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Abstract The paper considers essential features of contemporary big data (data
mining, knowledge discovery, advanced analytics, web mining), and other
intelligent data processing applications. The novel results in all of the quoted fields
rely on realizations of autonomous systems, applications of data-driven methods,
collaborative statistical and logical research based on quantitative method
applications, deep processing of accumulated knowledge, etc. The applications of
intelligent technologies advance the efficiency of statistical applications. Novel
results had been presented for evolutionary methods supporting the fusion of
statistical and logical results. It is shown how big data methods can improve
the quality of any contemporary application. All the demonstrated advantages
may be successfully combined with classical and other known methods. It is
demonstrated that without the usage of the described methods, the main cyber
security shortcomings from the considered contemporary intelligent systems
could not be resolved.

Keywords: big data, autonomous systems, intelligent system, cyber security.

Introduction

In computer science, there have long been problems that remain central, regardless
of the stage of development of a direction or of a paradigm shift. This is a question
of constructing machine learning elements that are part of the classical direction of
discovering new knowledge (knowledge discovery/data analysis): Big Data, Knowledge
Discovery and Data Mining, as well as Data Analytics, Web Mining, Text Mining,
Deep Data Mining. All of them are usually associated with the name of Data Science,
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intelligent data processing [1-6]. In fact, the main goal of such systems is to extract at
least some knowledge from large sets of heterogeneous data based on the combination
of data selected by certain criteria using different types of logical connections. This
knowledge must be validated for all data accumulated so far, regardless of their
origin, quality, completeness and/or other parameters. Then, based on the experience
accumulated in the system, it is necessary to acquire/bring certain meta-knowledge, that
is, knowledge on how to best manage and use all available knowledge from the existing
knowledge base (KB). It is not an exaggeration to say that with the correct, evolutionary
use of knowledge and meta-knowledge using big data, a higher form of information
called wisdom can be formed. Here, the term wisdom, as well as the concept of a rational
system, are used in precise, specific terms in accordance with the basic definitions of
artificial intelligence (A).

The described processes are both evolutionary and iterative in nature. For their
development, they use a variety of approaches based on data management (data-driven
approaches). Nowadays, more and more people are talking about knowledge-driven
approaches. These two components are key for the intelligent processing of big data,
since they allow us to develop non-algorithmic approaches based on accumulated data
and using the knowledge from the developed sets of algorithms. Over the past 25 years,
no significant progress had been shown in standardizing data management and their
creation is not only a scientific research process, but also depends on the skill and
experience of the developers. We consider a new proposal described in the following
sections of the presented paper aiming to help improve the performance of such systems.

The transition from huge amounts of unstructured information to obtaining new
knowledge, and then through the consistent accumulation of experience, knowledge
such as wisdom, is a complex and not fully developed process from the point of view of
a person; all this is process that is much more complicated for machines type software
agents. For the transition, it is necessary to use query-processing methods in a database
(DBs), statistical and logical methods, including Al, logical applications, and machine
learning. At the top of this multidisciplinary research effort are decision support systems.

One of the most difficult questions in this area is how to fuse statistical and logical
results in one system. It can’t be simply used in a bundle. This issue is discussed in detail
in the following sections of this study.

In the general case, special algorithms should process the data. If possible, before
that the data should undergo preliminary processing (preprocessing) in order to structure
the information and, if necessary, transform it into the most suitable form. Then
Data Mining is applied to them: at the item sets level various rules are deduced,
associations are searched, similarities and / or heterogeneous relationships between them
are analyzed. Finally, with a successful processing process, new knowledge is added to
the knowledge base and the updated knowledge base is used to better, more efficiently
analyze new input data. As a result the data processing cycle is formed.

When working with big data, the scheme is similar, but the processing is much
deeper and, therefore, more complex than the one described above for knowledge
discovery data mining (KDD). It includes working with agents, using ontologies, more
complex procedures for processing analytical data, and so on. But the main stages are
the same and the main block here is the Data Mining cycle. So what is the difference?
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The big data usage scheme focuses on cyber security issues, and the classic version
(KDD) still does not address these issues at a satisfactory level.

The scheme of the web mining is complicated and is used for greater autonomy
in data processing systems, but the general scheme (stages of data processing) here
is similar to the classical one. In data analytics, the latest methods of statistical data
processing and deep domain modeling are added to the chart.

Despite the variety of current studies [2-4], all methods from these areas have
characteristic inherent weaknesses. We can not talk about the convergence of the
results obtained using intelligent data processing. Until now, without special training for
knowledge management and without knowledge of artificial intelligence methods, it is
impossible to talk about the effective management of intelligent systems. In other words,
today someone who is not sufficiently trained in the intellectual and cyber direction
cannot manage big data in practice.

As shown at the beginning of the article, without Data-Driven approaches, an agent
cannot be autonomous enough.

In systems with KB, constantly arising semantic conflicts (contradictions,
inconsistencies) should be identified and resolved. Otherwise, they will accumulate,
and the system will gradually degrade.

The algorithmic complexity of modern detection and prevention systems is at least
exponential, so there are still few scientific developments in this area that can find
wider industrial application. The complexity of developing such applications leads to
greater vulnerability to certain types of attacks. We can say that intelligent information
processing systems should not work without a special complex for cyber protection. It
is appropriate to use the analogy with aircraft carriers here; by the way these are groups
with a high concentration of intelligent systems. If the aircraft carrier leaves the battle
group, he is actually doomed to death. Therefore, it is necessary to develop a complex
cyber defense system. Each practically used intelligent system possesses a large number
of vulnerabilities. At the same time, the subsystem for cyber security must have a certain
autonomy, otherwise a human-intruder or an advanced program can easily understand
and overcome it. In this subsystem, software agents should be used to process big data
- it is inhumane to sort out and analyze billions and trillions of data and knowledge. It
turns out that for high-quality work with big data, it is necessary to constantly improve
both the intellectual and cyber systems. Finally, you need to decide how big is really
big data. It is not for nothing that different research mention different figures, and
most researchers simply avoid discussion in this direction. First of all, the quantity is
determined depending on the tasks set for the system. For example, if the task is to copy
a person at the atomic level, then all modern large databases are negligible. Secondly,
information processing time is also an essential factor. If we have a system with a million
data for finding out whether a professional thief is working in supermarkets in the city,
then this is big data. If you just need to list a million phones from one city, then this
is not particularly big data. Large databases can work with small arrays of complicated
data, this is normal, albeit expensive practice.
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Fusion of logical and statistical results in one system

In the field of intelligent big data processing, there are more than 11 standards for
processing audio, multimedia and other types of signals or other types of sensory
information/data. However, most studies in this direction are not standardized or
the standards are changing quite superficially and are therefore more perceived as
recommendations or best practices. In this situation, we have proposed new and
innovative solutions in this area.

The use of various statistical methods is widespread practice both in education and
in research in the field of big data. Recently, more and more statistical applications
are called intelligent, mainly because of their growing popularity and good funding.
On the other hand, the use of any statistical or other algorithmic means does not make
the system intelligent. Most often, statistical results should be processed at a logical
level - the theory of evidence (Evidence Theory) is used, for example, in the following
studies [7-9]. But all this is not enough to make the necessary decisions in many cases.
The theory allows us to correctly interpret the obtained digital results, but nothing says
whether the obtained results are sufficiently reliable. In addition, evidence theory makes
extensive use of heuristic estimates such as belief functions, doubt functions, which also
calls into question the processing results.

Statistical/probabilistic methods are widely used because of their high efficiency.
For example, due to the relatively low algorithmic complexity of applications. However,
even with probability from confidence interval 1, the obtained hypothesis with such a
high probability (for example, 0.9999) still is not a proof. Recall the example of a black
swan from the economy and its connection to year 2008 crisis. That is why experts divide
the data science platforms into two independent parts - probabilistic and logical. In this
situation, the correct operation with intelligent big data processing platforms is a matter
of deep knowledge of the theory of intelligent systems. For the same reason, we still
cannot talk about high-quality autonomous management of intelligent platforms. The
results of statistical and logical processing of big data cannot be used together without
additional transformations and evolutionary applications. It is necessary for fusion of
this kind of results to develop and / or apply special data-driven evolutionary methods,
as shown in the next section.

Proposed selection of results

It is impossible to abandon the effective achievements obtained using probabilistic
methods. Today they are quite effective what is achieved by encapsulating information.
On the other hand, logical methods most often cannot work with the same minimal
algorithmic complexity, however, they do not encapsulate the information used, but
serve to extract new knowledge. The merger of these two groups of fundamentally
different types of results cannot be achieved mechanically [10-13]. For this purpose,
various evolutionary processes should be used, including elements of primitive
(currently) machine thinking, which is most often defined as sequential evolutionary
processing of data and knowledge.

It is proposed to use the full complex of statistical methods in situations until a
lot of knowledge on the subject has been accumulated. This is most effective in an
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environment with insufficient knowledge, in knowledge-poor environment. In this case,
the main reason for using probabilistic methods is as follows: weak and unreliable
information is better than its complete absence. Therefore, in the absence of accumulated
experience in the system, for example, in autonomous agents, probabilistic or similar
in nature estimates, fuzzy/uncertain/etc., should be used forcibly. However, with the
accumulation of sufficient experience in the system, and there are methods developed for
such estimates, probability estimates are gradually defeated/canceled: the importance
of their use decreases, where and when possible, and they are excluded from the
control environment by more universal and flexible logical methods. Regardless of the
implementation methods, the described processes are evolutionary in nature.

When combining the results of the proposed two types of methods, the principle
of survival of the fittest is used. Thus, decisions that are initially judged to be weak or
contradictory may continue to evolve in the future and may even yield the strongest
results subsequently. They should not be eliminated, as in most modern methods,
because any assessment can be instantaneous and / or subjective. In certain situations,
the additional opportunity must be given for development and revaluation. The only
indisputable estimate is the one which has been proved. This is absent in many of
the above methods and therefore an underdeveloped potentially strong solution can be
confused with a weak and unpredictable one.

Below are formal descriptions of procedures for defeating/excluding/canceling
decisions (Defeasible Reasoning like the one described in [14, 15]). The following rules
are used (Horn clauses):

B+ /\iEIAi

BAic 1 Ai,C,E(C,Ay),~ApC
B A AAoA . An_1—Ap~. AL

6]

The logical inference changes when an exception is applied to the rule that
invalidates the atom (conjunct) Ak, which is formulated as follows: E (C, Ak). If C, the
reason for the exclusion, is true and if Ak is false (see below), the value of the rule for
the proof of B changes by exception. As an exception, the subject area was augmented
with new knowledge, which, in turn, led to a change in the meaning of the rule. The
extended theory of defeasible inference uses the different formal descriptions described
in [16].

In other words, the described defeasible applications can exclude or defeat any
information of a probabilistic or logical nature. In this case, we also consider invisible
logical connections between parts, named atoms of knowledge. On the other hand, they
do not always exclude it in evaluations with a low value - as some information was
defeated, so in other cases its importance can be restored and even increase. Thus, the
management of the proposed systems is periodically taken over by both the statistical
and logical subsystems, but after a certain period, the statistics gradually lose their
evidentiary value [16].

Another way to implement evolutionary strategies is to use the apparatus of
evolutionary games [17, 18].

This section presents a method for identifying and resolving contradictions by
comparing knowledge with previously introduced schemes of semantic conflicts. If the



12 V. Jotsov et al.

model does not have explicit conditions for the existence of a conflict/contradiction, it is
called a syntactic model [19]. Otherwise, the model is semantic. The presented models
can be considered as a type of ontology for detecting contradictions in the knowledge
base. After the detection of contradictions, they are resolved in accordance with the main
directions described in the book [19].

The use of conflict resolution and the defeat of certain knowledge is still not enough
for the development and further development of systems and platforms for processing
big data [20, 21]. A method for determining the relationship between known data and
knowledge with unknown methods for solving one or more assigned tasks is described
below. Using Puzzle Methods developed by ULSIT university, goals are achieved by
applying various types of constraints. The set goals can also be implemented using a
system of linear or nonlinear constraints, and then by sequentially considering solutions
in the resulting narrowly limited domain.

Figure 1. Different types of constraints in the focus area containing the goal G1.

Fig. 1 illustrates an example of using the two sets K = A, C, E and L = B, D.
The example also uses the classic Vu constraints: they are depicted in linear form but
also may be non-linear curves. As a result of using all three Vu, a constrained area is
formed in which it is easier to search for the required solution: Goal for the Constraint
Satisfaction task. Unfortunately, it is difficult to obtain so many Vu constraints that will
lead to the desired result. The example illustrates the advantages of introducing elements
of logically based sets L and K, where the constraints from K are called crossword
puzzle constraints — intersection of A, C, or E with the domain of the desired target
G1 gives partial solutions that may be associated with other knowledge to identify the
target. They are well combined with classical spatial restrictions Vu: linear, nonlinear,
binary, etc. At the same time, the elements of the set K do not give a part of the desired
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solution, but indicate that it is somewhere nearby. In this case, it is convenient to use the
apparatus of fuzzy logics. In general, the location of G1 does not help in determining
the solution of subtasks, and the introduction of D, E ... Vu leads to a rapid decrease in
the number of alternatives considered. The set K is one of many researched forms of
binding constraints.

It shows the new, logical-based types of constraints that we dealt with: those that
logically associate the goal with the accumulated constraints, and those that show
how close the desired goal G1 is. Another type of non-classical constraint is pointing
restrictions: in which direction to search. We can say that a special case of this type
of non-classical restrictions is the target/fitness function from Management Science or
Evolutionary Computation.

Satisfactory solutions can be obtained for the application of big data technology for
cyber security purposes as a result of the use of deep modeling by using the presented
three groups of constraints. By now because of high complexity issue, you cannot use all
the proposed methods in one complex, but due to the rapid development of technology,
new more efficient applications are expected.

Experiments

The experimental applications used in this paper can be divided into two groups.
The first group is typical for most information applications, and the experiments are
described in a number of our publications in 2013-2017. Book chapter [16] discusses
how to use Puzzle Methods to improve the performance of SAS Enterprize Miner 1.12
- this platform is one of the best in the Data Miners environment. One of the main
screenshots is shown in Fig. 2.

In view of the universality of the proposed evolutionary solutions and contrary
to the well-known paradigms, the scope of some of our experiments was in such
abstract areas as Number Theory with applications for cryptographic purposes. The
study began with the construction of heuristic conjectures, hypotheses that underwent
the described evolutionary processes, which led to the improvement and elimination of
false information. Finally, a series of evidence appeared leading to the development of
new, unknown ciphers and methods for both intelligent and cyber applications.

Conclusions

The main problems and practical issues of the use of intelligent processing of big
are shown: identification and resolving semantic conflicts, defeat and correction of
knowledge pieces, linking unknown information with known, accumulated knowledge,
combining the results of statistical and logical applications into one system, and so
on. It is shown that managing these processes should be evolutionary in nature and
will inevitably lead to the emergence of a number of interesting applied and abstract
new methods and systems in the field of cyber security. Special, logic-based sets of
constraints have been introduced aiming at deep modelling and efficient processing of
cyber security data.
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Figure 2. Experiments with SAS enterprise Miner 1.12.
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Abstract The topic of the presented investigation concerns contemporary
education threats leading to possible large problems in the nearest future.
Today the prevention of such problematic results is almost impossible without
applications of intelligent methods, tools, and technologies. Even more, the
contemporary education system should possess some features of inteligent
technologies, smart systems and data science elements especially when the
education concerns Information Technology (IT) fields. Original results are
elaborated and combined aiming to build effective and flexible applications
of classical and/or presented deep modelling and intelligent methods. All the
demonstrated advantages are successfully applicable with other known methods
from e-learning, mlearning or other innovative/advanced contemporary education
fields. It is discussed how the stated applications enhance the quality of
learning, improve the emotional connection between the teacher and students and
ultimately serve the sustainable development of student skills and knowledge. In
the common case the proposed qualitative forms of education do not demand the
usage of expensive hardware.

Keywords: education, cyber security, national security, intelligent system, agent,
knowledge discovery, data science, web mining, ontology, human-centered
system, knowledge management system, automation of creative process.

Introduction

Contemporary education methods, technologies and good practice solutions are
widely explored aiming to introduce creative teaching/learning conditions [1,2]. Many
important examples of popular method directions could be mentioned in this case
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[3-7, 9 ,11]. In [12] it would be interesting to show up an example of a practicall
research from Kazakhstan. A combination of applied methods is represented on
site [13]. Many other examples of methods for enhancing creative abilities in class
conditions could be described starting from one centure old pedagogical good practice
handbooks to classical but stilll very effective brainstorming/Altshuller and analogicall
methods. Nowadays AGILE technologies are widely applied aiming at improving the
quality of education [8,10,14]. This is a promising attempt for adaptation to rapidly
changing rules and environments in a rather unpredictable world. The strong features
of agile applications are: ‘flexible’ methodologies, openness to changes, and high
communication level. Three are the main parts of such applications: education process,
people, and changes. They aim at more active education process adaptable to the needs
of every student, turning from learning facts to learning sense of the material, and vice
versa.

IT education is one of the rapidly developing education fields. Contemporary
IT with focus to Information Security Systems (ISS) and especially their web-based
versions represent a wide range of applications of modern methods and technologies.
The training of intelligent agents - one of the most complicated software tools, already
reaches such a high level that some elements of machine learning (in other words
“’education °* of machines) became practicable also in contemporary education for
such rapidly changing subjects as Information Security (IS). IS is an example for a
rapidly changing trend the qualitative training of which is neither easy nor cheap. The
following paper sections propose a number of original methods purposed not only for
pupils but also for IT students, particularly in IS. This research is based on a series
of methods for intelligent knowledge/data processing elaborated within universities
from Bulgaria and Kazakhstan: ULSIT-Sofia and TARSU-Taraz. The versatility of the
proposed approaches is demonstrated not only on students but also by their successful
application for training soft agents or holohy-type robots in the area of IS. The presented
series of experimental results show accumulated problems that require the application
of sophisticated modern intelligent methods for education purposes. Among them is
a growing tendency to memorize rather than thinking, we name it shallow learning,
which starts from small classes of school education. Also, the lack of attention [15]
mainly due to the use of computer games and/or too active use of Web forums and
resources for communication instead of research causes a lot of problems. Problems
occur because of the desire to receive high marks without time spending and/or a deep
understanding of the presented subject. The considered accumulated problems couldn’t
be resolved only by using traditional, highly effective in the past, classical methods.

The accumulated problems are not practically resolvable using a single method
but rather a series of methods under the control of a general synthetic metamethod.
This is the main tendency of this century: the high levell control is in the hands of
synthetic methods while the analytical methods (algorithms/functions/. . . ) go to
control mainly of the lowest levls in the system. Synthetic methods are common in ISS
applications and it is time to apply them in education. For pity, too often we cannot
support the use of expensive technological solutions such as using smartphones to
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connect directly with the course data and video images of lecture material, G4/G5
methods for m-learning, etc. [16-20]. A nice synthetic education example is given in
[21]. A discovery process by using Moodle e-learning system is described in [22].
Different data mining education aspects are welcome to compare by using sources
[23-25] and the author newest research uploaded in archive.com, researchgate.net and
other platforms.

Even if a project allows the installation of corresponding tools, policies and
practices, it is not practical to hire teams to support many of the latest systems because
lecturers alone cannot make all the necessary flash animations, implement and maintain
mobile connectivity and other sophisticated things requiring additional training. Under
these conditions we developed an inexpensive technology for modern teaching based
on a minimum of technological skills and solutions that do not require high costs of
purchasing and support [26].

Just in our case, the realization of agile-oriented data-driven education applications
help in most contemporary courses coencerning IT, cyber security and intelligent
applications. On the other hand, many agile principles are rather flexible and possess
not fully described realization aspects. Our proposals improve this situation. It is shown
that the students do not need to know the principles of intelligent/data science methods
to successfully learn difficult lectures. On the other hand, when the professor knows and
applies these principles the quality of his lectures is much higher than average.

Qualitative versus Quantitative Education Principles Applicable
during Fast Progress Times

Distance learning technologies are introduced for correspondence students at TARSU
as an experiment since 2008. Since 2011, part-time students in 27 specialties have
been studying with Distance Education Technology. - 4072 correspondence students
in 26 specialties; - 379 evening students in 23 specialties; - In the current 2019, 1090
students were trained under the shortened training program in 84 Education Progams.
The results from the analysis of the availability of digital e-learning resources state
autumn 2019 at TARSU are represented on Fig. 1. Due to dynamically changing
situation on a modern labour market the considerable part of workers has a need
for obtaining new professional skills, knowledge and abilities, and one of the most
demanded directions is specialties connected with computer technologies (IT). In
the government education development program of the Republic of Kazakhstan for
2011-2020 electronic education is positioned as one of ten priority directions of
education development. Hence, it is a good example of the situation as a whole.

The education organization, assuming introduction of distance educational
technology (DET), faces need of the solution of the following problems:

- development or acquisition of the corresponding information system;

- creation of an electronic resource of educational and methodical materials;

- education, involved in the DET;
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- material support.
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Figure 1. The state of digital education resource endowment at TARSU.

Development of a full-fledged electronic educational resource (the electronic
textbook) is one of the fundamental problems of distance technology of education.

Considering that at an initial stage of introduction of DET it was necessary to
develop electronic textbooks in a large number on considerable number of disciplines in
short terms, the program of the automated process of receiving an electronic educational
course "CONTENT” was developed by the sector of educational and methodical
materials of the TARSU department (http://cde.tarsu.kz/). CONTENT represents the
program cover supporting the international standards of information products of
educational appointment for automated designing of electronic manuals from available
materials on structure set by the user. CONTENT is figured on users who have no time
or opportunity to master all knowledge of the web master profession and is intended
for fast creation of the electronic manuals using the web interface. Possibility of filling
the modules by supervising blocks, allows to create the interactive electronic training,
supervising and combined manuals. CONTENT allows to create quickly electronic
courses on the basis of available sample interfaces and not less quickly to change
appearance of the created manual. In the presence of initial materials creation process
of the electronic module by means of CONTENT happens in three stages:

1) project creation

2) material addition

3) textbook assembly

All that is required at creation of an electronic training course - a source text of the
textbook in the text editor (MS Word), transformed further in the HTML file. Thus,
preparation of a material requires only knowledge of the MS Word editor.
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The main view of the eletectronic resource concerning the CONTENT usage is
represented on Fig. 2.

Tapa3sckuii rocyiapeTBeHHbIH yHHBeperTeT M. M.X. Jlynati

KOHTeHT /UIA AMCTAHIMOHHOTO Obyuennsn

Marepnan 2ae
pybenor KowTpats

MHHHCTEPCTBO OBPAJOBAHNA H HAYKH PECTIYRTHKH KAJAXCTAH
TAPASCKHN FOCYIAPCTBENHBI YHHBEPCHTET HMM.X IYIATH
DAKYIBTET ~HHSOPMAIMHOHHLIE TEXHOTOMHH,
ABTOMATHKH H TETEROMMY HEKAIHHE-

KADEIPA «HHOOPMAIHOHHLIE CHCTEMbI=

ATEKTPOHHBIMN YYEEHO METOIHYECKHNA ROMILTERC
10 THCIHILTHHE

WEB - TEXHOJIOI'HH

TAPA3 2019

Copynght € 2016 Tapl'V’ Paspaorunar Masosernax A A, Tywou EA

Figure 2. Screenshot of TARSU distance learning system.

The proposed research develops the thesis that all the best modern e-learning systems
have much in common with research systems and vice versa. The below considered
methods include a number of elements for applications in research systems. What is
the most important, IS material is hard-to-explain to a wide auditory? The software
agents are ‘thinking matematically ‘. How to explain their principles and results to
non-matematicians? The proposed methods can represent many mathematical notions
altogether with informal things in the form of images with ot instead of formulas. Almost
same methods applied in different ways bring new results for applications in IS training.
This is easily shown in the below considered interpretations. On the other hand, teaching
IS stands out from other undergraduate and graduate programs that it operates in rapidly
changing models, requirements, concepts, tools, instruments and policies where the
problem for qualitative education is particularly difficult. Teaching IS highlights in the
brightest way the advantages of the proposed new methods and applications in ISS.
The following applications are presented for e-learning in IS. For the sake of better
visualization of the presented material, original method named Puzzle is considered in
the next section.

One of the most instructive facts about the audience for training is that current
neural-based machines in the form of software agents/holons repeat the actions of the
teacher on a much higher level, even related to an excellent student. Therefore, rote
memorization of lectures makes no more sense: sooner or later machines will displace
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us from such mechanical type of activities. Instead applied science of matter should
be deeply rationalized through comparisons with other works accessible through the
Internet, by experimenting with numerous courses and with open source products which
become more pervasive in our practice together with contemporary Web-applications.
The example shown here illustrates how to achieve simultaneously two goals: explain
artificial neural networks and modern principles of quality training through effective and
deep understanding. Similarly, using neural networks explains best practices for control
of knowledge, and for more drills for lagging students. The application of the described
methods makes the lecture process more easy, understandable and transparent. In such
a way, sustainable education results are obtained. It is not easy to explain everything at
introductory level. The last part of this Section is mainly devoted to IT specialists.

Monitoring the quality of education most often uses a complicated combination of
different statistical methods. We used similar methods in a general Data Science module
together with applications described in this paper and the results of logical and statistical
parts of the logical-statistical complex are fused on an evolutionary basis. Modern
applications of statistical methods are effective and convenient to use at the expense of
information encapsulation. In other words, it is impossible to construct tools to acquire
new knowledge or to resolve other logic problems in this area. If we split methods in two
groups (quantitative and qualitative) then statistical methods belong to the first group
and logical ones belong to the second group. For this reason, their mechanical union
is of no perspective. We do not attempt to propose any isolated solutions, instead we
offer a combination of novel methods that is well adjustable to the existing ones. Our
research includes a new evolutionary metamethod for joint control of statistical and
logical methods where the statistical approach is widely applied on the initial stage of the
research when the information about the problem is scanty and it is possible to choose the
solution arbitrarily [26]. After some time, the accumulation of knowledge makes logical
applications more and more effective and more universal than the probabilistic ones,
as well as fuzzy estimates and similar applications. The paper uses SMM (Synthetic
MetaMethod) to control the process of consecutive replacement of applications by other
ones. In the common case during intelligent data processing, there is no convergence of
the results, but this does not hamper practical applications of these systems. In other
words, bad and good designers will arrange the display window in quite different ways
and there is no guarantee that every user understands the technology and that his access
to the system will have positive results. In general, the use of SMM is one of the most
important and demanding elements of the efficiency of intelligent applications. In the
educational field combining the proposed methods depends on the lecturer’s experience
which makes the performance much simpler than just in the software case. At this
level, the operation of the data science module is limited to implementation advices
to the lecturer. Suggested innovations serve the more effective application of education
practice altogether with text mining, Web mining, collective evolutionary components
in multiagent systems [26,27].
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Puzzle: Graphical Interpretations Highlighting Cognitive Elements
of the Presentation.

Essentially the Puzzle method [26] uses a form of visualization, which leads to
establishment of a creative work in various forms of training or for research purposes.
We would like to remind that high quality learning inevitably leads to independent
research. In the present study, it is revealed that in some cases the graph itself of the
obtained partial solution from Fig. 3 is sufficient for decision making by the user or the
expert.

Figure 3. Graphical representation of linguistic material.

The represented-on Fig. 3 graphics concerns a problem of focusing attention in
students. Here Vi-s are the classical linear constraints. They are linear for the sake
of simplicity. At least three of them can close the research area and if this area
contains a significantly small number of elements, it is defined as a focus area. Non-
closed [or closed] area with an infinite number of elements is non-recommended for
focusing the attention. Anyway, the area in general case contains a large number of
elements and an additional research should start. Let the goal of the focusing task is
included between the elements M and N. Then the solution is hard-to-be found. In
a general case this task has NPM complexity: it is hard-to resolve. The constraints
D and B are defined as anexample of binding constraints. They are modelling the
situation ‘the solution is somewhere nearby’. A set of such constraints helps us locate
where is the position of the desired goal (M-N in Fig. 3). For deep modelling of the
presented material another two original logical-based types of constraints have been
introduced in [26]. The first type is named pointing constraints: they indicate the



Intelligent Methods In Education 23

direction where the solution exists. Pointing constraints could be described as a general
case of fitness functions from evolutionary computation methods or a a generalization
of goal functions from management science. The pointing and binding constraints make
successful combinations in different constraint satisfaction applications. The last group
of considered constraints is defined as crossword constraints. Their usage is graphically
represented with lines A and C. The intersection of A or C with the goal G gives one
part (atom) of G.

All the considered graphical interpretations of constraint examples from Fig. 3 are
very helpful for any modelling of creative processes: proof of formulas, security models
and so on.

Different versions of the modelled knowledge contained in Fig. 3 provide a
base to describe things that are difficult to express in words. Not surprisingly, a
Chinese aphorism states ‘A picture replaces thousand words.” It should be added: “...
and is understood and memorized better.” Below different linguistic equivalents of
combinations of interpretations are considered similar to what is depicted of Fig. 3 and
obtained by the proposed Puzzle method.

Things are moving way that . . .

... neither ... nor ... but it is too close to ...

Looked at from another angle ... Other findings ...

An object can be represented as intersection of two dynamic areas ...

In the future, these two concepts should be used jointly ... etc.

These natural-language fragments are present in plain text for students, but further
it will be shown that by the Puzzle method this is done much better: deep modeling
and vizualizations helps deeper understanding of things. For example, Fig. 4 and Fig. 5
show another example of Puzzle method clarifying certain processes and relationships
between objects. Concentrating the attention in the area of Fig. 4 by using binding
constraints, the concentric lines from Fig. 4, supports by narrowing the set of analyzed
elements, and the opening of implicative relation referred to in Fig. 5. The relation is
same form as in Fig. 3: for example, M causes N. Also, in the case of effective learning
using informal causal relations that are associated with that implication ‘from M it
follows that N”.

In Fig. 5 the system of different limitations/constraints supports the detection of a
causal relationship between M and N, with no correlation between them in Fig. 4. The
connection occurs in imposing additional logical processing in Fig. 5. The process is
dynamic in nature and it is almost impossible to be properly explain only with words.

This image (or media) is so much more convenient and efficient to visualize,
transform and use different dynamic processes through ontologies. Examples and
figures lead us to the conclusion that ontologies as the ones depicted in Fig. 6 are
introduced, used and dynamically changed applying the Puzzle method.

Unlike traditional oral presentations, the material visualized by the Puzzle method
gives much more directions for own research and for detecting and correcting gaps
in knowledge. For example, ‘it is neither ... nor ...” and many other natural-language
interpretations incorporate a lot of fuzziness that can sometimes be misunderstood.
Careful study of graphs similar to Fig. 3 or Fig. 6 excludes misunderstanding and



24 V. Jotsov et al.

Figure4. M and N are unrelated.

Figure 5. Detection of the causal relation or implication between M and N.

furthermore — a misunderstanding of the material. On the other hand, the whole learning
process is concentrated in one place, it is not necessary to look for other Internet sources
to clarify the question e.g. ‘why’, ‘what’, ‘how’ to get results, etc. The quoted relations
also are useful for pointing the lecture main points. Intelligent training tools not only
accelerate but also intensify the training.

Unlike IS, a wide range of tools for modeling and presentation of material is used
in this section. The modeling must be used not for ISS software agents but for people.
Respectively it is easier to introduce audio or multimedia ontologies, transmitting the
meaning of things. For example, in Fig. 7 the answer to the question ‘How the passive
defense works’ is given at a schematic level. To present the meaning of things it is
enough to show one or several key points on the subject altogether with corresponding
explanations. Sometimes it is better than an entire movie. The relevant ontology is not
limited by the photo which has just a specifying role. More important are the descriptions
to a picture to describe what the picture is essentially, in detail. The picture explains
many details clear to people, but intelligent agents will learn nothing from this picture,
especially if the agents are designed for IS.
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Figure 6. Application of ontology-type constraints to reveal causal relations.

Presenting information by meaning is a key element of modern higher and university
education. The proposed methods of the puzzle, of the kaleidoscope and the other
tested methods greatly expand opportunities for qualitative teaching IS, one of dynamic
interdisciplinary specialties with increased complexity and also of various types of
requirements for trained students.

Advantages of Education Applications of Puzzle Methods

The proposed original method discovers new or hidden knowledge by connecting the
unknown, the sought solutions with previous experience in the form of knowledge bases.
Let the constraints of the defined problem form a curve in the space as depicted in Fig. 3.
The main goal of the Puzzle method is to reduce the multidimensional search space for
the solution. For this purpose, we used several types of constraints, in [26] the study is
focused on the case of using ontologies instead of individual constraints. Furthermore,
the research of process dynamics aimed at reducing the field in certain cases allows us to
derive new knowledge in the form of rules. This inference process and constraint usage
allows us significantly to simplify formal and evidence material in lectures, attract the
attention on details and simultaneously increase the activity of learners. Showing the
process of connecting known with unknown improves understanding and retention of
the presented material.

For example, if a bachelor who has graduated a univiersity lives in Sofia and he/she
does not want to work anywhere else, then the line restricts the search space and in this
way a lot of unnecessary work is avoided. The focus is on Sofia area. It is also possible
to inspect a case when the constraint is defined as a type of surface but as a result a more
general solution is obtained where a special interest is provoked by the boundary case
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Figure 7. Schematic (ontological) view of a passive defense.

of the crossing of two or more surfaces. When the common case is inspected in detail,
then in the majority of cases the problem is reduced to exploring the lines instead of
curves with complicated forms obtained from crossing surfaces.

The following example below shows how the search process is reduced using
ontologies. Let’s admit that the search space is presented on fig. 8 where statistical data
about ISS are generalized about the regions depending on their price and quality. It is
necessary to select an acceptable ISS to our project. A right, blue-coloured subset of
feasible solutions is the best one: ‘this means the neglection of ISS designed outside
Europe’. The space of feasible solutions is to the left of the separating surface that is
depicted on the figure in blue (dark gray) color.

In Fig. 8 another surface in green (bright gray) color is shown in the top part of Fig.
8. It also delimits the search space of the solutions. In our case the limitation means
‘systems with unknown principles of operation’. It is accepted that in the data bases
there is no clear distinction related to the presented criteria so the search of the feasible
solutions is nonlinear of high dimensionality and practically it cannot be solved using
classical methods. Nevertheless, by applying ontologies analogous to the ones from the
previous section the problem is solvable via the Puzzle method. There are two red (bright
gray) dots on the same Fig. 8 in its left corner. Each of them is another, third form of the
above described binding constraint. Its semantics is the following: it is not a solution,
but it resides close to the desired zone.

By introducing new types of constraints, our goal is to show that it is possible to
use causal links that are different from implications. They are used in many different
education tasks.

Emotion Control and Enhancement as a Tool for High Quality
Education

There are many analogies between intelligent technology and IS training [28]. With no
specific game elements, if the information is presented in a monotonous manner, it is
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Figure 8. A case for binding and other constraints.

possible to provoke negative consequences and affect the quality of education. This
‘game element’ means the number of applications, starting from conflict resolution
and contradictions using the apparatus of game theory and/or mathematical logic to
applications used in computer games. The application of this aims at establishing an
emotional contact between teacher and student, and this must abandon outdated notions
that emotional teaching scientific disciplines is an obstacle, not a contribution. The term
‘emotional teaching’ no longer means that it is necessary to ‘read’ enthusiastically,
with emotion. Surely this will not appeal to everyone in the audience. The creation
of comfortable conditions for the system or the students will produce the necessary
emotions.

There are two main approaches to winning contemporary education in IS. First, it
is necessary to draw the attention of the student to the teaching material, for example
by introducing a competitive element (which will first solve the problem), through a
system of bonuses and at the same time — the introduction of additional work for lagging
students (topics for further study, additional tasks, etc.). Those elements of the training
system should unite in a clear and explained in advance system in which excellent
performing students are being tested for a much shorter time than laggards. One of the
goals is to avoid monotony in teaching modern dynamic disciplines, where the lack
of attention can lead to misunderstanding or misconception of the material. Second,
the gained attention of the students should be held. Without the introduction of certain
emotional elements in the lecture it is difficult to attract attention and it is practically
impossible to keep long-term.

The inclusion of emotional components in the presentation is not enough for modern
teaching information and communication technology (included in IT). In the direction
emotion-aware systems it is widely discussed the application of measuring the emotions
of the personalization data for making individual training scenarios, modeling every
person working with the system. These funds shall not apply in the study because they
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require greater financial resources (and therefore apply mainly expensive developments
in ambient intelligence) and are not effective: response and appearance of people often
lie about their emotional state; models allow for individualized learning, but their
development is a slow and costly process. It is therefore proposed not to measure positive
emotions but to produce them under the right conditions. To create conditions in the first
place it is necessary to exclude factors that prevent them:

Complex and voluminous material for which there are not enough hours. If the
material is cut, then should be taught not different methods, but large groups of methods
or strategies and there should be required additional study of the material of substance.
This prevents a proper understanding of the subject by students which copy texts from
web in the best case.

To understand complex material with lots of formal descriptions or with many
included fragments of programs. Formal or program descriptions provide a detailed
understanding of IS and other disciplines in ICT. On the other hand, understanding
formal descriptions takes time, which can ‘eat’ the majority of the lectures.

It is not easy to teach dynamically changing material with an interdisciplinary
focus on people who are accustomed to traditional teaching methods, algorithms, data
sources and references for briefly studying with the requirement that everything must
be written in Bulgarian. In this we encounter with the collective mindset to do it the
fastest way (hence — badly), for example the decisions for homework problems can
be found in ‘manuals’ or in other Internet sources. Independent copying from the Web
space is mistakenly considered as an ownership, especially if a translation from a foreign
language is performed. When the methods are based on data then they are not largely
algorithmic, they cannot be briefly described and fully understood without additional
programming skills; the resources are in English and most of them are from the Internet,
so teaching of IS using traditional tools leads to misunderstanding and low effectiveness.

Emotional contact cannot be built without a clear description of things, without
interest and bilateral trust. Here the following thesis is used:

What is more convincing, better structured, clearer — it is emotional (i.e. it produces
positive emotions in students). Emotions could be easily detected especially by using
constraints described in previous section. For example, Fig. 9 depicts the situation of
an accident with a car. The emotions of the people inside the car are evident and they
easily affect people. For softare agents such training is much more difficult.

But how could we describe clearly intelligent data processing, serious statement
which even experts in the field perceived as complicated enough? To solve the problems
presented without an expensive technical device starting from ‘breaking the ice’ by
explaining that more complicated matter leads to higher valued knowledge, by surprise,
‘awards’, a change of the environment, etc. For example, it is better to use the idea
of the leadership of University, where there are lectures on oral explanation, to use
comfortable armchairs for outdoor classes. The main objective of these measures is
some of the best and most active students to participate and help other students. Counter
questions are promoted and also comments from students if they have a direct connection
with the material. Making little ‘olympic games’ also helps us a lot. For example, you
can use a system of bonuses from +0.25 up to +1 (reinforcement learning system) as
score to evaluate the self-tests for a given topic. Experience shows up that even the
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Figure 9. An emergency situation.

smallest bonus then stimulates less organized students to devote more time to the subject,
because they are convinced that they are better than others by something. Organisational
arrangements for quality teaching must be numerous: checking attendance, interim
control knowledge, grouping students according to the results, varied approach to
different groups, etc. Sometimes are important also least important details such as
teaching easier to understand material in weeks with most other control workload from
other disciplines. Aiming to provoke positive student emotions, the system should be
carefully calculated, tested and applied.

In general, teaching requirements of ISS are sometimes contradictory. The obtained
results are presented in [26].

The problem of the time shortage for lessons both inside and outside the audience
halls is resolved by introducing emotional elements to reduce tension during the
intensive work and also by issuing more textbooks and school supplies thanks to
the support from the management. Along with this more complex material should
be presented in a more understandable way, preferably through informal means and
explanations. For example, the concept of a prime number, which is widely used
for protection of information, is inevitably linked with the concept of infinity. In the
above illustrated method of kaleidoscope, the two concepts are linked through graphical
interpretation. Graphics and the issues they raise, are relatively easy to connect to
the evidence, and without them, this material would become ‘tedious grind material.’
Graphical interpretations are more easily stored, easier to explain, they give more
possibilities to continue separately the study and thus to compensate for the lack of time
to explain. It is good formal results only illustrate, to accompany graphs showing the
path of their receipt and not their memory is the main objective of the course. Thus,
teaching is clear and unambiguous. To avoid the opposite, the presented results are
accompanied by full details of who, when, where, under what conditions has developed
the method or the application. It is not necessarily all information to be presented in
one place, it is important to have it somewhere, e.g. in a textbook. For the same reasons
for recording knowledge in KB it must be recorded this kind of meta-information, it
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helps to resolve the conflict between the confluence of knowledge information created
by many experts in other situations. The visual presentation of the material is intended
to provoke lateral thinking in a large group of students interested in the subject. Those
are also emotional elements of teaching and the use of ontologies leads to more in-depth
study of the subject.

Available students (people or machines) are offered to use another new relationship —
‘important’ — for structuring the material in varying degrees of importance. For example,
when describing applications of radar to protect airports, relations ‘why’ and ‘important’
should be directed to the following: Doppler radar is significantly more expensive than
the usual one, but it not only allows to show the location of monitoring sites but also
their speed and one of its main functions is now detecting micro hurricanes and the
movement of winds in the storm. Naturally, the detailed technical descriptions of the
radar are also important, but they do not give new information about the meaning of the
studied objects and about their use, therefore they are not associated with the relation
‘important’. If an agent, without understanding the meaning of things, depending on the
situation transfers to a human texts on relations with ‘why’, ‘background’, ‘how’ or, for
example, ‘mportant’, it will complete the task of proper information and there will be
no need for further actions. In a scenario with two software agents, this technology will
not work without additional actions.

When it comes to emotions, everyone thinks of emoticons. Their use of the screen
or on the board is considered frivolous, maybe a bad taste, perhaps tacky to play around
with the students. Meanwhile, we think their entry into ISS pending with other analogues
of icons of the past and thus their roles and status will change [28].

The proposed method is from the category of blended teaching where ICT are widely
used in the teaching process, but they are no substitute of the lecturer. For ease of
learning the disciplineir is necessary the most important things concerning the strategies
and fundamental new concepts, paradigms, changes in the subject area to be studied
on the spot and educational tools to help study the technical details by checking the
knowledge of exercise. Thus, giving place to more easily adopting the discipline and to
giving more examples and presentations.

As a main conclusion it can be stated as follows. The emotional contact, driving the
student to creative events, is not necessarily based on means of measuring emotions.
Emotional elements in teaching together with other measures of organizational
complexity reduce complexity of the taught subject and there should be left ‘doors for
independent research’. Using innovative teaching elements in ICs is necessary. This
largely relates teaching ICT as a whole. A number of approaches to this are presented.
Last but not least, the presented teaching brainstorming process cannot be successfully
implemented without the approaches listed here. Therefore, there is a direct link between
proper teaching today and create technologies for future IA. Without emotion-based
elements it is very difficult to provoke students’ interest — a base for deep understanding
and high-quality learning.

The experimented system source codes are written in different languages: Java,
Python, C#, and few other languages. It is convenient to use free applications like
RDF, OWL, Ontoclean or Prot’eg’e. Many of the described procedures rely on the
usage of different models/ ontologies in addition to the domain knowledge thus the
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latter are metaknowledge forms. In knowledge-poor environment the human-machine
interactions have a great role, and the metaknowledge helps make the dialog more
effective and less boring to the human. The dialog forms are divided in 5 categories
from 1="informative’ to 5=’silent’ system. Knowledge and metaknowledge fusions are
always documented: where the knowledge comes from, etc. This is the main presented
principle: every part of knowledge is useful and if the system is well organized, it will
help us resolve some difficult situations in future.

It will be interesting to apply the proposed ideas in Kazakstan conditions described
for example in [29]. We should investigate not only the shown advantages but also the
disadvantages like the complicated explanation of contemportary research.

Really the story of high-level, contemporary education in cyber security or other
IS field is difficult-to explain. When the professor knows deep modelling elements
explained in previous Sections, it is much easier for him to resolve this controversial
and difficult task. The more the professor knows the deep modelling and other data
science elements the easier will be his explanation material to students.

Conclusions

The main conclusion is that to overcome the contemporary education shortcomings,
methods, Data Science applications are necessary. Special attention is paid to deep
modelling analogical to machine learning for software agents. The role of the above
methods for the education purposes is widely discussed. Interdisciplinary issues like
emotion control also had been discussed. Only a combination of different methods could
help resolve a difficult task how to construct a highquality education in rapidly changing
environments like cyber security.

Analysis is applied for technologies used for sending information by sense, and
for deep understanding the semantics of the information. Common advantages and
disadvantages for different existing groups of contemporary applications are revealed.

Same methods in different combinations are effectively used to enhance
security staff possibilities or in contemporary e-learning systems in the field of
Information/Cyber Security [26]. Applications outside the field of information security
have been made since a long time, but their explanation goes beyond the field of the
considered research concerning the most difficult education cases.

It is shown how, by applying the principles of Data Science technology for lecturing
to pupils or students, there is a substantial rise in the quality of lecturing even for the most
difficult disciplines, and there is a growing quality in the implementation of the studied
material which leads to sustainable development of the regions. Examples of effective
combinations of the proposed deep modelling Puzzle methods with good pedagogy
practice are also considered.
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Abstract Prediction of accident rate and stable operation of technical devices is
an essential task in various fields. The prediction must be performed in advance,
allowing maintaining the high-quality operation of the devices. Logically this
problem is cost-effective compared with the problem of a complete replacement
or deep repair for a specific technical device. Identification of the accident
rate can be based on understanding how the main components of the device
work. In a case when all components work properly, the performance is better,
and subsequently, the chances to have an accident is lower. Modern studies
have shown that continuous monitoring and analysis of the components remains
the most critical task for many companies. Currently, the only practical way
to monitor the status of such components is to detect complex signals, such
as vibration, pressure, and electric current, generated by technical devices and
assembled by industrial sensors. It is often difficult to extract useful information
from such indirect, mixed, and noisy signals, so there is a need for data analysis
to extract specific features from these complex signals. In our paper, we propose
a machine learning algorithm for a regression problem and a time series. When a
model identified a deviation between the trained regression model and the actual
value, we matched the anomalous behavior of a technical device. LightGBM used
to build a regression model, the results of the model by RSME metric is about 1%.

Keywords: Anomaly detection, Machine learning, Solar hot water system.

Introduction

Prediction of accident rate and stable operation of technical devices is an essential task
in various fields. The prediction must be performed in advance, allowing maintaining
the high-quality operation of the devices. Logically this problem is cost-effective
compared with the problem of a complete replacement or deep repair for a specific
technical device. Identification of the accident rate can be based on understanding
how the main components of the device work. In a case when all components work
properly, the performance is better, and subsequently, the chances to have an accident
is lower. Modern studies have shown that continuous monitoring and analysis of the
components remains the most critical task for many companies.
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In recent years, the use of data from the industrial equipment allowed to optimize,
monitor and manage technical devices in a convenient form [1]. Mostly this monitoring
performs in a single online platform with remote access from anywhere. The analysis
is mostly based on historical data containing the operational and situational history of
a technical device. The results of such analysis allow to improve and understand the
specifics of nonlinear processes in device maintenance. In this case, the final goal of
applying these technologies can be based on principles of maximizing profitability,
reducing costs and increasing the life cycle of the devices. Also, the increase in
reliability and availability can be achieved. Studies have shown that the implementation
of such digital platforms can make significant savings. Examples of such economic
optimization are the oil and gas and aviation sectors. Big companies, such as Southwest
[2] and Quantas [3], annually save millions of dollars in fuel costs through partnerships
with engine manufacturers and continuous improvement of system components. Such
systems are aimed at eliminating unplanned downtime [4]. The ability to develop and
implement a digital platform based on monitoring, diagnosing and forecasting solutions
underlie the transformation of a traditional industrial environment into its digital era.

Nowadays, there are many methods and approaches [5-8] that determine the
strategy for equipment maintenance and the transition from the classical methods of
“failure and correction” to the “forecasting and prevention” way. During predictive
maintenance, the operating conditions of the equipment are monitored continuously
to identify the need for real-time maintenance. The creation and implementation of
methods for automatic state monitoring, diagnosing and forecasting can significantly
reduce both economic losses caused by system breakdown and costs associated with
the unnecessary repair, replacement of components and device downtime.

In the project, all the research, including various tests, is planned to be conducted
using a technical device knowing as a solar hot water system. The security problems
for these types of technical devices are considered in several pieces of literature. There
is a study regarding safety and accident rate available at Moreno et al. [1] where the
accidents at biogas stations were considered. The authors highlighted the following
points: protective measures of biogas projects are insufficient, monitoring methods
are relatively backward, real-time data recording and statistical analysis cannot be
performed, biogas leaks and explosions occur from time to time. The article clearly
shows a higher increase in accident rate at biogas plants than an increase in energy
production at biogas stations. Risk assessment of biogas plants is described in the
article [9], where the risks seriously affected the promotion of biogas projects. Safety
issues are the most critical topics in the biogas industry [10]. To ensure the safety of
users and, at the same time, for the proper management of biogas projects, a real-time
monitoring system and a long-term monitoring system are required. To achieve this
goal, it is necessary to collect as much data as possible about all the parameters [11,
12].

Fig. 1 shows a diagram of a biogas system. Essential safety control will be based
on data from the following components of the technical device: 1, 2, 4, 7.
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Figure 1. Scheme of the biogas complex. 1 - Solar collector. 2 - Reactor block. 3 - Homogenizer.
4 - Gas holder. 5 - Hangar for biogas storage. 6 - Hangar for the reactor block. 7 - The output of
biomethane and biofertilizer.

Considering the problem on an international scale, the increase in accidents on
biogas plants began at the turn of the 21st century. It started during the period of
massive modern and environmentally-friendly inventions in generating electricity. As a
result, there were many cases of accidents on technical devices, respectively, each time
the question of predicting such consequences was sharply raised. One such example
is the German Facility Safety Commission (CAS), which decided to focus its control
on biogas plants. During 2001-2006, CAS conducted a total of 115 inspections [13]
and identified a large number of accidents that could be reduced or prevented using
predictive systems.

Such analytical systems based on artificial intelligence for monitoring complex
technical systems are in growing demand and are important for the industry in
Kazakhstan, because in connection with the development strategy of Kazakhstan
there will be an extensive digitalization of production. Also, in connection with the
introduction of renewable energy technology in the economy of Kazakhstan, this
system also has an important direction in the development of science and technology
[14,15].

Currently, the only practical way to monitor the status of such components is to
detect complex signals, such as vibration, pressure, and electric current [16], generated
by technical devices and assembled by industrial sensors. It is often difficult to extract
useful information from such indirect, mixed, and noisy signals, so there is a need for
data analysis to extract specific features from these complex signals.
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Research Methodology

In recent years, various technologies have been used to solve the previously mentioned
problem. The best results have achieved in collecting all historical data, analyzing
them, and further getting useful insights. Deep Learning (DL), as a predictive tool,
has performed better compared with any other traditional techniques. Commonly used
DL methods include multilayer perceptrons (MLPs) [17], autoencoders (AE) [18, 22],
convolutional neural networks (CNN) [20], and recurrent neural networks (RNN)
[21]. The main difficulty with the application of DL lies in the processing of signals
that are generated under the different operating conditions as their training data. Also,
DL methods always fail with insufficient data. Given that the data, mostly collected
in the laboratory conditions, are still too simple to represent a complex industrial
environment. Therefore, researchers are striving to improve the performance of DL
methods in outputting signals under various operating conditions, such as different
speeds and loads.

Typically, time series are processed by recurrent neural network architectures of the
form encoder-decoder [18, 22, 21], which, according to the monitored part of the time
series, consider the underlying representation (encoding) and predict the values on the
final part based on the obtained latent state (decoding). In [23], a method is proposed
for constructing a model with hidden variables that describes the generation of a time
series based on differential equations. The authors proposed a new architecture of
neural networks based on ordinary differential equations. Our idea is to use the new
architecture for practical problems of predicting accidents (the problem of extrapolating
time series) and classification (classification of accidents based on historical data).
The application of the new architecture has several advantages over existing RNN
architectures, such as:

— Efficiency. In the training of neural differential equations, it is not necessary to
calculate the gradient through all the operations of the numerical method, and there is
also no need to store intermediate results.

— Operating time flexibility. Compared to solutions of differential equations, where the
grid step determines the accuracy of the model and affects the calculation time, in neural
differential equations, the balance between numerical accuracy and computational
costs can be controlled.

— Several parameters. If we compare ResNet, the advantage of the proposed architecture
is a smaller number of parameters, since new parameters are not required for each
layer.

When considering the time-series prediction, RNN is mainly used. The RNN
operation principle is as follows: the training sample is fed to the input RNN (encoder),
the result is, as a rule, a normal distribution, based on which a random variable is
generated ¢(z(to)|y, o), where i, o mathematical expectation and standard deviation
of the normal distribution. Further,z(t,), another RNN (decoder), is fed to the input,
which restores the values from the test data. This neural network uses discrete transforms
z2(t +1) = 2(t) + f(2(t),t), where f(z(t),t) - some non-linear transformation. This
transformation coincides with the scheme of the ODE of Euler methods; in fact, the
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direction from a discrete transformation to a continuous direction z(t) can be changed.
This replacement allows creating a new architecture of neural network ODEs. Fig. 2
shows the operation scheme of neural network ODEs and its difference from RNN.
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Figure 2. The scheme of the RNN and neural network ODE.

Research Methodology

For the verification of the model, we chose a flat solar collector, the data were collected
over 3 months of observation from technical devices. Temperature sensors were
installed in the accumulator tank, at the outlet from the flat solar collector, voltage
sensors on the pump and vibration. Based on temperature and pressure data from
sensors, we can predict future problems in the installation, such as pump breakdown,
depressurization, and more.

Additionally, environmental data were collected for one year. In Fig. 3 shows a
high correlation between solar radiation and temperature in the collector and reservoir.
If the density of solar radiation is higher, then the temperature is more monotonic, and
the standard deviation of the temperature in the storage is close to the average value,
for example, from July to August.

Fig. 4 shows the temperatures in the manifold, reservoir and pump mode. We see a
correlation between the ambient temperature and the temperature of the heated water.
When the temperature in the manifold reaches 40 C, the pump switches over and starts
transferring the heated liquid to the heat exchanger inside the storage tank and receives
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the cooled liquid in the manifold cycle for heating. The second reason for the cooling
of the fluid in the cycle is associated with weather conditions (decrease in ambient
temperature, sunset).

Result

To assess the accuracy of the model, we trained the model on historical data to capture
seasonality and trend in the time series. The model has been predicted for the last month.
The RSME metric was used to assess the accuracy of the model. Verification of the
considered model has shown good results in predicting the future behavior of the pump
load. In Fig. 5 We can notice that the model predicted the future temperature of the water
from the loop and there are no large deviations.
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Figure 3. . Simulation result comparing ambient temperature and sunlight.

In Fig. 6 we can observe the difference between the predicted temperature in the
model and the actual one. This may be a signal that there are deviations from the standard
temperature indicators in the system. The model prompts you to inspect the installation.

The model also showed abnormal deviations in the pressure (bar) readings in the
unit loop. In Fig. 7, you can see large deviations between the predicted values and the
original readings from the sensors.
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Figure 4. Ambient and reservoir temperatures with pump operating mode.

Figure 5. Predicting solar circuit temperature.
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Figure 6. Anomaly of temperature readings in the battery tank.

Figure 7. Anomaly in atmospheric pressure readings in the installation.
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Comclusion

The proposed method shows its effectiveness during the first period of operation of
the installation, when knowledge about the operation of the installation is incomplete
or absent. For example, new technical changes to the installation or another climatic
zone, but the installation must perform its work without emergencies. This algorithm
will help in monitoring a technical device and predicting a pre-emergency situation.

The idea of building a trend of the installation behavior will not only allow predicting
abnormal deviations from the standard values, but also help predict what temperature
or pressure values may be in the installation. Future directions of research will be
solving the problem of irregular values in sensor readings. Analyzing data and predicting
future values based on this data is a challenge for algorithms such as LSTM, RNN.
Such data often arise for various reasons and mainly due to technical problems of data
transmission.
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Abstract Nowadays we undoubtedly live in a digitalized society. Digital
omnipresence can be seen in the way we eat, walk or talk. Despite the pros
and contras regarding the benefits of digital technologies, our digitized lives are
reshaping all aspects of societal life leaving no space intact. Even the higher
education bastion has capitulated and embraced digital, online educational mode
under the pressure of the recent COVID-19 pandemic crisis. The recent fact
inevitably enabled all the members of the academic community to transfer
fairly easily to full online education mode so suddenly forced by the COVID-
19 pandemic situation. In our research efforts to understand the implications
of these imposed societal changing forces in higher education, this paper’s
main aim is to tackle the relation between established traditional offline and
digital online education technology forced upon HEIs during the lockdown to
overlap the social gap emerged by the COVID-19 pandemic, from the two
main stakeholders standing point: students and teachers. The research has been
conducted at the Polytechnic in Pozega, Croatia for the period from 2016 to 2020
using a comparative analysis method and a questionnaire in traditional vs online
student and teacher experience. The study encompassed about 1000 students and
63 teachers. The research itself consists of four main parts. The first part discusses
the influence of online assessment on students’ success in final exams. The second
and the third parts compare the results of teacher and course evaluation surveys
at the end of summer semesters in a timeline frame mentioned above. The final
part of the research problematizes polytechnic teachers’ attitudes and perception
towards online teaching and assessment.

Keywords: COVID-19, online education, survey

Introduction

The worldwide outbreak of COVID-19 pandemic in March 2020 resulted in socially
unpopular, but necessary preventive lockdown measures declared from the national
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governments, intended primarily to save population health and lives before the unknown
virus. The lockdown itself, as a measure our societies standardly use as a force towards
individuals in a form of punishment depriving them of their liberty rights, for humans as
social beings were peculiar by itself. Especially since we humans, although individuals
are intertwined with each other by thousands of threads enabling us to grow into a
multidimensional social community member. The lockdown imposed on all our social
activities has fully shattered our social life as we know and live it, in its essence.

This social aspect of community life in the academia and higher education
institutions (HEIs) community is a stepping stone of traditional face to face education
activities held in classrooms. Both students and teachers play their socialisation roles
in this established and familiar frame intended to grow all together by sharing and
multiplying knowledge in different forms of joint activities and COVID-19 pandemic
outbreak brought inalterable and dramatic shift into HEIs traditional ways of conduct.

Seemingly, the great world social experiment imposed from COVID-19 pandemic
lockdown has shown how digital revolution in academia and HEIs has easily happened
almost overnight. Not debating on whether the prevailing offline undigital status quo
will be turned on again after the end of the pandemic, the main aim of this paper is to
tackle the relation between established traditional offline and digital online education
technology forced upon HEIs during the lockdown to overlap the social gap emerged
by the COVID-19 pandemic, from the two main stakeholders standing point: students
and teachers.

