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AHHOmauusi ~ TeopeTudeckn uccnepyerca rubpuaHas
3MEeKTPONHO-BONHOBAA cucrtema O-Tuna B peXumMe yMHOXEeHUA
4acToThl. AHanM3 NPOBOAMUTCR Ha OCHOBE CaMOCOrnacoBaHHON
HENMUHENHOA TeopuW B3AUMOAEWACTBUA NOTOKA 3aAPSKEHHLIX
4acTUL C BbICOKOMACTOTHLIMM U CTaTUHECKUMKU NONSAIMU, KOTO-
pas y4uTbiBAET MHOTOMEPHOCTb S3FEKTPOHHO-ONTUYECKON 1
3NEXTPOANHAMUYECKON CUCTEMbI. YCTAaHOBNEHbI OCHOBHLIE 3a-
KOHOMEPHOCTU YCUNEHUS TapMOHUK YaCTOTbl BXOAHOTO CUrHana
AN PA3NUUHLIX NAPamMeTPOB 3FIEKTPOHHO-BONHOBOW CUCTEMBI.

|. BBegenue

B3aumopencTBUE 3apPSKEHHBIX 4acTUL, C 3NeKTpo-
MarHUTHLIMU NONAMKU B MHOTOKacKagHbIX 3NEKTPOHHO-
BOMNHOBLIX CUCTEMAX CONMPOBOXAAETCSH POPMUPOBAHNEM
NPOCTPaHCTBEHHO-BPEMEHHOW CTPYKTYPbl 3MEKTPOHHbIX
noTtokos, 60raTo rapMOHWYECKMU COCTaBMAOWVMU.
[MoBblWEHNe MOLHOCTN BXOAHBIX CUrHanos Po NnpusoanT
K 3HaUUTENbHOMY YCMOXHEHUI aHeproobmeHa mexay
NYYKOM Y CUHXPOHHOW BOMHOIA, 4TO 0OYCNOBMNENHO Henwn-
HEeWHOCTbIO huanyeckux npoueccoB. Mcnonb3osaHue
onpeAeneHHbIX Y4acTKOB NPOCTPAHCTBA B3aUMOAENCT-
BUS ANS YCUINEHUA rapMOHUK BXOJHOrO CUrHana nosgo-
nsieT, C OAHOW CTOPOHbI, yBENU4YMBaTbL YaCcTOTy u3fyye-
HUS, a C Apyroin — Npu onpeAeneHHbIX YCNoBUsIX NOBbI-
waTb 3¢pdpekTuBHOCTL 3Heproobmena.

B panHo# pabote Ha ocHOBE cCaMOCOrnacoBaHHOW
MHoromepHon Tteopuu [1] paccmatpusaetcs ogHa W3
BO3MOXHbBIX CXEM YMHOXEHWA 4acToTbl B rubpuaHon
3NEeKTPOHHO-BONHOBOW cuUCTeMe, Bkrlovatowen B cebs
Hepe3OHaHCHbIE U PE3OHAHCHbIe YHaCTKU NPOCTPaHCTBa
B3aVMOAENCTBUA. TeopeTudeckoe uccrneaosakne npo-
BOOUTCA ANA Pas3nuU4HbiX ypOBHeI‘/'I MOLWHOCTN BXOAHbLIX
curHanoe ¢ yyetom adektos, 06yCNOBAEHHBIX MHOTO-
MEPHOCTLIO TPASKTOPU BNEKTPOHOB U INEKTPOMArHUT-
HbIX NONen 3ameaAnsoLnX CTPYKTYP.

