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1 • HacToR~aR pa6oTa noceR~eHa 4HCJleHHOMY MOAenHpoeaHH~ npo
~ecca HaKOnJleHHR HOHOB B 3J1eKTPOHHbiX ny4KaX. B nOCJleAHHe rOAbl 
PRAOM aBTOPOB 6b1J1H npeAnPHHfiTbl nonbiTKH onpeAeJleHHR $YHK~HH pac
npeAeneHHR 111-160 ycpeAHeHHbiX napaMeTpOB HOHOB, o6pa3y~~HXCR B 
nnOTHbiX 3JleKTpOHHbiX ny4KaX H KOJlb~aX ll· 41• 0AHaKO 6e3 npHBJ1e4e
HHR 4HCJ1eHHbiX paC4eTOB 3TO YAaeTCR CAeJ1aTb TOJlbKO B HeKOTOpbiX 
npocTei1wHx cny4aRx. OcHoBHbiM AOny~eHHeM fiBJlReTcfl npeAnonomeHHe 
0 JlHHeHHOCTH nonei1, B KOTOPbiX pOmAa~TCR H ABHmyTCR HOHbl. TaKoe 
npH6J1HmeHHe B03MOmHO npH npeHe6pemeHHH C06CTBeHHbiMH, cy~eCTBeH

HO HeJ1HHeHHbiMH, nonRMH HOHOB, TO eCTb B CJ1y4ae Manoi1 3aPfiAOBOH 
Hei1Tpa11H3a~HH 3J1eKTpOHHOro ny4Ka HOHaMH. B 161 HaHAeHbl CTa~HOHap
Hble $YHK~HH pacnpeAeJ1eHHfl HOHOB H C nOM~b~ 4HCJleHHbiX paC4eTOB 
noKa3aHO cna6oe ~JlHfiHHe HeJlHHeHHOCTH nonei1 3JleKTPOHOB Ha ABHme
HHe HOHOB B 3J1eKTpOHHOM ny4Ke C rayCCOBCKHM pacnpeAeJ1eHHeM 
nnoTHOCTH no paAHYCY ce4eHHfl. B181 Allfl 3J1eKTpOHHoro ny4Ka c no
CTORHHOH nJlOTHOCTb~ HCCJleAOBaHO BJlHfiHHe C06CTBeHHbiX HeJ1HHeHHbiX 
KYJ10HOBCKHX CHJl HOHOB Ha nonepe4Hble pa3Mepbl H CKOPOCTH HOHHOH 
KOMnOHeHTbl. 

4HCJleHHbiMH MeTOAaMH MOmHO M?AeJlHPOBaTb POmAeHHe HOHOB H 
nBHmeHHe 4aCTHU B oeaJlbHbiX HeJlHHeHHbiX nOJlfiX 3JleKTPOHHO-HOHHbiX 
ny4Koe. B 171 e pe3yJ1bTaTe HHTerpHpoeaHHR ypaeHeHHH Bnacoea 
HaHAeHbl $YHK~HH pacnpeAeJleHHfl HOHOB AJlfl HeKOTOpbiX pacnpeAeJ1eHHH 
nnoTHOCTH 3neKTPOHHoro ny4Ka. B AaHHOi1 pa6oTe Hcnonb3yeTCR MeTOA 
KpynHbiX 4aCTH~. PaHee 3THM MeTOAOM H3y4anocb H3MeHeHHe pa3Mepoe 
3JleKTpOHHO-HOHHbiX KOJle~ npH HaKOnJleHHI-1 HOHOB /S/, HO OTHOCHTeJlbHO 
Manoe 4HCJ10 KpynHbiX 4aCTH~ /no 132 Allfl HOHOB 1-1 3J1eKTPOHOB/ He 
n03BOJ1HJ10 npOCJl€AHTb 3a AHHaMHKOH $YHK~HH pacnpeAeJleHHfl H pac
CMaTpHBaTb OAHOBpeMeHHO HeCKOJlbKO HOHHbiX 3apfiAHOCTei1. 

B Hawei1 pa6oTe paccMaTp!-1&aeTCR HaKOnJleHHe HOHOB B JlHHeHHOM 
3JleKTpOHHOM ny4Ke Kpyrnoro ce4eHI-1R. Bee pe3yJlbTaTbl pacnpocTpa
Hfi~TCR Ha TOHKHe 3J1eKTpOHHble KOJlb~a, eCJll-1 MOmHO npeHe6pe4b HX 
KPHBH3HOH.HcnOJlb3Y~TCfl CJleAY~He o603Ha4eHHfl: BCe BeJlH4HHbl C HH
AeKCaMH 11e 11 OTHOCfiTCfl K 3J1eKTpOHaM, a HHAeKCOM "i , - K HOHaM 
i -i1 3aPRAHOCTH; N o3Ha4aeT J1HHei1Hy~ nnoTHOCTb 3neKTpoHoe J1H6o, 
B 3aBHCHMOCTH OT HHAeKca, HOHOB B ny4Ke HJlH B pacnpfiMJleHHOM 
KOJlb~e. 

