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Tema gucepranii:

1. OntnyHa anizoTpormis geopMoBaHuX Ta AeEKTHUX CTPYKTYP B PilKUX KPUCTAIaX

2. Optical anisotropy of distorted and defective structures in liquid crystals

Pedepar:

1. O6'exT mochimkeHHs: OCOBIMBOCTI ONMITUYHOI aHI30TPOMIi B piAKOKpUCTATIIYHUX 3pa3Kax 3 Ae(OPMOBAHUM YU
CHHTYJISIPHMM IIOJIEM IUPEKTOpa. MeTonu gocaimkeHHs: [ToisipuaaliiHa ONITUYHA MIKPOCKOITis
BUKOPUCTOBYBAJIacs [1Jis1 KOHTPOJIIO SIKOCTi 3pa3KiB, ileHTU(iKyBaHHS Me30(a3, LOCiIKeHHs 1ePEeKTiB,
BMMipIOBaHHS ONTMYHOI aHizoTpormii. MeTon o6epranHs PK Komipku, MeToJ, MarHiTHITHOTO HYJISI Ta METO
KOHOCKOITIYHOT'O MarHiTHOTO HyJIsl 3aCTOCOBYBAJIMCS [1J11 BUMipPIOBaHHSI KyTa [IepeJHaxXuily AUPEKTOpa Ha IOBEPXHI
MigKIaToK HEMaTUYHUX KOMIpOK. [I71s1 BUsIBJIeHHS JedopMalliil 1101 TUPEKTOpa B HEMaTUYHUX KOMipKax
BHMKOPHCTOBYBaJacs ONTUYHA KOHOCKoIIS. KoedilieHT 3eHiTanbHOro 34eryieHHs] BUBHAYaBCsI TAKUMU METOaMU:
METO/IOM BUCOKMX T10J1iB Mlokosimu i Ban CripaHra, RV-MeTO[10M, METOZIOM TOPOTOBOTO NoJis nepexony dpenepikca.
MerTop, I0BHOTO BHYTPIlIHBOTO BiOMBAHHS CBiTJIa Ta AGGe peppakTOMETPisi BUKOPUCTOBYBAIMCS 1J1s1 BUBHAYEHHS
[TIOKA3HUKIB 32JIOMJIEHHSI HEMATUKIB. ONITUYHA CIIEKTPOCKOIIiSl BAKOPHUCTOBYBAJIACS [JISI BA3HAYEHHSI OIITUYHOI

aHi3oTporii (4B03aJIOMJIEHHS Ta IOIJIMHAHHS) 3pa3kiB.MeTonom CeHapMoHa BUMipioBasacs ontuyHa ¢a3osa



