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AHHomauus — NpoBegeHo nccrnegoBaHMe MHOrOMEpPHOW Mo-
Aenn ABYXKacKafHOro YMHOXWTENs 4acToTbl C MHOrOMny4koBOW
3MEeKTPOHHO-ONTUYECKOW CUCTEMON. Hannuve MHOrockopoCTHOro
3MNEKTPOHHOrO MOTOKa MO3BOMNSeT 3PEeKTUBHO yNpaBnAaTb Xa-
paKTepucTMkamy 3HeproobMeHa Mexady BbICOKOYACTOTHLIM MO-
neM v 3apsbkeHHbIMK YacTuuamun. Ha ocHoBe MHOrOMepHON He-
TNIMHENHON TEOpWM  3MNEKTPOHHO-BONIHOBOTO  B3aUMOAEWCTBUS
HavigeHbl YCroBus NOBbILLEHNS BbIXOAHOW MOLLHOCTW YCTPOWCTBA
Ha BbICLUMX rapMOHVMKaX YacTOTbl BXOAHOrO CUrHana.

|. BBepgeHue

MccnegoBaHne npouecca  3neKTPOHHO-BOJTHOBOMO
B3aMMOAENCTBMSA B MPOCTPAHCTBEHHO-PA3BUTLIX MHOrO-
My4YKOBbIX CMCTEMaxX NPOBOAMTCSA C YYETOM Pa3fUYHbIX
PU3NYECKNX MEXAHN3MOB N PaKTOPOB, B TOW UMM MHOMN
Mepe onpeaensownx BbIXOAHbIE XapaKTepPUCTUKM YCT-
porictBa. B MHOromepHom npocTpaHCcTBe B3aMMOOEWNCT-
BMSI KONMYECTBO Takux (pakTOPOB AOBOSbHO BenNuko. B
CBSI3U C 3TUM HeobX0OMMO aHanu3npoBaTb CTEMEHb UX
BO3JENCTBMSA Ha 3aKOHOMEPHOCTU 3HEpProobMeHa 3nek-
TPOHOB C BbICOKOYACTOTHbIMWU nonamn. OgHMM U3 Hau-
Oonee CyllecTBEHHbIX (PaKTOpPoOB, KOTOpble crnegyet
yYnTbiBaTb B MHOTOMEPHbLIX MOZEMNAX 3NEeKTPOHHbIX
npubopoB, SBMASETCS BbICOKOYACTOTHOE paccrioeHne
nyyka 3apsbkeHHbIX Yactuy [1]. 310 sBneHme obycnos-
NEHO HEeOOHOPOAHOCTBH 3MIEKTPOMArHUTHOrO Mnonsi B
npegenax nonepevyHoro CeYeHus ANEeKTPOHHOTO MOTOKa.
B paHHOM paboTe paccmaTtpuBaeTcsl MHOronyykoBast
3NeKTPOHHO-BoNHOBasa cuctema O-Tuna, B KOTOPOW Ka-
XObI NOTOK 3MNEKTPOHOB MMEET CBOK HayallbHYK CKO-
pOCTb (HayanbHbIA PacCUHXPOHU3M C (ha3oBOW CKOpO-
CTblo BOMHbI). C OHOW CTOPOHbI, Takas CUCTEMa 3KBU-
BarieHTHa OLHOMYYKOBOW C 3MEKTPOHHbIM MOTOKOM CO-
OTBETCTBYIOLLEN TOSMWMHLI, a C OpYron — no3sonser
yNpaBnsiTb PEXMMOM B3aUMOAENCTBUS KaXAoro ny4vka c
BbICOKOYACTOTHbIM nonem [2]. OCHOBHOE BHWMaHve B
paboTe ygeneHo mccrnenoBaHuio paboTbl Takow cucte-
Mbl B PEXMME YMHOXEHUSA 4acTOTbl. YMEHbLUEHME ONun-
Hbl BOMHbI CUrHamna nNpuMBOAWT K YCUIIEHWIO PacCrnoeHus
3MNEeKTPOHHOro noToka. [lpumMeHeHne MHOromny4yKoBOK
CXeMbl MO3BOMSIET KOMMEHCUpoBaTb HebnaronpusTHoe
BO3ENCTBME BbICOKOYACTOTHOIO pacCroeHust Ha ad-
(hEKTMBHOCTb 3MEKTPOHHO-BOJTHOBOIO B3aMMOAENCTBUS.

