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2026.

Huceprartis NPUCBSIYCHA KOMIUIEKCHOMY TEOPETUIHOMY Ta
EKCTIEPUMEHTAILHOMY JTOCIIIKEHHIO TIPOIIECIB TeHepallli ONTUYHUX MOTOKIB €HEeprii,
COPSMOBAaHUX Ha IMIJBUILEHHA HAAPO3AUILHOI 3/aTHOCTI CYYaCHMX ONTUYHUX
cucteM. OcHOBHa MeTa poOOTH TMOJATaE y po3poOil Monenei (popmyBaHHA
BY3bKOHANPABJICHUX 1HTEHCUBHUX OINTUYHUX MOTOKIB 13 33JaHUMH MIPOCTOPOBO-
CHepreTUYHUMHU Ta (PA30BUMH XapaKTEPUCTUKAMH, JOCHIKEHHI MEXaHI3MIB iX
BIUIMBY Ha JIOKAJII3aIlil0 CBITJIOBOTO MOJIS Ta SKICTh ONTHYHOTO 300pakKeHHS, a TAKOX
BU3HAYEHHI ONTHUMAJIBHUX YMOB [IJIi MPAKTUYHOTO 3aCTOCYBAHHS Y BOJIOKOHHIM
ONTHUL, HAHO(OTOHII Ta MIKPOCKOMII BHUCOKOi po3ALIbHOI 37aTHOCTI. PoGota
COpsIMOBaHA Ha CTBOPEHHS HAyKOBO OOIPYHTOBAaHMX METOJUK KOHTPOJIIO Haj
ONTUYHUMH MMOTOKAMHU E€HEprii, mo 3abe3nevye JAOCATHEHHS BHCOKOI TOYHOCTI MpPH
00poO1i 1 mepegaBaHHI ONTUYHOI 1H(OpPMAIli, a TAKOX O3BOJISIE TOCIHIIKYBATH
dbyHIaMEHTAJIbHI BJIACTUBOCTI CBITJIA B CTPYKTYPOBAHUX CEPEIOBHUIIIAX.

¥ BeTyni OOTpyHTOBAHO aKTyalbHICTh TEMH JUCEPTAIlli B KOHTEKCTI Cy4acHOi
ONTUKU Ta HAaHO(MOTOHIKH, 3a3HAYEHO 3aBIaHHS Ta METy AOCTIDKEHHS, a TaKOX
BU3HAUYCHO HAayKOBY HOBHM3HY POOOTH, SIKa IMOJSATAE y PO3pOOIll METOJIB TeHeparlii
CTPYKTYpPOBAaHOTO CBITJIa Ta CTBOpPEHHI (ha30BO-MOJIAPU3AIIINHUX MOJCIECH IS
JOKaJi3amli ONTHUYHOI eHeprii HkK4Ye KIACMYHOro JudpakiiifHoro rmopora.
[Toxazano, IO MAOCSATHEHHA HAAPO3AUIBHOI 3JaTHOCTI € KPUTUYHO BaXKJIMBUM
3aBJIaHHSAM JUJIS BUCOKOTOYHHMX ONTHUYHUX MPHUCTPOiB, Takux sk STED-Mikpockony,

(hOTOHHI CEHCOPH Ta CUCTEMH KBAHTOBOI 00poOku iH@opmariii. OKpeMo pO3TIsHYTO
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MEPCTIEKTUBH MPAKTUYHOTO BUKOPUCTAHHS PE3YIbTATIB Y BOJOKOHHUX CHCTEMaxX Ta
HAaHO(OTOHHUX MPHUCTPOSIX, IO MIJIKPECTIOE BAKIUBICTh PO3POOICHUX MOJAENEH s
pearbHUX TexHoJorii. HaBeneHo KOPOTKUM OTJIsii Cy4acHOTO CTaHy AOCIHIKEHb Y
chepl CTpyKTypoBaHOTO CBITNIa Ta (ha30BUX €(QEKTiB, BKIIOYHO 3 CyYaCHUMH
METO/IAMH YMPABIIHHS XBUJILOBUMU (GPOHTAMH Ta (POPMYBAHHS JIOKAII30BaAaHUX
IHTEeHCUBHUX MOTOKIB €HEPT1i.

