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Реферат:
1. Дисертаційна робота присвячена побудові та дослідженню математичних моделей, які описують явища
квантової механіки. Метою роботи є побудова так званих точних моделей, які дають не лише якісний опис
реального процесу, але й їх можна відносно просто розв'язати, отримавши кількісні характеристики. В праці
побудовано математичну теорію одновимірного атома водню: знайдено умови збіжності сімей операторів
Шрединґера з різноманітними регуляризаціями потенціалів типу Кулона, побудовано клас точних моделей і
доведено, що вибір точної моделі критично залежить від форми регуляризації. Також розв'язано проблему δʹ-
потенціалу для одно- та двовимірних операторів Шрединґера: встановлено рівномірну резольвентну
збіжність різноманітних сімей операторів Шрединґера з локальними сингулярними збуреннями і
конструктивно побудовано граничні оператори, які є найкращим наближенням реального квантово-
механічного процесу в класі гамільтоніанів з точковими взаємодіями чи взаємодіями на одновимірних
многовидах. Проведено асимптотичний аналіз спектрів операторів Шрединґера з локальними збуреннями
потенціалів, операторів Штурма-Ліувілля зі сингулярними збуреннями вагових функцій та операторів



еліптичних крайових задач зі збуренням вагових функцій в околі замкнених кривих. Знайдено умови
існування від'ємних власних значень для одновимірних операторів Шрединґера та умови їхнього поглинання
неперервним спектром при малих сталих взаємодії.

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 Schrödinger 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 δʹ-potential in quantum mechanics. The problem
consists in constructing one-dimensional solvable models for the localized dipole. The norm resolvent
convergence of Schrödinger operators with δʹ-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 δ and δʹ potentials. We have studied the families of Schrödinger operators, which can be
interpreted as a regularization of Hamiltonians with pseudopotentials aδ+bδʹ. The regularized potentials contain two
parameters associated with the localization rate of the δ-like and δʹ-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 δʹ-potential to the two-dimensional case. The spectral
properties of Schrödinger 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 δ and δʹ, the δʹ-
potential can be formally treated as a perturbation by an operator of rank two. We have established convergence
in the uniform resolvent topology of Schrödinger 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 Schrödinger 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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