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8 KpHOPeHHOM 3Jl8Kl'pOHHQ-Jiy'leBOM HOHHOM HCl'O'lHHKe "KP110H-2" t:{OC 

l'HPHyl' ¢aK!'Op HOHH38UHH (rrpOH3B8):{8HHe ITJIOl'HOCl'H ITOl'OKa 3Jl8Kl'pOHOB 

Ha BpeMSI B38HMO):{eHCl'BHSI C HOHOM) - 3x} 0 2° CM - 2 IT pH 3HepPHH 3Jl8Kl'p0-

HOB 6,5 K38. B raKHX ycnoaHSIX BbrrronHeH PHn 3KcrrepHMeHroa no i!Ccnenoaa­

HHID 3BOJliDUHll CIT8Kl'pOB 38pS!t:lHOCl'eil: HOHOB 8301'8, KHCJIOpona, HeOHa, ap­

roHa H KCeHOHa B 38BHCHMOC!'H Ol' ¢aKl'Opa HOHH38UHH. f1pH 3l'OM BIIepBbie 

B HOHHOM HCl'O'lHHKe ITOJiy'leHbl S!t:lpa aproHa H f!OHbl Xe+ 37 

Pa6ora abrrronHeHa a Jla6oparopHH BbiCOKHX 3HeprHil: 0115111. 

Coo6meHHe 06"J.e,llHHCHHOrO HHCTHTYT& •.llepHWX HCCne,llOBaHHH. ,lJ.y6Ha J 977 

Donets E.D., Ovsyannikov V.P. P7 - 10438 
Production of Nitrogen, Oxygen, Neon and Argon 
Nuclei in the Cryogenic Electron Beam Ion Source 

The ionization factor, 3.1020 cm-2
, the product of 

the beam electron density and the time of interaction 
with ion, has been achieved in the cryogenic electron 
beam ion source "KRION-2" at an electron energy of 
6.5 keV. A series of experiments on the measurement of 
the charge state spectrum evolution of N, 0, Ne, Ar 
and Xe ions versus the ionization factor have been 
carried out in these conditions. Argon nuclei and Xe +37 

ions were first obtained in the ion source. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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I. BBE,l(EHHE 

3neKTPOHHO- nyqeao:ii HOHHbiH HCTO'IHHK "KPHOH- 2" /I I 
npe,D;Ha3Ha'leH .D;nH CTeH,D;OBbiX 3KCnepHMeHTOB no HCCne,D;O­

BaHHIO npHMeHeHHH nnOTHbiX JneKTpOHHbiX ny'IKOB /BbiWe 

100 A/eM 2 I ,D;nH :u;eneii HOHHJa:u;HH. PaHee coo6~~.~;anocL /I/o 

nony'leHHH B 3TOM HCTO'IHHKe H,D;ep a30Ta H HeOHa. fipH 

3TOM 6bln ,D;OCTHrHyT <}laKTOp HOHH3ai.J;HH -10 2° CM - 2 npH 

3HeprHH HOHH3YIOII.J;HX JneKTpOHOB - 5 K3B. Bnocne,D;CTBHH 

6blna npo,D;OIDKeHa pa6oTa no .D;OCTH)KeHHIO 6onLwHx 3Ha'le­

HHH <}laKTOpa HOHH3ai.J;HH, B OCHOBHOM 3a C'leT yBenH'IeHHH 

BpeMeHH B3aHMO,D;eHCTBHH JneKTpOHHOrO ny'IKa C HOHaMH. 

fipH 3TOM 3KCnepHMeHTanLHaH ycTaHOBKa H HeKOTOpLie 

JneKTpOHHble CXeMbl 6blnH MO,D;epHH3HpOBaHbl H ~,D;anOCb 

,D;OCTHrHyTL 3Ha'leHHH <}laKTOpa HOHH3ai.J;HH - 3 ·10 O CM-
2 

ITpH 3HeprHH JneKTpOHOB OKOno 7 K3B. B TaKHX ycnOBHHX 

6bln BLmonHeH pH.D; JKcnepHMeHTOB no uccne,D;oBaHHIO JBO­

niOI.J;HH CneKTpa 3apH,D;HOCTeH HOHOB aJOTa, KHCnOpO,D;a, 

HeOHa H aproHa B 3aBHCHMOCTH OT <}laKTOpa HOHH3ai.J;HH H 

3HeprHH JneKTpOHOB. JibinH B0306HOBneHbl TaK)Ke 3KCne­

pHMeHTbl no HOHH3ai.J;HH KCeHOHa. 

HH)Ke ,D;aHo xpa TKoe onucaHHe JKcnepHMeHTanLHOii yeT a­

HOBKH H nocne,D;HHX 3KCnepHMeHTOB, BblnOnHeHHbiX Ha HC­

TO'IHHKe "KPHOH- 2". llpoBe,D;eH nepBH'IHLIH aHanH3 pe­

JynLTaTOB 3THX 3KCnepHMeHTOB. 

