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LUMKJIOTPOHHI! rapMOHiLli
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Pedepar:

1. lncepTalis NpucBsiY€Ha JOCIII)KEHHIO CEJIEKTUBHUX BJIACTUBOCTEN LWJIIHAPUYHUX PE30HATOPIB, IO MAIOTh
METaJIeBY IIOBEPXHIO i3 103I0BXHIMU rodpamy, AJ1s FipOTPOHIB Ha APYTill FApMOHIlli HTUKJIOTPOHHOI YaCTOTH.
OTpuMaHo gucnepciiiHe piBHSIHHSA Ta aHANITUYHUI BUpa3 OMiYHOI 06poTHOCTI A1 TE MoJ, y MeTasieBomy
LUMJIHAPUYHOMY PE30HATOPi 3 110310BXHIMU rodppamu. 111 BpaxyBaHHsI yMOBU MelikcHepa Ha pebpax rodpis njs
TM Mog, B KOaKCiaJlbHOMY Pe30HaTOpi ripoTpoHa 3 rOPPOBaHUM BHYTPILIHIM NIPOBIAHMKOM IPEACTaBIEHO

BJIOCKOHAJIEHM METOJ] PO3PaxyHKY BJIACHUX 3HAY€Hb i MOJIiB. JloCifKeHa KOHBEPCisl MOJI, BUKJIMKAaHA



a3MMYTaJIbHOIO NIEPIOAUYHICTIO PE30HATOPA rpOTPOHA, B 3aJIEXKHOCTI Bif, KiJIbKOCTI rodpiB Ta iX po3mipis.
BcraHoBeHo, mo rodpu i3 rimbuHO, M0 AOPiBHIOE TTOJIOBUHI JOBXKUHYU XBUJIi, MAIOTh C/1abkuii BinB Ha TE Mmoau
LMJIIHAPUYHOTO pe3oHaTopa. ['odpu i3 rmmbruHOI0, 61U3bKOI0 10 UBEPTi NOBKUHU XBUJIi, BUKJINKAIOTh 3HAUYHY
KoHBepcio TE Mon UMIiHAPUYHOTO PE30HATOPA B BUIILi IPOCTOPOBi TAPMOHIKH, gKa CYIPOBOIKYETHCS 3MIHOIO IX
4aCTOT, OMIYHUX JOOPOTHOCTE Ta KoePillieHTiB 3B's13Ky 3 €JIEKTPOHHUM IIy4KOM. PO3p06JI€HO HeiHilHY
CaMOY3ro/PKEHY TEOPIilo AJIs1 OIIMCY CTAlliOHAPHOI CTaAii B3aeMO/Iii TBUHTOBOIO ITy4Ka €JIEKTPOHIB 3 BjjacHUMU TE
MOJaMU ro(ppoBaHOro pe3oHaTopa ripoTpoHa. [y nmy4yka i Moy, sIKi B3a€MO/iI0Th, HAaBEIEHO SIBHUI BUJ, 3aKOHY 20
6asaHCy NOTYKHOCTEN. BCTaHOBJIEHO, 1110 BUKOPUCTAHHS NO3J0BXHIX TO(PPiB 3 IIMOMHOI0, 61M3bKOIO 10 [TOJIOBUHU
IIOBKMHU XBUJIi pO60Y0i MO/IM, TPU3BOIUTD A0 TOJIIMIIEHHS CEeJIEKTUBHUX BJIACTUBOCTEN PE30HATOPIB [AJIs1
ripOTPOHIB Ha JIPYTiil UKIOTPOHHINA FapMOHIlLi.

2. The thesis is devoted to the study of the selective properties of cylindrical cavities having a metal surface with
longitudinal corrugations for the second-harmonic gyrotrons. These gyrotrons are crucial for terahertz
technologies, filling the "terahertz gap" from 0.3 to 1 THz. However, their efficiency decreases at higher cyclotron
harmonics due to reduced beam interaction. Competing modes further hinder gyrotron operation. To solve this
problem, it is shown theoretically that the selective properties of gyrotron cavities can be improved through the
use of longitudinal corrugations with mode conversion. Using the rigorous method of spatial harmonics, a
dispersion equation and an analytical expression for the ohmic quality factor for TE modes in a metal cylindrical
cavity with longitudinal corrugations is obtained. The possibility of using simplified methods for analyzing
corrugated structures is investigated: the impedance model, which does not take into account the interaction
between spatial harmonics, and the Bloch harmonics method, which neglects the contribution of higher Fourier
harmonics inside the corrugations. The conditions for their applicability are investigated and analyzed. It is shown
that for arbitrary sizes and numbers of corrugations, the rigorous method of spatial harmonics is better choice for
calculation the eigenvalues of TE modes in a cylindrical waveguides with longitudinal corrugations. It additionally
provides high accuracy in calculating the field distribution over the cross section of a corrugated waveguide.
Exceptions may be around the corrugation edges. To take into account the peculiarity of the field near the edges
of the corrugations, known as the Meixner's edge, for TM modes in a coaxial gyrotron cavity with a corrugated
inner conductor, the improved method of spatial harmonics is presented. Within the framework of this method,
the fields at the aperture between the waveguide channel and corrugations are re-expanded through orthogonal
Gegenbauer polynomials. The mode conversion caused by the azimuthal periodicity of the gyrotron cavity was
studied, depending on the number of corrugations and their sizes. It has been defined that corrugations with a
depth equal to half the wavelength have a weak effect on the TE modes of a cylindrical cavity. Corrugations with a
depth close to a quarter of a wavelength cause a significant conversion of TE modes of a cylindrical cavity into
higher spatial harmonics, which is accompanied by a change in their frequencies, ohmic quality factors, and
coupling coefficients with the electron beam. A nonlinear self-consistent theory has been developed to describe
the stationary stage of interaction of a helical electron beam with the eigenTE modes of a corrugated gyrotron
cavity. For the electron-wave interaction in the cavity, a power balance condition was obtained. It has been
determined that the presence of corrugations on the cavity surface affects not only the eigenvalues and ohmic
losses, but also the coupling of TE modes with the electron beam. For corrugations with a depth equal to half the
wavelength, this effect is negligible, even with a small number of corrugations. It is shown that at such a depth of
corrugations in the gyrotron cavity, only an insignificant shift in the starting current of the TE mode is observed,
caused mainly by ohmic losses in the corrugated wall of the cavity. When the corrugation depth is equal to a
quarter of the wavelength, mode conversion to higher azimuthal Bloch harmonics becomes strong, hence
significantly affecting the eigenvalues, eigenfields and ohmic losses of the TE mode. It is shown that such mode
conversion leads to a weakening of the coupling between the TE mode and the electron beam. It is demonstrated
that the use of a corrugated cavity with certain parameters makes it possible to expand the range of generation of
a single-mode operating mode and provides the possibility of increasing the output power of the second-harmonic
gyrotron.
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