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INTRODUCTION

The International Journal of Professional Science, Issue Ne12(2), 2024, continues its
mission of providing a platform for presenting cutting-edge research and analysis from diverse
scientific fields. This issue features articles authored by students, graduate students,
postdoctoral researchers, doctoral candidates, and scientists from Russia, the countries of the
FSU, Europe, and beyond. The journal reflects the dynamic processes and transformations in
contemporary knowledge, making it an essential resource for educators, graduate students,
and anyone passionate about modern science.

This issue includes a diverse array of scientific articles across multiple disciplines.
Highlights include studies on the operation of charging stations utilizing used electric vehicle
batteries, advancements in polymer composites with carbon nanotubes, and the application
of RxJS and NgRXx in industrial web development. Other articles delve into topics such as
linguistic evolution in the 20th century, modern relay protection technologies, and reducing
idle time in transportation systems. Each contribution has been carefully peer-reviewed,
ensuring high-quality and relevant research.

We are confident that the multidisciplinary approach and the breadth of topics presented
in this issue will spark new ideas, foster academic discussions, and inspire further exploration
in the realm of professional science.

Sincerely,

Krasnova N.

Editor-in-Chief

International Journal Of Professional Science

International journal of Professional Science,
Ne12(2) - 2024
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Abstract. In this article, based on the analysis of existing and most common batteries, the possibility and expediency
of introducing used electric vehicle batteries into the infrastructure of charging stations was considered.

Keywords: electric vehicle, secondary use of electric vehicle batteries, electric power industry, charging stations,
electric vehicle batteries.

PeueH3eHT: Toponues Bacunuin BnagnuMmpoBuy - KaHANOAT TEXHNYECKNX HayK, OOLEHT.
OIreoQy BO «PTAY-MCXA nMm. KA. Tummnpsasesa»

Electric vehicles represent one of the most promising and rapidly developing categories
of vehicles in the modern world. Unlike traditional cars with internal combustion engines that
run on gasoline or diesel fuel, electric vehicles use electrical energy stored in batteries to power
electric motors. This shift to electric transport is driven by several factors, including the need
to reduce greenhouse gas emissions, reduce dependence on fossil fuels, and the desire for
more sustainable methods of transportation. The main component of an electric car is a
rechargeable battery, which provides it with energy. By far the most common are lithium-ion
batteries, which have a high energy density and a long service life. These batteries allow
electric vehicles to travel significant distances on a single charge, making them convenient for
everyday use. However, over time, the efficiency of the batteries decreases, which leads to
the need to replace them. In this context, it is important to understand not only the principles
of operation of electric vehicles, but also the features of their batteries.

Electric vehicles can be classified into several types: fully electric, hybrid and plug-in

International journal of Professional Science 6
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hybrids. Fully electric cars run exclusively on electricity and do not have an internal combustion
engine. Hybrid cars combine both an electric motor and an internal combustion engine, which
allows them to take advantage of both types. Plug-in hybrids can be charged from the mains
and provide greater flexibility in use. The principle of operation of an electric vehicle is based
on the conversion of electrical energy into mechanical energy. Electric motors convert
electricity from batteries into the rotational motion required to move the car. During operation,
electric motors demonstrate high efficiency — up to 95%, which is significantly higher
compared to internal combustion engines, which lose a significant amount of energy in the
form of heat.

With the increasing number of electric vehicles on the roads, the issue of accessibility
and convenience of charging is becoming important for both car owners and charging station
operators. An electric vehicle charging station is a device that transfers electrical energy from
a power source to a car battery via a special cable. The principle of operation of the charging
station is based on the conversion of electric current, which can be either alternating or
constant. When using alternating current, the conversion takes place inside the electric vehicle
itself, where the built-in inverter converts it to direct current to charge the battery. In the case
of DC charging stations, this process is carried out directly at the station level, which
significantly reduces the charging time.

The charging process usually involves several steps: connecting the cable to the port of
the electric vehicle, converting the current, monitoring the charging process and completing
the charging. Modern charging stations are equipped with intelligent control systems that
regulate the current and voltage, ensuring the safety and efficiency of the process. They can
also exchange data with the car, which allows you to optimize the charging process depending
on the state of the battery. The installation of charging stations requires careful planning and
consideration of many factors, such as location, availability of the electrical network, types of
connectors and power of chargers. It is important to take into account the needs of users: the
availability of fast charging can be a decisive factor when choosing an installation location. In
this regard, the development of standards and recommendations for the installation of
charging stations becomes necessary to ensure their reliable operation and safety [1, 2].

At the moment, there are three main types of batteries used in modern devices:

Lead-acid batteries are a type of battery that has become widespread due to its
moderate cost, good life (more than five hundred cycles) and high specific power. They are
used in various fields, such as starter batteries in vehicles, emergency power sources, as well
as backup energy sources.

Lead-acid batteries consist of electrode plates made of a lead lattice filled with PbSO4
(lead sulfate) with a binding material. The current carrying strips and battery terminals are also
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made of lead.

The principle of operation of lead-acid batteries is based on the reactions of lead
(cathode) and lead dioxide (anode) in an aqueous solution of H2SO4.

When an electric power consumer is connected, a chemical reaction occurs in which
lead oxide and sulfuric acid react. Lead oxidation occurs. When the battery is discharged, lead
oxide is reduced at the cathode, and lead oxidation occurs at the anode. When the battery is
charged, the reverse process occurs and water is released in reaction with a solution of sulfuric
acid. It can boil due to adverse reactions and lead to battery failure and reduced service life.

This type of battery has the following advantages: time-tested old technology, very low
self-discharge, minimal maintenance, the ability to provide high current output if necessary, ease
of production and low cost.

The disadvantages include: storage only in a charged state, large weight and size,
sensitivity to negative batteries, a limited number of discharge cycles, environmentally friendly
temperatures, low energy consumption compared to other types are dangerous due to lead
compounds.

Nickel-cadmium batteries have been used for more than 15 years. This is almost three
times more than that of lead-acid batteries, whose service life is about 5 years, and in case of
improper operation associated with boiling off the electrolyte - no more than 3 years. Nickel-
cadmium batteries are reliable enough and they are not characterized by boiling, unlike lead-
acid batteries. Also, this type of battery is easier to maintain. Nickel-cadmium batteries are
about a quarter more expensive than lead-acid batteries, but they are more durable.

There are two electrodes in the battery: nickel and cadmium. The nickel electrode
consists of a mixture of nickel hydroxide with a conductive material, and the cadmium
electrode is a steel mesh with cadmium pressed into it. There is a space between the
electrodes that is filled with alkali. A chemical reaction occurs with nickel, cadmium and water
hydroxides, which is reversible.

Nickel-metal hydride batteries were produced in the 1980s to replace nickel-cadmium
batteries. But nickel-cadmium batteries are still used despite the fact that they are gradually
being abandoned, as there is a better alternative.

Lithium-ion batteries, in this type of battery, lithium ions move between the cathode and
the anode, creating a flow of electricity. They have the following advantages: they operate at
temperatures from -20 to +50°C, high density of stored energy and discharge currents,
constant readiness for efficient operation.

However, despite these advantages, lithium-ion batteries have significant disadvantages.
The first is that they have low performance at subzero temperatures. To overcome this
disadvantage, various battery heating systems are used. For example, a heat-protected
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lithium-ion battery with heating elements, which allows the battery to operate at low
temperatures. The second is aging, which causes loss of residual capacity, and the number
of charge—-discharge cycles does not correlate with the life of a lithium-ion battery.
Temperature and age have a greater influence: with short and continuous charge-discharge
cycles and cooling or heating, in cold conditions, a lithium-ion battery can withstand from 1000
cycles to 3000 cycles.

After a few years, the used batteries of electric vehicles can no longer meet the
requirements of electric vehicles, for example, such as the range of travel on a single charge.
Some manufacturers change the battery of electric vehicles under warranty when the residual
capacity reaches 60% or lower, but there are examples of replacement at 60-70%.

The main part of the installation for optimizing the operation of electric charging stations
of electric vehicles are used rechargeable batteries of electric vehicles. According to the
regulations of car service stations, the battery is replaced when the residual capacity reaches
60% or lower, this capacity value is not enough for full operation of the electric vehicle, but
the battery life is exhausted by less than half, which is enough for the installation to work. This
allows you not only to have a guaranteed battery supplier, but also to develop and use a
standard battery installation and connection solution, since all cars use the same battery
model [3].

Next, an installation solution was developed: the batteries are located in a special rack
one above the other in three pieces, the vertical supports are 6 reinforced metal profiles with
a height of no more than 1.7 meters. The profiles are mounted on a metal plate from below.
Batteries are installed between horizontal reinforced metal profiles, which are mounted to
vertical profiles using consoles, on a metal plate to simplify their replacement. The appearance
of the racks is shown in Fig.1. All metal parts are treated against corrosion by hot-dip
galvanizing.

International journal of Professional Science
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Figure 1. Racks with rechargeable batteries.

According to the Autostat agency, at the moment all passenger electric vehicles have an
average battery capacity of 51.5 kWh. But given that the field of electric transport is rapidly
developing, and the consumer has a clear request to increase the capacity of batteries so that
it is possible to travel long distances on a single charge, the average capacity value will grow,
approaching the value of 60 kWh.

With the expectation of an increase in the statistical average value of the capacity of new
batteries, the capacity value of 39.4 kWh is approximately 66%. It follows from this that in
order to fully charge an electric vehicle with a capacity value of 60 kWh, the operation of two
used batteries is necessary. On average, 3 electric vehicles will be able to charge in 4 hours
of operation, so 6 batteries are needed. This is the first criterion for determining the number of
used batteries in the installation. The second criterion was the maximum power output from
the charging station, and the amount of time during which this power will be output [4].

Based on these two criteria, it was decided that 2 racks or 6 used batteries are needed
to optimize the operation of one EHS.
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Figure 2. Charging station "FORA EZ-DC-1x50"

Figure 2 shows a block diagram of the distribution of electrical energy between two racks
with rechargeable batteries belonging to one EHS. Such a solution may be typical, and
depending on the number of EHS, the number of racks will change in accordance with the fact
that 2 racks with rechargeable batteries are needed for one 50 kW charging station. To charge
the used batteries, the rectifier of the electric charging station is used, since it is already
designed for the parameters necessary for charging electric vehicle batteries.

From the point of view of thermal power engineering, the use of spent lithium-ion
batteries allows not only to reduce the load on generating capacities, but also to increase the
overall efficiency of the power system due to heat recovery. During the charging and
discharging of batteries, heat is released, which is usually dissipated into the environment and
lost. However, with the help of modern thermal management technologies, this heat can be
used for space heating, water supply or even for industrial processes, which further increases
the enerqy efficiency of the installation [5].

In addition, optimizing the operation of charging stations using such installations helps
to reduce fluctuations in the power grid, providing a more stable and high-quality power
supply. This is especially important in the context of the growing number of electric vehicles
and, accordingly, the increasing load on the power grid.
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Thus, the integration of spent lithium-ion batteries into the infrastructure of charging
stations allows not only to improve the economic efficiency and environmental friendliness of
the stations, but also to provide additional advantages in terms of thermal energy optimization,
which makes this area very promising for further development and research.
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Abstract. A constant increase in the level of pedagogical competence of foreign language lecturers, the search for
new ways to motivate post-graduate students, the use of individual learning trajectories and close cooperation with scientific
advisors are the important elements of the foreign language teaching at non-linguistic universities. The current state of affairs
in this area is presented: applied teaching methods, the results of the applicants motivation before entering the PhD course
and some ways of teaching methods intensification are proposed.

Keywords: foreign language teaching, technical universities, methodological competence, up-to-date educational
technologies, modular system, interdisciplinary approach.

PeueHzeHT: CarntoB Pamunnb ®apratoBuy, KaHOMAAT TEXHNYECKUX HayK, OOLEHT,
3amMecTuTeNb gupekTopa no Hay4Hon pabote B OO0 «Hay4Ho-nccneposaTenbCKuin n
NPOEKTHbIN UHCTUTYT 3KONIOrMYecKnx npobnem», r. OpeHbypr

Theoretical background. The Foreign language course belongs to the educational
component of the program of study in postgraduate studies and is aimed at preparation for
passing the candidacy exam. Undoubtedly, legislative changes have affected the process of
teaching foreign language in the postgraduate program of technical universities. During these
years the lecturers of the foreign languages department of our university have repeatedly
improved educational programs, analyzed the problems facing the teaching of foreign
languages in postgraduate studies and tried to find ways to solve them, offering new
approaches to teaching students of the third stage. This diverse, time and strength consuming
work inevitably makes teachers increase and improve their level of professional pedagogical
competence.

Of all the variety of definitions of professional pedagogical competence presented in
modern pedagogical literature, the methodological competence of higher education teachers
comes first [1; 2].
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The purpose of this article is not to assess the level of methodological knowledge and
skills of teachers preparing graduate students for the PhD exam in foreign language, but it
seems appropriate to us to give the definition of methodological competence, based on which,
the prospects for the development of the teaching process become much clearer.

Methodological competence is an integrative characteristic of personality, reflecting the
systemic level of possession of methodological knowledge, the ability to diagnose the results
of achieving the goal of training, to design methods and technologies of training, to master
innovative technologies, to select innovative content of training, to monitor the results of
training and the quality of educational activities [3].

In general, we support the basic and rather general definitions of this competence. We
also believe that it is the absence of rigid boundaries delineating the personal-professional
characteristic of a teacher that provides an opportunity to respond flexibly to the changes
taking place in the system of higher education, not to remain oblique and to search for new
ways to motivate graduate students to learn foreign languages.

Undoubtedly, the essence of the definition is influenced by the discipline being studied,
in our case it is a foreign language. It is well known that the methodology of teaching foreign
languages occupies a special place. We can define the methodological competence of a
foreign language teacher as an integrative quality of a teacher's personality, which reflects the
result of professional methodological training, professional and personal aspects, and
professional experience [4]. Methodological competence of a foreign language teacher is
expressed in the ability to effectively influence the students based on the synthesis of
professionalism, creativity and art.

Practical background. In the process of preparation for the candidacy (PhD) exam, a
huge professional and methodological experience in this area of teaching has been
accumulated. Nevertheless, there are new tasks in the development and transformation of
higher education system, which urgently require self-assessment of scientific and
methodological activity. It is necessary to be ready to choose innovative teaching methods
and technologies, to realize their professional potential, to identify areas for professional
growth.

At present, foreign language teaching at the Higher School of Technology and Energy
of Saint Petersburg State University of Industrial Technologies and Design (HSTE SPb SUITD)
is a multidirectional work. For the most part, graduate students who have completed the
foreign language-training course have the necessary knowledge, skills and abilities. We greatly
convinced this is in no small measure facilitated by the high level of professional competence
of teachers.
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Unevenness of the level of knowledge of foreign language in the group of
postgraduates makes the teacher with the necessity individualize the approach of teaching
taking into account the personal characteristics of postgraduates. At the low level of
knowledge of some graduate students, it is rather problematic to prepare them for the
candidacy exam, with the learning process taking 7-8 months. Therefore, the first semester of
training is devoted to the actualization of foreign language knowledge and includes phonetic,
grammatical and lexical modules.

At this stage various technologies are applied and first of all, ensuring individualization
of classes, use of individual learning trajectories, activation of postgraduate students
extracurricular independent work on the basis of the textbooks, Internet reserves, training texts
and exercises, as well as using the Moodle platform.

In the second semester, the work on scientific literature is carried out. There is also the
formation of professional communicative competence: providing oral speech orientation of
classes, modeling real situations of communication, writing business letters, creating
annotation of articles and abstracting large volumes of scientific literature, using language
clichés when creating an abstract of articles on the scientific direction of the graduate student

A personal oriented approach in teaching graduate students is also used in preparing a
PowerPoint presentation on the topic of dissertation research and in preparation for their
participation in the conference "Dialogue of Generations" in foreign languages, which is held
annually at the HSTE SPb SUITD. Teachers of the foreign languages department write joint
scientific publications with graduate students, which are then posted at the RSCI. This is a
full-fledged joint work, and not just a translation activity on the part of the teacher. This
conference is held in the middle of the second semester and graduates have already gained
the necessary level of both language competences and special terminology. Moreover, at this
time, the students together with their scientific advisers have already ratified not only the trend
of their research but also the name of the research works that is why their presentations and
the articles are due to the point.

Motivation study results. In general, we observe that the majority of the post-graduates
become more motivated in foreign language study in the middle of the second term. To clear
up the reasons of such situation - whether it is connected with the approaching PhD exam or
with the changing of their minds and understanding the necessity of foreign language study -
we decided to carry out some kind of investigation. We presumed that the results of our work
would show us whether the teaching approaches and techniques we chose help increase the
motivation of the students or we should make some changes in the mode of teaching.

We are convinced that it is impossible to improve the level of foreign language
proficiency of post-graduate students without motivating them. There is a sufficient amount of
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research in the scientific literature on the motivation of students. Many authors emphasize that
this aspect is underestimated when teaching graduate students a foreign language at a
technical university [6].

In the process of training graduate students of technical universities, an important role
in increasing motivation is assigned to interdisciplinary relations, which is due to the following:
the constant interdisciplinary relationship of specialized subjects with a foreign language leads
to increased interest in the future professional activities of graduate students. As an example
confirming this point of view, we present the results of a study conducted at our department.
Upon admission to graduate school, applicants were interviewed about the motives for their
admission. Almost everyone noted that the main motive was direct career advancement and
future promotion, and only 10% of the respondents set themselves the goal of direct
interaction between their activities and scientific work.

This state of affairs once again emphasizes the need for interaction between teachers
of the department of foreign languages and scientific supervisors of graduate students. There
is also a reverse example of interaction between the special departments lectures and the
department of foreign languages lectures. So in the course "Methodology of research and
methods of writing a dissertation", in Section 1. "Methodology of scientific research", topic 2
contains the following: "...Methods of working with information sources and scientific
literature.... A review of developments on the topic of dissertations in foreign scientific texts
working in a similar field of research to the applicant. Formation of a list of scientists in Russia
and in the world who are engaged in work in the field of dissertation".

Month before the PhD exam in foreign language we interviewed the students again
asking about their motivation of PhD studies. The results were slightly different from the first
interview. This time the same 10% of the students continued thinking about their career in the
sphere of scientific field, but almost 75% underlined the necessity of studying foreign language
for their career promotion.

Conclusion. We observed the current state of the arts in the course of a foreign
language studying at the post-graduate course at HSTE. What are the prospects for the
development and improvement of the quality of scientific and scientific-pedagogical personnel
training in graduate school?

