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Andrushchak 1.Ye. Features of the main directions, techniques and methods of protection against fishing at-
tacks. This article discusses common modern heuristic technologies used in anti-phishing tools and protection methods. An
overview of different types of mobile phishing attacks is given, as well as the main methods of detecting and reducing the level
of fishing attacks.
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(danbeudikaris canTis.

Formulation of the problem. Currently, many services have become available via the Internet
and not only. The financial sector is also no exception. Various payment systems, payment terminals, In-
ternet wallets have appeared. The security of payments within these systems is ensured by a variety of
high-tech solutions, such as security certificates, cryptographic protocols. However, all these solutions
turn out to be ineffective when attackers use social engineering methods that exploit the weaknesses of
the human factor.

One of the most common methods of this kind of attack today is fishing. A popular phishing
technique is to create fake websites that look identical to the real ones. Fishing crimes cost billions of dol-
lars in damages. At the same time, according to statistics, the number of fishing attacks increases by about
one and a half times every year.

It is possible to stop the rapid development of such crimes by creating complex systems of protec-
tion against phishing attacks. Since the arsenal of phishers is growing at a rapid pace, it is necessary to
ensure the trainability of such systems. Currently, there are no solutions of this kind, as the statistics elo-
guently narrates, so the creation of a comprehensive, trainable, highly effective system for protecting
against fishing attacks is an interesting and relevant area. The creation of such a system involves a prelim-
inary study of the characteristic features of fishing resources and the development on their basis of meth-
ods for assessing the degree of danger of an information resource and identifying potentially dangerous
resources. This is the main focus of this work. On the basis of the obtained results, a scheme of function-
ing of the system of protection against fishing attacks is proposed.

Analysis of research. Currently, there is an active growth in the number of cybercriminals and
cybercrimes. Fraud is the most common crime on the Internet. In this case, the victim voluntarily and
knowingly provides confidential information that fraudsters can use and cause material harm. Information
is often obtained through phishing, a type of Internet fraud.

Every year the number of fishing attacks is growing and their methods are being modernized. In
addition, the effectiveness of fishing attacks is affected by the human factor, as scammers actively use
social engineering. Therefore, there is no universal way to protect against fishing, and in order to prevent
or prevent it, it is necessary to constantly study its development and methods used by attackers [1].

Since phishing resources cause the greatest damage on the first day of their existence, to ensure
effective protection against them, it is necessary to continuously monitor information resources. However,
it is not possible to analyze all the resources of the Internet, so you should concentrate on those that are
most likely to be dangerous. When developing fishing sites, attackers are guided by the fact that the user
will either make a mistake when typing a domain name, or follow a link that looks like a trusted resource.
According to this, several principles for constructing domain names have been identified that represent a
potential danger in relation to the given one.

Presentation of the main material and the justification of the results. Fishing is a type of
fraud through which attackers obtain the user's personal information (logins, passwords, details of pay-
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ment documents). Phishing can be spread through email, messaging applications (Skype, Viber,
WhatsApp), social and professional networks and other web resources with high traffic (news sites, the-
matic forums, bulletin boards).

Fishing can be in the form of a hyperlink leading to a fake site where you need to enter the user's
personal data, or in the form of a malicious application that may contain the following functionality: in-
tercepting characters entered from the keyboard, stealing passwords from the operating system and
browsers, recording audio and video, transfer of personal information and interaction with the attacker's
C&C server. Fishing does the most damage to the financial sector. More than 900 bank customers fall
victim to financial phishing in world every day, which is three times the daily number of victims from
malware [2].

More than eight million spam and fishing attacks are recorded daily by the IBM X-Force system.
This indicates that phishing attacks are an urgent threat to all areas of activity. Today, anti-fishing tech-
nologies are used based on heuristic algorithms and reputation databases (white and black lists).In the
following, common heuristic techniques that are used to detect phishing links will be discussed [3].

- IP address in URL. Most legitimate web resources register a domain name. Fishers - cybercrim-
inals who carry out phishing attacks - often save money on domain registration. As a result, on phishing
sites, instead of the domain in the URL, the IP address of the malicious web server is indicated, for exam-
ple, http://104.131.37.183/itau.

- Dots in URL: In a URL, dots are used to indicate a subdomain. Attackers can create third-level
and higher domains to make the site address look legitimate, for example, http://settings-
upgrade.000webhostapp.com/.

- Suspicious symbols. Phishers use special characters in the domain name to fool the inattentive
user. Often in the URL of a fishing page you can see the special characters "@", "&", "-" and "_", for ex-
ample, https://team-update-informations-account.com/.

- Slashes in URL.: In URLs, slashes (slashes) indicate the presence of subfolders. As a result of a
compromise of a legitimate site, a fisher can upload a phishing page to an existing subfolder (or a newly
created one). As a result, the user will think that he is entering sensitive data on a legitimate site. Exam-
ple: http://www.carisma.org.br/css/netflix11/.

- Availability of an SSL certificate. The certificate data indicates the use of a secure connection
for the secure transmission of data between the client and the web server. SSL certificates come in entry
level (DomainSSL), business level (OrganizationSSL), and extended trust level (ExtendedSSL). Acquir-
ing ExtendedSSL is expensive for attackers. But an entry-level certificate of trust can be obtained abso-
lutely free of charge, for example, in the Let's Encrypt certification center. Most legitimate sites have SSL
certificates.

- Empty anchors or anchors leading to third-party web resources. An anchor is an HTML element
that contains a link to navigate to a specific location on a given web page or to a bookmark from another
web page. A fake site often has many empty anchors or anchors that lead to third-party web resources,
which is rare for legitimate sites [2].

- Position of the URL and/or domain in Google, Bing and Yahoo search engines. Newly created
phishing sites do not have time to be indexed by search robots, as a result of which information about
them is not included in the search results.

All of the above heuristic fishing detection algorithms have both advantages and disadvantages.
Let's consider some of them.

Fishing sites that use IP addresses in URLS, suspicious characters, or are located on third-level
domains and above are used for mass attacks and can be easily detected by employees of companies that
have received information security awareness training. The use by attackers of empty anchors or anchors
leading to third-party web resources also indicates the low quality of the attack and their mass focus. The
slash in URL heuristic only detects a fake page on hacked sites. Knowing the position of a domain in
search engines will increase the chance of a Type 2 error if the attack comes from an infected legitimate
domain, and the chance of a Type 1 error for recently registered legitimate domains [4].

The heuristic technology developed as part of the scientific work, based on the analysis of the
content of a web resource, namely, on the analysis of favicons (a small image that is displayed on a
browser tab to the left of the title of an open web page), is able to detect targeted phishing attacks that are
carried out from again registered domains and subdomains of the third level and above, but is ineffective
against fishing carried out from hacked legitimate sites. Thus, each anti-phishing technology is designed
for a specific task, and only the use of all these technologies in combination with the use of machine

© Andrushchak 1.Ye.
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learning algorithms makes it possible to confirm or deny the maliciousness of a web resource with a high
degree of probability.

Mobile Fishing is a growing security threat in today's world. In a mobile phishing attack, the at-
tacker typically sends an SMS message containing links to phishing web pages or apps that ask for cre-
dentials when visiting. Attacks can also be initiated using email messages downloaded in the browser of
mobile devices.

Experts come to the conclusion that the number of mobile phishing attacks has increased signifi-
cantly over the past few years for various platforms on mobile devices. Compared to traditional users of
desktop software, mobile app users are more vulnerable to phishing attacks. Experts agree on some com-
mon, well-known reasons for this vulnerability:

- on a small device, it is quite difficult for the user to verify the authenticity of the page, which
confirms private hyperlinks, since URLSs are not always displayed on mobile browsers;

- mobile users are less aware of security options to stop or prevent fishing attacks;

- Most legitimate mobile apps require users to enter their credentials with a very simple user in-
terface, which makes it quite easy for an attacker to come up with fake apps or simple websites that mim-
ic legitimate user interfaces [5].

The main phishing methods based on mobile device infrastructure vulnerabilities:

1. Screen size - mobile devices tend to have a small screen size. These small screens make it hard
to see the full URL when users follow the link. Therefore, many users do not know when they are not on
official sites when browsing the Internet. In addition, it should be noted that the small size of the on-
screen keyboard can also lead to an error in typing the address.

2. Applications - the creation and deployment of malicious software (SW) does not require a high
level of knowledge and special skills to persuade users in order to force them to install malware. Many
mobile device owners accept offers of games, unfamiliar software, or attractive images, even if they are
not at all sure about the source of the software.

3. Delays in software updates - untimely software updates allow attackers to exploit this vulnera-
bility. First, many lower-end phones are never updated because they can't support the newer software ver-
sion. Secondly, mobile device users do not install updates immediately for several reasons, for example,
the update procedure takes a long time, the phone runs out of power, and the like.

4. Smishing (SMS Phishing) - Another popular phishing method uses SMS messages. This meth-
od is called "smishing". This method works in the same way as phishing, but instead of email, the victim
receives a regular SMS text message. The SMS message contains a link to a phishing site. Alternatively,
the user of the mobile device is asked to send confidential information in a response SMS message, for
example, payment details or personal access parameters to information and payment resources on the In-
ternet. Once the user receives such a message from a phone number, it is recommended to notify the cel-
lular service provider.

5. Wi-Fi fishing - occurs when a user connects to the Internet through public Wi-Fi hotspots.
WiFFhisher is a tool that can find WPA-secured wireless networks and disable their access points, then
creates a fake WPA page that asks for password confirmation. Due to a malfunction of the access point,
the user is forced to look for other available points, and without knowing it, he connects to a fake net-
work. This allows an attacker to perform man-in-the-middle attacks and also use fake access points to
intercept traffic.

6. Vishing - is one of the social engineering scams. It consists in the fact that an attacker, using
telephone communication and playing a certain role, for example, a bank employee, etc., under various
pretexts, entices confidential information from the payment card holder or pushes them to perform certain
actions with their card account.

