro nosus no jropurmy CYCLOPS [16],
OJHOMY M3 C MBIX H JEXHBIX MHCTPYMEHTOB H JIU3 JUH MUKU Y CTHUL B LU-
kjorpon X. CymectByer 6ombiioe KomuuectBo Mopuduk umii kog CYCLOPS,
OpedH 3H YEHHBIX VI P 3MMYHON criernuKu UCToiib3oB Hus (cM. [17,18]). Mol
p 3p OOT JIM CBOM BEpCHUHU pe JiM3 LUH JropuT™MOB, ocHOB HHbIX H CYCLOPS
¢ ucnosnb30B HUeM 1 keT Matlab. Mpl H 4 1M ¢ pe Jiu3 UMM KJI CCUYECKOTrO
merox CYCLOPS c m rom no ®HeprusiM, JITOPUTM KOTOpPOro ObUI pe JIN30B H
B Simulink, rae Bo3MOXH yHOOH § M H INISOH S OTI OK . DT BEepCcHs MCIONb3Y-
€TCsl JUISl P 3IMYHBIX P CYETHBIX K PT M rHutHOro noisi. Kpome rtoro, 6bu1 pe -
JIM30B H JITOPUTM M3 CT ThH [18], mpenH 3H YeHHbIH IS MOMCK P BHOBECHBIX
opOuT W14 3 X HHOro p auyc B IMKIoTpoHe. T Kke ObUI CO3M H MpOrp MM ,
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Puc. 7. BepTuk JIbH S ¥ p OM JIbH 9 4 CTOTHI GET TPOHHBIX KOJIeG HUii B 3 BUCUMOCTH OT
p auyc

noxox g H Moxuduk nuio CYCLOPS, npemtoxennyo B [18], ogn ko 3 cuer
BHIOOp Oosiee MEIJIEHHOIO METOA CXOAMMOCTH WTEp THBHOW IPOLEHyphbl ObLT
JIOCTUTHYT OGoJjiee ¢T OWIbH s p 60T KOA H K PT X C OONBIIUM KOJHYECTBOM
mwym . [Iporp MM CONEpXHT JITOPUTM Uil HIOMCK P BHOBECHBIX OpOMT M VISt
BBIUMCIICHUS OET TPOHHBIX 4 CTOT. Pe3yapT Thl p c4eT MOryT OBITh HCIIOJIb30-



B HBI HE TOJIBKO Ul NPOLENYpPbl U30XPOHU3 LIUU K PTHI M THUTHOTO HOJ, HO U
B K YECTBE BXOIHBIX I P MeTpoB s 3D-MOOennpoB HUS AUH MUKU IMy4K .

AJITOPUTM HIOUCK P BHOBECHBIX OpPOUT MPUHHMM €T B K YECTBE BXOIHOIO I -
P MeTp [ABYMEpHYI0 K PTYy M THUTHOTO IOJNd B MeOu HHOM IockocTH. K pr
M THUTHOTO TIOJISI NIPEB PUTETIbHO 0Op O THIB €TCS M CIVl XUB eTcs, I jiee, A
YBEJIMYEHHUSI CKOPOCTH P OOTBI, IOCTYI K HEH OCYIIECTBIISETCS C IOMOIIBIO KJT ¢C
griddedInterpolant B Matlab. MHTerpupoB HHe yp BHEHHIl ABUXEHHS OCYIECTBIIS-
ercd ¢ momoiupio Meronq Pynre—KyrTel yerBeproro mopgak . DT pe U3 mus
H03BOJISIET p OOT Th OJHOBPEMEHHO ¢ OOJIBLIMM KOJIMYECTBOM Y CTHII, YTO CYLIe-
CTBEHHO IIOBBIII €T MPOU3BOAUTENIBHOCTh. Y cToT 0O0p ImeHus u crtum u Oer -
TPOHHBIE Y CTOTBI, P CCUMT HHbIE C IOMOIIBIO MPOTP MMbI, p 3p 60T HHOW MO

aroputmy CYCLOPS, npenct BieHsl H puc. 6, 7.