II. 3KCIIEPHMEHTAJihHAJI YCTAHOBKA 

3KcnepHMeHTanLHaH ycTaHOBKa "KPHOH- 2" H pe)KHMLI 

ee pa60Tbl B OCHOBHOM Te )Ke, 'ITO H B /I/. HaH6onee 

3Ha'IHTenLHble HX H3MeHeHHH OnHCaHLI HH)Ke. 
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1. 3AeKmpoHHo- onmu<~ecKaJI cucmeMa 

)l;JIJI 4JopMHpOBaHHJI nJIOTHOrO 3JieKTpOHHOrO nyqKa B 

HCTOqHHKe "KPH0H-2"npHMeHeHa CHCTeMa MarHHTHOH KOM­

npeCCHH MarHHTOOrpaHHqeHHOrO nOTOKa II/, KaK 06Jia­

,D,aiOIIJ;aJI HaH60JibWeH ~eCTKOCTblO. TaKaJI CHCTeMa npe,D,o­

CTaBJIJieT Heo6XO,IJ;HMYIO B HaqaJibHbiH nepHO,D, HCCJie,D,OBaHHH 

B03MO~HOCTb BapbHpOBaTb napaMeTpbl 3JieKTpOHHOrO nyqKa 

6e3 CYil.leCTBeHHOro H3MeHeHHJI KOHCTPYK:UHH 3JieKTpOHHOH 

nyWKH. 

KaK H npe~,D,e, B 3KcnepuMeHTax ucnoJib30Banacb 3JieKT­

POHHaJI nylllKa C nHpCOBCKOH reoMeTpHeH 3JieKTpO,D,OB. 

)l;HaMeTp KaTO,IJ;a - 0,8 MM, paCCTOJIHHe KaTO,D,-aHO,IJ;- 0,8MM. 
C4JopMupoBaHHbiH 3JieKTPOHHoii: nylllKOH noToK .D.BH~eTcJI 
B HapacTaroiiJ;eM OT 0,3 .D.O 2,25 TA MarHHTHOM none, co-

3,D,asaeMOM CBepxnpOBO,D,JIIl.lHM 4JoKyCHPYIDIIJ;HM COJieHOH,D,OMI~I 

R 
"'" 

ct. 

6 " 
Puc. 1. Pac<~emHbre mpaeKmopuu u nporjuAb 3/leKmpoHHozo 
ny'IKa e 3/leKmpOHHOU nywKe "KPHOH- 2". aji aM = 
= 120 A/cM2; le = 574 MA; Uk = -5 KB; VA= 0; 6/jaM = 
= 120 A/eM; le = 278 MA;UA = -3 KB;Uk =-5KB. 
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Ha puc. 1 npe.n;cTasneHbl pe3yJILTaTbi aHaJIH3a no npo­

rpaMMe KCH-6 3C M- t/3 I npHHJITOH cucTeMbl 4JopMHposaHHJI. 

TpaeKTopuu paccquTaHLI Ha yqacTKe - 8 MM. PacqeTHbiH 

nepseaHc 3JieKTpOHHOH nywKH - 1,69 MKA/B 312 . KoM­

nneKCHbiH pacqeT OT Ka TO,D,a ,D,O KOJIJieKTOpa 30C THna 

"KPHOH- 2", OTJIHqaiOil.leHCJI 60JibWHM OTHOWeHHeM ,D,JIHHbl 

3JieKTPOHHoro nyqKa K ero ,D,HaMeTpy I- 4 ·1 0 3 I, Tpe6yeT 

60JibWHX 3aTpaT MaWHHHOrO BpeMeHH, n03TOMY 3Haqu­

TeJibHbiH HHTepec Bbi3biBaeT ,D,pyroH: anropHTM pacqeTa14 ( 

BbiXO,D,HaJI OnTHKa HCTOqHHKa H3MeHeHa no cpaBHeHHID 

c nepsoHaqaJibHbiM sapuaHTOM Ill. YsenuqeHa .D.JIHHa Mar­

HHTHoro 3KpaHa ,D,JIJI yCTpaHeHHJI HapacTaHHJI MarHHTHOrO 

non.11 B o6nacTH BbiTJirHBaiOil.lero 3JieKTpo,D,a. B :u;en.11x 

H3yqeHHJI BJIHJIHHJI o6paTHOrO nOTOKa 3JieKTpOHOB Ha yc­

TOHqHBOCTb 3JieKTpOHHOrO nyqKa H npo:o;eCCbl HOHH3aiJ;HH 

sse,D,eHo nnaBHoe nepeMell.leHHe BbiT JirHBaiOIIJ;ero 3JieKTpo­

,D,a B.D.OJib ocu nyqKa. YnpasneHue nono~eHHeM BblTJirHsa­

IOil.lero 3JieKTpo,n;a MO~eT npOH3BO,D,HTCJI H3BHe BaKyyMHOrO 

Ko~yxa. KoHTponl. 3a pacnpe,D,eneHHeM 3JieKTPOHHoro nyqKa 

Ha nosepXHOCTH KOJIJieKTOpa OCyll.leCTBJIJieTCJI C nOMOil.lbiD 

MOJIH6,D,eHOBbiX 30H,D,OB, BBe,D,eHHbiX BO BHyTpeHHIDID nOJIOCTb 

KOJIJieKTOpa. B ceqeHHH, nepneH,D,HKYJIJipHOM OCH HCTOqHHKa, 

ycTaHaBJIHBaJIOCb TpH CHMMeTpHqHo pacnOJIO~eHHbiX 30H,D,a. 

