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OlilIJ;AH XAP AKTEPIICTIIKA P AliOThl 

AKTyaJihHOCTh TeMhI. 

B ITocne,n:HHe .n;ec5ITHJieTH5I a,n:poHHa5I Tepamrn ITYLIKaMH ITPOTOHOB H 

HOHOB yrnepo,n:a 6ypHO pa3BHBaeTC5I BO MHOI'HX CTpaHax MHpa. 0Ha o6na,n:aeT 

p5I,I(OM ITpeHMyrn;ecTB rrepe.n: nyLieBOH TeparrneH: c HCIIOJih30BaHHeM raMMa­

pa,n:Ha1(HH H 3JieKTpOHOB. B HaCT05III(HH MOMeHT ITpOTOHhI Han6onee qacTO ITO 

cpaBHeHHIO HOHaMH yrnepo,n:a HCITOJih3YIOTC5I ,I(JI5I JieLJeHH5I OHKOJIOrHLieCKHX 

3a6oneBaHHH. 0.n;HaKo rryLIKH yrnepo,n:a o6na,n:aIOT ,n:ononHHTeJII>HhIM 

ITpeHMyII(eCTBOM ITO cpaBHeHHIO c ITPOTOHHhIMH nyLIKaMH 6naro,n:ap5I 6onee 

BhICOKOMY pa,n:no6HOJIOfHLJeCKOMY 3cpcpeKTY B03)J;eHCTBH5I Ha KJieTKH, OHH 

oco6eHHO 3cpcpeKTHBHhI .n;mI pa.n;nope3HCTHBHhIX THTIOB orryxoneH:. Ilo3TOMY B 

ITOCJie,I(HHe I'O,I(hl B MHpe Ha6JIIO,I(aeTC5I ITOBhIIIIeHHhIH HHTepec K TepanHH 

HOHaMH yrnepo,n:a. 

IlpHMeHeHHe MeTO,I(a a.n;poHHOH TepanHH OCHOBhIBaeTC5I Ha HeCKOJihKHX 

OCHOBHhIX TeXHOJIOI'H5IX: .n;narHOCTHKe, TIJiaHHpOBaHHH o6nyqeHH5I, rronyqeHHH 

nyqKa qacTH1( HY)l(HOH ::meprHH H HHTeHCHBHOCTH, ero .n;ocTaBKe K orryxontt, 

KOHTpone ,I(03hl H .n;p. 

TexHonorHH a,n:poHHOH TepanHH nocne.n;Hero ITOKOJieHHJI opneHTHpoBaHhI 

Ha o6ecneLJeHHe MaKCHMaJihHOro COOTBeTCTBH5I ,I(03hl o6nyqeHH5I 

npOCTPaHCTBeHHOH tj_)opMe MHIIIeHH. IlpH 3TOM MaKCHMYM cpopMttpyeMoro 

,I(03Horo pacITpe,n:eJieHH5I c TOLIHOCThlO ,I(O O,I(Horo MHJimfMeTpa COOTBeTCTByeT 

ofo>eMy onyxonn. YpoBeHh .n;ocTaBJieHHOH ,I(03hI pe3KO crra,n:aeT 3a rpaHHII,aMH 

MHIIIeHH, B pe3yJioTaTe qero pa,n:Ha1(HOHHa5I Harpy3Ka Ha 3,I(OpOBhie TKaHH 

cyrn:ecTBeHHO CHH)l(aeTC5I. 3To IT03BOJI5IeT rrpoBO,I(HTh o6nyqeHHe paHee He 

,I(OCTYITHhIX ,I(JI5I nyLieBOH TepaIIHH JIOKaJIH3a1(HH HJIH IIOBhICHTh 3cpcpeKTHBHOCTh 

o6nyLieHHH. 
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B ITocne,n:HHe ro,n:11 ycITenrno BHe,n:peHbI HOBbie TexHonorHH a,z:i:poHHOH 

TepaITHH, CB.H3aHHbie c CfrnXpOHH3aU:HeH o6nyqeHmI H JJ:BH)KeHH.H opraHOB, a 

TaK)Ke c aKTHBHbIM CKaHHpOBaHHeM MHIIIeHeH MO,n:y1111poBaHHbIM ITO 

HHTeHCHBHOCTH ITyqKoM. 

B ITepBOM cnyqae 06nyqeH11e peaJIH3yeTC5I B U:HKne ,n:DixaHH.H B TetieHHe 

KOpOTKOro BpeMeHH, KOr,n:a CKOpOCTb ITepeMeI1IeHH5I 0611yqaeMoro opraHa 

MHHHMan:oHa. CyMMapHoe BpeM5I 0611yqeHH.H 3a ,n:DixaTen:oHI>IH U:HKJI B 3TOM 

cnyqae 3aHHMaeT ~le ITPH ,[(JIHTeJibHOCTH U:HKJia 2-4c. qT06bI o6ecITeqHTb 

CTaH,z:i:apTHYIO .IJ:03Y o6JiytieHH5I ITPH HeH3MeHHOH .IJ:JIHTeJibHOCTH o,n:Horo ceaHca, 

TOK ITYlfKa H3 ycKOpHTeJI.H .TI:OJI)KeH BbipaCTH B 2-4 pa3a. 

I1p11 aKTHBHOM cKaH11poBaHHH MHIIIeHH Mo,z:i:ynnpoBaHHI>IM ITO 

HHTeHCHBHOCTH IIYlfKOM ero HHTeHCHBHOCTb MHOfOKpaTHO H3MeH5IeTC.H OT 

HyneBoro ,z:i:o MaKCHMaJibHoro ypoBH.H. B pe3yn:&TaTe cpe,z:i:Hee 3HalfeHne TOKa 

ITpHMepHo B ,n:Ba pa3a MeH:oIIIe MaKCHMan:oHoro. ITo3TOMY ;vrn ITo,n:Be,z:i:eHH5I K 

OITyxomI CTaH,n:apTHOll .IJ:03bI ITpH HeH3MeHHOH .TI:JIHTeJibHOCTH ceaHca (1-3MHH, 

KaK ll ITPH HeITpepbIBHOM ITaCCHBHOM 0611yqeHHH) Heo6xo,n:HMO IIMeTb 

B03MO)KHOCTb ,n:ByKpaTHoro yBennqeHH.H TOKa H3 ycKopHTeJI5I. 

0,n:HOBpeMeHHa5I peaJIH3aU:H.H aKTHBHOrO CKaHHpOBaHH.H c 

Mo,z:i:ynnpoBaHHDIM ITO HHTeHCHBHOCTH ITyqKoM H CHHXpOHH3aU:HH 06nyc:1eHmI c 

)IBH)KeHHeM opraHOB Tpe6yeT 5-8 KpaTHOro yBeJiffC:IeHH.H TOKa ITY'!Ka ITO 

cpaBHeHHIO c TeXHOnonieH. ITaCCHBHOro 0611yqeHH5I. 

0,z:i:Ha H3 TeH,n:eHU:HH pa3BHTH.H COBpeMeHHbIX Me)J;HU:HHCKHX ycKOpHTeneH. 

)IJI.H a)IpOHHOH Tepamrn opIIeHTIIpoBaHa Ha yBeJIH'IeHHe MaKCHMaJibHOfO TOKa 

Bbrne,n:eHHoro ITyqKa. B cITe:o;HanH3HpoBaHHOM Me.n;HU:HHCKOM U:HKJIOTpoHe C235 

cpHpMbI IBA (Ion Beam Applications), KOTop:o1il Ha ,n:aHHbIH MOMeHT ycTaHOBJieH 

B 11-TH pa6oTaIOI1IlIX lI ITJiaHHpyeTC.H HCIIOJib30BaTbC.H B eIIIe B 11-TH 

CTp05II1IHXC.H u:eHTpax ITPOTOHHOH TepaITHH ITO BCeMy MHpy' TOK rrpoTOHOB 

COCTaBJI.HeT 3 00 HA, 'ITO COOTBeTCTByeT HHTeHCHBHOCTII -2x10 12 rrpOTOHOB B 
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ceKyH.n;y. TaKHe napaMeTpbI 06ecneq1rna10T pean:H3au:mo aKTHBHoro 

CKaHHpOBaHH5I c MO,IJ,ymrpoBaHHbIM no HHTeHCHBHOCTH nyqKoM H 

CHHXpOHH3aU:HH o6nyqeHH5I c ,IJ,BH)KeHHeM opraHOB rrpH ,IJ,03e o6nyqeHH5I l-

31p/MHH. 0,IJ,HaKo, B cnyqae Heo6XO,IJ,HMOCTH cpopMHpOBaHH5I 6onee BhICOKOM 

,IJ,03hI Tpe6yeTC5I yBenw:rnmre TOKa H3 ycKop:HTen5I. Me.n;HU:HHCKHM U:HKJIOTpOH 

cpIIpMbI Varian (3HeprHH Bhrne.n;eHHoro nyY:Ka 250M3B, TOK - 800HA) 

o6ecneq:HBaeT ,Il,03Y 1-Sfp/MHH rrpH peaJIH3aU:HII COBpeMeHHhIX TeXHOJIOfHM 

npoTOHHOM TepanHH. 

y CKOpHTeJih qacTHU: - caMbIM cnmKHbIM, TeXHOJIOfH'lJHhIM, HayKOeMKHM 

3JieMeHT, BXO,IJ,5III(HM B KOMIIJieKC o6opy,IJ,oBaHH5I u:eHTPa a.n;pOHHOM TeparrHH. OH 

BhI,IJ,aeT rryqoK Tpe6yeMoH: 3Heprmi H HHTeHCHBHOCTH. OT 3cpcpeKTHBHOM pa6oTbI 

ycKopHTenH 3aBHCHT ycnerrIHa5I pa6oTa Bcero KOMrrrreKca. K ero napaMeTpaM 

npe,IJ,b5IBIT5IIOTC5I oco6bie Tpe6oBaHH5I no Ha,IJ,e)KHOCTH H CTa6HITbHOCTH 

cpyHKU:HOHHpoBaHH5I. 

Ha,IJ,e)KHOe H 3cpcpeKTHBHoe cpyHKU:HOHHpoBamie :Hcnonh3yeMoro 

ycKOpIITeIT5I 3aKJia,IJ,bIBaeTC.5l pa3pa6oTqHKOM npH IIOJIHOM H BCeCTOpOHHeM 

.aHaJIH3e ,IJ,HHaMHKH rrycma. Ero co3,IJ,aHHe Tpe6yeT HOBhIX perneHHM B cpH3HKe H 

TeXHHKe, pa3pa60TKH HOBbIX ycKOpHTeJibHbIX TeXHOJIOfHM, npHMeHeHH5I 

pa3JIHqHhIX MaTeMaTHqecKHX MeTO,IJ,OB ,IJ,IT.51 MO,IJ,enHpOBaHH5I ycKOpHTeneH:. 

CoBpeMeHHhie U:HKJIOTpOHhI, rrpIIMeH5IeMbie 

,IJ,OIT)l(Hbl noTpe6JI5ITb MHHHMYM 3JieKTp03HeprHH, 

B a.n;poHHOM TepanHH, 

6bITb Ha,IJ,e)l(HbIMH H 

CTa6HITbHbIMH B pa6oTe, npoCTbIMH B 3KcnrryaTaU:HH H cepBHCHOM 

o6cny)KHBaHHH, HMeT:o He3HaqHTeJihHYIO aKTHBaU:HIO BHyTpeHHHX CIICTeM B 

npou:ecce pa6oThI. 