The significance of the research conducted, comparing traditional and online
education in different aspects during the COVID-19 pandemic, is in the originality of
the social circumstances realistically present, allowing us to avoid the researchers bias
caused by the assumption that researchers prone to online education are likely to research
the area, as well as the pressure examinees, experience regarding the social experiment
settings.

It is of great importance here to emphasize the terminology differentiation used in
this research paper and argue its choice. Numerous authors have noted that there is no
consensus regarding the terms used in the field of ICT application in education (e.g. e-
learning vs online learning). Since the paper does not address this particular issue itself,
the authors accepted the term “online education” defined and described by Mayadas et
al. They declare that “capability of student-to-student and student-to-faculty interaction,
coupled with instant access to information resources worldwide on the Internet, plus
the efficient distribution of class materials distinguishes modern online education from
older ”distance education”models built around correspondence or television.”[1]. On the
contrary, e-learning involves a methodologically different approach and authors agree
that the term implies little or no physical contact between teachers and students [2][3][4].
Tavangarian defined e-learning as all forms of electronically supported learning and
teaching, which are procedural in character and aim to affect the construction of
knowledge with reference to individual experience, practice and knowledge of the
learner.”[5]. This paper does not investigate the impact of e-learning because the authors
believe that online teaching, learning and assessment was applied at Polytechnic in
Pozega during the COVID-19 caused lockdown in Croatia from March until June 2020.
The term online education is also nationally applicable as in the period mentioned e-
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learning as defined previously was used in less than 20% of the courses conducted in
Croatia.

Literature overview

March 2020 brought one of the biggest societal challenges for the global community
known as and defined by Mauss, M. - a total social fact, initiated by COVID-19
pandemic. Audrey Azoulay, General director of UNESCO said that never before humans
have witnessed educational disruption on such a large scale. National governments
closed kindergartens, schools, and higher education institutions due to the escalation
in spreading of COVID-19 pandemic. Liguori, E. and Winkler, C. noted how the
COVID-19 pandemic makes universities lift their entire face to face courses to an online
environment[6].

Frequent debates, addressed often in the preCOVID-19 time, about the quality of
online higher education change on how to implement mass adoption of online learning
in higher education effectively for a short time became irrelevant. Hodges, C. et al. noted
how well-planned full online university courses need to pass planning, preparation and
development time in a period of six to nine months[7]. Due to the crises evolved an
emergency remote teaching acted as a life belt for HEIs. It “involves the use of fully
remote teaching solutions for instruction or education that would otherwise be delivered
face-to-face or as blended or hybrid courses and that will return to that format once the
crisis or emergency has abated.*

Toquero, C.M. considers that the pandemic gives opportunities for the high
education institutions to improve its educational provision using and implementing new
technologies. This pandemic time is a great opportunity for higher education institutions
to invest in the training of their teachers for online learning education, so they will be
able to create higher quality and effective courses for students[8].

Chang, C.L. and Fang, M. did a survey that indicates the teachers were not
well-prepared for online courses or simply not accepting online teaching as some
teachers have lower digital skills. The main obstacles and difficulties of online courses
conduction, for the teachers, are: keep students’ learning attention online, maintain
classroom teaching order online, organize classroom discussion online, communicate,
feedback and discuss online after class, be familiar with and master various platforms
and teaching tools[9].

Demuyakor, J. claims that the importance of coming together, for the teachers and
students, is the right way to build an effective and efficient online community. Survey
shows that students are satisfied with the available learning resources such as texts,
software, videos or some other forms of materials. Students think that online learning is
very useful and most of them highly agree with the effectiveness of online learning[10].

Adnan, M. and Anwar, K. surveyed Pakistan students and found out how the major
problem for online education development is limited internet access. Students think that
they are qualified to use digital devices to access online courses. More than % of students
reported that there are lots of differences between face to face and online learning and
also considered that conventional learning is more motivating than online learning[11].

Bao, W. classifies six teacher strategies to impact on students’ learning concentration
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and engagement: making emergency plans for unexpected situations, splitting the
teaching units into smaller units for easier students focus, encourage the use of ”voice”
in teaching, working with assistants and getting online support from them, encouraging
students’ self-active learning ability in non-class environments and combining online
and offline self-learning[12].

Yang, H. et al. surveyed epicentre of COVID 19, Wuhan. The results emphasize
the importance of transparent and on-time information to the public that would
be able to prepare for psychological self-adaptation. Students think that mental
health interventions with individual approach also help handle students’ psychological
stress[13].

Sahu, P. emphasized that COVID-19 pandemic causes unwanted effects on learning
and psychological health of students, especially for international students staying in
foreign countries far from home[14].

Zhu, X. and Liu, J. pointed out that postCOVID-19 time will bring a new level of
education that combines face-to-face, blended and online education. They also believe
that compulsory teacher education should take place in a future online environment, but
above all, it is necessary to upgrade the curriculum and pedagogy[15].

Methodology and data

The research itself consists of four main parts. In the first part student’s final exam scores
from the Polytechnic in Pozega information system have been used. The transition from
traditional teaching to online, caused by COVID-19 pandemic occurred in mid-March.
From then until July, 4 exams were held for each course online. Written exams were
conducted mainly using Moodle LMS, and oral exams were conducted using MS Teams
system. All final exam grades from the period mentioned including grades from the same
period, but between 2016 and 2019, were analyzed. A Chi-square test for independence
has been used to test the association between:

— type of testing (traditional and online) and pass rate,
— type of testing and giving up rate,
— type of testing and the number of exam attempts.

In the second and third part, data from the national state information system have
been used. At the state level, an evaluation survey of teachers and courses in the most
Croatian public higher education institutions is conducted at the end of each semester.
The mentioned data were used only for Polytechnic in Pozega for the summer semester
from 2016 to 2020. The data were anonymized before submission. A Chi-square test for
independence has been used in the second part, to test the association between type of
teaching and In the third research part, a Chi-square test for independence has been also
used to test the association between type of teaching and different course properties.

Finally, in the fourth part, data from surveys conducted by nineteen teachers
employed at Polytechnic in Pozega were processed. Thirteen of them are women and
six are men. These data are presented in the following part of the paper.
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Results

The influence of online assessment on students’ results in final exams

The first part of research discusses the influence of online assessment on students’
success in final exams. Exam results from the spring and summer exam periods from
2016 to 2020 were analyzed. From 2016 to 2019, the final exam tests were conducted
traditionally in classrooms and teacher offices. In 2020, written assessments were
conducted mainly using moodle LMS and oral assessments were conducted using MS
Teams system.

A total of 19991 final exam results were analyzed, of which 17587 (87.97%) exams
were conducted traditionally in classrooms, and 2404 (12.03%) were conducted online.
The pass rate in classroom assessment was 58.86% while for online assessment it
amounts 67.18%.
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Figure 1. Pass rate diference

A Chi-square test for independence indicated significant association between type
of assessment and pass rate, X2(1,n = 19991) = 60.90, p < .000, phi = .06.

A certain percentage of students regularly gives up on the final exam and this data
is recorded as a score of 0. Of the 19991 final exams recorded, 3,200 were graded 0,
while 16791 exams were attended by students. The giving up rate is 16.81% for online
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exams, while for classroom exams this percentage is 15.90%. A Chi-square test for
independence indicated no significant association between type of testing and giving
up rate, X2(1,n = 19991) = 1.29, p < .255, phi = .01.

On the other hand, the higher pass rate also affected the distribution of final exam
attempts. As students have the opportunity to approach the final exam a maximum of
14 times, a higher pass rate has changed this distribution. This is shown on the graph in
Figure 2.

T A

1 2 3 4 5 & ¥ B 9 10 11 12 13 14

e QM LINE OFFLINE

Figure 2. Final exam attempts

A Chi-square test for independence indicated significant association between type
of testing and the number of exam attempts, X2(13,n = 19991) = 47.32,p <
.000, phi = .05.

The influence of online teaching and learning on results of teacher evaluation
surveys

The second part of the research compares the results of a teacher evaluation survey at
the end of summer semesters from 2016 to 2020. The part of the survey dealing with
teacher evaluation from the students view consists of six questions. They are:

1. Evaluate the methodological, ie teaching skills of the teacher.

2. Evaluate the clarity and comprehensibility of the presentation of the teaching

content.

The teacher holds classes regularly and for the duration scheduled.

4. Assess the extent to which the teacher uses modern teaching methods in order to
improve the quality of teaching.

5. Assess the level of correctness and respect in the teacher’s communication with
students.

6. Assess the teacher’s availability at the consultation and his/her readiness to respond.

w
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From 2016 to 2019 surveys were conducted after the traditional classroom teaching and
learning process, but in 2020 surveys were conducted after online education conducted.
Table 1 shows comparative data from surveys in offline and online educational modes
conducted.

Table 1. Results of teacher evaluation

Q 1 2 3 4 5
| | OFF |96 [2,03%|190[4,02%)| 557[11,78%| 1127]23,84%|275758,32%
ON |22 |1,30%)| 25 |1,47%|109| 6,43% | 281 |16,58%)|1258|74,22%
, | OFF |T16]2,54%|230(4,86% |642[13,58% | 1151|24,34%|2589|54,76%
ON |23 [1,36%)| 42 [2,48%]|145] 8,55% | 321 |18,94%|1164]68,67%
5 | OFF |88 [1.87%]1513,20%]477]10,12%|1021|21,63%|2987]63,16%
ON |21 [1,24%| 8 [0,47%]| 83 | 4,90% | 210 |12,39%|1373|81,00%
4 | OFF | 931,97%|210|4,45%| 563 11,92%) 1278|27,06%|2579|54,61%
ON |21 |1,24%)| 19 |1,22%|124| 7,32% | 333 |19,65%)| 1198|70,68%
s | OFF | 9812,07%)|173[3,66%|414| 8,77% |1028[21,77%)|3010/63,73%
ON |21 [1,24%)| 10 |0,59%] 88 | 5,19% | 218 |12,86%|1358|80,12%
o |_OFF |90 [1,91%)151]3,20%460| 9,76% | 995 [21,10%|3019|64,03%
ON |22 [1,30%)| 29 [1,71%] 96 | 5,66% | 241 [14,22%|1307|77,11%

There are 6 questions in the rows and marks from 1 to 5 in the columns. Figure
number x shows the data in the chart. The red lines show the distribution of teachers
’grades from surveys after online courses, while the blue lines show the distribution of
teachers’ grades from the time of face to face classroom conducted courses.

The results of this section indicate that students rated teachers significantly better after
online courses caused by the pandemic. A Chi-square test for independence indicated
significant association between type of teaching and all properties tested by the survey.
Data is shown in the table 2.

Table 2. Association between the type of teaching and all properties

Question df n X2 p phi
1 4 6422 142,68 ,000 ,15
2 4 6423 106,67 ,000 ,13
3 4 6410 193,45 ,000 17
4 4 6418 149,18 ,000 ,15
5 4 6418 166,54 ,000 ,16
6 4 6410 98,87 ,000 ,12
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Figure 3. Distribution of teachers’ grades

The influence of online teaching and learning on the results of courses evaluation
surveys

The comparative analysis of the data from student courses evaluation surveys is analysed
and elaborated in the third part. The part of the survey dealing with student evaluation
of courses conducted consists of six questions. They are:

1. Course structure and learning outcomes are clearly defined.
2. Rate the interestingness of the topics within the course.
3. Assess the difficulty of the course in relation to your prior knowledge.

4. Exercises and seminars enable the development of skills and the application of
knowledge in practice.

5. The prescribed literature (compulsory and / or supplementary) required for the
course is available in the library of the Polytechnic in Pozega.

6. Assessment of the usefulness of the course as a whole.

From 2016 to 2019 surveys were conducted after the traditional classroom teaching
process, but in 2020 surveys were conducted after online teaching. Data are shown in
table 3.

The result findings in almost all aspects of course evaluation are graded better in
online teaching, except for the student attitude related to the difficulty of the course in
relation to their prior knowledge, where no statistically significant difference is found.
A Chi-square test for independence indicated a significant association between type of
teaching and all course aspects tested by this third part of the survey. Data is shown in
the table below.
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Table 3. Results of courses evaluation
Q 1 2 3 4 5
1 OFF | 75 |1,64%|172|3,77%)| 576 [12,61%|1180|25,84%2563|56,13%
ON | 15(1,59%]| 9 |0,95%| 65 | 6,89% | 191 |20,23%| 664 |79,42%
5 OFF (172|3,77%|348|7,53%| 856 |18,78%1208|26,50%|1975|43,32%
ON | 252,65%| 25 |2,65%| 115 {12,18%| 241 |25,53%| 538 |56,99%
3 OFF (177/|3,89%]310(6,81%|1042|22,88%1235(27,12%|1790|39,31%
ON | 31(3,28%| 57 [6,04%| 255 [27,01%| 234 |24,79%| 367 |38,88%
4 OFF [150(3,30%]230{5,05%| 754 {16,56%1229(27,00%|2189|48,09%
ON | 14 |1,48%] 21 |2,22%| 84 | 8,90% | 239 |25,32%| 586 [62,08%
5 OFF (142|3,15%]226(4,97%| 701 |15,42%|1137|25,02%|2338|51,44%
ON | 10|1,06%| 21 {2,22%| 80 | 8,47% | 199 |21,08%| 634 |67,16%
6 OFF [118/2,60%]194(4,27%| 745 [16,40%1249(27,49%2238|49,25%
ON | 20|2,12%| 23 |2,44%| 72 | 7,53% | 209 |22,14%| 620 |65,68%
Table 4. Association between the type of teaching and course properties
Question df n X2 p phi
1 4 5510 77,79 ,000 12
2 4 5503 82,99 ,000 12
3 4 5498 8,73 ,068 ,04
4 4 5496 83,56 ,000 ,12
5 4 5489 92,51 ,000 ,13
6 4 5488 96,627 ,000 ,13
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Teachers attitudes and perception towards online teaching, learning and
assessment

The final part of the research problematizes polytechnic teachers’ attitudes and
perception towards online teaching, learning and assessment, with an emphasis on
assessing the possibility of students cheating on their final exams. Sample includes
nineteen teachers from Polytechnic in Pozega and the questionnaire consists of five
simple questions.

1. In online teaching, achieving student learning outcomes ...(was easier; There was
no difference; was harder)

2. Exam results after online classes in the summer semester ...(They were better than
before; There was no difference; They were worse than before)

3. In the summer semester during written exams held online ...(Students cheated
more than before; No difference; Students cheated less than before)

4. In the summer semester during oral exams held online ...(Students cheated more
than before; No difference; Students cheated less than before)

5. My assessment of student satisfaction with regard to online classes is ...( Students
are more satisfied than before; No difference; Students are more dissatisfied than
before)

These results are shown in table 5 and in the chart on the fig X.

Table 5. Teachers attitudes and perception towards online teaching, learning and assessment

ANSWER ANS1 | ANS2 | ANS3 >
1 Easier; no difference; harder 2 3 14 19
2 Better; no difference; worse 5 13 1 19
3 More; no difference; less 15 4 0 19
4 More; no difference; less 5 14 0 19
5 |More satisfied; no difference; less satisfied| 7 4 8 19

The authors expected that most teachers would answer how it was harder to achieve
student learning outcomes in online teaching. The main reason for these expectations is
the fact that teachers have not been prepared for lockdown and online teaching. Chang
and Fang have got a similar result in their research where nearly 70% of teachers agree
that online instructions increase workload[9]. The second question was mostly
answered with no difference in final exam results after online courses conducted in the
summer semester. In the previous analysis, the data indicate that there is a statistically
significant difference in the final exam results between traditional and online teaching.
Obviously the teacher’s perception is subjective as far as assessment is concerned.
Results found on the third question indicate that teachers feel they have lost control
over written examinations. On the other hand, the situation is much better with oral
exams because teachers and students use video communication applications for oral
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Figure 4. Questionnaire

exams. In that situation, it is not easy to cheat because a teacher can see a student
during an exam.

The last question is a little bit tricky because most teachers do not have enough
information to assess students’ satisfaction with online teaching. The answer to this
question is more related to the teacher’s satisfaction with the completed classes, which
is probably unconsciously transferred to the attitude of student assessment. Half of the
teachers appear to be satisfied and the other half are not satisfied with what has been
done, provided that the assumption of attitude transfer is correct.

Conclusion

The sudden breakout of COVID-19 pandemic lockdown, as a social and sociological
experiment and its influence onto different forms of individual and collective
behaviour is still to be closely researched. The influence and different social aspects of
this unique global experiment conducted for the first time in world history in HEIs key
actors aspect was a subject of the research presented. The HEIs emergency shift from
offline to online teaching, learning and assessment proved how urgent needs of a
society and community at risk can fairly easily shake the rigid and conservative,
traditional offline status quo.

The significantly better final exam results indicated by the first part of the research can
be interpreted in various ways. There is a possibility that students have mastered the
content of the course more successfully, although the authors are more inclined to
interpret this phenomenon as the result of cheating, as indicated in the results of the
teachers questionnaire in the fourth part of the survey.



What have we learned about online education ... 55

Significantly better results of student surveys for teacher evaluation are very
interesting but it is also very difficult to explain. It is possible that teachers with their
online presence reduced the psychological pressure caused by lockdown, and thus
influenced the assessment. Similar results were obtained when assessing the courses
by students and there is a possibility that better grades were obtained for the same
reason. It looks strange that students graded literature availability in the library better
than in the period before lockdown, because most of them did not visit the library
during that period. We hope to find explanations of some of the survey results in
research in the field of psychology and sociology.

Finally, in the fourth part of the research, teachers’ responses were somewhat
expected. Teachers are aware that they have lost control over written examinations
(79%), and in addition, achieving student learning outcomes has been more difficult
for them (74%) regarding the unexpected workload increase due to the COVID-19
breakout. Most teachers (68%) believe that the grades on the final exams have not
changed significantly, which is denied by the data.

The study was performed on a small population, thus only students from Polytechnic in
Pozega. Another shortcoming is that some questions from the surveys on teachers and
courses are not fully adapted to the new situation, and the survey should be adjusted.
Future research, in addition to covering a larger sample, should investigate the
relationship between the quality of course implementation and indicators from surveys
in the second and third part of the research. The survey in the fourth part of the research
should be more extensive, and it should strive for harmonization with other authors.
Crysis creates new opportunities. Besides holistic, we undoubtedly need flexible and
resilient educational systems in higher education, responsive to the needs of the
changing times as we face an unpredictable future in a risk society.

The shift has happened and academia all together with the HEIs system will have to
embrace the sustainable and inclusive digital transformation our societies are already
fully submerged into. But besides digital, we must not omit social and emotional skills
development with students as the ground foundation of communities we want to live in
future societies.
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Abstract In this paper will be described neural machine translation (NMT) of
English-Kazakh using back-translation technology. A prerequisite for learning
neural machine translation systems is the availability of high-quality parallel data.
Back-translation of monolingual data can be used to create synthetic parallel
corpora, which, in turn, can be used in combination with the original parallel data
to train neural machine translation. In this paper, we explore how to use back-
translated data as a training corpus, along with the original, high-quality corpus
text. The experiments were done with different ratios of the original corpora with
the synthetic one.

Keywords: Kazakh language, back-translation, neural machine translation
system, synthetic corpora.

Introduction

Historically, in machine translation, there are different approaches, such as an approach
based on the grammar rules of languages (rule-based); statistical machine translation
approach based on compiling a statistical probabilistic phrase table for translated
languages; neural machine translation approach based on training neural networks for
the features of translated languages. Each of these approaches has its own advantages
and disadvantages. Recently, the best results of machine translation have been shown by
an approach based on neural networks. Since the problem of machine translation has not
yet been solved at a sufficiently high level, close to professional translation, the problem

of machine translation is very relevant. It should be noted that solving the problem of

* Supported by Research and development of the Kazakh language post-editing system in
machine translation.
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machine translation can open the way for solving other very important problems of
artificial intelligence, such as understanding of natural language.

Neural Machine Translation is a neural network-based machine translation concept.
Neural networks are one of the classic tasks of artificial intelligence. Neural machine
translation systems are applications or online services that typically use machine
learning - an artificial intelligence technology - to translate text from one language to
another. Until recently, major translation service providers, including Google Translate,
Yandex, Microsoft Translation, used statistical machine translation (SMT). But since
2015, some of them, namely Google, Yandex, Microsoft, have been using a neural
network in their machine translation systems. The advantage of using neural machine
learning is its versatility for processing text in any language.

The Kazakh language belongs to the low-resource languages. In the vastness of the
Internet, it is difficult to find a sufficient quantity of high-quality translated parallel
texts of Kazakh into English for teaching NMT. Therefore, the creation of parallel
corpora for Kazakh language, is very important. This problem can seriously degrade the
quality of machine translation.The existing parallel corpora are insufficient for training
machine translation systems of the Kazakh language with good translation quality. One
approach to solving this problem of the lack of parallel corpora for teaching NMT
is the creation of synthetic corpora by automatic machine translation, namely, back-
translation, in which the texts of the target language are translated into the source
language by machine translation, and the resulting parallel texts are added to the existing
ones, thereby increasing the amount of initial data for training NMT.

There are a number of works offering different ways of creating synthetic corpus.
There is translation with back translation, collection of pseudo-corpuses, translation
by phrases, creation of synthetic sentences using recurrent neural networks, etc. This
article considers a hybrid approach in the form of combining the original corpus
with a synthetically obtained machine translation of the Kazakh language with a back
translation.

Related works

Despite significant advances in machine translation quality, neural machine translation
suffers from a lack of data. For most language pairs, there is not a large volume, high
quality and widespread bilingual corpus. Even for the most resource-rich languages, the
main sources of available parallel corpora are often limited to government documents
or news. Back translation is an important area of neural machine translation for low-
resource languages.

Improving neural machine translation on small amounts of data was considered in
works [1,2,3,4].

There are three approaches to Kazakh-English parallel corpora acquisition. Bitextor,
InterText tools are used to crawling text from the Web . Crawled corpora were aligned
via the Hunalign tool. By described above approaches ‘Akorda’ [5] and ‘TED’ [6]
corpora were collected.

The collecting process of corpora by Bitextor and its needed library was described
in [7]. 25K parallel Kazakh-English sentences were collected by these tools. The
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crawled corpora were used to create a dictionary, for writing rules in rule-based machine
translation and for disambiguation tasks.

In [8] were presented a compilation process of Kazakh Language Corpus (KLC)
with 135M words that occupy five stylistic genres. The corpora were created by crawling
resources from the Internet. Source-specific crawler was written for each website, which
has been increasing the precision of the metadata. Some parts of corpora were annotated
handly with linguistic markups to morpheme segmentation and for error correction.

In [9] were presented collection of 22180 parallel sentences from the official site
of the President of the Republic of Kazakhstan, but some data were misaligned in case
of bilingual speech of Kazakh and Russian. The parallel corpora with volume 1.3K and
20K are used to train the baseline model in a statistical machine translation system.
The small Kazakh and English corpora (1.3K sentences) were collected from e-mail
messages of organizations. The baseline system improved by word segmentation and it
improved BLEU metrics to 2.7 points.

The system that collected documents from the web into media-corpus of Kazakh
corpus was described in [10]. This will allow searching for morphological analysis of
words, to see the text frequency.

In WMT’19 the Kazakh-English language pair was added as a low resources
language pair [11]. WMT’19 published open-access parallel corpora: news-commentary
(7K), wiki-titles (114K) and KazakhTV (100K) parallel sentences in Kazakh and
English. Different machine translation systems were involved in the competition. Most
of the participants try to train on the above-mentioned corpora. A feature of the wiki-
titles corpus is that more than 50% of sentences are named entities. The majority systems
on WMT’19 on Kazakh-English shared tasks used synthetic corpora by back-translated
from English and mentioned above WMT’ 19 open-access corpora [12,13,14,15,16].

Semi-supervised learning from a monolingual text was used in [17]. Experiments
have shown that double NMT works very well in English-French translation; especially
when studying monolingual data, it achieves comparable accuracy to neural machine
translation prepared on the basis of complete bilingual data for the task of translating
from French to English.

Back translation research has also extended to teaching supervised systems only
with synthetic data in statistical machine translation [18]. This approach suggests using
monolingual data to improve translation between similar languages.

The creation of domain specific parallel corpora by automatic and semi-automatic
methods was proposed in [19]. About 6,500 Turkish-English medical abstracts were
collected from the Internet. The authors focus more on collecting non-grading
translation systems. To increase the volume of parallel corpuses for the Kazakh
language, the regeneration of the synthetic corpus was proposed in [20]. The synthetic
corpus was created on the basis of the complete Kazakh language endings [22].

This article will consider the technology of back translation for the English-Kazakh
system, and also analyze the effect of the synthetic corpus on the quality of the
translation of the mentioned system.
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Description of reverse translation technology for the
English-Kazakh language pair

The reverse translation was received using the Google translation system. The following
types of corpuses were used in neural machine translation of the English-Kazakh system:

— N - natural corpus text;
— S - synthetic corpus text.

Two experiments were launched to investigate the effect of synthetic corpus on
translation quality. In the first experiment, the volume N = const of the natural body
was constant, and the volume S 1 of the synthetic body increased with a step of 20%.

In the second experiment, the volume of the combined N and S corpuses is 140,000
parallel sentences. In this experiment, N 1 increased and S | decreased.

For the first experiment, the volume of natural (original) was 70,000 parallel
sentences. For the synthetic part, the text of the Kazakh language was taken with the
same volume, 70,000 monolingual Kazakh text. The synthetic corpus was obtained by
Google’s machine translation system. The text is in Kazakh, 70,000 sentences have been
translated into English. Google Translate has a character limit of 5,000, so sentences
were translated on average 50-60 sentences. Below in Table 1 are examples of sentences
with translation.

Table 1. Examples of sentences with their translations.

Source data in Kazakh Received translation  |Original target translation
via Google
1. Songy ush jyl ishinde  |1. In three years of 1. Astana has changed
Astana ozgergen. its existence Astana over the last three years
has changed.
2. Halyq ushin 2. Important penicillin |2. Penicillin is important
manyzdy penitsillin. to the population. for the population.
3. Memleket basshysy 3. Head of state 3. Head of the State .
vhde Nursultan Nazarbayev |Nursultan Nazarbayev
Nursultan Nazarbaev Resei|and President of the expressed condolences to
Federatsiasynyn Prezidenti |Russian Federation Vladimir Putin of the
Vladimir Putinge Donetsk |Vladimir Putin Russian Federation
manynda bolgan TU - 154 |near Donetsk TU - 154 |in connection with human
jolayshykar ushagynyn expressed condolences |deaths in the crash of
apatynan adamdardyn over the loss of a TU - 154 passenger
qaza bolyyna bailanysty  |life as a result of airbus near to Donetsk
konil aitty a passenger plane crash.

Atthe beginning, the system was trained only on the original high-quality text, where
it showed a quality score of 22.61 BLEU metrics.
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Further, 20% of the 70,000 synthetic corpus offers were added to the natural corpus.
This amounts to a 14,000 offer from a synthetic corpora. With each experiment, the
number increased from 20% synthetic corpus to 100 % (70,000).

In the second case of experiments, the volume of the corpus totaled 140,000 parallel
sentences. Initially, it was launched on 140,000 natural corpus sentences. Further, the
amount of the synthetic corpus decreased and the proportion of the volume of the natural
corpus increased.

Experiments and results

Experiments were done on Tensorflow [21]. TensorFlow - is an open source library for
high performance numerical calculations. Tensorflow allows you to deploy computing
across multiple platforms. The same test files were used for all experiments, and the
volume of the corpus for training was different, depending on the addition of the
synthetic corpus to the natural corpus. The training parameters are as follows:

2-layer LSTM seq2seq model
1024 dim hidden units

— 0.2 dropout

bi-directional encoder

Adam optimizer

To train a neural machine translation system, the following data (files) are required:

— English-Kazakh parallel corpora
— monolingual Kazakh dictionary
— monolingual English dictionary
— testing files

The English-Kazakh parallel corpus consists of the amalgamation of the N and the
S, where the original corpus was combined with a synthetic corpus based on a back
translation. Test files are divided into 2 parts: dev and test. The volume of the case
varied depending on the quantity of the synthetic corpus. The volume of test files was
1400 parallel sentences for 2 test files. There were 28503 units in the Kazakh dictionary,
and 15832 units in the English one.

All data for training neural machine translation has been preprocessed, namely, the
texts are toned and normalized. Tokenization is the separation of punctuation marks
from words.

Table 2 shows the results for the first type of experiment, where N was constant and
S was changed with a step of 20% increase.

Based on the results of the experiment on the first type, we can come to the
conclusion that with a larger increase in the volume of the synthetic corpus, the
translation quality decreases.

Table 3 shows the results of experiments for the second type of experiments, where
the ratio of N and S changed, where the ratio of natural text increased, and synthetic
decreased.

According to the results of the experiment on the second type, it can be argued that
when the volume of the natural text is greater than the synthetic one, the quality of
translation rises.
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Table 2. Assessment quality for the first type of experiment with an increase in the synthetic
corpus.

N sentences |S sentences BLEU
70K (70 000)|0 (0%) 22,61
70K (70 000)|14K (14 000) (20%) (21.7
70K (70 000)|28K (28 000) (40%) (22.7
70K (70 000)|42K (42 000) (60%) (23.0
70K (70 000)|56K (56 000) (80%) |22.1
70K (70 000)|70K (70 000) (100%)(21,14

Table 3. Assessment quality for the second type of experiment.

N sentences|S sentences|Ratio of N and S sentences| BLEU
70K 70K 50% / 50% 21,14
84K 56K 60% / 40% 23.5
98K 42K 70% / 30% 25.9
112K 28K 80% / 20% 26.4
126K 14K 90% / 10% 28.9
140K 0 100% / 0% 27,19

Conclusion and future works

The article considered the effect of the synthetic corpus on the translation quality of the
neural machine translation of the English-Kazakh language pair. With a smaller amount
of synthetic corpus compared to single training on a natural corpus, the translation
quality improves from 0.5 to 1.7 BLEU metrics. In the future, it is planned to train neural
machine translation for the English-Kazakh and Kazakh-English pair of languages using
transfer learning technology.
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Abstract A direct force -based immersed boundary-lattice Boltzmann method is
presented in this paper for simulating incompressible viscous flows. This method
combines the good features of the lattice Boltzmann method (LBM) and the
immersed boundary method (IBM) by using two unrelated computational grids, a
Eulerian mesh for the flow field and a Lagrangian mesh for the solid boundaries
in the flow. In this method, the velocity is divided into two parts: the intermediate
velocity, which is determined from the density distribution functions, and the
correction velocity, which is calculated from the external force. In this work,
the rate of correction (force density) at all boundary points are considered as
unknowns, which are calculated in such a way that the no slip boundary condition
is enforced at the boundary points. To validate the developed method, benchmark
problem of flow past circular cylinder is simulated. The variation of mean drag
coefficient with Reynolds number is also investigated. Numerical examples show
that the present method can accurate numerical results. The results show that the
present method is in good agreement with the results of other authors.

Keywords: Lattice Boltzmann method, immersed boundary method, direct
force, flow past cylinder, drag coefficient, particulate flow

Particulate flows

Introduction The fluid- particle system is of significant scientific and technological
interest in a wide range of disciplines in a number of industrial applications. The fluid-
particle system is of significant scientific and technological interest in a wide range of
disciplines. The fluid particles interaction problem occurs in various fields, examples
are: chemical engineering (fluidized beds), medical science (blood flow), engineering
(sediment transport near a river beds), etc., in a wide range are found in the field of
aerospace and environmental engineering as well as in geology and biology. In view
of the importance of these various applications, the fluid particles interaction problems
have been attracting considerable attention, both experimentally and numerically.

The immersed boundary method was first presented by Peskin for simulation of
the flow structure around natural heart valves [1]. He proposed to simulate the interface
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between two environments by adding source terms to the gas dynamic equations. IBM’s
approach to such problems is to describe the elasticity of an immersed structure in a
Lagrangian grid and describe the momentum, viscosity, and incompressibility of a fluid
structure connected by a system in an Euler grid. Dirac delta function, which distributes
the strength of the distorted elastic boundary to neighboring fluid nodes and interpolates
it with the local fluid velocity to update the boundary position. The basic idea of this
method is to treat the boundary as deformable with high stiffness. A small distortion of
the particle boundary will yield a force that tends to restore the boundary into its original
position.

In the early 1990, Ladd et al. [2] successfully applied the Lattice Boltzmann Equation
(LBM) method to particle- fluid suspensions. He showed that LBM is a reliable and
efficient method for modeling flows with large numbers of particles. Because the
LBM is a regular lattice scheme for fluid flow simulation, it is easier to code, highly
parallelizable, and proven to be more efficient computationally. This fact makes it
possible to combine the IB and LBM methods.

Feng and Michaelides [3] developed an IB-LBM coupling model to simulate the
sedimentation of a large number of particles. In their approach, the restoration force
due to deformation is computed by the penalthy method [4] or by the direct forcing
scheme [5]. The drawback of this method is that a user-defined spring parameter is
introduced in the penalty method, which can have a significant impact on the efficiency
and accuracy of the calculations. And the direct forcing scheme requires solving of the
Navier-Stokes equations by the finite difference method, which spoils the advantages
of LBM. Later, Dupuis et al. [6] proposed direct action IB-LBM without solving the
Navier-Stokes equations to estimate the density of boundary forces.

Niu et al. [7] proposed another simple method for calculating restoring force, which
uses momentum exchange at the boundary to calculate the force. In this approach, the
calculation of the restoring force is simpler and more convenient as compared to that
of Ladd [2], since the force is calculated at the boundary points, and there is no need to
worry about the details of the boundary position and mesh points.

The main disadvantage of IBM is that the no-slip boundary condition is only use in
an approximately convergent state. As a consequence, some streamlines can penetrate
into a solid. To overcome this disadvantage, Kim et al. [8] introduced a mass source.
Using this method, the slip condition can be well preserved, but the complexity is
introduced into the calculation. Recently, Shu et al. [9] found that IBM’s unsatisfactory
no slip boundary condition is related to a pre-calculated restoring force. Using the
fractional step technique, they concluded that adding body force to the momentum
equations is equivalent to correcting the velocity field. To ensure the no slip boundary
condition, the restoring force should be considered as unknown, which is determined
in such a way that the velocity at the boundary interpolated from the corrected velocity
field satisfies the non-stick boundary condition. However, it has only the first order
accuracy, and the calculated forces at the boundary have some fluctuations.

One of the important works in the implementation of the DF-IBM method was
formed in 2005 by Uhlmann et al. [10], who combined the regularized delta function
approach with the direct forcing (DF) approach. In this way, the numerical efficiency
was greatly improved, while the numerical problem of unsmoothing was remarkably
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suppressed. The immersed boundary force density (IB) is directly calculated from the
difference between the unforced fluid velocity and the particle boundary velocity at the
Lagrangian points. The hydrodynamic forces and moments acting on the particles can
be obtained by simple integration of the force density IB distributed over the Lagrangian
points.

Until now, many different formulations of the immersed boundaries method have
been developed [11-13]. In this work, we will follow the idea of Uhlmann et al. to
propose a variant of DF-IBM . For a better analysis of this method, the problem of
flow past circular cylinder is simulated and the dependences of the lift force and drag
force were obtained at different Reynolds numbers. The results obtained show good
agreement with the available data in the literature.

Problem statement In this paper, we consider a mathematical model of the problem of
fluid interaction with solid particles by coupling Lattice Boltzmann- immersed boundary
method.

For an incompressible viscous flows laden with particles in two- dimensional
domain €2 the governing equations for the direct forcing immersed boundary method
can be written as:

Mass conservation:

Vu =20 (D
Momentum conversation with force term:
p% = —p(uV)u— Vp+puvu+ f @)

Fliud- particle interaction:

%:’t)) = Up(X,t) = @(X (s,1),t) = /ﬂ(x,t)é(x —X(s,t))dz ()
Q

Force at Lagrangian position:

E(X):W,Ud(X):UP—i—QP X (. — X) (4)

Particle- fluid interaction:

flat) = / Fy(s,1)0(x — X (s,1))ds 5)

T

where

x,u,p, 1, f are the fluid Eulerian coordinates, fluid velocities, fluid pressure, fluid
kinematic viscosity and force density term, respectively;
U- desired velocity, X, U,, F; and €1, are the solid Lagrangian coordinates, particle
velocities, boundary force density and angular velocity of the particle, respectively;
s-is the area in 2D or segment length at Lagrangian point, d- is the Dirac delta function.
The discrete Dirac delta function in Eq. (4) is defined for 2D cases as follows:
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1 Y
1
§(3 =2lr|+ /1 +4|r| —4r2),0< |r] < 1
1
On(r) = §(5 —2lr| + /=T+12|r] —4r2),0 < |r| < 2 6)
0, |r|>2

where h is the distance between two Eulerian grid points and r denotes the distance
between any two Eulerian and Lagrangian points.

A schematic picture of the computational domain is shown in Figure 1. In this work,
the flow past a circular cylinder is considered in a rectangular channel.

L=300D.

> -
- -
— e
U
— -
— |-
— |- H=100D
> -
" [20D.20D] =
. Cylinder ™~
—4Y >
L N,,=126 L,
(0,0)

X

Figure 1. Geometry illustration of the problem statement

Initial conditions for velocity components are set zero in all directions of the domain.
The boundary conditions imposed for velocity is Dirichlet on the inlet, top and bottom
boundaries, and Neumann on the outlet directions of the domain. A no-slip boundary
condition is applied to the velocity of cylinder surface.

Initial conditions:

U1:UQ:O,att:0,0§$1 §1,0§;1:2 S 1,

Boundary conditions:
up =u,ug =0, atx; =0,0<2<1;
up = us =0, atr; =1,0< 20 < 1;

%:%:0, atrs =1,0< 21 < 1;
Z1 L1
’U,1=UQ=0, atZEQ:0,0Sl‘lSl.
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Numerical method.

Immersed Boundary-Lattice Boltzmann Method.

In this work, LB equation is used for the fluid dynamics, and a Lagrangian description
of curvilinear boundary structural mechanics is used for bodies immersed in the fluid.
A 2D example with a single closed immersed boundary curve is shown in Figure 2. The
LBM approach for fliud is modeled as a group of fluid particles that can only move
between lattice nodes or remain at rest. Different models can be used depending on
the size and number of speed directions. In this study, the LBE with BGK (Bhatnagar-
Gross-Krook) [14] collision term in two-dimensional square lattice with nine discrete
velocities (model D2Q9) has been used:

) Fluid
5 h‘:‘\‘\ ’f’ Eulerian points
[ ] :/Q x;(t)
= 0 =3 #\\
‘_/’ Boundary points
% ¢ N
L] | N
- @ = @ m \‘;\“- Lagrangian
L S:lid ‘ . '\‘ poins X(s,t)
|| || g

Figure 2. Schematic diagram of the IB method

In this work, we consider LBE with external force proposed by Guo et al. [7] which
can be written as:

iz + ALt 4 AL) — fi(a,t) = —%[fi(m, £ — fUa,0)] + AtFi(z,t)  (7)

The regular formulation of an LBM with external force term is consists of two steps:

Collision : f{(z,t) = fi(x,t) — %[fi(x,t) — [{%(z,t)] + AtF;(z,t) (3)

Streaming : fi(x + e;At,t + A) = fl(x,t) 9)
. 3 9 3
[ =wips[l + g(eiu)2 + 274(@‘“)2 - @Mz] (10)

where the formulation of external force F; is:

e; — u(z,t)) n (e;u(z,t))

Filat) = (1= -yl (

eilf(x,t) (11)
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where the values of the weights are:

4
9"
1.

o] =123 a2
1
~ i=5,6,7.8
367Z 9 9 b

the discrete velocity directions e; are written as:
(0,0,0)c,i =0
o) = (£1,0,0)c, (0,£1,0)(0,0,£1)c,i=1—-6 (13)
(+1,41,0)c, (0,41, +1)(£1,0,+1)c,i =7 —8

here ¢ = — the lattice velocity and ¢ is the direction of the lattice velocity.

The fluid velocity consists of two parts. One is contributed from the density
distribution function, and the other is contributed from the force density f. If we define
the intermediate velocity u* looks like this:

u=u*+ Au

1 At
pu* =3 eifi, pAu = §fA1f, then u = u* + 2—F($,t)

Through Chapman-Enskog expansion, the macroscopic fluid density p and velocity
u can be derived respectively as the zeroth and first order moments of f;,are defined as:

8 8
) = D fiw, 0l Ol ) = Y filer ) + 5 (14)

Fliud- solid interaction force computation.

When the IB-LBM is used to simulate particle motions in a fluid, the forces that can
be computed include external forces (e.g. buoyancy), internal forces (e.g. the particle
collision force), and restoration forces. For the simulation of a moving particle, the
equations of motion for each particle must be considered. Newton’s equation of particle
translational velocity can be written as:

avu, av,
VS = o [ Fudo4 My 4 (o p)Vag + Fuo (15)
where p,, M,,V,, and U, are the particle density, mass, volume and velocity
respectively, M ¢ is fluid mass, p is fliud density, F¢,; is the particle- particle or particle-
wall collision force.
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This equation we can discretized as:

1 M -
UP = U+ < (—p, 3 EPAVDAL + L (U — U1+

M, M,
SRLIG VAN VRPN YN (16)
Mp p )9 Mp col

Newton’s equation of angular particle motion can be written as:

an n+1 n 1 n
T =1 n G =+ [ > T(X - Xe x frAV)]At (17)
Where I, is the mass moment of inertia of particle,{),,- angular velocity of particle,
X and X, are the position of Lagrangian boundary point and center of particle.
After calculating the particle translational velocity at n+1, we can update the particle
new center position:

urtt 4 yn
%At (18)

Then determined desired velocity U? for each Lagrangian point by:

Xt = X7 4

UYX)) =U, +Q, x (X; — X.) (19)

After obtained Lagrangian force f; by Eq.(6) ,the force term that is exerted on each
Eulerian point is calculated by:

f=>_Fd(x— X))AsAh (20)

Collision force competition

In any process where a large number of particles are flowing in a limited volume,
there is a problem of settling or collision between the particles. In this case, it is
of paramount importance to use a numerical method to deal with collisions in order
to prevent the calculated particles from penetrating each other’s boundaries. Without
collision techniques, computational particles can overlap, which disrupts the behavior
of physical particles. There are several collision methods that are commonly used in
particle-liquid interaction problems. One of the popular approaches is to introduce a
repulsive force. In this paper we use the repulsive force determined by Glowinski et al.
[16]. For circular and spherical particles, the repulsive force on the i-th particle from
the j-th particle is:

0, H$17117]H >R¢+Rj+§

P —{ Cij |lwi—as||-Ri—R,— i~z
Fz_] g(\\ﬂi QJJH§R R; C)QHzif;;H’Hxi_xjH<Ri+Rj+C (21)
P
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where c;; is the force scale chosen as the buoyancy force on the body in the case
of particle settling, €,- stiffness parameter for particle deformation, z;, ;- center of
particles position, I;, R;- radii of particles, - range of the repulsive force.

A similar form is used for particle- wall collision:

0, Hxi—xij||>2Ri+C

W _{ cij i—Tij||[—2Ri— i—Tij
iy = Bl 2ty b gy — 0yl <2Ri+¢ P

[lzi—;|

€p

where x;; is the coordinate vector of the center of the nearest imaginary particle
located on the other side of the wall boundary

Simulation procedure Based on the above set of governing equations, the computational
scheme can be summarized as follows:

1. At the beginning, fluid velocity, particle velocity and particle position are
known in all nodes of the computational domain. Initialize the initial value of
u(m, 0)7 f((E, 0)7 Pf(x; 0) by Eq. (11)

2. Calculate F;(z,t) by Eq. (12), Calculate : f/(x,t) by Eq. (9), fi(x,t) by Eq. (10),
fluid velocity from Eq. (16)

3. Compute Lagrangian velocity U, (X, t) by interpolation i(z, t) from Eq. (4)

4. Calculate collision forces for all particles by Eq. (21), (22)

5. Compute Lagrangian force Fj(X,t) from Eq. (5)

6. Use equations of motion to update particle center position and orientation as well as
translational and angular velocities by Eq. (17)

7. Repeat step 2 until the end of simulation.

Validation

In this paper, we investigate the problem of two-dimensional flow over a stationary
circular cylinder to verify the LBM + IM method for a wide range of Reynolds numbers.
This problem is one of the classic two-dimensional problems for checking the accuracy
of a numerical method in complex geometries . Lagrangian forces are calculated
using the direct force action (DF) method. Thus, it has been thoroughly studied and
many comparable experimental and numerical results can be found. Depending on the
Reynolds number (Re = M), where U,,q., free stream velocity and D is the
diameter of the cylinder. In this work, the Reynolds number was taken Re = 100, which
provided a stable solution. The number of Lagrangian points is 126, and these points are
evenly distributed over the surface of the cylinder. The size of the computational area
was set to 100D x 300D.The cylinder has a diameter D = 20 and is centred within a
20D x 20D domain.

The drag force and lift force are calculated as:

Fp == Fy(X,t)AsAt, Fr, = =) F,(X,t)AsAt

where I, and F}, are the component forces in the horizontal and vertical directions,
respectively.

The drag and lift coefficients are defined as:
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Cp=—fo _ 0 = o
b = ZpuzD) T L T (ZpUgD)

Figure 3 (a) shows the drag coefficient predicted by the IB-LBM at Re =
10, 40, 100. Similar to the IB-LBM result , the predicted lift coefficients is shown 3 (b).
Owing to the symmetry of the fluid in the flow around the cylinder at a small Re, the lift
coefficient C';, remains zero after the flow has stabilised, whereas the drag coefficient
Cp is stable after a certain period.At Re = 100 the forecast is in good agreement with
experimental data [17]

L D

a) b)

Figure 3. Drag coefficient of a stationary cylinder at (a) Re = 10, 40, 100,(b) Lift coefficient of
a stationary cylinder at Re = 10, 40, 100

Figure 4 shows the periodic time variation of the lift coefficient C; and drag
coefficient C'p for the flow past a circular cylinder at Re = 150. It is seen that, for
each time period, C'p and C'f, have a periodic vortex shedding from the top and bottom
surfaces. It is observed when Reynolds number increases, coefficient of drag decreases
even for the vortex-shedding flows.

3 . L L . L L L . L
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
tUmax/D

Figure 4. Time evaluation of drag coefficient and lift coefficient of a stationary cylinder at Re =
150

Figure 5 demonstrates the drag force of the present simulation, compared with the
results of [7], and finds that the drag force tends to decrease slowly depending on the
Reynolds number.
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Figure 5. Dependence of dimensionless drag force on Reynolds number:comparison of methods

Figure 6 shows the streamlines of the flow when reaches its final steady state for
different Reynolds numbers (Re = 10,40, 100). A creeping flow is obtained at Re =
10. Two stationary vortices are formed behind the cylinder at Re = 40.

a) b)

Figure 6. Drag coefficient of a stationary cylinder at (a) Re = 10, 40, 100,(b)Lift coefficient of
a stationary cylinder atRe = 10, 40, 100

The streamlines around the cylinder at Re = 150 are displayed in Figure 7. The
flow is unstable, and a periodic vortex release occurs behind the cylinder (Karman
vortex street). In all cases, a pair of stationary recirculating vortices is formed behind
the cylinder. At a very low Reynolds number, the flow around a circular cylinder is
stable and symmetrical upstream and downstream. As the Reynolds number increases,
the symmetry disappears and two attached vortices appear behind the cylinder. These
vortices become bigger with increasing Reynolds number.

Conclusion

A 2D simulation of the flow around a circular cylinder was carried out using the
immersed lattice Boltzmann equation method (IB-LBM) to investigate its applicability
to liquid solid-phase flows with a large Reynolds number. For flows passing by a
stationary cylinder, a wide range of Reynolds numbers was tested (1 < Re < 1 x 150).
The obtained drag and lift coefficients were compared with experimental data and
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Figure 7. Streamlines of the steady flow over a circular cylinder at (a) Re = 100, (b)Re = 150.

available numerical predictions. The results showed good agreement with previous
published work for various Reynolds numbers.
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Modeling of Non-stationary Temperature Mode of a
Multi-layer Road Structure
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Abstract The article presents an analysis of changes in the temperature regime
in the road pavement and soil foundation of the section of the road “Kyzylorda
- Shymkent”based on the results of experimental studies and calculations on
a mathematical model. Experimental temperature measurement was carried
out using special sensors. Theoretical calculations were carried out on a one-
dimensional model of non-stationary thermal conductivity in a multilayer road
structure. By comparing the experimental and calculated values of the temperature
at the points of the pavement, the adequacy of the proposed mathematical model
of the non-stationary temperature regime was proved.

Keywords: mathematical model, finite element method, pavement, temperature
sensor, temperature, non-stationary temperature field

Introduction

The temperature field in the road structure is formed under the influence of many factors,
among which the influence of such factors as air temperature and the level of solar
radiation prevails. It is clear that the amount of solar radiation mainly depends on the
latitude of the area along which the road passes, since the length of daylight hours and
the maximum height of the solar disk at noon in a given area depend on the geographical
latitude of the area.

In this work, the non-stationary process of heat transfer in a multilayer pavement
and subsoil is modeled by the finite element method [1-4].

Mathematical model

The differential equation for one-dimensional unsteady heat conduction has the form:

2
KT _oT

822 - 57 (1)

where
K - thermal conductivity coefficient of the material;
T - temperature;
p - density;
¢ - heat capacity;
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t - time;
A = pc.
Equation (1) is solved together with the boundary conditions:
T = Ty(t) the temperature is set at the lower boundary of the calculated area;
g = q(t) the total heat flow is applied to the upper boundary of the calculated area.

The finite element analog of equation (1) has the form [1]:

(K] + 25 [CIHTh = {a5[C] ~ [KIHT}o — {F) ©)

were
[K]- thermal conductivity matrix of the system;

[C]- thermal inertia matrix of the system;

{F}- vector of nodal heat loads;

At - time step;

{T}q - the vector of temperatures at time ¢ ;

{T'}1 - the desired temperature vector at time ¢;.

System thermal conductivity matrices [K], system thermal inertia matrices [C] and
vector of nodal heat loads {F'} are calculated by summing the thermal conductivity
matrices [c(®)] , thermal inertia matrices [k(®)] and vectors of nodal thermal loads of
finite elements:

E

(K] =) [k, [C] = Z[ N, {F} = Z{f(e)}

e=1 e=1

where

E - finite element count.
Matrices [k(¢)], [c(®)] and vector { f(®)} for each finite element, they are calculated
using integral expressions:

k(e) B(e) D(e) B(e)]dv (3)
=i
[&H:/MN@FW@MW (4)
1%
{9}y = [ g[N©)Tas, (5)
/

where

[N ()] - finite element shape function matrix;
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[B(¢)] - finite element gradient matrix;
[D(©)] - finite element thermal conductivity matrix;
s - cross-sectional area of a finite element;

V - finite element volume.

The total heat flux entering the road surface is formed as a result of the influence
of various external factors, including due to the temperature difference between the air
and the road surface, which causes convective heat transfer between the two media.

In the general case, the total heat flux ¢(t) arrives at the surface of the road surface
[2-4] at the moment, which is determined as follows:

q(t) = qe(t) + qs(t) + qa(t) + qe(t), (6)

where

q. - energy transported by convection, defined by the difference between the air
temperature and the temperature of the road surface;

qs — energysuppliedbytotal solarradiation;

qq - energy supplied by atmospheric radiation;

g.— road surface radiation energy.

Experiment

In this work, a comparison is made of the temperatures at the points of the road
pavement, determined by calculation by a mathematical model and from a full-scale
experiment on the section of the Kyzylorda-Shymkent highway (km 2057).

In 2013, in the summer-autumn period, a set of temperature and humidity sensors
was laid in the specified area. A diagram of the road structures of this section of the road
and the location of the sensors is shown in Figure 1. Data on temperature and humidity
at points of the road surface and soil base on this section are measured every hour in
automatic mode and stored.

A special feature of these sensors is that one temperature sensor operating on the
principle of changing thermal resistance and one humidity sensor operating on the
principle of changing the dielectric constant are mounted in one metal capsule. Such
a combined design of sensors allows obtaining information about temperature and
humidity at points of the road structure simultaneously. More detailed information
about these sensors can be obtained in [5-10]. The temperature and humidity values
accumulated in the memory of the measuring complexes are processed and formatted
in tables.

Figure 2 shows the combined graphs of changes in air temperature and the surface of
the road surface on the section of the road ”Kyzylorda - Shymkent km 2057 in the period
from July 1 to July 31, 2014, determined experimentally. The figure clearly shows that
in the daytime in the extreme south of the republic (Turkestan) the air temperature in
July in the afternoon reaches 40 ° C, and its average surface on the road “Kyzylorda
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- Shymkent km 2057-2111 exceeds 50 ° C, which is almost 15 © C higher than the air

temperature.
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Figure 2. Temperatures of air and surface of asphalt concrete pavement on the section of the

road “Kyzylorda - Shymkent km 2057 in the period from July 1 to July 31, 2014

Figures 3 and 4 show the results of comparing the experimental and calculated

temperatures on the surface of the asphalt concrete pavement and at a depth of 15 cm.
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Figure 3. Comparison of calculated and experimental values of temperature on the surface of

asphalt concrete pavement in July 2014 on the section of the road ”"Kyzylorda - Shymkent km

2057-2111
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Figure 4. Comparison of calculated and experimental temperature values at a depth of 15 cm in

July 2014 on the section of the Kyzylorda - Shymkent highway, km 2057-2111

The obtained satisfactory coincidence of theoretical and calculated values of

temperatures testifies to the adequacy of the constructed mathematical model of non-
stationary thermal conductivity in multilayer road structures.
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Abstract The article deals with methods for analyzing textural images. The main
tasks of texture area analysis include: selecting and forming features that describe
texture differences; selecting and segmenting texture areas; classifying texture
areas; and identifying an object by texture. To select texture areas, we solve
the problem of texture segmentation, which consists in splitting the image into
areas with a constant texture, i.e., selecting areas within which the values of
certain textural features are relatively constant [1]. Depending on the features
used in image texture regions, segmentation methods based on area analysis can
be divided into statistical, structural, fractal, spectral, and combined methods.
Automated processing of aerospace information allows us to effectively solve
scientific and applied problems in the field of cartography, natural environment
research, Oceanology, search and development of minerals, agriculture and
forestry, and many other areas [2]. Currently, automation of processing of
aerospace information, in particular images of the earth’s surface, remains an
urgent task.

Keywords: image processing, textural features, clustering, R/S analysis,
orthogonal transformations, machine learning, neural networks.

INTRODUCTION

Textures have a variety of uses and analysis of many types of images. They are directly
present in all satellite images, microscopic images of cell cultures, tissue preparations
and biomedical research, etc. [3,4,5]. The main criteria for the quality of features for
solving a wide range of problems related to recognition, including visual images, are
the separating properties of features, as well as the complexity of obtaining them. It also

* This research was partially supported by Committee of Science in Education and Science
Ministry of the Republic of Kazakhstan (Grants No. AP05132349).
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takes into account the importance of finding the area of the desired object as quickly
as possible. This is only possible when classifying a large number of elements when
processing each image.

In this case, the main way to extract information is to decrypt images, which are
the main carrier of information about the area. Aerospace images are a combination.
To solve these problems, we use textural features, clustering, R/S analysis, orthogonal
transformations, and wavelet analysis. Much attention was paid to the development
of software tools that allow you to select features that describe textural differences
in order to segment textual areas into subdomains. In other words, the question of
the applicability of sets of textural features and other parameters for the analysis of
experimental data in order to identify characteristic areas on microscopic images is being
investigated. We also consider a systematic description and analysis of the application of
existing methods of segmentation of texture areas in microscopic images, and determine
the advantages and disadvantages of existing methods and problems encountered in
segmentation of texture areas of images.

Technology has really revolutionized the idea of artificial intelligence. Later it
became the basis for the following methods: R-CNN, Fast-RCNN, Faster-RCNN,
RetinaNet. Among them are high - precision, fast methods-SSD and YOLO [6].

The basis of all architectures for video surveillance is analysis, the first phase of
which will be image (object) recognition. Then artificial intelligence uses machine
learning to recognize actions and classify them. In order to recognize an image, the
neural network must first be trained on data.

Methods for analyzing texture features

Recently, more and more works have appeared on the analysis of textures of color
images and dynamic textures. When analyzing the textures of color images, additional
features are introduced to describe them based on measuring the intensity levels of
each color and their distribution over the image field. When analyzing dynamic textures
that change over time, a time factor is introduced, which is a third dimension added to
two spatial coordinates. All changes in the texture in this case are modeled by moving
individual unchanged parts (shift, rotation). The current state of the problem of texture
analysis is characterized by a variety of proposed methods, which is explained by both
the wide range of texture objects under consideration and the different nature of the
problems being solved.

Texture is one of the most important characteristics that can be used to identify
properties or areas of interest [S] of an image based on spatial dependences of halftones.
Despite the ubiquitous presence of textures in images, there is currently no uniform
and formal approach to describing texture and its strict definition. Texture analysis
techniques are usually developed for each individual case (Fig. 1).

However, despite the absence of a formal approach and a strict definition of texture,
three approaches can be distinguished when formulating the definition [4]:

e Statistical approach: texture is a quantitative characteristic of the distribution of
intensity values in the image area;
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Figure 1. The values of texture features in the form of a diagram

e Structural approach: a texture is a set of simple texture primitives texels, arranged
in some regular or repeating order;

e Fractal approach: description of a wide class of processes and phenomena, such
as processes of limited diffuse aggregation, formation of viscous fingers in porous
media, turbulence, diffusion processes called percolation, as well as description of
natural objects such as clouds, the earth’s surface and many others, in in terms of
fractal geometry defined a new direction in research - the analysis of fractals. With this
approach, the authors do not call the object a texture, but call it a fractal [9]. Many
authors note that most natural surfaces are spatially isotropic fractals and that two-
dimensional intensity fields from such surfaces are also fractals.

e Spectral approach: Fourier and wavelet analysis is used to work with the texture
of the image at various scales. This paper deals with wavelet analysis. In the case of
wavelet analysis, the signal is decomposed into basic functions (wavelets), which are
built on the basis of the generating wavelet using the shift and scaling operations. For
the original image, a convolution with a basis function (filter) is built, then the difference
between the received and the original signal is calculated and the second projection of
this difference is constructed, and each basis function is a shift of the previous one,
stretched a certain number of times.

In fact, the best definition of “’texture”is achieved by synthesizing the approaches
described above. A texture should be considered a structure that is a spatial organization
(higher level) of base primitives that themselves have a random aspect (lower level).

