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Oli~AH XAPAKTEPHCTHKA PAIJOTLI 

Ah--rya.rtLHOCTL npo6.aeMLI. 

Pa3Bmne aTOMnou u .ll,ll.epnou l}ln3mrn, a TIUOKe npHKJI~IX o6nacreu miyrui u 
rexHitKH .ll.IVI peweniDI KaK I}JyH.LJ.~tem-aill.H:Lrx, TaK 8 rumrneiinmx JMa'I uapo~oro 
XOJ.liHCTBa, Tpe6yeT pa3pa60TKH H COBepweHCTBOBamm MeTO~OB 'H Te~ 
noJI)"'eHIDI BLICOKoHHTencnsm.rx II)"'KOB ycKOpeHHbiX iionoB. ,IVrn .non ~e.nH 
naxo~ 31}J~JeKTHBHOe npHMeHeHIIe LUII<JloTpOHbl C pa3JIH'Iffi.IMH T~aMH . HO~IX 
HCTO'fHHKOB, Onpe~eJimOIUHX KaK ' ~ana30H 3ap.ll,li.OBOrD.. COCTO.liHll.ll, .. TaK . H 

HHTeHCHBHOCTL ny'IK<'l 3apiDKeHHhiX qa~. 3TO HcTO'IHllKH KaK Tp3,IJ,HlijlOHHOro 

THna - .zzyroBOH HCTO'fHHK C DO.ll.OrpeBHbiM KaTO.ll.OM (PJ<;i) BH)'llleHHero 
pacnoJIO)f(eHIDI a KaMepe ycKopmeJI.ll, TaK u Bee 6onee pacnpoCTpaneHHhie· B 

nocne~ee speMH ncro'IHHKH suewuero pacnoJIO)f(eHIDI: ECR, MULTICUSP, 
Jia3epmiif · (LPIS) u 3JieKTpOHHo-n}n.Iesoif (EBIS)." O~o. ucno~3~~e . 
ncroLJ:HHKOB · snewnero pacnoJio)f(eHH.ll no3MO)f(HO TOJILKo 6naro.11.apH · peamoatinif ' 
CHCTeMLI BHewneif HH)f(e~ nyqKa HOHOB B KaMepy yCKOpHTeJI.ll. . . ' ' .. 

11CnOJih30BaHHe CHCTeMLI I!Hewueii HH)f(e~·.uirn IUiKJIOrPOHOB TIDKem~ HOHO~ 
.!J.aeT B03MO)f(HOCTL yCTaHOBKH KaK O~Oro, TaK H. O~OBpeMeHHO HeCKOJILKHX THDOB 
HCTO'IHHKOB; o6ecne'IHBaiOWHX · ueo6xO.!J.HMhiH · · i:ufana30H HOIIOB . npe.11.eJn,uoii · 

HHTeucusuocrn. ·. llo3TOMY 6o~wuucrno · cospeMeHH»rx · ~KJioTp~Iios;· .. · u 

pa60TaiOwHx, H BHOBL · npoeKTHpyeMi.rx, B Ka'IeCTBe rnasuoro 'KOMnouema 
BKJUO'faiOT · :rry cncreMJ. · CncreMa aKCHaJI»Hoii HH)f(e~ KaK · ~an6onee 
OnTHMaJILHM ,llJVI KOMllaKTHbiX ~KliOTpOHOB pa3HOB~OCTb . BHeUrneii HH)f(e~ 
peanu3osana a· nayLJ:Hbrx ~eHTpax 'MH:ornx CTpaH:' • Jiyseu · · (EeJI»rH.ll), GANIL ' 
(<l>pan~IDI), KapncpJ3 (repManiDI), · EepKirn (ClllA)' u ~- O~aKo, npo6JieM»I 
COBepmeHCTBOBaHIDI CHCTeMLI aKCHaJILHOH HH)f(eKI(Hil. C.. ~eJILIO .!J.OCTII)f(eHIDI 
MaKCHMaJILHoii 31}ll}leKTHBnocrn ocTaroTC.ll no-~e)f(HeMy a.KcyaJILln,wu:· ' · · 

OLJ:es~o. •rro 3a,u,a•zy noCTo.liHHoii MO.!J.epHII3~ ycKopureJILnoii 6a3LI 
Jia6opaTopuu · .ll,ll.epn»IX pea~ii Tpy~o nepeo~emrrh .llJVI pe!Uemt:k CaMLIX 
a.KcyaJILH»Ix ·I}JyH.!J.aMeHTaJILmrx u . npHKJI~rx · 3a,ll.a'I. · no3TOMY B cBJI3il c · 

peKOHCTp~eii· ycKopnreJI.ll Y-300 Jia6opaTOpHH :MepHLIX peaKIUrii · B 
MO.ll.epnn3upoBaHn»m n3oxponnLm ~OTpon Y~400M1 Bo3ioocia u qpe3B~~auuo 
a.KcyaJILHM Ja,ll.a•ia · o6ecneLJ:emrn · Ka'IecrseHHo uosoro · · ~OTpona 
BLICOK031}ll}leKTHBHoii cucreMoii aKCHaJILnoii HH)f(ei<UHH. Bo3MOarnorn 

1 
Gulbekian G. et al., 13th Inter. Conf. on Cyclotrons and Their Application, 

Vancouver, I 992, p. 11 
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HCllOJIL30BaHIDI 6naro,napR aKCHaJILHOH HIDKeK.l.Uill BhiCOKOHlfreHCHBHOro 3l.{P~ 
HCIO'IHHKll C BhiCOKO 3apJI.!J;HbiMH COCIOJIHIDIMH HOHOB, He.li;OCTIDKHMhiMH 
BHYIPeHHHM PIG ncro'-IHHKOM, no1sonm ycKopJITb Ha IUIKJIOTpOHe Y400M noHhi s 
nmpoKoM ,nnana3oHe Mace n :meprnii (.li;JIJI oruomeHHJI Macchi K 1apJ~,ny NZ=2+ 10): 
OT HOHOB JierKHX, Ha'IHHM C ,neifrepHJI, .!J;O TIDKeJihiX, BKJIIO'faJI 238U. C :mepmeii. 
roMewnomeiicR or 20 .no .I 00 M3B/H)'KJIOH. 