06Il.lee qucJIO 30H,D,OB - 18. ,lJ;JIJI u.z:ieHTH4JHKaiJ;HH nono~eHHJI 
3JieKTpOHHOrO nyqKa H 06paTHOrO nOTOKa 3JieKTpOHOB B no­

CJie,D,HeH CeKIJ;HH Tpy6KH ,D,peii:4Ja nepe,D, KOJIJieKTOpOM pacno­

naraJIHCb ,D,Be TaHTaJIOBble ,D,Ha4JparMbl TOJlll.lHHOH 0,1 MM 
c BHyTpeHHHM ,D,HaMeTpoM 2 MM. B ,D,aJibHeii:weM Ka~,D,aJI 

,D,Ha4JparMa 6LIJia 3aMeHeHa Ha TpH CHMMeTpHqHbJX H30JIH­

poBaHHbiX CeKIJ;HH. TaKaJI CHCTeMa n03BOJIHJia B onpe,D,eJieH­

HbiX npe,D,eJiaX 34J4JeKTHBHO onpe,D,eJIJITb nOJIO~eHHe 3JieKTpOH­

HOrO nyqKa H CBJI3aTb MeCTO WHMMHpOBaHHJI MarHHTHOrO 

nOJIJI B 06JiaCTH 3JieKTpOHHOH nyWKH C nepeMell.leHHeM 3JieKT­

pOHHOrO nyqKa Ha BbiXO,D,e H3 HCTOqHHKa. 

2. Ycmpoiicmeo ynpaeAeHUJI aKcuaAbHblM oeuxeHueM 
UOH08 

KaK H3BeCTHO, HMnynLCHbiH pe~HM pa6oTbl 3JieKTpoH­

HO- JiyqeBOrO HOHHOrO HCTOqHHKa npe,D,nonaraeT ynpaBJieHHe 
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aKCHanbHbiM .IJ;BH:>KeHHeM HOHOB C nOMOII.{I..IO Tpex pa3nH1.f­

HbiX pacnpe,IJ;eneHHH noTeH~HanoB Ha CeK~HOHHpOBaHHOH 

Tpy6Ke .IJ;peii:~Pa 15 /. ,LJ;m1 Toro, 1.JT06LI o6ecnel.JHTL, c O.IJ;HOH 

CTOpOHbl, 60nblliYIO npO,IJ;On:>KHTenLHOCTb y.IJ;ep:>KaHHB HOHOB 

B o6nacTH 3neKTpOHHoro nyl.fKa H c .IJ;pyroB: - 6onee Ka­

l.feCTBeHHoe q,opMHpoaaHHe pa3nH1.fHbiX pacnpe.IJ;eneHHH no­

TeH~Hanoa Ha Tpy6Ke H HX 6onLrnee pa3Hoo6pa3He, 6Lm 

pa3pa6oTaH TaK Ha3biBael.fbiH 3neKTpOHHbiH KOMMyTaTop 

HanpB:>KeHHH / 6 /, npHMeHeHHbiH 3,IJ;eCb Bnepahle. C nOMOII.{biO 

3Toro ycTpoH:cTaa y.IJ;anocL C03.IJ;aBaTL ycTOHl.JHBhle B Te­

l.feHHe 500 MC pacnpe,IJ;eneHHB nOTeH~HanOB, COOTBeTCTByiO­

ll.{He y.IJ;ep:>KaHHIO HOHOB B 3neKTpOHHOM nyl.fKe. 

3. AHaAu3amop 3ap.ROHocmeii uoHoe no epeMeHu 
npoAema 

,L:I;nB yaenHl.JeHHB pa3perneHHB B cneKTpe 3apB.IJ;HOCTeH 

HOHOB B 3KCnepHMeHTaX 6bm npHMeHeH Mace- cneKTpO­

MeTp no BpeMeHH nponeTa ,IJ;nHHOH 3,3 M, KOTOpbiH npe,IJ;­

CTaBnBeT co6oH: coqneHeHHLie HcnonL30BaBrnHecB paHee/5,1 I 
1- H 2- MeTpOBhle cneKTpoMeTpbi. Ha BLIXO.IJ;e cneKTPOMeTpa 

ycTaHoaneHo ycTpoii:cTBO, no3aonBIOII.{ee 3aMeHBTL Ma­

TepHan HOHHoro KonneKTopa 6e3 HapyrneHHB BaKyyMa. Ilo­

cne,IJ;Hee H3MeHeHHe BBe.IJ;eHo ,IJ;nB nnaHHpyeMblx 3KcnepH­

MeHTOB no B3aHMO,IJ;eHCTBHIO HOHOB BbiCOKOH 3apB.IJ;HOCTH 

c noaepxHoCTLIO Taep,IJ;oro Tena. 

