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Pedepar:

1. Incepraliist IpUCBAY€HA BUBYEHHIO €JIEKTPOHHOI CTPYKTYPU METAJIOPraHiYHMX KOMILIEKCIB, iX OITUYHHUX Ta
MAarHiTHUX BJIACTUBOCTEN 3 METOIO OTPUMAHHS XapaKTEPUCTHUK, 1[0 MOXKYTb OYTU BUKOPUCTAHI IpU PO3POOIIE€HHI
eJIeMeHTiB HaHOeJIEKTPOHIKU Ta CIIiHOTPOHIKY Ha 6a3i faHux MaTtepianiB. B nepumomy posnini guceprauii ornrcaso
KBaHTOBO-M€XaHiuHi METOU NOCJiI)KeHHS eJIeKTPOHHUX, ONTUYHUX Ta MarHiTHUX BJIACTUBOCTEN MaTepiaslis.
[IpoaHasnizoBaHO OJJHOCTAaHUYHUKOBI NiTXOAY, HAOJIMKEHHSI OOMIHHO-KOPEJISLIMHOro (PyHKLiOHAY, @ TAKOX
riopupHi pyHkuionanu. Onucaxi pisuvyHi OCHOBM Ta MaTeMaTHUYHUM arapar JaHUX METO/IB, a TAKOXX BKa3aHi Ha
IiepeBaru Ta HeJloJIiKy KO>KHOTO 3 MinxofiB. [IpoBeieHo aHasi3 KBa3iyaCTHHKOBUX METO/IIB, 1110 6a3yI0ThCs Ha
BMKOpHMCTaHHi QyHKIii ['piHa - meTon GWA Ta piBHsiHHS Bete-Coanitepa. B janoMy po3fiisi TakoXX OIMCaHO
METOAM JOCIIIKEHHS MAarHiTHUX BJIACTMBOCTEN, a CaMe, PO3PaxyHOK OCHOBHOTO CTaHY CITiHIIOJIAPU30BBAHUX

cucteM Ta Mozess ['efizeH6epra. OnucaHo oco6JIMBOCTI peasisallii MeTOIiB Ta allpoKCUMaliii y IporpaMmHOMY



nakeTi ABINIT. JIpyruii po3gin MiCTUTh YOTHPU MiZPO3Iiu, W0 IPUCBAYEH] JOCIIIKEHHIO YOTUPbOX TPy
MEeTaJIOpraHiYHUX CIOJIYK - (PTasoliaHiHu epexXifHUX MeTasliB, IBOBUMIPDHI CTPYKTypU Ha OCHOBI
rekcaaMmiHoO€eH3€eHy Ta reKcaaMiHTpu(EeHUIIeHy HiKeJIIo Ta Mifli, KOOpAUHALiIHUX I10JliMepiB Ha OCHOBI
nipasMHAMTIONATY Mifii Ta HiKeJI0, MeTaJIopra’iyHoro komiiekcy MOF-74. B Ko;KHOMY MiIpO37iJli IOAaHO
KOPOTKHUM JIITEPATYPHUN OIJIS1], XaPAKTEPUCTUK METAJIOPTAHIYHMX KOMIUIEKCIB Ta IX JOCIIIKEHHS B SIKOCTI
MarepiaiiB eJIeKTpOHIKM. BKa3aHO METOAM Ta MOCIIiIOBHICTh IPOBEIEHHS PO3PAXYHKIB, BXiJJHI TapaMeTpH, 110
BM3HAYalOTh TOYHICTh pO3paxyHKy.JlOCIiIPKEHO MarHiTHi BJIaCTUBOCTI (PTajoLiaHiHIB IEPEXiTHNX METaJliB.
OTpuMaHO €JIEKTPOHHY €HEPreTUYHY CTPYKTYPY Ta Hie€JIeKTPUYHY (PYHKILIO 3 ypaxXyBaHHSIM I1OBEMIiHKU
CHJIBHOCKOPEJIbOBAaHUX d-eJIeKTPOHIB Ta eKCUTOHHUX edeKTiB. [yis pTanoLiaHiHiB MapraHIo, 3ai3a Ta KoOaibTy
€JIEKTPOHi Ta ONTUYHI BJIACTUBOCTI OTPUMAaHO [1J1s1 Tapa- Ta pepoMarHiTHOro craHiB. Po3paxoBaHo Ta
[IPOAHaJIi30BaHO €JIEKTPOHHUI €HEPreTUYHUI CIIEKTP Ta NapLiajbHy TYyCTUHY CTaHIB y ABOBUMIPHUX
MeTaJIOPraHiYHUX HAHOCTPYKTYpaxX Ha OCHOBI reKCaaMiHOOEH3€eHYy Ta reKCaMiHOTpU(EHNIIEHY HIKeJII0 Ta Mifj.
[lomaHo €1eKTPOHHI BIaCTUBOCTI IIOPUCTUX KOMILJIEKCIB HAa OCHOBI MiPa3nHAMNTIONATY Mifli Ta HiKeJo.
[TpoananizoBaHO BIJIMB CUJILHOCKOPEJIbOBaHUX d-€JIEKTPOHIB NepexifIHuX eleMeHTiB. BusHavyeHo, 1o naHi
CIIOJIyKY € BUPOI KEHVMY HAIliBIIPOBIIHUKAaMU p-TUly. [IpuBeieHO YaCTOTHI 3a71€KHOCTI AiMICHOI Ta YABHOI
4yacTUHU AienekTpuyHoi ¢yHkii. [IpoBeneHo aHani3 napa-, pepo- Ta aHTudepoOMarHiTHUX MarHiTHUX CTaHIB y
MeTaslopradiyHomy komiiekci MOF-74 i3 BMicTOM MapraHliiio, 3aji3a, Ko6asubTy Ta Hikeso. OTpUMaHo
TEeMIIePATyPHi 3aJIE3KHOCTI HAMArHiYeHOCTi Ta MarHiTHOI CIIPUMHATAMBOCTI. 714 JaHUX MarHiTHUX CTaHiB
IIPOBEZIEHO PO3PaXyHOK €JIEKTPOHHOTO €HEPreTUYHOr O CIIEKTPY 3 YpaxXyBaHHSIX CUJIbHUX KOPeJIsiLii d-ej1eKTpOHiB.

