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BnuRHHe pacnpeaeneHHH nnoTHOCTH 3MHCCHH Karoaa Ha xapaKrep 

lTOTOKB B CHnbHOTOqHOH 3neKTpOHHOH ITYWK€ 

PaccMaTpusaeTCR snHHHHe asyx suaos aasucnMOCTH nnoTHOCTH 3MHCCHH 

OT HB!TpR>K€HHOCT!I aneKTpHqecKoro ITOnR HB lTOBepXHOCT!I 3Ml!TTepa CHnbHO- : 

TOqHcll aneKTpOHHOli rrywKH (aaKOH illoTTKH H aaKOH '3/2") Ha Bbi6op ¢opMbi I 
MepH0HOHBnbHOro CeqeHHR 3TOrO 3MHTTepa npH ycnOBHIT naMHHapHOCTH lTOTOKa' 

3neKTpOHOB, naH lTpHMep pacqeTa aneKTpOHHOH ITYWKH C 6nH3KHM K naMHHBp

HOMy ITOTOKOM B !TpearronOlKEHHH CITpaBe;JnHBOCTf'! 3BKOHB illOTTKf'!, npHBeaeHbl 

peaynbTBTW pacqeTOB H3MeHeHHH B XapaKTepe naMHHBpHOrO ITOTOKB, B03HH

KBIOIUHX !TpH H3M€HeHHH rrapaMeTpOB 3TOH nyWKH Ha HB!TpR)!(EHHe 500 KB H 

TOK 250 A. 

Pa6ora BbiiTOnHeHa B fla6oparopl!H HeiirpoHHOH <jlH3l!KH 0~15111. 

Coo6we&Be 06-.eJl)IHeHHoro BHCTBTYT& aJlepHWX BCCne.llOB&HHii. ,l).y6Ha 1977 

Matora I.M., Merkulov L.A. 

Effect of Density Distribution of Cathode 
Emission on the Flux Character in a 
Strongcurrent Electron Gun 

P9 - 10795 

The effect of two kinds of a dependence of the emis
sion density from the electric field voltage on the 
emitter surface of a strongcurrent electron gun (the 
Schottky law and the "3/2" law) is considered upon the 
choice of a form for the meridional cross section of this 
emitter at the condition of electron flux laminarity. 
A calculation example is given for an electron gun with 
close to laminar flow assuming the validity of the 
Schottky law. The results of calculation of varying the 
laminar flux character are given ~hich appears when vary
ing parameters of the gun at the voltage 500 kV and 
current 250 A. 

The investigation has been performed at the 
Neutron Physics Laboratory, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 
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BeeoeHue 

/1-41 
B 6biJia pa3BHTa TeOpHH H OIIHCaHa MeTO)J.HKa, C 

IIOMOJ..QblO KOTOpOH )J.JIH 3a)J.aHHOH OIITHl.leCKOH CXeMbl OCe

CHMMeTpH'-IHOH 3JieKTpOHHOH IIYWKH C yl.leTOM rrapaMeTpOB 

IIYl.IKa MO:>KHO paCC'-IHTa Tb Ha 3BM TaKyiO 4JopMy IIOBepx

HOCTH 3MHTTepa, IlpH KOTOpOH IIY'-IOK Ha BbiXO)J.e 6y.n.eT 

6nu30K K naMHHapuoMy. TaM :>Ke 6biJI rrpHBe.n.eu pacl.leT 

3KCIIepHMeHTaJibHOH CHJibHOTO'-I~OH 3JieKTpOHHOH IIYWKH 

33ll- 2 C JiaMHHapHbiM IIOTOKOM 
31 

)J.JIH JIHHeHHOrO HH.IJ.YK

u.aouuoro ycKopHTeJIH JIHY- 30/25015
-

7! coopy:>KaeMoro B 

Jia6opaTOPHH ueii:TpouuoH: liJHJHKH OHJIH. 
B 3THX caMocornacoBaHHhiX pacl.leTax rrpe.n.rronaranocL, 

'-ITO Ha IIOBepXHOCTH 3MHTTepa IIJIOTHOCTb 3MHCCHH OIIHCbi

BaeTCH JaKOHOM "3/2": 

. A E3/2 J = • . 

r.n.e A - K03~HU.HeHT rrporropu.uouaJILHOCTH, E - uarrpH:>Keu

HOCTL 3JieKTpH'-IeCKOrO IIOJIH B6JIH3H IIOBepXHOCTH 3MHTTepa. 