7. Email/Spam is the most common form of phishing. It uses the “spray and pray” approach, i.e.
the same email is sent to millions of users, in the hope that the fishing attack will succeed.

8. Malware - fishing scams that involve malware that requires it to run on the user's computer.
For example, ransomware is a malicious program that denies access to a device or files until some amount
of money is paid. A program such as keylogger is used to identify keyboard input. The information is sent
to hackers who will be able to decrypt passwords and other types of information. The trojan malware in-
filtrates a computer under the guise of a legitimate piece of software, but actually performs unauthorized
access to the user's account. The resulting information is then passed on to cybercriminals. Malicious
software is usually attached to an email sent to a user by fishers, or may also be attached to downloaded
files.

© Andrushchak 1.Ye.
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9. Malvertising is malicious advertising that contains scripts designed to download malware or
force inappropriate content to be placed on a user's device.

10. Spear Phishing is a more targeted attack in which scammers know which specific person or
organization they are targeting. Attackers examine the target to personalize the attack and increase the
chance of the victim falling into their trap.

11. Whaling is not very different from Spear Phishing, but the target group becomes more
specific and limited. This method targets senior positions that are considered important figures in the
information chain of any organization, commonly known as "Whale" ("Whale") in fishing terms.

12. Fishing through Search Engines - A method involving search engines where the user is
directed to sites that may offer inexpensive products or services. When a user tries to buy a product, they
enter their payment card or e-wallet details, which are collected by the phishing site.

13. Web Based Delivery is one of the most difficult fishing methods. Also known as "man-in-the-
middle” when the hacker is between the original site and the fishing system. The phisher keeps track of
the details during the transaction between the genuine website and the user without the user being aware
of it.

14. Pop-Ups - Pop-ups are one of the easiest methods to successfully launch phishing attacks.
They allow attackers to obtain login information by sending users pop-up messages and eventually
leading them to fake websites. One type of phishing attack, also known as in-session phishing, works by
displaying a pop-up window during an online banking session that looks like a message from a bank.

15. Session Hijacking is a session hijacking technique in which a phisher uses a web session
control mechanism to steal information from a user.

16. Content Injection is a method in which a fisher modifies some of the content on a page of a
trusted website. This is done in order to mislead the user and send him to a page outside of the genuine
website, where the user is prompted to enter personal information.

17. Clone fishing is a type of phishing attack in which a legitimate and previously delivered email
containing an attachment or link is used to create a nearly identical or cloned email. An attachment or link
in an email is replaced with a malicious version and then sent from an email address spoofed to appear to
be from the original sender. Typically, this requires either the sender or the recipient to have been
previously hacked by a third party.

18. Filter evasion is a technique in which phishers use images instead of text to make it harder for
anti-phishing filters to detect the text commonly used in phishing emails. In response, more sophisticated
anti-phishing filters are able to recover hidden text in images using OCR (Optical Character Recognition).

19. Link Manipulation - Using this method, the scammer sends a link to a malicious website.
When a user clicks on it, they open the phisher's site instead of the one listed in the link.

Fishers can use subdomains. For example, looking at the URL www.mybank.user.com, an unin-
formed person will think that the link will lead him to the "user" section. In fact, the link leads to the
“mybank” section, since the domain hierarchy always goes from right to left. There is a way to hide the
actual URL under plain text. Instead of displaying the actual URL, fishers use offers such as "click here"
or "subscribe™. In fact, the URL behind the text leads to phishing sites. A more compelling email might
even display an actual link, but it leads to a phishing site.

Another link manipulation method is when scammers buy domains with different spellings of a
popular domain, such as: facebok.com, googlle.com, yahooo.com, etc. They then trick users into creating
similar sites and asking for personal information. In the following method, the attacker misleads the user
about the link by taking advantage of similar characters. For example, the Latin letters "s", "0" and "x"
can be replaced with similar Cyrillic letters.

20. Website Forgery - a method in which a malicious website pretends to be genuine. Forgery is
mainly carried out in two ways: cross-site scripting and site spoofing.

21. Cross-site scripting (XSS) is an attack in which a hacker injects malicious code into a web
application or website. This is a very common and widely used technique in which the victim is not the
direct target. Most likely, an attacker exploits a vulnerability in a web application or website that the user
is visiting. Ultimately, the malicious script is delivered to the victim's browser. Another method is to cre-
ate a website that looks like a legitimate site that the user actually intends to access. The fake website has
a similar user interface and design, often with a similar URL [6].

Methods for detecting mobile fishing attacks. Typically, phishing detection systems for mobile
devices contain a filter-based mechanism: blacklist and whitelist. Filtering mechanism; URLSs are checked
in this technique. Filtering can be done based on a set of rules or based on statistical differences between
legitimate and fraudulent content. This method can effectively detect smishing, vishing and Wi-Fi fishing.
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"Blacklist": A human-checked method that compiles a list of websites known as phishing links.
This method is currently supported by various browsers that communicate with trusted servers to obtain a
blacklist of URLSs.

Whitelist: In this method, users specify sites they trust. The method can be used to detect an at-
tack where multiple legitimate numbers can be provided to stop receiving unwanted SMS containing fake
web addresses, such as smishing.

Methods to reduce mobile fishing attacks. While it can be difficult to identify fake mobile apps,
there are several ways to mitigate phishing attacks on mobile devices:

a) Use Official Apps: Users should only download apps from official stores.

b) User education: User education is very important to prevent users from clicking on unknown
links.

c) Use secure browsers: Browsers with security features eliminate malware and phishing sites to
protect users.

d) App Store Control: Providers must take additional steps before allowing developers to upload
apps to the public.

e) Security Solutions: Just like for regular desktop computers, security vendors offer antivirus
programs for mobile devices. Such programs eliminate malicious attacks on mobile devices[7].

Conclusion and prospects for further research

The considered methods and technologies of fishing attacks demonstrate how resourceful attack-
ers are, and the study of the analysis of diagrams confirms the relevance of the phishing problem. Effec-
tive protection against phishing is possible only with the complex specific use of various technologies.

Fishing sites use various types of technologies to prevent users from entering sensitive infor-
mation. Currently, the most popular browsers are equipped with anti-phishing protection. Many compa-
nies specializing in the development of cyber threat protection systems create software that includes fil-
ters for fishing sites.

A popular type of solution to alert the user to an unsafe site is to use a database with a list of
phishing site addresses. The problem is that today's phishers create and distribute phishing sites faster
than the addresses of these sites can be blacklisted. In addition to list-based technology, machine learning
is used, where a combination of various site characteristics determines the level of trust in it. Both the
appearance of the site and its registration data are considered.

The task of determining the technologies of the level of trust in an Internet resource is difficult to
formalize, and the site URL also contains a lot of information that can be extracted and used. algorithmi-
cally difficult to implement. Despite this, some algorithms can be used in combination with different
methods. For example, this is how you can determine the degree of similarity between a phishing domain
and a domain from the "white list" and use this feature in a multicriteria task.
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WEB-SERVICE FOR OPTIMIZING THE WORK OF SECONDARY SCHOOLS

Pasternak 1., Hryhlevych M. Web-service for optimizing the work of secondary schools. Web-service for
optimizing the work of secondary schools helps teachers and school administrations to organize the learning process, saving a lot
of time. The article considers some problems of imperfection of modern education and develops a web service that solves them.

Key words: optimization, school, teacher, web-service.

IIacrepnak LI1., I'puraesny M.I. Be6-ceppic nist onTumisanii po6oTH 3araibHOOCBITHIX HABYAIBHHUX 3aKJIAIB.
Be0O-cepBic ontumizaiii poOOTH 3aralbHOOCBITHIX HaBYaIbHHUX 3aKJaiB JIONIOMara€ BUUTEISIM Ta aJMIHICTpamii IIKiX
OpraHi3yBaTH HaBUAIBHHUN MPOLEC, CKOHOMIITYH 0arato gacy. Y CTaTTi PO3MIITHYTO JesKi MpoOiIeMH HeIOCKOHAJIOCTI CydacHOT
OCBITH Ta po3po0IIeHO BeO-CcepBic, KM IX BUPIMIYE.

KurouoBi ciioBa: onTuMizaniis, mKoJa, BYNTEINb, BeO-CepBic.

Education is one of the most important branches of human activity. It is the educational quality of
a person that corresponds to the future of the services provided by him, because the development of the
necessary skills is paramount. Improving the quality of education is definitely developing in all other
areas. Getting education by human begins at school. The school provides basic knowledge, without which
it is impossible to master any profession. One of the methods to increase the efficiency of the school is
optimization.

In today's world, the term "optimization" can be heard in any field of activity, because it is
primarily an identification of the concept of "development”. Human labor with many benefits does not
mean that a better result is required to work. Optimizing the desire to get unnecessary processes in the
course of work, without which you can work.

The best example of optimization is Henry Ford's invention of the conveyor in 1913. After the
innovation in production, the process of assembling a Ford "Model T" car was reduced from 12.5 to 6
hours. That is, during the same working hours, workers were able gather twice as many cars as before.
The quality of these cars wasn’t getting worse, and there have been positive changes in this regard.
Because each person had his or her own place on the assembly line and was solely responsible for
assembling specific universities, his or her skills improved at an extremely rapid pace.

Another striking example of successful optimization is the world's most famous fast food chain
McDonald's. At the end of the 40s of the 20th century, the company underwent large-scale changes aimed
at fully optimizing the work of the institution (at that time it was the only one). The McDonald brothers
closed their restaurant for 3 months and focused on action plans and design. The idea was that employees
did not have to make unnecessary movements, fulfilling customer orders. Periodically, they selected their
employees on the tennis court, where they marked the areas that corresponded to different places in the
kitchen. They were asked to take their positions and imitate their usual work. When the shortcomings of
the location of the working areas were identified, McDonalds redrawn, taking into accounting their
mistakes, and then such a scheme all at first and so on in a circle, until they reached the ideal. During the
experiment, many options for the placement of kitchen appliances were considered, all interactions
between employees were considered, and as a result, the best scheme of the institution was developed.
Thanks to this, fantastic results were achieved - the service time of one client was reduced from 15
minutes to 30 seconds, that is 30 times less.