In addition to the methodological techniques discussed above we can propose the
following possibilities, which should be considered as a logical continuation, expansion and
deepening of the professional and methodological techniques already used at the HSTE
department of foreign languages:

¢ increasing the motivation of graduate students to study a foreign language;

¢ wider use of computer technology;
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e participation of future scientific supervisors in the work of foreign language entrance
exam commission;

¢ improving the language culture of teachers of specialized departments, not only in the
form of their participation in the HSTE “Dialogue of Generation” conference in foreign
languages, etc,

It is possible to intensify significantly the process of foreign languages teaching in
graduate schools of non-linguistic universities while developing and expanding the
possibilities of professional competence of teachers, applying modern teaching technologies,
using the experience of colleagues and a flexible modular system of postgraduate education.
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Abstract. The fundamental changes taken place in linguistics during the XX century are presented; the time scale
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dramatic shifts in linguistics with fundamental revolutionary changes in natural sciences and technologies are considered.
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PeueHseHT: CarntoB Pamunb ®apratoBuyd, KaHaNOAT TEXHUYECKNX HAYK, AOLEHT,
3amMecTuTeNb gupekTopa no Hay4Hon pabote B OO0 «Hay4Ho-nccneposaTenbCKuin n
NPOEKTHbIA UHCTUTYT 3KONIOrMYeCcKnx npobnem», r. OpeHbypr

The vast distance traveled from the idea of the sacrament of sacred texts containing
divine meaning (which imposed a strict prohibition on any deviation from the words of the
scriptures) to the modern and difficult-to-grasp multiplicity of approaches to the study and
interpretation of any texts cannot but amaze. The inviolability of divine messages did not
exclude attempts to comprehend their innermost meaning, and therefore, since ancient times,
the interpretation of sacred texts has fascinated the best minds of mankind. The Indian Vedas,
created many centuries before our era, became the first monument, the study of which was
perceived as a matter of primary importance; the slightest deviation from what was written in
the Vedas was considered fraught with terrible consequences. The collection of ritual and
magical texts of the ancient Egyptians, the Books of the Pyramids, also created long before
our era, refers to phenomena of the same order, and in both cases the interpretation of the
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texts resulted in the accumulation and deepening of knowledge about the language. In early
Christianity, discrepancies in the interpretation of divine revelations caused painful intra-
church conflicts; the further development of theology invariably led to zealous attention to the
problems of the language of religious texts. By the twentieth century, hermeneutics, as an
artistic interpretation of biblical texts, was firmly embedded in the orbit of philosophy and
linguistics.

It is obvious that interest in language has existed for thousands of years; this article sets
a very modest task: to trace the manifestations of this interest within the limits of only one
twentieth century.

The turn of the twentieth century became an important milestone in the history of
mankind, marked by drastic changes that, with the light hand of the American philosopher and
author of works on the history of science, T. Kuhn, were called scientific revolutions. Using his
terminology, we can talk about the third revolution in cognition, that is, the "Einsteinian"
revolution in natural science in the late nineteenth and early twentieth centuries. It is followed
by the scientific and technological revolution, which dates back to the 50s of the last century.

How are these stages of great upheavals, mainly in the field of natural science and
technical knowledge, related to linguistics? The facts show that there is a connection; in any
case, it is difficult to explain the coincidence of the cardinal changes in linguistics with the
revolutionary changes in natural sciences and technology by chance alone; the reasons for
such coincidences are undoubtedly deeper.

The first stage of fundamental changes in the evolution of linguistics in the 1920s
coincided with great discoveries in the field of non-humanitarian sciences. In this regard, it is
enough to recall, for example, the emergence of the theory of quantum mechanics in the same
decade and much more.

This stage in the development of linguistics is associated with the awakening of
scientific interest among philosophers in natural language as a priority object of research. At
that time, analytical philosophy received an impetus for development with its relentless
attention to the logical clarification of language, its contradictions and paradoxes. For the
Austrian philosopher L. Wittgenstein, language means the limit of thinking. Thinking "behind"
language, according to him, simply does not exist, and therefore clarity of language is the
highest value.

Nowadays, linguistics, which has become the "progenitor" of many related branches of
knowledge, is able, together with them, to provide a large number of various tools designed
to make the learning process of native or foreign languages more effective. Familiarization with
the history of the emergence of such "subsidiary" sciences in the twentieth century can be
useful and instructive, and it may even make it possible to better understand one's own
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pedagogical experience. According to the fair remark of T. According to Kuhn, "the fact that
scientists are usually not interested in and do not discuss the question of what gives legitimacy
to particular problems and solutions leads us to believe that they know the answer to them at
least intuitively" [1, p. 82].

A brief overview of the trends in linguistics that bear the stamp of novelty and first
declared themselves in the twentieth century allows us to identify three stages of its
development: new areas of research either appeared, separated from linguistics and gained
independence; - or these new areas entered a new stage of their development. For linguistics,
four decades have become such times of rapid change: the 20s, 50s, 70s and 90s.

The 1920s should be considered the first significant stage in the evolution of linguistics
in the last century. This decade can be rightfully considered the time when irreversible
qualitative changes took place in the science of language. Linguistics as the science of
language has become the epicenter of numerous studies, and new branches of knowledge
have begun to rapidly branch off from it. However, this phenomenon cannot be considered
something exceptional, it is noted that it was then that the boundaries between many fields of
science began to thin out.

The interest in natural languages in their connection with social phenomena marked the
beginning of the formation of such a science as sociolinguistics. The ideas of the social
conditionality of language date back to the 1920s, although the term sociolinguistics itself was
introduced only in 1952, when linguistics entered the second stage of transformation. This
interdisciplinary discipline studies problems related to the social nature of language, its role in
society, as well as the possibilities and limitations of the impact of social factors on language.

The forerunners of sociolinguistics were such outstanding Soviet scientists as I. A.
Baudouin de Courtenay with his "revolutionary" theory of the immutability of the differences
between written and oral speech and the resulting requirements for a different approach to
them; E. D. Polivanov, a student of Baudouin de Courtone with his reasoning that the pace of
linguistic evolution depends on the pace of development of society, although language always
lags behind social changes in its changes; L. P. Yakubinsky, another student of Baudouin de
Courtonnay, who in the 1920s published a number of articles containing a sociolinguistic
analysis of the Russian language. F. Bruno in France, A. Seche in Switzerland, J. Vandries in
Belgium, B. Gavranek in Czechoslovakia also have a number of fruitful ideas, without which
modern sociolinguistics could not exist.

Like any interdisciplinary branch of knowledge, sociolinguistics sets goals for itself, the
achievement of which provides an arsenal of tools for one or another of the "ancestral
disciplines". Thus, linguistics provides an orderly understanding of the features of the official
and unofficial aspects of communication, a set of rules for the use of etiquette formulas and
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stable expressions, and an understanding of the meanings of phraseological units. Without
knowledge of these layers of linguistic culture, sociology cannot successfully explore
communication barriers.

Various research directions have been formed in sociolinguistics: synchronous
sociolinguistics studies the relationship between language and social institutions, diachronic
sociolinguistics is interested in the relationship between the development of language and the
development of society. Macro sociolinguistics analyzes linguistic processes in large regions,
states, or large social groups; micro-sociolinguistics analyzes these processes in small groups.
Some studies are theoretical, while others are experimental.

Practical sociolinguistics, which focuses on the process of teaching native and foreign
languages, deserves special attention from foreign language teachers. This includes works
devoted to the problems of borrowing and interference of various elements of languages.

In the 1920s, interest in natural languages led to the appearance of works in which ideas
were formulated that served as a breeding ground for the emergence of structural linguistics.
This is primarily about the works of the Swiss linguist F. de Saussure. Noting the difference
between the act of speech and the system that generates it, de Saussure gave a dominant
place to the system, which he focused on studying.

According to the classical "encyclopedic" definition, structural linguistics is a set of
views on language and methods of its research, which are based on the understanding of
language as a sign system with clearly distinguished structural elements and the desire for a
strict description of the language. Structural linguistics got its name due to its special attention
to the structure of language, which is a network of relationships between elements of the
language system that are ordered and hierarchically dependent within certain levels. There are
three stages in the development of this science, and chronologically these stages coincide
with the same time frame, the importance of which for the evolution of linguistics, we have
already noted.

The first stage, dating back to the 1920s, is associated with a prevailing interest in
exploring the role of connections between the elements of the language system.

The second stage, dating back to the 1950s, is characterized by an increased interest
in the substantive side of language and work with its dynamic models; comparative historical
linguistics also borrowed methods of structural linguistics.

The third stage marks the wide scale spread of structuralism ideas in the 70s, which
find application in psycholinguistics, sociolinguistics, and other areas of the humanities. We
can talk about the weakening of its influence since the 80s.

At the very end of the 1920s, there was an increased interest in the peculiarities of the
use of terms in different languages, which eventually led to the emergence of terminology as
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a separate body of knowledge within the framework of general linguistics. Currently, there are
two main areas of research in terminology: on the one hand, theoretical terminology, focused
on the study of the ways of the emergence and use of special vocabulary, on the other -
applied terminology, engaged in optimizing the use of terms in various fields of knowledge.

The important place given to the study of terms in Russian science is evidenced by the
fact that more than 2,000 dissertations have been devoted to it. Soon after, in the 70s,
terminology declared itself as an independent field of linguistics, and it, in turn, began to be
divided into separate areas of research; this process is steadily developing. For example, we
are currently witnessing, not without the influence of cognitive linguistics, the formation of such
a new field as cognitive and communicative terminology with its interest in identifying the role
of terms in scientific cognition.

Foreign language teachers have long noted the importance of terms for the proper
formation of skills for adequate translation of technical texts; clarifying the scientific
foundations of the thought process associated with this aspect of language teaching is
certainly timely and can be beneficial.

The time of the emergence of applied linguistics is considered to be the same 20s,
which were the most important for linguistics. The main area of interest of this science is the
optimization of language functions, whether it is a communicative function (that is, work on
improving translation theory, theory and practice of teaching native and foreign languages,
creating artificial languages) or a social function (justification of language policy theory of
influence, political linguistics).

Responding to the needs of practice, in the 50s, applied linguistics moved to a new
stage of its development, it firmly established itself among other humanities, introduced into
its everyday life the achievements of many disciplines related to linguistics in one way or
another.

As we mentioned above, the second stage in the evolution of linguistics should be
considered the 50s. During these years, the generative linguistics of the American linguist
Chomsky emerged, who set himself the task of creating a theory of language using the
methods of natural sciences as a model and resorting to rigid formalization. In his own way,
he solves an important question for any teacher about people's language abilities; in his
opinion, these abilities can be studied using mathematical modeling. In his opinion, such
abilities are based on an innate and biologically determined component. At the same time, in
the 50s, for the first time they started talking about psycholinguistics as a science of language.
The interest not so much in language itself as in speech activity at that time opened up a new
promising area of research for scientists.
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Russian psycholinguistics was formed in the 70s, when there was a need for theoretical
understanding of important practical tasks, such as optimizing the process of a foreign
language learning. It was then that the works of the Soviet psycholinguist A.A. Leontiev created
a semantic model of linguistic knowledge acquisition used in teaching a native or foreign
language. Psycholinguistics was primarily interested in the process of creating and perceiving
linguistic signs in human consciousness. Studying this process requires considering how
language manifests itself in consciousness from the point of view of linguistics and psychology
in their complex unity. Psycholinguistics still lacks its own unique terminological apparatus. In
this regard, it uses the terms of linguistics and psychology, so the shift in the focus of the
analysis depends on the choice of a more linguistic or psychological perspective.
Consequently, there are different interpretations of the term psycholinguistics. To properly
evaluate the work in this discipline, it is necessary to take into account both the features of the
historical period of the study's appearance and the scientific direction to which a particular
study tends.

For teachers of foreign languages, the works of the Soviet psycholinguist A.A. Leontiev,
which are fundamental to our science, are of particular value. In the 70s, in the decade when
the third stage of major changes in linguistics began he developed a model for the assimilation
of linguistic knowledge in learning a foreign language. In such a discipline as cultural
linguistics, which finally developed in the 70s, the object of research is the relationship and
interaction between culture and language and its subiject is the linguistic picture of the world.
The linguistic picture of the world, in turn, includes a set of knowledge about the world,
reflected in vocabulary, phraseology and grammar. The research focuses on the linguistic
personality in its aspect, as it appears to us in language and through language. If cultural
linguistics is a theoretical discipline, then linguistics, which is close to it, has a different focus
and is a practical academic discipline.

Mathematical linguistics is not exactly a close relative of linguistics; it is rather its
descendant with a large share of someone else's blood, because it is no coincidence that the
Department of mathematics lists this branch of knowledge. The Encyclopedia defines
mathematical linguistics as a mathematical discipline that owes its origin to the need for a
stricter definition of concepts and develops a formal apparatus for describing the structure of
natural and some artificial languages. The time of the birth of mathematical linguistics, the
science at the junction of mathematics and linguistics, is considered to be the 20s, while the
final formation of science dates back to the 50s, in other words, the successes in this science
coincide with the first and second stages of changes in linguistics.

The mathematical description of language is based on F. de Saussure's idea of
language as a mechanism functioning through the speech activity of its native speakers. This
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view made it possible to develop a purely formal apparatus for describing natural languages.
To study the work of such a "mechanism", mathematical linguistics has attracted a whole
arsenal of methods borrowed from other branches of science: algebra, theory of algorithms
and theory of automata, set theory, statistics, mathematical logic, probability theory. The use
of mathematical methods makes it possible to compile frequency dictionaries, explore the
compatibility of linguistic phenomena, and study the processes of speech generation and
perception.

Summing up the results of the research, we come to the conclusion that when
assessing the consequences of the paradigm shift in science (the "Einstein" revolution of the
late nineteenth and early twentieth centuries, the scientific and technological revolution of the
50s, changes in the approach to research objects in the 70s), the main attention was paid to
breakthroughs in the field of natural sciences and related scientific and technical
achievements. However, even a cursory review of the periods of mass emergence of new fields
of knowledge accumulated during the twentieth century shows the temporary connection of
linguistics with disciplines very far from it.

Thus, the 1920s marked the birth of analytical philosophy with its interest in natural
language; in sociolinguistics, it was the time of the formation of fundamental ideas; in structural
linguistics, it was the first of three stages of development; in terminology, it was the time of
empirical searches for the specifics of terms in language; applied linguistics reached the level
of formation of new research directions at that time.

In the 1950s, the world was flooded with new discoveries and inventions: electronics,
computer science, energy, biotechnology and genetic engineering emerged and established
themselves at the forefront of science. In other words, a scientific and technological revolution
has taken place. And what was the situation in linguistics during this crucial decade? Birilliant!

In the 50s of the XX century, the second stage of development began in structural
linguistics; mathematical linguistics and generative linguistics first declared themselves as a
science; the emergence of psycholinguistics also belongs to this period as a kind of response
to the needs of practice in working with language.

In the 70s, another era of changes in linguistics began. Then, at the third stage of its
development, structural linguistics reached its maximum in its distribution. Applied linguistics,
departing from the prevalence of theory, turned to solving the linguistic problems of the real
world. Significant changes have also taken place in terminology, which has successfully
developed new areas of research. In the same years, cultural linguistics finally emerged as a
science, and within its framework, linguistic and ethnographic studies were developed.

The emergence and fruitful development of linguistics-related disciplines did not end
there. We can single out another time period when the symbiosis of linguistics with other
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sciences brought golden fruits. So, in the 90s a new stage in cultural linguistics began, in the
same years the development of mathematical linguistics led to the emergence of quantitative
linguistics. At the same time, cognitive linguistics firmly took its place among other sciences,
by no means severing the umbilical cord connecting it with linguistics. All the facts described
by us suggest that the cyclical paradigm shift in science, considered in the works of T. Kuhn,
affects not only the natural, technical and social sciences, but also the science of language,
bringing it closer to philosophy, mathematics, sociology, and even psychology, in short,
paradoxically giving it features of a special kind of versatility.
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Abstract. This paper investigates the creation of amorphous metals, known as metallic glasses, based on pyrolyzed
polyacrylonitrile (PPAN) with the addition of cobalt and boron. Amorphous metals are characterized by the absence of an
ordered crystal structure, which gives them unique physical and mechanical properties. However, their instability during
heating requires the use of amorphous additives such as boron, which improves the toughness and strength of the composite,
as well as contributes to the formation of a more homogeneous matrix. In the course of the study, calculations were performed
using the DFT method, showing the possibility of introducing a cobalt atom into the PPAN structure and its interaction with
boron atoms. The results demonstrate that boron significantly improves the performance characteristics of metal composites,
increasing their heat resistance and strength. The work highlights the importance of amorphizing additives in the development
of new materials with specified properties, which opens up prospects for their use in various industries, including the
aerospace and automotive industries.

Keywords: amorphous metals, metallic glasses, metal composites, pyrolyzed polyacrylonitrile, cobalt, boron,
amorphizing additives, mechanical properties, heat resistance, materials, materials with specified properties.

Annomayua. B dannoil pabome ucciedyemcs co30aniue amop@Hbix Memaiiof, usbecmuuix kax MemasiudecKue
cmexaa, Ha ocHoBe nupoausobantoeo nosuaxpusonumpuia ([IITAH) ¢ dobabaernuem xobasvma u 6opa. Amopprvie memaiivl
omaunaomcs omcymcmebuem Ynopa0oueHHol KpUCmaiiudeckotl CmpyKmypbl, 4mo npuoaém um YHUKaIbHole husueckue
u mexanueckue cboiicmba. O0Haxo ux HecmabuAbHOCHL Npu Haepebanuy mpedyem UCHOAb30BAHUS AMOPPUSUPYIOUsUX
dobabox, maxux kax 6op, Komopwil yAyuuLaenm YOapHYw0 B6A3KOCHIb U NPOUHOCTL KOMNO3UMA, a4 makxe cnocobcmbyem
obpasobaruio bosee 00HOpoOHOU Mampuybl. B xode uccaedobarus oviau npobedenst pacuémut memodom DFT, noxassibatoujue
Bosmoxcrocmy Buedpenus amoma kodbarvma 6 cmpyxmypy HITAH u ezo 3aumodeiicmbBue ¢ amomamu bopa. Pe3yivmaniovl
OeMoHCmpupyom, 4mo 00p 3HAUUMEABHO YAYHUiAem IKCNAYAMAUUOHHbIE XAPAKIMEPUCTHUKU Memasi0KoMIo3umos,
ybeaunubas ux mepmMocmonKocms u mnpounocms. Paboma noduepxubaem 6Baxrocms amopdpusupyrousux 0obabox 6
paspabomke HOBbix Mamepuaiob ¢ 3a0annvimu cboiicmbamu, umo omkpuibaem nepcnekmubul 041 UX NpumeHeHus 6
PASAUHHBLIX OMPACASAX, BKA0UAR AFPOKOCMULECKYIO U ABIOMOOUALHYIO NPOMBIUAEHHOCHTD.

