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With the support of the Simons Foundation Viktoriia Bilet investigated the interconnections between
pseudometric spaces, combinatorial similarities, and equivalence relations. In particular, it was studied
how are the algebraic properties of the homomorphism of some combinatorial self-similarities groups
related to the metric properties of the initial pseudometric space. Moreover, it was given a metric
characterization of pseudometric spaces for which the kernel of this homomorphism coincides with
combinatorial self-similarity group and the group of combinatorial self-similarities of metric reflection of a
pseudometric space coincides with its symmetric group. (Viktoriia Bilet)

We have obtained a series of effective integral criteria for the existence of solutions of the Dirichlet
problem for the semi-linear equations of the type of Beltrami and Poisson with the corresponding
applications to various semi-linear equations of mathematical physics in anisotropic and inhomogeneous
media. (V. Gutlyanskii, O. Nesmelova, V. Ryazanov).

The study was dedicated to estimating the convergence rate of the observer for a class of linear
dynamical systems in Hilbert space. The resolvent for the error dynamics operator was explicitly
constructed for systems with both one-dimensional and finite-dimensional outputs. It was demonstrated
that the trivial error decays with a polynomial rate. This result is based on the analysis of the characteristic
equation and norm estimates of the resolvent along the imaginary axis. (Julia Kalosha)

The problem of modeling rotation in a medium with resistance of a free elastic solid body in the form of a
system of two and three elastically connected solid bodies is considered. Derived equations of rotation in
a medium with resistance of a free system of two and three elastically connected solid bodies. For three
Lagrangian gyroscopes, asymptotic stability conditions were obtained in the form of a system of five
inequalities, respectively, of the coefficients of elasticity of the hinges, and their analytical studies were
carried out. The problem of modeling rotation in a medium with resistance of a free elastic solid body
with cavities containing an ideal liquid, in the form of a system of two elastically connected solid bodies



with a liquid, is considered. A transcendental characteristic equation is derived for Lagrange gyroscopes
with arbitrary axisymmetric cavities. Taking into account the fundamental tone of liquid vibrations, the
characteristic equation of the sixth order and the conditions of asymptotic stability of uniform rotation of
Lagrange gyroscopes with liquid were obtained. The obtained stability conditions are exact for ellipsoidal
cavities, and only approximate for all other cavities. It has been proven that when the first tones of the
fluid vibrations in the cavities are greater than one, asymptotic stability will always be possible with the
growth of the elasticity coefficients of the hinges. For ellipsoidal cavities, this means that they must be
compressed along the axis of rotation. It is shown that there is no internal resonance at the coincidence of
the first tones of vibrations of liquids in cavities. (Yuriy Kononov)

We consider a one-dimensional one-phase Stefan problem with the Riemann-Liouville fractional
derivatives, corresponding to the nonlocal generalization of the Fourier's law. By the Stefan problem one
usually means the class of mathematical models describing heat processes accompanied by phase
changes of the media and absorption of latent heat. The boundary between two phases is unknown
beforehand and must be determined together with the solution of the heat equation. By reducing to an
equivalent nonlinear integral equation, the problem is shown to admit a local in time classical solution. The
actual proof is carried out by means of a layer potential technique similar to that of A. Friedman. (Mykola
Krasnoshchok)

| studied the convergence of solutions of Ito stochastic differential equations and stochastic differential
equations with local time with irregular dependence of the coefficients of the equations on a small
parameter that tends to 0. The necessary and sufficient conditions for the weak convergence of the
solutions of Ito stochastic differential equations and stochastic differential equations with local time to limit
random processes were obtained. (Ivan Krykun)

We studied nonlinear boundary value problems unsolved with respect to the derivative. We established
constructive necessary and sufficient conditions of solvability and propose a scheme for the construction
of solutions of this problem in the critical case. We also built convergent iterative schemes for finding
approximate solutions of this problem with using least-square methods and Adomian decomposition
method. As an example of application of the proposed iterative scheme, we found approximations to the
solutions of periodic boundary value problems for a Rayleigh-type equation unsolved with respect to the
derivative, in particular, in the case of a periodic problem for the equation used to describe the motion of
satellites on elliptic orbits. (Olga Nesmelova)

