TEOPETUYECKWE U SKCINEPUMEHTAJIbHbLIE NCCIIEAOBAHUA
PEXXUMOB NEPECTPOUKU YACTOTbl U CUHXPOHU3ALIUA
MATrHETPOHOB

Yyptomos I". ., NpuuyHoB A. B., Ctapuesckuii 1O. J1., ®ponosa T. U.,
Bbacpanu K. M., Qkeanun A. U., NepesepTanno P. A.
XapbKogcKuli HayuoHasbHbIlU yHUgepcumem paduoaniekmpoHUKU
np. fleHuHa, 14, 2. Xapbkos, 61166, YkpauHa
men. 8 057 702-10-57, e-mail: g.churyumov@ieee.org

AHHomauusi — MonyyeHHble pesynbTaTbl MaTeMaTU4YecKoro
MOLENIMPOBaHNA U 3KCMepUMEHTarnbHasi 1X npoBepka Mo3Bo-
NSAT NyYlle MoHsATb (OU3MKY MPOLEecca CUHXPOHU3ALMU Kone-
GaHui B MarHeTpoHax M GyayT nonesHbl paspaGoTyvkam npu
CO3[aHWN KOTEPEHTHbLIX MarHETPOHHLIX eHepaToOpPoB C yriyu-
LUEHHBIMU YaCTOTHBLIMU XapaKTepUCTUKaMU.

|. BBepgeHue

MarHeTpoHHbIe reHepaTopbl OTHOCATCA K Hambonee
acpcdbekTBHLIM Npnbopam CBY 1 obnapatoT paaom yHu-
KanbHbIX NapamMeTpoB, CPeAn KOTOPbIX OCHOBHbLIMW SiB-
NATCHA BbICOKME 3HAYEHMWS KMA, BbICOKME 3HAYEHUs OT-
HOLLEHUs1 reHepupyemon MOLLHOCTM K Becy npubopa,
KOMMaKTHOCTb M MPOCTOTa KOHCTPYKUUW WU, Kak CReacT-
BUE, OTHOCUTENbHO HU3kas cebectommocTb [1]. OgHako
MX LUMPOKOE NpUMEHeHue, Harnpumep, B obnactn pa-
AapHbIX TEXHOMOTMN OrpaHW4eHO HeOOoCTaTO4YHOW CTa-
OUNBHOCTLIO 4acTOTbl FeHepauuy, BbICOKUM YPOBHEM
CcobBCTBEHHbIX LWWYMOB, Napa3nTHbIX U NOBOYHbLIX Koneba-
HUI, a TaKkKe HU3KOW [ONroBeYHOCTHLIO [2]. B aTON cBA3K
nccnenoBaHWs, HamnpaBlieHHble Ha yrnydlleHue AaHHbIX
XapakTepUCTVK MarHeTPOHOB MOCTOSIHHO HaxoAasTCca B
LeHTpe BHUMaHne paboTynkoB pagno3NEeKTPOHHbIX CUC-
TeM. WHTepec BbI3bIBAET HE TOMbKO YMy4ylleHue WuXx
3HEepreTUYecKNX xapakTepucTuk (MOBbILLEHNE MOLLYHOCTH
reHepauun, CHWXeHue ypoBHeW MOBOYHbIX perynspHbIX
N HeperynsapHbIX (LymMoB) konebaHuin), HO 1 nccnegosa-
HMS YaCTOTHbIX M a30BbIX XapakTepUCTUK MarHETPOHOB
[3], Bknoyas cneumanbHble peXxuMbl MX paboTbl, CBS-
3aHHbIE C NepecTPOMKOM YacTOTbl reHepaLn U CUHXPO-
Hu3aumen reHepupyembix konebanun [4,5].

B HacToswem pJoknage paccMatpuBaroTCs NyTu
YMyYLWeHNUs YacTOTHbIX XapakTepUCTUK MarHeTPOHOB.
WccnepoBaHus cBA3aHbl C aHanM3oM M BblIbOPOM KOHCT-
PYKTMBHBIX PELUEHWI 1 BKMIOYAloT NPMMEHeHne maTema-
TUYECKNX MOAENeN MarHeTPOHOB PasfM4yHOro YPOBHSA
CTPOroCTW: OT aHaNUTUYECKMX A0 YUCIEHHbIX (ABYX- (2-
D) n TpexmepHbIx (3-D)), a Takke aKcnepuMeHTanbHyo
NPOBEPKY MOMyYEHHbIX TEOPETUYECKMX PE3yNnbTaToB.

