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Abstract

The modern technological process creates all the necessary conditions for motorists to help them solve any tasks
facing them. Such new solutions, designed to simplify the task of safe movement, include parkronik. The main part of the
parkronics is special sensors installed in the front and rear of the car. The basic principle of this device is to generate
signals that reflect various objects and return them to their original state. At the time of Signal Return, you can calculate
at what distance the obstacle is located. Parkronik informs the driver that the distance between the car and the obstacle is
decreasing.

Parking sensors (also called parking radars) are special equipment that warns the driver of a danger or obstacle on
the road, whether it is a large stone, curb, fence or other vehicle. It is also used by students who study the art of safe
parking. Parktronic has a different functional orientation. As a rule, the use of parking spaces increases the comfort of
using the vehicle, as well as ensures the safety of the car and the safety of its owner. Parking sensors allow you to more
accurately control the process of moving the car in close proximity to possible obstacles, for example, when parking in
reverse, in other narrow or flooded spaces.

Keywords: parking sensor, parkronik, ultrasonic, device, car.

Introduction

The modern technological process creates all the necessary conditions for motorists to help them
solve any tasks facing them. Such new solutions, designed to simplify the task of safe movement,
include parkronik. The main part of the parkronics is special sensors installed in the front and rear of
the car. The basic principle of this device is to generate signals that reflect various objects and return
them to their original state. At the time of Signal Return, you can calculate at what distance the
obstacle is located. Parkronik informs the driver that the distance between the car and the obstacle is
decreasing.

Parking sensors (also called parking radars) are special equipment that warns the driver of a
danger or obstacle on the road, whether it is a large stone, curb, fence or other vehicle. It is also used
by students who study the art of safe parking. Parktronic has a different functional orientation. As a
rule, the use of parking spaces increases the comfort of using the vehicle, as well as ensures the safety
of the car and the safety of its owner.

Parking sensors allow you to more accurately control the process of moving the car in close
proximity to possible obstacles, for example, when parking in reverse, in other narrow or flooded
spaces [1].

Considering the huge advantages of parking sensors, | also thought about creating a device with
a parking sensor. Considering the possibilities available to me, | decided to design the project in the
Arduino electronic constructor.

Ultrasonic sensors are mounted on the bumper of the car, and the directional nature of the
emitters allows you to form the necessary sensitivity zone. The initial systems had separate emitting
and receiving sensors, which were subsequently used to transmit and receive a single piezoelectric
element. The high cost of electronics initially led to mechanical scanning of the rear hemisphere using
a single sensor. Today, the sensors are mounted permanently, and the absence of dead zones is
achieved by installing several sensors. The simplest systems use two sensors.

The most common systems use 4 sensors located on the rear bumper at a distance of 30-40 cm
from each other. This arrangement of sensors avoids the appearance of "dead zones". In more
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complex systems, 2 or 4 sensors are installed on the front bumper. Unique systems can use various
sensors, as well as sensors located on the side of the car.

Externally, many models of parking sensors are very similar, but they can perform different
functions. Choosing this equipment, it is necessary to remember about its main purpose - to provide
all conditions for comfortable parking of the car without any obstacles.

The options for installing parking sensors depend on the driving experience of the motorist, as
well as on his individual needs in terms of parking convenience.

When parking large cars, the driver often has difficulty tracking the location of objects at
different distances. Such objects include, for example, various curbs, columns, large objects that are
in the path of the car. In this regard, the development of devices for tracking the distance to the nearest
object (the so-called parking sensors) is of interest not only from the point of view of preventing
traffic accidents, but also from the point of view of understanding the design of such a device and the
implementation of these practices in educational activities.

Mastering the principles of developing practice-oriented devices that combine the basics of
design and engineering, measuring physical parameters of the environment, reading and storing data
with subsequent processing is relevant for improving learning outcomes and general preparedness of
students in the secondary education system [2].

Materials and Methods

The purpose of the work is to develop a model, training design of a parking sensor for a car on
the Arduino platform, followed by the development of a methodology for conducting training in the
secondary education system.

Tasks of the work:

- development of the parktronic configuration, including the definition of functions, the location
of elements and assemblies, structural elements;

- assembly of the parking sensors assembly Arduino Uno R3;

- writing a parking sensor data processing algorithm in the Arduino IDE program;

- parktronics launch and operation testing;

- development of a methodology for conducting training sessions on the implementation of this
project in the secondary education system [3].

Parktronic (also called parking radar) is a special equipment that warns the driver about a danger
or a barrier on the road, whether it is a large stone, curb, fence or other vehicle.

Considering the existing possibilities, it was decided to design the project in the Arduino
electronic constructor. Arduino is a small microprocessor board with its own processor and memory,
or, in other words, a mini-computer.

There are several dozen contacts on board the board, where various components can be
connected: lamps, sensors, electric motors, washers, routers. Arduino allows you to design various
automated and robotic systems, smart home systems, 3D printers and much more.

The main part of the parking sensors are special sensors installed on the front and rear of the car.
The basic principle of operation of this device is the emission of signals that display various objects
and return them to their original state. By the time of the signal return, it is possible to calculate at
what distance the resistance is located.

The equipment informs the driver that the distance between the vehicle and the obstacle is
decreasing. The parking sensor has a special signal of the piezo-sonic device. When piezo hazard is
approaching, voice signals with different frequencies are emitted. Therefore, the closer the danger,
the more often the signal is heard. If the signal is heard continuously, it means that the dangerous
object is very close to the car, so an emergency stop is necessary [4].

The Arduino Uno board is the center of Arduino - the most popular and affordable device on the
market. It is based on the ATmega-Arduino Uno R3 chip-this is ATmega328, but you can still find
ATmegal68 UNO payment options on the market. The main characteristics and device of the Arduino
Uno R3 test board, power requirements, connectivity of external devices, differences from other



boards (Mega, Nano) are given in [2-4]. To create a parking sensors device, a scheme and
configuration were developed (table). The device in the assembly is shown in Figure 1.

Table 1 - Details needed to create a parking sensor design

Device Name Quantity Image Price(tenge)
Arduino Uno R3 1 3564
Resistors 200-520 Om 6 // 7 990*6=5940

e

/) /S"
LEDs: Green, Blue, Red, Yellow 6

120*6=720
Ultrasonic Distance measurement | 1 1545
sensor HC-SR04
Breadboard 1 684
Piezo 1 600
Vet

Final price 13143




Figure 1 - Parktronic elbow without display

For visual control of the distance to the obstacle, we connect the lcd1602 display. Also include
in the sketch the condition for adding a notification led to the LCD screen

AW A0 WG TN T W R 0TS

Figure 2 - LCD1602 display

On the front side of the module is an LCD display and a group of contacts.

On the back of the module there are two chips made "drip™ (ST7066U and ST7065S) and an
electrical connection, it does not make sense to draw a schematic diagram, | will tell you about the
resistor R8 (100 ohms), which serves as a limited resistor for LED lighting, so you can connect 5V
directly to contact A [5].

A piezo extractor can be called a clip, zoom, piezo buzzer, or speaker. The point is to make one
sound.

Usually, kits have two types of clamps-active and passive. They are similar and confuse the
beginner.

Above the active beep is a sticker with the mysterious inscription "Remove seal after washing",
which is translated by Google translator in a very strange way- "remove seal after washing", which
makes the user even more confused. Don't pay attention to the record, it's just a technical point. During
the preparation of the parts, it is necessary to wash the flux, but in order not to damage the substance,
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the hole is glued on top. But do not rush to remove and throw away the sticker, it will be useful for
you.

The active zoom can work independently, just provide energy. Follow the polarity when
connecting. There is a plus ( + ) icon on the label, but you should not trust the label, perhaps someone
did not close it very carefully. Take a good look at your feet. As a rule, one leg is longer than the
other. Long legs are plus, short legs are minus. Connect the long leg to the 5V power supply and the
short leg to the ground. You will immediately hear an unpleasant sound. It is for this reason that |
advised you not to remove the sticker. If you remove the sticker now, the volume will be much higher.

Passive zoom is similar in appearance, but still slightly different. Compare them with the size
and also look at them below. The difference is visible. As a past example with an active speaker, you
won't hear anything when connected. It is not enough just to eat, it is necessary to use the software
methods included in the Arduino.

Passive buzzer.

They are also found in modular designs, such as KY-006 (passive) or KY-012 (active). The
module has three outputs, the average is not used, the S output is connected to the digital output of
the board, and the GND output.

Results and Discussion

There were two displays with an 12C interface. One is a two-line Icd1602A and the other is a
four-line lcd2004a. In the program code, you need to change the display size:

LiquidCrystal_12C lcd (0x27, 16, 2); / / set the display address and size. This is for LCD1602.

LiquidCrystal_12C Icd (0x27, 20, 4); // set the display address and size. This is for LCD2004.

The 12C Data Transfer Interface allows you to connect this display to the Arduino via two wires,
not counting the power cables. | would also like to pay attention to the address of the display. The
address will be 0x27. But | didn't have any characters on the screen on one of the displays. I identified
the address using the sketch "I2C address scanner”. The address was Ox3f. This is a reference to the
sketch [6].

Yes, we identified the following problem: when uploading a sketch to an Arduino, only one First
character appeared on the display. It turns out that versions of the Arduino IDE higher than 1.65 have
such a breakthrough. Go back to version 1.65 and there will be happiness.

LCD 12C1

Figure 3 - Arduino and display connection scheme
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No name Sketch_bb.

The Arduino UNO board has an LED connected to 13 pins. You can use it. The LED is shown
separately in the diagram. You can connect it to a free pin and make changes to the code accordingly.
Here is the code:

// add the necessary libraries

#include <LiquidCrystal_12C.h>

# < add a wire.h>

LiquidCrystal_12C Icd (0x27, 16, 2); / / set the display address and size

const Int trigPin = 12; // Trig pin connects to Arduino pin 12

const int echoPin = 11; / / Echo pin connects to Arduino pin 11

const int ledPin = 13; // 13 - if you are using a built-in LED on an Arduino

empty installation () {

pinMode (trigPin, OUTPUT); / / set the trigger - output pin

pinMode (echoPin, INPUT); / / set the Echo input PIN

pinMode (ledPin, OUTPUT); / / install LED-output pin

Serial.begin (9600); / / initialize the latter. Porta

Wire.();

Icd.init (); // LCD initialization

Icd.backlight (); / / enable backlight

Icd.print ("distance:"); //print the text

}

hollow Hook () {

long distance = getDistance (); / / we get the distance from the sensor
Serial.println (distance); / / output to the serial port

Icd.setcursor (10,0); / / set the cursor

Icd.print (distance); / / output to lcd

Icd.print ("cm™); //print text in cm

Icd.print (" "); / / when the value bit increases, we print spaces to erase unnecessary characters
delay (300); / / set the delay so that the numbers on the screen are not corrupted

if (distance<20) / / set the required distance, for example, less than 20 centimeters
{

digitalWrite (ledPin, 1); // Turn on the LED

Icd.setCursor (0,1); / / set the cursor at the beginning of the first line

Icd.print ("Attention™); / / Attention

} more

{
digitalWrite (ledPin, 0); / / otherwise disable

Icd.setCursor (0,1); / / set the cursor at the beginning of the second line
Icd.print ("normal™); //print the norm

¥
¥

/I CM determining the distance to an object

long getDistance() {

long distacne_cm = getEchoTiming () * 1.71 * 0.01; //58.4-recalculation coefficient, similar to the
division of KE

return distacne_cm;

}

I/l Determining the delay time

long getEchoTiming() {

digitalWrite(trigPin, LOW);

Delay in microseconds (2);
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digitalWrite (trigPin, HIGH); / / generating a startup pulse
Delay in microseconds (10);
digitalWrite(trigPin, LOW);
/I Determination of the duration of high levels in the echopin pin, mcsec:
long duration = pulseln (echopin, high);
return duration;
delay(100);
7]
Installation of rear view cameras and parktronics.
The popularity of parking systems among motorists is constantly growing. Parking radars and
cameras allow you to quickly and trouble-free parking in difficult enough conditions for parking.
The rear view camera is located in a "dead zone" on the Monitor, that is, it reproduces all the
details and obstacles that are not visible in the mirror. Auto-cams in expensive configurations of car
models install a rear camera. But this option can be installed on any car, it is enough to buy the
necessary model of the parking system and install it. The choice of rear view cameras is quite large,
so it is not difficult to get such a system [8].

display

camera front sensors

on display

rear sensors ) on the sensors
control unit PR

Figure 4 - Installing the device on the machine

Parkronik does not have the ability to reproduce the image, and most often a small digital display
with a distance indicator is used as a monitor. Such a system is quite simple, and ultrasonic sensors
on the rear bumper scan a wide area in the rear of the car. In case of detection of interference at a
close distance to the car, the sensor instantly sends a signal to the central unit. The audio signal of the
built-in beeper immediately attracts the driver's attention, and then, focusing on the light indicator,
you can determine the location of the object that is interfering and the distance to it. Modern parking
radars use sensors that can operate in any weather and at different temperatures.

Installing a rear view camera .

12



This type of work involves disassembling the parts of the cabin, installing a camera and monitor,
pulling wires, which are used to connect all the components of this system. Then, of course, you need
to put all the resulting parts in their place.

Many people believe that there is nothing complicated in this, but overestimating their own
strength can lead to negative consequences. You need to choose the right place where the camera
itself will be installed. It can be cut under the trunk or bumper lock, behind the rear windshield and
in other places. It is possible to find a camera with a good overview of the rules, but at the same time,
the words should be excluded from digging into the details of the body [9].

Figure 5 - Place of installation of the device

The monitor is located mainly on the front panel of the cabin, and its attachment is possible in
various ways. But you need to connect the wires as carefully as possible, so as not to damage the
panel.

The wiring of the wires must also be carried out with knowledge of the case, otherwise they can
be "killed" during Operation. Disassembly and assembly of cabin parts has its own secrets, if there is
no experience, you can damage the mounting hinges, which will make the product unusable [10].

The necessary skills in installing rear, front and round cameras can only be developed by
craftsmen who often work on different car models. Accordingly, the experience gained in practice
allows you to accurately choose the optimal location for the camera, conduct wiring with minimal
disassembly of interior details and their subsequent installation.

In this case, everything is repeated, only ultrasonic parking sensors are installed instead of the
camera. With the help of a special cutter, which is often included in the kit of a parking radar, the
sensors are cut into the front or rear bumper of the car, depending on the model of the system.
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A special program has been developed for data processing, and the results of the work of
praktronics are displayed on a special display. The program implements the function of displaying
the distance on the display and the buzzer activation condition. The time between measurements and
the distance at which the warning sound is activated can be replaced with a sketch. The parking sensor
uses an LED indicator consisting of eight LEDs to determine the distance to the object, give a signal
and conditionally warn it. The distance sensor used is the HC-SR04 ultrasonic module. The parking
sensor was placed in a special case and represents an almost ready-to-use device. Testing of the device
was performed using a car with distance control to the nearest object and showed high accuracy of
the device [11].

Conclusion

Thus, using the Arduino platform allows you to design a simple parking radar. The
implementation of the results of the work is carried out within the framework of robotics training
courses in the secondary education system. Experience has shown that teaching robotics at school
allows students to increase their interest and learning outcomes in information technology, and also
develops students' thinking, allowing them to consider the task in a new way and use various devices
for measuring and collecting data. Also, it is important to solve the problem of improving the accuracy
of parking sensors in conditions of interference (for example, snowfall) and the detection of non-
standard objects (chains, ropes, etc.), which is considered as a task for the future.
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Abstract

The article discusses a project-based learning method and its application for STEM-education. It determines
advantages and ontological engineering stages for STEM-education. The article considers development of the ontological
model “STEM-education in school”. It presents an ontology “STEM-Education in School” generated in Protégé 4 editor
that contains necessary classes, relations, properties, and persons involved in the school education process. There are
requirements to this ontology. A hierarchy of classes and fragments of the generated ontology are presented. Enhancement
of school education quality can be achieved through the use of the STEM-approach and semantic description of the
knowledge about the subject area with the use of ontological engineering methods. Filling of the ontology with actual
data of a school will allow creating a comprehensive database of the school. This approach will help to improve efficiency
of lesson plan development with the use of the STEM-approach and the learning content.

Currently, professions appear at the confluence of technologies and natural sciences. Implementation of STEM-
education from school time will help schoolchildren to adapt themselves more easily in obtaining higher education and
future profession. Promotion of STEM-literacy in students will help them to be in demand and able to meet competition
in the labour market.

Keywords: STEM, knowledge, school, ontology, ontological engineering, competencies, knowledge base.

Introduction

The Head of the State Kassym-Zhomart Tokayev emphasizes the need for digitalization of all
spheres of life and continuous education of students in the State Program for the Development of
Education and Science of the Republic of Kazakhstan for 2020-2025 and in the State Program "Digital
Kazakhstan". Digitalization of all spheres of life and economy of Kazakhstan will allow to take
leading positions on the global arena and to enhance the quality of life the population and to create
favorable conditions for development of entrepreneurship. Digitalization of the education system is
not only creation of digital copies of the educational material, digitalization of document flow, and
provision of access to high-speed Internet. This is a change of the very approach to teaching
schoolchildren, to the content and methods of teaching.

Special attention is currently paid to education in the Republic of Kazakhstan, new approaches
are used, and the education system is digitalized. Therefore, it is necessary to develop digital skills in
children for further development of their learning skills and personal growth. Schoolchildren need to
develop in various key academic fields such as science, mathematics, technologies, and engineering,
i.e. in line with STEM, a new education trend [1, 2]. The article discusses a project-based learning
method and its application for STEM-education. It determines advantages and ontological
engineering stages for STEM-education [3-10].

Materials and Methods

STEM education is a bridge that connects education and career. Therefore, it requires innovators
in the sphere of education in the modern world, which leads to a shift in the established priorities. It
is necessary to develop critical thinking skills, and digital skills that are important for innovation and
find ways to develop them.

It is reasonable to put forward a research hypothesis that the use of the STEM approach in the
process of teaching schoolchildren will increase cognitive interest, activate intellectual processes and
form digital skills among schoolchildren.

The objective of the work is the application of a STEM approach in the process of teaching
schoolchildren, which allows them to form digital skills.
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Tasks:

1. Search and analysis of literary sources on the thesis topic "Formation of digital skills of
schoolchildren in the implementation of Stem projects”;

2. Familiarization with the principles of implementation of Stem projects, their advantages and
disadvantages;

3. Building an ontological model using the STEM approach in the process of teaching
schoolchildren, which allows them to form digital skills.

In solving the problems of scientific research, the method of projects and ontological analysis,
an object-based approach to software development, optimization methods, and methods of
mathematical and computer modeling are used.

In contrast to conventional teaching, STEM teaching changes the form of the educational
process. This form is different from our conventional perception of a school teacher that we are used
to. According to the STEM methodology, the focus is on a practical task or problem. Students learn
to solve the problem practically right away, by experimenting and finding mistakes, rather than
solving it theoretically

STEM education provides a number of advantages, such as comprehensive training, the
application of knowledge in life, the development of critical thinking, self-confidence, teamwork,
interest in technical disciplines, innovation, interdisciplinary training, and technical and technological
development [1, 2].

The advantages of STEM education for the student are shown in Figure 1.

* From elementary school, children are taught to be inquisitive, to strive for new
1 knowledge. The learning process is associated with adventure, play.

* The development of analytical thinking, the ability to analyze processes, anticipate
2 the outcome.

» Interest in the exact sciences. The conventional school curriculum does not make
3 Maths and Physics classes exciting for schoolchildren.

* Schoolchildren get used to working not only individually, but also in a team with
4 peer partners who are interested in the successful implementation of the project.

* Day-to-day work with modern technologies, tresh facts from different fields of
5 knowledge helps children get used to keeping up with the times.

«Students get to solve applied problems on a regular basis, see the result of their
6 efforts. This facilitates consistent understanding that the situation in the world depends
on human actions.

Figure 1 — Implementation of the STEM approach at school
STEM education implies a different teaching approach that shows the convergence of sciences
and disciplines in different spheres of life.

As anything else, the STEM approach to education has its drawbacks. For example, the
disadvantages are shown in Figure 2.
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In the pursuit of logical thinking development, teachers neglect the development of
creative skills of their students, thus leaving vocals, acting, fine arts on the sidelines of
the educational process. Children who have potential for such disciplines and skills can
not develop them within the framework of school curriculum.

It is difficult to find truly qualified teachers who are ready to work with a new
methodology: subject teachers need to improve their qualifications in order to meet
the requirements of the program.

Exams are still focused on the traditional system of delivering classes.

Figure 2 — Disadvantages of the STEM approach to education

The conditions for the introduction of STEM education are (Fig. 3) [11]:

It is necessary to build an extensive system of search, support and
1 assistance for talented children

It is necessary to develop a creative environment to identify
9 particularly gifted children in every secondary school

At the same time, a support system should be developed for talented
3 children, who have already identified and formed their creative skills

Working with gifted children should be economically feasible

It is necessary to introduce a system of moral and material incentives
5 to support teachers

Figure 3 — STEM technology at school

Ontological knowledge bases have an advantage over traditionally used relational databases. Due
to the development of information and communication technologies, it will be necessary to cover the
level of semantics, in addition to the level of storage and structures. The use of domain ontology
appears relevant and effective for the representation of semantics.

Ontologies contain the following conceptual structures: class hierarchies in object-oriented
programming, conceptual maps, semantic networks, etc. [3-9].

The visual approach of ontological engineering is the most popular one. The visual approach
combines such basic types of technologies as object-oriented and structural analysis [10].
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When building an ontology, it is necessary to determine the basis for describing the main objects,
attributes, and classes. For example, "classes" - "relationships™ - "functions” - "axioms" - "instances"
or a multitude of "objects" - "relationships" - "roles" - "attributes™ [3-10].

The main teaching method used to integrate STEM into the educational space is the method of
projects or the project method. The STEM approach allows you to combine mathematics and natural
sciences, fine arts and technology, computer science, and physics in project work. This, in its turn,
allows students to fully explore the world around them. Today, STEM projects allow you to study the
topics and directions of a discipline at the applied and fundamental levels [12].

The project method is not new to the teaching process.

This method ensures the interaction between theory and practice of STEM education in the role
of an assistant.

This method focuses on the student’s cognitive work aimed at achieving goals and solving
problems.

Interdisciplinary projects are performed outside of classroom studies under the guidance of
specialists in various fields of education.

Depending on the nature of communication, projects are classified as in-class, in-school,
regional, and international projects [12].

Integrated lessons are being introduced in the Republic of Kazakhstan, to implement STEM
education and meet new trends in education.

The sequence of actions for developing an ontology. First, it is needed to perform an analysis of
the subject area, make a synthesis of concepts and relations, then select objects, attributes, relations,
and processes.

The stages of ontology development are shown in Figure 4.

Domain analysis

Defining classes

Organization of the classes hierarchy

Defining attributes and properties of
classes and limitations

Defining individuals and giving
meaning to attributes and proerties
Figure 4 — Stages of ontology development

Creating and using a knowledge base. Ontologies allow us to build domain models by combining

declarative characteristics and definitions. Experts in the field of application set the following basic
requirements for the means of creating ontologies (Fig. 5).
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the similarity of the language operated by the system, based on
knowledge, to the language of the subject area specialist;

the possibility of using the introduced knowledge to solve most of the
subject problems, rather than forming the knowledge base from
scratch each time to formulate and solve a new problem:

openness of the language, i.e. the possibility of including in it new
language constructions that appear in this subject area;

Figure 5 — The main requirements of experts

Computer Science as a school subject allows students to form digital skills. It is necessary to
develop these digital skills and reach new levels. Therefore, it requires the formation of computational
and algorithmic thinking in schoolchildren.

One of the steps in this direction is the modernization of the education system, and the
introduction of new directions in the field of information technology in school curricula.

In recent years, much attention has been paid to computer-aided learning, robotics, and
ontological engineering. It is widely acknowledged that the future of information technology lies
behind these trends.

Computer-aided learning is a popular field of knowledge. Computer-aided education begins in
high school. Python allows you to study computer-aided learning, bypassing the in-depth
Mathematics studying.

Computer-aided learning is one of the most promising areas in the development of information
technology. Computer-aided learning methods are used in various fields of human activities. In this
regard, it is necessary to study this area starting from the school course on Computer Science. Further,
graduates can develop their skills and improve their knowledge at university or in various training
Courses.

Let's study an example of the implementation of the STEM approach. The interaction of STEM
elements for "Computer-aided Learning" is shown in Figure 6.

Machine learning for students

Technology ' Mathematics T Science

ICT Maths Science
. Use of formulas, Research and design
Programming : ..
calculation activities

Figure 6 — Computer-aided learning for schoolchildren
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Educational robotics allows you to develop programming and project design skills. It works as
an integrator of all STEM elements. Moreover, it is possible to calculate the motion speed of a Lego
typewriter and the distance traveled by it in the framework of an optional school course on the Basics
of Robotics. This can be done using the terms "arithmetic operations” in Mathematics and "cycle™ in
Computer Science. This process teaches the student the principle of calculating the total speed of
cars, and the distance traveled. Thus, STEM education allows students to develop project thinking by
linking their knowledge with environmental processes.

An example of the implementation of the STEM approach, the interaction of STEM elements
for "Robotics" is shown in Figure 7.

« Robotics for \
N schoolchildren g
— S —
Science — Technology Engineering  Mathematics
Science ICT Engineering Math
Research and . Invention, Use of formulas,
. L Programming 3
design activities development calculation

Figure 7 — Robotics for schoolchildren

Robotics allows students to develop fundamentally new skills: critical thinking, creative problem
solving, group work, creativity, adaptation, coding, communication skills, responsibility,
systematization, etc.

The STEM approach is actively used in teaching Computer Science. Thus, there are many topics
and sections in Computer Science that allow you to interact with STEM elements.

Engineering is a powerful tool that allows you to visualize the knowledge structures of any given
subject area [13-15].

Currently, a large number of ontology editors are available. Each editor has its advantages and
disadvantages. Figure 8 shows commonly used ontology editors and their descriptions.
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=Joint development of ontologies

: *OKBC, KIF
Ontolingu .
a = www ksl.stanford.edu/software/ontolineua/
*Creation, viewing of ontologies
«JDBC, UML, XML, XOL, SHOE, RDF/RDFS, DAML+OIL, OWL
Protege
*protece.stanford.edu
*Web-browser of knowledge bases in LOOM language
OntoSaur "LOOM
us swww.isi.edu/isd/ontosaurus.html
*Development and support of ontologies
.| *F-Logic, RDFS, OIL, OXML
OntoEdit .
*www.ontoknowledee.ore/tools/ontoedit.shtml
*Development of ontologies, support for inference
' *DAMLA+OIL
OilEd .
*oiled.man.ac.uk
*Multiuser ontology development
TG *OCML
ebOnto *kmi.open.ac.uk/proiects/webonto/
*Creation of ontologies using Methontology methodology
*F-Logic, LOOM, Ontolingua
WebODE

*webode.dia.fi.unm.es/WebODEWeb/index.html

Figure 8 — Ontology Editors

Various complexes, platforms, and systems also exist for building ontologies and making
decisions [15-17]. For the purpose of this thesis, we will be using Protégé 4 since it is the most popular
and is freely available.

Results and Discussion

The Building of an ontology begins with the creation of an ontological domain model. To do
this, you need to define the base classes and the relations between them. It is required since we are
developing a school ontology that allows us to show the interaction of STEM elements for Computer
Science as a subject [18].

As an example, let's analyse the building of the ontology of the "Robotics" and "Computer-aided
Learning” sections. We will be using these ones as they clearly show the interaction between STEM
elements.
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Robotics is directly related to STEM education. Robotics combines design, technical creativity,
and programming. Robotics training begins with forming an understanding of engineering and
programming among schoolchildren. Let's apply the ontological approach and STEM approach to the
school disciplines mastery, using the example of the "Robotics" discipline. The "STEM Ontological

model" fragment is presented in Figure 9.
"Engineening
(STEM]

*Art (STEMY

‘Computer
science’

| I“

Fr /1T @ 'sdence

: o (STEM] l
,
Y ' y
AN Robotics
AN
\5._ * @ ‘Mathematics
(STEMY

= "Technologies
(STEMY

Figure 9 — The "STEM Ontological Model" Fragment

The processing subsystem of the ontological knowledge base of the university "STEM
disciplines" ontoScholISTEM.owl/, is shown in Figure 10.
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Figure 10 — A fragment of the classes hierarchy

A lesson plan or a short-term plan for a teacher of a secondary education organization consists
of the following basic elements:

- Section;
- Teacher's full name
- Date;



- Grade;

- Lesson topic;

- Teaching objectives in accordance with the curriculum;

- Lesson objectives;

- Lesson phase/ Time;

- Teacher's actions;

- Student's actions;

- Evaluation;

- Resources.

The constructed hierarchy for the (lesson plan) "Plan_uroka" (Fig.11).

r Class hierarchy |/ Class hierarchy (infemed) |

(]3] =]

¥ Subject

Chapter

"'Computer science’
Mathematics

Section

¥ "Learning outcomes’

----- Knowledge

----- Competencies

----- Abilities

----- Skills

¥-- 0 "E-learning tools’

----- Databases

----- "Information systems’
----- "Information technology’
----- "Technical means’

¥-- @ Lesson
¥--© Plan_uroka

>

'Actions of the teacher’

'Student Actions’

; Homework

v-- @ Evaluation

e ‘Evaluation criteria’
Educator
'Summing up the results’

p- 0 Section

Resources

Reflection

§ 0 'Lesson topic

Goal_education_in_conformity_education_program
-~ 'Lesson objectives’

§ 0 'Lesson phase/ Time’

-0 "Participants in educational relations’
: Student

Educator

e Teacher

L Management

Figure 11 — "Plan_uroka"

The "Class", and "Teacher" classes have already been created, so we are only going to add them
to the Sub Class Of "Plan_uroka™ (Fig.12).
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.
‘Summing up the objectives’
Goal_education_ / e -
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Time"

@ Student
Actions’

Figure 12 — A fragment of the "Plan_uroka" ontology

r Class hierarchy r Class hierarchy {infemred) |

(%] ] ]

¥-- @ Thing

¥ STEM
----- 'Mathematics (STEM)'
----- 'Engineering (STEM)’
----- 'Art (STEM)’
----- 'Science (STEM)’
----- "Technologies (STEM)’

----- 10_knacc
----- 7_knacc
----- 9_knacc
----- Course
¥ 'Normative framework’
----- 'Laws of the RK'
----- 'Normative documents of education’
----- Standards
r-- 0 Subject
p- @ Chapter
- "Computer science’
- Mathematics
B @ Section
7-- @ "Learning outcomes’
----- Knowledge
----- Competencies
----- Abilities
----- Skills
Y- "E-learning tools’
----- Databases
----- 'Information systems’
----- 'Information technology’
----- 'Technical means’
V- Lesson
B @ Plan_uroka
- "Participants in educational relations’
; Student
Educator
= Teacher
b Management

d

d

Figure 13 — A hierarchy of the "STEM education at school" ontology

The «STEM education at school» ontology was built, which includes the structure of the school
educational process, STEM elements, and Lesson plan (Fig. 14).
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Figure 14 — “STEM education at school” Ontology

l results”

The “STEM Education at school” ontology is a knowledge base for storing knowledge and
school data that are interconnected by certain rules and interrelations.

Conclusion

The “STEM education at school” ontological model has been developed. The ontology “STEM
education at school” was built using the Protégé 4 editor. It contains the necessary classes, relations,
properties, and individuals of the school educational process. Requests to this ontology have been
fulfilled. The hierarchy of classes and fragments of the constructed ontology was presented.

Improving the quality of teaching schoolchildren can be achieved through the semantic
description of knowledge about the subject area using ontological engineering methods.

Replenishing the ontology with real school data will create a complete knowledge base of the
school. This approach will improve the efficiency of the development of lesson plans, using the
STEM approach and the use of educational content.

Currently, new professions are emerging that are related to technology at the junction with the
natural sciences. Improving the quality of school students' education can be achieved through the use
of a STEM approach. The introduction of STEM education to the school curriculum will make it
easier for students to adapt to further higher education and obtain a future profession. Increasing the
student's STEM literacy will ensure demand and competitiveness in the labor market.
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Abstract

Nowadays, online social media is dominating the world in several ways. Day by day the number of users using
social media is increasing drastically. The general purpose of social media is to keep in touch with friends, sharing news,
etc. This provided a new way of a potential attack, such as fake identity, false information, etc. The objective of this
project is the automated recognition of fake accounts, using some Classification Algorithms. In order to achieve the set
goal, the possible factors of currently known possible fake accounts were studied. The following detection strategy was
used to work with them.

The first stage of the project is the collection of information about the account. For this step, Apify platform was
used to collect and automate web pages, which can turn any site into an API.

The projects have 2 datasets: the first with 11 feature is used for the recognition of private accounts, which due to
their privacy have a limited amount of information to share, the second with 14 features is used with the public accounts,
which thanks to their privacy have more information to work with, such as the date of the post published, which gave the
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algorithms some information about the index of activity of the account. Every account's feature has been scraped using
an Instagram Web Scraper.

Then the two datasets have been subject to a Preprocessing Phase. This phase consists of the standardization and
the normalization of the two datasets.

The features, now preprocessed, are taken and given to this Machine Learning Classifier Algorithms:

 Decision tree

K-Nearest Neighbours (KNN)

 Logistic Regression

» Random Forest

 Support Vector Machine (SVM)

For every algorithm, in addition to the training and the testing phase, has been calculated:

»  Confusion Matrix

*  Receiver Operating Characteristic / ROC Curve

+  Classification Report

Keywords: machine learning, Instagram, dataset, prediction, classification.

Introduction

Online social networks (OSNs) such as Facebook and Instagram are becoming more and more
popular and are becoming an important part of the modern world. In addition to being used as a means
of communication, OSNs are also used to gain popularity and promote business. At first glance, an
account's popularity is measured by some metric, such as the number of followers, or properties of
shared content, such as the number of likes, comments, or views. Therefore, users of any social
platform may tend to artificially increase their metrics to get more benefits from OSN.

Relevance of the research topic: Fake accounts suppress specific users and perform various
malicious activities - sending spam, collecting personal data, etc. b. can be used to break trust in a
social network. It is very important to use machine learning when it comes to identifying a fake
account on a social network. It develops applications for protection and security of social networks,
preventing unauthorized access to personal information, illegal use of user information.

Theoretical and practical significance of the study: Today, with the proliferation of fake
accounts, the use of machine learning to identify fake accounts allows you to secure social networks
and develop applications for information security.

Widespread use of social media has been a boon and poison to society. The use of social networks
for online fraud, the spread of false information is growing rapidly step by step. Fake accounts are
the main source of false information on social networks. In particular, fake accounts are used for the
following purposes: extortion of money, surveillance, for the sake of insulting a person, etc. Hence,
there is a widespread need to discover accounts that can tell for sure whether an account is fake or
not. This article uses the classification of machine learning algorithms to detect fake accounts. The
process of finding a fake account mainly depends on factors.

Literature review

Estee Van Der Walt et al. [1] used the SVM Linear, Random Forest and Adaboost algorithms to
classify fake and real Twitter accounts and found that Random Forest gave the best result. It also
turned out that in social networks you can find such personal data as: location, name, profile picture,
number of subscribers, number of friends, account creation date, number of URLS, number of
statuses, number of retweets.

Qiang Cao et al. [2] used cluster analysis to detect loosely synchronized malicious account
activity at scale, it measures the pairwise similarity of user behavior, and then uses a hierarchical
clustering algorithm to group users with similar behavior over a long period of time together.

Indira Sen et al. [3] used Random Forest, Logistic Regression, AdaBoost with random forest as
base initiator, multilayer perceptron with feedforward architecture, support vector machine with RBF
kernel to identify fake Instagram likes, also found out that a multilayer perceptron with a feed-forward
architecture gives the best results. For a multilayer perceptron, a sigmoid activation function is used
here.
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Cao Xiao et al. [4] used Support Vector Machine, Logistic Regression, and Random Forest to
detect clusters of fake accounts in the LinkedIn dataset, and they found that random forest gives the
best results. They used three different types of features, i.e., basic distribution features, pattern
features, and frequency features.

Yazan Boshmaf et al. [5] developed Integro, a scalable security system that uses a meaningful
user ranking scheme. The system starts by predicting victim accounts based on user-level activities.
Finally, Integro ranks user accounts based on a modified random walk which starts with a known real
account. They also implemented Integro using widely used open-source distributed computing
platforms that scale almost linearly.

Manuel Egele et al. [6] introduced CO MPA, a system for detecting compromised social media
accounts. CO MPA uses statistical models to characterize the behavior of social media users and uses
anomaly detection techniques to detect sudden changes in their behavior. The results also show that
their approach can reliably detect compromises involving known social media accounts, and can
detect compromises of regular accounts, whose behavior is usually more erratic, by bundling similar
malicious messages.

Sai Peddinti et al. [7] implemented a classifier that transforms a four-class classification problem
into a binary classification problem for the Twitter dataset. They have used Random Forest as a base
classifier for binary classifiers. Here, the choice of classifier and trees count is dependent on cross
validation results.

Anna Leontjeva et al. [8] to identify stealthy fraudulent users, in their initial experiments
compared several classifiers, including Random Forest, SVM, and logistic regression (using both
lasso and ridge regularization). Evaluating their accuracy with a 5-fold cross-validation, we decided
to use Random Forest, as it showed the best results (by about 10%).

Ravneet Kaur et al. [9] described the importance and growing trend towards social networks
along with the presence of anomalous activity in them. Anomalies were also classified into different
categories based on different parameters. Finally, anomaly detection in social networks has been
described and the most well-known applicable approaches to anomaly detection in data mining and
social networks, respectively, have been described. Each approach determines its importance and
appropriate application depending on the type of anomaly being detected.

Surendra Sedhai et al. [10] have proposed a semi-supervised spam detection framework called
S3D. It uses four lightweight detectors to detect spam tweets in real time and periodically update
models in batches. The results of the experiment demonstrate the effectiveness of the semi-supervised
approach in their spam detection system. Through experimentation, they found that strongly tagged
groups and tweets made the system effective at capturing new spam patterns.

Materials and Methods

A fake account is an account where a person identifies as someone else. You can also describe a
fake account as an account that contains false information about its owner. In this research work,
Instagram is used as a social network. Because, Instagram has become one of the leading social
platforms. Instagram has reached about 1 billion monthly active users and 2 million advertisers per
month, and users like 4.2 billion posts per day. Therefore, it is extremely important to maintain a
healthy environment in such an important social area.

The first stage of the project is the collection of information about the account. For this step,
Apify platform was used to collect and automate web pages, which can turn any site into an API.
Apify is a web scraping and automation platform that can turn any website into an API. With
Instagram Profile Scraper, it is possible to collect public data about Instagram users. This means that
it will give the ability to pull data from public profiles, but not from private ones. It also includes
Web Scraper, Google Search Results Scraper, Google Maps Scraper.

The project has 2 dataset: the first with 11 feature is used for the recognition of private accounts,
which due to their privacy have a limited amount of information to share, the second with 14 features
is used with the public accounts, which thanks to their privacy have more information to work with,
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such as the date of the post published, which gave the algorithms some information about the index
of activity of the account.

Table 1 — factors for private accounts

Profile = Nums/ Full Bio External | Is Is Is #Post = #Followers = #Following
Pic Length Name Length = URL Private = Verified = Business
Username = Words

Table 2 — factors for public accounts

Profile Pic Nums / Length Full Name Bio Length External URL Is Verified Is Business
Username Words
# Post # Followers # Following Last Post % Post Single Index of Average of
Recent Day Activity Likes

Features Description

« Profile Pic boolean value. 0 if the user does not have the profile pic, 1 otherwise.

« Nums/ Length Username double value. How many special characters of numeric characters
the username has on its full length.

« Full Name Words numeric value. How many words in the full name.

« Bio Length numeric value. How many characters in the biography of the account.

« External URL boolean value. 0 if the user does not have an external URL in the biography,
1 otherwise.

 Is Private boolean value. 0 if the user does not have a private account, 1 otherwise.

 Is Verified boolean value. 0 if the user does not have the verified badge, 1 otherwise.

« Is Business boolean value. 0 if the user doesn’t have a business account, 1 otherwise.

o # Post numeric value. The number of the post published by the account.

 # Followers numeric value. The number of the followers of the account.

o # Following numeric value. The number of the following of the account.

o Last Post Recent boolean value. 0 if the user does not have a post published withing 6
months, 1 otherwise.

e 9% Post Single Day double value. How many posts has been published in the same day on the
total number of the posts.

« Index of Activity double value. How many posts in average the account publishes every
month.

« Average of Likes double value. Average of the likes of a post of the account.

Every account's feature has been scraped using an Instagram Web Scraper.

Then the two datasets have been subject to a Preprocessing Phase. This phase consists of the
standardization and the normalization of the two datasets.

Improvements in model accuracy are often achieved through the first steps of data
transformation. Feature scaling is one of the most important data preprocessing steps in machine
learning.

There are some feature scaling methods, such as normalization and standardization, that are the
most popular and at the same time the most confusing.

Standardization or Z-Score Normalization is the transformation of features by subtracting from
mean and dividing by standard deviation. This is often called as Z-score.
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In [8]: #CmagnHdapmusauyus

In [2]: from sklearn import preprocessing
scaler = preprocessing.StandardScaler().fit(X_train)
scaler

Out[2]: StandardScaler(copy=True, with_mean=True, with_std=True)

In [1@]: Xtrain_Standard = scaler.transform{X_train)
Xtest_Standard = scaler.transform({X_test)

Xtrain_Standard[@]

Out[10]: array([ ©.30116@55, 3.46346999, -1.38735742, -0.77273669, -0.53049106,
-8.49855338, -2.34359781, -2.542@2685, -8.23613877, -0.11591222,
2.3230234 ])
In [11]: |print{clf.fit(Xtrain_Standard, y_train.values.ravel()))
SVC(C=1.8, break_ties=False, cache_size=28@, class_weight=None, coef@=08.8,
decision_function_shape="ovr’, degree=3, gamma="auto®', ksrnel='rbf’,

max_iter=-1, probability=False, random_state=None, shrinking=True,
tol=08.8@1, verbose=False)

In [12]: |print("TRAIN SET", clf.score(Xtrain_Standard, y_train))
print("TEST SET", clf.score(Xtest_Standard, y_test))

TRAIN SET ©.9@51172787889126
TEST SET @.%06926486526426%9

Figure 1 — Data standardization process code

Standardization can be helpful in cases where the data follows a Gaussian distribution. However,
this does not have to be necessarily true. Geometrically speaking, it translates the data to the mean
vector of original data to the origin and squishes or expands the points if std is 1 respectively.

Standardization does not get affected by outliers because there is no predefined range of
transformed features. The standardization formula is calculated as:

Xnew = (X- /o (@)

where:
Xnew — new point;
X —variable;
u — the mean of the feature values;
o — the standard deviation of the feature values.

In [13]: |#Hopmanday

In [14]: |normalizer = preprocessing.Normalizer().fit(X_train)
normalizer

Out[14]: MNormalizer(copy=True, norm='12")

In [15]: |Xtrain_MNormalized = normalizer.transform(X_train)

Xtest_Mormalized = normalizer.transform(X_test)

Xtrain_MNormalized[@]

Out[15]: array([1.48281976=-04, 7.81409832:-05, @. +6@, . +20,
. L899, @. tee, @. t0a, .
1.122255812-03, 1.178368602-82, 9.39929928=-081])

In [16]: |print{clf.fit(Xtrain_Normalized, y train.values.ravel()))

Figure 2 — Data normalization process code

Normalization or Min-Max Scaling is used to transform features to be on a similar scale. The
new point is calculated as:

Xnew = (X — Xmin)/(Xmax — Xmin) @)
where:

Xnew — new point;
30



X — variable;
Xmin — minimum values of the feature;
Xmax — maximum values of the feature.

e When the value of X is the minimum value in the column, the numerator will be 0, and hence
X’ is 0;

e On the other hand, when the value of X is the maximum value in the column, the numerator
is equal to the denominator and thus the value of X’ is 1;

o |If the value of X is between the minimum and the maximum value, then the value of X’ is
between 0 and 1.

This scales the range to [0, 1] or sometimes [-1, 1]. Geometrically speaking, transformation
squishes the n-dimensional data into an n-dimensional unit hypercube. Normalization is useful when
there are no outliers as it cannot cope up with them.

The features, now preprocessed, are taken and given to this Machine Learning Classifier
Algorithms:

+ Decision tree

» K-Nearest Neighbours (KNN)

 Logistic Regression

» Random Forest

 Support Vector Machine (SVM)

A decision tree is a graphical illustration that uses a branching methodology to illustrate all
available call outcomes and supported reliable conditions. The inner node represents an attribute
lookup, each branch of the tree represents the result of the lookup, and the end node represents a
detailed category label, i.e., a selection created after all attributes have been calculated.

KNN is a supervised machine learning algorithm that can be used to solve both classification and
regression problems. The principle of KNN is that the value or class of a data point is determined by
the data points around that value.

Logistic Regression algorithm. The assumptions of this model include absence of outliers in the
dataset and absence of high correlations between the predictors, which have been taken care of in the
preceding steps. In logistic regression, the probabilities predicted using the logit function. The values
greater than or equal to the decision boundary belong to one class while the values lower than it
belong to the other.

Random Forest is the machine learning algorithmic program that uses a textile approach to make
a bunch of call trees with random set. A model is trained a lot of random samples of the dataset to
realize sane prediction performance many times. The output of all the choice trees within the tree,
combined to create the ultimate prediction. For instance, within the higher than example - if five
friends decide that you simply can like building R however solely a pair of friends decide that you
simply won't just like the building then the ultimate prediction is that you may like building R as
majority continually wins.

SVM algorithm. Machine learning involves predicting and classifying the data tends to use
diverse these algorithms in line with the dataset. It will solve linear and non-linear issues and work
well for several sensible issues. The thought of SVM is simple: The algorithmic program creates a
hyper plane that separates the info into category. In machine learning, the radial basis operate kernel,
could be a widespread kernel operate employed in varied kernelized learning algorithms. Especially,
it's normally employed in support vector machine classification.

For every algorithm, in addition to the training and the testing phase, has been calculated:

« Confusion Matrix

» Receiver Operating Characteristic / ROC Curve

« Classification Report

A confusion matrix is a table that is used to define the performance of a classification algorithm.
A confusion matrix visualizes and summarizes the performance of a classification algorithm. The
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confusion matrix, also known as the error matrix, is depicted by a matrix describing the performance
of a classification model on a set of test data.

The receiver operating characteristics (ROC) curve is the plot between sensitivity and the FP rate
for various threshold values. The area under curve (AUC) is the area under this ROC curve; it is used
to measure the quality of a classification model. The larger the area, the better the performance.

The classification report function in sklearn is used to display text reports on the main
classification metrics. The report displays accuracy, recall rate, F1 value, and other information for

each category. These indicators are calculated by the following formulas:
(TP+TN)

Accuracy: (TP+TN+FPLFN) 3
Precision: TPiFE) 4)
. TP
Recall: o ®)
F1 score: 2 * (Precision * Recall) /(Precision + Recall) (6)
where:

TP is True Positive
TN is True Negative
FP is False Positive
FN is False Negative

Results and Discussion
The results of the research work presented in the form of a confusion matrix are as follows:

[[152 6] [[156 9] [[158 7]
[ 4 161]] [ & 159]] [ 1@ 155]]

True label

5 & 885 5 &

The confusion matrix consists of four basic characteristics (humbers) that are used to define the
measurement metrics of the classifier. These four numbers are:

1. TP (True Positive): TP represents the number of accounts that were correctly classified as fake
accounts.

2. TN (True Negative): TN is the number of correctly classified non-fake accounts.

3. FP (False Positive): FP is the number of accounts misclassified as fake, but they are not
actually fake. FP is also known as Type | error.

4. FN (False Negative): FN is the number of accounts that were erroneously classified as not
fake but were actually fake. FN is also known as Type Il error.
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According to the results of the confusion matrix, it can be understood that the values of TP and

TN show high rates, while the values of FP and FN are rather low.

The results of the research work, presented as an ROC curve, are as follows:

Falce Positive rate: [@.
True Positive rate: [@.

False Positive rate: [@.
True Positive rate: [@8.

TOIEIEIEA 1. |
8.97575758 1. 1
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Figure 4 — ROC curve for each algorithm

An ROC curve plots TPR vs. FPR at different classification thresholds. Lowering the
classification threshold classifies more items as positive, thus increasing both False Positives and
True Positives. To compute the points in an ROC curve, we could evaluate a logistic regression model
many times with different classification thresholds, but this would be inefficient. Fortunately, there's
an efficient, sorting-based algorithm that can provide this information for us, called AUC.

AUC ranges in value from 0 to 1. A model whose predictions are 100% wrong has an AUC of
0.0; one whose predictions are 100% correct has an AUC of 1.0. In this research, it can be noted that

the AUC value is close in value to 1.0.

The results of the research work, presented in the form of a classification report, are as follows:

Table 3 — Classification Report for private accounts

Algorithm Accuracy Precision = Recall F-Score
Decision Tree 96% 96% 96% 96%
KNN Classifier 95% 96% 95% 95%
Logistic Regression = 94% 94% 94% 94%
Random Forest 94% 94% 94% 94%
SVM Classifier 94% 94% 94% 94%
Table 4 — Classification Report for public accounts
Algorithm Accuracy @ Precision = Recall F-Score
Decision Tree 97% 97% 97% 97%
KNN Classifier 95% 95% 95% 95%
Logistic Regression = 95% 95% 95% 95%
Random Forest 98% 99% 98% 98%
SVM Classifier 95% 95% 95% 95%
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Conclusion

The main goal of this research work is the automatic recognition of fake accounts using some
classification algorithms. Based on this, a data set was created on the main factors of fake accounts,
after which it was pre-processed and went through the stages of training and testing. The results of
using machine learning showed that different classification algorithms give different results with
fractions of a percentage, but the accuracy is maintained. The development of this project will make
it possible to identify fake accounts more accurately, which will help secure the social network.
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Abstract

The digital turn raises the fundamental question of how knowledge is created, evaluated, taught, transmitted and
published. The main purpose of digital research archives is not only to store materials, but also to provide access to what
is stored. There was a general understanding that access to the results of the study should be as transparent as possible,
taking into account the legal forms of ownership and confidentiality rules. "Open access" to literature means free access
to a public network that allows any user to read, download, copy, distribute, search or link to the full texts of these articles,
scan them.

This article describes the role of archival systems for the scientific community. Why does archiving play such an
important role in the life of the scientific community and directly affects the quality of current research?

New technologies are being used to identify digital archives in order to increase public engagement and
participation. Most of the digital records stored in cultural organizations are inaccessible due to confidentiality, copyright,
commercial and technical issues. At the heart of this debate are both data openness and privacy issues. How open should
digital archives be to the public? Should everything be open and accessible on the Internet, and what is needed to achieve
a balance between openness and confidentiality?

Keywords: Research method, archival system, metadata, research data, research data archives.
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Introduction

With the popularization of information technology, people began to produce a huge amount of
data. Archival materials contribute to deeper study, as well as inspire and support new and more
complex research and open up the potential for new ways of interpretative analysis.

Archiving plays an important role in the life of the scientific community and directly affects the
quality of research

e Firstly, complete freedom in choosing the necessary information material contributes to the
emergence of scientific interest and research in the most relevant areas and effective methods. The
motivation for conducting research is only scientific interest or public demand.

e Secondly, research work on archival systems encourages several groups of scientists to
conduct research on similar topics. This creates a wide range of results and views. Researchers have
access to the same data, can argue about the results of the study with each other and be based on
theoretical conclusions [1].

Digital information is easy to damage or change, to lose, as technologies develop and change at
a rapid pace. The solution to this problem not only ensures free access of the scientific community to
the results of research, but also increases the reliability of the archive system. This is equally
important for scientists, students, the media and scientific organizations.

Over the past three decades, many scientific articles and other materials on digital preservation
have appeared. Indeed, the focus was on conservation, and access to digital collections was discussed
less and less. The following problematic aspects in archival systems

e Copyright is the reason why some collections are not digitized or made available when digital
copies exist. The archive is trying to find a balance between maintaining trust and providing more
digitized materials to users. This requires negotiations with copyright holders to obtain permissions
and explore different levels of access (for example, by providing online access only to registered
users with a username and password).

e Data protection is a serious obstacle to expanding access to digitized materials that contain
confidential materials [2].

The barrier to access is confidentiality. The need to manage confidentiality is an urgent problem
that needs to be addressed, given that violations can have serious, long-term and harmful
consequences for the archive, the researcher believes.

Materials and Methods

All studies will include data collection. Most of this data will be collected directly through some
form of interaction between the researcher and interested people or organizations using methods such
as interviews, focus groups, surveys and participant observation. Such methods involve the collection
of primary data, and this is an opportunity for the researcher to develop and demonstrate the greatest
skill.

Archived secondary data are documentary records left by people as a by-product of their daily
activities. They can be officially archived or simply exist as company records.

Researchers widely use archival materials as a key research method, using a wide range of
different documents.

Reliability and validity are important for any research plan, and an important factor when using
secondary data is the degree to which they relate to the research question, in other words, how reliably
they can answer it.

Documentary data can be used as part of a qualitative or quantitative research plan. Many data,
whether from company archives or from published datasets, are statistical and can be used as part of
quantitative data. One way to use secondary data in quantitative research is to compare it with data
that researchers collect independently, possibly through a survey. For example, you can compare the
collected survey data with data from a census or another published survey, which will inevitably have
a much larger sample, which will help to summarize and compare the results of the researcher.
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Mass digitization has led to the creation of a valuable but underused source of large-scale digital
data ready for study by scientists and practitioners in the field of digital humanities. However, the
vast majority of digital cultural data stored in archives is inaccessible due to privacy, copyright, or
technical issues. First, you need to determine what is confidential. This task can be broad, like a
general classification of a text, or very specific, in order to surgically pinpoint parts of texts that may
disclose confidential or personal information. Text classification is a classical and studied area of
machine learning, where a set of characteristic features extracted from documents is used to predict
document classes or categories. This is a typical supervised learning problem where the model was
trained by looking through a pre-annotated collection of documents labeled with the correct classes.
Learning a model usually means learning the mapping function between input data (objects
representing documents) and output data (classes). The function can be a simple linear combination
of feature weights or a complex model, for example, a model obtained using deep neural networks,
with several nested levels of activation functions and thousands of parameters. One of the most
important aspects of this class of algorithms is the definition of a set of functions that adequately
reflect the correlation between input and output. When classifying text, functions are usually extracted
directly from the text in the form of keywords, that is, individual terms that make up the text.

_|—' Translating text into vector

Preprocessing of texts

—|—' Choosing a classification algorithm

Artificial intelligence can also be used to search for relevant content. In addition to the search
for supporting evidence that is used to prove or refute a case, the discovery of electronic data can also
reveal whether evidence has been destroyed or is missing.

Artificial intelligence and machine learning can be used to unlock archives and increase their
accessibility, by distinguishing confidential and non-sensitive materials, or by automatically adding
tags and other metadata to improve searchability.

An increasing number of institutions are exploring the possibilities of using artificial intelligence
and machine learning to make their collections more accessible to discovery and researchers. The
automatic creation of metadata is a task that artificial intelligence systems can perform.

Artificial intelligence promises to make digital archives accessible by identifying confidential
information, which will allow archival institutions to provide access to confidential information. In
the context of digital archives, this technology can lead to training based on existing datasets to
automate and simplify complex tasks, such as manually viewing confidential or copyrighted
materials, or providing support to users in finding and understanding these archives. However, the
opaque mechanisms by which these training algorithms train their models should be the subject of
careful study, otherwise the pitfalls in the data from which they are extracted can easily be translated
into incorrect decisions and a distorted representation of reality.

This promise to make archives more accessible is not without warnings about potential risks.

e Firstly, there are inherent errors that are hidden behind many algorithms.

e Secondly, trusting artificial intelligence to make decisions in difficult situations can lead to
ethical and social problems [3].

Because of the nature of Al, why does a machine make the decisions it makes. The risks of
biased, fake or incomplete information are closely related to Al.

The requirement to open data sets and make them searchable contrasts with the need to preserve
individual privacy rights and, more generally, for reasons related to national security and international
relations.
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In the 2020 presentation, Steve Rigden, digital archivist at the National Library of Scotland,
spoke about the role of artificial intelligence in identifying confidential materials in the NLS digital
collections. He insisted on the role of archivists in analyzing data and making final decisions. Indeed,
archivists need to identify datasets; identify the most effective algorithms to apply; test and refine
data testing models to give the machine what it needs to learn; and further refinement and retesting
[3].

The ability to process and automatically classify big data represents one of the greatest
opportunities for using Al for digital archives [3].

The issue of confidential materials is one of the key reasons why so many digital collections
cannot be found and are inaccessible. Artificial intelligence and machine learning can be used to view
a huge number of digital files and identify problematic materials. In the 2020 presentation, Steve
Rigden, digital archivist at the National Library of Scotland, spoke about the role of artificial
intelligence in identifying confidential materials in the NLS digital collections. He insisted on the
role of archivists in analyzing data and making final decisions. Indeed, archivists need to identify
datasets; identify the most effective algorithms to apply; test and refine data testing models to give
the machine what it needs to learn; and further refinement and retesting. Rigden argued that archivists
do not have to understand the technical aspects of Al, but they should have an interest in participating
in the development of such tools as advocates, consultants and testers. In other words, they need to
actively participate in this process of “auxiliary verification" of archival documents.

The ability to process and automatically classify big data represents one of the greatest
opportunities for using Al for born digital archives. The growing awareness and legal implications
resulting from the application of various data protection laws (from the European GDPR to the UK
Data Protection Act 2018) conflict with more than 100 different implementations of freedom of
information laws and acts around the world, which are instead designed to provide access to
government documents. Therefore, unlocking the born digital archives means, first of all, the ability
to correctly identify and classify confidential and personal information (PI1)[4].

PII refers to any information that can uniquely identify a person, from names, phone numbers
and secret data to birth data and medical data. PIl includes classified and legal information, as well
as data obtained as a result of research experiments. The definition of PII can be elusive and even
include information that cannot be directly attributed to an individual, such as search logs and IP
addresses, since this can still lead to the identification of people if they are properly mined. For
example, Sweeney (2002) demonstrated how it is possible to re-identify people by cross-linking
datasets, even if they were previously anonymous, simply by looking at common attributes such as
zip codes, date of birth and gender. date of birth and gender [4].

Typical information retrieval systems, such as Internet search engines, are information
processors: in an attempt to optimize both accuracy and recall, they follow a policy that if something
is available, it can also be found. The right balance between openness and protection can be achieved
by revising this approach to data processing and consumption. Protection and search and search and
protection are two possible paradigms for solving this problem. However, as Olteanu et al. (2021)
please note, we want to keep confidential information not only from the human eye, but also from the
search engine. Consequently, a new perspective on the problem can contribute to the creation of new
architectures that take into account both relevance and sensitivity [4].

Regardless of the chosen paradigm, we consider two areas of intervention when faced with
confidentiality when accessing born digital archives: identification and quantification of confidential
information.

Publication of research results in text form is a traditional paradigm of knowledge exchange in
scientific communication. Researchers from different communities use different channels to publish.
Integration and harmonization of these channels are based on the developed culture of any particular
community and community-defined criteria for analyzing the quality of these channels.

Metadata analysis refers to statistical methods used in the synthesis of studies to draw
conclusions and provide recommendations based on the results obtained. Data collection must be
provided for the analysis. The workflow of this study consists of five stages:
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Data collection,

Identification of current and well-known events,
Pre-processing of data,

Data analysis and visualization,

Conclusions [5].

Data collection

Y

Identification of current and
well-known events.

v
Pre-processing of data,

Y

Data analvsis and

visualization.

Conclusions.

Data collection is the process of objectively collecting data from various online sources.

The main purpose of the data preprocessing stage is

e to fill in the missing data,

e identify incorrect data,

e elimination of irrelevant data

e elimination of inconsistencies[5].

To prepare the raw data for analysis, we performed four preprocessing tasks: data integration,
data cleaning, data transformation, and name unification.

e Data integration involves combining data from multiple sources into meaningful and valuable
information. In addition, this process also includes the elimination of redundant data that may arise
during the integration process. Data cleanup is aimed at deleting incorrect or inaccurate records. For
example, some websites provide incorrect information about submitted materials and accepted
documents. We have checked this information on the official websites of events or materials
published in electronic libraries.

e Data structure transformation involves the conversion of purified data values from
unstructured formats to structured ones.

e Combining names involves combining all the individual events of a series with multiple titles
under its most recent title. It is important for researchers who want to submit their work to know the
recent title, not the name that has been used the longest, as shown in the table [6].

Scientific publications are usually distributed in formats intended for human consumption (for
example, PDF), also as source files. Citation-based tasks, such as context-based citation
recommendations, on the contrary, require automated processing of the textual content of
publications, as well as the relationships between documents through citation in the text. Thus,
creating a dataset for such tasks involves two main steps: extracting plain text and resolving links [7].

The variables we seek to investigate fall into two categories: those that assess the quality of
research reporting, and those that relate to its reliability [8].
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data integration

h 4

data cleaning

4
data transformation

L 4
name unification

Correlation analysis can be used to assess the reliability and relevance of the materials used in
research: a preliminary study of the relationship is carried out by applying correlation analysis to a
data set. The approach measures the degree of statistical covariance, i.e. which two observed variables
tend to change together. Spearman's correlation coefficient evaluates the degree of linear dependence
between two variables, describing both the strength and direction of the statistical relationship. We
chose this particular correlation coefficient because its rank approach is less subjective with respect
to specific distribution assumptions.

Variable clustering: A statistical approach to identify subsets of highly correlated variables that
provide the same information or belong to a common group. This approach is particularly useful for
identifying underlying structures and redundancy between variables for size reduction processing.
We used a hierarchical agglomerative method to separate the data, iteratively combining less
heterogeneous clusters. Later, we conducted a stability assessment to determine which suitable
clusters can be combined into one dimension.
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Schematic representation of the data set generation process

Literature review

In the mid-1990s, the archival community began to develop strategies for preserving digital
materials, including archival emails. At that time, the focus was on materials that were in danger of
disappearing due to neglect and technological obsolescence. Growing concerns about the digital dark
age led in 2002 to the creation of the Digital Preservation Coalition (DPC), created as a partnership
between several agencies operating in the UK and Ireland. In the late 2000s, collaboration between
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archivists and academics led to the creation of open source digital library tools for curating content,
such as BitCurator. However, these examples of cooperation remained exceptional and rarely touched
upon issues of access to “dark” archives [9].

There is no point in saving archived records that cannot be used immediately or at a later stage.
In a recent article on the National Archives, Sara Martinez-Cardama and Ana Pacios found that
“access” and “use” were listed by 14 and 12 institutions as priorities. However, in practice, serious
obstacles, including privacy, copyright or technical problems, make it very difficult to access digital
cultural data. For example, in the case of email archives, privacy considerations often lead to the
closure of entire collections [9].

Developing an appropriate user interface to access the materials is a major challenge for many
archival institutions, as they must ensure that users will not be able to modify records or delete them.
As with other aspects, managing user access to digital files requires advanced technological skills.
Callum McKean (senior curator of the Department of Contemporary Archives and Manuscripts at the
British Library) said: “You need not only curators and technologists, and this is also often useful, but
I think you need people who can move between these worlds and translate between these worlds to
do it effectively.” McKean himself took a course in applied data science to learn coding techniques
for working with digital collections. This kind of training is still unusual for cultural heritage
specialists. According to McKean, developing these skills in staff or hiring for these skills should be
a key priority for the sector [9].

In the case of web archives in the UK, the 2013 legal no-seal deposit rules also require users to
travel to the site to view materials that were once publicly available on the Internet. Most of the
collection can be viewed only in six legally stored libraries located in nine locations: British Library
(London, St Pancras and Boston Spa), National Library of Wales (Aberystwyth and Cardiff), National
Library of Scotland (Edinburgh and Glasgow), Bodleian Library (Oxford), Cambridge University
Library and Trinity College Library, Dublin. In addition, more than 19,000 websites - a small fraction
of the 5-10 million different websites that are probably in the UK sphere — have permission from
their owners to be viewed from anywhere via the UK Web Archive website [10].

The situation is quite different in the United States, where the Internet Archive regularly collects
websites and makes them publicly available on the Internet. The fair use law in the US is much more
liberal than the legal rules for depositing without a seal in the UK. Although the British legal
framework severely restricts access, it also gives legal depositories clear powers to collect materials
that might otherwise disappear. One of the interviewees said: “The fact that we have the legal
authority and obligation to collect these things is... this is good, because the British Library and other
libraries like it tend to think very long-term, and I think there is a reasonable chance that we will be
here in 50 years, in 100 years ”. Others are more critical of this situation, which requires users to
access UK web archives on-site using a library computer. William Kilbride (executive director of the
Coalition for the Preservation of Digital Data) notes: “Very few people even know that it's there, or
how they will use it” (Kilbride 2021). It is impossible for Kilbride to save without access, because it
is important to properly understand the needs and expectations of the user community [10].

Conclusion

Provided with enough sample data from which to learn and train their models, Al, and more
specifically machine learning algorithms, offer the opportunity to improve and ease the access to
digital archives by learning to perform complex human tasks.

Although the recent advances made by Al in the field of natural language processing, computer
vision, machine translation and the like would not have been possible without the use of huge amounts
of data on the basis of which these models are trained and studied, there are undeniable risks
associated with the provision of data.

Evaluating and applying approaches to research paper-based and citation-based tasks typically
requires large, high-quality, citation-annotated, interlinked data sets.
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Research on open access aspects should carefully weigh the advantages and disadvantages of
different sampling strategies against each other. The approach may be author-oriented, as in this
study, or may be journal-based, depending on the relevance of the research questions posed.

This study provides a foundation to discuss and reflect on the current findings. For example, we
may reflect on whether we should strive for a stronger relation between rigor and relevance. In case
we come to the conclusion that this relation is, in fact, important, then further steps need to be taken
to strengthen it.
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Abstract

The World Health Organization estimates that more than four million deaths occur annually due to pneumonia and
other diseases associated with air pollution, and the latest Covid-19 virus has dramatically increased the percentage of
pneumonia cases. Also, there is a shortage of radiologists in both developing and developed countries. Currently, the
development of artificial intelligence and machine learning technologies, as well as the collection of a large amount of
medical images, make it possible to create automated systems for analyzing medical images. The article presents a simple
model for detecting pneumonia based on deep learning methods (convolutional neural networks). 5,863 X-ray images
from Guangzhou Women's and Children's Medical Center were used for the model. Neural network training took 12
epochs and 26 minutes. The results obtained in the test data are: recall — 96%, precision — 92%, accuracy — 92%, f1 —
94%. This is no less than the indicators in many popular works. The model significantly reduces the burden on
radiologists, helps them make decisions and save time, allows them to evaluate the quality of their work and reduce the
likelihood of medical errors.

Keywords: neural network, pneumonia detection, x-ray deep learning.

Introduction

Pneumonia is an acute disease of the lower respiratory tract, pulmonary swelling. The World
Health Organization (WHOQO) estimates that more than four million deaths each year are caused by
other diseases related to pneumonia and air pollution [1]. To make an accurate diagnosis or to check
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the presence of diseases at an early stage, the patient is assigned x-ray image, computer tomography,
etc. radiation and functional tests.

One x-ray a year comes from thousands of X-ray scans. There is a shortage of radiologists in
low-populated areas (both in developing and developed countries). In 2015, only 11 radiologists
served 12 million people in Rwanda, and in Liberia, a country of four million people, there were only
two radiologists [2]. Also, pneumonia is a high-risk disease, especially in developing countries, where
millions of people are impoverished and unable to access medical facilities. Diagnosis of pneumonia
through X-ray images is still a big challenge, because X-ray images have similar area information for
different diseases, such as lung cancer. Therefore, the diagnosis of pneumonia through traditional
methods takes a lot of time and energy, and it is impossible to determine whether the patient is
suffering from pneumonia through a standardized process.

Pneumonia poses a serious threat to elderly people, patients hospitalized in a ventilator and the
lives of asthma patients. More than 800,000 children under the age of five a year die from the disease,
with about 2,200 dying every day from the disease. There are more than 1400 children with
pneumonia per 100,000 children. The statistics, showing the number of deaths in the world as a whole,
are given in Figure 1.

Deaths from pneumonia, by age, World, 1990 to 2019
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Source: : IHME, Global Burden of Disease Study (GBD) OurWorldInData.org/pneumonia ¢ CC BY
Note: Deaths from ‘clinical pneumonia, which refers to a diagnosis based on disease symptoms such as coughing and difficulty breathing and
may include other lower respiratory diseases.

Figure 1 — The number of deaths due to pneumonia in the world was dynamics and the ratio of age
groups from 1990 to 2019.

One of the most important global problems was the sudden outbreak and uncontrolled spread of
COVID-19, the main symptom of which is pneumonia. COVID-19 is a rapidly spreading disease of
a very constipated nature, caused by the SARS-CoV-2 virus in the coronavirus group. In late January
2020, the World Health Organization (WHO) declared a global health emergency and a pandemic a
month and a half later. As of September 25, 2020, 32,110,656 confirmed cases and 980,031 deaths
were documented. From a public health point of view, early detection of COVD-19 and isolation of
patients due to the lack of appropriate medicines were very important, hospitals had seen an
exponential increase in patients due to the limited resources available.

In the future, detection of pneumonia from medical images will help radiologists to make
decisions and save time, as well as improve the quality of services.
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2 Overview of Literature

2.1 X-ray images

Currently, the reverse transcription polymerase chain reaction (RT-PCR) is the gold standard
used for the diagnosis of COVID-19 infection. However, RT-PCR results may be affected by
selection errors and low virus load. As a result, these trials suffer from high rates of false negative
outcomes (sensitivity 71%) and may need to be carried out two or more times before the results are
finally confirmed. In many articles, the image of the chest is a convenient tool for screening of early
COVID-19. The problem is that the sensitivity of CT tomography scanning tests is much higher than
RT-PCR tests, which can reach 98%. Unfortunately, CT scanners are inaccessible to many people.
However, to get the first results, it is worth noting that the overall process of taking a picture of the
chest is much shorter than RT-PCR. Screening takes an average of 15 s (by X-ray) to 21.5 minutes
(for CT). Getting a sample for an RT-PCR test is a quick procedure. The difference is not the time of
the test/screening, but the time it takes to get the first results.

At the same time, X-rays are cheaper than CT, less harmful and accessible worldwide because
there is less radiation dose. Due to the presence of portable devices, X-ray imagery can be carried out
in isolated rooms, therefore, the risk of infection is significantly reduced. Chest x-rays also contain
extensive information about the patient's health. It creates images of walls, vertebrae, lungs, heart,
blood vessels and respiratory tract. It is one of the most valuable tools for diagnosis of diseases, if
carefully explained. It can detect and diagnose various diseases such as pneumonia, tuberculosis,
interstitial pulmonary disease, pneumothorax and early pulmonary swelling. However, it is difficult
to assess the severity of pathology, especially in X-ray images, so only specialists in the field of X-
ray scans should explain the chest images.

Figure 2 shows an example of a pneumonic and healthy lung X-ray. The white stains on the
pneumonic X-ray (indicated in red) are called infiltrators, which distinguish the pneumonia from a
healthy state. However, in order to detect pneumonia, X-ray studies of the chest are susceptible to
subjective variability [3, 4].

az Healthy Iunc-;s
C A ek

Figure 2 - Examples of two X-ray images showing a healthy lung (a) and a pneumonic lung
(b) (red indicators indicate white infiltrates, which are a special symptom of the pneumonia).

2.2 Work in the research area

In recent years, using X-ray images of the chest, several methods have been introduced that
describe the short process of detection of pneumonia, especially in-depth training methods. Deep
Learning has been successfully used to improve the performance of computer diagnostic technology
(CAD), especially in the field of medical imagery [5], image segmentation [6], [7] and image
reconstruction [8], [9]. [10] To speed up the diagnosis of the pneumonia, the 121-story CNN model
offered a classic deep learning network called DenseNet-121 [11]. In contrast to the practitioners, the
team also introduced a weighted binary cross-entropy loss to mitigate the impact of unbalanced
classes, the difference between the loss of binary cross-entropy was the different weights of the
unbalanced classes according to the number of each class.

Table 1 shows the results and estimates of various methods in the work carried out to identify
the pneumonia.
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Table 1 — Analysis of research and results

Study Methods used Database Results
Comparative performance analysis of SVM (Support Vector Machine), KNN, | PneumoCAD 77%, 70%,
machine learning classifiers in detection of NB (Naive Bayes) 68%
childhood pneumonia using chest radiographs respectively
[12]
Comparative performance analysis of state- Methods of removing labels (7), SVM, | Clinical data AUC =97.8%

of-the-art classification algorithms applied to | RF (Sort Forest)
lung tissue categorization [13]

Detecting Pneumonia in Chest X-Rays with k-means clustering Chest X-ray14 AUC =60%
Supervised Learning [14]

Learning to diagnose from scratch by LSTM (Long Short-Term Memory) Chest X-ray14 AUC =76%
exploiting dependencies among labels [15]

Labeled Optical Coherence Tomography Transfer learning Pediatric chest 90.7%
(OCT) and Chest X-Ray Images for X-rays

Classification [16]

An Efficient Deep Learning Approach to CNN (convolutional neural network) Pediatric chest 93.7%
Pneumonia Classification in Healthcare [17] X-rays

Deep Convolutional Neural Networks for CNN, CPNN (Competitive probabilistic | Chest X-ray14 CNN —92%
Chest Diseases Detection [18] neural network), BPNN (Back

Propagation Neural Network)

Traditional machine learning algorithms do not reach their limit as the number of data increases,
and the performance of neural networks on the contrary increases. It is beneficial to create a system
for detecting the pneumonia from X-ray images using this algorithm, because the neural networks,
depending on their nature, identify very complex patterns and the level of knowledge required for the
successful application of neural networks is much simpler than using traditional methods.

Convolutional neural networks (CNN) are the most modern way to classify images and produce
good results in non-linear issues with multidimensional spaces [19]. CNN was used to process signal
and biomedical image, to classify multidimensional and thermal images, and to segment the image.
CNN has several descriptions that justify their status as an Al and image editing tool. According to
Chollet ([19]), these characteristics are simplicity, scalability, and versatileness. Simplicity eliminates
the need to create functions by replacing CNN's complex and heavy conveyors with models that are
simple and end-to-end learning. CNN scales because they are very convenient for paralleling on GPU
or TPU. At the same time, CNN can be taught by repeating large or small sets of data, allowing them
to be trained in a voluntary sized data set. Versatility and reusability are seen as opportunities, because
unlike many previous approaches to machine learning, CNN can be trained in additional data without
restarting from scratch, making them viable for continuous learning. This will allow us to reinvest
and reuse past work in complex and powerful models.

3 Material and Methods

The development of artificial intelligence and machine learning technologies, as well as the
accumulation of large volumes of medical images will create automated analytical systems in the
field of medicine. Lately, deep learning algorithms based on CNN (convolutional neural networks)
have been a standard choice for classification of medical images, although modern methods constitute
a built-in network architecture, such as a system of trial and error. U-Net, SegNet, and CardiacNet
are prominent architectures for image medical testing. Evolutionary-based algorithms and
reinforcement learning (RL) models have been introduced to find optimal network hyperparameters
during training. However, these methods are expensive in terms of calculation and cost a lot of power.
Alternatively, this study offers a conceptually simple yet effective network model to solve the
problem of detection of pneumonia.

Key steps in the model building process:

1. Data importing;

2. Data preprocessing;
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3. Creation of a model architecture;

4. Training;

5. Assessment of quality on validation data;
6. Testing of the model.

3.1 Dataset

For the model, a dataset of The Kaggle competition consisting of 5863 X-ray images (jpeg
format) of Women's and Children's Medical Center in Guangzhou was used [19] . All chest X-ray
images were taken from patients aged one to five years, and the dataset was organized into 3 folders
(train, test, val) and classified into every two categories (normal /pneumonia).

All chest x-rays were performed as part of the daily clinical care of patients. For analysis of chest
X-ray images, all chest X-rays were initially screened for quality control by eliminating all low
quality or unreadable scans. The diagnosis for the images was evaluated by three expert doctors.

The data is becoming unbalanced because there is a large ratio of examples of healthy and
pneumonia cases (Figure 3).
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Figure 3 — Class distributions in different datasets.

The x-ray image examples from the dataset are shown in Figure 4.
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Figure 4 — Random selected class examples.
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3.2 Methods

3.2.1 Data preprocessing

The process of creating and customizing a learning pattern for image recognition issues may
include the following steps: how to build a template, compress the shape to the desired size,
normalize, apply filters, and so on, not all steps are required, but rather some steps may not be used
at all, and others may be repeated several times.

Scaling

Scaling is to change the vertical and horizontal dimensions of the image. There are two types of
scaling:

- Proportional - in this case, the ratio between the height and width of the picture will not change,
but the overall size will change.

- In this case, the two dimensions vary differently.

In this work, scaling consisted of changing the vertical and horizontal size of the image to
150x150 pixels.

Data augmentation

Overtraining happens when there is little data for training. One way to solve a data shortage is
to increase amount of data to a given volume and modifiability. Augmentation is directly related to
applying different transformations to source data. This method helps to increase the number of unique
inputs that the model no longer see. This, in turn, will help to obtain high accuracy in the testing data.

With Tensorflow.keras, we can generate the changes and new images provided by using the
ImageDataGenerator class. To do this, it is enough to give the shapes the transformations that we
want to apply as an option.

The options for image augmentation are shown in Table 2.

Table 2 — Preprocess data options

Resize 150x150
Normalization (0,255) — (0, 1)
Rotation Range 0, 30

Zoom Range 0.2
Width_Shift_Range 0.1
Height_Shift Range 0.1

Horizontal Flip False
Vertical_Flip False

Here is a reason to put false to horizontal and vertical switches (the last two rows in Table 2),
the data should be close to real life and not to change the nature of the object being studied, and if we
change the shapes completely opposite, it leads to the shift of other organs (particularly heart) in the
X-ray image (Figure 5). In addition to studying other diseases, this would give a false result, because
the right-sided position of the heart is a disease. This can lead to mistakes, especially in the
multiclassification of diseases.
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Original image

Swapped image
(heart on the left)

(heart on the right)

Figure 5 — The result of the opposite replacement of the X-ray image.

3.2.2 Suggested network
The architecture of the neural network model presented in this work (Figure 6):
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Figure 6 - Neural network architecture.

(None, 1)

Total options: 1,246,401

Number of training options: 1,245,313
Number of non-training options: 1,088
Keras Sequintial APl was used.

The first is the convolutional (Conv2D) layer. This is a set of filters that can be studied, with
32 filters for the first conv2D layer, 64 for the next two layers, and 128,256 for the last two layers,
each filter converts part of the image (defined by the nucleus size) through a core filter.

CNN separates useful properties from these converted images at all time.

The second most important level on CNN is the pooling (MaxPool2D) layer, which simply acts
as a zoom filter, which looks at a neighbor's 2 pixels and selects the maximum value, which is used
to reduce compute costs and to a certain extent reduce overfitting.
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By combining convolutional and pooling layers, CNN can combine local qualities and learn
about the more global properties of the image.

Dropout is a custom method where the proportion of nodes on the layer is randomly ignored (by
zeroing out their weight) for each exercise model, which randomly reduces the network share and
forces the network to learn features in a distributed way, which also improves generalization and
reduces overtraining.

