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nnuc IO.A., CopOKO n.M. P9 - 10413 

HOHH38TOp ny'IK8 nonS!pH30B8HHbiX aTOMOB BOI]Op01l8 

0nHC8Hbi KOHCTpyKUHSI H npHHUHn pa60Tbl HOHH38TOpa, ucnonb3YIOUlero 

BbicoxoaaxyyMHbiit paapS!Il neuuuura. HanoJKeHbi peaynhT&Tbi axcnepuMeHTOB, 

BbinOnHeHHbiX Ha 3TOit yCT8HOBKe, 34HtleKTHBHOCTb HOHH38UHH aTOMHOrO ny'IK 

COCTaBnSieT 4•10-3 
npu TOKe nonHpH30B8HHbiX npOTOHOB 2,4 MKA. 

Pa6oTa Bbmonueua B na6opaTOpHH S!ll9pHblX npo6neM OHHH. 

~ 

Coo6weaae 06WJliiHeaaoro aacTRTYT& a.aepawx accne.aoaaa•l. Jly6aa 1977 

Plis Yu.A., Soroko L.M. 

The Ionizer of the Polarized Hydrogen 
Atomic Beam 

P9 - 10413 

The setup, including the high vacuum Penning dis
charge, and the principle of its operation are described. 
The results of the experiments performed on this setup 
are presented. The efficiency of the ionization of the 
atomic beam is equal to 4.lo-3 at the intensity of the 
polarized proton beam equal to 2.4 mkA. 

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

Communication of the Joint Institute for Nuclear Re.earch. Dubna 1977 
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1. BeeoeHue 

B COBpeMeHHblX HCTO'IHHKaX non.llpH30BaHHblX HOHOB 

IHllHI HOHH3aUHIO ny'IKa non.llpH30BaHHblX aTOMOB BO,nopo

,na ocyi.QeCTBn.IIIOT 3neKTpOHHbiM y,napoM npH BbiCOKOM sa

KyyMe. llonuoe 'IHCnO nJ>OTOHOB, o6pa3y10I.QHXC.II 3a 1 C, 

paBHO 

N + = 1... p V a (U) j (U), 
e e 

/.11 
3 

r.ne p - o6'beMHaJI nnoTHOCTb ny'IKa aToMoB I am./ eM I, 
V - 06'beM o6naCTH HOHH3aUHH, j,.(U) - nnoTHOCTb 

3apJI,na 3neKTPOHHOro ny'IKa I A/eM 21' a a ( U) - 3!WJeK

THBHOe ceqeuue npouecca HOHHlaUHH aTOMOB so.nopo.na 

3neKTpouaMH c 3Heprueii e U. 
34MIJeKTHBHOe Ce'leHHe HOHH3aUHH HMeeT MaKCHManb

HOe 3Ha'leHHe npu U = 70 B, a MaKe = 7· 10-
17

cM 
2

, H 

npH 6onee BbiCOKHX 3HeprHJIX annpOKCHMHpyeTCJI Bblpa

)l(eHHeM /1/ 

3 15 10-IS u 
a (U) "" -·-~- lg 0,325 121 

HoHH3aUHIO aToMoB npoH3BOAJIT, KaK npasuno, B cunL

HOM MarHHTHOM none IB> 1 KFcl, KOTOpoe BblnOnHJieT 

o.naospeMeHHO .nse clJyHKUHH. Bo- nepBbiX, ouo ueo6xo,nHMo 

,nnJI nony'leHHJI BbiCOKOH cTeneuu nonJipH3aUHH, ecnu HllH 

co.nep)I(HT pa,nHo'laCTOTHblH non.llpH3aTop. Bo-sTopblx, Mar

HHTHOe none y,nep)I(HBaeT ny'IOK 3neKTpOHOB OT paCWHpe

HH.II, Bb13BaHHOrO C06CTBeHHblM 3neKTpH'IeCKHM noneM. 

lly'IOK 3neKTpOHOB 06bl'IHO HH)I(eKTHPYIOT BHyTpb UH· 

nHHAPH'IeCKOro 3neKTpo,na, BblnOnHJIIOI.Qero clJyHKUBIO auo

,na H HaXOAJII.QerOCJI no,n noTeHUHanoM U 8 • llpe,nenbHOe 

3Ha'leHBe 3neKTpOHHOrO TOKa, y,nep)I(HBaeMoro MarHHT· 

HbiM noneM npH nOCTOJIHHOH no Ce'leHHIO ny'IKa nnOTHOCTH 
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TOKa H 6ecKouequo 6onLrnoM 3uaqeuuu MaruuTuoro nonH, 
paouo /2/ 

I MaKe 
e 

=32,4 .w-6 3 '2 u' 
a /3/ 

H ue 3aBHCHT OT .o;HaMeTpa auo.u;uoro 3neKTpo.u;a. llpu 
MaKCHManbHOM 3HaqeHHH 3neKTpOHHOrO TOKa noTeHI{Han 
ua ocu auo.u;uoro 3JieKTpo.u;a noHH)f(aeTCH .u;o 0,174 U a . 

