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BBE,aEHlt1E 

np~H4~n Ae~CTB~R nna3MeHH~X MOHHWX ~CT04H~KOB, a TaK~e npo
4ecc ~OH~3a4~~ ~ 3KCTpaK4~~ ~OHHWX nY4KOB ~3 nna3MW ra30Boro 
pa3pRAa RBnR~TCR TeMO~ pRAa ny6n~Ka4~~, KaK TeopeT~4eCK~X, TaK 
~ 3Kcnep~MeHTanbHWX. OAHaKO BO MHorMX cnY4aRX npaKT~4eCKoe np~

MeHeH~e np~BOA~MWX TeopeT~4eCK~X $opMyn An~ Kon~4eCTBeHHO~ 04eH
K~ napaMeTpOB ~CT04H~Ka /Hanp~Mep, 3$$eKT~BHOCT~ ~OH~3a4~~/ 3a
TpYAHeHO, TaK KaK HeKOTopwe napaMeTpw nna3MW He~3BeCTHW, a APY
ru e TPYAHO ~3Mep~T b/ 1l . 3TO C03AaeT onpeneneaaue TPYAHOCT~ .np~ 
Bw50pe onT~ManbHWX ycnoB~~ pa60Tw ~CT04H~KOB, a TaK~e np~ pa3
paõo r xax HOBb/X KOHCTPYK4~~. n03TOMY TaKMe 3aAa4~ peuiaorc a , KaK 
npaB~no, 3Kcnep~MeHTanbHwM nyTeM . 

B HacTo~~e~ pa60Te npeAcTaBneHw HeKoTopwe pe3ynbTaTw ~ccn~Ao
BaH~~ Bn~~H~~ reOMeTp~~ KaHana 3M~CC~~ nna3MeHHoro ~CT04H~Ka 

~OHOB Ha OCHOBHwe ero napaMeTpw - ra30BYIO 3KOHOM~4HOCTb ~ c03Aa
BaeMwe ~OHHwe TOK~. B npoBeAeHHwx 3Kcnep~MeHTax ~cnonb30BanCR 

AyroBo~ ~CT04H~K ~OHOB c nonWM KaTOAoMf2,3/. lt1CT04H~K TaKoro 
T~na np~MeH~eTCR B na60paTop~~ RAepHwx npo6neM Olt1~lt1 ~ lt1HcT~TYTe 

$~3~K~ n~6n~HcKoro YH~Bepc~TeTa AnR nonyveuua ~OHHbIX nY4K0B WJ,1

pOKoro Kpyra 3neMeHTOB: AI, Ti, Mn, P, Zn, Gd, Ag, Sb ~ APyr~x. 

KOHCTPYKU~~ ~CT04Hlt1KA 

Ynpo~eHHaR cxeMa pa3pRAHo~ KaMepw ~CT04H~Ka np~BeAeHa Ha 
p~c.l. ,ayroBo~ pa3pRA 3a~~raeTCR Me~AY cn~panbHwM, HaKan~BaeM~M 

nOCTORHH~M TOKOM, KaTOAoM ~ Tpy64aTwM aHOAOM, 4epe3 OTBepCT~e 

KOToporo BBOA~TCR ra3 ~ nap~ ~oH~3~pyeMoro Be~eCTBa. B cnY4ae 
pa6oT~ c 3neMeHTaM~ B TBepAoM COCTO~H~~ ponb ~cnap~TenR Bwnon
HReT Tpy6Ka aHoAa, a Tpe6yeM~~ rpaA~eHT TeMnepaTYP~ nonY4aeTGR 
nYTeM no~60pa ee MaTep~ana ~ ~on~~Hbl CTeHOK. ,aeTan~ pa3pRAHo~ 

KaMep~ ~CT04H~Ka M3rOTOBneH~ ~3 Mon~6AeHa ~ rpa$~Ta, a KaTOA 
~3 Bonb$paMoBo~ npOBonOK~ A~aMeTpOM 0,5~1 MM. 

