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The article considers a multi-channel receiving system with channel mutual coupling
where antenna system external noises as well as low-noise amplifier internal noises are
observed. Thermal noise changes in multichannel receiving system with mutual channel
coupling leads to their spatial correlation. For noise matching in receiving system chan-
nels load impedances are optimized by numerical Nelder-Mead method according to the
criterion of minimum noise variance. The aim of the article is to increase the efficiency
of signal processing in the presence of spatially correlated noise in a coupled multi-
channel receiving system by optimizing load impedances. The research of noise angular
power spectra in a coupled multichannel receiving system for various configurations of
a receiving system is carried out. The optimization of load impedances is shown to be
capable to reduce the power of spatially correlated noise.
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The paper evaluates the parameters of low—frequency noise obtained by a full-scale ex-
periment - digitization of op amp output signal. The aim of the work is to experimental-
ly confirm the hypothesis for the presence of non-Gaussian properties in low-frequency
noises with power spectral density inversely proportional to noise frequency. The task is
considered to be relevant when converting carrier frequency of ultra-narrowband signals
to a zero carrier, as well as in the process of demodulation. According to the experi-
mental data, the calculation of non-Gaussian parameter, kurtosis coefficient, as well as
constructing the dependence of kurtosis coefficient on the volume of experimental data
is performed. According to the results of the study, non-Gaussian signal processing
methods are proposed to be used in order to compensate for the influence of low-
frequency noise and increase signal-to-noise ratio in ultra-narrowband signal processing
systems.
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The scattering properties of dielectric and metallized objects with axial symmetry are
estimated using CST MWS — Computer Simulation Technology Microwave Studio
electrodynamic modeling software package. In order to study scattering diagrams for
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various types of spatial distribution of reflective surfaces complex permittivity, second-
ary electromagnetic radiation was modeled by finite-length cylinders with regular cross-
sectional radius for partial and complete metallization of side surfaces.

The distribution of surface currents on a cylinder was determined by FEM (Finite Ele-
ment Method). The calculation of polarization components of the field and a cylinder
scattering diagram was carried out by activating Frequency Domain Solver built into the
structure of CST MWS program, which provides the determination of the coordinates in
approximating grid with different types of cells.

In sampling zones, complex amplitudes of currents were determined by the method of
MoM moments — Method of Moments with partial inversion of boundary value prob-
lems operators.

The results obtained show that the maxima of scattering diagrams of cylinders with per-
fectly conducting bands on side surfaces are concentrated in space sectors opposite to
metallization region. The results also show that in the sector of 60° width angles the cyl-
inder scattering diagrams of equal electrical dimensions with full and partial metalliza-
tion are similar in shape.

The aim of the work is to study the patterns of secondary electromagnetic radiation of
dielectric objects with different degrees of surface metallization.
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V. T. Dmitriev, M. S. Smirnov. STUDY OF NOISE-RESISTANT AND PROTECTED SPEECH
SIGNAL TRANSMISSION SYSTEM BASED ON KHURGIN - YAKOVLEV REPRESENTATION

Key words: noise immunity, security, noise-correcting coding algorithms, cryptographic
algorithms for symmetric and asymmetric encryption, primary coding, speech signal
transmission, speech signal codecs.

The research of reconstructed speech quality at the output of noise-immune and protect-
ed speech signal transmission systems based on V.A. Kotelnikov theorem and
Khurgin — Yakovlev representation under the action of various interferences in a com-
munication channel is made. The task of the study is to determine the best combinations
of encryption and primary coding algorithms to achieve the best quality of restored
speech information at the output of primary decoder under the influence of interference
in a communication channel, as well as to study the application of V.A. Kotelnikov and
Khurgin — Yakovlev representations in the construction of primary codecs. The aim of
the work is to select and justify the algorithms for primary coding and encryption of
noise-resistant and protected system for transmitting speech signals, which provides the
highest value for assessing the quality of speech at the output of transmission system in
a given range of transmission rates and interference in a communication channel. As a
result of study, the best combinations of primary coding and encryption algorithms were
selected, and the use of Khurgin — Yakovlev representation was substantiated in order to
improve restored speech quality, as well as noise immunity and security of transmitted
information at the output of speech information transmission system.
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A. D. Koshelev, V. P. Fedorov. COMPARATIVE ANALYSIS OF MESSAGE TRANSMISSION
METHODS IN UNDERWATER ENVIRONMENT

Key words: ultrasonic waves; transmission methods; coding; self-synchronization; sig-
nal-to-noise ratio.

