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

semiconductor nanostructures

Pedepar:

1. Incepraniiiny po60Ty IIPUCBSIYEHO TEOPETUYHUM [OCIIiIP)KEeHHSIM eJIEKTPOHHUX [IPOLIECiB, 110 BiiOYBaIOTHCS Y
6araTolapoBUX HU3bKOBUMIPHMX HAHOCUCTEMAX — PE30HAHCHO-TYHEJIbHUX CTPYKTYpax, [IpY YpaxyBaHHI YMHHUKIB
pi3HOI pi3nyHOI NIPHUPOAY, SIKi BIUIMBAIOTh HA MIPOLECH €JIEKTPOHHOTO TYHEJIIOBAHHS Ta €JIEKTPOHHI CIIEKTPaJIbHi
napametpu. JlaHi IpoLecu MOKYThb OyTH SIK 3yMOBJIEHUMY PO3MiPDHHUM KBAaHTYBAHHSM Yy JOCIIKyBaHUX 00'€KTaX, SIK
1715 IPUKJIAy MOXKJIMBICTb Fe€Hepallii eJIeKTPOMarHiTHOrO 101 3 PI3HUMU 4aCTOTaMHU Y €JIEKTPOHHUX I€pexXoaXx,
TaK i MaTu JUCHUNATUBHUI XapaKTep, K HallpUKJIaj eJIeKTPOH-(POHOHHA B3aeMOZis. JI0CIiIpKeHHS], 10 NIOJaHi Y
Ivceprauii 37iMICHIOBAIMCh MIJIIXOM ITOOYIOBU TEOPETUYHUX I MaTeMAaTUYHUX Mozesiell (pisnIHUX IPOLEeciB pa3om

i3 BUKOHaHHSIM PO3PaxyHKiB Ha iX OCHOBI 3 BUKOPUCTAHHSM Pi3HUX QI3NYHMX Ta FT€OMETPUIHMX I1apaMeTpiB



HAHOCHCTEM 3 [IOAJIbIIMM aHaJli30M Ta iHTepIIpeTalielo OTPMMAHUX Pe3yJIbTaTiB. ¥ nucepTaliiiHiil po6oTi
JIOCJIIPKEHO €JIEKTPOHHUN TPAHCIOPT Y BiIKPUTHUX HAHOCUCTEMAX IIPU ypPaxyBaHHI BHECKY CTATUYHOTO I10
IMHAMIYHOTO IPOCTOPOBUX 3apsAiB, 3'5ICOBAHO iX AUCUIIATMBHUN BJIMB Ha €JIEKTPOHHI KBa3iCcTallioHapHi CTaHuU.
JocigKeHo MOXKIIMBOCTI MiICUIEHHA €JIEKTPOHHOI IIPOBIAHOCTI HAHOCUCTEM 3a PaXYHOK reHepalii 10gaTKOBUX
rapMOHIK Y KBAaHTOBHUX IlepexonaxX. Po3po6yieHo MeTo, po3paxyHKy NOTEHIiaIbHUX CXeM HITPUAHUX HAHOCTPYKTYP
Ta OOI'PYHTOBAHO 110r0 e(eKTUBHICTb. PO3BMHEHO TEOPilo aKyCTUYHUX (POHOHIB B 6araTomiapoBUX HiITPUIHUX Ta
apCeHiTHUX HaHOCHUCTeMaX, NOCiIHKEHO TUY LIUX (POHOHIB, Ta iXHi CIIEKTPH, a TAKOX IT'€30€JIeKTPUIHUN ePeKT
NIOB'S13aHUM 3 aKyCTUYHMMUY (POHOHAMMU. JIOCIIIKEHO B3a€MOJI0 €JIEKTPOHIB Ta €KCUTOHIB 3 aKYCTUYHUMU
$oHOHaMH I1pY BiAMIHHUX Bif HYJIS TEMIlepaTypax LUIJIIXOM 3aCTOCYBaHHS MalybapiBcbkux QyHKuUii ['piHa, Briepiie
BCTAHOBJIEHO Ta IIPOaHAaJi30BaHO MeXaHi3MU Takoi B3aemoii yepes pedopmaliiHuX Ta 1'e30e1eKTPUYHUN
noTeHLiany. 34iiCHEHO PO3BUTOK METOAY BiAllyKaHHS KBAHTOBO-MEXaHIYHUX BapiaHTIB Ta BapialliiiHUX METOMIB Y

3aCTOCYBaHHI /10 TYHEJIbHOTO TPAHCIIOPTY B €IeKTPOH-(POHOHHUX CUCTEMAaxX Ta 3aJIEXKHUX Bifl Yacy MOTeHLiajax.

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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