Il. OcHoBHaA YacTb

AHanuns paboTbl MarHeTpoOHOB MOKasbiBaeT, 4YTO B
OTNNYUM OT M3BECTHbIX MOAXOAOB peanu3auum crneuu-
anbHbIX peXMMoB paboTbl MarHeTPOHOB (CM., Hanp., [6]),
WHTEpeCc npeacTaBnsieT MNOAXOA, OCHOBAHHLIA Ha MC-
Nonb30BaHUM HETPAAMLMOHHON KOHCTPYKLMWM MarHeTpo-
Ha (OByXxKackagHbli marHeTpoH) [7]. Ansa uccnegosaHus
YACTOTHbIX XapakTEPUCTMK ABYXKAacKagHOro mMarHeTpoHa
ncnonb3oBanacb KOHCTPYyLKUWS npubopa ¢ reomeTpuye-
CKMMW W 3NEeKTPUYECKMMM napameTpamu, KoTopble
npeactaeneHsl B Tabn. 1. MogenupoBaHue npoBOAuW-
nocb ¢ nomotubio nporpammel SICM 3D 3.01, B koTopoi
peanusoBaHa 3 - D matemaTuyeckas Mogenb ABYyXKac-
KagHoro MarHeTpoHa. PesynbTatbl MogenupoBaHus
npegcraeneHsl Ha puc. 1. AHanuns gas3oBor rpynnmMpos-
KM 3aMKHYTOro 9MeKTPOHHOro MOTOKa Mnokasan 3akoHO-

MEPHOCTM M3MEHeHNsi (a30BOro pacroNioXEeHUst dnek-
TPOHHBIX CrycTKOB (CMML, MPOCTPaHCTBEHHOrO 3apsiaa)
OTHOCMTENbHO MaKCMMYMOB TOPMO3SALWMX nepuopos BY
nonsi Npu M3MEHEHUN 3MNEKTPUYECKOTO pexuma paboThbl
(M3BMEHEHMM aHOOHOrO HanpsKeHUs!) Kaxaoro kackapga.
Mpun 3TOM M3MeHeHVeM pexunma paboTbl BHELLUHEro Kac-
Kaga yaaetcs ynpaBnsaTb amnnuMTygon U 4acToTON reHe-
pUpPyeMoro MarHeTpoHoM konebanus [8].

Tabn. 1. MNapameTpbl ABYXKackagHOro MarHeTpoHa
Table 1. Two-stage magnetron parameters

BHyTpeH- B .
a HELUHWIN
MapameTpbl HWI Kac-
Kackag
Kag
Konu4ecTBo pe3oHaTopoB 12 12
YactoTa, MI'y, 3025 3025
Pagwnyc katoga, Mm 5,65 14,15
Pagnyc aHoga, Mm 10 11,2
BbicoTa kaToga, Mm 24 24
MarnutHas nHgykums, Tn 0,25 0,25
AHOOHOe HanpsikeHue, kB 25 25

Fadinzges :

Radius of the cathode 1, mm = 5.650
Radius of the anode 1, mem = 10,000
Radius of the anade 2, mm = 11200
Radius of the cathode 2, mm = 14.150

Puc. 1. AsumymarnbHoe u akcuasnbHoe pacripedesieHusi
3/1eKMPOHHO20 MMOMOKa.

Fig. 1. Azimuthal and axial distributions of an electron
beam

Ona peanusaumn pexuMoB NEPECTPOMKN 4YacTOThl
reHepauuv u/vnu CUHXPOHU3aLMU MarHETPOHOB MOXET
ObITb UCNONBL30BaH AOMONHUTENBHBIN (PeaKTUBHBIN) Bbl-
BOA, 3Heprnm B marHeTpoHe. Takas vaes Gbina peanu-
30BaHa B KMacCUYeCKON KOHCTPYKLUMW HWU3KOBOMbTHOIO
mMarHeTpoHa M 857. OCHOBHbIE reOMETPUYECKME U 3NEK-
Tpyyeckme napameTpbl AAHHOrO MarHeTpoHa npusede-
Hbl B Tabn. 2.

