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2. Generation of optical energy flows for achieving superresolution in optics.

Pedepar/anoTamis:

1. Inceprarnist IpUCBAYE€HA KOMIIJIEKCHOMY TEOPETUYHOMY Ta €KCIIEPUMEHTAJIbHOMY JOCJIiIPKEHHIO NIPOLECiB
reHepatlii ONITUYHUX MOTOKIB €HePrii 118 MiABUINEHHS HALPO34iIbHOI 3IaTHOCTI Cy4aCHUX ONTUYHUX CUCTEM.
MeTto1o po6oTu € po3pobka mofiesiell PopMyBaHHS By3bKOHAIPABJIE€HUX iHTEHCUBHUX OIITUYHUX MTOTOKIB 3
33/JaHMMU IIPOCTOPOBO-EHEPreTUYHUMMU Ta (PA30BUMHU XapaKTepUCTUKaMU. JIOCIIiI)KEHO MexaHi3Mu iX BIVIUBY Ha
JIOKaJIi3allilo CBIiTJIOBOTO IOJIS Ta SIKICTh ONTUYHOTO 300paXkeHHSI, & TAKOK B3aEMOJII0 TaKUX ITOTOKIB 3 Pi3HUMU
MaTepiasaMu Ta CTpyKTypamu. OKpeMy yBary NpujlijIeHO ONTHUMi3allii yMOB J7151 3aCTOCYBaHHS Pe3yJIbTATIB y
BOJIOKOHHI1 OTTHUILIi, HAHO(MOTOHIIIi, MiKpOCKOTIii BUCOKOi pO3/IijIbHOI 3/TaTHOCTi Ta ONTUYHUX CEHCOPAx HOBOTO
IIOKOJIiHHSL. Y pOOOTi pO3IJISIHYTi METOY TeHepallii BUXPOBUX IYUKiB, CTBOPEHHSI (PA30BUX CUHIYJISIPHOCTEN Ta
KOHTPOJIb JIOKajli3alii eHepreTMYHMX MOTOKIB Y ABOBICHUX KPMCTaJlaX i BOJIOKOHHUX cucTeMax. [lokasaHo, 110

BHMKOPHUCTaHHS BUXPOBUX MO/] Y BOJIOKHAX JIO3BOJISIE JOCSITA BUCOKOI TOYHOCTI ITPM Iepefadi onTuyHoi iHdopmaliii,



3okpema B STED-mikpockormnii Ta poToHHMX ceHcopax. HaBeieHO HOBi METONMKY /1J1s CcTabini3alii BUXpOBUX My4KiB
Ta CeJIeKIii MOJ y OITUYHUX BOJIOKHAX 3 Pi3HUM IpodisieM MOKa3HUKA 3aJI0MJIEHHS, 110 PO3MIKPIOE MOXJINBOCTI
17151 3aCTOCYBaHHA B 6i0MEIMYHUX i HAHOTEXHOJIOTIYHMX cucTeMax. OTprUMaHi pe3yabTaTi GOPMYIOTb OCHOBY IJIS
PO3BUTKY HOBUX ONTUYHUX TEXHOJIOTIY i IPUCTPOIB, CIIPSIMOBAHMX Ha MiJBULIEHHS] TOYHOCTI BUMipIOBaHb Ta
MaHinyJs1ii cBiTioM. Po3po6iieHi MeTonu MOXKyTb 6YTH BUKOPUCTAaHI 1J151 CTBOPEHHSI KOMIIAKTHUX MiKPOOTITUYHUX

e]IeMGHTiB, BIOCKOHaJIEHHA OIITUYHNX CUCTEM Ta PO3BUTKY HOBUX CUCTEM BHICOKOi TOYHOCT!.

2. The dissertation is devoted to a comprehensive theoretical and experimental investigation of optical energy flux
generation processes aimed at enhancing the super-resolution capabilities of modern optical systems. The study
aims to develop models for shaping highly directional, intense optical fluxes with tailored spatial-energetic and
phase characteristics. The mechanisms of their impact on light field localization and optical image quality, as well
as the interaction of such fluxes with various materials and structures, are investigated. Particular attention is paid
to optimizing conditions for implementing the obtained results in fiber optics, nanophotonics, high-resolution
microscopy, and next-generation optical sensors. The work addresses methods for generating vortex beams,
engineering phase singularities, and controlling the localization of energy fluxes in biaxial crystals and fiber
systems. It is demonstrated that utilizing vortex modes in optical fibers enables high precision in optical
information transmission, specifically for STED microscopy and photonic sensors. New techniques are presented
for vortex beam stabilization and mode selection in optical fibers with diverse refractive index profiles, expanding
their applicability in biomedical and nanotechnological systems. The obtained results form the foundation for
developing novel optical technologies and devices targeted at increasing the accuracy of measurements and light
manipulation. The developed methods can be utilized to design compact micro-optical elements, advance optical
systems, and evolve new high-precision frameworks.
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