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1. OnTuyYHi BJ1IaCTUBOCTI €J1IEKTPOHHOTO a3y B HAMIBIIPOBIJHUKAX 31 CKJIAJJHOIO CTPYKTYPOIO 30H

2. Optical properties of the electron gas in semiconductors with a complex band structure

Pedepar:

1. B pucepTauii HaBeJleHi pe3y/bTaTh eKCIIEPUMEHTAIbHUX JIOCIiI)KeHb €(PeKTiB 30HHOI CTPYKTYPU B IIpolieccax
PO3CisSIHHS, HeJliHINHOI pedpaKLii i IOTJIMHAHHS CBiTJ/Ia, OB'SI3aHMX i3 BIILHUMU HOCISIMM 3apsify B
HaMiBIPOBIIHMKAX 3 BUPO[PKEHUM i 6araToJ0JIMHHAM CIEKTPOM. JI7151 HaNiBIPOBiGHUKIB 3 BUPOIKEHOIO BaJIEHTHOIO
30HOI0 BIIEpIIIe BUSBICHUN HOBUH, epe6adeHnil paHinie TeOpeTUyHO, MexaHi3M HeeKpaHOBaHOTO
OJJHOYACTHMHKOBOT'O PO3CisIHHA CBiTJIa JipKaMU Ta HE3BUYHA (HEKOPEHEBA) 3aJI€KHICTh I1J1a3MOBOi 4aCTOTH AipOK Bif
iX KOHLIEHTpallii i aCMMEeTPUYHICTb JIiHii [17Ia3MOBOTO PO3CiSIHHS CBITJIa, IPUPOJA SIKUX OSICHEHA BKJIAZIOM B
JlieJIeKTPUYHY IPOHUKHICTh KPUCTAJy [IEPEXOAiB MK IiI30HAMU JIETKUX i BXXKUX JipOK. BUSIBIEHO psi HOBUX
eeKTiB B pO3Cil0BaHHi CBiTJIa IpU NPYXKHil 0JHOOCHIN fedopmaliii HaniBIpoBiHUKIB: KOMOiHALiliHe po3cisHHs Y

CBITJIa, 11O [IOB'I3aHe 3 IePEeX0JaMHU IiPOK MiX po3lienneHnMu gedpopMalielo eKCTpeMyMaMy BaJIEHTHUX ITiJ[30H,



30iIbLIEHHS J1a3MOBOi YaCTOTH 11 3MEHIIEHHS aCUMETPIi N71a3MOBOi JIiHii. Biepie BUBY4EHO BIIMB BUPOIPKEHHS i
6araToOJIMHHOCT] €eHEePreTUYHOTO CIIEKTPY Ha [IPOLieCy MOTJIMHAHHS Ta 3aJI0MJIEHHS CBITJIa B yMOBAaX CUJIbHOTO
PO3irpiBy HOCIIB y I10JIi CBiTJIOBOI XBUJIi. BUSIBJI€H] HEJTIHIMHICTD NIOTJIMHAHHS CBITJIA [IPU MIPSIMUAX MIKITII30HHUAX
OINTUYHMX [IEPEX0JAxX B HAMIBIIPOBIJHUKAX 3 BUPOPKEHOI0 BAJIEHTHOIO 30HOI0, HEJIHIVMHI ONITUYHI SIBUIIA B
6araTo0JIMHHMX HaIiBIPOBiAHUKAX (aHI30TPOMIs i HEiHIAHICTh NOTIMHAHHS iHT€HCUBHOTO [Y BUNIPOMiHIOBaHHS
CO2-nasepa, HaBefeHi CBITJIOM sIBUIIA [TOABIITHOTO IPOMEHE3aIOMJIEHHSI Ta YOTUPUXBUIILOBOI B3aeMOi), sIKi
IIOSICHEHI [TE€PEPO3IIOJIIJIOM ,IapsiyMX" €JIEKTPOHIB MK €KBiBaJIEHTHUMU JOJIMHAMMU. JIJIs1 MOBXXMHU XBUJIi CBiTJIa
?=10,6 mxm Ta Temneparyp 300 K i 80 K Bu3HayeHa KOHCTaHTa HEJIHIMHOCTI TPETHOTO MOPAAKY. Po3paxoBaHi 1 n-
Ge 3a71e>KHOCTI KOHCTAaHTY HEJIHIMHOCTI Bifi KOHIIEHTpAIllii BiIbHUX €JIEKTPOHIB, TEMIIEPATYPU KPUCTAITY, NJOBXKUHU

xButi 1Y csiTna.

2. The thesis presents results of investigation of the effects caused by the band structure in the processes of
scattering and non-linear reflection and absorption of light that are related to the free carriers in semiconductors
with the degenerate and multi-valley spectrum. For the semiconductors with a degenerate valence band there
have been found for the first time a new effect predicted earlier theoretically and consisting in non-screened
single-particle light scattering by holes, unusual (non-root like) dependence of the plasma frequency of holes on
their concentration, and asymmetric shape of the plasma light scattering line. Their nature is explained by
contribution of transitions between the subbands of light and heavy holes into the crystal permittivity. A number
of new effects in the light scattering under the conditions of elastic uniaxial deformation of semiconductors has
been found: the Raman IR light scattering connected with transitions of holes between the valence band extrema
split by deformation, an increase of the plasma frequency and decrease of asymmetry of the plasma line. For the
first time, an influence of a degenerate and multi-valley energy spectrum on the processes of light absorption and
refraction under the conditions of strong heating of carriers by a light wave field has been studied. There have
been found non-linearity of light absorption at the direct intersubband optical transitions in the semiconductors
with the degenerate valence band, various non-linear optical phenomena in the multi-valley semiconductors
(anisotropy and non-linearity of absorption of an intense IR radiation of a CO2 laser, the birefringence and four-
wave interaction phenomena induced by light). They have been explained by redistribution of "hot" electrons
among equivalent valleys. For this light wavelength and temperatures of 300 and 80 K the third order non-linearity
constant has been determined. The dependencies of the non-linearity constant on the free electron concentration,
crystal temperature and IRlight wavelength, calculated for n-Ge have been presented.
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