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B C8~3H C 6YPH~H pa38HTHeM B nOCneAHMe rOA~ KonneKTH8H~X 
HeTOA08 YCKOpeHH~, CHnbHOT04H~X 3neKTpoHHYX YCKOPHTene~, HCT04
HHKOB MHOr03ap~AHWX HOHOB nORBHnaCb He06XQAHHOCTb 8 MQAenHpO
BaHHH npo~ecca HaKOnneHHA HOHoe H AHHaMMKH 3neKTpoHHO-HOHHWX 
ny~KoB H TOHKHX Kone~. 60nbWHMH B03Mo.HOCTRMM AnA peweHHA 3THX 
3aA84 o6naAaeT MeTOA KpynH~x ~aCTH~/l~. kOTOp~~ npeACT8SflAeT 
co60H ~HcneHHoe peweHHe KHHeTH~eCKoro ypaSHeHHR no xapaKTepHC
THKaM. 3TOT MeToA y*e Hcnonb30BanCA paHee AnA H3y~eHHA npo~ec
COB B 3neKTpOHHWX nY4Kax H Konb~ax/3-&l.OAHaKO B 3THX pa50Tax 
AeHCTSHe c06CTBeHH~X noneH Ha ABH*eHHe 4aCTHij onpeAenRflOCb ny
TeM B~4HcneHH~ B3aHMoAe~CTBHA Me~y Ka.Aor. napOH KpynHwx 4aCTH~. 
TaKoH nepe50p Bcex 4acTH~ Tpefioean 60flbmDrO C4eTHoro BpeMeHH 
Ha 36M H, KaK cneAcTsHe, orpaHH4Hsan HeCKGnbKHMH COTHRMH ~ee 
4HCno Hcnonb3yeMwx e MOA e nHpOBaHHH KPyn HWX 4aCTH~. B 3THX pac
4eTax Henb3R 5wno AeTanbHO HccneAOBaTb MHOrHe ~oeKTWJ H3y
48Tb ¢YHK4HH pacnpeAeneHHA 4aCTH~, paCCMaTpHBaTb oAHospeMeHHo 
HeCKonbKO pa3nH4HWX THnoe 3apR~eHHWX 4aCTH~. 

nnR MOAenHpOBaHHR npo~eccoe B aKCHanbHO-CHMMeTpH4HWX MHoro
KOHnOHeHTHWX nY4Kax 3apA*eHHWX 4aCTH~ C yqeToM co5cTeeHHwx Ksa
3HcTa~HoHapHwx 3nekTpOMarHHTHWX none~ 6wna C03AaHa nporpaMMa, 
B KOTopoH B Ka*Aw~ MOMeHT speMeHH Ha ceTKe onpeAenAQTCA nnOT
HOCTH 4aCTHU p . · nOTeH4Ha~ c06cTseHHwx none" U BW~HcnROTCR 
peweHHeM ypaBHeHH~ nyaccoHa B UHnHHAPH4ecKMx KOOPAHHaTax 
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rAe R- rpaHHua paCCMaTpHsaeMoH B 3aAa4e 06naCTH . YpaBHeHHe 
nyaccoHa pewaeTcR npH nOM~H MOAH$HKaUHH n porpaMMw DELSQRZ / 71 
Hcnonb3y~e~ 6~CTpoe npe06pa30saHHe ¢YPbe. HeIKAY Y3naMH ceTKH 
U HaxoAHTcR nHHeHHO~ HHTepnonR~He~ . nB HWeHMe 4acTH~ B nonepe4
HOM ce4eHHH nY4Ka onHcweaeTCR ypasHeHHRMH ABHIKeHHA 
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rAe Me - mYer - MOMeHT t<onH4eCTsa ABH)tIeHHft. ~BnAIO~HlilcR HH
TerpanOM ABH*eHHR, Vr H Yo - paAHanbHaR H yrnosaR CKOPOCTH ABH
lKeHHR 4aCTHubl, ze H m- 3apRA H Macca ~aCTHU COOTBeTCTseHHO, 
F H FUt - CHllbl, AeHCTSYICll.\He co CTOPOHbI c06cTBeHHwx U H BHeWHHX 
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AnA onpeAeneHHA TpaeKTopHH ABH~eHHA 4aCTHl..\ B nporpaMMe HC
nOJlb3yeTcA J.1HTerpaIl CHCTeMbl /2/ - 3aKOH COXpaHeHJ.1f1 3HeprJ.1J.1 E 

M2 
~~ ±/ ~ eE - __IL - ze e u + u )) /3/
dt m 2mr2 ell 

3TO ypaBHeHJ.1e ny4we J.1HT~rpHpyeTcA 4J.1cneHHb1MH Me TOAaM~ B OKpeCT

HOCTRX Hyneeoro paA~yca, 4eM BTOpOe ypaBHeHHe C~CTeMbl /2/. 

