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Awnomayus - NposeneHo MHOromepHoe Moaenupoeanue
ANeKTPOHHO-BONHOBOIO BIAUMOAEGWCTBUR B MBpuaHom npeo6-
PAIOBATEN® MACTOTHI C YUOTOM W3MEHeHUs MHAYKUMKU MarumT-
HOMo HOKYCHPYIOWEro nons. YotaHosnewa BO3MOXHOCTL no-
BHILLIOHMS BLIXOAHOW MOWHOCTH CUCTeMBI Ha BBICLUWX rapMoHu-
K8X YaCTOThI BXOQHOTO CUrHaNa npu ymeHbiuenuu LIMKNOTPOH-
HOM HACTOTH! SNEeKTPOHHOIO NOTOKa. Paccmotpens: huanveckue
npuuMibl OBHAPYXEHHbIX acbchekTos,

. BeBenenue

TeopeTuieckoe uccnenosakne  npeobpasosanus
4acTOThl U APYTUX HEeNMHEWHLIX NPoLeccos & ANEKTPOH-
HO-BOMHOBBIX cUCTeMax Tuna O nposopuTes 06blvHO B
pamkax NpUBNIXeHUs onHoMepHoro ABWKEHUSI noToka
3aPSKEHHBLIX vacTuy. MpumeHeHne MHOFOMEpPHbIX MO-
nenen ANs aHanusa HenUHeNHbIX pusnieckux seneHu
COMPOBOXAARTCH 3HAYMTENbHLIM YCNOXHEHMEM MaTe-
MaTH4eCcKOro annapata W NpuBOaWUT K HeobxoaumocTu
nposefeHus BonbLioro konuuecrsa YUCNEHHbIX pacye-
to8 [1]. Tem He meHee, UMeHHO MHoromepHoe Mopenu-
posatie ANEKTPOHHO-BOMHOBOrO B3aMMOLOEUCTBUS Mo-
380MAET NONYYUTH Haubonee AocToBepHbIe peaynbraThl
W NPOAHANM3UPOBAaTL NPOLIECChI, XapaKTepHbie ans pe-
anbHbiX Npubopos.

OAHUM U3 HauMeHee W3YMEHHbIX BOMpPOCOB uUccne-
A0BAHUA 3HEproobmMeHa Mexady BbICOKOHYACTOTHLIMU
nonAMW W MOTOKaMW 3apsiKeHHbIX YacTul, siBRseTcs
npeobpasoBaHue YacToTbl BXOAHOMO curHana ¢ YHETOM
3beKToB M SIBNEHWA, OBYCNOBMNEHHBIX MHOFOMEpHO-
CTbI0 NPOCTPAHCTBA B3aUMoAencTeus. B nanHoi pabote
uccnefyeTcst OAMH U3 acnekToB aTon npobnembl —
BISHAE BEMUNMHBI UHOYKLMW MarHUTHOrO hoKycupyto-
Lero nonsi Ha BbIXOAHbLIE XapaKTepUCTUKU rMBpuaHOro
YMHOXUTENS YacTOTbl MM AuanasoHa OnUH BOSH.

ll. OcHoBHas YyacTb

XOAUT Ha HepPe3oHaHCHOM yyacTke MPOCTPAHCTBA B3au-
MoaencTsms. MpeobpasoBaHue 4YacToThl ocyulecTsns-
€TCA Ha BbIXOAHOM pe3oHaHCHOM yuacTke npubopa. Ans
hOKyCMpoBKM nydka UCMNONb3yeTCA MarHUToOCTaTUYecKoe
none ¢ uHaykumen By, AHanua huUanyeckux npoLeccos
NPOBOAWTCS Ha OCHOBE CamMOCOrNacoBaHHOW MHOroMep-
HOW TEopUM BMEeKTPOHHO-BOMHOBOFO B3aUMOAEenCTBUs,
OCHOBHbIE MONOXeHWs1 KOTOPO U3MOXKEHBI B [2].

