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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PYyOPHK: 29.33.43

Tema gucepranii:
1. JIokanisanis CBIiTJIOBUX iMITyJIbCIB Ta HOCIIB 3apsay B MaTepiajiax 3i CTalliOHapHMMU Ta JUHAMIYHUMU ONTUYHUMU

HEOJHOPITHOCTSIMU.

2. Localization of light pulses and charge carriers in materials with permanent and dynamic optical
inhomogeneities.

Pedepar:

1. B pucepTauiiHiil poboTi JOCTIIKYIOTbCSI 3aKOHOMIPHOCTI JIOKasli3allii CBITJIOBUX iMITyJIbCiB Ta HEPIBHOBAKHUX
HOCIIB 3apsiy B [IPO30PUX Ai€JIEKTPUYHUX CEPENOBUILIAX. [IJIsI IPOBEAEHHS NOCIII)KEHb CTBOPEHO OPUTiHAJIbHUN
KOMILJIEKC NPeLu3iiHUX B3a€MOJIONIOBHIOIUNX METOIMK 32 3arajIbHOI0 CXEMOI0 "30YIPKeHHI-30HIyBaHs", cepe],
SIKUX 6a30BOIO € HOBA METO/I0JIOTiSI YaCOPO3AiNIbHOI MiKPOCKOIIii IPOCTOPOBO-4aCcOBOi TpaHCcPopMaliii
(heMTOCeKyHIHUX JIa3epHUX IMITYJIbCIB 3 4aCOBOIO PO3Li/IbHOIO 30aTHICTIO ~ 70 ¢ i TpoCcTOpPOBOIO - 1,5 MKM.
BuBueHi yMOBM yTBOPEHHSI, PO3IIOBCIOIKEHHS Ta B3a€MO/Lil la3epHUX PeMTOCEKyHIHUX PiTaMeHTIiB - 0COOIMBUX
(}i3MYHMX TiJl 1J1a3MOBO-TI0JIbOBOI IpUpoAU. [IpsSIMUM YacOPO3LiIbHUM METOZIOM Y IJIaBJIEHOMY KBaplii Bliepiie
3apeeCTPOBaHi BilXWJIEHHS BUAKOCTI PO3NOBCIOJKEHHS MAaKCUMyMY OCbOBOI iIHTEHCUBHOCTI (PEMTOCEKYHIHOTO
¢dinameHTa Bif CBIT/IOBO] i BULIE Ne(OKyCyBaHHS CBiTJa [171a3MOI0 B XBOCTOBII YaCTUHI (PEeMTOCEKYHIHOTO

dinamenTa. CriocTepesxeHo 4aCOBY CAMOKOMIIPECIIO i YacoBe po3aiieHHsI PeMTOCEKYHIHOTO JIa3€PHOT0 iMITyJIbCY B



npoueci ¢isameHTatii. 3alIPONIOHOBAHO i Peasli3oBaHO CIOCI6 KEPYBAHHS a3MMYTAJIbHUM MOJIOKEHHSIM (ilaMeHTiB
HIJISIXOM 3MiHM pi3HuIi (a3 Mi>k B3a€EMHO KOTEPEHTHUMU CITiIBOCHUMU OTITUYHUM BUXOPOM i 6€3BUXPOBOIO IJIOCKOI0
pedepenTHolo xBuelo. [TokazaHo, 1110 YMOBU Y€PEHKOBCBKOI'O CUHXPOHI3MY 17151 BCiei aHTUCTOKCOBOi KOHIUHOI
€eMicii, sIka 30y[KyeTbCsl 6€CCeliBCbKUM IyYKOM, 330BOJIbHSIOTHCS Y BUNAMIKY PiBHOCTI OCbOBUX (DA30BUX
IIBUAKOCTE MMy4Ka 30yAKEHHs i cToKcoBOi xBuli. B g-As4Ge30S66 criocTepeskeHO PilaMeHTOBaHUI PEKUM
PO3II0BCIOIKEHHS (PEMTOCEKYHIHUX JIa3epHUX IMITyJIbCiB i camo3anuc iHAyKoBaHUX (inameHTaMu
MiKpOXBUJIEBOIiB. 3alIPONIOHOBAHUH i BUITPOOYBAHUM NIPAKTUYHUIA METOJ, MiKpOOOPOOKU IIPO30pPUX MaTepiais 3a
y4acTIO JIa3epHO-iHAYKOBaHOI My1a3mMu. [TokasaHo, 1o 36inblIeHHs] KBaHTOBOro Buxoay ®JI y HaHOKpucTasnax Si,
iHkopnioposanux y SiO2 matpuiiio, rpu 36yIpKeHHi peMTOCeKyHIHUMU JIa3ePHUMH iMITyJIbCaMU BiZlOyBaeTbCst
BHACJIiIOK [IOBHOI'O HACUYEHHSI NTACTKOBUX CTaHiB. 3alIPOIIOHOBAHO MOJIEJIb "IBOTAKTHOT'O 3aPsLOBOr0 MOPIIHS",
3riJIHO 3 SIKOI0 aKTUBALIIMIHE 3aXOIJIEHHS BiJIbBHUX HOCIiB KDEMHI€BOTO s1ipa HAHOKPHUCTAJIiTA MACTKOBUMU CTaHAMU

Ha OKCUJHIN 000JI0HL BinOyBaeThCs Yepes NOCHiIoBHI akTu Oke-POo3CisHHSL.

2. The thesis deals with the study of localization of light pulses and nonequilibrium charge carriers in transparent
dielectric media. An original complex of precision complementary experimental techniques by the general "pump-
probe" scheme is created to perform the experiments. The complex includes a new basic methodology of time-
resolved microscopy of spatio-temporal transformation of femtosecond laser pulses with a temporal resolution of
~ 70 fs and spatial - 1.5 um. The conditions of formation, propagation and interaction of femtosecond laser
filaments, i.e. physical bodies of plasma-field nature, are studied. A set of "pump-probe" experimental techniques is
developed, among which a new methodology of time-resolving microscopy of spatial-temporal transformation of
femtosecond laser pulses with a ~ 70 fs temporal- and ~ 2 ?m spatial resolution, occupies a central place. Using this
methodology the following phenomena were for the first time directly observed in the femtosecond filaments in
fused silica: deviation of the velocity of the axial intensity maximum from the speed of light, plasma-caused light
defocusing in the pulse tail, self-compression and splitting in time of the femtosecond laser pulse. A method of
control of the azimuthal position of the filaments by changing the phase difference between the coaxial mutually
coherent optical vortex and vortex-free plane reference wave is proposed and implemented. It is shown that the
conditions of Cherenkov synchronism for all the anti-Stokes conical emission, which is excited by Bessel beam, are
satisfied if the axial phase velocities of the excitation beam and Stokes wave are equal. Filamented propagation
mode of femtosecond laser pulses and self recording of the permanent filament-induced waveguides are observed
in g-As4Ge30S66. A practical method for micromachining of transparent materials involving laser-induced plasma
is proposed and tested. It is shown that an increase in the quantum yield of the photoluminescence of Si
nanocrystals, incorporated in SiO2 matrix under the femtosecond laser excitation is due to the complete
saturation of trap states. A model of "two-stroke charge piston" is proposed, according to which the activation
capture of free carriers of the nanocrystal silicon core by the trap states in the oxide shell occurs by means of
successive acts of Auger scattering.
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