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S u m m a r y 

The indirectly heated cathode sources of multi~ 
charged ions of solid materials have been developed 
for three-meter cyclotron of JINR. The feed of the 
material into the discharge was realized by two met~ 
hods: by the cathode sputtering of solids or by the 
evaporation ones from a crucible. The ion sources 
worked in the pulse regime on the bench as well as 
on ~he cyclotron. 

Mul tJ.charged ions of Hg 1 Si 1 P 1 Ca and Zn were. 
produced in the bench. test from the ion source operat
ing on vapors of these materials. Mg 4+ , Si 5+ 1 P 5+ 1 

ca 7+ and Zn10+ ions were accelerat~d in the cyclotron. 
.The directly heated crucible was used. 

Mul ticharged ions of l4g 1 Si 1 Ca, Ti 1 Cu, Zn 1 Mo, 
W and Re were produced in the bench test from Ta1 

the ion source with the cathode sputtering. Ca 7+ 1 

caB+ and znto+ ions were accelerated in the cyclotron 
which were produced from this ion source. Some.kird of 
noble gas was usually used as an auxiliary. 
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fa3opa3p.R,nHbiH HCTOt{HHK MHOrOJapJi,nHbiX HOHOB C no,norpeBHbiM 

KaTo.noM, B KoTopo:M ucnonLJyeTc.R .nyronoii pa3p.R.n c ocuunn.Ruueii 

JneKTpOHOB, B TeqeHHe p.R,na neT JKCnnyaTHpyeTC.R Ha UHKnOTpOHaX 

Jla6opaTopHH .R,nepHLIX peaKUHH OIHIH. 3ToT HCTOt{HHK JapeKoMeH,nonan 

ce6.R KaK CaMbiH J$$eKTHBHbiH H3. HCnonLJyeMbiX B HaC.TO.RIUee n·yeM.R. 

.. B OllbiTax Ha CTeH,ne H3 Hero nonyqeHbl HOHbl Kr 11+ H Xe 1 + /15 
H 5 MKa B HMnynLce COOTBeTCTBeHHO/. O,nifa:Ko'JTOT HCTOt{HHK npHMe· 

H.ReTC.R TOIIbKO ,nn.R HOHH3aUHH JneMeHTOB, HMeiOII.tHX .ra3006pa3Hble 

. coe.,nHHeHH.R /HnH · coe,nHHeHH.R C BbiCOKHM ,naBneHHeM napoB/ B Hop· 

ManLHbiX ycnOBH.RX. 

c uenbro ironyqeHH.R MHoro3apJI.nHLix HOHOB H3 TBep,nbiX coe.nuile

HHH HaMH pa3pa6oTaHbl HCTOt{HHKH. MHOr03ap.R,nHLIX HOHOB, B KOTOpbiX 

ROHHJyeMoe BeiUecnio no.naeTcJI B paJpJI,n- MeTo.noM KaTo.nHoro pac· 

llLineHHJI /1, 2/ nH6o B. BH,ne napoB / 3 ,4 /. B HaCTOJIIUeM C006IUeHHH 

npe,ncTaBneHbl peJynLTaTbl CTeH,nOBbiX HCllbiTaHHH H ··pa60Tbl JTHX 

HCTOt{HRKOB Ha UHKnO.TpOHC Y~300. 

