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AHHoma�UR - npeACTaBlleHbl pe3YllbTaTbi �CCJleAOBaHI1R 
3(jl(jleKTI'IBHOCTI1 3IleKTpOHHO-BOIlHOBoro B3aI1MOAeMCTB�R B 
rl16pl1AHOM npl160pe Ml1lllll1MeTpOBblX 11 cy6MI11llll1MeTpOBbiX 
BOIlH O-Tl1na. B Ka4eCTBe npl1Mepa paCCMOTpeHa cxeMa YCI1-
IlI1TBIlR C Hepe30HaHCHbiM CeKL\110Hl1pOBaHHbIM BblXOAHblM 
KaCKaAOM. B KOTOPOM 3aMeAIlRIOLllaR CI1CTeMa MOlKeT pacnolla­
raTbCR Ha pa3HbiX CTopOHax nllaHapHoM 31leKTpOAI1HaMI14eCKOM 
CTPYKTYPbl. npl1BeAeHbl pe3YIlbTaTbi paC4eTOB K03(jl(jl�LI�eHTa 
yC�lleH�R 11 31leKTpOHHOro Knll Ha OCHOBe KOM611Hl'lpOBaHHOM 
HeIlI1He�HO� ABYXMepHoii TeOp1'l11 rI16p�AHOro yC�IlI1TeIlR. 

I. BBeAeHMe 
06be.QIo1HeHlo1e B o,QHoiil KOHCTPYKI..\Io1Io1 P83Illo14HbiX TIo1-

nOB 3IleKTpOHHbiX npIo16opOB s:!Blls:!eTCs:! OAHIo1M 1013 cno­
C060B ylly4weHIo1s:! BblXOAHblX xapaKTepl1CTIo1K 101 pacwlo1-
peHIo1s:! CPYHKI..\1010HaIlbHbiX B03MOlKHOCTeiil 3IleKTpOHHO­
BOllHOBblX CIo1CTeM. B ,Q8HHOiil pa60Te TeopeTIo14eCKI1 
paCCMaTplo1BaeTCR YCIo111I1Tellb O-TI1na, COCTORLlIIo1ii1 1013 
pe30HaHCHbiX 101 Hepe30HaHCHbiX KaCKaAOB, 4TO n03BO­
Ils:!eT C04eTaTb B O,QHOM YCTpoiilcTBe cBoiilcTBa, nplo1cy­
Ll.\l1e paaI1l'l4HblM nplo160paM (HanpIo1Mep, noB, rAVI, 
OPOTPOH, lle,QaTpoH, llaAQepTpoH). Ails:! Io1CClle,QOBaHI1s:! 
TaKoiil KOHCTPYKI..\Io1Io1 Heo6xo,QI1MO COBMeCTHO I1cnOIlb30-
BaTb ,lJ,Be MO,Qell1i1 Helllo1HeiilHoro 311eKTpOHHO-BOllHOBoro 
B3aI1MO,lJ,eiilCTBI1R, COOTBeTCTBYIOLl.\lo1e peaOH8HCHOMY 11 
Hepe30HaHCHOMY pelKl1MaM 3Heproo6MeHa Me�y 
311eKTpOHHbIM nY4KOM 11 BbiCOK048CTOTHbiM nOlleM. 
oOllee TOro, ,QJ1R aH8J1l1aa cjJIo13114ecKIo1x np0l..\eCCOB B 
rI16pl1,1J,HOM nplo16ope CIle,QyeT Ails:! p83HbiX K8CK8,QOB 
paCCMaTpl1BaTb pa3Ill14Hbie 3Tanbl pa3BIo1TI'Is:! K011e6a­
TellbHoro npol..\ecca. 

II. OCHOBHas. <IaCTb 
Ha Pl1c. 1 npe,QCTaB11eHbl cxeMbl HepeaoHaHcHoro 

(a) 11 peaOHaHcHoro (6) YCI1IlI1TellbHblx KaCKa,QOB. B 
peaoHaHcHblx KaCKa,Qax MOryr I1CnOllb30BaTbCs:! KaK 
06beMHble, TaK 11 OTKpblTbie pe30HaTopbl. TeOpeTl14e­
CKaR MO,lJ,eIlb 311eKTpOHHO-BOllHOBOiil CI1CTeMbl COCTOIo1T 
113 HeCKOIlbKI1X OCHOBHblX KOMnOHeHTOB. 

