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This paper studies the characteristics and performance of a communication system using differ-
ential space-time block coding in Rice channel. Channel capacity is analyzed in the presence of
scatterers located in the region where transmitting and receiving devices are installed. A three-
dimensional COST-259 compliant model of scatterer locations is used to estimate the changes
in signal amplitude and phase during propagation. The aim of the study is to study system per-
formance using differential block coding, which requires no estimation of channel matrix at a
receiving end for different power ratios of direct beam and diffusion component. This work ana-
lyzes ergodic capacity and bit error probability as a function of signal-to-noise ratio when using
differential coding. The results show the negative effect of scatterers on link efficiency and the
advantages of differential coding with Alamouti coding.
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The issues of calculating probability distribution density of polynomial coefficients which are
obtained using the least squares method, are considered. The aim of the work is to derive the
distribution laws of polynomial coefficients estimates calculated using the least squares method.
The analytical form of probability distribution densities of these coefficients is necessary to cal-
culate a detection threshold when detecting signals against the background of non-stationary
noise. The paper provides analytical expressions for corresponding probability distribution den-
sities. In order to determine the reliability of the results obtained, simulation modeling was car-
ried out, within which the corresponding histograms were obtained being used in Chi-square
goodness-of-fit test. Test statistics corresponding to the significance level of 0.05 is 5.42 and
6.92, respectively.
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The accuracy of location and response time to the aircraft of information and measurement sys-
tem of electrostatic location, which is based on passive measurements of electrostatic field
strength at the points of protected area, are considered. The aim of the work is to determine the
distance that the aircraft overcomes after crossing the guarded perimeter before it is detected, as
well as the influence of sensor location on the accuracy of response. The results were obtained
taking into account the use of a convolutional algorithm for digital processing of full length of
electrostatic signals arising from the movement of a charged flying apparatus near a sensor. The
error in calculating target coordinates is analyzed, taking into account the error in calculating
electrostatic signal features. The answer to the question of sensor placement step is given not
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only from the viewpoint of signal/noise level, as it was proposed earlier, but also on the basis of
the accuracy of its current coordinates calculations.
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The article discusses the principles of operation of strapdown inertial navigation systems and
pro-vides an overview of methods for filtering and signal recovery, as well as their classifica-
tion. It also considers the essence of methods to increase the accuracy of navigation systems us-
ing input data to form a multidimensional space, which is then reduced to a smaller number of
measurements. The use of feedback in classical Kalman filters and neural networks is also dis-
cussed.
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Currently, the widespread demand for the implementation and use of various cloud solutions is
a modern trend and a driving force for the development of network technologies. The growth of
cloud application services provided through data centers with different network traffic needs
demonstrates the limitations of traditional routing and load balancing methods. The integration
of software defined networking (SDN) technology and artificial intelligence (AI) methods pro-
vides effective resource management and operation of computer networks. In this paper, an ap-
proach to neural network multipath routing in SDN based on ant colony optimization algorithms
is proposed. An architecture and model of an artificial neural network are developed to solve the
problem of multipath routing in SDN, which is capable of predicting the shortest paths based on
communication link metrics. To optimize the hyperparameters of the neural network model, the
paper proposes to use the algorithms of the ant system and the ant colony system. A visual
software system SDNLoadBalancer has been developed and an experimental topology of the
SDN has been designed, allowing a detailed study of the processes of neural network multipath
routing in the SDN based on the proposed approach. The results obtained show that the pro-
posed neural network model has the ability to predict routes with high accuracy in real time,
which allows implementing various load balancing schemes in order to increase the perfor-
mance of the SDN.
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Mathematical apparatus of formal software machines which is an ordered set of universal algo-
rithmic algebraic systems is considered. Algebraic systems make it possible to adequately and
uniformly describe and analyze program code for significantly different programming lan-
guages, such as C, Lisp, Prolog, Python. Algebraic systems are divided into algebras of working
with RAM, algebras of constants, algebras of control syntactic constructions and algebras of
program code interpretation. The signature of formal software machines allows us to consider
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composition and decomposition of all program code elements for the synthesis of simple struc-
tures into complex algorithmic structures or the analysis of complex programs into simplest
structures. The article shows that formal software ma-chines can be used not only for non-object
languages, but also for structuring object-oriented programming languages.