Ha OCHOBaHHH cepHH pacl.leTOB CTaJIO HCHO, '-ITO rryTeM 

IIO)J.60pa KOHliJHrypaU.HH 3JieKTPO.D.OB IIyWKH MO:>KHO O)J.HOBpe

MeHHO C 4JopMHpOBaHHeM JiaMHHapHOrO IIOTOKa yBeJIH'-IHBaTb 

HaiipH:>KeHHOCTb 3JieKTpH'-IeCKOrO IIOJIH y IIOBepXHOCTH 3MHT

Tepa, )J.OBO)J.H ee jc yl.leTOM 06'beMHOrO Jap.R.n.a/ )J.O )J.eCHTKOB 

KB/cM rrpu aHO.IJ.HhlX uarrpH:>KeHHHX B COTHH KB/cM. ma6Auf#y/: 
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r [ CM] E [ KB/cM] 

0 38,6 
0,5 38,5 
1,0 38,1 
1,5 38,1 
2,0 38,6 
2,5 39,6 
3,0 40,4 
3,5 40,9 

B 3THx ycnoouJix pacnpe.n;eneuue nnoTHOCTH 3MHCCHH OT 
HanpR:>KeHHOCTH 3ReKTpuqeCKOrO DORJI Ha DOBepXHOCTH 3MHT
Tepa ,ll;OJI:>KHO DO,n;qHHJITbCJI 3aKOHY lliOTTKH. 

Bo H36e:>KaHue cyll.{ecToeuuoro ucKa:>KeHHR xapaKTepa 
DOTOKa 3a cqeT H3MeHeHHJI 3aKOHa pacnpe,n;eJieHHJI DJIOTHO
CTH 3MHCCHH OT E Mbl o6ecneqHJIH B paccquTaHHbiX HaMH 
DYWKaX MHHHMaJibHO B03MO:>KHbiH nepena,n; HaDpR:>KeHHOCTe:ii 
3JieKTpuqecKoro nonR Ha_nooepxuocTu 3MHTTepa. O.n;HaKo 
cne.n;ooano npooepHTb uenocpe.n;cTBeHHbiM pacqeToM, ua
CKOJibKO <lJopMbl DOBepXHOCTH 3MHTTepa, BbJqucneHHble B 
Dpe,D;DOJIO:>KeHHH cnpaBe,D;JIHBOCTH 3aKOHa "3/2" H 3aKOHa 
llloTTKH, oTnuqaJOTCR .n;pyr OT .n;pyra. Cne.n;ooano TaK:>Ke 
npoBepHTb, KaK H3MeHHTCJI xapaKTep DOTOKa B DYWKe C 
3MHTTepoM, <lJopMa KoToporo Bblqucneua npu ycnoouu cnpa
Be,D;JIHBOCTH 3aKOHa lliOTTKH, ecnH DOCJie 3TOrO DO,D;qHHHTb 
pacnpe,n;eJieHHe DROTHOCTH 3MHCCHH C KaTO,D;a 3aKOHy "3/2". 
PeJyJII>TaTbl TaKo:ii npooepKH HJJiararoTcJI HH:>Ke /§1/. 

B .n;ononueuue K paccquTaHHOMY B 121 nooe.n;euuro 3neKT
pOHHOrO nyqKa B DYWKe C 3MHTTepoM, $opMa KOTOporo 
COOTBeTCTByeT pacnpe,n;eneHHIO DJIOTHOCTH 3MHCCHH DO 3a
KOHY "3/2", paccquTaHo u npuoo.n;HTCR B §2 nooe.n;euue no
TOKa o nywKe c 3MHTTepoM, <lJopMa KOToporo onpe.n;eneua 
B npe,n;nono:>KeHHH cnpaBe,D;JIHBOCTH pacnpe,n;eJieHHJI lliOTTKH. 

