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nacJOK A.C •• KyrHep B.E., TpeTbRKOB IO.n. P9 - ll914 
0 BIIHRHIIII MarepHBIIOB KBTOJ18 HB napaMeTpLI pa3pSil18 H BbiXO,[l 

MHOr038pMIIhiX liOHOB 

8 HCTO'IHHKC MHOr03apS1,[1HbiX HOHOB llCCIICAOBQHI•I K8TOJ1hl 1!3 BOilbW8M8, 

BOIIb<jlpaMa C npiiCaJliCQMII OKI!Cil 8l110MUIIIISI, BOllb<jlpaMa C J1008BK0ll peHKSI (27%) 
8 T8KlKC H3 MOIIH61leHa, pCIIIIB, !'8HT8111l, K8pOUJ10B HIIOOIIR II UHpKOHIIB, 

npiiBOilBTCSI Cp8BHIITCIIbHbl9 ll8HHLIC . TOKOB MHOr038pSI.IlHbiX HOHOB, 

DOily'leHHbiX H3 ltCTO<IHIIKOB C KBTOilBMII 113 BOllb<jlpaMa II TBHTBilQ, 

Ycranoaneao, 'ITO np!!MeHeHIIe Karoaa 113 raarana npnBOAI!T K ysellll'le

HHIO BbiXOilB MHOr038pS!IlHbiX HOHOB 11 llOCTI!lKCHHIO 6onee BbiCOK03!1pSI.IlHbiX 

COCTORHIII!, 

Ha creaae HOHHhiX IICTO'IHHKOB nony'leHhi HOHhi Xe 15+, !'Oit e HMnyllbce 

COCTBBIIll )Q MKA, 

Pa6ora BbmonHeHa a Jla6oparopllH R.llepHbiX peaKUIIll OH.RH. 

npenpHKT 06ballHHCKHOrO HHCTHTyTa !lllCpKhiX HCCilcllOBBHHil, ny6Ha 1978 

Pasyuk A.S,, Kutner V,B., 'l'retyakov Yu.P. pg - 11914 

Influence of Cathode Materials on Parameters of 
Discharge and Yield of Heavy Multicharged Ions 

Cathodes from W , W with addition of Al20 3 , W with addi
tion of Re(27%), Mo, Re, Ta, Nl:(;,ZrC are investigated for ion sources of 
multicharged ions, '!'he compared data on multicharged ion currents 
from sources with W and Ta cathodes are given. It was found, that 
the application of Ta cathode results in increase of yield of multi
charged ions and in higher charged states, Xe 15 ~ ions have been 
obtained in bunch tests, '!'he currents was 10 mkA per pulse, 

'!'he investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR , 

Preprint of the Joint Institute for Nucleor Reseorch. Dubno 1978 

)l.yroBOH HCTO'IHHK MHOr03ap.ll)l.HblX HOHOB /M.3.H./ C 

no)l.orpeBHhlM KaTO)l.OM, pa6oTaJOII.\HH B MarHHTHOM none 

U.HKJioTpoua, ocTaeTC.Il B uacTO.Illl.\ee apeM.Il uau6onee 31}ll}leK

THBHhiM HCTO'IHHKOM M.3.H. 

B pe3yJILTaTe MHorux 3KcnepuMeHTOB ycTauoaneuo, 'ITO 

)l.JIJI noJiy'leHH.Il BblCOK03ap.ll)l.HblX HOHOB B )l.yroBOM HOHHOM 

HCTO'IHHKe ueo6XO)l.HMO HMeTb OTHOCHTeJibHO BblCOKOe ua

np.ll)l(eHHe pa3p.ll.D.a /500-1000 B/ npu 60JihlllOM TOKe 

.D.yru /15-20 A/. 0.D.HaKo, KaK Bbl.IICHHJIOCh B xo)l.e ucnLITa

HHH HCTO'IHHKOB Ha CTeH)l,e/1/ H 3KCnJiyaTaU.HH ua UHKJIOTpo

ue, B03MO)I(HOCTH yBeJIH'IeHHJI TOKa MHOr03ap.ll)l.H~X HOHOB 

C pOCTOM TOKa H Hanp.ll)l(eHHJI pa3p.ll)l.a orpaHH'IHBaJOTCJI, 

no- BH)l.HMOMY, B OCHOBHOM H3- 3a HHTeHCHBHOrO pa3pyllleHHJI 

KaTO)l,a H aHTHKaTO)l.a HOHHOrO HCTO'IHHKa. 

