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Kyrnep B. 6. 1-1 AP· pg - 12578 

MoAe111-1posaH1-1e npo4eccos 06pa3osaHHH 1-1 noTepb 
HOHOB He H NB 4HK110TPOHHOM HCT04HHKe 
MHOro3aPHAHWX HOHOB 

C y4eTOM peallbHblX npo4eccos, npoHCXOAHIJ\HX B 4HK110TpOH
HOM HCT04HHKe MHOro3apH,gHblX HOHOB, 0606111eHbl paHee H3BeCTHble 
nOAXOAbl AllH 04eHOK BWXOAa MHOro3apHAHblX HOHOB l-13 pa311H4HblX 
THnos HOHHblX HCT04HHKOB. AnH pa3PHAOB Ha He H N Ha 3BM 
63CM-6 nposeAeHo 4HCileHHOe HHTerp1-1posaH1-1e no MeTOAY PyHre
KyTTa aBTOHOMHOH CHCTeMW IlHHeHHWX o6wKHOBeHHWX AH¢¢epeH41-1a11b
HblX ypasHeHHH 1-ro nopHAKa. Ko111-14ecTseHHoe cor11ac1-1e pe3ynb
TaTos paC4eTa AllH He C 3KcnepHMeHTOM no11y4eHO npH ClleAYIOU\HX 
napaMeTpax MOAellH: Te =15 3B, r =10·-5 c, a

1 
=10·-ttcM 3c-· 1 1-1 

a2 =4 ,10- 11 CM 3 c- 1
• Cor11ac1-1e pac4eTHblX AaHHblX AllH N C 3Kcne

PHMeHTallbHblMH pe3yllbTaTaMH AOCTi.1rHYTO np11 : Te =30 3B, T = 
-6 2 2 -11 a •··1 !=2, 5 · 1 0 C, a z = · 10 CM C 

Pa6oTa BblnOilHeHa a Jla6opaTop1-11-1 HAePHblX peaK41-1A OHflH. 

npenpHHT 061>e.QHH8HHoro HHCTHTYTB H.C10pHblX HCcne.ctOBBHHll. Lly6Ha 1979 

Kutner V.B. et al. pg - 12578 

Mode 11 i ng of Generation and Losses of He and N 
Ions iri the Cyclotron Multicharged Ion Source 

The previous approximations for the evalution of yields 
of the multicharged ions from ion sources of various types 
have been generalized with COQSidering real processes taking 
place in a cyclotron ion source. The calculations for 
discharges on He and N have been made by means of FORTRAN 
program. The results of calculations quantitatively cor
respond to experimental data. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 
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Pa3BHTHe ra3opa3pJIAH0ro HCT0'lHHKa MH0ro3ap.1IAHbIX H0H0B 

C uenLlO nony'leHH.11 6onee HHTeHCHBHLIX ny'IK0B H BLIC0K03ap.11A

HLIX COCTO.IIHHH Tpe6yeT Il0HHMaHH.11 0CH0BHLIX npoueccoB, npoHcxo

A.IIIUHX B HeM, a TaIOKe HX K0ilH'leCTBeHH0ro 0IIHCaHH.11 •. 

BnepBLie o6pa30BaHHe MHoro3ap.llAHLIX H0H0B N B HMnynLCH0M 

pa3p.11Ae C HCil0ilL30BaHHeM M0AeilH CTyneH'laToii H0HH3aUHH pac

CM0Tpen 0.6 .cllHpCOB 111• HM 6Lmo nony'leH0 Ka'leCTBeHH0e CX0A

CTB0 pe3yilLTaT0B 'lHCileHHoro pacqeTa C 3KcnepHMeHTailLHLIMH 

AaHHLIMH. 

B AailLHeiimeM M0AennpoBaHHI0 rrpouecC0B rrony'leHH.11 H II0TepL 

MHOro3ap.llAHLIX H0H0B 6Lmo II0CB.IIIUeH0 HeCK0ilLK0 pa6oT. B pa6o

Te 121 ccpopMynuponaHa M0AenL, B KOTopoii H0HH3auu.11 ocyiuecTnn.11-

nacL_ II0T0K0M nepBH'lHLIX 3IleKTp0H0B, HO BMeCTe C TeM rrpeAna

ranocL Y'lHTJ,IBaTL peKOM6HHaUHOHHLie noTepH u npouecc HoH

aTOMHOH H HOH-HOtiHoii 11epe3ap.11AKH. 