Ill. 3KCIIEPHMEHTAJibHbJE PE3YJibTATbl 

0CHOBHOe l.JHCnO 3KCnepHMeHTOB 6binO noCBBII.{eHO .IJ;BYM 

3a.IJ;a1.faM: a/ nonyl.feHHIO 3neKTpoHHoro nyl.JKa, npoxo.IJ;Hll.{ero 

OCeCHMMeTpHl.JHO B Tpy6Ke .IJ;peii:IPa, BbiXO.IJ;Bll.{ero Ha OCH 

CTPYKTYPhi H3 o6nacTH MarHHTHoro nonB H 6/ nonyl.feHHIO 

3BOniO~HH cneKTpOB 3apB.IJ;HOCTeH HOHOB a30Ta, KHCnOpO,IJ;a, 

HeoHa H aproHa annoTL .IJ;O TaKHX 3Ha1.feHHH IPaKTopa HOHH-

3a~HH jr i , KOr,IJ;a .IJ;OnB B.IJ;ep B cneKTpe 3apH.IJ;HOCTeH CTa­

HOBHTCB 3Hal.JHTenbHOH. 
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1. 3AeK111POHHblll ny'lOK 

,LJ;nB H3yl.JeHHB ycnOBHH HaH6onee 31WJeKTHBHOH HOHH3a­

~HH napaMeTpbi 3neKTpOHHOrO . nyqKa H3MeHBnHCb B 3Ha­

l.fHTenLHbiX npe.IJ;enax~ TOK - OT 20 .IJ;O 170 MA, HanpB)I(e­

HHe - OT 2 ,!1;0 6,5 KB. 3TO .IJ;OCTHranOCb BapHa~HeH HanpB­

)l(eHHB 3neKTPOHHOH nymKH, .IJ;peB:4loaoB: CTPYKTYPhl H TeM­

nepaTypbi KaTo.IJ;a. IlepaeaHCbl 3neKTPOHHoro nyl.fKa, npH 

KOTOpbiX C03,IJ;aBanHCb HaHnyl.fWHe ycnOBHB HOHH3a~HH, 3a­

Kni01.fanHCb B npe.IJ;enax 0,3+ 0,8 MKA/B3I~KaK H B nepBLIX 

3KCnepHMeHTaX, HaHnyqwee TOKOnpOXO)I(,IJ;eHHe .IJ;OCTHranOCb 

lliHMMHpOBaHHeM MarHHTHOrO nonB B o6naCTH 3neKTpOHHOH 

nyWKH. 3TO n03BOnHnO CHH3HTb TOKOOCe,IJ;aHHe Ha ,IJ;HaiPparMy, 

perHCTpHpyiOII.{YIO npBMOH 3neKTpOHHbiH nyl.JOK /nepaaB ,IJ;Ha­

q,parMa/ C 2 MA ,!1;0 30+50 MKA npH TOKe 100 MA. B 3TOM 

cnyqae perHCTpHpyeTCB 3neKTpOHHbiH nOTOK, nepexBaTbl­

BaeMbiH BTOpOH ,IJ;HaiPparMOH H nocne.IJ;HeH CeK~HeH Tpy6KH 

,IJ;peii:4la. BenHl.JHHbl 3THX TOKOOCe,IJ;aHHH npHMepHO paBHbl 

TOKOOCe,IJ;aHHIO Ha nepByiO ,IJ;HaiPparMy H 3aBHCBT OT BenHl.JHHbl 

BbiTBrHBaiOII.{ero HanpB)I(eHHH. Ha ocTanLHbiX ceK~HBX ,IJ;peB:­

IPoaoH: CTPYKTYPLI KaKoe- nH6o H3MepHMOe TOKooce.IJ;aHHe 

OTCYTCTByeT. 

ll3MeHeHHeM Me eTa WHMMHpoaaHHB IPoKycHpyroll.{ero co­

neHOH,IJ;a 3neKTpOHHbiH nyl.JOK nepeMell.{aeTCB B Tpy6Ke .IJ;peif­

q,a, 'ITO IPHKCHpyeTCB 6onLWHM HnH MeHLWHM TOKooce.IJ;aHHeM 

Ha .IJ;HaiPparMLI. Ha6nro.IJ;aeTCB onpe.IJ;eneHHoe cooTBeTCTBHe 

Me)I(.IJ;Y MeCTOM lliHMMHpOBaHHB H nono)l(eHHeM 3neKTpOHHOrO 

nyqKa. TaKHM cnoco6oM nonyqeH oTnel.faToK 3neKTPOHHoro 

nyl.fKa Ha nepaoB: .IJ;HaiPparMe. Ilo pa3MepaM nopa:>KeHHoro 

yqaCTKa ,IJ;HaMeTp nyl.fKa B 3TOH o6naCTH paBeH - 0,5 MM, 
'ITO xoporno coana,IJ;aeT c o~eHKaMH, c,IJ;enaHHbiMH no H3-

BeCTHOH BenHl.JHHe MarHHTHOrO nonB, H BBnBeTCB onpe,IJ;e­

neHHbiM nO,IJ;TBep)I(.IJ;eHHeM TOrO, 'ITO B o6naCTH HOHH3a~HH 
,IJ;HaMeTp 3neKTpOHHOrO nyqKa COCTaBnBeT- 0,3 MM. 