2. PaCCMOTpHM HaKonneHHe HOHOB B 3JleKTpOHHOM ny4Ke C rayc-
COBCKOH 
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e 

nJlOTHOCTb~: 

Ne r2 
- exp(- -). 
a 2 2a2 

/1/ 

Ero cpeAHeKBaApaH14Hbli1 paAHYC a 8 ==J2a. B
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6blno noKa3aHo, 
4TO e TaKoM ny4Ke npH liN 1 << N e nnoTHOCTb HOHOB i -i1 3aPRAHOc

i 

TH xopowo npH6nHmaeTCfl BblpameHHeM 

Pt =..; 2
17 

N1 exp(-r
2
/2a¥) 

a 1 r /2/ 

rAe a 1 .. a8 /y2i - cpeAHeKBaApaTH4Hble nonypa3Mepbl HOHHoro 
ny4Ka. Oco6eHHOCTb e BblpameHHH /2/ npH r ~o CBR3aHa c npeHe6pe
meHHeM Ha4aJlbHbiMH CKOpOCTfiMH OAH03apRAHbiX HOHOB, KOTOpble 06pa-
3y~TCR 1-13 Hei1TpaJlbHbiX aTOMOB HJlH MOJleKyJl, HMe~~HX TenJ10Bble CKO
pOCTH UT• PeaJlbHO HOHbl HMe~T HeKOTOpbiH MOMeHT KOJ1H4eCTBa ABHme
HHR OTHOCHTeJlbHO ~eHTpa ny4Ka H MHHHMaJlbHOe paCCTORHHe, Ha KO
TOpoe HOH MOmeT npH6J1H3HTbCR K ~eHTpy: 

r min u T ·------. 

CpeAHflfl 4acToTa Kone6aHHi1 HOHOB i-i1 3aPRAHOCTH AJ1R nnoTHOCTei1 
/1/ 1-1 /2/ onpeAenReTcfl BblpameHHeM 

ir 8m8 c2 ( N 8 

m 1 (a2+a~+aya2+a~) 

rAe C- CKOpOCTb CBeTa; r 8 H m8 - KJ1aCCH4eCKHH paAHYC 3J1eKT-
" .... .. "' 12 -t 

J.JUMd.., t::tU Md\..\..dt Uli- Md\..L.d t1UNd. ltciiiV~Stt.J, IIIJlfl 1'1 8 -tv \..M 

AJlR HOHOB TRmeJ1biX 3J1€M€HTOB rmin/a 1 -10 .CneAOBaTeJlbHO, nJlOT
HOCTb HOHOB B ~eHTpe ny4Ka MOmeT AOCTHraTb 04eHb BbiCOKHX 3Ha-
4eHHH H, Aame npH OTHOCHT€JlbHO He60J1bWOM HX 4HCJle, 6b1Tb 60J1bWe 
nJ10THOCTH 3J1eKTpOHOB. npH onpeAeJ1eHHOM 4HCJ1e HOHOB Y noTeH~H
aJlbHOH fiMbl nOfiBHTCR JlOKaJlbHbiM MaKCHMYM B ~eHTpe ny4Ka. 3TO 
BeAeT K TOMy, 4TO HOHaM, HMe~HM Many~ aMnJ1HTYAY KOJ1e6aHHH, 
He 6yAeT XBaTaTb 3HeprHH AJlfl npeOAOJ1eHHR B03HHKWero nOTeH~HaJ1b
HOrO 6apbepa, xapaKTep HX ABHmeHHfl H3MeHHTCfl, H nJlOTHOCTb Ha4-
HeT OTJlH4aTbCR OT /2/. 

3neKTPOHHbli1 ny4oK, HMe~~Hi1 rayccoecKoe pacnpeAeJleHHe nnoT
HOCTH, B CBOeM Ce4eHHH C03AaeT 3J1eKTPH4eCKOe none: 

r2 r2 
U 8 .. eN

8 
(E1 (-) + ln(-) +C). 

2a2 la2 
/3/ 

3AeCb E 1 - HHTerpanbHaR noKa3aTeJlbHafl $YHK~HR; C- nocTOfiHHafl 
3i1nepa; e - 3aPRA 3JleKTPOHa. 

CooTBeTCTBeHHO HOHHbiH ny4oK c nnoTHOCTb~ /2/ 
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B 3TOM cny4ae MHHHManbH~~ paA~YC, Ha KOTOp~~ HOH C aMnnHTYAO~ 
KOne6aH~~ r 0 MOmeT np~6n~3~TbCR K ~eHTPY, onpeAenReTCR H3 yc-

noBHR 

MOryT npoXOA~Tb 4epe3 ~eHTP ce4eH~R ny4Ka. np~ nnOTHOCT~ /2/ 
oKono 60% scex ~oHoB ~MeiOT r 0 ::::, a 1 • 

Pac4eTbl noKa3~BaiOT /S,lOI,, 4TO np~ HaKonneHH~ HOHOB ~3 OCTaT04-
HOrO ra3a B KaMepe yCKOp~TenR n~60 ~3 cne~~anbHO~ CTPYH He~T
panbH~X aTOMOB, snpbiCKHBaeM~X B KOnb~O, HX pacnpeAeneHHe no 
3aPRAaM oKa3~BaeTcR AOcTaT04HO y3K~M. 0KOH4aTenbHO nony4HM, 4TO 

np~ ~aKTope He~Tpan~3a~~~ 

iN 
f = l ~ < v: ,; ' 