llpu KouequoM 3Haqeuuu HH.D;YKUHH MaruuTuoro nonH B 
nyqoK 3JieKTpOHOB HCnhlThlBaeT I{HKJIOH,D;aJibHOe ,ll;BH)f(eHHe 
C aMnJIHTY.D;OH ll/ 

mE~ 1 
a~--, 4/ 

eB 2 

r.u;e E - pa.u;uanLuoe 3JieKTpuqecKoe none, co3.u;aoaeMoe 

Ua 
o6'beMHhiM 3apH.D;OM H paouoe E '" --, a r a - pa.u;uyc 

ra 

ceqeuHH auo.u;uoro 3JieKTpo.u;a. Tor.u;a 

-12 Ua , l 
a "' 5 7 . 10 ---·- [ U1 ' 2 . raB /5/ 

HanpHMep, .D;JIH U a= 1 KB, r a = 1 CM, B = 1 KFc a = 
MaKe 

= 5,7•10·3 CM. llpH 3TOM I ~':'" 1 A. .. 
Ecnu aTOMhl B nyqKe c nno~a.o;LID nonepequoro ceqe

HHH TT R 2 ,ll;BH)f(YTCH COOCHO C nyqKOM 3neKTpOHOB, TO 
.u;nuua o6nacTH B3aHMo.o;eH:cTBHH paoua .u;nuue auo.u;uoro 

3JieKTpo.u;a r, a o6'beM o6JiaCTH HOHH3al{HH paoeu v: TT R 2 p 
ilJIOTHOCTb a TOMOB B nyqKe paBHa 

F 
P'""----, 

TT R2 v 
/6/ 

r.u;e F - nOJIHhlH nOTOK aTOMOB, a V - cpe,D;HHH CKOpOCTb 
aTOMOB. lfcnOJib3YH /1/, /2/, /3/ H /6/, HaXO.D;HM nOJIHOe 
qHCJIO HOHOB, o6pa3yiD~HXCH npH HOHH3al{HH: 

N + == 0_:_2 ( U a {' 2 

u -

U Ff 
lg(--)---, 

0,325 r 2 v 
/7/ 

a 
r.u;e eU - cpe.o;HHH 3HeprHH 3JieKTpouoo, a R~ra -3~~eK-
THBHOCTb HOHH3al{HH pasHa 

4 

:t 
j 
~· ·t 

N+ 0 2 312 U p .,., ,. - ~ -' ( u ) lg ( ----) ---- . 
F D a 0,325 r 2 v 

a 

/8/ 

ECJIH Ua = 1 KB, U = 0,5 KB, f = 10 CM, r 8 = 1 CM, 
V = 3•105 CM/C, TO 3~eKTHBHOCTb HOHH3al{HH paBHa T/ = 
= 1 ,4·10-3 . 

lloowrneuue noTeuuuana auo.u;uoro 3JieKTpo.u;a npuoo.o;HT 
K yoenuqeHHID 3~eKTHBHOCTH HOHH3al{HH. O.u;uaKo 3TO co
npoBO)f(,D;aeTcH yoenuqeuHeM 3HepreTuqecKoro pa36poca no
nyqaiD~HXCH HOHOB H, KaK CJie,D;CTBHe , B03pacTaHHeM 
3MHTTauca nyqKa HOHOB. 

B o6wqnhiX KOHCTPYKUHHX HOHH3aTopa nyqKa nonHpn-
30BaHHhiX aTOMOB KaTO,ll; pacnoJiaraeTCH no O.D;HY CTOpo
HY OT auo.u;uoro 3neKTpo.u;a, a BhiTJirHBaiD~HH 3JieKTpo.u; -
no .u;pyryiD. Ecnu ua BhlTJirHBaiOII{HH 3neKTpo.u; no.u;aTh oT
puuaTeJihHhiH DOTeHI{Han OTHOCHTenbHO KaTO,D;a '> 100 B, 
TO B03HHKaiDT yCJIOBHJI ,ll;JIJI OCI{HJinJII{HH 3neKTpOHOB B,ll;OJib 
OCH aHO,ll;HOrO 3neKTpo.o;a H BbiTJirHBaHHJI HOHOB H3 pa3pJI,D;a. 

2. Pa3p~o lleHHuHza 

Ecnu noTeuuuaJI auo.u;uoro 3JieKTpo.u;a npeBhirnaeT 
1-:-2 KB, To npu onpe.u;eneuuoii uanpJI)I(euuocTH MarHHTHoro 
DOJIJI B03HHKaeT BbiCOKOBaKyyMHbiH pa3pJI.D; lleHHHHra / 4 / , 

OCHOBHOH xapaKTepHCTHKOH KOTOporo JIBJIJieTCJI TO, qTo 
que no ocuHJIJIJIUHH, cooeprnaeMoe Ka)I(.D;hiM 3neKTpouoM, 
BeCbMa BeJIHKO H ,ll;JIJI no.o;.u;ep)l(aHHJI pa3pJI,D;a Tpe6yeTCJI 
ue60JiblliOH TOK 3MHCCHH. llpouecc 3aXBaTa 3JieKTpOHOB 
B o6JiaKO pa3pJI,D;a lleHHHHra CBJI3aH C KOJieKTHBHhlM B3aH
MO,D;eHCTBHeM 3neKTpOHOB. 

llpHMepoM KOHCTPYKUHH C HCnOJib30BaHHeM pa3pJI,D;a 
lleHHHHra npH BhlCOKOM BaKyyMe JIBnJieTCJI HOHH3aTop, 
co3.u;auuwH: B Pe3ep~op.o;oBCKOH na6opaTopuu /5< c MarHHT
HhiM noneM 2,7 KFc, TOKOM 3MHCCHH 0,8 MA H noTeuuua
JIOM auo.u;uoro 3JieKTpo.u;a ua = 5 KB. llp.H 3TOM noTeHl(Han 
pa3pJI.u;a ua ocu auo.u;uoro 3JieKTpo.u;a cocTaBnJieT 1,5 KB. 

