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AHHOMauus — MiccnepoBanbl CTaUMOHAPHBLIE BbIXOLHbIE Xa-
PaKTepUCTUKU TMOPUAHOTO (HEPE3OHAHCHOTO W PE3OHAHCHOrO)
npubopa O-Tvna AnA PasnuYHbLIX 3HAYSHUA aMNNUTYAbI BXOAHO-
ro curiana. AHanus NPOBOAWUTCA HA OCHOBE MHOrOMEPHOW Henm-
HENHON Teopun. PacCMOTPEHbl NPUHNHBLI CHUXKEHUR YPOBHA Bbl-
XOAHOTO CurHana B ONPEAENEHHOM AVANasoHe V3MEHEeHUs am-
AAMTYABI BXOAHOTO CUrHana 1 nokasaHa BO3MOXHOCTb KOMMEH-
cauuu 3Toro adpdpekta 3a CueT MOBLILEHNA 3PDEKTUBHOCTU
B3aUMOAEACTBUR B BLIXOAHOM PE3OHAHCHOM Kackaze.

|. BBeneHue

TeopeTudeckoe  WUCCNeAOBaHWE  HEABTOHOMHbIX
3NEKTPOHHO-BOMHOBLIX CUCTEM C nNpeaBapuTenbHOW
MoAynAUMENn 3NEKTPOHHOro NOTOKa B OCHOBHOM MpPOBO-
AWTCA Npw ycnoBun cnaboro BHelwHero Bo3aeitcTens. C
OAHOW CTOPOHbI, 3TO nNpubnuxeHue nossonseT ynpo-
CTUTb pacyeTHbie COOTHOLLIEHUS, @ C APYroll ~ OHO RB-
nNAETCA oNpaBAaHHbIM ANS yeuneHus cnabbix CUTHanos.
BmecTe ¢ TeM, B MHOTOKaCKaZiHbIX CXEMaXx 3MEXTPOHHbIX
npubopoB ycnosue cnaboro BHEWHero BO3AENCTBUA
BbINONHAETCA HE HAa BCEX yyacTKax NPOCTpaHCTBa B3aw-
mogencTeua. MNpeasaputensHans MOAynaAUMA Nydka ans
BbIXOZHbIX KAackafoB MOXET ObiTb QOBOMLHO CUMLHOW,
BMNMOTb A0 POPMUPOBAHUS INEKTPOHHBLIX CrycTkoB. B
3TOM cny4yae Anf aHanua3a usnyeckx npoueccoB He-
06x0auMO UCMOMb30BaTh HENMMUHENHYIO TEOPUI0 HEaBTo-
HOMHbIX KOMebaTENbHLIX CUCTEM C MPOU3BOJSIBHLIM
YPOBHEM BHELLHEro BO3AEWCTBURA.

B panHoi pabore paccmaTtpuBaeTCs BNUsiHWE Benu-
YUHbI aMNNUTYAb! BXOAHOIO CUrHana Ha XxapakrepucTuku
ABYXKackagHON CXembl TMOPUAHOTO 3NEKTPOHHOTC Mpu-
6opa O-Tuna ¢ gnUTenbHbIM B3aumoaeincTeueM. B 3a-
BUCUMOCTW OT aMINIMTYAbl BHELWWHETO CUrHana Ha BXOA,
BTOPOrO Kackafa MOXeT NOCTYNnaTb 3NEKTPOHHbLIA NOTOK
C pa3snu4HON CTEMNEHbLI0 MOAYIIALMM.

