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Anrnomauus - NpeacTaBneHsl pesynbTartsl UCCIIeA0BaHUS
3D hEeKTUBHOCTY INEKTPOHHO-BONHOBOrO B3aUMOAEWCTBUS B
rubpnaHoM npubope MUNNIMMETPOBLIX W CYGMWNNUMETPOBBIX
BonH O-Tuna. B kavecTBe npumepa paccMOTpeHa Cxema ycu-
nuUTeNA C HEPEe3OHAHCHbIM CEKLMOHNPOBAHHLIM BbLIXOAHbLIM
KackajoM, B KOTOPOM 3aMeAnsAioLan cucrtemMa MOoXeT pacnona-
raTeCA Ha Pa3HbiXx CTOPOHAX NNaHaPHOW 3NEKTPOAWHAMMU4ECKOI
CTPYKTYpb!. MpuBeAeHbl pe3ynbTarhl pacyeTos ko3adduuueHTa
ycunenwmns U anektpoHHoro KMA Ha ocHoBe KOMGWHWPOBaAHHOWM
HEJIMHEeAHOW ABYXMEPHOW Teopni rOpUAHOrO yCUNuTe s,

|. BBepnexue

O6beauHeHne B OAHOW KOHCTPYKLIUU pPasnUYHbIX TU-
NnoB 3NEKTPOHHbLIX NPUOOPOB SAIBNSIETCA OAHUM U3 Cno-
cob0B yriyyleHus BbIXOOHbIX XapakTePMCTUK U pacluu-
peHust (PYHKLMOHANbHbIX BO3MOXHOCTEN 3NEKTPOHHO-
BONHOBLIX cuctem. B paHHon paboTe TeopeTuueckn
paccmatpuBaeTtcs ycunutens O-Tuna, coctosiwmn w3
PE30HAHCHbIX U HePe30HaHCHbLIX Kackaaos, YTO MO3BO-
nseT coyetaTb B OQHOM YCTPOWCTBE CBOWCTBA, NpUCY-
e pasnuyHbiM npubopam (Hanpumep, JIEB, WU,
OpOTPOH, NedaTpoH, NapaepTpoH). [AnA uccrenoBaHuA
Tako KOHCTPYKUuMU HeobXxoanMo COBMECTHO MCMOMbL30-
BaTb ABE MOAEN HENMMHERHOro 3NeKTPOHHO-BOMHOBOrO
B3aMMOAENCTBUSA, COOTBETCTBYIOLLME PE3OHAHCHOMY W
HEPEe30OHaHCHOMY pexumam 3HeproobmeHa mexay
3NEKTPOHHbLIM MYYKOM W BbICOKOYACTOTHLIM MONEeMm.
Bonee TOro, ans awanu3a U3N4EeCKUX NPOLECCOB B
rnbpuaHoMm npubope cneayet Ans pasHbiX Kackagos
paccMaTpuBaTb pasnuuHble 3Tanbl passuTus koneba-
TesIbHOro npouecca.

Il. OcHOBHaA 4YacTb

Ha puc. 1 npeacrtasneHbl CxeMbl HEPE30HAHCHOro
(a) u pe3oHaHcHoro (6) ycunuTenbHbIx kackapos. B
PE30HaAHCHbIX Kackagax MOryT WCNonb30BaTbCA Kak
obbemHble, Tak U OTKpbITEIe pe3oHaTopbl. TeopeTuye-
ckas MoAenb 3NeKTPOHHO-BOMHOBOW CUCTEMbI COCTOUT
N3 HECKONbKUX OCHOBHbIX KOMMNOHEHTOB.

ONEKTPOHHLIN NOTOK. MCNOMb3yeTCA NEHTOYHbLIA ny-
YOK KOHEYHOW TOJILLMHbI, KOTOPLIA NponyckaeTcs B6nu3n
nosepxHOCTU 3amegnsiouiein cuctemsl (3C). YpaBHeHne
ABWKEHWNA 3apsXEHHbIX YacTuy TpexmepHoe. Paccmar-
puBaeTCs HepensTUBUCTCKUA cryyan. B npouecce aHa-
nu3a xapakTtepuctuk npubopa y4WTbLIBAETCH BO3MOX-
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Puc.1 -Cxembl ycunutenbHbiX kackagos
Fig. 1 — Amplifier stages scheme

