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The problem of probabilistic analysis of a complex dynamic 
system, which in the process of functioning passes from one 
state to another at random times, is considered. The methodol-
ogy for calculating the conditional probabilities of the system 
getting into a given state at a given time t, provided that at 
the initial time the system was in any of the possible states is 
proposed. The initial data for analysis are a set of experimen-
tally obtained values of the duration of the system stay in each 
of the states before transition to another state. Approximation 
of the resulting histograms using the Erlang distribution gives 
a set of distribution densities of the duration of the system 
stay in possible states before transition to other states. At the 
same time, the choice of the proper Erlang distribution order 
provides an adequate description of the semi-Markov processes 
occurring in the system. The mathematical model that relates 
the obtained distribution densities to the functions determining 
the probabilistic dynamics of the system is proposed. The model 
describes a random process of system transitions from any pos-
sible initial state to any other state during a given time interval. 
Using the model, a system of integral equations for the desired 
functions describing the probabilistic transition process is ob-
tained. To solve these equations, the Laplace transform is used. 
As a result of solving the system of integral equations, functions 
are obtained that specify the probability distribution of the 
system states at any time t. The same functions also describe 
the asymptotic probability distribution of states. An illustrative 
example of solving the problem for the case when the distribu-
tion densities of the lengths of the system stay in possible states 
are described by the second-order Erlang distributions is given. 
The solution procedure is described in detail for the most natu-
ral special case, when the initial state is H0.
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The problem of the existence of bounded on the entire 
real axis solutions to linear nonhomogeneous systems of dif-
ferential equations undergoing impulsive perturbations at 
the fixed moments of time is investigated. Sufficient condi-
tions for the hyperbolicity of solutions to the homogeneous 
multidimensional impulsive system are obtained. The de-
rived conditions are applied to the study of the bounded so-
lutions to the nonhomogeneous impulsive system. Sufficient 
conditions for the existence of a unique bounded solution to 
the nonhomogeneous system in the case of weak regularity of 
the corresponding homogeneous system are formulated. The 
advantage of such an approach is that the established condi-
tions can be effectively tested for specific classes of impulse-
perturbed systems, since they are formulated in terms of co-
efficients of initial problems. The obtained conditions allow 
applying classical solution methods of differential equations 
for the propositions on solvability and continuous depen-
dence of solutions on parameters of the impulsive systems. 

The theory of systems with impulsive actions has wide pos-
sibilities for its application. Many evolution processes in phys-
ics, engineering, automatic control, biology, economics are 
exposed to short-term perturbations during their evolution. 
For example, processes with abrupt changes are observed in 
mechanics (spring movement under shock influence, function-
ing of the clock mechanism, change of rocket speed at separa-
tion stages), in radio engineering (generation of impulses of 
various forms). Similar processes are also observed in biology 
(heart beat, cell division), biotechnology (growing biocompos-
ites), and control theory (industrial robots). 

Therefore, qualitative investigation of impulsive systems 
in this work is a  relevant challenge of the modern theory of 
mathematical modeling.

Keywords: differential equations, impulsive system, bound-
ed solution, Green-Samoilenko function, regular solution.
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We have constructed a stochastic model of a water 
supply network with leaks, which, compared to the previ-
ously proposed models (excluding leaks), more adequately 
describes the processes of transportation and water distri-
bution in water supply systems. Mathematical modeling 
of water supply networks is associated with difficulties 
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By advancing the idea of finding width in bipartite 
graphs and basic definitions in matching theory, this paper 
shows that the task on establishing a maximal matching in 
an arbitrary graph can be reduced to its bipartite case. It has 
been proven that each current matching in an arbitrary graph 
is mutually consistent with the matching in a bipartite graph. 
It is demonstrated that each of the current solutions to the 
problem on establishing a maximum matching in an arbitrary 
graph is not lost when moving to the iterative scheme of es-
tablishing the maximum matching in a bipartite graph.

To find a prolonged path relative to the fixed matching 
of power k, it has been proposed a modification to known 
algorithm for finding paths from this a given vertex to all 
attainable vertices of the arbitrary graph. Performance of the 
proposed modification has been illustrated using an example.

Based on the ideas outlined, the proven statements, the 
proposed algorithms and their modifications, an algorithm has 
been constructed for finding the maximum matching with an 
improved time estimate compared to the known Edmons al-
gorithm, which possesses a temporal assessment of complexity 
O(n4). The main drawback of the Edmons algorithm is the use 
of laborious procedure for compressing the odd-length cycles 
called “flowers”, which renders the algorithm unsuitable for 
use in real-scale systems. Other known algorithms differ from 
the Edmons algorithm only by a better data storage and com-
putational organization, while maintaining complex actions in 
detecting and packaging the odd-length cycles.

The proposed approach of moving from an arbitrary graph 
to a bipartite graph prevented the occurrence of odd-length 
cycles, which has made it possible to significantly improve 
the algorithm efficiency. Further performance improvement 
is possible by building parallel versions of the algorithm and 
the optimal arrangement of data storage.