3IleKTpOHHbiaii nOTOK. I!1cno11b3yeTcR lleHT04Hblaii ny-
40K KOHe4Hoiil TOIlLllI1Hbl, KOTOPbliil nponYCKaeTCs:! B611101311 
nOBepXHOCTI1 3aMe,Q11RIOLl.\eiil CI1CTeMbl (3C). YpaBHeHl1e 
ABl1lKeHIo1R 3apRlKeHHbiX 4aCTI11..\ TpeXMepHoe. PaCCMaT­
pl1BaeTCs:! HepeIlRTI1BI1CTCKI1ii1 CllY4aiil. B np0l..\ecce aHa­
Ill13a xapaKTepl1CTI1K npl160pa Y411TbiBaeTCR B03MOlK-

W�H 
(a) (6) 

Pl1c.1 -CxeMbl YCl111lo1TellbHblx KaCKa,QOB 
Fig. 1 - Amplifier stages scheme 

HOCTb TOKooce,QaHI1R Ha nOBepxHoCTb 3C 3a C4eT CTa­
TI14eCKI1X 11 ,QI1HaMIo14eCKI1X CMeLl.\eHI1ii1 TpaeKTOpl1ii1 
311eKTpoHoB. Ha4a11bHbie YCllOBIo1R no ny4Ky np0113B011b­
Hble - KaK C MO,QYIlRlIl1eiil no CKOPOCTI1 11 nIlOTHOCTl1, TaK 
11 6e3 Hee. 8 nonepe4HoM Ce4eHI111 311eKTpoHHbliil nOTOK 
pa3611BaeTcR Ha HeCKOllbKO napl..\l1allbHblx nY4KOB, KalK­
Ablaii 1013 KOTOPblX I1MeeT CBOIO Ha4a11bHYlO CKOpOCTb. 
TaKI1M 06pa30M MOlKHO CPOpMl1pOBaTb onpe,QelleHHoe 

pacnpe,QeIleHl1e npOCTpaHCTBeHHoro paCCI1HXpOHI13Ma 
CKopOCTeiil 311eKTpOHOB 11 3aMe,Q11eHHoiil BOllHbl no TOIl­
LlII1He ny4Ka. 

4>OKYCIo1PYlOwee nOlle - MarHI1TOCTaTI14eCKOe, B 06-
ll\eM CllY4ae Heo,QHopo,QHoe. npOcTpaHcTBeHHoe pac­
npe,QelleHl1e I1H,QyKI..\I1I1 cpopMl1pyeTcR Ha6opoM 110-

KallbHblX MarHI1THblX Heo,QHopo,QHocTeiil (nMH, pl1c.1), 
KOIll14eCTBO KOTOPblX Bapbl1pyeTcR. KalK,QaR nMH xa­
paKTepl13yeTcR Ha60poM nap8MeTpoB: aMnIlIo1TYAoiil, 
Koop,QI1HaToaii lIeHTpa 11 pa3MepOM 0611aCTI1 IlOK8J11013a-
1..\1111. )l(ecTKocTb CPOKYCI1POBKI1 onpe,Qells:!eTcs:! Be1111411-
Hoiil I1H,QyKlIlo1l1 MarHI1THoro nOllR, KOTOpas:! TaKlKe MOlKeT 
113MeHs:!TbCR. 

311eKTpOAIo1HaMIo14ecKaR CIo1CTeM8. B YCIo111lo1TellbHblX 
KaCKa,Qax B Ka4eCTBe 3C I1cnollb3yeTcs:! rpe6eHKa. B 
Hepe30HaHcHbix KaCKa,Qax 3C pacnoIlolKeHa Ha o,QHoiil 
113 npOBO,QRLlIIo1X nllaCTI1H, cjJOPMIo1PYIOLlII1X nllaHapHYIO 
CTPYKTYPY (plo1c.1 a) I1IlIo1 Ha o6elo1x (,QByxpRAHas:! CTPYKTY­
pal. B pe30HaHCHbiX KaCKa,Qax 3C pacnOllOlKeHa Ha 
O,QHOM 1013 3epKall OTKpblToro pe30HaTopa 111111 Ha OAHoiil 
113 CTeHOK 06beMHoro pe30HaTopa (pl1c.16). BbICOKO-
4aCTOTHbie nOllR I1MelOT ,QBe Koop,QI1HaTHble KOMnOHeH­
Tbl - nepneH,QI1KYIlRPHYIO 101 napall11eIlbHYIO nIlOCKOCTI1 
3C. npOCTpaHCTBeHHoe pacnpe,QelleHl1e 311eKTpOMar­
HIo1THOro nOIlR B pe30HaHCHOM KaCKaAe cjJl1KCl1pOBaHO 11 

onpe,QellReTCR CI1MMeTpl1eiil 3IleKTpO,QI1HaMI14eCKOIii 
CI1CTeMbl. B Hepe30HaHCHOM KaCK8,Qe aMn11l1TYAHoe 
pacnpeAelleHlo1e cpopMlo1pyeTcR B npOllecce 311eKTpOH­
HO-BOIlHOBOro B3aI1MO,QelilcTBI1R. 