Ilepmuii po3aiyi TPHCBAYEHO CydYacHMM MiAXodaMm 70  TeHeparlii
CTPYKTYPOBAHUX ONTUYHMX IOJIB 1 METOJIaM IiIBUIIIEHHS HAIPO31IbHO1 3/JaTHOCTI.
[TpoananizoBaHo KjacuuHl AUQPPAKIiiHI OOMEXKEHHS, pOJib XBHJIbOBUX (DPOHTIB,
¢azoBUX Macok Ta IHTEPAaKTUBHUX ONTHYHHMX €JEMEHTIB Yy (opMyBaHHI
JIOKaT130BaHUX MOJIB. PO3IJISHYTO TEXHIKM aJanTUBHOT ONTUKHU, KOHTPOJIb (Ha30BOro
(GpoHTY, BHUKOPUCTaHHS ONTHYHUX BHUXPIB Ta CTPYKTYpOBaHOTO CBITIA MJIs
MIJBUIICHHS KOHTPACTHOCTI Ta JioKam3amii i1HTeHcuBHOCTI. OcoOivBa yBara
NpuijieHa METOoJlaM TeHepallli BUXPOBUX IyYKIB y BUIBHOMY MpPOCTOpPI Ta B
ONTOBOJIOKHAX, a TaKOX JIETEKTyBaHHIO iX OpOITAJIbHOTO KYTOBOTO MOMEHTY.
OnucaHo cy4yacHI MiAXOAM 0 CTBOPEHHS (PA30BUX CHUHTYJISIPHOCTEW Ta YNpaBIiHHSA
JIOKAJII3aIi€l0 CBITJIOBUX MOTOKIB 13 BUCOKOIO IHTEHCHUBHICTIO, 1110 3a0e3meuye OUTbII
TOYHY KOHIIEHTpAIlit0 eHeprii B oOpaHiii 001acTi IPOCTOPY Ta BIIKPUBAE MOMKIUBOCTI
JUIS.  €KCIIEPUMEHTAJIBHOI peaii3allii HaJapo3AIbHOT ONTHKHM B OlOMEIUYHUX 1
HAHOTEXHOJOTTYHUX cucTeMax. ONTHYHA aHI30TPOMIs Ta ONTUYHI CHUHTYJISPHOCTI,
10 BUHUKAIOTh Y TAKKX CUCTEMAaX, 3HAYHO PO3IIUPIOIOTh MOKIMBOCTI /111 KOHTPOJIIO
Jokamizamii eHeprii Ha HaHOMacwmITabl Ta CTBOPEHHS HOBHUX THUMIB ONTHYHUX
IIPUCTPOIB.

Y apyromy po3aijiii npoBeeHO aHalli3 MOJIOBOT CTPYKTYPH ONITUYHUX BOJIOKOH
Ta TEOPETUYHUX MIIXOAIB 0 TeHepallii, ceJeKili i KepyBaHHS ONTHYHUMU BUXOPaMHU
y BOJOKOHHUX CHCTEMax, 30CEpEAMBIIM yBary Ha (I3UYHUX MeXaHi3Max
dbopMyBaHHs BUXPOBUX CTaHIB, pojl NpoQiI0 TIMOKa3HWKA 3aJOMJICHHS Ta
MOJJIMBOCTSIX BUKOPUCTAHHS CYMEPCHUMETPUYHUX METOJIB ISl KOHTPOJIHOBAHOI
cenekiii Moja. Jlis cTymiH4YacTUX BOJIOKOH IMpoaHalizoBaHo crektp LP-mox Ta