The "relu’ is used to add non-linearness to the network.

The Flatten layer is used to convert the final property maps to a single 1D vector, which is
required to use layers that are fully connected after some convolutional/pooling layers, which
combine all the found local features of the previous convolutional layers.

Finally, two fully connected (Dense) layer functions were used, which is the classifier of
artificial neural networks (ANN,) activation - "sigmoid".

The proposed model uses the keras.callbacks.ReduceLROnNPlateau method to reduce the learning
rate when encountering a plateau to get a little closer to the global minimum. The options are shown
in Table 3.

Table 3 — The parameters of the ReuceLROnNPIlaceau method.

monitor tracked indicator 'val_accuracy'
patience the number of unimproved epochs, 2
followed by the decline in reading rates
factor the factor that reduces the pace of study. 0.3
new_Ir = ir * factor.
min_Ir lower reading speed limit 0.000001

3.2.3 Classification assessment metrics

Four standard assessment metrics were used to evaluate the proposed model in two pneumonia
data sets: accuracy, precision, recall, and F1. To determine these metrics, let's first define the terms
"true positive," "false right," "true negative," and "false negative." For a binary classification task,
say the two classes in the data set are called "positive™ and "negative" classes. The terms mentioned
above can be defined as follows.

* True Positive (TP) represents a model that belongs to a positive class that is properly classified
by model.

« False Positive (FP) represents an incorrectly classified model as belonging to a positive class.

» True Negative (TN) represents a sample that belongs to a negative class that is properly
classified by model.

* False Negative (FN) represents a model that belongs to a positive class that is incorrectly
classified as belonging to a negative class.

We can now determine four assessment metrics as follows:

| ~ TP + TN
CCUracy = Tp Y FP+ TN + FN

TP

p . . -
recision TP + FP

TP

Recall (Sensitivity) = TPTFN
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F1=

1 + 1
Precision = Recall

The accuracy returns the total size of the model's correct forecasting count. However, the model's
high accuracy rate does not provide the ability to distinguish different classes equally if the data set
is unbalanced. In particular, in the classification of medical images, all classes need a model that can
be generalized. In these cases, the Values Precision and Recall provide an insight on the model's
performance. Precision shows the accuracy of the model's positive class forecast. By contrast, Recall
shows the accuracy of the model's negative class forecast. F1 provides the balance between Precision
and Recall, considering both FP and FN.

The important indicator that combines these estimates and returns the overall view is the
confusion matrix (matrix of errors), which, in the case of binary classification, is as follows:

E
£ TN FP
8 zZ
>
=
> c
s | g
— S .9 FN TP
-
o
Normal Pneumonia

Predicted values
Figure 7 - Confusion matrix.

Thus, it is useful to take into account the assessment indicators in the classification of medical
images in addition to accuracy for the accurate identification of both healthy and pneumonia cases.

4 Training process and results
The training process lasted 12 epochs and took 26 minutes. The accuracy and loss in the training
data and validation data during the process varied as follows:

Epoch 1/12
1637163 [ ] - 133s 813ms/step - loss: 0.6684 - accuracy: ©.8372 - val loss: 23.3720 - val_accurac
y: ©.5800 - 1r: 0.0010

Epoch 2/12

1637163 [ ] - 134s 82Ims/step - loss: 0.2757 - accuracy: @.8967 - val loss: 27.4178 - val_accurac
y: ©.5800 - 1r: 0.0010

Epoch 3/12

1637163 [ ] - ETA: @s - loss: 9.2347 - accuracy: 9.9132

Epoch 3: ReducelROnPlateau reducing learning rate to 0.0083000090142492354.

1637163 [ ] - 135s 829ms/step - loss: 0.2347 - accuracy: ©.9132 - val_loss: 37.5460 - val_accurac
y: ©.5000 - 1r: 0.0010

Epoch 4/12

1637163 [ ] - 133s 814ms/step - loss: 0.1563 - accuracy: ©.9480 - val_loss: 15.5961 - val_accurac
y: ©.5000 - lr: 3.0000e-04

Epoch 5/12

1637163 [ ] - ETA: @s - loss: 0.1348 - accuracy: 9.9538

Epoch 5: ReducelROnPlateau reducing learning rate to 9.000009427477062e-85.

1637163 [ ] - 132s 888ms/step - loss: 0.1348 - accuracy: 8.9530 - val loss: 26.8691 - val_accurac
y: ©.5800 - 1r: 3.0000e-04

Epoch 6/12

1637163 [ ] - 135s 827ms/step - loss: 0.1198 - accuracy: 8.9578 - val loss: 2.2864 - val_accuracy:
©.5000 - 1r: 9.6000e-05

Epoch 7/12

1637163 [ ] - 133s 816ms/step - loss: 0.1130 - accuracy: 8.9626 - val loss: @.3773 - val accuracy:
©.8125 - 1r: 9.6000e-05

Epoch 8/12

1637163 [ ] - 134s 82Ims/step - loss: 0.1137 - accuracy: @.9653 - val loss: 3.6626 - val accuracy:
©.5000 - 1r: 9.6000e-05

Epoch 9/12

1637163 [ ] - ETA: @s - loss: 8.1171 - accurac y: 8.9618

Epoch 9: ReducelROnPlateau reducing learning rate to 2.700800040931627e-85.

163/163 [ ] - 135s 827ms/step - loss: 0.1171 - accuracy: ©.9618 - val loss: 1.2164 - val accuracy:

0.6250 - 1r: 9.08000e-85

Epoch 10/12

1637163 [ ] - 1355 827ms/step - loss: 8.1857 - accuracy: 0.9626 - val_loss: 2.8233 - val_accuracy:
0.5625 - 1r: 2.7000e-85
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Epoch 11/12

1637163 [ ] - ETA: Bs - loss: 8.8968 - accuracy: 0.3670

Epoch 11: ReducelROnPlateau reducing learning rate to 8.1080000136555172-06

163/163 [ ] - 134s 823ms/step - loss: 0.8950 - accuracy: ©.9670 - val_loss: ©.7885 - val_accuracy:
2.6250 - 1r: 2.7000e-05

Epoch 12/12

163/163 [ ] - 134s 820@ms/step - loss: 0.8941 - accuracy: ©.9701 - val_loss: 2.5837 - val_accuracy:
2.5600 - 1r: 8.10002-06
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Figure 8 - Training process.

In the test data, the model showed 92.3% accuracy. Model result report:

0 1 accuracy macroavg weighted avg

precision 0.934579 0.917073 0.923077 0.925826 0.923638
recall 0.854701 0.964103 0.923077 0.909402 0.923077
f1-score 0.892857 0.940000 0.923077 0.916429 0.922321

support 234.000000 390.000000 0.923077 624.000000 624.000000

In the detection of pneumonia, the values of precision = 91.7%, recall = 96.4%, F1 = 94% are
significantly good indicators. The most important indicator here is recall, because it is more

expensive to detect a pneumonia than to give us false results that we have pneumonia having healthy
lungs.

- 350
- 200
- 250

- 200

Ground truth

- 150

- 100

Predicted label
Figure 9 — Confusion matrix.

Here are the correct, incorrect examples that the model identifies:
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BorxanraH knacc 0, Borxanran knacc 1 Bonxarran knacc 1,
Heriari knacc 0 Heriari knacc 1 Heriari knacc 0

<A | - 4
Figure 10 - The results of the model classification.

4.1 GUI
A simple GUI in Python has been developed using the PyQT5 library to be user friendly. The
application and the results are shown in 11-12 figures.

[ —p— o
o
-

B e

MHEBMOHUSAHDbI AHbIKTAY

KOL KENAIHI3!

CypeTTi Tangay ywin
6aTbipManbl HackiHbI3.

PEHTTEH/I TAHIAY

'Figdﬁii — The original page of the applicatidh.

MHEBMOHUAHDbI AHBIKTAY ‘ PNEUMONIA DETECTION

Healthy lungs.

bikrumangeik = 99.8% Probability = 98.0%

PEHTTEH/L TAHIAY CHOOSE X-RAY IMAGE

Figure 12 — The results of classification (interface in Kazakh and English).

Conclusion

Many authors presented a considerable amount of work, as shown in the analysis table. Most of
them are relatively accurate, but the results are evaluated in a small database and cannot be used on a
commercial purpose. In this regard, the use of high-quality data, confirmed by several highly
specialized independent rheumatologists of large size, can lead to great success, considering the
current dynamics.

The advantage of the network offered in this work is:

e time economy;

o relatively high-precision detection of pneumonia (recall - 96%);

e simple model.
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In the future, the creation and expansion of the database of the training process, which will be
accumulated using trends such as transfer learning in deep learning, is planned. Although the resulting
accuracy is relatively high, 99% accuracy itself may not be enough because the area being studied is
related to human life.

In the future, the accurate automated analysis of x-rays will improve the efficiency of the
radiology workflow, it is important to reduce the costs and response time to improve the quality of
medical care. It also has great opportunities to spread the experience to underserved areas.
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Abstract

Deep neural networks are currently becoming one of the most popular approaches to creating artificial intelligence
systems, such as speech recognition, natural language processing, computer vision, etc. The article presents an overview
of the history of development and the current state of deep neural network training methods. The model of an artificial
neural network, neural network learning algorithms, including the error back propagation algorithm used to train deep
neural networks are considered. The development of neural network architectures is described: neocognitron,
autoencoders, convolutional neural networks, limited Boltzmann machine, deep trust networks, long-term memory
networks, managed recurrent neural networks and residual learning networks. Deep neural networks with a large number
of hidden layers are difficult to train due to the vanishing gradient problem. The article discusses methods for solving this
problem, which make it possible to successfully train deep neural networks with more than a hundred layers. The review
of popular libraries of deep learning of neural networks, which made possible the wide practical application of this
technology, is given. Currently, convolutional neural networks are used for computer vision tasks, and recurrent neural
networks, primarily long—term memory networks and managed recurrent neural networks, are used for processing
sequences, including natural language.

Keywords: neural network, machine learning, deep learning.

Introduction

Deep neural networks are currently becoming one of the most popular machine learning
methods. They show better results compared to alternative methods in areas such as speech
recognition, natural language processing, computer vision [1], medical informatics [2], etc. One of
the reasons for the successful use of deep neural networks is that the network automatically selects
important features from the data necessary to solve the problem. In alternative machine learning
algorithms, features should be distinguished by people, there is a specialized area of research —
feature engineering. However, when processing large amounts of data, the neural network copes with
the selection of features much better than a person. The article presents a historical overview of the
development of deep neural network architectures and approaches to their training. The task of
compiling such a review is significantly complicated by the fact that a lot of variants of deep neural
networks have been proposed and the terminology has changed over time [3]. The model of artificial
neural networks was proposed in 1943 [4], and the term deep learning became widely used only since
2006 [5, 6]. Prior to that, the terms loading deep networks [7, 8] and learning deep memories [9] were
used. The growth in popularity of deep neural networks occurring in the last few years can be
explained by three factors. Firstly, there was a significant increase in the performance of computers,
including GPU computing accelerators (Graphics Processing Unit), which made it possible to train
deep neural networks of the network much faster and with higher accuracy [10]. Previously, the
available computing power was not enough to train any complex network suitable for solving
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practical problems. Secondly, a large amount of data has been accumulated, which is necessary for
training deep neural networks. Thirdly, neural network training methods have been developed that
allow for fast and high-quality training of networks consisting of a hundred or more layers [11], which
was previously impossible due to the problem of vanishing gradient and retraining. The combination
of three factors led to significant progress in the training of deep neural networks and their practical
use, which allowed deep neural networks to take a leading position among machine learning methods.

Artificial neural networks

The artificial neuron model was proposed by Warren McCulloch and Walter Pitts in 1943 in [4].
The authors used a biological neuron as the basis for their model. The McCulloch—RPitts artificial
neuron has N input binary quantities x1, ..., xn, which are interpreted as pulses coming to the input
of the neuron (Figure 1). In the neuron, the pulses are added with weights w1, ..., wn.

> o}

Figure 1 - McCulloch—RPitts artificial neuron model

The output signal of a neuron is determined by the formula:

N
a= @(Z wix;) (1)

where the nonlinear function ¢ (activation function) converts the total pulse into the output value of
the neuron. The McCulloch—Pitts model used the Heaviside function for this purpose. In the future,

it was proposed to use other types of activation functions: logistic sigmoidal f(x) = ﬁ [12],

hyperbolic tangent tanh(x) = ﬁ — 1 [13] and the radial basis function [14]. Such activation

functions provided a smoother change in the output signal of the neuron.

McCulloch and Pitts also proposed a method for combining individual neurons into artificial
neural networks. To do this, the output signals of a neuron are transmitted to the input of the next
neuron (Figure 2). The neural network consists of several layers, each of which may contain several
neurons. The layer that receives signals from the outside world is called the input layer. The layer
that outputs signals to the outside world is the output layer. The remaining layers are called hidden.
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A

INPUT HIDDEN
LAYER LAYERS
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Figure 2- Artificial neural network
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Training of neural networks

Neural network training is the process of determining the weights of connections between
neurons in such a way that the network approximates the required function with a given accuracy.
There are three approaches to training neural networks [3]: supervised learning, unsupervised
learning, and reinforcement learning. When learning with a teacher, the input of the network is
supplied with sets of input signals (objects) for which the correct answer is known in advance (training
set). The weights change according to certain rules, depending on whether the network produced the
correct output signal. In unsupervised learning, objects for which the correct output signal is not
known in advance are fed to the network input. Reinforcement learning assumes the presence of an
external environment with which the network interacts. Learning takes place on the basis of signals
received from this environment.

The idea of training neural networks was first proposed by Donald Hebb in 1949 [14]. According
to Habb, the connections of neurons that fire together should be strengthened, and the connections of
neurons that fire separately from each other should be weakened. Hubb proposed rules for changing
the weight of the input signals of neurons in accordance with whether the network gave the correct
answer or not [14] (supervised learning). A.V. Novikov proved the convergence of the proposed
neuron learning method based on the Hebb rules [15], provided that the sample of objects is linearly
separable. Subsequently, several similar rules were proposed both for learning with a teacher [16—
18] and without a teacher [19-23].

Currently, for training neural networks, including deep ones, an error backpropagation
algorithm based on the gradient descent method is used. The algorithm was proposed in 1970 in a
master's thesis [24, 25] without connection to neural networks. The first application of this algorithm
for training neural networks was described in [26], published in 1981. After that, several more works
on this subject appeared [27-29]. The backpropagation algorithm uses supervised learning and
requires a training set with correct answers known in advance. An error measure is introduced, which
determines how much the output values of the network differ from the correct answers. The error
measure is then minimized using the gradient descent method by changing the values of the weights
in the network. In order to evaluate how much each weight affects the output value, the partial
derivatives of the error with respect to the weights are calculated. Then the weights are changed to a
small value, taking into account the gradient. This is repeated until the output error is reduced to
acceptable values. The initial values of the weights of neurons in the network are set randomly.

There are several options for implementing training of neural networks using the
backpropagation algorithm. With full training, the gradient is calculated for all objects in the training
set. However, this approach is often not effective when the training set is large and it takes a lot of
time to process all its elements. An alternative option is to use the stochastic gradient descent method,
in which the weights change when processing one element of the training set (online learning) or
several elements (training on batches or mini-samples). In practice, it is the method of stochastic
gradient descent or its modification that is most often used to train neural networks [30-32].

Architecture of deep neural networks

The neural network shown in Figure 2 is called fully connected. In such a network, each neuron
of the next layer is connected to all neurons of the previous layer. However, this is not the only way
to connect neurons into a network. This section discusses the development of neural network
architectures. In 1980, Kunihiko Fukushima proposed a neural network architecture called
neocognitron [33]. The architecture used an analogy with complex and simple cells in the visual
cortex of a cat [34]. Simple cells fire in response to simple visual cues such as border orientation.
Complex cells are less dependent on the spatial arrangement of signals and are guided by more general
features. In the neocognitron, simple cells correspond to convolutional layers, and complex cells
correspond to subsampling layers. In convolutional layers, the window of the convolutional unit
(convolutional unit) with a given set of weights (convolution kernel) moves over a two-dimensional
array of input data, for example, over image pixels (Figure 3).
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Figure 3 - Scheme of the convolutional layer of the neocognitron neural network

The values of the matching elements in the data and the convolution kernel are multiplied, the
results are added up and fed into the neuron of the next layer. All convolution nodes use the same
convolution kernels, so relatively few parameters are required to describe a convolution network. As
a rule, convolutional layers use not one, but several convolution kernels.

The outputs of the convolutional layers in the neocognitron are connected to the inputs of the
subsample layers. Moreover, several neurons of the convolutional layer are connected to one neuron
in the subsample layer, as a rule, from a square area of 2*2 or more. Neurons in the subsample layer
are triggered if at least one of the input signals is active. On this layer, the presence of the signal itself
is important, and not its specific coordinates, so the subsample layers are less sensitive to minor shifts
and changes in the image scale. The training of convolutional layers in a neocognitron is performed
using local learning algorithms without a teacher, or weights are set in advance [35, 36]. Spatial
averaging is used for subsampling layers [33, 37]. Thus, despite the fact that the neocognitron is a
deep neural network, deep learning is not used in it.

In 1987, Dan Ballard proposed an approach to teaching neural networks without a teacher based
on an autoencoder [38]. A simple auto-encoder contains only one hidden layer (Figure 4) with the
code h, which serves to represent the input signal x. The auto-encoder contains an encoding function
f, which is used to convert the input signal into a code h = f(x) and a decoding function g, which
restores the values of the input signals r = g(x) from the code.

Figure 4 - Scheme of a simple auto-encoder

Auto encoders are used to reduce the dimensionality of the processed data. Linear methods, such
as the principal component method, are used for this. By reducing the dimensionality, the auto-
encoder highlights the most significant characteristics of the data.

The recirculation method is used to train auto-encoders [39]. The auto-encoder is trained in such
a way that its output has the same signals as the input. After training, the hidden layer of a simple
auto-encoder is inserted into a higher-level auto-encoder that contains more hidden layers. In this
way, a hierarchy of auto-encoders is built in the form of a stack (Figure 5). At the same time, the
dimension of the data decreases at each level of the hierarchy. Such a hierarchy can be used not only
for auto-encoders, but also for other methods of teaching without a teacher [40, 41].
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Figure 5 - Hierarchy of auto-encoders

Yann LeCun (Yann LeCun) in 1989 applied an algorithm for error back propagation to train a
network with an architecture very similar to a neocognitron [42]. The network contained
convolutional layers with the same weights (convolutional cores) and subsample layers. In the same
paper, the MNIST data set was presented, containing handwritten digits, the recognition of which
eventually became a very popular test in machine learning. Deep convolutional networks trained by
the error back propagation algorithm have shown good results in recognizing handwritten digits [43]
and fingerprints [44].

At the end of the 80s of the twentieth century, it became clear that one algorithm for error back
propagation is not enough for effective deep learning. Despite some successful examples [43, 44],
the use of more than one hidden layer rarely gave advantages in practice [45-47]. The reason for this
was formulated in 1991 in [48, 49] — the vanishing gradient problem. When using traditional
activation functions (see section 1), signals about back-propagated errors quickly become very small
(or vice versa, excessively large). In practical problems, they decrease exponentially with the number
of layers in the network. This problem is also known as the long time lag problem [50, 51].

One of the approaches to solving the problem of vanishing gradient is to completely abandon the
use of gradient for training. For some tasks, good results can be achieved by assigning weights
randomly [52]. The Evolino learning approach [53] uses linear methods to determine the optimal
weights for the output layer and evolution to determine the weights of hidden layers. It is also possible
to use universal search methods [54, 55].

An alternative approach to solving the vanishing gradient problem is the use of Hessian—free
optimization [56-60].

The disappearing gradient problem can be solved by another recurrent neural network
architecture — the Long Short-Term Memory network [61-63]. Such networks contain nodes of a
special type that allow you to remember values for a long time. The block of the long-term memory
network contains a special neuron used as a memory cell (Figure 6). The output of the neuron is
connected to its own input with a unit weight. Due to this, the value in the neuron is overwritten at
each stage and thus saved. Neuron control is performed using three gates: input, output and oblivion
gate. When the input valve is open, the input value is written to the memory cell. If the input valve is
closed, the input signals do not affect the contents of the cell in any way. An open output valve allows
you to read the value from the cell. When the value is no longer needed, it can be erased using the
oblivion valve. The valves are connected to other nodes of the neural network, which in the process
of learning determine when it is necessary to open or close a particular valve.
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Thanks to such cells, long-term memory networks can determine the importance of events that
occurred thousands of discrete time steps ago and remember these events. Recurrent networks that
were used before could remember an event no longer than ten time steps. The problem of vanishing
gradient in long-term memory networks is solved by using the identity function as an activation and
feedback with its own input with a weight equal to one (Figure 6). Since the derivative of the identity
function is equal to one, the error during transmission through such nodes cannot disappear.

In 1992, the cresceptron neural network architecture appeared [64], which was based on the
neocognitron. Unlike the neocognitron, the cresceptron changes its topology during training, by
analogy with networks using the method of group accounting of arguments [65]. An important idea
proposed in the creseptron is the use of max—pooling layers instead of subsampling layers with
averaging. Later and improved versions of the Creseptron also contained blurring layers to reduce
dependence on the position of objects [66]. Maximum choice layers are now widely used in
convolutional neural networks. However, to train modern convolutional networks, an error back
propagation algorithm is used [67], which is more efficient [68].

A significant contribution to the development of convolutional neural networks was made by the
proposal to use a semi-linear activation function (rectified linear unit) [69, 70], which is set as follows:
ReLU(x) = max(0, x). Such an activation function allows you to get rid of the problem of a vanishing
gradient, because with a positive signal value, it does not occur changes, as opposed to sigmoidal
activation functions. In addition, the semi-linear activation function reduces the training time of the
neural network [71]. Neurons whose output signal is negative do not participate in calculations, and
for the rest, only linear calculations are required.

Software systems for training deep neural networks

Currently, a large number of software systems have been created for training deep neural
networks [72-74]. Among the most popular of them are Caffe, Theano, TensorFlow, Torch and
CNTK. Their main characteristics are given in Table.

The Caffe Library [72] is one of the very first popular deep learning systems. It was developed
at the Berkeley Computer Vision and Learning Center (Berkeley Vision and Learning Center), the
source codes became open in 2014. Caffe includes the largest number of ready-to-use pre-trained
models. Theano system [75] was created at the University of Montreal, Canada. Theano is developed
in Python, but provides high performance due to the fact that a Python program is automatically
converted into a C++ program that is compiled and then executed. TensorFlow [76] was created by
Google in 2015 and includes systems for efficient work with tensors and streaming data processing
on a graph. The Torch library [77] is developed in Lua and provides a convenient high-level interface
for creating machine learning programs, similar to MATLAB. High performance is provided, just
like in Theano, due to integration with the C language. The authors of Torch preferred to use Lua
instead of Python because of the ease of integration of C and Lua. Microsoft developed the CNTK
(Cognitive Toolkit) system [78] and opened its source codes in 2016.
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All the listed deep learning systems of neural networks can use both multicore processors and
GPU computing accelerators (including the optimized cuDNN library) to accelerate learning.
Moreover, a significant advantage is that there is no need to redo the program, parallelization on the
CPU and GPU is performed automatically. Caffe and Theano systems additionally support Intel Xeon
Phi accelerators, which also help to significantly reduce the training time of deep neural networks
[79]. Almost all systems, except Theano, can be used for distributed training of neural networks on
computing clusters.

Table 1 - Comparison of DL software systems

Characteristics Caffe Theano Tensorflow Torch CNTK
Base language C++ Python C++ Lua C++
API C++ Python C++ Python C++, C#
Python Python Lua Python
Multicore CPU + + + + +
GPU + + + + +
Developer Berkeley Vision Monreale Google Ronan Collobert, Microsoft
and Learning university Samy Bengio, Johnny
Center Mariéthoz
Open-source code + + + + +
Pretrained networks + - + + +
Conclusion

Since the emergence of neural networks, there have been many changes in their architecture and
training methods. Currently, two types of architectures are dominant: convolutional networks, which
are successfully used for computer vision tasks, and recurrent networks, which are actively used for
natural language processing tasks.

Early convolutional networks were trained by a combination of teaching with and without a
teacher using auto-encoders and deep trust networks. Modern methods, such as residual learning,
allow you to use only training with a teacher and abandon pre-training, which speeds up and simplifies
the learning process. Transfer learning is also an important direction in the development of
convolutional neural networks [80]. This approach involves the use of neural networks trained on
some data to solve other types of problems. At the same time, fine-tuning of the network and
additional training on data from the task we are interested in is applied. As a result, the training time
is reduced and the scope of application of pre-trained neural networks is expanded. The joint use of
convolutional and recurrent neural networks with reinforcement learning is also promising [81].

For natural language processing tasks, and the more general case of sequence processing,
recurrent neural networks are currently used.

Among them, the most effective are long-term memory networks and managed recurrent neural
networks, because they allow you to remember interesting events for a long time [82]. An additional
advantage of recurrent networks is the possibility of learning without a teacher and without a pre-
marked data set.

The widespread practical application of neural networks is possible due to the availability of a
large number of ready-made solutions for training deep neural networks [72, 75-78, 83-86], including
the possibility of using modern multicore processors, GPU, as well as computing clusters with
distributed memory.
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Abstract

The article offers an approach to generation of a conceptual model of the curriculum content for schoolchildren in
form of a thesaurus and ontology which will allow using an adaptive collation and ordering of teaching information. The
article discusses the possibility and experience of using ontological modeling and engineering for the conceptual
description of school teaching. It contains description of the stages of building an ontological model of the subject area
using interdisciplinary relation between mathematics and computer studies as an example. The article contains examples
of classes and individuals of the school educational process and relations between them. It discusses advantages of
ontological modeling of a subject area.

Development of the ontological model and entering data into the school database can help to identify
interdisciplinary relationship between mathematics and computer studies. The database can be replenished with necessary
data on an ongoing basis to keep the school data up-to-date. The application of ontological engineering methods will help
to enhance the quality of school education due to semantic description of the subject area knowledge with the use of
interdisciplinary approach in teaching.

Keywords: knowledge, school, ontology, ontological engineering, competencies, knowledge base.

Introduction

The state program for the development of education and science of the Republic of Kazakhstan
for 2020-2025 provides for the enhancement of the education system and the development of the
interdisciplinary approach.

In recent years, the school educational process has been actively improved according to current
requirements. The substance of computer studies in school has changed. It has become necessary to
introduce an interdisciplinary approach to education. Therefore, students, from school time, must
prepare for life and professional activity in the information environment and opportunities of
obtaining higher education with the use of modern information technologies.

Implementation of the interdisciplinary approach helps build a comprehensive understanding of
natural phenomena and relationships between them, i.e. the knowledge becomes more substantive
and can be used in practice. The ontologies for higher educational institutions are developed in the
Republic of Kazakhstan. The school ontologies are relevant but not comprehensively developed [1-
9].

Materials and Methods

The objective of the study is to identify interdisciplinary relations between Mathematics and
Computer Science using ontological modeling.

Hypothesis: the use of ontological engineering methods will improve the quality of
schoolchildren's education through the semantic description of knowledge about the subject area.

To achieve this objective and verify the proposed hypothesis, the following tasks need to be
solved:
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- the study of theoretical material, the analysis of literary sources on the topic of
interdisciplinary relations in the teaching of the Mathematics and Computer Science school
curriculum;

- building the Mathematics and Computer Science ontological model.

For the purposes of this article, ontological modeling and ontological engineering were used to
identify Mathematics and Computer Science interdisciplinary relations. Ontological modeling allows
carrying out a conceptual description of a specific subject area, which in its turn will increase the
efficiency of information retrieval and categorization. The Protégé editor, discretionary logic, and
semantic links are used to build the ontological model.

Ontological engineering is part of knowledge engineering. Knowledge engineering is a sub-
discipline of engineering, and its main direction is the application of knowledge in information
systems to solve complex problems [10].

Ontological engineering is the process of designing and developing ontologies that combines
object-oriented and structural analysis, essential core technologies in the design of complex systems.
Ontological engineering includes the identification of the main classes of entities, the relationships
between these classes, and clusters of features [11, 12]. Ontological engineering is also studied in
foreign works [13-16].

The main objectives of ontological engineering are presented in Figure 1.

To increase the level of information integration that
is necessary for managerial decision-making;

To improve the efficiency of information search;

To provide the possibility of joint knowledge
processing based on a single semantic description of
the knowledge space.

Figure 1 — Main objectives of ontological engineering

At the last stages of ontology development instances (entities) of created classes should be added
to the knowledge database. This should include specific values of their properties, describing the
actual representation of the subject area at issue [6].

Currently, there is a large number of approaches, models, and languages for describing data and
knowledge. Ontologies and ontological engineering have recently gained in popularity. Ontology can
be interpreted as a scenario or process, as a tool to structure chaos [17]. Ontologies can be interpreted
as a dictionary for the representation and exchange of knowledge of a subject area and a multitude of
links established between the terms in this dictionary.

Various languages and systems are available and can be used for describing ontologies, but the
visual approach seems to be the one of high potential. The visual approach of ontological engineering
is the most popular one. The visual approach combines the main technologies of designing large
systems — object-oriented and structural analysis. Application of the ontological approach to
visualization and knowledge storing with the help of ontologies makes it possible to describe any
heterogeneous, however complex subject area.

Multilateral interdisciplinary connections not only help to solve teaching tasks, develop and
educate students, but also facilitate laying the foundation for their professional self-determination in
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secondary school. For that very reason, interdisciplinary connections are an important condition and
a result of an integrated approach to education and upbringing of schoolchildren.

This thesis topic is relevant, since the amount of information to be assimilated during school
education has increased, and studying the role of interdisciplinary connections in the activation of
cognitive activity of students is of great importance.

Interdisciplinary connections contribute to the better generation of individual concepts in the
course of teaching different subjects, groups, and systems, the so-called interdisciplinary concepts,
which cannot be rendered to students in the framework of one discipline separately [18].

The implementation of Mathematics and Computer Science interdisciplinary relations (Fig.2)
can be achieved through:
integrated lessons;
solving mathematical problems in computer science lessons;

— studying mathematics-related topics (algorithms, number systems, etc.)

— preparation of abstracts, presentations on mathematics, and materials for the lesson.

In the 'Methodological recommendations for the preparation and conduct of an integrated lesson'
by R.A. Tulpa [19], the following definition is given: "An integrated lesson is a lesson arranged in a
special way to combine knowledge from different subjects, aimed at considering and solving any
contiguous problem, allowing students to achieve a holistic, synthesized perception of the issue under
study, seamlessly combining methods of various sciences, while being practically-oriented."”

solving mathematical
problems in computer
science lessons

integrated lessons

Mathematics and
computer science
Interdisciplinary
relations

preparation of abstracts,

studying of mathematics

number systems, etc.)

related topics (algorithms,

presentations speeches on
mathematics, materials for
the lesson

Figure 2 — Implementation of interdisciplinary relations between mathematics and computer
science

Ontology building, or the so-called visual ontological engineering, is a powerful tool that allows
you to visualize the knowledge structures of any subject area [10-12].

Currently, there are a large number of ontology editors. Each editor has its advantages and
disadvantages.

There are also complexes, platforms, and systems for building ontologies and decision-making
[20-21]. In the study, we will be using Protégé 4, since it is the most popular and is a freely available
editor.

Protégé is currently the most popular OWL and RDF editor. The program is distributed under
the so-called Mozilla Public License, which allows you to use the editor for free. Protégé is available
for free download from the official website along with plugins and ontologies.

Ontological engineering is the process of designing and developing ontologies that combines
two main technologies for designing complex systems — object-oriented and structural analysis [4].
Foreign works have a strong focus on ontological engineering [4-7].

The objectives of ontological engineering are to increase the level of information integration
necessary for making managerial decisions, to increase the efficiency of information retrieval, and to
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provide the possibility of joint processing of knowledge based on a single semantic description of the
knowledge space.

The sequence of actions for developing an ontology. First, it is needed to perform an analysis of
the subject area, make a synthesis of concepts and relationships, then select objects, attributes,
relationships, and processes. This sequence is shown in Figure 3.

Domain analysis

v

Synthesis of concepts and relations

A 4

Selection of objects, attributes,
relationships, processes.

Figure 3 — The sequence of actions for ontology development

Improving the quality of teaching schoolchildren can be achieved through the semantic
description of knowledge about the subject area using methods of ontological engineering. The
methodology of ontological engineering implies building a three-tier model of the field under study:
top-tier ontologies, domain-specific ontology, and applied ontologies [22]. The algorithm of
ontological engineering is shown in Figure 4.

Selection of objects of the domain-specific area

v

Determining the number of abstraction tier of
objects

v
Distribution of objects by tiers

v

Building links between concepts (elements of
knowledge)

v

Refinement of the structure

v

Quality assessment of the ontology

Figure 4 —The algorithm of ontological engineering

Results and Discussion

Improving the quality of teaching schoolchildren can be achieved through the semantic
description of knowledge about the subject area using methods of ontological engineering.

Let's create classes that describe the subject. Based on the structure of the subject, an ontological
model is built in the Protégé editor. Further, it can be exported to XML or another format.

Based on the conducted ontological engineering, an ontology of the curriculum content for
schoolchildren was built. This ontology includes the following classes:

— Course;
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— Subject;

— Learning achievements (Subclasses: Skills, Abilities, Knowledge, Competencies);

— E-learning tools (Subclasses: Databases, Technical means, Information Technologies,
Information Systems);

— Participants in educational relations (Subclasses: Management, Student, Teacher);

— Regulatory framework (Subclasses: Standards, Regulatory documents of education, Laws of
the Republic of Kazakhstan).

Combining the ontology built with a specific subject by completing the model with specific data
corresponding to the training course will allow you to get a full-fledged knowledge database with
which you can perform various actions, forming various representations of educational materials in
various formats at the output. This approach will improve the effectiveness of the development of
educational courses and the use of educational content.

In the future, this ontology will be supplemented and integrated with existing ontologies, such
as university ontology. A hierarchy fragment of ontology classes of the content taught to
schoolchildren is shown in Figure 5.

‘Narmative

Laws of RIK documents Dfed...

Y S J
‘Mormative L
base' Class
| o
@ Subject
Skilled . . |; Thng | —
h ‘Learning i \, I ‘Partidpatory
outcomes’ \ educational rel...
‘Electronic
learning tools' |
Skill ) Management

technologies' !
g —

systems’

Figure 5 —"Ontological model of Mathematics and Computer Science" fragment

Improving the quality of teaching schoolchildren can be achieved through the semantic
description of knowledge about the subject area using methods of ontological engineering.

The ontological model of the distributed knowledge database of the university was developed
using the Protégé resource.

When using the Protégé resource the administrator is provided with the following features:

- editing hierarchy of classes;

- editing object properties and data type properties;

- creating and editing individuals.
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Let's create classes that describe the subject. Based on the structure of the subject, an ontological
model was built in the Protégé editor, presented in Figures 6 and 7. Further, it can be exported to
XML or another format.

’ Test l’ Question ] [ Exerdse i llustration-dr
J, awing

[ Test question' ]

| ‘Answer option’

Figure 6 — The "Subject™ ontological model

4 I =T = N

k=" [w]-4] [m]]4 a4 a4 [W]6] [=[8] [@]s] [a]=]

0 variables and their systems’

Figure 7 — "Mathematics and Computer Science" ontological model

A fragment of the Mathematics and Computer Science ontological model is presented in Figure
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Figure 8 — Fragment of the "Mathematics and Computer Science" ontological model

Let's take another electronic textbook on Algebra Grade 9, as an example, to identify

interdisciplinary relations between Mathematics and Computer Science.
A fragment of the data entered from the Algebra electronic textbook is shown in Figure 9.

Classes, textbook paragraphs, and their relations are shown.

& Salving_systams

_of_nonlinaar_a...

* @ "Norlinear e
Equafions With... k

+

Systam_of_nanli
naar_saquations_...

*® systams_ofnonl | o ‘Equations,
inaar_inaqualit... N i L
AT -.____‘
K L2 The dlamant is

combinatorics'

= “Inaqualitias
With Twao Variab...

- =
- Solution_of_tex Chapter | = Sequance
t_problams_usin... =

Figure 9 — A fragment of the data entered from the Algebra electronic textbook

As an example, let's take another electronic textbook on Computer Science Grade 7 to identify

interdisciplinary connections between Mathematics and Computer Science.
A fragment of the ontology Section 1 is shown in Figure 10. Computer Science for the 7th grade,

Measurement of information and computer memory storage.
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Figure 10 — Ontology Fragment Section 1

A fragment of the entered data from the Computer Science electronic textbook is shown in Figure
11. Classes, textbook paragraphs, and their relations are shown.

‘Pattern
recognition”
& —
- Cempound *® Principles VN
' systems”
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Figure 11 — A fragment of the built ontology on the example of relations with the Computer
Science subject

A fragment of the built ontology reflecting inter-subject connections is shown in Figure 12.
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Figure 12 — A fragment of the built ontology

Lets create a  property of objects reflecting inter-subject  relations:
hasintersubjectCommunication (Fig. 14).

[ Active Ontology [ Entities. [ Classes [ Object Properties [ Data Properties [ Annotation Properties [ Individuals [ OWLViz [ DL Query [ OntoGraf [ SPARQL Query [ Ontology Differences

Object property hierarchy: hasintersubjectCommunication

[ Annotaticns I Ussge
== Annotations: hasintersu Communication

topObjectProperty Annatations
= hasIntersubjectCommunication
m hasParagraph

comment

Intersubject communications

Figure 13 — Property of haslntersubjectCommunication objects

Using the built-in query, we can see the relationship between subject and object, in Figure 15.

sabject
Sequence

N N object
® hasParagraph some The formula for the calculation of the value of the sum of the first members of the geometric progression
‘Programming solutions’

@ hasParagraph some ‘Data types
® hasintersubjectCommunication some ‘Solving the problem with the help of electronic tables'
® hasParagraph some Creating_and_unpacking_archives_of_various_formats

“The formula for calculating the value of the sum of the members of an infinitely decreasing geometric regression'
‘Measurement of information and computer memory Grade 7 Computer Science

Sequence some ‘Arithmetic. The formula of the nth term of the arithmetic regression’
‘The element is combinatorics’ ® hasParagraph some Factorial_number. Permutations and placements’

Cryptology Section

“The formula for calculating the values of the sum of the first members of the arithmetic progression’ Paragraph

Logic Section

Student ‘Participatory educational relations’

Interface_project Paragraph

Modeling_object_and_events

Cepeeprsie_OC

WuTerpansioe_scmcnenme

“Artificial inteligence

‘Programming solutions

‘Information Systems

‘Numeric sequence._e_spedes,_proposals_and_properties’
Practice

‘Equations, inequalities with two variables and their systems
C lectronic Table

@ hasparagraph some Three-dimensional models of objects
‘Operating Systems'
Section
@ hassubSection some Computer_linguistics
® hasParagraph some ‘Programming of the algorithm_branching’
® hasSubSection some OnTimmzaLms_MC
 hasIntersubjectCommunication some ‘Solving the problem with the help of electronic tables'
® hasSection some Programming languages’
® hasParagraph some ‘Inequalities With Two Variables’

Figure 14 — Relations between subject and object

Also, wusing the tab, lets execute the command Tools-Usage... for the
hasintersubjectCommunication object property, you can see all the Mathematics and Computer
Science inter-subject relations in ontology (Fig. 15).
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Show: [v] this[v disjoints
Found 19 uses of hasIntersubjectCommunicati
T 0A ination of no repetitions.Basic Combi ics Formulas’
‘A combination of no repetitions.Basic Combinatorics Formulas' SubClassOf hasIntersubjectCommunication some 'Solving the problem with the help of electronic tables’

Y- @ 'Arithmetic_progression.The formula of the nth term of the arithmetic regression’
‘Arithmetic_progression.The formula of the nth term of the arithmetic regression’ SubClassOf hasIntersubjectCommunication some 'Solving the problem with the help of electronic tables’

- @ Factorial_number. Permutations and placements’
‘Factorial_number. Permutations and placements’ SubClassOf hasIntersubjectCommunication some 'Sclving the problem with the help of electronic tables’

*Geometric_progression.The form of the nth member of the geometric progression’
'Geometric_progression.The form of the nth member of the geometric progression’ SubClassOf hasIntersubjectCommunication some 'Solving the problem with the help of electronic tables’

- haslIntersubjectCommunication

¥- @ "Inequalities With Two Variables’
'Inequalities With Two Variables' SubClassOf hasIntersubjectCommunication some 'Solving the problem with the help of electronic tables'

¥~ @ 'Main_conception_and_the rule of Combinatory_(rule of summation_reduction_reduction)’
"Main_conception_and_the rule of Combinatory_(rule of summation_reduction_reduction)’ SubClassOf hasIntersubjectCommunication some 'Solving the problem with the help of electronic tables'

¥- @ 'Method of mathematical induction®
‘Method of mathematical induction’ SubClassOf hasIntersubjectCommunication some 'Solving the problem with the help of electronic tables’

¥~ @ Newton’s binomial and its properties’
‘Newton's binomial and its properties’ SubClassOf hasIntersubjectCommunication some 'Solving the problem with the help of electronic tables’

7- @ Nonlinear Equations With Two Variables'
‘Nonlinear Equations With Two Variables' SubClassOf hasIntersubjectCommunication some 'Solving the problem with the help of electronic tables’

¥- @ Numeric sequence._e_species,_proposals_and_properties’
‘Numeric sequence._e_species,_proposals_and_properties’ SubClassOf hasIntersubjectCommunication some 'Solving the problem with the help of electronic tables'

Figure 15 — The Tools-Usage command

Let's deduce a small fragment of an ontology with interdisciplinary relations between
Mathematics and Computer Science. The arithmetic progression included in Chapter 3 of the Algebra
electronic textbook Grade 9 can be solved on the basis of the material provided in the Computer
Science textbook for the 7th grade "Solving problems using electronic spreadsheets”. (fig. 16).
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Figure 16 — Fragment of the constructed ontology for inter-subject relations between
Mathematics and Computer Science

Conclusion

It is possible to identify interdisciplinary relations between Mathematics and Computer Science
with the help of the built ontological model and by replenishing the school's knowledge database.
You can continue to make the necessary changes to this knowledge base and thereby update the
school's data.

The article provides an ontological description and identification of inter-subject connections for
two textbooks Algebra Grade 9 and Computer Science Grade 7 and descriptions of their inter-subject
relations. Similarly, if necessary, data from other textbooks can be added to the existing knowledge
base structure.
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Semantic description of knowledge about the school educational process, using methods of
ontological engineering, will improve the quality of teaching schoolchildren.
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Abstract

Modern computer systems in most cases operate with large amounts of unstructured or less structured data called
big data. Such data processing is usually done by software with good horizontal scalability: these systems are a connected
network of computing nodes that can be expanded when the load increases. Communication between nodes is carried out
using network protocols and programming interfaces for processing parallel computing, such as MPI (Message Passing
Interface).

Convolution method, SVM (Support Vector Machine), k-nearest neighbors method - KNN (K-Nearest Neighbors)
and Naive Bayes Classifiers are often used to train neural networks for text classification. NBC) is used.

We used Naive Bayes classifier for text classification, NLP(Natural Language Processing) and packages required
for work using NPM(Node Package Manager) in JavaScript programming language. The performance of the model is
lower because the data for training is not collected systematically, but already the model is showing good results.

Keywords: Machine learning, Bayes Classifier, Neural networks, K-Nearest neighbors, Text classifier

Introduction

Now the amount of information is growing at a tremendous speed and at the same time there is
a problem of increasing the available computing power of a computer, and in this case, automatic
classification of data, in particular text data, is becoming increasingly important. Natural language
processing is one of the most important technologies of the information age. Understanding languages
is also an essential element of artificial intelligence. Natural language processing applications are
everywhere because people communicate everything in language: web searches, advertisements,
email, customer service, language translation, etc. There is a wide variety of basic machine learning
tasks and models for implementing natural language processing applications.

Text classification is one of the main tasks of natural language processing, which consists in
determining the category of text, the list of categories may or may not be known. Text classification
is often implemented based on the content of texts, analysis of text elements (words, sentences, etc.)
and the interaction between them. Classification can be done manually or automatically using
machine learning techniques. Modern methods of text classification require huge databases for
training, and are able to learn and classify the semantic meanings of texts.

Materials and Methods

Modern computer systems often work with large amounts of unstructured or less structured data,
known as big data. Processing of such data is usually done by software with good horizontal
scalability: these systems are a connected network of computing nodes that can be expanded when
the load increases. Communication between nodes is carried out using network protocols and
programming interfaces for processing parallel computing, such as MPI (Message Passing Interface).

The easiest way to classify text is based on the application of Bayes theorem, which allows to
determine the probability of a certain event (A) if another event that is statistically dependent on it
(B) has occurred.

P(B|A)P(A)
P(B)

A Naive Bayesian classifier is used for recognition and classification, corresponding to different
variations in image classifiers based on the underlying probability and trueness. Naive Bayes
techniques are based on self-defining assumptions.

However, the effectiveness of the neural network model is not limited to the choice of the
learning algorithm. Modern research shows that convolutional networks (CNN) are very effective for

P(A|B) =
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text classification. In these networks, each layer uses its own data transformation through
convolution.

Literature review

In recent years, advances in machine learning have led to significant and widespread
improvements in the way we interact with our world. One of the most significant advances in this
field is deep learning. Deep learning, based on artificial neural networks that resemble the networks
of the human brain, is a set of methods that allow computers to learn from data without human
observation and intervention. Moreover, these methods can adapt to changing conditions and ensure
continuous improvement of learned abilities. Today, deep learning is pervasive in our daily lives in
the form of Google Search, Apple's Siri, Amazon's and Netflix's recommendation systems, to name
just a few examples. As we interact with our email systems, online chats, and voice or image
recognition systems deployed in companies ranging from healthcare to financial services, we see
robust deep learning applications in action [1] .

Human communication is at the heart of development in many of these fields, and the complexity
of language makes computational approaches increasingly difficult. However, with the advent of deep
learning, the burden shifts from building rule-based approaches to learning directly from data. These
deep learning techniques open new horizons in our ability to model human communication and
interaction and improve human-computer interaction.

Big data is any source of data that has at least one of four general characteristics:

1. Volume is the amount of data generated and stored. The size of the data determines the value
and potential knowledge, and whether it can be considered big data or not.

2. Diversity is the type and nature of data. Big data can be from text, image, audio, video.

3. Velocity — in this context, the speed at which data is generated and processed to meet
requirements and tasks. Big data is often available in real time. Compared to small data, big data is
created continuously. There are two types of speed associated with big data - generation frequency
and processing, recording and publishing frequency.

4. Validity is an extended definition for big data that refers to the quality and meaning of the
data. The quality of the data can vary greatly, affecting the final result of the analysis or processing.

Currently, there is no precise definition of big data. Because big data has evolved so quickly and
haphazardly that there is no generally accepted formal statement that signifies its meaning. There
have been many attempts to define big data, more or less interesting from the point of view of use
and citation. However, none of these proposals have prevented authors of works related to big data
from extending, updating or even ignoring previous definitions and proposing new ones. Although
big data is still a relatively young concept, it certainly deserves an accepted glossary of references
that allows for the proper development of the discipline within the scientific community.

But in machine learning, big data is usually associated with data sources used for computer
training, analytics, processing, classification, clustering and other operations.

Traditional data use a centralized database architecture in which large and complex tasks are
handled by a single computer system. A centralized architecture is expensive and inefficient for
processing large amounts of data. Big data is based on a distributed database architecture, where a
large block of data is resolved by dividing it into several smaller sizes. Then the solution to the
problem is determined by several different computers in a computer network. Computers
communicate with each other to find a solution to a problem. A distributed database provides better
computation, lower cost, and improved visibility versus a centralized database system. This is because
the centralized architecture is based on mainframes, which are as economical as microprocessors in
a distributed database system. Also, a distributed database has more computing power compared to
the centralized database system used to manage traditional databases.

Big data is a general area of problems and techniques used for application domains that collect
and maintain vast amounts of raw data for domain-specific data analysis. The development of the
science of big data has been greatly facilitated by modern information technologies, as well as the
increase in computing resources and data storage resources. Technology companies such as Google,
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Yahoo, Microsoft, and Amazon store data that is measured in exabytes or more. Moreover, social
networks such as Facebook, YouTube and Twitter have billions of users constantly generating a very
large amount of data. Various organizations have invested in developing products using Big Data
analytics to address their monitoring, experimentation, data analysis, modeling, and other knowledge
and business needs, making it a central topic in data science research [2].

The accuracy of a machine learning model can increase significantly if it learns from big data.
Without enough data, a machine learning algorithm will try to make decisions on small subsets of the
data, which can lead to misinterpretation of a trend or lack of a pattern. Data should be checked for
credibility and context. The right amount and types of data that can be analyzed to influence outcomes
must be determined. Big data includes all data, including structured, unstructured, and semi-
structured data from email, social media, text streams, images, and machine sensors.

Machine learning requires the right set of data that can be used in the learning process. Not every
institution needs to store big data to use machine learning techniques, but big data can help improve
the accuracy of machine learning models. With big data, it is now possible to virtualize the data so
that it can be stored in the most efficient and cost-effective way, whether in a data warehouse or in
the cloud.

Extracting meaningful patterns from powerful input data for decision-making, forecasting, and
other inferences is the foundation of Big Data analysis. In addition to big data analysis, big data
analysis poses other unique challenges for machine learning and data analysis, including raw data
format change, fast movement of streaming data, robustness of data analysis, highly distributed input
sources, noisy and poor data, high dimensionality, scalability of algorithms , unbalanced inputs,
unsupervised and unclassified data, limited supervised/observed data, etc. Adequate data storage, data
indexing/labeling, and fast information retrieval are other key challenges in big data analysis.
Therefore, when working with big data, innovative solutions for data analysis and management are
needed [3].

Deep learning saw explosive growth, attention, and availability of tools following its success in
computer vision in the early 2010s. Natural language processing soon experienced many of these
same benefits from computer vision. Speech recognition, traditionally a field dominated by feature
engineering and model tuning techniques, incorporated deep learning into its feature extraction
methods resulting in strong gains in quality.

Perhaps one of the largest contributors to the success of deep learning is the active community
that has developed around it. The overlap and collaboration between academic institutions and
industry in the open source has led to a virtual cornucopia of tools and libraries for deep learning.
This overlap and influence of the academic world and the consumer marketplace has also led to a
shift in the popularity of programming languages.

Machine learning is quickly becoming commonplace in many of the applications we use daily.
It can make us more productive, help us make decisions, provide a personalized experience, and gain
insights about the world by leveraging data. The field of Al is broad, encompassing search algorithms,
planning and scheduling, computer vision, and many other areas. Machine learning, a subcategory of
Al, is composed of three areas: supervised learning, unsupervised learning, and reinforcement
learning.

Supervised learning relies on learning from a dataset with labels for each of the examples. For
example, if we are trying to learn movie sentiment, the dataset may be a set of movie reviews and the
labels are the 0-5 star rating. There are two types of supervised learning: classification and regression.

Unsupervised learning determines categories from data where there are no labels present. These
tasks can take the form of clustering, grouping similar items together, or similarity, defining how
closely a pair of items is related. For example, imagine that there are several documents and they
need to be grouped according to several criteria, for example, documents in biology, geography,
history and mathematics. Such tasks are solved in this way.

Semi-Supervised Learning and Active Learning. In many situations when it is not possible to
label or annotate the entire dataset due to either cost or lack of expertise or other constraints, learning
jointly from the labeled and unlabeled data is called semi-supervised learning. Instead of expert
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labeling of data, if the machine provides insight into which data should be labeled, the process is
called active learning

Transfer learning. The basic idea behind “transfer learning” is to help the model adapt to
situations it has not previously encountered. This form of learning relies on tuning a general model
to a new domain. Learning from many tasks to jointly improve the performance across all the tasks
is called multitask learning. These techniques are becoming the focus in both deep learning and
NLP/speech

Reinforcement learning focuses on maximizing the reward for an action or set of actions taken.
Algorithms are trained to encourage certain behaviors and discourage others. Reinforcement learning
tends to work well in games like chess or go where the reward can be winning the game. In this case,
a series of actions must be taken before the reward can be achieved [4].

Natural language processing (NLP) is an exciting field of computer science that deals with
human communication. It includes approaches that help machines understand, interpret and generate
human language. They are sometimes called natural language understanding (NLU) and natural
language generation (NLG). The richness and complexity of human language cannot be
underestimated. At the same time, the need for algorithms capable of understanding language is
constantly growing, and natural language processing exists to fill this gap. Traditional NLP
techniques are based on linguistics and based on basic semantic and syntactic elements of language
such as parts of speech. Modern deep learning approaches can do without intermediate elements and
can learn their own hierarchical representations for generalized tasks.

Although there were traces of interesting experiments in the 1940s, an important milestone can
be considered the IBM experiment in Georgetown in 1954, during which a machine translation of
about 60 sentences from Russian into English was demonstrated. Despite the limited computing
resources in the form of software and hardware, some problems of syntactic, semantic and linguistic
diversity were identified and an attempt was made to solve them. Just as Il experienced a golden age,
between 1954-1966 pp. Applied linguistic analysis of 1961. At the Dartmouth Conference in 1956,
John McCarthy introduced the term "artificial intelligence™. In 1957, Noam Chomsky published his
book Syntactic Structures, in which he emphasized the importance of sentence syntax for
understanding language. The invention of phrase structure grammar also played an important role at
that time. In particular, attempts at the Turing test using software such as LISP, developed by John
McCarthy in 1958, and ELIZA (the first chatbot) influenced not only NLP, but the entire field of Al.

In 1964, the US National Research Council (NRC) created a group known as the Automatic
Language Processing Advisory Committee (ALPAC) to assess the progress of NLP research. A 1966
ALPAC report highlighted the difficulties involved in machine translation from process to
implementation cost, and it influenced funding cuts that nearly halted NLP research. This phase of
the 1960s and 1970s was a period of studying world knowledge in which semantics was placed above
syntactic structures. Grammars such as case grammar, which explored the relationship between nouns
and verbs, played an interesting role in this era. Advanced transition networks were another search
algorithm for solving problems such as the best syntax for a phrase. Schenk's conceptual dependence,
which expressed language in terms of semantic primitives without syntactic processing, was also a
significant development. SHRDLU was a simple system that could understand basic questions and
respond in natural language using syntax, semantics and reasoning. LUNAR by Woods et al. was the
first of its kind: a question-and-answer system that combined natural language understanding with a
logic-based system. Semantic networks, which capture knowledge in the form of a graph, are an
increasingly popular topic, highlighted in the work of Silvio Ceccato, Margaret Masterman, Quillian,
Bobrov and Collins, Findler, and many others. In the early 1980s, the grammatical stage began, when
linguists developed different grammatical structures and began to relate the meaning of phrases to the
intentions of users. Many tools and software such as Alvey natural language tools, systran, meteo etc.
have become popular for parsing, translation and information retrieval.

The 1990s was the era of statistical language processing, when most NLP-based systems used
many new data collection ideas, such as using corpora for linguistic processing or understanding
words based on their occurrence and coincidence using probabilistic approaches. The large amount
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of data available through the World Wide Web in various languages has created a high demand for
research in areas such as information retrieval, machine translation, generalization, topic modeling,
and classification. The increase in memory and processing speed in computers has allowed many
real-world applications to start using word and speech processing systems. Linguistic resources,
including annotated collections such as Penn Treebank, British National Corpus, Prague Dependency
Treebank and WordNet, have been useful for academic research and commercial applications.
Classical approaches such as n-grams and word set representations with machine learning algorithms
such as polynomial logistic regression, support vector machines, Bayesian networks or expectation
maximization have been common trained and untrained methods for many NLP tasks. Baker et al.
introduced the FrameNet project, which considered "frames" to capture semantics such as entities and
relationships, and this led to semantic role labeling, which is an active research topic today [5].

In the early 2000s, the Conference on Natural Language Learning (CoNLL) with common tasks
led to interesting NLP research in areas such as fragmentation, named entity recognition, and
dependency analysis, to name a few. Lafferty et al. proposed conditional random fields (CRFs), which
have become the main part of most modern sequence labeling schemes where there are
interdependencies between labels.

Bengio et al. proposed the first neural language model in the early 2000s, which used a mapping
of n previous words using a look-up table fed to a feed-forward network as a hidden layer and
generating output that was smoothed into a softmax layer for word prediction. Bengio's research was
the first use of a "dense vector representation™ instead of a "hot vector” or word set model in the
history of NLP. Many language models based on recurrent neural networks and long-term short-term
memory, proposed later, have become modern. Papineni et al. proposed the Bilingual Evaluation
Metric (BLEU), which is still used today as the standard metric for machine translations. Pang et al.
presented mood classification, which is now one of the most popular and widely researched NLP
tasks. Hovey and others. introduced OntoNotes, a large multilingual corpus with multiple annotations
used in various tasks such as dependency analysis and coreference resolution. A remote sensing
technique in which existing knowledge is used to create patterns that can be used to extract examples
from large corpora was proposed by Mintz et al. and is used in various tasks such as relation
extraction, information extraction, and sentiment analysis [6].

Collbert and Weston's research has been instrumental not only in highlighting ideas such as pre-
trained word embeddings and convolutional neural networks for text, but also in the collaborative use
of a look-up table or embedding matrix for multi-task learning. Multitasking learning allows you to
learn several tasks at the same time and has recently become one of the latest major areas of research
in NLP. Mykolov et al. improved the effectiveness of word embedding learning proposed by Bengio
et al. removing the hidden layer and having an approximate learning objective that gave rise to
"word2vec”, an efficient large-scale embedding implementation. Word2vec has two
implementations: (a) continuous set of words (CBOW), which predicts the central word by
neighboring words, and (b) gram skipping, which does the reverse and predicts neighboring words.
The efficiency of training on a large array of data allowed these dense representations to capture
different semantics and relationships. Embedding words used as representations and pre-training
these embeddings on a large corpus is standard practice today for any neural network-based
architecture. Recently, many extensions to word embedding have attracted great interest, such as
designing embeddings of words from different languages in the same space and thus enabling
unsupervised "transfer learning” for different tasks such as machine translation [7].

Sutzkever Ph.D. the thesis, which presented a Hessian-free optimizer for efficient training of
recurrent neural networks on long-term dependencies, was an important milestone in the revival of
the use of RNNs, especially in NLP. The use of convolutional neural networks for text processing
has grown significantly since the achievements of Kalchbrenner et al. and Kim et al. CNNs are
currently widely used in many NLP tasks due to their local context dependence through a convolution
operation, making them easily parallelizable. Recursive neural networks, which provide a recursive
hierarchical structure of sentences and inspired by the linguistic approach, have become another
important neural architecture in the world of neural NLP.
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Sutzkever et al. proposed sequence-to-sequence learning as a generic neural framework
consisting of an encoder neural network that processes the input data as a sequence and a decoder
neural network that predicts outputs based on the states of the input sequence and the current states
of the output. This framework has found a wide range of applications, such as group parsing, named
object recognition, machine translation, question answering, and summarization. Google has begun
to replace its monolithic phrase-based machine translation models with neural MP sequence models.
Symbol-based rather than word-based representations overcome many challenges, such as lack of
vocabulary, and are part of research into deep learning-based systems for various NLP tasks. The
attention mechanism of Bahdanau et al. this is another innovation that has been widely popular in
various neural architectures for NLP and language. Memory-augmented networks with various
variants such as memory networks, neural Turing machines, end-to-end memory networks, dynamic
memory networks, differential neural computers, and recurrent object networks have become very
popular in the last few years for understanding complex natural language and language modeling
tasks. Adversarial learning and the use of adversarial examples have recently become common for
distribution understanding, model robustness testing, and transfer learning. Reinforcement learning
is another new area of deep learning that has applications in NLP, particularly in areas where there
are time dependencies and areas of undifferentiated optimization where gradient methods do not
work. Modeling dialog systems, machine translation, text summarization, and visual storytelling,
among others, have seen the benefits of reinforcement techniques [8].

Text data analysis in machine learning uses regression, classification and clustering methods.

The main goal of text analysis is to enable users to extract information from textual resources
and perform operations such as extraction, classification (machine learning), and summarization. Text
analysis consists of several tasks, such as correct document annotation, appropriate document
representation, dimensionality reduction to handle algorithmic questions, and an appropriate classifier
function to obtain good generalization and avoid overfitting. The extraction, integration and
classification of electronic documents from various sources and the discovery of knowledge from
these documents are important for research communities.

The pre-processing process is to clean the boundary of each language structure and remove the
language-dependent linguistic factors as much as possible.

Document rendering is one of the preprocessing techniques used to reduce the complexity of
documents and make them easier to process, the document must be converted from a full-text version
to a vector document. Text representation is an important aspect of document classification or
clustering, which means mapping a document into a compact form of its content. A text document is
usually represented as a vector of scales of terms (lexical features) from a set of terms (dictionary),
where each term occurs at least once in a certain minimum number of documents. The main
characteristic of the text classification/clustering problem is the extremely high dimensionality of the
text data. The number of potential opportunities often exceeds the number of documents. The
definition of a document is that it consists of terms that have different patterns of occurrence. Pre-
processing includes such stages as: feature extraction (characteristics) and feature selection[9].

Feature extraction is the first stage of preprocessing used to represent text documents in word
format. Thus, algorithms for removing stop words, stemming, tokenizing, and others are
preprocessing tasks. These algorithms belong to the method of natural language processing (NLP).
NLP can be defined as automatic (or semi-automatic) processing of human language. The term NLP
is used much more narrowly, often excluding information retrieval and sometimes even excluding
machine translation. Nowadays, NLP is actually interdisciplinary: it is closely related to linguistics
and machine learning. It also has connections to research in cognitive science, psychology,
philosophy, and mathematics (especially logic). In machine learning, NLP is used precisely so that
the machine can understand texts written in natural language. There are several NLP algorithms that
can be used together, individually or sequentially

e Tokenization is a lexical (semantic) text analysis that finds the minimum unit in the text. The
minimum unit is a token. In lexical analysis, a token can be a single word, sentence or paragraph. In
this paper, we will use token as a single word.
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e Frequency of a term in a document — semantic analysis often uses a word counter algorithm
to find the frequency of each word in that text. Why is this technique necessary? To find keywords
or unique terms, classify or cluster a large array (corpus) of documents, find corpus similarities, etc.
d. Word frequency distribution is a fundamental phenotype of language. Statisticians and linguists
have studied word frequency distributions because word usage statistics provide valuable insight into
language, its construction, and evolution. These distributions have long been studied outside of
statistics and linguistics.

e Stemitization is the transformation of morphological forms of words into their root, by
removing the endings of morphological transformations. The root does not have to be an existing
word in the dictionary, but all its variants must match this form after the algorithm is finished. There
are two points to consider when using a stemmer:

o The morphological forms of the word are assumed to have the same basic meaning and
therefore must be matched with the same root.

o Words that do not have the same meaning should be kept separate

These two rules are good enough as long as the roots found are useful for semantic text analysis
or language processing. For languages with relatively simple morphology, the influence of
morphological transformation is smaller than for languages with more complex morphology.

e Stoplisting — is used to remove stopwords and individual characters that appear in a text
document, and it is likely that the frequency of stopwords may be greater than other keywords in that
text. This is why this step must be used for a clearer result in machine learning.

e L emmatization is an algorithm similar to stemmization. The difference is that lemmatization
takes into account the morphological analysis of words. This requires having detailed dictionaries
that the algorithm can look up to link the form to its lemma (infinitive word) [10].

After obtaining the features, an important step of text preprocessing is the selection of features
to construct a vector space, which increases the scalability, efficiency, and accuracy of text
classification or clustering. In general, a good feature selection method should take into account the
characteristics of the input data and the algorithm. The main idea of feature selection is to select a
subset of objects from source documents. Feature selection is performed by saving words with the
highest weight according to a given word importance measure. Selected features retain the original
content and provide a better understanding of the data and the analysis process. For text classification
or clustering, the main problem is the high dimensionality of the space of objects. Almost every text
document has a large number of features, most of which are not relevant and useful for the machine
learning task, and even some noisy features can drastically reduce the accuracy of the algorithm.
Therefore, feature selection is usually used to reduce the dimensionality of the feature space and
increase the efficiency and accuracy of machine learning.

In machine learning, a text document may partially match many classification categories or many
clustering clusters. The most frequently used feature selection algorithms are:

e Term Frequency - Inverse Document Frequency (TF-IDF) is commonly used to weight each
word in a text document according to its uniqueness. Word (token) weight is often used for
information retrieval and semantic text analysis. This weight is a statistical measure used to estimate
how important a word is to a document in a collection or corpus. In other words, the TF-IDF approach
reflects the relevance of words, text documents, and specific categories.

e Word2Vec is a tool (set of algorithms) for computing vector representations of words that
implements two main architectures - Continuous Bag of Words (CBOW) and Skipgrams. A text
document or a word is passed as input data, and the output data will be represented as vector variables
(coordinators in vector space) [11].

Neural networks, which have proven themselves as a powerful algorithm for image
classification, have recently become actively used for other machine learning tasks. We used a neural
network to classify text data into predefined classes.
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Results and Discussion

We used Naive Bayes classifier for text classification, NLP(Natural Language Processing) and
packages required for work using NPM(Node Package Manager) in JavaScript programming
language. The performance of the model is lower because the data for training is not collected
systematically, but already the model is showing good results.

var natural = require('natural’)

classifier = new natural.BayesClassifier(natural.PorterStemmerRu);

As a result, a neural network was created that classifies (classifies) the text into given classes.

Conclusion

Based on the research, we can say that we have done a great job on the study of machine learning
and were able to develop a neural network that classifies incoming data according to the labels of the
given classes found in the calculations.
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Abstract

The vending machine for selling flowers belongs to the automated trade equipment and can be used for the sale of
flowers by the self-service method. Such vending machines have received the common name - floromat, sometimes
flomat.

Floromats are installed at the airports, train stations, supermarkets, theatres, concert halls, and even maternity
hospitals. Their more modern models allow you to sell not only flowers, but also gifts, soft toys and other related products.
The advantages of the absence of a seller, a small leasable area and round-the-clock operation of the device make this
type of business today one of the fastest paying off.
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Currently, only foreign-made vending machines are represented and used in the domestic automated trading market.
Moreover, the vast majority of them are used to sell goods such as food. As practice shows, along with them, the number
of operating floromats is single copies.

The concept of the integrated development of a separate automated trading unit, which will be considered on the
example of the mentioned floromat, includes the following main successive stages: writing a technical task (functions
and tasks of the floromat), calculations and selection of electronic and other components available on the market for
assembling the device being created, development of an electrical device circuit, writing a control program code loaded
into the microcontroller memory for the implementation of an automated sales process, designing and arranging its design
using modern computer-aided design (CAD), analysis and simulation of physical processes (CAE), and finally the
development of technical documentation for production.

Today, one of the important criteria in terms of various payment methods for goods is a digital payment method,
for example, QR code payment via smartphones. The emerging relevance of this payment method has also affected the
situation with vending machines, which requires the development of completely new algorithms for the integrated
operation of a smartphone and the control center of such a device — the microcontroller.

The given and analyzed practical experience in creating a simple floromat indicates that the availability and presence
of all kinds of electronic and ready-made mechanical components on the market, theoretical knowledge in the field of
microcontrollers and practical experience with them, as well as certain skills in performing design work, allow us, in
general, to create other types of various automated trading devices of our own domestic production.

Keywords: Vending machine, Floromat, SolidWorks 2018, Arduino IDE, Mega 2560 PRO MINI, ICT L83, Puloon
LCDM-1000

Introduction

Vending (vend - to trade (through machines)) is the sale of goods and services using automated
systems (vending machines). Currently, only foreign vending machines are represented and operate
in the Kazakhstani’s automated trading market. These devices on the market are mostly aimed at
selling of fast food, confectionery, coffee and bottled drinks. However, the recent situation with the
COVID-19 pandemic, in which strict restrictive measures were imposed on movement and a global
quarantine was introduced, has shown a likely high demand in the future for solutions to the delivery
and transfer of medicines, food and many other vital goods for everyday life of a person in a non-
contact way. The lack of domestic developments in this direction sets new goals: the creation of our
own vending machines to solve the above problems. An example for the development of analogues
can be the creation of a vending machine for the automated flower sale - a floromat. Floromats are
installed at the airports, train stations, supermarkets, theaters, concert halls, and even maternity
hospitals. The advantages of the absence of a seller, a small rented area and round-the-clock operation
of the device make this type of business today one of the fastest paying off and very profitable. In
this article, a practical example of the floromat development will be considered in detail, starting from
the creation of a technical concept of work to the implementation of its prototype.

Materials and Methods

The basic and main part of the study is aimed at studying the possibility of applying the existing
low-cost hardware platforms of the AVR family, originally developed by Atmel, a well-known
manufacturer of various microcontrollers and electronic chips, in the development of a vending
machine, in our example, a floromat. Certainly, a preliminary review and analysis of existing on the
market controllers and mutually agreed devices [2] for assembling vending machines and even ready-
made systems [3] was carried out. And so, in order to solve our task such as controlling all the
peripheral devices, mechatronics organs and other electronic modules necessary for the developed
vending machine (hereinafter referred to as the floromat) for a convenient dialogue between the buyer
(client) and the machine, a specific Mega 2560 PRO MINI microcontroller was considered [4]. This
model differs from other platforms by the presence of the required number of UART (Universal
Asynchronous Receiver-Transmitter) serial ports (4 in total) for connecting peripheral equipment
such as a bill acceptor, a money dispenser and a GSM module, data exchange with which it is carried
out according to the mentioned protocol. There are also a large number of digital inputs / outputs (54
in total) for transmitting a control signal, sufficiently large supply currents and a wide operating
temperature range.
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Specifications of Mega2560 PRO MINI:

= Microcontroller: ATmega 2560

= USB-TTL converter: CH340g

= Power Out: 5 Volt — 800mA

= Power IN.: 7 -9 Volt

= Power IN. VIN/DC Jack: 5 Volt

= Power Consumption 5 Volt, 220mA

= USB: Micro USB

= Clock Frequency: 16MHz

= Operating Supply Voltage: 5 Volt

= Digital I/0: 54

= Analog I/O: 16

= Memory Size: 256kb

= Data RAM Type/Size: 8Kb

= Data ROM Type/Size: 4Kb

= Operating temperature: —40 °C /+85 °C

» Board’s Size: 38x54mm

In the development of the terms of reference for the creation of the first prototype of the floromat,
such basic factors as: price and availability of individual components (the ability to purchase on the
market or place an order); component reliability; availability of the necessary proven libraries for
connecting peripheral equipment and modules to the main microcontroller (Mega 2560 PRO MINI)
were taken into account.

There are several important requirements for the work of the floromat when writing the terms of
reference:

1. The operation of the floromat must be safe for customers and the operator;

2. Floromat must guarantee round-the-clock operation according to the algorithms and rules
prescribed in the program code executed by the microcontroller. In the event of an emergency, the
floromat must immediately send a message about the causes of the accident to the service operator’s
mobile phone;

3. After each realized bouquet, the floromat must send information (number of an empty cell) to
the serving operator;

4. Floromat must accept all denominations of banknotes approved by the national bank of the
country;

5. Floromat should ensure long-term preservation of bouquets, while the temperature regime
should be in the range from +5 to +12 °C;

6. Floromat must also accompany all its actions with sound notifications;

7. Floromat should be outwardly pleasant, bright and exciting for customers;

An essential stage in the creation of a vending machine is the design and construction stage of
the floromat case. For this purpose, a well-known professional tool for designing and simulating
physical processes (CAD/CAM/CAE) - SOLIDWORKS 2018 [5] was used. Figure 1 shows the basic
design of a floromat with a single-module cell zone. Structurally, the floromat cabinet is divided into
three compartments: the upper compartment 1, where the evaporator of the refrigeration cooling
system is installed, and the three-level zone of cells 2 (12 cells in total), the control compartment 3,
the compartment for the main refrigeration cooling system (compressor block) 4. The main
supporting structure of the floromat made by welding from a profile square pipe with a cross section
of 15x15mm., and 1 mm thick sheet metal from which partitions, covers, shelves and a door are
made. To reduce heat transfer between the cell area and the other three compartments, they are
separated by 10 mm foam sheets, Figure 2.

Almost all models of floromats presented on the market have a small cell window, so there is a
high probability of damage to the stems or petals of flowers in the process of loading bouquets by the
operator or removing them by customers during purchase. Also, the cells have the same standard sizes
for all types of bouquets, which exclude the possibility, for example, to install a bouquet of flowers
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with a long stem. In case of breakdown of moving elements (doors, dampers, and servomotors), wire
breakage or disconnection of contacts, these structures will not allow you to quickly repair, adjust or
even urgently replace of components. To do this you will need to completely remove all the bouquets
from the device and move them to another suitable room with a given temperature and humidity. It
is also difficult to transport some models of floromats when changing the leased site (object), as they
are heavy due to their huge dimensions and the lack of the possibility of their modular disassembly.
To eliminate these shortcomings, a proposal was made to create a new convenient multi-module
floromat The technical result consists in expanding the functionality of the floromat by the proposed
alternative design of the floromat body, which allows for modular assembly and disassembly of the
floromat, installation of a more powerful cooling system in it due to the dedicated lower section of
the cabinet, which guarantees reliable and uninterrupted operation of the floromat.

The main control unit of the floromat is the control unit in Figure 3, where the following are
installed: the microcontroller itself, the electromagnetic relay board, modules, DC-DC step-down
converters and power supplies. As a box, an inexpensive PC system unit is used. During maintenance
periods (microcontroller firmware, repair or replacement of modules), the control unit, due to the two
guides installed at the bottom, is conveniently and easily slides out, without unnecessary need to
disconnect the wires.

To fully understand the functionality of the floromat, and how the controls interact with the
elements of mechatronics and its other components, the schematic diagram, made in the Fritzing
program [6] is shown on Figure 4.

__1

Figure 1 - Floromat design
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Figure 2 — Thermal insulation of the floromat

2204~ 15 19:3
Figure 3 — Control block

So, this includes:

1. Microcontroller Mega 2560 PRO MINI;

2. Four-line liquid crystal display (LCD 2004) for displaying information about the selected
product (price) and stages of the purchase process;

3. Sound speaker 3W 4 Om;
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4. Keyboard (3x4);

5. GSM module;

6. DFPlayer Mini MP3;

7. Electromagnetic relay board (+5V), 16 channels;

8. Servo drive MG90S, 12 pieces;

9. Electric lock (12V), 12 pieces;

10. Bill acceptor ICT L83 (made in Taiwan) [7];

11. Change dispenser (money bill dispenser) Puloon LCDM 1000 (made in South Korea) [8];

12. Max232CSE module, RS232-TTL interface converter;

13. DC-DC step down converter (3.8-30V -> 1.25-35V, 4A);

14. Power supply AC-DC 12V 5A,;

15. Power supply AC-DC 24V 5A;

In the normal (standby) mode of the floromat, the DFPlayer module (6) plays background music
previously recorded on the Mini SD card through the sound speaker (3). At the same time, the display
screen (2) displays a welcome inscription to its customers and a proposal to select a bouquet by cell
number. After the client visually selects the bouquet he likes and enters the desired cell number on
the numeric keypad (4), the display shows information about the cost of the selected bouquet and the
value of the control characters on the keyboard to cancel or confirm the final choice. If the client
confirms their choice, then a new message appears about the readiness of the floromat to accept
banknotes, while the bill acceptor (10) starts to light up in red. After depositing a sufficient amount
of money, the Mega 2560 PRO MINI microcontroller, in accordance with the prescribed algorithm,
calculates the amount of change and sends command signals (certain bytes) to the banknote dispenser
(11) via the serial port through the Max232CSE module to dispense the required number of
banknotes. This dispenser model Puloon LCDM 1000 is designed to load only one denomination of
banknotes; in this case 500 tenge banknotes were loaded. At the same time, the settings for the size
of selected denomination of the banknote are determined by the position of the jumpers installed on
its rear panel according to the technical documentation of the device. Immediately after the payment
is made, the Mega 2560 PRO MINI microcontroller once again sends a command (discrete signal) to
its desired pin, the output of which is connected to the corresponding pin (channel) on the
electromagnetic relay board, after which the electric lock tongue (9) in the cell is automatically
pressed. In the meantime, while the electric lock is still on (the tongue is pressed, t=1-2 seconds), the
following discrete signal is sent to the servo drive (8) of the same cell, and through the transmitted
torque of the servo drive, the door itself opens, the client picks up their bouquet, after an audible
notification is displayed that the door will close soon. The floromat thanks the customer for the
purchase with audio and text messages. Further, a text message (SMS) about the number of the empty
cell is immediately sent to the bouquet loading operator via the GSM module.

In the event of an emergency power outage at the installation site of the floromat, its continuous
operation for 1.5 hours is provided by the installed uninterruptible power supply with a capacity of
500 watts (80 Wh). Note that since initially this power is not enough to start and operate the
refrigeration unit, the refrigeration unit is non-volatile from the power line of the main control unit.

The refrigeration unit itself is an independent system Figure 5, consisting of an evaporator (1), a
compressor unit (2) and a management controller (3) with a temperature sensor (4) installed in one
of the floromat cells. The controller uses a sensor to continuously monitor the temperature in the cell
area. When the temperature rises above the set point, the built-in relay turns on and the compressor
unit starts. The water condensate formed during the operation of the refrigeration unit is drained
through the tube from the evaporator to the sump into the compartment of the compressor unit. Also,
a timer is set in the control unit, to automatically turn off the compressor unit for periodic defrosting
of the snow-covered evaporator.
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Figure 4 — Schematic diagram of the floromat
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Figure 5 — Floromat refrigeration system

Figure 6 shows a listing of the initial source code for the executable program. The code is

written in C++ in the Arduino IDE 1.8.10 [9], which is compiled and then loaded from there into
the memory of the Mega 2560 PRO MINI microcontroller. The code consists of 647 lines, last
modified on 09/17/2019.

Program_Mega2560 with_ICTL83_Puloon1000_12_boxes working_englis | Arduino 1.8.10 - 0 X

Paiin MNpaexa Cxety MHCTpymenTel MoMouws

Program_Mega2560_with_ICTL83_Puloon1000_12_boxes_working_englis §

// Mega 2560 pro A
// Blmaty city, 17.09.,2019.

// ®, "Samal Energy" LLP (by Darkhan Dogalakov)

// +7 707 215 2013.

