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1. BBE,QEHI1E 

nna3M€HHbl€ HCT04HHKH HOHOB yme AaBHO HCnonb3Y~TCR B aneKTpo
MarHHTH~X cenapaTopax H30Tonos/V.npo~ecc HOHH3a~MH s TaKoro 

THna MCT04HMKaX rnaBH~M o6pa30M npOHCXOAHT B COYAapeHMRX aTOMOB 

C 3neKTpOHaMH, 3MMTTMpyeM~MH rOpR4MM KaTOAOM, nH60 C BTOpM4H~MH 

3neKTpOHaMH, o6pa3y~liiHMMCR B npo~ecce MOHH3a~MH. 8 C€MHAeCRTbiX 

rOAaX 6blna npeAnomeHa B03MOmHOCTb A06aB04HOro HCnOnb30BaHHR AnR 

npo~ecca HOHM3a~HM COYAapeHM~ BTOporo POAa, cpeAH KOTOp~X oco-
6eHHbl~ HHTepec npeACTaBnReT 3$$eKT neHHMHra /2/. npOHCXOAHT OH, 

KOrAa pa3pRA B HCT04HMKe B03HHKaeT B CM€CH ABYX MnH 60nbwe KQM
noHeHTOB /HanpHMep, ra3-HOCHTenb M cenapHpyeMOe B€lii€CTBO/, npH 

3TOM 3HeprMR MeTaCTa6MnbHOrO COCTORHHR ra3a-HOCHTenR E~ AOnmHa 

6~Tb 6onbwe 3HeprHH HOHH3a~HH aTOMOB cenapHpyeMoro seliiCCTBa Es. 
npM cenapa~HH MHKpOKOnH4eCTB paAHOBKTHBHbiX 3neMeHTOB He06XOAHMO 

noAaBaTb B HOHH~~ MCT04HMK ra3-HOCHTenb AnR o6ecne4eHHR CTa-

6HnbHOCTM pa3pRAa/3/. noA6HpaR TOrAa ra3-HOCHTenb TaK, 4T06~ 
E'~>Es, MOmHO ysenM4HTb 3$$eKTHBHOCTb HOHH3a~MH B HOHHOM HCT04-

HHKe, 4TO OC06eHHO samHO npH Cenapa~HH paAHOaKTHBH~X 3neMeHTOB. 

8 HaCTORlll€~ pa6oTe npHBOARTCR pe3ynbTaTbl HCCneAOBaHH~ 3cl>cl>eK
THBHOCTH HOHH3a~HM B nna3M€HH~X HCT04HHKaX MOHOB C 3cl>cl>eKTOM 

neHHHHra. 113MepeHHR npoBOAHnHCb AnR Tpex CMece~ ra3os: 1/ Xe-He, 
2/ Kr-He H 3/ Ar-He. nony4€HHbl€ pe3ynbTaTbl AanH B03MOmHOCTb on

peAenHT b HCKOTOpble K03cl>ci>M~H€HTbl, OnHCbiBa~liiH€ OCHOBHble npo~eCCbl, 

npOHCXOARliiH€ B nna3M€HHbiX HCT04HHKaX HOHOB. 

2. 3ct>ct>EKTI18HOCTb 11CT04HI1KA 110H08 C 3<1>ct>EKTOM nEHHI1HIA 

BnHRHH€ 3<l>$eKTa ncHHHHra Ha npo~eCC HOHH3a~HH B nna3MeHHbiX 
HCT04HMKaX HOHOB paCCMaTpHBanOCb HaMH paHbW€ B pa6oTaX/4-6/. 