Pa3pyllleuue KaTo.D.a u aHTHKaTo)l.a, KOTopoe npoucxo

.D.HT B pe 3YJILTa Te HOHHOH 6oM6ap)l.HpOBKH CO CTOpOHbl pa3-

p.ll)l.a, ao-nepBbiX, COKpall.\aeT CpOK CJiy)l(6bl HCTO'IHHKa, 

BO- BTOpbiX, npHBO)l.HT K H3MeHeHHJO reOMeTpHH pa3p.ll)l.a 

3a C'leT OCe)l,aHHJI pacnblJieHHblX MaTepHaJIOB 3JieKTPO.D.OB 

Ha CTeHKaX pa3p.ll)l.HOH KaMepbl H, B -TpeTbHX, 3arpy)l(aeT 

pa3p.ll)l. aTOMaMH pacnblJieHHOrO Bell.\eCTBa KaTO)l,a H aHTH

Ka TO)l,a. IlocJie)l.Hee JIBJIJleTCJI, no- BH)l.HMOMY, llaH60Jiee Ba)l(

HblM. KaK H3BeCTHO, yBeJIH'Ieuue npuToKa ueiiTpaJILHblX 

'laCTHU. B pa3p.ll.D. /B )l,aHHOM CJiyqae - aTOMOB MaTepHaJIOB 

KaTO)l,a H aHTHKaTO.D.a/ CHH)I(aeT BblXO)l. M.3.H. H3 HOHHOrO 

HCTO'IHHKa/t,2 /. . 

Ilo OU.eHKaM, npHBe)l,eHHblM B pa6oTe
131

, KOHU.eHTpaU.H.Il 

aTOMOB H HOHOB BOJihi}JpaMa B paHOHe KaTO)l.a cpaBHBMa 

C KOHU.eHTpau.BeH aTOMOB B HOHOB raJa B cpe)l.HeH 'laCTH 

pa3p.ll.IJ.HOH KaMephl u )l,a)l(e MO)I(eT npeBhllllaTL ee. 
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B pa6oTe 141 ycTauoaneuo, 'ITO pacnpe.neneuue nnoT
HOCTH aTOMOB H BOHOB ra3a a.nonL .nyroaoro pa3pg,na 3a
BBCBT OT MaTepBaJia KaTo,na B aHTBKaTo,na. 

ToK, uanpg)Keuue pa3pg,na u pacxo.n pa6oqero ra3a ga
ngJOTcg OCHOBHbiMB napaMeTpaMH, perynHpOBKOH KOTOpbiX 
,nOCTBraeTcg ODTHManbHbiH pe)KBM pa60Tbl BOHHOrO BCTO'f
HBKa. OnTHManLHble aenB'fBHbl 3TBX napaMeTpoB pa3nB'IHbl 
_nng pa3HbiX BOHOB. BDIXO.I{ BbiCOK03apg,nHbiX BOHOB yaenu
'fBBaeTcg c yMeHLweuueM pacxo.na ra3a annoTL .no cpDIBa 
.nyru. ~ng acex napaMeTpoa ueo6xo.nuMo BMeTb B03MO)K
HOCTb He3aBBCHMOH perynHpOBKB B WBpOKBX npe,nenax. 
llpe,nenbl 3TBX B03MO)KHOCTeH BO MHOrOM onpe,nengJOTCg 
CBOHCTBaMH KaTo,na. 

B pa6oTe 131 ycTauoaneuo, 'ITO pacxo.n MaTepuana 
Ka TO,na .!\, M ( f') Mano 3aBBCBT OT po,na B KOllB'ieCTBa 
ra3a, no.naaaeMoro B pa3pJI,n B BDipa)KaeTcJI 3Mnupuqe
cKoii 4JopMynoii 

AM =A. I. U2 • t /Q , 

r.ne A - Ko3414JauueHT nponopuuouanLHOCTB, I(A) - TOK 
pa3pJI,na, U I KBI - uanpJI)Keuue pa3pg,na, t I t~acl - ape
MJI pa60Tbl, Q - CKBa)KHOCTb BMDYllbCHOH pa60Tbl BCTO'f
HHKa loTuoweuue nepeo.na cne.noaauug BMnynLCOB K .nnu
TenLHOCTB BMnynLcal. 