MaKCHManbHhlH 3apJI.D; 3JieKTpOHOB, KOTOphlH MO)I(HO 
y.u;ep)l(aTb ouyTpH auo.u;uoro 3neKTpo.u;a, ue 3aBHCHT OT 
.u;uaMeTpa uunuu.u;pa H paoeu 141 
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Q"'l0-12 U f[K], 
a /9/ 

r.ne f Bblpa:>KeHO B CM. 06'beMHbiH 3ap.II.IJ. 3neKTpOHOB 
C03.IJ.aeT pa.nuanbHoe 3neKTPH1.fecKoe none H aKcuanbHOe 
pacnpe.neneuue noTeuuuana c MaKCHMYMOM B ueuTpe auo.n
Horo 3neKTpO,!J.a. llo OTHOWeHHIO K nonO:>KHTenbHhlM HOHaM, 
KOTOphle o6pa3yiOTC.II BHYTPH pa3pJI,!J.a, 3TO none .IIBnJieTC.II 
BbiTanKHBaiOIUHM. IIo3TOMY 34MtleKTHBHO ucnonb3yeTcH npu
Mepuo nonoauua l.fHcna uouoa, onpe.nenHeMoro Bblpa:>Keuu
eM /1/. 

Ecnu ,!J.a'aneuue ra3a B pa3pJI.IJ.e IIeHHHHra noBbiwaeT
CJI, TO o6pa3YIOIUHeC.II HOHbl HeHTpanH3YIOT 3neKTpOHHOe 
o6naKO H B03HHKaeT nna3Ma, 3neKTpH1.feCKOe none B KOTO· 
poii Mano. Enaro.nap.11 3TOMy B03pacTaeT aepoHTHOCTb no
na.naHHH HOHOB Ha aHO.IJ.HbiH 3JieKTPO.IJ.. IIpu 3TOM, l.feM 
6onbwe .nnuua auo.nuoro 3JieKTpo.na, TeM MeHbwe .naaneuue, 
Hal.fHHaH C KOTOporo B03HHKaeT HeHTpaJIH3aUHH. 

IIpoueccLI, npoucxo.IJ.HIUHe B pa3pH.IJ.e IIeuuuura npu 
BhlCOKOM BaKyyMe, BeCbMa CJIO)f(Hbl H MHOroo6pa3Hbl. 3TO 
3aTPY.IJ.HHeT npoeKTnpoaaHue HOHH3aTopoa TaKoro Tuna. 
TaK, HanpHMep, OCTaeTCH HHCHbiM BOnpoc 0 TOM, KaK BJIHJieT 
uanpH:>KeHHOCTb MarHHTHoro nonH ua npoueccbl y.nep:>KaHHH 
3neKTpOHHoro 3ap.R.IJ.a BHYTPH auo.nuoro 3JieKTpo.na. B pa-
6oTe I 41 6Lmo uaii.neuo ueo6xo.nnMoe ycnoaue .IJ.JIH nocTOHH
CTBa 3HeprHH 3JieKTpOHOB Ha UHKJIOH,!J.aJibHOH op6HTe: 

ua 
---"' const. /10/ 
Br 

a 

O.nuaKo nna3MeHHhle Kone6aHHH B pa3pH.IJ.e uapywaiOT 3TO 
ycnoaue no.no6uH. HaKoueu, npu H3MeHeHHH .naaneHHH oc
TaTOl.fHoro ra3a H HeKOTOpbiX .npyrux napaMeTpoa pa3pH.IJ.a 
B03HHKaiOT nepeXO.IJ.hl H3 O,!J.HOH MO.IJ.bl pa3p.II.IJ.a B .IJ.pyryiO. 
Bee 3TH o6cTOHTenbCTBa nocny:>Kunu TOn'IKOM K npoae.neuu10 
WHpOKOrO 3KCnepHMeHTanbHOrO HCCJie,!J.OBaHHH npoueCCOB 
B HOHH3aTope C pa3p.R.IJ.OM fieHHHHra, OCHOBHhle pe3yJibTaTbl 
KOTOporo npHBO,!J.HTCH B ,!J.aHHOH pa6oTe. 