6~no noKa3aHO, 4TO 3$$eKTHBHOCTH HOHH3a~H~ B HOHHOM HCT04HHK€ 
s~pameH~ ct>opMynaMH: 

a/ AnR cenapHpyeM~X aTOMOB 

k ills 1/2 Qs ills 1/2 1 I<!) -1 
71 -C-(-) n [t< 1 + (-(-) - + --) ], /1/ 

s e Ta e s Qn illn Ka K2K3 

6/ AnR ra3a-HOCMTenR 

C k ( ill0 ) 1/2 
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rAO: rn n 1 m a - MOCCbl I:ITOMOD rO:JI:l•HOCHTOiln H COnOpHpyeMoro se
~OCTDO; Qn 1 Qs- nOTOKH roao•HOCHTOilA 11 conap~o~pyoMoro se~ecr
oo, DDOAHMblX D HCT04H11Kj Ta • TOMnOpOTypa raaoa D P03PHAHO~ Ka
Mepe; C • nOCTORHHBH, 38DHCn~on OT Dbl~OpO CHCTOMbl CAHH114, reo
MeTpHH PD3PRAHO~ KOMepw 11 CHCTeMbl ~KCTpOK411H HOHODj e - 3apHA 
3Jlet<TpOHO; no - I<OH4CHTP041-1n 3Jl6KTPOHOD nn03Mbl j 1C ln • K03¢<pH-
411CHT 110HH3041111 31leKTPOHBMI-1 aTOMOD raaO-HOCHTOilnj IC1

8
- K03¢$H-

411CHT HOH113a41111 31lCKT POHOMH aTOMOO cenapHPYOMOrO D6UICCTSa; 1< 

2 
-

K03$$11411CHT 3(j>(j>eKTa neHHHHra; 1< 3 - 1(03$¢lH4HOHT 0~P830BOHHH Me
Tacra6HilbHblX aroMas raaa-HOCHTenH B nnaaMe~ ICa- K03<I><I>H4HCHT 
noTepb MCTOCTa6HilbHblX aTOMOS raaa-HOCMTCJlR D CTOilKHOBCHHHX CO' 
CTa6HJlbHbiM11 aTOMOMJ-1 raaa-HOCHTCJlH. 

3. PE3YJlbTATbl 11 HX 06CY)J(,[IEHHE 

110HHbte TOKH J.1 3$$CKTHSHOCTb 113MCPHilHCb Ha THnOSbiX nna3MCH
Hb1X HCT04HHKaX HOHOS, HCnOJlb3YCMbiX S 31lCKTpOMOrHMTHbiX Macc-ce
naparopax Ila6oparop1-111 HACPHWX npo6neM OH.s!H 1-1 Ill06nHHCKoro YHH

sepcHTera lnHP/. Hx KOHCTPYK4HH H CHCTCMbl nHTOHHH noAp06Ho OnH
COHbl s pa6orax

17 
,s/. 8 nposeACHHbiX 3KcnepHMCHTax 6btll HcnonbaoaaH 

s Ka4ecrae raaa-HOCHTenH He,y KOToporo 3HeprHH MeTacra6HnbHWX 
cocroHHH,~ pasHa 20,6 38, 19,8 38 I 2 1 S 0 , 2 3 S 

1 
I. Cenap1-1pyeMbiM 

se~ecraoM 6wnH raaw ~r , Kr , Xe,HenpepwsHwM noTOKOM nocrynatO
~He B HOHHbl~ HCT04HHK. 3HeprHH 110HH3a4HH 3THX raaos pasHa 15,7; 
14,0 H 12,1 38 COOTBCTCTBCHHO. 113 cpaBHCHJ-iR 3HeprHH HOHH304HH 
~THX raaoa C 3HeprHe~ MCTacra6HilbHb!X COCTOHHH~ He SHAHO, 4TO SO 
scex cny4aHx 3$¢leKT neHHHHra B03MomeH. 

'80 BpeMH H3MCpCHH~ nllOTHOCTb TOKa pa3pHAa 6wna OKOilO 
500 MAJcM~npH 3TOM pa3pHAHOe HanpHmCHHe H3MCHRJ10Cb OT 50 AO 

150 8. YcKopRIO~ee HOHbl HanpRmeHHe 145 K81 11 ocranbHble napaMeTpbt " 3KCTpaK4HOHHO~ CHCTCMbl Macc-cenapaTopa OCTaBallHCb nOCTORHHblMH S 
TC4CHHC scero 3KcnepHMCHTa. 