•• e -t 1 

liN 
rAe i = ~ ~CKameHHe nOTeH~HanbHO~ RM~ He3Ha4HTenbHO, 

lN 1 
nnOTHOCT~ ~OHOB 6n~3KH K /2/ ~ MOmHO nonb30BaTbCR pe3ynbTaTaMH 

pa6oT~ 161 • 

3. Bn~RHHe ~oHHoro 3aPRAa Ha ~YHK~~~ pacnpeAeneHHR ~OHOB ~ 
3neKTPOHOB ~ noTeH~Han 3neKTP~4ecKoro nonR ~ccneAosanocb MeTo-

AOM KpynH~X 4aCTH~. 
PaccMaTp~sancR 6ecKoHe4HO AnHHH~~. c rayccoscK~M pacnpeAene-

HHeM, Kpyrn~~ B ce4eH~H 3neKTpOHH~~ ny40K B MeTann~4eCKO~ Tpy6e 
paA~yca R =is a

0
, rAe a 0 - Ha4anbH~~ cpeAHeKBaApaT~4H~~ paA~Yc 

ny4Ka 6e3 ~OHOB, ny40K ~OKYC~posancR npOAOnbH~M MarHHTH~M noneM. 
B pe3ynbTaTe 3neKTPOHHoro YAapa ~3 He~TpanbHoro ra3a c pasHo
MepHo~ nnOTHOCTbiO B ny4Ke nORBnRnHCb ~OH~ C HyneB~M~ Ha4anb-

H~MH CKOpOCTRMH. 
3neKTPOHH~~ ny40K H pomAaiO~~eCR B HeM HOH~ MOAen~poBan~Cb 

KpynHbiM~ 4aCT~~aMH - 113neKTPOHaM~ 11 ~ 11 HOHaM~11 • AnR B~4HcneH~R 
co6cTseHHbiX none~ Hcnonb30Banacb ceT04HaR MeTOA~Ka. TpaeKTOP~H 
AB~meHHR 4aCT~~ onpeAenRn~cb H3 3aKoHa coxpaHeH~R 3HeprHH E. 
AnR 113neKT pOHOB 11 

4 

dr 
dt 

j 2 2 Me 2 2 
.. -(E- eU)- ---wer , 

me m2r 2 
e 

/4/ 

rAe Me= m 
6 

V 9r- COnst - MOMeHT KOn~4eCTBa ABHmeH~R; V 8 - yrno-
BaR CKOpOCTb 3neKTpOHOB; We - 4aCTOTa HX KOne6aHH~ BO BHeWHeM 
none. npeAnonaranocb' 4TO y 11~0HOB 11 M i =0' w i =0 ~ HX TpaeKTO
PHH HaXOA~n~Cb H3 ypaBHeHHR 

dr ,.; j .!:_ (E - ieU) /5/ 
dt mt 

3aMeHa o6~4HbiX ypasHeHH~ AB~meH~R ypasHeH~eM /4/ no3son~na AnR 
3neKTPOHOB, HMe~HX Man~e MOMeHT~ KOn~4eCTBa AB~meH~R, noe~
C~Tb yCT0~4HBOCTb peWeH~R B OKpeCTHOCT~ Hynesoro paAHYCa ~ CO
KpaT~Tb BABOe 4~cno ~HTerp~pyeM~x ypaeHeH~~. B pac4eTax He 
paCCMaTpHBanOCb B RBHOM B~Ae HenocpeACTBeHHOe B3aHMOAe~CTB~e 
4aCT~~ MemAY co6o~, no3TOMY AnR yMeHbWeH~R C4eTHOrO speMeHH 
fiblnO B03MOmHbiM CAenaTb Mace~ 11 3neKTPOHOB 11 H 11~0HOB 11 6n~3K~M~ 
no nOPRAKY aenH4~Hbl. YpaBHeHHR /4/ H /5/ ~HTerp~posan~cb MeTo
AOM PyHre-KyTTa 4eTsepToro nopRAKa. War HHTerpHpoaaH~R cocTas
nRn np~MepHo coTyiO 4aCTb cpeAHero nep~oAa Kone6aHH~ 113neKTpo
HOB11. 

Co6cTseHHble nonR 3neKTpoHOB H ~OHOB onpeAenRn~cb Ha ceTKe 
peweH~eM ypasHeH~R nyacCOHa: 

..... , .. 
uu ..... -,np, 

C rpaH~4H~M~ ycnOBHRM~ Ul = 0 
r=R 

I 0/ 

~ aul -o ar r=O - • 

nnoTHOCTb p onpeAenRnacb s y3nax ceTKH ycpeAHeH~eM nnoTHOCTH 
4aCT~~ AaHHOrO COpTa Ha KOnb~ax W~p~HO~ hr,.cepeAHHbl KOTOp~X 
cosnaAan~ c y3naM~ ceTKH, War ceTK~ hr=R/nr.4~cno y3nos ceTK~ 
nr=64. YpaaHeH~e /6/ s nonRpH~x KOOPA~HaTax pewanocb np~ no
M~~ MOAH~H~HposaHHoi1 nporpaMMbl DELSQRZ 1111 , Hcnonb3YIOI14ei1 
6~cTpoe npeo6paaoeaHHe 4lypbe, ,llo Ha4ana HaKonneHHR 11HOHOB