6 

3. KoHC111PYKtiUJI uoHu3amopa 

Ha puc. 1 npHBe,!J.eHa KOHCTpyKTHBHaJI CXeMa HOHH3a
Topa nyl.fKa nonHpH3oBaHHbiX aToMOB HIIH, pa3pa6oTauuo
ro H H3rOTOBneHHOrO B Jla6opaTOpHH JI,!J.epHbiX npo6neM 
OH.HH .nnJI cHnbHOTO"'Horo clla3oTpoua. OcHOBHhle 3neMeH
Tbi HOHH3a TOpa: HHTb HaKana 1, CeTKa 2, aHO.IJ.HbiH 3neKT
po.n 3 .nuaMeTpoM 2 eM u .nnuuo:H 20 eM; noaywKa 4, 
oxna:>K,!J.aeMa.ll :>KH.IJ.KHM a30TOM; 6e3:>Kene3HbiH MarHHTHbiH 
coneHOH.IJ. 5 ,!J.nHHOH 26 CM, CO,!J.ep)f(aiUHH 380 BHTKOB Me,!J.HOH 
Tpy6KH Hapy:>KHbiM ,!J.HaMeTpOM 8 MM H TOniUHHOH CTeHOK 
1 MM. 

II noMipY .. "'POJ 

, Qll ~~2-1 

12 

r-------t---.L. 

Puc. 1. 06114aJ1 cxeMa uoHu3amopa: 1 - HU111b HaKaAa /Ka
moo/; 2 - cemKa; 3 - aHoOHbiU 3AeKmpoo, 4 - a3omHaJI Ao
eywKa, 5 - 3AeK111pOMaZHU111HbiU COAeHOUO, 6 - nepebiU 
3AeKmpoo, 7 - emopou 3AeKmpoo, 8 - mpemuu 3AeKmpoo, 
9 - ebiCoKoeoAb111HbiU eeoo, 10 - oouHO'lHaJI 3AeKmpocma
mu'leCKf!" AUH3a, 11 - oam'luK moKa I qll , 12 - aHaAu3u
PYtOIJ4UU 3AeKmpoMaZHU111. 

H3MeHeHne MarHHTHoro nonH a.nonb ocu coneHon.na 
npuae.neHo Ha puc. 2. IIpu TOKe ao36y:>K.IJ.eHHH 100 A HanpJI
:>KeHHOCTb MarHHTHoro nonH pasHa 1,6 KFc a ueHTpe co
neHou.na H 1,1 KFC B MecTe pacnoJIO:>KeHHH HHTH HaKana. 

lly'IOK 3neKTpOHOB, y.nep:>KHBaeMhlH MarHHTHbiM noneM 
BHYTPH aHO.IJ.HOrO 3JieKTpO,!J.a, OTpa:>KaeTCH B CTOpOHY KaTo
,!J.a 3neKTpH'IeCKHM noJieM 3JieKTpO.IJ.OB 6 H 7, KOTOpbie 
HMeiOT OTPHUaTenbHhlH noTeHUHaJI. 3neKTPO.IJ. 8 HaXO.IJ.HTCH 
no,!J. noTeHUHaJIOM 3eMJIH. fiy"'OK HOHOB clloKyCHpyeTCH O.IJ.H· 
HO'IHOH 3JieKTpOCTaTH'IeCKOH nHH30H 10 Ha BXO.IJ. MarHHT· 
uoro auanu3aTopa 12. 
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I j 061'1omka 1 
H02Huma 

I AHOO ll~ 
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~ 
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200 

0 n 20 30 
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Puc. 2. PacnpeoeAeHue MaZHUmHozo noA~ eooAb ocu uo
HU3amopa. Ocu KoopouHam OA~ Kpueou 1 - cAeea, Kpueou 2 -
cnpaea. 

BaKyyM B HOHH3aTope C03.IJ.aeTC.II reTTepoHOHHLIM Ha

cocoM rHH -0,5 C 6biCTpOTOH OTKal.fKH 500 A/c, flpe,!J.Ba

PHTenbHbiH BaKyyM - 10-s Top co cTopoHLI MarHHTHoro 

aHana3aTopa - flapoMacn.HHbiM arperaToM BA-2-3 c TaKo:H 

~e 6biCTpOTOH OTKal.fKH. llpoflyCKHa.ll CflOC06HOCTb Tpy6bl 

HOHHOrO TpaKTa, 1.fepe3 KOTopyiO flpOXO)J.HT TaK~e aTOMHbiH 

flY'IOK, paBHa 10 A/C. 
CymecTBeHHLIM 3neMeHTOM HOHH3aTopa .IIBn.HeTC.II no

aywKa 4, 3aflonH.IIeMa.ll ~H.IJ.KHM a30TOM. JioaywKa Haxo

.IJ.HTC.II flO)]. flOTeHIJ;HanoM 3eMnH H HMeeT TeflnOBOH KOHTaKT 

C aHO,!J.HbiM 3neKTpO,!J.OM 1.fepe3 CTeKn.IIHHYIO Tpy6Ky Ton-
11\HHOH 1 MM. B flepBOH cepHH OflbiTOB HCflOnb30BanaCb 

noaywKa, KOTopa.H HaXO.IJ.HnacL flO.IJ. flOTeHu;aanoM aHO.IJ.Horo 

3neKTpO,!J.a H HMena 3neKTpH1.feCKHe H30n.IITOpb1 B CHCTeMe 

3anHBKH a30Ta. 