PeaynbTOTbl, nony4eHHbte e onpeAeneHHbiX Bbtwe ycnoBHRX 3KcnepH
MeHTa, npHseAeHw Ha pHc.1-3. KpHswe Ha 3THX PHCYHKax noKaawaaiOT 
OTHOWCHHC 3$$CKTHBHOCTH HCT04HHKa AllR cenapHpOBaHHOrO ae~eCTea 
K 3$$CKTHBHOCTH HCT04HHKa AJlR aTOMOB He. 3To OTHOWCHJ-ie AaHO B 
3aBHCHMOCTH OT o6paTHO~ <I>YHK4HH HaTeKOHHR raaa-HOCH~CJlR Q;l 
TaK, 4T06bl B03MOmHbiM 6btll0 CpaBHCH!1C nony4eHHbiX PC3YilbTaTOD C 
TeopeTH4CCKHMH npeAcKaaaHHRMH. CornacHo <!>opMyna~ 111 11 121, OT
HOCHTenbHaR 3$$CKT11BHOCTb 11CT04HI1Ka AJlH cenapHpyeMoro DC~6CTBa 
6yAer:' 
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KaK HOMH noKaaaHo e pa6oTe/6/, cpaaHI1BOH nony4eHHbte 3KcnepH
MCHTanbHwe pe3yflbTaTbl C Kpi1Bb!MI1, Bbl4HCJlCHH~MI1 no (j>OpMyJle 13/, 
MOmHO onpeAell11Tb HCKOTOp~e K03$$11411CHTbl 113 3TO~ (j>OpMyllbl H Oni1-
Cb!Ba~~HC np04CCCbl, KOTOp~e npOHCXOART B nna3MC HOHHOro 11CT04HI1-
Ka. 8eJli1411Hbl 3THX K03c)><IH14HCHTOB AJlR 11CCilCAYCMbiX HaMI1 pa3pRAOB 
a cMeCRX Xe -He, Kr-He 11 ·Ar-He, co6paHbl e Ta611114e. 8 n11reparype 
HCT nOA06Horo THna AaHHblX AflR 11CCJlCAOBaHH~X CMCCC~ ra30B, XOTR 

3HOHI1C 11X Ba~HO C T04KI1 3pCHHR nOHI1MOHI1R 11 3<P<I>CKT11BHOrO HCnOJlb· 
30BOHHR nna3MCHHblX 11CT04HHKOB HOHOB. KaK BHAHO H3 nOilY4CHHbiX 
pe3yJlbTOTOB, ~ MCnOJlb30BOHHOM pemHMe pafiOT~ MCT04HI1Ka OTHOWCHHR 
K03$$H4HCHTOB HOHJ.1304HM AllR cenapHpyeMOrO BCII\CCTBa K Is f.1 AllH 
ra3a-HOCHTCJlR Kin 60JlbWC OTHOWCH11~ nonepe4H~X CC4CHI1~ 110HH3a4HI1 
3neKTpoHaMH C 3Hepri18H, OTBC4al011\8~ pa3pRAHOMY HanpRmeHHIO /PHA 4 
ra611114~/. 3To MomHo o6bRCHI1Tb BKnaAOM a npo4ecc HOHI13a4HI1 BTO
pi14H~x 3JleKTPOHOB, o6paayiO~HXCR a coyAapeHH~X aroMoe c nepBH4HblM 
ny4KOM 3neKTpoHoe. OueHKH eKnaAa noKasbtaa~T, 4TO, HanpHMep, AllR 
pa3pRAHOro HanpRmeHHR 100 8 BTOPH4Hb!C 31lCKTPOHbl AOCTHrOIOT 40% 
ecero KOfli14CCTBa 3JlCKTpOHOB, CYIJ\CCTBYIOII\HX B 06beMe nJl03Mbl HOHHO-
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ro ~CT04HHKO. 3Ta oenH4HHa cornacyeTCH c AaHH~MH pa6oT 5oMa/~, 
no Dl.leHI(8M ICOTOPOrO DKnaA BTOpH4HbiX 3neKTpOHOB COCTaBnHeT 
30-70%. ' 

