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Pedepar:

1. MeTta po60Tu - BUSIBJIEHHS PeKUMiB i GisudHUX edEeKTiB, 1110 MPUBOAITH [0 MiABUIIEeHHS e(PeKTUBHOCTI
30ypKEHHS KOJIMBaHb Ta BUBOJly BUIIPOMIHIOBAHHS B €JIEKTPOHHO-BaKyyMHUX IIPUJIa/iax 3 TPUBAJIO0 B3aEMOJIIEI0
Ccy6TeparepL0BOro Ta TeparepuoBoro aiana3oHiB. O6’eKT NOCITiIKeHb — IPOLEeCH B3a€MOJ] €/IeKTPOHHUX ITOTOKIB 3
€JIEKTPOMarHiTHUMU XBUJISIMU B €JIEKTPOHHO-BaKyyMHUX IIPUJIaIax CyOTepareproBoro Ta TepareproBoro
Iliana3oHiB, IpoLjeCcy KOHKypPEHLii Mo, KOJIMBaJIbHOI CUCTEMU, a TAKOXX (POPMYBAHHSI 3BOPOTHOTO 3B'S3KY B
aBTOT€HEPATOPax, 10 BUBYAKOTLCA. T€OPETHYHI Ta IPAaKTU4Hi pe3ysibTaTi. CTBOpeHi HOBI ¢i3nyHi MoeJi, sKi
D03BOJISIIOTh 3HATU YMOBU €(EKTUBHOTO 30YIPKEHHS riOpUIHUX 00'€MHO-TIOBEPXHEBUX MOJ] B Y€PEHKOBCHKOMY

reHeparopi, a TaKOX KOJIMBAaHb B IPOCTOPOBO-PO3BUHYTUX €JIEKTPOAUHAMIYHUX cuctemax MIIP. TeopetnyHo



3HalZeHOo pexxumu reHepatii B TT' 4epeHKOBCbKOMY I'€HepaTopi piBHEM MOTYXHOCTI 6inbiie 1 Br. TeopetnyHo Ta
€KCIIEPUMEHTAJIbHO 3HANJE€HO YMOBM NPUAYLIEHHS KOHKYPEHLIii B TIpOTPOHI AJ1 CTiliKOi reHepatii Ha yactori 0.78
TT'y. CTBopeHo cuctemu crabinizauii (kpaie HiX 01% 17151 noTyKHOCTI Ta 010-6 17151 4acTOTH) Ta MOZYJIALII (3i
mBuaKicTio 20 KI'n Ta cmyroro no 100 MI'n) gist TT'h ripotpoHiB. HoBU3HA HAyKOBUX Pe3yJbTATIB.
[IpoileMOHCTPOBAHO, 110 HASIBHICTb BiflOMTTS 3 3aTPUMKOIO B cyOTT'1 ripoTpOHi po3LIMpIOe Aiara3oH YaCTOTHOTO
[IepeCTPOIOBaHHS 32 PaxyHOK 30yIKeHHs Npsimoi xBuJii. [TokasaHo, 110 1no3ape3oHaTopHa B3aemogis B TT'
ripOTPOHi CIIPUYMHSE Pi3Ke 3POCTAaHHS BUXiTHOI IIOTY>KHOCTI BUIIPOMIHIOBAaHHS Ha YaCTOTI [I€PLIOi HUKJIOTPOHHOI
rapMOHIKY ITPU BEJIMYMHAX MATHITHUX II0JIiB, SIKi BiZ[IIOBial0Th 30y/I>)KEHHIO MOJ, i3 Ty’Ke BUCOKHAM aKCiaJlbHUM
iHTIeKcoM, Ta MOoripllye YMOBU [J1s 30yIKEeHHS reHepaliil Ha Apyriil HMKJIOTPOHHIN rapMoHili. BusiBjieHoO
0CO6JIMBOCTI KOHKYPEHLii MOJ, 3 pi3HMMU HalpsiMKaMu OGepTaHHS IIPU 3MillleHHi OCi eJIeKTPOHHOTO IIOTOKY B
ripoTpoHi. 3HaNeHO e(PEKTUBHUNI PEKMM 3BOPOTHOTO 3B's13KY Ha riOpUIHUX 00'€MHO-TIOBEPXHEBUX MOJAAX Y
YEPEHKOBCbKOMY '€HEPAToPi, 0 € MaJIOYyTJIMBUM [0 OMiYHUX BTPAT Ta B AKOMY CIIiBBiIHOLIEHHS IIOTY>KHOCTI
OMIYHUX BTpaT i BUXiZIHOI OTY>KHOCTI € cliBpo3MipHUMU. MeToau focifkenb. PO3B's13aHHS PiBHSIHHS PYyXY
€JIEKTPOHIB IPOBOJUJIOCS YACEJIBHO 3a JOIIOMOTo0 MeToy Pynre — KyTTa Ta METO[ly BEJIMKUX YACTHHOK;
PO3paxyHOK €JIEKTPOMAarHiTHOTO M0JI4, 0 30yI)KEHO €JIEKTPOHHMM ITIOTOKOM, @ TaKOX IUCIepCii B
€JIEKTPOIUHAMIYHMX CUCTEMaX, 1110 MIiCTSITh IPebiHKY, IPOBOIUIIMCS METOJOM YaCTKOBUX 00J1acTel i IpOoeKIiitHOro
meToqy. I7is aHasi3y 30yI KeHHs LU HIPUYHOTO XBUJIEBOAY 3i CJIAOKO3MIHHUM PafiiycOM BUKOPUCTOBYBABCS
METO/], PiBHSIHHS HEOJHOPIZHOI BiOPYI04O0i CTPYHU 3 6€3BiZ0MBHMMI YMOBaMU. EJIEKTPOHHO-XBUJILOBA B3a€MOZs
IOCJIiIKyBajlacsl B pe3yJbTaTi CHiJIbHOTO YMCEIbHOrO iHTErPYBAHHS C1a6KO HECTAL[iIOHAPHOTO PiBHSIHHS 30YIPKEHHS
XBUJIb | PIBHSHB PyXy €JIEKTPOHHOTO [IOTOKY 3 3aCTOCYBaHHSIM METOAY KiHLIEBUX Pi3HUIb Ta METOJY BEJIMKUAX
YacTUHOK. EKCriepyMeHTanbHe JOCTiIpKEeHHS reHepallii KoJMBaHb IPOBOJUIIOCS 32 JOTIOMOTOI0 KJIACUYHUX METO/IiB
BMMipIOBaHHS ITOTYXKHOCTI, Y4aCTOTH Ta criekTpa. CTyIiHb YIIPOBaI>KeHHS. Pe3yabTaT po60TH MOKYTh OYTH
BUKOpHCTaHi Ipu cTBopeHHi T reHepaTopiB 3 MiABUILEHOIO IIOTY>KHICTIO Ta CTab/IbHICTIO BUXIIHUX IIapameTpiB.
Coepa BuxkopuctanHsl. Po3pobiieHi B fucepTaliiiHiil poboTi reHepaTopu Cy6TeparepLioBoro Ta TepareproBoro
Iliarla30HiB MO>KHA BUKOPHCTOBYBATH SIK IPKEPEJIO €JIEKTPOMArHiTHOTO BUIIPOMIHIOBAHHS y TAKUAX 3aCTOCYHKAX $IK
criekTpockoris, cuctemu TT1 6aueHHs, IiarHOCTHKA I171a3MU, IIPU CTBOPEHHI HOBUX MarepiaJiiB, 6iosoriqHi

