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06m;aH xapaKTepRCTHKa pa60TLI 

AKTyaJihHOCTh npo6JieMhI 

l(HKJIOTpOHhI, ycKOp5IIOIIIHe 3ap5I)KeHHbie qacTH1Ihl .n:o HH3KHX H cpe,n:HHX 

3HeprH:H:, 51BJI5IIOTC51 OCHOBHbIM HHCTpyMeHTOM .ZJ:JI5I rrpoBe,n:eHH51 HCCJie,n:oBaHI:IH B 

o6JiaCTH cpH3HKH aTOMHOfO 51,n:pa H 51,z:i:epHbIX peaK1IHH. IlpH 3TOM 1IHKJIOTpOHbI 

3apeKOMeH,n:OBaJIH ce651 He MeHee 3HaqHMO H .ZJ:JI5I rrpHKJia,n:HbIX rrpHMeHeHHH, B 

qacTHOCTH, OHM HaIIIJIH IIIHpOKOe rrpI:IMeHeHI:Ie B Me.ZJ:H1IHHe: rrpH 

Herrocpe,n:CTBeHHOM HCIIOJib30BaHHH rryl!Ka ycKopeHHbIX HOHOB .ZJ:JI51 Jie1IeHH51 

OHKOJIOfHqecKHX 3a6oJieBaHHH, .ZJ:JI51 rrpoI:I3BO.ZJ:CTBa KOpOTKO)KHBYIIIHX H30TOIIOB, 

BOCTpe6oBaHHbIX B ,n:HarHOCTHKe, Me.ZJ:I:IIIHHCKHX HCCJie,n:oBaHH5IX H JieqeHHH, 

HaKOHeII, .n:mr Hapa60TKH TpeKOBbIX MeM6paH. IlpHMeH51TbC51 TaKHe MeM6paHbl 

MoryT B XHMHqecKOH, MenurnyprHqecKOH rrpOMbIIIIJieHHOCTH, o,n:HaKO rJiaBHhIM 

IIOTpe6HTeJieM TaKOH rrpo,n:yK1IHH B HaCT051r:u;ee BpeM51 51BJI5IeTC51 Me.ZJ:H1IHHa. Ha 

HayqHo-rrpOH3BO.ZJ:CTBeHHOM KOMIIJieKce «AJiocpa» [ 1] ( 1IHKJIOTpOH 1(I1TPEK, 

,[(y6Ha, PoccH51) I:I3fOTOBJieHHe MeM6paH ocymecTBmreTC51 ,n:JI51 cepH:H:Horo 

rrpoH3BO.ZJ:CTBa Me.ZJ:H1IHHCKHX H3,n:eJIHH .ZJ:JI5I IIJia3Macpepe3a: MeM6paHHOfO 

rrJia3MOcpHJihTpa «Poca» H arrrrapaTa ,n:JI51 rrJia3Macpepe3a «reMocpeHHKC». 

l(HKJIOTpOHhI, rrpe,n:Ha3HaqeHHbie .ZJ:JI51 Me.ZJ:H1II:IHCKHX rrpHMeHeHI:IH, 

pa3JIHqaIOTC51 ITO IIeJIOMY p51,n:y rrapaMeTpOB, TaKHX KaK HHTeHCI:IBHOCTb rryqKa, THII 

ycKOp51eMbIX qacTI:I1I, KOHel!Ha51 3HeprmI ycKopeHHhIX I:IOHOB, o,n:HaKO o6r:u;HM 

OCTaeTC51 O.ZJ:HO - IIOBbIIIIeHHbie Tpe6oBaHH51 KO BCeM CHCTeMaM ycKopHTeJI51. 

K OCHOBHbIM Tpe6oBaHH51M, rrpe,n:'h51BJI51eMbIM K Me.ZJ:I:I1IHHCKHM 1II:IKJIOTpOHaM, 

MO:>KHO OTHeCTI:I CJie,n:yIDr:u;He: 

• rrpocTOTa KOHCTPYK1IHI:I H, COOTBeTCTBeHHO, HeBbICOKa51 CTOHMOCTb, 

1. KoMrrnmrn "TPEKITOP TEXHOflO)J)Kl1" http://www.trackpore.ru/ 
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• rrpOCTITTI CHCTeMa yrrpaBJiemUI, ,[(OCTYIIHa5I 3Kcm1yaTaU:HOHHOMY 

rrepcomLJiy, 

• MaJIOe BpeM5I Ha rrpoqmrraKTHKy, 

• I10CT05IHCTBO H BOCI1pOH3BO,[(HMOCTh rrapaMeTpOB rryqKoB ycKopeHHbIX 

HOHOB, 

• 3KOHOMHqHOCTb, 

• He60JibIIIHe ra6apHTbI H Bee, 

• ,[(OCTaToqHo BhICOKa5I HHTeHCHBHOCTb rryqKa ycKopeHHhIX HOHOB, 

• He60JihIIJHe 3MHTTaHc H 3HepreT.HqecKHH pa36poc rryqKa. 

IIpoeKTHpoBaHHe H co3,n:aHHe U:HKJIOTpoHa - KOMrrrreKcHaH 3a,n:aqa, 

Tpe6yroru;a5I yqacTHH u;erroro KorrrreKTHBa pa3pa6oTqHKOB BDicoqa:Hrnero Krracca. 

Hepe,n:Ko co3,n:aHHe coBpeMeHHoro Me,n:H:U:HHCKoro ycKopHTerr5I ocyru;ecTBJI5IeTc5I B 

KOrrrra6opau;HH c HeCKOJihKHMH HayqHhIMH H rrpOMhIIIIJieHHhIMH yqpe)K;a:emrnMH. 

0rrTHMH3au;H5I rrapaMeTpoB pa6oTaiomero :U:HKJioTpoHa TaK)Ke T_Pe6yeT 

rrpoBe,n:eHH5I cepbe3HbIX HayqHhIX Hccrre;a:oBaHHH. IlpH 3TOM 3<PcpeKT BHe,n:peHH5I 

OIITHMH3aU:HH MO)KeT 6bITh TaKHM )Ke Ba)l(HbIM, KaK rrycK HOBoro YCKOpHTeJI5I. B 

-qacTHOCTH, ycrrex B ;a:ocTH)KeHHH 3HeprHH npoTOHOB 60 M3B Ha ycKopHTerre 

AHIJ;-144 (IUI<l> IIAH, Ilorrblrm) [2,3] rrpnBerr K TOMJ, qTo c rroMomhIO 

U:HKJIOT_POHa He TOJihKO rrpOH3BO.D:5IT H30TOIIbI .D:JI5I Me;a:HU:HHCKHX H rrpHKJia,[(HbIX 

rrpHMeHeHHH, HO H ocymecTBJI5IIOT neqeHHe rrau;HeHTOB c MerraHOMOH rrra3a. 

,ZJ;rr5I co3,n:aHH5I HOBOro Me;a:HU:HHCKOro U:HKJIOT_POHa B Harne BpeM5I 

Heo6xo,n:HMO rrpOBO.D:HTh HayqHhie HCCJie,[(OBamrn Ha 6onee BbICOKOM ypoBHe, TaK 

KaK caMH U:HKJIOTpOHbI rropo:H: rrpe,n:Ha3Ha1:IeHbI .D:JI5I perneHH5I BCe 6orree CJIO)l(HbIX 

2. I1HcmTyr 5I.nepHoi1: <l>H3HKH ITAH, http://www.ifj.edu.pl/str/dc 
3. I1.H.Kmrn, aBTOpecpepaT )l,HCCeprnu;HH, 11-2012-72. 
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3a,n;aq. HarrpHMep, pa3pa6oTKa cBepxrrpoBOA5IIUero u;mmoTpoHa C400 [4] (OI15IH­

IBA, EeJibrH51), rrpe,n;Ha3HaqeHHoro .D;JI51 neqeHM51 pe3MCTMBHO ycToliqMBbIX 

orryxoJieH MOHaMM yrJiepo.n;a, ycKopeHHbIMM .n;o 3HeprHM 400 M3B/HyKrr., 

rroTPe6oBarra pernemu1 p51,n;a HeTpMBMaJibHbIX 3a,n;aq, crroco6cTBYIDru:Mx 

)l;OCTmKeHMIO 3Heprm1, He xapaKTepHOH .D;JI51 IJ;MKJIOTpOHOB c KOMIIaKTHOH 

MarHMTHOH CMCTeMOH. 

IIpoeKTHposam1e Ka:>K)J;OH CMCTeMbI IJ;MKJIOTpoHa ocymecTBJI5IeTC51 Ha OCHOBe 

rrpoBe,n;eHM51 MCCJie)J;OBaHirn pa3JIMqHbIX BapMaHTOB MCIIOJIHeHM51 M OIITMMM3aIJ;MM 

cTpyKTYPbI ycKopHTeJI5I. PacqeTbI AMHaMMKM rry-qKa rpe6y10T yqeTa cJie,ny10ru;MX 

3<i.J<i.JeKTOB: .D;MCCOIJ;Mau;uH HOHOB B 3JieKTpOMarHMTHOM none, IIOTepb rryqKa B 

pe3yJibTaTe rrepe3ap5I.D;KM rrpH B3aHMO.D;eHCTBHH c OCTaToqHbIM ra30M, 3<i.J<l.JeKTOB 

rrpocTpaHCTBeHHOro 3ap.51,n;a, B 3aBHCHMOCTH OT THIIa pa3pa6aTbIBaeMoro 

IJ;HKJIOTPOHa. ,LVI51 o6ecrreqeHM51 BCex rpe6oBaHHH K Me)J;MIJ;HHCKHM ycKopHTeJI5IM 

Heo6xo.D;HM KOMIIJieKCHbIH IIO.D;XOA K pa3pa60TKe M KOHCTpyHpOBaHMIO 

IJ;MKJIOTPOHOB, TaK KaK H3MeHeHMe rrapaMerpoB O.D;HOH CMCTeMbI IJ;HKJIOTpOHa se,neT 

3a co6o:H: Heo6xo,n;HMOCTb M3MeHeHH5I .n;pyrHX CMCTeM. 