Tabn. 2. NapameTpbl MarHeTpoHa M 857
Table 2. M 857 magnetron parameters

MapameTpbl 3HaveHue napa-
MeTpa
Konu4yectBo pe3oHaTopoB 10
YactoTa, MI'y, 9480
Pagwnyc katoga, Mm 0.925
Pagnyc aHoga, mm 1.25
BbicoTa kaTtoga, Mm 4
MarnutHas nHgykums, Tn 0,2
AHogHOe HanpsikeHue, kB 0.58
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Ha puc. 2 nokazaHa CXxeMaTW4YHO KOHCTPYKLMS mar-
HeTpoHa M 857. Kak BUAHO, B AaHHOW KOHCTPYKUMM Mar-
HeTpoHa NMPUMEHSAIOTCA ABa BbiBOAA dHepruv 3 (aKkTue-
HbI) U 4 (peaKTUBHbIN), KOTOpblIE MMEKT pasHylo CTe-
NneHb CBA3M C pe3oHaTtopamu aHogHoro 6roka 2. OcHoB-
HOW (aKTUBHbIN) BbIBOA 3HEPrMM 3 B OTNINYMKU OT peak-
TMBHOIO BbiBOAA 4 MMeeT bornee CunbHy CBSA3b C pe3o-
HaToOpOM W CMYXUT Ansi BbIBOAA MOLLHOCTU B Harpysky.
PeakTuBHbI BbIBOO, MNPUMEHSIETCA ANsl NEPECTPOVKU
4YacToTbl reHepaLMn MarHeTpoHa, a Takke MoXeT ObiTb
NCMONb30BaH AN pelleHus 3ajadn noaso3dyxaeHus
(MM cUHXpOHM3aummM) ¢ nomoLpio BHewwHero CBY unc-
ToyHuka. Ona 2-D matemartudeckoro MoaenvpoBaHust
3NEKTPOHHO-BOMTHOBOTO ME€XaHM3ma B MarHeTpoHe Takon
KOHCTPYKUMWN npuMeHsieTca nakeT nporpamm TULIPgm.
C yueTom ocobeHHocTeln pacnpeaeneHusa BY nons 77 -
BMAA B MPOCTPAHCTBE B3aWMOLEWCTBUS pa3HOpPEe30Ha-
TOpHOW cucTeMbl (TMna «Lernb - OTBEPCTUE») nposeae-
HO MOJENVPOBaHWE BIUSIHUE YPOBHS BHELLUHErO curHana
Ha 4YacCTOTHbIEe XapaKTepucTuku npnbopa.

Puc. 2. Cxemamu4Hoe usobpaxkeHue mMagHempoHa M 857:
1 — kamooO; 2 — aHOO; 3 — aKmu8BHbILl 8bIX00;
4 — peakmueHsbIll 8b1800; 5 — kKamoOHasi HOXKa.

Fig. 2. Schematic drawing of magnetron M 857:
1 — cathode; 2 — anode; 3 — active output;
4 — reactive output; 5 — cathode stem

lll. 3akno4vyeHue

Takum 06pa3om MonyvyeHHble TeopeTuyeckne pe-
3ynbTaTbl YKasblBalT Ha MPUHUMAMANBHYIO BO3MOX-
HOCTb peanu3auuy pexuMma CUHXPOHM3auuM B HOBOM
KOHCTPYKLMN MarHeTpoHa (OByXKackagHOM MarHeTpoH).
OKcnepumeHTanbHO U TeopeTUYECKN U3YyYeHbl PEeXUMBbI
NepecTpovikn 4acTOTbl M CUHXPOHM3aUMU 3-CM HU3KO-
BOJSIbTHOrO MarHeTpoHa.
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Abstract — The obtained outcomes of mathematical modeling
and experimental investigation allow better to understand physics
of the processes of tuning frequency and phase lock in magne-
trons and will be useful for the designers to create of the coherent
magnetrons with the improved frequency characteristics.

|. Introdiction

The modern researches of magnetrons are directed toward
perfecting their constructions and eliminating available disad-
vantages, including both improving of power parameters and an
investigation of frequency (or phase) characteristics [1-7].

In this paper the paths of frequency characteristics improv-
ing of the magnetrons are considered. The investigations are
connected with analysis and choice of new designs and include
application both analytic and numerical (2-D and 3-D) models of
the magnetrons as well as experimental check of the theoretical
results.

Il. Main Part

An investigation is carried out for two designs of the magne-
trons: a two-stage magnetron [8] and a low-voltage X-band mag-
netron. The main electric and design parameters of the magne-
trons are presented in Tabl. 1 and 2. For simulation the 3-D code
SICM 3D 3.01 (for a two-stage magnetron) and the 2-D code
TULIPgm (for a low-voltage magnetron (Fig. 2)) are applied. The
analysis of phase bunching of an re-entrant electron beam in the
interaction space of the two-stage magnetron permits to under-
stand the features of driving by amplitude and frequency of output
signal (Fig. 1) [9]. The influence of amplitude of external signal to
the frequency characteristics of the low-voltage magnetron are
obtained with consideration for features of distribution of electro-
magnetic field of ;7 - mode in the interaction space of resonance
delay line (cavity designs: hole-and-slot).

I1l. Conclusion

Comparison of the theoretical and experimental results al-
lows to draw a conclusion that considered designs of the mag-
netrons can be used for creation frequency tuning magnetrons
and locked magnetrons.
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