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MpeAcTaBneHbl pe3ynbTaThbl UCCNEA0BaHWIA NO FeHepauui PaanaibHO CXOAALLErOCS 3M1EKTPOHHOIO MyyKa B UC-
TOYHMKE C MHOFOAYrOBbIM CETOYHbIM Ma3MEHHbIM 3MATTEPOM. [TPOBEAEHbI IKCMEPUMEHTBI, OPUEHTUPOBAHHbIE Ha
MOBbILLEHVE aMMINTYAbl TOKA PafuanbHO CXOASALLErocs Myyka W YBeSMYeHUs CTabUibHOCTM PaBoThbl UCTOYHMKA
(ymeHbLUEeHMe KonmyecTsa Npo6oes). MpoBeseHa cepusi KOMNEKTOPHbIX M3MEPEHUIA € UCMOMb30BAHNEM CEKLMOHUPO-
BaHHOTO KOJINIEKTOPA U3 HEPXKABEIOLLIE! CTasn 151 U3MEPEHUS NIOTHOCTM 1 pacnpefe/nieHns ToKa paguaibHO CXoas-
LLIErocs 3IEKTPOHHOTO My4Ka B Pa3/NuHbIX PeXMMaXx. Pe3ynbTathl, NOMYYEHHbIE NPU NMPOBEAEHN CEPUM KOMEKTOP-
HbIX U3MEPEHUIA, BbISBU/IM HELOCTATKM B UCMO/b3YEMOI KOH(MIYpaLym niasMeHHOro 3MUTTEPa U COCOBCTBOBANN
MPOBEAEHMIO €70 MOAEPHM3aLMK. ICnonb3oBaHMe CEKLMOHMPOBAHHOTO NOOT0 aHOAA NO3BOMNO CHU3WUTbL HEOAHO-
POLHOCTb PaaMasibHO CXOASALLEr0Cs 371EKTPOHHOIO Myyka. [MpuBeaeHbl CPAaBHEHWS pacrpeaeneHuns NAoTHOCTYU TOKa
pagmManbHO CXOASLLEr0Cs 3MIEKTPOHHOIO MyYKa NPy Pas/IMuHbIX KOH(UIypawuys naasMeHHOro aSMATTepa.

KntoueBble croBa: AyroBoii paspsg; NnasMeHHbIA IMUTTER; MO/bIA aHOA,; PaguasibHO CXOASALLMIACS 3NEKTPOHHBINA
MyYyoK; MoautMKaLWs MaTepUanos.

ELECTRON SOURCE WITH A GRID PLASMA EMITTER
FOR GENERATION OF A RADIALLY CONVERGING
ELECTRON BEAM
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The article presents the results of studies on the generation of a radially converging electron beam in a source with
a grid plasma emitter. Experiments were conducted to change the cell sizes of the emission grid in the grid plasma
emitter (0.4 * 0.4 mm and 0.14 *0.14 mm) in order to increase the amplitude of the current of the radially converging
beam while maintaining the stability of the source. The results of the experiments showed a significant increase in the
current in the accelerating gap. The dependences of the current in the accelerating gap on the accelerating voltage at
different pressures of the working gas were constructed. After processing the results, it can be said that the use of an
emission grid with a 0.4 * 0.4 mm cell is not optimal due to the deep penetration of the field from the accelerating
gap into the emission region, while the constant selection of electrons does not allow the full use of the hollow anode
effect for producing emission plasma. A series of collector measurements were performed using a sectioned stainless
steel collector to measure the density and current distribution of a radially converging electron beam at a working gas
pressure of p = 4*10-2 Pa and a beam current of Ib = 20 A. The results obtained during a series of collector
measurements revealed shortcomings in the used plasma emitter configuration and contributed to its modernization.
The arrangement of the cathode units was changed. If previously they were located 3 on each side at the ends of the
plasma emitter, then in the modernized plasma emitter they are all located on one side and spaced by 60 degrees.
Comparisons of the current density distribution of a radially converging electron beam are given for various plasma
emitter configurations.