MmKHO BbI.D;eJIHTb ocHoBHbie rrpeHMyIIJ;eCTBa Me.D;HIJ;HHCKoro IJ;HKJIOTpoHa: 

• orpaHMqeHHOe qncJIO perynHpyeMbIX rrapaMeTpOB, rrop51.D;Ka 5 (TOK IIHTaHM51 

OCHOBHoro MarHHTa, HaIIp5I)l(eHMe ycKOp5IIOIIJ;eH CMCTeMbI H T.,n.); 

• B03MO)l(Ha rrpocTa5I KOHCTPYKQH5I MarHMTa; 

• pa6oTa Ha QJHKCHpoBaHHOH qacTOTe; 

• M30XpOHHbIH IJ;MKJIOTpOH o6ecrreqHBaeT KBa3HHerrpepbIBHbIH rryqoK, qTo 

rapaHTHpyeT B03MO:>KHOCTb HerrpepbIBHoro KOHTPOJI51 .[(03bI rrpH o6nyqeHMM 

rrau;MeHTOB; 

4. Jongen Y ... Karamysheva G. et al. COMP ACT SUPERCONDUCTING CYCLOTRON 
C400 FOR HADRON THERAPY// Nuclear Instruments and Methods in Physics Research 
Section A, Volume 624, Issue 1, P. 47-53. 
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• B03MO:>KHO yMeHbmemre pa3MepoB U:HKJIO'fPOHa rrpH rrpHMeHeHHH BhICOKHX 

MarHHTHhIX IIOJieH ( CBepxrrpOBO,Z:VIIU:HX MarHHTOB ). 

TaKHM o6pa30M, aKTYaJihHOCTh TeMaTHKH 06ycrroBJ1eHa, rrpe)l()J:e Bcero, 

rrpaKTH~IeCKOH 3Ha"t!HMOCTblO rrpHMeHeHH5I pe3yJioTaTOB .n;mI C03)l;aHH5I HOBhIX 

ycTaHOBOK c Heo6XO.IJ:HMhIMH rrapaMeTpaMH H COBepmeHCTBOBaHH5I y:>Ke 

cyru;ecTBYIOmHx U:HKJIO'fPOHOB. 

II;eJih ,!J;HccepTau;uouuoii pa6oThI - pa3pa6oTKa, co3.n;aHHe H OIITHMH3an:1rn 

U:HKJIOTpOHOB, rrpe,[(Ha3Ha"tleHHhIX ,[(J15I Me,[(HU:HHCKHX rrpHMeHeHHH. ,[(ocTH:>KeHHe 

3TOH n:eJIH CB5I3aHO c pa3pa6oTKOH H rrpHMeHeHHeM MaTeMaTHqecKMX Mo.n;eneli, 

cpe.n;cTB M rrporpaMM )l;JI5I pac"tleTOB CHCTeM IJ;MKJIO'fPOHOB H .IJ:lIHaMMqecKHX 

rrpon:eccoB B ycKopIITeJI5IX, C03)l;aHMeM B03MO:>KHO 6onee IIOJIHOH MMMTaU:MOHHOH 

KOMIIhIOTepHOH MO)l;eJIH Bcero U:MKJIOTpoHa M .IJ:MHaMMKM rryqKa ycKop5IeMbIX 

MOHOB, yqHTbIBaromeM: 3cpcpeKThI rrpOCTPaHCTBeHHOfO 3ap5I.n;a, rrepe3ap5I.IJ:KM rrpH 

B3aMMO)l;eHCTBHH c OCTaToqHhIM fa30M, .IJ:MCCOU:liaU:MM B 3JieKTPOMarHMTHOM none 

ycKopHTemr. KoHe1IHa5I u:errb - Bb16op orrTHMaJihHhIX KOHCTPYKU:HH CHCTeM 

U:HKJIO'fPOHa c HCIIOJ1b30BaHMeM pa3pa6oTaHHbIX KOMIIJieKCOB rrporpaMMHbIX 

cpe)l;CTB. 

HayquaH HOBH3Ha 3aKJII01IaeTC5I B TOM, 1ITO: 

1. B 2002 r. BIIepBbie COCT05IJIC51 rrycK rrpOMhlIIIJieHHoro U:HKJIOTpOHa 

II;HTPEK, pa6oTaro:r.n:ero B cocTaBe HTIK «Arr1<Pa», KOTOpbIH ocyru;ecTBJI5IeT 

cepHHHhIH BhlIIYCK TpeKOBbIX MeM6paH ,[(JI51 Me.IJ:HU:MHCKHX M3)l;eJIMH )l;JI51 

rrrra3Ma<l_}epe3a; 

2. BIIepBbie peaJIM30BaH H ycrreIIIHO 3KCrrrryaTHpyeTC51 rrpH JieqeHMH 

OHKonorMqecKHX rran:HeHTOB pe:>KMM ycKopeHH.SI rrpoTOHOB .n:o 3HeprHM 60.5 M3B 

Ha U:HKJIOTpoHe AHI.:t;-144. ,[(n5I 3TOM u:enH 61rna co3.n;aHa MeTO,[(HKa 

MaTeMaTHtieCKOfO H KOMIIbIOTepHoro MO)l;eJIHpOBaHH51 pe:>KHMOB pa60Thl 
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MHorou;erreBbIX H30XpOHHhIX IJ;HKJIOTpOHOB, Il03BOmIIOIIJ;a5I rrepexo,z:i:HTb Ha pa6ozy 

B HOBbIX pe)l(HMaX 6e3 OCTaHOBKH H pa360pKH ycKOpHTerreii .z:i:mr rrpoBe,IJ;eHH5l 

,z:i:orrorrHHTerrbHhIX MarHHTHbIX H3MepeHHH. Pa3pa6oTaHhI HOBhie MaTeMaTWiecKHe 

Mo,z:i:errH H rrporpaMMHhie arrropHTMhI, Il03BOJI5IIOIIJ;He rrpoBO,Il;HTh pactieT TOKOB BO 

Bcex o6MOTKax B036y)l(,IJ;eHH5l 3JieKTpOMarHHTa MHOrou;erreBoro H30XpOHHOro 

IJ;HKITOrpOHa; 

3. pa3pa6oTaH KoHu;errryarrbHhIH rrpoeKT cBepxrrpoBO.IJ;5Im;ero 

IJ;HKJIOTpoHa C400, ycKop5IIOII(ero HOHbI yrrrepop;a .z:i:o 3HeprHH 400 M3B/HYKJI. 

0pHrHHaJibHa5l BhICOKOtiaCTOTHa5l CHCTeMa CBepxrrpoBO,Il;5Im;ero IJ;HKJIOTpOHa 

o6ecrretIHBaeT Heo6xop;HMhIM ,z:i:Harra30H qacToT H Tpe6yeMoe pacrrpep;erreHHe 

Harrp5I)l(eHH5l OT pa.n:Hyca rrocpe,z:i:cTBOM OilTHMH3aIJ;HH pacrroJIO)l(eHH5l, cpopMbl H 

rrorrepetIHoro pa3Mepa tieThipex orrop pe3oHaTopa; 

4. C03,z:i:aHHhlll AIT5I pacqeTOB HOBhlll KOMITJieKC KOMilhIOTepHbIX 

rrporpaMM H rrpe,IJ;JIO)l(eHHhie aBTOpOM MeTO,Il;hl OilTHMH3aIJ;HH HCilOJih30BaJIHCh ,Il;JI}l 

pactieTOB IJ;HKJiorpoHoB 1(I1TPEK, C400, C235 (IBA, EerrhrH5I), Alfl(-144 H 

MoryT 6oITh rrpHMeHeHbI rrpH pa3pa6oTKe H KOHCTpyHpOBaHHH p;pyrHX 

IJ;HKJIOrpOHOB, JIHHHH rpaHcrropTHpOBKH H HaKOilHTerreii. 

IlpaKTUlJeCKaSI u,eHHOCTb pa60Tbl 

IlpaKTHtieCKH 3HatIHMbIMH pe3yrrhTaTaMH pa6oT, rrpe,z:i:cTaBrreHHhIX B 

AHCCepTaIJ;HH, 5IBJI5IIOTC5l crre,z:i:yIOII(He: 

1. c 2002 rop;a pa6oTaeT rrpOMhIIIIJieHHhlll IJ;HKJIOTpOH l(I1TPEK B COCTaBe 

KOMrrrreKca «Arrocpa», KOTOpbIH ocymecTBJI5IeT cepHHHhIH BhIITYCK TpeKOBhIX 

MeM6paH ,Il;JI}l Me,IJ;HIJ;HHCKHX H3,IJ;eJIHH ,Il;JI51 IlJia3Macpepe3a: 

a) AOCTHrHyThI rrpoeKTHhie rrapaMerpbI IJ;HKJIOTPOHa, TaKHe KaK 3HeprH5l 2.4 

M3B/HyKrroH, BerrHtIHHa K03cpcpm:i;HeHTa Bhrnop;a ~50%; 



6) onTMMM3HposaHo pacnpe.n;enemrn nyq:Ka no o6nycmeMOH nneHKe, 

no,no6paHhI pe)KllMhI o6nyqeHll5I Ha OCHOBaHllll pacqeTHhIX ll 

3KCnepHMeHTaJihHhIX llCCJie,IJ;OBaHMH; 

S4K +II B) pa3pa6oTaHhI npe,nno:>I<:eHM5I no peanM3aD;Mll ycKopeHM5I MOHOB r , 

paccqMTaHbI rrapaMeTpbI Heo6xo,n:H:MhIX pe:>I<:llMOB, qTo Ba:>I<:HO ,IJ;JI5I 

,nanhHe:H:mero ynyqmeHM5I KaqecTBa TpeKOBhIX MeM6paH. 

2. Ctj_)opMHpoBaHo BhICOKorrpe:o:M3MOHHoe MarHHTHoe none D;llKJIOTpoHa AHI(-

144, o6ecrreqMsaro:ru;ee pe:>I<:MM ycKopeHII5I npoTOHOB c Heo6xo,n:MMhIMH ,n:n51 

a,npOHHOH TepanHH MeJiaHOMbI rna3a rrapaMeTpaMM: KllHeTMqecKOH 3HeprHeH 

BhIBO,n:a Eext~ 60 M3B, 3HaqeHMeM II cTa6H:JihHOCThIO TOKa BhIBe,n:eHHoro 

nyq:Ka !ext= 20+40 HA, alexr ~ ±5 % COOTBeTCTBeHHO. Enaro,nap5I BhICOKOH 

CTa6MJihHOCTH ycTaHOBJieHHoro pe:>I<:MMa pa60ThI, I10,D;pa3,n:eneHlle npOTOHHOH 

TeparrMM IUI<l> IIAH BrrepBhie Ha rrpoT5I:>I<:eHMll p5I,na neT rronyqMno 

B03MO:>I<:HOCTh 6ecnepe60HHOH pa60TbI ,n:mr rrpOH3BO,IJ;CTBa pa,n:HOH30TOIIOB ll 

rrpoBe,IJ;eHll5.I: ycrremHOH rrpoTOHHOH TeparrHH MeJiaHOMbI rna3a y nepBOH 

rpyrrrrhI rra:o:MeHTOB B 2011-2012 ro,nax. 