HOCTb TOKOOCeAaHWs Ha noBepxHoCTb 3C 3a cueT cTa-
TUYECKUX WU AWHAMUYECKUX CMELLEHWH TpaeKkTopun
3NEeKTPOHOB. HayanbHble yCroBuA Mo NyuKky Npowu3sorb-
Hble — KaK C MoAyMAuMen No CKOPOCTM W MIIOTHOCTK, Tak
1 6e3 Hee. B nonepeyHOM ceyeHuu 3NEeKTPOHHLIA MOTOK
pa3buBaeTcsA Ha HECKONBLKO NapinasibHbLIX My4KoB, Kax-
Obld 13 KOTOPbIX MMEET CBOK HauanbHylo CKOPOCTb.
Takum o6pasom MOXHO (hOpMUPOBaTL ONpeaesieHHoe

pacnpeneneHne nNpoCTPAaHCTBEHHOTO PacCUHXPOHU3MA
CKOpPOCTEl 3NIEKTPOHOB U 3aMeANEHHO BOMHbI NO TOm-
WmrHe nyyka.

dokycupyloulee none — MarHutocratuyeckoe, B 06-
IleM cnyyae HeoaHopopHoe. MpocTpaHcTBEHHOE pac-
npegeneHne uHaykiuM copmupyetcs Habopom no-
KanbHbIX MarHMTHbIX HeoaHopoaHocten (JIMH, puc.1),
KONMYECTBO KOTOpbIX BapbupyeTca. Kaxgas JIMH xa-
pakTepudyeTcA Habopom napameTpoB: amnnMTyAoW,
KOOPAWHATOW UEeHTpa n pa3Mepom obnacTtu nokanusa-
uumn. XecTkocTb (hOKYCMPOBKU OnpeaenseTca Benuuu-
HOIM MHAYKUMW MarHUTHOro NOJs, KOTOpast Takke MOXKeT
U3MEHATLCH.

dnekTpoguHammyeckaa cucrtema. B ycunutenbHbix
kackapax B kayectse 3C ucnonbsyerca rpebenka. B
Hepe3oHaHCHbIX kackagax 3C pacnonokeHa Ha oQHOW
M3 MPOBOAAWMX NMAACTUH, hOPMUPYIOLLUX NNAHAPHYIO
CTPYKTYpY (puc.1a) nnu Ha o6eunx (AByXpsaHas CTpyKTy-
pa). B pe3oHaHcHbIx kackagax 3C pacnonoxeHa Ha
OOHOM W3 3epkan OTKPbITOro pesoHaTopa Unu Ha OAHOM
13 creHok obvemHoro pesoHatopa (puc.16). Bbicoko-
4YacTOTHbIE MOMNA UMEIT ABE KOOPAVNHATHLIE KOMMOHEH-
Tbl — NEPNEHAVKYNAPHYI0 U NapannencHylo NAOCKOCTU
3C. MNpocTpaHcTBEHHOE pacnpeaesieHne anekTpomar-
HWUTHOrO NONs B PE30HAHCHOM Kackage (hUKCUPOBAHO n
onpeaensieTcs  CUMMeETpuUer  3neKTpoAuHaMUYeCcKown
cuctembl. B HepesoHaHCHOM kackage amnnuTygHoe
pacnpeperieHne ¢opmMupyeTcs B Npouecce 3NeKTPOH-
HO-BOJTHOBOrO B3aUMOAENCTBUSA.

YuuTbiBaeTCA ABa BapwaHTa NOCTYNNEHUS BbICOKO-
4YacTOTHOro curHamna B ycunuTenbHble kackaabl — Heno-
cpeacteeHHo B 3C v uyepe3 MOAY)IMPOBAHHbLIA 3MeK-
TPOHHbIA NY4OK.