I1crronb3oBaHHe Mem110II(eroc51 c pa.n;HycoM BepTIIKaJibHoro npocpHJI5I 

MarHHTHOM CHCTeMbI U:HKJIOTpOHa n03BOJI5IeT o6ecne"CJHTb H30XpOHHbIM pOCT 

MarHHTHoro nOJI5I H nO,[(BeCTH U:I1PKYJIHPYIOII(HM rry"CJOK Ha paccT05IHHe B 

HeCKOJlhKO MHJIJIHMeTpOB OT Kpa5I IIOITIOCa. 3To .n;aeT B03MO)KHOCTh 3cpcpeKTHBHO 
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BhIBecnI rryqoK npII ITOMOII(II 3JieKTpocTaTIIqecKoro ;:i:eqmeKTOpa II peaJIII30BaTb 

rrpe;:i:enhHO npocTy10 cxeMy TpaHcrropTIIpOBKII rryqKa 3a rrpe;:i:enhI ycKop:vnemr. 

O;:i:HaKo npII BepTIIKanI:.HOM 3a3ope B HeCKOJihKO MIIJIJIIIMeTpoB U:HKJIOTpoH 

CTaHOBIITC.H qyBCTBIITeJihHblM c TOqKH 3peHII.H ,[(BII:>KeHII.H rryqKa K B03Myll(eHII5.£M 

MarHIITHoro non.H B cpe;:i:HeH: ITJIOCKOCTII, qTo HaKJia,[(hIBaeT :>KeCTKIIe ;:i:onycKII 

Ha TOqHOCTb II3rOTOBJiemrn MarHHTHOH CIICTeMbl. 

B paMKax <l>e,n:epanhHOH ueneBoil rrporpaMMhI 

BhICOKOTeXHOJIOfIIqHJ:.IX ueHTpOB Me,[(IIU:IIHCKOH pa;:i:IIOJIOfIIII» B PocCIIH 

IIJiaHIIpyeTC.H C03,[(aHIIe 3-x ueHTpOB B ,[(IIMIITpOBrpa,n:e, 06HIIHCKe II ToMCKe. 

06ne,[(IIHeHHhIH IIHCTIITYT .H,n:epHblX IICCJie,[(OBaHIIll, 5IBJI5.£5.£Ch 0,[(HIIM II3 Be;:i:ym11x 

ueHTpoB PoccIIII no co3;:i:aHIIIO II IIcnonI:.3oBaHIIIO UIIKJIOTµOHOB, rrpIIHIIMaeT 

aKTIIBHoe yqacTIIe B 3Toil nporpaMMe. Co3,n:amre 3<P<l:>eKTIIBHhIX U:IIKJIOTpOHOB 

,[(JI.H poCCIIHCKIIX ueHTpOB a,n:poHHOll TepanIIH 5IBJI5IeTC51 aKTYaJihHOll 3a,n:aqefi 

,n:n.H ycKopIITeJihIIJ:IIKOB OI15:II1. 

,[(n51 nepBoro rocrrIITaJII:.Horo ueHTpa rrpoTOHHoil TeparrIIII B r. 

,[(IIMIITposrpa,n:e OI15:II1 coBMecTHO c 6em:>rIIilcKoil qmpMoil IBA ocymecTBIIJI 

pa3pa6oTKY Me,[(IIU:IIHCKoro rrpoTOHHoro U:IIKJIOTpoHa C235-V3. B 2011-2012 

r.r. B ,[(y6He npoBe,[(eHa c6opKa ycKOpIITeJI.H, <PopMIIpOBaHIIe MarHIITHOro TIOJI51 

I1 HCilhITaHII.H c BhIBe,[(eHHhIM rryqKoM, rrocne qero OH OTnpaBJieH B 

,[(IIMIITpoBrpa,n:. OcHOBHhie ycIIJIII.H npII co3,n:aHIIII II 3arrycKe uuKnoTpoHa C235-

V3 HanpaBneHbI Ha ;:i:syKpaTHhIH pocT IIHTeHCHBHOCTII BhIBe,n:eHHoro rryLIKa no 

cpaBHeHIIIO c cepIIHHhIM U:HKJIOTpOHOM C235, ,[(JI51 Toro l{T06I:.1 o6ecrrel{IITh 

peaJIH3aU:IIIO COBpeMeHHhIX TeXHOJIOrIIH npoTOHHOll TepanIIH, CB5.£3aHHhlX c 

CIIHXpOHII3an;IIeH: o6nyl{eHI151 II ,[(BII:>KeHII.H opraHOB, a TaK:>Ke c npHMeHeHIIeM 

Mo;:i:ynIIpoBaHHhIX no HHTeHCIIBHOCTII nyl{KOB. 

Il;eJIH ,IJ:HccepTaQUOHHOH pa60Thl: 

OcHOBHhIMII 3a,n:aqaMII mi:ccepTaUIIOHHoil pa6oTI:.I 5IBJI.HJIHCh: 
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- pa3pa6oTKa H BHe,n;pemfe H30XpOHHhIX U:HKJIOTpOHOB, y,n:oBJieTBOp5HOII(HX 

HOBhIM TeXHOJiormIM a,n;pOHHOH Teparnm; 

- BCeCTOpOHHHH aHaJIH3 ,II;HHaMHKH rryqKa B npOTOHHOM Me)J;HIJ;HHCKOM 

U:HKJIOTpoHe C23 5 ,ll;JI5I nonyqemrn Hayqtt:11x ,n:aHHhIX no ynyqrneHHIO ero 

3cpcpeKTHBHOCTH; 

- cpopMHpoBaHHe MarHHTHoro rron5I, c6opKa H Harra,n:Ka U:HKJIOTpoHa C235-V3 

,n:n5I rrepBoro B Poccm1 rocnHTaJihHoro u;eHTpa npoTOHHOH TepanHH B 

,I(HMHTpoBrpa,n:e; 

- pa3pa6oTKa KOH:o;erru;HH BhIBO,n:a rryqKoB H3 CBepxrrpoBO,II;5III(ero H30XpOHHOfO 

ll,HKnoTpoHa C400 ,n:n5I a,n:poHHOH Teparrnn c pa3HhIM OTHmneHHeM 3ap51,z:i:a K 

Macce qacTHQ. 

r JiaBHbie HanpaBJieHHH pa6oT: 

1. TeopeTnqecKoe H 3KcrrepHMeHTaJihHoe nccne,n:oBami:e ,n:HHaMHKH nyqKa B 

H3oxpoHHOM ll,HKJioTpoHe C235 qmpMhI IBA ,II;JI5I rrpoTOHHOH Teparrnn, 

BKJIIOqaIOII(ee B ce65I BhI5IBJieHHe orraCHhIX pe30HaHCOB, aHaJIH3 BJIH5IHH5I 

3cpcpeKTOB Me,n:HaHHOH IIJIOCKOCTH Ha ,n:BmI<eHHe rrycIKa, a TaK)Ke pacqeT noTepb 

rryqKa IIpH BhIBO,n;e. 

2. IIo,n:roToBKa HayqHhIX ,n:aHHhIX no cTpyKType coBMeCTHoro OH.5IH-IBA 

ll,HKJIOTpona C235-V3 c xapaKTepncTHKaMH, rrpeBhIIIIaIOII(HMH rroKa3aTem1 

cepni1Horo Me,n:nu;nncKoro UHKJioTpona C23 5 H no3BOJI5IIOII(HMH HcnoJih30BaTh 

ero ,II;JI5I peaJIH3aIJ;HH TeXHOJIOfHH a,n;poHHOH TepanHH, CB5I3aHHhIX c 

CHHXpOHH3au;ne:iI o6rryqemrn 11 .D:BH)KeHH5I opraHOB, a TaK)Ke c aKTHBHhIM 

CKaH11poBaHHeM orryxoneti Mo.n:ym1poBaHHhIM no HHTeHCHBHOCTH nyqKoM. 

3. Mo.n:ennpoBaHHe ,n:nHaMHKH nycIKa B U:HKJIOTpone C235-V3, onTHMH3au;irn 

u;eHTpaJihHOH o6JiaCTH MarHHTHOH CHCTeMhI, cpopMHpOBaHHe Tpe6yeMoro 

MarHHTHOfO l10Jl5I c HOBhIM BlI-pe30HaTopoM H Ol1THMH3a:QI15I CHCTeMhI BbIBO,n:a 

ycKOpHTeJI5I. 
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4. Pmpa6oTKa H BHe,IJ;pemie HOBhIX TeXHOJIOI'HH ITO cpopMHpOBaHmo 

MarHHTHoro ITOJI5I U:HKJIOTpoHa C235-V3. 

5. Co3,IJ;aHHe B OI15Il1 cITe[(HaJIH3HpoBaHHoro n;eHTpa .IJ:JI5I c6opKH H 

HCIThITaHHH ycKOpHTeJihHOH Me,IJ;HD;HHCKOH TeXHHKH. I1poBe,IJ;eHHe ITyqKOBbIX 

HCIThITaHHH U:HKJIOTpoHa C235-V3, ITpe,IJ;Ha3HaqeHHoro .IJ:JI5I ITepBoro B PoccHH 

fOCITHTaJihHOfO [(eHTpa ITpOTOHHOH TepaITHH B ,lJ;HMHTpOBrpa,IJ;e. 

<I>opMHpOBaHHe B ycKOpHTene CTa6HJihHOfO ITPOTOHHOfO ITyqKa c 

3cpcpeKTHBHOCTh!O ycKopeHH5I H BhIBO,IJ;a B ,IJ;Ba pa3a BbIIIIe, qeM B [(HKJIOTpOHe 

C235. 

6. Pa3pa6oTKa KOH[(eIT[(HH BbIBO.IJ:a .IJ:BYX ITyqKoB 113 cBepxITpoBO.IJ:Hru:ero 

H30XpOHHoro U:HKJioTpoHa C400 .IJ:JI5I a.IJ;pOHHOH TepaITHH c pa3HhIM OTHOIIIeHHeM 

3ap5I.IJ:a K Macce qacTHU:, cTpo5Iru;eroc5I B HacTo5Iru;ee BpeM5I B paMKax ITpoeKTa 

«Arcade» B Ganil (<I>paHD;H5I). 

JluqHhlH BKJia.zi; aBTOpa 

y qacTHe aBTopa B pa6oTax, COCTaBJI5IIDin;HX OCH OBY .IJ:HCcepTa[(HH, 

5IBJI5IeTC5I oITpe.IJ;eJI5IIDin;HM. HM nHqHo ITpoBe,IJ;eHbI TeopeTHqecK11e H 

3KCITepHMeHTaJihHhie Hccrre,IJ;oBaHH5I .IJ:HHaMHKH ITyqKa B U:HKJIOTpoHe C235, no 

pe3yJihTaTaM KOTOphIX coBMeCTHO OI15II1 H IBA C03.IJ:aH KOMIIaKTHbIH 

H3oxpoHHhIH U:HKJIOTpoH C235-V3 .IJ:II5I rrpoTOHHOH TeparrHH. ITpH 

orrpe,IJ;eJI5IIDin;eM yqacTHH aBTopa pmpa6oTaHhI H BHe.z:i;peHhI HOBhie TeXHOJIOfHH 

ITO cpopMHpoBaHHIO MarHHTHOfO ITOJI5I 3TOfO ycKopHTemi:, a TaK)l(e rrpoBe,IJ;eHa 

ero c6opKa H ITyqKOBhie HCITbITaHH5I B OI15II1. I1o 3cpcpeKTHBHOCTH ycKopeH115I H 

BhIBO.IJ:a ITyqKa U:HKJIOTpoH C235-V3 B ,IJ;Ba pma ITpeBOCXO.IJ:HT U:HKJIOTpOH C235. 