CncTeMa CTaUH0HapHLIX ypanHeHHH C y'leT0M 0AH0- HMHoro

Kpanrnii H0HH3aUHH H peKoM6HHaUHH H0H0B Ha CTeHKax HCT0'lHHKa 

pemeHa B pa6oTe !'JI, 

Pac'leT HaKorrneHH.11 H0H0B B 3IleKTP0HH0M K0ilLUe B pe3yilLTaTe 

cTyneH'laToii H0HH3aUHH H3 HenpepLIBHOH H HMIIYilLCHOH CTPYH 

a TOMOB ra3a rrpoBeAeH B pa6oTe 141• 

B pa6oTax /5,{j/ IIPH pac'leTaX Y'lTeH BKilaA O>Ke-HOHH3aUHH 

H,KpoMe peKoM6HHaUHH Ha CTeHxax ra3opa3p.llAHOH KaMepLI, BBe

AeHa 061,eMHa.11 peKoM6HHauu.11. 

Pac•IeTLI, npoBeAeHHLie ,[{apnHHrOM H ,[{3BHCOM /61,rroKa3ailH, 

'ITO H3Menenne OAHHX napaMeTpOB MOAeilH MO>KeT 6LITL KOMileHcH

ponano BapuauHeii APYrHX. 3TO 311a'IHT, 'ITO Ail.11 pa3pa60TKH MOAe

IlH Tpe6yeTc.11 Heo6xoAHMa.11 orrpeAenennocTL B rrapaMeTpax nna3-

MLI ra30BOro pa3p.11Aa, TaKHX KaK Te - TeMnepaTypa 3IleKTPOHOB, 

'1\ - TeMnepaTypa H0HOB, ne (E) - 311epreTH'lecxoe pacnpeAenenne 

3IleKTpOHOB, T z - BpeM.11 YXOAa H0H0B H3 pa3p.11Aa H AP, 
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B HaCTOJIIUeii pa6oTe MO,nenHpylOTC.11 npoueCCbl o6pa3oBaHH.R 

H noTepb HOHOB B UHKnOTpOHHOM HCTO'IHHKe C yqeTOM paHee 

H3BeCTHbIX no.nxo,noB. PaclJeTbl BblilOnHeHbl .nn.11 He H N T .K. pa3 -

PH.D;bl Ha 3THX raJax HaH6onee H3y'leHbl '1 -7 l l/ H HMeeTC.11 6onb

woe KOnH'leCTBO 3KCnepHMeHTanbHblX ,naHHbIX, KOTOpbie MoryT 6b!Tb 

HCilOnb30BaHbl B MO,nenH. 

<l>H3HqECKA.JI MO,llEJib 

<l>eHoMenonorH'lecKaH Mo,nenh npoueccoe, npoHcxo.n.11mHx B UHK -

noTpOHHOM HCTO'IHHKe MHOroJapH,D;HblX HOHOB, MO)KeT 6b!Tb onHcana 

aBTOHOMHOH CHCTeMOH ,nmpqiepeHuHanbHb!X ypaBHeHHH nepeoro no

pJI,nKa. ,ll;nH a30THOH nna3Mbl CHCTeMa ypaBHeHHH npe,ncTaBn.ReTC.11 

cne,nyroJ.UHM o6pa3oM: 

7 
duo_" Fo 
dt 

l ~~--~ a
0 

n 
0
n -· n0 a 0 j I a 1 II 1 II . 

dnz 

dt 

dn7 

dt 

11 
7 

z 

Tz 

llz . 
--- + a z - 1 11 z -1 11 - a z ll Zn ' ll z-- {' Z· 1 J 
Tz 

1 -:- 6, 

ll7 
= ---· -· a6 I1(;II , n6 " 6 j •· a 7 n7 n, 

T7 

V - zn 2 z 1 . 

llzuzj··azilzil • a z · 1 n z. 111. 

r,ne: F O - nOTOK a TOM OB pa6oqero ra3a; n "(t) - KOHUeHTpaun.11 HO

HOB z-ii 3ap.11,nHOCTH; n(t) - KOHUCHTpaUH.11 3neKTPOHOB nna3Mbl; 

r z - BpeMH ,npeiiqia I_IOHOB Z-ii JapH,D;HOCTH na CTeHKH pa3p.R,D;HOH 

KaMepbl; 3z - K03qlqJIIUHeHTbl y,napnoii HOIIH3aUHH 3neKTpo11aM11; 

- noTOK nepBH'illblX 3neKTpo110B; a z - K03¢4lllUHeHT peKoM6Httau1rn 

z - 3ap.11,nttoro uona. 

Bb16panna.11 MO,nenb HCXO,D;HT ll3 ycnoBH.!I KBa3HHCHTpanbHOCTH 

nnaJMbl. Honb1 o6pa3yroTcH nocne,noBaTenhHOH HOHII3auueil:. )];n» 

paclJeTa K03¢411IUHeHTOB y,napHOH HOHH3aUHH a z · a z (E) · Ve ·• 

r,ne Ve - CKOpOCTb 3neKTpona, HCilOnb30Banacb JaBHCHMOCTb lie Te 

',· 4 

l. 

