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engineers of the purity, honor and dignity of the What should a future engineer do during his

engineering profession. To do this, engineers must:

Use your knowledge, skills and abilities to
increase human well-being.

Serve the public, employers and customers fairly
and impartially.

Respect the competence and prestige of the
engineering profession.

Uphold the disciplinary standards of
professional and technical communities.

Basic canons of engineering ethics

Engineers, in the performance of their

professional duties, must place the safety, health and
welfare of the public above all else.

Engineers must carry out work only within the
scope of their competence.

Engineers must respond objectively to public
inquiries.

Engineers in their professional field act as loyal
representatives or trustees for each employer or
customer and must avoid conflict.

Engineers should build their professional
reputation on integrity and should not compete
unfairly with others.

Engineers must support their own professional
development and provide opportunities for
professional development to engineers under their
supervision.

Typical scenarios of conflict situations Situation
“Paradox”.

The formula of any invention is drawn up in such
a way that it considers exclusively the positive aspect.
However, each invention, in its internal essence, is
based on the resolution (removal) of a technical or
social contradiction in its dialectical interpretation and
development (this thesis is developed in more detail
in the “Theory of Solution of Inventive Problems”).
Therefore, in  every innovation, negative
consequences are inevitably present and then always
appear. This provision especially concerns
environmental problems.

Such situations are observed in all typical
technical innovations: an increase in engine power
leads to increased environmental pollution; an
increase in flight speed leads to the appearance of
ozone holes; An increase in the carrying capacity of
vehicles leads to the destruction of roads and soil, etc.

What should an engineer do? Where are the
boundaries of ethical and unethical, moral and
immoral technical solutions? Situation "Good and
Evil". We are talking about military inventions. The
engineer understands that the invention is aimed at
destroying industrial facilities, natural resources,
technical means, and enemy manpower. The engineer,
as a performer and manager of work, is professionally
prepared for this type of activity. However, he lives in
the real world and understands that devoting his life to
the direct or indirect destruction of other lives is
clearly evil.

training? During the period of designing military
equipment? During the period of organizing work and
managing other people?

Situation “Spiritless Automation” The issue of
new technologies that make it possible to automate
production is being discussed. Products put into
production give birth to a world devoid of soul, a
world that promotes the development of inertia,
impersonality, and lack of spirituality. Panel and
block construction of houses gave rise to dull
neighborhoods and “gray” residents. Furniture made
from particle boards consists of identical walls and
tables with sharp, right angles, which respectively
affect the human psyche: prickly, sharp angles appear
in the behavior of the growing and already grown-up
generation.

What should an engineer do? Should we cancel
the automation of production processes? How to build
both cheaply and beautifully? How can we make sure
that things produced in continuous production bring
joy to people? Situation "Internal conflict". The
company has a large order, for example, for the
production of an automatic line. However, individual
units and components are not sufficiently developed
and require improvement. The alternative is this:
either a long but reliable way to debug individual
units, or a relatively quick production of the entire line
at once, for which the customer is already paying a lot
of money, which has a beneficial effect on the
financial situation of the engineer himself.

What to do? Argue with management, whose
prestige depends on the timing of the order? Give
information to the customer without informing the
management of your company? Silence? The situation
“Innovation is routine.” A typical problem when
designing new technology. The device is designed the
old fashioned way. Where electronics can be used,
mechanics or hydraulics are used. The engineer
understands that he needs to take a risk and give the
new design a try to break into the market. But
management is afraid of failures, inoperability and
unreliability and therefore is “pursuing” an outdated,
but already proven option.

What should an engineer do? Resign yourself?
Conduct research yourself? Looking for sponsors?
“Instant result” situation. The age-old debate about
quality, quantity and cost. There are two options for
completing any order, namely:

the first is to design and make things that are
truly strong, reliable and durable.

the second is to imitate strength, reliability and
durability through the use of externally similar
materials and design solutions (color, shape, weight,
speed, etc.).

At the same time, the main attention is paid not
to the product itself, but to advertising and packaging.
Many companies from the so-called developing
countries took this path: the “yellow assembly”
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version of personal computers, toys from China, etc.
What should an engineer working in a company do
according to the second option? Don't think about the
consequences? Struggle to improve quality? Quit your
job?

Situation “Domestic priority” A Russian
company offers an organization (possibly state-
owned) its own invention for use in the production of
products. The invention promises high efficiency and
low implementation costs. But the organization is
going to negotiate the purchase of similar products in
one of the Western countries, for which its
representatives are going to travel to this country in
the near future. The engineer, who must evaluate the
proposal as an expert, is reminded of the priority of
developing relations with this country (political
aspect) and of the interest of managers in the trip
(personal aspect). How should an engineer behave if
the effectiveness of a domestic invention is obvious to
him? Situation "Service invention".

An engineer works on an invention during office
hours, using office equipment. When he is close to
completing the work, he leaves the company and sells
the product as his own invention. Perhaps the engineer
received a low salary and, moreover, irregularly. How
to evaluate an engineer's behavior from an ethical
point of view? Situation "Choice". The problem of
fairness and reliability in engineering. An engineer
works for a government organization that prepares
reports on the environmental impacts of projects
currently planned by the government. The engineer
reports the results of his work to management, after
which the manager asks him to change some of the
conclusions presented in the report and/or remove
some data from it. What should an engineer do?
Situation "Personal Interest".

The engineer is expected to make an unbiased
decision in the best interests of the client, but the
engineer has his own interests (related to investment,
family relationships, etc.) that may influence the
decision. For example, an engineer is expected to help
a company decide which product to purchase for the
company's needs, and the engineer is the owner (or
partner) of a company that offers those products.
Should an engineer remove himself from a situation
in which he has a conflict of interest? Should the
engineer tell the client that self-interest makes him
biased? Situation "Security".

The engineer is concerned about the safety of the
project. Events can develop as follows. The engineer
reports his concerns to his boss, but the boss is
reluctant to take any action and advises him to remain
calm. The engineer must decide whether to “sound the
siren”, i.e. contact the authorities, the press, etc. At the
same time, the employer can treat the engineer very
well. How to combine a loyal attitude towards the
employer with protecting the interests of society?
When should an engineer “sound the siren”? “Risk”

situation (an aggravated version of the “safety”
situation).

An engineer must make difficult decisions
regarding the degree of risk associated with the
equipment he is designing. How to decide on the
acceptable level of risk?

A few words about the semiotic (linguistic)
aspect of engineer training. The main operational
means of engineering thinking is the ability to express
one’s thoughts using symbolic means and understand
the meaning of regulatory texts, the form of which can
take different forms: diagrams, drawings,
specifications, etc. That is why it is necessary to use a
large amount of illustrative material, which allows a
methodical, step-by-step introduction to the subject of
training, who has already learned the language of
“technical graphics” from special courses (where, in
addition to drawings and diagrams, various formulas
can also be included, expressing graphic
dependencies), to social and philosophical categories,
revealed in our research using the language of the
constructive-conceptual apparatus of the systems
approach. For this reason, we considered it necessary
to provide in the appendix a dictionary of concepts,
which should form the basis of an engineer’s
thesaurus and reveal to the learner the main categories
of an engineer’s humanistic thinking.

As we part with the reader, let us draw his
attention once again to the fact that in addition to
knowledge acquired in a rational way, an engineer,
relying on a system of moral values, in real life uses
will, emotions, intuition, faith and other irrational
components of human activity. Therefore, the strategy
of higher technical education should be associated
with the growth of the student’s self-awareness, with
training that performs the function of humanizing the
individual.

The authors hope that the presented materials
will help Russian engineers develop creative abilities,
develop a sense of confidence in their knowledge and
realize life goals through education and engineering.

In modern higher and postgraduate education of
Russian engineers, a number of problems have arisen
that urgently require immediate solutions. First of all,
these include: the problem of very specific ways to
humanize technical education and the problem of
educating systems thinking. The humanization of
education is by no means an expansion of the curricula
of higher technical educational institutions by
including individual humanities disciplines. First of
all, this is:

1) “humanization” of educational material
based on the principle: science is not just subject
information, but a developing system of knowledge
and activities for its production;

2) systematization of the material in such a way
that teachers themselves come to understand their
subject courses as part of a single developing system
of knowledge.

Philadelphia, USA

205

2 Clarivate
Analytics e



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) = 0.350

The first direction involves the formation of
cognitive activity in students, the second direction is
the path of systemic compaction of information. The
purpose of this article is to help both students and
teachers in practice use specific forms of the above-
mentioned areas of humanization when mastering
technical knowledge. This goal required a synthesis of
ideas from such fields of knowledge as philosophy,
sociology, systems analysis and technical sciences.
Discovering the relationships between scientific and
technical creativity and innovation activities
associated with intellectual innovations required
turning to the theory of knowledge, i.e., in essence, to
the laws of dialectics. At the same time, the process of
creativity is always associated with insight
(illumination), which  determines a certain
unconscious penetration into the deep essence of
phenomena, therefore there is a need to address the
issue of the synthesis of the rational and irrational in
creative and innovative processes. The relevance of
the topic of the proposed material is confirmed by the
trends in the development of these problems in all
industrially advanced countries. The preparation of
the article also necessitated the need to outline ways
to solve fundamental problems associated with the
restructuring of higher technical education.

The first priority should be given to the task of
humanizing education, which is becoming
increasingly urgent due to the accelerating growth of
scientific and technical information and the filling of
educational programs with a huge amount of “ready-
made knowledge” intended only for rote
memorization. Also significant is the task of defining
and introducing into the educational process the
methodology of scientific and technical creativity,
which largely determines the success of a specialist’s
innovative activity.

In the early nineties of this century in Russia
there was a demand from society for specialists
capable not of routinely following established social
and technical canons, but of active creative innovative
activity, of adapting their professional qualities to the
operating conditions of new technology and market
relations developing in Russia. The relevance of the
task, in addition, is dictated by the need to eliminate
and prevent in the future the current significant lack
of demand by society for specialists receiving higher
technical education according to outdated social,
scientific and technical principles, which has led and
still leads to obvious and hidden unemployment, to the
loss of only work in their specialty, but also the
meaning of life for an entire social stratum - engineers
and scientific and technical workers in Russia.

This particular situation is clearly reflected in the
system of higher technical education, where it became
especially aggravated during the period of so-called
perestroika and then the denationalization of
enterprises. Today it has become obvious that even a
“good engineer”, filled with precise technical

knowledge acquired at a university, is just a good
performer of a given algorithm and, least of all, a
creator. Life requires that an engineer be both a
qualified expert in modern production and a creator of
new scientific and technical projects, such as the
Russian engineers I.P. Bardin, A.N. Tupolev, V.G.
Shukhov and others. To solve this problem, there is
only one way - to form a creative engineer, or an
innovative engineer, already at a university, for which
it is necessary to mobilize all the means that reveal the
factors and driving forces of scientific and technical
creativity. They are discussed in the monograph as
very specific ways of forming a new type of engineer.
These factors include psychological, philosophical,
economic, sociological; in the monograph they are
considered comprehensively and systematically. The
leading one, in our opinion, is the factor of
humanization of education. Social and philosophical
problems of innovative, scientific, technical and
engineering activities have now emerged as a
relatively independent field of epistemology.
Knowledge about scientific and technological
progress, scientific and technological revolution,
scientific and technical creativity, obtained only
within the framework of historical, sociological,
philosophical, psychological, pedagogical, economic
and technical sciences, cannot fully reveal the inner
essence of socio-technical innovations in scientific
and technical areas of activity of modern society.
Therefore, there is a need not only to improve, but also
to develop a general concept for the further
development of the system for training specialists
with higher technical education and the methodology
for its management. The creation of a new paradigm
for the educational process becomes not only a
pedagogical, technological or environmental problem,
but also a socio-economic task, the successful solution
of which determines the success of the development
of the entire society. An analysis of the literature
devoted to engineering activity indicates significant
interest among the world community in issues related
to the formation of an innovative engineer. There are
many works that explore various aspects of
engineering and innovation activities. These include,
first of all, the works of V.V. Alekhina, L.V. Yatsenko
et al. Philosophical understanding of scientific and
technical activities related to ethical, aesthetic and
social problems is presented in the works of G.Ya.
Bush, V.F. Gorbachevsky, B.l. Kudrina and others.
Psychological problems, including the psychology of
scientific and technical creativity and engineering
activities, are widely covered in the works of M.G.
Yaroshevsky and his employees, in particular Ya.A.
Ponomareva. Still, modern researchers consider the
organization of technical education in universities to
be a key issue.Scientists such as A.G. are working in
this direction. Bondarenko, V.F. Shepetko and others.
There are very serious reasons for highlighting this
issue as a priority. Currently, the process of teaching
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technical specialties is a complex social phenomenon,
determined by many different factors. Today, this
process is becoming the object of attention not only of
teachers, but also of philosophers, sociologists,
psychologists, historians, economists and even
politicians who understand the direct dependence of
the economic situation of the state on the choice of the
right course for social management of the process of
training scientific and engineering personnel.
Philosophical issues of training engineers are
analyzed in the works of A.S. Kokoreva, M.L. Shubas
and others. Social aspects of training engineers in
technical universities of Russia are considered in the
works of V.D. Golikova, V.G. Nesterova and others.
In the field of psychology, the research of S.M. is of
interest. Vasileisky, T.V. Kudryavtsev and others. The
specifics of the historical approach to engineering
activities are reflected in the works of O.V.
Kozlovskaya and V.l. Martinkus. The economic
problems of the activities of engineers are covered in
sufficient detail in the works of E.A. Guseva, A.S.
Pavlova and others. Recognizing the need to change
the content and structure of the educational process
based on the introduction of new humanitarian
disciplines and special courses, the authors of works
devoted to the process of education in higher
educational institutions, at the same time, as a rule,
end their works with the conclusion that significant
work is needed on general retraining of higher
education subject teachers in terms of involving
history and especially sociology to form the creative
potential of a specialist. The authors of works devoted
to the learning process in higher education
institutions, at the same time, asa rule, end their works
with the conclusion that significant work is needed on
the general retraining of higher education subject
teachers in terms of involving history and especially
sociology to form the creative potential of a specialist.
The authors of works devoted to the learning process
in higher education institutions, at the same time, as a
rule, end their works with the conclusion that
significant work is needed on the general retraining of
higher education subject teachers in terms of
involving history and especially sociology to form the
creative potential of a specialist.

However, despite the correct conclusions about
the need to humanize technical education, such works
are difficult to use in practice due to the lack of
specific recommendations and methods in them. This
is understandable, since such research is usually
carried out by specialists with basic humanitarian
training, who are unfamiliar with the features of
designing and managing modern technology and the
corresponding training courses. If highly qualified
technical specialists take on such a task, then they give
specific recommendations and techniques, brought to
the possibility of their real use. However, there is
another extreme here. In the overwhelming majority
of cases, these recommendations are highly

specialized and largely technocratic in nature. It is
extremely difficult, and sometimes impossible, to
identify the focus on humanizing engineering
thinking.

An attempt to break out of this circle of
uncertainty can be considered the development of a
relatively young scientific direction in the history of
philosophy - “Philosophy of Technology”. The
founders of this direction and their followers in the
hierarchy of priority tasks for training specialists
identified as the main tasks the development of the
creative potential of the individual and the
development of a mechanism for the formation of this
development in the conditions of higher education. It
should also be noted that until now the process of both
theoretical and practical understanding of such
categories as engineering activity, engineering
thinking, scientific and technical creativity has
developed in such a way that the psychological and
epistemological aspects have received the greatest
development, and holistic, systemic, philosophical
and sociological aspects, in essence, have been
studied very little and, as a rule, have the nature of
general recommendations that are difficult to actually
implement in the sociotechnical activities of an
engineer. Therefore, it is natural that the public
consciousness is dominated by the idea of scientific,
technical and engineering activity as a special spiritual
activity, as if divorced from creativity in general and
especially from art. In this regard, the task of revealing
engineering activity arises with the help of a specific
historical study of socio-technical processes. Such an
analysis makes it possible to understand the
inextricable connection between the method of
production and scientific and technical creativity,
scientific and technical creativity and culture, the
connection between engineering and innovation
activities with art, with the moral values of a creative
person. Analysis of approaches to solving this
problem led to the need to highlight the following
social contradictions as the main ones for the system
of higher technical education, namely:

social-production contradiction that has arisen in
the education system at the level of “higher technical
educational institution - society” and consists in the
fact that, despite extensive and deep professional
training, a significant part of college graduates in the
conditions of the new system of socio-economic
relations are incapable of independent creative,
innovative activities;

a social and personal contradiction that has
arisen in the education system at the level of “student
(engineer) - higher technical educational institution”
and consists in the fact that many college graduates,
having a significant stock of not only technical, but
also natural science and humanitarian knowledge, do
not know how use them to solve not only social, but
also technical problems.

Philadelphia, USA

207

2 Clarivate
Analytics e



ISRA (India)  =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIE =1.500  SJIF (Morocco) =7.184  OAJI (USA)  =0.350
Social phenomena associated with these educational process with the mere transfer of ready-

contradictions exert powerful pressure on the “student
- technical university - society” system. “From above”
this pressure manifests itself in the form of
dissatisfaction with the education system expressed
by society; “from below” - in the form of
dissatisfaction expressed by students of technical
universities.

The result of the development and aggravation
of these contradictions is a sharp drop in the social
order for the “production” of specialists with higher
technical education, since individual enterprises and
industries, and ultimately the entire society, do not
need such a specialist. This can be confirmed by the
small competition in technical universities for
engineering specialties and the associated numerous
simplifications when admitting applicants to
engineering specialties. The consequence is a decline
not only in the prestige, but also in the quality of
training of engineers.

Thus, the main problem that this work is aimed
at solving is to find ways to eliminate the current
discrepancy between the process of forming
engineering personnel and the needs of further
development of society. Obviously, ways to solve this
problem are related to the system of training engineers
in the country's universities.

The working hypotheses of the study are based
on the study of relevant works on the sociology of
management, sociology of culture, sociology of
education and science, as well as socio-philosophical
research on issues of natural science and technology,
in particular, on the history and theory of scientific
and technical creativity. Based on a synthesis of many
published works and their own research, the authors
put forward the following points:

a properly organized education system in
technical universities can become a means of
managing the social stratum, including engineers and
scientific and technical workers in Russia;

humanization of technical education, studying
not only ready-made knowledge, but specific ways of
producing knowledge, i.e. historical experience of
scientific and technical creativity, is currently
becoming the leading factor determining the quality
of training of graduates of technical universities or
retraining of engineering and scientific personnel.

The authors’ conviction that the conclusions and
recommendations of the study are justified and
effective also led to the realization of the difficulty of
their practical implementation, since they are
associated with a radical restructuring of textbooks
and the educational process, the implementation of
which will require considerable time and new cadres
of innovative teachers. But there are not so many of
them and they also have a certain inertia. Let us
emphasize once again that the main thing in the near
future is to solve the problem of humanizing
education, because without “humanizing” the

made knowledge, a higher technical school will
forever remain a system for training not the creators
of new technology, but only living memory devices.
In these studies, the formulation of the problem
defined by the famous sociologist V.A. is taken as
fundamental. Yadov as “an expression of the need for
knowledge of social contradiction.” Before
proceeding to the formulation of the problem, at least
basic information about the object of research should
be given. According to classical works in sociology, a
social process, an area of social reality, and a social
attitude can be chosen as an object of study. In our
case, the object of study is a social process—the
process of forming engineering personnel. The social
contradiction in this object is the discrepancy between
the acquired knowledge, and ultimately the skills and
abilities of graduates of technical universities, and the
needs of society. The subject of the study is the
formation of engineering personnel through the
education system. The problematic situation in this
case is characterized by a discrepancy between the
functioning of a social object (the process of forming
engineering personnel) and the needs of the further
development of society. Therefore, the problem is of
a research nature and is associated with the need to
study a certain area of social life (engineers and
students of technical universities as a certain
community, professional layer - stratum). The
purpose of the study acts as a possible construction of
a model of the final result (problem solution),
expressed in the development of theoretical and
practical means for resolving social contradictions
through the subject of research itself. To achieve the
goal, a methodology for humanizing the formation of
engineering personnel through the education system
must be developed. The development of this
methodology is the main task, the solution of which
will eliminate the social contradiction. To solve the
main problem means to develop the existing paradigm
of education (consisting in the transfer of knowledge
about the world and its laws) to the introduction into
practice of the educational process of the
methodology of creative transformation of the world
around us. Let us repeat once again that the process of
humanization in technical universities currently
occurs only through the humanization of education,
i.e. through the introduction of various humanitarian
disciplines into training, which should contribute to
raising the general cultural level of students. We are
talking about changing the technology of education
itself, about humanization through natural science and
technical disciplines. Therefore, the working
hypothesis of this study is formulated as follows: the
process of humanization of technical education has
now become the leading factor determining the
quality of training of a graduate of a technical
university or retraining of engineering and scientific
personnel. Let us also note that the formulations of the
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hypothesis and the problem are based, firstly, on the A person experiences the world around him in

specifics of the stratum itself - engineers and,
secondly, on the peculiarities of the formation of this
social stratum with the help of education, which we
consider as a means of managing a social group of the
population - the engineering corps of Russia.

Main part

Science is a form of spiritual activity of people
aimed at producing knowledge about nature, society
and artificial systems. The main goal of science is to
comprehend the truth and discover objective laws
based on a generalization of facts in their interrelation.
Understanding the laws makes it possible to predict
development trends in the world around us and
contribute to its transformation. At the same time,
science is a creative activity to obtain new knowledge
and the results of this activity. The main components
of scientific activity are, namely:

the process of acquiring new knowledge;

combining the acquired knowledge into a
holistic system;

infrastructure for organizing scientific activities.

At the end of the 19th and beginning of the 20th
centuries, a qualitative change occurred in the
development of science. Science becomes not only the
productive force of society, but also acquires decisive
importance in the life of society. That is why science
as a special form of activity becomes the subject of
research in philosophy and the history of science and
technology. A new direction of research is emerging -
science studies - the science of science. Currently,
science is a form of activity of communities of
scientists and is aimed at obtaining and using in
practice new knowledge about various natural and
artificial systems, their properties and relationships.
Knowledge can be recognized as scientific if it meets
certain  criteria:  objectivity,  reproducibility,
objectivity, empirical and theoretical validity, logical
evidence. Scientific activity differs from other types
of human activity in the desire for objective truth and
maximum evidence of the results obtained. Science as
an activity can be represented by three aspects: as
knowledge itself, as a social institution (professional
associations of scientists) and as an area of human
spiritual activity.

Knowledge is an objective reality given in the
consciousness of a person who, in his activities,
reproduces the natural connections of the real world.
Cognition is the process of acquiring and developing
knowledge; such an interaction between an object and
a subject, the result of which is the acquisition of new
knowledge. The term “knowledge” can be given
different meanings, namely:

ability, ability, skills to do something;

educational information;

cognitive (gnoseological) form of a person’s
relationship to reality.

two main ways. The first is material and technical -
the production of vital means (labor). The second way
of knowledge is spiritual activity. In the process of
scientific knowledge, there is no rejection of other
forms of knowledge. Each form of social
consciousness corresponds to its own specific forms
of knowledge (philosophy, politics, religion, etc.)
Scientific knowledge is the process of obtaining
objective knowledge aimed at studying real laws.
Scientific knowledge is always associated with the
description, explanation and prediction of the
processes being studied. Many forms outside of
scientific knowledge are older than knowledge,
historically being its predecessors: astrology and
astronomy, alchemy and chemistry. There are several
forms outside scientific knowledge: para scientific,
false scientific, quasi scientific, anti scientific.

Science, being a part (subsystem) of culture, has
a significant impact on the development of society and
itself experiences the opposite effect depending on the
needs of society. This process of mutual influence is
associated with the historical formation of various
types of science: ancient, medieval, non-classical, etc.
In each cultural-historical type of science and in each
field of science, its own specific set of ideals and
norms of scientific research is realized, concretizing
the values of science that distinguish it from others
types of activities. It is for this reason that
qualitatively different areas of science arose: natural
sciences, social sciences and humanities, technical
and technological sciences, logical and mathematical
disciplines, etc.

Scientific knowledge is obtained and justified
using scientific methods and means, the most
important of which include: abstraction, analysis,
synthesis, conclusion, proof, idealization,
observation, experiment, classification. Each area of
scientific knowledge develops its own methods and
means, as well as a special language characteristic of
a given scientific direction. The main types of
scientific knowledge include theories, disciplines,
areas of  research  (special,  problematic,
interdisciplinary), fields of science (mathematical,
historical, physical, etc.), types of sciences (natural
sciences, humanities, engineering, etc.). The scientific
community is united into relevant social institutions
that organize the acquisition and dissemination of
knowledge. Forms of institutionalization can be
laboratories, institutes, academies, state or public
scientific institutions, firms, etc.

Obtaining true and useful information about
various objects of our world is the main goal of both
ordinary and scientific knowledge. Scientific
knowledge serves as a continuation (development) of
ordinary knowledge (common sense). At the same
time, the goal of scientific knowledge is to achieve not
just knowledge, but scientific knowledge and
scientific truth. The following methods and means
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used in scientific activities can be distinguished,
namely:

Reflection and control of human consciousness
regarding the means, methods and conditions for
obtaining knowledge.

Using the methods of logic as a science of
evidence-based thinking.

Development of methods for obtaining reliable
empirical information using systematic observations
and experiment.

Application of statistical analysis to process the
obtained empirical data.

The use of devices and instruments for the
objectification of sensory information and
quantitative registration of processes.

Development of various models for the study of
natural and artificial objects.

Unlike ordinary knowledge, in science the
criteria for verifying any statements, provisions, and
conclusions for both theoretical and experimental
research are specially fixed.

The scientific method is usually called a set of
means used in science to obtain, substantiate and
apply scientific knowledge. The combination of these
means is diverse and specific for different types of
sciences and for qualitatively different levels of the
same science (for example, for the theoretical and
empirical levels). There is practically no single
procedure for obtaining and substantiating
knowledge, a universal method, for all fields of
science and levels of scientific knowledge. In the
natural sciences, the main means are systematic
observations, experiments, and modeling. In the
mathematical sciences, the main methods are the
cognitive construction of abstract structures, the use
of the axiomatic method, and deduction.

Unlike science, art is a special form of social
consciousness associated with the birth of artistic
images that enrich humanity with emotions, feelings,
and experiences. Art expresses the personal meanings
of an individual, a group, a generation. Art is a form
of reflection of reality that allows for a personal and
subjective image of the world based on artistic
images. Art acts as a source of mental and spiritual
enrichment of the individual based on empathy for the
characters and situations of works of art.

Science is focused on the search for general
patterns, while art pays attention to the individual, the
individual. The values and ideals of art are historically
changeable, unlike most axioms and laws of science.
Aurt reveals a national, ethnic type of worldview. Art
is addressed, first of all, to the sensory-associative and
emotional, and science is addressed to the rational-
rational ways of thinking. For science, the goal-setting
regulator is the search for patterns, in art - the search
for an aesthetic ideal.

Science as an integral formation includes a
number of special sciences, which are divided into a
large number of scientific disciplines. Modern

classification of sciences is carried out on various
grounds. According to the subject and method of
cognition, they distinguish the sciences of nature -
natural science, the sciences of society - the
humanities and social sciences, the sciences of
cognition and thinking itself.

- logic, epistemology, etc., sciences about
artificial systems - technical sciences. Each group of
sciences includes various scientific disciplines. For
example, the natural sciences include mechanics,
physics, chemistry, biology, etc., each of which is
divided into its own scientific disciplines. In addition,
all sciences are usually divided into two types:
fundamental and applied. Fundamental sciences are
focused on elucidating the basic laws and principles
operating in the real world, applied sciences are
focused on the direct application of the results of
scientific knowledge to solve specific industrial and
socially practical problems.

The main functions of science include the
production of scientific and theoretical knowledge,
the functions of observation, description, explanation
of the behavior of an object, ideological and cultural
functions, technological function, and the function of
productive force. Modern researchers also note such
functions of science as social regulation of social
processes and projective-constructive functions
associated with the creation of new technologies. The
process of scientific knowledge is always associated
with the interaction of subject and object and
necessarily includes four components: subject, object,
method, language. The subject of science is a
researcher, scientific team, etc. The object of science
(subject, subject area) is what the researcher studies.
Each science develops a system of methods and
techniques characteristic of it, determined by the
peculiarities of this subject area. Similar to the
method, the language of this science is developed, not
only natural (special terminology), but also artificial
(symbols, equations, formulas, etc.).

The structure of scientific knowledge can be
presented as a unity of two levels: empirical and
theoretical. These levels are closely related to each
other and in the process of the evolution of science
mutually transform into each other. At the empirical
level, there is mainly a collection of factual material
about the behavior of the object. Techniques such as
description, comparison, measurement, observation,
experiment, analysis, induction are used. Almost any
scientific research begins with the collection,
systematization and synthesis of facts. A fact becomes
a scientific fact if knowledge about an event is reliably
proven through observations and experiments. In
scientific knowledge, facts form the empirical basis
for putting forward hypotheses and are the basis for
confirming or refuting theories. Empirical knowledge
can be represented in the form of the following
hierarchical structure: single observations, scientific
facts, empirical laws, phenomenological theories. The
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indicated levels of empirical knowledge represent
hypothetical, probabilistic knowledge.

Epistemology is a theory of scientific
knowledge, one of the components of philosophy;
studies the laws and possibilities of knowledge,
explores the stages, forms, methods and means of the
process of knowledge, conditions and criteria for the
truth of scientific knowledge. Epistemology is part of
a more general branch of scientific knowledge -
science studies, which also studies issues of
organizing and planning scientific research, the
sociology of science, the logic of science, etc.

In epistemology, the following main patterns of
development of science are distinguished:

The development of science is conditioned by
the needs of practice. This is one of the main sources
of scientific development.

Relative independence of science development.
The solution of practical problems can be carried out
only when science reaches a certain level of
development, a certain stage of knowledge of reality.

Continuity in the development of scientific
theories, concepts, methods and means of scientific
knowledge.

The ambiguity of the process of development of
science is the alternation of periods of evolutionary
and revolutionary development.  Evolutionary
development is associated with the process of gradual
accumulation of facts and experimental data within
the framework of existing theories. A revolution in
science is associated with a revision of fundamental
provisions, laws, and principles as a result of the
discovery of new phenomena that do not fit into the
framework of existing theories.

Interaction and interdependence of branches of
science, manifested, in particular, in the fact that the
subject of one science can be studied using the
techniques and methods of another.

Freedom of criticism and open expression of
different opinions. As a result, one-sided views are
overcome.

The theoretical structure of scientific knowledge
has the following levels:

Axioms, general theoretical laws.

Particular theoretical laws describing the
structure, properties and behavior of idealized objects.

Particular statements about specific states,
properties and relationships of objects in time and
space.

Theory is the most complex and developed form
of scientific knowledge, providing a holistic reflection
of natural and significant connections in a certain area
of reality. A theory is a holistic, developing system of
true knowledge that has a complex structure. In
modern science, the following elements of the theory
are distinguished:

Initial foundations - basic concepts, principles,
axioms, laws, equations.

Idealized objects are abstract models of essential
properties and connections of the systems being
studied.

The logic of a theory is a set of rules and methods
of proof.

Philosophical foundations and value factors.

A set of laws and statements derived as
consequences from a given theory in accordance with
specific principles.

The main functions of the theory are:

The integral function is the integration of reliable
knowledge into an integral system.

The explanatory function is the identification of
causal dependencies and connections of the
phenomenon being studied, essential characteristics,
laws of origin and development.

Methodological function - on the basis of any
theory, methods, methods, and techniques of research
activity are formulated.

Predictive function - based on theoretical
concepts, predictions are made about the existence of
unknown facts, properties, and connections.

The practical function is a guide to the
translation of theoretical principles into reality.

The variety of forms of idealization and types of
idealized objects corresponds to the variety of types of
theories. The following types of theories are
distinguished: descriptive, mathematical, deductive
and inductive, fundamental and applied, formal and
substantive, open and closed, explanatory and
descriptive,  physical, chemical, sociological,
psychological, etc.

Mathematical theories are characterized by the
highest degree of abstraction. The dominant role in the
construction of mathematical theories is played by
axiomatic and hypothetico-deductive methods, as
well as the process of formalization.

Theories of empirical sciences (physics,
chemistry, biology, sociology, history, etc.) are
divided into two classes: phenomenological and non-
phenomenological.

Phenomenological, or empirical, sciences are
associated with the description of properties and
processes observed experimentally (sociological,
psychological, pedagogical, etc.). Such theories, as a
rule, do not wuse complex abstract models.
Phenomenological theories are focused, first of all, on
the primary generalization and ordering of existing
facts. They are mainly qualitative in nature and are
usually formulated using natural language using
special terminology of the relevant field of science.
Phenomenological theories arise at the beginning of
the development of science, in the process of
accumulation, systematization and generalization of
factual material. With the development of scientific
knowledge, phenomenological theories are replaced
by non-phenomenological, or explanatory, theories.
They explain the connections between phenomena
and properties of an object, reveal the mechanism of
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the phenomena and processes being studied, moving
on to the formulation of laws of behavior of the
system. Therefore, this type of knowledge can be
classified not as empirical, but as theoretical, since it
involves actions with abstract, ideal objects.

Based on the accuracy of forecasts, two classes
of theories can be distinguished: theories with reliable
forecasts (theories of classical physics, chemistry,
mechanics) and theories with probabilistic forecasts,
or stochastic theories (theories of social sciences and
humanities).

Below are the main features characteristic of any
type of theory:

A theory is not individual reliable scientific
propositions, but their totality, an integral developing
system.

A description of a set of facts only becomes a
theory when it reveals the causes and patterns of
phenomena on the basis of which scientific facts
arose.

Any theory must necessarily have justification
and proof of its own provisions.

The theory should strive to explain the widest
possible range of phenomena and to continuously
deepen knowledge about them.

The theory must reflect the fundamental patterns
associated with the behavior of the object being
studied.

The structure of a theory is determined by the
systemic organization of theoretical constructs
(idealized objects).

Theory is not only ready-made knowledge, but
also the process of obtaining it with a corresponding
analysis of its occurrence and development. The
theories of modern science are created not only by
inductive generalization of experience, but also by
means of idealized objects that are used as
hypothetical models. In this case, the idealized object
becomes not only a theoretical model, but is also
capable of setting a specific research program.

Scientific laws can be defined as connections or
relationships between phenomena and processes. In
this case, these connections or relationships must meet
the following criteria, namely:

objectivity, i.e. be able to express the real
relationships of objects participating in the objective
activities of people;

materiality, i.e. be inherent in all processes of a
given class of objects under any conditions;

necessity, i.e. always be implemented in
appropriate conditions;

immanence, i.e. reflect the deep connections
operating within a given system;

stability and repeatability, or reproducibility, i.e.
sameness of action under similar conditions.

Understanding laws is a complex and
contradictory process of reflecting reality. Laws begin
with assumptions, hypotheses. Experimental material
allows us to clarify, correct, and introduce new

hypotheses, bringing the general concept to the form
of a law. Based on the obtained laws, not only the
explanation of phenomena of this class is carried out,
but also the prediction of new phenomena and
processes. According to the forms of movement and
transformation of matter, one can distinguish
mechanical, physical, chemical, biological, social
laws; by areas of activity - laws of nature, society,
thinking; according to the degree of universality -
universal or dialectical, general or special, particular
or specific; according to the mechanism of
determination - dynamic and statistical, causal and
non-causal; in terms of fundamentality - empirical and
theoretical.

Science as an integral system has its own
foundations and has ideals and norms of research.
These characteristics are inherent in science in all its
guises - both as a form of activity, and as a body of
knowledge, and as a social institution. The
foundations of science include the conceptual
apparatus, principles, ideals, and standards of
scientific research. Science can be considered
accomplished when it is possible to establish the
underlying scientific picture of the world. In addition
to the natural, social and technical sciences, a
distinction is made between theoretical and
experimental, fundamental and applied science.
Currently, science is developing taking into account
the specialization of knowledge, as well as at the
intersections of interdisciplinary fields. Modern
scientists believe that the ideals and norms of science
are of a specific historical nature and play the role of
regulatory principles - they set goals and determine
the process of research activity. The relationship and
interconnection of ideals and norms can be formulated
in the following positions, namely:

norms indicate typical, average rules; ideal - to
the highest standard form of development of an object;

standards must be implemented everywhere;
ideals are guidelines;

norms define the boundaries of space for
achieving goals; ideals - an extremely perfect space in
which goals and values coincide;

norms are subject to change; ideals are relatively
stable.

Ideals and norms determine the formulation and
formulation of the problem of scientific research. The
problem must contain a contradiction, indicating the
existing limit of knowledge and new facts, to explain
which research is necessary. The relationship between
sociocultural values and cognitive ideals and norms
has a significant impact on the formulation and course
of scientific research.

Science, of course, is largely determined by
social practice and its needs. But at the same time,
science also has relative independence and an internal
logic of its own development. The general patterns of
the development of science include: continuity, unity
of quantitative and qualitative changes, differentiation
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and integration, interaction, mathematization and
computerization, theorization and dialectization,
acceleration of development, axiologization and
ecologization. The principle of axiologization of
science requires taking into account the value
components of the cognitive process. The greening of
scientific knowledge is the process of penetration of
environmental laws into the natural, technical, social
and human sciences. The objective basis of continuity
in science is the progressive development of objects
and phenomena caused by their inherent
contradictions. Each higher stage of development of
science arises on the basis of the previous one,
retaining everything valuable that was accumulated
earlier. New theories do not completely deny the old
ones, since previous theories, with a certain degree of
approximation, reflect the objective laws of reality in
their subject area. The process of succession can be
expressed using the terms “tradition” and
“innovation”. A typical example of innovation is
discoveries, new concepts. Traditions in science are
knowledge accumulated by previous generations of
scientists and preserved in scientific schools and
individual scientific disciplines.

Quantitative changes in science are the gradual
accumulation of new facts, observations, and
experimental data within the framework of existing
scientific concepts, leading to the expansion and
refinement of concepts, principles, and theories.
Quialitative changes lead to so-called scientific
revolutions, the reason for which is the inability to
explain new scientific facts using known theories and
laws. The development of sciences is characterized by
the dialectical interaction of two processes -
differentiation (new scientific disciplines) and
integration (the unification of sciences, as a rule, into
disciplines located at their junction). Differentiation is
a consequence of the increase and complexity of
knowledge, which always leads to specialization and
division of labor. Integration arises when it is
necessary to solve problems that are too difficult for
individual  scientific  disciplines  (cybernetics,
synergetics, etc.). The interaction of sciences is the
enrichment of a scientific discipline with research
methods and techniques of other sciences. Therefore,
the most rapid growth of scientific knowledge and
discoveries occurs in the process of interpenetration
of sciences. Mathematics plays a special role in the
development of various sciences. The essence of the
mathematization process lies in the application of
quantitative concepts and formal methods of
mathematics to the content of special sciences. One of
the main directions of mathematization is
mathematical modeling, the essence of which is to
replace an object with a mathematical model. Here,
computerization comes first as a technology for
effective solutions using logical and computational
algorithms.

Modern science is characterized by processes of
increasing complexity of knowledge. Theoretical
models (abstract, symbolic, logical-mathematical) are
becoming increasingly important. Dialectization is
also an essential pattern that connects scientific
knowledge with the idea of development, the
introduction of the category of time into most
sciences. The accelerated development of science
(exponential law of development) is manifested in an
increase in the number of scientific works and
publications, an increase in the number of scientists,
an increase in costs for science and income from the
implementation of its developments. Scientific
knowledge, as well as other types of knowledge of
reality, is necessary to regulate human activity. The
structural characteristics of the activity can be
presented in the form of a diagram.

Any activity is regulated by certain values in
accordance with given goals. The goal of an activity
can be defined as an ideal image of a product, and the
result of an activity as a materialized goal, or a
finished product. The ultimate goal of science is to
foresee the process of transforming objects of activity
(object) into corresponding products. The main task of
science is to identify the laws in accordance with
which objects change and develop. Natural and
technical sciences study the processes of
transformation of nature. Social sciences study the
change of social objects. The orientation of science
towards the study of objects that can be included in
activity, and their study as subject to objective laws of
functioning and development, is the main feature of
scientific knowledge. Science is aimed at a
substantive and objective study of reality. However,
science cannot replace all forms of knowledge of the
world, of all culture. Everything that science cannot
cover is connected with art, religion, and philosophy.
The goal of science is also to anticipate changes in
objects, which is also a feature of scientific activity. It
is advisable to classify the features of scientific
knowledge, in contrast to everyday knowledge, taking
into account the above characteristics of activity. The
conditions for conducting almost any scientific
research are associated with a number of
requirements, the fulfillment of which largely ensures
the success of the cognition process itself. These
requirements include:

a special language of science that clearly
captures concepts and definitions;

special equipment necessary to study objects of
activity;

consistency and validity of scientific knowledge;

the presence of a research methodology as the
main means of organizing scientific research;

perception of truth as the highest value when
conducting research and generating new knowledge.

Based on what has been said, we can formulate
the main features of scientific knowledge, namely, an
orientation toward the study of the laws of
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transformation of objects and the objectivity and
objectivity of scientific knowledge that realizes this
orientation;

the emergence of science beyond the subject
structures of production and everyday experience and
the study of objects regardless of today's capabilities.