D;eJit. pa6oTM. _ 
Pa3pa60TKa CHCTeMhi aKCHaJihHOH HIDKei<UHH IUIKJIOTPOHa Y -400M, Cll0C06HOH 

31jlljleKTHBHO HIDKeKTHpOBaTh Ma.KCHMaJILHO HHTeHCHBHbiH ny'-IOK HOHOB B mnpOKOJ\1 
,nnamnoHe OTHOWeHHJI MaCChi K_ 3apJ~,ny (NZ ,;, 2 + 10) H3 HCTO'fHHKa 3UJ> B 
ue~aill.uyw o6JiaCTb UHKJIOTPoim. Hpo~e,neHHe ·pac~ICTOB l! Bhi6op 3JicMeHTos 
CHCTeMbi a.KCHaJILHOH HIDKeKIUIH H OIITnMH3<l.UHJI ee napaMCTpOB. TCOpCTH'feCKOe H 
3KCnepHMenTiun.Hoe HCCJie.li;OBaHHe . ~~HKH ny'-IKa B _ Ha'faJILHOH 0611acr~ 
ycKopeHHJI .. 

Hay•maJi HOBH3HlL 
1.. C03,na.Ha cncreMa a.KCHaJihHOH HIDKCKUHH UHKJIOTpOHa Y -400M, cnoco6HM 
31jlljleKTHBHO- HIDKeKTHpOBaTh HHTCHCHBHblH ny'-IOK _ HOHOB B WHpOKOM, ,nnana30HC 
oTuomeHHJI MaCChi K 3apJ~,ny (NZ = 2 -:l- 10) H3 ncro'fHHKa 3uP .s ueHTPaJihHYJO 
o6nacrh -IUIKJIOTPOHa. 

2. Dpose,neHbl HCCJIC.!J;OBaHHJI TPa.HCnOpTHpOBKH ny'fKOB HOHOB BO BCCM .ll;llana30HC 
OTHOWeHHJI MaCChi _ K 3apJ~,ny OT HCTO'fHHKa 3UJ> .li;O UCHTPaJihHOH 06JiaCTH 
IUIKJIOTPOHa Y -400M. Ha ocHose 3TIIX pac'-ICTOB c03,naHhi noHHo-ornwiecKHe 
3JICMeHThi TPaHCllOpTa ny'-IKa, KOTOphie llOKa3aJIH BbiCOK)10 3llJ!lJeKTHBHOCTb. 
3. Bi.mOJIHeHbi HCCJie,n~BaHHJI BO BCCM ,nna.na.30HC A/Z = 2 + 10 Ha'faJibHOfO 
.miiDKcHHJI HOHOB, ycKopeHHhiX na pa3JIH'fHhiX rapMOHHKa.X B. q. noreHIUiaJia 
(BTOpM, TPCTMI n _'ICTBCJITllll _ rapMOHnKH). Ha. ocuose aHaJIH3a pa.3JIWIHhiX Tnnos 
HHijJJICKTOpOB ( CllHpaJihHhiH, rHnep60JIU'feCKHH, napa60JIH'-ICCKHH H 
3Jie~ocraTU'fCCKOe 3epKaJio) ll0Ka3aHO, '-ITO 3JieKTPOCTaTH'-IeCKOe 3epKaJIO 
ll03BOJIJICT npn OTHOCHTCJILHO npOCTOH TeXHH'-IeCKOH peaJIH3a.IUIH ocymeCTBHTb 
3¢4Jeimmuoe ueHTPnpoiiaune nyqKa n ero ycroii'fnsocrh B mnpoKOM ~nana3oune 
AIZ. - . 

4. , ,[Vrn CHCTeMbl aKCHaJibHOH HIDKeKIUIH ny'IKa UHKJIOTPOHa Y -400M npoBe,neH 
aHaJIH3 HCllOJib30BaHHJI pa.3JIU'fHbiX THllOB 6alf'fepOB (CHHYCOH.ll;aJihHOrO H JIIIHeHHOrO 
c O.li;HnM. H .!lBYMJI 3a30pa.Mn, pa60TaiOllliiX Ha pa3~~HbiX rapMOHHKax B4 
noreurinana). Cornacuo · orn~MH3a.IUIOHHOMY pac'fery .Bhi6pau. cnuycoH.ll;aJihHOH 
6alf'fep, pa60TaiOlllHH Ha OCHOBHOH •mcro-rt!, yCTa.HOBJieHHbiH Ha paCCTOJIHHH O.li;HOI'O 
MCTpa · OT ueHTPa UHKJIOTpOHa. 3KcnepnMeHTaJibHO . no,!I.TsepiK.ll;euo pac'fCTHoe 
(1• - ' 

2 
Efremov A. et al., Rev. Sci. Inst., Vol. 65 (4 ), 1994, p.I084. 
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yseJIH'feunc HHTeucnsuocrii ycKopeuuoro ~~~ B 3 pa3a 6~aro.napll .. 6aw1epy. 
ycraHOBJieHHOMY B KaHaJie aKCHaJihHOH HIDKeKl(HH. 
5. Ha ocuose pa3pa6oTaHuoii _aBTOpoM Mo.n;eJIH pac'fi.!Ta _ BaK)'YMHhLX cncreM c 