Cnepyer otMeTtuTh, YTO ANS MOZENUPOBaHUS pac-
CMaTpusaeMon rmbpuaHOW CUCTEMbI HEOBXoauMO wuc-
nonb3oBatb ABe TEOPUM — A1 HEPE3OHaHCHOrO U pe3o-
HaHCHOro TUNoB aHeproobmMeHa.

lMpeanonaraeTcs, YTo NOTOK 3NEKTPOHOB Moaynupy-
€TCS TOMbKO MOoMemM C 4acTOTOW BXOAHOMO CUrHana o,
T.€. TAapMOHUKM 3TOW YacTOTkl He MornagawT B Monocy
MPonycKaHUs ANeKTPOAUHAaMUYECKOW CUCTEMbI MOAYMs-
Topa. Ecnu yyecTb BO36yxOeHWE 3MeKTpPOMAarHUTHbLIX
nomnen Ha rapMOHWKax 4YacToTkl BXOAHOTO CUrHana, To
HeobXxoAMMo paccmaTtpuBaTh MHOTOYACTOTHOE ariek-
TPOHHO-BOJ/THOBOE B3aUMOAENCTBUE Ha HEPEe3OHaHCHOM
yyacrtke rubpuaHoro npubopa.

Wcnonbayemasi MHoromepHas Mogerb 3NIEKTPOHHO-
BOMHOBOrO B3aWMOZENCTBUA NO3BOMSIET YYUTLIBATL Psif
MEXaHU3MOB U chuandeckux HakTopoB, KOTOpble BO3-
AECTBYIOT Ha BbIXOAHbLIE XapaKTepPUCTUKM npubopa.
Hanbonee cyliecTBeHHbIE cpeay HUX: BbICOKOYACTOT-
HO€ paccrioeHue nyuka, B3auMOAEWCTBUE C Monepeu-
HBIMA KOMMOHEHTaMU BbICOKOMACTOTHLIX Morei, ocena-
HUE JNEKTPOHOB Ha MOBEPXHOCTb 3NEKTPoAUHaMUYe-
CKOW CUCTEMbI, MHOTOMEPHOCTb TPaeKTopuin 3apsiKeH-
HbIX HacTuL, B NPOCTPaHCTBE B3auMOenUcTeusA. MameHe-
HWE MHAYKLWUWN OKYCUPYIOLLETO MONS NPUBOAUT K ycu-
TNEeHNto Unu ocnabneHuio BO3AeNCTBUS 3TUX thakTopos
Ha 3aKOHOMEpPHOCTU aHeproobMeHa B cucteme.
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Fig. 1. Amplitude of the 4" harmonica vs normalized Fig. 2. Spatial distribution of the rf current module
cyclotron frequency
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Ha puc. 1 npeacrasnenbl 3aBUCUMOCTU aMnnuTyab!
BbIXOAHOro curHana F Ha YeTBepTou rapMoHuUKe 4acTo-
Tbl BXOAHOrO cUrHana oT HOPMMPOBAHHOW LMKNOTPOH-
HOW 4acToTbl ANS PasnuyHbIX 3HAYEHWH OTHOLIeHWUS
pabouyero Toka k nyckoBomy I/, 3pneck wJ/w = Bge/m,
roe e, m — 3apsig M macca anekTpoHa. XapakTepucTuku
paccuuTbiBanuck AN PUKCMPOBAHHOIO 3HaYeHUA MOLL-
HOocTU BXxoaHoro curHana (Pp= -26 ab). LTpuxoBbiMU
NPAMBIMKA NOKa3aHbl 3HAYEHUs aMnnUTyAbl B cnydae,
Korga TPaekToOpuKM SMeKTPOHOB CHUTAKTCA NpPAMONu-
HelHbIMU (0J/w >> 1). B cnyqae cnaboro gokycupyto-
wero nons (w/m < 0.25) npoucxoant ocepaHne 3Haum-
TeNbHOM YacTU ANEeKTPOHHOro NoToKa Ha NOBEpPXHOCTb
aneKTpoauHaMmuueckon  cuctembl.  AheKTMBHOCTb
B3aUMOAEUCTBUSA CHWKAETCHA U aMnnutyaa BbIXOAHOro
curHana mana (cMm. puc. 1). YBenuyeHue HopmupoBsaH-
HOW UMKNOTPOHHOW 4acTOTbl CONPOBOXAAETCS CyLIecT-
BEHHbIM HapacraHuem amnnuTyabl BbIXOAHOrO curHana,
npuiem ansi w/o = 0.3 BenMuuHa F npesblluaeT 3Have-
HUE, COOTBETCTBYIOLLEE XECTKON (HOKYCUPOBKE arek-
TPOHHOrO MOTOKa.