113 B3llO)KeHHOrO BbiWe B pa60Tifl-SI MO)KHO C,nenaTb 
BDIBo.n, 'ITO MaTepean KaTo.na .noJI)KeH o6na.naTb xopoweii 
TennonpOBO.I{HOCTbiO, BbiCOKOH pa6oTOH BbiXO,na, a TaK)Ke 
ManbiM K03414JHUBeHTOM paCDblneHHJI B BbiCOKOH TO'IKOH 
nnaaneuug. 

B uacTOJill.\eH pa6oTe npuae.neHDI pe3ynLTaTDI ucnbiTa
HHH HeKOTOpbiX MaTepBanOB KaTO.I{OB BCTO'fHBKa MHOr03apJI,n
HbiX BOHOB c uenLJO nony'feHBJI uau6onowero Bblxo.na BbiCOK0-
3apJI,nHbiX uouoB pa6oqero ra3a u o6ecne'feHag ua.ne)KHOCTB 
B .I{OCTaTO'iHOH ,nnBTenbHOCTH pa60Tbl BCTO'fHBKa. 

YCJIOBH.H 3KCIIEPHMEHTOB 

11ccne,nOBaHBg BOHHbiX BCTO'IHHKOB C KaTo,naMB B3 pa3-
JlB'iBbiX MaTepuanoB npOBO.I{BJIBCb Ha CTeH,ne BOHHbiX BC
TO'IHBKOB Jla6opa TOpBB g_nepHbiX peaKUBH Ill 

4 

KaTo.nDI B3 aonLiiJpaMa B TaHTana uccne.noaanucL TaK)Ke 
ua UHKnoTpouax Y- 300 B Y- 200 OIUII1. KoucTpyKuug 
KaTo.na no.no6ua onucauuoii B pa6oTe 1 9-'. 3MBTTBPYJOI1\ag 
DOBepXHOCTb KaTO.I{a BMeeT pa3Mep 7x7 MM. 

B Ka'feCTBe MaTepuanOB KaTO.I{OB 6binB BCDOllb30BaHbl 
Kap6B,nbl HB06BJI B UBPKOHBJI, peHBH, MOnB6,neH, BOnbliJpaM, 
BOnbliJpaM C npuca,nKaMH PKBCB anJOMBHHJI IKOBaHDIH B He
KOBaHDIHI, BOnbliJpaM C ,no6aBKOH peHBJI 1270/ol B TaHTan. 

B cnyqae ucnonL30BaHBJI TaHTanoaoro KaTo.na aHTBKa
To.n 6Din TaK)Ke B3 TaHTana. C KaTo,naMB H3 .npyrux MaTe
puanoa ycTauaanuaancJI·aHTBKaTo.n B3 Monu6.neua. 

Y CllOBBJI B MeTO.I{BKa npoBe,neHBJI ,naHHbiX 3KCDepBMeH
TOB ananorB'fHDI onucaHHDIM B pa6oTe 

1
31. 

B Ka'ieCTBe pa6oqero ra3a ucnonb30Banucb aprou B 

KCeHOH. 

PE3YJibTATbl HCCJIEAOBAHHH 
H OECY)J(J{EHHE 

KaTo.n B3 Kap6a.na uuo6BJI. llpu no,naqe uanpJI-
)Keuug no.norpeaa H B03HBKHOBeHBB ToKa no.norpeaa nerKo 
3a)KBraeTCJI TneiOll.\BH pa3pJI,n B KaMepe 10,5 A; 500 Bl. 
OTra)KHBauue KaTo.na 3neKTpouuoii 6oM6ap.nupoaKoii .nnaTCJI 
oKono 30 MUH. CnycTJI 3TO apeMJI y.naeTCJI 3a)Ke'fL ,nyroaoii 
pa3pJI,n. llpB OTra)KBBaHBH KaTO,na 3Ha'fBTenbHO yxy,nwaeTCJI 
BaKYYM /.no 10-4 - 10-3 Top/. 

llocne 8 qacoa pa6oTDI rny6uua KpaTepa KaTo.na no 
uenTpy co cTopoHDI pa3pg,na cocTaBJIJieT 3,5 MM, KpaJI Ka
To.na DOHB)KaiOTCJI Ha 0,4 MM, T. e. DO 06'beMy 3TOT MaTe
puan pacxo.nyeTCJI npuMepuo c TOH )I( e cKopocTLIO, 'ITO B 

13! BOnbliJpaM · Co CTOpOHbl HBTB HaKana B pe3ynLTaTe 
3neKTpOHHOH 6oM6ap,nBpOBKB o6pa3yeTCJI KpaTep rny6BHOH 
4 MM. B KaTo.ne noJIBnJIJOTCJI nonepe'IHble Tpell.\BHDI. 

