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Pedepar:

1. MeTa po60TH - DOCIiIKEHHS BIIUBY PO3KUAY [O3I0BXHIX MBUAKOCTEN €JIEKTPOHIB y MiTbHUX CTPIiYKOBUX
Iy4Kax, KU BUHMKA€E BHACIIOK HAsIBHOCTI IyJIbCallill IPMCKOPIOBAJIBHOI HANIPYTH, Ha €(PEKTUBHICTb €JIEKTPOHHO-
XBUJIBOBOI B3a€MO/Iii B HAAPO3MIiPHUX €JIEKTPOAUHAMIYHMX CUCTEMAX KIMHOTPOHIB MiJIiIMETPOBOTO Ta
CyOMiNiMETPOBOrO [1iana3oHiB i Ha CIIEKTPajIbHi XapaKTEePUCTUKU BUIIPOMIHIOBAaHHS JJIs1 peasisalii pexxuMin
MOYJIALii YaCTOTH 3a JIiHIHUM i cTyrieHeBUM 3aKOHaMU. OO'€KT IOCTIIKeHb — ITpoLecu OPpMYyBaHHS Ta

TPaHCIIOPTYBaHHS IIiJIbHUX CTPIiUKOBUX [TOTOKIB €JIEKTPOHIB B C1a00 HEOHOPiAHOMY MarHiTHOMY I10JIi, @ TaKOX



[IPOLIECH €JIEKTPOHHO-XBUJILOBOI B3a€MOJIii B €JIEKTPOJMHAMIYHUX CUCTEMAX KJIMHOTPOHIB. TeopeTnyHi Ta
IIPaKTU4HI pe3ysbTaTh. BCTaHOBIEHO PiBEHD MyJbCallil IPUCKOPIOBAIbHOI HAIPYTY, 1[0 HE CIIOTBOPIOE PO3NOAi
IIBUJIKOCTEH €JIEKTPOHIB, KM (POPMYETHCS B IiO/IHIN rapMari KIMHOTPOHA B IPUCYTHOCTi CTaTUYHOT'O MarHiTHOTro
noJisi. EkcriepuMeHTasbHi pe3yJbTaTy KJIMHOTPOHIB 6e3nepepBHoi Aii fianasony yactor 200-400 [Ty nokasany, mo
cTabinbHICTh HANIpyry ny4ka y 10-5 3a6e31neuyoTb ClieKTpajbHy IWPUHY JIiHii 6;113pK0 1 MI'LL. [17151 KITMHOTPOHA
6e3nepepBHOI Aii pianasony yactoT Bif 310 [Ty no 360 [Ty Ha pobouiit yacToTi 346,4 [T, 3 BUXiZHOO MOTY>KHICTIO
100 MBT 6ys10 IPOIEMOHCTPOBAHO IMPHHY CIIEKTPAIbHOI JiHii 1,18 MI'l1, Kosx CTabisIbHICTh BUXiNHOI HAIIPYTU
BUCOKOBOJIbTHOTO JI)KEpeJIa )KUBJIEHHS cTaHoBUJIA 5X10-6. HoBM3HA HAyKOBUX pe3yJIbTaTiB. Briepiie oTpuMaHo
3aJIEXKHICTb HIMPUHYU CHIEKTPAJIbHOI JIiHii BUITPOMiHIOBAaHHS Bifl pE30HAHCHUX BJIACTUBOCTEN €JIEKTPOAUHAMIYHOI
CHCTEMU KIMHOTPOHIB. Ha OCHOBI OTPMMaHUX TEOPETUYHHUX Ta €KCIIEPUMEHTAJIbHUX JAHVX Peajli3oBaHO YaCTOTHY
MOJIYJIALIIO K 3a 3aKOHOM JIIHIFHOI 3MiHM 4aCTOTHY B M€’Kax OJHiei 30HU reHepalii KIMHOTPOHIB MiJliMeTpOBOro Ta
CyOMiTiIMETPOBOrO Z1iara3oHiB, TaK i 3 BAKOPUCTAHHSIM CTYIIEHEBOI 3MiHM YaCTOTHU 32 YMOBU IIEPEXOAY MK
BiZJOKpEMJIEHUMH 30HaMU reHepallii B KIMHOTPOHI MiJIIMETPOBOTrO Jiara3oHy. MeToau focimKeHb. YucenpHe
pO3B’s13aHH4 piBHSHHS [TyaccoHa Ta pyxy 3apsiIpKeHUX 4aCTOK MeTOJIoM PyHre-KyTTu yeTBepTOro nopsaxy,
CaMOY3TrOPKeHe PO3B'sI3aHHS PiBHSIHHS 30YIPKEHHSI XBUJIb i pyXy MTOTOKY €JIEKTPOHIB METOJOM KiHI|€BUX Pi3HULIb.
ExcriepumeHTanbHa YaCTUHA JOCIII)KEHb reHepallii BUITPOMiHIOBAaHHS ITPOBOJUJIACH 3TiTHO 3 KJIIACUYHUMU
METOJAaMU BUMIPIOBaHHS IIOTYKHOCTI Ta YaCTOTH JJI51 TEParepLoBoro gianasony. CTymiHb yIIPOBAI KEHHS.
PesynbTat po60TH MOXYTb OYTH BUKOPUCTaHI Ipy cTBOPeHHI TI'L cucTeMm Bidyasisalii 3 MOIyJIsILi€lo YaCTOTH Ta 3i
cranolo yactorow. Cepa BUKOPUCTAHHS. PO3po6ieHy B AUCEPTaLiliHII pO6OTi CUCTEMY KUBJIEHHS KIMHOTPOHIB 3
noparkosumu I1IJ1 KoHTypamu cTabimnizalii Ta MOXKJIMBICTIO YaCTOTHOI MO, MO>KHa BUKOPHUCTOBYBATH SIK