Textures can be divided into several classes as follows:

1. by origin: artificial - for example, graphic patterns, and natural - grass, forest,
land;

2. by surface structure: structural, consisting of geometrically regular repeating
elements, and stochastic, formed by a sequence of random elements; by the relative
sizes of texture elements: fine-grained and coarse-grained;

3. by the shape of the texture elements: wavy, spotted, irregular, ruled and so on [4].
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From the above definitions and characteristics, it follows that a texture is a certain
area of an image, one that has homogeneous statistical characteristics. This means that
each texture of a given class can be described using a characteristic property common
to all textures of this class [4].

As such signs, statistical characteristics of spatial distributions can be used,
calculated as measures of homogeneity from a one-dimensional histogram of signal
values (characteristics of the first order) and from two-dimensional histograms of signal
values (characteristics of the second order).

The second class is signs that take into account the relative position. For the
formation of texture features that take into account the relative position of pixels within
the sliding window, an approach is used based on the use of an adjacency matrix (another
name is a gradient distribution matrix [3]).

In the work under consideration, gray (grayscale) images are considered. Thus, the
image is specified in the form of a matrix, the values of which are pixel brightness values
in the range from 0 to 255.

The standard approach for calculating texture features is as follows. It is necessary
to select the so-called running window with an odd side: 3, 5, 7 pixels. The feature is
calculated inside the running window. The size of a local fragment is a carrier of texture
properties. The characteristic value is written into a new matrix of the same size as the
original one. In the new matrix, the value is written to a point with coordinates equal to
the coordinates of the center of the running window. The elements of the new matrix
are obtained in some interval [A, B]. Further, usually this interval is linearly mapped
into the segment [0,255]. After that, it is possible to visualize the result of calculating
the texture feature.

In the course of the work, the experimenters showed that the standard approach
in our case is not very informative. Therefore, it was decided to use a non-standard
approach. Namely, texture windows are calculated over large windows (including non-
square ones), which the user can specify by selecting an area that may be of interest to
him. That is, we are talking about the calculation of numerical characteristics related to
vast areas, including various kinds of artifacts.

In our work, we examined the 18 most important texture features, all of which are
implemented in the program. Below are some of them.

Clustering algorithms

The purpose of the program is to carry out computer experiments and accumulate
quantitative data (for example, the values of texture features) for images of cell walls
processed at different temperatures. At the input, the program accepts an image in any
of the standard formats (bmp, jpeg, tiff, png).

In the problem under consideration, the problem of image clustering is solved, that is,
the division of the pixels of the original image into groups, called clusters. Each cluster
is composed of pixels with “similar” texture characteristics, while different clusters have
different textures characteristic of them.
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Table 1. Examples of texture features
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Below are the results of clustering the standard approach by 18 features. We used
the Euclidean metric and the method of nearest neighbors (k-means). (Fig.2)

Figure 2. (a) Original image; (b) Segmentation result

The task of cluster analysis is the selection of groups in a given (training) set of
elements. Clusters should be compact, i.e. the distance between different clusters should
be significantly greater than the average distance between points within the same cluster.
One of the clustering possibilities is to choose the next center at random. Another
possibility is to suggest taking a so-called typical point as the next center, namely, a
point lying at a minimum distance from the center of the remaining set of objects. Then
the procedure is repeated for the remaining elements. The advantage of these methods
is the simplicity of the computational procedure and algorithms.

In a non-standard method, after conducting research on texture features, 5 texture
features were used, with a window of 400x300 pixels. In this approach, we used the
agglomerative method and k-means (Fig. 3), which were used for segmentation by
regions. As a result, the features distinguish well homogeneous areas in the images and
these features are informative for the selection of a homogeneous area.
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Figure 3. (a) Analyzed areas in the original image; (b) hierarchical clustering

The main question when choosing features is to determine which and how many
features need to be selected for reliable segmentation of texture regions with similar
color and texture values in the image. It is known that an excessive increase in the
original system of features does not bring a positive effect due to the fact that the degree
of representativeness of a sample of the same volume is inversely proportional to the
dimension of the feature space [11]. The most important requirements for the features
used to solve the problem of segmentation of image areas can be formulated as follows
[11,12]:

1. The sign must be informative, i.e. contain information that is essential for this
image in the context of the problem being solved, and facilitate accurate segmentation
of objects.

2. The feature must allow processing by the image segmentation algorithm, i.e. be
in a format suitable for the selected segmentation algorithm.

3. The feature should allow building an image model.

4. The feature should be included in the minimum set of features (or image model)
that reflects the specifics of the segmented object in the context of the task.

The time complexity of calculating a feature should not exceed the benefits of using
it to solve this problem. Thus, solving the problem of constructing the minimum set of
the most informative features is one of the main factors in the development of algorithms
and information technology for segmentation of texture image regions.

R/S analysis for images

The R/S analysis method is a statistical method for analyzing time series or
numerical sequences (mainly financial), allowing to determine some of their important
characteristics, such as the presence of non-periodic cycles, “memory”in the process,
the degree of chaos, etc. [10]. The method is also applicable to image analysis, since
one can consider a sequence of values of the brightness function along some straight or
curved line. Interestingly, the method is used in chemistry to analyze micrographs (for
example, lignin), and the method has shown a certain efficiency.

An important characteristic calculated by the R/S analysis method is the Hurst
exponent, usually denoted, which characterizes the degree of chaos in the process.
This indicator allows you to calculate the fractal dimension and is, thus, a tool for
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fractal geometry [10]. To calculate the fractal dimension in the process of experimental
research, the following technologies were used: the method of covering the surface with
a mesh, the method of designing surface coatings, R/S analysis.

The method is software implemented in the MatLab environment and image analysis
is performed. The images are programmatically divided into separate sections. If each
area of the image belongs to a scaling area, then this will allow us to reveal, from
the point of view of assessing the fractal dimension of neighboring areas, smaller
electron-dense (black) formations, which, most likely, are remnants of the intracellular
contents of a lipid or protein nature (fractional research method). In this case, the fractal
dimension of the plots of micrographs will lie in the normal range, and the fractal
dimension of the areas with lignified layers will be below the normal boundary (Fig.
4).

Figure 4. (a) Selection of the area of study in micrographs; (b) Hurst calculation result

Deep learning

The main criteria for the quality of features for solving a wide range of tasks related to
recognition, including visual images, are the separating properties of features, as well as
the complexity of their obtaining. It also takes into account the importance of finding the
area of the desired object as quickly as possible. This is possible only when classifying
a large number of elements in the processing of each image.

Neural networks are a universal tool for approximating functions, which allows them
to be used in the classification problem. Neural networks can be considered as modern
computing systems that transform information in the image of processes occurring in the
human brain. The processed information is numerical in nature, which makes it possible
to use a neural network as a model of an object with completely unknown characteristics
[7,8,9]. Convolutional NS has a special architecture that allows it to recognize images as
efficiently as possible. The very idea of CNA is based on alternating convolutional and
subdiscretizing layers (pooling), and the structure is unidirectional. The CNA gets its
name from the convolution operation, which assumes that each image fragment will
be multiplied by the convolution core piecemeal, while the resulting result must be
summed and written to a similar position of the output image. This architecture provides
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recognition invariance relative to the object shift, gradually enlarging the "window”’that
the convolution ”looks at revealing larger and larger structures and patterns in the image.

Deep learning has made great strides in solving problems that, for many years, could
not find a good enough solution by the artificial intelligence community. It has proven
that it is a convenient tool for discovering complex structures in multidimensional data
and therefore applicable to many areas of science. In addition to achieving better results
in pattern recognition and speech recognition, it is also used in predicting the activity
of potential molecules in drugs, analyzing data in a particle accelerator, predicting the
effects of mutations in non-encoded DNA during gene expression and disease, etc.

Software was developed that allows to select fragments (samples) of 64x64 pixels
in a photograph (Fig. 5).

Figure S. Fragment of a micrograph, size 64 x 64

Conclusion

The work is devoted to the study of texture images, texture segmentation, R/S analysis
and machine learning. Basically, we are talking about calculating various types of
texture features and other characteristics of images. A large set of methods for studying
textures was analyzed, the most informative ones were selected from the considered
methods. As a result, the following software tools were implemented:

1. Program for calculating various texture features.

2. Cluster analysis software in standard and non-standard versions. The first standard
method used 18 texture features with a running window of 9x9 pixels. In the second non-
standard method, after conducting research on texture features, 5 texture features with
a window of 400x300 pixels were used.

3. Prototypes of programs using R / S analysis. Experiments have shown interesting
results that are useful in practice. The background and the cell wall are clearly separated
from each other in the micrograph.

4. A program that implements a convolutional neural network, where it allows you to
highlight the contours of the cell walls. The learning algorithms use vectors containing
sets of texture features (18 in total) and models working with fragments (samples)
of 64x64 pixels. During learning, data augmentation was used: reflections along the
vertical and horizontal axes, transposition, rotations, brightness fluctuations and random
Gaussian noise.
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Many computational experiments were carried out for the comparative analysis and

evaluation of the results of the classifiers.
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Abstract The paper considers new requirements for the digital transformation
of universities during a pandemic. The existing approaches to digitalization
of universities have shown their insufficient vitality and functionality. The
experience of building IT architectures and applying modern educational
technologies of leading universities is analyzed. The best modern technologies
for digitalization of educational processes are determined. Expansions of the
functionality of digital platforms are proposed to ensure the operation of
universities in pandemic period.
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Introduction

As a result of the COVID-19 pandemic, the world has changed, and the processes of
organizing learning in the higher education sector have changed dramatically [1]. A state
of emergency was declared in Kazakhstan [2]. In restrictive time frames, Kazakhstani
universities had to provide high-quality solutions aimed at supporting online learning,
methodological support, software, network infrastructure, and most importantly, they
had to ensure the readiness of students and teachers for the new format of education [3].
Many universities around the world have experienced similar problems. IT managers
of higher education institutions, who were in a non-established mannerforced to set
up software for student communication, solve current service problems and provide
advice on connecting to video conferences, experienced particularly heavy workload
[4]. The pandemic caused a crisis in the global economy [5], and for further successful
competition in the online space, universities must adopt modern UX design of courses
and content, as well as predictive analytics platforms. The use of IT architectures, with
carefully designed and implementedaspects of storing and processing digital traces,
managing analytics and the availability of flexible integration with internal and external
micro-services. is relevant. Today, universities in Kazakhstan are only partially utilizing
the full range of new technologies available for the educational processes. In part, this is
caused by ineffective implementation methodologies, but in most cases, by the lack of
the required infrastructure and the IT architecture characteristics. This work’s objective
is an analysis of the IT architectures of the world’s leading universities designed to
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ensure a successful digital transformation during a pandemic and a global crisis. The
strongest readiness to operate during a pandemic was demonstrated by universities that
began digital transformation long before the pandemic, since the core philosophy of
digital transformation involves the transition to the active use of online services in
the educational processes of higher institutions and the presence of an appropriate IT
architecture. In Kazakhstan, the International University of Information Technologies
was one of the first such universities [6]. At the moment, it is of critical importance
to prepare universities for the next academic years, since experts predict an extremely
severe world economic crisis [7]. The relevance of this study is contingent on the lack
of information on the factors affecting the digital transformation of universities in the
context of a pandemic and a new economic crisis. The work examines the experience
of the world’s leading universities in building IT architectures focused on quality
support for online processes. It explores the issues in introduction of new educational
technologies to ensure the digital transformation of higher education institutions with
the maximum efficiency in the coming years of the world economy’s stagnation.

Literature review

The pandemic is forcing higher education institutions to accelerate the transition to the
use of online services to support educational processes at full capacity [8]. At the same
time, the oncoming crisis is forcing the universities to reduce the budgets allocated
to IT. To analyze the priorities of universities in given situation, the researcher of
the Educause Association, Susan Grajek, conducted a survey of 155 higher education
institutions in April 2020 [9]. According to Grajek’s research, most educational
institutions redistribute IT budgets, reduce expenditure items as much as possible, but
at the same time increase the priority to support educational services, distance learning
systems and cloud services. According to this survey, in order to prepare for operation
during the pandemic and the global crisis, IT managers should arrange for digital
university platforms with a focus on high-quality support for online services: Learning
management system (LMS), Online program management (OPM) and cloud services.

Recommendations for the new academic year

A group of researchers from McKinsey Heitz, Laboissiere, Sanghvi and Sarakatsannis,
suggests that educational institutions consider 5 aspects that should be prioritized in
order to better prepare for the continuation of universities” operation during a pandemic
[10]: 1. Access to the Internet and online services, availability of equipment in the
form of laptops. 2. Informational, psychological and medical support for teachers and
students on COVID-19 prevention measures. 3. Maintaining the habits of students’
regular everyday life, offering virtual activities and social events on campuses in return.
4. Support educational and mentoring initiatives on the effective use of software tools
for remote work. 5. Investment in cyber security due to the increased use of cloud and
network technologies.
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Drivers of digital transformation

Experts predict that the pandemic will cause a new leap in the development of remote
education and accelerate digital transformation processes at universities [11]. One of the
drivers of digital transformation is the need to build an educational environment focused
on the transfer of future expertise to students [12]. According to Microsoft’s concept,
digital transformation will consist of changing business processes in the following
areas of the university’s activities: The principles and policies of management of the
university will change; Teaching will become more computerized, and communication
with students more complex; There will be an intelligent environment focused on
lean manufacturing and increased security; Technologies of interaction, publishing,
content consumption and data analysis will change. This work will further consider
aspects of the technological concept for the transformation of education, which is also
called ”Digital Transformation of Higher Education”. Digital transformation of higher
education, as defined by Microsoft, covers 4 blocks of changes [12]: IT architecture,
platform for collaborative learning, data analysis, equipment for education.

IT architectures design methodologies

It will also consider the concept of IT architecture, the correct design and creation
of which is a first priority task of digital transformation. The Gartner Institute
defines IT Architecture as a structured statement of principles, recommendations
and rules used by the enterprise to manage the process of creation, changing and
interaction with information systems and components throughout the enterprise,
including equipment, software, communications, methods of designing, modeling and
describing organizational structures [13]. There are several methodologies for designing
and describing IT architectures, such as Zachman Framework, EAP, EAS, BEAM,
TOGAF ADM, GEAF [X]. The TOGAF methodology allows for designing an optimal
IT architecture with account for the strategic goals and needs of the enterprise [14,15].
The key advantage of the TOGAF design methodology is the presence of clear
regulations and approaches for the design of IT architectures, which have proven
themselves in practice and are recommended by members of the TOGAF association
as a guide to action [16].

A universal model of the IT architecture of a university operating before the
pandemic is shown in Fig. 5.. As can be observed from the figure, the main goal of
the IT architecture is to ensure sustainability, flexibility and scalability without the use
of enterprise service buses, analytic platforms and cloud services.

Systematic development of a new IT architecture is the process of structuring
complex solutions that are suitable in terms of technical requirements and all operational
processes [17]. At the same time, it is primarily necessary to determine what modern
technologies will be used in the near future for universities in the frame of digital
transformation.

Disruptive educational technologies

The authors of the annual Educause Horizon Report highlighted technologies and
challenges for universities that will influence education in the next ten years, which will
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Figure 1. A model of IT architecture of a university (on the example of IITU).
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provide a technological breakthrough for universities of innovators [18]: 1.Adaptive
Learning. Researchers distinguish adaptive learning from personalized learning. The
former includes digital services and applications that a student can choose for
themselves. Personalized learning is more of a teaching and learning practice that allows
you to more accurately tailor the course to the individual needs of students. Thus,
adaptive learning is one of the forms of personalized learning that adaptive technologies
provide. British Columbia University in Vancouver has developed its adaptive learning
platform called Alchemy. The platform allows to effectively provide the student with
the entire set of modern learning principles: personalized courses, flexible and scalable
active learning. At the same time, according to research by Tyton Partners and the
Babson Survey Research Group, the implementation of adaptive learning is costly
for universities and requires significant financial investments [19]. 2.Application of
artificial intelligence and machine learning (AI /ML). Al and ML technologies
are already actively used by many universities. Al-based chat bots integrated into
LMS systems are being actively created. The greatest potential for the use of artificial
intelligence technologies manifests itself in the development of systems for predicting
student performance. In many ways, the use of these technologies saves time and
money for servicing the student body, in addition to the importance of collecting digital
traces for the subsequent analysis of student behavior and progress. However, the
requirements for computing power significantly increase the cost of Al development
[18]. 3. Educational Data Mining and Learning Analytics. Methods of data mining
for decision-making in education also related is Analytics for Student Success (analysis
of student behavior and performance data). The introduction of platforms and processes
for analyzing the behavior and performance of the student body is directly related to
the priorities of the digital transformation of universities [18]. Social networks, LMS
systems, online interaction between teachers and students, chatbots, wearable Internet
of Things (IoT) devices, digital sensors and campus video cameras, test results and
many other systems and digital environments of today generate terabytes of data that
can be useful for setting priorities, making decisions and developing improvements
in the teaching and administrative processes of the university. An interesting project
is being implemented in South Africa, bringing together five universities to conduct
a single collection and processing of non-personalized student data. The project is
estimated at 2.9 million US dollars and funded by a private The Kresge Foundation,
which supports social projects [20]. The University of Berkeley and the University of
California Irvine have developed and are using their own analytics system tools for
advisers: Berkeley Online Advising and COMPASS [21]. 4.UX design of educational
content and course interfaces (User Experience Design for Learning (UXDL)). The
consequence of the increasing transition to online educational services is the increased
requirements for the design and functionality of the interfaces of training courses
and materials [21,23]. Many leading universities share their experience in the field
of teaching materials design: University of Waterloo within the framework of “The
UXDL Honeycomb” project, Griffith University - “The EXLNT platform” project, Duke
University - “Duke Kits” project , Carnegie Mellon University - “The Simon Initiative
”project [18]. 5.0pen educational resources (OER). The best example of OER today is
the initiative of the world’s leading technical universities, whereby they published their
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core training materials and courses for free viewing on edx.org. The use and adaptation
of the recommended free courses to improve teaching materials in universities, among
the described transformation technologies, is the most economically beneficial in the
context of the global crisis [24]. 6. Technologies of augmented and virtual reality (XR,
AR, VR). The term XR is defined as Extended Reality and includes AR (augmented
reality) and VR (virtual reality) [X] technologies. Due to the high cost of development
and the lack of significant spread of technology, XR technology is the most expensive
to implement in universities [25].

Objectives and methods of the research

The objective of this study is analysis of the IT architectures and systems of Kazakhstani
and international universities, as well as search for factors affecting the digital
transformation of universities during a pandemic and economic crisis. Among the
challenges of empirical analysis are identifying the best practices for the development
and application of modern information and educational technologies, determining
the most effective educational technologies in the context of the global crisis, as
well as planning organizational structures and business processes aimed at supporting
educational processes in the design of IT architecture. Active digitalization of university
processes is the only correct strategy for the survival of higher education institutions
in the new economic conditions [26]. The best way to successfully carry out digital
transformation is to improve and expand educational materials through the use of open
educational resources and the introduction of processes that facilitate the UX design
of online courses and digital content. The impact of the COVID-19 pandemic and the
new global crisis on the digital transformation of universities will be drastic [8]. In this
regard, it should be assumed that the IT architecture of the university should be revised
and brought into line with the new operating conditions during the forced transition
of educational enterprises to a fully online experiences, as well as social distancing
aimed at the prevention of the spread of the virus. The impact of modern educational
technologies on changes in IT architecture is also the subject of this study. Based on
the results of the research, an IT architecture able to respond to the declining trends
of the global economy and at the same time contribute to the successful continuation
of the digital transformation of universities is presented. The research methodology
is an empirical analysis of building IT architectures, processing and managing big
data, digital transformation, and the use of artificial intelligence and machine learning
technologies. The study examined the experience of international universities, public
websites, analytical reports and articles on specific topics. The method of collecting
information is a comparative and typological analysis of public domain data. The main
subject of the study was determined to be the relationship between the design of IT
architecture and the priorities of digital transformation in the context of a pandemic and
economic crisis.
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Results of the research

New technologies that could be applied in higher education during digital transformation
define special requirements for the design of IT architecture [26]. The IT architecture
of a modern university in the new economic conditions will change [11]. In addition
to traditional requirements for flexibility, scalability, stability and security, modern
educational technologies and the pandemic introduce new requirements for the
availability of enterprise service buses for integration with internal and external
systems, platforms and micro-services; focus on supporting the work of platforms for
progressive and predictive analytics, including significant expansion of corporate data
warehouses; new computing power for artificial intelligence; as well as amplification
of telecommunications resources to manage cloud services.

Analysis of leading universities IT Architectures

For the analysis of the best international practices in building IT architectures, three
leading universities in the field of computer science according to index of Global QS
rating were selected: Massachusetts Institute of Technology, Stanford University and
the University of California Berkeley (see Fig. 2). As can be observed from the table,
all three universities use analytical platforms from leading manufacturers such as Tableu
and Oracle Business Intelligence.

For the analysis of domestic practices in building IT architectures, ten universities
were selected. In the course of the analysis, the information presented on the websites
of universities was considered. IT architectures were considered in the context of
information systems that ensure the work of educational and administrative processes
of the university. Each information system was scored from 1 to 4, with 4 representing
the highest system maturity score (see Tables. 1, 2).

Based on the results of the assessments, a rating of the IT architectures maturity of
universities was compiled (see Table. 3). The highest score was awarded to Nazarbayev
University.

Choice of modern educational technologies in the context of the economic crisis

The study of modern educational technologies shows that use and adaptation of
materials available on freely accessible educational resources, as well as the use of
modern techniques and tools of UX design of online courses and educational content
are the most optimal in terms of costs and risks of implementation in universities
during a period of struggling economy and a large-scale transition of processes to online
platforms. Focusing on the use of these technologies will primarily enable universities to
continue digital transformation projects and ensure their sustainable development during
an economic crisis (see Fig. 3). In the course of the study, an extended model of IT
architecture was developed, which is able to ensure the competitiveness of a university in
the course of digital transformation during a pandemic and global crisis (see Fig. 4). The
differences are manifested in the introduction of an enterprise service bus and corporate
analytic platforms, and use of cloud services.
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Table 1. IT Architectures of domestic universities. First part

IT systems
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Table 2. IT Architectures of domestic universities. Second part

IT systems
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KSU
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SKSU
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Competemcy-Based Education Solutions
Tutoring Management

Student Lifecycle Management Solutions
Career Readiness Solutions
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Table 3. Rating of IT Architecture maturity of domestic universities

Rate|Name of University Score

1 Nazarbayev University 80

2 |Kazakh National Univeristy 79

3 |KIMEP University 71

4 |Suleyman Demirel University 70

5 |D. Serikbaev East Kazakhstan State Technical University|62

6  |International Information Technology University 60

7  |Kazakh-British Technical University 57

8  |Kazakh National TechnivalUniveristy 55

9  |L.N.Gumilyov Eurasian National University 48

10 |BuketovKaragandy State University 46
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Conclusion

The article considers the IT architecture of international leading and domestic
universities. The analysis of the impact of the COVID-19 pandemic and the global
economic crisis on the principles of building and planning the IT architecture of
the university in the course of digital transformation is performed. In order to
meet the requirements of the market and the stagnating economy, in the process of
implementation of the university’s IT architecture, priorities should be focused on
ensuring security, introducing enterprise service buses, platforms for progressive and
predictive analytics, expanding corporate data warehouses, planning for additional
capacities for artificial intelligence and managing cloud services. The introduction of
modern educational technologies based on the use of Open Educational Resources and
improving the quality of UX design of courses and content will not only contribute to the
sustainable development of universities, but will also allow to avoid slowing the pace
of digital transformation, as well as save a significant part of the budget for supporting
educational online processes. New research expanding the knowledge of education
managers and scientists in the scope of more effective use of Open Educational
Resources, approaches in the theory and practice of UX design of educational content
and user interfaces, the introduction of progressive and predictive analytics platforms
will contribute to a faster transition of universities to targeted digital transformation
models. Furthermore, they will increase the competitiveness of universities in the new
world order after the pandemic. As a result of the research, a universal model of the
IT architecture of a university was developed. The results can be applied by digital
transformation agents to develop new strategies for the development of universities in
the context of the COVID-19 pandemic and the global economic crisis.
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Abstract The work herein presents possibilities of measuring the bending angle
of the optic fiber by means of the tilted fiber Bragg grating (TFBG). Apart from
that, there is shown, that one and the same TFBG element might be used for
simultaneous measuring of tilt angle. There have been presented laboratory results
of measuring those physical magnitudes by means of optical fibers, with tilted
gratings, recorded on them. As well, there has been given the method, which
allows the sensor system be independent on the temperature.

Keywords: photodetector, interrogation system, sensor, signal.

Introduction.

TFBG response to temperature change. In order to afford an opportunity to use one
TFBG element for parallel measurement of bending angles and rotation, additionally
making the total measuring system independent on the temperature, let’s consider
TFBG reaction at temperature changing, based on submitted results of laboratory
measurements. TFBG, built on a single mode fiber SMF-28 with Bragg angle 5° , has
been exposed to variable temperature effect in a climatic chamber. The temperature has
been changed in the range from —30° C to 80° ° C by means of measuring optical power
of irradiation subsequent to passing through the structurer.

Spectral shifts of characteristic separate parts for all lengths of the wavesA\; (where
i=1, 2, .., n) are identical according to spectral features. That property is more
precisely represented in the Figure 1, which shows, that both the main offset of Bragg
resonance (number of minimums on the right side of the figure between wave lengths
from 1568 to 1570 Nm), and selected peaks, corresponding to cladding modes, have
identical values. For measuring the temperature with a sensor, using TFBG elements,
there should be used the property thereof, consisting in offset of spectral characteristics
separate parts. Paradox is in the fact, that this peculiarity is also linked with the main
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limitation, when the point of issue is the possibility of TFBG usage upon measuring
physical magnitudes. Temperature effect causes TFBG spectral features change, which,
if that effect is neglected, does not allow measure the change of positions of spectral
characteristics separate parts by correct measurements of other physical magnitudes.
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Figure 1. Offset of marked part of TFBG transmission characteristics, caused with temperature
change from —30° C to +80° C.
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Figure 2. Offset of TFBG main Bragg resonance due to temperature changes .
Basic mode of TFBG has the biggest length of the wave, and corresponding peak at

spectral characteristics is the narrowest. Main resonance wave length is characterized
by the same temperature sensitivity (~ 10pm/°C') as the standard direct Bragg
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grating, as well, by the same sensitivity of fiber Bragg grating (FBG) to axial strain
(~ 1pm/pe)[2]. In the range being tested, that is for the temperatures from —30,5° C
to 80, 5°C', sensitivity coefficient along the wave length of TFBG structure main mode
to the temperature amounts to 10um /°C. Temperature dependence of Bragg resonance
wave length is linear and it complies with theoretical sensitivity of FBG structure

Figure 3 describes wave length change characteristics upon temperature change in
the range from —30,5° C to 80, 5°C, as well, the analysis of cladding modes spectral
characteristics resonance. That mode is denoted herein as a cladding mode 1. Figure 4
shows similar outcomes, but for cladding modes of higher order, indicated in the work
as a cladding mode 2. There are plenty of works, in which the authors denote cladding
modes with sequence numbers. Out of dozens markings, the ones, offered in the works
[3,5], are used most frequently, in which the modes are marked with two indices.

The first index means, whether the given mode is even-numbered or odd-numbered
(designation: 0 - even-numbered, 1 - odd-numbered), while the second index means the
sequential number of the given mode, even-numbered or odd-numbered, accordingly.
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Figure 3. Wave length changes from temperature of cladding mode 1 (TFBG 6°).
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Figure 4. Changes in wavelength versus temperature for cladding mode 2 (TFBG 6°).

Such wave length sensitivity, corresponding to minimum transmission for the given
resonance, might be specified as:

1
AT (1)

Amin _
KT =
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where A\,,;,, is change (realized as an offset) of minimal wave of the selected mode
length , while AT is change of temperature, causing such offset.
As angles of curves processing for selected modes are equal, we might right, that:

a1 = Qg = Q3 = ... = Qy 2)

As the equation (1) is observed, processing angle tangents, in this case, are also
equal, therefore the sensitivity K, 7)1 is the same for all cladding modes and core mode.

As all resonances of the main mode and cladding modes are characterized
with identical temperature dependence, the peaks temperature offset along spectral
characteristics might be compensated by measuring the relative shift of waves lengths
(for instance, in respect to the peak, corresponding to the fundamental resonance). In
further researches we use the property thereof, in order to do the sensor work on TFBG
basis independent on temperature effects. Instead of measuring the absolute offset of
separate cladding modes waves lengths, one can define those modes offset in respect to
the principal mode.

Optic fibers spectral measurements applying TFBG structures bend for various tilt
angles of inlet light polarization.

Offset sensors are used in many industry branches, such as aviation or construction
industries. The main sensor types for offset measuring are inductive, impulse,
potentiometric and capacitive transducers. An example of fiber-optic transducers for
bend measuring are LPFG- long-period fiber gratings. There are known the bend
measuring methods, at which the LPFG is recorded on standard single-mode fiber and
placed into a composite of carbon fibers [6].

However, temperature changes make very big effect at sensors operation, based on
TFBG. FBG as well, is used for measuring the mechanical parameters. To use those
elements as bend sensors you are required, for example, to locate them in photonic
fibers with photonic bandgap fibers (PBGFs) with photon gap (solid fibers with photon
forbidden zone) [7]. But such decision is extremely sensitive to inaccuracy of micro-
structured fibers geometry.

Bend measuring systems, using both LPFG and FBG, are also studied in [8].
Lowering the cross sensitivity to temperature is often fulfilled by means of hybrid
structures, also consisting of two types of fiber-optic gratings: LPFG and TFBG. Thus,
bend radius changes might be considered as in [9]. Some sensors, using TFBG elements,
as well, can be considered as independent on the temperature [10], by inserting fiber
multimode segment between a single mode fiber and TFBG element. As well, there
known the constructions, used as bend sensors [11], in which FBG grating is stored
in the same place as the TFBG (structure with tilt grating). In such system the signal,
reflected from FBG grating, is modulated by TFBG, which is sensitive to a bend [12].

For the sensors, using Bragg gratings for measuring the offset, there is usually
required a construction of additional arm or mechanical element, transmitting the
offset from the being tested object to optic fiber [13]. The main problem in such
solutions is Brag gratings sensitivity to axial elongation and to temperature. Therefore,
the measuring systems, using that sensor type, demand temperature compensation
upon measuring other physical magnitudes. Unfortunately, very often the methods of
lowering the cross sensitivity to the temperature, decrease the system measuring range
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with TFBG and FBG gratings. There are known the solutions, which extremely sensitive
to deformation, but have narrow measuring range, for instance, on the order of 1 Nm
[14]. Measuring range also changes in the result of covering the fiber with TFBG grating,
for example, with additional protective layer [15].
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Figure 5. Comparison of TFBG spectral characteristics with angles: 6 = 2° (red line) and 6 = 4°
(black line).

Ghost modes are the ones of the lowest order, and they make up the group of the so
called strongly guided cladding modes. That type modes are influenced, mainly, with
fiber parameters change (for example, distribution constants) at core cladding boundary.
On the other hand, fiber parameters change close to cladding outer diameter (at optic
fiber boundary) does not influence at peaks position and form (and, in principle, one peak
is a ghost), obtained from those modes, found in compliance with spectral characteristics
[19]. It is explained with the fact, that the resonances, received from those modes, are
always (irrespective of structure angle) close to lengths of waves, corresponding to core
resonance. Usually that distance is up to several Nm from Bragg resonance (shorter wave
length). These modes, as it has been mentioned previously, create a common resonance,
which is by spectrum is similar to the core mode and it is placed close to the core mode.

Conclusion.

The article herein presents the method and system for parallel measuring of inlet light
polarization angle and bend of optic fiber by means of tilted fiber Bragg grating. There
is analyzed, what spectral parameters of the sensor should be chosen and how to get
minimal temperature sensitivity, and at the same time, the sensitivity to light polarization
and fiber bend. Apart from insensitivity to the temperature, the main advantage of the
offered solution is its scalability. Measurement range and resolution might be regulated
depending on concrete application.

Experimental researches have been conducted at Optoelectronic laboratories of
electric engineering and computer sciences faculty of Lublin technical university
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in the frame of the project GF No. AP05132778 “Research and development of
signals interrogation system with optic-fiber refractometer, using telecommunication
networks®, IICT CS MES RK.
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Abstract This work presents the results of a numerical study of double diffusive
convection in a cubic cavity. The mathematical model presented in this work
takes into account the influence of both temperature and concentration on
the buoyancy force, since with simultaneous heat and mass transfer, the flow
movement is caused not only by the temperature gradient, but also by the
concentration gradient. The numerical algorithm is based on vorticity confinement
Lattice Boltzmann method (VCLBM) with D3@Q27 scheme. Based on the
results obtained, the effects of Grashof number on the temperature and velocity
distributions at the mid-planes have been researched. An investigation of the
buoyancy ratio influence on heat and mass transfer under double diffusion
convection was carried out.

Keywords: Lattice Boltzmann method, double diffusive convection, buoyancy
ratio, D3Q27, cubic cavity

Introduction

Investigation of double diffusive convection phenomenon is one of the urgent problems
due to its wide distribution in manufacturing applications, as well as in processes of
natural and anthropogenic origin [1]. Fires are one of many natural and anthropogenic
factors causing great environmental and material damage. Severe fires are often
accompanied by the thermal energy release in which a large-scale thermal is formed.
At thermal’s high temperature, pressure and complex chemical composition, a settling
mechanism can occur, converting hazardous chemical components into an active
volatile form. The impossibility of experimental measurements of the thermal’s
evolution and its interaction with the environment due to the formation and propagation
transience necessitates the use of mathematical modelling methods for the short-term
prediction of harmful substances’ spread and environmental hazard assessment.

A numerical study of double diffusion processes was carried out in works
[21,[31,[41,[5]. The mathematical model presented in this work takes into account the
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influence of both temperature and concentration on the buoyancy force, since with
simultaneous heat and mass transfer, the flow movement is caused not only by the
temperature gradient, but also by the concentration gradient. The model consists of:
the continuity equation, the momentum equations, the equations for the concentration
of components and the equation for the temperature.

The numerical algorithm is based on vorticity confinement Lattice Boltzmann
method (VCLBM), which prevents loss of details of thermal’s motion in LBM double
diffusive convection simulation [6]. Model utilizes three distribution functions, the
momentum distribution function, the vorticity distribution function, and the distribution
function for the concentration and temperature. Each distribution function is discretized
into D3Q27 scheme. The simulation results are presented for the Prandtl number value
0.73, Lewis number value 1.0, Grashof number value and various values of the buoyancy
ratio 0, 0.5, 2 and 4. Based on the results obtained, an investigation of the buoyancy
ratio influence on heat and mass transfer under double diffusion convection was carried
out. An increase in the average value of the Nussselt number with an increase in the
buoyancy ratio from 0.5 to 4 was revealed. A change in the direction of the buoyancy
force and, as a consequence, the subsidence are observed at a buoyancy ratio greater than
1. The results demonstrate realistic visual effect and show that the mathematical model
coupled with the VCLBM is suited to simulate the three-dimensional double diffusive
convection.

Problem statement

Figure 1 shows the calculated double diffusion domain. The computational domain is a
cube. The front, back, top and bottom walls of the cube are adiabatic and impenetrable.
An increased temperature 7}, and an increased concentration C}, are set on the right wall,
while a reduced temperature 7; and a reduced concentration C; are set on the left wall.
All boundary conditions are constant in this work.

The governing equations for double diffusive convection are as follows:

ou v ow __
%‘i’afy*F@—O,

du du du Qu _ _10p 2u 4 Pu | 2%u con f
8t+u8x+vay+w8z7 p(’)m+l/f(8$2+6y2+8z2>+EE ’

v v v Qv _ _10p v 4 9%v 4 D% conf
8t+u8x+v8y+waz7 p8y+yf(’:c2+ y2+8z2>+Fy ’
87w+u87w+v87w +w87w771@+y (82w 82w+82w)+d+Fconf (l)
ot ox dy 0z —  poOz F\622 Oy? 022 z ’
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Gr Tug tvg, Twg =alGgz + 57 + 57),
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where d = pg, u, v, w are the velocity components, p is the pressure,p is the density, T’

is the temperature, C' is the concentration of component, v¢ is the kinematic viscosity,

t is the time, « is the thermal diffusivity, D is the diffusion coefficient,7;, = Tj,

gr = (B is the thermal expansion coeffgient,_};c is the solute expansion coefficient,

Feont — (Fgond  Feond Feond) = eAz(N x w) is the additional force contributing
— Y - =

to the appearance of lost vorticity in calculations, N = 2, n = grad|w|, w =

n
N [

V x U is the vorticity vector, ¢ is the nonphysical parameter responsible for the amount
of vorticity [6].

Figure 1. The computational domain

Using Boussinesq approximation the gravity force can be expressed as:

P9 = prg[]- - 6T(T - Tr) + BC(C - Cr)] (2)

where p,. - is the fluid density at temperature 7;. and concentration C). .

The initial and boundary conditions are given by:

u=v=w=0 T=T,,C=C,att=00<zz<L,0<y<W,
0<z< H;
u=v=w=0, T=T,C=Chatz=0,0<y<W,0<2<H,
u=v=w=0, T=T,C=Chatz=L0<y<W,0<z<H,

u=v=w=0, % =08 =0ay=00<z<L,0<z<H,
u=v=w=0, %—Z:0,%:0,aty:W,0<w<L,0<z<H;
u=v=w=0, 4 =09%=0a:=00<2<L0<y<W;
u=v=w=0, %—Z:O,%—S:0,atz:H,O<x<L,0<y<W.

In dimensionless variables

* * Y *

— Z — — .
‘T—f7 y_fa Z_fa
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The double diffusive convection is descrlbed by the followmg system of equations:

The dimensionless initial and boundary conditions:

u* = v = w*
0<z¥<1;

wr=v*=w*=0, 6=-1,C*=—1ata* =
wr=v"=w*=0, 6=1,C"=1atz* =
uw=v* =w* =0, aaya*zO,%i;k:O,aty*
u*:v*:w*:, 0_0%21

u =v* =w* =0, 82*—0882*

u =v* =w* =0, 8z*—0%§:

Numerical method

Thermal Lattice Boltzmann simulation

=0,
St* + u* gz: *Bu -+ ’LU* 8“ = 8:75* + Pr (é)x*"’ + 655112* + 3(;;;) + 1172(},;0()7””)*7
(897;: 4+ u* g;i *81) -+ w* gg: = — ( ;p*2 + %’:},2* agjf;) n %Z(Fionf)*,
at* -+ (?;:: Uy 8w tw' 6w 8z* -+ Pr( 8;1;*2 + ag;% + 82*2 ) +Gr - Pr?( — Br-
S g = (2 1*2 + 2 *2 + 8Z“)
o+ o Twhi = (5% + 5% + 55,

3)

=0, 6 =0,C*=0,att* =0,0<2* <1,0<y" <1,

0,0<y*<1L,0< 2" <1
L,L0<y*<1,0<2*<1;
=0,0<2*<,0< 2" <1
=0,aty*=1,0<z" <1,0< 2" < 1;
=0,atz*=0,0<z*<1,0<y* <1;
=0,atz"=10<2*<1,0<y* <1

In this paper, two relaxation time LBM with D3Q27 model (figure 2) is applied for 3D
flow simulation. The lattice Boltzmann equations with the BGK approximation for the

fluid flow, temperature and concentration are estimated as:

%
- =

fi(a?,t)—

fi

€q

%

(1)

%
fl(l' + €iAt,t+At)—fi($U,t) ZAt[—

Tf

I C))
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- = — Ar —
g
- — A —
hi(x + e At t+ At) — hi(z,t) = ——[hi(z,t) — hi?(x,1)] 6)
Th

where f;, g;, h; are the lelocity, the temperature and the concentration distribution

functions, respectively. e ; is the discrete lattice velocity, 7¢, 74, Tpare the relaxation
times, F; is the force component, At is the lattice time step, f{?, g7 and h? are the
equilibrium distribution functions for velocity, temperature and concentration fields,
respectively.

The equilibrium distribution functions are determined by the following formulas:

- — - = - =
cq e;u  9(e;u)? 3uu
fi _wip[1+3 2 +§ ! _5 2 } (7)
- = — - =
cq e;u  9(guc)? 3uciy
g =wT[1+3 2 +§ o Ty 2 ] ®)
— = - = - =
4 9(e'ue‘1)2 3 g ¢4 q ¢4
Bl = w,C[1 430 — 4 D2 - 9
i =wiCl+3—a— 4o 5 2 ©

where, ¢ = %, Ax and At are the lattice space and time steps, which are equal to unity.
The values of weight coefficients are as follows:

=19 —
57601 = 1926,

In the D3Q27 model ( figure 2) the discrete velocities are calculated using the
formulas:
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Figure 2. D3Q27 model
(0,0,0)c,i =0,

(£1,0,0)c, (0, £1,0)(0,0,+1)e,i = 1 — 6,
(1,41, 0)¢, (0, =1, £1)(+1,0, 41)c,i = 7 — 8, (i

(£1, 41, +1)c, i = 19 — 26,

— —
In this paper, to add the force term F' = —p,.g[B7(T —T,) — Bc(C — C,.)] + Feonf
to LBM we apply the scheme suggested by Guo et al. [7] :

e

Fw(l— St e, ciden)
27’f

F 12
2 e (12)
where ¢, = % is the lattice speed of sound.

Equations for the distribution functions can be divided into two steps, collision and
streaming:

- - - -
Lfi(z 1) =fi(x,t)+At(—fi(x’t> ;ffi (z,?) +F)
— -
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- — hi( @ ,t) — hé( x 1)

hi(,t) = hi(x ,t) + At(—= Thl ) (13)
- = =
2.f,(x + e At,t + At) = fi(x,t)
- = —
gi(x + e At,t+ At) = gi(z,t)
= = -
hi(x + eiAt,t—l—At):hi(x,t) (14)

This procedure is similar for the temperature and concentration distributions. After
the second step, it is necessary to calculate the macroscopic variables for density,
velocity temperature and concentration:

2% 26 = Ao 26 2%
P:Zfi,/’u:Zfiez‘-F?FyT:ZQmC:Zhi (15)
i=0 i=0 i=0 i=0

To close the system of equations, the following boundary conditions were used. Zero
velocity condition for all walls:

= = - -
filzw,t+A) = fi(x y,t+A), ;- n >0, (16)

For the boundary where the temperature and concentration are constant, the
distribution functions can be obtained as:

— — - —
gi($w7t+At) = —g,i(azw,t+At)+2wiTw, e;-n >0,

= R R —
hi( 2wyt + At) = —h_ij( T o, t + At) + 2w;Cyy, € ;- 1 >0, (17)

where T, means the wall temperature, C,, means the wall concentration. Neumann’s
condition for temperature and concentration on all other walls:

— — - -
Gi( T, t + A) =G_i( 2 ,t + At), ;- n >0,

= = N
hi(Z wyt + At) =h_j(x 4, t + At), e;- n >0, (18)

Results and discussion

Numerical experiments were carried out to simulate double diffusion in a cubic cavity.
The problem was solved on a computational area of size 70 x 70 x 70 . The following
values were used as dimensionless parameters: Prandtl number Pr = 073, Lewis
number Le = 1, Grashof number Gr = 2 x 10,2 x 10%,2 x 10°, buoyancy ratio
Br = 0,0.5,2,4. In this paper to ensure that the flow is incompressible, we set
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Mach number to 0.1. The viscosity is found as follows [8] v = % Relaxation

”
parameters are defined as [7] 77 = 3v + 1/2 and 7, = 4ac + 1/2, where o = v/ Pr.

The output of velocity, temperature and concentration contours is very important
for the understanding of flow behavior. Figure 3 shows the temperature isosurfaces for
different Grashof numbers. One can see that an increase of Grashof number leads to
an enhance of convection process, as well as to an increase of temperature difference
between the upper and lower parts of the cavity.

el
23 er

| B Ly |

(a) (b) (©)

Figure 3. Isothermal surfaces for (a) Gr = 2 x 103, (b)Gr = 2 x 10%, (¢)Gr = 2 x 10°.

In Figure 4, (a) the local Nusselt number on the hot and cold walls has been
considered for different values of Grashof number. One can see that the local Nusselt
number on the constant temperature walls increases by increasing of Grashof number.

The contours of dimensionless vertical velocity W = —wL/a on the midline (Y =
0.5 and Z = 0.5 ) of the cubic cavity for different values of Grashof number are shown
in Figure 4, (b). Obviously, increasing the Grashof number leads to increase the value
of velocity.

The following results were obtained for a constant value of the Grashof number
Gr = 2 x 10*. Figure 5 shows the temperature isosurfaces for various values of the
buoyancy ratio. For the buoyancy ratio Br = 0, the double diffusion problem turns
into a natural convection problem. To check the numerical algorithm, the experimental
results were compared with the results presented in the article by Sajjadi [7], and showed
good agreement.

Below (Figure 6, (a)) the results of the change in the Nusselt number along the right
and left walls in the same plane Y = 0.5 are presented. Here, the solid line represents
the results for the buoyancy ratio Br = 0, and the dots in the form of circles represent
the results for Br = 2. We observe the coincidence of the results of the Nusselt number
for these experiments, which indicates a similar course of the heat transfer process with
a difference only in its direction.

Figure 6, (b) shows the vertical component of the velocity in the plane Y = 0.5
along the straight line Z = 0.5. Symmetry is visible for experimental results at Br = 0
and Br = 2. This symmetry indicates that only the propagation direction changes due
to a change in the sign of the buoyancy force.
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(@) (b)

Figure 4. (a) Local Nusselt number on the hot and cold walls for different Grashof numbers; (b)
Vertical velocity at the Y = 0.5 and Z = 0.5 for different Grashof numbers.

(a) (b) (©)

Figure 5. Isosurfaces of temperature for different values of the buoyancy ratio (a) Br = 0;
(b)Br = 0.5; (c) Br = 2.

The following results were obtained for a constant value of the Grashof number
Gr = 2 x 10°, values of the buoyancy ratio Br = [0, 2] and different values of the
vorticity parameter ¢ = [0,0.5,1]. In figure 7 the temperature profiles in the plane
passing through the middle of the cube Y = 0.5 are presented. At Br = 0, the
temperature profile completely coincides with the results of [7] , which shows that there
is no effect of concentration on double diffusion. At values of Br = 2 we observe a
subsidence of high temperature due to an increase in gravity.

Figure 8 shows the concentration isosurfaces. Here we observe the correspondence
between the temperature (Figure 5) and concentration profiles, which is due to the value
of the Lewis number. Here you can also notice the symmetry of the results for Br = 0
and Br = 2.

Using the vorticity confinement method, we caught the appearance of small-scale
vortices (Figures 7-9). The vortex dynamics can be clearly observed in the figure 9. At
e = 0, the vorticity is zero. More realistic results can be obtained for e > 0. An increase
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Figure 6. (a) Values of the Nusselt number along the left and right walls in the plane Y = 0.5;
(b) The vertical component of the velocity in the plane Y = 0.5 along the straight line Z = 0.5.

in the value of the ¢ leads to an increase in the number of small vortices and an increase
in the chaos of motion.

Conclusion

Lattice Boltzmann method with two relaxation time model has been applied to simulate
numerically 3-D double diffusive convection in a cubic cavity. Numerical algorithm
has been parallelized using OpenMP directives. The parallelization of the algorithm
could largely improve the computation efficiency. The thermal, concentration and flow
fields has been solved with the D3Q27 scheme. The effects of Grashof number on the
temperature and velocity distributions at the mid-planes have been researched.

And also on the basis of the results obtained, a study of the influence of the buoyancy
ratio on heat and mass transfer during double diffusion was carried out. An increase in
the average value of the Nussselt number with an increase in the buoyancy coefficient
from Br = 0.5 to Br = 4 was revealed. There is also a change in the direction of the
buoyancy force and, as a consequence, subsidence at Br > 1. Results obtained using
the vorticity confinement approach have been demonstrated a realistic visual effect.

From the above results it is clear that the numerical method using the D3Q27 scheme
is capable of simulating double diffusive convection problems. This means that it may
well be applied for numerical implementation of the evolution model of large-scale
thermals generated in emergency situations of natural and anthropogenic origin in the
atmospheric surface layer.
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Figure 7. Temperature profiles in the plane Y = 0.5 for (a)e = 0, Br = 0, (b)e = 0.5, Br = 0,
(c)e=1,Br=0,(d)e=1,Br=2.
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Stability of Fictive Region Method for Navier-Stokes
Equations in Multiply-Connected Domains
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Abstract In the given work I examine numerical methods of solving Navier-
Stokes equations in multiply-connected domains. Two methods of problem
solution are examined. The first method is based on setting differential in variable
velocity, stream function and use of pressure single value condition. Numerical
solution of elliptic equation for stream function is as a sum of two simple problems
of elliptic type. One problem is with uniform boundary conditions, and another
one with a uniform equation. Alternative approach to solving the set problem
is fictive region method with small coefficient extension. This method does
not require satisfaction to the condition of pressure uniformity and is simple in
realization.

Keywords: Navier-Stokes equation, velocity, pressure, stream function,
multiply-connected domain, boundary condition, a priori estimate, stability,
fictive region method.

The fictitious domain method is widely used for numerical solution of mathematical
physics problems in an arbitrary domain. The theory of the fictitious domain method for
solving the problem of an arbitrary domain in the numerical implementation of discrete
models is constructed. A new class of locally two-sided approximations in direct and
spectral problems is created on its basis. The method of fictitious domains for Navier-
Stokes equations is discussed in the works of A. N. Bugrov and sh. S. Smagulov [1].
In the work of Smagulov sh. S. and Orunkhanov M. K., a method of fictitious domains
for hydrodynamic equations in multi-connected domains is proposed [2]. In [3-5], a
variant of the fictitious domain method is proposed for the Navier-Stokes equations of a
viscous incompressible fluid in a variable velocity and pressure field. Moreover, at the
boundary of the auxiliary region, a boundary condition is set for the pressure with a zero
value. This condition allows us to obtain the Dirichlet problem for the Poisson equation
for pressure, for which efficient iterative difference schemes can be developed using
known methods. In R. Glowinski, T-W. Pan, and J. Periaux [6,7], we consider a family of
domain division Methods based on explicit use of the Lagrange multiplier defined on the
actual boundary. The proposed technique associated with genuine boundary conditions
is common for modeling inviscid incompressible potential flows. According to the
proposed method, the initial differential problem is assigned an optimal control problem
with a saddle point, and the iterative method of conjugate gradients is used for numerical
implementation. In [8], the method of fictitious regions without Lagrange multipliers is
used for numerical simulation of the suspension concentration. To distinguish between
areas occupied by liquid and solid particles, the boundary is tracked as a function. A
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particle indicator function constructed using the Heaviside function is introduced. Next,
the Heaviside function in a small neighborhood (proportional to the grid step) around
the boundary is approximated using a hyperbolic tangent. This continuous function will
ensure smooth change and increase numerical accuracy and reliability. The paper [9,10]
describes a method for numerical construction of curved structured grids in doubly
connected regions and numerical modeling of convective flow of unevenly heated liquid
in a curved coordinate system. The implicit scheme and the fractional step method are
used for the numerical construction of curved meshes in doubly connected regions by
equirasdistribution and Godunov-Thompson methods, and the explicit scheme and the
fractional step method are used for the numerical implementation of incompressible
fluid equations. In the direction of the outer and inner borders, a cyclic run is used,
and in the direction of the normal, a scalar run is used. Calculations were performed
for various cavity configurations and temperature conditions at the boundary. Graphs
of numerical calculations of temperature changes and current functions are obtained. In
this paper, we consider two methods for the numerical solution of the Navier — Stokes
equation in a two-connected domain. One of the difficulties of numerical solution of
the Navier — Stokes equation in the variables of the current function and the velocity
vortex in the case of a multi-connected domain is caused by the uncertainty of the
boundary values of the current function. The numerical solution of the Navier — Stokes
equation in a multi — connected domain was considered by the authors [11-13], in which
an explicit method for the numerical solution of the Navier-Stokes equation in a two-
connected domain using the pressure uniqueness condition is proposed. In this case, the
equivalence of the problem statements for the current and vortex functions, as well as
for the velocity and pressure, is violated. In [14], the Navier-Stokes equations in a two-
connected domain are solved using the pressure uniqueness condition. The test problem
for the Navier-Stokes equations in variables current function, velocity vortex is solved
using a parallel algorithm on CUDA technologies. In this paper, a new technique is used
to implement a difference scheme of the splitting type in physical processes, which
allows us to determine the current function in a closed two-connected region. In this
case, the elliptic equation for the current function with complex boundary conditions
decomposes into two simpler problems. The proposed methods are more economical
than in [11,13], where the stability of the method has not been studied.

Let study Navier-Stokes equation in biconnected domain 2 = Qg €y, with
1 C o, to make it easier we suppose (2o, {2, are rectangles. % +(a-wv)u =
pAu—7p+ fQ

divi =0 (1)
U |t=0, @ |an= 0,00 = 90y U 00 (2)
where @ = (u, v) is velocity vector, p is pressure, p is the field of mass force; 92, 9

are boundaries of the regions correspondingly €21, 2. Suppose that boundary 92 of
region (2 belongs to coordinate curves. We cover {2y with parallelepipedic grid
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OF = {2 € Qo : 20 = iaharia = 0,1,2, ..., Noya = 1,2}
We denote

V= 098,78 = 0, Y = 1 U

and also

Wi = {x1 = (iy — 1/2) hy, 20 = ighosiy = 1,2, ...N1;is = 0,1,2... Ny}
wh = {x1 =i1hi, 20 = (iy — 1/2) ho;i1 = 1,2,...Ny;is = 0,1,2...Ny}

O = W Uy, wh =whbuqy,

Let examine difference schemes of particle-in-cell”type:

U,
im1iT

%"’Lh(u )1y = Ag Ul s+ fry g Bws 3)

. .7’0, .
- ”_EJ TN N — n
X + Ly, (a",v )ij*% =pl U1 + faij—1 Bwi

n+1 n+1 _ . .
Ui lyy T Ui g + P, Ot=0,i=2,.. N —2,7=1,..,N,—1
n+1 ~ n+1 _ s -
U0y~ Uged + Pig, - O = 0,5 = 2,.,N> — 24 = 1,.,N —
L; (4)
nt+l  nt1 nt+l | n+1
i+l; i1 ij+ ij—L
2]hl = + - 2h2 —2 = 07Z = 17' 7N1 - 1;.7 = 1> aN2 -
L; (5)
0 0
U = =0 6
i—1j ij—% ( )
n+1 _..n+1
ui,%j ‘ylfvw,, ly,= 0
where
_ Dij —Pi—1 _ Pij —Pij—1 = _ Qit+1,5—9i—1,5
DPijxy = %7171]171 = %ﬂl’h (u’q)i,j - ulsJ% +
Qi j+1—9i,5—1 ~ 2
rUz,_] Lod 2h2 = 7u7U

are intermediate values and corresponding component w,v.
To realize difference scheme we use methods proposed in work [4]:

‘I,'n+1 ‘I,rL+1
umt = i+di+3  i+di-3
i+3j ha )
\I/n+11 1 _\I’iﬂri 1
U’I’L+1 _ i+5it3 i—5Jits (7)
ij+3 h2 ’

From (6) it follows that
v, 151 is determined in some close biconnected domain w = w U vy; U
V2

Under (4) we have
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_)

1 _ ~

(Ah\:[l”‘f‘ )i+%j+% = roty, uF%j (8)
1
,l/)’n:‘rl "n: 071/)n+1 "m: 6”“ (9)
Sy A=Y w1 Al (10)
Ys\\On’h Jit5i+s T Luyg Ti—3d

where \I/g+1 is to determine (\1/3“ is constant), y3 is any closed line consisting
of sections parallel to coordinate axes and covering region (2, (g—:))his

difference analogue of normal derivative to line y3, Al increment of curve arch length
Ys-.

It is easy to show that problem (3)-(6) and (3), (6), (8) - (10) will be equivalent. Problem
(3), (6), (8) - (10) is solved in the following way: u, v are evidently found from (3);
W,,+1. is found by iteration method from (8) — (10).

We present

n+1 _ o+l s
1/)i+%j+% = ¢i+%j+% + B wi-&-%j-&-% (11)

where

—n+1
¢i+%j+%
=n+1
¢i+%j+é

is the solution of the following problem:

—n+1

(Ahw ) E

—n—+1 _ —n—+1 —n—+1
Apy )i+%j+% - TOthuif%jﬂ Y |73: 0, Y |71: 0

—n—+1 n+1
O =t |

=1

)z‘+§j+§ =0, T

F+1 is found from condition (10):
Pl = (5, T, A= 5, (2 AD /S (5 )iy AL
= 2y Wi ya\" on Jitgits s \\on Jh)it gty

Ut is found from (11).
Let examine fictive region method for problem (1) [6]:

B+ (w V)t = p At —ypf — St 4 fe

divus =0 (12)

u® |4=o=0, u® |an=y= 0, (13)
where
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o ={] oo

mn Ql

f 8 supposednought mn Q4

For numerical solution of problem (12), (13) we will examine difference scheme:
w1 .711,?_;.‘ )
% +Lh(u,un)1_%] = ,U’A}Lu?_%j +f11—%] m Qé

DR (0™ = PARVY 3+ fagy i O3 (14)
divy (1 + AtED) 7y, 7)) = —rotya (15)

wnJrl ‘BQ: 0

U?f; = —(1/’1—%]4%]' - 1/’1‘—% '—%j)/hv

vty = Wisgiey — Yoy )/

u?_%j = v?j_% =0

uf%lj loas= v 1 lonz=0

u?f; = (i1 — Yimzj-15)/h,

v:fl% = —(7/)2'7%]'4% - ¢¢7%j7%)/ha (16)

We note, that there is no need to satisfy the condition of determining pressure
single value (10). This is the advantage of method (14), (16) over method (3), (6),
(8)-(10).

The following theorem is proved by prior estimate method.

Theorem 1. Let fp*t, fiitt € Loai(0,T; La(2)8), ;LH,f;%H c

Lont(0,T; Lo(2)2), then, to solve problems (14)-(16) the estimate occurs

‘ ’LL%H_I —+ ‘ U{TL+1’ = 0
L2At(0,T;w%(Qé)) L2At(0,T;w%"(Qg))
2 2
£la) yyntt + || eyt <C <o (17)
e 1 I e 't I —

2At(0,T5Lo(23)) 2At(0,T; Lo (24))

where C does not depend upon ¢
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Taking into consideration estimate (17), we transfer to limit in (14), (15) at At — 0.
In the result, we note that the solution of differential problem (14), (16) is reduced
to integrated solution of problem (12), (13), and the solution of problem (12), (13) is
close to solving problem (1), (12) and estimate ||u. — u|| < ¢4/ occurs. The solution
of problem (15) can be found using stabilizing correction method. If we use modified
alternately - triangular method to solve problem (15), rate of convergence of iteration
method does not depend upon €.