The problem of constructing a hydroacoustic communication channel is considered. The
aim of the work is to compare the known methods of encoding digital information with
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the proposed transmission method by the combinations of quaternary system digits set
by the chords of time-shifted parcels with ultrasonic waves filling four different fre-
quencies. This method is compared with the transmission of digital information by con-
tinuous wave modulation and with the known bipolar transmission encodings adapted to
a sonar channel. The considered method of information signal construction is shown to
provide greater transmission reliability due to complete self-synchronization, larger sig-
nal-to-noise ratio and larger signal base.
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D. A. Perepelkin, M. A. Ivanchikova, V. T. Nguen. INTELLIGENT MULTIPATH ROUTING
IN SOFTWARE DEFINED NETWORKS BASED ON BIRD MIGRATION ALGORITHM

Key words: software defined networks, SDNLoadBalancer, intelligent multipath rout-
ing, OpenFlow protocol, swarm algorithms, bird migration algorithm.

Software defined networks (SDN) are a modern trend in building new generation com-
puter networks. SDN provide flexibility and control in managing data flows in the net-
work, as well as a given level of quality of service for applications. The purpose of the
work is to develop a scientific approach of intelligent multipath routing in SDN based
on bird migration algorithm. The article studies and analyzes the bird migration algo-
rithm to solve the problem of multipath routing in SDN. A visual software system
SDNLoadBalancer has been developed and an experimental topology of SDN has been
designed, which makes it possible to study in detail the processes of multipath routing
in SDN based on proposed approach. The paper compares the pro-posed approach with
the results of the work of the classical genetic algorithm and the artificial bee colony al-
gorithm. The results of experimental studies have shown the effectiveness of the appli-
cation of bird migration algorithm in solving the problem of multipath routing in SDN,
made it possible to obtain results close to optimal in an acceptable time, and also reduce
the transmission delay jitter in the network.

DOI: 10.21667/1995-4565-2022-82-44-59 .....evviiiiiiiniiiiiiieeeiteeeeeee e 44

A. A. Pimenova, D. D. Nikitin, K. I. Nikishin. MODELING OF SECURITY PRINCIPLES IN
SOFTWARE DEFINED NETWORKS

Key words: Software Defined Networks, controller, switch, OpenFlow, Flow Table ,
safety, DDoS attack, MITM attack, Petri Nets, CPN Tools.

Currently, large requirements are imposed on computer networks to increase speed, per-
formance and fault tolerance. An important criterion of any network is network fault
tolerance and protection against various attacks on the network. The article discusses
the principles of security and the study of attacks in software defined networks (SDN).
SDN can be subject to various types of attacks. One of the most common attacks are
DDoS (Distributed Denial of Service) and MITM (Main in the middle) attacks. The aim
of the research is to study the principles of security in SDN and to research various at-
tack, such as DDoS and MITM using color Petri nets and CPN Tools modeling pack-
age. The objectives of the study are to detect attacks on each OpenFlow switch of any
packet with fake data, to analyze the substitution of MAC address in a packet stream of
the network. Hierarchical models on Petri nets made it possible not only to investigate
the functioning and behavior of network control system and its security principles, but
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also to verify the model and the algorithm for protecting switch and control system from
DDoS, MITM attacks.

DOI: 10.21667/1995-4565-2022-82-60-T2 ......eeiriiiiiiiiieiieeiieeiee ettt

D. A. Perepelkin, D. D. Tkachev. DEVELOPMENT OF CLOUD PLATFORM AND VISUAL
SOFTWARE SYSTEM FOR CONFIGURING INTERNET OF THINGS DEVICES

Key words: Internet of Things, software defined networks, cloud platform, network de-
vice scanner, Internet of Things parameter collection devices, visual software system,
network architecture, OpenFlow protocol, UML class diagrams.