#include <Wire.h> // BUE eKa IONA YOpasJieHUA 1z2c
#include <LiquidCrystal I2C.h> // nonkmouaem EuBmMoTeRy NN

'] e <Keypad.h> // needs to be in the library folder (Arduino/Libraries)
#include <EEPROM.h> // nopknouaem Gubnmmorexy EEPROM

3 e <3oftwareSerial.h>

¥

<DFPlayer Mini_ Mp3.h>

SoftwareSerial Serial LCDM1000 (15, 14); // BRX, TX
SoftwareSerial Mp3_set_serial(l7, 16): // R¥, TX

// Hacrpofixn ocHoBHHE:

int good = 0; NlepeMeHHana nnA BuHEOpa ToBapa - NPOTPAMME LA BEITOJHEHMA

char keystr_l[5]; maceus s
keystr_2(5]: HME LA

opa ToBapa

- keystr 3(5]; B nmA 0B nNA BHEOpa TOBapa MPY AOBAaBACHWM/yHaneHUM
String Pass; // xonomoe cno OBAHMA HAJMYMMA B ANMKAX TOBapa
selected_good // @mar o

purchased_good — // 4mar o npoBemeHH
mode_loading = f
mode_delete £

prev_key:

// ®RMAT pexMMa 2aTDY3KM TOBADA B AUMKA

o

// dnar pexuMa yOaneHMs TOBapa B ANMKax

ar key.T
/ JCHOBHHE
// HacrpolikM npalica Ha UBeTH LA KaXnoro Amdka (1-12):
int price[13] {0, 1000, 4000, 2000, 2000,
4000, 4000, 4000,
6000, &000, €000, 6000, 6000
}:
/ npasc

Figure 6 — Program source code listing
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Figure 7 shows the settings for the coordinated operation of the microcontroller with the ICT
L83 bill acceptor via the serial port, according to the instructions described in the device manual:

Program_Mega2560_with_ICTL83_Puloon1000_12_boxes_working_englis | Arduino 1.8.10

®aitn MNpaeka Ckety MuctpymenTer Momouts

/ Hacroojiku nna mucnnes LCD2004:

[/ lacrporikm pnAa ICT LB3:

#define moneyPin 2 // Bumox Pulse

#define InhiBit 13 // Bueon InhiBit (curuan sanpera)

int valuePulse = 100; // CTOMMOCTB ONHOTO MMIYJbCAa

int minWidthPulse = 8; // 40, MuEMMANEHAA WMPMHA OOHOTO MMIYJECa

Program_Mega2560_with_ICTL83_Puloon1000_12_boxes_working_englis §

int maxWidthPulse 10000; // €0, MaxcuMansHaA WMPMHA ONHOTO MMOYALCA
int debounce = 4;
int pulseCount = 0;
int receivedTG 0;
jned ng pulseDuration; F aBHO 6 IHUA MMIOYJIBC
signed long pulseBegin = 0; // Hasano yamymbca
\signed long pulseEnd = 0; / Kowen mmnymsca
jned long curtime; // Bpema
int postPulsePause = 100; // 300, Bpems oxinaEMs, AIA SaBEPHEHMA NOACYETa MMIYILCOB
int pulseState; Coc 0" s 1M
int lastState = 1; // Toc aAuue Bxopa "O" mmm "1V
int prevEulse — 0; // Tlocnmemmes SHaYeHME MyMbCa TPAHSAKIMM, WTOGH CDABHWTL M NPOREDUTL KYMODa MPOCYMTaHA M KAKOTO HOMAHATA
// - ICT L83 -

- O X

A

Figure 7 — Settings for working with the ICT L83 device

Figure 8 shows the settings for the coordinated operation of the microcontroller with the Puloon
LCDM 1000 money dispenser also via the serial port, according to the instructions described in the

manual of this device:

®aiin MNpaeka Cketu WHcTpymenThl Momolls

Program_Mega2560_with_ICTL83_Puloon1000_12_boxes_working_englis §

// HacTporiky nms LCDM-1000

byte buffer 1[8] = {0x04, 0x50, 0x02, 0x45, 0x30, O0x31,
byte buffer 2[8] = {0x04, 0x50, 0x02, 0x45, 0x30, 0x32,
byte buffer 3[8] = {0x04, 0x50, 0x02, 0x45, 0x30, 0x33,
byte buffer 4[8] = {0x04, 0x50, 0x02, 0x45, 0x30, O0x34,
byte buffer 5[8] = {0x04, 0x50, 0x02, 0x45, 0x30, 0x35,
byte buffer 6[8] = {0x04, 0x50, 0x02, 0x45, 0x30, 0x36,
byte buffer 7[8] = {0x04, 0x50, 0x02, 0x45, 0x30, 0x37,
byte buffer 8[8] = {0x04, 0x50, 0x02, 0x45, 0x30, 0x38,
byte buffer 9[8] = {0x04, 0x50, 0x02, 0x45>, 0x30, O0x39,
// — LCDM-1000 —

Program_Mega2560_with_ICTL83_Puloon1000_12_boxes working_englis | Arduino 1.8.10

0x03,
0x03,
0x03,
0x03,
0x03,
0x03,
0x03,
0x03,
0x03,

0x11};
0x12};
0x13};
0x14};
0x15};
0xle};
0x17};
0x18%};
0x19};

// 1 wynopa - 6-oe =HadeHme - '0x31'

Figure 8 — Settings for working with the Puloon LCDM 1000 device

The SOLIDWORKS Weldments module included in the main SolidWorks 2018 package has a
large set of special tools for convenient and fast creation of welding structures. While preparing
design documentation for drawings, an automatically generated list of cutouts of all structural
elements can be displayed, Figure 9. These data allow you to calculate the exact required amount of
purchased material, and at the same time, pre-calculate the prime cost of the final product. On the
drawing Figure 10 with front and right views, you can estimate the dimensions of the cells and the

overall dimensions of the floromat.
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Figure 9 — Weldment cut list (floromat cabinet)
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Figure 10 — Internal and overall dimensions of the floromat cabinet
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Figure 11 — Air flow simulation
for cabinet construction with a two-level compartment zone

SOLIDWORKS Flow Simulation [10] is an easy-to-use computational fluid dynamics (CFD)
solution built into SOLIDWORKS 3D CAD to simulate fluid and gas flow to calculate product
performance and capabilities. In our case, this tool was also used to solve the problem of uniform
distribution of the air flow cooled by the refrigeration unit in the cell area, Figure 11. As a result of
the operation of the cooling system and constant air condensation, water accumulates in the floromat
evaporator. To drain it, a tube is used, which is lowered into the sump of the compressor unit.
However, in the future, the possibility of re -using this water for watering arranged bouquets in cells
is being considered.

In the manufacture of doors, partitions, shelves and outer walls of the floromat, an easily
processed transparent material was used - plexiglass, 7 mm thick. The scans (files for loading into the
multicam machine) were also made and automatically uploaded in the SOLIDWORKS 2018
program. Energy-saving cold light LED strips were used separately to illuminate the cells at three
levels. Figure 12 shows a useful model of a domestic floromat that has passed the first tests.
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Figure 12 - The first instance of the domestic floromat

Results and discussion

The conducted research and the results obtained in the course of its work prove that the AVR
series microcontrollers can easily cope with the tasks of automating retail outlets by self-service.
Using inexpensive and sufficiently reliable AVR microcontrollers and their analogues, when creating
such devices, opens up great opportunities for connecting and configuring almost any peripheral
device that has at least one of any of the existing matching interfaces. The use of the mentioned
CADI/CAE design systems and simulations was a big help during the design and layout stage of such
an apparatus, where there are a large number of devices. The next steps for full automation, taking
into account today's information know-how in the cashless payment market, namely payment by QR
code through mobile applications [11], are: the study and additional development of these
technologies for their integration into the control system of the vending machine.

Conclusion

The creation of a domestic vending machine with these functions and software will have a
significant socio-economic impact on the population and entrepreneurship. It will unite suppliers,
logistics companies, lessors of trading floors (shopping and entertainment centers, residential
complexes) and the customer directly in the business area. A contactless way to obtain the necessary
food, medicine or essential goods in the face of possible lockdowns is one of its solutions. During the
implementation of this project, unique experience and practical developments were obtained for the
implementation of future domestic vending machines
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Abstract

The ability to find constructive solutions to prevent emergencies in mountainous terrain will contribute greatly to
the management of the field of emergency forecasting. One of such solutions is to find solutions using remote sensing
and GIS. Nowadays, the study of emergencies, forecasting is very important. The occurrence of each emergency in its
own way adversely affects the inhabitants of settlements at risk of emergency [1].

Drone imagery and satellite geodetic work, make it possible to determine the regions of Kazakhstan where
emergencies may occur. Of course, it is impossible to fly over the entire territory of the Republic of Kazakhstan by drone,
but in this matter, we resort to satellite imagery. The essence of the solution is to find a relevant method and do the
necessary analysis.

The method of extracting high-precision DTM (digital terrain models), point clouds, 3D models, orthophotomaps,
topographic maps from satellite images with high accuracy can get accurate research results in this direction [2].

Disaster prevention is one of the important applications of remote sensing. Natural disasters, climate change and
anthropogenic factors can complicate the work of disaster prevention and mitigation teams. With the help of remote
sensing, professionals can better prepare and act faster and more accurately [3]. This can save many lives, reduce property
damage and reduce the time and money emergency departments need to do their jobs.

Flood risk modeling shows that cities, city governments, and emergency professionals can take prompt action to
reduce flooding [4]. Landslide and avalanche monitoring provides a prediction before landslides occur and gives the
public enough time to evacuate.

In carrying out this study, data from open sources were used.

The work identified a specific question of interest about the seasonality of snow cover in the study area and the
statistical analysis needed to answer it.

The study area was defined by creating a shapefile to delineate it. A MODIS time series of snow cover products
was downloaded from NSIDC, here this would be MOD10A1 or MOD10A2 (depending on the specific question of
interest) [5].

Keywords: satellite imagery, remote sensing data, precipitation, hydrological model, geographic information
systems, drone, emergency
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Introduction

Occurrence of mudflow hazard and its prediction is now very relevantly studied in many
countries, as the question of risk occurrence itself has a topical nature. The risk implies a danger to
the residents of the area and the population living in the risk-prone area. The most basic types of risks:

1. The risk coming from the solid medium, i.e., geophysical risk.

2. The risk caused by the occurrence, movement and distribution of surface and underground
fresh and salt water is part of the hydrological risk.

3. The risk caused by short-term extreme weather conditions at micro- and mesoscale levels, as
well as atmospheric conditions that last from a few minutes to a few days, refers to meteorological
risk.

4. The risk caused by atmospheric processes at the meso- and macro-level, from intra-seasonal
to multi-year climate variability, refers to climate risk.

5. The risk caused by exposure to live organisms or toxic substances, or the vector-borne diseases
they may carry can be classified as biological risk.

6. The risk caused by asteroids, meteoroids and comets is an extra-atmospheric risk.

All emergencies in Kazakhstan are classified according to the following characteristics: the
sphere of occurrence, departmental affiliation, the scale of possible consequences.

The territory of Kazakhstan is most prone to droughts, earthquakes, river floods and landslides.

The degree of risk of this or that emergency in Kazakhstan is described in the passports of
mudflow, avalanche, landslide sites and objects located in the areas of their impact, as well as in the
Rules of state accounting of emergencies of natural and man-made character approved by Order Ne
175 of the Minister of Internal Affairs of Kazakhstan on March 3, 2015 [11].

According to the Rules, emergencies of natural origin include:

1) geophysical hazards: earthquakes (which occurred in the territory of the Republic of
Kazakhstan or bordering (neighboring) states).

2) geological hazards: landslides, rockslides, rockfalls, mudflows, subsidence of loess rocks.

3) meteorological phenomena: strong wind (including squalls and tornadoes), dust (sand) storms,
large hail, heavy rain (downpour), heavy snowfall, strong blizzards (snow drifts), heavy ice, strong
frost, strong heat, heavy fog, drought, frost, drift, avalanches.

4) hydrological hazards: high water levels (floods) during floods, rain floods, jams and
blockages, wind surges; low water levels.

5) natural fires - forest fires, steppe and forest fires, underground fires of combustible minerals.

10) incidents at water bodies.

Man-made emergencies include:

Hydrological phenomena. Floods and floods. Floods are short-term and non-periodic rises in
water bodies and rivers caused by melting snow, glaciers, or abundant precipitation. Sometimes the
flow of flood water exceeds the flow of flood water; in addition, floods are less regular and difficult
to predict. Therefore, they are more likely to result in emergencies.

Floods are situations of flooding of territories adjacent to rivers, lakes, reservoirs, causing
material damage, damage to the population, or loss of life. As a rule, the lowered parts of settlements,
crops, roads, or industrial and transport facilities are flooded.

Almaty region. In spring period water content of rivers increases in 1,5 - 3 times. The total area
of flooding when dams are broken can reach 120 million square meters [12].

The city of Almaty. The highest probability of flooding from May to July.

Mudflows, landslides, avalanches

Mudflow is a violent flow of water and loose debris of destructive force arising in mountain river
basins because of heavy precipitation or rapid snowmelt, breakthrough of debris and glacial moraines.
In terms of prevalence, recurrence and destructive effect, mudflows are considered among the most
dangerous natural phenomena in agglomerations.

High mudflow hazard in Almaty region is created on the Esik, Turgen, Talgar, Kaskelen rivers,
the number of people living or working in the impact area is 8,725 people. Under the high mudflow

94



hazard fall 454 objects. At the same time, 638 objects, as well as 3,706 people of the population fall
under the medium risk level [14].

A landslide is a displacement of rocks under the influence of its own weight and additional load
due to erosion of the slope, over wetting of rocks, seismic shocks and other processes. Occurrence of
a landslide relates to disturbance of stability of a slope by natural processes or people. In terms of
frequency and probability of occurrence of these phenomena in the country, Almaty region ranks
first, Almaty city ranks second. Almaty city ranks second. According to "Kazselezaschita”, 150
objects and 1,311 people are under landslide hazard in the region [16].

Avalanches are the movement of snow and ice down the slopes of mountains, which poses a
threat to life and health of the population, causing damage to the economy and the environment.
According to "Kazselezaschita" there are 24 objects in the agglomeration that fall within the zone of
avalanche impact, with a total area of 76.7 thousand square meters affected. The degree of avalanche
danger is low, and 48 avalanche protection facilities have been installed. The number of people living
or working in the affected areas reaches 125 people, and all affected areas are resort areas, therefore,
the number of victims of emergencies may increase from 160-950 people [11].

In 2015 there was a case of flooding and mudslides, because of which a state of emergency was
declared and 900 people were evacuated [11].

Implementation of a new paradigm of the country's development: sustainable development,
managed urbanization.

- development and preservation of human capital: quality of life, providing affordable and safe
transportation.

- ensuring the safety of the population, infrastructure, and economy from the consequences of
emergencies and reducing the risks of natural disasters based on modern methods of monitoring,
analysis, and forecasting.

Analysis of the current situation and assessment of potential consequences and development of
a specific method, considering international experience.

Studying the structure of the activities of the organization of the monitoring and prediction of
emergencies.

Digital solutions as tools for implementation in approaches to solving problems to prevent
emergencies in mountainous areas of Kazakhstan.

Materials and Methods

The importance of snow cover extent (SCE) has been shown to be closely related to various
natural phenomena and human activities; hence, snow cover monitoring is one of the most important
issues in the study and understanding of the cryosphere. Because snow cover can change significantly
over short periods of time and often extends over vast areas, remote sensing from spacecraft is an
effective observation method for continuously tracking it. However, since optical imagery is limited
by cloud cover and polar darkness, synthetic aperture radar (SAR) has attracted more attention for its
ability to detect day and night under all cloud and weather conditions. In addition to the widely used
backscatter method, thanks to advances in space-based SAR sensors and image processing
techniques, many new approaches based on interferometric SAR (INSAR) and polarimetric SAR
(PoISAR) have been developed to monitor snow cover in both dry and wet snow conditions since the
ERS-1 launch in 1991. Critical ancillary data, including DEM, land cover information, and local
meteorological data, have also been studied to aid in snow cover analysis. This review provides an
overview of existing research and discusses the benefits, limitations, and directions of current
developments [1].
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Table 1 — The types of natural disasters

Ne/ Name Type
1 Floods
2 Congestion, ice jams, ice .
jamming Hydrological hazards

3 Waterlogging

4 Accidents Hydrodynamic accidents
5 Earthquakes

6 Rural Geophysical hazards

7 Avalanche

8 Landslides Geological hazards

9 Fires Natural fires

Identified a specific question about the seasonality of snow cover in the study area and the
statistical analysis necessary to answer this question. Conducted a study on the product for snow
cover in the mountainous area. Determined the study area of the mountainous area of Almaty region
and created a shapefile to delineate it further. Loaded NSIDC time series of MODIS snow cover
products, here it would be MOD10A1 or MOD10AZ2 (depending on the specific question of interest).
Determined the processing sequence, including masking incorrect data flagged with quality bits, to
produce an ordered time series of snow cover images. Coding the processing sequence and evaluating
the results numerically, graphically, and logically one must answer the question: Does everything
work correctly? Do the results make sense? Applying the statistical analysis to necessary region and
evaluating the results of the statistical analysis we must answer the question: do the results make
sense? To what extent are these results consistent with recent literature? On what points do they
differ? Why?

Kazakhstan Republic statistics on emergencies
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Figure 1. — Emergency statistics

The list of equipment and data needed includes:
Satellite imagery, software (U.S. Army Corps of Engineers (USACE CEIWR-HEC-RAS, SaaS
- for collection, analysis and distribution of analytical information, reports or raw data), data
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collection (current and historical), systematization and storage of incoming information, development
and updating, map areas potentially subject to mudflow and landslide hazards, develop flood
simulation methods, to assess area exposure to disaster risks, platform - software.

The number of dangerous natural phenomena in Almaty city and Almaty region in 2010 -
2019
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Figure 2 — Emergency statistics

This dataset contains maps of the location and temporal distribution of surface water from 1984
to 2020 and provides statistics on the extent and change of those water surfaces. For more information
see the associated journal article: High-resolution mapping of global surface water and its long-term
changes (Nature, 2016) and the online Data Users Guide.

These data were generated using 4,453,989 scenes from Landsat 5, 7, and 8 acquired between
16 March 1984 and 31 December 2020. Each pixel was individually classified into water / non-water
using an expert system and the results were collated into a monthly history for the entire time and
two epochs (1984-1999, 2000-2020) for change detection.

This mapping layers product consists of 1 image containing 7 bands. It maps different facets of
the spatial and temporal distribution of surface water over the last 35 years. Areas where water has
never been detected are masked.

The Global Surface Water dataset (Water Occurrence, Water Occurrence Change Intensity and
Water Transitions) shows different facets of surface water dynamics. Together the maps show where
and when open water was present on the Earth's surface between March 1984 and 31 December 2020.
Open water is any stretch of water open to the sky and includes both freshwater and saltwater areas
greater than 30m2. The maps display water surfaces that are visible from space, including natural
(rivers, lakes, coastal margins, and wetlands) and artificial water bodies (reservoirs formed by dams,
flooded areas such as opencast mines and quarries, flood irrigation areas such as paddy fields, and
water bodies created by hydro-engineering projects such as waterway and harbor construction).

Areas within the region that correspond to one of the water transition classes. The Water
Transitions map documents changes in water state between the first year (1984) and the last year of
observation (2019). It documents: New permanent water surfaces (i.e. conversion of a no water place
into a permanent water place.) Unchanging permanent water surfaces Lost permanent water surfaces
(i.e. conversion of a permanent water place into a no water place) New seasonal water surfaces (i.e.
conversion of a no water place into a seasonal water place) Unchanging seasonal water surfaces Lost
seasonal water surfaces (i.e. conversion of a seasonal water place into a no water place) Conversion
of permanent water into seasonal water Conversion of seasonal water into permanent water
Ephemeral permanent water (i.e. no water places replaced by permanent water that subsequently
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disappeared within the observation period) Ephemeral seasonal water (i.e. no water places replaced
by seasonal water that subsequently disappeared within the observation period) Temporal profiles
recording the full history of each pixel are provided. These allow us to define monthly the water
presence or absence (and also the absence of observation) throughout the archive.

During a survey by specialists of the RK emergency authorities, due to the high temperature,
Lake No. 4 has filled up to its maximum mark [16]. Therefore, the specialists of Kazselezaschita
conducted work to install here a new branch of siphon, 450 meters long. It can pump out up to 50
liters of water per second, which then enters the Aksai Riverbed [11].

It should be noted that the moraine lake is located 3,500 meters above sea level. In case of a
breakthrough, it poses a threat to the settlements of Nauryzbai and Karasai districts.

"We still have a vertical depth pump that runs with a diesel power plant. If the siphon can't handle
it, we can pump out with a Deepwater pump, which pumps out 380 liters per second. Source:
Kazselezaschita [12].
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Figure 5 - September 2022 y.
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Source: Global Surface Water Mapping Layers v1.3 - The European Commission's Joint
Research Centre (JRC)

Flgure 7' Surface Water transitions (JRC)

Source: Joint Research Centre of the EU - Global Surface Water Dataset v1.3

Aksai river
it 0o 4 X
Surface Water transitions

(JRC) 1984/2020

Class name Area(ha) Area(%)
P rermanent 3.09 1.03
P New permanent 112 0.37
New seasonal 0.28 0.09
Permanent to 0.26 0.09

seasonal

Figure 8 - Surface water transitions

Figure 9 - 2015 year, Source: Kazselezaschita.
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We should add that, if necessary, drilling and blasting operations are used on the evacuation
canals. Every summer, because of the abnormal heat, channels have to be blasted and deepened
several times. The annual mudflow season in the Almaty mountains will end in early October.
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A numerical formulation of a one-dimensional physical model of snow cover is presented. This
model is used daily by avalanche prevention specialists to predict snow cover subsidence, its
stratification, surface energy exchange, and mass balance. Meteorological data obtained from
automatic weather stations located near avalanche zones are used as input to the model. This paper
formulates one-dimensional equations describing heat transfer, water transport, vapor diffusion, and
mechanical deformation of the phase-varying snow cover. New snow, wind drift, and snow
entrainment are treated as special mass boundary conditions. Snow is modeled as a three-component
(ice, water, air) porous material capable of large irreversible viscous deformations. Phase transitions
between the components are modeled. Snow layers are defined not only by height and density, but
also by microstructure. That is, by the size, shape, and cohesion of the grains that make up the ice
lattice. The basic differential equations are solved using the fully implicit Gauss-Seidel finite element
Lagrangian method. An example of calculations of a catastrophic avalanche in the winter of 1999 is
presented to document the operation of the model. An overall estimate of the mass balance shows
that the model accurately predicts the formation and ablation of seasonal alpine snow cover. An
example of catastrophic avalanche calculations in the winter of 1999 is presented to document the
model performance. An overall estimate of mass balance shows that the model accurately predicts
the formation and ablation of seasonal alpine snow cover. An example of catastrophic avalanche
calculations in the winter of 1999 is presented to document the model performance. The overall mass
balance estimate shows that the model accurately predicts the formation and ablation of seasonal
alpine snow cover.

Resolution, 30 meters Bands
Table 2 - Transition Class Table

Name Units |Min |Max |Description

occurrence % 0 100 |The frequency with which water was present.
change_abs % -100 (100 |Absolute change in occurrence between two epochs: 1984-1999 vs 2000-2019.
change_norm (% -100 (100 [Normalized change in occurrence. (epochl-epoch2)/(epochl+epoch2) * 100

seasonality 0 12 |Number of months water is present.

recurrence % 0 100 |The frequency with which water returns from year to year.
transition Categorical classification of change between first and last year.
max_extent Binary image containing 1 anywhere water has ever been detected.

Bitmask for max_extent

Table 3 - Value color description

Value Color Description
0 Ffffff No change
1 0000ff Permanent
2 22bl4c New permanent
3 d1102d Lost permanent
4 99d9ea Seasonal
5 b5e61d New seasonal
6 ebalaa Lost seasonal
7 ff7f27 Seasonal to permanent
8 ffc90e Permanent to seasonal
9 777t Ephemeral permanent
10 c3c3c3 Ephemeral seasonal

The frequencies of the different SAR sensors/bands used for snow cover studies are:
Alos-2 -1%, COSMO-SkyMed -8%, TerraSAR-X - 7%, ERS - 13%, Envisat -22%, Radarsat-1 -16%,
Radarsat -2 -15%, Sentinel-1 -9%, Alos -9%.
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Equations

Work was carried out on the study of foreign and our domestic methods of research on the risks
of flooding of the territory, taking into account the hydrological computer modeling.

Hydrological processes can be dangerous if natural and anthropogenic changes in water bodies,
their condition and regime lead to the risk of various kinds of damages. At present, there are a number
of methodological approaches and methods for assessing natural hazards and risks. The main method
of risk analysis is the probabilistic method. On its basis, depending on the initial information

available, statistical, theoretical and probabilistic or heuristic methods of risk assessment are applied.
For medium- and long-term forecasting of manifestations of natural hazards, a probabilistic
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deterministic approach based on identifying patterns of their development, in particular their cyclical
nature, is widely used.

To calculate the probability of a natural hazard, in this case a flood, it is necessary to use the
methods of mathematical statistics. Using a continuous long series of observations of hydrological
posts, series of maximum discharges and levels are constructed.

To assess the risk, a damage index is needed. Risk, as a material damage, is defined in the
assessment of losses associated with the technosphere and the natural environment. Within the
territories where there are objects of the material sphere, direct damage is possible. There is also
indirect damage, which is determined by the disruption of economic activity due to the interruption
of power supply, transport, water supply, etc. Flood risk can be quantitatively calculated through the
amount of damage (in natural or economic terms) of different recurrence or its mathematical
expectation [11].

This indicator is calculated according to the formula (1):

M(E)= S*p/100 1)

where M (E) - mathematical expectation of damage; S - value of the assessed object; - flood level
security, %.

The assessment of integral risk, that is, the total losses in the technosphere, natural and social
environment (death and injury of people) is rarely carried out, due to the complexity of assessing the
value of human life. Assessment of losses and injuries in the sociosphere is expressed not by damage,
but by the indicator of individual risk, which characterizes the probability of human death from a
dangerous phenomenon of nature during the year [20].

Features of the analysis and risk assessment of dangerous hydrological phenomena are
determined by the spatial scale of the study. The composition of the initial information, methods of
its processing, the choice of appropriate indicators and applied mathematical models, the peculiarities
of mapping phenomena depend on the spatial level of research [21].

When assessing the risk of dangerous hydrological phenomena at the regional level, the
probability of the occurrence of a dangerous process and the degree of vulnerability of the territory
are reflected through indirect indicators. When a comprehensive assessment is created a series of
thematic maps that reflect the change in the quantitative indicators of natural hazards in space [21].

Results and Discussion

o Necessary measures to understand disaster risk:

e Enhance the resilience of new and existing critical infrastructure, including water,
transportation and telecommunications infrastructure, educational institutions, hospitals and other
health facilities, to ensure that during and after disasters they remain safe, remain effective and
continue to operate, providing vital and essential services

e Establish community centers to provide outreach to the public and stockpile materials
necessary for rescue and relief operations

e Encourage the collection, analysis, systematization and use of relevant data and practical
information and ensure its dissemination, considering the needs of different categories of users, as
appropriate

e Recommend baselines for use and refinement and periodically assess disaster risks,
vulnerabilities, capacities, exposure, hazard characteristics and their possible subsequent impacts at
the appropriate social and spatial scale on ecosystems, considering country-specific circumstances

e Accumulate and periodically update, as appropriate, location-specific disaster risk
information, including hazard maps, and make it available to disaster risk managers, the public, and
residents in disaster-prone areas in an appropriate format, using geospatial information technology as
appropriate
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o Systematically assess and record disaster losses and disseminate and publicize them and
analyze the economic, social, health, education, environmental and cultural impacts, as appropriate,
in the context of information on disaster risk exposure and vulnerabilities on a case-by-case basis

e Provide free and open access to non-confidential information disaggregated by exposure,
vulnerability, risk, disasters, and losses, as appropriate

o Facilitate real-time access to reliable data, use space and in situ data, including geographic
information system (GIS) data, and use the latest information and communications technology to
improve measurement instrumentation and data collection, analysis, and dissemination.

e Raise awareness among government officials at all levels, civil society organizations,
residents and volunteers, as well as the private sector, through activities to share experiences, lessons
learned and best practices, and training and education on disaster risk reduction, including through
existing training and education mechanisms and peer learning practices.

e Encourage and improve dialogue and collaboration between the scientific and technical
communities with other relevant stakeholders and policymakers to promote the science-policy
interface for more effective decision-making related to disaster risk management

e Ensure the use of traditional and local and indigenous knowledge and methods, as appropriate,
to complement scientific knowledge in disaster risk assessment and the development and
implementation of sector-specific policies, strategies, plans and programmed, with a cross-sectoral
approach that should be modified to suit the terrain and context;

Conclusion

Required:

1. High-quality data, analytics, and modeling for a comprehensive risk-based approach;

2. Combination of cost-effective disaster management measures with appropriate tools for
implementing sustainable strategies.

3. A policy, legal and regulatory framework which is aligned with international standards to
ensure that plans for predicting, and monitoring emergencies are effectively implemented. 4.

4. Capacity building and coordination between various institutions and the population.

As a result of conducting research on the topic: Approach to mudflow hazard prediction as a
result of changes in snow cover and active snowmelt in mountainous areas based on the application
of remote sensing technology.

Collected data on the study area, with further analysis of the collected, cartographic and
statistical materials on natural-anthropogenic conditions, monitoring climatic and hydrological
historical and current actual remote sensing data.

The analysis of modern domestic and foreign methods of research on the risks of flooding of
territories, considering the methods of hydrological computer modeling, was carried out. On the basis
of the analysis of modern domestic and foreign methods the methods of research of risks of flooding
of territories, taking into account the methods of hydrological computer modeling are defined.
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Abstract

Currently, the use of three-dimensional modeling in scientific research allows researchers to solve a number of
problems from different fields of science. Such important tasks are, for example, the restoration and reconstruction of
historical and cultural heritage, the tasks of architecture and construction, the modeling of geophysical processes, the
development of topographic maps and plans, etc. It becomes necessary to use modern methods and technologies for
modeling 3D objects in search of a solution to such problems. Using a laser scanner or 3D modeling software is usually
expensive and requires a high level of knowledge. However, among 3D modeling technologies, there is an image-based
photogrammetric data processing method that offers a cheaper alternative and allows you to get a more accurate 3D model
of objects. Thus, this article proposes the results of building 3D models of urban objects using photogrammetric data
processing technology. The East Kazakhstan Regional Drama Theater of the Ust-Kamenogorsk city acts as an object for
3D modeling. There is presented a mathematical model of nonlinear distortions described using the Brown model. In
addition, the article provides a technique for obtaining the necessary photographs for 3D modeling, as well as an analysis
and review of modern technologies for photogrammetric data processing for 3D modeling.

Keywords: 3D model, sparse point cloud, dense point cloud, photogrammetry, unmanned aerial vehicles (UAVS).

Introduction

Behind the rapid development and progress of science, the discovery of new facts, achievements,
patterns and significant events, are assumed the development of modern approaches, research
methodologies, as well as the emergence of automated technological solutions, programs and
applications. Today, modeling has become the most important method of scientific knowledge and
research. The modeling method is used in any science, at all stages of scientific knowledge.
Technological innovation guarantees our country competitiveness and entry into 30 developed
countries. The accelerator for all projects is the implementation of the “Digital Kazakhstan” program.
Within the framework of the program, problems of ensuring the safety and accessibility of geological
digital information; implementation of technologies for creating smart cities; development of national
spatial data infrastructure, etc. were updated.

Analysis of existing technologies and Related work

In this regard, the solution of these problems is difficult to imagine without the modeling phase,
which would contribute to the development of the digital infrastructure of the urban environment,
analysis and prediction of its safety from natural and man-made emergencies.

Such a model will objectively and visually reflect the existing urban planning structure, thereby
solving the problem of efficient use of space. The initial data for the creation of such terrain models
are detailed plans of cities and topographic maps, data obtained using modern GIS technologies [1]
and Unmanned Aerial Systems (UASs). Small-sized Unmanned Aerial Systems (UASS) consist of a
versatile, simple and cost-effective technology to perform remote sensing-related tasks [2] in different
areas [3]. UASs platforms are rapidly becoming a valuable source for data acquisition for inspection,
surveillance, mapping and 3D modelling issues [4]. Being UASs low-cost alternatives to the classical
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manned aerial photogrammetry, fixed-wing or rotary wing UAVs are capable to perform
photogrammetric data acquisition in manual, automatic or semi-automatic flights [4].

Today in the global space you can see a lot of companies involved in the processes of three-
dimensional modeling of entire cities, urban areas, electronic mapping using various GIS
technologies. Along with this among many companies, it is important to mention some large
companies, such as Visicom, NEOLANT and Geoscan, which are engaged in solving 3D-modeling
and visualization problems. For example, the Ukrainian company Visicom has been working in the
Ukrainian and international markets of geo-information technologies since 1991 and is one of the
leading manufacturers of digital maps and geodata.

Since 2000, Visicom has successfully completed more than 900 telecommunications projects,
creating high-quality 3D models for more than 850 cities in the world. More recent projects and work
of the company are presented in Figure 1.
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digital map. (example of

the US market) * PROJECTS VISICOM Q3 2018:

* 3 models across the country:
Belarus, Nepal, Zambia.

¢ 2D Urban models of the largest cities
in Zambia. 3D Models of cities in the
20 largest cities in Nepal.

* The 3D model of Hanoi (Vietnam) -

400. )

\/

* 3D model of San
Francisco (USA)

« Digital map of 86 cities in
Thailand (LTE, loT)

;

Figure 1 — Information about the company (2017, 2018) Visicom on creation 3D models

Also, one of the leaders involved in the development and production of UAVSs, as well as the
development of software for photogrammetric data processing and three-dimensional visualization,
is the Russian group of companies Geoscan. The most significant achievements of the company,
implemented within the framework of certain projects, are presented below in Table 1.

Table 1 — Examples of projects (software and 3D models, digital maps) of cities (urban areas)

D Company / 3D-models of the city
ate
Technology (urban areas)

NEOLANT / Interactive 3D map of city Dubna

2015 Autodesk Infrastructure
Modeler

2013 Geoscan / 3D-models of city Gatchina
Agisoft PhotoScan _

2014 3D-model of city Tomsk

2015 3D-models of city Salekhard

2015 3D-models of sections of the Ring Road of St. Petersburg
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2015 3D models of glaciers in the mountains of Mongolia at an
altitude up to 4500 m with the help of the “Geoscan 101”
complex

2016 3D-models of city Astana

From 2016 to 3D-model of the Tula region using UAV

2017

2017 3D-geoportal "Building a city together" for the administration
of city Tomsk

2017 3D-models of city Palmira

2018 3D-models of the cities of Banja Luka and Brcko in Bosnia
and Herzegovina

2018 3D-models of the cities Kazan and Naberezhnye Chelny

Using photogrammetric data processing technology in the form of images or photographs to
build highly detailed and realistic 3D models presents promising opportunities for solving 3D
modeling problems for a wide range of researchers. For example, in work [5], the research is
presented that aims to create and apply a method for providing a virtual reality experience within
cultural heritage by developing a workflow for virtual reality applications based on photogrammetric
models. The approach proposed by the authors was applied on the iconostasis of the Serbian Orthodox
Cathedral of St. Nicholas in Sremski Karlovci (Serbia). This method is implemented in 3 stages, such
as creating an accurate 3D reconstruction of the iconostasis using photogrammetry, optimizing a 3D
model, and creating a virtual reality using a game engine. In the following work [6], the authors
present the research whose goal is to define an accurate imaging technique for creating high-
resolution 3D models and 2D orthophotos of objects of particular historical and cultural significance.
Image processing also considers photogrammetric image processing technology. The issues of
applying the survey methodology and photogrammetric processing are considered in work [7], which
are related to the use of archival images for the implementation of operations of virtual reconstruction
of lost volumes. The research work [8] proposes a developed methodology for creating virtual 3D
models of historical cities. This methodology is based on a combined approach of using 2 methods:
laser scanning and photogrammetry. The advantage of the developed methodology is a virtual 3D
model that has high geometric accuracy with visual completeness and integration into a web
application.

Thus, among the many methods for obtaining 3D models and the use of completely new data
processing software, as well as in connection with the progressive development of modern methods
and technologies of three-dimensional visualization, the most common method for creating digital
topographic maps and plans, in reconstruction and restoration of objects of historical and cultural
heritage, as well as in solving problems of architecture, construction, etc., technologies and
innovations of 3D modeling of photogrammetric data processing are widely used and improved.

Approach and implementation

Photogrammetry (Photogrammetrie is derived from the Greek words photos - light, gramma -
record and metred - measurement; literally - measurement of light recording.) is a scientific discipline
that studies how to determine the shape, size and spatial position of objects in a given coordinate
system according to their photographic and other images [9]. The subjects of studying
photogrammetry are the geometric and physical properties of images, methods for their preparation
and use to determine the quantitative and qualitative characteristics of the photographed objects, as
well as instruments and software products used in the process [5]. Photogrammetry was previously
considered as a tedious and not appropriate to use and could only be used by expert users [10].
However, current robust and powerful frameworks with straightforward pipeline turned
photogrammetry accessible, even to nonexpert’ users [11].

The main advantages of photogrammetric and stereophotogrammetric methods are:

- high accuracy of the results, as pictures of objects are obtained by precision cameras, and their
processing is performed, as a rule, by strict methods;
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- high performance achieved due to the fact that they measure not the objects themselves, but
their images. This allows the automation of the measurement process and subsequent calculations;

- objectivity and reliability of information, the possibility of repeating measurements, if
necessary;

- the possibility of obtaining in a short time information about the state, both of the whole object,
and its individual parts;

- safety of work, as the shooting of the object is performed by non-contact (remote) method. This
is of particular importance when an object is unavailable or being in its zone is dangerous to human
health.

- the possibility to study moving objects and rapidly occurring processes [12].

In the scientific research, the task of which was to obtain a 3D-model of urban objects (buildings,
structures) for further use in the calculation and evaluation of seismic resistance, the choice was
determined on this method, i.e. in order to implement the solution of this applied problem,
photogrammetric processing of digital data was used. As a software solution, the program is based
on Agisoft PhotoScan Professional of Geoscan company. The main merits and design decisions of
this company have already been listed in Table 1.

At the same time, it is important to note that the group Geoscan for the first time in the world
solved a problem in one of the areas of artificial intelligence - automatic creation of a 3D model of
an object from a series of multi-angle photos; this software is used in various fields. Currently, this
software is delivered to 131 countries of the world [13].

A feature of this software is that image processing for topographic support includes a number of
sequentially performed operations, some of which are implemented by modern computer vision
methods and are based on the use of a projective geometry apparatus, uniform coordinates and
photometric image processing [14]. Data acquisition for this method and the process of
photogrammetric data processing is shown in the Figure 2.

UAVs

h;'u e _a‘
¢ =y Image
ISR alignment

ground survey

other methods

Figure 2 — Data acquisition and photogrammetric processing

The principle and algorithm of work of the program Agisoft PhotoScan Professional consists of
4 main stages:
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1) Determining the position of the cameras exterior and interior orientation of the cameras. The
program automatically determines the position of the camera and its orientation for each frame, then
it builds a sparse point cloud (after loading photos into the program). At this stage, the program finds
common points of photographs, then after that it determines all the camera parameters, namely the
position (up to scale), orientation, internal geometry (focal length, distortion parameters). The
program supports several models of lens distortion. Before starting the process of treatment, it is
necessary to choose a model that best approximates the actual distortion. All models are valid for a
camera with a central projection. The Brown model is used to describe nonlinear distortions.

The following parameters are used in the equations:

(X, Y, Z) - coordinates of a point in the local camera coordinate system, (u, v) - coordinates of a
point, projected onto the frame plane (in pixels), f - focal length, c,, c,- offset of the cardinal point,
K;, K, K5, K, - coefficients of radial distortion, P;, P, P;, P, - coefficients of tangential distortion,
B, B, - coefficients of affinity and non-orthogonality, w - frame width in pixels, h - frame height in
pixels [15]. For the frame camera.

x=X/Z 1)
x=Y/Z (2)

r=.x%+y? (3)
x'=x(1+ K2+ K,r* + K3r® + Kur®) + (P (r? + 2x2) + 2P,xy)(1 + P32 + Pyr?)  (4)
y =y + K;r? + Kr* + Kar® + K,r®) + (P, (r? + 2y?) + 2Pixy)(1 + Pyr? + Pyr?)  (5)

For the “Fisheye” camera.

xo=X/Z (6)
yo=Y/Z (7
To = Xo? + ¥§ 8
x = xo * tan"1r%/r0 9)
y =y, * tan 1r%/r° (10)

= )
x'=x(1+ K2+ K,r* + K3r® + Kur®) + (P (r? + 2x2) + 2P,xy)(1 + P3r? + Pyr?) (12)
y' =y + K;r? + Kr* + K3r® + Kr®) + (P, (r? + 2y?) + 2Pixy)(1 + Pyr? + Pyr?) (13)
u=wx*x05+c,+x'f+x'B,+y'B, (14)
v=h*x05+c,+y'f (15)

Spherical camera (equidistant projection).

u=wx05+ f xtan"1(X/Z) (16)
v="h=x05+ f * tan (Y /VX? + Z2) (17)
where:

f=w/(2xm) (18)
Spherical camera (cylindrical projection).

u=wx05+ f xtan"1(X/2) (19)
v=h*x05+f=*Y/VX?+Z? (20)
where:

f=w/2x*m) (21)

112



2) Building a point cloud. At this stage, using the calculated camera positions, the program builds
a dense point cloud. A dense point cloud can be edited (cut or deleted).

3) Construction of a polygonal model of an object from a dense point cloud. There are two
methods of construction in the program - this is a height map for surfaces in the form of relief, and
also arbitrary for any types of surfaces. The model is constructed by triangulation by points. The
resulting model can be edited in the program or exported (by the point cloud in the following formats:
Wavefront OBJ, Stanford PLY, XYZ text file format, ASPRS LAS, LAZ, ASTM E57, ASCII PTS,
Autodesk DXF, U3D, potree, Cesium 3D Tiles, Agisoft OC3 , Topcon CL3, PDF; Wavefront OBJ,
3DS file format, VRML, COLLADA, Alembic, Stanford PLY, STL, Autodesk FBX, Autodesk DXF
(as Polyline or 3DFace), U3D, Google Earth KMZ, Adobe PDF).

4) Texture creation. The program has a function of automatic evaluation of photos to improve
the quality of textures. If there are images with an estimate of less than 0.5, then it is recommended
to exclude them from texture generation, since this will lead to an improvement in the quality of
visualization of the final model.

To analyze the capabilities of the program Agisoft PhotoScan Professional, as well as to
implement the main task on studying the construction of a 3D model of urban objects based on the
photogrammetric data processing method, an object was selected - East Kazakhstan Regional Drama
Theater located in Ust-Kamenogorsk Figure 3.

Figure 3 — East Kazakhstan Regional Drama Theater

View from above Side view
T f object
GRS . »
o object N - S
0. e
o —9 | and -9
Yiib®

Figure 4 — Photographic scheme for object photo modeling
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Results and Discussion

At the first stage of research work after uploading photos to Agisoft PhotoScan Professional, the
program automatically determined the position and orientation of the camera for each frame and built
a sparse point cloud (Fig. 5).

Seiel

‘I F ek S

(@) (b)
Figure 5 — (a) Camera alignment result, (b) "Sparse"” point cloud

At the second stage, the program has built a dense point cloud, using the calculated camera
positions. At the third stage, a polygonal model is constructed using a dense point cloud (Figure 6).

RS

(@) (b)
Figure 6 — (a) Obtained dense point cloud, (b) Polygonal model

At the last stage of work, having created a texture, we obtained the final model of Figure 7.
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Figure 7 — Variations of textured 3D theater model

Conclusion

At the end of the research work, it can be argued that the construction of a 3D model of a city
object (theater) in the Agisoft PhotoScan Professional program showed decent results. This method
of photogrammetry, based on the processing of digital photographs, took the least amount of effort
to create a 3D model of the object, however, it requires high technical characteristics for image
processing for the used computer equipment. When receiving digital photographs, it is necessary to
follow a number of conditions, namely: a photographic scheme for photo-modeling of an object as in
Figure 4.; take pictures with overlapping frames; playing photos in a spiral; selection of weather
conditions (without hitting the frame with elephant highlights); to bind the restored 3D model in a
relative coordinate system, it is necessary to memorize or place ground markers within the scene.
This method of constructing a 3D model of objects based on digital photos also allows the export of
the obtained point cloud to various systems. The digital models produced by this method in Agisoft
Photoscan are fully compatible with GIS and CAD.
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In this paper, we study discrete net spaces n, ,(M), where M is some fixed family of sets
from the set of integers Z. Note that in the case when the net M is the set of all finite subsets of
integers, the space n, ,(M) coincides with the discrete Lorentz space [, , (M). For these spaces, the
classical interpolation theorems of Marcinkiewicz-Calderon are known. In this paper, we study the
interpolation properties of discrete network spaces n, ,(M),in the case when the family of sets M is
the set of all finite segments from the class of integers Z, i.e. finite arithmetic progressions with a step
equal to 1. These spaces are characterized by such properties that for monotonically nonincreasing
sequences the norm in the space n, ,(M) coincides with the norm of the discrete Lorentz space
L, 4(M). At the same time, in contrast to the Lorentz spaces, the given spaces n, ,(M) may contain
sequences that do not tend to zero. The main result of this work is the proof of the interpolation
theorem for these spaces with respect to the real interpolation method. It is shown that the scale of
discrete net spaces n, ;(M) is closed with respect to the real interpolation method. As a corollary, an
interpolation theorem of Marcinkiewicz type is presented. These assertions make it possible to obtain
strong estimates from weak estimates.

Let S be the set of all finite sets of indices from Z™. For a fixed set M c S we define the space
Npq(M) (0 < p,q < ) as the set of sequences a = {a;; }mezn With quasinorm for 0 < p < o, 0 <
q <o

1

. .
Ity = (T k2 @07
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andforqg =00,0<p

1
| a ||np,°o(M)= sup kra, (M),

1<k<oo

where
_ 1
G, (M) = supe € Mle| > k—|Zmee ml,

where |e| is the number of indices in e.

These spaces were introduced in [6], and they were called net spaces.

Net spaces have found important applications in various problems of harmonic analysis,
operator theory and theory of stochastic processes [1, 2, 3, 9, 10, 7, 11, 8]. In this paper, we study the
interpolation properties of these spaces. It should be noted here that net spaces are in a sense close to
the discrete Morrey spaces:

mh = fa=@dier supsup L (BKF la )P < ol
In the case when a = {ay}kez, ar > 0,forA=n (1 — ;)
@ lln, on=la 2.

The question of interpolation of Morrey spaces was considered in the works [12, 5] and it was
shown that this scale of spaces is not closed with respect to the real interpolation method.

In this paper we show that if M is the set of all segments from Z the scale of spaces is closed
with respect to the real interpolation method, i.e. the following relation holds

(Moo (M)'npl,ql(M))g_q = Np g (M). 1)
Let (Ay, A;) be a compatible pair of Banach spaces [4]. Let
K(t,a; A9, A1) =K(t,a) = a=££-f+a1(” ag lla,+t 1l aq "Al)’ a€A,+ A,
be the functional Petre. For0 < g < 0, 0< 8 < 1

© — dt
(Ao, A1)e,q ={a € Ag + As:ll allapay)g,= (, @ K (t, a))qT)l/q < oo},

and for g = oo
(AOJAI)Q,q = {a (S AO +A1: ” a ”(AO:Al)G,q_ Stlp t— BK(t a) < OO}
<oo
Theorem 1. Let1 < py < p; < @and 0 < gy, q4,q < 0. Let M be the set of all segments from
Z. Then

(Mpo.q0 (M), M, q, (M) g,q = 1p,q(M),
where 2 =222 ¢ i, 0 € (0,1).
P Po P1
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Abstract

In this article, the application of virtual reality media technologies in the educational process is substantiated, the
content of the educational and methodological complex is developed. Examples of tasks aimed at involving students in
the process of teaching three-dimensional graphics and modeling, the formation of their professional competence, based
on the study of the Unity3D, Twinmotion and 3d max virtual reality environment are given. The inclusion of the study
of the basics of 3D modeling in the general educational process outside of educational activities opens up wide
opportunities for students to create fundamentally new products of labor, mastering new peaks in the study of modern
technologies. Students gain practical knowledge in the field of modeling and parametric design, develop their own
engineering and technical projects, develop engineering and technical abilities and ensure their competitiveness in
professional areas of technical orientation. The development of a program for such a course is an urgent need due to
rapidly developing, rapidly changing technologies

Keywords: 3D modeling, technology, communication, visualization, information, animation, design.

Introduction
In the modern world, education is considered as the main factor of stability and development of
society. In the new model of progressive development of society, the leading direction will be the
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development of the quality of human capital (education, professionalism, morality, culture), as well
as the quality of education systems [1].

The use of 3D modeling and animation in education provides teachers with new learning tools.
These tools help students easily perceive educational material, increase their motivation, and quickly
master a large amount of knowledge. In fact, 3D helps to gain experience in several subjects, which
makes it necessary for teachers to use new technologies to introduce modeling into the educational
process [2].

Education:

Formation of an idea of the basics of 3D modeling;

* Master the basic tools and operations of working in an online 3D modeling environment;

* Study of the basic principles of building three-dimensional models;

* Create models of objects, parts, and assembly structures.

A necessary condition for the implementation of the course is the use of the methodology of
project activities with children. The result of the course is the final draft of the 3D model presented
in the final lesson.

Expected results
After completing the course "fundamentals of 3D modeling” at Twinmotion, students should
master modeling skills in the Twinmotion environment.

Materials and Methods

Mastering modern knowledge is a successful work in many types of practical and theoretical
activities closely related to the management of spatial images. Ideas created on the basis of 3D models
have a different psychological character than those created on the basis of the perception of visual
images of certain objects [3].

Modern information technologies allow us to display a variety of visual information in three-
dimensional space. The greatest amount of information about the surrounding world is perceived by
the visual eye. To achieve maximum accuracy in the perception of information, it is necessary to
ensure visual perception as close as possible to reality.

Examples of using 3D technologies in education:

* helps to reveal complex topics and lessons, lectures;

* students create their own VR apps and 3D videos;

* students create 3D projects;

* special technologies (for example, the development of creative abilities).

In fact, 3D helps to gain experience in several subjects, which makes it necessary for teachers to
use new technologies that later appear in order to introduce modeling into the learning process.

The chemistry lessons, you can show in more detail the reactivity and properties of chemical
elements and their inorganic compounds.

The physics lessons, students clearly see how different forces affect each other or how light rays
passing through the lens refract.

The geometry lessons, converting objects from a two-dimensional plane to a three-dimensional
plane and working with them makes it easier to interpret complex elements.

The geography lessons, students may feel like they are in the depths of the ocean when the
teacher shows them the appropriate images. These are some academic disciplines that require the use
of 3D technology.

Visual representation of an object can be obtained by studying the object itself or its physical
model, as well as by displaying them with multimedia tools (electronic posters, video clips,
animation, etc.), including computer (virtual) 3D images. An important feature of three-dimensional
models is the ability to change the properties of both the component elements of the model and the
entire model, depending on the needs of the developer. Thanks to this, you can change the location
of individual elements in space, change their appearance, use additional objects, and so on.you can
create not only static graphics, but also complex spatial animation, as well as show the processes
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(including hidden ones) that occur both on the object and inside it. This leads not only to a significant
increase in the visibility of the material, but also to a significant saving of time when studying. In
addition, modern technologies allow you to get photorealistic graphics based on the model, which are
not inferior in quality to photo and video materials.

The main results can be obtained when using 3D modeling:

For teachers:

* saves time devoted to explaining educational material;

* the teacher's work with ICT will be rational;

* increases students ' interest in the subject.

For children:

* ability to perceive information;

* development of spatial imagination;

* increase learning motivation;

* ability to analyze;

* promotes systematization of knowledge.

Both abroad and in our country, experiments prove that students have successfully mastered the
fundamental concepts of 3D modeling, which helps to form the student's worldview concepts. The
new generation will master technical innovations faster and more easily than the old, for them it will
be much easier and more interesting to master the material, especially the perception of such topics
as "new technologies” from an early age, because, as everyone knows, the new generation will always
follow rapidly changing trends.

Mastering software for 3D modeling contributes to the fact that a person is always in demand in
the labor market.

Currently, there are many programs for working with 3D graphics. It is important that the child's
motivation is not lost in the early stages of exploring the 3D world after getting acquainted with their
inner world.

In the future, learning the basics of 3D modeling can have a negative impact, as it will be
necessary to change the established attitudes and habits, which will significantly complicate and slow
down the learning process.

Orientation of a person in time and space is a necessary condition for his social life, a form of
reflection of the surrounding world, a condition for successful cognition and active transformation of
reality.

The analysis of the studied phenomena and objects, which allows us to determine the properties
and characteristics of objects that are not observed experimentally based on the use of three-
dimensional models, is becoming increasingly important in mastering knowledge. For this reason, in
the form of knowledge, there is specific information about individual topics and a description of how
to obtain specific data. In mathematics, students get acquainted with algebraic methods of solving
problems that differ in the plot, methods of converting geometric objects, as well as mastering their
features and properties.

Based on the analysis of the literature, it was concluded that the topic of 3D modeling and
prototyping is considered superficially in the school computer science course and little time is devoted
to it.

3D modeling is an important, advanced and popular industry in the information technology
industry. Without three-dimensional design, it would now be impossible to make any significant
production or Fantastic Film. Due to the relevance of this direction, a number of narrow and widely
specialized software has been created. Architects often resort to layout construction to more
accurately represent the construction of a building.

The selection of the software tool for three-dimensional modeling was carried out according to
the following criteria: paid, free service; the presence of a Russian-language interface; the speed of
work, the range of tools; the availability of materials and definitions; the ability to create individual
shapes and models; learning to print on a 3D printer.

The best programs for 3D modeling and work are:

120



Twinmotion is a program that provides real-time 3D Architectural Visualization for specialists
in the field of architecture and construction.

Twinmotion is based on the Unreal Engine platform, the power of which corresponds to an
intuitive interface controlled by icons.

Twinmotion allows you to easily create high-quality images, panoramas, or 360°videos in
seconds.

The user is given the opportunity to change scene elements, change the months and weather, set
the correct time of day, create a landscape, add animation to characters, animals and plants, and
distribute artificial light and ambient sounds to the scene.

Ease of mastering the program

The simple and intuitive interface makes Twinmotion very easy to learn and use, regardless of
the size and complexity of your project or skills. Place different light sources, materials, and supports;
adjust the season, weather, or even tree growth.

Multidimensional views

The Twinmotion library allows you to animate not only static props such as furniture and stones,
but also stage sound effects, moving people and animals, and detailed plants.

Single tool

Create simple images, panoramas, classic and impressive viewing videos, as well as simple
interactive presentations to share in seconds. All this with the support of the most popular virtual
reality headsets from the Twinmotion scene, Twinmotion can transfer you from BIM to VR in
seconds.

Twinmotion = a X

Figure 1 — Animation view of Twinmotion

Currently, a high level of training of technical specialists is required. One of the problems that
arise when mastering technical specialties is the need to obtain deeper and more versatile knowledge
in a relatively short time. In this regard, there is a need for intensification of education, presentation
of educational material in an accessible form, activation of attention to the basic laws, demonstration
of the connection of the studied with real tasks.

Modern trends in the development of education they are based on the intensive use of computer
technologies, which are designed to improve the efficiency and quality of training. It should be noted
that the purpose of education is to teach not only the subject, but also information technology. The
use of computer technologies in education develops skills and abilities that are attractive to employers
and create conditions for professional growth.

Computer modeling is used in cases when it becomes necessary to replace a full-scale experiment
with its model simulation in order to study processes of various nature based on their modeling.
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Simulation models are created in such a way as to most fully reflect the logic of real equipment, the
logic of real processes, and, unlike a full-scale experiment, allow:

- focus the attention of trainees on the features of the process being studied, excluding
insignificant details;

— display physical phenomena that are difficult to reproduce in a real laboratory experiment;

— increase students' motivation to learn by creating models that allow them to consider physical
processes "from the inside", to make changes in the course of the process;

—carry out visualizations of fundamentally unobservable phenomena in a laboratory experiment.

Computer modeling is rapidly becoming an effective learning tool. It includes visualization,
interactivity, helps students develop abilities in building models and understanding scientific
concepts. In addition, the simulation experiment can be made adaptive, that is, configurable
depending on the capabilities of the learner, which allows you to implement the principle of
individualization.

The demonstration of the studied objects and phenomena can be carried out frontally, ensuring
that the experiment is shown to a large audience. The visual model is a set of software tools that allow
you to simulate the work of the studied object and its individual components. As such a means for
creating visual models, we offer use the Unity graphical tool, designed to create interactive and
multimedia applications.

Unity is a professional multiplatform game engine and integrated powerful game editor, created
from the very beginning to facilitate the creation of animations. This engine is something like a
constructor, as there is an excellent editing environment with a user-friendly interface that allows you
to create animations visually. Object properties are set up quickly and simply to assign textures,
sound, behavior, scripts, etc. it is enough to perform a few mouse clicks [4].

Unity contains the full set of qualities of a professional application:

— integrated editor. All actions are performed through a simple user interface;

— import of resources. Unity supports all major file formats and almost all graphics creation
applications;

— graphics. Unity has a highly optimized graphics pipeline for both DirectX and OpenGL,;

— shadows and light. Soft real-time shadows and baked light maps;

— shaders. Unity shader system combines ease of use, flexibility and performance;

— scripts. JavaScript, Boo (Python dialect) and C# based. NET with libraries and great
documentation.

—working with the network;

—audio and video. Mixing real-time 3D graphics with streaming audio and video;

— documentation. There are step-by-step lessons, documentation and sample projects;

— one-click placement. Unity supports a wide range of applications.

Unity is a game development environment. There are many platforms for creating games in the
world, but this one has always had a lot of fans, especially among novice game designers. This article
explains why everyone likes Unity and what features it has.

Visual Editor

Unity is immediately bundled with the development environment. This is both a code editor, and
working with graphics, and the logic of the behavior of objects in the game scene, and everything
else.

The peculiarity of this editor is that all this can be done and configured right during the launch
or testing of the plot. For example, if you didn't like how the car in the game reacts to puddles, then
you can correct the desired parameter without leaving the scene and immediately see what has
changed.
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Figure 2 — Game view in the program Unity

Three-dimensional and technical modeling. The game engine perfectly copes with tasks like
three-dimensional modeling of objects from the real world. After you assemble the model and set the
desired properties, you can see how it works in different conditions, including in motion.

Modern graphics

In games, it is important that the picture on the screen looks nice and does not create a feeling of
artificiality. Unity has a built—in real-time rendering engine, which means that the image changes
immediately as soon as you make a change.

Unity also knows how to work with global light, knows about ray tracing and reflection physics,
which allows you to create realistic graphics. To make it all work quickly, the engine supports the
API of all popular video card manufacturers and technologies: Vulkan, iOS Metal, DirectX 12,
NVIDIA VRWorks and AMD LiquidVR.

Ready-made physics and object interactions

Unity already has ready—made physics and templates for creating your own rules - you can
immediately use them in the game. The engine already knows that if you put a box on the slide, it
will slide, turn over and stop, and the ball in the same situation should just roll on.

JavaScript and C# scripts

One of Unity's strengths is JS and C# scripts. You don't need to learn the built—in scripting
language with its logic and limitations - you just take either of these two programming languages and
write what you need.

You can hang anything on the scripts: the appearance of enemies from around the corner, the
contents of a treasure chest or the answers of a minor hero. If you know how to program, you can
make as complex and interesting a game as you want yourself.

The Unity graphical tool allows you to master the basics of the programming language, and then
create visual models of any processes and objects. It is useful to use such models as illustrations
during lectures and practical classes to improve the perception of educational material. Such
illustrations develop model thinking and focus students' attention on the phenomenon under study,
for example, from mechanics, aerodynamics, optics and other fields. When performing laboratory
work, students can independently introduce additional objects, impacts and observe how the nature
of the process under study changes when its parameters change [5].
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Models created with Unity can be played inside the browser thanks to the Unity Web Player
Plugin. The size of the plugin is small (about 3 MB), its installation is simple and does not cause
difficulties. The plugin works on all modern browsers, including Internet Explorer, Firefox, Safari,
Opera. The possibility of placing the model inside the browser and, consequently, on the website
allows students to independently study the educational material or repeat it, which also opens up
additional opportunities for students studying in absentia or remotely.

Thus, the use of Unity allows you to implement intensive methods and forms of learning,
increase the motivation of learning through the use of modern means of processing audiovisual
information, increase the level of emotional perception of information, form the ability to implement
various forms of independent learning activities [6].

Unity opens up new horizons in learning.

A new generation of educational technologies should allow students to plunge headlong into
interactive worlds, explore complex scenarios and concepts in completely new ways.

Interactive and immersive learning

Multiplatform: it is enough to develop an application once and release it on all supported
platforms, including the latest VR and AR technologies.

Innovations: allow us to consider complex processes in practice, explore ideas in a new way and
achieve better learning outcomes compared to traditional approaches.

The latest technologies: training models accelerate the learning process, make it safer, reduce
equipment costs and increase the efficiency of knowledge acquisition.

In the era of computerization, when it is necessary to use information computer technologies in
the field of education, there is a problem of finding the necessary educational materials and programs
that create these materials. This problem can be solved using the 3D Max program. 3D Max is the
market leader in three-dimensional modeling, animation and visualization software. The 3D Max
architecture allows animators to take advantage of the use of more than a hundred plug-in applications
to quickly and easily add impressive effects. In addition, with 3D Max, they can create their own
modular applications to give their creations a unique look [7].

The program 3ds max belongs to a group of programs for three-dimensional computer graphics
or 3d graphics (3-Dimensional-3-dimensional) and is designed to synthesize separate images that are
reflected in real life or in a fictional world with photographic character and quality , as well as
simulate scenes that show the action of objects, called animation.
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Figure 3 — Visualization in the program 3ds max
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One of the indispensable software tools for creating skeletal animation of characters in the field
of animation is the 3ds max program. This program is one of the most popular packages in 3D
modeling and animation. With the help of the 3ds max program, it is possible to create a three-
dimensional model of any object, analyze the method of object modification, have a deeper
understanding of the principles of direct and reverse kinematics and animation, as well as implement
a natural symbol with the addition of optical effects in vidiomontages, visualizing the scene [8].

The 3D max program allows you to create and edit three-dimensional objects and animate them
using various commands you can change the shape of these objects. In 3D Max, there is only one
limit-this is our imagination. There are many possibilities in three-dimensional graphics. This
program is used in various fields, especially for designers and webmasters. Webmasters use the
program to create images and banners. In the same way, you can create various other objects: projects
of large buildings, fountains, etc. After getting acquainted with the 3D Max program and modeling
theory, you will learn how to create standard and extended polygons, as well as install various
modifiers on them. Applying modifiers to common objects is one of the easiest modeling methods.
To model complex objects, you can use the lofting method. The lofting method is performed by two
Splins, the first is the contour of the horizontal segment of the object, and the second is the path of
the object. Some programmers do not support the lofting method, because when installing the material
and structure on an object, they may have a defect. In addition, logical operations can be applied to
objects. This type of modeling involves two or more objects. Finally, they merge into one object
according to the selected mode, and only intersecting sides remain, or one object is cut off from
another object. Today, the most common method of object modeling is implemented by the main
methods-network and polygon modeling commands, which are implemented by changing the
networks and polygons of the object.

As a result of the analysis of the capabilities, advantages and features of the software tools
discussed above, the choice in favor of the Twinmotion program was made. This program is fully
suitable for teaching children of primary school age to the basics of 3D modeling. This program
allows you to gradually explore the main features. | think that modeling with Twinmotion, creating
3D models will be a fun and exciting game. Thus, 3D modeling plays an important role in the learning
process in many subjects, such as biology, mathematics, physics, and chemistry. It is necessary to
learn modeling from the level of primary education from an early age children begin to develop spatial
imagination. Children are motivated to learn, learn such important skills as analysis. In the future, 3D
modeling will help complex disciplines such as architecture and design, mechanical engineering,
archaeology and geography, Medical Modeling, Fine Arts, and more.

The use of three-dimensional (“three-dimensional” or 3D) models of real-world objects is an
important means of transmitting information, which significantly increases the effectiveness of
training, and can also be an excellent illustration during reports, presentations and advertising
campaigns. Three-dimensional models are a mandatory element of modern vehicles, architectural
structures and interiors. One of the most interesting applications of 3D computer graphics is special
effects in modern art and documentaries.

The 3D modeling Basics program at Twinmotion develops children's abilities for creative
activity, accumulates and systematizes the acquired knowledge, teaches them to express their ideas,
form their own attitude to the problem and ways to solve it. In the process of developing the program,
children learn to work in a team and acquire communication skills.

Technical achievements and social changes in the world engineering service imposes new
requirements on education. Effective assimilation of educational information requires an
understanding of graphic images of technical objects and processes, the ability to navigate in modern
technical systems [9].

The inclusion of learning the basics of 3D modeling in the general educational process outside
of educational activities opens up wide opportunities for students to create fundamentally new labor
products, to master new peaks in the study of modern technologies. Students gain practical knowledge
in modeling and parametric design, develop their own engineering and technical projects, develop

125



engineering and technical abilities and ensure their competitiveness in professional areas of technical
orientation [10].

Conclusion

* Knowledge of the basic principles of three-dimensional design;

* Mastering the skills of creating 3D models;

* Possess planning skills.

The main computer science course focuses on 3D modeling or working in a specially designed
modeling environment. Theoretical problems of modeling are mainly considered in grades 10-11,
where among many models, as a rule, there are no more than three types, i.e. modeling as an object
is taught only in the computer science course for higher grades.

At all stages of training, priority is given to modeling as a learning tool, taking into account that
training itself is an information process. Information modeling as a means of cognition is shown to a
lesser extent in existing computer science courses. This is mainly due to the consideration of modeling
as a method of scientific research in solving problems in a computer. Modeling is given the least
importance as an object of research. Basically, this aspect is reduced to the introduction of the
concepts of "model"” and "modeling”, the consideration of models of different types. The model as a
new object is mentioned in a number of textbooks, but mainly at the level of declarative statements.
Therefore, | think it is necessary to develop a modeling system not only for school educational
programs, but also a methodology for teaching the basics of 3D modeling in institutions of additional
education.
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Abstract

The problem of determining a function through the integral of a function along the family of curves with a known
weight function is considered. Under fairly general assumptions about the family of curves and the weight function, the
problem reduces to the inverse problem for a differential equation. The stability and uniqueness of the solution of the
discrete analogue of this problem on the space of sufficiently smooth functions is estimated. Due to the absence of a
theorem of the existence of a solution, the concept of conditional well-posedness of the problem is used in the work,
namely, it is assumed that the solution of a finite-difference problem exists. The results obtained are based on reducing
the problem under consideration to a boundary value problem for an equivalent second-order partial differential equation
of mixed type. Information about the solution of the set finite-difference problem is given both on the boundary of ' and

in some of its & - neighborhood, which is due to the presence of certain kinds of singularities. When proving the stated
theorem on estimating the solution, a technique is used, which is based on the use of a special factor.

Keywords: inverse problem, boundary value problem, mixed type equation, stability estimation, finite-difference
problem.

Introduction

The problem of restoring the function is closely related to the theory of differential equations and
mathematical physics, geometric analysis and has numerous applications in mathematical study of
seismic exploration problems, interpretation of geophysical observations data, in solving astrophysics
and hydroacoustics inverse problems.

V.G. Romanov obtained uniqueness theorems and estimates of conditional stability of solving
integral geometry problems for a fairly general family of curves on the plane [1].

For linear and nonlinear problems of integral geometry in the circle of some regular curves, R.G.
Mukhometov showed the unigueness theorem and stability estimation in the space of plane functions
[2]. These results are based on the reduction of integral geometry problem to the boundary value
problem of a second-order partial mixed type differential equation.

Study of the uniqueness of the solution of integral geometry problem with its reduction to an
equivalent inverse problem for a differential equation was carried out in the paper [3].

Materials and Methods
Let, U(x,y) eC?*(D) and

V(r.2)= [UxY)p(xy.2)ds; ye0l], ze[0l]. (1)

K(y.2)

The problem of integral geometry (1) consists of determining a function U (x,y) from given
curves K (7, z)and functions V (», z) in the domain D [4].

If a family of curves K (y,z) is satisfied with certain conditions [2], problem (1) is reduced to
the following boundary value problem:
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here p(x,Yy,z) - known function, D - a plane bounded by simply connected domain with a smooth
boundary I'":

x=¢(2), y=n(2), z€[01], £(0)=<&(1), 7(0) =#(l),

where
Z - length of the curve T

Q=M. 1), 2): 20,11}, @=Dx[0I]; B
K(x,y, z) - part of the curve from the family K (y, z) connecting the points (X,y) € D
and (£(2),7(2)),

Wxy.2)= [ UY)p(xy,2)ds,

K(xy,2)

A(x,Y,z) - angle of the tangent to the curve K(X,y,z) through the point (x, y)with the

X axis, s - length of the curve.
Suppose that the conditions for reducing problem (1) to problem (2), (3) are met for the domain
D and the family of curves K (y,z). Assume that any straight line parallel to the axis OXor Oy
intersects the boundary of the domain D at two points.
Let the pointsa;, b, (i=1,2), the grid steph;(j =1,2,3), the numbere, and the sets be

D°, R,, D,, Dg, T}, A;, € defined as in the paper [7].
Further, we assume that the coefficients and the solution of the problem (2) - (3) satisfy the
conditions as follows:

W (X, Y, z) e C3(Q°), 8(X,y,2) eC*(QY°), OF -D’ x[0,1], (4)
p(x,y,2)eC*(Q), p(x,y,2)>0, 88_429> a—p'l‘ 5)

oL p

Let's set the following finite-difference problem: find a function (pi'fj that satisfies the equation

0240, 8] <0 @i, sk <0, ©
C yC |,

X

and boundary conditions

O ()= F5(2), (@ +ily,ay+ jh) €Ay, k=1, N, -1 )
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cDi(,)j (Z):(pi’,\ljs(z)’ (a,+ih,a,+ jh,) € Dy, (8)
here

O = D(x,,;,2,) = Dla, +ihy,a, + jhy, kh),

Dy = By~ Pryg) | 20, By = (@ g =By ) 2D,

fk+l_ k
f =t M A=cosd(z), B=sind (2)
7 h3 I} i,] ! 1] !

9|k1 =0(a +ih,a, + jh,,khy), C:pilfj = p(a, +ih,a, + jh,, khy).

1
Note that the derivatives 9,,w,,,W,, W, have specifics of the type [(x— E(2))” +(y —n(z))ZP

in the neighborhood of any point of the type (£(z),7(z),z), so the information about the solution is
given both on the boundary T"and in some of its & neighborhood [2].

Results and Discussion

Theorem. Let the (a +ih, a, + jh,,kh;) € Q); function CDI"J satisfy relations (6)-(8) for all.

Suppose that the solution of problem (6)—(8) exists and in addition

D,

Xz

D,

yz

<c,

<c, (9)
where c, - an arbitrary constant, forall N,, j=1,2,3

CZ

(AB, - AB) - c

>[>0. (10)
Then there is a positive constant P such that for all there N; > P, j=1,2,3is an estimate

Z(CDOZ +CI)02j hh,h, < CZZ(FOZhth +Fhh, +F/ (h + hz)h3j+c1h32 , (11)
Qﬁ X y Aﬁ X y

in which ¢, depends on the functions p(X, Y, z) and the family of curves K(y,2).

Proof. Using the methodology proposed in the works [5] - [7], we multiply both parts (6) by

2C (—BCI)o +AD, jg and write the resulting equality in the form 1, +1, =0 where

X y /)07
I =1, =C|-Bd, + AD, CIDUA+CDOE =0.
v X y xC y C |,

Using the formula
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(uv), =uv, +u,v* +hyu,y, (12)

convert I, :

c{oam a0, 20,20, -
fe{msm)]| (808
oo, a0, ]| [ 2oy 8o, | <

Given the formulas
u u v —u'y,
v, T
Z
(12), equality (6), as well as D =2AB =sin209, E = A?> —B? =cos 26, and

DD, =1(q>2j —Ecbz, DD, _1f g _Eq)z
X Xz 2 9 z 2 > y ¥z y 7 2 fz

opening the brackets in I, and I, we get
L+I,+I,+I,+1,+1,=0, (13)

where

I,= %{@f {(ABZ ~AB)+ D%}— 20, ME Gy
X Xy

o [vo-ro-og]}
C

2
I, = %{(@0“) {(ABZ -AB)+D %} - 20/ DE =+ +

y

2 CZ
+; {(ABZ ~AB)- DE},

h? cl n C
I,=—=@?| (AB,-AB)+D -2 @?| (AB,-AB)-D=2 |+
-5t 8- aB) D E |- Bz | he, - a0

+@?(A B+ ABC,)o(h,) + ®2(AB, - ABC,)o(h,) +
X y

+@,d ' B*C,0(h,) + DB A’C,0(h,),
Xy y X
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ok ok ck
I, = @§¢§BBZ (1— Ck+1j+cbg@;AAz (ck“ —1j—h3@0(p0 [AAZ +BB, }r

Xy Ck+1

y xz

k
+h,@, @, (AAZ é:k*l + BBZ],

I :K—@JB+¢OA)[¢0A+¢OBH ~ 2D, + DD,

y X y X yz y xz

z

I, =h,®’AB, &+h§@0@0 ABZ&+ h.@,@, AA, & h,®,@,BB &
X C X Xz C Xy C Xy
—hchOcDOAAZ&+ h’®,@, BB &—hSCDfAZB&—h;@OQDOAZBCZ
C y xz C y C y yz

z
X yz

Next, let us transform these expressions and evaluate them separately.
If the expressions I, and I, are considered as a quadratic form from @, and Oft, o'and @,

X y X y
, then their positive definiteness follows from condition (10).

Using the inequality

ax? +2bx +cy® > 2(ac—b7)

(" +Y?),
a+C+4/(a—c)” +4b

which holds for a positive definite quadratic form ax® + 2bxy + cy?®, we obtain the following

estimates
1, 2%_(ABZ ~AB)- % }{(@{ )2 +[¢§MT} (14)
14z%:ABZ—AZB—%](@5“)2{@;)2}. (15)

k

Given that [1— (?k*lj ~0(h,) and using the inequality |ab| < (a2 +b2)/2 we obtain an estimate

for the expression I;:
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S CEGEr
(o (i vom
{((pﬁk )2 + (Cbgkﬂjz + (ngk )2 + ((D;" ﬂ BB,o(h,) +
+{(<p§k )2 +((p§k*l)2 +(<1>§k jz +(<1>§k )2} AAZo(h3)}

Considering (10) and using conditions (9), we obtain an estimate for the expression I, :

(16)

I, <®2(A B+ ABC,)o(h,) + @2(AB, - ABC,)o(h,) +
X y

%{(@{ )2 +(¢;k+1)2} (A B+ ABC,)o(h,) +

{(@J )2 +(QDO"+1)2}(ABZ +ABC,) + (17)

y y

+{(d)§k )2 +((p§k+lj2} B2C,o(h,)+
J{(@;k )2 + ((pgk*l)z} AZCZo(hS)} +ch3.

2
From the formula (uv)o = u,v; +u,v, + %[uxvx |. it follows

2
(D"Q)O :|:CDOCD{| _Q)OQZ_%[QOQX} ’
0 Xy »

y xz y

X
X

2
00, =-| 0, | +a%odz+h—2[@odzy} .
X yz X Xy 2 Xy y

Then
I =[(—@B+¢0Aj CDOA+¢OBH - DD, +D,D, =
X y X y . X yz y xz

(%A+¢3Bj} +[¢3@Z} - (18)
|

Next, we will estimate I,:
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(ol ool o) o

Assuming that the functions A,B,C are sufficiently smooth bounded functions and considering
expressions (14)-(19), from (13) one can obtain

(19)

1

E[ABZ—AZB- ¢

2 2 2 2
S BECEEGECRIE

X X y y
h 2 2 2 2
S?K (cDO") +(cDOk+1) +((D°kj +(@0k+l) +R +ch;,
X X y y

where

— 2 2
R, = @@Z} _[@O@Z} —K@A+@OB)(-QB+@0AH +i[@u¢0} —h—Z[@quﬁo} .
ToLox T, y X y X y /], 2 w2 vy

0 y
y X

(20)

Z

Let |AB,—AB-

}2,8>0, N;>9, j=12 Kh3<§,i.e. since h3=NI— then

N, > 27}? , Where 3, K are arbitrary constants.

Then from (20) we get

Z(@f Jrgp;)hlhzh3 3%2 R +¢h7. (21)

o

From the last inequality (21), using conditions (7) - (8) and inequality| ab |< (a® +b?)/2, we
will obtain an estimate (11).
In the estimation, it is assumed that in decreasing of h, and h, parameter & can also decrease,

since ¢, does not depend on & (the parameter € was chosen solely to eliminate the features present

in original continuous problem). Therefore, the smaller the grid is the narrower the area in which the
feature is concentrated.

Conclusion

In this paper, we obtain stability estimation of a finite-difference problem solution for a mixed-
type equation, which is used to justify the convergence of methods for the numerical solution of
problems of geotomography, medical tomography, flaw detection and is of great practical importance
in solving multidimensional inverse problems of acoustics and seismology.
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Abstract

The study of dynamical evolution of exoplanetary systems is actual topic in astrodynamics and in celestial
mechanics. For today, more than 3,800 confirmed exoplanetary systems are known [1], and this list is growing rapidly.
Researching of dynamics of exoplanets in the non-stationary stage of its formation gives us the opportunity to determine
further evolutionary tracks. The influence of the variability of the masses of celestial bodies is explored on the dynamic
evolution of planetary systems, considering that the masses of bodies change isotropically with different velocities. The
laws of masses are considered be known and given functions of time. The differential equations of motion of n bodies
in the relative coordinate system are given in the works [2-3]. The methods of canonical perturbation theory are used,
which developed on the basis of aperiodic motion over a quasi-conical cross section [4] in analogues of the second
Poincaré system of variables. The obtained canonical equations of perturbed motion [5] are most convenient for describing
the dynamic evolution of planetary systems in the case when analogues of eccentricities and analogues of inclinations of
the orbital plane are small enough. The Wolfram Mathematica package is used in the expansion of perturbing functions
into series. Secular perturbations of Poincare elements are defined as solutions of a system of 4n linear differential
equations. As an example, we consider the two-planet exosystem HD 106315 (spectral type F5 V) [6] in the non-stationary
stage of its evolution. To find secular perturbations, it will be necessary to solve a system of 8 linear non-autonomous
differential equations. The obtained equations of secular perturbations are studied by the numerical method.

Keywords: dynamical evolution, canonical perturbation theory, variable masses, Poincaré variables, secular
perturbations, evolutionary equation.

Introduction

The research of the dynamic evolution of planetary systems is one of the fundamental tasks of
celestial mechanics and astronomy, and has become a more relevant topic after the massive discovery
of exoplanetary systems. At the moment, there are more than 5,000 confirmed exoplanets, and more
than 3,800 planetary systems. There are also 8,912 unconfirmed candidates [1]. These figures indicate
that studying the dynamic evolution of exoplanets and the influence of varying in the masses of the
parent star on a non-stationary stage in their development is a problem that requires special research.

To research the formation and orbital motion of exoplanetary systems, it is necessary to study
the influence of the varying in the masses of celestial bodies on the dynamic evolution of planetary
systems. The research the dynamics of exoplanets on the non-stationary stage of its formation gives
us the opportunity to determine further evolutionary tracks. We investigate the influence of the
varying in the masses of celestial bodies on the dynamic evolution of exoplanetary systems,
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considering that the masses of bodies change isotropically with different velocities. The motions are
studied in a relative coordinate system, with the origin in the center of the parent star. The methods
of canonical perturbation theory, which developed on the basis of aperiodic motion over a quasi-
conical cross section [4] in analogues of the second system of Poincare variables are used here. The
system of dimensionless linear differential equations of secular perturbation of exoplanets with
variable masses is obtained in analogues of the second Poincare system.

Materials and Methods

1. Brief overview of works by other authors

Here is a brief overview of the works of other authors who are closely to our topic. The orbital
evolution of compact exoplanet systems 61 Vir, GJ 3138 and HD 39194 was studied in [7]. The
problem was considered in Jacobi coordinates and equations of motion in average elements were
constructed, which are used to study the dynamic evolution of planetary systems with small values
of eccentricities, inclinations and ratio of large semi-axes of orbits. Dynamic properties have been
studied.

