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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYOPHK: 47.29

Tema guceprauii:
1. B3aeMogiisl €JIeKTPOHHUX NOTOKIB 3 MOJISIMU eJIEKTPOAuHAMIYHUX cucTeM TI'1 KIIiHOTPOHIB NifgBUIleHO1

CTabIJIbHOCTI

2. Interaction of electron beam with the fields of THz clinotrons with increased stability

Pedepar:

1. O6'exT mocnifKeHHs — GOPMYBaHHS Ta NOLMPEHHS HEPEJISTUBICTCHKUX LIIJIbHUX CTPIUKOBUX €JIEKTPOHHUX
IIy4KiB Ta IIpoLiecy eJeKTPOHHO-XBUJIbOBOi B3aemoii B TT'1 kiiHOTpoHax. MeTa — BusIBJI€HHS Pi3snYHUX
0CO6JIMBOCTEN €7IeKTPOHHO-XBUJIbOBOI B3aEMOii B HAIpO3MipHUX eIeKTpOo-AuHaMiuHux cucteMax TT'
KJIIHOTPOHIB. MeToau JOCIiIKEeHD i araparypa — 3-D MofesoBaHHA TPAE€KTOPIil €JIEKTPOHHUX IY4KiB Ta
PO3paxyHKiB €JIEKTPOHHO-XBUJILOBOI B3a€MO/Iii, BUMiPIOBaHHS IIOPCTKOCTI TOBEPXHi METOJAMU OIITUYHOI
inTepdepomeTpii, mocigkeHHs napamMeTpiB BUIPOMi-HIOBAaHHS KaliOpOBaHUMU NpUailaMy. Pe3ysibTaTy i HOBHM3HA
- po3p06JIEHO PO3PAXYHKOBY MOZEJb €J1€EKTPOHHO-XBUJIbOBOI B3a€MO/Iii KJIIHOTPOHA 3 ypaxyBaHHSIM
BHCOKOYACTOTHUX OMIYHUX BTPAT, BUKJIMKAHUX SIK IIOPCTKICTIO [IOBEPXHI, TaK i TENJIOBUM HaBaHTaXEHHSIM Ha

rpe6inky. Po3pobiiena Teopetuyna mogesb B TT1 KIIHOTPOHI BpaxoBye BifloUTTs i TpaHCcpopmaliio



€JIEKTPOMArHiTHUX XBUJIb B 00JIACTSIX 3'€JHAHHS CUCTEMH, L0 CIOBIJIbHIOE PYX XBUJIb, 3 XBUJIIEBOOHUMU TPaKTaMH, a
TaKOX PO3KU/L TIOB3/I0BXKHIX IIBUAKOCTE €JIEKTPOHIB 3a TOBIIMHOIO IIOTOKY. PO3p06ieHa MOLie b 103BOINIIA
NOSICHUTY €(EeKTU pe30HaHCHOTro 30yKeHHs TT1 KIiHOTPOHIB, a TAKOXX MEXaHi3MU MiJBULIEHHS IOTY>KHOCTI
BUIIPOMIHIOBaHHY i 30y[I)K€HHSI 6araTo4yacTOTHOro pesxumy B TI'L KJIIHOTPOHAX y pasi 3aCTOCYBaHHSI HECUMETPUYHOI
€JIEKTPOHHO-ONTUYHOI CUCTEMH, 110 Oy eKCIIePUMEHTAJIbHO AOCiKeHi B fianazoHi yactoT Big 100 mo 400 I'T B
KJIIHOTPOHAX, 1I0 MiCTSITh 200 3BUYaNHY IIJIOCKY IpebiHKy, ab0 6aratocTyreHeBy rpebinky. bysno po3pobieHo
KOHTYp cTabimni3auii MOTY>XHOCTi Ta Y4aCTOTU BUNIPOMiHIOBaHHs s TI'1 KJIIHOTPOHIB i3 3aCTOCYBaHHSIM
PO3p06JIEHOr0 BUCOKOBOJIBTHOTO JIKepeJia KUBJIEHHS Ta CXeMHU IIPONOPLiHO-iHTerpasbHO-AU(PePeHIiaNlbHOTO
VIPaBJIiHHS, 32 PaXyHOK 4OT0 €KCIIEPUMEHTaIbHO OTPMMAaHO JOBrOCTPOKOBY CTa0i/IbHICTh BUXiIHOI IIOTY>KHOCTI
0,5% Ta crabinbhicTb yacToTy 5 MI'y Ha yactoTi 300 [Ty, 151 KJIIHOTPOHY 3 BUXiTHOIO NOTYXHicTIO 100 MBT. I'anmy3b
3acrocyBaHH4 —SIMP-II15 cnekrpockornis, TTy-6adenHs, TT'u-Tomorpadis, ¢pizudHa eeKTpoHiKa.

2. Object of the study - Formation and propagation of a nonrelativistic intensive sheet electron beams and the
beam-wave interaction processes in THz clinotrons. Purpose - Physical features of beam-wave interaction
revealing in oversized electromagnetic systems of THz clinotrons. Research Methods and Apparatus - 3-D
simulation of electron beam trajectories and the simulation of beam-wave interaction, optical interferometry in
measurements of surface roughness, precise equipment in measurements of electromagnetic radiation
parameters. Results and novelty -Theoretical model of beam-wave interaction in clinotron oscillator considering
high-frequency ohmic losses caused by both the surface roughness and thermal heating of the grating structure
has been developed. The theoretical model of THz clinotron considers the reflections and transformation of
electromagnetic waves at the edges of slow-wave structure connecting with waveguides and electron velocity
spread along the beam thickness. Developed theoretical model allows us to explain the effect of the resonant
excitation of THz clinotrons as well as both the enhancement of radiation power and the excitation of multimode
operation in THz clinotrons in the case of the application of nonsymmetrical electron-optical system, that was
experimentally studied in the frequency range from 100 to 400 GHz in clinotrons containing either conventional
slow-wave structure or multistage grating. The power and frequency stabilization loops for THz clinotrons were
developed using both in-house designed high-voltage power supply and the proportional-integral-differential
control scheme, that resulted in experimentally achieved output power stability of 0.5% and the frequency stability
of 5 MHz for 300 GHz clinotron with the output power of 100 mW. Field of application ~-DNP NMR spectroscopy,
THz-vision, THz-tomography, physical electronics.
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