I1pH yqacTHH .IJ:HCCepTaHTa pa3pa6oTaH cpH3HqecKHH rrpoeKT CBepxITpOBO.IJ:5IIIJ;ero 

U:HKJIOTpoHa C400, KOTOphIH MO)l(eT rrpoH3BO.IJ:HTh rryqKH yrrrepo.IJ;a H ITPOTOHOB 

.IJ:II5I a,IJ;poHHoiI Teparrm:I. EMy rrpHHa,IJ;Jie)KHT pa3pa60TKa KOH[(eIT[(HH BbIBO.IJ:a 
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,n;Byx nyqKoB H3 [(HKJIOTpoHa C400 c pa3HhIM OTHOWeHtteM 3ap51,n;a K Macce 

qacTH[(. 

HayquaH HOBH3Ha u npaKT11qec1rnH u;euuocTb pa6oThI 

1. IlpoBe,n;eH BcecTopoHHHR aHaJIH3 .n;ttHaMHKM nyLJKa B 

cne:o;ttarrtt3HpoBaHHOM Me,[(H[(HHCKOM [(MKJIOTpoHe C235 .n;rr5I npoTOHHOR 

TepamnI, Ha OCHOBaHHH KOTOporo c.n;erraH BbIBO,[(, HMeIOru:HH npHH[(HnttaJibHOe 

3HaLJeHtte .n;mr HaCTpOHKH YCKOpHTeJrn: OCHOBHOH npHLIHHOH noTepb LJaCTH[( nptt 

ycKopeHHH 5IBJI5leTC5I 3HaqJ1TeJibHOe BJIM5IHHe 3cpcpeKTOB Me,D;HaHHOH nJIOCKOCTH 

Ha BepTHKaJibHOe KorepeHTHOe .LI:BH)KeHHe nyLJKa. Tipe,n;cTaBJieHbI HayLJHbie 

,n;aHHhie no cTpyKType coBMeCTHoro OI15II1-IBA I..J;HKJioTpoHa C235-V3, 

xapaKTepHCTHKM 3cpcpeKTMBHOCTH ycKopeHH5I H BbIBO,D;a KOTOporo npeBOCXO,D;5IT 

noKa3aTerrtt cne:o;ttarrtt3HpoBaHHoro ycKopttTeJI5I C235 cpHpMbI IBA. 

2. )J;rr5I [(HKJIOTpOHOB C235 H C235-V3 co3,n;aHa 3cpcpeKTHBHa5I cttcTeMa 

Bhrno.n;a nyLJKa Ha 6a3e 3JieKTpocTaTttLJecKoro .n;ecprreKTopa c yrryLJIIIeHHOH 

KOHcpttrypa:o;tte:H 3JieKTpo,n;oB. 3KcnepttMeHTaITbHO ,lJ;OCTHrHyT:OIH K03cpcptt:o;HeHT 

BbIBO,n:a yBeJIHLJeH c 50% .n:o 75%. 3Ta CHCTeMa ycTaHOBJieHa H HCnorr:o3yeTC5I 

6orree LJeM Ha 10-TH ycKopttTeJI5IX. 

3. B OI15II1 co3,n;aH cneu;ttarrH3HpoBaHHbIH :o;eHTp ,n:rr5I c6opKH H ttcn11TaHMH 

ycKopHTeJibHOH Me,D;H[(MHCKOH TeXHMKH, BKmoqa51 HCn:OITaHH5I c 

n;ttpKyrrttpyIOW:MM H Bhrne,n;eHHhIM nyLJKOM. B HeM npoBe,n;eHa c6opKa, 

cpopMttpoBaHtte MarHHTHoro rrorr5I H nyLIKoB:o1e ttcn:o1TaHH5I I..J;HKJIOTpoHa C235-

V3 ,n:rr5I nepBoro B Pocctttt :o;eHTpa npoTOHHOH TepanHH B ~HMHTpoBrpa,n:e. 

4. B xo,n:e pa6oT no cpopMHpoBaHHIO MarHHTHoro rrorr5I Ha [(HKJIOTpoHe 

C235-V3 B ,IJ;y6He BnepBbie HCnOJI:030BaH p5I.n; HOB:OIX TeXHOJIOrHH: 

pa3pa6oTaHa H H3fOTOBJieHa KOMnaKTHa5I nrranpopMa ,1J;JI5I o6pa6oTKH 

6oKOBOH noBepxHOCTH noJIIOCHbIX HaKrra,n:oK ycKopttTerr51; 
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ocyrn;ecTBJieH KOHTpOJih o6pa6oTKH rrpoc]:rnmI 60KOBhIX IIOBepxHOCTeH 

IIOJIIDCHhIX HaKJia,IJ;OK rrpH IIOMOIJJ;H H3MepeHHH Ha 3-x MepHOM rrptt6ope 

«Eclipse» c]:mpMhI Carl Zeiss c ToqHoCThID HeCKOJihKO MHKpoH; 

pa3pa6oTaH H C03,D;aH ,Zl;HITOJihHbIH KaJIH6poBoqH.bIH MarHHT c IIOJieM p;o 

2.9TJI, COOTBeTCTBYIDIJJ;HM MaKCHMaJibHOMY ITOJIID B I(HKJIOTpOHe C235-V3; 

HCIIOJib30BaHhI a3HMyTaJihHhie rrpoTOqKH Ha CbeMHbIX 3JieMeHTaX 

MarHHTHOH CHCTeMbI ,D;JI5I IIIHMMHpOBaHH5I Y3KHX (HeCKOJibKO caHTHMeTpOB) 110 

pa,n;Hycy B03MYII1eHHH MarHHTHOI'O IIOJI5I c aMIIJIHTY.IJ:OH .IJ:O 4· l 0·3 TJI; 

pa3pa6oTaH rrpOTOTHII CHCTeMhI H3MepeHH5I cpe,n;Heil pa,n;HaJibHOH 

KOMITOHeHTbI MarHHTHOI'O IIOJI5I, rrpoBep;eHbI TeCTOBhie H3MepeHH5I, YKa3aHbI 

,n;orrycKH Ha TOqHOCTb H310TOBJieHH5I 3JieMeHTOB CHCTeMbI. 

5. TipoBe,n;eHhI. rryqKoBhie HCTinITaHH5I ycKopHTeJI5I C235-V3, B xo,n;e 

KOTOphIX OTITHMH3HpOBaHa I(eHTpanhHa5I o6nacTb MarHHTHOH CHCTeMbI. 3To 

II03BOJIHJIO B ,IJ;Ba pa3a yMeHblllHTh BepTHKaJibHbIH rrpocpHJib ycKOp5IeMoro rryqKa 

H ccpopMHpoBaTn ero 6e3 ttcrronh30BaHH5I p;tta<PparM Ha Hat.IaJinHbIX o6opoTax. 

I1pH 3TOM BrrepBnie ,IJ;JI5I ,IJ;aHHOfO nma I(HKJIOTpOHa ,IJ;OCTHrHyTa 3cpcpeKTHBHOCTb 

ycKopeHH5I rryt.IKa OT pa,n;Hyca ~300MM ,n;o KOHet.IHOfO pap;Hyca 72%, 

3<P<PeKTHBHOCTb BbIBO,n;a COCTaBJI5IeT 62%. 

6. ll;HKJIOTpoH C235-V3 cepTHcpHU:HpoBaH ,[f;JI5I KJIHHffCieCKOfO 

HCIIOJib30BaHH5I B I(eHTpax npOTOHHOH TepaIIHH B PoccHH H 6y,n;eT ycTaHOBJieH 

B rrepBoM TaKoM u:eHTPe B ,[(HMHTpoBrpa,n;e. XapaKTepHCTHKH ycKopHTeJI5I 

OTKpbIBa:EOT B03MO)KHOCTh HCIIOJih30BaTb ero ,D;JI5I peaJIH3aI(I1I1 COBpeMeHHbIX 

TeXHOJIOfHH rrpoTOHHOH TeparrHH ,n;a:EOII(I1X HaHJIYt.IIIJHe pe3yJinTaTbI. 

7. ,[(n5I I(HKJIOTpOHOB co 3HaqifTeJibHbIM (6oJiee 40°) yrJIOM CIIHpanbHOCTH 

ceKTOpOB rrpH BbICOKOH OTHOCHTeJihHOH BapHaI(HH MarHHTHoro IIOJUI c:~0.3+0.5, 

BIIepBbie C03.IJ:aHa MeTO.IJ:HKa pact.IeTa H30XpOHHOfO rromr, KOTopa5I ,n;aeT 

Heo6xo,n;HMYID .IJ:J15I co6JIID)J:eHI15I H30XpOHH3Ma 3aBHCHMOCTb cpe,n;Hero 

MarHHTHOfO 110JI5I OT pa,n;Hyca. 

10 



8. BTiepBbre co3,n;aHa MeTO,IJ;IfKa pacqeTa ycKopeHI:I5I M 3a6poca TiyqKa B 

BhIBO.IJ;HYIO CllCTeMy B U:MKJIOTpoHax c y11eTOM ,n;eHCTBll5I MarHMTHOro TIOJI5I OT 

BlJ-cMcTeMbI. ITpH 3HaLIMTeJihHOM pocTe BeJIMLIMHhI ycKop5IIOIIJ:ero HaTip.~.DKeHll5I 

c pa,n;MycoM op6I:ITbI 3cpcpeKT TipllBO,IJ;llT K 30+50% yBeJII:ILieHllIO 3MllTTaHca ll 

3HepreTMqecKoro pm6poca TIYLIKa Ha Bxo.n;e B BhIBO,n;Hoii KaHan, qTo Tpe6yeT 

yqeTa TIPll C03,IJ;aHllll 3cpcpeKTllBHbIX CllCTeM BbIBO,IJ;a. 

9. Pmpa6oTaHa CTPYKTypa BhIBO.IJ;HOH CMCTeMhI cBepxTipOBO.IJ;5IIIJ:ero 

U:MKJIOTpoHa C400. 0Ha TI03BOJI5IeT BhIBO.IJ;llTh M3 ycKop1ITeJI5I llOHhI yrnepo.n;a c 

3HeprHeii 400 M3B/HyKnoH TipH TIOMOIIJ:ll 3JieKTpocTaTMqecKoro .n;eqmeKTopa ll 

TipOTOHhI c 3HeprHeii ~270 M3B TIPM TIOMOIIJ:M 06,n;HpoqHoii cponhrM. CMcTeMa 

o6ecTieqnBaeT TipOBO.IJ;KY TiyqKoB pa3HhIMll TpaKTaMM BHYTPM U:MKJIOTpoHa c nx 

TIOCJie,n;yIOIIJ:llM CBe,n;eHMeM H TpaHCTIOPTllpOBKOH B O,IJ;HOM KaHane. 

OcHOBHhie noJiomeHHH, BhIHOCHMhie Ha 3arn;HTY 

1. Co3,n;aH KOMTiaKTHhIH ll3oxpoHHhIH u:1mnoTpoH .IJ;JI5I TIPOTOHHOH TepaTIHll. 

IIo CBOHM xapaKTepllCTHKaM ycKopnTeJih 5IBJI5IeTC5I O,IJ;HllM H3 .IJ;BYX nyqlllHX B 

MHpe Me,IJ;HU:llHCKHX U:HKJIOTpoHOB. OH B,n;Boe TipeBocxo,n;HT cepHHHhie 

U:HKJIOTpOHhI IBA TIO HHTeHCHBHOCTll BbIBe,n;eHHoro TIYLIKa. 3To OTKpornaeT 

peaJII:I3aU:HIO c ero TIOMOIIJ:bIO HOBhIX MeTO,IJ;OB ll TeXHOJIOrllH TIPOTOHHOH 

TepaTIHH, CB5I3aHHbIX c CHHXpOHll3aU:I:IeH o6nyqeHll5I ll ,IJ;BI:I:>KeHll5I opraHOB, a 

TaK>Ke c aKTllBHbIM CKaHHpOBaHHeM Mo.n;ynHpOBaHHbIM TIO llHTeHCHBHOCTll 

TiyqKOM. U:MKJIOTpoH C235-V3 cepTHcpllU:HpoBaH .n;mr KJIHHI:IqecKoro 

HCTIOJih30BaHH5I B rocTIMTaJihHhIX n:eHTpax TIPOTOHHOH TepaTillll B PocCHH. 