Scientific methods are developed on the basis of
theoretical knowledge. The effectiveness of methods
depends on the content, fundamentality and degree of
development of theories. At the same time, the
methods themselves are used for further development
of theoretical knowledge. Thus, theories and methods
are not separated from each other, they are
interconnected and in the process of activity, theories
are transformed into methods, and methods enrich and
develop theories. And yet theory and method are not
identical concepts. The main differences between
theory and method are as follows:

theory is the result of previous activity, and
method is the beginning of subsequent activity;

the main functions of the theory are explanation
and prediction, the main functions of the method are
regulation and orientation of activity;

the theory is based on a system of ideal images
reflecting the patterns of object behavior; a method is
a system of rules and regulations that act as a tool for
further cognition;

the theory is developed to solve a problem
related to the object being studied, the method is
aimed at identifying methods and mechanisms for
studying the object.

Theories and laws are not methods for studying
an object. To fulfill their methodological function,
they must be transformed from an explanatory form
into regulative principles of methods.

Methods cannot be viewed as a frozen set of
regulations and rules. The method as a method of
research should not remain unchanged, but should
change along with the subject of activity in
accordance with its specifics. The reliability and truth
of the method must be determined by the content of
the subject. Understanding this situation is especially
relevant at the present time with active and rapid
changes in the subjects of research. A method is not a
simple set of techniques and rules developed
independently of material reality and practice. The
method is also not a way of a priori solving problems.
The origins of the method must be sought in real,
material reality. In modern literature, it is customary
to distinguish three main aspects of the method,
namely:

a) objective-substantive - the conditioning of the
method by the subject of knowledge with the help of
theory;

b) operational - the dependence of the method on
the subject of cognition, on his abilities and level of
competence;

c) praxeological - the degree of effectiveness,
constructiveness, and reliability of the method.

There are several bases for classifying scientific
methods. Depending on the role and place in the
process of scientific knowledge, formal and
substantive, empirical and theoretical, fundamental
and applied methods are distinguished. In addition,
methods are divided into qualitative and quantitative,
deterministic and probabilistic, direct and indirect
cognition. It is customary to distinguish the following
main groups of methods:

Philosophical ~ methods.  These include:
analytical, intuitive, phenomenological, hermeneutic,
etc. With the help of philosophical methods, general
regulations of research and their general strategy are
set. A significant role in modern scientific knowledge
is played by the dialectical-materialist methodology,
as well as the principle of a materialist understanding
of history. The essence of this principle, expressed in
the brief and very simplified formula “Social being
determines social consciousness,” comes down to the
following provisions:

the basis of the life of society is the social
existence of people (material production, economics);

social consciousness is derivative (mediated) by
social existence;

social consciousness has its own laws of
development and has a reverse impact on the
development of social existence;

the development of society is correlated with the
development of socio-economic formations;

the history of society is the result of the activities
of people in various forms (individuals, organizations,
classes, etc.).

General scientific approaches and methods play
the role of an “intermediate methodology” between
philosophy and the theoretical and methodological
provisions of the special sciences. The following can
be cited as examples of general scientific concepts:
information, model, structure, function, system,
element, probability, etc. The characteristic features
of general scientific concepts are, firstly, the
combination in their content of the properties and
concepts of philosophical categories and special
sciences, and, secondly, the possibility of
formalization using mathematical theories. On the
basis of general scientific concepts and concepts,
methods and principles of cognition are formulated,
ensuring the connection of philosophy with special
scientific knowledge. An example is such a general
scientific discipline as synergetics - the theory of self-
organization and development of open systems of any
nature: natural, social, cognitive. The main concepts
in synergetics are: order, chaos, nonlinearity,
bifurcations, etc. At the same time, these concepts are
closely related to philosophical categories: being,
development, time, chance, etc.

Particularly scientific methods are a set of
methods, principles of knowledge, research
techniques used in sciences that consider various
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forms of movement of matter (mechanics, physics,
chemistry, biology, sociology).

Disciplinary methods are a system of techniques
used in scientific disciplines included in a certain
branch of science. Each fundamental science is a
complex of disciplines that have their own subject and
their own research methods.

Interdisciplinary research methods are a set of
methods that arose as a result of a combination of
different levels of methodology, borrowed or
developed on the basis of several scientific
disciplines. Widely used in the implementation of
complex scientific programs.

In any science there are elements of universal
significance (laws, concepts, principles). Therefore, in
every science there is philosophy, since any particular
is only one of the forms of manifestation of the
universal. The impact of philosophical principles on
the process of scientific research can be better
understood if we consider the role of the basic
functions of philosophy in scientific knowledge.
Below is a brief description of them.

The integrative function of philosophy is a
systematic generalization and synthesis of various
forms of knowledge, practice, and culture, leading to
the acquisition of new, universal knowledge.

The critical function of philosophy, focused on
all spheres of human activity. Critical analysis is a
method of activity, the main task of which is to
holistically assess phenomena, identify
contradictions, strengths and weaknesses.

The ontological function of philosophy is the
development of a general picture of the world with the
help of universal objective characteristics;
representation of material reality in the unity of
various forms of movement and fundamental laws.
Understanding the general vision of the world in the
past and present gives philosophy the opportunity to
perform a predictive function, constructing options for
the world in the future.

The epistemological function of philosophy is
the development of guidelines about the essence of the
cognitive process, its forms, foundations, conditions
of reliability, etc. In contrast to the special sciences,
philosophy, as a direct subject of study, specifically
deals with the laws, forms and principles of
knowledge in general.

Methodological function of philosophy. By
studying the general laws of existence and knowledge,
philosophy develops the most general methods of
research. These methods are implemented in the form
of general norms and requirements that the subject of
knowledge can implement in his specific research.

Axiological function is the creation of
ideological and semantic guidelines; development of
moral and aesthetic criteria with the help of which
universal human values are formulated.

The selective, or selective, function of
philosophy has a significant impact on scientific

knowledge in the process of constructing fundamental
theories. If there are options for solving a scientific
problem, and a situation of choice arises, then the
researcher implements only those that are consistent
with his worldview, i.e. with the philosophical and
methodological orientations of the scientist.

The predictive function of philosophy is the
development of ideas and concepts for future
evolutions of knowledge. Examples of the successful
implementation of this function include the ideas of
ancient atomism and the dialectical method.

An additional or auxiliary function of
philosophy is associated with the use of philosophical
and methodological principles in their unity as criteria
of truth. For example, a violation of the principles of
dialectics (objectivity, specificity, historicism, etc.)
will inevitably lead to distortion of the results of a
specific scientific study.

Philosophy has predictive capabilities in relation
to natural scientific research, developing in advance
the categorical structures necessary for it. The
generation of new categorical models of the world in
the system of philosophical knowledge is carried out
through the constant development of philosophical
categories. There are two main sources that ensure this
development:

Reflection on various phenomena of culture
(material and spiritual) and identification of real
changes that occur in the categories of culture during
the historical development of society.

Establishing meaningful and logical connections
between philosophical categories, their interaction as
elements of a developing system, when a change in
one element leads to a change in another.

Philosophical knowledge acts as a special self-
awareness of a culture, which actively influences its
development. By generating the theoretical core of a
new worldview, philosophy thereby introduces new
ideas about the desirable way of life that it offers to
humanity. By justifying these ideas as values, it
functions as an ideology. At the same time, its
constant focus on developing new categorical
meanings, posing and solving problems, many of
which at this stage of social development are justified
primarily by the immanent theoretical development of
philosophy, brings it closer to the methods of
scientific thinking.

One of the first concepts of philosophy in the
cultural space of mankind is considered to be the
metaphysical, or transcendental, concept. The main
provisions of this concept are:

philosophy develops the most general laws about
man and the process of cognition;

philosophy is the most objective among the
entire body of knowledge;

philosophical knowledge is of a universal nature,
in contrast to particular sciences;
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philosophical knowledge is based on human
self-knowledge, the source of special sciences is
empirical experience;

philosophy determines true knowledge, while
private sciences are limited to experience and the
inductive nature of inferences.

The transcendental concept helped the
development of special sciences and played a positive
role in the development of rational thinking in relation
to scientific research. With the help of philosophy,
abstract, theoretical thinking was formed with the
transition to ideas and hypotheses about the structure
and evolution of the world. The use of the above
principles by philosophy until the 19th century was
associated with the following points, namely:

relatively small amount of scientific knowledge;

the significant role of religion in the spiritual life
of society;

the insignificant role of special sciences in the
general culture of society.

Starting from the second half of the 19th century,
scientific knowledge began to play an increasingly

important role in industrial production, in the
formation of productive forces, and in the
organization of the education system. The
reorganization of science itself begins, its

transformation into an integral system of knowledge.
A new reality is emerging - classical science, realizing
itself as independent of both philosophy and religion.
As a result of this complex and dynamic process, a
positivist concept is formulated in philosophy and
science. Scientists argue that the criterion for the truth
of theoretical knowledge should be the degree of its
correspondence to the results of experiments.
Subsequently, an anti-interactionist concept arose,
combining the right of self-sufficiency of philosophy
and science, the absence of direct relationships
between them. Proponents of this concept proceed
from the idea of dividing culture into natural science
and humanitarian culture. At the same time,
philosophy is classified as a humanitarian direction
along with art, religion, and morality. The essence of
the dialectical concept is to affirm the connections
between philosophy and science, as well as the
dialectically contradictory unity between them. The
subject of philosophy is the universal. At the same
time, philosophy strives to comprehend the universal
in a rational-logical, but not empirical way. The
subject of private science is the individual, concrete,
and empirically comprehended. Here lies the
dialectical contradiction between philosophy and the
particular sciences: they deny and complement each
other within the framework of the whole - knowledge
of the world. Philosophical knowledge cannot satisfy
the criteria of rationality to the same extent as concrete
scientific knowledge. Universalism and value-
worldview orientation make philosophy more
speculative and reflective and at the same time less
rigorous and demonstrative than knowledge in

private, concrete sciences. The process of scientific
knowledge is creative and socially conditioned. The
discovery of laws and theories is always associated
with the formulation and substantiation of hypotheses.
The philosophical foundations of science presuppose
a certain foundation, consisting of epistemological,
ontological, methodological, axiological formations,
with the help of which specific scientific models are
built. The philosophical foundations of science, which
are a means of connecting philosophical and private
knowledge, are distinguished as follows:

ontological foundations - general views about
the picture of the world, general laws;

epistemological foundations - provisions on the
nature of scientific knowledge;

methodological foundations - provisions on
methods of obtaining knowledge, methods of proof;

axiological foundations - statements about the
practical and theoretical significance of science in the
cultural system, ethical aspects of science.

The influence of philosophy on the theoretical
and empirical levels of knowledge in science is
manifested in different ways. Empirical knowledge is
determined by observational or experimental data,
theoretical knowledge is determined by connection
with philosophy. This connection is especially
pronounced during periods of scientific revolutions.
During these periods of time, a change in the scientific
picture of the world occurs, often accompanied by a
change in the ideals and norms of scientific research.

In addition to the philosophical foundations of
science, the most important link between
philosophical and private scientific knowledge is the
philosophical problems of science. The following
examples can be given as a statement of philosophical
problems of science:

what is the nature of mathematical knowledge?

what is probability?

What is the specificity of humanitarian
knowledge?

Classification of scientific problems is difficult
due to the variety of philosophical problems. General
approaches to this type of classification can be:

differences in the content of the philosophical
part of the problem (ontological, epistemological,
etc.);

differences in the scientific part of the problem
(philosophical problems of physics, chemistry,
sociology, etc.);

goals and direction of research (from philosophy
to science or from science to philosophy).

The most important element of the connection
between philosophy and science is the philosophy of
science itself, which carries out reflection on science.
The subject of this reflection is the philosophical
interpretation of the structure, development and
content of science as a whole and its individual
disciplines. Three levels of philosophy of science can
be distinguished, namely:
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general philosophy of science;

philosophy of areas (types) of scientific
knowledge: natural sciences, humanities,
mathematics;

philosophy of individual scientific disciplines:
mechanics, astronomy, psychology, etc.

The most important problems considered by the
philosophy of science are:

mechanism of relationship between philosophy
and science;

criteria for scientific knowledge;

structure of science;

methods of scientific knowledge;

patterns of development of science.

The main sections of the philosophy of science
include: ontology and epistemology of science, logic
and methodology of science, axiology and sociology
of science. What is common and different between
philosophy and science is determined by the complex
historical process of the evolution of the relationship
between philosophy as a meta-science and specific
subject knowledge that makes up the content of a
particular scientific discipline or scientific direction.
Specific (special) sciences are focused on the process
of cognition of certain aspects of an object or
phenomenon and do not reach the level of general
laws. In other words, each science has its own subject
of research in relation to the object (natural, technical,
economic, social, humanitarian aspects).

Therefore, the first difference between
philosophy and a separate science is due to the fact
that the main goal of subject science is the desire to
know the truth within the framework of a given
subject; philosophy strives to identify universal
provisions that reach the level of metaphysical laws.

The second difference between science and
philosophy is related to the methodology of searching
for true knowledge. Subject science, as a rule, seeks
answers to the following questions: where, why and
how did the object arise? Philosophy is based, first of
all, on a value-based approach to the analysis of the
objects being studied and, in turn, asks the questions:
for what purpose and for what purpose did the object
arise? Considering the above, it can be argued that
philosophy is focused on creating a holistic picture of
the world; science in its traditional understanding is
removed from value systems, which are, in fact, the
only foundation for objective knowledge of reality.
This difference serves as a source of mutual
enrichment of science and philosophy, promotes their

knowledge. Philosophy gets the opportunity to use not
only theoretical, but also experimental scientific data.
In this process it becomes a science using traditional
scientific criteria. The main criteria of scientific
character include the following:

objectivity. The principle of objectivity involves
abstraction from the interests of the individual; objects
and relationships between them must be known
without the introduction of subjective knowledge;

evidence. The principle of evidence presupposes
the need for rational justification of any scientific
position;

systematicity. The principle of systematicity
presupposes the ordering of knowledge based on
theoretical concepts and specific theories;

verifiability. The principle of testability
(verifiability) presupposes the possibility of proving
scientific propositions using logic, observation, and
experiment.

The most important criterion is objectivity.
Scientific knowledge, of course, strives for the most
objective description of the object being studied.
However, it should be noted that even within the
framework of one specific science, this criterion may
have different interpretations. The confirmation of
this thesis is especially evident in applied sciences
(various theories of the origin of the Earth, theories of
gluing, etc.). Philosophy, in order to satisfy the
principle of objectivity, must inevitably impart a high
degree of universality to any of its statements. The
complexity and inconsistency of this situation does
not allow philosophers to talk about the full use of the
principle, but at the same time makes it possible to use
it for the development and critical assessment of
philosophical thought. Both science and philosophy
are associated with a theoretical and rational way of
comprehending existence. Both science and
philosophy are based on a system of proof of the
propositions put forward. One of the main criteria for
scientific knowledge is testability (verification). It
should be noted that in philosophy there is no and
there can hardly be an unambiguous interpretation of
this criterion.

All noted criteria of scientificity also apply to the
content of philosophical knowledge, especially to
ontology (philosophy of nature), epistemology
(epistemology) and methodology of scientific
knowledge, which can be found in virtually all
philosophical systems that have the corresponding
problems (Table 1).

interpenetration, and helps to use universal
philosophical ~concepts in subject scientific
Table 1. Philosophy and science: general and different
General or | Philosophy The science
different
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Various Universal Subject knowledge.
provisions. Models of individual
A holistic picture of the world. object properties.
Value approach. Study
Combination specific object.
rational Only rational
and irrational knowledge.
Experimental
research
General and | Use of scientific knowledge. Using philosophical models of the world.
interdependent Use and analysis of the principle of | The principle of objectivity at the level of limited
objectivity. subject knowledge.
Use of theoretical scientific knowledge | Theoretical knowledge

The methodology of science is an integral part of
epistemology. On the one hand, methodology is
considered as the doctrine of methods of cognition in
general. On the other hand, methodology acts as a set
of methods in any specific area of scientific
knowledge. The following criteria can be accepted as
criteria for the scientific nature of knowledge: truth,
intersubjectivity, systematicity. The truth of
knowledge is understood as its correspondence to the
cognizable object. Truth can be characteristic not only
of scientific, but also of ordinary, everyday
knowledge. In epistemology, truth means the
correspondence of knowledge to reality and the
reliability of its content. Knowledge is understood as
a form of expression, recognition of truth. The form
of recognition of truth can be of a very diverse nature:
opinion, faith, ordinary knowledge, scientific
knowledge. For scientific knowledge, it is obligatory
to have grounds with the help of which the truth is
asserted (proofs of the theorem, logical conclusions,
experimental results). The principle of sufficient
reason (the law of sufficient reason) is basic for any
scientific direction: every thought must be justified by
thoughts whose truth has been proven. Inte
subjectivity expresses the property of the universality
of scientific knowledge. The truths of scientific
knowledge must be universal, in contrast to the truth
of faith or the truth of ordinary knowledge, which can
be individual in nature. The criterion of
intersubjectivity is supplemented by the requirement
of reproducibility, invariance of scientific knowledge:
any researcher must obtain the same results under the
same conditions of studying the same object.
Systematicity in relation to scientific knowledge is
characterized by a strict inductive-deductive structure,
reasoning built on the basis of available experimental
data. Each of the above criteria is necessary, but not
sufficient for the statement that existing knowledge is
truly  scientific. Only  the  simultaneous
implementation of all criteria determines the
reliability of scientific knowledge. In the structure of
scientific knowledge, one can identify features
characteristic of each scientific field:

each branch of science refers to a specific set of
objects of knowledge;

the subject of this industry is the relationships,
interactions and transformations inherent in a certain
set of objects;

the subject of the industry identifies a range of
problems that are important for these specialists
(problems); at the same time, there are key problems
that are identical for all stages of development of this
branch of science;

each branch of science has adopted its own
research methods, focused on the corresponding
criteria of truth, the subject and object of knowledge;

there is special (for this industry) theoretical and
empirical knowledge obtained as a result of
observations;

there is a language specific to a given branch of
science, which includes concepts and terms that are
most suitable for formulating tasks in a given area of
professional activity.

Scientific knowledge can be classified on
various grounds:

by groups of subject areas: mathematical,
natural, humanitarian, technical;

by the way of reflecting the essence of
knowledge:  descriptive  (phenomentalist) and
explanatory (essentialist). Examples of
phenomenalistic knowledge are sections of biology,
psychology, pedagogy, etc. Essentialist knowledge is
based on quantitative analysis (almost all sections of
technical knowledge, some sections of sociology,
etc.);

according to its functional purpose, scientific
knowledge can be divided into fundamental and
applied;

according to forms of thinking - empirical and
theoretical. Empirical knowledge is established facts
of science and generalizations of empirical patterns
and laws formulated on their basis. Empirical research
is aimed at the object and is based on experimental
data.

Theoretical knowledge is the laws common to a
given science, which make it possible not only to
explain scientific facts, but also to predict the behavior
of the objects being studied.

At the empirical stage of the development of
science, the main means of forming scientific
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knowledge are empirical research and their logical
generalization in the form of empirical patterns, laws,
principles, classifications. The next stage is associated
with modeling the behavior of the object and the
transition to the formation of integral theoretical
systems. At the same time, theoretical models for
explaining reality arise.

The forms of organization of scientific
knowledge are:

scientific facts (events, results recorded in a
certain way);

provisions (a clearly formulated thought, a
scientific statement);

concepts (thought reflecting general and specific
features, properties of an object);

category (a concept that reflects the most general
properties of objects. For example, the philosophical
categories “space”, “time”, etc.);

principle (can be considered in two ways: firstly,
as a central concept, representing the extension of any
provision to all processes in a given subject area,
secondly, as a standard for any activity);

law (an essential, consistently
relationship between phenomena);

theory (the highest form of organization of
scientific knowledge, giving a holistic idea of the
essential connections in the object being studied);

metatheory (a theory that analyzes the methods
and methods of constructing scientific theories in a
certain branch of scientific knowledge);

paradigm (concepts or theories underlying the
formulation of problems and accepted as models for
solving scientific research problems);

problem (knowledge or understanding of
something that is not currently known to science, but
is necessary for the development of science or
practice);

recurring

hypothesis (assumed knowledge). If the truth of
the hypothesis is proven, a new theory, law, principle
arises; if not confirmed, the hypothesis is considered
incorrect.

In science, three basic principles of knowledge
are accepted: determinism, correspondence and
complementarity.

The general scientific principle of determinism
is based on the form of causality of any event: one
phenomenon or process under certain conditions gives
rise to another phenomenon or process. In modern
science, probability theory and mathematical statistics
are widely used not only in the natural sciences and
technical areas of research, but also in the humanities.

The principle of correspondence is associated,
first of all, with the understanding that with the advent
of new, more general theories, theories whose validity
has been experimentally established for certain
phenomena should not be excluded as false, but retain
their significance as a special case of a more general
new theory. In addition, the principle of
correspondence also means the continuity of theories,
i.e. the need to correlate new theoretical constructs
with those already developed in science.

The principle of complementarity is aimed at
taking into account the subjective activity of the
researcher. The interaction of the object of research
with the subject (researcher), including with the help
of devices and instruments, leads to different
manifestations of the properties of the object
depending on the type of interaction with the
cognizing  subject (various techniques and
instrumentation). Therefore, it is legitimate to talk
about different scientific descriptions of an object, the
use of different theories describing the same object.
Table 2 shows the differences in the characteristics of
classical and modern science, taking into account the
application of the above principles.

Table 2. Comparative characteristics of classical and modern science

Signs of aging

Periods of scientific development

Classical

Modern

An object
the conditions for its study

The process is isolated without taking into account |Accounting  for

observational
experimental conditions

or

Method of cognition

Fixation of directly obvious correspondence

Use of mutually exclusive concepts in

Empirical methodology

between knowledge and reality research (the principle off
complementarity)
Empirical data Knowledge is a direct generalization of experience. [Constructing conceptual diagrams

aimed at to understand experimental

of knowledge

data

True Knowledge adequate to reality Multivariate vision of one object
(system)

Scientificity The presence of uncertainty is insufficient validity |Absolute accuracy is unattainable
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Methods of cognition are defined as ways of
constructing and justifying systems of scientific
knowledge, as well as a set of techniques for obtaining
new scientific knowledge. The general philosophical
method of cognition is dialectics - the logic of creative
thinking, reflecting the dialectics of reality. The basis
of dialectics as a method of scientific knowledge is the
ascent from the abstract to the concrete. In dialectics,
problems acquire a historical character; the study of
the development of knowledge is the basis of
knowledge. Dialectics focuses knowledge on
revealing contradictions and finding ways to resolve
them. The main content of the methods of scientific
knowledge consists of scientific theories tested by
practice. At the same time, special importance is
attached to the analysis of the knowledge system,
since any scientific knowledge system has a certain
independence in relation to a specific subject area.
Analysis of a scientific knowledge system plays a
significant role in empirical and theoretical research
tasks: when choosing a basic theory, formulating
hypotheses, justifying the use of one or another
mathematical apparatus, when simplifying a
knowledge system for teaching, for coordination with
other knowledge systems, etc.

Methodological approaches to research are used
as methods of scientific knowledge. The approach can
be considered as an initial principle, a basic position
(systemic, functional, personal, activity-based,
anthropological and other approaches). At the same
time, the methodological approach acts as a direction
for studying the subject of research (qualitative,
quantitative, logical, historical, etc. approaches). In
this case, the categories of dialectics are used: content
and form, quality and quantity, historical and logical,
etc.

Theoretical  research  methods  include:
theoretical analysis and synthesis, abstraction and
concretization, analogy, modeling. Empirical research
methods include: analysis of literary sources,
observation, testing, experiment, methods of expert
assessments, etc. With a certain degree of convention,
the levels of significance of research can be divided
into:

general industry;

disciplinary;

generally problematic;

particularly problematic.

Any means of cognition are constructed,
developed and justified for specific cognitive
purposes. The means of cognition differ in the
following groups: material, mathematical, logical,
linguistic. Material means of cognition include
instruments and instruments for scientific research. In
the history of science, the emergence of material
means is associated with the formation of empirical
research methods - observation, measurement,
experiment. These funds are directly aimed at the
objects being studied; they play a major role in the

empirical testing of hypotheses and other results of
scientific research, and in the discovery of new facts.
The use of material means of cognition has a
significant impact on the formation of the conceptual
apparatus of science, on the methods of description
and idealization of the objects being studied.

In mathematics, the science of quantitative
relations and spatial forms abstracted from specific
content, specific means of abstracting form from
content have been developed and rules have been
formulated for considering form as an independent
object in the form of numbers, which makes it possible
to identify connections between objects from which
form is abstracted. Under the influence of
mathematical means of cognition, the theoretical
apparatus  of  descriptive  sciences  changes
significantly. Mathematical tools make it possible to
systematize empirical data, identify and formulate
quantitative patterns. Mathematical tools are also used
as special forms of idealization and analogy -
mathematical modeling.

The use of logical means of cognition in the
process of constructing reasoning and evidence allows
the researcher to separate controlled arguments from
those that are intuitively or not critically accepted,
false from true. In almost any scientific research, a
scientist must use logical means to answer the
following questions:

What logical requirements should descriptions
of empirically observed characteristics satisfy?

How to logically analyze the initial systems of
scientific knowledge, how to harmonize one
knowledge system with another?

How to build a scientific theory that allows you
to give scientific explanations or predictions?

Linguistic means of cognition are associated
with the rules for constructing concepts. In any
scientific research it is necessary to clarify the
introduced concepts, use or introduce new ones. The
rules for using language, with the help of which the
researcher constructs his reasoning and evidence,
formulates hypotheses and draws conclusions, are the
basic point of cognitive actions. In most studies, a
significant role is played by the correlation of a given
subject language, which describes a specific area of
research, with the specific languages of related
sciences, as well as a comparison of the conceptual
apparatus with the corresponding concepts in foreign
languages.

The term “technology” (techne) originated in
Ancient Greece and denoted skill, skill, art in any field
of human activity aimed at something that nature is
not capable of producing. Currently, the concept of
“technology” has the following interpretations:

a set of technical devices - from the simplest
tools to the most complex technical systems;

a set of different types of activities to create
technical devices. These types of activities primarily
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include: scientific and technical research, design,
manufacturing, maintenance during operation.

A characteristic feature of modern technical
sciences is the targeted application of scientific
knowledge in technical practice; technology is
becoming more and more knowledge-intensive. The
main purpose of technology is to relieve a person from
performing physically difficult or routine work in
order to provide him with more time for creative
activities and make his daily life easier. Various
technical devices can significantly increase labor
efficiency and productivity, make more efficient use
of natural resources, and also reduce the likelihood of
human error when performing any complex
operations. The main tasks of technology include:

creation of material and cultural values;

production, transformation and transmission of
various types of energy;

collection, processing and transmission of
information;
creation and use of various means of

transportation.

Equipment is classified by area of application,
for example: industrial equipment, transport,
household appliances, computer technology, etc.
Equipment can also be divided into production (for
example, machines, tools, measuring instruments,
etc.) and non-production (household appliances,
passenger vehicles, leisure equipment). Military
equipment is also a separate class, which includes all
technical devices and machines designed to maintain
defense capability and conduct combat operations on
land, sea, air and space. The basis of technical
progress is an increase in the basic indicators of all
types of equipment. This process is called
modernization. The main technical indicators include:

productivity - the amount of products
(information, etc.)  manufactured, processed,
transported per unit of time;

reliability - the ability of a technical device to
perform its functions without failures at the
appropriate level of quality or meet the specified
requirements for a given period of time;

profitability - the amount of material resources,
time, energy spent on producing a unit of product,
moving a unit of cargo, etc.

In recent years, much attention has been paid to
such indicators as environmental friendliness,
ergonomics, and aesthetics of technical devices.
Currently, improvement in many industrial areas is
carried out exclusively in these areas. Moreover, if the
improvement in ease of use and appearance of devices
occurs in accordance with consumer requests, then
environmental parameters are regulated by law. Until
the end of the 18th century, the development of
technology occurred mainly on the basis of experience
(empirically). Currently, the development of
technology is directly related to new scientific
knowledge and research, and is a consequence of

fundamental scientific discoveries. An indispensable
condition for creating devices such as a nuclear
reactor or a computer is a deep understanding of the
processes underlying their operation. On the other
hand, scientific research is impossible without modern
technology of the highest level. Over the past
centuries, technology has had a decisive impact on the
socio-economic structure of human society. It was
machine production that caused the transition from
feudal society to capitalism, and the development of
household and consumer technology that created
modern Western civilization. The specificity of
technical sciences can be understood by studying
technical sciences in the unity of their methodological
and social aspects. This unity reveals itself through the
peculiarities of the structure, functioning and
development of technical sciences. The social aspect
in the content of technical sciences is expressed in the
social conditionality of their tasks and the social
nature of the objects of research. Technical knowledge
is knowledge about artificial objects, i.e. about objects
created by people to achieve their own goals.

The target orientation of technical objects
determines their structure, properties and functioning
features. Since technical knowledge must explain and
justify the characteristics of the objects under study,
technical sciences should naturally include a
description of social functions in the content of
technical knowledge. The content of technical
knowledge is determined by the level of development
of social practice more than the content of natural
sciences. Therefore, the change in content in technical
sciences occurs more intensively than in natural
sciences.

Another feature of technical knowledge is that it
is aimed at the design of both technical and social
systems. Technical sciences should be considered as a
special form of knowledge that arises on the border of
design and research and integrates elements of both.
This approach should be fundamental when
considering the content, history and logic of the
development of technical knowledge.

The social characteristics of technical sciences
influence their methodological content. In particular,
the nature of research in the technical sciences differs
from research in the natural sciences, and the technical
sciences themselves should not be built as a
semblance of the natural sciences. The
epistemological function in the technical sciences is
connected with their producing function, with the
maintenance of the design and operation of technical
objects. The activity of obtaining and applying
knowledge in technical sciences is inseparable from
technical knowledge itself. Consequently, technical
sciences can be considered as a complex social
organism (sociotechnical systems), including both
scientific and technical activities and scientific and
technical knowledge. Scientific and technical
knowledge does not arise as an end in itself. It is
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simultaneously a means of transforming the subject
environment and production activities. In this sense,
technology, like science, is a means of regulating
social processes. The main feature of science is
scientific knowledge. Technical knowledge, first of
all, reflects the socio-technical features of objects. In
addition, technical knowledge determines the
structural and functional characteristics of objects.

Identification of the features of science is
achieved by revealing the specifics of the product it
creates—scientific knowledge. Unlike science,
technology has its own special specificity of activity.
Therefore, it is necessary to consider the
characteristics of technical knowledge and
methodological features of technical sciences.

The object of technical sciences is, first of all,
technology itself, understood as material objects and
complexes of objects. In addition, engineering
sciences study technological processes and materials.
These structural elements are the objects of specific
areas of technical knowledge. Each of these groups is
a complex of objects that differ from each other in
functional and structural characteristics. In patent
practice, these groups are usually called “devices,”
“methods,” and “substances.” In cognitive activity
they can be considered independently of each other,
but in practical activity they are always connected
with each other in a certain way, forming an integral,
object-based structure of practice. Moreover, these
objects have a dual nature. Technical objects are a
synthesis of natural and artificial. The artificiality of
technical objects is expressed in the fact that they are
products of creative human activity, adapted to the
goals of the activity and perform certain,
predetermined functions. To achieve his goals, a
person transforms the natural environment, creates the
necessary norms and properties of objects
corresponding to certain functions. The boundaries of
the artificial are largely determined by the capabilities
of the natural, i.e. properties of natural substances.

Based on the duality of a technical object, two
types of its characteristics can be distinguished:
firstly, any technical object can be considered as a
special case of the manifestation of the laws of nature
established by the natural sciences; secondly, a
technical object has specific characteristics inherent in
it as a means of purposeful activity. These
characteristics reflect the capabilities of its
functioning and can be called technical in contrast to
natural properties. Therefore, knowledge of only the
natural sciences is not enough to fully understand
technical objects; knowledge of the social nature of
technical objects is also necessary, since the nature of
people’s activities, their goals and means are
determined by the level of social development of
society.

Technical characteristics can be considered in a
purely technical or technological sense: efficiency,
power, speed, etc. Such characteristics express the

social nature of technical objects indirectly through
the level of development of subject practice and
technology. However, since a technical object is
necessarily included in the social environment, it has
not only technical, but also a number of other
characteristics: economic, ergonomic, aesthetic,
environmental, psychophysiological. They can be
designated as sociotechnical.

The technical characteristics of an object act as a
manifestation of its mechanical, physical, chemical
and other properties obtained from the natural with the
aim of creating an artificial one. Technical sciences
are called wupon to study this process of
transformation; Scientific and technical knowledge
must combine engineering and practical experience
and natural science research.

The idea of natural and technical characteristics
does not exhaust the subject of technical sciences. The
traditional task of technical sciences should be
considered to be the explanation of the connections
between the functioning features and structure of an
object. This is where the theoretical basis of scientific
and technical knowledge arises. For simple tools, the
connection between structure (structure, design) and
functions is quite simple to detect. The action of
simple tools (knife, drill, etc.) depends, first of all, on
the shape and properties of the material. As technical
objects develop and become more complex, the above
connections develop and become more complex,
leading to the need to introduce a structural and
functional analysis of the artificial environment.
Natural science discovers, studies and explains what
can be used for practical activities; Engineering
sciences study and explain exactly how this scientific
knowledge can be used in the actual production
process. In this sense, technical knowledge follows
natural scientific knowledge.

The production orientation of technical sciences,
their focus on design and construction determine the
features of research activities in this area:

Technical knowledge should ensure that a group
of sociotechnical indicators is taken into account and
show ways and means to achieve them.

Technical sciences, on the one hand, generalize
scientific knowledge in various fields of activity, on
the other hand, they are forced to make them
extremely specific in order to perform particular,
special tasks of a particular industry.

Almost any technical task requires optimization
of a number of parameters that determine the
successful functioning of a technical object.

Orientation to practice requires accurate, reliable
knowledge and appropriate quantitative calculations
of any project. At the same time, these calculations
must be simple enough to provide reliable and fast
solutions.

The philosophy of technology examines the
phenomenon of technology as a whole, not only its
internal development (history of technology), but also
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the place of technology in social development. concept “philosophy of technology”, without

Technology has (unlike technology and technical
sciences) its own object and subject of research. The
object of the philosophy of technology is not only
technology itself, but also technical activity and
technical knowledge, considered as part of the general
culture of mankind. The subject of philosophy of
technology is the development of social technical
consciousness, considered as a process of reflection in
relation to the object of philosophy of technology. The
main task of the philosophy of technology is to
analyze the technical perception of the world or study
the technical relationship of man to the surrounding
reality. Despite the close connection between science
and technology, and, accordingly, the philosophy of
science and philosophy of technology, their
connections and relationships with each other have
undergone significant changes in the historical
process of human development. The initial period of
development is characterized by syncretism of
knowledge and the inseparability of science and
technology. The technique was traditional, local and
religious or cultic. Ancient science was close to
philosophy in its desire to achieve a comprehensive
understanding of occurring phenomena. It is
necessary to recognize the fact of the Renaissance
(Renaissance) in science, technical experiment begins
to be used, the foundations of theoretical knowledge
emerge, based on practice, new professions appear in
society: scientist and engineer. The need for training
professional personnel becomes obvious. In the 20th
century, fundamental transformations took place,
associated primarily with environmental,
technological and humanistic problems that arose in
both scientific and technical activities. Philosophy of
science develops means of methodological analysis;
philosophy of technology helps the development of
technical sciences. As complex systems are developed
and implemented, the role of philosophy of
technology increases, since the systems approach
requires a new level of design and research
methodology. New social institutions are emerging
associated with the massive introduction of scientific
research into engineering practice. Scientific and
technical knowledge become system-forming factors
that determine the level and nature of not only
scientific and technical, but also social progress. The
philosophy of technology is focused on the problems
of the essence and meaning of technology.
Technology has always been aimed at improving and
strengthening human senses, as well as maximizing
the intellectual potential of people. In the modern
world, what comes to the fore is not so much the
production of things (technical activity), but rather the
methods and methods of production (technological
aspect). Therefore, it would probably be more
accurate to use the term “philosophy of technology”
or “philosophy of practical activity”, however, taking
into account the historical tradition, we will use the

forgetting the internal reconstruction of this concept
that has occurred over the last century. Considering
the above and understanding technology as an
activity, we can talk about self-reflection, namely,
assessing the history of technology, development
prospects (forecasting), and analysis of consequences.
It is this approach that underlies the philosophy of
technology and requires taking into account
technological, natural science, social, economic and
environmental criteria to develop optimal strategies
for the development of society on a scientific and
technical basis. In the history of mankind, two
approaches to the development of the surrounding
world have operated and continue to operate.

The first path is based on an attempt to adapt man
to nature, create harmony with the environment,
maintain balance between society and nature, and
organically combine the natural and artificial worlds.
In this case, of necessity, an objective need arises for
a harmonious combination in the process of activity of
the fundamental categories of science, technology, art
and religion.

The second way is based on the subordination of
nature to human needs. Nature is seen as a workshop
for transforming the world, possessing a certain
resource. In this case, humanity assumes the role of an
earthly god, whose raison d'étre is to satisfy its own
needs through the maximum use of natural resources.
As a result, technology becomes the dominant factor
in the development of man himself, which inevitably
leads to the loss of spirituality.

The philosophy of technology identifies several
general levels of technological development of
technology: special technologies, general
technologies, technical sciences, systems engineering.

The first level is associated with craft, artisanal
technologies. These include various kinds of
prescription  reference books and textbooks
specialized in narrow areas (schools, including crafts).

The second level brings technical knowledge to
the generalization of various fields of technology, to
an attempt to reach the level of systematization of
knowledge about various crafts.

The third level is the level of theoretical
knowledge. Technology becomes scientific, scientific
technical disciplines with an appropriate educational
and methodological base emerge.

The fourth level can be seen as an attempt at an
integrated, systematic approach. At the same time,
integrated design of complex systems with
simultaneous development of a control system is
assumed.

In the works of domestic and foreign scientists,
a number of approaches to the analysis of the process
of interpenetration of science and technology are
visible: a linear model, an autonomous model, an
evolutionary model, a functional model, a scientific
and technical model.
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The linear model is characterized by a technical knowledge has its own specifics.

straightforward, simplified view of the relationship
between science and technology. Science is associated
only with the production of knowledge, technology -
with its application; science and technology act as
various social institutions with their own goals and
objectives. The autonomous model also views science
and technology as independent of each other, but still
having a certain degree of coordination; scientific
knowledge is considered as theoretical, technical
knowledge as empirical. The evolutionary model
assumes three areas of activity: scientific, technical,
production. Each of these areas has its own innovative
processes that determine the path of evolution. The
functional model connects scientific research with the
development of devices and instruments and with an
attempt to create a theoretical basis for their
functioning, which is a new scientific direction
focused on future achievements not only in scientific
but also in technical activities. The scientific and
technical model assumes scientific achievements as
the main source of development, which are the basis
for the development of new technologies. Technical
knowledge is directly related to natural science.
However, it cannot be considered only as applied;

Engineering activities must use both knowledge about
natural and artificial systems. That is why an engineer
needs knowledge in the field of natural and technical
sciences. The combination of knowledge about the
natural (natural science) and artificial world in
engineering activities makes it possible to create real
technical systems. A technician performing practical
tasks can do without scientific knowledge; It is
impossible to carry out engineering tasks without a
scientific basis. Technical knowledge connects the
functional and structural description of objects. At the
empirical level of knowledge development, such a
connection often appears as a simple description of the
functions and structure corresponding to a given
object. For a theoretical level, such a description is not
enough. It is necessary to analyze the processes
occurring in a technical object. Scientific and
technical knowledge of an object must be associated
with three concepts: structure, function, technology
(method, technique, method, process). According to
these concepts, three groups of indicators can be
distinguished, with the help of which the relationships
between these concepts are clarified (Figure 1).
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Figure 1. Description of a technical object as a sociotechnical system

The first group of indicators relates to natural
scientific knowledge. In this case, a set of natural
characteristics can be identified: E1, E2, ..., En. Then
the mathematical description of the ideal process
model will be represented by equations connecting

these indicators. These equations characterize the
process (technology), but not the structure of the
object. The features of a technical object as a means
of activity are not revealed using a natural scientific
description.
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The second group of indicators reflects technical indicators have a physical meaning and in

functional and technical knowledge about the object.
The implementation of functions is carried out both by
influencing other objects and by influencing the object
itself. Such actions are assessed using specific
guantities that have a certain dimension and physical
meaning (speed, power, accuracy, etc.). A common
feature that unites a set of quantities taken from
natural science or technology and distinguishes them
as an integral set of parameters is that they are given
as characteristics of the functioning of a technical
object focused on expedient activity.

Technical objects are also associated with the
social environment in which their implementation
takes place. In the process of engineering design, it is
necessary to take into account economic, aesthetic,
psychological, and environmental factors. Therefore,
a functionally technical description is actually
sociotechnical. Not all sociotechnical indicators are
directly related to the structural characteristics of an
object. A direct connection can only be seen in
technical and technological indicators; indicators of
another type are related to the structure indirectly. For
example, when constructing roads, it is necessary to
take into account the multivariate assessment of a
given object. In addition to the “direct” characteristics
- width, strength, etc. - any road significantly changes
not only purely economic, but also social and
environmental characteristics in a given region.

