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AHHOTauma - TpefcTaBneHbl pesynbTaTbl WUCCNef0BaHUA
ahhekTuBHOCTM 3/1eKTPOHHO-BO/IHOBOTO B3auMMofeicTema B
pe30oHaHCHOM pensaTUBUCTCKOM reHepaTtope B 3aBUCMMOCTM OT
pasnIMyHbIX NapameTpoB CcuUCTeMbl. PaccmoTpeH cnyuai
60nblWNX paboynx TOKOB, XapaKTepHbli ANA  WMMAYNbCHOTO
pexuma paboTbl npubopa.

|. BBegeHue

Micnonb3oBaHne MNOTOKOB 3aps)XEHHbIX YacTuy C
pPensaTUBUCTCKUMU CKOPOCTAMU SABNAETCA OAHUM U3
cnoco6oB yBenuueHuss KM u BbIXO4HOW MOLHOCTK

31EKTPOHHbIX npnéopos CBUY. Pan BaXHbIX
npakTn4yeckunx npYMeHeHun MOLLHbIX
3N1eKTPOBaKyyMHbIX  YCTPOWCTB - pagvonokauums,
pasnnyHble cucTemsl BellaHuns " CBA3N,

obycnoBnmBalT HeobxoaMMocTb paboTbl NpuU6GOpPOB B
UMMYNbCHOM pexume. B cBa3M ¢ 3atum  aABnseTcs
aKTyanbHOW 3ajava uUCCefoBaHWsA  XapakTepucTuk
3/1EKTPOHHbLIX NpubopoB C 6GoMbWMMKM  pabounmmn
TOKaMu, XapakTepHbIMU A7 WMMNY/NbCHOTO pexuma
paboTbl, a Takke Mnoucka Ha 3TOM OCHOBE HOBbIX
BO3MOXHOCTEM NoBbILWEHUA MOLLHOCTH "
3O (PEeKTUBHOCTN Takumx YCTpOWCTB. B pgaHHoOW paboTe
paccmatpmBaloTCa 3aBMCMMOCTM MaKCMMasbHOro no
30He TreHepauun 3nekTpoHHoro KM[ — oT BeNuyuHbI
HOPMWPOBAHHOrO paboyero Toka nyyka ANs pasnyHbIX
HabopoB NapamMeTpoOB 3/IEKTPOHHO-BOSTHOBOW CUCTEMBbI.

I. TeopeTnyeckad mogenb

AHanM3 U3MUecKMX NpoLLeccoB NPOBOAMTCS B paMkax

MHOTOMEpHOI Mofeny pensiTUBUCTCKOrO Pe30HaHCHOro
reHepatopa O-Tuna ¢ ANWUTENbHLIM B3aUMOECTBMEM.
OCHOBHble 3/IeMEHTbl Takoil MOAENM PacCMOTPeHbl B
[1]. B camocornacoBaHHO/ MNoCTaHOBKe MoJslydeHa
cucTemMa ypaBHeHUii , KoTopasi, B 3aBUCMMOCTMN OT

Puc.1. 3aBucumoctn KN4 npy ox / o= 0.4.
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poBOnHOBOW AloH(epeHLMn

HayanbHbIX  YyCnoBWiA, nNpurogHa AnAs  aHaiu3a
NnpoLLeccoB B CUCTEMAX Pa3/IMYHOIO (HYyHKLMOHAIBHOIO
HasHauyeHus1 (reHepaTtopbl, YycUNUTeNu, MOAYNATOPbI U
ap.).  YunTbiBawoTCs Takve ABNEHUsl,  Kak
BbICOKOYACTOTHOE PAaCC/I0EHNE 3/IEKTPOHHOTO MNOTOKA,
ToKoOocefaHue, MonepevyHoe [ABWXKEHWE 3/1eKTPOHOB.
WcxopHass  cuctema  ypaBHeHW A  monydyeHa  Aans
NPOM3BO/IbHOTO MPOCTPAHCTBEHHOrO pacnpegeneHus
CWUMOBbLIX IMHWIA (DOKYCUPYHOLLLEr0 MarHMTHOIo Nossi.