CnepyeT 0TMETUTb, YTO OTHOCUTESIbLHOE YBENUYEHUE
aMmnnuTyfbl BbIXOAHOIO CUrHana 3a cuyeT W3MeHeHus
MHAYKUMKU hOKYCUPYIOLLIEro NONS HapacTaeT ¢ yBenu4ye-
HUem oTHoweHus I/, CnepoBaTenbHO, OTMEYEeHHOoe
sBMeHne o0ycnoBneHo AUHaMUYECKUMU CMeELLeHUsIMU
TPaekTopun aMekTPOHOB 3a CYeT B3aUMOJEWCTBUSA C
rnonepeyHbIMU KOMNOHEHTaMU BbICOKOYACTOTHOrO NOfs.

Ha puc. 2 npepcraBneHbl NMpoCTpaHCTBEHHbIE pac-
npegeneHnss Moaynsi BbICOKOHACTOTHOrO TokKa Myyka Ha
BbIXOAHOM y4acTKe NPOCTPaHCTBa B3auMOQEenCcTBUSA ANs
pPasnuyHbIX 3HaYeHUn UHAYKLUK (DOKyCUPYIOLLIEro Mnors.
Homepa KpuBbIX COOTBETCTBYIOT HOMepam mnapLmarb-
HbIX CMoOeB, Ha KOTOpble YCIOBHO pa3buBaeTcsl anek-
TPOHHbIA NOTOK NPU YACNIEHHOM MHOFOMEPHOM MO/enn-
poBaHuv. [nsi MeHbLUero 3Ha4YeHusi HOPMUPOBaHHOW
LMKINOTPOHHOM YacTOTbl MPOUCXOAUT CHWKEHUE aMniu-
Ty/Abl KOHBEKLMOHHOro ToKa nyyka. OgHako B 9TOM Cry-
yae GawkanluMe K NMOBEpPXHOCTU 3aMearnsiollen cucte-
Mbl CMOW MyYKa He neperpynnupoBbIBAOTCA HECKOSbKO
pas 3a Bpemsi ABWKEHUS B NPOCTPaHCTBE B3aUMOAENCT-
BUS, KaK 3TO NPOUCXOAUT Npu we/w = 1. [laHHbIA peaysb-
TaT 00YCnoBneH BbIXOAOM YacTu AMEKTPOHHOIO NnoToka
(npumepHo 10%) 13 0BNacT WHTEHCUBHOrO B3aUMO-
NEeiCTBUA C BbICOKOMACTOTHBLIM MOMEM 3a CHeT rnonepey-
HbIX CMELLeHNIA TPaekTopui anekTpoHoB. Kpome Toro,
AN AaHHbLIX NapaMeTpoB CUCTEMbI CHUXKEHUe MHOYKLUA
hOKyCHMPYIOLLEro Noms NpUMBOAUT K YaCTUYHOW KOMIMEH-
caLuv BbICOKOMACTOTHOrO pPaccrioeHus nyyka.