3aTpUMKa Ae(POPMOBAHUX €JIEKTPUYHUM I10JIEM HEMATHUKIB (IpY BU3HAYEHHI 3€HITaJIbHOTO KOeillieHTa 3UerJIeHHSI)
Ta cMekTuKa Q. dmoopeceHTHa KOH(OKaIbHA N0JsIpU3aliiiiHa MiKpOCKOIIisl 1ajia 3MOTY Bidyasli3yBaTu CTPYKTYPY
ribpyuHOOPiEHTOBAHUX IJIIBOK CMEKTHKA A B IJIOUMHI, IEPIIeHAUKYJISIPHIN 10 NifK/IaJoK KOMIpKU. ATOMHA CUJI0Ba
MiIKpPOCKOIIisl Ta €JIEKTPOHHA CKaHyl04a MiKpPOCKOIIis 3aCTOCOBYBAJIMCS IJ1s1 Bidyasisalii pesibedy MiaKa1amoK
HEMATUYHMX KOMIPOK Ta ONTUYHUX OU(y3epiB, 0 BUKOPUCTOBYBAIUCS [1JI1 CTBOPEHHS PO36i’KHOTO JIa3€pHOTO
nydka. CTpyKTypa cMeKTrka Q BuBYasacs AOCIiIpKeHHIM Judpakiiii peHTreHiBCbKUX IIPOMEHIB.
Komn'toTrepuzoBaHa peomeTpis fgana iHpopmallilo Ipo TeEMIIEPATYPHY [1OBEiHKY PEOJIOTIYHUX BIAaCTUBOCTEN
i3oTponHoi a3y JiOTPONHOro XxpoMoHeMarTuka Ta PK, 10 BOJIOIIOTh IEPEXOLOM XOJIECTEPUK-CMEKTUK A. B
Iycepralii po3risgaoThCsl 0COOIMBOCTI ONTUYHOI aHI30TPOIIil feopMOBaHUX Ta JePEKTHUX CTPYKTYP B PiIKUX
Kpucranax. TeoOpeTUYHO i EKCIIEPUMEHTAJIbHO I10KA3aHo, 110 BHACJIIIOK BUCOKOI YyTJIMBOCTI ONTUYHOI aHi30TPOIIil
IO HEOJIHOPiAHOCTEH MOJIs1 AUPEKTOPA ONTUYHY KOHOCKOIIiI0 MO>KHA €()EeKTUBHO BUKOPUCTOBYBATH [1JIs1 BUSBJIEHHS
Ta xapakrepu3saii Jedopmaliiil osst [UPEKTOpa B IJIOCKMX HEMAaTUYHUX KOMipKaX; MPUBELEHO KOMII'IOTEPHO
MOJIe/IbOBaHi Ta eKCIIEPUMEHTAIbHO OTPUMaHi KOHOCKOITIYHI KapTUHU JepOPMOBaHNX HEMATHUKIB; 3aIIPOIIOHOBAHO
TaK 3BaHMI METOJ, KOHOCKOIIIYHOI'O MarHiTHOTO HyJIs 1711 BUMipIOBaHHSI KyTa [IepeJHaxXUiy Ta BUSIBJIEHHS
riopuIHOCTI NOJIs1 AUpeKTopa. Ha 0CHOBI TeOpeTUYHUX i €KCIIEPUMEHTAIbHUX AOCIIIPKEHD 3aJI€XKHOCTEN ONTUYHO]
$a30Boi 3aTpuMKH R Bif pukiageHoi Harpyru V B [IJIaHaPHUX HEMAaTUYHMX KOMIpKax JajieKo Bif Iepexony
dpepepikca 3apoNOHOBAHO TaK 3BaHUI RV-MeToJ, 1711 BU3HAUYEHHSI 3€HiTalbHOro KoedillieHTa 34yernseHHs W
HeMaTuKa. 3HayHa yBara NpuijieHa JOCTOBIpHOCTI 3Ha4eHb W, OTPMMAHUX 3a JJOIIOMOT0I0 METO/IiB BUCOKHX IIOJIiB.
I[TokazaHo, 1o nosiea HeQi3NYHUX (BOJIBT-3aJIEXKHUX Ta BiJl €MHUX) 3HaUeHb W (IIpo6JieMa BioMa 3 JjliTeparypu Ta
3apeecTpoBaHa HaMU), [10B'3aHa i3 BHYTPIlIHbOIIOMMHHUMYI HEOJAHOPIAHOCTSIMY IiAKJIaOK KOMIpKUY;
3aIPOIIOHOBAHO NPOLEyPy TECTYBaHHS, Ka Jla€ 3MOTY YHUKHYTU ITpobseMy Hei3UUHUX 3HaUYeHb Koedilienta W
IIpM MI0r0 BUMipIOBaHHI ME€TOJAaMM BUCOKHUX MOJIiB. Ha go6pe opieHTOBaHMX 3pa3Kax BIeplIe IPOBEEHO ONTUYHY
XapakTepu3allilo JiOTPOITHUX XPOMOHEMATHKIB (IIPO30POro MaTepiaay XpOMOJIMHY Ta [BOX MOTJIMHAIYUX
(BnakuTHOro 27 Ta @ionerosoro 20)) y BUAMMOMY Jlialla30Hi JOBKMH XBUJIb CBiTJIa. EKCIIEpUMEHTAIbHO OTPUMAHO
TEeMIIepaTypPHi, KOHLIEHTPaLilHi Ta AYCIEPCINHI 3a7I€KHOCTI ABO3aJIOMJIEHHS Ta BilIIOBiIHI 3aJIE5KHOCTI 714
Koe(illieHTiB NOIrIMHAHHS (17151 IOTJIMHAIOYMX MaTepiasiB); IaHi 110 OTJIMHAHHIO BUKOPUCTAHO /1711 BUBHAYEHHS
CKaJISIPHOTO ITapaMeTpa NOPSAKY 1 HeMaTu4dHoi ¢asu biakuTHOro 27 Ta HOro TeMInepaTypHOi 3aJ1e5KHOCTI.
PesynbTaTy JOCHiIKEHb CTATUYHOIO Ta JMHAMIYHOTO PO3CiSIHHS CBiTJIa B i30TPOIHIN (a3i xpoMOHeMaTUKa
BKa3YyIOTb Ha 3DOCTaHHS IOBXMHU XPOMOHIYHUX arperaris pu Migxofi 1o ¢pa3oBoro nepexony B HeMaTuyHy ¢asy.
B po6oTi npoBeneHo JoCHiIKeHHS ONITUYHOI aHi30TPOIIil PPYCTTPOBAaHMX PiIKOKpUCTANIYHUX da3: 6J1aKUTHUX a3
Ta cMeKkTuka Q. [ls1 6;akuTHUX Qa3 Ta nepesnepexigHoi 061acTi i30TPonHOI a3u NpoBeieHO MOCiTKeHHS
TeMIIEPaTyPHUX 3aJIEKHOCTEN a3uMyTa Ta eJIiNTUYHOCTI CBiT/Ia HAa BUXOZ] 31 3pa3Ka Ta 3p06JIeHO BUCHOBOK IIPO Te,
110 OJIHUM i3 M€XaHi3MiB 1105IBA ONITUYHOI aHi30TPOIIi] B 6;IaKUTHUX (Pa3ax Ta B Nlepelnepexifniil 061acTi Moxe 6yTu
BILJIMB NIOBEPXHi. BUMipIoBaHHS [BO3ajloMJIeHHs iHIIOI ppycTpoBaHoi a3y, cMeKkTuka Q B IO€IHAHHI i3 JaHUMU
PEHTTE€HOCTPYKTYPHOTO aHali3y [1aJ0 MOKJIMBICTb BCTAHOBUTU CTPYKTYPY Liei ¢pasu. OnTu4Ha XapakTepusallis
nedeKTiB IpecTaBjieHa JOCTiIKEeHHIMU HEeJOCKOHANIOCTe! PoKaIbHUX KOHIUHUX noMeHiB (PK]I) B CMEKTUKY A,
BMBYEHHSIM IlepeTBOpeHb nedeKTiB rpu nepexomi 3 xonecrepuka B TGBA ¢dasy Ta TeKCTYpHUMU JOCHTiIKEHHSIMHI