IIPOCTOPOBY CTPYKTYpPYy, MNOKa3aHO, 1m0 LP-MOau 3 HEHynbOBHM a3MMYTAJIbHUM
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opsSiIKOM  (pOPMYIOTH OCHOBY IS BHXOpIB, X04a OOMEXKEHa BHPOIKCHICTH
YCKJIaAHIOE CTaOlLIhbHEe KepyBaHHs cTtaHamu. IlapaGomiuno-imekcHi GRIN-BomokHa
BU3HAHI CIIPUATIUBIIIUM CEPEIOBUIIEM 3aBJIAKU PETYIIPHOMY MOJIOBOMY CIIEKTPY 3
BHUCOKHM CTYIIEHEM BUPOKEHHS, /e BuXxpoBi OKM-Moau € BnacHUMU pO3B’sI3KamH,
a CcTallIbHI TOJII MOXYTh (OPMYBaTHUCS SK CYNEPHO3HUIlll BHPOHKEHUX MOJ 3
OJIHAKOBUMHU CTAJIUMU MOWUpeHHs. DopmalizM CyNepCUMETPUYHOI KBAHTOBOL
MEXaHIKH JTI03BOJIsI€ OYTyBaTH 130CTIEKTPANIbHI XBWIEBIIHI CTPYKTYpH, 3a0€3MeUy0un
CeJNIeKI[il0 BUXpOBUX cTaHiB. OTpumaHi pe3yiabTatd (POPMYIOTH OCHOBY JIst
MPAKTUIHUX METOMIB (/1€)MyJbTUIIIIEKCYBAHHS ONTUYHUX BUXOPIB Y 0araTOMOJOBUX
BOJIOKHaX. TomonoriyHuil 3apsii BUXPOBUX MO MAa€ BaXKJIMBE 3HAYEHHS B KOHTEKCTI
CTBOPEHHSI HOBHMX CTPYKTYPOBAaHUX CBITJIOBUX ITy4YKiB, OCKIJIbKM BIH BH3HAua€e iX
MOBEIHKY B CKJIATHUX ONTUYHUX CHCTEMaX.

Tperiit po3min npucesiueHo QopMyBaHHIO (Pa30BUX CHHTYJISIPHOCTEH Ta
JIOKATI30BaHUX EHEPreTUYHUX TOTOKIB y JBOBICHUX Kpucrtanax. IIpoBeneHo
YUCEIbHE MOJICIIOBAHHS TPAIEHTHUX ONTHYHUX TMACTOK, PO3POOJIIEHO METOIau
MOJIAPU3aIfHO-KEpOBAHOT  TeHepallii Ta  CeJNeKIli MOJ Yy  BOJOKHax.
ExcriepMeHTanbHO MIATBEPIKEHO MOXIUBICTh (POpMyBaHHS CTaOUIbHUX (ha30BUX
CUHTYJISIDHOCTEH, YIpaBIiHHA 1X JOKaNI3all€l0 Ta KOHTPOJIIO EHEPTeTUYHOTO MOTOKY
y BOJIOKOHHUX cucTeMax. JloCHiKeHO B3a€EMOJII0 JIOKATI30BaHUX TIOTOKIB 13
aHI30TPOMHUMH KPHUCTaJaMHU Ta CEHABIU-CTPYKTYpaMH, IO BIIKPHUBAE MEPCIIEKTUBU
JUTSL OITUYHOTO MAHIIYJIFOBAHHS MIKPO- Ta HAHOYaCTUHKAMU. PO3riasiHyTO MeXaH13MU
BUHUKHEHHS 3BOPOTHUX MOTOKIB 1 MOJIHMBOCTI iX BUKOPUCTAHHS I KEPYBaHHS
dazoBumMu edextaMu Ha HaHOMAcCHITabi, IO JJO3BOJIAE CTBOPIOBATH KOMIAKTHI
MIKPOONTHYHI €IEMEHTH ISl CUCTEM BUCOKOI TOYHOCTI.

