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AHHOMauyusi — TeopeTnyeckn nccnegyeTcs Hepe3oHaHCHas
ycunutenbHas cuctema cybTeparepLoBOro guanasoHa C Ha-
KNMOHHbIM hOoKyCcUpylLMM noneMm. B pamkax HenuHenHonm ca-
MOCOr1aCoBaHHON TEOPWU NPOBEAEH aHanu3 BMUSHUS BENUYK-
Hbl UHAYKUMK (DOKYCUPYIOLLIEro NONsi Ha XapaKTepucTUKM ycu-
nuTens Ans pasnuyHbIX 3Ha4YeHUA MOLLHOCTU BXOLHOIO CUrHa-
na v yrna HakrmoHa MarHuTocTaTU4ecKoro Mnons.

|. BBepeHune

[MpMeHeHne HaKMOHHbIX K MOBEPXHOCTU 3amen-
nsoLwen anekrpoguHammnyeckon cuctemsl (3C) neHTou-
HbIX 3MEKTPOHHbIX MYYKOB ABMSETCS OAHWM U3 METOA0B
YAYYLWEHNS 3KCMNyaTauuoOHHbIX XapakTepUCTUK Jrek-
TpoBakyyMHbIXx npubopos CBY wu cybTteparepuosoro
OunanasoHa [1, 2]. B nepyto ovepenb 370 00YCrNOBNEHO
BO3MOXHOCTbIO MPUMEHEeHUs1 6onee MOLLHbIX 3MEeKTPOH-
HbIX MOTOKOB 3a CYeT MOBbIWeHNs 3dPEKTUBHOCTM
3MEeKTPOHHO-BOMMHOBOrO B3aMMOAENCTBUA MO TOMWMHE
nydyka. JononHWTenbHbIM MexaHU3MoM sBnseTcs daso-
Basi COPTMPOBKA 3apsKeHHbIX YacTuL, B NpoLiecce TOKO-
ocefaHunsa Ha nosepxHocTb 3C [2].

B pa6ote [3] ycTaHOBNEHO, YTO MCMONb30BaHME Ha-
KMOHHOIO (hOKYCUPYHOLLLEro Nnonst B HEpPe30HaHCHOW YCu-
NUTENbHON CUCTEME MO3BOMSET MOBLICUTL 3MDEKTMB-
HOCTb B3aMMOLENCTBUSA 3a CYET U3MEHEHMUS COnpoTuB-
neHus cBA3n. BaxHbIM (hakTOpoM M3MEHeHUst yCcrnoBuii
3HeproobmeHa 3MEeKTPOHHOrO MOTOKa C 3aMenJfIeHHOW
BOJSIHOW SIBNSIETCA BenUUMHa MHAOYKUMW HAKMOHHOrO ¢o-
KycupyloLero nonsi, kotopasi onpegenser dopmy Tpa-
€KTOPpUIN 3apsKEHHbIX YacTuL, B NPOCTPaHCTBE B3auMo-
pewncteusa. B gaHHow paboTe mccneaytoTCcss OCHOBHbIE
3aKOHOMEPHOCTM BO3QENCTBUA [daHHOro daktopa Ha
XapaKTepUCTMKN HEPe30HaHCHOro ycunutens ¢ Aauv-
TernbHbIM B3aMMOAENCTBMEM.

Il. OcHoBHasA yacTb

AHanna u3nNYecknx MNpPOLECCOB B 3MEKTPOHHO-
BOMTHOBOW CUCTEME C HaKIOHHbIM (POKYCUPYIOLLMM MO-
neM KOHEYHON WHTEHCUMBHOCTW MPOBOAMTCH Ha OCHOBE
MHOTOMEpPHOW HENVHEWNHOW TEOPUN CaMOCOrIacoBaHHO-
ro B3aVMOAEWNCTBUS MOTOKa 3apshKeHHbIX 4YacTuy C
anektpomarHuTHbiM nonem 3C [4]. PaccmatpuBaetcs
nnaHapHas CXxema YCUIUTEens, B KOTOPOW BXOLHOW Cur-
Han nogaeTcsl B MPOCTPaHCTBO B3aUMOAEWCTBUSI CO
CTOPOHbI 3MEKTPOHHOM nylwkn (cxema Ha pwuc.1). Ons
y4yeTa U3MEHEHMS UHAYKLMM MarHUTOCTaTUYECKOro nonsi
NCMONb3yeTCs 3Ha4YeHUe LMKNOTPOHHOW 4acToTbl, HOp-
MMPOBaHHOW Ha 4acToOTy CurHana — napameTtp odo.
BaxHOM 0CO6EHHOCTBIO UCMONb3yeMOW MOLENN ABNSET-
CSl BO3MOXHOCTb MCCMNeoBaHNsa 3aKkOHOMEPHOCTEN -
3MYECKMX NPOLECCOB B YCUNUTENBHON CUCTEME AN pas-
MWYHBIX 3HAYEeHWA MOLLHOCTU BXOAHOrO curHana /P.
BenvunHa P okasbiBaeT HEMoCpeACTBEHHOE BO3OENCT-
BME Ha OMHAMW4YecKue MnonepevHble CMELLEeHUs Tpaek-
TOPWIA 3NEKTPOHOB W, CriefoBaTenibHO, Ha NMPOCTPaHCT-
BEHHOE pacrnpenerneHne Toka ny4ka.