11 

113neKTPOHbl11 ~Men~ pacnpeAeneH~e MaKcsenna, AnR 3Toro B Ha'-lanb
Hbli1 MOMeHT epeMeH~ HX KOOPA~HaTbl ~ CKOpOCT~ onpeAenHnHCb ~3 
COOTHOWeHHH 

r .. ao v-lnAl. 

v = a0 w e ..j-lnA 2 , 

OTKYAa V r "'V CO&/>, Me= rv Binc,i> . 3AeCb A 1,2,3. - cny4ai1HaR ee
nH4HHa C paBHOMepHbiM pacnpeAeneHHeM B ~HTepeane /0,1/. nepB~e 
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8 3TOM cny4ae MHHHManbHbli:\ paAHYC, Ha KOTOpbli1 HOH C aMnnHTYAOH 
Kone6aHHi1 r 0 MOmeT npH6nH3HTbCR K UeHTpy, onpeAenReTCR H3 yc
nOBHR 

r min ro 

Bee HOHbl c aMnnHTYAOH Kone6aHHH 

r o 2 ae iNi 
> 2y-- I.-

a e rr Ne 1 a 1 

MOryT npOXOAHTb 4epe3 UeHTP Ce4eHHR nY4Ka, npH nnOTHOCTH /2/ 
OKOnO 60% BCeX HOHOB HMeiOT r O > a .• 

Pac4eTbl noKa3biBaiOT 19•101 4TO ApH HaKonneHHH HOHOB H3 ocTaTo4-
Horo ra3a B KaMepe ycKOpHT~nR nH60 H3 cneuHanbHOi1 CTPYH HeHT
panbHbiX aTOMOB, snpbiCKio1BaeMbiX B KOnbUO, HX pacnpeAeneHio1e no 
3aPRAaM OKa3biBaeTCR AOCTaT04HO y3KHM, 0KOH4aTenbHO nony4HM, 4TO 
npH ~aKTOpe Hei1TpanH3aUHH 

iN 
r=I.~<v: 

•• e 

1 

I. iN 
rAe i = ~ HCKameHHe nOTeHUHanbHOi:\ RMbl He3Ha4HTenbHO, 

I.N 1 

nnOTHOCT~ lo10HOB 6nH3KH K /2/ H MOmHO nonb30BaTbCR pe3ynbTaTaMH 
pa6oTbl 151. 

J, BnHRHHe HOHHOrO 3aPRAa Ha ~YHKUHI-1 pacnpeAeneHHR HOHOB lo1 
3neKTPOHOB H nOTeHUHan 3neKTpH4eCKOrO nonR HCCneAOBanOCb MeTO
AOM KpynHbiX 4aCTHU. 

PaccMaTpHBancR 6ecKOHe4HO AnHHHbli1, c rayccoscKHM pacnpeAene
HHeM, Kpyrnbli1 B ce4eHHH 3neKTpOHHbli1 ny40K B MeTannH4eCKOi1 Tpy6e 
paAHyca R =vB a

0
, rAe a 0 - Ha4anbHbli1 cpeAHeKBaApaTH4Hbli1 paAHYC 

ny4Ka 6e3 HOHOB, ny40K ~OKYCHPOBancR npOAOnbHbiM MarHHTHbiM noneM. 
B pe3ynbTaTe 3neKTPOHHoro YAapa H3 Hei1TpanbHoro ra3a c pasHo
MepHoi1 nnOTHOCTbiO B ny4Ke nORBnRnHCb HOHbl C HyneBbiMI-1 Ha4anb
Hb1Mio1 CKOpOCTRMH, 

3neKTpOHHbli1 ny40K H pomAaiO~HeCR B HeM HOHbl MOAenHposanHCb 
KpynHbiMH 4aCTHUaMH - 11 3neKTpoHaMH11 H 11 HoHaMH11 • AnR Bbi4HcneHHR 
co6cTBeHHbiX nonei1 Hcnonb30Banacb ceT04HaR MeTOAHKa. TpaeKTOPHH 
ABI-1meHHR 4aCTHU onpeAenRnHCb 1-13 3aKoHa coxpaHeHHR 3HeprHI-1 E. 
AJ1R 113neKTpOHOB11 

4 

J 2 
dr 2 Me 2 2 

-dt .. -(E- eU)- --- w8 r , 
me m2r 2 

e 
/4/ 

rAe M 8 -= m 8 v (J r "' const - MOMeHT KonH4ecTsa ABHmeHHR; v (J - yr no-
eaR CKOpOCTb 3neKTpOHOB; We - 4aCTOTa HX KOne6aHHi1 BO BHeWHeM 
none, npeAnonaranOCb, 4TO Y 11 HOHOB 11 M i =0, w i =0 H HX TpaeKTO
pHH HaXOAHnlo1Cb H3 ypaBHeHHR 