HcmotfHUKU c KamoOHbiM pacnbuteHrieM paoottezo eeUJecmea 
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na oxnaiK,n:aeMoM Me.n:noM ;iepiKaTene /6/, naxo,n:HTCH no,n: oTpiin:aT{mL-· 
HhiM ITOTeHU:HaJIOM. MMeeTCH B03MOiKHOCTb nepeMein:aTb 3JieKTpO,D;
B pa3pH,n: H OOpaTHO B XO,n:e paDOTbi/MeXaHH3M nepeMein:eHHH Ha imcyn
Ke ne noKa3an/. llo.n: ,n:eiicTBHeM 6oM6ap,n:upoBKH ycKopennhiMH H:onaMH 
nna3MLI :JJieKrpo.n: pacnLmHeTcH. BLioinLie qacTHU:LI nona,n:aroT a pa3pH,n: 
H HOHH3YIOTCH. ilHTaHHe- KaTO,D;a, aHTJIKaTo,n:a H HHTH OCyin:eCTBJIHeTCH 
no ooLI'Inoii: cxeMe nnTannH nonnoro ncTO'IHHKa. PacnLmHeMLiii :JneKT
po,n: llO,D;KJIIO'IeH K OTPHU:aTeJibHOMy ITOJIIOCY OT,D;eJibHOrO perynnpyeMoro 
BLmpHMHTenH qepe3 oannacTnoe conpoTnanenne; nonoiKnTenLnLiii nonroc 
BLmpHMHTenH _ 3a3eMnen qepe3 oe3LIH.D:YKTHBHLiii wynT, c KOToporo 
CHHMaeTCH Ha OCU:HJIJIOrpacP HMITYJILC TOKa Ha 3JieKTpo,n:: . 

B TaKoM HCTO'IHHKe a pa3pH,n: MoryT 6LITL no,n:anLI H TyronnaaKne 
Bein:eCTBa C nJ06oii: TeMnepaTypoii: nnaBJieHHH H HCITapeHHH. PaCITbiJieHHe
paooqero. Bein:eCTBa H~eT TOJibKO B TeqenHe.HMITynLca paOOTbl Hcn)q~n
Ka~ ·. AaTonoMnoe nnTanne pacnLIJIHeMoro 3JieKTpo,n:a oT perynnpyeMoro 
Bhlll.PHM11TeJIH ll03BOJIHeT OCyiD:eCTB11Th TO'IF!YIO ,D;0311pOBKY no,n:aqn 
a~ pa3pH.ti 1IOHH3ye:Moro Bein:eCTBa. ~ 

- . Pa3Mein:eH11e p~CllhiJIHeMoro 3JieKTpo_.n:a B o6naCT11 3M11CC110HHOH 
In:en11 HCTO'IHJIKa 11 nenpepLIBHaH no,n:aqa acnoMoraTenbnoro ra3a np11-
ao,n:HT K JIOKaJI113aU:H11 paooqero BeiD:eCTBa· B MeCTe 113BJie'leH11H HOllO~, 
110Hbl ra3a JiaXO,D;HTCH npeHMYin:eCTBeHHO BHe OOJia,CTH pacnoJIOiKeJIHH 

· 3neKTpo,n:a •. Jinaro,n:apH 3TOMy, nony'liHiMhlll 113 HCTO'IJIHKa TOK 110HOB 
paCITbiJieHHOrO Bein:eCTBa npeBbiWaeT TOK HOHOB BCITOMOraTeJibli'OrO 
ra3a 11 cocTaanHeT 60-900/o nonnoro ToKa /c:M. Taon. 1/. · .. 

'B U:eJIHX yMeHLWeH11H pacxo,n:a Bein:eCTBa ~iJpi£-pa6oTe C MaTep11a
naM11, '11MeiOin:11M11 cpaBHHTeJibHO HeBbiCOKYIO I ,n;o 1 000_ °C/ TeMnepa TYPY 
HCnapeH11H,. pa3paooTaH . 11CTO'IHHK C ropgqeii: pa3pH,D;HOH .KaMepoii:,' 
pa3orpeaaeMoii pa6o'I11M pa3pH,n:oM 121. KoncTpyKU11H pa3pH,n:~oii: :KaMep:bi 

• • 0 ' • ' 

TaKoro 11CTO'IH11Ka 11,D;eHTH'IJia KOHCTPYKU:ll11 pa3'J>H,D;HOH KaMepbl 110liHOrO 
11CTO'IH11Ka C no,n:aqeii: pa6oqero Bein:eCTBa B B11,D;e napa. 

