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Pedepar:

1. CyxeHko I. B. EneKTpoHHA CTPYKTypa allaTUTIB CBUHIIO Ta KaJblIil0, ONIOBAaHUX NIEPEXiITHMMHU METalaMU Ta
Kap6oHaT-ioHamu. — Ksasi¢ikauiliHa HayKoBa Ipals Ha paBax pykonucy. Jlucepranist Ha 30006yTTS HAyKOBOTO
cTyIeHs fokropa ¢inocodii 3a crienjanbHicTio 105 — . — IM® HAHY, Kuis, 2025. KpucranoxiMiyHa yHiBepcaybHICTh
i bararcTBO QYHKIIOHAJBHUX BJIACTUBOCTEH allaTUTONOAIOHUX CIIOJIYK, 110 MAIOTh 3arajbHy GOpMyIly
Mel0(X04)6Y2, 1e5xuTh B OCHOBI iX MIMPOKOTO 3aCTOCYBaHHS B MaTEPiallo3HABCTBI Ta TEXHOJIOTIAX. Y Lill JucepTaiii
CHCTEMATUYHO JTOCJIIPKEHO CTPYKTYPHI, €JIEKTPOHHI Ta MarHiTHi BJIaCTUBOCTI KiJIbKOX KJIACiB allaTUTIB, 3
0COOJIMBUM aKII€eHTOM Ha TOKJIaJIHUI TeOPeTUYHUM i eKCIlepuMeHTaIbHUM aHai3 i3oMoppHO-3aMillleHUX Mo
CBUHIIEBUX aNlaTUTiB. BukopucroByoun Mmetonu Teopii pyHkuionany ryctunu (DFT), nonosHeHi nigxogamu DFT+U
Ta napamerpamu U, ], OTpUMaHUMU 3 NEPIIONPUHIUITHUX PO3PAXyHKIiB METOJIOM OOMEKEHOTO HAOIMKEHHS

BumankoBoi gasu (cRPA), y po6oTi ineHTH(iKoBaHO [1epCIeKTUBHI KAHIWUIATHU 3 TIOTEHIITHO HeTPUBiaIbHOIO



€JIEKTPOHHOIO Ta MarHiTHOIO MOBEJiHKOIO, 1O BiIKPUBAa€E UJISX A0 iX MOAAJbIIOro BUBUEHHS B 06J1aCTi
HaJIIIPOBiTHOCTI, MarHETU3My Ta KOPEJIbOBAHUX €JIEKTPOHHMUX SIBULL,. B 11i10My, nucepraliisi IpornoHye
OaraTopiBHEBE [IOCJI/I)KEHHS CTPYKTYPH, €JIEKTPOHHUX i MarHiTHUX BJIaCTMBOCTE! allaTUTIiB, 30KpeMa pO3TJsiandy
eeKTy KapOOHATHOrO 3aMillleHHs1, KaTiOHHE JOIyBaHHS Ta OCOOJIMBO — MiHO3aMillleHi CBUHIIEB] alaTUTH.
TeopeTuyHi 06paxyHKH, MiATPUMaHi €KCIIEPUMEHTOM, IEMOHCTPYIOTh MOKJIMBICTb CYTTE€BOI Moaudikaliii
BJIACTMBOCTE! Yepe3 LiJeclIpsSIMOBaHy XiMiuyHYy 3aMiHy OKpeMUX aTOMiB. BcTaHOBJIEHHS KpUTEPiiB cTabiIbHOCT,
CTPYKTYPHUX BUKPUBJIEHb, MAarHiTHOI B3a€MO/Iii Ta HASBHICTb IVIACKUX 30H Y MiJHOBMICHUX allaTUTAX MiIKPECII0E
iXHill TOTeHLia 1J1s1 BUBYEHHS] HOBUX €JIEKTPOHHUX (a3 i CTBOPEHHS (PYHKLiIOHAJIbHUX MaTepiajiB HOBOTO

[TOKOJIiHHS.

2. Sukhenko 1. V. Electronic structure of lead and calcium apatites, doped with transition metals and carbonate
ions. —— Qualification scientific work in the form of manuscript. Thesis for doctor of philosophy degree in
speciality 105 -- . —— IMP NASU, Kyiv, 2025. The crystal-chemical versatility and the wealth of functional
properties of apatite-like compounds, represented by the general formula Mel0(X04)6Y2, underpin their broad
applicability in materials science and technology. This dissertation systematically investigates the structural,
electronic, and magnetic properties of several classes of apatites, with particular emphasis on a detailed
theoretical and experimental analysis of copper-substituted lead apatites. Using density functional theory (DFT)
methods, complemented by DFT+U and parameters U, J obtained from first-principles constrained random phase
approximation (cRPA) calculations, the work identifies promising candidates with potentially nontrivial electronic
and magnetic behavior, paving the way for their further exploration in superconductivity, magnetism, and
correlated electronic phenomena. In summary, this dissertation presents a multiscale investigation of the
structural, electronic, and magnetic properties of apatites, focusing on carbonate substitution, cation doping, and
especially copper-substituted lead apatites. Theoretical calculations, supported by experiments, demonstrate the
ability to engineer significant property changes through targeted atomic substitution. The identification of stability
criteria, structural distortions, magnetic interactions, and flat-band features in copper-substituted apatites
underscores their potential for exploring novel electronic phases and developing next-generation functional

materials.
Jep>kaBHHHM peecTpaniiiHuii Homep [iP:
IIpiopuTeTHHH HANIpSIM PO3BHTKY HayKH i TEXHIKHU: Hosi peuoByHY | MaTepianu

CrpareriyHui NpiopUTETHUH HANIPSIM iHHOBaILLiHHOIL JiSIJIBHOCTI: OCBOEHHS HOBUX TEXHOJIOTIH
TPAHCIIOPTYBaHHS €HePrii, BIPOBa)KeHHs eHepProepeKTUBHUX, peCypCcOo306€epiraloynx TeXHOJIOTiN, OCBOEHHS

aJIbTePHATUBHUX JIPKEPeJ €Heprii
ITiZCyMKH ZOCIIiI>KEHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS
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Physics: Condensed Matter. 2024. T. 37, N2 8. C. 083002. (IOP Publishing) https://doi.org/10.1088 /1361~
648x/ad9804

e Karbivskyy V., Kurgan N., Hantusch M., Romansky A., Sukhenko I., Karbivska L. Design of the electronic
structure and properties of calcium apatites via isomorphic modification of the cation sublattice, and
prospects of their application // Journal of Applied Physics. 2024. T. 135, N2 6. C. 065102. (AIP Publishing)
https:/ /doi.org/10.1063 /5.0179754
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https://doi.org/10.1063 /10.0035843

¢ Sukhenko, I. V., Karbivskyy, V. L., Kurgan, N. A., Nedilko, S. A., Ivanov, O. V., Kliuienko, L. P. (2025). Electronic
structure of carbonate-containing lead and calcium apatites. Journal of Electron Spectroscopy and Related
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