
Ministry of Education and Science of Ukraine 

Odessa National Academy 
of Food Technologies 

International Competition of Student Scientific Works 

BLACK SEA SCIENCE 2020 

Information Technology, Automation and Robotics 

Proceedings 

Odessa, ONAFT 2020 

ernnnnnnaaatioooonnnnnnnaaaaalllll Cooooommmmp



Black Sea Science 2020 - Information Technology, Automation and Robotics 

2

UDC 004.01/08 

Editorial board: 

Prof. B. Iegorov, D.Sc., Rector of the Odessa National Academy of Food 
Technologies, Editor-in-chief 
Prof. M. Mardar, D.Sc., Vice-Rector for Scientific and Pedagogical Work and 
International Relations, Editor-in-chief 
Dr. S. Kotlyk, Ph.D., Assoc. Prof., Director of the P.M. Platonov Educational-
Scientific Institute of Computer Systems and Technologies “Industry 4.0”,
Editor-in-chief 
O. Sokolova – Senior Lecturer of the Department of Advanced and Applied 
Mathematics, ONAFT, Technical Editor 

Black Sea Science 2020: Proceedings of the International Competition of 
Student Scientific Works. Information Technology, Automation and Robotics. 
/ Odessa National Academy of Food Technologies; B.Yegorov, M. Mardar, 
S.Kotlyk  (editors-in-chief.) [et al.]. – Odessa: ONAFT, 2020. – 365 p.

These materials of International Competition of Student Scientific Works «Black 
Sea Science 2020» contain the works of the contest participants in the section
«Information technologies, automation and robotics» (not winners). 

The author of the work is responsible for the accuracy of the information. 

Odessa National Academy of Food Technologies, 2020. 

gie

of AAAAddddddvvvvvvaaaaannnnnced a

020: PPrrrrrroooooooceedinnnnnnngggggggs ooffff the
s. Informmmmmaaaaaaatttttttiiiiiiiooooooon TTTTTTTeeeeeeecchno

cadeeeemmmmmmyyyy of Foooddddddd TTTTTTTech
in-chhhhhhiiiiiieeeeeeeffff.)))) [[[[[[[eeeeeeetttttt aaaaaalllllll.]. – Od–

mmmaaaaatttteeeeeerrrrrials offffff Int
202222200000»»»»»» cont

ologi



Black Sea Science 2020 - Information Technology, Automation and Robotics 

3

Organizing committee: 

Prof. Bogdan Iegorov, D.Sc., Rector of Odessa National Academy of 
Food Technologies, Head of the Committee 

Prof. Maryna Mardar, D.Sc., Vice-Rector for Scientific and 
Pedagogical Work and International Relations of Odessa National Academy of 
Food Technologies, Deputy Head of the Committee 

Prof. Stefan Dragoev, D.Sc., Vice-Rector for Scientific Work and 
Business Partnerships of University of Food Technologies (Bulgaria) 

Prof. Baurzhan Nurakhmetov, D.Sc., First Vice-Rector of Almaty 
Technological University (Kazakhstan) 

Prof. Mircea Bernic, Dr. habil., Vice-Rector for Scientific Work of 
Technical University of Moldova (Moldova) 

Prof. Jacek Wrobel, Dr. habil., Rector of West Pomeranian University 
of Technology (Poland) 

Prof. Michael Zinigrad, D.Sc., Rector of Ariel University (Israel) 
Dr. Mei Lehe, Ph.D., Vice-President of Ningbo Institute of Technology, 

Zhejiang University (China) 
Prof. Plamen Kangalov, Ph.D., Vice-Rector for Academic Affairs of 

“Angel Kanchev” University of Ruse (Bulgaria) 
Dr. Alexander Sychev, Ph.D., Assoc. Professor of Sukhoi State 

Technical University of Gomel (Belarus) 
Dr. Hanna Lilishentseva, Ph.D., Assoc. Professor, Head of the 

Department of Merchandise of Foodstuff of Belarus State Economic University 
(Belarus) 

Prof. Heinz Leuenberger, Ph.D., Professor of the Institute of 
Ecopreneurship of University of Applied Sciences and Arts (Switzerland) 

Prof. Edward Pospiech, Dr. habil., Professor of the Institute of Meat 
Technology of Poznan University of Life Sciences (Poland) 