' ' ' ~ • ' '• ~ • • ; • ' • c • • ' ". • ' • • 

pa3JIIi'IHhiMH npOBO.!lHMOCTJil\IH HCCJie.!J;OBaHO pacnpe.n;eJieHHe ,naBJieHHJI B.!J;OJib JIHHHH 
TpaHCIIOpnl ny'IKOB . HdHOB. 3ni HCCJie.!J;OBaHHJI ll03BOJIHJIH , OIITH~IH3HpOBaTh 
pacnOJIOiKCHUC ,3JieMeHTOB BaK)'Yl\IHOH -OTKa'fKH ... 'ITO. ;B, J(OHC'IHOJ\1: HTOI'C. _.!la.1IO 
B031\lO~OCTh o6ecne'fHTh no TPaCc~ -~KCHaJihHOH HIDKeKUl!". Heo6xo.ri~l)10 
31jl~JCKTH~~ocrh TPaHCMHCCHJ:l fiY'I~!JB BbiCK03apJI.!l.HhiX TIDi<e.rii.Lx_~cmps._ _ ·· 

llpa..:m'Icc.-an ncnitocn. ,;illion.·I. 
J. DpOBC.!lCHHM pafioTa no HCCJIC.li;OBaHHIO. OfiTHI\U13aUHH H. B KOHC'IHOl\1 C'ICTC. 
CO'l.!l<lHUIO CliCTCMbl aKCH<lJihHOH HIDKCKUHH . UHKJIOTPOHa Y -lOOM ll03BOJIHJJa 
cymecrseHiio pacmnpmh .nnana1ou Y.CKOpllcMhiX nouos B o6nacrh 1Ha'IHTeJihHO 
60JICC TIDKeJibiX HOHOB 6naro,napll B031110iKHOCTH HCllOJih30BaHHJI COBpeMeHHOfO 3UJ> 
ncro•mnKa DECRIS-1--l-2. ~o OTKphiBaCTHOBhie nepcneKTHBhi .li;JIJI npose.n;eHHJI 
WHpOKOfO Kpyra ljlyH.naMeHraJihHhiX H npHKJia.li;HhiX HCCJIC.!lOBaHHH. 
2. C0'3,naHHbiH .li;JIJI ornnMn1aunoHHhiX paC'feTOB. ImKCT KOMnhiOTcpHbiX nporpa111111 
MOiKCT 6hiTh liCnOJih'lOB<lH npn pa3pa6oTKe H HCCJIC.li;OBaHHH no,no6HhiX CUCTel\1. 

- .'' . . . . \ ' 

Anpoliaum1 palioTM. 
Pe3y~hTaTbl; ncciie.nosaunfi. · iiOnmi<eimiix' B 

.!lOKJia.ll;biBannch Ha Me~KiJYuapo.n;HhiX n HaunoHaJI.hHhiX 
'IHCJie: 

OCHOBY ,nnccepTaiUfli. 

KOH~Jep~HuiUI~·- . s ,ioM 

• Egyptian-Russian School'. and Workshop, 'on ey~iotrons and :their, 
Applications,Cairo. Egypt; 15-19 February 1995:' . . . . 

• Workshop on the Magtu!tic Field mid Ion Beain Dynamics of the viNCY 
Cyclotron .. March 11-15: 1996, Dubna, Russia: · · · · 

• Egyptian-Russian School .. · and Workshop on Cyclotrons , and their. 
Applications.Cairo. Egypt, 15-19 Marcll'I997: · · . . . · . . . , · 

• XVII Particle Accelerator Conference. Vancouver. Canada. 12-16 May 1997: 
• VI European Particle Accelerator Conference .98. Stockholm. Sweden. 22-26 

June 1998 · · · · 

• XV International Conference on: Cyclotron~ and tlteir . Applications. Cean. 
France. 14-19 June 1998. 

lly~JIIII~lll~llll. Pe3yJihTaTbl HCCJie.n;oBaHHH. cornBHBWHe OCHOBY .nnccepTaunn. 
ony6JIHKOBaHbl B 5 pafiOTaX. • . 

CTJ>YKTYJHl n o6-..eM .nuccepTauuu. )J.nccepmuHJI. cocroHT H3 sse,neHHJI, TPex 
fJiaB, pa3,nena C OCHOBHhli\IH BhiBO.ll;aMH H pe3yJihTaTaMH HCCJie.!J;OBaHHH. 3aKJIIO'ICHIIJI 
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H CllHCKa JIIITeparyphl HJ 70 HaHMeHOBaHHH. 0filllHH Ofi"bel\1 .llltCCepTaUHH COCTaBJIJieT 
110 crpaHHU, in<Jllo'IM 50 pHcyHKOB. . . . . 

Ha 1arnnTy si.inoca~CH CJie!lywmne noJJ~"'enua u pelyJJL~aTM:. 
1. . 06oCHOBamn': Bbi6opa npHHLUfiiHanhHOH CXeMbi aKCHanbHOH HIDKeKIIHH !l.1IJI 
tim<noTP(ma Y -400M: . · · · · .. · · · · · . 

2. PeJyJILTaTLI OIITHMH3alUfH TPaHcnopTHpOBKH IIY'IKa HOHOB B TPaKTe aKcHanhHOH 
H~KlUfH so seeM tiuamboHe OTHoineHIIH A/Z = 2 +10. 
3. BLI60p :me~teHTOB IIOHHO-OIITii'leCKOH CHCTel\lbl KaHana aKCIIanbHOH IIIDKeKLUfH. 
4. PeJyJILTaTbl MO!lennposaHIIJI BaKyyMHoii CIICTeMLI TPaKTa aKcllanLHOH 
IIIDKeKIIIIII. 

5. 06ocHosaHIIe Bhl6opa Tuna HH<IJneKTopa u pe3yJILTaTLI ero OIITHMHJau1111 !l.1IJI 

3<IJ<IJeKTIIBHOro lt YCTOii'IIIBOfO!lBIDKeHIIJI ~Ka B UeHTPanLHOH o6JiaCTH UIIKJIQTPOHa 
Y-400M ... 

