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OBIIASA XAPAKTEPUCTHUKA PABOTHI

AKTYaJIbHOCTb T€MbI.

B mocnenuue pecATuneTyus aIpOHHAs Tepamus ITyIKaMy IPOTOHOB MU
MOHOB yriepoja OypHO pa3BHBAaeTCsS BO MHOTHX CcTpaHax mupa. OHa obnamaer
pAIOM IIPEMMYILECTB Iepef JIydeBOM Tepamued C HCIONB30BaHWEM TIaMMa-
panuanuy 1 3JIeKTPOHOB. B HacTOSIIMKM MOMEHT NPOTOHBI HauOOJIee 4acTo IO
CPaBHEHHUIO HOHAaMM YIJIEpOJa HCIIONB3YHOTCS [UIsl JIeYeHHs OHKOJIOTHIECKUX
3aboneBanui. OnHako Iydkd yriuepoma 00TafaroT  JOIMOJHUTEIBHBIM
[IPEUMYIIECTBOM IO CPaBHEHUIO C IPOTOHHBIMHU ITydkaMu Onaromaps Ooiee
BBICOKOMY pafuo0HonorudeckoMy 3(QeKTy BO3AEHCTBHA Ha KIETKH, OHH
0c00eHHO (P PEKTUBHBI I PaIMOPE3UCTUBHBIX TUIIOB omyxouei. [Toatomy B
[IOCNeHUEe TONbl B MHpe HAONIO#aeTCs MOBBIIIEHHBIH HHTEpeC K Tepanuy
HMOHAMU yriepoa.

[Ipumenenue MeTona apoOHHON Teparnud OCHOBBIBAETCS Ha HECKOJIBKUX
OCHOBHBIX TE€XHOJIOTYIIX: IMArHOCTUKE, IUIAaHUPOBAHUU OOJyYEeHHUS, MTOIyIeHUN
Ily4Ka YacTHIl HYXHOM 3HEpruM ¥ MHTEHCUBHOCTH, €r0 JOCTaBKE K OIIyXOJH,
KOHTpOJIe JO3BI U 1p.

TeXHOJIOTHY alpOHHON Teparuy IIOCIEeTHEr0 MTOKONEHUST OPHUEHTHUPOBAHEI
Ha ofecredeHre  MaKCHMaJbHOI'O  COOTBETCTBHMS O3Bl  OOJydUeHMA
IpocTpaHcTBeHHOH ¢opme MmumeHu. Ilpm stom MakcumyMm ¢opMUpPYyEMOro
JIO3HOTO pacIpeeneHts ¢ TOYHOCTBIO A0 OJHOrO MHJUIMMETpa COOTBETCTBYET
00BeMy OIyXOJNH. YPOBEHb JOCTABIEHHON O3B! PE3KO CNajaeT 3a IPaHHIAMU
MHUIIIEHW, B pe3yJbTare 4ero pajualyOHHAs Harpy3ka Ha 3IO0pOBBIE TKaHU
CYINIECTBEHHO CHIDKAETCA. JTO II03BOJIIET IPOBOAUTH OONydeHHe paHee He
JOCTYIIHBIX IS JIYUEBOM TepaIuy JIOKATU3ai WX ITOBEICUTE 3P (PEKTUBHOCTD

00TyueHuU .



B mocnemHue rofbl yCHENIHO BHEAPEHBl HOBBIE TEXHOJIOTHMH aIpOHHOH
Tepalyy, CBS3aHHBIE C CHHXpOHM3aIueld OoOIyueHWs W IBY)KEHHUS OPraHoB, a
TaKe C aKTUBHBIM CKAaHMPOBAaHMEM MHUIIEHEH MOIYIHUPOBAHHBIM IO
UHTEHCUBHOCTH ITy4KOM.

B nepBoM ciyuae o0iydyeHHe peanusyeTcs B LUKIE IbIXaHHs B TeUEHUE
KOpPOTKOTO BPEMEHHM, KOI[a CKOPOCTh IIepeMeIleHHs O0IydaeMoro opraHa
MuHuMansHa. CyMMmapHOe BpeMs OOIydeHHS 32 IbIXaTeNbHBIA IUKJI B 3TOM
clydyae 3aHuUMaeT ~lc IIpu ATUTENbHOCTH LuKia 2-4c. YToObl obecreduTh
CTaHIAPTHYIO 03y OOJIyueHUs IIpU HEU3MEHHOH! JJIMUTeNbHOCTH OJHOIO ceaHca,
TOK ITy4Ka U3 YCKOPUTEIs JOJDKEH BEIPACTHU B 2-4 pasa.

Ilpy axTMBHOM CKaHMpPOBaHWW MHUIIEHH MOAYJIUPOBAHHBEIM  IIO
MHTEHCUBHOCTU IIyYKOM €ro KHTEHCHUBHOCTh MHOTOKPaTHO H3MEHSeTCs OT
HyJIeBOTO IO MaKCHUMAalIBHOIO ypoBHs. B pesynbTare cpemHee 3HaueHHE TOKa
IIPUMEPHO B JBa paza MeHbllle MakcuMaiupHoro. IlosToMy g moaBemeHUt K
OITyXONU CTaHNAPTHON JO3BI NIPU HEM3MEHHOU ANHTeNbHOCTH ceaHca (1-3MuH,
KaKk ¥ TPy HeNpepblBHOM IaCCUBHOM OOJy4eHHH) HEOOXOAUMO HMETh
BO3MOXXHOCTH ABYKPATHOI'O YBENNYEHHUS TOKa U3 YCKOPUTEIS.

OrnHoBpeMeHHas peanuzarus aKTUBHOTO CKaHUPOBAHUSA c
MOJYJIMPOBAHHEIM 110 UHTEHCHBHOCTH ITYYKOM U CHHXPOHU3AIMK OOIydeHHUT C
IBIDKEHMEM opraHoB TpeOyeT 5-8 KpaTHOro yBeIWYeHHs TOKa IIyyka IIO
CPaBHEHHIO C TEXHOJOTHeH TaCCUBHOTO OOyUIeHMS.

OpnHa ¥3 TeHIeHIUH pasBUTHs COBPEMEHHBIX MEIULIMHCKUX YCKOpUTeNleH
IV afpOHHOU Tepaluy OpPUEHTHpOBaHa Ha yBEIMYeHHe MaKCHMAalbHOIO TOKa
BBEIBEIEHHOTO ITy4yKa. B crenuaiu3upoBaHHOM MeIUIMHCKOM IUKiIoTpoHe C235
¢upmel IBA (Ion Beam Applications), KOTOpbIi Ha JaHHBEI! MOMEHT YCTaHOBJIEH
B ll-tu paboraromux H IUIAHUPYETCS WCIONB30BaThcs B eme B 11-tu
CTPOSIIIUXCS IeHTpaxX IPOTOHHOW Tepamuy MO BCEMy MHpPY, TOK IIPOTOHOB
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cocraBiseT 300 HA, 9TO COOTBETCTBYET HMHTEHCHBHOCTH ~2X10'° IPOTOHOB B

4



cekyHmy. Taxuwe mapamMerpsl 00eCHEeYHBAIOT  pealr3aldio  aKTHBHOTO
CKAaHMPOBaHUSA C  MOAYIUPOBAHHEIM IIO WHTEHCHBHOCTH IyYKOM W
CHHXPOHM3aLUY OOJIyueHUS ¢ JIBHKEHHEM OPraHoOB IpH J03e oOiydueHus 1-
3I'p/mun. OpHako, B ciydae HEOOXOZMMOCTH (HOPMHUPOBaHUS OGojiee BBICOKOM
JI03b] TpebyeTcs yBeIUYEeHHe TOKa U3 yCKoputens. MeauiuHCKUM HUKIOTPOH
bupmel Varian (sHeprusi BEIBemeHHOro Iyuka 250MsB, Tox - 800HA)
obecrieynBaer n03y |-5I'p/MUH mpu peanu3aliél COBPEMEHHBIX TEXHOJIOTHIA
IIPOTOHHOH TEepaIyH.

VckopuTens YacTHll — CaMblil CIOXHBIM, TEXHOJOTHYHBIH, HAYKOSMKHH
3IIEMEHT, BXOAAMUI B KOMILIEKC 000pyIOBaHuUs LIEHTpa aIpoHHOH Tepanuu. OH
BBIJAET ITy4OK TpeOyeMoll sHepruu 1 HHTeHCHBHOCTH. OT 5QdeKTUBHON paboTh
YCKOpHTeNs 3aBUCHUT ycIlelllHas paboTa Bcero komruiekca. K ero mapamerpam
NPeNbABIAIOTCA OCOOble TpeOOBaHMS II0 HANEKHOCTH U CTAOUIBHOCTH
(GYHKIIOHUPOBAHUSL.

Hapmexxnoe u  osddexrtuBHOe  (HYHKIMOHUPOBAHME  UCIIOIB3YEMOTO
YCKOpUTENsS 3aKiIalblBacTCsl paspadOTYMKOM IIpU IONHOM M BCECTOPOHHEM
aHamu3e IUHAMUKY mydka. Ero cosmanue TpeOyeT HOBBIX pelleHui B GU3uKe U
TEXHUKE, pa3paOOTKH HOBBIX YCKOPUTEIBHBIX TEXHOJOTHH, IPUMEHEHUSI
Pa3IUYHbIX MaTeMaTHIeCKIX METOJOB U1 MOJIETMPOBAHUS YCKOPUTENEH.

CoBpeMeHHBIE UMKIOTPOHB, [pPUMEHsSeMble B aJPOHHON Tepamud,
IOJDKHBl TIOTPEONIATh MHHAMYM OJIEKTPOIHEPIru¥, OBITh HaIeKHBIMH U
CTa6MIBHBIME B paboTe, NPOCTHIMH B OKCIUIyaTalldd M  CEPBHCHOM
00CITy)KMBaHWM, UMeTh HEe3HAUMTEJbHYI0 AKTHBALMIO BHYTPEHHUX CHCTEM B
npouecce paboThl.