In the paper [8] the dynamic evolution of planetary systems was considered on all stages of their
development and the features of the dynamic evolution of planetary systems were described,
depending on their type. The stages of the dynamic evolution of planetary systems were considered,
taking into account the loss of mass by a star during its stay on the main sequence and during the
transition through the stage of a red giant to a white dwarf.

In [9], the authors considered the long-term dynamic evolution of planetary systems. As a result,
it was deduced when the central star evolves that aging systems can become unstable, turning into a
white dwarf, and lose mass, since the relative strength of interplanetary interactions increases
compared to interactions between planets and stars.

In the paper [10] methods for calculating the complex tidal, rotational and dynamic evolution of
extrasolar planetary systems were present. One of them involves calculating the evolution of the one-
averaged specific angular momentum and the Runge-Lenz and spin vectors, and also directly
integrates any other orbits in the system.

In [11], the authors proved that non-gravitational perturbations affect the orbital and rotational
dynamics of asteroids in the main belt.

In [12], for a better understanding of the dynamics of some extrasolar planetary systems, the
dynamic behavior of a simplified model of the Solar system was studied, changing the mass of the
Earth using the mass coefficient.

In [13], the dynamic behavior of a particular case of a classical restricted three-body problem
was investigated. In this problem, the infinitely small body under consideration has a variable mass
according to Jeans' law.

In the article [14] investigates the dynamic evolution of orbits due to the pressure of solar
radiation. In [15], the evolution of planetary systems was studied. The averaged equations of motion
are constructed analytically up to the third degree with respect to a small parameter for the case of a
four-planetary system. The Sun—Jupiter—Saturn—Uranus—Neptune system was considered here.

In [16], the orbital evolution of the asteroids of the Phaethon cluster was studied, taking into
account perturbations from eight major planets, the dwarf planet Pluto, the influence of the Yarkovsky
effect, the flattened Sun and relativistic effects.

In our work, in difference from the above-mentioned works, the dynamic evolution of multi-
planetary systems is investigated, when the leading factor of evolution is the variability of the masses
of these celestial bodies.

2. Problem statement and differential equations of motion in a relative coordinate system
In this work, the problem of n (n>3) bodies with variable masses is considered. The laws of

mass are known and given functions of time

my=my(t), m =m(t), ... , m, =m, (t)
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The masses of spherical symmetric bodies change isotropically with different velocities

m m m m ) .
Qa1 ik jk=12,..n izk,
m, m m - m,

where:
m, =m, (t) - the mass of the parent star;
m, =m, (t)- the mass of the planet P,.

Differential equations of motion of n bodies with isotropically varying masses in a relative
coordinate system can be written as [2],[4]

oo (Mtm). fzn:'mk[rk i _f_k} (=120, (K=12....n) 1)

3 1 3
ri k=1 Aik rk

where:
f - gravitational constant;

. (x.Y;.Z;) - the radius-vector of the center of spherical bodies;
A, 1s mutual distances of the center of spherical bodies

Ay :\/(Xk _Xi)2 +(yk _yi)2+(zk _Zi)2 =Ay

The sign « '» in summing means that i =k .
3. The equation of motion in the osculating elements
The differential equations of motion of n planets (1) with isotropically varying masses in a

relative coordinate system is difficult. Therefore, using perturbation theory, we rewrite these
differential equations in the form

s (mym) o p - _ My (o) +mi(ty) _
ﬁ+fTﬁ—;ﬁ—F ; Vi = mOm© (1), 2)

where the perturbing forces
'Ei = grad,W,, W, =W + W, 3)

The force functions W, are decomposed into the main and the additional parts

-l 1 .-k _ T

ng - f; mk [Aik rk3 }’ WCI 27/i rl (4)

The resulting form of the equations of relative motion (2) is convenient for using the perturbation

theory, developed for such non-stationary systems [4]. The methods of the canonical perturbation

theory are used, developed on the basis of aperiodic motion over a quasi-conical cross section . If the

perturbing forces (3) equal to zero, then we obtain integrable unperturbed motions that describe the
aperiodic motion over the quasi-conical cross section[4],[17]
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fi Vi

The solution of the differential equation (5) is a similar solution to the classical problem of two
bodies with constant masses

X; =70, [cosu, -€os €2, —sinu; -sin 2, -cosi; |, a (1-e?)
P =116 cosq,’ (6)
Z=ypsinusini, L=yp, 4=6+a, p=a(l-¢),

Y; = 7,0, [cosu; -sin 2 +sinu;, - cos £, - cosi; |,

X; :(—‘+ﬁ X; + 7,0U; [-sinu, cosQ; —cosu, sin©, cosi; ],

Vi P R TR LT I

Pi=—7 gsing,

7 B o . iy ()
yi=| Z+2 |y, + 7o [-siny, sinQ, +cosu, cosQ, cosi |,

Vi P L].=i /uio'\/Fi

) ) P2 ,0-2 '
3 _(% P ] in I '
= = += |z, + 7o, [cosu; sini ],

Vi P

where:
o= f [mo (t,)+m(t, )] - gravitational parameter;
u; - an analogue of the latitude argument;
6, - an analogue of a true anomaly;
p, - an analogue of the focal parameter;
a, - an analogue of a large semi major axis;
e, - an analogue of eccentricity;
i; - an analogue of orbit inclination;
o, - an analogue of the pericenter argument;
£ - an analogue of the ascending node longitude;
t, - the initial moment of time.

Solution (6)-(7) was used as the initial unperturbed motion.
In the case of quasi-elliptical motion, the dependence of the analogues of the mean anomaly on
time

M, =n, [¢|(t)_¢|(7|)]

is determined taking into account the laws of mass change. Here n, - an analogue of the average
motion

n, = Y20 _ const
a.

At the same time, ¢ (t) — is the antiderivative function from expression

1 Z( my (1) +m, (1) ]
72 (1) L my(t) +m(t,)
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Accordingly 7, is a dynamic element, an analogue of the moment of passage through the

pericenter. We emphasize that in unperturbed motion, the average angular velocity is variable and
depends on the laws of change of the masses of the corresponding bodies

Mi =N (Lj:ni (MJ
7 (®) My (ty) + M, (t,)

In unperturbed motion, formally mathematically, the Kepler equation occurs, which allows us to
find coordinates and velocities as functions of time.

The constant integrations of the differential equation of unperturbed motion (5), in the case of
quasi-elliptic motion (e, <1), can be determined by the following six elements of quasi-elliptic motion

a, e, i, o, 2, ¢() (8)

In [4], using elements (8) as the unperturbed, a corresponding perturbation theory is constructed,
which we will use extensively in this paper.
For our purposes, analogues of the second system of canonical Poincare elements are preferred

Ais Ay Siv o P G
which are introduced according to the formulas
A =JuwoNay, A=l +x, 9)
ézJ&ﬁEJE@—JEEﬂC%m,nchAﬁEJa@—Jizaﬁm% (10)
p = sz Ja\J1-e? (1-Cosi, )CosQ, ¢, = —\/2Jy_m Ja \[1—€? (1-Cosi, )SinQ (11)

where
=M, =n, [¢|(t)_¢i(ri)]1 T =Q + o

Differential equations of motion of spherical bodies in osculating analogues of the second system
of Poincare variables (9)-(11) has the canonical form

I oN, 7N oA LA o4
P WLy : R _ oW, (12)
0¢; o¢; on; O,
_ORT oW, . _OR oW,
S T

where, the Hamilton functions

2
7 |
R' = : W tlA'l i’ 'Iﬂ’l i Mi
i 2A,2 7i2(t)+ |( |§| pl |77| ql)

138



Canonical equations of perturbed motion (12) are convenient for describing the dynamic
evolution of planetary systems, when the analogues of eccentricities and the analogues of the
inclination of the orbital plane are small enough. This means that bodies move near the equatorial
plane along perturbed quasi-conic cross sections with small eccentricity

e <<l , <1 (13)

When W, =0 from equations (12) it can be seen that the average longitude £, is an increasing
function of time and the other canonical variables A,7,,&,q,, p; remain constant.

4. Decomposition of the perturbing function

To write explicitly the right-hand sides of the equations of perturbed motion (12), it is necessary
to express the perturbing function (3)-(4) through the osculating elements (9)-(11). Expression W,
through the osculating elements is not difficult, its explicit analytical form is known [4]. The main
difficulties are represented by the expansion into a series of the force function W, of the Newtonian

interaction of bodies

W, = £>'m, [i-“';k) (14)
A,

through the osculating elements (9)-(11).
In the expression of the perturbing function (14), it is advisable to highlight the main and indirect
part.

oF 1 ©§-F o 1 o XX + Y Y +7;Z
ng=fzmk[A—— Bszmek(A—J—mek( Y ka
ik

3
I

=f ‘mk(i —f 'mk[WJ:lemk(i]_fz'mk ri'(izj'cog//ik .
k=1 Ay k1 e k1 A k1 T

We denoted the main and indirect part of the perturbing function (14) as

ng,rﬂ = f Z ‘mk [ALJ 1 ng,icocs == f i Imk (rl : [%)COS(V/M )J " (15)
k=1 ik

k=1 Iy

As in the classical many-body problem [18], the indirect part of the perturbing function (15) does
not contribute to the expression of the secular perturbing function. Therefore, to obtain differential
equations of secular perturbations in canonical osculating elements (9)-(11), it is sufficient to have an
analytical expression of the main part (15) of the perturbing function in terms of canonical
elements(9)-(11).

To obtain an analytical expression of the main part of the perturbing function (15), in canonical
osculating elements (9)-(11), it is necessary to have decomposition of the expression

(LJ C ik=Ll2.n %k (16)

These are very cumbersome and time-consuming algebraic computations that are calculated
using computer algebra. The Wolfram Mathematica package is used in the decomposition of
perturbing functions into series.
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5. Equations of secular perturbations

The equations of secular perturbations, which determine the behavior of orbital parameters over
long time intervals, are obtained from the equations of motion (12), if secular part of perturbing
functions is substituted instead of the W, .

*

R, ﬂizo oW

h=-t=h-——, A0,
oA 7 OA,
. R aw™ £ R _ o
" 0¢; 0¢; ’ . a77| on; ,
~ 6R 8Wi(sec) p ~ 6& ~ aWi(sec)
T op ‘e, aq
where
W_(sec) vy (sec) W (sec) W (sec) W (sec)
1 [o]] ci 1 [¢]] gl,r

The explicit form of the obtained secular equations of the many body problem with variable
masses is as follows

oS [ IO I, 5ty I 37.A°
=1 m| —tnp+——=L=n, |+f 3 m| Hnp+—sp | -,
Z AT A, kz AT AN 2nug

) i—1 HIS His n Hlk Hlk 37/1\3
=—f m i m kk g [l B =4
77| ; { '_AI A ] k;:L [ gl ,_ gk } 27/| /.l,20 i
=—f BIS i s f 3 Bik i _ qk 17
;m (41\ 4 /A, ] k;mk ' {4/\i 4JA A, } a7
— f BIS M + f C Bik i_ pk
Z_llm {4/\ 4./AA j k;mk ' [4Ai 4 AiAk}

. ' aW-(sec) .
A oA,

here, the index s indicates the inner planet relative to the investigated planet, and the index k
indicates the outer one.

Note that when the analogues of eccentricities and the analogues of the inclination of the orbital
planes of planets are small enough, the equations of secular perturbations (17) are convenient for
describing the dynamic evolution of planetary systems with variable masses.

For n planetary problem of many bodies with variable masses, the system of canonical equations
(17) is 4n linear non-autonomous equations with complicated coefficients. The explicit form of non-
autonomous coefficients in equation (17) is cumbersome, for internal and external perturbing planets
they are written separately. From the last equation of (17) follows

A, = const or a, =const

Note that 4, is calculated after integrating the other equations of the system (17).
Herewith, from the system of differential equations (17) split the system of canonical equations
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. i1 I I ¥ 37.A°
= f ms i + + f m i ik _ it .
- SZ=1: L A 4 JAA, J kzwll ‘ [ A VAIA nk] 27,44 ¢

n, Z_fi m
s=1

I Ik 3'7./\.3
ii 5 + f m Kk i+ g [ | -
( JAA ] kZIJ;l k{ A, \/AA ‘ 27/iui20

(18)
i qs 3 ik qi qk
b =—f S S B e |
Z;‘ ( 4\/AiASJ g‘lmk ' (4Ai 4, /AiAk]
S i . k| B P«
= f B | _ s k| M Pk
i Z‘m NN kzi:amk tlaa, afAA,

If, in the decomposition a series of expression (16), we resticte ourselves to the accuracy of the
second orders inclusively, relatively small quantities (13), then the system of equations (18) will turn
out to be a linear non-autonomous system.

Herewith, approximate formulas for the relationship of various systems of osculating elements,
as initial assumptions, have the form

& z\//Tiei CoS7, 1 z_inei sinz,, Aiei2 zfiz +77in tgm, =-n 14,

19
z\/A_isinii cosQ, G z—\//\_isinii sinQ,,  A;sin’i; = pP+q?,  t9Q =-q;/ p, 19)
The linearity of the system of differential equations (18) in the approximation (19) significantly
easies the study of the non-autonomous canonical system of differential equations of secular
perturbations (17) in the formulation under consideration.
Then, in turn, the resulting system of canonical equations (18) is divided into two separate
subsystems (for details, see [18]). The first subsystem defines the equations of secular perturbations
for eccentric elements

ITj; 3A]

: = e e
- f i ; ,
5 Z; m{ A +«/AA J kg.;lm ( A 1/AiAk "k] 24"

(20)
h=tm| My e gl g5 |1 kkz: g |+300
I s=1 I A A k=i+1 \/A A 27/|/Ll|0 I
The second subsystem defines the equations of secular perturbations for oblique elements.
i-1 n
- is qi qs ik q| qk
=—fY mB*| - — —f Y mB¥| - ,
Pi ; sl {4[\' 4 AiAS J k;]_ [4/\ 4 AiAk j
(21)

> P : wl P, p
Z S S A > mB¥| -t -
i 4A, 4 A A, S 4N, 4 AN,

6. Dimensionless equations of secular perturbations
In the evolutionary equations (20)—(21) we have transferred to dimensionless variables. The
following physical units of measurement are considered for the transition
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C=r=amt (ij:( ) a_*:% , m= T (22)

where;
t"- dimensionless time;
a’ - dimensionless distance;

m; - dimensionless mass;
Mg, =M, (t, ) =const - the mass of the parent star at the initial moment of time;

a, =a,(t, ) =const - the semi-major axis of the planet P, at the initial moment of time.
The value o, is defined as follows:

Mo = const (23)

3/2

w, =

Accordingly, the period of the planet P, at the initial time in Earth years is as follows

_2_71'_ 2 _an

T, a, - =const=Kk,. (24)

[0} fmy,

Then, using the relations (9)-(11), we can write

&= gi*( fm00a1)1/4 ) n = 77:( fmooai)u4 ) pi = pu*( fmooa1)l/4 ) Q= ql*( fmooai)ﬂ4 (25)
. 3"i/\i3 3y [\*i3
A, =T Ja Al T (26)

27i,ui20 : 2y, ﬂ*io

At the same time, dimensionless eccentric and oblique elements have the form
& = \/2\/;7*0\/5(1— J1-€’ )Cos;ri . o= —\/ZJEE(l— J1-€’ )Sin;zi, (27)
p, = \/2\/7;\/5« [1—e? (1-Cosi, )CosQ), ¢ = —\/2\/;1_;\/5« [1-€? (1-Cosi;)SinQ ,  (28)

A = /ﬂi*o\/g’ Mﬁ;u%:const (29)

00

Using the introduced notation (22) — (26) and the relations (27) — (29), we transferred to
dimensionless variables.
In equations (20)-(21), by dividing the left and right sides by a common multiplier

o, ( fm00a1)1’4 = const, we obtain the evolutionary equations in dimensionless quantities.

For convenience of writing, omitting the symbol (*), we rewrite equations (20)-(21) in
dimensionless variables in the following form

o[ T ) (M, T )
e AT JAA, = AT VAN, ‘ 27, My :
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__il s HIS ~ n H::( 3_7/('[\_'3
) ; ( J k;1 [ S+ \/ﬁng 2y, 1 P (30)

- ‘fTJ Sne(dho)

i—1
/ is| B pi Py
=>'mBff| L .
4 s (41\ k — [4A 4 AiAk]

s=1
At the same time, the expressions 117, TI¢, TII, TII¥ in equations (30) and the Laplace

coefficients retain their form. But, they are already dimensionless quantities.

Results and Discussion

As a particular case, the two-planet exosystem HD 106315 is considered and the evolutionary
equations are obtained. Secular perturbations of Poincare elements are described by a system of 8
linear non-autonomous differential equations.

We have explicitly obtained dimensionless evolutionary equations for the particular case when
n=2. The planet P, is affected only by the outer planet (s=0, k=2),and for the planet P, there

is only the influence of the inner planet (s=1, k=0).
The system of equations of eccentric elements consists of four equations

E(2)= (8" + ) -m(2)+ By (2),
n(2)=(-B-B")-&()- B & (7),
&(z)=B m(r)+ (ﬁ2“+ﬂ3) ,(7),
m(e) ==& () + (- - B)-& (7)

(31)

Similarly, we obtained a system of equations for oblique elements consisting of four equations

by (r)=-% -0 (7) + 8% - 0y (7),
0 (z)=p5"p ()= B* - py(7)
Py (z)=pBtay(z) = BE* -0, (),
oy (7)==4" pu(7)+ 5" pa(7)

(32)

The following notation is introduced in equations (31) and (32)

o _ M TG i _ Mg L BN ()
ﬂl - 1 ﬂZ - ’ ﬂ3 - 2 ’
JAA, A, 21 Y
B 21 kafk Bi¥ = 1 kai )
4 4 ’ 5 ’
AA, 4 A,
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. 91+l 31+ .
M =2 (98 +BY) - R P S G SN 1Y
8 8o, 16 8a;, 16
i 3 & 1_x 15a2+6 3 9 .
Hlk - _ Blk __Blk ik Clk _ Clk __Clk,
““Taq, 2 8a " 2a, * 87
i« 2ay, | dA B 2ay, cosAdA
By = zj 5 32 ! = 2_[ 5 32"
7(an) o(1+aj -2 cos A) 7(a7) o (1+ ey — 22, cos A)
ik 2a7, cos24dA
B, = 2J. 5 32!
(3 ) o (1+ af — 22, cOs A)
ik Z(ai7/i)2 i di i 2(a7/. T cosAdA
Co = 3_[ 5 52 ! G = 3I 5 512
7(ay) o(1+aik — 20 cos/l) 7(a7) o(1+aik -2a, cos/‘t)
« 2(an) * cos2Ad A « 2(an) T cos34d A
C, = 3I 5 52 ! Cy = 3j 5 2
7(a7) o (1+ay — 2a, cos A 7(a7) o (1+af — 20, cos )

where the conditions are fulfilled for the outer planet ( i<k)

7/.3_.
=211 —a (t)<]1.
ik 7kak alk()<

N

For the inner planet , the notation are as follows

is msH:z is msl_I:ls i 3A? ]/i” (t)
B = : B = Po=—0 77—
AN, A, Hio 7
i,s :l msBli’S i,s :1 msBli’S
Y4 AN 4 A

1

H:§=§(9855+B£S)—9(1+a) 21 . 3(l+ai§) 3

Ch+ioCh 4+ Ck+=Ck,
8, 16 8, 16

Is Is

H:Is — _Sa_is B(I)S _lBlis 15+6al5 CIS _ 3ais Clls _gcis,
4 2 8 2 8

cosAd A
(1+ 2_2 ¥
af —20,,c0s 1)

21

(1+ a’ —2a, oS /1)3/ : (ar, )2

2

is 57/5 T di is 23.5}/5
B = ; j B =
0

O =

s ay, | cos2Ad A
BE = j

/27

7(an) o(1+af 20, cosA)

is a ys T dA i 2(3.3}/3)2 f cosAdA
Co = 3 I 5 52! = 3 _[
7(a7) o (1+af 20, c0s A) 7(a7) o(1+ a2 - 20, cosﬂ,)



CIS

57/5 f cos24d A s _ 37’3 £ cos31d A
BJ . I

2 5/21 3 3 2 5
7(a7) o(1+a? - 20, cos ) 7(a7) o (1+ af - 22, cos A)

/2

where the conditions are fulfilled for the inner planet (s <i )

Further, the differential equations of secular perturbations will be investigated numerically.

Conclusion

Linear non-autonomous differential equations are obtained, defining secular perturbations of
exoplanetary systems with variable masses. These differential equations of secular perturbations can
be used for either n planetary problem with variable masses. The obtained differential equations of
secular perturbations can be investigated numerically. The obtained differential equations of secular
perturbations can be investigated numerically. The differential equations of secular perturbation for
the exosystem HD 106315 (spectral type F5V) were written explicitly.
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Abstract
Companions of the field of rational numbers and a real-closed algebraic expansion of the field of rational numbers
are studied. The description of existentially closed companions of a real-closed algebraic expansion of a field of rational
numbers refers to the field of study of classical algebraic structures. The general theory of companions and existentially
closed companions, built on the basis of Fraisse's classes in the works of A.T. Nurtazin, is included in the classical field
of existentially closed theories in model theory.

Keywords: companion, field of rational numbers, real closed field, algebraic field extension, algebraic element,
transcendental element.

Introduction

The theory of existential closure arose in the middle of the twentieth century in the works of one
of the recognized classics of model theory Abraham Robinson [1], [2], as well as in the works [3] —
[8]. Currently, it is one of the most significant and most developed areas of modern model theory. In
previous studies, the most basic form of the concept of companion theory, widely known in the theory
of existential closure, is introduced and studied. The criterion of the countable categoricity of this
companion theory was found. Some properties of existentially closed and forcing companions have
been studied [3] — [9]. Another promising approach to constructing the theory of existentially closed
structures based on Fraisse's works [6] is developed in [9] - [16].

Naturally, the development of the general theory of existentially closed companions should be
accompanied by the study of classical structures and theories. Historically, one of the classical
mathematical objects is the field of rational numbers and the field of all algebraic real numbers. The
work studies companion extensions of the named fields. This study is an example of studying a
classical object through an approach developed by Nurtazin A.T. and based on Fraisse classes.

The aim and objectives of the study

The purpose of the work is to describe the companions of the fields of rational and real numbers.
For this, for each of the named fields, companions of two types are described, namely, purely
transcendental extensions and subsequent algebraic extensions of purely transcendental extensions.
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Literature review and problem statement
Let: Q be the field of rational numbers; R is a real closed algebraic extension of the field Q ;

P[X], P(X) are, respectively, the ring of polynomials and the field of quotients over the field P of
independent variables X=(x,,...,X,). All used and not given definitions and designations are taken

from the monograph [15]. The basic concept of a companion: two models of the same signature are
called companions if for any finite submodel of one of them, there is an isomorphic finite submodel
in the other. Consider some basic companions of the field P . The class of companions of the field P
is denoted by C(P)|.

Obviously, purely algebraic field extensions are not its companions. In turn, the following
theorem is devoted to the first basic companions of the field, which are purely transcendental
extensions.

Materials and methods
The work uses classical algebraic methods for constructing transcendental and algebraic
extensions of this field. To describe a simple algebraic extension P(X)[x]/ f apurely transcendental

extension P(X) of the field P, as a companion of f , the set of zeros of the polynomial n is studied
and a method for recognizing the companions of the original field P is indicated.

Results and Discussion

COMPANIONS

Field of quotients

THEOREM 1. Let P have a field of characteristic 0. Then, the field of quotients P(X) is a

companion of the field P i.e. P(X)E C(P)].

Proof. Each finite submodel of the ring P is a submodel of the field P(X) . Conversely, let there
be a finite submodel F of the field P(X) , we can assume that F is given by a finite system of
equalities and inequalities (=), the right and left parts of which contain elements F and the
operations of addition and multiplication of the field P(X) . We transform this system of equalities
and inequalities into an equivalent system P(X) &S,(X)=0&&T;(X)#0 , where

5.(x) = 1®) Gy T = U-(%(X) here f,(X),g,(X),u,(X),V,(X) € P[X],g,(X),v,(X) %0

The latter system is equivalent in P[X] system of equations and one inequality
&(f,(X)=0)&T(X) =] ] g;(Xu;(X)v;(X) =0, where

fi(X), 9;(X),u;(X),v;(X) € P[X], 9;(X),v;(X) # 0 .

Let us prove the existence of a set 52(81,---, an) €P, such that in P is fulfilled

&(f(a)=0)&T(@) #0(P|=&(f.(a)=0) & T(a) =0). For any choice of a=(a,...,a,)€P
the equality & f,(a) =0is obvious, since all the coefficients of the variables and the free terms in
& f,(X) are equal to zero. By induction on the number of variables n, we prove the existence of
a=(a,...a,) P  whichisfulfilled | P|=T(a)=0.For n=1 we choose & €P which is not a root
T(x).

Step of induction. Let a, ,=(a,...,a ;) €P be such that the higher coefficient of the polynomial
[T (X) considered as a polynomial of x, over the ring P[X, ,] is not zero. Then, the polynomial
T(@_,,x)=0 and hence there is @, €P, such that | P|=T(a)#0 is satisfied. So P|=
&(f,(a)=0)& T(a) =0 is done.
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The theorem has been proved.

CONSEQUENCE 1. Let R(X),S;(X)eP(X), here P is formally a real field. The system
&R (X)=0&&S;(X) #0 is equivalent in P[X) system of one equation and one inequality
P.(X) =0&P,(X) #0 where P,(X),P,(X) € P[X].

Simple algebraic extensions

Let A, ={ (a,a)|f(a,a)=0, a,acP} be an annihilator f, where f(X,x)eP(X)[x]. When
considering algebraic extensions of the field P(X) by means of an irreducible polynomial
f (X, x) eP(X)[x], we will assume that f (X, x) eP[X, x] and has content 1, as a polynomial inx over
the ring P[X].

Then, the divisibility of any polynomial g(X,x) eP(X)[x] by f(X,x) is equivalent to the
p(x)
q(X)
polynomial with content 1 over the ring P[X], and q(X) is the least common multiple of the
denominators of the coefficients in g(X,x).

Next, the field P is one of the fields Q,R .

Consider a simple algebraic extension P(X)[x]/ f of the field that is the companion of the field

divisibility of a polynomial g'[X,x]eP(X)[x]such that g(X,x) = g'(X,X) , Where g'[X,x]is a

THEOREM 2. Let f(X,x) be an irreducible polynomial over the field P(X). Then, the
algebraic extension P(X)[x]/ f of the field P(X) isacompanion P if and only if the condition
is met: if an arbitrary polynomial g (X, x) is not divisible by f(X,x) , then there is a tuple
(&,a) e P such that g(a,a) e A; \ A, is satisfied.

Proof. Necessity. Let {c,,...,c,}< P be all coefficients of polynomials g(X,x)and f(X,x). By
the primitive element theorem, there exists an irreducible polynomial p(y) € Q[y] and an element
¢ eP suchthat ¢ =q(c"),q(y) € Q[y].

Let us replace each of the elements c,,...,c, by g;(c’) in the polynomials g(X,x) and f(X,x) ,
and obtain g™ (X,x) = g(X,x)and " (X,x) = f(X,X),g"(X, %), f (X, x) € Q(X)[x].

We have that g”(X, x) is not divisible by f*(x,x) in P(X)[x] ( PX)[x]|= f (X, x)/g*(i,x)
)= PX)[X]E (X, x)/g*(i,x) = there is (@a)e P such that g'(@a)cA.\A. <
g(a,a)e A, \ A, is satisfied. The necessity has been proved.

Sufficiency. By virtue of consequence 1, we can assume that the existential sentence is true in
P(X)[x]/ f , after substituting solutions in it is one equality and one inequality P(X)[x]/ f |=

h(X,y;) =0&h,(X,y;) #0 , where h(X,y)h,(X,y) € P[X,y] .
Then there is a tuple (a,a) € P such that h(a,a) € A;,h,(a,a) € A, \ A, is satisfied. Thus, P
|=h(X,y,;)=0&h,(X,y;) #0 is satisfied. Sufficiency, and with it the theorem has been proved.
Let 1(A)={glg eP(X)[x], A = At where f e P(X)[x] .

PROPOSITION 1. Let f(X,x) be an irreducible polynomial over a field P(X). Then the
following two properties of the polynomial f(X,x) are equivalent:
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a) If an arbitrary polynomial g(X,x) is not divisible by f(X,x) then there is a tuple (a,a) eP
that satisfies g(a,a) e A; \ A, ;

b) The equality | (A)=(f) is fulfilled.

Proof. a) — b). Definitely, 1(A))(f) -Let gel(A)) and g « (), moreover, n, then by
assumption a) thereisaset (@,a) e A; such that g(a,a) =0 is a contradiction. So, 1(A,) = (f)-

b) = a). Let g(X,x) notbe divisible by f (X, x) . According to the condition | (A, )=( f) . From
here  g(X,x) £ I (A;) and hence there is a tuple (a,a)€P, which is done g(a,a)e A, \ A,. The

proposition has been proved.
Here is one necessary property of the companion P(X)[x]/ f of the field P.

PROPOSITION 2. Let f(X,x) be an irreducible polynomial over a field P(X). Then, if the
algebraic extension P(X)[x]/ f ofthe field P(X) isacompanion of P then each projection of

the annihilator A; is an infinite set.

Proof. Assume the opposite, and let the projection A, be, for example, finite in the variable X,
e AL ={(c0) 130,08 [(e D), (e D) € 4, b = By, B,) By c € PYThen it s
fulfilled: P[X)[x]/f |=3u,,....uu(f(u,u,,..,u, u) =0&&u, =c,) but the same sentence is false in P

. Contradiction. In the case when A; is empty, the same proposition is true in  P(X)[x]/ f but false
in P. The proposition is proved.

In the case of a simple algebraic extension ~ P(x)[x]/ f of the field P(x,), Proposition 2 is
inverted.

PROPOSITION 3. Let f(x,X) be an irreducible polynomial over a field P(x). Then, an
algebraic extension ~ P(x)[x]/ f from the field P(x)is acompanion of P, if and only if each
projection of the annihilator A, onto each of the coordinate axes Ox,,Ox is an infinite set.

Proof. The necessity was proved in Proposition 2.
Sufficiency. By Proposition 1 and Theorem 2, it suffices to prove the equality 1 (A, )=(f). It's

obvious that 1 (A, ) = (f). Letus prove the inclusion | (A, ) = (f)

Suppose, 1(A,) < (f).and g(x,x) e 1(A)\(f). Let d(x,x) be the greatest common divisor
of polynomials g(x,x) and  f(x,x) over afield P(x). Note that due to the fact f(x;,x) that
the irreducible polynomial d(x;,X) is an element of the field P(x,),we denote it by d(x,). There
are polynomials p(x,X),q(x,X) e P(x)[x], such that the equality
P(X, X)g (%, X) +a(x, X) f(x,x) =d(x,) is satisfied in the ring  P(x)[X] . Since A, 2 A;, and by
condition, the projection of A; onto the coordinate axis Ox, is an infinite set, it follows from the last

representation of the polynomial d(x,) in the variable X, that it has an infinite set of zeros.

Contradiction, sufficiency and with it the proposition have been proved.
Let us give a criterion for the mismatch of the ideals 1 (A, ) and (f).

PROPOSITION 4. Let f € P(X)[x] be an irreducible polynomial over a field P(X). The ideals
1(A;) and (f) donotmatchwith |(A, )= (f) ifand only if there exists a polynomial ¢(x) € P[x]]
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such that , to the Cartesian power P[** ¢(X) e I (A, ) s satisfied, i.e. the cylindrical surface A, in

affine space P[*' contains A, .

Proof. Necessity. Let be (A, )= (f). Since 1(A,)=(f) Is always satisfied, then
I(A,) () takes place. Then let be g(X,x) I (A \(f).

Since f(xX,x) the field P(X), is irreducible, the greatest common divisor ¢ of polynomials f
and g can be represented  as u(x,x) f(X,x)+v(X,x)g(x,x) =c(X),  where
u(x, x),v(X,x) e P[X,x],c(X) e P[X] . From the last relation we deduce that c(X)e I(A;). The
necessity has been proved.

Sufficiency. Let be c(x) e 1(A;)and 1(A) = I1(A;). We have a polynomial ¢(X) as a
polynomial of zero degree in x is not divisible by a polynomial f (X,x) of degree not less than the
first in the same variable, therefore c(x) e 1 (A.) \ 1(A;)-

Sufficiency has been proved.
Consider an example of the mismatch of ideals | (A, )and (f).

EXAMPLE 1. An example of a simple algebraic extension of the non-companion field of rational
numbers. Consider in an affine space @* the curve s, given by the intersection of the cylinder
x?+y?—1=0 andtheplanex+y+z=0.

The curve s over the field @ can be equivalently given as the annihilator of
A, ={ (a,b,c)| f(a,b,c) =0, a,b,c e Q} of the polynomial
f(xy,2)=(x*+y>—1%+(x+y+z)> overthe field o. Let us write the polynomial f(x,y,z) in
powers of the variable z: f(x,y,z) =22 +2(x+y)z+x* +y* +2x?y? —x? —y? + 2xy +1. Let us
prove that f(x,y,z) is irreducible. Suppose that f(x,y,z)=(z- p(x,¥))(z—-q(x,y)) . Obviously
p(x,y)=aq(x,y), , then for a pair (a,b)eq@ such that p(a,b)=q(a,b) is fulfilled by
f(a,b,p(a,b))=0 and f(a,b,q(a,b))=0. Since from the equation x + y+z =0, the value of
c=-a-b is uniquely determined, then p(a,b)=q(a,b). A contradiction, thus f(x,y,z) is
irreducible.

Thus, the cylindrical surface A, where g = x*+y*—1 in the affine space Q[ contains A,
therefore, 1(A,)=(f)and by Proposition 1 and Theorem 2, we obtain a simple extension

Q(x,¥)[z]/ f of the field Q(x,y) that is not a companion of the field Q.

An immediate consequence of Proposition 1 and Theorem 2 is the following description, in terms
of ideals, of a simple algebraic extension P(X)[x]/ f of the fieldP(X), that is a companion of the

field P.

THEOREM 3. Let f(X,x) be an irreducible polynomial over a field P(X). An algebraic
extension P(X)[x]/ f of the field P(X) isacompanion P if and only if the ideal |(A,) is the

same as the ideal (f).

Algebraic extensions
Let P(X)[Yl/f and P(x)Ly)/ f /g (here P(X)IY]/ /g =(P(X)[Y]/f)[z]/9 be simple algebraic

extensions of the fields P(X) and P(K)[y]/f respectively, and be irreducible polynomials over the

fields P(x) and P(X)[y]/f respectively. Let be (A )={ hlheP(D[y.z], Ay = A}
Afg ={(a,b,c)eP|(a,b) e A;,(a,b,c) e A}
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It is obvious that 1 (A,,) is an ideal in the ring P(X)[Y, 2], generated by polynomials (X, y) u
g(X,y,z) i.e. I(Afg):(f,g).
Consider now an algebraic extension of a simple algebraic extension of the field P(X).

THEOREM 4. The algebraic extension Q(X)[y]/f/g of the field P(X)[y]/f is a companion
P if and only if, for any polynomial h(X,y,z) e P(X)[y,z] such that h(X,y,z) £ (f,g) thereisa

tuple (&,b,¢) €P, suchthat (&,b,c)e A\ A .

Proof. Necessity. In the algebraic extension P(X)[y]/f/g of the field P(X), the system
f(X,y;)=0&9(X,y;,2,)=0&n(X,Yy,,z,) = 0 is satisfied; therefore, there is a tuple (a,b,c) €P
(@,b,c)e A\ A, .

Sufficiency. Let P(X)[yl/ f/g|=3u..3ve(X,y,,2,,U,...,v) be fulfilled. Since
U,...ve P(X)[y]/f/g we assume that this formula is equivalent in the algebraic extension
P(X)[yl/f/g ofthefield P(X) tothesystemh(X,y,,z,)=0&h,(X,y;,z,) = 0. Then, there is atuple
(a,b,c) € P such that (a,b,c) e A \ A, . The necessity, and with it the theorem, has been proved.

THEOREM 5. An algebraic extension Q(X)[y]/f/g of afield P(X)[y]/f is a companion of
P ifand only if the ideal 1(A,,) is the same as the ideal (f,0).

Proof. Necessity. Let be h(X,y,z) £ (f,g). Then, in the algebraic extension P(x)[y]/f /g of
the field P(X) the system f(X,y,)=0&g(X,y,,2,)=0&h(X,y;,z,) = 0 is satisfied. Hence, in the
companion P there is a tuple (&,b,¢)€P, so that (a,b,c)e Ay \ A, and h(a,b,c) £ (f,9)
hence. If h(X,y,z) e (f,g), then obviously h(X,y,z) € 1 (Ay). The necessity has been proved.

Sufficiency. Let P(X)[yl/f/g |=3u..3ve(X,y,,Z,,U,...,V) be fulfilled. Since
U,....ve P(X)[y]/f/g we will assume that this formula is equivalent in the algebraic extension
P(X)[y]/f/gof the fieldP(X) to the system h(X,y,,z,)=0&h,(X,y,,z,) = 0. By definition, it
follows from hy(X,y;,z,) =0 thath,(X,y,z) £ I(A;,). Then it follows from the equality
1(A,) =(f,g), that there is a tuple (a,b,c)eP, such that (a,b,c)e A, VA, and satisfies
P|=h,(a,b,c)=0&h,(a,b,c) # 0. Sufficiency, and with it the theorem has been proved.

Let us formulate a description of the companions of the field P in the general case.

Let B={B,,,..}, X ={X,%,,....} be countable sets of independent variables, p = (B,,...B,,),
X = (XX ), T =(f,...T), where fi(B,XiEﬂxi)is irreducible in the ring P(B)[X":1[x] , where
X' = (), X
fi([_i,iifl,xi)eP(B)[ZE1 . The field PP)[X"] is defined as follows. Lets put
PO 1=PEI/ fBx),  PEIX1=PBIR ]/ f,(BX"X).  We  define

PB)X"1=P@)X 1% ]/ f,(B.X"*,x) by induction. Thus, in the sequence
PB)IX"TP(B)IX,?]..... P(B)[X."] - each subsequent field P(B)[X ;'] is a simple algebraic extension

is the root of the polynomial f,(B,X"*,%)eP(B)[X':1[x] over the field
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of the previous field by means of an irreducible polynomial fi+1(B,Yiﬁ,Xi+l). We define the
corresponding ideals | (Afn):{ heP@)[x™] Af’n A}
Ap ={(a,b)eP|(@b) A, ....(ab,...b,)e A .b,=(b,,...,b,)},  where  each

fie P(B)[)_(Ef][xi], i =1,...,n isirreducible over the corresponding field Q(B)[X. "
Let us give a general description of the companions of the field P .

THEOREM 6. An algebraic extension P(B)[Y,f"] = P(B)[Ynfﬂil][xn]/ f (B,Yjﬂf ,X,) of a field
P(B) is a companionP if and only if the ideal | (A, ) coincides with the ideal (f,,..., f,).
The proof is a general reproduction of the proof of Theorem 5.

Discussion of results

The above results give a fairly complete description of the companions of the fields of rational
and real numbers. Construction methods can be used for further studies of field companions and their
classes.

Conclusion

The general theory of Fraisse's companion classes and their theories, developed by A.T.
Nurtazin, constitutes a separate new area in model theory. This approach, applied to specific classical
structures and their theories, provides new tools for the study of these objects. The study of the
companion class of rational and algebraic real number fields reveals companion fields containing
transcendental and possibly algebraic elements with special properties of polynomials defining these
elements. The companions of each of the above-named fields are algebraic extensions of the fields of
quotients of a certain set of independent variables over the corresponding field, using mutually agreed
polynomials.
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Abstract
The study examines aspects of the development of internal digital infrastructure and the problems of its formation
in organizations. The necessity of forming a stable and developed technological infrastructure as an important prerequisite
for the formation and development of the company's digital infrastructure is substantiated. The most multifunctional
computing resources are proposed to improve the process of ensuring the development of digital infrastructure.

Keywords: IT, infrastructure, digital, enterprise, database, information system.

Introduction

Currently, a lot depends on the digital infrastructure: how successful a business is, how much
revenue it brings, how efficiently the organization works. Therefore, this system must be reliable,
stable and secure. We can say that this is the most important asset of the organization. Personnel
management systems, customer service processes, and market analysis tasks are always becoming
more complicated and cannot be implemented without the help of information technology. Therefore,
the success of a business largely depends on how well the company's IT infrastructure is formed and
how well it will work. It is also inevitable that very serious problems will arise in cases when the
system does not cope with the tasks assigned to it or cannot ensure data security.

The internal digital infrastructure of the company combines various information resources,
without which the organization cannot function normally, and employees cannot perform their work
efficiently. Therefore, it is important to provide a reliable means of communication between
departments and different modules in the organization. Ensuring the sustainable development of
internal digital infrastructures will expand the company's technological capabilities in business,
thereby increasing their competitiveness.

The study examines aspects of the development of internal digital infrastructure and the problems
of its formation in organizations. The necessity of forming a stable and developed technological
infrastructure as an important prerequisite for the formation and development of the company's digital
infrastructure is substantiated. The most multifunctional computing resources are proposed to
improve the process of ensuring the development of digital infrastructure.

Materials and Methods
What should be the optimal software for the internal IT infrastructure?

153



When studying the research material, we consider our own new solution by searching and
analyzing the methods that have been used and are being used to date. That is, you can consider
existing systems and adapt them to your own. The data obtained and the research are organized
through a web service.

IT infrastructure is an information and communication infrastructure: a set of telecommunication
and information networks, end devices, information resources that can be used to organize
communication and access to any information between users at any time and in any place [1].

In this study, an empirical method of analysis was used, namely comparative analysis. To
substantiate the hypothesis put forward, a comparative analysis of various corporate software was
carried out. These objects are the software of the corporate portal, which consist of various functions.
For example, cloud computing, data storage, security, backup, document management, search engine,
corporate communication, cooperative and much more.

Stage 1.

6 highly rated on the site were selected for the investigation sourceforge.com software of the
corporate portal. A table was built based on the ratings and reviews of independent users of the site.
The overall result of the estimates is derived (1 table).

Stage 2.

At the second stage of the investigation, a table consisting of technical characteristics was built.
Data such as the country of manufacture, the company, the year of foundation, the starting price of
the product, the number of integrated products, the languages of the programs were painted (Table
2).

Stage 3.

At the third stage of the investigation, functional characteristics were considered. Features such
as system requirements, availability of API and mobile application, access to content management,
search engine, internal communication, collaboration, document management and file sharing (Table
3).

As a result of the study, 3 tables were built according to the data of 6 corporate programs.
Summarizing the analysis of three comparative tables, it was found that all systems are compatible
with many popular web ports and portable platforms, there is a data warehouse, mobile applications,
and tools for intra-corporate communication, collaboration and working with data. Judging by the
functional characteristics, the most suitable cloud platforms are OnBoard Board Management
Software and Ntranet. This is due to the fact that these programs have received the highest ratings
from users and extensive functionality. However, others are not much inferior.

Literature review

The development of a sustainable digital infrastructure is crucial to ensure technological progress
that benefits society [1]. Therefore, investments in infrastructure and innovation were necessary for
economic growth and global development. This is clearly demonstrated by the United Nations
Development Programme (Goal 9: industry, innovation and infrastructure). It focuses on
technological progress in the search for sustainable solutions to economic and environmental
problems, such as ensuring the growth of new industries with environmentally friendly supply chains
and improving energy efficiency [2].

Achieving these goals requires significant efforts on the part of modern organizations working
in both the private and public sectors. An efficient technological infrastructure is urgently needed to
support optimally functioning organizations [3]. Ensuring the sustainable development of digital
infrastructures that take into account environmental problems requires changes in how infrastructures
will be developed and used and how the possibility of reuse of digital resources associated with these
infrastructures will be ensured [4].

The introduction of service-oriented architecture (SOA) is currently a popular approach that
allows companies to gain important benefits such as increased flexibility and efficiency, efficient use
of available resources and greater flexibility, and thus has better opportunities to respond to market
changes. However, the human and technical resources needed to develop and support these complex
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solutions are widespread and do not benefit either companies or the environment. Attention to
services makes SOA unique, and it provides transparency in many legacy systems and data sources
in a black case. Since services are defined by open standards, SOA provides a common pool of IT
resources, regardless of the availability of various IT systems, functionality, language codes and
platforms [5, 6].

In many cases, organizations want to keep their inheritance systems because they are still
valuable to the business and support certain business functions and processes; the inheritance system
is not only a technological artifact-it is part of the organizational culture that is important for both IT
professionals and end users. SOA can facilitate the continuous use of legacy systems and can facilitate
the efficient use of these systems by adding business intelligence applications to facilitate decision-
making supported by digital infrastructure [7].

Digital infrastructure is an important foundation for ensuring the digital transformation of
organizations wishing to expand the potential of new digital technologies. Digital infrastructure
consists of technical and organizational components, processes and networks. It covers the social
environment of users of digital tools, as well as designers and developers of systems connected to the
infrastructure. In modern scientific literature, digital infrastructure, in contrast to autonomous
information systems, is formulated as the interconnection of various system groups, including
software, hardware, standards, the Internet, platforms and people. Digital infrastructure will be
indispensable for stable operation in the public and private sectors, and their emergence and growth
will be intensified in various industries (pharmaceuticals, healthcare, manufacturing, energy, marine
industry and government agencies). Corporate social media platforms, internal educational networks
at universities, corporate architecture in the education sector, service-oriented architecture in public
administration and e-health services infrastructure are examples of various digital infrastructure
options important for growth and development. Three growth mechanisms have been identified as
important for stimulating the evolution of digital infrastructure: implementation, scaling and
innovation [8].

Tables

Table 1 — Ratings/Reviews [9]

Enterprise Portal Name Support Design Features Ease Overall
Intrexx 4.6/5 4.3/5 4.5/5 4.6/5 4.7/5
SmartVault 4.4/5 4.4/5 4.6/5 4.6/5 4.7/5
Bitrix24 4.7/5 4.5/5 4.4/5 4.3/5 4.7/5
OnBoard Board Management 4.9/5 4.5/5 4.7/5 4.8/5 4.9/5
Software

Yammer 4.4/5 4.3/5 4.3/5 4.7/5 4.3/5
Ntranet 5.0/5 5.0/5 5.0/5 4.0/5 5.0/5

Table 2 — Technical specifications

Enterprise Company Country | Founded Pricing Integratio lang website

Portal Name ns

Intrexx United Planet | Germany 1998 Free Trial available. 10 API English, www.intrex

GmbH French, Xx.com
German.

SmartVault SmartVault United 2008 Starting Price: 24 API English smartvault.
States $20.00/month/user com

Bitrix24 Bitrix24 United 1998 Starting Price: 96 API English WWW.bitrix
States $24 per month 24.com

OnBoard Board OnBoard United 2003 Free Trial available. 14 API English www.onboa

Management States rdmeetings.

Software com

Yammer Microsoft United 1975 Starting Price: 143 API English Www.yam
States $3 per user per month mer.com
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Ntranet Ncontracts United 2009 - 5 API English www.ncont
States racts.com
Table 3 — Functional characteristics
Enterprise System API | mobile | Collaboration | Chat Content Document File Search
Portal Requirements app Management | Management | Sharing
Name
Intrexx SaaS, + + + + + + + +
Windows,
Mac, Linux,
iPhone, iPad,
Android
SmartVault | SaaS, + + - - - + + +
Windows,
Mac, Linux,
iPhone, iPad,
Android
Bitrix24 SaaS, + + + - + + + +
Windows,
Mac, iPhone,
iPad, Android,
On-Premise
OnBoard SaaS, + + + + + + +
Board Windows,
Management | Mac, iPhone,
Software iPad, Android
Yammer SaaS, + + - - - - + +
Windows,
iPhone, iPad,
Android
Ntranet SaaS, + + + + + + + +
Windows,
Mac, iPhone,
iPad, Android

Results and Discussion

In the course of this study, comparing ratings and characteristics, six of the best platforms
available today for comparative analysis were selected. The list of components and functional
requirements for the optimal program of the intra-corporate portal was determined.

Collaboration - allows employees to work in a team, in a remote format and combine the results
of work. Chat - helps to conduct business correspondence between departments and modules,
coordinate decisions made. The document management system allows you to manage, store and share
with the data that is stored in the database. A search engine will help you find the necessary
information throughout the company. Advanced software support features allow you to attract users
who use various software products.

Summing up, all the above disassembled components will be used in the development of the
corporate portal software

Conclusion

Enterprise corporate portals provide firms with business transaction processing models that are
integrated with their other activities, such as production planning and human resource management.
By implementing the company's standard processes and providing it with a single database covering
all its activities and all employees, the corporate portal programs ensure the integration of its
numerous divided divisions and functional areas. As a result, these systems have led to improved
decision-making capabilities, which are manifested in a wide range of indicators, such as downsizing,
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acceleration in the process of making business decisions, tracking data leaks, etc. Thus, corporate
portals can be used to help firms to increase labor productivity.
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Abstract
The paper proposes discrete and continuous mathematical models of epidemic development. These models
suggest a division of the population into nine compartments: susceptible, exposed, vaccinated, contact vaccinated,
undetected patients, isolated patients, hospitalized patients, recovered and deceased. At the same time, the time spent in
contact and infected compartments is considered limited. A qualitative and quantitative analysis of the proposed models
is carried out. The influence of parameters on the studying process is investigated.

Keywords: mathematical model, epidemic, vaccination.

Introduction

The development of the COVID-19 pandemic has largely updated the development of
mathematical models of epidemic development. The first application of mathematical methods in the
analysis of epidemics is associated with the works of outstanding mathematicians of the second half
of the 18th and early 19th centuries D. Bernoulli, I. Lambert, P.S. Laplace. Modern mathematical
models of epidemiology go back to the work of R. Ross, published in 1911, on the study of the spread
of malaria [1] and, to an even greater extent, to the SIR model proposed in 1927 by W. Kermack and
A. McKendrick [2]. This model is based on the division of the entire population into three
compartments of susceptible, infected and recovered. The model is a system of non-linear differential
equations and describes the change in the number of these population compartments over time.

The main drawback of the SIR model is that it does not take into account the presence of an
incubation period, i.e. it assumes that a person who has had contact with a sick person immediately
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falls ill. To eliminate it the SEIR model was proposed, in which a compartment of exposed was added,
see, for example, [3]. Thus, in the process of infection, a person susceptible to the disease first
becomes exposed and only then becomes infected. There are a significant number of SEIR model
modifications. Thus, the SEIRD model additionally includes a compartment of deceased [4,5]. In the
MSEIR model in addition to the compartments of the SEIR model, people endowed with immunity
from birth (maternally derived immunity) are added [6]. In [7], a model which additionally takes into
account patients in whom the disease proceeds in an asymptomatic form (asymptomatic) is
considered. The SEIRHCD model also has compartments of hospitalized and critical patients [8,9].
Along with continuous models, discrete models, in which time is an integer variable, are also
considered, see, for example, [10].

These models do not take into account the limited stay in exposed and infected compartments.
In particular, any person who has been in contact with a sick person, after some time, will most likely
either get sick or not get sick, which means that they will certainly leave the exposed compartment.
Anyone who falls ill after some time will surely either recover or die, i.e. will definitely leave the
compartment of infected. This shortcoming is overwhelmed in [8,9,11] for continuous systems and
in [11-13] for discrete systems. There are also models that take into account the vaccination of the
population [14-22]. In this case, vaccination is considered at certain points in time (impulsive
vaccination), as well as vaccination of newborns. Here, vaccinated susceptible people go directly into
the compartment of recovered, see [15-18]. In the SIRV model [19], the vaccinated are treated as an
independent compartment. The SEIRV model also uses a separate compartment of vaccinated people,
some of whom may become infected in the future, and birth and natural mortality are also taken into
account [20]. In [21], a model is proposed in which there is an additional compartment of people in
quarantine. [22] explores the SUIHTER model, which also includes compartment of asymptomatic
and hospitalized patients, and separately considers people received one and two doses of the vaccine.

This paper proposes discrete and continuous models for the development of the epidemic,
providing for vaccination and limited time spent in compartments, which are a generalization of the
models described in [11] for the case of vaccination. They assume the division of the entire population
into nine compartments: susceptible, exposed, vaccinated, contact vaccinated, undetected, isolated
and hospitalized patients, as well as recovered and deceased. A qualitative and quantitative analysis
of the models is carried out. The influence of various parameters of the system on the process is
investigated.

Description of models

An isolated population under the conditions of an epidemic is considered. The entire
population is divided into the following compartments:

S : susceptible (healthy, but potentially sick);

V' : vaccinated (healthy vaccinated);

E : exposed (healthy, in contact with sick);

C : contact vaccinated (vaccinated, who were in contact with patients);

U : undetected (infected with an asymptomatic course of the disease and mildly ill with an
undiagnosed disease);

I : isolated (patients in a mild form, undergoing treatment at home);

H : hospitalized (seriously ill, hospitalized);

R : recovered (recovered from illness, who do not have any signs of illness);

D : died.

The sum of N numbers of people in all compartments is considered unchanged, i.e. natural
births and deaths are not taken into account in the model.

The change in the number of people in each compartment is carried out due to
intercompartment transitions, see Fig. 1.
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compartments

S — susceptible

E —exposed
U —undetected
I — 1solated

H — hospitalized

R —recovered

D —died

V —vaccinated

(C — contact vaccinated

Figure 1 — Graph of intercompartment transitions.

According to the accepted assumptions, a susceptible person can come into contact with the
patient by moving to the exposed compartment, and also be vaccinated. A vaccinated person can also
encounter a sick person and move into compartment of contact vaccinated people. The exposed may
become ill in any degree of severity or not get ill, returning to the susceptible compartment. A contact
vaccinated either does not become ill or becomes undetected or isolated sick. Every patient can
recover. An undiagnosed patient may develop symptoms of the disease moving into the isolated
compartment in result. An isolated patient may be hospitalized, and a hospitalized patient may die.

The number of days spent in all compartments of contact and patients is considered fixed and
is indicated as follows n,,n.n,, n; and n;, where the index corresponds to the name of the
compartment (the first letter of the compartment name). For vaccinated contacts, the time spent in the
compartment is assumed to be the same as for unvaccinated contacts, i.e. n, = n,. At the end of the
time spent in the compartment, each person in it goes into one of the possible compartments in
accordance with the above figure. In this case, p,z denotes the proportion of people in the

compartment indicated as a passing into the compartment . In this case, the conditions

Z P = 1V,
B

where the sum is taken over all compartments £, to which you can go from the compartment «a.

Sources of infection are people in undetected (to a greater extent) and isolated (to a lesser
extent) compartments, but not hospitalized. The degree of infectivity is described by the coefficients
of contagiousness k, and k; undetected and isolated patients, and k, > k;. Vaccination of the
population is characterized by the rate of vaccination v.

The mathematical model of the process is a system of equations for the number of people in
each compartment that changes over time. In this case, the number of people in each compartment is
indicated by the first letter of the compartment name, i.e. S, V, etc. These quantities are functions of
a continuous argument t or an integer argument n, written as an index. Thus, Sy, V4, etc. characterize
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the number of susceptible, vaccinated, etc. at the k-th time step (on the k-th day from the beginning
of the study). In the continuous model, the values of S(t),V(t), etc. characterize the number of
susceptible, vaccinated, etc. at time t (after ¢t time from the start of the study).

Let us formulate a description of the discrete model. The number of all categories of contacts
and patients at a given point in time is the sum of their numbers by the days they were in the
compartment, i.e. following equalities are true

Ngz

Zy = Z zl,Z =E,C,U,IH,
=1

where z, denotes the number of people in compartment Z at time k on the j-th day of being in this
compartment. Here, any compartment of exposed and patients is chosen as Z, i.e. Z can take the
values E, C, U, I, H. In this case, each member of Z of the j-th day of being in this compartment passes
to the category of the j + 1 st day of being in the compartment every day, if this was not the last day
of being in the compartment, which corresponds to the equalities

j+1 . _ )
Zy) = Zjpj =2,.,n,—Lz=e,culih

The susceptible number on the following day is equal to the susceptible number on the
previous day minus the number of those vaccinated on that day, minus the susceptible number who
contacted infection on that day, plus the number of contacts of the last day of stay in the exposed
compartment who did not get infected. At the same time, the vaccinated number is directly
proportional to the susceptible number, and the susceptible number contacted with infection is
directly proportional to the susceptible number, as well as the number of undetected and isolated
patients who are sources of infection. As a result, we obtain the equality

ky Uy + kI,

N k +peselrcle-

Sk+1 = Sk — VS —
The division by the size of the entire population is carried out for reasons of normalization
(otherwise, the numbers of two compartments, which are sufficiently large values, are multiplied).
The vaccinated number on the following day is equal to the vaccinated number on the previous
day plus the number of new susceptible people who were vaccinated that day minus the number of
vaccinated people contacted with infection on that day plus the number of people on the last day of
stay in the contact vaccinated compartment who did not get infected. The corresponding quantities
are determined in the same way as in the previous formula. As a result, we obtain the equality

ke, Uy + kil

Vierr = Vi + 05, — N

Vk + pcvc;:c.

The number of all people in compartments of exposed and infected patients on the next day
is equal to their number on the previous day plus the number of people who entered this compartment
this day, minus the number of people who left the compartment the previous day

Ziw1 =Zx + zjyy — 2, Z = E,C,U, L H.

The recovery number of at the next time point is equal to their number on the previous day
plus the number of patients of all compartments who recovered on the previous day.

Ryi1 =R + purulrcla + piri]?i + phrhzh-
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The death number at a subsequent point in time is equal to their number on the previous day
plus the number of people that died on this day

Dgy1 =Ry + phdhzh-

The number of new exposed (exposed of the first day of being in the compartment), both
unvaccinated and vaccinated, is exactly equal to the number, respectively, susceptible and vaccinated,
who had contact with patients on the previous day

Se v,
eiry1 = (ky, Uy + kilk)ﬁ»C%H = (kyUy + k;iI},) N

The number of new undetected is the sum of both exposed compartments of the last day of
being in the compartment, who fell ill with an undetected form of the disease

1 _ Ne Ne
Uk+1 = Peu€ + Pculy -

The number of new isolated patients is the sum of the number of both exposed compartments
of the last day being in the compartment who fell ill with an isolated form of the disease, and the
number of undetected contacts of the last day being in the compartment in whom the disease was
detected

1 _ Ne ne ny
lk+1 = Pei€r T+ PciCr T Puilly -

The number of new hospitalized patients is the sum of exposed and isolated patients of the
last day of being in the compartment, in which the disease turned into a severe form, as a result of
which they were hospitalized

1 _ Ne M
hk+1 = Peney® + Diniy -

The initial states of the system Sy, Ey, Uy, Vo, Co, I, Hy, Ry, Do are known, and the distribution
of all forms of exposed and patients at the initial moment of time by days of being in compartments
is considered uniform, i.e. taken according equalities

Zy =Zo/ng, j=1,..,n,,z=¢e,cu,ih.

Relations (1) - (12) constitute a discrete model of the process under study.

Let us proceed to the description of the corresponding continuous model. The change in the
number of susceptible people is its decrease due to vaccination and the fact that a certain number of
susceptible people contacted with infection, and an increase, since some of the exposed do not get
sick. At the same time, the new vaccinated number is directly proportional to the susceptible number
and the number of susceptible who became exposed is directly proportional to the susceptible number,
as well as the number of undetected and isolated patients. The number of non-diseased exposed is
proportional to the exposed number and inversely proportional to the number of days spent in the
exposed compartment. As a result, we obtain the equation

ds(t) ke U(E) + kI (0) E(t)
T N S(t) + Des n_e

It —-vS(t) —
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The change in the vaccinated number is its decrease due to the fact that some part of the
vaccinated who contacted with patients, and the increase due to vaccination and the fact that part of
the contact vaccinated people does not get sick. The corresponding quantities are determined in the
same way as in the previous formula. As a result, we obtain the equality

av(t) Kk U(t) + kiI(t) C(t)
dt =0 (t) - N V(t) + pcvn_

v

The change in the number of contacts, both unvaccinated and vaccinated, increases due to,
respectively, susceptible and vaccinated, who had contact with patients, and decreases due to the
limited time spent in these compartments. Thus, we have the equalities

dE(t)  k,U(t) + ki (1) E(t)
at N O N,
dC(t) _ k,U(t) + kI () C(t)

i N Ve -=—

The number of undetected patients increases due to the disease of both exposed compartments
and decreases due to the limited time spent in this compartment:

av)  E®) c) U
7_peun_e pcun_c_ n,

The number of isolated patients increases due to the disease of both exposed compartments
and the detection of the disease in some of the undetected and decreases due to the limited time spent

in this compartment:
di(t)  E(@®) C(t) u() I(t)
dt = Dei n, Pci n, Pui Ny, n; .
The number of hospitalized increases due to infection of people in exposed compartment in a

severe form and the hospitalization of a part of the isolated ones and decreases due to the limited time
spent in this compartment:

dH(t)_ E(t) I(t) H(t)
dt _pehn_e pihn_i_ -

The number of recovered patients is increasing due to the recovery of patients of all categories:

dR(t) U@ I(t) H(t)
dt = Pur n, Pir n; Phr nh.

The number of deaths increases due to the death of a part of the hospitalized:

an(t) H(t)
dt = Pha -

The initial states of the system S, Ey, Uy, Vo, Co, Iy, Hy, Ry, Dy are known, i.e. the following
equalities hold

Z(0) = Z,.

162



where Z =S,E,U,V,C,I,H,R,D. The system of differential equations (13) - (21) with initial
conditions (22) constitutes a continuous model of the system.

Analysis of mathematical models

Let us establish the simplest qualitative properties of the models under consideration. The
discrete model is characterized by the following statement.

Theorem 1. For any values of the parameters, the system has a unique equilibrium position,
and the limiting values of the numbers of all categories of exposed and infected people are equal to
zero, and the functions R and D are increasing.

To prove it, it suffices to pass to the limit in recurrence relations (3) - (7), taking into account
that the sequences {Z; } and {Z, .1} have the same limit. At the same time, the zero limit values of the
numbers of all categories of exposed and patients indicate the end of the epidemic. The monotonicity
of the functions R and D (growth in the number of recovered and deceased) is due to the negativity
of all expressions on the right side of equalities (6) and (7).

Theorem 2. For any values of the system parameters, problem (13) - (22) has a unique
equilibrium position, and the limiting values of the numbers of all categories of contact and patients
is equal to zero, and the functions R and D are increasing.

To prove it, it suffices to equate all derivatives to zero in differential equations (13) - (21).
The results obtained indicate that the qualitative properties of the continuous and discrete models
generally coincide.

The quantitative analysis of both models was carried out at the same parameter values, and
the continuous model was implemented using the 4th order Runge - Kutta method. In doing so, the
following numbers of days spent in compartments have been taken: n, = 14,n, = 3,n; = 5,n; =
7,n. = n, = 7. The coefficients of the equations take the following values: k, = 3.180,k; =
0.171,pes = 0.679,p., = 0.154,p,; = 0.145,p., = 0.022,p., = 0.9, P4, = 0.05,p.; =
0.05, py; = 0.03,py = 0.97,p;p, = 0.021, p;;- = 0.979, ppr = 0.982,ppq = 0.018, v = 0.0005.
The calculations were carried out at the initial stage of the epidemic, and N = 18699640, which
corresponded to the population of Kazakhstan at the time of the start of the COVID19 epidemic. In
addition, it was assumed that at the initial moment of time there are 140 contact people, and all the
rest are susceptible. Graphs of the obtained solutions are shown in Fig. 2, where the red curves
correspond to the discrete model, and the blue curves to the continuous one.

......

Figure 2 — System states for discrete (red) and continuous (blue) models.
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Based on the results obtained, the following conclusions can be made. The qualitative
properties of the solutions of both models are almost the same, and the corresponding functions for
the continuous model are smoother. For some time, the number of exposed and patients has been
growing. Then the epidemic reaches its peak, after which the incidence decreases. Over time, the
system is observed to reach a position of equilibrium, and the number of all compartments of exposed
and patients tends to zero, which corresponds to the end of the epidemic. The susceptible number
decreases monotonously as more and more people get sick or get vaccinated over time. The number
of vaccinated, recovered and dead people is gradually increasing, which is quite natural, since the
vaccinated people will no longer become usually susceptible, the recovered acquire immunity.

Table 1 shows the most important quantitative characteristics corresponding to the selected
computation variant. According to the results obtained, the general characteristics of the discrete and
continuous models are approximately the same. However, for the discrete model, the epidemic
proceeds somewhat less intensively than for the continuous model. In particular, the duration of the
epidemic is shorter (by about two months), the time of the peak of the epidemic comes later (almost
a month), the total number of cases and deaths is slightly less. However, the observed difference is
insignificant, as a result of which we can conclude that the considered models are equivalent.

Table 1 - The most important quantitative characteristics of the system

Discrete model | continuous model

| Epidemic end time 1101 1154
Peak time of the epidemic 442 419
= -
Total number of cases and % of the total population (‘;S_‘l)lf)g‘/?)
’ 7274363 7456303
Oté ber of recovered and ¢ é ber of cases | ;-\ coo .
The total number of recovered and % of the total number of cases (99.87%) (39.93%)
The total number of deaths and % of the total number of cases =50 : uBza :
(0.13%) (0.13%)
The maximum number of patients at the same time i L
o TR T S (0.87%) (0.83%)

Let us now estimate the influence of system parameters on the considered process. Each of
the tables below shows the values of the most important characteristics of the system for three
counting options. The first of them corresponds to the main variant of the computation given above,
and the next two correspond to the specified parameter, increased and decreased by some value.

Table 2 evaluates the impact of the coefficient of contagiousness of undiagnosed patients. It
turns out to be about the same for both models. In particular, an increase in the contagiousness
coefficient leads to a reduction in the duration of the epidemic and the time it takes to reach its peak,
as well as an increase in the number of simultaneously ill people, the total number of ill people and
deaths. Such changes indicate a greater intensity of the epidemic development, which seems quite
logical. At the same time, the percentage of recovered and dead people remains unchanged, since
these characteristics are determined by the transition coefficients in the compartments of patients.
Comparing the degree of influence of the parameter on the models under consideration, we note, for
example, that an increase (respectively, a decrease) in the coefficient by 10% leads to a decrease in
the duration of the epidemic by 11.8% for the discrete model and 11.6% for the continuous model
(respectively, an increase of 20.5% for the discrete model and 20.4% for the continuous model). At
the same time, the total number of cases increases by 21.3% for the discrete model and 21.2% for
the continuous model (respectively, it decreases by 32.2% for the discrete model and by 32.4% for
the continuous model). Thus, the degree of influence of the parameter on both models is almost the
same.

Table 3 shows the results of assessing the impact of the contagiousness coefficient of isolated
patients with an increase and decrease in this parameter by 58.8%. With its increase, there is a
decrease in the duration of the epidemic and the time it takes to reach its peak, with an increase in the
total number of cases of simultaneously infected, the percentage of recovered and dead remains
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unchanged. However, with the indicated increase (respectively, decrease) in the contagiousness
coefficient of isolated patients, there is a reduction in the duration of the epidemic by 6.8% for the
discrete model and by 6.5% for the continuous model (respectively, it increases by 9.1% for the
discrete model and by 8.8% for the continuous model). Under the same conditions, there is an
increase in the death number by 13.1% for the discrete model and by 13.0% for the continuous model
(respectively, a decrease of 16.1% for the discrete model and 16.0% for continuous model). The
weaker effect on the process of the contagiousness coefficient of isolated patients compared to the
similar coefficient for unidentified patients is explained by the fact that isolated patients are a
significantly less important source of infection compared to unidentified ones.

Table 2 - Influence of the coefficient of contagiousness of undiagnosed patients

Parameter Epidemic end time Peak time of the Total number of cases
ku epidemic and % of the population
Discrete | continuous | Discrete | continuous | Discrete continuous
7284183 7466126
3.18 1101 1154 442 419 (38.95%) (39.93%)
8833599 9047409
3.48 972 1020 377 344 (47.24%) (48.38%)
4939864 5049614
2.88 1327 1389 571 947 (26.42%) (27%)

Table 3 - Influence of the contagiousness coefficient of isolated patients

Parameter | Epidemic end time Peak time of the | Total number of casesand
ku epidemic % of the population
Discrete | continuous | Discrete | continuous | Discrete continuous
7284183 7466126
0.171 1101 1154 442 419 (38.95%) (39.93%)
8187581 8384067
0.271 1026 1079 410 376 (43.78%) (44.84%)
6160891 6322669
0.071 1201 1255 505 474 (32.95%) (33.81%)

Table 4 examines the effect of the recovering proportion of hospitalized patients when it
changes by 1.5%. This parameter does not affect the duration of the epidemic, the time of its peak,
the total number of cases and the maximum number of cases at a time, since it only applies to those
patients who have already been hospitalized. Thus, it can only influence the ratio between the
recovered and the dead. In particular, an increase (respectively, a decrease) in this parameter leads to
a decrease (respectively, an increase) in the number of deaths by 83.3% for both models. It is clear
that a reduction in the death number by a certain amount means an increase in the recovered number
by the same amount.

Table 5 examines the impact of the proportion of isolated patients who were hospitalized, with
a change of 71.4%. This parameter does not affect the duration of the epidemic and the time of its
peak, as well as the total number of cases, however, it affects the further fate of the patient. In
particular, an increase (respectively, a decrease) in this parameter indicates a more severe
(respectively, milder) course of the epidemic. This is reflected in the fact that the number of deaths
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increased by 9.7% for the discrete model and 9.6% for the continuous model (respectively, it

decreased by 9.7% for both models).

Table 4 — Influence of recovering rate of hospitalized patients

Parameter The total number of recovered and % of | The total number of deaths and % of
Dhr the total number of cases the total number of cases
Discrete continuous Discrete continuous
7274636 7456303 9546 0822
0.982
(99.87%) (99.87%) (0.13%) (0.13%)
7282592 7464489 1591 1637
0.997
(99.98%) (99.98%) (0.02%) (0.02%)
7266681 7448118 17501 18007
0.967
(99.76%) (99.76%) (0.24%) (0.24%)

Table 5 - Influence of isolated patients proportion who were hospitalized

Parameter The total number of recovered and | The total number of deaths and %o
Pin % of the total number of cases of the total number of cases
Discrete continuous Discrete continuous
7274636 7456303 9546 0822
0.021
(99.87%) (99.87%) (0.13%) (0.13%)
7273712 7455356 10471 10769
0.036
(99.86%) (99.86%) (0.14%) (0.14%)
7275561 7457251 8621 8874
0.006
(99.88%) (99.88%) (0.12%) (0.12%)

Table 6 assesses the impact of the proportion of undetected patients who subsequently
developed symptoms of the disease and were isolated. A change in this parameter slightly affects the
duration of the epidemic, the maximum number of patients at a time, as well as the proportion of
recovered and dead. With an increase (respectively, decrease) of this parameter by 66.7%, there is an
increase (respectively, a decrease) in the total number of cases by 0.5% for both models. At the same
time, the number of deaths increases (respectively, decreases) by 0.8% for both models.
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Table 6 - Impact of the proportion of undetected patients who were isolated

Parameter Total number of cases | The total number of | The total number of
and % of the | recovered and % of the | deaths and % of the
Pui population total number of cases total number of cases
Discrete continuous | Discrete continuous | Discrete | continuous
0.03 7284183 7466126 7274636 7456303 9546 0822
(38.95%) | (39.93%) | (99.87%) | (99.87%) | (0.13%) | (0.13%)
0.05 7318481 7500949 7308861 7491052 9620 9897
(39.14%) | (40.11%) | (99.87%) | (99.87%) | (0.13%) | (0.13%)
0.01 7249636 7431047 7240163 7421300 9472 9746
(38.77%) | (39.74%) | (99.87%) | (99.87%) | (0.13%) | (0.13%)

Table 7 examines the effect of the proportion of contact vaccinated pcv who do not become
ill. This value does not affect the temporal characteristics of the epidemic, as well as the percentage
of recovered and dead, but affects their number. In particular, with an increase (respectively,
decrease) in this value by 3.3%, the number of cases decreases by 2.9% for the discrete model and
2.8% for the continuous model (respectively, an increase of 2.8% for the discrete model and 2.7%
for the continuous model). This is explained by the fact that with such a change, the number of cases
among those who have been vaccinated decreases (respectively, increases). As a result, the number
of recovered and dead people also decreases (respectively, increases).

Table 7 - Impact of the proportion of contact vaccinated who did not infected

Total number of cases | The total number of | The total number of

Parameter | @d %  of  the | recovered and % of the | deaths and % of the

Pew population total number of cases total number of cases
Discrete continuous | Discrete continuous | Discrete | continuous
7284183 7466126 7274636 7456303 9546 9822

020 (38.95%) | (39.93%) | (99.87%) | (99.87%) | (0.13%) | (0.13%)
7071716 7260647 7062295 7250946 9421 9701

023 (37.82%) | (38.83%) | (99.87%) | (99.87%) | (0.13%) | (0.13%)
7486743 7661702 7477078 7651766 9665 9936

087 (40.04%) | (40.97%) | (99.87%) | (99.87%) | (0.13%) | (0.13%)

Table 8 evaluates the impact of the exposed compartment proportion who did not infected.
An increase in this parameter leads to an increase in the duration of the epidemic and the time it takes
to reach its peak and a decrease in the number of ill, and therefore recovered and died. This suggests
that with less infection, the epidemic becomes less intense, i.e. its terms are stretched, and fewer
people get infected overall. In particular, with an increase (respectively, decrease) of this parameter
by 1.5%, the duration of the epidemic increases by 12.5% for the discrete model and 13.3% for the
continuous model (respectively, a decrease of 9.6% for the discrete model and 9.4% for the
continuous model). Under the same conditions, there is a decrease in the number of cases by 19.2%
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for the discrete model and 19.3% for the continuous model (respectively, an increase of 15.1% for
both models). Roughly the same effect has the proportion of exposed that get infected and isolated.

Table 8 - Impact of the proportion of exposed who do not get sick

Parameter | Epidemic end time Peak time of the | Total number of cases and
Pes epidemic % of the population
Discrete | continuous | Discrete | continuous | Discrete continuous
5887261 6024809
0.679 1101 1154 442 419 (31.48%) (32.22%)
8385774 8596170
0.689 1249 1307 522 497 (44.84%) (45.97%)
5887261 6024809
0.669 996 1045 393 363 (31.48%) (32.22%)

Table 9 evaluates the impact of the rate of vaccination on the overall process. An increase in
this parameter leads to an increase in the duration of the epidemic and the time of its peak and a
significant reduction in the total number of cases and those who are simultaneously ill, with a slight
decrease in mortality. In particular, with an increase (respectively, a decrease) of this parameter by
80%, it leads to an increase in the duration of the epidemic by 5% for a discrete model and by 4%
for a continuous model (respectively, a decrease in the duration of an epidemic by 1.6% for a discrete
model and by 0.3% for a continuous model). At the same time, the total number of cases decreases
by 36.8% for the discrete model and by 34.9% for the continuous one (respectively, the total number
of cases increases by 32.4% for the discrete model and by 30.3% for the continuous model). The
number of deaths is reduced by 41.2% for the discrete model and 39.3% for the continuous model
(respectively, increases by 40.6% for the discrete model and 37.9% for the continuous model). The
results obtained indicate the extreme importance of maintaining a high rate of vaccination of the
population.

Table 9 - Impact of vaccination rate

Parameter Evidemi d i The total number of deaths [ Total number of cases
v pidemic end tme | ,hd % of the total number of cases | and % of the population
Discrete | continuous | Discrete | continuous | Discrete | continuous
. . 7284183 | 7466126 9546 9822
0.0005 LU G (38.95%) | (39.93%) (0.13%) | (0.13%)
4601617 | 4857401 5610 5961
57 2 . & ¢
b Moe | R0l (24.61%) | (25.98%) (0.12%) | (0.12%)
. = 9645972 | 9730947 13420 13548
00001 i ML (51.58%) | (52.04%) | (0.14%) | (0.14%)
Conclusion

The results obtained indicate a fairly high efficiency of the proposed models and can be used
to predict the development of epidemics. In this case, in each specific case, the system is first
identified based on the available statistical information, after which the forecasting problem is solved.
For models of epidemic development in the absence of vaccination, this procedure is implemented in
[5,9,11].

Further refinement of the models can be carried out by considering the possibility of
reinfection of those who have been ill due to the mutation of the virus and the gradual decrease of
immunity in recovered people, as well as the limited duration of the vaccine. In this case all
considered population compartments are preserved, but intercompartment transitions are added,
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taking into account the possibility of transition from the compartments of recovered and vaccinated
to the susceptible compartment.
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SOLVING THE PROBLEM OF TIGHTLY COUPLED INTEGRATION OF INERTIAL-
SATELLITE NAVIGATION SYSTEMS COMPLETED WITH ODOMETER

M. T. Tassova®”", A. S. Ibrayev!

LAl-Farabi KazNU, Al-Farabi 71, Almaty, Kazakhstan,
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Abstract
The paper deals with the solution of navigation problem based on close integration of inertial-satellite navigation
systems combined with odometer, in the most general case - without simplifying assumptions about the object model, its
trajectory, etc. The effectiveness of the obtained solution for the loss of satellite signals is illustrated by the results of a
numerical experiment.

Keywords: tight integration, inertial-satellite navigation systems, odometer, nonlinear Kalman filter, continuous-
discrete filtering

Introduction

At present, the leading companies developing and manufacturing integrated navigation systems
around the world are actively engaged in the task of close integration of inertial and satellite
navigation systems. The task of close integration of inertial (INS) and satellite navigation systems
(SNS) arises during the construction of advanced navigation systems, as well as to ensure the
functioning of coarse (for example, on MEMS-sensors), redundant INS. A distinctive feature of the
task of close integration is the possibility of obtaining integrated solutions when the number of visible
navigation satellites is small, when autonomous positioning and velocity satellite navigation solutions
are not possible [1,2].

Currently, the development and creation of high-precision positioning systems for moving
objects is one of the most important problems in ensuring traffic safety for all types of transport. One
of the most promising ways of solving it is close integration of navigation information from SNS with
measurements of free inertial navigation system (BINS) of the moving object. At the same time, the
development of modern algorithms of integration of inertial-satellite NS implies the use of only
linearized equations of BINS (the so-called "error equations™) and linearized measurements of SNS,
adequate to the real motion only for small time intervals [3], which, in turn, imposes fundamental
restrictions on the time of autonomous motion of the object (when the satellite measurement signals
disappear).

Literature review

The beginning of the history of the study of this problem in the literature dates back to the early
1970s [4, 5, 6]. The early sources mainly gave reasons for the importance of solving this problem and
described possible schemes for integrating the INS and SNS. The theoretical foundations of the
integration task were also developed. Mathematical models of autonomous functioning of inertial
navigation systems were described: models of on-board algorithms, error equation models. Satellite
navigation models for the U.S. G.P.S. system was developed. A Kalman filter was used as the
mathematical basis for solving the problem of INS correction by SNS. Thus, during the 1970s-80s,
the basic mathematical models and methods for the problem of tight integration of the INS and SNS
were developed.