CO)).EPJKAHHE PAiiOTLI 

· Bo BBC!lemm o6ocHOBhiBae-rcn aKTyanLHOCTL npoBO!lHMLix nccJie!lOBaHIIH Ha 
OCHOBe OfiJOpa peaninoBaHHbiX H npoeKTnpyeMLIX CIICTeM BHemHeH IIIDKeKIIHII, 
paCCMaTPHBaK>TCH OCHOBHbie np06Jiel\lbl lt OC06eHHOCTH C03!laHIIJI . CHCTeMhl 
aKCIIanbHOH HIDKeKIIIIII !l.1IJI lUfKJIQTPOHOB TIDKeJibiX IIOHOB, tPOPMJ JIIIPYJOTC.ll ueJIII lt 
3Ma'lll .!U!CCejrrau1111, npiiBO!{IITC.ll KpaTKoe CO!lep~HIIe .!U!CCepTalUfll . 

. B nepsoii rJJaBe npOBO.!UITCH cpaBHHTeJibHbiH aHanltJ np11HUHnllanbHbiX CXeM 
aKCIIanbHOH HIDKeKUIIH lt 060CHOBb1BaeTCH. BLI6op OIITIIManbHOH CXeMbl C 
KOHKpeTIIJaulleH OCHOBHbiX 3JieMeHTOB lt rnaBHbiX napaMCTPOB. 

IIpe~CTasneHLI peJyJILTaTbi pac•IeTOB no OnTIIMH3~11 IIOHHO-OIITII'IecKoii 
CIICTeMLI c noMOlllLIO iiporpaMMLI TRANSPOR'fl. .l(.rul paccMoTPeHIIJI scero 
~na30Ha OTHOWeHIIH MaCCLI K 3ap~ !lJIJI. yCKOp.lleMLIX Ha Y-400M IIOHOB B 

. paC'IeTax ~IIHaMIIKH ny'!Ka npHHIIManHCb OCHOBHbie Ha'!anLHhie napaMCTPbl ny'IKOB 
IIOHOB lt3 3l{P IICTO'IHIIKa, YKaJaHHLie B TafiJIIII.{e 1. . 

TaOJJUQa 1. 0CHClBHLie Ha'lanbHLie napaMCTPbi ny'IKOB IIOHOB 113 31.{P HCTO'IHIIKa. 
AJU' uu•HMu:.saJJ,I1u TPaHcnoP™PosKH. 

AIZ vin (kV) Bo (T) P (Gev/c) Ex(7t·mm·mrad) Sy(7t·mm·mracfr 
2 25 1.575 9.65xl0'3 150 150 
5 16 1.995 1.22xl0'2 150 .150 
10' 8 1.995 1.22xl0'2 150 150 

3 
Citrey "THIRD ORDER TRANSPORT, A Computer Program for Designing 

Charged Particle Beams Transport Systems" SLAC-R-95-462, (1995). 
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..... B pac•1e-rax ucnoJIL3()BaniiCL ~aHHLie H3MepeHHii pacceHHHOro Marirnrnoro noll.ll · 
B BePTHKallb~OM KaHaJieY.400M, BbinOJIHeHHbiX !l.1IJI pa3HbiX ypOBHeH B036)'iK,!I;eHIIJI 
3JieK1pOl.IarHHTa lUfKJIQTPOHa. · 

PaccMOTPeHbl ycJIOBIIJI Ha116onee 3<IJ<PeKTHBHOii cenap~ IIY'IKa · no 
OTHOmeHHIO A/Z HOHOB nocp~CTBOM CoiieHO~HOH JIIIH3bl II MarmiTa (90•). 

Ha ·ocHose .OIITHMII3alUfOHHLIX · pac'!eTOB · .lUIHal\IHKH IIY'IKa . BLI6paHa 
npe~apHTeJILHM CXer.m paCCTaHOBKH IIOHHO-QIITII'ICCKIIX 3JieMeHTOB. 0Ha BKJIIO'IaeT 
B ce6H COJieHO~aJibHYJO JIIIH3Y (KOp~Kyro); MarHIIT, BbinOJIH.liiOmnH tPYHKLUfll 
nOBOpOTHOrO . (Ha 90° 113. ropH30HTllllbHOH B BCP™K3llbH)'IO . llJIOCKOCTh) II 
aHann3npyromero; · 'leTLipe · KOppeKTHPyro~ · Maimrra · 11· TPH · <IJoeycnpyro~ 
coneHo~a. 

Hccne.!losaHo BJIIIJIHIIe npocrpaHCTBeHHoro 3apH.ZUl . Ha · nonepe'IHbie · paJMepbi 
fiY'!Ka np11 TPaHcnopTHpOBKe HOHOB 8 J<aHaJie aKCHa.nLHOH ~KLUfll. Pe3yllbTaTLI 
IICCJie~08aHHH · nOKa3bl8aK>T, 'ITO -8JillJIHIIe npOCTpaHCTBeHHOfO 3apw' 
He3Ha'IHTellbHO, eCJIII. HHTeHCHBHOCTb TIDKeJibiX IIOH08 He npeBLIIIIaeT :. 100 JlA, • 
OmiiMMLHM or116awlilaJI !l.1IJI ycnosuu A/Z=2 11 HHTeHCHBHOcrH pasHOH 1"'7100 JlA 
8 pac•Iernx, yqiiTLI8aK>IlUfX npocrpaHCTBeHHLiii 3apM npe~crasneHa Ha p11c. ·1. ITo 
HTOraM aHan~3a npHIIJITa OKOH'IaTeJibHM CXeMa paCCTaH08Klt '3JieMeHT08 IIOHHOif 
OIITHKH no TPacce aKcllanLHOii H~KLUfll. 

