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1. BinkpuTi pe30HaHCHi cUCTEMU [J151 T€EHEePaTOPiB JUPPaKLiliHOTO BUIIPOMIHIOBAaHHSI 3 PO3BMHYTHMM IIPOCTOPOM

B3aeMOii

2. Open resonant systems of diffraction radiation oscillators with developed interaction space

Pedepar:

1. MeTa po60TH — JOCIIATA MOXJIABOCTI PO3MMPEHHS] CMYTY II€PECTPOIOBAHHS 110 YACTOTi Ta 3MEHIIEHHS
MacorabapuTHUx napamerpis A ['J1B i3 nepiofnyHOI0 CTPYKTYPOIO Y BUIISA 30BOEHOI rPe6iHKY, MO IPALIOI0Th B
nianazoni 30-200 [Ty, npoBecTu gociimkeHHs nepcrnekTuBHuX BPC i3 momoBxeHuM IMPOCTOPOM B3aeEMO[Iii Ta
CyIeprayCoByM PO3IIOZiJIOM PE30HAHCHOTO M0, SIKi IPU3HAYEH] [J1 MOJAIbIIMX PO3POOOK rnaketoBaHux I'/IB y
TeparepLeBoMy AianasoHi yacToT. O6’eKT JOCiIKeHHS — Ipoliecu (OPMYBaHHS pE30HAHCHUX MOJ i TpoLiecu
B3aeMOJii 3 HUIMU €JIEKTPOHHOTO TMIOTOKY Y BiIKPUTHX PE30HAHCHUX CUCTEMAaX reHepaTopiB AudpakLiiiHoro

BUTIPOMIiHIOBaHHS. METOAM NOCIII)KEHHS - €KCIIEPUMEHTAJIbHI METOAM NOCIIIKEHb pe30HaHCHUX Moz, y BPC 3



ypaxyBaHHSM pafiialiiHuX BTPAT y By3Jli 3B'3Ky; JiiHiliHa Teopis ['[IB i3 rayCOBUM pO3MOIiIOM I10JIS1 B3[IOBX
IIPOCTOPY B3aEMOJIii; METO/, aHai3y BIaCTUBOCTEN PE30HAHCHUX MOJ, 32 JOIOMOTOI0 ABOBMMIipHOi Mogeni BPC i3
IOBiIbHUM Npo(ineM [3epKaJjl; eKClIepUMEHTaIbHUI METO/, aHali3y CTPYKTypU PE30HAHCHOTO I10JIs1
6esrnocepeiHbO Ha MOBEPXHi A3epkasa BPC 3a 0MOMOro pyxoMOTo By3J1a 3B’513KY; €KCIIepUMEHTaIbHUI METOJ,
BU3HA4YEHHS] OMIYHUX BTPAT y [1€PiOJINYHi CTPYKTYpi TUITy 30BOEHOI I'Pe6iHKY; €KCIIEPUMEHTAJIbHI MEeTOAU
IociinkeHHs BUxinHux napametpis ['IIB y “rapsiaomy” pesxumi po6oTu. HoBU3HA — JOCHIIKEHO 3aJIeXKHICTb
BJIACTMBOCTE pe3oHaHCHUX Mog, y BPC Bifi BUCOTH 31BO€HOI rpebiHKY, Ta BUBHAUEHO ONTUMAaJIbHI IapaMeTpu
371BOEHOI Tpe6iHKY 110 KPUTEPII0 «IIMPOKa cMyra nepectpotoBaHHs ['/IB 1o 4acToTi MJII0C BUCOKA JOOPOTHICTh
reHEPOBAHUX KOJINBAHb». 3aIIPONIOHOBAHO €KCIIEPUMEHTAIbHUAN METOJ, BUBHAYEHHS YaCTKU €HEePril 110714
PE30HaHCHOI MOJIU, 30CepeIPKeH0i 6e3rocepeiHbO B LIiINHAX 3[BOEHOI IPeOiHKY, 110 BiTHOMIEHHIO 0 eHeprii
PE30HaHCHOTO NOJIs B O/IHIM Bapiariii ctanoi xBuii BPC, Ta mokasaHo, 1110 BOHa 3pOCTae€ 3i 30iIbIIEHHSIM BUCOTU
371BO€HOI rpebiHKY. Briepine 3anporoHOBaHO Ta AOCTimKeHo poboTy I'/IB Ha acUMeTPUYHUX MOJIax, sIKi BAHMKAIOTh
y BPC npu 3mileHHi 371BO€HOI rpebiHKy Ha nepudepiio MiIsMU 107151 IEPIEeHIUKYIISIPHO IO PYXy €J1eKTPOHHOIO
IIOTOKY, 1J0 3MEHIIWJIO AECTPYKTUBHUH BIIUB 31BO€HOI IPeOiHKU Ha pobouy MOAY, Ta ajl0 MOKJIMBICTb 30ibIINTH
cmyry niepectpoioBanHg ['IIB o yacTori B 1,5 pasa. Bnepiue nocrinskeHo ocob6anBocti po6otu I'IIB Ha 3B'13aHUX
MoJax B acumeTpuyHiil BPC, Ta nporemoHncTpoBaHo edpekTuBHy podoTy I'/IB Ha ofHiM i3 rijIOK 3B'13aHUX MOJ, Y
IIMPOKiN cMy3i 4acTOT 6€3 BIVIUBY BULIMX MO/, Ha BUXiJHi XapaKTepUCTUKU reHepaTopa. CTyleHb yIIpOBaJyKeHHS -
pe3ysbTaTu pOoOOTH MOXYTh OYTY BUKOPUCTAaHUMM IIpU MiATOTOBL Ta MPOBEEHi HaBYaJIbHUX JIEKLiN y BUIIAX
HaBYaJIbHUX 3aKJanax MiHicTepcTBa ocBitu i Hayku YKpainy, Ae LOoCiIKyeTbCsl HAyKOBi Hanpsamu audpakuiiHa
€JIEKTPOHIKa Ta KBa3iONTHKa BiIKPUTUX pe30HaHCHUX cucTeM. Cpepa BUKOPUCTAHHS - pe3yJIbTaTH, SKi BUCBITJIEHI Y
Iycepralii, MOXXyTb BUKOPUCTOBYBATUCS IIPU pOo3po06Li NakeToBaHUx ['[IB 3 po3MNUpEeHOI0 CMYTOI0
MepeCTPOIOBAHHS 10 YAaCTOTi Ta iX NOJAJIBIIOMY PO3BUTKY y TepareplieBOMy Niala3oHi 4acTOT. 3alIPOTIOHOBAHUM
METOJ, aHaJi3y CTPYKTYPU PE30HAHCHOTO I10J1s1 6e3r0cepeHbO Ha ITOBEPXHI A3epKaia BP moske 6yTu
BHMKOPHCTaHUM B 6araTbOx MPaKTUYHUX 3aCTOCYBaHHSIX BiIKPUTUX PE30HATOPIB, TAKUX SIK Ji€JeKTPOMETPis,