Modern technologies optimize work much more efficiently. With the development of computer
technology, there are more and more opportunities to automate many processes, even in some cases,
technology can completely replace human labor. For example, we can see an electronic menu in many
restaurants, where we choose dishes and pay for our order, and then pick it up when the order number is
displayed on the board. That is, there is no need to interact with the cashier, computer do everything for
him. It also manifests itself in buying flowers online, booking apartments, buying goods in online stores
and more.
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Today, educators are full of different tasks. Many of these tasks are not related to teaching the
material to students, they prevent educators from doing what is primarily intended for their work. This
web service will take over most of the work, thus relieving the staff of the school, and they in turn will
have more time to devote to its students. After conducting research, it became known that similar services
are not very effective in this regard, because their functionality for the most part simply replaces the usual
work with electronic, rather than simplifying it.

During the development, an analysis of existing web services designed to optimize and manage
the work of the school. The most popular among them are: Yedyna Shkola, Evolution and SMLS. We
will conduct research based on the presented web services.

Yedyna Shkola. This service is recommended by the Ministry of Education and Science of
Ukraine. The functionality is based on the entered electronic journal, in other words the service provides
the teacher with extra clerical work, such as grading separately in the journal and diary. The system will
display it wherever needed. Also, using this service, lists of students for each subject will be
automatically generated, so the class teacher does not spend more time to complete the journal for each
subject.

Evolution. It is a learning management system based on the student's personality. The idea of its
developer is not only to automate the processes used to conduct a lesson or assess students, but also in
certain analysts, monitoring the interest of students in different schools. At the same time, the most
important task of the service is to create the formation of the student's personality, to see his strengths,
these interests, and so on.

SMLS. Full name "School Management and Training System". The essence of the service is the
distributed roles of participants in the educational process and the interaction between them. The service
has a very wide range of features, which includes viewing the schedule, information about the school, the
menu of the school canteen, the route of the school bus, and human resource management, statistics,
reporting and more. It is more like a complete network for school staff and students.

In the above versions, the functionality is aimed directly at the learning process, such as
conducting a lesson, filling out a journal and things like that. These things, of course, simplify the work of
the teaching staff of the school, but they involve only the replacement of physical processes by electronic
ones, and human participation in these processes is not greatly reduced.

The web service developed in this article focuses on processes in which human participation can
be optimized to a much greater extent. Some features of my web service may not seem important in the
educational process to focus on. However, this is why they need to be optimized, because spending
precious time on them has a negative impact on the workload of teachers, principals and other school
staff. Table 1 lists the advantages and disadvantages of the web services described in this article.

Tab. 1. Comparing current web service with similar services.

Web-service Advantages Disadvantages
Web-service developed in The web service optimizes It does not act as an e-school
this article school activities that spent a lot | service. It has only the

of time, which greatly simplifies | functionality that saves time.
the work of the school. It
contains only those functions
that will relieve school staff
from overburdening, and the rest
of the work will be performed
by school staff in the usual way.
This allows you to quickly
integrate the web service into the
learning process.

Yedyna Shkola The service provides digital It is not aimed at
activities of school. optimization and its use does not
greatly simplify the work of
school staff.
Evolution The service aimed at The functionality of the

powerful analysis of school | service almost does not include
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subjects and the formation of the | the learning process.
student's personality.

SMLS It has a wide range of The service has many extra
functionality, covering all areas | features that are used very
of school activity. rarely.

The web service developed in this article will help teachers to do their job without hassle. The
idea of the web service is to relieve participants of unnecessary worries so that they can focus purely on
education: the teacher - directly on the delivery of material in an understandable and accessible form, and
the student - on obtaining and consolidating knowledge.

In the future, it will be possible to expand the functionality so much that most of the usual work
for teachers now will be performed automatically. This will primarily improve the quality of education, as
facilitation of work will significantly relieve the learning process and the teacher will have more
opportunities to pay attention directly to students.

g Register school
/\ administrations

Administrator

Library accounting A

Librarian

Search fora
replacement teacher

Reqgister teachers,
students and
librarians

Use educational Q

material

School Administration Student

Search for books

Fill the blog with
educational material

A 4

View class schedule A

User

o
A

Teacher

Edit the schedule

Fig. 1 — UML use-case diagram.

Unified modeling language (UML) is used to design the web service. In fig. 1 you can see a use-
case diagram. This chart allows you to visually show features that are available to specific types of users.
User roles can be as follows:

* Administrator - a single administrator for the entire web service. His role is to create and
remove schools, appoint the school's account;

+ School Administration - one such account per school. Appointed by the administrator. Performs
the most important functions of school management, is also responsible for the appointment of teachers,
students and librarians;

* Teacher;

*Student;

* User - any user who has not been logged in.

Different functions are available for each user role. Features include:

* Register school administrations;

* Register teachers, students and librarians;

* Search for a replacement teacher;

« Search for books;

« Edit the schedule;

« Fill the blog with educational material;
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* Library accounting;

* Use of educational material;

* View class schedule.

The key functions of the web service are "teacher replacement search” and "book search”. These
features involve the use of a search algorithm for nearby schools that have something in excess that the
current school lacks. This algorithm is a valuable unit, because it can be used in the future to create many
useful features for secondary schools, which indicates a good prospect for this web service. Finding the
right resources in other schools takes a lot of time, which can be spent on improving educational material
or other important processes of educational activities. This web service will do this job in seconds. Search
for nearby schools using the Google Maps service. Each school has its own address and, accordingly,
coordinates on the map. The Google Maps API calculates the distance and travel time from the current
school to each in the system, and then sorts by distance (Fig. 2).

Teacher replacement search (Fig. 3). The task of this algorithm is to simplify the procedure for
finding a teacher who is currently free from work in other schools. The algorithm will be based on the
schedule of teachers and the location of the school. The process of finding a teacher will take into
accounting the time spent in the lesson, the time on the way from the school where the teacher works to
the school where he will replace his colleague, as well as the time on the way back. The result of the
sequence of algorithms will be a teacher who, according to the above criteria, is best suited to replace
another teacher. This feature is relevant right now. With the onset of the Covid-19 pandemic, the problem
of replacing teachers for some time is becoming increasingly important. Finding a free teacher in nearby
schools saves time on school logistics.

Book search (Fig. 4). The task of this algorithm is to replace human resources and optimize time
spent searching for excess textbooks in other schools. The algorithm will be based on the accounting of
textbooks in schools maintained by a librarian. As a result of the sequence of actions of this algorithm, a
school or a list of schools will be published, where you can get textbooks for students who did not have
enough of them.

Start |

Teacher,
Schedule
item

Book,
quantity

List of
schools
Nearby school Nearby school
search search
Calculate the Choose the first Choose the first
d istance to Each school from the list school from the list
school via Google l
Maps API J.
Search the teacher e e

Sort schools by Choose the next

distance school from the list Choose the next

school from the list

Books are
available?

Teacheris
available?

Stop
Yes

Fig. 2 — Nearby school search Fig. 3 — Teacher replacement Fig. 4 — Book search algorithm.

algorithm. search algorithm.
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The client-server architecture was chosen for the software implementation of the web service. The client
part is implemented in the form of a web page in HTML, CSS, Javascript using the Javascript framework React
JS, and the server part is written in Java using the Spring framework. The Postgres relational database was
chosen as the database. Implementation of communication between client and server parts is presented in the
form of REST API using HTTP protocol. Data is transmitted in JSON format.

Many modern web services now work on this principle, as such web services are extremely convenient
to expand, adapt to different platforms, etc. In the future, on the basis of the server part, you can make more than
one client. For example, you can develop applications for various operating systems, including mobile.

Figure 5 shows a sequence diagram. It shows communication between user, client (web-page), server
(app developed in Java), database and Google Maps service.

[ﬁ]

User Client Server Database Google Maps
T T T T T
| | | | |
| | | | |
| | | | |
L Enter data » ! : : :

Send data | : :
| |
Find schoot |
|
|
|
|
|
< — — — -Send schools— — — — | :
| |
| |
| |
Sort schools |
|
|
|
|
|
€ ————————- Send sorted schools — — ——— — ———
| |
| |
| |
Find a suatable school | |
| |
| |
| |
k= -Send a suatable school — | |
| |
| |
| |
| |
| |
| |
| |
| |

|

|

|

<< — — -Show result — — — T |

| | |

| | |

| | |
| |

I
Fig. 5 — UML sequence diagram.

Figure 6 shows a class diagram. It shows the architecture of the components of the web service. User,
Admin, SchoolAdmin, Student, Teacher and Librarian classes are responsible for functionality that is only
available to specific users who have certain roles. School class represents a school with own schedule,
represented by Schedule class. Scheduleltem class is a component of Schedule, represents a school lesson.
There is a composition of School, Schedule and Scheduleltem classes. Post class represents a teacher’s post.
Library class represents a library with books. Book class represents a book. Library and Book classes make a
composition.
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Fig. 6 — UML class diagram.

After the development of the web service, its work was tested. The time spent on key features took a
few seconds. Without the use of a web service, the time spent can be more than an hour. Therefore, the web
service developed in this article fully fulfills the task and solves the problem posed in the article.

Conclusion. The article develops a web service to optimize the work of secondary schools. The analysis
of similar services is carried out, the problems which they solve, and also processes which still need realization
are defined. A model of web service functioning has been developed. The technologies of web service
development are given. The perspective of the web service developed in the article is assessed.
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NAVIGATION SERVICE SEARCH FOR BLOOD AND ORGANS FOR PATIENTS

Pasternak I., Struk 1. Navigation service search for blood and organs for patients. The purpose of this work is to
develop a navigation web service to help find information and order medical products in emergency situations from neighboring
medical institutions. This paper describes the problem of late receipt of medical products, solving this problem, finding the
necessary method. The interface of the web-service has been developed.

Key words: web-service, medicine, emergency.

