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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

EjleKTpOHHI B/IaCTUBOCTI HU3bKOBMMIPHUX ipaKiBCbKUX 1 HAAIIPOBIIHUX MaTepiasiB 3a IPUCYTHOCTI 30BHIIIHIX

I10J1iB Ta IPOCTOPOBUX HEOLHOPIAHOCTEN.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Electron properties of low-dimensional Dirac and semiconducting materials in the presence of external fields and
spacial inhomogeneities.

Pedepar yKpaiHCBKOIO:

O6’exTOM OCIDKEHHS € AipaKiBChbKi MaTepiainy, rpadpeHOBi HAHOCTPIYKY, HAHOCTPYKTYPU, TeTePOCTPYKTYPH,
KpUCTaY, 13K03e(PCOHIBCbKI KOHTAaKTH. MeTOl0 1aHOi TeMu 0YyJI0 BUBUEHHSI BIUIMBY 30BHIIHIX I10JIiB,
HEOJTHOPITHOCTE CTPYKTYypU Ta KEPOBAHUX ITPOCTOPOBO-HEOAHOPIAHUX AedopMalliil Ha CIIeKTpaJibHi, eJIeKTPOHHI,
TPAHCIOPTHi BIACTHUBOCTI HU3bKOBUMIPHUX MaTepiasiB, 30KpeMa, OJTHO- Ta 6araTouapoBuX OipaKiBChbKUX i
HAJIIPOBiTHUX MaTepialiB, Ta FE€TEPOCTPYKTYP, O BUKOPUCTOBYIOTHCS B CY4aCHUX HAHOTEXHOJIOTISAX. PO3ryISIHYTO
AQHAJIITUYHO PiBHI JIaH#Ay B CXPEIIEHUX MATHITHOMY Ta €JIEKTPUYHOMY MOJISIX Y rpad€HOBUX HAHOCTPivYKax 3
KpicI0MoiGHAM KpaeM, OTPUMAHO €HEPreTUYHUI CIeKTP. BUX0os4M 3 MOBHOTO HA60PY CIIHOPHUX iHBapiaHTIB
piBHsIHHS Jlipaka 3 KyJIOHIBCbKMAM IIOTEHLiaJIOM Ta iXHiX ajredpaidyHuX BIaCTUBOCTEH, TOKA3aHO, 110 BOHO MOXKe
OyTu po3B’si3aHe CyTO ayiredbpaidHuM MeTooM. Po3paxoBaHO PO3MOAis 3apsly Ta CIIIHOBY Opi€HTallilo €JIeKTPOHIB
Ha aTOMHMX OpOiTaJIsIx aToMa BOJHIO Y CTaHax, IO BiANOBiNAIOTh Pi3HUM CIIIHOPHUM iHBapiaHTaM piBHSHHA [lipaka.
B pamkax Teopii lipaka po3paxoBaHO €HEPreTUYHUN CIIEKTP aTOMa BOJHIO 3 BpaxXyBaHHSIM pajlialliiHMX ITOIIPaBOK
Ta M0JIIpU3alLiil eJ1eKTPOH-TI03UTPOHHOrO BaKyyMy. Po3paxoBaHi MaTpUUHi €JIeMEHTU BPaxOBaHUX 30ypeHb
BM3HAYAIOTh BEJIMYMHY JIEMOIBCbKUX 3CYBiB €JIEKTPOHHUX PiBHIB. JJOCIIKEHO CIIEKTP OJHOBUMIPHOTO
raMisibTOHiaHa i3 ICeBROCHiHOM 1 Ta TPUKOMIIOHEHTHUM MOTEHIiaJIOM. Y BUIAAKY, KOJIM KOMIIOHEHTH IIOTEHIialy
MaloThb IIPSIMOKYTHY OpPMY, IIOKA3aHO, 1110 €HEPreTUYHUIN CIIEKTP MOXKe OyTU OJHUM i3 YOTMPbOX KapIUHAIbHO
BigMmiHHUX TUMIB. [IoKa3aHo, 10 3aKOH JUCHEPCii OAHOBUMIPHOTO Cj1a0KO B3a€EMO/iI0YO0r0 ra3y 6e3cIiHOBUX O030HIB
3 HYJIbOBMMU MEXXOBMMU YMOBAaMU CIIiBIIa/Ia€ 3 BiIOMUM 3aKOHOM AMCIIEPCii aHAJIOTIYHOI ePioANYHOI CUCTEMU,

SIKITIO CTaJia B3aeMO/Iii a60 KOHIIEHTPAIlisl € MaJIolo.

