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TOIOJIOTIYHMX Ae(EKTIiB B PiIMHHMX KpucTanax KepyBaHHs opieHTalli€l0, MAaKPOCTPYKTYPOIO Ta OITUYHUMU
BJIACTUBOCTSIMU PiJMHHUX KPUCTAJIIB € aKTyaJbHUM MTUTAaHHSIM CYYaCHUX $IK 3 GPyHIAMEHTAJbHOI TaK i 3 IPUKIJIAIHO]
TOYKU 30pYy OCKIiJIbKY PiIMHHI KPUCTaNX aKTHBHO BUKOPUCTOBYIOTHCS B Pi3HMX 00J1aCTsIX HAYKU Ta TE€XHOJIOTIH,
IIOYMHAIOYY Bifl Cy4acCHOI eJIEKTPOHIKU O MEAULMHU. PiIMHHOKPUCTAJIIUHI AUCIUIE], TENJIOBi30pU Ta TepMorpadu,
KEPOBaHi JIiH34 Ta ONITUYHi 3aTBOPYU, PIIMHHOKPUCTAJIIYHI JIa3epy Ta AEKOPAaTUBHA KOCMETHKA — OChb JAJIEKO
HETIOBHUI JINCT 3aCTOCYBaHb PiAMHHUX KpUCTaliB. HaBiTh KeByap, IKNM 3apa3 HalyacTille 3aCTOCOBYETLCS 1JIs1
OpOHEXUJIETiB, BUTOTOBJIEHO 3 PiIMHHOKPUCTAJIIYHOrO NI0J1iMepy. B xo[ii npoBeneHHs AOCiIPKEHHD IPUBELEHUX B
JaHiii po6oTi, Briepuie criocrepiranocs GopMyBaHHS CBIiTJIOiHAYKOBAaHUX Bi3€PYHKIB, 110 MAlOTh BUTJISA],
KOHLIEHTPUYHUX Kijlellb, BUAMMUX JIMIIE MK MOJISIpU3aTopaMy, y MJIaHapHil piguHHOKpuUcTanivyHii (PK) komipui 3

($HOoTOUYTINBOIO ITiBKOIO XasibKoreHiny As20Se80. IIpu ornpomMiHeHHI TOBEPXHI XaJIbKOTEHiy rayCCiBCbKUM



