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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3MipHi esieKTpoHHI epeKTU B MeTaleBUX HAHOCTPYKTypax i HaHOAEe(EeKTax MeTay

Ha3sBa po6oTH aHIJIilICbKOIO:

Size electron effects in metallic nanostructures and nanodefects of metal

PedepaT ykpaiHCbKOIO:

O06'eKT BOCHiI>)KeHHS - HU3bKOBUMIPHi MeTaseBi cucTemMu, HaHOAE(EKTU B MeTasax i BiAKPUTI KBAHTOBI TOUKHU.
Merta po6oTu - po3pobKa eJeMeHTiB Teopii, eKCIIepUMEHTAIbHUX JOCIIiIKeHb i 1o0ymoBa PisndHux Monenei
po3MipHUX eQeKTiB B ME30CTPYKTypax. Po3p06s1eHO KOHCTPYKILiIO i aITOPpUTM POOOTH aBTOMATU30BaHOI YCTAHOBKU
111 BUMIPIOBaHHS IIOBEPXHEBOTO MIOTEHIiay. YCTaHOBKA JO3BOJIsI€ BUMIPIOBATH [TOBEPXHEBUI ITOTEHIIial 3pa3KiB
METaJliB Ta HaMiBIPOBiAHUKIB MeTOAOM KeJbBiHa SIK 32 KIMHAaTHUX YMOB TaK i y BaKyymi. Po3po6seHo anroputm
PO3paxyHKy S-MaTpHuLi po3CiloBaHHS JIs pyXy €JIEKTPOHA B OHOBUMiIpHOMY MOTeHIiaIbHOMY po@ii noBibHOI
dopmu. PospaxoBaHo Mosocu S-MaTpulli po3ciloBaHHSI, p€30HAHCHI eHeprii i yIIMpeHHs KBazicTallioHapHUX PiBHIB
LUMJIIHAPUYHOI KBAHTOBOI TOYKM Y 30BHIITHBOMY €JIEKTPUYHOMY I10J11. Monu}iKoBaHO TEOPiI0 OGHOEJIEKTPOHHOTO
TyHeJI0BaHHs i BAX BifKpUTOi MeTasneBoi KBaHTOBOI TOUKHM 3 YPaxyBaHHSIM YIIMPEHHS PiBHiB. [ 06UnCIIeHHs
KoedilieHTy IPOIyCKaHHS MeTaJIeBUX IJIiIBOK HAHOMETPOBOi TOBIIVHYU B iHQpauepBOHiil 06J1aCTi 3alIpOIIOHOBAHO
(opmyily, 3aCHOBaHy Ha MOZEJIi ra3y BiJIbHUX HOCIiB B Ha6VDKeHHi [Ipye AJ1s fieseKTpuyHoi (PyHKLI 3
napameTpamy, sIKi 3asexxaThb Bill TOBIIMHY IUIiBKY i 4aCTOTU. Pe3ynbTaTy 06unciieHb NOPiBHIOBAMIUCE 3
€KCIIEpMMEHTAJIbHUMU JaHUMU 3 IIPOITyCKaHHS I11iBOK Pb ToBmuHO©O 0-5 HM B iHTepBasi yactoT 1000-4000 1/cMm.
BcraHoBJIEHO, 0 e(peKTHBHA Maca HOCIIB B IIJIiBLi TIOMITHO MeHIIA 32 ii 3HaueHHS B HECKiHUeHHOMY MeTa, i
BUSIBJIEHO YAaCTOTHY 3aJI€XKHICTh MIBUIKOCTI peJlakcalil i 11a3mMoBOi 4aCTOTH. J1OCIiIKEHO BILJIUB Ni€JIEKTPAYHOTO
OTOYEHHS Ha po3MipHi ocuussii eHeprii @epmi MmeTasieBUX HAHOMETPOBUX IJIIBOK. OTPUMAHO aHAIITUYHUI BUPa3
L7151 liesIeKTPUYHOI QYyHKIii MeTaseBoi HaHO IIiBKYU. JJOCiKeHO BIVIUB reoOMeTpii onepeyHoro rnepepisy Ha
eHepreTyyHi xapakrepuctuku 1D-mertanesux cucreM. OTpUMaHO pO3MipHi 3ayeskHOCTi eHeprii @epmi Kpyrosoro Ta
€JINTUYHOTrO HAHOAPOTIB. BUsiBIEHO, 10 3MiHY (POPMU NONEPEYHOTO NEPEPi3y HAHOAPOTY Y NEPLUIOMY IOPSIKY
Teopii 30ypeHb MO>KHA BpaxoByBaTH MIIsIxoM Mogudikanii rpaHrnyHOi ymMOBY 17151 pafiiasibHOI XBUIbOBOI (PYHKLI
€JIEKTPOHIB. PO3pax0oBaHo MiliICHY Ta YSBHY YaCTMHU ONTUYHOI IPOBIAHOCTI eJIINTUYHKUX HAHOJPOTIB. MeTOI0M
(yHKLiOHaIa [YyCTMHU OOYMCJIEH] €HePrii yTBOPEHHS MOHOBAKAHCIH, @ TaKOXK €Heprii 3B'93Ky, pOOOTH BUXOLY
KBa3MBiJIbHUX, JIOKAJIi30BaHUX ITO3UTPOHA i aToMa MMO3UTPOHIl0. [ToKazaHo, 1110 BaKaHCii B IpUIIOBEPXHEBiI 0671aCTi
MEeTaJiB, 1151 IKUX pOo60Ta BUXO/y O3UTPOHA HETaTUMBHA 3a 3HAKOM, MOXKYTb IIPUBECTU [0 3MiHU 3HAKy POOOTH
BUXOJy. J]o TaKoro >x eeKTy 3MiHU 3HaKy pOOOTU BUXOly IPUBOAUTb HASIBHICTD JIi€JIEKTPUYHOTO ITIOKPUTTS Ha