Il. OcHOBHas yacTb

Wcecneposanne chunsndeckmx NpOLIECCOB B 3NEKTPOH-
HO-BOMHOBON CACTEME NPOBOAMTCA Ha OCHOBE MHOTO-
MepHON CamMOCOrnacoBaKHO HENUHENHOR Teopuu, Oc-
HOBHbIE MOMOXEHUs1 KOTOPOIA usnoxeHnb: B [1]. B kauectae
MoAynaTopa ¥, OAHOBPEMEHHO, NPeaBapUTenbHOro yeu-
nuTens Ucnonb3yeTcs HepesoHaHcHas nnaHapHas CTpyk-
Typa C NEHTOYHbIM 3NEKTPOHHbIM NOTOKOM, KOTOpblﬁ npo-
nyckaetca Hap rpeberkoit. [poponsHoe amnmwTygHoe
pacnpepeneHe BbICOKOYACTOTHOrO Nofst B TaKOW cucte-
Me opMupyeTca B pesynbTarte CamoCOrnacoBaHHOro
npoyecca 3NeKTPOHHO-BONHOBOIO B3aumoAaeWcTeus. Bbi-
XOAHOW Kackaj pe3OHaHCHbIN, C (PUKCUPOBAHHBIM aMMnun-
TyOHbIM pacnpeaeneHUemM BbICOKOHaCTOTHOTO NONS.

B pamkax gaHHon paGoTbl paccmaTtpuBaloTcs CTa-
LIMOHAPHBIC PELIEHUA KOMMIIEKCHOrO YpaBHEHUs! BO3GYX-
AeHna ans BbIXOAHOro Kackafa. Ha puc. 1 atu pewenns
npeacraenexb! Ha nnockoct (F,y) Ans pasnvuHbIX

3Ha4EeHU HOPMMPOBAHHOW aMnANUTyAbl BXOAHOTO CUrHa-
na (puc. 1.1 - F;=0.001; puc. 1.2 — 0.005; puc. 1.3 -
0.02; puc. 1.4 ~0.05). F n y - amnnutyna n dhasa kone-
OaHwnii B pesoHatope. {paduku Ha pyuc. 1 NOCTPOEHbI ANS
pasnuuHbiX 3HaveHuwi napametpa 1/G (yucna Ha kpu-

BbiX), rae G - napameTp 3hPEeKTMBHOCTY B3aUMOASCT-
BUSl, W AN rayccOBCKOro aMnnuTyAHOIo pacnpeaesneHns
BbICOKOUaCTOTHOrO nona B pesoHatope fp (OpOTPOH,

reHepaTop AnPakUMOHHOIO U3NYUYEHUS).
YBenuueHue amnnuTyabl BXOOHOTO CUrHana Ao 3Ha-
Yenusi F,=0.02 conpoBOXAAETCS HApacTaHWEM Benuumn-

Hbl MaKCUManbHOW amninTybl BbIXOAHOTO curHana F w
Ka4eCTBEHHbIMU M3MEHEHVUsIMKM  POPMbI  KPUBBIX  ANS
CpaBHUTENbHO GonbiuMx 3Hayewuit napametpa G

(G =210). Kpome Toro, npu F, 2 0.02 craumoHapHble

pelweHns ypasHeHnit Bo30YXAeHUA CYLLECTBYIOT TONbKO B
OrpaHVyeHHoOM uHTepBeasne sHadeHuin dasel y . Yeenude-

Hue F, no 0.05 npuBoANT K CHUXEHUIO amMNUTYAbI Kone-
BaHuit U CyxeHMio obracT 3HaveHut v, rae 3TN Kone-

B6aHus BO3MOXHbI. MNonyueHHbie pe3ynbTaThl NPOTUBOPE-
YaT W3BECTHbIM 3aKOHOMEPHOCTAM [AMHAMUKW HeaBTO-
HOMHBbIX KonefaTternbHbIX CUCTEM C  CUNOBbLIM BHELLHWM
BO3AEWCTBUEM U (DOPMArbHO COOTBETCTBYIOT ANHAMUKE
CUCTEM C aCWHXPOHHbLIM BO3AENCTBMEM ( aCUHXPOHHOE
BO30Y)AEHME U TYWEHWEe 3a CUYET U3MEHEHUA CpPenHei
KPYTU3HbI konebaTenbHoi xapakrepuctuky) [2]. AHanus
MUKPONPOLIECCOB B JaHHOW CUCTEME NOKa3biBaeT, YTo
OTMEUYEHHOE CHWKEHNEe amnnmTyabl xonebawwi  ans
F, >0.02 npoucxoanT npun ycriosusix, koraa 8 MOAYNATO-