MnaHapHble ycunuTenbHble Kackagbl MOryT ObiTb
CeKunmoHupoBaHHbIMKU. Cekuun pasgensitotcs nubo no-
rriowanwuMn BCcTaBkamu, nubo ydyactkamn apendpa.
PaccmaTpuBaeTcsi HECKOMbKO BO3MOXHbLIX BapuUaHTOB
rmbpugHoro ycunuTens, pasnuyaiolimxca nocreaosa-
TENbHOCTHIO PaCNOSIOKEHNA PE30HaHCHBLIX U Hepe3o-
HaHCHbIX konebaTenbHbiX cuctem. B yactHocTu, AByx-
KackagHble CXeMbl C BbIXOQHOV CEeKUWEW pe30HaHCHOrOo
WUNU Hepe3OoHaAHCHOro Tuna. Cekiun MoryT pasnuuaTbes
LIaromM Neproavueckonn CUCTEMbI (T. €. PaCCUHXPOHN3-
MOM CKOPOCTEW 3MEKTPOHOB U 3amMeaNeHHON BOSHbI).

Ha puc. 2 v 3 npeacraBneHbl 3aBUCUMOCTN KO3CH-
¢uumneHta ycuneHna K un anektponHoro KMA 7] ot

6eapaamepHoi NpogonbHOM koopauHatel & ana ru6-

PUIHOrO YCUNUTENS, COCTOSLLEro M3 MoAynvpylouiero
PE30HAHCHOro YCTpPOMCTBa C AMNUTENbHbLIM B3aUMOAEiA-
CTBWEM N HEpPe30HAHCHOFO CEKLIMOHUPOBAHHOIO BbLIXOA-
HOro kackapa. LlTpuxoBble KpuBble COOTBETCTBYIOT
HecekunoHupoBaHHoit 3C. KpuBble nOCTpoeHbl AnA
amMnnuTyabl BxogHoro curHana Fo = 0.005; napameTtpa
paccuHxpoHuama b=(1-vo/v)=-TT /50 ans koaddumerTa
ycunenus v -7 /25 ana KNQO; sgecb vo — HayanbHas
NPOAONbHAs CKOPOCTb 3NEKTPOHOB, V — ha3oBasi CKO-
pOCTb 3aMeaNneHHOM BOsHbI; &, - AnvHA NEPBON CeKuun

Hepe30oHaHCHOro kackapaa. Bo BTOpoi cekuuu 3TOro
kackana rpebeHka pacnonoxeHa Ha BepxHei nnacTuHe.
Takoe cekuMoHupoBaHWe NNaHapHOW CTPYKTYpbl NO3BO-
NSeT yBeNnuuWTb Kak MaKCUManbHbld KOIhULNEHT
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yCUNEHWUA, Tak U MaKCUManbHbiA 3nekTpoHHbd KIA.
CreayeT oTmMeTnTb criyyan &, =0, koraa 3C BbIXOAHOMO
Kackajla HepaspblBHa, HO MMNEAAHCHas MOBEPXHOCTb
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Puc. 2 - 3aBucumocTu ko3duumeHTa ycuneHus
OT NPOAOIIbLHOM KOOpAWUHATHI
Fig. 2 — Gain vs longitudinal coordinate
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Pwnc. 3 — 3aBucumocTu anekTpoHHoro KM oT npo-
A0NbHOW KOOPAUHATBI
Fig. 3 — Efficiency vs longitudinal coordinate

HaxXOAWTCA Ha BEpPXHEWN nnacTnHe (Cxema Ha puc.2).
3aeck MakcmanbHble 3HadeHus Ku 7) He npesbiwatoT

COOTBETCTBYIOLUUX BEMUYWH ANA CEKUNOHWPOBAHHOrO
Kackaaa, o4HaKo AOCTUIalTCA OHU NPU MEHbLUUX 3Ha-
YeHUsIX NPOAONbHOW KOOPAWHATLI, T. €. ONTUMarnbHas
AnuHa npubopa cokpaujaeTtcs. B pesynbtate nonydaer-
CA, 4TO B Makcumyme koadpdpuumeHTa ycunewws Ans
&,=0 3naueHue K npesbiwaeT Ha 10 ab 3Havexne ans

BLIXOJHOTO Kackaga C rpeBeHKoii, pacnornoXeHHoW Ha
HUKHE nnacTuHe (puc. 2, £ =1.1).