KatoueBoie caoBa: amopgprvie Memarts, Memattuveckue cmekid, MemAAAOKOMNO3UMbL, NUPOAUI0BAHHBLI
NOAUAKPUAOHUTTPUA, K0DAAbTH, DOp, amopgusupyousue 000abiu, Mexanuueckue coiicmba, MmepmoctmonKocis, MAMepuabl,
Mamepuats. ¢ 3a0aHHbIMU c6oticmbamu.

PeueHzeHT: Toponues Bacunuin BnagnuMmposuy - KaHANOAT TEXHUYECKNX HayK, OOLEHT.
OIre0Y BO «PTAY-MCXA nm. K.A. TumnpsiseBa»
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CospaHne amMopHbIX METaIoB, TakXe W3BECTHbIX KaK MeTalsiMyeckmne CTekna,
npencrasnsieT cobon WHTepecHy obnactb MaTepuanosefeHnsd. AMoOpdHble MeTassbl
OT/INYAKOTCS OT KPUCTaNINYECKNX METASNIOB OTCYTCTBUEM YNOPALOYEHHON KPUCTAININYECKOMN
CTPYKTYPbl, YTO NPUOAET UM YHUKaSbHbIE (PU3NYECKNE N MEXaHNYECKIME cBONCTBA. AMOpP(HOe
COCTOSIH/E YUCTbIX MEeTassIoB HecTabuibHO, MO3TOMY B COCTaB KOMMO3UTOB BKJIOYAKOT
ornpepeneHHble HeMeTanmyeckme anemMeHTbl - amopdusnpyowme pobaBku, Takme Kak
KpeMHui, 6op, yrnepopf n docgop [1]. 3T AONONHUTESNIbHBIE 31EMEHTbI NOBLILLAKT YAAPHYHO
BA3KOCTb W MPOYHOCTb KOMMO3WUTa, YTO AenaeT ero 6onee yCTONYMBBIM K MEXaHUYeCKUM
NOBPEXOEHUAM, NPU .9TOM YMEHbLUAEeTCA XPYNKOCTb Marepuana, OHW Cnoco6CTBYIOT
ydweMy CUEneHno Mexay MoAMMEPHON MaTpuuen n MeTaIMYECKMIN HanoMHUTENAMU,
YTO B CBOKO 0oYepenb ynydwaeT obLyo NpoYHOCTb komnosuTta [2-3]. B paboTe nccnepyetca
METaJUIOKOMMO3UT  —  NUPOSIN3OBaHHbIN nonMakpunoHnTpun/kobanet  [4-10] n
amopuanpyowmin anemMeHT - 6op. bop MoXeT obpas3oBbiBaTb aMOP(HbIE CTPYKTYpPbI, YTO
NO3BONSAET yNyyLlaTb MEXaHNYECKNE CBONCTBA KOMMO3UTOB, OH CMOCOOCTBYET 06pa3oBaHunio
6onee 0 gHOPOOHON MAaTPULbl, YTO CHIKAET BEPOATHOCTb 0Opa3oBaHns TPELWWH 1 0edeKToB,
TakkKe OH o6nagaeT BbICOKOW TEPMOCTOMKOCTLIO, YTO [Aenaet MeTanonosiMMepHble
KOMMO3uTbl 60fiee yCTONYMBBIMU K BBICOKMM Temnepatypam. bop MoXeT nosbiwaTtb
NPOYHOCTb KOMMO3UTOB 3a CYET Yy4leHus aaresnm Mexpy MOSMMEPHON maTpuuen u
MEeTaSUINYECKMMN HANONHUTENSAMU, a TaKXKe 3a CHET (POPMUPOBAHNA NPOYHbLIX BOPMAOB NpK
B3aMMOLENCTBUN C METasIaMI.

Takum obpasom, 6op Kak aMOopP(U3NPYIOLLMIA 3IEMEHT MOXKET 3HAYNUTENIBHO YNYYLUUTb
9KCMyaTauNOHHbIE XapakKTEPUCTUKN METaNINTIOKOMMO3UTOB Ha OCHOBE MOMMEPOB, 4TO
Aenaet ero LUeHHbIM KOMMOHEHTOM B pa3paboTke HOBbIX MaTepunasos.

MocTpoeHue MeTannokomnosuta Ha ocHose [NMNAH ¢ atomomMm kKobanbTa

[na BcTpamBaHus atoMa KobanbTa paccMmaTpuBanacb CTpPykTypa moHocnos [MMAH ¢
BaKaHCUOHHbIM feeKToM [2-4], BHegpswWnnca atoMm pacnonaranca Hap gedektomMm Ha
paccTosHum 2,8 A. (puc.1).

5,9,9,9,0 0
et ot 2080 an SRl
‘0‘0‘3030‘3‘0’ j;
192 0%9%5%5%,%,
9% %6 %% e %,

Puc.1 Atoma kobanbTa Hag MOHOCI0eEM NonMMepa.
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[MpoBeaeHHble KBaHTOBO — XMMUYecKue pacyeTbl MeTogoM DFT  no3sonunmn yctaHoBUTb
BO3MOXXHOCTb 0b6pazoBaHusa komnekca «lNAH+atom kobanbTa» (puc. 2). bbinu onpegennTb
reoMeTPUYECKNe XapakTepPUCTUKN U 3NIEeKTPOHHO-3HEPreTuyecKne CBOMCTBA MOJTyHYEHHbIX
KoMmnnekcos (Tabn. 1). Ha pucyHke 3 npenctaBfieHbl OOQHOSMEKTPOHHbIE 3HEPreTuyeckne
CNEKTPbI U NIIOTHOCTb COCTOSAHUSA.

el T el B
9 ] d.C
‘J‘J’O‘JCJ‘J 2 e o
o 2
08808 SELI -8
. A A A -4 & R,
Pan Sk Ak Bk 2k s
0 _ 9,0 _9_0_0

Puc.2. N'eomeTpuyecka cTpykTypa metannononnmepa «MNMNAH+ atom kobanbTa».

MONCK MUHMMANBHONO 3Ha4YeHUs1 TMOJSIHON 3HEpPruM B3aMMOLENCTBYIOLLEro Cnos
nonMMmepa u atoma kKobanbTta Ons ONpeneneHHOro pacCTosiHWS MO3BOMWS ONPeaennTb
cnepgyroulee: atoMm KobanbTa B KaXAOW TOYKE Npu NPUBAMKEHUM K CIIOK Haxoaunacs Ha
NPSIMON NPOXOoAsLEN Yepes3 LeHT aedekTa u nepneHanKynsipHon noBepPXHOCTU Nnoanmepa.
Mpn aTOM ObINO OBHapPY>XXEHO, YTO aTOMbl OKONO AedekTa noammMmepa u cocegHme aTtombl
HE3Ha4YNTENbHO OMYCKalTCS, HO MOCNE TOro Kak pacCTosHME MeXXOy aTOMOM KobasnbTa U
cnoem MMAH cTaHoBUTbCA MeHbLue 1.8 A, 3T aToMbl BO3BpAaLLaTCs B UCXOAHOE NOMOXKEHNSA
N HaYMHaKT CMewaTbCAa B CTOPOHY artomMa KobanbTa, 4TO MNPMBOOUT K HapyLUEeHUH
niaaHapHOCTM NonMMepa.

Tabnuua 1
XapakTtepuctuku «MNAH+ atom KobanbTa».
Komno3aut OHeprusa LLinpuHa 3anpelyeH- | 3apsagbl Ha atome | CpepHsis AJIMHa
cBsi3n, 3B HOW 30HbI, 2B MeTanna cBsian C-Co, A

«MMAH+Co» -7,46 1,0 0,779 1,75
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Puc.3. OgHOSNEKTPOHHbIE CNEKTPbI U NSIOTHOCTL COCTOAHUSA «[TTAH+aTomMm KobanbTax.

B3aumopgeinctene MeTasIoKOMNo3nTa C amMopuanpyowmM 31eMeHTOM GopoMm
MOZEMPOBanoCk CAeAyoLLIMM 06pa3oM: Haf NOBEPXHOCTL Clos Ha paccTosHuM 3 A oT atoma
MeTanna pacnonarancs atom 6opa. PaccmatpuBanocb Tpy CTPYKTypbl: 1) ¢ 0OgHUM aTtoMOM
6opa; 2) ¢ aByma atomamm 6opa; 3) ¢ Tpems aTomammn 6opa. NepBoHavyanbHas opueHTaums
aToMoB 60pa OTHOCUTENIbHO METAJINIOKOMMNO3MTA NPEACTaBIeHa Ha PUCYHKe 4

,.....,J.....a‘a..‘...‘

2%0%2%2%,% "t Rt " Ba” " ? 99 9 QN
020299 5%5%,%, °9%9%0%9%5%,% ‘o‘a‘aja‘a‘a“ dcC
,J‘J‘JQ.‘OJ‘J.J‘, J““:%):“.“" “a‘;j&’:a‘o‘a‘ JH
,‘J‘J‘J:.‘J‘JJa“"‘"‘a.;“‘a ‘J‘J‘J“.J‘J“ J B
e%0%0%6%%, .%0%0%0%0%e%.  %0%%0%e%e%.

Puc. 4 PacnonoxxeHne atomoB 6opa Hag NOBEPXHOCTb NOSIMMEPHOIro
MeTasinokomnosuTa Ha ocHose [AH.

OnTumMnsaunss CTPYKTYpbl Mo3Bonuia onpefennTb pPacrosfioxXeHne aTtoMoB 6opa
OTHOCUTENIBHO MOBEPXHOCTN METaSIONOIMMEPHOro KOMNo3nTa. PacCcMoTpumM CTPYKTypy
METaIJIOKOMMNO3NUTOB C amopuanpyrowmmM aneMeHToM 6opom 6onee nogpobHo: 1)
BsaumopgenctBne ¢ opgHuMm atomoMm 6opa: npu  nNpubnmkeHun atoma 6opa K
METaIJIOKOMMNO3UTY OH CMELLAeTCsA K atoMy MeTanna u agcopbupyetca Ha Hem. [Mpu aTom
pavHa cesasu Co-B pasHa 1,73 A; 2) Bsaumopeiicteue ¢ aByms atomamu 6opa: aTombl 60pa
npubnmkasacb K mMetannokomnosnty «[MAH+Co» 06pa3yloT XUMUYECKYKD CBA3b C
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Ko6anbTOM, NPK 3TOM OgUH aToM 6opa TakKe 0bpasyeT CBSA3b C aTOMOM yriepoaa nonammepa.
ATOM MeTanna oBmXeTcs HaBCTpeydy atomam 6opa, YTO NPUBOAUT K YAJIMHEHMIO O/INHbI CBA3N
C atoMamin yrnaepoga n HabnogaeTcs paspbiB ogHon ceasn; 3) Baanmopgencrteme ¢ Tpems
aTomamm 6opa: atoM KobanbTa obpasyeT CBA3b C TpeMs aTomamm 6opa.

Bce onncaHHble CTPYKTYpbl NpeacTaBneHbl HA PUCYHKe 5.

J‘. o 0 9o &‘J

b &V 9O 9 @ X
199505959, 0 0, oc i
JJ‘J‘J I*J"\'*‘J > H | CO

2,9,9,0,0 o .;‘fff’g 0}27

Puc. 5 Baanmopgenctene metannokomnosuta «[MAH+Co» ¢ atomamn 6opa.

Takmum o6pasam npu B3aUMOOENCTBAN METaN/IOKOMNO3UTa C artomammn 6opa
obpasylTca ycTonmymBble afcoOpPOUMOHHBbIE KOMMNEKChl. [laHHble O [fvMHax CBA3U
npencTasneHbl B Tabnuue 2.
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Tabnuua 2
[nvna cessu (A) nocne onTuMmnsaummn napameTpos.
CTpyKTypa Co-C Co-B B-C B-N B-B
«MMAH + Co» + B 1,811,82 1,84 1,73
1,84 1,9
«MMAH + Co» + B2 1,84 1,93 1,5
«MMAH + Co» + Bs 2,03 1,84 1,837 1,934 1,871 1,541,51,48 1,48 1,56

Boinv  onpepgeneHbl  cnepylowme  XapakTEPUCTUKUM  METa/NTIOKOMMO3UTOB  C
aMopU3NPYOLWNMK NpUCcCaaKaMn: SHepPrusa CeBA3un, WNPUHA 3anpeLLeHHON 30HbI, 3apsaabl Ha
atoMax MeTanna M amMop@U3NPYOLWEro aieMeHTa. XapakTepuUCTUKW NpeacTaBlieHbl B
Tabnuue 3.

Tabnuua 3
XapakTepucTnkn Metannononumepa ¢ amoppusnpyroLLnmM 3s1EMEHTOM — GOPOM.

3apspg Ha | 3apsapg Ha 1 | Sapsg Ha 2 | 3apsg Ha 3
CTpyKkTypa Ecs, 3B | AEg, 3B arome arome arome arome
Me 6opa 6opa 6opa
«[MMAH + Co» -7,46 1,02 0,779
«[MMAH + Co» + B -7,38 1,03 0,224 0,171
«MMNAH + Co» + B2 -7,31 1,09 0,135 0,348 0,323
«[MNAH + Co» + Bs -7,31 1,08 0,062 0,311 0,252 0,39

YCTaHOBNEHO, YTO YBENUYEHME KOMMYECcTBa aTOMOB amMop(U3MPYIOLEro 3fieMeHTa
NPUBOOUT K YBEJIMYEHWUIO LUMPWHbI  3anpeLlleHHO 30Hbl W YMEHbLUEHN CBSA3W.
O[HO3NEKTPOHHbIE CMEKTPbI U NAIOTHOCTb COCTOSIHAA MOKa3aHbl Ha PUCYHKE 6.

0
H H”.“M -1 ‘
5 =50 -25 0.0

=200 -175 -150 -125 -100 -7 =200 -175 ~-150 -125 -100 -7.5 -50 -25 00 -200 -175 -150 -125 -100 -75 =50
Energy (eV) Energy (eV) Energy (eV)

1 aTom Gopa 2 atom Gopa 3 aTom Gopa

Puc. 6. OQHO9NEKTPOHHbIE CMEKTPbI N NJIOTHOCTb COCTOSAHUS METaNIOKOMMNO3nTa
«[MMAH+Co» ¢ amopnUnpyOWUM 31EMEHTOM BOPOM.
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B pesynbTate npoBefeHHOro wuccnegoBaHus 6bl10 YCTAHOBMEHO, 4TO 6op, Kak
aMopPMU3NPYIOLLMIA SNIEMEHT, UrPaeT KIIKOYEBYHO POJib B YYYLLEHUN MEXaHUYECKUX CBONCTB
MeTannokomno3ntoB Ha ocHoe [MMAH n kobanbta. B3ammopgenctene atomoB 6opa cC
MEeTa/UIOM U1 NOANMEPHON  MaTpuuen crnocobCcTByeT 06pasoBaHUO  YCTONYUBbLIX
ancopOUMOHHBIX KOMIMIEKCOB, YTO B CBOKO O4epefb MOBbILWAET MPOYHOCTb Y TEPMOCTONKOCTb
KOMMO3uTa. YBenu4yeHne KonmyectBa aTtoMoOB 6opa MNpuUBOAUT K YBEVYEHUIO LINPVHbI
3anpeLLeHHON 30Hbl 1 YMEHbLLUEHMWIO SHEPIM CBA3W, YTO OTKPbIBAET HOBbIE MEPCNEKTNBLI A5
pa3paboTKu COBPEMEHHbIX MaTepuanoB C 3afaHHbIMM CBOWCTBaMU. Takum obpasom,
ncnonb3oBaHne amoppuanpyowmx [obaBoK, Takux Kak O0op, npeacTtasnsieT cobon
9P PEKTUBHbBIN NOAXOS, K CO30aHUI0 BbICOKOA(PMEKTUBHbBIX METAISTIOKOMMNO3UTOB, YTO MOXET
HaNTN NPUMEHEHNE B Pa3/INYHbIX OTPaCAX.
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Panchenko A.N. Investigation of composites based on polymer
compounds with carbon nanotubes

WccnepgoBaHne KOMNO3NTOB HA OCHOBE COeAVHEHWNI NoiMMepa ¢ YrnepoaHbIMy
HaHOTPyOKamm

Panchenko Alexandra Nikolaevna,

Master's Student, Volgograd State University, Volgograd, Russia

MaH4yeHko AnekcaHgpa HukonaesHa,

MarncTpaHT, Bonrorpaacknin rocynapcTBeHHbI YHUBepcuTeT, Bonrorpaa, Poccus

Abstract. In this paper, the interaction of a polymer, pyrolyzed polyacrylonitrile (PPAN), with single-walled carbon
nanotubes (CNTs) of type (3,3) is investigated. The interaction between PPAN and CNT was modeled using different
nanotube orientations: parallel-longitudinal, parallel-transverse, and perpendicular. The calculation results (calculations
were carried out by two methods, the DFT method with a B3LYP potential and a semi-empirical PM6) showed that stable
complexes are formed only with a perpendicular orientation of the CNT, which is confirmed by the presence of chemical bonds
and a significant decrease in the band gap compared with pure PPAN. The data obtained highlight the potential of using
carbon nanotubes to improve the properties of polymer composites.

Keywords: pyrolyzed polyacrylonitrile, carbon nanotubes, molecular cluster, polymer composites, chemical
adsorption, energy calculations, band gap, stable complexes, interaction, nanomaterials.

Annomayusa. B dannoil pabome uccaedyemcs 63aumodeiicmbue nosumepa - NUpoAU308anHoe0 NOAUAKPUAOHUMPUAAL
(IIITAH) ¢ oonocmennvimu yeaepoonsimu Hanompyoxamu (VHT) muna (3,3). Bsaumodericmbue mexoy INIIAH u YHT
Mo0eaupoBasocy ¢ UCHOAB30BAHUEM PASAUMHBIX OpUEHMAYUT HAHOMPYOKU: NAPAAIEAbHO-NPOOOABHOU, NAPAANEABHO-
nonepeuHon U nepnenoukyAApHou. Pesysvmamur pacuemob (pacuems: npobodusuce 06yma memodamu memodom DFT ¢
nomenyuasom B3LYP u noayamnupuueckum PM6) noxasaru, umo cmabusvHole KOMNAeKCyi 00pasyiomcs moavko npu
nepnenouxysapHon opuenmayuy YVHT, umo noomBepxoaemcs HaiuuueM XuMUUecKux cbaseil 1 3HAYUIMEALHHIM
CHUXKEHUEM WUPUHBL 3aNpeujeHHotl 30Hb. no cpabreruto ¢ vucmuim IIIAH. Toayuennvie OanHvie noduepkubarom
NOMEHYUAL UCTIOAb30BAHUS YeAePOOHbIX HAHOMPYOOK 045 YAyHuieHUs cBoUcmE NOAUMEPHBLIX KOMNO3UTNOB.

