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KyTHep 8.6., nac!OK A.C., TpeTbSIKOB lO.n. 9- 11281 

Y!CTO'!HifKlf MHOI'038p51AHbiX HOHOB C K8TOAHbiM paCilbineH!!eM 

Taepnoro pa6oqero aewecTaa 

naH 0630p pa60Tl,t HCTOqHHKOB MHOr'038pHri:Hb!X l10HOB TBep.[!biX BeWeCTB 1 

HCnonb3Y¥JillHX KaTOllHOe pacnhineHae pa6oqero MD.TepHa.'1-D.. Ha rcpynHerfwax 

ycKopaTenSIX nmenbiX aoHoa: IHIKllOTpOHax Y -300 ( 1ly6Ha, 0!15111), ORIC 
(OK-Pan>K, CWA) 11 l!IH!ef!HLIX ycKopurengx SnperlllLAC (EepKllH, CWA) 

R UNILAC (LlapMwTa!IT, <PPf). PaccMoTpeHbi ocHoBHbt8 KOHcTpyKUHH uc

ToqHHKOB MHOr038p~.W.H-blX HOHOB C KaTO.llHbiM paCllbineHH:8M pa6oqef'O eeweCT-

88. f1pHBeA8!1bl CBO:!Hbl8 ::I8HHbl8 BbLXOJl8 M!IOI'038p>IilHblX HOHOB 113 l!HK • .,o- . 
TpOHHoro HCTO'IHHKa Y-300. CpaBHHBBJOTCH pe3ynhT8Tb>, nony'!eHHbte Ha pa3-~ 
nH'IHhiX yCKOpH renHX TH;.KenblX HOROB-. noKa3aHO, G:TO riCTO-,HHKH C non,aqel-! 

pa60'!8r'O BOW8C TBa B pa3pllJl M8TOJlOM K8TOJlHOI'O paCilbll18HIIH yno6Hbl B 3KC

nnyaT8UIHI H il03BOllH!OT nony'IBTb HOHbl p83lllf'IHblX BeUJeCTB, HBXO!IH!UHXCH 

B TBep!IOM COCTO<IHIIH. 

Pa6oTa abmonHeHa a fla6opaTopHH stnepHbiX peaKUHii 01Uil1. 

Coo6meHHC 06bCAHH8HHOI'O HHCTHTyTa IIJlCpHb!X HCCflCAOB8HHli. lly6Ha 1978 

Kutner V.B., Pasuyk A.S., Treliakov Ju.P. 

Multicharged Ion Sources with Cathode Sputtering 

of Solid Matter 

9 - 11281 

A review of operating of solid matter multicharged ion sour
ces which use matter sputtering in the biggest accelerators of 
heavy ions (the U-300 cyclotron at JINR, Dubna; ORIC at Oak-Ridge, 
USA) and in linear accelerators (SUPERHILAC at Berkeley, USA; 
UNILAC at Darmstadt, BRD) is given. Principcd constructions of 
multicharged ion sources \vilh matter sputtering are considered. 
Summary dak"'l. on yields of m'~lticharged ions from the U-300 cycl<r
tron source are presented. The results obtained with 'v'aricus heavy 
ion accelerators are compared. It is shown that source with the 
matter feeding to charge by the cathode sputtedng are feasibie in 
operation and permit to produce ions of various materials being in 

a solid state. 

, The investigation hc>.s been performed al the Laboratory 

' of Kuclear· Reactions, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 19i8 

© Jfl78 06'beP,HHeHilHfl HHCTHTyT HJlepHbl.~ HCCflellOBSHBil P.y6H8 

8 .u.yrOBbiX HOHHb!X HCTO'IHHKaX HOHhl o6pa3yiOTCH B 

ra 1osoM pa3pH.u.e. O.u.HaKo 6oJihlllHHCTBO :JJieMeHTOB ra6nHUhi 

Meu.u.eneena naxo.u.HrCH B uopMaJihHhiX ycnoBHHX B rnep.u.oM 

COCTOHHHH. ,Il.JIH MHOrHX 3aJJ.a'l tPH3HKH HC06XOJJ.HMO HMCTb 

HOHbi TaKHX 'JJICMCHTOB. C :JTOH UCJlbiO pa3pa6oraHhl H :JKC

rrnyaTHpyiOTCH HOHHblC HCTO'IHHKH C pa3JIH'IHblMH CllOC06aMH 

rro.u.aY.H rnep.u.oro pa6oqero nemecrna B pa3pHJJ.. 0JJ.HHM 

H3 raKHX cnoco6os HBJIH<.!TC.Ii Karo.u.Hoe pa,cnhiJJCHH<.!. Cyrb 

t.!f'O COCTOHT B TOM, Y.TO BC!UCCTBO, HOHhl KOTOporo He06XOJJ.H" 

MO llOJJY'IHTb, HaHOCHTCH Ha 3JICKTPOJ1., BBOJJ.HMhiH B pa3p.liJ1.. 