The effect on the fields of pressure, velocity, and vortex structures of the rheological properties of blood,
which change under the influence of drugs, geometric features of blood vessels and the cardiac cycle, was
investigated. The results of numerical modeling of blood flow in structurally different types of arterial
dichotomies within the intracardiac lumen of the human heart allow us to assert their different functional
roles. After passing through various types of dichotomies in sequence, the flow of blood acquires unified
properties necessary for flowing in the capillary section of the blood system. (Vitalii Overko)

Three-point analogues of Ciric-Reich-Rus and Kannan type mappings were introduced and the fixed-
point theorems for such mappings were proved. By imposing additional conditions, specifically
asymptotic regularity and continuity, we extended the applicability of fixed-point theorems to a broader
class of mappings. Generalizations of Banach, Kannan, Ciric-Reich-Rus, Chatterjea fixed point theorems,
as well as of the fixed-point theorem for mappings contracting perimeters of triangles were proved via
considering the corresponding mappings in semimetric spaces with triangle functions introduced by M.
Bessenyei and Z. Pales. Using the language of graph theory, we have generalized the criteria of existence
of continuation of a partially defined metric and a partially defined ultrametric. (Evgeniy Petrov)



We study the following problem: Can a collective of finite compassless automata explore an anonymous
ladder graph. The automata do not distinguish between vertices and edges (that means each automaton
has no compass). We considered collectives consisting of an automaton and some pebbles, which are
automata of the simplest form, whose positions are entirely determined by the automaton. In particular, it
is proved that an automaton with four pebbles explores Ln for any natural n. Some estimates of the
optimal number of pebbles for exploring some subgraphs of a ladder graph are discussed. (Sergey
Sapunov)

The theory of linguistic presentation of deterministic and strongly deterministic graphs is developed. As
part of this development, we propose an algorithm for transitioning from a pair of sets of words of a
special kind to a graph for which this pair is a presentation (if such that graph exists). Also proposed is an
algorithm for constructing a canonical presentation of an arbitrary deterministic / strongly deterministic
graph and investigated properties of this canonical representation. In addition, a compression algorithm is
proposed that converts an arbitrary pair of words of a special kind to a canonical one for a graph (if it
exists) that is a presentation for this pair. (Oleksii Senchenko)

A new method of asymptotic estimation of harmonic load parameters of a nonlinear self-oscillating system
and determination of frequency, amplitude, and phase for a sinusoidal signal has been developed. The
proposed algorithm can be used in problems of compensation of disturbances caused by a harmonic or
polyharmonic external A two-stage scheme for constructing a nonlinear observer is proposed.
(Volodymir Shcherbak)

We considered the boundary behavior of solutions to parabolic double-phase equations. The analysis is
conducted for cylindrical domains and the regularity up to the lateral boundary is shown in terms of either
its p or g capacity, depending on whether the phase vanishes at the boundary or not. Eventually we
obtain a fine boundary estimate that, when considering uniform geometric conditions as density or fatness,
leads us to the boundary Holder continuity of solutions. In particular, the double-phase elicits new
questions on the definition of an adapted capacity. We proved the Weak Harnack inequality for
unbounded functions from the corresponding De Giorgi's classes with generalized Orlicz growth under the
non-logarithmic conditions. This study gives a wider interpretation of Harnack-type estimates derived to
double-phase, degenerate double-phase functionals and functionals with variable exponents. (lgor
Skrypnik)

We analyze long-time behavior of solutions to a class of problems related to very fast and singular
diffusion porous medium equations having non-homogeneous in space and time source terms with zero
mean. In dimensions two and three, we determine critical values of porous medium exponent for the
asymptotic $H"1$-convergence of the solutions to a unique non-homogeneous positive steady state
generally to hold. We consider a degenerate nonlocal parabolic equation in a milti-dimensional domain
introduced to model hydraulic fractures, where the nonlocal operator is given by a fractional power of the
Laplacian, and the degenerate mobility exponent corresponds to "strong slippage™ regime with "complete
wetting™ interfacial conditions for local thin-film equations. Using a localized entropy estimate and a
Stampacchia-type lemma, we establish a finite speed of propagation result and sufficient conditions (and
lower bounds) for the waiting-time phenomenon. (Roman Taranets)