Currently, solutions based on the Internet of Things are becoming widely in demand.
The concept of the Internet of Things implies the construction of a software defined
network (SDN) of physical devices with integrated mechanisms of interaction both
among themselves and with a cloud platform, a software system and objects of the out-
side world. The aim of the work is to develop an architecture, a cloud platform and a
visual software system for configuring Internet of Things devices. The paper proposes a
four-level architecture of a software defined network of Internet of Things devices. To
aggregate the network structure, a cloud platform has been developed that allows using
the REST API interface and sockets to interact with the software system and end devic-
es of the Internet of Things. A visual software system [oT Map has been developed to
configure the IoT devices. A detailed description of the architecture and the process of
software system functioning is performed using a UML class diagram. Special attention
is paid to the interaction between visual software system, a cloud platform and the end
devices of the Internet of Things.
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INTELLIGENT INFORMATION SYSTEMS
AND TECHNOLOGIES

A. V. Gorchakov, L. A. Demidova, P. N. Sovietov. AUTOMATED PROGRAM TEXT ANALY-
SIS USING REPRESENTATIONS BASED ON MARKOV CHAINS AND EXTREME LEARN-
ING MACHINES

Key words: classification of program texts, code analysis, classification algorithm, arti-
ficial neural network, extreme learning machine, abstract syntax trees.

The digitalization of the economy leads to an increase in demand for software develop-
ers, and, as a result, to massive nature of programming courses. The aim is to develop a
module for analyzing solutions to automatically generated unique programming tasks in
the Digital Teaching Assistant (DTA) system, which automates a massive Python pro-
gramming course at RTU MIREA. To vectorize a program text, it is proposed to build
an abstract syntax tree, and then convert the resulting tree into a Markov chain. To clas-
sify vector representations of program texts, it is proposed to use an extreme learning
machine — a computationally efficient architecture of an artificial neural network. The
labeling of the data set is carried out by the hierarchical clustering algorithm. The use of
the developed module made it possible to automate the determination of methods for
solving automatically generated problems in real time in programs sent to the DTA. The
obtained information about the methods of solution can be used by programming in-
structors during the semester to identify gaps in students’ knowledge and skills. The sta-
tistics obtained from classifiers of vector representations of program texts is reported to
students through DTA system web interface.
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I. Yu. Kashirin. NEURAL NETWORKS FOR USER IDENTIFICATION BASED ON NEWS
SITE VISITS ANALYSIS

Key words: neural networks, causal taxonomy, psychosomatic user identification, ICF
ontology, hierarchical numbers, semantic proximity.

The article deals with the design of neural networks with knowledge. The designed
networks are intended to solve the problem of classifying users according to their psy-
chosomatic type. An original method of building networks using ICF-ontologies, struc-
tured in accordance with the causal taxonomy of the information needs of the Web site
user, is presented.

To design an ontological causal taxonomy, elements of the theory of hierarchical num-
bers are used, which allow calculating the semantic similarity of ontology concepts for
its optimization. The features used in the taxonomy are applied later in the formation of
a set of basic features (S-elements) of neural network.

Software implementation of the approach proposed uses the subject area of current
news site with many multidirectional information headings. The purpose of using a neu-
ral network is to classify users according to their psychosomatic type based on the anal-
ysis of visits to site materials by various users. As a practical part, experiments planned
and delivered within the framework of Python v.3 software toolkit (Anaconda 3) are
considered. The results obtained allow us to positively assess the effectiveness of the
technology proposed.

The aim of the work is to create an original method for constructing neural networks for
classification problems using causal taxonomies in ICF ontology format using hierar-
chical numbers.
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MATHEMATICAL AND COMPUTER MODELING

V. P. Koryachko, V. A. Minaev, R. O. Stepanov, A. O. Faddeev. SIMULATION OF DAN-
GEROUS SUBSTANCES WIND TRANSPORT WHEN ASSESSING TECHNOGENIC RISK IN
ARCTIC ZONE

Key words: technogenic risk, Arctic zone, modeling, assessment, hazardous chemical,
wind transport, wind speed field, cloud movement trajectory.

