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AHHOT auunA - lMNpeactaBneHbl pesynbtatbl 3-0 Moaennpo-
BaHWA Mnpouecca BTOPUYHO-3/IEKTPOHHOIO pPasMHOXEeHUS npu
3anycke aBToKosiebaHWii UMMY/IbCOM aHOAHOrO HanpshKeHus
crneunasibHoOM OOpMbl B MarHeTpoHe C XO/104HbIM BTOPUYHO-
SMULLMOHHBLIM KaTogom wu3 cnnasa P6-Ba, npegHasHayeHHOM
ansa npumeHeHus B CBY-nevax. [lokasaHO, 4TO Ha (opoHTe
NMMy/ibCa aHOAHOrO HamnpsXeHus OCyLLeCcTBAeTCa noHusauusa
OCTaTOYHbIX ra30B N 3apOXAeHue MepPBUYHbLIX 3/IEKTPOHOB, a Ha
cnage «Kacna» wuMnysabca - 3afyck rnpouecca BTOPUYHO-
3M1eKTPOHHOr0 pa3MHOXEeHUA, B pesynbTare KOTOPOoro co3faet-
cA pabounii TOK reHepaTtopa, paboTawlero B pexume ANWH-
HbIX UMMY/IbCOB.

|. BBegeHue

Ha YkpaumHe u B Poccum cospgaHbl cepuitHble marHe-
TPOHHblE TreHepaTopbl 3NEKTPOMArHUTHbLIX KosiebaHuin
MWUAJIMMETPOBOIO U CaAHTUMETPOBOIo AMana3oHOB BOJIH C
XONOAHbIMN BTOPUYHO-IMUCCUOHHLIMK KaTtogamu [1]~[3].
X KOHCTpyKLWMK, KaK npasuio, copepxaT KaTtogHble cuc-
TeMbl C ABYMSA aMuUTTepamMu - AOMNOSIHUTESIbHbIM N OCHOB-
HbIM. [JONONHUTENbHbLIA 3MUTTEP B BUAe TepmokaTtoga [1]
W aBTOIMUCCUOHHOIO Katoga [2], [3] ABnsgeTca MCTOou-
HUKOM MNEPBUYHBLIX 3M1EKTPOHOB, UHULMUPYIOLWKMX npouecc
pasMHOXeHUsA U paboyunii TOK MarHeTpoOHOB npu 6omb6ap-
AVPOBKE OCHOBHOIO BTOPUYHO-3IMUCCMOHHOIO Katoga.
Hapsagy ¢ atum, npoBefeHbl aKCrnepumMeHTasibHble uUccne-
[OBaHUA npouecca CTUMYNIAUUM  3MUCCUUM  BTOPUYHO-
9MUCCMOHHbIX KaTo40B MarHeTPOHOB Ha cnaje vmnysabca
aHOAHOro HanpsHXXeHns 6e3 MPUMEHEHUS AONOSHUTENb-
HbIX 3amMuTTepoB [4], [5]. MpeAnpUHATbI TakXe MNONbITKA
TeopeTnyeckoro 060CHOBaHMA MeXaHW3MOB 3MUCCUN
NepPBUYHbIX N BTOPUYHbIX 3/1EKTPOHOB MpuW 3anycke asBTo-
KonebaHuin B TaKMX MmarHeTpoHax [6].

B paHHOM coobweHnn npepcraB/ieHbl pe3ynbTaThl
3-P mogenupoBaHua gUHaAMUKN M POPMUPOBAHUA 3/1EK-
TPOHHOro o6naka B NEYHOM MarHeTpoHe C BTOPUYHO-
9MMCCUOHHbLIM KaTtoAoM Mpu ero 3anycke Ha cnaje um-
nynbca aHOAHOIO HanpsXXeHus cneuuanbHOW POpPMbI.