PaJpa6oTKa reOMCTPII'!ecKou crpYKTJPLI ~oro 3JieMeHTa -~ non}nieHIIJI 
Heo6xo~HMLIX · MMHHTHLIX xapaKTepHCTHK 8LmOJIHeHa 1m OCH08e pac'leT08 no 
nporpaMMe POISSON'. . . .·· , 

BbinOliHeH TenJI080H paC'IeT !l.1IJI CHCTeMbl BO~OOXJIIDI\l(eHIIJI Ha OCH08e· 
pa3pa60TaHHOH KOMnLIOTepHOH nporpaMMbl. 

Ilpo8e~eH. aHanH3 cucreMLI 6aWmp08KH · II}"~Kil, no380JI.lll0m,eii 3Ha'IHTellbHO 
ysenwm8an~ · _HHTeHCH8HOCTL · uolmoro nyqia 3a C'IeT <1JopMHp08aHIIJI H3 
HenpepLI8HOfO 'ny'!Ka CryCrK08 (6awieu) H COfJmC08aniur nyqKa C npO~OllbHbiJ\1 
tPaJ08LIM aKcenTaHCOM ycl<opnrell.ll. BLmoJIHeii' o63op paJJUI'IHbiX THnOB CIICTeM5

•
6

• 

PaJpa60TaHa KOMnLIOTepHM : nporp3Mr.fa !l.1IJI paC'IeTa II OIITIIMII3a1Ufll CHCTeMbl 
6aii'!Hp08Klt, IICCJie;IywlllM . 8 Ka'leCT8e Onpe~eJI.liiO~ napaMerPO~ aMnmrryAY 
npliKJia.n;LI8aeMoro HanpiDKeHIIJI, paccromue OT ycKopmo.~ero · Ja3opa 6all'!epa ~o . 
MeMaHHOH nJIOCKOCTH lUfKJIOTPOHa Y -400M H npo~OJibHbiH , tPa308biH aKCeiiTaHC 
ycKopnrell.ll. OmHMmalUf.ll npo8o~acL !l.1IJI cueyco~a.rll.Horo 6all'!epa; cucreMLI 
~yx cueyco~HLIX 6all'!epo8; CHCTeMLI JIHHe8Horo u' cueyco~Horo 
6all'!epo8. 

B pe3yJILTare 6Lm 8b16paH cueyco~allbHLiii 6all'!ep, pacnono)l(eHHLlli Ha 
paCCTO.liHHH 1 . M. OT Me.!UiaHHOH 'nnOCKOCTII lUfKJIQTPOHa Y -400M, KaK ~OCTaTO'IHO 

,-.,-

4 http://www.Iaril.gov · 
' "' I ~ 

I 

5 . 
H.w. Lefvre, et. al., Rev. Sci. lnst.33 (1962) 1231. 

6 S.T. Ivanov, et. al., Nucl. Inst. and Meth. A262(1987)179 
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34JtiJeKTHBHLIH (yBemNHsaroumu HHTeHCHBHOCTL IIY'IKa 8 3 pa1a) u' OTHOCHTenLHO 
npoCToii B pea.JIH3amuc ~-• • --· .,, • · - ,;.·•,t;; ., · · "'·>' · ,.1 

, ~ 11 ~ ::o ~ I ! 

' 'j ; -·:; ~.: :. ; 
· .. '·. ~- ~ ·: 

t:•;• ;·~·-;• ': ,·: 'Nl=2-·' 
Without Buncher and with space charge effect'' ·.• ~ 

· ·' -, '·" ···t~lOO'J-tA' . . 
.. '·'-- ~. . •. : 1" . '; 
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'? 6 
(,) 

~ 4 
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(,) >:;' 6 
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10 . ; . : ': : ' : : :. : ; : ': ': :. '' i- : ... ·i__j 

0 '•2·' 6 

B lens= 4.1 kG 
B ........... :,; 0.62 kG 

Z(m) 

B ........... = 0.82 kG 
'··, 

B ..•...... ~ = 0.99 kG 

Puc. 1. Orn6aromCUI IIY'IKa uoHos B)l.OnL KaHana aKcuanLHoii HIDKeJ<l.lHH .ll.JUI 

ycnosuu NZ=2 H HHTeHCHBHOCTH paBHOii I= 100 11A s·pac'Jere, Y'fm;LisaromeM 

!' · IIpOCTpaHCTBeHHLIU 3apH,ll.. 

6 

... 

I 

"" 

,) 

). 

~ ~ . ' _. . ·•.·· ·~ ~ . , .. " . - .. "' . ' - . - ' '. 
BTopaH rJ!aBa .-rrpe)J.CTaslliier '. r.lero)J.Hey ; Mo:de~o~ilHwi IIOTepL IIY.'fKa, 

o6ycnosneHHhiX ]· rrepe3apH)J.KOH. HOHOB Ha · · oCTaTO'IHOM . ra1e s TPaKTe 

TPaHCIIOpTHpOBKH IIY'IKa aKCHanLHOH _ HIDKeKUHH. .Hcc.rie)J.OBaHLI OCHOBHLie 

rrapaMCTphi. onpe)J.emnomue · • ~oTepH 'IIY.'fKa. 34JtiJeKTHBHOCTh: TPaHCMHCCHH HOHOB . . . . 
'3aBHCHT OT ce•IeHIUI rrepe3apH,ll.KH HOHa Ha OCTaTO'JHOM ra3e; )l.aBneHIUI B .KaHane 

TPaHcrrOPTHpoiurn · _ H · oT . rrpoTIDKeHHOCTH TPaHCIIOPTHpOBKH IIY'IKa. Ce'IeHue 

rrepe~JapH,ll.KH HOHa '3aBHCHT OT IIOTeH'Illlana HOHH'3allliH ra3a, .H3MeiUietCH B rrpmiOH 
. . ..... _- ' /, • "? ,; . ) 

IIpOIIOpU,HOHanhHOH 'JaBHCHM09'H OT. '3apH,ll.a HIDKeKTHpyeMOfOiHOHa H rrpaKTH'JeCKH 

