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1. EdpexTu CTPYKTYpPYBaHHSI HAHO- Ta MIKDOMETPOBOTO MacCIITa0y B TBEPAOTIJIbHUX CEPeNOBUIIAX Mif i€l0

($eMTOCEeKYH/IHOTO JIa3epHOTO BUIIPOMiHIOBAHHSI.

2. Effects of micro- and nanoscale structuring in solid media under femtosecond laser irradiation.

Pedepar:

1. B pucepTalii eKcriepuMeHTaNbHO JOCIIPKEHO e(PeKTU CTPYKTYPYyBaHHS HAHO- Ta MIKpOMETPOBOro MacuITaby B
TBEPIOTILHUX CEPENOBUILAX IIifl Ai€l0 PeMTOCEKYHHOTO JIa3€PHOT0 BUNIPOMiHIOBaHHS. [100yZ0BaHO
OIITOBOJIOKOHHMI (PEMTOCEKYHAHUI J1a3ep Ha iTep6ii 3 6araTocTyrneHeBuM mifcunobademM. KoxHy cTymiHb
nifcuiaioBaya ClIpOeKTOBAHO TakK, 1106 3MiHU (OpMU IMITYJIbCY, FTEHEPOBAHOTO B OCLUJIATOPI, Oysin MiHIMaIbHUMU.
Lle nocsiranoch MWsIXOM 6ajlaHCy MiXK Tak 3BaHMM 3BY>KEHHSIM ITiIcCM/IeHHs i camomonysuiero gpazu. OTpuMaHo
iMmmysibcu 3 eneprieto 1 MxIk i TpuBasicTio 100 ¢pc Ha yacToTi caigyBanns 1 MI'l. BussieHo nosspusaniiti
0co6sMBOCTi 6inoro cynepkoHTuHyymy (CK) Ta koHiuHOi emicii (KE) pemTocekyHHMX a3epHUX (PilaMeHTIiB y
KpUCTaslax KBaply Ta candipy, 3yMOBJI€Hi iX OAATHUM Ta Bifl €eMHUM I10JBiliHUM nTpomeHe3anomyeHHsIM. CK i KE
HaOyBaIOTh B3a€EMHO OPTOTOHAJIbHUX MOJISIPU3ALIil SIK Pe3yJIbTaT PO30DKHOCTI TPYNOBUX MIBUJIKOCTEHN 3BUYANHOTO i
HE3BMYAHOTO [IPOMEHIB. 3alIpONOHOBAHO (Pi3NYHMI MEXaHi3M reHepallii KOHIYHOI eMicii, SIKui OSICHIoE

0co61BOCTi ii nosspusanii. Po3pobseHo femeBuil i IBUIKNAM METOJ, BUPDOOHUIITBA JIa3€PHO iHIYKOBAHUX