2. H3MepeHue 3rfx/ieKmueHozo npoeucaHu.R nomeHt~UaAa 
8 3AeK111POHHOM ny'lKe - U rrp 

IlpoaHcaHHe noTeH~Hana, o6ycnoaneHHoe o6neMHbiM 3a­

pB.IJ;OM 3neKTpOHHOrO nyqKa, HCnOnb3yeTCB B HOHHOM HC­

TOl.JHHKe ,IJ;nB pa,IJ;HanLHOrO y,IJ;ep)l(aHHB HOHOB B o6naCTH HX 
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B3aHMO~eHCTBHH c 3neKTpoHaMH. AKcHanbHOe y~ep~aHHe 

OCy~eCTBnHeTCH C llOMO~blO 3anHpa10ll.lHX llOTeHn;HanoB Ha 

OrpaHH'IHBalO~HX llpOCTpaHCTBO HOHH3aiJ;HH CeKIJ;HHX TpyfiKH 

~peu4la. 113MepeHHe fihlno BblnonHeHo nyTeM cpaaHeHHH U11p 

C llOTeHIJ;HanOM aKCHanbHOrO y~ep~aHHH HOHOB. llpaKTH'Ie­

CKH fihlna H3MepeHa 3aBHCHMOCTb nonHOrO HOHHOrO 3apH~a 

B Ofi'beMe HOHH3ali;HH OT BenH'IHHbl llOTeHIJ;Hana aKCHanbHOrO 

y~ep~aHHH HOHOB. 

llOnHbiH HOHHbiH 3apH~ B npoCTpaHCTBe HOHH3ali;HH Q+ 
HapacTaer oT HynH ~o I Q +I ;; I Q _I /r~e Q _- npocTpaHCT­

BeHHbiH 3apH~ 3neKTPOHOB TIY'IKa/, ecnH llOTeHIJ;Han aKCH­

anbHOrO y~ep~aHHH H3MeHHeTCH OT 0 ~0 HeKOTOpOH BenH­

'IHHbl U H. llpH ~anbHeHllieM yaenH'IeHHH llOTeHIJ;Hana aKCH­

anbHOrO y~ep~aHHH HOHHbiH 3apH~ npaKTH'IeCKH He H3Me­

HB:eTCH. Mbi o6'bB:CHB:eM 3TO B:BneHHe HaCbi~eHHH TeM, 'ITO 

llpOHCXO~HT KOMlleHCali;HH npOCTpaHCTBeHHOrO 3apH~a 

3neKTpOHOB ~apB:~OM HOHOB H HOHbl YXO~HT B pa~HanbHOM 

HanpaaneHHH. TaKHM o6pa30M, 3Ha'leHHe noTeHn;Hana aK­

CHanbHoro y~ep~aHHH, llpH KOTOpOM npeKpa~aeTCH pOCT 

HaKonneHHOrO HOHHOrO 3apB:~a, MO~HO C'IHTaTb paBHbiM 

cllclleKTHBHOMY llpOBHCaHPIO llOTeHn;Hana B 3neKTPOHHOM 

IIY'IKe. HanpHMep, ~nH ::meKTpOHHoro TOKa Ie =100 MA 

npH 3HeprHH ue = 5 K3B nony'leHO 3~a'leHHe u rrp:::: 90 B, 
'ITO XOPOlliO COOTBeTCTByeT paC'IeTHOH BenH'IHHe .B cnyqae 

aKCHanbHO- CHMMeTpH'IHOrO llpOXO~~eHHH 3neKTpOHHOrO 

TIY'IKa llpH ~HaMeTpe TpyfiKH ~peu4la 3 MM. 

3. H3y'leHue 3B0/110f.IUU cne~empoe 3ap.RoHocmeu 
UOHOB 

llepe~ Ha'lanoM npouecca HOHH3an;HH B 3neKTpOHHbiH 

TIY'IOK MeTO~OM "3neKTpOHHOrO perynHpOB~HKa" BBO~H­

nOCb onpe~eneHHOe KOnH'IeCTBO HH3K03apH~HbiX HOHOB 

pafioqero ae~ecTBa. 3aTeM, qepe3 HeKoTopoe apeMH r . , 
npOH3BO~HnCH BbiBO~ HOHOB H3 Ofi'heMa HOHH3aiJ;HH H BBb~ 
B aHanH3aTop no apeMeHH nponeTa. CneKTphi 3apB:~HOCTeH 

perHCTpHpoaanHCb clloTorpacllHPOBaHHeM C 3KpaHa OCIJ;Hnno­

rpaclla. 3aoniOUHH cneKTpoa 3apB:~HOCTeu nonyqanacb npH 

yaenH'IeHHH r i . Ha puc. 2- 6 npHae~eHhi 3BOniOUHH cneKT­

poa 3apB:~HocTeu N , 0 ,Ne H Ar B 3aBHCHMOCTH OT KOnH­

'IeCTBa 3neKTpH'IeCTBa 3neKTpOHOB, nporne~lliHX qepe3 HOH-
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HYIO MHilleHb qe , B e,n;HHHUaX A• MC. 3TO 06'bJICHB:eTCH 
TeM, qro ITpH 6onhillHX, B HeCKOflhKO ,n;eCHTKOB HnH ,n;a~e 

COTeH MHnnuceKyH.D;, BpeMeHaX HOHH3aUHH 3neKTpOHHh[H TOK 
Ie yMeHhmaercH no cno~HOMY JaKoHy. KpoMe roro, .n;ua­
MeTp 3neKrpoHHoro rryqKa sce-raKH roqHo He HJMepeH. 
llpH rrpHHHTOM 3HaqeHHH K03~~HUHeHTa MarHHTHOH KOMIT­
rrpeCCH MO~HO YCTaHOBHTh COOTBeTCTBHe Me~,n;y BenHqHHaMH 