He 'laBHCHT OT 3HeprHH HOHOB B paCCMaTPHBaeMOM HHTepsane :meprnii HIDKeKUHH 

()J.o 25 K3B/HyMoH)
7
• Oco6oe simlltaHHe y)l.eneHo uccne)l.osaHmo pacrrpe)l.eneHIUI 

)l.asneHIUI B rrpOTIDKeHHhiX BaKYYMHhiX Kalllepax, IIOCKOJILKy )J.aBneHHe OCTaTO'JHOfO 
' .; I ' 

ra·3a HBJIHeTCH orrpe)J.eJIIDOU(Hl\1 rrapaMCTpOM )J.JUI TPaHCMHCCHH HOHOB B HOHOIIpOBO)J.e 

aKCHanhHOH HIDKeKUHH. • 

OrrucaH anropHTM . ; MO)l.enupywmeii KOMIIhiOTepHoii nporpaMMLI. 

pa'3pa6oTaHHOH ,.'JJUI paC'IeTa 3!lJ!IJeKTHBHOCTH TPaHCMHCCHH . HOHOB Ha OCHOBe 

•mcneHHOfO MO)J.CJiHpOB3HIUI paCITpe,ll.eneHIUI . ·; : .zi.asneHIUI OcT3TO'IHOf0 Ta33. 

Hccne)l.OBanHCh . '3aBHCHMOCTH pacrrpe,ll.eneHIUI .ri.asneHIUI IalK : OT . reOMCTpH'JeCKHX 
" ' 

pa'JMepOB IIpOTlDKeHHhlX BaeyyMHhiX K.:1Mep. TaK H OT OCHOBHhLX rrapaMCTpOB 

B3Ky)'l\IHOH_ CUCTel\lhi: CKOpOCTH OTK.:'l'IKH HaCOCOB, HHTepsana: 1\!eiK.lzy HaCOC3MH H 

pa~3JIH'!Hhll\IH ra30Bhll\IH Harpy3Kal\IH (CTaTU'IeCKHl\IH ,H )J.HHalllli'leCKHl\IH),. 

3llli!JeKTHBHOCTb Tf)alicr.Iitccuu IIY'IKa IioHos s - ~JaBHCHMOCTH 'oT cpe,ll.Hero 

)l.asneHHJI B KaHane aKCH3JlhHOH UIDKeKUHH .!lJIJi pa3nli'IHLIX 33pH,ll.OBhlX COCTOJIHHH 

HOHOB npC)l.CTasneHa Ha pHC.2. 

Dposc)J.eHhi 3KCnepHMeHThi no u~JMepeHmo )l.asneHIUI s pa3nli'IHhiX TO'IKax 

KaHana aKcuanhHOif HIDKeKUHn.' CpasHeliHe H3MepeHHhiX TO'IeK c pac•IeTHhiM 

pacnpC,l:\enCHUel\1 ,1:\asneHHH )l.ano XOpornee COBIIa,L\eHHe 3KCIIepH111eHTanhHhiX 

pe'3ynhTaTOB C'IHCneHHhll\1 MO,l:\ennpoBaHHelll, 'ITO IIOK(l33HO Ha pHC.3. 

B pe3ynhT3Te OIITHMH33I.(llll napalllCTpOB 3neMeHTOB CHCTelllhl 3KCHaJihHOH 

HIDKeKUHH I.(llKJIOTPOHa .Y -400M 6hina · IIplliUITa OKOH'IaTCnhHCUI CXeMa, Ha OCHOBe 

KOTOpoif pa3pa60TaHa KOHCTpYKUIUiaKCHan~HOH HIDKeKUHH, IIOK.:13aHHM Ha pHC. 4. 

7 A. Muller and E. Salzborn, Phys. Lett., 62A, p.391, 1977 
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TpeTLH rJiana llOCBJIIUCHa HCCJIC,llOBaHHIO H pa3pa60TKC nmtmeKTopa )lJVI 

3cj;Jcj;leKTHBHOrO H ycroif.nmoro llOBOP0011 li}"llill .. H3 . BCpTHKaJILHOrQ KaHana 

aKCHaJILHOii HIDKCKnH . B · ; Me,llHaHH)'IO ' .nnocKOCTL LUIKJIOTpOHa Y -400M. 

Ccj;lopM)'.JIHPOBaHa 3a.lla'la onniMmal.UIH .· tmifaMHKH . nyqKa, npoxoJJ.llmero '1epe·3 

HHcj;JJieKTOp, )lJVI BLillOJIHCHWI YCJIOBHH XOpOliiCH UeHI]JOBKH op6HT H, 'yseJIH'ICHllJI 

aKCCIITaHCa UCHrpaJILHOH o6naCTH ycKopHU!irn. , . . , , .. . . . , 

IJpOBC,llCH · aHaJIH3 . pa3JIH'IHLIX. THnOB . HHcj;l.iieKTOpOB (CnHpaJI~HLIH8, 
rnnep60JIH'ICCI<Hif, napa60JIH'ICCKHii

8 
H 3JICKrpOCTalwiCCKOC 3CpKaJio

10
) Ha OCHOBC 

o61opa nmeparyp~>I. Bht6paHo · 3JICK'fPOCTaTli'ICCKoe . 3epKMo KaK HaH6onee 

OTBC'laiOIUCC CJIC.IzylOllUIM YCJIOBllJIM: HaHMCHLIDHC reOMeTpH'ICCKHC pa3MCpLI. 

