O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0521U100249
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 17-03-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Byranyyk CaiTsiaHa AHaTOJIiiBHA

2. Bugaychuk Svitlana A.

KBasigikanis: k. ¢.-m. 1., 01.04.05
InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: nokrop Hayk
AcnipaHTypa//IOKTOpPaHTypa: Hi

IIIndp HayKoBOi creniaIbHOCTI: 01.04.05

Ha3zBa HayKoBOi cIeniaJbHOCTI: Onruka, sazepHa disnka

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axHcTy: 04-03-2021

CnenianbHICTB 32 OCBITOIO: pasiodisrka i esieKTpoHiKa (KBaHTOBa paliodizuka)

Micue po6oTH 3400yBayva: lncrutyr disuku HanjonansHoi akaziemii Hayk Ykpainn

Kopg, 3a €IPIIOY: 05417302

Micue3HaxoaKeHHS: npocriekT Hayku, 6yn. 46, M. KuiB, KuiBcbka 0641., 03680, YkpaiHa

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi Cleliagi30BaHOi BYE€HOI pagu): [ 26.159.01
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [ncTuTyT disuku HanjoHansHoi akaziemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05417302

Micue3HaxoaKeHHS: npocnekt Hayku, 6ya. 46, m. Kuis, Kuicbka 0611., 03680, Ykpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IucrutyT (isuku HauionanbHoi akagemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05417302

Micue3Haxoa KeHHS: NpOCIeKT Hayku, 6yz. 46, M. KuiB, Kuicbka 061., 03680, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK YKpainu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PyOPHK: 29.33.17

Tema gucepranii:
1. lucunaTyBHi COJIITOHM B3a€MOIii XBUJIb B JUHAMIYHUX HEJiHIMHO-ONTUYHUX CEPENOBUIIAX.

2. Dissipative solitons of wave-mixing in dynamic nonlinear optical media.

Pedepar:

1. B pucepTaniiiHiil poboTi mobyroBaHa HOBA TeOpis HeJliHiMHOI B3aeMoii XBUJIb B JUHAMIYHIX CEPEIOBUIIAX 3
penakcaniero. Ha ii 6a3i nokazaHo TEOPETUYHO i eKCIIEPUMEHTAaJIBHO NPoLieC POPMYBaHHS NUCUIIATUBHUX COJIITOHIB
pu camoau(paklii KorepeHTHUX JIA3€PHUX MMy4KiB y HEJIiHINHO-ONTUYHUX cepefoBuiax. Taki yMOBU XapaKTepHi
IJ1s1 CUCTeM AuHaMiuHoi rosiorpadii B 06’eMHMX i TOHKMX MaTepiasax, e CIIOCTePIiraeTbcsi ePeKT nepeKadku
eHeprii. [I711 TakuxX cucTeM Hamu OyJIu BIEpIlIe Ofiep>KaHi €41Hi eBOJIIOLINHI PIBHSIHHS — KOMILJIEKCHE PiBHSIHHS
l'H36ypra-JlaHpay i HesiHiliHe piBHsAHHS lllpenuHrepa. BoHu onucyoTh HEJliHIMHY B3aEMOZI0 3B'sI3aHUX I'PATOK:
CBITJIOBOI PEILITKY Ta AVHAMIYHOI I'PATKU [IOKa3HMKa 3aJIOMJIEHHS, MICTATh B ABHOMY BUIJIAI peJlakcaliiiHy
CKJIaJIOBY Ta [lapaMeTpU HeJiHIHHO-onTU4YHOI cucTeMu. CTalioHApHUMU PO3B’sI3KaMU 3HaUIEHNX €BOIOLiHUX
PiBHSIHB € CBiTJIi i TEMHI JUCHNIaTUBHI COMTOHU. B po60Ti NoKazaHo, 1110 GOpMyBaHHS AMCUIIATUBHUX COJIITOHIB
CTBOPIOE YMOBHU JJIs1 MaHIiNy Ll JJa3epPHUMU IMITyJIbCaMU B IIPOLEC] iX B3aeMOJii B IMHAMIYHUX HEJIIHIHO-
ONTUYHUX CepeloBuIlaxX. PO3pob6ieHa TeopeTHYHA MOJIeJIb [1JIs1 Pa3PaxyHKiB BUXiJHUX iHTEHCUBHOCTEN y BUCOKUX

nopsukax npu camoaudpakiii Pamana-Hara. Ha ocHOBI 11iei Mmogesni CTBOpeHa MeToqyKa BU3HaYeHHSI HeJTiHIlHO-



ONTUYHUX KOHCTAHT B TOHKUX MaTepiasnax. Bci 3HaleHi e(eKTu € IepCIEKTUBKHUM [1J151 3aCTOCYBaHHS B Cy4YaCHUX
OTITO-EJIEKTPOHHUX CHCTEeMaX MepeTBOPEHHS i 06po6ku iHpopmarii. [locmimkeHi cucteMu nuHamMivHOi rosiorpadii

