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1. Teopist e1€KTPOHHUX IIPOLIECIB Ta B3a€EMO/ii €JIEKTPOHIB 3 aKyCTUYHMMHU (POHOHAMU Y aPCEHITHUX Ta HITPUIHUX
HaIiBIIPOBIJHMKOBUX HAHOCTPYKTypax

2. Theory of electronic processes and interaction of electrons with acoustic phonons in arsenide and nitride
semiconductor nanostructures

Pedepar:

1. Incepraniiiny po60Ty IPUCBSIYEHO TEOPETUYHUM [OCIIiIPKEHHSIM €JIEKTPOHHUX IIPOLECIB, 10 BiOYBAIOTHCA Y
6araToiapoBUX HU3bKOBUMIPHUX HAHOCUCTEMAX — PE30HAHCHO-TYHEJILHUX CTPYKTYpax, IPU ypaxyBaHHI YNHHUKIB
pizHOi Qi3nyHOI IpHUpPOAH, SIKi BIIMBAIOTh HA [IPOLECH €JIeKTPOHHOIO TYHEJIIOBAHHSI Ta €JIEKTPOHHI CIIeKTpasibHi
napameTpu. JlaHi mpouecyu MOXyTb OYTU SIK 3yMOBJIEHMMHU PO3MipDHMM KBaHTYBaHHSM y JOCJIIIKYBaHMX 00'€KTax, K

OJId TIpUKIIagy MO>XKJIMBICTb reHepaui'l' eJIeKTpOMaFHiTHOFO T10J15 3 piSHI/IMI/I 9aCTOTaMU y €JIEKTPOHHUX II€PEX0OAX,



TaK i MaTy JUCUINIATUBHUI XapaKTep, SIK HallPUKJIAT, eJIeKTPOH-(POHOHHA B3aeMOJis. JOCTiIKeHHS, 0 MoJaHi y
Iyceprauii 37iliCHIOBAIMCh MIJIIXOM [TOOYOBU TEOPETUYHUX M MaTeMaTUYHUX Mogesieil PpisuIHUX NIPOLeCiB pa3oM
i3 BUKOHaHHSIM PO3PaxyHKiB Ha iX OCHOBI 3 BUKOPUCTAHHSM Pi3HUX Qi3UYHMX Ta FT€OMETPUYHMX I1apaMeTpiB
HAaHOCHUCTEM 3 NOJAJIbIIMM aHAJi30M Ta iHTepIIpeTalielo OTPUMaHUX PEe3yJIbTaTiB. Y IUCEPTaLiliHili poboTi
IOCIIIKEHO €JIEKTPOHHUI TPAHCIIOPT Y BiIKPUTHX HAHOCHCTEMAX IIPU yPaxXyBaHHI BHECKY CTATUYHOTO I10
IMHAMIYHOTO MPOCTOPOBUX 3aPSiB, 3'sICOBAHO iX AUCUIIATMBHUI BJIMB Ha €JIEKTPOHHI KBa3iCTallioHApHi CTaHMU.
JocigKeHOo MOXKIIMBOCTI MiICHUIIEHHS €JIEKTPOHHOI IIPOBIAHOCTI HAHOCUCTEM 3a PaXYHOK reHepalii 1ogaTKOBUX
rapMOHIK Y KBAaHTOBHUX lepexofaX. Po3po6yieHo MeTo, po3paxyHKy MOTEHIiaTbHUX CXeM HITPUAHUX HAHOCTPYKTYP
Ta OGI'PYHTOBAHO 110r0 eeKTUBHICTb. PO3BUHEHO TEOPilo aKyCTUYHUX (POHOHIB B 6araTomapoBuX HiITPUIHUX Ta
apCeHiTHUX HaHOCHUCTeMaX, NOCiIHKEHO TUIY 1IUX (POHOHIB, Ta iXHi CIIEKTPH, a TAKOX IT'€30eJIeKTPUIHUN ePeKT
[IOB'S13aHUM 3 aKyCTUYHMMU (POHOHAMMU. JIOCIIIKEHO B3aEMOJiI0 €JIEKTPOHIB Ta €KCUTOHIB 3 aKYCTUYHUMU
(oHOHAMMU IPM BiIMIHHUX Bifl HYJIsl TEMIIEPATypax IUISIXOM 3aCTOCYBaHHS Maly6apiBCbkux PyHKLiH ['piHa, Briepiie
BCTAHOBJIEHO Ta IIPOaHAaJi30BaHO MeXaHi3Mu Takoi B3aemoii yepes medopmaliiHiX Ta M'e30e1eKTPUIHUN
noTeHLiany. 34iiCHEHO PO3BUTOK METOAY BiAIlyKaHHS KBAHTOBO-MEXaHIYHUX BapiaHTIB Ta BapialiiHUX METOMIB y

BaCTOCYBaHHi A0 TYHEJIBHOTO TPAaHCIIOPTY B eJIeKTpOH—CI)OHOHHI/IX CHUCTEMAX Ta 3aJIEXKHUX Bl,[[ qacy HOTeHI_LiaJIaX.

2. The dissertation work is dedicated to theoretical studies of electronic processes occurring in multilayer low-
dimensional nanosystems - resonant tunnel structures, taking into account factors of various physical natures that
affect electron tunneling processes and electronic spectral parameters. These processes can be either due to size
quantization in the objects under study, such as the possibility of generating an electromagnetic field with
different frequencies in electronic transitions, or have a dissipative nature, such as electron-phonon interaction.
The research presented in the dissertation was carried out by constructing theoretical and mathematical models
of physical processes along with performing calculations based on them using various physical and geometric
parameters of nanosystems, followed by analysis and interpretation of the results obtained. In the dissertation
work, electron transport in open nanosystems was studied taking into account the contribution of static to
dynamic space charges, and their dissipative influence on electronic quasi-stationary states was clarified. The
possibilities of enhancing the electronic conductivity of nanosystems due to the generation of additional
harmonics in quantum transitions have been studied. A method for calculating potential schemes of nitride
nanostructures has been developed, and its effectiveness has been substantiated. The theory of acoustic phonons
in multilayer nitride and arsenide nanosystems has been developed, the types of these phonons and their spectra
have been studied, and the piezoelectric effect associated with acoustic phonons has been explored. The
interaction of electrons and excitons with acoustic phonons at non-zero temperatures was studied using
Matsubara Green's functions; the mechanisms of such interaction through deformation and piezoelectric
potentials were established and analysed for the first time. The development of a method for determining quantum
mechanical invariants and variational methods in their application to tunnel transport in electron-phonon systems
and time-dependent potentials has been carried out.
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