B03MO:IKHOCTL o6ecneqeHWI . HC06XO.!Ufl\fOH 3KpaHHpOBKH OT . BHCliiHCfO 

BhiCOKO'laCTOTHOrO' ITOIDI, .o6ecne•ICHWI Ha,llC:IKHOH H30IDIUHH BLICOKOBOJILTHOrO 

llOTeHUHaJia H B03MO:IKHOCTb HIDKCKLUIH HOHOB Ha MaKCHMaJibHO 60JibiDOH 

Ha'laJILHLiii paJlHYC .rulli o6ecne.feHllJI Heo6XO.llHMOii ueHI]JOBKH op6HThi ycKopJieMbiX 

HOHOB. OnHcaHa KOHcrpyiauvl. 3epKana, cocroRmero H3 cne.zzyromHx rnaBHhiX 

3JICMCHTOB: 3JICK'fPO,lla, Hil.'.:OJJ.llll(CrOCJI llO,ll llOJIO:IKHTCJibHhiM BhiCOKOBOJibTHhiM 

llOTCHUHaJIOM; a TaiOKC peuieTJ<ll H OXJIIDK,naCMOrO BO,llOH 3KpaHa;'"HaXOJJ.llll(HXCJI llO.ll 

llOTeHUHaJIOM 3CMJIH. IJo YCJIOBllJIM 3JICKrpH'ICCKHX npo60CB Bbi6paH '3a~30p MC)I(Jly 

pemeTKoii H 3KpaHoM, paBHhiii 7 MM. 

PaJpa60Tana KOMnhiOTepHM nporpal\IMa )lJVI pac•1cra ocHOBHhiX napaMeTpOB 

3JICK'fPOCTaTH'ICCKOrO 3CpKaJia. ·IJpe,llCTaBJICH anrOpHTM nporpaMMbi, HCllOJib3YI0Il(CH 

napaMeTpH'ICCKHC ypaBHCHllJI, llOJIY'IeHHbiC H3 ypaBHCHHH Jlopenua aHaJIHTH'ICCKHM 

HHTCrpHpOBaHHCM. 

B Ka'lecrse nau6onee )I(CCTKHX ycnosnii, onpe.lleJunomnx JlHHaMHKY · HOH<JB so 

BCCM ,llHanaJOHC AJZ (2+ 1 0) npHHJITbl CJIC.IzylOILUIC BXO,llHbiC napaMeTpbl )lJVI 

omnMIIJaunoHnoro. pacqcra: · NZ =2, HanpJI)I(enne HIDKCKLUIII 25 KB; cpe.nnee 

MarHHTHoe none B ueHI]Je ycKopmeiDI 1,45 T. 

B pe3yJihTaTC OllTHMII3aUIIII llOJIY'ICHbl CJIC.IzylOILUIC OCHOBHhiC' .napaMeTpLI 

3JICKrpH'ICCKOrO 3CpKaJia: yroJI MC)K,lzy 3JICKrpO.llOM 3CpKaJia H MC,llHaHHOH 

llnOCKOCTbiO COCTaBIDieT 47~; MaKCHMaJibHOe HanpiDKeHHe 23,6 J<B; paCCT05IHiie MClKJIY 

:meKTpo.noM n pemcrKoii 9,2 MM. CxeMa 3JICK'fPH'lecKoro JepKc'l..'Ia noi<a.1alia Ha pnc.5. 

8 
J.L. Belmont, et. al., IEEE Trans. Nucl. Sci. Ns-13 No. 4,1966, P. 191 

9 
R. W. MLller, Nuc. Ins. and Meth., 54, 1967, p. 29. 

10 .. 
G.' Bellomo et al., Nuc. Ins. and Meth., 206, 1983, p. 19. 
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Hccne.nosana ,nnHaMHKa ny<IKc1 B UCH1paJihHoil o6nacrn UHKJIOTJ>OHa Y -·WOM 
Ha OCHOBC pa3pa60TaHHOH : KOMllbiOTc.pHOH , nporpaMI\lhl. · 0nHCaH anrOpHTM 

nporpaMMhl, , Of!HpaiOIUCHCJI B . CBOCM llOCTpOCHHH. Ha C.'IHTLIBaHHC H aHaJIH3 KapTbl 

H3McpcHHOrO· l'•"<lrHIITHOrO llOIDI B MC,nHaHHOH llJIOCKOCTH · UIIKJIOT(>OHa. Ha pa3Hh!X 

ypOBllJIX B036y)I(JJ;CHllJI . 06MDTKH 3JICicrpOMarHIITa yCKOpliTCIDI. 'BLICOKO'IaCTOTHOC 

)JICKrpH'ICCKOe none B YCKOPJIIOIUCM . 3a3ope spac•IeTe npHHHMaJIOCh B 'cj;lopMe 

pacnpe,neJICHllJI raycca. ,YpaBHCHWI )lJVI T(>aCKTOpHII HOHOB nonY<IcHbl 'IHCJICHHhll\1 

HHTerpnposanneM ypasHeHnii Jlopeliua no Mero.ey PyHre-Kyrra. Oco6oe BHHMaHHC 

y.lleneHo reol\IeTpiiH nepsoro ycKopJIIOmero 3a3opa; . onpe,neJIJIIOmero Ha•tanhHhie 

napaMeTphl lly<IKc-i, O'ICHb Ba:IKHLIC . .niDI .llaJihHCfunero YCroWiliBOfO .llBH)I(CHllJI. HOHOB 

B npouecce ycKopeHHJI. . 

0mHMH3HpOBaHHLIC T(>aCKTOpHH ~BH)I(CHllJI llJITH HOHOB C maroM 10° H3 Bcero 

,nHanaJoHa I!Ja'J JaXBaTa BbiCOKO'IaCTOTHOro 3JICicrpH'ICCKOrO ycKOpJIIOmcro llOIDI (400) 

npM nanpJDKCIIHH ua eyamax oT 140 .no 170 KB B .nnyx n:mmrno-nepnenmJKymipJU.IX 
fiJIOCKOl.lJIX npe,ncTaBJICHhl Ha p11c.6 Hplic.7. . 