H3 T8611HUbl DHAH8 TaKme pa3HHL1a MemAY BB11H4HHO~ OTHOWBHHH 
Kls /I( lln 11 OTDCI.laiOIJIBrO eMy OTHOWBHHH CB4BHH~ a· 8 /au e• KOTOpaH 
yMeHbwaeTcn c pocTOM paapHAHDro HanpnmeHHH, 4To ADKaa~saeT 
YMBHbW6HHC DKJ18Aa BTOPH4H~X 3neKTpOHOB B npOL.IBCC HOHI13al.IHH. 

HHTepecH~MH 11 3Ha4HTenbH~MH, c T04KH apeHHR HcnonbaosaHHH 
HOHHOrO HCT04HHK8, HBJlRIOTCH nony4CHH~e 3Ha4eHHH OTHOWBHHH 
K~n/K a , T,e. OTHOWeHHR K03$$HL.1HeHT8 HOHH38l.IHH aTOMOB HOCHTe-

11H K 1(03$4lHUHeHTY OOp830D8HI1H 8TOMOD HOCHTBJl.R B MeTaCTa61111bHOM 
COCTORHI111. MeH.RIOTC.R OHH D npeACJl8X OT 1,6 AD 3,7; 3TO ADKaa~
saeT, 4TO KOJlH4eCTDO M6T8CT8011JlbH~X 8TOMOD He 0 nJl83Me HOHHOrO 
11CT04HHKa 6nH3I<O I<OJlH4CCToy nonoH<HTenbHbiX HOHOB Ho +. Y4HTbiBaH, 
4TO Ce4eHHA HOHI138UH11 neHHHHra TOrO me nop.RAK8 1 4TO 11 CC4CHHH 
110HI138UH11 311eKTPOHHbiM YABPOM, MOH<HO npeAnona raT b 3H8411Ten bHYIO 
ponb 3$$eKT8 neHHI1Hra B npouecce 110HH38l.IHH 8TOMOD npi1MCCI1. AnH 
OnpeAeneHI1A KOJ1114BCTBa 110HOB, 06p83yeM~X 38 C46T 3$$eKT8 neH
H11Hra, MOmHO HCnOJ1b30BaTb KPHB~e H8 pHC.l-3 11 $OPMY11Y /3/. B 
3TO~ $DpMyne ee nepBbl~ 411BH OnpeAB11HBT npOL.ICCC 110H1138UI111 311eKT
pOHHWM YA8POM, a BTOpO~ - 3$$eKTOM neHHI1Hra. EC/111 3TOT 3$$eKT 
HeB03MOmeH, TO OTHOWeHI1e 3$$eKT11BHOCTH 11CT04HI11<8, onpeAeneHHOe 
TOJ1bKO nepBWM 411eHOM $OpMyJlW /3/, He AD11mHO 38BI1CeTb OT De/111411-
Hbl Qn.npaBI111bHOCTb 3TOro BbiBOAa n0~838H8 B pa6oTe/4/ A11R pa3pH
A8' B03HI1K8101J1ero a CMeCH Hg- Xe. B KOTOPO~ 3$$eKT neHH11Hra He 
npo11CXOAI1T. Ha pl1c.4 KPI1BWe a/ npeACT8BJlHIOT 38BI1CI1MOCTb OTHOwe
HHH q 8 /qn C y4eTOM T011bKO nepBO~ 48CTH ypasHeHI1R /3/ /3neKTpOH
H8H 110H1138U11H/, KP11BWe 6/ npoBeAeHW no nony4eHHWM B 3KCnepi1MeH
Te TD4KaM. CpaBHI1BaH XOA 3THX KpHBwx, MOmHo nonaraTb 1 4TO 3$
$eKT neHH11Hra yBe/1114HBaeT 3$$eKT11BHOCTb 110H1138l.ll111 8TOMOB !Ar D 
-2 p838. 3aBI1CI1MOCTb BK118A8 3$$eKT8 neHH11Hra B npOL.IeCC 110HI138-
l.ll111 Kr 11 !Ar HnniOcTpHpyeTcH p11c. 5. 