Y411TbiBaeTcR ABa Bapl1aHTa nocrynlleHIo1R BbICOKO-
4aCTOTHoro Clo1rHalla B YCI111I1TeIlbHble KaCKa,Qbl - Heno­
cpe,QcTBeHHo B 3C 11 4epea MO,QYIll1pOBaHHbliil 3IleK­
TPOHHbliil ny4oK. 

nllaHapHble YCI111I1TellbHble KaCK8,Qbl MOryr 6blTb 
CeKlII10Hlo1pOBaHHbIMI1. CeKlI1111 pa3,QeIlRIOTCR 111160 no­
rnOLllalOLlIIo1MI1 BCTaBKaMl1, 111160 Y4acTKaMI1 ,Qpeiilcpa. 
PaCCMaTpl1BaeTCR HeCKOIlbKO B03MOlKHbiX Baplo1aHTOB 
rl16pl1,QHoro YCIo111I1TellR, pa311114alOll\I1XCR nOClleAOB8-
Te11bHOCTblO pacnOllOlKeHI1R peaOHaHCHblX 101 Hepe30-
HaHCHblX KOlle6aTellbHbix CI1CTeM. B 4aCTHOCTI1, ,QByX­
KaCKa,QHble cxeMbl C BbIXO,QHOiil ceKlIlo1eiil pe30HaHcHoro 
111111 HepeaOHaHCHoro Tl1na. CeKlI1111 MOryr pa311114aTbCR 
warOM nepl10AI14eCKOiil CI1CTeMbl (T. e. paCCI1HXpOHI'I3-
MOM CKopOCTelii 311eKTpOHOB 11 aaMe,Q11eHHoiil BOllHbl). 

Ha plo1C. 2 11 3 npeAcTaBlleHbl 3aBI'ICI'IMOCTI'I K03CP­
cjJlo1l1l1eHTa YCl'IlleHI'IR K 101 3IleKTpOHHOro KnA 1J OT 

6eapa3MepHoiil npo,QollbHOIii Koop,QI1HaTbl � AIls:! r1'l6-

PI'IAHOro YCl'Illl'ITeIlR, COCTORll\ero 113 MO,Qylll'lpylOw,ero 
pe30HaHCHoro YCTpolilCTBa C AIlI1TellbHblM B3aI1MOAeiil­
CTBlo1eM 1'1 HepeaOH8HcHOro CeKl..\l'IOHl1pOBaHHoro BbIXOA­
HOro K8CKa,Qa. WTPI'IXOBble Kpl'IBble COOTBeTCTBYIOT 
HeCeKlII10HI1pOBaHHolii 3C. Kpl'IBble nOCTpoeHbl ,QIlSI 
aMnnl1TY,Qbl BXOAHoro Cl1rHalla Fo = 0.005; napaMeTpa 
paCCI1HXpOH143M8 b=(1-volv)=-7r 150 AIls:! K03cPcPI'IlII1eHT8 
YCI'IIleHI1R 11 -7r 125 .QIlR Kn,Q; 3AeCb Vo - Ha4anbHaSi 
npO,QOllbHaR CKOPOCTb 311eKTpOHOB, v - cjJa30BaR CKO­
pOCTb aaMe,QlleHHoiil BOllHbl; �I - ,QJ1I1Ha nepBoaii CeKlIl1� 
Hepe30HaHcHoro K8CKa,Qa. Bo BTOpolii CeKlI111'1 3TOro 
KaCKaAa rpe6eHKa p8cnOllOlKeHa Ha BepxHeiil n11aCTI'IHe. 
TaKoe CeKlII'IOHl'lpOB8HIo1e nllaHapHoiii CTPYKTYpbl n03BO­
IlReT YBeIll'l41'1Tb K8K MaKCI1MaIlbHbliil K03cPcjJI'IlIl'leHT 
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YClI1neHII1l1, TaK 111 MaKCII1ManbHbl1il 3IleKTpOHHbilil Kn,Q. 