Takum 06pa3om, CEKLMOHNPOBaHWE HEPE3OHAHCHOTO
Kackaga C KOMBuHMUpoBaHHbIM pacnonoxkenwem 3C
NO3BOMSET 3HAYMTENBHO YIYULLNTL BbIXOAHLIE XapakTe-
PUCTUKN U NPN ONPeAENeHHbIX YCMOBUSAX YMEHbLUTb
onTuManbHylo AnuHy npubopa. OTmeuyeHHble 3hdDeKTbI
obycrnoeneHbl B NepByld OYepefdb MHOrOMEpPHOCTbIO
MCnonb3yemoi Mogesnn n ABMAIOTCA CNeaACTBUEM U3Me-
HeHMs YCNOoBUM FPYNNMPOBAHUS W 3HEProoToopa B anek-
TPOHHOM NOTOKE KOHEYHOW TOSLUMHBI.

Illl. 3aknoueHue

MoCTpOEHHAs HenuHeHas Teopus 3NEKTPOHHOrO
npuBopa rmbpuaHOro TMnNa no3BONsET NPOBOAUTL MO-
OeNnnpoBaHve U pacuyeT XapaKTepuCTUK PasnUYHbIX
COCTaBHbIX YCTPOMCTB MWNIIUMETPOBOMO [Mana3oHa:
reHepaTopos, ycunuTenen, npeobpasosaTtenen n ap.
YYETOM pa3anuuHbIX n3nIecKknx akTopos.
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Abstract - The results of research of the electronic — wave
interaction efficiency in the O - type hybrid device of millimeter
and submillimeter waves are presented. The amplifier scheme
with nonresonance partitioned output stage is considered, in
which the slow-wave system can be allocated on the different
sides of planar electrodynamic structure. Results of the gain and
efficiency calculations are presented on the basis of the com-
bined nonlinear two-dimensional theory of a hybrid amplifier.

I. Introduction

The association of different types of electron devices In one
construction is one of the ways of the output characteristic
improvement and extension of electronic - wave systems func-
tionalities. In the present report the O - type amplifier consisting
of resonant and nonresonant stages is theoretically considered
that aliows to combine the properties which inherent to different
devices (e.g., TWT, orotron, ledatron, laddertron) in one device.
For research of such construction it is necessary to use two
models of electronic - wave interaction appropriate to resonant
and nonresonance modes of interaction between a beam and a
high-frequency field.

Il. Basic part

In a fig. 1 the scheme of nonresonant (a) and resonant (6)
of amplifier stages are presented. In resonant stages both
cavity, and open resonator can be used. The theoretical model
of the electron - wave system consists of several main parts.

Electron beam. The sheet beam of finite width is used. It
passes near to a surface of a slow-wave circuit. An equation of
charged particles motion is three-dimensional. During the
analysis of the device characteristics the possibility of electron
settling on a grating surface is taken into account at the ex-
pense of static and dynamic displacements of electrons trajec-
tories.

Focusing field - magnetostatic, in general case it is non-
uniform. The space distribution of induction is shaped by a set
of local magnetic nonuniformities (LMN, fig.1), whose amount
varies. Each LMN is characterised by a set of parameters:
amplitude, co-ordinate of centre and size of localisation area.

The electrodynamic system. In amplifier stages the grating
is used as slow-wave system. In nonresonance stages grating
is located on one of conductive slices forming a planar struc-
ture (fig. 1a) or on the both (two-row structure) of them. In
resonant stages grating is located on one of the mirrors of an
open resonator or on one of the resonant cavity walls (fig. 16).
The rf fields have two co-ordinate components - perpendicular
and parallel to grating plane. The spatial distribution of an
electromagnetic field in a resonant stage is fixed and is deter-
mined by symmetry of the electrodynamic system. In nonreso-
nant stage the amplitude distributionis shaped during efectron -
wave interaction.

In Fig. 2 and 3 the gain and electronic efficiency are shown
as functions of longitudinal co-ordinate for the hybrid amplifier
consisting of the modulating resonant device with prolonged
interaction and a nonresonant partitioned output stage. The
dashed curves correspond to not partitioned slow-wave sys-

tem.&; - length of the first section of a nonresonant stage. In

the second section of this stage the grating is located on a
upper slice. Such sectionalization of planar structure allows to
magnify both maximum gain and maximum electronic effi-
ciency.

lll. Conclusion

The resuits of theoretical research of a hybrid type devices
allow to carry out simulation and calculation of the characteris-
tics of different multicomponent millimetre-wave devices:
generators, amplifiers, converters, etc.
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