As part of the development and implementation of technogenic risk assessment method,
three key tasks were solved: constructing the trajectory of a cloud saturated with vapors
of dangerous chemical substance; modeling the dissipation of this cloud; assessing the
technogenic risk along the trajectory of cloud movement. The aim of the work is to con-
struct a new numerical method for assessing technogenic risk as a result of wind
transport and dissipation of hazardous chemicals. The stages of implementing risk cal-
culation algorithm are shown. The simulation of spatial distribution of dangerous con-
sequences of a conditional man-made event that occurred in the Arctic zone was carried
out. It is concluded that the proposed approach can be adapted to the model description
of radioactive substances emissions into the atmosphere, environmental pollution of the
area as a result of large-scale industrial and geological developments, geodynamic disa-
sters.
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E. V. Borisova. MODELING OF THE BEHAVIOR OF SECURITY ELEMENTS UNDER
THIRD-PARTY INFLUENCE ON THE PASSIVE COMPONENTS OF QUANTUM KEY DIS-
TRIBUTION SYSTEM

Key words: quantum connection, quantum communication, quantum cryptography, vul-
nerabilities of quantum communication systems, laser damage attack, quantum key dis-
tribution systems.

In cryptography, security can be ensured by exchanging a secret key between two users,
who are called Alice (the source) and Bob (the receiver). In quantum cryptography, key
exchange is carried out via a quantum channel. Its security is based on the fact that any
measurement of a quantum system will inevitably change the state of this system. Con-
sequently, a third party, Eva, can get information from the quantum channel by perform-
ing a measurement, but legitimate users will detect it and, therefore, will not use the
key. In practice, a quantum system is a single photon propagating through an optical fi-
ber, and the key can be encoded by its polarization or by its phase, as was first proposed
by Bennett and Brassard [1]. In 1992, quantum cryptography was first experimentally
demonstrated at a height of more than 30 cm in the air with polarized photons [2]. Since
then, several groups have presented implementations of both polarization [3] and phase
coding schemes in optical fibers [4-5].

However, modern implementations of KRK systems do not correspond to their model
concepts, and an attacker has the opportunity to intercept the secret key and remain un-
noticed [6-11].

Quantum communication protocols are considered secure provided that all devices in-
cluded in the system are fully characterized and side channels are closed. However, as a
result of exposure to laser radiation, it is possible to change the characteristics of com-
ponents of quantum communication systems, which leads to vulnerabilities in quantum
key distribution system.

The aim of the work is the possibility of applying the conclusions from this article in the
practical assessment of the security of quantum communication systems — the assess-
ment quantum key distribution systems security. The work contains recommendations
on strengthening the security of signal source block in quantum communication sys-
tems. As countermeasures to protect against the effects of laser radiation, it is proposed
to use optical fuses with a given threshold power limit, detectors for monitoring the in-
put power of optical radiation and narrow-band optical filters at the entrance to the
quantum communication system. [12]. This article collects data and provides character-
istics when using these components as security elements.
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SYSTEM ANALYSIS, MANAGEMENT
AND INFORMATION PROCESSING

A. S. Albychev, D.Y. Ilin, E.V. Nikulchev, S.G. Magomedov. DEVELOPMENT OF A
METHODOLOGY FOR EXPERIMENTAL STUDIES OF TECHNOLOGIES FOR CENTRAL
BANK DIGITAL CURRENCIES

Key words: central bank digital currency, blockchain technology, experimental bench
for performance evaluation, transactions, computing infrastructure, blockchain network
parameters.

Currently, many central banks are exploring the possibilities of national digital curren-
cy. The paper describes the task of experimental research of technologies for central
bank digital currency. The aim of the work is to develop a methodology for constructing
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a computational infrastructure for conducting experiments aimed at studying the charac-
teristic of the technologies used for central bank digital currencies based on blockchain.
A distributed computing infrastructure is being built to assess the effect of blockchain
network parameters on the performance. The input data for conducting experiments are
transactions for the transfer of digital resources from one user to another. The data ob-
tained as a result of the experiment can show details of the load on infrastructure re-
sources, reveal differences in system efficiency in different usage conditions.
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K. K. Otradnov, J. P. Perova, V. R. Grigoriev, D. O. Zhukov. ANALYSIS OF SOCIODYNAM-
IC PROCESSES TIME SERIES CHARACTERISTICS IN COMMENT NETWORKS OF MASS
MEDIA USERS

Key words: sociodynamic processes, activity of users of network mass media, time se-
ries, Hurst index, memory, self-similarity, fractality of time series.