Prof. Lali Elanidze, Ph.D., Professor of the Faculty of Agrarian Sciences 
of Iakob Gogebashvili Telavi State University (Georgia) 

Dr. V. Kozhevnikova, Ph.D., Senior Lecturer of the Department of Hotel 
and Catering Business of Odessa National Academy of Food Technologies, 
Secretary of the Committee 

s (Buuuuullllllg
Viceeee-RRRRRRector

ector fffffffooooooor Sciennnntttttiiiiiifffic W

tor oooooofffffff WWWWWWest PPPPPPPooooooomerani

Rectooooorrrrr ooooof AAAAAAArrrriiiiiiieeeel Unive
Presiiiiiddddddeeent ooooooffffff NNNNNiiiiinnnnnnngggggggbbbbbbbo In

ov, PPPPPPPhhhhhhh.DD., VVVVVVViiiicccceeeee---RRRRecto
ity of RRRRRRRuuuuuuuse (Buuuuuuullgggggggaria)

Syyccccchhev, PPPPPPhhhhhhh.DDDDDDD.,,,,,,, AAAAAss
y of GGGGGGooooomeelll (((((((Belarus) 

a LLLLiiiiiillllliiiiissssshhhhhheeeeennnnnnttttttssssseevvvvvvvaaaaaaa, Ph D
Meerrrrcccchhhhhhhaandiiissssseeeee ooooofffff FFFFFFooods

of. Heiiiiinnnnnzzzzz  Leuuuueeeeeennber
eurrrrrssssshhhhhiiipppppp ooooooffffff UUUUUnnnnniiiiversit

EEEEEdddddwwwwwward PPPPPos
f PPPPPooooozzzzzznan

Ela



Black Sea Science 2020 - Information Technology, Automation and Robotics 

4

The jury for the section «Information technologies, automation and 
robotics»

Head of the jury: 
Serhiy Kotlyk – Ph.D., Associate Professor, Director of the P.M. Platonov 

Educational-Scientific Institute of Computer Systems and Technologies “Industry 4.0” of 
Odessa National Academy of Food Technologies 

Members of the jury: 
Francisco Augusto – Dr., International Relations Manager of Higher Institute of 

Information and Communication Technologies (Angola)  
Andrey Kuprijanov – Ph.D., Associate Professor of the Department of Software 

for Computers and Automated Systems of Belarusian National Technical University 
(Belarus)  

Simon Milbert – Vice-President of Xtra Information Management, Inc. (USA)  
Ivan Palov – D.Sc., Professor of University of Ruse “Angel Kanchev” (Bulgaria) 
Gerard H. Degla – Communications and Training Manager of “MAPCOM 

solutions informatiques” company group (Benin) 
Viktor Khobin – D.Sc., Professor, Head of the Department of Technological 

Processes Automation and Robotic Systems of Odessa National Academy of Food 
Technologies  

Valerii Levinskyi – Ph.D., Associate Professor of the Department of Technological 
Processes Automation and Robotic Systems of Odessa National Academy of Food 
Technologies  

Viktor Yehorov – Ph.D., Supervisor of the Laboratory of Mechatronics and 
Robotics of Odessa National Academy of Food Technologies  

Valeriy Plotnikov – D.Sc., Professor, Head of the Department of Information 
Technology and Cybersecurity of Odessa National Academy of Food Technologies  

Pavlo Lomovtsev – Ph.D., Associate Professor of the Department of Information 
Technology and Cybersecurity of Odessa National Academy of Food Technologies  

Yurii Kornienko – Ph.D., Associate Professor of the Department of Information 
Technology and Cybersecurity of Odessa National Academy of Food Technologies  

Sergii Artemenko – D.Sc., Professor, Head of the Department of Computer 
Engineering of Odessa National Academy of Food Technologies  

Serhii Shestopalov – Ph.D., Associate Professor of the Department of Computer 
Engineering of Odessa National Academy of Food Technologies 

Secretary of the jury: 
Oksana Sokolova – Senior Lecturer of the Department of Advanced and Applied 

