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Research on modifying the Khurgin-Yakovlev algorithm with three-channel implemen-
tation to improve the quality in speech signals primary codecs has been carried out. The
aim of the work is to modify amplitude-frequency and phase-frequency characteristics
of synthesis filters in order to simplify the implementation and minimize signal recon-
struction error, as well as to study primary codecs that use the proposed modification
when exposed to interference in a communication channel. A block diagram of three-
channel system for processing and transmitting speech signals has been developed
based on a modification of the Khurgin-Yakovlev algorithm. Estimates of reconstructed
speech signal quality at the output of various codecs under the influence of interference
in a communication channel were obtained for the proposed modification of the
Khurgin — Yakovlev algorithm, and were compared with the systems built on the theo-
rem of V.A. Kotelnikov. The authors show that the application of the proposed three-
channel modification of the Khurgin-Yakovlev algorithm improves quality characteris-
tics and noise immunity of transmitted speech information.
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The article discusses an approach to detecting and analyzing structural noise («band-
ing») in the images from Earth space observation systems by using a wavelet transform
and constructing a wavelet packet decomposition tree. Wavelet transforms make it pos-
sible to adequately describe both spatially correlated changes in brightness and their ab-
rupt changes, if necessary.
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An algorithm for encoding speech signals based on CELP codec and modification of the
Khurgin — Yakovlev algorithm adaptive to distortions in a communication channel has
been developed and studied. The aim of the work is to develop and study an algorithm
for adapting CELP codec to the effects of distortion in a communication channel. In this
work, this aim is achieved by selecting separate sets of CELP codec parameters, which
when exposed to distortion in a communication channel provide higher quality of
speech signals at codec output. The study of the influence of the parameters on speech
quality at the output of CELP codec based on V.A. Kotelnikov theorem and Khurgin —
Yakovlev representations has been conducted.

DOI: 10.21667/1995-4565-2023-88-21-30 ..cueviiiiiiiiiiiiiiiiieeiieeeieeeeec e 21

Y. V. MERZLYAKOYV, D. V. PASHCHENKO, A. V. MOISEEV, A. I. MARTYSHKIN.
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Keywords: computational experiment, radiation pattern, classical method of three-
dimensional directional pattern reconstruction, gain, the weighted sum method, antenna
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The paper deals with the experimental study of horn antenna positioning algorithms:
«classicaly», based on summating the values of horizontal and vertical directivity dia-
grams presented in logarithmic scale, and the weighted sum. The aim of the work is to
carry out a comparative analysis of two mentioned algorithms for horn antenna posi-
tioning. The improvement of radio-electronic test methods in the context of modern de-
velopment of electronics and production automation is of urgent importance. The au-
thors conduct a comparative analysis of two horn antenna positioning algorithms on the
basis of computational experiment, identifying optimal parameters for their practical
application. The results obtained allow us to conclude that the weighted sum method of
directional pattern reconstruction is preferable for testing horn antennas at different op-
erating frequencies. The conclusion of the article presents the main results and conclu-
sions of the research.
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I. YU. KASHIRIN. THEORY OF HIERARCHICAL NUMBERS IN THE TASKS TO CALCU-
LATE SEMANTIC SIMILARITY OF NATURAL LANGUAGE CONSTRUCTIONS
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The algebra of hierarchical numbers, operations and relations of an algebraic system are
considered. A graphical representation of hierarchical numbers and the operations with
them is provided; distinctive properties of the operations are shown. Methods for nor-
malizing hierarchical numbers for their subsequent use in processing natural language
constructs are listed and explained. To use the theory of hierarchical numbers,
knowledge models ontologies are developed in terms of generic taxonomies, which also
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have hierarchical structure. General and applied ontologies having significant differ-
ences in their design and application for understanding natural language sentences are
distinguished.

As a cross-cutting example, we took the subject area of English-language political arti-
cles of international electronic media, in particular: RT, CNN, TASS, NYTimes. The
technology for calculating the semantic similarity of natural language constructions is
considered, for which well-known bert-base-cased neural network models of the latest
versions are used, as well as the author’s IYu-bert-cased model. A new method for
computing semantic similarity using hierarchical number theory is presented.

The experimental part of the material is based on the use of software tools of Python v.3
language (Anaconda 3): Spacy library v.3.2.1, CorpusMining v.2.1 retriever, mlYu-bert
v.1.0 software package. The last two tools were implemented by the author of the material.
The completed series of experiments allows us to qualify the methodology for using hi-
erarchical numbers in calculating semantic similarity as the basis of the technology that
1s not inferior in efficiency to currently available international analogues.

The aim of the work is to present the effective use of hierarchical number algebra to ob-
tain and use new neural network technology used to solve the problems of automatic
calculation of semantic similarity in natural language constructions.
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Classifying the sounds of urban environment is a complex task that has some common
facets both with the task of classifying images and the task of processing natural lan-
guage. The article describes the methods of audio data preparation, and presents some
types of deep neural network architectures used to classify sounds of urban environment
such as 1DCNN, EsResNet, AST, PaSST. The advantages and disadvantages of such
architectures are discussed. The methods of knowledge distillation and transfer used to
increase the effectiveness of the methods used are considered. The aim of the work is to
compare the results of model training on several datasets, including ESC-50, Ur-
banSound8K and FSD50K, based on mAP and Accuracy metrics.
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The problem of speech recognition in the presence of extraneous noises of various origins
is considered. The aim of the work is to develop and evaluate the effectiveness of meth-
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ods that make it possible to recognize speech in the presence of noise using neural net-
work techniques. The relevance of the work is a significant expansion of the range of in-
dustries in which speech recognition has become much simpler and more efficient due to
the development of neural network techniques. Software solutions «Whisper» and
«Vosk» which allow transcribing (recognizing) speech are considered. A classification of
audio noise is given, and existing methods of dealing with them are described. The influ-
ence of noise on training a speech recognition system is shown. Methods for training
speech recognition system using synthetically generated dataset with noise have been de-
veloped. A data noise module was designed and developed, and a test bench was assem-
bled. Approbation of the developed methods is given. Finally, the results of analyzing the
data obtained during the experiments are presented and conclusions are drawn.
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MODEL FOR AUTOMATIC DETERMINATION OF WIDTH AND SICKLE SHAPE OF METAL
SHEET

Keywords: profilometer, 2-D sheet model, model of sheet rotations, detection of non-
contact points, sickle shape, sickle shape estimation, metal sheet edges approximation.