Ha puc. 1 npeactaBneHbl pacnpegeneHus koadpdu-
umMeHTa ycuneHuss G BAOMb NPOCTpaHCTBa B3auMoaen-

CTBUSI AN PasfUYHbIX 3HAYEHUA HOPMUPOBAHHOW LMK~

NOTPOHHOM 4acToThbl. 3gecb ¥ = -20' — yron HaknoHa
CUMOBBLIX NUHWIA doKycupyrowero nonsi. Ctpenkon o6o-
3HayeHa MpoAorbHas KoopAavHaTta, COOTBETCTBYHOLLAs
MorMHOMY OcCefaHuio Myyka Ha noeepxHocTb 3C ans
o /o = 0.4. Fpacpukn Ha puc. 1 NOCTPOEHbI Ans cryyas,
Korga 3MeKTPOHHbIV MOTOK Ha BbIXO4E M3 MYLUKU pacro-
NOXeEH BMMOTHYIO K noBepxHocTn 3C, 4TO COOTBETCTBYET
HYNeBoOMy MpULUENbHOMY paccTosiHUo h, HOpMUpOBaH-
HOMY Ha TOJLLMHY MNy4Kka. YMeHbLUEHNE UHAYKLMM (DOKY-
CVpYIOLLErO MONS COMPOBOXOAETCS YBENMYEHUEM KO-
apduumneHTa ycuneHuss Ha BCEeW ANvHEe NpOCTpaHCTBa
B3aumogencTeus. [daHHbii adhcpekt obycnoBneH B oc-
HOBHOM yMeHbLUeHNeM TokooceaaHus Ha 3C B cnydae
MeHee >XeCTKOM (POKYCMPOBKM, a TaKke yBeNMYeHUeM
CTaTUYECKNX U OUHAMUYECKMX MOMEPEYHbIX CMELLEHUN
TpaekTopuii 3nekTpoHoB. CkaykoobpasHbli XapakTep
3aBucmumocTen Ana oo < 0.4 aBnaeTcsa crneacTteBMeMm
OVCKPETHOCTM MNpeACTaBlieHUsl rEKTPOHHOMO MOTOKa B
NCMONb3yemMon MHOrOMEpPHOW MOENMW.

PacueTbl nokasbiBatoT, 4TO yBenuyeHne adekTus-
HOCTU B3aMMOAEWCTBUS MPU YMEHbLUEHUN WHOYKLUMU
cdhokycupytoLero nons peanuayeTcs Takke ONA HeHyne-
BbIX 3HAaYEHWU NpuULEenbHOro pacctoaHuss. OgHaKo OTHO-
CUTENbHOE M3MEHEHWe KO3 ULMEHTa YyCuUneHus Ans
[aHHOrO  3HA4YeHMsI MOLLHOCTM BXOLHOrO curHana
YMEHbLLaeTCs.

Ha puc. 2 npencraBneHbl 3aBUCUMOCTU TEKYLLEro
KoahuumeHTa ycuneHms ot npogonebHon 6espasmep-
HoOW koopauHatbl ons Py = -20 ab, a Takke gns pasnuy-
HbIX 3HAYeHWI Yyria HakfoHa ¥, U HOPMUPOBAHHOWM LIMK-

NOTPOHHOW YacTOoThbI (J)C/(D. B aTtom cny4ae nameHeHue
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Puc. 1. KoagpgpuyueHm ycuneHus 0ns pa3nuyHbIX
3HayeHul HOPMUPOBaHHOU LUUKTOMPOHHOU Yacmombi.

Fig. 1. Gain for different values of the normalized
cyclotron frequency
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Puc. 2. 3asucumocmu KoaghgbuyueHma ycuseHusi om
rpodoribHOU KOOPOUHaMbI.