3. Pe3yJihTaThI pacqeToB :o:eHTpanhHOH o6nacTII, rroTepb MOH OB B npo:o:ecce 

nepe3ap5I,D;KH rrpH B3allMO,IJ;eHCTBHll c OCTaT01IHhIM ra30M ll BbICOKoqacTOTHOH 

ycKop5.rro:ru;e:H: cMcTeMhI cBepxrrpoBo,n:5I:ru;ero n;IIKJIOTpoHa C400 ( qrnpMa IBA, 

Eenhrll5.r) BomrrM B TeXHMIIeCKMii npoeKT D;HKJIOTpoHa C400, peanM3aD;M5I 

KOToporo Ha11anach B paMKax rrpoeKTa «Archade» [5] B Me,IJ;M:O:MHCKOM u;eHTPe 

r. KaHH (<l>paHD;H5I). 

4. Co3,naHHhIH ,n:Jrn TpaeKTOpHoro Mo,nerrIIpoBaHM5I ,IJ;MHaMMKM rry11Ka KOMITJieKc 

KOMilhIOTepHbIX nporpaMM ll npe,nrro:>I<:eHHhie aBTOpOM MeTO,IJ;hI aHaJIM3a 

5. Project ARCHADE, http://archade.fr/ 
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pe3ynnTaTOB Mo.n:enttpoBaHH5I HCilOilh30BarIHCh .ll:Il5I pacqeTOB UHKJIOTpOHOB 

L(HTPEK, C400, C235 (IBA, EenhrH5I), AML(-144 :a MoryT 6hITh rrpttMeHeHhI 

rrpH pa3pa6oTKe H KOHCTpy:apoBaHHH .n:pyrHX UHKilOTpOHOB, JIHHHH 

TpaHcrropTHpOBKH H HaKOilHTeneH. 

OcuoBHhie noJio~emu1 u pe3yJihT3ThI, BhIHOCHMhie ua 3arn;ury: 

1. Pe3ynnTaThI nycKa npoMhmmeHHoro UHKJIOTpoHa IJ;HTPEK, pa60Ta10mero 

B COCTaBe KOMIIneKca «Anncpa», KOTOphIH B TeqeHHe 10 nocne.n:HHX neT 

ocymecTBil5IeT cepHHHhIH BhIITYCK rpeKOBhIX MeM6paH .ll:Il5I MeAHUHHCKHX 

H3.n:enHH .n:n5I nna3Macpepe3a. 

2. <l>opMHpOBaHIIe BhICOKOrrpeUH3HOHHoro MarHHTHOro IIOil5I Ha UHKJIOTPOHe 

AHIJ;-144, o6ecneqHBmomero pe:JimM ycKopeHH5I rrpoToHoB .n:o 3Heprtt:a 

60.5 MsB, qTo c.n:enano B03MO)l(HhIM rrpott3B0,1J;CTBO H30TOIIOB .n:n5I 

Me,l:J;HUHHCKHX H npHKila,l:J;HbIX rrpHMeHeHHH, a TaK)l(e neqeHHe MenaHOM:OI 

rna3a y nepBoH rpyrrnhI rrautteHTOB Ha AML(-144 B 2011-2012 ro.n:ax. 

3. HoBa5I MeTOJJ:HKa KOMIT:OIOTepHoro Mo.n:enttpoBaHH5I pe)l(HMOB pa60T:o1 

MHoroueneBoro H3oxpoHHoro UHKnoTpoHa AHIJ;-144, no3BOJI5IIOJUa5I 

rrepeXOAHTb Ha pa6oTy B Mo.i:i;en:apyeM:OIX pe)l(HMax 6e3 OCTaHOBKH H 

pa360pKH ycKopHTen5I ,l:J;Il5I rrpoBe.i:i;eHH5I .n:ononHHTen:oH:OIX MarHHTH:OIX 

H3MepeHHH. 

4. KoMrrneKc ar1ropHTMOB .n;n5I TpaeKTopHoro Mo.i:i;enttpoBaHH5I .n;ttHaMHKH 

nyqKa B UHKJIOrpOHax c yqeTOM .n:eHCTBH5I CHil npocTpaHCTBeHHoro 3ap5I.n;a, 

rrepe3ap5IAKH HOHOB np:a B3aHMO,ll;eHCTBHH c OCTaToqH:OIM fa30M, 

.n:ttccouttaUHH B sneKTpoMarHHTHOM none H rroTep:o Ha CTPYKTYPHhIX 

sneMeHTax ycKop:aTen5I. 

5. KoHuerITyan:oHDIH npoeKT cBepxnpoBOA5IIUero UHKJioTpoHa C400, 

npe.n:Ha3HaqeHHoro .ll:Il5I a.n:poHHOH TepaIIHH OHKOJior:aqecKHX 3a6oneBaHHH 
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ycKopeHHbIMlI JJerKIIMlI lIOHaMII, pea.TIII3au;m1 KOTOporo HalJaJiaCb B paMKax 

rrpoeKTa «Archade» B Me,z:i:IID;IIHCKOM u;eHTpe r. KaHH (<l>paHI(II51). 

a) Tpe6yeMbIH ypoBeHb BaKyyMa B KaMepe D;IIKJJOTpoHa C400 II JJHHMM 

lIHJKeKI(lllI Ha OCHOBaHIIlI pac11eTOB IIOTepb lIOHOB B rrpol(ecce 

B3a:fIMO,z:i:eifcTBM51 c OCTaTOlJHbIM fa30M. 

6) 0pMrMHaJibHa51 KOHcpIIrypal(H51 ll KOMilOHOBKa ::meMeHTOB 

l(eHTpaJJbHOH o6rracTM cBepxnpoBO,ll;51Il(ero D;MKJIOTpoHa C400. 

B) PeJKIIM MOAYJI511(IIM IIHTeHCIIBHOCTM BhIBe,z:i:eHHoro rrylIKa MOHOB 

yrJJepo,z:i:a c tJaCTOTOH 1 Krl( rrpM yrrpaBJJeHIIlI Harrp5IJKeHMeM Ha 

3J1eKTpo,z:i:ax MH~J1eKTopa, lJTO aKTYaJibHO ,ll;JI51 peaJJII3al(Mll TepaIIMM c 

aKTlIBHbIM CKaHIIpOBaHIIeM. 

r) 0pIIrMHaJibHa51 KOHCTPYKI(M51 BbICOKOlJaCTOTHoro pe3oHaTopa 

l(HKJJOTPOHa C400, 06ecne11IIBa10ru;a51 Heo6xo,z:i:HMbIH ,z:i:Marra30H tJacToT, 

pacrrpe,z:i:eneHMe Harrp5IJKeHII51 BAOJih pa,z:i:Myca, rrepecTpo:HKy 11acTOTbI rrpM 

CMeHe ycKOp5IeMoro MOHa. 

Anpo6au;usi pa6oThI 

OcHOBHbie pe3yJJoTaTbI ,z:i:MccepTal(IIII ,z:i:oJJO)l(eHhI Ha: 

• International Conferences on Cyclotrons and their Applications: 

1 ih, CYCLOTRONS'04, 2004 (Tokyo, Japan), 

18th, CYCLOTRONS'07, 2007 (Giardini Naxos, Italy), 

19th, CYCLOTRONS'lO, 2010 (Lanzhou, China); 

• European Particle Accelerator Conferences: EPAC- 2000 (Vienna, Austria), 

EPAC-2006 (Edinburgh, Great Britain), EPAC-2008 (Genoa, Italy); 

• Particle Accelerator Conference PAC-2011 (New Jork, USA); 

• 11th International Conference on Heavy Ion Accelerator Technology HIAT-

2009 (Venice, Italy); 
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• International Particle Accelerator Conferences: IPAC-2010 (Kyoto, Japan), 

IP AC-2011 (San Sebastian, Spain); 

• European cyclotron progress meetings: ECPM-2008 (Berlin, Germany), 

ECPM-2009 (Groningen, Holland); 

• Russian particle accelerator conferences: XVII RuP AC-2000 (Protvino ), 

XVIII RuPAC-2002 (Obninsk), XIX RuPAC-2004 (Dubna), XX RuPAC-

2006 (Novosibirsk), XXI RuPAC-2008 (Zvenigorod), XXII RuPAC-2010 

(Protvino ), XXIII RuPAC-2012 (Saint-Petersburg); 

• 5-M, 6-M, 7-M HayqHoM ceMHHape rraMHTH B.II. Capam.I;eBa, ,ll;y6Ha; 

• B 2007-M H 2009-M ro,n:y - ,n;oKJia,IJJ>I Ha rrepBo:ii M BTopo:ii 3KcrrepTHOH 

KOMMCCMM B r.JhoBeH-na-HeB (EenhfHH) no pa3pa60TKe CBepxrrpoB0,[(5III(ero 

I.I;MKITOTPOHa C400, rrpe,[(Ha3HaqeHHoro ,n:nH a,i::i:poHHOH TeparrMM; 

• Pe3ynhTaThI ,n:MccepTaI.I;HM Heo,n;HoKpaTHO 06cy:>K,n;anMCh Ha ceMHHapax JUil1 

OIUIH. 

JlnqHoe yqacTue asTopa 

Bee rrpe,i::i:cTaBneHHhie B ,[(MccepTaI.I;MM pe3yJJhTaThI rronyqeHhI aBTopoM nMqHo 

nM6o rro,n: ero Herrocpe,n:cTBeHHhIM pyKoBO.IJ:CTBOM. Co,i::i:ep:>KaHMe ,n;HccepTaI.I;MH H 

OCHOBHhie rrono:>KeHH5I, BhIHOCHMhie Ha 3aII(HTy, orpa:>KaIOT rrepcOHaIThHhIH BKJia,n: 

aBTOpa B orry6nHKOBaHHbie pa60ThI. 

Ily6.11uKau;uu 

Bcero aBTopoM no TeMe ,n;MccepTaI.I;mf orry6nHKOBaHo 6onee 60 pa6oT, H3 HHX 

23 - B pe¢epHpyeMbIX :>KJpHanax ( 3apy6e)KHbIX M pOCCHHCKHX, peKOMeH,IJ;OBaHHbIX 

BAK). 