dr =· j ..!._ (E - ieU) • 
dt IDi 

/5/ 

3aMeHa o6bi4Hb1X ypasHeHHH ABHmeHHR ypasHeHHeM /4/ no3sonHna AnR 
3neKTPOHOB, HMe~HX Manble MOMeHTbl KOnH4eCTBa ABHmeHHR, nosbi
CHTb YCTOi14HBOCTb peWeHio1R B OKpeCTHOCTH Hynesoro paAHYCa H co
KpaTHTb BABoe 4Hcno HHTerpHpyeMbiX ypasHeHHi1, B pac4eTax He 
paCCMaTpHBanocb B RBHOM BHAe HenocpeACTBeHHOe B3aHMOAeHCTBHe 
4aCTHU MemAy co6oi1, no3TOMy AnR yMeHbWeHHR c4eTHoro speMeHH 
6blnO B03MOmHbiM CAenaTb MaCCbl 113neKTpOHOB 11 H 11HOHOB 11 6nH3KHMH 
no nopRAKY eenH4HHbl, YpaBHeHHR /4/ H /5/ HHTerpHposanHCb MeTo
AOM PyHre-KyTTa 4eTsepToro nopRAKa. War HHTerpHposaHHR cocTas
nRn npHMepHO COTYIO 4aCTb CpeAHero neplo10Aa KOne6aHHi1 113neKTpo
HOB11, 

COOCTBeHHble nOnR 3neKTPOHOB H HOHOB onpeAenRnHCb Ha CeTKe 
peWeHio1eM ypasHeHHR nyacCOHa: 

..\ T1 A 
.......av ---x"fJ' I 0/ 

C rpaHio14HbiMH ycnOBHRMH Ul = 0 r=R 
au 

H -1 = Q, ar r=O 

nnoTHOCTb p onpeAenRnacb s y3nax ceTKH ycpeAHeHHeM nnoTHOCTH 
4aCTH~ AaHHOrO COpTa Ha KOnbuax WHpHHOi1 hr,,cepeAHHbl KOTOpbiX 
cosnaAanH c y3naMH ceTKH, War ceTKH hr=R/nr.4Hcno y3nos ceTKH 
Dr=64. YpasHeHio1e /6/ B nonRpHbiX KOOPAHHaTax pewanocb npH no
MOIIlH MOAI-1~HU1-1POBaHHoi1 nporpaMMbl DELSQRZ 1111 , Hcnonb3YIOIIIei1 
6biCTpoe npeo6paaoaaHHe Cllypbe, Jlo Ha4ana HaKonneHHR 11HOHOB 11 
113neKTpOHbl11 HMenH pacnpeAeneHHe MaKcaenna, AnR 3Toro a Ha4anb
Hbli1 MOMeHT apeMeHH HX KOOPAHHaTbl H CKOpOCTH onpeAenHnHCb H3 
COOTHOWeHHH 

r ""a 0 y-lnA 1 , 

v aow 8 y-lnA 2 , 

¢ 2rr A 8 , 

oTKyAa vr = v cos¢, M 8 = rv Bin¢. 3Aecb A 1,2,3. - cny4ai1HaR ae
nH4HHa C paBHOMepHbiM pacnpeAeneHHeM B HHTepaane /0,1/, nepBble 
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MOMeHTbl nony4HBwerocR pacnpeAeneHHR 3neKTPOHOB OTflH4aflHCb OT 3a
AaHH~X, npH 4Hcne KpynH~X 4aCTH~ 1000, npHMepHo Ha 1%o B pac4e
Tax eepORTHOCTb o6pa30BaHHR HOHOB nepBOH 3apRAHOCTH 6~na npo
nop~HOHaflbHa nnOTHOCTH 113fleKTPOHOB 11

, a nepeXOAa B cneAYIOIIIYIO 
3aPRAHOCTb - nnoTHOCTH 113fleKTpOHOB 11 H nnoTHOCTH "HoHoe" AaHHoH 
3apRAHOCTHo 

4. 6~no paccMOTpeHo ABa cny4aR. B nepeoM 3neKTpoHH~H ny40K Mo
MOAenHpoeancR 1000 11 3fleKTpoHoe". B HeM e Te4eHHe HeCKOflbKHX 
AeCRTKOB nepHOAOB Kone6aHHH noRBflRflOCb AO 1000 11 HOHOB 11 o C pOCTOM 
4HCfla 11HOHOB 11 yeenH4HBaflCR $aKTOp 3aPRAOBOH HeHTpanH3a~HH f 
11 3fleKTpOHOB 11 o C yeeflH4eHHeM f $OKYCHPYIOlllaR cnoco6HoCTb 113fleKT
poHOB11 ocna6eeana, aMnnHTyAa Kone6aHHH 11 HOHoe" yeenH4HBanacb, 
H npH f>0,6 Ha4HHaflHCb HX noTepH*, no Mepe Bb16b1BaHHR noRBflflflHCb 
HOBble 11 HOHbl11 o B pe3ynbTaTe ycTaHaBflHBanocb AHHaMH4ecKoe paeHo
eecHe Me>KAY 11 PO>KAeHHeM 11 H noTepRMH 4aCTH~, npH KOTOpOM 3Ha4e
HHe f OCTaBaflOCb OKOflO 1,0, C POCTOM 11 HOHHbiX 11 nofleH $OKYCHpoe
Ka 113fleKTpOHOB11 B03pacTana, HX cpeAHeKBaApaTH4H~e pa3Mep~ yMeHb
waflHCb, a CKOPOCTH yeeflH4HBaflHCbo 

Pe3ynbTaTbl 3THX pac4eToe HflfliOCTPHPYIOT PHCo1-4. Ha pHc.1 H3o6-
pa>KeH noTeH~Hafl 3fleKTpH4eCKOrO nonR U B OTHOCHTeflbHbiX eAHHH~ax 
B 3aBHCHMOCTH OT paAHYCa ny4Ka AflR pa3flH4HbiX $aKTOpOB HeHTpa-

7/JI 
6 

;::,-0.95 

2 J 0.4 0.6 
z;a. 

~o 3aBHCHMOCTb noTeHUHana 3DeKTpHQeCKOrO DODH OT 
PaAHyca B sneKTPOHHO-HOHHOM nyqKe AnH pasDHQHMX ~aKTo-
pos HeATpanHsa~ sneKTPOHHOro 98PHAa. 