Ha :J roT JJJeKrpo.u. no.u.aercH orpHuareJihHhiH noreHUHaJI 

OTHOCHTCJlbHO ano.u.a. IlpH HaJIH'IHH pa3pHJJ.a YCKOpCHHblC 

HOHbl paCllblJJHIOT 3JICKTPOJJ., 'laCTHll,bl ero nona.u.aiOT B pa3pHJ1. 

H HOHH3YIOTCH. CaMhlH npOCTOH BapHaHT TaKoro HCTO'IHHKa

:no HCTO'IHHK C pa60'IHM BC!UCCTBOM, pa3MC!UCHHhJM BaHTH

KaTOJl.C. He.u.ocTaTKOM TaKOrO sapHaHTa HBJIHCTCH TO, 'ITO 

KOJIH'ICCTBO llOCTynaiOIUHX B pa3pHJJ. 'laCTHU 3aBHCHT OT 

napaMerpos .u.yrH - roKa H Hanp1DKeHHH. O.u.HaKo BhiXOJJ. 

MHOr03apH,IJ,HhlX HOHOB 3aBHCHT H OT 'IHCJia nocrynaiOlUHX 

B pa3pXJJ. tta.CTHU, H CY!UCCTBYCT ODTHMaJibHOe KOJIH'ICCTBO 

'laCTHU, npH KOTOpOM BblXOJl. MHOf03apXJJ.HblX HOHOB HaH-

60JiblllHH. Il03TOMY C UCJlbiO ocymecTBJICHHH He3aBHCHMOH 

peryJIHpOBKH DOJJ.a'IH 'IHCJia 'laCTHU He06XO.IJ.HMO BBCCTH 

B KOHCTPYKUHIO HOHHOrO HCTO'IHHKa eme O.IJ.HH 3JICKTpOJJ., 

C He 3aBHCHMOH peryJIHpOBKOH noTeHUHa.Jia, Ha KOTOphlii 

KpenHTCJI pacnwnJieMoe aemecTBO. 

B HaCTOJIIUee speMJI Ha ycxopHTeJIJIX MHoroJapJI)l.HLIX 

HOHOB B OCHOBHOM 3KCHJiyaTHpyiOTCX HCTOqJIHKH TaKOrO 

THlla/1-4, ,0HH D03BOJ1XIOT nonytta.Tb HOHbl DO'ITII BCeX Me

TaJIJIOB B lllBpOKOM ,l:{Bana30He aTOMHblX BeCOB, TeMneparyp 

3 



ITJiaBJieHHH, CO 3HaqHTeJibHO OTJIHqaro~HMHCH K034>cllHU.HeHTa

MH KaTO,D,HOrO paCITbiJleHHH H ,D,pyrHMH !l>H3HqeCKHMH CBOHCT

aaMH. PaJrruque B caoiicTBax MeTarrrroa Tpe6yeT pa3pa6oTKH 

onpe,D,eJieHHblX MeTO,D,HK H3rOTOBJieHHH paCllblJIHeMblX 3JleKT-

pO,D,OB. 
C u,eJibiO 3KOHOMHqHOrO paCXO,D,a MaTepHaJIOB 3JieKTpo,D,a 

aHO,D, ra3opa3pH,D,HOH KaMepbl MO)l(eT 6b1Tb BblllOJIHeH He

OXJia)l(,D,aeMbiM /5/, 3TO u,errecoo6pa3HO ,D,JIH TeX Be~eCTB, 
y KOTOpbiX ynpyrocTb napa npu pa6oqeii TeMnepaType 

KaMepbl /1000-1500° C/ ,D,OcTaToqno BblCOKaH. 

PacCMOTpHM OCHOBHble cy~eCTBYIO~He KOHCTpyKU.HH 

HCTOqHHKOB MHOr03apH,D,HblX HOHOB C KaTO,D,HbiM paCITblJie

HHeM pa6oqero aeiiJ,eCTBa. 

