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HuceprariiitHa poOoTa MpHUCBSIYEHA JOCIIPKCHHIO MEXaHI3MIB KepyBaHHS
TOTIOJIOTIYHUMH MMACTKaMU B PIAMHHUX KpHCTalax. Y poOOTI BUBCHAIMCS METOIU
0 MOXYTh OYyTH 3acTOCOBaHI JUIsi KEpPyBaHHS TOJOKEHHSIM TOMOJOTIYHUX
nedeKTiB B PIAMHHNX KpUCTajIax

KepyBanHs opi€eHTali€10, MAKPOCTPYKTYPOIO Ta ONTUYHUMH BIIACTUBOCTSIMU
PIAMHHUX KPUCTANIB € aKTyaJlbHUM MUTAHHSIM Cy4acHUX SIK 3 (yHIaMEHTaJIbHO1
Tak 1 3 TMPUKIATHOI TOYKH 30py OCKUIBKH pIJIMHHI KPHUCTAJIM aKTHUBHO
BUKOPUCTOBYIOTHCA B PI3HMX OOJIACTAX HAYKH Ta TEXHOJIOTIH, MOYMHAIOYU BIJ
CY4YacCHOI €JEKTPOHIKM 0 MEAMIMHH. PIAMHHOKPUCTAIIUHI JUCILUIEI, TEMIOBI30pH
Ta TepMorpadu, KepoBaHi JIIH3M Ta ONTUYHI 3aTBOPU, PIIMHHOKPUCTAIIYHI Ja3epu
Ta JIEKOpaTHBHA KOCMETHKA — OCh JIaJIeKO HEMOBHUI JIUCT 3aCTOCYBaHb PIIUHHHUX
kpuctamiB. Hapith KeBnap, SKHM 3apa3 HaluyacTilie 3aCTOCOBYETbCS IS
OpOHEKUJIETIB, BATOTOBJICHO 3 PIAMHHOKPUCTATIIYHOTO MOIIMEpY.

B xoni mpoBeaeHHs JOCTIKEHHb NMPUBEICHUX B JIaHIH poOOTIi, BIepIie
cnioctepiranocs (GopMyBaHHS CBITJIOIHIYKOBAaHUX BI3€PYHKIB, II0 MAIOTh BUIJIS]
KOHIIEHTPUYHHUX KUICIb, BUJIMMHX JIUIIE MDK TOJSPU3aTOpaMH, Y TUIAHAPHIN
pinuaHOKpUCcTamiuHId (PK) kowmipmi 3 (oTOUyT/IMBOIO TUTIBKOIO XaJTbKOTCHITY
AsxSeg. Ilpu ompoMiHEeHHI MOBEpPXHI XaJbKOTEHIAy TayCCIBCBKHM JIa3epHUM
npoMmeneMm yepe3 map PK cmocrepiraim BUHUKHEHHS HE3BUYAWHOTO PO3MOALLY
nepeopieHTalli MOJEKYJl PIIMHHOTO KPUCTaly, IO 3'BISETHCA MPU ONPOMIHEHHI
MOBEPXHI XallbKOreH1y. EkcnieprMeHTallbHI pe3yJbTaTh MOSACHEHO 3 TOYKH 30pY
nepejayi Tersja Bij XalbkoreHigHoi ruriBku 10 PK micns mornuHaHHS CBiTIa B
XaJIbKOTeHITHOMY — Iapi.  CBITJIOIHAYKOBAaHMM  HArpiB  CHOPUYMUHSE  3MIHY
nBo3aiomiieHHs PK 1, sik HacliloK, MpOCTOPOBO MOAYILOBAHOTO MOJIIPU3ALIIITHOTO
CTaHy B IUIOIIMHI XaJIbKOT€HITHOTO Mmapy. OCKIIbKM XaJbKOT€HITHA IUTIBKA €
(OTOOPIEHTYIOUUM MaTepiajoM, MPOCTOPOBA MOIYJISIIS TOJApPHU3aAIil CBITIA
MPU3BOIUTH 10 (OPMYBaHHS MPOCTOPOBO MOJYJIBOBAHOI OCI JIETKO1 Opl€HTAIlll Ta
KUIBIIEBOI CTPYKTYPHU JUPEKTOPA B KOMIPIII.

dopmyBaHHs CBITJIOIHTyKOBaHO1 Opi€HTAIIHHOT MOTY TSI Ha
CBITJIOUYTJIMBiil MOBEPXHI B y MO€AHAHHI 3 UBEPTHXBHJIHOBOIO TIACTUHOK MOXKE



chopmyBatu 3aTpUMKy (a3u, BeIWYWHA SKOI BIJMOBITAE KYTy MEpeopieHTaIlli
TUpEeKTOpa. 3ampornOHOBAHO TAKOXK MOJIEINb PIIKOKPUCTATIYHOI TayCCOBOI MPU3MHU.
Mu BBaxaemo, 10 1el epekT Moxke OyTH 3aCTOCOBAaHUM At PO3POOKH PI3HUX
ONTHYHUX Ta EJIEKTPOONTUYHUX EJIEMEHTIB, TakuX fAK (QopMyBaul IIydKa,
MIKPOJIIH3H1, 30HHI IJIACTUHH TOUIO.

