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AHHOmauyus — Pa3BuTa HenuHenHaa Teopusa addpekTa
CwmuTta-lMapcenna Ha rapmoHukax 4vactotel JIOB c yuyetom
OBYXPEXMMHOIO B3aMMOLENCTBUSI — CaMOCOracOBaHHOMO pe-
*uma JIOB un pacnpefeneHHoro napameTpuyeckoro pexunma
AN Ha rapmoHumkax 4YactoTel JIOB. Ha ocHoBe u4ucrieHHoro
peLleHnss CaMOCOrfiacoBaHHON CUCTEMbI YPaBHEHWI MOKa3aHo
cylecTBoBaHue pexuma reHepauum JIOB Ha ocHoBHOM yacTo-
TE W yCUneHus AndpakLMoHHOro U3NyYeHns napameTpu4ecko-
ro TMna Ha rapmoHukax vyactoTbl JIOB konebaHwuii.

|. BBepgeHue

OcBO€HME HOBbIX 4YaCTOTHbIX Avana3oHoB npuobpe-
TaeT B HacTosiLee BpeMsl NEPBOCTENEHHOE 3HAYeHVe B
CBSI3U C Pa3BUTMEM HOBbLIX COBPEMEHHBIX TEXHOMOMNIA B
pasnuuHbIX OTpacnsax Hayku. B aTol cBs3u ucnonb3oBa-
HME HOBbIX HETPaAMUMOHHBLIX NMOAXOAO0B B3aMMOOEWCT-
BWS 3MEKTPOHOB C MONAMU KornebaTernbHbIX CUCTEM CO-
OTBETCTBYIOLLEro AnanasoHa BOMH npeacTaBnsaeT Heco-
MHEHHbIN Hay4HbIN MHTepec. B aaHHonm paboTte npegno-
XeHa aBTokonebaTenbHad cucTeMa, OCHOBaHHas Ha
O[JHOBPEMEHHOM MCMOMb30BaHUM B OAHOM npubope
OBYX Ka4yeCTBEHHO pa3NMYHbIX PEXMMOB KorebaHuii:
pexuma MOBEPXHOCTHbIX BOMH Ha OCHOBHOW 4acToTe
JIOB un pexvma o6beMHbIx BONH Ha adpdekte CmuTa-
Mapcenna, ncnonb3yloLWwero BbICLLINE rAPMOHUKN OCHOB-
Homn yactoTbl JIOB. BBuay T0Oro, 4to npouecc aneKkTpoH-
HO-BOJTHOBOIO B3auMOAENCTBUSA B obLiem criyyae Hemnu-
HEVMHbIA U ABYX4YacTOTHbIA, TO LEenecoodbpasHo pac-
CMOTpeTb €ero nocrnefoBaTenbHO C LENbi0 BbIACHEHMUS
MEXaHU3MOB B3aMMOAENCTBUS, HA4yuMHas OT JIMHENHOro
ONs [ABYX PEXVMMOB B3aMMOAEWCTBUS, U 3aKkaH4MBasi
HENMWUHENHbIM OBYXPEXUMHbIM B3aUMOAENCTBUEM.

Il. OcHOoBHaA YacTb

M3BeCTHO, YTO Npu B3anUMOZENCTBUM SIEKTPOHHOIO MNo-
TOKa C Morem 3reKTpoaAMHaMUYECKON CUCTEMbI B My4Ke BO3-
HUKAIOT BPEMEHHBIE TAPMOHMKN BbICOKOYACTOTHOMO TOKa,
KOTOpble MOryT ObITb UCMOMNb30BaHbl ANsi NMOcrneaytoLLero
YMHOXEHWS YacToTbl konebaHwin B KOMOMHUPOBAHHOM OBYX-
KackaHOW 31eKTPOHHO-BONHOBOWM cucteme. OgHako ecTb U
OpYron nyTb UCMOSb30BaHUST BbICOKOYACTOTHBLIX FapMOHUK
JIOB B TOKe nyyka — A5t KOFEPEHTHOrO BO30YAEHUsT Kore-
©aHuin Ha acpdhekTe CmunTa-MNapcenna (puc. 1).