T~n~4Hwe ycnoB~R pa60Tw ~CT04H~Ka np~BeAeHw B cneAy~~e~ Ta6
n~4e: 

TOK pa3pRAa, la 0,2-4 A 
HanpR~eH~e pa3pRAa, Ua 25-100 B 
nnOTHOCTb ~OHHoro TOKa B BWXOAHOM OTBepcT~~ 25-45 MA/CM2 

TeMnepaTypa pa3p~AHO~ KaMepw, T 1500-2000 K . 
np~ 3T~X ycnoB~~x 6wn~ nony~eHw HeKOTopwe OCHOBHwe xapaK

Tep~CT~K~ ~CT04H~Ka, np~BeAeHHwe Ha p~c.2. 

ObMj;Jh ôt"idH~A sncnrryy I 
1S~~i~X Htc~~~nfi8»BI 

6HE.Jf!"I: CEH AJ 
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PHc.l. KOHCTPYKQHH pa3pHgHo~ KaMepW H pacrrpegeneHHe 

TeMrrepaTypw Bgonh aHoga HCTOqHHKa. 

Jj MKA a • Jj MK/\ 6 

80~ Ua=30-60 40 

• - x· Q_40CMjToP 
e - MIiIH

70~ 

• -Xe· 

9- Mn'\ 
0- AL· ·CCLI.
 

60r 0- Ti 1i13 TiCU ./ /" 30
 

50 

40~ / ~ / 20 

o -Ti" 
o-Ar 

Ja= h3A 

J r 
Ua 

! 

20 40 60 ao 100 

Jj MKA B 

70 
I -----

60 

50 

40 

30 

50 

----
40 

BSOA rA3A 

Ppo)=1QOS·A 

JO 

'f' 

2010 

6001 

800 

1200 

1400 

1000 

O-CTAAb 

D-rflA*,T 

O-MO 

_-w 
~-8N 

Xe: Ua=60 ,w[ I 9 - Ja = 1A 
o-Ja=2A 

10 PHc.2.3aBHCHMOCTh HOHHb~ TOKOB• - Ja = 3A 
QI~~OPI 

pa3nHqHb~ 3neMeHTOB OT rrapaMeT
10 20 30 40 50 pOB pa60TW HCTOqHHKa. 

2 

PE3YnbTAT~ 3KCnEP~MEHTA 

B npoaeneuuux onsrrax I-1CCneAOBanOCb Bnl-1f1Hl-1e Anl-1Hbl BblXOAHOrO 
KaHana I-1CT04HI-1Ka Ha 3MI-1TI-1pyeMble 1-10HHble TOKI-1 J j 1-1 3$$eKTI-1BHOCTb 
I-1CnOnb30BaHI-1f1 p aõover-o eeurecr aa n , Ce4eHI-1e 1-1 Anl-1Ha BblXOAHOrO xa
Hana pa3pflAHO~ KaMepbl B OCHOBHOM Bnl-1f1JOT Ha ABa diaxropa : BO- nep
BbIX, B 3Ha41-1TenbHO~ CTeneHI-1 onpenenmcr paaaep 1-1 $OPMY noaepxuo
CTI-1 nna3MW /T.e. MeHI-1CKa nna3MW/, BO-BTOPWX, Ha CKOpOCTb BWTe
KaHI-1f1 ra3a 1-13 06beMa pa3pflAHO~ KaMepw. 04eBI-1AHO, 4TO OT 3TI-1X 
$aKTopOB TaKme 3aBI-1CflT C03AaBaeM~e I-1CT04HI-1KOM 1-10HHWe TOKI-1 1-1 3$
~eKTI-1BHOCTb I-1CnOnb30BaHI-1f1 pa604ero BeuteCTBa. 

BWXOAHafl KpWWKa pa3pflAHO~ KaMepw CAenaHa 1-13 rpa$I-1Ta, 4TO no
3BonfleT MeHflTb Anl-1HY KaHana 3MI-1CCI-11-1 nYTeM MeXaHI-14eCKO~ 06p~60T

KI-1 6e3 AeMOHTama I-1CT04HI-1Ka. CHI-1ManCfI cno~ rpa$I-1Ta c COXpaHeHl-1eM 
Al-1aMeTpa BWXOAHoro oTBepCTI-1f1 1-1 yr~a paCKpWT~fI KOHyca BHeWHe~ CTO
pOHW Kpwwkl-1. TOnutl-1Ha CHI-1MaeMOro cnofl onpeAenflnaCb c T04HOCTbJO 
AO 0,025 MM. 