IOCJiI)KEeHHSI, CHCTeMMU 3B'513KY Ta pajjiosioKallis i 6araTo iHIIUX.

2. The purpose of the work is finding of regimes and physical effects that lead to an increase in the efficiency of
oscillation excitation and output of radiation in vacuum electron devices with long-term interaction in the
subterahertz and terahertz ranges. The object of research is the processes of interaction of electron beams with
electromagnetic waves in vacuum electron devices of the subterahertz and terahertz ranges, processes of
competition of modes in the oscillators, as well as the formation of feedback in the studied oscillators. Theoretical
and practical results. New physical models have been created that allow finding the conditions for effective
excitation of hybrid bulk-surface modes in the Cherenkov oscillator, as well as oscillations in spatially developed
electrodynamic systems of the CRM. The regimes in the THz Cherenkov oscillator with Watt power level have been
found theoretically. Theoretically and experimentally, the conditions for suppressing competition in a gyrotron for
the stable generation at a frequency of 0.78 THz have been revealed. Stabilization (better than 01% for power and
o10-6 for frequency) and modulation (20 kHz speed and up to 100 MHz bandwidth) systems of THz gyrotrons have
been created. Novelty of scientific results. It was demonstrated that the presence of delayed reflection in a subTHz
gyrotron expands the range of frequency tuning due to the forward wave excitation. It is shown that the after-
cavity interaction in the THz gyrotron causes a sharp increase of the output power at first cyclotron harmonic at
the magnitudes of the magnetic fields that correspond to the excitation of very high axial order modes and it
worsens the conditions for the excitation of the second cyclotron harmonic. Peculiarities of the competition of
modes with different directions of rotation when the axis of the electron beam in the gyrotron is shifted are
revealed. An effective feedback regime was found at excitation of hybrid bulk-surface modes in a Cherenkov
oscillator, which is low sensitive to ohmic losses and in which the ratio of ohmic loss power and output power are
close. 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. The solution of the electron motion equation
was carried out numerically using the Runge-Kutta method and the macro particle method; the calculation of the
electromagnetic field excited by the electron beam, as well as dispersion in electrodynamic systems containing a
grating, was carried out by the method of partial regions and the projection method. To analyze the excitation of a
cylindrical waveguide with a slightly variable radius, the method of the equation of an inhomogeneous vibrating
string with reflectionless conditions was used. The electron-wave interaction was studied as a result of the
numerical integration of the weakly non-stationary wave excitation equation together with the equations of
motion of the electron beam using the finite difference method. The experimental study was carried out using
classical methods of measuring power, frequency and spectrum. Degree of implementation. The results of the
work can be used in the creation of THz oscillators with increased power and improved stability of output
parameters. Scope of use. The developed oscillators of the subterahertz and terahertz ranges can be used as a
source of electromagnetic radiation in such applications as spectroscopy, THz imaging, plasma diagnostics, in the

creation of new materials, biological research, communication systems and radar, etc.
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