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1. laHa gucepTallis npucBsYeHa 3aayi 36isbeHHs e(DeKTUBHOCTI IPUCTPOIB HEJIiHIMHOI ONTHUKY SIK HA OCHOBI
ONTMMi3allii XapaKTEePUCTUK BiIlOMUX MaTepiasiB, Tak i 3a paxyHOK CTBOPEHHS HOBUX HEJIIHIHHO-ONITUYHUX
MarepiasiB Ha OCHOBiI HAHOKOMITIO3UTiB. OGIPYHTYBaHHS aKTyaJbHOCTI TEMU JOCTIiIKEHHS, HOTO METY, OCHOBHI
3aBJlaHHS, HAYKOBY HOBU3HY i IPAKTUYHY LIiHHICTb AucepTalii BUCBITIEHO Y BCTYI. Y NEPIIOMY PO3Aii gucepTanii
IIpeJCTaBJIeHO OIJISH, JIiTepaTypHUX AKepeJl oAo (Pi3suky HeliHiiHO-ONTUYHUX IIPOLIeCiB — reHepaliii gpyroi
rapMoOHiKM, CyMapHOi Ta Pi3HULEBOI YaCTOT, TapaMEeTPUYHOI reHepallii, BapiaHTH iX 3aCTOCYBaHHS y OIITUYHUX
IPUCTPOSIX. PO3IVISIHYTO MATAHHS MO0 YMOB (PAa30BOr0 CUHXPOHI3MY $K CKaJISIPHOTO, TaK i BEKTOPHOTO, pearisalis
SIKMX J103BOJISIE 301JIBIINTY BEJINYUHY CIIOCTEPEKYBAHUX HEJiHIHHO-oNTUYHNX eeKTiB. [IpencTaBiaeHo orsy 3
nuTaHb Qi3MKM HAHOKOMIIO3UTIB, OIIMCAHO 3aCTOCOBAHMII METO]], BUTOTOBJIEHHS Ta CIIOCOOU BUKOPUCTAHHS ¥
ONTOEJIEKTPOHIli Ta poToHiLi. TakoXK IpeacTaBiIeHO oIl 3 NUTaHb (i3MKY HAHOKOMITO3UTIB, ONKCAHO METO[ iX
BUTOTOBJIEHHS Ta MO>KJIMBOCTI 3aCTOCYBaHHS Y POTOHIIi Ta ONITOEJNIEKTPOHILi. Y Ipyromy po3niji onrucaHo MeTof,

SIKUI 3aCTOCOBY€ETHCS B pOOOTI 1151 pO3B'sI3aHHS 337ja4i ONTUMi3alii reomeTpii HeJliHITHO-ONTUYHUX B3a€EMOIIN Y