IIpoekT yckopdromieil cucreMbl. YCKOPSIONI S BBICOKOY CTOTH 9 CHCTEM
OpefH 3H YeH JUId Mepel YU Heprud YCKOPSIOLIEro 3IeKTPOM THUTHOIO ITOJIS
YCKOPSeMBIM MPOTOH M. YcKopdmoml s cucteM 1ukiaorpoHn SC230 cocrout u3
YeThIpex pe3oH TOpoB, cucteM BY-mut Husd, cr Owinu3 muM u ynp sieHus. Peso-
H TOpbl BY-cHCTEMBI p CHOJNOXEHBI B JOIUH X IIOJIIOCOB BJIEKTPOM THUT , TEOMe-
TpUs pe3oH TopoB BYU-cucTeMbl Orp HUYEH P 3MEpOM CIHp JIBHBIX CEKTOPOB.

JI1 TOYHOrO p CYET I1 P METPOB PE3OH TOPOB YCKOPSIOIUEH CHCTEMBI LU-
KJIOTpoH  Ob1  ucnonb3oB H  nporp MM CST MICROWAVE STUDIO
(CST MWS), npens 3H 4eHH ¢ I YUCIIEHHOTO MOJEIHMPOB HHS BBICOKOY CTOT-
HBIX YCTpPOMCTB ( HTEHH, (PUIBTPOB, Pe30H TOPOB). i H ILIHUX P CYETOB OCO-
6enHo B xH mmeron sgcs B CST BO3MOXHOCTb HCIIONIB30B HHUS IIIPOKCUM LIHH
I une JIpHBIX Ip HUuHBIX ycnoBuid (Perfect Boundary Approximation, PBA).
Mogeinb yCKOPSIOIEH CUCTEMBI, COCTOSILIEN M3 YEThIPEX IIOJYBOJIHOBBIX PE30H -
TOPOB C ABYMS OIOp MH, 0OECTIeUnB IOMIMHI HEOOXOANMYIO KECTKOCTh KOHCTPYK-
LUH, COCNUHEHHBIX B LEHTPE, MIPEACT BjeH H puc. l. B ogHOM u3 pe3oH TOpos
1 yioOCTB BOCHPHATHS IIOK 3 HbI TOJIBKO PE30H TOP M JIBE ONOPEHI, HE MOK 3 H
YCKOPSIOIIMK 3JIEKTPOA-AY HT.

Ipu p 3p 6orke mMomenn BY-cucrembl ObUTH ONpenesieHbl reoMeTpUYecKue
P 3Mepbl Ppe30oH TOp , HOJIOXKEHHEe U P 3MepBblI OIop, obeclieyus lolue Tpedyemoe
3H 4yeHue 4 crorsl 106 MI' u p crnpenerneHye yCKOPSIOLIETo MojIsd, IPUMEHsIeMoe
B BHJIE K PThI OJI4 IPU P CYET X OUH MUKH Y CTHII.

H snyme p c4eTHOHN K PTHI yCKOPSAIOILETO MO IMO3BONMIIO CYIECTBEHHO P C-
IIUPUTh UHGOPM THUBHOCTb H JIM3 JABHXEHHS P BHOBECHOH 4 CTHLBI H 3 MKHY-
THIX opOuT X, ponoiuus kox Matlab CYCLOPS+ p cueroM psiji IOJIE3HBIX X -
P KTEpUCTHK.

Kon p ccunteiB er apheKTUBHYI0 3UMYT JIbHYIO IPOTSKEHHOCTb PE30H TO-
POB, OIpeleNsieMylo K K P CCTOSHHE 10 3UMYT JIBHOMY YIUIy MEXIY M KCUMYM MU
P cIIpeneneHus IeKTPUYECcKOro Moid B MM HHOM IUIOCKOCTH IS BCEro Ad I -
30H p auycoB. K K BUIHO M3 pHC.8, 3UMYT JIbH 4 MNPOTSXKEHHOCTh PE30H TOP
coct BiseT okono 40-44°.
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Puc. 8. A3uMyT JbH S IPOTSIKEHHOCTh PE30H TOP

[TockosbKy 3UMYT JIBH $I IIPOTSKEHHOCTh PE30H TOp OJIM3K K ONTUM Jib-
HOM (45° Mg yCKOpeHUsI H 4eTBEPTOM KP THOCTH), MBI IIOJI T JIM, YTO M THUTHOE
none, co3n B eMoe BU-cucTeMoii, He OK KeT OLIYTHMOTO BIMSHUS H ITy4OK, U IS

H JIU3 JWH MUKM 9 CTHI] UCIIOJIB30B JIM TOJIBKO K PTY 3JEKTPUYECKOro MOJI.

