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BBEAEHHE 

nony4eH~e ~ $OpM~poeaH~e ~HTeHC~BH~X ~OHH~X nY4KOB xopowero 
Ka4eCTBa - aKTyanbHaA 3aAa4a BO MHOr~X o6naCTAX HayK~ ~ TeXH~

K~. 0AHO~ ~3 TaK~X 3aAa4 ABnAeTCA ~H~eK~~A ~OHHOrO ny4Ka ~3 
BHewHero ~OHHoro ~CT04H~Ka e ~~KnoTpoH. B 3TOM cny4ae pa3Mep 
~ yrnoeaA pacxoA~MOCTb nony4aeMoro ~3 ~H~eKTopa ~oHHoro ny4Ka 
onpeAenA~T 3$$eKT~BHOCTb ero TpaHcnopT~POBK~ no TpaKTY ~H~eK
~~~. 

Ha4anbHoe $OPM~poeaH~e ~oHHoro nY4Ka, ~3BneKaeMoro ~3 ~oH
Horo ~CT04H~Ka, npo~3BOA~TCA 3neKTpOCTaT~4eCKO~ ~OHHO-onT~4eC
KOH c~cTeMo~ /HOC/. B 6onbw~HcTee cny4aee ~OC cocTo~T ~3 He
cKonbK~x 3neKTPOAOB, HaXOAA~~XCA noA pa3Hb1M~ noTeH~~anaM~. npo
eKT~poeaH~e ~OC 3aKn~4aeTCA e Haxo~AeH~~ reoMeTp~4eCK~x napa
MeTpoe ~ noTeH~~anoe 3neKTPOAoB, o6ecne4~Ba~~~x nony4eH~e M~H~
ManbHbiX pa3Mepa ~ yrnoeo~ pacxoA~MoCT~ nY4Ka. 

KaK npae~no, 3Ta 3aAa4a pewaeTCA nyTeM 4~cneHHoro MoAen~po
eaH~A pa3n~4H~x eap~aHToe ~OC np~ M3MeHeH~~ reoMeTp~4eCK~x na
paMeTpoe ~ noTeH~Manoe 3neKTPOAOB /eM., Hanp~Mep/l/;. TaKa~ 
cnoco6 Tpe6yeT paccMoTpeH~A 3Ha4~TenbHoro·4~cna eap~aHToe 
c ~enb~ e~6opa ny4wero ~3 H~x. Cy~ecTBY~T TaK~e MeTOA~ un~t~t
neH~A reoMeTp~4eCK~x napaMeTpoe M noTeH~~anoe 3neKTPOAOB 3neK
TpocTaT~4eCK~x ycTpO~CTB nyTeM peweH~A o6paTHO~ 3aAa4~ ~CXO~A 
~3 3aAaHHoro Ha nMH~~ ~nM noeepxHocT~ 3neKTP~4ecKoro nonA/2 . 

B HaCTOA~e~ pa6oTe on~c~eaeTCA MeTOA onpeAeneHMA napaMeTpoe 
~OC, ocHoBaHH~~ Ha 3aAaH~~ pacnpeAeneHMA noTeH~~ana Ha oc~ c~
cTeM~. 

PAC4ET PACnPEAEnEHH~ nOTEHUHAnA 
B HOHHO-OnTH4ECKO~ CHCTEME 

HoHHo-onT~4ecKMe c~cTeM~ ~OHH~x ~CT04HMKoe, ~cnonb3YeM~x 

AnA ~H~eK~MM ny4KOB e ycKop~Ten~, e~nonHA~T ABe $YHK~~~= 
- ycKopeH~e ~oHoe AO 3Hepr~~ MH~eK~~~; 
- nony4eH~e napaMeTpoe ny4Ka /yrnoBaA pacXOAMMOCTb, pa3Mep 

ny4Ka ~ T.A./, Heo6xoA~M~x AnA AanbHe~we~ era TpaHcnopTMpOBK~. 
