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V. BimomocTi npo gucepraniio
Moga guceprariii:
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Tema guceprauii:
1. CiexTpasbHi napaMmeTpy KBa3ivyaCTUHOK y HaMiBIPOBiIHUKOBUX HAHOTPYOKAX Ta HAHOKIJIBLSX

2. Spectral parameters of quasiparticles in semiconductor nanotubes and nanorings

Pedepar:

1. luceprauisg npucBga4eHa TEOPETUIYHOMY JOCIIIPKEHHIO €EHEPIEeTUYHMX CIIEKTPIB i B3aeMOZ{ii KBa3i4aCTUHOK
(enexTpoHiB, IipOK, EKCUTOHIB) MK CO0010, OMILIKOIO Ta 30BHIIIHIM €JIEKTPUYHUM i MarHiTHUM MOJIIMU Y
OaraTolapoBUX HaIliBIIPOBIAHUKOBUX "3aKpUTHX" i "BiIKpUTUX" HAHOTPYOKax i HAHOKINBLSX. YCi po3paxyHKU
BMKOHAHO Yy MojieJli e(peKTUBHUX Mac i IPSIMOKYTHUX ITOTeHUiasiB. [Io6y10BaHO TEOPETUYHY MOZENb OCTiI>)KEHHS
B32€MO/Iii €JIEKTPOHA 3 JOHOPHOIO OMIIIKOIO0, 110 3HAaXOOUTLCS Ha aKCiaslbHil oci "3akpuToi” 6araTomapoBoi
LMJIIHAPUYHOI HaIliBIIPOBIIHUKOBOI HAHOTPYOKU. [IpoaHai30BaHO 3a/IEXKHOCTI eHeprii 3B’13Ky €JIeKTPOHa 3
IIOMIIIKOIO, ITOBHOI €HEPTil €JIEKTPOHA Ta CUJI OCLUJISITOPIB BHYTPIIIHBO30OHHMX KBAHTOBUX IIEPEXO/IB Bifl pafiyca
BHYTPIIIHbBOI JPOTUHU Ta TOBLIMHU 6araTomapoBoi HAHOTPYOKU. PO3BMHEHO TEOPilo KBasicTallioOHapHUX
€JIEKTPOHHUX, [IiPKOBUX i EKCUTOHHUX CTaHIB y 6araTomapoBiil "BiAKpUTIN" UWIiHAPUYHINA HaNiBIPOBiIHMUKOBIN

HaHOTPYOLUi. [I[poaHasnizoBaHO 3aJ1€KHOCTI pE30HAHCHUX €HEepriil Ta INMPUH eJIeKTPOHA, IipKU Ta eKCUTOHA Bif,



TOBIIVHY HAHOTPYOKMU. JIOCIIiIPKEHO BILJIMB €JIEKTPUYHOTO i MarHiTHOTO IOJIiB HA €eHEPreTUYHUI CIIEKTP €JIEKTPOHA
Ta CUJIM OCLUJISTOPIB BHYTPIIHbO30HHUX KBAHTOBUX NIEPEXOLiB Y MOABIMHMX HAMiBIPOBIAHUKOBUX KBAHTOBUX
HaHOKiNbLSIX. [IOKa3aHo, 0 K €Heprii eJIeKTPOHA, TaK i CUJIM OCLUISTOPiB HEMOHOTOHHO 3aJI€XXaTh Bill BEJIMYMHU
HaIpPY>KEHOCTI €JIEKTPUYHOTO M0JI Ta iHAYKLil MarHiTHOrO 1oJs . 30KpEMa, B 3aJIEKHOCTSX €HEPTil Bif, un
CIIOCTEPIraloThCsl aHTUKPOCIHIY €HEPTETUYHUX PIBHIB, a B 3aJIEKHOCTAX CUJI OCLMJIATOPIB ICKPaBO BUPaXKEHI
MakCuUMyMHU Ta MiHimymu. Kito4oBi cyioBa: 6araTromapoBa LliHIPUYHA HAHOTPYOKA, IIOIBiliHI KBAHTOBI KiJblid,

OOHOPHa ,HOMiIIIKa, eHepI‘eTI/I‘-IHI/Iﬁ CIIEKTpP, CUJIN OC[LMJIHTOpiB, €JIEKTPUYHE I10JIE, MarHiTHe MojJie.

2. In the thesis, the energy spectra and interaction of quasiparticles (electrons, holes, excitons) with each other,
impurity and external electric and magnetic fields are theoretically studied in multilayered semiconductor closed
and open nanotubes and nanorings. All calculations are performed in the model of effective masses and
rectangular potentials. Theoretical model for studying the interaction of an electron with a donor impurity located
on the axial axis of closed multilayered cylindrical nanotube is developed. The dependences of the electron-
impurity binding energy, the complete electron energy and the oscillator strengths of the intra-band quantum
transitions on the inner wire radius and the thickness of the multilayered nanotube are analyzed. All these
dependences are complicated and non-monotonous, due to the complicated nature of the density distribution of
the probability of location of electron which is interacting with impurity in nanotube. The theory of quasi-
stationary electron and hole states in a multilayered open cylindrical semiconductor nanotube is developed. The
dependences of the resonant energies and the widths of the electron, hole, and exciton on the thickness of the
multilayered open cylindrical nanotube are analyzed. It is shown that both resonant energies and electron or hole
widths non-monotonously depend on the thickness of the nanotube. In the dependences of the resonance
energies, it is manifested in the form of alternating horizontal and descending regions while in the dependence of
the resonance widths the bright maxima are observed in the regions of small values. The influence of the magnetic
field on the energy spectrum of the electron and the oscillator strengths of the intra-band quantum transitions in
double semiconductor quantum nanorings are investigated. The dependences of the electron energies and
oscillator strengths of intra-band quantum transitions on the magnitude of magnetic field induction are analyzed.
It is shown that in the magnetic field, the degeneration of the energy spectrum of an electron over the magnetic
quantum number, which takes place in an arbitrary cylindrical nanostructure in the absence of a field, is taken off.
The ground state of the electron in double nanorings, depending on the magnitude of the magnetic field induction,
periodically become the states with negative quantum numbers. This feature is a manifestation of the Aaron-Bohm
effect. The influence of a constant electric field on the energy spectrum of the electron and oscillator strengths of
intra-band quantum transitions in double semiconductor quantum nanorings is investigated. The dependences of
the electron energies and the oscillator strengths of intra-band quantum transitions on the electric field intensity
are analyzed. It is shown that the electric field significantly changes the density distribution of the probability of
quasiparticle location in nanostructure while the electron energies and the oscillator strengths strongly depend on
the magnitude of the intensity. Keywords: multilayered cylindrical nanotube, double quantum rings, donor
impurity, energy spectrum, oscillator strengths, electric field, magnetic field.
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