Il. OcHoBHaA yacTb

Mccnegyemass anekTpoHHo-BOonHoBasi cuctema O-
TMNa MMeeT ABYyXKackagHoe NpOCTPaHCTBO B3auMopen-
CTBUS, NMPUYEM OAWH U3 KackadoB SBMSETCH MOAYNATO-
pPOM MHOrOSy4EBOro 3f1EKTPOHHOrO MOTOKa Ha 4YactoTe
BXOAHOro curHana. dTo y4acToK NpocTpaHCTBa B3aMMO-
OeNcTBna MOXeT OblTb Kak pe30HaHCHbBIM, Tak U Hepeso-
HaHCHbIM. BbIxogHOIM Kackag yMHOXWTeNs npencrasns-
eT coboi pe3oHaHCHY CUCTEMY C ONWUTEMbHbIM B3au-
mMoaencTemem. PakTnyeckn 3To HeaBTOHOMHas koneba-
TenbHas cucTemMa C nNpeaBapuUTENbHOW MoAynsumnen
3MEeKTPOHHOrO MOTOKa. TeopeTnyecknii aHanma  MpoBo-

OWUTCS B pamkax MHOrOMEPHOW MOAenu HenuHemHoro
3NEeKTPOHHO-BOMHOBOrO B3aumogencraus [3].
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Puc. 1. Cxema npocmpaHcmea e3aumodeticmausi ¢ N
3/1€KMPOHHLIMU TOMOKamu.

Fig. 1. Interaction space scheme with N electron beams
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Puc. 2. 3asucumocmu amnnumyOdbl 8bIX0O0HO20 cueHana
om HOpMupo8aHHOU pa3HOCMU HavarbHOU cKkopocmu
3/1€KMPOHHbIX [MOMOKO8.

Fig. 2. Output signal amplitude vs normalized difference
of electron beams’ initial velocities

PaccmaTtpuBaeTca BapuaHT CTyneH4aToro uameHe-
HUS Ha4anbHOM CKOPOCTW 3MNEKTPOHHbLIX MOTOKOB MO Me-
pe yganeHus oT NOBEPXHOCTU NepUOAUNYECKON CTPYKTY-
pel (puc. 1). 3gece @ = Bb, rae B = w/vg -3NEKTPOHHOE
BOMHOBOE 4mnCrno, b = 1 — vg/V - OTHOCUTENBHbIA PacCuH-
XPOHM3M CKOPOCTW 3EKTPOHOB VoM (Da3oBOWN CKOPOCTU
3aMefieHHon BoMHbl V. B cnyyae ycuneHnus Ha ogHou
YacToTe Takoe pacnpegeneHvne CKopocTen Mo3BONseT B
3HaYMTENbHON Mepe CKOMMEHCHPOBAThb BbICOKOYACTOT-
HOe paccrioeHve nyyka M MoBbICUTb 3PHEKTUBHOCTb
B3aumogencTaeus [2]. B ymHOXuUTENE YacToTbl cUTyaLus
bonee cnoxHasi, NOCKONbKYy 3[4eCb CyLUeCTBYIOT ABa
yyacTka NpOCTpaHCTBa B3auUMOLEWCTBUS C PasfUYHOWN
CTeneHb0 HEOAHOPOAHOCTU NOMS B MOMEPEYHOM ceye-
HMW 3MEKTPOHHOro NoToKa.