Vcrionb3oBaHre MEHSIOLIErocs C PagiycoM BepTUKAIBHOTO IPOGUIL
MarHuTHON CHCTeMBI LUKJIOTPOHA IMO3BOJIIET OOECIIEUNTh H3OXPOHHBIA POCT
MarHUTHOTO TIIOJI1 U IIOJBECTH IMPKYJIHPYIOUMH IIydOK Ha pPaCcCTOSHHE B

HECKOJIbKO MIJIJIIMETPOB OT Kpas MON0ca. DTO JaeT BO3MOXKHOCTE 3 (eKTHBHO



BBIBECTH ITyYOK IIPU ITOMOLIM 3JIEKTPOCTATHIECKOT0 AedIeKTOpa U peain30oBaTh
IpefeNbHO MPOCTYI0 CXEMY TPAHCIOPTHPOBKHU MyUKa 3a Npefebl yCKOPHTENs.
OpnHako Ipu BEPTUKAIBHOM 3a30pe B HECKONBKO MIUUIMMETPOB IMKJIOTPOH
CTaHOBUTCS TyBCTBUTEIbHBIM C TOUKH 3PEHUS JBIKEHUS ITyYKa K BO3MYIEHUAM
MarHWTHOTO IOJS B CpeqHeld IUIOCKOCTH, YTO HAaKIaIbIBAaeT )KECTKUE JIOITYCKH
Ha TOYHOCTB M3TOTOBJIEHUS MarHUTHOM CUCTEMBL.

B  pamkxax  ®@enepanpHoi  meneBoi  mporpammbl - «Co3naHue
BBICOKOTE€XHOJIOTWYHBIX IIEHTPOB MEIWIMHCKOW pamuonoruu» B Poccuu
IUTaHUpYyeTCcs co3laHue 3-X IeHTpoB B Jlumwurposrpane, OOHuHCKe U Tomcke.
OO6benuHeHHbBIM UHCTUTYT SOEPHBIX UCCIIeJOBAHUM, IBILACH OJJHUM U3 BeTYILHX
LEeHTpoB Poccuu 1Mo co3iaHMIO U HCIIONB30BAHMIO LUKIOTPOHOB, IPUHUMAET
aKTHUBHOE y4acTue B 3Toi mporpamme. Coznmanue 3¢(GeKTUBHBIX ITUKJIOTPOHOB
IUI POCCHICKUX IIEHTPOB aIpOHHON Tepallyiyl sSBISETCS aKTyaJIbHOHU 3axadei
1t yekoputenbiukos OV

Hns  1mepBoro rocmuTanpHOTO IeHTpa IPOTOHHOH Tepanuud B T.
Humutposrpage OVAU coBmecTHO ¢ Genbruiickoit dpupmoit IBA ocymectsun
pa3paboTKy MEeIMILMHCKOro MpOTOHHOro ImkiaoTpoHa C235-V3. B 2011-2012
r.r. B Jly6He mpoBeeHa cOopka ycKopuTens, GOopMUpOBaHHE MarHUTHOTO IO
U UCHOBITAHWS C BBIBEJEHHBIM IIyUYKOM, IIOCJIE€ 4Yero OH OTIpaBleH B
HumutpoBrpan. OCHOBHBIE YCHIHS IIPU CO3JAHUM U 3alycke LUKIoTpoHa C235-
V3 HampapBleHBl Ha JBYKPATHBIA POCT MHTEHCHBHOCTH BBIBEIEHHOIO ITydKa II0
CPaBHEHHIO C CepHHHBIM HUKIOTpoHOM C235, mig Toro 4ToObl 0OECHeduTh
peanu3alyio COBPEMEHHBIX TEXHOJOTHH IIPOTOHHOW Tepaluy, CBS3aHHBIX C
CHHXpOHM3aLMeil OONIydeHUs U IBWXXEHUS OPraHOB, a TakKe C IPHMEHEHHEM

MOOYJIHAPOBaHHBIX ITO HHTEHCUBHOCTH ITYYKOB.

Hesan nuccepranuonHoii paG6orel:

OCHOBHBIMY 3a7]a4aMy JUCCEPTALMOHHOMN PabOTH! SABISIIHCE:



- pa3paboTKa ¥ BHEJpPEHHE H30XPOHHBIX IMKJIOTPOHOB, YIOBIETBOPSIOIINX
HOBBIM TEXHOJIOTHSAM aIpPOHHOM Teparnuy;

- BCECTOPOHHHMM aHanu3 IWHAMUKM IIydKa B IPOTOHHOM MEIHIIMHCKOM
nuknorpone C235 mns monydeHHs HaydHBIX JaHHBIX [0 YIIy4IIEHHIO ero
3¢ GeKTUBHOCTH;

- (GopMupoBaHMe MarHUTHOTO IO, cOOpKa M Hamaaka Hukinorpona C235-V3
I mepBoro B Poccud rOCHMTanbHOrO IIGHTpa IIPOTOHHOM Tepamuy B
Jumutposrpaze;

- pa3paboTKa KOHILEMIMH BBIBOZA ITyYKOB U3 CBEPXIPOBOAIIIEI0 H30XPOHHOIO
nukiaoTpona C400 muis agpoHHOM Tepanmuy C Pa3sHBIM OTHOILIEHHWEM 3apsiia K

Macce 4yacTuil.

I'taBHble HanpaBieHus padoT:

1. Teoperuueckoe U SKCIIEPUMEHTATBHOE HCCIeI0BaHue TUHAMUKY ITyYKa B
H30XpoHHOM LukioTpoHe C235 ¢upmer IBA mns mpoToHHOW Tepamuy,
BKJIOUamollee B ce0sl BBISIBICHHE OIACHBIX PE30HAHCOB, AHAIW3 BIMSHUS
3¢ dexToB MeIUaHHOH! MIOCKOCTH Ha ABM)XEHHE ITyYKa, a Tak)Ke pacyeT MmoTeph
IIy'Ka IIpU BBIBOJIE.

2. ITonroroBka Hay4dHBIX JAHHBIX IO CTPYKType coMectHoro OVISIM-IBA
mukaoTpoa C235-V3 ¢ xapakTepuCTHKaMH, NPEeBBIIIAIOIIUMU IT0Ka3aTeln
CepUHHOTO MEAULIUHCKOTO HUKIOTpoHa C235 M MO3BONIOUIMMYU HCIIOIB30BaTh
ero Ui peanu3alud TEeXHOJIOTHMH aJpOHHOM Tepanuy, CBI3aHHBIX C
CHUHXpOHU3alIKe#l OONydeHHS U [BIDKEHUS OpraHOB, a TaKKe C aKTUBHBIM
CKaHMPOBaHKEM OILyXOJell MOIyIHPOBaHHBIM 10 HHTEHCUBHOCTHU ITYYKOM.

3. MogenvupoBaHue IMHAMUKY ITy4dKa B HUKI0TpoHe C235-V3, ontumuzanus
LEHTpalbHOH 0O0JacTH MAarHuTHOH CHCTeMbl, (opMupoBaHHe TpebyeMoro
MarHUTHOTO IIOJI ¢ HOBBIM BU-pe3oHaToOpoM M ONTUMM3ANHUS CHCTEMBI BEIBOJA

YCKOpHUTEIIA.



4.  PaspaboTka U BHEIpPEHHE HOBBIX TEXHOJOTHH 110 (HOPMHUPOBAHUIO
MarHMTHOTIO IoJisA nukiorpoHa C235-V3.

5. Cozpganme B OMSM coenuanu3uMpoBaHHOTO ILeHTpa i COOpKH |
HCIBITAaHUN YCKOPUTENBHON MeOWLMHCKON TexHUKU. [IpoBemeHHe ITyYKOBBIX
ucnelTaHui nukinorpora C235-V3, npenHasHaueHHoOTo M mepBoro B Poccuun
FOCIIUTAIBHOIO  IEHTpa  IIPOTOHHOH  Tepammu B JuMmuTpoBrpaze.
@opMmupoBaHue B yCcKOpuTele CTAa0MJIBHOTO  MPOTOHHOTO  IIy4Ka ¢
5((hEeKTHBHOCTBIO YCKOPEHMS ¥ BBIBOJA B [[BA pa3a BBIIIE, YEM B IMKIOTPOHE
C235.

6.  PaspaboTka KOHIENIMM BBIBOJA JBYX IIyYKOB H3 CBEpPXIPOBOISIIIErO
H30XpOHHOT0 NUKI0TpoHa C400 Ayst afpOHHOM Tepanuy ¢ pa3sHBIM OTHOIIEHHEM
3apsAa K Macce 4acTull, CTPOSIIErocs B HacTOsllee BpeMs B paMKax IIpOeKTa

«Arcade» B Ganil (Opanrus).

JIn4HbIi BKJIaA aBTOpA

Vyactue aBTOpa B paboTax, COCTaBILIIOLIMX OCHOBY AMCCEpTaLlUy,
SBJIAETCS  ONpefeNsfolM. VM JHYHO IIpOBeleHbl TeopeTHYeckue Hu
9KCIIepUMEHTAIbHBIe HCCIIeNOBAaHUs AUHAMUKH ITy4dka B nukinoTpore C235, mo
pe3yipraTaM KoTOpblx coBMectHo OMSM u IBA co3maH KOMITakTHBIR
M30XpOHHEIH  mukinorpoH (C235-V3 s mpoToHHOHM — Tepamum. [lpm
OIIpeNeNSIoIeM YYacTHH aBTopa pa3paboTaHbl U BHEIPEHB! HOBbIE TEXHOIOTUH
110 (GOPMHUPOBAHUIO MArHUTHOIO IIOJIA 3TOT'O YCKOPHUTeENd, a TakXe IpoBeJeHa
ero coopka u myukossle ucnbitaaus B OV ITo 3¢ (heKTUBHOCTH yCKOpPEHHUS U
BEIBOJIA ITyuKa LUKIOTpoH C235-V3 B nBa paza npeBocxoauT NUKIOTpoH C235.
ITpu ygacTuu quccepranTa pazpaborad GU3NUECKUil IPOEKT CBEPXIIPOBOIILIETO
nuknorpoHa C400, KOTopbIi MOXET NPOU3BOAUTH IIyYKH YIVIEpOAa U IIPOTOHOB

Ul aiIpOHHOM Tepamuu. EMy NpuHamIeXUT pa3paOoTKa KOHIIEIIIMH BBIBOIA



IBYX IIy4KOB u3 HUKIOTpoHAa C400 C pasHBIM OTHOLICHHEM 3apsiia K Macce

JaCTHILI.