* KpHTepHeM noTepH 11HoHa 11 H3 ny4Ka H BbiK11104eHHeM ero H3 pac4e
Toe 6blno cneAy~ee ycnoeHe: ero paccTORHHe AO ~eHTpa ce4eHHR r~Ro 

6 

7~~----~------~------~ PHc.2. 3aBHCHMOCTb nnoTHOCTH 
3neKTpOHHoro nyqKa OT pagHyca 
gDH pa3nH~Hb~ ~aKTOpOB HeHTpa
nH3aQHH 3neKTpOHHOro 3apHAa• 

6 

5 

Q.,4 

3 

2 

1 t=O.O 
2 f •0.2 
3 f•O.t. 
I. f ~0.6 
5 f. o. s 
6 f ~1.0 

nH3a~HH f • Ha Ha4aflbH~x CTa
AHRX pacTa r. c yee11H4eHHeM 
nflOTHOCTH 3fleKTpOHHOro ny4Ka, 
noTeH~HallbHaR RMa CTaHOBHflaCb 
rny6>Ke, OAHOBpeMeHHO B ~eHTpe 

0,5 1,5 nORBilflllC R IlOKaflb HbiH MaKCHMYM, 
z;a. npH AaflbHeHweM yeenH4eHHH f 

rny6HHa RM~ yMeHbWanacb, oHa 
CTaHOBHilaCb y>Ke, noTeH~HaflbH~H 

6apbep B ~eHTpe poe. npH 60flbWHX $aKTOpax HeHTpaflH3a~HH pa3Mepbl 
3fleKTPOHHOrO ny4Ka CTaHOBHflHCb MeHbWe HOHHOro, 31leKTpOHHble nOflfl 
6blflH CHflbHee, 4eM HOHHble, H Aa>Ke Aflfl f =1, 0 RMa He HC4e3ana 
coeceM, Ha PHC, 16 AeTaflbHO noKa3aH noTeH~Han U AflR f $ 0, 3; 
BHAHo, 4To noKaflbHbiH MaKCHMYM noRBnReTCR npH f ~ 0, 05 o Ha 3TOM 
pHCYHKe nyHKTHpHoH KPHBOH npeAcTaeneHo 3Ha4eHHe U npH f =0, 
Bbl41o1CfleHHOe no $OpMyne /3/ lo1 OTflH4aiOUieecR OT pe3yflbTaTOB 4HC
fleHHOro pac4eTa MeHee 4eM Ha 1%, 4TO n03BOnReT CYAHTb 0 T04Hoc
Tio1 Bbl41o1CfleHHR noneH. Ha pHCo2 H3o6pa>KeHo H3MeHeHHe nnoTHOCTH 
113neKTpoHoe" e 3aBHCHMOCTio1 oT <t>aKTopa HeHTpanH3a~HH. BHAHO, 
4TO OHa CHilbHO MeHReTCR npH HaKonneHHH B HeM 11 HOHOB 11

• 4TO Ka
caeTCR nflOTHOCTH 11HOHOB 11

, TO paC4eTbl noKa3biBaiOT, 4TO OHa OCTaeT
Cfl npaKTH4eCKH nocTORHHOH AflR nl06blx r, o4eHb o~cTpo yMeHbwaeT
CR C paCCTORHHeM OT ~eHTpa ny4Ka B npaKTH4eCKH COBnaAaeT C /2/o 

Ha PHC. 3 H 4 npeACTaeneHbl <t>a30Bble nnocKoCH1 11 3fleKTPOHOB11 

H 111o10HOB 11 COOTBeTCTBeHHO B OTHOCHTeflbH~X KOOPAHHaTaX lo1 CKOpoc
TRX H Vr • Ha 3THX PHCYHKaX C1ly4aH 11a 11 COOTBeTCTBYIOT f =0, 
116 11 

- f =0, 3 H 11B 11 
- f =0, 9 H OTo6pa>KaiOT AHHaMHKY <I>YHK~HH 

pacnpeAelleHHR 11 3fleKTpOHOB11 H 11 HOHOB 11 o 

5. oblno paccMoTpeHo HaKonneHHe 4eTblpex HOHHbiX 3aPRAHOCTeH 
31leKTpOHHOM ny4Keo B 3TOM cny4ae Hcnonb3oeanocb 500 1131leKTPOHoe" 
H AO 500 11HOHOB 11 B Ka>KAOH 3aPRAHOCTHo 3apAAbl 11 HOHOB 11 nepBOH, 
BTOPOH, TpeTbeH H 4eTBepTOH HOHHOH KOMnoHeHT OTHOCHilHCb APYr K 
Apyry KaK 1:2:5:10o npH npH611H>KeHHH f K 1 Ha4HHa11HCb noTepH 
11HOHOB 11 H poeT Hei1Tpa11H3a~HH OCTaHaB11HBa11CR, 3TOMY COOTBeTCTBO
eano 1150 11 HOHOB 11 CO cpeAHHM 3aPRAOM 5,5. 