OmnpenenuM H NpsSXKeHUE H YCKOPAIOIIUX 3 30p X K K UHTErp J H NpPIXKeH-
HOCTH 3JIEKTPUYECKOTO IO 110 Jyre OKPYXHOCTH, IpoXozsiei yepes 3 30p. H -
NpsSKEHHE H TIEPBOM M BTOPOM IO XOIy IMYYK 3 30p X YCKOPSIOILIETo pe30H TOp
(1 HUpyeMoe H TP BJIEHHE YCKOPEHHd IydK — H Mp BJIEHHE MO CIUpP JBHOCTH
CEeKTOPHBIX IIMMM), T KX€ YCpEeOHEHHOE IO IBYM 3 30p M H IpSXEHHE H pe-
30H TOpe B 3 BHCUMOCTH OT P JAMYC IIOK 3 HBI H pHcC.9.

T xum o6p 30M, p 3p 60T HH 5 Mozmens BU-cucremsl uMeeT p cTyIuee K 30He
BBIBOJI YCKOpSIOIIEee H NPSXKEHHE, YTO MPEeINOYTUTETIBHO M1 yBEJTHYEHHS I T
opbut u co3a Hud 3pekT ¢ 30BOI KOMIPECCHH H KOHEYHBIX P IHYC X.
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Puc. 9. M3meHeHne yCKOPSIOIIETO H MPSKEHHS BIONb P AUYC
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Puc. 10. 3 BucumocTs M KCHM JIBHOTO H 6Op ®HEpruu H 000pOTe OT P AHYyC

OmnpenenuM M KCHUM JIbHBIH H GOp ®Hepruu H 000poTe B 3 BUCHMOCTH OT
p AUYC YCKOPUTENS:

AEym (R) = Neav (‘/1 (R) + Vs (R)) sin (hecavT(}z)> )

Necay = 4 — KOJHYECTBO YCKOPSIIOLIUX pe3oH Topos, Vi (R),V2(R) — usmeHenue
H NpSCKEHUS BIONIb P AUYC B IEPBOM M BTOPOM YCKOpPSIIOLIMX 3 30p X (puc.9),
h = 4 — Kp THOCTb YCKOPEHHUS, Ocay — 3UMYT JIBH S HNPOTSXKEHHOCTh PE30H -
Top (puc.8). Pesynst T p cuer mok 3 HH puc. 10.

Pe3ynbT THI H M3 M THUTHOIO MO HPEJOCT BISIOT MHGOPM LU0 O ¢ 3¢
P BHOBECHOH U CTHLBI H K X0 opbute. Tp OUIMOHHO ¢ 30BOE JBUXEHHE Olie-
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Puc. 11. Unarterp nbHbINA ¢ 30BBIil COABAT B 3 BUCUMOCTH OT P AUYC
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HHUB €TCSl MCXOJ U3 IPEAIoI0XKUTENbHOr0 H 60p »Hepruu H 000poTe, OIMH -
KOBOTO I K XJIO0ro 060poT , YTO JOIyCTUMO IPH HECHIBHOM M3MEHEHHH YCKO-
PSIOILErO H IpsKEHHs BIOJIb P AUYC U ONTUM JIbHOHM IIMPHHE PE30H TOp H

MPOTSKEHUU BCEro LUKJI YCKOPEHHUS.

B pe JpHBIX LUMKIOTPOH X 00  ycio-

BU BBIIOJIHAIOTCA PEAKO, MOOTOMY TOYHBII p cuer (1) 30BOTI'0 JABHM2KCHHS MOZKHO

MOJIy4dThb B IIpoLecce Tp CCUPOBKH IMYYK B p CUCTHBIX K PT X.