MOXXYTb BUKOPUCTOBYBATHU SIK MOJI€JIbHI TEOPETUYHI i eKCIIepUMEHTAIbHI CXeMU IIPU BUBYEHHI (PyHIAMEHTalIbHUX

BJIACTMBOCTEM JUCUNATUBHUX COJIITOHIB B CKJIA[JHUX HEJIIHIHHNX CUCTEMAX, 10 AOCIIIPKYIOThCSI B HEIPOHHUX

Mepexax, HeJIiHIMHUX Mopessix XiMii, 6iosorii, ki1imaTa, KocMosorii Tomo.

2. TThe dissertation is devoted to the first comprehensive studies of dissipative solitons of wave-mixing (DSWM).
They represent a new kind of spatial dissipative solitons that arise in dynamic holographic systems operating on
reversible nonlinear-optical materials. We found that the basic prerequisites for the formation of DSWMs are self-
diffraction of interacting waves, accompanied by the effect of energy transfer between the interacting waves, and
relaxation of nonlinearity in the medium. Detailed theoretical studies of the DSWMs are carried out, including the
study of various types of DSWMs and their dependence on the parameters of a nonlinear system. We show that a
nonlinear system of the self-diffraction reduces to a single nonlinear evolutionary equation, which is (i) the
parametric nonlinear Schrodinger equation (pNLS) (for reflective self-diffraction geometry) or the parametric
Ginzburg-Landau equation (pCGLE) (for transmission self-diffraction geometry). The obtained pNLS and pCGLE
explicitly contain the real parameters of the original nonliner system, namely, the gain of a nonlocal dynamic
grating, and the grating period. In addition, both of these equations contain an exponential decay factor depending
on the relaxation time constant of the medium. The equations are derived for the case of the formation of a
nonlocal dynamic phase grating. This case corresponds to the conditions of maximum energy transfer and the
absence of phase transfer between the interacting waves. The pNLS and pCGLE describe the nonlinear dynamics
of two coupled lattices, which are an intensity lattice for light interference and a dynamic grating for
photoinduced refractive index. We also show that the initial nonlinear system can be reduced to a sine-Gordon
equation (for transmission geometry) or to a tangent-Gordon equation (for reflective geometry). These equations
contain a relaxation term along the longitudinal coordinate z of wave propagation. We obtain analytical solutions
for DSWM in steady state. The solution is a single bright soliton for transmission geometry and a dark soliton (a
kink) for reflective geometry. The solution describes a stable spatially localized profile for the interference
intensity of the interacting waves along the longitudinal direction z. The envelope of the amplitude of the dynamic
grating has a similar soliton-like profile. The first experimental studies of the formation of an inhomogeneous
spatial profile of the amplitude of a phase dynamic grating upon self-diffraction of laser beams in a bulk
photorefractive crystal are described. It was found experimentally that the envelope of the dynamic grating
amplitude takes a soliton-like form in accordance with the prediction of the theory. We show that formation of
different types of DSWM solutions can lead to new effects that arise from self-diffraction of laser beams in
dynamic media. We consider theoretically new possibilities for manipulating laser pulses as a result of DSWMs
formation during the interaction of these pulses in a nonlinear optical material. Among such effects are:
compression and amplification of laser pulses as a result of complex nonlinear dynamics in the system; light-
control-light mirrors with high amplification, which can be created in fiber Bragg gratings or in photonic crystals;
development of a holographic amplifier, which includes a set of matched thin phase gratings; optimization of
optical phase conjugation schemes that provide high gain coefficients; optical logic elements, and others. We have
also obtained breathers solutions for DSWM. We have shown that the breathers arise for conditions when the
nonlinear system is unstable. Then under the influence of random phase fluctuations for interacting waves, the
DSWM becomes in the form of periodic pulsations. All these effects can be promising for applications in modern
optoelectronic information systems. We have developed a theoretical model of self-diffraction of laser beams on
thin materials in the Raman-Nath regime. Analytical solutions of our model allow using Raman-Nath self-
diffraction as a method for determining nonlinear-optical coefficients in thin materials. We have applied this
method to study the nonlinear optical properties of many new materials. Among them, we first have proposed and
prepared hybrid liquid crystal cells containing a photonic crystal made on one of the cell substrates. The results of
the provided studies can be extended to other nonlinear systems, which involve the nonlinear interaction of
coupled lattices (coupled chains). Our research also prove that dynamic holographic systems demonstrating the
energy transfer between interacting waves can be used as model theoretical and experimental systems to study



the fundamental properties of dissipative solitons in other, more complex nonlinear systems that are studying in
neural networks, in nonlinear models of chemistry, biology, climate, cosmology, etc.
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