Ha pwuc. 2 npeactasneHbl 3aBMCMMOCTU amnnuUTyabl
BbIXOOHOMO CUrHana oT BeNnW4YuHbI PasHOCTM napameTpa
MPOCTPAHCTBEHHOTO PACCMHXPOHM3Ma MEXAY CMEXHbl-
MW 3MEKTPOHHbLIMW MOTOKaMW AN PasfnyHbIX 3HAYEHUN
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OoTHOLeHns paboyero Toka k nyckoBoMmy lo/lsi B BbIXOA-
HOM pe30oHaHCHOM Kackage. KoadhpuumneHT yMHOXeHMS
paBeH 4eTblpeM. AMNNMTyg4a BXOOHOrO CurHana Bbi6u-
panacb 13 yCrioBusi Makcumyma aMniuTyAbl BbIXOGHOIO
CurHarna gns 3agaHHoro KoadduuneHTa yMHOXEHUS 1 B
JaHHOM crniydae coctasnana —26 gb. MNonoxuTteneHble
3HayeHusa napameTpa A® 03Ha4alT, YTO NO Mepe yaa-
NEHNst OT MOBEPXHOCTU 3aMeansiiollen CUCTEMbl Ha-
YarnbHasi CKOPOCTb 3MEKTPOHHbBIX MOTOKOB YMEHbLLIAETCS.
OTpuuaTtenbHble 3HaYeHUss A® He paccMaTpuBaloTCH,
NMOCKONMbKY B 3TOM cryyYae 3(dEKTUBHOCTb 3HEProob-
MEHa 31EKTPOHOB C BbICOKOYACTOTHLIM MOSIEM CHUDKAET-
cs. NpryrHbI 3TOro ABNEHNSA paccMOTPEHbI B [2].

M3 rpachukoB BUAHO, YTO B pexume pereHepaTuBHO-
ro yCUneHusi NpMeHeHne MHOrOMy4KoBOW 3NEKTPOHHO-
ONTWUYECKOM CUCTEMBbI C PasHbIMU CKOPOCTSMM 3reK-
TPOHHBIX MOTOKOB MpaKTU4YeCKkn He CKasbiBaeTcs Ha
YPOBHE BbIXOOHOrO curHana. B pexume CUHXpOHM3aLmK
(lo/lst >1) HabnogaeTca SBHO BbIPAXEHHBIN MaKCUMYyM
amMnnMTyabl BbIXOOAHOIO CUrHana, npuyem Ans pasnuu-
HbIX 3Ha4YeHWU OTHOLLEHWUsI paboyero Toka K MycKOBOMY
OH peanuayetcs nNpu A®@~m. Pac4eTbl NOKa3bIBalOT, YTO
aHanornyHbI adpdekT HabngaeTca U Ana Apyrux 3Ha-
YeHU Ko3ahPULNEHTA YMHOXEHNS YaCTOTbI.

CnegyeT OTMETUTb, YTO yBeNnW4yeHue napameTpa
lo/lst MPMBOANT K POCTY HE TOMbKO abCOMTHOrO 3Have-
HWUS amnnTyabl BbIXOQHOro curHana ans A®~n, HO 1 ee
OTHOLLEHNS K aMnNnUTyde curHana B crnyyae, Korga Bce
3MNEKTPOHHbIE MYYKU MMEKT OAMHAKOBYID HayarbHy
ckopocTb. CrepoBaTenbHO, BO3AENCTBME W3MEHEHWS
pacnpefeneHns HavarnbHbIX CKOPOCTEW 3MEKTPOHHbIX
NMOTOKOB Ha 3(P(PEKTUBHOCTb MHOMOMYYKOBOrO YMHOXM-
Tens 4yactoTbl 06yCroBNEHO B OCHOBHOM HEMWHENHbIMMU
npoueccamMm B 3NeKTPOHHO-BOITHOBOW CUCTEME.