. 7 6 10 18 - 2 qe H J r i : 1 A MC COOTBeTCTByeT , • CM • 

ITo ocu op.n;uHaT Ha puc. 2-6 orno~eHhi aenuqnHhi Pi -
KOnuqecTBa HOHOB ,n;aHHOH 3apH.D;HOCTH B CITeKTpe B .D;OflHX 

e,n;HHHUhi. B aepxHHx qacrHx puc. 2,3,4,6 ,n;aHhi unnrocrpaunu 
rrepauqHoro 3KcrrepnMeHranhHoro Marepnana - ~ororpa~HH 

CITeKTpOB 3apH.D;HOCTeH, CTpenKaMH yKaJaHhl COOTBeTCTByiO­
IUHe HM IT03HUHH Ha OCJIX a6CUHCC. Ha ~OTOrpa~HJIX H.D;eH­
TH~HUHPOBaHhl 3apH.D;HOCTH flHHHH MaKCHManhHhiX aMITflHTy,n;. 
Cne.n;yer yqecrh, qro yaennqeHHe Ja~H,n;Hocru nHHHH rrpo­
ucxo.n;ur crrpaaa Haneao. 

a/ A 3 0 T . 3BOfliOUHH CITeKTpa 3apH.D;HOCTeH HOHOB aJOTa 
rrpe.n;craaneHa Ha puc. 2. 0Ha rronyqeHa rrpn Ee = 5,6 K3B, 
Ie:: 100 MA H 0,5:::; r i ~ 96 MC. Bn.n;Ho, qro rrpu JHaqeHHH 
j r i = 6, 9 • 10 19 

CM -2 .n;onH H,n;ep aJora a crreKrpe rrpe­
Bhimaer 55o/o. ,L(anhHeiimee yaennqeHne j r i B 3TOM cnyqae 
rrpaKrnqecKn Heuenecoo6paJHO. 

6/ K H C n 0 p 0 .D;. 3BOniOUHH CITeKTpa 3apH.D;HOCTeH HOHOB 
KHcnopo.n;a /puc. 3/ rronyqeHa rrpn E e =5,8 K3B, I e = 
::125 MA H 0,2:::; ri :::; 96 MC. Kucnopo.n; KaK pa6oqee ae­
mecrao 3fleKTpOHHo-nyqeaoro HOHHOrO HCTOqHHKa HCITOnb-
30BaH arrepahie. HnKaKHX cno~Hocreii, CBHJaHHhiX c pa6oroil 
KaTo,n;a 3neKTpOHHOH rrymKH, B 3TOM cnyqae JaMeqeHO He 
6bWO. 

B/ He 0 H. 3BOfliOUHH CITeKTpa 3apH.D;HOCTeH HOHOB Heo­
Ha rrpe.n;craaneHa Ha puc. 4 rrpu Ee= 5,4 KB, I e = 110 MA, 

0,25 S T i :5; 93 MC. KpoMe TOro, Ha puc. 5 ITOKa3aHhl 
3BOfliOUHH CITeKTpa JapH.D;HOCTeH HOHOB HeOHa .D;flH paJnnq­
HhiX 3HaqeHHH 3neKTPOHHOro TOKa rrpH O.D;HOH H TOH ~e 
3Heprun Ee = 5,4 KB. OrKphiThiMH KPY~KaMH o6oJHaqeHhi 
3KCrrepHMeHTanhHhie roqKH ,n;nB I e =112 MA H 0,2 s Tj s 
:::; 63 MC, a JaqepHeHHhiMH Kpy~KaMH - .n;nH I e =90 MA H 
0,2 ~ ri :::; 63 MC. Bu.n;Ho, qro 3BOniOUHH crreKTpa rrpaKrnqe­
CKH He JaBHCHT OT BenHqHHW HCITOflhJyeMOrO 3neKTpOH­
HOrO TOKa. 3TOT 3KCITepHMeHTanhHhiH peJynhTaT HBnHeTCH 
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BeCKHM ~OBO~OM B nonb3Y npaBOMepHOCTH HCnOnh30BaHHB 

3BOniD~HH CneKTpOB 3apB~HOCTeH ~nB H3MepeHHB 3~~eK­
THBHhlX CeqeHHH HOHH3a~HH HOHOB 3neKTpOHHhlM y~apoM 
B 3neKTpOHHO- nyqeBOM HOHHOM HCTOqHHKe. 

r I Apr o H . 3aonro~HB cneKTpa 3apB~HocTeH HOHOB 

aproHa /puc. 6/ nonyqeHa npH E e= 4,8 K.3B, Ic:: 80 MA, 
0,1 < T. < 300 MC. llepBHqHhiH KaqeCTBeHHhiH aHanH3 3BO­

niD~H'il 'noKaJLIBaeT, a qacTHOCTH, qTo Ar+B nonyqaeTcB, 

no- BH~HMOMY, He TOnhKO H3 Ar+7 , HO TaK)f(e H HOHOB 

MeHLUIHX JapB~HOCTeH, qTo anepBLie Ha6mo~anocL paHee 17 ~ 
3aMeTHa TaK)f(e HeKoTopaB Bhi~eneHHOCTh KPHBhlX Ar +14 H 

Ar +
15

, o6'hBCHeHHeM KoTopoH MO)f(eT 6LITh HennaaHoe 

yMeHhllleHHe 3~~eKTHBHOrO ceqeHHB HOHH3a~HH npH nepe­

XO~e Ar + 1 ~ Ar+1 ~ HapacTaHHe KOnHqecTaa HOHOB Ar +16 ~o 
70o/o npH jr.: 1,5.10 2° CM-2 nerKO 06'bBCHBeTCB CKaqKo­

o6pa3HhlM y:r!teHLUieHHeM ceqeHHB o6pa3oBaHHB HOHOB Ar+l7 
H3 Ar+16 , oco6eHHO ecnH JaMeTHTh, qTo 3HeprHB CBBJH 