,ll;HccepTaI.I;MH BhIITOITHeHa B COOTBeTCTBMH c rrpo6neMHO-TeMaTHqecKHM 

rrnaHOM HayqHO-HCCJJe,n:oBaTenhCKMX pa6oT If Me:>K.n:yHapo,i::i:Horo corpy,i::i:HHqecTBa 

06oe,[(HHeHHOf0 HHCTHzyTa H,n;epHbIX HCCITe,[(OBaHHH B paMKax TeMhI 
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«COBeprneHCTBOBaHife <l>a3oTpOHa JUill (OM5IM) H pa3pa60TKa D;HI<JIOTpOHOB L(JUI 

<i_JH3HtiecKHX H npHKJia,n:HbIX HCcJie,n:oBaHHH». Pa6oTa no n;HKJIOTpoey AHII;-144 

BbIIIOJIHeHa npH <i_JirnaHCOBOH no,n:,n:ep)l(Ke noJIHOMOtIHOro npe,n:cTamnem1 

IlpaBHTeJibCTBa Pecrry6JIHKH IloJibIIIH H P<I><I>H, rpaHT M! 10-0l-00467a. 

B 2004 ro,n:y 3a pa6oTy "06Jiyl!aTeJibHbIH KOMnJieKc «AJib<i_la» L(JI51 

rrpOH3BOL(CTBa TpeKOBblX MeM6paH" aBTopy B COCTaBe KOJIJieKTHBa 6bIJia 

rrpHcy)K,n:eHa rrpeMH5I OH5.IH B o6JiaCTH HaytIHO-TeXHHtieCKHX npHKJiaL(HbIX pa6oT. 

B 2010 ro,n:y 3a D;HKJI rry6JIHKan;H:H: no pa3pa6oTKe Me,n:Hn;HHCKHX 

D;HKJIOTpOHOB, rrpe,[(Ha3HatieHHbIX L(llil a,n:pOHHOH TeparrHH, B COCTaBe KOJIJieKTHBa 

aBTop 6bIJI y,n:ocToeH rrpeMHH JUII1 OI1JII1. 

CTpyKrypa u o6beM )J;HccepTau;uu 

,[(HccepTan;:EUI COCTOHT H3 BBe,[(eHH51, tieTbipex rJiaB H 3aKJIIOtieHmI. B 

rrpHJIO)KeHHH K ,[(HCCepTaU:HH HaX0,[(51TC51 6rraro,n:apCTBeHHbie nHCbMa OT ,n:HpeKU:HH 

HJI<I> IIAH, r. KpaKoB (IloJibIIIa) B ,n:HpeKU:HIO OHJIH (,[(y6Ha). 

IloJIHhIH o6oeM L(HCcepTaD;HH COCTaBJI5IeT 246 CTpaHHD; TeKCTa, BKJIIO"llruI 18 

Ta6JIHD;, 120 pHCYHKOB H cnHCKa JIHTepaTypbI H3 70 HaHMeHOBaHHH. 

Co)J;ep~auue pa6oThI 

Bo BBep;euuH 06ocHOBhrnaeTC5I aKryarroHOCTh TeMhI ,n:HccepTan;HH, 

<i_JopMyJIHpyeTc51 n;eJih pa6oTbI, YKa3blBaIOTC51 ee rrpaKTHtiecKa51 n;eHHOCTh, HaytIHa51 

HOBH3Ha pa60Thl, rrepel!HCJI51IOTC51 BblHOCHMbie Ha 3ain;HTY IIOJIO)KeHH51, 

rrpHBOL(51TC51 o6in;mI xapaKTepHCTHKa H KpaTKOe co,n:ep)KaHHe L(HCCepTaU:HOHHOH 

pa60Tbl. 

B ,n:HccepTau;1rn MeTOL(hI pactieTa rrpo,n:eMoHcrpHpoBaHhI Ha rrpHMepe 

pa3JIHtIHhIX D;HKJIOTpOHOB, pa3pa6aTbIBaeMbIX B OTL(eJie HOBhIX YCKOpHTeJieH 

Jia6opaTopHH 51,n:epHhIX rrpo6JieM. IIpoeKThI U:HKJIOTpOHOB L(JI51 Me.D:HU:HHCKHX 

rrpHMeHeHHH, B KOTOpbIX pOJib aBTOpa 6bIJia HaH6oJiee 3HatIHMOH, rrpe,n:cTaBJieHbl B 
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OT,n:eJibHbIX rnaBax, B qaCTHOCTH, BO BTOpoii rnaBe rro,n:po6Ho om1caH 

pa3pa6oTaHHbIH 11 co3,n:aHHbIH B JUIII OIUIH u::mmoTpoH IU1TPEK, 

rrpe,n:Ha3Ha1IeHHbIH ,IJ;JI5I Hapa60TKH TpeKOBbIX MeM6paH, rpeTb5I rnaBa IIOCB5UIJ;eHa 

cBepxrrpoBo,n:5III(eMy U:MKJIOTpoHy C400 qmpMbI IBA, 1IeTBepTa5I rnaBa orrnchrnaeT 

pe3yJibTaTbI cpopMMpoBaHM5I MarHHTHOro IIOJI5I MHorou:eneBoro H30XpOHHOro 

U:MKnorpoHa AI1IJ;-144 c rrpnMeHeHMeM HOBOH MeTo,n:MKH MaTeMaTwrncKoro 

MO,n:ennpoBaHH5I pe)J<HMOB pa60TbI ycKopMTemI. 

B nepBOU rJiaBe rro,n:po6Ho OIIMCaHbI MeTO.D:HKH KOMIIbIOTepHoro 

MO,n:eJIMpOBaHH5I CllCTeM U:HKJIOTPOHa H perneHH5I OCHOBHbIX 3a,n:aq .D:MHaMHKH 

rry-qKa. 

Ilpon;ecc C03,n:aHH5I U:HKJIOTpOHa, KaK rrpaBHJIO, Ha1IMHaeTC5I c rrpoBe,n:eHH5I 

aHaJIHTH1IeCK11X ou:eHOK OCHOBHbIX rrapaMeTpOB ycKOpHTeJI5I. IlpoBe,n:eHMe 

rrpe,n:BapnTeJihHbIX pacqeTOB II03BOJI5IeT BbI6paTb CTPYKTYPY U:MKJIOTpoHa, ncxo,n:5I 

M3 3a,n:aq, orrpe,n:eneHHbIX ,n:JI5I ycKopMTeJI.sI. Bo16op ocHOBHbIX rrapaMerpoB 

U:MKJIOTPOHa CB5I3aH c THIIOM ycKOp5IeMOH qacTMU:bI, KOHe1IHOH 3HeprMeii, 

rpe6yeMOH HHTeHCHBHOCTbIO rryqKa 11 p5I,n:OM ,n:pyrMX xapaKTepHCTHK. 

ITocne,n:oBaTeJibHOCTb pacqeTOB MH.IJ;HBMAYaJibHa ,n:n5I Ka)l(,n:oro ycKopMTeJI.sI. 

0,n:HH H3 rrepBbIX BbI6MpaeMbIX rrapaMeTpOB - ypoBeHb H qmarrep MarHHTHOrO 

IIOJI5I B ycKOpHTeJie - orrpe,n:emIIOTC5I KOHe1IHOH 3Heprneii ycKOp5IeMbIX qacTMU:, 

u:enecoo6pa3HOCThEO HCIIOJib30BaHH5I CBepxrrpoBO.D:HMOCTH H p5I,Il;OM .n;pyrnx 

rrapaMerpoB, HarrpMMep, rrpn ycKopeHMH H- - MOHOB ypoBeHb H qmarrep 

MarHHTHOro IIOJI5I BbI6HpaIOTC5I Ha OCHOBe ou:eHKH IIOTepb Ha AMCCOU:MaU:MIO 

HOHOB B 3JieKTpOMarHHTHOM IIOJie. 

Ilocne BbI6opa OCHOBHbIX rrapaMeTpOB U:HKJIOTpOHa H ero CHCTeM 

Heo6xo,n:MMO rrpoBe,n;eHMe Mo,n:ennpoBaHH5I KaK OT,IJ;eJibHbIX CHCTeM U:HKJIOTPOHa, 

TaK H .D:MHaMHKH nyqKa B pa3JIH"tJHbIX 30Hax ycKOpMTeJI5I. Ilo aHaJIHTH1IeCKHM 
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<PopMyJiaM onpe.n:eIDIIOT TOJibKO OCHOBHbie napaMe'TpbI IJJIKJIOTpOHa. 3Toro 

COBepmeHHO He,D;OCTaToqHo .n:mr npoeKTHpOBaHlUI :U:HKJIOTpOHa c BbICOKOM 

3<P<PeKTHBHOCTbIO ycKopeHH51 H BbIBO.[(a, oco6eHHO eCJIH npH 3TOM Heo6xo,n:HMO 

o6ecneqHTb BbICOKyIO 3HeprHIO HJIM MHTeHCMBHOCTb nyqKa. Heo6xo.n:HMO 

npoBO,D;MTb orpoMHOe KOJIMqecTBO qHcJieHHbIX pacqeTOB ,D;JI51 npoeKTMpOBaHM51 M 

OITTMMH3a:U:HM npaKTMqecKM Bcex CHCTeM :U:HKJIOTpOHa. B rJiaBe 1 IlOKa3aHo, KaKMe 

npM6JIH)KeHH51 ,nocTaToqHbI .[(JI51 pacqeToB TOH MJIM HHOM CMCTeMbI :U:MKJIOTpoHa, 

Kor,na Heo6xo,n:HMO npoBe,neHHe 6onee ToqHoro KOMITbIOTepHoro Mo.n:enMpoBaHM51. 

,[(aHo no,npo6Hoe onMcaHHe KOMnneKca nporpaMM, pa3pa6oTaHHoro ,D;JI51 

TPaeKTOpHbIX pacqeToB .D:HHaMHKH nyqKa c yqeToM 3<P<PeKTOB npocTpaHCTBeHHoro 

3ap51,na, IlOTepb Ha .[(HCCO:U:Ma:U:MIO Ir - MOHOB B 3JieKTpOMarHMTHOM none M IlOTepb 

B npo:u:ecce nepe3ap51,D;KH nerKMX M T51)KeJibIX MOHOB rrpM B3aHMO.[(eMCTBMM c 

OCTaToqHbIM fa30M ,D;JI51 urnpoKoro ,D;HaITa30Ha :meprHM, HOHOB H KOMilOHeHTOB 

ocTaToqHoro ra3a. 

