


3neKTpOHH~e ny4KH WHPOKO HCnOnb3Y~TCR B 3neKTPOHH~X npH6opax, 
ycKopHTenRx aapRmeHH~x 4aCTH4, ycTaHoeKax AnR cTpyKTYPHOH o6pa-
6oTKH, Tennoeoro Harpeea, ceapKH H nnaBKH MeTannoe e eaKyyMe 11 •2: 

B nocneAHee epeMR 6onbwoe BHHMaHHe YAenReTCR noeepxHOCTHOH MecT
HOH aaKanKe paanH4H~x MeTannoe, 3~~eKT KOTopoH aaKn~4aeTCR 
B 6~CTPOM H KpaTKOBpeMeHHOM paaorpeee noeepXHOCTH C HCnOnb30-
BaHHeM 3neKTpOHH~X ny4KOB/3,4~ AnR 3aKanHBaHHR MeTannoB, HMe~
~HX pa3nH4Hy~ TeMnepaTypy nnaeneHHR, Ha OAHOH H TO~ me YCTaHoe
Ke menaTenbHO nnaBHO H3MeHRTb M~HOCTb 3neKTPOHHOrO ny4Ka.B AaH
HOH pa6oTe npHBeAeH aHanH3 H CHHTe3 HCT04HHKa 3neKTPOHHOrO ny4Ka, 
B KOHCTPYK4HH KOTOporo npHMeHeH OTpamaTenbH~H 3neKTPOA, nOAo6H~H 

3neKTPOAY B OTpamaTenbHOM KnHCTpOHe 11 ~ n03BOnR~HH perynHpOBaTb 
TOK ny4Ka. 3aAa4a aHanH3a HCT04HHKa 3neKTpOHHOrO ny4Ka CBOAHTCR 
K pac4eTy 3neKTpOMarHHTHOrO nonR H TpaeKTOPHH 3neKTPOHOB B HeM 
npH 3aAaHH~X rpaHH4H~X H Ha4anbH~X ycnoBHRX, TO eCTb K 4HcneH
HOMY peweHH~ COOTBeTCTBY~HX AH~epeH4HanbH~X ypaeHeHHH. npH 
peweHHH 3aAa4H CHHTe3a onpeAenReTCR TaKOH Ha6op HCXOAH~X napa
MeTpOB HCT04HHKa 3neKTPOHHOrO ny4Ka, KOTOp~H 6~ YAOBfleTBOpRn 
C 3aAaHHOH T04HOCTb~ Tpe6oeaHHRM, npeAbRBnReM~M K 3neKTpOHHOMY 
ny4Ky. 

3neKTPOMarHHTHaR CHCTeMa paCCMaTpHBaeMoro HCT04HHKa CXeMaTH-
4eCKH noKa3aHa Ha PHC.1. 0Ha COCTOHT H3 HaKanHBaeMoro AO 2000 K 
KaToAa /1/ c 3neKTPH4eCKHM noTeH4HanoM -150,0 KB, oTpama~~ero 
3neKTPOAa /2/ c noTeH4HanoM -150,5 KB, ABYX aHOAOB /3,4/ c no
TeH4HanaMH ua1 = -1 00,0 KB, ua2 = 0 B H MarHHTHOH ~OKYCHpy~eH 
CHCTeM~ /5/. 3MHTTHPY~~aR noeepXHOCTb KaTOAa n03BOnReT nony4HTb 
cyMMdiJHbl~ IUK 5,U ;·,. MHU.4bt ttbll111 ntta.ue n ~u".7\..~'t-'.1.VI .:;.,~~i~-;-~c;;;.,; 
B 4HnHHAPH4eCKHH ny40K C TOKOM 2,5 A, a coneHOHA ocy~eCTBnReT 
AononHHTenbHY~ ~OKYCHPOBKY H cmaTHe ny4Ka. Bee nepe4HcneHH~e 
3neMeHT~ HMe~T aKCHanbHy~ CHMMeTpH~. Aanee 6yAeM nonbaoeaTbCR 
4HnHHAPH4eCKOH CHCTeMOH KOOPAHHaT r , ¢ , Z, OCb Z KOTOPOH coe
naAaeT C OCb~ CHMMeTpHH 3neKTPOAOB H coneHOHAa. 0CHOBHOe Tpe6o
BaHHe K H3o6pameHHOH Ha PHC.1 CHCTeMe COCTOHT B TOM, 4To6~ 
3neKTPOH~, 3MHTTHPOBaHH~e C neBOH CTOpOH~ KaTOAa, AaBaflH BKnaA 
B TOK ny4Ka, OTpa~aRCb OT 3neKTPOAa /2/. 