Il. OcHOBHAA 4acTb

®du3snyeckne ycroBuda: ANUTENBHOCTbL  MMNyNnbca
aHOAHOro HanpshkeHus cneynanbHon dQopmbl (puc.l)
nMeeT YyeTbipe XapaKTepHbIX MHTepBana. Ha uHTepBane

(hpoHTa wuMNynbca ocyllecTBNAseTCA reHepauns u

yBe/IM4YeHne Ko/nmyecTBa MNEePBUYHLIX 3MEKTPOHOB 3a
CYET NpoueccoB MOHU3aAUMN aTOMOB OCTATOYHbIX rasoB
[7], a Takke BO3pacTaHue UX KMHEeTUYeCcKon aHeprum [8].
JOHeprvs, npuobpeTtaemass 3/IeKTpOHaAMU Ha WMHTepBase

hpoHTa wumnynbca 11, gO/KHaA nNpeBblWAaTh 3HEPIUI0

yacTul, COOTBETCTBYHLLYID MaKcMManbHOMY Ko3addu-
LLMEeHTYy BTOPMUYHOIW 3mMuccuM MaTepuasa aMmuTTepa oc-
HOBHOrO Karoja.

HoBOKOHCTaHTUHOBCKasA.KneB, YKpanHa, 01072

[daHHble aona pacuyérta (reomeTpuyeckne pasmMepbl K
3/1eKTpuyeckne napameTpbl) COOTBETCTBYIT napamert-
paMm neyHoro marHetpoHa M-152, cepuiiHO BbliNyCKaemo-
ro Poctosckum OAO "®A3A". B KauyecTBe BTOPUYHO-
3/IeKTPOHHOro 3MuUTTEpa B MarHetpoHe M-152 moxert
ObITb NPUMEHeH cnnaB MeTansioB P6-Ba, nermpoBaHHbIi
Cs [9]. B ocHOBY mMogenn MNOJIOXEHO camocornacoBaH-
HOe pelleHMe ypaBHeHU (pelwanacb cuctema ypaBHe-
HUIA OBMXeHUA, BO3OyxaeHuUA un lNyaccoHa) B Tpéxmep-
HOM npubnanxeHnn. B mMopenn yuyTeHbl CBOWCTBA BTO-
PUYHON 3MUCCUUN KaK PYHKLMWU BESIMUYUHbBI yrna nageHus
NMepBUYHbIX 3/IEKTPOHOB Ha noBepxHocTb B3K [10]. B
MOZENN He YyYTeHbl NPOouUECChbl MOHM3aALWU OCTaTOYUYHbIX
ra3oB B MarHeTpoHe W MOHHOW 6omMbGapAUPOBKU €ro kKa-
Toga. [Mpepnonaraem, 4To npoueccbl MOHMU3aLMK OCTa-
TOYHbIX Tra30B B CKpeweHHbIXx nongax obecneuymBarT
npumepHo 5% nNepBUYHLIX 3/IEKTPOHOB OT KOJiMYyecTBa
yacTuy B paboyem Toke.

OvHamnka npouecca B aHcambne nNepBUYHbBIX
3/1eKTPOHOB B MarHeTpoHe Ha WHTepBane @QpoHTa

nMmnynbca ~, npeacrtaBseHa Ha puc.2. [AnameTp

9NEeKTPOHHOTO «KOoJibLa» YBE/IMUMBAETCA C POCTOM
HanpsHKeHusl, npu 3TOM  MNPOUCXOAUT  YyBe/IMyeHue
KAHETUYEeCcKol 3Heprum yvactuy. BenuumHa yckopeHus,
npuno6peTaemMoro 3N1eKTpoOHaMH, onpegensietcs
KPYTU3HO (poHTA WUMNy/nbCa aHOAHOI0 HaMpsXeHUs.