8 

t 
r 

I 
I 

' 

··{ 
I 

llO,!J.al.fa BbiCOKOrO Haflp.ll~eHH.II Ha 3neKTpO,!J.bl HOHH3a

Topa flpOH3BO,!J.HTC.II 1.fepe3 MeTannoKepaMHl.feCKHe BBO,!J.bl 9. 
3neKTPO.IJ.bl H30nHpOBaHbl ,!J.pyr OT ,!J.pyra flpH flOMOIIJ;H KBap

IJ;eBbiX Tpy6oK, KOTOpble HecyT TaK~e cllYHKIJ;HIO ~eCTKOrO 
Kapi<aca 3neKTpO,!J.OB HOHH3aTopa. 

3neKTpH1.feCKa.ll CXeMa HOHH3aTopa flPHBe,!J.eHa Ha puc. 3. 

u, 

3""' 
------- --- ·--- --- ---- -- ---------

!lOt 
ltJr ~t 

u, 

r:-~ 
8 I 

I 

Puc. 3. 3AeKmpu~ecKa~ cxeMa uoHu3amopa; 1 - HUmb Ha
KaAa, 2 - cemKa, 3 - aHOOHbtU 3AeKmpoo; 4, 5, 6 - nepebtU, 
emopou u mpemuu .JAeKmpoobt, coomeemcmeeHHO, 7- aHaAu-
3UPYIOI4UU 3AeKmpoMaZHUm, 8 - oam~UKU moKoe lrt-.1' I rt-.2 u 
lcp;j . '+' '+' 

HOHHble TOKH H3Mep.HnHCb flpH flOMOIIJ;H: 1/ ,!J.aTl.fHKa 11 

/eM. puc. 1/ .IJ.HaMeTpoM 2 cM, KOTopbi:H pacflonaranc.H 

Ha paCCTO.IIHHH 40 CM OT KOHIJ;a aHO,!J.HOro 3neKTpO,!J.a 

Ocpt ); 2/ .IJ.aTl.fHKa .IJ.HaMeTpoM 4 CM, KOTOpbi:H pacflona

ranc.ll Ha paCCTO.IIHHH 130 CM OT aHO,!J.HOrO 3nei<Tpo,!J.a (I cp
2 

); 

3/ ,!J.aTl.fHKa, KOTOpbiH H3Mep.lln pa3,!J.enbHO HOHbl H'j HnH 

H~ (I cpl ) ; 4/ 3neKTPO.IJ.OB HOHH3a Topa 6, 7 H 8 (1 1 , I 
2 

, 

13) 
llpe.IJ.BapaTenLHLie OflbiTbi flOKa3ana, 'ITO YCTOH'IHBLIH 

pe~HM pa3p.II,!J.a B HOHH3aTope HeB03MO~HO flOnyl.fHTb 6e3 

9 
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II 

CTa6HJIH3aTOpa TOKa 3MHCCHH 3JieKTpOHOB H3 HHTH HaKa
na, npuuu.unuanLHaH cxeMa KOToporo .u.aua ua puc. 4. 
Curuan pa36anauca, cuuMaeMLIH c u.eno'IKH pe3HCTopoa 
6,3 K H 10 K, ycHJIHBaJICH H H3MeHHJI TOK HaKana nyTeM 
B03,D.eHCTBHH ua 3JieKTpH'IeCKOe conpOTHBJieHHe BTOpH'IHOH 
o6MoTKH Tpauccf>opMaTopa Tp2. )J.uana3ou cTa6unu3aU.HH 
TOKa COCTaBJIJIJI 0,27 0,8 MA, MaKCHMaJibHbiH TOK HaKana -
9 A, a noTpe6nHeMaJI MOIJ.(HOCTL - oKono 20 Bm. 