B Jla6opaTopHH H,D,epHbiX peaKU.Hii OlUIH pa3pa6oTaH 

H 3KCITJiyaTHpyeTCH HOHHblH HCTOqHHK TaKoro THna/l/ /CM. 

puc. 1/. Ilo,D,aqa MaTepuarra B 3TOM HcToqnHKe ocyiiJ,ecT

BJIHeTCH nyTeM KaTO,D,HOrO paCITblJieHHH o6pa3U,a, KOTOpbiH 

BBO,D,HTCH B pa3pH,D, qepe3 OTBepCTHe B aHO,D,e. 06pa3eU, 

KpenHTCH Ha Me,D,HOM, OXJia)l()J,aeMOM BO,D,OH, ,D,ep)l(aTeJie. 

Ha Hero llO,D,aeTCH peryJIHpyeMbiH OTpHU,aTeJibHblH OTHOCH

TeJibHO ano,D,a noTenu,uarr. Bo apeMH pa6oTbl ae~ecTBO 
3JleKTpO,D,a paCXO,D,yeTCH, a MaTepHaJI KaTO,D,a H aHTHKaTO,D,a 

oce,D,aeT na cTenKax KaMepbl H cy)l(aeT ee B aepxneii H 

HH)l(Heii qacTHX. 3To orpanuquaaeT nonepeqnble pa3Mepbl 

nepBHqHoro 3JieKTpOHHOronyqKaHOTO,D,BHraeTrpaHHU.Yllep

BHqHOH ITJia3Mbl OT CTeHOK pa3pH,D,HOH KaMepbl. Ilo3TOMY 

B KOHCTPYKU.HH HCTOqHHKa npe,D,yCMOTpeHa B03MO)l(HOCTb 

nepeMe~eHHH 3JieKTpO,D,a. 

liCTOqHHK HCCJie,D,OBaJICH Ha CTeH,D,e H y)l(e HeCKOJibKO JieT 

3KcnrryaTHpyeTCH na U.HKJIOTpone Y-300 OHJIH. Ha cTeH,D,e 

HCTOqHHK pa6oTaJI B MarHHTHblX ITOJIHX OT 3,5 ,D,O 6 KTC. 

Honbl H3BneKaJIHCb H3 3MHCCHonnoii ~errH pa3MepoM 1 x 

x 15 ..w.M c noMo~biO BbiTHrHaaro~ero JrreKTpo,D,a no,D, nanpH

)l(eHH~M 17-26 KB. ArrHTeJibHOCTb HMnyrrbcOB pa3pH,D,a -

1 ..wc, qacToTa noaTopeHHJI HMITYJibCOB ~ 100 T14. B KaqecTBe 

BCllOMoraTeJibHOro raJa HCITOJIL30BaJIHCb KCeHOH HJIH apron. 

3TO CBH3aHO C TeM, q'fo, so-nepBbiX, BHepTHble ra3bl 

He otSpa3yiOT XHMHqeCKHX . COe,D,Bilen·uii Ha flOBepXHOCTH 

3JieKTpo,D.o:B H, so-sTopbiX, onil' HMeiOT 6orree BLICOKHH 

Ko34>cllHuHeHT Ka Tohnoro pacnblilenBJi. 
~ ' ' ·' ·i ' .• ! ' 

.A 

af 

/H1Hb(1) 
KATOA (2) 

nottA4A rA3A (4) 

PACnbiASlEMbllA 
8AeKTPOA (5) 

A8P..>KATEAb 
3A8KTPOAA {6) 

AHOA (7) 

~ AHHlKATOA(8) 

Puc. 1. Hcmo'lHUK c KamoOHbiM pacnbiAeHue..w pa6o'lezo Be
IJiecmBa OAJI ijUKAompoHa Y- 300. 