lll. 3akno4eHue

YCcTaHoBMEHb! 3aKOHOMEPHOCTU U3MEHEHUS addek-
TUBHOCTM B3aUMOAENCTBUA B TMOPUOHOM YMHOXUTENe
YaCTOThl 332 CYET YMEeHbLUEHUS UHAYKUUU hOKycUpyio-
wero mMarHutHoro nons. MonyyeHHble B pamMkax MHOro-
MEepHOil Moaenu peaynbTaTbl MO3BONSAIT paspabdarsi-
BaTb HOBbIe CMOCOGLI YNPABMEHUs! XapakTepucTukamm
HENUHEeNHbLIX 3NEeKTPOHHO-BOMHOBbIX CUCTEM C Npeobpa-
30BaHWEM YacTOTbl BXOAHOrO cUrHana.
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idimensional simulation of beam-wave
The mucljmfjrlequency shifter is carried out taking
e of the magnetic focuslng field induc-
f the output power of higher harmonics
ncy is obtained for certain values of
physical reasons of the detected ef-

Abstract — :
interaction in the hybri
into account the chang
tion. The enhancement O
of the input signal freque
cyclotron frequency. The
fects are considered.

|. Introduction

tical investigation of the frequency conversion
esses in the O-type beam-wave sys-
hin the framework of approximation of

-di ional driving of the electron beam. Nevgrtheless, the
?nnljtiddlirrnnzzssli?)nal simulgtion of beam-wave interaction allows to
receive the most authentic results and to analyze processes,

ctual devices.

refegzg%ﬁ:]: least investigated problems of research of. the in-
teraction between rf fields and streamsvof charged pamclgs is
the frequency conversion in the multidimensional n{)nhnear
beam-wave systems. In this work one of aspeqs of this prob-
lem - effect of the magnetic focusing field induction yalue on the
output characteristics of the millimeter waves hybrid frequency

multiplier is investigated.

Il. Main part

The two-stage beam-wave system is considered. The sheet
electron beam is modulated by an input signal field in the non-
resonance region of the interaction space. The conversion of
frequency realizes at the output resonance stage of the device.
The magnetostatic field is used for electron beam focusing. The
analysis of physical processes is carried out on the basis of the
self-consistent multidimensional theory of beam-wave interaction,
which main positions are explained in [2].

It should be noted that for simulation of the considered hybrid
system it is necessary to use two theories - for nonresonance and
resonance interaction types.

It is supposed that the electron beam is bunched by field with
frequency of an input signal, i.e. the harmonics of this frequency
do not hit in the pass band of the electrodynamic system of the
modulator. If to take into account excitation of electromagnetic
fields on harmonics of the input signal frequency, it is necessary
to consider multifrequency beam-wave interaction in the non-
resongnoe stage of the hybrid device.

Fig. 1 shows the dependences of the output signal amplitude
(the' fourth harmonics of the input signal frequency) on the nor-
mahze.d cyclotron frequency for different values of the ratio of the
operating beam current to starting current.

The dashed lines show values of amplitude in a case when
the trajectories of electrons are linear. In case of a weak focusing

f':ld (/@< 0.25) there s a settiing of a part of electron beam on
t,ezizztmd‘é”am'c system surface. The efficiency of interaction is
normalizea:in 0|utput signal amplitude is small. The increase of
the amplit gy clotron frequency results in the essential increase of

pitude. Fig. 2 shows the space distributions of the rf cur-

rer:t module in the output stage of the interaction space for differ-
ent values of the focusing field induction.

The theore
and other nonlinear proc
tems performs usually wit

I1l. Conclusion

ﬁciel-gf Eﬁgzlaﬁt? of change of the beam-wave interaction ef-
different value 4 ?d frequency muttiplier are investigated for
fadiiie Obtainsdo thg focusing magnetic field induction.'The
o o de within the framework of multidimensional

W developing new methods of control of the nonfinear

beam-wave systems . :
: Cc i : /i t
signal frequency. haracteristics with conversion of the inpu
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