Hcmo"'HUK c ucnapeuueM pa6o"'ezo eeUJecmea . 

· CxeMaT11tJecK11 KOHCTPYKU:11H 11CTOtJHJIKa noKa3aila na p11c. 2. 
HeoxnaiK,n:aeMaH pa3pH,n:HaH KaMepa /7 I .113rOTOBJiena .113 nepiKaBei9In:eii 
CTaJI11 11 TenJI01130JIHpOBaHa OT WTOKOB HCTO'IHHKa C nOMOID:hiO T11TaHOBhiX 
waii:o /9/. B H11iKHeii: qacTH KaMepbi Kpen11TCH T·iirenLj fo;, c,n:enannLiii 
113 nepiKaaeroin:eii cTan11. B nero 3arpyiKaeTCH 11cnapHeMoe BCin:CCTBo, 

. JIOHLI· KOToporo neo6xo,n:11MO nony'laTL, 11 on pa3orpeaaeTCH TOKOM oi' 
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peryn11pyeMoro cTaj 
nenocpe,n:cTaenno no 
KaMepoii: ycTaHOBJICF. 
3CpKanl,noro 6necKa 
T11rCJih ·· U:Hl<JIOTpOHHO 
p11CYHKC OH HC noKa 
a TaKiKC. ,np~,D;CJihHC 
YMCHbW11Th TCnJIOBYI< 
tJCrO BCin:eCTBa. llap 

. /6/ qepe3 . OTBCpCTli 
JibiJI11 np11HHThl MCpb: 
napoB 113 HCTO'IH11K~ 
TeMnepaTypa napon 
BCCr,n:a HCCKOJihKO .. E . . 

. KOH,D;CHCaU:1111 napa.: 
H THrJIH OCYin:eCTBJIHE 
nOMCin:CHHhiX . B cnen:H 

Pa6 

Ha CTCH,D;C pa3 
,D;11TCH B O,D;HOpO,D;HOl 
no'BopoTe na 180°:B 
nanpHiKCH11C paBHO .1: 
KOJIJICKTOpOM, nepeM 
CH na JICHTY CaMOIIH• 
TOPOM. llp11Mepbl ,n:JI< 

'110HOB KaJibU:HH /11CT( 
pen11eM/ npe,n:ciaane 
~MnynLCHhiH, qacT01 
1 . 'MeeK. B KatJecTae . . 
MaTCp11aJihl TCXHHtJC( 
pen11eM pa6oqero~ae 
CMCC11 cy~bcP11,D;OB C ! 

llp11 · pa6oTe ,·J 

BCID:CCTBa. nanpHiKCHl 
· ycTaHOBJICH11H · peiK11~ 

B Ka'leCTBe BCnOMO 



ITCH no,n; OTPH:Ua Tenb- · 
~peMeiUaTb 3neKTpO,D; 
peMeiUeHHH na pucyu~ 
ycKopeHHbiMH HOHaMH 
li;LI nona,n;aiOT B pa3pH.n; 
'IHTH OCYIUeCTBnHeTCH 
PacnLmHeMLIH 3neKT
E.Horo perynupye~wro 
IOnO)KHTenbHbiH noniOC 
H- WYH!, C KOTOporo 
KTpO,IJ;. 
ro,n;aHLI u TyronnanKHe 
:napeHHH. PacnLIJ:Ienue 
IIbCa pa60Tbl HCTO~IHH
,n;a oT perynupyeMoro 
J . ,IJ;03HpOBKY no,n;a~IH 