OBEPXHi MeTany. [IpoBe1eHO MOPIBHSIHHS 3 €KCIIEPUMEHTaMU.

Pedepar aHIJIiHCBKOIO:

Object of study - low-dimensional metallic systems, nanodefects in metals and open quantum dots. Purpose - to
install a development elements of the theory, experimental studies and the construction of physical models of size
effects in mesostructures. The structure and algorithm of the automated device for measuring the surface
potential were developed. The device, that based on method of Kelvin, allows measuring superficial potential of
metals and semiconductors as at normal room conditions so in vacuum chamber. A formula based on the free
carriers gas model with parameters depending upon film thickness and frequency, in Drude approximation for the
dielectric function is introduced to calculate infrared transmittance of metallic films of several nanometers
thickness. Results of calculation are compared with experimental data for transmittance of Pb films of 0-5 nm
thickness within the 1000-4000 cm-1 frequency range. It is found that an effective mass of charge carriers is
noticeably less in a film than in a bulk metal. A frequency dependence of the relaxation rate and plasma frequency
is discovered. TInfluence of the dielectric environment on dimensional Fermi energy oscillations of nanometer



metal films was investigated . The analytical expression for the dielectric function of the metal nano film was
obtained . The influence of the geometry of the cross-section on the energy characteristics of 1D- metal systems
was investigated . Size dependence of the Fermi energy of circular and elliptical nanowires was obtained .
Changing the shape of the cross-section nanowires in the first order of perturbation theory can be taken into
account by modifying the boundary condition for the radial wave function of electrons. The real and imaginary
parts of the optical conductivity elliptical nanowires was calculated . Algorithm for calculating the S-matrix for
electron motion in one-dimensional potential profiles of arbitrary shape has been developed. Poles of the S-matrix,
and the broadening of the resonance energy levels of quasi-stationary cylindrical quantum dot in an external
electric field were calculated. Theory of single-electron tunneling current-voltage characteristics and open metal
quantum dot based on the broadening of the levels have been modified. In the framework of the density-
functional-theory and direct variational method the energy formation of monovacancy, the binding energy, and
the work functions of quasifree and localized positron and positronium atom has been calculated. It is shown that
the vacancies into the subsurface region of the metals with negative positron work function can lead to the change
in the sign of the work function. The dielectric coating of the metal surface leads to the change in the sign of the
quasifree positron work function too. We compare these results with available experimental data.
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