KPUCTAIIYHUX MaTepiasax y 3araJlbHOMY BUIIQJKy HEKOJIIHEAPHOCTI B3a€MOJIiI0UMX [TIPOMEHIB (BEKTOPHOTO
($Ha30BOro CMHXpOHI3MY). MeToq, 6a3yeThCsl Ha IOOYAOBI Ta aHali3i BIAaCTUBOCTEN €eKCTPEMaJIbHUX IIOBEPXOHD, SIKi
Bif0OpakaloTb MaKCUMAaJIbHO AOCSIKHI 3HaUYeHHs e(DEKTUBHOCTI [ BCiX MOXKJIMBUX HAMPSIMKIB BUXiTHOTO
(3reHepoBaHoro) npomens. [IpencraBieHo onuc KpUCTaIiB pOMOIiYHOI Ta MOHOKJIIHHOI CUHTOHIH, 1718 SIKUX i
IIPOBOAMJIOCS AOCiIKeHHs. HalaHo onuc creliasbHOro IporpaMHoOro 3a6e3rne4yeHHs, pO3po0JIeHOro 11
IIpOBeJIeHHsI pOo3paxyHKiB. HaBenieHo aHi 1[0/10 TeXHOJIOTii BUTOTOBIEHHS HAHOKOMIIO3UTIB, SIKi SIBJISIIOTH COOOI0
HaHokpucTtanu NH4H2PO4 (ADP), postamosasi B nopax HaHomartpuli Al203 (AAO), a TakoxX onuc
€KCIIEPUMEHTAJIbHOI YCTAaHOBKH, Ha SIKill TPOBOAUIINCS LOCIIIKEHHS. Y TPETbOMY PO3[IiJli ITPEACTABIIEHO
Pe3yJIbTaTy BU3HAYEHHS MaKCUMAaJIbHO [OCSKHUX 3HaUYeHb e(peKTUBHOCTI reHepaliii Ipyroi rapMoHiky, CyMapHOi Ta
pi3HMIIEBO] 4aCTOT Y psiAii ABOBICHUX HEJIiHIITHO-ONTUYHUX KpUCTaiB pom6iyHoi cuHroHii — KTP, KTA, KB5, KNbO3,
LBO, CBO, LRB4. BuzHaueHO oNTUMaJbHi TeOMETPii BEKTOPHOTO (Pa30BOr0 CUHXPOHI3My, TOOTO TaKi HalpSIMKHU
XBUJIbOBUX BEKTOPIB BXiJHMX Ta BUXiJTHOTO IIPOMEHIB, 110 326€3Me4y0Th HaNOiIbLIi JOCSKHI 3HAaUeHHS
edeKTUBHOCTI HemiHiliHuX rpoleciB. [TokazaHo, 1110 171 3HaYHO{ KiJIbKOCTi BUTIAAKiB BEKTOPHUI (Pa3oBuit
CHHXPOHI3M 3a6e3meuye BUIly e(peKTUBHICTb, HK CKalIpHUN. 30KpeMa, Lie Mae Miclie [J1s1 reHepalii gpyroi
rapMoHiku (¢$pa3oBuii cuHXpOHi3M Tuny I a6o ssf) y KB5 (BigHOCHe 36inbieHHs €(eKTUBHOCTI CTaHOBUTD 145%), KTP
(49%), KNbO3 (39%) Ta KTA (17%). Y ueTBepTOMY PO3AiJi MPEACTABIEHO PE3yIbTATH i3 ONTUMi3allii reomeTpii
HEeJIiHIITHO-ONTUYHUX B3aEMO/IIN 171 MOHOKJIIHHUX HeJliHiMHuX onTuyHux Kpuctasnis GACOB, YCOB, BiBO, LCB.
[TokaszaHo, WO A5 LUX MaTepiasis 36i1bleHHs e(EeKTUBHOCTI, CIPUYAHEHE BUKOPUCTAHHIM BEKTOPHOTO (Pa30BOro
CUHXPOHI3MY, HE [IEPEBUIYE NECITKIB BiICOTKIB 10 BiIHOLIEHHIO [0 CKAJISIPHOTO BUIIAAKY. MakCUMa/IbHE 3HAUYEHHS
BiZJHOCHOTO 36i/IblIIeHHsI €PEKTUBHOCTI CTAHOBUTD 6J11M3bKO 53% mJ1s1 KpucTasa BiBO y Bunanky reHepatii
pisHuueBoi yactoTu. HaiiBuii abcooTHi 3HaYeHHs1 e peKTUBHOCTI TaKOK MaloTh Miclie AJ1s1 Kpucrtana BiBO; Toai sk
HaiHwkyi - 17151 LCB. Y 'ITOMY pO31ijli IpeiCTaBIeHO pe3yIbTaTh JOCiIPKeHb HAHOKOMITO3UTHOTO HEJIiHIHO-
ONITUYHOIO MaTepiasy, OTpUMaHOro BBeieHHsIM HaHOKpucTasitiB NH4H2PO4 (ADP) y HaHOIIOpYU aHOJ0BaHOTO
okcupny amominio (AAO). EkcnepuMeHTaslbHi JOCTiIpKEHHS 32 METOJIOM CMY>KOK Melikepa BUSIBUJIU CUJIbHUI
HeJIiHIHMI BiATYK TPETHOTO MOPSAKY, TOAI SIK FeHepallisl ApPyroi rapMOHiKy 6yJia BiICyTHSI, IMOBIpHO, 4epe3
HEBIANOBiAHICT (a3 i WOPCTKiCTh NOBepXHi. TeopeTrnyHe MOJEI0OBAHHS 3 BUKOPUCTaHHSIM MOPiBHSIBHOI MOAEi
Ta MOJeJli PeliHTheca T03BOJIMIIO BUBHAYUTU BEJIMYMHY HEJIIHIHOI ONITUYHOI CIPUNHATINBOCTI TPETHOTO NOPSAKY
IJ151 JOCJIiIPKEHUX 3pa3KiB. Jl0CIIiIpKeHHS BUSIBUJIO TaKO KJII0UOBY POJIb PO3MIpPYy HAHOIIOP Y BIJIUBI Ha