WccnepoBanve npoBogutcst Ana  npubopa  C
rayccoBCKO/A CTPYKTypoOii cBY nons B
3M1eKTpoANHaMUNYECKO cucteme (reHepaTtop
AN PaKLNOHHOTO M3NYyYEHUs, OPOTPOH).

lll. AHanun3 pes3ysbTaroB

Ha puc.1 npeacTaB/eHbl 3aBUCUMOCTM
MakcuMasibHOTo Mo 30HEe reHepauuy 3NeKTpoHHoro KM
7] oT napameTpa 3PMEKTUBHOCTI B3aumogeicTeua

( C nponopuuoHasnbHO paboyemy TOKy nyyka ) Ans
pasnnyHbIX 3HaYeHWli pPensiTUBMCTCKOro Macc-thakropa
N HOPMWUPOBAHHOWN LMKIOTPOHHOW YacToTbl ( puc.l -

ooc /0= 0.4; puc.2 - i)c rcy = 0.1 ). 3gecb @ -

yactota Kone6aHuii B reHepaTope. [pu 60/bluemM
3HAUEHUU MHAYKLUM MarHUTHOTO Nosa Ha6nloaalTea
pasnuuns B 3aBUCUMOCTAX T) (3) AN pas/INyHbIX

3HaAueHWii PenAaTMBMCTCKOrO  (pakTopa yo . B

HepenaTuBMcTcKol cnucteme (yo =1.01 ) npu B>20

JanbHelwee ysenuyeHme paboyero Toka He okasblBaeT
BNMAHMA Ha BenuunHy KMA. [MMopo6bHaa cutyayms

y0 =1.3. 3ddekTnBHOCTb

B3aI/IMOAel7ICTBI/IH B PenATuBUCTCKOM

Habnogaetca u Ana

Pwuc.2. 3aBucumocTtn KN4 npu coc 10 = 0.1
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npuéope ( yo0 = 1.6 ) MOHOTOHHO pacTeT npwu

yBenmyeHnu G. CnepgosaTefnbHO, B WMMNY/NbCHOM
pexume paboTbl C 6GonbwuMKM  pabouynmm  Tokamu
npeMMyLLecTBO UMeeT PenaTUBUCTCKUIA reHepaTop, rae
peanusyrTca ycnosus 3HeproobmeHa Mexay
anekTpoHamn n CBY nonem, obecneuuBatume 6onee
Bbicoknini  KMA. WHaa cuTyaumss Habnawogaetca npu
yMeHbLUeHUM UWHAYKUUKM dookycupylowero nons. Ha
puc.2 npeacTtasneHbl 3aBucumoctn Tj (G) AnA cnydvas

cnaboro MarHMTHOroO nonst u pPas3nINYHbIX 3Ha4YeHuni

napameTpa yo0 . [lo cpaBHeHWwo ¢ puc.l ans Bcex

3HaueHuii  penAaTUBUCTCKOro  hakTopa y o >1.01

Habnwpaetcs CHUXeEHMne 3hheKTUBHOCTM
B3auMofeincTBusl. B HepensiTMBUCTCKOM c/yyae npu

G>30 KN4 npuéopa ¢ COc /= 0.1 npeBblwaeT

KMA npnbopa ¢ 3aMarHNYeHHbIM MYy4YKOM.

OTMeueHHoe CHUXeHune 3/1EKTPOHHOI0 KMA4
06yCc/ioBNeHO npexje Bcero ocefaHnem 3/1eKTPOHOB
Ha MOBEPXHOCTb 3aMejnswuieil cuctembl 3a cueT
yBE/IMYEHUSA  MOMEepeyYHblIX CMeLleHulii  TpaekTopuii
4yacTul, MPU CHUWXEHUU WHAYKUUN dhokycupytoLero
nons. C OJHOW CTOPOHbLI, MpoLecc TokoocedaHus
yMeHbLIAeT KOMMYEeCTBO B3amMmogeicTeywwmx ¢ CBY
NnosieM  3/IEKTPOHOB M TEM  caMblM  CHMXaeTr
3(pheKTMBHOCTb B3aMMOAENCTBUA U3-3a YMEHbLUEHUS
pa6ouero Toka. C Apyroil CTOPOHbI, NPW onpefeneHHbIX
YCNOBUAX TOKOOCeaaHne MOXeT NpuMBoAMTb K (ha3oBoOi
COPTMPOBKE  3/IEKTPOHOB ( korgpa  ocepgatT
NPENMYLLECTBEHHO YCKOPSAIOLWMECS YacTuubl ) U TeMm
cambiM - K nosblweHno KN4 [2]. NmeHHO Takas
copTupoBKa  peanusyetcs B HepesiaTUBUCTCKOM

npubope ons  G>30, rge KN4 mpu Ox 1Q0- 0.1

npesbliwaeT KMA npubopa ¢ 3amarHM4eHHbIM MyYKOM.