KaroueBoie cro8a: nupoaus3oBannsiii noAuaKpUAOHUMPUA, YesepOOHble HAHOMPYOKU, MOAEKYAAPHUIIL KAdcmep,
NoAUMepHble KOMNO3UNIBL, XUMUYECKAS A0COpOYUA, IHepeemuyecKue pacuennsl, WUPUHA 3ANPeueHHON 30Hbl, CAdUAbHbIE
KoMnAekcel, B3aumodeiicmbue, HAHOMAMEPUANDL.

PeueH3eHT: Toponues Bacunuin BnagnuMmpoBuy - KaHANOAT TEXHUYECKNX HaYK, OOLEHT.
Ore0Y BO «PTAY-MCXA nm. KA. Tumnpsazesa»

CoBpeMeHHble MaTepuanbl C YAYYLWEHHbIMU MEXaHUYECKUMU WU  SNEKTPUHECKMN
CBOWCTBaMM WrpaloT KIKYEBYIO POJb B PasfiNYHbIX OTPACnsX, BKJOYAA 3NEKTPOHUKY,
3HepreTnky n meguuuHy [1]. NMuponnaosaHHbIn nonnakpunoHuTpun (MIMNAH) senseTca ogHUM
N3 TakMx mMaTepuanos, obnafaroLMM BbICOKOW TEPMOCTOMKOCTbIO U MPOYHOCTLIO [2]. B
nocnegHve rogel yrnepogHble HaHOTPYOku (YHT) npuBnekawT BHUMaHWe nccnepoBaTenen
6narogaps CBOMM YHUKanbHbIM CBOWCTBaM, TaKUM KaK BbICOKasi MPOYHOCTb, JIErKOCTb U
OoTNnyHas nposogumMmocTb. Bzaumopenctene MNMMNAH ¢ YHT MoxXeT npuBecTn K CO3LaHMUIO
HOBbIX NOSIMMEPHbIX KOMMO3UTOB C YNYyYLUEHHbIMU XapakTepuctnkamm [3-12].
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B paboTte paccmatpmBaeTcs MOJSIEKYNSAPHBIA KacTep Crosi MUPOSIM30BaAHHOIO
NONNaKpUIoHUTPUNa, coctosawmm n3 118 atomos: 72% cocTaBnsioT aTombl yrinepoga, 17,8%
- atombl aszota u 10,2% - atombl Bogopoga (puc. 1), KOTOpbIi B3aMMoOZeNCcTBOBan C
HaMoSIHUTENEM - OOAHOCTEHHbLIMWN YrNepoaHbIMU HaHOTPYbkamu Tuna (3,3), Knactep KOTopbIX
copgepxan 60 atomoB yrnepopa. M3-3a reometpudeckmnx ocobeHHocTen knactepa [MMAH
OblNO BBeAeHO ABa 0603Ha4yeHus Ons OonpepeneHHoCTU - "BAofb Knactepa' u '"monepek
KnacTtepa", 3TO YETKO NOKa3aHO CTpesikaMn Ha pucyHke 1.

2.9 9. 0 0 0 0 0 0 .
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Puc. 1 MonekynsipHblil Knactep NMPOAN30BaHHOIO NOSIMAKPUAOHUTPUNA.

[Mpouecc B3anmopgencTemss HaHOTPYOkn c [MAH Obin cMogenupoBaH cregyroLwmm
obpasoMm. YHT npubauxanacb K nonumepHoMy cnoio ¢ warom 0,1 A, opueHTupysch
OTHOCUTENbHO NMOBEPXHOCTUN CReayLwmMn crnocobamm:

1) NnapannenbHO-NPOAOCSIbLHOE PACMONOXEHNE - TpybKa OpveHTUpoBaHa napanienbHO
BOonb knactepa MMNAH (puc. 2, a);

2) napannenbHO-NnonepeYHoe PacronoXxeHne - Tpybka opneHTMpoBaHa napanfesbHO
nonepek OTHOCUTENBHO rpaHnLbl Knactepa (puc. 2, 6);

3) NepneHaVKynspHoe pacrofiokeHne - Tpybka opueHTUpoBaHa neprneHAnKynsapHO
nnockoctn  moHocnos  [MMAH  (puc.2, B). [eomeTpuyeckue napameTpbl  Cnos
ONTUMU3NPOBAINCE HA KaXXOO0M 3Tane.
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PucyHok 3.2. OpreHTauus HaHOTPYOKU OTHOCUTENTIbHO MOHOCIOS NMPOSIN30BAHHOMO
NONMMaKPUIOHUTPUNA: a) NapannenbHO-NPOAOABHOE pacnonoXeHne; ) napannenbHo-
nornepeYHoe PacronoXXeHune; B) NepneHanKynsapHoe pacrnonoXxeHne

Mpy napannensHOM pacnosioKEHUM PacCcMaTpMBalOTCA ABa NONOXEHUS HAHOTPYOKU:
A) YHT opueHTpoBaHa OTHOCUTESNIbHO MOHOCOS OOKOBOW rpaHblo, Korga YrnepopHble
LeCTUyronbHUKK napannenbHbl ninockocTn MIMAH; B) YHT opueHTupoBaHa Leno4ykom atomos
yrnepopga, pacrosioXXeHHbIX B BEPLUMHAX LLIEeCTUYroNbHUKOB (puc. 3).
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PucyHok 3. lNonoxeHne YHT oTHocutensHo moHocnos MNIMAH npu napannensHom
pacnonoxxexHun (A) nnm (B).

BbinonHeHHble pacyeTbl B3aumopenctsnsa YHT ¢ moHocnoem [MAH pgna cnydas
napannenbHo-NPOAoNbHON  opueHTaumnm  TPpybkn  no3BoAMAM  MOCTPOUTL  npoduan
NoTeHUnanbHON 3Heprun B3anMoaencTeus gnsa Asyx nonoxeHunn A n B, nokasaHHble Ha puC.
4. AHanu3 KpuBbIX MOKasasn, 4YTo napajfieflbHO-NPOoAoSibHas OpueHTaunusi HaHOTPYOKM
oTHocuTenbHO noeepxHocTn [1MAH, koTopas npuBena O6bl K CO30aHUIO CTabusibHOro
KOMIfieKca, HeBO3MOXHa - Ha KPUBbIX OTCYTCTBYET MUHUMYM SHEPrunu.
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PucyHok 4. DHepreTuyeckne kpmeble B3anmopgenctesusa YHT ¢ moHocnoem MNAH
METOAOM NapannenbHO-NPOAONLHON OPUEHTaUMN oS ABYX MOSOXKEHNIN TPYOKMW.

[anee 6binn paccMOTpPeHbI ABa NonoXXeHus A n B ¢ napannenbHbiM pacnonoXXeHnem
HaHOTPYOKN oOTHOocuUTeNbHO MoHocnos [MMAH. YHT nocTteneHHo npubnuxkancsa K
NOBEPXHOCTU, B pe3ynbTaTte Yero Obisiv NOCTPOEHbI SHEPreTUYecKne KpuBble 3TOro npouecca
(puc. 5).
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PucyHok 5. DHepreTunyeckne kpmsble B3anmopgenctausa YHT ¢ moHocnoem MNAH
METOAOM NapasnnenbHO-NoNePEeYHON OpneHTauumn onis AByX nOAOXKeHUN TPyOKu

AHann3 pes3ynbTatoB  YCTAHOBW/ BO3MOXXHOCTb  CYLLECTBOBaHMUS  KOMMAEKca
"MNAH+YHT" gna nonoxexHna A (YHT opueHTupoBaH OTHOCUTENIbHO MOHOCI0S GOKOBOWM
rpaHblo, Korga yriepogHble LWeCTUYrofibHUKN napanfieneHbl nnockoctu MNIMAH): Ha kpuson
MeeTCs MUHUMYM, COOTBETCTBYIOLMIA paccTosHuio 4,41 A, sHeprus B3anmopencTsus
cocTtaBnsiet 3,19 aB.

AHanna reomeTpum CUCTEM Mokasasn, 4YTo NpubAmXeHme HaHOTPYOKM K MOHOCIION
MMAH BbI3bIBa€T WU3MEHEHWE MJIOCKOCTHOCTU Cfosi: Cnot B 06nactm  HaHOTPYOKM
nedopmmpyetcs (M3rnbaetcs), HAaHOTPYOKa NoBOpaYnNBaEeTCA B CTOPOHY JloKanm3aumm aToMOB
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asota B C/i0e MUPOJSIM30BAHHOINO MOSINAKPUIIOHUTPWUAA A0 TeX Mop, Moka He 3anMer
cTabunbHoOe MONoXKeHue. Yros noBopoTa COCTaBnsan 7 rpagycoB OTHOCUTESIbHO
nepBoHavyanbHOro pacnonoxeHus YHT (puc. 6).

Ona opueHtauun YHT napannensHo-nonepek B nonoxxeHun B (YHT opmeHTMpoBaHa
LEenoYKon aTOMOB YInepofa, PacrnofioKEHHbIX B BEPLUMHAX LUECTUYrOfIbHUKOB) Ha KPUBbIX
OTCYTCTBYET MMHMMYM, YTO YKa3blBaeT Ha HEBO3MOXXHOCTb B3aumopenctsusa mexay YHT un
cnoem MNMNAH npn TakomM pacnonoXxeHuu.

Puc. 6. lameHeHne reomeTpumn KOMMekca ¢ napannenbHbiM pacrnonoxeHnem YHT
oTHocuTenbHo cnosa MNAH, noanunsa A.

3ateM ObINO CMOOENMPOBAHO B3auMMOAEWNCTBME HAHOTPYOKM C  MOHOCSI0EM
NMUPOJSIN30BAHHOIO MOJSIMAKPUAOHUTPUAA C MepneHOuKyNApHOW OpueHTaumen HaHOTPYyOKu
OTHOCUTENBHO Cflos. AHaNM3 pacCHYNTaHHOW 3SHEepreTUYecKom KpuBon npouecca (puc. 7)
yCTaHOBWI (paKT Xnmmyeckom agcopbuumn YHT Ha NOBEPXHOCTM Cosi.
45
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PucyHok 7. QHepreTnyeckasn kpmsas s3anmopenctens YHT n moHocnos MNAH npwu
nepneHanKynsapHON OpUeHTaummn HaHOTPYOKN OTHOCUTENBHO Crlos.

AHanu3 reomMeTpuu B3aUMOAENCTBYIOLLUMX MnoAuMepa W HaHOTPYOKM nokasan
cnepytowee. MoHocnon MNMAH HaymHaeT n3rnbaTbCs NO HanpaBAeHU0 K HaHOTPybke Ha
paccTosiHum 3,5 A mexay Humm. Mocne aToro o6pasyeTcst XMMUYEcKas CBA3b MexX/y aToMamu
yrfiepofa HaHOoCNos U HaHOTPYOKWM, KOrga paccTosiHue ymeHbliaeTcs pno 1,6 A
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3aK/ioUNTENIbHbIM  3TanNoM SBASETCA HaKAOH HaHOTPyObkm Ha 10 rpagycoB K HaHOCNOHK
OTHOCUTENbLHO MaBHOW OCU N obpa3oBaHMe elle OOHOW CBA3M MexXAy atoMamu yriepopga.
Taknm obpasom, obpasosanucb Tpu xmmunydeckue ceasmn C-C, mexay aToMoM rnonvumepa m
TPYOKOI, CpenHsst AnvHa cessn coctasnsieT 1,59 A, sHeprus Bzaumopeiictsus -7,07 3B (puc.
8, a).

[anee 6bI10 PacCMOTPEHO COeAMHEHNE BTOPON HAHOTPYOKN (3, 3) ¢ aacopOLNOHHBIM
komnnekcomMm "MMAH+YHT". HaHoTpybka pacnonaranacb NeprneHauKynsapHo Tpyoke, yxe
copObnpoBaHHOM Ha MOHOCJIOE NOMMEPA, PaCCTOsIHNE MeXXay HaHOTpybKamu coctaensano 2,5
A, cpepHee paccTosHre fo MoHocnos nonumepa coctaenano 4,5 A. AHanus reomeTpuyeckmx
napameTpoB npouecca Moucka CcTabunNbHOrO MOSIOKEHNA HAHOTPYOKM OTHOCUTENBbHO
komnnekca “INMAH+YHT" nokasan cnegytouiee. HaHoTpybKa npnbnmxaeTca K NosIMMepHOMY
cnoto Ha 0,5 A, nocne yero panbHeiwee NpUbnMmxXeHne conpoBOXXpaeTcs cMmelleHnem YHT
OTHOCUTENBHO WCXOQHOrO MOJSIOXKEHUS, Yron OTK/IOHEHUA cocTaBun 45 rpagycoB; Ha
paccTosiHuM 2 A aToMbl monMMepa HauMHaKOT B3aVMOAECTBOBATL C FPAHNYHLIMI aTOMaMu
YHT, a UMEHHO OHM ABMranncb HaBcTpedy emy. Ha pacctosHum 1,7 A mexpy atomamu
HaHOTPYOKN 1 nonnmepa obpasyTca YeTbipe ceasn C-C, 3ateM HabnogaeTcs yMeEHbLUEHNE
OJIVHBI CBSA3U [0 3HadeHns 1,59 A, sHeprusa B3anMopaencTems B 3TOM criydae cocTtaenset 9,53

3B (puc. 8, 6).
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PucyHok 8. O6pasoBaHne agcopbunoHHoro komnnekca: a) "MAH+YHT"; 6) "MAH+2
YHT"

TeopeTnyeckne pacyeTbl MO3BOAWAM pPACCUUTATb SHEPrUKD CBA3U  MNOSYYEHHOro
HaHokomnosuTa (tabnuua 1). PacyeTbl npoBogunnck osyms metogamm PM6 u metogom DFT
Cc (yHkumoHanom B3LYP. CpaBHeHue pe3ynstaToB pacyeTOB MNOKasaso, YTO 3HaYeHUs
9HepruM CBA3W, SHEPrun B3aMMOOEWCTBUA, paccTosHua  agcopbumn,  3HayeHue
reoMeTPUYECKMX napamMeTpoB CUCTEMbI OTINYAKOTCA HE3HAYUTENIbHO. 3HaYeHUs LWNPUHbI
3arnpeLLeHHon 30Hbl, paccynTaHHble mMeTogoM PMG6, 3aBbllleHbl B HECKOMbKO pas, U He
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COBMafaroT C SKCNEPUMEHTANIbHBIMW 3HAYEHUSAMN. 3HAYEHUS SHEPIrUN CBA3N, CONOCTaBMMble
CO 3HadeHuaAMN aHeprumn 4vuctoro lNMNAH, gokasbiBatoT, UYTO MONy4YeHHble aacopPOUNOHHbIE
komnnekcol "TIMAH+YHT" ctabunbHbl. Bbino obHapyxeHo, 4TO B3aumopenctesne YHT ¢
NOMMEPOM MNPUBOOUT K YMEHbLUEHUIO LUMPUHBI 3arnpeLieHHON 30Hbl MO CPaBHEHUIO C
wunpnHon yuctoro [MMAH (Tabnuua 1). DNEKTPOHHO-IHEPreTUYECKUE U reoMeTpuyeckumne
XapaKTePUCTUKN NOMMEPHbIX KOMNO3UTOB ¢ YHT npegcTtaeneHsl B Tabnuue 1.

Tabnuya 1
XapaKTepuUCTUKN NOAUMEPHbIX KOMNO3NTOB C YHT: Epn - 9Heprus ceasu, AE - wnpuHa
3anpeLLeHHON 30HbI, Eag — 9Heprus agcopbunn, Rag — cpeaHee paccTosiHue agcopounun.

CTpykTypa MeTton Ecs, 3B AEg, 3B | Eap, 3B Rag, A

MrAH PM6 8,27 5,00

B3LYP 9,03 1,19
YHT (3,3) PM6 7,71 5,92

B3LYP 8,81 2,54
MMAH+YHT PM6 8,08 5,03 -3,61 4,32
g“:‘fnagn“oe;‘;:a:)o”epe””oe B3LYP 8,98 0,28 3,19 4,41
MMAH+YHT PM6 8,21 5,43 -7,29 1,54
(NepneHanKynspHas opveHTauums) B3LYP 843 0.37 7,07 159
MMAH+ 2 YHT PM6 8,18 3,7 -10,08 1,55
(NepneranKynapHas opueHTauums) B3LYP 8.35 1.05 953 159

B pesynbraTte npoBefeHHOro nccneaoBaHns 6ui10 YCTaHOBEHO, YTO B3aMMOLENCTBUE
MOJIEKYNISIPHOIO  Kfactepa MNUPOSIN30BAHHOIO MOSIMAKPUIIOHUTPUNIA C  OOHOCTEHHbIMU
YyrnepogHbIM1U  HaHOTPYyOKaMn npuBoguT K 06pas3oBaHMio CTabusbHbIX afgcoOpPOUMOHHBIX
KOMIMMEKCOB TOMBbKO MpU MNEPNEHOVKYNSAPHON OpUEHTauun HaHOTPYOKU. DHepreTnyeckune
pacyeTbl NOKasasnu, YTo Npu 3ToM 06pPas3yrTCa XMMUYECKUE CBA3WN MeXy aToMamMin yriepoaa
MMAH n YHT, 4yTo noaTBEpPXAAETCA 3HAYNTESNBbHBIM CHUDKEHNEM LUMPUHBI 3anpPeELLEHHON 30HbI
no cpaBHeHuO C 4yucTtbiM [MMAH. [Mony4eHHble peaynbTaTtbhl MNOAYEPKUBAKOT MNOTeHUMan
NCNONb30BaHUA YrNepoaHbIX HAHOTPYOOK A1 YyyLEHNA CBONCTB MOMMEPHbIX KOMMO3UTOB,
YTO OTKPbIBAET HOBble BO3MOXHOCTU AN WX MPUMEHEHUSI B Pasfn4yHbiX o0bnacTax.
HanbHenwne nccnegoBaHnst MOryT ObiTb HanpasBAeHbl HA ONTUMU3aUNo COCTaBa U CTPYKTYpPbI
TaKUX KOMMO3UTOB A/151 AOCTUKEHUS eLle 6osee BbICOKUX XapaKTePUCTUK.
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Garifullin R. Application of RxJS and NgRx for reactive
programming in industrial web development: methods for
managing asynchronous data streams and application state

Garifullin Rinat
bachelor’s degree, Saint Petersburg Electrotechnical University «LETI»

Abstract. This article examines the use of Rx]S and NgRx for implementing reactive programming in the context
of industrial web development. Approaches to managing asynchronous data streams and application state using modern
JavaScript tools are studied. The effectiveness of these technologies is investigated various scenarios, such as event processing,
data synchronization, and complex business logic management. Special attention is given to the advantages of Rx]S and
NgRx, including performance improvement, simplified development, and enhanced application reliability. Recommendations
for their application in complex web systems are provided.

