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Pa3paboTaH HOBbLIN NOAXOM K FreHepauun BbICOKOBOIbTHOIO Tretowlero paspaga (BTP), OCHOBaHHbI Ha UCNOJb-
30BaHUM Pa3pALHONA CUCTEMBI C 3N1EKTPOAYTOBbIM CETOUHbIM M/1a3MEHHbIM KaTo4oM. OCO6eHHOCTb NPeACcTaB1eHHON
CUCTEMbI 3aK/H0YaeTCs B eé CNOCOBHOCTM K camonogaepkaHuio paspsaga nyTem obecneyeHns TpebyeMoii BeMUMHbI
pabouero AasfieHns 3a CHET TEPMUYECKOTO UCNAapeHWs mMaTepuana aHofa (KOMNeKTopa) 3eKTPOHHbLIM My4YkoMm. o-
peHve cunbHOTOYHOro BTP o6ecrneynBaeTcs OAHUM UCTOYHUKOM MWUTaHWA, NpKY 3TOM NPoTeKaHWe TOKa obecneyu-
BaeTca [ByMs pas3HbIMU NpoLeccamMu: nepsblii 06YCMOB/IEH rOPEHMEM AyroBOro paspsfa B CETOUHOM Mia3MeHHOM
KaTtofe, rae NPOUCXOAWT UCMapeHue mMaTepuana B 30He KaTO4HOro MATHA; BTOPOM - CBA3aH C MCMapeHueM aHoda
(konnekTopa), B XOZe KOTOPOro NoffepxusaeTcs Tpebyemoe fasfieHWe B 061acTW fpelidha 3NeKTPOHHOrO Nyuka
4ns ropeHust BTP. Takoil Noaxof, OTKPbIBAeT NepCnekTyBbl 4715 CO3A4aHUA HOBbIX MCTOYHWUKOB 31EKTPOHOB C BbICO-
K/MW napaMmeTpamMu nyyka v ynpoLEHHOW CXeMOIi 31eKTPONUTaHKA.

KntoueBble cnoBa: AyroBoi paspsifl; KaToHOe NSTHO; CETOYHbIV MAa3MeHHbIA KaTof, 3MEKTPOHHbIA Myu4oK;
aHOfHas NnasMa; 1crnapeHue aHoda.
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A new approach to generating a high-voltage glow discharge (HVGD) has been developed, based on the use of a
discharge system with an arc-based gridded plasma cathode. The feature of this system lies in its ability to self-
sustain the operating pressure due to thermal evaporation of the anode (collector) material under the impact of an
electron beam. Initiation of the high-current HVGD is carried out using an electron beam generated in a system with
a plasma emitter operating on a low-pressure arc discharge. When the temperature in the electron beam impact zone
reaches the evaporation threshold of the collector material, the resulting pressure rise in the discharge chamber
enables stable HVGD ignition. After this, the arc discharge power supply is turned off. The transition of the system
to a self-sustained discharge mode is ensured by connecting a "short-circuiting” diode to the power circuit of the
plasma emitter, which equalizes the potentials of the plasma emitter electrodes at the moment the arc power supply
is deactivated. As a result, the discharge system of the plasma emitter transforms from an arc discharge hollow
anode to a hollow cathode. Thus, stable HVGD operation is achieved using a single HV power supply, while current
conduction in the system is supported by two physically distinct mechanisms. First, in the region of the plasma
cathode, the cathode spot continues to operate, accompanied by localized cathode material evaporation. Second, in
the drift space, the glow discharge is sustained by the vapors of the collector material ionized by the electron beam.
Experimental current and voltage oscillograms confirm the possibility of stable self-sustained HVGD operation and
the preservation of the cathode spot after the arc power supply is switched off. The current in the accelerating gap
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was found to reach up to 100 A and sustain for 1 ms solely due to the HV power supply and emitter design. A new
physical model of electron beam formation was proposed. This approach enables the development of high-

performance electron sources with simplified power systems.