C 1-13MeHeHI-1eM reOMeTpl-11-1 KaHana MeHfleTCfI ero npOBOAI-1MOCTb Anfl 
npoTeKaJOute~ CTPYI-1 ra3a. CKOPOCTb npOTeKaHI-1f1 ra3a J 0 4epe3 ~1-1

nI-1HAPI-14eCKI-1~ KaHan 3MI-1CCI-1I-1, KaK 1-13BeCTHo, AaHa CooTH9weHI-1eM 

3'TOPl 
J O = 6,48' 105 • ff 8R3 

/1/(P1-P ), [CM 
M 8R+3L O MHH J 

rAe T - TeMnepaTypa /K/; M - MoneKynflpH~fI Macca ra3a /r/Monb/; 
R, 1 - paAI-1Yc l-1'Anl-1Ha KaHana /CM/; - AaBneHl-1e Ha BxoAePI, Po 
1-1 BWXOAe KaHana /Top/. 

Ha pl-1c.3 ~ 4 nOKa3aHa 3aBI-1CI-1MOCTb 1-10HH~X TOKOB 1-1 3$$eKTI-1B~0
CTI-1 1-10H1-13a~I-1M n OT AaBneHI-1f1 ra3a P B pa3pflAHo~ KaMepe I-1CT04HI-1Ka 

Ar+ PHC. 3. HOHHbl~ TOK ap rona B 3a

R =0.4MM L ~ BHCHMOCTH OT gaBneHHH B pa3pHg

80 1006040 

Ua =60V 

50 

60 

40 

70rJj~A) Ja = 2A OP5MM HO~ KaMepe. 

D.1MM 

O,2MM 

0.3MM
"l O,4tv'M 

0.5M'v1 
O,6MM 

1'1(%)
0,7M'-1 7 

6 
0,8MM 

5 

1MM 

P[10"Top) 3~'~~
PHc.4. 3~~eKTHBHOCTh HOHH3aQHH .
 

aprOHa B 3aBHCHMOCTH OT AaBne
 ~l~l_ 
HHR B pa3pRgHoH KaMepe. ~ 10 20. 30 40 Px104Top 
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RI""'] JOIA] UOIBI PITop] 

.-Ar 0,4 2 60 1.10
COT 

fiJ-Ar 0.4 2 -.- 2.10-
lO-Ar 0,4 2 -.- 4.10-3 

v-Xe ' O.2S 1 -.- 12.10-3 

"'-X.. 04 1 -.- 210-3 

D-Xe 025 1 -.- 4.1Õ3 

AJlR paaJlVl4HblX AJlIIIH xaaana 3MIIICCIIIIII. Bo BpeMR lIIaMepeHIlli:1 pe>KIIIM pa
60Tbl IIICT04H~Ka 6blJl nOCTORHHbIM. 3<tJcfleKTIII BHOCTb paõoru IIICT04HIII xa 
OnpeAeJlRJlaCb KaK OTHOWeHllle lIIaMepReMOrO Ha KOJlJleKTOpe Macc-onepa
TOpa IIIOHHoro TOKa Jj K CKOpOCTIII nOAa4111 raaa e = Jo B KaMepy IIIC
T04HIIIKa: 

J' 
T) =: 1 02 --l. [% ],, J o 

[CM 
3 

'Top 1 r Ae J j [ MKA] ; J o MHH • 

CKO~OCTb nQAa4~ raaa lIIaMepRJlaCb cne4~aJlbHoi:1 ClllcTeMoi:1 c T04
HOCTblO ±5%. AaBJleHllle B KaMepe IIICT04HIIIKa onpenensna no $OPMY
Jle /1/, nplllH~MaR T = 2000 K, Po~ O. Ha6JllOAaeTCR pOCT VlOHHoro TO

Ké;l J j ~ 3$$eKTVlBHOCTI-1- HOHlllaa4111111 T) nplll YMeHbweHIIIH AllVlHbl KaHana. 
3.;1 hapaMeTp, 60Jlee nOJlHO xapaKTepl4aYIO~Vli:1 reOMeTplll1O KaHaJla, MO>K
HO nplllHRTb OTHoweHHe ero paAlIIyca k AJlIIIHe ! . 