It is important that the complex of social
characteristics be objectively taken into account at the
design stage of the facility. In practice, it is convenient
to divide the entire set of indicators into two parts:
technical and technological and socio-economic.
Then the functioning of a technical object can be
represented by equations connecting sociotechnical
characteristics: CT1, CT2 ... CTn.

The third group of indicators, included in the
technical theory, is associated with the structure of the
object and is a reflection of its design characteristics:
K1, K2, ... Kn. In theory, the object should receive the
image of an ideal model with precise quantitative
characteristics determined using structural and
functional analysis. A group of equations connecting
natural scientific and structural quantities can be
represented by the equation:

VS(E, K) =0, wheres=1..m.

The next stage in obtaining theoretical
knowledge about a technical object is to establish
relationships between natural scientific knowledge
and the functions of the object. It is necessary to
develop a system of equations that would include both
physical and technical quantities:

WIF (T,E)=0,wheref=1..n.

It is possible to achieve taking into account the
relationships between physical quantities adopted to
describe natural science processes by including
technical indicators in the corresponding equations.
The possibility of such inclusion is due to the fact that

this respect are similar to the values accepted when
describing natural scientific processes. It may be that
a physical quantity and a technical indicator directly
coincide with each other. And yet, technical indicators
(characteristics, parameters) are not a direct result
arising from the laws of nature known in natural
science. The connection between them and the laws of
physics (chemistry, biology) arises during the analysis
(often mutual “intersection”) of a number of laws of
natural science. As a result, equations appear that
include quantities of type E and T. The resulting
equations express the relationship between natural
scientific quantities and technical indicators and
reveal the physical nature of the latter. An example is
the use of Hooke's law to assess deformation
phenomena that arise during a number of
technological operations during printing production.

And vyet, obtaining a system of equations
connecting the quantities E and T cannot be
considered as a simple continuation of natural science
research. In natural science, the main goal is to
establish the laws of behavior of natural systems. In a
technical object, it is necessary to identify the physical
nature of the functioning of an artificial system.
Therefore, we can consider that the connections
between E and T act as fundamental dependencies that
have the nature of fundamental laws for a given
technical object. As a result, two groups of equations
are obtained, with the help of which one can obtain
another group connecting technical characteristics
with the parameters of the structure of the object:

Up=(T,K)=0,wherep=1..q.

Thus, when describing a technical object, three
groups of characteristics and three types of
connections between them arise. At the same time,
various variants of the mathematical description are
possible, including one when the characteristics of all
three groups are present in one system of equations.

A scientific and technical description of an
object can be presented as a mathematical
transformation of the form of recording physical
equations, as a result of which the technical
characteristics and properties of an artificial system
will be included in the equations. The main goal of
such transformations is to provide a theoretical
explanation of the functioning of a technical object
that has a certain structural structure. Then it becomes
possible to identify all of the specified groups of
characteristics when describing a technical object, to
show their relationships, as well as the dependence of
artificially created functions (properties) into a single
system of knowledge. Such a synthesis is especially
evident in such scientific areas as technical aesthetics,
ergonomics, and engineering psychology. The focus
of these sciences is a person with his socio-
psychological characteristics in the conditions of
production activity. The main task that is solved is the
study of the properties of technical objects in order to
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create optimal conditions for the subject’s production
activities.

If we consider science simultaneously from
logical and epistemological positions, we can
distinguish the following interrelated processes: the
development of a knowledge system and the
development of methods of cognition. The system of
scientific knowledge in itself is not a goal, but plays
the role of a means of solving problems and tasks. In
science, such systems are created to identify the
achieved level of knowledge and to apply the acquired
knowledge. It is the use of scientific knowledge that
leads to the creation of methods. However, knowledge
of objective laws does not yet mean obtaining new
technologies (methods, techniques) that can be put
into practice.

Forecasting the development of technical
sciences is necessarily associated with two reciprocal
processes: research and normalization.

The research process allows, based on the
existing knowledge base, to determine the logic of the
development of science and technology and to
understand the patterns inherent in this process. In the
future, the use of these patterns provides new
opportunities for innovative ways of developing
science and technology.

The regulatory process is aimed at finding
optimal ways to achieve specific goals. Such goals are
always formulated as a certain level of development,
taking into account relevant social and economic
factors. The forecast, in this case, comes down to the
formulation and substantiation of hypotheses for the

ECTCCTBCHHOI[ay‘-le]C
3HaAHUA

further development of systems. At the same time, the
needs of society are always taken into account, which
makes this process a tool for managing scientific and
technological progress.

The use of these procedures makes it possible to
combine the process of cognition with the process of
creation or transformation, which is fundamentally
important for technical sciences.

The nature of the development of science is
determined by two factors: material, determined by
the needs of technological development, and
theoretical, related to the logic of scientific
knowledge. Material factors are determined by the
means that society has or wants to have at the present
time. Technical sciences, creating ideal models and
mathematical apparatus for calculating elements of
objects, provide means for the design study of real
technical objects, for the design and production of
equipment. However, technical sciences cannot solve
such problems on their own. It is necessary to involve
knowledge of natural sciences and humanities.
Technical sciences, relying on the knowledge of
fundamental sciences and ideal models of processes
built in the natural sciences, create ideal models of
devices that have certain technical functions.
Subsequently, with the help of these functions, social
needs are realized. Technical knowledge plays a
special role in the interaction of fundamental and
human sciences. With their help, iku is used to
ultimately create sociotechnical systems (Figure 2).
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Figure 2. The place of technical sciences in the knowledge system

An example is the intensive development of
technical sciences in the field of materials science.
Over the past decades, the following trends have
emerged: expanding the range of natural materials
used, increasing consumption of artificial materials,

improving the properties of the materials used, and
creating materials with specified properties. The most
innovative direction should be considered the creation
of materials with predetermined properties. For the
successful implementation of this direction, it is
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necessary to unite scientists of various specialties
from the field of natural and technical sciences
(chemists, physicists, materials scientists, etc.) and
conduct comprehensive research in materials science.

Throughout history, there have been two trends
in science: differentiation and integration of
knowledge. Before the scientific and technological
revolution, differentiation was leading, which led and
is leading to the emergence of a large number of
scientific disciplines and, unfortunately, the isolation
of sciences from each other. In modern conditions, in
our opinion, the process of integration of scientific
knowledge should become the leading one. The
driving force behind this process is the urgent need for
a comprehensive study of complex processes. Their
study is possible only with the joint and concerted
efforts of various sciences; it requires the creation of
complex sciences and the development of universal
research methods. Nowadays it is more correct to talk
about leading problems rather than leading industries.

Awareness of this situation can be seen in
specific examples of strengthening the role of
methodology. Such areas as a systems approach and
synergetics have emerged and are being actively
introduced into all areas of activity; The teaching
system in secondary and higher schools is changing
(the natural science textbook combines physics,
chemistry, and biology). The ideal of such a process is
the creation of a unified knowledge system. However,
the desire for universal knowledge does not mean the
unification of natural science and technical
knowledge. There is a deep process of strengthening
the fundamental component of technical knowledge.
The fact is that discoveries in the field of scientific
knowledge do not mean the possibility of directly
implementing the results of such research in real
production conditions. For such an implementation,
no less fundamental research is required in the field of
technical knowledge, which will make it possible to
find options for the practical application of the laws of
nature in technology; create, in essence, new laws of
behavior of artificial systems.

If at the initial stages of the development of
technology it was enough to know the laws of
mechanics in order to learn how to apply them to
technical objects with the help of applied research,
now such application is possible, as a rule, after
fundamental research in the field of technical sciences
and then only applied research in relation to specific
systems.

In the course of the scientific and technological
revolution, science is increasingly turning into a
productive force. At the same time, technical sciences
are the basis for the connection between science and
production. One of the core features of the
development of technical sciences is the transition to
the analysis of technical objects as systems, which
inevitably leads to the need to restructure the thinking
of engineers involved in the processes of research and

design of technical objects. The systems approach is
characterized by a comprehensive development of
functional representations. At the same time, the
system looks like a set of functional elements and
functional connections that provide the necessary
properties of the system. This approach was most fully
reflected in practical activities in functional-cost
analysis, the use of which in the last quarter of the 20th
century became widespread not only in industry, but
also in the management system, in economics and
even in the humanities. The universality of functional
analysis is due to the fact that during its
implementation the object is presented as a
functionally integral organism with all the diversity of
processes occurring in it. At the same time, the
description of objects based on physical
representations does not lose its significance and
becomes fundamental in the transition from functional
to structural analysis. The inclusion of technical
knowledge in the circle of system concepts changes
the characteristics of technical sciences. The role of
the abstract theoretical level of technical knowledge is
increasing, especially when describing processes. A
simple description of objects does not satisfy modern
engineering; combining structural elements no longer
provides high efficiency in solving technical
problems. The project should be based on an
understanding of the functional diagram of the object.
Then processes (technologies) are selected, on the
basis of which the necessary functions can be
performed, after which structural diagrams are
developed. Therefore, the apparatus of theoretical
description of processes must be well developed even
before the actual design stage as a means of transition
from function to process and structure. If previously
the main attention in the theoretical training of an
engineer was expressed in mastering natural science
and mathematical knowledge, now it is necessary to
pay more and more attention to methodological
training, teaching methods of engineering thinking,
which has already been confirmed in the training of
systems engineers.

The differentiation of knowledge is due to the
emergence of many new objects in the form of devices
and technologies, for which descriptions can be
created according to standards known in engineering.
Integration acts as the development of universal
design methods, the unification of various technical
disciplines to solve a technical problem. Along this
path, complex sciences may emerge. The contrast and
separation of technical and human knowledge about
various aspects of objects should be replaced by a
universal synthesizing approach, in which various
forms of knowledge mutually enrich each other in the
creation and management of systems.

As natural science increasingly adapted to the
tasks of fundamental science, the need arose for the
emergence of a “bridge” with the help of which it
would be possible to search for new forms of
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implementation of the processes being studied. Such a
search had to be transformed into a special type of
activity that would provide a connection between the
achievements of natural science and practice. Guided
by the achievements of fundamental sciences, such
activities are aimed at finding various options for
implementing newly discovered patterns and
phenomena. It is precisely this that becomes the basis
of engineering sciences, combining theoretical
knowledge about the “natural” and “artificial”. As a
result, applied research serves both the engineering
and natural sciences. For natural sciences, applied
research is an additional experimental field in which
existing theories are tested and new phenomena and
theoretical means of describing and explaining them
are searched for. At the same time, they expand
engineering capabilities and also provide the

theoretical apparatus necessary for constructing
technical theories.
Technical knowledge has always been

associated with the sciences of society and man.
Therefore, it is quite natural that technology, directly
or indirectly, contains features determined by the
social and biological needs and characteristics of a
person. The stricter the requirements imposed by the
social environment on the designed objects, the more
technical knowledge is based on humanitarian
knowledge. In any case, the design of technical means
is simultaneously focused on solving social problems,
and therefore modern engineering science cannot do
without taking into account humanitarian knowledge.
Social systems are a special kind of artificial systems,
since they, like technical systems, are the result of
purposeful action (social design), the purpose of
which is determined by the corresponding main
function of the future system (unions, parties, etc.).
The commonality of methodological techniques for
constructing and studying “artificial” social and
technical systems seems interesting and useful for
technical knowledge. Examples of the above are: the
use in management of functional cost analysis, in
sociology and psychology - methods of scientific and
technical creativity that came to these areas of
scientific knowledge from invention and “pure”
technology.

Conclusion

Specialists interested in a deeper study of the
above-mentioned issues can be recommended to
familiarize themselves with the works of V.G.
Afanasyeva, Ts.Ts. Chayropova and others. As for the
history of engineering, which is organically included
in the history of science and technology, it has been
analyzed quite deeply in the works of the staff of the
Institute of the History of Natural Science and
Technology of the Russian Academy of Sciences, in
particular in the journal “Questions of the History of
Natural Science and Technology”.

There are quite a few different definitions and
various interpretations of the concept of “technology”.

Their content varies depending on the specifics of the
activity that they define and the field of knowledge in
relation to which the definition is given. One of the
most common and most general approaches can be
given in the following interpretation, namely:.

A technique is a set of techniques aimed at
achieving a goal. Or in another version: technology is
a set of techniques aimed at combating the forces of
nature and interchange of matter. A more modern
version of the definition is as follows: technology is a
set of skills, abilities, techniques and knowledge that
allow humanity to use the reserves of raw materials
and energy available in nature. The following
definition is quite capacious and quite accurate:
technology is an activity aimed at satisfying human
needs, which leads to changes in the material world.

Variants of definitions used, as a rule, in real
production conditions include the following:
technology is all the material conditions necessary for
the production process to take place. Or: technology is
the means of labor developing in the system of social
production. There are also options for socio-economic
approaches to defining the concept under
consideration. Technology is a set of means that,
based on a given situation, allows the most
satisfactory way to achieve the intended goal,
technology is a set of actions of a knowledgeable
person aimed at dominating nature; technique is a skill
whose methods are external to the goal.

As can be seen from the analysis of the above
definitions, the concept of “technique” is based on
categories such as art, skill (techne) or master of skill
(technicos).

The circumstances are such that you have to
choose between a traditional and a new solution that
promises increased efficiency and reduced costs. The
choice, however, should be based only on preliminary
testing. The young engineer's boss unexpectedly
informs a group of colleagues that the
recommendations must be substantiated within two
days. At an engineering school, a young employee had
the opportunity to research a new device, but now, in
production conditions, there is no time for thorough
research. Nevertheless, the device is promising. The
engineering team agrees with the boss and
recommends an old, proven device. The boss instructs
a young employee on how to write a report praising an
old device and recommending its use. The report
should not contain a word about a new alternative.
What should an engineer do?

Summarizing the above, it should be noted that
against the backdrop of an increase in the number of
publications devoted to certain aspects of engineering
work, the scarcity of studies in which it would be
considered as a spiritual and practical activity
becomes noticeable. The creativity of an engineer has
not yet been studied deeply enough in the sociological
and philosophical literature. Scientific, technical and
engineering activities as a cumulative source of
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technological innovation in a number of important
aspects are outside the field of research. Therefore, the
need arose not so much to optimize the processes of
scientific and technical creativity and scientific and
technical activity, but to develop a general concept for
the further development of a system for training
specialists with higher technical education and a
methodology for managing this system. The creation
of a new paradigm for the educational process has
become not only a pedagogical, technological or
environmental problem, but also becomes a
philosophical and socio-economic problem, on the
successful  solution of which scientific and
technological progress throughout the country
depends. It should be noted that until now the process
of both theoretical and practical understanding of the
categories “‘engineering activity”, “engineering
thinking”, “scientific and technical creativity” has
developed in such a way that its psychological, logical
and epistemological aspects have received the greatest
development, and generally - sociological, essentially,
have been studied very little and, as a rule, are in the
nature of general recommendations that are difficult to
actually implement in the sociotechnical activities of
an engineer. Therefore, it is natural that the public
consciousness is dominated by the idea of scientific,
technical and engineering activity as a special kind of
spiritual activity, as if divorced from creativity in
general and especially from art. Without accepting the
limitations of such views, the author came to the
conclusion that engineering activity should be
considered as a dialectical unity of change in the
object and subject of activity, as a constant divergent-
convergent process of scientific and technical activity,
including its subject, spiritual and organizational
components. Engineering activity can be understood
and revealed only through a specific historical study
of socio-technical and socio-economic processes.
Such an analysis makes it possible to understand the
inextricable connection between the method of
production and scientific and technological progress,
scientific and technological progress and culture, the
connection between engineering activity and art, with
the moral values of a creative person. Modern highly
industrialized and largely technocratic society is in
dire need of such theoretical works that carry the
potential of practicality and make it possible to
harmonize the processes of scientific and technical
activity with the help of technological innovations.

It should also be noted that there has been a
sharply increased public need to unite representatives
of different scientific disciplines in solving technical
problems. This is confirmed by the material incentives
Japanese and American firms provide for scientists
and engineers to obtain second and third degrees,
including the study of foreign languages and non-
technical sciences. The real embodiment of this trend
is the synector teams in manufacturing performance
analysis consulting firms. An example indicating the

negative impact of differentiation of sciences is the
division of engineering departments of a higher
educational institution into departments for equipment
and technology in the same branch of production.
Such a separation, formally convenient for organizing
the educational process and for compiling a range of
specialties, led to a deep and long-term mutual
alienation of the style of engineering thinking of
process engineers and mechanical engineers, as a
result of which many unsuccessful and ineffective
decisions arose in the design and manufacture of
technical objects.

To give universal recommendations for
changing the entire system of higher technical
education is an unrealistic task. This work is only an
attempt to fill the “blank spots” that have arisen
between the socio-philosophical and subject-technical
areas of training in the education system, with the help
of concrete sociological and concrete methodological
research.

Solving the problems posed in the work is
complicated by the fact that during times of crisis
many social contradictions appear that are inherent in
the existing social system. Therefore, this study does
not claim to solve all problems associated with
scientific, technical and engineering activities.
Considering the multifaceted nature of engineering
activity in the light of the onset of a new period in the
education system, conditioned by the need to develop
students’ systems and computer styles of thinking, the
author puts forward the following thesis as a basic
one: the process of development of natural
intelligence should not be identified with the
development of increasingly universal artificial
intelligence systems, including including
computerization. The authors also disagree with the
statements that engineering activity will become art
only when, on the basis of fully automated and
computerized labor, the techniques and methods of
scientific and technical technology are combined with
artistic creativity. The emergence of value-based
approaches to human activity is a long-standing
humanistic  tradition. Mythology is actually
considered the beginning of humanitarian culture.
Religion divided the world into material and
immaterial (mystical, otherworldly, supernatural),
which led to an awareness of the importance of the
spiritual in this world, which can also be attributed to
humanistic cultural studies. Philosophy develops a
rationalistic picture of existence, based on the human
mind and scientific achievements. The humanistic
orientation of philosophical concepts is expressed in
value systems developed by philosophy. As shown in
this work, art, including technical art (techne),
originating in the springs of myth-making, religious
teachings, and philosophy, ultimately led humanity to
the development of rationalism, which degenerated in
the 20th century into technicism and technocracy.
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There has been a shift in the value system
towards greater satisfaction of human material needs.
In the history of its development, humanity has moved
further and further away from truly humanistic ideals,
moving away from the social-humanistic direction of
progress towards scientific and technological
progress. Frightened by the results of such a
movement, which led to an ecological and moral
catastrophe, the world community, at least its leading
part, is trying to change the course of human
development towards humanization. This process is
most important for the education system. In the
education system itself - to humanize the process of
technical education.

Using various sociocultural approaches (social,
philosophical, systemic, structural-functional, general
systems theory), we tried to formulate a technology
paradigm for the formation of engineering thinking
associated with the destruction of ideologies of
utilitarian-pragmatic goals. We also tried to contribute
to the work of streamlining the mass of
recommendations, conglomerative in form and
eclectic in content, by introducing a sociotechnical
approach to solving technical problems using NTT
and innovative technologies. In contrast to the
descriptive (descriptive) method of constructing
humanistic concepts adopted in socio-philosophical
works, the study proposes a constructive definition of
the methodology for moving the system of higher
technical education along the path of humanization.
To reveal this approach, the present study raised issues
of dialectics, ethics and aesthetics as necessary. Over
the past decades, society's requirements for specialists
have significantly transformed. In addition to being
highly qualified in their field, workers in science,
technology, and management must be capable of
creative activity and self-improvement. Engineering
activity began to have a planetary character,
technogenesis became commensurate with natural
scales, covering the entire territory of the earth. The
humanization of scientific and technological progress
to mitigate technocratic blows should be directed
primarily towards the humanization of the process of
education of engineers. Nowadays, the disciplinary,
narrowly subject paradigm of education continues to
operate, fostering “chauvinism of special disciplines.”
Those who call for a shift in the training of engineers
to a paradigm shift, to the introduction of a problem-
based method, and the like, are right, in fact. The
difficulty of such a transition lies in the fact that there
are no simple and quick solutions leading to
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problem-search methods.
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ASPECT OF DEMOGRAPHIC SECURITY AND QUALITY OF LIFE OF
THE INDIGENOUS SMALL POPULATION OF THE NORTH (SIPN)

Abstract: the article discusses the problems of population savings, which are especially relevant for the northern
regions of Russia, where population reproduction is accompanied by certain risks associated with the specifics of the
Arctic zone. The main threats to demographic security in the indigenous indigenous peoples include the persistence
of a negative migration balance, a reduction in natural growth and the total fertility rate. In addition, the preservation
of demographic security is affected by problems in the field of mortality: the presence of high losses of the working-
age population as a result of premature mortality from external causes of death; persistence in excess of male
mortality; reflected in the low level of life expectancy. As a result, demographic threats are expressed in the absence
of significant demographic growth.

Problematic issues in the field of population mortality represent the main threats to the demographic security
of indigenous peoples. In the Arctic region, there is a high proportion of deaths among people of working age, with
a significant excess mortality among men. Mortality from external causes of death, which ranks second in the
structure of causes of death, has a significant influence on the formation of the overall mortality rate of the
population. These causes of death can constitute a significant reserve for reducing mortality in general, which
determines their priority position among measures to reduce mortality in the population as a whole. The study
analyzed problems and developed solutions to reduce infant mortality among indigenous peoples in the Yamalo-
Nenets Autonomous Okrug. For this purpose, policies regarding the health of indigenous peoples of the North were
reviewed, including measures aimed at reducing child mortality. As conclusions, recommendations were formulated
aimed at increasing the efficiency of the health care system and social support for indigenous peoples.
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Introduction
UDC 314.12:346.54.

Saving of the population seems to be one of the
general directions of modern policy of the Russian
Federation. Demographic tasks are identified among
the priority tasks in the latest Decree of the President
of the Russian Federation V.V. Putin: ensuring
sustainable natural population growth; increasing life
expectancy to 80 years by 2035. It is emphasized that
the implementation of breakthrough scientific,
technological and socio-economic development and
an increase in the country’s population depend on
their solution. This task is especially relevant for the
Arctic regions of Russia, where population
reproduction is accompanied by certain risks caused
by the natural, climatic and socio-economic specifics
of the Arctic zone.

In the Arctic regions, the main threats to
demographic security include the lack of significant
population growth, which is due to changes in the ratio
of sources of population formation. The migration
outflow of the population is not compensated by
natural growth; the negative migration balance until
2023 exceeded natural growth. Although in recent
years there has been some improvement in the
migration situation, nevertheless, in the indigenous
minorities the migration balance coefficient remains
almost 2 times higher than in the Far Eastern Federal
District. Modern trends in natural growth have again
returned to their previous vector of decline. Although
for 2000—2023 the natural increase rate increased 1.9
times, but the results for 2022 showed a reduction in
the natural increase rate by 17%. The total fertility
rate, which had previously been increasing, has
acquired negative dynamics since 2018 (2018 — 2.09,
2019 — 1.93). Only in the rural population this
indicator exceeds the level of simple reproduction
(2.59 — 2021). The ratio in the distribution of births by
birth order changes. Although the share of children
third or more in birth order in 2018 increased slightly
compared to 2017 (from 30% to 31.7%), the absolute
numbers of those born decreased slightly (2015 —
4899 children, 2016 — already 4866 children). In the
area of population mortality, there are much more
serious problems that make it possible to position
them as the main threats to the demographic security
of the region. This is a high proportion of deaths in
working age, excess mortality among men, high

Doi: éros¥®f https://dx.doi.org/10.15863/TAS.2024.06.134.22

population losses as a result of external causes of
death. The latter acts as one of the significant points
in the characteristics of mortality in the region. The
excess mortality of men, which is generally
characteristic of mortality processes, in the case of
external causes of death manifests itself even more
clearly. As a result of problems in mortality, life
expectancy reached 70 years only by 2015. The excess
mortality of men also determines their lag in life
expectancy.

Changes in the processes of fertility, mortality
and migration directly affect the age structure of the
population; The population is aging. The share of the
elderly population has more than doubled compared to
1990: from 6.7% to 16.4% in 2017. The aging of the
population occurs simultaneously with a reduction in
the proportion of children, which is typical for almost
all regions of Russia.

In a certain sense, the risks of demographic
security include the presence of significant territorial
differentiation in the reproduction of the population of
the republic, which necessitates the development of
special measures to save the population separately for
groups of territories or population groups. This applies
primarily to the northern and Arctic municipal regions
of Yakutia.

The modern world is constantly faced with the
need to improve people's lives, improve the quality of
the social environment and the availability of social
services, and meet the social needs of the population.
Increasing the level of social development is
considered not only as an important condition for the
economic success of the state, but also as the basis for
the development of territorial systems, including in
the sphere of the formation of their human capital - the
basis for any changes in society. At the same time, the
ability of states to meet the growing needs of the
population is limited, and governments often lack the
necessary resources to ensure maximum access to
social services for the population. The need to solve
these problems is reflected in the list of priority goals
in the field of sustainable development established in
the most important document of global international
cooperation of the United Nations “Transforming our
world: the 2035 Agenda for Sustainable
Development.” — Sustainable Development Goals
(SDG-2035). The key way to achieve global goals in
the field of sustainable development is partnership
with the participation of many stakeholders from all
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sectors of society - public, private, non-profit. It is
expected that throughout the world in the near future
there will be increased participation of the private and
non-profit sectors in previously traditionally public
spheres, and it is this that will play an important role
in the social development of countries, facilitating
access to technology, finance and knowledge, pooling
and mobilizing resources and expertise for
implementation of initiatives in the social sphere.

A new social policy, focused on cooperation
between its various participants and the development
of effective partnerships between the state, business
and civil society, should build on the existing
experience of partnerships in the field of social
development of regional and local communities.
Various types of partnerships serve as tools that
expand the capabilities of states to implement social
policy. In some countries, the institution of public-
private partnership is more developed; in other
countries, priority is given to a less institutionalized
and more flexible process of social integration. Global
businesses are increasingly demonstrating their
commitment to corporate social responsibility,
delivering valuable social benefits to local
communities and economic benefits to society as a
whole. These are the trends that are typical today for
both the global and Russian Arctic, where economic
growth is directly related to the development of
natural resources, the need to consolidate the
population and develop the social sphere. Currently,
in countries with Arctic territories (Canada, USA,
Denmark, Sweden, Norway, Finland, Iceland and
Russia), the issue of increasing the effectiveness of
social policy is among the highest priorities. The
problems of social development that many countries
face today are significantly aggravated in the Arctic
by the lack of infrastructure and personnel in the social
sphere, and the extremely low availability of social
services for a significant part of the population. This
makes it impossible to ensure not only an increase in
the level, but also the preservation of the existing
availability and quality of social services for residents
of many Arctic regions.

The economic development of the Arctic, which
undoubtedly requires the consolidation of the
population in this territory, is impossible without a
developed social sphere. In conditions where the state
is unable to cover and take into account all the
specifics and features of processes in the social sphere
at the level of local communities, the Arctic social
partnership is one of the most effective policy
instruments in this area.

Social partnerships have acquired particular
relevance in today’s critical conditions caused by the
COVID-19 coronavirus pandemic, which require
urgent high-quality social transformations and the

inclusion in such activities of a wide range of
participants from all sectors of society. This practice
is already widespread, as evidenced by the many
initiatives implemented to date by governments, local
communities, corporations and companies, non-profit
organizations and volunteer movements. We leave a
detailed consideration of such an experience, given its
scale and unprecedented nature, outside the scope of
this work, but our study makes an attempt to begin to
comprehend it. The scientific and analytical report
presented to the attention of readers reflects the results
of a study of social partnership and directions of its
development in the Arctic, as well as specific
examples of social partnership implemented in the
social sphere of the Arctic territories of Russia and
foreign countries. In this article we show how, despite
the unevenness and variability in the use of certain
instruments of partnership between the state, the
private sector and society in the social sphere, largely
due to existing inter-country differences, social
partnerships in the Arctic have made it possible to
enrich the opportunities, quality and coverage of
services social sphere. Analyzing striking examples of
multi-stakeholder social partnerships in Norway,
Canada, Greenland, Russia and other Arctic countries,
we talk about how social partnerships in the Arctic can
effectively contribute to solving social problems,
increasing internal potential and self-development of
socio-economic  territorial systems and local
communities of the Arctic, ensuring their sustainable
development. We hope that our article also provides
potential sources of inspiration for disseminating the
principles of cooperation and initiating projects in the
social sphere of the Russian Arctic based on social
partnership.

Main part

The savings of the population in the northern
regions largely depends on the mortality rate of the
population, which is associated with losses of
demographic potential along with migration outflow.
The specific age structure of the population of the
Republic of Sakha (Yakutia) ensures a relatively low
overall mortality rate. However, there is a high
proportion of deaths in working age, and for men this
figure increased during 2000—2021. 2 or more times
higher than the same figure for women.

The male population has the greatest problems in
preserving demographic potential. Excessive male
mortality as a serious problem of demographic
security has been observed for a long period of time,
and in working age it is much higher than the index
for the population as a whole. The indices in excess of
male mortality from external causes of death are very
high (Table 1).
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Table 1. Male excess mortality index in the Republic of Sakha (Yakutia) for 2000-2021.

2001 2010 2016 2020 2021 2016/2021

From all reasons 1.66 1.75 1.69 1.55 1.48 0.89
From external causes of death 4.51 4.77 4.08 4.57 4.47 0.99
From all types of transport injuries 3.38 3.72 3.80 3.67 2.96 0.88
From suicide 5.54 6.04 4.25 4.63 6.26 1.13
From murders 5.36 5.95 5.25 10.46 4.45 0.83

The most serious threat to the mortality rate of
the region's population is high mortality due to
external causes, which until 2021 were in 2nd place in
the structure of causes of death. In 2020, they
accounted for 16.2% of the total number of deaths
(compared to 24.6% in 2000). In men, this class of
causes of death retained its second position in the
structure of causes of death. The external mortality
rate is especially characteristic for the northern and
Acrctic regions of the republic.

During 2000-2021 the mortality rate from
external causes of death decreased from 164.4 to
135.4 (for both sexes). Decrease in the absolute
number of deaths from external causes in 2000-2021.
is accompanied by positive dynamics in reducing the
share of these causes of death in the total number of
deaths (Table 2).

Table 2. Dynamics of deaths from external causes for 2000-2021, people.

2000 | 2005 |2010 |2015 |2016 |2017 |2018 |2019 |2020 |2021
Deaths, total, peaple. 7470 | 9325 |9696 |9402 |8992 |8918 |8351 |8239 |8165 |8053
E{:ggleﬂom external Causes, 1gae | 9341 | 2186 | 1872 | 1740 | 1637 | 1533 | 1482 |1392 |1302
Share in the total number of| ;) 5o | 55 10 | 2255 |19.01 | 19.35 | 18.36 | 18.36 | 17.99 |17.05 | 16.21
deaths, %

The predominant causes of external mortality are
suicides and murders. In total, in 2021 they accounted
for 37.1% of the total number of deaths from external
causes (47% in 2020). An increase in the mortality
rate was typical for suicides (1.4 times). For other
reasons, a decrease was noted: from murders (1.2
times), from accidental alcohol poisoning (1.5 times).
The most favorable dynamics are for deaths due to
road accidents (by 38.9% in 2000-2021). A specific
characteristic of mortality from external causes is the
high proportion of deaths of working age. The
predominant causes of external mortality are suicides
and murders. In total, in 2021 they accounted for
37.1% of the total number of deaths from external
causes (47% in 2020). Solving problems in the field
of protecting health and increasing the efficiency of
the health care system for indigenous peoples of the
North is justified by the general direction of state
policy and is one of the most important conditions for
the socio-economic development of the region. In the
Yamalo-Nenets Autonomous Okrug, a state policy is
being pursued, which includes various measures in
relation to the indigenous peoples of the North, aimed
at improving the quality and standards of life of the
indigenous peoples of the North, creating favorable
conditions for a long, safe, healthy and prosperous
life.

Despite the success of the ongoing activities,
there are problems in the healthcare sector regarding
the difficulty of providing medical care in remote and
hard-to-reach areas, especially in cases of pregnancy
and childbirth, as well as diseases of infants under one
year old. Infant mortality deserves special attention,
since its level largely characterizes not only the
general health of newborns, but also affects the life
expectancy rate.

In recent years, there has been a downward trend
in infant mortality rates overall in the Yamalo-Nenets
Autonomous Okrug, but at the same time they remain
quite high in rural areas. In 2020, the infant mortality
rate in places of traditional residence and traditional
economic activities of indigenous peoples was 14.75
%o. In 2021, the largest number of deaths were
registered in the Yamal (6 infants) and Tazovsky
regions, the main cause of which is acute pneumonia.
The reduction in indicators was achieved through
measures aimed at improving medical care for
pregnant women and children, among which can be
identified, namely:

— advanced training of obstetricians and
gynecologists (including through remote webinars);

— providing the population with means of
communication in order to ensure life safety and
preserve health;
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— the work of the Commission to analyze the
causes of maternal, perinatal, infant and child
mortality (supervised by the Governor of the
Autonomous Okrug);

— developed methodological recommendations
and memos for parents (concerning the most
dangerous conditions in children, the most common
symptoms and syndromes of diseases in which first
aid is important in preventing the development of
complications);

— the work of sanitary assistants (allows first aid
to be brought closer directly to the tundra camp);

— organization of re-evacuation (this solution
allows patients to be delivered to their place of
permanent stay after discharge from hospitals).

These and other activities are reflected in
documents such as: “Strategy for the development of
healthcare of the Yamalo-Nenets Autonomous Okrug
for the period until 2035, “Information on the results
of the activities of the Department for the Affairs of
Indigenous Minorities of the North of the Yamalo-
Nenets Autonomous Okrug in 20217, “ Resolution of
the Governor of the Yamalo-Nenets Autonomous
Okrug dated December 28, 2021 No. 132-PG “On
approval of the People's Program of Indigenous
Minorities of the North in the Yamalo-Nenets
Autonomous Okrug.” Despite the in-depth study of
this problem, several areas can be identified that will
improve the efficiency of providing assistance to
pregnant women and children, namely:

1. The introduction of a satellite tracking
system for the movements of families of tundra
dwellers (will allow rescue services to track the
location of nomads in the event of an emergency,
which is especially important if a pregnant woman
refuses prenatal hospitalization).

2. Providing hospitals with all-terrain vehicles
(allows to increase the availability of medical care).

3. Maintaining information databases for
complete records of pregnant women and children
who may need medical care and who live in hard-to-
reach areas (this measure will make it possible to have
information about families in which there is a
possibility of infant death).

4. The introduction of remote
telecommunication technologies for the provision of
medical care (allows you to identify and diagnose
diseases without leaving your place of permanent
residence, and increases the possibility of contacting
when the first symptoms of diseases appear).

The main problem is related to the accessibility
of care and these measures are aimed specifically at
increasing the efficiency of providing medical care
and introducing specialized and high-tech assistance
to the indigenous peoples of the North of the Yamalo-
Nenets Autonomous Okrug, paying special attention
to improving medical care for the nomadic population,
families of reindeer herders who have children under
one year of age or pregnant women.

Conclusion

Thus, the main threats to demographic security
in the republic include a negative migration balance, a
reduction in the birth rate, the presence of high losses
of the working-age population, the persistence of
excess male mortality and a low level of life
expectancy, which ultimately affects the lack of
significant demographic growth.

Thus, problems in the field of mortality pose one
of the main threats to the demographic security of the
northern region. Among measures to reduce mortality,
priority should be given to measures to reduce
external mortality, mortality of the working-age
population and excess mortality of men. In measures
to reduce external mortality, paramount importance
should be given not so much to medical prevention,
but mainly to social prevention measures, which will
be more effective in reducing the scale of mortality
from external causes. In this short scientific and
analytical report, we brought to the attention of
readers a number of vivid stories from the life of the
modern Arctic, telling about examples of social
partnership leading to improving the lives of the
people inhabiting this territory. These examples
showed that social partnerships can be initiated by

local communities, non-profit  organizations,
companies and business structures, regional
authorities and national  governments, and

international structures. And, as experience shows, the
main impetus for the formation of effective and
flexible forms of social partnership are objective
economic and social prerequisites. In fact, it is always
a response to a need. Regardless of the level at which
a particular project is conceived and implemented,
aimed at solving social problems through social
partnership, each of them includes, first of all,
measures aimed at the development and qualitative
transformation of a specific territorial community.

Our examples once again reminded us of how
specific the economy and social sphere of the Arctic
are due to the extremeness and complexity of the
natural, climatic and other conditions of this
macroregion. Social networks and partnerships in the
social sphere become even more important in Arctic
communities. Here, when there is a need for rapid and,
most importantly, high-quality transformations in the
social sphere, there comes an awareness of the
decisive role of partnerships between large and small
companies, the state and society, and the pooling of all
resources to overcome social problems.

The study showed that initiatives implemented
through social partnerships at local and regional levels
in the Arctic can be extremely diverse. This is the
development and implementation of innovative
technologies in healthcare, education, social services,
increasing hospital capacity, expanding medical and
social care services, creating urban spaces favorable
for life, social investments of business in the
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development of regions and municipalities, initiatives
in the field of culture and sports. This is confirmed by
the inspiring stories presented in the report of high
corporate social responsibility of companies operating
in Yamal, Greenland and the Murmansk region, the
activities of a company seeking to obtain a high level
of social license - approval of the local community -
in the Finnish municipality of Kittil4, or the story of
the project “Work and Entrepreneurship" in the
Norwegian municipality of Alta, aimed at developing
an entrepreneurial culture in the municipality. Social
partnerships in the Arctic can also work at the level of
individual industries or population groups. This is
confirmed by examples of projects implemented
under public-private partnership conditions for the
creation of a new Wood Center campus of the
University of Alaska in Fairbanks, the construction of
the Stanton Hospital in Yellowknife, Canada and
kindergartens in the Yamalo-Nenets Autonomous
Okrug, or social integration in the “Path to
Independence” project in Anchorage, where more
than twenty participants from the public and private
sectors came together to begin to solve one of the most
difficult social problems - the problem of
homelessness. Emerging in response to the need to
solve social problems that differ in their properties or
locality, social partnerships are also implemented at
the global level. Evidence of this is the Arctic Human
Health Initiative we reviewed, which affects all Arctic
states. The practices of implementing social
partnerships presented in the report show that the
state’s partnership with business structures and the
activation of the potential of the local community are
indeed an incentive for the self-development of socio-
economic territorial systems, including such complex
ones as the Arctic, directly influencing the main
resource of self-development of the territory - human
potential. The presented review of specific examples
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PECULIARITIES OF CO-MANAGEMENT OF INDIGENOUS
INDIGENOUS PEOPLES' ECONOMICS IN THE ARCTIC TERRITORIES

Abstract: in the article, the authors analyze the cooperation of indigenous peoples of the North, the study of
whose way of life becomes a separate object of scientific research. The purpose of this article is to study the
development of scientific approaches to the study of the traditional economy of indigenous peoples of the North in
the Arctic zone of the Russian Federation. The main research method was a comparative analysis of publications
from the beginning of the 20th century to the present period of both domestic and international scientists studying
the traditional types of economy of the indigenous peoples of the Russian Arctic. The analysis of publications was
carried out in all available branches of scientific knowledge, not limited to a strictly economic focus, since the
economy of the traditional economy of the indigenous peoples of the Arctic is inextricably linked with technology,
technical and organizational equipment of farming and other areas. As a result of the study, high research activity
on the topic under study was revealed, especially since the increased attention of government authorities to the
development of the Arctic territories. However, it was determined that there is no comprehensive approach to
studying the economic development of the economies of indigenous peoples living in the Russian Arctic.

Intensive industrial development, carried out today in the Arctic territories of the Russian Federation and other
northern countries, in addition to positive economic and social transformations, entails climate change,
environmental problems, as well as the destruction of the way of life and economic management of the indigenous
peoples of the North, who are interested not only in ensuring and guaranteeing their rights on the part of the state,
but also in making management decisions on the use and protection of territories of traditional residence and
management together with government bodies and resource users.
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Introduction
UDC 332.16:303.17

The Russian Arctic is characterized by such
specific features as the presence of extreme natural
and climatic conditions, poor social infrastructure, and
vast territory, which make it difficult to achieve a high
quality of life for the population in the Arctic region.
At the same time, this determines the relative
“conservation” of the traditional way of life, which
forms the basis of the economic model of the
traditional types of management of indigenous
peoples in the Russian Arctic. Globalization
processes, climate change and socio-economic policy
vectors have an irreversible impact on changes in the
traditional way of life of indigenous peoples. Natural-
climatic, economic and environmental factors,
industrial development of the territory and the
provision of traditional food products become
decisive in increasing the threat to the conservation of
the indigenous population of the Arctic region of the
Russian Federation. This increases the relevance of an
in-depth study of the economics of the traditional
economy of indigenous peoples of the North in the
Acrctic territories of the country.

