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Tema gucepranii:
1. KonmBasnbHi 30y1KeHHs1 y rpadeHi Ta ByIJIeLeBUX HAHOTPYOKax i3 TOUKOBUMHU JiedeKTaMu

2. Vibrational excitations in graphene and carbon nanotubes with point defects

Pedepar:

1. Inceprarnist Ha 30OOYTTSI HAYKOBOTO CTYyIIeHs KaHuaTa Gi3uko-MaTeMaTHYHUX HayK 3a crenianbpHicTio 01.04.02
- TeopeTryHa ¢izuka. - OfecbKuil HallioHaNbHUI YHiBepcuteT iMeHi I.I. Meunukosa, Ogeca 2012. B po6ori
IOCJiI)KeHO BHECKU (POHOHHMX 30y/I’KEHbD Y ileaZbHOMY i HeifeanbHOMY rpadeHi Ta ByrjeleBuX HaHOTPYOKax,
KBa3i-MaKpOCKOMIYHUX BiJHOCHUX KOJIMBAHb CTIHOK y 6araTOCTiHKOBAX HAHOTPYOKAX [0 TEIJIOBUX XapaKTEPUCTUK
BKa3aHUX 00'eKTiB. Ha OCHOBI aHAJIITUYHO pO3B'sI3yBaHOI FapMOHIYHOI MO/IEJIi reKCcaroHajibHOI KpUCTaliYHOI IpaTKu
rpadeHy i3 ypaxyBaHHSIM B3a€MOi inie MK HalOIMKIUMU CYCilaMu JOCIIiZIPKEHO BIIJIMB TOYKOBUX Je(EKTIB Ha
CIIEKTPJIbHY I'YCTUMHY (P)OHOHHUX CTaHiB rpaeHy Ta BYIJIEL€BUX HAHOTPYOOK, a TAKOXK Ha TEIJIONPOBiTHICTh
rpadeHy CKiHY€HOro po3mipy. 3's1COBaHO, 110 [OMyBaHHS MAJIMMU KOHLEHTPALiSIMU [TOPiBHSHO Ba)KKUX aTOMIB
IIPU3BOJUTH /10 HEIIPONOPLIMHO BEJIMKUX 3MiH (OHOHHO] TeIJIONPOBiTHOCTI I'PaTKU Ta ii HU3bKOTEMIIEPATyPHOI
TEIJIOEMHOCTI. BU3Ha4€HO BHECOK BiJHOCHUX KOJIMBaHb OKPEMHUX CTiHOK y 6araTOCTIHKOBMX HAaHOTPYOKax Ao ix
TEIJI0€MHOCTI. BCTaHOBIEHO €(EKT HACUYEHHS M03/I0BXHbOI JKOPCTKOCTi 6@araTOCTiIHKOBMX HAHOTPYOOK BiTHOCHO

KiJIbKOCTi CTiHOK Ta ii JiHifiHA 3aJIe3KHICTh BiJl BeJIMYMHY 30BHIIHLOTO HABAHTAaKEHHSI.



2. The contributions of phonons in ideal and non-ideal graphene and carbon nanotubes (CNTSs), and quasi-
macroscopic oscillations of walls in multi-walled CNTs on formation of thermal properties of concerned objects
are studied. Using a solvable model which is based on the harmonic approximation and the assumption that the
elastic forces act only between nearest neighboring atoms the corrections to the graphene density of states (DOS)
dependent on the type and concentration of point defects are found. In particular the correction due to isotopic
dimers is determined. It is shown that a relatively small concentration of defects may lead to significant and
specific changes in the DOS, especially at low frequencies, near the Van Hove points and in the vicinity of the K
points of the Brillouin zone. In some cases defects generate one or several narrow gaps near the critical points of
the phonon DOS as well as resonance states in the Brillouin zone regular points. All types of defects are
characterized by the appearance of one or more additional Van Hove peaks near the (Dirac) K points and their
singular contribution may be comparable with the effect of electron-phonon interaction. The thermal conductivity
of doped graphene flake of finite size is investigated with emphasis on the influence of the mass of the substituting
atoms on this property. It is shown that graphene doping by small concentrations of relatively heavy atoms results
in a disproportionately large drop in lattice thermal conductivity. The axial stiffness and wall telescopic oscillations
in multi-walled CNTs (MWCNTs) were investigated within the continuum model based on Lennard-Jones intertube
interaction. The axial stiffness of MWCNTs was considered as a function of the number of walls and their
geometrical parameters. It was shown that the axial stiffness is determined only by several external shells (usually
3-5 and up to 15 for the extremely large nanotubes and high elongations) which is in a good agreement with the
experimentally observed inverse relation between the radius and Young modulus (i.e., stiffness) of MWCNTs.
Explicit expressions are derived for the telescopic force constants (longitudinal rigidity) and the frequencies of
telescopic oscillations. The contribution of small-amplitude oscillations to the low-temperature specific heat of
nanotubes was estimated. It was shown that this contribution is of the same order and higher than the phonon
specific heat at temperatures 1K.
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