Hayuynasi HOBH3HA M IpaKTHYeCKasi HEHHOCTH PaGoThl

1. Tlposenmen BCECTOPOHHUH aHaJIN3 IVHAMUKH IMyJKa B
CIeLMaIM3UPOBAHHOM MEIULUHCKOM ILMKIOTpoHe C235 m1d mpoTOHHON
Tepaluy, Ha OCHOBaHMM KOTOPOTO CHeTaH BEIBOZ, UMEIOIIUH MPHHIUIHATEHOE
3Ha4YeHUe A7 HaCTPOMKU yCKOPHUTEIs: OCHOBHOM IIPHYMHOMN TOTEPD YACTHIL TIPU
YCKOPEHHH SIBIIIETCS 3HAYUTENbHOE BIUAHNE d(P(PEKTOB MEIUAHHOM MIOCKOCTH
Ha BEPTHKAJIBHOE KOIepEeHTHOe [ABIDKeHHe Iyuka. [IpencraBieHbl HaydHBIE
JagHple 10 CTpykType coBMmecTHoro OMSAM-IBA nuknorpona C235-V3,
XapaKTePUCTHKU 3P(HEKTUBHOCTH YCKOPEHHS U BBIBOJA KOTOPOTO IIPEBOCXOISIT
IIoKa3aTeNy clienuanu3upoBaHHoro yckopurens C235 gupmer IBA.

2. Jna numxmorpoHo C235 u C235-V3 cosmana >dgexTuBHas cucTeMa
BEIBOZA ITydKa Ha 0a3e BIEKTPOCTATHYECKOTO mAeduiekTopa ¢ YIyJIIeHHOH
KOoH(uUrypamueit 31eKTponoB. DKCIEPUMEHTAIbHO JOCTUTHYTHIH KO3(D(GUIUSHT
BBIBOZA yBenuueH ¢ 50% mo 75%. Ota cuctema ycTaHOBIEHA M KCIIONB3yeTCs
6onee yeM Ha 10-TH yCKOpUTENIX.

3. B OIS co3paH crienuani3upoBaHHbIA HEHTp M1 COOPKY U UCIIBITaHUH
YCKOPUTENBHON  MENWITMHCKON  TeXHWKH,  BKIIOYas  HCIBITAaHUA  C
IUPKYIUPYIOIIMM X BBIBEJEHHBIM IIy4koM. B Hem mpoBereHa cOOpKa,
(hopMUpOBaHre MarHUTHOIO IIOJIS ¥ IyYKOBBIE MCHbITaHus nuknotpoHa C235-
V3 nns nepsoro B Poccun neHTpa mpoToHHOM Tepanuy B JJUMUTpOBrpaze.

4. B xome pabor mo (OpMHPOBAHUIO MAarHMTHOTO IOJS Ha IMKIOTPOHE
C235-V3 B JlyOHe BrepBbIe UCIIOIB30BAH PsiIl HOBBIX TEXHOJIOTH:

- paspaboTaHa M H3rOTOBJIEHa KOMIIaKTHas IuaTdpopMma AL 0OpaboTKH

OoKOoBOH IIOBEPXHOCTH ITOJIOCHBIX HAaKIIaJOK YCKOPUTEIIA,



- OCYIIECTBIEH KOHTPONEL 00paboTKu mpoduiis OOKOBBEIX IIOBEPXHOCTEH
IOMIOCHBIX HakKIaIOK IIpY IIOMOINM M3MepeHHi Ha 3-X MepHOM Ipubope
«Eclipse» dpupmsl Carl Zeiss ¢ TOUHOCTBIO HECKOJIBKO MUKPOH;

- pa3paboTaH ¥ CO3[aH IUNONBHBIA KaIUOpOBOUHBIH MAar€uT C IOJEeM 0
2.9T1, COOTBETCTBYIOIIIMM MaKCUMAaIbHOMY IIOJFO B IuKiIoTpone C235-V3;

- KCIIONB30BAaHBl a3UMyTaJlbHble IIPOTOYKH Ha CHEMHBIX JJIeMeHTaX
MarHuTHOH CHCTEMBI JUIS IIMMMHPOBAHUS Y3KUX (HECKONBKO CAaHTUMETPOB) IIO
panHyCy BO3MYILEHHH MATHUTHOTO HOJIS C aMILIUTYI0# 1o 4-10° T,

- pa3paboTaH TMPOTOTHIl CHUCTEMbl H3MEPEHHs CpefHel paaualpHOM
KOMITOHEHTHl MarHUTHOTO IIONS, IIPOBEJEHB TECTOBBIE W3MEPEHUs, yKa3aHbI
JIOTIYCKY Ha TOYHOCTH U3TOTOBJICHUS 31€MEHTOB CHCTEMBL.

5. [lpoBeneHnsl mydkoBble HCHBITaHUA yckoputens C235-V3, B xoge
KOTOPBIX ONTUMH3UpPOBaHA LEHTpaibHas 00JacTh MAarHUTHOW CHUCTEMBI. OJTO
TI03BOJIMJIO B [IBa pa3a YMEHBIIUTH BEPTUKAIBHBIN NPOQUIb yCKOPSIEMOTo MydKa
U chopMupoBaTh ero 0e3 KCIoJb30BaHUA auadparM Ha HadalbHBIX 000pOTaX.
[Tpu 5TOM BHepBEIe sl JaHHOTO THIIA IUKIOTPOHA TOCTUTHYTa 3 HEKTUBHOCTh
yCKOpeHHs Iydka oOT pamuyca ~300MM 1o KoHedHoro paguyca 72%,
3¢ (eKTUBHOCTH BBIBOJIA COCTABIIAET 62%.

6. Huxmorpon  C235-V3 CepTUQUIUPOBAH I  KJIMHUYIECKOIO
HCIIOJIb30BAHUS B ILIEHTpPaxX IPOTOHHOU Tepanuu B Poccuu u OyneT ycTaHOBIIEH
B IIepBOM TakoM LeHTpe B JUMHTpoBrpame. XapaKTepUCTHKH YCKOPHUTEId
OTKPBIBAIOT BO3MOXKHOCTBH HCIIONB30BATh €0 Ul pealu3alldid COBPEMEHHBIX
TEXHOJIOTHH IIPOTOHHOM Tepanuy JAroIUX HaWTy4Illie pe3yIbTaThl.

7. Jna OUKIOTPOHOB cO 3HaumTenbHBIM (Oonee 40°) yriooMm CIUpaabHOCTH
CEKTOPOB IIPU BBICOKOM OTHOCHUTETBHOM BapHalliyl MarHUTHOro 1ot e~0.3+0.5,
BIIEpBBIE CO37aHa METOAMKa pacyera H30XPOHHOIO IIONA, KOTopass HaeT
HEOOXOMUMYIO IJIsi COOJIIONEHMS M30XpOHM3Ma 3aBHCHMOCTb  CPEIHEro

Mar"uTHOIO IIOJIA OT paguyca.
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8.  BrepBsle co3maHa MeTOAMKa pacdyeTa YCKOpeHHsS U 3abpoca IIydka B
BBIBOJHYIO CUCTEMY B I[MKJIOTPOHAX C Y4eTOM HEHCTBUS MarHUTHOIO IIONS OT
BY-cuctems!. [1py 3HaUUTENEHOM POCTE BEIUUYMHBI YCKOPSIOIIETO HAIPSKEHUS
¢ paguycoM opbutel 3ddext npusomut k 30+50% yBenMueHUIO 3MHUTTaHCA U
9HEPreTUYecKoro pazdpoca IIydka Ha BXOJE B BBHIBOJHOW KaHal, 4yTo TpedyeT
y4eTa IIpH co3aHuu 3G (OEKTUBHBIX CHCTEM BBIBOAA.

9.  Paspaborana cCTpyKTypa BBEIBOZHOH CHUCTEMBl CBEPXIIPOBOJIILIETO
nukinoTpoHa C400. OHa 103BONIET BHIBOJUTH U3 YCKOPHUTENS MOHBI yIaeposa ¢
sHeprueit 400 MpB/HYKIIOH Ipy IMOMOIIY 3IEKTPOCTaTHYECKOTo Ae(IeKTopa U
IPOTOHE! ¢ sHeprueit ~270 MaB npu nomoumm obxupouno#t ¢oneru. Cucrema
obecrieyrBaeT MPOBOJKY ITyYKOB Pa3sHbIMU TPaKTaMH BHYTPU LUKJIOTPOHA C MX

IIOCJICAYIOIUM CBEACHUEM U TpaHCHOpTHpOBKOﬁ B OIHOM KaHall€.

OcHoOBHBIE N10/10KeHN s, BLIHOCHMbIE HA 3aIHUTY

1.  Co3zmaH KOMIIAKTHBIA M30XPOHHBIN IUKIOTPOH AJA IPOTOHHOM TEpaIIvH.
ITo cBOMM XapaKTEpPUCTHUKAM YCKOPUTENb SBISETCS OJHHUM U3 IBYX IyYIIHX B
MEpe MEIUIMHCKUX NHKIOTpoHOB. OH BIBOE IIPEBOCXOIWUT CEpUUHBIC
UKIOTPOHBI IBA MO MHTEHCUBHOCTH BBIBEJEHHOTO My4Ka. JTO OTKPHIBACT
peanu3aldio C €ro I[OMOIIBI0 HOBBIX METOJOB H TEXHOJOTWH IPOTOHHOH
Tepalvi, CBS3aHHBIX C CHHXPOHHM3alMed OOIydYeHHs M [BHIKEHUs OpraHos, a
TaK)X€ C AKTUBHBIM CKaHHPOBAaHMEM MOJIYJIHPOBAHHBIM I10 HMHTEHCHBHOCTH
nyukoMm. Lluxmorporn  C235-V3  cepruduumpoBad [ — KIHHAYECKOIO
HCIIONB30BaHKs B TOCIIUTAIBHBIX LIEHTPaX IPOTOHHOM Tepanuu B Poccun.

1.1 CTpykTypa MarHiuTHOTO I10JIs COPMHUPOBAHA C TOYHOCTHIO (2-3)-10* T or
M30XpOHHOTO TIOJIS LMKIOTpoHA M obecreunBaeT 3()(EKTUBHOE YCKOPEHHE
MyJKa.