Mathematics of Odessa National Academy of Food Technologies 

e Deeeeppppppaaaaarrrrrttm
ationnnnaaaallllll TTTTTeeeeeccchnic

tion Mannnnnnnaaaaaaagement, IIIInnnnnnc. (U
f Ruseee ““““““AAAAAAAnnnnnnngggggggeeelllllll KKKKKKKaaaaaaannnnnnnccccccchhhhev” (

and TTTTTTTrrrrrrraaaaining MMMMMMManager 
n) 

, Heaaaaaadddddd of ttttttthhhhhhheeeeee DDDDepppppppaaaaartme
ystems offff OOOOOOdddddesssssssssssssaaaaaaa Natio

Assoccccccciiiiiiiaaaaaaattttttteeeeeee PPPPPPPrroooofffffeeessssor off the
botic SSSSSSSystemmmmmmsssssss offff OOOOOOdess

Ph..D., Supppppeeeeeeerrrrrrrvvvvvvviiiiiiisssssssooooooorrrrrrr of th
onalll AAAAAAcccccademy of FFood T

ikov – D..SSSSSSSccccccc., PPPPPPProfessor–
yberrrrsssseeeeeecccccuuriiiiitttttyyyyy oooooooff OOdddddddeeeeeeesssssa N

omovvvvtttttssssseeeeeeevvvvv – Ph.DDDDD., AAAAssoc–
and CCCCCCyyyyybbbbbbberseccccuuuurrrriiiitty of Ode

rii Korniiiiieeeeeeennnnnkkkkko – PPPPhhhhhh.D., A–
y aaaaannnnnddddd CCCCCCyyyyyybbbberrrrrssssseeeeecccccurity o

AAAAArrrrrtttttteeeeemenkkkkko –
Odddddeeeeesssssssssssa Nat

topal



Black Sea Science 2020 - Information Technology, Automation and Robotics 

6

AUTOMATIC CONTROL SYSTEM FOR TWO-MASS POSITION ELECTRIC 
DRIVE
Author: Mykola Olieinikov
Supervisors: Volodymyr Osadchy, Olena Nazarova

135

3D-MODELING OF THE INTERIOR OF THE ROOMS BY CLOUD 
TECHNOLOGIES
Author: Olena Tsybulnyk
Supervisor: Svitlana Berezenska

148

RESEARCH AND IMPROVEMENT OF 3D PRINTING WITH ABS PLASTIC 
USING FDM TECHNOLOGY
Author: Daniil Kotlyk
Supervisor: Iryna Muntian

160

ANALYSIS OF RELEVANCE OF DEVELOPMENT OF INFORMATION 
RESOURCE OF WORKFLOW PLANNING FOR BUSINESS 
ADMINISTRATORS
Author: Dmytro Balaban
Supervisor: Tatiana Kostirenko

170

IMPROVEMENT OF THE METHOD OF IMPROVING THE INFORMATION 
SECURITY OF THE INFORMATION AND TELECOMMUNICATION 
SYSTEM
Author: Yana Kmetiuk
Supervisor: Volodymyr Barannyk

177

INFORMATION ENTHROPY AND FREEDOM OF CHOICE
Authors: Maksym Rohach, Mariia Boitsova, Nadiia Bondar
Supervisor: Valeriy Shvets

188

CREATION OF INFORMATION TECHNOLOGIES BY THE MULTIMEDIA 
TRAINING COMPLEX FOR TEACHING STUDENTS OF THE 5TH GRADES 
OF THE BASICS OF ALGORITHMIZATION AND PROGRAMMING
Authors: Anastasiia Khmil, Kateryna Prytkova
Supervisors: Iryna Khoroshevska, Iryna Morkvian

197

AUTONOMOUS SOIL MOISTURE MEASUREMENT SYSTEM WITH 
WIRELESS DATA TRANSMISSION
Author: Daniil Smirnov
Supervisor: Volodymyr Palahin

211

ONE SEARCH ENGINE BUILT ON A GIVEN DATABASE WITH JSON
Authors: Tchanturia Salome, Anjafaridze Besarion, Todria Ucha
Supervisor: Kereselidze Nugzar

225

THE USE OF SUPERVISED LEARNING IN ROBOTICS
Author: Sophia Serdyuk
Supervisor: Maryna Malakhova

235

THE ALGORITHM OF INFORMATION SECURITY RISK ASSESSMENT 
BASED ON FUZZY-MULTIPLE APPROACH
Author: Nataliia Romashchenko
Supervisor: Olexander Shmatko