§I. Pe3yAbllrambr cpa6HeHUJI 

K /1/ u 

aK OTMeqaJIOCb B , ,D;eHCTBHTenbHOe ,ll;BH:>KeHHe 3neKT-
pOHOB B OCeCHMMeTpHqHbJX 3ReKTpOHHbiX DYWKaX DpH Hanuquu 
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y,n;ep:>KHBaiOII.{ero MarHHTHOrO DORJI C e,D;HHCTBeHHOH COCTao
RJIIOII.{eH oeKTopuoro noTeuuuana Are /. 0 ue RBnReTcJI nnoc
KHM, TaK KaK DOMHMO H3MeHeHHH pa,n;uyca DpOHCXO,Il;HT H 
a3HMyTani>Hoe nepeMell.{euue Ka:>K,n;oro 3neKTpoua. 

O,n;HaKo xo.n; TpaeKTopu:ii Mbl 6y.n;eM ycnoouo H3o6pa:>KaTb 
B e,D;HHCTBeHHOH MepH,D;HOHanbHOH DROCKOCTH cp= COllSt=O ,qTo 
u HMeeT MeCTo ua puc. Ja, r.n;e npuoe.n;eua onTuqecKaJI 
CXeMa H H306pa:>KeH XO,Il; HeCKORbKHX pa,n;uanbHbiX TpaeKTOpHH 
B 33ll-2 npH 3HeprHH 3neKTpOHOB Ha BbiXO,D;e 500 K3B 
I Vo = 500 K3B/ u ToKe 10 = 250 A. 3.n;ecb B MacwTa6e 
.n;aua cxeMa nywKH c .n;HaMeTpoM 3MHTTepa 7 eM. PacqeTbl 
npo.n;enaHbi TaK:>Ke u ,n;nR .n;uaMeTpa 3MHTTepa 5 CM npu Tex 
:>Ke V0 = 500 KB, 10 = 250 A u Ja3ope Me:>K,n;y KaTo.n;oM u 
auo.n;oM L =5,5 eM. CxeMa o 3TOM cnyqae auanoruqua. 

7. 
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Puc. 1. 3AeKmpoHHo- onmu'lecKaJI cxeMa 3KcnepuMeHmaAb
HOU 3AeK1!rpoHHou nywKu 33II- 2 /a/, pacnpeoeAeHue nAom
Hocmu moKa 6 Heu no ce'leHwo /6/ Ha 6brxooe npu HOMu
HaAbHbrx napaMellpax u npoeKl#UJI f/Ja3060ZO o6'beMa ny'IKa 
/6/. /Kpu6aJI 1 - 6 CAy'lae cnpa6e0AU60CIIU 3QKOHa molllllK·u, 
KpU6QJI 2 - 6 CAy'lae cnpa6eOAU60CIIU 3QKOHa "3/2", r U 
z 6 eM; j 6 A/cM2 /. 1 - 3MUIIIIep, 2 - Ka11oo, 3 - aHoO, 
4 - (JoKycupyiOiqUU COAeHOUO. 
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Ha puc. 1a HJo6pa:>KeHbi .KOHTYPhi MepHJJ.HOHaJILHoro 

Ce'leHH11 3MHTTepa .KaTOJ].a H nouepXHOCTeH J].pyrHX 3Jie.KTpo

)l.OB nyW.KH. <l»opMa .KOHTypa 3MHTTepa )].aHa )l.JIJI CJiyqag 

cnpaBe.IJ.JIHBOCTH Ja.KoHa IlloTT.KH. PaJHHU.Y B MacwTa6e 

H306pa:>KeHH11 Me:>K)l.y 3TOH 4JopMOH H Bbi'IHCJieHHOH npH pac

npeJ].eJieHHH 3MHCCHH no Ja.KOHY "3/2" 3aMeTHTb HeJib311, 

OHH npa.KTH'IeC.KH couna)l.aJOT /puc. 2/, BCJieJ].cTBHe qero 

o6a .KaTO)l.a )l.OJI)I(Hbl o6ecne'IHBaTb noTO.K, 6JIH3.KHH .K JiaMH

HapHOMY )l.JIJI 060HX pacnpe,IJ,eJieHHH nJIOTHOCTH 3MHCCHH. 