IKEpeJIo eJIEKTPOMAarHiTHOrO BUIIPOMIHIOBAaHHS Y 3a/la4yax TPMBUMIPHOI Bidyasisaltii.

2. The purpose of the work is to study the influence of the longitudinal velocities of electrons distribution in dense
ribbon beams, which arises due to the presence of the accelerating voltage ripples, on the efficiency of beam-wave
interaction in clinotrons oversized electrodynamic systems in millimeter and submillimeter ranges and on the
radiation spectral characteristics for the frequency modulation modes implementation according to linear and by
power rules. The object of research is the processes of formation and transportation of dense ribbon electron
beams in a weakly inhomogeneous magnetic field, as well as the processes of beam-wave interaction in
electrodynamic systems of clinotrons. Theoretical and practical results. The level accelerating voltage ripples of
the was established, which does not distort the distribution of electron velocities, which is formed in the diode gun
of the clinotron in the presence of a static magnetic field. Experimental results of continuous clinotrons in the
frequency range of 200-400 GHz showed that the beam voltage stability of 10-5 provides a spectral linewidth of
about 1 MHz. A spectral linewidth of 1.18 MHz was demonstrated for a continuous 310 GHz to 360 GHz frequency
range clinotron at an operating frequency of 346.4 GHz with an output power of 100 mW when the output voltage
stability of the high voltage power supply was 5x10-6. Novelty of scientific results. For the first time, the radiation
spectral linewidth dependence on the resonance properties of the clinotrons electrodynamic system was obtained.
Based on the obtained theoretical and experimental data, frequency modulation was implemented according to
the rules of linear frequency modulation within one generation zone of clinotrons in millimeter and submillimeter
ranges, and using a step frequency mode with transition between separated zones of generation in the clinotron in
millimeter range. Research methods. Numerical solution of the Poisson equation and the motion of charged
particles by the fourth-order Runge-Kutta method, self-consistent solution of the wave excitation equation and
electron flow motion equation by the finite difference method. The experimental part was carried out according to
the classical methods of measuring power and frequency for the terahertz range. Degree of implementation. The
results of the work can be used in the creation of THz visualization systems with frequency modulation and with a
constant frequency. Scope of use. Developed in the dissertation power system for clinotrons with additional PID
stabilization circuits and the possibility of frequency modulation, can be used as a source of electromagnetic
radiation in three-dimensional visualization tasks.
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