Keywords: Rx]S, NgRx, reactive programming, asynchronous data, state management, industrial web
development, data synchronization, event processing, JavaScript.

PeueHseHT: MapTtexa AnekcaHgp HukonaeBny — KaHOMOAT TEXHUYECKUX HAYK, OOLIEHT.
HoueHT OIrBOY BO «PTAY-MCXA nm. KA. Tumnpsazesa»

1. Introduction

Modern industrial web applications are characterized by a high degree of complexity,
as they encompass numerous interconnected components and modules. Such applications
necessitate efficient data exchange between various system parts, including the user
interface, server-side logic, and external Application Programming Interface (API). Moreover,
managing real-time data streams has become an increasingly critical challenge in the face of
growing data volumes and escalating performance demands.

Reactive programming offers a fundamentally new approach to handling
asynchronous data and application state. By leveraging tools such as RxJS (Reactive
Extensions for JavaScript) and NgRx (Angular Reactive Extensions), developers can design
architectures that streamline event processing, enhance code readability and maintainability,
and improve overall application reliability. These technologies have become integral to the
web development ecosystem, providing robust solutions for addressing industrial-scale
challenges. The objective of this study is to explore the application of RxJS and NgRx in
implementing reactive programming within the context of industrial web development.
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2. Main part. Analysis of web application challenges

Modern web development is rapidly evolving to meet the increasing demands of
businesses and users. Industrial web applications occupy a unique position within this
ecosystem, as they address complex tasks such as processing large volumes of data,
integrating with various external services, and delivering interactive user interfaces. These
applications serve as a foundation for automating business processes, enhancing interactions
between clients and suppliers, and improving the operational efficiency of enterprises [1].

Despite that, the complexity of modern web applications introduces a range of
significant challenges. One of the key issues is establishing efficient data exchange between
different parts of an application. The user interface, server-side logic, databases, and external
APl must operate within a unified information environment, ensuring continuous and
synchronous interaction. At the same time, the asynchronous nature of contemporary systems
requires developers to address issues related to processing, routing, and managing data
under conditions of uncertainty, as events can occur at unpredictable intervals.

Traditional approaches to application development, which rely on direct component
interaction and the use of global variables for state management, have proven increasingly
inadequate in the face of growing demands. These methods fail to provide the necessary
flexibility, scalability, and reliability, often leading to difficulties in code maintenance, extended
development timelines, and application errors. These challenges are particularly acute in
industrial projects, where each error can result in significant costs and operational disruptions.

Reactive programming offers a novel perspective on managing data and state in web
applications. This approach is grounded in event-driven processing and data streams,
providing developers with tools to handle asynchronous operations and enhance system
predictability. The RxJS library and the NgRx framework are among the most widely adopted
solutions in this domain. RxJS delivers robust mechanisms for creating, processing, and
combining data streams, while NgRx focuses on application state management through a
unified architecture based on Redux principles.

The adoption of these technologies in industrial web development addresses key
challenges such as ensuring consistent state management in applications with numerous
interacting components and facilitating asynchronous data exchange between the user
interface and the server side. Likewise, these tools simplify the handling of complex interaction
scenarios, including real-time updates and integration with external API.

3. Analysis of reactive programming with RxJS and NgRx

Reactive programming is a paradigm that enables the handling of events and data
streams as sequences that can be manipulated declaratively. The core principle lies in
focusing on what needs to be accomplished rather than how it should be implemented. This
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approach is particularly relevant for modern industrial web applications, where interacting with
asynchronous data and managing state often demand the simplification of complex
processes.

One of the most popular libraries for reactive programming in JavaScript is RxJS. It
provides functional methods for creating and processing data streams, enabling the
development of applications that are resilient to asynchronous events and intricate component
interaction scenarios. According to a 2023 report [2], nearly a quarter of developers worldwide
have utilized this library (fig. 1).

Lodash 50
date-fns
Zod
Moment
Day.js
RxJS 24

jQuery 22

0

10 20 30 40 50
Figure 1. The usage of different libraries among worldwide specialists in 2023, %

One of the key concepts in RxJS is Observables. They are abstractions that represent
data streams, which can be either asynchronous or synchronous. These streams can generate
events originating from various sources, such as user input, HTTP requests, or system
events [3]. Using RxJS operators, developers can perform a wide range of operations on these
streams, including filtering, transformation, combination, and ordering.

The primary advantages of RxJS in industrial web development lie in its ability to
manage the complexity of asynchronous operations. By utilizing operator chains, developers
can significantly simplify code structure. Additionally, RxJS facilitates the combination and
routing of data streams, enabling seamless integration of data from multiple sources and real-
time processing. Applications also benefit from automatic responsiveness to changes in data
streams, resulting in smoother and more dynamic user interactions.

An example of RxJS in action can be seen in implementing form autocompletion based
on user input [4]. The event stream generated as the user types can be processed using
fitering and delay operators to prevent excessive server requests, optimizing both
performance and user experience.

A framework for application state management built on the principles of Redux is
NgRx. The primary goal of NgRx is to centralize state management and ensure its
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predictability, even in applications with numerous interacting components. At the core of
NgRx’s architecture is the Store, which acts as the single source of truth for the entire
application state. The state is immutable, and changes occur through Actions and Reducers,
ensuring transparency and control over the data:

o Actions: represent descriptions of events that can occur within the application
(e.g., data loading, user updates);

o Reducers: define how the state changes in response to actions. These are pure
functions that return a new state based on the previous one;

. Effects: handle side effects, such as interactions with external API, and bridge
the gap between state and asynchronous data streams.

Seamlessly integrating with RxJS, NgRx enables the management of complex data
streams through effects. For instance, server requests triggered by user actions (e.g., button
clicks, text input) can be processed as event streams, with the results automatically updating
the store’s state. The combined use of RxJS and NgRx provides a comprehensive approach
to industrial web application development (table 1).

Table 1
Advantages of Using RxJS and NgRx [5, 6]
Advantage Description
Scalability Centralized management of state and event handling
simplifies the expansion of application functionality.
Predictability Immutability of state and declarative approaches to data

processing enhance reliability and ease debugging.
Simplification of asynchronous operations | Data streams enable the development of applications resilient
to changes and delays inherent in asynchronous operations.
Improved code readability Operators provided by RxJS and the NgRx architecture make
the code more structured and intuitive.

Powerful tools for addressing the challenges associated with asynchronous data
handling and state management in industrial web applications are offered by RxJS and NgRx.
By leveraging the capabilities of Observables, operators, and a centralized store architecture,
these technologies streamline the development process, enhance application reliability, and
improve user experience. The seamless integration of RxJS and NgRx allows for the creation
of scalable, predictable, and maintainable systems, making them indispensable for modern
web development projects that require robust and efficient solutions.

4.  Practical application in industrial web applications and recommendations

Indispensable tools for addressing the challenges of industrial web development,
where high levels of automation and reliability are required, are RxJS and NgRx. Their adoption
enables the creation of scalable applications capable of processing large volumes of data
while ensuring seamless interaction between various system components.
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The application of RxJS and NgRx proves most effective in a range of specific
scenarios characteristic of industrial web development. One key area of their use is monitoring
and analytics systems, such as dashboards that display real-time performance metrics,
server load levels, or the operational status of manufacturing equipment [7]. In such systems,
RxJS facilitates the collection of data from various sources, processes it on the fly, and
consolidates it into a unified stream structure for visualization. NgRx, on the other hand,
manages the state of the user interface, ensuring that the displayed data remains synchronized
with the current system state.

Real-time event handling is another critical area of application. In e-commerce
systems, where delays in data processing can result in lost revenue, RxJS enables immediate
responses to user actions, such as adding items to a cart, modifying search parameters, or
participating in promotions. In such scenarios, NgRx ensures data consistency across different
application components and provides the ability to precisely restore the application state in
the event of errors.

Another domain of application involves processing data from multiple sources. Data
aggregators leveraging these technologies can efficiently collect, transform, and display
information while minimizing delays and ensuring data consistency. This capability is
particularly valuable in environments where sources operate asynchronously or at varying
transmission speeds.

Tools like RxJS and NgRx are also utilized in implementing complex business logic,
such as automated event routing, task queue management, and sequential operations that
account for interdependencies [8]. These scenarios demand a high degree of reliability and
predictability, which is achieved through the unified architecture for state and data stream
management.

To maximize the effectiveness of RxJS and NgRx, developers should adhere to several
key recommendations. Before initiating development, it is essential to define the structure of
data streams, including their sources and interconnections. This allows for strategic planning
regarding the most suitable RxJS operators and the elimination of redundant requests.

To prevent performance issues, operators such as 'debounceTime' or 'throttleTime'
should be used when handling user actions like text input. These operators help minimize the
number of server requests and avoid system overload. When using NgRXx, careful planning of
the state structure is crucial to avoid excessive data nesting. This approach simplifies
application maintenance and reduces the time required to introduce new features.

Effects should be strictly responsible for handling side effects, such as API requests
or writing to local storage. This separation of concerns helps prevent the mixing of business
logic with state management, resulting in cleaner and more maintainable code that is also
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scalable. Thorough testing of data streams (Observables) using tools like marble testing, along
with writing unit tests for reducers and effects, significantly enhances system reliability.

The use of these technologies in the aforementioned scenarios provides industrial web
applications with the flexibility, performance, and reliability required for efficient operation
under conditions of intensive use and large data volumes. RxdS and NgRx empower
developers to address the complex challenges of modern applications, offering robust and
elegant tools for managing both data and application state.

5. Conclusion

The use of RxJS and NgRx opens new horizons in the development of industrial web
applications by enabling efficient management of asynchronous data streams and application
state. These technologies address key problems in modern web development, such as the
complexity of component integration and data synchronization, while significantly enhancing
system performance, reliability, and scalability. Reactive programming with these tools
represents a pivotal step toward building more resilient, flexible, and adaptive applications
that meet the high standards of businesses and users alike.
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Abstract. The results of scientific and experimental work on the creation and implementation of a microprocessor
automatic reserve transfer (MART) devise built on digital input value processing systems are presented. It is established that
when using MART, the limitation on the total power of the motors of the power-losing section is removed. It does not require
field blanking and resynchronization of synchronous motors. Reduces the cycle time of the ART with t,=0,7-5,0 s with the
traditional ART to t=0,06-0,25 s with a high-speed ART. The currents of turning on motors powered by the damaged input
do not exceed (2-2,5)1,.

Keywords: microprocessor automatic reserve transfer, starting device, short-time power failure, relay protection
and automation (RPaA), self-starting, in-phase switching.

Annomayusa. Ilpubedensl pesysvmamosl pactuemHo-3KCnepuUMeHmalbHbix pabom no 6Buedpenuto ycmponcméa
MUKponpoyeccoproeo agmomamuteckoeo bxatouenus pesepba (MABP), nocmpoentoeo Ha yugppoBuix cucmemax obpadomxu
6x00nbIX Besuuun. Yemanobaeno, umo npu ucnoavsobanuu MABP, cHumaemcs oepanuvenue HA CYMMApHY0 MOUHOCIIb
coxpansemuix 8 pabome O0bueameneil nomepaduietl numanue cexyuu. He mpebyemcs eauierue noas 1 pecuHXpoHu3ayus
cunxponnbx 06ueameneil. Coxpawjaemes Bpema yuxaa ABP ¢ t,= 0,7-5,0 ¢ npu mpaduyuonrnom ABP u t,=0,06-0,25 c npu
ovicmpodeicmByrousem ABP. Toxku Bxatouenus 0Bueameneti, numawouwuxcs om nobpexoernoeo 6600a, e npebviuiaem (2-
2,5)L,.

KaroueBovie caoBa: muxponpoyeccoproe abmomamuueckoe 6Gxawouenue pesepba, nyckoboe ycmpoticmbo,
KpamxoBpemenHoe OmxAUeHUe NUMAHUA, peseuHas sawuma u abmomamuxa (P3uA), camosanyck, cungpasHoe
nepexAUeHue.
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1. BBepgeHue.

PeweHne 3apaun obecnevyeHns HaOeXHOro 3aneKTpocHabxeHnsa noTtpebuTtenein
BO3MOXXHO Ha OCHOBe HOBOIO Knacca MUKPOMNPOLLECCOPHbIX YCTPOWCTB
ObICTPOAENCTBYIOLLErO aBTOMaTUYeCcKoro BKOYeHNA pesepBa (BABP) Ha BaKyyMHbIX
BbIKJIHOHATENAX pa3paboTkn Kadeapbl DNEKTPOCHAOKEHMST NPOMbILLSIEHHbIX NPeanpuUsaTAn n
anektpoTtexHonorun HAY «M3W» [1-5].

icnonb3oBaHMe COBPEMEHHON 31EMEHTHON 6asbl N Hoy-xay B 06paboTke curHanos
obecnevnBaeT BpeMs peakuMnm Ha BOSHUKLLUUA aBapunHbIN pexxnum oT 9 Oo 22 Mc, a B
KOMMeKce C ObICTPOAENCTBYIOWMMN BaKyyMHbIMU BblkodaTensammn (KoHTakT, Taspupa
AnekTpuk, IJ1KO, ABB, Evolis) nonHbin umkn cpabatbiBaHns ycTponcTtea coctasndaet 40-120
MC 1 3aBUCUT OT BUAa U MecTa aBapun.

2. MeTogpbl 1 METOONKMW.

MocTpoeHne BABP ocHOBaHO Ha pesynbTaTax pacyeTHO-9KCNepPUMEHTasIbHbIX
nccnepoBaHun, a TakkKe aHannsa aBapuiHbiX PeXXMOB (PYHKLUNOHMPOBAHUN YCTPONCTBA Ha
uMdpoBbIX cncteMax o6paboTKN BXOAHBLIX BESTNYNH.

AP PEKTUBHBLIM peLleHneM NPobAeMbl KPaTKOBPEMEHHbIX HapPYLLUEHU HOPMalbHOro
3NeKTpoCcHabXXeHna Onsa rasonepepabartbiBaomx, HedTepobbiBaoWmMX, HEPTEXUMUYECKNX
N MeTannypruyecknx npeanpusaTuii, a TakkKe MarnctpasbHblX TPyOONpOBOAOB SBSETCH
npuMeHeHne KomnnekcHoro BABP, nossonswowero ocywecTBUTb MNOYTU MIHOBEHHbIN
nepeBof Ha Pe3epBHbIN UCTOYHUK NUTaHNs [6-8).

[na pocTxeHnsa obLero BpeMeHn nepeksItoveHnsa Ha pe3epBHbl BBOA, He 6onee 65
MC peannsoBaH komnnekc BABP, npenmyLecTsa KOTOPOro no CpaBHEHUIO C 4ENCTBYHOLLNMN,
3aKniyaeTcs B CriefyoLwem:

- MUHMaNbHOE BpeMs peakumn Ha aBapuiiHbii pexmm 5-12 Mmc;

—  HafgeXHoe W HernpepbiBHOE JfIeKTPOCHabXeHne noTpebuTtenen 3a cyeT
ObICTPOOENCTBYIOLLIErO BBOAA PE3EPBHOMO NNTAHNUS;

—  MepeK/ioYeHne Ha pes3epBHbI BBOA BCerga OCYLLEeCTBAsAEeTCA ¢ cobnogeHnem
CUH(A3HOCTU NCTOYHNKOB NMUTAHNS;

- npun cpabatebiBaHun BABP, B oTnnune ot o6bl4HOro ABP, CUHXpOHHbIE
OBUraTesnv He TePSA0T CUHXPOHMU3Ma 1 He TpebyeTcs ralueHne rnons N PeCUHXpoHN3auus;

—  TOKU BK/OYEHUs fOBuratenen, nuTarowmxcs OT MNOBPEeXOEeHHOro BBoAa, He
npesbIWatoT (2-2,5)ls, 4TO yBENNYMBAET PECYPC ANeKTpoaBuraTesnen n MexaHn3ma;

—  nepexogHble npoueccbl nocne cpabateiBaHna BABP 3akaH4ymBatoTCsA 3a
JecsTble O CEKYHAbI;

—  OTKpbITag normvka paboTbl C BO3MOXHOCTbIO MOAEpHM3auun nopg 3anpockl
3aKas4uka;
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- paboTaeT npM HECUMMETPUYHBIX KOPOTKUX 3amblkaHusax (K3) n nuTtarowein
9Heprocucteme, KoTtopble cocTaensT 6Gonee 80% Bcex K3, MCNonb3ys KOHTPOSb
HanpasfieHNs MOLLHOCTUN 1 0cob0e perne HarnpasieHNs TOKa,;

—  HapgexHo paboTaeT Kak Npu HaaM4un CUHXPOHHBLIX W/WAN  ACUHXPOHHbLIX
npuratenen Hanpsi>keHnem 6(10) KB , Tak n npun nx oTcyTCTBUNY;

- obecneynBaeT YPOBHU OCTATOYHbIX HaMPsS>KEHUM Ha LMHaxX MNOACTaHUMA He
HuxXe 0,9Uuom (Bpems Bblbera Ha K3 cokpatwgaetcsa Ao 14-20 MC) 1 CyLLLECTBEHHO YMEHbLUAeT
OTnagaHme MarHUTHbIX MyCKaTesnen, KOHTaKTOpPOB B Lenn MNUTaHUS HU3KOBOJSIbTHbIX
anekTpoasuraTenen, cOon KOMMBIOTEPHBIX CUCTEM YNpaBfIEHNSA, OTKKOYEHUS CTaHUMn
ynpaBneHus;

—  OCYLUeCTBNSET aBTOMaTMYeCKOro  onpefefnieHne  3Ha4YeHUin  akTUBHOW,
pPEeaKTMBHON N MOJSIHON MOLLHOCTN, Hanpsi>XeHUst U TOKOB, COCTOSAHUSI ANCKPETHBIX CUIHanoB
noacTaHuMnm ¢ nopaep>xaHmem npotokonos MO3OK 60870-5-103, MOK 60870-5-104 n
nepenaven xxypHana cobbitnin 8 ACL1Y;

—  aBTOMartmyeckoe ocuunnorpacgpuposaHme napameTpoB pexnma B
9HeprosasnCMMON NaMATU C QINTENbHOCTLIO 3anucu He MeHee 600 c;

- paboTaeT 6e3 NpuBA3KN K Kakon-nmbo P3nA Ha nogctaHuuu, a gna PY (TT1) 6e3
cyuwectsyowen P3nA Ha 6ase BABP 072 moxHO peanu3oBaTtb 3awmTty Beogos MT3, TO un
3MH,;

— CUNOBOW TUPUCTOPHLIN 610K (Mogndukaums BAHP 072.02), KoTopbli NO3BONSET
KOMMYTUPOBaTb  CWIbHOTOYHbIE  LENM  BKJKOYEHUS  CEKUUOHHOrO  BbIK/KOYaTens
(ncnonbayemble gnsa BABP HanpsixeHnem 35 kB);

—  paboTaeT Kak npu cxeme noacTaHUUN C CEKUMOHHbBIM BbIKIOYaTENEM, TaK U C
OBYMS1 BBOAAMW Ha CEKLMIO;

— obecrneynBaeT HageXXHoOe aBTOMATU4ECKOE BOCCTAHOBJIEHNE HOPMAasibHOro
pexnma (BHP) 6e3 BMeLwlaTenbCcTBa NepcoHana;

—  paboTaeT ¢ NtobbiMy BaKyyMHbIMU U/ NN Fra30BbIMW BbIKIOYATENSAMU.