Kox Matlab

CYCLOPS+ 6bu1 JIONOHEH P CYETOM () 30BOTO IBMXKEHHS IPHU HCIIOIB30B HUH
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Puc. 12. U3menenue ynci 06OpOTOB (CHHSIS LUTPUXOB S JIMHMS) U I T OpOMT (Kp CH s
CIUIOLUH $ JIMHUS) B LUKJIOTPOHE BIOIb P JIHYC
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Puc. 13. AMmuTyn p oM JbHBIX KojieG HUid Mydk (BBepXy) U
(BHM3Y) B 3 BUCUMOCTH OT P AUYC
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K PTBI yCKOPSIOLIEro mojsd. MHTerp ibHbIA ¢ 30BBIN COBUT CUUT €TCS B BUIE HMTe-
P LMOHHOM MPOIERYpPHI, MOCIEA0B TEIbHO CyMMUpYIOIIEH Npup IieHue ¢ 30BOro
cIBUI ¥ H OOp ®HEpPruu Ui K XJIOW YCKOPSIOIIEi IIe/n C ONOpoid H P CCUu-
T HHBIC 3 BUCHMOCTH 3UMYT JIbHOM NPOTSXKEHHOCTH M H MPIXKEHUH PEe30H TOP
OT DHEPTHH.

@ 30BOMY IBMXEHHIO P BHOBECHOH Y CTHIIBI COOTBETCTBYET KOJIMYECTBO 000-
POTOB B YCKOpHUTENE, COBEpUI eMoe 4 cTuleld. B mpenct BIEHHBIX M THUTHOM
U BJEKTPUYECKOM TMOJISIX P BHOBECH $1 4 CTHI[ HOCTUI €T KOHEYHOH 3HEepruu
230 MsB 3 wmenee yem 500 oboporos. Puc.12 mok 3B €T 1 r opOUT M KO-
JIMYEeCTBO OOOPOTOB B 3 BUCUMOCTH OT P JMYC , PE3yJIbT T p cYeT ¢ 30BOrO JBH-
XEeHHs TI0 H JIM3Yy P BHOBECHBIX OpOUT IpEJCT BJeH H puc. 11 yepHOii XupHoi
munueid. T xum o6p 3oM, xog Matlab CYCLOPS+ 1 er nosHylo uHGOpPM LHUIO
0 BO3MOXHOCTHM YCKOPEHHs ITydK TOJIBKO W3 H JIM3 3 MKHYTHIX P BHOBECHBIX
opOur, He TpeOysl TP CCUPOBKHM ITyUK 4Yepe3 30HY YCKOpeHHMs. 3eseHble JIMHUM H
puc. 11 momydeHsl U3 p c4eT YCKOpEHHMs IyJK B HUKJIOTpOHe. P cueT nBrxkeHus
Iy4K B 30HE YCKOPEHUs HEOOXOIUM Ul H JIM3 BIIMSIHUSI PE30H HCOB, U3 puC. 13
BUJIHO OTCYTCTBHE POCT  MIUIMTYJ KosieO HHil B Ipolecce yCKOPEeHUsI.

MomuHocTh OTEPh YCKOPAIOIIEeH M M THUTHOI cucteM. P ccenB em g mor-
HOCTb B MOJIEJIA P CCUHTHIB JI Chb UCXOIS M3 TOTO, YTO CTEHKU PE30H TOP COCTOSAT
M3 MeU TIPOBOAMMOCTBI0 0 = 5,8 - 107 Om~!. Jlo6potHocTs BU-cHcTeMBI cOCT -
Bul okono 13800, moTepu MOIIHOCTH B YETHIpEX pe3oH Top X — 55 kBT, npu
9TOM H IpsKeHue B 1ieHTpe/30He BeiBog — 30/120 kB (puc. 9). P cuer nok 3 1,
4yTo oOuMe TpeOOB HUS K MOIIHOCTH M OXJI XJeHuto BU-cucrembl MeHblle, yeM
s C235 (IBA), u cyiiecTBeHHO MeHbIIIe, YeM Ui IUKJIOTPOH Varian.