Ha nHTepBane tl BpeMeHW cnaja «kacna» WUMNybca

aHo4HOro HanpsXeHua avameTtp 3/1EKTPOHHOTO
«KONbua», KoakcnanoHoro BOK, ymeHbwaetca (puc.3).
JanbHenwnii npouecc cyu,eCTBEHHO 3aBUCUT OT Kpy-
TU3HbI Cnada «kacna» WUMMY/IbCa aHOAHOro HarpsHKeHus.
Ecnn kpyTusHa cnaga 6yaet HeOGONbLION, TO 3/1EKTPOH-
HOe «KOJ/IbL0» He AOoCTUrHeT paboyein nosepxHocTn BIK
M 3anyck npouecca BTOPWYHO-3/IEKTPOHHOTO pa3MHOXe-

HUA Ha uHTepBasie BpeMeHn A He ocyuwecTsuTca [8].

Fig-1
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dopma MMMynbca aHOAHOIO HaMpsHXKeHusa: ~ - WH-

TepBaJ/l BpeMeHn, Ha KOTOPOM npouncxoanTt HapacCcTaHue
aHOAHOIo HanpsaxeHmd OoT UCXoA4HOro A0 MaKCMMasilbHO-

ro 3HadyeHmnA; r -nHTepsasi BpemMeHn, Ha KOTOPOM T[pPoO-
2
NCXOOANT YyMEeHbllEeHne HanpaxeHuna OT MaKCUuMas/ibHOTO

[0 paboyero 3HayeHus (kacn); LL -nHTepBan BpeMeHMU,
Ha KOTOpoM paboyee 3HaAYeHUE HaNpsAXeHUs He u3Mme-
HAeTcs; rd4- xapakTepuslyeT BpemMs nepexoga OT BeU-

YMHbl paboyero HanpsXXeHue 40 UCXOLHOTO.

Mpn onpeaenéHHONn KpyTM3HEe crnaja «Kacna», 3fek-
TPOHblI «KONbLa» C ONTMMaNbHON 3Hepruen 6ombapau-
pylOT noBepxHOCTb B3IK, kKoTopasa obecneymBaeT Mak-
CMMasibHOe pa3MHOXeHuWe 3/IeKTPOHOB, T.e. 3amnyCckK BTO-
PUYHO-3IMUCCUOHHOTO npouecca (puc.3,c) []. Ha uHTep-

Bane BpemMeHun 8(puc.4), aHoAHOe HanpsikeHue cooT-

BeTCTByeT paboyemy 3HaA4YeHWO, NpuU KOTOPOM B MarHe-
TpoHe ocyLiecTBNATCA npoLeccsl: BTOPUYHO-
39/IEKTPOHHOTO0 pasMHOXeHusa (puc.3,c), obpaszoBaHuA
MJIOTHOCTU MPOCTPaAHCTBEHHOTo 3apsaga (puc.4,a) n re-
Hepauun 3/1eKTPOMarHUTHbIX KonebaHwuii, DnekTpomar-
HUTHOE MnoJsie aBToKosebaHuin cnocobcTByeT POPMUPO-
BaHWK 3N1EKTPOHHbIX «cnuu» (puc.4,b) n BbIXoAy npo-
Lecca reHepauuy BbICOKOYACTOTHOMW MOLLHOCTU B Mar-
HeTpOHe Ha ONTUMasibHblIl YypOBeHb (puc.4,c).

lll. BbiBOAbI

Ha ocHoBe pe3ysibTaToB MOAE/NIMPOBAHUA MOXHO
cAaenaTb BbIBOAbI:

1. meeT MecTO KONMYecTBEHHOE COOTBETCTBUE Bbl-
XogHOW mMowHOCcTM 3-0 MoAenn MarHeTpoHa W CepUilHO-
ro reHepartopa. MowHoOCTb BbiIXOoAHOro curHana 3-0 mo-
Aenn MarHeTpoHa coctaBuiia okono 2400 Bt B (Puc.4,c)
HEeNnpepbIBHOM peXxunme, 4YTO COOTBETCTBYET BbIXOLHO
MouiHocTtn 800 BT marHeTpoHa M-152, pa6oTatuiero B
KBa3MHENPEepbIBHOM peXxnmMe CO CKBaXXHOCTbK Npumep-
HO 2.6 - 3.