BbINONMHEHHbIE pacyeTHbIE NCCNEAOBaHNS NOATBEPKOAIOT BbICOKYH 3(P(hEKTUBHOCTL
paboTbl paspabotaHHoro BABP no cpaBHEHWIO C CYLLUECTBYIOWEN aBTOMaTMKOM BBOAA
pe3epBHoOro nutaHusa. CHxeHne BpemeHn ABP ¢ cywecTsytowmx 3,5 ¢ oo npegnaraembix 35
MC NO3BOJSIUT HE TOJIbKO CYLLECTBEHHO YBEINYUTb OCTATOYHbIE Hanpsi>KeHus Ha wnHax TT1-
6/0,4 kB, cekuuin 3PY-6 kB YINCB «BnaguHa», HO N He BbIXOAAT 3a Npeaenbl KPUTUYECKNX
BPEMEH HapYLLUEHNA HOPMaJSIbHOro 3NIEKTPOCHabXEeHWs, onpenensieMblX No ONPOKNObIBAHNIO
CUHXPOHHbIX M @CUHXPOHHbIX ABUraTesnen Npy CHKEHNN Hanps>XXeHNs Ha NX BbIBOAAX N POCTY
yrna Harpy3ku geuratenein. BHegpeHne BABP Ha 3PY-6 kB TI1-110/6 kB YINCB «BnagnHa»
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NO3BOANT 3aWmUTUTL oOb6opyaoBaHMe, 3anuTaHHOe OT oTxogawmx amHuin PY-6 kB ot
KpaTKOBPEMEHHbIX HaPYLUEHUI HOPMAbHOIO 3IEKTPOCHAOXXEHMS B LieNsX NUTaHnsa noboro
13 BBOOOB MOACTaHLN.

3. PesynbTaThl.

BbiBoabl npoekTa BHeapeHus BABP:

1. YpepxaHne B paboyeM COCTOSAHMM HACOCOB W MPUBOOOB, a TakKxe
BCNoMoraTefibHbIX MeXaHN3MOB, 3anuTaHHbIX OT 3PY-6 KB TI1-110/6 kB YICB «BnagnHa».

2.  CHwXeHne 3aTpaT Ha NOBTOPHBLIN 3anyck 06opyaoBaHuS.

3. YBenu4eHune cpoka cny>0bl TpaHCchOopMaTopoBs, ABUraTenen.

4. [loBblweHNe HageXXHoCTU paboTbl anekTpoobopynosaHua 3PY-6 kKB 3a cueTt
Manoro BPeMeHN peakuMm Ha  aBapuiiHbini - pexunm  (5-12 MC)  Komnnekca
6bicTpopencTaytowero ABP.

5. BO3MOXHOCTb aBTOMaTU4YECKOro BOCCTAHOBSIEHNS HOPMaJSIbHOIrO peXxmma.

Beuay TOro, 4To BpeMS OTKIIKOHYEHUS BBOAHbIX BblK/toYaTeNEN 3HAYUTENIbHO MEHbLUE
BPEMEHM BKJIIOYEHNS CEKUMOHHOro (8<22 mMc), To npepnaraetcsa opgHoBpemeHHoe ABP
(pucyHok 1). Beop B paboty ABP Bcerpa 6ymer obecrneyeH C KOHTPONEM CUHGA3HOCTU
NCTOYHUKOB NUTaHUS.
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PucyHok 1. Cxema GbICTPOAECTBYIOLLEro aBTOMaTNHECKOro BKJIKOYEHUS pe3epBa
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Sarantuya Yu. A study on reducing idle time of local wagons

Sarantuya Yu.
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Abstract. This paper investigates the percentage of freight and passenger transportation by railway over the past 14
years, playing a vital role in the social and economic development of Mongolia. To address the average idleness of wagons per
one operation of freight and overcome barriers to achieving transportation volume and railway development goals by 2030,
this study investigates the unloading dynamics at all stations of the UB Railway [V C over the past decade. The study examines
the efficiency of shunting locomotives utilized in disassembling and placing unloaded wagons on branch tracks at stations
with high unloading demand. Additionally, it conducts operational analysis by marshalling trains based on destination
stations, cargo receivers, and branch line zoning to explore the potential reduction of local wagon idle time, impacting the
average idle time per one freight operation.

Key words: transported freight, local wagons, shunting locomotives, branch tracks

PeueH3eHT: MapTexa AnekcaHap Hukonaesn4 — KaHAMOaT TEXHUYECKNX HAyK, AOLEHT.
HoueHT OIrBOY BO «PTAY-MCXA nm. KA. Tumnpsazesa»

Introduction

In 2021, railway transport significantly contributed to our country's freight
transportation sector, with a record-breaking 31.2 million tons of cargo transported, marking
a 4.2 percent increase from the previous year, and Decreased in 2022 due to the epidemic.
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Figure 1. The freight transported by Railway over the past 14 years

In 2020, export freight experienced a significant increase of 12.1 percent compared to the
previous year, while container train travel along the main line showed a remarkable rise of 59
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percent. However, due to the epidemic, local passenger transport was suspended, resulting
in a decline of 33.3 percent and 47.9 percent in passenger turnover compared to the previous
year.
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Figure 2. The percentage of freight transported by Railways

Although the rise in freight transportation volume (Figure 1, 2) enables the fulfillment of the
plan to transport 41.1 million tons in 2025 and 56.7 million tons in 2030, as outlined in the
long-term program for the development of the UB Railway JVC until 2030
(Compendium of the Reform and Development Program of UB Railway JVC- 2030 Reports,
Published in 2017, p. 55), achieving these goals requires the gradual implementation of
technical and technological progress and modernization efforts. This includes initiatives like
expansion and enhancement of the foundational infrastructure, the construction of a new
station and level crossing, a two-track entrance, a second main line, marshalling yards in line
tracks, and modernization of the locomotive fleet. Consequently, the introduction of new
technology and the reduction of average wagon idle time per load operation are closely tied
to the local wagon idle time at the station. To address this, a functional study has been
conducted on the proposed technology to be implemented on wagons upon arrival at the
station.

Results of Research and Development

Wagons used for various freight operations such as loading, unloading, transshipment,
sorting of small parcels, and handling containers, are termed local wagons. These wagons are
categorized based on the specific freight operations as follows:

- Local wagons arriving loaded and leaving empty

- Local wagons arriving empty and leaving after loading

- Local wagons arriving with cargo, then reloaded and leaving the station

- Local wagons arriving with containers or sample cargo for sorting
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Wagons are classified into single cargo operations or dual cargo operations (loading
and unloading), depending on the number of cargo operations they undergo. This
encompasses a range of activities, including, placing wagons at the loading point, distributing
them at various loading and unloading points, transferring for dual operations of freight,
collecting and setting wagons on station tracks after unloading, cleaning, washing, and
sanitizing wagons, conducting technical and commercial inspections before loading,
transferring cargo from one wagon to another, positioning wagons on the branch track owned
by a company for small parcel sorting and retrieving them tec.

Operations on local wagons, depending on the organization of work, type of cargo, and
the location of stations and sidings, are conducted on both public and special branch tracks.

According to a survey of wagons arriving at the station of UB Railway JVC for loading
and unloading operations (Figure 3), there has been a significant increase in freight activity
over the last ten years. The survey indicated a notable rise in unloading operations at major
stations, with Ulaanbaatar handling 1,122,063 wagons, Tolgoit 285,489 wagons, MCh-UB
251,016 wagons, Erdenet 147,696 wagons, Darkhan-2 98,953 wagons, MCh-Zuud 63,821
wagons, MCh- Tolgoit 53,122 wagons, Zamyn-Uud 46,657 wagons, Sainshand 45,276
wagons, Khotol 35,134 wagons, and Choir 30,259 wagons.

Unloading at stations /wagon/

10 years/

At Ulaanbaatar station, there is a hump with marshalling equipment for disassembling
trains. However, at all other stations, trains are marshalled only upon arrival. After technical
and commercial inspections, loaded wagons are separated using unloading branch tracks and
receivers. Shunting work is then conducted using shunting sidings. Table 1 presents data on
the number of shunting locomotives and their total hours of operation at stations where
shunting work is conducted on shunting sidings.
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Table 1
Total hours of shunting locomotives operation
. " 5 2 o T
oS4 Bl e £ 5 35§ |%é
- S5 g2 | 8§ | £ 5| B | e8| & |&o
Stations § = s < S 38 @ o3 o g 2
8 | &% | 5§ | 2| 5 | £ | 88| 3 |2%
O o = T 5 % = G
Zamyn-Uud 4631 2765 12 620 865 562 231 325 4
Sainshand 3921 884.7 8.5 274 1096 274 45.2 53.4 2
Choir 1653 3493 56.5 511 509.5 284 30.5 18 1
Baganuur 991 2096 7 274 512 274 35 24 1
Ulaanbaatar 14878 | 13251 41 1350 0 2700 0 180 4
Tolgoit 4934 5620.5 76.1 | 420.3 | 161.5 230 764.3 317.2 3
Zuunkharaa 1563 3295 58 520 264 274 26 25 1
Darkhan 8406 3383.2 | 202.8 | 566.7 | 358.9 548.6 31.2 223.2 3
Sukhbaatar 3640 411 0 234 411 146 0 40 2
Total 44617 | 35199.4 | 461.9 | 4770 | 41779 | 52926 | 1163.2 | 1205.8 | 21

Efficiently diversifying

loading and unloading activities,

implementing suitable

technologies for various types of cargo, coordinating arrivals and departures, and ensuring
seamless operations at local wagon stations are essential for minimizing idle time. This
requires close coordination between technical and freight commercial operations, as well as
alignment with branch track operations and train traffic diagrams.
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The total stoppage time of local wagons at a station equals the sum of all operational
hours, but it's important to consider potential idle intervals between operations. Idle time, while
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waiting for local wagons to be placed and retrieved, can be reduced by enhancing the
utilization of shunting locomotives or by effectively coordinating shunting operation.

The freight imports arriving at the local unloading by UB Railway JVC (Figure 2) are
distributed with 70% coming through Zamyn- Uud station and 30% through Sukhbaatar
station. Most of the cargo imported from China at Zamyn-Uud Station consists of container
cargo, construction materials, and other goods.

According to the study on DU-1 specifically the document detailing 957 trains
dispatched from Zamyn-Uud station to Ulaanbaatar station from January to October 2019,
cargo undergoes a gauge transfer from narrow gauge to broad gauge at Ulaanbaatar station.
Subsequently, the trains are marshaled according to their destination, as depicted in Figure 5.
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Figure 5. A piece of document that trains are marshalled by their destination

Trains from that station are not appropriately grouped according to zoning groups and
receivers. Consequently, at each station where the wagon is unloaded, shunting operations
are performed using a shunting siding on the station track to transfer it to the unloading branch
track.

As depicted in Figure 5, during unloading operations, the train originating from Zamyn-
Uud station arrives at UB station and subsequently merges with Tolgoit station. Upon arrival
at Tolgoit station, the recipient of the unloading process utilizes "Tol Ashli" wagons on a branch

track to reshuffle them using the shunting siding three times before finally placing them onto
the unloading branch track.
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As indicated in Table 1, the duration of this operation is calculated based on the
"Working time at the station" and significantly affects the idle time of local wagons. The
working time on the branch track encompasses the period during which the wagons
marshaled at the station are placed on the unloading track and retrieved.

On the branch tracks, organizing marshaling and shunting operations by the unloading
branch tracks and the recipient for unloading incurs considerable time and expenses for the
shunting brigade. The cost of one hour of shunting operation is detailed in Table 2.

Table 2
Cost of one hour for the shunting brigade
Hourly consumption of the shunting Uses Cost /tuarua/
brigade grie
Hourly wage or payment of Hourly Wrigghoir:ig%yment of 7300
machinists Assistant Engineman 6800
Fuel (17litres) /2690/ 45730
3 Cost of materials for one hour ue (, ftres)
5 of shunting locomotive il (50grams) 915
5 operation Water 0
o2 Sand 60
g Hourly wage or payment of Rank Y1 9063
& train shunting operators Assistant worker with Rank V 7647
Total 77565

Assuming that 40% of the total 44,617 hours worked at the station (Table 1), or 17,846
hours, will be spent on branch tracks for unloading, the cost would amount to 1,384 million
MNT.

Therefore, implementing the following measures could potentially improve the utilization
of shunting locomotives working at the station, reduce the idle time of local wagons waiting
for positioning and retrieval, and minimize the duration of shunting and marshaling. This, in
turn, would reduce the average idle time of wagons per freight operation (Figure 4). The
measures include:

1. Segmenting the station branch tracks into East zones | and Il, Central zones Ill and

IV, and West zone V, respectively. (For example, the case of Tolgoit station in Figure
6.)
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Western region Central zone Eastern region

Figure 6. Schematic Diagram of Tolgoit Station Tracks and Sidings Divided into Zones

2. The owners of sidings, client companies, and citizens should include the name of the
departure station, the receiving siding, and the grouping number for zoning on the cargo
documents issued from the station of origin. For instance, documents may indicate
Tolgoit station Magnai Trade V- (TLG.MT.V) or station code (76.MT.V), among other
possibilities. Additionally, an owner of a siding can also be coded.

3. The freight operator at the station where the cargo is loaded into the wagon should input
the arrival station, receiving siding, and zoning group number into the ATMS program,
following the format illustrated in Figure 7. For instance, Tolgoit station, Altan Taria-I
(76.A.Taria.l), etc.
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Figure 7. ATMS appllcatlon used by a freight operator at the station where the
freight is loaded into wagons
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4. Trains should be marshaled according to destination stations, receiving sidings, and
zoning groups as specified in the marshaling plan at the station.

As a result of the preparation conducted in the above sequence, upon the train's arrival
at the unloading station, the wagons designated for unloading on the branch track will be
retrieved from the station track and arranged on the unloading tracks without requiring
additional dismantling and marshaling at the unloading station for each zoning group. This
process will lead to a reduction in the number of shunting operations, shunting time, fuel costs
of the shunting locomotives, and idle times for wagons.

Conclusion

In conclusion, implementing measures to marshal trains by sorting shipments at
the loading station based on destination station, receiving branch line, and zoning group
facilitates the efficient positioning of local wagons on sidings at unloading stations. This
approach reduces the need for extensive shunting operations and minimizes time spent at the
station, leading to cost savings in terms of shunting brigade expenses and idle times for local
wagons. By improving the productivity of shunting locomotives, accelerating car turnover,
increasing station throughput capacity, and reducing the average wagon idle time per
operation, overall efficiency in railway operations can be significantly enhanced.
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CoBpeMeHHble MUKPOMPOLLECCOPHbIE YCTPONCTBA PENENHON 3almTbl 1 aBTOMATUKN
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Abstract. The main disadvantages and advantages of the operated relay protection devices (RP) on analog
electromechanical, static and digital relays are considered in the article.

Keywords: relay protection, short circuit, automatic reclosing, automatic reserve input, digital protection.

Annomayua. B cmamve paccmompenvl ocHoBHble Hedocmamku U NpeuMyujecmba  IKCNAYAmMupyouuxca
ycmpoticmb pesefinoil 3aujumst (P3), 8binoaHeHHbIX HA AHAA0208bIX SAEKMPOMEXAHUUECKUX, CIAMUYECKUX U Yuppoboix
peue.

KaroueBvie caoba: peseiinas sauguma (P3), kopomioe samvixanue (K3), amomamuueckoe nobmoproe Bxaiouerue
(AIIB), abmomamuueckuti 6600 pesepba (ABP), yugpobas saujuma.

PeueH3eHT: MapTexa AnekcaHap Hukonaesny — kaHaNOAT TEXHUYECKUX HAYK, OOLEHT.
HoueHT ®IBEOY BO «PTAY-MCXA um. K.A. Tummnpsasesar»

1. BBepeHue.

BONbLWNHCTBO HbIHE 3KCMyaTUPYOLWMXCSA YCTPONCTB P3 BbINOMHEHbI Ha 6ase
aHanoroBbIX 3NIEKTPOMEXaHUYECKNX W CTaTUYECKUX pene, Ha ponto uudgposon P3
npuxogutca He 6onee 10%. MHOroneTHAA CTaTUCTNKA NOKa3blBAET, YTO BbICOKWUIA NPOLEHT
npaBnNbHbIX AENCTBUIN aHanoroson P3 gocturaetcsa 6narogaps 6oabwM Tpygo3atparam Ha
ee obcnyxmBaHne. Hapsagy ¢ atum pna aHanoroBon P3 xapaKTepHbl U HEKOTOpble
CYLLECTBEHHble HeAoCTaTKu, KOTopble MNPEensTCTBYIOT WAN CYWECTBEHHO 3aTpygHSAoT
KOMIMJIEKCHYIO0 aBTOMaTu3aunio aHeprocucteM. K Taknm HegoctatkaMm OTHOCATCA:

o 6onbloe BpemMsa ycTpaHeHus MexaydasHbix K3, oCOB6eHHO Ha rofOBHbIX
y4yacTkax, TO eCTb BOMAM3M WUCTOYHWKOB MUTAHUSA, M3-3a BbICOKUX 3HAYEHWU CTyneHemn
CEeNIeKTUBHOCTU, OTCYTCTBMSA B BONBbLUMHCTBE 3/1EKTPOYCTAaHOBOK YcKopeHusa P3 nocne AllB,
OTCYTCTBME NIOMMYECKON 3aLUNTbI LUNH;

o HEBO3MO>XHOCTb BbIMOJIHEHUS MHOMOKpPaTHbIX YCTponcTs AlB, B TOM Yncne ns-
3a YKa3aHHOro paHee OTCYTCTBUA YCKOpeHUs 3awmTbl nocne AllB;
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o 6onblwme  TPYAHOCTU BbIMOJSIHEHUSA aBTOMaTU4ECKOro OTKJIKOHYEHMS
NOBPEXAEHHOIO y4acTka, 6eCTOKOBOM Nay3bl C MOMOLLBIO YPaBAseMbIX padbeguHUTENENR;

o TPYAHOCTU B BbINOJIHEHUN YCTPONCTB AN aBTOMaTUYECKOro W3MEHEHUs
yCTaHOBOK cpabatbiBaHus P3 npn BHE3AMHOM N3MEHEHUN PEXUMA NMUTAHUSA 3NIEKTPUYECKON
ceTn, YTo HeobXoouMo AN ceTel C AOBYMSI UCTOYHMKAMU MUTAHUA U TakK HasbiBaeMbIM
ceTeBbiM ABP;

o oTcytcTBme appekTBHON P3 OT ogHOMa3HbIX 3aMblKaHNin Ha 3EMJIIO.