JIIst  TOCHIJKEHHST CTPYKTYPH PIiTMHHOTO KPHUCTAITY BHUKOPHUCTOBYIOTHCS
KOMOIHOBaH1 KOMIPKH 110 CKJIAAAI0ThCS 3 MPO30OPUX MIAKIAIUHOK 3 MOMEPEIHBO
3a/IaHOK0 OPIEHTAIlIEI0 PIIMHHOTO KPUCTATy Ha MoBepxHi. Takuii MeTo 103BOJIsIE
OTpUMATH 3aJlaHy OPIEHTAIlII0O MOJEKYJ PIAMHHOTO KPUCTaTy B YChOMY 00’ eMi
koMipku. OpHi€0 3 IIKaBUX OCOOJMBOCTEH PIAMHHUX KPHUCTAIIB € 3aTHICTh
reHepyBaTl pPI3HOMAHITHI BI3€PYHKH Yy TOJIIPU30BAHOMY CBITJII, SIKI BOHH
YTBOPIOIOTH ~ 3aBJSKH  JIBOIIPOMEHE3aJOMJICHHIO PIIMHHUX  KpuctamiB. L1
3aKOHOMIPHOCTI Maike IOBHICTIO OOYMOBIIEHI CTPYKTYpOIO, sIKa BHUHUKA€E B
JAIEKOMY MOJICKYJISIPHOMY TOpsAAKy piawau. [lpu 1boMy y BHOpSIKYBaHHI
CTPYKTYPH PIIUHHUX KPHUCTAJIIB MOXYTh BHHHKATH TOIOJOTIYHI JedexTu.
Tononoriyanii ae)eKT y IUIOMHI MOBOPOTHOI KOMIPKH, 3alIOBHEHOI PILAMHHHUX
KPHUCTANIB, 3’ ABIAE€THCS, KOJIU KyT CKPYUyBaHHS JUPEKTOPA CTAE HEBU3HAUCHUM.

[TonoxeHHs: neexTy B PIAMHHOMY KpUCTajl, TMOBHICTIO 33Ja€ThCS
OpIEHTALIE}0 PIIUHHOTO KPUCTATY HA OPIEHTYIOUMX MOBEPXHAX MIAKIAJAMHOK Ta
CTPYKTYpOIO pimuHHOTO Kpuctamy. Lle mo3Boisie, Kepyrodw Opi€HTaIli€l0 Ha
MOBEPXHi, 3MIHIOBAaTH OPIEHTAIII0 B 00’ €Mi 1 KEpyBaTH MOJOKECHHAM JTe(DEKTY.

Bizyanizariiis mojgokeHHsI TOMOJIOTYHOTO JAe(EKTy € BaXXJIMBOIO CKJIaJ0BOIO
JUIst TOOY10BU PI3HOMAHITHUX MPWJIAJIIB, 3aCHOBAaHUX HA BUMIPIOBAHHI MOJIOKEHHS
TOIOJIOTIYHOTO JedeKkTy, came TOMy, B pOOOTI OyJIO JOCHTIIKEHO MOXKIHUBICTH
3aXOIICHHS PI3HOMAHITHUX YAaCTHHOK, JUIS TOTO, I00 3pOOMTH BHJIUMHM., HE
030pOEHUM OKOM, TOTIOJIOTTYHUN JTe(EeKT.

OcTaHHIM YacOM aKTHBHO PO3BUBAIOTHCA METOAU (DOTOOpPIEHTAIllT MOJIEKYT
PIAMHHOTO KpHUCTaly BHKOPUCTOBYIOUM (POTO 130MEPHU3ALII0 APy MOJIEKYJ
HAHECEHOTO Ha TIOBEPXHIO MMAKIAJWHOK TMOJSIPU30BAaHUM BUIIPOMIHIOBAHHSIM.
BuxopuctanHs GOTOUYTAUBUX MiAKIAAWHOK € aKTyaJIbHUM SK 3 (PyHIaMEHTaIbHO1
TOYKHU 30py Tak 1 JUIsl IPAKTUYHOI'O 3aCTOCYBaHHSA (11 TOOYIOBU HOBITHIX THIIIB
PIAMHHO-KPUCTATIYHUX JUCIUIEIB, JO3MMETPIB BHUIIPOMIHEHHS, MNPWIAIIB IS
KOHTPOJHOBAHOTO 3aXOIUICHHS Ta MEPEMIIEHHsI YACTUHOK, ONTHUYHUX TPUIIAJIB 3
KOHTPOJHOBAaHUMU XapaKTEPUCTUKAMU HA OCHOBI PITUHHUX KPUCTAIIIB, TOIIO).

VY nanit po6OTi, HaBEICHO Psi JOCIHIKCHb CIPSIMOBAHUX Ha KEpPyBaHHS
MOJIOKEHHSIM ~ TOTIOJIOTIYHOTO  JIeeKTy B PIAMHHOMY KpHUCTall, a TaKoX
Bi3yali3allifo HOro TOJIOKEHHS IUIIXOM PO3MIMIEHHS B HBOMY YaCTHHOK
MIKPOCKOITIYHOTO PO3MIpYy.
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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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