PHc.l. CxeMa 3neKTPOMarHHTHOH 
CHCTeMhl: ) - KaTo~; 2 - OTpa
JKaiODUiH 3neKTpo~; 3 - nepBbiH 
aHo~; 4 - BTopofi aHo~; 5 -
coneHo~; 6 - TpaeKTOpHH 3neKT
poHoB. 

AnR aHanHaa H CHHTeaa HCT04HHKa 3neKTpoHoe npoeeAeM 4HCneH
H~H 3KCnepHMeHT, TO eCTb paCC4HTaeM TpaeKTOPHH 3neKTpOHOB, B~

neTa~HX C pa3nH4H~X 4aCTeH KaTOAa, npH pa3H~X KOH~Hrypa4HRX 
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3neKTPOAOB H noTeH~Hanax Ha HHX. OcTaHOBHMC~ noApo6Hee Ha pac-
4eTaX noneH H TpaeKTOPH~. ... 

Hanp~meHHOCTb 3neKTPH4ecKoro ... non~ E onpeAen~eTcR no <t>opMyne 

E = -gradU /1/ 
nocne peweHH~ ypaeHeHH~ nannaca An~ 3neKTPH4ecKoro noTeH~Hana 
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c saAaHH~MH rpaHH4H~MH ycnoeH~MH. YpaeHeHHe /2/ annpoKCHMHpyeT
c~ pa3HOCTHOH cxeMOH BTOporo nop~AKa. nony4eHHa~ CHCTeMa pas
HOCTH~X ypaeHeHHH pewaeTC~ MeTOAOM eepxHeH penaKca~HH, KOTOp~H 

H3BecTeH KaK 3KCTpanonR~HOHH~H MeTOA nH6MaHa 15"71 . B AaHHOM 
cny4ae 3TOT MeTOA Tpe6yeT nocTpoeHH~ np~MoyronbHOH ceTKH /war 
KOTOPOH no OC~M 3aAaeTC~ B Ka4eCTBe HCXOAH~X AaHH~X/ H 3aMeH~ 
AH$$epeH~HanbHbiX ypaeHeHHH B 4aCTH~X npoH3BOAH~X npH6nH>KeHH~MH 
pa3HOCTH~MH ypaBHeHH~MH An~ Ka>KAOH ysnoBOH T04KH CeTKH. 

PeweHH~ oT~CKHBa~Tcn BHYTPH o6nacTH, orpaHH4eHHOH npocT~MH 
3aMKHYT~MH KPHB~MH, KOTOp~e 3aAa~T B BHAe KOOPAHHaT COBOKynHo
CTH T04eK Ka>KAOH OTAenbHOH KPHBOH. CoceAHHe T04KH COeAHH~~T np~
M~MH nHHH~MH. Ha np~M~x H3BeCTHo nH6o 3Ha4eHHe noTeH~Hana, nH6o 
HOpManbHa~ K rpaHH~e o6naCTH npOH3BOAHa~ nOTeH~Hana. noHCK pe
weHH~ HOCHT HTepaTHBH~H XapaKTep H npeKpa~aeTCR npH AOCTH>KeHHH 
3aAaHHOH T04HOCTH. 3ToT anropHTM peweHH~ YfeaeHeHH~ /2/ peanH
soeaH e nporpaMMe ELLIPT Ha R3~Ke tlJopTpaH 6•71, KOTOPOH M~ H eoc
nonbsoeanHcb npH pac4eTaX Ha 63CM-6 B na6opaTOPHH B~4HCnHTenb
HOH TeXHHKH H aeToMaTH3a~HH OH~H. B pesynbTaTe nony4HnH eenH4HHY 
noTeHUHana u B Y3nax no~MovronhHOLA R nnnrwnrTIA "' r<>TVOA 

oxeaTbiBa~~eH nonepe4Hoe ce4eHHe 3neKTPOAOB. An~ aHanHsa nony-
4eHHoro peweHH~ HCnonb30BanH AHCnneHHY~ CTaHUH~/8/ KOTOpa~ no-