L 
R 

Ha pIIIC. 5 npencr aeneuu aaB~CIIIMOCTVI T) = f (-), nonyueaaue lo1a pe
aYJlbTaTOB puc • 4. TaKl-1e >Ke aaBIllCIIIMOCTIII AJlR- p~aJl1ll4Hb1X pe>KIIIMOB pa

60T~ VlCT04HIIIKa nOKaaaHW Ha Plllc.6. 
Bo Bcex CJlY4aRX nplll YBeJllll4eHIIIIII OTHoweHHR L

R 
Ha6JllOAaeTCR pOCT 

3~$eKTIIIBHoCT~ c TeHAeH4I11ei:1 BbtXOAa Ha nJlaTO AJlR ~ > 2. TaKo~ BHA 

aaBVlCVlMOCTH coxpaHReTCR AJlR paaHWX TOKOB paapRAa 11I paAIIIYCOB BW

XOAHoro OTBepCTHR. 
npH nOCTORHHblX napaae r pax nnaaau H HanpR>KeHl-1111 3KCTpaK4111111 AJlR 

Ka>KAO~ nOJlY4eHHO~ KPIIIBOi:1 Ha6JlIOAaeMwi:1 3$$eKT MO>KeT C4111TaTbCR pe

~('I6J PHc.5. 3aBHCHMOCTb 3~~eKTHBHO

_

I _..._------- P=6xl0"'"Top6	 CTH HoHH3a~HH OT reOMeTpHH BhI
__----- P=l xlO-JTop	 xogHoro KaHana gnH pagnHqH~X 

gaBneHHH. 

_-_------~ P=2xl0-
JTop o - Ar

+ 
R =O.4MM. Ja=2A 

~[96] .-A~R=0,4MM. Ja=1AP=3xlCTJTop 

• - Xe R = 0.4MM. Ja=1A 
~_----------P=l,xlo-JTop 

v - X~ R =O,25MM. Ja=2AA/' R =O,l,MM 
Ja= 2A 
lJa=60 V R /l 4L Ua =608 

6 7 

PHc.6~ 3aBHCHMOCTb 3~eKTHBHO
CTH HOHHga~HH OT reOMeTpHH BW R/L
xogHoro KaHana npH nOCTOHHHOM 
gaBneHHH. ~ 2 3- 4 5 

4 

. -3 
P=2x10 Top 

3 

2 

\,1 
I 
1~ 

PHC. 7. 3KcnepHMeHTanbHhle H pac
qeTHWe 3HaqeHHH 3~eKTHBHOCTH 

HOHH3a~HH B gaBHCHMOCTH OT reo
MeTpHH asrxonnor-o xaaana , 

aYJlbTaTOM COBMeCTHOrO Aei:1cTBHR 
ABYX OCHOBHWX $aKTopOB: ai POrry 
CTa 3MIIITVlPYIO~ei:1 nOBepXHOCTH 
nJlaaMW, CBRaaHHoro c lIIaMeHeHVleM

,~~ 6 RlL $OpMbl MeHIIICKa; 6/ YMeHbweHIIIR no-
Tepb HOHHoro ny4Ka Ha He~TpaJlH


aa411110 Ha CTeHKax KaHaJla 3MIIICCVlVI no Mepe ero COKpa~eHIIIR. OnpeAe


1 JleHllle OTAeJlbHOrO BJlIIIRH~R 3TVlX ASYX $aKTopoB He npOBOAHJlOCb, TaK
 
j' KàK 3;("0 rpeõyêr õonee CnO>KHbIX 11I nOAPo6HbfX HCCJleAOBaHli1i:1. nOJlY4eH
\. Hble ceaynsr eru AalOT BoaMq>RHOCTb 04eHKH cyMMapHoro 3<p$eKTa. 