242

H ENG

NOMOUUUUSSSSSS SSSSOILL MMMMMMMOOOOOISTU
ELEEEEESSSSSSSSSSSSS DDDDAAAAAATTTTTTTAAAAAAA TTTTTRANSM

INFOOOOORRRRRRRMMMMMMMATI
SINEEEEEESSSSSSSSSSSSSSSSSS 

MPROOOOOOOOOVVVVVVVVVIIIIIIIIINNNNNNNNNGGGGGGGGG TTTTTTTHEEEEEEEEE INFOR
AND TTTTTTTTTEELEEEEEEEEECCCCCCCCCOOOOOOMMMMMMMMMMMMMMMMMUUUUUUUUUNNNNNNNNNICA

yk
Y ANNNNNNNNNDDDDDDDDD FFFRRRRRRRRREEEEEEEEEEEEEEEEEEDDDDDDDDOOOOOMMMMMMMM OF C

, Mariiiiiiiiiiaaaaaaaaa Boitsovvvvvvvvvaaaaaaaaa, Nadii
vets

ORMMMMMAAAAAAAATTTTTTTION TEEEEECCCCCCCCCCHHHHHHHHHHNNNNNNNNNOL
PLEXXXXXXX FFFFFFFORRRRRRRRRRR TTTTTTTTTTEEEEEEEEEEEAAAAAAACHING

CS OOOOOFFFFFFF AAAAAAAAALLLLLGGGGGGGGOOOOOOORRRRRITTTTTTTTTHHHHHHHHHHMIZA
astaaasssssiiiiiiiiiiiiaaaaaaa KKKKKhmiiilllll,,, KKKKKKKaaaaaaattttteeeryn

rs: IIIrrrrryyyyyynnnnnnnna KKKKKhhhhhhooooorrrrroshevvska

Daaaannnnniiiiiiiiiiiiiiilllllll Smirnnnnnnnov
VVVVVooooollllllooooddddddymyr



Black Sea Science 2020 - Information Technology, Automation and Robotics 

235

twentieth century have described an era where the main function of man is to manage 
robots and artificial intelligence. All this is promised by Industry 4.0 today. 

 Take, for example, any factory / production that fits into the 4.0 model: 
** All operations of this factory are automated; 
** Introduced auto-monitoring system; 
** Machines / installations are fully computer driven; 
** Computers can learn, analyze situations, and make optimal, independent 

decisions for the enterprise. 
 Therefore, any business is in charge of keeping an eye on innovations in its field, 

timely implementing these innovations, developing a new model of competitiveness, and 
adapting timely to these changes. 

Modern technology makes it easy, fast, efficient, secure, tailor-made, inexpensive, 
and so on. If you used to spend a lot of time, energy, money, and now in just a few 
seconds you can send information anywhere ... And electronic signatures can be said to be 
one of the great achievements of modernity when you can handle anything without leaving 
the room, with a range of security measures with protection. 

THE USE OF SUPERVISED LEARNING IN ROBOTICS 

Author: Sophia Serdyuk 
Supervisor: Maryna Malakhova 

VN Karazin Kharkiv National University (Ukraine) 

Abstract. In this paper, there are considered definitions of the direct and inverse 
kinematics. The solution of inverse kinematics problem is shown in detail on the example 
of the kinematic scheme of the manipulator. Also, it is discovered the concept of degrees of 
freedom and coordinate system. 

The example of path-planning shows the process of moving the robot along a curved 
path, determining the angle and distance that robot needs to go to the next point of the 
path. 

Machine learning is also considered to be a unit of artificial intelligence. 
Classification and regression are found to be the main tasks of supervised learning. There 
were analyzed cases in which regression or classification are applied and were given 
examples of application of machine learning in the modern world and robotics. 

This science paper contains 15 pages and 4 figures. 
Keywords: Inverse Kinematics Problem, Manipulator, Path-Planning, Machine 

Learning, Classification, Regression. 
I. Introduction

Nowadays the need of using robots is growing more and more in various spheres of 
human life. The use of machine learning in robotics extends their application, facilitates 
human labor, and is highly efficient through the handling with the large amounts of data, 

e, taaaaiiiillllooooorrrrrr-made
moneeeyyyyyyy,, aandddd nnnnnooooow in

tronic sssssssigggggggnaturessss cccccaaaaannn be 
can hhhhhhhaaaaaaannnnnnndddddddllllllleeeeeee aaaaaaannnnnyyyyyyything with

otection. 