0AHO ~3 ~3BeCTH~X peweH~~ 3aAa4~ TpaHcnopT~pOBK~ ny4KOB 

C 3aAaHHbiM~ CBO~CTBaM~ np~ nOMO~M 3neKTPOCTaTM4eCKO~ C~CTeMbl 
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3aKn~4aeTCA B ¢opMMPOBaH~M Ha OC~ CMCTeM~ KOC~HyCO~AanbHOro 
pacnpeAeneHMA noTeH~Mana 3/: 

U(Z) = Uo + Uc·cos(Z*), 

rAe z* = (n/d)·Z; l- paCCTOAHMe BAOnb OCM ny4Ka; U
0

- nOCTOAH
H~~ noTeH~Man; Uc - aMnnMTYAa oceeoro M3MeHeHMA noTeH~Mana; 
d - nonynepMoA M3MeHeHMA ocesoro noTeH~Mana. 

3To AaeT xopowMe pe3ynbTaT~ npM TpaHcnopTMposKe ny4Ka 6e3 
M3MeHeHMA ero 3HeprMM. 

AnA ycKopeHMA ny4Ka AO HeKoTopo~ 3HeprMM Heo6XOAMMa pa3HOCTb 
noTeH~Manos MemAY MOHHbiM MCT04HMKOM M nocneAHMM 3neKTPOAOM HOC. 
B 3ToM cny4ae pacnpeAeneHMe noTeH~Mana 6yAeT noeACTaBnATb co6o~ 
cynepnoaM~M~ nMHe~Horo M KOCMHycoMAanbHoro pacnpeAeneHM~. 3a
nMweM ero s B~Ae 

U(Z) = Uc·cos(Z*) + UL" (1 - Z/L), /1/ 

rAe UL - aMnnMTyAa nMHe~Horo pacnoeAeneHMA; L - AnMHa HOC /pac
CTOAHMe MemAY 3MMTTMpy~~e~ noeepXHOCTb~ M nocneAHMM 3neKTPOAOM 
HOC!. 

AnA AanbHe~wero ManomeHMA HaM noTpe6yeTcA eenM4MHa, CBA3aH
HaA C 4MCnOM nonynepMOAOB KOCMHyCOMAanbHOro pacnpeAeneHMA, 
yMe~a~~MXCA Ha AnMHe L. 06oaHa4MM ee N M e~paaMM e BMAe N = 
= (L - 0,5·d)/d + 2. 

Ha PMC. 1 noMseaeHo oacnoeaeneHMe noTeH~Mana Ha ocM, onMc~eae
Moe ypaeHeHMeM /1/, npM paaH~x oTHoweHMAX Uc/UL M npM N = 5. 
4To6~ c¢opMMposaTb TaKoe pacnpeAeneHMe no~eH~Mana, Hy~Ho 3HaTb 
noTeH~Man BHe OCM. AnA 3Toro Heo6XOAMMO pew~Tb ypaeHeHMe na
nnaca C rpaHM4H~M ycnoBMeM Ha OCM, 3aAaHH~M ypaBHeHMeM /1/. 

-~-
::::> 

15 1 

~~<i<--:::c 10 

5 

0 I \ / \ ..... _ -=::::?:;::,.., I 

-5 
.... ..__..,.,.. 

-10~----------.------------.----------~~ 

PHc.I. 
2 - uc 

0 50 100 
Z (mm) 

150 

PacnpeAeneHHe uoTeH~Hana Ha ocH HOC. I - Uc = 0, 
0,16·UL, 3- Uc = 1,4·UL. 
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3Ta 3aAa4a pewaeTc~ MeToAOM, onHcaHH~M s pa6oTe/3/. PeweHHe 
Hll(eM B BH,I;Ie 

2'IT 

U(R,Z) f U (Z 1
) da, 

0 
/2/ 2n 

rAe z• = z + i·R·cosa; R- paCCTO~HHe OT OCH ny4Ka; dU(R,Z)/dR= 
= 0 npH R = 0. noACTaBHB B~paJKeHHe I 1 I B /2/ H, BblnOilHV.B HHTe
rpHposaHHe, nony4HM 

U(R,Z) Uc·cos(Z*) ·1 0 (R*) + UL· (1 - Z/L), /3/ 

rAe R* = (n/d) · R; I 0 (R*) - MOAHCI>Hl.\HPOBaHHa~ CI>YHKL\H~ 6eccen~ 
O-ro nop.AAKa. 

