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Pedepar:

1. bangypa I'. §I. EneKTpoHHI Ta OipKOBi CTaHU HEB3a€MOJI0YMX KBAHTOBUX TOYOK Ta iX BIOPSIKOBAHMX MACUBIB.
KBanigikanjifiHa HaykoBa pob6oTa Ha IIpaBax pyKonucy. Jluceprais Ha 3,00yTTs HAyKOBOTO CTYIIE€HS JOKTOPa
dinocodii 3a cneunianpHicTio 105 «I[Ipuknanna ¢izuka Ta HaHOMaTepianu» — JJporooULbKUN Aep>KaBHUI
negaroriyHui yHiBepcureT iMeHi IBana @panka, MiHicTepcTBO OCBiTH i Hayku Ykpainu, [Jporo6uy, 2026.
HucepTalis MiCTUTh TEOPETUYHI JOCITKEHHS €JIEKTPOHHUX Ta NiPKOBUX CTaHIB B i30JIbOBAHUX KBAHTOBUX TOYKAX
(KT) Ta pizaux macusax BrnopsaxoBaHux KT. JlocyigpkeHHs IPOBOLUIINCS 1111 KBAHTOBUX TOUOK C(PEepPUYHOI Ta
Ky6iuHOI popMU y paMKax 6araTo30HHOI Teopii e(peKTUBHOI Macu 3 BUKOPUCTAHHSIM TeOPii CyLiIbHOTO MPYKHOTO Ta
IieJIEKTPUYHOTO CEPENOBUIL. Pe3ysIbTaTy LOCIII)KEHHS € BaKJIMBUMU 3 TOUKU 30Dy YL OCKOHAJIEHHS TE€OPii

€JIEKTPOHHUX Ta JipKOBUX CTaHiB B i30/1b0BaHuX KT, 30Kpema rpu HasiBHOCTI NOMIIIOK i TPUKJIALEHUX €JIEKTPUYHUX