PERRRRVVVVVVVIIIIIIISSSSSSSEEEEDDDDDDD LLLLLLEARRRRNNNNNING

VVVVVVNNNNNNN KKKKKKKaarazi

this ppppppaaaaaappeeeeerrrrr, tttttthhhhhheree aaaaaaare co
soluuuttttiiiiooooooonnnnn of invvvvveeeeerrrrrrsssssseeeee kkkkiinem

tic sccccchhhhhhheeeeeemme oooofffff tttthhhhe maaannnipul
nd coordddddiiiiinnnnnaaaaate sysstttteeeemmmmm. 

e exxxxxaaaaammmmmplleeeeee ooooffffff pppppaaaaattth-plann
innnnniiiiinnnnngggggg the annnnnnggle a

arning



Black Sea Science 2020 - Information Technology, Automation and Robotics 

236

which is difficult enough for humans and sometimes even is impossible. All this 
contributes to further prospects in this direction.

That is why the science paper related to machine learning and robotics is now 
relevant and will gain further interest from both professionals and users. The purpose of 
my work is to study the kinematics of robots, to solve the inverse kinematics problem, to 
get acquainted with machine learning and the problems that are solved with the help of 
supervised learning and the practical application of machine learning. 

This science paper considers the kinematics of the manipulator and the basic 
concepts used in its work and machine learning, solving some problems of supervised 
learning, the use of machine learning in robotics. 

II. Analytical literature survey
In [1] there were examined the formulation and solution of direct and inverse 

kinematics problems, revealed the importance of solving the inverse kinematics problem, 
explained the presence of ambiguity in its resolution.

Thus, in [2] there were discussed such basic concepts as the coordinate system, the 
degrees of freedom. Also this article showed the process of path-planning of the robot.

Using [5] there were found out the possibilities of using robots with machine 
learning, their limitations in comparison with the human being and given the examples of 
using of supervised learning in the modern world.

With the help of [6], theoretical information on supervised learning, differences 
between regression and classification were introduced.

The studying [7] examines the work of Google's laboratory on the application of 
machine learning to robotics, the prospects for their further development and the problems 
encountered by specialists.

III. The object, subject and research methods 
The research object is a mobile robot. 
The research subject is the application of inverse problem solution of kinematics in 

robotics with using machine learning. 
This paper uses a method of theoretical research as analysis and synthesis, since we 

first consider the individual parts of the subject of study, its properties, and then combine 
these parts to a single whole.

IV. Results
IV.I Definition of direct and inverse kinematics problems 
In general robotics considers the solution of direct and inverse kinematics problems 

depending on the information about the motion of a point. Let us find out the differences 
between them by the example of the kinematic scheme of the two-link manipulator (fig. 
1).

The direct task of kinematics is to find the position of the manipulator 
according to its kinematic scheme and given orientation  its links (n – the 
number of degrees of freedom of the manipulator, A – angles of rotation). The solution of 
the direct kinematics problem determines the position of manipulator at given angles of its 
joints [1]. 
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Fig. 1 - Kinematic scheme of the two-link manipulator 
The inverse of kinematics, in contrast, allows us to determine angles 

by a given position  manipulator and kinematics scheme. By solving the inverse 
kinematics problem, one finds out how to move the manipulator in order to get it in the 
right position.  

It should be noted that in solving the direct kinematics problem the solution can be 
only one, because there is a single position of manipulator  with the angles 

. However, solving the inverse problem of kinematics may be in several 
solutions: the achieving a given position can occur with different combinations of 
angles (fig. 2).

Fig. 2 - Kinematic scheme of the two-link manipulator 
a) links above; b) links below 

For our research topic is more important the solving of inverse kinematics problem. 
IV.II Solution of inverse kinematics problem 
The task is to find the angles та  that would allow the manipulator with the link 

 and link  to move the manipulator to a given point (x, y) (fig. 3). 
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Fig. 3 - Kinematic scheme of the manipulator 
Draw a straight line b, which connects the origin (p. О) and the point at which the 

manipulator takes a given position (p. Х).
– the angle between the abscissa and b. 