Y 4deTBepTOMY PO3iJii PO3IISHYTO I'eHEpallil0 BUXPOBUX MyUYKiB Y BOJOKHAX
st STED-mikpockornii Ta BH3HAYEHO ONTHUMAaNIbHI KOH(Iryparii Takux CHCTEM.
[IpoanamnizoBano mopiBHAHHS crymiHYacTUX 1 GRIN-BOIOKOH 110710 JOKami3amii
IHTEHCHUBHOCTI Ta CTaOLILHOCTI CBITIOBOTO TOJIsA. ONMUCAaHO CITOCOOM ONMTUMAIBLHOTO
HaJallTyBaHHS (pa30BUX MACOK Ta BUOOpPY BOJIOKHA JJIsl JOCSTHEHHS HaAPO3IIbHOL

3paTtHoCTl. KpiM TOro, pO3MIsiHYyTO MPakTUYHI ACTEeKTH CTBOPEHHS BOJIOKOHHUX
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mxepen STED-myukiB, mo 3a0e3meuyroTh BUCOKY TOYHICTH JIOKaIi3allii CBITIOBUX
MOTOKIB, a TakKOX iX IHTETpaIif0 B ONTHYHI CHUCTEMHU i1 OIOMEIUYHHX Ta
HAHOTEXHOJIOTYHUX 3aCTOCYBaHb. J[0JJaTKOBO 0OrOBOPEHO MUTAHHS MACIITaA0yBaHHS
CHUCTEM Ta MOXJIMBOCTI BHUKOPHUCTaHHS PO3POOJIEHHX METOAIB y MPOMHCIOBHUX 1
HAYKOBUX YCTaHOBKAaX.

I’aTuii po3aisl MPUCBSYEHO MOCHIKEHHIO ONTUYHUX IOTOKIB €HEeprii Ta
¢dazoBux e(]eKTiB y aCUMETPUUYHUX IEJICKTPUYHUX MIKPOCTPYKTypax. JlocmimkeHo
dbopmyBaHHS (POTOHHMX HAHOCTPYMEHIB Ta «3HUI3ariBy IpPH PO3CISHHI CBITJIAa Ha
ACUMETPUYHMX MiBUUIIHAPAX, MPOBEACHO €KCIIEPUMEHTaIbHI BUMIPIOBAHHS €(PEKTY
['ooc—I'enxen y BonokoHHUX cucTteMax. [lokazaHo, 1110 KOHTPOIb (a30BUX €(PEKTIB 1
NEepeHaNpaBJICHHs] E€HEprii ONTUYHOrO0 TOTOKY Ha HaHoMacmTadl J03BOJISIE
CTBOPIOBAaTH KOMIIAKTHI ONTHYHI €JIE€MEHTU JUIsl CUCTEM 3B’A3KYy Ta BHUCOKOTOUHHUX
ceHCOpiB. PO3MISIHYTO MEpPCHEeKTUBH NPAKTUYHOTO BUKOPUCTAHHS OTPUMAaHUX
pe3yJbTaTiB Yy po3poOIll BOJOKOHHUX CHUCTEM Iepenadl Ta oOpoOku iHdopmarlii 3
BUXPOBUMHU MOJAMH, CTBOPEHHI ONTHYHMX MACTOK 1 MAHIMYJIATOPIB MIKpO- Ta
HAHOYACTHHOK, a TaKOoX Yy TMiABUIIEHHI (a30B0Oi CTaOUIBHOCTI BOJOKOHHUX
iHTepepomMeTpiB Ta Mpenu3iiHUX BUMIpIOBaHb. OcoOnrBa yBara mpuUIiIeHA
iHTerpaii ¢azoBux edekTiB y HaHO(POTOHHI IMIPUCTPOT Ta CUCTEMHU BUCOKOT TOYHOCTI,
110 3a0e3neuye MOXKIMBICTh CTBOPEHHSI HOBUX ONTHUYHHUX TEXHOJOTIH JJIs1 KOHTPOJIIO
CBITJIOBUX ITOTOKIB.