B ma6A. 1 npHBe,D,eHbl pe3yJibTaTbl, norryqeHHble npu 

HCCJie,D,OBaHHHX Ha CTeH,D,e: pe)l(HMbl pa3pH,D,a, cpe,D,Hee Ha

llpJI)l(eHHe Ha pacnblmiCMOM 3JICKTpO,D,e (U 'JJI ) H HMUYJlbCHLIH 

TOK, llpHXO,D,HIIJ,HH Ha paCHblJIJieMbiH 3JieKTpO,D, (I.l.il) .)],OJIH 

TOKa HOHOB paCHLIJIHeMOrO Be~eCTBa B DOJIHOM HOHHOM TOKe, 

norryqeHHOM H3 3MHCCHOHHOH lll,eJIH HCTOqHHKa, COCTaBJIHJia 

OT 40 ,D,O 90~. 
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3MHCCHOHH3H menb HMena pa3Mepbl 0,5 X 20 MM, MarHHTHOe 

none, B KOTOpOM pa6oTan HCTOl.fHHK, H aHanH3HpyiDmee 

none - - 9 KTc, ycKOPHIDmee uanpJDKeHHe - .no 20 KB. 
B Kal.feCTBe BcnoMoraTenbHoro ra3a Hcnonb30BancH aprou. 

HcTOl.fHHK pa6oTan KaK B HMnynbCHOM pe~HMe /.nnHTenb

HOCTb HMnynbCa 5 MC, l.f3CTOTa 50 T14/, T3K H B nOCTOHHHOM. 

B ma6A. 2 npHBe,neHbi peJynbTaTbi, nonyqeHHbie ua cTeH,ne. 

,[l.nH KanH4JopHHHcKoro ycKopHTenH SuperHILAC pa3-

pa60T3H HCTOl.fHHK MHOr033pH,D:HbiX HOHOB C K3TO,D:HbiM pac

nbineHHeM pa6oqero BemecTBa ua 6a3e HCTOl.fHHKa Tuna 

IleHHHHra c xono,n:HbiMH KaTo,naMH/a/. Ha puc. 3 npe,ncTaB-

neubl HCTOl.fHUKH C .D:BYMH B3pHaHTaMH paCnbinHeMoro 3neKT

po,na: B BU,D:e Tpy60l.fKU, pacnono~eHHOH B IJ,eHTpe KaMepbi, 

H B BH,D:e KOneiJ,, pacnono~eHHbiX no 060HM KOHIJ,3M 3MHC

CHOHHOH menu. ABTop yKa3biBaeT, '"ITO ,nnH nonyqeHHH 

BbiCOK033pH,D:HbiX UOHOB npe,nllOl.fTHTenbHee KOHCTpyKIJ,H.JI 

C KOnbiJ,eBOH lPOPMOH 3neKTpO,D:OB,C TOl.fKU 3peHH.JI ,D:OCTU~e
HUH OnTUManbHOrO pe)I(HM3. TaK, BbiXO,D: HOHOB 30nOTa 6bin 

npHMepuo B TPH pa3a 6onbllle, l.feM npH Tpa,nuiJ,HOHHOM paJ

Melll,eHHu pacnbin.JieMoro 3neKrpo,na ua ypoBHe 3MUCCHOH

HOB menu. C DOMOmblO T3KOrO UCTOl.fHHKa nonyqeHbl TOKH: 

1 MKA HOHOB Au 11+ u 8 MKA uouoB Au10+.HCTOl.fHUK pa-

6oTan B UMnynbCHOM pe~UMe npu TOKe pa3pH.IJ.a OT 1,5 
.no 3,5 Au uanpH~euHu oKono 1100 B. 

Ha ycKopuTene UNILAC ,nnH nonyqeuHH MHoro3apH,n-

HbiX UOHOB ra30B HCllOnb3yeTCH ,nyonna3MaTpOH. B KOHCT-
' I pyKIJ,HlO ,nyonnaJMarpoua BHeceHbi H3MeHeHHH I 41 c TOH 

IJ,enblO, l.fT06hi B HeM MO~HO 6binO nonyl.faTb MHOr03ap.JI,D:Hhle 

HOHhi H3 TBep,D:blX BemecTB. H3 puc. 4 BH,D:HO, 'iTO ,nononHH

TenhHbiH 3JICKTpo,n ,nnH pacnblneHHH ~enaeMoro MeTanna 

pa3MemeH Me~,ny 3HO,D:OM H npoMeJKyTOl.fHbiM 3neKTpO,D:OM. 