B more OnTHMH3aUMOHHOro pac•Icm nony<ieHbi reoMeTpWiccKMe 'napaMeTphi 

UCHI]JClJihHOM 06JiaCTH UHKJIOT(>OHa Y -400fv,1, Ha OCHOBC KOTOpblX pa·3pa60TaHa ee 
KOHCTpYKUllJI. 
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140,150u 170 KB. 
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OCHOBHhiE PE3YJThTATbl PAEOThl 

0CHOBHI>Ie pe3yJIJ>TaThi pa60Thi, H3JIOJKeHHble B .D;HCCepTaUHH, 3aKJIIO'faJOTCj[ B 

cne;cyiOmeM: 

1. Pa3pa60TaHa H C03.D;aHa CHCTeMa aKCHa!ThHOH HHJKeKIUm, KOTOpall D03BOJlileT 

34JijleKTHBHO HHJKeKTHpOBaTh IIHreHCHBHbrH ny'IOK .• HOHOB . B DIHpOKOM .· .D;Hana30He 

OTHOWeHWI MaCChi K 3apH.D;y (NZ = 2 + 10) 113 llCTO'IHHI<a 3I.(P B o;empaJIJ>ayKl 

o6JiaCTh LlllKJIOTpOHa Y -400M. ' ' 
2. C DOMOUlbiO C03.!1;aHHI>IX aBTOpOM . KOMDbiOTepHbiX · • npOrpaMM · npose.n;eHJ>I 

paC'feThi TPaHCDOPTHpOBIUI nylfKOB HOHOB B WHpOKOM .D;HaDaJOHe OTHOWeHIDI MaCChi 

K 3apH.D;y (NZ = 2 + 10) OT llCTO'IHHI<a 3I.(P .!1;0 o;empaJIJ>HOH 06JiaCTH D;HKJIOTPOHa 

Y -400M. Ha OCHOBe 3THX Bhl'fHCJieHHii C03.D;aHI>I HOHHOODTH'feCKHe 3JieMellTbl 

TPaucnop-ra nyqKa. 3KcnepHMeHTaJII>Hhle pe3yJII>TaTJ>I llCCJI~OBaHWI. TPaHCMHCCHH 

nyqKa noKa'3aJill •rro oua coCTaBrureT OISOJIO 90%. 
3. BI>InOJIHeHbl HCCJie.D;OBaHIDI Hil'faJII>HOro .D;BIDKeHIDI llOHOB C A/Z = 2 +10, 
ycKopeHHhiX ua pa3JIIf'fHI>IX rapMOHHKaX • B.q. nOTeHD;Hana (BTOprut, · Tj>criJI H 

'feTBepl"all· rapMOHHKH). Ha OCHOBe aHaJIH3a pa3JIIf'fHbiX THDOB . HHij>JieKTOpOB 

( cnnpan»H~>~ii, rnnep6oJIIf'fecKHif, napa6oJIIf'fecKHii H JJieKTPoerariNecKoe 3epKaJio) 

DOKaJaHO, 'ITO 3JI~KTPOCTaTif'feCKOe 3epKaJIO . D03BOJlileT .. OTHOCHTeJII>IIO ; npocro 

ocyweCTBHTb 3¢$e'KTHBHOe D;empHpOBaHHe nyqKa H ero yCTOii'fHBOCTh B WHpOKOM 

.D;Hana'30HHe NZ. 
4. Arur CHCTeMM aKCHaJIJ>Hoii HHJKeKIUm nyqKa LlHKJIQTPOHa Y-400M npose.n;eu 

aHaJIH3 HCUOJI1>30BaHIDI pa3JIIf'fHbiX THDOB 6aH'IepOB ( CHH}'COH.D;aJII>HbrH C O.!I;HHM H 

.D;BYMJI 3a3opaMH, pa6oTaroiD;He ua cy6rapMOHHKaX Bq nOTeHD;Hana). Bhi6pau 

CHH}'COH.D;ani>HbrH 6alf'fep, pa60TaiOU{Hii Ha OCHOBHOH 'faCTOTe, C O.!I;HHM 

ycKopKIOUlHJ11 3a'3opoM, yCTaHOBJieHHI>Iii ua paccroHHHH o.D;Horo M~a OT o;empa 

l{HKJIOTPOHa. 3KCnepHMeHTaJII>HO DOKaJaHO, 1fTO 6aH'fep D03BOJlileT )'BeJIIf'fHTb 

HHTeHCHBHOCTb YCKOpeHHOro nyqKa B 3 pa3a. 

5. Ha OCHOBe pa3pa60TaHHOH aBTOpOM, MO.D;eJIH paC'fCTa BaxyyMHbiX CHCTeM C 

pa3JIIf'fHI>IMH npOBO.D;HMOCTJIMH HCCJie.D;OBaHO pacnpe.n;eJieHHe .D;aBJieHIDI B.!I;OJII> JIHHHH 

TPaHcnopTa nyqKOB HOHOB. 3TH Hccne.n;oBaHHJI no3BOJIHJIH ODTHMH3HpOBan 

paCDOJIOJKeHHe 3JieMeHTOB BaxyyMHOH OTKa'fKH, .'ITO, B KOHe'fHOM HTOre, .D;aJIO 

B03MOJKHOCTh o6ecne'fHTb no TPacce .!I;JIHHOii 9 M 34J¢eKTHBHOCTh TPaHCMHCCHH 

BI>ICK03apH.D;HI>IX TIDKeJII>IX HOHOB nyqKOB 6onee 85%. 
6. C HCUOJib30BaHHeM pa3pa60TaHHOH CHCTeMI>I aKCHaJII>HOH HHJKeKIUm nyqKa B 

LlHKJIOTPOHe Y-400M ~OCTHrli)'T<i o6Ul.all 34J¢eKTHBHOCTh ycKopeHIDI pasurut 24%, 
'ITO JIBIDieTCH o.D;HHM H3 JIY1fWHX pe3yJII>TaTOB B MHpe. 
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