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V. BizomocTi npo gucepraniio

MoBga guceprariii:
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1. CprKTypa TOYKOBUX 36ypeHb OTi€paTopa I]_Ipe,u,iHrepa B O,HHOBI/IMipHI/IX Ta ILBOBI/IMipHI/IX KBAaHTOBUX CUCTEMaAX.

2. The structure of point perturbations of the Schrodinger operator in one-dimensional and two-dimensional
quantum systems.

Pedepar:

1. Incepraujiiina po6oTta npucesyeHa (pisuyHiil CTPyKTypi TOUKOBUX 30ypeHb orneparopa lllpexinrepa ta ix

peaizallii B OJHOBMMIPHUX (IIaPYBaTHX) Ta JBOBUMIPHHUX (HA IIPUKJIAZi BUXOPY AOPUKOCOBA) KBAHTOBUX CUCTEMAX.

Ha ocHoBi aHasnizy nopyeHs KaniopyBayibHOI CUMETPii 47151 ofHOBUMipHOTro oneparopa llIpexinrepa BinbHO]
6e3CrniHOBO1 YaCTUHKY OTPUMAHO Ki1acudikallio TOYKOBUX B3a€MO/Iii [IJIsk TAKOTO orepaTopa. BcraHoBeHO, 1o
icHy10Tb ABa 30ypenHs (X_1Ta X_4) noteHuianbHoi Ta fBa 36ypeHHs (yucTe X_3 Ta 3mimane X_2) “MarHitHoi”
npUpoau. 3'1COBAHO, 10 TOYKOBI B3aeMoii X_4 Ta X_2 MOXyTb OyTH peasli3oBaHi B IapyBaTUX CUCTEMAX i3
CyTT€EBOIO HEOLQHOPITHICTIO e(PEeKTUBHOI Macy eJleMEeHTapHOro 30yakeHHs. [[prnyomMy BOHU BifIIOBial0Th SIKICHO
pi3HMM xapakTepaM 3MiHU ePeKTUBHOI MacH B lepexifgHiil obsacTi. binbi Toro, y Bunanky X_2-B3aemojii €

IOJATKOBUM KBAaHTOBAaHMI MAarHiTHUMN MOTIK, TOZi K BUNaAoK X_4 Mae CyTO “eJIeKTPOCTaTUYHUI" xapakTep. [

raminbroHiana Ilaysii (4aCTMHKY 3i CIiIHOM) TaKOK OTPHMMAHO BCi MO>KJIMBI TOYKOBI B3a€MOZi, ceper, IKUX BU3HAYEH]

Ti SIKi [10B’13aHi 3 [1epeBepPTaHHSM CIIiHy Ta PO3TJISIAI0THCS SIK OLHOBUMIPHI aHAJIOTH CIiH-IMITy/IbCHOI B3aeMopii



Pam6u. @isnyHa peasnisallis TOYKOBUX 30ypeHb oneparopa llpeninrepa y 4BOBUMipHill reoMeTpii JOCiIKY€eTbCsl Ha
[IPUKJIaJi €JIeKTPOHHOI CTPYKTYPH BUXOPY A6prKocoBa. Ha 0CHOBI aHaMiTUYHOTO PO3BA3KY 3a1adyi po edpexT
AaponoBa - boma 3 CUHTYJIIDHAMU 30yPEHHSIMU NT06YI0BAaHO MOJIEJIb €JIEKTPOHHOI CTPYKTYpY BUXOPY AGPMKOCOBA

Ta OOUUCJIEHO CIIEKTP €JIeMEeHTAapHUX 30ypKeHb y KBaHTOBIN rpaHui (T o 0).

2. Thesis is devoted to the physical structure of point perturbations of the Schrodinger operator and their
realizations in one-dimensional (layered) and two-dimensional (Abrikosov vortex) quantum systems. The
classification of singular point perturbations of the one-dimensional Schrédinger operator for a spinless free
particle is obtained on the basis of calibration transformations analysis. It is shown that all point perturbations can
be divided into two classes: “electric” and “magnetic” related to the mass and charge of a particle correspondingly.
The mass calibration is associated with the choice of the spatial scale x o o0 x, and the charge calibration with the
canonical transformation p"_x o p”_x - A. It is shown that so called point interactions X_4 and X_2 (in accordance
with the Kurasov’s notation [Kurasov P. Distribution Theory for Discontinuous Test Functions and Differential
Operators with Generalized Coefficients / P. Kurasov // Journal of Mathematical Analysis and
Applications.--1996.--Vol. 201.--P. 297 - 323. https:/ /doi.org /10.1006 /jmaa.1996.0256.]) can be realized in
layered systems where the effective mass of elementary excitation with qualitatively different character in the
transition region takes place. Moreover, the X_2-coupling has an additional quantized magnetic flux, whereas the
case of X_4 is purely of “electrostatic” nature. The existence of quantized magnetic flux in X_2-case is proven by
explicit demonstration of the Zeeman-like splitting for states with the opposite projections of angular momentum.
The point interactions ( X_17{(r)} and X_4"{(r)} ) associated with the spin-flip interaction are also identified as
one-dimensional analogs of the Rashba interaction. The considered simple spin-filtering devices (spin-resonator
and spin-filter) allow us to establish that the case of boundary conditions with X_4"{(r)}-coupling is more effective
than the one with X_17{(r)}-coupling as spin-flip mechanism. Also, using the technique of distribution theory (in
accordance with [Kurasov P. Distribution Theory for Discontinuous Test Functions and Differential Operators with
Generalized Coefficients / P. Kurasov // Journal of Mathematical Analysis and Applications.--1996.--Vol. 201.--P.
297 - 323. https://doi.org /10.1006 /jmaa.1996.0256.]), a regularized form of the Hamiltonian with spin-flip
interaction is constructed, which establishes correspondences between boundary conditions and point
perturbations associated with spin-flip. The physical nature of Schrédinger operator point perturbations in two-
dimensional geometry is investigated on the example of the Abrikosov vortex. In particular, a relationship has been
established between the Bogolyubov - de Gennes Hamiltonian for elementary excitations, localized near the
Abrikosov vortex core, and the Aharonov - Bohm Hamiltonian, which describes a charged particle in the localized
magnetic field. The equivalence of these Hamiltonians is demonstrated for the case of low-energy states in the
quantum limit (T o 0). In this regard, a different approach to the interpretation of low-energy states near the
Abrikosov vortex core in the quantum limit was proposed, based on self-adjoint extension of the Aharonov -
Bohm-type Hamiltonian with a localized magnetic field, within which the inner structure of the vortex is
determined by the parameter of the corresponding boundary condition. This allows us to describe the Kramer -
Pesch anomaly of the order parameter slope dA(r)/dr in the Abrikosov vortex core. Finally, the model of the
electronic structure of the Abrikosov vortex is constructed and the corresponding spectrum in the quantum limit
is calculated based on the analytical solution for the Aharonov - Bohm effect with singular perturbations.
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