I 
I 

: a~o~o8 : Tp.1 
f801f I I 

~~~ I Tp.2 ~ 
1-Jkl - I ! cemka I r ;:::::( 

I L ___________ j 

v 

L{}~ 
flATP 

Puc. 4. flpuHt~unuaAbHDJI cxeMa cma6uAu3amopa 3Muccuu. 

4. Pe3yAbmambl 3KcnepuMeHmoe 

UenL 3KcnepuMeHTOB 3aKnroqanacL a .u.ocTH~euuu BM
coKoH 3cf>cf>eKTHBHOCTH HOHH3aU.HH nyqKa llOJIHpH30BaHHhiX 
aTOMOB u onpe.u.eneuuu napaMeTpoa ycTOH'IHBoro pe~HMa 
pa6oTLI uouu3a Topa. OnucLIBaeMLIM onMTaM npe.u.wecT
BOBaJIH HCCJie,D.OBaHHJI HOHH3aTopa C XOJIO,D.HMMI6/ H HaKa-

10 

neuHMM 17 I KaTo,D.aMH . .6Lmo uaii:.u.euo, 'ITO 3cl>cl>eKTHBHOCTh 
HOHH3aU.HH B. CHCTeMe C XOJIO,D.HhlM KaTO,D.OM paBua 7•10-4 
npu .u.nuue auo.u.uoro 3neKTpo.u.a 3,6 CM H .u.uaMeTpe 1,2 CM. 
)J.nJI no.u..u.ep~aHHH pa3pH.u.a B cucTeMe c yaenuqeuuoii: 
.u.nuuoii: auo.u.uoro 3neKTpo.u.a npuwnocb BBeCTH HHTL ua
Kana. 3cl>cl>eKTHBHOCTb HOHH3aU.HH COCTaBHJia 2, 7•10-3 npH 
.u.nuue auo.u.uoro 3neKTpo.u.a 13 CM u .u.uaMeTpe 1,8 CM. 
KoHCTPYKU.HH .u.auuoro HOHH3aTopa 6wna pa3pa6oTaua c 
y'leToM xapaKTepucTHK pa3pH.u.a, nony'leHHLIX ua Mo.u.enu 
HOHH3aTOpa C HaKaJieHHbiM KaTO,D.OM /CM. 17 I/. 

OcuoBHLIMH napaMeTpaMH, xapaKTepu3yromHMH pa6o
Ty HOHH3aTopa llOJIJipH30BaHHWX aTOMOB C pa3pH,D.OM fleu
HHHra, HBJIJIWTCJI: TOK 3MHCCHH KaTO,D.a, HallpH~eHHOCTb 

MaruuTuoro nonH, .u.aaneuue ocTaTo'luoro ra3a H uanpH
~euue ua auo.u.uoM 3neKTpo.u.e. B 6onLWHHCTBe onwTOB 
noTeuu.uan Ka To.u.a U k , O, noTeuu.uan ceTKH U e = 300 B, 
OOTeHU.HaJibl 3JieKTpO,D.OB 6, 7 H 8, COOTBeTCTBeHHO, U1 = 

= -600 B, u2 = -400 B H u 3= 0. Ha puc. Se,z BH,D.HO, 

'ITO TOK 3MHCCHH cna6o BJIHHeT Ha BeJIH'IHHY HOHHOrO TOKa 
u 3Hepruro uouoa B HHTepaane OT I kl = 0,3 MA .u.o Ik2 = 

0,8 MA. )J.ononuuTenLHLie onLITM, BLmonueuuLle 6e3 
CTa6HJIH3aU.HH TOKa 3MHCCHH, llOKa3anH, 'ITO pe~HM pa3-
pH,D.a Mano MeHJieTCJI OpH H3MeHeHHH KaTO,D.HOrO TOKa 
Ik = 0,1 MKA, Kor.u.a pa3pH.IJ. racueT, .u.o Ik = 2 MA. 
06LI'IHO I k = 0,7 MA, a TOK B u.enu auo.u.uoro 3neKTpo
.u.a I 

8 
= 0, 2 MA. 

CneKTp Mace uouoa H ux 3ueprHH onpe.u.enHnHCh npu 
OOMOIJ.(H MarHHTHOrO auanH3a TOpa C OOBOpOTOM Ha yron 
90° u pa.u.uycoM noaopoTa, paBHMM 10 CM. Ha puc. Sa 
llOKa3aH THOH'IHhiH ClleKTp Mace HOHOB. llepBhlH llHK COOT
BeTCTByeT uouaM H ~ , a aTopoii: - uouaM H~ . Cpe,D.HJIJI 
3HepruH npoTouoa paaua E ep = 1 K3B, a pa36poc no 3Hep
ruu liE = ±0,1 K3B. llocKonLKY noTeuu.uan auo.u.uoro :meKT
po.u.a paaeu 2,5 KB, TO nouu~euue noTeuu.uana ua ocu 
auo.u.uoro 3neKTpo.u.a cocTaBnHeT oKono 1,5 KB. OcTaToq
uoe .u.aaneuue B 3THX 3KCnepuMeuTax cocTaBnHno =10-6 Top. 
ECJIH OHO llOBbiWaeTCH ,D.O = 4•10-6 Top, TO HOHHbiH TOK 
yMeHbWaeTCH B HeCKOJibKO pa3, a 3HeprH.JI HOHOB B03pa
CTaeT .u.o aenH'IHHM, 6JIH3KOil K noTeuu.uany auo.u.uoro 3JieKT
po.u.a. HanpHMep, npu ua = 2 KB Et·p= 1,8 K3B c pa36po-
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Puc. 5. a/ 3aeucuMOC111b 1IIOKa l¢3 0111 no/l.R aHallU3UPYIOUie
zo MaZHU111a; lJ a = 2,5 KB, B = 2,8 KFc, II. = 740 MKA, 
p = 10 ·

6 
