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AnHOomayus - PaccmatpuBaeTcs TpexmepHas maTeMarti-
yeckan MOJenb HeTpagUUMOHHOrO MAarHeTPOHHOro reHepa-
Topa. MoaenupoeaHue NPOBOAUTCA METOAOM KPYMHBIX Yac-

™Y B KBa3nNepHoAUYECKOM, OAHOBM0BOM ]

HepensaTUBUCTCKOM NpUBNMKEHUAX. MpepcTaBnexs!

pesynbTaTel MOAENWpPOBaHMA pabounx W 3HepreTUHeckux BHYTPEHHWIA KaTog
XapaKTepucTuK KOMBMHUPOBaHHOrO MarHeTPOHHOro SR R e
reseparopa.

|. BBegeHune

Cpean nepcnexkTuBHbIX NyTed ynyyleHWs napa-
meTpoB npubopos M-Tvna cnegyeT OTMETHTE NOAXOA,
CBA3aHHbIA € pa3paboTKOM HEeTPaAWLMOHHBLIX KOHCT-
pykuuia [1]. OaHOWM M3 TakUX KOHCTPYKUMA ABnsAeTcs
KOMOWHMPOBaHHLI MarHeTpOH, NPEeACTaBNsoWMWA co-
6ol 3aNEKTPOHHO-BOMHOBYIO CUCTEMY “AiBA 3NEKTPOHHbLIX
notoka + BY BonHa” {2]. [ina mMatemartu4eckoro moae-
NUPOBaHUA (PU3MYECKUX npoueccoB B Takom npubope
Tpebyetcs paspaboTka CNnOXHOA MaTeMaTtuyeckon Mo-
Oenu, y4uTbiBaloLleid B3auMoeicTBue AByX 3NEeKTpoH-
HbIX MOTOKOB (BHYTPEHHEro W BHELUHero) ¢ anekrpomar-
HWTHOW BOMHOW PEe30HaHCHOW aHOAHOW 3ameansiowen
cuctembl (3C). B aaHHOM fgoknage paccmaTtpuBalTcs
METOAOMNOrMYECKUe NPUHLIMNBI NOCTPOEHUA TaKoW MO-
[enu B TpEXMepHOW NOCTAHOBKE 33Ja4u, a Taloke npo-
BOAATCA WCCneAoBaHusa AWddepeHuManbHbiX U WHTe-
rpanesHbIX XapakTepucTUK NpY pasHbix pexumMax paboTsi
npubopa.

Il. Teopus

CxeMaTu4HO MNPOCTPAHCTBO B3aWMOAEWHCTBUA
KOMOMHUPOBAHHOrO MarHeTpoHa npeAcTaBneHo Ha
puc.1,a. Kak BuaHO, AaHHbIA MarHeTpoH npeacrasnsier
co60il KOMOGWHMPOBAHHYIO KOHCTPYKLMIO, COYETAaIoLLYI0
B cebe ABe pa3sHOBMAHOCTU a3UMYTanNbHO-CUMMETPHY-
HbIX 3NEeKTPOHHO-BOMHOBbLIX CUCTEM - 0ObIYHYIO M 06-
pauleHHylo. Ee cocTaBnsioT BHYTPEHHUA U BHELIHWA
KkaroAbl, pasfeneHHble obuwei pesoHaHcHon 3C (puc.
1,6). AnA ynpoLleHUs pelueHuss TPEXMEPHOW 3aaauu
npoueccsl B3auMOZEWCTBUS PaccMaTpUBAlOTCA B KBa-
3UNepuoanNYECcKoM, HEpenATUBUCTCKOM U OAHOBWAOBOM
(m-8np) npubnuxenusx. Kak pesynbtat mogenuposa-
HUe MpPOBOAWUTCA B CEKTOPE C LIEHTPanbHbIM YoM
paBHbiM 2mfy, rae ¥ = o/Q - NOCTORHHAR pacnpocTpa-
HEeHWA, paBHasi YACNy 3amefneHHbIX ANWH BOMH, yKna- !
AblBAIOWMXCA BAONb ANWHbI 3C (BblAENeHHbIA y4acTok B)

Ha puc. 1,a).