nycTb Ro - paAHYC anepTyp~ 3IleKTPOAOB HOC /s o6ll(eM cny4ae 
3neKTPOAbl MoryT HMeTb OTI1H4a~li(Hec~ APYr oT APYra anepTyp~/. 
HcT04HHK HOHOB HaXOAHTC~ noA noTeHL\HanoM U0 , cneAOBaTeilbHo, 
U(Ro,O) = Uo. 

noACTaBJl~~ 3Ha4eHHe U(Ro,O) B ypasHeHHe /3/, no11Y4HM 

UL = U0 - Uc· I0 (R:) 

* (Ro = {n/d)·Ro). 
/4/ 

B s~pa>KeHHH /3/ Ail~ U (R ,Z) ocTaiOTC~ HeH3BecTHbiMH ABa napa
MeTpa N H Uc· 3TH senH4HHbl MoryT npHHHMaTb cneAYIOU(He 3Ha4eHH~: 
~t - .. ~ ................ ,,. .. .- ......... t::: ........... ......... n-M'-IV II , ........ ,un'T .... ,.,, .. OUMTL.rn 1""\T n " ...... uovn-
•• ~._,.,...,._ ,.,...,..,,_ ...., ..... ,,...,.,......,. M .... J''t -l: ,,..,..,.,._., .. ,...,.,,_. .. ,,. --~· _.. - ,., ...... ··-··-

Toporo MaKCHMaJlbHOr0,3Ha4eHH~ Ucm• onpeAeJl~eMoro H3 ypaBHeHH~ 
/4/ npH UL = 0 /s 3TOM cny4ae pacnpeAeneHHe noTeH4Hana KOCHHy
coHAailbHoe/. 

PAC4ET CI>OPMbl H nOTEHLtHAJlOB 3JlEKTPO,QOB 

3aAa4a 3aKJ1104aeTC~ B HaXOJKAeHHH reoMeTpHH 3JleKTPOAOB H HX 
noTeHL\Hanos, KOTOpble co3Aa10T pacnpeAeneHHe noTeHL\Hana /3/. 
Pac4eT BeAeM no MeTOAY, onHcaHHOMY s/3/. 

Bo3bMeM 4Hcno 3!1eKTPOAOB, pasHoe N, xoT.A 3To He ~sn~eTc~ 
eAHHCTseHHoA B03MOJKHOCTbiO. nonaraeM, 4To neps~A 3IleKTPOA HOC -
3TO B~XOAHOA 3IleKTPOA HOHHoro HCT04HHKa, N-A 3IleKTPOA - nocneA
HHA 3!1eKTPOA HOC, HaxoA~li(HAc~ noA HyneB~M noTeHL\HanoM. 

nycTb BHyTpeHHHe nosepXHOCTH 3IleKTPOAOB npOXOA~T 4epe3 T04-
KH C KOOPAHHaTaMH (Ro, k·d), rAe k = 0,1 ,2, ... N-2 /k = 0 COOT
BeTCTByeT nepsoMy 3IleKTPOAY, k = N-2 - npeAnocneAHeMy 3neKTpo
AY HOC/. noTeHL\HaJlbl T04eK (Ro, k·d) 6YAYT ~BJl~TbC~ noTeHL\Hana
MH 3!1eKTPOAOB. H3 ypasHeHH~ /3/ nony4HM: 

k * Uk = (-1) ·Uc·I 0 (R0 )+UL" (1-k·d/L), k=0,1,2, ... ,N-2; /5/ 
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nocneAHHA 3IleKTPOA HOC npoXOAHT 4epe3 T04KY (Ro, (N-1 ,5)·d)' 
H ero noTeH4Ha11 paseH 0. 

cJ>opMa 3JleKTPOAOB COBnaAaeT C 3KBHnOTeHL\HaJlbH~MH nosepxHo
CT~MH, npOXOA~li(HMH 4epe3 T04KH (R 0 ,k·d). H3 ypasHeHH~ /3/ no
IlY4aeM TpaHCL\eHAeHTH~e ypaBHeHH~, OnHC~BaiOU(He reoMeTpHIO 3JleK
TPOAOB: 

cos(z*) = (F·Z\G)/Io(R*), 

rAe 

F (U 0 - Uc·I 0 (R:))/(L·Uc), 

k * * (-1) ·I (R) + k·d·(U - U ·I (R ))/(L·U) 0 0 0 c 0 c G 

np111 k = 0,1,2, ... ,N-2, 
'* G = k·d· (U 0 - Uc·I 0 (R0 ))/(L·Uc) npH k = N-1 ,5. 