CIle,lJ,yeT OTMeTlllTb CIlY4alil Sl ;::0, KOr,lJ,a 3C BbIXO,lJ,HOrO 

KaCKaAa Hepa3pblBHa, HO II1Mne,lJ,aHCHal1 nOBepXHOCTb 
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PII1C. 2 - 3aBII1CIi1MOCTII1 K03<P<P1I111I11eHTa YClI1neHII1l1 
OT npoAoIlbHOIil KOOp,IJ,li1HaTbl 

Fig. 2 - Gain vs longitudinal coordinate 
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PII1C. 3 - 3aBII1CII1MOCTII1 :meKTpOHHOro Kn,Q OT npo­

,lJ,OIlbHOI1 KOOPAII1HaTbl 
Fig. 3 - Efficiency vs longitudinal coordinate 

HaxOAIiITCfI Ha eepxHei'l nnaCTIiIHe (cxeMa Ha pl.1c.2). 
3,1J,eCb MaKCIi1MaIlbHble 3Ha4eHI1l1 Kill 1] He npeBblwalOT 

cOOTBeTCTBYIOLlIII1X Benl14111H AIll1 CeKlIIi10HI1pOBaHHoro 
KacKaAa, O,lJ,HaKO ,lJ,OCmralOTcR OHII1 npli1 MeHbWII1X 3Ha-
4eHIIIl1X npO,lJ,OIlbHOIil KooPAIIIHaTbl, T. e. onTIIIManbHaR 

AIlIIIHa nplll60pa cOKpaLllaeTcSI. B pe3ynbTaTe nonY4aeT­
CR, "ITO B MaKCII1MYMe Koa<p<PlI1l1li1eHTa YClllneHIIIl1 ,lJ,Im 
�l =0 3Ha4eHI1e K npeBblwaeT Ha 10 ,lJ,D 3Ha4eHllle AIlR 

BblxoAHOro KaCKa,lJ,a C rpe6eHKolil, pacnoIlO>KeHHOI1 Ha 
HIII>KHelil nIlaCTIIIHe (Pli1c. 2, g =1,1). 

TaKIIIM o6pa30M, ceKlIlIIOHlI1pOBaHllle Hepe30HaHCHoro 
KaCKa,lJ,a C KOM61i1HIi1pOBaHHbiM paCnOIlO>KeHllleM 3C 
n03BonReT 3Ha4111TeIlbHO ynyYWIIITb BblXO,lJ,Hbie xapaKTe­
PIIICTII1KIi1 Ii1 npll1 onpe,lJ,eneHHblx YCIlOBIi1RX YMeHbwlI1Tb 
onTII1MaIlbHYIO Anli1HY npll16opa. OTMeyeHHbie a<pcpeKTbl 
o6ycnoBIleHbi B nepBYIO 04epe,lJ,b MHoroMepHoCTblO 
II1cnonb3yeMolil MO,lJ,eIlIl1 111 flBnfllOTCR Cne,lJ,CTBlI1eM 1I13Me­
HeHlllfI ycnoBlI111 rpynnll1poBaHII1f1 111 3HeprooT6opa B aneK­
TPOHHOM nOTOKe KOHeYHOI1 TOnLllIi1Hbl. 

III. 3aKllIO"IeHMe 

nOCTpoeHHaR Henll1Hel1HaSi TeOpli1R aneKTpoHHoro 
npll160pa r1i16pll1,1J,HOrO TlI1na n03BonReT npOBO,lJ,lI1Tb MO­
,lJ,eIll1pOBaHIi18 11 paCyeT xapaKTepli1CTI1K pa3Illl14HbiX 
COCTaBHblX YCTpolilcTB MI1IlIlIl1MeTpoBoro ,D,lI1ana30Ha: 
reHepaTopoB, YClI1nll1Tenelil, npeo6pa30BaTenel1 111 ,lJ,p. C 
yyeTOM pa3nll1YHbiX cj>l.13I11YeCKII1X cj>aKTOpoB. 
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Abstract - The results of research of the electronic - wave 
interaction efficiency in the 0 - type hybrid device of millimeter 
and submillimeter waves are presented. The amplifier scheme 
with non resonance 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 0 - 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, 

II. 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,l), 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. la) 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-ondinate 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 distribution is shaped during electron -
wave interaction. 

In Fig. 2 and 3 the gain and electronic efficiency are shown 
as functions of longitudinal co-ondinate 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. �1 - 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. 

III. Conclusion 

The results 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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