Pedepar aHr1ilicbKOIO:

The research subjects of this project are Dirac materials, graphene nanoribbons, nanostructures,
heterostructures, crystals, Josephson junctions. The aim of this project was to study the influence of external fields,
structural inhomogeneities and controlled spatially inhomogeneous deformations on the spectral, electronic, and
transport properties of low-dimensional materials, in particular, on the single and multilayer Dirac and
superconducting materials and heterostructures that are used in modern nanotechnologies. The Landau levels in
in graphene nanoribbons with an armchair edge in crossed magnetic and electric fields are analytically considered
and the energy spectrum is obtained. Based on the full set of spin invariants of the Dirac equation with Coulomb
potential and their algebraic properties, it is shown that it can be solved by a purely algebraic method. The charge
distribution and spin orientation of electrons on the atomic orbitals of a hydrogen atom in states corresponding to
different spin invariants of the Dirac equation are calculated. Within the framework of Dirac theory and taking into
account radiation corrections and polarization of the electron-positron vacuum, the energy spectrum of the
hydrogen atom is calculated. The calculated matrix elements of the perturbations determine the value of the Lamb
shifts of the electronic levels. The spectrum of a one-dimensional Hamiltonian with pseudospin 1 and a three-
component potential is studied. In case when the components of the potential are rectangular, it is shown that the
energy spectrum can be one of four essentially different types. It is shown that the dispersion law of a one-
dimensional weakly interacting gas of spinless bosons with zero boundary conditions coincides with the known
dispersion law of a similar periodic system if the interaction constant or concentration is small.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zBa HTII yKpaiHCBKOIO: EjleKTPOHHI BJIAaCTUBOCT] HU3bKOBUMIPHHUX JiPAKiBChKHX | HAZPOBIIHNX

MatepiaJiB 3a IPUCYTHOCTI 30BHILIHIX I10JI1iB Ta IPOCTOPOBUX HEOLHOPIAHOCTEN

Ha3zpa HTII aHrsi#icbKo¥0: Electron properties of low-dimensional Dirac and semiconducting materials in

the presence of external fields and spacial inhomogeneities

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpuMmaHi pe3yJIbTaTH: MeTtoay, Teopii

l'any3s 3acTocyBaHHs: 73.10.1 [locifKkeHHs i pO3POGKHY B raysi IPUPOAHUYMK HAYK
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Buxoznsuu 3 noBHOro Ha6opy CriHOPHMX iHBApiaHTIB PiBHAHHS Jlipaka 3 KyJIOHIBCHKUM MOTEHLIaTIOM
Ta ixHix anrebpaiyHuX BIACTUBOCTEH, IIOKA3aHO, 10 BOHO MOXe OYTH PO3B'sI3aHE CyTO ajrebpaiyHuM MeTogoMm. B
pamkax teopii Jlipaka po3paxoBaHO €HEPreTUYHUN CIIEKTP aTOMa BOJHIO 3 ypaxXyBaHHAM pafialliliHUX ITONIPABOK Ta
noJisipu3allii e71eKTpOH-TIO3UTPOHHOT'O BAaKyyMy. AHaJIiTUMHO Ta YMCEJIbHO BCTAHOBJIEHI KpaloBi cTaHU rpadeHoBoi
CTPIYKU i3 3Ur3arornojiHMM KpaeM CKiH4€HHOI IIMPUHY Ta HalliBHECKIHYEHHOI reOMeTpii IIPY HasABHOCTI CXPELEHUX
MArHiTHOTO i €JIEKTPUYHOrO M0J1iB, BAKOPUCTOBYIOYM HU3bKOEHEPIeTUYHY TEOPil0. BCTAaHOBJIEHO 3B'513aHi CTaHU
OHOBUMIipHOTO piBHSIHHSA Jlipaka 3 MOTEHIiaIoM, IO CKJIAJIAE€ThCS i3 KiJIbKOX eIbTa-TIOAiOHUX eHTPiB. OTpUMaHO
eHeprii 3B's13aHUX CTaHiB, sIK QYHKL{I cuiy gespTa-IoTeHIiajliB Ta BifCTaHi Mi’K HUMU. 3Ha1IeHO 3aJIeXKHICThb
IIOTY>KHOCTI €JIEKTPOMAarHiTHOrO BUIIPOMiHIOBAaHHS, 10 YTBOPIOETHCS IIif] 4aC PyXy JEKiIbKOX (PJIIOKCOHIB B MaCHUBi
TOYKOBUX [KO3€(PCOHIBCbKUAX KOHTAKTIB, Bif] CTaJIOI IUCKPETHOCTI Ta 30BHIIIHBOIO CTPYMy. 3HANZ€HO TOYHUI
PO3B’I30K [1J1s1 €HePrii OCHOBHOT'O CTaHy OLHOBUMIPHOro 603e-KpUCTajly Ta MOro XBUJIbOBA QPYHKIIisI, BUXOASMUH i3

CUMETPIMHUX KBAHTOBO-MEXaHIYHNX PO3IJISIB.

ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Creopenns npunuunoBo HOBOI MpoyKIiii (Marepiasis,

TEXHOJIOTI} TOIIO) 17151 3a6€e3MeYeHHs] €KCIIOPTHOrO MOTEHIialy Ta 3aMillleHHIO iIMIIOPTY
Brnius HTII Ha moBKiJjs:
BnposaaykenHss HTII: Bnposamxeno
IIpakTuyHa peasnisanis HTII
IToyaTok eramy: 01.2023
3akiHyeHHs eTamy: 12.2023
Crno>kuBavi NPOAYyKILii:
IlepcneKTHBHI PHHKHU:
XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM
IToTpiOHMI 06CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEPLIEHHS POOOTH:
HasaBHicTb 0i3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHEe OOrpyHTYBaHHSI.
IToTeHUiaILHUM 00CAT IIPOAAKY, THUC. TPH.:

OuiKkyBaHHI TepMiH OKYIHOCTI (pPOKiB):
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