Mostly ethno-economic research is focused on
the study of traditional households in the Asian Arctic
of Russia, where the indigenous population (Nenets,
Khanty, Mansi, Evenks, Chukchi, Eskimos, etc.)
makes up about 14% of the population of the Russian
Asian Arctic sector. On the contrary, studies of
traditional households in the European part of the
Arctic zone of Russia, the number of indigenous
people in which constitutes 0.6% of the population of
the macroregion, are rare and mainly affect the
ethnocultural aspects of environmental management
of the indigenous population. Unlike the Asian sector
of the Russian Arctic, where departmental statistical
monitoring is carried out on the number and
composition of traditional households, employment
and economic activity, etc., in the European sector of
the Russian Arctic zone there is no such accounting.
The source of official statistical information on the
indigenous population is only the data of the 2010 All-
Russian Census. And finally, in contrast to the Asian
Arctic of Russia, where a coordinated policy in
relation to traditional households is being quite
successfully implemented (Strategy for the long-term
socio-economic development of the Tazovsky district

Doi: éros¥®f https://dx.doi.org/10.15863/TAS.2024.06.134.23

of the Yamalo-Nenets Autonomous Okrug, the law of
the Chukotka Autonomous Okrug “On state
regulation and state support for the development of
reindeer husbandry in the Chukotka Autonomous
Okrug", tripartite interaction of councils of
representatives of the nomadic indigenous population
with regional government bodies, local governments
and enterprises of the fuel and energy complex of the
Yamalo-Nenets Autonomous Okrug, etc.), in the
European sector of the Arctic zone of Russia, a policy
of this kind is focused only on issues of preserving
cultural and natural heritage.

In the process of evolutionary development,
local economic systems changed under the influence
of socio-historical and natural factors. Important
actors in transformation processes - ethnic migrants,
who brought their economic culture to the new
territory, used in their traditional economic practices
the same resource base as representatives of the
indigenous ethnic group, without taking into account
the formal and informal institutions that had
developed here. Such expansion in some cases led to
a violation of the traditions of environmental
management of the indigenous population and, as a
consequence, to economic losses. The Arctic territory
is no exception. An Arctic-type economy cannot
develop without taking into account the “small
economies” of the indigenous and indigenous
population. In the context of historical and economic
retrospection of traditional “endemic” economic
practices, it is necessary to identify the adaptation
mechanisms of small economies to socio-economic
and political transformations, which will overcome
the narrowness and fragmentation of modern
historical and economic studies of traditional
households in the Arctic zone of the Russian
Federation, based on the analysis of a limited
statistical database of modern data, and the current
imperfection of institutional regulation of the life of
traditional households.

The majority of indigenous peoples of the North
live in hard-to-reach places with a harsh climate and
limited opportunities for personal consumption of
natural resources. The traditional economy and
environmental management of northern peoples,
being the basis of their livelihoods, a significant factor
in preserving their original way of life, culture, and
national psychology, is the most important historically
established component of northern ecosystems,
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demonstrating environmentally balanced ways of
developing the environment. Northern indigenous
peoples are the bearers of unique historically acquired
knowledge about the Arctic landscapes, traditional
values and culture.

At the same time, northern regions around the
world are rich in various mineral resources, and states
are interested in their active exploitation. Active
development of mineral resources of the northern
Acrctic territories remains one of the priorities of
Russia's economic policy in the new century, the basis
of its powerful energy potential. However, the Arctic
is not only a storehouse of resources, but also, first of
all, the home and territory of life, economic and
cultural well-being of indigenous peoples and those
who historically lived with them in harsh climatic
conditions. The Arctic is the territory of life of people,
cultures and peoples who have managed to develop
their own management system, a system of values
appropriate to this harsh region. Intensive industrial
development, carried out today in the Arctic
territories, entails climate change, environmental
transformation, destruction of the way of life and
economic management of the indigenous peoples of
the North. Modern practice shows that these peoples
are interested not only in providing compensation,
compensation for material losses, guarantees of
special environmental rights by the state, but also in
making management decisions on the use and
protection of territories of traditional residence and
management together with government authorities.

That is why in recent years, in many northern
countries, a form of interaction between the state and
indigenous peoples has been developing, such as co-
management of territories of traditional residence and
economic activity. Co-governance is a partnership
between two or more parties, one of which is usually
the government. The International Union for
Conservation of Nature defines co-management as a
partnership in which government agencies, local
communities and resource users, non-governmental
organizations and other interested parties
appropriately share authority and responsibility for the
management of a specific area or set of resources.
Borrini-Feyerabend and other authors define co-
governance as “a pluralistic approach to natural
resource management, involving a diversity of
partners in a diversity of roles, and, in most cases, an
approach to the ultimate goals of dialogue about the
environment, the sustainable use of natural resources
and the equitable sharing of benefits and
responsibilities.” related to resources.” S. N.
Kharyuchi, in particular, identifies this type of co-
management for indigenous peoples as environmental
co-management (or co-management in the field of
protection and rational use of natural resources), and
defines it as joint management decision-making in the
field of protecting the ancestral habitat and traditional

image life in places of their traditional settlement and
environmental management.

Regulation of co-management relations in
international law and national law of the Nordic
countries. Several international instruments pay
particular attention to the relationship between the
state of the natural environment and sustainable
development and the cultural, social, economic and
physical well-being of indigenous peoples. Thus,
Agenda 21 requires States to promote, recognize and
strengthen the role of indigenous peoples and local
communities. For example, states are encouraged to
recognize the importance of values, traditional
knowledge of indigenous peoples in the use of natural
resources; involve indigenous peoples in the process
of implementing strategies in the field of rational use
and conservation of natural resources, sustainable
development strategies.

The UN Declaration on the Rights of Indigenous
Peoples of 2007 also plays a significant role in the
process of regulating the life of indigenous peoples,
which defines important guarantees for the
implementation of the rights of indigenous peoples to
manage their territories of residence and economic
activity. The rights of indigenous peoples to
participate in the use, rational development and
conservation of natural resources are also recognized
in the International Labor Organization (ILO)
Convention No. 169 “Indigenous and Tribal Peoples
in Independent Countries” of 1989 on the sustainable
development of indigenous peoples of the North //
World of Indigenous Peoples “Living Arctic”. 2009.
No. 22. P. 87-90.

The Convention specifically secures the rights of
indigenous peoples to natural resources, emphasizing
the special importance of the connection of these
peoples with natural resources. In addition, the
provisions of Convention No. 169 require the
participation of indigenous peoples in the
management of natural resources located in a certain
territory, and above all in land management. States
that have signed and ratified these international
instruments must promote the fullest realization of the
social, economic and cultural rights of indigenous
peoples, including consulting and cooperating with
indigenous peoples through their representative
institutions to obtain their free, prior and informed
consent before, take legislative or administrative
measures that may affect their interests, as well as
discuss with indigenous peoples projects implemented
in their territories, especially in connection with the
development, use or exploitation of natural resources.

The Russian Federation has not yet signed the
UN Declaration on the Rights of Indigenous Peoples
and has not ratified Convention No. 169. According to
Russian researchers, a significant part of the
provisions of the said Declaration, as well as
Convention No. 169, corresponds to the norms of
Russian legislation and is primarily consistent with the
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provisions of the Constitution RF. At the same time, issues of the ethno-economics of traditional

some provisions of these international documents do
not fully correlate with Russian legislation. Since in
some cases there is no possibility of eliminating such
contradictions or there are significant obstacles in
eliminating them, which may lead to violations of the
rights of citizens in Russia, their recognition and
ratification must be carried out with some
reservations. Indigenous peoples constitute a special
group of the population, whose traditional way of life
is based on a deep relationship with their original
habitat, without which it is impossible to preserve
their identity. In particular, L.V. Andrichenko
emphasizes that the issues of legislative delimitation
of powers between different levels of government in
the field of protecting the ancestral habitat and
traditional way of life of indigenous peoples are
currently acquiring particular importance.

Main part

The study of the development of the economy of
the traditional economy of the indigenous peoples of
the Russian Arctic has become the subject of scientific
research by scientists since the 1920-1930s; during
various types of special research on the territory of the
Soviet Arctic, the 1940-60s are mainly characterized
by ethnographic descriptions of the economy and
material indigenous cultures: from the first schemes of
V.G. Bogoras before the doctrine of economic and
cultural types, which from its first steps actively used
materials on the peoples of Siberia. Thanks to this
tradition, a general typology of forms of economy of
the Arctic aborigines and the first experiments in
mapping them appeared. In the 1970s-1980s. among
Soviet publications, historical descriptions of the
traditional economy of the northern peoples, as well
as their rational knowledge, environmental
management norms, and ideological ideas prevailed
(Alekseenko E.A.; Vasiliev V.., etc.). Ethno-
ecological explanations have grown in popularity in
archaeological reconstructions. As part of the
justification for the need for a strategy for a more
rational, balanced development of the northern
territories, taking into account the interests of the
indigenous population of the Arctic, an inevitable step
was to take into account the recognition of the
historical, economic and moral value of indigenous
forms of environmental management (Krupni). The
current state of research on traditional households in
the Russian Arctic includes legislative aspects of
traditional environmental management and the rights
of the indigenous population. The scientific research
of Kuropatnik M.S. is devoted to the trends in the
ethnosocial and legal development of traditional
households in the Arctic. The problems of managing
the socio-economic systems of traditional households
of the indigenous small population of the Arctic are
studied in the works of Bogdanova E.N., Gorbunov
S.N. and others. At the beginning of the 20th century,

households in the Russian Arctic also began to be
actively studied, which is presented in the works of
Kolesnikova Yu.S., Gladun E.F. etc. The main idea of
the work of these researchers is to study the specifics

of the economic activities of the indigenous
population of the Arctic.
The current priority direction for the

development of the Arctic zone of Russia is its
sustainable, balanced socio-economic development
based on the systemic interaction of state authorities
and local governments, the business community and
local communities by increasing the efficiency of the
economic activities of traditional households. It is the
effective use of the economy of traditional households
that is a reserve for achieving sustainable, balanced
development of the Arctic region, especially in terms
of ensuring food security for large settlements in the
region and preserving unique Arctic industries. Thus,
the historical aspect of the study allows us to identify
the adaptation mechanism of small economies to
socio-economic and political transformations in the
second half of the 19th century. - the beginning of the
20th century, which are effective for solving modern
problems of non-competitiveness and unprofitability
of small traditional industries in the North and the
revival of national villages as bases for the functioning
and potential development of traditional crafts and
industries in order to include the ethno-economy of
traditional households in the regional economy.
Microeconomic analysis, carried out using an explicit
analytical apparatus to contextual historical
information containing information about the
preservation of institutions, their changes and the
influence of previous institutions on subsequent ones,
allows us to affirm the formation of multidimensional
knowledge among the indigenous population, which
has become a necessary factor in the development of
new non-traditional types of their economic activities.
This had a cumulative impact on the interaction of
individuals within individual transactions, in which
the issue of motivation for following certain rules of
behavior, understanding the impact, preservation and
change of non-technical characteristics (primarily
cultural characteristics) required the study of the
micro-mechanisms behind their emergence, stability
and dynamics on level of interacting individuals in
historical retrospect. In general, in modern studies of
traditional households in the Arctic zone of Russia,
many unresolved issues remain; there is no holistic
concept of sustainable development of traditional
households; the role of traditional management in the
country’s Arctic economy is not defined. Currently,
issues of the development of national and regional
innovation systems as a whole are reflected in the
works of N.V. Beketov, researchers of the Kola
Science Center of the Russian Academy of Sciences,
and others. However, the issues of conceptual
justification for the formation of innovative
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subsystems in relation to the traditional forms of
economy of the indigenous peoples of the Arctic
regions, as a necessary condition for the development
of the regional economy and a factor in improving the
quality of life and savings of the population, are given
insufficient attention in modern scientific works.
Thus, in the collective work of researchers from the
Ural Economic School, issues of innovative
development and development of Arctic territories
were considered; Considerable attention is paid to the
social aspect, in particular, the features of the
formation and reproduction of the population of the
Arctic territories are highlighted and an assessment of
the socio-demographic potential of indigenous ethnic
groups is given. Alekseev V.V. and Raevsky S.V.
studied both theoretical and practical issues of
improving management of the economic development
of the northern region, taking into account the interests
of indigenous peoples. However, the work focuses,
first of all, on the use of the natural resource potential
of the region; the development of traditional forms of
economy of indigenous peoples is beyond the scope
of the study. Levkina A.O. and Gladun E.F. an attempt
was made to consider the prospects for sustainable
innovative development of local Arctic economies,
based on the widespread use of collaborative
technologies as a new paradigm for the balanced
development of the Russian Arctic territory; For a
more complete understanding of the possibilities of
ensuring and preserving the traditional economy of the
indigenous peoples of the North, the historical
evolution of the legal status and administrative status
of the northern aboriginal population is considered.
Separate studies are devoted to the implementation of
innovations in reindeer husbandry on the territory of
the Republic of Sakha (Yakutia), where researchers
propose innovative technologies for the development
of reindeer husbandry in conditions of a multi-
structure form of ownership in different climatic and
economic zones of Yakutia; practical and theoretical
justifications for waste-free technology and industrial
processing of reindeer herding products in the extreme
conditions of the Far North are given. The question of
the need to introduce innovations in reindeer
husbandry of the Yamal-Nenets Autonomous Okrug
is acutely raised in the works of the project manager
and implementers E.N. Bogdanova and A.A.
Lobanova. Another promising vector for the
innovative development of traditional forms of
farming is the development of its promising directions
based on the discovery of new opportunities for the
use of plant and animal raw materials of the Arctic
through the study of their chemical composition and
the subsequent development of functional biomedical
and  biopharmaceutical  innovative  functional
products. Plants growing in the Arctic have adaptive
mechanisms that allow them to overcome the negative
effects of low temperatures. Biomedical research is
being conducted to study the chemical composition

and functional properties of Arctic biological
resources. In particular, a lot of research in this
direction was carried out by the project group of the
Scientific Research Center for Arctic Studies of the
Yamalo-Nenets Autonomous Okrug. Currently, one
of the promising areas of research into traditional
forms of economy of indigenous peoples has also
become the study of the impact of climate change on
the development of Arctic territories and the
adaptation of socio-ecological-economic systems to
the ongoing processes. Thus, teams of scientists from
the St. Petersburg Scientific Research Institute of
Forestry, the Main Geophysical Observatory named
after. A.l. Voeykov, the All-Russian Research
Institute of Agricultural Meteorology, have developed
a technology for probabilistic forecasting of regional
climate in Russia based on scenario forecasts of
changes in climate impacts on economic sectors. In
2020, the Climate Center of Roshydromet
summarized the results of research and development
in the field of scientific and methodological
substantiation of sectoral and regional adaptation
strategies to current and expected climate changes in
the Russian Federation. This climatological model is
of high scientific value, but it is not adapted for
analyzing the scenario impact of climate on the
economy of the traditional economy of the indigenous
peoples of the Arctic region. Scientists from the
Institute of National Economic Forecasting of the
Russian Academy of Sciences presented work on
studying the impact of global climate change on the
health of the population of the Russian Arctic.
Representatives of the Kola Science Center of the
Russian Academy of Sciences carried out a
comprehensive assessment of the consequences of
modern climate dynamics and anthropogenic impact
on biota, the environment and nature management in
the Murmansk region, taking into account changes in
the life of the Sami. It is worth noting that research is
underway on the impact of climatic conditions on the
traditional economy of indigenous peoples in certain
Arctic municipalities, for example, in the Taimyr
Dolgano-Nenets municipal district and the Evenki
municipal district of the Krasnoyarsk Territory, in the
Yamalo-Nenets Autonomous Okrug. Based on
sociological and anthropological research, this issue
was studied by A.N. Davydov. and Mikhailova G.V.
using an analysis of the perception of the Nenets on
the island of Vaygach, the indigenous inhabitants of
the Republic of Sakha (Yakutia), as well as O.
Anisimov, A. lvanova and others using the example
of the Yamalo-Nenets Autonomous Okrug. A number
of scientists have analyzed environmental problems in
the Yamalo-Nenets Autonomous Okrug resulting
from climate change, which has led to the need to
change the migration routes of reindeer herds, melting
ice and changing water areas. The thickness of the ice
cover in the winter of 2013-2014 and the anthrax
outbreak in the summer of 2016 provoked discussion
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about the “crisis” of Nenets reindeer husbandry,
which manifested itself in excessive herd growth and
overgrazing. In contrast to the need declared by
biologists to significantly reduce the population of
Yamal reindeer in order to increase the “ecological
safety” of A.V. Golovnev presents an alternative
approach, focused on the traditional Nenets rule “the
land remains after us.”Similar studies are being
carried out by foreign scientists who assess the impact
of climate change on the traditional economy, culture,
well-being and health of the indigenous peoples of
Europe, including in Finland, Sweden and Norway.
Scientists also predict the risks, consequences and
opportunities of global warming for various sectors of
the national economy. So, Vasilyev V.V. and others,
the expected socio-economic consequences and risks
for business activities from predicted climate changes
in the Arctic region are summarized. Porfiryev B.N.,
Makarov I.A. and others in their works assess the
consequences of climate change in the Russian Arctic,
mainly in the infrastructure aspect (energy, transport,
production). Chugunkova A.V. and others indicate
that changes in climatic parameters can be
accompanied by both favorable and unfavorable
effects for the sectors of the economy that are most
susceptible to them - forestry and agriculture.
Yakovleva E.N. and others propose an opposite
methodological approach to assessing natural and
climate risks, namely, assessing the impact of the
negative anthropogenic and technogenic impact of the
national economy on climate change. Morgunov B.A.
and others in their works assess in aggregate
transboundary risks, the consequences of climate
change and economic activity on the water resources
of the Arctic. Volkov S.G., Vlasova T.K. in their work
they point out the impact of climate change on the
ecological sustainability of pastures, the adaptive
capabilities of pastoral communities and the viability
of local socio-economic systems both in the Arctic
and in the highlands of Tibet (China). Based on field
research by S.I. Fedorov. The issues of agricultural
activity, in particular, horse breeding, cattle breeding,
hunting and crop production of the Yakuts in the
conditions of climate change and cold “shortage” are
considered. Kovalevsky D.V. and others, the need to
adapt the Russian economy and society as a whole to
the expected consequences of climate change in the
Arctic in order to reduce the vulnerability of the
population and economic facilities to them is
substantiated. Thus, the task of the Arctic states
carrying out intensive industrial development is to
form a balanced, reasonable approach to maintaining
a balance between the accelerated development of the
industrial potential of the northern territories and the
creation of opportunities for human development. An
increasing number of states are changing their national
constitutions and legislation in order to recognize and
ensure the rights of indigenous peoples to occupy,
own and manage territories of traditional

environmental management. In the United States, for
example, the participation of indigenous peoples in
natural resource management is becoming mandatory.
Rules on co-management in the field of use and
protection of subsoil, forests, and territorial planning
appear in environmental, natural resource, urban
planning and other areas of legislation. The practice of
so-called good neighbor agreements between
indigenous tribes and natural resource companies is
actively developing. Among the new US regulations
governing shared management are the Native
American and Alaska Traditional Lands and
Resources Acts, the Freedom of Information Act, and
the Emergency Planning and Notification Act. In
Canada, legislation on co-government is also
developing, new examples of judicial practice are
appearing, in addition, other forms and methods of
regulating national relations are being used: political
methods of resolving relations with the indigenous
population (federal-provincial conferences,
constitutional conferences), bilateral and multilateral
negotiations, including representatives indigenous
peoples, as a result of which various agreements are
signed. In light of the above, the example of Norway
is also interesting. There, the participation of
indigenous peoples in the use of natural resources has
been ensured at the legislative level and in judicial
practice over the past 40 years, and in the 1980-1990s.
There were changes in the Constitution and
legislation, according to which the indigenous people
of Norway - the Sami - received additional
environmental rights. Features of co-government of
the state and indigenous peoples in the Russian
Federation. Unfortunately, the existing legislative
framework for regulating and protecting the rights of
indigenous peoples in the Russian Federation has not
yet been fully formed. It does not fully comply with
international standards and norms, the regulation of
individual relations remains fragmented, powers are
unreasonably delimited between government bodies
of the Russian Federation and its constituent entities,
and there are a significant number of outdated norms.
Until now, in the Russian Federation, the principle of
state protectionism for residents of the northern
territories has been clearly visible, which was
enshrined in federal legislation in 1996. Despite the
fact that many regulations of that period have lost
force, government authorities continue to apply a
policy of guardianship and control over indigenous
peoples. As R. Sulyandziga, director of the Center for
Assistance to Indigenous Peoples of the North, notes,
“the federal government today needs political will, it
is necessary to initiate the process of agreements and
negotiations, creating a legal basis for the promotion
and implementation of the model of joint decision-
making, thereby maintaining its influence and control
over vast territories, geopolitically significant and
with great resource potential. This will stimulate the
self-development of the indigenous peoples
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themselves, their socio-economic activities, and living on the territory of the municipality, for

develop joint resource management. Co-management
of resources should be a new component of public
policy. In the joint management regime, issues of
quotas for hunting and fishing, environmental
protection, forestry and subsoil use are resolved.” In
the Fundamentals of State Policy of the Russian
Federation in the Arctic for the period up to 2020 and
beyond, one of the strategic priorities is the need to
improve the quality of life of indigenous peoples and
the social conditions of their economic activities,
ensure rational use of natural resources, and preserve
the cultural heritage of indigenous peoples. With the
adoption of the Concept of Sustainable Development
of Indigenous Peoples of the North, Siberia and the
Far East of the Russian Federation, the state assumed
obligations to preserve indigenous peoples, ensure
their livelihoods and sustainable development. On the
one hand, the legislation of the Russian Federation
contains some norms that grant indigenous peoples of
the North the right to participate in the co-government
of the territories of their residence, including the
Arctic. Thus, the Constitution of the Russian
Federation, without highlighting the right of
indigenous peoples to co-government, guarantees the
right of citizens to participate in the management of
state affairs, both directly and through their
representatives, and to exercise local self-government.
Federal Law of April 30, 1999 No. 82-FZ “On
guarantees of the rights of indigenous peoples of the
Russian Federation”, specifying these provisions,
enshrines the right of indigenous peoples to participate
through their authorized representatives in the
preparation and adoption by state authorities and local
governments of decisions on protection issues
ancestral habitat, traditional way of life, farming and
crafts.

Firstly, there is no guaranteed representation of
indigenous peoples in legislative bodies and
representative bodies of local self-government. In
2004, the authority of the constituent entities of the
Russian Federation to establish quotas for the
representation of these peoples in their legislative
bodies and representative bodies of local self-
government was revoked; secondly, there is no
provision for the organization of local self-
government, due to the compact residence of
indigenous peoples on the territory of the
municipality. Undoubtedly, choosing the optimal
model for organizing local self-government of
indigenous peoples is quite difficult. This is due to
various factors. Due to objective reasons (way of life,
traditions, specifics of the territory), for example, the
indigenous population of the north of the Yamalo-
Nenets Autonomous Okrug mainly leads a mobile
nomadic lifestyle and is located far from populated
areas. As a result, the system of state authorities and
local self-government is currently structured in such a
way that the majority of the indigenous population

objective reasons, does not have a real opportunity to
interact with the authorities and participate in the
management of the territory; thirdly, in 2024, the
norm allowing the communities of indigenous peoples
of the North, Siberia and the Far East to be given
separate powers of local government was abolished.
Previously, the Federal Law “On Guarantees of the
Rights of Indigenous Minorities of the Russian
Federation” established a system of representation of
indigenous minorities through the establishment of
quotas in the legislative bodies of state power of the
constituent entities of the Federation and local
governments. The absence of quotas for the
representation of indigenous peoples in the legislative
and executive bodies of state power of the constituent
entities of the Russian Federation and representative
bodies of local self-government largely reduces the
level of guarantees for ensuring the rights of small
peoples; finally, fourthly, government bodies directly
aimed at solving the problems of the northern peoples
have been eliminated at the federal level. Thus, the
State Committee for the North of Russia ceased to
exist in 2022. Since 2022, there has been a permanent
body - the Committee of the Federation Council for
the Affairs of the North and Small Peoples. The
Committee's jurisdiction included issues of legislative
support: state policy in the regions of the Far North
and equivalent areas; social and economic
development of the Northern regions; the foundations
of life support and development of indigenous peoples
of the North, support of tribal communities, traditional
environmental management, crafts; state support for
the development of the economy and livelihoods of
the population of the northern regions, the use of
natural resources in the Far North, etc. Subsequently,
by Decree of the Government of the Russian
Federation of January 26, 2015 No. 40, the
Regulations on the Ministry of Regional Development
of the Russian Federation were approved. The
Ministry was a federal executive body carrying out the
functions of developing state policy and legal
regulation in the field of socio-economic development
of constituent entities of the Russian Federation and
municipalities, including regions of the Far North and
the Arctic. However, in 2018 the Ministry was
abolished. Thus, at present, issues related to the
development and implementation of state national
policy and legal regulation in the field of protecting
the rights of national minorities and indigenous
peoples of the Russian Federation, the implementation
of the ethnocultural needs of citizens belonging to
various ethnic communities, as well as ensuring the
effective use by subjects of of the Russian Federation
and municipalities, state support funds provided for
the ethnocultural development of the peoples of the
Russian Federation are within the competence of the
Ministry of Culture of the Russian Federation, the
problems of indigenous peoples in the State Duma are
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included in the range of issues of the Committee on
Nationalities Affairs, and in the Federation Council -
the Committee on Federal Structure, Regional
politics, local government and Northern affairs.
Nevertheless, an analysis of regional legislation
shows that in a number of constituent entities of the
Russian Federation, opportunities have been created
for the participation of indigenous peoples in the co-
government of their territories. Thus, in the Duma of
the Khanty-Mansiysk Autonomous Okrug - Ugra, for
more than 15 years, the Assembly of Representatives
of Indigenous Minorities of the North has been
functioning with a special status, three members of
which are directly elected to this body in a single
multi-mandate electoral district (Articles 27, 49 of the
Charter of the Khanty-Mansiysk Autonomous Okrug
district - Ugra dated April 26, 1995 No. 4-0z, Article
17 of the Law of the Khanty-Mansiysk Autonomous
Okrug - Ugra dated November 19, 2001 No. 76-0z
“On the Duma of the Khanty-Mansiysk Autonomous
Okrug - Ugra”). In the Sakhalin region, an institute has
been established for a representative of the peoples of
the North at the regional Duma, who is elected at the
congress of these peoples and carries out its activities
in the legislative body on a permanent professional
basis. The Charter of the Chukotka Autonomous
Okrug dated November 28, 1997 No. 26-0 stipulates:
“Bills that directly affect the rights and interests of
indigenous peoples of the North are adopted by the
Duma of the Autonomous Okrug with the
participation in their consideration of the Chukotka
regional public organization ‘“Association of
Indigenous Peoples of the North, Siberia and the Far
East of the Russian Federation.” Such consideration is
mandatory when preparing draft laws on issues related
to determining the legal status of ancestral lands,
reserve territories, national communities, national
villages, national rural settlements; with the legal
regulation of traditional crafts and management and
other issues affecting the traditional way of life and
management of indigenous peoples, guarantees of
their social and other rights.” In a number of regions,
special committees and commissions are being
created, in charge of the affairs of the northern
peoples, as part of the legislative body: the Republic
of Sakha (Yakutia), Krasnoyarsk and Kamchatka
Territories, Nenets and Chukotka Autonomous
Okrugs; in the system of executive authorities:
Kamchatka and Krasnoyarsk territories, Nenets and
Yamalo-Nenets autonomous districts; as well as
structures of representatives of indigenous peoples of
the North under the executive authorities (for
example, the council of elders in the Kamchatka
Territory and the Nenets Autonomous Okrug, the
council of representatives of these peoples in the
Krasnoyarsk and Khabarovsk Territories, the
Murmansk Region, the Yamalo-Nenets Autonomous
Okrug). Significant results in the development of co-
government are achieved when regional government

bodies strive to connect local self-government with
the needs of the northern peoples. Thus, the
Constitution of the Republic of Sakha (Yakutia) dated
April 4, 1992 states that in places of compact
residence of these peoples, local self-government is
carried out taking into account national-ethnic
characteristics in the manner prescribed by law (Part
2 of Article 99). For example, establishing and
changing the boundaries of the territories of
municipalities is carried out by the law of the Republic
of Sakha (Yakutia), taking into account historical and
other local traditions, socio-economic characteristics
of the relevant territories, the location of transport
communications, the presence of engineering
infrastructure and other geographical, urban planning
features (clause 2 of article 5 of the Law Republic of
Sakha (Yakutia) dated November 30, 2018 171-3 No.
349-111 “On local self-government in the Republic of
Sakha (Yakutia).” Public organizations, including
international ones, also make a great contribution to
the development of co-government. cite the
international project “Environmental co-management
of resource-extracting companies, authorities and
indigenous peoples of the North.” This project,
supported by the Global Environment Facility and the
UN Environment Program “Russian Federation:
support for the national action program for the
protection of the Arctic marine environment,” was
implemented in three Arctic regions. regions of Russia
- the Yamalo-Nenets and Nenets Autonomous Okrugs
and the Republic of Sakha (Yakutia), selected as
model ones. During the implementation of the project
in these regions, an analysis of co-management
practices was carried out and recommendations for its
improvement were developed. The experience of
interaction between organizations of indigenous
peoples, authorities, public environmental
organizations, subsoil user companies and the local
population was also studied. Another example of the
involvement of indigenous peoples of the North in co-
management is the Yamal LNG project, implemented
by the largest Russian independent gas producer,
NOVATEK. The project involves the construction of
a plant for the production of liquefied natural gas
(LNG) and transport infrastructure, the creation of a
seaport in the Yamal region (the northeastern part of
the Yamal Peninsula, the western shore of the Ob
Bay), as well as an ice-class tanker fleet. The project
documentation was finalized with the participation of
representatives of indigenous peoples. In particular,
the company organized meetings of representatives of
indigenous communities of the North, who pointed
out the need to study and identify sacred places and
take into account the interests of private sector
reindeer herders regarding kaslany routes (reindeer
translocation) that run through the Yamal LNG license
area. The district's government authorities also
consider it necessary to create a supervisory board
with the participation of representatives of the
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indigenous population and protect the rights of
indigenous peoples to co-govern their ancestral
territories. So, an analysis of regional legislation and
practice allows us to assert that the constituent entities
of the Russian Federation do not ignore the issues of
involving indigenous peoples and their associations in
the management of state affairs. However, the
capabilities they have in this regard are not used to the
fullest, selectively, and without proper consistency.
Consequently, co-management is carried out
fragmentarily, not on an ongoing basis. Despite the
fact that international law and the federal legislation
of the Russian Federation contain good prerequisites
for the implementation of the rights of indigenous
peoples to exercise co-government together with
government authorities, currently in Russia there are
no tools and mechanisms for the development of this
model of relationships.

Conclusion

All of the above indicates high research activity
on assessing the impact of climate change on the
ecological state of Arctic ecosystems, economic
activity and the health of the indigenous population
living in the regions of the Russian Arctic. However,
it should be noted that the conceptual methodological
approaches used in modern science to the study of
innovative development of regions, the impact of
industrial development and climate change on socio-
economic development and various ecosystems are
based on the fact that risk identification is carried out
within each branch of knowledge separately due to the
specialization of scientific research. teams to study
specific groups of factors. Accordingly, the possibility
of implementing an integrated approach is initially
excluded, and risk factors that lie in the field of
another branch of knowledge are excluded from the
models. Moreover, it should be emphasized that the
issue of adaptation of the indigenous population has
been insufficiently studied, taking into account the
specific features of the Arctic territories. In this
regard, we propose a number of measures to facilitate
the establishment and development of co-government
of indigenous peoples of the North in the Arctic
territories of Russia.

1. The Russian Federation should ratify the
Convention on Indigenous and Tribal Peoples in
Independent Countries and endorse the UN
Declaration on the Rights of Indigenous Peoples.
Ratification and adherence to the recommendations
specified in these international documents will give
indigenous peoples more rights and opportunities to
manage the territories of their residence and economic
activity, since in this case Russia will have to include
in its legislation norms on the special rights of
indigenous peoples to lands and natural resources,
rules on co-management together with government
bodies.

2. The model of co-government of indigenous
peoples should be properly consolidated in the
Concept of sustainable development of indigenous
peoples of the North, Siberia and the Far East. It is this
document that is aimed at uniting the efforts of state
authorities and local governments with civil society
institutions, including associations of small peoples of
the North, to resolve issues of sustainable
development of these peoples. However, the Concept
does not provide for any directions for expanding the
participation of indigenous peoples in managing the
affairs of the state and society. The concept of “co-
government” and the main forms of its
implementation can also be included in regional
legislation on indigenous peoples.

3. Itisimportant to overcome the fragmentation
of legal regulation of social relations with the
participation of indigenous peoples. The main
provisions of the federal laws “On guarantees of the
rights of indigenous peoples of the Russian
Federation”, “On territories of traditional natural
resource management”, “On the general principles of
organizing communities of indigenous peoples of the
North, Siberia and the Far East of the Russian
Federation” must be linked with sectoral regulatory
legal acts of environmental and natural resources bloc,
in particular with the Land and Forestry Codes of the
Russian Federation, federal laws “On Environmental
Protection”, “On Environmental Expertise”, etc.

4. 1tis necessary to increase the legislative and
administrative capabilities of state authorities of the
constituent entities of the Russian Federation and local
governments to involve indigenous peoples in the
management of northern territories. It is the
constituent entities of the Russian Federation that can
create conditions that allow indigenous peoples to
effectively be included in the decision-making process
that affects their rights and interests. As a priority
measure in federal legislation, it is necessary to
consolidate the authority of state authorities of the
constituent entities of the Russian Federation to
establish quotas for the representation of indigenous
peoples in legislative bodies and municipal
representative bodies, as well as provisions on the
possibility of organizing local self-government taking
into account the way of life of these peoples and, if
necessary, empower communities of northern peoples
with separate powers of local governments.

5. The legislation of the constituent entities of
the Russian Federation may also include special
norms that establish mechanisms for taking into
account the opinions of the indigenous population
when providing land for use for activities other than
traditional management. General rules on taking into
account public opinion when providing land are
contained in the Land Code of the Russian Federation,
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but in practice, indigenous peoples often do not have
a legally regulated opportunity to express their own
opinion.

6. It should be a regular practice of government
bodies of the constituent entities of the Russian
Federation to hold consultations and negotiations
between companies that use natural resources and
authorized organizations of indigenous peoples of the
North on issues that directly affect the rights and
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Introduction The underdevelopment of rural areas is related to
The dualism of rural and urban development has urban bias in rural development. The decline in rural
long been a problem in Indonesia. Rural areas tend to development is caused by rural areas always losing
be marginalized in economic development, making out to the political, social and economic forces of
rural areas tend to be left behind and become areas urban areas. Where development capital is used more
familiar with poverty. This can be seen from the intensively and focuses on urban development. This
poverty rate in rural areas in Riau Province in causes rural areas to become underdeveloped and
September 2022, which was 7.07 % higher than the highly dependent on urban development multipliers
poverty rate in urban areas, namely 6.49% (BPS Riau, (Pasaribu, 2012). The lagging behind in rural
2022). development becomes more obvious in wetlands
*
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areas, especially peatlands, as areas that tend to be
marginalized from infrastructure development and an
economy that tends to be monotonous on small farms
(Najiyati, 2005). Dominant control of capital and land
by large companies and city residents has exacerbated
poverty in rural peatland areas.

To catch up with rural development, especially
in wetland areas, improving the people's economy is
the main way to improve community welfare
(Pasaribu, 2012). The existence of micro, small and
medium enterprises as a form of people's economy is
an effort to catch up with rural development and
reduce poverty levels in rural areas (Pasaribu, 2012).

Micro and Small Enterprises (UMK) are one of
the economic sectors that have an important role in
economic development in Indonesia, namely creating
jobs, increasing people's income, and improving the
welfare of society as a whole. Data from the Ministry
of Cooperatives and MSMEs since 2017, the
contribution of MSMEs to Indonesia's GDP is above
60% until 2021.

Siak Regency is a wetland area and has the
potential to develop local regional potential. The
number of MSEs in Siak Regency was recorded as
continuing to grow in the 2015-2018 period. In 2015
and 2016 the number of MSEs in Siak Regency
amounted to 2,606 units, then experienced an increase
of 15.8% to 3,018 MSE units in 2017. In 2018 the
number of MSEs again increased by 3.25 % to 3,116.
In 2019 the number of MSEs increased to 3,214.
Meanwhile, in 2020 the number of MSEs experienced
a very drastic increase to 13,597 MSEs. This increase
shows that MSEs are a source of economic strength
for the community in Siak Regency, especially during
the crisis due to this pandemic (Siak Regency
Cooperative and MSME Service, 2022).

MSMEs as a national and regional economic
force have absorbed 199.57 million workers in
Indonesia (Lakip Kemenkopukm, 2021), but are still
experiencing various obstacles in their development.
The development of MSEs is still hampered by
traditional business management, inadequate quality
of human resources, production scale and techniques,
low innovation capabilities and limited access to
financial institutions, especially banking (Sarwido,
2014).

The development of MSMEs in Indonesia,
especially in rural areas, is still hampered by at least
two factors. First, internal factors, namely weak
capital, financing (credit), production, production,
marketing and human resources. Second, external
factors, namely support for guidance, policy and
development of MSMEs (Irnawati, 2013).

The government has made various efforts to
increase MSE financing, such as the People's Business
Credit (KUR) program and Micro, Small and Medium
Enterprises (MSME) financing through national
banks. Figure 3 shows data on MSME credit towards
total banking credit.

Based on data from the Ministry of Cooperatives
and SMEs of the Republic of Indonesia, from 2014-
2021, MSME Credit to Total Banking Credit has
increased every year. In 2021, MSME Credit to Total
Banking Credit will increase by 21.02 % .

In the Wetland area of Siak Regency, MSEs play
an important role in driving the wheels of the local
economy. However, the big challenge faced by MSEs
in this region is limited access to financing. This is an
obstacle in the development of MSEs, including in the
development of human resources. MSE financing in
the Wetland area of Siak Regency can take the form
of loans, capital assistance and access to markets. This
financing can help MSEs to improve the quality of
human resources and competitiveness, so that they can
more effectively utilize the economic potential that
exists in this region.

Several previous studies have discussed the
contribution of MSE financing to MSE human
resource development. According to other research
conducted by Sulaiman and Wardhani (2017) shows
that MSME financing has a significant impact on the
development of SME human resources. This research
also shows that financing provided by microfinance
institutions can improve the quality of SME human
resources and make a positive contribution to local
economic growth. Other research conducted by
Kusnadi, Hidayat, and Sari (2019) also shows that
SME financing can help SMEs to develop human
resource capacity, improving product quality, and
expanding access to markets. The same thing was also
done by Alfi et al. (2020), shows that MSE financing
can help MSE owners to improve skills and
knowledge through increasing access to technology
that can increase productivity and quality of their
products. Strengthened by research conducted by
Nuryanah et al. (2020) found that MSE financing can
also help MSE owners to improve their skills and
knowledge through training and guidance.

Based on the description above, we can see that
the problem of financing and credit for MSEs is still a
major problem nationally and regionally. Improving
financing problems in MSEs is important because it
has been proven to encourage improvements in the
quality of MSEs' human resources. Increasing the
quality of human resources will further encourage
increased business productivity, improved product
quality and increased business competitiveness. For
this reason, the research objectives are (1) to
determine the condition of human resources and
human resource development for MSEs in the wetland
area of Siak Regency; (2) To find out how MSEs
perceive financing and the role of financial institutions
in developing human resources for MSEs in the
wetland area of Siak Regency; (3) To find out the
strategy for developing MSE human resources in the
wetland area of Siak Regency.

METHODS, DATA, AND ANALYSIS
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This research uses qualitative methods supported
by primary data obtained from interviews with
informants. The method used in determining
informants uses the purposive sampling method using
certain criteria. According to Bungin (2011),
purposive sampling is determining the group of
participants who will become informants according to
selected criteria that are relevant to the research
problem. The criteria used in determining informants
are Micro and Small Business (UMK) actors in
accordance with the criteria of the Republic of
Indonesia Government Regulation Number 7 of 2021
concerning Facilitation, Protection and Empowerment
of Cooperatives and Micro, Small and Medium
Enterprises, according to business capital criteria:

1) Micro Businesses have business capital up to
a maximum of IDR 1,000,000,000.00 (one billion
rupiah) excluding land and buildings where the
business is located,;

2) Small businesses have business capital of
more than IDR 1,000,000,000.00 (one billion rupiah)
up to a maximum of IDR 5,000,000,000.00 (five
billion rupiah) excluding land and buildings where the
business is located,;

3) Medium Enterprises have business capital of
more than IDR 5,000,000,000.00 (five billion rupiah)
up to a maximum of IDR 10,000,000,000.00 (ten
billion rupiah) excluding land and buildings where the
business is located.

Meanwhile, according to the criteria, annual
sales results are:

1) Micro Businesses have annual sales of up to
a maximum of IDR 2,000,000,000.00 (two billion
rupiah);

2) Small Businesses have annual sales of more
than IDR 2,000,000,000.00 (two billion rupiah) up to
a maximum of IDR 15,000,000,000.00 (fifteen billion
rupiah);

3) Medium Enterprises have annual sales of
more than IDR 15,000,000,000.00 (fifteen billion
rupiah) up to a maximum of IDR 50,000,000,000.00
(fifty billion rupiah).

The number of informants in the research was 50
people spread across four sub-districts within the
wetland area of Siak Regency, namely Sungai Apit
District, Sabak Auh District, Bunga Raya District and
Dayun District.

To develop a strategy for developing human
resources for MSEs in the wetland area of Siak
Regency, SWOT analysis was used, namely
comparing internal factors consisting of strengths and
weaknesses with external factors consisting of
opportunities and threats (Rangkuti, 2013).