Keywords: Arc discharge; cathode spot; grided plasma cathode; electron beam; anode plasma; anode

evaporation.

BBegeHune

MHoOrve TexXHONOrn4yeckne npoLecchl,
HanpasieHHble Ha Noay4YeHUe Mogmduumpo-
BaHHbIX MOBEPXHOCTHbIX CNOEB WUAU (YHK-
LLMOHANbHbIX MOKPbITUA, TpebytT addek-
TUBHOIO CpeACTBa JIOKa/lbHOTO Harpesa —
3NeKTpoHHOro ny4yka [1]. Hawmbonee nep-
CNEKTUBHbIMW AN MaTepuanoBegvyeckmx
NPUMEHEHNI ABAAKOTCA UCTOUYHUKN 3NEKTPO-
HOB Ha OCHOBE BbICOKOBO/IbTHbIX TAEHLLNX
paspagos (BTP). OHM oTnnyatoTca NpoCToit
KOHCTPYKUMEN, WNPOKUM AManasoHOM pery-
NMPYEMbIX NapameTpoB MyuyKa, BbICOKON 3-
(heKTUBHOCTBD Npu 06paboTKe Tyronnae-
KX, (PeppoOMarHUTHbIX U AU3NEKTPUYHECKUX
MaTepnanoB, a TakKXKe CNOCOOHOCTbI YCTOM-
4ynBo paboTaTb B YCNOBMAX AUHAMUYECKM
M3MeHALerocs paboyero gaBneHns BNaOTb
o 100 Ma [2, 3].

OfHaKo LMPOKOMY MPUMEHEHUID TaKux
MCTOYHMKOB MPENnATCTBYIOT ONpefenéHHble
orpaHu4eHuns. B cuctemax ¢ XofogHbIMU Ka-
ToAamun MIOTHOCTb TOKA Ha KaTtoge orpaHu-
4MBAETCH CKNOHHOCTLIO paspsja K nepexomy
B Ayrosytw opmy. 3T0 o06ycnaenveaeT
HeoOX0AMMOCTb  MCMO/b30BaHUSA  KaTo4oB
60nbWIOro AnameTpa npu MNPOEKTUPOBAHUM
MOLLHbIX UCTOYHMKOB, 4YTO, B CBOK O4epefb,
3HAYNTENbHO YBENNUYMBAET UX rabapuThbl.

AnbTepHaTUBON ABNAOTCA WCTOUYHUKKM C
nnasMeHHbIMW KaTo4aMn Ha OCHOBE [YrOBbIX
MW Thnewwmx paspsagos, obecneymsarouime
BbICOKYO M/IOTHOCTb 3HEPTUN reHepupyemo-
ro 3/IeKTPOHHOro nyyka. OfHako peanu3a-
UM Takmx cuctem TpebyeT BKIKOYEHUA B
CXEMY 3/1IeKTPONUTaHWA [OMOJHUTENIbHOTO
MCTOYHMKA MUTAHWUA C BbICOKON HOMUHab-
HOM MOLLHOCTbIO, HEOOXOAMMOTO ANSA YCTOW-
4YMBOrO rOPeHNs BCnomoraTeNbHOro paspsaga
Ha MPOTSHXKEHUW BCEro MMNysnbca Toka. Mpu
9TOM [aHHbIA WMCTOYHUK pasMellaeTcs Nog

BbICOKMM OTpMLATENbHbIM MOTEHLMANOM Ka-
TOfa, 4YTO CYLECTBEHHO YCNOXHAET KOH-
CTPYKUMIO CXEMbl MUTaHUS W yBeanduBaeT
obuime 3HepreTMyeckme 3aTpaTbl MNP 3KC-
nayatauun ycTpolicTBa.