1.1 CTpyKTypa MarHHTHOfO TIOJI5I ccpopMllpOBaHa c TOqHOCTbIO (2-3)' 10-4 Tn OT 

H30XpOHHoro TIOJI5I U:HKJIOTpOHa ll o6ecTieqHBaeT 3cpcpeKTHBHOe ycKopeHHe 

TiyqKa. 

1.2 Pe3ynI:.TaThI TiyqKoBhIX llCTihITaHHH ycKopHTeJI5I B 01UII1: 3cpcpeKTHBHOCTh 

ycKopeHH5I - 72%, 3cpcpeKTHBHOCTb BbIBO,IJ;a - 62%. 
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2. Komirnrypau;1u1 co3,n:aHHoro 3JieKTpocTanrqecKoro ,n:eqrneKTopa HOBOH 

BhIBO.IJ:HOH c11cTeMbI l(HKJIOTpOHOB C235 11 C235-V3, TI03BOJIHBIIIero yBen11q11Tb 

3<P<PeKTHBHOCTb BbIBO,IJ;a nyqKa c 50% L(O 75%. 

3. Pe3ynI>TaTbI 3Kcnep11MeHTaJihHoro 11ccne.[(0BaHH5I H q11cneHHoro 

Mo.n;en11poBaHH5I )J;HHaMHKH ycKopeHH5I H BbIBOL(a nyqKa B crreu;HaJIH3HpOBaHHOM 

Me,n:H1(HHCKOM U:HKJIOTpoHe C235 qrnpMbI IBA. Y cTaHOBJieH rrpHHU:HTIHanI>HhIH 

<l>aKT, LJ:TO OCHOBHOH np11q11HOM IIOTeph rryLIKa npH ycKopeHHH 5IBJI5IeTC5I 

HaJIHqHe pa)J;HaJibHOll KOMTIOHeHTbI MarHHTHOfO TIOJ15I C ypOBHeM ( 1-3)'10-4 TJI B 

cpe.n;HeH TIJIOCKOCTH ycKOpHTeJI5I. IloTepH rrpOHCX0.[(5IT Ha 3JieMeHTaX 

MarHHTHOll CHCTeMbl B o6nacTH BbIBO)J;a. IloKa3aHO, qTo L(Jl5I ynyqIIIeHH5I 

3<P<PeKTHBHOCTH ycKopeHH5I rryqKa Heo6XOL(HMO yBeJIHLJ:HTb BepTHKaJihHYIO 

<PoKyc11poBKY Ha KOHeqHbIX pa.n;Hycax, TIOBbIIIIa5I 3HaqeHHe qaCTOThl 

BepTHKaJihHbIX 6eTaTpOHHhIX KOJie6aHHH c 0.25 .n:o 0.45. 

4. MeTO.lJ:HKH pacqeTOB H3oxpoHHoro rro1151 .n;1151 U:HKJIOTpoHoB co 

3HaqHTeJihHhIM (6onee 40°) yrnoM CIIHpaJibHOCTH ceKTOpOB rrpH BbICOKOH 

OTHOCHTeJibHOH BapHal(HH MarHHTHOro TIOJI5I 0~0.3-7-0.5, a TaKm:e ycKopeHH5I H 

3a6poca B BbIBO.lJ:HYIO CHCTeMy nyLJ:Ka B U:HKJIOTpoHax c yLJ:eTOM .n;elicTBH5I 

MarHHTHOro IIOJI5I, C03)J;aBaeMoro npH pa6oTe ycKOp5IIOI1(ell CHCTeMbI. 

5. IlapaMeTphI BhIBO.lJ:HOM CHCTeMbI cBepxnpoBO.lJ:5Ill(ero 1(HKJIOTpoHa C400, 

12c6+ ~ 
TI03BOJl5IIOI1(eli BbIBO)J;HTh H3 ycKopHTeJI5I HOHbI c 3HeprHeH 

400 M3B/HyKnoH H 3<P<PeKTI1BHOCTbIO 70%, a TaKm:e npoTOHhI c 3Hepr11eli 

~270 M3B 11 3cp<PeKTHBHOCThIO Bhrno.n;a, 6nH3KOH K 100%. CttcTeMa 

o6ecneLJ:HBaeT npoBO.lJ:KY nyqKoB pa3HbIMH TpaKTaMH BHYTPH ycKopHTen5I c 11x 

nocne.n;yIOil(HM CBe.[(eHHeM H TpaHcnopTI1pOBKOH B OL(HOM KaHane. 

Anpo6aQHSI ,IJ;HccepTaUHOHHOH pa6oThI 

Pe3ynI>TaT:o1, H3nom:eHHhie B L(HccepTa:r.J;HH, 11cno11b30BaH:o1 )J;JI5I 

npaKTHqecKoro rrpHMeHeHH5I H L(OKJia)J;bIBaJIHCb Ha poCCHMCKHX H 
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Me)l{,D;yHapo,n;HbIX KOHtjJepeHI(H51X H COBern:aHH51X: « 11-e Me)K,n;yHapo,n;Hoe 

COBem;aHHe ITO ITpHMeHeHmo ycKOpI1TeJieH 3ap51)KeHHbIX LiaCTHI( B 

ITpOMhIIIIJieHHOCTH H Me,n;HI(HHe», CaHKT-IleTep6ypr, 10-14 OKT516p51, 2005; 

Russian Particle Accelerators Conference -RuPAC (2004, ,I(y6Ha; 2006, 

HoBocH6HpcK; 2008, 3BeHHropo,n;; 2010, IIpoTBHHo; 2012, CaHKT-IleTep6ypr); 

Me)K,n;yHapo,n;HbIH ceMHHap ITO ITpo6neMaM ycKopHTene:H: 3ap51)KeHHbIX -qacTHI( 

ITaM51TH B.IT.CapaHI(eBa, r. AnyIIITa, KpbIM, YKpaHHa (2007, 2009, 2011); 

European Particle Accelerator Conference -EPAC: (2006, 3,n;HH6ypr, 

llioTnaH,D;H5I; 2008, feHy51, I1TaJIH5I); International Conferences on Cyclotrons 

and Their Applications -CYCLOTRONS (2007, Giardini Naxos, I1TaJIH5I; 2010, 

Lanzhou, KHTali), Heavy Ion Accelerator Technology - HIAT (2009, BeHel(H51, 

I1TaJIH5I); International Particle Accelerator Conference - IPAC (2011, CaH­

Ce6acTb51H, I1cITaHH51), ceMHHap JI<PB3 OI15II1. 

ITo TeMe ,n;HccepTal(HH oITy6nHKOBaHo 36 pa6oT, H3 HHX 14 B petj;JepHpyeMbIX 

)KypHanax. TeKCT ,n:HccepTal(HH H3JIO)KeH Ha 223-x cTpaHHI(ax, BKJIIOLiaeT 262 

p.HcyHKa, 14 Ta6JI.H1( H CIT.HCOK JI.HTepaTypbl H3 127-TH Ha.HMeHOBaHHH. 

CTpyKTypa u o6beM ;:i:uccepTau;uu 

,I(11ccepTal(H5I COCTOHT 113 BBe,n;emrn, IT51TH rJiaB, 3aKJIIOLieHH51 H CITHCKa 

JI.HTepaTypbI. 

Bo BBe,lJ,eHnn ctjJopMynHpoBaHa HaITpaBneHHOCTb pa6oThI, ,n;aeTC51 

KpaTK.HH o63op .HCTop.HH pa3BHTIUI MeTo,n:oB 113y-crnH.H5I ,n:HHaMHKH ITYLIKa B 

ycKop.HTeJI51X I(HKJIOTpOHHOro T.HITa ITPH ITOMOW:H LI.HCJieHHOro MO,D;eJI.HpOBaHH51, 

OITHCaHa CTPYKTypa H co,n;ep)KaH.He ,n;11ccepTal(HH. 

r JiaBa 1 ITOCB51W:eHa TeopeTffCieCKIIM OCHOBaM H MeTO.IJ;aM ITOCTpOeH.H51 

q11cneHHoro pacLieTa ycKopeHmr H BbIBo,n:a ITYLIKa B 1(.HKJIOTpoHax .H 

c11Hxpol(IIKJI0Tp0Hax. 0ITHcaHa ITOCTaHOBKa 3a,n;aLI.H. ITpIIBO,D,51TC51 ypaBHeH.H51 

,D;BH)KeHH51 3ap51)KeHHOH qacTHI(hI B 3JieKTpOMarHHTHOM ITOJie ycKOpHTeJI51 B 
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I(HJIHH.Il,pHqecKOH CHCTeMe KOOp.IJ:HHaT. ):(JUI I(HKJIOTpOHOB y.n.o6Ho pernaTb 3TH 

ypaBHeHmI, HHTerpHpy5I HX ITO a3HMyTaJibHOMY yrny cp B KaqecTBe He3aBHCHMOH 

rrepeMeHHOH. ):(JI5I CHHXpOI(HKJIOTpOHOB, TaK KaK qacTOTa ycKOp5IIOrn;e:H: CHCTeMhI 

H3MeH5IeTC5I B U:HKJie ycKopeHH5I, y.n.o6HO HCIIOJib30BaTb BpeM5I KaK rrepeMeHHYIO 

HHTerpHpOBaHH5I. TionyqeHhI Bbipa)KeHH5I )],JI5I KOMIIOHeHT MarHHTHOro H 

3JieKTpHqecKoro IIOJI5I, HCITOJih3yeMhie B qifcJieHHhIX pacqeTax. 

lllHpOKO HCIIOJih3yeMa5I pa3pa6oTqHKaMH ycKopHTene:H: TeXHHKa pacqeTa 

H30XpOHHOro IIOJI5I, OCHOBaHHa5I TOJibKO Ha aHaJIH3e rrpocTpaHCTBeHHOH 

BapHau:m1 MarHHTHoro rroJI5I ycKopHTeJI5I, He .n.aeT HY)l(Horo pe3yJihTaTa )].JI5I 

U:HKJIOTpOHOB co 3HaqHTeJibHOH (6onee 40°) crr11paJibHOCTbIO MarHl1THOH 

CTPYKTYPhI 11 BhICOKOH OTHoc11TeJibHOH Bap11au:11e:H: MarHl1THoro rron5I c:~0.370.5. 

qHCJieHHbie pacqeTbI I10Ka3hIBaIOT, LJ:TO rryqoK He ycKOp5IeTC5I )],O pa.n.HycoB 

Bbrno.n.a B none, paccqHTaHHOM no 3TOH MeTO.Il,HKe. Orr11caHa 11Tepau:HoHHa5I 

rrpou:e.n.ypa, BK1110qa10:r.u:a51 qHcneHHoe Mo.n.en11posaHHe .Il.Bl1)KeH115I rryqKa 11 

aHaJil13 qacTOTbI o6pa:r.u:eHH5I Ha 3aMKHYTbIX paBHOBeCHhIX op611Tax, KOTopa5I B 

)],OITOJ1HeHl1H c pacqeTOM, OCHOBaHHbIM Ha aHaJI113e rrpocTpaHCTBeHHOH 

BapHau:1111 MarHHTHOro ITOJ15I ycKop11TeJI5I, .n.aeT 3aBl1CHMOCTh cpe,n:Hero IIOJI5I OT 

pa.n.Hyca Heo6X0)],11MYIO )],JI5I co6n10,n:eHl15I 1130XpOH113Ma )],JI5I .n.aHHOH MarHl1THOH 

CHCTeMbI ycKop11TeJI5I. 