A l 16 
3neKTPOHa B HOHe r - OKOno 4 K .3B. Ha puc. 7 npe~-
CTaBneH cneKTp HOHOB aproHa, nonyqeHHhiH npH j T 

= 2,4·10 2° CM -
2

, r i = 400 MC H Ee :: 6,8 K.3B. 3~ech 
yaepeHHo perHCTPHPYIDTCB HOHLI Ar +17 H HeKoTopaB ~onB 
B~ep aproHa (Ar+~~'1), KOTopaB B03pacTaeT ~o - 4o/o npH r i = 
= 500 MC. YpoaeHL ~oHa, npe~cTaBnBro~ero co6oH B~pa 
nerKHX JneMeHTOB, noKaJLIBaeT, qTo .n;aaneHHe ocTaToqHoro 

raJa B o6'beMe HOHHJa~HH He npeBLIUiaeT 10-12 Top. 
.n;/ K c e H o H. llpe.n;aapHTenLHLie 3KcnepHMeHThi no Ho­

HH3a~HH KceHoHa BLmonHeHLI npH E .. = 3,8 K .3B, 1,. = 60 MA 
. 37 

H 0,5:.; r i.::; 420 MC. llpH 3TOM Ha6nro.n;anHCh HOHhi Xe + , 
npHqeM MaKCHMYM HHTeHCHBHOCTH npHXO,IJ;HnCB Ha HOHhl Xe+~3 

~eTanLHOe HCCne,n;oBaHHe HOHH3a~HH KCeHOHa MO)f(eT 6hlTh 

BhlllOnHeHO npH HCnOnh30BaHHH KCeHOHa, o6oraUieHHOrO 

o.n;HHM H3 HJoTonoa, HanpHMep, 
129 Xe . TaKHe 3KcnepHMeHThi 

HaXO,IJ;BTCB B CTa,IJ;HH no,n;rOTOBKH. 

IV. 3AKJI/Ol.JEHHE 

BLmonHeHHhle 3KCnepHMeHThl noKa3anH, qTo Hccne.n;o­

BaHHe HOHH3a~HH nonO)f(HTenLHhiX HOHOB 3neKTpOHHhiM y,n;a­

POM H nonyqeHHe BeCbMa BhlCOK03apB,IJ;HhlX HOHOB o6ecne-

13 



-(1'1 

as
 

Q4
 

Q
3 Q2

 

Q1
 Pi.

 
Q7

 

Q6
 

as
 

Q4
 

Q3
 

Q2
 

0,1
 

• rJ 
J
~
 

~
 t;P

 
Ne

 
-"

' 
w

-A
ll 

P'
~ 

c
.
~
 

~
 ~
7
 ~
 

~
 

~
 

~
 

f
t
 

.....
 

~
 
~
 

.....
 

~~
 ~
r
r
 

..
..

 ~
 ~
~ 
~
~
 ~
 ~
 l,r

l ..
.. ~
 ~-:~

 }
g ~

 
~ 

~~
 

I""
 

1\.
. 

~
 l4

 
..

.5
~ js:

::=
f""

" 

l£:>
 v 

~ K
 
JX
'a
~ 
~
 ~
 ~
 , res 

.....
 

N
 

~
 

~
 

._
 .... 

~
 

.
.
1
.
~
 

.....
 -= 

I.A
 

_i1
 ~~

~~
~~

 
~
 ,....

. 
[!1 -~

 
.. 

jl::
::l 

f'=
F 

~
 .....

 
--

t 
-

f
t
 

I'l
l I
a
 ..

. 0
 

c 
~~

.,
..

s.
Ji

 
r-

'f
t 

0 
0 

0 
c 

_,..
 I'T

 
.. 

c 
-..

 
IU

 

2 
3 

4 
5 

6 
7 

89
11

J1 
2 

3 
4 

5 
6 

7 
8 

91
0°

 
2 

3 
4 

5 
6 

78
91

)1 
q,

ef
An

cJ
 

-
~
~
-
~
 

~
 

P
u

c
. 

5.
 

C
p

a
6

H
e

H
u

e
 

3
6

0
II

IO
ti

U
U

 
cn

e1
<T

flp
a 

3a
p.

11
i:m

oc
m

eu
 U

O
H

06
 

H
e

o
H

a
 

O
IIJ

I 
p

a
3

1
1

U
'lH

b
iX

 
3

H
a

'le
H

u
u

 
3

/l
e

K
m

p
o

H
H

o
zo

 
m

oK
a 

u 
e

z
o

 
ni

i0
1/

lH
O

C
11

lU
. 

@
I I 

t:.-
t 

lf5
,7

 
~~

 
~9

 
~
~
 
~
 l@

 l,c
l~ 

rJ
\ 

iF
.'\

 
....

.. 
+

4)
 

'5
 

~
 

!..-'
 
~~

 ~
 k>

< v
 5 v
~
 
~
\
 

~
 .....

