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AnHoTaust — PaspaboTaHa Teopusi MapaMETVHECKOrO
MpeoOpas0BATENs HY/BKOHACTOTHBIX KONEGaHUA B BbICOKOUaCTOT-
HbE Ha OCHOBE Pe30HaHCHbIX reHeparopos O-Twia 1 NokaraHa
BOBVIOKHOCTb YTPABR/EHV (IOPMON BbICOKOUACTOTHBIX CUTHA/IOB
C MOMOLLHO MEVIOMHECKONO WM UMIMYSIECHOMO VBMEHEHS BO
BPEMEH/ MarHVTHOM HEQIHOPOJHOCT (HOKYCHPYHOLLIETO MOJIS.

. BBegeHue

MapameTpryeckoe ynpasneHve BbICOKOHYACTOTHbIMM
KonebaHUsMM B 3MEKTPOHHO-BO/IHOBbLIX CUCTEMAax B
CBY 1 MnniMmMeTpoBOM fuMana3oHe CBSA3aHO CO 3Hauu-
TeNbHbIMU TEXHO/IOMMYECKUMU TPYAHOCTAMMU, O6YC/OB-
JIEHHbIMN BbICOKUMM  YCKOPSHOLLMMUN HAMNPSPKEHVSMA 1
Ma/bIMN  XapakTepHbIMU  pa3Mepamn  KonebaTesbHbIX
CUCTEM M WX 3NEMEHTOB. Kak OblI0 MOKasaHo B psje
pabor [1-2] Ha OCHOBE COBPEMEHHbIX UCTOYHMKOB CBY
AvanasoHa (pe3oHaHcHas J1OB, TOV-0pOTpoH, Kmc-
TPOH M Ap.) MOXHO 06ECNeYNTb OTHOCUTENIbHO MPOCTOE
B TEXHWYECKOM WCMOMHEHUN YMpaBfieHe 3HepreTude-
CKUMU W YaCTOTHbIMW BbIXOAHBIMY XapakTepyCTUKamMu
3a cyeT BBeAeHUs B 06/acTb B3aMMOZENCTBMS MpO-
CTPaHCTBEHHO-HEOHOPOAHBIX CTAaTUYECKUX MarHUTHbIX
none.

Takum 06pa3oM MOXHO 3(h(DEeKTMBHO YnpaBsTb
(hopMOI1 BbIXOAHOrO CUrHasia reHeparopa, napameTpu-
YECK/ M3MEHSAS OAHY U3 BEMYUH MarHUTHOW HeoAHO-
POAHOCTY, Hanpuvep, ee amnanTyay Wim MecTonono-
YeHve. B faHHOl paboTe kak pa3 1 paccmartpuBaertcs
TaKOW Cflyyail MnapameTpuyeckoro npeobpasoBaresns-
reHeparopa.

Il. TeopeTnyeckas mogene.

Matematnyeckas Mozenb reHeparopa-
npeobpasoBaresnsi BKIOYAET B Ce65 cnMcteMy camoco-
[NMacoBaHHbIX YPaBHEHUI [OBWXEHWUS 3NEKTPOHOB (B
06LUeM crydae TPeXMePHbIX) 1 HEOAHOPOAHbIX YpaBHe-
HU1 MakcBenna, 3anucaHHbIX B (hOpME YpaBHEHWIA
BO3GY)KAEHWS C YUETOM XapaKTepHbIX 418 3TOro Knacca
npubopoB O-tmna NpubmvkeHnii [1]. HayKums MarHn-
TOCTATUYECKOTO MOMSt  /IOK&IbHOW  HEOAHOPOAHOCTM
nMeeT BUS;

By = A mexp

R 2AMH
- (4-£m)(z- zm) x

0O603HaYeHNs COOTBETCTBYHOT MPUHATLIM B paboTe [3].