Wheelen (2003) states that SWOT analysis is a
situation analysis in the strategy formulation process.
In this analysis, strategic factors will be identified by
combining IFE (Internal Factor Evaluation) with EFE
(External Factor Evaluation) into the SWOT
(Strengths, Opportunities, Weakness, and Threats)
matrix. The results of the SWOT matrix analysis are
useful for planning strategies for developing human
resources for MSEs in the wetland area of Siak
Regency.

According to Rangkuti (2013) in SWOT
analysis, IFE (Internal Factor Evaluation) matrix
analysis is a strategy formulation tool for summarizing
and evaluating the main strengths and weaknesses in
the variable area under study and also provides a basis
for identifying and evaluating the relationship
between the variables that are the object. With the IFE
Matrix, it is possible to determine the potential of
MSE human resources in the wetland area of Siak
Regency in dealing with their internal environment
and to understand the factors that are important in
developing human resources.

RESULTS AND DISCUSSION

Human Resources (HR) development strategy in
the wetland area of Siak Regency as an important
ecosystem and has a crucial role in maintaining
environmental balance and supporting various forms
of Small and Medium Enterprises (UKM) activities.
Human resource development in the Wetland area of
Siak Regency is very important to maintain and
preserve the ecosystem of existing business units. The
HR (Human Resources) development model for micro
and small businesses is an approach specifically
designed to help micro and small business owners
develop the skills, knowledge and abilities of their
employees. Human resource development is very
important for micro and small businesses because
quality human resources can be a key factor in the
success and growth of the business.

To develop a strategy for developing human
resources for MSEs, it is first necessary to identify the
internal conditions of MSEs in the wetland area of
Siak Regency. ldentification of internal strategic
factors for MSEs is formulated in the Internal Factors
Evaluation (IFE) Table. The results of identifying
internal strategic factors obtained 3 strength factors
and 4 weakness factors. These strength and weakness
factors are then given weights and ratings. The results
of weighting and rating can be seen in the following
table:
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Table 1. Internal Factors Evaluation (IFE) of MSEs in the Wetland Area of Siak Regency
No Key Internal Factors Weight Ratings Weighted
Score
A Strengths
1 UMK human resources have a fairly good level of education 0.16 4 0.64
2  The production aspect is quite efficient 0.15 3 0.45
3 Has local regional potential 0.14 3 0.42
Total Strengths Value 0.45 1.51
B  Weaknesses
4 Weak conditions of business management and financial management 0.14 5 0.28
of MSEs
5 Weak MSE marketing strategy 0.14 2 0.28
6  The development of local regional potential is still weak 0.14 2 0.28
7  Accessibility to financial institutions is still quite difficult 0.13 2 0.26
Total Value of Weaknesses 0.55 1.10
Total IFE Value 100 2.61

Source: Processed Data (2023)

Based on Table 1, it can be seen that the total
score for internal strategy factors is 2.61. The IFE
table above also shows that the main strengths of
MSEs in the wetland area of Siak Regency include (1)
MSE human resources have a fairly good level of
education; (2) The production aspect is quite efficient;
and (3) Has local regional potential. The weak factors
that hinder the development of MSEs in the wetland
area of Siak Regency include (1) Weak conditions of
business management and financial management of
MSEs; (2) Weak MSE marketing strategy; (3) The

development of local regional potential is still weak;
and (4) Accessibility to financial institutions is still
quite difficult.

The identification of external strategic factors for
MSEs is formulated in the External Factors Evaluation
(EFE) Table. The results of identifying external
strategic factors obtained 3 opportunity factors and 3
threat factors. These opportunity and threat factors are
then given weights and ratings. The results of
weighting and rating can be seen in the following
table:

Table 2. External Factors Evaluation (EFE) of MSEs in the Wetland Area of Siak Regency

No Key External Factors Weight Ratings ngghted
core
A Opportunities
1 I;/(I)Sh’tzlgal and legal conditions support the development of 017 4 0.68
2 There are still wide market opportunities open 0.18 0.72
3 Technological development 0.17 3 0.51
Total Value of Opportunities 0.52 11.00 1.91
B Threats
4 Bigger competitors 0.17 3 0.51
5 Financing administration is quite complicated 0.16 4 0.64
There are no special financing products for MSE HR
6 development 0.15 3 0.45
Total Threats Value 0.48 10.00 1.60
Total EFE Value 1.00 3.51

Source: Processed Data (2023)

Based on Table 2, it can be seen that the total
score for external strategy factors is 3.51. The EFE
table above also shows that the main opportunities for
MSEs in the wetland area of Siak Regency include (1)
Political and legal conditions supporting the
development of MSEs; (2) Wide market opportunities
are still open; and (3) Technological developments.
The threat factors that can hinder MSEs from

maximizing existing opportunities include (1) Larger
competitors; (2) Financing administration is quite
complicated; and (3) There is no special financing
product for developing MSE human resources.

Based on the weighting and grouping of internal
factors and external factors for the condition of MSEs
in the wetland area of Siak Regency, the position of
MSEs in the space matrix can be determined. In
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process still not optimal. To obtain the space matrix,
calculations are carried out on the coordinate points in
the space matrix, namely:

general, the potential for MSEs in the wetland area of
Siak Regency has internal strengths, but is faced with
external threats which make the business development

Table 3. Space Matrix Coordinate Points

No Internal Factors Total Score
1 (+) Strengths 1.51
2 (-) Weaknesses 1.10
Total IFE Score 0.41

No External Factors Total Score
1 (+) Opportunities 1.91
2 (-) Threats 1.60
EFE Total Score 0.31

Source: Processed Data (2023)

Calculating the coordinate points in the space
matrix is by adding up the score values resulting from
the IFE and EFE analysis. So we found a strategy

space matrix for developing MSE human resources in
the wetland area of Siak Regency, namely:

| Supportive Environment (+) |

0,41

0

Growth Oriented Strategy

Weak Internals (-)

T

0,31

| Strong Internals (+)

| Less supportive environment (-) |

Source: Processed Data (2023)

Figure 1. MSE HR Development Space Matrix

The results of the MSE HR development space
matrix in the wetland area of Siak Regency are in
quadrant position one. This is a very profitable
situation, the position of MSEs provides opportunities
and internal strengths in developing human resources,
so that with the strengths they have, the usefulness of

existing opportunities becomes an advantage for
MSEs in carrying out human resource development.
The strategy that must be implemented in this
condition is the development of MSE human
resources in an inclusive, collaborative and aggressive
manner (growth oriented strategy).
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From the space matrix model for developing This includes creating appropriate production
human resources for MSEs in the wetland area of Siak equipment for MSEs that can support their

Regency, a strategy for developing human resources
for MSEs in the wetland area of Siak Regency was
prepared. The strategy for developing MSE human
resources in the wetland area of Siak Regency consists
of 4 strategies, namely Strength and Opportunity
(SO), Weakness and Opportunity (WO), Strength and
Threat (ST) and Weakness and Threat (WT).

The SO (Strength and Opportunity) strategy is
used to capture and exploit the opportunities
possessed by MSEs in the wetland area of Siak
Regency by maximizing their internal strengths. The
following are SO strategies in HR development,
namely:

1. Partnership Strategy with Educational
Institutions in Carrying out Human Resource
Development and Product Innovation

The Human Resource Development program in
the wetland area of Siak Regency aims to improve the
performance of small and medium enterprises (MSES)
through partnerships with educational institutions.
The program involves training, research, facility and
infrastructure development, and product development.
Training activities include seminars, workshops, and
other training programs to support MSEs in various
aspects of human resource management, agricultural
product management skills training, and leadership
management. Research activities focus on improving
production facilities and infrastructure, aiming to

increase efficiency, productivity, quality, and
sustainability.  Product  development  research
activities focus on creating regional specialty

products, attractive  packaging, certification
assistance, and clinical trials. Research shows that
partnership programs have a positive impact on
business performance and can create product
innovation for MSEs based on regional commodities.
Overall, these partnerships contribute to the growth
and competitiveness of MSEs in the wetland area of
Siak Regency.

2. Partnership  Strategy  with
Government in Promoting MSE Products

The Human Resource Development (HRD)
program in the wetland area of Siak Regency aims to
improve the performance of Micro, Small and
Medium Enterprises (MSEs) through partnerships
with educational institutions. These partnerships
involve  long-term  relationships,  multi-level
cooperation, and mutual trust to achieve business
goals. HRD activities include seminars, workshops,
and other training activities that support the
development of human resources for MSEs, such as
agricultural product management skills training and
leadership management.

Research activities focus on improving
production facilities and infrastructure in the wetland
area of Siak Regency, aiming to increase efficiency,
productivity, quality, and sustainability of production.

Regional

productivity. Product development research activities
are also conducted to improve the ability of MSEs to
compete in the business world.

The partnership program has a positive impact
on business performance, as research shows that HRD
with partnership training programs significantly
impacts business performance. Collaboration between
business actors and the government is essential for
enhancing the community's economy, starting from
small to medium businesses. Promotions of MSE
products are carried out through product exhibitions,
government websites, regional government banners,
and billboards, supported by the government's
commitment to using local products made by MSEs.

The local government's commitment to using
local products is the biggest contribution made by the
government in supporting MSEs. Research shows that
government collaboration with MSEs in marketing
activities has a positive effect on consumers, with
aesthetics, uniqueness, and taste. Online media and
banners have been found to be effective in promoting
products produced by MSEs, with better visual
attention attracting the location/product of the MSEs.

In conclusion, the HRD program in the wetland
area of Siak Regency has a significant impact on the
growth and competitiveness of MSEs.

The WO (Weakness and Opportunity) strategy is
used to improve or fix the weaknesses of MSEs in the
wetland area of Siak Regency in order to maximize
existing opportunities. The following are WO's
strategies in HR development, namely:

1. HR Development Strategy in the Context of
Strengthening Digital-Based Businesses

The Siak Regency government is implementing
a strategy to strengthen digital-based businesses
through HR development activities. These include
training in  business management, financial
management, and marketing management. The Siak
Sustainable Business Inkusi (Siak Sustainable
Business Inkusi) is a business mentoring program for
selected MSMESs with innovative ideas that positively
impact social and environmental aspects. The
program aims to increase economic growth and
support the Green Siak vision and the target of 1000
MSMEs/year.

Financial management training is also being
provided to help MSEs make wiser financial decisions
and reduce risks. The Siak Regency government also
offers digital marketing programs, such as using social
media as a business center and other platforms for
MSEs to promote their products. Research shows that
training in small businesses positively impacts
organizational  performance, productivity, and
employee satisfaction.  Additionally, financial
management training and assistance have helped

Philadelphia, USA

255

(2 Clarivate

Ana lytics indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) = 0.350

MSEs organize their finances better and promote their
products more effectively.

2. HR Development Strategy that focuses on
the Development of Regional Superior Local
Products

Siak Regency, particularly in the Wetland area,
is focusing on developing superior regional products
through local community efforts. These products,
mainly from rice, corn, cassava, shallots, and chilies,
are being developed through empowerment programs
by the regional government, Civil Society
Organizations, and NGOs. Other products include
food and textile businesses. Human resource
development, including brand creation, packaging
training, and branding, is being done to enhance the
local economy. Research shows that product branding
significantly impacts business efforts and improves
MSEs' performance and competitiveness.

The ST (Strength and Threat) strategy is used to
reduce or minimize threats to MSEs in the wetland
area of Siak Regency by utilizing internal strengths.
The following is ST's strategy in developing MSE
human resources, namely:

1. Financing Program from the Government
Specifically for MSEs in Collaboration with
Financial Institutions

The government in Siak Regency is
implementing a financing program to support the
growth of Micro, Small, and Medium Enterprises
(MSEs) through credit interest subsidies and
collateral. This program aims to provide lower interest
rates for MSEs, enabling them to develop, invest, and
create jobs. The government also encourages MSEs
through collateral guarantees and People's Business
Credit distribution. Additionally, the government
collaborates with cooperatives and MSMEs in the
form of Corporate Social Responsibility (CSR) to
improve the economy. The government also provides
direct assistance to MSEs, such as business capital and
production equipment grants, to support their growth
and contribute to community welfare.

2. HR Development Strategy that Focuses on

Product Diversification and Innovation
Development

HR development focuses on  product
diversification and innovation for multinational

enterprises (MSESs). This involves education, training,
mentoring,  market research, and  product
development. The Siak Regency Government, in
collaboration with PT. Riau Andalan Pulp and Paper,
PT. Research shows that product diversification
increases competitive advantage for businesses,
especially in developed areas with less funding
constraints. Expanding HR development programs in
the wetland area of Siak Regency is necessary for
optimizing local economic potential.

3. Partnership Strategy with Village-Owned
Enterprises (BUMDes)

Village-Owned Enterprises (BUMDes) play a
crucial role in improving the economy of small and
medium businesses (MSEs) in Siak Regency. These
businesses access capital, facilities, and infrastructure
through various programs, such as traditional
financial loans, government programs, and
unproductive assets. The presence of BUMDes helps
MSEs deal with financial problems, such as the
Covid-19 pandemic, and provides an opportunity to
revive their businesses. BUMDes also provides
production facilities and infrastructure for MSEs,
including agricultural product production and sales
facilities for local products. The partnership program
also involves product distribution activities, allowing
MSEs to create jobs, support local community
development, and sell their products to markets
outside the region. Research shows that the synergy
between BUMDes and MSEs provides good business
space for the community's economy.

The WT (Weakness and Threat) strategy is used
to improve existing weaknesses in MSEs in the
wetland area of Siak Regency to minimize the threats
they have. The following is WT's strategy in
developing MSE human resources, namely:

1. Partnership Strategy with Village-Owned
Enterprises (BUMDes)

Village-Owned Enterprises (BUMDes) play a
crucial role in improving the economy of small and
medium businesses (MSEs) in Siak Regency. These
businesses access capital, facilities, and infrastructure
through various programs, such as traditional
financial loans, government programs, and
unproductive assets. The presence of BUMDes helps
MSEs deal with financial problems, such as the
Covid-19 pandemic, and provides an opportunity to
revive their businesses. BUMDes also provides
production facilities and infrastructure for MSEs,
including agricultural product production and sales
facilities for local products. The partnership program
also involves product distribution activities, allowing
MSEs to create jobs, support local community
development, and sell their products to markets
outside the region. Research shows that the synergy
between BUMDes and MSEs provides good business
space for the community's economy.

2. Partnership Strategy with Corporate CSR

The Corporate Social Responsibility (CSR)
program is a form of cooperation between the
government and companies, aimed at increasing the
scale of Small and Medium Enterprises (MSES). This
program includes equipment assistance, low interest
financing, interest-free loans, and training for MSEs.
Companies like PT lvomas Tunggal and Pertamina
Hulu Energi provide equipment assistance, while low
interest financing programs and loans without capital
help  MSEs meet their financial needs. Human
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resource training activities are also part of CSR
programs, aiming to improve performance for
business actors. The implementation of CSR
programs involves identifying MSEs' needs, program
plans, facilities, evaluation, and mentoring. Research
has shown the success of CSR programs in developing
MSE businesses, providing loans, and increasing HR
competency. However, proper government regulation
is needed to ensure the implementation of CSR
programs aligns with MSEs' needs and solves their
problems.

CONCLUSION

1) The educational level of MSE human
resources is relatively good, but most of them lack
work experience. Apart from that, most MSE human
resources are still weak in product development and
innovation, lack understanding of market conditions,
business opportunities and the application of
information technology in the marketing process is
still not optimal. This condition is exacerbated by the
lack of optimal training and weak monitoring and
evaluation  processes  for human  resource
development.

2) MSEs' perception of the role of financing is
quite good in business development and improving
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Introduction

Tradition is a unique way of making decisions.
There's no need to agonize over weighing all the pros
and cons. Simply agreeing, accepting, and embracing
what historical experience offers, what has been
achieved and discovered within its boundaries is
sufficient. All that's left is to overlay the past onto the
present and perhaps clarify some details. Tradition is
somewhat like a social instinct, a historically inherited
ability to carry out actions (practical and not so
practical) on automatic impulse: it is a revered and
respected  mechanism,  typically  religiously
sanctioned.

Tradition leaves its mark on everything it
touches, imprinting its influence on people, turning
them into socially stereotypical figures, hindering
their development as unique individuals. It affects
freedom, distorting it beyond recognition with
collective responsibility in the form of mutual
guarantee. It impacts society by impeding its progress,
maintaining a continuous status quo with only
authorized innovations.

Main part.

! Rouce A.P. Ethnic Identity: Strategies of Deversity.
Bloomington, 1982, p. 137.

Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2024.06.134.25

Tradition establishes a status-centered way of
life. This means that it is not the individual who
determines status, but rather, status determines the
individual. The functions or roles performed by
people are dependent on such ascriptive factors like
age, gender, and belonging to a specific community
(ancestral, familial, clan-based, territorial, etc.).
Efforts aimed at changing this situation typically do
not succeed, and more often than not, they are not
even attempted. People take the established social
order for granted. The social status predestination of
individuals virtually eliminates all self-determination.

Tradition, traditionalism provides a certain
comfort of existence. However, without the “spice”,
without those sharp sensations that only the contrast
of change can bring. Yet, it is solid, reliable and, most
importantly, long-lasting. Even though! not endless.
The expansion of knowledge, the rise of general
culture, the accumulation, albeit slow, of industrial
experience, population growth, climate changes - in
short, the complexity of human life activities
gradually undermines traditionalist bastions of
existence. They grow weary of responding to the
challenges of time, becoming historically inadequate.
The disappearance of many ancient peoples, once
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flourishing states and civilizations, is the most
convincing confirmation of this.

In some cases, authors, essentially recognizing
the legitimacy of new perspectives on the issue of
tradition, preferred to maintain the old meaning for
the term “tradition” (as something rigid and
conservative); while using different terms to describe
the transitional states of society. For instance,
American ethnologist A. Royce suggests the concept
of “historical style,” which is based on common
characteristics and values, implying flexibility and
variability. This may seem paradoxical, but such an
approach, where the meaning of the term “tradition”
narrowed down to purely individual (more
psychological rather than sociocultural)
manifestations, led to the complete disappearance of
the opposition “tradition vs. modernization.” Both
social forms of the past and modern social forms
could be interpreted as external manifestations of a
flexible, adaptable “historical style.”*

Other researchers preferred to maintain the
“tradition,” but in essence, it was close to what Royce
called the “historical style.” Edward Shilz's concept,
where “following tradition essentially involves
implementing various variations on a theme perceived
from previous generations... Tradition is not self-
reproducing or self-generating. Only living,
perceiving, and desiring human beings can perceive
and modify it. Tradition evolves because its bearers
strive to create something better, more suitable.”?

The most adequate theory from the perspective
of historical ethnology is the doctrine of tradition by
S. Eisenstadt. However, it should be noted that this
theory is not typical of English-speaking traditology.
Anthropology, on the other hand, hardly uses the
concept of “tradition,” or more precisely, only uses it
in a narrow sense close to the concept of ritual. As for
sociology, there is still quite a frequent occurrence of
an evolutionary understanding of tradition: “By
tradition... we shall mean,” writes Shtompka, "the set
of objects and ideas whose origins trace back to the
past but can be found in the present, i.e., everything

References:

1. Rouce, A.P. (1982). Ethnic Identity: Strategies
of Deversity. (p.137). Bloomington.

2. Shils, E. (1981). Tradition. (p.13, 15). London,
Boston: Faber and Faber.

2 E. Shils. Tradition. London, Boston: Faber and Faber, 1981, p.
13, 15.

that has not been destroyed, discarded, or broken. In
this case, tradition is equivalent to heritage - that
which has actually been preserved from the past...
Any tradition, regardless of its content, can either
inhibit creativity or innovation by offering ready-
made solutions to contemporary problems.”® This
definition of tradition is typical in modern Western
sociology. However, there are also a few distinct
positions. For instance, in defining the specificity of
traditional society, R. Guénon writes: “In traditional
civilizations, everything is based on intellectual
intuition. In other words, the most essential aspect in
such civilizations is a purely metaphysical doctrine,
and everything else stems from it either as a direct
consequence or as a secondary application to one
particular level of reality. This is true not only in terms
of social institutions but also in terms of sciences, i.e.,
the forms of knowledge that belong to the realm of the
relative and that in traditional civilizations are
considered as continuations or reflections of
knowledge of the absolute and fundamental.”

Conclusion.

Thus, tradition, while perceived as dynamic and
variable, loses its own structure, its own essence. This
perspective is not acceptable for historical ethnology.
Alongside the teaching on tradition, which is almost
uninteresting to us, Shilz proposes the concept of the
“central zone of culture,” which we will discuss
shortly and which will become one of the most
important concepts of ethnopsychology. It is
important to note that true hierarchy is maintained
everywhere and in everything. Everything relative, on
the other hand, is not considered non-existent (that
would be downright absurd) and is taken into account
only as necessary. However, it is put in its proper
place, viewed as something strictly secondary and
subordinate. Within this realm of the relative, there
exist different degrees of reality, determined by how
far removed a thing is from the sphere of Higher
Principles.*

3. Shchomka, P. (1996). Sociology of Social
Change. (p.90, 96). Moscow: Aspect Press.

4. Safarova, N.O. (2024). Intangible values and
cultural heritage. 1SJ TAS, volume 134, issue
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THE INVESTIGATION OF Na*, K* SALTS OF AMIDES, OBTAINED BY
INTERACTION OF MONO- AND DIETANOLAMINE WITH
ETHYLENEDIAMINTETRAACETIC ACID AS CORROSION

INHIBITOR IN H.S CONDITION

Abstract: Amides of ethylendiaminetetraacetic acid synthesized by interaction it with monoethanolamine (MEA)
and diethanolamine (DEA) in various mol ratio (1:1-3). Obtained amides were investigated and confirmed by IR,
and 10% solutions of their Na*, K* salts prepared for establishing their anticorrosion activity.

10% solutions of synthesized salts were prepared for study as corrosion inhibitors in H,S condition on the steel
plate. It was determined that Na*, K* salts of amides obtained by interaction of EDTA with MEA in 1:2 mol ratio
and Na*, K* salts of amides obtained by interaction of EDTA with DEA in 1:1 molar ratio shows the best
anticorrosion activity at concentation 200 mg/l and protection effect was 97% and 97,6%.
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Introduction

In modern time, the problem of corrosion of
equipment of oil industry in our republic is still
actual. The main goal of researchers is to solve
problems bonded with corrosion. The reason of
corrosion of equipment as a resupt of expluatation is
H,S and carbon dioxide corrosion. The adsorbtion of
hydrogen increases in the metal surface under H,S and
metal exposes corrosion, that results metal destroy[1].
So, the corrosion effects are global problems [2]. H2S-
corrosion activates and increases under oxygen, CO;
action on metal surface. By the synergetical effect of
factors shown above, the iron atoms ionizes that
results to cross-destruction of metal equipment [3].

Presence of HS in oil and undeground water is
the reason of corrosion intensification in equipmemt
that used in oil industry. Problems released to H>S
corrosion is actualized, corrosion control increases
and quantity of corrosion inhibitors increases day by
day. Before 1980 about 5 thousands inhibitors were
known. Today researchers study not only way of
synthesis the new inhibitors but also the propeties
known ones and ways to evaluate their inhibitor
properties. The relation between structure of
compound and it’s inhibitor properties also is area of
interest of scientists. The investigation of structor-
inhibitor properties of compounds forms the condition
of obtaining new effective compounds. [4-7].

Group of researchers by the tutoring of
academician V.M.Abbasov carried out the wided
range of experiments initiated preparation of
corrosion inhibitors Kaspi-2, Kaspi-4 and Araz-1.
Inhibitors Kaspi-2 and Kaspi-4 that characterized with
high provided by H,S corrosion inhibitory activity
were tested in Kazakhstan Tengiz field and has shown
best results in comparative studies.

Academician V.M.Abbasov and colleagues
prepared inhibitor VFIKS-82 that tested and applyed

Doi: éos¥ https://dx.doi.org/10.15863/TAS.2024.06.134.26

in various objects in the period of USSR [8-11]. Same
authors prepared and applyed inhibitor Azeri [12].

N.I.Mursalov [13-16] and collegues synthesized
complexes of imidazole derivatives, obtained on the
base of triethanolamin and technical oil acids, with
formic and acetic acids in 1:1 and 1:2 mol ratio and
investigated their anticorrosion activity of Ct3
brended steel in the water-kerocine two-phased
condition with dissolved hidogen-sulfide. It was
determined that studied complexes are 90% effective
in H,S condition from minimal concentration 10 mg/I.

For decreasing corrosion in inner part of gas
pipes E.F.Sultanov [17] synthesized and studied
effectivity of multifunctional bacterial inhibitor
Neftqaz-2016 NIM consist naften and oil acid in the
appropriate ratio and poliaminenand copper salts. It
was established that by use the inhibitor in corrosion
proseses in gas pipes the effectivity against H,S
corrosion is 98.4% applying reagnet in concentration
100 mg/l.

As shown above, the applying of inhibitores for
corrosion protection of equipment is the most simple
and effective and is suitable economically [18-23].

So, the problem of preparation of inhibitors thar
are effective against H,S corrosion is still actual
problem for oil industry [24-27].

In our scietific laboratory we carry out the
studies in  this  direction.  Amides  of
ethylendiaminetetraacetic acid obtained by interaction
it with monoethanolamine (MEA) and diethanolamine
(DEA) in various mol proportions (1:1-3) [25] and
10% solutions of their Na* and K* salts and prepared
solutions for establishing their H.S-corrosion actiivity
[29].

Synthesized Na*, K salts of amides of EDTA
with MEA in various mol ratio is effective against H,S
corrossion in concentration 50, 100, 150, 200 mg/| for
6 hours. Study results presented in table 1.

Table 1. Results of study of Na*, K* salts of amides, obtained by interaction of monoetanolamine with
ethylenediamintetraacetic acid as corrosion inhibitor in H2S condition

Compound Concentaration Corrosion rate P, g/m?hour Protection Delay
C, mg/l S— _ effect, Z% constant, y
With inhibitor Without
inhibitor
1 2 3 4 5 6
Synthesis Na salt of 50 0,126 0,031 75 4,06
EDTA with MEA in 100 0,126 0,020 84,1 6,3
1:1 mol ratio 150 0,126 0,012 90,4 10,5
*
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200 0,126 0,004 96,8 315
Synthesis K salt of 50 0,634 0,240 62,1 2,64
EDTA with MEA in 100 0,634 0,190 70,03 3,33
1:1 mol ratio 150 0,634 0,110 82,6 5,76
200 0,634 0,08 87,38 7,92
Synthesis Na salt of 50 0,793 0,317 60 2,5
EDTA with MEA in 100 0,793 0,205 74,1 3,86
1:2 mol ratio 150 0,793 0,075 90,5 10,5
200 0,793 0,023 97,0 34,4
Synthesis K salt of 50 0,793 0,425 46,4 1,86
EDTA with MEA in 100 0,793 0,316 60,15 2,5
1:2 mol ratio 150 0,793 0,204 74,2 3,8
200 0,793 0,112 85,8 7,0
Synthesis Na salt of 50 0,476 0,275 42,2 1,73
EDTA with MEA in 100 0,476 0,124 73,9 3,83
1:3 mol ratio 150 0,476 0,056 88,2 8,5
200 0,476 0,024 94,9 19,8
Synthesis K salt of 50 0,952 0,476 50 2,0
EDTA with MEA in 100 0,952 0,374 60,7 2,54
1:3 mol ratio 150 0,952 0,225 76,3 4,23
200 0,952 0,126 86,7 7,55

Initially syntesized in 1:1 mol ratio Na*, K* salts
of amides of EDTA are studied as protective agent
against H,S-corrosion and established that 10%
solutions of synthesized compounds in concentration
50 mg/l shows 75% protection effect, but increasing
the concentration up to 100, 150, 200 mg/I increases
protective effect to 84,1; 90,4; 96,8%. 10% solution of
1:1 mol ratio syntesized K* salt of amide of EDTA
shows protective effect in concentration 50 mg/I about
62,1% land in concentration 100, 150, 200 mg/l is
effective about 70,03; 82,6 vo 87,38%

10% solutions of Na*, K* salts of amides
synthesized in 1:2 mol ratio were studied against
metal plates H,S corrosion in various concentration.
It was established, that Na* salt in concentration 50
mg/1 shows 60% effect, in concentration 100, 150, 200
mg/1 shows effect 70,1; 90,5 and 97% approximately.
10% solution of K* salt in concentration 50 mg/l
shows 46,4%, anticorrosion effect and in
concentration 100, 150, 200 mg/l shows 60,15; 74,2;
85,8% effect approximately.

10% solutions of Na*, K* salts of amides
synthesized in 1:3 mol ratio were studied against

metal plates H,S corrosion in various concentration.
It was established, that Na* salt in concentration 50
mg/l shows 42,2% effect, in concentration 100, 150,
200 mg/l shows effect, 73,9; 88,2, 94,9%
approximately. 10% solution of K* salt in
concentration 50 mg/l shows 50% anticorrosion effect
and in concentration 100, 150, 200 mg/l shows 60,7;
76,3; 86,7% anticorrosion effect approximately.

As can be seen from the table, the best result was
shown by the 10% solution of Na* salt of amide
synthesized in 1:2 mol ratio at a concentration of 200
mg/l.

In this case the protection effect is 97%, delay
constant is 34,4.

By the same way, 10% solutions of Na*, K™
salts of amides obtained by interaction of EDTA with
DEA in various mol ratio were synthesized and their
effectivity against H.S corrosion of metal plates was
investigated. The results of study is presented in table
2.

Table 2. Results of study of Na*, K* salts of amides, obtained by interaction of dietanolamine with
ethylenediamintetraacetic acid as corrosion inhibitor in H2S condition

Compound Concentaration Corrosion rate P, g/m?hour Protection Delay
C, mg/l S— _ effect, Z% constant, y
With inhibitor Without
inhibitor
Synthesis Na salt of 50 0,952 0,396 58,4 2,4
EDTA with DEA in 100 0,952 0,125 86,8 7,6
1:1 mol ratio 150 0,952 0,078 91,8 12,2
200 0,952 0,022 97,6 43,2
*
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Synthesis K salt of 50 0,534 0,204 44,9 1,8
EDTA with DEA in 100 0,534 0,206 61,4 2,5
1:1 mol ratio 150 0,534 0,146 72,6 3,6
200 0,534 0,056 89,5 9,5
Synthesis Na salt of 50 0,793 0,317 60 2,5
EDTA with DEA in 100 0,793 0,223 71,8 3,5
1:2 mol ratio 150 0,793 0,096 87,9 8,26
200 0,793 0,023 97,09 34,4
Synthesis K salt of 50 0,793 0,474 40,2 1,67
EDTA with DEA in 100 0,793 0,316 60,15 2,5
1:2 mol ratio 150 0,793 0,187 76,4 4,2
200 0,793 0,079 90,0 10,03
Synthesis Na salt of 50 0,952 0,396 58,40 2,4
EDTA with DEA in 100 0,952 0,258 67,4 3,68
1:3 mol ratio 150 0,952 0,143 84,9 6,65
200 0,952 0,057 94,0 16,7
Synthesis K salt of 50 0,725 0,376 48,1 19
EDTA with DEA in 100 0,725 0,212 70,7 3,4
1:3 mol ratio 150 0,725 0,126 82,6 57
200 0,725 0,078 89,2 9,2

10% solutions of Na*, K* salts of amides
synthesized in 1:1 mol ratio were studied against H.S
corrosion of metal plates in various concentration. It
was established, that Na* salt in concentration 50 mg/I
shows 58.4% effect, in concentration 100, 150, 200
mg/l shows effect 86,8%; 91,87%; 97,6%
approximately. 10% solution of K* salt in
concentration 50 mg/l shows 44,9%, anticorrosion
effect and in concentration 100, 150, 200 mg/l shows
61,4; 72.6; 89,5% effect approximately.

10% solutions of Na*, K* salts of amides
synthesized in 1:2 mol ratio were studied against H.S
corrosion of metal plates in various concentration. It
was established, that Na* salt in cincentration 50 mg/I
shows 60% effect, in concentration 100, 150, 200 mg/I
shows effect 71,8; 87,9; 97,9% approximately. 10%
solution of K* salt in concentration 50 mg/l shows
40,2%, anticorrosion effect and in concentration 100,
150, 200 mg/l shows 60,15; 76,4; 90,0%% effect
approximately.

10% solutions of Na*, K* salts of amides
synthesized in 1:3 mol ratio were studied ahainst
metal plates H,S corrosion in various concentration.
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obtained by interaction EDTA with MEA and DEA in
various mol ratio were prepared and their H,S
corrosion of metal plates inhibitor effectivity was
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FREQUENCY ANALYSIS OF GROUND PRESSURE AT A DEPTH OF UP
TO 20 KILOMETERS DURING SEISMIC IMPACT

Abstract: A computer calculation of the seismic impact with different frequency of tremors in the ground was
performed in the article. Analysis of the results revealed that at low frequencies of tremors, the greatest pressure is
observed in the first seconds of impact at a depth of up to one and a half kilometers. At high frequencies of tremors,
a decrease in ground pressure is observed, but with attenuating cycles over the entire studied time range.
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Introduction

Seismic impact, which is the movement of
ground under the action of ground tremors of varying
intensity, can be unregulated (earthquake caused by
natural movement of the earth's crust) or regulated
(man-made explosions). Current research in this area
has been presented in the works [1-10]. Seismic waves
can cause damage to buildings depending on the
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intensity of the tremors. The magnitude of the
frequency of tremors from the source affects the
intensity of vibrations of the layers of the earth's crust.
Therefore, in this study, an experiment was conducted
to determine the effect of the frequency of tremors
from the seismic source on the magnitude of ground
pressure.
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Figure 1. Dependences of changes in ground pressure during seismic impact with the frequency of
tremors: A-0.2Hz,B-1.0Hz,C-2.0Hz, D-5.0 Hz, E-10.0 Hz.

Materials and methods

To determine the ground pressure with a density
of 2200 kg/m®, a fragment of the earth's crust with a
depth of 20 kilometers was taken under seismic

impact. Seismic tremors with a frequency from 0.2 to
10.0 Hz were generated on the Earth's surface. The
following mechanical properties were assigned to the
ground: bulk modulus — 12.516 GPa, shear modulus —
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7.5092 GPa, Poisson's ratio — 0.25001. The velocities
of passage of pressure and shear waves in the ground
under the action of tremors were assumed to be 3.2
km/s and 1.8475 km/s, respectively. The time shift of
the tremors was set to 0.6 s.

Results and discussion

The results of the computer simulation were
processed and presented graphically in the Fig. 1.

The graphs show the dependence of pressure
changes on the accepted depth of the ground during
seismic impact in the form of tremors of different
frequencies. The calculated magnitudes of pressure in
the ground were measured in the transverse direction
of wave propagation from the source deep into the
ground.

It is noted that at low frequencies (0.2-1.0 Hz),
in the first seconds of seismic impact, the ground is
subjected to significant pressure, which causes
stretching and compression of the layers. At the same
time, a decrease in pressure is already observed at a
shallow depth of the ground (up to about two
kilometers from the source of tremors). In the future,
the pressure magnitude gradually decreases to a
minimum magnitude at a depth of over 13 kilometers.
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THE EFFECT OF THE VELOCITY/PRESSURE OF THE FLUID FLOW
ON THE EROSION RATE OF THE INNER WALL OF APIPE WITH
HYDRAULIC RESISTANCE

Abstract: The analysis of the formation of erosion on the inner wall of a pipe with a 90-degree bend under
conditions of fluid flow in it with different initial velocities was performed in the article. It is determined that the
mechanism of erosion manifests itself at a water flow velocity between 5 and 10 m/s and with an increase in the flow
velocity, the erosion rate also increases.
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Introduction

The fluid flow in pipes causes erosion, which is
a process of mechanical washing out of the inner wall
material. The fluid flow velocity and local hydraulic
resistances in the pipes are the main factors affecting
the erosion rate of the inner walls [1-8]. The effect of
the erosion phenomenon is enhanced if solid particles
are present in the fluid flow [9-10].

Local hydraulic resistance, such as an elbow, is
performed to change the direction of fluid flow in the
pipe. High pressure occurs at the bending point due to
a change in the flow velocity of the fluid. At the same
time, greater pressure will act on the inner wall of the
pipe from the side of the outer bend radius, which
contributes to the occurrence of an erosion process of
greater intensity. Determining the effect of the initial
velocity of the fluid flow in the pipe elbows on the
erosion rate of the inner wall will reveal the critical
velocities of fluid movement in pipelines.

Materials and methods

The process of fluid flow (water) in the elbow of
a metal pipe with a diameter of 20 mm was simulated.
The inlet and outlet pipes were accepted in lengths of
50 and 150 mm, respectively. The largest and smallest
bending radii of the pipe were assumed to be 50 and
10 mm, respectively. The hardness of the metal pipe
is selected to be approximately 2 GPa. The fluid with
a temperature of 293.15 K flowed into the inlet pipe at

Doi: &os¥e https://dx.doi.org/10.15863/TAS.2024.06.134.28

an initial velocity of 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0
and 20.0 m/s in series. The k — ® model was used to
evaluate the characteristics of the fluid flow in the
pipe, and the Finnie erosion model was used to
estimate the erosion rate.

Results and discussion

The calculation results are presented in the Table
1. The maximum calculated values of the fluid
pressure and the erosion rate of the inner wall in the
radial bend of the pipe were taken. Two cases were
considered: on the outer bend radius and the inner
bend radius of the pipe.

With an increase in the inlet velocity of the fluid
flow at the site of the radial bend of the pipe, the
pressure of the moving fluid also increases. Positive
pressure occurs at the outer bend radius, and negative
pressure occurs at the inner bend radius. With an
increase in the inlet velocity of the fluid flow, the ratio
of positive and negative pressures decreases. It is
noted that when the flow velocity of fluid in the pipe
is up to 5 m/s, the process of erosion of the inner wall
is not observed. However, at a fluid flow velocity of
over 10 m/s, erosion was detected at the outer bend
radius of the pipe. The erosion rate increases up to the
set value of the fluid flow velocity of 20 m/s. There is
no erosion of the inner wall at the inner bend radius of
the pipe.

Table 1. Calculated values of the erosion rate in the pipe depending on the pressure of moving fluid.

Parameter | At the outer bend radius | On the inner bend radius
v=0.1m/s
Pressure, Pa 3489.99x103 -537.18x10°®
Erosion rate, kg/(m?xs) 0 0
v=0.5m/s
Pressure, Pa 72.56 -27.9
Erosion rate, kg/(m?xs) 0 0
v=1.0m/s
Pressure, Pa 273.31 -128.99
Erosion rate, kg/(m?xs) 0 0
v=25m/s
Pressure, Pa 1.6x103 -0.92x10°
Erosion rate, kg/(m?xs) 0 0
v=5.0m/s
Pressure, Pa 6.3x10° -3.95x103
Erosion rate, kg/(m?xs) 0 0
v =10.0 m/s
Pressure, Pa 2.36x10% -1.67x104
Erosion rate, kg/(m?xs) 3.58x10° 0
v =15.0 m/s
Pressure, Pa | 5.2x10* -3.86x10*
[ ]
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Erosion rate, kg/(m?xs) | 2.53x10°® | 0

v =20.0 m/s
Pressure, Pa 9.13x10* -7.01x10*
Erosion rate, kg/(m?xs) 7.5x108 0

Conclusion

Local hydraulic resistances in the pipes create
high pressure and a change in the velocity and
direction of the fluid flow, which leads to the
formation of a cavitation process. With an increase in
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O MPOPECCUOHAJBHO-INYHOCTHOM PA3BUTUUN KYPCAHTOB ITIOCPEJICTBOM
NHOCTPAHHOI O SI3BIKA

Annomayua:. B cmamve packpvisaemcs ponb UHOCHPAHHO20 A3bIKA 8 NPOYeccUOHAnbHO-~TUYHOCHHOM
paseumuy  KypCammosg GbiCuie20 B0€HHO20 00pPA306AMENbHOO  VUPeHCOeHUs, BbIOENAIOMCA  0CODEeHHOCHU
OUCYUNIUuHbL, npeonacaemcs QYHKYUOHANbHAA CXeMa BKIIOUEHUA UHOA3LIYHOU NOO20MOBKU KYPCAHMOSE B0EHHO20
8y3a 6 cucmemy 00pA308aHUSA BOEHHO20 CHEYUANUCTA, YKA3bIBAIOMCA HA COBPEeMEHHble 3a0ayu UHOA3LIYHOU
NOO020MOKU 8 60CHHOM 8Y3e, NOOYEePKUBAIMCS YEHHOCHHbLE OPUEHMUPbI HAYUOHATLHOU KYIbIMYPbl.

Knrouesvie cnosa: I[IpogeccuoHanbHo-1uuHOCMHOE pa3eumue, CUCEMA 6bICULe20 80C€HHO20 00PA308aAHUS,
UHOA3bIYHOE 00pA308aHUe, BOCHHBIL 8Y3, OYOyuuUlL ouyep, NPodecCuoHaIbHAL OesiMeNlbHOCHb.