Mactepnak 1., Ctpyk 1. Hagiramiiina cayx0a nmomyky KpoBi Ta opraHiB 1is XxBopux. MeToro nanoi po6otu €
po3poOka BeO-cepBicy HaBiramii, SIKMi TOMOMOXKe 3HAlTH iH(pOpMALiIo Ta 3aMOBIISITH MEJMYHI BUPOOU B EKCTPEHHUX CHTYAIisX i3
CYCIZIHIX MEJMYHHX 3aKJIaIiB. Y I[iif poOOTi omucaHa mpobiieMa HECBOEYACHOTO OTPUMAaHHS MEIUYHUX BUPOOIB, BUPIIIICHHS IIi€]
MpoOJIeMH, MONTYK He0OXiqHOTO MeTony. Po3pobiieHo iHTepdeiic BeO-cepricy.

KurouoBi ciioBa: BeG-cepBic, MEIUIINHA, HEBIAKIAAHA JOTIOMOTA.

Today, such standard and necessary devices as smartphones, computers, laptops, tablets and
many other smart devices for various purposes have entered and are widely used in everyday life. These
devices are the result of human activities to automate various technological processes. Today, one of the
most common and accessible ways to automate various processes is to develop web-based software
systems for process management. Modern web-based tools are used in practice to solve a variety of
problems - from the management of complex technological equipment to the management of typical
household appliances. There are many problems in the world of different nature, using the capabilities of
web-based information systems, you can greatly facilitate their solution.

The practical value of this article is that a software product has been developed to automate the
order and receipt of such medical products as organs or blood. The process of finding and ordering
medical products often takes too long and it is a danger to human life. This service will allow more
people to receive the necessary help in time.

During the development, an analysis of existing services used in medicine was conducted. The
following two services are among the most common in practice: «NHS Blood and Transplanty and
«Helsi». We will carry out the analysis on the basis of the specified means.

NHS Blood and Transplant is a web service which provide a blood and transplantation service to
the NHS, looking after blood donation services in England and transplant services across the UK. This
includes managing the donation, storage and transplantation of blood, organs, tissues, bone marrow and
stem cells, and researching new treatments and processes. Figure 1 shows the NHS Blood and Transplant
home page.

Blood and Transplant Q

Who we are v What we do v How we help v Howyoucanhelp v Careers v

» |

NHS Blood and Transplant

Wehelp people do semething extraordinary - donate blood, organs,
tissues or stem cells to save someone in need

What you can donate 792 Support us ) Tell your story
Could you donate blood, organs, stem Find out how o be a partner or a ~ Have you donated or received blood or
cells or tissue? campaigner. organs?

» Become a donor » How you can help » Getin touch

Pioneering research Specialist services Performance and strategy

Fig. 1 — Home page of NHS Blood and Transplant home page.
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NHS Blood and Transplant provide a safe, accessible and effective blood service for donors and
patients. They are responsible for:

o Patient safety - fair, unbiased and compassionate matching and allocating of donated organs,
tissue and stem cells

o Specialist support - dedicated clinical nurses and 24 hours support teams

e Community awareness - our campaign teams work tirelessly across the UK to encourage
donations and enable us to offer more transplants

Also they have diagnostic and therapeutic services. These specialist services provide:

o Safe transfusion and transplantation therapies, including efficient, accurate and speedy patient
and donor testing and matching

e High quality, cost effective, patient-focused, advanced diagnostic and therapeutic services for
the NHS

o Fully accredited laboratories in Barnsley, Birmingham, Filton, Colindale, Newcastle, London,
Tooting and Liverpool.

The advantages of the web service: convenient and intuitive interface, the ability to remotely
record. The disadvantage is that the service takes place in England; there is no navigation part of the web
service.

Helsi is a modern, convenient and reliable electronic medical system designed for patients,
doctors, public and private medical institutions. This service is one of the most popular in Ukraine. The
main page of the service is shown below:

OHnaiiH npuiiom  [IOHOPCTBO KPOBi  3amoBNeHHs NikiB  KniHikm  BakuyuHauis MeavuyHa pepopma  Mpo Helsi ﬂ‘ YBIUTU

LLlykanTe nikapiB, KNiHIKX Ta NiKN OHNAAWH

3anucyiiTeck Ha NPUIAOM He BUXOAAUN 3 AOMY

SMEATMER f0 Hapa Q m
OHnaiiH npuiiom AoHopcTeo kposl 3anuc Ha BaKLMHaLio Aexnapaun 3 nikapem
3anuwiTe cebe 4o cnvcky LLBMAKWIA NOLUYK Nikaps Ans
OTpuMaiiTe MeavHHy AonOMOry 3anuuwiTh cebe Ta pigHmX Ha ;
. pe3epsy 0HOPIB KPOBI 3aKNI0HeHHA AeknapaLyi [+
OHNaH - BakumHaujio sig COVID-19 \

3amMoBneHHs nikis Measaknagun

Mowuyx | BPOHIOBaHHA NiKiB 3i 3HalAiTe MegN4HWUIA 3aKnajg <>
3HVKKOIO 3 31 3pYHHUM PO3TALLYBaHHAM S

Fig. 2 — Helsi home page

Helsi provides such opportunities for patients like:

- Ability to easily find and choose your doctor;

- Quick registration for on-line reception of yourself and your family members;

- Access to your electronic medical card (EMC);

- Instant results of tests and diagnostics in the patient's office;

- Access to doctor's appointments and treatment plan.

Using Helsi doctors can convenient record a history of patients, prompt receipting of diagnostic
results and tests, easily use of clinical protocols. Also the service provide blood donation.

The advantages are the same as advantages of the previous service. The disadvantage is the lack
of search for organs for transplantation.

Unified Modeling Language (UML) was used to develop the software. This language is used to
create a descriptive and graphical model of the software product.

One such chart is a precedent chart or usage chart. This is a diagram showing the relationship
between the actor and the precedents in the system. Precedents describe the sequential actions performed
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by a system so that the actor can get a certain result. This diagram helps to clearly see the functionality of

the system.
Fig. 3 shows a use-case diagram showing precedents and the relationships between them that

belong to the "User" actor. Among the functionalities:

o registration in the service

o access to the personal account

o the ability to view information, access to the rating of doctors and their personal
information

o access to medical cards of patients and the ability to add new ones

o the choice of medical product and its order

Registration on the site

View information

extend

Entrance to the personal
account

Choose a medical product

=_extend and order it

Uier eﬂen\d\“

extend

Access to the rating of
doctors and their personal
information

Access to patients' medical record:

and the ability to add new ones

Fig. 3 - Diagram of precedents for the actor User

Fig. 4 shows a diagram of the algorithm of the registration process in the service:

HENEEEEEEEEE
Start

T

Display the
registration form

!

Data input

Diata input again

3

Data verification

Mo

Iz the data
correct?

Stop

Fig. 4 - Diagram of the algorithm of the registration process
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This diagram describes the sequence of processes during registration. When entering the service,
the user, having chosen the registration, must enter the name and surname, the name of the completed
higher education institution, e-mail address and password. This is followed by input validation
(verification of the entered data). If the input is valid, registration takes place, otherwise the user will
receive an error message about the invalidity of the input and will need to re-enter the data.

JavaScript programming language was chosen for software development. This programming
language is a high-level language. Nowadays, JavaScript remains the only language that allows you to
develop applications that run in the browser. The React library, HTML hypertext markup language, and
CSS page style language were also used.

Therefore, using a class diagram, you can represent different classes, specifying their attributes
and the methods that make up the service. The diagram also shows the static relationship between classes.

Figure 5 shows a UML diagram, namely a diagram of the classes of the navigation service search
for blood and organs for patients.

MedProduct Crder

- imageFileMame: String

- name: String

+ getMedProductDetails{)

+ displayMap

- orderlD: number

- status: String

+ makeOrder()

Rating

- imageFileMame: Sting

- fullMName: String

- profession: String

e
Le:ﬂenﬂs J;,

- workingPlace: String

Admin User

- fullMame: String + getPersonalDetails()

4—{—+- J + displaySacialMetwork)
+ editMedProducts() - universityName: String play o

+ deleteMedProducis() R - email: String

- - password: String
+viewMedProducts()
- repeaiPassword: Siring
+ addMedRecords()

= Adicles

+ deleteMedRecords(
v + authenticateUser{String email, Sfring pass): beolean

L

axtends—

- fitle: String
+ registration()

< —=excends

- description: Sfring

+isValid(): boolean

= MedRecords
- pafientFullMame: String
- perscnallnfo: Siring

- diagnosis: String

+ getinformation()

+ addMewMedRecord()

Fig. 5 - Diagram of classes

The main classes of the developed service include: Admin, User, Medical Records, Rating,
Acrticles, Order and its component Medical Product.

The diagram shows the relationships that arise between classes, and each class contains the
entities and properties that will be used in the development of the software product.

An important step in the development of a web service is the development of the user interface.
After all, the interface is one of the most important components of any software product. This is what the
user encounters when looking at the device or screen: the location of graphical interface elements, buttons
and navigation. A person's desire to use a web service or application depends on how user-friendly the
interface is.

When entering the web service, the user sees the "Home" page. Immediately the user can read the
name of the web service and see the main image, which makes it clear why you need this software
product. The buttons at the top Login and Registration are responsible for redirecting to the login page of
the personal account and the ability to register in the system. After successful login or registration, the
main functions of the software product become available for use.
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Among the possibilities of this service is definitely the ability to order blood or an organ from a
neighboring medical institution. After choosing a medical product, the doctor will be transferred to a page
with a map, which will show exactly where the order is located territorially. After the order, information
will be received on the account that the driver with the order has already left and how long to wait for
arrival. There are also interesting articles from various fields of medicine. Another option for doctors is to
review patients’ medical records and add new medical records. And you can also view the rating of
doctors in the city and go to the social network for better information.

Conclusion.

Blood donation is a major concern to the society as donated blood is lifesaving for individuals
who need it. Blood is scarce. There is a shortage to active blood donors to meet the need of increased
blood demand. Blood donation as a therapeutic exercise. Globally, approximately 80 million units of
blood are donated each year. One of the biggest challenges to blood safety particularly is accessing safe
and adequate gquantities of blood and blood products.