HcnOilb3Y~ 3aAaHH~e Be!1H4HHW uo,Ro,L V1 B~6V1pa~ Uc, N,HaXOAHM 
reoMeTpHIO 3JleKTPOAOB H3 ypasHeHHA /b/, KOTOp~e pewaeM HTepa
l.\HOHH~M MeTOAOM C noMOU(biO nporpaMM~, noCTaBileHHOA Ha n3BM 
11 npase4-16 11

• 

Ha pHc.2 noKa3aHa reoMeTpH~ HOC, pacc4HTaHHa~ onHcaHH~M s~-

we cnoco6oM. 
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PHc.2. HoHHo-onTHqecKaH CHCTeMa. L = 140 MM, N = 4, 
R

0 
= 10 MM, Uc = 0,25·Ucm• U0 = 15 kV. 

BJlH~HHE nAPAMETPOB HOC HA XAPAKTEPHCTHKH nY4KA 

BnH~HHe napaMeTpos Uc H N HJ TpaeKTOPHH 4aCTH4 paccMaTpHsa
nocb c noMOU(biO nporpaMM~ ELENS 4/. nporpaMMa pacc4HT~saeT pac
npeAeneHHe noTeHL\Haila B CHCTeMe aKCHaJlbHO-CHMMeTpH4H~X 3IleKTpo-
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AOB C 3aAaHHO~ reoMeTpHe~ H noTeH4HanaM~, a TaKme TpaeKTOPH~ 
4aCTH4. YpaBHeHHe nannaca pewaeTCH Ha OCHOBe MeTOAa KOHe4H~X 

pa3HocTe~ H MeToAa eepxHe~ penaKCa4HH. AnH Bbi4HcneHHH TpaeKTo
PH~ 4aCTH4 C y4eTOM npOCTpaHCTBeHHOro 3aPHAa HCnOnb3yeTCH KBa-
3HrHAPOAHHaMH4eCKOe npH6n~meHHe. noTOK 3apHmeHH~X 4aCTH4 pa3-
6HBaeTCH Ha HeKOTOpoe KOHe4HOe 4HCnO Tpy60K AnH B~4HCneHHH 

KYnOHOBCKHX nonpaBOK. nnoTHOCTb HOHHOrO TOKa B nnOCKOCTH, nep
neHAHKynHpHO~ ny4KY, nocToHHHa. YpaeHeHHe TpaeKTop~~ pewaeTCH 
MeTOAOM 3~nepa C YT04HeH~eM. 

AnH ynpo~eHHH pac4eToe npeAnonaraeM, 4TO noeepxHoCTb 3MHT
Tepa HBnHeTCH nnocKo~. H ee nonomeHHe coenaAaeT c 3KBHnoTeH-
4HanbHO~ nnoCKOCTb~ B HenocpeACTBeHHO~ 6nH30CT~ OT 3MHCC~OHHO
ro OTBepCT~H ~OHHOrO HCT04HHKa. HoH~ 3MHTTHpy~TCH B Hanpaene
HH~, nepneHAHKynHpHoM nnocKoCTH 3M~TTepa. BnHHHHe Tennoe~x cKo
pocTe~ HOHOB He Y4HT~BaeTCH. 

nporpaMMa ELENS pa6oTaeT Ha 3BM 63CM-6, AaHH~e AnH pac4eTa, 
COAepma~~e reoMeTpH~ H noTeH4~anbl 3neKTPOAOB, roTOBHnHCb B B~
Ae c)la~na Ha n3BM "npaBe4-16" H nepeAaBanHCb Ha 63CM-6 no Tep
MHHanbHO~ CeTH. Pe3ynbTaT~ pac4eTOB npHHHManHCb Ha "npaee4-16", 
rAe npOBOAHnOCb ~X peAaKTHpoBaHHe H npeACTaBneH~e B BHAe rpa
c)lHKOB ~ Ta6n~4. 

