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AHHOMauyusi — PaccmoTpeHa MHOromepHasi Mogernb Hepe-
30HAHCHOIO yCUNUTENs MM AuanasoHa C HaKMOHHbIM hoKycu-
pylowmm nonem. B pamkax camocornacoBaHHOW HenUHEeNHON
TEOpWW NPOBEAEH aHanM3 XapaKTEPUCTUK YCUNUTENs Ans pas-
MINYHBIX 3HAYEHUI MOLLHOCTM BXOAHOIO CUrHarma u yrna Hakro-
Ha MarHUToCTaTU4YecKoro nonsi.

|. BBepgeHue

OpHum 13 cnocoboB MOBbILEHUA 3PDEKTUBHOCTU
BaKyyMHbIX npubopos CBY saBnseTcs yBenuyeHue
MOLLIHOCTM 3MEKTPOHHbIX MOTOKOB. [loBbllEHNe ToKa
nyyka oBblYHO COMPOBOXAAETCA YBENMYEHMEM ero mno-
nepeYHbIX pasmMepos, YTO, B CBOK o4yepefb, MPUBOAUT K
YMeHbLUEHNIO CONpoTMBReHus cBA3n. B npubopax O-
TMNa ¢ AnuTenbHbIM B3auModencTBrem ata npobnema
nposBnseTcs Hanbonee CyWweCTBEHHO MPW yBENUYEHUN
paboyen 4acTtoTbl — B AManasoHe MM U CyMM [AJIMH
BOMH. B reHepaTtopax Ha obpaTHoW BOnHe Ans ee pe-
WeHus Bbina npeanoXeHa KOHCTPYKUMS C HaKMOHHbIM
MO OTHOLUEHWIO K MOBEPXHOCTU 3aMeansioLiein cucTemsl
(3C) aneKTpOHHbIM NMOTOKOM — KIMHOTPOH [1]. M3ameHe-
HVWe TPaeKTOpWI ANEKTPOHOB B MPOCTPaHCTBE B3aWMO-
OeNCTBNSA Takke NO3BOMSET MOBLICUTL 3PDEKTUBHOCTD
3aHeproobMeHa MOTOKa 3apshKeHHbIX 4acTuL C 3amej-
MNEHHON BONHON B reHepaTope AWdPaKUMOHHOIO M3ny-
YEHUS C NOKarnbHOW MarHWTHOW HEeOO4HOPOAHOCTLIO [2].
TeopeTnyeckne WCCreaoBaHUSA PasfinYHbIX PEXUMOB
paboTbl TakMx reHepaTtopoB MO3BOMMUN YCTAHOBUTL OC-
HOBHblE 3aKOHOMEPHOCTU MHOFOMEPHOro 3MEeKTPOHHO-
BOJIHOBOrO B3aMMOAEWCTBUS C YHETOM TOKOOCeaHns Ha
nosepxHocTb 3C, a Takke Apyrux adpdekTos, obycnos-
NEeHHbIX MNomnepeyYyHbIM ABMXEHWeM Yactuy nydka [3].
Bwmecte ¢ Tem, npeacrtaBnseT uHTepec uccriegosBaHue
HEPEe30HAHCHOW YCUMUTENbHON CUCTEMbI C HAKIMOHHbIM
doKycMpyoLLMM nofiem, NOCKOSbKY 34ecCb, B OTNNYMe oT
reHepaTopoB, MPOCTPAHCTBEHHOE pacnpefenieHne WH-
TEHCMBHOCTW BbLICOKOYACTOTHOrO MOMs He sBhAseTcs
dmKCMpoBaHHBIM, a YycTaHaBnMBaeTCs CaMoCOorfiaco-
BaHHbIM 06pa3om B nmpouecce B3aMMOAEWCTBUS C Afek-
TPOHHbIM MOTOKOM.

Il. OcHOoBHaA YacTb

Cxema uccriegyemMon 3reKTPOHHO-BONHOBOW CUCTe-
Mbl MpeAcTaBneHa Ha puc. 1. HaknoH cunoBbiX AWMHWNA
OAHOPOAHOrO0 MarHUTHOrO MOMs NoA YrfioM K NIOCKO-
ctn 3C conpoBoXadaeTcs COOTBETCTBYHOLWMNM U3MEHEHU-
€M TpaeKTOpUI 3neKTPoHOB. B pesynbTaTe anekTpoH-
HbIAi MOTOK KOHEYHOW TOSMLWMHBI MOXET YaCTUYHO WK
MONHOCTbIO OCefaTb Ha MOBEPXHOCTb ANEKTPOAMHaAMMU-
YecKkoln cuctembl. PaccmatpuBaeTcs ycuneHue Ha npsi-
MOV BOJIHE, T.€. BXOAHOW CUrHan nogaeTtcs B NPOCTpaH-
CTBO B3aMMOAENCTBUS CO CTOPOHbI SMNEKTPOHHOW MYLLIKW.