pe amnavTyaa Nepeoit rapMOHUKV KOHBEKLIMOHHOTO TOKa
poctvuraeT makcumyma. CnepoearvenbHo, NpovcxoavT
(POPMUPOBAHNE SNEKTPOHHLIX CrycTKOB, MNOCTYNAOWMNX
3aTeM B PEe30HaHCHbIA kackaa. lMockonbky npu rayccos-

ckoil ormbaioweit fp B Hauane nNpocTpaHCTBa B3aUMO-

DEeNCTBUA UHTEHCUBHOCTD MOMSA HEBENuka, To0 B obnactb
MaKCUMasbHOW aMnnuTydb! Nons NonagalT yxe «pas-
nertatowmecs» Cryctku, yto 0ByCnoBMUBAET CHUXEeHWe
3hHEeKTUBHOCTU B3aUMOAENCTBIS.

Puc. 1 CtaumoHapHbie 3HaYeHns aMnnmTyabl U
hasbl konebaHuih (OpOTPOH)

Fig.1. Steady-state amplitude and phase values
(orotron)
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EcrectBenHo npepnonoxutb, 4To, B Criyvae opmun-
posaHus orubatowedt [ ¢ MakCUMyMOM B Hauqare npo-

CTpaHCTBa B3aUMOAENCTBUAA PE3OHAHCHOTO  Kackaja,
YMEHbLIEHUS! BEMUYWHBLI aMnnuTyabl F He JOMKHO npo-
uexoauTs. [JeRCcTenMTenbHO, B Takoh cuTyauwn copmi-
POBaBLUNECH B MODYNATOPE 3MEKTPOHHbIE CryCcTKW cpasy
nonagaT B 06NnacTb MaKCMMAaribHOTO BbICOKOYACTOTHOTO
nonsa 1 ahHeKTMBHO OTJAIOT eMy SHEPTUIO,
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Puc. 2 CtaunoHapHble 3Ha4YeHUA aMnnuTyabl 1
a3t konebanui (pesoHancHas NIOB)

Fig.2. Steady-state amplitude and phase values
(resonance BWO)

Ha puc.2 npepcraBneHbi CTauMOHApHLIE 3HAYEHWUS
F w y nns kocuHycoupanbHow dyHkumm f R Xapak-
TepHon ans pesoHaHcHow JIOB. MNpaduku Ha puc. 2.1-2.4
COOTBETCTBYIOT TEM Xe 3HaueHwsim F,, 4o ¥ Ha puc.

1.1-1.4. YBenundeHue amnnutyabl BXOAHOMO curHana ¢
0.02 po 0.05 no-npexdemy NpMBOAWT K Cy)XEHWUto 0bnacTu
BO3MOXHbIX 3HAYE€HU Y, HO MakcumarbHas amnnuTyaa

BbIXOAHOMO CUrHanNa He yMEHbLUIARTCS, 8 JaXe HEeCKONbKO
yBENMUNBAETCH ANS ONPEeAEeneHHbIX 3Ha4YeHh napamert-
pa G. Cneayet oTMeTWTb, YTO B pesoHaHcHou JIOB
TaKKe NPOUCXOAUT CHkeHne 3¢ dEKTUBHOCTU 3IHEPro-
ofBmeHa Npu HapacTaHuu amnauTyAbl BXOAHOTO CUFHA-
na, Ho 3ToT 3chdekT nposiBNseTca Ana Gonbwmx no
CPaBHEHUIO C OPOTPOHOM 3HaueHusx Fy. B atom cny-

yae 3NEKTPOHHLIE CIYCTKU (DOPMUPYIOTCA He B KOHUE
mMoaynatopa, a Grivke K ero LeHTpy.