):(e:H:cTB11e MarHl1THoro rron5I, co3)].aBaeMoro Bq-cHcTeMoil, rrp11BO.Il.HT K 

H3MeHeH11IO rrorrepeqHhIX pa3MepoB rryLJ:Ka 11 cpa3oso:H: rrpoT5I)KeHHOCTl1 crycTKOB 

BO BpeM5I ycKopeHl15I rrpH 3Haq11TeJihHOM H3MeHeHHH Harrp5I)KeHl15I Ha .n.yaHTax c 

pa.n.HycoM op611TbI. KaK crre.n.cTB11e, H3MeH5IIOTC5I cpa30Bbie rropTpeTbI rryqKa Ha 

BXO)],e B Cl1CTeMy BbIBO)],a. TionyLJ:eHbI Bbipa)KeHl15I )],JI5I KOMIIOHeHT MarHHTHOro 

IIOJI5I OT Bq-cHcTeMhI B oKpecTHOCTH Me.n.HaHHOH rrnocKocT11 U:HKJIOTpoHa, 

KOTOpbie Heo6xo,n:11MO yqHTbIBaTb B pacqeTax rrp11 rrpoeKTHpOBaHl1H 

3cpcpeKTl1BHbIX Cl1CTeM BbIBO)],a. 
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06cy)K,n:aeTC5.I 3a,n:aHI·ie HaqaJihHhIX ,n:aHHhIX ,n:n51 pacqeTOB ycKopemrn 

rryqKa H crroco6 pacqeTa <l>a3hI qacTHIJ;hI no OTHOIIJeHmo K ycKop5.IIOU(eMy 

Hanp5.I)KeHHIO. 

B KOHIJ;e rnaBbl OIIHCaHa cxeMa HHTepnOJI5.III;HH ,n:aHHhIX, o6cy)K,n:aeTC5.I 

ToqHOCTb pacqeTOB ,I(IIHaMIIKH rryqKa rrpH IIOMOU(H qHcneHHOro peIIJeHII5.I 

ypaBHeHIIH ,I(BH)KeHH5.I. 

Bo BTOpoii r JiaBe rrpe,n:cTaBneHbI OCHOBHbie napaMeTpbI Me,I(IIIJ;IIHCKOrO 

rrpoTOHHoro II;HKnoTpoHa C23 5. OrrHcaH npoBe,n:eHHhIH aBTopoM aHamI3 

ycKopeHH5.I II BbIBO,n:a rryqKa, npIIBe,n:eHO cpaBHeHIIe rronyqeHHhIX pe3ynhTaTOB c 

3KCIIepIIMeHTaJibHhIMH ,n:aHHhIMH no ¢opMHpoBaHIIIO BbIBe,n:eHHoro rrycma. 

MarHHTHa5.I CHCTeMa IJ;IIKJIOTpoHa C23 5 co3,n:aeT none, KoH¢Hrypau;m1 KOToporo 

o6ecrreqHBaeT Heo6xo,n:IIMYIO rrorrepeqHyIO ¢oKycIIpOBKY rryqKa npH ycKopemm 

OT HOHHOro IICTOqHIIKa ,n:o rrorra,n:aHH5.I Ha BXO,I( 3JieKTpOcTaTIIqecKoro 

,n:e¢neKTopa. 

,l.(HarpaMMa pa6oqell: TO'IKII rroKa3aHa Ha P11c. 1. 0Ha rrepeceKaeT TPII 

orracHI>IX pe30HaHca: Qr= 1 - B u;eHTpe, Q,.-Q2 = 1 - Ha cpe,n:HHX pa,n:Hycax, 3Qr 

=4 - B o6nacTH BbIBO,I(a. 

(I - 8 I 
21lr-O.Z.2 

0.2 

0. l5 

(I - l 

0 - 05 

.l Ll .l.2 .l.8 .l.4 

PHc. 1.,ZJ;HarpaMMa pa6011eH: TOLJ:KH UMKJIOTpoHa C235 

C¢opMynHpoBaHhI Tpe6oBamrn Ha HH3nrne rapMOHHKH pa3JIHqHhIX 

KOMIIOHeHT MarHMTHOro IIOJI5.I ,I(JI5.I 3¢¢eKTHBHOro ycKopeHH5.I. I1oKa3aHO, qTo 
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rrp11 co6mo.n;eH1111 3Tl1X Tpe6oBaHI1H CTPYKTypa MarHl1THoro rroJI51 :u;11KJIOTpoHa 

06ecrretI11BaeT coxpaHeH11e rrorrepetIHoro pa3Mepa rrytIKa rrp11 rrepecetieH1111 Bcex 

pe30HaHCOB BO BpeM51 ycKopeHl151. 

B pe3yJihTaTe rrpoBe,n;eHHhIX aBTopoM pactieToB Bhrno.n;a rrpoTOHOB 113 

C235 11 q11cneHHoro aHan113a rroTepb Ha 3JieMeHTax BhIBO.D;HOH c11cTeMbI (PI1c. 2) 

rronyqeHbl HayqHbie .n;aHHbie ITO ynytIIIIeHl1I-O KOHCTPYKTI1BHOH KOHqmrypa:u;1111 

3JieKTpOCTaT11qecKoro .n;eqrneKTOpa .D;JI51 yMeHbIIIeHl151 ITOTepb Ha HeM. 

00 

00 
Kon114ecrso 
norepRHHblX 

70 

00 

ro 

«l 

~ 

0 
I 3 ~ 

3 
mi#Z 10 

fl#! -~ \ 
As11Myr cenryMa [ •] 

0 
"? \ 00 65 70 75 00 ffi 

PHc. 2.CxeMaTH:tieCKM reoMeTpH5I ,n:ecpneKrnpa ,n:mr pactieTOB BhIBO.IJ:a rrytIKa ( cneBa), 
pacrrpe,n;enemre rr0Tep1 rryqKa Ha BHerrrneH: cTopoHe cerrTyMa no ero ,n;nHHe TI#2 ( crrpaBa) 

00 

):(eqrneKTOp c OITTl1Mil3HpOBaHHOH KOHqmrypa:u;11eH: 3JieKTpO.D;OB 

H3roToBneH H 11crrb1TaH BO BpeM5I TecToB c rryqKoM :u;11KJIOTpoHa C235 PAP-111 

(.D;JI51 Me.n;11:u;HHCKoro :u;eHTpa B I1apm1<e (OpceH:), <l>paH:u;115I) rrp11 

Herrocpe.n;cTBeHHOM yqacnm aBTOpa. I1p11 3TOM 3KCIIep11MeHTaJibHO 

.n;ocTHrHyTa5I 3cpcpeKTHBHOCTh Bhrno.n;a yBem:1qeHa c 50 .n;o 75% (P11c 3). B 

rrepHo.n; 2007-2012rr. yJiytIIIIeHHbIH BapHaHT .n;eqmeKTopa 11crroJib30BaH H 

rrnaHHpyeTC51 .D;JI5I 11crroJih30BaHI151 6onee tieM B 10-T11 ycKopHTeJI5IX C235 .D;JIH 

rrpoTOHHbIX :u;eHTPOB B pa3HblX CTpaHax MHpa. 
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Pnc. 3.3aBHCHMOCTb H3MepeHHOH HHTeHCHBHOCTH TOKa rryqKa (HopMHpOBaHa Ha BeJIHqHHY 

TOKa Ha pa,n:nyce 300MM) OT pa,n:Hyca B I(HKJIOTpOHe C235 rrpH HCIIOJih30BaHHH ,n:eq>JieKTOpOB 

HOBOro H rrpe,n:h1,n:ymero THIIOB 

Ha ocHoBaHHH pe3yrrnTaTOB aHarrH3a ,n:HHaMHKH rryqKa B U:HKrroTpoHe 

C23 5 ccpopMyrrHpoBaHbI rrpe,n:rro:>Kemrn: ITO co3,n:am110 ero yrryqrneHHOH BepcHH -

C235-V3. 0TrrHqmr HOBOH Bepc1m ycKopHTem1 3aKmoqmoTC5I B H3MeHeHHH 

MarHHTHOH H BbIBO.ll:HOH CHCTeM: 

• B yBerrHqeHHH CITHparrbHOCTII ceKTOpOB MarHHTHOH CHCTeMbl Ha pa,n:Hycax 

6onee 800MM .ll:J15I yBerrHqeHH5I qacTOTbl BepTHKaITbHbIX 6eTaTpOHHbIX 

KOJie6aHHH c ~0.25 .n:o ~0.45. 3To IT03BOJIHT yMeHbllIHTb npIIMepHO B 3 pa3a 

KOrepeHTHbIH c,n:BHr ITyqKa OT ITJIOCKOCTII z=O ITpH HaJiffllIIH pa,n:HaJibHOH 

KOMTIOHeHTbl MarHHTHOro TIOJI5I Br (Liz ~ Qz"2) II, TaKHM o6pa30M, yMeHbllIHTb 

qyBCTBHTeJibHOCTb ycKOpHTeJI5I K 3cpcpeKTaM Me,n:HaHHOH ITJIOCKOCTH; 

• B H3MeHeHHH reoMeTpHH 3JieKTpO.D:OB 3JieKTpOCTaTHqecKoro ,n:eqmeKTOpa 

TaKHM o6pa30M, qTo6bI MHHHMYM ero TOIT~HHbI Haxo,n:HJIC5I Ha paCCT05IHHH ~ 10 

CM OT BXo,n:a. 3To TI03BOITHT yBeJmqHTb 3cpcpeKTHBHOCTb BbIBO.D:HOH CHCTeMbl 

ITpHMepHO Ha 25%. 

B TpeTheii rJiaBe npe,n:cTaBrreHa CTPYKTypa cneu;ttarrH3HpoBaHHoro 

HH:>KeHepHoro u;eHTpa O:I15l'I1, C03,n:aHHOI'O B JUIIT .D:IT5I c6opKH H HCTibITaHHH 

ycKopHTeJibHOH Me,n:HD;HHCKOH TeXHHKH. OrrncaHbI 3TaITbl pa6oT ITO 

cpopMHpoBaHmo MarHHTHoro norr5I ycKopttTerr5I C235-V3 ,n:rr5I u;eHTpa 

npOTOHHOH TepanHH B ,lJ;HMHTpOBrpa.n:e y ITb5IHOBCKOH o6rracTH, KOTOpbIH 
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co3,n;aeTC5I B paMKax cpe.n;eparr1HoiI n;erreBoli rrporpaMMhI ( <!> IJJ1) «Co3,n;amrn 

BhICOKOTeXHOJIOrHqHhIX n;eHTpOB Me,n;Hll;HHCKOH pa,n;HOJIOI'HH». 