As a result of scientific research, a web-based navigation service for searching for blood and
organs for patients was developed. The analysis of analogues in the market is carried out, their pluses and
minuses are defined. The diagrams of the service operation are also developed and the technologies of
development of this software product are described.
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AUTOMATION OF ORGANIZATIONS USING CLOUD TECHNOLOGIES: SECURITY
ISSUES

Zalialetdzinau K. Automation of organizations using cloud technologies: security issues. The article reveals the
principles of automation of organizations using cloud technologies through the prism without the peak aspect. The main stages of
development of cloud technologies are characterized, the advantages of using these systems in everyday work are revealed (low
consumption of financial resources, possibility of universal access to information, constant improvement of software and
technologies). At the same time, attention is drawn to the main challenges facing users of cloud services: the need for a constant
and uninterrupted Internet, the inability to recover information in case of loss. Security remains a major issue, therefore. The
purpose of the article is to analyze the risks and possible ways to overcome them in the work of organizations with cloud
technologies. It is established that the system that affects the reliable storage of information from customers can be exposed to
such threats as cross-site-scripting, fishing, Trojans, viruses. This is due to the fact that, as a rule, consumers working with the
cloud computing service, use an Internet browser. In order to optimize information security at this level, you need to use licensed
anti-virus software packages, personal firewall tools, tools to encrypt data or information on disk, a properly configured Internet
browser. It is proved that the security of virtualization mechanisms also affects the reliability of the virtual environment. For
example, if the attack is organized on the monitor of virtual machines, the attacker may unnoticed by the security system, which
are in the virtual machines can edit, copy or block the flow of information. Thus, if a hacker gains access to control capabilities,
he will not only be able to edit data, but also steal it throughout the virtual network. Therefore, to avoid this situation, you need to
protect the administration or servers of virtual machines. In addition, you need to create specialized information security tools
that can monitor traffic inside the required server. At the same time, compliance with basic fire safety rules is also important for
the safe operation of servers.

Key words: cloud technologies, security, virus, information.

3oasaerainos K. FO. ABTomaTu3auis opranizaniii i3 BAKOPUCTAHHAM XMapHUX TeXHOJIOTIi: npodjeMu 0e3nexu.
VY craTTi po3KpUTO MPUHIUIK aBTOMATH3AIll OpraHi3aliil i3 BUKOPUCTAHHAM XMapHHAX TEXHOJIOTIH Kpi3b NpU3My 0€3MEKOBOTO
acriekty. OxapakTepr30BaHi OCHOBHI €TalM PO3BUTKY XMAapHUX TEXHOJIOTiH, BUSBJICHI IepeBard BUKOPUCTAHHA LUX CHCTEM Y
MOBCAKICHHIN poOOTi (Mana BUTpara (hiHAHCOBUX PECYpCiB, MOKIMBICTh YHIBEPCANBHOTO JOCTYIY A0 OTPUMaHHS iH(popMarii,
MOCTiiHE yIOCKOHAJIEHHS MPOTPaMHOTO 3a0e3ledeHHs Ta TeXHOJNOrii). BomHowac, 3BepHEHO yBary Ha TOJIOBHI BHKJIMKH, IIO
CTOSITh Tepell KOpUCTyBayaMH XMapHHX CepBiciB: moTpeba y moctiiiHoMy i Oe3nepebiliHomMy IHTepHETi, HEMOXIUBICTH
BiZIHOBJIEHH: iH(opMalii y Bunaaky il BTpati. Baromoro mpo6ieMoro, oTxe, THIIaeThcs 3a0be3neueHHs Oe3neku. Mera crarti —
MpOaHaTi3yBaTH PU3MKU Ta HMOBIPHI IUISIXH 1X MOJOJAaHHS MPU POoOOTI OpraHizawii i3 XMapHUMHU TeXHoJIOTisiMU. BeraHoBieHo,
II0 CHUCTEeMa, sIKa BIUIMBA€E Ha 3a0e3MeueHHs HadiiHOro 30epexxeHH s iHopMallii y KIEHTIB MOXKe HiJaTHCs TAKUM 3arpo3aMm sK
cross-Site-scripting, phishing, Tposiau, Bipycu. Ile MOSICHIOETBCS THM, [IO, SK MPABHJIO, CIOXKHBAYi MPAIOI0YH i3 CepBicOM
XMapHHAX OOYHCIICHb, 3aCTOCOBYIOTH [HTepHeT-Opaysep. I3 mimumo onrtmmizamii iHpopmamiitHOi Oe3nekn Ha IHOMY piBHI,
noTpiOHO Ha OOIli KITi€HTa BUKOPHUCTOBYBATH JIIIIEH31HHI MMAKETH aHTHBIPYCHUX MPOTPaM, 3aCO0H IePCOHAIBHOTO OpaHaMayepa,
3aco0u I mudpyBaHH JaHUX 9M iHGOPMaLii Ha IUCKY, IPaBHIILHO HANAIITOBaHW [HTEepHET-Opay3ep. JoBeneHo, mo Oe3neka
MEXaHi3MiB BipTyaji3amii Tako>k BIUTMBAaE Ha 3a0e3leueHHs HaIiifHOCTI BipTyalbHOTO cepeloBHIna. Hampuknan, skmo araka
OpraHizoBaHa Ha MOHITOp BipTyaJbHHX MAlIWH, TO 3JOBMHUCHHUK MO)KE HEIOMITHO JUI CUCTEMH 3aXHUCTY, SIKi 3HAXOJIATHCSA Y
BIpTyaJIbHUX MalllMHaX MOXXE pelaryBaTH, KOIMIIOBaTH 4M OJOKyBaTh iH(GOpMaIiiHUX MOTIK. TaknuM YHMHOM, SIKIIO Xakep
OTPHMAE JOCTYII IO MOXKIIMBOCTEH KepyBaHHS, TO BiH 3MOXKE€ He NMPOCTO PeAaryBaTy JaHi, a i BUKPACTH iX 110 BCiH BipTyalbHiit
Mepexi. ToMmy Ui Toro abM yHUKHYTH L€l CHTyaulii HOTPiOHO 3aXMCTHTH JIO aAMIHICTPYBaHHsS YU CEpBEpIiB BipTyaJIbHUX
MamuH. KpiM 11p0ro, OTpiOHO IIe CTBOPUTH CIIEIialli3oBaHi 3aco0u 3axucTy iH(opMarii, SKi 3MOXKyTh KOHTPOIOBATH Tpadik
ycepenuHi HeoOXigHOTO cepBepa. BogHouac, TOTpUMaHHS eJIeMEHTapHUX MPABIIT IPOTHITOKEKHOI O€3MEKN TaKOXK BaXKIIUBE JUIS
0e3meyHoi poboTH cepBepiB.

Kaiwouogi ciioBa: xmapHi TexHONOTI, 6e3neka, Bipyc, iHhopMaIis.

Introduction and problem statement. The use of cloud technology is very popular among
Internet users because it contributes to ease of operation, and cost-effectiveness and generally improves
the quality of user experience. This, in turn, contributes to the popularization of cloud technology in the
IT services market.

The advantage of cloud service is the possibility to work with necessary information all the time
having only a computer or a laptop. Moreover, cloud technologies allow you to adjust the corporate IT
infrastructure quickly, taking into account immediate needs, and consuming exactly as many resources as
necessary. Due to its popularity, the use of cloud technology is constantly improving, so their use in the
work is constantly updated, and in the direction of improving and facilitating. The use of cloud
technology, as follows. Allow to minimize the cost of digital operations, and avoid the purchase of
expensive network equipment, complex hardware, and software solutions.
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In general, cloud computing allows organizations to achieve some advantages in two fundamental
categories of business and technology efficiency - faster time to market and increased agility. However,
these approaches to evolving cloud technologies can create security gaps and human error. There are
other potential drawbacks to cloud adoption in small businesses, including platform mismatch, network
vulnerability, unreliable data, and business interruption. There may also be challenges in working with
these technologies. For example, working with cloud technology requires staying online, that is, without
an Internet connection to work with such services is not possible, this problem is still difficult to
overcome, although recently developed mechanisms for an emergency, but slow communication, which
will allow to obtain from the “clouds” only critical information needed in urgent cases. It is also
impossible at this stage of its development to restore lost data, which may be very relevant in case of
unpredictable circumstances. The latter is also possible due to the neglect of security rules, which is a
vulnerable side of cloud technology users.

Cloud computing brings convenience and benefits to an organization, such as elasticity of
business, lower costs, automatic hardware, and software updates, elasticity, and scalability. The main
advantage is that it helps reduce unnecessary costs such as the purchase and maintenance of hardware and
software. It also reduces the number of people working in IT. However, like all technologies, cloud
computing has some problems. The biggest problem is security, especially data theft. More organizations
will only want to use cloud computing if the problems are solved. Therefore, the security of the cloud
computing service must be put first. Cloud service providers must ensure compliance with regulatory
requirements that may be of concern to users. Through compliance, it helps users to be safety certified. In
addition, security, policy should be provided by the details of access control, risk management, backup,
and system recovery. Due to time constraints in the future, several examples will be chosen and discussed
regarding how organizations have benefited from cloud computing. A theoretical framework will also be
used to discuss how organizations use the framework. Different types of attacks always occur in the cloud
environment, so a strong theoretical framework and architecture will be offered, especially for security.
This is an important step needed for a cloud service provider to deal with a cyberattack.

Analysis of recent publications and research. The problem of using cloud technology is a hot
topic for research, given the modern development of the computer system and the general Internet.
Domestic science has not paid due attention to this topic, but foreign scientists have repeatedly drawn
attention to the imperfect development of techniques for the security of digital information channels. In
particular, Attaran M. and Woods J. characterized the problem of using cloud technology to improve
enterprise operations [5]. They believe that cloud computing technology is a revolutionary way to harness
the power of the Internet, providing software and infrastructure solutions to enterprises around the world.
The authors mainly focused on the use of this technology in small businesses. Consequently, their work
explores the specifics of using cloud technology in different types of small businesses, with Attaran M.
and Woods J. referring to its successful practical application in Europe. In general, the system of cloud
computing allows organizations to achieve some advantages in the two fundamental categories of
business and technology efficiency - faster time to market and increased agility [5].