OcHoBHas naes B Takux npubopax cBOAWTCA K OOHO-
BPEMEHHOMY MCMOSb30BaHMIO Pa3HbIX BPEMEHHbIX rapMo-
HVK TOKa — OCHOBHOW FapMOHUKW ANs reHepauun koneba-
HUA B pexvme JIOB (NMOBEPXHOCTHBIN PEXMM) U BbICLLIMX
rapmMoHuk Yactotbl JIOB B pexume cyliectBoBaHUS 00b-
eMHbIX BonH (addekt Cmura-MNapcenna). Takoi rmbpua-
HbIi pEeXUM MOXeT ObiTb peanm3oBaH B ogHoW koneba-
TENbHON CUCTEME, MUCMONb3YHOLLEN NEPUOANYECKYHO CTPYK-
Typy [1-3]. M13BECTHO, YTO B MEPUMOAMYECKMX CTPYKTYpax
MOryT CyLLIECTBOBAaTb HE3aBMCKMO ABa pexumMa Bo3byxae-
HUS KonebaHWi: PeXuM MOBEPXHOCTHBLIX BOSH U PEXUM
00bEMHBIX BOMH (Yalle OH Ha3bIBAETCH PEeXvMMOM Au-

hpaKkUMOHHOrO M3nyyeHust). OTMETUM TakkKe, YTO camo-
CTOATENbHO PEXUM ANPPAKUMOHHOTO UMYYeHUs Ha rap-
MoHuKax JIOB He BO3Gy)XOaeTcsi U3-3a BbICOKMX MYyCKOBbIX
TOKOB. PaccMoTpuM MMeHHO Takyto MoAerb reHepaTopa.
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Puc. 1. Cxema eeHepamopa.
Fig. 1. Generator scheme

JTioGol 3nNeKTpoHHO-BONTHOBOW NpoLIeCcC B3anMoaen-
CTBMS B 3NEKTPOBaKyyMHbIX Mpubopax onucbiBaeTcs
CaMOoCOrnacoBaHHON CUCTEMOW YpaBHEHWIA, COCTOSILLEN
U3 ypaBHEHWI OBWXKEHWUSI 3NEKTPOHOB B BbICOKOYACTOT-
HbIX U CTaTUYECKMX MOSSIX U ypaBHEHWUI BO30YXOEHMS
BbICOKOYACTOTHLIM TOKOM CrpynmnMpOBaHHOIO 3fIEKTPOH-
HOro My4yka BbICOKOYACTOTHBIX MOMen CUCTEMbI COOTBET-
CTBYIOLLEN aMmnuTyabl U YacToTbl. PopmManbHO B pac-
cMaTpuBaeMOW MOZENM CaMOCOrfacoBaHHasa cuctema
YPaBHEHWI OOIMKHA coepxaTb [Ba ypaBHeHUs BO30y-
XOeHns: oTHocuTenbHo amnnuTygbl JIOB Ha nepsoM
rapmMoHuke u oTHocutenbHo amnnutyael AW Ha n-on
rapMoHvke. B ypaBHEHUSIX ABWXEHWUSI MNPUCYTCTBYHOT
nomnsi pasHbIX PEXUMOB, B3aUMOOEWNCTBYHOLUME MEXOY
coboWi Yyepes aNEeKTPOHHbIN MYYOK:
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O06o03HauyeHns1 cooTBETCTBYIOT paboTe [1].

B craumoHapHOM pexwume amnnuTyda konebaHun
onpegensieTca KpyTW3HOW konebaTenbHOW XapakTepu-
CTUKM U NapaMeTpoM 3¢pdeKTUBHOCTM B3aUMOAENCTBUS
G, KOTOPbI (haKTUHECKM XapaKTepu3yeT BENMYMHY no-
NOXUTENbHOW ObpaTHOM CBS3M B aBTOKonebaTtensHoun
cucteme. B paHHom cnyyae ypaBHeHune BO3OyxaeHus
CBOAMWTCH K HENMHENHOMY YPaBHEHWNIO ANS HaXOXAeHWs
amnnuTygbl F yepes KpyTusHy konebaTenbHoW Xapak-
Tepuctukm [1, 4]. KpytnaHa konebartenbHon xapakrepu-
cTukm ang pexuvma JIOB npegcraenexa Ha puc. 2.
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Puc. 2. KpymusHa S1 J1OB.
Fig. 2. Steepness S; for BWO

Onsa pexuma gudpakunoHHOTO U3Ny4eHus ata UHTe-

rpanbHasi xapakTepucTvka umeeT Bua:
1 z, 2
S =5 [rofv@] {1_%%em[i(m+y>]d¢dzod;

Ob6patHasi ee BenudmHa npu £ — 0 xapaktepuayet nyc-
koBoW Tok pexmma A Ha rapmonuke J1OB. Mpu marbix 3Ha-
YeHUsIX amMmrmTyael konebaHun F B pexume ITOW cuctema
YPaBHEHWA ABVKEHWSI MOXET ObITb NMMHEapU3poBaHa no am-
nnutyne F v BenninHa St HanaeHa B aHanmTM4eckoM Buae.