:>Gnac.TH 3MHCCHOHHOH 
·aienLnoro ra3a npu
re H3BneqeHHH HOHOB, 
ina.CTH pacnonO)KeHHH 
HCTOqHHKa TOK HOHOB 
B.· .BcnoMora TeJibH·oro 
a~n. 1/. · . 
>H pa6oTe .c Ma Tepua
J<?0~°CI TeMnepaTypy 
pa3pH,D;HOH KaMepoii; 
{HH pa3pH,n;~oii KaMepi.I 
,IJ;HOH KaMephlHOHHOrO 
napa. 

i 

WIJiecmea . 

roKa3aua ua puc. 2. 
rena H3 m!p)KaBef9~eii 
C nOMOIUblO THTaHOBbiX 
:en~ I fo I, c,n;enaHHLiii 
::nap.HeMoe BeiUeCTBO,_, 
orpenaeTCH TOKOM OT 
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perynupyeMoro cTa6unH3Hponauuoro BbmpHMHTenH ;· TOK npoxo,n;HT 
uenocpe,n;cTneuuo no CTeHKaM THrnH. Me*.D:Y TH.rneM H ra3opa3pH.n;Hoii 
KaMepOH ycTaHOBneH 3KpaH H3 ,IJ;IOpaniOMHHHH, OTnOnHpOBaHHbiH ,IJ;O 
3epKanLHOrO 6necKa 1111. ,lJ;nH 3KpaHHpOBKH OT BbiCOKOH qacTOTbl· 
THrenb UHKnOTpOHHOro HCTOqHHKa 3aKniOqeu B Me,IJ;HbiH KO)KYX /Ha 

· pucyuKe on ue . noKa3anl. Henocpe,n;cTBeHHLIH uarpen, 3KpauuponKa, 
a . TaK)Ke npe,n;enLHO o6nerqeHHaH KOHCTPYKUHH . THrnH n03BOnHIOT 
yMeHLWHTb TEmnonyiO uuep:UHIO npu perynuponKe no,n;aqu napon pa6o
qero nemecTBa. IIapbi pa6oqero neiUeCTBa H3 THrnH no naponpono,n;y · 

· /61 qepe3 oTnepcTHe /5/ nocTynaiOT B Kanan pa3pH,n;noii KaMepbi. 
liLIJIH npHHHTLI MepLI no repMeTH3a:UHH KaMepbi .n;nH Toro, qTo6LI yx~.n:. 
napOB H3 HCTOqHHKa OCyiUeCTBnHnCH TOnbKO qepe3 3MHCCHOHHYIO IUenb. 
TeMnepaTypa naponpono,n;a H pa3pH,n;noii KaMepbi no,n;,n;ep)KHBaeTCH 
BCer,n;a HeCKOnbKO BbiWe, qeM TeMnepaTypa THrnH, BO H36C)KaHHe 
KOH.n;eucauuu napa. KonTponL 3a TeMnepaTypoii pa3pH.n;noii KaMe:pLI 
H THrnH OCYJUeCTBnHeTCH C nOMOJUblO XpOMenL·aniOMeneBbiX TepMonap, 
noMeiUeHHbiX B cneuuanLHbie rHe3,IJ;a Ha 3THX ,n;eTanHX. 

Pa6oma ucmottHUKoe Ha cmeHoe 

Ha cTeH,n;e pa3,n;eneuue ycKopeHHhlX HOHOB no 3apH,n;aM :hpoH3BO
,IJ;HTCH B O,IJ;HOpO,D;HOM MarHHTHOM none HanpH)KeHHOCTblO 4 K3 npH 
noaopoTe Ha 180°: Ha 3TOM )Ke none pa6oTaeT HCTOqHHK. Yc:KopHIOIUee 
HanpH)KeHHe paBHO 15 - 25 KB; .TOKH pa3nHqHbiX HOHOB perHCTPHPYIOTCH 
KOnneKTOpOM, nepeMeJUaiOJUHMCH B,IJ;Onb nHHHH cPOKYCOB, H JanHCbJBaiOT·· 
CH Ha neHTY CaMonHC:Ua, KOTOpaH ,IJ;BH)KeTCH . CHHXpOHHO C KOnneK-