Using proposed methods we did numerical calculations of viscous incompressible
fluid flow in biconnected domain (Figure 1).

]

S

Ea

Figure 1. Physical region

During the calculations the following values 4 = 10_3, N7 = 100, N2 = 50 were
used.

Both methods are well-considered and gives a qualitative picture of the flow of
liquid. In the first method, the current function requires three arrays, which requires
more machine resources. And the second method of fictitious regions allows errors due
to the lower coefficients inside the fictitious region.

Conclusion

Thus, we consider two methods for solving the Navier-Stokes equations of a viscous
incompressible fluid in the variables velocity and current function. A method for solving
the elliptic equation is developed, taking into account the condition of unambiguity
of pressure. This condition allows you to determine the coefficient that is used in the
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X

0 1 2 =

Figure 2. The results of problem (3), (6), (8) — (10) numerical solution

Xas

Figure 3. The results of problem (14) — (16) numerical solution

formula (11). The second method is the dummy area method, which does not require the
use of the pressure uniqueness condition. The considered methods are used for numerical
calculations of the flow of a viscous incompressible fluid in a two-connected region. The
isolines of the current function are shown as graphs. The results of solving the original
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problem by different methods coincide. From this we can conclude that the dummy area
method is efficient and easy to implement.
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Abstract In this paper, we consider the simulation of the magnetohydrodynamic
(MHD) Taylor Green vortex problem using a hybrid method that combines finite-
difference and spectral methods. To simulate the MHD turbulent process, the
three-dimensional unsteady Navier - Stokes equation is used taking into account
the Lorentz force. The dissipation problem of MHD turbulence is solved for
different Hartmann numbers and for a fixed Reynolds number. The equation
of motion is solved using the finite difference method in combination with a
pentagonal matrix, which provides a third order of accuracy in space and a
second order of accuracy in time, and a spectral method for solving the Poisson
equation. The simulation results were compared with the analytical solution and
the simulation results of other authors.

Keywords: Taylor Green vortex, Magnetohydrodynamics, Finite difference
method, Spectral method

Introduction

The Taylor-Green vortex problem is a pattern of the generation of small - scale vortices
obtained by three-dimensional stretching of vortices and the resulting turbulence. [1]
considers the influence of the fundamental process in a turbulent flow, the dissipation
of vortices, the cascade transition of vortices into smaller and smaller vortices. The
analytical solution of the Navier-Stokes equations by successive approximations is used,
where the kinetic energy and its dissipation rate were determined analytically.

A dynamic model of a viscous and inviscid three - dimensional Taylor - Green vortex
flow (TG) is studied by [2]. The problem is solved in two ways: by direct spectral
numerical solution of the Navier-Stokes equations with a grid resolution of 256> and
an analysis of power series in time. As a result of the study, it was shown that a strong
extension of the vortices occurs at a later time, while at the early stage the flow is not
laminar and viscous. At high Reynolds numbers, the curls of invisibly formed vortex
sheets twist, which then undergo instability, accompanied by reconnection processes,
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which make the flow more chaotic with expanded sections with high vorticity appearing
away from impenetrable walls. Later, the incompressible Navier-Stokes equation is
simulated by [3], on a grid with a resolution of 8642 using the spectral method with flow
symmetry, where the initial Taylor - Green condition with periodic boundary conditions
are established. As a result, it is seen that turbulent activity strongly correlates with low
pressure zones, and this is due to the fact that the square vorticity is spatially more
concentrated than energy dissipation.

Henceforward, it began a study of the evolution and sustainability of decaying
magnetohydrodynamic flow Taylor Green. For this purpose, the evolution of the forced
Taylor - Green magnetohydrodynamic system by direct numerical simulation of the
equations of MHD are studied by [4]. The magnetic field of stars and telluric planets
is explained by the dynamo instability created by a turbulent electrically conductive
fluid in which the induction due to motion captures magnetic diffusion. The system
reaches a completely nonlinear magnetohydrodynamic (MHD) regime due to the energy
exchange between the speed and the magnetic field. The trajectories of a liquid element
vary from a chaotic quasi-isotropic (kinematic phase) to the average magnetic field
alignment (saturated phase). The statistics of kinetic and magnetic fluctuations along
the fluid trajectories also change. All this is accompanied by a sharp increase in the
time of correlation of velocity and magnetic fields experienced by tracers, significantly
exceeding one turbulent time of revolution of a large vortex. A remarkable consequence
is the intermittent scaling of the structural functions of the Lagrange magnetic field at
unusually large time scales.

In the paper[5] pseudo-spectral modeling with grid resolution of up to 20483 for
simulation Taylor- Green vortex problem is used. It is shown that the selected flux leads
to a steep spectrum of the total energy with power-law behavior k~2. The symmetry
violation of this flow was studied using exciting perturbations of various amplitudes,
that the finite amplitude perturbation perturbes their Reynolds number, for which the
perturbation will increase sufficiently at the peak of the dissipation rate, which will lead
to nonlinear feedback into the Green flux and subsequent violation of Thay’s symmetry.

This work deals with the modelling of magnetohydrodynamic (MHD) Taylor
Green vortex problem using a hybrid method combining finite-difference and
spectral methods. To simulate the magnetohydrodynamic turbulent process the three-
dimensional non-stationary Navier - Stokes equation along with Lorentz force is used.
The problem of MHD turbulence decay is solved at different Reynolds numbers: by
using the hybrid method, where the equation of motion is solved by using a finite-
difference method in combination with penta-diagonal matrix, which ensures a high-
order accuracy, and a spectral method for solution of the Poisson equation, which is
highly efficient.

Applying vertical magnetic field B = — Hyk effect in the Navier-Stokes equations
is the inclusion of the Lorentz force to the momentum equations F; = J x B where
J =0(E+V x B)— is electric current density E - is electric field strength, which we
set equal to zero, and o is electric conductivity, V' = u1i 4+ ugj + usk - velocity of fluid,
and all of these in combination we obtain F; = o(V x B) x B - Lorentz force, where
Fy = o[(u1i +ugj + usk) x (—Hok)] x (—Hok) is in detail, after using the properties
of the multiplication of unit vectors, we obtain Fj = o(uj Hoj — uaHoi) x (—Hok),
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or F; = o(—u1HZi — usHZj), and F; = Fy + Fy + F3, where Fy = —ouy Hgi,
F2 = 70”LL2H§5, F3 = Oby [7]

We define the occurrence of turbulence using perturbation expansion of Taylor
Green as initial conditions for the convective term:

uy(x1, 2, 23,t = 0) = cos(azy ) sin(axs) sin(axs),
ug (21, T2, x3,t = 0) = — sin(axy) cos(axs) sin(axs), (1)
us(z1, T2, 3,t = 0) = 0.

and assuming periodic conditions in a cubic domain: 0 < x; < Lgp,

0 <29 < Lgand 0 < x3 < Lpg. The three dimensional Navier -Stokes equation
with magnetic field:

9(u;) | O(min;) _ _ 9p 18 (du .

ot T "os, = "9, T Reda; 02 ) T

8931' - ?
where w3, w2, wusz - the velocity components, xj, 22, x3 - coordinates,
F, = —Nu,, F, = —Nuy, F35 = 0 - non-dimensional Lorentz force,

N = oLHZ/pVy = Ha?/Re is the Stuart number, where Ha = HoL+/o/p -
Hartmann number, H - magnetic field strength, o is the conductivity of the medium,
which is determined from plasma physics. p is the full pressure, Re is the Reynolds
number. Ly = Ly = L3 = Lp is the typical length of the domain, v is the kinematic
viscosity coefficient, p is the density of the flow, - nondimensional time. Taylor and
Green obtained a perturbation expansion of the velocity field, up to O(t%). Solution of
[1] for the velocity field is given as:

uy (a1, 2,23, T) = 61 cos(xy) sin(az) sin(x3) + oy sin(2z1) cos(2x3)+
2
+ 372 cos(3x1) sin(zz) sin(zg) + 72 cos(z1) sin(3z2) sin(zg)—

— 3 cos(zy) sin(xz) sin(3x3) — By cos(3x1) sin(x2) sin(3z3);  (3)

us(x1, 2,23, T) = —01 sin(x) cos(xq) sin(x3) + a; sin(2z5) cos(2x3)—
2
— 72 sin(3x1) cos(z2) sin(zs) — 372 sin(z1) cos(3x2) sin(x3)+

+ 73 sin(z1) cos(xz) sin(3x3) + F1 sin(z1) cos(3x2) sin(3x3);  (4)

uz(x1, 2,23, T) = —ay [cos(221) + cos(2x2)] sin(2z3)—
— Yo sin(3x1) sin(z2) cos(x3) + v sin(x1) sin(3x2) cos(xz)+
+ B1 sin(3xq) sin(xs) cos(3x3) — By sin(xy) sin(3z2) cos(3z3);  (5)
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where

s [ 3T (9 1NT* (21 23\ TP

te Re ' \Re2 16/ 2 2Re?2 32 ) 3Re

N 31 185 N 271 \T* 555 2575 N 81 \ T° 7.
132-64 48Re2  2Re* ) 4 44-32.8 192Re2  8Re* ) 5Rel|’

o= L T—LTz—i- 74 43\ s 175 43\ T
1773 Re 3Rez 4412 3Re3  44) 4 |’

1 1 13T
=—_—T?(Z_-=2_);
T (2 2 Re)’

T is dimensional time defined in Table 1.
The resulting average kinetic energy is:

2
B = Y02, ©)
8
where
, 6T 18772 5 36\ T3 5 54
21— ) - SR [N A
Y Re + Re? 24 + Re? ) Re * 2Re? + Ret
_( 5 367 4.81 T75 361 761 324 LG
44.12 © 24Re?>  5Re?/) Re 4432 12Re?>  5Re? ) Re?’
The dissipation rate is written in the following form:
3U2 2 ,
W= p =W, ©

where

, 6T 5 1872 5 36\ 71°
W =1-— — — TP (T =)
Re—’—<48+ Re? > (3+R62) Re+
N 50 N 1835 +ﬁ - 361 N 761 N 324\ T°
99.64  9.16Re* Re* 44.32  12Re®>  5Re*/ Re’
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Numerical method

To solve the MHD Taylor Green vortex problem, a scheme of splitting by physical
parameters is used:
a* )t —(g)” ~ o -

L (@*) N (Vz*):+%%v2<u*)n+l — QLRBV%LH + %Kn _ %Kn 1;

HIL S = Vs
where K" = —(a"V)a" + F* — (V14)".

During the first stage, the full magneto hydrodynamic equation system is solved
without the pressure consideration. For approximation of the convective and diffusion
terms of the intermediate velocity field a finite-difference method in combination with
penta-diagonal matrix is used, which allowed to increase the order of accuracy in space.
The numerical algorithm for the solution of incompressible MHD turbulence without
large eddy simulation is considered at [6]. The intermediate velocity field is solved using
the Adams-Bashfort scheme in combination with the five-point sweep method. At the
second step, the pressure Poisson equation is solved, which ensures that the continuity
equation is satisfied. The Poisson equation is transformed from the physical space into
the spectral space by using a Fourier transform. To solve the three-dimensional Poisson
equation, the spectral conversion in combination with matrix sweeping algorithm is
developed [6]. The resulting pressure field in the third stage is used to recalculate the
final velocity field [9]. At the fourth stage, the equation for temperature is solved by
using Adams-Bashforth scheme. At the fifth stage, for the solution of concentration
electron equation the similiar algorithm as for solution of temperature the Adams
Bashforth scheme is used.

Simulation results

Simulation of Taylor Green vortex without magnetic field at different Reynolds numbers
was compared with the analytical solution from the point of view of: the average kinetic
energy the average dissipation rate of the turbulent flow, and microscale. The grid
resolution was set to 128 x 128 x 128. The Reynolds numbers is equal to Re = 600.
Quantitative measure of the solution Taylor Green vortex with respect to non-
dimensional time for various methods, such as spectral method, analytical solution
and HFDM method are furnished in Figures 1 for Re = 600 and Ha = 0. The
spectral method solution at 2562 grid resolution can be viewed as benchmark by [12]
for others, since the analytical solution valid only for short-term time. At Fig. la we
observe that analytical solution provides a good agreements of dissipation rate only
for ' < 2.4. HFDM is in good quantitative agreement with the spectral method till
T = 3.5, as numerical solution can provide good results for long term. The average error
between analytical and numerical solutions for dissipation rate is equal to Error(e) =
|eHEDM _ TG = 10~2, AtFigure 1 the comparison result of energy spectra for Taylor
Green vortex problem by analytical sollution, spectral method and HFDM demonstrates
excellent agreements till 7' = 4 . The error between analytical and numerical solutions
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for the average kinetic energy is defined as: Error(Ey) =
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for Ha = 0.

Dissipation rate

76, Re=600 ——
256 cube Spectral, Re=600 ——
128 cube HFD, Re=600, Ha=0 ——

HFDM
|,

—El% =101

Kinetic energy

TG, Re=600 ——
256 cube Spectral, Re=600 ——
1 128 cube HFD, Re=600, Ha=0 —— |

b)

Figure 1. Comparison of: a) dissipation rate; b) kinetic energy results with analytical solution and
specral methos solution at Re = 600 for Hartmann number: Ha = 0

In Table 1, parameters used in the simulations are compared with those used in the
analytical solution of the Taylor-Green vortex problem.

Visualizaton of the velocity and vorticity of the Taylor Green vortex problem
without magnetic field are shown at Figures 2-4. At Figure 2 illustrates the velocity
comonent uq, at Figure 3 the velocity component us and at Figure 4 the velocity

Table 1. The preset parameters for the comparison results of exact solution with numerical
solution of vortex problem Taylor - Green

Initial parametres for Taylor- Green|Initial ~ parametres  for  this
vortex problem simulation problem
LB =27 LB =1
a= 2—; =1 a= E—T; =27
U UoL U UoL
Re = Tg - 1)(()273 Re = Tg = 11(0275
UL _ 1 UL __ 1
U= 27rRe = Re V= 27Re —
dt =0.01 = ZECFL = $5CFL |dt = dfCFL %
CFL=0. 10185916 C’FL = 0.10185916
T = aUgt = 72722075 T = (J,Uot = 721[201:
k(t = 0) = $U§ = 0.125d0 k(t =0) = £Ug = 0.125d0
et = 0) = 30U3a® =t = 0) = 30Uja® =
0.75 (24)2 0.75 (24)2
Re L 2wRe \ Lp
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component ug and vorticity components for the initial conditions of Taylor Green vortex
and maximum dissipation rate at non-dimensional time 7" = 6 for Re = 600.

AtFigure 2 it is demonstrates the evolution of u; component of velocity with contour
levels of —0.25 which is blue colour and +0.25 which is highlited to red colour over non-
dimensional times. Starting from the non dimensional time 7" = 2, the evolution and
stretching of vortices are clearly visible,turning into highly turbulent dynamics, where
relatively smooth structures rotate, and eventually dissipate at approximately 7' = 6 at
the final stage of the simulation, the dissipation of turbulent structures is observed in
such a way that enstrophy tends to its original value.

/lﬂ\ @ﬂk @}ﬁ\ @}ﬂ\

a) b) c) d)

Figure 2. Visualisations of the u; component vorticity iso-contours for Ha = 0 at various non-
dimensional times: a) 7" = 0- initial Taylor Green vortex ,b) T' = 2,¢) T = 4,d) T = 6.

The dynamics of us component of the vorticity field at various non-dimensional
times are shown in Figure 3. At Figure 4 the component ug of the vorticity field at
various nondimensional times is illustrated.

-

a) b) ¢) d)

Figure 3. Visualisations of the us component vorticity iso-contours for Ha = 0 at various non-
dimensional times: a) 7' = 0,b) T' = 2,¢c) T =4,d) T = 6.

The affection of different magnetic field depending on Hartmann numbers to the
Taylor -Green vortex are shown in Figures 5-8. The dynamics of u; velocity component
at T' = 2 non dimensional time in Figure 5 and at 7" = 4 non dimensional time in Figure
6 for different Hartmann numbers: a)Ha = 25; b)Ha = 50; c)Ha = 100 are showed.
Also dynamics of us components at 7' = 2 non dimensional time step in Figure 7 and
at 7' = 4 in Figure 8 for different Hartmann numbers are illustrated. It is seen that with
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a) b) c)

Figure 4. Visualisations of thel us component vorticity iso-contours for Ha = 0 at various non-
dimensional times: a) 7' =2,b) T =4,¢) T = 6.

an increase of the Hartmann number, the rate of vortex dissipation under the influence
of a magnetic field occurs faster.

In Figures 2 - 4 without the influence of a magnetic field Ha = 0, the dissipation
rate occurs at the moment of non-dimensional time t = 6, and in Figures 5-8 the Taylor
Green vortex flow at initial time with taking into account the influence of the magnetic
field for Hartmann number Ha = 100, the vortex dissipation occurs at the moment
T = 4, which means the frictional forces occurs under the influence of magnetic fields
and leads to the rapid decay of turbulence and vortex dissipation.

e A A

a) b) ©)

Figure 5. Dynamics of u; vortex components at 7' = 2 for different Hartmann Ha numbers:
(a)Ha = 25; (b) Ha = 50; (¢c) Ha = 100.

a) b) ©)

Figure 6. Dynamics of u; vortex components at 7' = 4 for different Hartmann Ha numbers:
(a)Ha = 25; (b) Ha = 50; (¢c) Ha = 100.
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e A

a) b) ©)

Figure 7. Dynamics of us vortex components at 7 = 2 for different Hartmann Ha numbers:
(a)Ha = 25; (b) Ha = 50; (¢) Ha = 100.

a) b) ©)

Figure 8. Dynamics of us vortex components at 7' = 4 for different Hartmann Ha numbers:
(a)Ha = 25; (b) Ha = 50; (¢c) Ha = 100.

Conclusion

Solution of MHD Taylor Green vortex problem based on the three-dimensional unsteady
Navier - Stokes equation with taking into account the Lorentz force by hybrid finite
difference method depending on Hartmann number. The finite difference method in
combination with a pentagonal matrix is used for solving equation of motion, which
provides a third order of accuracy in space and a second order of accuracy in time,
and spectral method for solving the Poisson equation by fast Fourier transform library.
The simulation results in non-magnetic case were compared with the analytical solution
and the Spectral method results and show good agreements. Analyzing the simulation
results it is possible to make the following conclusion: vertical oriented magnetic field
producing by Lorentz have a significant impact on MHD Taylor Green vortex flow,
with increasing Hartmann number, the amplitude of the velocity components u; and
ug decrease by half, while the amplitude of the velocity of the component u3 remains
unchanged, since the magnetic field is directed parallel to the us coordinate axis and
has no influence of external forces. Also it was found that with an increase in the
Hartman number the vortices are dissipated faster, which means that friction forces
occur when a magnetic field is applied and lead to rapid dissipation of turbulence. The
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obtained simulation results allow us to sufficiently calculate the change in turbulent
characteristics for various Hartmann and Reynolds numbers.
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Hacneaue Anp-®apadu B cOBpeMEeHHOM 00pa30BaHUM

Takup OcnanoBu4 banesik6ae, Ecen blkbutacoBuu bunaiibexon

Anp-Dapadu (870-950 1T.) — 01MH U3 BETMUANIIINX YICHBIX, MBICITHTEICH U SHITUK-
JIOTIEAUCTOB PAHHETO CPEeIHEBEKOBbA, yposkeHen Ka3zaxcTaHa U IpeAcTaBUTENb APEB-
HUX TIOPKCKHX IUIEMEH, HA OCHOBE KOTOPBIX ObLI 0Opa3oBaH HbIHemHMNA Kazaxckuid
HapoJ. Kak oOnanartenio He3aypsITHBIX CIIOCOOHOCTEH BO BCEX OTpPACIsX 3HAHMH, eMy
TIPUHAJICKUT TOYETHOE MECTO CPEIN OTPOMHOM TIES Bl YUSHBIX CPEeTHEBEKOBOTO Bo-
CTOKa, KOTOPHBIE €IIle TIPH KIU3HU HA3BIBAJIH €r0 BTOPBIM YUUTEIIEM - «all - MyaJuInMac-
caHW mociie ApUcToTers.

B texymem roxy 1150 netnuii ro6uneit yauenoro ormeuaercs FOHECKO u B Kazax-
cTaHe. MOXHO ¢ TOPJOCTBIO TOBOPHUTH O MPOBOAMMOI B pecny0iuke pabore 1o uzy-
YEHUIO )KM3HU W HAy4YHOTro Hacnenus anb-Papadu. Otaenom BocTodHON (uiocodun
u Qapabusenenus nHCTUTyTa $rnocopun Axamgemun Hayk PK mpoBomsTcs mccnemo-
BaHUA TIO JTHAJICKTUKE, SIMUCTEMOJIOTHH U COIMaNIbHOM (hunocopun AOGy Hacupa anb-
Ddapadu. llentp papadusencuus B KazHY uvenu anp-Papadbu 3aHIMACTCS IEPEBOIOM,
HCCIIeJOBAaHHUEM, a TAK)KE ITPOIIOTaHJUPOBAHNEM HACIIE/INS YYSHOT'O B COBEPILIEHHO HO-
BEIX HAIPaBJICHHUIX, CBOOOIHBIX OT MApKCUCTCKUX B3MIIAA0B. B KazaxckoMm HanmoHab-
HOM IIeIarOTHYECKOM YHUBEpCUTETE UM. AOas Ha MPOTHKCHUN TOCICIHUX TECATHIIC-
TUH TPOBOJIATCS HAYYHO-METOIUYECKHE MCCICIOBAHMUS M0 H3YYCHUIO U BHEIPCHUIO B
cUCTeMy 00pa30oBaHMS MAaTEMaTHUECKOTO HACIEMsI BEJIMKOTO YICHOTO Ha OCHOBE CO-
BPEMEHHBIX IU(POBBIX TEXHOJOTHUI C LENbIO MOMYJIAPU3ALMH €0 TPYAOB U NPHUBIIE-
YEeHUsI HOAPACTAIOLIEr0 MOKOJICHHS K LIeIeBpaM HayKH, UX JyXOBHO-HPaBCTBEHHOTO 1
MATPUOTHIECKOTO BOCITUTAHUSI.

MatemaTmaeckoe Hacienue anb-dapadu JOCTATOYHO XOPOIIO M3YYEHO KPYITHBIM
Ka3aXCTaHCKHM YUEHBIM B 00JIaCTH HCTOPHH MAaTEMaTHUUECKOI HayKH U MeJarOrMK1 UC-
namckoro Bocroka Aynanoexom Kybecossim (1932-2008 rr.). Ero tpynsl «Matemaru-
yeckoe Hacyeaue anb-Papadbuy», «MarTemarndeckue TpakTaTb» oludpoBaHsl B Muun-
rarckoM yHuBepcurete (2007 r., 2010 1.), «KoMmMmeHTapnu k «Anbmarecty» [ITomemesn
— B Kamndopruiickom yausepcurere (2008 1.) [1-3], a MoHOTpadmst «MaTemaTindeckoe
Hacnenue anb-Papaduy [3] mosryunsia BEICOKYIO OIICHKY 3apyOeKHBIX yUeHBIX [4 1 1p.].
B Heit Ha ocHOBe OMyOIMKOBAHHBIX M HEOMYOJIMKOBAHHBIX PYKOMHCEH YIYEHOTO OCBe-
LIeHbl MaTeMaTuka B Kiaccupukanuu anb-Oapadu, reoMeTpusi, TPHTOHOMETPHUS U €
IIPUMEHEHNE B aCTPOHOMHUH, apu(MeTnKa, ainredpa, ydeHHe 0 BEpOSITHOCTSAX U MaTeMa-
THYECKOM TEOPHH MY3BIKH H IP.

A. KybGecoBrIM BIiepBBIe M3yUeH J0 HETO HEU3BECTHBIN T€OMETPUICCKUN TPAKTaT
anb-Papabu «KHura 1yXOBHBIX HCKYCHBIX IPHEMOB M MPUPOIHBIX TAlH O TOHKOCTSIX
reOMETPUUECKHX (UTYP», €IMHCTBEHHAsI U3BECTHASI HAM PYKOIUCH KOTOPOI XpaHUTCs
B Oubmmoreke Yncanbckoro yuusepcurera B LlIBerun. JlaHHbIH TPy HETMKOM MOCBSI-
[ICH TEOMETPUICCKUM MTOCTPOCHUSAM, BAXKHBIM B 3€MJIEMEPUH, apXUTEKTYPE, TEXHUKE
1 TE€OJIe3HH, YTO COOTBETCTBYET O0IIeH XapaKTepUCTHKE MAaTEMaTHKH CPEAHEBEKOBOTO
Bocroka, KoTopasi, B OCHOBHOM, ObLJIa TIPHKJIATHO-BBIYUCIUTENLHOM.

B HeM npeanararoTcsi yHUKaJIbHbIE aITOPUTMBI OTPOMHOTO KonnuecTsa (143) reo-
METPHYECKUX 33124 Ha IOCTPOSHHUE C TOMOLIBIO IUPKYJIS M IMHEHKH Jjaxke JUlsl 3a/1a4, B
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KOTOPBIX TOYHOE NMOCTPOEHHE HEBO3MOXKHO OCYIIECTBUTH. J[1s1 HUX MPUBOAUTCS alro-
PHTM, HO3BOJISIONIMH 1eJIaTh TOCTpoeHne MpuomkeHHo. OcoObIit HHTEpEC cpeay HUX
BBI3BIBAIOT KJIACCHYECKHE 33a1UH APEBHOCTH: O TPUCEKINH YTIIa, IOCTPOCHUH PaBHIIb-
HBIX MHOTOYTOJIbHUKOB, BITHCAaHHBIX B KPYT U PsII APYTUX 33724, HEPa3peIUMbIX TOUHO
C MTOMOIIIBIO ITUPKYJIS U TMHEHKU. DTH 3a/1a4H1, KaK YKa3aHO B KHUT€ H3BECTHBIX YUEHBIX
P. Kypanra, I'. Po66uHca [6], city>kaT OCHOBO# TS IBMYKEHUS K BXKHBIM 00J1acTsAM B
COBPEMEHHON HayKe.

[IpaBuibHBIE MHOTOYTOJBHHKH BCET/la NPHUBICKAIM K ceO¢ BHUMAHHE yUYCHBIX,
CTpOUTENIEH W apXUTEKTOPOB. ANTOPUTMBI IOCTPOCHUSI HEKOTOPBIX M3 HUX PaccMOT-
peHs! emte EBkmumom, HO GONBIION BKJIAX B PELICHHE 3a/1a4 IMOCTPOCHUS MOJOOHBIX
MHOTOYTOJILHUKOB BHEC HeMelkuii marematuk ['aycc. B 1796 rony on mokasan Bo3-
MOKHOCTb NOCTPOEHHS ¢ MOMOIIBIO HUPKYJA U JUHEWKH MPaBUIBHOTO CEMHALATHU-
yronbHuKa. EMy yaanoce HaTH KpuUTepHil BOBMOXXHOCTH TTOCTPOEHHS MPAaBUIBHOTO
N-yTOJNbHHUKA C IOMOIIBIO IIUPKYJIS U JIMHEHKH W PELINTH MPOOIEMy TOCTPOSHHS Hpa-
BHJIBHBIX MHOTOYTOJIBHUKOB JI0 KOHITA. DTUM OTKpBITHEM ['aycc o4eHb TOpOKWUII U 3a-
BeIlllaJ1 U300pa3uTh Ha CBOEH MOTHIIE MPABUIILHBIN CEMHAALATUYTONBHHUK, BIMCAHHBIN
B KpYT.

Ay anp-®apabu B TpakTaTe NMPUBEICHbl YHUKAIBHBIC AITOPUTMBI IOCTPOCHHUS C
TIOMOIIBIO IUPKYJIS ¥ TMHEWKN U CEMH, U JIEBATHYTOJILHUKOB, OJ1aroiapsi KOTOPBIM J0-
CTaTOYHO IMPOCTO, HO C HEKOTOPOH CPaBHUTEILHO MaJIOH HMOTPELIHOCTHIO OCYIIECTB-
nseTcs ux nocrpoenue. K npuMepy, anropuT™ mocTpoeHHs MpaBUIbHOTO BIIMCAHHOTO
CEeMHYTOJIbHUKA OH ONMUCHIBaeT Tak: «Eciu oH cka—3ai: Kak MOCTPOUTh Ha MU —HUU AB
PaBHOCTOPOHHUI CEMUYTOJIBHUK, TO caena—em tuHuo BC, pasHoi nunnu AB, noctpo-
M Ha muHNA AC paBHOCTOpOHHMIM TpeyroabHUK DAC 1 onuieM 0KoJIO TPEeyroJibHUKa
ADC kpyr. IIpoenem B HeM xopay - mu—HIIO AE, paBHyto nmuanu AB, u pazgennm AE
rorosiaM B Touke G, BoccTaBuM nepreHaAnKysip GH u mpo1omkuM ero 10 OKpyKHOCTH
kpyra [puc.l]. Paznenum AB nmono—nam B Touke F, BoccTaBum B HEll IEpIIEHIUKYIISD
FI, pas—ns1ii nepnenukyispy GH. IIposenem uepes Touku A, B u I kpyr ABI u otnio-
»kuM [Ha HeM] ayru AK, KL, LI, IM, MN u NB, paBusie nyre AB. [IpoBenem nunuun
AK, KL, LI, IM, MN u NB; 370 — paBHOCTOPOHHHUI 1 PABHOYT'OJIBHBIM CEMUYTOJIbHUK
[2].

JlaHHOE MOCTpOCHHUE MOKET OBITH HAIJISITHO TPOAEMOHCTPUPOBAHO B IPOrpaMMHOMN
cpene GeoGebra (puc.1).

Hecnoxno peanmsoBats B cpene GeoGebra 1 onmycaHHBIN UM B TPAKTaTe aITOPUTM
MIOCTPOEHHMS IPaBUIBHOTO AEBATHYTONb "HUKA, B OCHOBE KOTOPOM JIEXKUT IPHBEACHHBIN
TaM e alTOPUTM MOCTPOCHUS TPUCEKINU yTia (puc.2).

[ocTpoeHue AeBATHYTOJIBHUKA 110 AITOPUTMY aib-Dapadu sBiseTcs NPUOIHKEH-
HBIM U IOIYCKaeT HEKOTOPYIO JOCTaTOYHO MAJIEHbKYIO IOIPEIIHOCTh, KOTOPYIO Ha Uep-
TEXE 3aMETHTh HEBO3MOXKHO, HO €€ HECJIOXKHO 00OOCHOBATH.

Bornb1moit nHTEpEC BEI3BIBAIOT M, IPEACTABICHHBIC B TPAKTATAX, 3aJa4Hl Ha TIOCTPO-
eHne B mpocTtpancTBe. OTHON U3 TAKMX 3a7ay SBIAETCS 3a/1a4a pa3AeieHus chepsl Ha
YeThIPE PaBHBIC YACTH, SBISIOIINECS NTPABWIIBHBIMU CHEPUUECKUMH TPEYTOJbHUKAMU

(puc.3).
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Pucynoxk 1. [ToctpoeHne ceMUyroJbHHKA IO alropuTMy anb-DPapadu

Pucynok 2. [ToctpoeHre IeBATHYTOJIBHUKA 110 AITOPUTMY alb-Dapadu

JlocTaTodHO yBIIEKaTENIbHBIMH SBILSIFOTCS M allTOPUTMBI PEIICHHS 3aad Ha pasjie-
JICHWE KBaJpPaTOB, UX COCTABIECHHE U IIOCTPOCHUE (DUTYp, BIUCAHHBIX B HUX, KOTOPBIC
4acTO BCTPEYAIOTCS Ha MpakTHKe (puc.4).

Kax BUIHO U3 PUCYHKOB, aITOPUTMHUYECKUM MOJIXOJA YUYEHOrO K PELIeHHI0 MaTe-
MaTHYECKHX 33a/1a4, IPE/ICTaBICHUE BCEX FEOMETPUYECKUX IIOCTPOCHUI B €0 TpaKTa-
T€ B BHJE YETKOH ITOCIIEJOBATEIbHOCTH ACHCTBUII CYIIECTBEHHO O0JIErdaeT MX KOM-
MBIOTEPHYIO PEANH3aINio. JTO K€ TO3BOIIMIO COTPYIHUKAM Kadenpsl HHPOPMATHKA
u nHpopMaTH3annu ob6pa3oBaHus Kazaxckoro HallMOHAIHHOTO MTEAATOTMYECKOT0 YHU-
BepcuteTa MeHn Abast pa3zpaboraTh HU(ppPOBbIE 00pa30BaTEIbHBIC PECYPCHI, UCTIONb-
30BaHUE KOTOPBIX MOXET YCHJIMTh MOTHUBALMIO U3Y4YE€HHS T€OMETPHYECKOr0 HAaCIeaMs
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Pucynok 3. AuuMupoBanue dacteit cdepsl, pa3aeiaeHHoi o anroputMy ans-Dapabdu

Al dp]olo] <N 4] =
» Marens o6etos = X[~ MonotHo =
Otpesox dALOr e~
®a=1 = . ECTH M1 OTHM NOCTPONTS KEAAPAT 3 TPHGAETH KBGAPATOS C PABHEIM CTOpOKAVI i 3, ST 3 KSSHPATOR EUWISHbI TOMECTHM 70 & Cepene
®a=1 [QWEFOHENAMI, TO OfiH KBAPET COCTONT M3 EMHINHSIX KBBAPATOR, HX ASBATS, CTOPOHA W MPHTIONKUM K HeMy [TPeyTonHHKH] GOMswmMA KaTeTamy K
® =1 3Toro kBanpara [pasHa) TPem; ApYTOi [COCTaBNeH] 13 YeTuIpeX [AVHI HEIX KBanpaTos], CTOPOKe KB3APaTa. V13 KX COCTABITCA KBERPaT, ka¥aan
®a=1 ero croporia [paBHa) aEyM CTOpOHa KOTOPOTO - (HIOTEH3a TPEYIONSHIKOR, T. &, KOpeHs 13
°a=1 TPYHBRLETH, BOT PHCYHOK STgF0
®a=1
®a=1
®a=1
®a=1
®a,=3 la
®a,=2
®b=1
®b=1 2, TIOCTPONM A8 IPAMOYTONLHKa, OfiHa CTOPOHa KOTOPLX — TPH, & Apyran — fea
®b=1 " MonyuaTcA ABa MPAMOYTONIoHIKa, KEK7SIT 13 KOTOPSIX COCTOMT U3 WECTH KBaNIpaTOS.
b =1 verokani ipe VLT KaTeT KBKI0T0 13
®b,=1 KOTODIX — TDi, KOPOTKI — 88, @ UNDTH3a — KODEH 3 TOWHARLEETH.
®b=1
®b=1
o b= Tt

PﬂcyHOK 4. Paznienenue KBaJIpaTOB U COCTABJICHUE HA UX OCHOBE HOBOI'O KBaJpaTa

anp-Dapadu, odecrieunts GopMUPOBAHUE UHTEPECA YHAIMXCS K HUM M HOBBICUTB 3(¢-
(DEeKTUBHOCTB M Ka4eCTBO UX O0yYEHHSI.

Cpenu MateMaTHuecKuX TpyAoB anb-Dapabu Hapsy ¢ reoMeTpuell 0codoe MecTo
3aHMMAET JIOBOJILHO Pa3BUTAasl TPUTOHOMETPHSI, CO3/IaHHAsI UM B CBSI3H C IIPUMEHEHH-
€M MaTeMaTHYeCKUX METOJOB Ul PEIlCHUs PAa3HOOOPA3HbIX 33j1a4 MAaTEMaTHYECKOM
ACTPOHOMHH U reorpadu.

Anp-Dapabu 3HAYUTEIILHO YIIyUIIIaeT TOYHOCTh BBIUMCIICHHI [ITONIeMes TpUroHo-
METpHYEeCKUX (DYHKIHMH MyTeM COBEPLICEHCTBOBAHUS NMPHUEMOB BBIYMCICHUN HaJ Iiie-

cTuzecsTepuuHbIMU 1pobsmu. Tlo ero amropurmy: sini® = sin((i — 1)° + 19)
sin(i — 1)°cos 1% + cos(i — 1)%sin1° i = lL.n,n €
A cosi® = /1 —sin®i0 crpontcs Tabmua 3HAYCHMHA TPU-

TOHOMETPUYECKHX (QYHKIMHU, PealTU30BaHHOW B pa3paboTaHHOM Ha Kadenpe nHpopma-
TUKY ¥ uHGopMaTuzanuu oopasoBanus KasHITY nmenn Adasi a1eKTPOHHOM CpEJICTBE.
V6enuthesi B IPABUIBHOCTH BBHIYUCICHUI 3HAYCHHH TPUTOHOMETPHUYECKHX (DYHKIHUiT
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0 aIropuT™My anb-Oapadu, KOTOPOEe TOYHO JI0 HIECTH JECATHYHBIX 3HAKOB, IIO3BOJIS-
10T U PEaIM30BaHHBIC B HEM JITOPUTMBI BBIYMCICHUI TPUTOHOMETPHUYECKUX (QYHKITHH
Yyepes3 pasioKeHUE B P C HEKOTOPOH Hamepen 3aaBaeMoil TOYHOCTHIO (pHcC.S).

Brauenns sin

“opos pasnowere P
e SanaHon ToHoCTES

n(1)= 1.745239E-02 Cin(1}- 1,7452412-02 1)- 0,55884760515639

f e
in(2]= 3/485346E 02 ‘0348335 cosi2)= 053333082701 9030
3359 cos(3)= /83362974 7RAR7.

in(3)= 0052

in(15)= 0.7588188 .

in(30)= 04895995 Sin(30)= 005

in(45)- 07071062 sinl45]- 07071058
In(E0j= 08560245 lsinlE0)= 08560254
(S0} 1 Sin(so)= 1

rena

clear sin clear=in clear cas clear chd

MPOrpariia COCTSENeNS & panKkax HawHOro NposkTs | Bee P DureL 0 8AropUTMamM ane DAty

PucyHok 5. D5eKTpoHHOE CPeCTBO IS BEIYUCICHHS 3HAYSHUH TPUTOHOMETPHYECKUX (PYHKIIUH
0 anropuTMy aiab-Dapadbu

Bce marepuansl, He0OX0IUMBIE U1l 00YHIECHUS] MATEMAaTHIECKOMY HACJIEAUIO allb-
®apalbu, BKIII04ask TPYIbl YI€HOI'0, METOAMYECKIE PEKOMEHIAINH 10 PEIICHHUIO 3a/1a4,
MIPE/CTAaBICHHBIX B HUX, pa3paboTaHHbIe IIM(POBBIE PECYPCHl pa3MelleHbl Ha CIeLH-
anpHO co3naHHoM B KasHITY umenun Abas HayqHO-00pa3oBaTeIbHOM mopTaie [6].

& Cali Kapracel

Bilil -
1

Pucynok 6. Hay4uno-00pa3oBaTenbHbli OpTa
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Hapsiny ¢ mepeunciieHHBIME TOCTHXKEHUSIMA MTPOJI0JDKaeTcst paboTa 10 U3Y4EeHHIO
TPYIOB YYCHOro B 00JIaCTH (PU3MKO-MaTEMaTHUECKOI c(hepHuecKoil TPUTOHOMETPUH
1 aCTPOHOMHH, apu(METHKH ¥ TEOPHUH MY3bIKH, a TakXKe (HU3MKe, BO3MOKHOCTEH MX
BHEJIPCHUS B COBPEMEHHYIO CHCTEMY 00pa30BaHUs, pa3paboTke MU pOBEIX 00pa3oBa-
TEJILHBIX pecypcoB Ui 3G HeKTHBHOTO UX 00yUEHUsL.

W3zBecTHO Takxe, 4yTo anb-Papadu ObUT OAHUM U3 BEIUYANIINX JTMYHOCTEH B HCTO-
PHH IIeJaroruKy, CO3JaBIIMK IepBYyI0 Ha BocToke KOHCTPYKTHBHYIO MeJIarOrHYeCcKyro
cucremy. [loaTomy TpeOyeT U3ydeHHs U IeAarornieckoe Hacleaue yIeHOro, KOTopoe
HECOMHEHHO 3afiMeT JOCTOHHOE MECTO B COBPEMEHHOM 00Pa30BaHHH.

CerozaHs B yKa3aHHBIX HAIIPaBJICHUAX BeAETCs akTUBHasI paboTa B «O6pa3oBaTeib-
HOM neHTpe anb-Papabu», orkpbiToM B 2019 roay B KasHITY umenn Abas.

Crenyer OTMETHUTh, YTO BHEIPEHHE B CHCTEMY COBPEMEHHOro oOpazoBaHUs 00-
raTeiInero Hay4HO-IeJarornIecKoro HacleIusl yYeHOTO OKa)XKeT 3HAUNTEIbHOE BIIH-
STHUE Ha Ka4eCTBO MOATOTOBKU yUalIUXCsS B €€ 00ydJaromeM, pa3BUBAIOIIEM W BOCIIHU-
TaTEJIBHOM acleKTax, OyJeT crocoOCTBOBaTh GOPMHUPOBAHUIO M PA3BUTHIO UX Hayd-
HOI'0 MUPOBO33pCHUA, YyBCTBA NMATPUOTHU3MA U MHTCpHAIMOHAIM3MA, a TAKIKE APYTUX
COLMAJIBHO-IIEHHBIX MOTHBOB YUYEHHUsI 32 CYET OCO3HAHUS OTPOMHOMN €TI0 3HAYHMOCTH.
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Annoramusi AO ’Ycrp-KameHoropckuit TuTaHO-MarHueBblii komOuHat Ka-
3aXCTaHa ABJIAETCS OQHUM M3 KPYNHEHIIMX MPEANPUATHH 110 IPOU3BOACTBY TH-
TaHa, OCHAIIICHHBIM BBICOKO MTPOM3BOJAUTEILHBIM 000PYIOBAHUEM U BBITYCKAIO-
[IMM OJHY U3 JIyYIIUX B MUPE THTAHOBYIO TyOKY.

TuTaH U ero CIIaBbl XOPOIIO MOIAAIOTCS 00paboTKe JaBICHUEM U CBapKe, CO-
XPaHSIOT BBICOKHE MEXaHUYECKHE CBOMCTBA M ITPH MOHMKEHHBIX TEMIIEpaTypax.
JlpyruM BasKHBIM JIOCTOMHCTBOM TUTaHA SIBJISIETCS. €T0 UCKITIOUUTENLHO BBICOKAs
XUMHUYECKasi CTOMKOCTh 110 OTHOIIEHUIO KO MHOTUM arpeCCUBHBIM Cpe/laM HEeop-
TFaHUYECKOr0 U OPraHWYeCKOTo MPOUCXOXKIACHUs. biaromgaps 3Tum u Apyrum Ka-
YECTBAaM THTaH U €ro CIUIaBbl HIMPOKO HCIIOJIB3YIOTCS B COBPEMEHHBIX CBEPX3BY-
KOBBIX CaMOJIETaX M pakeTax, MOJIBOIHBIX JIOAKAX U MOPCKUX Cy/Aax, B XUMHUYE-
CKOIf, MHUIIEBOW MPOMBIIIICHHOCTH, & TAK)KE B APYTHX OOJACTIX COBPEMEHHO
TEXHUKH.

B Hacrosiee Bpems ycioBus TpyJa M TPyAOBOH IMpOLECC TUTAHO-MAarHHUEBOIO
KOMOMHATa MMEIOT BBIPAKCHHYIO CHCIHU(HUKY U OKa3bIBAIOT HE OO KOHLA H3Y-
YEHHOE BO3/ICUCTBHE Ha 37I0pPOBbE paO0OUHX, BBI3bIBAS YaCThIC 3a00ICBaHMS.

B 9T0ii CBSI3M MpencTaBiseT HHTEpEC M3yueHHE MPO(eCcCHOHANIBHOIO CTpecca,
aJaNTalMOHHBIX U KOMIIEHCATOPHBIX MEXaHU3MOB OpraHU3Ma >KUBOTHBIX U pa-
00TaOIMX Ha THTAHO-MarHUEBOM KOMOWHATE, & IMEHHO IOKa3aTeNld CHMIIaTo-
aJIpeHaANIOBOM M KaJUIEKPEUH-KMHUHOBOW CHCTEM.

M3ydeHue BIMSAHUS MBUIM TUTAHOBOTO IIIAKA HA HKCIEPUMEHTAJIBHBIX JKUBOT-
HBIX, KaK OJHOTO M3 OCHOBHBIX (JaKTOPOB MPOU3BOICTBEHHOH CPEIbl SBISETCS
BOIPOCOM UYpPE3BBIYAHON aKTyalbHOCTH, KOTOPBIH 0 CHX MOp He ObUT U3YyYeH.
OTH McCle0BaHUs HEOOXOJUMBI TS pa3padOTKH MEPOIPHUSITUH MO YITyUYIICHHIO
YCIOBUIT TpyZla M COCTOSIHUS 3/10pOBbsl pab0umX, MOJBEPIUINXCS BO3ICHCTBHIO
KOMIUTIEKCa BPEIHBIX MPOU3BOICTBEHHBIX (haKTOPOB.

Kuawuessble cioBa: TutaHo-MarHueBoe IpOU3BOACTBO, IIbUIb TUTAHOBOI'O HJIa-

Ka, SKCIHEPHMEHTANbHBIE >KHBOTHBIC, IIOKA3aTENM CHMIIATO-afApPEHAIOBOH U
KaJlJIEeKPEH-KUHUHOBOW CHCTEM.

BBenenune

Ha mpowmsimienHoM npennpustin AO «Ycrs-KameHoropekuii THTaHO-MarHUEBBIN
kombuHaT» (AO «YK TMK») ycioBus Tpysa 10 CHX HOpP OCTAOTCsl HEYAOBIETBOPH-
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TEJIFHBIMH, HECMOTPSI Ha TO, YTO B ITOCJIEIHNE OBl 3HAUNTEIBHO COBEPIICHCTBYIOTCS
TEXHOJIOTHUecKue mpoueccsl [1;2;3].

B mpomecce TpymoBoit nestenbHOCTH (TIpH JOOBIYE, OOOTANICHUN U MepepadoTKe

TUTAHOBBIX Py, IIPU HOJYyYCHUHU Pa3INYHBIX TUTAHOBBIX COCIAMHECHUI, a TaKKe BbI-
OuBKe, nepepaboTKe U COPTUPOBKE THTAHOBOI r'yOKH) paOOTHHUKH MOTYT ITOJIBEPIaTh-
cst Bo3neicTBuio mbutk Meraummueckoro turana (Ti) u ero auokcuna (7'is), BBICOKO-
TOKCHYHBIX XMMHYECKHX COCJHUHEHHH — ra3000pa3HOro YeThIPEXXJIOPHUCTOTO THUTaHA
(T'iC1,), IPOLYKTOB €ro THAPOIH3a, IapOB XJI0pa U (pocreHa.
MHoruMu aBTOpamMu ObUTO H3yUCHO KOMOWHUPOBAHHOE AEHCTBUE IPOAYKTOB THAPOIIH-
3a YETBIPEXXJIOPUCTOTO TUTAHA ¥ BBIABICHBI XPOHUUYECKHE 3a00JICBaHUs JIETKUX Y pa-
00YHUX C JUTUTENBHBIM CT@XXeM PaboThl B LIEXe 110 IPOU3BOJICTBY YETHIPEXXJIOPUCTOTO
TUTaHA U MOPaKEHNE HEPBHOI CUCTEMEI.

B Takux mpou3BOACTBEHHBIX YCIOBHUIX y pabOYMX 4acTO OTMEYAINCH OCTPBIE pe-
CHHMPATOPHBIE HHPEKINH, XPOHNIECKHE OPOHXHUTHI. TedeHne XpOHNIECKOTO MBIIIEBOTO
OpOHXHTA CONPOBOXKIAIOCH SBICHUSAMH BBIPAKEHHOM IBIXaTEIbHON HETOCTATOYHOCTH.
I'mneproHnyeckre pUHKUTHI U cyOaTpoduueckre GapuHTUTHI BBISBICHBI ITPU ISHCTBUN
YETBIPEXXJIOPUCTOrO TUTaHA U MPOLYKTOB €ro ABYOKHucH [4;5;6;7].

B nocnennue roap! NOSBIIINCE HAyYHBIE COOOLICHUS O BXKHOCTH U HEOOXOIMMO-
CTH MICCJICZIOBAHUS TKAHEBBIX M KJIETOYHBIX MPOLECCOB MPH BO3/AEHCTBIM KOMILIEKCA
HeOJIaronpusATHBIX (PAaKTOPOB B MPOM3BOJCTBE T'yOUATOr0 TUTaHA HA OPTaHU3M pabdo-
4ero, BICKAa3bIBACTCA POJIb KAIUTMKPEHH-KHHIHOBON M CHMITaTO-aIPEHAIOBON CHCTEM
B 3aIIUTE KJIETOYHBIX CTPYKTYP OT BO3JEHCTBHS STHX BPEIHBIX BEIECTB, BEJCTCS IM0-
UCK KpUTEpHEeB U MH(OPMATHBHBIX ITOKa3aTeNied — NPeJIBECTHUKOB PaHHUX Hapylle-
Hui. OTHAKO JKe BCe 3TH JIUTEpaTypHbIC CBEACHUS ()parMeHTapHBI M OHU HE MO3BOJIS-
0T CZIETaTh ONPEEICHHBIE BBIBOJIBI O 3HATUMOCTH 3THUX CUCTEM B 00ECIEUCHUH a/1all-
TabeTBPHOCTH OPraHU3Ma B IPOLIECCe ATUTENBHOTO BO3IEHCTBUS KOMIUIEKCA BPEIHBIX
MIPOM3BOJICTBEHHBIX (pakTopoB [8;9;10].

OueHKa 3/710pOBbsl HA COBPEMEHHOM 3Talle HaCTOSITEILHO TpeOyeT pa3paboTKu Ha-
YYHBIX NOAXOAOB K BBISBICHUIO PAHHUX U3MEHEHUI COCTOSHHS OPTaHU3Ma I10]1 BIINS-
HHUEM OKpY>Karolel cpepl, B TOM YMCIIE U HETaTUBHBIX ITOCIEICTBUI IPON3BOICTBEH-
HBIX (axropos [11; 12;13].

W3BecTHO, 4TO Ha (DYHKIIMOHAIBEHOE COCTOSIHUE OpPraHU3Ma IPU TPYI0BOH e Telb-
HOCTH OKa3bIBAIOT BIMSHKE, B IIEPBYIO ouepeb (akTopbl TPYAOBOTO Ipolecca, KOTo-
PpBI€ BBI3BIBAIOT HAIIPSDKEHHE PETyISTOPHBIX MEXaHU3MOB (HEpBHbIE, TyMOpaJIbHbIE, Me-
tabonmueckne) nox perynupyronM BiusiareM [THC. CreneHb BEIpas)keHHOCTH UX KOP-
pETMPYET C YCIOBHUAMH, XapaKTEpOM H TSKECThIO Tpyaa. PopMupyrommeecs Mpu 3TOM
(YHKIMOHAIBHOE COCTOSIHUE OpraHU3Ma Ha HOBOM CTYIIEHH PEryJISLMU OLEHUBAIOT KaK
«ueny» aganrauuu [14;15].

BroxuMuueckoit 0CHOBOI! cTpaTerny TOJICPAHTHOCTH SIBJISIETCS COYETAHHOE CHIDKE-
HHUE KaT€XOJIAMUHEPTUYECKUX U YBEIMUCHNE CEPOTOHMHEPTHYECKUX BIMSHUI Ha Op-
TaHU3M, MIPUBOSIINX K MaJCHNIO KaTaboIM3Ma SHIOTEHHBIX MTOJINMEPOB (YIIICBOAOB,
0eNKOB, JINMTHUJIOB), PHEPTO3aTpaT U MOTPeOICHMS KUCIOpOaa.

Takum 00pa3om, a1alTHBHOCTH OPraHU3Ma — 3TO HEMPEPIBHBIN MPOIECC, COCTOSIUN
13 B3aMHOM CBSI3M HECHEU(PHUIECKUX aJalTallOHHBIX peaknuii, KoTopsle GopMupy-
10T OTHOCUTEIBHO CTA0MIIBHOE COCTOSIHUE B HACTOAIIEE BPEMS C YI€TOM BO3MOXKHOCTEH
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OpraHu3Ma B KOHKPETHOM CUTYAI[MH U HANPSIMYIO 3aBUCSIIYIO OT IIUPUHBI JHANa30HA
aIalITAIIMOHHBIX PEAKIIHA.

B npodeccronanbHBIX YCIOBHAX aJanTanus K HEOMarompHsATHEIM (pakTopam mpo-

H3BOJICTBA HAUOOJIEE TaCTO PEATTU3YETCS UePE3 CTPATETHIO PE3UCTEHTHOCTH [ 16], KOTO-
pasd O6GCHC‘H/IBaeT HU3MCHCHUS (byHKHI/II/I MOJICKYJIAPHBIX U HAIMOJICKYJISIPHBIX CUCTEM,
00yCIIOBIIMBAs 1€3a/IaNTALMIO M JO30HOJIOTHYECKHE TIPOSIBICHHSI.
B nocnetHee Bpemst BOITPOCH JOHO30JI0TMUECKOI TMarHOCTHKH CTAHOBSITCS Bce Oojiee
aKTyaJbHBIMH, a €€ METOIOJIOTHSI U METOIBI aKTUBHO pa3padaTsiBatotcs. [Tpu aTom mpu-
BJIEKaeT BHUMaHHE pa3pab0TKa WHTETPANBHBIX ITOAXO0J0B, TO3BOJISIONINX OLEHUBATH
HapyUICHHs aJanTaluoOHHOTO MPOoIecca 10 Pa3BUTUS 3a00JIeBaHUs, IPUYEM OTAACTCS
IpeAnOYTCHUE MaJI03aTPpaTHBIM (B CBA3H C DKOHOMHWYECCKUM HOJ'IO)KeHI/leM) MEroagam, HO
HMMEIOIIUM JTHATHOCTUYCCKYIO [IEHHOCTh KaK MHTETPAJbHBIC MMOKAa3aTeIn roMeOocTasa,
CBsI3aHHBIE C MTPOIIECCAMU YHEProO0ECIIEYeHUS U PETYIIIHEH BaKHBIX CHCTEM M Opra-
HOB XH3HEIESATCITHHOCTH.

B ¢opmupoBaHUM JOHO30IOTHYECKUX COCTOSHUM BaXKHYIO POJIb OTBOJAT MOKAa3a-
TEJSIM HEUPOTyMOPATIbHOM PEryJIsIIIUK U TKAHEBOMY METa0O0IM3MY. DTH UCCIICAOBAHHUS
MIPE/CTABISIIOT HHTEPEC B CBETE CO3/IaHHOM B MOCIIEHUE I'O/Ibl 000011atonIeil KOHIe-
U, COTTIACHO KOTOPOH XPOHHYECKOE CTPECCOPHOE BO3ACHUCTBHE MPOU3BOACTBEHHBIX
(haKTOPOB BBI3BIBAIOT H3MEHEHHUS B HEPBHOH cHcTeMe (KaK B IIEHTPAJIBHOM, TaK U B TIe-
pudEepUIECKOii), KOTOPbIE HEraTUBHO BIIMSIOT Ha HEPBHOIpaUIECKUE MPOIIECCHI U pe-
TYJSIUIo KpoBooOparenus [17]

OO11Ien3BECTHO, YTO Ha OOMEHHEBIE MPOIECCHI B KIIETKAX, TKAHIX U OPraHax, a TAKiKe
Ha PETYJLIIHI0 CUCTEMBI KPOBOOOpAIleHHS IEHCTBYIOT HECKOJIBKO TPyl (PU3HOIIOTH-
YECKH aKTHBHBIX BEIIECTB, U3 KOTOPHIX HEKOTOPEIC SBISIOTCS HelipoMeauaTopamu (a-
PEeHaNIHH, HOpaIpeHaInH, T0paMuH, alleTHIIXOJIHH), IPYTHE — PETYIITOPAMH MECTHOTO
JIEUCTBUS — KUHUHBI U JIp.

B Hacrosiiee BpeMsi JI0Ka3aHO, 4TO y YeJOBeKa CHMIIATO-aJpeHaoBas cucreMa
SIBIIICTCS OJHOW W3 HamOojee OTBCTCTBCHHBIX HECIEIU(DHUYCCKUX 3BCHBEB ajarTa-
UM CUCTEMBI HEHPOTYMOPaIbHOH peryisanun. CHMITaTO-aIpeHaNIoBasi CHCTEMa COCTO-
UT U3 3-X aHATOMO-(PHU3NUOIOTHICCKUX OTACTOB, OOBESIMHEHHBIX OOUTHOCTHIO HEHpO-
TYMOPAJIbHOW PETYJISLIUU: LIEHTPAIbHBINA OTZIE] — BBICIINE LEHTPbI PEryJIsL1M Berera-
TUBHBIX (DYHKIIMI, PACIIOIOKCHHBI B TUIIOTAIAMYCE U B PETUKYJIAPHOU (hOpMAITUH; Tie-
pudepudecKuii OTIAeT — CMMIaTUYeCKas HEPBHAS CUCTEMA; YHIOKPUHHBIN OT/IeT — MO3-
TOBOC BEIICCTBO HAJIIOYCYHUKOB M BHCHAIIIOYCYHUKOBAs XpoMad huHHAS TKaHb. [es-
TETBHOCTh KXKJIOTO U3 HUX pealin3yeTcs yepe3 KaTeX0JIaMUHBI, K KOTOPBIM OTHOCSTCS
TpH OMOJOTHYECKN aKTHBHBIX BEUIeCcTBa: N0(haMIH, HOPaJAPCHAINH U aJpeHaNNH, 110-
CJIeIOBaTENILHO 00pa3yIoIInecs U3 aMUHOKUCIIOTHI — THokcudenunananuna. [pu arom
MeIuaTopaMu HEPBHOW CHCTEMBI SBJISIOTCS T0haMHUH M HOpaJIpeHaInH, a TOPMOHAMH
MO3TOBOI'O CJIOSl HAITOYEYHUKOB — ajipeHanuH [18;19].