Ha6nIOAaeM~i:1 XOA KplllBWX T) = fC~) /plllc.5 11I 61 MO>KHO CBRaaTb 
c reoMeTpHei:1 KaHaJla, npHHIIIMaR HeCKOJlbKO Aony~eHI4i:1: 

a/ 3MVlTIIIPy~aR noaepxnocr b nJlaaMbl HaXOAIIITCR BHYTPH KaHaJla 
3MVlCCVlIII VI IIIMeeT BVlA c$epw c paAIIIYCOM, 6JllllaKHM paAIIIYCY Ka~aJla; 

6/ c nOBepXHOCTVI nJlaaMW 3MIIITIIIPyeTca HOHHWi:1 nOTOK, 4aCTb KO

roporo , nonaaaa B TeJleCHbli:1 Yr on , onpeAeITReMbli:1 p aa aepoa KaHaJla, 
perlllcTpHPyeTcR KaK lIIoHHwi:1'TOK J j . 

OpoBeAR reoae rpavecxae pac-re-ru 'c nplo1HRTblMIII Aony~eHIIIRMH, MO>K
HO BWBeCTIII 3MnHpH4eCKYIO $oP~YJlY 

I: 
;' n T)Max • (l - ----) , /2/
 

j! /C 2
L 
, 5R) 2 + 1
 

f
I: rAe T)Max - MaKCHMaJlbHOe aHa4eHllle 3$$eKTHBHOCTIII HOHlllaa4HH; R,L 
r paAIIIYC VI AJlIIIHa KaHaJla.
 
I 
I 

Ha ~Hc.7 nOKaaaHW OTHOCIIITeJlbHWe aHa4~HIIIR 3$$eKTHBHOCTH, 3KC
neplllMeHTanbHO nOJlY4eHHwe AJlR paaHWX YCJlOBHi:1 pa60TW HCTo4HIIIKa, 
VI TeopeTIII4eCKaR KpIllBaR, paCC4HTaHHdR no c!lOpMYJle /2/. Ha6JllOAaeTCR 
COOTBeTCTBllle paC4eTa 11I 3~FnepIllMeHTa. 

Ilpenc r aeneuaue peayns r aru noxaauaaor cyute c r ae aaoe BJlIIIRHllle r eo
MeTpHIII KaHaJla 3MHCCIIIIII Ha 3MHTIIIPyeMble IIICT04HIIIKOM HOHHble TOKVI H 3$

$eKTHBHOCTb Io1CnOJlbaOBaHIIIR pa604ero Be~eCTBa. AJlR aHa4eHHi:1 ~ > 2~I(,l'
'. 

BeJlH4111HW J j H T) aaBHCRT JlHWb OT 3MHCCHOHHWX CBOi:1CTB nJla3MW, o6yc
~, JlOBJleHHHWX napaMeTpaMIII paapRija. 

nplIIBeAeHHaR $opMYJla /2/ MO>KeT 6WTb npHMeHeHa nplll paapa60TKe 

KOHCTPYK4111111 YKaaaHHoro Tlllna IIIO~Horo HCT04HHKa.f 
1,1' 
r 5 
I 
1/ 
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HET, RH npOSEnOB B BAlliEA SMsnHOTEKE? 

1. 

2. 
3. 
4. 

J1RTYW~HCK~ A., MOH4Ka A., ~WKeB~4 

13-83-288, Ay6Ha, 1983. 
Sidenius G. - In: Proc.lnt.Conf. 
Sidenius G. - In: Proc. Int.Conf., 
raÔOB~4 M.A. nna3MeHH~e ~CT04H~K~ 

AYMKa, 1964. 

Marburg, 1970. 
Sac 1ay, 1969. 
~OHOB. K~eB: HaYKoBa 

ID.S. npenp~HT O\t1R\t1 
Bbl 

A9-82-66~ 

A2-82:-568 

TpYAY COBe~aHHR no KonneKTHSH~M MeTOAaM 

TpYAY COBe~aHHR no HccneAOBaHHR~ B 05naCTH 
penRTHBHCTCKOH RAepHOH ~H3HKH. Ay6Ha, 1982. 

MO)l(eTe nOJlY'lHTb no noxr e nepevac.aeuuue HH)I(e 

eC)!H OHH H~ 6blJlH 33K33aHbl pauee, 

YCKopeHHR. Ay6Ha, 1982. 