JlazepHUM IpoMeHeM 4epes map PK criocrepirany BUHUKHEHHS HE3BUYAHOIO PO3IIOLINY IIepeopieHTallil MOJIEKYI
PIOMHHOTO KPUCTAay, IO 3'SIBJSIETHCS IPY ONTPOMiIHEHHI IOBEPXHI XaJIbKOTEHiNy. EKCiepruMeHTanbHi pe3ynbTaTi
IIOSICHEHO 3 TOYKU 30Dy Ilepefadi Teria Bifl XaJbKOreHinHoi rmiiBku 1o PK miciis norJmHalHS CBiTa B
XaJIbKOreHigHoMy mapi. CBIiTJIOIHAYKOBaHUI HArpiB ClIpU4MHae 3MiHy ABO3asoMmyieHHs PK i, 4K HacmigoK,
IIPOCTOPOBO MOJYJIbOBAHOTO IOJISIPM3ALIITHOIO CTaHy B IVIOLIMHI XaJIbKOT€HIZHOTrO mapy. OCKiJIbKY XaJbKOT€HITHA
ny1iBKa € POTOOPiEHTYIOUUM MaTepiasioM, IPOCTOPOBA MOAYJIALs ITOJIsIpU3allii CBiT/Ia IPU3BOIUTE 10 GOPMYyBaHHS
IIPOCTOPOBO MOJYJIbOBAHOI OCi JIerkoi OpieHTallii Ta KijbLieBOi CTPYKTYpH AUpeKTOpa B Komipui. DopMyBaHHS
CBITJIOIHZYKOBAHOI OpieHTaLiiHOI MOAYJIALIl HA CBITJIOUYT/IMBIN IOBEPXHI B Y IIO€HAHHI 3 YBEPTbXBUJILOBOIO
IIJIACTMHOIO MOXe cpopMyBaTH 3aTPUMKY a3y, BeJIMINHA KO BifITIOBiflae KyTy MepeopieHTaLil upeKTopa.
3anpornoHOBaHO TaKOXK MOZENb PiIKOKPUCTAJIIUHOI rayCcCcOBOI IpU3MHU. MU BBaXXaEMO, 1110 L€l e(PeKT MOKe OyTU
3aCTOCOBAHMI /1711 PO3POOKU Pi3HUX ONTUYHUX TA €JIEKTPOONTUYHUX €JIEMEHTIB, TAKUX K (OPMYBadi My4Ka,
MIKPOJIiH3U1, 30HHI IIJIACTUHY TOLLO. J1J1 JOCIIPKEHHS CTPYKTYPU PiMHHOTO KPUCTaly BUKOPHUCTOBYIOTLCS
KOMOIHOBaHi KOMipKU 1[0 CKJIaJIal0ThCs 3 MPO30PUX MiAKIATUHOK 3 TIOTIepeIHbO 33JaHOI0 OPi€EHTALli€l0 PiTUHHOTO
KpUCTaJly Ha IOBEPXHi. Takuil MeTon 403BOJIsi€e OTPUMATHU 334aHy OpPi€HTAllil0 MOJIEKYJI PilJMHHOTO KPUCTAJy B
yCcboMy 00’eMi KOMipKU. OfIHi€I0 3 11iKaBUX OCOOJIMBOCTEN PiMHHUX KPUCTAJIB € 30aTHICTh F€eHEPYBATU
Pi3HOMAaHITHI Bi3€PYHKU y NOJISIPU30BAHOMY CBITJIi, SIKi BOHU YTBOPIOIOTH 3aBISKU ABOIIPOMEHE3ATIOMIIEHHIO
piguHHUX KpucTaiiB. Lli 3akOHOMIpHOCTI Maii>ke OBHICTIO 0OYMOBJIEH] CTPYKTYPOIO, SIKa BUHUKAE B JATIEKOMY
MOJIEKYJISIPHOMY NOPSIKY pigyHu. [Ipy HbOMY Y BIOPSIAKYBAaHHI CTPYKTYPH PiJMHHUX KPUCTAJIiB MOXKYTb BUHUKATH
Tomnosoriyui gedexru. TonosoriyHuit gedeKT y MI0LMHI TOBOPOTHOI KOMIPKHY, 3alI0OBHEHOI PiIMHHUX KPUCTAIB,
3'SIBJISIETHCSI, KOJIU KyT CKpPy4yBaHHS IUPEKTOpa CTa€ HeBU3HaYeHUM. [1os10KeHHs lepeKTy B PiIMHHOMY KpPUCTaJI,
IIOBHICTIO 334A€ThCSI OPi€HTAlli€l0 PIAMHHOTO KPUCTAIy HAa OPi€EHTYIOUMX ITOBEPXHSX MiTKIAIUHOK Ta CTPYKTYPOIO
pinnHHOrO Kpucrany. Lle 103BoJsie, Kepyl04M OpieHTalli€l0 Ha TIOBEPXHi, 3MiHIOBAaTU Opi€eHTallil0 B 06’eMi i KepyBaTu
NoJI0KeHHSIM fedekTy. Bizyanizallist 107105keHHS TOMOJIOTIYHOTO NIedEeKTy € BaKIMBOIO CKJIAIOBOIO [1Jisl OOy OBU
pi3HOMaHITHUX [IPUJIAJiB, 3aCHOBAHUX HAa BUMIpIOBaHHI [TOJIOJKEHHSI TOMOJIOTIYHOTO NledeKTy, caMe TOMY, B po6oTi
0yJ10 IOCIIiIPKEHO MOXJIUBICTb 3aXOIJIEHHS PI3HOMaHITHUX YaCTUHOK, [1J14 TOTO, 106 3pOOUTH BULVMMUM., HE
030pOEHMM OKOM, TOIOJIOTiYHM AedeKT. OCTaHHIM 4aCcOM aKTMBHO PO3BUBAIOTLCS METOAU (POTOOpPieHTallil
MOJIEKYJI PiIMHHOTIO KpUCTaly BUKOPUCTOBYI0YM POTO i3oMepu3aliilo mapy MOJIeKyJ HAaHECEHOT0 Ha II0BEPXHIO
IiAKIaAVHOK I0JISIPU30BAaHUM BUIIPOMiHIOBaHHSIM. BUKOpUCTaHHS (POTOUYTINBUX MiJKIATUHOK € aKTyaIbHUM SIK 3
(PyHIAMEHTAJIbHOI TOUYKU 30pY TaK i [J151 IPaKTUYHOIO 3aCTOCYBaHHS (J15 [10OYIOBY HOBITHIX THUIIIB PiJUHHO-
KPUCTaJIiYHUX IUCILIEIB, JO3UMETPIB BUIIPOMiHEHHS, IPUJIAZIB /151 KOHTPOJIbOBAHOIO 3aXOIJIEHHS Ta
IepeMIleHHS YaCTUHOK, ONTUYHUX IPUJIALiB 3 KOHTPOJIbOBAHUMU XaPAKTEPUCTUKAMY HA OCHOBI PiIMHHUX
KPHUCTaJIiB, TOWO). Y NaHiil po60Ti, HABEAEHO PsJ AOCIiIPKEHDb CIIPSIMOBAHUX HA KEPYBAaHHSI MIOJIOKEHHSIM
TOMOJIOTIYHOrO JedeKTy B PifMHHOMY KPUCTaJli, a TAKOX Bidyasizaliio HOTro MMOJI0KEeHHS IIJISIXOM PO3MIIeHHS B
HbOMY YaCTUHOK MIiKpOCKOIIiYHOro po3Mipy. KitouoBi cyioBa: PiguHuuit kpucras, poToopieHTallist, XaabKOTreHiHi