)J;pyrHe napaMeTpbi nyW.KH B 3THX pac'leTaX: MHHHMaJib

HOe paccTOJIHHe Me:>KJJ.Y .Ka TOJJ.OM 2 H aHOJJ.OM 3 I nyH.KTHP 

Ha puc. 1a/ paBHo 5,5 c.M, Ha'laJILHa11 npoHJBOJJ.Hax orH6aJO

IIJ.eil ny'I.Ka r ~ = -0,001. ConeHOHJl. 4 coJJ].aeT He3.KpaHH

pyeMoe MarHHTHoe $o.KycHpyJOIIJ.ee none Ho , .KoTopoe JJ.JIJI 

HOMHHaJILHbiX napaMeTpoB nyw.KH I I0 H V 0 I B Ma.KCHMyMe 

/U.eHTpe CHMMeTpHH COJieHOHJJ.a/ Ha OCH paBHO 474 3, 'ITO 

COOTBeTCTByeT BeJIH'IHHe MarHHTHOrO nOJIJI H = 15,5 3 Ha 

nouepXHOCTH .KaTOJ].a B TO'I.Ke r0 = 3,5 C.M. 

1 

3.5 f H Z B CM 

3.0 

2.5 

2D 

1.5 

1.0 
-------· 2 

0.5 

z 
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 

Puc. 2. MepuouoHa/lbHbte ce~eHUJI 3MU111111epoe, C0300K>IJ4UX 
/IOMUHapHbiU n01110K. 1 - 30KOH mo111111KU; 2 - 30KOH "3/2". 
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Henocpe.IJ.CTBeHHbiH pac'!eT noBe.IJ.eHH11 xapa.KTepa noTo.Ka 

B nyw.Ke c 3MHTTepoM, pacc'IHTaHHbiM JJ.JI11 Ja.KoHa IlloTT.KH, 

6biJI npoJ].eJiaH B 060HX npe)l.nOJIO:>KeHHJIX, H O.Ka3aJIOCb 

I puc. 16 H 1 e/, 'ITO 3MHTTaHc B o6oHx cnyqaxx paueH HYJIJO 

/pa3yMeeTCJI, B npeHe6pe:>KeHHH TenJIOBbiMH Ha'laJibHbiMH 

C.KOpOCT11MH 3Jie.KTpOHOB/, a paBHOnJIOTHOCTb ny'I.KOB, TalC 

:>Ke .Ka.K H JIHHeHHOCTb JaBHCHMOCTH r '(r) Ha BbiXO)l.e H3 

nyw.KH, H .IJ.JIJI Ja.KoHa IlloTT.KH /no .KOTopoMy pacc'IHTaHa 

4JopMa 3MHTTepa/, H JJ.JIJI Ja.KoHa "3/2" YJJ.OBJieTBopHTeJILHbi. 

AHanorH'IHLie peJyJILTaTbi 6biJIH nony'leHLI Ta.K:>Ke H JJ.JI11 

)l.HaMeTpa 3MHTTepa 5 CM. 

§2. JloeeOeHUe IIOMUHapHOZO ny~Ka 3/leK111POHHOU 
nywKu, e Komopoii ¢op.Ma Kamooa pacc~umaHa 
e coomeemcmeuu c pacnpeOelleHue.M n11omHocmu 
3MUCCUU no 30KOHY mo111111KU 