1 p. 

KHHrH, 

3 P. 

75 

3D 

K. 

K. 

t 
A3,lj-82-70~ TpYIlY IV lIelKAYHapollHoH WKOny 

~H3HKe. Ay6Ha. 1982. 
no HeHTpOHHOl1 

5 p. 00 1<. 

AII-83-511 

A7-83-64~ 

TpYIlY COBe~aHHR no CHCTeMaM li MeTOAaM 
aHanHTH4eCKHX B~4HcneHHH Ha 3BM H HX npHHeHeHH~ 

B TeopeTH4eCKOH ~H3HKe. Ay6Ha. 1982: 

TpYIlY HelKAYHapoAHo~ WKOnY-CeMHHapa no ~H3HKe 
rR~én~x HOHOO. AnYWTa, 1983. 

2 p , 

6 p , 

50 K. 

55 K. 

A2.13-83-689 TpYIlY pa604ero COBe~aHHR no np06neHaM 
li lleTeKTHposaHHR rpaeHTaUHOHH~X BonH. 
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TEMATHqECKHE KATErOPHH llYBnHKAQHA 

OBnE~HHEHHOrO HHCTHTYTA ~EPHYX 

HCCJIE~OBAHHA 

HHAeKc TeMaTHKB 

1. 3KcnepHMeHTanbHa~ ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKa~ ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHa~ HeHTpOHHa~ ~H3HKa 

4. TeopeTH4ecKa~ ~H3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. RAepHa~ cneKTpocKonH~ H paAHOXHMH~ 

]. ~H3HKa T~*eflWX HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaToMaTH3a~H~ o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. Bw4HCnHTenbHa~ MaTeMaTHKa H TeXHHKa 

12. XHMH~ 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. MccneAOBaHH~ TBepAWX Ten H *HAKOCTeH 
~AePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHa~ ~H3HKa ~AePHWX peaK~HH 

npH HH3KHX 3HeprH~X 

16. Ao3HMeTpH~ H ~H3HKa aa~HTW 

1]. TeopH~ KOHAeHCHpOBaHHOrO COCTO~HH~ 

18. HcnonbaoeaHHe peaynbTaToe H MeTOAOB 
~YHAaMeHTaflbHWX ~H3H4eCKHX HCCfleAOBaHHH 
B CMe*HWX o6naCT~X HayKH H TeXHHKH 

19. 6H~H3HKa 

l<Hm'laK K. H ,o;p • 
OnTHMHsa~HH B&~o,o;Horo KaHana nna3MeHHoro 
HOHHoro HCTO'IHHKa 

13-86-736 

00HCaH~ KOHCTPYK~HH H npHH~Hn ,o;eHCTBHH ,o;yroBoro HCTO'IHHKa 
HOHOB C OOnMM KaTO,D;OM. C ero OOMO~biD HCcnep;oBanOCb BnHHHHe 
,o;JJHH~ BbiKO,D;HOrO KaHana Ha :3MHTHpyeMbJe HOHHbJe TOKH H :3cPcPeKTHB
HOCTb HOHH3a~HH. B~Bep;eHa :3MnHPH'IeCKaR cPOPMYna ,D;nR paC'IeTa 3cP
clJeKTHBHOCTH HOHH3~HH HCTO'IHHKa, a TaKJKe npHBep;e~ HeKOTOpbJe. 
ero XapaKTepHCTHKH. 

Pa6oTa BbmonHeHa B na6opaTOPHH R,D;epHb~ npo6neM ORHH. 

Coo6111eHHe OOJ.e,D,HHeiDforo IUICTHTyTa JIJlepHbJX HccnenosaHHii.lly6Ha 1986 

llepeBo,o; O.C.BHHorpa,o;oBOH 

Kiszczak K. et al. 
Optimization of Outlet Channel of Plasma 
Ion Source 

13-86-736 

Construction and operation principle of arc hollow-cathode 
ion source are presented. The effect of source outlet length 
on emitted ion current and ionization efficiency have been 
investigated by means of this source. Empirical formula for 
calculating the source ionization efficiency has been derived, 
and some its characteristics are presented. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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