Beeaenue TemMaTuky ® cdepy obmenus. becnpeneasHOCTH

K ocobeHHOCTSIM aucuUIUIMHBI « THOCTpaHHBIH MpeAMeTa M0/Ipa3yMeBaeT U3y4eHHe U 3HAKOMCTBO
S3BIK» HCCIIeI0OBATEIN [1,2] OTHOCSAT C KyJIbTypoil Hapoma, NpaBWIaMH pEYEeBOTO W
becnpedenbHoCmb u HEOOHOPOOHOCIb. HEpEeUeBOTr0 TMOBEACHHUS, TO €CTh BBIXOJ 3a PAMKH
Becnpedenvrhocms onpeenseT ypoBeHb, Ha KOTOPOM H3Y4YeHHUsS] OTJENbHBIX AaCIEeKTOB s3bIKa (JICKCHKA,
oOydJaromuiics JOJKEH BIIAQJIETh WHOCTPAHHBIM rpamMaTuka, ¢oHeruka, opdorpadus, CHHTAKCHUC,
A3bIKOM, KaKUM  JIOJDKHO  OBITh  NIpeJMeTHOe CTHJINCTHKA).

COACPIKAHUEC [JIA JOCTUIKCHUSA S3TOIO YPOBHS, TO €CTh

Philadelphia, USA - '3 Clarivate
Analytics indexed


http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:anurmanovjizzax@mail.ru
http://s-o-i.org/1.1/TAS-06-134-29
https://dx.doi.org/10.15863/TAS.2024.06.134.29

ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) =7.184  OAJI (USA) = 0.350

Heoonopoonocme B W3yYCHHUH WHOCTPAHHOTO
A3bIKa 3aKJII0YaeTcsi B 00beMe 3HaHMH, KOTOPBIMH
JIOJDKEH BJIAaJEeTh 0OYYaIOMIHiAcs, YTOOBI TOBOPHUTH Ha
n3ydaeMoM si3pike. s oTux menedt HeoOXoaumo
3HATh BCE AaCMeKTHl s3bIKa ((HOHETHKY, JEKCHKY,
rpaMMaTHKY ), 3HaTh [IPaBUJIa YIIOTPEOICHUS €IIMHNUL]
A3bIKa, 3HATH CBA3YIOLIWE CIOBA, YTOOBI MOCTPOUTH
CBSI3HOE BBICKa3bIBaHUE (CHCTEMa f3bIKa); XOPOIIO
BIAaJCTh PEUEBBIM MaTepHajoM — OT pPEUYEBBIX
00pasoB 10 (GOpMyJ peYeBOTO ITHUKETa (CHCTeMa
peur); HMeThb S3BIKOBBIE CIIOCOOHOCTH  (YMETb
CJIyIIaTh W CJBINIATE, TU(PPEPEHIHPOBATH SI3BIKOBOI
MaTepHuaj, MPOTHO3HPOBATh S3BIKOBOM MaTepHal,
JIOTa/IBIBATHCS O €TO 3HAYCHHUH, YMETh ero 0000marp
W CHCTEeMAaTHU3UPOBATH).

W.A. 3uMHSS BBIIEIACT eIlIe OJHY XapaKTepHYTO
YepTy B OBJAJCHUM WHOCTPAHHBIM S3BIKOM —
naomuocme o06uenus [1]. IlnotHOoCTs OOIIEHHS Ha
POIHOM SI3BIKE BEIHKA, ITOCKOJIBKY HA HEM TOBOPST
poauTeny,  OJNM3KWE  POJACTBEHHHMKH,  APY3bs,
nenaroru, CMU, Hnrepuer. Cdepbl u TemaTHka
OOILIeHNsI Ha POJJHOM SI3bIKE BeChbMa pa3HOOOpasHbI U
oOmmpHbl. IlpH M3yd4eHUHM WHOCTPAHHOTO S3BIKA
TUIOTHOCTH OOIIEHHsI OTPaHMYMBACTCS HECKOJILKUMHU
gacaMHd B 3aBUCHUMOCTH OT KOJHUYECTBA 3aHATHH
MHOCTPAHHBIM SI36IKOM B Heztemo. CeyeT OTMETHTb,
YTO W Ha 3aHATHAX MOTYT  CYIIECTBOBATh
OTpaHWYEHUs, a HWMEHHO: |) WCHONb30BaHUE
MHOCTPAHHOTO S3bIKa IperojaBareseM (TOBOPHUT OH
TOJBKO Ha HHOCTPAaHHOM SI3bIKE WM 3JI0YIIOTPEOIIsIeT
POAHBIM SI3BIKOM); 2) CKOJIBKO OOy4aromuxcs B
Tpylme H CKOJBKO BPEMEHH OHM TOBOPAT Ha
N3ydyaeMOM S3BIKE B paMKax 3aHATus; 3) Kakue
YIpaKHEHHS Ha 3aHSATHHU HCIIONB3YyeT IpernojaBaTeib
(s13BIKOBBIE, YCIIOBHO-PEUEBBIE, pEUEBbIe); 4) €CcTh JIH
y O0O0ydYarommxcsi BO3MOXXHOCTh YYacTBOBaTh B
MPaKTHYECKOM HWHOS3BIYHOM OOIICHWH WJIN OHH
TOJIBKO YHTAIOT, TEPEBOJAT M IEPECKA3bIBAIOT
TEKCTHI.

Paznuuns B u3ydyeHUn pogHOTO M HHOCTPAHHOTO
A3bIKa COCTOMT TAaKXXE B TOM, YTO OHH BBIMOJHSIOT
pasuble GyHKIMHA. V.A. 3UMHSS IHINET, 9TO «POTHON
S3BIK, BBICTYNas B €IMHCTBE (DYHKIMI OOLICHHUS |
0000I111eHNs, CHa"aJIa SBISIETCS] OCHOBHBIM CPEICTBOM
«TIPUCBOCHUA» PeOEHKOM OOIIECTBEHHOTO OIBITA, a
YK€ TIOTOM U BMECTE C BBIIIOJIHEHUEM 3TOi QyHKIUH
— CpeIcTBOM  BbIpaXeHUs, (OPMUPOBAHUS U
(hopmymupoBaHus ero coOCTBEHHOM MbIcm» [1,¢.29].
[IpumeHnTENBEHO K 00YYCHNIO HHOCTPAHHOMY SI3BIKY
MKOIbHUKOB . A. 3UMHSIS BEICKa3bIBAaET MOJ0XKEHUE,
B [IOJTHOM Mepe OTHOCsAIIeecs K KypcaHTaM BOGHHOTO
By3a, O TOM, YTO WHOCTPAaHHBI{ S3BIK B
00pa3oBaTeNbHOM OpraHM3alMi HE MOXET CIYXXUTb
CPEICTBOM TIO3HAHMSA, KaK POIHON S3BIK; OCHOBHAS
(yHKOHS W3y4aeMoro s3bplka — JTO  (PyHKIHA
o0mieHus. Yxe B TpoIecce MIKOIBHOro 00ydeHHs B
XOJIe M3y4YeHHs S3bIKa 00yJaroImmecs: 3HAKOMSTCS C
MOHATHUSIMH, CBONCTBEHHBIMH TOJBKO HOCHTEISIM
s3bIKa (HampuUMep, MPSAMOM M OOpaTHBIH TMOPSAIOK

CJIOB, apTHKJIb, COTJIACOBAHWUE BPEMEH, YIpaBJICHHUE
IJIarojoB, KOHBEPCHs), 3HAKOMSTCS C SIBICHUSMH
KyJIBTYpBl CTPaHBl M3y4aeMoOro s3blka. B mpormecce
W3y4YCHUS] MTHOCTPAHHOTO fA3bIKa B BY3€ KyJbTypHBIC
OCOOCHHOCTH $I3BIKA CTaHOBSTCSA JUIA CTYICHTOB
Gouee OCMBICIICHHBIMH, a MHOSI3BITHAS
KOMMYHHUKAIXs IPHOOPETaeT Kak JUIHOCTHOE, TaK U
npohecCHOHAIbHOE 3HAUCHHUE.

OTaenbHO BBIIEINM €Ile OJTHY CIIeln(pUUECKYI0
0COOCHHOCTh MHOCTPAHHOTO f3bIKa Kak Y4eOHOTro
npeaMera. OTo  copMmHpoBaBmieecs K HEMY
CyOBEKTHBHOE OTHOIIECHHE KaK K OYeHb TPYAHOMY
MpeAMETy, 4acTo He MOIJAOUIEMyCsl YCHECUIHOMY
YCBOGHHIO B ycnoBusix oOydeHus. He cekper, 4ro
WHOCTPAaHHBIA S3BIK  TpeOyeT eXEOHEBHOW W
cUCTeMaTH4YecKoi paboThl, KOTOpas IOJDKHA OBITH
MOTHBHPOBaHa, TO €CTb OOYYarOIIMHCS IOJDKCH
OCO3HaBaTh, PaaWd 4Yero OH M3ydYaeT WHOCTPAHHBIHA
SI3BIK, IMETH YETKO ITOCTaBJICHHYIO KOHKPETHYIO LIENh
u3yueHuss (K IpUMepy, NMOHMMAaTh COAEpP)KaHUE HU
CMBICJI IECeH JIOOMMOro IIeBLa, OOMAThCsI C
AHTJIOTOBOPAIIUMUA CBCPCTHUKAMU OHHaﬁH,
CaMOCTOATCIIBHO NPOYNUTATh MHCTPYKIUIO K TEXHUKE
u T.a.). llens Bcerma momkHA OBITH TMOHSITHA |
KOHKpETHa JJIsl 00y4aroIierocs.

B cucreme mnpodeccnoHanbHON TOATOTOBKH
BOCHHOTO CHELHANCTa HHOA3BIYHAS IIOJI'OTOBKA
SBISIETCST €€ TOJCHCTEMOH,  (PyHKIMOHAIBHO
BKIIIOUCHHOH B CHCTEMY ITOTPEOHOCTHO-IIETIEBBIX
OPHEHTHPOB 00pa30BaHMsI BOCHHOTO CIICIHAINCTA, B
KOTOpPOM MBI BBIJENAEM TPU KaUE€CTBEHHBIX YPOBHS:
0O0ILECTBEHHO-TOCY IapCTBEHHBIH YPOBEHb - cpela
UHCTUTYLIMOHAJILHO OPTaHW30BAaHHOTO 00pPa30BaHUs
o(unepcKoro KopIIyca, 00yCIIOBIIUBAIOILAS
MOTPEOHOCTh B  WHOSI3BIYHOM  MOATOTOBKE  Kak
HOJICUCTEME B CHCTEME €ro oOpa3oBaHHUs; BOEHHO-
podecCHOHANBHBIN ypOBEHb — cdepa AesITeIbHOCTH
BBIITyCKHUKA BOCHHOTO By3a (BoeHHO-
mpodecCHOHANbHAS ~ cpena),  OOYCIOBIHBAIOMIAS
3aJja4ll MHOS3BIYHOM IOJrOTOBKM B BOSHHOM BY3€;
JUYHOCTHBI ypOBEHb —  JIMYHOCTh KypcaHTa
BOGHHOTO By3a KaKk CyOBEKTa  HMHOS3BIYHOM
noarotoBku (Puc.1). Oto mormuecku o0ycIoBIHBaeT
BBISIBJICHHE OpPHEHTHPOB, OTIPEACIISIONINX
(bYHKIMOHAIBHOE BKJIFOUEHHE MHOSI3bIYHOM
NOATOTOBKM B CHCTeMy  NPO(EeCCHOHAIBLHOTO
00pa3oBaHKsi BOSHHOTO CIEIMAINCTA, OPHEHTAIHIO
Ha PO eCCHOHANBEHO-IMYHOCTHOE pas3BuTHE
KypCaHTOB B IIPOIIECCE€ AAHHOM IIOJTOTOBKH: YTO
HaXOJUT OTPAXXEHUE B PA3BUTHHU CTAHAAPTAX, a TAKXKE

OOBEKTHBHO — B TNPaKTHKe pabOTBl BOEHHOTO
CIIEIHAINCTA;

BOEHHO-TIPO(ecCHOHATbHAs chepa
JeSTeIbHOCTH BBIITy CKHUKA 3amaer

npodeccHOHATbHYI0 OpPUEHTAINI0 3aja4aM OOIIni
OpPHEHTHUP 3a/aeTcs OOIECTBEHHO-TOCYIapCTBEHHON
MOTPeOHOCTRI0 B WHCTHTYIHMOHAJBHON cCHCTEME
MOJATOTOBKM  BOEHHBIX  KaJIpoB  (OOIIECTBEHHO-
TOCY/IapCTBEHHBIM YPOBEHB), CETH OPTraHU3AINHA
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BOEGHHOTO 00pa30BaHMs; MHOS3BIYHOMN IOJTOTOBKH B
By3¢ (BOCHHO-TIPO()ECCHOHATIBHBIA YpPOBEHb), 4YTO
HaxOIWT  OTPaXKCHHUE B I'ocynapcTBeHHBIX
00pa3oBaTeNbHBIX 00pa30BATENFHBIX CTAHAAPTAX, a
TaKkKe OOBEKTUBHO — B IPAKTHUKE PaOOTH BOCHHOTO
CTEIUATNCTA;

JIMYHOCTh BOGHHOTO CIIEHHAINCTA KaK CyOBEKTa
WHOS3BIYHON TIOATOTOBKM 3aJaeT OpPUEHTAlMI0 Ha
KyJIBTYpHYIO u podeCcCHOHANBHYIO
CaMOMJICHTH()UKAIINIO, caMopeaM3alHio U
caMoOpa3BUTHE B TIpolecce JaHHOH IOJIrOTOBKH
(MUYHOCTHBIN YPOBEHB).

CoBpeMeHnHast cucteMa HpodeccHoHATBLHOTO
0o0pa3zoBaHMs IIOMOTacT pa3BHBATh MHOXKECTBO
JUYHOCTHBIX KadecTB, HANpPUMEP, TOTOBHOCTh K
JTIAJIOTy W OOIIEHHIO, HABBIK PaOOTHI B KOJUICKTHBE,
yMEHHE NPOAYKTHBHO OOINATHCS C JIOAbMH W3

O0COOCHHOCTH pAa3HBIX MCHTAIMTCTOB W, B KOHIIC
KOHIIOB, JPYKEIIOOUE M TOJCPAaHTHOCTh. Bce 3TH
KayecTBa  NPUBUBAIOTCS  OOMmMEH  KOHIICTIINEH
COBpPEMEHHOM CUCTEMBI po(heCCHOHATIHLHOTO
00pa3oBaHMsA, a MHOS3BIYHAS TOATOTOBKA SBISACTCS
HEOThEMJIEMOM €€ YaCThIO.

OcoberHoCcTH KYJbTypHO-HAIIHOHAJIHHOT O
KOMITOHEHTa COBPEMEHHOTO ob1ecTBa
MOAYEPKUBAIOT TpeboBaHUE K W3YUYECHHIO
WHOCTPAHHBIX SI3BIKOB KaK OJHOW M3 CHCTEMHBIX
LIeHHOCTEeH HallMOHAILHOU KYJBTYDBHI, 41O
CHOCOOCTBYET (hopMupoBaHHIO [CHHOCTHOTO
OTHOILIEHUS KaK K CBO€H, Tak U MHOU KyibType. [lo
3TOM NpUYMHE KpaiHE BaKHO B HALLE BPEMS [IPU3HATh
HE00XOUMOCTh HOBOTO ITOAX0a K OCYIIECTBICHHIO
WHOS3BIYHOW TIOATOTOBKH B BYy3€, UYTO SBISACTCA
Ba)XKHEHINIEH IIEHHOCTHIO KAaXXKIOW HAIlMOHAJIbHON

pasHBIX  KyJbTYp,

CIIOCOOHOCTB ~ BOCTIPHHHMATh KyJIBTYPBI.

OO0uIeCTBEHHO-TOCYAAPCTBEHHBIIT YPOBeHb — cCpella HHCTUTYHHOHAIBHO OPraHM30BAHHOIO
o0pa3zoBaHusi 0MIUEPCKOr0 Kopmyca, 00ycJOBJIMBAKLIAS NOTPeOHOCTh B MHOSI3bIYHON INOATOTOBKE
KaK MO/ CHCTeMe B CHCTeMe ero 00pa3oBaHust

DyHKIMH:

- pasBUTHE HWHCTUTYTa HWHOS3BIYHOW MOATOTOBKH B
COIMOKYJIBTYPHOTO U MPO(heCcCHOHATBLHOTO (heHOMEHA;

- pPa3BUTHE MHCTUTYTA BBICIIETO BOEHHOI'0 00pa30BaHMs B LIEJIOM, KaK 3JIeMEHTa COLUAIbHOM MPaKTUKU
(B rutaHe 1ese, cucTeMbl, GYHKIHN);

- peryiaMpoBaHHE IPOLIECCOB DPa3BUTHSI BOEGHHOM KyJIbTyphl B oOllecTBe, (GopmMupoBaHue oOpasa
odurepa.

BBICICM BOCHHOM 06p330BaHI/II/I Kak

BoenHo-npoeccuoHa/IbLHBIN ypOBeHb — cdepa NesiTeTbHOCTH BbIMYCKHHKA BOEHHOIO BY3a
(BOeHHO- Mpo(eccHOHAIBLHAS cpelia), 00yCI0BIMBAIOIIAA 321241 HHOSI3BIYHOI MOATOTOBKH B BOCHHOM
By3e

DyHKIMH:

- pa3BHTHE MHCTHUTYTa HHOSI3BIYHOM MOJTrOTOBKM KaK NpPO(EeCcCHOHAIbHO 3HAYMMOIO JJIEMEHTa
po¢IoAroOTOBKK odHIlepa B By3e;

- BBISIBJICHUE U PAa3BUTHE PECYPCOB LIS MPOPECCHOHATHHO-IMYHOCTHOTO Pa3BUTHS;

- ¢opmupoBanme TpeOoBaHUN K 0pHUIEPY B 001aCTH MPO(HECCHOHATHHONH HHOS3BITHOW KOMMYHUKAIIHH.

JIMYHOCTHBI ypOBeHb — JIMYHOCTH KYPCAHTA BOEHHOIO0 By3a KakK cy0beKTa HHOS3BIYHOI
NMOAr0TOBKH

DyHKIMH:

- KyJIbTypHOH U MPOo(heCCHOHATFHON caMOUICHTU(UKAIIH;

- KyJIbTYpHOU 1 TPO(HEeCCHOHATBLHOM caMopeaTn3alimg,

- YJIOBJIETBOPEHUE NOTPEOHOCTH B MPOPECCHOHATHHON Y MEKINYHOCTHOM KOMMYHHUKAIINY;

- mpodecCHOHANBEHO-TMYHOCTHOTO CAMOPa3BHUTHS.

Puc. 1. ®yHKuMOHAJBbHASI CXeMa BKJIIOYEHUs] HHOSI3bIYHOM MOATOTOBKH KyYPCAHTOB BOCHHOTI'0 By3a B
cucTeMy 00pa30BaHMsl BOEHHOIO CIIEHAINCTA
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PeaHI/I3aHPH/I 3TOro moaxona JOJIKHBI MBICJIUTD, KOMMyHI/IKaTPIBHyIO nu HHHFBI/ICTI/I‘IGCKYIO

COHyTCTBOBaTL: KOMIICTCHIIMHM, HAaBbIKU CaMOaHaJiln3a 1 CHOCO6HOCTI)

- pPa3BHUTHE CAMOCO3HAHMUS;

- camoollpeieleHre B
JKM3HEHHOM IUIaHaX;

- TO3HaHHe
IICHHOCTEH;

- ajanranys JHMYHOCTH  OOydaromerocs K
aKTyaJbHON COIHMOKYJIBTYPHOH (B TOM dmHCIE
npodecCHOHANBHOW) cpee;

- (opMHpPOBAHHUE IIOJNIOKHUTEIBHON MO3UIMN K
HalMOHAIBHBIM TPAIUINAM U (ONBKIOPY;

- oOyueHMe W  pa3BUTHE
MEKKYJIBTYPHOTO OOIIEHHMSI.

A.T.HypMaHOB yTBEp>KAaET, YTO «BAXKHYIO POJIb
B (opMHpOBAaHMM MEXKYJIbTYpHOH KOMIETCHLUH
UTpaeT TepHUMOE, YBKHTEIHLHOE OTHOLIEHHE K
JIpYyroi KynbType U ee ocobeHHocTsaM. Ha ocHoBe
0coOeHHOCTEH (DYHKIIMOHHPOBAHUS PYCCKOTO SI3BIKA
B COBPEMEHHOM Y30€KHCTaHEe MOKHO BHIOU3MEHUTH
MOHATHE «MEKKYJIbTypHAsi KOMIIETCHIU», YTOUHHB
ee CojaepXXaHHEe W Ha3BaHHWE: «MEKHAIMOHAJIbHAS
KOMITCTEHIIMSD. MeXHAIMOHANbHAsT KOMIIETCHI
JOIDKHa O0003HAa4aTh HE CTOJIBKO 3HAHHE O
cnemuduueckux (axTax Ipyrod KyiabTypsl (0coObIe
peainu HapoJHOTro ObiTa, 3HAUUMBbIe (PaKThl HCTOPHH,
3HA4YHUMBIC J'II/I‘-IHOCTI/I), CKOJIBKO BJIAJICHUC «TYKUMMN»
HOpMaMu KOMMYHUKATUBHOT'O IIOBCACHUA n
CHOKOﬁHO-yBa)KHTeHLHO@ OTHOLICHUE K HUM U TEM
LEHHOCTSIM M CTEPEOTHIAM, KOTOPBIE 32 HUMH CTOST)
[3,c.38].

BaxHO OTMETHTB, 4TO TpoliecC T'yMaHM3AIHU
BCEH cHCTeMBI 00pa30BaHMUs U CMEHA €€ IIEHHOCTHBIX
OpUCHTAIlMI HaxoIsATcs B akTuBHOW (Qaze. OH
(okycupyercss Ha Pa3BUTHH JHMYHOCTH, KOTOPOE
BKIIIOYaeT B cels oOecrnedeHne ee COIMajbHO-
OKOHOMHUYCCKHUX M KYJIbTYPHBIX, B TOM YHUCJIC —

HallMOHAJIBHOM H

o0y4alomuMucs  KyJbTYPHBIX

HaBBbIKOB

npodeccHOHAIbHBIX, B3aMMOOTHOILUEHUI c
OKpyXXarommmu. s TOro, dYToObl HAYyYHUTHCS
MMOHUMATh HMHOCTPAHHBIM  S3bIK, HEIOCTATOYHO

BBIYYHUTh HYKHBIE ciioBa. OJIHOW M3 TJIaBHBIX 3a/ad
SBIISIETCA OCBOEHHUE KyJIbTYPHOM KapTHUHBI MHUpA,
U3y4eHHe MEHTAIUTeTa U TPaAULUM, YTO SBISETCA
JIOCTaTOYHO CJIOXKHBIM B TIporiecce o0ydeHus. Tem He
MeHee, 3HaHUs O Yy>KOW KyIbType HE TOJIBKO JAIOT
00ydJaromuMcst BO3MOKHOCTb OOIIAThCS C JIIOJbMU-
HOCHUTEJISIMH SI3bIKa, HO ¥ IOMOTAIOT MM OCO3HATh, 4TO
KpOMe UX POAHOM KyJbTYpPHI CYLIECTBYIOT U JpYyTHE,
C OTIMYHBIMH HOHATHSMHU O XXH3HH, O MHpE H
TpaguIuax. Takoe IIETIOCTHOE TIPEICTABICHHE O
KyJIBType CIIOCOOCTBYEeT CTAaHOBJICHHE I[EJIOCTHOM
JUYHOCTH Kak CyOBeKTa KyIbTyphl, a TaKxke —
Pa3BUTHIO CUCTEMHOIO ¥ KPUTHUYECKOTO MBIIIJIEHHUS.
IlepcnexkTuBsl  pa3sBUTHA obmecrtea
npodeccroHabHON cephl NesITeIbHOCTH BOSHHOTO
crienuaiucTa TpeOyIOT OT  BBITYCKHHKAa BY3a
MPUBHECTH HOBBIE JIMYHOCTHBIE u
npodeccroHabHble HaBBIKK. Upe3BbIYAHO Ba)KHO
pa3BUBATh CIIOCOOHOCTH KPUTHYECKH W CHCTEMHO

JeHCTBOBATE  CaMOCTOSITEIBHO B Pa3IHUYHBIX
cuTyauusx. Bce 93T kauecTBa pa3BHBAIOTCA C
MIOMOIIBI0 KOMMYHHUKAIIUM B NPOLECCE MHOA3BIYHOM
MOJrOTOBKM, HANpaBICHHOM Ha mpuoOpeTeHue
CTIIOCOOHOCTH OPUEHTHPOBATHCA B CPEJIE U3YIaEMOTO
s3pIKa M aJEKBaTHO pearnpoBaTh Ha CHTYallWH,
BO3HMKAIOIIUE B TIpoIiecce O0IIeHHS.

WHos3pIYHAsT KOMMYHHKAIMs  CIIOCOOCTBYET
Pa3BUTHIO y KypCaHTOB «YyBCTBAa S3bIKa», YTO
OIaronpuUsITHO JUIA BBIITYCKHUKOB, TOCKOJIBKY BEIET K
OBJIaJICHUIO KYJIBTYpOH peueBoro odeHus. YyBcTBO
SI3bIKA UCCIIEJOBATENHN CBA3BIBAIOT C (POPMUPOBAHHEM
SI3bIKOBOM JINYHOCTH. Ilo Bunorpaznosy,
(opMHpOBaHUE S3BIKOBOW JIMYHOCTH COCTOMT B
«IIPUBUTHU OCOOOM NEPLENTHBHOH CIIOCOOHOCTH,
3aKIII0YAOLIENCA B «IOCTUXKECHUU HMHOMU
MEHTaJIbHOCTH, CTPAaTeTMM W TaKTHKH JKM3HH, a
3HAYUT, WHOTO CII0c00a OCMBICICHHS MH(OpMAIWH,
3aTparuBaroLeTo JIIOObIE CTOPOHBI KU3HM» [4, c.
217].

HoBelif mMmynec 3TOMy Ipomeccy IpH3BaHa
3a7aTh MOJEPHHU3ALUS WHOSN3BIYHOW IOATOTOBKH.
CorinacHO NPUBEACHHBIM  BBIIIE  TOJOXKEHUSM,
WHOSA3BIYHAS  TOATOTOBKA B BOGHHOM  BY3€
OpPHEHTUPOBAaHA Ha CJIEIYyOLUe 3aJauu:

- peanu3anus npodeccHoHaIBHO-
KOMMYHHUKaTUBHOU OpHUEHTAINH o0y4eHwus,
HanpaBJICHHOH Ha BKIIOYCHHE BBITyCKHUKOB B
po¢eCCHOHATBHYIO cdepy;

- TpHOOpeTeHNe 3HAHWH, HABBIKOB M YMEHHH
MHOSI3BIYHOW KOMMYHHUKAIINHU, KOTOPEIE Ba)XKHBI KaK B
PO eCCHOHANBHBIX, TaK n JKU3HEHHBIX
KOMMYHUKaTHBHBIX CUTYaIHSX;

- Ppa3HOIJIAHOBOE pa3BUTHE Y KypCaHTOB
MHTEJUICKTYaJIbHbBIX M TBOPYECKHUX CIIOCOOHOCTEH;

- (opMHpoBaHHE y KypCaHTOB IIEHHOCTHOTO
OTHOIIIGHUA K CBOEH CTpaHe, ee KyJIbTYPHBIM
TpaAuUHsM, K BOEHHOI npodeccunu;

- o0ecriedeHne NPaKTUKN IPUMEHEHHS 3HAaHUH U
YMEHHH, TOJyYeHHBIX B  BYy3€, B Pa3IMYHBIX
CUTyalusx oOy4eHUs U peabHOM )KN3HH.

Oco0eHHOCTh  AUCHUILTHHEI  «HOCTpaHHEIH
SI3BIK» B IIIKOJIE M BY3€ 3aKJIFOYAETCS] B MHOTO3HAYHBIX
(YHKIHMAX WHOCTPAHHOTO S3bIKA B JKU3HH YEJIOBEK.
BricTymas kak cpeicTBO OOILIEHHS B peanu3aliu
JMYHBIX W NPO(eCcCHOHANBHBIX BO3MOXKHOCTEH,
MHOCTPAHHBIN  SI3BIK  CIIOCOOCTBYET  IOJIYYCHMIO
«MHpPOBOTO JYXOBHOTO OIBITa», NPHOOIIEHUIO K
MHpPOBOH KyJIBTYpe, 9TO, O€3yCcIOBHO, BIHMAET Ha
pa3sBUTHE JMYHOCTH M CO3/aeT BO3MOXHOCTH JUIA
JlyXOBHOT'O pocTa yesoBeka [5,6].

[TpodeccroHanbHO-IMYHOCTHO — Pa3BUBAIOLINN
MOTEHIMal WHOA3BIYHOM MOATOTOBKM KYyPCAaHTOB
KpOeTCsi B €€ MEXKYIbTYPHO-KOMMYHUKATHUBHOMN
cymHOCTH. OTINYUTENBHON YePTOI MEXKYIbTYPHOU
KOMMYHUKAIlUM  SBISI€TCA TO, YTO OCHOBHBIM
MMOCPETHUKOM TIPU «BCTPEYE» KYJIBTYyp CIYXHUT

Philadelphia, USA

279

2 Clarivate
Analytics indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260

JIF =1500  SJIF (Morocco) =7.184  OAJI (USA) = 0.350
YeJOBEK, BBICTYMAIOMIMA B KauecTBE OCHOBHOTO «Hanbojiee OYEBUIHBIMI», «TPYOBIMH» (opMaMu
HOCHUTCIIA I/IH(IJOpMaHI/IPI. Me)KKyJ'H)TypHaﬂ JAUAJIOTU3alun. OH paCKpI)IBaeT IIOHATHUEC auajiora
KOMMyHI/IKa]_[I/IH O6yCHOBHI/IBaeT HpeﬂeHLHO HII/IpOKO — KakK ((,HOBepI/Ie K ‘{y)KOMy CJ'IOBy,
B3aI/IMOHpOHI/IKHOBeHI/Ie KyJ'II)TypHO' 6HaFOFOBeﬁHoe HpI/IﬂTI/Ie (aBTOpI/ITeTHOe CJ'IOBO),
KOMMyHI/IKaTI/IBHBIX CMBICJIOB, JOCTHUXKCHUC y‘{eHquCTBO, IIOUCKHU U BLIHy)KZ[eHI/Ie FﬂyGI/IHHOFO
B3aUMOIIOHUMAHUA C yquOM nu COXpaHeHI/IeM CMBICJIa, corjacuec, €ro 6CCKOHC“IHBI€ Fpa[[aIII/II/I nu

HAalMOHAIIbHOM KapTHHBI MHPAa KOMMYHHIUPYOLINX
CyOBEKTOB, HO OJTHOBPEMEHHO u nx
B3aUMOOOOTAIICHNEM B  COLHOKYJIbTYPHOM H
JYXOBHOM ILTaHax.

OTnuanTensHON XapaKTEPUCTUKOM
WHOSI3BIYHOH ~ KOMMYHHKAaMM B KOHTEKCTE
npodeccroHaIbHO-IMYHOCTHOTO pa3BUTHA

KypCaHTOB SIBJSIETCS €€ TeJarorndeckuil xapaxrtep,
TaK KaKk OHAa MpPEJCTaBiIsIeT CO0OH MHOTrO3HAYHYIO
UHOS3BIUHYI0 KOMMYHHUKATHBHYH  JI€STEIbHOCTb
oOydaromierocs — COLUAIbHYI0 (JIMYHOCTHYIO) U
po(heCcCHOHAIBHO OPUCHTHPOBAHHYIO.

B mnonsTHMilHOM  moNE€  MEXKYJIbTYpPHOU
KOMMYHHUKAIlUA 3aKOHOMEPHO BO3HHMKAET MOHATHE
Juanora. JlaHHOe TOHATHE MHOTO3Ha4HO. B
MHOSI3BIYHON OATOTOBKE THUAJIOT PACCMAaTPUBAETCS U
Kak BHJ pP€4d, U KaKk (YHKIHOHAIbHAA
pa3sHOBUAHOCTb SI3bIKa, M KaK OUJAKTHYECKHUI
MaTepHa Ui OBIaJCHUS PEUEBBIMU KOHCTPYKIIMSIMHU
MPUMEHUTEIBHO K TEeM WM WHBIM CHUTYaIlUsIM.
JIMyHOCTHBIE KauecTBa YEJIOBEKa PACKPHIBAIOTCS B
OOIIeHUH, B IHajore C APYTUMH JIIOIbMH. Ilo
yTBepxkaeHu0 M.M.baxTuHa, 4e0BeK paCKpbIBA€TCs

B 4YCJIOBCKEC TOJBKO B 06H.ICHI/II/I, TOJIBKO BO
BSaHMOHeﬁCTBHH C JIIOJbMH. «bpITH  — 3HAUMT
06H_[aTBC$[ JANaJIOTUYCCKND), - OoTME€4Yall OH,

MOJYEPKUBAs TEM CaMbIM MPHPOAY YEIOBEUECKOTO
coObrTHs [7, ¢. 270]. OH riry00KO OIHMO0YHBIM CHHTAI
TPAaKTOBKY JHalora TOJbKO B paMKaxX MOJIEMHKH,
criopa, MapojuWd, YTO OOBIYHO JIOMYCKAeTCs B
JIUTEPATypHOM KaHPE, Ha3bIBas yKa3aHHbBIC (HOPMBI
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COGNITIVE MODEL OF PEDAGOGIC EXPERTISE

Abstract: A cognitive model of a teacher's pedagogical skills has been developed. Sense and numeric variables
have been introduced. Numerical coefficients that measure the magnitude of the strength of relationships between
variables have been introduced. The numerical values of deviations from 0 to the right/left of the variability of zi z-
variables, multiplied by the “weights” cy;, were found (modeled). The sum of the products zikcyj , k=1, ..., 9, forms a
new y-variable; for j=1,..., 9, the y-variables form an uncorrelated set of y-variables.The meanings of these y-
variables, which are extracted hidden knowledge about the factors of the pedagogical skill of a teacher teaching
students within the framework of the original 9 z-events, were found. The model added (cognized) another 9 z-events
to them. Newer y-events are quantitatively and meaningfully substantiated. The manifestations of events are realized,
their formulaic, phraseological, visualized on graphs descriptions of curve behavior are justified and correspond to
the expected. A system of 9 semantic equations with 18 semantic variables has been developed: meaning(yi),...,
meaning(ys), meaning(z.),..., meaning(zs). Nine semantic solutions-knowledge (new extracted knowledge), cognize
the meanings, pairwise connections, and strengths of manifestations of 13 semantic variables. Visualization of the
mutual dynamics of curves (variability values of z-, y-variables from matrices Zmg, Ymg) of knowledge about “weights”’
(from Cgg) and z-, y-variabilities in a model with 9 z-variables, 9 y-variables showed the dynamics of the model values
of unmeasured indicators of manifestations of teacher skill. The variables introduced into the model are endowed
with mathematical and statistical properties, and the parameters are constant. They are modeled in the Optimization
Problem and depend on the number of variables and on the values of 3 indicators. Both uncorrelated (y-) and
correlated (z-) variability are multiplied by their “weights” - the strength of the factor manifestation. Interesting
knowledge was gained after visualization. The most informative is the found event y.. Meaning (ys) = “presentation
of new educational material (with force c?4=1.0000)?), carried out by the teacher with the attention of the student
(with force c?14 =0.35482). ” 3 more events are informative: meaning (y3)= “repetition of already studied material
(with strength cs3 = 0.60002), carried out by the teacher with a decrease in the strength of manifestation of 3 factors:
a) information about learning goals (with strength (-0.7165 )?), b) presentation of new educational material (with
force c%s = (-0.1248)%)"; meaning (y2) = “attracting the student’s attention (with strength c212 =0.35022), explaining
learning goals (with strength c%; = (0.3502)%) and repeating already studied material (with strength c%, =
1.0000)2)"; meaning (yi) = “the teacher’s efforts to attract the attention of students, shown (with force c*1 =
(+0.5000)?) reduce the amount of information for learning purposes (with force ¢%; = (-0.1735)?) . The presented
structure of situations in which the model has learned unknown hidden knowledge can be applied to subjects
(professor, student) if the initial data is changed - z-situations for the teacher are replaced with z-situations inherent
in universities.

Key words: multisense equation with known and unknown semantic variables, Cognitive Model of teacher
pedagogical skill.
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KOTHUTHUBHASA MOJEJIb IEJAT'MYECKOI'O MACTEPCTBA

Annomayusn: Paszpabomana  Kocnumuenas mooeib nedazo2uuecko2o macmepcmea yuumens. Beedenwvl
CMBLCTIOBbIE, YUCTLOBblE NepeMentble. Beedenvl uuciosvle Kodphuyuenmvl-usmepument 6eIUYUN CUlL 83aUMOCEs3ell
mexncoy nepemennvimu. Hatidenvr  (cmodenuposeannvl) uucnoevie snauvenus omkionenuti om 0 enpaeo\eneso
UBMEHYUBOCIU Zik Z-NEPEMEHHbIX, YMHOJNCEHHbIX Ha «secay ckj. Cymma npouszeedenuil zikcj , k=1,..., 9, obpasyem
HOBYIO y-nepemennyto, npu j=1,..., 9 y-nepemennvie 006pazyiom HeKOPPEIUPOBAHHOE MHOICECMBO Y-NEPEMEHHbIX.
Haiioenvl cmbicavl  omux — y-nepemeHHulxX, AGIAIOUWUXCA U3GLEHEHHbIMU CKPLIMbIMU 3HAHUAMU 00 (axmopax
nedazocutecKo2o0 Macmepcmea yuumens, 0by4aoue2o yUeHuKos pamkax ucxoonvix 9 z-coovimus K num mooens
o0obasuna (nosuana) ewe 9 z-cobvimuil. Hogee y-cobvimus KonuuecmsenHo u no cmuiciam o6ocnosanwl. Ilposenenus
cobvimuil  peanu3o6anbl, 060CHOBAHBL UX (DOPMYTIbHOE, (DPA3e0n02UdecKoe, BU3YATUUPOBAHHOE HA 2PAuKax
ONUCAHUSI NOBEOCHUIl KPUBLIX cOOmBemcmayem odcuoaemomy. Paspabomana cucmema uz 9 cmvlcioguix ypagHeHul
¢ 18 cemanmuueckumu nepemennvimu.; cmolca(yi), ..., CMbICA(Yy), CMBICA(Z1), ...,CMbICI(Zy). Hesamb cemanmuyuecKkue
peueHus—3Hanus (HO8ble U3GIEYEHHbIE 3HAHUSL), NO3HAIOM CMBICAbL, NAPHblE C83U, CUbl nposigieHuti 13
CEMAHMUYECKUX NepemMeHHvIX. Busyanuzayus 63auMHbIX OUHAMUK KPUGLIX (3HAYEHUU u3MeHuugocmeu z-, Y-
nepemennvix uz mampuy Zmg,Ymg) snanui o «gecaxy (uz Cog) u z-, Y-usmenuusocmsx ¢ mooenu ¢ 9 z-nepemennvimu, 9
Y-nepemennbiMU NOKA3aNA OUHAMUKU MOOCTbHbIX 3HAYEHUL HEUSMEPAEMbIX NOKA3ameel NPOsiGIeHUL MaCmepCcmed
yuumens. Bgedennvle 6 MOOeNb nepemeHHble HAOeLeHbl MAMEMAMUYECKUMU U CAMUCTIUYECKUMU C8OUCMEAMU, d
napamempuvl nocmosinHel. OHu cmooenupoganvl 6 OnmumuzayuonHot 3adaye U 3a6Ucim  Om KOAUYECmE
nepemMeHHbIX U om 3Hauenuil 3-x unouxamopos. Kak wnexoppenuposanmvie (y-), max Koppenupoeanmvle (z-)
UBMEHUUBOCTU YMHOICAIOMCSL HA CBOU «8eCay - CUIbl NPosigieHus akmopa. [lonyuenvl unmepecHuvle 3HaHUs NOcie
suzyanuzayuu. Camvim uHgopmamuenvim asisemcs HaudenHoe codvimue ya. Cmolci(ys)=«npedcmasienue H08020
yuebrnozo mamepuana (c cunoii ¢’44=1,0000)2), nposodumca yuumenem c npueneveHuem HUMANUS YYeHUKA (C CUNOL
c?14=0.35482)». Hngppopmamusnor ewe 3 cobbimus: cMoici(ys)=«nOEMOPEHUE Yace U3YUeHHO20 MAMEPUand (¢ Cunou
c?33=0,60002), nposedennoe yuumenem c ymeHbUeHUEM CUN NPOAGTIeHUs 3-X (PaKMOpos: a)ceedeHuti yensx 06yueHus
(¢ cunoii (-0,7165)%), 6)npedcmaenenus Ho6020 yuebHo20 mamepuara (¢ cunoti c%43=(-0.1248)%)»;
CMbICI(Y2) =«npuenevenue eHuManus yuenuxa (c cunoti c?12=0,3502%), pasvsacuenue yeneii 0b6yyenus (c cunoli
c?2,=(0.3502)?) u nosmopenue yoce uzyuennozo mamepuana (c cunoii c>3=1.0000)%) »; cmbica(yi=«ycunus yuumens
10 NPUBLEUEHUI0 GHUMAHUSA YHEHUKOS, nposenennsie (¢ cunoili ¢?11=(+0,5000)%) ymenvuiarom obvem ungopmayuu 6
yensx 06yuenus (c cunoii ¢?21=(-0,1735)?)».