2. MeToapbl 1 METOONKMN.

OpHMM 13 cnocob0B MNOBbILEHUS HAOEXXHOCTU 3NIEKTPOCHAOXEHUSA NPOMBbILLIIEHHBIX
npeonpuaTUA  ABNSIETCA NpPUMEHeHne undppoBON penenHon 3sawmTbl. B coBpemMeHHOM
LM(PPOBOM YCTPONCTBE MOrYT OblTb COBMELLEHbl MHOrve dyHkumn: P3 OT BCex BMOOB
NOBPEXOEHUN N aHOPMAaJTbHbIX PEXUMOB paboTbl 31EKTPOYCTaHOBOK, ABP, aBTomMaTnyeckoe
OTAeNleHe NOBPEeXAEHHOro yyacTka U gpyrux aBToMaTU4YecKUX YCTPOWCTB ynpasBfieHns B
aBapuHOM W MNOC/ieaBapuUHOM peXXnmMax, N3MepeHne N 3arnvucb dN1EKTPUYHECKUX BESTNYUH,
ornepatnBHoOe W 3anporpamMMMpPOBaHHOE YNpaBfieHMe KOMMYTAUMOHHbIMK annapaTtamu,
onpepenieHne MecTa NOBPeXAeHUst Ha aBapUNHO OTKJIIOUYMBLLENCS INHUA U T.4.

B HacTosiwee BpemMs 60MAbLUIMHCTBO (hypM Npon3BoguTenien npekpawiaT BbiNyCcK
ANEKTPOMEXAHMNYECKNX PeNe N YCTPOMNCTB N NepexogaT Ha uMdpoBYyO aneMeHTHyto 6agsy [1,
2,3,4].

[Mepexon Ha HOBYK 3IEMEHTHYO 6a3y He NpUBOOUT K WUSMEHEHWUIO MPUHLMMOB
penenHon 3almTbl N 3NEKTPOaBTOMATUKN, a TOJSIbKO paclmpseTr ee (pyHKUNOHasbHbIEe
BO3MOX>XHOCTH, yrnpoLlaeT SKCnayaTaunio U CHUXKaeT CTOMMOCTb. VIMEHHO MO STUM NpuYnHam
MUKPOMPOLECCOPHbIE pefie O4Y4eHb ObICTPO 3aHMMatOT MECTO 3NIEKTPOMEXaHUYECKUX U
MUKPOQNEKTPOHHbIX.

OCHOBHble XapaKTEPUCTUKN MUKPOMPOLECCOPHbIX 3almT 3HA4YuUTesIbHO Bbille
MUKPO3MEKTPOHHbBIX, & TeM Bosiee af1eKTpoMexaHNn4eckmx. Tak, MOWHOCTb, NoTpebnsemas oT
N3MepuTesibHbIX TPaHCHOPMATOPOB TOKA U HanNpsXXeHus, HaxoauTtcs Ha yposHe 0,1-0,5 BA,
annapatHas norpewHocTb B npegenax 2-5%, KoaduumeHT Bo3BpaTta WU3MepUTENbHbIX
opraHos cocTtasnsieT 0,96-0,96.

MwupoBsbiMn nngepamn B NPON3BOACTBE PeNeNHON 3aLnTbl 1 aBTOMATUKN SABSIOTCS
eBponenckmne KoHuepHbl ALSTOM, ABB n SIEMENS. O6wum saBnsetcsa Bce O0nbLUNiA
nepexopf Ha uMpoByto TeXHNKY. LindpoBble 3almThl, BbinycKkaemble 3TUMU (prpMamiu, UMetoT
BbICOKYO CTOMMOCTb, KOTOpasi, BMPOYEM, OKYMNaeTCsi WUX BbICOKAMU TEXHUYECKNMMU
XapakTepucTmKamMm n MHOroyHKLUMOHaNbHOCTbIO.

CoBpeMeHHble uudpoBble ycTponctBa P3A uHTerpmpoBaHbl B pamMKax egmHoro
NHOPMaLMOHHOIo KoMnaekca OyHKUUIN penenHon 3alumnTbl, USMEPEHUSI, PeryimpoBaHng n

International journal of Professional Science

62
Ne12(2) — 2024


https://creativecommons.org/licenses/by/4.0/deed.ru|

Professional science applies the Creative Commons Attribution (CC BY 4.0) license to the materials published-
https://creativecommons.org/licenses/by/4.0/deed.rul

YyNpaBfieHNs1 3N1EKTPOYCTAHOBKOW. Takme yCTpOWCTBa B CTPYKType aBTOMAaTU3NPOBaHHOM
CUCTEMbI YNpaBieHNs TeXHONOrMYeCKUMM NpoLeccaMmmn aHepreTn4ecKoro obbeKra aBnseTcs
OKOHe4YHbIMM ycTponcTBamn cbopa uHpopmMauun. B MHTerpupoBaHHbIX  LMEPOBbIX
KoMmnnekcax P3 nosiBnseTcs BO3MOXXHOCTb Mepexoga K HOBbIM  HeTpaauuUMOHHbIM
N3MepuTesibHbIM NMpeobpasoBaTeniiM TOKa U Hanps>KeHUs — Ha OCHOBE OMTO3JIEKTPOHHbIX
AaTynkoB, TpaHcpopmaTtopoB 6e3  PeppoMarHUTHbIX CepaeqYHnkoB U T.O0. OTn
npeobpasoBaten TEXHONOrMYHee nMpu NPOU3BOACTBE, 001afalT O4YeHb BbICOKMMMU
METPOSIOMMYECKUMIN  XapaKTEPUCTUKAMIN, HO UMEeT Manyld BbIXOOHYHO MOLWHOCTb WU
HenpurogHel Ana paboTbl ¢ TPaaNUNOHHON annapaTypon.

LindppoBble MUKpOMPOLLECCOPHbIE KOMMJIEKCHI P3 ABNAIOTCA UHTENNEeKTyanbHbIMN
TexHn4yecknmm cpeacrtesamu. Vim npucywm [5, 6, 7]:

1)  MHOroyHKUMOHaNbHOCTb M Malble pasmepbl (OAHO LMpoBOe U3MePUTENBHOE
perne 3amMeHseT OeCATKN aHanoroBbIX);

2)  OUCTaHUMOHHbIE N3MEHEHMS 1 MPOBepKa YCTAaHOBOK C MNyJibTa ynpasieHuns;

3)  yCKOpeHMe NpOTMBOABAPUNHBIX OTKITKOYEHUI U BKITKOYEHWI;

4)  HenpepbiBHas camoamarHOCTUKa U BbICOKasi HAAEXKHOCTb;

5) peructpaums 1 3anoMnHaHNe napamMmeTpoB aBapUNHbIX PEXNMOB;

6) [AMCTaHUMOHHAsA repepada ornepartopy WHGopMauum O COCTOSHUUM U
cpabaTbiBaHUsSX yCTpoONcTs P3;

7)  BO3MOXHOCTb BXOXOEHWS B COCTaB BbILLECTOALMX NepapXUYeCcKnX YPOBHEN
aBTOMaTU3NPOBAHHOIO yNpaBeHs;

8) OTcyTCTBME CMeunanbHOro TEXHUYECKOro OOCAYy>XUBaHUSA, MepUoanyecKnx
NPOBEPOK HACTPOWNKM U UCNPaBHOCTMN.

3. PegynbTathl.

OnbIT NPUMEHEHNA LMPOBbLIX YCTPOWCTB MO3BOMSIET cCAenatb BbIBOA O TOM, YTO
3aTpaTtbl Ha YCTAHOBKY N 3KCnyaTtaumio 3TUX YCTPONCTB OKYMaroTCA B TeYEHNE HECKOJIbKMX
NeT TONMbKO NUWb 3a CHYET CHWXeHus yulepba y notpebutenein u, crneposaTefibHO, MU3-3a
He[oOoTNyCcKa 3/1EKTPOIHEPI N, YMEHbLLEHNE pacXofoB Ha KOMMeHcauuio 3Toro yuepba co
CTOPOHbI 3neKTpocHabxatowen opraHnsaunn. Vicnonb3osaHne uudpposbix ycTponcTts P3
[aeT [OOMNOSHUTENbHBIN 3KOHOMUYECKU 3(peKT bnarogaps CyWeCTBEHHOMY CHUXKEHUIO
pacxofoB Ha obcnyxuBaHue P3, yMeHbLUEHNIO pa3mepa MNoBpeXaeHUs 1EKTPOYCTaHOBOK
3a CYET ObIcTporo yctpaHeHus K3 un OCylecTBNeHUss MNPOTUBOABapUNHON 3aLinTbl
ANeKTpoobopyaoBaHUS OT ONACHBIX aHOPMaJsIbHbIX PEXMMOB.
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3abonoukunin CemeH SlkoBneBuny,

ctypeHT, PIE0Y BO «CeBepo-BocTouHbin hepepanbHbii yHUBEPCUTET»,
r. SIKyTCK

ToncTtbix NeHHagnn Bnagnmmnposuy,

OOKTOP NCTOPUYECKUX HayK,

PykoBoauTenb otaena nccneqoBaHns counanbHO-TPyAoBon cdepbl

'BY «ApKTudecknin Hay4Ho-uccneposatenbckmin ueHTp PC(A)»

r. SIKyTCK

Abstract. The article develops a technical solution that ensures the efficient operation of a hydraulic emergency
rescue tool at low ambient temperatures. Full-scale experiments were conducted to confirm the applicability of the developed
technical solutions.

Keywords: hydraulic emergency rescue tool, low temperatures, efficiency, working fluid.

Annomayua. B cmamve paspabomana mexnudeckoe peuienue, obecnedubaioujee 3pgpexmubHyo 3KcnAyamayun
eudpabauveckozo abapuilHo-cnacamesbHo20 UHCIPYMEHMA NPU HUSKUX memnepamypax oxpyxaouei cpest. ITpoBedern
HAMYPHble FKCNEPUMEHNbL, N00MBep0arujie NPUMEHUMOCHL PA3PADOMAHHBLX HeXHUYECKUX PeuleHUT].

KaroueBvie caoBa:  eudpabauneckusi  abapuiiHO-CnacamessHulll  UHCHIPYMEHH, —HUSKUE  MeMnepamypol,
agppexmubrocmy, pabouas KuoKocHv.

PeueH3eHT: MapTexa AnekcaHap Hukonaesn4 — KaHaMOaT TEXHUHYECKNX HayK, OAOLEHT.
HoueHT ®IB0Y BO «PTAY-MCXA um. K.A. Tumnpssesar»
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BBepneHue

YpesBblyalHble CUTyauuMnm TEXHOMEHHOro XxapakTtepa W CTuxunHble 6encTBus
NPONCXOOAT €XEeOHEBHO W COMPOBOXAATCA pPaspyLUEHUAMU, a TakXe 4YenoBe4eCKUMU
»xepTBamu. PaHblue npu npoBefeHun paboT No cnaceHunto Aaen, cnacatensam npuxogunioch
paboTtatb HenocpeacTBEHHO pykKamMu WM NONb30BaTbCA TEMU CpefcTBamMu, KOTopble
OoKasblBanUCb rMofd PyKon: NOMOM, KUPKOW, nonator u T.n. B Takom cutyauum paboTtbl no
cnaceHuno NOCTpagasLUnX 3aTArMBaNCh Ha AONrMe Yachl, a Horga n CyTkn. 3To NpUBOSUIIO
K TOMY, YTO CMacTu XMBbIMU yaaBanocb He MHorux. [10]

B Hawem COBpeMEHHOM MUpe HEBO3MOXXHO MpeacTaBuTb paboTy MnoXKapHo-
cnacarefibHblX noapasgeneHuin no AOebnoKMpoBaHUIO MNOCTpagaBLUNX MPW  BbIMOSHEHUN
aBapuninHO-cnacaTesibHbIX PaboT B YCNOBUSX 4Ype3Bbl4arHbIX cuTyauuin 6e3 npuMeHeHus
rmapasnnyeckoro aBapumnHo-cnacartenbHoro nHctpymenTa (FACW). TACW npegHasHa4veH ons
BbIMNOJSIHEHNA KOMMekca paboT, CBA3aHHbIX C MepeKyCbiBaHMeM apmartypbl, nogbema u
nepemMeLLeHns 3NeMeHTOB 3aBasia, CTPOUTENbHbIX M APYrnMX KOHCTPYKUWUNA, pacLunpeHus
NPOEMOB B 3aBasjiax C Lefiblo BbICBOOOXKAEHNA 3aLeMSIEHHbBIX NIIOAEN Ha noXkapax wuin B
pesynbTate asapuil, LOPOXHO-TPAHCMOPTHbLIX MPOUCLUECTBUA W OPYrUX CTUXUAHBIX
6eacTBui, a Takxke N BCKPbITUA MeTanIn4ecknx asepei. [8]

Kpome TOro, Kak rnokasbliBaeT MNpakTuka Mnpu 9SKCnayatauunm B YCNOBUAX HU3KUX
TemMnepaTyp OKpy>karLllen cpeabl, UMETCA HEQOCTATKN, TaKUe Kak: 3amep3aHune paboyen
XXKUAKOCTU, LWnaHra BbICOKOro AaBfieHNs, obpa3oBaHmne MUKPOTPELLVH, NOSBIIEHNS CBULLEN B
MeCTax CoeguHeHus co WwTyuepoM. bonee Toro, TEXHNYECKan OOKYMEHTaUUA pekoMeHayeT
akcnnyatuposate NACU pgo muHyc 40 °C, a Ha CeBEPHbIX pPernoHax Halwen CTpaHbl
TemnepaTtypa OKpy>KaroLero Bo3gyxa MoXeT onyctutbcs Ao MuHyc 70 °C. [JaHHble dakTbl
MOIYT NPUBECTU K HEBBIMOJSIHEHNIO MOCTaB/IEHHbLIX 6OEBbLIX 3aad.

Pesynbratbl 1 o6cyXXaeHue

PaspaboTka TexHNn4ecKoro peLLeHusi

3afayeit TEXHNYECKOro peLleHns asnsieTca obecneyeHmne yCuneHHoro camonogorpesa
paboyen XXNOKoCcTn, Haxogsauerocs B HacocHonm ctaHuun, FTACU TennoTtoi, Bbligensatowencs
npu paboTe 4x TaKTHOro ABuUratenst B yCNoBuAX HA3KNX Temnepatyp. [13]

Ona peweHua 9ToM 3agadnm camonoporpeB paboden >XUOKOCTU NPOU3BOOAT
NOCPencTBOM BbICOKO3(h(EKTUBHON Tennomsonsaunum HacocHoin ctaHumn FACU (puc.1) ana
MaKCUMasibHOrO COXPaHeHUs1 BblOeNsAoWenca TennoTbl 1 obecnevmBatolen 3HaunTelbHoe
YMEHbLIEHNe WX TenaooTgayn 3UMon, 4YTO obOycnaenvBaeT MOBbILWEHNE YPOBHSA
NPOU3BOANTENBHOCTN, 9KOHOMUYHOCTUN U A0SrOBEYHOCTHN. [2]
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Puc.1. - Tennounsonmpyowmmn 4exon

Cxema TennonsonnpyroLLero Yexna:

1 — KOHTPOIbHOE OKHO YPOBHS paboyei XXUAKOCTU, BbIMOAHEHHOTO N3 3T nneHku

2 - OTBEpCTUe ONsA NponycKa rmapaBnnyeckoro pykasa

3 — KapMaH Ansa BHELUHEero nopTaTuBHOIO akKyMynsaTopa

4 — oTBepCTME BbiNycKa oTpaboTaHHbIX razos [JBC

5 - oTBepcTUE oNsA NponyckaHusa Bo3ayxa, BbIMOHEHHOro 13 X/6 matepuana

Kpome Toro, nogorpeBs pabo4en XugKocTu B MMOpaBfINHECKUX pyKaBaX BbICOKOMO
AaBfieHNs  NPOU3BOANT  MOPO3OCTOMKWA  CaMOperynvupyemMblin  rpeowmnn  Kabenb,
YCT@HOBJ/IEHHbIN Ha BCIO AJIMHY. DneKTponuTaHue rpetowero Kabens npoussBoguTcs OT
BHELLUHErO MOPTATUBHOIO akKyMynsaTopa C eMKOCTbio obecrneuvnmBarolero cpegHee Bpems
npoBeAeHNa aBapunHoO-crnacaTenbHbIX U APYrux HEOTNOXHbIX paboT (ACOHP) Ha gaHHOM
rapHU30He ¢ Hanps>keHnem 12 B. [5]

OcCHOBHbIE CBONCTBA N TEXHUYECKME XapaKTEPUCTNKIN MPetoLLLEro Kabensa npuBeneHbl B
Tabnuue 1.
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Tabnuua 1
TexHn4ecKne xapakTepuCTUKM MOPO30CTOMKOIrO CaMOpPEryMpyeMoro rpetoLero kabens
Hanpsi>xeHue 220 B 12B
Tun 30HanbHO-PE3NCTUBHBIN LOBY>XuNbHbIN
camoperynmpyrLmincs
[petownin anemeHT KoHcTaHTaHoBast KoHcTaHTaHoBas
NpoBOJIOKa npoBoJIoKa
Hapy>xHasa o6ono4ka CnnvkoH CunnkoH
YpenbHas MOLLIHOCTb 10 B1/m 17 B1/m
MakcumansHasa pabo4das Temneparypa 45°C 65°C
MakcrumansHas gonyctumas 80°C 85°C
Temneparypa
Pa3mep (LwmprHa X TOLLMHA) 6 X9 MM 5x10 Mm
Temnepartypa aKkcnayarayum o1 -60 °'C go +280 °C o1 -60 °C po +280 °C
CTteneHb 3alnThbl IP57 IP68

MmopaBnnyecKnin pykaB BbICOKOro [aBfieHUs W rpewmin kabenb NOKpbIBAOTCA
TENoN30NPYIOLLUM CI0EM TOSILLMHON 3 MM. (puC. 2).