noJ1iB. Pe3ysibTaTu AUCEPTaLiiiHOI PO6OTH TAaKOXK MOXYTb OYTY BUKOPUCTAHi IPY TEOPETUYHOMY Ta IPAKTUYHOMY
IIPOTHO3YBaHHi €JIEKTPUYHUX 1 OIITUYHUX BJIACTUBOCTEN MACUBIB BIOPSAIKOBAHNX KBAHTOBUX TOYOK 3 Pi3HUM
TUTIOM BIIOPSIIKYBAHHS. Y pO37iii 1 IpOBeLEHO OrJIs, JIITepaTyPHUX IKEPEJL, SIKi CTOCYIOTbCS MACHBIB
BropsigkoBaHux KT, onmcaHo MeToay iXxHbOrO IPaKTMYHOrO OTPUMAaHHS i TEOPETUYHOTO aHasli3y Ta ixHi
XapaKTePUCTUKU. BCTaHOBIIEHO, 110 HEHOCiI)KeHNMH € ipKoBi cTaHu y KT y pamkax 6aratro3oHHOI mogeri
eeKTUBHOI Macy, sika BpaxoBye Aedopmauito KT-maTpuiis i nosspusalilo reTepoMeski ofHo4acHo. Y po3fini 2 y
paMKax Teopii 6araTo30HHOi e(peKTUBHOI Macu y HabIMKeHHi y chepudyHOMy HabinKeHHi bangapemi-Jlinapi
OIMCAaHO [IipKOBi CTaHM y NPOCTi# chepuyHil i3ompoBaHiit KT y matpuii. Po3risHyTo Mmozesns 3 ramibTOHiaHOM
6x6, a TaKOXX HAOGJIVDKEHHS], SIKe BDAaXOBYE CUJIbHY CIIiH-Op0iTaJIbHY B3a€MOIil0, KOJIY CIiH-BifIIeNIeHOI 30HO0
MOXKHA 3HEXTYBaTH (raminbToHiaH 4x4). BpaxoBaHo BIiuB Aedopmalii Ta nosspusauii Ha rerepomesxi KT-marpungs.
OTpumaHi pe3ysibTaTy y FPAaHUYHUX BUMNAJIKAX Y3TOIPKYIOTCS 3 TEOPETUUYHUMU PE3yJIbTaTaMU iHIIUX POOIT. Y
po31ini 3 JOCHiIKEHO CHiJIbHMI BIJIMB BOAHEBONOiOHOI aKI[eIITOPHOI JOMIIIKY Ta 30BHIMIHBOTO €JIEKTPUIHOTO
110J1s1 Ha JipKOBi eHepreTyyHi criekTpu y cgepuyHiil KT. [TokazaHo, 1110 3MillleHHS JOMILIKY Y HAlIPSIMKY
€JIEKTPUYHOTO I10J151 IOCUJIIOE PO3LIEIJIEHHS €Heprii ipKOBUX CTaHiB, a y IPOTUJIEXHOMY — 3MEHIIYyE 11e
posiieneHHs. JJoBeleHO iCHyBaHHSI KPUTUYHOIO €JIEKTPUYHOTO MOJIs, IIPYU SIKOMY BiTHOBJIIOETBCSI C(PEPUYHA
CHMETPisl po3Ioziny NipKoBoi I'yCTUHMU. Y pO3[ii 4 BUKOPHUCTAHO MOJeJli OJHO30HHOI e(peKTUBHOI Macy JJIs
€JIEKTPOHA i IipKu. PO3IJIsIHYTO OAHO-, ABO- Ta TPMMIPDHUI BIIOPSAJKOBAaHi MaCHBY OJHAKOBHUX 32 PO3MipamH i
CKJIaJIOM KBaHTOBUX TOYOK c(hepUyHOi Ta Ky6iqyHOi popM. [IpoBeeHO NOPIBHSIHHS €HEPTil eJIEKTPOHA Ta AipKU IJ1s1
cepUyHuX Ta KyOiYHUX HAAI'PATOK KBaHTOBUX TO4OK (HKT). BusHaueHo eHeprii y CMUMETPUYHUX TOYKAX MiHI30HU
Bpimoena. BctaHOBIIEHO, 110 MPUHA MiHi30HU 111 MacuBy KT TOYOK € 6isbLI00, HiX 11711 MaCUBIB CPepUYHUX AJIS