B OCHOBe KOMnrreKca Jie)KaT nporpaMMbI, HHTerpMpyIOi:u;He 

.D:H<P<PepeH:U:MaJibHbie ypaBHeHH51 ,D;BH)KeHM51 Tpex BH.[(OB, npe.[(Ha3HaqeHHbie .[(JI51 

pacqeToB pa3rrMqHbIX o6rracTeH: ycKopMTeJI51. CMcTeMa ypaBHeHMM B ,neKapTOBOM 

CHCTeMe KOOp,D;HHaT npHMeH51eTC51 ,D;JI51 pacqeTOB JIHHHM TpaHcnopTMpOBKM H 

:o:eHTparrbHOM o6rracTM :U:MKJIO'fPOHa. CncTeMa ypaBHeHHM B :U:HJIMH,npM"l!ecKoH: 

CHCTeMe KOOp,D;HHaT c nepeMeHHOH MHTerpnpoBaHH51 cp (a3MMYTaJibHbIH yron) 

npHMeH51eTC51 npH aHaJIM3e npoXO)K,JJ:eHH51 nyqKOM pe30HaHCOB B npo:u:ecce 

ycKopeHM51. CMCTeMa ypaBHeHHM B :U:HJIMH.[(pM"l!eCKOM CMCTeMe KOOp.[(MHaT c 

nepeMeHHOM MHTerpMpOBaHH51 t (BpeM51) - npM MCCJie,noBaHHM LJ:MHaMMKM nyqKa B 

npo:u:ecce ycKopemrn c yqeToM 3cpcpeKTOB npoc'TpaHCTBeHHoro 3ap51,na. B 

KOMITJieKC nporpaMM BXO,D;5IT nporpaMMbI IlOCT-o6pa6oTKM pe3yJihTaTOB 

TpaeKTOpHbIX pac"lleTOB (pac"l!eTbl norrepe"l!HbIX 3MHTTaHCOB, orM6aIOi:u;HX, 

14 



aMTIJIHTY.l( pa.l(HaJihHhIX KOJie6aHHH, 1:IaCTOT 6eTaTpOHHhIX KOJie6aHHH, cpa30BOro 

nopTpeTa, Ko3cpqrnu;neHTa npoxo)l(,n:eHH5I nyqKa n T . .n;.), pacqeTa 

BhICOKoqacTOTHhIX pe30HaTopoB (ycKOp5IIOII(ero Hanp5I)l(eHH5I, CHCTeMhI 

OXJia)l(.l(eHH5I pe30HaTopa), o6pa6oTKH 3KcnepnMeHTaJihHhIX ,n:aHHhIX, nonyqeHHhIX 

c BH3YaJihHOro npo6HHKa H T • .l(. 

B rJiaBe no.n:po6Ho OTIHCaHhI HOBbie MaTeMaTnqecKne MO.l(em:r, HCTIOJih3yeMhie 

.l(JI5.I pacqeTa TOKOB B rJiaBHOH o6MOTKe, B .l(Ba.n;u;aTH KOHD;eHTpnqecKHX KaTyIIIKaX 

H B .l(Byx napax rapMOHHqecKHX KazymeK ll;HKJIOTPOHa AHIJ:-144. fJiaBHa5I 

o6MOTKa npe,n:Ha3HaqeHa .IJ:JI5.I qmpMnpoBaHH5.I OCHOBHOro MarHHTHOro TIOJI5.I, 

KOHD;eHTpnqecKHe KaTyIIIKH - .l(JI5I KoppeKD;HH OCHOBHoro MarHHTHOrO TIOJI5.I H 

CBe.l(eHH5.I ero K pe3yJihTHPYIOII(eAfY, ,n:Be napbl rapMOHnqecKHX KazymeK - .IJ:JI5.I 

KOppeKD;HH nepBOH rapMOHHKH pe3yJihTHpyIOII(ero MarHHTHOro TIOJI5.I Ha pa.n:nyce 

3a6poca nyqKa ycKopeHHhIX HOHOB B 3JieKTPOCTaTnqecKHH .n:ecpneKTOp. 

,l(nccepTaD;H5I TIOCB5.IllleHa pa3pa6oTKe, npoeKTHpoBaHHIO II OTITHMH3all;HH 

UHKJIOTPOHOB. ,l(mI 3TOH u;enn 6hIJI C03,[(aH KOMTIJieKC nporpaMM, O.l(HaKO, 

pa3pa6oTaHHhie nporpaMMhI nmpoKo npnMeH5.IJIHCh TaK)Ke n .l(JI5.I .n:pyrnx THTIOB 

ycKOpHTeJieH, B 1:IaCTHOCTH .l(JI5.I npoeKTHpOBaHH5.I CHCTeMhI OKTYTIOJibHOH 

KoppeKu;nn nepBo:H cTyneHH CHHXPOTPOHa YHK [K30], ycKopnTeJieii Tnna 

TpHTPOH [K31,K32], cncTeMbI BbIBo,n:a M3 3JieKTpocTaTwqecKoro KOJII>u;a USR 

[K33+K35] (npoeKT FLAIR, GSI), cncTeMbI HH)l(eKu;nn B KOJII>UO AD-REC [K36 

+K39]. OnncaHne 3THX npoeKTOB BhIXO.l(HT 3a paMKH .n:nccepTau;woHHOH pa6oTbI, 

o,n:HaKO, npMMeHeHiie pa3pa6oTaHHbIX MeTO,[(HK .l(JI.5! cyrn:ecTBeHHO 6onee 

IIIMpOKOro Kpyra 3a,n:aq, qeM pa3pa60TKa ll;HKJIOTPOHOB, no.z:i;qepKHBaeT 

ymrnepCaJihHOCTb HCTIOJih30BaHHbIX MeTO.l(HK H nporpaMM. 
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Bo BTopou rJiase npe,n;cTaBJieHo ornrcamrn l(HKJioTpoHa IJJ1TPEK, 6a3oBoli 

ycTaHOBKH o6rryrrnTeJihHOro KOMIIJieKca «AJihQ:>a». 

B 06oe,[(HHeHHOM HHCTl:ITYTe 51,[(epHhIX HCCJie,[(OBaHHll ,[(JI5I XOJI,[(HHfOBOll 

KOMIIaHHH «TpeKrrop TeXHOJIO,[()Kl:I» pa3pa6oTaH H H3I'OTOBJieH o6Jiyt:IaTeJihHhlll 

KOMIIJieKC «Arrocpa» [ 6], rrpe,[(Ha3Ha"£IeHHhlll ,[(JI.H rrpOMhIIIIJieHHOro rrpOH3BO,[(CTBa 

TpeKOBhIX MeM6paH, HCIIOJI:03yeMhIX B ,[(aJihHelirneM ,[(JI5I BhIIIYCKa pa3,[(eJI5IIOil(HX H 

cpHJihTPYIOil(HX 3JieMeHTOB Me,[(Hl(HHCKoro, rrpOMhIIIIJieHHOro H 6oITOBOro 

Ha3Ha"CieHH5I. <l>HpMOll «TpeKIIOp TeXHOJIO,[()J(H» rrpOH3B0,[(5ITC5l ycTaHOBKH ,[(JI5I 

MeM6paHHOro IIJia3Macpepe3a, o6ecrre"CIHBaIOil(He BhICOK03cpcpeKTHBHOe JietieHHe 

pa3Jil:l"CIHhIX 3a6orreBaHHll H rronytieHHe ,[(OHOpCKOll IIJia3MhI. 

KoMIIJieKC COCTOHT H3 H30XpOHHOro l(HKJIOTPOHa c BHeIIIHeli HH)J(eKl(Heli 

HOHOB, CHCTeMhI BhIBO,n:a 1:1 TPaHCIIOpTHpOBKl:I ycKopeHHhIX HOHOB H 

o6rry"£IaTeJihHOH ycTaHOBKH HCXO,[(HOro MaTepHarra - IIOJIHMepHOH IIJieHKH. Ha 

o6ny"£IaTeJioHOM KOMIIJieKce «Anocpa» B03MO)J(HO H3rOTOBJieHHe TPeKoBoli 

MeM6paHhI H3 IIOJIH3THJieHTepecpTaJiaTa (naBCaHa) TOJIII(HHOH ,[(0 25 MKM H 

IIIHpHHOll 32 CM. 

B rrraBe 2 ,ri:aHo onHcaHHe rrpe,ri:IIIeCTBYIOil(HX rrycKy pac"CieToB ,[(HHaMHKH 

rry"£IKa HOHOB aproHa B l(HKJIOTpoHe c ytieToM 3cpcpeKTOB rrepe3ap.H,ri:KH rrpH 

B3aHMO,ri:eikTBHH c OCTaTOtIHhIM f'a30M. bhIJIH rrpoBe,ri:eH:OI qHcJieHHhie pacqeThI 

HH)J(eKI(l:ll:I, ycKopeHH.H H BhIBO,[(a HOHOB B l(HKJIOTpOHe IJ;I-ITPEK no aBTOpCKHM 

rrporpaMMaM, orrncaHHhIM B rrepBoli rnaBe. Ha PHc. 1 IIOKa3aH o6Il(HH BH,[( 

ycKOpHTeJI.H. 

6. IO.f.AneHHQKHH ... r.A.KapaMbIIIIeBa H ,[1,p. Pa3pa60TKa H C03,ZJ;aHHe o6nyqaTeJihHOro KOMilJieKca 
«Amcpa» ,[l,Jljj npoH3BO,[l,CTBa TpeKOBb!X MeM6patt// ATOMHajj :mepflijj. T.97, Bh!I1. l. c. 34-40. 