Puc.2. — TennonsonmpyoLwmin cnomn

TexHnyeckune XapaKTePUCTUKN TEMJION30JINPYIOLLErO CNosa npuBeaeHbl B Tabnuue 2.
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Tabnuua 2
TexHn4yeckne XxapakTepuCTUKN TEMON3O0NNPYIOLLErO COS.

MapameTpbl 3HayeHus
OTpaxkarowmin 3hPeKT nsnyyarLlen sHeprum 0o 97%
Temnepartypa npuMeHeHus OT1-60 °C po +100 °C
ConpoTtusneHue Tennonepepade (R) 1,2 m2 °C/B1
BoponornatieHune no o6bemy 0,6-3,5 %
YanenbHasa Tenf08MKOCTb 1,95-2 kx/kr °C
MaccoBoe OTHOLLEHWE BAaru B Matepuane 2%
OdvHamn4ecknin mogynb ynpyroctu 0,26-0,77 Mna
OTHOCUTESIbHOE CXaTune 0,09-0,2
KoadduumeHT TennonpoBogHOCTH 0,037-0,038 (B1/™ °C)
[Mpenen NPO4YHOCTU CXXaTUA 0,035 MITA
YaenbHbIn BeEC 4410 kr/m3
KoadduumeHT TennoycsoeHus (npu neprnoge 24 yaca) 0,44-0,48 (B1/m °C)

CyLHOCTb TEeXHUYeCKOro peleHuns. [lepen Ha4vanoM OCEHHe-3MMHero nepuoga
aKcnayaTauum B XoAe CE30HHOr0 TEXHUYECKOro OOCY)XMBaHUS, HA HACOCHYK CTaHUMIO
HaOeBalOT CbEMHbIV TEMOU3ONNPYIOLWNIA HYEXO0S, U Ha BCIO OJIMHY rMapaBiNYeCcKUin pyKasa
yCTaHaBnMBalT rnbkun rpewowmn  kKabenb. [lpndem Tennousonupyrowee MNoKpbITUe
TpexcnonHoe. [14]

Tennonsonupyowmii  4exon MOJSIHOCTLIO MOKPbIBAET MPAaKTUYECKN BCE HapPYXXHble
nosepxHocTn TACH Kpome, KOHTPOSIbHOrO OKHAa YPOBHS paboyei XXNOKOCTN, BbIMOSIHEHHOIO
n3 M3T nneHKn, oTBepCTUE ONS NMPONyCcKaHnsa Bosayxa ana paboTtbl 4X TaKTHOrO Apuratens
BHYTpPeHHero cropaHus (OBC) HacocHOM CTaHuuu, BbINOSHEHHOrO U3 X/6 MaTepuana,
OTBEPCTUSA BbiNycka oTpaboTaHHbIX razos [OBC n oTBepcTus Ans nponycka rugpasinyeckoro
pyKasa.

BecHoln, npum ycTaHOBNEHWM afeKkBaTHbIX TeMMepaTyp OKpyXXawwen cpenpbl
TENSION3ONNPYIOLWNIA YEXOT N TEMMOU3ONAUNSA pPyKaBa BbICOKOrO [AaBfIEHUS C IPeloLmm
rMOKNUM Kabenem NOSHOCTLIO SIErKO CHUMAaEeTCS. Taknum ob6pasom, rmapasianyeckmin aBapuinHo-
cnacartefibHbl MIHCTPYMEHT FOTOB paboTaTb B LUTATHOM pexxume. [4]

PesynbTaToM NpennoXXeHHOro TEXHNYECKOrO PELLEHS SBSIETCA COKpaLLeHNe NoTepsb,
BblgenueLlencsa npu pabote OBC HacocHom cTaHuum TACU TennoTbl B OKpy>XatoLLyo cpeny
nytemM apPeKTUBHON TENIONIONALMUN C MPUMEHEHNEM AOMOSIHUTENIBHOMO NCTOYHMKA TENOThI
ONs nporpesa paboyen XUOKOCTM HaxoOsAWerocs B ryugpasBfIN4ECKOM pyKaBe BbICOKOrO
OaBNEHNA B YCNOBUAX HU3KNX TemMnepaTtyp.

Mpn ncnonb3oBaHU 3(PHEKTUBHONO TEMNONIONNPYIOLLErO MOKPLITUS YMEHbBLIAKTCS
nsHocobl, yeenndnsaetca Kl v OONroBeYHOCTb AaHHbIX Y3/10B 3MMOWN, T.K. YKa3aHHble
nokasartesiu BO MHOroM 3aBUCAT OT TeMnepaTtypbl paboyen XXUAKOCTU B HUX.
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Takum obpasom, cnegyeTt oXXngatb NoBbiLeHNe HafeXXHOCTN 1 adpekTnsHocTn TACHU
B YCIOBUSIX HU3KNX TEMMEPATYP OKPY>KaroLLero Bo3ayxa, yBemvyeHne npon3soamTebHOCTH,
9KOHOMWYHOCTU, JONFOBEYHOCTY 1 pacLLUMpPEHns TeMnepaTypHOro ananasoHa aKcnayaraumm
3umon. [11]

MeToanka npoBeaeHust aKCnepuMmeHTa

HaTypHbIn 3KCnepuMeHT nposoaunca Ha 6ase 2 no)kapHo-cnacaTeslbHOW 4acTtu, 5
MCO @rC I'MC ry M4Y4C Poccumn no Pecnybnnke Caxa (AkyTus).

HacTosiwaa meToanka npoBefeHns aKcnepumeHTa bbina yTeep>kaeHa HavaslbHUKOM
ynpasBfieHns1 opraHn3auumn rnoXXapoTyLeHUs U NpPOoBeAeHUs aBapuiiHoO-cnacaTtesfibHbiX paboT
'Y MYC no Pecnybnuke Caxa (AKyTusi) NOONOSIKOBHUKOM BHYTPEHHeEN cny>obl M.B.
[eHncoBbIM 1 HavYanbHNKOM noapasfaeneHnsa rnoanosIKOBHUKOM BHYTPEHHeN cnyx6bel B..
MwupoHeHKo. [9]

3apaden 9KCrnepuMeHTasbHbIX nccnenosaHnn ABNsieTCA yCTaHOBJIEHNE
3aKOHOMEPHOCTEN B3aMMOCBSA3EN U3Yy4YaeMblX SABMIEHUA U MNPOBEPKE BblCKa3aHHbIX
TEOPETUYECKNX MPEOMNONOXKEHNIA.

[nsa peleHnsa nocTaBeHHbIX HAy4YHbIX 3a4a4 METOANKON NPOBEAEHNSA SKCMEPVMEHTOB
npegycMmaTpmBanncb cpaBHuTeNbHble ucnbiTaHua [ACW  npu  HU3KoTeEMNepaTypHbIX
yCNOBUSX.

Ha paHHom [ACU wnamepsinacb Temnepatypa pabodeint >XUOKOCTU B TUMNOBOM
NCNOSHEHUM NMPK paboTaroLen HACOCHON CTaHUUKN C BKITKOYEHHBIM paboynM NHCTPYMEHTOM B
BUAe Kycadek. [Ina obecneyeHnsa umpkynauum paboyen XngKocTn Ha Nepuos SKCNnePMEHTOB
Kycaykun paboTanu B LUTAaTHOM pexume. MNpoaomKuTenbHOCTb aKCcnepumMeHTa coctaensn 20
MUHYT. 3aTeM nsmepsinacb temnepatypa Ha ToM e TACK ¢ npuMeHeHneM npepio>KEHHbIX
TEXHUYECKUNX PELLEHUN. [7]

Kpome Toro, namepsnacb temnepatypa paboyein xugkoctu TACU npu HepaboTatoLen
HACOCHOW CTaHUMK 0 OOCTUMXKEHUSA TeMMepaTypbl OKPY>XaroLLen cpeapl.

[nsa aToro B 3annBHY0 NPOOKY paboyer XXNAKOCTN Bbli1 BMOHTUPOBAH TeMrnepaTypHbIN
OaTynK. TeXHNYeCKne XapakTepUCTKM gaTynka npuseneHsl B Tabnuue 3.

Tabnnua 3
OCHOBHbIE TEXHNYECKNE XapaKTEPUCTMKN TepMonpeobpas3oBaTenst CONpoTUBIEHUSA
OTC014-50M.B3.20/3

HanmeHoBaHve 3HayeHune
Tun OTCXX4
[nana3oH namepsiembix Temnepartyp, 0C -50...+150
Knacc gonycka B
lMokasaTenb TENI0BON MHepLUuK, ¢, He bonee 10
MwuH1ManeHas rayérHa Norpy>KeHns, Mm. 80

pynna KnumMaTnyeckoro NCNoJsIHEHNS C4; P2
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Cxema yCTaHOBKM TeMnepaTypHoro gatydnka B 6ak paboyvent >XNOKOCTU HACOCHOWN
ctaHumn TACU npuBepneH Ha pucyHke 3. Pe3ynbTatbl U3MepeHus Benn4YMHbl TemrnepaTypbl
paboyen XXNaKoCTN PErMCTPUPOBaINCH N NPOTOKOANPOBaNnCh ¢ waromMm 30 cekyHa,

Pnc.3. — Cxema ycTaHOBKU TeMMNepaTypHOro gatynka B 6ak paboyei >XngKocTn HaCOCHOMN
ctaHuumn F'ACIU

Cxema yCTaHOBKM TemMnepaTypHOro pgatynmka B 6ak paboyein >XnOKOCTU HACOCHOWN
ctaHummn F'ACWU: [12]

1 - HacocHas ctaHuus; 2 - bak paboyein xugkoctu; 3 - 3anmeHas npobka paboyei
XXNOKOCTW;

4 - Paboyas XXngkocTb; 5-TemnepaTypHbIn gatyuk; 6 - NokasbiBatowmin npnéop TPM-
501;

7 - AKkymynaTopHasa 6atapes 12B.

B kayecTBe nokasbiBawowero npubopa B 3KCNepuMeHTax WUCMNonb3oBasncs pene-
perynatop ¢ Tanmepom Mapku TPM501, KoTopbii 6bll 3anuTaH MNOCTOSAHHbIM TOKOM
HanpskeHnem 12B oT akkymynaTopHon 6atapen. TexHU4ecKne xapakTepUCTUKN OaHHOro
npmnbopa npueeaeHsl B Tabnvue 4.
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Tabnuua 4
OCHOBHble TEXHUYECKNE XapaKTEPUCTUKKU NokKasbiBatoLero npnubopa TPM501
MapameTp | 3HaueHne
MutaHne
HanpsikeHue nuTaHms 12 B (NOCTOSAHHOIO UM NEPEMEHHOIO
TOKa)
[onycTMoe OTKNOHEHNE HaMNPsXKEHNs NUTaHNSA -10...+10 %
MoTpebnsemasn MOLWHOCTL, He Bonee 3BA
Bxopgpbl
Bpemsi onpoca BxofHbIX KaHanos, He 6oJee 1 cek
Mpepen oonycTMMOM OCHOBHOWM NPpUBEAEHHOMN
MOrpeLLUHOCTN N3MEHEHUSI BXOAHOW BENNYMHbI +0,5 %
(6e3 y4eTa NOrpeLlHoCcTN faTvmKa)
Hanpsi>keHne HU3KOro (aKTMBHOIMO) YPOBHS Ha 0. 08B
ynpasnswowem sxoae («[MYCK/CTOI») T
Hanpsi>keHne BbICOKOro ypoBHS Ha 24 30B
ynpasnswowem sxoae («[MYCK/CTOI») T
BbixogHoe conpoTuBieHne ycTpoiicTea He Gonee 1kOM
BHELLUHEro yrnpasJfieHNs TaliMepoM

O6paboTKa pe3ynbTaToB 3KCNEepPUMEHTa

Ha pucyHke 4 npuseneH rpadmk OCTbiBaHUSA TeMnepaTypbl pabo4ein XXNAKOCTU Mpu He
paboTatoenn HacocHon ctaHumm FTACK. TemnepaTypa OKpy>KarLlero Bo3gyxa coctaensnia
MuHyc 40 °C. [6]

JuHaMika ocTeIBaHNA padoueil wnaxoctin FACIT
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N3 rpadmka BngHo, 4TO Temrnepatypa paboyven XUAKOCTN Haxoaawmincss B 6ake npu
HepaboTawowen HacocHon ctaHumm TACW napaeT BecbMa WHTEHcuBHO. 3a 170 MWMHYT
Temnepatypa onycTtunacb ¢ otMeTkn ntoc 16 °C po -40 °C. [3]

Ha pucyHke 5 nsobpaxeHbl KpMBble OCTbIBaHUSA U Nporpesa paboyen XXNgKocTu npu

paboTatowienn HacocHom cTaHumm [ACK. TemnepaTtypa OKpyXKawLwero Bo3gyxa npu
aKcnepuMeHTax coctasnsana mmHyc 30 °C.

JHHAMHKA OPOrpeBa H OCThHIBAHHA paboueii :KHIKOCTH
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Tenmeparypa paboueil sMoKocT ©e3 TEIIONIOMHMPYIOMIET HMeXa M Ipelollero Kabena

TEI\-:EI.'IEP aTypa pEE oueft FIOEOCTH C TETDTOZ QMM YOI WeXIOM H BEITROU S HHBIN
T eROTIE wabemen

Pnc.5. - uHamnka nporpesa n ocTbiBaHus paboyein xxungkoctn FTACIU

N3 rpadmka BMOHO, 4TO TemriepaTypa pabodein >XMOKOCTM He 060py[noBaHHOro
Tennounsonaumen ynana ¢ +15°C po -7°C K KoHuy 20 MVH. OT Ha4yana akcnepumeHTa. [ns
CpaBHeHVs: TeMnepartypa macna B TensonsonuposaHHoM TACH ¢ BKIOYEHHbIM rperowmm
Kabenem Ha pyKase BbICOKOro gasfieHnst Bo3pocna ¢ 18 go 46°C 3a 20 MuH.

Tak, npeanoXXeHHble TEXHUYECKME pelleHns no MoJorpeBy pyKaBa BbICOKOMo
AaBneHnsa rpeowym Kabenem u Tenaomsonaunsa HacocHon ctaHumn FTACK obecneunnn

aKKyMynAaunio TennoTbl pabodeit XXNgKoCcTh, YTO rapaHTupyeT BO3MOXHOCTb 3KCrlyaTaunum
FTACU npu HM3KNX Temnepatypax. [1]
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Takum obpasom, cnegyeTt oXXngatb NoBbiLeHNe HafeXXHOCTN 1 adpekTnsHocTn TACHU
B YCJIOBUSIX HU3KNX TEMMEPAaTYpP OKPY>KaroLLero Bo3ayxa, yBemdyeHne npon3soamTenbHOCTH,
9KOHOMWNYHOCTN, AOSIFOBEYHOCTU U pacLUMPEHUs TeEMNepaTypHOro ananasoHa aKcnayaraumm
31NMO.

3akJoyeHne

Pe3ynbTaTbl NPOBEOEHHbIX WUCCNeAoBaHWn B BUAE CPaBHUTESIbHbLIX WUCMbITAHWNA,
MOLENPYIOLNX OCHOBHble dasbl akcnayaTaumm [ACU coctoswmx B 60eBOM pacyeTte
nogpasfeneHnin NoXKapHom OxpaHbl, yoeanTenbHO CBUAETENLCTBYIOT 06 onpeneneHHom
9P (PeKTUBHOCTM NoJorpeBa MOPO3OCTONKNM MOKNM rperolm Kabenem pykasa BbICOKOIO
JaBneHnst, a Takxke Tennons3onsayum HacocHom ctaHumm TACH CbeMHbBIM YeXIOM.

[encTBuTenbLHO NP UCMOIb30BaHNN CbEMHOIO TEMIOU30NALMOHHOMO Yexsia HAaCOCHOM
cTaHumm F'ACHU nosasnseTcst BOSMOXKHOCTb akKKyMYSLMN MPOU3BOSUMON TENNOTI Npu paboTte
ABuratensi BHYTPEHHEro CropaHusi HaCOCHOM CTaHuuKM, KOTOPOE MOXXHO HanpasuTb Ha
nporpes 3anaca paboyen XuakocTu.

PaspaboTaHHOE TEXHUYECKOE peLlleHne, CnocOobCTBYET MOBLILLEHUIO HAOEXHOCTU N
appekTnBHocTM [ACU B ycnoBusx HUIKMX TemnepaTyp OKpy>KawLwlero BO34yxa,
obecneynBaeTcs yBenM4eHne npon3BognTeNbHOCTN, SKOHOMUYHOCTU N [ONTOBEYHOCTH.

Llenecoobpa3Ho nNpoJo/mKnuTb 3SMNUPUYECKNE WNCCNEeAoBaHNA MO MOBbLILEHUIO
apantauum TACU gns akcnayaTaunm npu HASKNX TeMnepaTtypax OKpy>XaroLen cpenpl.
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CONCLUSION

The International Journal of Professional Science, Issue Ne12(2), 2024, offers a
comprehensive exploration of contemporary scientific advancements, reflecting the diverse
challenges and innovations shaping our understanding of the world. The issue features a wide
range of articles, including research on charging stations based on used electric vehicle
batteries, modernized power supply systems, composites with carbon nanotubes, and
cutting-edge technologies in industrial web development. These studies highlight the dynamic
nature of science and its impact on both theory and practice.

By including research on topics such as linguistic evolution, advanced microprocessor-
based relay protection devices, and improving the efficiency of hydraulic tools in low-
temperature conditions, this issue underscores the importance of interdisciplinary
collaboration and global contributions. Each article enriches the understanding of its
respective field, offering practical insights and theoretical advancements.

As this edition concludes, we hope it serves as an inspiration for future studies and a
catalyst for continued growth in professional science. We extend our gratitude to the authors,
whose works form the foundation of this journal, as well as to the reviewers and readers who
contribute to its ongoing success. Together, we advance the frontiers of knowledge and create
a meaningful impact on society.

Warm regards,

Krasnova N.

Editor-in-Chief
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