Hznoocennyio cmpykmypy cumyayuil, 8 KOMopvix MOOelb NOZHALA HeU38EeCHHble CKPbIMble 3HAHUSL, MONCHO
npuMeHums 0isi Cy6vexmos (npogheccop, cmyoenn), eciu UsMeHeHUMb UCXOOHbLE OAHHblE —Z-CUMYayuU sl yHumers
3AMEHUMb HA Z-CUMY YUY, NPUCYUue YHUGEPCUMEmam.

Kniouegvle cnosa. MHOZOCMbICIOB0E YPAGHEHUE C U3BECTMHbIMU U HEU3BECTNHLIMU CEeMAHMUYECKUMU
nepemennvimu, Koenumuenas mooens nedazo2uyecko2o Macmepcmea yuumers.

BBeaenue oOydeHHs. YYCHHK MOJDKEH IEpedTH W3 OJHOTO
WnTemrekryanpHOE IBIDKCHHE BOILIO B COCTOSHHST yMa B jpyroe. IlpemomaBaTtens ke
HCTOPUIO (o)) Ha3BaHUEM «KOTHUTHBHAS IMOMOTaeT €My MPONTH STOT MyTh, KOTOPEIA [ aHbe
peBomronMs». byM wWHTepeca K KOTHHTHBU3MY MPEJCTAaBIsAeT KaK MOCIEIOBATEIFHOCTh H3 JCBITH
MPUIIENCS HAa CEpeAWHy IMPOILIOr0 BEKa, IEepPBBIC coObITHH. 3mech HIDKe  omuireM KOTHUTHBHYIO
WCCIIeIOBaHMs B 3TOM 00JacTU HAYaJIUCh 32 MHOTHE MOJIeTIb  TIEJIaTOTUYECKOTO MacTepCTBA  yUUTES,
JIECATUWIETUSL 10 TOTOo. PaccMOTpUM CIIOBECHYIO WUCXOJHBIMU JIAHHBIMH ISl HEe CIIyXaT JeBATU
MO/IeJTb MIperoIaBaHus Pobepta I'anbe. coOniTit Pobepra I'aHbe.
«IIpenonaBanue, mo 'aHbe, - 3TO psA BHENIHUX IO
OTHONICHUIO K YICHUKY COOBITHA, MPU3BAaHHBIX CTATh Hcxoanble JaHHbIE
MOJICTIOPbEM UTSI BHYTPEHHUX COOBITHH OOYYCHHS. HcxomHoit nH(bOpMAIHE T MOJICIH SIBIISIOTCS
BryTpeHHHE COOBITHS — 3TO CTOAIINE 32 00yICHUEM CMBICIEI 9 Z-(haKTOPOB, BRIPAKAIOIINX KOMIICTCHIIHN
(hM3MOTIOTHYECKUE TPOLIECCH 00YYarOMIErocs, Takue WHIUBUJIOB-00y4aeMbIX, Z-(QaKTOPhI CIIOCOOCTBYIOT
KaK perucrpanus INOCTynarmomed wuHpopMauu BHCAPCHHUIO  AHANUTHYCCKUX  CIIOCOOHOCTEH W
opraHamMy 4yBCTB M, Hampumep, €€ COXpaHEHUE B YIPaBISTIOTCS CMBICTaMu 9 y-(hakTopoB. CMBICIEL Y-
JOJATOCPOYHOM IAMSATH» l'anbe cuuran, 4To LeIb (hakTOPOB HEW3BECTHBHI.
MpernoaaBaHusl — OOJIETYUTh BHYTPEHHHUE TIPOIECCHI 1. CMBICII(Z1)=«TIpUBIICYCHNUE BHUMAaHUs

L https://skillbox.ru/media/education/9-sobytiy-
prepodavaniya/?utm_source=media&utm_medium=link&utm_ca
mEaign:aII all_media Iink§ links firticles all all skillbox
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(mpu3HaK yuurens), CMOJEIUPOBAaHHBIX MaTpHliL (Co9,Ag0)
2. cMbICN(Z2)=«MH(POPMUPOBAHNE YUYCHHUKOB O MIPOCTABIISIIOTCS. YUCIIOBBIE TTApaMeTPhl Cif,..., Cog B
Hensax o0ydeHus (MpU3HaK YUUTENs); HIDKCTIPUBEJCHHEIE 9  ypaBHEHHH  CHCTEMBI
3. cMBICN(Z3)=«IIOBTOPEHNE YK€ H3YYEHHOTO MHOTOCMBICIIOBBIX ~ YPaBHECHHUH. He mpoBoanm

MaTepuaia (IposiBIICHIE IPU3HAK yUCHHKA);

4. CMBICII(Z4)=«TIpeICTaBIICHHE
y4e0HOTO MaTepuaia (IpU3HAK YIUTes);

5. cMBIc(Zs)=«moaepxkka o0yueHus (IpuU3HaK
yuuTens);

6. CMBICII(Z6)=«TTOTAIKHBAHHUE K IEMOHCTPALINU
NPUOOPETEHHBIX HABBIKOB (MPU3HAK YUHUTENS);

HOBOTI'O

7. cMbICI(Z7)=«IpefocTaBieHne  00paTHOM
CBsA3U (TIPU3HAK YUUTENA);
8. CMBICII(Zg)=«OIICHKA pe3yIBTaToOB

(mposiBneHHUE PU3HAK YUCHUKA);

9. cMBICH(Z9)=«yIIy4YlICHNE YCBOCHUS 3HAHUS H
ero MepeHoC Ha MPaKTHKY».

Beemensl 3 wuHamkaropa COrr(zs,yi1)=c:=0,5;
corr(zs,y2)=cs2=1; corr(zs,ys)=cgs=0,6 npucyrcTBus
3HaHHUH, COOTBETCTBYIOIINE CMBICIaM Y-TIEpPEMEHHBIX

Y1, Y2,Ys.

3ajaua: pa3paboraTh CUCTEMY U3 9 CMBICIOBBIX
YpaBHEHUU c 18=9+9  cemaHTHUYECKUMH
MNEePEMEHHBIMH CMBICI(Y1),..., CMBICI(Yy), CMBICI(Z1),
...,CMBICI(Zg),  YAOBIETBOPSIOIIUX  MAaTPUYHOMY
CMBICIIOBOMY ~ PaBEHCTBY  BHAA  CMBICI(Zmo)=

eMbIci(YmgCleg), Tae cmbica(Zmg)=cMmbica(Z1)®...®
eMbIC(Zg),  cMBICT(Y mgCleg)=cmpIca(Ymec1)®...®
embIcn(YmeC'o). Dnements Marpuisl Cleg paBHBI 9
SIIEMEHTaM TEPBBIX 9 CTpok C'y, ..., CTo  MaTpumbl
naaukatopoB Cee, a €€ i-as cTpoka C'j HMeeT
KOMITOHEHTBI, DPAaBHBIC KOMIIOHEHTaM  MAaTPHI(bI
maaukatopoB Ceo: C'j=(Cj1,Cjz, .. .,Cjo), iI=1,...,9. DTOMY
MaTpUYHOMY CMBICIIOBOMY PaBEHCTBY COOTBETCTBYET
MaTreMaTHYeckoe MaTpUYHOE PaBEHCTBO ULt
YUCJIOBBIX NIEPEMEHHBIX BHU/IA: Zmo=YmaCTog.

I[IpumensieMasi cucTeMa MHOTOCMBICIOBBIX
YpaBHeHMH

MHorocmsicia0BOE ypaBHEHHE [1-2]
KOHCTPYUPYETCSI U3 MHOTOMEPHOH MaTeMaTH4ecKOn
MozenH [3], rie y)ke BBeZEHBI YUCIOBBIE TapaMeTpBl,
nepeMeHHble, (YHKIUH CBSI3H, COOTBETCTBYIOIIHE
pearbHBIM  CBOWCTBAM  peaJIbHBIX MHOTOMEPHBIX
00BEKTOB Pa3HBIX THUIOB. THII 00BEKTOB, X CBOIMCTB
OTpakaeTcss B CMBICIAxX CBOWCTB 0OBekToB [2-8].
CyMMBI CMBICTIOB CBOWCTB (Z-TIEPEMEHHBIX) 00BEKTa
MOTYT 00pa3oBaTh HOBBIH CMBICT Y-TIEpEMEHHOU
(B3ameH cTapoMy CMBICITY) WM HeT. B MHOromepHon
MaTeMaTHYECKOW MO/IeNH (OHA ABISETCS BTOPUIHOM,
NepBMYHA  MaTpU4Hash  CMBICIOBas  MOJIETb)
NIepeMEeHHBIe JIeJIITCS Ha 2 BHUJa: U3BECTHBIE UMEHa-
CMBICIIBI Z-TIEPEMEHHBIX: CMBICI(Z1),...,CMBICT(Zg) H
Yt H3BECTHBIE HMMEHA-CMBICIIBI y-TIlepeMEHHBIX
cMbIci(Y1),...,cMbIci(Ys). KonmrmaecTBo 9 mepeMeHHBIX
paBHO  KOJINYECTBY aucriepcuid  disp(y1)=Aq,
disp(y2)=Ao,...,disp(ys)=he. B  coorBercTBHH ¢
3HAYCHUSAMH A1, A2,...,A9, B3SATBIMH W3 THaphbl

YIAJICHHS CIIATaeMBIX C «BecaMm» Cij, €CIIU Jake HX
BEIMYMHBI HE  YAOBJICTBOPSAIOT KPHUTEPHUIO OBITH
WHAWKATOPOM CKpHITBIX 3HaHumi [11,14], mostomy
KOJIMYECTBO  CllaraeMbIX B  YpaBHEHUSIX C
HCU3BECTHBIMH HOBBIMH  CMbICTaMH  cMbICT(Y1),
cMbici(Y?),...,cMbIci(Y4) HE Ccokpamarorcs. boiee
«KOPOTKHE» CYMMBI CMBICIIOB TIPUBEACHBI JUIS
o0Jier4eHss OCMBICIIMBAHUS YUTATeNeM CTaThu. J{is
KOHCTpyHpoBaHus 6 ¢pa3 s 4 HOBBIX CMBICIIOB
(HOBBIX CEMaHTHYECKHUX Y-TIepeMEHHBIX )
HOBBIN_cMBICH(Y1), HOBBIH_cMBICT(Y?),
HOBBIN_CMBICI(Y3), HOBBIA CMEICT(Y4), CYIIECTBEHHO
JOTIONHAIOIIMX HCXOIHBIE CMBICHBI  cMBICT(Y1),
cmbicn(y2), cMmbica (Y3), cMBICT(Ys) TPUMEHSIHCH
METOJBl CMBICIIOBOTO MPEoOpa3oBaHMs HCXOMHBIX
CEeMaHTHUYECKUX NepeMEeHHBIX B HOBBIC
CeMaHTHYECKHEe NIepeMEHHbIe. DTO — TpyJ03aTparHas
0COOCHHOCTh KOTHUTHBHOTO MOJICIUPOBAHUSL.

TpeOyemble (Gpasbl, OTpakaroUUe CMBICIBI
HEHM3BECTHBIX 9 HOBBIX CMBICJIOB Y-NEpEMEHHBIX,
MOJKHO CKOHCTPYHPOBATh, €CIIH CMOJICINPOBATh:

a) mapy MaTpul ~ COOCTBEHHOW CTPYKTYpPHI
(Ag9,Co9), Tne Cg9 — MaTpuIa TICEBIOCOOCTBEHHBIX
BEKTOPOB 91, Cg9Cg9=lgg, CT99Co9=+lgg,
Ago=diag(Aa,...As), tr(Ag)= Art...+he=9, ycIoBue
YHOPSIIOYCHHOCTH A1>...>Ae>0 He TpeOyercs;

6) MaTpuIbl 3HAYEHUH HEKOPPEINPOBAHHBIX
HN3MEHIMBOCTEH Y ma, KOpPPENNpPOBaHHBIX
m3MeHunBocTel  (OTKNOHEHHH  oT 0)  Zmg,
COOTBETCTBYIOT CBOMM CHUCTEMaM MHOTOCMBICIIOBBIX
YpaBHEHHH C W3BECTHBIMH U  HEU3BECTHBIMH
CEMAaHTHYECKUMH (CMBICIIOBBIMH) IEPEMEHHBIMU.

Wnoe HazBanue [9-12] anementoB MaTpuirs! Cog
BBEJIEHO B cCTaThax [1-9], OHO oTpakaeT CMBICT
«BECOB», MOJEIMPYEMBIX B Halled MOJENH, Hall
METO/I MOJIETIMPOBAHNUS OTJIMYAETCS OT METOJIOB U3 [2-
9].

HoBeie Monenupyemble 2 MaTpuubl B Hallen
MOJIETH JIOJKHBI obsanath CBOHCTBaMH:
OpTOrOHaNbHas (HE OPTOHOPMHPOBAHHAS) MaTpHIA
Co9  COOCTBEHHBIX  BEKTOPOB  €j=(C1j,Cyj...Cqj) T,
PacCTIONOKEHHBIX o crosbiam MaTpHUIbI
Cos=[c1|c2]...|co] cormacoBana co CBOUM CIIEKTPOM Agg
HEHUCIOIb3yEMOM HaMHU KOBAPUALMOHHON MAaTpULbl
Woo=(1/m)Z meZme, Ago=diag(rs,...Ag) B pemaemoit
Hike OnrumuzanuonHoit 3amaue:  (log,loo)=>(Coo,
Ag) (npyrue meronpl cMoTpute B [9-15]) menesas
(GYHKIMS OTIMYaeTCs OT paHee NpUMEHsSBIIEHCS
¢yHKIMKA:  At...+Ag=9, Temeppr 3TO PaBEHCTBO
SIBIISIETCsT (DYHKIMEH OrpaHWYEHHH TPH U3MEHSIEMBIX
3HaYeHUAX 9*9+9 snementoB 2-x Matpuil Coo, Ago,
Cr99Coo#lgg, CgoC'99=los. = Mogenmupyembie HIKE
cinydaitaple  MaTpuilbl Umg W Yme Takwe, dYTO
MOUUHSIOTCS cooTHomeHussM OOpatHoit Mogaenu
Amnannsza I'maBHBIX Komnonent [16-17]:
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(1/M)UTmoUme=lgs, Ymo=UmoAY2%00, Zmo=YmeC'ss, B
Matpuie Yme 3JEMEHTHI J—T0 CTOJ61A Y1j,Y2j,. . ..Ymj (j-
as  y-mepeMenHas, J=1,...,9) wuMelOT cpemHee
apupMeTHIecKoe, paBHOE HYJIIO:
(L/m)(y1j+yait...tYmj)=0 ¥ mUCHEPCHIO PaBHYIO Aj:
(LM (Y?1+Y%25t. . .+Y?mi) =N, cymMMa aucrepcuil papHa
9: M. . FAe=0. ManI/I]_ILI Ym9:Um9A1/299,
Zmo=YmeC'99 B TaKOM TMOPSAIKE MOICITHPYIOTCS
HUHTEPIPETUPYIOTCS KaK MHOTOMEPHBIE BBIOOPKH

[17]. B Hame#l Momenm MBI MOJENUPYEM
HEeCTaHAApPTU30BaHHEIE (C"99Cog7l9g)
KOppPENUpOBaHHbIE Z-TIepEMEHHbBIE SIBIISIFOTCS
MHOTOMEPHBIMH  JaHHBIMH, OOBCIUHEHHBIX B

Marpuly Zmg, B KOTOPOH 3JIEMEHTHI j—TO CTOJOIA
23),23j,...,Zmj (j-as mepemenHnas, j=1,...,9) wumer0T
cpenHee apudmernyeckoe paBHOE HYJIIO:
(M/m)(zajtzajt. . . +2mj)=0, 1 aucnepcuro He paBHyto 1:
(Um)(Pyj+ 2%+, . +2%m)#1, cymma pguchepcuii  He
paBHa 9. OneMeHTHI MAaTPHUIIBI Coo
MHTEPIPETUPYIOTCS KaK MHAMKATOphl 3HaHuil [10-
12]. Matpunma  Ymg, B KOTOPOW 3JIEMEHTHI j—TO
cronbua Yij, Yoj,....Ymj (J-as y-nepemennas, j=1,...,9)
UMEIOT cpefHee apu(METHUECKOe paBHOE HYIIIO:
(2/m)( yaj+yait ... tYmj)=0, 1 JUCTIEPCHIO PABHYIO Aj:
AIm)(y%j, +y%t...+y%m)=Aj, cymma aucmepcuii
paBHa 9: Mt...+ho=9. Marpuma Y mo,
HHTEPIPETHPYETCS KaK MHOTOMEpHas BBIOOpKA.
HecrannaptuzoBaHHble  KOppEJIUpPOBaHHbIE z-
HepEMCHHBIC - JaHHBIC, OOBCIUHCHHBIC B MAaTpPHILLY
Zmg, B KOTOPOH 3JEMEHTHI j—TO CTONOUA Z1j,Z2j,. . .,Zmj
(jrast  z-nepemennas, j=1,...,9) wumeroT cpeaHee
apudmernyeckoe paBHOE HYJIO:
(M/m)(zaj+zajt. . .+2m)=0 u aucnepcuro, He paBHyto 1:
(Um)(z%j+ Z%+...+7%mj)#], cymma aucnepcuil He
paBHa 9. Marpuna Zyy HHTEPHPETUPYETCS Kak
MHOTOMEpHas HeCTaHJapTU30BaHHAasK BBIOOPKA.

IlpumensiemMasi ~ CHCTEMa  MHOTOCMBICTIOBBIX
YpaBHEHMH COCTOUT U3 4-X CMBICIOBBIX YPaBHEHHH
¢ 18=9+9  cemaHTHYeCKMMH  NEpPEMEHHBIMU
cMbIci(y1), cMmbicn(Yz2), cmbici(ys), cMBICI(Ys),
YIOBJIETBOPSIIOIINX ~ MATPUYHOMY  CMBICIOBOMY
paBeHCTBY BHAA CMBICI(Zmg)=cMbIci(YmgCTag), Tme
CMBICI(Zmg)=cMBbICI(Z1)D. .. DcMbICci(Zg),
embIci(YmgClag)=cMbIc(Y meC 1) @cmbici(Y maCl2)®
... ® cmbica(YmoaTo ).

KoruutuBHass Moaeiab neaaru4ecKoro
MacTepcTBa
HNudopmannoHHEIMA KOMITOHEHTaMU

KOTHUTHUBHOM MOJIETN «KOMITETEHI[UI, BHEAPSIOIIHE
AHAJMTUYECKHE CITOCOOHOCTHY SBIISIOTCS:
1. Mogensnas napa marpui (Cog,Agg): MaTpuIla

CcOOCTBEHHBIX qucen Aogg, Marpuia
NCeBI0COOCTBEHHBIX BeKTOpoB Cgg TaKUX, YTO
BBIMONHAIOTCST  yClIoBHs: CggC'=lgg, CT99Cog=+l0o,

A99=diag(k1, .. .7»9), tr(Ago)=ht...+he=9,
Agg=diag(2.000, 2.000, 2.000, 3.000, 0.0000, 0.0000,
0.0000, 0.0000, 0.0000).

2. Matpunpst Cgo u1 Ag9  MOIAENUPYIOTCS TPU
pemennr ONTUMH3AMOHHON 3a1aun. By Tabnuipl-
MPOTPaMMBbI ONTUMH3ALUOHHOM 3aa4u:
(l99,199)=>(CogAg9) mpuBenen B Tabmuire 2.

3. U3BecTHble  CMBICIOBBIE  IEPEMCHHbIC
CMBICN(Z1),..., CMBICI(Z9) B MOZETH HCHOIB3YIOTCS
JUTSL HAXOJK/ICHHST HOBBIX CMBICIIOB ISl MOJICITbHBIX Y-
MEepEeMEHHBIX  Y1,Y2,Y3,Y4, KOTOpBIE  YIPaBISIOT
COOTBETCTBYIOIIUMH YHCIOBBIMH 9 Z-TIEpEMEHHBIMH
(21,22,...,29).

4. neBsATh CMBICIIOBBIX YPaBHEHUI:

cMbici(y1)==cmbIci(Z1)*0,5000+cmbicn(z2)*

(-0,1735) ;

eMbIci(Y2)=cMbIci(Z1)*0,3502+cMbIci(Z2)*
1,0093+ cmbici(z3)*1,0000;

cMbIci(Y3)=cMbIci(Z1)*0,3517+cMbIc(Z2)*

(-0,7165)+cmbici(z3)*0,6000)+cMbIci(Z4)*

(-0,1248);

cMbIci(Y4)=cMbIci(Z1)*0,3548)+cmbicia(z4)*1,00;
cMbici(Ys)=cmbicn(z1)*0,3548)+cmbic(zs)*

(-0,1259)+ cmbici(zs)*1,0000;

cMbici(Ys)=cMbici(Z2)*(-0,1124)+cmbic(z3)*

(-0,0720)+cmpbici(z4)*(-0,0063 )+cmbici(zs)* 1,000,

cMbIci(Y7)=cMbIci(Z1)*0,3548)+cmbicn(z7)*1,00;
cmbic(Ys)=cMmbici(Zs)*1,0000);

embici(Yg)=cMbIci(Z1)*0,3548)+cMbici(Zg)*1,0000.

CucteMe w3 9  CMBICIOBBIX  PaBEHCTB
COOTBETCTBYeT  CcHCTeMa W3 9  YHCIOBBIX
anredpanvdecKux paBeHCTB:

y1= 21*0,5000+2,%*(-0,1735);

y»=21*0,3502+ 2,*1,0093+ z3*1,0000;

Y3=21*0,3517+2,*(-0,7165)+25*0,6000*+24*(-
0,1248);

y4=2,*0,3548+2,*1,0000;

y5=21*0,3548+24*(-0,1259)+ z5*1,0000;

Ye=22*(-0,1124)+25*(-0,0720)+2,*(-0,0063)+
26*1,000;

y7=21*0,3548+ z7*1,0000;

ys=25*1,0000;

Y9=21*0,3548+ 29*1,0000.

5. Henynesslie (4 mrykn) aucniepcun A1=2.0000,
A2=2.0000, 213=2.0000, A4=3.0000, A5=0.0014, A\e=-
0.0004, 2;=-0.0004, Ag=-0.0004, A9=-0.0004. IIstb
JUCHEPCUN € YYETOM MOTpPEIIHOCTEN BBIUMCIECHUN
paBubl 0 u3 mojenbHOro crektpa Agg=diag(2.0000,
2.0000, 2.0000, 3.0000, 0.0014, -0.0004, -0.0004, -
0.0004, -0.0004) paBHBI 3HAYCHUAM ANTreOPAMICCKIX
bopmys1 Y-u3MeHIHBOCTEN VYip,Yi1,Yis,Yia, I=1,..., 24,
UMEIOT pas3Hble 3HadeHus. J[lpyrux 3HayeHuil He
yAJIOCH MOJY4UTh NPH petneHnd ONTUMH3AIUOHHOM
3amaun ¢ 3 wHAMKaTopamu  (YNPaBIISIOIINAE
rapamerpbl,  COOTBETCTBYIOLME  CMbICIHaM Y-
MIEPEMEHHBIX Y1,...,Y4 IPUCYTCTBUS 3HAHUI.

6. V13 BEIYUCIICHHBIX B paMKax Mojenu 9*9=81
WH/IUKaTOPOB B CMBICIIOBOM MOJIENIM HCIIOJIBb3YIOTCS
Bce (B TOM uHucie 3 Ha3HAYCHHBIX OKCIIETOM)
WHIUKATOPOB HAJIMYUSI MOJENbHBIX 3HAHHUMA, Kak
MoKa3aHo Ha PucyHkax 1-9, aieKBaTHBIX 0XKHUIAEMbBIM
3HAHMSIM.
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7. Kaxxnast U3 4eThlpex CMBICIOBBIX (opMyIT U3 cuie IIPOSIBJICHUE (=1.000) YUUTEIS:
MYHKTa 3 KOTHUTHBHO CKOHCTPYHPOBaHAa U3 CMBICIIOB CMBICTI(Z3)=«IIOBTOPEHHE YICHUKOM YK€ HU3yUYCHHOTO
9 HemsMepsieMbIX W 3aBUCHMBIX IpPYT OT Jpyra Z- MaTepHana»  paBHa  BEJIMYMHE  IPOSBICHUS

nokasareneu. J[eBiITb  Y—M3MEHYMBOCTU IONAPHO
(Y1i,Y), i#]j, He KOppemMpyloT JApPYyr C OPYroM:
(Y1,Y2)=corr(yz,ys)=corr(y,ys)=...=corr(ysys)=0, Tax
Kak  A12=A23=...=Ago=0. OTH  paBeHCTBA —
(opManbHOE BBIp@XCHHE HWCXOJHOW CIIOBECHOU
TUIIOTE36l MOJCIH: Y—TIepeMEHHBIE TI0 CMBICIIaM He
BIIHSIOT JAPYT HA IpyTa.

8. KoppenupoBaHHbie cMbICHBI 9 Z-TOKa3aTesei
SIBIIIIOTCSI  BXOAHBIMH  JaHHBIMM ~ MOJENH, OHH
chopMynHpoBaHbl B NMyHKTE «lICXOMHBIC JaHHBICH
CTaTbH.

9. CocTaB MCXOIHBIX MHIUKATOPOB (3 IITYKH,
Tabmuma 2) corr(zs,y1)=c:1=0,5; corr(zs,y2)=cs=1;
corr(zs,y3)=cs:=0,6 OTpaXaeT  MUHUMAaJIbHbIE
OUCBU/IHBIC 3HAHWS, 10 3HAYCHUSAM COTIIACYIOTCS C
MOJIEIbHBIMU 81-3=78 CMOJIETTMPOBAHHBIX
WHINKAaTOPOB, (OPMAITFHO HAWACHHBIX TIPH PEIICHUN
OnTUMH3aIIMOHHON 3agaun. B HUHAUKATOpE
corr(zs,y1)=cs1=0,5 oOTpaxkeHa  TOXAECTBEHHOCTH
peaKkIMy CMBICNIA(Z3)=«IIOBTOPEHUE YYCHUKOM YXKe
M3YYEHHOTO MaTephaa» YYeHHKa Ha MPOSIBICHUE
cMbIc(Y1) yUUTENS:

B wungukatope COrr(zs,yz2)=cs>=1 orpaxena
TOXKAECTBEHHOCTh cuiIbl peakimu (=1.000) yueHuka

cMbicna(yz) TOKa3aTeNs Yo YUUTENs, Tae CMBICI(Y?2)
BEIpQKaeT CMBICT  Y-TIOKa3aTeldb  MAacTepCTBa
YAUTETS.

B 3-m unmukartope corr(zs,ys)=cs3=0,6 otpaxeHa
TOXJECTBEHHOCTh cuiibl peakuuu (=0.5) yudeHuka
cune mposineHune (=0.5) ycwnusAM  y4duTels:
CMBICTI(Zg)=«OIlIEHKa PE3YJIbTATOB y4YEHHKa» paBHA
BEIMYUHE NPOsIBIECHUs cMbIcna(ys) Mokasarens Ys
yuurtens, rnae CcMbIci(Y3) BBIpaKaeT CMBICH Y—
nokasatessl MacTepcTBa yuutens. Kak cinenctsue ot
3-Xx  uWHAWKAaTOpOB  (HaWMEHBIIAS  aNpPHOpPHAS
nHpOPMANHUS ISl MOJEIH, UCKITIOYAIOIIas II0ACKa3Ky
IUI TIO3HAOIIEH MOJENH) CKOHCTPYHPOBAaHBI HIDKE
KOHKpeTHBIe (pa3sl CMBICTIOB 9 Y-TIOKa3aTelei
MacTepCTBa yUUTEIIS.

10. Monensubie MaTpusl Y ma, Zmg (Tabmumax 5
1 6) (MOJTy4YeHHBIE TyTeM BBIUUCICHHS MO aITOPUTMY
U IyTeM  KOMIIBIOTEPHOTO  MOJCIHPOBAHUS
ciayvaitaeix  MaTpul, V°mg, Ums yI0BIETBOPSIOT
paBeHCTBaM airedpanyeckoil CUCTEMBbl ypaBHEHHH,
COOTBETCTBYIOT HalJEHHBIM BBIIIIE 4
MHOTOCMBICIIOBBIM YPaBHEHUSIM.

Ta6auna 1. MoaenbHasa marpuna Cog n1ceB10COOCTBEHHBIX BEKTOPOB € 3 HCXOAHBIMM HHAUKATOPAMU
Ass=diag(2.000, 2.000, 2.000, 3.000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000)

cl c2 c3 c4 c5 c6 c7 c8 c9

z1
0,5000 0,3502 0,3517 0,3548 0,3548 0,0000 0,3548 0,0000 0,3548

z2
-0,1735 1,0093 -0,7165 0,0000 0,0000 -0,1124 0,0000 0,0000 0,0000

z3
0,0000 1,0000 0,6000 0,0000 0,0000 -0,0720 0,0000 0,0000 0,0000

z4
0,0000 0,0000 -0,1248 1,0000 -0,1259 -0,0063 0,0000 0,0000 0,0000
25 0,0000 0,0000 0,0000 0,0000 1,0000 0,0000 0,0000 0,0000 0,0000
26 0,0000 0,0000 0,0000 0,0000 -0,0008 1,0000 0,0000 0,0000 0,0000
zl 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,0000 0,0000 0,0000
28 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,0000 0,0000
79 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 1,0000
| | 0,2801 2,1414 1,0126 1,1259 1,1418 1,0179 1,1259 1,0000 1,1259

OnTuMu3anmoHHas 3ajxaua Matpunpl  (Cog,Age). s mpouemyper GRD2,

Juns MOJEIUPOBaHUS MaTpHLbL Coo
WHJIUKaTOpOB HaJIM4Hs CKPBITBIX 3HAHMH
chopmupyem g mapel matpunl (Ces, Agg) 2

MaroHabHble enuHuYHbIe MAaTpuibl (lgg,log). OHEM
SBJIAIOTCS  HavanbHbiMM  3HaueHHAMH  (Cog,Agg).
Ilporienypa GRD2 mocie  mOCieaoBaTeIbHBIX
npubmmkenuit  mpeobpaszyer Matpumbl  (loo,loo) B

HEOOXOANMBI (DYHKIIMH OTpaHWYEHHH, ITOMOTAIOIHe
npouenype GRD2 yMmenpmmTh paboTy NHpH MOUCKE

peuieHus
OnTuMH3aMOHHAS

(MaTpuULbI
3agaya:

Co9,A99). Pemaercs
(199,I99)=>(Co9,A09)

neneBas (GyHkuusa wmeer BUA AM+t...+ Ae=9. Ectb
omacenue, 4yto npoueaypa GRD2 oTkaxercs MCKaTh

pewenne  (Cgo,Ago).

Hcnonb3dyeM orpaHuyeHus:
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M+...+Ag =9 mpu HM3MEHSEMBIX 3Ha4YeHUSX 9%*9+9
aneMeHTOB 2-X MaTtpun Cog, Agy. OrpaHuueHus Ha
3JIEMEHTHI MAaTpHIL; C'C+lgo, Cog9C99=lgo,
A99:diag(k1, .. .7»9), tr(Ag9)=M+...+he=9, oe3
OTPaHUYECHUH HAa MOHOTOHHOCTB: A1>...>An>0.

Msl TpoBemeM — MOJCIHPOBAHHE MAaTPHIIBI
TICEBIOCOOCTBEHHBIX ~ BEKTOPOB Coo:(log,lgg)=>
(ng,Agg), CT99C99¢|99, ngCT99:|99 1 MOJCINPOBAHNE
JUT Hee THaroHAIbHOW MaTpUIl Ags. OcoOOEHHOCTD
MaTPHIIBI IICEBI0COOCTBEHHBIX BEKTOPOB Cgg COCTOUT
B TOM, 9YTO H TIO3BOJSIIOT  MOJCIHPOBATH
KOpPETUPOBAHHBIE Z-TIEPEMEHHBIE C JUCICPCHUIMH,
Ooompmimmu 1. Takas  z-mepemenHas — Ooiee
WU3MEHYMBA, 4YeM Y-TIlepeMeHHas Ya,  3TO
COOTBETCTBYET CBOMCTBaM IIOKa3aTeledl M3 TeKcTa
cka3ku. CHJIBHO U3MEHYMBBIE Z-TIEpEMEHHBIE (Z2, Z3,
Z3, Zs, Zg) uepe3 (opMylibl IepefaloT 3aMeTHbIC
HEHYJICBBIC JUCIEPCUH Y-TIEPEMEHHBIM Y1, Y2, V3.
3HaueHHsl Z-ePeMEHHBbIX (Z1, Zp, Z3, Z4, Zs,..., Zg)
SIBIISTIOTCSI MHOTOMEPHBIMH JaHHBIMHU, 00bEIMHECHHBIX
B MaTpUIy Zmg, B KOTOPOIl 3JIEMEHTHI j—TO CTOJIOIA
24j,22j,-.-,Zmj (j-as mepemenHas, j=1,...,9) wumerT
cpenHee apupmMeTHIeCcKOe paBHOE HYJTIO:
(1/m)(z4j+2zajt. .. +Zmj)=0, U aUCTIEpCHIO HE paBHYIO 1:
(Um) (P44 2%+, . +2%m)#], cymMma jucriepcuii  He
paBHa 9.

KoncrpyupoBanune cMbIcioB 9 y-pakTopos ¢

3  HMCXOAHBIMH HWHAUKATOPAMHM HNPHCYTCTBHSA
CKPBITBHIX 3HAHUH
DOneMeHTaMH  KOHCTPYHUPOBaHHUSA Ka)KJI0r0

cMbicia (13 9 y-(pakTopoB) SBISACTCS TOAMHOXKECTBO
CMBICIIOB, BEIOpAaHHOE U3 MHOXECTBA 9 Z-(aKTOpOB:
1. cMbICi(Z1)=«IIpUBIEYEHHE  BHUMAaHUS

(TIpu3HAK yIHUTEIS)

2. CMBICI(Z2)=«UHPOPMHPOBAHUE YUCHHUKOB O
Hensax ooydeHus (MpU3HaK yUUTEIIs)

3. CcMBICI(Z3)=«TIOBTOPEHHE YK€ H3YUEHHOTO
Mmarepuaina (mposiBjieHHe MPU3HAK YYeHNKa)

4. CMBICII(Z4)=«TIpeICTaBICHNE HOBOTO
y4eOHOro MaTepuaia (IpU3HaK yIuTes)

5. cMBIcH(Zs)=«HnoanepxkKka oOyueHus (IIpU3HAK
YUUTEIS)

6. CMBICTI(Z6)=«TTOTATKMBAHHE K IEMOHCTPAIINU
proOPEeTEHHBIX HABBIKOB (IIPU3HAK YUUTEIs)

7. cMBICT(Z7)=«IpEeNOCTaBICHHE  OOpaTHOM
CBsI3U (TIPU3HAK YIHUTEIIS)
8. CMBICH(Zg)=«OIICHKA pe3yIBTaToOB

(mposiBieHUe MPU3HAK YYEHHKA)

9. cMBICH(Z9)=«yJIydIlIeHNE YCBOSHUS 3HAHUS U
€ro MepeHoc Ha MPaKTUKY».

Hucriepcun 9 y-cakropos:  A1=2.0000,
A2=2.0000, A3=2.0000, 7A4=3.0000, As=0.0014,
A6=0.000, A7=0.000, 18=0.000, A=0.000. Jucnepcun
9 z -dakropos: 1.3704, 3.1244, 2.7200, 3.0312,
0.0000, 0.0000, 0.0000, 0.0000, 0.0000.

Jnig  cucteMbl  CMBICIOBBIX YpaBHEHUH ¢
HEHYJIEBBIMU mapameTpamMu  («BecaMm») TIpH

CMBICJIOBBIX IIEPEMEHHBIX HaieM (pa3bl CMBICIOB
cmbici(y1), cmbicn(y2), cmbicn(ys), cMbica(Ya),
cMbIca(Ys),  cMmbici(Ys), cMbIci(Y7), CcMBICI(Ys),
cmbicn(Yg), KaXkIasi U3 KOTOPBIX paBHA CBOCH CyMMe
CMBICJIOB M3 MHOXECTBA {CMBICI(Z1),...,CMBICI(Zg) }.

eMbIci(y1)=cMbici(z1)*0,5000+cMbici(Z2) *(-
0,1735);

cMbici(Y2)=cmbici(z1)*0,3502+cmbicn(Z2)*
1,0093+ cmbici(z3)*1,0000;

cMbicn(y3)=cmbicn(z1)*0,3517+cmblcn(Z2)*-
0,7165)*+cmbici(Z3)*0,6000+cMmbic(z4)*(-0,1248);

cMbIci(Ys)=cMmbici(21)*0,3548+cmbicn(Z4)*
1,0000;

cMbIci(Ys)=cMbici(Z1)*0,3548+cmbici(Z4)*(-
0,1259)+ cmsici(zs)*1,0000;

eMbIci(Ys)=cMbIci(Z2)*(-0,1124)+cmbici(z3)* (-
0,0720)+cmbicin(z4)*(-0,0063 )+cembici(zs)*1,000.

cmbici(y7)=cMbici(Z1)*0,3548+cmeicn(z7)*
1,0000;

cMbic(Ys)=cmbici(zg)*1,0000;

cMbICi(Yg)=cMbIci(Z1)*0,3548+cMbICi(Zg)*
1,0000.

bynem koHCTpynpoBaTh (ppa3bl CMBICIOB IS
CMBICI-TICPEMEHHBIX, HauWHas C y—TMEepeMEHHOH ¢
HYyJIEBOM Jucrepcued, B MOPSAKE BO3PacTaHHUs
BENMYMHBI AucTiepcur. IISTh y—iepeMeHHBIX NMEIOT
HyJEBbIE IUCIICPCHH, OHH SBJISIOTCS IOCTOSIHHO
JEUCTBYIOIMMH (aKTOpaMH MacTepCcTBa YUUTEIA
(Tabmuma 5). Yerslpe y-TIepeMEHHBIX HMEIOT
HCHYJICBBIC JOMHUHHUPYIOIIHE JIMCIIEpCHHN,
COOTBETCTBYIOILIUE y—TiepeMeHHbIe SIBJISIFOTCS
ClIydaliHBIMH (pe3yJbTaTaMH HECITy4alHBIX YCHUINH
yuurtens) coObitusiMu.  CopepikaT —U3BJICUCHHBIC
CKpBITBIE 3HaHHA, IMPEACTaBIISIONUE CO00H 0c060
LCHHbIE 3HAHMS M3 BUIOB M3BJICUCHHBIX 3HAHUI.

Paccmorpum CMBICIIOBOE ypaBHEHHE
cMbici(Yg)=cMbIci(Z1)*0,3548+cMbici(Z9)*1,0000.
Haunewm ¢ ¢pa3sl, mpucymiei CMBICITy Z—TIepeMEHHOM
Z9 ¢ HamOONBIIUM «BecOM» Cgoo=1.0000. ®paza
«TIpUBJICYEHNE BHUMaHUS (IPU3HAK YUUTEIS) C
cunoii (0,3548)? naeT MHOTOKpaTHOE «yIydIlIEHHE
YCBOGHUsI 3HAHMH M HMX TEPEHOC Ha IPAKTHKY» Y
y4eHuKa ¢ cuioii c?9=1,0002. Tax kak c?19+cos=1, TO
CHJIa YCHJIMHM y4YWTeNs MpH «COOBITHH Z1» B 3 pasa
BBIPACTYT 10 CWJIe y YYEHHUKa IpPH HACTYIUICHHH
«COOBITHS Zg». 37eCh MBI CKOHCTPYHUPOBAJIN HOBBIN
CMBICI(Y9)=«YCUIIMSL y4YHUTeNlsl IpH NPUBICUCHUN
BHUMaHHUs (mposBieHHele ¢ cunoit  (0,3548)?)
HposiBIseTcs ¢ cuioi c?99=1,000 y yueHnka B Bujie
«yJIy4IIEHUS yCBOGHUWS 3HAHWH W €ro NnepeHoc Ha
MIPaKTHKY». DTO — 1-ast MopIys NOCTOSIHHBIX 3HAHUH,
U3BIICUEHHBIX Halllell KOTHUTUBHOW Mojenbro. Tak
KaK cXgtc?9=1, TO ycunus yuuTens npu cobbITUH Z1
B 3 pa3a BBIPACTYT y Y4Y€HHKa IPH HACTYIJICHUH
coOBITHS Zg». TakoBa MOTyUast CHJIa YMEHHS yUUTEIs
(J1ekTopa) mpuBIIEKaTh BHUMaHUE K JOObIYE 3HAHHM.

Crenyroee CMBICIIOBOE ypaBHEHHE
cmbici(Yg)=cmbici(Zg)*1,0000) nMeeT CMBICTT
CMBICN(Yg)=«OIIEHKAa  PE3YyJbTaTOB  Y4YHTeJdeM).

Philadelphia, USA

287

2 Clarivate
Analytics indexed



ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 3.939 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8.771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) =7.184  OAJI (USA) = 0.350

Cwmbicnt Z—coObiTHS TIepedpazupyercss B cMca Y-
coObrTusi. CooTBeTcTBYIOIIAs € IepemMeHHas Y8
nmeer aucnepcuto Ag=0.000, 4YTO BBEIpa)KaeT aKT:

nepeMeHHas Ye- HE3aBUCHUMBIH ¢axrop,
XapaKTepU3YIOIUHA IeJarorni4eckuoe MacTepCTBO
YUHUTEIIS.