Ha pHC.5 H 6 H306pa>KeHo H3MeHeHHe cpeAHeKBaApaTH4HbiX pa3Me
POB a 1 H CKOpOCTeH U! B 3aBHCHMOCTH OT f B OTHOCHTellbHbiX eAH
HHUaX. H3 PHCo5 BHAHO, 4TO C POCTOM cpeAHeKBaApaTH4HOrO $aKTopa 
Hei1TpaflH3aUHH pa3Mepbl 1131leKTPOHOB11 6biCTpO yMeHbWaiOTCR, 11HOHHble11 

pa3Mepbl OAHOBpeMeHHO paCTYT H CTaHOBRTCR 6o1lbWe 1131leKTPOHHbiX11 o 
AHa1lorH4Hble pe3YilbTaTbl 6~nH nony4eHbl Ha OCHOBe MeTOAa MOMeHTOB 
<I>YHKUHH pacnpeAeileHHR 141

o npH 60flbWHX 3Ha4eHHRX f C Ha4aflOM 
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PHc.3. AHHaMHKa ~a30BOH rrnocKoc
TH 3neKTpOHOB ITpH yBenH~eHHH 
~aKTOpa HeHTpanH3al.\HH: a/ f = 0; 
6/f = 0.3: elf.= n.Q. 

noTepb 
11

1o10HOB
11 

pOCT 3aMeAI1fleTCR, a cpeAHeKBaApaTio14Hble pa3Mepbl 
nepBOH 3aPRAHOCTio1 Ha41o1Ha~T yMeHbWaTbCfl. noeeAeHHe cpeAHeKBaA
paTio14HbiX CKOpOCTeH HMeeT npOTio1BOnOJ10~HbiH XapaKTep. Heo6XOA1o1MO 
OTMeTHTb, 4TO np1o1 f<<1 3aBio1Cio1MOCTb CPeAHeKBaApaTio14HbiX pa3Mepoe 
11

1o10HHbiX
11 

3apRAHOCTeH OTJ11o14aeTCfl OT 3aKOHa a
1

-= a
8
h/21:" HaHAeH

HOro s 15~ a cpeAHeKBaApaTio14Hble CKOPOCTio1 HeCKOJlbKO yBeJ11o141o1Ba~TCfl 
C POCTOM 3apf1Aa 

11
1o10HOB 11

• 3To 06'bRCHfleTCR TeM, 4TO B ,QaHHbiX 
pac4eTax H3MeHeHHe 3apf!Aa npolo1CXOAHT He Ha eAHHH~y, a 6blcTpee 
/1 -+ 2 -+5 -+1 0/, KpOMe TOro, nepeXOAfl lo13 3apflAHOCTio1 B 3apf!AHOCTb, 
11

1o10Hb1
11 lo1CKa~a~T 4>YHK~Io11o1 pacnpeAeJleHHfl. 

6. CAenaHHble so BTopoM pa3Aene pa60Tb1 o~eHKH BI1Hf1Hio1fl HOHHOro 
3aPf1Aa Ha 4>0PMY lo1 rny6HHY noTeH~HaJlbHOH flMbl B 3J1eKTPOHHO
Io10HHbiX ny4Kax no3BOI1fl~T onpeAe111o1Tb rpaHH~bl npHMeHHMOCTH MOAenb
HbiX 4>YHK~Io1H pacnpeAe11eHio1fl lo10HOB lo1 3aKOHOB lo13MeHeHio1fl CPeAHeKBaA
paTio14HbiX pa3Mepoe lo1 CKOpOCTeH lo10HHbiX KOMnOHeHT np1o1 HaKOnJ1eHio11o1 
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0,8 

PHc.4. UHHaMHKa ~a30BOH rrnoc
KOCTH HOHOB rrpH yeenHqeHHH 
~aKTOpa HeHTpanH3al.\HH: 
a/ f=O; 6/ !=0,3; e/ f=0,9, 

lo10HOB B 311eKTpOHHbiX ny4KaX,nOJ1y4eHHbiX s 15~B~nOJ1HeHHbiH 41o1CI1eHHbiH 
pacl.leT noATBep~AaeT npH611H~eHHble o~eHKH 1o1 no3sonReT AeTaJlbHO v 

npocneAHTb 3a AHHaMHKOH lo13MeHeHHR ~opMbl 1o1 rny61o1Hbl noTeH~HaJlbHOH 
RMbl. B pe3 yJ1bTaTe MO~HO CAeJlaTb BbiBOAbl 0 TOM, 4TO np1o1 HaKonneH~Io1 

lo10HOB nerKHX 3neMeHTOB B CJ1y4ae HeBbiCOKio1X KOHe4HbiX ~aKTOPOB Helo1T
paJ1Haa~lo11o1 f< o, 1 ~ 0,2 cpeAHeKeaApaTH4Hble paaMepbl 1o1 ~~eKTHBHble 
~aaOBble o6'beMbl 1o10HHbiX KOMnOHeHT y6b1Ba~T npH6J11o131o1TeJ1bHO KaK -
1/y~ np1o1 HaKOnJ1eHio11o1 MHOr03apRAHbiX lo10HOB 3Tio1 3aKOHbl cnpaBeAJ11o1 