Ha puc. 3 n3obpaxeHa 3aBUCUMOCTb UHKPEMEHTA Ha-
pacTaHus aMmnnuTyabl konebanuii B pexume OV Ha
TpeTben rapmoHuke JIOB ons pasnuyHbiX 3Ha4YeHWn cTa-
unoHapHon amnnutyabl JIOB-konebaHuii oT BEeNUYUHbI
OTHOCUTENBHOTO PACCMHXPOHU3Ma NpU  ONTUMArbHbIX
3Ha4YeHMAX pasHoCTK has KonebaHun ABYX PEXUMOB.
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Fig. 3. Oscillations increment of the BWO and GDR
for optimal phase values yoptim

Kak cnegyeT us rpachukoB, CyLLECTBYIOT Takue 3HaveHus
napametpa ®b, npu koTopbIX HabnoaaeTcs OAHOBPEMEHHas
reHepauvs konebanuii NIOB 1 andpakLMOHHOTO U3MyYeHus
Ha TpeTbel rapmoHuke JIOB. OTMeTUM Takke, YTO CaMOCTOSI-
TenbHo pexum O He Bo3OyxaaeTcsi B JaHHOW cUcTeME.

lIl. 3aknoyeHne

Takum obpasom, B paboTe nocTpoeHa camocornaco-
BaHHas Teopus KorepeHTHoro addekta Cwmuta-
Mapcenna npu ogHOBPEMEHHOW reHepauumn konebaHun
JIOB v I'AW. HailgeHbl napameTpbl CUCTEMBI, NPU KOTO-
pbIX peanuayeTcs AByXpexumHas paboTta reHepaTopa.
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Abstract — The non-linear theory of Smith-Purcell effect on
harmonics of BWO frequency taking into account the two-mode
interaction — self-consistent BWO mode and the distributed
parametric mode of the diffraction radiation on harmonics of
BWO frequency is developed. On the basis of the numerical
solution of the self-consistent equations set the existence of the
BWO mode of oscillations and parametric type amplification of
the diffraction radiation on BWO harmonics is shown.

|. Introduction

New approaches to beam-wave interaction in electron de-
vices for new frequency ranges are the important problem in
modern microwave electronics. In this work the oscillation sys-
tem based of the simultaneous usage of the two different oscil-
lation modes: surface wave mode of BWO reference frequency
and spatial wave mode (Smith-Purcell effect) that use harmon-
ics of the BWO frequency is proposed.

Il. Main Part

It is known that interaction of the electron beam with electro-
dynamics system fields results in the bunching and appearance
of the harmonics of high frequency current which can be used for
frequency multiplication in two-stage devices. There is other way
of BWO frequency harmonics using — coherent excitation of the
Smith-Purcell radiation. Simultaneous usage of different current
harmonics — the first harmonic for BWO oscillation excitation
(surface wave mode) and higher harmonics of BWO frequency
for diffraction radiation mode (Smith-Purcell effect) is the main
concept of the proposed hybrid electron device with the periodical
slow-wave system.

Beam-wave interaction modeling is performed on the base of
solving of the self-consistent set of equations. Oscillatory charac-
teristic transadmittance is used for analyzing the diffraction radia-
tion starting conditions and stationary amplitude obtaining.

Fig. 1 shows the device scheme with two signal outputs.
Fig. 2 represents BWO oscillatory characteristic steepness S for
different values of velocity mismatch parameter ®b.

Increment of oscillations amplitude growth and starting current
are the main characteristics of the double-mode electron-wave
system starting mode. BWO and generator of diffraction radiation
(GDR) increments are plotted in Fig. 3 for the best values of the
phase difference. There is a range of the ®b values where simul-
taneous excitation of the BWO and GDR oscillations is occurred.

I1l. Conclusion

Self-consistent theory of the coherent Smith-Purcell radia-
tion is developed for mode of simultaneous oscillation of BWO
and diffraction radiation. Ranges of system parameters values
corresponding with two-mode interaction are defined.
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