Top. 6/ 3aeucuMoc111u 1IIOKoe 'fa 1,2 u 3 31leK111-

pooax 0111 Ma2HU111H020 nOilJI UOHU3a111opa; Ua = 2 KB, 
I k = 720 MKA, p = 8.10 ·7 Top. ej 3aeucuMOC111b 11101<a 
lct12 U On111UMa/lbH020 Hanp.RJIC€HUJI Ha fPOKYCUPYIOUI€U llUH3e 
olh 1IIOKa 3MUccuu; U,.= 2,5 KB, B =2,8KFc, p =2·10-6Top. 
z/ 3aeucuMoc111u 1IIOKoe Ha 1,2 u 3 31l€K111pooax 0111 111oKa 
3MUccuu; U = 2,5 KB, B = 2 KTc, p = 8·1o-7 Top. II 

coM A E = ±0,5 K 3B. KaK OTMe"'anoch Bbiiiie, TaKoe nOBhiiiie

HHe 3HeprHH HOHOB CBJI3aHO C HeihpaJIHJal(HeH HMH 3JieKT
poHHoro o6naKa. 

Ha puc. 6 ,!:{aHa JaBHCHMOCTb OT MarHHTHOro ITOJIJI HH

TeHCHBHOCTeH HOHOB, BbiXO.I{Jill(HX H3 paJpJI.I{a lleHHHHra 

u HJMepeHHhlx paJJIH"'HhiMH .I{aT"'HKaMu: I¢
1 

, Iq1
2 

, I 
1 

, 

12 H 13 · lfOHHble TOKH, B OCHOBHOM, paCTYT llpH yaeJIH"'e

HHH MarHHTHOrO ITOJIJI. 0TJIH"'He JaBHCHMOCTH TOJ<a HOHOB 

,I{JIJI ,I{aJibHero ,I{aT"'HKa Icp 2 CBJI3aHO, B "'aCTHOCTH, C 3~
~eKTOM pac~OKYCHpOBKH ITY"'Ka HOHOB MarHHTHbiM ITOJieM 
COJieHOH,I{a. 
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Puc. 6. 3aeUCUMOC111b 0111 MaZHU111H020 nO/lJI UOHU3a111opa: 
a/ 1IIOKa ld:JJ; 6/ 111oKa Idl 2 ; e/ 1IIOKoe Ha 3/l€K111poObl 1,2 u 3; 
zj On111UMU/lbH020 HanjJJIJIC€HUJI Ha fPOKYCUPYIOUI€U /lUH3e; 
U = 2 KB, I k = 740 MKA, p = 10-6 Top. a 

HJMepeHHJI 3Hepruu uouoa 6biJIH npoae.I{eHbl npu .I{Byx 

3Ha"'eHHJIX MarHHTHOro ITOJIJI B l(eHTpe COJieHOH.I{a: 1,3 KFC 
u 2,8 KFc. CooTBeTcTayroll(ee HM noHH))(eHHe noTeHl(Hana 

Ha ocu aHO.I{Horo 3JieKTpo.I{a paaHo 0,6 KB H 1,5 KB, cooT

BeTCTBeHHo. 0TCIO,I{a MO))(HO C.I{eJiaTb BbiBO.I{ 0 TOM, 'ITO 

c noBbiiiieHHeM MarHHTHoro noJIJI ycunuaaeTcJI 3~eKT oc

l(HJIJIJil(HH 3JieKTpOHHOro TOI<a BHYTPH aHO.I{HOrO 3JieJ<TpO.I{a. 

3TOT ))(e BbiBO.I{ CJie.I{yeT H3 rpa~HJ<a Ha puc. 6z. llOBbiiiie

HHe noTeHuuana aHO.I{Horo 3JieJ<Tpo.I{a npHBO.I{HT 1< yaenuqe

HHJO HOHHoro ToJ<a I <PI I puc. 7al. lionee CJIO))(Hbie Jaaucu

MOCTH HOHHbiX TOJ<oa I q:e , 1 1 , I 2 , 1
3 

I puc. 76, el MO))(HO 

06'bJICHHTb, J<al< H Ha puc. 66, OC06eHHOCTJIMH ~OKYCHpOBJ<H 
uouoa, a He npoueccaMu a paJpJI.I{e. 
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Puc. 7. 3a6UCUMOC1/IU 0111 aHOOHOZO HanpJIJKeHUJI u a·: a/ 
11101<a Id:J 1 ; 6/ 11101<a I4J2 ;a/ 1/foKoa Ha 3AeK111pooax 1,2 u 3; 
z/ onMUMQAbHOZO HanpJIJKeHUJI Ha r/JOKYCUPYIOI/IeU AUH3e, 
B = 1,35 KTc, I k = 740 MKA, p = 10 •6 Top. 0111oeAbHO 
cllfOJIIIIue 111o'IKU coo1/faellfcllfayl011f B= 2,8 KTc. 

ToK nonJipH30BaHHbiX npoTOHOB, onpe.nenJieMblii no cyM
Me TOKOB Ha BCe ,naT'IHKH /H3MepJinCJI npHpOCT TOKOB HaA 
cl>oHOM npu BKmo'leHHH aTOMHoro ny'IKa/, npu none B = 
= 2 KTC paBeH 2 MKA .nnJI u a = 2,5 KB H 2,4 MKA .nnJI 
Ua= 3 KB. TaKHM o6pa3oM, Ha6mo.naeTCJI nponopuuoHam.
HblH poeT TOKa npH yBenH'IeHHH aHOAHOrO HanpJI:lKeHHJI. 
IlpOTOHHbiB TOK pacnpe,nenJieTCJI npHMepHO nopOBHY Me)I(Ay 
qeTblpbMJI .naT'IHKaMH, B3MepJIJOIU8M8 TOK8 I 1 , I 2 , I 3 , 
I dJ i 3To CBJI3aHo c TeM, 'ITO 80Hbl He no.nBepraroTCJI .nonon