HcxoAH~e AaHH~e AnH pac4eTa: 
L = 60-140 MM /e 3aBHC~MOCT~ oT 4Hcna 3neKTPOAOB/; 
Ro = 10 MM; 
1\ In - h //\ - ~T~ .. ,.~- .. ~~~~ -- ........... - .. 
• •1 "1 / • • ..... 0 .._,, ,.,.._.10 ,-,.._..._. .......... ' "1 ...,"-'t-""M ................ u '-M"" "''L\U" 

MeHTapHoro 3aPHAa/. 
ToK ny4Ka i = 0,2-1 MA. 
OnpeAenHnCH yron 0, KoTop~~ o6pa3yeT TpaeKTOPHH 4acTH4bl 

c onTH4eCKO~ ocb~ c~cTeM~ nocne npoxomAeHHH HOC. H3 pac4eToB 
TpaeKTOpH~ 10 4aCTH4 on~ 
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2.6 peAenHnCH cpeAH~~ yron o, 
KOTOp~~ 6yAeM C4HTaTb KpH
TepHeM Ka4eCTBa ny4Ka 
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Uc/Ucm 
ON-3 .6. N-4 <> N-6 

/e > 0 COOTBeTCTByeT pac
XOAH~eMYCH ny4Ky, A< 0 -
CXOAH~eMyCH/. 

Ha pHc.3 npeACTaeneHa 
3aBHCHMOCTb e OT Uc/Ucrn 
nPH N = 3,4,5. 

PHc.3. 3aBHCHMOCTb 0 oT 
Uc/Ucm npH pa3nH'-IHWX 3Ha
l.leHHHX napaMeTpa N /ToK 
nyl.!Ka 0,5 MA/ . 
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PHc.4. 3aBHCHMOCTb e 
oT Uc/Ucm npH pa3nH'-l
HWX TOKaX DY'-IKa /N=S/. 

H3 pHCYHKa BHAHo, 
4TO c yeenH4eHHeM N 
B03MOmHO nony4eHHe 
MeHbwe~ yrnoeo~ pacxo
AHMOCTH. npH N = 4 
H N = 5 c pocToM Uc 
CHa4ana npOHCXOAHT 
yMeHbWeHHe yrnoeo~ pac-

0.2 0.6 1.0 XOAHMOCTH, a 3aTeM ee 
poeT. Bo ~36emaH~e ne

X 1=1 mA pec)loKycHpoBKH Heo6xoAH
MO e~6~paTb Uc = /0,3-

Q,6/·Ucrn· CneAyeT TaKme ~MeTb e B~AY, 4To yeenH4eH~e N aeAeT 

01=0 
Uc/Ucm 

/:!,. 1=0. 2 <> 1=0. 6 

K ycnomHeHH~ c~cTeMw. 
Ha p~c.4 npeACTaBneHbl 3aBHCHMOCTH e OT Uc/Ucm AnH pa3n~4H~X 

TOKOB ny4Ka. H3 pHCYHKa BHAHO Bn~HHHe npOCTpaHCTBeHHOrO 3aPHAa 
Ha TpaeKTOp~~ 4aCT~4. 

Tenepb npeAnonom~M, 4To paccToHHHe MemAY 3neKTPOAaM~ HOC 
HeOAHHaKOBO, KaK 3TO 6~no AO C~X nop, a HBnHeTCH, Hanp~Mep, 

niAHPIAHn.:1 rhvHKIIIAf'.:1 o;Kc:TnRHI-IR nT IAC:To4H~o~Ka. Torna BMecTo d 
B ypaBHeH~HX cneAyeT ~cnonb30BaTb d*=d + t·Z, rAe t - nOCTORH
HaR een~4~Ha. YpaeHeH~H np~ 3TOM ~3MeHR~TCR, Ho xoA pac4eToB 
OCTaeTCR npemH~M. np~ t, OTn~4HOM OT 0, ~3MeHReTCR c)lopMa 
3neKTPOAOB. Bn~RH~e napaMeTpa t Ha TpaeKTOP~~ 4aCT~4 TaKme pac
CMaTpHeanocb c noMO~b~ nporpaMM~ ELENS. Pac4eT~ noKa3~Ba~T, 

4To np~ 3aAaHH~x 3Ha4eH~Rx U0 , L, N, d ecerAa MOmHo Ha~T~ ee
n~4~Hy t, o6ecne4~Ba~~y~ nony4eH~e M~H~ManbHO~ paCXOA~MOCT~ 
ny4Ka. B 6onbW~HCTBe cny4aee 3Ha4eH~e t HaXOA~TCR B A~ana3oHe 
/-0,2- 0,2/, ~ no4T~ ecerAa OTP~4aTenbHO. 