Keywords: matching, maximal matching, bipartite graph, 
prolonged path, assignment problem.
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related to the huge dimensionality of actual water supply 
networks, limited information resources and operational 
data, which does not make it possible to assess parameters of 
the technological equipment and structure of a water sup-
ply network adequately enough. Therefore, an equivalent 
scheme is built for an actual water supply network based 
on its dictation points, which is then used for subsequent 
calculations. The task on building a scheme for an equiva-
lent water supply network consists of three problems: iden-
tification of the structure, parameters, and state of a water 
supply network. The proposed method for leaks detection is 
based on the comparison of change in the magnitude of head 
at pumping stations and at the dictation points of a water 
supply network. Based on the stochastic model of a water 
supply network with leaks, we have constructed a method 
for calculating the magnitude of leaks, which implies the 
following: by knowing the head of water at the nodes of 
an equivalent water supply network and the approximate 
diameters of leaks at nodes, new values of heads at nodes of 
the equivalent water supply network are calculated. Then 
we again compute the magnitude of a leak by knowing the 
new head at the node and the diameter of the leaks. Upon 
completion of several such iterations, a conclusion is drawn 
on that starting at a certain step the magnitude of leaks 
and the heads at the nodes of the equivalent water supply 
network stop changing. By knowing the magnitude of leaks 
and head at each node within the equivalent water supply 
network, we determine the actual diameter of fistulas at 
each node. The proposed method for calculating the mag-
nitude of leaks does not require financial costs or the use of 
additional equipment; it could be used by water utilities to 
detect and calculate the magnitude of leaks.

Keywords: water supply network, leaks, equivalent wa-
ter supply network, stochastic model, pumping station.
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considered as components of the vector of state: formalde-
hyde, ammonia and carbon dioxide. The obtained results in 
general indicate the efficiency of the proposed method. It 
was established experimentally that the correlation method 
in case of irregular measurements of atmospheric contami-
nations ensures the authenticity of detection of recurrent 
states, corresponding to maximum correlation of states. In 
this case, the correlation assessment should be conducted for 
a movable fragment of a trajectory of the states vector. The 
length of the fragment should not be more than 10 responses.

Keywords: correlation of states, energy interaction, frag-
ment of trajectory of states, recurrent states, complex dy-
namical systems, gas atmospheric pollution.
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It has been determined that the learning strategy devel-
oped in accordance with the main provisions of the theory 
of games remains attractive if one has partial information on 
the state of the market. Application of the indicated action 
strategy provides a company with a possibility to improve its 
initial position by measuring its own payoff values only and 
not using estimates of potentially uncertain parameters. It 
has been proposed to use applied tools from the game theory 
to determine an optimal action strategy for an agricultural 
enterprise for its integration into the wholesale market of 
vegetable products.

Keywords: game theory, action strategy, agricultural en-
terprise, wholesale market, Nash equilibrium.
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The paper considers issues on the theoretical substantia-
tion of options for choosing an optimal strategy to integrate 
an agricultural enterprise into the wholesale market by using 
methodological tools of the non-cooperative game theory. 
We have proposed modeling the behavior of an agrarian en-
terprise in the market by achieving a Nash equilibrium under 
various scenarios of competitors’ activities and volumes of 
information on market conditions.

The methodology has been substantiated to apply the it-
erative algorithms to calculate equilibria in a general class of 
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odologies and construct algorithms for a behavior of agricul-
tural enterprises in market activity. It was determined that 
decision-making occurs in parallel to the real conditions of 
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The comprehensive application of numerical methods based 
on solving the optimization problems provides a smooth ap-
proach to the Nash equilibrium. A game can have multiple 
isolated Nash equilibria if players have non-quadratic pay-
ment functions when solving such problems. Based on the 
above, the results were determined of local convergence, 
since global results have strong constraints in non-quadratic 
problems. However, there is a connection with semi-global 
practical asymptotic stability if players have quadratic pay-
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convergence in proportion to the amplitudes of disturbance 
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fundamental solution system in a case of compatibility were 
established. Influence of accuracy of representing the model 
elements (mantis length, order value, thresholds of machine 
zero and overflow) and variants of computation organization 
on solution properties was studied. Specifically, effect of mag-
nitude and completeness of rank was studied on an example 
of a SLAE with a poorly conditioned constraint matrix. A 
program was developed for implementation of conducting 
calculations using the basic matrix methods (BMM) and 
Gauss method, that is, long arithmetic was used for models 
with rational elements. Algorithms and computer-aided 
implementation of Gaussian methods and artificial basic ma-
trices (as a variant of the basic matrix method) in MATLAB 
and Visual C++ environments with the use of the technology 
of exact calculation of the method elements, first of all, for 
poorly conditioned systems with different dimensions were 
proposed.

Using as an example Hilbert matrices, which are char-
acterized as “inconvenient” matrices, an experiment was 
conducted to analyze properties of a linear system at differ-
ent dimensions, accuracy of the input data and computation 
scenarios. Formats (“exact” and “inexact”) of representation 
of model elements (mantis length, order value, thresholds of 
machine zero and overflow) as well as variants of organiza-
tion of basic computation operations during calculation and 
their influence on solution properties have been developed. 
In particular, influence of rank magnitude and completeness 
was traced on an example of an SLAE with a poorly condi-
tioned constraint matrix.

Keywords: basic matrix method, rectangular constraint 
matrix, poorly conditioned SLAE.
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