Ha puc. 1,8 cxemaTWyHo NpeacTaBneHo AByMepHoe Puc. 1. O6wwuiA Bug  HETPaZULMOHHOM
pacnpepeneHve anekTpu4eckoro nons Ha y4actke, co- MarHeTpoOHHOro reHepartopa (a), 3nemMeHTbl ero
OTBETCTBYIOLLEMY CPefHei YacTu cekTopa. YuuTbieas, KOHCTpyKUun (6) m cxemaTuyHoe pacnpegeneHué
4yto BHyTpeHHee(l) u BHewHee (II) npocTpaHcTBa anekTpuyeckoro nons Ha BY nepuoge 3C (g)
B3aUMOAENCTBUA  3NEKTPOAMHAMMYECKH CBA3aHbI
mMexay coboi ¢ NOMOLWWbLIO Lenei CBA3W, B NpocTpaH- YpaBHEHWA ABWKEHUA ONA 3NEeKTPOHHbIX MOTOKOB B
cteax (I) m (II) ycraHaenvBaeTcs eguHoe pacnpepe- BEKTOPHOW (DOPME 3anNuCLIBAIOTCA B BUAE:
nexune BY nons, cooTeBeTcTBYIOLlEE T-BUAY.

MoaenupoeaHvwe B3aMMOAEWCTBUA  3MEKTPOHHbIX dav'2 = = ¥ 2 £
noTokoB ¢ BY nonem npoBoguTCs METOAOM KpYMHbIX =n(E+E"? + E;‘z i [V o B;'z] ; (1.1
yactuy (PIC-meTon). *
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e 1= ° / m - NpUBENEHHbI 3apaa anekTpoHa; E,
- iu “ Eé-z - HanpsbkeHHocTn BY nons, nons M3 u
4nexpOCTaTMIECKOro nons; V2 - ckopoctu anekTpo-
HoE: 5;'2 - MHAYKUWM NOCTOSAHHBIX MarHUTHLIX NONen.

pupekcel “17 U 2" B BoipaxeHuu (1.1) cooTeetct-
gHyTpeHHemy(l) u BHelHemy (II) npocTpaHcTBam

0AeACTBUA.
Mone M3 oOnpeaensieTcs U3 peleHus ypaBHeHWs
Ha:
1.2 2rrl2 2rrl2 L2
e N KA e, . i T
rr ar r a¢ oz Eq

' PeweHne ypaBHeHW (1.2) MPOBOAWTCS KOHEYHO-
' bIM METOAOM, nNpeanoxeHHbiM XokHu [3] ¢
sHeHneM BbicTporo npeobpasosanus ®ypbe. lpu
MCMoNb3YeTCA Tak HasbiBaemoe npubnukenue
akoro aHoaa". OKoOHYaTENbHO, UMEEM, YTO

E" = —grad U™ . (1.3)
. [ins BuiuMcneHus BY nons B npocTpaHcTBax B3aw-
eiicteus (I) n (II), BOCNONb3yeMcs Teopuen BO3-
neius J1.A. BaiHwreiHa [6]. B atom cnydyae

E=. C,E,+C_E_,)-grad U2, (1.4)
Sedec.t.)

L - HanpsXeHHOCTb COBGCTBEHHbIX Nonew Kone-

n
aTensHOM cuctembl; C, - KoadhpuumeHTsl pasnoxe-
9, FEASIOWMECS MEANEHHO MEeHAIWUMUC MYHK-
AMM BPEMEHW, M  YAOBNETBOPAIOLIME PELLEHUIO
BHEHMIO BO3DYXKAEHUA!