PaccMoTpuM 7-10  CMBICIIOBYI0 HEHU3BECTHYIO
TIEpPEMEHHYTO cMbIci(y7)=cMbicia(z1)*0,3548+
cMbIci(Z7)*1,0000. CwMeici(y7)=«TpuBIcUYCHUE
yuuTeNeM BHUMaHue yuenuka ¢ cunoii (0,3548)? naer
MHOTOKpaTHBIH 5Q(EKT: yueHHK ¢ cuioi ¢?77=1,0002
HPOSIBIISIET «oOpaTHyto cBs3b». PaccMmoTpum
CJIO’KHOE CMBICJIOBOE YpaBHEHHE

cmbIci(Ye)=cMbIci(Z2)*(-0,1124)+cmbic(Z3)*-
0,0720)*+cmbici(Z4)*(-0,0063)+cmbici(ze)*1,000.
MBI JOJDKHBI HAaTH CyMMy 4-X CMBICIOB: a)
CMBICI(Z2)=«HH(OPMHPOBAHHE YYCHHKOB O HEJAX
oOyueHus»; ©)  CMBICI(Z3)=«IIOBTOPEHHE  yKe
U3Y4CHHOTO MaTepHranay; B)
CMBICI(Z4)=«TIpECTaBIICHHE  HOBOTO  y4eOHOTO
MaTepuanga»; T) CMBICI(Ze)=«IOATAIKUBAHHE K

JIEMOHCTpaINU NpUOOPETEHHBIX HABBIKOBY.
CyMmmupoBanue  cMmbiciioB  4-x  ¢pa3  paer
cMBICT(Y7)=«moATAJKUBAHUE YUYUTEIEM K

JIEMOHCTpAIIUHU MPUOOPETEHHBIX HABBIKOB yUEHHUKA (C
cunoit  1,000)?), NPOBOANMOE OJHOBPEMEHHO C
YMCHBIICHUEM: a) CBEICHHU O IeNsIX oOydeHus, 0)
MOBTOPEHHS POHJCHHOTO, B) TPEICTABICHHS
HOBOTO Y4eOHOTO Marepuanay.

CMBICIT MPaBOW YaCTH CMBICIOBOTO ypaBHEHUS
cmbici(Ys)=cMbIcii(Z2)*(-0,1124)+cmbrici(z3)*(-
0,0720)+cmbicin(z4)*(-0,0063 )+cmeici(zs) *1,000
paBeH CyMMe CMBICTIOB 4-X Z-TIepeMEHHBIX Z2,23,24,Z6,
dbpaza  KOTOPOro  COAECPKHUT  JTOMHHHUPYIOIIUAN
cMbICI(Zg) COOBITHSA Z6.
Cwumpbici(Ys)=«yCcUIUBAIOIIEECS NMOATAJIKMBAHUE
YUEHHKOB K  JEMOHCTpAlUH  MPHOOPETEHHBIX
HAaBBIKOB  MPOSIBJIETCA Yy  Y4YMTENS C  CHIJIOH
c266=1,000».

PaccMOTpuUM CMBICIIOBOE YpaBHEHHE
embIci(Ys)=cMbici(Z1)*0,3548+cmbici(z4)*(-
0,1259)+cmbici(zs)*1,0000.  HOBoe  HM3BIICYCHHOE
3HAHHWE JaeT CMBICH(Y5)=«IOIEPIKKA YUIUTEIIeM
o0yuenus (c cunoit cs1,0000)?) u npusneueHue
BHUMaHMS yueHMka (c cwioit  c?15=0,35482?),

NPOBOJMMEIX ¢ yMeHbinenneM (¢ cuioit (-0,1259)2)

o0bMa npeaCTaBICHUS HOBOT'O y4ebHOro
MaTepHanay.
Paccmotpum CMBICIIOBOE  YpaBHCHHUE

cMBICT(Y4)=cMBbICi(Z1)*0,3548+cMbici(z4)*1,0000.

cMBICI(Y4)=«IIPEACTaBICHAE HOBOTO YYEOHOTO
matepuana (c cunoil c%441,0000)%), mnposoautcs
yUUTENEM C IpPUBJICYEHHEM BHUMAaHHs y4eHUKa (c
cunoii ¢?14=0,3548%)».

PaccMoTpuM  CIIOKHOE CMBICIIOBOE ypaBHEHHE
eMbici(Ys)=cMmbIci(Z1)*0,3517+cmbicn(Z2)*-
0,7165)*+cmbici(z3)*0,6000)*+cmbici(Za)*(-
0,1248). Umeem: cMbICH(Y3)=«IIOBTOPEHUE YXKe
M3y4EeHHOTO Marepuaia (C CHiIoi ¢233=0,6000),
MPOBEJCHHOE YYHUTENIEM C YMCHBIICHUEM CHII
mposiBiIeHUsT 3-X (aKTOpPOB:  a)CBEACHUH IIeIsIX
obyuenus (c cumoit (-0,7165)?), 6)npencrabneHus
HOBOro yuebHoro warepuana (¢ cumoi c%3=(-
0,1248)?)».

PaccMoTpuM CMBICTIOBOE YpaBHEHHUE
cMbIci(Y2)=cMbIci(Z1)*0,3502+cMbIci(Z2)*
1,0093+cmbici(z3)*1,0000. cymmmupoBanue — 3-X
CMBICTIOB JaeT (pasy, BBIPAXKAIOUIYIO CMBICT Y-
MepeMEHHON Y. Cwmpbici(y2)=«puUBICYCHHIE
BHUMaHus ydeHuka (¢ cuiod  ¢%,=0,3502?),
pasbscHeHue  meneit  oOyueHus (¢ CuIIOW
c?,=(0,3502)%) ¥ NOBTOpEHHE YKE H3yYEHHOIO

Matepuana (¢ cuioii ¢?32=1,0000)?) ».

Paccmotpum CMBICIIOBOE YpaBHEHHE IS
HEU3BECTHOU y—IepeMeHHOU Vi
embici(y1)=cmbici(Z1)*0,5000+cmbic(z2)*(-0,1735).
®paza «ycuiust y4uTens o MPHUBJICYSHUIO BHUMaHHUS
y4eHHKOB, MposiBieHHble (¢ cunoii c?13=(+0,5000)?)
YMEHBIIAIOT 00beM HHPOPMAIIUU O LENIIX 00yUCHHS
(c cuoit ¢%1=(-0,1735)?)» cymmupyer cMmbICa 2-X
¢pas. O1o cobbITHE UMeeT Moo, paBHyto 2\9=22%
uHpopMmanuy, OHAa JODKHA MOpPOSIBISITECS — HE
MOCTOSIHHO, a OBITh CIy4alHBIM COOBITHEM, HE
CIIly4alHO TPOBOJMMOM YYHTEIeM — OO0JaJaroIM
MeIarTHYeCKOro MacTepcTBa.

Taoauna 4. M3BjieyeHHble 3HAHUA U3 9 Moka3aTeeil (cUTyanuii) NeJarornyeckoro MacTepcTBa yUuTeIs

Ne % CMBICITBI He3aBUCUMBIX  Y—(akTopos, | Jlunamuka z- BoiBobI
JIMCTIEpCUH 3aBUCAIIMX  OT  CMBICIOB  Z-(pakTopoB | (akTopoB

Mearorvyeckoro MacTepcTBa

9 0/9=0,00% CMBICII(Y9)=«IPUBIICUECHHE BuuManus | disp(zi)=1,3704; | IlocrosiHHO
(mpusHak yuurens) ¢ cunoit 0,3548)2 maer | disp(ze)= 0,0000; | mposBasemsrii Y-
MHOTOKPATHOE  «YJIy4IIEHHE  YCBOEHHS (baxTop Yo
3HAHWM W WX TEPEHOC HA IIPAKTHKY» Yy
y9eHuKa ¢ CHIIoi cZge=1,000?

8 0/9=0,00% cMbICi(Ys)= «OIIEHKa pesynbraroB | disp(zs)=0,0000; | IlocrosiHHO
YYUTEIEM» IIPOSIBISIEMBIN Y-
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(baxTop Vs
7 0/9=0,00% CMBICII(Y7)=«IIPUBJICUCHUE yaurenem | disp(zi)=1,3704; | TlocrosiHHO
BHUMaHHE yueHHKa ¢ cuioii c?7=0,3548)? | disp(z7)=0,0000; | mposeasemsi Y-
JlaeT MHOTOKpaTHbI 3(deKT: ydeHuK c (axTop Y7
cunoit ¢?77=1,000 nposBnseT «oOpaTHyIO
CBSI3bY
6 0/9=0,00% Cwmebici(Ye)=«ycunuBaromieecss moarankupa | disp(z2)=3,1244 [ocrosiHHO
HHE YYCHHKOB K JeMoHcTpauun npuodbperén | disp(zz)=2,7200 NPOSBISIEMBIH Y-
HBIX HABBIKOB TposBisercs y yuutens ¢ | disp(z4)=3,0312 (bakrop Ve
cunoii c%66=1,000» disp(z¢)= 0,0000
5 0.0014/9=% | cwmbica(ys)=«nomnepsxka yuurenem ooyuenus | disp(zi)=1,3704; | IlocrosaHO
(¢ cunoit ¢%s1,0000)) wu mupusneuenue | disp(z4)=3,0312; | nposeasemsIii y-
BHUMAaHHA ydueHMKa (c cuioii c?15=0,35482), | disp(zs)=0.00000 | daxrop Ys
MPOBOIMMEIX C yYMEHBIIEHHWEM (C CHIIOH (-
0,1259)?) o6bMa MIPECTaBICHUS HOBOTO
y4eOHOT0 MaTepraa
4 3.0000 cMBICI(Y4)=«IpE/ICTABICHHE nosoro | disp(zi)=1,3704; | cnyuaiinoe
=22,% yuebHOro mMarepuana (c cunoit c?41,0000)?), | disp(zs)=3,0312; | cobbitue, HE
TPOBOIMTCSA YUYHUTENEM C TPHBICUCHUEM ciyJaifHo
BHUMAaHUS YUCHUKA (C CHIION c?14=0,35482)» MIPOBOIUMOMOE
YIUTEIEM
3 2.0000/9 cMbici(ys)=«noBTopenue yxe wusyuennoro | disp(z1)=1,3704; ciy4yaiHoe
=% matepuana (¢ cunoii c?3=0,6000), mposenen | disp(z2)=3,1244 coObITHE, HE
Hoe yuwmrenmeM ¢ ymeHbimenumem cun | disp(zz)=2,7200 CITy4aiiHO
nposiBieHust 3-x ¢axropoB:  a)cBeaenuit | disp(z4)=3,0312 MIPOBOAUMOMOE
nensx obOydenus (c cumoit (-0,7165)2), yuuTeneM
6)npencraBaeHus HOBOTO y4eOHOTO
maTepuana (¢ cumoi c?3=(-0,1248)%)»
2 2.0000/9 CwmbIci(Y2)=«IIpuBIICUYCHHE puumanus | disp(z1)=1,3704; ciryyaiiHOe
=% yuenuka  (c cunoit c?12=0,3502?), | disp(z2)=3,1244 COObITHE, He
paswsicHeHHe menei oOyuenus (¢ cumoit | disp(zs)=2,7200 ciydvaitHo
c?»=(0,3502)>) u  mnoBTOpEHME  yiKe IIPOBOAUMOMOE
H3YYEHHOTO Marepuana (c CHITOM yauTeaeM
c?3,=1,0000)? »
1 2.0000/9 Cwmbici(y1=«ycunust YUUTEIISI no | disp(z1)=1,3704; Cryuaiiroe
=% NPUBJICUCHUIO  BHUMaHMS yaennkoB, | disp(z2)=3,1244 coObl THE, HE
nposieieHnble (¢ cunoi  ¢211=(+0,5000)?) ciyyaitHo
YMEHBIIAIOT 00BEM HWHPOPMAIMK  IENSX MPOBOIMMOMOE
06yuenus (¢ cunoii ¢?21=(-0,1735)*)» yuuTeneM
MopeaupoBanne YUCJIOBIX MATPUI Ymg. Zmo Marpuna Y®n9 t=1,...,0c, obGecneuuBaer
Y- H Z—OTKJOHCHWH I cucreMbl U3 9 CIIly4alHOCTh OyAyHIMX 3HAYCHUI y- " Z-

MHOTO0CMBICJIOBBIX ypaBHel-mii 110 MaTEeMaTHICCKOM

orknonenuit n3 matpun (YOme, YOng, ZOn).

B

MOJIENIH, T/Ie OTICIHHO MOJCITHUPOBAIUCH MATPHUIIHI
Ums u Yms [17] Takue, 9TO
(1/M)UT9Ume=lgo, Y mo=Urng A 209, 3aTeM
MOJIEIPOBaach MaTpula Zmoe=YmeC¥e9. MaTpuna
3HAYEHUI Z-ePEMEHHbIX Z1,22,Z3,. . .,29 Zmo=Y maC oo,
C"99Cog#lg9, C99CT99=lgg. Jlerko BeIUMCHIsETCS B OT
Excel. Matpuitst Zmg 1 Yo coOZepKaT MOJEIbHbIE
3HAYCHUS HEU3MEPSIEMBIX HW3MEHYHUBOCTEH
(oTkIOHEHHUH oT 0), COOTBETCTBYIOIIHUX
HEU3MepseMbIM (haKTOpaM.

Matpuiie Ymg JIEMEHTHI j—T0 cToabua Yij,Yoj,. . .,ymj (j-
as  y-nepemennas, J=I,...,9) WuMEOT cpenHee
apudmMeTHIeCcKoe, paBHOE HYJIIO:
(L/m)(yj+yajt... tYmj)=0, mucmepcuro paBHYIO A
(1/m)(y21,-+y22j+ ...+y2mj):7\.j, j=1,...,9, npu osTOoM
cymMa mucrepcuii paBHa 9. M+...+Ae=9. Martpuiisl
Zme, Yma ipuBeneHb! B Tabmumnax 5 u 6.
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Tadoauua 2. Bua Tadauusi-nporpammbl Onrumusanuonnoii 3axaun: (leoleg)=>( Coo A 99) B Mogesn ¢ 9 z-
nepeMeHHbIMH, 9 Y-TlepeMeHHBIMH

cl c2 c3 c4 c5 c6 c7 c8 c9
z1 0.5000 0.3502 0.3517 0.3548 0.3548 0.0000 0.3548 0.0000 0.3548 1.0000
z2

-0.1735 1.0093 -0.7165 0.0000 0.0000 -0.1124 0.0000 0.0000 0.0000 1.0000
z3

0.0000 1.0000 0.6000 0.0000 0.0000 -0.0720 0.0000 0.0000 0.0000 1.0000
z4

0.0000 0.0000 -0.1248 1.0000 -0.1259 -0.0063 0.0000 0.0000 0.0000 1.0000
z5

0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 1.0000
26

0.0000 0.0000 0.0000 0.0000 -0.0008 1.0000 0.0000 0.0000 0.0000 1.0000
z7

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 1.0000
z8

0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000 1.0000 0.0000 1.0000
z9 0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 1.0000 1.0000

0.2801 2.1414 1.0126 11259 1.1418 1.0179 1.1259 1.0000 1.1259 9.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
lam

2.0000 2.0000 2.0000 3.0000 0.0014 -0.0004 -0.0004 -0.0004 -0.0004 9.0000
c3l= 0.5 1.00000
c32= 1 0.01000  1.0000
c83= 0.6

Taéauua 3. Matpuua VOne 3Hauennii paBHOMEPHO pacnpeneeHHbIX
B UHTepBaJe [-1;1] cayyaliHbIX YHceJ

1 -0.4646 | -0.4208 | -0.4467 0.1822 -0.2373 0.2769 0.1333 -0.3864 0.0935
2 -0.3656 0.1962 0.4569 0.1153 -0.0670 0.4778 -0.2932 -0.2191 0.3926
3 -0.3368 0.1917 0.3552 -0.1805 0.0618 | -0.3893 -0.1463 0.3376 0.4593
4| -0.1570 0.1225 | -0.4359 | -0.1318 0.1613 0.2923 -0.2448 0.1988 | -0.0867
5 0.0718 0.1469 0.0877 0.2431 -0.2131 | -0.2979 0.1971 0.0891 0.5052
6 0.3425 0.3623 0.0308 0.2562 0.2417 0.2121 0.0968 -0.3223 | -0.4161
7 0.0955 | -0.1962 0.2034 0.1217 -0.0281 | -0.4186 -0.3190 0.1167 0.3185
8 -0.1658 | -0.4121 | -0.1979 0.2644 0.1127 0.4469 0.4801 -0.4829 | -0.0724
9 -0.0629 0.3148 0.3654 0.1067 0.1038 | -0.4489 0.2807 0.1633 | -0.1883
10 | -0.1947 -0.4330 | -0.2805 0.0032 0.0166 0.2306 -0.0520 0.1810 | -0.3446
11 0.4076 0.1886 | -0.2859 0.1268 0.1579 | -0.2391 -0.1061 0.1125 0.5347
12 0.0309 -0.0434 0.1004 | -0.3163 -0.3782 | -0.0021 -0.2861 -0.3691 | -0.0586
13| -04528 | -0.0467 | -0.2773 | -0.4491 -0.0163 | -0.1912 -0.4184 0.0720 | -0.1856
14| -0.3211 -0.1485 | -0.2774 0.3958 -0.1598 | -0.4928 0.3564 | -0.0848 0.1128
15| -0.1299 0.4351 0.3378 0.0235 -0.3824 | -0.1569 0.4035 -0.1778 | -0.1770
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16 0.2713 | -0.0147 0.0239 0.1041 0.3567 | -0.0445| -0.1444 | -0.3493 0.0889
17| -0.3582 | -0.1107 | -0.1700 0.1469 | -0.1175] -0.3339 | -0.3014 0.4656 | -0.1219
18 0.3970 | -0.0329 0.0916 | -0.3602 0.3165 0.3707 | -0.1796 0.3895 0.3278
19 0.1661 0.4212 | -0.0267 0.2641 | -0.3909 0.3327 | -0.1653 | -0.0184 | -0.1227
20 04649 | -0.1478 | -0.3075 | -0.3156 | -0.0139 0.3994 0.2066 0.3931 | -0.4102
21 0.1232 | -0.4835 0.4271 0.1170 | -0.0591 | -0.0834 0.4382 | -0.4040 | -0.0930
22 0.3096 | -0.4802 0.0736 | -0.2280 0.0914 | -0.2408 | -0.3303 0.0186 | -0.3512
23 0.4942 0.4336 0.0309 | -0.1383 | -0.0294 0.0637 | -0.1092 0.4030 | -0.2001
24 | -0.1651 0.1574 0.1211 | -0.3510 0.4725 0.2362 0.5034 | -0.1267 | -0.0047
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Tadauna 4. Marpuna Umg U-H3MeHYHBOCTElH
0.0903 0.0857 0.0718 0.0555 0.0495 0.0964 0.0827 0.0812 0.0802
1 0.7436 | -0.4153 -0.2281 0.8263 -0.0217 -0.9420 1.3706 -0.3625 2.0095
2 -1.6547 -0.3955 -0.5570 -1.0416 -0.0615 -3.0314 -0.4419 -0.7060 0.0668
3 -0.1563 | -0.3558 1.3048 -0.8841 0.1821 -0.6532 0.4381 -1.3537 -1.6002
4 -0.0079 0.9596 0.6762 0.7367 -0.7079 -0.9728 0.9011 1.1771 -0.1553
5 0.6364 | -1.2108 -0.0007 1.3483 0.4668 -0.0086 -0.4550 -1.4518 -0.6002
6 -0.8913 2.239%4 -0.7031 0.3733 -0.6129 0.3233 -1.7712 0.7499 0.5589
7 -0.7062 -0.1436 -1.0029 -0.1365 1.3096 0.3533 0.5903 -0.9233 -1.0323
8 -0.4792 -0.0704 0.4864 0.5376 0.7314 -0.3152 -0.1884 0.1077 2.4988
9 -1.0271 0.6099 1.0620 -0.5395 -0.9092 1.4050 -0.9401 -0.9941 -0.6371
10 -1.4664 | -0.5227 0.2768 -0.0200 -0.2805 0.4192 1.3697 0.9838 0.8270
11 1.3482 0.7469 -0.1792 2.2269 1.4599 -0.1647 -0.2353 -0.1971 -1.1453
12 2.3752 -0.2786 -1.8792 -1.5296 -0.3125 -0.4433 0.2286 0.0168 0.1127
13 1.4911 1.3194 0.3444 | -1.2370 -1.0093 -0.2377 1.9748 0.3259 -0.4172
14 0.3818 0.2539 0.4842 1.5332 -0.2301 1.1642 0.7904 -1.6693 0.7257
15 1.0579 -0.7309 0.0497 -0.6717 -1.9640 0.4437 -1.3539 -1.1231 0.2335
16 -0.0022 2.2051 -0.7112 0.0298 1.4642 -0.1022 -0.6050 0.1078 0.0863
17 -1.7507 0.0042 0.1017 0.3932 -0.9960 0.6465 1.8197 -0.3866 -0.7503
18 -0.1891 -1.2273 0.8037 -0.1248 1.6843 -1.0178 -0.3612 1.4192 -1.1554
19 -0.4836 | -0.5673 -1.7579 1.0217 -1.6755 -0.8972 -0.8257 0.3564 -0.1007
20 0.5270 | -1.8989 0.5679 0.5168 -0.2665 1.0748 -0.1778 2.3089 0.1360
21 -0.4064 | -1.1683 -0.4574 | -1.3172 1.3044 1.2677 -0.8312 -0.7621 1.3785
22 -0.2544 0.3877 -1.2645 -1.5119 1.0771 1.6560 0.7778 0.8675 -0.2764
23 0.0427 -0.4414 -0.2731 0.4690 -0.8828 0.4983 -1.0187 1.1810 -1.3862
24 0.8717 0.7005 2.8566 -0.9989 0.2506 -0.4659 -1.0556 0.3276 0.6230
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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Tadanua 5. MaTpuna Yms y—-n3MeHIHBOCTEH

yl y2 y3 v4

1| 1.0516092 | -0.5873 | -0.3226 | 1.4312
2 | -2.340099 | -0.5593 | -0.7877 | -1.8041
3 | -0.221042 | -0.5032 | 1.8453 | -1.5313
4| -0.011172 | 1.3571 | 0.9563 | 1.2760
5 | 0.9000055 | -1.7123 | -0.0010 | 2.3353
6 | -1.260489 | 3.1670 | -0.9943 | 0.6466
7 | -0.998718 | -0.2031 | -1.4183 | -0.2364
8 | -0.677691 | -0.0996 | 0.6879 | 0.9312
9 | -1.452539 | 0.8625 | 1.5019 | -0.9344
10 | -2.073803 | -0.7392 | 0.3915 | -0.0346
11 | 1.9066427 | 1.0563 | -0.2534 | 3.8571
12 | 3.3590401 | -0.3940 | -2.6576 | -2.6493
13 | 2.1087338 | 1.8659 | 0.4871 | -2.1425
14 | 0.5399467 | 0.3591 | 0.6848 | 2.6556
15 | 1.4960965 | -1.0336 | 0.0703 | -1.1634
16 | -0.003111 | 3.1185 | -1.0058 | 0.0516
17 | -2.475864 | 0.0059 | 0.1438 | 0.6810
18 | -0.267428 | -1.7357 | 1.1366 | -0.2162
19 | -0.683914 | -0.8023 | -2.4860 | 1.7696
20 | 0.7452905 | -2.6855 | 0.8031 | 0.8951
21 | -0.574736 | -1.6522 | -0.6469 | -2.2815
22 | -0.359776 | 0.5483 | -1.7883 | -2.6187
23 | 0.0603869 | -0.6242 | -0.3862 | 0.8123
24 1.23277 | 0.9907 | 4.0398 | -1.7301
5.893E-06 | 0.0000 | 0.0000 | 0.0000
1.9999915 | 2.0000 | 2.0000 | 3.0000

Tadnauua 6. MaTpuna Zmg Z-M3MeHYHBOCTE

z1 z2 z3 z4 z5 z6 z7 z8 z9
1 0.7145 | -0.5441 | -0.7809 1.4715 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
2 | -2.2831 0.4058 | -1.0319 | -1.7058 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
3 | -0.1811 | -1.7916 0.6040 | -1.7616 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
4 1.2588 0.6865 1.9308 1.1566 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
5 0.6787 | -1.8837 | -1.7129 2.3355 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
6 0.3585 4.1276 2.5704 0.7707 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
7 | -1.1532 0.9845 | -1.0541 | -0.0594 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
8 0.1986 | -0.4758 0.3132 0.8453 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
9 | -0.2276 0.0465 1.7637 | -1.1219 | 0.0000 | 0.0000 0.0000 | 0.0000 | 0.0000
10 | -1.1704 | -0.6668 | -0.5043 | -0.0835 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
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11 | 2.6028 | 0.9169 | 0.9042 | 3.8887 | 0.0000 | 0.0000 | -0.0001 | 0.0000 | 0.0000
12 | -0.3333 | 0.9238 | -1.9886 | -2.3177 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
13 | 1.1188 | 1.1686 | 2.1581 | -2.2034 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
14 | 15789 | -0.2219 | 0.7699 | 25701 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
15 | -0.0020 | -1.3532 | -0.9915 | -1.1722 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
16 | 0.7550 | 3.8687 | 2.5150 | 0.1771 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
17 | -0.9436 | 0.3324 | 0.0922 | 0.6631 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
18 | -0.4184 | -2.5198 | -1.0537 | -0.3580 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
19 | -0.8693 | 1.0901 | -2.2939 | 2.0799 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
20 | 0.0324 | -3.4152 | -2.2036 | 0.7949 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
21 | -1.9030 | -1.1044 | -2.0403 | -2.2007 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
22 | -1.5461 | 1.8971 | -0.5247 | -2.3955 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
23 | -0.0360 | -0.3638 | -0.8560 | 0.8605 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
24 | 17702 | -2.1084 | 3.4146 | -2.2344 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
1.3704 | 3.1244 | 27200 | 3.0312 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000

Busyanu3zanusi 3HaHMii 0 «Becax» M Z-, Y-
HM3MEHYUBOCTSX B MOJeJH ¢ 9 Z-nepeMeHHbIMH, 9
y-nepeMeHHbIMHI

Touku Ha Pucynkax 1-8 mokassIBaloT B3aMHBIE
JIMHAMUKY “‘CKauKH-MIaJICHHUsD TOYEK TePEMEHHBIX U3
9 4uCNOBBIX ypaBHEHWH. Busyanuzanus JTuHaAMHUK

(akTOpOB CHUTyalMii OTIAMYAETCA OT BU3YyaIN3aMH
JVUHAMHK  (AaKTOpOB W3 JAPYTHX IPEIMETHBIX
obnacreit [1-17]. Pucynku 1-8 Busyanusupyror
(opMyJIBI, YUCIIOBBIE TapaMeTpbl, MPUBEICHHBIC B
TaGnune 4. V3BneuenHple 3HaHMA U3 9 mokazaTenei
(curyaruil) ne1arorn4eckoro MacTepcTBa YUUTes.
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Pucynox 1. Bzaumuas TMuHaAMMKa 2-X M3MEHYMBOCTEH Z1, Z9, BAUSIOIIUX HA MOCTOSTHHYIO
AMHAMMKY y-U3MEHYHMBOCTH (PAKTOPA Y9 CO CMBICJIOM «»
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Pucynok 2. Bzanmmuas TMHHAMHKA 2-X H3MEHYHMBOCTEH Z1, Z7, BIUSIOIIUX HA MOCTOSTHHYIO
JHHAMHKY Y-H3MEHYHBOCTH (paKTOpPa Y7 CO CMBICIIOM <>

5,00

4,00
3,00 \ l
2,00 A \

A

1,00

A
Wi

02 ot
I/

0,00

-1,00 -

-2,00

z2 z3 z4 z6

Pucynok 3. lunamuka 4-x U3MeHUYMBOCTeH Z2, 73, Z4, Z6 , BAUAIOIMX HA
NMOCTOSIHHYI0 JTMHAMHKY Y-H3MEHYHBOCTH (GaKTOpa Y6 CO CMBICTAOM <)
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Pucynok 4. Bzaumuasi THuHAMHKA 3-X Z -M3MEHYHBOCTEH Z1, Z4, Z5, BIMSIOIIHX HA
HA NMOCTOSIHHYI0 THHAMUKY Y-H3MEeHYMBOCTH (aKTOPa Y5 CO CMBICIOM <«
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Pucynox 5. CoBnagaromasi JTHHAMHKa 2-X H3MEHYHBOCTEH , Zs, Z6 BINAIOIIHUX Ha CIy4YaiiHyI0
ANHAMHUKY Y-U3MEHYMBOCTH (paKTOPA Y4 CO CMBICIOM «»
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Pucynok 6. BzaumHasi iMHAMHMKA Y-U3MEHYHBOCTH (pakTOpa Y3 («COCTOSTHUE MOPSL,

3aBHCALIAA OT JKeJIAHUH cTAPpyXu») U 3-X Z-U3MeHUYHUBOCTel (PaKTOPOB 71,22,73, Z4
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Pucynok 7. B3aumMHasi [MHAMMKA Y-U3MEeHYMBOCTH akTopa Y2 U 3-X Z-U3MeHUYHBOCTel
(daxTopos z1, 72,73, BAMAKIIMX HA CIYYAHHYI0 JMHAMMKY Z-M3MEHYMBOCTH
¢axTopa y2 co CMBICIOM «»
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Pucynok 8. B3aumuasi AMHAMMKA 2 M3MEHYUBOCTEH Z —()aKTOPOB, BIUSIIOLIUX HA
Ha CJY4YaiiHyl0 AMHAMUKY HM3MEHYHMBOCTH Y-(aKTOpPa Y1 C HOBBIM CMBICTIOM «0»

cmbIci(y1)=cMbici(z1)*0,5000+cmbici(z2) * (-
0,1735);

CMBICH(Z1)=«IpHUBJICYCHUE BHUMaHUs (IIPU3HAK
YUUTES)

2. CcMBICI(Z2)=«UHPOPMHPOBAHUE YUCHHUKOB O
HeIsIx o0ydeHus (MpU3HAK YIUTEIIS)

[IpoBoaMM  KOHCTPYHpOBaHHE  CyMMAapHOH
(passr JUIst HEHU3BECTHOM CEeMaHTHYECKON
MEePEMEHHOM HOBBIN_cMBICH(Y1). Hucnepcus

nepemeHHoi paBHa disSp(A1)=2.0000, mo3ToMy MbI
oxumaeM B ¢paze cmbicia cMbIci(y1) OONBIIEro
obpema uHpOpMaIUH, CMOXKEM m MBI
npeobpa3oBaTh ee B 3HaHusA? B aHanuzupyemom
YpaBHEHMHM TPUCYTCTBYIOT 2 CMbIcia 2-X Z—
MEPEMEHHBIX: «IIPHUBJICYEHUE BHHUMaHUsS (TPU3HAK
yuutens» (¢ cumoit  ¢?31=0.5000%, cmblcn(zy)),
«MHPOPMHUPOBAHHE YUYEHHKOB O MENAX OOydeHHs
(npusHak yuutens» (¢ cunmoi  c¢%1=(-0,1735)?,
cMBIci(Z2)). OObenuHEHHE 2-X CMBICJIOB BO3MOXHO
BEIPA3UTh CIEIyromel (ppa3oil. Ycemnusa yduTens 1mo
MPUBJICUEHHUIO BHUMAHHS YUYEHUKOB, ITPOSIBICHHBIE (C
cunoit  ¢%1=(+0,5000)%)  yMmeHpmIAIOT ~ 0OBEM
uadopMmanuy 0 Lelsx obyueHus (¢ cunoit ca1=(-
0,1735)?). DTo HOBOE COOBITHE, TIPOSBISEMOE YEPE3
CMBICIT Y—TIEpEMEHHON Y1, uMeeT mommo =2\9=22%
undopmanuy, OHa JOJDKHA HOPOSBIATHCS — HE
MOCTOSHHO, a OBITh CIlydallHBIM COOBITHEM, HE

CJly4allHO NPOBOJMMOM YYHTEJIEM — OO0JaJaroliM
MEarmuyecKUM MAacCTepCTBOM. CMBICI(Y1)=«Y CUIIHS
YUUTENs 10 TNPHUBJICYCHUIO BHHMAHUS  yYCHUKOB,
nposieeHHble (¢ cunoit ¢?13=(+0,5000)?) ymeHbIIAIOT
00beM mHpOpMANKUK O HeIsIX oOydeHHs (C CHIION
c?1=(-0,1735)?)». DTH OTPULAHHS MPHUCYTCTBYIOT
[pU JPYyTUX CIAraeéMblX B CMBICIAX JPyrux Y—
MEPEeMEHHBIX:  CMBICI(Z2)*-0,7165), cmbicn(Z2)*(-
0,1124). ®paza 06 yMeHbIIAIOT 00beM HHPOPMALAN
«O TETSIX 00YUYCHHUY COMEPIKUTCS B Ppazax CMBICIOB
y-nepeMeHHBIX Y3, Ve, Y1. OHa JONOJHSET JApyrue
obocHoBaHHbIe (akThl. CMBICIOBbIE YPAaBHEHUs BUIa
cMbICT(y1)==cMbIC(Z1)*0,5000+cMbIci(z2)* (-
0,1735), eMbici(Ys)=cMmbIci(Z2)*(-0,1124)+
cMBICT(Z3)*-0,0720)*+cmbici(z4)*(-0,0063)+
cMeIcin(Zs)*1,0000,
cmbici(ys)=cmbici(Z1)*0,3517+cmbicn(z2)* (-
0,7165)+ cmbici(z3)*0,6000+ cmbici(z4)*(-0,1248).

[Mpepynpexpaer ydutens O HEOOXOAUMOCTH
yMEHbIIICHUST 00bemMa HH(OpMAIUU 0 Iemux
oOyuenus. B apyrux npeamerHbix obmactsx [2-9]
TaKoTo He OBLIO.
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r - . ~—, W e——— — ¥ n
Mounck pememﬂ 3 a a #
YCTaHOBUTh LIENIeBYHO AYeiKy: =5 BbinonHUTbL

PaBHOIi: () MaKCcMManbHOMY 3HaYeHHHO

(@) MMHMMaNbHOMY 3HaUYeHHIO
WameHan aueiiku:

$1$4:$0%11;$1$14:$Q%14

QOrpaHuyeHuA:

() anavenmo: |0

3aKpbiTh

el

[peanonoxuTb

MNapameTpbl

$1$11 = $J$15
$1$11 = $1$15
$1$13:$Q$13 = 0
$1$14 >= $K$14
$1$21 = 1

$1$4 = $J$15

NobaeuTb
WameHUTb
Ynanute

BoccraHoBuTb

Cnpaeka

L

Pucynok 9. Oxno HagcrTpoiikn «I[IoMcK pelenns» ¢ onepaTopaMu Ta0JIHILI-IPOrpaMMbl pelIeHust
ontumMuzanuonnoit 3agaun: (Iss,lss)=>(Css, Ass)

f§ -
MapameTphl NOWCKa pelleHus

T = iae]

X

CXOOMMOCTb:

[ Nuneiinas mopens

[ | HeoTpuuaTenbHbie 3HaueHms

0,00000000001

MaKcuManbHOe BpeMA: CeKyHa [ OK l

MpenenbHoOe YUCNo UTepaLIii: 1000 l OTMeHa l

OTHOCMTENbHasA NOrPELUHOCT D! 0,00000001 l 3arpysuTb Mofenb... l |

[NonycTumoe OTKNOHEHHE: 0 % l CoXpaHWuTb Mofenb... l |
| l

ABTOMaTUUECKOE MacllTabupoeaHne

|| NokasbieaTh peaynbTaThi nTepaumii

OueHKK PazHocTH
(@) nuHeiiHasn @) npsiMble
(©) kBagpaTuuHas (©) ueHTpansHble

Cnpaeka

MeTopa noMcka
(@ HbloToHa

() conpsbKeHHbIX C[panneHToB

%

Pucynox 10. nmapamerpsl noucka pemenust (Css, Asg) B Ta0JHIe-NIPOrpaMMe pelieHHsl ONTHMH3ALIMOHH O
3apaum: (Iss, lss)=>(Css, Ass)

3akiaouenue

Beime paspaborana KormutuBHas —Mopenb
MEeIarOTMYeCKOr0 MAacTepcTBa YUMTeNns. BBemeHbI
CMBICJIOBBIC, YHUCJIOBBIE TICPEMCHHBIC. BBe}IeHBI
YUCJIIOBBIC KO3(I)(1)I/IHI/IGHTBI-I/13MGPHTGHI/I BCJIIMYUH
CWJI B3aMMOCBA3€ Mexy nepeMeHHbIMU. HalineHst
(cMonenmMpoBaHbl) YUCIIOBbIE 3HAUYEHUST OTKIOHEHHH
ot () BipaBo\BJICBO H3MEHYHMBOCTH Zik Z-TIEPEMEHHBIX,
YMHOXKEHHBIX Ha «Beca» Ckj. CyMma IpousBeIeHHH
Zikckj , k=1,..., 9, obpa3yeT HOBYIO Y-TIEpEMEHHYO,

opu  j=1,..., 9  y-mepeMmeHHble  00pasyOT
HEKOPPEJIMPOBAHHOE MHOXKECTBO Y-TIEPEMEHHBIX.
Haiinens!  cMbICiB JTHUX Y-TIEPEMEHHBIX,
SIBJISIFOLIMXCSl M3BJICYCHHBIMH CKPBITBIMH 3HAHUSIMH
00 (axTopax me1arornaeckoro MacTepCcTBa YIUTes,
00ydaloIiero y4eHMKOB B paMKaX HCXOJHBIX 9 z-
coowrtust. K HEM Mojens mobasmia (mo3Hana) eme 9
Z-coObITHi. HoBee Y-coOBITHSI KOMYECTBEHHO H MO
cMmbiciaM  oOocHoBaHbl.  [lposBienHust coObITHIA
peanu3oBaHbl, O0OCHOBaHBl UX  (HOpMYIJBHOE,
(dpazeosornyeckoe, BU3YAIN3UPOBAHHOE Ha
rpagukax  OMHUCAHUS  TOBEICHUIH KPHUBBIX
COOTBETCTBYET OXKuaaeMomMy. Paszpaborana cucrema
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13 9 CMBICIIOBBIX ypaBHEHUH ¢ 18 ceMaHTHYECKUMU

MEPEMEHHBIMU: cMbIci(Y1),.. ., cmbIci(Ys),
CMBICI(Z1),. . .,CMBICH(Z9), YAOBIETBOPSIOLIUX
MaTpUYHOMY  CMBICIIOBOMY  PaBEHCTBY  BHja
embIci(Zmg)=eMbIci(Y moCTog), e  cMbICH(Zmg)=
cMBICI(Z1)®D. .. Dcmbici(Zg), eMbici(Y maChag)=

eMbICT(Y mgCT1)®eMbIc(Y meCT2)®... D

cMbIci(YmsCT9). DTOMY MaTpHUHOMY CMBICTIOBOMY
PaBEHCTBY COOTBETCTBYET MAaTpPHUYHOE PABEHCTBO
JUIS YHCIIOBBIX z-, y-TIepEeMEHHBIX,
CMOJCITUPOBAHHBIX B BHIC MATPHII: Zmo=Y maCToo.
JleBATh CEMaHTHYECKHE pEIICHUS—3HHUS (HOBBIC
W3BJICUCHHBIC 3HAHMA), TO3HAIOT CMBICIBI, HapHbIC
CBSA3M, CWJIBl TMpoOsIBIEHUH 13 ceMaHTHYeCcKuX
NepeMeHHbIX. Busyanuzamust B3aMMHBIX IWHAMUK
KpPUBBIX  (3HaueHWH  M3MEH4YMBOCTEH  z-, Y-
MEePEMEHHBIX U3 MaTpHIl Zmg, Y mg) 3HAHUH 0 «Becax»
(3 Cg9) W Zz-, Y-UBMEHUUBOCTSIX B MoJeiHu C 9 z-
MepeMEeHHbIMH, 9  y-TIepeMeHHBIMHM  IIOKa3ajia
JUHAMHMKHA MOJICBHBIX 3HAUYCHUH HEU3MEpsIeMBIX
nokxasaresiei [2-17] nposBneHuit MacTepcTBa
yuutens.  BBeneHHele B MOpmenb IEepeMEHHBIE
HaJeJICHBl MaTEeMaTHYECKUMH M CTaTUCTUYECKUMHU
CBOWCTBAMHM, a MapaMeTpsl TocTosHHBL OHHn
cMozenpoBaHbl B ONTUMU3AaLMOHHON 3ajgade U
3aBUCST OT KOJMYECTB MEPEMEHHBIX U OT 3HAYCHUH
3-x maaMKaTopoB. Kak HeKoppenupoBaHHBIE (Y-), TaK
KOppeTUpOBaHHBIE (Z-) U3MEHYMBOCTH YMHOXKAIOTCS
Ha CBOM «BECa» - CHJIBI MpOSBICHUS (akTopa.

Ilosyuensl HHTEPECHBIE 3HaHUS rnocie
BU3yaan3aluu.
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