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1. Migcumosayi HBY O-Turmy 3 3aXxBaTOM €JIEKTPOHHUX 3TYCTKIB [I0JIEM €JIEKTPOMArHITHOI XBUJIi

2. O-type microwave amplifiers with excitation of electron bunches by an electromagnetic wave field

Pedepar:

1. Incepranjiiina po60Ta IPUCBIYE€HA MOEIOBAHHIO (Pi3MUHUX [IPOLECIB i TEOPETUYHIN PO3pOOLi HOBUX CIIOCOOIB
BUCOKOE€(EKTUBHOTO MiICUJIEHHS B HEPEJISTUBICTCbKUX aBTO(asHux npunagax O-tuny HBY nianasony,
onTUMi3zallii MigCHUITIOBAIBHUX PEXKUMIB, 1110 JO3BOJISIIOTH MOJIMIIIUTY MacorabapyTHi Ta eKcIulyaTaliiHi
XapaKTepUCTUKU NpuiaziB. Po3pobeHi MaTeMaTUyHi HeJliHiiHI MoJiesi aBToda3Hoi 6araTornpoMeHeBoi JJaMIIu
6ixydoi xBuii (JIBX) i aBToazHoi JIEX (AJIEX) 3 a3sumMyTarbHO-HECUMETPUYHOIO XBUelo (Hagamni AJIBX-H) npu
nigBuIeHoMy GOKYCyl04OMYy MarHiTHOMY I10JIi, IPY SIKOMY LIMKJIOTPOHHA YaCTOTA 6i/bIIa 32 IOBOEHY KPYTOBY
4acToTy curHaiuy. MatematuyHi mogesii 6araronpomeHeBoi AJIBX 103BonInM ONMCATyH NPOLEeC B3a€MOJi
€JIEKTPOHHUX I0TOKiB 3 BY nosiem cnosinbHIOW040i cuctemu (CC) B 6aratronpomeHesiil AJIBX, oLiHUTH
edexTuBHICTb puazy. IlokazaHo, 10 3aCTOCYBaHHS aBTO(A3HOTO PEXXMUMY B 6araToripomeHesiii AJIBX mo3Bossie

icrotHO nigBuIMTY enekTpoHHui KK npusiany B nopiBHsHHI 3 6aratonpomeHresoto JIBX. Ha ocHOBI



3aIIPONIOHOBAHUX AHAJIITUYHUX HEJHINHNX MOJesell 3a OTIOMOTO0I0 Teopii JIanyHoBa npo CTifKiCTb aBBTOHOMHUX |
HEaBTOHOMHUX cucTeM audepeH1ialbHUX PiBHIHb BU3Ha4eHi (1151 6araTorpomeneBoi AJIBX Brepuie, a niis AJIBX-
H HoBi, BignoBigHi nigsuineHoMy GOKyCyl0uOMy MarHiTHOMy I10J110) yMOBHU CTiMKoCTi 3axBaTy BY nosem
€JIEKTPOHHUX 3TYCTKIB 3 ypaxyBaHHSIM I0JIs1 06'€MHOTO 3apsify 4J1s1 Pi3HUX PEXKAMIB 3MiHM CTaTUYHUX OJIB i
napamertpiB CC. [IpoBeeHO ONTHMMi3alilo MeXaHi3MY ITIEPETBOPEHHS €HEPTii €JIEKTPOHHMX 3TYCTKIB B €HEPrilo
€JIEKTPOMarHiTHOI XBUJi B aBTOGa3HOMY PEXXUMi 3 MiBUIEHHSIM IIOTOHHOTrO KoedillieHTa MifcruleHHs Ipuiany
IIpu 30€pe>KEHHI BUCOKUX 3HaYeHb esleKTpoHHoro KKII: pyisg nocninxysanux mogudikanint AJIBX 3HaieHi
ONTUMAJIbHi 3aKOHi NPOQiIOBaHH MiBUIIEHOrO (POKYCYI0YOrO MAarHiTHOro 1noJisg Ta (pa3oBoi IBUIKOCTI XBUI,
peasisalis SKUxX B KOHCTPYKLii Ipuiany no3BoJauTh y 1,3 - 2 pa3u CKOPOTUTHU IOBXKUHY €JIEKTPOIUHAMIYHO]
CHCTEMH, i SIK HaCJIiIOK, BMEHIIUTY rabaputy i Bary npusany. Ha ocHoBi Mopesi CTilIKOCTi 3aXBaTy 3ryCTKiB
PO3po06JIEHO i 3arIaTEHTOBAHO CIIOCI6 MifICUEHHS, 1110 103BoJise AoaatkoBo ninsumutu KK B momgudikariii JIBX 3
nigBUIeHUM (POKYCYIOUMM MarHiTHUM IOJIEM IIPU OJHOYACHOMY NPO(ioBaHHI MarHiTHOI iHAYKLii Ta pa3oBoi
MIBUAKOCTI MifCUIII0BaHOI XBUiIi. Ha OCHOBI 3alTpONIOHOBAaHUX aHAJIITUYHUX MOJIeJIEN IJ1s1 AOCTiIPKyBAaHUX
mopugikanuint AJIBX po3po6JieHi MEeTOIUKHY CIIPOIIEHOr0 PO3PaxXyHKY iX OCHOBHUX XapaKTEPUCTUK Yy 6€3P03MipHUX
IapameTpax, 10 HeoOXiHiI Ha eTamni eCKi3HOTo IIPOEeKTyBaHHS IPUJIaZiB 3 METOI0 CKOPOUYEHHSI TEPMiHIB pO3pOOKH,

10 OOCATalOThCA 3a PaXyHOK 3SMEHIIEHHSA Y1 CJla €EKCIIEPYMEHTAJIbHUX MAaKeTiB.

2. The thesis is dedicated to modeling of physical processes and development of new ways of high-performance
amplification in non-relativistic auto-phase O-type microwave devices, amplification modes optimization that can
improve weight and size, and performance characteristics of the devices. The mathematical nonlinear model of the
auto-phase multi-ray TWT, and TWT with azimuthally asymmetric wave (self-phasing traveling-wave tube) at the
increased focusing magnetic field at which the cyclotron frequency is greater than twice the angular frequency
signal were developed. Analytical nonlinear models enable: with the use of Lyapunov theory to determine stability
conditions for the trapped wave bunches of electrons corresponding to the slow and relatively rapid parameter
changes of the electrodynamic system, with the space-charge field; to optimize the conversion of the electron
bunches energy to the energy of electromagnetic wave in auto-phase mode with increasing of longitudinal gain
coefficient of a device and maintaining high values of electron efficiency. For test modifications of the auto-phase
TWT the analytical expressions for the optimal laws of profiling of the increased focusing magnetic field and the
phase velocity of the wave were found. The implementation of the optimal laws in the device design will lead to
decrease of the length of the electrodynamic system by 1.3 - 2 times, and, as a result, to decrease of the device size
and weight. On the base of the proposed analytical models, the techniques for simplified calculation of the self-
phasing traveling-wave tube basic characteristics are developed thereby reducing the time of the devices
conceptual design.
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