nepiognyHUx nosepxHesBux cTpykTyp (JIIIIIC) Bucokoi sikocTi. [IpogeMOHCTpOBaHO MIBUAKUI Ta THYYKU MTPOLEC
[IPOYKYBaHHS TUQPaKLiliHO 0OMeXXeHNX MIKPOJIiH3 Ta MIKpOZA3€epKaJl y XaJIbKOTaJIoTeHiTHOMY cKJli. KokHa s1iH3a
CTBOPIOETHCS OIHUM JIa3€PHUM iMITyJIbCOM, €HEPTisl SIKOTO IOTJIMHAETHCS POOOYMM MaTepiajioM B IIpoLeci
IBO(OTOHHOTO NOIJIMHAHHA. BUOyxoBa XBUJIS CIIPUSIE BUIAJIEHHIO MaTepiasny 3 Micls abssuii. 3aIuIKoBAi TOHKNN
1ap piiuHU y npoueci TBepAHEHHs HabyBe ONTUYHO [J1aJKOi OBEPXHI Mif, Ii€l0 CUJI TOBEPXHEBOTO HATATY.
YTBOpeHUI1 Ha OBEPXHi abJIsLifHMI KpaTep Mae BJIACTMBOCTI yBirHyToi siH3u. YacTuHa iMITyJibCy, IO 3aIMIIaacs
nicssl ABOPOTOHHOrO NOIJIMHAHHS, HalbibII BipOTigHO, BXOAUTD B 00'eM 3paska y iaMmeHTHOMY abo
MyJIbTUQITAMEHTHOMY PEXMMI, He IPU3BOISYN Ha CBOEMY LIJISIXY 4O HE3BOPOTHHUX 3MiH y Marepiasi. Macus
MIKpPOJIiH3 BUPOOJISIBCSI METOZOM CKaHYBAaHHS TIOBEPXHI 3pa3ka C()OKyCOBAHUM JIA3€PHUM ITpoMeHeM. HannieHHs
IJIIBKY METAJIy Ha MMOBEPXHIO 3 MIKPOJIiIH3aMU IIEPETBOPIOE iX y MiKpoa3epKasa. KepyBaHHS MOCIiLOBHICTIO
JIa3epHUX iMITyJIbCIB 3a JOIIOMOIOI0 KOMII'IOTEPHOI IIPOrpaMy Jla€ MOKJIUBICTb CTBOPIOBATY MACHBU MiKPOJIiH3
IOBiNIbHOI reomeTpii. OTXKe, Ha OCHOBI 1iiei METOIMKMA MO>KHA CTBOPUTU TE€XHOJIOTii BUPOOHUITBA MIKPOJIiH3 Ta
mikpopzepkaJt. [i mpofyKTUBHICTL O6MesKeHa JIIIe YaCTOTOO CliyBaHHS PEMTOCEKYHJHUX JIa3ePHUX iMITYIbCIB,
sKa 3a3BUYail cTaHOBUTH 1 KI'L1. Brieplue 3aliporoHOBaHO METOJ, OpieHTAallii HEeMAaTUYHUX PiIKNUX KPUCTAJIiB Ha
noBepxHi maTepiai. Bctanosineno, wo JIIIIC 3maThHi opieHTyBaTH HEMATWUYHI PifiKi KpUCTAIM, HAHECEH] Ha
noBepxHio JIIITIC. ITpogeMOHCTPOBAaHO MOKJIMBICTD 30i/IbIIEHHS a3UMYTaJIbHOI eHeprii 3ueryienHs (AE3) nosepxHi
HaHOCTpYKTypoBaHux mapiB Tutany (HCIIT) uisixom HaHeCEeHHs Ha HbOTO IJIiBKYU NoJliMepy. [Tokaszano, mo HCIIT
Mae BigHOCHO Mainy AE3, Toai gk HaHeceHHs Ha HCIIT muiiBky nmosiimepy NpU3BOIUTD N0 3HAYHOTO 3pocTaHHs AE3.
[Tokasano, mo BenndnHy AE3 MOKHA 3MIHIOBAaTH B LIMPOKOMY [ialla3oHi HJISIXOM 3MiHU OHANMEHIIE JBOX
napaMeTpiB (IIBUIKOCTI CKaHYBaHHS Ta T'yCTUHU €Heprii iMITy/IbCy Ha MTOBEPXHI) iz 4ac 00poOKU OpieHTY040i

IIOBEPXHI.

2. The thesis is devoted to the experimental studies of micro- and nanoscale structuring effects in solid media
under femtosecond laser irradiation. Femtosecond optical fiber laser based on ytterbium with a multistage
amplifier is constructed. Each stage of the amplifier was arranged in such a way that it provides minimal variation
of the pulse shape generated in the oscillator. This was achieved by balancing between so-called gain narrowing
and self-phase modulation. Pulses with energy of 1 uJ and duration of 100 fs at a repetition rate of 1 MHz were
obtained. Polarization features of white supercontinuum (SC) and conical emission (CE) of femtosecond laser
filaments in quartz and sapphire crystals, resulting from their positive and negative birefringence, are reported.
The SC and CE acquire orthogonal polarization planes as a result of the difference between the group velocities of
the ordinary and extraordinary rays. A physical mechanism of the CE generation is proposed, explaining the
specific features of its polarization. A cheap and fast technique for the production of high-quality laser-induced
periodic surface structures (LIPPS) based on the negative and positive feedback is proposed. A fast and flexible
process of fabrication of diffraction-limited microlenses and micromirrors in a chalcohalogenide glass is
demonstrated. Each lens is fabricated by a single laser pulse, the energy of which was absorbed by the medium due
to two-photon absorption process. The blast wave favoured the removal of material from the ablation spot.
Solidification of the residual thin liquid layer formed an optically smooth surface due to the surface tension forces.
After the two-photon absorption the residual part of the pulse penetrated into the sample bulk in a filament or
multifilament mode without causing any irreversible changes in the material. An array of microlenses was
fabricated by scanning the sample surface with a focused laser beam. Covering the microlense surface with a metal
film converted it into micromirrors. Computer control of the sequence of laser pulses enables the formation of
arrays of microlenses of various geometry. This technique can be used as a basis for the technology of fabrication
of microlenses and micromirrors. The productivity of the technology is limited solely by the femtosecond laser
pulse repetition rate which, as a rule, is 1 kHz. New technique for orientation of nematic liquid crystals on the
material surface is proposed. LIPPS are found to be capable of orienting nematic liquid crystals deposited on a
surface with LIPPS. A method of increase of azimutal anchoring energy (AAE) of the surface of a nanostructured
titanium layer (NSTL) by deposition the polymer film is demonstrated. NSTL is shown to possess a relatively low
AAE while deposition of a polymer film results in a strong AAE increase. The AAE value can be varied in a broad
range by variation of at least two parameters (the scanning speed and the pulse energy density on the surface)



during the orienting surface processing.
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