At the same time, Xu S. and Xin F. investigated the main advantages and challenges of cloud
computing implementation in business. The researchers believe that nowadays the important task of
modern organizations is to improve and automate the traditional ways of doing business. For this reason,
they note that cloud computing is considered an innovative way to improve business. In particular, they
play an important role in addressing inefficiencies and increasing business growth, helping organizations
to remain competitive [10]. Creswell K. et al. outlined the major challenges and opportunities for cloud
technology in healthcare. Their study is based on interviews with more than 20 individuals, mostly
professionals working for large cloud providers, small and medium-sized software vendors, and academic
institutions [6]. Skale M. also characterized the features of the implementation of automation processes in
enterprises using cloud technology. He believes that security capabilities are the main obstacles to further
adoption of cloud technologies because cloud systems are often a key target for cybercriminals [9]. For
this reason, the protection of cloud platforms and information remains important. Ukrainian specialists
have also investigated the problem of using these technologies. In particular, Litoshenko S. and others
investigated the use of cloud computing to automate the accounting process but in accounting systems

[2].
Kulik V. described the process of using cloud technologies in accounting and enterprise
management. The researcher presented the key models of cloud computing aimed at the end-user: private,
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public, public, and hybrid clouds [1]. At the same time, Liubimov V. and others highlighted the key
problems of implementation strategy and increasing demand for cloud technologies in the IT market [3].
In addition, they believe that the pattern of cloud computing is due to the need for ubiquitous and
comfortable network access. Consequently, this problem is quite widely represented in modern science.

Highlighting the previously unresolved parts of the overall problem. Therefore, the paper will
focus on the security aspect of working with cloud technologies, which have not yet received adequate
coverage in the Ukrainian scientific literature.

The purpose of the study. Accordingly, the purpose of this article is to analyze the security
factor in the work of organizations with the use of cloud technologies.

Presentation of the basic material of the study. The concept of cloud technology was first used
by E. Schmidt, the CEO of Google. However, their very concept emerged back in 1960, at the same time
the American researcher J. McCarthy suggested that soon computer computing will be provided akin to
public utilities. Consequently, since 2008 the term began to be used en masse in the field of information
technology [2, p. 86]. The increase in the use of cloud computing led to the spread of highly powerful
networks, the low cost of computerized systems and data storage apparatuses, the spread of virtualization
principles, etc.

Modern researchers note that the term cloud technology should be understood as technologies
that provide Internet users with access to computer resources of servers and facilitate the use of software
as an online service. Consequently, if the user has the ability to connect to the Internet, he can use the
mechanisms of complex calculations, to process various kinds of data, while using the power of remote
servers [1, p. 41]. The specified technologies allow to manage the organization much more effectively
through centralization of the managerial or accounting information, bandwidth, processing, and reliability
of data storage. So, the user gets access to personal data but does not have the ability to manage and not
worry about the operating system or the software on which he works. At the same time, an important
aspect of the use of cloud technology is its cost-effectiveness, which affects the accessibility to different
segments of the population in order to preserve information data. Individual organizations use them for
work that requires temporary computing, instead of setting up an internal infrastructure [8, p. 12]. This is
quite convenient in financial terms since the calculation itself lasts only during the period of their use. At
the same time, it should be remembered that the use of cloud technologies can also lead to the risk of loss
of information, where the possibility of control is quite limited.

Obviously, public clouds, like other networked systems, can be subject to attacks on the Internet.
In general, researchers identify several attacks that may be specific to cloud systems [5, p. 498]:

1. Typical attacks affecting software

2. Attacks that exclusively target the client

3. Network attacks

4. Attacks that primarily target cloud servers
5. Attacks, which carry out a variety of threats.

Despite this, experts note that if a hacker has successfully orchestrated an attack, there is a threat
of information security breach over every element of the cloud. In particular, such categories as privacy,
confidentiality, and integrity are involved. In addition, a key feature of building a high level of security is
providing access to private data to disinterested parties, which is established through additional activity
protocols between the user and the cloud system provider.

In general, the system affecting the security of customer information can be exposed to threats
such as cross-scripting, phishing, trojans, and viruses. This is due to the fact that, as a rule, consumers,
working with cloud computing service, use the Internet browser [9, p. 11]. In order to optimize
information security at this level, it is necessary on the client-side to use licensed antivirus software
packages, personal firewall tools, tools for encrypting data or information on the disk, and a properly
configured Internet browser.

These vulnerabilities point to the importance of protecting cloud platforms, infrastructures, hosted
applications, and information and create a demand for top-level cloud security management and
centralized security management in cloud environments. Other major concerns for IT managers are the
compatibility of the cloud with company policies, IS development environments, and business needs.

There is also the need to properly organize the subsystem responsible for keeping data in the
public cloud. It is about keeping it safe, for which a special virtual private network (VPN) tunnel is used
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[1, p. 43]. Thanks to this, it is possible to achieve client-server association with the proper level of secure
connection.

In addition, the security of virtualization mechanisms also affects the reliability of the virtual
environment. For example, if an attack is organized on a virtual machine monitor, then an attacker can
edit, copy or block information flow unnoticed by the protection system located in virtual machines.
Thus, if a hacker gains access to the control capabilities, he can not only edit the data but also steal across
the entire virtual network. Therefore, in order to avoid this situation, it is necessary to protect before
administration or virtual machine servers [10, p. 10]. Besides this, it is also necessary to create specialized
information protection tools, which can control the traffic inside the necessary server. The replication
network transmits segments of their RAM, so if attackers intercept data during an attack, there is a direct
security threat, hence it is necessary to isolate the replication network from other networks and use
certified VPNs for the replication channel [8, p. 8]. It is not necessary to rely on the triviality of virtual
machine structure, as this can lead to great security problems, but it is necessary to organize the process
of virtual machine management, so that it is consistent with the organization's security policy.

In addition to the internal software organization, it is worth noting the general provisions of
security compliance at cloud facilities. The presence of a video surveillance system allows you to visually
monitor everything that happens in the enterprise, its advantages lie in the following: no need to assign
separate guards to each server, 24/7 and remote control over the object, the ability to review old records,
if necessary, to identify potential and actual intruders is important. For comprehensive data center
security, threats such as possible fires or smoke should be considered, and the best effective tools are
employee and security notification systems to combat. One of the most effective notification methods is
an automated fire extinguishing system, which acts on the fire center while it is still in progress and does
not allow the fire to become extensive, which leads to minimization of losses [4, p. 62]. The system of
access control and administration allows an automated way to control entrances and exits, limit user
access to a certain territory, keep statistics of visitors, monitor the movement of users on the territory, etc.
Consequently, compliance with elementary security rules is also important for the safe operation of
Servers.

Also, the following economic issues can prevent sufficient resistance to virtual threats [6]:

1. Lack of sufficient internal resources - lack of training/education is one of the biggest obstacles
to the rapid implementation of security programs in small businesses. Small business owners tend to
make decisions without advice from competent IT professionals. These firms often lack experienced IT
support staff, and rarely do small business owners deviate from individual decisions to listen to the advice
of outside IT professionals. It also happens that small businesses usually don't have the financial
resources to hire advanced IT professionals in-house.

2. Lack of time to implement new initiatives - Lack of sufficient time is also a major barrier to the
rapid adoption of security systems in small businesses. Small businesses are often understaffed and
overworked, leaving very little time to implement new initiatives. While cloud computing can bring
significant benefits to small businesses, implementation is often delayed due to a lack of time for firm
leaders to even consider the prospect.

3. Cost Management - There are other barriers to rapid adoption - particularly the cost of
supporting the cloud and the speed of uploading files. Cloud costs can rise quickly, especially for
customizations to meet business needs. Uploading large files can take a long time, creating frustration and
inconvenience for day-to-day business operations. Other obstacles include management and control, the
complexity of building a private cloud, and performance issues.

4. Cloud control is another obstacle to the rapid introduction of security into online small
business operations. The cloud is inherently an open and shared resource. It is a potential target of cyber
attackers. The top three cloud security issues facing small businesses are legal issues, compliance, and
loss of control over data.

Important benefits, such as increased IT infrastructure flexibility, computing power, the ability to
use existing infrastructure with pay-per-use, and the use of that infrastructure to analyze big data, better
visibility of information, and the cost-effectiveness of disaster recovery upgrades make cloud technology
popular. Servers hosted in the cloud provide significant savings for small businesses. Using PaaS and
SaaS structures, small businesses can benefit and improve performance and security [5, p. 500]. This
allows the IT infrastructure of small businesses to evolve quickly and allows companies to save time and
focus on new opportunities. Small businesses are now able to access the same types of high-quality
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enterprise IT services used by larger organizations at a price and scale available to smaller businesses.
Small businesses will retain critical company data in a secure cloud-based system. Cloud services are not
only less expensive than traditional ways for small businesses to manage internal IT, but they are also
secure for data storage and disaster recovery. Small businesses can use the many SaaS-based programs
and services available for business project management, document storage and sharing, marketing, and
accounting at an affordable price. The study also discussed an example of a small business that
successfully transitioned to cloud infrastructure and used various SaaS-based applications and services to
reduce operating costs and improve productivity [5, p. 502].

When working with cloud technologies, one should also consider the economic aspects - to treat
the security of one's environment responsibly. Cloud computing allows organizations to effectively
manage their business. Through cloud computing, you can avoid unnecessary procedural, administrative,
hardware, and software costs [8, p. 11]. In the costs of organizations in general, cloud computing allows
organizations to effectively manage their business. By means of cloud computing, it is possible to avoid
unnecessary procedural, administrative, hardware, and software costs in the expenses of organizations.