16 



Pnc. 1. 06m:nii BM,n; ycKopnTem1 

Pnc. 2. <l>a3oBoe ,IJ;BFDKeHMe rrytIKa 

PactieTbI rrpo,n;eMoHcTpHpomurn B03MO)KHOCTb ycKopemrn: M Bbrno.n:a MOHOB 

aproHa c :meprHeii 2.4 M3B/HyKJI. B ccpopMHpoBaHHOM MarHHTHOM rroJie 

l(HKJIOTpoHa I(HTPEK (CM. PHc. 2), rrpe,n:ocTaBHJIH HHcpopMan;mo 06 
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OITTHMaITbHbIX rrapaMeTpax ycTaHOBKH, Heo6xo,r:t;HMbIX .n:mr 3cpcpeKTHBHOro 

ycKopeHH.a rry-crKa. B 2002 r. cocTo.anc.a rrycK IJHKITOTpoHa ll;IITPEK. IlpH 

BbICOKOtJaCTOTHOM Harrp.a)Kemnr 40 KB 6hm ycKopeH H BbIBe,r:t;eH rry-croK HOHOB 

4oA s+ ~ r c 3HeprHeH 2.4 M3B/HyKJI. H HHTeHCHBHOCTbIO BhIBe,r:t;eHHoro rry-q:Ka 200 

HA, IlpH 3TOM 3cpcpeKTHBHOCTb BbIBO,r:t;a COCTaBHna OKOJIO 50%. Bee 

KOHTponHpyeMbie rrapaMeTpbI TeXHOITOrH-creCKHX CHCTeM o6ny-craTeJibHoro 

KOMIIJieKCa «AJiocpa» BbIBO,r:t;51TC51 Ha 3KpaHbl ,r:t;Byx MOHHTOpOB co CMeHHhIMH 

«rraHenHMH». Ha PHc. 3 rroKa3aH o,n:HH H3 BapHaHTOB BhI6HpaeMhIX «rraHeneii» B 

rrpou:ecce Hana,n:KH IJHKJIOTpoHa. 
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PHc. 3. Ilpoc]?Hnh rry-crKa Ha rrpoc]?HnoMeTpe B JIHHHH HH)J(eKIJHH (paccT05IHHe 

Ha PHc. 4 rrpe,n:cTaBJieHa 3aBHCHMOCTh HHTeHCHBHOCTH rry-q:Ka OT pa,n:Hyca, 

rrony"lleHHa.a rrpH rroMom;H pa,r:i;HanhHoro rrpo6HHKa, pacrrono)KeHHoro B cepe,n:HHe 

xonMa MarHHTa. BH,n:Ho, tJTO B u:eHTpe IJHKnoTpoHa Ha6mo,n:a10Tc.a cymecTBeHHhie 
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IlOTepH rryqKa, CB5I3aHHbie c OT6opoM qacTHU ITO cpa3aM (qacTHU:bI c cpa30BbIM 

pa36pocoM 3a rrpe,n:enaMH ±30° Tep5IIOTC51 Ha KpOMKax ,nyaHTOB ), a ,n:anee 

3KCrrepHMeHTaJibHaH KpHBa51 (IIITpHXOBaH JIHHH51) xopOIIIO COOTBeTCTByeT 

pacqeTHOH 3aBHCHMOCTH HHTeHCHBHOCTH OT pa,n:Hyca ( CIIJIOIIIHaH JIHHH51) rrpH 

BeJIHqHHe cpe.ri:Hero ,n:aBJieHH51 B KaMepe UHKJIOTpOHa 10"6 Topp. 
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Pnc. 4. 3KcrrepHMeHTaJibHM 3aBHCHMOCTb HHTeHCHBHOCTH rryqKa 40 Ar8+ OT 

pa,n:Hyca, rrorryqeHHaH rrpH IlOMOIUH pa,n:HaJibHOro rrpo6HHKa (IIITpHXOBa51 JIHHH5I); 

CilJIOIJlHaH JIHHH51 - pacqeTHbie ,n:aHHbie 

B ,n:aJII>HeH:IlleM Ha ocHoBe pacqeTOB 6bIJIH rro.ri:o6paHbI pe)l(HMbI o6rryqeHH51 

rrJieHOK c Heo6xo,n:HMbIMH ,n:mI rrpOH3BO.lJ:CTBa cpHJibTpOB rrapaMeTpaMH. 

PaBHOMepHOCTb o6rryqeHH51 B rrorrepeqHoM HarrpaBrreHHH o6ecrreqHBanacb 

cKaHHpoBaHHeM rryqKa c HarrpH)l(emreM Ha cKaHHpy10rueM MarHHTe 73 B, 

paBHOMepHOCTb B rrpO.IJ:OJibHOM HarrpaBJieHHH - IIOCT05IHCTBOM CKOpOCTH 

rrpOTH)l(KH rrrreHKH H CTa6HJibHOCTbIO TOKa rryqKa HOHOB Ha rrpOT5I)l(eHHH Bcero 

UHKJia o6rryqeHH51. 

B HacToHruee BpeM51 n3yqaJOTC5I crroco6br pacIIIHpeHHH B03MO)l(HOCTeH: 

ycKopHTemI, B qacTHOCTH, 110 pe3yJibTaTaM aHaJIH3a .D:HHaMHKH HOHOB KpHIITOHa B 
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s4K +u 
:U:llKJIOTpOHe l(HTPEK peKOMeH,ZJ;OBaHO ycKopemrn llOHOB r ' TaK KaK ,n:mI 

3Toro IlOTpe6yeTC.H MllHllMaJibHOe H3MeHeHHe ypoBH5I MarHHTHOro IlOJI5I -

yBeJiwieHHe Ha 1.6%. y CKopeHHe 6orree T.H:>KeJIDIX llOHOB Il03BOJIHT yrrycmmTb 

Kal:JeCTBO npOH3BO,ll;HMbIX TpeKOBbIX MeM6paH. 

TpeThH rJiaBa ,n:nccepTa:o;HH nocB.ameHa npoeKzy :U:HKJIOTpoHa C400. B 

nocrre,n:Hne IT5!Tb neT B paMKax coTpy,n:HH"l!eCTBa IBA-OIUIM rpynno:M 

cne:u;narrncToB OHJilI 6nrn pa3pa6oTaH KoH:o;enTyarrnHbIH npoeKT KOMnaKTHoro 

cBepxnpoBo,n:51mero H3oxpoHHoro U:HKJIOTpoHa C400 ,I(JI5I a,n:poHHOH Tepannn. C 

noMomnIO 3Toro ycKopnTeJI5I npe,n:norraraeTc.a noJiy-qaTb ny11KH 12C6+ H 4He2+ c 

3Heprne:M 400 M3B/HyKJIOH, a TaK:>Ke npoTOHbI c 3Heprne:M 260 M3B. 

OnncaHDI rrapaMeTpbI MarHHTHOH H ycKop.aIOme:M cHcTeM, JIHHHH HH:>KeK:U:HH 

ll BbIBO,I(a, :u;eHTpaJibHOH o6JiaCTll I.l;llI<JIOTpOHa. I10Ka3aHO, 1ITO BbICOKa.a T01IHOCTb 

npoeKTHpoBaHH.H ::meMeHTOB u;eHTpa I.J;llKJIOTpOHa onpe,n:eJI.aeT Kat:IeCTBO 

ycKop.aeMoro ny-qKa, cnoco6cTBYeT yMeHbllleHHIO IIOTepb He TOJibKO B caMOM 

:u;eHTpe, Ho n B rrpo:u;ecce ycKopemrn H Bhrno,n:a. Ilpe,n:cTaBJieHbI pe3yJinTaThI 

Mo,n:errHpoBaHn.a u;eHTparrbHOH o6Jiacnf I.J;HKJIOTpoHa. Bb16paHbI napaMeTphI 

HHcprreKTOpa, IIOJIO:>KeHHe ll reoMeTpmI 3JieKTp0,I(OB, ,I(HacpparM, paCC1IHTaHa 

,ll;HHaMHKa ny-qKa llOHOB c y-qeTOM IIOTepb Ha 3JieMeHTax CTpYKTYPbI U:HKJIOTpOHa 

(CM. PHC. 5). 

Pac11eTHa.a 3cpcpeKTHBHOCTb 3axBaTa B ycKopeHne He6aH11npoBaHHoro ny-qKa 

llOHOB COCTaBima 12 % npn orpaHH1IeHHH Ha aMIIJIHTY.IJ:Y pa,n:HaJibHbIX KOJie6aHHH 

4 MM, 1ITO rrpeBOCXO.IJ:llT cymecTBYIOmnM: IlOKa3aTeJib 3cpcpeKTllBHOCTll 

pa6oTaIOmnx CBepxnpoBO,ll;5III.J;llX U:HKJIO'fPOHOB. 
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PMc. 5. YcKopeHMe nyqKa B u;eHTpe I(H:KJIOTpoHa (BH,n;Ho, qTo qacTb MOHOB 

Tep5IeTC51 Ha BTOpOM no xo,n;y rryqKa «HOCMKe» ,n;yaHTa) 

B ,n;MccepTal(MM c,n;enaH aKu;eHT Ha pacqeTbI ,n;MHaMH:KH: nyqKa B ycKopH:Tene c 

yqeTOM 3cpcpeKTOB rrepe3ap51,Zl;KM MOHOB rrpH: B3aHMo,n;e:H:CTBMM c OCTaToqHbIM 

fa30M. Ha OCHOBaHHH: pacqeTOB ITOTepb MOHOB npH: B3aHMO,n;e:H:cTBHH c 

OCTaToqHbIM fa30M cc)?opMyJIHpOBaHbI Tpe6osaHH51 K ypoBHIO BaKyyMa B JIMHHM 

HH)KeKI(MH H: B KaMepe I(MKJIOTpoHa C400. PacqeTbI rroKa3aJIM, qTo ypoBeHb 

12c6+ BaKyyMa onpe,n;emieTC51 ITOTep5IMM HOHOB B JIHHMH H:H)KeKI(HH H IIOTep5IMM 

HOHOB MOJieKyJI5IpHoro Bo,n;opo,n;a H2 + B KaMepe I(HKJIOTpOHa. ,[(JI5I ,n;aBJieHH51 

2·10-7 Topp pacqeTHbie ITOTepH H:HTeHCMBHOCTM nyqKa 12C6+ MOHOB B JIMHHM 

HH)KeKI(MH COCTaBJI5IIOT OKOJIO 2 %, IIOTepH H:HTeHCMBHOCTH nyqKa H2 + B KaMepe 

I(MKJIO'TpOHa COCTaBJI5IIOT OKOJIO 5 %. 
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B rrraBe 3 IIO,I(p06Ho OIIHCaHa rrpo:ue.n:ypa BbI6opa reoMeTpHH H OCHOBHbIX 

rrapaMeTPOB BbICOKO"lJaCTOTHOH CHCTeMbI. 0KOH"lJaTeJibHbIH BapHaHT MO):(eJIH BtI­

pe30HaTopa rrpe,n:cTaBrreH Ha PHc. 6. 