 
+

6
)_

/ 
v 

~ 
~
 

~
 ~
 

~'
B:

" 

~
 D1

 K
 

II
 

f\
?(

 lJ
 v 

D~
 

-p.. ~
~~
 

!"-.
.....

 ~::
- k

 
\ 

"~
 

-
~
 ~
 
~
 ~
.
 I>

< 
I'

~ 
~ 
~
~
 k~

 ~
 ~ ~

 IPI
I' 

h
. 

v 
lo 

0 
1-

---
.... 

""' 
7

8
9

1
J2 

2 
3 

4 
5

6
 7

89
10

-1 
2 

3 
4 

5
6

 7
89

1J
0 

2 
3 

4 
5 

6 
78

91
J1 

P
u

c
. 

6.
 

3
6

0
II

1
0

ti
U

JI
 
c
n
e
~
e
m
p
a
 

3
a

p
Ji

o
H

o
cm

e
u

 
u

o
H

o
6

 
a

p
z
o

H
a

. 

Ar
 

1
--



-+S +1 
C 0 Cl>oH y 

I I I f 1 A; 1stn+,.,t•s .. 14 

Puc. 7. CneKmp 3ap.ROHocmeii 
UOH08 apZOHQ, nOAY'I€HHbiU 
npu jri =2,5·1o20cM-2 u 
Ee = 6,8 K3B. 

"HBaen;H HCnOJih30BaHHeM KOHCTpyKli;HH H CnOC06a pa60Thl 

) CTPOHCTB THna "KPHOH -1" H "KPHOH- 2". IlpH 3TOM y)l(e 

ceiJ:qac 3t}lt}leKTHBHO HCnOJih3YIOTCH nJIOTHOCTH 3JieKTpOHHOrO 

nyqKa ,IJ;O 150 A/cM2 
H BpeMeHa HOHH3ali;HH ,IJ;O 0,5 C. fipu­

qeM ,IJ;O HaCTOHI:u;ero BpeMeHH He noJiyqeHO O,IJ;H03HaqHhiX 

,IJ;OKa3aTeJihCTB Toro, qTo o6a 3TH napaMeTpa He MoryT 

6hiTh Cyi:u;eCTBeHHO yBeJIHqeHhl. 

Ha puc. 8 noKa3aHhl pacqeTHhie KPHBhle ,IJ;JIH Ne , Ar , 
Kr , Xe H U , noKa3hiBaiOmue, KaKHe t}laKTOphl HOHH3a:u;HH 

j r i H 3HeprHH 3JieKTPOHOB Ee Heo6xo,IJ;HMhi ,IJ;JIH ,IJ;OCTH)l(e­

HHH COOTBeTCTBYIOI:u;eH 3apH,D;HOCTH HOHOB. KpHBhle nonyqeHhl 

npH YCJIOBHH Ee = 2Ui , r,IJ;e Ui - noTeH:u;HaJI HOHH3ali;HH HOHa 

TOH 3apH,D;HOCTH, KOTopaH ,IJ;OJI)l(Ha 6h1Th ,IJ;OCTHrHyTa. 

CpaBHeHHe 3KcnepHMeHTaJihHhiX ,IJ;aHHhiX c pacqeTHhiMH 

KpHBhlMH yKa3hiBaeT Ha 6JIH30CTh pacqeTHhiX H 3KCnepu­

MeHTaJihHhiX pe3yJibTaTOB. 113 pHCYHKa, B qaCTHOCTH, CJie· 

,IJ;yeT, qTo 3tlltileKTHBHoe nonyqeHHe H,IJ;ep aproHa /- 50~o B 

cneKTpe /, a TaK)l(e HOHOB Kr +34 
H Xe + 44 B03MO)l(HO 

npH yBeJIHqeHHH j ri npHMepHO B 5 pa3 no cpaBHeHHIO C y)l(e 

,IJ;OCTHrHyThiM. TaKoe yBenuqeHHe B HCTOqHHKe "KPI10H- 2" 
MO)l(eT 6hiTh o6ecneqeHo. 
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Puc. 8. Pac<~emH&Ie oaHH&Ie OAJI HeoHa, apzoHa, KpunmoHa, 
KC€HOHQ U ypaHa: 3HepZUJI UOHU3QijUU E e, tflaK1110p UOHU3Q­
l#UU j r , Heo6xoouM&Ie OAJI noAy<~eHUJI uoHoe coomeemcmeyK>­
UIUX 3QpJIOHOC1fleii. 

B 3aKJIIOqeHHe aBTOphl Bhlpa)l(aiOT rny6oKyiO 6na-

ro,IJ;apHOCTh .li.B.Py,IJ;eHKO, r.JI.Ma3HOMy, H.H.CHJIHHy, 

A.ll.CanO)l(HHKOBY 3a nOMOI:u;h B OCyi:u;eCTBJieHHH pacqeTOB 

no nporpaMMe KCH .63CM Ha 3BM, B.r .,LI;y,IJ;HHKOBY 3a 

pa3pa6oTKY 3JieKTPOHHoro KOMMyTaTopa, H.H.,LI;eBHTKO 3a 

nOMOI:u;h B o6pa60TKe 3KCnepHMeHTaJihHhiX ,IJ;aHHhiX H 

B.B.CaJihHHKOBY 3a no,IJ;rOTOBKY HCToqHHKa K 3Kcnepu­

MeHTaM. 
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