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1. Jlemko O. B. OntryHi B1acTUBOCTI C(OEPUYHNUX HEKOHIIEHTPUYHUX KBAHTOBUX TOYOK THUIIY SIIPO-000JIOHKA.
Kgasnigikaniiina HaykoBa po60Ta Ha IpaBax pykomnucy. Jlucepralis Ha 3000yTTs HAyKOBOTO CTYIEHSs JOKTOpa
dinocodii 3a crierianpHicTio 105 «I[Tpuknanna ¢i3uka Ta HAaHOMaTepianuy» — JporobulbKUil JepsKkaBHUN
nejaroriyHuil yHiBepcuret imeHi IBaHa dpanka, MiHicTepcTBo ocBiTu i Hayku Ykpainuy, JJporoouy, 2025.
Jucepralis NpUCBsY€Ha TEOPETUYHOMY JOCJIIIPKEHHIO BIUIMBY [IapaMeTPa HEKOHLEHTPUYHOCTI C(PEPUIHOI
KBAaHTOBOI TOYKM TUIIY SIAPO-000JIOHKA Ha €JIEKTPOHHI Ta AipKOBi CTAaHU i HAa ONTUYHI MapaMeTpH y TAaKUX CUCTEMaX.
JocminKeHHs] BUKOHYBAJIMCh /1151 KBAHTOBUX TOUOK y HAOJIMKEHHI IPSIMOKYTHHUX [IOTEHLiaJIbHUX 5IM i 6ap’epiB,
MeTony e(peKTUBHOI Macy Ta MOJIeJli 1ieJIEKTPUYHOrO KOHTUHYYMY. XBUJIbOBI (PYHKIii €JIeKTPOHA i AipKU Ta ixHil
€HEPreTUYHUN CIIEKTP PO3PAaXxOBAHO METOLOM IJIOCKUX XBUJIb, BAPialliiHUM METOLOM Ta METOIOM CKiHYEHUX

eJsieMeHTiB. JloClifpKeHHS BIJIMBY NIapaMeTpa HEKOHLEHTPUYHOCT] y cpepuIHMX KBAHTOBUX TOYKAX TUILY SIIPO-



000JIOHKA € BXJIMBUM [J151 PO3YMiHHSI 3aJI€5KHOCTI €JIEKTPOHHUX i AipKOBUX CTaHiB Bifl pO3MipiB 11apiB KBAHTOBOI
TOYKH, a TAKOX [IJIsI KOPEKLii Ta MPOrHO3yBaHHS ONTUYHMX MTapaMEeTPiB TAKUX HAHOCTPYKTYP. PesysbTaTn
TOCJIiIPKEHHS MOXKYTh 3HAITU 3aCTOCYBAaHHS Y PO3PO01i HOBUX ONTUYHUX NPUJIAZLiB, 30KpEMA [J1 MOKPALLEHHS
Iil0YMX ITapaMeTPiB CBITJIOBUIIPOMIHIOBAJIbHUX [i0ZiB, IETEKTOPIB €J1EKTPOMArHiTHMX XBUJIb, COHIYHUX
KOHLIEHTpATOPiB. [IpakTyHe 3HaYE€HHA OTPMMAHUX PE3yJbTaTiB JOCiAKeHH [T0Ka3any, o 3MillleHHS a1pa
BiZIHOCHO 000JIOHKY CYTT€BO BILIMBA€ HAa ONTUYHI BIACTUBOCTi KBAHTOBUX TOYOK TUILY $1IPO-000JIOHKA, 11O
IO3BOJISIE LIiIECTIPSIMOBAHO KOPUTYBaTHU iXHi xapakTe€pPUCTUKU. 1]e 0cO6IMBO BasKIMBO 117151 PO3POOKU HEOINMAIOUUX
CBITJIOZIO/IiB, OCKIJIbKY OINTHAMI3allis €JIEKTPOH-iPKOBUX B3a€MOJIN i JOMIIIKOBYX CTaHIiB 3MEHIIy€ BTPATU €HEPTII.
Taxkosx pe3ysbTaT MOXKYTb OyTY BUKOPUCTaHI 1J1s1 KOHCTPYIOBaHHS iHppauyepBOHUX AETEKTOPIB 115 HiYoro
0a4eHHS YU TeparepLoBUX JE€TEKTOPIB /i 6E3KOHTAKTHOTO KOHTPOJIIO 6e3neku. KpiM Toro, BCTaHOBJIEHI
3aKOHOMIPHOCTI ONIOMaraioTh 3HU3UTH BILJIMB AE(EKTIB, 0 OKpallye CTabilbHICTD i TOBrOBIiYHICTb
OITOEJIEKTPOHHUX NPUCTPOIB. OTPUMaHi Pe3yIbTaTA MOXYTb OyTH BUKOPUCTAHI [1J151 IPOTHO3yBAaHHS
XapaKTepUCTUK KBAaHTOBUX TOYOK Ta iX ajanTaiiii 0 KOHKpETHUX MOTPe6 MPOMUCIOBOCTI. BusiBneHuii BB
HEKOHLIEHTPUYHOCTI Ta €JIEKTPUYHOTO I10JIs1 HA €HEPreTUYHI PiBHI J03BOJIsIE CTBOPIOBATU BUCOKOE(EKTUBHI
JIIOMiIHECLI€HTHI LIEHTPHU 17151 IOKPAllleHHS €Hepronepenadyi y COHsIYHUX KOHLeHTpaTopax. Lle BigkpuBae
MOSKJIMBOCTI 17151 MifgBUIIeHHS! €(PeKTUBHOCTI ITPUCTPOIB MEPETBOPEHHSI COHSYHOI €HEePTii 3aB/ISIKA 3MEHIIIeHHIO
BTpaT BUNPOMiHIOBaHHs. Taki pe3ysbTaTty OyyTh CIIPUSATHA PO3pOo06LIi HOBITHIX MaTepiasiB AJ1s1 GOTOHIKU 3
KOHTPOJIbOBAaHUMU ONTUYHMMU BJIACTUBOCTIMU. TaKUM YMHOM, OTPMMAaHi HAyKOBi pe3yJIbTaTH MalOTh LIPOKE
IIPAKTUYHE 3HAYEHHS 151 Cy4YaCHUX TEXHOJIOTIN y cepax eHepreTUKU, ONTOEJEeKTPOHIKY Ta HAHOMATEPialiB.
KirouoBi cyioBa: [OMillIKa, €JIEKTPOHHI i IipKOBi CTaHU, EHEPTETUYHI CIIEKTPH, HaIliBIIPOBiIHMKOBA HAHOYACTHHKA,
0OMiHHA B3a€MO/Iis, ONTUYHUIN KoeillieHT MOTJIMHAHHS, TapaMeTp HEKOHLIEHTPUYHOCTI, cpepriHa