KpoMe Toro, Hcnonb30BaHHe 3SKOHa coxpaHe HHfI 3HeprH'" BMeCTO 

ypasHeHHH ABH~eHHA n03BOflAeT BABoe COKpaTHTb 4Hcno pewseMblX 

ypaBHeHH~. YpaBHe HJ.1e /3/ J.1HT e rpHpye TcA MeTOAOM PYHre-KYTTa 4eT

BepToro nopRAKa. 


~A Ha4anbHOH paCCTaHOBKH KPy nHblx 4aCTH4 B ¢a30BOM npOCTpaH
CTee KOOPAHHaT H CKOPOCTe~ a COOTB e TCTBHH C 3aAaHHoH ¢YHK4J.1e~ 
pacnpeAeneHHA r Hcnonb3yeTcR cneAY~~HH anropHTM. ~nR ¢aKTopH30
saHHOH Ha4anbHOH OYHK4HH pacnpe Ae n e HHR 

f e xI ' x2 , .. .. X j .... , x k) ~ fIe x I) f2 ( x2 ) ... f j (x j ) ... f k ( X k) • 

TorAa Ha4aIlbHble 3Ha4eHHR, Hanp""",e p, KOOPAHHaTbI xiI} KpynHolii 4ac
TIo1l..\bI C HOHepOM n /n = 1 ,2, . . . N/. Xint::Fj-l(R(n), xj(;[a1,bt).rAe 
R(n)- reHepaTOp cnY4aHHblX 4Hcen B J.1H TepBane [0,1] - CTaHAapTHaR 
$YHKl..\J.1R, "'Me~~aACA. KaK npaBHno, B MaTeMaTH4e CKOM 06ecne4eHHJ.1 
Bcex KpynHblx 3g'1. bl 

F- I eeTb 06paTHa. <l>YHK~". OT F ex . ) c l.. (f. (y) g. (y)dy.3Aeeb
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a j 
g. - BeCOBaA ¢lYHKl..\HA, onpeAellReMaR Me Tplo1KoH npOCTpaHCTsa. Ha

l 
npH,,,ep. AnR pacnpe Ae n e HHR no paAHycaM B nOIlApHblX KOOPAHHaTax 
g(r)=r. B nporpaMMe npeAYCMOTpeHa B03MomHOCTb 3anHCH BceH npo
Me~YT04HO~ ""H¢opMa4HH HS MarHHTHblH AHCK AnR npOAon~eHHR paC4eTOB 
B cneAyo~eM ceaHce. KpoMe 4~cneHHoro oT06pa*eHHR pe3ynbTaToB 
pac~eTa MoryT CblTb ~306pa~eH~ ¢a30B~e nnOTHOCTIo1 43CTH4 Ka~Aoro 
copTa Ha cTaHAapTHo~ CTpaH~~e B~Aa4~. XapaKTepHoe speMR CABHra 
Ha war no BpeMeH~ 1000 4aCTIo1l..\ Ha 3BM THna c~c-6500 - OKono 1 c; 
Sbl4HcneHHe none~ Ha c e TKe 16x64 Tpe6ye T 0,7 c. • 

C03AaHHaR nporpaMMa 6b1ns I1cnonb30BSHa AnR' MOAe nHpOBaHHR pa3
nH4Hb!X npOl..\eCCOB B 3ne KTpOHHO-110HHblX nY4Kax /8 - 9/,HeKoToPble pe
3ynbTaTbi npHseAeHbI Ha pHc.1-4. B pa C4 e Tax Hcnonb30sanOCb no 
1000 KpynHblx 4aCTH4 AnR Ka~AoH 3SPRAHOCTH. Ha pHc.l,2 H 3 
H306pameHa AJ.1HaMHKa ~YHKl..\HH pacnpe Aene HHA 3ne KTpOHOB H HOHOB 
H nOTeH~Hana 3ne KTpH4 eC Koro n OllA B 3SBHCHMOCTH OT $aKTopa 3a
PRAOBOH He~TpanH3a4HJ.1 f 3lleKTpOHHoro 3 a pRAa HOHaMH, a Ha4anbHbI~ 
MOMeHT speMeHH 3neKTpOHbi HMe nH pacnpe AeneHHe MaKCBenna B no
nepe4HOM ce4eHHH ny4Ka c o cpe AHeKBaAPSTH4HblM paAHycoM a o • T04- '\ 
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PHc .l . ~YHK~HR pacnpeAeneHHH 
3neKTpOHOB B ¢>a30nOM npOCTp aHCT
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PHc . 2 . ¢YHK~HH pacnpe,ne.ne HHR 