HCTO'"IHHK TaKoro THna HCnhiTbiBanc.s Ha CTen,ne, r,ne 6binu 

rronyl.feHhi HOHhi Ca, Ti, V , Cr, Fe , Ni, Cu, Zn,Mo , Ta. 
B CTeH,D:OBhiX HCnbiT3HHHX nonyl.feH cpe,D:HUH TOK UOHOB ;,sNi;3+ 

B 2 M KA. IlpoBe,neHhl ueKoropble OllbiTbl na HH~eKTope ycKo

PHTen.JI, r,ne nonyl.feH cpe,D:HHH TOK HOHOB 58Ni 3+ B 1 ~KA 
H HOHOB 48 TiS+ B 2,5 MKA. 

flpH pa6oTe HCTOl.fHHKa MHOr03apH,D:HbiX HOHOB B ll,HKno

TpOHC Ha6nlO,naeTCH .JIBneHHC K3TO,D:HOrO paCnblneHH.S 3MHC

CHOHHOH menH H npOTHBOllOnO~HOH CTeHKH ra3opa3pH,D:HOH 
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CTaJibHOH 

ae pMa renb 

Me.QHblH 

aHO.Q 

ra3 

yrnepo.QHI>r fi 

BKJia.Qbl lll 

Kal'O.Q 

Puc. 3. Hcmo'lHUK c KamoOHblM pacnbl/leHueM pa6o'lezo 
ee~J~ecmea OAR SuperHILAC 'a. 

I<aMepbi. llpOHCXO~HT 3TO 3a C'leT TOrO, 'ITO HOHbl, H3BJie

'leHHbie H3 HCTO'IHHKa H He ycneBIIIHe YHTH B ~yaHT ~0 

H3MeHeHHjf UOJijfpHOCTH UOTeHUHaJia Ha ~yaHTe, TOpM03jiTCjf 

u ~BuraroTcg B cTopoHy ucTO'IHHI<a. 0Hu-To u pa3pyrnaroT 

3MHCCHOHHYID IUeJib H CTeHKH ra3opa3pg~HOH KaMephl. 
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Puc. 4. ,l(yonAa3MampoH c KamooHblM pacnblAeHueM pa6o
'-lezo ee~J~ecmea. 

B pa6oTe /6/ 3TOT <lJaKT ucnoJih3yeTcg ~Jig no~aqu B pa3pg~ 
TBep~biX MaTepuaJIOB: B TO MeCTO, r~e npOHCXO~HT HaH60Jib

rnee paCUbiJieHHe BHyTpeHHeH CTeHKH ra3opa3pji~HOH I<a· 

Mephl, noMemaeTcg MaTepuan, HOHhl KOToporo :>KenaTeJibHO 

yci<opHTh. 3To xoporno BH~HO H3 puc. 5. 3THM cnoco6oM 

UOJiy'leHhl H ycKopeHbl Ha OKPH~:>KCKOM H30XpOHHOM UHKJIO

TpOHe HOHhl Li, B, Mg, Al , Si , Ca, 'Ii , Fe, Ni , Cu, 

Zn, Nb. 

TaKHM o6pa30M, Mbl BH~HM, 'ITO HCTO'IHHKH C no~a'leH 
pa6oqero BeiUeCTBa B pa3PJI~ c noMOIUhiO KaTo~uoro pac

nwneHug y~o6Hbl B 3I<CUJiyaTaUHH H U03BOJljiJOT UOJiy'laTh 

HOHbl pa3JIH'IHblX BeiUeCTB, HaXO~jf{UHXCjf B TBep~OM co

CTOJIHHH. Cne~yeT 3aMeTHTh, 'ITO HHTeHCHBHOCTh ny'II<a 

BblCOI<03apJI~HblX HOHOB llpH I<aTO~HOM pacnblneHHH B 2-3 . . . 

pa3a HH:>Ke, qeM .npH· no~aqe 3Toro ~e BeiUeCTBa ifBH~e 
napa, TaK I<aK B nocne~eM cnyqae -ue"T ueo6xo~HM,OCTH 
no~a'IH B pa3pJI,I( BCUOMoraTeJibHOrO' raJa, 
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Puc. 5. Ce'-leHue t.~eHmpa I.IUI(.;WmpoHa /noKa3aHbl pac'-lemHble 
mpaeKmopuu uoHo8 KceHoHa, no8epHymblX 8 cmopoHy ucmo'-1-
HUKa/. 

B 3aKnroqeuHe aBTopw Bhlpa•aroT 6naroAapuocTh 

aKaAeMHKY r .H.<I>nepoBy 3a llOCTOHHHOe BHHMaHHe K pa6oTe 

C HOHHbiMH HCTOqHHKaMH. 
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