. "%* Jl@-@,)C, =NL I(-?,.l +Tn)E™dV,  (1.5)
. n v

& tme N, - Hopma Bupa konebaHuii; ©, - cobcTeeHHas
| vacrora pesoHatopa; ® - 4acTota Bo3GywaeHus pe-
'imaropa; Jus J,2 - MNOTHOCTM TOKOB B MPOCTPaH-

- emeax (1) v (II).

; PaspaGoTaHHas nmporpamMmMa peanu3oBaHa Ha an-
- ToputMUyeckoM nsbike PopTpaH-90 M apanTupoBaHa
noa OC WiNDows 95. B pesynbTate pacyeta onpege-
NAKTCA OcHOBHble AuddepeHunanbHbie 3aBUCUMOCTH
(asoeoe nonoxeHne HacTUL, MX CKOPOCTH, BTOPHUYHO-
SMHCCHOHHbIE nNapameTpbl) U npeaenbHble UHTerpanb-
Hble xapaktepucTuku npubopa (BbIXOAHAA MOWHOCTb,
3NEKTPOHHLIA KI[], 3NeKTPOHHOE CMELeHUe 4acToThl,
ﬂ 8HOAHLIA TOK U Apyrvie).

lll. 3aknoyeHune

MonyuyeHHbie pesynbTaThl MOAENUPOBAHUA U3M-
“YeCKnX npoLieccos B KOMBMHUPOBAHHOM MarHETPOHHOM
TeHepatope no3sonsOT paccMaTpueatb Takoi npubop
KBK NepcnekTUBHbIN ANA NPaKTUYECKOro MPUMEHEHMS.
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Abstract - The 3-D mathematical model of the non-
traditional magnetron generator is considered. The simulation
is carried out by a particle-in-cell method (PIC-method) in
quasi-periodic, single-mode and non-relativistic
approximations. The results of computer modelling of non-
linear interaction processes are represented.

l. Introduction

The combined magnetron is promising non-traditional
crossed-field tubes. These tubes can be considered as the
electron-wave systems “two electronic beams + HF wave” [1,
2). In order to simulate of physical processes in the such
systems the more composite mathematical model should use.
In the given paper the development of 3-D mathematical
model of the non-traditional (combined) magnetron are
considered, and also the investigations of the differential and
integrated performances of the electron-wave processes in the
different operation modes are carried out.

Il. Theory

The interaction space of combined magnetron is
schematically shown in Fig. 1,a. This magnetron is combined
device including the two azimuthal-symmetrical electron-wave
systems - classical (interaction space 1) and inverted
(interaction space II). The combined magnetron design
consists of intemal and external cathodes between which the
resonant delay line is (Fig. 1,b). The electron-wave interaction
processes are considered in quasiperiodic, non-relativistic and
single-mode (z-mode) approximations.

Fig. 1,c schematically shows the distribution of electrical
field corresponding a central part of a sector having the central
angle 2rnly, where y = @/Q - propagation factor. Taking into
account, that internal(I) and external (II) interaction spaces are
coupled by means of coupling slots, there is the oscillation =-
mode in spaces (I) and (II).

The computer simulation of interaction between electronic
beams and HF field is carried out by a particle-in-cell method.
The mathematical model of the combined magnetron
represents a self-consistent set of equations including the
motion equations (for electronic beams in external and internal
interaction spaces (1.1)), excitation equations (for an
electromagnetic field (1.5)) and Poisson's equation (for
analysis of a space charge (1.2)).

The developed program is realized in algorithmical
language Fortran-90 and is adapted for Windows 95. The
main differential dependences (the coordinates and velocities
of particles, the secondary-emission parameters and etc.) and
integral characteristics (output power, electronic efficiency,
anode current and etc.) are determined.

11l. Conclusion

The obtained results of computer simulation of physical
processes in the combined magnetron generator allows to
consider the given tubes as promising for practical application.
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