' 3BOn~eT Ha 3KpaHe AHCnne~ B~CBe4HBaTb nHHHH paBHOrO noTeHUHana, 
rpa$HKH noTeHuHana H 3neKTPH4ecKoro nonn e ce4eHH~x, napannenb
H~x OC~M KOOPAHHaT. 4aCTH~e npOH3BOAH~e B ypaeHeHHH /1/ paCC4H
T~BanHCb e ysnax ceTKH npH6nH>KeHHO cornacHo ypaeHeHH~M 

Er (r, z) 

E z (r, z) 

U (r- Ar, z) - U ( r + Ar,z) 

2· ~r 

U(r, z -~z)- U(r, z +~Z) 

2-~z 

E<P(r, z) = 0 , 

/3/ 

, Z - KOOPAHHaTbl ysnoe CeTKH, ~r H ~Z - paCCTO~HH~ Me>KAY 
ysnaMH CeTKH no OC~M f H Z COOTBeTCTBeHHO. 

HHAYKLIH~ MarHHTHoro non~ coneHOHAa B onpeAenneTcn H3 cne
AY~ero e~pa>KeHH~/91: 
... ~ ... 
B(r, z) = -

2
° ( J(r', z') G(r, z, r', z') dr'dz ', /4/ 
" s' 

rAe ~ 0 - MarHHTHa~ npoHHuaeMOCTb eaKyyMa; s' - nonepe4Hoe ce4e
HHe COneHOHAa; J(r',z')- nnoTHOCTb TOKa; 

2 

_, 

J 

z - z' r 2 + r' 2 + (z- z ') 2 
--============-[-K(x) + E(x)), 'G<P=O, 

(r - r ')2 + (z - z') 2 2 2 
r v (r + r ') + (z - z') 

1 [ K(x) 

v (r + r') 2 + (z - z') 2 

r2-r'2 +(Z- z') 2 

(r- r') 2 + (z - z ') 2 
E (x)) . 

3AeCb K(x), E (x) - 3nnHnTH4eCKHe HHTerpan~ nepeoro H BToporo 
pOAa COOTBeTCTBeHHO, X= 4rr'/ ( (r + r') 2 + (z- z') 2 ). npH pac4eTaX 
HHTerpHpOBaHHe 3aMeH~eTC~ CYMMHPOBaHHeM, a T04HOCTb onpeAen~eTC~ 
eenH4HHaMH dr' H dz'. 

OnpeAenHB non~ E H B. HHTerpHpyeM ypaeHeHH~ ABH>KeHH~ nopeHua 
dmv ... ... ... ciX ... 
- = q(E + v X B), - = v /5/ 

dt dt 
MeTOAOM PyHre-KyTTa H onpeAen~eM TpaeKTOPHH KpynH~x 4aCTHLI. 
B Ka4ecTee Ha4anbH~x ycnoeHH BBOA~Tc~ $HKCHpoeaHHoe nono>KeHHe 
Ha4ana TpaeKTOPHH H Ha4anbHa~ cKopocTb KpynHOH 4aCTHLI~· An~ 
3neKTPOHOB 3a Ha4ano TpaeKTOpHH npHHHMaeTC~ ce4eHHe, nepneHAH
Kyn~pHoe OCH z, Ce4eHHe pa3Aen~eM Ha HeCKOnbKO paBH~X CeKUHH, 
npeAnOnara~, 4TO Bee TpaeKTOpHH 3neKTpOHOB, B~XOA~~HX H3 CeK
~HH noA06H~ H o6pasy~T Tpy6Ky TOKa. Aanee Tpy6Ky ToKa 6yAeM 
pac~MaTpHBaTb KaK KpynHy~ 4aCTHLIY C 3aPRAOM q H MaCCOH rn. Penn
THBHCTCKOe ypaeHeHHe /5/ sanHWeM ~ nepeMeHH~X t, r, s, z, 
r• s" z" 'r S "z rAe S = r .J. - nHHeHHaR CKOPOCTb, C KOTOPOH 

