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TEMBL ANIE OTHOCUTENBLHO MOLHBIX BXOAHBIX CUrHANGE

|. BBepeHue

MoaenmpoBaHue HenuHenHbix npoueccos IHEepro-
0OMEHA B DNEKTPOHHO-BOMHOBLIX CUCTEMAX (aBTOHOM-
HbIX U HEABTOHOMHbLIX) DaaupyeTtcs Ha 3aKOHOMeEpHO-
CTAX (PASNPOBKA 3APAKEHHBLIX YACTUL B BbICOKOYACTOT-
HbIX NONAX IHAUNTENLHON amMnnuTyabl. B Takux yCrosu-
AX NPOUCXOANT Hanbonee adhdekTsHOe BaaumoaeiicT-
BWE INEKTPOHHOrO NOTOKA C 3NeKTPOMArHUTHLIM Nonem.
Onpepensiowee 3HayeHne B 3TOM npouecce vMeoT
MOAYNALIMOHHbIE XapakTepucTukn nydyka. lMpumeHeHue
NPeABapuTenbHOro rpynnupoBaHns 3nekTPOHOB B yCu-
nuTenax U npeodbpasoBartensax C ANUTeNbHbIM B3aUMO-
AeNCTBUEeM MO3BONSAET B pAAe CryyYyaeB 3HaAYNUTESbHO
yNyuUWnUTb IKCNNYaTauNOHHbIE XapaKkTepuCTUKW 3TuX
YCTPOUCTB, YTO OOYCNOBMEHO MOBbIWEHMEM KayecTsa
hasnpoBKky NOTOKA 3apsKeHHbIX YacTul, [1].

B naHHon paboTe nccneayloTcs HenuHenHsie dunan-
Yeckne npoueccbli B HEaBTOHOMHOW 3fEKTPOHHO-
BONHOBOW CUCTeMe Npu YCroBuu rpynnupoBaHns ny4ka
B HBPE@3OHAHCHOM MOAYNATOPE 3NEeKTPOMarHUTHLIM Mo-
nem Deryuien BONHbI 3HAYNTENBEHON aMNANTYAbL.

Il. OcHOBHaA YacThb

PaccmaTtpuBaeTcs MHOromepHasi HefvHenHasi Mo-
Aénb camocornacoBaHHOro  3rieKTPOHHO-BOSIHOBOIO
3HeproobmeHa B cucteme O-Tuna ¢ CEKUMOHUPOBAHHLIM
npocTpaHcTeBOM B3aumogencTena [2]. BxogHou curHan
NOCTYNnaeT B Hepe30HaHCHYI0O BOSIHOBYIO CUCTEMY — MO-
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Fig.1. Amplitude response for regenerative
amplification mode

HECTKOrO. [lapameTpel Hepez0HaHCHON MOAYNUDYIOWEN
CEELINN CUNTaI0TCA (PUKCMpOBaHHLIMY. [puBeaeHHbIe &
paboTe pesynbTaThl NonyYeHs Npw yCNoBmMn A40CTaTOY-
HO CUNBLHON (DOKYCUPOBKM 3MEKTPOHHOIO MOTOKA. KOraa
TPAEKTOPUN 4acCTuL MOKHO 3aMEHUTL TPAEKTOPUAMU 1X
BEAYLLNX UEHTPOB.

Hns vccnepoeannsa xapakrepucTuk rMOpUaHOW cuc-
TEMbI UCNONB3YETCA HeNMHENHas MHOrOMEpDHas Teopus
NOCTPOEHHaa C npuMeHeHneM npoOCTPaHCTBEHHO-
BPEMEHHOW aHanoruv mexay Ousnyeckumu npouecca-
M B BOJIHOBbIX U KonebaTesibHbix cucTemax [3]. Uc-
NOfIb30BaHME TaKOro noaxoAda no3BOMSeT 3anucaTs
ypaBHeHune Bo30yxaeHus B Buge:

dF _ -
—+(d+iA-GS)F=A__,,

dx ext

rae F =Fexp(—iy); F v y - amnnuTyaa v cdasza Ko-
nebaHun; x - obobuieHHas nepeMeHHas, kKoTopas B 3a-
BUCUMOCTU OT Xapakrepa B3auMOAEUCTBUA NpencTas-
nseT cobov vnu BpeMs unu NpPoAoNbHYK KOOPAUHATY:
d - napameTp 3aTyxaHusi; A B HEPE30OHaHCHOW CEeKLMM