<DopMHpOBaHHe 1}Je6yeMoro MarHHTHOI'O IIOJ15I BblIIOJIHeHO rrpH 

HeITocpe,n;CTBeHHOM yqacnnf aBTOpa Ha OCHOBe H3MepeHHH BepnmarrhHOH 

KOMITOHeHTbl B cpe.n;HeiI IIJIOCKOCTH ycKopHTeJI5I H ITOCJie,n;yIOI.ll,eH ee KoppeKU:HH 

(PHc. 4 ). ITpH 3TOM OI15II1 BrrepBbie pearrH30Barr p5I,n; HOBhIX TexHorrorHH. B 

xo.n;e pa6oT ITO cpopMHpoBaHHIO MarHHTHoro ITOJI5I Ha U:HKJIOTpoHe C23 5-V3: 

HCITOJih30BaHa pa3pa6oTaHHa5I B OI15.II1 cITen;Harr1Ha5I KOMITaKTHa5I 

rrnanpopMa ,n:JI5I ycTaHOBKl1 11 o6pa6oTKH IIOJIIOCHblX HaKOHeqHl1KOB, 

II03BOJI5IIOI.ll,a5I pa6oTaTb Ha CTaHKe c qIJY c pa3MepoM CTOJia ~ lM, qTo B 1.5 

pma MeHbIIIe qeM Ha cTaHKax, Hcrrorr13yeMhIX B IBA; 

ocylll,eCTBJieH KOHTpOJib TOqHOCTl1 o6pa60TKH ITOJIIOCHbIX HaKJia,n;oK ITpH 

IIOMOI.ll,11 113MepeHl1H KOHqrnrypan;1111 11X ITpocpHJI5I rrocne o6pa60TKl1 Ha 

cITen;11aJihHOM 3-x MepHOM rrpH6ope «Eclips» cp11pMbI Carl Zeiss c ToqHoCThIO 

1.5 MHKpoH, 3TO IT03BOJil1JIO COKpaT11Th o6rn;ee 'IHCJIO l1Tepau;11iI; 

HCITOJih30BaH pa3pa6oTaHHhIH H co3,n:aHHhIH B OI15II1 .n;11IToJihHhIH 

Karr116poBoqHhIH MarHHT c IIOJieM .n;o 2.9TJI, IIOKpbIBaIOin;HH Bech ,n;HaITa30H 

3HaqeHHH MarHl1THOI'O IIOJI5I ycKop11TeJI5I, qTo o6ecITe'Il1JIO OTHOCl1TeJI:bHYIO 

TOqHOCTh 113MepeHHH ~ 10-4 BO BCeM ,n;11aITa30He IIOJiefi; 

BrrepBhie B C234-V3 ITp11MeHeHbI a311MyTaJihHbie rrpoTO'IKH Ha cbeMHhIX 

3JieMeHTax MarHl1THOH CHCTeMbI ,Il;J15I IIIHMMHpoBaHH5I Y3Kl1X (HeCKOJibKO 

caHTl1MeTpOB) ITO pa,n;Hycy B03Myrn;eHl1H MarHHTHOI'O IIOJI5I c aMIIJIHTy,n;oiI .n;o 

4· 10-3 Tn. 

I1crrOJih30BaHHe KOMIIaKTHOH IIJiaTtj:>opMbI ,Il;JI5I pa3Mern;emrn Ha CTaHKe H 

KOHTpOJib TO'IHOCTH o6pa6oTKH ITOJIIOCHhIX HaKOHe'IHHKOB Ba:tKHbl rrpH 

cepHHHOM ITpOH3BO,Il;CTBe Me,n:Hll;HHCKHX ycKop11TerreiI, CHH:tKeHHH HX CTOHMOCTH 

H cpoKOB 113I'OTOBJieHl15I. 
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PHc. 4. Pa.3HHI(a Me1r<,n:y H3oxpoHHhIM Ii ccpopMHpoBaHHhIM MarHHTHhIM rroneM I(HKJIOTpoHa 

C235-V3 Ii cpa.30BOe ,n:BmKeHHe B ccpopMHpOBaHHOM none ,n:o Haqana IIIHMMHpOBaHH5I ( CJieBa) 

H IIOCJie 3aBepIIIeHH5I IIIHMMHpOBaHH5I ( crrpaBa) 

B Ha"l!ane IllHMMllpoBaHHJI MarHllTHoro rronJI ycKop11TeJJJI pa3Httu;a Me)K,z:i:y 

cym:ecTBYIOrn:HM I1 Tpe6yeMhIM ypoBHeM COCTaBJ15IJia ,z:i:o 1.8· 10-2 Trr Ha 

HeKOTOphIX pa,z:i:11ycax. B pe3ynnTaTe cpopM11poBaHHJI rrony1:1eHa K0Hqmrypau;1151 

MarHHTHoro rromc, cpe,z:i:Hee 3Ha1:1eHI·:Ie KOToporo oTrrwrneTcJI He 6orree qeM Ha (2-

3 )-10-4 Tn OT I130XpOHHOro BO BCeM ,D;HaIIa30He pa,z:i:TiycoB I1 06ecrreq1rnaeT 

3cpcpeKTMBHOe ycKopeHlle rryqKa. 

B xo,z:i:e Hana,n;o1:1HhIX pa6oT Ha C235-V3 BrrepBhie orrpo6oBaHa 

YHllKaJJhHaJI MeTO,Il;HKa ll3MepeHmI cpe,n;HeH pa,z:i:HaJJbHOH KOMIIOHeHThl 

MarHMTHOro rromr rrpH IIOMOIIJ;M ,n:miraIOIIJ;HXC51 KaTyrneK, II03BOJI5IIOW:a5I 

MCCJie,n:oBaTb 3cpcpeKTbl OTKJIOHeHHJI Me,n:HaHHOH IIOBepxHOCTM OT cpe,z:i:HeH 

IIJIOCKOCTM ycKOpMTeJIJI z=O ,z:i:o rry1:1KOBhIX MCIIbITaHMH. 

B qeTBepTOH r JiaBe OIIMCaHbl OCHOBHhie pe3yJihTaThI rry1:1KOBhIX 

HCIIhITaHMH IJ;MKJIOTpoHa C23 5-V3, KOTopbie rrpoBe,n:eH11 B 2012r. B ,[(y6He rrpH 

Herrocpe,n:cTBeHHOM yqacTMH aBTOpa. 

B xo,z:i:e 3TMX pa6oT BrrepBhie ,z:i:rr51 ycKop11TeJI5I 3Toro TMrra rrpoBe,z:i:eHa 

orrTMMM3aIJ;MJI u;eHTpan1Hoi1 o6nacTH MarHHTHOH cTpyKTyphI ycKopHTeJI5I, 

II03BOJ1MBilla51 IIOJIY1IllTh yMeHhllleHMe BepTllKaJJhHOro rrpocpHJI51 ycKOp5IeMoro 

rry1:1Ka 6onee 1:1eM B 2 pa3a M MMHMMM3HpOBaTh IIOTepH B u;eHTpe: 
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1) CKoppeKTHpoBaH rrpoBarr qacTOTbI BepTHKarr:oH:oix 6eTaTpOHH:OIX Kone6aHHH 

Q2 Ha pa,n:Hyce r~ 100MM rrpH rroMOII.I;H yMeH:omemrn rpa,n:HeHTa cpe,n:Hero 

MarHHTHoro rron5l no pa,D;Hycy rrocrre r~90MM. B 3TOM MecTe yBenHqeH ypoBeHI:> 

cpe,n:Hero l10J15l Ha ~ 1·10-3 Tn. ~J15l BbIITOJIHemrn TaKOfO IIIHMMHpOBaHH5I 

MarHHTHOro l10J15I BOCeM:o CTaJJ:OHbIX HaKJJa)l;OK 6:ornll pa3MeilieHbl Ha ceKTOpax 

MarHHTHOH CHCTeMbI ( 4 CBepxy ll 4 CHH3Y) OKOJIO u;eHTpaJI:OHbIX BTYJIOK. 

2) KoMrreHcau;H5I B03MYII1eHH5I Br B Me,n:HaHHOH rrrrocKOCTH, o6ycnoBJJeHHoro 

omH6KaMH H3fOTOBJ1eHH5I ll ycTaHOBKH 3JieMeHTOB MarHHTHOH CHCTeMbI 

UllKJ10TpOHa, ocyII1eCTBJ1eHa rrpll IlOMOilIH BepTHKaJI:OHoro HeCHMMeTpllqHoro 

CMeilieHH5l Ha 0,3 MM BBepx Hmirne:H :u;eHTparrbHOH BTYJIKll MarHHTHOH CllCTeMbI. 

IlapaMeTpbI rryqKa .n:o ll rrocne Ol1THMH3aIJ;llll ueHTpa MarHHTHOH CHCTeM:OI 

ycKopHTeJJ5I rroKa3aH:oI Ha PHc. 5. BH,n:Ho, qTo BepTHKaJI:OHbIH pa3Mep rryqKa 

yMeHbillHJ1C5I B 2-2.5 pa3a, rrpll 3TOM B ueHTpaJibHOH o6naCTll He 6bIJ1ll 

llCI10Jib30BaHbI KOJJJlllMHpyIOII.I;lle ,n:HacpparM:OI. ~Bll)KeHHe rryqKa OTHOCHTeJibHO 

ITJIOCKOCTH z=O KaK I.J;eJIOfO OCTaJIOCb rrpaKTifqecKH Hell3MeHHbIM. 

PaaMep/YpoaeHb nyYKa (MM) 
20~~~~~~~~~~~~~~~~~ 

\ 

0 

Leval now cordi9 
sun tK:1w conr11J 
IOWll_ .. ,O·ld ·C()nti.g 

-- siz:O,jOl.d -conttg 

-5'---~~~~~~~~~~~~~~~~ 
150 250 350 450 550 650 750 850 950 1()5() 

r(MM) 

PHc. 5. BepTHKaJibHbIH pa.3Mep rryqKa .n:o (qmoJieTOBbIH) H rrocne (KpacttbIH) ycrattoBKH 
CTaJibHbIX IIIHMM B u;ettTpe, a TaK)l(e rrpo<l_JHJib BepTHKaJibHOro ;:i:BmKeHH5I IIeHTpa rryqKa BO 

BpeM5I ycKopemrn ;:i:o (3eJieHbIH) H IIOCJie (rony6o:H) ycraHOBKH IIIHMM 

~aHHbie, IlOKa3aHHbie Ha PHc. 5, ITOJiyqeHbI rrpH ITOMOilIH «BH3yaJibHOfO» 

rrpo6HHKa (PHc. 6). 
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PHc. 6. l:ho6pa)KeHJfe rrytIKa, rronytieHHOe c IIOMOI.I.l;I:>IO Bll3YMbHOro rrpo6HHKa B Hatiane ll B 
KOHI(e ycKopemrn: 

Crre,n; B.brne,n;eHHoro rryqKa Ha crrer.urnrrhHOH rrrracnrne rroKa3aH Ha P:ac. 7. il.SITHO 

HMeeT KBa,n;paTHYfO c]?opMy II3-3a ,n;eH:CTBI15I KOJ1J1l1MaTopoB, HaXO,D;5IIIJ;l1XC5I rrepe,n; 

B.bIXO,D;H.bIM c]?rram.:t;eM BaKyyMHOH KaMep.bI. 0KoHqaTeJ1.bHa5I HaCTpOH:Ka 

ycKop11Terr5I 6y,n;eT rrpoBe,n;eHa Ha MecTe ero 3KcrrrryaTaI.:t;HH B ,l(11M1np0Brpa,n;e. 

B KOHI.:t;e rrraB.bI rrpHBO,ll;5ITC5I OCHOBH.bie pe3yIT.bTaT.bI pac11eTOB, 

IIOKa3.bIBa:EOIIJ;lIX 3Ha"9:J:ITeJ1bHOe BJ1115IHJie B03Myrn;eHIIH MarHlITHoro IIOJ15I B 

I.:t;eHTpaJI.bHOH o6rracnr ycKOpl1TeJ15I Ha BCIO ,ll;HHaMHKY rry"l!Ka. 