Bbl Ail~ nepBbiX 3aPflAHOCTeH, KOrAa ~aKTOP HeHTpaJ1H3a~lo11o1 ~e Hese
JlHK, a CKOpOCTb y6biBaHio1fl pa3Mepoe CaMafl 60J1bWaR. v 

PaccMOTPeHHe OAHOBpeMeHHO HeCKOJlbKHX aapRAHOcTeH noason1o1110 
npOMOAeJ1HpOBaTb HaKOnJ1eHio1e lo1 nepeXOA lo10HOB lo13 3apRAHOCTio1 B 3a-

p 8AHOCTb, AHHaMHKY 1o13MeHeHHR cpeAHeKBaApaTH4HbiX pa3MepoB lo1 CKO-
n 0 OB np1o1 60J1bWio1X pOCTeH B 3aBio1Cio1MOCTio1 OT lo10HHOrO 3aPRAa, noTeplo1 lo1 H 

~aKTOpax HeHTpaJ1H3a~Hio1. 
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PHc. 5. Cp~HeKBa,I:\pa TH'lHbJe · pa3-
Mepbl 3neKTpoHoe I I I H 'leTbipex 
HOHHWX KOMDOHeHT 12-51 B 3aBH
CHMOCTH OT ~aKTOpa HeATpanH-
3aQHH, 

0,2 0,4 0,6 0,8 1,0 

'~ 
PHc,6. Cpe~neKaa~paTH'lHhle CKo
POCTH 3neKTpOHOB Ill H 'leTblpeX 
HOHHb!X KOMDOHeHT 12-51 B 3a
BHCHMOCTH OT ~aKTOpa HeATpanH-
3aQHH, 

CneAYeT OTMeTHTb, 4TO coaAaHHa~ nporpaMMa, MOAenHpy~~a~ Kpyn
H~MH 4aCTH~aMH npo~ecc~, npOHCXOA~~He 8 3fleKTpOHHO-HOHH~X 
ny4Kax, HMeeT WHPOKHe B03MO~HOCTH, C ee nOM~b~ MO~HO Hay4aTb 
ny4KH B nepeMeHHWX BHeWHHX non~x, 8flH~HHe nflOTHOCTH HeHTpanb
H~X aTOMOB B Ce4eHHH ny4Ka H HOH-HOHHWX COYAapeHH~X Ha $YHK~HH 
~rtrn!"P.~P n~=to'-'IAa 0'5~~ ~~~~~~~~:,~ ~~~: :~~ ~i 1 •t4. 
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TiepenbruTeHH 3.A. H ~p. P9-82-532 
Mo~enHpOBaHHe IlpO~ecca HaKOIIJ1eHHH HOHOB B 3JieKTpOHHbiX Ily<IKaX 

PacCMOTpeHO BJIHHHHe C06CTBeHHb!X IlOJieH HOHOB Ha HX ,!l,BHJKeHHe 
H ~YHK~HIO pacrrpe,IJ,eneHHH B 3JieKTpOHHbiX IIy'IKaX H KOJib~ax. HeTO,!J,OM 
KpyllHblX qaCTHl~ IlpOBe,IJ,eHO MO,!l,eJIHpOBaHHe HaKOIIJieHHH HOHOB B 
3JieKTpOHHbiX IIy'IKaX. H3yqeHO H3MeHeHHe IIOTeH~HaJia 3JieKTpH'IeCKo
ro IIOJIH B 3aBHCHMOCTH OT 3apH,IJ,OBOH HeHTpaJIH3a~HH 3JieKTpOHOB 
HaKoiiJ1eHHbiMH HOHaMH. Hccne,IJ,OBaHa ,IJ,HHaMHKa tPYHK~HH pacrrpe~ene
HHH 3JieKTpOHOB H HOHOB, a TaKJKe cpe~HeKBa~paTH'IHbiX pa3MepOB 
H CKOpOCTeH 3JieKTpOHOB H HOHOB HeCKOJlhKHX 3ap.H~HOCTeH B 3aBHCH
MOCTH OT ¢aKTOpa HeHTpaJIH3a~HH H IlOTepH HOHOB B HeATpaJIH30BaHHbl 
IIO 3apH~Y 3JieKTpOHHbiX rryt~KaX. 

Pa6oTa Bb!DOJIHeHa B 0Tp;ene HOBbiX MeTOAOB ycKopeHHH OIDIH. 

Perelstein E.A. P9-82-532 
Modelling of Ion Accumulation Process in Electron Beam 

The own ion influence on their motion and distribution func
tion in elecron beams and rings is considered. The computatio
nal study of ion acceleration in electron beams is made by 
the finite-size particle method. The change of electric field 
potential depending on charge neutralization of electrons by 
accumulated ions is studied. The electron and ion distribution 
function and RMS-dimensions and RMS-velocities of electrons 
and ions of several charges depending on neutralization factor 
is investigated. The ion !eves in the neutralized over cha
electron beams is studied. 

The investigation has been performed at the Department of 
New Methods Acceleration, JINR • 

Preprint of the Joint lnsti 

Tiepeeop; O.C.BHHorpa,I:\oeoA. 