Conclusions. The use of cloud technologies when working with information is an important
attribute when working with modern networked systems. With all their advantages (convenient access,
mobility, and low resource costs), ensuring overall data security is a major challenge. The high risk of
hacker attacks and lack of skills when working with server systems can lead to the loss or theft of
information that is almost impossible to restore. To optimize information security, the cloud service client
must use licensed anti-virus packages and have a properly configured Internet browser. There is also a
need to properly organize the subsystem responsible for saving data in the public cloud. We are talking
about keeping it safe, for which a special virtual private network (VPN) tunnel is used. At the same time,
following basic security rules is also important for secure server operations. When implemented properly,
cloud technology has real potential to provide accuracy, reliability, improved service, and cost savings for
small businesses. The challenge for IT experts today is to understand the role of the cloud and develop
strategies that leverage its potential. They must meet the prerequisites (the steps of a cloud adoption
strategy) before making the technology decisions necessary for a service-oriented business.
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PO3POBKA ABTOMATHU30BAHOI CHCTEMH MOHITOPUHT'Y HAJI3BBUYAHMHUX
CUTYALIHA Y JICOBUX EKOCUCTEMAX

KogiBuax 51.B., lyoyk B.1., Imutpuimun A.51. Po3po0ka aBTOMATH30BaHOI CHCTEMH MOHITOPMHI'Y HAA3BUYAHUX
curtyaniii y jgicoBux exocucremax. CTaTTs HpUCBSYEHa poO3pOOLI aBTOMATH30BAHOI CHCTEMH MOHITOPUHIY HaIa3BHYAHUX
CHUTYyallill y JICOBHX €KOCHCTeMaX. PO3IJISHYTO aKTyalbHICTB PO3pOOKM Takoro kimacy cucteM. [IpoBemeHo aHami3 iCHYHOUHX
METOJIB Ta 3aco0iB KOHTPOJIIO HAI3BHYAHHMX CHUTyalill B JIICOBHX eKocucreMmax. [IpUBEIEHO CTPYKTypHY CXEeMy CHCTEM 3
ypaxyBaHHAM iH(GOpPMaliHHUX MOTOKIB. PO3rIISIHYTO KOHIENTyanbHy MOJENb CHCTeMH. PO3po0ieHO OJIOK-CXeMH alTOPHTMIB
po6otu cucremu. [lpuBeneno nmiarpamy npeneneHTiB. Po3poOiieHo nmiarpamy IOTOKIB JaHHMX Ta JiiarpaMy KJaciB CHCTEMH.
IMpuBeneHo cxemy 6a3W JaHMX Ta OCHOBHI KOMIIOHEHTH CHCTeMH. Po3poOiieHO iHTepdeiic KopHCTyBada aBTOMAaTH30BaHOL
CHCTEMH MOHITOPHHTY Ha/I3BUYalHUX CUTYAIlIH y JTICOBUX EKOCHCTEMAX.

Ki1i04oBi c10Ba: aBTOMaTH30BaHa CHCTEMa, MOHITOPHHT HAA3BHYAWHUX CUTYAIIiH, JIICOBI eKOCHCTEMH, JIiICOBI OKEXKI.

Kovivchak Ya., Dubuk V., Dmytryshyn A. Development of an automated system for monitoring emergencies in
forest ecosystems. The article is devoted to the development of an automated system for monitoring emergencies in forest
ecosystems. The urgency of developing such a class of systems is considered. The analysis of existing methods and means of
controlling emergencies in forest ecosystems is carried out. The structural scheme of systems taking into account information
flows is given. The conceptual model of the system is considered. Block diagrams of system operation algorithms have been
developed. The diagram of precedents is given. The data flow diagram and the system class diagram have been developed. The
scheme of the database and the main components of the system are given. The user interface of the automated system of
monitoring of emergency situations in forest ecosystems is developed.

Keywords: automated system, emergency monitoring, forest ecosystems, forest fires.

Beryn

JlicoBi €KOCHCTEMH 3MiHCHIOIOTh CYTTEBHH BIUIMB Ha (OPMYBAHHS CHPUSTIUBUX YMOB JUIS
ICHYBaHHSI BChOTO XMBOTO Ha IUIaHETI 3eMJIs, a TAKOXK € 3armo0iKHUKOM BijI HEraTUBHHUX 3MIiH KIiMary
i Yac iHAyCTpiabHOI AisTbHOCTI MroanHH. [IpupoaHi icoBi ekocucTeMu 3aiiMaroTh moHaa 30% 3eMHO1
CyIIl Ta MIiCTATh TIOHAJ 3 TPUJIBHOHM pi3HUX nepeB [6]. Jlicu € mkepenoM pecypciB TakuX K JISPEBUHA Ta
1HIII JICOMPOAYKTH, BOHU PEryJIOIOTH MOTJIMHAHHS BYIJIEKUCIIOrO ra3y, (OpMYIOTh MEPEeIyMOBH UL
3a0e3MeUeHHs JII0JIell MUTHOI BOJOIO, AAIOTh 3MOTY CTBOPHUTH peKpealiiiHi 30HU (apKOBi 30HU AJIS
BIJIMOYMHKY, 3aMOBiJHUKH TOIIO). 3a pe3ysIbTaTaMK JOCITiHKEHb BCTAHOBIICHO, 10 TII00ABHI TOXKEXI Y
JCOBMX €KOCHCTEMax CIIPUYMHSIOTH 3arpo3u 3amacaMm Bomu [10, €.772] Ta BIJIMBAIOTH Ha SIKICTh BOIM
[11, c. 170], dayny icis [12, c. 1321], 3m0poB’st Hacenenns [13, €. 695].

[HTEeHCHBHUI IPOMHUCIIOBUI PO3BUTOK 0araTboX KpaiH MPU3BOAWTH A0 TNIOOAIBHOI 3MIHH KIIiMATY.
Takox 70 3MIH y KIIiMaTi MOXX€ NMPHUBECTH IMOCTIHHO 3pocTaroda KUTbKICTh HA/I3BHYAMHUX CHUTYaIlid y
JCOBHX €KOCHUCTEMAX, 30KpeMa mokexk [7, C.547]. Tloxkexi BILTMBAIOTh HA MHOXKUHY TTapaMeTpiB JTiCOBUX
exocucteM [9, €. 1179]. Takox mocmimkeno [8, €.290], mo 3MiHM KIiMaTy BIUIMBAIOTH HA KIFOYOBI
napamMeTpH JiCOBUX €KOCHCTEM Ta iX MOXKEeKHUN CTaH.

Jlo Ham3BHYaWHUX CHUTYyalild y JICOBUX €KOCHCTEMaxX MOKHA BiIHECTH HPUPOJHI Ta BUKIIHMKAaHI
JIIOACHKOI0 HEOOEPEXHICTIO JTICOBI MOXKEXi, a TaKOXX NMPOMHUCIOBY Ta HEJeralbHy BHUPYOKY AepeB. Y
HACJIiIOK IbOTO 3arajibHa IUIOIIA JIICOBUX EKOCUCTEM IIOPOKY 3MEHLIYETHCSI Ha MIJILHOHHU TeKTapiB.

B Vkpaini nicu 3aiimarots mionry 6iu3sko 10 MinbitoHa ra [2], Ipu bOMY BaXKIMBHM ITHTAaHHIM
0O0JTIKy, TATPUMKH, PO3BUTKY, BHUKOPUCTAHHS 1 3aXUCTY JICOBOTO (OHIY MPHIIISETbCS HAJIe)KHA yBara
neprkasu [1]. V BuIux 3akiagax OCBITH YKpaiHW MPOBAaIUTHCS MiATOTOBKA (axiBIIiB 3a CHEIabHICTIO
206 «CanoBo-napkoBe rocrnofapcTBoy. I[Ipu poMy, SIK BKa3zyrTh aBTopu [3, c. 6]: “OcHOBHE 3aBiaHHs
BEJCHHS JIICONMAapKOBOIO TOCMOJApCTBA — BUPOIIYBaHHS 1 (OPMYBaHHS CTIMKHX AEPEBOCTaHIB, SKi
BOJIOJIIFOTh BUCOKMMHU €CTETUYHUMHU 1 CAaHITAPHO-TIri€HIYHUMU SIKOCTSIMH.
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Oco0MBYy yBary mnpH IbOMY HEOOXIOHO HPHUIUIATH €(EKTUBHOMY BHKOPHUCTAHHIO JICOBHUX
TEPUTOPIH AT MAaCOBOTO BiAMNOYMHKY HACENICHHS, MOJIMIIEHHS €CTETHYHHX, O3I0POBYMX 1 CaHiTapHO-
ririeHivHuX QYHKOIM 1icoBOi pociawHHOCTI Ta 11 Mcuxo(i3MYHOTrO BIUIMBY Ha JoauHy . Jis Oinmbimn
eeKTHBHOI pealnizalii BiAMOBITHMX 3aBAaHb PO3POOJSAIOTHCS Ta BHUKOPHUCTOBYIOTHCS iH(pOpMamiiiHOl
cucTeMu 00Ky 00’ €KTIB JlicOmapkoBoro rocronapcrsa [4, €.25-35].

CrxuragHicTh  poO3B’si3aHHS mpoOieMu 3armobiraHHs HAJA3BUYAHAM CHUTYaIlisiM y  JIICOBHX
eKOCHCTEeMax IIONIATaE y TOMY, MIO y OUTBIIOCTI BHITAAKIB IIi TEPUTOPIi € BENMMKHMHU 3a PO3Mipamu,
BIJJQIEHUMHU 1 HEJOCTATHHO KOHTPOJbOBAaHMMH. TOMY CYTTEBO YCKJIAIHIOETHCS 3ajada PaHHbOTO
BUSIBIICHHS MOJKITUBUX HAJ3BUYaHUX CUTYaIlId 1, BIATIOBIAHO, 3aTPUMY€ETHCS 1X JIKBIJAIIis.