OTpumaHi 4aCTOTHI 3aJI€>KHOCTI [IiiCHOI Ta YSIBHOI YaCTUHU JlieJIeKTPUYHOI (PYHKLII.

2. The dissertation is devoted to the investigation of the electronic structure of metal-organic frameworks, their
optical and magnetic properties in order to obtain characteristics that can be used in the development of elements
of nanoelectronics and spinotronics. In the first section of the thesis ab initio quantum methods of evaluating
electronic, optical and magnetic properties of materials are described. Single-particle approximations of the
exchange-correlation potential are presented. Physical and mathematical feature of these methods are described,
as well as the advantages and disadvantages of each of the approaches are indicated. The analysis of the Green's
function based quasiparticle methods (the GWA method and the Bethe-Salpeter equation) is performed. This
section also describes methods of studying of magnetic properties - ground-state calculations of spin polarized
systems and the Heisenberg model. The implementation features of these methods and approximations in the
ABINIT code are presented. The second section contains four subsections devoted to the electronic structure
investigation of metal-organic nano-objects, namely transition metal phthalocyanines,hexaminobenzene- and
hexaamintriphenylene-based two-dimensional complexes, pyrazinedithiolate-based coordination polymers,
metal-organic framework MOF-74. A brief literature review of materials properties and their application in
electronics is presented in each subsection. The features of calculations (methods and approximations , input
parameters) are described. Magnetic properties of transition metal phthalocyanines have been studied. The
electronic energy structure and the imaginary part of the dielectric function are obtained taking into account
strongly correlated d-electrons and exciton effects. Electronic and optical properties of para- and ferromagnetic
manganese, iron and cobalt phthalocyanines are obtained.The electronic energy spectrum and partial density of
states in hexaaminobenzene- and hexaminetriphenylene-based two-dimensional metal-organic ano-objects are
calculated. The electronic properties of pyrazinedithiolate-based coordination polymers are presented. The
impact of strongly correlated d-electrons of transition elements is taken into account. These compounds were
determined to be degenerate p-type semiconductors. The frequency dependence of the real and imaginary part of
the dielectric function is calculated. The study of para-, ferro- and antiferromagnetic states in the transition metal
containing metal -organic framework MOF-74 has been performed. Temperature dependences of magnetization
and magnetic susceptibility are obtained. The electronic energy spectrum was calculated, taking into account the
strong correlations of d-electrons, for each magnetic state. The frequency dependences of the real and imaginary
part of the dielectric function are obtained.
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