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Pedepar:

1. CyxeHko I. B. EneKTpoHHa CTPYKTypa anaTUTIB CBUHIIIO Ta KaJIbLil0, TOMOBAHUX IIEPEXITHNMU METalaMU Ta
Kap6onar-ioHamu. — KBamigikalifiHa HaykoBa IIpalsl Ha IpaBax pykonucy. Jlucepratiisi Ha 3000yTTsl HAYKOBOTO
ctyneHs gokropa ¢inocodii 3a cneuianphicTio 105 — . — IM® HAHY, Kuis, 2025. KpucrasnoxiMiyHa yHiBepCalbHICTb
i 6araTcTBO (PYHKLIOHAJIBHUX BJIACTUBOCTEN allaTUTONOAIOHUX CIIOMYK, [0 MAIOTh 3arajbHy (GOPMYIy
Mel0(X04)6Y2, n1e>xuTh B OCHOBI iX MIMPOKOr0 3aCTOCYBaHHS B MaTepiaslo3HABCTBI Ta TEXHOJIOTISX. Y ikl nuceprauii
CHCTEMATUYHO IOCJIIPKEHO CTPYKTYPHI, €JIEKTPOHHI Ta MarHiTHi BJIACTMBOCTI KiJIbKOX KJIACIB allaTUTIB, 3

O0COOJINBUM aKII€EHTOM Ha NOKJIaJHUI TEOPETUYHUM i eKCIIepUMEHTaIbHUN aHai3 i3oMoppHO-3aMillleHUX MiTTTI0



CBUHILIEBUX allaTUTIiB. BukopucroByoun Mmetoau Teopii pyHkuionany ryctunu (DFT), nonosreni nigxogamu DFT+U
Ta napamerpamu U, J, OTpUMaHKUMU 3 [IEPUIOTIPUHIMUITHUX PO3PaXyHKiB METOJOM OOMEXEHOTO HaOIVDKEHHS
BUIankoBoi gazu (CRPA), y po6oTi ineHTH(iKoBaHO [1€pCIEKTUBHI KAHIWUATH 3 IOTEHLiITHO HETPUBialbHOIO
€JIEKTPOHHOIO Ta MarHiTHOIO MOBEAIHKOIO, L0 BiIKPUBAE IIJISIX A0 iX NOJAJbIIOr0 BUBYEHHS B 00J1aCTi
HAAIIPOBITHOCTI, MATHETU3MY Ta KOPEJIbOBAHUX €JIEKTPOHHUX SIBUIL. B 1isioMy, Aucepralis IporoHye
OaraTopiBHEBe [IOCJII)KEHHS CTPYKTYPH, €JIEKTPOHHUX i MarHiTHUX BJIAaCTMBOCTE! allaTUTIiB, 30KpeMa pO3IJisigandu
edeKTy KapOOHATHOrO 3aMillleHHs1, KaTiOHHE JOIyBaHHS Ta OCOOJIMBO — MifHO3aMillleHi CBUHIIEB] allaTUTH.
TeopeTuyHi 06paxyHKH, NiITPUMaHi EKCIIEPUMEHTOM, IEMOHCTPYIOTh MOXJIUBICTb CyTTEBOI MOAM(iKaLii
BJIACTMBOCTE! Yepe3 LiJeclpsSIMOBaHy XiMiuyHYy 3aMiHy OKpeMUX aTOMIB. BcTaHOBIEHHS KpUTEPiiB cTabisIbHOCTI,
CTPYKTYPHUX BUKDPUBJIEHb, MAarHiTHOI B3a€MO/Iii Ta HASIBHICTb IVIACKUX 30H Y MiJHOBMICHUX allaTUTaX MiIKPECII0e
iXHill TOTeHILial 1J1s1 BUBYEHHS] HOBUX €JIEKTPOHHUX (a3 i CTBOPEHHS (PYHKLIOHAJIbHUX MaTepiajiB HOBOTO

[TOKOJIiHHSI.

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 Me10(XO4)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.
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