-· --TopoM. IIpHMepbi ,n;uarpaMM, ua KOTOpbiX 3anucaHLI 3apH,n;OBLie cneKTpb( 
HOHOB Kanb:UHH /HCTOqHHK C pacnLIJieHHeM/ H UHHKa /HCTQqHHK C HCna
peHHeMI npe,n;cTaBneHbl Ha pHC. 3 H 4 .. Pe)KHM pa60Tbl HCTOqHHKOB ':' 
HMnynLCHbiH, qaCTOTa ,nOCbiJIOK '- 100 ru, ,IJ;nHTenbHOCTb HMnynLca -
l 'MeeK. B KaqecTBe pa6oqux BeJUeCTB HCnOnb30BanHCb 3neMeHTapHbie 
MaTepuanLI TeXHHqeCKOH qucTOTbl. llOHbl KpeMHHH B HCTOqHHKe C HCna
peHHeM pa6oqero· BeiUeCTBa .6LIJIH nonyqenLI npu. 3arpy3Ke B THrenL 
CMeCH cynL!IJH,D;OB C .3neMeHTapHbiM KpeMHHeM /S/ •' . · 

. . Ilpu· pa6oTe ,·HCToquuKa .,c KaTO.D:HLIM pacnLmeuueM pa6oqero 
BeJUeCTBa HaiipH)I(eHHe Ha pacnbiJIHeMbiH 3neKTpO,D; IIO,IJ;aBanOCb n9cne 
ycTaHOBneHHH. pe»<HMa ,,n;yronoro pa3pH,n;a H~ B~IIOMOraTenbHOM ra3e. 
B KaqeCTBe BCIIOMOraTenbHOrO ra3a 06hlqHo HCnOnb30BanCH KaKOH· 
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JIH6o HHepTHLIH raJ. Po,n; raJa Bhl6Hpa~CB ·· TaKHM> o'6paJOM, tJT06bi 
. nonyqeHHbie 11J Hero 110Hbl He MeimliiH H,IJ;eHTHciJ~KaUHH. llHKOB H HJMepe

•· HHIO BeJIHtJHHbl TOKO~ 'HOHOB MaTepHami JJieKTpo,n;a. 
· B naqane pa6oTLI 11'cT.OtJHHKa c HcnapenHeM pa6oqero aeiUecTaa 

,IJ;JIB paJorpeBa paJpB~HOH KaMepbl HCTOtJHHK Ja>KHraJICB Ha KaKOM-JI116o 
HnepTHOM raJe, JaTeM paJorpeaancB THrenL: ITo Mepe nocTynnenHB 
napoa aemecTaa B paJpB.n;HyiO KaMepy no,n;aqa 11uepTnoro raJa nocTe
neuuo yMeHLillanacL .n;o nonuoro npeKpaiUeHHB, 
. · Pe JyJILTa Tbl HCllbiTaHHH ·· HCTOI.JHHKOB Ha CTeu.z:\e npe,n;cTaBJieHbl 
a· Ta6n. 1 11 2 /yKaJaHLI cyMMapuLie TOKH acex HJOTOIIOB Hc'cne.n;yeMoro 
JiieMeHTa a HMnynLce/. · · 

KonHtJeCTBO pacxo.n;yeMoro-pa6oqe.ro aeiUeCTBa MLI npHae.n;eM .n;nB 
I<aJibUHH H UHHI<a, llOTOMY tJTO HOHbl 3THX JJieMeHTOB 6biJ1H llOJiytJeHbC
npH HcnonLJOBaHHH licTotJHHKOB acex Tpex THnoa.· llpH 'KoJcllcllHUHe·uTe · 
JallOJIHeHHH 0, 1 . pacxo,n; KaJibUHH 6biJI: B HCTOtJHHKe 'C I<aTO,Il;HbiM 
pacnLmeuueM pa6otJerci aemecTaa c oxna>K,n;aeMoii paJpH.n.noii KaM.epoii ·~ 
o; 1' r/qac, B HCTOtJHHKe c I<aTO,Il;HbiM pacnbiJieHHe!v{ H ropBtJeii I<aMe'
poii - 0,.011 r/tJac, B HCTOtJHHKe c HcnapenHeM pa6otJero aemecTBa -
0,1 r/qac. P.acxo.n; UHHKa 6LIJI 0,2 r/qac, 0,02 r/t.Jac H 0,05 r/qac 
COOTBeTCTBeHHO. 