A new phase of publications came in the 1990s, when the American satellite navigation system
GPS/NAVSTAR was fully deployed for operation. Most of the literature at that time is devoted to
describing experiments on the close integration of the INS and SNS on real data [7, 8, 9, 10]. In these
sources, everything was mostly limited to descriptions of functional integration schemes, the most
basic models of INS and SNS functioning. The main emphasis was on the results of processing
experimental data with different satellite constellations and inertial systems of different accuracy.
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In the 2000s, manuals in which the mathematical models were described quite completely began
to appear [11, 12, 13, 14]. The works carried out at the Canadian University of Calgary stand out.
Many works have been written under the auspices of this university, containing both a description of
experimental material on close integration and mathematical methods and models of this problem
[15, 16, 17, 18, 19]. Nevertheless, these models often did not consider many aspects of the specific
implementation of algorithms of the close integration problem. There are still virtually no sources
that describe a clear algorithmic scheme suitable for creating software and mathematical support.
This is largely due to the fact that this software is a trade secret or intellectual property.

In addition to the fuzzy structural description, many sources allow some inaccuracies in the
mathematical models, and some essential aspects are not addressed at all. Among these aspects are
the question of separating total, dynamic, and kinematic errors in the INS error equation; setting the
azimuthal orientation and gyroplatform control for INS platform; and the equivalence of platform and
gimbal-less INS. So, in spite of the long history of research of the problem in the Western literature,
there is still no clear description of all necessary models in any source.

Generalized mathematical model of BINS.

To solve this problem further we use the right-hand coordinate systems (RCS) [2,3]:

- instrumental coordinate system (ICS) %z, whose origin is located in the center of mass (CM)
of the object, and whose axes are directed along the mutually orthogonal axes of sensitivity of the
BINS measuring complex instruments,

- rotating with the Earth Greenwich CS (GrCS) ¢ %nés

- inertial CS(InCS) I°m¢151 G with origin at the Earth's center

- accompanying CS (ACS) S OXYZ, whose origin coincides with the object's center of mass,
the Y axis coincides with the direction of the local meridian, the Z axis is directed along the plumb
line from the Earth's center, and the X axis completes the system to the right

n,MNi

_v®

Figure 1 - Orientation of the SC axes
Consider also that the BINS gauge complex includes three accelerometers and three angular
velocity sensors (AVS). The system of equations of navigation parameters of investigated BINS,
invariant to the nature of of motion of the object and the type of its physical model, in this case has
as follows [3,26]:

. siny cosy
a
: cos cos
= Z —W :(D ) Z _W )
5‘ cosy —siny 0 (Zg ) B, y)(Zqg )
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where a, B, v - Euler-Krylov angles determining the orientation of the InCS tetrahedron relative to
the ICS, Z; = |Zx Z, Z4|" - the measurement vector of the three orthogonal DUS's, W, =
(W, W, W,|T the vector of additive noise of the AVS measurements (white Gaussian noise
(WGN) with zero mean and intensity matrix D;), A - longitude, ¢ - latitude, h - object height,
VoV, V; - the projections of the linear velocity of the object on the corresponding axes of the

accompanying CS, r - Earth radius, Q - angular velocity of rotation of the Earth, g - gravitational
acceleration, Z, = |Zax Zay Zaz|T - output vector signals of the accelerometers, W, =
[Wax Way Waz|T - vector of accelerometers interference (WGN with zero mathematical
expectation and intensity matrix D,), C(a, 8,7, 4, @) = D(a, B,¥)DT (4, ¢) - the matrix of directional
cosines, determining the orientation of the ACS with relative to the ICS, D(a, B, y) - rotation matrix
of the 2nd kind [4], which determines the orientation of the ISC relative to the InCS (given in
Appendix 1), B = D(4 + Qt =y, —¢, 0) - matrix defining the orientation of the ACS relative to the
InCS.
In the Langevin vector form, the original form for posterior estimates, equations (1) are

described as:

Y = F(Y,t) + F,(Y, t)§, (2)

whereY=la B v A o Vx W V; hIY0) =Y, &= W] W,

Model of BINS complexed with odometer. At the first stage of the solution of the integration
problem we consider the complexation of BINS with an odometer, the measurements of which allow
to ensure the stability of the algorithm of filtering of the object motion parameters when the SNS
signals disappear (i.e. the autonomy of the NS).

In this case, as odometers we will consider two types of meters: a path sensor, the output signal
of which is proportional to the length of the path traveled by the moving object, and a differential
path sensor (chronometric speedometer), the output signal of which is proportional to the speed of
the object (the increment of path length per measurement stroke). Without reducing the generality of
the problem under consideration, we consider the output signals of both types of odometers to be
continuous, which corresponds to the modern speeds of moving objects and the technological level
of performance of modern odometers. Let us first consider the possibility of using as an observer of
navigation parameters of the path sensor, the output signal of which is proportional to the length of
the path traveled by the object. In this case, the odometer output signal Z,, proportional to the length
of the traveled distance, can be represented as follows:

ZO == S + WSO, (3)

where S is the distance traveled by the moving object,
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W, is a measurement disturbance described in the general case by WGN with zero mathematical
expectation and intensity Ds.

To be able to use the path observer given in stochastic estimation methods, it is necessary to have
a differential equation describing the variable S through other state parameters of the navigation
system. This equation, in turn, follows from the physical sense of the path S (integral of the velocity

modulus) and has the form:
S=/@+W+%

and must be included in the system of equations of the state vector of the entire navigation system

2):

. siny cosy
a
5 cos S cos

= Z —W = d) ) Z _W )
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Such inclusion of the new equation to the system correspondingly changes the vector of
navigation parameters and functions of the right side of the canonical equation (2): in this case, in
comparison with (2) we have an increase in dimension of the system of equations of the vector of
navigation parameters by 1 and the observation in (3) just one navigation parameter S. From
theoretical point of view such observation is quite enough to construct posterior probability density
function of NS state vector (and consequently, to form optimal posterior estimations), but in practical
using of observer (3), due to its low informativity, the stability of estimation process may be
problematic. (Increasing the dimensionality of the system as compared to the initial one only increases
the estimation error due to additional computational errors).

In this connection, let us further consider the possibility of using as an observer the vector of
navigation parameters of a differential odometer (chronometric speedometer), the output signal of
which is proportional to the speed modulus of the moving object and can be represented as follows:

Z=AS+ W, =kyVZ+VZ+VZ+W,=H(,t)+ W, (5)

where AS is the current increment of the path taken by the object during the measurement cycle,
k is the coefficient of proportionality,
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W's - measurement interference, described in the general case by WGN with zero mathematical
expectation and intensity DS.

The obtained equations (2,5) in the "object-observer” form easily allow, following [22], to write
down the equations of navigation parameter estimation in the form of a generalized Kalman filter for
the studied NS:

Y=F(V,¢t)+Kk(Y,t)|[z-H(Y, 1)) (6)
K(Y,t) = R%(;'t) 51,
A (Y )R(Y 0) +R(7,0) # £ B (P, O)DeET(7,8) — K(7,)DsKT (9, )

where Y is the vector of the current evaluation of the state vector of the NS Y(t),

R(Y,t) - the posterior covariance matrix, D =

| d

0 D,
~ ~ ~~\T

To = M(Yo), Ry = M{(Yo - %) (Yo - ) ' }

Filter (6), easily implemented in the onboard calculator of a moving object, should be used in
the absence of satellite measurements, ensuring the continuity and stability of the process of
evaluation of navigation parameters in general. In the presence of satellite signals, it is advisable to
combine them with odometer signals. Analyzing further the measurements of the SNS, we will
consider only the Doppler and code measurements, which provide a complete solution in principle to
the problem of building an integrated NS using odometer readings.

Tight integration of inertial-satellite systems using an odometer.
In the standard mode the information model of code measurements (pseudodistance
measurements) has the form [1,21,25]:

Zr =G =2+ (e —M? + (G — )2 + Wy, (7)

where &., n., {. are the known coordinates of the satellite in the Greenwich SC,

&, 1, { are the current coordinates of the object in the Greenwich SC,

Wy, - WGN with zero mean and known intensity Dy, (t), due to algorithmically uncompensated
receiver and satellite clock errors, errors arising during signal passage through the troposphere and
ionosphere, instrumental errors, etc.

The information signal of Doppler measurements (pseudo-velocity) Zy, in standard mode can be
represented as follows [1,21,24]:

Zy = [ = OWVee = Ve) + e =D (Ve = V) + (G — D (Ve — V7 )] %
((\/(EC - 5)2 + (770 - 77)2 + ((c - 5)2)_1 + WZV') (8)

where Vg, V;,, V; - the projections of the velocity vector of the object on the GrCS axes, Vg, V,

nes
the projections of the satellite velocity vector on the GrCS axes,
- WGN with zero mean and known intensity Dz (t), caused by instrumental errors of the

transmitter and receiver, random measurement errors, etc.

Vee -
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To be able to use the measurement signals (7,8) as observers of the NS state vector described by
system (1), let us express the input variables through the navigation parameters in the ICS. For the
object coordinates we have:

E=(@+h)cospsinA, n=(r+h)sing,{ = (r+ h)cos¢cos4, 9)
When determining the velocity projections, consider that the velocity vector in GrCS
Ve=1Ve Vy V¢|T is related to the velocity vector Vs = |Vx  Vy V4|7 in the ICS with a
matrix B = D(—¢, 4,0) = B(¢, 1) of the ICS rotation relative to the GrCS: Vs = (¢, 1)V, which
allows us to obtain a representation of the V;; vector through the parameters of the object's motion:

Ve = BT(‘P» 7 (10)

Based on (9,10), the coded and Doppler signals can be represented as information models of the
state vector observers NS (1):

Zp =+ (& — (r+ h)cos@sinA)2 + (e — (r + h) sinp)?2 + ({¢ — (r + h) cos ¢ cos )% +
Wy

R

= Hr(@, A, h) + Wy,

Zy = [(§c — (r + h) cos @ sin D) (Ve — B(yy (9, DVs) + (¢ — (r + h) sin @) (Ve —
B3y (@, DVs + (¢ — (r + h) cos ¢ cos 1) (Ve — By (@, DVs)]| x
(\/(fc —(r+h)cospsinA)2+ (nc— (r+ h)sing)2+ ({o — (r + h) cosp cos 1)2)™1 + Wy, =
Hy (@, A, h,Vs) + Wy,

where Bf; (¢, 2) — i matrix row BT (¢, 2).
Accordingly, the equations of the complex of the satellite observer (odometer+SNS), taking into
account the discrete nature of the messages, in vector form take the following form:

7 H(Y,k) W
Zirt = |Zg| = | Hr(@, A h) |+ |Wzg| = HE(Y, k) + ¢, (11)
ZV HV(QD,A; h’l VS) WZV

where k - the current clock rate of satellite measurements arrival, ¢ = |Ws Wz, Wy, |T -WGN
with zero mean and intensity matrix

D¢ 0 0 H(Y, k)
Die =0 Dzz 0|, H™(Y,k) = | Hr(p,4h)
0 0 Dy, Hy (o, A, h, V)

Such a problem belongs to the continuous-discrete filtering problems and cannot be solved
simply with a Kalman filter [22,23].

According to [22], the Gaussian discrete-valued algorithm for the extended observer (11) on k-
m measure tact has the form:

. . aHintT(?KO, k) oo T o .
Y(ty +0) = Yio + R(t, +0) T (HE™ (Yo, k) Dine HT™ (Yo, k)71 X
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X [Z5 — HM (P, K] (12)

OH™ (Yxo, k) y

R(tg +0) = Rgo — Rio a7

o . . -1
aHlnt(YKo’ k) aHmtT(YKO’ k) aHmt(yKo’ k)
X - Rio - ——— 2R
aY ay aY

It should be emphasized that between discrete measurements of the SNS (at time intervals

[tx_1, tx], k=1,2,....,) continuous filter (6) is used, due to which its initial conditions Y (tx_1),

R(tx—1) are the result of discrete estimation Yx_; = Y(tx_; + 0), Rxk_; = R(tx_1 + 0) parameters
of the state of NS Y at the moment t_;:

+ H(L;nt (?KO; k)DintHéntT (?KO’ k) k0

Y(tg-1) = Yk—1 =Y (tx_1 + 0), R(tx-1) = Rx_1 = R(tx_1 + 0).

The result of integrating Y (tx) , R(tx) of the continuous filter equations (6) at the end of the
interval [tx_y, tx] forms the initial conditions Y (tx_; + 0) = Yo, R(tx —0) = Ryo = R, of the
discrete estimation procedure (12) at time ty:

Y(tx —0) =Yyo = Y(tx), R(tx — 0) = Rgo = R(t,)-

To illustrate the possibility of effective use of the proposed integration algorithm, numerical
simulation of the estimation equations (6), (12) was performed.

Simulation results

The simulations were performed on time interval t €[0;1000]s with step At=0.01s by the Runge-
Kutta 4th order. To avoid increasing the dimensionality of the filter equations, an additive Gaussian
vector-noise with zero expectation and intensity for: odometers - (10~2m/s)?, code measurements -
(15 m)?, Doppler measurements - (0.5 m/s)?was used as the model interference. Satellite signal loss
simulations were performed at 400 s for a time interval of 300 s. At the end of the simulation time
interval maximum errors of Y-vector components were: by linear velocity projections - 0.25 m/s, by
orientation angles - 1.5 angles, by latitude - 10 meters, by longitude - 14 meters, by height - 1 meter,
which is comparable with the accuracy of linear motion parameters evaluation by satellite means
(angular parameters cannot be estimated by SNS) in absence of satellite measurements.

Conclusions

The obtained results and numerical evaluations allow us to conclude both about the theoretical
solution of the problem of close integration of the SNS and BINS using other external meters
(odometers), and about the possibility of effective practical use of the proposed approach.
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Abstract

Recognizing road signs is one of the most important steps to help drivers avoid accidents. In this paper, the
convulsive neural network (CNN) was used for an autonomous system for detecting and recognizing traffic and road
signs. The proposed system works in real time to recognize the image of road signs. This paper provides model learning
using in-depth learning of 43 different road signs using existing data sets and collected local road signs. A system for
detecting and recognizing road signs through an 8-layer convulsive neural network is proposed, which acquires different
functions by training different types of road signs. Model training has made a great contribution to the achievement of
high accuracy of the road sign detection and recognition system, which has allowed our system to solve the problems of
limited accuracy and performance under the influence of environmental factors, to be more comprehensive and accurate
compared to many modern systems.

Keywords: neural network, deep learming, machine learning.
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Introduction

Road accident — an event caused by the movement of vehicles on the road and its participation,
causing harm to human health or causing serious death, as well as causing damage to vehicles,
structures, cargo or other material damage [1].

Data on road accident victims in our country exceeds the statistics of such CIS countries as
Armenia, Kyrgyzstan, and Tajikistan. This is the result of events that have been implemented for
more than 20 years. One of the main elements of the infrastructure is the road. Many factors (such as
rain, snow, high temperature, darkness, sun glare, and trucks) cause various damages that have a
significant impact on road performance, driver safety, and vehicle cost.

According to official statistics of the National Bureau of statistics of the agency for Strategic
Planning and reform of the Republic of Kazakhstan, the number of road accidents in traffic in 2020
is 13,515.

The following tables show statistics on road accidents in Kazakhstan for 2020:
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Figure 1 — Number of road accidents in 2020 according to official statistics of the National
Bureau of Statistics

The largest number of road accidents is observed in Almaty (3245), Almaty region (2150) and
Turkestan region(1042).

The number of people killed by the incident is 1,687, and the number of injured is 12,417 [2].
The main causes of road accidents:

e increase speed in restricted areas;

e when crossing a pedestrian crossing;

e non-compliance with the requirements prescribed by road markings [3].

Road signs help prevent road accidents, ensuring the safety of both drivers and pedestrians. In
addition, traffic lights guarantee that road users comply with certain laws, which reduces the
likelihood of traffic violations. Road signs should be a high priority for drivers or pedestrians. It is
more likely that you will not notice road signs for various reasons, such as concentration, fatigue, and
sleep. Other reasons that contribute to the absence of road signs include poor vision, exposure to the
outside world and environmental conditions, changes in weather conditions, reflection of the sun, etc.
The real-time road sign recognition system analyzes images taken by the car's front camera in real
time to recognize signs. They help the driver improve their safety by giving them alerts..

Materials and Methods

The system for detecting and recognizing road signs consists of a number of components,
including:

1. a comprehensive data extraction process that allows you to obtain the necessary information;

2. classification of the received data flow by frame;
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3. identification of acquired features;

4. training a neural network, as well as evaluating its effectiveness and accuracy in test data;

5. data set where road signs are stored,;

6. identification of objects in the frame;

classification;

7. get results.

Below is an illustration of the architecture of the road sign recognition system based on the CNN
model.

r_"
I |

recognition objects train model

classification output

Figure 2 — Architecture of the road sign detection and recognition system
The data set used to train the road sign classifier is the road sign recognition test —- GTSRB [4].

The GTSRB data set consists of 43 classes of road signs and about 50,000 images. The data set used
can be seen in Figure 3.
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Figure 3 — Data set
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However, it is necessary to supplement the data in this benchmark. Therefore, by conducting
additional experiments with the Tsinghua-Tencent 100k [5] data set, it uses methods with many road
scenes with great differences in many aspects, such as light and weather, as well as examples of
occlusion.

Neural network training. The main goal of this study is to create a system for identifying and
recognizing road signs using deep learning.

First, a model for recognizing road signs was prepared using in-depth training, and the prepared
model was tested. The process of deep learning takes a lot of time to train the model, but the
classification itself takes a relatively short time.

The purpose of the problem of identifying each character for the image of road signs is to
determine whether a particular pixel corresponds to a part of the character. To solve this problem, the
proposed solution is based on CNN, which is designed to classify signs with geometric images. The
sampling method is used between two fully related levels to reduce over-setup by preventing complex
joint adaptations in learning data. The output of each neuron is set to zero with a probability of 0.5.
CNN training is accelerated by graphics processing units (GPUSs). Further acceleration is achieved by
using corrected linear units (ReLU) as an activation function, which is more efficient than Tanh (x)
hyperbolic tangent functions and is a Sigma-like function used in traditional neural models both at
the training stage and at the evaluation stage. CNN is trained with a batch size of 48 units using the
stochastic gradient capture (SGD) method. In the verification kit, it takes less than 20 stages to reach
the minimum.

Literature review

Road sign detection systems are the most popular systems for detecting small objects (signs).
Defining road signs usually involves using colors or geometric features to create candidate areas that
may contain road signs in a particular image.

Some approaches directly use RGB color space and color limits to segment the image and define
labels. Bouti A. the researchers examined the road sign recognition system by dividing it into two
parts. While the first is to detect signs in real time, the second part is a way to identify signs using
data sets. To do this, the researchers used convulsive neural networks [6].

Sun Y. [7] the researchers propose a new structure of deep learning consisting of two
components, including the complete convulsive network (FCN), which is controlled by road sign
recognition, and the deep convulsive neural network (CNN), which is designed to classify objects.
The proposed approach [7] is experimentally compared to R-CNN [8]. E. The researchers [9] use the
CNN [10] method to perform road sign recognition, and the results show that this approach is
promising. However, the accuracy and speed indicators showed very low accuracy.

Wu Yigiang et al.researchers [11] implement a real-time road sign recognition algorithm that is
resistant to small objects and can identify all categories of road signs. (advanced character selection
can be achieved using the latest algorithms, such as spectral clustering [12, 13]). In particular, a two-
level definition structure is proposed, consisting of a regional recommendation module (RPM)
responsible for identifying objects, and a classification module (CM) responsible for classifying
identified objects. Color and shape information was used to determine traffic lights. For example,
[14] used RGB or HSV color spaces to recognize traffic lights. In addition to colors, geometric
information is widely used. Geometric signs of road signs, the HAF transformation, angle
determination, and projections are used to determine the exact location of road signs [15].

Results and Discussion

After successful training of the neural network, it is necessary to check its functioning. Below is
a snippet of the program code. This is the stage of implementation of the architecture of our model.
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traffic_signs.py

data = np.array(data)
labels - np.array(labels)

print(data.shape, labels.shape)

X_train, X test, y train, y test train_test_split(data, labels,

print(X_train.shape, X_test.shape, y_train.shape, y_test.shape)

y_train ical(y train,
y_test rical(y_test, 43

‘relu’, e=X_train.shape[1:]))
“relu’))

‘relu’))

model . add ( “softmax”))

model .compile(loss="categorical_crossentropy’, opt er="adam’, me s=[ "accuracy])

epochs 15
history model . fit(X_train, y train, s=epochs, ta=(X_test, y test))

Figure 4 — Example from the CNN model training phase

Matplotlib is a Python programming language library for visualizing data with two-dimensional
(2D) graphics (3D graphics are also supported). Using Matplotlib, we created a graph of model
training and matching accuracy and their error.
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Figure 5 — Model training and identification accuracy
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Figure 6 — Model training and identification error

As can be seen from the images above, the neural network has been successfully trained and is
ready to process new images.

Below is an example of the symptom recognition result of this system.

Based on the results, 95% accuracy of recognizing road signs in real time was achieved using in-
depth training in the most well-defined category.

Conclusion

In the course of the study, a new way to identify and recognize road signs was proposed. Its
purpose, structure, and architecture were described. To increase network performance, focus loss is
used to monitor the regional Offer Network. In addition, 3 convolutional and one fully connected
layer were used to identify road signs, which is very useful if large road signs are detected. At the
recognition stage, dense blocks are used in the classification network to increase accuracy. The
proposed approach works very well in identifying and recognizing different categories of road signs.

Based on the results, with the help of in-depth training in the most well-defined category, 95%
accuracy of recognizing road signs in real time was achieved. The proposed research work can greatly
help in reducing the number of road accidents.
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Figure 7 — Road signs identified as a result of model training
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Abstract

Digital marketing is a marketing concept whose goals are achieved through the Internet, computer communication
technologies and digital interactive media. Digital marketing uses advanced computer and network technologies to find
new markets and new consumers, ensuring maximum economic efficiency. Previously, digital marketing was considered
as a form of individual communication with customers in certain areas of activity, but since 2003, the scale of its
application has been increasing. Most forms of marketing in traditional areas (for example, direct marketing, targeted
advertising) are switching to digital formats. Digital marketing has many unprecedented competitive advantages: it is able
to integrate various marketing activities, such as product description, promotion, customer opinion polling, advertising,
public relations, customer service, etc. These marketing activities are not limited by time and geography, they are
integrated with text, sound, video, web and audiovisual, dynamic or static display and can be quickly and easily updated,
and consumers can also re-view requests.

Keywords: digital marketing, innovative products, digital economy, digital marketing tools.

Introduction

As part of the development of modern information technologies, social networks can be called
one of the most popular tools for promoting and managing business on the Internet. Social media
platforms unite billions of people, and in order to get in direct contact with their customers, brands
create business accounts. A business page in a social network is a part of a brand, its representation,
it can not only increase customer awareness and loyalty, but also increase financial indicators. The
purpose of this article is to analyze the advantages of SMM marketing tools, effective methods and
information technologies used for the development of business accounts.

Analysis of the main directions of marketing activities in the context of digital transformation
has shown that for successful development in the digital economy, companies need to improve digital
methods of collecting, processing, analyzing information; expand interaction with consumers in the
digital environment; timely identify destabilizing factors of the competitive environment and respond
to emerging threats. The proposed approaches to formalization and algorithmization of decision-
making processes about innovative changes in marketing activities, such as generation of new
concepts of data use, experimental verification of innovative tools, actualization of value applications,
will contribute to the development of innovative strategies for interacting with customers and
recognizing threats to destabilize the market situation. Marketing algorithms of digitalization will
ensure not only the generalization of best practices and the accumulation of managerial experience in
artificial intelligence systems, but also the efficiency of the company's response to emerging
opportunities and threats.

At the moment, the audience of social networks is about one billion people and this number is
increasing every year. The average user of social networks can view about a hundred pages a day,
this level of activity is amazing. What various projects on the Internet have tried to achieve with
difficulty, social networks have achieved with amazing speed. Psychologists are already considering
dependence on social networks as a real threat to people's health. There was even a certain term
"Facebookaddicted" (dependent on Facebook). This is due to the fact that more and more people are
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accessing the Internet just for the sake of social networks. They spend several hours a day just to view
posts. The audience of social networks is very different from other users on the Internet. For them,
the social network has become their “separate” Internet, in which they: watch movies and videos,
listen to music, buy goods, communicate, play, work. All offline companies are now striving to
capture this audience and attract their attention. They create their own resources, hire specialists to
promote them, hold events, share gifts to attract users from social networks. [1]

Thus, we can say that the platform is a tool of a new order, which is many times more effective
than other tools, since it includes all the necessary functionality. Many experts give their preference
to them and this is not without reason. According to many studies, platforms significantly increase
various indicators. They save the advertising budget, increase the profit from sales, increase the
conversion of the site, and also contribute to the development of constant contact with the audience.

Internet PR strategy. The strategy is similar to PR in its classical sense. This type is used to
increase brand awareness, as well as to attract the target audience. The most effective method is brand
promotion in popular Internet resources. Publication of information, news, articles about the
company's activities.

Viral marketing. This strategy has been actively gaining popularity recently. The basis of this
strategy is the development and publication of viral content (content that is rapidly gaining popularity
and is distributed by the users themselves). This method is used in various areas of marketing, be it a
blog or a community. The main condition of this method is that viral content should not interact in
any way and depend on its creator. The promotion of this content falls entirely on the users who will
see it. At the moment, there are a large number of more narrowly focused strategies. Each specialist
develops them based on their needs. Using different strategies allows you to get more effective results.
At the moment, marketers use not only basic strategies, but also create more narrowly focused
strategies for maximum efficiency in online marketing. [2]

SMM information technology

Currently, new ways of promoting business on the Internet, attracting customers and stimulating
demand for products, goods or services are emerging. One of the innovations of information
technologies for promotion can be attributed to SMM — Social Media Marketing. SMM is an
effective set of marketing tools that uses social networks or other social platforms to promote brands
and solve business problems. As a rule, business accounts are created in certain social networks
focused on this in order to post information about the company, its products and products, special
offers and new products there. The advantages of SMM account promotion include:

1. A significant reduction in the gap between the company and the client, since social networks
allow these two groups to contact directly, through comments and messages.

2. The opportunity to develop at low financial costs, which means that there is no certain risk.

3. The opportunity to reach a huge international audience and enter the foreign market.

4. Reduction of advertising distribution time and processing time of the response to it.

The purpose of the work is to formulate the key directions of digital transformation of marketing
activities based on the study of successful projects for the introduction of innovative technologies, to
show the possibilities of formalizing the procedures for using innovative tools in marketing. When
developing digital transformation strategies, company management faces the problem of determining
priorities and directions of development. It includes issues such as the selection of digital technologies
and IT solutions in which the company's resources should be invested; assessment of the impact of
new technologies on business efficiency and payback periods.

One of the main directions is improving the methods of collecting, processing, and analyzing
information. Its implementation is aimed primarily at creating analytics systems, specialized tools for
analyzing heterogeneous data. [3]

The organization of interaction with consumers in the digital environment is based on the
integration of data processing processes, marketing research with customer relationship management
systems (CRM systems). Technologies of artificial intelligence, virtual and augmented reality (AR,
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MR and VR), the Internet of Things (loT) allow creating an ecosystem of marketing interaction
around each individual user, combining all available communication channels.

The most important task of marketing is to ensure the competitiveness of the operating enterprise
in the digital environment, to help the company adapt to the rapid changes taking place under the
influence of new technologies.

Given the speed of digital transformation processes, it is necessary to pay priority attention to
the formalization and algorithmization of data processing methods; development, adoption and
control of decisions on innovative changes. This will ensure not only the generalization of best
practices and the accumulation of managerial experience in artificial intelligence systems, but also
the responsiveness to emerging opportunities and threats. [3]

Analyzing successful digital technology application projects, comparing approaches to the
formation of digital transformation strategies of high-tech companies, also outlined in the work, we
can identify the following key board issues that need to be focused on when developing digital
transformation strategies for marketing activities:

* improving digital methods of data collection, processing, analysis;

* organization of interaction with consumers in the digital environment based on identification
and reaction to changes in customer behavior;

» monitoring the competitive environment, identifying threats and preventing negative impacts.

The listed directions can be specified in the form of management algorithms used in the
development of digital transformation strategies. The main areas of data usage are traditionally:

« analysis of customer behavior in the digital environment in order to improve the efficiency of
interaction with users;

* identification of promising areas and points of growth of the company;

* study and formation of the target audience;

* improving customer interaction by individualizing goods and services, personalizing offers,
and providing original content.

At the same time, a number of companies are creating and successfully using new concepts of
using data for innovative development or creating a new business. The generation of new concepts
for the use of data involves the following operations. [4]

1. Determining the direction, purpose, and objectives of data use, for example, penetration into
new markets, studying the competitive environment and customer behavior.

2. Definition of data usage formats, for example, unstructured video analytics data on customer
behavior in a shopping mall.

3. Development of a plan for achieving goals and solving tasks, for example, based on data
collected during the implementation of loyalty programs, a business scenario can be focused on
personalizing interaction with customers of a certain target audience with the offer of individual
bonuses.

4. Analysis of available data and identification of missing data, sources, methods of their
collection and systematization, for example, analysis of social networks that unite a target group of
clients to clarify and personalize offers.

5. Development of a new data usage concept, including the technical part, planning changes in
business processes, testing and evaluation of a new data usage concept.

Analysis

Systematic analysis of competitors' actions, search for technological, product, marketing,
organizational innovations should be complemented by operational selection and experimental testing
of new ideas in the conditions of their market segment. At the same time, digital technologies allow6
to significantly reduce the time and cost of experimental testing of innovations due to access to a
variety of information resources, computer modeling. [5]

The process of experimental verification of innovative tools includes the following steps.

1. The formulation of the problem that the experiment is aimed at solving.
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2. Defining the boundaries of the experiment (time, resources that the company is willing to
spend on the experiment). Determination of the time and conditions for the completion of the
experiment.

3. Formation of a team of participants in the experiment, determination of rights and obligations,
conditions of their work, conditions for attracting other employees.

4. Collecting information about the market and key parameters of the experiment.

5. Analysis of the received information and development of several hypotheses that require
additional verification.

6. Conducting an experiment (for example, creating simplified prototypes of solutions, testing a
simplified business model, obtaining, etc.) and analyzing its results.

7. Making a decision on the success and continuation of the experiment, the possibilities of
finalizing and improving the result obtained, using the results obtained to improve the company's
work and choosing further directions of experiments.

In the context of digital transformation, it is important to timely identify and implement
innovations that ensure the growth of the value of a product or service in the eyes of potential
consumers. Digital transformation forces both the company itself and the solutions offered to the
market to change very quickly, considered by customers as the value that the company offers to the
market, the consumer becomes more demanding of the service component of sales. The algorithm for
updating the value application includes the following stages. [5]

1. Study of changes occurring in customer motivation under the influence of digital
transformation. Identification of strategically important groups of clients, their goals, tasks, methods
of work in the market, the most important needs.

2. Clarification of existing value propositions for each group of clients.

3. Threat recognition for these offers. Identification of new customer requests, as well as values
formed as a result of the emergence of new technologies, new offers from competitors, as well as
competitive offers from other industries.

4. Analysis of threats, assessment of their impact on existing value propositions.

5. Generation of new proposals taking into account new technologies, customer requests,
changes in the business environment. Active discussion of emerging issues with clients and
stakeholders.

6. The formation of a new value proposition that expands the already existing value proposition,
and devoid of irrelevant, lost value elements.

7. Testing a new value proposition on customer focus groups.

It is possible to propose an algorithm for developing innovative strategies for interacting with
customers through network resources in the context of digital transformation, which will include the
following stages.

Stage 1 — identification of specific tasks to be solved by the strategy being developed.

Stage 2 — definition of the target audience.

Stage 3 — choosing a model of interaction in social networks that provides a solution to the tasks
set.

Stage 4 — formulation of the product concept taking into account the conditions of interaction in
the digital environment. The image of the product should be attractive in various situations: when it
is discussed in social networks, shown on a smartphone screen, information about the product should
be easily accessible and transmitted between customers communicating on social networks using
mobile devices.

Stage 5 — determining the criteria for the effectiveness of the strategy and evaluating the expected
results of strengthening the competitive positions of the product and the company in the market.

187



INTERNET

MARKETING OF
COMPANIES
h 4 h 4 h 4 v
Marketing ! . : Distribution Communication
Product policy Pricing policy & 3
research policy policy

|

INTERNET RESOURCES AND TOOLS IN MARKETING

|

Online Market

-
Formation of a

e PR
QOrganization

ormation of an

. Building a
Research marketing flexible p?icing of sales of Interrjet .
; — system
Competitor — Internet Y
research Development ——— onduciing
— of new gfrgznﬁit:ﬁg advertising
—_—— .
Consumer products E’iaythe campaigns
research SR Internet rganlzaltlon
| Organization — of public
of service relations

— A

Figure 1 - The possibilities of using the Internet in the company's marketing mix.

As a result of digital transformation, the development of digital platforms, the company's
relationships are changing not only with customers, but also with competitors. There is a transition
from the traditional industry linear model to the network model of competition. [6]

Summing up, we can draw the following conclusions regarding online marketing:

1. There are many ways of promotion, and they all perform certain tasks and are effective in
special cases, but the most thorough and common are: SMM (social media marketing) and SEO
(Search query optimization).

2. Marketing platforms are gaining popularity - a large resource that includes the necessary tools
for the effective implementation of a marketing strategy. At the moment there are a huge number of
them and they all have different functionality for different purposes.

3. There are a huge number of examples for creating an Internet marketing strategy.

Most of the strategies are narrowly focused and created individually, specifically for companies.
Three main and most well-known strategies stand out among them: Internet PR, Viral Marketing, and
Integrated Marketing Strategy. These strategies are almost universal and have been used by marketers
for a long time. [7]

Literary review

Behavioral purposeful is considered a motivational calculate that impacts a particular behavior.
In the event that one’s purposeful is solid to perform a certain behavior, the person is more likely to
perform such behavior. Employees’ behavioral purposeful to utilize SMM is a critical figure for
comprehending their activities towards utilizing SMM. Behavioral deliberate is separated into two
categories, which are favorable deliberate and unfavorable purposeful. Favorable purposeful is related
with devotion, eagerness to do something, and exchanging eagerly. On the off chance that SMEs
accept that utilizing SMM in their undertakings will advantage them, they will organize to really
utilize SMM and attempt to adjust their employees’ eagerly to utilize SMM to determine those
benefits. Convenience and ease of utilize are seen to be viable indicators of BIS, and, in such situation,
the workers will be propelled to mean to utilize SMM in their SMEs. [8]

Social media marketing (SMM) alludes to the showcasing approach that utilizes social media
innovation, channels, or program to realize the objectives of showcasing, such as conveying customer
data, building quality connections with buyers, and expanding deals, etc. The previously mentioned
characteristics empower the social media to have important benefits for undertakings, which can be
reflected from the enterprisers’ inspirations for embracing social media in their businesses, counting
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(1) utilizing social media as an data stage, (2) expanding intelligent with shoppers, (3) building an
incredible notoriety and brand picture, (4) finding modern clients, (5) collecting showcase insights or
important data, and (6) improving fetched adequacy in showcasing communication. Indeed, in spite
of the fact that social media uncover different preferences for endeavors, as depicted over, there are
moreover a few drawbacks for endeavors with respect to the use of social media. [9]

The web and social media have changed customer behavior and affected the commerce hones of
companies. Social and advanced promoting gives noteworthy openings for organizations: cutting
down the costs, expanding brand mindfulness, and boosting deals. Communication with customers
can be set up with the utilize of a wide run of computerized channels: websites, promoting on the
web, mail informing, social media, portable applications, online distributions focusing on diverse
bunches of clients with distinctive inclinations with respect to how they lean toward to get data. Social
media instruments permit companies to utilize coordinate and more seriously intelligently shapes of
communication and shoppers engagement. Usage of social media showcasing (SMM) allows
mechanical companies to realize their showcasing objectives at moderately moo costs — and hence
diminish showcasing costs by making SMM a portion of their trade methodology. [10]

Social media are different shapes of online media in which individuals with common interface,
objectives, and hones lock in in social intuitive by making individual profiles and sharing data and
encounters. These can be full-fledged social media that permit sharing upgrades and photographs,
joining occasions, and performing numerous other exercises (e.g. Facebook, VKontakte), photo
sharing destinations (e.g. Flickr, Photobucket), destinations for making and sharing recordings (e.g.
YouTube, Ustream), online communities, as well as microblogging apparatuses that permit
individuals to share brief messages, or “updates”, with others (e.g. Twitter), social labels (e.g. Digg),
newsreaders (e.g. Google Peruser), open web gatherings, review/rating locales (e.g. TripAdvisor),
blogs/moblogs, labeled destinations, podcasting, wikis, and standalone websites. One of the foremost
critical capacities of social media is that they give a web application where clients can effortlessly
make and publish different substance within the shape of writings, photographs, recordings, etc. [11]

Social media are progressively getting to be a profitable apparatus for Business-to-Business
(B2B) organizations. In any case, social media inquire about in B2B needs a comprehensive diagram
from a vital viewpoint, with most investigate to date having been centered on the strategic utilize of
social media stages, that's to say, in portraying particular apparatuses to implement a methodology.
Within the show efficient writing survey we address this insufficiency. Our discoveries uncover that
earlier B2B investigate predominately explored social media as short-term strategies with context-
specific confinements. [12]

Effective promotion of an enterprise in social networks begins with a properly developed SMM
strategy. The strategy will help to determine the goals of social media presence, ways to achieve them,
set priorities, and most importantly, predict the potential effect and not deviate from the planned route.
In our opinion, it is appropriate to define the content of the concept of "SMM strategy". In the
scientific literature on the subject of the study, one can find various approaches to the definition of
the concept of "SMM strategy". So, according to Umanskaya M.V. and S.V. Petrova, SMM strategy
is an activity aimed at forming consumer demand in the field of mass communications and on
communication platforms. [13]

It should be noted that SMM is not a direct advertisement of goods and services, which often
irritates users. In fact, this is an unobtrusive advertisement that awakens the user's desire to purchase
a specific product or service based on the analysis of the information provided. It is important to have
a trusting atmosphere in the target audience of users, which helps to unite the audience and a positive
perception of reviews and opinions of various users when discussing certain goods and services. At
the same time, the expressed personal opinion of users is not perceived by other users as explicit
advertising. [14]

Social media are progressively getting to be a profitable apparatus for Business-to-Business
(B2B) organizations. In any case, social media inquire about in B2B needs a comprehensive diagram
from a vital viewpoint, with most investigate to date having been centered on the strategic utilize of
social media stages, that's to say, in portraying particular apparatuses to implement a methodology.
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Within the show efficient writing survey we address this insufficiency. Our discoveries uncover that
earlier B2B investigate predominately explored social media as short-term strategies with context-
specific confinements. [15]

The most reason of socio-ethical showcasing ought to be the arrangement of shopper devotion
through the creation of affiliations with social programs conducted by undertakings and
organizations. In this setting, the assignments of socio-ethical promoting ought to be: the examination
of the target audience; development of measures to make a framework of client devotion and reinforce
the position of the brand in a specialty showcase; the making strides the quality of products and
administrations and their compliance with socio-economic and natural guidelines; the arrangement
of a framework of measures that will make strides the quality of life. It was carried out the
examination of showcasing devices within the setting of realization of the concept of socio-ethical
promoting within the conditions of digitalization. It was considered the conditions of advancement
of advanced promoting devices. It was decided that the promoting instruments that are actualized
within the advanced economy have certain points of interest within the arrangement of socially
characterized attribute. [16]

Companies may improve connections with clients, supply chain, or trade accomplices by
capitalizing on the potential benefits of social media and their particular capabilities. One downside
with social media promoting is the plausibility that organizations may fall flat to respond suitably to
buyer or client reactions. The failure to reply to shopper complaints may lead to antagonistic
responses in social media communities. A real life illustration could be a reaction by Verizon to a
message that an unsatisfied T-Mobile customer posted on Twitter outlines, the intercession
methodologies that firms utilize on social media to progress client connections. In this case, the T-
Mobile client did not straightforwardly address Verizon. Be that as it may, by effectively observing
client messages that specify competitors, Verizon was able to proactively intercede in an endeavor to
persuade the client to switch phone suppliers. [17]

Conclusion

1. Digital transformation affects all areas of marketing activities. In order to develop and succeed
in the digital economy, companies need to transform the processes of working with data, interacting
with consumers, and promptly respond to changes in the competitive environment.

2. The focus of the company's strategy on innovative development becomes the main direction.
At the same time, traditional and costly methods of innovation implementation are being replaced by
algorithms based on experimental operational and low-budget verification of emerging innovations.
The most important condition for conducting experiments is efficiency and the ability to test
innovations in real time and in real conditions, providing feedback and readiness for failures.

3. Due to the development of digital technologies, the methods of interaction with consumers are
radically changing. The model based on mass production of goods and mass advertising, designed to
reach huge audiences, is becoming a thing of the past. It is being replaced by a model based on the
individualization of goods for the needs of a particular client, and personalized commercial offers.
The Internet, social networks, mobile communications, allowing people to communicate with each
other, provide effective feedback to the consumer. The main requirement of customers is easy and
fast access to the information they need, ease of use, originality and quality of content. The customer
wants to make purchases in one click.

4. Competition becomes non-industry and less hostile. Competitors have to actively cooperate
with each other to achieve common success by creating joint or integrated business structures that
counter a common threat.

5. One of the most important tasks of competitive analysis is to recognize phenomena, product,
technological, organizational innovations that destabilize competitive markets, as well as to develop
strategies to counter emerging threats.

6. Existing companies that emerged before digital transformation need to include in their
strategic decisions the need for constant changes, with the replacement of outdated business models
with modern ones. At the same time, the strategy should take into account that digital transformation
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opens up new opportunities, allowing you to expand your business, find new customers and partners
in various regions, and gives you a chance to capture new emerging markets emerging as a result of
the use of digital technologies.
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Abstract

This article reviews the mathematical and computer modeling of the process of four-component fluid mixture
separation by Lattice Boltzmann equations method and phase field method. The process under study is considered in a
limited area having the shape of a rectangle. The mathematical model constructed to describe this process is based on
solving the continuity equation, Navier-Stokes equations for an incompressible fluid and the Cahn-Hilliard convective
equation. The numerical model is built on the basis of D2Q9 scheme of the free energy Lattice Boltzmann equations
method. The separation process of four-component mixtures at different points in time was presented in the form of
figures depicting the density contours of the mixture components. Four-component mixture separation was considered in
two cases: with and without taking into account the influence of the gravity force. The results obtained determine the
adequacy of the constructed mathematical and numerical model for the four-component fluid.

Keywords: four-component fluid, mixtures separation, Cahn-Hilliard equation, free energy, lattice Boltzmann
equations method.

Introduction

The study of the dynamics of multicomponent fluids is of significant scientific and technological
interest. Multicomponent fluids are found in many natural and industrial processes, such as oil and
gas production, chemical processing of raw materials, fluid mixture flows in boilers and condensers,
etc.

There are various models [1-4] that describe processes in multicomponent fluid mixtures.
Considering the thickness of the transition layer between the phases, these models can be divided into
two groups: sharp interface models (transition layer between phases has zero thickness) and diffuse
interface models (transition layer between the phases has a finite thickness). This article uses the
diffuse interface model. Van der Waals [5] was the first to consider the transition layer between
phases as a layer of finite thickness. At present, the Cahn-Hilliard approach [6] is widely used to
describe diffuse interface models.

This work is a continuation of the work we wrote in [7], which describes the process of separating
a three-component fluid mixture. This paper presents a mathematical model of the four-component
incompressible fluid flow using the phase field method based on solving the Navier-Stokes equations
and the Cahn-Hillard convective equation. The numerical model is based on the D2Q9 scheme of the
free energy LB method. The separation process of four-component mixtures at different points in
time was presented in the form of figures depicting the density contours of the mixture components.
The results obtained determine the correctness of the constructed model for a four-component fluid.

Problem statement

The process under study is considered in a limited area having the shape of a rectangle with
dimensions [0, L] x [0, L] (Figurel). In this area there are three fluid components with density
i Py P5 aNd p,, the ratio of which is: p, > p, > p, > p, . A fluid with a density p, is indicated in

blue, p, —ingreen, p, —in yellow, and a denser fluid with a density p, — in red.
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Figure 1 - Computational domain.

The mathematical model of the process includes the continuity equation, the momentum
equation for the mixture and the Cahn-Hilliard convective equation:

V-u=0,
% + V(ptn) = —Vp + V[n(Vii + Vi) + F, + F,, (1)
XD 4 y(cl) = V(MTp), i = 1,234

where 1 are the velocity components, p is the pressure, p is the density, 7 is the dynamic viscosity,
¢; is the phase field for the fluid components: c, +c, +¢, +¢, =1, g is the gravitational acceleration,

M. is the mobility coefficient, x is the chemical potential, F= F; + F"b =Yt .V + pg is the
total force of surface tension and body force.

For a system of a multicomponent medium, the Landau free energy functional F can be
determined based on the concentrations of fluids as follows [8]:

4

3D
F(c,Vc) = [ |Fo(c) — ?aichicj dn
ij=1

4

where Fy(c) = 2 _

i,j=1

is the phase variable of fluid components, g(c) = ¢*(1 — c)?, g;; is the surface tension between the
fluids, o;; = 0, i,j = 1,4, and D is the thickness of the transition layer between fluids.

The variation of the free energy function F with respect to the concentration fractions of fluids

yields the chemical potential #; for component i as:

%al-]- [g(ci) — g(c;) — g(c; + ¢;)] is the bulk free energy, C — (c,,¢;,¢;,¢,)
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W= %[Alcl(l— c,)1-2c)-24.cc,(1-c —-c,)-24.cc,(1-c —c;)—24.cc,(l-c, - c4)]

3
~2 DAAC,,

12
Hy = B[;chz 1- Cz)(l_ 202) - Z/T"rclcz(l_ C— Cz) - ZﬂTczcs(l_ C,— C3) - 221C2C4(1_ C,— C4):|

—% DA,Ac,,

Hy = %[23% - Cs)(l_ 2C3) - Zﬂ"rclca(l_ C— C3) - 2/1¢C2C3(1_ C,— Cs) - 2ﬂ1C3C4 - C3— C4):|
—% DAAC,,

12
Hy= B[;LAC4 - C4)(l_ 204) - Z/TTC1C4(1_ C— C4) - 2ﬂTC2C4(l— C,— C4) - 2/170304(1_ Cs — C4):|

—% DA,Ac,.

We substitute the obtained y; into equation (1), as a result of which the system will be complete.
The system of equations (1) has the following initial conditions:

u=v=0,

c1(%,0) = ¢; + a X rand(X)
c,(X,0) = ¢, + a X rand(x)
c3(%,0) = C3 + a X rand(X)

€ (%,0) =1 —¢;(x,0) — c,(%,0) — c3(X, 0)

Boundary conditions:
On the bottom wall at Y =0:

On the side wallsat x = 0, L:
The periodic boundary conditions is set for u,v,c,,c,,c;,C,.

On the top wall at y = L:

Numerical method

The numerical solution of this model is based on the D2Q9 scheme of the LB method. Lattice
Boltzmann equations are derived by discretizing the continuous Boltzmann equation first in velocity
space, then in space variables and time. The method involves solving a system of algebraic equations
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with respect to particle distribution functions. The Navier-Stokes equations can be obtained by
applying the Chapman-Enskog analysis to this system [9].

The lattice Boltzmann equation in the Batnagar-Gross-Krook (BGK) approximation is written
as follows:

(v _ 'eq —
fi(& +e/At,t + At) — fi(x;t) = At[_ﬁ(x, D-fi ®D F'l

l
Tf

At
gi' @+ et t +4t) — " (1) = —[g" (1) — g (5 )]

m

where m=1,2,3,4 are the fluid components, f,,g" are the velocity and phase field distribution
. . . . . 1 1 1

functions, e, is the discrete lattice velocity, 7, = Sta (rl - 5) +c; (rz - E) +(1—c —

Cy) (13 - %),rm = 0.8 is the relaxation time, F, is the external force component, At is the lattice

time step, f*9, g™ are the equilibrium distribution functions for velocity field and phase field,

respectively.
The equilibrium distribution functions are determined as follows [9]:

eq _ i#0
fem = o I €Uy UqUg(e e — c20qp)
Lwip<1+z mm+ i a_l_ a“p\Cia®ip sCap ),i?tO

pc? c? 2c?
m=1
meq — i#0
gl - I—. 2
mlm  Cm€igUg = CmUqUg (eiaei[:’ —Cs O-a[:’) ]
wj > + > + > A+ 0
cé (oF: 2c¢

where ¢, =c/+/3 is the lattice speed of sound, c=4x/ 4t, Ax =1 and 4t =1 are the lattice space

and time steps.
For the D2Q9 model, discrete speeds are calculated as follows:

e, = (0,1,1,0,- 1- 1,- 1,0,2)c
e, = (0,0,1,11,0,- 1- - Ic

The values of the weight parameters in all directions are defined as:

(4

§.i=0,

1
(J)i=<§,l:1—4,

! =5-8

36"~
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4
In this paper, to approximate the external force F = F; + F}, = z ¢jVu; + pg in LBM, we
j=1
use the scheme proposed by Guo et al. [10]:

Foa|1- At ei—qur i(ei4~u) E
27, C, C,

There are two steps for distribution functions like collision and propagation:

(1) — £.e4(R
fi(x,t) — fi (%, 0) +F)
Ir

9™ (% t) — g™ (X, t))
T¢

fiT(& ) = fi(&,t) + At(—

g™ (%, t) = g™ (X, t) + At(—

fi(X + éAt, t + At) = ;" (X, t)
gt (X + éAt, t + At) = g (%, t)

After the second step, it is necessary to update the macro parameters (density, velocity and phase
field) according to the formulas:

©

Il
Nl

=

©

<l

Il
D=

=N

ml
l\)l &

"ru
ng

Derivatives of macroscopic variables are calculated using the following isotropic second-order
differences [8]:

2wilem (X+é;Att)— cm(xt)]
Cm(x t) = z 1 C2At2

For the velocity field, the bounce back scheme is used as the no-slip boundary condition in
stationary walls (X, ) [11]:

filxy, t + A4t) = f_;(X,, t + 4t), & -n >0,

where the phase is constant and the boundary conditions for the phase field distribution functions are
given as follows:

gt (Zy, t + At) = gm (X, t + At) + 2w;cy,, € -1 >0,

where c,, is the near-wall phase.
On all other walls, the Neumann condition is used:

gt @y, t +A4t) = gm(X,, t + At), é;-n> 0.
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Simulation results
We consider the dynamics of a four-component mixture in a rectangular computational domain
with dimensions: N, X N,, N,, = 80, N,, = 80. The physical size of the length is L = 0.01 m. The

space and time steps are defined as 4Ax = Nix = 0,000125,4t = 0.000117188.

Physical values: the density p; = 1000%,,02 = 750%, p3 = 500%,,04 = 250% and the
VISCOSIty uy = gy = pu3 = g = 0.01 Pa - s, the acceleration of gravity g = 9.8532. Dimensionless
values: the Reynolds number Re = 234.787, the capillarity number Ca = 0.00010435 and the
Atwood number A = 0.142857.

Simulation by the LB method is carried out in lattice units, i.e. the physical parameters of the
model are replaced by their lattice counterparts using transformation coefficients Cu = 1.06667,
Cg=9102.22. LB method parameters: the density p; = 1.33,p, =1, p3 = 0.67,p, = 0.33, the
relaxation times 7, = 7, = 73 = 7, = 0.8, the surface tension o;; = {0.02,0.04}, i,j = 1,4, i+,
the surface thickness D = 2, the acceleration of gravity g = 0.00107666 and U,,,, = 0.293484.

The simulation results (density contours of the mixture components) show the mixture separation
of immiscible fluids depending on time (Fig. 2, 3). The average values of the components
concentrations are taken equal to (¢;, ¢, ¢35, ¢4) = (0.25, 0.25, 0.25, 0.25).

In the first case (Fig. 2), which does not take into account the free fall acceleration, a spinodal
separation of the mixture in time is observed, which occurs as a result of the influence of surface
tension between the components of the mixture.

In the second case (Fig. 3), which takes into account the free fall acceleration, at an early stage

(T < 15), the less dense fluid (p, = 250 %) starts to rise, and the denser one (p; = 1000 %) starts

its downward movement. As a result, stable four layers of fluid components are formed: a denser
fluid at the bottom and a less dense fluid at the top.

Based on the results obtained, it can be concluded that the higher the value of surface tension,
the faster the process of separation of the components occurs, which determines the adequacy of the
constructed model of a four-component fluid.

'—vv—(—v‘—; : " -
H»"." ”A\“
»"Q wE_~h
6 W) . Y

<
[ 3

AT =12s QT =23s (T =595

Figure 2 - The process of separating the mixture components depending on time at: (a)-(d) -
o = 0.02, (e)-(h) - ¢ = 0.04.
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Figure 3 - Influence of gravity on the process of separation of mixture components depending
on time at: (a)-(d) - o = 0.02, (e)-(h) - ¢ = 0.04.

Conclusion

The article proposes a mathematical and numerical model for studying the process of separation
of a four-component fluid. To implement this model, a two-dimensional numerical algorithm was
developed based on the D2Q9 scheme of the lattice Boltzmann equations method in a limited cavity
in the shape of a rectangle. Numerical simulation was carried out with and without taking into account
gravity. The results of numerical simulation showed that, depending on the surface tension, the
spinodal separation of the components occurs in different ways; the greater the value of surface
tension, the higher the attraction rate of components particles of the same density. Under the influence
of gravity over time, fluids begin to line up in order, from denser to less dense, from bottom to top,
respectively. The stability of the process occurs when the denser component is completely lowered.
With a larger value of surface tension, taking into account the gravity force, the time for a steady state
of the system is half as long. The results of the work prove the applicability of the methods used in
the article.
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W CHOJIb30BAHUE ABTOHOMHOM HABUTAIIMOHHOM CUCTEMBI GPS 1
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AHHOTAINA
B sT0i1 cTaThe OBLT IpoBeIeH 0030p rI00aTbHOM cucTeMBl o3unuoHnpoBaHus (GPS) u HaBHUTaIMOHHOM CHCTEMBI
Ha OCHOBE KOMITBIOTEPHOTO 3peHHs, U ObLI OOHapy>KeH OOJBIION pa3pbhlB MEXIy (pakTHYeCKMMH NOTPEOHOCTSIMHU B
HABUTAI[MH U TEM, YTO CYIIECTBYET B HacTosiee Bpems. [loaToMy B mpejjiaraeMoM HCCIIE0BaHHH 00CYKIaeTCsl HOBas
CTPYKTYpa aBTOHOMHOW HaBHTAIlMOHHOM CUCTEMBI, KOTOpas Ucoib3yeT GPS, a Takke KOMIBIOTEPHOE 3pCHHE C YUETOM
TEMATHYCCKOTO HUCCIICIOBAHMS COBPEMEHHON CHCTEMBI IOPOIKHOTO JBIDKEHHsL. [IpeioxkenHa aHaTUTHYCCKast MOJICIb, B
KOTOPO# JaHHbIC ¢ Teorpaduyeckoil npuss3koi 3 GPS MHTErpUpYIOTCS ¢ CUTHAJIAMH, TTOJYYCHHBIMH OT BH3YaJIbHBIX
JATYUKOB, KaK MPE/IIONAraeTcs, Uil Pealn3aiuy 3TOH KOHIICTIIHH.

Beenenue

OpHUM U3 TTIaBHBIX IPOOJIeM BceX OOJIBIINX TOPOAOB SIBJISIETCS — IPOOKH U 3aTOPHI HA 10POTax.
B rycronaceneHHbIX ropogax MUpa JHOAN MOTYT €XKEroJIHO TepsATh 10 164 yacos cTos B nmpoOkax. B
Kazaxcrane To)xe IpUCYTCTBYET Takas mpodjema ¢ 3aTOpaMu, OCOOEHHO B OOJBIINX TOpPOAAX Kak
Anmarsl 1 Hyp-Cynrtan. B gaHHbBIII MOMEHT B 3THUX JBYX IrOpojax ye KOTOPBIA TOJ IBITAIOTCS
PELUTh BONPOC ¢ MPOOKaMU uepe3 yBETUYEHHUE MOJIOCHI NTPOE3KeH YacTu, yBEIMYEHUEM BPEMEHU
cBeTo(OopoB 17151 OoJIee MPEANOYTUTENbHBIX yIIULl. TemM cambIM elle Oobllie neperpykas yauuel. B
ropojae Hyp-Cynran eme B 2014 rony HauMHaAIIU BBOJUTH «YMHBIE CBETO(QOPBI», a B AJIMaThl OHU
Havanu nosiATbesa kK 2020 rogy. Ho B 000X ropojjax 3To He CHU3UJIO NMOTOK MAIIMH Ha TJIaBHBIX
YJIHIAX TOpo/a.

Taxum 00pa3oM, yCTOHYMBOCTb TOPOJCKOTO TPAHCIIOPTA SABIISETCS Cephe3HON MpoOIeMoit, u ee
3HaueHue OyjaeT ToJbKO pacTH. Ha ceromusmHuil neHb HAOMIOAAETCS TEHACHLMS MHTEHCHUBHOTO
pa3BUTHA KpYNHBIX roponoB Ka3zaxcraHa, 4TO XapakTepU3yeTCs PpOCTOM IUIOIIAAH TOpOJIOB,
IIPUTOKOM paboueil CUiibl U MPUPOCTOM TOPOJICKOrO HaceleHus. Pa3BuTue ropoJoB NMPUBOJAUT K
YBEJIIMUEHUIO Pajilyca JEJO0BbIX U KyJIbTYPHBIX IMOE€3/I0K KUTEJIEH KPYMHBIX FOPOJIOB, PaCCTOSIHUM
MOE3/0K U, KaKCJIEJICTBUE, BpEMEHH, 3aTPauuBaeMoOro Ha Moe3aky. B cieacTBuu 3Toro, B KpyIMHbIX
ropogax KazaxcraHa uMeOT MecTo OBITh MPOOJIEMBbl OpPraHU3alUU JOPOKHOTO JBHIKEHHS.
BrleykasanHoe ompesenseT akTyalbHOCTh W IPAKTHYECKYI0 HEO0OXOJIMMOCTbh HACTOSIIETO
HCCIIEIOBaHMsI, KOTOPOE MOCBAIICHO U3YUYECHHUIO, UCCIIE0BAHUIO, PEILICHUIO TPAHCIOPTHAIX Mpo0iIeM
B ropojie AnMaThl, a yJIydllleHHE YIPaBJICHUS TPAHCIOPTHHIMHU MOTOKAMH IO3BOJIUT MPUMEHHUTH
OTBIT U B IPYTUX PETHOHAX CTPaHBI.

Kax paborator ymusie cBerodopsl? [IpuHiium padoThl «yMHOTO CBETO(Opa» JTOCTATOYHO
npoct. Croma Bxoaut: HapuranuonHas ciyx6a (GPS, I'NJIOHAC), kamepsl BHICOHAOTIOACHHUS,
cepBepa, u natuuku. Ho Ha ckonpko 3¢dextuBHa pabora yMHBIX cBeTOo)opoB? MokeM U MbI
YIYYIIATh U MOJEPHU3UPOBATH PabOTy HABUTAIIMOHHBIX CIY>KO a7 Gosee ObICTPOro MojydyeHHe

JaHHBIX U UX 00paboTku? OTBET - Aa. J{anee Mbl pacCMOTPUM OCHOBHBIE TPOOIEMbI HABUTAI[MOHHBIX
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cucteM W ux pemenue. Taxxe Oyaer mpemnokeHa HoBas Mozaenb WUTC (MHTemnexkTyanbHOM
TPAHCHOPTHON CHUCTEMBI), NMPH KOTOPOH MBI CMOXEM HaOMI0NaTh YIYUIIEHHYIO O0paboTKy H
nepenavyy JaHHbIX.

Hacymnblie npo6eMbl HABUTAIUOHHBIX CJIYKO

[To cyTH, HaBUTalIMOHHYIO CUCTEMY MOXXHO paccMaTpUBaTh KaK CJIOXHBIM BBIYMCIUTEIbHBIN
MEXaHM3M, 00JIerYarouii MpeI0CTaBlIeHue HaBUTalIMOHHBIX yciyr [1]. Tunuynas HaBUTanMoOHHAs
crcTeMa COCTOMT M3 reorpaduyeckoid MHPOPMALUMU B BUJE KapThl, KOTOpas MpeiaraeT yao0HbIH
¢dbopMmar ureHus: reorpaduyecKuxX JaHHBIX, YacTO B BuAe TekcTta. OHM TakKe MOTYT MCIOJIb30BaTh
pasznuaHble GOpPMBI JATYMKOB W JAPYrde HCTOYHUKU HHQPOPMAIUHU, COOMpacMON pa3IMYHBIMH
cnocobamu. B Hacrosimiee BpeMsi OHU UCHOJB3YIOTCA MJII PEKOMEHJAIUU  MOAXOJSIIErO
HaIpaBJIEHUs MapIIPYTOB JJIsi TPAHCIOPTHBIX CPEACTB, HA KOTOPHIX YCTAHOBJIIEHO HABUTAlIMOHHOE
ycTpoiicTBo. CyIIecTBYIOT pa3iuyHble (hOpMbI HABUTALIMOHHOW CHUCTEMbI, & UIMEHHO: HaBUTallus B
riryOOKOM KOcMoce, poOOTH3MPOBAaHHOE KapTorpagupoBaHHue, WHEpIHAIbHAs HAaBUTAMOHHAS
CUCTeMa, XHpypruveckas HaBUTALMOHHas cucTeMa (MCHOJb3YyeTCsl B MEAMIIMHCKOM CEKTOpE),
CIIyTHUKOBAs HABUTAIIMOHHAS CHCTEMa U aBTOMOOWIIbHAS HaBUTAIIMOHHas cucreMa [2], [3]. U3 Bcex
dbopM HaBUTALIMOHHOW CHCTEMBbI TIJoOanpHas cucreMa mno3uimonupoBanus (GPS) saBnsercs
HamOoJIee PacIpOCTPAaHEHHBIM CIIOCOOOM Cpeau TIoOanbHBIX Mmonb3oBareneii. GPS wucmonp3yer
MEXaHMU3M PaJMOHABUTAIINH, KOTOPBIH MPe10CTaBiIsgeT HH(GOPMALIHMIO O BpEMEHHU U reorpapuieckoM
MecTononoxeHnu npueMHuKky GPS u3 mo6oii Touku 3emin. CyliecTBYIOT pa3Iu4HbIe IPUUUHBI IS
0oJee MKUPOKOro TexHu4Yeckoro BHeapeHus: GPS, mockoibKy OH MOJHOCTHIO HE3aBUCUM OT JIHOOBIX
JAHHBIX, MTepeAaBaeMbIX IMOJIb30BATENIEM, U MOXET PabOoTaTh CAMOCTOSITENIBHO [4]. Y Hero HeT gaxe
3aBUCUMOCTH OT nmpuema VIHTepHeTa WM KakuxX-TuOO  TeIEPOHHBIX YCIYyr, YTOOBI
(YHKIIMOHHPOBATH, XOTSI UCIIOJIB30BaHUE ATUX YCIYT 00eCIIeYrBaET OOJIBIITYI0 TOYHOCTh HABUTAIIHH.
TunuuHoe mpUMeHEHHE HABUTAIIMOHHBIX yciyr Ha ocHoBe GPS nemaer ymop Ha rpakaaHCKUX
JUIAX, YYET BPEMEHH, CBSI3b U BOCHHBIE NpHIIOKeHHUs [5]. OmMHAKO CYyHIECTBYIOT OMpPEACIICHHbIC
npo0sieMbl, cBsi3aHHbIE ¢ Hcnonb3oBanueM GPS, T.e.; 1) oH He cocoOeH OTCNeKUBATh COCTOSHUE
TPAHCIIOPTHOT'O CPEJCTBA UM OOBEKTa, I7I€ OH HaXOAMUTCA B KayecTBE NMPUEMHHKA, 2) OH 4acTo
CTAJIKUBAeTCA C MpoOJieMaMy OTKJIIOUYEHUS M3-3a OcialbieHus curHana, 3) OH 4acTo CTaJKHUBAeTCs
poOJIeMbl C OTKJIIOHEHHSIMH HM3MEHSIOTCS B PEXHUME pealbHOro BpeMeHHu, U 4) uHpopmanus,
MOJly4eHHass M3 Hero, He Bcerga TouHa [6]. B cBs3u ¢ STuM ObUIM TPOBEACHBI Pa3TUYHBIE
HCCIIEIOBATENbCKUE pabOTHI 110 MPEOJOJIEHUIO 3TUX MTPOOIIEM; OJTHAKO MTpo0IeMa Hacaeaus OCTaeTCs
Oonee wnm MeHee HeusMeHHoOW. CrenoBatenbHo, GPS wacto ucmosnbp3yercs MpH HHTErparuu
WHEpIMaIbHON HaBUTAIIMOHHOW cucteMbl [7]. Tem He MeHee, BO BCEM ITOM MO-TIPEKHEMY €CTh
npobnembl. Hapsimy ¢ 3TuM coobOpakeHneM HEOOXOAMMO TakKe MpPU3HATh, YTO COBpEMEHHas
CHCTEMa CBSI3M B CHCTEME JIOPO’KHOTO JIBWJKEHUS TaKkKe IperepreBaeT peBontonuio. Konuenuu
aBTOMOOMIIbHOM CHIEIMAIbHOM CETH C UHTETrpaIueil MHTepHeTa Belleil B HACTOSIIIee BpeMs SIBIISIFOTCS
OyIylIMM COBPEMEHHON CHCTEMBI JOPOKHOTO JIBIKeHUs [8]. B 3Toil cucrtemMe BCTPOCHHOE
YCTPOMCTBO, HA3bIBa€MOE OOPTOBBIMU YCTPONCTBAMH, HAXOAWUTCS B TPAHCHOPTHOM CPEACTBE,
KOTOPOE B3aMMOJEHCTBYET C TOYKOM JOCTYTa, HA3bIBAEMOW MPUIOPOKHBIM YCTPOMCTBOM Ha 1I0POTE,
u obecreunBaeT paclpelesieHHYlI0 aBTOMOOWIBHYIO CUCTeMy CBs3H. IlockoibKy OOpTOBBIE
YCTpOICTBa TaKkKe MOJKIIOYEHbl K MHPOPMAIMOHHO-PA3BIIEKATEILHOW CHUCTEME, KOTOpas MMeeT
JIOCTYT K HaBUTAIIMOHHOM cucteme Ha ocHoBe GPS, cymiectByeT Oousbiiasi BEpOSTHOCTh TOTO, YTO
MOXeT OBbITh pa3paboTaHa aBTOHOMHasT M OecHpOBOAHAS HABUTAIMOHHAS CHUCTEMa, KOTOpas
JENUCTBUTENLHO CMOXKET HAMHOTO JIy4llle yrpaBisaTh HaBurauuel. Kpome toro, yxe ects [P-kamepa
HaOo/IeHusl, KOTopasi ycTaHOBJieHa Ha Jopore. Eciu 3Tu kamepbl HaONIOEHUS 3aMEHSIOTCS
SKOHOMHUYHBIMH BU3YaJIbHBIMU JaTYMKaMH, YeM HoOBasg (opMa HABUTAIIMOHHOW CHCTEMBI,
WCIIONB3YyIoNmed KommbioTepHoe 3peHue. CymiecTByer OoJbInas BEpOSTHOCTh TOTO, UTO
UCIOJIb30BaHNE KOMIIBIOTEPHOTO 3PEHHSI MOXKET MPEeIOCTaBUTh Oojiee TOYHYIO HH(OPMALHIO O
MOOUJIBHOM OOBEKTE, T.€. TPAHCIOPTHOM CPEACTBE, KOTOPOE MOXKET OBITh HHTETPHUPOBAHO C
nanabeiMu GPS g obecnieuenus 6ojiee TOYHONH HABUTALIMOHHOM CHCTEMBI.
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ITomumo monxona, ocHoBaHHOTO Ha GPS, B coBpeMEHHOI NUTeparype TakKe HUCHOJIb3YyEeTCA
ABTOHOMHBIM METOJ] JJIsl HABUTAIlMOHHON cucTeMbl. B 3TOM moaxone ObUIO 3aCBUAETEIHCTBOBAHO
HCIIOJIb30BaHUE KOMITBIOTEpHOTO 3peHus. Pabora, mpoeaenHas Jonrom u ap. [19], paspaborana
HABUTAIIMOHHYIO CHUCTEMY Ha OCHOBE WH(pOpMAIMH, TMOJIYYEHHOW OT JaTYMKOB, BCTPOCHHBIX B
cMapThoH. DTOT METO/ pa3padaThIBa€T TPEXMEPHYI0 HABUTALMOHHYIO MOJENb Ui BHYTPEHHETO
MPOCTPAHCTBA. Y CTAHOBIIEHO, YTO MCCIIETOBAaHIE 00ECIIEUNBACT OYTH MTHOBEHHYIO JIOKAIN3AIIUIO
TI0JIb30BATENsI C MEHBIIEH OIIMOKON. ANapaTHbIE YKCIIEPUMEHTHI C UCIIOJIb30BaHUEM aHAJIOTMYHOTO
[I0/IX0Jla  HABUTALIMOHHOW  CHUCTEMBl  C  MCIOJNb30BAaHHMEM  KOMIIBIOTEPHOTO  3pEHUs
3aCBUJICTCIILCTBOBAaHbI B pabore JleHrapuca u gnp. [20]. ABTOpBI HCHOJIB30BAIN IOJIEBYIO
nporpamMmMmupyeMmyto martpuny BeHTwied (FPGA) ¢ BbICOKO HacTpamBaeMbIM [U3aliHOM, TZ€
pe3ysbTaT IMOKa3bIBae€T 3HAUMTEIBHO MEHbIIEE KOJIMYECTBO owmuOOoK. B pabore, mpoBeneHHOU
Mancanwiod u ap. [21], Takke HCHOJIB30BaJIOCh KOMIIBIOTEPHOE 3pEHHUE I BBIIOJHEHUS
HABUTAIIMM CUCTEMbl OECHUJIOTHBIX TPAHCHOPTHBIX CPEICTB. ABTOPBl HCHOJIB30BAIU (UILTP
Kanmana as ynydiieHust OLIEHKM NO3UPOBAHUE C UCIOJIb30BAHUEM DKCIEPUMEHTAIbHONW MOJAEIN
pobotorexuuku. CylIecTBYIOT pa3jMyYHble COMYTCTBYIOIIME HCCIEIOBaHUS, B  KOTOPBIX
KOMITHIOTEPHOE 3pEHHE MCIOIB30BAIOCH [IJIi HABUTALMOHHBIX mpmioxeHnui [22]-[30]. [Hanee
00CY’KJaI0TCS BBISIBIICHHBIE HCCIIEI0OBATENIbCKIE TPOOIEMbI, KOTOPbIE ellle He ObUIN PEIeHBI.

BoisiBnenHas  uccienoBaTelbcKas —mpoOsiemMa  Obula  M3yd€Ha IIOCIE€  PacCMOTPEHUs
CYIIECTBYIOIIMX MOAXO0/I0B ¢ ucnoib3oBanneM GPS, a Taxxke moaxojia KOMIbIOTEPHOTO 3peHus. B
3TOM pas3Jelie  OCBEIIAIOTCSI  OTKPBITBIE  MCCIEAO0BAaTENbCKUE IMPOOJIEMBl, CBA3aHHBIE C
HABUTAIIMOHHBIM (pakToOpoM: 1) HET HUCCIIeOBATENbCKON pPabOTHI MO PACCMOTPEHUIO JePEKTOB
ME€XaHM3Ma YCTpOWCTBa, KoTopoe BbInoJHSAET cuctemy INS; 2) HeT Takodl auTEpaTyphl,
UCIOJIB3YIONIEH JTaHHBIE C reorpapuueckor MpUBSI3KON A7 Apyroro (opmara AaHHBIX, OTIMYHBIX
ot GPS; 3) cymecTtByromue MeToJbl NpeJiaraloT OrpaHUYEHHs], IOCKOJIIbBKY O00bEM alrOpuTMOB
OTpaHUYEH TOJBKO IMPEICTaBICHHBIM CIIEHApUEM, a TakkKe HaOOpOM JaHHBIX.; 4) CYHIECTBYIOIIUE
MOJIXO/AbI KOMITBIOTEPHOTO 3peHHS (PAKTHUECKH HEMPUMEHHMBI B COBPEMEHHOW TPAHCIIOPTHOU
CUCTEME; U 5) OTCYTCTBYET Kakasi-In0o CTaHJapTHAsl HABUTAIIMOHHAs cUcTeMa, ucrolnb3yromas GPS
WIM  KoMmIbloTepHOe  3peHue. llosTomy, paccMOTpeB  BBILICYNIOMSHYTBIE  OTKpPBIThIE
HCCIIeIOBAaTEIbCKUE BOMIPOCHI, IpeuiaraeMas cucrema (opMyJIupyeT MpobieMy CleayomuM
oOpa3oMm: “clIo)KHO pa3paboTaTh S5KOHOMUYECKH IP(PEKTUBHYIO U 3PPEKTUBHYIO HABUTAIIIOHHYIO
cucreMy nyteM coBMecTHOro BHeapeHuss GPS u xommbrorepHoro 3penus”. Jlanee oOcyxnaercs
IpeiaraéMoe perieHrue U NPUHATHIE UM METO0JIOTHH.

Hacrosimas peanuzanusi npejactaBiseT cOOOH yCOBEpIIEHCTBOBAHHYIO BEpCHIO, B KOTOPOH
pazpabotana u pa3zpaboTaHa HOBas MOJIETb CUCTEMBI JUIsl OKa3aHHS MOMOINM B HABUTAIIMOHHOMN
CHUCTEME COBPEMEHHOIO JIOpOKHOIO JBW)KEHHA. B mpemnaraemMoil cuctemMe IpeacTaBiIeHa
aHaJIMTUYecKass MOJelb, HampasiieHHas Ha. [locie paccMOTpeHus CyIIECTBYIOIIMX IOJXOMAOB,
CBSI3aHHBIX C HABUTAllUOHHOHN CHCTEMOM, ObUIO ycTaHOBIeHO, uTo GPS B 3HauMTenbHOI creneHu
SBJIIETCS HEOTHEMJIEMOM YacTbio MexaHu3Ma. B To ke BpeMsi BaXHO 3HaTh, YTO JIOCTYITHOCTb
nanHbix GPS He Bcernma rapantupyercs. Takum oOpa3om, mpearaeMasi CHUCTEMa BKIIOYAeT
JIOTIOJIHUTENbHBIE JaHHbBIE, KOTOPhIE MPEACTABIAIOT COOON BU3YyaJbHbIE CUTHAJIBI, MTOJyYEHHBIE OT
BHU3YaJIbHOTO JaTYMKa, pa3MELEHHOTO B ONPEAEIEHHBIX MecTax ABMkeHUs. Ha pucynke 1 nokazano
nepeceyeHue 4 moyoc ABMKEHUSI, KOTOPOE OCHAIIEHO BU3yaJlbHBIMU AaTYUKaMU, pa3MEIIeHHBIMU Ha
INPUIOPOXKHBIX OJIOKaX. YUHUTHIBas, YTO Ha J0Opore paboTaeT MHTEUIEKTyajdbHas aBTOMOOWIIbHAs
CeTb, 3TO OYyJEeT O3HauaTh, YTO OOPTOBBIE YCTPOMCTBA BCEX TPAHCIIOPTHBIX CPEACTB MOJKIIOUEHBI K
IPUIOPOXKHBIM  yCTpOMicTBaM, a Bce 4 NPUIOPOXKHBIX YCTPOWCTBA MOAKIIOYEHBI K
LEHTPATN30BaHHOMY TPAHCIIOPTHOMY IILJTFO3Y B KOHIIE.

B unccnenoBanum npeanonaraercs, 4YTO CUCTEMa TPAHCIIOPTHBIX LUIIO30B OTBEYAET 3a TpPU
orepai, a UMEHHO: 1) mpuUeM [aHHBIX, CTEHEPHUPOBAHHBIX OJIOKaMU Ha OOOYMHE JOpOTH, 2)
IIPUMEHEHHUE QITOpUTMa K JAHHBIM IS OINpPEAETEHUS KOJWYECTBA TPAHCIIOPTHBIX CPENCTB,
JOBUKYLIUXCS 10 KaXKIAOW I0JIOCE, UX COOTBETCTBYIOUIETO TOJOKEHUS W WX HampaBieHUus, u 3)
nepefaya pe3ysibTaToB B OJIOKM Ha 000YMHE JOpOrd. YcCTpoiicTBa Ha 0004YMHE JOpOTH
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JOTIOJHUTENBHO MEPEJA0T JaHHBIE CBOEMY TPAHCIIOPTHOMY CPEACTBY B IpeleIax AUara3oHa, U UM
OyJIeT MpeaiosKeH HOBBI HAaBUTAIIMOHHBIN CIICHAPHUH.

MeTkH reorpadu4eckoil MPHBAZKH

[

BusyainbHbie 1aT9HKH BusyanbHble JaTIHKA BusyasnbHbie 1aT9HKH
—_ o Z
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Pucynok 1 - UML-auarpamma nocTpoeHusi MOJENIM HaBUTAIIHOHHOM CITYKObI
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Pucynok 2 - HarnsimHast cxema npeayiaraeMoil MoAaeIu

Boautenn moryt MaHeBpHpOBaTh CBOMMH TPAHCHOPTHBIMU CPEICTBAMHU C MOMOUIBIO ITON
uHpopmanuu. Clie0BaTeNbHO, C TON TOUKH 3pEHUS HE00X0IMMO COOJIIOIATh JIBE BEIIH, 8 UMEHHO:
1) To4yHOCTP B MO3UIMOHMpPOBaHHME U 2) Oojee ObicTpass Tmepenada HaBUTALIMOHHBIX
OT(UIBTPOBAHHBIX JAHHBIX. TaKko MOAX0/A K HABUTallUM HUKOT/IA HE TMPUMEHSJICS B MPOIJIOM, H,
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CJIeIOBATEILHO, OH CIIOCOOCTBYET CO3JJaHHI0 HOBOM SKOHOMUYECKH 3()(PEKTUBHON HABUTAITMOHHOU
cUCTeMBbI ISl (PyTypUCTHYECKOW TPAHCHOPTHOW CHCTEMBI. JTOT aIrOPUTM TaKXKe MpeiaraeT
JIBOMHOE TPEMMYIIECTBO, & MMEHHO: 1) pa3Mep NaHHBIX eIle OOJIbIIE YMEHBIAETCs, TaK Kak
XapaKTePUCTHKU CUTHala OOJIbIIE YMEHBIIAIOTCS O CPAaBHEHUIO C MCXOJHBIM CHUTHAJIOM, 2) OH
npeaiaraeT 6osiee TOYHYHO HH(GOPMAIMIO, KOTOpass MOXKET CY3UTh MOUCK JJIS JIyUIIeH HaBUTAIIMH.
OxoHYaTeIHHBIN AITOPUTM OTBEYACT 32 JIATbHEHIIIee OTCICKIUBAHIE BCEX 00BEKTOB, BHITTOTHSIOIIIX
MOOWJIBHOCTb. DTOT aJITOPUTM MpeJjiaraeT Cleayrllee MPeUuMyIecTBO, a UMEHHO: 1) OH MOXET
BBITIOJIHATH OTCJICKUBAHUE MMOTOKOBBIX JaHHBIX W, CJIEIOBATEILHO, PE3YIbTAT MOYTH MITHOBEHHBIMH,
2) OH MOXET OTCIEXKHUBAaTh BCE OOBEKTHI, MPHUCYTCTBYIOIIME Ha CIICHE, B CTATHYCCKOM WIIH
MOOWJIBHOM COCTOSIHUHU, U 3) OH MOXKET MNPEJIOKUTh TOYHBIM MOJCYET TPAHCIIOPTHBIX CPENCTB,
MIPUCYTCTBYIOIIMX Ha CIIEHE, YTOOBI JIyUIIle MMOHATh MPOIIeCC MPUHATHSA perieHui. Ciie1oBaTeaIbHO, B
mpeajaraéMoM aJiropuTMe HET TaKOTO BKJIIOYCHUS KaKOro-THOO CIOXKHOTO, TPYAOEMKOTO H
HUTEepaTUBHOTO Tporecca. TakuM oOpa3oM, MpeCTaBICHO YKOHOMHUUYECKH d(DPEKTUBHOE PEIICHHE
JUTSl HABUTAITMOHHOW CUCTEMBI yTeM o0beanHeHust GPS 1 KoMIbIOTEpHOT0 3peHusI.