Keywords: arc discharge; plasma emitter; hollow anode; radially converging electron beam; modification of
materials.
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BeegeHune

OfHUM ©3 HanpaBfeHWin o6paboTky no-
BEPXHOCTN MeTa//IMY4eCcKnuX U MeTansokepa-
MWYECKUX MaTepmanoB ABASETCH MOAUpUKa-
UM MOBEPXHOCTHOrO CNos MaTepuana nyu-
KOM 3/1eKTPOHOB [1, 2]. OfHaKo BO3MOXXHOCTb
MCMONb30BaHUA MNJaHapPHbIX 3NEKTPOHHbIX
NMy4yKOB CHMXaeTcH, Korga tpebyercsa o6pabo-
TaTb WU3genve UUAUHLPUYECKOW (opMmbl. B
4aCTHOCTW, CTOWUT OTMETUTbL NOABIEHWe 3P-
(heKTa reomMeTpUYecKoi TeHW, KOTOPbIA He
Nno3BoniseT 06paboTaTb HEKOTOPbIE YYaCTKM
n3gennsa LUINHAPUYECKON (hOopMbl C pasBu-
TON NOBEPXHOCTbIO (HanmpuMep, KOPOHapHble
CTEHTbI).

Lienbto faHHOW paboTbl ABNSETCA CO3ja-
HWe UCTOYHMKA, KOTOPbI/i CNOCO6GEH reHepu-
poBaTb pafuanbHO CXOAALMIACA 3NEKTPOH-
HbIA MYyYOK W MNPOBOAUTbL BCECTOPOHHIOK 06-
paboTKy U3genuii LUANHLPUYECKOR (opMbl C
YA0B/ETBOPUTE/IbHBIM Ka4eCTBOM.

OKCNepUMEHT 1 06CyXeHMe pe3y/ibTaToB
CxemMa WCTOYHMKa MpefcTaBneHa Ha
puc. 1L

Puc. 1 Cxema MCTOYHMKA 3MEKTPOHOB: 1- 3MUCCUOH-
Hast Nna3ma, 2 - YCKOPSOLWMIA NPOMEXYTOK, 3 - Mef-
KOCTPYKTYPHas SMUCCUOHHAsA CeTKa, 4 - MOMbIiA aHoA,
5 - nomKuraroLmii anekTpog, 6 - Katog, 7 - KO/ek-
Top, 8- aHopA, 9 - NnasMeHHbI amuTTep, 10 - BaKyym-
Has Kamepa

MHnymunpoBaHne AyroBoro paspsga npo-
60eM No MOBEPXHOCTM AU3NEKTPUKA B Kax-
[lOM 13 LWeCTN KaTOAHbIX Y3/10B, PACMOJI0XKeH-
HbIX Ha TOpuUax NaasMeHHOro aMuTTepa, Bbl-
MOSIHEHHOT0 B BWAE MOJIOF0 MPOTAXEHHOIO
Topounza, NPUBOAUT K 3aXKUTaHNI0 06bEMHOIO
JlyroBoro paspsifja HM3KOro [faBjieHUs B €ro
npocTtpaHcTBe. OO6LWMUM aHOLOM [yroBoro
paspsafa B NpefcTaBNeHHON CucTeMe ABNA-

IOTCA BHYTPEHHWE CTEHKW TM/1a3MEHHOIO
amuTTEpa 9, IMUCCUOHHAA CeTKa 3 W Mosblin
aHog 4. MNMocnegHuii ycTaHaBNMBaeTCA B CU-
cTemy 4yepes conpotumeneHne RHA = 250m gns
YCKOpPeHUs npouecca MepeKktyeHns 3nek-
TPOHOB B 06/1aCTb 3MUCCUOHHOM CETKMN U No-
BbILLIEHNA KOIPMULMEHTA W3BNEYEHUSA 3/EK-
TPOHOB U3 IMUTTEpA.

B nepBbIX akcnepumeHTax 6blna MCNOJb-
30BaHa 9MMUCCMOHHas CeTKa C pas3MepoMm
Aveiikn 0.4*0.4 MM, OfHAKO pe3ynbTaTbl IKC-
NMeprMeHTOB MoKasaau, 4TO NMONYYeHHbIX 3Ha-
YeHWI TOKa Ny4YKa HeJoCTaToOUYHO ANSA NpoBe-
LeHVa Moguukauum nosepxHocTu [3].