UMeeT CMbICST PacCTPOUKU CKOPOCTEN 3NIeKTPOHOB U
3amMeneHHON BOJSIHbI, B pe30HaHCHOW — HOPMUPOBAHHOW
PacCcTpoukyu Mexay COOCTBEHHOM 4acToTon pabouen

MOJbl pe3oHaTtopa v YacTtoTon curdana (4w ); G - na-

pamMeTp 3PPEKTUBHOCTU B3aUMOLAENCTBUSA, onpeaense-
Mbl ONA KaXXJoro y4actka CUCTEeMbl Ha OCHOBE 3Mek-

TPOAUHAMUYECKUX XapakTepUCTuK; S - KOMMMekcHas
KpyTU3Ha KonebaTenbHOW XapaKTepucCTUKWU, KOTOPYK B

ouUMenbHOU CUHXpoHU3ayuu

Fig. 1. Amplitude response for locking mode
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HEPEe30HAHCHOWU CEeKUUN MOXHO onpeaenuTb Kak n-a;rgﬂ,-
HYI0 Unu auddepeHLmnantHyio KpyTusHy; A,,, Xapakre-

PU3YET BHELWHEe CUNOBOE BO3AEeNCTBUE. .

Ha puc. 1 n 2 npeacrasneHbl peaoHchHble__x-apalﬁf
TEPUCTUKN BbIXOAHOrO kackaja uccrnesyeMon CUCTEMB
ANA pasnuyHbiX 3HAYeHUN MOLLIHOCTU BXOAHOro curHana

Fy . Tpadukn Ha puc. 1 cooTBeTCTBYIOT pexuMy pere-

HEPaTUBHOrO YCUMNEHUA, Ha puUc. 2 — pexnmy cm-lxpOHM-
3aumn. CnnowHbiMK KpUBbIMKM 0603HAYEHbI ycTon4nBbie
3Ha4YeHusa CTaunoHapHoW amnnuTyabl konebaHwun Ans
MAIKOro pexunma BO3OYyXAEHUS, LUTPUXOBbIMKA — HEYC-
TonuMBble. [NyHKTUPHBIMK KpUBLIMM Ha puc.1 NokasaHb!
PE30HAHCHbIE XapaKTepPUCTUKW AN XECTKOro pexuma
BO3OYXaeHun konebanun. LLITpuxnyHKTUPOM obosHaye-
Hbl CKeNeTHble KpuBbie, COOTBETCTBYIOLME aBTOHOMHOMN
KonebaTtenbHOW CUCTEME BbIXOLHOW CEKLIMW. :

B pexXvume pereHepaTMBHOrO yCuneHus B3aumopen-
CTBUE€ C MOWHbLIMU BXOAHBLIMWU CUrHanNamuv NpUBOAUT K
M3SMEHEHNI0 n3bnpaTenbHOCTV CUCTEMbl B 3aBUCMMOCTH
OT pexuma BO30yxaeHus. Cneayetr OTMETUTb, YTO B
KECTKOM pexunme BO30YyXaeHUs Hanbonee OCTPbIA MUK
PE€30HaHCHOW XxapakTepucTuku peanuayeTcs Ans 3Haye-

HUR ), COOTBETCTBYIOLLEr0 MaKCUMAarbHON BbiXOAHOW

MOLL{HOCTK (puc.1). Kpome Toro, yeenuyeHne MOLLHOCTH
BXOAHOIO CurHana npuBoAuT K CyLLEeCTBEHHOMY paclLu-
PEHWUIO NONOChLI CUHXpOHU3auuu (puc. 2). Pacnpegene-
HWE YCTOUYMBLIX U HEYCTONYUBBLIX 3HAYEHUN amMnnuTygbl
HA PE30OHaHCHBIX XapakTepucTukax CBUAETENbCTBYET O
TPaHcgopMaLuun yCcrnoBuin yCTOMUYNBOCTY npu yBernunye-

HUM F,. Hanpumep, ans Py=-26 dB konebaHus CuH-

XPOHU3MPOBaHbLI ANA BCeX 3HaYeHWIn YacTOTHOW pac-
CTPOUKN AW .