Oynb-sikux o6’emiB KT. ¥V posgisni 5 posrisinyTto Bnopsgkosasi HKT 3 neoma pisnumu KT y npuMIiTHBHIN KOMipLi
Hagrpartky. [1o6ynoBaHO T€OPi0 MiHI30OHHOTO CIIEKTPY TaKUX HAI'PATOK 3 BUKOPHUCTAHHSIM OJHO30HHOI TeOpii
ePeKTUBHOI Macy, MoJieJsiel IPSIMOKYTHUX sIM i 6ap’epiB 3 BUKOPHUCTAHHIM METOAY CUJIBHOTO 3B'SI3Ky Ta
HaOJIMKEHHS HAOJIMKUMX CyCifliB. 3acTocyBaHHs 1iiei Teopii J03B0INIIO OOUNUCIUTY JUCIIEPCiiiHI 3a/1€XKHOCTI Ta
IIMPYHY MiHi30H. [ToKa3aHo, Mo UPUHY BEPXHIX 30H 3aBXIu 6iblli, HK HIDKHIX. Ofep>kaHi B poOOTi pe3yJbTaTH i
TEOPETUYHI MOJIeli 103BOJISIIOTh BCEOIYHO aHali3yBaTH BIUIMB Pi3HUX Pi3n4yHUX (PAKTOPIB — TAKUX K PO3MIp,
Mmarepia, monspusaiis, gedopmallisi, HassBHICTb JOMIIIOK Ta 30BHILITHIX MOJIiB — Ha €eHepreTUYHi CIIeKTPU HOCIIB
3apsapy B KT i Hagrpartkax. Po3po6sieHi nigxoay MOXKYTb 6YTH BUKOPUCTAHI [1J11 TOUHOTO MOJIEJII0BaHHS 1iPKOBUX
CTaHIB y pealiCTUYHUX HAHOCTPYKTYpax. BUsBJIeHi 3aKOHOMIPHOCTI KOMIIeHcallii nosspu3aii i gegopmaii e
KOPHCHUMHU IIPY [IPOEKTYBAHHI CTPYKTYP 3 MiHIMasibHUMU HebaxaHUMU edertamu. Lle po6uTs po3pobiieHy Teopito
L[iHHUM {HCTPYMEHTOM [1J151 PO3PaxyHKiB y POTOHILli, ONTOEJIEKTPOHILli Ta KBAHTOBUX TeXHOJIOTiIX. OTprMaHi
MiHI30HHI CIIEKTPH i JUCIIEPCINHI 3aJ1€5KHOCTI J03BOJISIOTh CIIPOTHO3YBATU MOTJIMHAJIBHI BIACTUBOCTI MaTepiasliB Ta
iIXHIO 31aTHICTb O KEPOBAHOTO TYHEJIIOBAHHS. 3aIIPOIIOHOBAHA TEOPIisl TAKOXK MOXKe OyTH alaliTOBaHa [0 CTPYKTYP
3i CKJIaHIIIO reoMeTpielo Ta 6araTOKOMIIOHEHTHUMU MPUMITUBHUMU KOMipKaMU, 1[0 T03BOJISIE MOJIETIOBATH HOBI
tunu HKT. Kpim Toro, Teopis MiHi30HHOTO criekTpy 3 nBoma Tunamu KT y Komipli HaarpaTky BiKpusae
MOXJIMBICTb MOJEJIIOBAHHS CKJIAJHIINX NEPIOJUYHUX CTPYKTYP, IO CKIaAAI0ThCS 3 NEeKibKOX KOMIIOHEHTIB.
OTpuMaHi 3a71€KHOCTI IIMPUHU 30H i YMOB [J151 PO3LIEIIJIEHHS MiHI30H MOXKYTb JISATTUA B OCHOBY aJITOPUTMIB
ONTMMi3allii CTPYKTypPY HAHOKOMIIO3UTIB i3 3aJaHUMU BJIACTUBOCTSIMU. YCE 1€ CTBOPIOE TEOPETUYHE IiATIPYHTS IJIs
[IPaKTUYHOTO 3aCTOCYBAaHHS B PO3POO1i Cy4yaCHUX HAHOEJIEKTPOHHUX NIPUCTPOIB, KBAHTOBUX CEHCOPIB i €JIEMEHTIB
nam’sati. KiovoBi cyioBa: e1eKTpOHHi i IipKOBi CTaHU, eHEPreTUYHUN CIIeKTp, nedopMaliis i mossipusarisi, MacuBU

