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Pedepar:

1. PoboTta mpucBsyeHa po3BUTKY MaTPUUHUX METOIB [1JIs1 OIIMCY ITOXUJIOTO MOIIMPEHHS CBiTJIa yepe3 Ae(OopMOBaHi
pinmKi KpucTanu, 1711 BpaXyBaHHs IIPOCTOPOBOI ONITUYHOI Aucnepcii y popmanismi maTpullb JKOHCA, y TOMY YUCII
17151 XOJIECTEPUYHOTO PiIKOro KpUCTajly B PEXXUMi CEJIEKTUBHOTO BiIOMBAHHS, @ TAKOX JIJI1 ONUCY ONTUYHUX
abepauill y KoHQpoKanabHi 3D mikpockomnii, CHpUYMHEHUX Pi3HMMU NTOKa3HUKAMU 3aJIOMJIEHHS CEPELIOBUIL, Yepes3
SKi IPOXOJUTH CBITJIOBUM ITy4YOK 3 BpaxyBaHHAM IIPOCTOPOBOI HEOLHOPIAHOCTI NOKAa3HMKA 3aJIOMJIEHHS B
1edOpMOBAaHOMY PiIKOMY KpucTasi. Meton MaTpulb [I>KoHCa CII04aTKy 6yB pO3pO6JIeHU 17151 BUIAKY
IOIIMPEHHS CBiTJIa B3[JOBXX HOPMaJli [10 IJIOCKOI aHi30TPOIHO]I MJIaCTUHYU cepefoBula. bynu cnpobu monudikysatu

METOoH, MaTpuLb [P>KOHCA MJIIXOM BBEJIEHHS TaK 3BaHUX y3arajJbHEHUX MaTpullp bkoHca (YM]I) nyis noxusnoro



NOIIMPEHHS CBiTJIa Yyepe3 pifki kpucranu (PK). [Tig noxuaum NOMUPEHHSIM CBiTJIa MU PO3yMi€MO NMOMKPEHHS
CBiTJIa Mif KYTOM O HOpMaJi MOBEPXHi MJIOCKOro 3pa3ka. OfgHaK, OTPMMaHi BUPa3y BUSIBUINCS HAATO CKIAAHUMU
17151 GOPMYJIBHOTO (HE YMCesIbHOro, ab0 aHaliTUYHOrO) aHasisy. B gaHiil po6oTi npoaHasnizoBaHO OTpUMaHi B
sitepatypi YM]] i nokasaHo, 110 BOHM MOXYTb O0yTU 3BEEHi 10 KOMIIAaKTHUX (POPM 3BUYANHUMU
TPUTOHOMETPUYHUMU NIEPETBOPEHHIMU 6€3 )KOJHUX NOJATKOBUX HAOIMKEHb Ta OOMEKeHb. 3aCTOCYBABLIM MifXiT,
nudepeHUiiHUX MaTpuLb [bKoHca 1o KomnakTHoi popmu YM]I €xa [P. Yeh, J. Opt. Soc. Am. 72, 507 (1982)],
OTpUMaHO MaTpuli JI>KOHca [J1s1 OBiNBbHO Ae()OPMOBaHUX PiKOKPUCTANIIYHAX KOMIPOK. Y poOOTi METOJ, MaTpullb
J>koHca po3MUpeHo 1151 BpaxyBaHHS ONTUYHOI IpocTopoBoi aucnepcii (OI1/). s Toro, mo6 nokasatu micue
PO3BUHEHOTO B JaHill po6oTi nigxony IM]] nns onmcy OIN]] cepeq, iHIMX BilOMUX B JliTepaTypi NiIX0iB, MU
BCTAaHOBUJIU 3B'SI30K MiXK 3aniporioHoBaHUM JIM/I Minxo40M Ta TPaaULiMHUM ITiIX040M IICE€BAO-TEH30pa ripatiii, a
TaKOX i3 MigxomoM MoreHa, sikuii 6yB po3po0I€eHUH 117151 OIUCY MOLIMPEHHS CBiTJIa B XOJI€CTEPUYHUX PiIKUX
KpucTanax. Metog MaTpulb TpaekTopii cBiTsoBoro npomens (MTCII) 3acTocoBaHO 1151 ONIMCY ONTUYHUX abepawiil y
KoHoKambHiN 3D MiKpocKoTItii, CHpUYMHEHUX HECTiBIAliHHIM MTOKa3HUKIB 3ai0MJieHHs. OTPUMaHO
CIiBBiJHOIIEHHS MK PaKTUYHMM 10JI0KeHHAM (Pokyca (PI1P) Ta HoMiHaIbHUM NTos10KeHHS Gokyca (HITD) nna
l'aycoBoro ny4ka, c(pOKyCOBAHOIO y 3alI0OBHEHOMY PiIMHOIO KalliJIsIpi Ta y c(PepPUYHIN Kparli y BUMNAJIKaxX OCbOBUX