HEKOHIEHTPNYHA KBAHTOBA TOYKa TUITY HILpO—O6OJ'IOHKa.

2. Leshko O. V. Optical Properties of Spherical Non-Concentric Core-Shell Quantum Dots. - Manuscript.
Dissertation for the degree of Doctor of Philosophy (Candidate of Physical and Mathematical Sciences) in the
specialty 105 "Applied Physics and Nanomaterials" - Physics of Semiconductors and Dielectrics - Drohobych Ivan
Franko State Pedagogical University, of the Ministry of Education and Science of Ukraine, Drohobych, 2025. The
dissertation is devoted to the theoretical study of the influence of the nonconcentricity parameter of a spherical
core-shell quantum dot on the electronic and hole states, as well as on the optical parameters of such systems.
The investigations were conducted for quantum dots within the approximation of rectangular potential wells and
barriers, the effective mass method, and the dielectric continuum model. The electron and hole wave functions
and their energy spectra were calculated using the plane wave method, the variational method, and the finite
element method. The study of the influence of the non-concentricity parameter in spherical core-shell quantum
dots is important for understanding the dependence of electronic and hole states on the layer dimensions of the
quantum dot, as well as for the correction and prediction of the optical parameters of such nanostructures. The
results of the research can be applied in the development of new optical devices, particularly in improving the
performance of light-emitting diodes, electromagnetic wave detectors, and solar concentrators. The practical
significance of the obtained results. Studies have shown that the displacement of the core relative to the shell
significantly affects the optical properties of core-shell quantum dots, enabling targeted tuning of their
characteristics. This is especially important for the development of non-blinking light-emitting diodes, as
optimizing electron-hole interactions and impurity states reduces energy losses. The results can also be applied in
the design of infrared detectors for night vision or terahertz detectors for contactless security screening.
Furthermore, the identified patterns help mitigate the effects of defects, enhancing the stability and longevity of
optoelectronic devices. The obtained results can be used to predict the properties of quantum dots and adapt
them to specific industrial applications. The discovered influence of non-concentricity and electric field on energy
levels enables the creation of highly efficient luminescent centers to improve energy transfer in solar
concentrators. This opens up opportunities to increase the efficiency of solar energy conversion devices by
reducing radiation losses. Such findings will contribute to the development of advanced materials for photonics
with tunable optical properties. Thus, the scientific results obtained have broad practical significance for modern



technologies in the fields of energy, optoelectronics, and nanomaterials. Keywords: impurity, electronic and hole
states, energy spectrum, semiconductor nanoparticle, exchange interaction, optical absorption coefficient, non-
concentricity parameter, spherical non-concentric core-shell quantum dot.
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