Fig. 2. Gain vs longitudinal coordinate

BENMUYMHbLI NPULENBHOTO PACCTOAHUA OKasblBaeT Ccylle-
CTBEHHOE BO3[eVCTBIE Ha 3aKOHOMEPHOCTU 3MEKTPOH-
HO-BOMHOBOMO B3aUMOAEWNCTBUSA MPU YMEHbLUEHUN WH-
OYKUMM MarHUTOCTaTMYECcKOro nornst. YBenuyeHue Teky-
Wwero koauUMEHTa YCUIeHUs peanuayeTcs TOIbKO
AN NPUNOAHSATOrO Hag noBepxHocTbio 3C nyyka, npu-
YyeM MaKcUMMasbHbI MO MPOAOSIbLHOW KoopAuHaTe Ko-
adppuumeHT yeunenna G, cHuxaetca. CriegosaTers-
HO, YBENUYeHNe AMHAMUYECKMX NOMNepeYHbIX CMeLLeHui
TPaeKToOpuin 3NEKTPOHOB MPUBOAMT K MOBbLILLEHWIO 3d)-
(PEeKTMBHOCTM B3aMMOAEWCTBMS B CIly4ae OTCYTCTBUSA
ToKoocefdaHust Ha 3C. Kpome Toro, pesynbTaTthl pacue-
TOB, MPVBEAEHHbLIE Ha PUC. 2, CBUAETENLCTBYIOT O dop-
MVUPOBAHUM MUHUMAnNbLHOIO 3HaveHus napametpa Gpax
B MPOLIECCE YMEHbLUEHUSI KECTKOCTM (DOKYCUPOBKU MyY-
Ka HaKMOHHLIM MarHUTOCTaTUYECKUM MOSEM.

Ill. 3akntoyeHune

YcTaHOBMEHbl OCHOBHblE 3aKOHOMEPHOCTU BIUSIHUS
WHOYKUMM HaKMOHHOTO MarHUMToCTaTUYeckoro nomnsi Ha
3apheKTMBHOCTL 3HEProobMeHa B HEPE3OHAHCHOM YCU-
nutene O-Tuna ¢ gnuUTenbHbIM B3aumopencTemem. o-
KasaHa BO3MOXHOCTb MOBbILEHWS KO3 duULUMeHTa ycu-
NeHnsa B Cryvyae CHWXKEHMS MHAOYKUMKU (hOKyCMpYHoLLero
nonst Ans pasnuyHbiX 3HAaYEHW NapameTpoB CUCTEMbI:
NPULENbHOrO PacCTOsTHUSA, MOLLHOCTM BXOLQHOMO curHana
W yrra HakrnoHa CUMoBbIX NIMHUA MarHUTHOMO Nonsi.
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Abstract — The subterahertz nonresonant amplification sys-
tem with inclined focusing field is investigated. Within the frame-
work of the nonlinear self-consistent theory the analysis of the
focusing field induction effect on the amplifier characteristics for
different values of input power and focusing field tilt angle is
carried out.

|. Introduction

The application of sheet electron beams oblique to the
slow-wave system surface is one of the methods of microwave
and subterahertz electrovacuum devices performance proper-
ties improvement. Most of all it is stipulated by application pos-
sibility of more powerful electron beams owing to beam-wave
interaction efficiency enhancement on the full beam width.

The important factor of change of the beam-wave interaction
conditions is the inclined focusing field induction value, which
determines the form of the charged particles trajectories in the
interaction space. In this report the main regularities of the given
factor effect on the characteristics of the nonresonant amplifier
with prolonged interaction are researched.

Il. Main Part

The physical processes analysis in the beam-wave system
with finite intensity inclined focusing field is carried out on the
basis of the multidimensional nonlinear theory of self-consistent
interaction of electron beam with slow-wave system electro-
magnetic field [4]. The important feature of the used computa-
tional model is the possibility of the physical processes investi-
gation for different values of the input signal power.

In Fig. 1 the dependences of the gain G vs normalized on
the interaction space length longitudinal coordinate & for differ-
ent normalized cyclotron frequency values are shown. Here y =
-20' is the focusing field induction vector tilting angle. The de-
crease of the focusing field induction results in the increase of
the gain on full interaction space length. The given effect is
stipulated by decrease of the electrons settling on the slow-
wave system surface and also by increase of static and dy-
namic transverse displacements of the electrons trajectories.

In Fig. 2 the dependences G(&) are shown for P, = -20 dB
and different values of the tilt angle and normalized cyclotron
frequency. In this case space between slow-wave system and
electron beam (h value) essentially effects on the regularities of
beam-wave interaction at the magnetostatic field induction de-
crease. The gain increase is realized only for uplifted beam
above a slow-wave system surface but maximum gain value
Gmax is reduced. Therefore, the increase of dynamic trans-
verse displacements of electrons trajectories results in the effi-
ciency enhancement in case of the beam settling missing.

lll. Conclusion

The regularities of inclined magnetostatic field induction in-
fluence on the O-type nonresonance amplifier efficiency have
been determined. The gain enhancement possibility is shown in
case of the focusing field induction decrease for different values
of the input signal power and magnetic field vector tilt angle.
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