KaT 0 .I{ B 3 K a p 6 B ,n a U B p K 0 H B g. ra300T,neneuBe 
npB nporpeBe KaTo,na B3 Kap6u,na UBPKOHBJI 3Ha'fHTellbHO 
MeHbWe, qeM B cnyqae HCDOllb30BaHBJI KaTo,na B3 Kap6u,na 
uuo6ug. Pa3pJI,n B KaMepe 3a)KBraeTCJI cpaBHHTeJJLHO nerKo. 
llocne 6 qacoa pa6oTDI KpaTep B KaTo.ne co cTopOHbl pa3-
pJI,na BMeeT rny6BHY 2,9 MM. Yrny6neHBe CO CTOpOHbl HB-
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T8 - 1 MM. fiocne pa60Tbf o6uapy)I(HBaJOTCJI TpeUUIHbl, KaK 

8 B cnyqae KaTO)],a 83 Kap68)].a H8068JI. 

fip8 pa6oTe C KaTO)],aM8 83 Kap68)].0B H8068JI 8 U8PKOH8JI 

TOK pa3pJI.D.a ue npeablwaeT 10 A, a uanpJI)I(eH8e .D.Yr8 -

800 B. 

)]. p y r 8 e KaT o .D. bl. HeKoTopble cpaBH8TenbHbie )].au-

Hble .D.HJI 8ccne)].yeMbiX MaTep8anoB KaTO.D.OB np8Be.D.eHbl 

B ma6A. 1. 

B TpeTbeM CTOn6ue Ta6n8Ubl )],aHbl 83MepeHHble B ua

CTOJIIUeH pa6oTe cpe)].H8e 3Ha'leH8JI K034J4J8U8eHTOB A 
xapaKTep83YIOIU8X pacnblneu8e MaTep8ana KaTo.D.a B 8CTO'I

H8Ke MHOr03apJI)].HbiX 80HOB. B Ta6n8Ue np8Be)],eHbl peKo

MeH)],yeMble B cnpaBO'IH8Ke '
1
l' 3Ha'leH8JI pa60Tbl BbiXO)],a. 

Ko34l4J8U8eHTbi pacnblneH8JI O.D.H03apJI.D.HbiM8 80HaM8 apro

ua 8 Kceuoua, 83Mepeuuble BeuepoM 8 .D.P· np8 3Hepr88 

80HOB 600 :JB, B3JITbl 83 063opa ' 12 '. Ko34l4J8U8eHTbl caMo

pacnblneH8JI 6bln8 83Mepeubl aaTopaM8 pa6oTbl ' 131 np8 

3Hepr88 80HOB 45 K:JB. 
Tpa.D.8U80HHbiM KaTO.D.HbiM MaTep8anoM, 8Cnonb3yeMbiM 

HaM8 B 8CTO'IH8Ke, JIBnJieTCJI BOnb4JpaM. XapaKTep pa3py

WeH8JI 3TOrO MaTep8ana B KaTO)],e 8CTO'IH8Ka MHOr03apJI)J.· 

HbiX 80HOB )],OCTaTO'IHO no)],p06HO On8CaH B pa6oTax
13

.9 / 

B cnyqae 8CnOilb30BaH8JI KaTO)].OB 83 BOnb4JpaMa C np8-

Ca)],KaM8 OK8C8 anJOM8H8JI 8 KaTO)],OB 83 BOnb4JpaMa C )J,O· 

6aBKOH peH8JI pe)I(8Mbl 8CTO'IH8Ka 8 3apJI)].OBble cneKTpbl He 

OTil8'1aiOTCJI OT TeX, KOTOpble nonyqaJOTCJI C KaTO)],OM 83 

BOnb4JpaMa. 

TauTan o6na.D.aeT H83K8M Ko34l4J8U8eHTOM TennonpoBo.D.

uocT8 8 no cpaBHeH810 C )].pyr8M8 8CCile)],OBaHHbiM8 MaTe

p8anaM8 ua8Meubweii: cKopocTbiO pacnblneu8JI. 