B penatuBuCTCKOM Npubope yMeHbLUeHWEe WHAYKLUK
MarHUTHOro  pokycupytowero nons  nNpuUBOAUT K
CHWKEHUI0  3HEKTUBHOCTU  3/IEKTPOHHO-BOJTHOBOTO
B3aUMOAEWCTBMS BO BCEM Auanas3oHe U3MeHeHus
napametpa G. YBe/MyeHWe Maccbl 3apsHKEHHbIX
yactuy, obycnosnvBaeTr 6osiee  O/INTENBHYIO WX
rPynnupoBKY, T.e. MakCcMMyMm aMmnanTyabl
BbICOKOYACTOTHOIO  TOKa  peanu3yetca  6nmxe K
KONINEeKTOpPYy MO CPaBHEHWIO C HEepenAaTUBUCTCKUM
npuéopom. B 3TOM cnyvyae TokoocedaHue wurpaet
HeraTMBHYO pPONb, MNOCKOJSIbKY OHO HauyMHaeTcs B
obnactu npocTpaHcTBa B3aumMoaencTens, roe
rpynnupoBKa 3/1IEKTPOHHOIO MOTOKa elle He 3aBeplueHa.
CnepoBatenbHo, ocejatb OyAyT MpeMMyLieCTBEHHO
TOPMO3ALMecs YaTulbl.
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Abstract - Results of the beam-electron interaction
investigation in the resonant relativistic oscillator are represented
at different values of the system parameters. The case of great
beam current :s considered for pulse device operation regime.

l. Introduction

The using of the charged particles relativistic velocities is the
efficiency enhancement method for microwave electron devices.
Applications c*‘ the high-power relativistic devices such as radar
and communications systems cause the necessity of the pulse
operation. The'efore the problem of investigation of the devices
with great current, being used in pulsers, is actual. On this base
new methods c' the efficiency enhancement can be developed.

II. Theoretical model

The investigation ofthe physical processes is carried out within
the framework of multidimensional model of the relativistic
resonant O-tyoe oscillator with prolonged interaction. The
nonlinear self-consistent equations set is obtained for arbitrary
space distributee of the do magnetic focusing field. The
multidimensional phenomena such as rf fibering of the electron
beam, settling of the particles onto the slow-wave structure,
transversal motion of electrons are taking into account.

Orotron-type device with Gaussian form of the rf field
amplitude envelope is investigated

Ill. Discussion

Numerical calculations are developed for two values of the
normalized cyclot-on frequency: COc / GO=0.4 and 0.1. Here

Q0 is the oscillations frequency. In the first case relativistic
device efficiency increases when the beam current increases. It
should be noted that the nonrelativistic device efficiency is almost
fixed when beam current is large (G>20). Hence the relativistic
device is more suitable for pulse operation when the focusing field
is strong.

The decrease c' the cyclotron frequency results in efficiency
reduction for any values of the relativistic mass-factor. In this
case the non-relati .istic device efficiency exceeds the relativistic
device efficiency at G>30. The main reason of the efficiency
decrease is the setting of electrons onto the slow-wave structure.
On the other hand tnis phenomenon results in phase selection of
the electrons under the certain conditions (accelerated particles
are settling primarily and thus enhances the efficiency [2].

In the relativistic device the decrease of the focusing field
displacement results in efficiency reduction at all values of the
beam current. The bunching of the relativistic electron beam is
difficult i.e. rf current maximum amplitude is formed at larger value
of the longitudinal coordinate. Therefore in this case the damped
electrons settle primarily and beam-wave interaction efficiency
reduces.
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