Hal'enLHOMY ycKopeH810 nocne Bblxo.na 83 HOHH3aTopa. 

14 

B npuBe,neHHbiX BhiWe pe3ynLTaTax y'ITeH 34><l>eKT BTo
p8'IHOii 3neKTpOHHOH 3MBCCHH /nyTeM DOAa'IB DOnO:lKBTenL· 
Horo noTeHuuana +300 B Ha .naT'IBK8/, a TaK>Ke 34>cl>eKT 
KOMnpeCCHH aTOMHOrO nyqKa, Ha6nro,naJOIUHBCJI B MOMeHT 
nepeKpbiTHJI ny'IKa .na T'IHKOM I qJ 1 . ATOMbl, scnbiTaBwBe 
coy,napeH8JI C ,naT'IHKOM, peKOM68HBPYIOT H nOBbiWaiOT 
napu8anLHoe .naBneHse MoneKynJipHoro Bo.nopo.na. H3Me
peHHoe 3Ha'leHue A p(H2 ) "' 10 ·7 Top. 

HHTeHCHBHOCTh ny'IKa aTOMOB, npoxo.nJIIUHX qepe3 uo
H83aTop, COCTaBnJieT 4·10 15 Q1fi./C, AHaMeTp Ce'leHBJI nyq
Ka - 1,6 CM, a cpe,nHJIJI CKOpOCTb aTOMOB • 2,4"10 5cM/C. 

0Tcro.na Haxo.nuTcJI nnoTHOCTh aTOMOB P= 8.109 a1fl./cM3 
8nH 3·1 0 ·7 Top no napuuanLHOMY .naBneHHIO. H3MepeHHaJI 
34>cl>eKTHBHOCTb HOH83aU8H .nnJI u a = 3 KB, paBHaJI 11 :}Ken • = 
= 4· 10-3, cornacyeTcJI c TeopeTuqecKoii oueHKoii 11 Teop = 
= 3 •1 0-3, nony'leHHOB ,nnJI MaKCHManbHOrO 3Ha'leHHJI 3neKT
poHHoro ToKa /3/ I~·mKc = 5,3 A. 

5. 3aKAIO'IeHue 

1. IloKa3aHo, 'ITO B HOHH3aTope IleHHHHra ocu8nn8-
pyeT 3neKTpOHHblii TOK "' 5 A, 'ITO 6n83KO K MaKC8ManL
HO B03MO:lKHOMY 3Ha'leH810 TOKa ,nnJI U a= 3 KB. 

2. YBenu'leHue MarH8THoro nonJI H aHOAHoro HanpJI· 
:lKeHHJI B 8CCne.noBaHHOH o6naCTH .no ua = 3 KB, B = 2,8 KTC 
Be,neT K pOCTY HOHHOrO TOKa. 

3. ToK nonJip830BaHHbiX npoTOHOB, BbiXOAJIIU8X 83 8o
H83aTopa, np8 U a= 3 KB, B = 2 KTc cocTaBnJieT 2,4· MKA. 
3TO COOTBeTCTJ3¥eT 34>cl>eKTHBHOCTH HOHH3aUBH "' 4• 10"3 , 
'ITO COBOa,naeT CO 3Ha'leHHeM, nony'leHHbiM ,nnJI ny'IWHX 
T8DOB HOH83aTOpOB. 

ABTOpbl 6naro.napJIT H.Il.Ky3HeuoBa 3a H3rOTOBneH8e 
H Hana,nKy CTa6HnH3aTopa 3MHCC8H. 

llpuMe'laHue. Bo BpeMJI no.nroTOBKH cTaTLH K ne'laTH 
aBTOpaM CTana H3BeCTHa pa6oTa /S/, B KOTOPOB C006IUaeT-
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CB 06 HCCne~OBaHHH HOHH3aTopa fieHHHHra B MarHHTHOM 

none 75 KFc npu noTenuuane auo~uoro 3neKTpo~a 8 KB. 
llpH 3TOM 3HeprHB HOHOB OKa3anacb paBHOH 2 K3B, qeMy 

cooTBeTCTByeT pa~uanbuoe na~euue noTenuuana 6 KB. 
fipH DnOTHOCTH aTOMOB B nyqKe 5,4 • 1010

am./c.M
3 

nonyqeu 

HOHHbiH TOK 60 .MKA. 3TH pe3ynbTaTbl UO~TBep)l(~aiOT 

~aHHble, nonyqeHHble aBTOpaMH, ~ qaCTHOCTH MOHOTOHHbiH 

pOCT 3~eKTHBHOCTH HOHH3aUHH C HaDpB)I(eHHOCTbiO Mar

HHTHOrO UOnB. 

Jlumepamypa 

1. EpayH Jl. u Op. llo/I.RpU3UtiUJI HYK/IOH06 ' M., roc
aiiiO.MU30alll, 1962, Clllp. 60. 

2. Pierce J.R. Theory and Designs of Electron Beams, 
N.Y., 1954. 

3. Glavish H.F. Nucl.lnstr. and Meth., 1968, 65, p. 1. 
4. Helmer J.C., Jepsen R.L. Proc. IRE, 1961,19, 

p. 1920. 
5. PLA Ann.Progr.Report, 1965, RHEL/Rll2, p.l2. 
6. llAuc JO.A., CopoKo Jl.M. )f(TtiJ, 1969, 39, c.1622. 
7. llAuc JO.A., CopoKo Jl.M. OHJIH, P9-4653, ,ll.y6Ha, 

1969. 
8. Kruger A. e.a. Nucl.lnstr. and Meth., 1976, 138, 

p. 201. 

16 

PyKonuc& nocmynu/la 6 U30ame/lbCKuii OlllOe/1 
2 rjJe6pa/I.R 1977 zooa. 

-------------------------.. 