Ill. 3akno4vyeHue

MokasaHo, YTO MPUMEHEHME HECKONbKUX 3NEeKTPOH-
HbIX MOTOKOB C Pa3NNYHbIMU HaYarnbHbIMU CKOPOCTSIMU B
3NEeKTPOHHO-BOMHOBLIX cuctemMax O-Tuna nossonsieT
noBbICUTL 3MEKTUBHOCTL B3aMMOLEWCTBUS HE TONbKO
Ha YyacToTe BXOAHOrO CUrHamna B pexume YCUNeHusi, HO
N Ha ee BbICLUMX FApPMOHMKAX B PEXUME YMHOXEHMS.
OdbdekT pgocTturaeTca Gnarogapsi KOMMEHcauum BbICO-
KOYaCTOTHOrO PacCrnoeHusi B MHOTOCKOPOCTHOM 3riek-
TPOHHOM MoOTOKe. Mcnonb3oBaHMe HECKONbKUX 3rek-
TPOHHbIX MOTOKOB BMECTO OOHOFO MOLLHOFO MNyyka no-
3BONSIET COXPaHUTb YPOBEHb MOLLHOCTW B CUCTEME W
OCYLLECTBNATL 3P(PEKTUBHOE YNpaBrieHne xapakrepu-
CTUKaMW 3N1EKTPOHHO-BONTHOBOIO B3aUMOAENCTBUS.
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Abstract — The research of multidimensional model of two-
stage frequency multiplier with multibeam election-optical sys-
tem is carried out. The presence of multiple-speed electronic
stream allows effectively controlling the characteristics of inter-
action between high-frequency field and charged particles. On
the basis of beam-wave interaction multidimensional nonlinear
theory, increase conditions of output power at higher harmonics
of the input signal frequency have been obtained.

|. Introduction

One of the most essential factors, which should be taken
into account in multidimensional models of electron devices, is
high-frequency breaking of the electron beam [1]. This phe-
nomenon is stipulated by discontinuity of electromagnetic field
in the electron beam cross-section. Considered in this paper is
multibeam O-type beam-wave system, where each stream of
electrons has its own initial velocity. The main attention is paid
to investigation of such system operation in the frequency mul-
tiplication mode.

Il. Main Part

The O-type beam-wave system researched has two spaces
of interaction. One of its stages is multi-beam electron beam
modulator on the input signal frequency. This interaction space
section can be both resonance and non-resonance. The output
stage of the multiplier represents the resonance system with pro-
longed interaction. Actually it is a non-autonomous oscillatory sys-
tem with preliminary modulation of electron beam. Theoretical
analysis has been carried out within the framework of multidi-
mensional model of nonlinear beam-wave interaction [3].

Fig. 2 shows dependences of the output amplitude on the
value of velocity difference between contiguous electron beams
for different values of operating current/starting current ratio in
the output resonance stage. Multiplying coefficient equals four.
The input amplitude is selected from condition of the output
amplitude maximum for the given multiplying coefficient and in
this case it is -26 dB. Positive AD values mean that the initial
speed of electron beams is decreasing in accordance with mov-
ing away from slow-wave circuit surface.

Application of multibeam election-optical system with differ-
ent velocities of electronic beams practically had no effect on
the output signal level in regenerative amplification mode. In
synchronization mode the obviously expressed maximum of the
output amplitude is obvious. This peak is located at Ad~n for
different values operating current/starting current ratio. The cal-
culations show that the same effect is observed for other values
of frequency multiplying coefficient.

lll. Conclusion

Application of several electron beams with different initial
velocities in the O-type beam-wave systems allows enhancing
interaction efficiency not only at input signal frequency in the
amplification mode but also at its higher harmonics in multiply-
ing mode. Using of several electronic beams instead of one
powerful beam allows saving system power level and realizing
effective control of beam-wave interaction characteristics.
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