An example of an object-oriented program in C++ is given, the possibility of its formal analysis
and obtaining object-oriented code from functionally equivalent non-object programs is shown.
As a result of the experiments performed, the effectiveness of using formal software machines
to optimize program code with increased efficiency on a variety of complex programs is shown.
The aim of the work is to present the effective use of formal software machines not only for the
analysis and optimization of non-object programs, but also for object-oriented approach.

DOI: 10.21667/1995-4565-2024-89-560-04 ......c..eeriiriiiiiiiieieee ettt e 56
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The article discusses the scientific task to increase the performance of users in software prod-
ucts, which directly depends on the efficiency of program graphical user interfaces execution.
The aim of the work is to develop scientific, methodological and instrumental tools that allow
both to evaluate program interfaces in terms of visual aesthetics effectiveness, and to compare
the programs that are similar in functionality and purpose. Also, these tools allow us to both as-
sess the performance of users in the analyzed programs and predict the level of their perfor-
mance during the working day. To achieve this aim, the article identifies interface loads that af-
fect the user during the working day when using programs; the composition of these loads was
determined in the form of spectra of effectiveness indicators that assess visual aesthetics of in-
terfaces. Analytical models of cognitive, visual and motor loads were also built. The composi-
tion of factors influencing the performance of users in addition to interface loads was also de-
termined. Original formula to calculate user performance when using interfaces of various pro-
grams is proposed. A formalized approach that allows one to visualize the dynamics of user per-
formance when using various interfaces, as well as to compare the interfaces of programs simi-
lar in functional content in order to select the most effective one is proposed. An original simu-
lation-analytical model is offered to assess the effectiveness of interface visual aesthetics which,
in addition to automating the computational processes of evaluating and comparing interfaces,
allows real-time monitoring of increase or decrease in cognitive, visual and motor loads depend-
ing on changes in characteristics interfaces and user models, as well as predict the level of user
performance during the working day.
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The problem of developing cluster analysis methods to study basic characteristics of materials
for the purpose of further development and implementation of intelligent search system in the
field of materials science is considered. The aim of this work is to develop cluster analysis
methods to study the basic characteristics of materials for further development and implementa-
tion of intelligent search system in the field of materials science. Clustering is carried out using
the k-means algorithm, and validation of the results is carried out using intra-cluster and inter-
cluster analysis. The determination of optimal initial parameters of cluster analysis method was
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carried out using elbow and silhouette methods. A collection of materials was successfully de-
composed into clusters, and data hierarchical structure was visualized using a dendrogram,
which confirmed the effectiveness of the method proposed.
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Keywords: functional model, functional decomposition, modeling language, semantics, mathe-
matical method.

The article is devoted to the search for new, more efficient tools and methods of model based
sys-tem design and analysis. The field of the research includes functional modeling being the
source of target system functional properties in the conditions in which it operates. System
modeling is defined as using virtual analogues instead of physical things, which under certain
assumptions and simplifications have properties similar to the material system. Within the
framework of this study, the problem of reducing the functional complexity of entire target sys-
tem to a certain number of simpler functions is solved, the analysis and synthesis of which fits
within the capabilities of available mathematical methods and computing tools. To solve this
problem, we propose a general abstract metamodel of system functions, the connections of its
parts, as well as a theory that alows «disassembling» and «assembling» system models into its
individual semantic parts, while functional integrity is kept. The aim of this research is to in-
crease the effectiveness and to reduce R&D time of critical technologies and systems using a
modern national system engineering platform.