AJITOPUTM /151 U3BJICYEHHUS CUTHAJIA C YMEHbIIIEHHOH Pa3MepHOCTHI0

[Tpexne yueM 00CYkAaTh ATOT aJIrOPUTM, HEOOXOAUMO YKa3aTh, YTO ATOT aJITOPUTM paboOTaeT B
MIPENIIOJIOKEHUH, YTO CYILIECTBYIOT BHU3YalbHbIE NAaTYMKH, KOTOpPHIE OCHOBaHbl Ha pPa3IMYHBIX
MOJIOKEHMSX ABMKeHHsI. CUTHaJIbl, KOTOPbIE CHUMAIOTCS C BU3YaJIbHbBIX JATYUKOB C OIPEEICHHON
MHTEPBAIBHOM CKOPOCTBIO, TMEPENaroTcs B CHUCTeMy IDII03a Tpaduka, KOTOpas 3amycKaeT
IPEUIOKEHHBIN aJITOPUTM. DTO OyAET 03HauaTh, YTO MpeAaraeMblii alfOPUTM peaTn30BaH MOBEPX
JTaHHBIX 0 TpaduKe, MOyYeHHBIX B CUCTEME IUTI03a Tpaduka. JlanHbie 0 Tpaduke B KOHEYHOM UTOTE
pacTyT C TEueHHUEM BPEMEHHM U, CIJIEJOBATEbHO, CTAHOBATCS YPE3BBIYAHHO CIOXKHBIMHU JUIs
obpabotku. [nsa npuHsaTHS 3PGEKTHBHOTO pEIIeHUs Ui HaBUTAIMOHHOW CHCTEMBI Tpelyercs,
4TOObI JaHHBIC OBUIM YETKUMH U HE U30BITOUYHBIMHU, YTO OOECHEYUT TOUYHOE U ObICTpOE NMPUHSATHE
pemeHust 00 PPEKTUBHOM HCCIIEAOBAaHUHM MaplIpyTa. B HCClieIOBaHMM YYHTHIBACTCS, YTO ITH
CUTHAJIbl, FeHEPUPYEMbIE BU3YyalbHBIMH JIaTYNKAMU, IOMeyaroTcs HHpopmanueil Ha ocHoBe GPS kak
yacTh Teo-NpuBsA3KU. [lo 3TOM mpUYMHE CUTHA CTAHOBUTCS JOBOJBHO TSDKENBIM, M MeEpen
00paboTKOI TpedyeTcst MUHUMHU3UPOBAThH pa3Mep curHana. CieoBareiabHO, OCHOBHOH LIETbIO 3TOTO
aJIrOpuTMa SIBJISIETCS M3BJIeUeHre, 00paboTKa M yMEHBIIEHHE MTOIy4YeHHOT O CUTHaJIa Tpaduka, 4ToObI
cllenarh ero MPUroJHBIM Ul JaibHele oOpaboTKU. AJNTOPUTM NMPUHUMAET BXOJHBIC JAHHbBIE
BU3yaJbHOTO JaTunka 0 OT CHCTeMBbI 1UTI03a TpapuKa M W3BJICKaeT WHPOPMAIIMIO, CBA3aHHYIO C
KonnyecTBOM Tpaduka Th W monokeHueM Tpaduka Tp (ctpoka-1). Dra umupopmauus (TnTp)
Ha3bIBAETCSI METAJaHHBIMU € reorpapuueckoi npuBa3koil. OObEKT Tpaduka MECTOMONTOKEHUS T loc
CO3JIaeTCs MOCJEe CUMTHIBAHMS 3TUX METaJlaHHBIX (CTpoka-3). AHaJOTMYHBIM O00pa3oM aJrOpPUTM
M3BJIEKaeT HHPOPMAIIHMIO, CBSI3aHHYIO C TIOTOKOBBIMH JAHHBIMH, U3 IIUII03a, UCTIONB3YS Tn1 U Tp1, U
CO3/1aeT OOBEKT MECTOIOJIOKEHHS Tloc1 (CTpOKa-4). AJTOPUTM BBINOJHSAET TOYHYIO HACTPOUKY
OTIpe/ICIEHHBIX CBOWCTB, YKa3bIBas TUara3oH TecToBoro curHaia test signal, momydennoro u3 Tiec,
C y4eTOM OIIpe/ICICHHOro KojnvecTBa curnanos (nsignal) (crpoka-6). [lyisi KBaHTOBaHUS CUTHAA
QJITOPUTM YUYUTHIBAET CUTHAJI TECTOBOI'O CHTHala (CTPOKa-7) W BBINOJHSET JajlbHEHIINH Mpolecc
BeIyHCiIeHus. CUrHai Sig 1moyryyaercsl ociie CUUTHIBAHUS OLM(PPOBAHHOTO CHTHAJA, U3BICUYCHHOTO
u3 Tioc (cTpoKa-8), a 3aTeM OH JOMOJHUTEIBHO MMoaABEpraeTcs GyHKIUU u3MeHeHus pazmepa f(X) ms
curHaia Sig2, mosy4eHHoro ¢ mpeapaynero mara (ctpoka-9). [Tomumo storo, ¢pynkuus f(X) rakxe
OCYIIECTBIISIET YIPaBJICHUE pa3MepoM, M MOATOMY pa3Mep IOJy4yaeMOro CHUTHajla yMEHbILAeTCs.
Haxoner, nosy4eHHbIH CUTHAT OTHOCUTENIBHO MOTOKOBBIX JAHHBIX Tpaduka Tloc1 epe3anichiBaeTCs
MOBEPX YMEHBIIIEHHOTO CUTHaa Tpaduka Sig (crpoka-10). O6paboTKa 3TOro aaropuTMa B KOHCUHOM
UTOre NpUBOAUT K BeIXxogHOMY curHainy Osig (Line-10), pa3mep KOTOpOro 3HAYUTEIHHO
yMmeHbIIaercs. YToObl BBIACINUTh TEXHOJIOTHUECKUN Mpolecc mpeyiaraemoro aiaropurMa. laramu
aJITOPUTMA SIBJISIOTCS:

Input: d (naHHBIC BU3YyaTBLHOTO JATYHKA)

Output: Osig (BBIXOIHOM CHUTHAT)

Start
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Fori=1:d
[TnTp]=0btain(i)
Tloc é [TnTp]
Lobj - read (Tloc)
Lobj 9 read (T|0c1)| Tloc 9 f(l)
Test signal = Tioc (nsignal)
For j=1 : Tsignal
Sigl = read(Tioc,))
Sig2 = f(sigl)
0. Osig > (TIOCl, Sng)
11. End
12. End
End

ROoo~NoGa~LNE

Bkian aToro anropurma 3akirodaeTcs B CleayromeM: 1) oH IoMoraeT B yMEHbIIEHUH pa3MepOB,
9TO yMOOHO JJIsl TIepefadd 10 CeTH, 2) OH MHHUIMHPYET HaJICKAIIUNA MEXaHW3M HHJEKCAIlUU B
OTHOIICHUH KOJIMYECTBA TPAHCIIOPTHBIX CPEJICTB U UX COOTBETCTBYIOIIETO MECTOIOJIOXKEHUS, 1 3)
OH CBOOOJICH OT KaKOW-I100 HEOAHO3HAUYHOMH 00paOOTKH, MOCKOIBKY BCS HH(POPMAIIHS COXPaHIETCS
B BHJIC MAaTPHIIBI.

YuciieHHBII pe3yabTaT HCCIe0BAHUS

UucneHHbI pe3ynbTaT MpeiaraéMoro MCCIEI0BaHUS OLEHUBACTCS MO JBYM I[apaMeTpam
MPOU3BOJIUTENBHOCTH, T.€. 1) TOYHOCTH U 2) cpenHeMy BpeMeHu oO0paboTku. Pe3ynbTaThl,
00CyX/1aeMblIe 3]1€Ch, ITOJYYEHBI ITOCIIE TECTUPOBAHMS CO BCEMH 5 HA0OpaMH JAHHBIX W IOJTYYEHHS
uX cpenHero 3HaueHus. Kpome Toro, pe3ynbTaThl UCCIEIOBAHUS CPABHUBAIOTCS C PaCIIMPEHHBIM
¢unbpTpom Kanmmana, KOTOpEIiA, Kak cOOOIIaeTCsl, IUPOKO UCTIONB3YETCs B CYIIECTBYIOIICH CHCTEME
HABUTAIIMOHHOM CHCTEMBI.

W3 pucynka 4 BHJIHO, 4YTO IHpeJjaraemMas cuUcTeMa O0O€CleYMBAeT JyYIIyl0 TOYHOCTh
OIIpeJIeJIEHUs] MECTOIIOJIOKEHHS B OTJIMUKE OT cyliecTByromero gpuiabtpa Kanmana. O6ocHoBaHME
3TOro pe3yjbTaTa 3akKJo4yaeTcs B TOM, YTO B OCHOBHOM pacuiupeHHbll punbTp Kanmana moxer
BBIMIOJIHATh ONTHUMAJBHYI OLIEHKY, €CIM B JaHHBIX, IOJYYEHHBIX CO CLEHBI, MPUCYTCTBYET
HeTUHEHHOCTh. TakuM 00pa3oM, HET HUKAKOW pa3HUIIBl B paboTe pacuiupeHHoro ¢puibTpa Kanmana
C €ro YyCTapeBIIEW BEpPCHEH, €CIM CYLIECTBYET MOJENb JIMHEWHOTO II€PEX0Aa COCTOSHUS.
[Ipemyaraemas cucrema obecrnednBaeT TOUHOCTh 95,21%, B TO BpeMsl Kak CyHIECTBYIOIIAsi CUCTEMa
obecrieunBaeT TOUHOCTh 82,368%. IT0 HE OTHOCUTCS K OONBIIMHCTBY MPAKTUUYECKUX MPUIIOKEHUH
JUISL TOPOKHOTO JIBHKEHUSL.

U3 pucyHka 5 BUAHO, 4TO MpejuiaraemMasi cucreMa o0ecredynBaeT 3HAYUTENIbHO MEHbIIIEe BpeMs
00paboTKH TIO CpaBHEHHMIO C paciupeHHbM (ribTpom Kammana. HeBkitouenue kakoil-nmi6o
UTEpaTUBHON oOIepaluyl M MpaBUIbHOE HWHJAEKCUPOBAHHE CLEHBl (TPaHCIIOPTHOIO CpPEJCTBA)
MPUBOJUT K OoJiee OBICTPOMY IMOJACUYETY TPAHCIIOPTHBIX CPEACTB, UX OTCIEKUBAHUIO U U3YUEHUIO
aIbTePHATUBHBIX MapuipyToB. OnHako pacmupeHHbId GuibTp KanMana oOecreuynBaeT BBICOKYIO
UTEPATUBHOCTH PabOTHI, YTO MOKET MPUBECTH K 3aTpare BpeMeHu. [Ipennaraemas cuctema 3aHUMaeT
Bcero 0,0401 cexkyHnbl, B TO BpeMs Kak cyliecTBytomas cucrema 3anumaet 0,7498 cekyHnbl s
00paboTKH.
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3akawueHue

B »T0i1 crarhbe mpeAcTaBiieH HOBBIM MOJAXOJ K COBPEMEHHOM HABUTAlIMOHHOM CHCTEME, B
KOTOPOU HCIONb3yeTcs coBMecTHas peanusanus GPS u kommberorepHoro 3penus. s 3Toil nemm
pa3paboTaHa aHAIUTUYECKash MOJENb, B KOTOPOM B KAayeCTBE BXOJHBIX IAHHBIX HCIIOJIB3YIOTCS
CUTHAJIBI, MOCTYIAMOIINE OT BHU3yaJbHBIX JAaTYMKOB. B WMCCIIEIOBaHMHM YYUTBIBAJIOCH, YTO STH
CUTHaJIbl IPUBSI3aHBI K reorpaduueckoil mpuBs3Ke ¢ ucnoiib3oBanueM AanHbiX GPS, koTopbie 3aTemM
ABTOHOMHO IIepEeNaloTCs OT TPAHCIOPTHOTO CpPEIACTBA K CHCTeMe IuTo3a Tpaduka, TIe
MperoiaraeTcs pa3BepHYTh MpejularaeMblii  anropuTM. PaspabarbiBaeMblii  alropuT™M Oyner
BBITIOJTHSAT TIOCTICIOBATEIBHBIE ATAIBI PA0OTHI TSI 00paOOTKH CUTHANIA, TPUBOISIICTO K PE3YIbTATY
MTHOBEHHOTO 3axBaTa Tpaduka Mo creHe. Bkian mnpeanmaraeMoil cHCTeMbI 3akKIO4YaeTcs B
cienyromeM: 1) mpeayiaraemMasi CHCTeMa MPEICTaBISET COOON BBIYMCIUTEIBHYIO MOJEIH, KOTOpas
MOJKET ObITh MPUMEHUMA JJis J1I000H (OpMBI BU3YaJbHO 3aXBAYEHHBIX CUTHAJIOB, 2) aJITOPUTM HE
SIBJIICTCS. UTEPATUBHBIM U, CIIEOBATEIBHO, OH OBICTpee W MPOrpecCUBHEE B CBOEH paborte, 4To
MPUBOJUT K MOBBIIICHUIO A()(PEKTUBHOCTU 3aTpaT, 3) YCTAHOBJICHO, YTO MOJENb OOecreunBaeT
YBEIIMYEHUE TOYHOCTH MpUMEepHO Ha 12% 1O CpaBHEHHIO C YacTO MPUMEHSIEMBIM (QHIBTPOM
Kanmana u 2) monens o0ecniednBaet 6oliee ObICTpOe BpeMsi 00pabOTKH, TJe yIydllIeHHe IPUMEPHO
Ha 70% nydiiie, 4em CyIIecTBYIOIMMMA moaxo. byaymas padorta OyeT mpo10JbKeHa B HAPaBICHUH
JOCTHKEHHS TATbHEUIIIUX MOJX0/I0B, OCHOBAHHBIX HA ONTUMHU3ALINU, YTOOBI MPEAJIOKUTH OOJbIIE
VIIYYIIEHUH C YIeTOM HOBBIX 3a]1ad.
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AHHOTALMSA

Byn maxanada ecimmik MHUKpOeCipyJIepiH in Vitro TackIMaimay KOHTCHHEPiHEH TOIBIPAKNECH JKYMBIC iCTEHTIH
KOHTeWHepre oJapAbIH MUKPOKeOeHTy Ke3iH/Ie TombIpakTa OeiiMIeny caThIChIH A KBUDKBITYFa apHaIFaH KbICKBIIIEI Oap
WHHOBAIMSUTBIK POOOTTHIH KYPBUIBIMIIBIK SIEMEHTTEPiHIH HapaMeTpIIepiH aHBIKTaY MOJIENi YCHIHBUIFaH.

3epmmey0in 2vinvimu-maoicipubenix Hamudxiceci ©CIMIIKTEpAIH MUKPO OCIHIIIEPiH TachIMalay KOHTCHHEpIHeH in
vitro xarIaibIHAa TONBIPAKKa OeiliM/eny Ke3eHiHAe TONBIPAKIICH )KYMBIC ICTEHTIH KOHTeHHepre aybICThIPYFa apHaJFaH
(banaHr Tl YCTaFbIIbI 0ap MAaHUITYJISLMSUIBIK KYPBUIFBIHBIH HHHOBAIMSJIBIK POOOTTHIK KELICHIH Kypy OOJBII TaObLIabl.
MUKPOKJIOH/IBIK KOOSO KOHE OHBIH (PH3UKAIBIK MPOTOTHUIIH chiHay 3000 qaHa CypeKTi MUKpOOpPKEeHIePAl OeiiMIeNnTeH,
TOIBIPAKTa TaMBIPBI 0ap eciMIikTep. AJbIHFaH 3epTTey HoTHxkelepi Kasakcran PecryOnukachIHAarbl FajabIMIapiblH
FBUTBIMH-TEX HUKAITBIK, QJICYETiHE KoHEe Oocekere KaOinerTinmirine ocep erenmi. Kasakcran PecmyOsukackiHma ojapibl
KONTeNl OHIIpy VINH OCIMIIKTepIi MHKPOKIOHIBIK KOOCHTY TEXHOJOTHICHIH aBTOMATTaHIBIpYFa OailaHBICTHI
3epTTEYNICp JKOK, ONapiIbl KOJNAaHy OCIMIIKTepIiH KeI MeINIICpiH alyFa, OTBIPFbI3Y MAaTepUaJapblHBIH KYHBIH
TOMEHJETyre MYMKiHIIK Oepeni. CoHmai-aK, HHHOBAUSUIBIK POOOTTHIK KEIIeH OOWBIHIIA 3ePTTCYIEPIiH MPaKTUKAIBIK
HoTmKenepi Kasakcran PecryOnmukachIHBIH e/l MEKEHIEPiH adaTTaHIBIPY YIIiH 0acka eJIepacH arall eCiMIIKTepiHiH
OTBIPFBI3Y MaTepHAIIAPbIHBIH UMIIOPTHIH KBICKAPTYFa MYMKIHIIK Oepeni.

OchiraH OaiiTaHBICTBI aFall TEKTEC OCIMAIKTEp YIIIH OTaHIBIK JKOFaphl Camalibl OTBHIPFBIZY MaTepHalblHA JCTeH
KaxeTTUIK apransl. Kazakcran PecriyOinKkachiHBIH €111l MEKEHAEPiHIH ayMaKTapblH KeTalJaHAbIPY MOCEJIECIH ISy IiH
TyOereiiii memimMaepidiy Oipi arail TeKTeC ©CIMIIKTepre oJlapAblH MUKPOKIOHBIK KOO0l apKbLIbl OTAHJIBIK JKOFaphl
caraibl OTBIPFBI3Y MaTE€PUAIIbIH Ty OOJIBIN TaObLIAIbL.

Tyiiinai ce3gep: poOOTTHIK KeLIEH, MaHUIYJSATOp, IIaMaJaH ThIC JKYKTEME, MHKPOATbUIbIM, ©CIMAIKTEpPAiH
MHUKPOKOOEHTITYi, ycTay KyIi.

1. Kipicne

Kazakcran PecniyGrkachlHaFbl KeraiJaHIbIpy MOCEIECiH ey 1iH TyOereiii menrimMaepitin
0ip1 arall TYKbIM/IaC ©CIMIIKTEPAl KEHIHHEH MaclliTadTay apKbUIbl MUKPOKOOEHUTY apKbLIbl OTaH IbIK
JKOFapbl camnajibl OTHIPFBI3Y MaTepHaliblH aly OO0JbI TaObLIaIbl. OCIMIIKTEPAI MUKPOKOOEHTY
KY3€ere achbIpaThlH aJjaMJ1ap bl aybICTHIPY TEXHOJIOTUSIIBIK TYPFBIAH KapanaibIM Ja, SKOHOMUKAJIBIK
TyprbIaaH na MyMkiH emec (Sluis C.J., 2008). Oceiran 6ailylaHbICTBI ©CIMAIKTEPI MUKPOKOOESHTY11H
TEXHOJIOTUSUIIBIK ITpolieci 0acThl Macese 60uibin Tadbu1aabl. ChIHAK Ke31HJe MUKPOIPOLIECCOpIap/ bl
In Vitro pexuMiHAe KYpbUIFbIHBIH pe3epByapbIlHaH TOMBIPAK >KaMbUIFBICHI Oap *KYMBIC pe3epByapblHa
aybICTBIPY YILIH HHHOBALUSUIBIK POOOTTHI MAHUMYJISALMSIIBIK KYPBUIFBIHBI KYPY/IbIH MaHbI3bl apThII
keneni. In vitro mpouecTepinae *araainap kacaHabl )KOHE oJIap In VIVO OpTaHbl KaJIMbIHA KENTIPY
60T TabbLTaE [1].

JlyHue xy3iHaeri TaOuFu pecypcTap/iblH KOMBLTYbl MEH TO3YBIHBIH HET13Tr1 cebell1 KaanapablH
OHEPKACIITIK J1aMybl OOJIBIN TaObUTa bl Y pOaHu3alus 6CIMIIKTEPIIH TYP KYpaMbIH, aTMochepaHbl
’KOHE TOIbIPAK >KaMbUIFBICBIH OacKapabl. BUOOPTYPALIIKTIH Hamapiaaybl HOTHXKECIHE KOpIIaraH
opTaFra, COHBIH cajJJapblHaH ajaMfa KbIChIM Kylueideni. Ocbl ceGenTi KajalapblH HKOJOTHSUIIBIK
KarJaiiblH KakcapTy YLIIH MocelenepiH ImenrimMin Ta0yabH e3eKTiuliri Tek aptoin keneni (Mmam
A.Y.K., 2016). Kerannanaplpyaarsl Herisri KypauijgapAblH Oipi — aramrapibsl OTBIPFbI3Y. Afalll
eKIesepl KanajnapIarbl SKOJOTHSUIBIK KaFAai 1l TYpaKTaHABIPY TETIKTEPiHIH Oipl OOJIbIN TaObLIA IBI.
Onmap ayamaH opTypidl XUMHUSJIBIK TOKCHHIEPAl CiHIpeIl, KalaHblH MHUKPOKJIMMATHIHBIH
KaJIBINITaCyblHA KAThICA bl KOHE aJaM/Ibl KOJIalChI3 KIIMMATTBIK dCepIIep/IeH KOpFayabl KaAMTaMachl3
eteni (Peit benasic /Ix.M., 2012; Txum Cu tO, 2013; Kapunanoc I1., 2017; dxennunrc B., 2019)
[2].
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AJBIHFaH 3epTTey HOTHXKeNepl OTaHBIK FAIbIMIAPAbIH FhUIBIMU-TEXHUKANBIK QJICYETiHE JKOHE
Oocekere KaOIIETTUIITIHE ocep eTenmi, oUTKeHI ojemue »koHe KaszakcTanna ecCIMIIKTEpi Kol
MeJmIepAe aayFa MYMKIHIIK O€peTiH MHUKPOKIOHABIK OCIMIIKTepJi KOOCUTYy TEXHOJOTHSICHIH
Kammail  eHJIpiCKe aBTOMATTaHIBIPyFa KAThICTBI 3€pTTeyNiep IKypriziaMmereH. OTBIPFBIZY
MaTepUaAapblHbIH ~ KYHbIH  TeMmeHueTy. CoHpaii-ak, FbUIBIMU-3€PTTE€Y  >KYMBICTAPBIHBIH
MPAKTUKAJIBIK HOTHKETepl (MHHOBAIMSIIBIK POOOTTHIK KEUICH) eI/l KeTallaHAbIpy YUIIH IeTeNaeH
arall eCIMIIKTEpPIHIH OTBIPFbI3Yy MaTepHaiapblH UMIIOPTTayAbl a3aitaabl. OCblFaH OalIaHbBICTHI
arall TeKTeC OCIMIIKTEp YILIiH OTaH/IBIK KOFaphl Carajibl OTHIPFBI3Yy MaTepUAIIbIHA JIETeH KAXKETTLIIK
apransl [3-4].

Ocpiran GailTaHBICTBI ©CIMIIKTEPII MUKPOKOOCHTYIIH TEXHOJIOTUSAJIBIK MPOoLeci 6acThl Macele
O0onpin TaObuTabl. ChIHAK KE31HAE MHMKPOIPOIECCOPIAPAbl In Vitro PEeXUMIHAEC KYPBUIFBIHBIH
pe3epByapbIHaH TOIBIPAK KaMBUIFBICHI 0ap JKYMBIC pe3epBYyapbIHa aybICTHIPY YIIIH HHHOBALIUSIIBIK
POOOTTHI MAHUITYJISALMSIIBIK KYPBUIFBIHBI KYPYJIbIH MaHBI3bl apThill Keneal. In vitro npouectepinae
XKaraiiap skacaHIapl )KOHE 0JIap in Vivo OPTAaHBI KAIBIHA KENTiPYy OOJIBINT TaObLIA b,

XKacangp! xarmainap 3epTxaHaja IIbIHBI BIABICTAPABIH 1MIIHAE OaKblIaHATBIH XKardaiaapaa
KQXETTI KOMIIOHEHTTEp MEH pEareHTTepAl apaiacTelpy apKbUIbl Kanbinracaapl. Kemrerexn
MOJICKYJISIPIIBIK, OMOXUMMSUIBIK TOXKIpHOenep ChIHAK 3epTXaHajapblHIa In Vitro »XaraaibIHIA
Kyprizineni. In vitro axicTepi @HIIPICTIH KapamaibIMIbUIBIFBIHA )KOHE SKOHOMUKAJIBIK THIMALTITIHE
OaiiTaHBICTBl MUKPOOPIraHU3MIEpAl HaijianaHa OTHIPbIN, 1pi (apMaleBTUKAIBIK IpernapaTrTap/bl
eHJIIpy/e papMaIleBTUKAIIBIK OHIIPICTe KCHIHCH KOJIIaHbLIAIbI.

PoGoTTap KarbicaThlH aybUIIAPYANIbUIBIK MIHAETTEPl OpTYpii, Oipak omapAbl TOMBIPAK
TaibIHIAY, TYKBIM ce0y, TpaHCILIAaHTALUSIIAY, €TY, 10 YPBIKTaHIBIPY, KECY, KarbIpaKThl aTy, 00aHbI
aHbIKTAy, JKUHAY, KeCy, €riHJl O >KOHE €riH JKMHayJaH KEWIHI1 KYMbICTapFa TONTAaCThIpyFa
Oomazpl.

AybUIIIapyanbUIblK MUKIIIHIH HET13r Ke3eHAepl TOMbIpaK JailbIHIay, OTBIPFBIZY, OHIIPY JKOHE
kuHAy Oousbin TaObUTaABl. ONapIbIH SpKAKMCHICHIHAA Ci3 KeHOip TarcelpMaiapibl OpBIHIAYBIHBI3
KepeK, oJlap/IbIH Keibipeyepi poOOTOTEXHUKAFa AllIbIK.

KampikTan OackapbliaTblH KbUDKbIMaNBl poOOT (1.1-CypeT) HMHHOBAIMSUIBIK OeiimMaenrim
YCTarbIII )KEeTEeKTepl O6ap Tipek TipeKTepiHeH |, KelJeHeH TipeyillTeH 2, KOMiKTeH 3 (JIOHFaJIaKThl,
LIBIHKBIP TabaHABI, Kypic kKoHE T.0.) Typanapl, oFraH MaHunyistop 4 PR Oekirineni. agam KoJibl
CHSIKTBI O1pHeIe Jopekeri KO3FalbIC epKiHairi. ¥CTaFpil 5 MaHUIyasTopasiH 4 PR mierki 6emirine
OexiTireH. MHHOBAIMSUIBIK YCTaFbII S in vitro 6 apaiblK KOHTEHHEp/eH 7 albIHBIIN, TOMbIpAaKKa 8
TachIMaJlJJaHaIbl.

1\ 6 /1
(] L;\ CJ asgy\mj [ ]

Cyper 1 - lHHOBaUAIBIK MAHUITYJISITOP YCTAFBIIIBIH NTaliJajlaHa OTBIPBIIL, apaJIbIK
KOHTEHWHEPJIEH TOIBIPaKKa in Vitro TackIMaiiay CXeMachl
Po6oT: 1 - Tipek mocTsl; 2 - KeJIJJeHEeH KOJIJICHEH JKO0JIaK; 3 - KeJIiK Kypajbl; 4 - MAaHUIYJIATOD; 5
- UHHOBAUSUIBIK TYTKA; 6 - MUKPOTYCIpY; 7 - apaliblK BIJBIC; 8 - HET13T'1 KOHTEHHED.
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BypeiarbutapasiH [3-22] )KYMBICTaphIH TalIay HET131HIE KYMBICTA POOOT-MaHUITY I TOPBIH YIII
(hanaHrThl AJANTUBTI YCTAFBIIITHIH — YCTay KYPBUIFBICBIHBIH HWHHOBALMSIIBIK TU3AHBI YCHIHBIIFaH.
MaHunynsaTopAbIH Y (alaHrThl aAalTUBTI YCTAFBIIIBIHBIH MHHOBALUSIBIK KOHCTPYKIUSACHI (2.2-
CypeT) KeJeci KYpbUIBIMIBIK JJIEMEHTTEPACH TYpajbl: (amaHrrapisl OeKiTyre apHajfaH Heri3
IIacTuHa | - MaHWMYJATOPABIH IIETKI O6JriHe MOHTaXJay pbhlYarbiIMeH 2 OCKITIITeH KbICKBIII
peryarrtap .

Cyper 2 - ApanblK KOHTEHHEPICH TONBIPAKKa in Vitro apKpLIbl KalTa )KYKTeyre apHajFaH
POOOT-MaHHUITYIATOPABIH YII (paaHT Thl OCHIMIEINTII TYTKACH.
l-nnuTka - KBICKBIII PBHIYArTBIH HEri3ri (ajmaHrachlH O€KITyre apHajfaH Heris; 2-
MaHHITYJIATOPABIH OeKiTy WiH; 3-Herisri ¢ananra; 4-optanrsl Qananra; 5 OypeinTel Qananra; 6-
iprenec (ananrrapabl 6ip-OipiHe OekiTyre apHaifaH ToIca; 7 - KaTaUTaThIH cepimne; 8- YCTalThIH
Tic; 9 - MKeMIi TapTKpII d5ieMeHT, 10 - in vitro.

2. 3epTTeyaiH MaKcaThl MeH MiHAeTTePi

Enai Mekenaepai kerajnanaplpy OYTiHIT TaHZga OacTel MocenenepiiH Oipi OOJBINT OTHIp.
KeranganapipyablH €H THIM/II KOJIBI — OpPMaH EKIMeNIepiHiH AKOJIOTUSIIBIK KaFJailbiH xakcapTy. Onap
ayajgaH opTYpJi XMMHSUIBIK TOKCHUHAEPIl CiHIpe.i, enjli MeKeHHIH MHKPOKIMMATBhIHIA Ke3aecemdl
MKOHE KOJIaNChI3 KIIMMATTHIK *KaFJailiapiad KopraHbIcThl apTThipaasl (Ray Benayas J.M., 2012; Jim
S.Y., 2013; Karinanos P., 2017; Jennings V., 2019). [14]

Enimizaeri enai MekeHAepAl KerajaaaHIblpy MOCEIECIH ISy 11H O1p KOJIbI — aFalll 6CIMIIKTEPIH
MUKPOKJIOHIBIK YKOJIMEH KOOEWUTY apKbUIbl KOFaphl canalibl OTAH/BIK OTBIPFBI3Y MaTepHAJIbIH ally
(Sluis C.J., 2008). Ocpiran GaiinaHbICThl OyJ1 Makajgaaa ©CIMAIKTEPIiH MUKPOKJIOHIBIK KOOCIO1HIH
TEXHOJIOTUSUIBIK MPOLIECIHIH HEr13T1 Ke3eHIepiH aBTOMATTaH/AbIpy LIEIiMi YChIHBIIFaH.

Byn perTe OMOTEXHOIOTHSUIBIK 9IICTEP KOJIIAHBUIIBI — OCIMAIK OCIHAUIEPIH 3apapChi3AaHIbIPY,
OypuIikTepi in Vitro bIIBICBIHA €HT13Y, 6CIMIIK MUKPOOPKEHIEpiH KOOEHTy, in vitro eciMIiKTepIiH
MHUKpPO OCIHIUIepiH TaMmbIpiaay Ooibin TaObuiaabl. CoHpali-ak Kejeci OMOTEXHOJOTHSUIBIK JKOHE
OCIMJIIK 6Cipy 9IiCTepi: TpaHCIUIAHTALUATIAY, TAMBIPJIBI ©CIMIIK KJIIOHIAPbIH TOIBIPAK CyOCTpaThIHAA
OeiiMey KoHe ecipy.

3. KoagaHblaraH aicrep

OCIMIIIKTIH MHUKpPO OCIHIUIEPIH TYCipy Ke3iHIe KaXeTTi KayilCi3JiK IIeriH KaMTaMachl3 €Ty
HIapTTapbIHaH OJIapIbIH YCTay KYIIIHIH IIaMachl OOMBIHIIIA IIEKTEYIepAl AKOHE YCTaFbIIITHIH KaHACY
HYKTEJIepiHAET] CepmiMJIi BIFBICYJIap IIAMachIHBIH IIaMaJIbUIBIFBIH €CKepy KaKeT. OCIMAIKTepaiH
MUKpOOYHBIMIApbl pOOOT YCTaFbllll KYpbUIBIMBIH k00anay 3D CAD moxeniH KoiaHy apKbLIbl
Kysere achlpbulbl. 3D Gackln mmIbIFapyAbl KOJJAHY apKbulbl (ajgaHKC KBICKBIIIBIHBIH MPOTOTHITI
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*acanpl. TacsiMaiiay UCTEPHACHIHAH IIBIFAPBIIFAH JKOHE KYMBIC Pe3epBYaphbiHa aybICTHIPBLUIFAH
TEHHUC  JIOTIBIHBIH  KO3FANBICHI  MBICANIBIHIA  OCIMIIK  MHKPOOYTACBIHBIH  KO3FaJbICHIH
AKCIIEPUMEHTAJIIBI 3¢PTTEYi ChIHAIFAH. ¥ CTaFbIIITHIH TaFbl O1p ChIHAFBI, MBICAJIBI, JOHICJICK TCHHUC
JNOOBIH YCTayJbIH TYPAKTBUIBIFBIH TEKCEPYAl KAMTHUIbBI, OHJA JONTHI YCTaFbIll aJIJIbIH alla
OCJNTUICHIeH TPaeKTOpHsI OOMBIHIIIA MAKCHMAJIIBI JKbUIAAMJIBIKIICH KO3FasIbl, MbIcabl, MoHI 1,0 M/
C, TCHHHUC JI00BIH YCTayIbIH CEHIMIUTITIH TeKCepy.

OCIMIIKTEPAIH MHKPO OCIHAUIEpIH TachMallay KOHTCHHEPIHEH TONBIPAK OHICHTIH
KOHTEWHepre TachIMalijayFa apHaJIfaH MHHOBALUMSUIIBIK  KbICKpII — mpoTtotuni  Greenlab
Micropropagation KOMIIAHUSCHIHIA aFall ©CIMIIKTEpIHE apHaJFaH ChIHAKTaH OTTi. OHEPKACINTIK
pOOOT-MaHUTYJIATOPJBIH ~ WHHOBALMSIIBIK  TYTKACBIHBIH  KYPBUIBIMIBIK  JJIEMEHTTEPiHIH
napaMeTpJIepiHiH reOMETPHUSIIBIK, KYPBUIBIMIBIK-KHHEMATHKAJIBIK JKOHE JIMHAMHUKAIBIK MOHJICPIH
FBUIBIMU HETI3JICNTeH TaHAAy JKOHE HEri3Jey YIIH CTOXACTHKAIBIK MPOIECTEPi €CKEPEe OTBIPHIIL,
oJIap/bl €CENTeYIiH MaTeMAaTHKAIBIK MOCI 931pJICH 1. OHEPKACINTIK pOOOT-MaHUIYJIATOPABIH YIII
dananrtel  OeHiMAENTIII  TYTKACBIHBIH  KYPBUIBIMIBIK  JJIEMEHTTEPIHIH  IapaMeTpiepiHiy
TCOMETPHSUIBIK, KYPBUIBIMIBIK-KHHEMATUKAIBIK KOHE JUHAMHUKAJIBIK MOHJCPIH OHBIH JCHECIHIH
JKOFapFbI OOJIITIMEH ©3apa OPEKETTEeCYiHIH CTOXACTHKAIBIK IMPOIECTEPIH €CKEpe OTHIPHIN aHBIKTAY
TOIIT1, NeHreneKk TeHHuc 00wl Kambman canmmak kod(pQUIMEHTIHIH OHTAMIBI MOHIH aHBIKTAY
Heri3iHze xy3ere aceipsuianl [1][2][3][4].

4. Hotuxesiep

TYTKBIITBIH JKYMBIC 3JEMEHTTEPIHIH CaHBIHBIH YJIFAIObl JKYMBIC 3JIEMEHTIHIH >KaHacy
aiiMarpIHAa AeopMarust MeH KepHEeyAiH 00JIMaybl KaFAalbIHIa YIKeH TUaMEeTpPIli CAKUHAHBI YCTay
KYIITEpiHIH PYKCAT €TUINeH MOHJAEPiHIH ayJaHblH KeHedTyni Oepeni. CoHIBIKTaH, Oy 3epTTeyie
OCIMIIK MUKPOOYHKACBIHBIH CaKMHAJIBI KYPBUIBIMIBIK 3JIEMEHTIH TYCIpY Xaraaiiapel (aaHraibl
YCTarbIIIThIH JKYMBIC 3JEMEHTIHIH iMKi OeTiHIH ecCIMAIK MHKpPOOYHKACBHIHBIH CHIPTKbI O€TiIMEH
’KaHACYBIHBIH TOPT, AJThI )KOHE CETi3 HYKTeNepiHae KapacThipbuiansl. [5-6]-ma jkyka KaObIpralibl
CaKMHAHBIH YCTay KYILIIHIH MaKCUMAaJIJIbl )KOHE €H a3 pyKcaT €TUINeH MOHJEPIH ecenTeyre apHalFaH
Kesecl (opMmynanap TYTKAHBIH CEHIMIUIITNH KaMTaMachl3 €Ty HIapTTapblHaH KOHE CEpIIM/l BIFbICY
MOH/IEPiHIH IIaMaJIbUIBIFbIHAH HET13/1ereH. ¥ CTaFbIILIThIH KYMBIC 3JIEMEHTIHIH CaKMHaMeH >KaHacy
HYKTenepi opOip ¢anaHraHblH CBHIPTKBI 1HIKI OeTTepiHiH Oacy KyIIiHIH MoH1 3-5, ojap.biH
OpKalChIChIHA 9pOIp YCTaFbII PhIYArThIH YCTAFBIII TICTEPi 8 ©CIMIIK MUKPOOYHBIMBIHBIH KOFapFbl
OeuiriHiH ChIPTKBI meKTiK OeTine OekiTireH 10 (Cyper ). 2), [5] popMynackiMeH aHBIKTAIAIbI:

o, It?
P — oon 1
™ 0.3967 @)
G+F
I:)min = 8f : (2)

P — . .
MYHOarbI max YCTarbIUTHIH XKYMBIC 3JIEMCHTIHIH CaAKMHAMCH JKaHaCy HYKTCIICPIHAC IIaMallibl
CepHiMI[i KO3taJIbICTapAbl OPbIHAAY KCSiHI[C ¥CTarbllll CaKUHAHBIH MaKCUMAJJbl PYKCAT eTLIred

O add

yCcTay KYIIIHIH MOHI; - CaKMHaJbl KUMachl 0ap OOBEKTIHIH PYKCaT E€TUINeH KaJIbIIThI

KepHEYiHIH MoHi; | 'koHe t - CaKWHAHBIH €HI MEH KaJIbIHJIbIFHI; Prin ~ OCIMIIK MHKPOIIOMIAFBIH
CEeHIM/II ycTay YIIIH CaKMHAHBIH CBIPTKbI OETiH/AET1 €H a3 pyKcaT eTUINeH yCcTay KyIIiHiH MaHi; G —
CaKMHA CaJIMarbIHBIH MOHI )koHe FI — cakuHara ocep eTeTiH MHEePIUSIIBIK KYIITIH MoHI [6].

TYTKBIII perYartapiblH (hamaHTrTapblHBIH alfHATYBIH 3ayBITTBIH MUKPO OCIHJICIHIH JEHECIHIH
KOFaprpl  OONITiHIH JKaHbIHIA YycTay TYTKaJapblHBIH (ajaHrTapblHBIH TIPEK  TICTEpiH
OpHAaJIaCTBIPY/IBIH €H TUIM/I €Kl HYCKAChIH KOJIJaHy apKbUIbI XKY3€re achlpy >kocnapianyna. [1]:

- YCTaFrbIll pblYarTap/pIH (allaHraJapbIHbIH 11IK1 OeTiH/Ie OpHAJacKaH €Ki Tipek Tic (2- cyper)
OCIMIIKTIH MUKpOOYIipa ieHe OeliriHiH ChIPTKbI OeTiHiH Oip jKaFbIHAa, Oip TipeK TICTiH CHIPTKBI 1K1
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OeTiHe OpHAIACKAH. YCTaFBIII PhIYarThiy (ajgaHTachlHbIH 06T 6CIMIIKTIH MUKPOATY JACHEJICPIHIH
CBIPTKBI OCTiHIH Kapama-Kapchl KaFbIHIa OPHATACKAH;

- YCTarbIll PHIYArThIH (hajlaHrTapbIHBIH CHIPTKBI 11IKI OETiH/Ie OpHAaJacKaH eki Tipeyim Tic (3,0-
CYpeT) OCIMIIKTIH MHUKPOOYHKACHIHBIH JIeHE OOMITiHIH CHIPTKBI O€TiHIH Oip >KaFbIHIA KOHE OHBIH
CBIPTKBI 1IIKI OeTTepiHAe OpHATACKaH €Ki YCTarbllll TICTEP OpHAIACKAH. YCTaFbIIl PhIYArThIH
(ananrTaphl OCIMIIK MUKPOIIOLI JICHECIHIH CHIPTKBI OETKi O6iriHiH Kapama-Kapchl KaFbIHA KaKbIH
OpHaJIaCKaH [2].
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AHHOTALMSA

PaccmarpuBaercss nBymepHasi cucrema ypaBHeHHH HaBbe-CTokca ¢ OBICTPO OCHWJUTHPYIOIIUMH HWICHAMH B
YpaBHEHHSIX W TPAHUYHBIX YCIOBUAX. Vccmenys 3amaqy B nephoprupoBaHHON OOJIACTH, MBI 3aJ1aéM OJTHOPOIHOE yCIIOBUE
Jupuxne Ha BHemrHe# rpanune u ycnoBue Oypre (PobeHa) Ha rpanuie moiocteid. [Ipn Takux MPEAIONOKEHUIX MBI
JIOKa3bIBaeM, YTO TPACKTOPHBIE aTTPAKTOPBI STOM CHCTEMBbI CXO/SATCS B HEKOTOPOIi C1a00i TOMOJIOTHH K TPaeKTOPHBIM
aTTpaKTOpaM yCpeIHEeHHOU cuctembl ypaBHeHU HaBbe-CTOKca ¢ JOTONMHUTEIbHBIM MOTEHIMATIOM W HETPUBHUATIBHOM
npaBoi yacTelo B obOiactu 6e3 mop. [Ipu 3TOM MBI BBIBOAMM IpeleibHYI0 (YCPEAHEHHYI0) CHCTEMY ypaBHEHHH M
JIOKa3bIBa€M CYLIECTBOBAHUE TPACKTOPHBIX ATTPAKTOPOB JJIS 3TOM CUCTEMBI.

Key words: aTTpakTopbl, ycpenHenue, cuctema ypaBHeHuii HaBhe-CTOkca, HelMHEHHBIC ypaBHCHHs, ciadas
CXOJIMMOCTB, Niep(hopHpoBaHHas 00JIaCTh, OBICTPO OCUMIIIUPYIOIIUE YICHBI.

Benenue

B Hacrosiueit pabote u3ydaercss acCHMOTOTHYECKOE ITOBE/IEHUE aTTPAKTOPOB HAYaJIbHOKPACBOH
3aa4M AJis IByMEpHOM cuctemsbl ypaBHeHUII HaBbe-CTokca B nmeppopupOoBaHHBIX 00J1aCTAX (CM.
PHUCYHOK, 0 reoMeTpuH 0baactu cM. [1]). OTMETUM HECKOIBbKO paboT MO YCPETHEHUIO aTTPAaKTOPOB,
KOTOpBIC MOSBWIIMCH B mociieaHee Bpems ( cm. [2,3] u [4]).

B Hacrosmeit crathe J10Ka3bIBaeTCs, YTO TPACKTOPHBIM aTTpakTtop U, ABYMEPHOM CHUCTEMBI
ypaBHeHuil HaBre-Ctokca (cM. Taxxke [5] u [6]) B neppopupoBaHHOI 001aCTH CXOIUTCS B ClIabOM
cMpicie Tpu € > 0 K TpaeKTOpHOMY aTTpakTopy %A YCpemHEHHOW CHCTeMBbl ypaBHEHHil B
COOTBETCTBYIOLIEM (YHKIMOHAJIBHOM HPOCTPaHCTBE. 3Jech Majblii HapaMeTp € Takke
XapaKTepU3yeT JUaMeTp MOJIOCTEN U PACCTOSIHUE MEX1y HUMH B 1ep(OpHUpPOBAHHOM Ccpefie.

1 OcHoBHOI1 pe3yabTaT

Iycts () - orpanuyeHHas o6mactb B R? ¢ kycouno-riaakoii rpanuueii 0. ITycts G, — 061acTs,

npuHaAIexKamas Y = (— % , %)2, Takas, uTo G, ABIAETCS KOMIAKTOM AUpHeoMOpGHBIM ImIapy.
[Tyctb 6 >0 mw M - HEKOTOpOE MHOXKECTBO, BBEIEM cleayioniee obOo3HaueHue OM =

{x:67*x € M}. Jlns j € 72 onpenemam P! = ¢j,Y) = P/ + &Y, G! = P/ + ¢G,. Nanee onpenenim

o6macts Q, = {x € Q: p(x,0Q) > V2&} ¥ MHOXKECTBO JOIYCTHMBIX HHIEKCOB Y, = {j € Z™: ng N

Q, # (Z)}. 3ametuM, uto |Y,| = de~?,rae d > 0 - HekOTOpas MOCTOSAHHAsA. PACCMOTPHM ClEyIOILYIO

o6macts O, = O\ G, r1e G, = U jey, GL. O603maumm Q, = Q, X (0,+),Q = Q x (0, +0).

! Pa6ora Bexmaran6eroa K.A. momnepxkana KH MOH PK (rpantr AP08855579). PaGora
Yeukuna ['.A. vactuuno nognepxana PH® (mpoexr 20-1120272).
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PI/IcyHOK 1-2D MOJEJIb )XKUAKOCTU B CPEIC C MEJIIKUMU MIEPUOANICCKUMU ITPENATCTBUAMU

Beesiem crexytomue 06o3Haudenus ais npoctpancts H:= [L,(Q)]%3 H,: = [L,(Q)]?, V:=
[H} (D)%, V,: = [HY(Q,; 0Q)]? — mHO)ecTBO BekTOp-DyHKumii u3 [H1(Q,)]? ¢ HyneBbIM ciie10M Ha
0. HopMBI B 9THX IPOCTPAHCTBAX OMPEIENIOTCS, COOTBETCTBEHHO, CELYIOMUM obpaszom || v ||?: =

2 Y 2
JoZEa v @] dx v liZ:= [ 3 [v' ()] dx, lvif:= [ 25 [Vl ()| dx, v iife: =
2
J o TE 1|V (x)| dx. Usyuaercs acumnroTHuecKOe IOBeJEHHE TPAEKTOPHBIX aTTPAKTOPOB
&

ClenyIollell HayaJlbHO-KPaeBOW 3a/1auu JJi1 aBTOHOMHOM JIByMEpHOM cUCTeMbl ypaBHeHUM HaBbe-
Croxkca

(ou x
6_: —vAu, + (U, Vu, = g (x, E) , X EQ
(V,u,) =0, X € Q,,
$ du x (1)
v anS+B(E)u£=0, X € 9G,, t € (0, +),
u, =0, x € 0()
\u, = U(x), x €Q,t=0.

3nmechk u, = ug(x,t) = (ul,u?),g = g(x,y) = (g%, g%) € H,n — BexTOp BHENIHEI HOPMAIH K
bt 0
Q 5 ), yaxmmu  b*(s) € C(R?) rakme, uro b¥(s) — 1-
0 b“(s)
IIEpHOIMYECKHE M0 KakIOH IepeMeHHOM (yHKmMH Ha R? W yJOBJIETBOPAIOT YCIOBHIO
faaobk(s)da = 0, rae o - 3JeMeHT JUTHHBI KpuBo 0Gg, k = 1,2.

rpanunie U v > 0,B(s) = (

st BexTop-pyHKIuu g(x,y) OyaeM cuutath, 94T0 QyHKIUH g (x, E) € H s moboro € > 0 u
UMeroT cpeHtoro g (x) B mpoctpanctee Hpu € = 0 +, To ectb g (x, E) - g(x) mpu & = 0 + cnabo
B H.

VYcepeanennas (mpenenpHas) 3aa4a UMEET CIICTYIONTUN BU/T:
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2

rE)uo 0%y _
a7 Y Z aum+ (ug, Vug +Vuy = gx), x€Q,
) i,l=1 (2)
(V, uO) = O; X € Q,
uy =0, x € Q)
\uy = U(x), x€Qt=0,
rme
L aNi () N
ay = 3z, + 8 ) dS, gx) = g(x,$)ds,
Y\Go i Y\Go
_ k k _(ma O )
me== | M ©do, V = (5" m):
3meck M* (&) u N, () — 1-nepuoandeckue GyHKIME 10 &, YIOBIETBOPSIOIIME 3a1aUaM
oM~
AM¥ =0BY\ G, = = —b¥*(&) na 0G,,
dN;
AN, =08BY \ G, 5, = "vima d0G,

U UMCIOIUC HYJICBBIC CPEAHUC 10 STYeHKe MNEpUOANIHOCTH. O0603HauUNM /10 — IIEPBOC COOCTBEHHOE
2

3Ha4eHHue oneparopa vziz,lﬂ B IIpocTpaHcTse V.

it 0x; 0x;
Hmeer Mecto crieyroras reopema (cm. [7]).
Teopema 1.1. ITycts A, > max{m;, m,}, Torna B npocrpanctee L5(R,;V) N L, (Ry; H) N

v
{v | Fr € Lg (Ry; H)} CIIPABEJIUBO NMPEIEILHOE COOTHONIECHUE

A, > A mpu & - 0+, 3)
rae A, A - TpacKkTOpHBE aTTpakTopsl 3a1a4 (1) 1 (2) COOTBETCTBEHHO.
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AHHOTALMSA

B cratee paccmarpuBarOTCAd IUIAKTHYECKHE BO3MOXXHOCTH W IIPEHMYINECTBA HCIIONB30BaHMS OOydaromen
mwratpopmer Google Earth Ha ypokax reorpaduu. B COOTBETCTBHH ¢ THIIOBHIMH YYEOHBIMH IPOTpaMMaMHU II0
mpeaMeTHo# obmactu reorpadusa, B 7-11 kimaccax obmeoOpa3zoBarenbHBIX mKoN KaszaxcraHa MpeaycMOTPEHBI psi
y4eOHBIX IeJeil B 00JacTH WHPOPMALHMOHHOW TPAMOTHOCTH W WCIIONB30BaHHUA HWH()OPMALMOHHBIX HABBIKOB JUIA
JTIOCTHYKEHUS TTOCIICIYIOIINX YUCOHBIX MIETICH.

leorpadus, kak WIKOJAbHAS JUCHUIUIMHA, TPHIACT OOJBIIOEC 3HAYCHHE OOpPa30BaTCIBHBIM pecypcaM u
texHosorusiM. Tak, reomnpopmarmonnsie cucremsl (I'MC) ¢ ee akieHTOM Ha 00pabOTKy W aHaiu3 IH(POBOI
nHpOpPMALUK, MOTYT BHECTH 3HAYMUTCILHBIA BKJIaJ B OOBCAMHCHHE psila IIKOJBHBIX JUCIHUIUIAH, KOTOPHIC
paccMaTpUBAIOT MPOCTPAHCTBEHHBIC TCHACHIIUH U 3JIEMEHTHI reorpaduueckoit cpeapl. HecMoTps Ha 3T peuMyIiecTBa
U AuakTHYecKre Bo3MOXHOCTH, [ IC mo-mpekHeMy HEeIOCTaTOYHO HCIIOJB3YETCS B KaYeCTBE yUCOHOW TEXHOJOTHH.
Cpenn MHOXecCTBa IIIat@opM, MOXHO OTMeTHTH mporpammy Google Earth, XoTs oHa umeeT OrpaHHYCHHEIC
HHCTPYMEHTHl TPOCTPAHCTBEHHOTO aHanm3a 10 cpaBHeHWI0O ¢ Hactosmed [MIC, HO MoxeT OBITh 3(PPEKTHBHO
HCTONB30BaHa TMpo oO0y4deHHWe Treorpadud Ha TEpPCOHANBHBIX TamkeTax. OHa [MaeT BO3MOXKHOCTh H3Y4YaTh
MIPOCTPAHCTBEHHYIO HH(POPMAIIHIO U y100Ha JJIs yUaIIuXcs U IpenoaBareiel Ha BceX ypoBHx o0yuerns. Google Earth
TaKXKE MOJXKET OBITH HCIIONB30BAH JI PEIICHUs 3a7ad B Pa3MUYHBIX y4eOHBIX MpOrpaMMax, MOMOTask UM ITOHHMATh
HHPOPMALIUIO B IPOCTPAHCTBCHHOM HIIH TeOTrpadnIeckoM KOHTEKCTE.

Google Earth mgaer BO3MOXXHOCTH pPa3BHUTh MPOCTPAHCTBCHHOE MPEACTABICHHUE M KPUTUYECKHUC MBIILICHUE,
TEXHOJIOTUYECKHE M MBICIUTENbHbIC HaBBIKA. [Ipy 3TOM Ba)XHO yd4ecTh, YTOOBI IUTAHBI YPOKOB JOJDKHBI OBITH
pazpaboTaHbl TakuM o00pa3oM, YTOObI TIOMOYb VYYalIUMCS YYHUTHIBATh CTPYKTYPY, KOHTEKCT M KauyeCTBO
MIPOCTPAHCTBEHHBIX JIaHHBIX U 00pa3oB. OOyJaromuecs: Takke MOTYT CaMOCTOSITENIbHO paboTaTh W Ha MHTEPAKTUBHOM
OCHOBE, a TaK)Ke COTPYAHUYATH C JPYTHUMH yUYalIUMHCS.

Pa3nooOpa3Hbie MHTEpPHET- PECYpPChl MOTYT OBITh BKIIOUEHBI B YUEOHBIN Mpolecc, YTOObI JaTh BO3MOXKHOCTH
YYaIIuMCs TTOTyYUTh Oollee TTyOOKHe 3HAHUS B 00JIACTH Teorpaduu, mpeAcTaBIMIONIX I HUX 0COOBI HHTEpec. Bo
MHOTHX CHUTYaIllsIX 0OydeHHe MPOHMCXOAMT BHE KIIACCA; MCIIONB3YS TEXHOJOTHIO, YYAlIHecs MOTYT PAacUIMPUTh CBOU
3HAHUS ¥ YIYYIIUTh CBOU MBICIIATEIFHBIC U aHATUTHYCCKIEC HABBIKH, a TAKXKE MOTYT IIPUMCHATH BHEIIHEe O0yUYCHHE K
CUTYAIVSIM, TIPE/ICTABICHHBIM B KJIACCE U BHE ayTUTOPHU.

Kawuenble ciioBa: mporpamma Google Earth, reorpadudeckas nHPOpMAIMOHHAST CHCTEMa, MPOCTPAHCTBEHHO-
OpUEHTHPOBaHHasA OOydYeHHs, MPOCTPAHCTBEHHBIH aHaIW3, KapTorpaduueckuii cepBUC, LU(POBBIE AaTJACHI,
reorpa(puuecKoe MbIILICHHE.

BBenenue

Ponb koMmbloTepa B 00y4arOMIUX TEXHOJIOTUSX BBI3BAT OCOOBIM HHTEPEC C MOMEHTA TOSIBIICHUS
MEPCOHAIIBHBIX KOMIIBIOTCPOB. CHuxeHue IOHCH Ha KOMIIBIOTEPBI M HUX JOCTYIHOCTH HNPHUBEIIN K
YBEJIIMYEHHUIO X KOJIUYECTBA B YUEOHBIX 3aBEJICHUSIX U Ha OBITOBOM ypoBHe. HecMoTps Ha To, 4TO
MHOTHUEC y‘—Ie6HBIe 3aBCACHUA TPOJABUHYIIMCH JAJIbIIC IIEPBOTrO YPOBHSA BHCAPCHUA TEXHOJIOTUH
(mpuobOpeTeHre ¥ BHEAPEHHE alllapaTHOTO OOECIEeUeHUss U CETeBOr0  MOAKIIOYCHHUS),
TEXHOJIOTHYECKHE YUCOHBIE MPOTPAMMBI €Ie HE TOJYYHJIM CTOJh IIUPOKOTO PACTpOCTPAHEHHUSI.
Buenpenne reorpaduueckux wuHpopManumonubix cucteM (I'MC) B HadanpHOM U CcpelHEM
oOpa3oBaHWM 3a TOT K€ IEPHOJ] BPEMEHU HE IOJIYYWIO IIUPOKOTO PaCIpPOCTPaHEHHS, YTO
MOMYEPKUBAET  OTCYTCTBHE  JIOCTATOYHOTO  OOECIEUeHHs COBPEMEHHBIMH  OOydYaromuMu
TeXHOJIOTHSIMUA y4eOHoro mporecca. [losBnenune mporpammbel Google Earth [1,2] mocmyxuio
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MOIIIHBIM T€XHOJOTHYECKHUM UHCTPYMEHTOM, TOMOTAIOIIUM YCTPAaHUTh 3TH HEJOCTATKU B 00y4YEeHUU
IIKOJILHOM reorpadumu.

Llenb 3T0# cTaThu - 00CYAUTH 11€7€CO00PA3HOCTh U BO3MOKHOCTD MCIIOJIb30BAHUSI IIPOTPaMMBbl
Google Earth xak wmHCTpymMeHTa st oOydeHusi reorpadgum B 7-8 Kiacca B CPEIHUX IIKOJAX
Kazaxcrana.

MarepuaJbl 1 METObI

Kak u3BecTHO, HEXBAaTKa BPEMEHU SIBIISIETCS CEPhE3HBIM NpensTcTBUEM Uil BHenpeHus ['1C-
TEXHOJIOTUI B y4eOHBIE MPOrpaMMbl, 0OYCIIOBICHHbIE HEOOXOAUMOCTBIO JIJISl MEaroroB M3ydvarb
IporpaMMHOE O0ecrieueHHe M IOHMMAaTh €ro OCHOBE JaHHbIE W BO3MOXHOCTH. YYHTEISIM
MpeIMETHUKAM TaKXe He0OXOAMMO TOTOBUTh MaTepHAIIbI ISl OIEPKKU TAKOBBIX YPOKOB, a TAKXKe
IIPEIOCTABIIATh YYallUMCA JOCTATOYHO BPEMEHM Ul U3YYEHHs IPOrpaMMHOro oOecledeHMs U
BKJIFOUCHUSI MHCTPYMEHTAa B yueOHBIN mporecc [3]. BuuManue mpemnogaBareneii K HHCTpyMEHTaM
I'MC-texnonoruii 6610 0OCOOEHHO MPOOIEMATUYHBIM H3-32 KOJIMYECTBA BPEMEHHU, HEOOXOIUMOTO
JUISL U3YYEHUSI U IPUMEHEHUSI 3TUX MHCTPYMEHTOB. BpeMs, cBsi3aHHOE ¢ M3y4Y€HUEM NPUIIOKEHUN
I'"C, crano 3HaunTenbHbIM (pakTopoM B ToM, uTo I'IC 1 cBA3aHHBIE C HUMHM TE€XHOJIOIMH HUMEIOT
JIMIIL OrpaHUYEHHOE puMeHenue B 7-11 kmaccax [4,5].

Jloctym K COOTBETCTBYIOIIEMY OOOPYAOBAHHUIO TPAAULMOHHO CIYKUJI KPUTHUECKUM
npensitctBueM s BHeApenus npuinoxkenuit ['MC. Ilomumo 3atpar Bpemenu, T.P. belikep [6]
IIPUBEJI HECKOJIBKO JONOJHUTENbHBIX NpensaTcTBuil ans BHeapeHus ['MC-texHonoruil Ha ypokax
reorpaduu, Kak: HeIOCTaTOUHbIE PECYPChI; HECOBMECTHUMbIE BRIYUCIUTEIbHBIC U CETEBBIE CUCTEMBI;
TpeOOBaHUS K O€30MacCHOCTH, KOTOpbIe TPEOYIOT HCHOJIB30BAHUS CaMOW COBPEMEHHOMU
ONEpPALMOHHON CUCTEMBI; pa3AelIeHUE MPEAMETHBIX IUCLUUIUIMH B COOTBETCTBUU C PACIUCAHUEM
LIKOJIBHOTO JIHS.

HecmoTps Ha mpensaTcTBHs B MyTH €r0 BHEIPEHHUS U HCIIOIb30BaHMS, 3aMETHO Bce Oouibliee
JaBJIeHUE ¢ Lenblo ucnosib3oBanus ' IC 0e3 noctarouHol noaepKKu u pecypcos. [Iponacts Mexay
CIPOCOM U CIIOCOOHOCTHIO BHEPSITH TEXHOJIOTHH MPOJOJIKAET PACIIUPATHCS B CBSA3H C PA3TUYHBIMU
CTaHJapTaMM, 3a KOTOpbl€ HECYT OTBETCTBEHHOCTb I€Aarord, TAKUMH KakK JernapTaMEeHTbI
00pa3oBaHMs U THIOBbIE y4eOHbIE IPOTrPAMMBI JUCLUILIMH.

C mnosBIIEHHEM KOMIIBIOTEPOB W pa3BUTHEM LHMQPPOBBIX TEXHOJOTUH OT BUICOUTP O
TEJIEBUJICHUS, B PACIOPSKEHUM COBPEMEHHBIX YYAaIIMXCs MOSBWICA JAPYroi crnocod oOydeHus u
MIPUMEHEHUST MHCTPYMEHTOB. BpIpociive B MH(POPMAIMOHHYIO 3M0XY, BHAEO U H300paKeHUS
SBJISIIOTCSL OCHOBHBIM ~ CpelcTBOM cOopa wuHpopMmanuu ans  ydammxcs. OpueHTauus Ha
BBIUHCIIUTEIbHOE O000pyJOBaHME B 3HAYUTENILHOM CTENEHU MpeBpaTuiach B OCHOBHOMU
MIOBCEIHEBHBII HHCTPYMEHT, a HE B KapbepHbIil MyTh. UTOOBI OBITH MPOTYKTUBHBIMH B IIPECIIEKTHBE,
y4alumMmcsi H00X0AMMO Ha paHHEM JTare NpUoOpeTaTh TEXHOJIOIMUECKUE HaBbIKU U MPUMEHSAThH UX
MIOBCEJHEBHO U Pa3HOOOPAa3HBIMH CIIOCOOAMHU.

B kauectBe mpumepa, onHUM U3 uHTepecHbIX IT—TexHonoruil asnsercs nporpamma Google
Earth (Ilmanmera 3emins) [7]. DTo KoMmblOTepHas MporpamMma, MO3BOJSAIONMIAS PACCMOTPETH
TPEXMEPHYIO MOJIeTh 3eMJIM B Menbdaimmx aetansx. [Ipu pazpaboTke maHHOW MporpamMMblI B €€
OCHOBY 3aJIOKWJIM pPe3yJbTaThl CIIyTHUKOBOW CBEMKH, SBISIETCS OOIIEOCTYITHOM, JIETKO
CKauMBAETCS M YCTAaHABIMBAETCS (PUCYHOK 1).
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Pucynok 1 - Google Earth

Ucnons3oanue Google Earth He TonbkO MoMAEP)KUBAET MPOCTPAHCTBEHHOE MBIIUICHUE, HO U
IIOMOTa€eT Pa3BUTh Y YUYCHUKOB KPUTUYECKUE U AHATUTUUECKNE HABBIKHU U MOATOTOBUTh yUAILUXCS K
MCIIOJIb30BAaHUIO 0oJiee TPOJABUHYTHIX (YHKIWH, nMetromuxcst B Hacrosmed ['MIC. 3to BepHO, Tak
KaK, MPOCTPAHCTBEHHOE MBIIUIEHUE - 3TO “CMECh TPEeX KOHLEMUMMN: KOHIENUUN MPOCTPAHCTBA,
MHCTPYMEHTOB IIPEICTABICHUS U MTPOLIECCOB MbIIICHUS .

Hapsiny ¢ BBIIIEHU3/I0KEHHBIM, HCIOJIb30BAHUE OHJIAWH-PECYPCOB IOMOTraeT YJy4dllUThb
MOHMMaHHME YYaIIMMHUCS OCHOBHBIX KOHIICTIIIMM M HABBIKOB, a TaKke OOpPECTH YBEPEHHOCTh B
reorpa@UYecKuX 3HAHUAX U BOMpOcax. TakiKe, 3alOMUHAEMOCTh HMH(OpPMAIMH BBHIINIE TMPU
HCIOJIb30BAaHNHU BU3YaJIbHBIX 00pa30B, HEXKEIH YEM TEKCTA.

Hcnons3oBanue Google Earth monHocThi0 mopnepkuBaer “detbipe OykBbl E” Mopenu
KU3HEHHOr0 IMKJIa OOydYeHHs, TO3BOJIAA YYalllUMCS Y4acTBOBAaTb B YPOKE, HCCIEI0BATh
0c00eHHOCTH 3eMIIH, OOBSACHSTh, YTO OHU MJCHTU(UIUPYIOT, U OLIEHUBATH MOCIEICTBUS TOTO, YTO
onn usyyarot [8]. Cama Google Earth nmo3Bosisier yuammmcst uccieoBaTh 3eMIII0 B TUHAMUYHON U
WHTEpPAKTUBHOM cpejne, momoras UM TMOHSTh MPOCTPAHCTBEHHBIM KOHTEKCT CBOEr0 pPETMOHA U
y4acTBOBaTh B  IPOCTPAHCTBEHHO-OPUEHTHUPOBAHHOM  OOYy4YE€HHHM B  YBJIEKAaTeIbHOM H
cojiepKaTeNbHOM popme.

Hecmotps Ha T0, uto Google Earth siBisiercst GecriaTHbIM HHCTPYMEHTOM, JIJIsi HEro TpeOyeTcst
JOCTYI B MHTEPHET MPU JOCTATOYHO OBICTPOM COEMHEHUHU. DTOT HHCTPYMEHT He TpeOyeT OOIbIINX
3aTpaT €O CTOPOHBI IOJb30BATENsd, HO HEAOCTaTOYHAsl IMPOIyCKHAs CIIOCOOHOCTh OTPaHUYUTh
Bo3MoxkHOCTH (Google Earth B kiacce, oTBiiekas MHTEpechl YYallUXCs, €CJIM MHCTPYMEHT He
pearupyer Ha 3ampochl MoJib30Barens. lcnonb30BaHWE HHCTPYMEHTa HMMEET TPU OCHOBHBIX
CYIIECTBEHHBIX TPEOOBaHUS, COMOCTAaBUMBIX C HCIOJIb30BAHMEM JPYTUX TEXHOJOTHI B Kiacce:
BO3MOXKHOCTb (BpeMsi), MOTHUB (KeJITaHUE) U pecypchl (HaBBIKU U BO3MOKHOCTH ). HTepdeiic "ykaxu
U IIEIKHU" J€NaeT IOCIEIHIOI TOYKY MEHEE HaBA3UMBOM M Tpynoemkoil, uem apyrue I'MC-
TEXHOJIOTHUHU.

Xota Google Earth u cBs3anHBIe ¢ HEW CAlThI MPETOCTABIAIOT IIMPOKHH CHEKTP AOCTYIHBIX
JaHHBIX, YJallUMCsl HE0OX0IMMO OyJeT MOHATh, KaK CO3JaTh CBOIO COOCTBEHHYIO YUETHYIO 3alUCh
JUIS TIOMCKa JMaHHBIX He BKIIOYEHHBIX B WHTepdeiic Google Earth, a 3arem, kak OTKpHITH HaOOp
JAHHBIX TI0CJE OMpEeNeTeHMs JKelaeMoro Habopa AaHHbIX. B HEKOTOpBhIX ciy4asX HCTUHHas
TOYHOCTh M JJOCTOBEPHOCTh JAHHBIX MOTYT OBITh HEIOCTYIHBI, YTO MOXKET MOCTABUThH O] YIpO3y
00pa30BaTeNbHYI0 [IEHHOCTh YPOKa.

Google Earth taxke He sBusiercs HacTosmeit [ IC (Tabnuma 1). BBogHbIe KOHIIENIIUH MOTYT
OTKPBITH JIBEpH AJIs1 6oJiee MIUPOKOro UCIIONIb30BaHUs B OoJiee CIOXKHBIX MHCTpYMeHTax, Ho Google
Earth uMeer orpaHu4eHHbIE BO3MOKHOCTH M WHCTPYMEHTBHI JUISI TOJACPKKU JEHCTBUTEIBHBIX
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olepanuil IPOCTPAHCTBEHHOIO aHanu3a. MHCTpyMEHT He HMeeT BO3MOXKHOCTH 3alpoca WU
(YHKIMOHATBLHOCTH JUISL BBITIOJHEHUS CIIOKHBIX MPOCTPAHCTBEHHBIX ONEepaluii — Jake B BEPCHUSX,
HE SIBJIIOLIMXCS OECIIaTHBIMM.

Tabauua 1 - Google Earth kak reorpaduueckas nHGOpMaIIMOHHAS CUCTEMA.

DYHKIUHA DYHKIHOHATBHOE ONIUCAHUE Bo3mo:xHocTu Google Earth
I'ucC
3ampoc Bormpoc, 3ananHbiil cucTeMe MOAAEPKKU HET B Hacrosiiiee BpeMst GyHKIHs 3ampoca
(MoKeT OBITH OCHOBaH Ha (IpOCTpaHCTBEHHOTO YIIH
MPOCTPAHCTBEHHOM MECTOIOJIOKEHUN aTpHOyTHBHOTO) HEIOCTYIIHA.
W/WITH TaOJIMYHOM aTpUoOyTe).
Bydep O06nacts BOKPYT 00BEKTa Ha 3aJaHHOM HET Her uHCTpYyMeHTA [UIS1 BEIYHCIICHUS
PaccTOSHUH JODKHA OTPAaHUYHMBATH WIH Oydepos.
COJIepKaTh JETAJIH.
Cron Hcnonb3oBaHne HECKOIBKHX CIOEB na [annsle, npenocrasieHHble Google
IIPOCTPAHCTBEHHBIX JIAHHBIX, Earth nim B coBMecTMoM ¢opmare,
3aperucTPUPOBAHHBIX I BCEX APYTUX MOT'YT OTOOPaXKaThCsl BMECTE C
HCIIOJIb3YEMBIX CII0€B JJAaHHBIX. JPYTHMH CIIOSIMH.
busocts Bban3octs 00BEKTOB K MHTEPECYIOIEMY OrpaHUYCHHBIN bnu3ocTs MOXKHO ompenenuTh
00BEKTy UM 00NacTH. BU3YyallbHO, HO HUKAKNX HHCTPYMEHTOB

JUISL pacdeTa ONMM30CTH MM PacCTOSTHUIT
HE IMPeyCMOTPEHO.
CoenuneHue B3anMoCBA3aHHOCT MECTOIOIOKEHUH OrpaHUYCHHBIN INoaxntoyeHue MOXKHO ONPEENIUTh
(HampuMep, XapaKTEPUCTUKH CETH). BU3YyallbHO, HO JJIS pacyera
MOJKJIIOYEHUS HE NIPEeLlyCMOTPEHO
HUKAKHX HHCTPYMEHTOB.

Mogenupo- AHanu3 IpoIeccoB, Pe3yIbTaToB, OTpaHUYEHHBII BermonHseTcst BU3yalabHO, HO HUKAKIX
BaHHE TEHCHINI WU IPOTHO3UPOBAHUE HHCTPYMEHTOB JUIS IPOBEACHHUS
BO3MOJKHBIX PE3yJIbTaTOB PEIICHHUH. CJIOXKHBIX MM HEBU3YalIbHBIX
AHAINTUYECKUX ONepaluil He
peLyCMOTPEHO.

Hecmotpss Ha Hekoropwsie Hemoctatku, Google Earth oOmamaer psgoM mnpewMyInecTs,
MO3BOJISIOIIMX HCMOJIb30BaTh €€ B CPEIHUX OOpa30BaTENbHBIX YUpeXKACHUAX. MHCTpyMeHT
TEXHOJIOTUHU TpeJJIaraeT OrpOMHBIN MOTEHIMAN Ul PaCIIUpEHUs] HAIIUX BO3MOXHOCTEH. Google
Earth mognmepxuBaer oOyueHue ydYalIUXcs, TOCKOJIbKY OHAa TaKXKe MOXET CIYXKUTh
pa3BiIEeKaTENbHBIM IICHTPOM. BKIIIOYEHHE AMOIMOHANBHBIX KOMIIOHEHTOB WJIM BH3YaJbHBIX |
HMOLMOHAIBHBIX 00pa30B Ui OOLIeHHs W MOTUBAIMK mnomoraer caenars Google Earth moutHbsiM
MHCTPYMEHTOM B y4eOHOM IpoLiecce.

B oTnuyme OT MHOTMX CEpBUCHBIX MPUIIOKEHUH, ydaluMcsi He 00s3aTeIbHO HAXOJIUTHCS B
1IKoJIe, 4YTOOBI HCIONb30BaTh HpuiokeHue. becruatHas Bepcus Google Earth moxxer ObITH
YCTAQHOBJICHA JIIOOBIM MOJb30BAaTEIEM, YTO MO3BOJSIET YYallUMCS UCIOJb30BATh MPUIIOKEHUE BHE
00pa3oBaTeNbHON Cpellbl M He TIONAIaTh MOJT JTUIIEH3MOHHbIE TPEOOBAHMS, IPEIHSIBIIEMbIE MHOTUMHU
KoMMepueckuMu rotoBeiMu [ UC-nipunoxeHusMu.

Coo6mectBo Google Earth u xaprorpaduueckuii cepsuc Google Keyhole, ciyxba mocox
oobsBiennit (BBS; goctynen mo azapecy http://bbs.keyhole.com), comepxaT MHOXXECTBO CIIOEB
JTaHHBIX, KOTOPbIE BKJIIOYAIOT JONOJHHUTENBHBIE MMOKa3aHUs M BCIOMOTaTelbHbIe (Gororpaduu u
Bujeo [9]. Kpome toro, B Google Earth cranoBuTCSt 1OCTYITHO BCE OOMBIINE CEPBUCOB C MOTOKOBOM
nepeaadei My IbTUMeana (TS TOTydIeHus] MHGOpMAaInH, OJIM3KOH K pealbHOMY BPEMEHH, TAaKOH KakK
MECTONOJI0XKEHNE CIIyTHHUKOB U oOHoBieHUs noronasl). Keyhole BBS He Tonbko mpenocraBiser
TaHHBIE, HO U CITY’)KUT (POPYMOM JUTSI COBMECTHOM TUCKYCCHH JUISI TTOJIb30BaTENeH, YTOOBI OOCYANTH
MOCNEACTBHS U SBOJIOIMIO JAHHBIX, a TakkKe nepudepuiinpie uaen. Jpyrum IOMOIHUTETHHBIM
HMCTOYHUKOM JaHHBIX U 00cyxaeHuil siBisiercsa Onor Google “Maps Mania” (mocTymneH mo aapecy
http://googlemapsmania.blogspot.com). B Gnore mpencraBieHsl pa3inuyHble HAOOPHI JAHHBIX JIJIS
Google Maps u Google Earth, a Takxke IHUTENbHBIE IHUCKYCCHH 00 WCIOIH30BAaHUN
IIPOCTPAHCTBEHHBIX HHCTpyMeHTOB Google.
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[TeuaTHble MaTepuanbl MOTYT IIOMOYb pPa3BUTh IPOCTPAHCTBEHHOE MBIIUICHHE, HO HX
MOJIE3HOCTh HMMEET ONpeAeTeHHble OrpaHWYeHus. Tak, reorpaduyeckue ariachl YK€ JTaBHO
IPEJOCTABIIAIOT JIIOJAM BU3YyalbHOE MPEJICTABICHHE 00 UX MUPE U OXBATHIBAIOT HIMPOKHUH CIEKTP
TeM. ATJIachl MOTYT OBITh OECIEHHBIMH pecypcamMu Ui 3aHATHI B KJIacce, XOTs WX LEHHOCTh IS
MOAJICPKKH JUHAMUYHOW, MHTEPAKTUBHON y4eOHOH mporpaMMbl Ooiiee orpanudeHna. b. Paiicrenr
[10] mpumien K BBIBOMY, Y4TO IU(POBBIC aTIACHl MPEIOCTABISIOT BO3MOKHOCTH B3aMMOICHCTBUS,
KOTOpbIX HeT B MedaTHeIXx Marepuanax; a Google Earth nmopmepxuBaer 3Ty wniero, pacmmpss
WHTEPAKTHBHBIC KOMIIOHEHTHI B KaXyIIMXcs OeckoHewHbIMU m3MepeHusx. Google Earth 6pocaer
BBI30B TOMY, KaK CO3Jal0TCsl, paclpOCTPaHSAIOTCS U UCIOJb3YIOTCS HU(PPOBBIE aTiachl Oyaroaaps
cBoeMy coBMecTHOMY (opymy uepe3 Keyhole BBS. Ecnu onmna kapra HesdexTHBHA IS
WUIIOCTpAlMM Ipoliecca, OTOOpakeHHEe MOXKHO clenarh 0ojiee JUHAMUYHBIM, HPEIOCTaBIIAsA
MOJIb30BATENI0 MH(OPMAIMIO, CBA3aHHYIO C MECTOM, IOBBIIIAs YpPOBEHb WHTEPAKTHBHOCTH W
yJlydlias ONbIT MOJIb30BaTeNsl KaK HauyMHAIoIIEero uccienosarens. Hampumep, nonb3oBarento He
HY’KHO IpocTo BUETh lIlapbIHCKUI-KaHBOH U3 KOCMOCA, OH MOYKET YBUIETH €r0 C Pa3HbIX PaKypcoB
U OLIEHUTH €ro MIyOWHY B BUPTYaJbHOM IpocTpaHcTBe. To ke caMoe OTHOCHTCA U K FOPOJCKUM
naramadTaM B pa3IMuHBIX TOPOAAX 110 BCEMY MHUPY.