1.2 Pe3ynbTaThl My4KOBBIX HCIbITaHui yckoputens B OVIM: s dexTuBHOCTS

ckopeHus -72%, 3GPeKTUBHOCTE BRIBOAA - 62%.
YyCKop
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2. Koudwurypaiys co3maHHOIO 3JIEKTPOCTATHUECKOTO IedIieKTopa HOBOH
BBIBOJHON cucTeMbl HUKIOTPoHOB C235 u C235-V3, m0o3BOIMBIIEr0 YBEIUIUTh
a¢dhexTHBHOCTE BEIBOAA ITyuka ¢ 50% mo 75%.

3. PesympTaThl 3KCIEPUMEHTaIBHOTO  HCCIENOBAHUA U  YHUCIEHHOIO
MOJIEJIMPOBAaHUS TUHAMUKHY YCKOPEHUS U BBIBOJIA ITy4YKa B CIIELUATH3UPOBAHHOM
MenunuHCKOM IUKIoTpoHe C235 dupmel IBA. VceTaHOBISH MpHHIMIHATEHBIN
¢daxT, 4TO OCHOBHOM IIPUYMHOM IIOTEpPh IydKa IPH YCKOPEHUM SBISIETCSA
HaJu4ye pajualbHON KOMIIOHEHTHI MarHUTHOTO IIOJIS C YPOBHEM (1-3)-10'4 Tns
cpemHe# IUIOCKOCTH yckoputensd. IloTepu mpouMcXomdT Ha 3ieMeHTaX
MarHuTHOM cucteMbl B obOnacté BblBoza. llokaszaHo, 4To [ yIydIIeHHS
9(QPEeKTUBHOCTH YCKOPEHUS ITydKa HEOOXOAMMO YBEIWYUTH BEPTHKAIBHYIO
(GOKycHpOBKYy Ha KOHEYHBIX paiuycax, IOBBIIas 3HAYEHHE YacTOTHI
BEPTHKAIBHBIX OeTaTpOHHBIX KoneOanui ¢ 0.25 no 0.45.

4.  MeTomuku pacyeTOB H30XPOHHOIO IONA Ui LMKIOTPOHOB  CO
3HauuTeNbHEIM (Oomee 40°) yrioMm CHUPaTbHOCTU CEKTOPOB IIPU BBICOKOH
OTHOCHTEJIBHOM Bapuanuy MaraHuTHoro mois €~0.3+0.5, a Taxoke yCKOpeHus u
3abpoca B BBIBOIHYIO CHCTEMYy Ilydka B LHUKJIOTPOHaX C y4eTOM JeHCTBHA
MAarHUTHOTO I0JIs1, CO3aBaeMOro IpHU paboTe YCKOPSIomed CHCTEMBI.

5. IMTapameTps! BEIBOAHOM CHCTEMBI CBEpXIpoBojsiero nuknorpona C400,
NO3BONMIOMEH  BBIBOXUTH W3  yckopurens mombl | CC® ¢ omeprmeit
400 MoB/uykion u addexTuBHOCTRIO 70%, a TakKe MPOTOHBI C JHEPrHeH
~270 MbsB u osddextuBHOCTBIO BBIBOAa, Ommskoi Kk 100%. Cucrema

o0ecreyrBaeT MPOBOAKY ITyYKOB Pa3sHBIMU TPaKTaMH BHYTPH YCKOPHTEIS C HX

IIOCJICOAYIOIIUM CBEACHUEM U TpaHCHOpTHpOBKOﬁ B OJHOM KaHalI€.

AnpoGauusi quccepTaHOHHONH paboThI
PesynbTaThl, W3JIO0KEHHBIE B  UCCEPTAlldM, HCIOJb30BaHBI AT

TIIPaKTUIECKOT'O TIPUMECHEHUS U JOKJIaAbIBaJIMCh Ha pOCCHfICKHX u
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MEXIYyHapOIHBIX KOH(QepeHIWsAX u coemaHusax: «ll-e MexayHapogHoe
COBEIlaHHWE II0 IPUMEHEHHWIO YCKOpHTeNed  3apshKeHHBIX  UYacTHI[ B
IPOMBIIUIEHHOCTH U MenunuHe», Cankt-IletepOypr, 10-14 oxts6ps, 2005;
Russian Particle Accelerators Conference -RuPAC (2004, [dyGua; 2006,
Hosocubupck; 2008, 3senuropox; 2010, [Tporsuno; 2012, Cauxr-IletepGypr);
MesxnyHaponHblii ceMuHap 110 IpobiemMaM YCKOpHUTENeH 3apsyKEHHBIX YaCTHIL
namsatyd B.UII.Capanuesa, r. Amymra, Kpeim, Yxpawna (2007, 2009, 2011);
European Particle Accelerator Conference -EPAC: (2006, Dmunbypr,
IMlotnangus; 2008, I'emys, Mranus); International Conferences on Cyclotrons
and Their Applications -CYCLOTRONS (2007, Giardini Naxos, Uramus; 2010,
Lanzhou, Kurait), Heavy Ion Accelerator Technology - HIAT (2009, Benerus,
Wranus); International Particle Accelerator Conference — IPAC (2011, Can-
CebacrtpsH, Mcnanus), cemunap JIOBD OVAN.

ITo teme mucceprauuu omy6iukoBaHo 36 pabot, u3 HuUX 14 B pedepupyeMbIx
XKypHanax. TekcT auccepTalluy M3NOXKeH Ha 223-X CTpaHulax, BKIodaeT 262

pHUCYyHKa, 14 TabIuI U CITUCOK JIUTepaTyps!l U3 127-TH HauMEeHOBaHUH.

CtpykTypa n 00beM ANCCepTaLHU

Hucceprarys cCOCTOUT U3 BBEAEHUS, IATH IVIaB, 3aKIIOUEHUS U CIIHCKA
JUTEPATYPHI.

Bo Bsemenmum cdopMynupoBaHa HamlpaBlI€HHOCTb paboThI, HaeTcs
KpaTKuii 0030p HCTOPHH Pa3BUTHS METOIOB M3yUeHHS AUHAMHUKK ITydKa B
YCKOPUTENAX [UKJIOTPOHHOTO THIIA IIPY NOMOIIY YUCIEHHOIO MOJENMPOBaHH,
OTIHCaHa CTPYKTypa U COIepKaHue TUCCEePTAIUN.

InaBa 1 mocesiieHa TEOPETHYECKHM OCHOBAM M METOJaM IIOCTPOEHHMS
YUCIEHHOIO pacyeTa YCKOPEHHs M BBIBOJA IIydka B LHUKIOTPOHAX M
CHHXpOIMKIOTpoHax. OmucaHa IIOCTaHOBKA 3amayd. [IpuBondrcst ypaBHEHHS

JABHOKCHUA SHPXXCSHHOIZ JacTUllbl B J3JIEKTPOMAaruWTHOM II0JI€ YCKOPHUTEIISA B
13



LUJIUHIPAYECKON CUCTeMe KoopIuHaT. s HUKIOTPOHOB YAOOHO peliaTth 3TH
YpaBHEHHUS, UHTETPUPYS UX II0 a3UMyTalIbHOMY YTIIy ¢ B KaUeCTBEe HE3aBUCHUMOMN
nepeMeHHOH. [l CUHXPOIUKIOTPOHOB, TaK KaK YacToTa YCKOPSIOIIEH CHCTEMBI
U3MEHAETCs B LIUKIE YCKOPEHHUs, yJ00HO UCIIOIb30BaTh BpeMs KaK [IepeMeHHYI0
UHTEerpupoBaHus. llomydeHBl BBIpaKEHHUS M KOMIIOHEHT MArHHTHOIO H
SJIEKTPUYECKOIO 10N, KCIIONB3yeMble B YUCIEHHBIX pacueTax.

[Mupoko ucnonszyemas paspaboTIMKaMU YCKOpUTENeil TeXHuKa pacdera
VM30XPOHHOIO IION, OCHOBaHHAasd TOJNBKO Ha aHAM3e IPOCTPAHCTBEHHOMN
BapuallM¥ MarHUTHOIO IIOJII YCKOpHUTeNd, HE JaeT Hy>XHOTO pe3yiapTaTa HIjd
IIUKJIOTPOHOB €O 3HauuTenpHON (6omee 40°) COHPaTbHOCTHIO MArHUTHOMH
CTPYKTYPHL U BBICOKOY OTHOCHUTENBHOM Bapuanueit MarauTHoro noss e~0.3+0.5.
UucrexnHble pacyeThl [TOKAa3bIBAalOT, YTO IIyYOK HE YCKOpSIeTCs OO0 paldycoB
BBIBOJIa B IIOJIe, PACCUMTAHHOM IIO 3ToM Meronuke. OmnucaHa HTepalvOHHASA
Ipolieypa, BKIIOYAOL[as 4YMCIEHHOE MOJEIMpOBaHHE IBIDKEHUS IIydKa U
aHaIM3 YacTOTH OOpallleHus Ha 3aMKHYTHIX PABHOBECHBIX OpOMTaxX, KOTOpas B
JOTIONIHEHUH C pacdyeToM, OCHOBaHHBIM Ha aHalu3e IPOCTPAHCTBEHHOHN
BapHalli{ MarHUTHOTO IIOJIS YCKOPUTENs, TaeT 3aBUCUMOCTb CPEIHEro IoJid OT
paznuyca HeoOXOJUMYIO ISl COOJIFOIeHMS M30XPOHU3MA [l JaHHOM MarHUTHOH
CUCTEMBI yCKOPUTEIS.

JeiicTBie MarHUTHOTO IO, co3zfaBaeMoro BU-cucTemol, MpUBOAUT K
M3MEHEHUIO ITONIEePEUHBIX Pa3MepoB ITyuKa U (pa30BOH IPOTAKEHHOCTU CTyCTKOB
BO BpeMsI YCKOpPEeHUS IIpU 3HAUYUTEIbHOM M3MEHEHNH HallpsHKeHUd Ha OyaHTax C
panuycoM opbutsl. Kax crenctue, H3MeHSIOTCS (a3oBble IOPTPETH! ITydka Ha
BXOJie B CHCTeMy BbIBOJIa. IToJTyueHEl BBIpa)KEHUS Il KOMIIOHEHT MarHUTHOIO
nonss or BY-cucTeMbl B OKpPECTHOCTH MEAWAHHOM IUIOCKOCTH LUKIOTPOHA,
KOTOpble HEOOXOIMMO VYMTBIBATH B pacueTax Ipud IPOeKTUPOBAHUU

3¢ (HeKTUBHBIX CHCTEM BBIBOJIA.
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O6cyxnaeTcss 3amaHue HaAdalbHBIX JAHHBIX JUIT PACYEeTOB YCKOPEHUS
mydka U croco0 pacdera (asbl HaCTHIBI MO0 OTHOIIEHHWIO K YCKODPSIOIIEMY

HaIIpsDKEHUTO.