Il. OcHoBHag YacTh

PaccmatpuBaetca rubpugHas cxema yMHOXUTENs
YacTOTbl, B KOTOPOIt YCUINMBaEMbIt CUrHan NocTynaeT Ha

BXOA HEPE30HAHCHOW 3MEKTPOHHO-BOMNHOBOW CUCTEMbI,
a BblAeNeHue rapMoOHWKKU 4acToTbl 3TOr0 curHana npo-
MCXOoAWT B pe3oHaHcHow cucteme O-tuna c gnurerns-
HbIM B3aumogencrTsmnem. HepesoHaHCHbIN y4acToK Npo-
CTpaHCTBa B3aMMOAEeNCTBUS B obluem cnyyae senseTcs
CEKLUMOHUPOBAHHLIM C LENbIO NOBbIWeHWUs1 3thdeKTus-
HOCTM 3HeprooOmeHa u yCTpaHeHust napasuTHbix obpar-
HbIX cBsisett. B paHHOW paboTe OCHOBHOE BHVMMAaHWe
YAENEHO aHanu3y YCUNEHWS CPABHUTENbHO MOLLHBIX
BXOAHbIX CUTHaMNOB, T.€. HA BXO/J PE30HAHCHOTO y4acTka

NPOCTpaHCTBA B3aMMoJencTBins nocTynaeT 3NEeKTPOH-

HbIA NOTOK, NPOMOAYNUPOBAHHLIA KaK NO CKOPOCTU, Tak
M MO NNOTHOCTU B pe3ynbTaTe HENWHERHOro 3NEKTPOH-
HO-BONHOBOrO B3aUWMOAENCTBUA.

BaxHyio ponb Npu WCCREAOBaHUM MHOTOYACTOTHBIX
pexumoB paboTbl 3NeKTPOHHLIX NPUBOpPOB C ANWTENb-
HbIM B3aUMOLEWCTBUEM WUrpaeT CONpOTUBNEHUE CBA3N,
BO MHOFOM onpegensiowiee 3¢pdEKTUBHOCTb B3anMo-
DENCTBUA TOTOKOB 3apSXKEHHbIX 4acTul, C nonem 3a-
mMeansowen cucrembl [2]. B MHOromepHbIX Mopensix
3NEKTPOHHO-BONHOBOrO B3aUMOAENCTBUA yYeT U3MeEHe-
HUs 3TOrO NapamMeTpa SBNSETCH €CTECTBEHHbIM, Npu4em
paccMaTpuMBaeTCs TaKKe W3MEHEeHWe amnnuTyaHoro
pacnpepeneHus Kak npoaonbHOro, Tak U NONepeyYHoro
BbICOKOYACTOTHOIO NONst NO TONWwuHe nyuyka. Cneposa-
TeNbHO, B A@HHOM Cnyvae U3MEHEeHWe CONpOTUBMEHUA
CBA3W ANS PasNUuYHBLIX FAapMOHWUK 4YacToTbl curHana wu
BbICOKOYACTOTHOE PAaccnoeHne nyuyka SABNAITCA B3au-
MOCBA3aHHbIMKM  (paKkTOpamMu  3NEKTPOHHO-BOSNTHOBOTO
B3aMMOAENCTBUSA.

PacueTbi Obinu nposBeaeHbl AnS CNy4as raycCoBCKO-
ro amnnUTYAHOrO pacnpeeneHns nons Ha pe3oHaMc-
HOM y4yacTKe NpoCTpaHcTBa B3aumoaencreus. MNpeano-
naranocb Takke, YTO WMNEAaHCHas NOBEPXHOCTb pac-
NONOXeHa TONBbKO Ha OAHOW NNOCKOCTU HEPE3OHAHCHOW
nnawapHoW CTPYKTYpbl. Ha puc.1 npeacTaBneHsl amnnu-
TyOHblE 3aBUCUMOCTU AEWCTBUTENbHOW YacTu cpeaHen
KOMMAEKCHOW KPYTW3Hb! kKonebaTenbHoW XxapakTepucTu-
KW PE30HAHCHOTrO Kackaga Ans PasnuYHbIX FapMOHWK
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Puc. 1. KpymusHa amnnumydHol konebamenpHol Puc. 2. Pe3oHaHCHbIe Xxapakmepucmuku onsi
Xapakmepucmuku PA3MUYHBIX 2aPMOHUK 4acmombl 8X00H020 cuzHana
Fig. 1. Real part of the transadmittance Fig. 2. Amplitude response for different harmonics
of the input signal frequency
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4acToTbl BXOAHOIO CurHana (HOMep KpuBoW coBnajaeT ¢
HoMepom rapmoHukn N). MokasaHbl Takxe onTumanb-
Hble 3HauyeHus hasbl BLIXOQHOrO curHana y Ans pas-
NUYHbIX 3HauveHwih N. YeenuueHue Homepa rapMOHUKU
NpUBOAUT K CHUXEHUIO 3pEKTUBHOCTU B3aUMOAENCT-
BUS (anekTpoHHblii KM/ nponopuuoHaneH Sq). NameHe-
HUE CONMPOTUBNEHUR CBA3N C yBenuuernuem N obycnos-
nuBaeT AOMONHUTENbHOE YMeHbleHne Sy. M3 rpacukos
Ha puc.1 cneayeT, yTo Ans gaHHoro Habopa napameT-