BeiBox mydk . BeiBox mydyk W3 I HHOTO IIMKJIOTPOH OYyHET OCYIIECTBIISTHCS
C MOMOIIIBI0 BIEKTPOCT THuecKoro aeduektop (DCH), ABYX I CCUBHBIX M THHT-
HBIX K H JIOB M JIByX KOMIIEHCHUPYIOIIUX K H JIOB. AKCH JIBHBIN 3 30p MEXIY CeK-
TOp MM cocT BisgeT 50 MM, YTO ITO3BOJISIET P 3MECTUTH B HEM BJIEKTPOCT THYECKUI
necdnexrop. H npstkenne H DCJI, HeoOXxoauMoe I BBIBOJ ITYYK , COCT BIISIET
Bcero 90 xB/cm. Ilydok mocne mpoxoxpeHus depes AedIeKTOp INPOXOIUT 4epes
YCKOPSIOIINI Pe30H TOP M 3 TEM BBIXOAUT U3 LIUKJIOTPOH IO CXeMe, P Hee p 3p -
60T HHO#t 11 BBIBOA Mydk u3 HUKI0TpoH SC200 [19]. I1 ccuBHBIE M THUTHBIE
K H JIBI P CHOJOXEHBl BAOJb CEKTOPOB, MEPBBII M THUTHBIA K H J BHOCHT H3-
MeHeHne M rHutHoro mosist 600 I'c u rp aument 1000 I'c/cMm, BTOpOH M THUTHBINA
K H 1 BHocuT rp aueHT 1700 I'c/cm.

3AKJIIOYEHHUE

BeIOp B HM3KMII YpOBEHb M THUTHOTO IIOJISI B LIMKJIOTPOHE, MBI OOH pYXWIH,
YTO P 3MEpbI U BEC UUKJIOTPOH MOTYT ObITh JIOCT TOYHO M JIBIMH IPH TII TEIbHOM
nonbope I p METPOB U 'EOMETPUU YCKOPUTENd. YCKOPUTEIb C T KUMH I P Me-
TP MH MOXET CT Th C MbIM 3HEproa(eKTUBHBIM YCKOPHUTENIEM Ul IPOTOHHOM
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Tep MU 3 CYeT HU3KOTO DHEPrornoTpedieHus K K YCKOPSIOIed CHCTEMBI, T K U
CBEPXIPOBOIIIIEH OOMOTKH.

CaepxmpoBoadiuil TUKI0TpoH SC230 — OTIAMYHBIA K HAUA T I pe Ju3 -
UM MEUIIMHCKOM MCCIeoB TeNlbcKoi nmporp Mmbl B OUSIHN, miid ucnonb3oB HUst
B K YECTBE ONBITHOTO OOp 31 B CEPHITHOM MPOW3BOACTBE MEIUIMHCKHUX LUKJIO-
TPOHOB, TPEOH 3H YEHHBIX I MPUMEHEHUS B MOJTHOM CINT OHBIX IEHTP X IMPO-
TOHHOU Tep MUHU. YCKOPUTETh HHTEPECeH K K K HIUA T H YCT HOBKY, oOecredn-
B IOIIYI0 HHTEHCUBHBIM ITy4KOM HOBBI MHOrooOem| [oImid MeTo qUIBII-Tep MU,
T K K K IPOCTOPH § LIEHTP JIbH 5 OOJI CTh MO3BOJISIET P 3MECTHUTh JIB BHYTPEHHHX
HUCTOYHUK JTUOO OpPr HHU30B Th KCH JIbHYIO BHEIIHIOI WHXEKIHIO MyJYK TOCpea-
CTBOM CIIUP JIBHOI'O ®JIEKTPOCT THYECKOrO UH(QIIEKTOp .

B mpoekT 3 J0XeHbl KOHCEpB THUBHbIE W OTp OOT HHbIC pEIleHWs, CHIX -
I0IIMe PUCKU U YHPOII IOMe KOHCTPYKTOPCKHE 3 1l Yd, T KXe MHHOB IIMOH-
HbIC pellieHus, K K, H puMep, HeKpyrin s (popM OOMOTKH, MO3BOJISIIOLL S CYIIe-
CTBEHHO YMEHBIIUTh I' O PUTHBIC P 3MEPbl U BEC UKIOTPOH .

Huzkoe anepronorpediieHrie 0OOMOTKH M THHT JeJT €T MPOEeKT MPUBIIEK Telb-
HBIM U1 [IPUMEHEHUS B HEM BBICOKOTEMIIED TYPHBIX CBEPXIPOBOAHUKOB.
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