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OIITUYHI BUXOPU

2. Topological defects of optical parameters in nonhomogeneous solid-state media and induced by them optical
vortices

Pedepar:

1. Incepralist NpUCBAYEHA 3'ICYBaHHIO MEXaHi3MiB i OCHOBHUX 3aKOHOMIPHOCTEM BUHUKHEHHS, TIOBEiHKH i
B3aemogii TonosioriyHux gedexris (T/I) ONTUYHUX XapaKTEPUCTUK HEOJHOPIAHO 30yPEHUX CKIISIHUX i KpUCTATiYHUX
cepenosul. Jocuimkeno T]I opienTauii ontu4Hoi inaukatpucu (Ol), sSiKi BUKJIMKaHI HEOTHOPITHUMU 3aIUIIKOBUMU
MEXaHI{YHMMU HalPY>KEHHSIMU y 3pa3kax ckia. Po3pobiieHo i anpo6oBaHO METOAUKY BU3HAYEHHS 3HaKiB cuiu T/

opienrauii Ol. [TokasaHo, 10 nyCIOKalii CTPYKTYPU KPUCTAaJliB TPUTOHAJIBHOI i KyOi4HOI CUHTOHINl IPUBOISTD 1O



BuHUKHEHHS T]I opientauii Ol. [TokazaHo, 0 ONTHUYHI BUXOPU 3 IOABIMHUM 3apsiOM MOKHA T€HEPYBATH 3
BUKOPHCTAHHSIM €JIEKTPOONTUYHOro epekTy Keppa Ta mpuKIafieHoro 0 MOHOKPUCTAIIB Ta i30TPOIHUX
CepeNoBUI KOHIYHOTO €JIEKTPUYHOTO I0J15. BUSBIIEHI TONOJIOTIYHI peakllii HapOIyKeHHs, TOLaBaHH4, IOy i
anirinauii T/ opienranii Ol py pi3HUX 3HaYEHHAX €JIEKTPUYHOTO I10J1. 3alIPOIIOHOBAHO METO/, aHAJII3y
e(peKTUBHOCTI CiH-0p06iTabHOTO IEPETBOPEHHSI MOMEHTY iMITyJIbCy OINTUYHOTO IIy4Ka, HA OCHOBI
eJIeKTpOoONTUYHOro edekTy [Tokesnbca, 3ruHy i CKpydyBaHHS KPUCTasiB. BcTaHOBIEHO, 0 ¢azoBa CTPYKTypa
BUXPOBOT'O OIITUYHOTO My4Ka 36epiraeTbcsl MpU akyCTOONTUYHIN Audpakiii Bperra, a akyCToOONTUYHE BiiOXBaHHS
BUXPOBOTO ITy4yKa 260 KiJIbKOX BUXPOBUX IIyUKiB, J03BOJIsI€ €(PEKTUBHO K€PYBATH iXHIM IPOCTOPOBUM IOJIOKEHHSIM.
ExcrieprMeHTabHO BUSIBJIEHO reHepallilo MaCUBY ONITUYHUX BUXOPIB 3 TPOOOBUMU 3apsilaMU B YMOBaX
akycroontuyHoi gudpakuii bperra. EkcriepyumeHTanbHO BUSIBJIEHO ONITUYHY aKTUBHICTD, iHAYKOBaHY
HEOJHOPIIHUMU MeXaHIYHUMU HaNPyK€HHSIMU CKPY4yBaHHSI — TOpCiliHO-TipauiiiHuii epexT. BusiBieHo, mo
NIPUKJIQJIAaHHSI MEXaHIYHOTO KPY4EeHHS], 3TMHY Ta €JIeK-~TPUY—~HOTO M0JIs1 3 KOHIYHUM pO3MoainomM, popmytoTs T]I
opieHTaji ripaljifHOro TeH30pa 3 MiBLIJIIOK CUJIOIO.