poB cucteMbl 3OPEKTUBHOE YMHOXEHNE YaCTOThl MOX-

HO monyuuts nuwb npu N<5. YT06bI Nonyuuts Honee
BbICOKUI KOIMMDULIMEHT YMHOXKEHWNS, CreayeT CKOMNEH-
CUMpPOBaTL YMEHblUEHNe CONPOTUBAIEHUS CBA3M Npu No-
BbILLUEHWUM YACTOTb! BbIXOAHOrO CUTrHana.

WameHeHne onTUManbHOro 3Hauenus asbi BbIXOA-
HOrO curHasna Ans pasnuyHbIX 3HadveHuin N csuaeTennb-
CTBYeT O TOM, YTO ANS AAHHOrO YPOBHS BXOAHOW MOLL(-
HOCTW Mpouecc aHeproobmeHa B Moaynstope sBnseTcs
CYWECTBEHHO HENUHENHLIM U AN TEOPETUYECKOro aHa-
nu3a Henb3s OTPaHUYUBATBLCSI AUHENHBIM NPUBANXEHN-
ewm. B aToii cBAsK cnegyeT oTMETUTD, YTO ANA 3HAYEHUS
Pg= -60 dB ans BCex rapMOHUK ONTUMANbHOE 3HaYeHNe
ha3sbl Y 0AMHAKOBO U PABHO T.

Ha puc. 2 npeacraeneHbl pe30HaHCHbIE XapaKTepu-
CTUKM ANsi pasnuyHbiX 3Hayenn N. CnnowHble KpuBbie
COOTBETCTBYIOT YCTOWMMBBIM 3HAYEHNAM aMnAUTYAb!
koneGaHui, WTPUXOBbIE — HEYCTONYUBBLIM. YBEnu4eHne
HOMepa YCU/IMBAEMOW TFapMOHUKM  COMpPOBOXAAETCH,

- NOMUMO CHUXEHUSi MaKkCuManbHOW amnnuTyab koneba-
HUR, U3MEHEHMEM ONTUMaNbHON YACTOTHOWN PaccTPOUKn
A® v cyxxeHnem NONOCkI CUHXPOHU3aUNUK.

MNosbilueHWe MOLHOCTU BXOAHbLIX CUrHaNoOB NpPUBO-
OUT K M3MEHEHMNIO YCNOBUA YMHOXEHUA 4acToTbl B UC-
cnegyemon cucteme. PesynbTaTbl pacuyeToB nokasbisa-
10T, YTO ANs 3HauveHuit Pg, npesblwanowmnx HekoTopoe
noporoBoe 3HaueHue (onpepensetcs Habopom Hesasw-
CUMbIX NapaMeTpoB CUCTEMBI), 3hEeKTUBHOE yMHOXe-
HWEe 4acToTbl CTaHOBUTCA nNpobrnemaTuyHbiM. B aTom
cny4ae paxe AN BTOPOAN v TPETbEeN rapMOHWKW Ypo-
BEHb BbIXOAHON MOLIHOCTN OKasblBaeTcs nNpuUMepHo
PaBHbIM MW MEHbLUMM MOLLHOCTN BXOLHOTO cCuUrHana.
flaHHas cuTyauuss XapaKTepusyeTCcs 3Ha4UTENbHbIM
YPOBHEM rPYNNUPOBKW MNyvka Ha BXOAE Pe3OHaHCHOTO
y4acTka NpocTpaHcTea B3ammMopencteus. B atom cny-
Yyae BbIXOZAHbIE XapaKTEePUCTUKW CUCTEMbl B OCHOBHOM
onpeaensioTCs CBOWCTBAMW MOAYNUPYIOWMUX (HEpe3o-
HaHCHbIX) y4acTkoB npubopa.