. 3akno4yeHue

MpoBepeHHbte B paboTe nccneaosaHus NoO3BONSAOT
paspabarbiBaTh METOAUKK NOBbILUEHUst 3thdeKkTUBHOCTU
3HeproobMeHa B MHOTOKACKafgHbIX  3NEeKTPOHHO-
BOSHOBbLIX CUCTEMax C ANUTENbHBIM B3aUMOAENCTBUEM
MM JuanasoHa. Mcnonb3yeMana MHOroMepHas Matema-
ThYeCKan MoAenb NpUrofHa Ans aHanusa LWWpOKOro
Kpyra pasHooBpasHbiX (PyHKUMOHanbHbIX YCTPORCTB.
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Abstract - The steady-state characteristics of the hybrid O-
type device for different input amplitude values are investigated.
The analysis is carried out on the basis of the multidimensional
noniinear theory. The reasons of the output signal level de-
crease for the particular input amplitude values are considered.
The possibility of this phenomenon compensation due to inter-
action efficiency enhancement in the output resonance stage is
shown. .

I. Introduction

The theoretical investigations of the non-autonomous elec-
tron - wave systems with preliminary modulation of electron
beam in general are carried out under condition of the weak
external signal. In the multistage electron devices schemes this
condition is not fulfilled on all sections of the interaction space.
The preliminary modulation of the electron beam for output
stages can be rather strong, up to creation of the bunches. In
this case it is necessary to use the nonlinear theory of non-
autonomous oscillating systems with arbitrary external signal
amplitude.

Il. Main part

The investigation of physical processes in the electron -
wave system will be carried out on the basis of the multidimen-
sional self-consistent noniinear theory, which main positions are
explained in [1]. As the modulator and, simultaneously, pream-
plifier the nonresonance planar structure with sheet electron
beam is used. An output stage is resonance, with fixed rf field
amplitude distribution.

In the present work the steady-state solutions of the com-
plex excitation equation for an output stage are considered. In
Fig. 1 these solutions are represented for different input ampli-
tude values. Graphics in Fig. 1 are piotted for different parame-
ter 1/G values (number on curves), where G is the interaction
efficiency parameter, and for Gaussian form of the rf field ampli-
tude distribution in the resonator (orotron, diffraction radiation
generator).

The input amplitude increase results in the maximum output
amplitude growth and qualitative changes of the curves form
(Fig. 1.1-1.3). The further amplitude increase reduces the oscil-
lations amplitude (Fig. 1.4). The microprocesses analysis in the
given system displays that the oscillation amplitude decrease
happens in conditions, when the rf current first harmonic ampli-
tude achieves a maximum. Therefore, there is a creation of
electron bunches acting then in a resonance stage. At a Gaus-
sian envelope function the field strength is weak at the interac-
tion space beginning. Hence the scattering bunches go to area
of the rf field maximum amplitude that stipulates the interaction
efficiency decrease.

In case of the envelope function creation with a maximum
at the interaction space beginning of a resonance stage the
amplitude decrease should not happen. indeed, in such situa-
tion the electron bunches, which have generated in the modula-
tor, at once hit in area of the rf field maximum.

In Fig. 2 the steady-state amplitude and phase values are
represented for the cosine envelope function {resonance BWO).
Graphics in Fig. 2.1-2.4 correspond to the same input amplitude
values, as in Fig. 1.1-1.4. The input amplitude increase results
in the contraction of possible phase values area, but the maxi-
mum output amplitude is not diminished, and even is a little
increase for some values of the parameter G.

i1l. Conclusion

The investigations, carried out in the work, allow to develop
the efficiency enhancement techniques in multistage mm waves
electron - wave systems with prolonged interaction.
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