PHc. 7. Cne.l( OT BbIBe.l(eHHoro rrytIKa Ha crreu:uan:1Ho.0: rrnacTH:He, pacrronmKeHHOH 3a 
BbIXO):(HbIM qmaHI(eM BaKyyMHOH KaMepbl 

Oco6eHHOCTH ,n;BmKeHH5I rryqKa B I.:t;eHTparr.bHOH 06rracT11 CB5I3aH.bI c 

3cpcpeKTaMJI Me,n;JiaHHOH IIITOCKOCTH, rrapaMeTpaMII 6aMIIa MarHHTHOro IIOJI5I 11 

MHHHMaJI.bH.bIM 3HalfeHHeM Qz B 3TOM MeCTe. B I.:t;HKITOTpoHe C235 

cpopMHpOBaHHe 6aMrra, ,n:mI o6ecrreqeHH5I aKCHaIT.bHOll cpoKycIIpOBKH Ha rrepB.bIX 
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o6opoTax, rrpHBO,lJ,IIT Ha r~ 100MM K yMeHhilleHHIO 3Ha-Y:eHMH Qz ,IJ,O ypoBH5I 

0,04-0,06. Benn B Me,n;naHHOH rrnocKOCTH B 3TOM MecTe ecTh B03Myrn:eHne 

MarHHTHOro IIOJ15I B BM,IJ,e Br c ypoBHeM ~5·10-4 Tn M rpa,n;HeHTOM 5·10·2 Tn/M, 

OHO rrpHBO,lJ,MT K TpaHc<PopMaQMM KorepeHTHOro ,IJ,BH)KeHM5l u;eHTpa T5I)KeCTH 

rry-Y:Ka B 3TOH o6JiaCTM B HeKorepeHTHOe ,IJ,BM)KeHHe OT,IJ,eJihHhIX -Y:acnIQ. l13-3a 

3Toro yBeJIMLIMBaeTC5l BepTHKaJihHhIH pa3Mep rry-Y:Ka B OCTaJihHOH o6naCTH 

ycKopeHM5l. 0,IJ,MH H3 pe3yn1TaTOB LfMCJieHHOro MO,IJ,eJIHpoBaHM5l ,IJ,MHaMMKH 

LiaCTMU: B u;eHTpanhHOH o6nacTM U:MKJIOTpoHa C235-V3 B OTCYTCTBMe Br B 

Me,n;naHHOH rrnocKOCTM M ,lJ,JI5l MO,IJ,eJihHOH 3aBHCHMOCTH Br OT pa,D,Hyca 

rrp:irne,n;eHhI Ha Pnc. 8. 
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Pnc. 8.BepTHKcUihHOe .IJ:BIDKeHne rryq:Ka c HaqanhHhIM 3MllTTaHCOM ez=200n, HaqnHa5I OT 

HOHHOro ncToqHnKa. Crresa - HeT Br, BHH3Y - ecTh Br Tnrra B cpe,n:tte:H rrnocKOCTH 

HanMLIMe pa,n;MaJibHOH KOMITOHeHThI B Me,n;naHHOH rrnocKOCTM Br ,..,5·10-4 Tn 

rrpHBO,IJ,MT K yBeJIH-Y:eHMIO cpe,D,HeKBa,D,paTWIHOro aKCHaJibHOro pa3Mepa rry-Y:Ka c 

8MM ,IJ,O 14MM (Pnc. 8). 

Bn16op orrTMMaJJhHOH TOJIIu;MHbI KoppeKTHpyIOI.IJ;HX rrpoBan LiaCTOTbI 

BepTHKaJihHbIX 6eTaTpOHHbIX KOJie6aHMH Qz Ha r~ 100MM rrnaCTMH o6ycJIOBJieH 

,2J,BYM5I B3aMMHO-rrpoTHBOITOJIO)KHhIMM 3<P<PeKTaMH. c O,IJ,HOH CTOpOHhI, 

TOJIW:MHbl rrnaCTMH M, COOTBeTCTBeHHO' aMITJIMTY ,lJ,hI, 

KoppeKTHpy10rn:ero 6aMrra OT HMX Be,IJ,eT K yBeJIM-Y:eHMIO MarHMTHOH 
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cpoKycHpOBKH H yMeHbllleHmo rrpoBana Qz. B KoHetIHOM ctieTe, 3TO rrpHBO)J;HT K 

CHI:DKeHmo 3cpcpeKTOB TpaHccpopMa.IJ;I1H KorepeHTHOI'O )J;Bll)KeHH5I rrytIKa B 

HeKorepeHTHOe )J;BH)KeHHe OT)J;eJibHhIX tiaCTHIJ;. 

c .r:i;pyroH: CTOpOHhI, yBeJIHtieHHe aMIIJIHTY)J;bl KoppeKTHPYIDIIIero 6aMrra 

o,r:i;HoBpeMeHHO rrpHBO)J;HT K pocTy cpe,r:i;Hero ypoBH5I Bz B 3TOH o6nacTH H c,r:i;BHry 

B1I-cpa3 rrpoToHoB Ha HeCKOJihKO rpa,n:ycoB BHH3 II, KaK cne,n:cTBHe, 

yMeHbllleHHIO 3JieKTpIItieCKOH cpoKycHpOBKII ycKop5IIDlillIM rroneM. 

ITpoBe,r:i;eHHhIH aHaJIH3 ,n;IIHaMIIKH rrytIKa B u;eHTpan1Hoi1 o6nacTH IJ;HKJIOTpoHa 

C235-V3 cornacyeTc5I c TOtIHOCThIO 25-30% c pe3yn1TaTaMH H3MepeHHH 

BepTHKaJII>Horo pa3Mepa rrpoTOHHoro rryqKa Ha pa,r:i;IIycax 6onee l 50MM. 

,[(oCTHrHyToe ,n;ByKpaTHOe yMeHbllleHHe BepTHKaJibHOro pa3Mepa rrytIKa H 

IIOTepb B u;eHTparrbHOH o6naCTH CB513aHo c KOMIIeHcau;IIeH B03MYIIIeHH5I B,. B 

o6nacTH MHHHMyMa Qz Ha r~ 100MM H yBeJIHtieHHeM BepTHKaJibHOH 

cpoKycHpOBKH B 3TOM MeCTe. 

B HTOre 3cpcpeKTHBHOCTb ycKopeHH5I OT pa,n;IIyca ~300MM ,n;o KOHeqHoro 

pa,r:i;IIyca cocTaBmreT 72%. Bnmo.r:i; rry11Ka H3 KaMepbI ycKopHTemr ocyIIIeCTBJieH 

rrpH IIOMOIIIH 3JieKTpOCTaTHtieCKOro ,n;ecpneKTopa. 3cpcpeKTHBHOCTb BbIBO)J;a 

rry11Ka - 62%. TaKHM o6pa3oM, o6IIIa5I 3cpcpeKTHBHOCTh (ycKopeHHe + BI>rno,n;) 

IJ;HKJIOTpoHa C235-V3 cocTaBn5IeT 45%. 

OrrIIcaHhI OTJIH11H5I IJ;HKnorpoHa C23 5-V3 OT cepIIi1Horo Me,D;HIJ;HHCKoro 

ycKopHTen5I IBA C235. B 3TOM ycKopHTerre ocHOBHhie ynytIIlleHY.151 HarrpaBneHbI 

Ha )J;ByKpaTHOe yBeJIHtieHHe lIHTeHCHBHOCTII BbIBe,r:i;eHHoro rryqKa 3a c11eT 

yMeHhllieHH5I rroTepb. ITpHBe,r:i;eHhI oco6eHHOCTH HCIIOJih30BaHH5I IJ;HKJIOTpOHOB H 

CHHXpOTpOHOB ,ZJ;JI5I peaJIH3aIJ;HH TeXHOJIOfHH a,n;pOHHOH TepaIIHH rrocne,n;Hero 

IIOKOJieHH5I. 

lb-3a yBeJIH11eHHOH 3cpcpeKTHBHOCTH ycKopeHY.151 H BbIBO,D;a rrytIKa 

IJ;IIKJIOTpoH C235-V3 HMeeT rrpeHMYIIIeCTBO rro cpaBHeHHID co 
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cneu:i-IanH3HpoBaHHhIMH I(HKJIOTpoHaMH qmpMbI IBA c TOLIKH 3peHH5I 

pa,n:HaI(HOHHOH Tepan:rr:rr: 

• np:rr peaJIH3aI(HH HOBbIX TeXHOJIOI'HH npoTOHHOH TepanHH, CB5I3aHHhIX c 

CHHXpOHH3au;:rreH: o6Jiyi:reHH5I H ,n:BmKeHII5I opraHOB, a TaK>Ke c aKTIIBHhIM 

CKaHIIpOBaHIIeM MO.D:YJIIIpOBaHHhIM no IIHTeHCHBHOCTH TOHKHM nyi:rKOM; 

• npII peaJIII3aI(IIH naccIIBHoro CKaHIIpoBaHII5I .n:JI5I onyxoJieH: 6oJihllloro 

ofr:&eMa, a TaK)Ke npII TepanIIII c yBenIILieHHOH ,n:o3o:H: o6JiyqeHII5I 3a o,n:Hy 

cppaKu;mo npII CHII)KeHHOM o6I.l(eM KOJIIILieCTBe cppaKI(HH; 

• B nJiaHIIpyeMOM npeBoIIUeHHH HHTeHCHBHOCTH BoIBe,n:eHHOro npoTOHHOfO 

nyqKa no cpaBHeHHIO c TOKOM npoTOHHOro Me,n:HI(HHCKOfO I(HKJIOTpOHa qmpMoI 

Varian/ACCEL (MaKCIIManhHhIH TOK B:&rne,n:eHHoro nyl.J:Ka 0.8MKA); 

• B yMeHollleHHH pa.n::rraI(HOHHOH Harpy3KH Ha 3JieMeHThl MarHHTHOH H 

ycKOp5IIOI.l(eH CIICTeMoI, l.J:TO 5IBJI5IeTC5I BmKHeHIUHM cpaKTOpOM ,ZJ:JI5I cepBHCa 

Me,n:HI(HHCKoro cepHHHoro ycKopHTeJI5I II ycnOBHH era TpaHcnopTIIpOBKII OT 

II3fOTOBHTeJI5I K noTpe6IITeJIIO. 

B OSI.TOH rJiaBe onHcaHhI OCHOBHbie pe3ynbTaToI HCCJie,n:oBaHH5I 

,D:IIHaMHKH B:Drno,n:a nyqKoB - yrJiepo,n:Horo c 3Hepnie:H: 400 M3B/HyKnoH H 

npoTOHHoro c 3Hepr:rreH: ~270 M3B II3 cBepxnpoBo,n:5II.l(ero I(HKJIOTpoHa C400. 

KoHu;enu;:rr5I 3Toro ycKop:rrTeJI5I pa3pa6oTaHa np:rr onpe,n:eJI5IIOI.l(eM yqacTHH 

aBTopa rpynnoH: coTpy,n:HHKOB OI15II1. Co3,n:aHHe I(HKJIOTpoHa Hai:raTo 

KOMnaHIIeH: IBA B 2010r. B paMKax npoeKTa «Arcade» B Ganil (<I>paHI(H5I). 

Ha ocHoBaHIIH noJiyl.J:eHHhIX B xo,n:e IIccJie,n:oBaHII5I pe3yJihTaTOB 

pa3pa6oTaHa II onTHMH3IIpoBaHa crpyKTypa B:Drno,n:Hon cIIcTeM:DI C400 (PIIc. 9). 
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En trcJn ce tr::i 

PHc. 9. CxeMaTHqecKIIH BM.II: cIIcTeMI>I BhIBo.n;a yrnepo,n;Horo H rrpoTOHHoro rryt-II<OB H3 
UHKnoTpoHa C400 

12 6+ 
CttcTeMa II03Bomi:eT 3cpcpeKTHBHO BbIBO,Ll;IUb H3 ycKopHTem:r HOHbI C c 

3HeprHeii 400 M3B/ttyKnoH H rrpoTOHbI c 3Hepnieii -270 M3B pa3HbIMH 

TpaKTaMH, a 3aTeM CBO,IJ;HTb BbIBe,n;eHHbie IIY"lfKH B O,IJ;HOM HarrpaBneHHH Ha 

paCCT051HHM 6.75M OT u;eHTpa I(HKJIOTpOHa H TpaHcrropTHpoBaTb HX B O,IJ;HOM 

KaHaJie. 3c]?cpeKTHBHOCTb BblBO)J;a yrnepo,n;a -73%, rrpOTOHOB - 6JIH3Ka K 100%. 

