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1. EdpexTH, OBsA3aHi 3 pO3CiSIHHSIM €JIEKTPOMAarHiTHOI XBUJIi HA CPePUIHMX YACTUHKAX: PO3IOiJ M0JIsl, OITUYHI

CUJIM Ta iX CUMETPII.

2. Effects associated with scattering of electromagnetic waves on spherical particles: field distribution, optical
forces and their symmetry.

Pedepar:

1. Incepranifina po60Ta IpUCBIY€HA BUBYEHHIO AU(PaKLii Ja3epHUX [Ty4YKiB HA i30TPONHUX OJHOPIAHUX
chepUyHNX YaCTUHKAX y TaK 3BaHOMY pexXuMi Mi, Ko po3mip po3citoBaya Takoro X MopsiaKy, o i JOBXKMAHA
xBui. [TokazaHa MOXJIUBICTb popmyBaHHS HOTOHHUX HaHOcTpyMeHiB (PHC) npu audpakuii mon Jlareppa-Taycca
(LG) na xy7npKax 3 Marepiany Becesaro ta meTaneBux MiKpoKyJibKax. [IpeficTaBieHi pe3yabTaTu eKCIIEPUMEHTY 3
HAHOCTPYKTYPYBaHHS N0JIiIMEPHOI oBepxHi, Ae Bukopuctadi ®HC, mo popmyroTbes rpu nudpaxuii
(peMTOCEKYH/IHOTO JIa3ePHOTO ITy4YKa Ha 3aXOIUIEHiil B ONTUYHY MACTKY JieJeKTPUYHii MiKpOKyJbLi. B po6oTi
IOClimKeHa CTabibHICTh 3aXOTJIEHHS PO3CiloBaya Ta MOJI0KEHHS TOYKY PiBHOBaru B ONTUYHIM MMACTIL, 10
copmoBana pizHumu LG mopgamu. Tlokaszano, mo 11 neBHMX Mog, LG BHyTpilHiI pe3oHaHcu Mi e cTabinizyrounm
¢dakropom. JJoCiIpKeHO BILIMB CUMETPIil 1a1al04y0ro MoJjisl Ha JuHaMiKy pyxy B ONTHYHIN nactui. [IpoananizoBano

BILJIMB CUMETPIi XBUJIi HA IPOCTPOBUM CIEKTP Ta 3CyB $a3u po3CisiHOI XBUJIi B JAJIbHIN 30Hi IIpY TpaHCIIAL



poascioBava. basyounch Ha IbOMY aHaJli3i, 3alpOIIOHOBAHO HOBUM IIPMHLIMII JETEKTYBAHHS OJOUHUYHUX
PO3ciloBayiB, IKOMy BUOPHUCTAHO BUMIPIOBaHHS pi3HULi (a3 esIeKTPUIHOro I10J1s1 B JajbHil 30HI MK 06paHnMU
HaIpsiIMKaMU PO3CisiHHSL. 3alIPOIIOHOBAHO MeTOJ, feMIIpyBaHHS PyXy YaCTUHKH, 3aXOIJIEHOi B ONITUYHY I1aCTKY Y

BaKkyyMi. MeTopn 6a3yeTbcs Ha MOAYJIALII IOTY>KHOCTI ITY4Ka, [0 CTBOPIOE ONTUYHY MACTKY.

2. The dissertation is devoted to the study of the di raction of laser beams on isotropic homogeneous spherical
particles in the so-called Mie regime, when the size of the scatterer is of the same order as the wavelength. In
particular, the di rac-tion of the Laguerre-Gaussian beam on microbeads of various materials (dielectric, metal,
metamaterial) was considered, and the generation of optical nanojets and the structure of phase singularities of
the electrical component of the electromag-netic eld were investigated. The Laguerre-Gaussian (LG) modes with a
nonzero azimuthal number represent optical vortices having a spirale-shaped wavefront with an inde nite phase
on the beam axis (so-called phase-singularity points). In the literature optical nanojets or photonic nanojets (PNJ)
are called the distribution of a eld that has the shape of thin high-intensity beams generated by di raction on
microscopic particles in the shadow area of the scatterer. The transverse size of such structures may be less than
half of the wavelength. Optical nanojet is one of the tools to overcome the di raction limit and is of great interest to
the microscopy and surface nanostructuring of various materials. There are many works of opti-cal nanojets
generation nowadays, however, the formation of PNJ by di raction on metal particles and particles of Veselago
metamaterials was not previously consid-ered. Besides, optical vortices were not previously considered for the
generation of optical nanojets. It is shown that the PNJ generation is impossible by di raction of the Laguerre-
Gauss mode with azimuth number greater than 2. It is shown that the PNJ can be generated beside a microbead of
Veselago material with the illumination of the LG mode with azimuth number 2, and the formed nanojet di ers from
the classical one. It is formed not in the shadow area, but from the illuminated side of the scatterer. In addition, its
polarization does not depend on the polarization of the incident beam, but only on the sign of the azimuthal
number of the mode. The work shows the possibility of formation a PNJ by the di raction of LG modes with
azimuthal number 1 on metal microbeads, in which the polarization of such a nanojet is longitudinal. The formation
of the PNJ by the di raction of a radially polarized mode is investigated. Besides, the results of the experiment of
nanostruc-turing of a polymeric surface using PNJs, which are formed by the di raction of the femtosecond laser
beam on the dielectric microsphere trapped by an optical tweezer, are presented in the dissertation. In the
experimental setup, only one laser beam was used both for capturing the microbead and for the formation of the
PNJ. The problem of capturing spherical particles with strongly focused LG beams is also considered. The
technique for particle capturing with a focused beam is known in the literature as an optical tweezer. Nowadays
this technology is widely used for contactless manipulation of microparticles in various elds of physics and biology.
For example, optical tweezer is an instrument for investigating the mechan-ical properties of single molecule, in
this case the optically trapped microbead is used, to which the molecule being investigated is attached. The
stability of the capturing of spherical particles and the position of the equilibrium point in the optical trap
generated by various LG modes are investi-gated. The in uence of the internal Mie resonances on the capturing
parameters is inspected, it was shown that for certain LG modes the internal Mie resonances can be considered as
a stabilizing factor. The in uence of the symmetries of the incident beam on the dynamics of motion in the optical
trap is investigated. Another related problem with the capturing and positioning of particles is the problem of
detecting the location of micro- and nanoparticles. Nowadays among the methods of particle coordinates
detection, one can select a class of optical high-speed and high-sensitivity methods. However, they have the same
disadvantages: the nonlinear discriminatory curve and the scale of coordinates in relative units. Therefore, it is
necessary to adjust detectors for each individual scatterer. The development of new high-speed optical methods
without such disadvantages is an actual problem of the present. An analysis of the in uence of symmetries of the
wave on the spatial spec-trum and the phase shift of the scattered wave in the far- eld during the scatterer
translation is carried out in present work. On the basis of this analysis, a new prin-ciple for the detection of single
scatterer was proposed, based on the measurement of the phase di erence of the electric component of the far eld
between the selected scattering directions. The interferometric scheme is proposed for the principle of detection
implementation described above. This detector does not have the follow-ing disadvantages, which are typically for



other high-speed high-sensitivity optical m
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