[Tonp3oBarensiM He HYKHO HM3y4yaTb MHTep(deHchl WM ocoOble HioaHChl HacTosbHbIX ['MC-
MPUIIOKEHNUH, KOTOpPBIE MOTYT MOTpeOOBaTh CrenuanbHbIX HaBbIKOB. MHTepdeiic Google Earth
Ipolle M3-3a OrpaHWdyeHHoro Habopa @yHkuumil. IlpunoxeHune opueHTHpOBaHO Ha OoJbllee
KOJIMYECTBO olepanuil "HaBeau U ILEIKHU" O€3 CIO0XHBIX MEHI0O U MHCTPYMEHTOB; BEPCUH, HE
ABJISIOIIMECS OECIUIaTHBIMHM, IPEAOCTABISAIOT OTHOCHUTENBHO MOIIHBIE BO3MOXHOCTHU  JUIs
pa3paboTku U pacmmpenus GyHKIHOHATBHOCTH. barogapst 6onee mpocromy uHTepdeiicy Google
Earth Ttarkke oOmagaer MeHee CIOXKHOM (YHKIMOHAIBHOCTBIO M KapTorpaduyecKuMu
BO3MOXXHOCTSIMU, 4yeM Hactosdmme [MC-npunoxxeHus, 4yTo AOKHO MOTPEOOBATh 3HAYUTEIHHO
MEHbILIE BpeMEeHHM sl 00ydeHus yuuTeneil. Bpemsi MOAroTOBKM YUHTENsl TakKe MOXET ObITh
COKpaIlleHO, MOCKOJIbKY MHOTHE HaOOphI JTaHHBIX JIETKO HocTymHbl uepe3 Keyhole BBS, a taxxke
BCIIOMOTaTeNIbHbIE JTUCKYCCHOHHBIE (OPYMBI, KOTOpbIE MOIYT IOMOYb YYallUMCS OINpPEAEIUTh
KOHTEKCT JJIsl paCCMOTPEHUSI TOYHOCTH M IPUMEHUMOCTH JJaHHBIX. TakuM 00pa3om, IpenojaBaTenn
MOTYT OBbITh 00JIee COCPEIOTOUEHBI Ha YPOKaX, a He Ha MEXaHUKE CaMOro MPUIIOKEHHUS.

[Tockonpky reorpadbl 3aHMMAIOTCS MPOCTPAHCTBEHHON MHGpopMaiuell uin uHpopMmanueil o
MECTOMNOJI0KEHUU U CTPYKTYpe OOBEKTOB B MPOCTPAHCTBE, MOXKHO BBIIEIUTDH IMSATh OCHOBHBIX TEM
UCCIIEIOBAaHUM - MECTOIOJIO)KEHHE, MECTO, OTHOILUEHHS C MECTOM, JIBUKEHHE U PETUOHBI U
3aKJIa/IbIBAIOT OCHOBY JUISl HaJIEXKHOTO Ie€OIPOCTPAHCTBEHHOro oOpa3oBanus [11]:

(1) 3amaBatb reorpaduueckue BOIpOCHI;

(2) cbop reorpaduueckoit uHGopmanum;

(3) opranmuzanus reorpaduueckoil UHPOpMaIUH;

(4) orobpaskeHue reorpaduueckoil nHpopmManu;

(5) oTBeTHI HA TeorpadUIECKUE BOIIPOCHI.

B3anMocCBsI3b 3TUX TEM SIBIISIETCS KpaeyrolbHBIM KaMHEM JIJIsl OpraHu3aluy ypoKoB reorpaduun
C OpraHM30BaHHONW OOpaOOTKOW HaBBIKOB BOKPYI IATH OCHOBHBIX Te€M . [ 'eompocTpaHCTBEHHas
uHpOpMaIKs MOKET ObITh H3yUYeHa U C MOMOIIBIO Pa3IMYHBIX METOJIOB U CPEACTB, KaK MOKa3aHO B
Tabnuue 2.

Ta6auuna 2 - Kareropun HaBBIKOB, HCIOJNb3yeMble TeorpadaMu JUIisl aHaJIM3a MPOCTPAHCTBEHHBIX
CBSA3EH.

KaTeropusi DyH1aMeHTAJILHbII Bopoc IIpumepsbl
* OTHOCHUTEIILHOE PacIONOKEeHHUE
Ompenenenne I'ne ato? (BneBo, BIIPaBO, BBEPX, BHU3, CEBED,
MECTOTIOJIOKEHHS 10T)

* [Tonck mecT Ha KapTe ¢
HCIIOJB30BaHHEM MAaTEMATHYECKUX
KOOpJMHAT
¢ CheMKa U HaBUTaIysl.
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OrnucaHue ycloBHiA B
MECTOIIOIOKEHUH

Yro 3mech?

* OcOOEHHOCTH U YCIIOBHUS,
BBISIBJIEHHBIE HA MECTE

OTcnexuBaHue cBsi3ell ¢ ApyruMu
MecTaMH

Kak 370 cBsi3ano?

* [IpuunHBI IEpeMELIEHUI U CTPYKTYP
* OcMOTp 3arpakAeHUM, Y3KUX MECT,
KaHaJIOB
* [ToToku 110 cOeAUHEHUSIM

CpaBHEHHE MECTOIOIOXKECHUI

YeM MecTa MOXO0KH WM OTIINYAIOTCS
IpyT OT apyra?

» CrioBecHbIe WK rpaduvecKue
CpaBHEHUS BYX WM Ooyiee MecT
* AHaJOTHH, CpeTHHE 3HAUCHHUS,
COOTHOIIICHHS
* TeHIeHIINN 1 KOMIUICKCHBIA aHAJIN3

Onpez{eﬂeHI/Ie 30HBI BIIUAHUA BOKPYT
MECCTOIIOJIOKCHUSA

Hackoinbsko Janeko ot 00beKTa ero
BIIMSIHHE SIBJIIETCS 3HAYUTEILHBIM?

* OCHOBHBIE YKOHOMHUYECKUE
TOCJIEACTBUSL KOMMEpPUYECKON
JIeSITEIbHOCTH
* Posib 3aKOHOB M HOPMATUBHBIX aKTOB,
BIHMAIOLINX Ha MECTOMOJI0KEHHE
* HecumMmeTpuuHble BO3AEHCTBUS

Pasrpannuenne 061acTH CXOIHBIX MECT

Kakue Mecta moOIHU30CTH OXO0KH Ha
3T0?

* OCHOBHBIE PETUOHATBHBIE TPAHUILIBI
* Ponb rpanun

OnucaHue IpOCTPaHCTBA MEXKTY
MecTaMHu

KakoBa mpupoa nepexozaa Mexmay
mecTamu?

* YBenomiieHHe 00 H3MEHEHHAX BO
BpeMsI ITyTeIIeCTBUS
* MI3amepeHne pacCTOSIHUS, BBICOTHL,
HaKJIOHA ¥ ACHCTBHSA 110 HHTEPIOISAINI
* [loHumaHue noseil B CpaBHEHUHU C
OTZENBHBIMH 00JIACTSIMU

Tlouck anamora jyist TaHHOTO MecCTa

Kaxkue oTnaneHHbie MecTa ITOX0XKH Ha
3T0?

* PaCCMOTpeTB TOPOJACKUE aHAJIOTH
* BreisiBnieHue 3aKOHOMepHOCTeﬁ B
Pas3jIMYHbIX OTAAJICHHBIX paﬁOHaX

OrmnpenenieHre NPOCTPAHCTBEHHON
MOJIEIH

CyIecTBYIOT JIU YKJIOHBI, KIIAaCTEPHI,
LENOYKH, TOHYHMKH, BOJIHBI U IPYTHE
XapakTepHbIe MO ?

* [IpoBeneHue pazuuuil Mexay
«UETHBIM» U «CITy4aiHBIM»
* BouBnenue npenyOexaeHuA uepes
pa3HUIly B 10XOAaX
* YuuThIBaliTe CyOBEKTHBHOCTD
aHaJIM3a IPOCTPAHCTBEHHOM CTPYKTYpHI

CpaBHEHHE POCTPAHCTBEHHBIX
MoOJIeNei

[Tox0u JIU MPOCTPAHCTBCHHBIC
Moaenn?

* 3aKOHOMEPHOCTH XOPOIIIO U3BECTHBIX
COYeTaHHH NMPU3HAKOB (HaIpHMep,
3acyxa W rojom)

* BribOpKka U auarpaMMbl paccesiHus

OrnpeneneHne UCKIIOUSHUIT U3 TpaBUiIa

I'me ecTh MecTa, B KOTOPBIX YETO-TO
0OJIBbIIIE HUITH MEHBIIIE, YEM OXKHJIAJIOCH?

* B3anMocBs3b MKy MPUPOIHBIMU
pecypcaMu U MpoLBETaHUEM U
CBSI3aHHBIE C 3TUM aHOMAJIUU
* OXuaHusl B CpPaBHEHUH C
HaOJF0JTaeMbIM YPOBHEM TOTETIIICHUS
KITMaTa, HABOJHEHHUSMH,
0’KUJIaeMOI1 TTPOIOIKUTETHHOCTHIO
KU3HH

AHanu3 U3MEHEeHUH B CTPYKTYpE C
TEYEHHEM BPEMEHU

Kak ey pacnpoctpanstoTcsi?

* [IporHo3s! Oro/ s
* Mcropuyeckoe pacnpocTpaHeHHe
HPUPOJIHBIX 30H U TIOSICOB.

* Vcrionb3yiiTe TOTHKY JUISL H3yYEHHS
pactpoCTpaHeHUs A TeNEHOCTH
(Hampumep, 60JIe3HN, SKOHOMUYIECKOE
MIPOIIBETAHHE).

PazpaboTka npocTpaHCTBEHHBIX
MoJienei

CBs13aHBI JIU MECTa OJTHAM HITH
HECKOJIbKUMH HpOMe)KyTO'—leIMPI
npoueccamu’?

* B3auMOCBSA3aHHOCTD MECT (Harpumep,
nocnencTBust Inb-HuHbo, Murpanus
OeXKEHIIEB)

Google Earth moxer ObITh HCIONIB30BaHA AJISl JajbHEHIIEro YJIydlIeHHs MEeXIpeaIMEeTHOU
yHu(UKanuu Onarojapss He TOJIBKO CYNIECTBYIOUIMM CTaHAApTOM oOpa3oBaHUs B 00JacTu
reorpaduy, HO W Pa3IMYHBIX MEKIPEIMETHBIX 00JacTsIX W OYyIyT CHOCOOCTBOBATH PA3BUTHIO
HCCIIEIOBATENIbCKUX HABBIKOB JUISI PACIIMPEHUs HAY4YHBIX MCCIIEOBaHUH W Teorpaduyeckoro

MBIIIJICHUS.

Hcnonb3oBanue Google Earth B y4eOHOoM mporecce OyneT cnocoOCTBOBATH BBINOJIHEHUIO
TpeOOBaHUsI CTaHIapTa OOpa3oBaHUS W IeJeil 0O0ydeHWs THMOBOW ydeOHO#M mporpamMmbl [12],

IMOCKOJIBKY:
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- HUCIOJIb3YETCS Ha YPOKax, I'Jie MOXKeT ObITh 3a/laH BOIIPOC O TOM, KaK JIIOAM J0OBIBAIOT U
UCTOJIB3YIOT IPUPOAHbIE MaTepHAIIbl B KAYECTBE PECYPCOB;

- JlaeT BO3MOXXHOCTh yYalllUMCs OMHCAaTh OCOOEHHOCTH 3eMJIH;

- ZIeNaTh BBIBOJIBI O TOM, KaK OBEJCHHUE YEJIOBEKA N3MEHSET MOBEPXHOCTh 3eMIIH;

- U3MEPATH PACCTOSIHUS;

- UCTIOJIB30BATh M JPYTHE MBICIUTEIbHBIC H aHAIUTHYECKUE CIIOCOOHOCTH.

Google Earth wactro mnyOmukyer BakHbIE JaHHBIE Ha CBOCH TIJIaBHOW BeO-CTpaHUIIE
(http://earth.google.com). VYuammecs MOryT NpPOYHTAaTh O TEKYUIEM COOBITHH, NPOCMOTPETH
dotorpaduu 1 BUI€0 B KOHTEKCTE COOBITHS U HAMKMCATh aHAJIU3 €r0 MOCIEICTBUM, KOTOPBIH JaeT UM
MOHMMAaHKE MPOCTPAHCTBEHHON MH(OPMAIIIH, B TO )K€ BPeMsi IBHO pa3BHBasi HABBIKM KPUTUYECKOTO
MBIIJICHHS], aHAIU3a U MHChMa.

CriocoOHOCTDb TOJIEPKUBATH MIPOCTPAHCTBEHHOE MBIIIJICHHE U TIOMOTaTh YYalIMMCsl TOHUMATh
MIPUPOJIHBIC U KYJIbTYPHBIE SBJICHHSI, 0€3yCIIOBHO, SIBIIIECTCS CHIIbHOM cTopoHOi Google Earth. Ypoku
MOTYT OBITh pa3paboTaHbl TakKUM 00pa30M, 4TOOBI TOMOYH MPEMOAABATEISIM paccKa3aTb O MecTe,
MPEIOCTABIIAS yYallUMCS WHTEPAKTHUBHBIA MHCTPYMEHT. Yyalluecs TakkKe MOTYyT H3yYUTh
HEKOTOpbIE aTpUOYTHI, CBSI3aHHBIE C MECTOM, BKJIFOUasi OCHOBHBIE B3aMOCBSI3U MEXKIY OOBEKTaMHU.

B Tabnune 3 mpuBenensl oOuiue npuiiokeHus ans ucnonb3oBanus Google Earth. 3nauenue
Google Earth s o0y4enus reorpadun 6051ee moapoOHO paccMaTpuBaetcs B pazjene "[lian ypoka"
(Tabmurer 3).

Tadoauua 3 - Yrunura Google Earth st nmoanepku yyanxcst Ha ypokax reorpaduu

Pa3nes reorpagun Yruaura Google Earth ais nogiep:kkn HAUMOHAJIBLHOIO
cTa”aapra reorpagun

Mup B IPOCTPaHCTBEHHOM BBIPQKCHHU
1. Kak wucnomp3oBatek KapTel W JApyrue reorpadudeckue | MutepakTuBHbIN xapaktep Google Ilnanera 3emist nemaer
MIPE/ICTABIICHUs,, MHCTPYMEHTBl W TEXHOJIOTMH Uil cOopa, | M3ydeHne Mupa Goiee TMYHBIM (HalpuMep, IIOUCK MecTa, Tae
00pabOTKH U MpeACTaBIeHNS HH(popMaIn? BBl JKMBETE) W YBIICKATENbHBIM [UII H3y4YECHHsS MHpa.
VYuamyecst MOTyT CpaBHUTH KapTOTPAaMMBI C H300payKEHUSIMHI
Google Earth, droOBl mNOHATH, Kak Ppa3IUYAFOTCS
reorpau4ecKue peACTaBICHHUS.

2. Kak ucHonb30BaTh MEHTAJbHbIC KapThl Ul OPTaHU3alMK | PaccMOTpUTE  BOCHpUATHE — y4al[uMCs MHpPa H©  HX
nHGOPMAIMH O JIFOJISIX, MECTaX U OKpYyXKaromeii cpene? OTHOCHTENIBHOE MECTO U MOMPOCUTE YYAIIErocs yTOUHUTD UX
BOCIPHSTHE MO CPABHEHHUIO C PEAbHOCTHIO, KOTOPYIO OHH
uAeHTUGUIMPYIOT npu ucnonb3oBannu Google Earth.

3. Kak aHanm3upoBaTh NPOCTPAHCTBEHHYIO OpraHu3anuio | M3mepsiite  pacCTOSHUS M BO3MOXHOCTH  JIIOJEH
J0ZIeH, MECT M OKPY KAIOIIel Cpe/bl Ha IIOBEPXHOCTH 3eMiid? | B3aMMOJNCHCTBOBAaTh W3-3a TPAHCIOPTHBIX  CeTell  wim
reorpaM4eCKuX OrpaHMYCHUIl Ha MOAKIIOYCHHE.

MecTa 1 peruoHbI
4. dusnyecKre u 4eJI0BeYECKHE XapaKTePUCTUKU MECT. HUcnone3yiite ¢yukimo "Penbed mectHocTH" B Google
IMnanera 3emisi, YTOOBI OLECHHUTH (PUBHUYECCKYIO MPUPOIY
MECTHOCTH — HalpuMep, COBEpIINTE BUPTYaIbHBIH 00neT
I'pana-Kaubona nwiu Hero-Mopxa.

5. Jlromu cO3MAOT peruoHbl, 4TOOBI HMHTEpHpeTHpoBaTh | [IpoaHamm3upyiiTe TMONUTHYECKHE PETHOHBI (HAIpUMeED,
CII0’)KHOCTH 3eMJIH. TPaHMIBl IITATOB) W PACCMOTPHUTE, KaK ()YHKIHOHAIBHBIE
PETHOHBI (HAaIpUMEp, PEIUTHO3HBIE KyJIbTypHBIE PETHOHBI)
BIMSIOT Ha WX TIIOCTOSHCTBO WM CIIOCOOCTBYIOT —HX

HeCTaOMJILHOCTH.
6. Kak KynbTypa M ONBIT BIMAIOT Ha BoclpusaTHe moiapMu | Ilpoananusupyiite pocT ropooB B KpyIHHBIX Topojax H
MECT U PErMOHOB? paccMOTpUTe, KaK TaKOW POCT BIMAET HA TO, KaK JIFOJH

B3aHMOJICHCTBYIOT ¥ BOCIIPHHHMAIOT OKPYXKAIOIINHA MHUP.

Du3nUecKne CHCTEMBI
7. duznveckue Mpoueccrl, KoTopeie GopMupYIOT cTpyKTypy | [locmorpute Ha ropy Tsub-lllane nim Myramkapbl, 9TOObBI
3eMHOH MOBEPXHOCTH. paccMoTpeTh AeiicTByonme (HU3HOIOTUIECKUe TPOLECChl H
BIIUSIHHUEC ByJ'lKaHM'—leCKI/IX ﬂBJ’IeHHﬁ KaK Ha MCCTHOM, TakK U Ha
riao0albHOM  YpOBHSIX. PaccMoTpuTe pacroiiokeHue 30H
pa3ioMOB W TOTEHIMAJIbHBIE COLUAIBHO-YKOHOMUYECKHE
MOCJIEJICTBHS MOTEHIHATBHBIX 3eMIICTPSICCHUH.

8. XapakTepHCTHKH W TPOCTPAHCTBEHHOE pacmpeneneHne | PaccMoTpure pacmojoKeHHE PEYHBIX W JIECHBIX CHCTEM H
9KOCHCTEM Ha TIOBEPXHOCTH 3EMJIH. TOCJIEACTBUSL X TPOCTPAHCTBEHHOTO COKpAILEHUSI.
YenoBeueckre CUCTEMBI
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9.  XapakTepuCTHKM,  pacrlpefeneHue U
YeJTOBEYECKHX MOMYIISIUI Ha TOBEPXHOCTH 3EMIIH.

MHUTpaIus

PaccmoTpuM, kakne MecTa SIBISTFOTCSI HaMOOIee HarIsAHBIMU
CBHUJETENbCTBAMU ypOaHM3anuu u pas3sutusa. Ilo wmepe
pacHupeHus TOpoI0B YUUTHIBANTE, KaK MUTPAIMs BIUIET Ha
OKPYXAIOIIYIO Cpeny U (PU3HUECKHe PEeCypChIL.

10. XapakTepUCTHKH, paclpefeiIcHUue U
KyJIBTYPHOM MO3auKy 3eMIIH.

CJIO)KHOCTBb

Hcnonk3yiite BeO-CEpBUCH IS TPOCMOTPA KapT KYJIBTYPHBIX
PSTHOHOB ~ HW  yd4eTa  O3THHYECKOM  HANPSHKEHHOCTH,
BO3HHKAIONICH B PE3y/IbTaTe KOHKYPEHIUH WM KOH(IIUKTA
KynbTypHbIX rpymm. (Takas nesTenbHOCTh TaKkKe MOMOraeT
0o0ecreynTh HCMOJIb30BAHHE PA3NUYHBIX TEXHONOTHH B
Google ITnanera 3emist.)

11. Monenu 1 CeTH SKOHOMUYECKOM B3aMMO3aBHCHMOCTH Ha
MMOBEPXHOCTH 3EMIIH.

PaccmoTpuM, Kak >kuBYT cocequ Y30Oekucra (Uto o3HagaeT
OTCYTCTBHE JIOCTYTIA K 3€MJIe H YTO 03HAYaeT 3aBUCHMOCTB OT
cocezeii B miane gocryma? KakuMm obGpa3oM aBHarepeseTs
YMCHBIIHIN 3aBHCHMOCTh OT (DM3HYECKHX COCEZeH B IUIaHe
YKOHOMHYECKOM )KH3HECTIOCOOHOCTH?)

12. TIponecc, Moaeny U pyHKIMN HACENICHHBIX ITyHKTOB.

[IpumenuTe KOHUENIMIO, HanpuMep Teopuio LEHTPaIbHOIO
MecTa, U OIIpe/IeNUTe MECTa, Te Ta KOHIENIUS OYEeBUIHA B
Google Ilnanera 3emus. IlogymaiiTe, mouemy KOHLETLIUS
OUeBHIHA — WJIM HET — B YKa3aHHOM MECTe.

13. Kak cuitbl cOTpyTHIYECTBA U KOHMIMKTA MEXKTY JTFOIbMH
BIMSIOT Ha pas3/ielicHHe W KOHTPOJIb HaJ TMOBEPXHOCTHIO
Semau?

PaccMmoTpute mpomoipkaromuiics KOHGIMKT Ha BimkHem
Bocroke. VYuuthiBaiiTe Mectomonoxenue W3pauis u ero
cTpareruyeckoe 3HaueHue. Mcnone3yiTe KapTy MECTHOCTH B
Google Earth, 4To0BI MOHATH CTpATETHUYECKUH XapakTep
["oyaHCKHX BBICOT M TO, KaK Pa3BHBAJICSI KOH(IMKT B PETHOHE.

Oxpy:karomias cpesia ¥ 00IEeCTBO

14. Kak neiicTBHs YeIOBEKa U3MCHSIOT PU3HICCKYIO Cpey?

[Ipoananu3upyiite pacnpeiesieHue CeabCKOXO03IHCTBEHHBIX

yronuit CeBepHoro Kaszaxucrana. Paccmorpute, Kkakoe
BIMSHHE  OKa3blBaeT  ImpeoOpa3oBaHHMe  cTemed B
CEeITbCKOXO3SHCTBEHHBIE YTOAbs, a CEeNbXO3yroguid - B

Pa3BHUTHIC pailoHBI Ha PU3HUYECKYIO OKPYIKAIOIIYIO CPELY.

15. Kak ¢usudeckne CHUCTEMBI BIHSIOT Ha YEJIOBEUECKHE
CHCTEMBI?

[Ipoananuzupyiite pa3BuTHE NPHOPEKHBIX pPAHOHOB o03epa
ANakonmp W PAacCMOTPUTE  CHIIBHBIX BOMH  Kak
HETOCPEICTBEHHO, TaK U C TEUYCHUEM BPEMEHHU.

16. H3MeHeHMs, KOTOpbIE NPOUCXOMAT B 3HAYCHUH,
HCIOJIb30BaHUHU, PACTIPEIEIICHUN U BaXXKHOCTH PECYPCOB.

PaccmoTpuMm otkpeiTie HedTi Ha 3amane Kasaxcrana u o,
KaK 3TO IOBIUAIO Ha pa3BuTHe cTpaHbl. Halinure npumepsl
MIOJIMBHOIO 3emilefienus Ha rore Kasaxcrana um To, Kak puc
TIOBJIMSUI HA €T0 PA3BUTHE.

Hcnonp3oBanue B reorpaduu

17. Kak mnpumeHnsts reorpaduio Uil HHTEPIPETAlUH
MIpoILIoro?

Ormnpenenure Mecronosnoxenn Kaparanapl, JKes3kasrana,
Kaparay, Axtay. PaccMoTpuTe Gu3nueckoe OKpYyKEHHE ITHX
ropooB. Kak npuposaHbie pecypchl OTHOBPEMEHHO BIIMSIN U
OTpPaHUYMBAIN UX PA3BHUTHUE.

18. IIpuMeHsTH TeorpadHro Ul HHTEPIPETAUH HACTOSIIETO
U TUIAaHUPOBaHUs Oy IyIIero.

Haiimure cBoit mom mmm paiton B Google Earth. [Touemy 151
TaM kuBenrb? Kak MOT BBITIIAAETH 3TOT palioH MATHAECST JIeT
Hazan? [lomymaiite, Kak M3MEHWIICSA paifioH 3a 9TH MATHAECAT
JIeT U Kakue ymoOcTBa HaxomsaTcs mobmmsoctH. Kak Moxer
HU3MEHUTBCS 9TOT PaOH B T€UEHHE CIIEIYIOUIUX MATHICCATH
JIET ¥ YTO HEOOXOIUMO VISl TOAJEPIKKU TaKOTO Pa3BUTHS WU
OMOJIOKCHHUSA?

bynyun mudpossiM pecypcom, Google Earth Takxke mnmoanepkuBaeT TEXHOJIOIMYECKHE
CTaHJIAapThl, IOCKOJIbKY IPEIOCTaBIsET HHCTPYMEHTHI MOBBIIIEHUS MNPOU3BOAUTEIBLHOCTH IS
COBMECTHOH PabOThl U OOILIEHMS, a TaKXKe IMOUCKA, OLEHKH U cOopa MH(POPMAIMHM U3 PA3TUYHBIX
uctouyHukoB. Google Earth mpenocTaBiser TeXHOJIOTUYECKHE PECYPCHI AJI pEUIeHHs] MpoOieM u
NPUHATHST OOOCHOBAaHHBIX pEIIEeHUN BaXHBIE€ BO3MOXHOCTH YYEHUKH JOJKHBI OBITh
NPOAYKTUBHBIMHU 4jieHaMu oOrmiecTBa. (MmocTpauy 3TuX pecypcoB U NPUIIOKEHNUH PUBEICHBI B
Tabiumax 1, 2 u 3 v U310KEHBI B IPUJIAraeMOM IIaHE YPOKa.)

Pacmmpennsie  Bepcun  Google  Earth  mpegocTtaBnsiioT  BO3MOXKHOCTh — CO3J1aBaTh
MIPOCTPAHCTBEHHbIE JaHHBIE U 3arpy’kaTh UX Ha (JOPYyMBbl, paCCMOTpPEHHBIE BbIlle. B TO Bpemst kak
npodeccuoHaibHasi BepCHsl MOXET OKa3aThCsl HEMOMEPHO JOPOTrOCTOSIICH JUIi MHOTHX MIKOJ,
MOCNEACTBUS Pa3pabOTKU JIOKAJIbHBIX HAOOpOB JaHHBIX [UJISl YJIy4YIIEHUS OOYy4YeHHs 3a CueT
MOHMMAaHMsI COOCTBEHHON cpebl ydarierocs orpoMHbl. ClieayeT Takke OTMETHTb, 4TO (opmar
nanuabix Google Earth mpencraBnser co0oil HacTpawmBaeMbIii TEKCTOBBIM (GopMar Ha OCHOBE
pacumpsieMoro s3bika pazMeTku (XML), KoTopblii M0Ib30BaTENN MOTYT CO3/IaBaTh U PEJaKTHPOBATh
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C TTOMOIIIBIO MMPOCTOT'0 TEKCTOBOTO peAaKkTopa, Takoro kak 6;okHOT Windows. Crienudukanuu si3pka
pa3MeTKku 3aMOYHON ckBakuHbI Ha ocHOBe XML (KML) sBnstorcs 0OmIEAOCTYIMHBIMU, €CIH
y4Jaluecs: 3aXoTAT pa3paboTaTh CBOM COOCTBEHHBbIE HAOOpHI JAHHBIX U HM3YYUTh KOHKPETHYIO
TEXHOJIOTHIO.

OpHeHTUPOBAHHBIN Ha pealu3aluio Ied 0o0ydYeHHs B BOCBMOM Kiacce, ObUT paszpaboTaH
CHeIHaIbHBI 00pa3oBaTeNbHBIN MHCTpYMEHT. OHO BKIIIOYANIO B ce0s 00BEAMHEHHE HECKOJIBKUX
TunoB AaHHBIX B oawH (aitn KML Bocbmoii kiacc Obul BBIOpaH i peajd3allid HaBBIKOB
MBIIUJICHASI TAaKCOHOMUHW TMO3HAaHUS biiymMa W TONIEp)KKH CO3MaHUsl I1eleid oOydeHus Ha
COOTBETCTBYIOIIIEM BO3PAaCTHOM ypPOBHE, YTOOBI MPOJAEMOHCTPUPOBATH MPUMEHUMOCTh PAa3IUYHBIX
cTannapToB u nonesHocts Google Earth. Jlannasie B daitne KML npenHazHadeHs! 1Sl HIUTFOCTPAITUN
KaK IIUPOTHIL, TaK U TIyOuHBI ucnois3oBanus Google Earth kak moreHImanisHOro 06pa3oBaTeIbHOr0
WHCTPYMEHTA.

[Tnan ypoka mpeaycmarpuBall co00M HMCMoab30BaHKue NaHHBIX M3 KML u 6a30BBIX JaHHBIX
n300pakeHmi, TOCTYMHBIX HernocpeacTBeHHO yepe3 Google Earth. Ilnan ypoka pa3paboraH, 4ToObI
MIOMOYb YYalllUMCSl B HECKOJIBKMX 00pa30BaTeNIbHbIX HAIIPABICHUSAX, B YACTHOCTH:

- 3HaHUe (3allOMUHAHKE, PaciO3HABaHUE, TPUTIOMUHAHUE);

- IOHUMaHue (OpraHu3alys, ONMCaHue, HHTEPIIPETALIN);

- mpuMeHeHHe (IpUMEHeHHe HWH(POPMAIUMH, pelIeHHe MpoOJeM, MOMCK HOBBIX CIIOCOOOB
WCITOJIH30BaHUS HHPOPMAIIUHN);

- aHanu3 (TOUCK TIYOMHHBIX CTPYKTYp, pa3leJICHHE IEJOr0 Ha KOMITIOHCHTHI, BBISIBICHUE
MOTHBOB U CKPBITBIX CMBICJIOB);

- 00001eHNe (KOMITHIISIS, O0bCIUHEHUE ),

- OIICHKA (TMPUHATHE LIECHHOCTHBIX PEIICHUN U CYXKICHUN).

TroBble yaeOHBIC MPOrpamMMbl 7 U 8 Kilacca JOCTATOYHO MHTETPUPOBAHBI M C IPYTMHU 00JIACTIMU
3HAHUU, B 0OCOOCHHOCTH C UCTOpHEH. YueOHas 3a7aua, CTOsIIas Mepe/l yJalliMUcs B TUIaHe YPOKa,
COCTOMT B TOM, 4YTOOBI 3aCTaBUTh WX MBICIUTh KOHTEKCTYalbHO, CBs3bIBas reorpaduueckoe
MPOCTPAHCTBO M JaHAmAPTHl B HCTOPUYECKOM acriekte. Hampumep, uctopusi ¢GpopMupOBaHUS
penbeda roro-Bocroka Kazaxcrana. Bompockl 1 0TBETHI Ha KOTOpBIE cOZepkKarcs B IJIaHE YpoOKa,
MOMOTAIOT YYalllUMCS BBISBISATh 3aKOHOMEPHOCTH, MPUUYUHHO-CJIEICTBEHHBIE CBSI3U, YYUTHIBATH
CJIO)KHBIE B3aMMOCBSI3M, Pa3BUBATh HABBIKH, OCHOBAHHBIC HA TEXHOJIOTHUSX, MPUOOPETaTh BaKHBIE
HABBIKY B MOJICPKKY Pa3NTUYHBIX CTAHIAPTOB MaTEMAaTHKH, ECTECTBEHHBIX HAYK M OOIIECTBO3HAHUS,
a Taxoke 3¢ (HEeKTUBHO (HO HESIBHO) MOHUMATD IATh TEM reorpaduu.

KonkpeTHble 11e11 ypoKa BKIIOYAOT B ce0s psiJl yUeOHBIX TEHCTBUN yUalnuxcs:

- o3HakomuThes ¢ Google Earth kak ¢ TEXHOIOTMYECKUM HHCTPYMEHTOM, HCCIEAys 3eMIII0
yepes unrepdeiic Google Earth, Bkitodas u BBIKITIOYAs CJIOU JAaHHBIX;

- O3HAKOMWTHCS C HWHTEpIpEeTalHuel JaHHBIX a’dpO(OTOCHEMKH, IOJYICHHBIX C TTOMOIIBIO
JTUCTAHIIMOHHOTO 30HJUPOBAHUS, OTBETUB Ha BOMPOCHI, BKIIOUEHHBIC B IUIAH YPOKa, BKIIOYas
paccMOTpeHHEe 0COOBIX TEHECHIIUI U 3aKOHOMEPHOCTE;

- OMpeNeNnuTh Teorpaduvyeckil 3HAUYMMble OOBEKTHI M PAcCMOTPETh MX BAXHOCTh, a TaKkKe
BIIUSTHUE Pa3BUTHS HAa HUX KaK HA YHUKAIbHBIC PECypCHI,

- TIOJyMaiiTe, KaK M3MEHHIIACh 3eMIId C TeUEHHEM BPEMEHHU W KaK BHEIIHWUE YTPO3bI M CHIIBI
CHOCOOCTBOBAIM TAKUM U3MEHEHUSIM.

Pe3yabTarhl 1 00CyKACHUE

Hcnonp3oBanue Google Earth B yue6HOM mporiecce obecnieunBaeT 00jiee aKTUBHBIN MOAX0] K
00Oy4eHHUIO, TOCKOJIBKY JTOT HMHCTPYMEHT TMOMOraer oOJjerduth Tmpoimecc oOydeHus. OH
MOJJEPKMBAET MOHUMAHUE MHOTHX TeorpaduuyecKuX MpPOIECCOB U SIBJICHMI, TTOMOTET yUeHUKaM
paccMaTpuBaTh HCTOPUIO B KOHTEKCTE Teorpaduu (HampuMep, modeMy Obliia MMOCTPOCHA IUIOTHHA
BJIOJIb ApajbCKOTO MOpsI), Tak, oOMeJeHre ApalbCKOro MOpsS CIIOCOOCTBOBAJIO MOSBICHHIO Ha
MTOBEPXHOCTH OOJIBIIIOTO KOJIMYECTBO OCTPOBOB. MHOTHE M3 HUX 00J1a/1af0T BeChMa BHYIITUTEILHBIMH
pasMepamu (Hampumep, OCTpoB bapcakenbmec SBISETCS MPUPOTHBIM 3allOBEAHUKOM, a OCTPOB
Kokapay — cyXoImyTHBIM ITepereikoM MeXIy IBYMs OOJBITUMH YacTSIMH MOPS), KaK 3TO ITOMOTJIO
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c(OopMHpOBATH KyJIbTYpy (HalpUMeEp, BBISIBICHUE U3MEHEHUI B HACEIEHUU C TEUEHUEM BPEMEHH U
KaK YJIY4lIeHHs B TpPAHCIOPTE IOBJIMAIM HAa BIUSHUE HA TOPOJCKOE pa3BUTHE), a TaKKe
HKOJIOTUYECKUE TIOCIEACTBUA HEAIPPEKTUBHO YIIPABIAEMOrO pOCTa (HampuMmep, I[OCIEACTBUSA
BMEIIIATENIbCTBA CEJICKOTO XO3AWCTBA M PA3BUTUS B YHUKAIBHBIA JaHAmMA(PT ApasbCKOro MOps).
Yyamumces IIPEUIaraeTcs paccMoTpeTh CTpaTEeru4ecKoe pacnosoKeHue TaKHX
JOCTOIIPUMEYATENILHOCTEH, KaK MOPT MylHaK, U MoY4eMy B OIIPEACIICHHBIX pallOHaX ¢ TEYECHHUEM
BPEMEHM NIPOUCXOIUT U3MEHEHHUE YNCIICHHOCTH HACEIICHHUS.

3akio4enue

Kak u mpu mo06omM BHEpEeHUU 00pa30BaTeIbHON TEXHOJIOTHH, HA0III01aeTCsl HEXBATKU BPEMEHHU
U COOTBETCTBYIOIIMX WHCTPYMEHTOB JUI JOCTH)KEHHsS HaMEUYCHHBIX ydueOHbIX meneil. He
uckioueHueM sipisiercs U Google Earth, XoTs ero MHTYUTHBHO MOHSTHBIA MHTEpQEIC U MpocThIe
MHCTPYMEHTHI [TIOMOTAIOT YCTPaHUTh UMeroecs: mpobiaeMsl. CiocoOHOCTh yYalIuXcsl MIPUMEHSTh
JeTyKTUBHYIO JIOTUKY JUISI TTOJTyYEHHsI BBIBOJIOB CITOCOOCTBYET PAa3BUTHIO aHATMTHUECKUX HABBIKOB,
TpeOYIOT NHUCHMEHHBIX OOBSICHEHHWH HAONIOACHHUH, HCIIOIb30BAaHUE PA3JIMYHBIX HWHCTPYMEHTOB
MIOMOTaeT pa3BUBaATh reorpauIecKyro rpaMOTHOCTb.

Google Earth pacmmpser BO3MOXXHOCTHM y4YalUXCs, NPEIOCTaBIsAS MM CpPEACTBA IS
BBITIOJIHEHUST CJIOKHBIX TeorpaguuecKux ¥ MEXKIPEAMETHBIX 3aJad M TPENOCTaBIssl WM
3HAUUTEIBHYI0 CBOOONY HEHCTBHI IpuU pa3pabOTKE NPOEKTOB. YUalluecs OCBEAOMIICHBI O
MIPOCTPAHCTBEHHBIX M BPEMEHHBIX TEHACHIMAX U mocieacTBusix. Xors Google Earth He obGmanaer
TaKUM MHO)XECTBOM HHCTPYMEHTOB M BO3MOXHOCTeH, kak Hacrosmias ['MC, HO oH mo3Boisier
yYammMcsi u3y4aTh reorpaduyeckue TMPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH M MBICIHTH
NPOCTPAHCTBEHHO. DTO TaKkKe MOATOTABIMBAECT MOYBY Ui ydacTus oOydaromumxcs B [UC,
MOCKOJIBKY OHM HAUMHAIOT 3a7aBaTh 0OoJiee CIIOKHBIE W TOAPOOHBIE BOMPOCHI MOCIE TOTO, KaK
JIOCTUTHYT TpeJiena IMoJIe3HOCTH uctonbs3oBanus Google Earth.

BrImien3noxkeHHo nmpeiHa3HavYeHo I TOTO, YTOOBI BBISIBUTH 11€71€CO00Pa3HOCTh M 3Tra4YMMOCTh
ocnionb3oBanus Google Earth B xauecTBe 00pa3zoBaTeNbHOrO MHCTpyMEHTa. B HcTosmiee Bpems
CYIIECTBYET NMOTPEOHOCTH B TOM, YTOOBI JAMIAKTHKH W TEAArOrH BCTYNAIW B KOHCTPYKTHBHBIN
JIMAJIOT OTHOCHUTENBHO IUIIOCOB M MHHYCOB HCIIOJIb30BAaHHMsI 3TOH MpOrpaMMbl U TEXHOJOTHU.
JlanpHelimee 3HaueHHE JUIsi OyAyIIUX WCCIETOBAaHUN OJDKHO BKIIOYATh Pa3pabOTKy HAYyYHO-
O00OCHOBAHHBIX KpPUTEPHUEB H3MEPEHUs Uil KPUTHYECKOH OLeHKH 3()(EeKTHBHOCTH 0OydeHUs
ydaluxcs Ha ypokax reorpaduuc ucnonb3oanueM Google Earth.
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AHHOTAIUSA

B craTthe paccmaTtpuBaeTcsi BO3MOXKHOCTH HHTEPAKTHBHOT'O 00pa30oBaHsl, KOTOPOE MPEACTABISET COOOH CIIOKHYIO
COACPIKATCIbHYIO U JUAAKTUYECKYIO CUCTEMY, BKITIOYAIOIYI0O HMHTCPAKTUBHBIC CTPATETUN, UHTCPAKTUBHBIC TEXHOJIOTHUU
U WHTEPaKTHBHBIC MeETONBL. Llenpl0 WHTEpaKTUBHOIO OOYYEHUs SBIACTCS pa3BUTHE Yy YYAIIUXCS HAaBBIKOB
MEXKIIMYHOCTHOTO 00ImmIeHus. MHTepakTuBHOEe 00ydYeHHE OCYIIECTBIISICTCS ITOCPEACTBOM B3aMMOJICHCTBHS M TUaiiora
MEX]Ty YYaCTHUKAMH TMPOIecca U MEXKITy YIaIIIMHUCS.

Ounocodeknii GyHIAMEHT WHTEPAKTHBHBIX CTPATETHIH OMUpAacTCs Ha COIUOKYJIBTYpPHBIE TEOPUH OOYUCHHUS, B
KOTOPBIX KOHCTPYKTHBH3M, HCCIICHOBATCIbCKUIA IIOAXO0J M KOTHUTHBHAS pe(IeKCHS B3aMMOCBS3aHBI W HUTPAIOT
MIPHOPUTETHYIO poib. [Ipu 3TOM, HOBas mapamurma, pmiocodckoil OCHOBOW KOTOPOU SIBIIIOTCS KOHCTPYKTHBH3M U
ryMaHWTapHOEe 00pa3oBaHHE, ONpEACIsIeT W3MEHCHHEe 00pa30BaTeNbHON Cpebl, BKIIOYAs apryMEHTAIHIO
00pa3oBaTeNbHBIX IeNiedl M 3a7ad — METOAUKY O0OydeHHs (OT MOHOJIOTa K JHANIOTy), U3MEHEHHe 00pa30BaTeIbHBIX
TEXHOJIOTHH (OT CTUMYJIFHOW pEakIMy K B3aMOJICHCTBHIO), N3MEHEHHE MTEJarormuecKoro Iuajiora U B3auMOIeHCTBHE
MECKIY YUYUTCIIEM U YYCHUKOM.

MHTepakTHBHBIN METOI 03HAYAET METOI 00YUEHUs, IPETIOIaBaHus M N3yUCHHS, KOTOPBII BKIIOUaeT B ce0s METOIBI
B3aHMO}IeﬁCTBHﬂ KOMMYHHUKATOPOB, MEXKTY HUMHU U C YUUTECIIEM. CyTI:. HWHTEPAKTHUBHBIX METOI0B 06yq€HI/Iﬂ OCHOBAaHa Ha
[I0JIyYeHUHM HOBOT'O I03HABATEJIHHOI'O OMbITa B MPOIECCe aKTUBHOTO U XOPOUIO OPraHW30BAHHOTO MPOAYKTHBHOIO
B3aHMOJICHCTBHS MEXAYy COOOH, C YYUTEISIMH, C KOMIIBIOTEpaMH, C MPHPOJOH H C PA3IUYHBIMH HCTOYHHKAMH
HHPOPMAIINH 110 reorpadUIecKuM MpodiieMaM COBPEMEHHOCTH.

B HamreM OHUMaHWW MHTEPAKTUBHBIC METOMBI PACCMATPUBAIOTCS KaK MPOIEAYPHI, CHCTEMAaTHICCKHE CIIOCOOBI,
coJieprKaIie MOCIe0BATEIbHOCTh OOIIMX JCHCTBUI JJIsT OCTIDKEHHSI ONPEICIICHHOMN eI B ONPECIICHHON HayIHOMH
00JacTy, B JAHHOM CIIy4ae B reorpaum.

KuaroueBble cioBa: o0yueHue, oOpa3oBaTenbHas cpella, UHTEPAKTHUBHBIE METOABI OOYy4eHHs, reorpaduueckoe
obOpazoBanue, reorpaduueckas rpaMOTHOCTh, B3aUMOJICHCTBHE, KOMMYHHUKAIIHSI.
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BBenenue

MeXIpeaMEeTHBI TMOTEHIMAl IIKOJIBHOTO Kypca reorpadu M OCOOCHHOCTh y4ueOHOM
IIPOrpaMMbl, JarOT OOJIBLIYI0 BO3MOKHOCTh JJIsl OCYILECTBIICHHS CBsI3€il C MpeaMeTaMH U3 LMKIIA
COLIMAJIHBIX W €CTECTBEHHBIX HAyK. Bce 3TO MOXET CIyXKHTh OCHOBAaHHEM MJIsi pa3pabOTKHU H
anpoOalM HMHTEPAaKTUBHOM 0Opa30BaTeNbHOM CpeAbl, OCHOBAaHHOW Ha KOHCTPYKTHBHO-
KOTHUTHBHOM, KoTopas sBisieTcs (akropom (opMupoBanust reorpaduieckoil KyJabTypbl HU
I'PaMOTHOCTH YYaLIHXCS.

KOHCTpYKTUBHO-KOTHUTHBHAS TICUXOJOTHS HMHTEPAKTUBHOTO OOpa3OBaHHUs MOXeET OBbITh
YCIEUIHO MHTEPIIPETUPOBAHA 10 YPOBHS KOHKPETHOW BapuaTHBHOI 00pa30BaTebHONW TEXHOJIOIHU
IPU COYETAHUU C MHTEPAKTUBHBIMU METOJAMU U MpPUEMaMHU, KOTOPbIe MOTYT OBITh MIPUMEHEHBI B
o0yuyeHuHU reorpaduu myTeM peleHusi OCHOBOIOIaraommx 3afayl 1], kak:

- KOHIICTITYaJIM3alys IPEACTAaBICHUH O MPUPOJIE U KIaccu(hUKAUU HHTEPAKTUBHBIX METOOB B
KOHTEKCTE LIEJIEHAIPaBICHHOr0 (OPMHUPOBAHUS IeorpapuuecKkoil rpaMOTHOCTH JUIsl MOCTPOEHUS
MOJICTTM HHTEPAKTHBHOIO OOydYeHUs, B COOTBETCTBHM CO CHenuuKoil reorpaduueckoro
00pa3oBaTEIbHOIO KOHTEHTA;

- OTIpEIeICHNE W YTOYHEHHUE MMOHSITUIHHOTO anmapara Jjs CO3JaHusl KOHIIETITYyaIbHOH OCHOBBI C
aKIEHTOM Ha KOTHUTHBHbIE, IICHHOCTHbIE, HOPMAaTUBHbIE M JEATEIbHOCTHbIE ACIEKThI
reorpauuecKoil TpaMOTHOCTH BO BCEX KOMIIOHEHTaX 00pa30BaTeIbHOTO MPOIIecca;

- pa3paboTKa MHTEPAKTUBHBIX JUAAKTUUECKUX TEXHOJOTHM B COYETAaHMHM C MHTEPAaKTUBHBIMU
TEXHUYECKHMHU CPECTBAMU OOyUEHHSI M METOJJaMH, C aKIIEHTOM Ha COTPYAHUYECTBO U COBMECTHOE
UCIOJIb30BAHUE B [T03HABATEIBHOM J1€ATEILHOCTH;

- (dhopMupoBaHue CTUMYJIMPOBAHHOTO KOHTEKCTa coJiepKaHus o0Opa3oBaHus,
COOTBETCTBYIOLLETO OIPEIEIEHHBIM LIEISIM B HAIIMOHAJIBHBIX 00Pa30BaTeNbHBIX LIEHHOCTSAX, BAXKHO
OTMETHTh, YTO B TIOCIEAHHE TOAbl BEChbMa AaKTYyaJIbHOW SBISIETCS MpoOIeMa SKOJIOTHU3AlUU
reorpadguueckoro oOpa3oBaHusi. BHeapeHue SKOIOTMYECKMX KpUTEpUEB BO Bce (POPMBbI
YeJIOBEYECKON NIEATENIbHOCTH B KayecTBE HOBOTO IMOJXOAA K PEHICHUIO SKOJOTMUYECKHX MpoOiIeM
notpelyeT aieKBaTHON reorpauueckoi KyJIbTyphl.

[TpuHSATHE TEOAKOIOTHIECKUX M STHUYECKUX HOPM, IEHHOCTEH M YCTaHOBOK I€JIeCO00pa3Ho 13-
3a U3MEHEHUH B croco0e B3aMMOJEHCTBHS pa3BHUBAIOLICHCS JTMYHOCTU C OKpYXKarolei cpeaoit u
HEOOXOIMMOCTH TOBBIIICHUST SKOJIOTUIECKON OTBETCTBEHHOCTH YYAaIIMXCS, KaK OMH M3 Ba)KHBIX
KOMIIOHEHTOB YCTOWYMBOTO pa3BUTHSI.

Wnest 00 ycToHYMBOM pa3BUTHUM HallUla 0A00pEeHHE U CBOMX mocienoBaTened B 179 crpanax
MHUpa, NPEACTABUTENN KOTOPHIX JOCTUIIM KOHCEHCYCa OTHOCHUTEIIBHO YEIOBEYECKOTo pa3BHUTHS,
KOTOPOE JIOJDKHO OTBEYATh MOTPEOHOCTSM COBPEMEHHOTO TOKOJICHUS, HE WIS Ha KOMIIPOMHCC CO
CIOCOOHOCThIO OyAyIIMX TIOKOJCHUH YIOBJIETBOPATH CBOM IOTPEOHOCTH, HEOOXOIUMOCTD
MIOBBIIIEHUS] BOCIIPUMMYHUBOCTh JIIOJIEH W CTENEHb WX y4YacTHS B TOWCKE pEIIeHWH Mpoliem,
CBSI3aHHBIX C OKpY’Kalolled cpeaoi, Mpu 3ToM, o0pa3oBaHHE B 00JACTH YCTOWYMBOIO PAa3BUTHS
SBIISICTCS YPE3BBIYAHO BAXKHOW HEOTHEMJIEMOM YaCThIO CHCTEMBI MEp 10 BBDKHBAHHIO
COBPEMEHHOT0 OOIIECTBA M OKPYKAIOLIEH Cpe/Ibl B LIETIOM.

Bce BblmIen3nokeHHoe CTaBUT Bompoc 00 3PQeKTUBHOM reorpapuueckoM oOpa3oBaHHH,
orpeJiesisis ee LeH, CTPYKTYPY, popMy U METOABI, UHCTPYMEHTHI UCCIIETOBAaHUMA.

MarepuaJbl 1 METOAbI

[InanupoBaHue, opraHu3alus W peaau3alys COBPEMEHHOIro oOpa3oBaHUS B WHTEPAKTHUBHOU
o0pa3zoBaTeNbHON cpejie SBIIeTCs HeOOXOAUMBIM yCIOBHEM, 00ecreunBatoni Y3PPEeKTUBHOCTD U
pE3yJbTaTUBHOCTh  MEIAarorudyeckoro  mpoiecca. PackpbiTMe  XapakTepa HMHTEPaKTUBHOM
00pa3zoBaTeNbHON Cpe/bl MpernoiaraeT MpOosSICHEHWE KIIIOYEBBIX MOHATHH, Kak B3auMOJIEiCTBUE,
MHTEPAKTUBHOCTh, HHTEPAKTUBHOE O0YUYECHHE.

AKTUBHOCTh W HWHTEPAKTHMBHOCTb BBOJAT JAUAIOT U B3aMMOJEHCTBHE MEXIy CyObeKTaMH,
KOTOpBIE TaK HEOOXOIUMBI U TIOJIE3HBI A1 Liesiel 23 peKTHBHOro 00pa3oBaHus U 00ydeHUs. Y YUTEINb
U YYEHUK B MHTEPAKTHBHOH cpene MpeoOpa3yloT cBOM (YHKIMH M MECTO B 00pa3oBaTeIbHOM
MpoLIECCe 0 HAIPaBJICHUSM U CTENEHU B3aUMOJICHCTBUS, FapaHTUPYs pealbHOE KauyeCTBEHHOE
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yIIydllleHue pe3yjbTaToB oOyueHus. B3aumoneiicTBue o3HauaeT BUA JEATEIBHOCTH WU Oosee
KOHKPETHO - “B3aMMO/ICHCTBHE U B3aUMOBIIHSIHUE MEKIY JIFOJIbMH B IPOLIECCE UX OOIIECHUS .

[ToHsiTHE MHTEPAKTUBHOCTH PaCCMaTPUBAETCS KAK COBOKYITHOCTD JIBYX CJIOB — “MHTEp‘ (BMecCTe,
MEXy) U “aKTUBHOCTB" (JIeiCTBHE, MHUIIMATUBA), U CBSA3aHO C B3aMMOJICHCTBUEM MEX]Y YUEHUKOM
U yYdTEIEM, a TaKKe MEeXIy caMUMM ydeHuKamu [2]. B3ammoneiicTBue B y4eOHOM Iporiecce
IIpeaIoiaracT B3aUMHYIO JAEATEIbHOCTh JBYX WM OoJsiee JMI, OKa3bIBAIOLIMX HAa HUX 0c000e
BO3JICHICTBUE U BKJIIOYAIOIIAsl OOIIEHNE U COTPYJHHUUECTBO B MPOIIECCE BBHIMOJIHEHUS OJHON 00Ien
3aJ1a4M C B3aMMHBIM PE3YyJIbTaTOM OT HEe.

Kaxaplii ydacTHUK 00pa3oBaTeNbHOrO IMpoliecca BHOCHT CBOM BKJIAJ B pa3BUTHE
oOpa3zoBaTenbHOU cpenbl. B3anmMopelcTBHE MOMOTaeT MPOsSCHEHHWIO B3IJISAAOB, TEPIUMOCTH B
oOmIeHnH. JTO MpeArnoiaraeT yMeHue ciyuarb, IOHUMAaTh, 00CYKJIaTh pa3iNYHble TOUKH 3pEHUs,
MHEHUE WM TIO3UIIHIO, OTIIMYHYIO OT Balllel COOCTBEHHOM.

KOHCTpYKTUBHO-KOTHUTUBHAS TICUXOJIOTHS Ui MHTEPAKTUBHOTO OOpa3oBaHMsI MOXKET OBITh
YCIEIIHO HHTEpIpeTUpOBaHa JO YPOBHS 00pa30BaTEIbHOW TEXHOJOTMU C COYETAHHEM
MHTEPAKTUBHBIX METOJIOB, KOTOpble MOTYT OBITb HIpPUMEHEHbI B TeorpaduyeckoM U
r€07KOJIOTMYECKOM 00pa30BaHUU.

WuTepakTUBHBIA 00pa30BaTENbHBIN MPOIECC MpeaocTaBisieT co0oil Oonbinoe pa3HooOpasue
METOJOB U CpeACTB 00yUeHHsI, KOTOpPBIE MPEBPALIAIOT YYAIINXCS M3 MaCCUBHBIX HAOMIOMATeNeH u
notpeduTeneil B akTUBHBIX MAPTHEPOB U cO3/1aTesield COOCTBEHHBIX 3HAHUM.

Pa3zbsicHenune npupoasl U pa3zHOOOpas3usi HHTEPAKTUBHBIX CTPATErHil, METOJOB U MPUEMOB, a
Takke co3JaHue COANaHCHPOBAHHOM TEOPETHKO-SMIIMPUUECKONM MOJENH HMHTEPAKTUBHOTO
o0pa3zoBaHus B 00JIACTH reorpaduu U SKOJIOTUN aKTUBH3UPYIOT TIO3HABATEILHYIO ACATEIBHOCTD JIJIS
dbopmupoBanusi reorpaduyeckoll TPaMOTHOCTH C €€ KIIOYEBBIMU XapaKTePUCTHKAMHU U
KOMITETEHIUSIMHU.

[legarornyeckuit METOJ] Kak CIIOCOO TOCTHKEHUS IIENIU B 00pa30BaTEIbHOM MPOLIECCE HAXOUT
cBOe HauOoJiee SPKOE BOIUIOLIEHUE B XapaKTepe B3aWMOJACWUCTBUS MPENOJABaTeNsl M y4alluXcsl.
HaubGonee mnomynspHas kiaccupukalys METOAOB, HCIOJIb3YEeMbIX B OO0yueHUH reorpaduu
(OOBSICHUTENPHO-NJUIIOCTPATUBHBINA, PENPONYKTUBHBIM, HCCIEI0BATENbCKUM), Mpelonpeenser
XapakTep JAeATeNIbHOCTH yuuTens (MH(opMaTop, OpraHuzartop, JHMJep). DTH METOJbl LIMPOKO
UCIOJIB3YIOTCA MpU 00ydeHuu reorpaduu. Tak, HampuMep, penpoLyKTUBHBIM METOJ] UCIOJIb3YETCS
MpU U3YYEHUH CEePUH OOBEKTOB OJHOTO THIA, a MCCIEAOBATENbCKUI MPU M3yUYEHUU MPUPOIBI H
SKOHOMMKH POJIHOTO Kpas.

TepMuH “MeTO” MPOUCXOAMUT OT TPEUECKOro ciioBa “metodos” — crmocod u3yueHus, NO3HAHMUS,
teopuu [3]. CriocoObl, ¢ TOMOIIBIO KOTOPBIX MOKET OBITh IOCTUTHYTA ONpeeeHHAas 11e€b, KOTOphIE
UCIOJIB3YIOTCA JUIsl MCCIENOBAaHUN WIM TNPUMEHSIOTCS B ONPENEICHHOM BHJE IESATEIBHOCTH,
OTIPEIETISIOTCS KaK METO/BI.

Mertonbl 00yueHus: GopMHUPYIOT MPOLIECCYAIbHYIO CTOPOHY TEXHOJIOIMM 00yueHus. Uepe3 HUX
MOKET OBITh peaii30BaHA CBSI3b MEXAY COJEpKaHMEM O0pa30BaHHA, MPOLIECCOM €ro YCBOEHUS
yyallUMHUCST M OpraHu3alued, M yOpaBiIeHHEM 3THM IpoleccoM. MeToJ mpeacTaBiseT coOoi
KOHKPETHBIW BUJ] COBMECTHOM JIESITEILHOCTH MPEMOAABATEIICH CO CTYICHTAMMU.

HuTepakTUBHBIE METOJBI TPeOYIOT MapTHEPCKUX B3aWMOOTHOIIEHWH W JTUAIOTOBOTO THUIMA
OOIIeHMS MEX]Ty BCEMHU YUaCTHUKAMHU Me1aroruueckoro npoiecca. Vcnoib30BaHne MHTEPAKTUBHBIX
¢dbopM, METOJOB M CpPEICTB JaeT BO3MOXKHOCTb IPEOAOJ]EeTh KOMMYHHUKAIIMOHHBIE Oapbephl,
CTUMYJIMPYET MBILUIEHHE, reHepanuio U oOMeH uiesMu. Kaxaplii ydyacTHHK 00pa3oBaTebHOTO
npoliecca BHOCUT CBOM BKJIaJ] B pa3BUTHE 00pa30BaTeIbHON CPEeIbl.

[Ipu ocymiecTBieHUH Yy4eOHOW JEsITeNbHOCTH MOCPEACTBOM HWHTEPAKTHBHBIX METO/IOB
o0y4YeHMs HJET IpPOIECC COBMECTHOH MO3HABATENbHON IEATENbHOCTH, B KOTOPBIX YYaCTHUKH
B3aMMOJICHCTBYIOT JApPYr € JpyroM, OOMEHHBAIOTCS HHGOpManuend, MOAETUPYIOT CUTYyallHH,
OLIEHUBAIOT JIEHCTBHS M IOBEIEHHUE, IMOMATAI0T B pPeaJbHYI0 aTMOc(hepy COTpyAHUYECTBA IS
COBMECTHOT'O pEILIEHUSl pealbHbIX MpoOJeM Ha KpaeBeJUYeCKOW OCHOBE B pa3jMUYHBIX BHJAX
00pa3oBaTeNbHON JEATEIbHOCTH.
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HHTepakTUBHBIE METOJBI MPEACTABISAIOT CO00M cpeacTBa JUisi B3aUMHOTO y4acTHs B OJAHOM
OTJENBbHOM JIEHCTBUM, TO €CTh HAaBBIKM U JIOTUYECKUE, TEXHUUYECKUE, TUHTBUCTUYECKUE CPENICTBA
oOydeHusi, HampuUMep: MOCTAaHOBKAa BOMPOCOB, paloHaIu3anus U (GOpMYyJIUPOBAHHUE OTBETOB,
UCTOJIb30BaHNE PabOYUX JIMCTOB, YAEp)KaHUE BHUMAHHs, PUMEHEHHE TOTO, YTO OBUIO M3Yy4YeHO,
3allOMUHaHUe U JApyrue. VIHTepakTUBHbIE TEXHOJOTHMHU (CHCTEMa METOAOB) M HHTEPAKTHUBHBIC
IIpUeMbl (CHUCTEMa HaBBIKOB M CPEACTB) JOCTYNHBI M HEOOXOAMMBI Ha KaXKJIOM 3Tale
00pa30BaTeNpHOrO Mpolecca.

[Ipu uHTEpaKTUBHOM 00pa30BaHUM OJHOBPEMEHHO CO3/1AI0TCS YCIOBHS (UTO?) JUIsl TOBBIICHHS
BHYTpPEHHEH aKTMBHOCTH YUWTEJNs, @ TAKXKE YUCHUKA B UX B3aMMOJCHCTBUU M BO3MOKHOCTH (4TO?)
IUI MX BHEIIHETO BBIPAKEHHS C MOMOIIBIO TMOKMX M JUHAMUYHBIX METOJOB (Kak?) B mporecce
oOyueHusi (rae?) c yMelblM U KOMIIETEHTHBIM MPUMEHEHHEM COBPEMEHHBIX JUHAMHYHO
Pa3BHUBAIOIIMXCS CPEIICTB 00yUCHHMsI yuuTelieM (KT0o?) B IOIXOSIIeH 0Opa3oBareabHOl cpene (rae?),
B hopMe ypoka U BHE ypoka. IHTepaKTHBHbIE TEXHOJIOTUH MPEACTABIISAIOT CO00M CBOCOOPA3HbBIN THIT
JMYHOCTHO OPHEHTHPOBAHHBIX TEXHOJIOTHH, KOTOpPBIE YMENIO COYETaloT B ce0e AesTelIbHOCTD,
HalpaBJIEeHHYI0 Ha “‘TO, 4TO u3y4aeTcs’ (colaepkaHue Y4eOHOro marepuaja) W “Kak OBITh
n3ydeHHbIM”. TexHomorus, anroput™m (Kak OBITb W3yYE€HHBIM) HMEET MPHUOPUTET B KadyeCTBE
JTUYHOCTHO-OPUEHTUPOBAHHOTO TMOAXO0/a TMEepe]l TEOPETHUECKON MOJArOTOBKOM K reorpaduyeckoit
IPaMOTHOCTH (YTO U3y4aeTcs).

Uro kacaeTcs BaXKHOCTHM HHTEPAKTUBHBIX METOAOB JI CO3/1aHHsS HOBOW 00pa3oBaTeiabHOU
Cpelibl, Mbl OTMEYaeM clieytomiee (pUucyHok 1):

) BO3MOYHOCTh VG BO3MOKHOCTD g YCloBud

* u1st Gorree ¢ pasBuTHE *00ayM
Ka4eCTBeH CBOHMX bIBaHHE
CIIoco0HOC
HOTO KOHKpE
« HOCTOSHHAS Teii n * pa3BuUTHE Kp * pUMeH
B3AUMOE caMooTaa4a HE3aBUCHMO e cHue
HMCTBITA aluxcs B TIHHOCTHO CTH uHpop 3HAHUHN
MEXKTY ﬁqo ecce € MaIin ’
y9aCTHHKA pon COBEpIIECHC ABBIKO
MH 00y4eH s TBOBAHUE s
2
KOMIIET

HITUI
OCHOBa 7 — T BN OCHOBa €HIL

Pucynok 1 - 3HaueHne HHTEPaKTUBHBIX METOJIOB

HpI/IMeHeHI/Ie HHTCPAKTUBHBIX MCTONOB B O6y‘-IeHI/II/I reorpa(bm/l Aa€T BO3MOXXHOCTH JJIA
paciiupeHuA 3HAHHI ydamuxcs, BKIOYasd TCOPETHUYCCKUC, DMIIMPUUYCCKUEC W METOAOJIOTMYCCKUC
3HaHUA O MUPE B LICJIIOM, OTACJIbHBIX MAaTCPUKAX U I'OCyAapCTBaAX.

Ananmus JUTCPATYPHBIX UCTOYHUKOB IMOKA3bIBACT, YTO JO CUX IIOP HET YEeTKOU U yCTOSIBHICﬁCSI
KHaCCI/I(I)I/IKaLII/II/I HUHTCPAKTUBHLIX MCTOHIOB O6y‘{eHI/IH C BBIJCJIICHUECM HX KPUTCPUCB. PaCCMOTpI/IM
HHTCPAKTUBHBIC METO/IbI 06yquI/1$[ pasacivB UX Ha TPU I'PynIbl: CATYallMOHHBIC, JTUCKYCCHUOHHBIC,
OKCIICPUMCHTAJIBHBIC UJIN SMITUPUICCKHUC.
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1.cutyanus

2. JUCKYCCUOHHBIC

3.
OKCIICPUMEHTA
JIBHBIC UJTH
OMIUPUIECKA
€

PucyHok 2- ['pyniibl MHTEpaKTUBHBIX METO/0B

CuTyalmoHHBIE METOJBI TIPEAIOJATal0T MAaKCHMAIbHOE TNPHUOIIKEHHnEe 00pa30BaTebHOTO
nporecca K peanbHOH Jku3HU. Oco0oe 3HaueHHWE HMEeT BBIOOP CUTyallMM U3 PEeaJbHOCTH,
XapaKTEPHOU 11 KOHKPETHOIO BHJIa YEJIOBEYECKOM JEATEIbHOCTH. Pa3IMyHbple aCleKThl aHaau3a
3TOM CHUTyallMd MOOYXXIAl0T Y4YalIMXCsl HUCKaTh ajlbTepHATHBHbIE pelieHus. TakuMm oOpazom,
CTHUMYJIUPYETCS MX MBIIUICHUE, a NX 3HAHUS U HAaBBIKK OOHOBISIOTCS. [Ipy CTUMYyIIMpOBaHUH HIIET
IIEPEHOC 3HAHUH B HOBYIO CUTYal{IO U B YCIOBUAX MIOMCKA ONTUMAJIBHOIO PEUICHMSI IIOCTaBICHHON
1eMu. 3HaYUMbIM JIJISl CUTyallM METOJIOB SIBJIIETCS TO, YTO UX MPUMEHEHHE CBA3aHO HE CTOJIBKO C
pUOOPETEHUEM HOBBIX 3HAaHUI, CKOJBKO C 3aKPEIUICHHEM U TBOPYECKUM IPUMEHEHHEM YKe
M3YyYEeHHOT0 y4eOHOro MaTepHara.

CuTyalmoHHBIE MOJIENIN MIPEJCTABISAIOT COOO0M BBEACHUE B CUTYALMIO U aHAIN3 CUTYyaluu. Psn
aBTOPOB BBIJEISIOT TPU €T0 BapUaHTA!

peanbHasi CUTYyaIHs peICTaBIeHa IOJHOCTHIO C OIHOH HH(pOpMAaIuel o
MPUHATOM PEIICHUH

CHUTyalusl MPeACTaBIeHa TI0JIHOCTBIO0, HO 0€3 J0CTaTOYHON MH(OpMAIHH O
NPUHATOM PElIeHUH (TaK Xe, Kak ¥ B HanboJee pacipoCTpaHEHHbIX KU3HEHHBIX
CUTYalHsIX)

3a/1aHue JaeTcs 6e3 MOJHOTO MPEICTaBICHUs CUTYAluH U 0e3 HeoOXOANMON st
NPHUHATHS PeLICHUS HHPOpMaLUK

Pucynok 3- BapuanTtsl cutyanuu

K cutyammm OTHOCHTCS METOJIT KOHKPETHOW CHUTyaruu (Kehc-CTaau), KEHC, MOJIeTUpOBaHHE,
Urpa, poJjieBasi Urpa, MHCIIEHUPOBKA.

B ucnonp30BaHnN CUTYyallMOHHBIX METO/0OB BBIJCISIFOTCS PSiJ ATAIOB KakK: ONpeaeseHUe LeH,
KOTOpasi TOJKHA OBITh IOCTUTHYTA YYAIIUMUCS; MPEACTABICHUE COJICPKaHUS CUTYAIlH; yKa3aHue
JIeCTBUM, KOTOpBIE JOJKHBI OBITH BBINOJHEHBI ydallUMHCS; (OopMHpOBaHHE TpyHN, BHIOOD
OTBETCTBEHHOTO, YTOUYHEHHE MpaBuiIa paboThl; TPYNIOBOE OOCYKICHHE CUTYyAIllH, BHICKA3bIBAHUE
Pa3IMYHBIX MHEHHUH, BBIOOP J10Ka3aTeIbCTB JJIS 3aIIMTHI; MEXKIPYIIOBOE OOCYXKICHHE U aHAIN3
MHEHHM KaK/101 U3 TPYIII; BBIBOJIbI M OLIEHKA PE3YyJIbTaTOB.
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HMMuTanmoHHble METOAbl MNPEACTABISAOT OAMH M3 BHAOB Urpsl. Oco0oro BHUMAaHHUSA
3aCITy’KMBAIOT POJIEBbIE (CUMYJIALMOHHBIE) UTPhl. OHU OCTPOCHBI HA OCHOBE PEAJIbHBIX CUTYalUH,
TO €CThb UMUTHPYIOT PEATbHOCTD.

Kocrosa 3. [4] onpenensieT MOAEIUPOBAaHUE M UTPbI KaK CUTYallMOHHbIE METO/Ibl. B HuX yaie
BCEr0 MCIOJB3yeTcs MeToA MonenupoBaHuss. OH nIpencTaBiseT cOOOH HCIONIb30BaHUE METOJa
aHAJIOTHH, IPH KOTOPOM CIIOXKHAsI HICXOHAsI CHCTEMa 3aMEHSIeTCsl yIpOoIeHHON Mo ienbto. Hanbonee
pacrpocTpaHeHHas KilacCUUKalus CUMYJSIIMNA - MO ypoBHIO abctpakuuu. K mozpenupoBaHuIO
OTHOCATCS TEMaTHYECKHE WCCIICOBAHUS, pOJIEBbIE WUIPHI, MOACIHPOBAHUE WIpP, MAIIUHHOE
MO/IEJINPOBAHUE.

Merton keiica mpeacTaBisieT coOO0H MOJETUPOBAHUE U PELICHUs MPOOIEeMHBIX cuTyaruid. Ero
MO’KHO I10-pa3HOMY HCIIOJIb30BaTh B 00pa3oBaTelbHOM Inpolecce. D(PPEeKTUBHOCTh NCIOIB30BAHUS
KEHCOB OIPEeIIIeTCs er0 COOTHOLICHUEM C COJIEpKaHHEeM 00y4eHUs!, BO3PACTHBIMH OCOOCHHOCTSIMU
yUYallUXcsl, YMEHHEM aBTOpa Kelca NpPEeACTaBUTh CHUTYallMI0O C BBEJCHHUEM, W3JI0KEHHUEM U
MOCTAHOBKOH 3a/1a4M, OBITh SCHBIM, JJAKOHUYHBIM M HE HAMIPABISATH HA KOHKPETHOE pEIIeHHE.

Kelicel CTpyKTypHpOBaHbI CIEAYIOIIMM OO0Opa3oM: Lieldb — ONMCAHHWE KOHKPETHOIo Kelica,
MPEAOCTaBICHUE TOJHOW WH(GOpPMAIUU — MpaKkTUYecKue 3aaaud. Kelchl ONMCHIBAIOT peabHbIC
CUTYyallUU U3 MPAKTHUKH, OHU OCHOBAHBI HA OIBITE U SBJISIOTCS PE3YJIbTaTOM IPUMEHEHUS MOAX0a K
COBMECTHOMY OOYYEHHIO. DTO pealHu3yeTcsi Ha JTale COCTaBICHUS KEWCOB M IS OLECHKH
pe3yJabTaTOB MHIUBHUIYaTbHON W/UIIU TPYIIIOBOM pabOThI, €CIIU 3TO HEOOXOAUMO.

Hanpumep, ucmonb3yst keiicbl mpu 00y4eHnu reorpaduu, ydamuiics UIryT JTOTMOJIHUTEIBHYIO
MHpOpMALIHIO, KOTOpas MOMOXET UM pelIuTh Ty WM HHYI0 IpobieMy. Ydaiuecs BbISBISAIOT
MIPUYMHHO-CJICICTBEHHBIE CBSI3M MEXIY OOBEKTaMH, IMPOLECCAMHU W SBICHHUSAMH, T.C. CIydau
ABJsieTcs (PaKTOPOM ISl U3yUEHHsI 3aKOHOMEPHOCTEN B reorpauueckoil Hayke.

KiroueBbIM MOMEHTOM B IPUMEHEHUH KEHCOB B KypcCe sIBISIeTCs 00CyXKAeHue (PUCYHOK 5).

) UccnenoBanue |

> Becena |

) OO6cyxeHne |

) Mo3sroBoit mTypm |

) JlebaThI |

PucyHnok 4 - Metozas! o0CyxaeHUS

Merton, npu KOTOPOM B IOCJIETHUE TOAbl 3aHMMAET HOBBIE MO3UIMHU B Ipoliecce o0ydeHus -
IUCKyccHs. DTO CcBOeoOpa3HbIi TUN oOMeHa HAEeIMH M MHEHUSMH IO KOHKPETHOH, YeTKO
omnpenaeneHHoi TeMe. He o0s3arensHO 00CyXkAeHNE 3aKaHYUBATh PUHATHEM peleHus. Juckyccun
TpeOyIOT TIIATEIBHOM IOJTOTOBKM IO TEME, HABBIKOB apryMEHTAllMM, aHajlu3a, CpPaBHEHMS,
0000menus, mnepenaud 3HaHUM. OOBIYHO OHM CTUMYJIUPYIOT TBOPYECKOE MBIIUICHUE,
O00BEKTUBHOCTb, CMEJIOCTh BBICKA3bIBATHCS M OTCTAaMBaTh CBOM Mo3uLMU. Jluckyccust oboramaer u
paciivpsieT 3HaHHUS Y4YEHUKOB. DTO pa3BUBAae€T HABBIKM HCCIENOBaHHMS U cOopa HMH(OpMaluu,
COKpAIlleHUs] 3HAHUH B COOTBETCTBUM C KOHKPETHOCTBIO TEMBI, IMPEJICTABICHHUS MPOOJIEeMBI B
Pa3IMYHBIX acreKkTax. Mbl He MOKeM MpeHeOperath TeM (pakToM, YTO ATO CIIOCOOCTBYET Pa3BUTHIO
peueBoii KyJIbTYpPbl yUalluXcsl, UX YMEHHIO ObICTPO, YETKO, TPABUIIBHO M JIOTUYHO BBICTPAUBaTh CBOU
otBeThl. OHU Pa3BUBAIOT KOMMYHHUKAaTUBHBIE CIIOCOOHOCTU U MEKJIMYHOCTHBIE OTHOIIICHUS.

Ha pucynke 5 cxeMaTHYHO MPeCTaBICHbBI UJEH U TPEOOBAHUS K 00CYKICHUIO.
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Pucynok 5 - Mertosr 00CyKaeHus

Meto MO3roBoro ImTypMa HUCHOJB3YEeTCS Ul CTUMYJIMPOBAaHUS TBOPUYECKOM AKTHUBHOCTU
CTYZICHTOB 110 OIpeeNIeHHON Teme UK Bomnpocy[5]. PaboTa mpoBoauTCs ¢ rpynnoi yvamerocs u
BKJIIOUAeT B ceOs: TeHepaluio uaei, aHamu3 npoOJIeMHOM CHTyaIuy, OLEHKY HAEH M TeHepaunuio
IIPOTUBONOJIOXKHBIX HaeH. IIpuBeTCTBYIOTCS LIyTKH, 3aMedaHuss U He(OpMabHOCTh. Ydaliuecs
CBOOOJHO BBIPKAIOT HMICH WIM MHEHHS, KOTOphIE B JIaHHBIH MOMEHT HE OOCYXKHAloTCsi M HE
OLICHUBAIOTCS. MO3roBo# IITypM IPOAOJHKAETCS A0 TEX 0P, I0KA y IPYIIIbI HE KOHYATCS MJIEU WIN
OHAa He 3aBEPIINT 3aJaHNe 3a OTBeIeHHOE BpeMsL. VI3 Beex nzeit BeIOMparoTcest Hanbosee NOAX 0 sIIHe,
KOTOpbIE HanboJee MPaBUIILHO COOTBETCTBYIOT IIOCTABICHHOM 3a/1aue (PUCYHOK 6).

\.l
/

PucyHnok 6 - Buibl MO3roBOro mrypma Kak Mporeaypsbl

Hcnonp3oBaHne WHTEPAaKTUBHBIX METOA0B (MO3TOBOM INTYpM, KeHc CTaiau, poJieBble HUIPBHI,
MHUUACHT U KeHc) sBisercss ¢GakTopoM (OpMHpPOBAHUS W Pa3BUTUS SMIHMPUYECKUX 3HAHHUM
oOyuatomuxcst [6]. HaBblku oOyuaromuxcs H3BJIEKaTh reorpaduyeckylo HHGPOpMaIHUIO,
MHTEPIPETUPOBATH €€, MPEJCTABIATh U TeHEepUpOBaTh UH(GOPMAIUIO (B COOTBETCTBUM C yUeOHOM
MPOrpaMMOii) JOCTUTAIOTCS 32 CUET MCIOJIb30BAaHUSI HMHTEPAKTUBHBIX METOJOB JJIS pEIICHUS

KOHKPETHOU MTPOOIeMBbI. DKCIIEpUMEHTAIbHBIE (AMITUPUIECKHE) METOIBI TIPEICTABIICHBI HA PUCYHKE
7.
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METOJ p€ain3aliun

OKCIIEPUMEHT
IIPOCKTa

MOJICTHPOBAHHE Jpyrue, OCHOBaHHEIE HA
Jpaore

PucyHnok 7- DkcriepuMeHTalIbHbIE (AMIUPUYECKUE) METO/IbI

OcHoBHasi wjaes MeToAa pa3pabOTKH IMPOCKTOB, 3TO oOydeHUe uepe3 neicTBue. OCHOBOM
KOHKPETHOT'O IPOEKTa BCETA SABIAETCS “KMBOE 3aHATHE C MEPEKUTON PEAIBHOCTBIO, IIOCPEICTBOM
KOTOPOTO OOIIMMH YCHIIMSIMU JIOCTUTAETCSl OJTHO MIIM HECKOJIBKO PEIIeHUI KOHKPETHOM MPOOIIeMBI,
KOTOpbIE B KOHEYHOM MTOTE CIMBAIOTCA B OIMH IIPOAYKT, B KOHKPETHBIN pe3yabpTar’ [7].

3TOT MeTO OOBIYHO KOMOMHHPYIOT C APYTUMH METOAaMHU. B mpoekTax HaJ OJHON pearbHON
3ajjaueil mpenojaBaTenad M ydamuecs paboTarT OJUHAKOBO. XapakKTep HPOEKTOB ONpeaesseTcs
cienn (UKol copep:kaHusl 00pa3oBaHMsI, BO3PACTHBIMU OCOOCHHOCTSIMH YYAIIUXCS, a TAKXKE €ro
OXBaTOM M TeMaTUKOH. [IpOeKTHBIN METOI MPOXOAUT PsJ MOCIEAYIOIINX 3TANoB (PUCYHOK 8).