AMNANTYAA MArHUTHOM HEOQHOPOAHOCTM AM Napamert-
PVYECKN M3MEHSIETCS BO BPEMEHM MO 38aHHOMY 3aKOHY
(Am = AM(t)). Mpy YNCNEHHOM peLLEHUN CaMOCOor/1aco-
BaHHOI CMCTEMbI YPaBHEHWI YUUTLIBAIOTCS Takue sBe-
HUA Kak OBroH 3/IEKTPOHOB, TPeXMepHoe [BWKeHVe

3MEKTPOHOB, BO3MOXHOE TOKOOCEJaHVWE W BbIXOA W3
0611acT! B3aMOgENCTBMSt 1 ap. PakTnyeckn cuctema
YpaBHEHWIA NpurogHa Ans UCcnefoBaHUA NapameTpu-
YecKMx npeobpasoBateneil PasIMyHOro BMaa C NpPous-
BOJIbHOM (DMKCMPOBaHHOW (POPMOI  BbICOKOUACTOTHOIO
nossi, MPOM3BO/bHOM (HOPMOW NOKaIbHOV HEOAHOPOS-
HOCTW, HECKO/bKMMM 3MIEKTPOHHLIMM NMyYKaMK, Haxogmsi-
LMMUCA OAHOBPEMEHHO B 06/1acTV B3aMOAENCTBUS U
VMEIOLLMMWN Pa3/inyHble HadasbHble CKOpocTU. B Kaue-
cTBE npumMepa paccmoTpeH reHeparop-
npeo6bpasoBaresib TNa OPOTPOH-TAM ¢ rayccoBoi
NPOCTPAHCTBEHHOV CTPYKTYpPOIA Nonsi.

lll. AHanNn3 pe3ynbLTaTos.

UMCNEHHbIA anropuTM CBOAUTCA K CNEAyHOLLEMY.
MepBoHaYa/IbHO MPY M3MEHEHUM aMMUTYAbl MarHuT-
HOI
HeoAHOpOAHOCTM BO BpemeHn AMNe Haxoaufacb ee
BE/IMYMHA W pellanachk HenvHeliHas cuctema ypaBHe-
HWIA 3NEKTPOHWKWN. Pe3ynbTaTtoM pelleHVs ABfisnach
KOMM/IEKCHas KpYTU3Ha KonebaTerbHOM XapakTepucTu-
K1 reHepatopa B(P) = + 18r(P)) 3aBucsAwan napa-
METPUYECKN OT aMnanTyabl AMNe

AHanms 3aBucumoctein  3(P) MokasbiBaeT Ha/m4ne
[BYX VX BUAOB, XapaKTEPHbIX AN1A MATKOrO 1 XECTKOro
pexxMmoB BO36Y>xaeHus. Bce 3T 3aBMCMMOCTU paccyuu-
ThIB/INCb /19 OAHOMO 3HAYEHUs OTHOCUTENIbHOrO pac-
CUHXPOHM3MA Hada/lbHOM CKOPOCTU 3M1EKTPOHOB U (ha-
30BOli CKOPOCTV BO/HbI. OKasblBaeTcs, YTo Mpy napa-
MeTpnyeckoM u3MeHeHM AvNe OT BpemeHM (opma
UMMy/bCa reHepaumm MOXeT ObiTb camas pasfnyHas.
Ero Bug onpegensetca Tem, Kyfa rnoragaer Cryctok
3NEKTPOHOB NPV ABWXEHWM B 061acT B3aMMOgelicT-
BMA. B KayectBe npumepa Ha puc.l, npvBeeHbl pe-
3ynbTaTbl pacyeta amnamTyAbl BbICOKOYACTOTHbLIX KO-
nebaHuii reHepatopa AMGPaKLMOHHOTO  U3NYyYeHns
(FAWN) npv nNMNOO6pasHOM  M3MEHEHWM aMMAUTYabl
MarHWUTHOM HeogHopogHocT Am B nipegenax (-0,25;
0,25) T.e., KOrga ectb WM OTCYTCTBYET TOKOOCEAAHNE.
Cepxy BHV3 npefcTaBneHbl BPEMEHHbIe 3aBUCMMOCTU
amMnAnTygbl  MarHUTOCTATUYECKON  HeOAHOPOAHOCTY,
aMmnauTyapl  aBTOkonebaHuiAi B MArKOM  (BTOPORA -