' ' ' ' ' , \{J 
KpynHaR 4aCTH~a ABH>KeTCR no OKPY>~HOCTH, T04Ka HaA 6yKBOH 03Ha-
4aeT AH$$epeHUHPOBaHHe no BpeMeHH t, 

. ~ 
• 2 • • • • s 

-r )F -rsF.J.- rzFz) +-r ~ r 
1 

r = ~[(c 
mo Y 

.. 1 .. . . rs 
s = ---[-sr.F 

moc2y 
szFz)--, 

r !6! 
.. 1 . '! . . 2 • 2 ] 
z =--[-zrFr-zsF<P+(c -z )Fz 

mcf2Y 

r = dr/dt; ~ = rd<P/ dt; ~ = dz/dt. 

3AeCb m0c2 - 3HeprH~ nOKOR KpynHOH 4aCTH~~. C- CKOpOCTb CBeTa 
B BaKyyMe, 

F = q(E + s B - zB.J.), 
·l r z ~ 

F = q(E + rB.J.- sB ), 
z z ~ r 

npH 4HCneHHOM peweHHH CHCTeMbl /6/ B n~60H MOMeHT BpeMeHH nony-
4HM KOOPAHHaT~ H CKOPOCTH KpynH~X 4aCTHI..I. PesynbTaT pac4eTa npH 
pa3H~X nono>KeHH~X 3neKTPOAOB H pa3nH4H~X noTeHUHanax Ha HHX B~

BOAHnC~ Ha ne4aTb B BHAe rpa$HKa TpaeKTOPHH KpynH~X 4aCTHU; 3Ta 
npoueAypa noeTopnnacb AO Tex nop, noKa TpaeKTOPHH He Ha4HHanH 
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COOTBeTCTaoeaTb 3anHpaHH~ 4aCTH 3neKTPOHHOrO ny4Ka B CHCTeMe 
B npeAenax 3aAaHHOH T04HOCTH. 

Ha OCHOBe aHanH3a H CHHTeaa, npoBeAeHH~X no YKa3aHHOH B~We 
MeTOAHKe, M~ OCTaHOBHnHCb Ha ~OpMe 3neKTPOAOB, coneHOHAa H Tpa
eKTOPHH KpynH~X 4aCTH~, noKaaaHH~X Ha PHC.1. Ha PHCYHKa BHAHO, 
4TO 4aCTH~a, B~eTa~aR C neeo~ CTeHKH KaTOAa, npoXOAHT 4epe3 
3neKTpOMarHHTHY~ CHCTeMy H ~OKYCHpyeTCR. npOXO*AeHHe 3TOH Kpyn
HOH 4acTH~~ AaeT npaeo yTeep*AaTb, 4TO MO~Ho 3~eKTHBHO Hcnonb
aoeaTb BC~ 3MHTTHPY~Y~ noeepXHOCTb KaTOAa. Ha PHC.2 noKa3aHo, 
4TO ecnH OTOABHHYTb KaTOA Ha paCCTORHHe 2 MM, TO 3neKTPOH~ C ne
BOH noeepXHOCTH KaTOAa 3anHpa~TCR, a ~OKYCHpOBKa OCTaBWerOCR 
ny4Ka He HapywaeTCR. TeM CaM~M M~ yMeHbWaeM HHTeHCHBHOCTb ny4Ka 
npHMepHo e ABa paaa. AHanHa noKaaan, 4TO TaKoH ~e 3~eKT nony-
4aeTCR npH H3MeHeHHH noTeH~Hana OTpa~a~ero 3neKTPOAa OT -150,5 
AO -151,0 KB. 