B xoHIle rNaBEl omucaHa cXema HUHTEPIIOJIAUNKU OaHHBIX, o6cy>1<11aeTcsI
TOYHOCTh pPACUCTOB AHMHAMUKHU IIydKa [OPU I[IOMOIIA YHCJIEHHOTO PEIUECHUSA

YPaBHEHHH BIKEHUS.

Bo BTOpO#i riaaBe IpescTaBleHbl OCHOBHBIE NapaMeTpPhl MeIULIUHCKOIO
IpOTOHHOro ImMkIoTpoHa C235. OnucaH NPOBEAEHHBI aBTOPOM aHAIIM3
YCKOPEHHS U BBIBOJA ITy4Ka, IPHBEACHO CPAaBHEHUE [IONYUYSHHBIX Pe3yIbTaToOB C
DKCIEePUMEHTaIbHBIMU JaHHBIMA 110 GOPMHUPOBAHUIO BEIBEACHHOT'O IyUKa.
MarzuTtHas cucteMa Iuknorposa C235 coznaeT nose, KOHGUrypanus KOTOPOro
obecrieurBaeT HEOOXOIUMYIO HOTIEPeYHYI0 (POKYCHPOBKY ITy4Ka IIPY YCKOPEHUH
OT MOHHOIO MCTOYHMKA JO IIONaJaHUs Ha BXOX JIIEKTPOCTATUUECKOIO
nediexropa.

Huarpamma pabodelt Touku nokaszana Ha Puc. 1. OHa mepecekaer Tpu
omacHbIX pe3oHanca: .=/ — B ueHtpe, Q,-0.=I — Ha cpenHux pamuycax, 30,

=4 — B obactu BBEIBOZA.

0z e 0420252
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Puc. 1.[luarpamma paboueii Touku nukiaorpona C235

ChopmynupoBaHsl TpeOOBaHWMS Ha HU3IIKE TapMOHHKH Pa3IdIHBIX

KOMIIOHCHT MAarHuTHOI'O IIOJIA IJIA B(P(I)GKTI/IBHOFO YCKOpPEHU. HOKa3aHO, qaTo
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IIpY COOJIIOEHNM 3TUX TpeOOBaHWH CTPYKTypa MAarHUTHOTO IOJS LUKIOTPOHA
obecrieunBaeT coxpaHeHue MOIEepPeTHOro pazMepa Myyka MpH MepecedyeHn  BCex
PE30HAHCOB BO BPEMS YCKOPEHHSI.

B pesynpraTe MpOBENEHHEIX aBTOPOM pacyeToB BLIBOAA I[IPOTOHOB U3
C235 u uucIeHHOro aHanu3a II0Teph Ha 3JeMeHTaxX BEIBOIHOU cucTeMsl (Puc. 2)
[IONy4eHbl Hay4HbIe HaHHBIE IO YIYYUIEHWIO KOHCTPYKTUBHON KOH(QUIypaluu

JJIEKTPOCTAaTUIECKOT'O ,[[e(I)J'IBKTOpa U1 YMCHBIIEHUA ITOTEPh Ha HEM.

a0 -
LieHTpantHan | Kosnuecrso

TPIEKTOPUA NOTePAHHbIX
BHIBOAMMOID NYUKE 40 | npoToHas
N

AzumyT centyma [°]

T T T T T T 1
75 0 & 90

Puc. 2.Cxemaruueckas reoMetpus AediekTopa A PacIeTOB BEIBOJA MyuKa (ClIEBa),
pacIpezeneHue IOTeph IyUKa Ha BHEIIHEH CTOpOHe cenTyMa 1o ero aiune [1#2 (cipasa)

HedpnexTop ¢  ONTUMHU3MPOBAaHHON  KOH(Urypauue#d  3IEKTPOAOB
W3rOTOBJICH M KUCIIBITAH BO BPeMsI TECTOB C ITydkoM HukioTpoHa C235 PAP-111
(mms  memunmHCKOro uentpa B Ilapmwke (Opceit), Ppanuusa) opu
HENOCPeICTBeHHOM  y4dacTHM  aBTopa. IIpy 3TOM  BKCIEpHMEHTaNIbHO
IocTUrHyTass 3G QeKTUBHOCTh BbIBOoAa yBenuueHa ¢ 50 no 75% (Puc 3). B
nepuon 2007-2012rr. yaydIueHHBIH BapuaHT AedieKTopa HCIONb30BaH H
IUTAaHUPYETCsl AJIsl UCIob30BanusA Oonee yeM B 10-tu yckoputensx C235 mna

TIPOTOHHBIX LICHTPOB B Pa3HbIX CTPaHax MUpA.
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Pyuc. 3.3aBucHMOCTD U3MEPEHHON HHTEHCHBHOCTH TOKA ITy4ka (HOPMHUPOBaHA Ha BEIUUUHY
TOKa Ha paxuyce 300MM) oT paguyca B nukiaoTpone C235 mpu HCIONB30BaHAM Ae(IIEKTOPOB
HOBOTO ¥ IIPEIBIAYIIErO THIIOB

Ha ocHoBaHHU pe3ynbTaToOB aHaiWM3a IWHAMUKU IIyyka B IIMKJIOTpPOHE
C235 cdopmynrupoBaHbl IPEIIOXEHNS 110 CO3AHHUIO eT0 YIyYlIeHHOH BePCHH -
C235-V3. Ornuuus HOBOU BepCUM YCKOPUTENS 3aKIIOYAlOTCS B H3MEHEHUU
MAarHUTHOM ¥ BBIBOJHOM CHUCTEM:

o B YBEJIMYEHUM CIIMPATLHOCTH CEKTOPOB MarHUTHOM CHCTEMBl Ha Pafudycax
Gomee 800MM [UIf yBeNMYEHHS UACTOTHI BEPTUKANBHBIX OETaTPOHHBIX
xonebanuii ¢ ~0.25 mo ~0.45. OT0 MO3BOJUT YMEHBIIUTh IPUMEPHO B 3 pa3a
KOT€PEeHTHBI CIOBUT ITydKa OT IUIOCKOCTH z=( IpH HAIUYUU PpPafHUaNbHON
KOMIIOHEHTBI MarHUTHOTO 10 B, (Az ~ Q%) 1, TakuM 06pa3oM, YMEHBIIHTh
YyBCTBUTEIBHOCTH YCKOPUTENT K 3pheKTaMm MeIMaHHON IIITOCKOCTH;

° B U3MEHEHUH TeOMETPHHU 3JIEKTPOIOB DIIEKTPOCTATHYECKOro AedexTopa
TaKuM 00pa3oM, YTOOBI MUHUMYM €T0 TONIIUHBI HaXOAUJICA Ha paccTosHUA ~10
CM OT BXOJa. JTO IMO3BOJUT YBEIWYUTH 3(P(HEKTUBHOCTH BBIBOZHOW CHCTEMBI
IpuMepHo Ha 25%.

B Tperbeil riaaBe IpeicTaBleHa CTPYKTypa CIIELUaIU3UPOBAHHOIO
umxenepuoro neutpa OMSU, cospannoro B JUAIT mnst cOopku M WCHBITaHUH
YCKOPUTEIbHON METUITMHCKON TeXHUMKH. OIrcaHsl sTamel paboT IO
¢dopMupoBaHu0O MarHuTHOro Imons yckopurtens C235-V3  mna  meHTpa

IPOTOHHON Tepanuu B JluMuTpoBrpage YIbsSHOBCKOM o0nacTd, KOTOPBIH
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co3maercss B pamKax ¢enepansHoi neneBoil mporpammel (OLIT) «Coznanue
BBICOKOTEXHOJIOTHYHBIX LIEHTPOB MEIUIIMHCKON PagoIOTHmy.

@opmupoBaHue TpeOyeMOro MAarHUTHOTO TIONS  BBIIONHEHO IIpU
HEIIOCPEeICTBEHHOM YYacTHH aBTOpa Ha OCHOBE M3MEpEeHWHH BEepPTHUKAIbHOMN
KOMIIOHEHTB! B CpeHel INIOCKOCTH YCKOPUTENII U MOCIeNyIomel ee KOppeKIHH
(Puc. 4). Ilpu stom OMAM BmepBble peanu3oBall psi HOBBIX TexHONorui. B
xozie paboT o POPMUPOBAHUIO MarHUTHOTO 0N Ha MUKIoTpoHe C235-V3:

- ucronbp3oBaHa paspaboragHas B OMSM croenmanpHas KOMIAKTHAS
nnatdopma JUIS YCTAHOBKM X 0OpabOTKM IIONIOCHBIX HaKOHEYHHKOB,
no3BoJsAtomas padorars Ha cranke ¢ UIIY ¢ pasmepom crona ~1m, 49ro B 1.5
pasa MeHbIlle YeM Ha CTaHKaX, UCIIONb3yeMbIX B IBA;

- OCYILECTBIIEH KOHTPOIb TOYHOCTH OOpabOTKM IONIOCHBIX HAKJIamoK IPH
IIOMOILIM M3MEpEeHUH KOoHQurypamuum wux mnpodmis nocine oOpabOTKH Ha
crienuanbHoM 3-x MepHOM mpubope «Eclips» dupmsr Carl Zeiss ¢ TOUHOCTBIO
1.5 MEKpOH, 3TO ITO3BOJIMIIO COKPATUTh 00IEe YHUCIO UTepaLHii;

- UCMONIE30BaH paspaboranHblii u co3manubii B OV  munonpHBIM
KanuOpOBOYHBIR MarHuT ¢ moieM x0 2.9Tu, HMOKpHIBAaIOIMH BECh IMANa3oH
3Ha4eHUH MAarHUTHOTO IOJNs YCKOPUTENd, 4YTO OOECHeYmIo OTHOCUTENBHYIO
TOYHOCTH M3MepeHHii ~10™ Bo BceM Auanasoxe nonei;

- BrepBble B C234-V3 mpuMeHeHB! a3uMyTalbHbIE IPOTOYKHA Ha CHEMHBIX
JJIEMEHTax MarHUTHOW CHCTEMBI I IIMMMHUPOBAaHHSA Y3KHUX (HECKOJIBKO
CaHTUMETPOB) IO pajuycy BO3MYIIEHHM MarHUTHOTO IIOJA C aMIIMTYIOH IO
4-10° To.