Llenb paboTbl: pa3paboTka WCTOYHUKA
3NEKTPOHOB Ha OCHOBE BbICOKOBOMbTHOIO
TNewwero paspsga, obecrneymBaroLlero re-
Hepauul  CUbHOTOYHOTO  3/1EKTPOHHOIO
nyyka CyOMUNNNCEKYHAHON ANNTENbHOCTM
npu NUTaHUM OT OAHOFO BbICOKOBO/IbTHOTO
NCTOYHMKA.

JKCNepUMeEHT 1 06CyX/eHMe pe3ynbTaToB
[Onsa peanusaunn 3To naen 6bin BblGpaH
NCTOYHMK 3/1eKTPOHOB «COJIO» C CEeTOUHbIM
naasMeHHbIM 3SMUTTEPOM Ha OCHOBE [yroBoO-
ro paspsaga Huskoro pgasneHus [4]. Cxema
MOZEPHU3NPOBAHHOIO WCTOYHMKA 3M1EKTPO-
HOB (puc. 1) oTnmyaeTca OT KOHQuUrypauuu,
npefctaBneHHon B [4] W3MEHEHHOW 3nek-
TPOAHOW CUCTEMONM W CXEMON 3neKTponuTa-
HWA CETOYHOrOo MJIa3MeHHOro aMUTTEpa.
Naesa HOBOro pexuma paboTbl MCTOYHUKA
anekTpoHoB «COJIO» 3aknwu4aeTca B che-
gyrouiem. Ha nepsom 3Tane, npu Knaccuye-
CKOM peXuMe TreHepauumnm 371eKTPOHHOI0
nyuka (p ~ 10-2Ma), 3a cyeT McnapeHna ma-
Tepuana KojeKktopa o6ecneymBaeTcs Benu-
4YMHa [aBneHus, JocTaTovHas NS noAanep-
XaHus camoctoaTensHoro BTP (p > 1TM1a).
Mo poCTMXKEHUN HeobXO0AMMOW BeNNUYUHbI
[aBeHNs OCYLLEeCTBNAETCA OTK/OYEHUEe uUC-
TOYHMKa NUTaHUA AYroBoro paspsga, conpo-
BOX/JAKLLEecs CXEMOTEXHUYECKUM Mepexo-
LOM Ma3MEHHOr0 3MUTTepa B PEXWUM MOJio-
ro Katoga. B pgaHHOM pexume ycToi4uMBOe
(hYHKLUMOHMPOBaHME KaTOAHOrO NATHAa MNOA-
fepXunBaeTcst 3a CYET BbICOKOBO/IbTHOFO UC-
TOYHMKA 3neKTponuTaHus. MeHepayua anek-
TPOHHOIO Ny4Ka Mpu 3TOM peasnsyeTtcs B
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Puc. 1L Cxema MOAEpHM3MPOBaHHOIO WCTOYHMKA
3nekTpoHoB «COJIO»: 1- MOCTOSAHHbIE MarHWUTLI; 2 -
NOMKMraloLLmMiA aNeKTpos; 3 - Kartof AyroBoro pasps-
[ia NNa3MeHHOro Katoaa; 4 - nosblii aHop Ayrosoro
paspsga; 5 - KatoAHas/aMUCCUOHHAA nnasma; 6 - me-
TaNYECKNIA ANCK; 7 - 3MUCCUOHHAS CETKA M1a3mMeH-
HOrO KaTofa; 8 - 3MMCCUOHHbIA 3neKTpod; 9 - u3Bfe-
Katowmin (yckopsitowmia) anektpog,; 10, 15 - KaTyLKm
marHutHoro nonsi; 11 - Tpy6a gpeiidia; 12 - aHog-
Hasa/nyykoBas nnasma; 13 - 3neKTPOHHbIV My4yok; 14
- MULLIEHBL/KONNIEKTOP

Puc. 2. TununyHble ocumniorpaMmMbl UHULUNPOBAHNA
N ropeHns BTP ¢ 3nekTpoayrosbiM CeTOYHbIM Mas-
MeHHbIM KkaTofoMm (p = 35 MlMa, U0 = 95 kB, Id=
140 A)

CaMOoCOr/iacoBaHHOM peXxume, napameTpsbl
KOTOPOro AMHamu4yeckn (HOPMUPYHOTCA B 3a-
BMCMMOCTHM OT TeKyLLMX YCNOBUIA NNasmooo6-
pa3oBaHuA B CUCTEME.