Cnabasi 3aBMCMMOCTb TOKa B YCKOPAIOLLEM
MPOMEXYTKe OT YCKOPSALWEro HarnpsxeHns
6blna 006yc/ioBNeHa CWAbHbIM MPOHUKHOBE-
HWEeM 3/1EKTPUYECKOT0 NoJif U3 YCKOPAIOLLEero
NMPOMeXYTKa BHYTPb 3MUCCMOHHOW 061acTu,
B pe3y/ibTate KOTOPOro M3 njiasmbl NMponcxo-
AW 0T6OpP ObICTPLIX 3NEKTPOHOB, 3HEPTUS
KOTOPbIX AOCTaroyHa A5 MoHM3auum pabo-
4yero rasa, M nnasma Ayrosoro paspsga He
ycrnesana HapabartbiBatbcs. CTOUT OTMETUTD,
4TO TOK B YCKOPAIOLLEM MPOMEXYTKE BO3pac-
Tan npu ysennyeHny paboyero faBneHuns, 4To
CBA3aHO C POCTOM 4KcC/ia aKTOB MOHMU3aLNN B
naasMeHHOM 3MUTTEPE U YBE/IMYEHNEM KOH-
LeHTpaLmMm SMUCCUOHHOW NNasMmbl.

Wcnonb3oBaHue 60nee MefikoW CeTKU C
Adyeiikolii 0.14*0.14 MM nO3BO/IMNO YBeU-
YNTb TOK B YCKOPAOLLLEM MPOMEXYTKE U CHU-
3UTb YMCNO Ero 3/1eKTPUYECKMX NPoboes.

MpoBefeHMe KOMNEKTOPHbLIX W3MepeHuni
npyv NOMOLLWN CEKLMOHWPOBAHHOTO KOJIJIEK-
TOpa M3 HepXaseloLw el cTanun no3soaunno 06-
HapyXuTb BbICOKYH HEOAHOPOAHOCTb MyyKa
(puc. 2a), cBA3aHHYK C I0Ka/lbHbIM 3aMblKa-
HMeM TOKa Ha KOJIeKTop, 13-3a Yero npowuc-
XOAWNO ero JIoKasibHOe OMnnaBfieHne W falb-
Helllwee pas3BMTUE AeCcTabunmanpyowmnx ad-
(heKTOB, NPUBOAALLUX K POCTY HEOLHOPOLHO-
CTU TOKa MyyKa W 3NEKTPUYECKUM npobosm
NMPOMEXYTKa.

Vicnonb3oBaHue CeKUMOHMPOBAHHOIO Mo-
NOr0 aHofja rno3so/In/Io M36aBMTbCA OT Mepe-
YNC/IEHHbIX BbIlE HeratMBHbIX 3PHEKTOB U
YMEHbLWUTb  HEOAHOPOAHOCTb  MJIOTHOCTK
TOKa pagunanbHO cxogsalwerocs nyyka ¢ 60%
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o 10% (puc. 26).
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Puc. 2. Pe3ynbTaTbl KONEKTOPHbIX U3MEPEHWA: a -
CM/IOLIHONM NONbI aHog, 6 - CeKUMOHMPOBaHHbIN Mo-
NbIM aHogoM (p = 4*10"2TMa)

3aknoyeHune

Co3faH MCTOYHMK 3/1eKTPOHOB, CMOCO6-
Hbll reHepupoBaTb pafuanbHO CXOAALMiAcA
3N1eKTPOHHbIM NY4YOK C TOKOM Ao 50 A, anu-
TeNbHOCTbIO MMNysnbca Ao 500 MKC 1 3Hep-

rmei anekTpoHoB Ao 50 kaB. Mpwu aTom naoT-
HOCTb 3HEepPrnumn Ha LUANHAPNYECKOM KOMNEK-
Tope AuameTpom 16 MM coCTaBMna OKOJo
15 Ax/cM2, a HeO4HOPOAHOCTb MNOTHOCTU
TOKa TEeHepMpyemoro nydyka COCTaBfseT
+10%, 4TO AenaeT ero NPUrofHbIM ANnA Wc-
MOJIb30BaHMA B HAYUYHbIX U TEXHOMOTUYECKNX
Lenax, a MUMeHHo, A1a onnaB/ieHNsA MOBEPXHO-
CTW CTaseil 1 cnnaBoB, NPUBOAALLEN K BbITNa-
XVBaHUIO  (3NEKTPOHHO-NYyYKOBas  MOMu-
POBKA) W YBE/IMYEHUIO ee MPOYHOCTU MyTeMm
3aKankum u3 pacnsiasa npu CBepXObICTPOM
OXNTKAEeHUM 38 CYeT TenaonpoBOAHOCTH
BrNybb maTepuana.

PaboTa BbINO/IHEHA 3a CYeT rpaHTa Poc-
CMIACKOro Hay4Horo thoHaa (npoekTt Ne 25-19-
00405).
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