IIpakTH4He 3HAYEHHS OTPUMAHUX Pe3yJIbTATIB

Pesynbratu nuceprarii 3a0e3meuyloTh HAYKOBE Ta METOJUYHE MIAIPYHTS Ui
aHai3y ¥ KepyBaHHS BUXPOBUMHU MOJAMU B ONTHYHUX BOJIOKHAX 31 CTYIIIHYACTUM Ta
napaboiyHUM TIpodieM MOKa3HUKA 3aJIOMJICHHSI, 1110 BIIKPUBA€E HOB1 MEPCIEKTUBU
JUTSL JIOCTIJKEHb Yy BOJIOKOHHIN onTuill. Po3poOmeni migxomu m0 TeHepamii Ta
crabimizamii BUXPOBUX INy4KiB (OPMYIOTh OCHOBY JUISI TOJAIBIIOTO PO3BUTKY
BOJIOKOHHUX kepen STED-myukiB y cucremax HaJIpo3/iibHOI (DIIyopecieHTHOT
mikpockomii. JlocnmimkenHs MexaHi3MiB (opMyBaHHS (Pa30BUX CHHTYJISIPHOCTEH Ta
JIOKaJII30BaHUX KaHAIIB MEPEHOCY €HEpPTii Y JBOBICHUX aHI30TPOIHUX KpUCTanax 1

CEH/IBIU-CTPYKTYpax J1a€ 3MOTY CTBOPIOBATH ONTUYHI MACTKH ¥ MaHIMyJIATOPU MIKpPO-
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Ta HAHOYACTUHOK, a TaKOX 3HAXOJUTh 3aCTOCYBaHHSA Yy MIKpOQIIOIAUII Ta
OioMeanuHiid onTuii. BusBieHi 3akOHOMIPHOCTI (pOpMyBaHHS 3BOPOTHUX IOTOKIB
eHeprii, (OTOHHUX HAHOCTPYMEHIB 1 3UT3aronoJAiOHUX TPAEKTOPI B aCUMETPUUHUX
JIENEKTPUYHUX MIKPOCTPYKTYpaX MOXYTh OyTH BHUKOPUCTaHI TpU po3poOIi
KOMIAKTHUX MIKPOONTUYHUX KOMYTAaTOPIB Ta €JIEMEHTIB KEepyBaHHsS CBITJIOBHUMH
notokamu. Pesynpratu  pmocuimkeHHs — edexkry Tooc-I'enxen Ha  ¢a3oBi
CHIBBIIHOIIEHHSI MIDK OPTOTOHAJBHO TMOJISIPU30BAHUMHU IydKamMH 3a0€3MedyloTh
M1JBUIICHHS (a30BOi CTA01ILHOCTI BOJIOKOHHO-ONITUYHUX 1HTEPPEPOMETPIB 1 CUCTEM
NPENU3iMHNX BUMIPIOBaHb. 3alpPOIOHOBAHI TEOPETUYHI MIAXOAM Ta METOIUKH
YHCEIbHOTO MOJIEIIOBAaHHS MOXYTh 3aCTOCOBYBAaTHUCA y HayKOBO-TOCIIIHIH
JTISJIBHOCT1 Ta TIiJ Yac BUKJIAJaHHS KypciB 3 (I3UKM ONTHUKH, (HOTOHIKM Ta
HaHO(OTOHIKH.

Kiro4oBi cioBa: cTpykTypoBaHe CBITJIO, ONTUYHUNA BUXOpP, 3BOPOTHI MOTOKU
eHeprii, CBITJIOBE IIoJie, TMoJsipu3allisa, iHTepdepeHiis, aippaxiis, ONTHYHA
aHI130TPOIMIs, TOMOJIOTIYHUI 3apsii, MYJbTUIJICKCYBaHHS, ONTUYHA CUHTYJISPHICTD,

rojorpadis, opOiTaJTbHUN KyTOBUH MOMEHT, ONTHYHA CHCTEMa, HAHOYACTUHKHU.

ABSTRACT

Shchukin S. P. Generation of optical energy flows for achieving super-
resolution in optics. — Qualification scientific work as a manuscript.

Thesis on search for the Doctor of Philosophy degree in specialty 104 «Physics
and Astronomy» (10 — Natural Sciences). — Yuriy Fedkovych Chernivtsi National

University, Ministry of Education and Science of Ukraine, Chernivtsi, 2026.