The task to construct a mathematical model of metal sheet in the process of its move-
ment along a roller is considered. A sheet of metal after it is rolled on mill can change
its edge geometry as a result of which the phenomenon of sickle shape may occur. Tra-
ditionally, sickle shape and width of a sheet are measured manually. To automate the
process of measuring width and sickle shape, a system based on a set of optical sensors
(profilometers) is proposed. Data processing should be performed in a time not exceed-
ing the time required to pass the entire sheet. The difficulties of estimating these param-
eters based on these data are associated with rotations and transverse displacements in
the process of moving the sheet along the roller. The aim is to create an adequate model
of a metal sheet in order to test algorithms for determining its characteristics: width,
sickle shape, presence of other defects. The issues of constructing a general profile
based on data from individual measurements of a system containing six profilometers
are considered, as well as a description of algorithms for finding the angle of rotation,
eliminating transverse displacements, estimating sickle shape and width of metal sheet
are considered.
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The aim of the work is to develop the system for automatic control of technological dis-
cipline based on hardware and software systems. The article discusses the problem of
using measuring information system for monitoring mechanical vibrations of technolog-
ical system to monitor production process. The main reasons for violation of technolog-
ical discipline are given. To monitor technological processes and adhere to technologi-
cal discipline and exclude the human factor from decision-making chain, the authors
have proposed the option to introduce automatic control system for technological disci-
pline based on developed hardware and software complex for monitoring and optimiz-
ing technological processes (SPC) being a set of diagnostic modules installed on the
equipment that take a certain set of indicators from the machine and allow you to inter-
pret equipment operation over a given time. The information received is stored on a
server being the source to determine equipment load factor, the number of processed
workpieces, processed workpieces range and equipment operation rthythm. The use of
the proposed method for indirect monitoring of technological equipment state makes it
possible to monitor compliance with technological discipline by recording the fact of
equipment operation at idle speed to simulate operation as well as the fact of equipment
operation simulating the operation of a machine according to a control program; identi-
fying the facts of changes in cutting modes; recording interruptions in technological
process and reworking some operations; analysis of production rhythm and actual
productivity of each operator; detection of non-compliance with daily shift assignments.
The proposed option for using hardware and software complex makes it possible to in-
crease the efficiency of technological processes of cutting processing due to timely sys-
tematic identification of deviations in a technological discipline.
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The task to find the contribution of nonlinear component of measurement signal (MS)
during metrological tests to ADC integral nonlinearity is considered. The aim of the
work is to determine ADC integral and differential nonlinearities by means of a new
method, which reduces the requirements to reference measuring instruments in terms of
accuracy class by taking into account MS nonlinear component. For this purpose, peri-
odic MS of triangular shape, level-shifted downward MS and level-shifted upward MS
are successively fed to the input of tested ADC. The first histogram of ADC code distri-
bution is plotted in the absence of MS offset, second and third histograms are plotted in
the case of MS downward and upward shifting. After that, for each ADC code in the
second and third histograms with the help of the first histogram the authors construct
two equations leading to a single one and solve the obtained systems of equations at MS
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offset down and up by the least squares method, determining MS offset and the contri-
bution of MS nonlinear component to integral nonlinearity for each ADC code. Consid-
ering MS nonlinear component, integral nonlinearity for each ADC code is determined,
and then differential nonlinearity of ADC is determined from integral nonlinearity.
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In the context of continuous development of pharmacological drugs market, the active
process of import substitution, development of fundamentally new medicines, as well as
withdrawal from circulation of certain types of medicine, medical professionals have a
rather time-consuming task associated with tracking and studying information about
newly registered and marketed medicines. The aim of the work is to analyze the capa-
bilities of medical systems, including medical decision support systems, analyze regula-
tory framework regarding medicine turnover, analyze the principles of medicine classi-
fication, requirements for instructions of their use and existing information systems, as
well as the formulation of main task and architecture of projected decision support sys-
tem when selecting drug treatment regimens for patients, based on key parameters such
as diagnosis, concomitant chronic diseases, allergic reactions, etc.
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The simulation of electron-optical circuit of microfocus X-ray tube of transmission type
with electromagnetic focusing has been carried out. Electromagnetic focusing system
includes two lenses: electrostatic cathode and magnetic object lens. The author's soft-
ware application FOCUS was used as a basic modeling tool. The aim of the work is to
study and determine operating modes of lenses that provide a micron diameter of elec-
tron flow focal spot on tube anode in the mode of full current passage at accelerating
potential of 100 kV.
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An electrodynamic model has been formulated describing induction discharge in pulsed
plasmatron in terms of induced current density in a plasma clot under the action of
pulsed magnetic field. Numerical calculations have been performed using a plasma
model in the form of a cylinder, demonstrating the process of current layer formation in
plasma. The aim of the work is to numerically study the dynamics of density distribu-

tion of induced current in a plasma clot located in a magnetic field with rapid decline of
this field.
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