Ill. 3aknioueHune

PaccMOoTpeHHblE 3aKOHOMEPHOCTU YMHOXEHUs 4ac-
TOThbl B rMBPUAHON 3INEKTPOHHO-BOMHOBON cucTEMEe Mo-
3BONSKIOT ONPEAENUTL OCHOBHbIE (PaKTOPbl, BO3AEWCT-
ByloLIne Ha 3PDEKTUBHOCTL IHEProobmera npu ycune-
HUN rapMOHUK UCXOAHOW 4acToTbl. CnegyeT oTMETUTH
BO3MOXHOGTb aHasm3a B paMkax Ucnons3yemMon Moaenu
pasnuyHbIX CXeM YMHOXEHVS 1 Npeobpasosanns 4acTo-
Tbl 1 pa3paboTku Ha 3TOW OCHOBE 3PPEKTUBHLIX MHO-
rOPYHKUUOHAMNBHBIX YCTPOWCTB.
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Abstract — Using of hybrid O-type beam-wave system as a
frequency multiplier is theoretically researched. We have carried
out the analysis on the base of nonlinear self-consistent theory of
beam-wave interaction, which takes into account the multidimen-
sionality of electron-optical and electrodynamic systems. The
main regularities of input signal harmonics amplification for differ-
ent parameters of the beam-wave system are obtained.

I. Introduction

The interaction of charged particles with electromagnetic
fields in multistage beam-wave systems results in the creation
of electron streams time-space structure with variety of harmon-
ics. The increase of input signals power P, complicates the in-
teraction between the electron beam and synchronous wave,
which is stipulated by nonlinearity of physical processes. Using
of particular sections of interaction region for input signal har-
monics amplification allows, on the one hand, to increase the
radiation frequency, and on the other hand - to enhance the
efficiency under certain conditions.

The present work describes one of the possible schemes of
the frequency multiplication in the hybrid beam-wave system
including nonresonance and resonance sections of the interac-
tion region on the basis of the multidimensional self-consistent
theory [1]. Theoretical investigation of different power levels of
input signals in view of effects stipulated by multi-regularity of
electrons trajectories and electromagnetic fields of the slow-
wave circuits is performed.

1. Main part

In this paper considered is the hybrid scheme of frequency
multiplier, in which the initial signal enters the input of the non-
resonance beam-wave system, and amplification of the frequency
harmonics of this signal takes place in the resonance O-type sys-
tem with prolonged interaction. Generally the nonresonance sec-
tion of the interaction region is partitioned with the purpose of effi-
ciency enhancement and parasitic feedbacks elimination. The
present work is focused on the analysis of amplification of rather
powerful input signals. The velocity-modulated and density-
modulated electron beam enters the resonance section of the
interaction region.

The calculations were performed for the Gauss amplitude dis-
tribution of rf field in resonance section of interaction region. We
also assumed that impedance surface is disposed only on one
plane of nonresonance planar structure.

Fig. 1 shows amplitude depending on the real part of tran-
sadmittance of resonance stage oscillatory characteristic for dif-
ferent harmonics of the input signal frequency (number of the
curve coincides with harmonic number N). The optimum values of
the output signal phase for different N are also shown.

Fig. 2 shows the amplitude-frequency responses for different
values N. Solid curves indicate the steady values of oscillations
amplitude; dashed curves indicate the unstable amplitude values.
The increase of amplificated harmonics number results in the de-
crease of maximum oscillations amplitude, change of the opti-
mum frequency detuning, and synchronization band narrowing.

1ll. Conclusion

The considered regularities of frequency multiplication in
the hybrid beam-wave system allow to determine the main fac-
tors influencing the efficiency and output power. Used physics-
based nonlinear model provides the opportunity of the analysis
of the different frequency multiplication and conversion
schemes and multidimensional simulation capability for high-
performance devices design.
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