HOH OB B (!la30BoM npOCT pa HCTBe 


HOCTb Bbl4HcneHHA n one~ AnA H3B e CT HbiX cny4aeB 6b1na Bblwe 1%. Be KOOPAHHaT H CKo poC'r eH n pH y ee  l<ooPAJ1Ha T Ii CKo p OCTe I1: rrpu YBe 
nepBble MOMeHTbI $yHK~HJ.1 pacnpeAe n eH HR 4S CTH~, paCCTaBneHHblX no nHqeHHH ~aKTopa HeHTpanH3a~HH: JlHlJeHHH ¢aKTop a n eHTpanH3 a U;HH: 
onHcaHHoMy Bblwe anr o pHTMY, OTnH4all~Cb OT J.13B e CTHbiX 3Ha4eHHv, npH- a/ r~ 0; 6 / r~ 0,3; s/ r ~ 0,9. a/ f~ 0; 6/r~ 0, 3 ; s / I ~0,9. 
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http:pacnpe,ne.ne
http:YHK4J.1e
http:YpaBHeHJ.1e
http:ypaBHeHJ.1e


PHc.3. 3asHcHHoCTb nOTeHUHana 3neXT
puqecKoro nonB OT PaAHyca B 3neKTpoH
lfO-HOHHOM nyqxe AJIJI pa3n1NHhIX 4taxTO
POB HeATpanH3auHH 3neXTpOHHoro 

Sapll.l13. 
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PHc.4. CpeAHeKB3ApaTHq~e pa3 0,' 

Hepbl HOHHblX KOHJlOHeHT B 3a.BHcH

0 5 10 15 1OMOCTH OT 3ap~AHocTH HOHOB. 

MepHO Ha 0,5%. Ha plo1C. 4 H306pa)l(eHo H3MeHeHIo1e cpeAHeKBaApan"~
Horo pa3Mepa HOHOB B 3aSHCHMOCTH OT HX 3apflAa z Anfl pa3nH~H~X 
pacnpeAeneHH~ nnOTHocTH 3neKTpOHOB B ce~eHHH nY4Ka. KpecT~ OT
HOCATCR K 3neKTpOHHOMY nY4KY C nOCTOAHHO~ nnOTHOCTb~. CnnOWHafl 
Kplo1saA COOTBeTCTsyeT T04HOMY peweHHO 3aAa4H 18.10/ . 3TOT aapHaHT 
paC4eTa flBnflnCJ' OAHHM H3 TeCTOS, npoBep"~Hx pa60TY nporpa'.......bI. 

T04KaMH nOKa3aHO H3MeHeHHe cpeAHeKBaApaTH4H~x pa3MepOB HOHes 
8 3neKTpOHHOM ny~Ke c raYCCOSCKOH nnOTHOCTb~ B ce4eHHH, B paC4e
Tax, npHBeAeHH~X Ha pHc.4 , c06cTBeHH~e non" HOHce He Y4HTblsa
IlHCb. 
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nepenbmTe AH 3.A . , UlHPKOB r.JI., ID.HHOB B.r. 11- 84-505 
QHcneHHoe MOAenHpoBaHHe AUH3MHXH 3neKTpOHHO-HOH~ nyqKoB 

OnHc aHa nporpaMMa AnR HOAenHpOnaHHft HeTOAOM Kpyn~ ~aCTH~ 
Ha 3BM npo~eCCOB B aXCHanbHO-CRHMeTp~~ MHorOKOMnOHeHTKWK 
n YQXBX 3apHaeHHWX qaCTHU. C06CTBeHKNe nons onpeAenR~TCH H3 
ceTKe HHTerpHpoBaHHeH ypaBHeHHR rryaccoHa c nOMO~~ 6~cTporo 

npeo6pa30BaHHH ~Pbe. npHBeAe~ npHMep~ HcnonbSOB8HHft nporpaM
MbT AnH paCqe Ta npo~eCCOB KaKonneHHB HOHOB B 3neKTpOH~ nyqxax. 

PaOOTa B~onHeHa B OTAene HOBWX MeTOAOB YCKopeHHR OHHH. 

DpenplOfT O61.eAHHeHHoro IIHcTHTyra JlJlePHWX Hccne.llOBuKA. ,[lyISHa 1984 

nepeBOA aBTopoB 

Perelstein E.A.,Shirkov G.D., Shchinov B.G. 11-84-505 
Numerical Simula t ion of Electron-Ion Beams Dynamic 

The program is de scribed for finite-si ze particles computer 
simulation of the processes in axial-symmetric many-component 
beams of charged partic les. Using the fast Fourier transform 
the charged partic l es own fields are defined with the mesh 
integration Poisson' s equa tions. Calculation of the ion ac
cumulation processes in the electron beams are cited as the 
examples of the program using. 

The investigation has been performed at the Depart~ent 
of New Acce leration Me thods, JINR. 

Preprint of the Joint In.titute for Nuclear Re.earch. Dubna 1984 