_, 

·1 

"z ( E) 
f I K 

E E/, 
E 

ln-- - · 
E/, 

3KBHBaneHTHbie 3neKTpOHbl , i o6ono'IKH 

Y'IHTb!BanHCb 

113 3Toii )Ke 

aHanorHlJHO TOMY, KaK 3TO c.nenaHO B pa6oTe !13~ 

pa60Tbl B3.RT Ko3¢4lHUHeHT K=4,5 10 · 14 
3B 

2 
CM 2. 

<l>yHKUHJI pacnpe.neneHH.11 3neKTpOHOB no 3HeprH.RM COCTOHT H3 

,nByx qacTeii: MaKCBennoBCKHX TennoBb!X 3neKTPOHOB C TeMnepa

Typoii Te H 6b!CTpb!X nepBH'lllbIX :rneKTpOHOB c KaTo,na co CKOPOCTblO, 

COOTBeTCTByromeii ttanpJI)KCJIHIO ,nyrH. 

O)Ke -xacxa.n, KOTOpbIH HrpaeT Ba)KHYIO ponb B o6pa3oBaHHH 

BblCOK03apJI,nHblX HOIIOB 13 ·6 ' 12;, B pac'leTax .nnH He H N ,nnH 

npoCTOTbl MO,nenH ue Y'IHTb!BancH. 

IloTepH HOHOB Y'IHTb!BalOTC.11 B BH,ne peKOM6HHaUHH Ha CTenxax 

ra3opa3p»,nnoii KaMepbI H o6'bCMHOH HOIIHO-JneKTpOHHOH peKoM6H

naUHH C 3axBaTOM HOHOM nHWb o.nnoro 3neKTpoHa. 

B pacqeTax BpeMeHa ,npeiiqia HOHOB paJnH'IHbIX Jap.11,noB none -

peK MarHHTHOro non» npHHHMalOTCJI paBHblMH. Ko3¢4lHUHeHT o6'beM

HOH peKOM6HHaUHH HOHOB C 3apJ1.D;OM z BBO,D;HTCJI B BH,ne a:t. "' z 2a1 

PE3YJibTATbl PACqETA, OHCY)l(,llEHHE H Bb/BO,llbl 

I'e11uu 
# 

,ll;n.11 He 6onbWHHCTBO napaMeTpOB, Hcnonb3yeMbIX B Mo,nenH, 

H3BeCTHbl. Ilo3TOMY paclJeT xapaxTepHCTHK pa3pJI,na Ha He HBnH -

eTCJI B onpe,neneHHOM CMbicne TeCTOM ,nnH Bb16paHHOro npH6nH)Ke

HHJI B ,naHHOH qJH3HlJeCKOH Mo,nenH OCHOBHbIX qJH3HlJeCKHX npoueccoB, 

npOHCXO.D;.RIUHX B HCTO'IHHKe, H nporpaMMbl paclJeTa. 

B pa6oTaX /8' 10/ CileKTpOCKOnHlJeCKHM MeTO,D;OM H3MepeHbl cne • 
,nyromHe xapaKTepHCTHKH nna3Mbl pa3pH,na UHK~OTpouuoro HCTO'IIIHKa 

MHoro3apJI,nHbIX HOHOB JIJIP OHJIH: 

Te =9 -~ 13 3B, n e =9 ·10 13 -=- 3· 10 14 CM ~· 3, n0 =4·10 13 
CM--~ 

Pe3ynbTaTbl pacqeTa ,nnH pa3p.R,na Ha He B cpaBHeHHH C 3KCne

pHMeHTanbHb!MH ,naHHbIMH /1, 10-ilpe,ncTaBneHbl ua puc. 1. 

KonH'leCTBettnoe cornacHe pe3ynbTaT0B pac'leTa c 3KcnepH· 

MeHTOM nony'leHo npH Te=l5 3B, r =10-5 c, a 1 =l0- 11 cM 3/c, 
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Puc.I. CpaaHeHue pac'lemHblX c)aHHblX C BblXoc)oM U0H0B He U3 
ucm0'lHUl<a. 3a,umpuxoaaHHOU 30HOU o603Ha'leH 3KcnepuMeHmallbHblU 

c)uana3oH. 

a2=4· 10-11 CM 3 /c. IlpH 3T0M 1( X0HUY HMilYJILCa pa3pH.l{a .l{JIHTeJIL-
' 13 -3 

H0CTLIO 1 MC X0HUeHTpauHH 3JieXTP0H0B .l{0CTHraeT 8,2-10 CM , 

a HeiiTpaneii: n O =2 · 10 13 CM - 3 . A6COJIIOTHLie X0HUeHTpauee H0H0B 
+ 2+ He H He-. TaX)Ke HBJIHIOTCH peaJILHhlMH. 
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A3om 