=038, Tpetnii - ~m =0.5 1 YeTBEPTHIN - =0.25

rpadvikun) 1 >XeCTKOM (NsATbIA rpaduk - =0.8) pe-

YXMe BO36Y)KAEHWS reHepaTopa.

Takoe MOBeAEeHVE BbICOKOYACTOTHOIO CUrHania CBs-
3aHO C y/y4lleHeM WK yXyALeHWEM YCTOBWIA 3HepPro-
obMeHa MeXay MosieM W 3M1EKTPOHHbIM MOTOKOM. Pas-
[IBOEHVE Ha Nepuoae NIo0BPa3HOIO U3MEHEHVS AV
BbI3BAHO >KECTKMM XapakTepoM 3aBUCUMOCTU oT
AM7). DaKTMUeCKU MPoMCXoauT APOOGeHre cnrHana Ha
nBa.
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Puc. 1. 3aBMcnmMOCT aMnanTyapl KonedaHui
reHeparopa OT BpeMeHU
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Abstract - The theory of parametric transformation of low-
frequency oscillations in high-frequency is developed on the basis
of O-type resonant generators with prolonged interaction.
Controlled parameter is the amplitude of local nonuniformity of a
focusing magnetic field.

I. Introduction

The existing methods of parametrical control of output high-
frequency signals are complex and labour-consuming. The rather
simple method of parametrical transformation of oscillations is
offered at the expense of change in time of the magnetic nonuni-
formity amplitude of a static field. The location of such nonuni-
formity in space of interaction is established by a theoretical way.
The parametrical change of dc magnetic field displacement results
in strong distortions of electrons trajectories and, as a
consequence, to change the wave-electron interaction conditions.

Il. Theoretical model

The resonant oscillator with the sheet electron beam (orotron,
diffraction radiation generator, ledatron, taddertron etc) is consid-
ered. The investigation of nonlinear process of oscillations
transformation is based on the solution of many-dimensional self-
consistent equations set of O-type electronic devices. Magnetic
nonuniformity has a Gaussian distribution with amplitude, varied
on the given temporary law.

In the theory the three-dimensional movement of electrons in
a non-uniform high-frequency field and in two-dimensional local
nonuniformity of a dc focusing magnetic field is taken into
account. Furthermore the settling of electrons onto the slow-wave
system (grating) happens in the general case of interaction be-
tween the electron beam and electromagnetic field in resonator.

11l. Discussion

In the present report the case of parametric change of
magnetic nonuniformity amplitude under the sawtooth law is
considered. A steepness of the oscillatory characteristic as
function of oscillations amplitude and amplitude of magnetic non-
uniformity is found numerically. On this basis the amplitude of
high-frequency oscillations as function of time is calculated. The
received dependences show effectiveness of the chosen method
of oscillations control. The nonlinear transformation of low-
frequency oscillations depends on a location of magnetic nonuni-
formity, kind of parametric change of the nonuniformity amplitude,
regime of the oscillations excitation. Moreover the magnetic non-
uniformity amplitude change results in the change of the oscilla-
tions excitation regime (soft and hysteresis).

In the soft excitation regime output signal may be varied by
means of magnetic nonuniformity amplitude change and nonuni-
formity center moving. Local magnetic nonuniformity may be
arranged near electron gun, in the center of the interaction space
or near collector. In this case the nonuniformity moving is the
additional method of the oscillations control.

The carried out researches have shown perspective of the
chosen method of output signal parametric control.
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