CPABHEHHE C PE3YnbTATAMH APYrHX PA60T 

npoBeAeHO cpaBHeH~e HOC, paCC4~TaHHO~ on~caHH~M MeTOAOM, 
c 3KCnep~MeHTanbH~M~ pe3ynbTaTaM~ pa6oT/5-7/ ~ c AaHH~M~ o63op
Ho~ pa60T~/8/, npo4eAypa cpaBHeH~R noRCHReTCH p~c.5. 

no ~3BeCTHO~ reoMeTp~~ 3neKTPOAOB ~ ~X noTeH4~anaM C nOMO~b~ 
nporpaMMbl ELENS pacc4~T~Banocb pacnpeAeneH~e noTeH4~ana Ha oc~ 
c~cTeM~. 3aTeM onpeAenRn~cb napaMeTp~ ypaeHeH~R /3/ Uc, N, t, 
Aa~~~e Ha~ny4wee np~6n~meH~e K pacc4~TaHHOMY oceeoMy noTeH4~a
ny /B ypaBHeH~e /3/ BMeCTO een~4~Hbl d BXOA~T een~4~Ha d*/. 
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PHc.6. Pacnpe~eneHHe noTeH
~Hana Ha ocH Hoc/7/ ( ...•• ) 
H pacnpe~eneHHe, paccqHTaH
Hoe B ~aHHOH pa6oTe (0). 

AnH paccMoTpeHH~x CHCTeM 
3Ha4eHHH 3THX napaMeTpOB 
HaXOAHTCH B cneAy~~HX AHa
na30Hax: 

Uc = (0,2-0,4)·U~m 
t = (-0,2 - 0,25) 
N = 3-5. 
Ha pHc.6 a Ka4ecTee npH

Mepa noKa3aHo pacnpeAeneHHe 
noTeH~Hana Ha ocH AnH ~OC, 

onHcaHHo~ B pa6oTe/ 7 I, H pacnpeAene~lHe noTeH~Hana, onHCbiBaeMoe 
ypasHeHHeM /3/ np~ 3Ha4eHHHX napaMeTpos ypasHeHHH Uc=0,35·Ucm• 
t = 0,25, N = 3. 

Z ( mm) 

C Hcnonb30BaHHeM 3THX napaMeTpos Ha~AeH~ $opMa 1-1 noTeH41-1anhl 
3neKTPOAOB ~OC. C noMo~b~ npor~aMM~ ELENS npoeeAeH pac4eT pac
XOAHMOCTH 1-iOHHoro nY4Ka B ~QC/ -8/ 1-1 B ~OC, nocTpOeHHO~ HCXOAH 
H3 pacnpeAeneHHH ocesoro noTeH~Hana. Pac4eT noKa3an, 4TO AnH 
06eHX ~QC paCXOAHMOCTb OKa3~BaeTCH npaKTH4eCKH OAHHaKOBO~ 
~ LJly4at: napaKc:.:HanbHbiX ny4KO~. CJit:f.lyt:l UIMt!ll'ltb, '-llu tii.JI-1 ~..u~:~

naAeHHH ocee~x noTeH~Hanoe o6eHx HOC, 4Hcno 3neKTPOAOB, HX $op
Ma H noTeH4Han~ B cny4ae noCTpoeHHH ~QC 07HCaHH~M MeTOAOM MOryT 
OTnH4aTbCH OT ~QC, OnHCaHHhlX B nHTepaType 5-8/. 