Ha yp_asHeHI1H /3/ BbiTeKaeT, 4TO, yMeHbWaH noToK aTOMOB cena
pHpyeMoro BeiJieCTBa B pa3pHAHYIO KaMepy, MOmHO nony411Tb 3Ha411Tenb
HOe ysenl14eHI1e 3$$eKTI1BHOCTI1 era 11DHI138l.ll111. TaKan B03MOmHOCTb 
noKa3aHa A11H cny4aH, KDrAa raaoM-HOCI1TeneM nsnHncH He,a cenapH
pyeMWM se111eCTBOM ~r /pl1c.6/. KpHBwe a/ 11 6/ 113MepeHw np11 ABYX 
pa3J1114HbiX H8TeKaHI1HX :Ar B pa3pRAHYIO KaMepy 11CT04H11Ka 110HOB . 

npi1BeAeHHaR 3aBI1CI1MOCTb 3$$eKTI1BHOCTI1 11CT04H11Ka OT QN /paa
HWe HaTeKaHHH npi1MeCI1 B pa3PHAHYIO KaMepy/ 11MeeT CyiJIBCTBeHHOe 
3Ha4eHI1e np11 pa6oTe C MI1KpOKOJ1114eCTBaMI1 paAHOaKT11BHWX 8TOM00 1 

OC06eHHO np11 pa6oTe 110HHOrO HCT04HI1K8 HenocpeACTBeHHO H8 ny4Ke 
npOTOHOB 1 KOrAa KOJ1114eCTBO cenapHpOB8HHOrO BellleCTBa 04eHb M8/10. 
COOTBeTCTBYIOIJIHM BW60p0M raaa-HOCI1Te11H, KOTOp~~ nOBWW8CT 3$$eK
TI1BHOCTb paOOTW HOHHOrO 11CT04HI1Ka, MOmHO 3H8411TeJlbHO yBC1111411Tb 
co6HpaeMyiO Ha KonneKTDpe cenapaTopa aKTHBHOCTb 113y4aeMbiX 1130TO
nos. 
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MOH'lKa ,lJ,. ' nnTyWHHCKIUi A. , Bacmc A. 6-82-615 
liOHHSaiJ;Hfl Hl!epTllblX raSOD D nnasMeHH;M HCTO'lhHKe HOHOB 
npH HCITOllbSOBaHHH 3tiJ(jleJCTa nemmura 

llOICaSai!O, 'ITO Sct>rbeKTHDHOCTb HOHHOrO HCTO'lHHKa MOJKHO yBe
llH'lHTb, HCITOllbSYSI ,!l;OilOlli!HTenbHO HOIIHSaiJ;HIO neHmmra. llpHBep;eHbl 
SHa'tleHHSI HeiCOTOpbiX K03llJ(j)Hu;HeHTOD, onpep;eiTSIIOlJiHX OCHOBHble npo
u;eCCbl, npOHCXO,!l;fll!lHe B nnasMeHULlX HCTO'l{!IHKaX HOHOB. 

Pa6oTa BhmonHeHa B J1a6opaTopHH JtAepHbiX npo6neM 'OIDili • 

npenpHHT 06~eAHHeHHOrO HHCTHTYTa RAeP~biX HCCneAOBaHHH. ~y6Ha 1982 

~czka D., Latuszynski A., Wasiak A. 6-82-615 
Noble-Gas Ionization in the Ion Source with 
Penning Effect 

It is shown that the ion source efficiency can be in
creased wnen the Penriing ionization was utilized. The results 
are presented of estimates of certain coefficients for the 
processes taking place in the source plasma. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR • 
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flepeno,o; O.C.BuHorpa,o;onoH. 