[na TeopeTnyeckoro uccnegoBaHNs MHOTOMEPHOMN
YCUINNTENBbHON CUCTEMbI C HAKIOHHBIM (POKYCUPYIOLLIMM
Mofnem MCromb3oBanacb CaMOCOracoBaHHasa HenuHen-
Has Teopusl Hepe3oHaHCHbIX mpubopoB O-Tuna ¢ Amu-

TenbHbIM B3aumopgencTsmem [4], koTopasi no3BonsieT
NPOBOANTL aHanu3 U3NYECKMX NPOLIECCOB Ars pasnuy-
HbIX 3Ha4YE€HWIN MOLLHOCTW BXOAHOrO CUrHana.

Ha puc. 1 npeacraeneHbl 3aBUCUMOCTI Ko3adhdouum-
eHTa ycuneHnss G OT HOPMWMPOBAHHOW Ha ANWHY Npo-
CTpaHcTBa B3aMMOAENCTBUSA NMPOAOMLHOW KOOPAMHATHI &
ANs pasnuyHbIX 3HAaYeHWn yrna HakmoHa y. LTpuxosas
KpvBasi COOTBETCTBYET CTaHAApTHOW dhokycupoBke (y =
0). Yron HaknoHa oKyCcUpytoLLEero nosnsi usMepsieTcsi B
MUHYyTax. 3HadeHue y = —25’ COOTBETCTBYeT Hauvany
TOKOOCEAaHVUsA Ha MOBEPXHOCTb 3M1EKTPOANHAMNYECKOM
cuctembl. [Ans BeIGpaHHOrO 3Ha4YeHWs MOLLHOCTM BXOZA-
Horo curHana u AnuHel 3C koadhduUMeHT ycuneHus
JocTuraeT HacblleHuss B npefenax npocTpaHCTBa
B3anMoAencTens. B 9ToM crnyvae HakmoH TpaeKTopui
3NEKTPOHOB MPUBOAMUT K CMELLEHUI0 MaKCMMyMa 3aBu-
cumocTu G(&) B CTOPOHY 9NEKTPOHHON MYLUKK, T.e. hak-
TUYECKM NPOMCXOANT CoKpalleHne 3dpPeKTUBHON ANWHbI
yeunuTtens. MakcmmanbHbIn KO3 dULUMEHT ycuneHus
yBenuMunBaeTcs HeaHaunTenbHO. TokoocepaHue Ha 3C
COMPOBOX/AAETCA CHMKEHNEM MaKCUMaribHOrO 3HaYeHNs
G. CnepgyeT OTMETUTb, YTO B AaHHOW CMTyauuW YMeHb-
LUeHNe ANMWHBI NPOCTPAHCTBa B3aUMOAEWCTBUS NpPaKTu-
YeCkn He cKasblBaeTCs Ha amnnUTyOQHOM pacnpepene-
HMW BBICOKOYACTOTHOrO MNOMS B OTNMYME OT pPEe3OHaHC-
HbIX CMCTEM, FAe CTPyKTypa nons onpegensiertcs Cum-
MeTpuen aNeKTpOAMHAMUYECKON CUCTEMbI B LIEMOM.

PesynbTaTbl pacyeToB NokKasbiBalOT, YTO ANs OTHO-
CUTENbHO MarnbiX YPOBHEN MOLLYHOCTU BXOZHOrO CUrHa-
na, korga B npegenax npocTpaHCTBa B3avMOAENCTBUSA
MPOMCXOANT 3KCMOHEHUManbHoOe HapacTaHue amnauTy-
Obl konebaHuii, HaknoH TPaeKTOPWUIA 3NEKTPOHOB K MO-
BepxHocTn 3C NpMBOAMUT K CYLLECTBEHHOMY MOBbILLEHMIO
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Puc. 1. KoagpbuyueHm ycuneHusi 0rsi pasiudHbIX
3HayeHud yana y.

Fig. 1. Gain for different values of tilt angle y
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Puc. 2. AMnnumyda cueHana 0ns pasnuyHbIX 3HadeHul h.

Fig. 2. Signal amplitude for different h values

MakcumarnbHoro koadduumeHta ycunexHus. Cneposa-
TenbHO, B JaHHOM Cryyae HakioH OoKycuUpyHoLLero no-
nsi No3BonsieT peanusoBaTe Bonee MHTEHCUMBHYIO rpyn-
MMPOBKY 3MNEKTPOHHOrO MOTOKAa, T.€. MONy4uTb onpefe-
NEHHBIA YpOBEHb MOLLHOCTW CUrHana Ha MeHbLUuen anu-
He MpOCTpaHCTBa B3auUMOAEWNCTBUS. AHANOrMYHbIN Bbl-
BOA MOXHO cAenaTtb Ha OCHOBaHWM AaHHbIX, NpeacTaB-
NeHHbIX Ha puc. 1, rae B obnactu 3HadeHun & < 0.4 ons
BCEX PAaCCMOTPEHHbLIX YIMOB HakMoHa y Habniopaetcs
yBenuyeHne ahpeKTMBHOCTY B3aNMOAENCTBUSI.