According to Pythagorean theorem: 

From here 

Let us denote: 
– the angle between the b and ; 
– angle, which is necessary to return the working body of the manipulator to 

achieve a given position. 
Then 
Find  using the cosine theorem: 

Now find . Consider the triangle OAX (fig. 3): 
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Find  using the cosine theorem: 

Then the required angles і  can be defined as follows:  

It should be noted that the solution of the inverse kinematics problem requires 
minimizing the distance at which the manipulator's working body needs to change 
position.

IV.III Degrees of freedom (DoF) 
The number of degrees of freedom determines the minimum number of independent 

variables required to fully describe the motion of a particular mechanical system [2].
A distinction is made between the translational and rotational degrees of freedom. 

The translational degree implies movement in a straight line, while the rotational degree of 
freedom implies the presence of some mechanical system of axes of rotation. 

By the number of degrees of freedom mechanical systems are divided into 
holonomic and nonholonomic [3]. A holonomic mechanical system is a mechanical system 
which has 6 physical degrees of freedom, and nonholonomic - when a system has less than 
6 physical degrees of freedom. 

IV.IV Coordinate system 
A coordinate system is required for mathematical describing the motion of a robot. 
A distinction is made between the following coordinate systems [2]: 

W (World) – world’s coordinate system. It is characterized by constancy and 
motionless. 

R (Robot) – robot’s coordinate system. It is characterized by changes in 
space, but it remains motionless to the robot. 

IV.V Path-planning
In the case where the robot knows the location of the target point and its relation to 

the world’s coordinate system, it becomes possible to move the robot along some sequence 
of points that are determined in advance [2]. Various curvilinear trajectories are planned to 
provide the further optimization of the path with minimization the time spent on 
movement and energy consumption.

The movement of robot consists of straight segments separately from turns in place. 
As the robot tries to minimize the total distance of the path, it always rotates the way the 
direction vector of its motion points to the next point and goes straight to it. It continues 
until the robot reaches its target point. 

The current position of the robot can be described by vector X: 

where х, у – location of the point of the center of work according to the world’s 
coordinate system;  is the angle of rotation between the coordinate systems W and R. 

emattttiiiicccccsssss p
ing bbbbbooooooddddddyyyyy nee

the mmmmmmmiiiiiiinnnnnnniiiiiiimmmmmmmuuuuuuummmmmmm nnnnnnnuuuuuuummmmmmmbber of i
parttttttiiiiiiccular meccccccchhhhhhhaniiiiiiical sy

ationalllllll aaaaaaannnnnnnddddddd  rrrrrrroooooootttttttatiiiiioooooonnnnnnnal de
n a ssttttttrrrrrraaaaaighttttttt llllllliiiiiiinnnneeeee, wwwwwwwhhhhhhhiiiiiiilllllle the

chanical sssssyyyyyyysssssttttteemmmmmmm   ooooooof axes of
f freeeeeeddddddooommm mmmmeeeccccchhhhhaaaaannnnnnniiiiiiicccal s

 hollooooooonnnnnnnooooooommmmmmmiiiicccc mmmmmmechaniiiiical s
reedooooooommmmmmm, anddddddd nnnnnnnooooooonnnnhhhhhooollllllonom

ystem
m isss rrrreeeeeqqqqquired for mmaattthhem

madddeeeeee bbbbbbbetwwwwwweeeeeeeeeeeeeennnnnnn tttttthhhhhe followi
orldd)))) –––– wooooorrrrrrllllllddddddd’’’’’s coooooooooooooordinat

R (RRRRRRooooobbbbbbbot) –– rrrroooobot’s coo
it remainnnnnssssss  mmmmmotionnlllleeeeeessssss to t

V PPPPPaaaaattttth--pppppplllllaaaannnnnnnnnniiiiinnnnng
caaassssseeee wwwwwhere tttttthhe r

rdddddiiiiinnnnnaaaaatttttte syst
determ



Black Sea Science 2020 - Information Technology, Automation and Robotics 

240

The location of the next waypoint to which the robot follows can be described this 
way: . The fig. 4 shows robot’s moving to the next target point. 