Pa6oma UOIIHbiX ucmo~Hut<oe Ha fiUt<AompoHe 

fipH no,n;roTOBKe HOHHLIX HCTOI.JHH~OB K pa6oTe Ha UHKJIOTpOHe 
6LIJIH TLQaTeJibHO 3I<paHHp6BaHLI OT BLICOKOtJaCTOTHOro··uanpB>KeHriH 
yJen ycTaHOBKH pacn~nBeMoro JrieKTpo.n;a H THren~ c pa66tJHM ~e
mecTBOM /3KpaHbl Ha pHCYHKaX He llOKaJaHLI/. H:J HCTOI.JHHI<a C I<a"fo,xt
H~IM pacnLIJieHHeM' HOHHJyeMor'o aemecTBa aa' UHKJIOTpoue Y-300 
yci<o£eHLI ~OHhl UCa4~+ /cpe,n;nHii TOK :Ha pa.z:\Hyce ·102 eM- 3 MI<a/,. 

(:a +. /cpe,IJ;HHH TOK 0,4 MKa/, 'a TaK>Ke HOHbl Ca. 4~ H Zn 10+ HJ 
. 40 . u u ' . ffi 

. ecTeCTBeHHOH CMeCH HJOTOllOB; .nJ HCTOtJHHKa C HCnapeHHeM paooqero 
aemecTBa'yci<opeuhl HQHLI: Si fft · /cpe,n;nHii To:K ·BLiae.n;eHnoro nytJKa 
~ocTHran 1,5 MI<a/, Pjt /ToK BLIBe.n;euuoro nytJKa - 20· M:Ka/, 

Ca ~t: /TOK Ha pa,n;Hyce 100 CM - 3 M~a/ H Zn. 10+ • . 
11JMepeHHe TOKOB • HOHOB UHHI<a 6biJ10 JaTpy,n;HeHO 'TeM, I.JTO. 

B nytJI<ax HOHOB Zn!:'+ , Zn~~+ a_cer.n;a npHcyTcTaoaanHa JHatJHTenL~ 
HbiX :I<OJIHtJeCTBaX HOHbl S~~ , S 31 /4/.H:JMepeHHe HHTeHCHBHOCTH 
~ .KOHTpOJib COCTaBa TaKHX nytJKOB, npoBe,IJ;eHHbiX Ha MHilleHb, OCYIUeCTB· 
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JlHJIHCb.fiPH HJMepe 
·• TeKTopa; 

HaH60JiblllHH 1 
ecTeCTBeHHOH CMeC 
HCTOtJHHKa C HCnape 

BaKyyMHLie yc 
onpe)].eJIHIOT HHTeHI 
B OC06eHHOCTH HOHO 
/BLIBe)].eHHbiX nytJKC 
Mepe Y•300 . .D;anu 
C TaKHMH >Ke JaBF 
pHC~ · 5. ,lJ;aBJieHHe I 
CKOpOCTH OTKatJKHi : 

B .JaKJIIOtJ(:mH· 
MHOrOJapB,D;HLIX HO~ 
,n;HanaJOH ycKopHeM 
Y-300 pH.n; cllHJHtJec 
H I<peMHHH. 
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H:M' o'6pa3~M, qro6LI 
~HH llHKOB H H3Mepe-

pa6oqero Be~eCTBa 
~anc.s: ua KaKoM-nu6o · 
) Mepe nocTynneuu.s: 
:pTuoro ra3a nocTe-

eu~e npe~cTaaneuhl 

ronOB HCCITe~yeMOro 
' 