CopnepkaHrne KaTeXOJAMHHOB B OpraHaX 3aBHCHT, B OCHOBHOM, OT CHMITaTHYe-
ckoil mHHepBamuu. HamOoipIlee WX KOJNHYECTBO CONEPXKHUTCS B CEpAIE, CEIe3eH-
Ke, CJIOHHBIX W YIIHBIX )Kele3aX, IMOIDKENyIoYHOH xkeneze. DPdexTopsl cuMIaro-
aﬂpeHaﬂOBOﬁ CHUCTEMbI — KaTCXOJIaMHUHBI, KaK XUMHUYECKUC PETYJIATOPbI KJICTOYHBIX
MIPOIIECCOB, BOSHUKANIY yKE HA pAHHUX CTAAUAX 3BOtonud. OHU UTPAFOT IEPBOCTEIICH-
HOE 3HAa4YCHHE B )KU3HEACATEIEHOCTH, 00eCIeunBas HY)KHBIH YPOBECHb aallTallHOHHO-
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KOMITCHCATOPHBIX IPOIIECCOB YePe3 aKTUBALMIO THUNO(HU3apHO-aIpEHOKOPTUKONITHON
CHCTEMBI, BIIUSISI HA HEPBHYIO TPO(HKY U OCHOBHBIE BHIBI OOMEHA BEIIECTB (B MEPBYIO
ouepeb — SHEPTeTHICCKUH, 3aTeM YTIICBOIHBIN, )XUPOBOU 1 OCITKOBBIN).

JlaHHBIE O PONM CHMIIATO-aPCHANIOBON CHUCTEMBI y CTaKHPOBAaHHBIX pabOdMX
TUTAHO-MarHUEBOrO0 KOMOWHATA, HAMH B JIUTEPATYPE HE OOHAPYIKEHBI.
KannukpenH-KMHIHOBAsI CHCTEMa — KJIIOYEBas MPOTEOJIUTHYECKAsl CHCTEMa, OJlHA U3
B)XHEHIIMX PEryJITOPHBIX CHCTEM, POJIb KOTOPOH B 3/J0POBOM U OOJIBHOM OpraHH3Me
PacKpbITa Aaleko He MOJHOCThI0. B mocnenHee Bpems pacmmgpoBaHbl CTPYKTypHO-
(YHKIIMOHANBHBIE OCOOCHHOCTH M MOJICKYJIIpHAsT OMOJIOTHS OTJENbHBIX KOMIIOHEH-
TOB KaﬂHHerHH-KHHHHOBOﬁ CHUCTEMbBI, MOJICKYJIAPHBIC MCXaHU3MbI BSaHMOHeﬁCTBHH
U CBS3U C APYTUMM CUCTEMaMU peryisiiuu. OTKPBITH U U3y4eHB! PEenTOpsl Opaau-
KMHHMHA, KJIOHUPOBAaHbI TeHbl KWHUHOTCHA M TKaHEBBIX KaJUIMKPEMHOB, paciuugpoBa-
HBI IOMEHHAs CTPYKTypa KHHUHOTCHA, TIIa3MEHHOTO KAJUTMKPEHHA U HEKOTOPBIX KHHH-
Ha3, MEXaHU3Mbl KOHTAaKTHOH CHCTEMBI aKTHBAIIMU IPOTEOIUTHIECKUX CHCTEM ILTa3MBbl
KpOBH. BI)IIIBI/IHyTa THUIIOTE3a aKTHUBAIIUH KaHHHerHH-KHHHHOBOﬁ CHCTEMBI, ITIO3BOJIA-
I0111asi IPETONIOKHUTD, YTO 3T CUCTEMa yYacTBYET B PEryJIsIIME OHOIOTHYECKOH PyHK-
UK cocyuctoi creHku. LlIupokuii ciekTp necTBUS KHHUHOB MIPOSIBISIETCS PA3HOO00-
pasHbIMHU 3P PeKTaMH, TTIaBHBIMU U3 KOTOPBIX SIBIISICTCS PETYJISLUS TeprudepruiecKoi
MHUKPOLUPKYJISIINY, YBEIHYSHHE TPOHUIIAEMOCTH MEMOpPaH reMaToHIU(ATHIECKOTO
Oapbepa, PErHOHAIBHOTO KPOBOOOpAIIEHUs, Tepeaada UMIyIbCOB B CHHAICaX LIEH-
TpaibHOH ¥ nepudepudeckoil HEpBHO# cucTeMbl. Bee 310 00ycinaBiIMBaeT U3ydeHHEe
JIaHHOH CHCTEMBI ITpHU Bo3JieiicTBUM podeccronanbHbIx (akTopos. [Tocneanue nccie-
JIOBaHMUS MOKa3aJIM, YTO OpaJIMKUHUH SIBIISETCS MOLIHBIM (DAKTOPOM, aKTHBUPYIOIIHM
¢docdomnnazy A2 B MeMOpaHe KJIETOK, C BBICBOOOXKIEHHEM BTOPHYHO T€HEPHPYEMbIX
MEIHUAaTOPOB — OKHCH a30Ta, IIPOCTAarIaHANHOB, JEHKOTpUEHOB. CUNTAETCS yCTAHOB-
neHHoi nentpansHast ponb KKC B peryssinun akTHBHOCTH KacKaIHBIX IPOTEOIUTHYE-
CKHX CUCTEM IJIa3Mbl KPOBU: KWHUHOI'CHE3a, TCMOKOaryJjaaiuuu, (1)1/16pI/IHOJ'II/I3a, KOMILIU-
MEHTa ¥ PeHUH-aHTHOTEH3MHOBOI CHCTEMBI, 00ECIIEYNBAIOIINX POLECCH] aAanTalln
Y 3alUThl opranusma [20;21].

KuHUHBI SBIAIOTCS HOPMAIBHBIMH IIPOLYKTaMH JKU3HEEATEILHOCTH, 00pa3ylOTCs
B JKHJIKHX CpPE€/IaX BCEX OPTraHOB M TKaHeH (ITura3ma, nMda, MEKTKaHEBas JKUIKOCTB).
OHM BBIIONHAIOT POJIb XUMUYECKUX PEryJIATOPOB CKOPOCTH MECTHOTO U OOIIET0 Kpo-
BOTOKa, IPUHUMAIOT Y4acTHE B MEXaHW3ME BO3HUKHOBEHNS (DyHKIIMOHAJIBHON I'HITepe-
MHH MHOKap/ia, MO3Ta, HEKOTOPBIX 3HAOKPHUHHBIX jkelle3 (TTaHKpeaTHIecKoH, CITIOHHOMH,
ITOTOBOI).

CBOOOIHBIC KMHHUHBI, 00pa3ysch B Pycje KPOBHU, BHI3BIBAIOT M3MEHEHHS (pacilu-
peHue) npocsera nepudepruuecKix CoCy0B, KOTOPbIE CONPOBOXKAAIOTCS YBEIHUECHHU-
€M CKOPOCTH MECTHOTO KPOBOTOKA M CHMXKCHHEM apTepHalbHOTO JaBieHus. B ycimo-
BUSIX (PU3HOJIOTMYECKON HOPMBI cojiepKaHHe CBOOOJHBIX (OMOJIOTMYECKH aKTUBHBIX )
KHHUHOB B JKAIKHUX cpenax opranmnizMa HeBenuko (0,1-0,5 ar/mi). Oru 661cTpo 00pa-
3yIOTCSI M OBICTPO Pa3pyLIAIOTCS, IEPHOJL MX ITOIYKHU3HN B KPOBSIHOM PYCIIE YEIOBEKa
1 KUBOTHBIX KoJjebnetcst oT 10 mo 17 cex. OcHOBHasI pOJib B PETYISALNAN CEPIECIHO-
COCYJIMCTOM JIesITeIbHOCTH IIPUHAUICKUT OpaIMKUHKUHY, KOTOPBIA 00pa3yeTcs U3 Heak-
THUBHOTO NPEAIIECTBEHHNKA — KHHUHOTEHOB. KHHMHOTEHBI SIBISIOTCS MOy (QYHKITHO-
HaJIbHBIMU TJIMKONPOTEWHAMH, MOJICKYJIbI KOTOPBIX HPE/ICTABICHBI OJHOM ITOJIHIIET-
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TUAHOM nenbio. OHU CHHTE3UPYIOTCS, B OCHOBHOM, B IEUEHU, JIETKHUX, IOUKAX U B MEHb-
IIIeM KOJIMYECTBE — B KOXKE M B CEPJIIIE U MEPE CEKPEIHeii B KPOBb MOJBEPTarOTCs 110-
CTTPAHCISIIMOHHOMY TJIMKOIN3UPOBaHnio. OTIIETIIEHNE aKTHBHOTO KMHIHA OT OelKa,
COJIEPIKAILETOCS B CTPYKTYPE OpaluKMHUHOTEHA, KaTaTU3UPYETCsl JEPMEHTOM ILIa3MBbl
KPOBH — K&JLIMKPEHHOM, 00J1a/Ial0LIMM IIUPOKHUM CIIEKTPOM PEryJIUpYyOUHX QyHKIHUH.

IIpexamuukpenH — NpenllecTBeHHUK KaJUIMKPEHHA KPOBU SIBJISIETCS TTIMKOIPOTE-
WHOM, CHHTE3HMPYETCsl B remaTonurax. B Hacrosiiee Bpems JeTalbHO pacuindpoBaH
MOJIEKYJIIPHBII MEXaHU3M aKTHBAaMH IUIa3MEHHOTO KaJUIMKPEHHA B TaK Ha3bIBacMOU
«KOHTaKTHOW CHCTEME aKTHBAIMW». aKTHBUPYS MPOTEOIUTHYECKNE CHCTEMBI KPOBH,
OHHU OTBETCTBEHHBI 32 MPOILIECCHI IANTAIlMK U 3alIUThI, TeMOKOATyJISIINI0, GHUOPUHO-
JIU3, KOMIUTMMEHT, KaJUTNKPENH-KMHUHOBYIO 1 pEHUH-aHTHOTEH3UBHYI0 ccuteMy [22].
[Ipn HapymeHun romeocrarnieckoro OanaHca, U30bITOYHOE 00pa30BaHNE aKTHBHBIX
KWHHHOB, KOTOPOE 3a4acTyl0 MPHOOPETAIOT KacKaIHBIH XapakTep, BHI3bIBACT (POPMH-
pOBaHUE NIPENENbHON YCTOWYMBOCTH OPraHU3Ma K 3KCTPEMalbHOMY BO3JEHCTBUIO WU
K OIIpeIeNIEHHOMY ITaTOJIOTHYeCKOMY CHHAPOMY. Tak, yCTaHOBIIEHA TATOT€HETHIECKast
POJIb KHHUHOB NPU COCYAMCTHIX 3a00JIEBaHUSIX U MHTOKCHKAI[MK CBUHIIOM. VIMeroTcs
€IMHUYHBIE PA0OTHL, B KOTOPBIX OTPa’KE€HbI U3MEHEHUS KAIIIMKPEUH-KMHUHOBOM CUCTe-
MBI ITpH BHOpanoHHoH Oone3nu. Tak, J3m3unckuit A.A. n Kyumos A.Jl. Habmromanmm
00IIIy0 YMEPEHHYIO TeHICHIINIO aKTHBUPOBAHUS 3TOH CHCTEMBI, O KOTOPOH CyUIN Ha
ocHoBaHUM cHIWKeHUs ypoBHs KI' (kuanHoreHa) 1 osbiernss BAEE-uaruoupytomeit
(T.e. KAJUIMKPENHOBON) aKTMBHOCTH y PabouuX — KJIENaJbIIMKOB, CTPAJAIOIIMX BHO-
pannoHHOi 6one3Hbro. B mociesnee BpeMsi BRICKa3aHO MPEANOI0KEHNE, YTO KUHUHBI
Y4YacTBYIOT B CUCTEMHON OpraHM3alluu PEryIsSTOPHBIX MEXaHU3MOB — BBISIBIICHA B3a-
HUMOCBSI3b HX C CHMIIATO-a/pEHAJIOBON CHCTEMON M TOPMOHAMH KOPBI Ha[IIOYEYHUKOB
[23].

JlaHHBIX O pOJIM TOKa3aTeled CHMIATHYECKOH pErysiiud W KaJUIMKPEHH-
KWHHHOBOH CHCTEMBI Y pa0OYMX TUTAHO-MarHUEBOT0 KOMOMHATa, HAMHU B JIMTEPATyPhI
HE HaliJICHBI.

B Hacrosmmee Bpemst ycIoBusl Tpy/1a U TPYLOBOH Npoliece THTAHO-MarHUEBOTO KOMOH-
HaTa MMEIOT BBRIPAXCHHYIO CIIEIIM(UKY M OKa3bIBAIOT HE J0 KOHIIA U3YIEHHOE BO3/EH-
CTBHE Ha 3/I0pPOBbE PAOOUNX, BBI3BIBASI HACTHIC 3a00JICBAHNS.

B 31011 CBsI31 IpEICTABIIACT MHTEPEC H3YUICHUE MPO(HECCHOHATBFHOIO CTpecca, ajiar-
TAIMOHHBIX U KOMIICHCATOPHBIX MEXaHU3MOB OPraHU3Ma )KUBOTHBIX U paOOTAIOIIUX Ha
TUTaHO-MarHUEBOM KOMOMHATE.

B mpomnecce cBoeii Tpy10BOH AeATEIBHOCTH (IIpH JOObIYE, 00OTAIIEHUH! U TTepepa-
0OTKE THTAHOBBIX Py, IPH MOIYICHUH PA3IMYHBIX THTAHOBBIX COCIUHEHHH, a TaKXKe
BBIOMBKE, TIepepabOTKe U COPTHPOBKE TUTAHOBOM T'yOKH) paOOTHUKU MOTYT MOJABEP-
raThcs Bo3/ieiicTBHIO MbIIH MeTamindeckoro Turana (Ti) u ero quokcuna (TiO2), Beico-
KOTOKCHYHBIX XUMHYECKUX COSANHEHUI — ra3000pa3sHOro YeTHIPEXXIOPHUCTOrO TUTAHA
(TiC14), npomyKTOB €ro THAPOJIH3a, ITApoB XJIopa U (ocreHa, a TakKe BIUSHHIO 3JICK-
TPOMArHUTHBIX MOJIEH U (JaKTOPOB MIPOU3BOACTBEHHOMN CPEIBI X TPYAOBOTO MpoLEcca.

W3ydenue BIUSHNSA BPEIHBIX TPON3BOICTBEHHBIX (PAKTOPOB Ha TOMEOCTAa3 OpraHu3-
Ma pabo4nX M KMBOTHBIX B HATYPHOM JKCIIEPUMEHTE, a TAK)KE BIMSHHUE ITBUTH THTAHO-
BOTO IIJJaKa HA AKCIICPUMEHTAIBHBIX JKMBOTHBIX, KaK OJTHOTO M3 OCHOBHBIX (haKTOpPOB
TIPOM3BOJICTBEHHOM CPE/IbI SBIISIOTCS BOIPOCAMHU YPE3BbIYaiHOM aKTyaJIbHOCTH, KOTO-
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pBIE 10 CHX HOp HE ObUIM W3YyYCHHBIMH. JTH MCCIIEA0BaHUS HEOOXOIUMEI JUIsS pa3pa-
OOTKM MEPONPHITHH MO YITyUIICHHUIO YCIOBUH TPY/a M COCTOSIHUS 3/I0POBBsI pad0vnX,
MIOJIBEPTIIMXCS BO3ACHCTBUIO KOMIUIEKCA BPEIHBIX ITPOU3BOICTBEHHBIX (DAKTOPOB.

MaTepuanbl U METOAbI UCCJICJ0BAHUSA

CoOCTBEHHBIE UCCIIEJIOBAHUS BKJIIOYAIOT paslied — SKCIEPUMEHTAIBHBIN, BBHITIOTHEH-
HBII Ha MOJIOBO3PETIBIX OCIBIX Kphicax JuHuM Wister
DKCIepUMEHTAIbHAS YacTh PabOTHI MPOBOIMIIACH HA TIOJIOBO3PEIIBIX OCIBIX KPhICaX —
camiax, Maccoir 180-220 r. JKHBOTHBIM OJJHOKPATHO BBOIIIIN IOJ JIETKAM S(PUPHBIM
HapKO30M HMHTPATPaxeasbHO (C IMOMOIIBI0 METAJUIMYECKOTO 30HIA) MpeaBapUTEIHFHO
M3MENbYCHHBIH THTAHOBBIM mutak (50 Mr), pacTBOpeHHBIH B 1M (PH3HOJIOTHYECKOTO
pactBopa. JKUBOTHBIM KOHTPOJIBHOU I'PYTMIIBI C MOMOIIBI0 METAJUTMYECKOTO 30HIa BBO-
JTATA (DPU3UOTOTHICCKHUIA PacTBOP | MJI IO/ JIETKUM 3(UPHBIM HapKo30M. KOHTpOIEHBIC
1 OIBITHBIC )KHBOTHBIC COACPIKAIHCH Ha OOBIYHOM JTa0OpaTOPHOM PAILlMOHE.

Xumuueckuii  coctaB  meLIH:T104-84,7%,5105-10-12%, Fe0-6,38%,Mn-
1,0%,cnensr xpoma, BaHaIWs, AIIOMHHHSA, KpEMHHS, HHOOWS, TaHTala, ITUPKOHUS,
yraepojaa. PazMeps! MbIUIEBBIX 9aCTUI] COCTABISLIN B 95% ciiydaeB — 2MK.

N3zydenue OMOXMMUYECKUX M3MEHEHHUI IPOBOIIIIN uepe3 2 HeeH (OCTPHIH OIIBIT),
4 Henenw (TOIOCTPEIH OMBIT) U 12 Henmelb (XpOHUYECKUH OMBIT) TIOCIIC BBEICHHS TTBLIA
THUTAHOBOTO IIJTaKa. B 3TH jke CPOKH MCCIIeAOBAIN JKUBOTHBIX KOHTPOJIBHBIX TPYIIIL.

AKTHBHOCTh CHMIIATO-aAPEHATIOBOM CHCTEMBI OIIEHUBAJIACH TI0 SKCKPEIHH KaTeX0-
JIAaMUHOB — aJipeHalliHa, HopaapeHannHa, Aodamuba u JJODA-merogom MaTiuHO#
D.II. u coart. (1965), KOTOPHIII OCHOBaH Ha BHIAECTICHUH UX U3 MOYH IyTeM KOJIO-
HOYHOH XpoMaTorpauu Ha OKUCH aFOMHHUSA. AJIPSHAINH, HOPAJAPCHATINH U TOYTH
mosoBuHY aacopoupoBanHoro JJODA smouposanu 0,25 MOJIB/TT paCTBOPOM YKCYCHON
kuciaoTel. OcTaBmmiicss Ha ancopbente JJODA cHEUMaNU MOJIB/T PacTBOPOM COJITHOU
kuciaoThl. JuddepeHinpoBain KaTeX0IaMUHbBI IyTeM OKHUCICHHUS UX (heppOLHaHuIOM
KaJaus B CpeZie C pa3IM4YHbIMK 3HaYeHUussMU pH U (QroopuMeTpupoBanu Ha CIEKTPO-
¢diyopuMeTpe C HUCIOJNB30BAaHHEM Pa3IH4YHBIX HAOOpPOB CBeTOGMILTPOB. JlodamuH
OTIpENICIISITH, TIPUMCHSIS B KAU4ECTBE OKHUCIHUTEINS HOA. DKCKPEIHUIO aJpeHanHa OIpe-
DTS TI0 (hopMyIie:

X = traioos
rae 6 — mokasartens (pIroopecleHINY apeHanuHa B | M m3MepsieMoi mpoosl, 7 —
KonmmgecTBo Amoara (Mi); 10 — pasBemeHue anmroara TpH OKHUCIEHUH, d- CyTOYHOE
kosrdectBOo Moud (Mi); E - gumroopectienius 1 Hr agpeHanuHa B 1 Mi1 mpoObI HAXOASAT
1o KanuoOpoBke npubdopa; 17,5 - konu4ecTBO MOYM B ONBITHOW mpobde (M), 1000-
K03(h(UIMEHT JUIs TIepeBo/ia 3HAYCHUH U3 HI' B MKT.
UccrnenoBanus TPOBOAMINCHE HAa OHOXMMHUYECKOM AaBTOMATHYECKOM aHAlH3aTope
«Cobas integran-400 plus (ILBefiapus, 2003), Ha aTOMHO-a0COPOIIMOHHOM CHEKTPO-
dbotomerpe AAS IN, Ha ciekTpodoTtomeTpe CD-46, criekTpodmyopumerpe.
DKCKpeLHIo HOpaApeHAIMHA OIPeIeIIsIn 110 hopmylie:
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__ _8x4xd
X = E,21000
rne 8 - garoopecueHuust HopaapenanuHa (npu pH 4,2 u 6,2 B yclioBHsAX MeTO/a CBe-
YeHHUe aJpeHalIHa OJIMHAKOBO),1-(iroopecueHnns 1 HI HOpaJpeHaInHA B YCIOBUSIX
OTIBITA.
OmoopecueHtmio JJODPA yKkCyCHOKHCIOTO paCUUTHIBAIN CIIEAYIOMIAM 00pa3oM:

R

rae 32 — ¢umoopecueHIys aapeHannHa, HopaapeHannHa u JJODA (yKCyCHOKHCIOTO)
npu cBetodunpTpax 360 — 550 um, Fo — dutroopeciieHIus 1HI/MII CTaHAapTHOTO pac-
TBOpa aapeHanuna ¢ pH 6,2 u ipu ceetodmibTpax 360 — 550 uMm, F3— duroopecueH ms
1 HI/MII cCTaHIAPTHOTO pacTBOpa HopaapeHanuHa ¢ pH 6,2 u npu ceroduibTpax 360 n
550 M.

OKckpenrio ohaMIHa OMPEIeIISUIN 0 GopMyIie:

(20— %) *T+5xd

X = Eo*17,5

rae Fg — duroopecteHnys | MKT/MII CTaHAapTHOTO pacTBOpa JopamMuHa, OKUCISHHOTO
Homom, mipu cBetouibTpax 360 — 436 HM; S- pa3Be[CHUE JTF0ATa TIPU OKUCIICHHH.
Omnpenenenue nokasarteneld KaJUIMKPEUH-KHHUHOBOM cUCTeMbl 1o Metony IlacxuHoii
T.C. u Eroposoii T.II. [24]: ypoBeHb KHHUHOTEHA U IPEKAIITMKPENHOT€HA, aKTHBHOCTh
KHHUHA3BI U KAJUTHKpenHa. [[puHInn MeToa orpeaesieHus OpaInKHHHHOT€Ha OCHOBAH
Ha 0CBOOOXIIEHUN OpaTuKUHWHA U3 JCHATYPUPOBAHHON TPHUIICHHOM IUIa3MbI. 3aliCh
COKpaIlleHUs] U30JIMPOBAHHOTO pOTa MaTKU J€BCTBEHHBIX KPBIC B 3CTPYyCe MPH BO3IEH-
CTBUM OpaJMKHMHUHOT'CHA KPOBU Tpaduuecku peructpupoBain Ha Oymare Cardiomat
(Benmprus) mo npemioxxenHo# Jxanrozunoit J[.M.u coaBT. Mmetoauke [25].

OOmrast KHHUHA3HAsA aKTHBHOCTH OlleHUBasach 1mo Metoxny Ilacxunoii T.C. u Eroposoit
T.II. (1968). [TpuHIMI METOTa OCHOBAH HA U3MEPEHUHN OCTATOYHOW aKTHBHOCTH Opa-
JTUKAHWHA TTOCIIe €ro MHKyOarmu ¢ pepMeHToM. [lomydeHHbIe pe3yIbTaThl BBIpaKaIn
B MKT Br x 10-3 r/n mun.OnpezeneHue mpoBoaAniIoch Ha ciekTpodoromerpe CD-4a.
KannmukpenH u mpekauTMKPEHHOTEH B KPOBHU OIPEICISIN IO XpoMarorpadguaeckomy
merony Ilacxunoit T.C. u Sposoii I'.A. [IpuHiun MeToaa: UCTIONb30BAHBI KATUOHHbIE
CBOMCTBAa KaJNIEKpEeWHA, B CHIIy KOTOPBIX OH He ancopoupyercs npu pH 7,0 i HU3KOH
noHHOH A-50 U MOXET OBITh ompezesieH B HeaAcOpOMPOBAHHON (paKIMK KPOBU IO
CKOPOCTH THAPOIIH3a 3(PUPHOI CBA3U C TUAPOXIOPUIOM STHIOBOTO ddrpa N-OeH30mII-
anb(da-apruauna. KoianmyecTBo MpeKalIMKperHOTeHa BhIpakanu B MKE/mil, kommde-
CTBO KaJUTHKpenHa — B MKE/MJI X MUH.

Pe3yHbTaTbl HCCJICI0BAHUA

AHanu3 KaTexoJaMHHOB B OpPraHax >KMBOTHBIX BBISIBHJ, YTO IIBUIb THTAHOBOTO
[Iaka MIpy WHTPATeaIbHOM BBEACHUH BBI3BIBACT YBEIMYEHUE aJalTHUBHOTO TOPMOHA-
aZpeHalHa B TiedeHW (Tabmuna 1; pucyHok 1). Uepes 2 Hexenu BBeACHHS IbUIN
anpeHanvH nedeHu ysenmuwics Ha 300% mo 0,12+0,002 mxr/Ha 1r celporo Beca,
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npotuB koHTpons 0,04+0,004, p<0,001. YUepes 4 Hemenu sKCIEPUMEHTa ypPOBEHb
aJlpeHAJIMHA TIeYeHN yBennumics Ha 33%, a yepe3 12 MmecsleB onsiTh ObUT yBEIHUYCH
Ha 400% mo 0,20+0,05 mpotus xouTpoIs — 0,050,004, p<0,001.

ITapannensHO B TKaHM NEYEHHW YCTAHOBJIECHO YMEHBIIEHHE HOpaJIpeHaIMHa depe3 2
Henenu Ha 14% no 0,36+0,02, npotus xouTpods, p<0,01.

UYepes 4 Henenu HKCIEPHUMEHTa YPOBEHb HOpaJpeHalMHA B TKAHU IMEYEHH YBEIH-
guBaiics Ha 60% mo 0,92+0,09, nporuB koHTpoist 0,56+0,04 mkr/Ir ceiporo Beca,
p<0,001 u uepe3 12 Henens Toxke Ha 60% no 1,5+0,10, npotus konTpons 0,61+0,06
MKT/1T chiporo Beca, p<0,001. IlapamnenbHO BBISIBICHO CHIDKEHHE aIpeHATNHA B

.. Iokazatemn AnpesaTHH Hopazpenatas
M| o™ E B
n' | Cepim ""‘-\_. n | Boewenn | waamowewsm | B newern | Bocpane | maamowess
M | KHBOTHEIX ™. xax HEax
" aer/ I cuporo peca
1 Konarpoas: 1
2 segemn 0 | 0040 004 814£76,2 042003 | 06500 04 378290
4 Hegean 9| 006005 826+81,2 | 0562004 | 06692005 | 392£12.0
12 megens 9| 00550004 | 8705794 | 0612006 [ 07202006 | 410200
2 I
THTAHOBOTO
mrraka 50 e
B TpaxeTHO
2 megeom 9 [0 02+0,002%=) 72787 == |0 360 02=(0 4280 08| 25010 2=
4 negean £ [0.0420 001 1001675 1% K 9220 0999 () 8200 089%| 450212 Fo=
12 megens 8 [ 0,20:0,05== | 1270232 1==| 1 5=0,10== |0 902+0,07==| 72712 (==
Tpeseesanme —
= - el 01
== — o), 01 no cpapsenno © KONTPOTRHON rpVIMod

Tab6muma 1 - Coxgepkanue KaTeX0JIaMHUHOB (apeHaHA U HOpaJApeHAINHA) BO
BHYTPCHHUX OpraHax XMBOTHBIX, 3alIBIJICHHBIX ITbIJIbIO TUTAHOBOT'O IIJIaKa (50 MT
HHTpaTpaxeaibHo)

Ha/NOYEYHUKax depe3 2 Hexenu Ha 9% mo 727+87,2, mpoTuB KOHTpOIs - 814+76,2
MKT/1 T ceiporo Beca, p<0,001.

Uepes 4 Hemenu ajgpeHaATUH B HAAINOYEYHHUKAX yBenudauBajics 10 19%, nmpoTuB KoH-
Tponst (826+81,2 mkr/l T ceiporo Beca), cocraBisist 1016+75,1; p<0,01. Yepes 12
HeJleNb aJipeHaIMH B HaJano4yeuyHukax ysenunuuBaicsa Ha 40%, cocraBmsin 1270+32,1,
p<0,001, mpotuB koHTpOIsI 870+£79,4 MKI/l T CBHIpOIl TKaHH. YPOBHHU COACPKAHHS
HOpaJIpeHaIMHA B HaINOYSYHHKAX YMEHbIIHIAch uepes 2 Henenu Ha 34% mo 250+10,2
MKI/1 T cblpoit TKaHu (B KOoHTpoie - 37949,0). 3arem, uepe3 4 Henenu u 12 Hexenb
Ha4YMHAJIOCh MOCTENIEHHOE YBeanueHue HopaapeHannna Ha 10% u 80% mo 450+12,6 u
727+12,0, p<0,001 mpotus koHTpOIs (392412 1 410+9,0 MKr/1 T CBIpOI TKaHN).
[Mo-BuauMoMy, yBelMYeHHE aJpeHAINHA B TKAHW TEYEHH MPOUCXOJUT HE TOJIBKO 32
CYET YCHJICHUSI METAOOIMUECKOTO €r0 00pa3oBaHMUs U3 HOPAAPEHAINHA, HO M 33 CUET
YBeITHMUEHHE ero 00pa3oBaHus B HAAMOYEUYHUKAX, 0COOCHHO B CpokH — 4 Henmenu u 12
Hezenb. [lapannensHo yCTaHOBICHO YMEHBIICHHE HOPaJpeHaINHa B cepAle depes3 2
Henenu onbiTa Ha 35% 1o 0,428+0,08 (xoHTpONns 660+0,04) 1 yBenudyenue — Ha 24 n
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400%

49,
-34% -35%

afpeHaniH B NedeHn B afpeHanuH B H3ANo4YeyHuKax

[@ HopanpeHanwH B NeYeHn B HOopaApeHanH B HA4N0YBUYHWUKAX

[ HopagpeHanuH B cepaye

Pucynok 1. Cpoku skcniepumenTa: [-2 venenu, 11-4 nenenu, 111-12 wenens. [Tpupocts! katexo-
JIAMUHOB (+, -) B CEpUH ONBITHBIX KUBOTHBIX

29% uepes 4 u 12 vegens o 0,820+0,08 u 0,902+0,07, p<0,001.

[Mo-BuarMOMYy, MBLIH TUTAHOBOTO IIUIAKA JCHCTBYST HA METa0OIU3M KaTEXOJIaAMUHOB
B cepiie, m3MeHss Tpoduyeckoe Bosaeiicteue KA Ha cepie.

AHanu3 nokasatenedl KaJuIeKpeHH-KMHUHOBOM CHCTEMbI B KPOBHU 11OKA3al, 4TO Yepe3
2 HeseNnu ypoBeHb OpaJMKHHUHOTCHA-MPEANICCTBEHHHKA CBOOOIHBIX KHHUHOB, MPO-
SIBIISIJT TEHACHIIMIO K CHIDKEHUIO, Yepe3 4 Hemenun cHwkancs Ha 45% mo 1,0+0,18 mMxr
Br-10r/n, mo cpaBHenuto ¢ koutposem 1,92+0,3, p<0,01 (tabmuma 2; puc.2). Takoe
CHIDKEHHE YPOBHS OpaJMKMHUHOTCHA KOCBEHHO CBHJICTEIBCTBYET 00 00pa30BaHUU U3
HEro CBOOOHBIX KHHUHOB, PETYIUPYIONIUX CHCTEMY KPOBOOOPAIIECHHS U BBIOIHSIO-
LIUX JAPYTUe BaKHbIC PYHKIIUU B OPraHU3ME.

[MapamnensHO ompezensuiach TNOBBINICHHass 0OIas KUHUHA3Has aKTHBHOCTh: C 2
HeJeldb — TEHICHUHWS K IOBBINICHHIO, ¢ 4 W 12 Henenp — yBeIMYCHHE aKTHBHOCTH
¢depmenta va 70% u 50% mo 0,42+0,04 u 0,30+0,03, p<0,001, mo cpaBHEHHIO C KOH-
tponem 0,25+0,03 u 0,20+0,02 HI/MA'MHH, YTO TaK’kK€ KOCBEHHO CBUJETEILCTBYET 00
YBEJIMYEHUH CBOOOIHBIX (aKTUBHBIX) (POpM OpaJUKHHIHA, KOTOPBIE TaHHBINA (GepMeHT
PAacIIEIUISIOT 10 HEAKTHBHOT'O COCTOSIHUS. AKTHBHOCTb KaJuleKpenHa-(pepMenTa, akTu-
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Jlaxuesa u ap.

IMoxas 3
MNe ° aream ?’ponetl]: AKTHBHOCTE | AKTHBHOCTE | Comepacaniie
w n ”\“:”’,‘";r_‘;‘gf BIIETIIHAS, KH, TIKH,
n ;.r"x HI/MT - MHH B T .Y N SV,
1 Konrpoas: 1
2 HegeaH (4] 1,75=0.21 0,180,002 88 9=31 &7 43 9
4 HeIemH Ed 1,92=0,3 0,250,03 75,625 72,440
12 megens o | 2,2+0.25 0,20+0,02 62,820 81,3+3.0
2 TIsLTs
THITAHOBO-TO
mmaka S0 ar
H TpaxeaTbHO
2 HegenH 9 1,520,002 0,2640,06 102,14 0= 52,32 5=
4 Hegenn 1,050, 18 0,42+0,04= | 125,222 5= | 41 42, 1=
12 Hegens 8 1,0=20,100== 0,30+0,03== | 139 323 (o= | 35 4=+] 2=
IIpavegasEHe —
= p0,01;
== — p<10,001

Tabnuna 2 - [Tokazarenu KauTHKPEHH-KHHUHOBOHM CHCTEMBI KPOBHU Y
9KCTIEPUMEHTAIBHBIX KHUBOTHBIX, 3aIIbIJICHHBIX MBUIBI0 THTAHOBOTO IuIaka (50 mr
HWHTpATpaxeanbHO)
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400%

A8,
-34% -35%

AAPEHENMH B NEYsHK B 3peHanuK B HAAMOYBYHUKEX

@ HopafpeHanuH B NeYeHmn E HopaapeHanH B HaanoueuHuKax

™ HopagpeHanuH B cepaye

Pucynok 2. Cpoxu sxcnepumenrta: I - 2 wenenu, II - 4 venenu, I1I - 12 wenens.IIpupoctsr (+,-)
roKa3zarelied KaJuleKpenH-KHHUHOBOM CHCTEMBI B KPOBH >KHBOTHBIX, 3aIIUICHHBIX MBUIBIO THUTA-
HOBOTO 1uiaka (50 Mr uHTpaTpaxeasbHO)
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BHPYIOIIETO OpaTUKUHIHOTEH, TIOCTCTICHHO YBEIIMYMBACTCS B 3aBUCHMOCTH OT CPOKa
BO3ICUCTBYS MBUIM TUTAHOBOTO MIIaka. Uepe3 2 HeOemu IKCIEPHMEHTa aKTHBHOCTH
KaJJIMKpEWHa yBenuauBanack B kposu Ha 10%, p<0,01 no 102,1+4,0 nmpoTuB KOHTpOIIS
(88,9£3,1 MxE/m-Mun).

Uepes 4 Heenn 3T0 yBeIMYEHUE IPOI0DKanochk Ha 60% (125,2+2,5, npoTHB KOHTPOIS
75,6+2,5, p<0,001). yepe3 12 Henenb aKTUBHOCTh KaJUIEKpEWHa YyBEIMUMBajIach Ha
220% no 139,3£3,0, p<0,001, mpotuB koHTpOIsT — 62,8+2,0 MKE/Mi-MuH. Bee 310
SIBIJIOCH TIPSIMOM TIPUYMHOHN YBEIWYICHUS aKTUBHBIX (POpM OpaTnKHHIHA.
Omnpenersiioch CHIKEHHE YPOBHS IPEKAIINKPENHA — CBSI3aHHOM (hOpPMBI HEaKTHUBHOTO
(depMeHTa. DTO CHIKEHHE HOCHJIO abCOJIOTHO JOCTOBEpHBIN xapakrep (p<0,001)
1 ObLIO BBIABICHO uepe3 2 Hemenu Ha 22,4% no 52,34+2,5 (B xouTpone — 67,4+3,9
MKE/mi), uepes 4 nenenn — 41,4+2,1 (koHTpOIH 72,4+4,0), T.c. Ha 43% Oonbme. Uepes
12 Heeb aKTHBHOCTH KaJUTEKpenHa Oblia Ha 56,4% Hike, 4eM B KoHTpoie — 81,3+3,0
MKE/Mi1.

Takum 00pa3oM, HAMU BBISIBJIICHA AKTHUBAIMS BCEX 3BCHBEB KAJICKPCHH-KHHHHOBOU
CHUCTEMbI U CHUKCHHE aKTHBHOCTH (PEPMEHTOB, PACHICIUISIONINX aKTHBHBIC (HOPMBI
OpaJIMKUHUHA.

CrnemoBareNbHO, SKCIEPUMEHTANBHAS. MOJICTb (OCTPOTO, MTOJIOCTPOTO M XPOHHUYECKOTO
BO3ICUCTBHUS NBUIM TUTAHOBOTO IUIAKa) MOATBEPANIA TOKCHYHOCTh ACUCTBHS IBUIA
THTAHOBOTO IIIJIAKA, COJIEPKAIIETO B CBOEM COCTaBEe KOMIUIEKC XUMUYECKUX BEIIECTB,
Ha BHYTPEHHUE OPTaHbl.

3akjaroueHue

Turano-maraueBbIii KOMOMHAT B Y cTh-KaMeHOTropcke (pYHKIIMOHUPYET KaK OJWH U3
CaMBIX MIEPeAOBHIX MpeanpusaTiid B KazaxcTane u Kak OIWH U3 BEAYIINX MPEAIPUITHN
B ctpaHax CHI' mo KOMIJIEKCHOMY HCIIOJIB30BAaHUIO CHIPHS, CTENEHHW H3BICUCHUS
METaJUIOB, KAYeCTBY MTPOAYKIIUH.

Turano-marHueBbIii KOMOMHAT B Y cTh-KaMeHOropcke (pyHKIIMOHUPYET KaK OJMH U3
caMBIX MIePeAOBBIX MpeanpusaTuid B KazaxcTane v Kak OWH U3 BEAYIIHUX MPEIIPUITHN
B ctpaHax CHI' mo KOMIUIEKCHOMY HCIIOJIB30BAaHUIO CHIPHS, CTENECHHW H3BICUCHUS
METaJUIOB, Ka4eCTBY MPOAYKINU. BBHIY TOro, 4TO B IMTEpaType OTCYTCTBYIOT MaTe-
pHabl 10 GMOXUMHUYECKOMY U3YUEHHIO MEXaHN3MA aallTalluy K Ipo(ecCHOHATEHOMY
cTpeccy (MeXaHU3MBI aJanTalry, KOMIEHCAMA U IPEANaTOIOrHYeCKUX MPOsBIECHUI
y 370pOBBIX pab0OuYMX) HAMH BEHIOJIHEHa padoTa B HTOM acleKTe B CICAYIOIIEM
HaTIpaBJICHUH:

1) DKCIIEpUMEHT Ha JKUBOTHBIX (OENIbIX KphICaxX - camIlax) ¢ WHTAISIIHNOHHBIM HHTPA-
TpaxeaJbHbIM BBEJEHHEM ChIpbi — SOMT MBLIM TUTAHOBOTO IIIJIAKa;

XUMUYEeCKUIl aHalu3 TUTAHOBOTO IIJIaKa BBISIBUJI COJIEpXKAHHE JIBYOKHCH TUTaHA —
84,7%, oxucu xeneza — 6,38%, nByokucu kpeMHus — 5,5%, okucu anmoMuHus — 2,8% u
coaeprkanue mukpoanementoB — CaO, M gO, MnO, V505, P20s5,S, ZrOy, SC30s3,
Ta203, Nb205.

W3ydenne 6MOXMMHUYECKUX N3MEHEHNH TIPOBOAMIIN Yepe3 2 Hexen (OCTPhIi OmbIT), 4
Hezenu (MOOCTPhIM onbIT) M 12 Henenb (XPOHUYECKUH OMBIT) MOCIe BBEACHHS MbUIN
TUTAHOBOIO LIIaKa. B 3TH kK€ CPOKHU UCCIIEOBAIN KUBOTHBIX KOHTPOJBHBIX TPYIIIL.
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Merabonuyeckne MOKa3aTelIH Yy JKMBOTHBIX B OCTPOM OIIBITE BBISBHIIM yBEINYEHHE
aJIanTallHOHHOTO TOPMOHAa — A B medeHd (B 3 pasza), B HaAmMOYeYHUKaX — Ha 87% u
MeINaTopa, PETyINPYIONIeTo KpoBooOpameHne U GyHKINHN CepAla — HopaapeHaIHa
(B cepane — Ha 25%).

AKTHBaIMs. CUCTEMBI KaT€XOJAaMHUHOB (CHMIIaTO-apEeHaIOBON CHCTEMBI) BBI3BIBAIA
aKTHBALMIO KaJUIMKPEHH-KUHUHOBON CHUCTEMBI, O YE€M CBUJAETEIILCTBYET yBEIMUCHUE
aKTHBHOCTH 0OIIMX KMHMHA3 (Ha 44%), BBI3BAaHHOE NMOTPEOHOCTHIO J€3aKTHBHPOBAThH
cBOOOTHBIC KHHHUHBI B TJIA3ME KPOBH.

Pesympratel momocTporo IKcmepuMeHTa (4 Hedenb). AKTHBAlUs — CHMIIATO-
aJIpeHAJIOBOM CHCTEMBI BBI3BIBACT M3MEHEHUS IOKa3aTeleld KalWKpeHH-KHHHHOBON
CHUCTEMBI; aKTUBHOCTh KMHHHA3 MPOJOJKAET yBEINUMUBATHCS A0 68% U mpucoeuHs-
eTcsl yBEeJIMUYCHNE aKTUBHOCTH KaJunkpenHa (Ha 60%) — gepMeHTa, akTHBHPYIOLIETO
CcBOOOJTHBIC KHMHHHBI, YTO TAK)KE CBHICTEIHCTBYET O KOMIICHCATOPHBIX M3MCHEHUSX
COCYIUCTOH CHCTEMBI (B OCHOBHOM IepHU(PEPUIECKON).

VY sKCHEepUMEHTANBHBIX JKMBOTHBIX C WHTpaTpaxealbHBIM BBeleHHeM 50 MI mIbuIH
TUTAHOBOTO IIIaKa 4epe3 12 Henenb BBIABUIM Ha CHCTEMHOM YpPOBHE aKTHBHOCTH
JIBYX OCHOBHBIX 3BE€HbEB CHMIATO-aipeHaoBoii cucreMsl (A u HA). O1tn namenenus
XapaKTepU3yIOT KOMIICHCATOPHBIC CBUTH B OPraHU3ME JKMBOTHBIX Ha HOBOM, IaTo-
JIOTHYECKOM ypOBHE peryisinuu. [locnemyromas akTHBaus KaJUINKPEeHH-KHHHHOBOM
CHCTEMBI BBIABHJIA yBEIHUCHUE (PepPMEHTA, aKTUBUPYIOIIETO JaHHYIO CUCTEMY (KaJLTH-
KpeuHa) B 2,2 pa3a, 4TO CBHJICTEIBCTBYET O HAPYLIEHUU HE TOIBKO B 00IIeH cucteme
KPOBOTOKa (HOpaJpeHarH), HO U B eprdeprnieckoil cucreMe KpoBOOOpaILeHHUSI.
Takum 00Opa3zoM, MHTpaTpaxeajsbHOE BBeAeHHE S0 MTI' MMBIIM TUTAHOBOTO MIJIAaKa BbI-
3BaJI0 B OpTaHU3ME DKCIIEPHIMEHTAIBHBIX KUBOTHBIX OMOXWMHYECKHE M3MECHEHHS BO
BCEX CPOKax IKCIIEPHMEHTa, HO HamboJiee BBIPAKEHBI MPU XPOHUUECKOM ombITe (12
HEJIeIb).
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MoaeaupoBaHue nMpouecca pacnpocTpaHeHust
AKTUBHBIX IPUMeCed B IPU3EMHOM cJi0e aTMocdepsl ¢
yuérom nnddy3uu, XuMHUYECKON peakuuy U epeHoca

BelIeCTBA TEYEHHEM BO31yXa

Hypramu 3ayp6exos’, Ammaspoex Aiinocos?, Hypbuke 3aypbekora®, Hypaayner
Juxam6aii!

! Kasaxcxuii HallMOHAIBHBII MearorHuecKuil yHHBEpCUTET HMeHH AGas
2 Kasaxckuil HAIMOHAILHBIN YHUBEPCUTET HMEHH alb-Dapabu
3 Kasaxckuii HAIMOHANBHbIH HKEHCKHH T1e[arOrnIecKyii YHHBEPCHTET

AnHoTtanms Pa3zpaboTana Mozens nepeHoca M pacCeMBaHMUs AaKTUBHBIX BPEIHBIX
BBIOPOCOB IIPU3EMHOT'0 CJI0S aTMOC(EPhl U METOANKA YUCICHHOTO pacuéTa dKc-
MIEPUMEHTOB BEPOSTHOCTHOTO OJISI KOHIIEHTPAIUU IPUMECH B aTMocdepe ¢ yué-
ToM I y3un, XUMUUECKOH PEAKIMH U IIEPEHOCa BELIECTBA TEYEHUEM BO3AyXa.
PaccMoTpeH citydail AByMEpHOTO pacHpOCTpaHEHHUs BeliecTBa (a’po30Jsi) B
HIDKHEM cJ10e aTMocdepe, I'ie [eTI0UKa ero IpeBpanieH s U3 OXHOI0 XUMHIECKO-
IO COCTOSIHUS B JIPyroe corjacHo Teopuu Muxasnca-MeHTeHa COCTOUT U3 TpEX
3BeHbEB. [IprHUMaeM, 4TO CBOOOIHOEC XMMUYECKOE BEIIECTBO U BO3dyX (cyO-
CTpaT) cHavajia CO3J[aloT B XOJ¢ 00paTUMOIl peakIMy BO3AYIIHYIO cMeCh (KOM-
IUIEKC), KOTOpasi, B CBOIO 04Yepelb, HEOOPaTUMO pacmagaeTcs, 00pa3ys BHOBb CBO-
00/IHOE XMMHYECKOE BEIIECTBO U MPOAYKT. B kauecTBe mpumepa paccCMOTpPEH O/1-
HOMEPHBIH ClTydall CTallHOHAPHOTO PACIIPEAENICHUS] a3PO30JIEHOTO COSTMHCHUS
(mpuMecH) B pe3ynbTaTe pacajia ero Ha JABa BHJIA 3arpsA3HSIOIETO BEIIECTBA.
[pennaraemplii MeTos 1aét xopolryro HHGOPMALHUIO AJs OPraHU3alUy olepa-
THBHBIX CIIy>)KO MOHHTOpHHra, BEIOOpa PailoHOB palMOHAIBEHOTO pa3MEICHUS
00BEKTOB Pa3IMYHOTO Ha3HAUEHHS, TIPOCT B PeaTH3alliii, 5KOHOMHYEH, TpeOyeT
3HAHUS MUHMMAJIBHOTO YMCJIa TApaMETPOB BXOTHOW MH(OPMALIKH.

BBenenue

JlocToBepHas OlleHKa 9KOJIOIMYECKOT0 BO3AEHCTBUS 3arpsI3HEHUS] MOXKET OBITh ITPOBe-
JIeHa TONbKO TOT[a, KOIJIa U3BECTHA KapTHHA X PaclpocTpaHeHus. MHOrue 3arpss-
HSOLINE BelecTBa (IPHMMECH) PaCTBOPSIOTCS B BO3AyXE MM IEPEMEIINBAIOTCS ¢ HUM
U, CJIEZIOBATENILHO, MOTYT MEPEHOCUTHCSI BMECTE C BO3IYXOM C OJHOI'O MECTa B IIpy-
roe. [IpoGiieme MareMaTHYECKOro MOJICIMPOBAHUS TIPOLECca PacpOCTPaHEHHS BPEe/l-
HBIX BELIECTB B aTMOc(depe MOCBsIeHbl MHOKecTBa padbot. Tak B padote Wilson, J. D.,
and B. L. Sawford [1] nmpuBenén 0630p JlarpamkeBBIX CTOXaCTHISCKHX MOZEICH Tpa-
exTopuii B TypOyneHTHOH aTMocdepe. A B pabore Wang, B., B. Chen, and J. Zhao [2]
OLIEHEeHa JIUCIIEPCHS OTIACHBIX ra30B B PealibHOM BPEMEHHU C MTOMOIIBI0 HEHPOCETEBBIX
U Ta30/IUCIICPCHOHHBIX Mojeneil. B pabote A.Aydosov, B.Urmashev & G.Zaurbekova
[3] paccMOTpeHBI BO3MOKHOCTH MOJIEITMPOBAHNE PACHPOCTPAHEHHS BPE/IHBIX BEIIECTB
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B aTMocdepe Ipu IepeMeHHOM npoduie ckopocTH Betpa. B pabore Kienle, A., and
M. S. Patterson [4] npennoxeHbl BO3SMOKHOCTH yJTyUIIEHHBIE PEIICHUS CTAllHOHAPHBIX
U pa3peIIeHHBIX BO BpEMEHH ypaBHEHUH U (y3un mepeHoca U pacCenBaHuUs IIpHMe-
CH, B TOM YHCJIC ISl OTPAKECHUS OT MOJyOECKOHEIHONH MyTHOU cpeabl. B [5] ¢ momo-
LIBIO IBYMEPHOTO MOJISTUPOBAHHMSI [TOKAa3aHO PACIPOCTPAHEHHE BPEIHBIX IIPHMECE OT
Macco-M 3HEprooOMeHa B MOBEPXHOCTHOM ciioe arMocdepsl. HexoTopbie aBTOpEI, Ha-
npumep Ebrahimzadeh, E., Shahsavand, A. [6] npeanaraer paccMOTpeTh pacpocTpa-
HEHNE KQKIO0TO XUMUIECKOT0 JIEMEHTa B aTMoc(epe B OTIEIBHOCTH, 0€3 yueTa XUMH-
YECKHUX PEaKINH MEeXIy COOOii.

B pa6orax [7-15] npennoskeHs! u Apyrue Coco0Bl M METOABI MaTEMaTHUECKOTO MOJIe-
JIMPOBAHMS PACCIIPEAEIICHHS, PACCEUBAHUS, A TAK XKE OLIEHKA 3arpsA3HSILIIUX BELIECTB B
aTMoc(epHOM BO3/IyXe.

M5! paccMOTPHM BO3MOXHOCTH MaTeMaTHUECKOTO MOAEIHPOBAHUS IIPOLIEcca pacipo-
CTpaHCHHS aKTUBHBIX IIPHUMECEH B MIPU3EMHOM citoe atMocepsl ¢ yaérom auddy3um,
XMMHYECKOH peakiiu 1 IepeHoca BEIIeCTBa TEUEHHEM BO3/1yXa.

Bynem orinvath naccuBHbBIE U aKTUBHBIE puMecH. [IpuMech Ha3pIBaeTCs MaCCUBHOM,
€CJIM BIUIOTH JI0 BBIIIaJICHNUS Ha TOBEPXHOCTh 3€MJIM OHA HE MpeTepreBaeT U3MEHEHHH.
Ecnu xe oHa B poriecce pacrpocTpaHeHust B aTMoc(epe BCTynaeT B XUMHIECKHE peak-
II1H C BOJSIHBIM NTAPOM WJIH C APYTUMH KOMIOHEHTaMHU aTMOCHEPHI HITH K€ TTePEeXOTUT
13 OZIHOTO XMMHUYECKOTO COCTOSIHUS B APYTO€, TO TAKYIO IPUMECH OYAE€M Ha3bIBATh aK-
TUBHOIA.

MarepuaJibl 1 METOAbI

PaccMmoTpuM citydaii AByMEpPHOTO paclipoCTpaHEeHUs BelecTBa (a3p030Jis1) B HIKHEM
cioe arMocdepe, rie 1ernoyKka ero NpeBpallieHus! U3 OAHOTO XUMHYECKOTO COCTOSHHMS
B JIPyroe COrjacHO Teopun Muxasnca-MeHTeHa COCTOMT U3 TpeX 3BeHbeB [Bezerra,
R.M.F., Pinto, P.A., Fraga, 1., Dias, A.A., 16]. [IpuauMaeM, 4To CBOOOJHOE XUMIYECKOE
BEIIECTBO M BO3AYyX (CyOCTpaT) cHavasia co3atoT B X0/1e 00paTUMO peaKkIny BO3IyIII-
HYI0 cMecCh (KOMILIEKC), KOTopasi, B CBOIO 0depeib, HEOOpaTUMO pacmanaeTcs, oopa3ys
BHOBb CBOOOIHO€ XMMUYECKOE BEILIECTBO M IMPOAYKT. DTa PEaKIMsi CXeMAaTHIHO MOYKET
OBITH MIPE/ICTABJICHA B BHJIC

S+E—-+«+SE—+P+FE

rne S,E,SE,P - cooTrBeTcTBeHHO cyOcTpaT (BO3AYyX), XHMHUYECKOE BEIIECTBO,
BO3IyIIHAs CMECh M MPOAYKT: k1, k_1- CKOPOCTH TIPSIMOW 1 00paTHOM peakimu:ky -
CKOPOCTB PEaKIiy pacraia CMECH.
[lon aKTHBHBIM TIOHWMAETCS TOJNHKO TaKOe KOJNWYECTBO pPEarcHTOB, KOTOpoe (ak-
TH4ECKH yYacTBYeT B peakiud. Eciam 0003HauuTh uYepes s,e,Se,p COOTBETCTBEHHO
KOHLIEHTPAIMIO cyOCTpaTa, XAMUYECKOTO BEIECTBA, CMECH M MPOIYKTa, TO COTJIACHO
3aKOHY JIEUCTBYIOIIMX MacC UMEEM

ds

o = —kise+k_qc

de
a = —kise + (k‘l + k‘_l) c
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de

% = k1se — (1{31 + ]{3,1)0
dp
— =k 1
il (1)

Cuctema (1)Moxket ObITH 3amucaHa ¢ yuéToM Tuddy3un, A8 OMUCAHUS KOTOPOH HC-
HoJIb3yeTcs OanaHc peareHray :

Oy

—+/ JndS+/de:O (2)
vy Ot Jis) v

31ech MepBbIid HHTETPAJl OIHMCHIBAET CKOPOCTh U3MEHEHHMs peareHTa (p B 00béMe V),
BTOpOM MHTETPAI - IIOTOK (32 eANHUITY BpeMeHn) (p u3 V depes moBepxHocTh dS), Tpe-
THI MHTErpaJ - CKOPOCTh YMEHBIICHUS (p B V B pe3yJsibTaTe Peakiuu), N - eIMHAIHASL
BHEIIHSST HOpMaJIb K oBepxHocTH S. M3 (2)

dp J 0? 0?
ot S+ (8m2 * 8y2)

rae D - koaddumment muddysun. PaccMoTpum IBYMEpHBIN CIIOH BO3AYIIHON cMecH
€IMHUYIHON TONIIMHBI, TAE MPOUCXOIUT AU (dy3us XUMHUIECKOro BemecTa. B mpu-
MeCH UMEETCs] KOMIIOHEHT BO3/lyXa, KOTOPBIH 00paTHMO COEIMHSIETCS C BEIIECTBOM.
O6o3Haunm uepes D, u Dy kodddurments! quddys3un KOMIOHEHTa BO3LyXa U pea-
TeHTa COOTBETCTBCHHO. Y paBHEHHMsI OaaHca JJ1sl KOHIIEHTPaui KOMIIOHEHTHI BO3/1yXa,
peareHTa ¥ CMECH PEareHT - BO3/LyXa 3aliChIBAIOTCS B BUIE

dc dcy
dc, 02 02
m _f+DrACT7(A_@+87y2)

rae C,, Cy - KOHIEHTpPAIIMH PeareHTa U CMECH BO3IyX-peareHT. OyHKIMIO COr-IacHO
(1) moxHO mipencTaBuTh B BUae (ks = 0).

f=hkC;C —k_1C,

Ecnu yunTeIBaTh IEpEHOC BELIECTBA TEYEHUEM BO3yXa 110 HamnpasiaeHusM ocedl OX u
OY co cKOpOCTAMH U H V COOTBETCTBEHHO, TO
d 0 0 0
U +V—

dat ot or y

dc oC oC

i,  oc; oy .
a +ual‘ +v oy f=D;ACy

dc, n oC, n oC,
a Y Ox v dy

_f:DfACT (3)
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Cucrema (3) onmchIBaeT MPOLECC pacnpoCTpaHEeHHsI aKTHUBHOM TPUMECH C YIETOM JTU]-
(by3nu, XUMHYECKOW pPeaKkIy 1 TIepeHoca BEIeCTBA TCUCHUEM BO3LyXa.
WHol moaxo/1 K ONMMUCAHUIO TIEpeX0/1a YaCTH adPO30JIBHBIX COSNMHEHNH B IpyTrHe Gop-
MBI (TTOJT ACHCTBHEM XMMHUYECKOH peakiiuu) mpenioxeH B padore . M. Mapuyxka [17].
IIpu 3TOM MEXaHM3M peaKHu Mepexoaa JeTaJbHO He PACCMAaTPHUBAETCS, a HCIOJb3Y-
€TCsl TOJIBKO IMOCIIEA0BAaTEIbHOCTh 3BEHBEB 1IETIOYKH IpeBpa—menus. Hanpumep, ms
TPEX3BEHHOH LIETIOUKH B BYMEPHOM CIIy4ae HUMEeeM

dp1 | Op1 | Op1

1
ot +u3z +Uay T o= pae

8902 a(pg 8902
i Rt SRk - — 1Ay =0
9 +u6x +v a9y + 0202 — 0191 — BAP2

I3 O3 D3
—— tu—m— v + 0303 — 022 — pApz =0 (4)

ot or oy
rae A - koaddunueHT TypOyaeHTHON quddy3un; F - HHTCHCUBHOCTH HCTOYHUKA MTOSIB-
JICHHS a3PO30JILHOTO COeIMHEeHUs. ECIIM HCIOIh30BaTh YPAaBHCHUSI KHHETUKU OOMEHa
BELLECTBA MEXAY XUMUYECKHUMH peareHTaMH B COCTaBe BO3JYIIHON MaccChl, Iie CKOPO-

cti 00MeHa OyIyT MPOMOPIIHOHAIBHEI PA3HOCTH KOHIICHTPAITHH:
Jp1 o1 Op

1
o +u8x +v oy + o101 + 012(p1 — @2) + 013(1 — @3) — 1Ay

2 2 2
O¢2 | 002 0% |t o1a( — 1) + 3(s — 93) — fia A = 0
Ot U 91 v 9y 222 12( 2 1) 23( 2 3) M2 2

0 0 0
% + u% + vai; + 03393 + 031(p3 — 1) + 023(p3 — p2) — p3Ap3 =0 (5)

Cucremsl ypaBHeHu# (4) u (5) B otiuue ot (3) SABISIOTCS TMHEWHBIMH, YTO CYIIECTBEH-
HO YIPOILAET MaTeMaTUIECKOE OMUCAHKE IPOLIECcCa PACIPOCTPAHEHUS U IPEBPALIEHUS
a’3pO30JIHOTO COEMHEHHS B aTMOcdepe.