Fig. 4 – Path-planning
Firstly, robot returns to the next waypoint. To do this, we have to find the angle α, at 

which the robot must return. 
Find the offset relative to abscissa and ordinate that will occur because of robot’s 

moving from the current point to the following: 

Then
Since the robot has already returned to some angle, the angle to which the robot 

must be returned can be noted as follows: 

Now we need to find the distance that the robot needs to overcome by moving at a 
given angle to the next point. 

Let us denote: d – the distance at which the robot has to move in a straight line. It 
can be found by using Pythagoras' theorem: 

IV.VI Supervised learning
Machine learning is a unit of artificial intelligence that studies methods of 

constructing algorithms capable of learning [4]. Thus, the idea of machine learning is the 
fact that the machine has learned itself to solve some problems, but cannot solve it with 
the already known algorithm. 
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It should be noted that while the machine is capable of predicting, memorizing and 
selecting the best option, it still cannot create a new one [5]. 

Classical teaching is the one of machine learning’s types which can be divided into 
supervised learning and unsupervised learning. In supervised learning machine is trained 
on examples set input already contains the necessary input and output values. The 
algorithm should establish how the input values are obtained by means of analysis, 
identification of various regularities. In this way machine learns from observations and is 
capable to make predictions. These predictions are adjusted by the operator. The process 
continues until the algorithm reaches the required accuracy [6].

Among the problems that are solved with the help of supervised learning there are 
problems of classification and regression. In solving the classification problem, the 
machine has to conclude to which category the new object belongs, and in regression - 
determine the location for the object on a numerical line relative to the previous analysis 
of the relationship between the variables. 

IV.VII The use of supervised learning
Classification is widely used for spam filters, language detection, handwriting and 

number recognition, suspicious transaction detection, definition object’s type in a photo, 
spam/ham distribution. The most popular algorithms are Naive Bayes classifier 
(previously used for spam filters), Decision tree, Support-vector machine [5].  

Thus, regression is used to predict the value of securities, beat and sell analysis, and 
when there is a time dependence. A distinction is made between linear and nonlinear 
regression, depending on what curve the regression draws: if a straight line is a linear 
regression, if a curve is a nonlinear regression.

Now a variety of companies are developing methods by which machines can learn 
new things. It makes the use of machine learning an important step in development of
robotics. For example, in a new Google lab, specialists were developing a manipulator that 
sorts the trash in the recycle bin [7]. Thus, as the manipulator is equipped with a camera it 
analyzes objects using classification and learns to sort objects by different categories. It 
should be noted that this technology has proven itself well in a laboratory, but sometimes 
there are difficulties in a distribution center, because the robot can face unknown objects 
or tasks that require movement, which the robot has not done before. That’s why it makes 
mistakes.

Specialists have also been teaching mobile robot to orientate in unknown areas. 
Such robots can be useful in warehouse work [7]. Here, regression can be used to 
construct the path which allows the robot to reach the destination point.

That is, depending on the sphere of using there can be created robots with their 
further learning. These robots  will receive the information from various sensors (photo 
sensor, camera, motion sensor) and facilitate human labor.

V. Conclusion
In this science paper there were introduced the kinematics of the robot, the solution 

of the inverse kinematics problem on the example of a manipulator, the concept of the 
degree of freedom and the coordinate system. It has been found that mechanical systems 
can be divided on holonomic and nonholonomic according to the number of degrees of 
freedom.
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Also there were considered the process of path-planning, constructing a curvilinear 
trajectory, describing the current location of the robot and finding the necessary angle and 
distance for robot’s moving to the next waypoint.

In the course of the work, it was found out that machine learning is a topical subject 
in the modern world and is a unit of artificial intelligence. Classification and regression 
were reviewed as the main tasks of supervised learning. There were discussed the 
possibilities of using in various spheres of human life and given examples of applications 
in robotics.

The application of machine learning is a topical issue for the modern world and has 
a great potential for further development. The use of machine learning in robotics can 
simplify human performance, do it faster and more efficiently. Some companies have 
already involved in machine learning, such as Google Labs developing a manipulator that 
can be used for sorting trash based on classification. The main problem now is to transfer 
this technology to the real world because the robot may encounter objects and tasks that 
are unknown to it.
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Abstract.The subject of the study is the process of assessing the level of information 
security risk that is being implemented with the help of the fuzzy logic apparatus. The 
purpose of this work is to develop a methodology for assessing the degree of information 
security risk, which would avoid the uncertainty factor, that occurs when some parts of 
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