The article analyzes the dynamics and characteristics of sociodynamic processes time
series in comment networks of mass media users. There is a small amount of asymmetry
in the distribution of amplitudes of changes in user activity when commenting on news
and the distribution of amplitudes is almost symmetrical, but there is a so-called «heavy
tail» — distribution density graphs lie above the normal distribution graph. The studies
conducted allow us to draw a number of important conclusions that the time series stud-
ied are non-stationary, and the processes and systems described by them have short-
term memory (the Hurst index is significantly less than 0.5). A significant difference be-
tween the Hurst indicators defined for them from 0.5 indicates that the processes or sys-
tems described by them not only have memory, but also that their structure has a fractal
character. Fractality may be related to the fact that the observed processes are character-
ized by fractional measurement variables, which means that it is advisable to use frac-
tional differential equations in the derivation of approximating density functions of their
parameters distribution in order to build predictive models.
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A. A. Kabanov, I. A. Fedorov. ARCHITECTURE OF MANAGEMENT SYSTEM FOR DIGI-
TAL TWINS OF PRODUCTIONS AS A BASIS FOR INTEGRATION OF DIFFERENT MOD-
ELS OF THEIR REPRESENTATIONS

Key words: digital twins, enterprise production system, architectural design, system en-
gineering, digital twin management system, interoperability.

The international standard on digital twins of production systems ISO 23247 presents a
typical architecture of a digital twin and an indication of the need to use generally rec-
ognized practices of architectural and system engineering design and various infor-
mation standards for its development. However, the standard does not regulate how
these practices and standards should be applied to develop the architecture of control
systems for digital production twins. This paper discusses possible implementation of
architectural and system engineering design practices, as well as international standards
for data representation in the formation of the architecture for such systems.

The aim of the work is to identify methodological approaches to the development of the
architecture of management system of digital twins of production systems, providing
horizontal and vertical integration of participants in product lifecycle.

The paper defines the tasks of horizontal and vertical integration in the management of
digital twins, the tasks of architectural design of digital twins control systems, explores
possible approaches and tools for solving these problems based on the provisions of var-
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ious international standards defining various aspects of production systems presentation,
substantiates the typical process of architectural design of digital twins control systems,
indicates prospects and benefits of the systems developed on the principles of functional
compatibility.
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O. D. Kazakov. EVALUATION OF TECHNOLOGICAL EQUIPMENT EFFICIENT OPERA-
TION ACCORDING TO CYBER-PHYSICAL LEVEL DATA OF DISCRETE PRODUCTION

DIGITAL TWINS

Key words: digital twin of business processes, cyber physical level, discretionary pro-
duction, technological equipment efficiency, forecasting the life cycle of the tool used.

The problem of evaluating the efficiency of technological equipment in discrete produc-
tion is considered. The aim of the work is to develop a mechanism for automatic evalua-
tion of technological equipment efficiency by means of neural network analysis of data
obtained from the cyber-physical level of production business processes digital twin.
Based on the historical data on equipment power consumption, a feed-forward neural
network consisting of four fully connected layers, with dropout layer was trained to
solve the problem of predicting the life cycle time of the tool being used. The possibility
of increasing the reliability of indicators complex values for evaluating the efficiency of
technological equipment according to a cyber-physical level of digital counterparts of
discrete production business processes is considered.
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V. Ya. Tsvetkov, E. K. Titov. INTERVAL SOLUTION OF SITUATIONAL PROBLEM

Key words: situational problem, interval function, logistics, logistic situation, discrete
optimization, expedient solution, local optimization, heuristics.

The problem of discrete analysis of logistic information situation is studied. A method
of clear interval functions for situation analysis is proposed. The content of the situa-
tional task is revealed. The method is an alternative to fuzzy interval situations. Interval
functions are described. In fact, the solution of a discrete optimization problem is given.
The difference between physical and parametric interval situations is shown. The aim of
the work is to develop a new discrete optimization method. A new concept of interval
situation is introduced. The solution of the problem is given in three variants for three
optimization criteria. The method is heuristic and is shown with an example. The neces-
sity of replacing the term «global optimality» with the term «local optimality» or «ex
pedient solution» is shown. The method allows you to solve a situational problem for
any number of criteria including criteria.
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PHYSICAL ELECTRONICS AND NANOELECTRONICS

N. V. Vishnyakov, V.G. Litvinov, V.G. Mishustin, V.V. Gudzev, A.V. Ermachikhin,
A. V. Vasin. COMPLEX STUDIES OF MULTILAYER BARRIER STRUCTURES OF MICRO-

AND NANOELECTRONICS

Key words: crystalline and disordered semiconductors, multilayer barrier structures,
HIT structures, borders, deep levels.