PHc.2. CxeMa aanHp~eA anexT
poMarHHTHoA CHCTeMhl: o6oaHaqe
HHH 1-6 HMe~T TOT ~e CMhlCn, 
qTQ H Ha pHC,l, 7- TpaeKTO
pHH anexTpoHa B cnyqae aanH
paHHH. 

B aaKn~4eHHe aeTop~ e~pa~a~T 6naroAaPHOCTb H.H.6anan~KHHY, 

3 . A. nepenbwTeiAHy 3a none~Hble o6cy::~AeHI1R 11 aKTI>!BHY!O noA.QePl!!KY 
3TOH pa6oT~, A.A . Kapnoey H T .~.CMonRKoeo~ aa nOMOIJ4.b e npoee
AeHHH aHai1H3a peaynbTaToe Ha AHcnneHHOH cTaH~HH, H.~ . KaaapHHoey 

aa ~eHH~e aaMe4aHHR . 
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~epeHARes ~.C., EH4eBH4 H.6., MHxos M.K. 11-83-782 
Pac4eT HCT04HHKa 3neKTpOHHOrO ny4Ka C H3MeHReMOH HHTeHCHBHOCTb~ 

npHBeAeH peaynbTaT paC4eTa HCT04HHKa 3neKTpOHHOrO ny4Ka C H3MeHReMOH 
HHTeHCHBHOCTb~ TOKa Ha BWXOAe. TaKHe ny4KH np~nonaraeTCR HCnOnb30BaTb 
npH nosepxHOCTHOH o6pa6oTKe /aaKanKe/ MeTannos. PeweHa 3aAa4a aHanHaa 
H CHHTe3a 3neKTpOMarHHTHOH CHCTeMW HCT04HHKa Ha 38M C HCnOnb30BaHHeM 
AHCnneR. npH aHanH3e paCC4HTaHHWX 3neKTPOMarHHTHWX noneH, C03AaHHWX 3neKT
POAaMH H coneHOHAOM, pewanOCb ypaBHeHHe ABH*eHHR 3neKTpOHOB, 3MHTTHPOBaH
HWX KaTOAOM. CHHTea · /sw6op OnTHManbHWX napaMeTpOB HCT04HHKa/ OC~eCTBnRnCR 
nyTeM 4HcneHHoro 3KcnepHMeHTa. OnpeAeneHw KaK ~opMa 3neKTPQAOB, TaK H no
TeH~Hanw Ha HHX, Aa~He ny4KH 3neKTPOHOB C nonepe4HWM Ce4eHHeM Ha BWXOAe 
3 MM 2 npH TOKe 5 A.noKa3aHO, 4TO B peaynbTaTe H3MeHeHHR nono*eHHR 3MHTTH
py~ero 3neKTPOAa HnH noTeH~Hana OTPa*a~ero 3neKTPOAa MO*HO H3MeHHTb TOK 
Ha BWXOAe HCT04HHKa B ABa paaa. 

Pa6oTa BwnonHeHa B 0TAene HOBWX MeTOAOB YCKOpeHHR QH~H. 

Derendyaev Yu.S., Enchevich I.B., Mikhov M.K. 11-83-782 
Calculation of Electron Beam Source with a Variable Intensity 

Calculation on an electron beam source with a variable intensity of 
the current on the output is presented. Such beams are planned to be used 
at surface metal treatment (casehardening). The problem of analysis and 
synthesis of source electromagnetic system Is computerized with the use 
of display. When analysis is performed in calculated electromagnetic 
fields due to electrodes and s9lenoid, equation of motion for filament 
electron emission was solved. The synthesis (the choice of source optimal 
parameters) was realized by numerical experiment. The form of electrodes, 
their potentials, which produce electron beams with a cross section of 
3 mm2 on output at 5A current have been found. It is shown that the varia
tion of position of emitting electrode or of deflecting electrode potential 
could change twice the current on the source output. 

The investigation has been performed at the Department of New 
Acceleration Methods, JINR. 
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