Ucnonp3oBaHue KOMIIAKTHOU IIAT(GOPMEI Ui pa3MelleHUs Ha CTaHKE U
KOHTPOJIb TOYHOCTH OOpabOTKM IOJMIOCHBIX HAKOHEYHMKOB BaXHbl IIPH
CepUItHOM IIPOU3BOJCTBE MEIUIIMHCKUX YCKOPUTENeH, CHIDKEHUN X CTOUMOCTH

1 CPOKOB U3TOTOBJICHUS.
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Puc. 4.Pa3auIa MexIy H30XpOHHBIM U COPMHEPOBAHHEIM MATHATHEIM IIOJIEM IIUKIOTPOHA
C235-V3 u dasoBoe npmxenue B cHOpMIPOBAHHOM II0JIE 0 Havaja IMMMHUPOBAHU (CIEBa)
U TI0CJIe 3aBEPLICHHUS IIIMMUPOBaHHUS (CIpaBa)

B nauane mmuMMHIpOBaHUS MarHUTHOTO IIOJISL YCKOPUTENS PasHULIa MEXIY
CYLIECTBYIOIIMM K TpeOyeMBIM YPOBHEM COCTaBIIIA [0 1.8:10% Tr Ha
HEKOTOpBIX panuycax. B pesynbrare (hopMHpOBaHUS NONTydeHa KOHGUIYpaLys
MarHuTHOTO II0JIA, CpeHee 3HaueHe KOTOPOro OTInYaeTcs He Oosee 4eM Ha (2-
3)10* Tn OT H30XPOHHOrO BO BCEM NHMATA30HE DAIUyCOB M OOECIEUMBaET
a¢dexTHBHOE yCKOpPEHHUE ITyUKa.

B xome wmamamounslx pabor mHa C235-V3 BmepBele ompo6oBaHa
YHUKaJbHas MeTOAWKa W3MEpEeHHs CcpelHedl paiuadbHOM KOMIIOHEHTEI
MAarHUTHOTO TOJIA HpPH MOMOINM JBUTAIOUIUXCS KaTyIIeK, I103BOJLIOIAs
ucciaenoBatbh 3(MQEKTl OTKIOHEHUS MEIUaHHOW IIOBEPXHOCTH OT CpenHeH
IUIOCKOCTH yCKOpUTeNs 2=( 10 IIy4KOBBIX UCIIBITAHUH.

B d4erBepTOii IJIaBe OIMCAHBl OCHOBHBIE pE3YJNbTAThl ITyYKOBBIX
HcIbITaHui 1uknorpora C235-V3, koropsle nposenersl B 2012r. B [lyOxe npu
HEeIIOCPEeICTBEHHOM y4acTHHU aBTOpa.

B xome sTux paboT BmIEpBEIe IS YCKOPHUTENS 3TOIO THUIIA IIPOBEIECHA
ONTUMHU3AIUS [EHTPaNbHOH OO0NaCTH MAarHUTHOM CTPYKTYpBl YCKOPHTEI,
MTO3BOJIUBINAS TIOJNYYUTh YMEHBIIIEHHUE BEPTUKANBHOTO MPOQUISL YCKOPIEMOIO

Imy4Jka Gojiee ueM B 2 pa3a ¥ MUHUMH3HPOBATh IOTEPH B LIEHTpE:
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1) CxoppeKTHpOBaH MPOBall YacTOThl BePTUKAIBHBIX OETaTPOHHBIX KOJeOaHMU
Q. Ha pamuyce r~100MM mpu HOMOIIM YMEHBIIEHHS TIpaJueHTa CpeIHero
MarHUTHOTO IIONA 110 pazuycy nocie r~90mMM. B aToM MecTe yBenuueH ypOBEHb
cpemHero IOl Ha ~1-10% T s BBINONHEHUS Takoro IIMMMUPOBAHUS
MarHuTHOTO IIOJISI BOCEMb CTalbHBIX HaKJIaJOK OBLIN pa3MeIleHbl Ha CeKTOpax
MarHuTHOM cucTeMsl (4 cBepxy U 4 CHU3Y) OKOJIO LIEHTPaIbHBIX BTYJIOK.

2) KomrmeHcanus BO3MYIUEHUS B, B MEIUAHHOHN IIIOCKOCTU, OOYCIIOBJIEHHOIO
omuOKaMH M3TOTOBJIEHHS M YCTAHOBKU DJIEMEHTOB MArHUTHON CHCTEMBI
LUKJIOTPOHA, OCYILECTBIIEHa IIPYU [IOMOIIM BEPTUKAIPHOIO HECHMMETPHYHOIO
cmernerus Ha 0,3 MM BBepX HIKHEH LIEHTPAIbHOMN BTYNKA MarHUTHON CUCTEMEL
ITapameTpsl mydka OO0 M IOCHE ONTHMH3ALUM LEHTpa MArHUTHOW CHCTEMBI
yCKOpHUTeNs Moka3aHbl Ha Puc. 5. BumHO, 4TO BepTHKaNbHBIA pasMep IIydKa
yMeHbUIWICS B 2-2.5 pa3a, IpH O3TOM B LEHTPAIbHONH 0ONacTH He ObLIA
HCIIONB30BaHbI KOJUTUMUpYIONHe nradparMsl. J[BIKeHHE ITydKa OTHOCHUTEIBHO

IJIOCKOCTH z=() KaK LIeJIOTO OCTAIOCH IPaKTUYICCKN HEU3MEHHBIM.

Paamep/YpoeHb nyyka (Mm)
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Puc. 5. BepTukanbHblii pasMep mydka 1o (HHONETOBBIH) U nocie (KpacHbI) yCTaHOBKH
CTAJTBHBIX LIMMM B IIEHTpE, a TaKoKe NPO(MIb BEPTUKAIBLHOrO ABHKEHHUS LIEHTPa IIy4Ka BO
BpeMsI YCKOpeHHs 0 (3eJIeHbIi) U mocite (royry0oit) yCTaHOBKH MMM

JlaHHble, TOKa3aHHBlE Ha Puc. 5, MOXy4eHB! IpU MOMOIIM «BU3YalbHOIO»
npobHuKa (Puc. 6).
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R~160mm : R“lGBGmm

Puc. 6. Vzo6pakenue myuxa, OJIy4eHHOE ¢ IOMOIIBIO BU3YaIBHOTO MPOOHYKA B Havyale i B
KOHIIE YCKOPEHHS

Cren BBIBeIEHHOI'O ITyYKa Ha CIIEIMalbHOM macTure mokasad Ha Puc. 7. ILaTHO
UMeeT KBaIpaTHYIo (popMy U3-3a IeHCTBUS KOIIMMATOPOB, HAXOSLINXCS Mepe]]
BEIXOZHEIM  (pnaHIeM BakyyMHOX KaMmepbl. OKoOH4aTeNbHas HACTpOHKa
ycKkoputesst OyIeT IpoBe/ieHa Ha MecTe ero SKCIUIyaTalluy B JJUMUTpOBrpaze.

B xoHile T3aBBl IPUBOAITCS OCHOBHBIE pPe3yNbTAThI pacyeToB,
IIOKa3bIBAIOIIMX 3HAYWTENbHOE BIHSHME BO3MYIIEHMM MAarHWTHOTO IIONA B

LEHTPTEHON 00IacCTH YCKOPUTENS Ha BCIO AUHAMUKY IIydKa.

P10

4
Tadi il el e e

Puc. 7. Cnen oT BBIBEIEHHOTO Iy4Ka Ha CIIEIUATbHON IIACTHHE, PACIIONOXKEHHOH 3a
BEIXOIHBIM (IIaHIIeM BaKyyMHOM KaMepsl

Ocobennocru ABYDKCHUS IIy4YKa B HeHTpaHBHOfI 00acT CBSI3aHBI C
3(?(1)6KT3MI/I MeJauaHHOM! IUIOCKOCTH, IapaMeTpamMu GamIla MarHMTHOI'O TIOJI U

MUHMMaJIbHEIM 3HaueHHeM (. B 3ToM MecTe. B 1mmknorpone C235

bopMupoBanue Gamra, oI obecreueH s aKCHaIbHON QOKYCHPOBKY Ha IEPBBIX
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oboportax, nmpuBoAUT Ha r~100MM K yMeHbBUIEHWIO 3HaueHHM (. IO YPOBHA
0,04-0,06. Ectm B MemuaHHOM IIOCKOCTH B 3TOM MECTE€ €CTh BO3MYIIEHHE
MarHuTHOTO II0JIS B BHJE B, ¢ ypOBHEM ~5-10* Tn u rpagreHTOM 5107 T/,
OHO IPUBOIUT K TpaHCHOpPMAIUM KOTEPEHTHOIO IBIDKEHMS LEHTpa TAKECTH
IIyuka B 3TOM 00NacTu B HEKOTEpeHTHOE JBIDKEHHE OTHENbHBIX HacTull. V3-3a
9TOTO yBENWYUBAETCS BEPTHKAILHBIH pasMep IIyyka B OCTaIbHOM 00yacTu
yckopeHust. OIMH U3 pe3yibTaTOB YKCJIEHHOTO MOJETIHPOBAHMS IUHAMUKU
YacTHll B IEeHTpanpHOi obnactu mukiotpoHa C235-V3 B otcyrctBue B, B
MEIMaHHOM IIOCKOCTH ¥ Ui MOJENBHOW 3aBUCUMOCTH B, 0T pazuyca

npuBeneHs! Ha Puc. 8.

z (1cm) Axialeradial motien of paricies Z {em) Axiabradial motion of partiches
1

o8 0.8
0.6 0.6
04 0.4
0.2 0.2
0,2 0.2
0,0 0.4
0.6 «6
0.8 Pl -0.8
"0 2 4 6 8 10 12 14 16 18 20 '10 2 4 8 8 10 12 14 1:3 1 20

R {zm) B {em)

Puc. 8.BeprukanbHoe IBHXKEHHE [TyUKa ¢ HaYalbHEIM S9MUTTaHCOM &,=2007, HaynHas oT
HoHHOrO ucTouynuka. Ciea — HeT B,, BHHU3Y - €CThb B, THIIA B CpeIHE} IIIOCKOCTH

Hanmume paguambHOM KOMIIOHEHTBI B MEIMAHHOW IIOCKOCTH B, ~5:10" Tn
IIPUBOIUT K YBEIHYEHHUIO CPEIHEKBAIPATUIHOIO aKCHaIbHOTO pasMepa ITydKa C
&mm mo 14mm (Puc. ).