3AKil!04EH~E 

PaccMoTpeHo nocTpoeHHe ~OC c pacnpeAeneHHeM noTeH4Hana Ha 
OCH, COCTOH~HM H3 nHHe~Horo 1-1 KOCHHYCOHAanbHOrO 4neHOB. ~3 pac
npeAeneHHH ocesoro noTeH~Hana onpeAeneHbl ¢opMa 3neKTPOAOB H HX 
noTeH~Hanbl. PaccMoTpeHo enHHHHe napaMeTpoe ypaaHeHHH oceeoro 
noTeH~Hana HapaCXOAHMOCTb ny4Ka C y4eTOM npocTpaHCTBeHHOrO 3a
PHAa. OnpeAeneHhl onTHManbH~e 3Ha4eHHH ceo6oAH~x napaMeTpoe 
ypaBHeHHH AnH nony4eHHH MHHHManbHO~ yrnoBO~ paCXOAHMOCTH ny4Ka. 

CpasHeHHeM c H3BecTHhlMH H3 nHTepaTyp~ ~OC noKa3aHo, 4To 
npeAnOlKeHHbiM MeTOAOM MOlKHO nOCTPOHTb lr1QC, He npH6eraH K 6onb
WOMY 06beMy 4HCneHHbiX pac4eTOB . 

AsTop~ 6naroAapHT H.lr1.TapaHTHHa 3a PHA none3Hhlx 3aMe4aHH~, 
BhlCKa3aHH~X np~-1 pe~eH3HpoBaHHH pa60T~. 
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PyKonv.c& nocTyn~na a ~3AaTen&cK~~ OTAen 
15 ~~nR 1988 roAa. 

BHpH rn., BoroMonoB c.n. 
MaTeMaTHqecKoe MOAenHpoBaHHe aKcHanbHo
CHMMeTpHqHoH: HOHHO-onTHqecKOH CHCTeMbJ 

9-88-533 

ITpoBeAeHo MoAenHpoBaHHe 3neKTpocTaTHqecKOH aKcHanbHO
CHMMeTpHqHoH: HOHHo-onTHqeCKOH CHCTeMhl /HOC/ AnH ~OpMHpOBa
HHH HOHHOro nyqKa, H3BneKaeMoro H3 HOHHOrO HCTOqHHKa. Pac
CMOTpeHO nocTpoeHHe HOC c pacnpeAeneHHeM noTeH~Hana Ha 
OCH, COCTOH~HM H3 nHHeHHOrO H KOCHHYCOHAanbHOrO qneHOB. 
Hg gaAaHHoro pacnpeAeneHHH noTeH~Hana Ha ocH onpeAeneHa 
~OpMa 3neKTPOAOB H HX noTeH~HanbJ, llpoBepKa CBOHCTB noCT
poeHHOH TaKHM o6pagoM HOC npoBeAeHa c noMo~bro nporpaMMhl 
ELENS. CpaBHeHHe c H3BeCTHb~H H3 nHTepaTypw HOC noKasano, 
qTo nocTpoeHHwe npeAno~eHHb~ MeTOAOM HOC o6ecneqHBaroT ~op 
MHpoBaHHe nyqKa nPaKTHqecKH TaKoro ~e KaqecTBa. OnHcaHHbili 
B pa6oTe MeTOA nocTpoeHHH HOC He Tpe6yeT npoBeAeHHH 6onh
rnoro o6'heMa qHcneHHbiX pacqeTOB. 

Pa6oTa BblllOnHeHa B lla6opaTOpHH HAePHWX peaK~HH mum. 
llpenpHHT 06'be.nnHeHHoro HHCTHTyTa MepHbiX uccne.no&aHHH. ,Uy6aa 1988 

ITepeBOA n.B.ITarnKeBHq 

Biri S.; Bogomolov S.L. 9-88-533 
Simulation of an Axially Symmetric Ion-Optical 
System 

The simulation of an electrostatic axially symmetric 
ion-optical system designed for forming an ion beam extrac 
ted from an ion source has been carried out. 'The design of 
an ion-optical system with an axial potential distribution 
consisting of linear and cosine terms is considered. The 
electrode shape and potentials are determined from the gi
ven potential distribution on the axis. The properties of 
the ion-optical system designed in this manner have been 
verified using the code ELENS. It is shown that the ion
optical systems constructed by the proposed method prac
tically provide the same quality of the beam as do other 
systems known from the literature. The proposed method of 
constructing an ion-optical system does not require bulky 
numerical calculations. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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