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Pedepar:

1. Incepranifina po60oTa IpuCcBsIYeHa 00YIOBi Ta LOCIIIKEeHHIO MAaTEMAaTUIHUX MOJIeJIeH, sIKi OIIMCYIOTh SIBUINA
KBaHTOBOI MeXaHiK1. MeTo0 po60TH € o6y I0Ba TakK 3BAHWUX TOUHUX MOJeJiel, sIKi 1aloTh He JIUIIE SIKiICHUI Onuc
p€asIbHOTO IIPOLECY, ajie 1 iX MOXKHA BiTHOCHO IIPOCTO PO3B'g43aTH, OTPUMABIIM KiJIbKiCHI XapaKTEPUCTUKU. B mparii
no6by10BaHO MaTEeMaTUYHY TEOpil0 OJJHOBMMiPHOTO aTOMa BOAHIO: 3HaMI€HO YMOBHU 30KHOCTI ciMel onepaTopis
[lTpenuHrepa 3 pisHOMaHITHUMMU peryJsipu3allisiMu oTeHianiB Tuny KysoHa, nobyoBaHO Kjlac TOYHUX MojeJiel i
IOBEJEHO, 10 BUOip TOYHOI MOJEJi KpUTHUYHO 3JIEXKUTD Bifi popmu peryssipusaii. Takox po3s'sizaHo npobsemy o00-
MOTEHIIiaNly 15 ONHO- Ta IBOBUMIpPHUX ornepaTopis lllpeauHrepa: BCTaHOBIEHO PiBHOMIPHY PE30JIbBEHTHY
30DKHICTb Pi3HOMaHITHUX cimeil onepaTopis lIpenuHrepa 3 JIOKaIbHUMU CUHTYJISIPHUMU 30YPEHHSIMU i
KOHCTPYKTUBHO [100YI0BAaHO IPaHNYHI OIlepaTopy, SIKi € HallKpalM HaOJIMKEHHSIM PeabHOr0 KBaHTOBO-
MEXaHIYHOrO MPOLECY B KJlacCi raMiJIbTOHIaHIB 3 TOYKOBUMU B3a€MOIIIMU YU B3a€MOISIMUA Ha OJHOBUMIPHUX
MHoOrosujax. [IpoBejeHO aCUMIITOTMYHUN aHaJi3 CIIEKTPiB oneparopis llIpeguHrepa 3 10KaJbHUMY 30yPEHHSIMU

noTeH1janiB, oneparopis lltypma-JliyBins 3i cUHTYIspHIMU 30ypEeHHSIMU BaroBUx (PyHKIiii Ta orepaTopis



eJINTUYHNUX KPAallOBUX 33/1a4 31 30ypEeHHSIM BaroBux (yHKIiN B OKOJIi 3aMKHEHUX KPUBUX. 3HAIIEHO YMOBU
iCHyBaHHS Bifl'€eMHMX BJIaCHUX 3HA4€Hb [1J151 ONHOBUMIPHUX orepaTtopis llIpeguHrepa Ta yMOBU iXHBOTO ITOTJIMHAHHS

HEIePEPBHUM CIIEKTPOM IIPY MAJIMX CTaJINX B3aEMOZII.

2. The work is devoted to the study of mathematical models that arose from quantum mechanics. The main aim is
to build so-called exactly solvable models, which not only provide a qualitative description of the actual process,
but can also be relatively easily solved to obtain quantitative characteristics such as spectra or scattering data. The
object of research is differential operators with singularly perturbed coefficients. The main tool is asymptotic
methods for differential equations, which can be used to prove convergence of families of perturbed operators in
the uniform or strong resolvent topologies. The domains of the limit operators can be described in terms of
boundary conditions or coupling conditions on sets, where the perturbations are localized. These operators are
the solvable models that best approximate an actual physical process in the class of point interactions or
interactions on submanifolds. A mathematical theory of the one-dimensional hydrogen atom is constructed. The
problem has given rise to many scientific discussions and many publications in the physical and mathematical
literature. We have studied Schrodinger operators with Coulomb-type potentials, i.e., potentials with power
singularities. To construct a Hamiltonian of the hydrogen atom, i.e., a self-adjoint operator corresponding to the
energy of system, it is necessary to explicitly indicate coupling conditions at the point of singularity. We have
considered more general problem for regularizations of Coulomb-type potentials and we have proved the
convergence of the corresponding operators in the norm resolvent topology. The consequence of these results is a
complete mathematical description of the one-dimensional model of hydrogen atom. The Thesis contains a
complete mathematical solution to the well known problem of no-potential in quantum mechanics. The problem
consists in constructing one-dimensional solvable models for the localized dipole. The norm resolvent
convergence of Schrodinger operators with oo-like potentials has been established for the shapes of perturbation
with compact supports. The solvable models have been constructed that can be used to describe the dipole
interactions. These results have been extended to the shapes of the Faddeev-Marchenko class. Also, we have
described the interaction of o and oo potentials. We have studied the families of Schrédinger operators, which can be
interpreted as a regularization of Hamiltonians with pseudopotentials an+boo. The regularized potentials contain two
parameters associated with the localization rate of the o-like and oo-like sequences, respectively. The convergence of
such operators has been obtained in the norm resolvent topology and it has been shown that the solvable models
depend not only on the potential shapes, but also on the ratio of the localization rates of each term in the
perturbations. We have generalized the problem of no-potential to the two-dimensional case. The spectral
properties of Schrodinger operators with the dipole type potentials concentrated in a vicinity of a closed curve
have been studied. Solvable models with interactions on the curve have been obtained by construction of the
asymptotics of eigenvalues and eigenfunctions. The coupling conditions on the curve depend in nontrivial way on
the geometry of curve and the spectral characteristics of localized potentials. Since the product of the first
derivative of Dirac's function and a smooth function is always a linear combination of two functionals o and og, the oo-
potential can be formally treated as a perturbation by an operator of rank two. We have established convergence
in the uniform resolvent topology of Schrédinger operators with singular local perturbations of rank two. For such
families of operators, several qualitatively different cases of the limit behavior were obtained and a wide class of
solvable models with point interactions was constructed. We have also established conditions for the existence of
negative eigenvalues and conditions when these eigenvalues are absorbed by the lower bound of continuous
spectrum as a coupling constant goes to zero. The threshold behavior of negative eigenvalues has been studied for
families of Schrédinger operators with potentials that depend on a coupling constant in the nonlinear way. Two-
term asymptotics of threshold eigenvalues have been constructed. The thesis is a mathematical research in fields
of the asymptotic analysis of differential operators and the spectral theory of linear operators. The obtained
results are new and have direct application in nonrelativistic quantum mechanics.
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