Pe3yabTarhl U 00CyXKIeHUE

PaccmotpuM oHOMEPHBIN Cllydail CTallMOHAPHOTO pacHpeleeHUsl a3p030JIbHOTO CO-
enrHeHHs (IPUMECH) B Pe3YJIbTaTe paciiajia ero Ha JJBa BUJIA 3arPSA3HSIONIECTO BEIIeCTBA
(pucynok 1). [IpparIMaeM, 9TO UCTOYHUK IIPUMECH HAXOTUTCS B TUIOCKOCTH X=0 U TIe-
PEHOC BEMIECTB OCYIIECTBISIETCS 10 HampaBieHn o ocl OX mOCTOSHHON

01 = Arexp(—aqx) + Azexp(—aax)

2 = A1 Brexp(—anx) + AzBrexp(—aaz)

npu 0 < x < 0o
01 = Asexp(—asx) + Agexp(—ayx)

2 = Azfzexp(—azx) + Ayfsexp(—asx)
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Pucynok 1. I'paduxu pacrpeneneHnss KOHIEHTPAIIMU BEIIECTBA BJOJIb HANPABICHHUS TEUCHHS
BO3/yXa M Pa3IMYHBIX 3HAYECHHUAX O€3pa3MepHBIX TapaMeTpOB
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mpu —oo < x X 0
wa—u’ =10—u’=3;¢c—u’=0,1;d—u’ =0,5)
uody(1— 09y =0,2;2 — 0% = 0.6;3 — 09, = 1,6)
rae

M Ok2 — ugQp — 011 — 022
b

B =

- KOPHH ypaBHEHUSI.

o;(i=1,2,3,4
P ( )

u1u2a4—(u1+u2)uoa37[(ul+u2)012+u1022+u2011]a2+u0 [011+0224+2012]a+011022—012(011+

mpuueM ol > 0,9 > 0,a3 < 0,4 < 0 IlocTosinuble J] onpenensitoTcst U3 cienyo-
[IUX TPAHUYHbBIX YCIIOBUI:

¢1(+0) = ¢1(=0),
P2(+0) = p2(-0),
i1 (+0) — 91 (-0)] = a1,
¢1'(+0) = ¢1'(-0)

o
PaccMOTpeHs! pacipe/IeeHns KOHIIEHTPAIMH KOMIIOHEHTA BelecTBa 1 = o1 Y/271L

q1

OT BEJINUUHBEI Y = ¢ % TIPM PasIMYHbIX 3HAYECHHUAX Ge3pasMepHbIX mapameTpoB u’ =

U o9 =922 50 _— 012 0 _ 2
Vo1’ 22 o117 12 011"u2 1

3aKjaouyeHue

Wrak Hamu:

Pa3pabotana Mo/ieib iepeHoca U PACCCHBAHUS AKTUBHBIX BPEIHBIX BEIOPOCOB MPH3EM-
HOTO CJIOS aTMOc(epbl ¥ METOIMKA YACICHHOTO pacuéTa SKCIICPUMEHTOB BEPOSTHOCT-
HOTO ITOJIsI KOHIICHTPAINHU IIPUMECH B aTMocdepe ¢ yaéTom nnudGy3un, XUMUIECKOH pe-
aKIIMH ¥ TIepeHoca BellecTBa TeueHneM Bo3ayxa. [Ipeanaraemprii MeTo 1a€T XOpOLIYIO
nH(pOpMALUIO ISl OpraHU3aI[MK OIIEPATUBHBIX CIIY)KO MOHUTOPUHTA, BHIOOpa pailOHOB
PaIMOHATBFHOTO Pa3MEIICHUS 00BEKTOB PA3IMYHOTO HA3HAUCHUSI, TPOCT B PEaIU3aIlUH,
9KOHOMHYCH, TPeOYyeT 3HAHHUS MUHIMAJIBHOTO YUCIIAa TApaMeTPOB BXOAHOHM HH(OpMa-
1197078
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AHHoTaumMsa Mojeny, OCHOBaHHbIE Ha TINIyOOKOM OOy4eHHH, ObUIM OYEHb
YCHENIHBIMH B JOCTHXXEHHU COBPEMEHHBIX PE3y/IETATOB BO MHOTHX 33J[a4aX KOM-
MIBIOTEPHOTO 3PEHUs], PacllO3HABAaHMS PEIH M 00PabOTKM €CTECTBEHHOTO SI3bIKa
B MOCJICHUE HECKOJIBKO JIET. DTH MOJAETH Ka)KyTCs BIIOJIHE MOIXOASIIUMHU JIJIs
pelIeHus MOCTOSTHHO PacTyIero Macimraba npooieM GMOMETPUIECKOro PacIio-
3HaBaHMsA, OT ayTEHTU(HUKAINN MOOMIBHOTO TeJle(OHA 10 CHCTEM 0€30MTaCHOCTH
aspormopra. B ocieaHue roas Bee MIMPE HCIOIB3YIOTCS MOJICIH, OCHOBaHHBIC Ha
rIIyOOKOM O0YUYEeHUH, JJIsl HOBBIILEHUSI TOYHOCTH PA3JINYHBIX CHCTEM OHOMETPH-
YeCcKOro pacio3HaBaHus. B 5Toit paboTte MBI mpenocTaBisieM paboT o OHOMETpuU-
YECKOMY PaclOo3HABAHUIO T0JI0Ca, B KOTOPBIX HCIOJIB3YIOTCS MOAECIH IIIyOOKOT0o
oOyuenus. st ronocoBoi GHOMETpHU MBI CHavaIa BBOJMM JOCTYITHbIE HAOOPHI
JaHHBIX. MBI Takke 00Cy MM HEKOTOPBIE M3 OCHOBHBIX IPOOIIEM IPH HCIIONIB30-
BaHHUHU 3THX MOJENCH 11 OMOMETPUYECKOTO PACIIO3HABAHUS U BO3MOXKHbBIC OY-
JyII¥e HallPaBJIeHNs], K KOTOPBIM HAIIPABIISIIOTCS UCCIIE0BAHMS B 9TOH 001acTh.

KioueBsble ciioBa: OnoMeTpryeckoe paclo3HaBaHue, rrybokoe o0ydeHue, pac-
H03HaBaHUE TOJI0Cca

BBenenue

Buomerpuyeckue XxapakTEpUCTHKH 3aHUMAIOT YHUKAIBHOE MECTO B IPUIIOXKEHUSX pac-
MMO3HABaHUS, ayTeHTUPHUKANNHU U Oe3omacHOCTH [ 1], [2]. OHE HE MOTYT OBITH TOTEPSIHEL,
B OTJIMYHE OT (PYHKIMH Ha OCHOBE TOKCHOB, TAKMX KaK KIFOUH U UACHTU(HUKANOHHbIE
KapThl, U UX HENb3s 3a0bITh, B OTIANYNE OT (QYHKIMH, OCHOBAHHBIX Ha 3HAHUAX, TAKUX
KaK MapoJi WK OTBETHl Ha CEKpeTHbIe Bompochl [3]. Kpome Toro, ux mpakTuiecku
HEBO3MOXXHO HJI€alIbHO MMHUTHPOBATh Wi AyOnuposats. HecMoTpst Ha To, 4TO B TO-
clieiHee BpeMs IpeANPUHUMAIIICH IOIBITKHA TeHEpUPOBATh U OAIEIBIBATh Pa3IMIHbIC
OMoOMeTpHUYEeCKIE XapaKTePUCTHKH [4], [5], Takke ObUIH MPEITOKEHBI METOIBI, II03BO-
JISIONUE OTIMYUTH TOJIeTTbHbIe OMOMETPUYECKHE TPU3HAKHN OT MOJUIMHHBIX [6], [7],
[8]. i3meHeHus BO BpeMeHH AJIsl MHOTHX OMOMETPHYECKUX MPU3HAKOB TaKXKE KpaiHe
HEe3HAuuTeNIbHBbI. 110 ATUM NpUYMHAM OHHU HCIOJIL3YHOTCS BO MHOTUX NPHUJIOKEHHUSX,
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BKITIOYAst TIPOBEPKY TMOMITUHHOCTA MOOWIIBHBIX TeJIe()OHOB, 0€30IIACHOCTH B a3pOIOp-
TaX W KPUMHUHAIHCTUKY. bruoMeTprndeckrne mpu3HAKd MOTYT OBITh (DU3HOIIOTHYECKU-
MH, TO €CTh IIPU3HAKAMH, KOTOPBIMH 00J1a1aeT JIF000H 4eTT0BEK, TAKUMHE KaK OTIIEYaTKN
naibieB [9], ormedarku magonei [10], [11], weptsl smma [12], yomu [13], upucsr [14],
[15], u cetuaTku [16], niu moBeeHUECKHE, KOTOPBIE TPOSBISIOTCS BO B3aUMOICHCTBUN
YeJIoBeKa ¢ OKpY Karolleil cpesioi, Takue kak nonanucH [17], moxoaku [18] u HaxaTust
knasuil [19]. Tonoc/Peus cogepKUT Kak NOBEICHIECKHE 0COOCHHOCTH, TaKHE KaK aK-
LIEHT, TaK U (PU3HOJIOTHICCKHE 0COOEHHOCTH, TaKue Kak BhIcoTa ronoca [20]. JIumo u
OTIIEYATOK IANbIIA, TOKATYyH, HanOoJIee YacTo HCIOIb3yeMble (PH3N0I0THIeCKHe Ono-
METpHUYECKHE XapaKkTepruCTUKU. OTIIEYaTOK Nalblia SIBJISIETCS CaMbIM CTapbhIM, HAUMHAS
¢ 1893 rona, korga OH UCHOIB30BAJICS JUIS OCYKICHHUS T0J03peBaeMoro B youiicTse B
Aprenruse [21]. JIMo uMeeT MHOTO OTJIMYUTENBHBIX Ye€PT, KOTOPbIE MOTYT OBITh HC-
10JIb30BAHBI I 3a7a4 pacno3HaBanus [22]. TeM He MeHee, ero BOCIIPUUMUYHUBOCTb K
M3MEHEHHSIM H3-32 TaKuX (PaKTOPOB, KaK IKCIIPECCHS WM CTAPCHHUE, MOXKET IPEJICTaB-
JATh TipobieMy. OTHedaToK Najiblla COCTOUT U3 TpeOHEH U JOIMH, KOTOphIe 00pa3yroT
YVHUKaIbHBIE Y30pbl. MeNKHUe JeTau sIBISIOTCS OCHOBHBIMHU JIOKAJIbHBIMU YaCTSMU OT-
MeYaTKa Mayibla, KOTOPhIe MOTYT OBITh MCIIOJIB30BAHBI JIJISl ONIPE/ICIICHIS YHUKAIBHO-
CTH OTIIEYATKA MaJbI[a, IBYMs U3 HanOoJiee BaYKHBIX U3 KOTOPBIX SBJSIFOTCS OKOHYaHHE
rpebus u oudypkamun rpedHs. Palmprint - eme ogHa anpTepHATHBA, MCIIOIB3yeMast
i ayTeHTH(UKanun. [ToMrIMo MeTTKUX IeTajel, OTIIeYaTKy MabIEB TAKKe COCTOSAT
13 TEOMETPUYECKUX DJIEMEHTOB, TPEYTOJIBHUKOB, TJIABHBIX JIMHUNA U MOPIIUH. Paxyx-
Hasi 000JIOUKa M CeTUaTKa SBISIOTCS ABYMS HauOOJIee MOMYJIIPHBIMA OHOMETPHYCCKH-
MU MOKa3aTeNIMH, KOTOPBIE TIPUCYTCTBYIOT B TJ1a3y, H MOTYT OBITh HCITOJB30BAHBI IS
pacro3HaBaHUs IO TEKCTYpe PadyKHOM 000IOYKH HIIH IT0 00pa3iy KPOBEHOCHBIX CO-
cynoB B cerdaTtke. CTOUT OTMETUTH OJIMH HHTEPECHBII MOMEHT: JJaJke /IBa TJIa3a O/IHO-
T0 U TOTO € YelIOBeKa UMEIOT pa3Hble MOJIENH. YIIIM MOTYT TakKe UCIOIb30BATHCS
B Ka4eCTBe OMOMETPUYECCKHX MO (OpME HX JOJNEW U CIUPAIH, U, B OTIIMYHE OT 0OJb-
IIMHCTBA OMOMETPUYECKUX MPU3HAKOB, HE HYKIAIOTCS B HEMOCPEICTBEHHOM B3aUMO-
JeiicTBUM denoBeka. [IpaBoe u IeBOe YTl CHMMETPHYHBI y YeJIOBeKa B OOJIBITHHCTBE
cirydaeB. OTHAKO BX pa3Mephl MOTYT H3MEHATHCS O BpeMeHeM. Cpein MoBeIeHIECKIX
0COOEHHOCTEH MONUCH, TTOXKATYH, HanOoJiee MUPOKO UCTONB3YIoTCs ceroans. [tpu-
XH B [TOJIIICU MOTYT OBITH ITPOBEPEHBI HA JABJICHKE TIepa 10 BCEH MOIKCH, a TAKKE Ha
CKOpPOCTh, KOTOpasi SBISETCA (aKTOPOM, OMPEACISIONMM TOJMIIUHY IiTpuxa. [loxox-
Ka OTHOCHUTCS K MaHEpe XOAbOBI, KOTOpas B IOCIICAHUE TOIBI IPUBJICKACT BCe OOIBIIE
BHHMaHWsA. braronaps BOBIeUeHIIO MHOTHX CyCTaBOB M 9acTeil Tena B X0Ab0Y, OXOI-
Ka Taxke MOXeT OBITh MCIOIF30BaHa IS OJHO3HAYHON NACHTHU(HUKAIINN YeIOBeKa Ha
pacctosiauu [23]. OOpa3iisl pa3Tu4HbIX OMOMETPUYECKHUX JAHHBIX TTOKAa3aHbl HA PUCYH-
ke 1.

TpaaumoHHO TpolecCc OMOMETPUYECKOTO PACIO3HABAHMS BKIHOYAT HECKOJBKO
KITIOYEBEIX ATaroB. Ha prucyHke 2 mokas3aHa OJIOK-cXeMa TPaIuIHOHHBIX CHCTEM OHO-
METPUYECKOTO pacio3HaBaHus. Bo-mepBhIX, TaHHBIE H300paKEHUS TTOIYIal0T C IOMO-
11610 (Pa3IMYHBIX) KaMep WM ONTHYECKHX JaTYHUKOB, a 3aTeM IpeBapuTEeILHO 00pa-
0aThIBAIOT, YTOOBI 3aCTABUTH AJTOPUTM PAOOTATh C MAKCUMAIILHO BO3MOXKHBIM KOJIH-
YECTBOM MOJIC3HBIX JaHHBIX. 3aTeM (DYHKIIUHU U3BICKAIOTCS U3 KAXKIOTO H300pasKCHHUSI.
Knaccrgeckne paboTHI IO OHOMETPHUYECKOMY PACIIO3HABAHUIO B OCHOBHOM OCHOBBI-
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Pucynok 1. OGpasisl n300paXeHUi Ui pa3nuvHbBIX OnoMeTpHK. M300pakeHns B MepBOM-
IIECTOM pPsiiax 0003Ha4aroT 00pas3Libl JIMLA, OTIEYATKa IaJIbLa, Paly KKK, JIAJIOHU, yXa U roJIoc
COOTBETCTBEHHO.

BaJINCh Ha Py4YHBIX (PyHKIMSIX (pa3paOOTaHHBIX CHENUAINCTAMU 10 KOMIIBIOTEPHOMY
3PEHHIO) 15 PabOTHI C OTPEACICHHBIM THIIOM JaHHbBIX [24],[25],[26]. AHau3 TIaBHBIX
KOMITOHEHT TaK)Ke MCIOJIb3YEeTCsl BO MHOTHUX paboTax AJisl YMEHBIIECHHST Pa3MEPHOCTH
¢ynkuuii [27],[28]. Kak Tombko 00BEKTHI U3BICUCHBI, OHH BBOJIATCS B KITACCH(PHUKATOP
JUIS BBITIOJTHEHUS! PACIIO3HABAHUSL.

MHorue npo6eMbl BO3HUKAIOT B TPAJUINOHHOI 3a1a4e OMOMETPUIECKOTO Paco-
3HaBaHus. Hampumep, co3ganHble BpyUHYIO 3JIEMEHTBI, KOTOPBIE MOAXOAAT JUIs OTHON
OuomMetpuu, He 00s13aTeNIbHO OyAyT Xopoluo paborarsk Ha Apyrux. ClienoBaTeabHO, 1M0-
TpeOoBasIoCh ObI OONBIIOE KOJTMYECTBO IKCIEPUMEHTOB, YTOOBI HAWTH U BEIOpATh Hau-
6onee 3¢hpexTHBHBII HAOOP PyHKINIT pydHOIT pabOTHI JUTS ONpeIeIeHHONH OHOMETPHH.
Taxoke MHOTHE KJTaCCHYeCKHE MOJIETH OBUTH OCHOBAaHBI Ha MYJBTHKIACCOBBIX SVM,
00y4EHHBIX 110 MPUHLHUITY «OAWH MPOTHUB OJHOT0», KOTOPBII HE OyAeT XOpoIIo Mac-
IITA0OMPOBATHCS IIPU OOJIBIIIOM KOJIMYECTBE KIIACCOB.

Conmon )
PTG Sy " ey
—H egem "ﬂy:::ﬁuh’ —0“
paipos

PucyHok 2. Biiok-cxema GONbIIMHCTBA KIACCHYECKUX alTOPUTMOB GHOMETPHYECKOTO PacIio3Ha-
BaHMSI.

OpHako cMeHa mapagurMbl Hadyajga mpoucxoauTs B 2012 roxy, Korna Moaens TIy-
6okoro o0yueHus AlexNet [29] ¢ OonblIUM OTPHIBOM BBIUTpaiia KOHKypc ImageNet.
C tex mop, MozieNu rryOboKoro o0ydeHus ObLIH MPUMEHEHBI K ITUPOKOMY KPYTY TpPO-
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671eM B KOMIIBIOTEPHOM 3pEHUH 1 00paboTKe ecTecTBeHHOTO si3bIka (NLP), u mocturim
MHOT000€IIAIOIINX Pe3yJIbTaToB. HeyaMBUTEIbHO, YTO OMOMETPHUYECKHIE METO/IBI pac-
ITO3HABAHUS HE CTANIM MCKIIOYCHUEM U OBUTH TIEPEHECEHBI Ha MOAEIH TITyO0KOoro 00y-
yeHus. MoJienn, OCHOBaHHBIE Ha TIIYOOKOM OOYYEeHHH, 00E€CTICYUBAIOT KOMITJIEKCHYTO
CTPYKTYpPY 00y4eHHs, KOTOpast MOXKET COBMECTHO M3y4aTh MPeACTaBICHUE TPU3HAKOB
IIPY BBINOJHEHUH KIacCU(UKAUKI/PETPECCU. DTO JOCTUTAETCS C IOMOIIBI0 MHOTO-
CIIOMHBIX HEHPOHHBIX CeTeH, TakKe U3BECTHBIX Kak riryookue HeliponHble ceti (DNN),
JUTSL U3Y4EHHS HECKOJIBKUX yPOBHEH MPEICTABICHHUH, KOTOPBIE COOTBETCTBYIOT Pa3IH-
HBIM YPOBHSIM a0CTpaKIMH, YTO JIyUIlle MOJXOJUT JUIS BBISIBICHHS 0a30BBIX MIA0JIOHOB
naHHbIX. OCHOBHAS UEsl HEUPOHHOW CETH COCTOUT B TOM, YTOOBI IepeaaBaTh (HE00-
paboTaHHBIE) TAaHHBIC Yepe3 Psiji B3aMMOCBSI3aHHBIX HEHPOHOB WJIH Y3JI0B, KaXIbIid U3
KOTOPBIX SMYJIUPYET JIMHEHHYIO WM HEJHHEIHYI0 (DyHKIHUIO HA OCHOBE CBOMX COO-
CTBEHHBIX BECOB M CMELICHUH. DTH Beca U CMEIIEHHUs OyIyT MEHSTHCS BO BpeMst 00y-
YeHHUs 32 CUeT 00PaTHOTO PacIpOCTPaHEHUS TPAAUEHTOB OT BBIXOJHBIX NaHHEBIX [30],
KakK IpaBWJIO, BO3SHUKAIOIINX B PE3YJIbTATC paBqum‘/'I MEXKIY OKHNIAEMBIM BBIXOJIHBIM
CHUT'HAJIOM U (baKTI/I‘-ICCKI/IM BBIXOAHBIM TOKOM, HAIICJICHHBIX HA MUHHMH3AIUIO (byHK-
LUK TTOTeph WK (QYHKIHMHK 3aTpaT (pa3sHUIAa MEXIy NPOTHO3UPYEMOil 1 (akTHIeCKHe
PE3yIBTATHI COTTIACHO HEKOTOpOor MeTpuke) [31]. MBI MOTOBOPHM O pa3IHYHBIX IITy00-
KHX apXHUTEKTypax Oosee moapoOHo B paszene 2.

B 3T10i1 cTaThe mpencTaBisieM BCECTOPOHHHUMI 0030p MOCIEAHUX JOCTIKEHUH B 00-
JIaCTH OMOMETPUIECKOro (TOJI0COT0) PACTIO3HABAHUS C UCTIOIBL30BAHUEM CHUCTEM ITy00-
Koro o0y4eHus. /11s ronocoBoit GMOMETPHH MBI IPEIOCTABIISIEM HEKOTOPBIE U3 CaMbIX
TIOIYJISIPHBIX HAOOPOB AAHHBIX, HCTIOJIB3YEMBIX COOOIECTBOM KOMITBIOTEPHOTO 3pEHUS,
1 caMble MHOTOOOCTIIAIOIINE COBPEMEHHBIE INTyOOKHe yaeOHbIe paOOTHI, HCIIOIb3yEeMbIE
B 00JIACTH OMOMETPUIECKOTO pacrio3HABAHUS. 3aTEM MBI ITPEIOCTABIISIEM KOJTHIESCTBEH-
HBI aHATU3 U3BECTHBIX MOJIENICH s TOJIOCOBOM OMoMeTpun. HakoHer, Mbl ccienyemM
po0JIeMBbl, CBSI3aHHBIE C METOAAaMH IIyOOKOro 00y4eHHs B 001acT OMOMETPHYECKO-
T'O paclio3HaBaHUS M UCCIIEA0BATEIILCKIX BO3MOXKHOCTEH B Oy ayieM. MBI mpeocTas-
JISieM BCECTOPOHHHUM 0030p M ITyOOKHH aHaan3 OGMOMETPHUYECKOTO PacliO3HABAHUS C
HCTIOJTF30BaHIEM IITyOOKOTO O0Y9eHHs, BKIIIOYasl TaHHbIE OOYYIECHNUS, BEIOOP CETEBBIX
ApPXUTEKTYp, CTPATerul OOYYECHHS U UX KIIIOUeBbIe BKJIAIbL. [IpenocraBisiemM cpaBHU-
TEJIbHBII 0030p CBOMCTB M IPOU3BOJUTENILHOCTH PACCMOTPEHHBIX METOAOB [Uisi OHO-
METPHYECKOTO PACIO3HABAHUS M IpeaiaraeM HOTeHIMaIbHOe Oy ryliee HallpaBiIeHHe
JUTSL MoJieie OMOMETPHYIECKOT0 paclio3HaBaHUs HA OCHOBE TITyOOKOTro 00ydeHUs.

I'nyGoxas HelipoHHasi ceTh

B stoMm pazzpene npenocrasiseM 0030p HEKOTOPHIX HauOoJee MEePCHEKTUBHBIX apXH-
TEKTYp IIyOOKOro 00y4eHUs, CIIOJIb3yEeMBbIX COOOIIECTBOM KOMITBIOTEPHOTO 3pEHUS,
BKITIOYast cBepTouHbIe HelipoHHbIe ceTr (CNN) [32], pekyppeHTHbIE HEHPOHHBIE CETH
(RNN) u omHy U3 UX CcreIUpHUECKIX BEpCHii, Ha3pIBaeMbIX long short TepMuH «Ia-
MaTe» (LSTM) [33], aBTOKOAEPHI M TOpOXAatomue coctazarenbhble cetd (GAN) [34].
Crenyer OTMETHTB, YTO C HOIYJISIPHOCTHIO TIyOOKOro 00y4eHUsl B MOCIEIHUE TOJBL,
OBUIO MPEUIOKEHO HECKOJIBKO IPYTUX TIIyOOKHX HEHPOHHBIX apXUTEKTYP.
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Caeprounble HeiiponHble ceTu (CNN)

Caeprounsle HelipoHHble ceTd (CNN) (BAOXHOBICHHBIE 3pUTEIBHON KOPOH MIIEKOIH-
TAIOIIMX) SABJISIOTCS OJHON M3 Haubosee yCHEeNIHbIX U IIMPOKO MCHONB3YyEeMBIX apXH-
TEKTyp B cO00IIeCTBE TITyOOKOT0 00y4deHNMs (0COOSHHO AT 33124 KOMITBIOTEPHOTO 3pe-
Hus). CNN ObUT IepBOHAYABEHO NpeaokeH OyKycuMol B OpUTHHANBHON CTAaThe IO
HazBaHueM «HeokorHuTpon» [35], OCHOBaHHOH Ha MOJENHU 3PUTEIBHON CUCTEMBI Ue-
JIOBEKa, MPE/JI0KEHHOI HOOETIeBCKMMHU JlaypeaTaMu XbiooeaoMm u Busenom. [Tozxe Su
JlexyH 1 ero kKoyulern pa3paboTanu CTpyKTypy ONTHMHU3alKU (OCHOBAaHHYIO Ha 00part-
HOM pacHpoCTpaHEHHN), 4TOOBI 3 (HEeKTUBHO M3ydaTh Beca MOJEIEH IS apXUTEKTYPhI
CNN [32]. brok-cxema omHOH u3 tepBbIx Mozeneir CNN, pa3pabotanusix Lecun et al.
MOKa3aHo Ha PUCYHKE 3.

CNN B OCHOBHOM COCTOSIT M3 TPEX THIIOB CJIOEB: CBEPTOUHBIX CJIOEB, IIe K U300pa-
YKEHUIO MPUMEHSIETCSI CKOJIB3sIIee AP0 (KaK B ONEpaliy CBEPTKH N300paXKeHHUs) ISt
W3BJICYEHHS [TPU3HAKOB; HEJMHEHHBIE CJION (0OBIYHO IPUMEHSIEMbIE IO3JIEMEHTHO), KO-
TOpBIC MPUMEHSIOT (YHKIMIO aKTHBAIMU K 3JIEMEHTaM, YTOOBI 00ECTIeYnTh BO3MOXK-
HOCTb MOZAEINPOBAHUS HETMHEHHBIX (QYHKIMH CEThIO; U 00BEINHEHUE CIIOEB, KOTOPOE
Oepet HeOOJIBIIYI0 OKPECTHOCTh KapThl 00BEKTOB M 3aMEHSIET €€ HEKOTOPOIl CTATHCTH-
yeckol uH(popMarmeil (cpegHee, MaKCUMalIbHOE U T.Jl.) OKPECTHOCTH. Y3JIbI B CIIOSIX
CNN J510KaIbHO CBSI3aHBL; TO €CTh KaXK/asl €IMHUIIA B CJIO€ MOJIy4YaeT BXOJHbIE TaHHbIC
13 HeOOJIBIIOTO COCEACTBA IPEIBIAYIETO YPOBHS (M3BECTHOTO KAK T10JI€ BOCIIPUATHSA).
OcuoBHEIM npenmymiecTBOM CNN sIBIsieTCS] MEXaHN3M paclpeiesieHHs. Beca 3a CUET
HCTIOTB30BaHMS CKOJB3SIIETO Apa, KOTOPOe IPOoCMaTpUBaeT N300paKeHNs U coonpa-
eT JIOKaJIbHYI0 HH(pOpMaIHio s u3BiaeueHus GyHkiwmid. [TockombKy Beca siapa pac-
npezieneHsl o BceMy n3oopaxernto, CNN UMEIOT 3HaYUTeNIbHO MEHBIIIee KOJIMYECTBO
IapaMeTpoB, YeM aHAJIOTHYHAs TIOJIHOCTHIO MOJIKIIOUCHHass HeHpOHHas! ceTh. Taxke,
CJIO’KMB HECKOJIBKO CIIOEB CBEPTKH, CJION OoJiee BHICOKOTO YPOBHS M3y4arOT CBOWCTBA
u3 Bce Oosee MUPOKUX BOCHPHUUMUYNBBIX TMosieil. CNN mpuUMEHSUTHCh [T pa3iInuHbIX
3a[a4 KOMIIBIOTEPHOTO 3pEHMS, TAaKUX KaK: CEMaHTH4YeCcKas cerMeHTamus [36], cermeH-
TaIus METUIIMHCKUX H300pakenuii [37], oOHapykenue oobekToB [38], cyneppaspere-
nue [39], ynyumenue nzodpaxxennit [40], reHeparuist THTPOB JUIs H300paskeHN i M BUIIEO
[41 ] u mHOTOE IpYTOE.

Tomocnio
B0l 17 R Vo L —.

Pucynok 3. Apxurektypa cBepTouHOit HelipoHHOH cetnt (CNN), mokaspIBaromas I8¢ OCHOBHBIE
ornepanuy CBEpTKH U 00beANHEHHSI.
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PexyppentHbie Heliponnble cetu 1 LSTM

Pexyppentnsie HeiiporHbie ceTi (RNN) [42] mmpoko UCTIONB3YIOTCS s 00padoTKU
TIOCJIEI0BATENBHBIX JTAHHBIX, TAKUX KaK peub, TEKCT, BUIEO M BPEMEHHBIC PsIbl (Ha-
IIpUMeEp, IIEHBI Ha aKIU1), TAE JaHHBIE B JIF000H MOMEHT BPEMEHH/TIO3ULIUH 3aBHCAT OT
paHee 0OHApYKEHHBIX TaHHBIX.BrIcOKOypoBHeBas apxuTekTypa mpocroro RNN moka-
3aHa Ha pucyHke 4. Kak M1 Bunum Ha kaxknoil BpeMeHHOI 0TMeTKe, MOJIeNb [T0IyYaeT
BXO/IHBIE JAHHBIE U3 TEKYILEr0 BPEMEHHU X4 Y CKPBITOE COCTOSIHUE U3 IIPEABLTYLIETO 11a-
ra h; —1 1 BBIBOJUT CKPBITOE COCTOSTHHE (1, BO3MOXKHO, BBIXOIHBIE 3HaueHNe ). CKpbITOS
COCTOSIHHE C CaMOH TOcIeTHEH OTMETKH BPEMEHH (WIIH CPETHEB3BEIIEHHOE 3HAUCHIE
BCEX CKPBITBIX COCTOSHUM) MOXKET 3aTeM HCIIOJIb30BaThCA JJIS BHIIOTHEHUS 3a/1a4H.

® ® ® 6
® © 60 6

PucyHnok 4. Apxutekrypa peKyppeHTHOI HeiipoHHOit cetr (RNN).

RNN 005b14HO cTpazsaioT npHu padoTe ¢ JIMHHBIMH I1OCIEI0BATEIBHOCTSIMH, TIO-
CKOJIBKY OHU HE MOTYT YJIOBHTB JOJIFOCPOYHBIE 3aBUCMMOCTH MHOTHX PEaJIbHBIX IPH-
JIOKEHUH (XOTSI B TEOPHM HUYTO HE OTPAaHMYMBAET UX B 3TOM). TeM He MeHee, Cylie-
ctByeT pasHoBuAHOCTE RNN, HassiBaemas LSTM, koTopas npenHasHaueHa AT JTyd-
LIET0 3aXBaTa JOJTOCPOUHBIX 3aBUCUMOCTEN. JlonrocpodHas KpaTKOBpEMEHHas HaMATh
(LSTM): LSTM - 3T0 momymnsipHas peKyppeHTHas apXUTEeKTypa HCHPOHHOW CeTH s
MOJIETTMPOBAHNUS MOCIIEI0BATENbHBIX JaHHBIX, KOTOpast pa3paboTaHa [uisl JIydmen CIio-
CcOOHOCTH (PUKCHPOBATh JOJITOCPOYHBIC 3aBUCHMOCTH, YeM BaHMJIbHAsA Monenb RNN
[33]. Kak ynomsiHyTO BbIlIe, BaHMIBbHBIM RNN 9acTo cTpanaer oT rpajueHTa nc4e3Ho-
BEHMSI W B3pBIBA, U ceTh LSTM mbitaeTcs mpeoosieTs 3Ty podaeMy MyTeM BBEICHHS
HEKOTOPBIX BHYTPCHHUX 3J1eMeHTOB. B apxutexType LSTM ecth Tpu nntro3a (BX0IHON
[IUTFO3, BBIXOIHOW IILTIO3, IITIO3 3a0BIBaHUsA) M sSUekKa maMsTH. Sldefika 3amoMuHaeT
3HA4YEHHUS 3a TPOU3BOJIBHBIE TPOMEKYTKHA BPEMEHHM, a TPU IPYTUX LLII03a PETYIUPY-
0T MOTOK MH(OpPMAIMU B SYCHKY U U3 Hee. PUCYHOK 5 WIUTFOCTPUPYET BHYTPEHHIOIO
apxXUTeKTypy ogHoro moayns LSTM.

CoOTHOIIEHUE MEXKIY BXOJOM, CKPBITBIMHU COCTOSSHUSIMH M Pa3IMYHBIMU BOPOTaMU
MOKa3aHO B ypPaBHEHHH 1:

fi=o0x (W(f) xxp + UT) % he 1) + b(f))
iv=0x (WD sz, +UD 5 hy_q) + D)
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Pucynox 5. Apxutexrypa ctangapTHoro moaynst LSTM.

or=0% (W xa, + U@ xhy_1) 4 00)
et = fi ®c_1 + iy © tanhx (W w2y + U© % hy_y 4 b))
ht =0:©® tanh(ct) (1)

SBJIACTCS] BBOJOM Ha BPEMEHHOM Iiare t, ¥ d o003Ha4aeT pa3MepHOCTh IPHU3HAKA
JUISL KQKAOTO CJIOBa, 0 0003HAYAET MOAJIEMEHTHYI0 CUTMOUJAIBHYIO (QYHKIHMIO (JUIs
CKaTHs/0ToOpakeHns 3HaueHu B npenenax [0, 1]), o603HagaeT Mo3IeMEHTHOE MPo-
n3Be/IeHHE. ¢; 0003HAYACT SUCHKY MaMsTH, MpeAHa3HAUCHHYIO Ul CHIDKCHHS pHCKa
HCUE3HOBEHUS/B3pPhIBA IPAANCHTA U, CIICI0BATENHHO, 00ECTIEICHHUSI BO3MOKHOCTH H3Y-
YEeHHs 3aBUCHMOCTEH B TedeHHe OoJiee UINTENBHBIX MIEPUOI0B BPEMEHH, YTO HEBO3-
MOXKHO B TPAJIMIIMOHHBIX PEKyppPEHTHBIX ceTsiX. CTpoO 3a0biTusl f; npenHa3HaveH Jyis
cOpoca sYeiKy MaMsATH. OH M He 0003HaYaeT BXOHBIE M BHIXOAHBIC BEHTWIH H, TI0 CY-
IIECTBY, KOHTPOJIHMPYET BXOJI M BBIXOJI SIYCHKHU TTaMSITH.

ABTO-KOEPBI

ABTO-KOZIEPHI - 3TO CEMEHCTBO MOJENeH HEMPOHHBIX CETeH, HCIONb3yEeMBIX I 00Y-
4yeHns1 3PPEKTUBHOMY KOTUPOBAHUIO JaHHBIX 0e3 mpucMoTpa. OHU TOCTUTAIOT ATOTO,
C)KMMasl BXOJIHBIC JaHHBIC B IIPEJICTABICHHE CKPBITOIO IPOCTPAHCTBA, a 3aTEM PEKOH-
CTPYUPYIOT BBIXOJIHbIE JaHHbIE (KOTOPbIE OOBIYHO COBMAAAIOT C BXOJHBIMHU JITAHHBIMH)
13 TOTO MPEJCTAaBICHUS. ABTO-KOAEPHI COCTOST U3 ABYX YacTeil:

Kopnep: 310 9acTb ceTy, KOTopast CXKMMaeT BXOHBIE IaHHBIE B IIPEJICTABICHHE CKPBI-
TOTO MPOCTPAHCTBA. DTO MOXKET OBITH MPEACTABICHO (YHKLIUEH KOTUPOBAHUA 2 = f.

Jexonep. Orta yacTh mpeaHa3Ha4YeHA I BOCCTAHOBICHUS BXOJHBIX NAHHBIX M3
CKPBITOTO ITPOCTPAHCTBEHHOT'O NPE/ICTABICHHS. ITO MOXKET OBITH MPEACTABICHO (PyHK-
LIUEH IEKOJIUPOBAHUA Y = (.

ApXHTEKTypa IpOCTOI MOZENN aBTO-KOAWPOBIMKA II0Ka3aHa Ha PUCYHKeE 6. ABTO-
KOJIMPOBIIMKNA OOBIYHO OOYYaroTCsl MyTeM MUHHMMH3aIUK OMIMOKH BOCCTaHOBIICHUS,
L(z,Z) (6e3 mpucMoTpa, T.e. HET HEOOXOAUMOCTH B IIOMCUCHHBIX TaHHBIX), KOTOPAs
H3MepseT Pa3INuus MEeXIY HAIIUMH HCXOMHBIA BBOJ X M TOCJIEAYIOIMIAs PEKOHCTPYK-
s T. CpemHekBaapaTHyHas OomMOKa U cpeiHee abCONMOTHOE OTKIIOHEHHE SBIISIOTCSI
MONYJISIPHBIMU BapHaHTaMH MOTEPh IPH BOCCTAHOBJIEHUU BO MHOTHX IPHJIOKEHHSX.
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CpeﬂHeKBaﬂpaTI/IqHaﬂ omubKa u cpeanee a0COIIIOTHOE OTKIIOHCHUE SBIISIOTCS nony-
JIAPHBIMHA BaApUAHTAMHU NOTEPb IPU BOCCTAHOBJICHMH BO MHOTUX MPHUIIOKCHUAX

Daonerpyporzindt

Tirexrwos
MPAZTILITENETIO

PucyHok 6. ApXUTEKTypa CTaHIAPTHOH MOJETH aBTO-KOAEpa.

EcTh HEcKONbKO BapHaHTOB aBTO-KOAMPOBILHMKOB, KOTOPbIE MpEIarajiuch B Mpo-
oM. OZJHUM 3 TOMYJISIPHBIX SBIISIETCSI CTEKOBBIN aBTOIIM(POBIIHMK C IITyMOIIO IaBiIe-
HueM (SDAE), KOTOpBIH yKJIaIbIBaeT HECKOJIBKO aBTO-KOAUPOBIIIHKOB U HCITONIB3YET UX
JUTS ITyMOTIOAaBJIeHNs m300pakeHus [43]. [pyroii monmysipHBIi BApHaHT aBTOYHKOIE-
POB - 3TO «BapHaoHHbI aBTO-KoAEp (VAE)», KOTOpBIH HamaraeT npeaBapUTeIbHOE
pacmpeneneHrue Ha CKphiToe npejactapieHue [44]. BapuanuoHnHbele aBTO-KOJIEPHI CIIO-
COOHBI TeHEpPUPOBATh PEATUCTUYHBIE BHIOOPKH M3 paclpe/ieeHus JaHHbIX. [Ipyroii Ba-
PHAHT aBTO-KOJAMPOBIIUKOB - 3TO COCTS3aTENIbHbIE aBTO-KOAEPhI, KOTOPBIE BHOCAT CO-
CTSI3aTEIBHBIC TIOTEPH B CKPBITOE MIPEACTABICHUE, YTOOBI MOOYIUTH UX OBITH ONM3KAMUA
K IPEABIAYIIEMY PaCIPEIEIICHUIO.

I'enepatuBHbie CoctsizaTeasnbie Cetu (GAN)

I'eneparuBHbIe cocTs3arenbHble ceTH (GAN) - 3TO HOBOE ceMecTBO Mojeen riry06o-
KOro 00yuYeHHs, KOTOPOE COCTOMT M3 JIBYX CETeil, OJIHOrO reHepaTropa U OJJHOTO JIUC-
kpumuHatopa [34]. Ha BbicokoM ypoBHe paboTa reHepaTropa COCTOMT B TOM, YTOOBI
TeHepUPOBATh BBIOOPKHU U3 paclpeieTIeHIsI, KOTOPbIE TOCTaTOYHO OJIM3KH K peabHbIM
BBIOOPKaAM, C IIETbI0 OOMaHYTh JUCKPHUMHHATOP, B TO BPeMs Kak paboTa JUCKPHMHU-
HaTOpa COCTOMT B TOM, YTOOBI OTIMYATh CTCHEPUPOBAHHBIE BHIOOPKH (MTOIIEIKH) OT
o yIMHHBIX. OOI1as apxuTekTypa BaHwIbHONH Mozenu GAN noka3aHa Ha pUCYHKe 7.

Cetb rerepatopoB B BaHWIbHOU cett GAN u3yuaer oroOpaxkeHue u3 z (¢ mpen-
BapuTEIbHBIM pacIpe/ielieHneM, HallpuMep, rayccoBa) B LIEJIEBOE paclipesieeHue y,
G =y — z, KOTOpOE BBHITJISIUT KaK pealbHbIe BEIOOPKH, B TO BpeMs KaK CeTh TUCKPHU-
MuHaTOpa D mBITaeTcst OTANYaTh 00pasibl, CTEHEPUPOBAHHBIE MOAEIAME I'eHEPATOpa,
oT peanbHbIX. PyHKIuA oTepsh GAN MOKeT OBITh 3alMcaHa KaK ypaBHCHHE 2:

LaN = ExnPyym 109D (7) + E.p, (2)[log(1 — D(G(2)))]
2
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Pucynox 7. ApxuTtekTypa nopokaaroieii cocTs3aTeabHON CEeTH.

B KOTOpOH MBI MOXeM aymaTth 0 GAN, kak 0 MUHHMaKkcHOU urpe mexxay D u G, rae
D mpITaeTcs MUHIMU3UPOBATh OIIHOKY Kiaccu(ukamy npu 0OHapy KEHUN TOACITb-
HBIX BBIOOPOK M3 PEATbHBIX (MaKCHMH3UPOBATH BHIIICYKA3aHHYIO (YHKITHIO ITOTEPH),
a G mbITaeTCs MAKCUMU3UPOBATH JMCKPUMHHATOP OIIHOKA CeTH (MUHUMH3HUPYITE BbI-
HIeyKka3aHHylo (yHKIHIO roteps). [locie o0ydeHus 3Toi Mosieny 00ydeHHas: MOJIENb
reHeparopa Oynet:

G* = arg mingmaxpLaan 3)

Ha npaktuke QyHKIHsI IOTEPh B yPABHEHUH 3 MOXKET HE 00ECIeunBaTh J10CTaTOU-
HOTO rpaaueHTa 11t (G, 9T00BI XOPOIIIO 00YUUTHCsI, 0COOEHHO B Havasre, Koraa D MoxeT
JIETKO 0OHAPYKUTh MOJIIENIbHBIE 00pa3Iibl U3 peaabHbIX. OJHUM U3 PEUICHHUM SIBISETCS
MaKCUMHU3AIIHS:

E. ~ p:[lod(D(G(2)))] “)

co BpemeHH nzo0pereHust GAN OBLIO HECKOJBKO padoT, HAIpaBICHHBIX HA YIIyd-
menne / Monudukanuio GAN B pa3mTHIHBIX acIIEKTaXx.

Moaxoxa k 00yyeHuro

Temneps, Korma Mbl IOTOBOPUIINA O HEKOTOPBIX MOMYJISIPHBIX apXUTEKTypax IIIyOOKOro
06y‘IEHI/I§I, ,uaBaﬁTe KpaTKO MMOTOBOPUM O TOM, KaK 3TH MOJICJIU TPUMEHAIOTCA B HOBBIX
npuiokeHusX. KoHeuHo, 3TH Moieu BCeraa MOXHO 00YYUTh HOBBIM MPUIIOKECHUSIM C
HYJIsI, IPH YCIIOBUH, YTO OHU CHAOXKEHBI IOCTATOYHBIM KOJIMYECTBOM MapKUPOBAHHBIX
JaHHbIX. Ho B 3aBUCHMMOCTH OT TyOUHBI MOJIEH (TO €CTh, HACKOJIBKO BEIUKO YHUCIIO
apamMeTpOB), MOXKET OBITh HE OUEHB ITPOCTO 3aCTABUTH MOJICIIb CXOAUTHCS K XOPOLIEMY
JIOKaJIbHOMY MUHHMYMY. Kpome Toro, [U1st MHOTHX ITPHUIIOKEHUH MOXeET OBITh HeJloCTa-
TOYHO JIOCTYTHBIX JAHHBIX C METKaMH JUIs 00y4deHus NIyOoKkoi Mosienu ¢ Hynd. B atux
CUTYAIHSIX MOXET OBITh HCIIOJIB30BaH MOXO0]I K 00YYCHHIO C IEPEHOCOM, YTOOKI JTydIIie
00pabaThIBaTh MOMEYCHHbBIE OTPAHUYCHHSI JAHHBIX U [IPOOJIEMY JIOKATHHOTO MHUHUMY-
Ma.

B tpancheproM 00yueHnn Moaeb, o0ydaemas OJTHOM 3aj1a4e, IepPEOPUSHTUPYET-
Csl Ha JIPYTYIO CBSI3aHHYIO 33134y, OOBIYHO MTyTEM HEKOTOPOH aJanTaliid K HOBOU 3a-
nade. HanpumMep, MOXKHO MPECTaBUTh ce0€ MCIOIh30BAHUE MOJICTH KiIacCU(BUKAIINN
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rosioca, ooyuenHoil B ImageNet, st MCHONB30BaHUS B APYIUX 3ajadax, TAKUX Kak
KJIaccu(uKaIms TeKCTyp WM PAclo3HaBaHHWE PamyKHOH o0omouku. CymiecTByeT aBa
OCHOBHBIX CIIOC00a HCIIOIb30BaHMS IPEIBAPUTEIHFHO 00YIEHHOW MOJETH ISl APYTOH
3aga4d. B ogHOM moaXo7e MpeABapuTeIbHO 00yUeHHAss MOJEIb, HAIPUMED SI3BIKOBAsI
MO/IeJIb pacCMaTPHUBAETCsl KaK CPEACTBO W3BJICUEHHs MMPU3HAKOB, U HaJ| Hel o0ydaeT-
cs1 KiaccuduKaTop JUIsl BBINOJHEHHs KiaccuuKanuy (HanpuMep, Kiaaccudukanyuy Ha-
CTpoeHHH). 3/1ech BHYTPEHHUE Beca MpeIBapUTEIbHO 00ydeHHONH MOJIENN He aJanTH-
POBaHbI K HOBOH 3a7a4e. B qpyrom nmoaxoze BCs CETh MM €€ YacTh HaCTPAaUBAIOTCS Ha
HOBYIO 3a71a4dy. [loaToMy npenBapuTeasHO 00ydeHHbBIE BECOBBIE KOAPPHUIINEHTHI MOIe-
JIK paCCMAaTPUBAIOTCA KaK HA4YaJIbHbIC 3HAYCHUA JJIA HOBOH 3aJa41 U OOHOBIIAIOTCS Ha
sTane o0y4eHHs.

MHorue U3 OCHOBaHHBIX Ha ITyOOKOM 0Oy4YeHHH MOJEINEH JUIsi OMOMETPHYECKOTO
pacIio3HaBaHUsS OCHOBAHbI Ha TpaHC(EPHOM 00ydeHHH (32 NCKIIIOUEHHEM TroJIoca n3-3a
pa3Iuuui B XapakTepe JaHHBIX U JIUIA U3-3a JOCTYITHOCTH KPyITHOMAcIITaOHBIX Ha0O-
POB TaHHBIX).

Pacno3naBanue roJsioca

B atom pasnerne Mbl ipencTaBisieM 0030p Hanboliee ePCIeKTUBHBIX paboT 1o TIIy0o0-
KOMY OOYYEHHIO AJIs TOJIOCOBOMY PacIO3HABAHHMIO.

Pacno3naBanue ronoca (Takke U3BECTHOE KaK PacIO3HaBaHKUE TOBOPAIIETO) - 3TO
3ajaya ONpeAeleHUsl JIMYHOCTU YelIOBEKa C MCIOIb30BAHUEM XAPAKTEPUCTUK TOJIO-
ca. B HEKOTOpOM CMFBICITIE, pacliO3HABAaHHE TOBOPSIIETO BKIOYAeT B ceOs Kak IOBe-
JEHYEeCKHe, TaK ¥ (U3N0IOTHIECKHEe 0COOEHHOCTH, TaKHe KaK akKIeHT W BHICOTA CO-
OTBETCTBEHHO. VICIIOIp30BaHNE aBTOMATHIECKHUX CIIOCOO0B pacIiO3HABAHMUS JOKJIAIUH-
KOB BOCXOJHUT K 1960-M rogamM, Korjaa mpaBoOXpaHHUTEIbHbIE OpraHbl oOpalaiich B
Bell Laboratories ¢ nmpocs00i naeHTH(HHINPOBATH 3BOHSIINX, KOTOPBIE YIPOXKAIN MO
TenedoHy cioBecHOI 6oMO0it [45]. 3a mpore e Toabl UCCIeIOBaTeNH pa3padoTa-
JU MHOXKECTBO MoOJIelieli, KOTOpbIe MOTYT 3()()eKTHBHO BHIITONHATH 3Ty 3aJady, 0CO-
OCHHO C TIOMOIIBIO TITYOOKOTro 00y4eHus. B nomonHeHre K MpUiIoKeHUsIM 0e3011acHO-
CTH, OH TaK)Xe MCIIOJIb3yETCs B BUPTYAJIBHBIX JINYHBIX TOMOIIHUKAX, TaKuX Kak Google
Assistant, 4ToObI OHM MOTJIM PACIO3HABATh U OTJIMYATh T0JIOC Biajelbla TenedoHa ot
Ipyrux [46].

Pacnio3HaBaHme TOBOPSIIET0 MOKHO KIacCH(UIIMPOBATh HAa MICHTH(OUKAIIUIO TO-
BOPSIIIETO U €r0 IpoBepKy. MneHTr(HKaInsg roBopAIIero - 3TO IPOIecc OnpeaeIeHNs
JIMYHOCTH YeJIOBeKa U3 Habopa 3aperucTpUpOBaHHOTO roJIoca ¢ UCIIOIb30BAaHUEM JaH-
HOTO BBICKa3bIBaHUsA [47], TOrJa Kak MpoBepKa FOBOPSILETO - 3TO NMPOLECC MPUHITUS
WM OTKJIOHEHUS MPEeAJIOKEHHOM JIMYHOCTH, 3asBleHHOU Iyt roBopswero [48]. Ilo-
CKOJIBKY 3TH JIB€ 3a7a9i OOBIYHO MCIONB3YIOT OJMH U TOT JK€ IPOIECC OI[CHKH B paM-
Kax 9acTO HCIOJIb3yEMBIX METPHK, TEPMHUHBI HHOTIA HCIIOIB3YIOTCS B3aHMO3aMEHAEMO
B CCBUIOYHBIX JJOKyMEHTaX. Pacrio3HaBaHHE rojioca TaKke TECHO CBA3aHO C THApU3aIH-
eil Toy10coB, KOrJa BXOJAHOW ayAHONOTOK JIENUTCS Ha OJHOPOAHBIE CETMEHTHI B COOT-
BETCTBHH C WJCHTU(HUKAIMEH rojocoB [49].
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Ha0opsbI ros10co0BbIX JaHHBIX

BoT HekoTOpBIE U3 TOMYISIPHBIX HA0OPOB TaHHBIX 110 PACIIO3HABAHHUIO T'OI0CA/ TOBOPSI-
IeTO:

NIST SRE: Haunnas ¢ 1996 rona, HaninoHanbHbIM HHCTUTYT CTaHIAPTOB U TEXHO-
noruii (NIST) opraHu3oBai cepuro OICHOK [T HCCIIeIOBAHUS PACIIO3HABAHUS TOBOPSI-
mwmx [50]. Takum o6pazom, HAOOPHI JAaHHEIX [UIA OICHKH PACIO3HABAHUS TOBOPSIIUX
(SRE), cxommumupoBarnbie NIST, cramm Hanboee MHUPOKO HCIOIB3yeMBIMH Habo-
paMy TaHHBIX U OLEHKH CHCTEM PacIlO3HABAHUS TOBOPAIMINX. DTH HAOOPHI TaHHBIX
coOuparoTcs Mo Mepe pa3BUTHSA, U KaX/IbIi TUIaH OIEHKW MMEET HEMHOTO Pa3InuHyI0
HATIPABJICHHOCTh. DTH HA0OPHI OLICHOYHBIX JAHHBIX PA3JIHYAIOTCS 110 JITHHE 3BYyKa [51],
3aIUCHIBAIOIINM yCTpoiicTBaM (TenedoH, TpyOkH 1 Buaeo) [52], MICTOUHUKAM TaHHBIX
[53] m cuenapusm comocraBieHus/Hecopmanenns. B mocienane rogsl SRE 2016 u SRE
2018 ABIAIOTCS caMBIMH TTOMYJIIPHBIMEA HaOOpaMu JAHHBIX B 3TOH 00JacTH.

SITW: HabGop nannbix Speakers in the Wild (SITW) 6bur nosyyeH B HeorpaHH-
YeHHBIX ycloBusiX [54]. B oranume ot HabopoB nanubix SRE, atn nannsie He Obun
coOpaHbI B KOHTPOJIHPYEMBIX YCIOBHUIX U, TAKAM 00pa3oM, COJEPKAT PEaTbHBIA ITyM
1 peBepOepanmro. baza maHHBIX cOCTOUT U3 3amucei 299 NOKIaIIUKOB, B CPETHEM BO-
CeMb Pa3INYHBIX CECCHIl Ha YeIOBeKa.

VoxCeleb: nabop nanapix VoxCeleb [55] u Habop nanubix VoxCeleb2 [56] sBis-
FOTCS1 OOIIENOCTYMHBIMU HA0OpaMHU JaHHBIX, CKOMITUIINPOBAHHBIMU M3 BHIEO HHTEP-
BbIO, 3arpyeHHBIX Ha YouTube, 94TOOBI MOTYEPKHYTh OTCYTCTBUE KPYITHOMACIITAO-
HBIX HEOTPAaHWYCHHBIX TAHHBIX IS PACMO3HABAHUS TOKJIAIYUKOB. DTH JaHHBIC COOH-
paroTcs C UCTIONB30BaHUEM ITOJTHOCTHIO aBTOMAaTH3MPOBAHHOTO KOHBeHepa. J[ByXImoTo-
koBas cuaxpoHu3ayst CNN HCIoIb3yeTcs U OIEHKH KOPPEISAINT MKy 3BYKOBOH
JIOPOKKOH W JBM)KEHHUEM PTa BHJICO, a 3aT€M METOJbI paclo3HaBaHUS JIMIl HA OCHO-
Be CNN ucnons3yrTes s UACHTUGUKAIIMHA TOBOPSIIIX I PEUESBOTO aHHOTHPOBA-
Hus. VoxCelebl comepxkut 6omee 100 000 Beicka3siBaHuit i 1251 3HAMEHHATOCTH, a
VoxCeleb2 conmepxut 60iree MIJUTHOHA BRICKa3bIBaHUH s 6 112 nnenTrdHUKaTOPOB.

[Homumo HaOOPOB TaHHBIX, pa3pabOTaHHBIX UCKITFOUYUTEIHHO IS 33/1a4 pacrio3Ha-
BaHUS TOBOPSIINX, MHOTHE HA0OPHI JAHHBIX, COOpAaHHBIC JIJIS1 aBTOMATHYECKOTO PaCIio-
3HAaBaHMsI PEUYH, TAK)KE MOXKHO HMCIIOJIB30BATh JJIs1 00YUEHHUs WU OILIEHKH CUCTEM pac-
No3HaBaHUs ropopsmux. Hanpumep, Habop nanubix Switchboard [57] u Fisher Corpus
[58], koTOpBIC MepBOHAYANEHO OBUTH COOpPAHBI IS 32124 PACIIO3HABAHUS PEYH, TAKIKE
HCTIONB3YIOTCS Il 00ydeHHs MOAETH B OoleHKax pacnosHaBanus peun NIST. C apy-
TOif CTOPOHBI, HCCIIEAOBATEIH MOTYT MCIIOIB30BaTh CYIIECTBYIONINE HAOOPHI TaHHBIX
JUTSL pacIiO3HABAHUS PEYH, YTOOBI IOJTOTOBUTH CBOW COOCTBEHHBII HAOOP JaHHBIX IS
OIICHKY PACIIO3HABAHMS TOBOPSIIETO, YTOOBI JT0Ka3aTh 3PPEKTHBHOCTh CBOUX HCCIIC-
noBanuii. Hampumep, Habop mamnbix Librispeech [59] u vabop mamueix TIMIT [60]
TpeaBapuTeIbHO 00padoTaHbl aBTOPOM B [61], 4TOOBI CIYKHUTH OLIEHOYHBIM HaOOpOM
JUTS 33a9H PACIIO3HABAHUS TOBOPSIIIETO.

I'ny0okue yuedHble paGoThI O PACIO3HABAHUIO 0J10CA

J1o 3pbI D1y00KOro 00y4eHuUs OOJIBITUHCTBO COBPEMEHHBIX CUCTEM PACclO3HABAHUS I0-
BOPSIILIMX CO3[IaBAIOCh C MCIIOJI30BAHUEM MOJIX0a ¢ — vector vector [62], B KOTOpOM



EI/IOMeTpI/I'IeCKOC pacno3dHaBaHUE € UCIIOJIB30BAHUEM FJ'[y6OKOF0 06y‘IeHI/If{ 179

ucrosnb3yeTcs pakTOPHBIN aHaIHU3 IS ONpeIeJICHHs] HU3KOPa3MEPHOTO MTPOCTPaHCTBa,
KOTOpOE MOJICIHPYET BapHallli KakK TOBOPSIIETO, TaK W KaHaia. B mocnemxHue rost
CTaHOBUTCA Bce Ooiree n OoJiee MOMYISPHBIM HCCIIE0BATh MOIXOIBI TITyOOKOTO 00Y-
YeHHs I pacrio3HaBaHUs ropopamiero. OTHIM U3 IEPBBIX MOIX0I0B B 3THX YCHIIHIX
SIBJISIETCS BKIIFOUEHHME aKyCTUYeCKUX Moenield Ha ocHoBe DNN B cTpyKkTypy ¢ — vector
[63]. B aToM MeToz€E ncToNb3yeTcst akycTuueckast Moaenb DNN, moaroToBieHHas A
aBTOMAaTHYECKOro pacrno3HaBanus peun (ASR), A cOopa CTAaTUCTHKY BBICTYAIOIIHX
UL 00yYeHUs MOJeNu ¢ — vector. BbuTo mokazaHo, 9TO 3TO YIIydIIeHHEe IPUBOIUT K
30%-HOMY OTHOCHTEIBHOMY CHIKEHHIO PaBHOI 9aCTOTHI OIIMOOK.