A method has been developed for restoring an unknown external force applied to a mechanical system.
The external disturbance is represented as a partial sum of the Fourier series. A scheme for asymptotic
estimation of unknown coefficients of a series using information about the phase vector of the system is
proposed. The results of numerical simulation of estimating the external force for the Duffing generator are
presented. (Nadiia Zhogoleva)



The conditions of the asymptotic stability of rotation on the suspension of the Lagrangian gyroscope and
the Lagrangian gyroscope with an ideal fluid in a medium with resistance are obtained and investigated.
Taking into account the fundamental tone of the fluid oscillations, it is proved that for arbitrary values of
the mechanical parameters of the system and for an arbitrary axisymmetric cavity, as the elasticity of the
spherical joints increases, asymptotic stability will be possible if the condition for the first tone of the fluid
oscillation is greater than 1 is met. On March 5, | successfully defended my thesis for the Doctor of
Philosophy degree. Dissertation title: “On the stability of rotation in a resistive medium of a system of two
elastically connected Lagrangian gyroscopes with an ideal fluid”. On March 25, i received a confirmation
of the award of the Doctor of Philosophy degree. (Yaroslav Sviatenko)

The theory of linguistic presentation of deterministic and strongly deterministic graphs is developed. As
part of this development, we propose an algorithm for transitioning from a pair of sets of words of a
special kind to a graph for which this pair is a presentation (if such that graph exists). Also proposed is an
algorithm for constructing a canonical presentation of an arbitrary deterministic / strongly deterministic
graph and developed a software implementation of the above algorithms. In addition, a compression
algorithm is proposed that converts an arbitrary pair of words of a special kind to a canonical one for a
graph (if it exists) that is a presentation for this pair and a software prototype implementing the
compression algorithm is developed. (Mykola Prytula)

We obtained constructive conditions of existence of solutions of linear boundary value problems for
differential-algebraic equations with impulse action and constructed the generalized Green’s operator to
find solutions of such problems. Also, we proved the existence of solutions of nonlinear boundary-value
problems for ordinary differential equations with switchings at non-fixed points in time and constructed an
iterative scheme for finding the solution of such problems using the Adomian decomposition method.
(Kateryna Shevtsova)

We obtained constructive conditions of solvability of nonlinear periodic boundary- value problems for
ordinary differential equations in the critical and noncritical cases and propose a scheme for finding
solutions for such problems using the Adomian decomposition method. (Mykyta Popov)
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Volodymir Gutlyansky was awarded the honorary title “Honored Worker of Science and Technology of
Ukraine” (Decree of the President of Ukraine dated May 18, 2024, No. 338/2024)

Igor Skrypnyk was elected an academician of the National Academy of Sciences of Ukraine on April 25,
2024

Yuriy Kononov received an Acknowledgment of the National Academy of Sciences of Ukraine
(Resolution of the Presidium of the National Academy of Sciences of Ukraine dated November 01,
2023, No. 370)

Evgeniy Petrov received a Certificate of Honor of the Presidium of the National Academy of Sciences of
Ukraine and the Central Committee of the Labor Union of the National Academy of Sciences of Ukraine
(Resolution of the Presidium of the National Academy of Sciences of Ukraine dated May 01, 2024, No.
186)
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No
*6. DATA Was data generated by your research during this funding period? Yes or No; If yes,
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7. List any changes in personnel during the period covered by this report or proposed changes
in personnel.

There were no changes in personnel during the period covered by this report.

In the new period it is planned to exclude PhD student Mykyta Popov and researcher Viktoriia Bilet from
the project and include active researcher Mariia Savchenko.
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