B 3aKJnoqeuuH ,LJ;HccepTaQHH ccpopMynHpoBaHbI ocHOBHbie ttay"l!Hbre 

pe3yJibTaTbl pa60TbI: 

1. CoBMeCTHO QIU.Ill H IBA co3,n;aH H HCIIbITaH c UMPKYJIHpyIDrn;HM H 

Bbrne,n;eHHbIM rry"lfKOM KOMIIaKTHbIH H3oxpoHHbrH: 1(HKnoTpoH C23 5-V3, 

rrpe,n;Ha3Haqa:IOrn;Hiic51 ,IJ,JUI rrepBoro B PoccHH crreu;Hamf3HpoBaHHoro ueHTpa 

rrpoTOHHOH TeparrHH B ~HMHTpoBrpa,n;e. IIo CBOHM xapaKTepHCTHKaM 

ycKOpHTeJib 51BJI5IeTC5I O)J;HHM H3 ,n;Byx JIY"lfIIIHX cyrn;ecTBYIDUJ;HX B MHpe 

crreu;HaJIH3HpoBaHHbIX I(HKJIOTpOHOB )J;JI51 rrpoTOHHOH TeparrnH. C23 5-V3 B,n;Boe 

rrpeBocxo,n;HT crreu;HanH3HpoBaHHbie Me,n;HI(HHCKHe I(HKJIOTpOHbI C235 cpHpMbI 

IBA rro HHTeHCHBHOCTH BbIBe,n;eHHoro ny"l!Ka 3a cqeT yBeJIH"lfeHHOH 

3cpcpeKTHBHOCTH ycKopeHH5I H BblBO)J;a. 3To o6ecneqHBaeT peaJIH3a1(HIO c 

IIOMOUJ;bIO Hero HOBblX MeTO)J;OB H TeXHOJIOrHH rrpoTOHHOH Teparnn1, 
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OCHOBaHHhIX Ha CHHXpOHII33IJ;IIH o6nyqeHH5I H ,I(BmI<eHH5I opraHOB, a T3K)Ke 

aKTHBHOM CKaHHpOBaHHH MO)J,YJIHpOBaHHhIM ITO HHTeHCHBHOCTH rryqKoM. 

2. CcpopMHpoBaHa CTPYKTypa MarHHTHoro IIOJI5I B U:HKJIOTpoHe C235-V3, 

cpe,n:Hee 3Ha-Y:eHHe KOTOporo B 33BHCHMOCTH OT pa,n:Hyca OTJIH-Y:aeTC5I He 6onee 

-Y:eM Ha (2-3)"10-4 Tn OT H30XpOHHOro. 0Ha o6ecrre-Y:HBaeT 3cpcpeKTHBHOe 

ycKopeHHe rryYxa. ,[(n5I cpopMHpoBaHH5I MarHHTHoro rron5I B OI15II1 

rrpe)J,JIO:)KeHbI H rrpHMeHeHbI opHrHHaJibHhie TeXHOJIOfHH: 

KOMIIaKTHa5I rrnanpopMa )J,JI5I o6pa60TKH 6oKOBOH IIOBepXHOCTH 

IIOJIIOCHhIX HaKJia,I(OK ycKopHTeJI5I; 

KOHTpOJih TO-Y:HOCTH o6pa6oTKH IIOJIIOCHhIX HaKJia)J,OK rrpH ITOMOIIIH 

H3MepeHHH Ha crre11,HaJihHOM 3-x MepHoM rrpH6ope «Eclips» cpHpMhI Carl Zeiss c 

TO-Y:HOCThIO HeCKOJihKO MHKpoH; 

,I(HIIOJihHhIH KanH6poBO-Y:HhIH MarHHT c IlOJieM .n;o 2.9Tn 

a3HMyTaJibHhie rrpOTO-Y:KH Ha CbeMHhIX 3JieMeHTax MarHHTHOH CHCTeMbl 

,I(JI5I IIIHMMHpoBaHH5I Y3KHX ( HeCKOJihKO caHTHMeTpOB) no pa,n:Hycy B03MyrueHHH 

MarHHTHoro IIOJI5I c aMITJIHTY,I(OH ,I(O 4· 10-3 Tn. 

3. ,[(n5I 11,HKJIOTPOHOB C23 5 H C23 5-V3 co3,n:aHa HoBa5I cHcTeMa Borno,n:a 

rry-Y:Ka Ha 6me 3JieKTpocTaTH-Y:ecKoro ,I(ecpneKTopa c yny-qrneHHOH 

KOHcpHrypa11,Hell: 3JleKTp0,I(OB. 3KcrrepHMeHTaJibHO ,I(OCTHrHyThIH K03cpcpHI.1,HeHT 

BhlBO,I(a yBeJIH-Y:eH c 50% ,I(O 75%. 3Ta CHCTeMa ycTaHOBJieHa H HCIIOJih3yeTC5I 

6onee -Y:eM Ha 10-TH ycKopHTeJI5IX. 

4. IIpoBe,I(eHhI HCIThITaHH5I ycKopHTeJI5I C235-V3 c U:HpKynHpyIDII.J,HM II 

BbIBe,I(eHHbIM rryqKoM, B XO,I(e KOTOpbIX: 

• 3KcrrepHMeHTaJihHO IlO,ll;TBep)K,I(eH H30XpOHH3M ccpopMHpOBaHHOfO 

MarHHTHOro IIOJ15I ycKOpHTeJI5I; 

26 



• OIITHMH3HpOBaHa :u:eHTparrbHa5I o6rraCTb MarHHTHOH CHCTeMbI, qTo 

II03BOJ1HJ10 B ,n:Ba pa3a yMeHblllHTli BepTHKaITliHhIH rrpocpttnb ycKOp5IeMoro rryqKa 

H ccpopMHpoBaTb ero 6e3 HCIIOJ1b30BaHH5I ,n:HacpparM Ha Ha1IaJ1bHhIX o6opoTax; 

• BrrepBbie JJ:J15I ,n:aHHOfO THIIa :U:HKJ10TpOHa JJ:OCTHrHyTa 3cpcpeKTHBHOCTb 

ycKopeHH5I rryl!Ka OT :u:eHTparrhHOH o6rracTH ,n:o KOHeqHoro pa,n:ttyca 72%; 

• rrony1IeHa 3cpcpeKTHBHOCTb BbIBO,n:a 62%. 

5. B xo,n:e pa3pa6oTKH C235-V3 rrpoBe,n:eHo ttccne,n:oBamre w·rnaMHKH 

ycKopemrn H BhIBO,n:a rryqKa B cepHHHOM MeJJ:H:U:HHCKOM :U:HKITOTpOHe ,n:mI 

rrpoTOHHOH Teparr1111 C23 5, B pe3yrrhTaTe KOToporo ycTaHOBJieH 

rrpHH:U:HIIHanhHhIH cpaKT: ocHOBHOH rrpH1IHHOH rroTepI> rryl!Ka rrptt ycKopeHHH 

5IBJ15IeTC5I 3HaLIHTeJihHOe BJIH5IHHe 3cpcpeKTOB Me,n:HaHHOH IIJIOCKOCTH c ypoBHeM 

pa,n:HaJJhHOH KOMIIOHeHTbI MarHHTHOfO IIOJ15I (2-3 )-10-4 Tn Ha BepTHKaJibHOe 

KorepeHTHoe JJ:BH)KeHHe rryLIKa. f1oTepH rrpo11cxo,n:5IT Ha 3J1eMeHTax MarHHTHOH 

CHCTeMbI B o6JiaCTH BbIBO,n:a. f1oKa3aHO LJTO, JJ:JI5I ynyqrneHH5I 3cpcpeKTHBHOCTH 

ycKopeHH5I rryl!Ka Heo6xo,n:HMO yBen11q11Th BepTHKaJII>HYIO cpoKyc11poBKY B 30He 

BbIBO,n:a, IIOBhillla5I 3HaqeHHe qacTOTbI BepTHKaJihHbIX 6eTaTpOHHhIX Kone6aHHH 

c 0.25 ,n;o 0.45. 

6. )J,rr5I :U:HKJIOTpOHOB co 3Haq:rneJibHhIM (6onee 40°) yrJIOM CIIHpaJihHOCTH 

ceKTOpOB rrpH BbICOKOH OTHOCHTeJibHOH BapHa:U:HH MarHHTHOro IIOJ15I £~0.3+0.5, 

BIIepBbie C03JJ:aHa MeTOJJ:HKa pacqeTa H30XpOHHOf0 IIOJ15I, BKJIIOLJaIOI::U:a5I 

LJHcrreHHoe Mo,n:errHpoBaHHe JJ:BH)KeHH5I rryl!Ka H aHaJIH3 LJaCTOThI o6par.:u:eHH5I Ha 

3aMKHYThIX paBHOBeCHbIX op611Tax. 0Ha ,n:aeT Heo6xo,n:HMYIO JJ:IT5I o6ecrre1IeHH5I 

H30XpOHH3Ma 3aBHCHMOCTb cpe,n:Hero MarHHTHOro IIOJI5I OT pa,n:Hyca. 

7. BrrepBhie co3,n:aHa MeTOJJ:HKa pacqeTa ycKopeHH5I H 3a6poca rryqKa B 

BhIBOJJ:HYIO CHCTeMy B :U:HKJIOTpoHax c YlJeTOM ,n:eHCTBH5I MarHHTHOro IIOJI5I OT 
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Bq-cncTeMbI. Tipn 3HaqnTeJibHOM pocTe Benni:rnHbI ycKopmorn;ero Harrp.5.DKeHIDI 

c pa,n;nycoM op6HTbl 3cptj:>eKT rrpHBO,JJ;HT K 30+50% yBemrLieHI·UO 3MHTTaHca H 

3HepreTHLieCKoro pa36poca rryqKa Ha BXO,n;e B CHCTeMy BbIBO,n;a. 

8. Pa3pa6oTaHa CTPYKTypa BbIBO.D;HOH cncTeMbI cBepxrrpoBo,n;51m;ero 

U:HKJIOTpoHa C400, II03BOJI5IIO:rn;a5I 3cpcpeKTHBHO BbIBO.D;HTb H3 ycKopnTeJI5I 

qacTHIJ;bl c pa3HbIM OTHOUJeHHeM 3ap5I,n;a K Macce (HOHbI yrnepo,n;a Il rrpoTOHbI). 

CncTeMa o6ecrreqnBaeT rrpoBo,n;Ky rryqKoB pa3HbIMH TpaKTaMn BHYTPH 

U:HKJIOTpOHa c IlX rrocrre,n;yIDll(HM CBe,n;eHHeM Il TpaHCIIOpTHpOBKOH B O,ll;HOM 

KaHarre. 

9. OcHOBHbIM pe3yrrhTaToM pa6oTbI 5IBJI5IeTc5I perueHne Ba:>KHOH HayqHo­

TexHnqecKoH: 3a.z:i;aqn ITO C03,JJ;aHHID crreu:naJIH3HpoBaHHOrO Me,JJ;HU:HHCKOfO 

ycKopnTeJI5I )J;JI5I peaJIH3au;mr COBpeMeHHbIX MeTO,ll;HK rrpoTOHHOH TeparnrH, 

,n;amrn;Hx Hannyqurne pe3yJibTaT1I. 
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