PeH8H no Ha3BaHHbiM CBOHCTBaM Mano OTil8'1aeTCJI OT 

TaHTana. 0)].HaKO np8 8Cll0ilb30Ba888 KaTO)],a 83 peH8JI 

TOilbKO npH TOKe )1,0 8 A y)].aeTCJI no)J.)J.ep)I(8BaTb B pa3pJI)].e 

.D.OCTaTO'IHO BbiCOKOe 8anpJI)I(eH8e. 

TauTan, uecMoTpJI ua HH3KYJO pa6oTy BbiXO.D.a, no3ao

nJieT npu TOKe pa3pJI.D.a .D.O 15 A no)J,)],ep)I(HBaTb uanpJI)I(euue 

ua )].yre .D.O 1000 B. 
CpaBH8TenbHble )],aHHble BbiXO)].a TOKOB MHQr03apJI~HbiX 

80HOB aoroua, KPHllTOHa, KCeHOHa )].ilJI KaTO)].OB 83 BOnb4Jpa-
11 14i 

Ma · • · 8 TauTana npuBe.D.eHbl B ma6A. 2. 
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KaTO,IJ, H3 TaHTana no cpaBHeHHIO C KaTO,IJ,OM H3 BOllb<ilpa-

Ma ,IJ,&,eT HHTeHCHBHOCTb HOHOB A!·S+ B 2 pa3a 6onh-

we, Kr 1
D+ - B 6 pa3, Xe 12+ - B 7 pa3; nonyqeH TOK 

HOHOB Xe 15+, paBHhlii 10 MKA B HMnynbce. 

3a cqeT npHMeHeHHJI KaTO,IJ,a H3 TaHTana npH yCKOpeHHH 

Ha D;HKllOTpOHe Y-300 HOHOB C 3ap.JI,IJ,OM 7+ H BbiWe H Ha 

D;HKllOTpOHe Y- 200 HOHOB Ne 5+ y,IJ,allOCb yaenaqHTb HHTeH

CHBHOCTb nyqKOB B 1,5 - 2 pa3a • 

BMBO,[fbl 

1. KaTO.IJ.bl H3 Kap6u.n.oa HH06H.JI H u;apKOHHJI He .n.aroT 

yaenaqeHHJI HHTeHCHBHOCTH nyqKOB BbiCOK03ap.JI,IJ,HbiX HOHOB 

H He yaenaqaaaroT cpoKa cny)l(6bl KaTo.n.a. KpoMe Toro, 

Ha,IJ,e)I(HOCTb pa60Tbl HCTOqHHKa H3- 3a pacKallbiBaHH.JI Ka

TO,IJ,OB CHH)I(aeTCJI. 

2. fipH HCnOllb30BaHHH KaTO,IJ,OB H3 MOnH6,IJ,eHa, peHHJI, 

BOnb<ilpaMa, BOllb<ilpaMa C npHCa,IJ,KaMH OKHCH aniOMHHHJI 

H BOllb<ilpaMa C ,IJ,06aBKOH 27~ peHHJI He Ha6niO,IJ,aeTCJI cy

ID;eCTBeHHOrO pa3nHqHJI 8 BbiXO,IJ,e MHOr03apJI,Il,HbiX HOHOB. 

3. HeCMOTpJI Ha TO, qTo TaHTan no cpaBHeHHIO C BOnb<ll

paMOM HMeeT MeHbWHH K034141Hu;HeHT TennonpOBO,IJ,HOCTH H 

6onee HH3KYIO pa6oTy BbiXO,IJ,a, npHMeHeHHe KaTO,IJ,OB H3 

TaHTana npHBO,IJ,HT K 3aMeTHOMy yaenaqeHHIO BbiXO,IJ,a BbiCOKO-

3apJI,IJ,HbiX HOHOB H no.JIBlleHHIO 6onee BbiCOK03apJI,IJ,HbiX CO

CTOJIHHH. 

B 3aKnroqeHae aaTOPhl Bhlpa)l(aiOT 6naro.n.apHOCTb aKa

,IJ,eMHKy r .H.cJ>nepoBy 3a nOCTO.JIHHOe BHHMaHHe K pa6oTe 

C HOHHbiMH HCTOqHHKaMH. 
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