The dissertation is devoted to a comprehensive theoretical and experimental
study of the generation of optical energy flows aimed at enhancing the super-
resolution of modern optical systems. The main goal of the work is to develop models
for forming narrowly directed high-intensity optical flows with specified spatial,

energetic, and phase characteristics, to study the mechanisms of their influence on
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light field localization and image quality, and to determine optimal conditions for
practical applications in fiber optics, nanophotonics, and high-resolution microscopy.
The study provides scientifically grounded methods for controlling optical energy
flows, ensuring high accuracy in optical information processing and transmission,
and enabling the investigation of fundamental light properties in structured media.
The introduction substantiates the relevance of the dissertation topic in the
context of modern optics and nanophotonics, defines the objectives and goals of the
research, and highlights the scientific novelty of the work. The novelty lies in the
development of methods for generating structured light and creating phase-
polarization models for the localization of optical energy below the classical
diffraction limit. It is demonstrated that achieving super-resolution is a critically
important task for high-precision optical devices, such as STED microscopes, photon
sensors, and quantum information processing systems. The prospects for the practical
application of the results in fiber-optic systems and nanophotonic devices are
separately discussed, emphasizing the importance of the developed models for real-
world technologies. A brief overview of the current state of research in the field of
structured light and phase effects is provided, including modern methods for
controlling wavefronts and generating localized high-intensity energy fluxes.
Chapter 1 is dedicated to modern approaches to generating structured optical
fields and methods for enhancing super-resolution. Classical diffraction limits, the
role of wavefronts, phase masks, and interactive optical elements in the formation of
localized fields are analyzed. Techniques for adaptive optics, phase front control, the
use of optical vortices and structured light to enhance contrast and intensity
localization are discussed. Special attention is given to methods for generating vortex
beams in free space and optical fibers, as well as detecting their orbital angular
momentum (OAM). Modern approaches to creating optical singularities and
controlling the localization of high-intensity light fluxes are described, which enable
more precise energy concentration in a selected area of space and open up
opportunities for the experimental realization of super-resolution optics in biomedical

and nanotechnological systems. Optical anisotropy and optical singularities that arise
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in such systems significantly expand the capabilities for controlling energy
localization on the nanoscale and creating new types of optical devices.

Chapter 2 provides an analysis of the modal structure of optical fibers and
theoretical approaches to generating, selecting, and controlling optical vortices in
fiber-optic systems, focusing on the physical mechanisms of vortex state formation,
the role of the refractive index profile, and the potential use of supersymmetric
methods for controlled mode selection. For step-index fibers, the spectrum of LP-
modes and spatial structure are analyzed, showing that LP-modes with nonzero
azimuthal order form the basis for vortices, although limited degeneracy complicates
stable state control. Parabolic-index GRIN fibers are recognized as a more favorable
environment due to their regular modal spectrum with high degeneracy, where vortex
OAM-modes are the eigen-solutions, and stable fields can form as superpositions of
degenerate modes with identical propagation constants. The formalism of
supersymmetric quantum mechanics allows the construction of isospectral waveguide
structures, ensuring the selection of vortex states. The results obtained form the basis
for practical methods of (de)multiplexing optical vortices in multimode fibers. The
topological charge of vortex modes plays a crucial role in creating new structured
light beams, as it determines their behavior in complex optical systems.

Chapter 3 is devoted to the formation of optical singularities and localized
energy fluxes in biaxial crystals. Numerical modeling of gradient optical traps is
conducted, and methods for polarization-controlled generation and mode selection in
fibers are developed. The experimental possibility of forming stable phase
singularities, controlling their localization, and monitoring energy flow in fiber-optic
systems is confirmed. The interaction of localized fluxes with anisotropic crystals and
sandwich structures is investigated, opening up prospects for optical manipulation of
micro and nanoparticles. The mechanisms of reverse flux formation and the potential
use of these mechanisms to control phase effects at the nanoscale are considered,
enabling the creation of compact micro-optical elements for high-precision systems.