Ha puc. 2 npencrtaBneHbl amMmnnuTygHble pacnpege-
NEeHNst BbICOKOYACTOTHOrO MONS BAOMb MNPOCTPaHCTBa
B3anMoAencTBns B crnyyae y = 0 Ans pasnuyHbIX 3Ha-
YEHWUI NPULLENBHOTO PaccTosHNUSA h, HOPMUPOBAHHOTO Ha
TONLLMHY My4YKa, U MOLLYHOCTU BXOOHOro curHana. Hyne-
BOe 3HayeHue napameTpa h o3Ha4aeT, YTO 3IMEKTPOH-
HbI MOTOK NPOMNycKaeTcst BNOTHYO k noBepxHocTu 3C.
CnnoLUHbIMU KPpUBBLIMU NOKa3aHbl 3aBUCUMOCTY Anst Py =
—20 ob, WTpMXOBBIMY KPUBLIMU — A1 MEHEE MOLLHOro
BXoAHoOro curHana (Po = —60 gb). OueBngHo, 4YTO N3Me-
HEeHMe MpULENbHOrO PacCTOSHWSA OKa3blBaeT NMPUMEPHO
Takoe ke BO34eNCTBME Ha 3aKOHOMEPHOCTU hU3NYECKMX
NpoLEeccoB B YyCWNUTENE, Kak W HaKMOH TpaekTopuii
3NeKTPoHOB Kk noBepxHocTn 3C. Taknm obpaszomM, MOXHO
caenatb BbIBOA O TOM, YTO OCHOBHbIM MEXaHW3MOM Mo-
BbllleHMST 3h(EKTUBHOCTM B3aUMOZENCTBUS 3a cyeT
HAKMOHHOr0 ABWXEHWS 3MNEKTPOHOB B HEPE30HAHCHOM
ycunurtene sBnsieTca U3MeHeHne ConpoTUBIIEHNSI CBA3M.

Ill. 3akno4vyeHue

B paGoTe ycTaHOBMEHbl OCHOBHbIE 3aKOHOMEPHOCTM
BNUSIHUSL HAKIMOHHOMO [BWXEHUS 3N1EKTPOHHOrO MOTOKa
Ha 9(PPEKTUBHOCTL 3HeproobMeHa B Hepe3oHaHCHOM
ycunutene O-Tvna ¢ ANUTENbHLIM B3aUMOAEWNCTBUEM.
MokasaHa BO3MOXHOCTb YMNpaBneHUst BbIXOAHLIMW Xa-
paKTepUCTUKAMU YCUNUTENS 3@ CYEeT U3MEHeHus yrna
HaKroHa (hoKycHpYHOLLLEro Monsi Ans pasfuyHbIX 3HaYe-
HUWi MOLLIHOCTM BXOAHOTO CUrHana.
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Abstract — Multidimensional model of nonresonant millimeter
waves amplifier with inclined focusing field is considered. Within
the framework of nonlinear self-consistent theory, analysis of the
amplifier characteristics for different values of input power and
magnetostatic field tilt angle is carried out.

|. Introduction

One of the methods for vacuum microwave devices effi-
ciency enhancement is to increase electron beam power. Beam
current increasing results in the beam transversal sizes
enlargement. Hence the coupling impedance in the beam-wave
system decreases. In order to solve the problem the design with
inclined electron beam - clinotron was offered [1]. The change
of electrons’ trajectories in the interaction space also allows
enhancing efficiency in the diffraction radiation generator with
localized magnetic nonuniformity [2]. The research of the non-
resonant amplifying system with inclined focusing field is inter-
esting because, as against generators, the spatial distribution of
rf field amplitude is not fixed but is formed in self-consistent
manner during beam-wave interaction.

Il. Main Part

The scheme of the researched beam-wave system is pre-
sented in Fig. 1. Sheet electron beam with finite thickness can
settle on the slow-wave system surface partially or completely.

In order to theoretically analyze the multidimensional beam-
wave system with inclined focusing field the nonlinear self-
consistent theory of nonresonant O-type devices with prolonged
interaction was used [4]. This theory allows investigating physical
processes for different values of the input power and tilting angle.

In Fig. 1 the gain G vs normalized on the interaction space
longitudinal coordinate & for different tilt angle values. The dashed
curve corresponds to standard focusing (x = 0). Tilting of elec-
trons’ trajectories results in amplifier interaction length decreasing.

In Fig. 2 the rf field amplitude distributions for the = 0 case
and different values of the parameter h, which is normalized on
the beam width, and input power are presented. Electron beam
passes closely to the slow-wave system surface when h = 0.
The solid curves show dependences for input power P, = -20
dB, dashed curves correspond to P, = -60 dB. It is clear that the
changing of the parameter h influences physical processes regu-
larities in the amplifier as well as electrons trajectories inclination.

Thus the main mechanism of the efficiency enhancement in
the nonresonant amplifier with inclined focusing field is the cou-
pling impedance changing.

lll. Conclusion

The main regularities of the electron beam inclination effect
on the efficiency of the nonresonant O-type amplifier with pro-
longed interaction have been considered. The possibility of the
amplifier output characteristics control by variation of focusing
field tilt angle is shown for different values of input power.
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