12 I 
Ka.K H B · , Mbl uapbupoBaJIH 3Ha'leHH11 OTJJ.eJILHbiX 

napaMeTpOB nyW.KH /npH OCTaJibHbiX HOMHHaJibHbiX/: aMn

JIHTYJl.Y Hanpx:>KeHHJI V , TO.K I H BeJIH'IHHY H - H pacc'IH

TbiBanu npH 3TOM xapa.KTep noTo.Ka. Pac'!eTLI npoBOJJ.HJIHCb 

JJ.JIJI J].HaMeTpoB 3MHTTepa 7 H 5 c.M. BBHJJ.Y aHanorH'IHOCTH 

pe3yJILTaTOB npHBO)l.HM pe3yJibTaTbi JIHWb )l.JIJI )l.HaMeTpa 

7 c.M. Ha puc. 3 HJo6pa:>KeHLI .KpHBLie pacnpe)l.eJieHHJI nnoT

HOCTH TO.Ka j no pa)l.HyCy npH 0,9::. { ::; 1,2; Ha 
0 

pUC. 4 - Te :>Ke JaBHCHMOCTH npH 0,8 ~ _I~ ~ 1,1 H Ha 

puc. 5- npH 0,8_s ~- _:: 1,1. 
0 

Io 

Bee 3TH peJyJILTaTbi no.IJ.TBep:>KJJ.aJOT cywecTBOBaHHe JJ.O-

CTaTO'IHO wupo.Koro JJ.HanaJoHa H3MeHeHH11 V , I H H B o.K

pecTHOCTH HX HOMHHaJibHbiX 3Ha'leHHH, r)l.e JiaMHHapHbiH 

xapa.KTep nOTO.Ka He HapywaeTCJI, aHaJIOrH'IHO TOMY, .Ka.K 

3TO 6biJIO H B / 2 / 

libiJIH Ta.K:>Ke pacc'IHTaHbi H3MeHeHH11 B xapa.KTepe noTo.Ka 

npH O)l.HOBpeMeHHOM H3MeHeHHH I H V, CB113aHHbiX Me:>K)l.y 

co6oH: Ja.KOHOM IlloTT.KH. PeJyJILTaTbi JJ.aJOTC11 Ha puc. 6. 
3aMeTHM B Ja.KJIIO'IeHHe, 'ITO TalC :>Ke, .Ka.K H B/2/, He

CMOTp11 Ha npH6JIH:>KeHHbiH xapa.KTep pacqeTOB no npH'IHHe 
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Puc. 3. liA0111HOC1flb moKa Ha 6blxooe U3 33II-2 npu U3MeHe
~uu ~I r 6 eM; J 6 ~/cM2 /. 1. ~IVu = 1,2; 2.VIVo = 
- 1,1, 3. VIV0 -0,95, 4. VIV0 -O,Y. 
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Puc. 4. liA0111HOC111b moKa Ha 6b1Xooe U3 33II-2 npu U3MeHe
HUU I· jr 6 eM; j 6 A/cM2 /. 1. IIIo =0,8; 2. III 0 = 
= 0,9; 3. III 0 =1 ,05; 4. III 0 =1 ,1. 
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Puc. 5. liA0111Hocmb moKa Ha 6b1Xooe u3 33II-2 npu U3MeHe
Huu H. I r 6 eM; j 6 A/eM 2 /. 1. HIHo =0,8; 2. HIH o = 
= 0,9; 3. HIH0 =1,05; 4. HIH0 =1,1. 
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Puc. 6. liA0111HOC1flb moKa Ha 6blxooe U3 33II-2 npu U3MeHe
Huu v u I no 3aKOHY HlommKu. jr 6 eM; j 6 A/cM2 /. 
1. I =269,3 A; V = 600 KB. 2. I = 259,7 A; V = 550 KB. 
3. I= 244,9 A; V = 475 KB. 4. I = 240,2 A; V = 450 KB. 
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B03HHKHOBeHHB CyiQeCTBeHHOH HepaBHOllJIOTHOCTH H ,IJ;a)f(e 

nepece'leHHH TpaeKTOpHH B llOTOKe, pe3yJibTaTbl 3TH 6nH3KH 

K HCTHHe, TaK KaK nepeCe'leHHB HMeiOT MeCTO JIHWb B He

llOCpe,IJ;CTBeHHOH 6JIH30CTH K BbiXO,IJ;y H3 llYWKH, aHa 60JibWeii 

'laCTH nyTH HMeeT MeCTO ynopB,IJ;O'IeHHOCTb Be epa TpaeKTO

PHD. 
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