3apojiKiB 6aHoHO-¢a3u B7 npu ii 3apopaskenHi 3 izoTponHoi ¢pa3u. 3apornoHOBaHO MOAENI CTPYKTYP HedeKTiB.

2. Object:Peculiarities of the optical anisotropy in liquid crystal samples with distorted and singular director field.
Experimental techniques: Optical polarization microscopy has been used to control the optical quality of the
samples, for the identification of the mesophases, for the studies of defects and for the measurement of the optical
anisotropy. Crystal Rotation Technique, Magnetic Null and Conoscopic Magnetic Null have been employed for the
determination of the director pretilt angle. Optical Conoscopy has been used for the detection of distortions in the
nematic cells. Anchoring coefficient was measured by the following techniques: High field techniques proposed by
Yokoyama and van Sprang, by RV-technique, by the technique of the Frederiks threshold. Total internal reflection
technique and Abbe refractometry have been used to measure refractive indices of the nematics. Optical
Spectroscopy has been employed for the determination of optical anisotropy (birefringence and light absorbtion)
of the samples. Senarmont technique was used to measure optical phase retardation of the nematics distorted by



the electric field (at the determination of the anchoring coefficient) and of the smectic Q. Fluorescent Confocal
Polarization Microscopy gave a possibility to visualize the structure of the hybrid aligned smectic A films in the
plane perpendicular to the plane of the bounding substrates. Atomic Force Microscopy and Scanning Electron
Microscopy have been employed for the visualization of the surface profile of the cell substrates and of the optical
diffusers, which are used to produce a diverging laser beam. Computer Rheometry gave the information on the
rheological properties of the isotropic phase of a lyotropic chromonematic and of a liquid crystals exhibiting the
cholesteric-smectic A phase transition. Optical anisotropy of distorted and defective liquid crystals is considered
in the dissertation. It is shown theoretically and experimentally that due to a high sensitivity of optical anisotropy
to thepresence of distortions and defects in the director field the optical conoscopy can be effectively applied to
detect and characterize distortions of the director field in flat nematic cells; computer simulated and
experimentally obtained conoscopic patterns for distorted nematic cells are presented; so-called Conoscopic
Magnetic Null Technique for the determination of the nematic pretilt angle and for the detection of hybridity in
the director field is proposed. Theoretical and experimental studies of optical phase retardation R as a function of
voltage V applied to a planar cells well above the Frederiks transition result in a so called RV-technique for the
determination of nematic polar anchoring coefficient W. Special attention is paid to the validity of the W values
obtained using the high field techniques. It is shown that unphysical (voltage dependent and negative) W values
obtained for some cells (a problem reported in the literature and documented by us) are caused by in-plane
inhomogeneities of the cell substrates. A protocol that allows one to check if the cell can be used to measure W by
the high field techniques is suggested. Well aligned cells of lyotropic chromonematics: cromolyn, which is
transparent and two light absorbing materials, Blue 27 and Violet 20 in the visible light wave length region are
characterized for the first time. Temperature, concentration and wavelength dependencies of the birefringence
and absorbing coefficients (for light absorbing materials) are presented; data for absorbing coefficients of Blue 27
have been used to determine the temperature behavior of the nematic scalar order parameter. The results of static
and dynamic light scattering in the isotropic phase of the chromonematic indicate that the length of the
chromonic aggregates increases approaching the phase transition to the nematic phase. Studies of optical
anisotropy for frustrated liquid crystal phases: blue phases and smectic Q are performed. For blue phases and
pretransitional region of the isotropic phase the temperature behavior of the azimuth and ellipticity of the light
waves exiting from the samples indicate the presence of optical anisotropy. It is concluded that the surface
influence is one of the possible mechanisms of optical anisotropy. Measurements of the birefringence for another
frustrated liquid crystal phase, smectic Q together with the X-ray results allows one to establish the structure of
this phase. Optical characterization of the defects is represented by the investigations of the imperfections in
Focal Conic Domains (FCD) in the Smectic A phase, by the defects transformations at the transition from the
cholesteric to the TGBA phase and by the textural analysis of the B7 banana phase at the nucleation of this phase
from its isotropic melt; models for defects and their transformations are proposed.
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