P11c. 6. B11.n: KOMIIhIOTepHoif Mo,n:err11 BtI-pe3oHaTopa 

}fa pe3yrrnTaToB pac"lJeTa ,n:HHaMHKH rry"l!Ka crre,n:yeT: 

1. ycKop.moII(ee Harrp.~DKeHHe B :ueHTpe l(HKJIOTpOHa ,I(OJI)KHO COCTaBJI5ITb 

oKorro 80 KB. 0Ho orpaHH"lJeHo Hanp5I)KeHHeM rrpo6o5l, orrpe,n:err5leMbIM 

KpHTep11eM K11rrrraTPHKa; 

2. Heo6xo,n:HMO HMeTb MaKCHMaJibHO B03MO)KHOe HaIIp5I)KeHHe B 30He 

Bhrno.n:a ,n:m1 o6ecrre"l!eHE51 6orrhIIIoro rnara op6HT, a crre,n:oBaTenbHO, 

6orrbrueif 3cp<i_}eKTHBHOCTH BhIBO,n:a; 

3. Ba)KHO HMeTb no B03MO)KHOCTH 6orree BbICOKOe HaIIp5I)KeH11e Ha pa,n:eyce 

oKorro R=150 CM, TaK KaK B 3TOM MecTe rry"lloK rrepeceKaeT orracHbIH 

CTPYKTypHHH pe3oHaHc 3Qr=4 (s pac"lJeTax ,n:HHaMHKH rry"l!Ka Harrp5I)KeH11e 

cocTaBJI5lno 100 KB). 

Ha PHc. 7 rroKa3aHo pacrrpe,n:erreHHe ycKop5110:w;ero Harrp5I)KeHH51, 

COOTBeTCTByIOru;ee BhillieOIIHCaHHbIM ycJIOBH5IM. 
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PRc. 7. Pacrrpe,n:erreHRe ycKop.a10ru;ero Harrp.a)KeHR51 B,ll;OJib pa,n:Ryca ,n:rr.a ,n:Byx 

YCKOp5IIOII(RX 3a30pOB 

BerrwmHa Hanp5I)KeHR5I orrpe.n:emmacb RHTerpnpoBamieM 3JieKTpwiecKoro 

non.a B,[(OJib ,n:yrR oKpy)KHOCTR B Me,n:RaHHOH rrrrocKoCTR pe3oHaTopa. Tpe6yeMa51 

<l_)opMa 3aBMCRMOCTM HaIIp5I)KeHR51 OT pa,n:nyca 6bIJia rrorry11eHa BhI6opoM 

rrorro)KeHM5I, <l_)opMbI M rrorrepe11Horo pa3Mepa orrop. 

KaK rroKa3aJIR pe3yrrhTaThI pac11eToB ,n:nHaMRKM rry11Ka, ,n:rr51 rrepexo,n:a OT 

pe)KRMa ycKopeHmI MOHOB yrrrepo,n:a K pe)KMMY ycKopeHR51 MOJieKyrr51pHoro 

BO,n:opo,n:a l10Tpe6yeTC51 M3MeHeHMe qacTOTbI pe30HaTopa Ha 450 Kl:O:. ,[(rr5I 3TOH 

:o:errM rrpe,n:rrorraraeTC51 MCIIOJ1b30BaTb TIOHep ,[(MaMeTpOM 10 CM, paCIIOJIO)KeHHhIH 

Ha paCCT05IHRM 120 CM OT :o:eHTpa :O:RKJIOTpOHa M Ha paCCT05IHMM 6 CM OT 

IIOBepXHOCTR ,n:yaHTa (CM. PRC. 6). PacIJeTbI IIOKa3aJIM, 1ITO TaKOH TIOHep 

06ecrre11MT R3MeHeHRe 11acTOTbI He MeHee 11eM Ha 1000 Kf':o;. 
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IIonyqeHHbie pe3yJibTaTbI ncrroJib3YJOTC5l rrpn rrpoeKTHpoBaHHH yHHKaJibHoro 

CBepxrrpOBO.IJ:5II.Uero :U:HKJIOTpOHa C400, peaJIH3a:U:H5l KOTOporo Haqanacb B 2010 r. B 

paMKax rrpoeKTa «Archade» B Me.IJ:H:U:HHCKOM :u:eHTpe r. KaHH (<l>paH:u;m1). 

B qeTBepToii r Jiase oTpa:>KeHhI pe3ynhTaThI pacqeTHbIX H 3KcrrepHMeHTaJibHbIX 

pa6oT no peaJIH3aQHH pe)KHMa ycKopeHH51 H BbIBo,n:a rrpoTOHOB c 3HeprHeM 

60.5 M3B rrpn qacToTe Bll-reHepaTopa 26.26 MT':u: Ha H3oxpoHHOM :U:HKJIOTpoHe 

AMI(-144, cpyHK:U:HOHHpy10rn;eM B IUI<l> IIAH, r. KpaKoB (IloJihrna). 

l(HKJIOTpoH AUII:-144 6hm pa3pa6oTaH II rrpHMeH5IJIC51 rrpeHMYmecTBeHHO .IJ:JI5I 

rrpOII3BO.IJ:CTBa pa,n:HOH30TOIIOB Ha BttyTPeHHeM MHIIIeHH. ,[(JI5I pacrnHpeHH51 

B03MO)KHOCTeM IJ;HKJIOTpoHa 6bIJia IIOCTaBJieHa 3a,n:aqa peaJIH3a:U:HH OCHOBHOfO 

pe)KHMa pa6oThI I(HKJIOTpoHa AHI(-144 ,n:JI5l rronyqemrn BhIBe,n:eHHoro rryqKa 

ycKopeHHbIX HOHOB c rrapaMeTpaMH, Heo6xo,n:HMbIMH .Zl:Jl5l rrpoBe,n:eHH51 rrpOTOHHOM 

TeparrHH MeJiaHOMbl fJia3a. 

,[(JI5I 3TOM :u:eJIH 6bIJIH rrpoBe,n:eHbl II3MepeHH5l, ocymecTBJieH aHaJIH3 H 

<PopMHpOBaHHe MarHHTHOfO IIOJ15l U:HKJIOTPOHa, pa3pa6oTaHbl HOBbie MeTO.Zl:bl 

pacqeTa TOKOB B OCHOBHOM o6MOTKe, KaTyIIIKaX KOppeK:U:HH H rapMOHHqecKHX 

KaTyrnKax. B rrpol(ecce MarHHTHbIX H3MepeHHM 6nmo rro,n:o6paHo rroJio)KeHne 

BaKyyMHOM KaMepbI :U:HKJIOTpoHa, MHHHMH3Hpy10mee BeJIHqHHY aMIIJIHTY.Zl:bl 

rrepBOM rapMOHHKH MarHHTHOfO IIOJI51, npoBe,n:eHa KOppeK:U:H5I MarHHTHOfO IIOJI51 

,n:JI5l pa6oqnx pe)KHMOB ycKopeHH5l rrycIKa. 

CMo,n:enHpoBaHHhIM c rroMOI.UbIO co3,n:aHHoro rrporpaMMHoro 06ecrre11eHH5l 

ocHOBHOM pe)KHM pa6oTbI AUII:-144 6hm ycTaHoBJieH Ha u;HKJioTpoHe B 2009 ro,n:y 

6e3 3MIIHpHqecKOH IIO,Il;CTpOHKH TOKOB B KOHI(eHTpHqecKHX KaTyrnKax II qacTOTbI 

Bll-reHepaTopa. 

Ha PHc. 8 IIOKa3aH TOK BHyTpeHHero rryqKa ycKopeHHbIX rrpoTOHOB B 

3aBHCHMOCTH OT pa,n:nyca, H3MepeHHhIH Ha Alll.J;-144, Ha Pnc. 9 - <PoTorpa<PH5l 
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rrpoqnm.SI rryqKa. }fa PMC. 8 BM.D:HO, tITO cpa30Bbie M aKCHaJibHbie IIOTepM 

ycKOp.SieMbIX rrpOTOHOB B o6naCTM H30XpOHM3aQMM pa6oqero MarHMTHoro non.SI 

MMHMMaJibHbI. 
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H3MepeHHhIH nocne npoxo)l(,n;emu1 ,n;Byx KoppeKTHp)'IOIIIJIX MarHHTOB H ,n:Byx 

KBa,n:pynoJihHhIX JHfH3 TOK II)'1IKa BbIBe,n;eHHbIX npoTOHOB COCTaBmIJI !ext = 21 HA. 

,[(HaMeTp BhIBe,n;eHHOro nyqKa paBeH <l> = 2.2±0.3 CM. 

IIo,n:pa3,n;eneHHe npoTOHHOH TeparrHH HJI<I> IIAH BrrepBbie rronycrnno 

B03MO)l(HOCTb 6ecrrepe6oliHOH pa60TbI H HCIIOJib30BaHI'.UI rryqKa BhIBe,n;eHHhIX 

rrpOTOHOB ,n;mI: 

• HaCTpOHKH Me,ll;HI:(HHCKHX rrpH6opoB H anrraparypbl B Ka6HHeTe rrpoTOHHOH 

TepaIIHH; 

• rrpoBe,n;eHH5I ycrreITIHOH rrpoTOHHOH TeparrHH MeJiaHOMbI rJia3a ,ll;JI5I rrepBOH 

rpyrrrrhI rran;HeHTOB B 2011-2012 ro.n;ax ( 15 tieJioBeK ). 
. 

,[(anhHelirna5I orrTHMH3aI:(H5I rrapaMeTPOB MarHHTHo:H: cHcTeMhI AHI(-144, B 

lJaCTHOCTH BeJIHqHHbI H cpopMbI n;eHTpaJibHOro 6aMrra, rrpHBena K yBeJIHlJeHHIO 

3cpcpeKTHBHOCTH ycKopeHH5I H BbIBO,D;a rryqKa rrpoTOHOB .n;o 35%, lJTO 6JIH3KO K 

pactieTHOMY 3HalleHHIO. 

B 2013 ro.n;y mmHHpyeTC5I Hcrronh30BaTh ycTaHoBneHHhIH ocHOBHo:H: pe)l(HM 

pa6oTbI U:HKJIOTpoHa AHI(-144 ,n;n.H neqeHH5I rran;HeHTOB B KOJIHqecTBe 50 tierroBeK 

B ro.n;. 

B 3aKJIIOqeHHH ccpopMyJIHpOBaHbI OCHOBHbie pe3yJibTaTbI H BbIBO,ll;bI 

,ll;HCcepTaI:(HOHHOH pa60TbI. 