TEXHOJIOTIYHMI KOHTPOJIb MIKpOZPOTIB Ta iHIIeE.

2. The goal of the research - experimentally and theoretically research ways to extend the functionality of
diffraction radiation oscillator (DRO) with periodic structure in form of double comb, which operate in frequency
range 20-300 GHz. Conduct research with promising open resonant systems with extended interaction space for
the development of DRO in terahertz frequency range. The object of research - processes of resonant modes
formation and processes of their interaction with electron beam in open resonant systems of DRO. Research
methods - experimental research methods of resonant modes in open resonant systems taking into account
radiation losses in a coupling node; results of linear theory of DRO with Gaussian field distribution along the
interaction space; method of properties analysis of resonant modes using a 2-D model of open resonant system
with an arbitrary profile of mirrors; experimental method of resonant field structure analysis directly on the mirror
surface of an open resonant system using a movable coupling node; experimental method for determining ohmic
losses in a periodic structure in form of double comb; experimental research methods of output parameters of
DRO in “hot” operation mode. Novelty - The dependence of the resonant modes properties in ORS on the height of
the double comb was investigated, and the optimal parameters of double comb were determined by criteria “wide
frequency tuning range of DRO plus high quality factor of generated oscillations”. An experimental method is
proposed for determining the field energy fraction of the resonant mode, concentrated directly in the grooves of
the double comb, in relation to the energy of the resonant field in one variation of the constant wave of the ORS,
and it is shown that it increases with increasing height of the double comb. For the first time, it was proposed and
investigated the operation of the DRO on asymmetric modes that occur in the ORS when shifting the double comb
to the periphery of the filed spot perpendicular to the electron flow, which reduced the destructive effect of the
double comb on the operating mode, and allowed to increase the tuning range 1,5 times. For the first time, the
peculiarities of the generator operation on coupled modes in an asymmetric ORS were studied, and the efficient
operation of the DRO on one of the branches of the coupled modes in a wide frequency range without the
influence of higher modes on the output characteristics of the generator was demonstrated. Degree of



implementation - The results of the work can be used in the preparation and conduct of educational lectures in
higher educational institutions of the Ministry of Education and Science of Ukraine, where the scientific fields of
diffraction electronics and quasi-optics of open resonant systems are being investigated. Scope of use - The
results obtained in the dissertation can be used in the development of packaged DRO with an extended frequency
tuning range and the development of generators in the terahertz frequency range. The proposed method of
analyzing the structure of the resonant field directly on the surface of the resonator mirror can be used in many
practical applications of open resonators, such as dielectrometry, technological control of microwires etc.
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