·aa Mbi npuae~eM ~n.s: 
noa 6Linu nonyqeubi 
1.· llpu 'KoJif!if!uuue·uTe · 
,qHHKe ' C Ka TO~HbiM 
pa3p.s:.u.uoH: KaM.epoH: :.;. 
eM H rop.s:qeH: KaMe·
a6oqero Be~eCTBa -. 
r/qac H 0,05 r/•mc 

poHe 

5oTe ua UHKnoTpoue 
ol'uoro·· uanp.s::>Keuu.s: 
·em, c papoquM :Be
:HcToquuKa c Ka To .It-
uuKnoTpoue· Y-300 
:e 102 CM - 3 .MKa/, 
.I Ca. 4~ ·H Zn 10+, H3 · 
cnapeuueM p~~qero 
BbiBe~euuoro nyqKa 
nyqKa ~ 20' MKa/, 

10+ . ' 

Tpy.u.ueuo '.TeM, 't{io · 
waanu a 3uaquTenL
euue'JiuTeucuauocTH 
Ia MHWeHb, OC~eCTB-. 

·=.·r.·· 
... 
. . . 

t'"' -._ . ' 

.... t .,, ' ' 

'~{ 
. I 

lf' 
i) 
...; 

4¥ 

.... f 

.. 
ITHITHCb. npH H3MepeHHH :meprHH HOHOB C llOMO~blO KpeMHHeBoro ~e
TeKTOpa; 

Hau6onbWHH TOK HOHOB z 10+ 
n 66 - 109 

HOH/CeK /0,02 MKa/ H3 
ecTeCTBeHHOH CMeCH H30TOllOB - 6btn nonyqeu npH HCllOITb30BaHHH 
HCToquuKa c ucnapeuueM pa6oqero ae~ecTaa. 

BaKyyMHbie ycnoau.s: B KaMepe ycKopuTen.s: B 3uaquTenLnoH: .Mepe 
· onpe~en.HIOT HHTeHCHBHOCTb nyqKOB ·HOHOB BbiCOKHX 3ap.H~HOCTeH,

B oco6eHHOCTH HOHOB Zn10+. Mbl H3Mep.HITH 3aBHCHMOCTH HOHllbiX TOKOB 
/BLIBe~euuLtx nyqKoB nu6o ua KouequoM pa~uyce/ ot ~aanenu.s: a Ka- · 
Mepe Y-300. )J;auubte H3MepeuuH: ~n.s: Si 5+. H Zn 10+ B cpaaueuuu 
C TaKHMH :>Ke 3aBHCHMOCTHMH. ~ml .· . 'Ne4+u 'Ar .?+ npuae~ellbl ua 
puc. 5. )J;aanenue B o6'beMe ycKopuTen.s: perynupoaanocb H3MeneuueM 
CKOpOCTH OTKaqKH. 

B 3aKnroqeuue cne.u.yeT cKa3aTL, qTo pa3pa60TKa HcToquuKOIJ · · 
MHoro3ap.s:~HbiX uouoa, nonyqaeMLix H3 TBep~biX ae~ecT~, pacwupuna 
~uana30H ycKop.s:eMhlx qacTHU H no3aonuna npoaecTH ua UHKnoTpone 
Y- 300 p.s:.u. if!u3uqecKHx uccne.u.oaanuH: c nyqKaMu uonoa if!ocif!opa,"uunKa 
H KpeMHHH. 

ABTOphl Bblpa:>KalOT rny6oKylO 6naro.u.apHOCTb r .H.cl>nepoay 3a 
nocTauoaKy la.u.aqu u nocTofiunoe BHHMauue K pa6oTe. 
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