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Pedepar:

1. CBuctyHoB O. O. [JuHaMika Jla3epHUX IIy4KiB TeparepuoBoro Aiana3oHy 3 ¢pazoBUMU CUHTYJISIPHOCTSIMU. —
KBanigikaniiiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jlucepralist Ha 30,00yTTsI HAQyKOBOTO CTYII€HS JOKTOpa
¢inocopii 3a cnenianpHicTio 105 - [NpuknagHa ¢pisuka Ta HaHomartepianu (10 - [TpupoaHnYi HayKu). — XapKiBCbKUMN
HalioHanbHUI yHiBepcuTeT iMeHi B. H. Kapasina MiHicTepcTBa ocBiTu i Hayku Ykpainu, Xapkis, 2025. [lucepraniiina
poboTa NpucBsiieHa BCTaHOBJIEHHIO (i3MYHMX 3aKOHOMIpPHOCTE! IPOCTOPOBOI AUHAMIKY JIa3€pHUX ITy4KiB
6e3nepepsHoro TI'-BUNPOMiHIOBaHHS Y BiJIBHOMY IIPOCTOpi. 3aCTOCOBAaHO METOM pafiodi3uku Ta

004K CII0BaJIbHOIL €J1eKTpoguHaMiky. OrJIsy JiTepaTypy CBiITYUTh PO 3POCTalounii inTepec 1o Buxposux TI'-
IY4KiB, 5IKi IOEAHYIOTh OPOITaIBHII MOMEHT iMITYJIbCY Ta YHIKaJIbHI BJIACTUBOCTI, KOPUCHI 17151 GyHIaMeHTaIbHUX i
NPUKJIAJIHMX 3a7a4. [CHYIOTb [1Ba METOJM reHepallii BAXPOBUX ITy4YKiB: IEPETBOPEHHS XBUJILOBOTO (PPOHTY Ta
6esnocepeiHe 30yKEHHS 3 BUKOPUCTAHHSIM JIa3epiB ab0 cepefioBulll. BUBUEHHS NOMMUPEHHS TaKUX MYYKiB y
BiJILHOMY IIPOCTOPI € BaXKJIMBUM J1J11 PO3YMiHHSI CTabiIbHOCTI CTPYKTYPH XBUJILOBOTO (POHTY Ta iX B3aeMoii i3

cepenoBuiieM. POKyCyBaHHS BUXPOBHUX ITy4KiB BiIKpHBA€ I1€PCIEKTUBYU CTBOPEHHS HALIIbHUX (POKYCIB,



CBITJIOBUX TyHeJIiB, (POKYCIB 3 MIJIOCKOIO BEPIIMHOIO TOIIO — 3 MOJKJIMBICTIO 3aCTOCYBaHHS B 6iOMeINIIVHI,
CIIeKTPOCKOIIii, MaTepiasio3HaBCTBI. Y ApyromMy po3zisi Ha OCHOBI iHTerpaiis Penes-3ommepdenbna OTpUMaHO
aHaJIiTU4HI BUpa3Hu 151 ONUCY HelapakciaabHOI qudpakxuii Mo, IiesIeKTPUYHOTO Ta MeTaleBoro Pe30HaToPiB
TepareploBOro yazepa 3i cnipanbHoio $pa3zoBolo naacTuHowo (3apsanu n = 0, 1, 2). BussneHo, K 3MiHIOETbCS
iHTEeHCUBHICTb Ta (pa3oBa CTPYKTypa MY4KiB, 30yI)KEHUX Pi3HUMU MOZamMu. B TpeTboMy po3aisi gucepTauiitHoi
poOOTH BIlepllle OTPUMAHO aHAJIITUYHI BUPa3U JJ1s1 ONKUCY KOMIIOHEHT I10J1iB BUIIPOMiHIOBaHHS y OKaJbHil obsacTi
JIiH34 17151 J1a3€PHOro IIy4Ka, YTBOPEHOTO MOJAMU XBUJIEBIIHOTO /1ieJIEKTPUYHOIO Ta METAJIEBOTO PE30HATOPIB
TeparepLoBoro ja3epa, y NpoLeci iX B3aeMOJii B BiTbLHOMY IIPOCTOPI 3i CIipalbHOIO (pa30BOIO MJIACTUHOIO.
[TokaszaHo, 10 BBeZeHHs (a3oBoi I1JIaCTUHU [IPU3BOAUTD 1O 3MiHU CTPYKTYPU POKAJIbHOI MJIIMHU, 30iIbIIeHHS i
po3Mipy Ta TpaHcdopmallii XBUIbOBOro GPOHTY 3i cheprnyHOro y cnipajabHuil. OCO6JIMBO 1€ NPOSIBIISIETHCS IPU
3MiHi TOIoJIOriYHOrO 3apsay. YeTBepTUil po3aisa 30CepeI’)KeHUH Ha JOCIIKEHHI CTPYKTYPH IIy4KiB BUIIOrO
nopsuKy, cpopmoBanux kom6iHoBanumu TEOn+EH2n ta EH-In+EH3n mogamu (n =1, 2, 3) niesaexTpuyHOro
pe30HaTopa TeparepLoBoro jasepa. [IokazaHo 3millleHHS MAaKCUMYMiB iHTEHCUBHOCTI IPYU 3POCTaHHI MOPSIKY Ta
3aJIeXXHICTb popmMu POKyCy Bii Mogu. BUXpOBi Iyuku 3 ix cTabibHICTIO IPY NOLIMPEHHI Y BiJIbBHOMY IIPOCTOPI €
NepCIeKTUBHUMU JJ151 CTBOPEHHS CUCTEM 6€34pPOTOBOrO 3B'I3Ky Y TEpPAreplioBoMy fianas3oHi, 3abe3nevyoun
BHCOKY IIPOIYCKHY 3[aTHICTb i CTIMKiCTb 10 nepeuko. JocimkeHHs: GOKyCyBaHHS TepareploBUX Iy4KiB,
30yIpKEHMX MOJ,AaMU BUILLOTO IOPSIKY, CIIPUSIE M05IBi IEPEJOBUX TEXHOJIOTIH y TaKUX rajyssix sIK MeAULHA,
KOMYVHiKallii, MaTepiasio3HaBCTBO, KBaHTOBA (i3UKa i Kpunrorpadis, B TOMy 4UCJi y cpepi HOBUX METOLIB
KOJlyBaHHS JaHUX Y KBAHTOBUX KOMYyHiKawigx. Ki04oBi cyioBa: AieIeKTPUYHUIN XBUJIEBIGHNI PE30HATOD, METAJIEBUM
XBWJIEBIIHUI pe30oHaTOp, TeparepLoBuil ja3ep, BUXPOBi IIy4KH, cllipajbHa pa3oBa NaacTyMHa, KOMOiHOBaHI MoaH,