Ta [1032-0CbOBUX ['ayCOBUX MyUKiB.

2. The work is devoted to the description of oblique light propagation through the distorted liquid crystalline
mediums, to the taking into account of optical spatial dispersion in terms of Jones matrix formalism including the
cholesteric liquid crystal in the regime of selective light reflection as well as to the description of optical
aberrations in confocal microscopy caused by refractive indexes mismatches of media in which light beam is
propagating including the case of the distorted liquid crystalline medium having the spatially non-uniform
refractive index. The most general approach for resolving the novel and classical problems in the field of optics is
based on Maxwell’s differential equations. The differential Maxwell’s equations and the material equations create
together the full equations system and it makes a capability for calculating the electrical field vector of the light
wave propagating in the medium. The mentioned theory is based on the differential equation of the second-order
that has four variables: three special coordinates and time. Significant simplification was achieved with Jones
matrices formalism in which entering Jones vector of electrical field vector is related to exiting Jones vector of
electrical field via a linear equation: where is the Jones matrix of the medium. One of the benefits of Jones matrices
formalism is the analytical form of propagating and exiting Jones vector of electrical field vector. Jones matrix
formalism was developed originally for the case of normal light propagation through the medium. In the literature
there are attempts to build so-called extended Jones matrices for the description of oblique light propagation
through distorted liquid crystalline media. But these results appear to be of too long and too complicated forms for
analytical consideration. In this work we analyze the available extended Jones matrices and show that they can be
simplified to a compact form via conventional trigonometric transformations. The approach of differential Jones
matrices is employed to derive a compact form of Yeh'’s extended Jones matrices [P. Yeh, J. Opt. Soc. Am. 72, 507
(1982)] for distorted liquid crystals. In this work the Jones matrix formalism is extended to account for the
phenomena of optical spatial dispersion. We have established the relation of the differential Jones matrix
approach, proposed in this paper, to the traditional optical spatial dispersion approach of the gyration pseudo-
tensor as well as to that developed by Mauguin for light propagation in cholesteric liquid crystals. The ray tracing
matrices approach is employed for description of optical aberrations in confocal microscopy of distorted liquid
crystals. We have employed the ray tracing matrix approach for the description of focusing of Gaussian beam in
the capillary gap filled with liquid. The relation between nominal focus position (NFP) and actual focus position
(AFP) is derived. The obtained equation describes the so-called rescaling property caused by refractive index
mismatch. According to this property, a layer of the thickness with the refractive index will be imaged by a
confocal microscope with a dry objective as a layer that is times thinner than the air layer of the same thickness .
We illustrate this property with the 3D fluorescent confocal microscopy image of a flat glass capillary partially
filled with dye-doped glycerol scanned on two sides of its meniscus with air. We predict and experimentally
confirm that due to the vertical refractive index mismatch rescaling a liquid crystalline layer with highly non-



uniform director distribution should be imaged as a layer of non-uniform thickness, apparently appearing to be
imaged with a rough upper (rear) surface. Our next step was to employ the ray tracing approach to the focusing of
a paraxial Gaussian beam inside a spherical droplet. We find that for the on-axial case there is no focal shift for the
probing beam, whether it is focused in the center or in the south pole of the droplet; for all other focus positions,
the AFP is shifted toward the droplet center. Our expression relating NFP and AFP in the on-axial case is equivalent
to Abbe’s invariant for refraction by a spherical surface.
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