KBaHTOBHUX TOYOK, aKIEIITOPHA JIOMIIIIKa, eJIEKTPUYHE I10JIE.

2. Bandura H. Ya. Electronic and hole states of noninteracting quantum dots and their ordered arrays. Qualification
thesis (manuscript). Dissertation for the degree of Doctor of Philosophy (Candidate of Physical and Mathematical
Sciences) in specialty 105 “Applied Physics and Nanomaterials” - Drohobych Ivan Franko State Pedagogical
University, Ministry of Education and Science of Ukraine, Drohobych, 2025. The dissertation presents theoretical
studies of the electronic and hole states in isolated quantum dots (QDs) and various ordered arrays of quantum
dots. The research was carried out for spherical and cubic QDs within the multiband effective mass theory, using
the framework of the continuum elastic and dielectric media theories. The obtained results are significant for



improving the theoretical understanding of electronic and hole states in isolated quantum dots, particularly in the
presence of impurities and external electric fields. The outcomes can also be used for theoretical and practical
prediction of the electrical and optical properties of ordered QD arrays with different types of spatial ordering.
Chapter 1. sources literature concerning ordered quantum dot arrays, methods of their experimental fabrication
and theoretical analysis, and their physical properties are analyzed. It was found that hole states in QDs within a
multiband effective mass model that simultaneously accounts for deformation of the QD-matrix system and
interface polarization remain insufficiently studied. Chapter 2 describes hole states in an isolated spherical QD
embedded in a matrix within the multiband effective mass theory framework using the spherical
Baldereschi-Lipari approximation. Models based on the 6x6 Hamiltonian and a reduced 4x4 Hamiltonian were
considered. The effects of strain and interfacial polarization at the QD-matrix boundary were taken into account.
The results agree with known theoretical results in limiting cases. Chapter 3 investigates the combined effect of a
hydrogen-like acceptor impurity and an external electric field on the hole energy spectrum. It was shown that
displacement of the impurity along the direction of the electric field enhances the energy splitting of the hole
states, while displacement in the opposite direction reduces it. A critical electric field was found at which the
spherical symmetry of the hole density distribution is restored. Chapter 4 employs the single-band effective mass
model for electrons and holes to study one-, two-, and three-dimensional ordered arrays (superlattices) of
identical spherical and cubic QDs. The electron and hole energies were compared for spherical and cubic
superlattices, and energies at the symmetry points of the Brillouin minibands were determined. When comparing
minibands of cubic and spherical QDs of equal volume, it was found that cubic-dot arrays exhibit larger miniband
widths than spherical-dot arrays for any QD volume. Chapter 5 considers ordered QD superlattices with two
different QDs in the primitive cell. A theory of the miniband spectrum of such superlattices was developed within
the single-band effective mass approximation using rectangular well and barrier models and the tight-binding
method with nearest-neighbor approximation. This theory enabled the calculation of dispersion relations and
miniband widths. It was also shown that upper minibands are always wider than lower ones. The developed
theoretical models enable comprehensive analysis of how various physical factors—such as QD size, material,
polarization, strain, impurities, and external fields—affect charge-carrier spectra in QDs and superlattices. The
approaches based on multiband effective mass theory (4x4, 6x6) can be applied for accurate modeling of hole
states in realistic nanostructures. Their demonstrated reducibility to the single-band model allows one to select
the appropriate model depending on the desired accuracy. The identified compensation effects of polarization and
strain are valuable for designing structures with minimized unwanted interactions, making the developed theory a
useful tool for calculations in photonics, optoelectronics, and quantum technologies. The obtained miniband
spectra and dispersion relations allow prediction of the optical absorption properties and tunneling behavior of
materials. The proposed theory can be extended to more complex geometries and multi-component primitive
cells, enabling modeling of novel types of QD superlattices. The derived dependencies of miniband widths and
splitting conditions can be used to optimize nanocomposite structures with desired properties. Altogether, these
results form a theoretical foundation for practical applications in modern nanoelectronic devices, quantum
sensors, and memory elements. Keywords: electronic and hole states, energy spectrum, deformation and
polarization, quantum dot arrays, acceptor impurity, electric field.
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JopaTrkoBa indpopmamnis:

IToBHEe HafIMeHyBaHHS[ lopn,rmquoi ocoou: Jporobuipkuil Jep>xaBHUM NleJaroriyHui yHiBepcuTeT iMeHi
IBaHa ®paHka

Kopg 3a €IPIIOY: 02125438

Micue3HaxoaKeHHS: ByJ. IBana ®panka, Jporobuy, [Iporobunpkuii p-H., 82100, Yrpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

Biacue Ipizsume Im's [10-6aTbKOBI Cronapuyk Irop Mutposny
rOJIOBH pajgu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi Cronsapuyk Irop IMUTpOBUY

rOJIOBYIOYOrO Ha 3aCiflaHHi

BigmoBigasbHUH 32 MiATOTOBKY IBax CBiTs1aHa
00JIIKOBHX JJOKYMEHTIB

PeecTpartop IOpuenko TetsiHa AHaToiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