Ifa- 3a 0TCYTCTBHJI MH0rHX 3XCnepHMeHTanI,HhlX napaMeTp0B 

M0.l{eJIHP0BaHHe npon:eccoB npoB0.l{HJI0CL nyTeM no.n6opa 3THX Benu

qua H3 paaee H3BeCTHoro .nuana3oHa. )];nH 3JiexTpoaaoii TeMnepa

Typ1,1 3T0T HHTepBaJI .l{0CTaToqao wupox: Te=20 .;.700 3B. B on:ea

xax O.li.ct>upcoBa/1/ xaqecTBeaaoe cornacue c 3xcnepuMeHTan1,-

-o 
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Puc.2. CpaaHeHue pe3yllbmamoa pactlema C BblXOc)OM U0H0B N U3 
ucmo'lHUKa. 3awmpuxoaaHHa.11 0611acmb coomaemcmayem 3KcnepuMeH
mallbHblM c)aHHblM. 
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HblMH .o;aHHblMH ,ll;0CTHraeTCJI IIPH Te =20 3B. B pa6oTe Ii .H. Ma

K0Ba /11/ H3 H3MepeHHH MarHHT0rH.o;po.o;HHaMHqecKoro .o;aBJICHHJI 

B IIJia3Me pa3pH.o;Horo WHypa llpHB0,ll;HTCJI 3HaqeHHe 3JICKTpOHHOH 

TeMrrepaTypbl T 0 ~150 3B. KonnqecTBeHHoe cornacne pacqeT0B /'J/ 

C 3KCllepnMeHT0M ,ll;JIJI pa3p11.o;a Ha KCeH0He II0JiyqeHo rrpH T e=700 3B. 
B KaqecTBe HCX0,ll;HblX .o;aHHblX ,ll;JIJI BeJIHqHHbl BpeMeHH .o;peii:i!ia 

Ha CTeHKH ra3opa3pJl,11;HOH KaMepbI B3J1Tbl pe3yJibTaTbl 3KCrrepHMCH" 

TOB/1/, r.o;e 6blJIO ycTaH0BJieHo, qTo 3a BpeMJI ~ 10 MKC K0HUeH

Tpaunn H0H0B .o;o N 5-+ ,ll;0CTHraroT MaKCHMaJibHOH BCJIHqHHbl H HC -

qeJalOT 3a HeCK0JlbK0 MHKpoceKyH.o; II0CJie raweHHJI pa3p11.o;a. 

Ha puc. 2 rrpe.o;cTaBJieH0 cpaBHeHHe HaCT0JIIUHX pacqeT0B c 

3KcrrepHMeHTaJibHbIMH .o;aHHblMH pa3JIHqHblX aBT0P0B n, 11 ·· 14 .' · Han -

Jiyqwee cornacHe pacqeTHblX .o;aHHblX C 3KCIICPHMeHTaJibHbIMH 110-

JiyqeHo rrpn cne.o;yromnx rrapaMeTpax: 'T0 =30 3B, r =2,5 ·10-6 c, 
z2 .10-11 a1 az=• ., CM c. 

IIo • BH,ll;HM0MY, BeJIHqnHa 3JieKTPOHHOH TeMrrepa Typbl, II0Jiyqen

HaJI B 3THX pacqeTax, HeCK0JlbK0 HH)Ke peaJibHOH, T .K. B M0,D;eJIH 

He 6bIJI yqTeH rrpouecc 11epe3apJ1,D;KH, KOTOpbIH B .o;aHH0M HCTQqHHKe 

H0H0B C 60JibWHMH K0HUeHTpaunHMH qacTHU ,ll;0JI)KeH llpHB0,ll;HTb 

K noTepJIM BblC0K03ap11.o;HblX COCTOJIHHH. I<;poMe Toro, B M0,D;eJIH 

paccMaTpHBaJICJI e.o;HHHqHblH 06'beM IIJia3Mbl B cpe.o;Heii: qacTH 

pa3pH.o;a H He yqHTbIBaJICJI .o;peii:iti qacTHU B,ll;0Jlb MarHHTH0ro II0JIJI, 

KOTOPblH B IIPHKaT0,ll;HbIX o6JiaCTJIX JIBJIJleTCJI cymecTBeHHbIM. 

B 3aKJIIOqeHHe aBT0pbl 6naro.o;apHT O.li.<l>npcoBa 3a K0HCYJib• 

TaUHH, li.H.MaKOBa 3a 3aMeqaHHJI, B.H.HJIIOIUeHKO 3a C0BeTbI H 06-

CY)K,D;eHHJI B, xo.o;e pacqeToB, E.II.Xu.o;KoBa n r .A.OcocKoBa - 3a 

no.o;.o;ep)KKY .o;a1111oii: pa6oTbI. 
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