7~ N\

00y4eHue ¢ IOMOIIBIO
HPOEKTOB

~—
B =N =N =

TUTAaHUPOBaHHE OCYIIIECTBICHUE Mpe3eHTALHs TPOIyKTa OLIEHKa pe3yNnbTaTa

N N N N

PucyHnok 8 - Dramnbl npoeKTHOr0 METoa

[Ipu nmnanmpoBanuu npoekta Gopmupyercs pabodas rpymma, onpeaensercs chepa ydyacTus u
TeMa, pachpeeNsiFoTcs 3aadd. llemaroru m ydamiuecss paOOTalOT B COOTBETCTBUHU C paboOvmM
1aHoM: cOop MHGpOpMAINH, TPOBEIACHIE HHTEPBHIO, CO3/IaHNE MMPOIYKTA, MOJATOTOBKA MIPE3CHTALINN
u npyrue. PesynbTaTt paboTs! ohopmiiseTcs B BUIE TPE3CHTAIHS TPOYKTa — MPE3CHTAITNS, TIAKATHI
u apyrue. Ha 3aBepiaromiem sramne oCymecTBISETCs OlleHKa MOMTyYeHHBIX pe3yIbTaToB.

[IpoaykTamMu IPOSKTOB C MCIIOIB30BAaHUEM ITOTSHITHAIA HH(POPMAITMOHHBIX TEXHOJIOTHI MOTYT
ObITh: BHU3YyaJbHasl MPE3CHTAIlMs ypOKa — MPEJCTaBICHHE HEKOTOPBIX TEM U3 00pa30BaTEIHHOTO
KOHTEHTa B JCATCIILHOCTH Kjlacca, CHCTeMa OHJIAWH-OOYYCHHS — TIOJrOTOBKAa MAaTEpHAJIOB,
MpeHa3HAYEHHBIX JIJIs1 HHTepHETA.

HNHopManmoOHHO-KOMMYHHKAITMOHHBIE TEXHOJIOTHH IPEAOCTABIISIIOT pa3HOOOpa3ue METOI0B U
CPEICTB, KOTOpBHIE TIOKA3bIBAIOT BO3MOXHOCTU COACHCTBHsS 00pa3oBaTENbHOMY MPOIECCY,
MMOCKOJIbKY YYUTBIBAIOTCS WHIUBUIAYaIbHBIC TMOTPEOHOCTH YYalmUXCs W B HUX (DOPMHPYIOTCS
Ba)KHbIE ITU(PPOBbIE KOMIIETEHIINH, HEOOXOIUMBIC IJIsl TOCTHKEHUs reorpaduu, “OCHOBAaHHOW Ha
3HAHUAX .
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[IpoBeneHHBIN aHAU3 OTACTHHBIX METOAOB OOYYCHHS C TOYKH 3PEHHS WX IMPEHMYIIECTB,
OrpaHUYEHUI, BO3MOKHOCTEH MCIIOIB30BaHUS MHTEPAKTUBHBIX METOJIOB U BOIPOCOB O pedieKCuu
JlaJl HaM BO3MOKHOCTH BBIOpaTh HamOoOJee MOAXOMAIIME W3 HHUX IS IHeJeld reorpauueckoro
oOpa3oBaHwUs.

WNurepaktuBHas ¢opma 00ydeHHs, KOTOpas CTUMYJIUpPYeT HE TOJbKO OOIIeHHE,
B3aHMOﬂeﬁCTBHC U  COTPYAHHUUYCCTBO, HO W Pa3BUTHUC TaKHUX JIMYHOCTHBIX KadCCTB, Kak
OTBETCTBEHHOCTh M TEPHHUMOCTh - OJKcrepTHoe oOydenue [8]. OHO momoraer BbIpabOTaTh
HC3aBUCUMYIO CTPATCTHUIO O6y‘ICHI/I$I 1 HaBBIKU IICpCAavdn KOHHeHLII/Iﬁ ApPpyruM, JJjisd COonuaIn3aluu 1
WHTETPAIMH B COOOIIECTRBO.

DkcrnepTHOEe 00yueHHe MOXKET OBITh YCIEIIHO PeaM30BaHO B reorpauiyeckoM oOpa3zoBaHUU
IIPY TIOMOILY MPAaBUIBLHO PACTIONOXKEHHON MOCIEA0BAaTEIHLHOCTH €€ STANoB/IaroB (pPUCyHOK 9).

|
\V/

Pucynok 9 - [locnenoBaTenbHbIe Maru B 00y4eHUH SKCIIEPTOB
MHTepaKTUBHBIC METOIBI MOTYT OBITh TAKXKE KIacCU(DHUIIMPOBAHBI B COOTBETCTBHH C OCHOBHOU

¢bynkuueit (pucyHok 10).
CIIOCOOBI
YMCTBEHHOH
JESTeITEHOCTH

Pucynok 10 - Kitaccupukanuss ”THTEpaKTHBHBIX METOJIOB B COOTBETCTBHH C OCHOBHOM
byHKuMEH

OCHOBHBIMU YCJOBHUSIMH HCIIOJIb30BaHUS MHTEPAKTUBHBIX METOJOB OOYUEHHs SBISIOTCSA:
OpHEHTAIMsI Ha KOMaHIHYIO paboTy, peanu3aiusi MPOEKTOB, MOATOTOBKA IJIAKATOB, TOCTPOSHUE
KOHIENTYaJbHBIX KapT, pepyieKCUBHAsI OLIEHKA PE3YyJIbTaTOB, PELICHHE 3a7au MEKANUCIUILIMHAPHOTO
XapakTepa, MOBBIIIEHUE CAMOCTOSATEIbHOCTH YUalIUXCsl B IO3HABATEILHOM JAEATENBHOCTH [9].

®opmupoBaHue reorpad@uyueckoil KyJbTypbl yUYallUXcsl SIBJISETCS PE3yJIbTaTOM HPUMEHEHUs
COBPEMEHHBIX 00pa30BaTeNbHBIX CTPATETHI, OCHOBHBIM KOMIIOHEHTOM KOTOPBIX SIBISIOTCS
MHTEPAKTUBHBbIE MeTOAbl OO0yueHus. OHM SBISIOTCS OJHUM M3 BO3MOJKHBIX ITyTE€H IOBBIIICHUS
KauecTBa reorpaduyeckoro oOpa3oBaHUS U JOCTHUKEHHS €ro IeNH, MOCKOJIbKY UX MPUMEHEHHE
MPUBOANT K (POPMHUPOBAHHUIO: HOBOTO THITA B3aUMOICWCTBHUS, OCHOBAaHHOTO Ha B3aUMOJICHCTBUHU;
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HOBBIX KOMIIETCHIIMH M JINYHOCTHBIX HABBIKOB — CIIOCOOHOCTH K CaMOCTOSITEIbHOMY H3y4EHHIO,
MNPUHATHIO HOBBIX MCTOJ0B OGy‘-IeHI/ISI (B TOM YHCIIC I/IHTepaKTI/IBHBIe), KPUTHYCCKOC MBIIIJICHUC,
KPEaTUBHOCTh; 00yYCHHE Ha MPOTSHKCHUH BCCH KU3HH; CHOCOOHOCTD K PeICKCHU; HOBBIC HABBIKH
- i paboThI C TTOCTOSTHHO MEHSIoIIEics nH(popMaIuel, JUiss OTCTauBaHUsl COOCTBEHHOTO MHEHUS,
U151 KOMaHTHO# paboThI M JIpyTHE.

I'eorpaduueckoe oOpa3oBaHHE C UCIOIB30BAHUEM HMHTEPAKTUBHBIX (OPM U METOIOB
OKa3bIBACTCsl YCICIIHBIM B Pa3BHTHH reorpaMueckoil rpaMOTHOCTH BO BCEX €€ KOMIIOHEHTaX

(pucynox 11).
/7~ O\
HaBbIKK m -
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Pucynok 11 - KomnoneHTsI reorpadudeckoil TpaMOTHOCTH

[IprumHBI HCNIOTB30BAHUS HHTEPAKTUBHBIX METOJIOB B 00pa30BaHUU 110 Teorpadgpuu OCHOBAHBI
Ha CJIeIyIOIUX MOMEHTAaX:

- TpeOoBaHus oOmiecCTBa K Teorpa@uuecKuM 3HAHHSM, OIPEAEICHHBIE HAIMOHAIBLHOU
00pa3oBaTeNbHON MOJIUTUKOM B Ka3aXCTAaHCKUX CPEJHUX HIKOJAaX JUIs MepexoAa K HOBOMY THILY
oOpa3oBaHwUs.

- BO3MOXHOCTb C UX [TOMOILBIO JOCTUYb Feorpapuueckoil KyJabTypbl, KOMIETEHIMI 1 HAaBBIKOB.

- BO3PACTHBIE U JIMYHOCTHBIE OCOOCHHOCTH YYaIlUXCsl — MHTEPAKTUBHBIE METO/bI MOTYT OBITH
HCIOJIb30BaHbl B MIIAJIIINX KJIacCaX CPEeIHEH U cTapIleil IIKOJIbI.

[Ipumenenne WHQPOPMALIMOHHBIX TEXHOJOTUH U HMHTEPAKTUBHBIX METOJIOB OOyuYeHUs
CIOCOOCTBYET aKTHBHM3AllMM M TOBBIIICHHWIO KAueCTBA HABBIKOB, CTHUMYJUPYET KPUTHYECKOE U
CaMOKPUTHUYHOE MbIIUIEHNE; (OPMUPOBAHUIO MOJIOXKUTEIBHOW MOTHUBALlUM M T103HABATEIbHBIX
MHTEPECOB; IO3UTUBHOTO OTHOLLIEHHS K yueOe U IIKOIbHOMY IPEAMETY.

1. I[Ipobnema dhopmMupoBaHHUS HABHIKOB HE HOBA, HO OHA MpEACTaBJICHA MO-HOBOMY C TOYKHU
3peHHs HUH(POPMALMOHHBIX TEXHOJIOTHH.

2. 3T0 HOBILIECTBO C TOUKH 3PEHUS MHAUBUAYAIbHOMN 103HABATEIbHON IEATEIBHOCTH yUalUXCs
— MCcKaTh HH(POPMALINIO, HHTEPIIPETUPOBATH €€ U MPEJICTABIATh.

3. B HacTos1IEM AMarHOCTUYECKOM UCCIIEJOBAaHUM MPECTABIEHbI METOJUUYECKHE PELICHUS 1O
MCMOJIb30BAHUIO MHTEPAKTUBHBIX METOJIOB — TEMATHYECKHUE MCCIIEI0BaHMs, pa3padoTKa U 3aliuTa
npoekToB. [lpu peanusanuu 3TUX METOAOB INMPUMEHSIETCS ClEeUU(PUUEcCKOe Al HUX CIEACTBHE
JESTEIBHOCTH.

4. Peanu3zanus MHTEPaKTUBHBIX METO/10B 00yUeHHUs HauboJee yCcnelHa Ipyu rpynnoBoi ¢gopme
opranuzanu paboTel. ITO CcHOCOOCTBYeT (OPMHUPOBAHUIO HEKOTOPHIX BaXHBIX Y4E€OHO-
MO3HABATENbHBIX HABBIKOB, CTUMYJUPYET KOHKYPEHIIMIO MEXAY YYallUMHCS W TpyNIaMud H
IIOMOTaeT Pa3BUTUIO OPraHU3aLMOHHBIX U UCTIOJHUTEIbCKUX HABBIKOB.

5. TBopueckass MHAMBUAyalIbHas paboTa CHOCOOCTBYET PACKPBITHIO CHJI U BO3MOXKHOCTEH
MOJIOJIBIX JIIOJIEH, TIOBBIIIIAET UX YBEPEHHOCTh B ceOe M JleNaeT UX JKeJaHHBIMU MapTHEpaMu s
YUUTENIEH.

BrIensnoxenHoe nmodysxJaeT MearoroB CTpEMUTHCS K M3MEHEHUIO IPAKTUKU TIPENoIaBaHHs
UIs  yIoydmieHus: reorpaduyeckoro  oOpa3oBaHUsS M OKOJIOTMYECKOM TIpaMOTHOCTH, U
OTBETCTBEHHOCTH B HaJIEXKJ€, YTO HCIOJIb30BAHUE MHTEPAKTUBHBIX METOJOB OOYYEHHs, KOTOPHIE
PacKpbIBalOT COLIMATIBHBIE ACMEKThl HAYYHBIX JOCTHXKEHUI U BKIIOYAIOT JIEHCTBUS MO YIYUYIICHUIO
KayecTBa OKpY>Karollel cpeibl HA MECTHOM YPOBHE, MOXET U3MEHUTh UX ITT00AIbHOE MBIIIUICHHE.
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Metoanueckasi JIUTepaTypa IOKas3blBaeT pa3HOOOpa3We KOHIENIMKA HABBIKOB M HX
kinaccupukanud. Mbl TPUHUMAaeM M HCIOJB3YyeM JUIS HYXKI 3TOTO HCCICIOBAaHUS OMpPEEICHHE
HABBIKOB  COCTABIICHHSI TeorpaMuecKuX XapaKTepUCTHK Juis HamOoliee creru(uYecKux
WHTEJUIEKTYyalIbHBIX HaBBIKOB B yueOHOU padote mo reorpaduu. [Ipouecc popmupoBaHus HaBEIKOB
BKJIIOYAET B ce0sl TpU BaXKHBIX Iporecca (PUCyHOK 12).

3.
HpeCTaBICH
ue
nHpopMaImy

2

Hutepnperanu
st nHpopManun

1. [Honyuenue
reorpaguyeckoi
HHpOPMAITIH

Pucynok 12 - [Ipouecc hopMupoBaHusi HABHIKOB

Kpurepun u nokazarenu B 3TOM UCCIIEIOBAHUM OTHOCSTCS K IPUHATHIM TPEM IPYIIIIaM HaBbIKOB
JUIS TIOJIy4€HUs!, MHTEpIIpeTallui U NpeACcTaBiIeHuss HH(OpMaIMK B Ipoliecce U3yueHus reorpaduu
u 3koHoMuKHU B Kazaxcrane B 9-M kiacce. Mbl OKa3bIBaeéM UX CYIIECTBEHHBIE XapaKTEPUCTUKH C
COOTBETCTBYIOIIMMHU IIOKa3zarensiMu. B mpouecce wnsyudenus paspena “IIpuponHbie permoHbl
Kaszaxcrana”, B KauecTBe KOHKPETHBIX KPUTEPUEB U IIOKa3aTejieil OIpeneieHbl Te, KOTOpbIe
IIPUBEJICHBI B CieIyolel Tabuure.

Ta6auna 1 - Kputepun u nmokazatenu st pOpMHUPOBAHUS HABBIKOB COCTABIICHHS reorpaduaeckoit
XapaKTEPUCTUKHU IIPUPOJHOTO PErMOHA

Kpurepuii Hoxka3zarenan YpoBeHb 00pazoBaHusi
1. Ilon6op doTorpaduit u KapTHHOK, C MOJKET BHIOpaTh
MIOMOIIBI0 KOTOPBIX JIOCTHI'AETCS YaCTHYHO
1. YMmenue codupats HHYOPMAITHIO HaAWTy4IIas HaTJSITHOCTb. HE MOKET BHIOpaTh
2. Br16op onTHUManbHBIX TPadUKOB IS MOXeET BEIOpaTh
IpeICTAaBICHNUs KOHKPETHOH 3a/1a4u. YaCTUYHO

HE MOKET BHIOpaTh

HHU3KUH

3. N36uparensHOCTh ipu cOope YAOBJIETBOPUTEIHHBIN
nundopmarmu u3 MuTepHera. cpeaHuit
BBICOKHH
1. XapaxTepucTiKa IpUPOIHOTO OuYeHb HU3KUI
perroHa ¢ IIOMOLIBIO aJrOpPUTMA. HHU3KHN
cpenHui
BBICOKHI
O4YE€Hb BBICOKHI
2. YMeHHue HHTepIpeTHPOBaTh 2. DKOHOMHYECKasl OLICHKA YCIOBUI U
uHpOpMAIHIO PECYPCOB B IPUPOJHOM PETHOHE. OYEHb HU3KHUI
HU3KUH
cpeaHuit

BBICOKHH
OYeHb BBICOKHI
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3. YMeHue IpernogHOCUTD
uHOpMAIHIO

1. DcTeTHYHBIN BHEIHUNA BUL

2. Ucnonp30BaHKe ONTUMAILHOTO
o0beMa TEKCTa

3. JInuHas mpUBEPKEHHOCTH MpoliemMe

yIOBIE€TBOPUTENBHO
XopouIo
OUYEHB XOPOLIO

UCHOJIL3YET ONITUMAJIbHYIO TPOMKOCTDH
HE UCTIOJB3YET ONITUMAIBHYIO
T'POMKOCTH

MpEACTABICHUE
YaCTHYHO
OTCYTCTBHUA

Hcrounuk: aBTOpPCKas afanTanns KpUTEpUueB U ToKa3aTelen

B pazngene “Oxonommueckas W coumaibHas reorpadus Kazaxcrana” tema “UuciaeHHOCTh
HacejneHus» W «Murpamusi HaceJdeHUs” TPEANojaraeT oOmnpeaeiieHue APYruxX KpUTEPUEB W
nokasaresieil. Pa3Huna 3akioyaercs B MOKa3aTelaX, KacaloIIKUXCsl BTOPOM TPYIIIbI HABBIKOB — IS
WHTEpIpeTA HH)OPMALIHH.

Tab6auna 2- Kputepunm u moxazatenu aisi (OPMHPOBAHUS HAaBBIKOB B Teme “‘UMCIEHHOCTh
HaceJleHus» U «Murpanus HaceneHus”

Kpurepuit Ioxazarenu YpoBeHb 00pa3oBaHus

1. YMenue cobupats HHGOPMAITHIO

1. Ilog6op doTorpaduii u KapTHHOK,
Orarozapst KOTOPBIM JOCTUTACTCS
HaWTy4Ilas HarJsIHOCTb.

2. Br16op onTHManbHBIX TPadUKOB IS
MIPE/ICTaBIICHNS] KOHKPETHOM 3a/1auM.

MOJKET BEIOpATh
YaCTHYHO
HE MOJKET BHIOPATh

MOXeT BEIOpaTh
YaCTUIHO

HEC MOXKECT BI)I6paTI)

3. N36uparensHOCTh iU cOope HU3KUI
nHpopmarmu u3 MHTEpHETA. YIOBJIETBOPUTEIbHBIN
CpenHui
BBICOKUH
1. Xapakrepuctuka OYEHb HU3KUH
JIBIDKCHUS HACEIICHHSI. HU3KUI
cpenHui
BBICOKHH
2. YMeHue HHTepIpeTHPOBaTh O4YE€Hb BBICOKHH
nHMOpMAIHIO
2. OreHka neMorpadguyeckoro OYEHb HU3KUH
MOTeHIMaa Kak dakropa HU3KHUH
9KOHOMHYECKOTO cpeaHuit
BBICOKHH
O4YE€Hb BBICOKHH
1. DcTeTUYHBIN BHENTHUI BUL YIOBJIETBOPUTEIHHO
XOPOIIO

OYeHb XOPOLLIO

3. YMeHue npenogHoCUTh 2. Mcnionp3oBaHuE ONTUMAIIBHOTO UCIIOJIB3YET ONTUMAJIbHYIO TPOMKOCTh

nHbOpMaIUIO o0bemMa TekcTa HE UCTIOJIb3yeT ONTHMAIIbHYIO
TPOMKOCTb
Mpe/ICTaBICHUE
3. Jlnynas npuBepKEHHOCTH IpodieMe YaCTUIHO
OTCYTCTBHS

VicToyHMK: aBTOpCKas afanTtaiys KpuTEPHEB U MOKa3aTesen

HuTepakTuBHBIE METOBI U (OPMBI 00YUYEHHSI, KOTOPbIE MbI TIPEIOYWIH, BEHIOpAaHHbIE KPUTEPUU
U TIOKa3aTelnu Uil PErucTpalldd pe3yslbTaTOB HUX HCIOJb30BAaHUS MBI KOMOMHHpPYEM C
COOTBETCTBYIOIIIMMU HMHCTPYMEHTAaMHU Il TNPOBEACHUS OJMIUPHUYECKUX HcciaenoBaHuil. s
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perucTpali pe3yabTaTOB HCIONb3YeTCs MOAXOJINAs IKajda YpPOBHEH M COOTBETCTBYFOIIAS
KOJIMYECTBEHHAs OlleHKa (pUCyHOK 13).

OBPA3OBATEJIbHBI KOHTEHT

- Ilpupoano-reorpaduueckue peruonsl Kazaxcrana:
Kazaxckoe 1iaTo © = MENKOCOMOYHHK, TypaHCKue
MyCThIHHBIE paBHUHBI, CpeaHea3naTckue ropsl; banxaHsl
u Koneraar.

- Hacenenme, HaceleHHBIE MYHKTHI M TOCYAapCTBEHHOE
ycrpoiictBo B Kazaxcrane, UHMCICHHOCTb U JABHMIKECHUE
HaceJIeHUs

CIIOCOB 1 ®OPMBbI
- pa3paboTKa U 3aIlKTa MPOeKTa
- rpymmoBas popma paboThl

- TECMAaTHYCCKHUEC UCCICOTOBAHUA

Pucynoxk 13 - Metobl 1 hopMBI 17151 OTIpeieIeHHs COAepKaHMs 00pa3oBaHUs

HaBeiku cocTtaBieHus miakaroB, npeseHtauuil PowerPoint 1 uHTEIEKTyalbHBIX KapT MOXKHO
oLleHUTh 110 5 nokazarensam [10] (pucyHok 14)

¢ IIOCJIEAOBATEIIBHOC n NpaBUJILHOC PacnoIOKEHUEC BCEX
KOMITOHEHTOB Ha IIaKaTe, MPE3CHTAllun Powerpomt " KapTe

KOHCHCTCHIIMA
It * HAJIMYHE BCEX HCO6XOI[I/IMLIX KOMIIOHEHTOB

. * IPAaBHJILHO chopMyIupoBaHHas npobiiema, 3aj1aya,
EEYRLIEN XEPEIRED 9KCIIEPHMEHTHI ¥ OOBSICHEHHS; MPABIIBHBIC B3aUMOCBI3H MEKIY
TIOHSTHSIMU HA KAPTE U TIPABHIIBHBIE O0bACHEHHS

® pE3yJIbTaThbl JOJKHBIL OBITH I10JTY4€HBIL B pes3ylibTaTre
00BEKTUBHOCTE OKCIICpUMCHTOB U Ha6J'IIO,I[CHI/If/'I; B KapTax IOHATHA HJOJDKHBI
COOTBETCTBOBATH UCIIOJIB3yEMOMY y‘IC6HI/IKy U TEME B HEM

* BBIBOJIBI JIOJDKHBI OCHOBBIBATHCSI HA PE3YNbTaTaX M HE JOJDKHBI
ACLIYEIMMOCLY BBIXOJIUTE 33 UX PAMKH

Pucynok 14 - [Tokazarenu s OLEHKH

C npuMeHEeHHEM BBIOpaHHBIX WHTEPAKTUBHBIX METOJ0B (OPMHPOBAHME BBIMIEU3IOKEHHBIX
HABBIKOB MOTYT OBITh PEATU30BaHO TAKKe BO BPEMsI YPOKOB JIJIsI [TOJIYUECHUS HOBBIX 3HaHM. BaxkHyto
pOJIb B ATOM UIPAIOT MYJIbTUMEAUMHbBIE MPE3CHTAlMU, C MOMOIIBI0 KOTOPBIX YXKE€ H3yUEHHBIH
MaTepua MOXeT ObITh CHHTE3UPOBAH, BU3YaIH3UPOBaH, ObICTPEE YCBOCH, MPOyMaH U MIPUMEHEH.

Pe3yabTarsl U 00Cy:KICHUE

DKcrepuMeHTaIbHas padoTa, MpoBeeHHAs C TETbI0 (OPMUPOBAHUS HABBIKOB UCIIOJIb30BaHUS
WHTEPAKTUBHBIX METOJOB B 0O0y4deHHMH Teorpaduu, JaeT HaM OCHOBaHHUE CJeNaTh HEKOTOphIe
BBIBOJIBI:

1. Ucnonb30BaHre HHTEPAKTUBHBIX METOJOB B Mpoiiecce 00yUeHUS HE SBIISIETCS HOBUHKOM, HO
CTAaHOBUTCSI BC€ 0o0Jiee aKTyaJdbHBIM, U OHU OKAa3bIBAIOTCS MPUMEHHUMBIMH B OOpa30BaHUU TIO
reorpadun U dKojoruu. [IpuumHa 5TOro 3aKirO4aeTcs B TOM, YTO UX MPHUMEHEHHE TOBBIIIAET
HWHTEPEC U TI03HABATEIILHYI0 aKTHBHOCTD, a TAK)KE ITOMOTAeT Mpoieccy GopMHUpPOBaHUS HABBIKOB.
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2. Bueapenrie HHHOBAITMOHHBIX 00pa30BaTEIbHbBIX TEXHOJOTHI H METOJIOB B 00pa30BaTeIbHBIN
IpoIece, TaKUX Kak CO3JaHHE M 3allUTa MPOEKTOB M TEMAaTHYECKUX HCCIECIOBAHUM, MO3BOJISET
palMoHAIN3UPOBaTh IUIAHUPOBAHHUE, MPOECKTHUPOBAHUE, pPEAIM3alMI0, OLEHKY IeAaroruuyeckon
JESITEIbHOCTH, CTUMYJIUPYET TBOPUECKOE MBILUIEHUE U HE3aBUCUMOCTb.

3. Peanu3anus HAcTOSIIEr0 HCCIEAOBAaHMUS CTAJKHUBAETCSI C HEKOTOPHIMM IpoOjemMaMu, B
OCHOBHOM TE€XHHYECKOT'0 XapaKTepa — JIOCTYI K TEXHUKE U OTCYTCTBHE JIAOOPAaTOPHH 1O Teorpaduu.
Jpyroii mnpoGiieMol sBISETCS OTHOCUTEIBHO HEOOJIBIIOE KOJIMYECTBO KJIACCOB B yUEOHBIX
porpamMMax, MpeayCMOTPEHHBIX IS H3YyYeHUS Teorpauu B CPEAHUX IIKOJIAX.

4. IlpuMeHeHre UHTEPAKTUBHOCTHU JaeT 00JIbIlIe BO3MOXKHOCTEN Ui (YOPMUPOBAHMSI CIIOKHBIX
reorpauecKuX HaBBIKOB COCTABIICHHS TeOrpapHuuecKHX XapaKTEPUCTHK. JTO MOATBEPKIACTCS
CTaTUCTUUYECKONH 0OpabOTKONM M aHAJIM30M pPE3yiIbTaTOB AMIMPHUECKOTO uccienoBanus. Ilpouecc
(GbopMHpOBaHUS STOTO HABBIKA MOXXHO KOHTPOJHMPOBATH, IMOCKOJIBKY IPHUMEHSETCS CIEICTBHUE
JEeUCTBUH, KOTOpBIE BKJIKOYEHBl B TOT HABBIK: HaBbIK cOOpa, MHTEPHpPETALMU U NPEACTaBICHUS
uHpopMaLuu.

5. Co3gaHue W 3amuTa NPOEKTa — MYJIbTHUMEAMIHAs IpPE3EeHTalMs MOBBIIIAET HHTEpPEC U
MOTHBAIUIO YYAIIUXCSI, TOTOMY YTO OHH 00Jiee yBEpEHBI M TIOJTHBI SHTY3Ha3Ma, KOT1a OHHU SIBJISTIOTCS
napTHEpaMH UM YY4acTBYIOT B IIPE3E€HTALUU MPOEKTA;

6. IlpuMeHeHnEe TPOEKTHOTO METoJa TPeOyeT CIEAYIOMMX KOHKPETHBIX 00pa3oBaTeIbHBIX
TEXHOJIOTUH: IUIAHUPOBaHME IIPOEKTa; pealu3alus; Mpe3eHTalusl NPOAyKTa; OLEHKAa M aHalu3
pe3yJIbTaToB.

7. Ucnonb3oBaHue MojoOHBIX METOAOB B OOyueHHM Teorpaduu U 3KOJIOTMH CTUMYJIUPYET
TBOPUYECKOE M AHAJUTHUYECKOE MBILIUIEHUE, CIIOCOOCTBYET (POPMUPOBAHUIO U COBEPIIEHCTBOBAHUIO
HaBBIKOB. B oTiiMuue oT OOJBIIMHCTBA HHTEPAKTUBHBIX METOJI0B, IOBBIIIAOIIUX [T03HABATEIBHYIO
aKTUBHOCTb Y4YallUXCS, MYJbTUMEAUMHbIE IPE3EHTAUMU HE 3aHMMAlOT MHOIO BpPEMEHHU I
npeacrasieHus B kiaacce. Hao0opot, cuctematuzupoBaHHas HHGOpMaLUs ycBauBaeTcst ObICTpee U
MOSIBJISIETCS. HEKOTOPOE CBOOOTHOE BPEMSI JIJISl PELICHUS IOIIOJHUTENbHBIX 3a7au.

Bcee ati hakThl mo0y>kAat0T HAC COCPEAOTOUUTHCSA HA U3MEHEHNUH NPAKTUKK PENoIaBaHus i
yIIydleHus: reorpaguyeckoro oopa3oBaHusi, 3KOJOTUYECKOW I'PAaMOTHOCTH U OTBETCTBEHHOCTH B
Ha/IeXk/1e, YTO UCIOJIb30BaHUE MHTEPAKTUBHBIX METOJIOB OOYUYEHHUS MOXKET M3MEHUThH II00ajbHOe
MBIIIJIEHUE YYalTUXCS.

XapakTep HHTEPAaKTUBHBIX METOJOB OOyYeHUS OCHOBaH Ha MPHOOPETEHUH HOBOTO
MIO3HABATEJIBHOIO OMNbITA B MPOIECCE B3aUMOJCHCTBUS MEXIy YYALIUMUCS, C YYHUTEIEM, C
KOMIIBIOTEPOM, C MPUPOJOH M C pa3IMYHBIMH HCTOYHMKAMU HH(GOpMAIMM, KacatoUMMHUCS
reorpaduyeckux npo0jaemM COBPEMEHHOCTH.

[Tocne nponenanHoON 3KCIIEPUMEHTAILHONW pabOThl, MPEICTABICHHBIX PE3yJIbTaTOB U BBIBOJIOB
MO>KHO CJieJaTh HEKOTOPbIE PEKOMEHIallnH.

1. M3-3a NOBBILIEHHOTO HHTEpeca y4aluxcsi U pe3ysIbTaTOB MPOEKTHOM pabOThl ONpeeICHHO
MO>KHO CZIeJIaTh BBIBOJ, YTO OHM, KaK M MHTEPAaKTUBHBIE METO/Ibl, UMEIOT MECTO B 00pa30BaHUU 10
reorpaduu. PeanbHble BO3SMOXKHOCTH /ISl UX peali3aluy Jal0T MPAKTHUECKH BCE TEMbI OCHOBHOI'O
kypca “I'eorpadus Kazaxcrana”. Mimes B BUay yXe clIelNaHHbII BbIBOA 00 OpraHu3aliy paboThl Hal
INPOEKTOM U OOJBIIOW J0JI€ CAMOCTOSTEIbHON JESITeIbHOCTH CTYJIEHTOB, MPENoIaBaTesto
JKEJlaTeJIbHO OYEeHb YEeTKO JaBaTh 3a/JaHus s CAMOCTOSTENbHOM pabOThl M OCYLIECTBIATH
MOCTOSIHHBIA KOHTPOJIb.

2. IlockonbKy MOATOTOBKA MPOEKTa CBSI3aHA C MOJYyYEHUEM JIOMOJHUTENbHON MH(pOpManuu,
XOPOIIMM 3HAHHEM BO3MOXKHOCTEH pa3IMYHOIO MPOTPAMMHOTO OOECIEYeHUsT U WHTEpHETa,
PEKOMEHIyEeTCsl MHTErpallvs WM KOHCYJIbTAIUS C MPEenoiaBaTeasiMi HHPOPMATUKU U MaTEMaTUKH.

3. LlenecooOpa3HO Takke HCIOJIb30BaTh WHTEPAKTHUBHBIE METOAbI M (POPMBI OpraHU3aluu
oOyueHus1, HO 3T0 TpeOyeT 60bIIoi paboThl ¢ 00enx cTopoH. HecMoTpst Ha 3aperucTpupoBaHHbIE
BBICOKHE PE3YJIbTATHI, HE CIEAYET NEPEyCEPACTBOBATH C UX IPUMEHEHUEM.
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3akiroueHue

HHTepakTHBHBIE METO/IbI O0YUYEHHUS KaK CIIOCOOBI COBMECTHOM MMO3HABATEIbHON JESITEIbHOCTH
y4aluxcs, B KOTOPBIX OHHU B3aHUMOJCIHCTBYIOT Ipyr ¢ APYroM, OOMEHHMBAIOTCS HHQpOpMaIuei,
MOJICJIUPYIOT CUTYaIlNH, OLICHUBAIOT COOCTBEHHBIE JCHCTBUS U MOBEICHUE, MONAAI0T B PEATBHYIO
aTMochepy COTpyAHHYECTBA JJIi COBMECTHOI'O PEIICHHUS PealIbHBIX MIPOOJIeM Ha MECTHOM YPOBHE B
pa3NUYHBIX BHJaX 00Opa30BaTENLHOW NEATEIBLHOCTH, OOECHEUMBAIOT KAYEeCTBEHHOE H3yUYCHHE
coJiep>kaHus reorpaduyeckoro 0opazoBaHusl.

[Tpupoaa HHTEPaKTUBHBIX METOA0B O0YUYEHHS OCHOBaHA Ha MPUOOPETEHUH YUAIIUMHUCS HOBOTO
[I03HABATEJIBHOTO OMNbITA B IPOLECCE AKTUBHOIO M XOPOLIO OPraHW30BaHHOIO IPOIYKTUBHOTO
B3aUMOJICVCTBUSL MEXKIYy HHUMH, C YUYUTEIEM, C KOMIIBIOTEPOM, C OKpPYXKAlOLIEW Cpelnod U C
Pa3IMYHBIMU UCTOYHUKAMH WH(OPMALIUK O T€09KOJIOTHUYECKUX MPOoOIeMax COBPEMEHHOCTH.

WuTepakTBHOE 0Opa3oBaHHE peanu3yeT Ha NpakTuke (uiocoduio KOHCTPYKTHBH3MA U
KOTHUTUBHOM TICHXOJIOTUH, TOCKOJBKY OHO CTPYKTYPHPYET 00pa3oBaTENbHBIN MPOIECC BOKPYT
MOTPEOHOCTEN yUaIMXcsi U COIMAILHOW MPUPOJBI 3HAHHIA, MOCKOJIIBKY OHO CO3/IaeT yCIIOBUS IS
COLIMAJI-IEMOKPATUYECKOT0 OOIIEHUS U TBOPUYECKOTO B3aUMOJICHCTBUS U B TO )K€ Bpemsi GopMuUpyer
3HAHUS, Pa3BUBAET HABBIKK U KOMIIETEHIIUH.
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AHHOTALMSA
B oroii cTatbe MBI MOIydaeM OBE TEOpeMBI 00 AaNpHOPHBIX OIEHKAX pEIICHHH HEeNWHEHHBIX ypaBHCHHH B
KOHEYHOMEPHOM TIPOCTPAHCTBE. OTH TEOPEMBI J[OKa3aHbl IPH BBIIOJIHCHUH HEKOTOPBIX YCIOBHH, KOTOpBIC
3aMMCTBOBAHbBI M3 yCIIOBHH KOTOPBHIM YAOBJICTBOPSIIOT KOHEYHOMEPHBIE ANPOKCUMAIIMH OJHOTO Kilacca HEIWHEHHBIX
HavaJlbHO-KpPAaeBhIX 3a1ad.

Beenenue

3amaya omMCaHMs JUHAMHKUA HEC)KMMAaeMOM JKUAKOCTHU, B CHIy CBOEH TEOpEeTUYECKOW u
MIPUKJIAHON BaXKHOCTH, IPUBJIEKAeT BHUMaHUE MHOTUX HccaenoBareneid. B cepenune 2000-ro rona
MatemarnueckuM nHCTUTYTOM Kites (Clay Mathematics Institute) ata 3agaua 6b11a chopMynupoBaHa
kak lecras mpoGmema Thicsiuenerus (The Millennium Prize Problems) o cymectBoBanuu u
[IaJIKOCTU perieHnil ypaBHenuii HaBbe-Crokca 115 HeckuMaeMoil BA3KOH KUAKOCTH [1].

Pemenuto sToi mpoOiieMsl U 10 OOBSBICHHUS €€ MPOOJIEMON THICIYENETHsI OBUIO TOCBSIIEHO
OecuuciieHHOe MHOXKECTBO paboT. Tak kak UX HE0003pMMO MHOTO, Mbl MX CIHCOK IPOCTO HE
npuBOIMM. J{aeKo He TOJHBINM CITUCOK pa0doT MPUBEIEH B MOl cTathe [2].

OT1oil mpobieMoil 3aHMMAMCh MHOTHE MEPBOKIACCHBIE MaTEMAaTHKH, KOTOPHIM YIaBaJIOCh
PELIUTh APYTHE BaKHBIC MaTEMaTHUECKUE IPOOIEMBI, B TOM YHCIIE B 33]ja4aX ra30-THAPO-THHAMHUKH.
Cy1iecTBeHHbIE pe3yJIbTaThl MOIYYEHBl B pab0Tax TaKuX KpyMHEHIINX MaTeMaTHKoB XX BeKa, Kak
A.H. Konmoropos, J. Leray, E. Hopf, J.-L. Lions. [lonHoe pemienue npoOiaemsl JJisi IBYMEPHOIO
cinyyas nano O.A. JlagpbxeHckol [3]. B [4] npuBeneH 10CTaTOYHO MOJIHBIA aHAIN3 COBPEMEHHOIO
COCTOSIHUS IPOOJIEMBI U 0030p UMEIOLLEHCS JINTEPATYPBI, IPEATIOKEHBI METO/AbI PELICHUS

Pa6ota BeinmonHeHa npu nojepskke rpanta AP 08857604 MunuctepcTBa 00pa3oBaHus U HAYKU
PecniyOnukn Kazaxcran. 3agaun. B yacTHOCTH, OCHOBHasi mpoOiieMa riao0anbHONW OJHO3HAUYHOU
paspemnMocT TpexMepHoi 3agaun HaBbe-CTOKkca CBeZeHAa K BOIPOCY O HAXO0XKJIEHUU CHIIBHOU
ArpUOPHON OLIEHKH I BCEX BO3MOKHBIX PEIICHUM.

PaboTsl [5-12] nocBAIIeHb! K UCCIEIOBAaHUIO Pa3pelIMMOCTH B LIeIOM ypaBHeHui Tuna Hasbe-
Crokca, HempepbIBHas 3aBUCUMOCTb pELIeHMs MapaboJIMYecKOoro ypaBHEHHUs, a TakKe IJIaJIKOCTH
pelLIeHus.

Ota paboTa BO3HMKIJIA B PE3yJbTaTe€ MHOTOYMCICHHBIX MOIBITOK aBTOPOB PELIUTH MPOoOIeMy
CYILLECTBOBAHMSI CUIILHOTO pemieHus ypasHeHus: Haspe-Crokca.

B sr1oit paboTe MBI moiyyaem ABe TEOpeMbl 00 apUOPHBIX OLEHKAX PEUICHUH HEeIMHEWHBIX
ypaBHEHMI B KOHEYHOMEPHOM T'MIILOEPTOBOM MpOCTpaHcTBE. PaboTa COCTOUT U3 UeThIpeX MyHKTOB.
B nmnepBoM mNyHKTE NPUBOASTCS HCIOJb3yeMble 0003HaYeHHs U (HOPMYIMPOBKA OCHOBHBIX
pe3ynbTratoB. Bo BTOpOM IIyHKTE NIpPHUBENEHBI OCHOBHBIE JIEMMBL. TpeTHil MyHKT IOCBSLIEH
JI0Ka3aTeNbCTBY TeopeMbl 1. B deTBepTOM MyHKTE JOKa3bIBaeTcs Teopema 2. YCIOBHUS TeopeM
TaKOBa, YTO MOXHO MCIOJIb30BaTh IPU N3YYEHUH HEKOTOPOTO KJlacca HauyalbHO-KPAeBbIX 3a1a4 JUIs
MOJIy4YEHHUsI CHUJIbHBIX AlPUOPHBIX OLIEHOK IMPH HAaJMYUU ClIaObIX alpHOPHBIX OLIEHOK. B 3TOM 1
COCTOMT CMBICII ITHX TEOPEM.

1. O nmocraHoBKe 3a1a4M U (pOPMYJINPOBKA OCHOBHOIO pe3yJibTaTa
B or1oit paGoTe MBI 3aHUMaeMcsl BBIBOJIOM DPAaBHOMEPHBIX OIIEHOK DELICHHM HEeIMHEWHBIX
YpaBHEHUH BHJA
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u+L(u)=g€EH, D
rme H - KOHEYHOMEpPHOE THIBOEPTOBO MPOCTPAaHCTBO, L(+) - HEIMHEHHOE HENPEPHIBHOES
npeoOpa3oBaHue, g - AJIIEMEHT IpocTpaHcTBa H, pemenue u 3anauu (1) umercs B H.

Mgl HaleneHbl Ha TaKue KOHEUHOMEpHbIe ypaBHeHUs Bua (1), KoTopble ecTb KOHEYHOMEpHbBIE
anmpoKCcUMaIuu OeCKOHEYHOMEpHBIX 3amad Buga (1) B OeCKOHEYHOMEPHOM THIHOEPTOBOM
npoctpanctBe. Ilpu 3TOM OKaxyTcs BecbMa BaXHbIMU IOJyY€HHE HE3aBUCHMBIX OT HOMepa
aTNIPOKCHUMAITUH OLIEHOK, ITO3BOJISIFOIINX MEPEXOIUTh K MPEAeTy U OMYyYUTh B MPEeIie alpUOPHYIO
OLICHKY JUIsl peleHus: 0ecCKOHEeUHOMEpHOM 3a1auu. beckoHeuHomepHble 3a1aun Buja (1), Ha KoTopbie
MBI HAIICJICHBI, SBJSIFOTCS, KaK MPABHIIO, 33/ladaMH MaTeMaTU4YeCKoW (DHU3UKH, 3aIMCAHHBIMU B
orpaHuyeHHoM popme.

B arom paznene f(u) Oyner o3HauaTh ONEPAIHIO BUIA

f@) =u+L(w. )

Ecmm & - mapamerp u3 [0,+00) um Bektop u(§) ectb BEKTOp- (YHKIHS, HENPEPHIBHO
muddepeHnupyemas mo mnapamerpy ¢, To OyaeM TMpenanoyiaratb, 4TO TaKXe HEMPEPHIBHO
muddepennupyema u Bektop- ¢pynkuus L(u(<)), a Takke Bo3HUKaroLUE B JanbHelmem u3 L(u) u
f (u) BBIpaKEHUSL.

Beenem o6o3nauenue L, :

(L())s = Lugue () @)
OueBunHo, uto L, (ipu KaxaomM u € H ) OyJeT JTuHEeHHBIM OIepaTOpOM
Ly = @], -, @

Nmeem
(f () = ug + Lyug = (E + Ly)ug.
3nech 1 BCIOAY B JanbHeleM E - eJHHUYHOE peoOpa3oBaHHue.
O603HaunM
D, =E+1Lj, (5)
Dyf(u) = (E + L) f (w). (6)
ITpuBeneM ucnosbp3yemsle yciosus Y 1-V4.
Yeaosue Y1. s npeodpazoBanus L(-) u oneparopos Ly, Ly, D, v Dy, BBIIOTHEHBI YCIOBHS
I L) — L(w) I +IL = Lyl < plwl) lu—wvl, @)
IDyull + 1Dzl < (v 1) Tul, ®)
rne Y () - HenpepsiBHas Ha [0, 00) GyHKIHS.
YcaoBue Y2. CymecTByroT JuHeliHbIe oOpaTuMble oniepatopbl T u G Takue, 4YTo

IGIS L, NTIS LIGTHI+IT™H < oo ©9)
U 7151 1I000T0 U € H BBHIMOIHEHBI COOTHOIICHHS
(L(w), Tu) = 0,(Tu,u) =l Gu 12>l Tu |I2. (10)
Yeaoue Y3. Ecin u € H - coOcTBeHHBIH BeKTOp ornepatopa G* G, TO BBIIIOIHEHO HEPABEHCTBO
I 12< (I f Q) 1P+ 2)™,m = 1. (11)
Yceaosue Y4. Ecu D, f (u) = Au, A > 0, 10
y):= (Dif,u) lu ™22 (I f@) 1P+ 2)™ w72 (12)
Cnpasennua
Teopema 1. Eciiu BemmonHens! yenosust Y1 u Y2, To mist moboro g € H 3amaya
fw) =g
UMeeT perieHne U € H Takoe, 4TO BBITIOJHEHA OlleHKa
I Gu lI<Il g . (13)

3ameuyanue 1. Mbl B NpWIOKEHUAX YBUIAUM, 4YTO Teopema | TMO3BOJIAET TMOIYYUTh
CYIIIECTBOBAHME CIa00T0 PEIIeHHsI HEKOTOPOTO Kilacca 3a7a4 MaTeMaTHIeCKON (PU3UKH, 3aITCaHHON
B OTPaHUYEHHOM 3amucu (MHTEeTrpalbHON popme), s KOTOPBIX 3a7a4a
u+lL(u)=g
SIBJISIETCSI KOHEYHOMEPHOW ampOKCUMAIUEH.
HNmMmeet mecTo

241



Teopema 2. Ecnu BeinosiHensl yeinoBus Y1, Y2, Y3 u V4, to 3agava
u+Llu)=g
Ui Tr000oro g € H nMeeT penieHue yAOBIETBOPSIONIEE OLICHKE
Il u I?2< Coexp {—exp {Il g 11%}}, (14)

rjae Cy - TOCTOSIHHOE YUCIIO He 3aBucsliee oT g € H (3aBucsiiee ot m-u3 yciioBus Y4).

3ameuanue 2. DTa Teopema IMO3BOJSET MOJYYUTh CYIIECTBOBAHMS CHIIBHOTO pELICHUs
HEKOTOPBIX 33/1a4 MAaTEeMAaTHUYECKON (M3HUKH (3aTMCAaHHOW B orpaHndeHHor popme). YenoBus Y3 u
Y4 MOXHO 3aMETHO OCNaOHUTh, HO OCTaJbHBIX YCIOBUHM Y1 U Y2 He MOCTATOUHBI JJIsl OTyUYEHUS
oueHkH (14) u3 Teopemsl. M3 xoa qoKka3zaTenbcTBa TEOPEMBI 2 MOXKHO 3aMETUTh, YTO OLEHKY (14)
MO>KHO CYIIECTBEHHO YJIYUIIUTh. TaKkyr BO3MOKHOCTb OCTABJIIEM YUTATEIISIM.

2. Jloxka3aTeibCTBO TeopeMbl 1
VYpasaenue u + L(u) = g ckanspao ymHoxkuM Ha Tu. Toraa, ucronb3yst yciaoBust Y2 Mory4aeM
(Tu, g) = (u, Tu) + (L(w), Tu) = (u, Tu) =l Gu |I%.
Otcroza ¥ U3 yclioBusi Y2 BBITEKAeT OlleHKa
Il Gu 1< (Tu, g) <l Tu llll g I<Il Gu lill g II.
W3 3T0i1 OIICHKH MOJTyYyaeM alpUOPHYIO OIICHKY
I Gu lI<Il g . (15)

0O603HauNM

M = {u:(Tu,u) < 8(Tg, g)} (16)
Hanomuum, uro (Tu,u) - monoxurensHbid (ctporo!). IMosromy (Tu,u) u (Tg,g) MOxHO

MPUHUMATD 32 KBaJPaThl HOPM.

[Tycts ypaBaenue u + L(u) = g He umeert pemrenus. Onpenenum npeodpazoBanue F(u)

u+L(u)—g
Fu) = - V8(Tg,g). @an
VT +L(w) —g),u+Luw—g)
Tak xak ypaBHeHue u + L(u) = g He UMeeT pelIeHus 3To npeodpa3zoBanue HenpepbiBHO. Ho
(TF(w), F(w)) = 8(Tg, g)-
[ToaTOMy HempepbIBHOE MpeoOpa3oBaHue nepeBoAUT MHOKeCTBO M B cebs. Ho Ttorma (Tak kak
H-xoHeuHOMepHO) coryiacHO Teopeme bpaynepa mpeoOpa3oBanue F uMeeT HENOJABMKHYIO TOUKY,
T.C.

[oneiictByem Ha (18) omeparopom T, a 3aTeM MOTyYEHHOE PABEHCTBO CKATISIPHO YMHOKHM Ha
BeKTOp Uy + L(uy) = g. Torna ucnions3ys (17) numeem

(T(up + L(ug) — g),up + L(up) — g)
- 8<T ) >:
T Cig + LCito) — 9,00 + Laig) — gy * 7
(Tug, ug + L(ug) — g)

U1

—\/§\/(Tg, g)\/(T(uO + L(ug) — 9),uo + L(up) — g) = (uo, T (uo + L(up) — 9))- (19)
VYmuoxuM ckamsipao paBeHcTBo (18) ma Bektop T(uy + L(uy) — g). Torma ucmomns3yst (17)
BMecTo (19) momyuaem

—V8/(Tg, (T (o + L(wy) — 9), g + L(tto) — 9) = (Tug, g + L(ttp) — g). (20)
CnoxuM pasenctsa (19) u (20), Torna noxyyaem

) —VB\(Tg, g(T (o + L(ug) — 9),u + L(u) — g) =
2 ((uo, T (ug + L(ug) — g)) — (T (up + L(ug) — g), up)). (21)

Teneps, Tak kak (Tx,x) =| Gx II>> 0, To MOXKHO %((y, Tx) + (Ty, x)) npUHATH 3a CKAIAPHOE

npousBenenne. Torma (Tx,x) u (y,Tx) + (Ty,y) — Oynyt kBaapatamu HOpM. Torja, Tak mpasas
qacTh (21) nomxkeH ObITh OTPULIATEIBHBIM, TOTYYUM

_\/g\/ (Tg' g) = _<Tu0' uO)
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nim

V8/(Tg, g) < —(Tuo, uo)-

OTO HEPaBEHCTBO NPOTHUBOPEUYUTH NPUHAIIEKHOCTH Uy MHOXecTBY M wu3 (16). IToatomy
ypaBHeHHe U + L(u) = g umeer penieHue u, st kotoporo B cuiy (15) BeimonHeHo oneHka (13).
Teopema 1 nokasana.

3ameuanue 3. OTmMeTHM, 4yTO TEOpeMy 1 MOXKHO JJoKa3aTh Ipu OoJiee OOIIKX MPEIIOI0KEHUSAX,
yem ycnoBus Y1 u Y2. CkazaHHOe cieayeT U3 J0OKas3aTelabCcTBa TeopeMbl. llpuBeneHHas Hamu
oopmienus TeopemMsl 1 1 HaC yAOOHBI.
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O CUCTEME KOPHEBBIX BEKTOPOB BOSMYIEHHOI'O PET'YJISAPHOI'O
JNOPEPEHIIUAJIBHOI'O OITIEPATOPA BTOPOI'O ITOPAAKA HE OBJIAJAIOIIEI'O
CBOMCTBOM BA3UCHOCTH

M.A. Cagpi6exos?, H.C. Iman6aes’?

'NucturyT MaTeMaTHKK 1 MaTEMaTHYECKOTO MOZIeIMpoBanus, Anmarsl, Kasaxcran;
2[Oxn0-Ka3axcTaHCKuii rocy1apCTBEHHBIN MeJaroruueckuii yHHBEPCHTET,
IIemkenT, Kazaxcran

AnHoTanmsi: B craTbe paccMaTpuBaeTcs CIEKTpaibHas 3ajadya Juisl orepaTopa KpaTHOro auddepeHunpoBaHus
IIPU UHTErPalbHOM BO3MYIIECHMU KPAaeBbIX YCIOBUN OJHOIO THIIA, SBISIOMIUXCS PETYISPHBIMU, HO HE YCHJIIEHHO

peryJisspHBIMU. SIApOM  HWHTErpajbHOTO BO3MYLIEHHS SIBISETCS  (DYHKLUS p(X)E LZ(O,].). Oco0EeHHOCTBIO

paCCManHBaeMOﬁ 3aa4n  ABJIACTCA OTCYTCTBHUC CBOIicTBa 0a3MCHOCTHU Y CHUCTEMBbL COOCTBEHHBIX (byHKIII/Iﬁ
HeB03MyIlIeHHOI71 3aJa4yu. HOCTpOeH XapaKTepI/ICTI/I'-IeCKI/Iﬁ OIMpPCACIUTECIIb CHeKTpaJ'ILHOfI 3aJa4dyu. ﬂOKa?:aHO, 4qTo

MHOXXECTBO (YHKIMI p(X), JUISL KOTOPBIX CHCTeMa COOCTBEHHBIX (pyHKIMIT Bo3MylieHHO# 3anaun (1),(4) He oOpasyer

Oe3yciioBHOTO 0asuca B L2 (0,1), SIBJISIETCS IUIOTHBIM B L2 (0,1). IloxazaHo, 4TO CONpPSKEHHBIA ONEPATOP MMEET

AQHAJIOTHYHYIO CTPYKTYDY.
KaroueBble ciaoBa: [luddepeHnnanbHbI OnepaTop BTOPOTO IMOPSIKA, MHTETPATbHOE BO3MYIICHHE KPaeBBIX

ycnoBuif, Oa3MCHOCTb, KOPHEBBIE BEKTOPHI, CHCTEMa COOCTBEHHBIX (YHKIWH, COOCTBEHHOE 3HAYEHHE,

XapaKTePUCTUYECKUH ONpEeeINTENb, HArpy>KeHHbIH quddhepeHnnansHbIA onepaTop, CONPSHKEHHBIN OmepaTop.

1. BBeieHne U MOCTAHOBKA 32/1a4H.

Xopomio  W3BECTHO, 4YTO  ONEparop, 3aJaHHbBId  (GOpPManIbHO  CAMOCOMPSKECHHBIM
¢ hepeHIIMATBEHBIM BRIPAXKESHUEM, C IIPOU3BOJIBHBIME CaMOCOTIPSKEHHBIMH KPACBBIMU YCIIOBUSIMH,
o0namaeT MAUCKPETHBIM CIEKTPOM, U CHCTeMa €ero COOCTBEHHbIX (QYHKIHMH oOpaszyer
OPTOHOPMHPOBAHHBINA 0a3uc mpocTpancTBa L,. Bompoc o coxpaHeHWHM CBOWCTB 0a3MCHOCTH IPU
HEKOTOpOM (c1aboM B OIPEEIICHHOM CMBICIIE) BO3MYIIIEHUH MCXOJHOTO ONEpaTopa MCCIeI0Bajcs
BO MHOTUX pabotax. Jlis ciayyas caMOCOIPS>KEHHOT'O UCXOJHOTO OllepaTopa aHaJIOTHYHBINA BOIIPOC

uccnenosancsa B [1-3], a ana HecaMoCOMpsKEHHOTO — B paboTax [4-6]. B Hacrosei cratbe

paccMaTpuBaeTCs CIIeKTpajibHas 3a1aua, OJM3Kasi K uccieaoBanusm [7-11]:
l(u)=-u"(x)=Au(x), 0<x<1 1)
U,(u)=u'(0)+u'(l)-au)=0, a>0, )
U,(u)=u(0)=0, 3)

rae « > 0 - MPOU3BOIIBHOE TOJIOKUTEIBHOE YUCIIO.

OO1en3BecTHBIM (HAaKTOM SIBJISIETCSI, YTO CHUCTEMa KOPHEBBIX (GYHKIMHA OOBIKHOBEHHOTO
¢ depeHInaIbHOro orepaTopa ¢ MPOU3BOJIBHBIMU YCUIIEHHO PETYJISPHBIMU KPAE€BBIMU YCIIOBUSMU
obpasyer 6azuc Pucca B mpoctpanctBe L, (0,1). B ciydae, korma KpaeBble YCIOBUS SIBIISIOTCSI

PEryJIsipHBIMU, HO HE YCHJIEHHO PeryJIsipHBIMH, CBOMCTBO 0a3MCHOCTH CUCTEM KOPHEBBIX (DYHKIIHIH,
B OTJIMYUE OT CBOMCTBA TOJHOTHI, HE ONPEIENSETCS Jake KOHKPETHBIM BHJIOM KPAeBBIX yCIIOBHU.
Brepsoie 3toT 3ddekr Obu1 3ameuen B.A. WnbunbiM [5], U cOOTBEeTCTBYIOUIMI mpuMep ObLI
nocTpoeH s auddepeHnnansHOro oneparopa BTOpOro mopsiaka oomero Bujaa. Kak mokaszaHo, B
3TOM cilydae Ha HaJlM4uKe CBOMCTBA 6a3MCHOCTH MOMUMO KPAeBBIX YCIOBUHN BIUSIOT TAaKXKe 3HAUECHUS
KodpunrenToB auddepeHnraIbHOrO oneparopa. [IpuuemM 3TO CBOWCTBO MOXKET MEHSTHCS TPU
CKOJIb YTOJTHO MaJIOM M3MEHEHHH 3HaueHHH KOA((HUIMEHTOB B METPUKE TeX KJIAcCOB, B KOTOPBIX
3aJlaHbl 3TH KO3 PUIIMEHTHI.

[Tycts L, —omeparop B L,(0,1), 3aganusiii BeipaxkenueM (1) u "Bo3MyIIeHHBIMU" KPaeBBIMH

YCJIOBUSAMHU:

U,(u)=u'(0)+u'())-cu()=0, >0, (4)
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U,(u)=ul0)- | pRu(x,  p(x)e L,(01)

Yepes L, o00603HauMM HEBO3MYLIEHHBIA omeparop (cmydaii p(x) =0), TO ecTb
cooTBeTCTBYMOMMi K 3amaue (1)-(3).

B pabore [12] wuccrnemoBaHbl BOIPOCHI YCTOHMYMBOCTH OA3UCHOCTH KOPHEBBIX BEKTOPOB
CHEeKTPaJbHOM 3a/1a4uM, Korjaa « =0 .

B mamux npenpiaymux padorax [13-15] paccMoTpeHbl pa3iMuHbIe BapHAHTHl HHTETPATLHOTO
BO3MYIIICHUS KpaeBbIX yCIOBUH. B 3TuX paboTax, B TPEANONOKEHUU, YTO HEBO3MYIIECHHBIH
omeparop L, oOmamaer cuctemMoil COOCTBEHHBIX U mpHUcoeAuHeHHBIX QyHKuui (Culld),

oOpasyromeir 6asuc Pucca B L2(0,1), Mbl TOCTPOMJIM XapaKTEPUCTUYECKUIN ONpEIesInTeNb

CIIEKTPaIbHOM 3a1aun st oreparopa L, . Ha ocHoBaHuH mOydeHHO# (HOPMYJIBI JeTAI0TCS BHIBOIBI

00 yCTOWYHMBOCTH JIMOO HEYCTOMYMBOCTH CBOMCTB OaszucHoctd Pucca Cull® 3amaum npu
WHTETPAJIbHOM BO3MYILIEHUU KPAaeBOr'0 YCIOBHUS.
[TpuHIMIHATBHBIM OTJIMYMEM HACTOSIICH pabOTHI SIBISIETCS TO, YTO Y HEBO3MYILIEHHO 3a71aun

(1)-(3) cucrema coGCTBEHHBIX (DYHKIIMI MTOJIHA, HO HE 0Opasyer Gaszuca B L, (0,1) [16].
[T03TOMY HCIIOJIB3yEMBIN HAMH METOJI M3 IPEABIAYIIHAX paOOT B JAHHOM CIIy4ae HE MOXKET OBITH
npuMeHuM. B Hame# pabore [11] Obulo MccnenoBaHO «BO3MyILEHHE» omnepatopa L,, koraa

BO3MYILAJIIOCH TIEPBOE KPACBOE YCIOBUE Ul(u).

2. llocTpoeHue BcoMoraTeIbHOro 6asuca.
KpaeBsie ycinoBust B HeBo3MyIIeHHOH 3a1aue (1)-(3) sSBIstoTCS peryaspHbIMUA, HO HEYCUIICHHO
perynspabivu [17]. Cuctema kopHeBBIX (PyHKIMI oneparopa L, siBisieTcs OJHONW CUCTEMOM, HO He

obpasyernaxe 00braHOr0 6asuca B L,(0,1) [16].

Opnaxko, kak moka3aHo B [18] Ha ocHOBE 3TUX COOCTBEHHBIX (PYHKIMI MOXET OBITh MOCTPOCH
0a3wc, MO3BOJISIONINIA PUMEHNUTH METOJI PAa3/IeICHHUS IEPEMEHHBIX IS PEIICHUS HAYalIbHO-KPaeBOU
3aJ]auy C KpaeBbIM YCIOBUEM (2).

[Ipencrasisis obmiee pemenue ypaHenus (1) mo popmyme

u(x,2) = €, cos(Vax) + €, sin(vx),
U YIOBJETBOPSS €ro KpaeBbIM YCIOBUSM (4), MONy4YaeM JIMHEHHYIO CHUCTEMY OTHOCHTEIIBHO
ko3 duuuentoB C, :

Cy (—(\/Isin(\/z) +a cos(ﬂ))) + Cz(ﬁ(l + cos(\/z)) - asin(\/Z)) =0,

C; (1 - folp(x) cos(Vax) dx) -G, folp(x) sin(vAx) dx = 0.
(5)
[ToaTomy xapakTepucTHuecKuil onpeaenuTens 3anauu (1), (4) umeer Buj

4,(1) = (\/Isin(\/z) +a cos(ﬁ)) . flmsin(\ﬁx) dx —
—(VA(1 + cos(V2)) — asin(V2)) (1 — J, p() cos(Vax) dx) (6)

ITpu p(x) = 0, oTcioga MOAyYaeTCs XapaKTEPUCTHUYCCKHUN ONMpPEIeTUTElb HEBO3MYIIEHHOMN
3agaun (1) — (3), ero 0603HaunM yepes

Ao =« sin(\/I) — \/7(1 + cos(ﬁ)).

Ao(1) = 2cos (ﬁ) [a sin (\/2—7) —+cos (\/2—7)] =0,

Pemas ypaBHeHue

2.
HUMEEM JIBE CeprU COOCTBEHHBIX 3HAUCHHI HEeBO3MYIIEHHOH 3amaun (1) — (3):
AV =(z+24k), k=012,..,
A =28, k=012,..
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3nech f, - KOpHH ypaBHEHHS
o
cotp=—, 0. 7
peas B> U

OHU ABJISAIOTCS TOJOKUTESIBHBIMY H YIOBJICTBOPSIOT HEPABEHCTBAM
VA
E-{-Tl’k <P <m+mnk, k=01.2,...

Tl.'
st pasHoctu 6 = Sy — (E + Tl'k) IPU TOCTaTOYHO OOJIBIINX K BBIMOJIHSIETCS ACUMIITOTHKA

1
5 =0(%) (8)
CoOctBeHHbIe GyHKIUI HeBO3MYIIEHHOM 3a1aun (1) — (3) umeroT Bu
u(x)=sin(z +27k)x, k=0212,...,

u® =sin(28.x), k=012,..
CoOctBeHHble (DYHKIHMHM CONMPsDKEHHONM K HeBo3mylinénuoi 3amaud (1) — (3) (to ecth mpwu
p(x)=0):
I+ (u)=—v"(x)=av(x), v'(Q)+av(0)=0, v(0)+v(1)=0, 9)
HUMCIOT BH/T
v(l)(x) =c (cos(n + 2mk) x — sin(m + 2mk) x) k=012
k - k T+21k ) - YLy ey
v,EZ)(x) = C,EZ) (cos(Z[)’kx) — %sin(Zka)), k=012,...
k
Buibepem CY, C\? u3 cooTHOmIEHMIT GHOPTOrOHATEHOCTH
L @Y _ (@ (@) _
(uk Vg ) =1, (uk Vg ) = 1.

OTCI’OI[a JICTKO BUACTH, UYTO
2(m+2mk)

(=2 o0t ()= 44w +0 (D). @
[TosTomy

, (1) @l _ |1 a \? _ .. miemk
] ] - e | e ) - e

TO €CTb, HC BBIIIOJIHACTCA YCJ'IOBI/IC paBHOMepHOﬁ MHUHHUMAJIBbHOCTHU
lim|lugl| [[vell < oo,
k—o0

a

KOTOPOE SBIISETCS HEOOXOAUMBIM YCIIOBUEM 0€3yCIIOBHON 0a3MCHOCTH CUCTEMBI.
CnenoBarensHo, B cuiy (11), cuctema coOCTBEHHBIX (QyHKIHIA {u&l)(x),uﬁz)(x)} He obpasyer
6e3ycinoBHOro 6asuca B L, (0,1). Bocnons3yemes uzeeit pabotsl [18], B KOTOpoii mpeiokeH METox

MIOCTPOEHHUS 6a3nca U3 CUCTEMbI COOCTBEHHBIX (DYHKIIMH 3a/1a4M, MOJ00HOM HCCIeayeMOi HaMu.
PaccMoTpuM BCIOMOTaTeNbHYI0 CUCTEMY

u, (x)=u®(x), k=012,...,
Upr = (ulgz)(x)_ uﬁl)(x))' (25k )_11 k=12,..
bropToronanbHOM CHCTEMOM K HEH SIBIISIETCS CUCTEMA
Vo ()= v (x)+v¥(x), k=012,...,
Vo =26V (x), k=12,....
MOCTPOEHHAsA U3 COOCTBEHHBIX PyHKIMH 3anaun (9).
[Tokaxkem, 4TO cucrema {uk(x)}, a CJIEJ0BATEIbHO U CHUCTEMA {Vk (X)} oOpazytot 6a3uc Pucca B
L, (0,1). Xopolo M3BECTHO, CHCTeMa, KBaJpaTHuHO Onm3kas k Oasucy Pucca, Taike sBisercs
6a3ucom Pucca. B kauecTBe M3BECTHOM CUCTEMBI BEIOEPEM CIIEAYIONIYIO
@, (X)=sin(z +27k), @, _,(x)=xcos(z +27k)x, k=012,..
Ot QYHKIHUU SIBISIFOTCS COOCTBEHHBIMH (ngk ) u npucoemuHeHHbIME (@, ,) QyHKIMAMH

3aJa4u THIIa CaMapCKOFO-I/IOHKI/IHa
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—¢"(x)=2p(x), 0<x<1,

9(0)=0, ¢'(0)+¢'1)=0.

Kak mokazano B [16], cucremMa COOCTBEHHBIX M MPUCOCIWHEHHBIX (YHKIMH 3TOH 3amauu
o6pasyer Gasuc Pucca B L,(0,1). Tloxaskem, uto cucrembl GyHkumii {U, (x)}

u {(ok (x)} KBaJpaTUIHO
Onm3kue. JIelicTBUTEILHO, UMEEM

2 o~ “k||2 =2 |ns- Uzk—1||2 :
k=1 k=1

HCHOCPGI[CTBeHHBIM BBIYUCIICHUEM 1IOTTYy4YacM

Uy, (X)= % cos(z + 27K + 5, )X .

k

[TosTomy
|2y — Una|| < [ COS(7 + 27k )x — sin(,x) cos(7 + 27K + &5, )X|| <
k
<|Ixcos(7z + 27k )x — MCOS(R‘ + 27K )X + Mcos(n + 27K )X — MCOS(% +27K + 5, )X <
k k k
sin(, )
<px-=—=+ |lcos(z + 27k )x — cos(r + 27k + 5, )| < O(5, )-
k

[IpunuMas BO BHUMaHUE aCUMITOTHKY (&), OTCI0/1a MOJTy4aeM, 4To

X 21
Z||¢’k _“k||2 :CZF@O-
k=1 k=1

To ectp, cuctemsr bynxmmii {U,(X)} u {p (x)} — xBampatmuno Gimskue. Takum obGpasom
J0Ka3aHa.

Jlemma. BeromoratensHas cucrema {U, (X)), a crenosarensro u cuctema {V, (X)} o6pasyror
6asuc PuccaB L, (0,1).

3. XapaxkTepHCTHYeCKHUIi onpeaeuTe/]b ClieKTpaabHo# 3agauu (1),(4)
DYHKINIO p(x) eL, (0,1) MpeACTaBUM B BUJIE psiia DPypbe MO BCIIOMOTaTeIbHON CUCTEME {vk (x)}

X): iakvk (X) (12)
k=0

Brruncnum uHTETpansl BXoasmuue B (6):

jmsin(ﬂx)dx = \/Z(l+ cos(\/z)— asin \/Z)

o CIEZ) Cél) - | i
{éak '[i—(Zﬁk)z +z—(ﬁ+zﬂk)2]+§“k 20, l_(zﬂk)z}
j@cos(ﬁx)dx = a-(l—cos(\/z)—\/zsin \/Z)

© C;EZ) Cél) © 25 Ciz)
. . + + . —_— .
D Y e AP Iy

Hcnonp3ys mosrydeHHoe, onpeneauTens (6) MpUBOIUTCS K BUIY:

1(/”L)( sm( )+a-cosﬁ)-(ﬁ(l+cosﬁ)—asin\/Z)-

247



w C(Z) Clgl) C(2) ]
{Z ( AT +i—(n+2ﬂk)2J+;ak 2 enT |

- (\/Z(1+ cos(\/Z»— o -sin \/Z) (1— (a(l— cos ﬁ))— JAsin \/Z)

P -~ 2 N
. . + + . —_—
2y ey S &P T GRY

HecnoxxHpIMH ~ yIpOLIEHUAMM IIOJIy4acM, 4YTO XAPAKTEPUCTUYECKHUM OIPEIEIUTENb Al(/l)

cnekTpanabHo# 3anaun (1), (4) npeacTaBiIseTcs B BUJIE
c® co

C(Z)
A, (2)=Aq( {1—&-0{ (Zak { (Zﬂk) t— (ﬂ+2ﬂk)2)+2ak -25, - —ﬂ—(zﬂk)zﬂ’(m)
rae A,(1)=asin \/Z—«/z(l+cosﬁ).

BrlpaskeHue B KBapaTHBIX CKOOKaxX 0003HAYUM uepe3 A(/i).

Cdhopmynupyem MosryyeHHbIH pe3yabTaT B BUIE TEOPEMBI.
Teopema 1. XapakTepuCTUUECKHI OINpeNeNuTeNb ChekTpanbHor 3amaun  (1),(4) ¢
BO3MYIIIEHHBIMH KPaeBbIMU YCIOBUSIMHU NpeacTaBuM B Buze (13), rae Ao(l) -XapaKTepUCTUYECKUN

OTIpeIeNIUTENIb HEBO3MYIIIEHHOH 3a/auu, a ¢, - Kodpduuuentsl Dypre paznoxenus (12) pyHkmmun
p(X) mo GuoproronamsHoii cucteme{V, (X)}, cocraBmeHHOM M3 COGCTBEHHBIX (yHKIIHIA
conpspbkeHHOM 3a1auu (9).

DOynkuus A(l) nmpu A =(7+27k) u A =(2f, ) uMeeT noiroca NEPBOTO MOPsIKA, a GyHKIIHS
Ay (A) MMeeT HyImH MepBOro MOpAAKA B TeX xke Toukax. Ilostomy dymkmms A,(1)=A,(1)-A(1) -

SBJIAETCS LEJION aHATMTUYECKON (QyHKIMEH IepeMEeHHON A .
Cayyaii mpocToil popmMbl XapakTepucTiuueckoro onpeaenaurens (13) momyyaem B cirydae, Korjaa
p(X) npejcTaBisieTcs B BUae KoHeuHoi cymMMbl B (12). To ecTb, Korja cymecTByeT Takoil Homep N

,dro o, =0 nms Bcex k > N .B atom ciydae GpyHkuus A(/i) PUHUMAET BUJ

c? c < c?
A(4) {1+a (Zak [ “CAY 1 (er 2ﬂk)2]+;ak - 26, Wﬂ , (14)

U3 dopmynsr (14) 3ameTnM, 4To Al(ﬂ}j)): Al(ﬂf)): 0, mus Beex k > N . CrenoBarensHo, BCe

COOCTBEHHBIC 3HAUCHUS /L((l),ﬂff), k>N nHeBo3myménnoi 3amaun (1)-(3), (To ecTh 3amauu mpu
p(X)zO) SBIISIIOTCSL COOCTBEHHBIMU 3HAaYeHMAMHU Bo3MylEHHON 3amaun (1),(4). KparHocts
co6ersennpix 3Hauennii AV, A% k > N coxpansercs. M3 ycioBus GHOPTOrOHAIBHOCTH CHCTEMbI

coberBennbIx Gynxumit {U, (X)j u v, (x)} cremyer

1
J'pixuk(x)dx:o, k>N.
0

Takxum 00pa3om, COOCTBEHHBIE (PYHKITHH {u&l), uﬁz)}, k > N HeBo3mymiéHHoM 3a1auu (1)-(3) (To

ecThb 3aJlaud IpH p(X)zO), yIIOBJIETBOPSIIOT KPAeBBIM YCIOBUSAM Bo3MymEHHOW 3amaun (1),(4).
Wrak, cucremMa coOCTBEHHBIX (PYyHKIMH Bo3MymI€HHOM 3amauu (1),(4) m cucrema cOOCTBEHHBIX
GYHKIIUH HEBO3MYMEHHOW TIPH (p(X)zO) 3agaun (1)-(3) coBmamaroT, KOTOPOE HE 00pPa3yIOIINX
6a3uc, 3a UCKIIIOYEHHEM KOHEYHOTO YHUCIIA MEPBBIX YICHOB.

Otcrona cneayer, 4To cucreMa coOCTBEHHBIX (DyHKLUH BO3MYIIEHHOM 3aaaun (1),(4) Taxke He
sSIBJIsIeTCSl 0a3ucoM B L2(0,1) B 3TOM YAaCTHOM ciydae. Tak Kak MHOXECTBO (yHKIMH p(X),
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OPENCTABISICMbIX B BHUIE KOHEeuHOW cymwmbl (12) miotHo B L, (0,1), TO IOJYy4YaeM CIEAYIOLINN
pe3yJbTar.

Teopema 2. Muoowcecmso pyuxyuti p(X), 0Jis1 KOMOP®IX cucmema COOCMEEHHbIX (DYHKYULl
3a0auu (1),(4) ne obpasyem 6ezycnoenozo 6asuca ¢ L, (0,1), aensiemcst niomuoim 6 L, (0,1).

OnHoil M3 OCOOCHHOCTH paccMaTpUBAEMOW BO3MYIIEHHOW CHEKTPaJIbHOM 3aJadyd TO, YTO
conpsokéHHOM K (1), (4), ABIsieTcs CieKTpaibHas 3aqada JUIsi HarpyKeHHOro AudQepeHnaibHoro
ypaBHEHUS

Lv=—"-p(xV(0)=Av(x), 0<x<1 (15)
C KpaeBbIMU yCJIOBUAMH (9) Tpu o > 0.
Cunras V'(O) -HEKOTOPOH HE3aBUCHMOM KOHCTaHTOM, yOeaumcs, 4YTo oOliee perieHue
ypaBHeHus (15) npeacraBumo B Buze

v(x)=C, cos(\/ix)+ C,sin (\/j x)+ v'(O)JX' p(&)sin (\/j (x— 4‘))d§ (16)

Orcrona, monaras cHayaia x =0, a 3ateM yznosinetBopss (16) kpaeBbiM ycioBusiM (9),
MOJIy4aeM CHUCTEMY M3 TpeX ypaBHEHHUH, KOTOpas B BEKTOPHO-MATPUYHON (popme mpeacTaBuma B
BHJIC:

0 1 . -1 C, 0
a—\Asinya acosVa \/EJ.P(g)cos(\/j(l—f))df C, |=|0]. (17)
0 vi(0)| |0

1+ cosva sinv2 jP(f)sin(ﬁ(l—f)}jf

[Tocne cTangapTHOTO BBHIYMCIICHUS MOTY4YaeM, YTO XapaKTEPUCTUUECKUN ONPEACIIUTEINb A1<ﬂ,)

CHEKTPAJIbHOM 3aja4uM A HarpyxeHHoro auddepenunansHoro ypaBHeHus (15) ¢ KpaeBbIMH
ycnosusimu (9) mpencrasisercs B Buze (6), kotopoe peayuupyercs K Bumy (13), To oTcrona ciemyer

CrnenctBue 1. XapakTepuCTUUYECKHH OIIpeIeINTeNb Harpy>KeHHOM ClieKTpanbHo 3agaun (15), ¢
KpaeBbIMHU ycnoBusAMu (9) npeacrasum B Buje (13), rae A, Z)-XapaKTepHCTquCKHﬁ OIIpPE/IETIUTEID

HEBO3MYIIIEHHOW 3amauM, a a,—kodpdunuentsl Dypre paznoxenus (12) ¢yHkuu p(X) o
GuoproronansHoit cucreme {V, (X)}, cocraBmeHHOi M3 COGCTBEHHBIX (YHKIME COMPSKEHHOI
HEBO3MYIIIEHHOH 3a1a4u (9).

OTMeTHM, 4TO COTPSUKEHHON OmepaTop L, MMeeT aHAJIOTHYHYIO CTPYKTYPY B 9TOM 4acTHOM
cllyyae, TO eCTh ccTeMa COOCTBEHHBIX (PYHKIUI conpskeHHOH 3aauu (15) ¢ KpaeBbIMM YCIOBUSMU
(9) Taxke He siBsiercst 6azucom B L, (0,1).

M3 3T0r0 9acTHOTO Ciiy4ast HECJI0KHO 000CHOBATh CIEAYIOIIee

CnenctBue 2. MHOXeCTBO (QYHKIMI p(X), JUI KOTOPBIX CHUCTeMa COOCTBEHHBIX (DYHKIIHM

3amaun (15), (9) nns Harpy:keHHoro auddepeHInaIbHOTO ypaBHEeHus B mpoctpancTee L, (0,1) HE

obOpasyer 6e3yciioBHOTO Oaswca, IBISETCS IUIOTHBIM B L, (0,1).

Wtak, mpuxoAuM K BBIBOJY, YTO COMNpPSDKEHHBIE ONEpaTOpbl OJHOBPEMEHHO He o00JanaeT
CBOMCTBOM 0a3MCHOCTH.

bazucHble CBOWCTBAa KOPHEBBIX BEKTOp — (YHKUMH HarpyKeHHBIX TU(epeHIInaTIbHbIX
omeparopoB wucciaenoBanuck B padorax M.C.Jlomoma [19], [20], rome Ha ciyuyail Harpy»XeHHBIX
Qg QepeHIHaTbHBIX OMEPaTOPOB PACIIPOCTPAHEH METOJ CHEKTPAIbHBIX paznoxkeHuid B.A.Mnbuna
[21]. Unmen B.A.lnpmHa Ha ciaydaili HECAMOCOIPSHKEHHOTO BO3MYIICHHSI CaMOCOIPSIKEHHOMN
NEepUoIMYecKoil 3a1aun pa3BuBaiuch B padore A.C.Makuna [1] u aHTUIIEpHOANYECKOH 3a7auul B
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HAIlIUX MCCIEAOBAaHUSX [22], KOTOpOE ONEpaTop U3MEHSJICSA 3a CUET MHTETPaIbHOIO BO3MYIICHUS
OJIHOTO U3 KPAeBbIX YCIOBUM.
Pa6ota Beimoanena npu ¢punancooit noanepxkke KH MOH PK (rpant Noe AP09260752).
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