1. c 2002 ro.n;a pa6oTaeT rrpOMhIITIJieHHbIH I:(HKJIOTPOH I(I1TPEK B COCTaBe 

KOMITJieKca «AJibcpa», KOTOpbIH ocymecTBJI.HeT cepHHHbIH BhITIYCK TpeKOBbIX 

MeM6paH ,ll;JI5I Me,D;HJJ;HHCKHX H3,D;eJIHH ,n;mI IlJia3Macpepe3a: 

a) COCT05IJIC5.l rrycK I:(HKJIOTpOHa Ha OCHOBe rrapaMe'TpOB, rronyqeHHhlX B 

pe3yJibTaTe paclJeTOB ,ll;HHaMHKH rrytIKa HOHOB aproHa; 

6) ,ll;OCTI1TflYTbI rrpoeKTHbie rrapaMeTPbI IJ;HKJIOTpOHa, TaKHe KaK 3HeprH5I 

2.4 M3B/HyKJioH, BeJIHqHHa K03cpcpm.i;HeHTa Bhrno.n;a "'50%; 
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B) onTMMM3MpoBaHo pacnpe.n;erreHMe nyqKa no o6nyqaeMoii rrneHKe, no,r:r:o6paHbI 

pe)l<MMbl o6nyqeHM5I Ha OCHOBaHMM pactieTHbIX M 3KCIIepMMeHTaJibHDIX 

MCCJie,r:r:oBaHMH; 

r) BHeCeHbl npe,r:r:JIO)KeHM51 no ycKopeHMIO MOHOB pacctIMTaHbI 

rrapaMerpbI Heo6xo,n;MMbIX pe)KMMOB, qTo Ba)KHO ,n;n51 ,r:r:anbHeii:rnero yrryqrneHM51 

KatieCTBa TpeKOBbIX MeM6paH. 

2. BnepBbie c<PopMMpoBaHo BbICOKorrpe:o;M3MOHHoe MarHMTHoe rrorre, 

06ecnetIMBai01:o;ee pe)KMM ycKopeHM5I rrpoTOHOB co crre.n;YIOmMMM rrapaMeTpaMM: 

KMHen1qecKOH 3HeprMeH BbIBO,JJ;a Eext ~ 60.5 M3B, 3HatieHMeM M CTa6MJibHOCTbIO 

TOKa BbIBe):(eHHoro nyqKa ]ext= 20+40 HA, al ext~ ±5 % COOTBeTCTBeHHO. Pe)KMM 

peanM30BaH Ha l(MKJIOTpoHe AH~ -144 6e3 3MIIMpMqecKoii no):(CTPOHKM TOKOB B 

KOHl(eHTpMqecKMX KaTyrnKax M qacTOTbI B1I-reHepaTopa. 

y CTaHOBJieHHbIH pe)KMM pa60Tbl 6bIJI MCnOJib30BaH ):(JI5I rrpOM3BO,ZJ;CTBa 

pa,r:r:MOM30TOIIOB, a TaK)Ke npM rrpoBe):(eHMM ycrreIIIHOH npoTOHHOH TepanMM 

MeJiaHOMbl rna3a y nepBOH rpyrrnbl na:o;MeHTOB, rrpoBe,r:r:eHHOH B floJibIIIe Ha 

AH~-144 B 2011-2012 ro):(ax. 

~JI51 nonyqeHM5I 3TMX pe3yJibTaTOB 6oma pa3pa6oTaHa HOBa51 MeTO,lJ;MKa 

MaTeMaTMqecKoro Mo,r:r:enMpoBaHM5I pe)KMMOB pa6oTbI MHoro:o;erreBoro 

M30XpOHHoro l(MKJIOTPOHa, no3BOJI5IIOI1(a51 nepexo,JJ;MTb Ha pa6oTy B 

MO,r:r:errMpyeMbIX pe)KMMax 6e3 OCTaHOBKM M pa36opKM ycKOpMTeJI5I ):(JI5I rrpoBe,n;eHM5I 

,r:r:orrorrHMTeJibHbIX MarHMTHbIX M3MepeHMH. MeTO):(MKa rro3BOJI5IeT npoBo,r:r:MTb 

pactieT TOKa: 

• B rnaBHOH o6MOTKe Ha OCHOBe KapT MCXO,lJ;HblX MarHMTHbIX rrorreii, 

M3MepeHHbIX ,ll;JI5I rpex ypoBHeH TOKa B o6MOTKe B036y)K,neHM51 

rnaBHoro Marmna; 
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• B KOHUeH'TpifCieCKHX Ka'ryIIIKax ,IJ;JUI paccqHTaHHoro ypoBH5I TOKa B 

rJiaBHOH o6MOTKe; 

• B ,n;Byx rrapax rapMOHWieCKHX KaTyrneK ,Il;JI5I paCC"CJHTaHHoro ypoBH5I 

TOKa B rJiaBHOH o6MOTKe UHKJIO'TpOHa. 

3. Pa3pa6oTaH KoHuerrTyarr:bHhIH rrpoeKT . cBepxrrpoB0,[(5IIUero UHKJiorpoHa 

C400, rrpe,n;Ha3HaqeHHoro ,[(JI5I a,n;poHHOH TeparrHH OHKorrorn"CJeCKHX 3a6orreBaHHH 

ycKopeHHbIMH nerKHMH HOHaMH, pearrH3al(H5I KOTOporo Ha"CJarracb B paMKax 

rrpoeKTa «Archade» B Me,[(HUHHCKOM ueHTpe r. KaHH (<l>paHUH5I): 

a) ccpopMJJIRpOBaHbl Tpe6oBaHH5I K ypoBHIO BaKyyMa B KaMepe UHKJIOTpOHa 

C400 Ha OCHOBaHHH pac"CJeTOB IlOTepb HOHOB Ha B3aHMO,[(eHCTBHe c OCTaToqHbIM 

fa30M, "CJTO orrpe,n;eJIHJIO OCHOBHbie rrapaMeTpbI BaKyyMHOH CHCTeMbI ycKOpHTeJI5I. 

Pac"CJeTbI IlOTepb HOHOB Ha B3aHMO,[(eHCTBHe c OCTaToqHbIM ra30M I10Ka3aJIH, "CJTO 

,[(JI5I ,[(aBJieHH5I 2·10-7 Topp IlOTepH HHTeHCHBHOCTH rry-qKa 12C6+ HOHOB B JIHHHH 

HmKeKUHH COCTaBJI5IIOT OKOJIO 2 %, IlOTepH HHTeHCHBHOCTH rry"CJKa H2 + B KaMepe 

UHKJIOTPOHa COCTaBJI5IIOT OKOJIO 5 %; 

6) pa3pa6oTaHbI CTPYKTypa H KOMITOHOBKa 3JieMeHTOB ueHTparrbHOH o6rracTH 

cBepxrrpoBo,n;5.1:rn;ero UHKJioTpoHa C400. Bo16paHbI rrapaMeTpbI HHcpneKTopa, 

rrono)l(eHHe H reoMeTpH5I 3JieKTpo,n;oB, ,n;HacpparM. Pac"CJeTHa5I 3cpcpeKTHBHOCTh 

3axBaTa B rrpouecc ycKopeHH5I He6aH"CJHpoBaHHoro rry11Ka HOHOB 12 % rrpH 

orpaHH1IeHHH Ha aMITJIHTy,n;y pa,[(HaJibHbIX KOJie6aHHM 4 MM, "CJTO rrpeBOCXO,[(HT 

cyrn;eCTBYIOIUHM I10Ka3aTeJib 3cpcpeKTHBHOCTH pa60TaIOIUHX CBepxrrpoB0,[(5.llUFl:X 

UHKJIOTpOHOB; 

B) BrrepBoie B Me,[(HUHHCKHX UHKJIOTpOHax pa3pa6oTaH pe)l(HM 

BbICOKoqacTOTHOH MO,[(YJI5IUHH (,...., 1 KI'u) HHTeHCHBHOCTH BbIBe,[(eHHOro IIY"CJKa 

HOHOB yrnepo,n;a rrpn yrrpaBrreHHH Harrp5I)l(eHHeM Ha 3JieKrpo,n;ax HHcpneKTopa, "CJTO 

aKTYaJibHO ,[(J15I pearrH3al(HH TeparrHH c aKTHBHbIM CKam1poBaHHeM; 
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r) pa3pa6oTaHa H OITTEMH3HpOBaHa opMrMHanhHa5I KOHCTPYK:U:H5I 

BbICOK011aCTOTHOro pe3oHaTopa :U:MKJIOTpoHa C400, 

Heo6xo,n;MMbIH ,n;MaITa30H qacTOT, pacrrpe,n;eJieHMe HaITp5I)KeHM5I B,lJ;OJih pa,n;Eyca, 

rrepecTpOHKY qacTOThI rrpM CMeHe ycKOp5IeMoro MOHa; Ha:H:,n;eH crroco6 H3MeHeHmI 

11aCTOTbI pe30HaTopa rrocpe,n;CTBOM yMeHhllieHH5I ,n;MaMerpa qeTBepTOH orrophI, He 

BHOC5III(MH MCKa)KeHM5I B pacrrpe,n;eJieHHe ycKOp5IIOII(ero Harrp5I)KeHH5I B,lJ;OJih 

pa,n;11yca. 

4. Co3,n;aH KOMITJieKC rrporpaMMHhIX cpe,n;CTB .JJ:JI51 TpaeKTOpHoro 

MO,lJ;eJmpoBaHH51 ,lJ;HHaMHKH rryqKa B :U:MKJIOTpOHax, COCT05III(MH 113 rrporpaMM B 

cpe,n;e MATLAB, rrpe,n:Ha3HaqeHHhIX .JJ:JI51 Mo,n:en11poBaHH5I ,n;BM)KeHM5I qacnr:u: B 

:U:HKJiorpoHax, 11ccne,n;oBaHH5I rrpo:u;ecca rrpoxo)K.JJ:eHM51 qepe3 pe3oHaHChI c yqeTOM 

,n;eHCTBM51 CMJI rrpocrpaHCTBeHHOro 3ap51,n;a, rrepe3ap51.JJ:KH rrpM B3aMMO,lJ;eHCTBMM c 

OCTaToqHbIM ra30M, ,[(HCCOI.J;Ha:U:EH B ::meKrpoMarHMTHOM none M IlOTeph Ha 

CTPYKTYPHhIX 3JieMeHTax ycKopHTeJI51. 
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