HeOILHOpiﬂHa HOHHpHSaHiH, NNOMMPEHHA BI/IHpOMiHIOBaHHH, rocTpeE Ta HOMipHe ¢)OKYCYB3HHH.

2. Svystunov O. O. Dynamics of laser beams of the terahertz range with phase singularities. Qualifying scientific
work as a manuscript. Thesis submitted for obtaining the Doctor of Philosophy degree in specialty 105 - Applied
Physics and Nanomaterials (10 - Natural Sciences). V. N. Karazin Kharkiv National University of the Ministry of
Education and Science of Ukraine, Kharkiv, 2025. The dissertation is dedicated to establishing the physical laws
governing the spatial dynamics of continuous-wave terahertz (THz) laser beams propagating in free space.
Methods of modern radiophysics and computational electrodynamics were applied. A literature review
demonstrates the growing interest in THz vortex beams, which combine orbital angular momentum and unique
properties beneficial for both fundamental and applied research. There are two primary methods for generating
vortex beams: wavefront modulation and direct excitation using specific lasers or media. Studying the propagation
of such beams in free space is essential for understanding the stability of their wavefront structure and their
interaction with the environment. The focusing of vortex beams opens up opportunities for creating ultra-dense
focal spots, optical needles, flat-top foci, and light tunnels — with applications in biomedicine, spectroscopy, and
materials science. In the second chapter, analytical expressions based on Rayleigh-Sommerfeld diffraction
integrals were derived to describe nonparaxial diffraction of modes in dielectric and metallic THz laser resonators
interacting with a spiral phase plate (topological charges n = 0, 1, 2). The changes in intensity and phase structure
of the beams excited by different modes were analyzed. The third chapter presents, for the first time, analytical
expressions for the field components in the focal region of a lens for a laser beam formed by the modes of
waveguide dielectric and metallic THz laser resonators interacting in free space with a spiral phase plate. It is
shown that introducing the phase plate leads to modifications in the focal spot structure, an increase in its size,
and the transformation of the wavefront from spherical to spiral — especially as the topological charge changes.
The fourth chapter focuses on the structure of higher-order beams formed by combined TEOn+EH2n and EH-
In+EH3n modes (n = 1, 2, 3) of a dielectric THz laser resonator. It is shown that the intensity maxima shift further
from the geometric focus as the mode order increases, and the beam focus shape depends on the mode structure.
Thanks to their propagation stability in free space, vortex beams are promising for developing wireless
communication systems in the THz range, offering high bandwidth and resistance to interference. The study of
focusing higher-order THz beams contributes to the advancement of technologies in fields such as medicine,
communications, materials science, quantum physics, and cryptography — including new methods of data



encoding in quantum communications. Keywords: dielectric waveguide resonator, metallic waveguide resonator,
terahertz laser, vortex beams, spiral phase plate, combined modes, inhomogeneous polarization, radiation
propagation, moderate and tight focusing.
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