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This paper proposes an algorithm for localizing multiple two-dimensional barcodes of DataMa-
trix or QR type in an image with low computational complexity. A distinctive feature of the al-
gorithm is high localization accuracy due to the use of built-in classifier, which is based on data
about potential areas of interest. For each area of interest, the classifier takes into account its
dimensions, proportions, and the density of filling the entire area of two-dimensional barcode
with black pixels. The algorithm was designed based on the need to optimize calculations on in-
dustrial bar code scanners that have limited performance. For the proposed algorithm, a com-
parative analysis was carried out with existing algorithms to localize two-dimensional barcodes
based on two-dimensional Gaussian, tree classifier and classifier with Haar features, highlight-
ing the quality metric expressed as a percentage of recognized codes.
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The aim of the work is to describe and conduct comparative tests of known detecting and de-
scribing image key points methods and algorithms, as well as to establish pairwise correspond-
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ence between key points of two images. The objective of the work is to identify the strengths
and weaknesses of each of the algorithms. The following algorithms for detecting and describ-
ing keypoints were com-pared in the experiments: SIFT, SURF, FAST/FREAK, BRISK, KAZE
and ORB. The comparison of keypoint detectors was carried out according to the criteria of per-
formance and the number of keypoints found. The descriptors were compared in terms of accu-
racy to establish a correspondence between key points of two images and computational time
for key points describing and matching them.
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The article discusses the development and use of a digital twin that allows testing a narrow-
focused medical diagnostic system. The aim of the work is to develop a 3D model of human
visual organs. The task of developing a diagnostic system for detecting pathologies with any
visual changes in the eyes or the appearance of unpleasant sensations in the eyes is becoming
relevant. Such diagnostic systems, together with a user himself, will allow detecting eye diseas-
es at early stages, and in turn, inform a user about general state of health. It has long been prov-
en that timely studies of «windows of the soul», identifying changes in blood vessels allow us to
talk about the detection of any disease, for example, memory loss and other cognitive impair-
ments. Diseases not associated with eye diseases are determined by changes in iris. The reason
for this is that eyes are a part of the body in which everything is interconnected. In this study, an
attempt to develop a digital model of human eye was made, for its further use in a decision sup-
port system to determine health status of human body.
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The use of modern technologies can allow dentists to manage their practice more effectively. In
daily management tasks, a specialist often has to evaluate hypotheses about which there is in-
complete or insufficient information. Due to the complexity of accurate estimates under condi-
tions of uncertainty, it becomes necessary for the decision-maker to justify the choice of a single
option from a variety of suitable ones. When designing an organizational system that includes
analytical information system, it is necessary to take into account the presence of some doubts
about the clarity of symptoms of a particular disease. At the same time, uncertainty about the
presence of specific disease in a patient persists even when all its symptoms are clearly ex-
pressed.

Information and mathematical support of the proposed decision support system designed to con-
trol the process of choosing a dental treatment option is based on semantic networks, fuzzy set
theory, system analysis, decision support theory, management theory in organizational systems.
Dentist enters clinical picture data into the program after examining the oral cavity: the number
of preserved teeth, IROPSIS, carious cavities according to Black, bruxism, allergoanamnesis,
vitality, dental mobility, hygienic index, etc. In addition, clinical conditions such as input data
are used, which lead the doctor to the best variant of functional design. The output data are
management decision (type of removable or non-removable orthopedic rehabilitation option)
and recommendations for treatment regimen.
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The aim of the work is mathematical and computer modeling of management decision-making
processes of a dentist using the theory of semantic networks.
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From a practical point of view, a number of gas-discharge devices make the important case
when the recovery of reverse voltage occurs with a delay due to the phenomenon of excessive
post-discharge conductivity, which is associated with reverse current flow. The paper analyzes
the features of post-discharge processes during the restoration of reverse voltage at diode anode
with an incandescent cathode at the cut-off stage of excitation pulse. The processes at the initial
stage of pulse cutoff are considered simultaneously with the effect of reverse current on the du-
ration of voltage recovery at the anode. The analysis is carried out with the diffusion mechanism
of plasma decay. In the course of the work, an expression of particle flow to the anode at the ini-
tial stage of post-discharge processes was obtained, a connection between reverse current to the
anode and the duration of excitation pulse cutoff was established. The duration of delay in re-
storing the reverse voltage at diode anode in the case of excessive post-discharge conductivity
was also estimated.
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