Beibop onTuManbHOM TONIIMHBI KOPPEKTUPYIOIIMX IPOBal YacTOThI
BepPTUKAIBHBIX OeTaTpoHHbIX Koiebauuit O, Ha r~100MM macTuH 00yCIOBIEH
IByMS B3aHMHO-IIPOTUBOIONOXKHBIMU d¢pdexkramu. C OmHOH CTOPOHBI,
yBEIMUSHUE  TONIIMHBI  IUIACTMH M,  COOTBETCTBEHHO,  aMILIUTY/HI,

KOPPEKTUPYIOIIIETO Oamma oOT HHX BEOET K YBCIHUYCHHUIO MarHUTHOM
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(hOKYCHPOBKY ¥ YMEHBILECHUIO IpoBaia (J,. B KOHEYHOM cueTe, 3TO IIPUBOAUT K
CHIDKEHMIO 3((eKTOB TpaHCHOpMAlUU KOTEPEHTHOTO [BIDKEHHs IydKa B
HEKOT'ePEHTHOE JBIIKEHHE OTAENBHBIX YaCTHII.

C nmpyroii CTOpOHBI, yBelIHMUeHHE aMILIUTY[Abl KOPPEeKTUpYIoIero 6ama
OIHOBPEMEHHO IPUBOJUT K POCTY CPeIHEro ypOBHS B, B 9T0OH 00JIaCTH U CABUTY
BY-dba3 npoTOHOB Ha HECKONBKO TIpamycoB BHU3 U, KaK CIEJICTBUE,
YMEHBILIEHHUIO 3JIEKTPUIECKO} (POKYCHUPOBKU YCKOPSIOWINM I10JIEM.
ITpoBeneHHBIN aHANM3 TUHAMUKY My4YKa B I[EHTPATbHON 0OJIACTH IMKIOTPOHA
C235-V3 cormacyercs ¢ TouHOcTRIO 25-30% cC pesympraTamMu H3MeEpeHHUH
BEPTUKAJIBHOTO pasMepa IMPOTOHHOTO ITyyka Ha paauycax Oonee 150MM.
JlocTurHyToe JBYKpaTHOE YMEHbIIEHWEe BEepTHUKAlbHOIO pa3Mepa IIyuka U
IIOTeph B LIEHTpaJIbHON 0ONacTH CBA3aHO C KOMIIEHcalueidl Bo3MylleHus B, B
obnmactu wmumHEMyMa (. Ha r~100MM u® yBenudYeHHMEM BEPTHKAIBHOMH
(bOKyCHpPOBKH B 3TOM MeCTe.

B urore addextuBHOCTs yeKOpeHUs OT paamyca ~300MM 10 KOHETHOIO
panuyca coctaBiger 72%. BrIBog mydka U3 KaMepbl YCKOPUTENS OCYLIECTBIEH
IpY IOMOIIM 3JEKTPOCTaTHIeCKOro neduexropa. D(PpGEeKTUBHOCTH BBIBOJA
myuka - 62%. Taxum obpazom, obmas 3¢QeKkTuBHOCTh (YCKOpeHHe + BBIBOJ)
nukinorpona C235-V3 cocrasiser 45%.

Ormucanpl oTnuuusa HuUKIoTpoHa C235-V3 oT cepuitHOro MeTuIIMHCKOIO
yckoputens IBA C235. B aToM yckopuTese OCHOBHbIE yITy4IIeHUs HAallPaBIIEHBI
Ha [BYKpaTHOE YBeNMYeHHe HHTEHCHBHOCTH BBIBEJIEHHOI'O IIy4Ka 3a CYeT
YMEHBIICHHUS IOTepb. [IpuBeneHE 0COOCHHOCTH UCIIONIb30BaHUS LIMKIOTPOHOB U
CUHXPOTPOHOB MJISl pealn3alyil TeXHOJOTWH aJpOHHOM Tepanuy IIOCIEIHEro
IOKOJICHUSI.

W3-3a yBenuueHHO# 3((OEKTUBHOCTH YCKOPEHHs U BBIBOJA ITydKa

muknoTpon  C235-V3  umeer  mOpeMMyIIecCTBO [0  CpPaBHEHHIO  CO
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CIlelMaNM3UPOBAaHHBIMU  LUKIOTpoHaMK ¢upMel IBA ¢ Toukm 3peHus
palualiOHHOM Teparuu:

o IIpY peanr3aliyl HOBBIX TEXHOJOTHM IPOTOHHON TEpaIviu, CBS3aHHBIX C
CUHXpOHM3aLuel OONydeHHs M JBIDKCHUS OpraHoB, a TakKe C aKTHBHBIM
CKaHMPOBaHUEM MOJYJIHPOBAHHAIM 10 HHTCHCUBHOCTH TOHKHM ITy9IKOM;

° IpU peaju3alyy ITacCHBHOTO CKAHWPOBAHUS IJIS OIyXoJieit 6GOJbIIoro
obpeMa, a TakKe IpPHU TEpalud C yBEIMYEHHOH 10301 OOMydeHUS 3a OIHY
(bpaxuuo Ipy CHIKEHHOM 00I1eM KOH4YecTBe (hpaKiuii;

o B IUTAHUPYEMOM IIPEBBIIIEHNY WHTEHCUBHOCTH BBIBEAEHHOTO IIPOTOHHOTO
Iy4YKa 110 CPAaBHEHHUIO C TOKOM IIPOTOHHOTO MEIUIIMHCKOTO IUKIOTPOHA (UPMEI
Varian/ACCEL (MakcuManbHbIA TOK BEIBeIeHHOTO ITy4ka 0.8MKA);

o B YMEHBIICHUU paJUalliOHHON Harpy3Ku Ha 3JIeMEHTBl MarHUTHOH M
YCKOpSIIOIIEH CHUCTEMBI, YTO SABNAETCS BaKHEWIIMM (aKTOpoM OIS CepBHCa
MEIUIIMHCKOI'O CEepUIHOr0 YCKOPHUTENS U YCIOBUH €ro TPaHCIOPTUPOBKH OT
U3TOTOBUTENIS K IOTPEOUTEITIO.

B nmaTOl ryiaBe OIMCaHBl OCHOBHBIE pe3yNbTaThl MCCIIEJOBaHMUA
IVHAMUKY BBIBOJA IIy4KOB — YriepomHoro ¢ sHeprueit 400 M»aB/Hyknon u
IPOTOHHOTO ¢ 3Heprueit ~270 MsB u3 cBepxmposopsiero mukiaoTpona C400.
Konnenmus 3Toro yckopuTens pa3paboTaHa IpHU OIpPeAeAIoleM YydaCTHH
aBropa rpymmoi corpymHukos OMSAM. Co3gaHue IUKIOTpOHA HAYaTo
kommanve#t IBA B 2010r. B pamkax mpoekra «Arcadey» B Ganil (Ppanmms).

Ha ocHOBaHMM TIONy4YeHHBIX B XOAE MCCIENOBAaHUS pPE3yNbTaTOB

paspaboTaHa U ONTUMHI3UPOBaHA CTPYKTYpa BbIBOAHOM cuctemel C400 (Puc. 9).
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ce to energy

Puc. 9. CxemaTudeckuit BUA CHCTEMBI BEIBOJIA YITIEPOJHOTO U IPOTOHHOTO ITYUKOB K3
nuknorpona C400

126+
Cuctema IO3BOJIIET B(P(i)EKTI/IBHO BBIBOOUTHb K3 YCKOPUTEJIA HOHBI C C

sueprueit 400 Mbd>B/HykioH u mpoTOHBI ¢ sHeprueit ~270 MbsB pasHbIME
TpaKTaMM, a 3aTeM CBOAUTH BBIBEAEHHBIE IIyYKH B OIHOM HallpaBlIeHUH Ha
paccTosHMM 6.75M OT LIEHTpa IMKJIOTPOHA U TPAHCIOPTUPOBATH MX B OJHOM

kaHaie. D((heKTUBHOCTS BbIBOJA yriepoaa ~73%, npoToHoB — Ou3ka k 100%.

B 3akiioueHMH AMccepTanuu CcOPMYIUPOBAHBl OCHOBHbBIE HAyYHBIE
pe3ynbTaTsl paboThL:
1. CosmectHo OV u IBA co3maH W WCIBITaH C LUPKYIUPYIOIIUM U
BEIBEIEHHBIM ITyYKOM KOMIIAKTHBIM M30XpOHHBIH nukiaoTpoH (C235-V3,
IpefHa3HayaroMmuics s mepBoro B Poccuu crenuanu3supoBaHHOIO LEHTpa
npoToHHOH Tepanmuu B Jumutposrpanme. Ilo cBouM xapakTepucTHKaM
YCKOPUTENh SBISIETCS ONHUM K3 JABYX JIYUIIMX CYIIECTBYIOIIUX B MHUpE
CIIeIMaIM3UPOBAaHHBIX LUKIOTPOHOB AJIS NMPOTOHHOH Tepamuu. C235-V3 Basoe
IIPEBOCXOUT CIELUATU3UPOBAHHbIE MEIUIUHCKHAE HUKIOTPoHB! C235 dupmsel
IBA 10 UVHTEHCHMBHOCTM BBIBEIEHHOI'O IIydyKa 3a CYeT YyBEIMYEHHOH
3(Q(EKTUBHOCTH YCKOPeHHS U BBIBOJA. OTO oOecledyrBaeT peanusaluio ¢
IIOMOIIBI0O HEro HOBBIX METONOB M TEXHOJOTMM IIPOTOHHON Teparnui,
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OCHOBaHHBIX Ha CHHXPOHHU3AIUU O6HyT{eHI/I${ U JIBMXKEHUA OpraHoB, a TaKXe

AKTHBHOM CKaHHWPOBaHUU MOIYJIMPOBAHHBIM 110 MHTEHCHBHOCTHU ITyIKOM.