2. «Kacn» mMnynbca aHOAHOrO Hanps)keHusa co3gaeTt
YyCNoBUA ANA TreHepauunm nepBUYHbLIX 3/1EKTPOHOB, WX
pasMHOXeHUA W 3anycka npouecca BTOPUYHON 3IMUCCUMN.

CTteneHb KpyTWU3Hbl (PpoHTa t] u cnaja t2 «kacna» WUM-
nynbca HanpshKeHusa, a Takxe BefnimynHa paboyero aHopf-
HOro HanpsXXeHus Ha uHTepBasie t3, onpefensalT Besnu-

YMHY QHEpPrnm anekTpoHos, 6ombapanpyowmnx BIK.

3. O6pa3oBaHne 3N1EeKTPOHHOW BTY/NKA MPOUCXOAUT
[0  nosABieHusa BY-nona  BcneactesnMe  BTOPUYHO-
3/IEKTPOHHOTO pPasMHOXEHUSA U AeliCTBUA KYJTOHOBCKUX
CUn HEeO4HOPOLHOTrO0 W HecTauMOHapHOro MnpPoCTpaHCT-
BEHHOro 3apaga. B anHamuke npouecca CyL,eCTBEHHYIO
ponb urpaeTt Mmartepuan kartoga. AnAa ctabunbHOro 3a-
nycka npouecca reHepauun marHetpoHa ¢ BOK Heobxo-
AVMbl MaTepuanbl amutTepa BIOK ¢ MUHMMasIbHbIM (MO-
HUXEHHbIM) 3HayeHWeM MNepBOro KPUTMYECKOro MoTeH-

ynana ("Kr ) m makcumasibHbiM (MOBbIWEHHbIM) 3Ha4e-

HMem KoadpduumeHTa BTOPUYHON IMUCCUN.

4. Tlpn NpouYmx paBHbIX YC/NIOBUAX BpeMs yCTaHOBJ/ie-
HMA aBTOKOoNeb6aHMin B MarHeTpoHe € XonogHbiIM B3IK
nPMMEpPHO B ABa pasa MeHblle, YeM B MarHeTpoHe C
TEPMO3MUCCUOHHBLIM KaTOAOM.

5. Cpok cnyx6bl neyHoro marHeTpoHa c¢ B3K npwu
paboTe B pexume ANIMHHbIX MMNYNbCOB aHOAHOMO Ha-
NPAXEHNA MOXHO CYLLECTBEHHO YBENNYUTb.
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Abstract - The résulta from a 3-d simulation of dynamics
and formation of an electron cloud in an cooker SEC magnetron
when it is triggered off at a sag of an anode voltage pulse hav-
ing a special shape are presented.

l. Introduction

In Ukraine and Russia mass-produced microwave and mil-
limetre-wave magnetron-type electromagnetic oscillators with
cold secondary-emission cathodes have been developed [1]-[3].
It has become a common practice for their construction to com-
prise a cathode system with two emitters -ancillary and basic
ones. The ancillary emitter acting as a thermionic cathode [1] or
a field emitter cathode [2], [3] is a source of primary electrons
initiating the multiplication process and the magnetron’s operat-
ing current as the basic secondary-emission cathode is being
bombarded, Besides, the process that stimulates the emission
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of the magnetron’s secondary-emission cathode (SEC) has
been experimentally investigated at the droop of an anode volt-
age pulse with no auxiliary emitters being involved [4], [5].

The present report gives the results from a 3-d simulation of
dynamics and formation of an electron cloud in an cooker SEC
magnetron when it is triggered off at a sag of an anode voltage
pulse having a special shape.