Chapter 4 addresses the generation of vortex beams in fibers for STED

microscopy and determines the optimal configurations for such systems. The
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comparison of step-index and GRIN fibers concerning intensity localization and light
field stability is analyzed. Methods for optimally configuring phase masks and
selecting fibers to achieve super-resolution are described. Furthermore, the practical
aspects of creating fiber sources of STED beams, which ensure high precision in light
flux localization, as well as their integration into optical systems for biomedical and
nanotechnological applications, are discussed. The scaling of systems and the
possibilities of applying the developed methods in industrial and scientific setups are
also examined.

Chapter 5 is dedicated to the study of optical energy fluxes and phase effects
in asymmetric dielectric microstructures. The formation of photon nanostreams and
"zigzags" upon light scattering from asymmetric half-cylinders is studied, and
experimental measurements of the Goos—Hanchen effect in fiber-optic systems are
presented. It is shown that controlling phase effects and redirecting the energy of
optical fluxes at the nanoscale enables the creation of compact optical elements for
communication systems and high-precision sensors. The prospects for the practical
use of the obtained results in the development of fiber-optic transmission and
processing systems with vortex modes, the creation of optical traps and manipulators
for micro and nanoparticles, and the improvement of phase stability in fiber-optic
interferometers and precision measurements are considered. Special attention is given
to the integration of phase effects into nanophotonic devices and high-precision
systems, which facilitates the development of new optical technologies for
controlling light fluxes.

Practical Significance of the Results

The results provide a scientific and methodological basis for analyzing and
controlling vortex modes in optical fibers with step-index and parabolic refractive
index profiles, opening new prospects for research in fiber optics. Developed
approaches to vortex beam generation and stabilization form a foundation for
advancing fiber STED beam sources in super-resolution fluorescence microscopy.
Studies of phase singularity formation and localized energy channels in biaxial

anisotropic crystals and sandwich structures enable the creation of optical traps and
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manipulators for micro- and nanoparticles and have applications in microfluidics and
biomedical optics. Identified patterns of reverse energy flows, photonic nanostreams,
and zigzag trajectories in asymmetric dielectric microstructures can be used for
compact micro-optical switches and light flow control elements. Investigation of the
Goos—Hénchen effect on phase relations between orthogonally polarized beams
ensures enhanced phase stability in fiber-optic interferometers and precision
measurement systems. Theoretical approaches and numerical modeling methods can
be applied in research and in teaching courses in optical physics, photonics, and
nanophotonics.

Keywords: structured light, optical vortex, backward energy flows, light field,
polarization, interference, diffraction, optical anisotropy, topological charge,
multiplexing, optical singularity, holographic, orbital angular momentum, optical

system, nanoparticles.
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Society for Optical Engineering: Sixteenth International Conference on Correlation
Optics. 2024.Vol. 12938, 129382B. (ISSN:0277786X, Scopus). (Buecox asmopis:
Maxcumsax ILI1.: nocmanoska 3adaui; Makcumax A.Il, po3pobka mamemaoiunoi
mooerni, ob6coeopenns; Ll]ykin C.II.: 6ukoHano mooento8anHs NOWUPEHHs ONMUYHUX
8UXOPIB Y MATOMOOOBOM) BOJOKHI, OOCHIONCEHO YMOBU IXHbOI CMIUKOCMI Ma 6NIU8
napamempis 80J10KHA HA 30epediceH s MONoI02iuH020 3apsioy.)
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(Ocobucmuii  6necox 3000)8aua: GUKOHAHO UUCI08E MOOEN8AHHS NPoYecia
PO3CIIHHA  NIOCKOI X6UNi Ma NPOAHANI308AHO eHeP2eMUYHI  XapaKmepucmuKu

cghopmosaHux ceimuo8ux cmpyKmyp.).
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eeKTy Ta 31MCHEHO aHali3 OTPUMaHUX PE3YJIbTaTIB.)

HaykoBgi npaui, siKi 101aTKOBO BiZ00pakaTh HAYKOBI pe3yJbTaTH AUCEePTAILiL
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