ITpumepHO B TO ke BpeMsi d — vector ObUT IpeIokKeH B [64] 1y pacro3HaBaHUs
TEKCTO3aBUCUMOI'0 JMHAMHUKA C IIOMOILIBIO HEMpOoHHOU ceTu. IIpu Takom noaxone DNN
oOyuaeTtcs s Kiaccu(UKauy opaTopoB Ha YPOBHE Kazpa. Bo BpeMs perucrpanuu u
TecTupoBaHus 00ydeHHBIIT DNN #cmonbs3yercs Ui U3BICUSHHS CIEIU(UISCKUX 0CO-
OEHHOCTEH TOBOPSILIETO U3 TIOCIEIHETO CKPBITOTO CIIOS. 3aTeM BEIYUCISIOT d — vector
ITyTeM YCPETHEHHUS 3TUX IIPU3HAKOB U HCIIOIB3YIOT B KAYECTBE BCTPAUBAHUS JHHAMHU-
KOB JUI pacro3HaBaHUA. DTOT MeTo]l moka3biBaeT 14% u 15% oTHOCHTENbHOE YIyd-
IIEHUE [0 CPABHEHUIO C CUCTEMOM 7 — vector B YUCTBIX U IIIyMHBIX YCIIOBHSAX, COOTBET-
CTBEHHO.

B [65] HelipoHHAs CeTh C 3aIepPKKOM IO BpEMEHU 00ydaeTcs H3BIeKaTh — vector
YPOBHS CETMEHTA IS HE3aBICUMOTO OT TEKCTa PAaCTIO3HABAHMSA PEYH. DTa CETh IPUHH-
MaeT 0COOEHHOCTH PEUYEBBIX CETMEHTOB U MPOIYCKAeT MX Yepe3 HECKOIBKO HeINHEH-
HBIX YPOBHEH, 32 KOTOPBIMHU CJIEAYET CIIOW OOBEIUHCHHUS [T KIACCH(DUKAIUN OPaTO-
POB Ha YPOBHE CETMEHTOB. 3aTeM — vector M3BIEKAIOTCS W3 ITyJa U PErHCTPAIIH
u TectupoBaHus. [loka3zaHo, 9TO cucTeMa — vector vector MOKeT 00eCIeunTh Tyd-
ITYI0 IPOU3BOAUTENFHOCTS PACTIO3HABAHHS TOBOPSIIIETO TI0 CPABHEHHUIO C TPAIUIIHOH-
HBIM HOJXOJIOM ¢ — vector ¢ IOMOIIBIO JOIIOTHEHUS TaHHBIX.

CKBO3HBIE IOJIX0/1bl, OCHOBAHHBIE Ha HEHPOHHBIX CETAX, TAKIKE PACCMATPUBAIOTCS
B Pa3IMYHBIX CTaThsiX. B [66] u [67] HEHpOHHbIE CETH CIPOEKTUPOBAHBI TaK, YTOOBI
MIPUHUMATH TIAPBI PEUCBBHIX CETMEHTOB, H 00yUJaIOTCSI KIIAaCCH(UITPOBATE IIETTH COBIA-
neHnsi/HecooTBeTcTBHA. CriennanbHO pa3padoTaHHas QYHKIHUA TOTEPh TPHUILIETA IIPea-
JIo’)KeHa B [68] 17 3aMeHbI IBOMYHON (GYHKIMH TOTePh Kiaccudurarym. O6o0meHHas
ckBo3Has noteps (GE2E), xoTopas aHajgoru4yHa rnorepe TpuIiuieTa, mpeayioxkena B [69]
JUTSL paCIIO3HABAHUS TEKCTO3aBUCHMOTO TUHAMHUKA 110 BHYTPEHHEMY HA0OpY JaHHBIX.

B [70] npennosxeHa A1ONOJHUTENbHAS ONTUMU3ALMOHHAS 1I€JIb, HAa3bIBaeMasi BHYT-
PHUKIIACCOBOI MOTEpEH, I YITyqIIeHNs TITyOOKOT0 BCTpanBaHUS TOBOPSIIETO, YCBOCH-
HOTO C TPHUILIETHOH MoTepel. B cTaThe mokazaHo, 9To MOJIENH, 00YUSHHBIE C HCIIOB30-
BaHUEM BHYTPHKIACCHBIX ITOTEPh, MOTYT IPUBECTH K 3HAYUTEIHHOMY OTHOCHUTEIIFHOMY
yMmeHbIeHuto Ha 30% mpu oguHakoBoii yactore omubok (EER) mo cpaBHeHuro ¢ uc-
XOIHOH TPUILICTHOMH moTepeid. I (HeKTHBHOCTH OICHUBACTCS KaK JJIsl HAOOPOB TaHHBIX
VoxCeleb, Tak u mist VoxForge.

B [61] aBTOpHI IpeITOKMIN METOA OOYYICHUSI BCTpauBaHMS CIIMKEPOB U3 HEoOpa-
0OTaHHOTO CUTHAJIA MTyTeM MAaKCHUMH3AIMH B3aUMHOW HHPOpMAIHHA. DTOT TOIXO HC-
MOJIb3yET apXUTEKTYPy KOAMPOBIIMKA-IUCKPUMUHATOPA, aHAJIOTUYHYIO apXUTEKType
TCHEPHUPYIOIINX cocTA3aTeNbHBIX ceTeil (GAN), Ui HeSIBHOW ONTUMH3aIUU B3aUMHON
nHPOPMAUU. ABTOPHI IOKA3EIBAIOT, YTO ATOT MOAX0 d((HEeKTHBHO YCBAaUBACT MOJIE3-



180 0. XK. MawmsipbaeB u 1ip.

HBbIE€ MPEACTABIECHUS NOKIAIUUKOB, YTO IMPUBOJUT K NMPEBOCXOIHON MPOU3BOIUTENb-
HocTH B Kopiryce VoxCeleb o cpaBHeHUIO ¢ cuctemamu i-vector baseline w CNN Ha
OCHOBE ITOTEPh B TPH pasa.

B [71] aBTOpBI 00BEAUHSIOT GYHKIIMHA U3BICYCHUS TITyOOKHUX CBEPTOUHBIX (DYHK-
LA, QYHKIMKM caMOOOCTy)KMBaHUS U (YHKIHMH OOJIBIINX MOTEPh B CBOU CKBO3HBIC
YCTPOWCTBA pacrio3HaBaHus rTyOOKNX AUHAMUKOB. VIHIMBHIyanbHbIe U aHCaMOJIeBbIe
MOJIETIM U3 3TOTO MOX0/1a JOCTHUIIIN CaMBbIX COBPEMEHHBIX Mokazateneld Ha VoxCeleb
C OTHOCHUTENBHBIM yiTyurieHueM Ha 70% u 82% COOTBETCTBEHHO, IO CPABHEHUIO C ITyY-
IIMMH PE3yTbTaTaMH, O KOTOPBIX COOOIMAN0Ch. ABTOPBI TAK)Ke MPEAT0KIIN UCTIONb-
30BaTh HEMPOHHYIO CETh IS MOICTAaHOBKH Kiaccupukatopa PLDA, 9To mo3BossieT uM
M0JIy4aTh caMble COBpeMeHHbIe pe3yibTaThl B Habope aanHbix NIST-SRE 2016.

ITpou3BoAMTENBHOCTH PA3HbIX MOJIeJIe HA Pa3HbIX Habopax
AAHHBIX

B sTOM pazgene Mbl IpeCcTaBUM padOTy pa3iIUYHBIX MoJieleld OMOMETPHIECKOTr0 pac-
MIO3HABaHWsI, pa3pabOTaHHBIX 32 MTOCIEAHNE HECKOIIBKO JIeT. MBI codnpaemest mpezacTa-
BUTH PE3YNbTAaThl KAXKI0W MOJEIH OMOMETPUYECKOTO PACIIO3HABAHUSA B OTJCIBHOCTH,
00ecTeunB BHINOJHEHHE HECKOJIBKUX MHOTO00CIIAIONINX paboT HaJl OTHUM MU JBYMS
LIMPOKO UCTIONIb3YEeMbIMU HaOOpaMH TaHHBIX 3TOH Onomerpuu. [Ipexe uem nepeiitu k
KOJIMYECTBEHHOMY aHAJIN3Y, Mbl CHauasa KpaTKO NPeACTaBUM HEKOTOPbIE OMYJISIPHBIE
METPHKH, KOTOPBIE HCHOIB3YIOTCS JUIS OLEHKH MOJeNel OMOMETPHYECKOTO pacio3Ha-
BaHMU.

IMonyasipHble METPUKH 151 OLEHKH 0MOMeTPHYECKUX CHCTEM PaCNO3HABAHUS

PaznuuHble METPUKY NpeJHa3HAuSHBI U1l OLEHKH MPOU3BOIUTENBHOCTH CHCTEM OHO-
METPHYECKOTO PACHO3HABaHM. 3/1€Ch MBI IIPE/ICTABIsIEM 0030p HEKOTOPBIX MOMYJISP-
HBIX METPHK ISl OLIEHKH NTPOBEPKH U MIICHTU(PUKAIIMN alrOpuTMOB. brnomerprueckas
MIPOBEPKAa MMEET OTHOIIEHHE K MpoOJieMe MOBTOPHON MAECHTHU(HKALMH, TJIE€ MBI XO-
TUM YBUZIETh, COOTBETCTBYIOT JIU JaHHBIEC JAHHBIM 3apETUCTPUPOBAHHOMY 00pasiry. Bo
MHOTHX CITy4asx IPOU3BOIUTEIFHOCTh U3MEPSAETCS C TOUKHU 3PEHHSI TOYHOCTH IIPOBEP-
KH, OCOOEHHO KOT/Ia IPEIOCTaBIISIETCs] TECTOBBIA HA0Op AaHHBIX. PaBHBIN KOd(DHIH-
et ommnoOok (EER) - 510 eme o uH NOMyJISIPHBIIN 1MOKa3aTelb, KOTOPBII MPEACTaBIseT
c000i1 KO3 PUIHEHT OMMMOOK, ONpeaesIeMblif TOPOTOM, KOTOPBIH JaeT PaBHBIC JIOXK-
HBIE OTPHLIATEIbHBIE U JIOKHOIIOJIOKHUTENbHBIE MTOKa3aTen. Pabodast XxapaKTepucTHKa
npuemHuka (ROC) Taxke ABIs€TCS qPYrod KIACCHYECKONH METPUKOM, HCIOIb3yeMOon
JUId TIpoBepKu npousBoauTensHocTH. ROC mo cymiecTBy u3MepsieT HCTUHHYIO I10JI0-
xuTenbHyto ckopocTb (TPR), koTopas siBisieTcs 1oel OTMHHBIX CPaBHEHUH, KOTO-
past IPaBWIIEHO IPEBBIIIACT MTOPOT, U JOXKHYIO MOJI0KUTENbHYI0 ckopocTh (FPR), ko-
TOpas SIBISIETCS NOJICH CPAaBHEHMI CaMO3BAHIIEB, KOTOPBIE HETIPABIIIBHO MPEBBIIAIOT
TIOPOT, TIPH PA3ITMYHBIX TOPOTOBHIX 3HaUeHUIX. ACC (TOYHOCTB KJIaCCH(UKAITUH) - 9TO
ele OJIMH IMoKa3aTelb, ucroib3yemblii LFW, kotopslil mpeacrasisier coboi npocto
MIPOLIEHT MPaBHIIBHBIX Kiaccudukannii. MHorue paboThl Takke ucroiab3ytoT TPR s
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onpenenennoro FPR. Hanpumep, 1JB-A dokycupyercs na TPR @ FAR = 1073, B To
Bpems kak Megaface ucronsszyer TPR@FPR = 1076,

Wnentudukanms 3aMKHYyTOT0 HabOpa MOXKET OBITh H3MEPEHA C TOUYKH 3PCHHUS TOU-
HOCTH UACHTH(DHUKAIMH 3aMKHYTOTO Habopa, a TaKkKe CKOPOCTH OOHAPY>KEHUS U UIICH-
tudukanuu panra N. Rank-N u3mepseT npoleHT NOMCKOBBIX 3allpOCOB, BO3BpAllalo-
KX 00pas3Iibl U3 rajieper 30HA0B B BepXHUX N paH)KMPOBaHHBIX pe3yJbTaTax (Hanpu-
Mmep, 1JB-A/B/C ¢okycupyercst Ha 1mokaszareinsx pacro3HaBaHus paHra-1 u pasra-5).
KymynsatuBHas xapakrepuctuka coorserctBusa (CMC) - emmie oHa nomyisipHast METpH-
Ka, KOTOpast U3MEPSIET MIPOLEHT Mpo0, HICHTU(PHUIIMPOBAHHBIX B JaHHOM paHre. Matpu-
I1a CMELICHUS TaKXe SBIISETCS MOIYIAPHON METPHKOH 1 HeOONBIINX HAOOPOB JaH-
HBIX.

Wnentndukanus oTKpbITOro Habopa UMEET JeTI0 CO CTydasiMu, KOT/ia CHCcTeMa pac-
TIO3HABaHU JI0JDKHA OTKJIOHSTH HEM3BECTHBIE / HEBUMMBIE TIPEIMETHI (30HBI, KOTO-
PBIX HET B rajepee) Bo BpeMs TecTa. B HacTosImee BpeMsi CyIecTByeT O4eHb Mo 6a3
JTAHHBIX, OXBATHIBAIOIINX 337aqy OTKPHITOr0 OMOMETPHUYECKOT0 pacro3HaBaHus. Todu-
HOCTh uaeHTH(uKamu Openset SBISETCS MOIMMYJISPHBIM IOKa3aTeneM sl 3TOW 3a1a-
uyl. B HEKOTOpBIX TecTax TakXke MpeaIaratoch UCIOIb30BaTh KPUBYIO KOMIIPOMHUCCA €
omuokoit npuasaTusa pemenust (DET) ms xapakrepuctuku FNIR (ypoBeHB JT0XHOOT-
punarensHoN uaeHTHUKAMK) Kak yHKIH FPIR (YpoBeHB JI0KHOIOJIOKHUTEIBHOM
AOCHTH(PUKAIIH ).

[Ipou3BoauTENFHOCT MOJIENEH I PaclO3HABaHH rojIoca:

Hawubornee mmpoko UCIoabp3yeMOoi METPUKOH /ISl OLIEHKH CHCTEM PAacIO3HABaHUS
rosopsinux siisiercst Equal Error Rate (EER). [Tomumo EER, npyrue nokasarenu Tax-
XK€ UCIIONB3YIOTCS Al OLEHKH cHcTeMbl. Hampumep, KprBasi KOMIIEHCAIIMN OIINOKA
obnapysxenus (kpuBasi DET) ucnoneiyercs B onenkax 3¢ dexruHoctr SRE mist cpas-
HeHus pa3nudHbix cucteM. Kpusas DET cos3maetcs myTeM HaHeceHHs KO3 duiineHTa
JIO)KHOT'O OTPHUIIAHUSI HA YPOBEHB JIOKHOTO MOJIOKUTEIBHOTO Pe3yJIbTaTa ¢ JJorapudmu-
yeckoit mkanoi Ha ocsx X 1 Y. (EER cootBercTByeT Touke Ha kpuBoit DET, rae ypo-
BEHb JIO)KHOTO OTPHLIAHUS M YPOBEHB JIOKHOTO CpabaThIBaHUsI paBHBI.) MUHUMaIbHAS
CTOMMOCTb OOHAPY>KEHHMS - 3TO €IIe OJUH ITOKa3aTellb, KOTOPHIM 9aCTO MCHOIb3YETCs B
3a/1a4ax pacro3HaBaHUs TOBOPSIIETo [72]. DTa CTOMMOCTH ONIPEAeTsAeTCs Kak CpeliHe-
B3BEIICHHOE 3HAUCHUE JIBYX HOPMaJIM30BaHHBIX K03 duunenTos ommbok. He Bce atn
MOKa3aTes M MpeCTaBICHbI B KaK/I0H HcclieioBaTenbekoil padore, Ho EER sBnsercs
HanOoJee BaXKHBIM ITOKa3aTesieM AJIsl CPAaBHEHUS PA3IMYHBIX CHCTEM.

B tabmure | nmpuBeneHsl pe3ysIbTaThl PA0OTHI HEKOTOPBIX U3 JTy4IINX CHCTEM pac-
MO3HABaHUs CIIApKepOB HAa OCHOBE TITyOOKOTO HakioHa B Habope manHbIX VoxCelebl.
Kak nokazaHo B TabJuIie, mporpecc, J0CTUTHYThIH UCCIIEA0BATENIIMH 33 IOCIIEIHHIE 1B
roja, ABJseTCS 3aMEeTHBIM. Bce 3Th cuctembl, moka3zaHHbIE B TaOnue 1, sSBISIOTCS OT-
JEeTbHBIMU CUCTEMaMH, YTO O3HAYAET, YTO NPOM3BOAUTEIBHOCTh MOXKET OBITH ITOBBI-
IICHa ¢ TIOMOIIBI0 KOMOWHAIIMH CHCTeM Win ancambnueid. s HabopoB manHex SRE
13-3a OOJIBIIIOTO KOJTUIECTBA CEPHUIl M CIIOKHOCTH PA3IMYHBIX yCIOBHN OLIEHKH CI0KHO
00BeIMHUTD BCE PE3YJIBTATHI B OHY Tabmuily. KpoMe Toro, pa3Hsie JOKyMEHTHI MOTYT
MIPEACTABISITh PE3yJIbTAThI JAJIsl pa3HbIX HAOOPOB WIIM YCIIOBHH, YTO 3aTPYyJHSIET CpaB-
HEeHMEe IPOU3BOJUTENBHOCTH ISl Pa3HBIX MOAXOI0B.
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BoNBIIMHCTBO CYIIECTBYIONMX HAOOPOB JTAaHHBIX JUIS WACHTU(HUKALUK JTOKIIa 91~
KOB COZIepXaT 00pas3Iipbl, ITOJyIEHHbIE B IOBOJILHO OTPAaHUYEHHBIX YCJIOBHAX, U OOBIYHO
CHA0XaIOTCSl TIPHMEYaHUAMH BPYYHYIO, CIEJOBATEIbHO, IMEIOT OTPaHWYCHHBIN pa3-
Mmep. Llenb 3Toro MoKyMeHTa - co3/1aTh KpyIMTHOMACIITAOHBIH TEKCT-HE3aBUCHMBIN Ha-
00p IaHHBIX WISHTU(HUKALIMH FOBOPSIIIETO, COOPaHHBIHA «B ANKOW pupoe». Harr koH-
Beiiep mpearnosaraeT noiay4yeHue Buaeo ¢ YouTube; BBIIONHEHNE aKTUBHOW POBEPKU
JMHAaMUKOB C UCIIOJIb30BaHNEM CBePTOYHOM HelipoHHOH cetn (CNN) ¢ cHHXpoHHU3anu-
el IBYX MOTOKOB M MOATBEPKIACHHE JIMYHOCTH TOBOPSILETO C MCIOJIB30BAHMEM pac-
mo3HaBaHus ull Ha ocHoBe CNN. MBI uCTIoNnb3yeM 3TOT KOHBEHep A KypHUpOBaHUS
VoxCeleb, KOTOpbIil COIEPIKUT COTHHU THICSY BHICKA3bIBAHUI 13 «PEATLHOTO MUPa» IS
6onee uem 1000 monp3oBaTened. Haiu Bkia 3akiroyaercs B IPUMEHEHHN U CPAaBHEHUN
Pa3IMYHBIX COBPEMEHHBIX METOJOB HICHTU(HKAIMK TOKJIATIMKOB B HalleM Habope
JaHHBIX JUIA OlpeseneHnus 0a30BOH MPON3BOJUTENLHOCTH. MBI MOKa3bIBaeM, YTO ap-
xuTekTypa Ha ocHoBe CNN oOecrieunBaeT HAMITYUIIYIO IIPOU3BOAUTEILHOCTD KaK JUIs
I/IJICHTI/I(bI/IKaHI/II/I, TaK U OJ1A ayTeHTI/I(I)I/IKaHI/II/I.

Ta6auma 1. . TOYHOCTH pa3IUYHBIX CHCTEM pACIO3HABAaHHS TOJOCOB B HAOOpe JaHHBIX
VoxCelebl.

Monens [oteps Ob6yuatommii Habop
1 — vector+PLDA - 14 point, VoxCelebl
SincNet+LIM (raw audio)|- VoxCelebl
x — vector Softmax VoxCelebl
ResNet-34 A- Softmax + GNLL |VoxCelebl
x — vector Softmax VoxCelebl
ResNet-20 AM- Softmax VoxCelebl
ResNet-50 Softmax + Contrastive| VoxCeleb2
ThinResNet-34 Softmax VoxCeleb2
ResNet-28 AMM VoxCelebl

PaccMoTpeHHBIe BhIIIE TOAXO0AbI, OCHOBAaHHBIE Ha I'NTyOOKOM 00Y4YEHHH, TAKXKE IIPHU-
MEHSIOTCS K JIPyTHM CMEXHBIM 00JIacTsIM, HAallpHMep, peueBast JTHapu3arys, oOHapysKe-
HHE TOBTOPHOM aTaKW M HACHTH(HUKANKS A3bIKa. [I0CKONBKY 3TOT JOKYMEHT HOCBSIIICH
OMOMETPHYECKOMY PACIIO3HABAHUIO, MBI IIPOITyCKaeM JCTalH IS 3THX 3a7ad.

HpOﬁJ’IeMLI H BO3MOKHOCTH

3a mocieaHne HECKOIBKO JIET CHCTEMBI OMOMETPHUYECKOTO PACTIO3HABAHHS TPETEPIICIH
OOJBIION TPOTPECC C IMOMOIIBI0 MOJIeNIel, OCHOBAaHHBIX Ha IIyOOKOM 00ydeHHH, HO
BIIEPEIIH €Ille HECKOIBKO 33a4, KOTOPbIE MOTYT OBITh PELICHbI B TCUEHHE HECKOIBKUX
JIET U IeCSATUIETUH.
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Bonee cioxxnble HA0OPBI JAHHBIX

X 0TS HEKOTOPBIE U3 CYLIECTBYIOIIUX HAOOPOB JTaHHBIX OMOMETPHUYECKOTI0 paclio3HaBa-
nust (takue kak MegaFace, MS-Celeb-1M) conepkaT oueHb 00JIbII0E KOTUMYECTBO KaH-
JIMJaTOB, OHH BCE €I1IE AJIEKH OT IIPEACTaBIICHUS BCEX peallbHbIX clieHapueB. HecMoTpst
Ha TO, YTO COBPEMEHHBIE aJITOPUTMBI MOTYT JOCTUTATh ypOBHEH TouHOCTH Ooee 99,9%
B 6a3ax manHbeIXx LFW 1 Megaface, pyrmamenTansHbe mpo0IeMbl, TAaKHe KaK COIIOCTaB-
JIeHHe JINI] / GMOMETPHH TI0 BO3pacTaM, pa3HbIe M03bl, YaCTUYHBIEC JaHHBIC, PA3INIHbIC
THUIIBI JaTYUKOB, MO-TIPEKHEMY OCTAIOTCS CIIOKHBIMH. TaKKe YHCII0 CyOBEKTOB/ oIS
B pPEIbHBIX CIIEHAPHAX JOJDKHO OBITH MOPSJIKA JECSITKOB MUIUIMOHOB. [loaToMy Ha-
00p IaHHBIX OMOMETPHUH, KOTOPBIH COAEPKUT ropaso Oosplee KOIMIECTBO KIacCOB
(10M100M), a Taxxe HAMHOTO OOJIBIIE BHYTPUKIACCOBBIX BapHAIMi, CTAHET eIle OA-
HUM OOJIBIINM IIArOM Ha IyTH MOAICPKKH BCEX PEalbHBIX yCIOBHH.

HNHuTepnperupyemble riydooxkne Moaem

D70 MpaB/a, YTO MOJICIIH, OCHOBAHHbIC Ha TITyOOKOM 00YYEeHUH, TOCTHUTIIH Y IUBUTEIb-
HBIX PE3yJITATOB BO MHOTHX CJIOXKHBIX TECTaX, HO €CTh €IIIe HECKOIBKO OTKPBITHIX BO-
MIPOCOB IT0 MOBOY ATUX Mojienel. Hampumep, YToO IMEHHO H3y4YaroT MOIEIH [TyOOKOTr0o
00yuenus? [Touemy 3TH MOJIEITH JICTKO Oy PaYUTh CONCPHUYAIOIIMMU IpUMepamH (B TO
BpEMsI KaK 4eIOBEK MOXKET JIETKO 00HAPYKUTh MHOTHE U3 3TUX MpHMepoB)? YTo Takoe
MUHHMaJIbHAS HEHPOHHAS apXUTEKTypa, KOTOpas MOXKET 00ECIEeUUTh OMPEACICHHYIO
TOYHOCTH Pacro3HaBaHUS ISl TaHHOTO Habopa NaHHBIX ?

HemHnorouucjieHHoe 00yueHune u 00yueHue ¢ caMoo0ydeHueM.

MHorue u3 yCIeNIHbIX MOJETeH, pa3paboTaHHBIX sl OMOMETPHUIECKOTO paclio3HaBa-
HUS, 00y9aroTcs Ha 00X HAOOpax JaHHBIX C JOCTATOYHBIM KOJMIECTBOM BEIOOPOK
JUIA Kaxaoro kinacca. OQHOM U3 HHTEpeCcHBIX OyayIIMX TeHIeHIuil OyneT papaboTka
MoJIeJIeH pacrio3HaBaHusl, KOTOPHIC MOTYT BEIYUYUTh MOIIHBIC MOJICIIH U3 OYCHb HEMHO-
THX KaJpoB (HOJIb / OJMH BBICTPEN B KpaiHEeM ciiydae). DTO MMO3BOJMIO OBl 00y4aTh
JTUCKPUMHIHAIIMOHHBIC MOJCTH 0e3 HEOOXOAMMOCTH TIPEIOCTaBISTE HECKOIBKO 00pas3-
IIOB /IS KaXKI0T0 YenoBeka / muaHocTH. CamocTosTensHoe o0yduerHne [ 73] Takxke sSBis-
eTcs elle OTHOM MOITYIIIPHOM B IOCIIeIHEe BpeMs TeMOH rTyOoKoro 00y4ueHus, KoTopas
HEJI0CTaTOYHO M3y4eHa JJIsl pacrno3HaBanus ouomerpun. OIHUM U3 cIOCOOOB €ro mc-
MTOJIb30BAHUS OBUTO OBI M3yUYCHHE JUCKPUMHHAIIMOHHBIX OMOMETPUYCCKUX MPH3HAKOB
U3 JIOKAJTBHBIX (DParMEeHTOB H300pakeHUs, a 3aTEM arperupoBaHUE ITUX MPHU3HAKOB U
WX UCTIOIB30BaHME IS KITAaCCH(PHUKALINH.

Bbuomerpuueckmnii cuHTE3

OnHO GnoMeTpHYecKOe pacio3HaBaHKUE CaMo IT0 ce0e TaJIeKo He JOCTATOYHO JIJIS peliie-
HUSI BceX OMOMETPHUYECKNX/KPUMUHAINCTUIECKHX 3a1a4. HanpuMep, OTIIMYUTD UieH-
TUYHBIX OJTM3HEIIOB MOXET OBITh HEBO3MOKHO TOJIBKO OT JIUIA, WA COTIOCTaBUTH MJICH-
TUYHOCTD C JIMIIOM C MaCKUPOBKOM, HJIH MOCIIE ONEepalui MOXKET ObITh HE TaK IPOCTO.
Cnusiaue nHQoOpManuy U3 HECKOJIBKHX OMOMETPUYECKUX JaHHBIX MOXET 00ecleunTh
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OoJiee Ha/IS)KHOE PEIICHUE/CHCTEMY BO MHOTHX M3 9THX CIIy4aeB (HarpuMep, HCIOIb30-
BaHMeE roJ10ca + JIMIA WM TOJIOCA+HTIOXOJKH TOTEHINAILHO MOKET PEIINTh HASHTHYHOE
obOHapysxeHue Oim3HeroB) [74,75]. Xopormas HelipoHHas apXUTEKTYpa, KOTOpasi MOXKET
COBMECTHO KOIUPOBATh U O0BEANHSITh pa3INIHbIe OMOMETPUIECKUE TAPaMETPhI, OblTa
Obl UHTEPECHOW NMPOOIEeMOl (ClUsiHUE HHPOPMALIUU MOXET ITPOUCXOIUTh Ha YPOBHE
JIaHHBIX, YPOBHE BO3MOXKHOCTEH, yPOBHE OLICHKH WJIM yPOBHE MPUHSATHUS PELICHHUN).

Mogaenu B pealbHOM BpeMeHH 1151 Pa3IMYHBIX NPUJIOKeHU

Bo MHOrMX NpHIIOKEHUSIX TOYHOCTD SIBISIETCS HanboJiee BaXKHBIM (pakTOpOM; OIHaKO
€CTh MHOTO NPHUMEHEHHi, B KOTOPBIX TAKXKE€ BAXHO MMETh MOJIENb OMOMETPHYECKO-
IO Pacro3HaBaHMS IOYTH B PEATBHOM BPEMEHHU. DTO MOXKET OBITh OUYEHb MOJIE3HO JUIS
peIIeHni Ha YCTPOMCTBE, TAKMX KaK ayTeHTH(HUKALUS I MOOUIBHBIX TeIe(OHOB H
ItaHieToB. HekoToprle U3 COBpeMEHHBIX INIyOMHHBIX MOJENEl I paclo3HaBaHUA
OMOMETpHHU JAIEKU OT 3TOro TpeOOBaHUS CKOPOCTH, U pa3paboTKa Mojeei, OIM3KIX
K peaJIbHOMY BPEMEHH, HO TOYHBIE MOJICIIN OBbUTH OBl OYEHb MOJIC3HBI.

Mogaeau ¢ 3p(peKTHBHBIM HUCNOJIbL30BAHNEM MAMATH

MHorue U3 MozeTei, OCHOBaHHBIX Ha TITyOOKOM 00ydYeHHH, TPeOYIOT 3HAUUTEIFHOTO
oOBpemMa maMATH Jake BO BpeMs BBIBojA. J[o cmx mop Gombimas 4acTh ycwinid OblLia
COCpe)IOTOqua Ha MOBBINICHHWU TOYHOCTHU 3TUX Moueneﬁ, HO UId TOTO, ‘-ITO6BI HpI/ICHO-
COOMTB 3TH MOZIENH K YCTPOICTBaM, CETH JOJDKHBI OBITh YIPOIIEHBI. ITO MOXET ObITh
CIETaHo JINOO C MOMOIIBI0 00JIee MPOCTOM MOJIENH, C HCITOIB30BAHUEM METOJIOB CxKa-
THS MOJETEH, THO0 IMyTeM O0YYIEeHHUS CIOKHON MOJENH, a 3aTeM C TIOMOIIHIO0 METO/IOB
JUCTIIUISIAN 3HAHUH, 9TOOBI CKaTh €€ B MEHBIIYIO CETh, MMHTHUPYIOIIYIO HCXOJHYIO
CIOXXHYTO Mozeb. Hanmane Mozenu ¢ 3¢ eKTHBHBIM HCIIOJIB30BAHNEM ITaMSITH OTKPHI-
BacT ):[Bepm JJIs1 UCTIOJIB30BAHUS O TUMHU MOJACIISIMU NAaXKE Ha 6I)ITOBI)IX yCTpOﬁCTBaX.

Bonpocsl 6e3onacHoCTH M KOHGHUACHIINATBHOCTH

BezonacHocTs MMeeT 0OJbIIOE 3HAUEHHE B CUCTEMax OMOMETPHUYECKOTrO pacHo3Ha-
BaHMs. ATaka Npe3eHTalyel, aTaka 1o MabJoHy M cocTsA3aTeNbHas araka yrpoka-
10T 0€30IacCHOCTH CHCTEM ITyOOKOro OMOMETPHYECKOTO PAcIO3HaBaHMA W OpocaroT
BBI30B CYIIECTBYIOMIMM MeToAaM aHTHciyduara. HecmMoTpst Ha To, 4TO OBLTH TIpen-
MIPUHSTBI HEKOTOPBIE MOMBITKU JJIsl OOHAPYIKEHUS TIPUMEPOB C COCTSA3aHUSAMH, JI0 Ha-
JIe)KHBIX/CITy PUHIOBBIX BO3MOXKHOCTEH ele Aajieko. B cBsi3u ¢ yTeukoi Ouonormye-
CKUX/OMOMETPHYECKNX JTaHHBIX B HACTOSIIEE BPEeMs BO3HHKAIOT MPOOJIEMbI ¢ KOH(DH-
JeHIMaNbHOCThI0. HexoTopast nHpopManus 00 HASHTHYHOCTH / BO3pacTe / IOJIe MOJIb-
30BaTeIIsl MOKET OBITh JEKOAUPOBAHA U3 IIPEACTABICHUS NX H300paXKEHHUH 110 HEHPOH-
HBIM Tpu3HaKkam. ViccnenoBanus B 001acTy BU3yaabHOHM KpunTorpaduu, 9To0s! 3amm-
TUTh KOH(UICHINAIBHOCTD MOJIb30BATENeH Ha COXpaHEHHbBIX IabioHaX OuoMeTpuw,
HMEIOT BKHOE 3HaYCHHUE ISl pelieH st Npo0iieM KOH(UISHINATLHOCTH B OOIIECTBE.
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BriBoaBI

B 3T0if paboTe MBI IPEICTABILTN CBOJKY ITOCIIEIHUX MOJIEIel Iry0oKoro o0y4ueHus (10
2020 roma) s OMOMETPUIECKOTO pacrio3HaBaHUA. B oTimmdme oT Apyrux mcciemoBa-
HUH, OH JJaeT 0030p HanboJee YacTo MCIIOIb3yeMbIX OMOMETPUISCKUX JaHHBIX. [y-
00KHe HeHPOHHBIC MOJIEIIN IOKA3aIl MHOTOO0CIIIAOIIee YIYUIICHHE [0 CPABHEHHIO C
KJIACCHYCCKUMU MOJICIISIME JUTSL PA3IIUUHBIX OHoMeTpuil. ['oocoBbIe OnoMeTpudIecKue
JTAaHHBIC TPHUBIICKIIA TOPa3I0 OOJIbIIC BHUMAHHS H3-32 00Jice IMUPOKOT0 MPOMBIIILIICH-
HOTO IPAMEHEHHS U JJOCTYITHOCTH OOJBIINX HAOOPOB JaHHBIX, HO IPyTHE OHOMETpHYe-
CKHe XapaKTepUCTUKHU, TOX0XKeE, CICTYIOT TOH kK€ TeHACHINA. XOTs IIyOOKHe Mccie-
JIOBaHHS B 00JIACTH OMOMETPUU JOCTHUIIIM MHOTOOOEIIAIOIINX PE3yIbTaToOB, BCE eIle
€CTh OOJBIINE BO3MOXHOCTH JJIs YIYUIICHUS B Pa3IHMYHBIX HATIPABICHUSIX, TAKUX KaK
co3/1aHue OONBIINX U O0JIee CIIOKHBIX HAOOPOB TaHHBIX, PEIICHHUE MPOOJIEM UHTEPIIPE-
TaIu MoJieleil, 00beIMHEHIE HECKOIBKIX OMOMETPUIECKUX TIOKa3aTeNIeH U pelIeHIe
BOTIPOCOB 0€30MMaCHOCTH ¥ KOH()UACHIINATFHOCTH.

Baaronapuocts . JlanHas paborta Obuia moanepskaHa MUHUCTEPCTBOM 00pa3oBaHUs
n Hayku PecriyOnmuku Kazaxcran. IRN AP05131207 Pa3pa®oTka TeXHOJIOTHIT MYJIBTH-
SI3BIYHOTO aBTOMAaTHYECKOTO PAaclO3HaBaHUsI PEUH C UCIIOJIb30BaHWEM IITyOOKHX HeEH-
POHHBIX ceTeH.
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Omnpenesienne pacnpocTpaHeHHs ONMACHBIX
NMPOU3BOJACTBEHHBIX ()AKTOPOB NMPHU COCTABJIEHUHU
AeKJapanuu NPOMbINIJIEHHOH 0€30IaCHOCTH Ha
OMACHBIX MPOM3BOJCTBEHHBIX 00bEKTaxX

Banepuit A. Cenenes, Kynp3una XK. Jlakuesa, I'ynsdat XK. Kanenosa,
Amnaronutii I1. [piranos, Po3a C. beiicembaeBa

Hexommepueckoe akunoHepHoe o6iectBo “BocTouno-Kasaxcranckuil yHUBepcHTeT
umenu Capcena Amanxonosa®, Ycrb-Kamenoropek, Kaszaxcran
ecology-2014@mail.ru

AnHoTamms ['pakpaHckas 3aIiuTa 3TO OOLIETOCYIapCTBEHHBIM KOMIUIEKC Me-
PONPHATHH, TPOBOAUMBIX B MUPHOE U BOSHHOE BPEMsl, HAlIPaBJICHHBIX Ha IIpe-
JOyTNpexaeHue W JNKBUAAIMIO YPEe3BBIYaiHBIX CHTYaIlnii IPHPOTHOTO M TEXHO-
TEHHOT'O XapaKTepa U UX MOCNEACTBUH, OPraHU3aLHUio0 1 BEJCHHE IPaXIaHCKOI
000pOHBI, OKa3aHHe YKCTPEHHOI METMIIMHCKOHN M IICHXOJIOTHYECKON ITOMOIIN Ha-
CENIeHUIO, HaXO/SIIEMYCsI B 30HE YPE3BBIYAHHON CHTyallli, BKIFOYAIOIUH B ce-
051 MepOIpUATHS 110 00ECTICUEHHIO TI0KaPHOK M IIPOMBIIIJICHHON 0€30MacHOCTH,
(OpPMHPOBAHUIO, XPAaHEHHIO U HCIOJIL30BAaHUIO T'OCYJapPCTBEHHOTO MaTepHalIb-
HOTo pe3epBa. Ha kakoM ommacHOM NpoHU3BOICTBEHHOM O0BEKTE, BCE ITH MEPO-
MIPUSITUSI TIPUBEJIEHBI B JIEKIAPAIY MPOMBIIUIEHHOH 0€30MacHOCTH, B KOTOPOit
OTAENEHBIM ITyHKTOM CTOMT aHAJIN3 YCIOBHI BOSHMKHOBEHHUS U pacyETHas OLCH-
Ka PHCKa BEPOATHBIX CLIEHAPHEB aBapHil U MHIMAEHTOB. [IpH 3TOM, Ha KaXI0M
OIaCHOM NPOM3BOJICTBEHHOM O0BEKTE PAaCCUUTHIBACTCSI CAMBIi OMACHBIN PHCK B
3aBUCHMOCTH OT HJIMYHS OITACHBIX BEIIECTB ¢ HanboJee pa3pyuIuTeIbHBIMH MO~
CIIEICTBUSIMU.

KioueBsle cioBa: ['paxaaHckas 3amuTa, OMAcHBIA MPOM3BOICTBEHHBINA 00b-
€KT, JCKJIapallus MPOMBILUIEHHON 0€301aCHOCTH, PUCK, aBapHsl, CHCTEMHbIN aHa-
JINTHUK, Pacuér.

BBeaenue

I'paxnaHcKas 3amuTa 3TO 0OIIETOCYTAPCTBEHHBIH KOMITIIEKC MEPOTIPHATHH, IPOBOIH-
MBIX B MUPHOC€ U BOCHHOC BpEMsI, HAIIPABJICHHBIX HAa MPEAYNPEKICHUE U JTUKBUAAITUIO
qpe3Bb1qa171me cuTyaunﬁ MMPUPOJHOI0 U TEXHOI'CHHOI'O XapaKTepa U ux HOCJ'IG,HCTBI/II‘/‘I,
OpTaHU3AIMIO U BEJCHUE TPAXKITAHCKON 00OPOHEI, OKa3aHUE IKCTPCHHOW MEIUIIMHCKON
1 [ICUXOJIOTHYECKON ITOMOIIIN HACETICHHIO, HAXOIAIIeMYCs B 30HE Ype3BBIUAHOI CUTY-
aIiH, BKITFOYAOIIIHA B ce0S MEPONIPUATHS IO 00ECIICUSHHIO TI0XKAPHOH U ITPOMBIIIIICH-
HO¥ 6e30macHOCTH, (POPMHUPOBAHUIO, XPAHEHHUIO M UCIIOJIB30BAaHHUIO TOCYAAPCTBEHHOTO
MaTepHajbHOro pezepsa. OCHOBHBIC 3a7jauyl IPaXIaHCKOHN 3aIUTHI:

- IPEAYNPEKICHUE YPE3BbIYAIHBIX CUTYALINIA;
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- Tpak/IaHCKasi 000pOHa;

- oXapHas 6e30acHOCTb:

- IPOMBIIIIIEHHAs 0E301TaCHOCTb.

B Pecrrybnuke KazaxcTan peryaupyeT OCHOBHBIE 3a/1a4H TPYKIAHCKON 3aIUThl 3aKOH
Pecnyosuku Kazaxcran ot 11.04.2014 Ne 188-V «O rpaxkaaHcKo# 3anmre» (C u3MeHe-
HUSIMU 1 JIOTIOJHEHHUsIME 1o coctosiHuio Ha 01.01.2020 r.). Hacrostiuuii 3akoH peryinu-
pYeT NpaBOBbIC OTHOLIEHUS B 001acTH 0OecneyeHus 0e30IacHO HKCILTyaTaluu onac-
HBIX TIPOM3BOJICTBEHHBIX OOBEKTOB M HANPABJIEH Ha IPEXYIPEXICHUE BPEAHOTO BO3-
JECHCTBUS OMACHBIX NMPOU3BOACTBEHHBIX (DAKTOPOB, BO3HUKAIOIINX B PE3YNbTAaTE aBa-
pHii, MHIIMJCHTOB Ha OIMACHBIX MTPOM3BOJICTBEHHBIX O0BEKTAX, Ha MEPCOHAJ, Hacele-
HUE, OKPYXKAIOLIYI0 cpely, o0ecrieueHre rOTOBHOCTH OpraHu3aluii K JIOKaJIU3aluu 1
JMKBUJALUK aBapvid, MHIMJICHTOB U MX IOCIEACTBUN, rapaHTHPOBAHHOTO BO3MEIIle-
HUsI YOBITKOB, IPUYMHEHHBIX UMH (DU3HMUECKAM U IOPUANIECKIM JIMLAM, OKPY>Karomen
cpene u rocyaapctBy [1].

B Cratpe 16. IlpaBa n 00s13aHHOCTH OpraHHM3aluil B cdepe Ipa)kTaHCKOH 3aIfUTEhI,
OIIpEJIeTICHO, YTO OPraHW3alliid UMEIOT MPaBO HMPOBOJUTH OLEHKY PHCKOB B 001acTu
MIPOMBILJIEHHON 0€3011acCHOCTH W OpraHM3alllK, UMEIOIINE OllaCHBIE TPOU3BOJICTBEH-
HBIE 00BEKTHI 00SI3aHBI ICKJIAPUPOBATH ITPOMBIIIICHHYIO 0€30I1aCHOCTh ONACHBIX MPO-
N3BOJICTBEHHBIX 00BEKTOB, ONPEJICIICHHBIX HACTOSIINM 3aKOHOM.

O0s13aTeIbHOMY IEKJIAPHPOBAHHIO TPOMBIIIICHHON 0€301TaCHOCTH TOJIEKAT OMTACHBIC
MIPOM3BOJICTBEHHBIE 00BEKTHI, COOTBETCTBYIOIINE KPUTEPUSIM OTHECEHHSI OMTACHBIX MTPO-
W3BOJICTBEHHBIX OOBEKTOB K JICKIapUpyeMbIM, YTBepsKaAeHHBIM [IpaBurenscTBom Pec-
myOnmuku Kazaxcran [2].

[puka3 MuHKCTpa IO HHBECTHLIUAM U pa3BuThio PecryOimkn Kazaxcran ot 30 mexaod-
ps12014 roma Ne 341 «O06 yrepkaennu [IpaBui, onpenensionix KPUTEPUN OTHECCHUS
OTACHBIX MTPOM3BOJICTBEHHBIX OOBEKTOB K JIeKIapupyeMbiM, U [IpaBun pa3spaborku ne-
KJIapaluy NPOMBIIIJICHHON 0€3011aCHOCTH OIIACHOT'O ITPOU3BOJICTBEHHOTO 00BEKTAY.

MaTepnanbl N METOAbI UCCJICAOBAHUSA

CrpykrypHas (opma AexiIapaiyii MPOMBIIUIEHHOW O€30MacHOCTH OMAacHOTO IMPOM3-
BOJICTBEHHOT'0 00beKTa onpeessiercs [IpaBuamu onpeaeneHus KpUTepHEB OTHECEHHS
OTIACHBIX ITPOU3BOJICTBEHHBIX OOBEKTOB K ACKIApUPYEMbIM U pa3paboTKU AeKIapanun
MIPOMBILIJIEHHON 0€30MacHOCTH ONACHOTO HMPOU3BOJCTBEHHOTO O0BEKTA, YTBEPIKACH-
HBIe nocTaHoBieHneM [IpaButenscTBa Pecriyomiku Kasaxcran or 31.07.2014 r Ne 864
(c mmenennsmu ot 10.08.15 1) [3].

Yka3aHHBIE TPEOOBaHMS OIIPEAEIIAIOT B 0053aTEILHOM MOPSIIKE ATISI KaXKI0TO OMTACHOTO
IIPOU3BOJICTBEHHOTO OOBEKTA YKA3aTh!

- XapaKTepUCTUKU OMAaCHOI'0 BEIECTBA;

- TEXHOJIOTHUYECKHUE JAHHBIE O PACIpPEAEICHUN ONIACHOTO BEIIECTBa;

- QaHAJIM3 OIIAaCHOCTEH U PUCKa;

- aHAJIM3 YCIIOBUH BO3HHUKHOBEHUS U Pa3BUTHS aBapHii, HHIUJCHTOB;

- MEpONPHUATHS 10 00ECHeUeHHUIO MPOMBIIIICHHON 0€301MacHOCTH W 3aIlWTHI Hacewe-
HUS.

KiroueBbIM MOMEHTOM Ul PELICHUs NMOCTABICHHBIX 3aJau A OTE€IbHOIO OMAaCHOro
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MIPOM3BOJICTBEHHOTO OOBKTA SIBIISICTCS ONpPEEIICHHE OCHOBHOTO PUCKa M IPOBEACHHE
pacu€ToB MpHU aHAIKM3 YCIOBHH BOSHHKHOBEHUS M Pa3BUTHUs aBapHid, MHIKACHTOB. Ha
KQ)XIOM OTIEIbHOM ONAaCHOM IIPOHM3BOJCTBEHHOM OOBEKTE ONPENEISIOIINE PHCKH
WHJUBUTyaJICH.

Hampumep:

- METAJTYPrH4YecKoe PEANPHUATHE - IECATKH TOHH paciijlaBa MeTajlla;

- XUMHYECKOE NPEeANpusITHe - 0aKK Ha COTHU M3 C BBICOKOTOKCHYHOMN KHCIIOTOM;

- mpeanpusaTHe Hedre-ra30100b4M - 0aKu Ha COTHH M3 ¢ HE(THIO U Ta30M;

- Ta30pacIpeACIIUTENILHBIC CTAHIUY - Ta3T0JIbJEPhl Ha COTHH M3 YIIIEBOJOPOIOB.

3aaya CUCTEMHOTO aHAINTHKA — MPEJUIOKUTh AJIS KaXI0r0 OMacHOro MPOU3BO-
CTBEHHOT'0 00BEKTa JJOCTOBEPHYIO, apI'YMEHTHPOBaHHYIO LIU(PPOBYIO MATEMaTHUECKYIO
MOJIETIb pacuéTa yCIOBHI BOSHUKHOBCHHUS M PA3BUTHS aBapHid, HHIIUJCHTOB U PacuéT-
HOE PacCTOSTHHUE PaclpOCTPaHEHHs ONTACHOTO MMPOU3BOACTBEHHOTO (hakTopa.
Kak mokxa3aBaeT mpakTHKa, aHAIOTOB pacy€TOB AJIS KK OTO OMTACHOTO MTPON3BO/ICTBEH-
HOT0 00BEKTa HE CyLIeCTBYeT. PacuéT npoBOAMTCS HA OCHOBE JAHHBIX KAXKIOTO OT/EIb-
HOT'O OITACHOTO MPON3BOJICTBEHHOI0 00BEKTA 1101 MHIUBUAYaJIbHYIO OTBETCTBEHHOCTh
CHCTEMHOT'O aHAJIUTHKA.
Tax xak Ha OOJIPIIMHCTBE OMACHBIX IMPOM3BOACTBEHHBIX OOBKTaX B KAYECTBE SHEPIo-
HOCHTEJIEH UCTIONB3YeTCs CKIKEHBIN yraeBomopoanbiit ra3 (CYT), To Hanbosee Boc-
TpeOOBAHHBIM PAcU€TOM SIBIISIETCA PUCK B3pHIBA XPAHIIUINA CKIDKEHHOTO YTJIEBOMO-
poaHoro rasa. B kagectse mpumepa, npoBenEH pacuyér Mo 3akasy AJs JeHCTBYIOLIETo
npeanpusitust TOO “Big Capital Ist™ B r.I1aBnonape s xpanwmmma CYIT o0meit Em-
xocThio 700 M> [4,5,6], IOKa3aHHOM Ha T€HEPaJILHOM IUIaHE KAaK (parMeHT paboumx
yepTexeil Ha pucyHKe | 1 pa3MelIeHHe IUCTEPH Ta30BOT0 XPAHMIIHIIA HA PUCYHKE 2.
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XapakTepHCTHKH OMACHOTO BelecTBa

B mucrepnax razosoro xHanmmmma TOO «Big Capital Ist» xpansaTcst cMecu mpomnas-
Oytan. [IpuMeHSFOTCS TpU MapKu:

IT (mpomaH TeXHUYECKHIA) COepKaHUE B CMECH IIporana He MeHee 75 %, Oyran
He HopMupyeTcs. JIErkuii mo Becy, MeHee KalopuitHbIH, He 3aMep3aet nmpu -40°C, npex-
MIOYTHUTEJIEH JUIsl HCIIOIb30BaHUS 3UMOH.

CIIBT (cmech mporiaHa U OyTaHa) cozxepkaHue OyraHa B cMecu He Oonee 60 %,
IpornaH He HopMupyeTcs. CpeHui 110 Becy, CpeJHEKIOPHHHBIHN, IPEINOYTUTENEH JUIs
UCTIONB30BaHMS Ha OCEHb H BECHY.

BT (6yTtan TexHUYeCKHii) copepkaHue OyTaHa B cMecu He MeHee 60 %, mporaH He
HOpMHUpYeTCs. TsKelblil 10 BECy, BBICOKOKAJIOPUMHBIN, 3aMEP3a€T B XKUJKOCTb IIPU -
10°C, mpeanoyTuTeneH A1 UCHOIb30BAHUS JIETOM.

IMTapsl cXMKEHHBIX YIIEBOJIOPOAHBIX Ta30B OECIBETHBI M HE MMEIOT 3amaxa. B co-
orBercTBHH ¢ ['OCT 20448-90. «I["a3p1. CxKIKEHHBIE TOIDIMBHEIC 1T KOMMYHAIIBHO-
661TOBOTO NTOTpedneHus. TexHnaeckne yciaoBusy, s onpeneneHus pacipocTpaHeHNS
pHCKa yTeuKH razy gobasisercs cnenuduyeckuii 3anax. K Hemy Ha 3aBogax U3roToBHU-
TeJISIX JOOABJIAIOT CHIIBHO MAaXHYIINE BELIECTBA — OOPAHTHI, B YACTHOCTH - ATUIIMED-
karrad. UaTencuBHOCTS 3anaxa o 'OCT 20448 — 90 nomxHa ObITH HE MeHee 3 Oauia.
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Pucynok 2. Pazmemenune nuctepH (pesepyapoB) razosoro xpanmnuima TOO ”Big Capital Ist*

Texunyeckue xapakrepuctuku peseppyapa CYI 3000-1,6-100-111
Cxema nonxemHoro pasmenienus pesepsyapa CYI™ 3000-1,6-100-I11 nmokazana Ha
pHuCyHKe 3.
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HaumeHoBaHue mapamMerpa 3HaveHue
I'pynna cocyna no OCT26-291-94 1
HoMuHaIbHAS BMECTUMOCTD, M° 100
3amomHeHHe cocyaa, He 6oree % 80
Jasnenue pabodee, Mma (krc/cm?) 1,6 (16)
Jasnenue pacuetsHoe, Mma (krc/cm?) 1,8 (18)

Jlasnenue npoGHoe rujpasiuueckoe, MIla (kre/cm?)
Temnepatypa skcrutyaranuu, °C

HaumenoBarne paboueii cpeibl U COCTaB
CxxnxeHHBIN yriieBogaopoaHbii ra3 (CYT)
OcHOBHO# MaTtepual, CTajib

Knacc onacnoct mo 'OCT12.1.007-76
Ioxapoonacuocts no 'OCT12.1004-91

I'pymma B3peBoomacHocTH o FOCT12.1.001-78
Kopposuiinocts

CKOpOCTh KOPpO3uu He OoJiee, MM/TO

Y CcTaHOBICHHBIH CPOK CITYXKOBI, €T

Macca, kr

MecTo pacTionoxKeHus

2,5 (25)
-40 +50

mpomnaH-OyTaH

0912C-8 'OCT 5520-79
4x.

MoXapoomnaceH

ITa-T3

HET

0,05

20

21500

MO3€MHOE

—3

Pucynok 3. Cxema pa3merenus pezepsyapa CYI" 3000-1,6-100-I11
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Onpenenenne NOTEHINAILHON JHEPIHH B3PbIBa CKMKEHHOTO YIJIEBOIOPO/I-
Horo rasa (CYTI') B sxkBuBasleHTHOI Macce TpuHuTpoToyoa (THT) nnsa xpanu-
Jsma 700 w3

ITnotHOCTH CYT cocTapmseT: p = 510 kr/m 3
Temoast sueprust CYT cocrasiser: Q = 46000 xJx/xr
O6mas émkocth xpanwiuma CYD 700mM3 OObeM 3amojiHeHHs CeMH pe3epByapoB
Ha 85% cocraBmsier: V = 700M3 x 0,85 = 595M> CYT O6mas macca CYT B cemu
pesepByapax cocTaBnger:m = Vxp =595 M3 x 510 kr/m> = 303450 kr O61mas Temmnopas
sHepruss CYI B cemm pesepByapax coctasiseT: Q = mr x qr = 303450 kr x 46000
kJx/kr =3 958 700 000 x/]x

Omnpenenenue 3xBuBajeHTHONH Maccsl THT
[omnas terutoBast sHeprus cropanus CYT cocrasmser 46000 xJ[/Kr, 9TO COOTBET-
CTBYET JHEPreTHUECKOMY HOTEHIMATy B3pPBIBOOIIACHOOCTH | KI' yIrieBomopoaa Kak
SHEPTHUs €ro IOJIHOTO CTOPAaHus (10 22); TenoBas SHeprys, BEACISIONAsICS IPH JeTO-
Hauuu tpunutporonyoina (THT) (tpotuin), cocrapisier 4200 k/Ix/kr.
Ouneprerudeckuit norennuan CYT paccunTsiBaeTcs Kak sxkBuBasieHTHas macca THT.
DksupanenTHas Macca THT Ha teppuropun xpanmmma 700 m? coctaBnser: m=Q/qrHT

m =13 958 700 000 xIx /4200 x/Ix = 3 323 500 xr (THT)

Pannyc nopakaromero MoJHOTO pa3pyIIeHNs OT ACHCTBUS yIapHOH BO3YIIHOM BOJIHBI
Ha 3[JaHUs ¥ COOPY’KEHHUS pacCUnThIBaeTCA 0 (opmye:

r=kxm
r =k * /3323500 = 149, 233

rie:

T - pailyc MOJIHOTO pa3pyLIEeHUs, M;

m - macca 3apsana CYT, Beipaxennas B THT, kr;

k - K03 pUIMEHT TPOTIOPITMOHANEHOCTH, 3HAYSHHST KOTOPOTO 3aBHUCHT OT YCIIOBHH pac-
MOJIOKEHHUS OT CTENEHU JO0IYCKAEMbIX OBPEKICHUN 3JaHUI UIIK COOPYKEHHI.

k = 1,00 Ha muametp Boponkm 149,233 x 2 =298,466 300 m

JlaHHBIN pacdyET IPUMEHSETCS Ul OIPEACICHUS OTHOCUTEIHHO 0€30IMaCHBIX paccTos-
HUH 110 31aHUi (coopykeHuit) ot MecT xpanenusi CYI' B pesepByapax, Ipu AOIyCTH-
MmoctH | - III creneneii moBpexeHni UIs MOJA3EMHBIX pe3epByapax, yriryOlIeHHbIX Ha
CBOIO HOPMAaTHBHYIO ITPOEKTHYIO ImyOuHy 0,6 M. [1pu BEIOOpE CTEIEHH TOBPEKACHHS U
3HA4YEHHUH KO PHUIIEHTOB YIUTHIBACTCS BCS COBOKYITHOCTh MECTHBIX YCIIOBHH C yué-
ToM TpeboBanuii Oe3onacHocTr 'O n UC opraHu3aiuii, BIaJeONMX PaCHONI0KEHHBIX
BOJIM3U NPOMBIIINIEHHBIMUA 00BEKTaMU, KaK TIOKa3aHO Ha PUCYHKE 4.