Complex approach to choose methods and techniques of the research allows us to opti-
mize the process of measurements as well as to conduct an extended analysis of multi-
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layer barrier micro- and nanostructures properties. The aim of the work is to develop a
complex approach to the study of multilayer barrier structures of micro- and nanoelec-
tronics that means collaborated application of experimental techniques based on various
physical properties of measurements and to make a measuring stand of complex diag-
nostics. The objects of the research is the structures of photoelectric converters on the
basis of crystalline and hydrogenated amorphous silicon including HIT-structures and
two-stage thin-film solar cells based on a-Si:H and a-SiC:H. Measuring and analytical
complex to implement the informative techniques offered is developed. The results of
the study allowed determining activation energies and layer concentration of three elec-
trically active deep levels, refining the positions of Fermi levels in a-Si:H(p) layer as
well as on the section border a-Si:H(i)/c-Si(n). High density of localized states found in
a mobility gap of undoped a-Si:H (10'® — 10'® eV-'ecm™) leads to a tunnel-transparent
SCR layer close to a-Si:H/c-Si border. Complex approach to research the properties of
multilayer barrier structures of micro- and nanoelectronics elements allows us to verify
experimental results and minimize instrumental and time costs for measurements.
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LEVEL TRANSIENT SPECTROSCOPY METHODS OF RELAXATION CURRENT ANALYSIS

Key words: DLTS, data processing, mathematical modeling, Laplace-DLTS, CONTIN,
software.

Three different approaches to processing of current relaxation under square-wave deple-
tion signal are considered on the simulated data. Three different cases are considered:
including 1, 2 or 3 deep levels varying signal-to-noise ratio. The present work aims at
establishing applicability of those methods to particular experimental conditions. The
Laplace-DLTS method was implemented via CONTIN software. The DISCRETE pro-
gram was used to approximate the relaxation curves by the sum of exponentials. The in-
tegration method was used for this purpose as well. Classical DLTS analysis was im-
plemented using the «Lock-in» and «GS-4» weighting methods.
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lolobov. EFFICIENCY ANALYSIS OF VARIOUS TYPES OF INDUCTOR GEOMETRIES FOR
MAGNETOHYDRODYNAMIC MIXING OF SILICON MELT

Key words: multicrystalline silicon, magnetohydrodynamic mixing, traveling magnetic
field, inductor, melt, mathematical modeling.

The aim of this work is a comparative efficiency evaluation of various systems for
magneto-hydro-dynamic melt mixing in the application to industrial installation of di-
rectional crystallization type GT-DSS-450 with a form factor of crucible G5. In this
work, using numerical simulations in the COMSOL Multiphysics® software, the effi-
ciency of various types of inductor system geometries was analyzed for the application
of magneto-hydro-dynamic mixing of a silicon melt for the conditions of industrial
plants for growing multicrystalline silicon ingots. The main quantitative parameters of
various configurations of inductor systems are presented, their advantages and disad-
vantages are compared. The results obtained can be used to create systems for magneto-
hydro-dynamic mixing of silicon melt and electrically conductive melts of substances.
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D. S. Loginov, T.A. Kholomina, I. F. Sherova. STUDY OF SWITCHING CONDITIONS
INFLUENCE ON THE MEASUREMENT OF LOW FREQUENCY NOISE SPECTRUM OF
MAGNETICALLY CONTROLLED CONTACTS

Key words: LF noise, magnetically controlled contacts, measuring installation, contact
resistance, power spectral density.

The results of an experimental study of the influence of switching conditions: the mag-
nitude of currents and magnetic field sources of switching devices on the characteristics
of magnetically controlled contacts are presented. To determine necessary parameters,
the transfer characteristics obtained due to the inclusion of the reed contact studied ac-
cording to a scheme of classical four-pole were used.

The analysis of a set of experimental conditions determining the magnitude and spread
of resistance values of magnetically controlled contacts during repeated switching, as
well as the influence of magnetic field sources of switching devices on the reproducibil-
ity of parameters calculated according to the developed program: shape index and spec-
tral power density of LF noise is carried out. The experimental conditions under which
the maximum reproducibility of the results is achieved are revealed.

The aim of this work is to study the factors affecting the spread of resistance value and
the parameters of LF noise spectra during multiple repeated switching of reed contact
using a magnetic field from different sources.
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