e(eKTUBHICTb reHepallii TpeTbOi F'apMOHIKU.

2. This dissertation is devoted to the task of increasing the efficiency of nonlinear optical devices by optimizing the
characteristics of known materials and by creating new nonlinear optical materials based on nanocomposites.
Justification of the relevance of the chosen topic of the dissertation research, the purpose of the research, the
main tasks, scientific novelty and practical value of the work are highlighted in the introduction. The first chapter
of the dissertation presents a review of literature sources on the physics of nonlinear optical processes -
generation of the second harmonic, sum and difference frequencies, parametric generation, as well as the variants
of their application in optical devices. The issues of the conditions of phase matching, both scalar and vector, the
implementation of which allows to increase the magnitude of the observed nonlinear optical effects are
considered. A review of the physics of nanocomposites is presented, a method for manufacturing nanocomposites,
their use in optoelectronics and photonics is described. The second chapter describes the method used in the
work to solve the problem of optimizing the geometry of nonlinear optical interactions in crystalline materials in
the general case of non-collinearity of interacting beams (vector phase matching). The method is based on the
construction and analysis of the properties of extreme surfaces, which reflect the maximum achievable efficiency
values for all possible directions of the output (generated) beam. A description of the crystals of the orthorhombic
and monoclinic systems, for which the study is conducted, is presented. A description of the special software
developed for calculations is provided. Data on the technology for manufacturing nanocomposites, which are
NH4H2PO4 nanocrystals (ADP) located in the pores of the AI203 (AAO) nanomatrix, as well as a description of the
experimental setup on which the study was carried out, are presented. The third chapter presents the results of
determining the maximum achievable values of the generation efficiency of the second harmonic, sum and



difference frequencies in a number of biaxial nonlinear optical crystals of the rhombic system - KTP, KTA, KB5,
KNbO3, LBO, CBO, LRB4. The optimal geometries of vector phase matching are determined, i.e. such directions of
the wave vectors of the input and output beams that provide the highest achievable values of the efficiency of
nonlinear processes. It is shown that for a significant number of cases, vector phase matching ensures higher
efficiency than the scalar one. In particular, for the case of second harmonic generation (type I or ssf phase
matching) in KB5S (the relative efficiency increase is 145%), KTP (49%), KNbO3 (39%) and KTA (17%). The fourth
chapter presents the results of the optimization of the geometry of nonlinear optical interactions for monoclinic
nonlinear optical crystals GACOB, YCOB, BiBO, LCB. It is shown that for these materials the efficiency increase
caused by the use of vector phase matching does not exceed tens of percents with respect to the scalar case. The
maximum value of the relative efficiency increase is about 53% for the BiBO crystal in the case of difference
frequency generation. The highest absolute efficiency values also occur for the BiBO crystal, while the lowest ones
are for LCB. The fifth chapter presents the results of studies of a nanocomposite nonlinear optical material
AAO:ADP obtained by introducing NH4H2PO4 nanocrystallites into the nanopores of anodized aluminum oxide.
Experimental studies using the Maker fringes method revealed a strong third-order nonlinear response, while
second-harmonic generation was absent, probably due to phase mismatch and surface roughness. Theoretical
modeling using the comparative model and the Reintjes model allowed to determine the value of the third-order
nonlinear optical susceptibility for the studied samples. The study also revealed the key role of nanopore size in
influencing the efficiency of third-harmonic generation.
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