2. CdopmMupoBaHa CTpyKTypa MAardHMTHOTO IoJs B IukiIoTpoHe C235-V3,
cpelHee 3Ha4yeHHe KOTOPOIO B 3aBUCHMOCTH OT pajiyca OTIHYaeTcs He Ooree
gyeM Ha (2-3)'10" Tn or msoxpomrmoro. Oua obecmeumBaer 3(deKTHBHOE
yckopeHue 1yuka. /[lma  QopmupoBaHums MarauTHOro mons B OVISIU
IIpeJIOXKEeHB] ¥ IPUMEHEHbI OpUTHHATbHBIE TeXHOIOTHH!

- KOMIIakTHas Iarpopma i 0OpaboTKH OGOKOBOM  IOBEPXHOCTH
TIOJIIOCHBIX HaKJIaZIOK YCKOPUTEIIS;

- KOHTPOJIb TOYHOCTH OOpabOTKHM IOJNIOCHBIX HAKJIAJOK IIPU IOMOIIM
M3MepeHuH Ha creruanbHoM 3-x MepHOM mpubope «Eclips» dpupmel Carl Zeiss ¢
TOYHOCTBIO HECKOJIBKO MUKPOH;

- JIUTIONTbHBINA KaJTMOPOBOYHBIN MarHuT ¢ mojeM o 2.9Tn

- a3uMyTallbHble IPOTOYKMA Ha CHEMHBIX DJEMEHTaX MAarHUTHON CHCTEMBI
IUIsL IIUMMUPOBAHUS Y3KUX (HECKOJNBKO CAHTUMETPORB) 110 PafuycCy BO3MyIIEHUH

MATHUTHOTO TIOJIS C aMILIHTYI0# 1o 4-107 T,

3. JHns umkimotpoHoB C235 m C235-V3 cosmaHa HOBas CHUCTEMa BBIBOJA
myyka Ha 0a3e  3NeKTpocTaTUYecKoro  nedrexTopa C  YIIy4IIEHHOH
KOHUTyparuei 3JeKTpoJOB. DKCIePHMEHTATEHO JOCTUIHYTHIM KOd(QOUIAEHT
BEIBOJa yBenu4ueH ¢ 50% mo 75%. Dta cucrtema ycTaHOBJIEHA U HMCIIONB3YETCA

Oonee gueM Ha 10-TH yCKOPHUTENX.

4.  Tlpomenmensr wucnblTanus yckoputens C235-V3 ¢ HUpKyIHpyOWUM 4
BBIBEJICHHBIM ITyYKOM, B XOJI€ KOTOPBIX:
o OKCIIEPUMEHTAIBHO  IIOATBEPXKIEH  M30XPOHM3M  C(OPMHUPOBAHHOIO

MarHuTHOI'O I1OJIsI YCKOPUTEILA,
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o ONTHMHU3MPOBaHa LEHTpaibHas OO0JNacTb MAarHUTHOW CHCTEMBI, 4TO
IIO3BOJIMJIO B IBa pa3a YMEHbIUIUTh BEPTHKAIBHBIA IPOYUIb YCKOPSEMOTO ITydKa
1 chopMHupOBaTh ero 0e3 UCIOIb30BaHus AuadparM Ha HadalbHBIX 000poTax;

o BIEPBBIE U1 MAHHOTO THIA LUKJIOTPOHA NOCTUIHYTa 3(QQEeKTHBHOCTH
YCKOPEHHs ITydKa OT LIeHTpalIbHON 001acTé 10 KOHEYHOro paxuyca 72%;

o HoJxy4eHa 3¢ GeKTUBHOCTH BeIBoAa 62%.

5. B xome paspaGorkm C235-V3 mHpoBeneHO HCCIeOBaHHEe IHHAMHUKH
YCKOpEHMs X BBIBOAA IIydKa B CEpUHHOM MEIMIMHCKOM LHKIOTPOHE I
nporoHHoi  Tepamum  C235, B pesynpTare  KOTOPOIO  YCTaHOBIEH
IPUHIMINATIGHEIA (DaKT: OCHOBHOM HMPHYMHOM IIOTEph IIydKa NPpHU YCKOPEHUH
ABJIAETCS 3HAUUTENbHOE BIHSHUE dP()EKTOB MeJUaHHOMN IIOCKOCTU C YPOBHEM
paguanbHO¥ KOMIIOHEHTHl MAarHUTHOIO IIOJIS (2-3)-10'4 Tn Ha BepTUKaIbHOE
KOTepeHTHOe [BIDKEHHUE ITyuka. [ToTepu MpoucXolsT Ha d/eMeHTax MarHUTHOM
cucTeMbl B obnactu BeIBona. ITokasaHo uTo, Ans ynaydiueHus 3G(GeKTHUBHOCTH
YCKOpPEeHUs ITy4Ka HeoOXOIUMO YBEIUYUTh BEPTHKAIBHYIO (DOKYCHPOBKY B 30HE
BBIBOZI@, [TOBBIIIAS 3HAYECHHE YaCTOTH BEPTUKAIBHBIX OETaTpOHHBIX KoyebaHMH

¢ 0.25 mo 0.45.

6.  JIng LMKIOTPOHOB CO 3HAYUTENbHBIM (Oonee 40°) yrioMm CIMpalbHOCTH
CEKTOPOB ITpY BEICOKOM OTHOCHUTENBHON BapHalluy MarHuTHoro nons e~0.3+0.5,
BIIEpBBIE CO3/laHa METONUKA pacdeTa M30XPOHHOIO 10N, BKIIIOYaroLias
YHUCIIEHHOe MOJIeTMPOBaHUe BIDKEHNUS ITydKa M aHaNU3 4acTOThl OOpaIleHus Ha
3aMKHYTEIX PaBHOBECHBIX opbuTax. OHa JaeT HeOOXOAUMYIO I obeclrieueHHs

H30XPOHHU3Ma 3aBUCUMOCTD CPEAHETO MAarHuTHOI'O II0JIsL OT pafryca.

7. Bnemee cozmaHa METOoJuKa pacdueTa YCKOPEHHA U 3a6poca ny4ykKa B

BBIBOIHYIO CHCTEMY B HHUKIIOTPOHaX C Y4ETOM eNCTBUS MarHUTHOIO IIOJIS OT
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BY-cuctemsl. Ilpu 3HaUUTENEHOM pOCTe BEIUMUUHBl YCKOPAIOIIEr0 HAIPsHKEHNT
¢ pamuycoM op6uthl 3ddext mpuBomut kK 30+50% yBemMUYEHUIO SMUTTAHCA U

OHEPIreTUIECKOro pa36poca ITydKa Ha BXOI€ B CHCTEMY BBIBOIA.

8.  PaspaGoraHa CTpyKTypa BBIBOZHOH CHCTEMBI CBEPXIIPOBOIILIETO
mukinorpoHa C400, mosBosstrornas 3((QEKTUBHO BBIBOJUTH U3 YCKOPUTENA
9aCTUUBI C Pa3HBIM OTHOILEHHEM 3apsiaa K Macce (HOHBI yIJIepofia U MPOTOHBI).
Cucrema ofecrneunBaeT IPOBOAKY IIyYKOB pa3sHBIMH TPakTaMH BHYTPHU
[UKIOTPOHA C HX IOCIEAYIOLIMM CBEJEHHEM M TPaHCIOPTHPOBKOH B OJHOM

KaHaJie.

9. OcCHOBHBIM pe3yJbTaToOM pPabOTHI SBISETCS pEIleHHe BaXHOW HaydHO-
TeXHWYECKOH 3ajaud [0 CO3JaHUIO CIIELHANU3UPOBAHHOIO MEIUIMHCKOIO
YCKOPHUTENS Il pealu3ally COBPEMEHHBIX METOJUK IPOTOHHOHM Tepaluy,

HaroIuX HamIy4dIIue pe3yyibTaThl.

OcHoBHbIE pe3yJIbTaThl JUCCEPTALMU OITyOJIMKOBAaHEI B paboTax:

1. G. A. Karamysheva, S. A. Kostromin, Beam Dynamics Study in the C235
Cyclotron for Proton Therapy, npenpunt OV, E9-2008-39

2. 10.T. Anenunxuii, C. A. Koctpomus, H. JI. 3annaruy, JI. M. Onuinesxo,
E. B. Camconos, IluxnoTpor mis nydeBod Tepamuu C220p (nuHamuKa
YCKOPEHHUsSI M BBIBOJA ITy4Ka), MaTepuanbl 11-ro MexIyHapoIHOro COBEIaHHS
[0 IPUMEHEHMIO YCKOpHTENell 3aps)KeHHBIX YacTHIl B IPOMBIIUIEHHOCTH M
menunuHe, Canxr-IlerepOypr, 2005. C. 233-236

3. Yu. G.Alenitsky, S.B. Vorozhtsov, A.S. Vorozhtsov, A.A.Glazov, N.L.
Zaplatin, G.A. Karamisheva, S.A. Kostromin, L.M. Onischenko, E.V.
Samsonov, Specialized Cyclotron for Beam Therapy Application, RuPAC 2006,
Novosibirsk, 2006
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4, 10. I'. Anenunuxuii, A. A. I'nazos, I'. A. Kapampinesa, C. A. Koctpomus,
JI. M. Ounuenxo, E. B. Camconos, C. b. Bopoxuos, A. C. Bopoxios, H. JI.
3amnatud, IIpOTOHHBIM  UMKIOTPOH Ui JNydeBod  Tepamuu, XX
MexnyHapoqHBI CceMUHAp IO YCKOPUTENIsSM 3apsbKeHHbIX uwactuy, 2007T.,
Anymra, Kpeim

5. Yu. G.Alenitsky, ... S.A.Kostromin et al., Isochronous cyclotron C250 for
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