IJ1iBKY, TOTIOJIOTiUHI AeeKTH, TUCKIIMHAlli{, HEeMaTUK, XOJIE€CTEPUK.

2. This thesis is devoted to the study of mechanisms for controlling topological traps in liquid crystals. The
methods that can be used to control the position of topological defects in liquid crystals were studied. Controlling
the orientation, macrostructure, and optical properties of liquid crystals is a hot topic today, both from a
fundamental and applied point of view, as liquid crystals are actively used in various fields of science and
technology, ranging from modern electronics to medicine. liquid crystal displays, thermal imagers and
thermographs, guided lenses and optical shutters, liquid crystal lasers, and decorative cosmetics are just a few of
the applications of liquid crystals. Even Kevlar, which is now most commonly used for body armor, is made of a
liquid crystal polymer. In the course of the studies presented in this paper, the formation of light-induced patterns
in the form of concentric rings visible only between polarizers in a planar liquid crystal (LC) cell with a
photosensitive film of chalcogenide As20Se80 was observed for the first time. An unusual distribution of
reorientation of the liquid crystal molecules, which appears when the chalcogenide surface is irradiated with a
Gaussian laser beam through the LC layer, was observed. The experimental results are explained in terms of heat
transfer from the chalcogenide film to the LC after light absorption in the chalcogenide layer. Light-induced



heating causes a change in the birefringence of the LC and, as a result, a spatially modulated polarization state in
the plane of the chalcogenide layer. Since the chalcogenide film is a photo-alighning material, the spatial
modulation of light polarization leads to the formation of a spatially modulated axis of easy orientation and an ring
director structure in the cell. The formation of a light-induced orientation modulation on a light-sensitive surface
in combination with a quarter-wave plate can form a phase delay whose value corresponds to the director
reorientation angle. We also propose a model of a liquid crystal Gaussian prism. We believe that this effect can be
applied to the development of various optical and electro-optical elements, such as beamformers, microlenses,
zone plates, etc. To study the structure of a liquid crystal, we use combined cells consisting of transparent
substrates with a predefined orientation of the liquid crystal on the surface. This method allows us to obtain a
predetermined orientation of the liquid crystal molecules in the entire volume of the cell. One of the interesting
features of liquid crystals is the ability to generate various patterns in polarized light, which they form due to the
birefringence of liquid crystals. These patterns are almost entirely due to the structure that arises in the distant
molecular order of the liquid. At the same time, topological defects can occur in the ordering of the structure of
liquid crystals. A topological defect in the plane of a rotary cell filled with liquid crystals appears when the torsion
angle of the director becomes uncertain. The position of the defect in the liquid crystal is completely determined
by the orientation of the liquid crystal on the orienting surfaces of the substrates and the structure of the liquid
crystal. This allows, by controlling the orientation on the surface, to change the orientation in the volume and
control the position of the defect. Visualization of the position of a topological defect is an important component
for the construction of various devices based on measuring the position of a topological defect, which is why the
possibility of capturing various particles to make the topological defect visible to the naked eye was investigated in
this work. Recently, methods of photo-alighnment of liquid crystal molecules using photo-isomerization of a layer
of molecules deposited on the surface of substrates by polarized radiation have been actively developed. The use
of photosensitive substrates is relevant both from the fundamental point of view and for practical applications (for
the construction of the latest types of liquid crystal displays, radiation dosimeters, devices for controlled capture
and movement of particles, optical devices with controlled characteristics based on liquid crystals, etc.) In this
paper, we present a number of studies aimed at controlling the position of a topological defect in a liquid crystal,
as well as visualizing its position by placing microscopic particles in it. Keywords: Liquid crystal, photo-alignment,
chalcogenide films, topological defects, disclinations, nematic, cholesterol.
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