Il. Main Part
Physical conditions: the duration of specially-shaped anode

voltage pulse (Fig.1) has 4 typical intervals. On the interval t]

of the pulse edge the primary electrons are generated and their
number tends to grow through the ionization of residual gas
atoms [6], [7] and at the same time their kinetic energy is found
to increase [8]. The energy acquired by the electrons on the

pulse edge interval should exceed that of particles, which

corresponds to a maximum coefficient of the second emission
of the material released by the basic cathode emitter.

The data that are made available for the calculation proce-
dure (geometric dimensions and electric parameters) are in
keeping with the parameters of the cooker magnetron M-152
which is mass-produced by the Rostov open joint-stock com-
pany “Faza”. For a secondary electron emitter a Cs-doped Pd-
Ba alloy [9] may be used in the M-152 type magnetron. This
model is based on the self-consistent solution to equations (a
solution was found for the equations of motion, excitation and
Poisson) in 3-D approximation. In model takes account of the
secondary-emission properties as functions of the magnitude of
the angle of primary electron incidence upon the SEC [10].

The above model does not allow for the process of residual
gas ionization in magnetron and ionic bombardment of its cath-
ode. The residual gas ionization processes in the crossed fields
affords around 5% of primary electrons as the particles in the
operating current.

The dynamics of the process in the ensemble of primary

electrons in a magnetron on the pulse edge interval® is the

presented in Fig. 2. A diameter of the electron “ring” increases
with a rise in voltage and as it takes place the kinetic energy of
particles tends to increase. The magnitude of the electron “ring”
diameter is determined by the anode voltage pulse rise rate as
well as by the degree of acceleration acquired by electrons

during this process. On the interval t2 of the time during which

the anode voltage pulse “cusp” falls, the electron “ring” diame-
ter, the coaxial SEC, decreases. A subsequent process is
largely dependent upon the slope of the leading edge is slight,

the electron “ring” will not reach the SEC operating surface and

the secondary-elegtron multiplication on the time interval t3 will

not be initiated [8].

With a certain “cusp” slope the “ring” electrons the SEC sur-
face, which maintains the maximum electrons multiplication, is
most heavily bombarded, thereby triggering the secondary-

emission process (Fig. 3, ¢) [8]. On the time interval t3 (Fig.4)

the anode voltage corresponds to an operating valve at which in
a magnetron: secondary electron multiplication (Fig.3,c), space-
charge density formation (Fig. 4, a) and electro-magnetic (e. m.)
oscillation generation. The e. m. self-sustained oscillation field
is conducive to forming electron “spokes” (Fig.4,b) and bringing
the HF power generation process in a magnetron up to an op-
timal level (Fig. 4, c).

[ll. Conclusion

The simulation results enable one to make the following
inferences:

1. There is a quantitative agreement between the output
power of the 3-D magnetron model and a serially produced
oscillator. The output signal power of the 3-D magnetron model
was equal to 2360 W (Fig.4,c) in a continuous mode, which
corresponds to an output power of 800 W of the M-152 magne-
tron operating in a quasi-continuous made with a duty cycle of
2.6 to 3.0.

2. The anode voltage pulse “cusp” allows generating the pri-
mary electrons, their multiplication and triggering of the secon-
dary-emission process. A degree of the slope of the leading edge

t} and a fail time t 2 of the voltage pulse “cusp” and the magni-

tude of the operating anode voltage on the interval t3 determine

the amount of energy of electrons that bombard the SEC.

3. An electron sleeve is generated prior to the HF field emer-
gence because of the secondary-electron multiplication and the
effect of Coulomb forces of an inhomogeneous and non-
stationary space charge. Inthe process dynamics a crucial role is
played by the cathode material. To ensure the stable initiation of
the generation process in a SEC magnetron it is necessary to
make use of the SEC emitter materials with a minimal (reduced)
value of the first critical potential and a maximal (increased) value
of the secondary amission coefficient.

4. All the things being the same, the self-oscillation tran-
sient time in a cold SEC magnetron is almost two-fold shorter
that in a thermionic emission cathode magnetron.

5. The lifetime of SEC magnetron operating in long anode-
voitage pulse mode can be substantially extended,
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