2. The dissertation is devoted to finding out of mechanisms and basic regularities of appearance, behavior and
interaction of topological defects of optical characteristics of heterogeneously perturbed glass and crystalline
media. The topological defects of optical indicatrix orientation, which are caused by inhomogeneous residual
mechanical stresses in samples of glasses Li2B407, CaB407 and LiB30, are investigated experimentally. The
criteria for the occurrence of topological defects of optical indicatrix orientation are formulated, such defects are
experimentally detected in glasses with inhomogeneous residual mechanical stresses and it is shown that
annealing of the samples leads to the disappearance of these defects. Criteria based on the properties of
topological defect of optical indicatrix orientation, on the basis of which it is possible to distinguish 2D and 3D
distributions of optical anisotropy parameters, are formulated and experimentally confirmed. These criteria can be
used in the tomography of the tensor field of mechanical stresses. The technique of determination of sign of
strength of topological defect of optical indicatrix orientation is developed and tested. It is shown that helical
dislocations of the crystalline structure in crystals belonging to trigonal and cubic symmetry groups lead to
topological defects of optical indicatrix orientation with strength %2 and helical dislocations of the light wave front.
The edge structural dislocations in cubic and trigonal crystals, leading to topological defects of optical indicatrix
orientation with strength 1, causing axially asymmetric polarization singularities in light beams propagating along
these axes. The results of the analysis of topological defects of optical indicatrix orientation and the optical
vortices generated by them in crystals containing structural dislocations can be used to detect and identify
different types of structural dislocations that occur in crystals. It is shown that double charged optical vortices can
be generated using the Kerr electro-optical effect and applied to single crystals and isotropic media conical
electric field. It has been established that crystals, textures, and isotropic materials, suitable for the creation of
double charge optical vortices, must belong to the symmetry groups 622, 6mm, 6 /mmm, 6, 6/m, ©/m, o, 02,
comm, % /mmm, % /% /mmm, and % /2. The topological defects of optical indicatrix orientation behavior under
the coexistence of electro-optical Pockels and Kerr nonlinearities in crystals of cubic, hexagonal, trigonal and
tetragonal systems under the action of an electric field of a conical shape is investigated. Topological reactions of
birth, addition, division, and annihilation of topological defects of optical indicatrix orientation at different values
of electric field are found. It is revealed that when the divergent optical beam propagates along the third order
symmetry axis and when a homogeneous electric field EX applied to LiNbO3 crystals, there is a topological
reaction of division 1=":+% of central topological defect of optical indicatrix orientation with a single strength by
two defects whose strengths are equal to %. It is proposed a method for analyzing the efficiency of spin-to-orbit
conversion of the angular momentum of light, which is based on the obtained ratios for the figure of merit for the
electro-optical Pockels effect, bending and twisting crystals, allows to choose the most efficient materials for
optical vortex generation. It is shown that among the known crystals, the highest figure of merit when using the
twisting method have crystals LiNbO3, 0-BaB204, n-BaB204, hexamethylenetetramine and KAl (SO4)2x12H20, when
using the bending method - ZnSe crystals, FK3 glass, and lexane, and when conically shaped field is applied - the
Bi12TiO20 crystal. A controlled gradient axicon based on crystal twisting is proposed. The optical activity induced



by inhomogeneous mechanical torsional stresses - torsion-gyration effect is experimentally detected. It is shown
that optical activity arises under the action of twisting even in initially centrosymmetric crystals. The value of
coefficient describing the torsion-gyration effect in the K8 optical glass is obtained experimentally and the
torsion-gyration tensor component is determined (0152 = 3,96 + 0,82)x10 - 17 m3/N). It is shown that the induced
optical activity does not depend on the coordinates in the plane perpendicular to the axis of application of the
torque and the direction of light transmission. It is obtained fifth-order axial tensors with intrinsic symmetry
o[V2]2V, which describe the effect of gradient piezogyration for all point symmetry groups of crystals and Curie
symmetry boundary groups. It is found that the applications of mechanical torsion and bending and electric field
with conical distribution, form topological defects of the orientation of the gyration tensor with half-integer
strength.
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