Ha puc. 2 npegcrtasfieHbl ocumanorpam-
Mbl TOKa 4yrosoro paspsga ld, Toka B yCKO-
palolem npoMexyTke lo n yckopsawLero
HanpsXkeHna Uo ons MOLEepPHU3UPOBAHHOIO
NCTOYHMKA 3MIEKTPOHOB.

IMYHKTUPHOW NUHUE 0603HaYeHa rpaHu-
ua Mexay AByMsa pexumamu paboTbl cucTe-
mbl: cneBa (la > 0) - B 3TOT MOMEHT AyroBoil
paspag reHepupyeTtcs LOMOJHUTENIbHbIM UC-
TOYHUKOM MUTAHUA M NMPOUCXOLUT uMcnape-
HWe Kon/eKTopa, obecrneymBas HeobXxonu-
Mble yCfoBUS ANns cywectsoBaHua BTP;
cnpasa (la = 0) - UCTOYHMK NUTAHUA AYTrOBO-
ro paspsafga OTK/KYaeTcs, paspafHas cucre-
Ma njasMeHHOro amuTTepa npeobpasyeTcs B
[AyroBoi paspsf ¢ NoabiM KaToLom U npouc-
XOAWT 3aXKUraHne 1 ropeHne CUIbHOTOYHOIO
BTP. NeHepauuna 3/1eKTPOHHOTO Ny4ka B pe-
XVMe CWIbHOTOYHOro CamomnofAep>XKnsaro-
werocs BTP ocyuwecTtsngnacb B TeyeHUU
550 MKC u npogonxanacb BMa0Tb 40 MOMHO-
ro paspsfa BbICOKOBO/IbTHON KOHAeHcaTop-
Holi 6aTapen eMKOCTbl 12 MK®.

3ak/noyeHune

B uccnegyemom camonopfepXXvBaroLLeM-
cs BTP peanuayeTcs HecTaHAAPTHbIN PeXum
reHepaymm 3/1eKTPOHHOrO My4ykKa, OCHOBaH-
Hbl/i HA COBMELLEeHUN ABYX MPUHLUUNNANBHO
pas/IMYHbLIX  MEXaHM3MOB  TOKOMepeHoca.
MepBbIi MexaHU3M OnpefenseTca Tepmoas-
TO3NEKTPOHHON 3mMuUccueld npu  AOMNOJSHU-
TeNbHON MOHHON 6oMGapaMpOBKE, BO3HUKaA-
toLLell B N1a3MEHHOM KaTofe B 30He /IoKanu-
3alUumn KaToAHOro NATHa.

BTopoli mexaHM3m cBf3aH C npoueccamu
ncnapeHuss maTtepuana Konnektopa, Mx no-
cnefyolWen NMoHM3aLMMN 3NEKTPOHHBLIM MyY-
KOM, a TakXe C WOHHO-31eKTPOHHON 3Muc-
CUeil Ha 3MeKTpodax CeTOYHOro njaasmMeHHo-
ro Katoga.

Takaa KOM6UHaLMa LyroBoro u TnetoLe-
ro paspsfoB CBUAETeNbCTBYET O (POpMUpO-
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BaHMW HOBOW, paHee He wuccnegyemon ¢op-
Mbl ra30BOro paspsfa, npeAcTasBisatoLLen co-
601 opurnHanbHbLIR  cnocob  reHepauun
3/1EKTPOHHOTIO MyuyKa.

Pa6oTa BbiNOMHEHa 3a CYeT rpaHTa Poc-
CUICKOro HayyHoro qoHga (npoekt Ne 25-
19-00745).
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