ObLien 0COBEHHOCTBLIO PE30HAHCHBIX XapakTepucTuk
ABITAETCA CMELLeHne nx MakcuMyma n acUMMeTpusi OT-
HOCWUTENIbHO CKEeNeTHbIX KPUBbIX B CRy4yae MOLLHbIX
BXOAHBIX CUMTHaNoB, 4YTO CBUAETENbCTBYET 06 M3MEHe-
HW 3aKOHOMEPHOCTEN HeNMHENHOro aHeproobmeHa.

Takum obpasom, npumeHeHne MYYKOB 3apPAXEHHbIX
HaCThL, CrpynnMpoBaHHbIX MOLLIHBIM 3MEeKTPOMAarHUTHBIM

nonem, Ana BO3OYXAEHUA PEe30HAHCHBLIX KonebaTemk-
HbIX CUCTEeM ODyCnoBnvBaeT NOoSIBNEHNE HOBbIX 3aKOHO-

MEPHOCTEN 3N1EKTPOHHO-BOSMTHOBOrO B3anMoaencreuns.

lll. 3aknoyeHue

YBenuM4YeHne MOLHOCTU CUrHANOB NMPUBOANT K name-
HEHWIO ODLWNX 3aKOHOMEpPHOCTel npeobpasoBaHusa ko-
nebaHnm B HEaBTOHOMHBbIX IJIEKTPOHHO-BONHOBLIX CUC-
TEMax C ANUTeNbHbIM B3anMoaencTBuem lTonyyeHHble
PE3yNbTaTel NO3BONSAIOT ONpeaenaTh Haubonee AP hek-
TUBHbIE DEXWMbI 3HEepProobMeHa B Takux npubopax u
PaHULpBI NPUMEHUMOCTN CrnabocurHanbHeIx npndnuxe-

HUA NpuU UCCNegoBaHUN ANHAMUKU HEABTOHOMHbIX KO-
nebarenbHbix CUCTEM.
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Abstract - The theoretical investigation of the aMplificao,
and locking processes In the_ multtdlmensilonal Oj'fype electron
wave system has been carried out. The Interaction spacg S
sists of stages with the resonance and nonresonance type of
interaction between electron beam and r:ffl&ld. Th? analysis ;s
carried out within the framework of nonlinear Multidimengigng;
model of electron - wave interaction. The main attention g Given

to consideration of the system characteristics for Powertfyi Sig-

nals. :
|. Introduction

The simulation of nonlinear p_hysiqal processes in electron .
wave systems (off-line and on-line) is based on the phasing
laws of charged particles in the rf f{elds with considerable ampj;-
tude. Under such conditions there is a mpst_ effective Interaction
of electron beam with the electromagpetlc fle!q. The application
of the preliminary electron bunching in _ampllfl_ers and convert-
ers with prolonged interaction allows improving efficiency of
these devices. It is stipulated by increase of the electron begm
phasing quality [1]. |

In this report the nonlinear physical processes regularities
in the on-line electron - wave system under condition of the
beam bunching in the modulator by an electromagnetic field
with considerable amplitude are researched.

ll. Main part

The multidimensional nonlinear model of the self-consistent
electron - wave interaction in the O-type system with the parti-
tioned interaction space is considered [2]. The input signal acts in
the nonresonance wave system - modulator. The output reso-
nance section excites by bunched electron beam. Thus, within
the framework of researched model it is necessary to take into
account two kinds of external effect: power and parametric. The
analysis carries out for two modes of the output resonance sec-
tion excitation - soft and hard.

_The nonlinear multidimensional theory developed with appli-
cation of time-space analogy between physical processes in
wave and oscillating systems is used for characteristics analysis
of the hybrid system [3].

~In the mode of a '€generative amplification the interaction
With powerful input signals resuits In change of the system selec-
tivity depending on the excitation mode. It should be noted that in
_the_ hard mode the Most acute peak of a resonance charactenstic
S Implemented for P, valye appropriate to a maximum output

;‘more the increase of the input signal power
: extension of the locking range (Fig. 2). The
2Ialzc(::atnonh of stable and unstable values of amplitude on reso
concﬁ Sharacteristics indicates the transformation of stability

ons at increase of Py. For example, for P, = -26 dB the

osclllat
ations are: locked for a|l values of a frequency detuning. |
o\ 'eature of resonance characteristics is the shit o

: ymmetry concerning “skeletal" curves If

case of |
nonline P'O.WG”UI ‘nput Signals, that Indicates the change of the
Parinteraction regularities
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allow determinin Prolonged interaction. The obtained rmulf’
1'NY the most effective interaction modes in Suc"

devices ¢ iy -
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