[Ipu pacuere Ge30macHbBIX paccTOsSHUN OT razopacnpenenutensHoi cranuuu (I'PC),
razo3amnpaBoyunoii crannuu (I'3C), xpanmnm u ckragoB CYI, mo HaceleHHBIX ITyHK-
TOB, aBTOMOOWJIBHBIX U JKEIE3HOJOPOKHBIX MarrcTpasied, KPYHMHBIX BOIAHBIX ITyTeH,
3aBOJIOB, CKJIAJIOB B3PBIBUATHIX M OTHEOMACHBIX MAaTEPHAIOB U COOPYKEHHH rocyaap-
CTBEHHOI0 3HaueHus npuHumaercs Il crenens noBpex1eHus IpU COINIACOBAHUH C CO-
CeTHUM IIPEeIPHATHEM KaK MoKa3aHo B Tabmuie 1.
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Pucynok 4. 30051 1 KO3 PHUIUEHTH! CTENICHH Pa3pyLICHUS COCEAHUX OOBEKTOB

Tadmuma 1. Tabnuna 1- CTeneHs NOBPEXACHHS COCETHUX 00BEKTOB

Crenens nospexxaeHus |r - Koaddunuent nponopuuoHaabHOCTH | XapaKTep IOBPEXKICHIH

I 1,00 IonHoe pa3pyieHue

I 1,25 CreHsl ynanu

I 1,50 Créxita pa3ouThl

v 1,75 IITykaTypka norpeckanach
A% 2,00 CrbllIeH 3BYK B3pbIBa
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Meponpusitusi o o0ecne4eHNI0 MPOMBILLJIEHHOH 0e30MacCHOCTH U 3aIUThI
HaceJIeHHus
3amnpemnieHo KypeHHe B Ta300IaCHO 30He, He IOITyCKaTh yTeueK ra3a (3ara30BaHHOCTH)
9KCIIITyaTUpPOBaTh 00OPYIOBaHUE U MHCTPYMEHTHI BO B3PBHIBO3AIIUTHOM HCIIOJIHCHUH.
Bo B3pBIBOONACHBIX Pab0YMX IMOMENIEHUAX YCTAHOBHTH CHUTHAIM3ATOP 3ara30BaHHO-
CTH, UMETh CPE/ICTBA MOXKAaPOTYIICHUS.
IIpu Bo3neiicTBum Ha mozael, CYI BbI3bIBa€T yAyllIbe NPU KOHLEHTPALMU B BO3AYXE
6onee 10%, npu BOBIXaHUM B TEYCHUE 2 MUH HAaCTYIaeT TOJOBOKpyxeHue. [Iponan n
ByTan 00magaroT HAPKOTHIECKUMH CBOWCTBaMH, ITOTaJaHHUE KUAKOHN (a3l ¢ raza Ha
TEJIO YeJIOBEKa BBI3BIBACT 0OMOPOKEHHE.
B npombInnIeHHbIX nexax B KOTOpbIx ucnonb3yercs CYIT nomkeH ObITh yCTaHOBIICH
CTAalMOHAPHBIA CUTHAIN3aTOp, KOTOPBIH cpabarbiBaeT npu 50% 3ara3zoBaHHOCTH OT
KOHILICHTPAIH, COOTBETCTBYIOIIEH HIDKHEMY Mpe/eNly PaclpOCTPaHEHHsS ITIAMEHU
MIPEAEIBHO IOy CTHMON KOHIICHTPAIH rasa.
Obs3aTenbHO TPUMEHATH CpeACcTBa MHAMBHAyanbHOW 3amuTsl (CU3) - cnemoxexna
(pykaBuupbl, 3amuTHBIE (apTyKH), 3alIUTHBIE OYKH, NpEIOXpaHUTEIbHBbIC Craca-
TEJIbHBIE 1105Ca, W30JHMPYIOIIME BO3AYIIHBIE IPOTHUBOTA3bl, B3PBHIBOOE30IACHBIC
aKKyMYJISITOpHBIE (hOHApH.
[pu YC nepeBoguts CYT B Oe3BperHOE COCTOSHHE.
ITpu 3ara3zoBaHHOCTH B PabOUYMX MOMEINEHHUAX HEOOXOAMMO BKIIIOUUTH aBAPHHHYIO
BEHTHISAINIO, OTKPBITH OKHA U ABEPH.

Meps1 nepsoii nomomu ot Bo3aeiicteust CYT
ITpn obmopoxenun BenenctBue mnomananus CYI Ha Tenmo yenoBeka, HEOOXOANMO
OBICTPO IMPEKPATUTH AOCTYII I'a3a K ITUM MeCTaM, IPOMBITh TOPAKEHHOE MECTO CTpyeH
XOJIONHOM BOJBI, CMa3aTh IOPAXKEHHOE MECTO Ma3biO OT 0>KOTOB.
IIpu yaymse or CYT' HeMeJIeHHO BBIBECTH WJIM BBIHECTH IOCTPAJABIIEro U3 3araso-
BaHHOTO ITOMEIIECHHUS. YIJIOKHUTh Ha CIIMHY, PACCTETHYTh OACXKIY JJIsl OOJIETUYCHHUS Jbl-
xanus. [loctpagasmemy ot CYT KypuTh U ciaTh HE 1aBaTh B TeueHUe 12 yacos.

3akjaoueHue

1. B cootBeTcTBUU ¢ 3akoHOmaTeNbLCTBOM PecmyOnmkn KazaxcTan kakaplii OMacHbIN
MIPOU3BOJICTBEHHBIA OOBEKT C JCKIAPUPYEMBIM KOJIMYECTBOM ONACHOTO IPOU3BOJ-
CTBEHHOT0 (paKkTOpa, pUCKa U BelecTB 00s13aH 0(OPMUTD JACKIAPALIUIO TPOMBIIUICHHON
0€30MMacCHOCTH OTIACHOTO TIPOM3BOICTBEHHOTO 00BEKTA;

2. Kaxxaast nexnapaius NpoMBIIIIIEHHOI 0€3011aCHOCTH OIaCHOT'O ITPOU3BO/ICTBEH-
HOTO 00BEKTa MMEET B 00s3aTEIbHOM IOPSIIKE pa3/ielibl: XapaKTePHUCTHKH OMACHOTO
BEIIIECTBA; TEXHOJIOTHUECKHUE JaHHBIE O PACIPEIENICHUH ONACHOTO BEUIECTBA; aHAIN3
ONACHOCTEM M PHUCKA; aHAJIMU3 YCIOBUN BO3HUKHOBEHHS M Pa3BUTHs aBapHil, MHLU-
JACHTOB, MCPOIIPUATHA T10 o0ecIeuYeHun o l'IpOMI)IHIJ'leHHOI\/'I 0€30IaCHOCTH U 3alIMThI
HaceJeHHUs;
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3. AHanu3 ycnoBUil BOZHUKHOBEHUS U Pa3BUTHsI aBapHUil, MHIIMIEHTOB SIBISETCS
OTBETCTBCHHOW pabOTOW CIeNMaincTa — CUCTEMHOTO aHAJNUTHKA, HPEIIIOKHUTE IS
KaXX/IOTO OITACHOT'O IPOM3BOACTBEHHOTO 00BEKTa JOCTOBEPHYIO, ApTYMEHTHPOBAHHYIO
IU(pPOBYI0O MaTEMAaTHIECKYI0 MOJETh pacdéra yCIOBHI BO3HUKHOBEHHUS U PAa3BUTHUSA
aBapuii, THIUICHTOB M PaCYETHOE PACCTOSIHNE PACIIPOCTPAHEHHUS OTITACHOTO IPOU3BOJ-
CTBEHHOTO (hakTopa.

4. C y4éTOM MOIy4YEHHBIX JaHHBIX PACYETOB CHCTEMHOTO aHATUTHKA pa3padaThiBa-
IOTCSI M BHOCSITCSI B JICKJIAPAIMIO IIPOMBIIIIIEHHOH 0€30MacHOCTH OMIaCHOTO IPOU3BO-
CTBEHHOT'0 00BEKTa MEPOIPHSTHUS 110 0OECIICUEHHIO MTPOMBILIIIEHHON 0€30MacHOCTH U
3aIUThI HACEeJICHHUS;

Baaroxapuoctu

ABTOpHsI OnaromapHbl ¢umuanam kadenper Oxomorus u [eorpadus: TOO «Normal
Work» u TOO «ABapuiino-ciacatensHas ciyx6a (ACC) Kopran» 3a nmpegocTaBieH-
HYIO BO3MOXXHOCTBH ITPOBEACHUA HAYYHBIX I/ICCJ'IC}IOB&HI/HZ Ha }IeﬁCTByIOHleM OIIaCHOM
npousBosicTBeHHOM 00bekTe TOO «Big Capital Ist».

Cnucok JuTepaTypsbl

1. 3axon Pecniy6nuku Kasaxcran ot 11.04.2014 Ne 188-V «O rpaxkaaHckoii 3amure» (¢ u3Me-
HEHHSMU U JTOTIOIHEHUsIMH 110 coctosiHuio Ha 01.01.2020 r.);

2. Ilpuka3z MuHHCTpa 0 HHBECTHLUAM H pa3BUTHIO PecyOmmku Kazaxcran ot 30 nexabps 2014
roza Ne 341 «O6 ytBepxaeHuu [Ipasuin, onpenensomux KpUTSpUH OTHECEHHS ONIACHBIX IIPO-
H3BOJICTBEHHBIX O0BEKTOB K AEKIApUpPyeMbIM, U [IpaBui pa3paboTky AeKiIapannyl IPOMBIII-
JIEHHOH 06€30MTaCHOCTH OMAcHOTO MPOU3BOACTBEHHOTO OOBEKTaY;

3. IlpaBuia onpezaeneHus] KPUTEPUEB OTHECCHUs ONACHBIX MPOU3BOACTBEHHBIX 0OBEKTOB K Jie-
KJIIApUPyEMBIM U pa3padoTKH IeKIIapaliiy IIPOMBIIIIEHHOH 0€30acHOCTH ONTaCHOTO ITPONU3BOI-
CTBEHHOTO 00BEKTa, yTBEPIKACHHBIE MocTaHOBIeHNeM IIpaButenscTBa Pecrryomikn Kasaxcran
o1 31.07.2014 r Ne 864 (c uzmenenusimu ot 10.08.15 r);

4. TlpaBuia obecriedeHUs MPOMBIIUICHHOH OE€30IIaCHOCTH AJISL ONACHBIX HPOU3BOACTBEHHBIX
00BEKTOB 110 TIOATOTOBKE U IepepaboTke ra3ony [Ipuka3 MuHMCTpa IO HHBECTHILIUSIM U Pa3BH-
tuto Pecniy6inku Kazaxcran ot 30 nexkabps 2014 r. Ne 357;

5. IlpaBuna obecniedeHHs MPOMBIIUICHHOH OE30IIACHOCTH IS ONACHBIX IPOM3BOACTBEHHBIX
00BeKTOB HE(PTAHOI 1 ra30BoOi oTpaciell mpoMbInuieHHOCTH» [Iprka3 MuHHCTpa 110 HHBECTU-
usM 1 pazsuthio Pecriy6nuku Kazaxcran ot 30 nexa6pst 2014 r. Ne 355;

6. CH PK 4.03-01-2011 «I"a3opacupenenuTensHbie cucTeMbD» (¢ m3MeHeHusMu ot 05.08.2015
r.) (CTpouTensHbIE HOPMBI).
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POO ”HauunoHnansHas urmkeHepHas akagemus Pecrryonnku Kasaxcran, Anmarer, Kazaxcran®
temirbekov@rambler.ru,
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Annotanmsi B naHHO# pabote uccienyercs ABMKEHHE IpIMOBBIX ra3oB B TKB
(Tpy0a xoarymsaTopa Bentypu) ¢ n3MeHseMoll BHyTPEHHEH reOMETpHUe ¢ ITOMO-
1IbI0 MATEMaTHYECKOI MO BA3KOH HEC)KUMAeMOH )KUIKOCTH. YuciieHHoe pe-
[ICHUE MATEMaTHIEeCKOW MOJIEIH BA3KOI HEC)KUMaeMOH JKUIKOCTH paccMaTpHBa-
€TCs METOAOM JOIOJHEHHBIX 00J1acTel 171 yueTa pOpMBI M H3MEHSEeMOM TpaHu-
ubl TKB. B Monenu Bsi3koii HecokumaeMoit sxuakoctu ypaBuenus: Hasoe-Ctokca,
paccMatpuBaeTcs B TIEpEMEHHBIX . Pa3paboTaHa MOHOTOHHAS KOHEYHO pa3HOCT-
Has cxeMa U aJrOpUTM YHCICHHOH peanu3auuu ypaBHeHHs Hasbe-Ctokca mmst
BSI3KOM Hec)kuMaeMol xuIKocTH. [loyrydeHbl YuciieHHbIe pe3yJIbTaThl IPU pa3-
maHbIX popmax TKB.

HHTeHCHBHOE Pa3BUTHE BBICOKOCKOPOCTHOHN BBIYMCIIMTENBHON TEXHUKH B ITOCIIEN-
Hee BpeMs TI03BOJIMIIO IPUCTYITUTH K PEIICHHUIO CIIOKHBIX 3324 CIUIOIIHBIX CPel, UMe-
IOIIUX BaXKHOE MPAKTHYECKoe 3HaueHne. YncIeHHoe MOIeTMPOBaHNE YCTAaHOBUBIINX-
sl TEUEHNH KHUJKOCTH B KPUBOJIMHEHHBIX IPaHUIIAX [TPOU3BOIMIIOCH B OOJIBILIEH YacTh
paboT Ha OCHOBE MOJIENIN BSI3KOH Hec)knmaeMoi sxunkocth. lllnpokoe pacnpocTpane-
HUE TOYYHIA aITOPUTMbI, OCHOBaHHbIE Ha ypaBHeHHAX HaBbe-CToKca, HCIOIB3YIO-
1I¥e METOJ KOHEYHBIX Pa3HOCTEH.

YucneHHBIME METOAaMH KPaeBoil 3a/1a4ui MaTeMaTHYeCKOi (pU3MKH B CIIOKHBIX 00-
JIACTSIX PACCMaTPUBAINCH BO MHOTHX Pab0TaX 3apyOe)KHBIX U OTEUECTBEHHBIX YUCHHBIX
kak Badumesnya [1.H., Otentaes M.O., Cmarynos I11.C., lanaesa H.T., banupioex XK.,
TemupbexoB H.M. u T.1.

B HacTosmee Bpems CyIECTBYET HECKOIBKO METOAOB ISl YUCICHHOTO PELICHUS
KpaeBbIX 3aJiau B CIOXHBIX T€OMETPUYECKUX O0JIACTSIX, KaK METOJ| KPUBOJIWHEHHBIX
CETOK U MeTOA (PMKTUBHBIX 00aacTell. Vicronb3oBaHue METO/1a KPUBOJIMHEHHBIX CETOK
TpebyeT npeobpa3oBaHus ypaBHEHUs B KPUBOJIMHEHHBIE KOOPANHATHI, KOTOPOE UMEET
Goiee CIOXKHBIN BHI, YeM UCXO/HBIE ypaBHEHHS. Y K TOMY ke MHOTrooOpasHbIe Tpe©o-
BaHUs, HAKIIAJABIBAEMbIE HAa PA3HOCTHBIE CETKH, JENIAI0T IOCTPOSHUS KPHUBOIMHENHBIX
CETOK CJIOKHOW MaTeMaTH4ecKoil mpobIemMoii.

Mertoj GUKTHBHBIX 00JaCTEl B €r0 TPaAUIMOHHON ITOCTAHOBKE MPOCT B HCIOJIB30-
BaHUM U Jerko peanusyerca Ha OBM. Ho ero HegoctatkoM siBiseTCsl NOTEPsS TOUHO-
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CTH U3-3a MPHUCYTCTBUSA BO BCIIOMOTATENIBHBIX YPAaBHEHUSAX MAJIOro mapamerpa, KoTo-
PBIif IPUBEIET K II0X0H 00YCIOBIEHHOCTH CUCTEMBI Pa3HOCTHBIX YPAaBHEHHUH.

B nanHo#1 paboTe paccMaTpruBaeTCs YUCICHHOE MOJICTUPOBAHIE TECUCHUS IBIMOBBIX
ra3oB B TKB ycTpoiicTBax MeTO0M JIOTIOTHEHHBIX o0siacTeil. [IpemmaraeTcs anroputm
YHCIIEHHOW pean3aliy PeAJIoKEHHOTro MeToa B padore [1], B KOTOPOM OTCYTCTBYET
Mansliif napametp. [IpuBoanuTcs MaTemMaTudeckass MOAEIb JBIDKEHHUS IBIMOBBIX I'a30B
B TpyOe-koarynsitope Benrypu (TKB) ¢ n3amensiemoii BHyTpeHHel reomeTpuei, moka-
3aHHOU Ha pucyHKe l. IIpenmonaraercs, 4TO ABIMOBBIE Ta3bl BXOAAT 4€pe3 BXOJHYIO
TPaHHUIly B BEpXHEH YacTH (IIOKa3aHO CTPEJIKOW), ABMKYTCS B HAIIPaBICHUH X U BBIXO-
JISIT Yyepes3 IpaHuIly B HIKHEH 9acTH (TTOKa3aHO CTPENKoil). s ynpomeHus H3I0KeHN
paccMaTpuBaeTCsl BEpTUKAIBHOE CeueHHe TPYObI Uepe3 0Cb CHMMETPHH. A TyHKTHPHOM
JIMHUEH 0003HaYEeHBI TPAHUILIBI TIOCIIE N3MEHEHHH.

PaccmarpuBaemyto 001acTb ZOMOIHUM /10 MPSMOYTOJNBHHUKA (PHCYHOK 1), 4TOOBI
HAJIO)KUTb CTPYKTYPHPOBAHHBIE NPSIMOYTOJIBHEIE CETKH.

Pucynok 1. Paccmatpusaemas TKB Ha cedeHusx

B ocHOBy Mopzenu MOJ0KEHbl ypaBHEHUS, OMHUCHIBAIOLIUE JBUKEHUE BSI3KOU
%

HEC)KMMAEMOM JKHJIKOCTH B MEPEMEHHBIX “CKOPOCTh U — (QYHKIHMS ToKa 1) . BpiOop
HEHM3BECTHBIX 000CHOBaH HEOOXOJMMOCTHIO HCKITIOYEHUS TTOJISl IABJICHUSI U3 CHCTEMBI
Pa3HOCTHBIX YPaBHEHHH, Ul KOTOPOTrO, KaK U3BECTHO, OTCYTCTBYET IOCTAHOBKA Ipa-
HUYHBIX YCJIOBHH. Y4eT uzMeHsieMoil BHyTpeHHer rpanuubl TKB npu yncnenHoi pe-
aM3annuy MOJEIH JTOCTHTaeTCs OCPEICTBOM HCIIOIb30BaHUSA MOAU(UKAIMK MeToza
(UKTHBHBIX 001acTeH — MeTO/1a JONOITHEHHBIX 00JacTeil [ 1], OTIMYHTeIbHBIM TPeuMy-
IIECTBOM KOTOPOTO SBJISIETCS OTCYTCTBHE MAJIOTO ITapaMeTpa B YpaBHEHUSX, IPUBOAS-
IIEro K MoTepe TOYHOCTH NPUOIMKEHHOTO PEIICHHSI.
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Iycte ) - nBymepHas obnacth ¢ rpanuneit 0f) . Torma AByMepHOE TeuycHHE
JBIMOBBIX T30B B 00JIaCTH ONUCHIBACTCS YPABHEHNEM JABHKECHHS:

%
82
e ruf+ofe+ 2=y +ay )+ fu
2 2 -
a d
GrufEroii g =n(GE G+ S (1)
U YpaBHEHHUS HEPa3PHIBHOCTH
9 v _
et o, =0 (2)
_)
rae v = (u,v) - MOJE CKOPOCTEH, P - OTKIOHEHHE JaBICHUS, (i - KO3 dHImeHT
Bs3koctH, (z,y) € § u t - Bpemst. Jomomaum cucremy (1), (2) HaYaIbHBIMH |
- = -~ =
IPAaHUYHBIMH YCIOBHAMH 4 = u o(x,z) npu (z,y) € Q,t =0 u = p(z, z,t) npu
(z,y) € 0Q,t € (0,T] (©)

BBeneM (QyHKIHIO TOKA — CKASPHYIO QYHKIIHIO 1) , OMPEACIACMYIO H3 COOTHOIIIE-

HUN
_ oY — _9y
u = oy’ v= ox *

Junst uucnennoit peanusanuu mojenu (1)-(3) npuMeHHM MeTOa KOHEYHBIX pa3Ho-
creii. B obmactu ) BBeieM KOHEYHO-Pa3HOCTHYIO CeTKy (), = {h1 = li/n1,hy =
lo/ng, ;= (i—1)hy, 25 = (j—1)ha} 4)i=T,n,j=
1) UP)

B u30exanue MOABICHUSA HEPU3NUCCKUX OCHMIUISIMNA PEICHHs OYIeM HCIIOIb30-
BaTh «Pa3HECECHHBIID CETOYHBIN MIA0JIOH, TP KOTOPOM JABJICHHUE ONPEACIISICTCS B Y3-
JIaX Pa3HOCTHOM CETKH:

p: {xz =ih1,y; :jhz}
(yHKIHS TOKa — B IIGHTPE Pa3HOCTHOMN SUEHKH:
Vi {a;=(i—1/2)h1,y; = (j — 1/2)hse}
a KOMIIOHEHTBI CKOPOCTH — B IIEHTPaX €e TpaHei:
w: {z; = (i —1/2)h1,y; = jho}v: {z; =ih1,y; = (j — 1/2)ha}

B cerounoii obmactu (), ypaBHenus (1), (2) anmpokCUMHUpyeM CIeIyIOIIH-
n+1/2 n

u, —U, . Plnfpln_ )
MH DasHOCTHBIMH ypaBHEHMsMH: — /2 —=U2J 4 [ 47 2% i e
n n
“Ahuz’—l/Q,j + fu,i—l/Q,j (5)
w2y P*. _pr.
i,j—1/2 i,j—1/2 i, i,5—1 _ n
p= + Ln wz] 12 T 2 = N’Ahwi,j—l/Q +
n
fw717j—1/2»j (6)
n41 n+1 n+1 n+1

u U .

i,j—1/2 :O (7)

it1/25 %ic1/2,5 Wigt1/27
1 ha
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rJie pa3HOCTHBIC omepaTopbl Lj u Aj , COOTBETCTBYIOIIHE KOHBEKTHBHBIM U
mu(pQy3MOHHBIM CITaraeMbIM, ONpPENENEeHBl B cheayromeMm Bume: Lpul /2.

1 n Ui 12,5~ %32, n n Uihiya, Ui 1/2,5
sl + [ ity D) i + (“i,jfn | ) T ] +
1 i—1/2,j i—1/2,j—1 n _
[( Wi 1/2,5— 1/2+ ‘ 1—1/2,g 1/2 |) ha + (wi—1/2,j+1/2 |
|) 171/2 41 “171/2 _]]
i—1/2,j+1/2 ha } }
n _ 1 Wi i—1/2~Wi_1 j-1/2
Lhwz‘,j—l/z - [( Ui 1/2,5— 1/2+ | 1—1/2 j—1/2 |) h1 +
Wity jo1/2=Wii—1y2 17/, n
(ui! 1+1/2,] 1/2 | wlyiyn i1y 1) h1 J+ glwi o+ | owiyy |
n n
171/2 Wi,j—3/2 n o n Wi j+1/2~ Wi j—1/2
) + (Wi = [wi; =5 ] i )
_ 1o, Witi/2,5 " %i-1/2,5 _ . ‘ui71/2,j*“i23/2,j
pl —1/2,j = hlﬂ[ﬂm 7 . lu’l*ﬂld P |+
170, ) Wi 172,541 Wi—1/2,j . ) Ui 172,57 %i—1/2,j—1
o [,U/zfl/2,j71/2 s Hi—1/2,5—1/2 ha } ;
n _ 1 Wit1,j—1/2" Wi, j—1/2
MAhwzyjq/z = }Tl[/”iﬂ/ljfl/? 2 -
W1/ Wi 1 j1y2 L, Wigt1/2= Wi 1y2 Wi Wioaye
Miil/z’jil/Q hl ]+ E[uld h2 _M7‘7]_1 h2 ]

Ipu ammpoxcuMaryu qudQepeHIHATEHBIX OIEPATOPOB, COOTBETCTBYIONIUNX KOH-
BEKIIMAM, HCITONB3YETCs PA3HOCTHAS CXeMa C YICTOM HaIlPaBJICHUS [TOTOKA, a SHAYCHUS
KOMIIOHEHTOB CKOPOCTH B HEOIIPEIEIIAIONINX Y3JIaX CETKH OIPEIEISIeTCS OCPESTHEHUEM.

n .
Hanpuwmep, st v;' ; umeem:

vt

n _ Yig+i2tVii-1/2
i, 2

ITpuBeaem anropuT™ YMCICHHOTO pemeHus 3anaau (1)-(3), ocHoBaHHBIN HAa METO e
paciieruieHus o (GU3NYECKUM IrpoiieccaM. B nepByto ouepeib, OnpeeanM mpoMexy-
_>

TouHOe mone ckopoctu u "t1/2 = (y"t1/2 yn+1/2) Ge3 yuera rpanuenta naieHus
U3 ypaBHEHUsI

— , — — —
un+1 2_un o n n .
WPt Ay u (8)
B KiaccmyeckoM METO/ie PACIICIUICHHs Ha BTOPOM 3Talle OMpeesseTcs IaBiie-
prtl _gpntly prtl n+1+pn+1
HUE U3 Pellenns ypapHenus [lyaccona —=mi—p——==l 4 R —p) =l
W2 nt1/2 w2 nt1/2 ! 2
it1/2,5  %i—1/2,5 i,j+1/2 i,j—1/2
e + 0 (9) xoropoe moiy-
n+1/2
HaeTcs B pe3ynbTaTe TOJCTAHOBKM B (7) BBIpaKEHHH ;' 1 /27 = Uy T
P:n«f»l Pn+1
i, i—1,j
T e (10)
n+41 n+1
n+1 _ ., ntl/2 P =P
Wij—1/2 = Wij—1/2 =T, (11)

O,I[HaKO, B 9TOM CJIy4dac BO3HHUKACT TPYAHOCTb IMMOCTAHOBKU I'PAHUYIHBIX YCHOBI/Iﬁ
JJIs1 JaBJICHUS. MOHH(bHHprCM AJITOPUTM U HA JAHHOM JTaIl€ OMPECACIINM 3HAUYCHUA

(YHKIUU TOKA, CBA3aHHBIC C KOMITOHCHTAMH CKOPOCTHU BBIPAKCHHUSIMH [6] u?fllm i =
n+1 n+1
d)i—1/2,j+1/2_¢i71/27j*1/2 (12)
ha
wn+l _yntl
vn+1 i+1/2,j—1/2 i—1/2,j—1/2 (13)
i—1/2,5 hi1

U3 (12) n (13) CJIE/Iy€eT, YTO 3HaueHUs (PyHKINH TOKA YAOBIETBOPSIOT YPABHEHUIO
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_)
App™tl = roty, u " H1/2 (14)
] le+12 j— 2_211’7,1—+12 j— 2+'/’:,L—+312 j—1/2
re Ah,(/}n-‘rl — it1/2,j—1/ i 1}/1%4 1/ /2,§=1/ +
n41 n41
w'i—l/?,j+1/2 wl71/2 Ji— 1/2+¢1,1/2 j—3/2
h b
3
— L2 1)z n+1/2 _ n+1/2
rot un+1/2 _ Ji=1/2,j i—1/2,5—1 _ i,j—1/2" “i—1,j—1/2
h 2 h1

st yaera u3MEHSIOIMXCsl BHYTPEHHHUX I'paHul, MoauuuupyeM ypasHenue (14),
UCTIONB3YSl METOJ] AOTIOTHEHHBIX oOnacteil. C 3TOH LeNbIo BBEIEM BCIIOMOTATENbHBINA
napameTp

0. - 0, Wi—1/2,j-1/2 € Qo
N L, ic1y2-172 € 1,80

YYHTHIBAIONINN TOTIONHEHHYIO 001acTs. Tornma ypaBHenus (14) mpruHAMAIOT CIEIyTO-
IIUH BUI:

n41 n+1
’l/)n+1 o (1 _ 6‘ )[wL+1/2,J71/2+wh3/2,171/2 + wi—1/2,j+1/2+wi—1/2,j—3/2
i—1/2,5—1/2 .7 h? h2
—
roty w2 + 6, 740, (15)

rae ¢° - 3HaYeHne QYHKIMM TOKa HA TPAHHUIAX JOMOIHEHHOM 0671acTH U (PUKTUB-

HOI oOnacTH.
oi1 obnac N

Ha 3aKITI0uNTEIBHOM TPETHEM dTalle HaxoauM mone ckopoctd u "+ ¢ momompio
BeIpakeHuit (12), (13).

3amaqu (8), (9), (10), (11) u (8), (14), (12), (13) sBAAIOTCS YKBUBAJICHTHBIMHU.

IlepelimeM K omMcaHWIO TPAHWYHBIX YCJIOBUM AJi pa3sHOCTHOW 3ajmauu. [Ipemmno-
JIOXKHUM, YTO TEYCHUE ra3a OCYIICCTBISICTCS B HampaBiieHuH ocu (pucyHok 1). Torma
TpaHUYHBIC YCIIOBHSI UMCIOT BHT

n+1 _ _ n+1
Vijaase =0, “1/2 j = ¢j, 077 G- 1/2 =0, ¢1/2 j+1/2 = 1/}1/2; 12 T hauy s
mput=1,1<j3<my—1

n+1 n+1 n+1 . n+1 _ n+1
Uny-1/2,5 = “n1—3/2m”n1,j—1/2 0 n 12,5172 = Yny—32,5-1/2
mpui =ni,1 <j<ng—1

n+1 n+l __ n+1
Uy e g = 0,0; 1/2 0, %—1/2 12 =0

npu j =1, 1<i<ng—1

n+1 _ n+1 . n+1 n+1
Wy = 000 10 = 00 s 10 = U oy m1a hivpy) na—1
Hpﬂj—n2,1<z<n1—1

[To npexanoxxeHHOMY METOIY NPOBEACHBI pacdeThl JBH)KEHHUS JBIMOBBIX Ta3oB B
TKB ¢ m3mensiemoii BHyTpeHHel reomerpueil. Paccmorpum ¢popmy TKB Ha ceuenu-
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sx (pucynok 1). lns usmenenunst popmbl TKB ncnonb3oBaiicst kBaapaTuuHas KpuBast
Besse.

C HOMOIIBIO OIMCAHHOTO METO/IA MOTYyYeHBI PE3YJIbTaThl YUCICHHBIX PACYETOB HA
50%x100 xonuyecTBax y3j70B CETKH. B pacuerax MCIONb30BAIUCH Oe3pa3MepHBIE Mmapa-
Mmetpbl TKB, 3HaueHus1 CKOpOCTH U (pyHKIIMH TOKA.

IIpu 4ducneHHOM pacueTe HCIOJIB30BAUCH CIEAYIOIINE IpaHHUYHBbIE 3HAYEHUS
CKOpPOCTH:

urtl = 0,0t =0, =0, nmpuz =0,0 <y < 1.8

u" = Lomt = 0,90,y + Ay) = ¢"TH0,y) + Ayu"tt, npu
r=0,18<y<2

Tl :07vn+l 207,(/)71-&-1 :0,Hp1/10§:1:§1,y=0

u"(Ly) = w1 — Az,y), 0"t = 0,9"TH(1ly) = Y"1 — Az,y)
mpuzr =1,0<y <0.2

wt = 0,07 = 0,97 = ¢ +1(0,2), mpr e = 1,0.2 <y < 2

untl — O’UZT/lz _ O’wn+1 — wn-&-l(o’ 2),mpu0 <z <1l,y=2

Ha pucynkax 2-5 npencraieHsl pOpMBI pacyeTHOH 0071aCTH, MOYJIM CKOPOCTH H
M30JMHUM (QyHKINHU ToKa. Ha pucyHke 2 mpencraBieHbl pe3yIbTaThl YCTaHOBUBIIHX-
csl TEYEeHNH JTBIMOBBIX Ta30B pH McxogHoi ¢popme TKB, rae xopormio BUAHE MOAYITH
CKOPOCTH M BUXPEBBIC IBIKCHUSI.

Ha pucynkax 3,4,5 Tak *e npeacTaBlIeHbl yCTAaHOBUBIIIHECS TEYEHUSI CKOPOCTH IpU
cyxkenusax ropnosusbsl TKB. U3 pucyHKoB BUAHO, 4TO MpH cykeHUH ropaosunsl TKB
BO3pacTaeT MOIYJIb CKOPOCTH, a TAKXKE BUXPEBBIC IBIKCHUSL.

O dhexTHBHOCTH yIaBIMBAaHUS MUK B CKpyOOepe BerTypu 3aBUCHT OT O0IIBIIOTO
KOJM4ecTBa (PakTOpOB, K YUCITY KOTOPBIX OTHOCSATCSI CKOPOCTh Ta3a B TOPJIIOBUHE TPY-
061 BeHTypH, yAeIbHBIH pacxo;] OpOIIAOIICH YKUIKOCTH, KOHIICHTPAIUS 1 TUCIICPCHBIN
COCTaB IIBUTH B TA30BOM MOTOKE, (PU3UKO-XUMHYCCKIE CBOWCTBA MBLTH U p. Hanboms-
iee BIUSHAE HA 9 PEKTHBHOCTD YIIABIUBAaHU OKAa3bIBAIOT CKOPOCTH T'a3a B TOPIIOBHHE
TpyOBI BeHTypH 1 BeTMYMHA YAECTHHOTO OPOIICHUS, YBEIHYCHNE KOTOPHIX MOBHIMIACT
s dexTrBHOCTL ckpyOOepa Bentypu. Uem Oosbie CKOPOCTh Ta30B, TEM OOJIBIIE 1O~
BEPXHOCTH Karellb ¥ TeM BBIIIE CTETICHb yaaBiauBaHus. [Ipy ckopocTu IBIMOBBIX T'a30B
B ropiioBuHe TpyOs! Bentypu 60 - 80 m/c n opomennu 0,13 M3 Boasr Ha 1000 M3 raza
CTeNeHb OYUCTKU Ta3a B anmapare JocTUraer 95-96%, 4ro 3Ha4UTENbHO BBILIE, YEM Y
OCTaJBHBIX MOKPBIX 30JI0YJIOBUTEICH.
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Ha ceroansHmii [eHb TEXHOJIOTHYECKUH IIporpecc TpedyeT OecnpeieIbHOro TeM-
Ia pocTa BHIYUCIUTEIHLHO-WH(POPMALMOHHBIX MOLIHOCTEH MOCTHETA(IIONCHBIX Mac-
mTaboB, MPEAOCTABIMIONINX MOTyUYeHHE HOBBIX (pyHIaMEHTAIbHBIX 3HAHMH W BHE[-
peHHE MHHOBAIMH B IIPOM3BOCTBEHHBIE, IPHPOAOIIONIB30BATEIbCKIE, 3KOHOMUIECKHUE
U conuanbHble cheprl. B CBSI3M C 3TUM CTPEMUTEIBHO Pa3BUBACTCS MAaTEMAaTHIECKOE
MOJICIMPOBaHKE TIPOIECCOB U SBICHUH, BKIIOUAIOIIee TEOPETHIECKUE U MPUKIIaHbIC
HCCIIeIOBaHUS, CYIEPBBIYUCICHUS U KPYIMHOMACIITaOHbIE KOMIIBIOTEPHBIE DKCIEPH-
MEHTBI, OTIEPAIX CO CBEPXOOIBIINMH JaHHBIMU U HCKYCCTBEHHBIH MHTEIUIEKT. Pere-
HHE MOJOOHBIX 3a/1a4 TpeOyeT MporpaMMHOe o0ecIieueHne HOBOTO MOKOJICHUS, apXH-
TEKTYPHBIC PEIICHNSI M KOHCTPYKTHBHBIE TEXHOJIOTHH. MUPOBBIE TPEHBI BEAYT K CO-
3/IaHUIO WHTETPHUPOBAHHBIX BBIUMCIUTEIbHO-HHPOPMALIMOHHBIX OKPY)KEHHH, 00pazy-
IOLIUX MHCTPYMEHTAJIBHYIO Cpely AJI aBTOMAaTH3alluU IOCTPOSHHs MoJeneil u airo-
PHUTMOB, UX oToOpakeHHs Ha raTdopmbl cyniep IBM u coznanust KOMPOPTHBIX MH-
TepdercoB IS MOIB30BaTENCH C pa3HON MPOPECCHOHANEHON MOATOTOBKOM. Takast 9Ko-
CHCTEMa pPacCUNTaHa Ha JUINTEIbHBIN KM3HEHHBIH IIMKJ ¢ HEIPEPBIBHBIM PA3BUTHEM U
COTJIACOBAHHBIM YYaCTHEM PA3IMYHBIX TPYNI Pa3paboTunkoB. PaKTUIECKH, OHA TIPH-
BOJIUT K 00Opa30BaHUIO HOBOW OTpaciH C MacCOBBIMHU MPOQECCHsIMH BBICOKOH Cylep-
KOMITBIOTEpPHOU rpaMoTHOCTH. O003HaYEeHHbIE HAYYHO-TEXHOJIIOTMYECKUE BBI3OBHI TPE-
OyIOT KOMIIETEHTHBIX OPraHW3alMOHHBIX U HHPPACTPYKTYPHBIX PELICHUH, BKIIOYA0-
IIAX MEXBEJIOMCTBCHHYIO KOOPIHUHAIMIO aKaJEMHUUECKHUX, 00pa30BaTEIbHBIX U TPOH3-
BOJICTBEHHBIX KOJUIEKTHBOB [1].

IIpu Bceil rapMOHUYHOCTH Pa3BUTHSI PA3IUYHBIX COIMAIBHO-3KOHOMHYECKUX Ha-
npasieHuil B XXI Beke 04eBUJHBIM OKa3blBACTCSA 3HAUYCHUE JTUX HarpasieHuid. Mx

* PaboTa BBIMOIHEHA [P MOANEPIKKE TPAHTOBOTO HHHAHCHPOBAHMUSI HAYTHO-TEXHIIECKHX IIPO-
rpaMM M poekToB MuHHCTepcTBOM 00pa3oBaHus U HaykH PecryOnuku Kasaxcran (rpant Ne
AP05131806, 2018-2020 roasr).
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pOJb KapJAUHAIBHO BO3POCHA MOCIE MACCOBOTO MOSBIECHUS MEPCOHAIBHBIX KOMIIBIO-
TEpOB, a 3aTeM — C POKICHHEM MHOTOIponeccopHbx DBM TtepadmorncHoro u me-
TanoncHoro yposHs ¢ 10*2-10'° oneparmsamu B cekyHry. CKOPOCTb yBETHIEHUS KOM-
MBIOTEPHBIX MOIIHOCTEN nogunHseTcs 3akony ['. Mypa, oiHOro U3 ocHoBarenel KoM-
nanun «MHTEN), — 3KCIOHEeHIIMabHBIH pocT B 1000 pa3 3a 11 ser. Xots mo ¢usu-
YEeCKUM 3aKOHAaM YXe JJOJDKHO ObUIO HAaCTYNMTh HACBILIIEHHE, aHOMAaNbHas JUHAMUKA
coxpaHsieTca. B Hacrosdiee BpeMs peKOpIHBIN CYyHNEpKOMIBIOTEP UMEET MPOU3BOIM-
TenpHOCTH 0K0J10 200 meTadornc, a B OnmkaiiieM OyayIieM 0XKHUIaeTCs OSBICHUE K-
sadnoncaukos (1018 apupmernueckux neficTauii B cexyny). Takas MHOTOMpOIIECCOP-
Hasl BEIYMCIIUTENbHAS CUcTeMa OyleT MMETh COTHH MHJUIMOHOB PacYETHBIX YCTPOMHCTB,
U TIOKOJIEHHE, BCTyHarolee celuac B TPYAOBYIO JKU3Hb, IOTYYUT JOCTYI K CYNEpBBI-
YHUCIIEHUSAM IPUHLIUINAIBEHO HOBBIX MacIITa00B, BO3MOXKHOCTh XpaHEHHs 1 00paboTKN
OTPOMHBIX 00BEMOB YUCIIOBHIX JaHHBIX [1].

OxHUM U3 OCHOBHBIX 3a[a4 SKOHOMHUKH SBIITIOTCS 337a49H arpOIpOMBIIIUICHHHOTO
KomIiekca. Mcronp3oBarne MEHOTonporieccopasix OBM 11t uX permeHus Ype3Beryaii-
HO HeoOxoauMmo. Mcnone3oBanue nHPOPMALMOHHBIX TEXHOJIOTHHI TI03BOJIHUIIO arporpo-
MBIIIIEHHOMY KOMIIJIEKCY BBINTH Ha HOBBIH YPOBEHB, HOBBICHTH 3 (EKTUBHOCTB H pe-
IIATh CTPATETHYECKH BAXKHBIE BONPOCHL. CTPEMUTENBEHO Pa3BUBACTCS UCIIONIB30BAHNE
Oompmux naHHBIX — Big Data — B cebckoM X03sIiCTBE.

Bo-nepBrIX, IepCIEKTUBHBIMHU CTAHOBSTCS TEXHOJIOTHH UL AUCTAHIIMOHHOTO 30H-
JUPOBAHUS 3E€MJIM, TOUHOTO 3E€MJIEJECNHUS, TEXHOIOTHH BHU3YaJIM3aIlM KOCMHYECKUX
JTAaHHBIX Ha KapTe, OepaTUBHOrO AOCTYIA K BBICOKOAETAIIHBIM CHUMKAM Il TOUHOTO
KapTorpaupoBaHuUs I'PaHMUI] OJIEH U ceBOOOOPOTOB, 30H IJIOIOPOAMS, A TAK)KE MOHH-
TOpUHTA cocTosTHUA Beretanuu [2]. IIpu 3TOM HCIOIB3YIOTCS JaHHBIE CO CITyTHHUKOB,
JATYNKOB U IPYTUX CHUCTEM.

Bo-BTOpBIX, aKTyaJIbHBI CHCTEMBI OHJIAITH-KOHTPOJIS 3JIEMEHTOB ITPON3BOICTBEHHO-
r'o LUKJIA ¥ YIIPaBJIEHUS arpo-OM3HECOM: TEXHUKH, NOJIeH U CKIIaoB. JlaHHbIE CHCTEMBI
00pabaThIBaIOT JaHHEIE O ITOT0/IE, MH/IEKCE BEreTalluH, COCTOSIHUH ITOYBBI K CEBOOOOPO-
te. Hanmpumep, poccuiickuil npoekT ”ArpocurHan” [3], K cucTeMe KOTOpOro MOJKIII0-
yeHo cBeimie 150 xo3siicTB, 0OpabaThIBaromux Ooiee 2 MITH TeKTapOB 3€MIIH, COCPEIIO-
TOYEH B OCHOBHOM Ha KOHTPOJIE 32 IIOCEBAMMU.

ATpONpOMBINIICHHBIH KOMIUIEKC BBHJIy MHOTOYHMCICHHBIX NMPUYUH U OOIEMHPO-
BBIX TEH/ICHIIMI SIBISIETCS BaXKHEHIIEH cepoi, I/1e 3TH TEXHOJIOTUH MOXKHO U HY>KHO
BHeAPATH. HecMOTps Ha TO, YTO BHEIPCHUE HHPOPMAITMOHHBIX TEXHOJIOTHH B arporpo-
MBIIIUIEHHBII CEKTOP MPOUCXOAMIIO BCETAA TOBOIBHO TSIKEIIO, HOBBIH BUTOK TEXHOIIO-
THYECKOT'0 Pa3BUTHS JaJll CHIIbHEHIIINH TOTYOK /ISl NCTIOIb30BaHMsI HOBEHIINX UG PO-
BBIX TEXHOJIOTHI B JAaHHOM CEKTOpPE YKOHOMUKH [4].

Kaxnoe 13 nmepeynciieHHbIX HanpaBiIeHHUH, KaKk MpaBHUiIoO, NPUBOANUT K HEOOXOIH-
MOCTH 00paOOTKH M XpaHEHUs IOJydeHHOTo MaccuBa NaHHbIX. B Poccuiickoit ®ene-
pammu CymiecTByeT HECKOIBKO AECATKOB HH()OPMAIIMOHHBIX CEPBUCOB, TIOCBAICHHBIX
arponpoMBIIIICHHOMY KoMIutekey. B PecyOnuke Kazaxcran nHGOpMaIMmOHHBIX cep-
BHCOB, IOCBAIIEHHBIX [ T-pereHnsM B arpolpoOMBIIIICHHOM KOMIUIEKCE KpaifHe Maio.

[Ipu3HaBasi HEOOXOAMMOCTh CO3[JaHUSI AHAJIOTHYHOTO pecypca Ul UccieaoBare-
Jeld 1 pabOTHUKOB arpONPOMBIIIJICHHOIO KOMIUIEKCa, KOJUICKTHBOM yueHbIX Ka3zax-
CTaHCKOTO WH)KEHEPHO-TEXHOJIOTHIecKoro yHuBepcuTera, TOO «AkageMceTh» U psjia
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HAYYHO-HCCIIEIOBATEILCKUX HHCTUTYTOB CO3/IaHa pacrpeieicHHas HHQOpMaIlMOHHAS
cucrema AxkageMmropojka. B Hacrosiee Bpems cucTeMa yCIeHO UCIIOb3YEeTCs B Ka-
YECTBE:

- XpaHWIHIIA OIU(PPOBAHHBIX TPYAOB Psiia HAYIHO-HUCCIIEAOBATEIBCKIX HHCTUTY-
TOB, BKJIFOYAsl HAYYHBIX CTAaTeH, MOHOTpaduii, reorpadMueCKuX MaTepHuasoB, ayauo- 1
BHJICO3aIICEH, C BO3MOXKHOCTBIO THOKOTO MOMCKA HH(QOPMAIIMU TI0 METaaHHBIM;

- MPOTPaAMMHOI1 I1aT(HOPMBI ISl OPraHU3aLUH MPOBEACHUS KOH(DEPEHIUHA, T03BO-
JISIOMIEH OCYIIECTBIATE cOOp M 00padOTKY 3asiBOK, PACCHUIKH NPUTIIAMICHUN U JP.

OpnHoif n3 neneit pa3paboTKH pecypca TakKe SBISIETCS CO3AaHNE BRICOKOIIPOU3BO-
JUTEIBHOM MIaTGOPMBI VISl PEIICHHS YPE3BbIYAHO BaXKHBIX 33724 B POU3BOICTBCH-
HOH, IPUPOJIOTIOIB30BATENILCKOM, IKOHOMHYECKOH U COLMaIbHON cepax.

OnHuM U3 IPUMEPOB TAKKUX 3aj1ay SABSAJIETCS 3a/1a4a peAyKIHNOHHON HHTEPIOS TN
JUISL ONPEJEIIEHUST PEOJIOTMYECKUX CBOMCTB JKEITUH CENbCKOXO035HCTBEHHBIX )KUBOTHBIX
C LIEJIbI0 NOBBILIEHUS NPEANPUHUMATENBCKON aKTUBHOCTH B CEJIbCKOXO3SMCTBEHHOM
cexTope. AKTyalbHOCTh PEIIeHHUs JaHHOU 3a]1a4i CBS3aHO C TEM, UTO B ITporiecce yoos,
pa3fenKu KpyHmHOI'O M MEJIKOro poraTroro ckoTa M CBHHeEH, mepepaboTKH MPOAYKTOB
y00sI ¥ IPOM3BOJCTBA MSICHBIX MPOJYKTOB MPOMBIIUICHHBIC MPEIIPUITHS MOTYYar0T
HE TOJIBKO OCHOBHOM HPOIYKT, HO U 110 40% MOOOYHBIX MPOIYKTOB U OTXOMOB. JlaH-
HbIE OTXOJIbl UCHOJB3YIOTCS I MPOU3BOACTBA HEKOTOPHIX BUAOB MMILUEBBIX MPOIYK-
TOB, (hapMareBTHYECKUX IIPETIapaToB, KOPMOB U TEXHHUYECKHIX TOBAPOB, KOXKU M MEXO-
BBIX M3Jienuii. Hencnonp3oBaHue nin HeA0CTATOYHOE UCTIONh30BaHHE MOOOYHBIX MPO-
JYKTOB HE TOJILKO MPUBOJUT K MOTEPE MOTEHIMATBLHOTO JJOX0/1a, HO TaKXKe BEAET K J10-
MOJIHUTENBHBIM U YBEJIMUMBAIOIIMMCS pacXxoJaM Ha YTHIIM3AlMIO 3TUX NpOoAyKTOB. B
yKa3aHHOH BBIIIE paboTe IJIs ONpEIeIICHIsI ONTUMAIBEHON TEMIIepaTyphl HCIIAPCHHS B
LEJSX JIUTEIBbHOTO XPaHEHH S SKCTPAKTa JKEIUN UCIIOJIb3YIOTCS TAKUE ITapaMeTPBhI, Kak
IUIOTHOCTD U BA3KOCTh IKCTPAKTA JKEITIH KPYITHOTO POTAaTOTO CKOTA ONIPEIEIIIOTCS IKC-
MePUMEHTAJILHO B 3aBUCUMOCTH OT BPEMEHU UCIIAPEHHUs, €r0 BIAXKHOCTH U TeMIIepary-
pbl. PaccMOTpeHbI METOIbl MHTEPIIONSALNN SKCIEPUMEHTANBHBIX JAHHBIX CIUIaiHaMU.
Pa3pabotana KOMIBIOTEpHAS IIPOrpamMMa JUIsi HHTEPIIOIINH ONKyONdIecKoi crutaita-
(YHKINU SKCIIEPUMEHTANBHO MOTYYCHHBIX 3HAUCHHUI IUIOTHOCTH U BSI3KOCTH B 3aBH-
CHMOCTH OT BPEMEHH U BIAXKHOCTH IKCTPAKTA JKETUH.

Hpyrum npumepoM sBIISETCS 3aJjaua U3yueHHUs] U MPOrHO3a SMUIEMHUOIOTHIECKON
cutyaruu oT KopoHoBupycHo uHpekiun COVID-19. JlaHHOMY BOIIPOCHI TIOCBSIIICHBI
pazIUYHbIE METOJOJIOIMHA COBMECTHOTO HCIIONb30BAHUS MAaTEMaTHUECKUX MOJeNel U
pearbHBIX JaHHBIX, KOTOPBIE SBISIOTCS dPPEKTUBHBIM MHCTPYMEHTOM ISl NU3yUSHHS
CIIOKHBIX 3MHUIEMHUOJOTHYECKUX MIPOLECCOB U PEIIECHUS NPAKTUUECKUX 3a7ad Ha €ro
ocHoBe. V3yuaeTcs MoJiesIb pacpoCTpaHEH!sI BUPYCa, OMHIChIBaeMasi CHCTEMOM HeJH-
HEHHBIX TU(PepeHINANTBEHBIX YpaBHEHUI. B cTaThe 0TMEUeHO, YTO HanboJIee epCIeK-
THUBHBIM JJIS1 pELLIEHUS 3a]1a4 OLIEHKHU Y IPOTHO3UPOBAHUS TPOLIECCOB PACIPOCTPAHEHHS
BHpYCa SBIIETCS IMOIX0M, Oa3HPYONIHiicS Ha KIIACCHIECKOM BapHAIIMOHHOM TPHHIIH-
e Jlarpamxa ¢ UCTIONTb30BaHUEM CONPSKEHHBIX yYpaBHeHHH. Co3/1aHa mporpamma s
YHCJIEHHOTO peuleHus kKoadduireHTHON 00paTHOM 3a/1a4M OCHOBAaHHOMW Ha MOJICTIH Ma-
Temarnueckoit snugemuoinoruu SIR. Onpeznenens K03 GUIMEHT HHTEHCUBHOCTH KOH-
TaKTOB HHAWBHIOB C TOCIICAYIOIINM HHPUITUPOBaHHUEM, KOO(P(PHUIIMECHT HHTCHCUBHOCTH
BEI3ZIOPOBIICHIS HHOHUIIMPOBAHHBIX HHINBUIOB U C/ICTaH KPATKOCPOUYHBIH ITPOTHO3.
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Takum o6paszom, cucrtema cooTBeTcTBYeT cTpareruu “Uumayctpus 4.0, nenbto Ko-
TOPOH SABIIsIETCS TpaHC(PEPT HOBBIX TEXHOJIOTHH B arpONPOMBIIIICHHBIH KoMILIeke Pec-
my6mukn KazaxcTaH ¥ MOMCK MPaKTHIECKUX MHHOBAIMOHHBIX PELICHUH IS yCTpaHe-
HUS (HAKTOPOB, OTPAHUYMBAOIINX PA3BUTHE CETBCKOTO X03sicTBa B Kasaxcrane. "UH-
nyctpus 4.0 — 3TO HOBBIE MOJXO/IBI K MPOU3BOJICTRY, KOTOPOE 00pa3yeTcst Ha coope
OOJIBIINX TAaHHBIX. VICIIOIb30BaHNE TEXHOJIOTUHU OONBIINX JaHHBIX TOMOTAET CeNbX03-
MIPOM3BOIUTENSAM OOJIbIIIE SKOHOMUTD U 3apabaThiBaTh (puHaHCOBBIE cpeacTBa. Ha pu-
CyHKe | ToKa3aHa CTpyKTypaHas cXeMa pacrnpenenéHHoN HH(POPMAIIMOHHON CHCTEMBI
AxanemMropoka.

Pabota ¢ OosbIIMM 00BEMOM IAHHBIX, JIUIIb HEJABHO BHEAPEHHAs B cepy IHpo-
MBIIIJIEHHOI'O ITPOU3BOACTBA, MMO3BOJIACT ONTUMHU3NPOBATL KAYE€CTBO MPOAYKINH, OKO-
HOMUTB SHEPTHUIO U MOBBIIIATH PabOTOCIIOCOOHOCTH 000pynoBanus. B konTekcre «H-
ayctpun 4.0» cOOp M BCECTOPOHHSS OLIEHKA JaHHBIX, MOIYYCHHBIX U3 Pa3HbIX UCTOY-
HUKOB — OT Ipom3BoACcTBeHHOT0 000opynoBanusi, ERP (Enterprise Resource Planning) n
CRM-cucrem npeanpustus (Customer Relationship Management), craneT crangapT-
HBIM HHCTPYMEHTOM IS IIOAJCPKKH MIPUHATHS PeIICHUN B pealbHOM BpeMeHH [4].

=62
—:ﬁ

Big Data

Pucynok 1. CtpykTypHas cxema pacripenesieHHOH HHPOPMALMOHHON CHCTEMBI AKaIeMIOpojKa

Cxema B3auMOJEHCTBUS MOpTaja AKaIeMIOpoAKa ¢ BBIYMCIUTENLHON cHCTEMOit
MpeJCTaBICHA Ha PUCYHKE 2.

Kpowme Toro, moctpoeHHast HHGOPMAIIOHHAS CHCTEMa UCTIONb3YEeTCS IS XPaHEHHS
onn(poOBaHHBIX CTaTeH, MOHOTPa(Uii ¥ TEXHUIECKUX OTUYETOB COTPYAHUKOB HHCTUTYTA
00111 FTeHeTHKHU 1 IUTONIOT MM, VIHCTUTYTa (DM3HOJIOT MY YellOBEKa 1 )KMBOTHBIX, Kazax-
CKOT'O Hay4HO-MCCIIEI0BATEIbCKOTO0 HHCTUTYTA IiepepadaThiBaIOIIeH U MUIIEBOH MPo-
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PucyHnox 2. Cxema B3auMOCHCTBHS NOpTaja AKaAEMIOpOKa ¢ BBIYUCIUTEIBHON CUCTEMON

MBIIIIEHHOCTH, Ka3aXxcKoro Hay4HO-HMCCIIeI0BaTEILCKOT0 MHCTUTYTA TUI0JOBOJICTBA 1
BUHOTpajapcTBa, Kazaxckoro Hay4HO-MCCIIEA0BATENILCKOTO HHCTUTYTA TOYBOBEICHHS
n arpoxuMun uMeHn Y.Y.Ycnanoa, KazaxcTaHCKOT0 HHXEHEPHO-TEXHOJIOTHIECKOTO
yHHBepcHuTeTa, HaydqHonccne10BaTeIbcKoro HHCTHTYTa MUKPOOHOJIOTHN B BUPYCOJIO-
rud. HarnosHeHne peno3uTopusi NPOU3BOIUTCS KOHTEHT-MEHeKepaMu (COTpyAHUKA-
mu HUU u KazaxcTaHCKOTO MHKEHEPHOTEXHOJIOTUYECKOTO YHUBEPCUTETA) COTIIACHO
MOJIEJH, TIPEJICTABICHHOM B paboTte [6].

B pesynbraTe HHTErpanuu Bed-opTraia ¢ perno3uTopueM HU(POBEIX 00BEKTOB Me-
Ta/IaHHBIE ¥ CCBUIKM HA MaTepUalIbl, 3aTpy>KEHHBIE B ITOJICHCTEMY XPaHHIIHIIA, 0TOOpa-
MKAIOTCSI Ha CTPaHUILE MPo(uIs y4eHOro 1 Ha HH()OPMAILMOHHON CTPaHMIIE UCCIIEI0Ba-
TENbCKUX MHCTUTYTOB [7-11]. Bo3moxen nmouck no meraganueiM. Kpome Toro, peanu-
30BaHa (QUIBTPALUS 110 KITIOYEBBIM CIIOBaM, HHCTHTYTaM, AaTe U SI3BIKY ITyOJIMKAINH.
B Hacrosmee BpeMst B perio3uTopun Xpansres 936 padort.

Be6-nopran comepKUT MHOXKECTBO NMPOTPaMMHBIX Moysel. C MOMOIIbIO pa3pa-
6oTtanHOTO K Web-mopraryMoay st mpoBeIeHIs KOH(MEPEHINH, KOTOPHIA OBLT yCIIemn-
HO anmpoOMPOBaH HA MEKIYHApOAHOU KoH(epeHimy B anpene 2019 roga miaHupyer-
Cs IPOBEICHHIE MEXKTyHAPOIHOWHAYYHO-TIpaKTHYecKoi koHpepenin «Computational
and Information Technologies in Science, Engineering and Education» (CITech—2020),
mocBsmieHHas 1150-netuto amp-Papadu(r. Anmatsl, 9-10 okTsa6ps 2020 r.). Bee usz-
OpaHHBIC TPYyIBI, OTOOpaHHBIE MEXIYHAPOIHBIM SKCIIEPTHBIM COBETOM KOH(EpeH-
WY, TUTAHUPYETCs OMyOJIMKOBAaTh B COOPHUKE CTAaTe B M3AaTENLCTBE Springer B ce-
pun «Communications in Computer and Information Science» (nnaexcupyercs B bJ1
Scopus) a Takxe B penozutopuid 1udpoBeix 00bekToB Web-noprana acagor.kz.
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