3 iHTCHCHUBHMM PO3BHUTKOM KOMIT IOTEpHHUX iH(OpMaliiHUX TEXHOJOriH 1 3aco0iB KOMyHiKamii
BIZIKPUBAIOTHCSI HOBI MOXKJIMBOCTI [ 3ar00iraHHs HaA3BUYalHUM CUTYyalill y JicOBUX ekocucTemax. Ha
CBOT'OZIHI iICHY€ BEJHKa KUIBKICTh PI3HUX MPOrPaMHUX 3ac00IB Ta CHUCTEM, SIKi AalOTh 3MOTY 31HCHIOBATH
MOHITOPHHT HaJ3BHYAaHHMX CHTyalill y JicoBuX ekocucremax. OpHak, y OUIBIIOCTI 3 HUX HE
nepeadaueHo BUKOPHUCTAHHS HEOOXITHIUX TEXHIYHUX 3aC001B I paHHLOTO BUSABJICHHS JTICOBUX MTOMKEK.

Jns peamizarii edeKTUBHOTO 3armo0iraHHsl HaA3BUYAMHNX CUTYaIlill y JTICOBUX €KOCHUCTEMaXx, HEo-
OXiTHO 3MIMCHIOBATH MIBHUJIKE iX BUSBJICHHSA 1 ITOBIJOMIICHHS HE TLIBKH MPO iCHYBaHHS, ajie 1 MOXKIIUBICTh
BUHHUKHEHHSI JIICOBUX MOXKEX.

Ornsan icHyro4YuX MeTOAiB Ta 3ac0o0iB KOHTPOJII0 HAI3BHYAWHMX CHUTyaliil y JicOBHX
eKocHCcTeMAX.

Ha cporonHi, Ha IPaKTHIli, 3aCTOCOBYIOTh IIMPOKHUN CIIEKTP Pi3HUX METOJIB Ta 3ac00iB BUSIBICHHS
Ta MOHITOPYHTY Ha/I3BUYAHHUX CUTYAIlill y TICOBUX eKochucTeMax. JJo OCHOBHHX 13 HMX MO’KHA BiJHECTH:
Bi3yaJlbHE CIIOCTEPEXKEHHS 3 KOHTPOJBHUX BEX; 3aco0M aepoAMHaMiYHOIO Ta CYIyTHHUKOBOTO
CIIOCTEPEKEHHS; CHCTEMH MOHITOPHHTY 32 JOTIOMOTOI0 ONITUYHHX 3aC00iB 1 pi3HUX THITIB CEHCOPIB.

Haiibinbin  TpamuIiiiHUM METOJOM BHUSBJCHHS HAJA3BUYAHMX CHTyalliii € Bi3yalbHe
CIIOCTEPEKEHHS 3 KOHTPOJIBHUX BexX. HemomkoM 1mboro METOAy € 3aJIeKHICTh BUSBICHHS HAa3BUYaHUX
CHUTYAIIIT BiJ] JIIOJICBKOTO (paKTOPY Ta HEOOXIHICTh HASIBHOCTI BEJIMKOT KiJIbKOCTI ITyHKTIB CIIOCTEPEKCHHS
Ta JIFJICKKHUX pecypciB. ToMy naHul METO/ HE € ONTHUMAJIbHHM.

Jlo ocHOBHHX 32CO0IB CYyIyTHHUKOBOTO CIIOCTEPEKEHHS MOXHA BiJHECTH TOJSPHI OpOiTAIBbHI KOM-
TUIEKCH Ta TeocTalioHapHi matdopmu. [lomspri opOiTambHI KOMIUIEKCH PO3MIIIEHO Ha CYMYTHUKAX
Terra, Aqua Ta NASA-NOAA Suomi NPP. Bonu naroTe 3Mory oTpuMaTH JeTaibHE 300paXKeHHs BCiel
3eMHOI TIOBEPXHI /0 JIBOX pa3iB Ha JeHb. /[0 HaWOLIbII BiMOMHX T'eOCTAIllOHAPHUX IJIATPOPM MOKHA
BiHectn cucremy “Copernicus” [14]. Bona po3poOieHa kpaiHamu €BpOIEHCHKOI CHIIBHOTH IS
3MiICHEHHsS] TIOCTIMHMX CIIOCTEPEXEHb 3a 3eMHOI0 ToBepxHew. Jlo ii ckiaay BXOASTh HACTYIHI
MiJICKCTEMH: TiICUCTeMa MOHITOPUHTY atMocdepH; MiJicucTeMa MOHITOPHHTY MOPCBKOTO CEpeI0OBHINA;
mijicucTeMa MOHITOPUHTY 3€MHOI TIOBEpXHi; IiJICHCTEMa MOHITOPHHTY IIpPOLIECIB 3MiHHM KIiMary;
nijicucTeMa MOHITOpUHTY Oe3neky B €Bpolli; IiicucTeMa MOHITOPUHTY HaA3BUYafHUX CUTYaIlill.

ITizcucTemMa MOHITOPUHTY HAQA3BHUYAMHUX CUTYalii 32 JOIIOMOTOIO CYITyTHUKOBOTO TUCTAHIIHHOTO
30HIyBaHHS 30WMpae i TepelJae TOYHY TEONpOCTOPOBY iH(OpPMAIliI0 BiINOBINATBHUM 0C0O0aM, SKi
MPUIMAIOTh yYacTh Y JIKBiAamii HACTI/IKIB CTUXIMHHUX JINX 1 TEXHOTCHHUX HAJ3BUYAWHUX cHUTyamii. Ls
miJicucTeMa J1a€ 3MOTY 3IIHCHIOBATH MOHITOPHHT 1 paHHE BUSBJICHHS HAJ3BUYAMHUX CUTyallid. PaHHe
BUSIBJICHHS 3IIMCHIOETBCS 3a JIOMOMOIrON: Moayjs iHpopmyeanHs mpo moeeni (EFAS); momyns
BusiBIICHHST Ta monepepkents nocyxu (EDO); monmyns Busiienus micoBux mnoxex (EFFIS), sikuii y
PEKUMI peanbHOTO Yacy repeae iHpopmMallito po JicoBi MoXkexi y perionax €spomu, brusskoro Cxoay
ta [liBHiuHOT AdpHKH.

[lepeBaramMn naHOrO METOAY BUSIBICHHS HAA3BHYANHMX CHUTyallii € Te, IO CHOCTEPEKEHHS
OJTHOYACHO 3/1IHCHIOETHCS Ha BEIMKHUX TEPUTOPISX, @ OTPUMaHI JIaHl € JOCTaTHRO TOYHUMHU. HenomikoMm €
BHCOKA BapTiCTh TAKMX CHCTEM.

OJHUM 13 OCHOBHUX BITUM3HSIHUX 3aCO0IB BiJICO-MOHITOPUHTY HAJ3BUYAHHUX CUTYaIlill y JTICOBUX
eKOCHCTeMaX € aBTOMATH30BaHHI arapaTHO-IPOrpaMHUiA KOMIUTEKC «A3umyTt» [5, €. 59-60]. ITpunimn
POOOTH JAHOTO KOMILIEKCY TOJISTaE y TOMY, IO Y PEXHUMI peallbHOTO Yacy Bijeo-300paKeHHS 3 Kamep
nepenaeThes 3a gonomororo mepexxk Wi-Fi Ha mucnerdepchkuit myHKT. [Ipy BHHHUKHEHHI IOMKEKI
3IHCHIOETHCSI BU3HAUCHHS KOOPAHMHAT Micusl 3aropanss. OTpuMaHi JaHi mepeaaloTscs Aucnerdyepy. B
MOJANBIIOMY BiJMOBIAHI MiAPO3AUIN MPOTUMOXKEKHOI CIy)XOM pearyioTh Ha MOSBY HaA3BHYAHHOL
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curyanii. Taka cuctema Jae 3MOTY MPOKIACTH Ta ONTHUMI3yBaTH MAapIIPYTH JO MICIsl HaA3BHYANHUX
CUTYalil.

Jo mepeBar BiIMOBITHOrO KOMIUIEKCY MOXHA BiJHECTH: OTPHUMaHHS 300paKEHHS B DPEXKHUMI
pearbHOro 4acy; MOMKJIMBICTh BHU3HAUEHHSI MiCLsi BUHHKHEHHS MOXeXi; (OpPMyBaHHS ONTUMAIbHUX
MapIIpYTiB JJIs MOXKESKHUX MiAPO3AUTIB; MOKIMBICTh 3BOPOTHHOTO 3B’S3KY Ta CIIOCTEPEIKCHHS 3a JiSIMU
MOKeXHOI Opuranu; oxoponHi (yHkmii. Hemomiku cucremu: BHCOKa BapTICTh caMoi CHUCTeMH Ta il
00CIyroByBaHHS; HEOOXiMHICTh MOKPHUTTS Mepexkamu Wi-Fi Benukux Teputopiid.

VY nmaHiii cTtaTTi PO3TISAHYTO PO3POOKY aBTOMATH30BAaHOI CHCTEMH MOHITOPWHTY HAIA3BUYAMHHUX
CUTYyaIlill y JIICOBUX €KOCHUCTEMax, fKa B PEXHMI PeaJbHOr0 4acy Ja€ 3MOTy 3MIHCHUTH BUSIBICHHS i
MOB1TIOMJICHHSI TIPO JIiCOBI MOKEXKI, @ TAKOXK OTPUMATH 1HQOPMAIIiIO PO MOSABY MEPELYMOB IX MOXKIMBOTO
BUHUKHCHHSL.

KonuentyajabHa Moaeab cucTeMu

Ha puc. 1 npuBeneno po3po0iieHy KOHIENTYalbHY MOJIENb CHCTEMH MOHITOPUHTY HaJI3BUYaliHUX
CUTYAIli}l y JTICOBUX €KOCHCTEMAaX.

HDaead 3ByKy

HDasau
TemnepaTyp i
BONOrocTi NoOBiTpA

Dasa4y BOrHKO

ABTOMaTM3OBaHa CUCTEMA

| MOHITOPWMHIY HAOZBWMYaWHMUX CUTYaLIA

B NicoBUMX eKOCHUCTEMAaX

KopwcTtyesaud Dasay4 rasy

Cepsep
Blynk

Pucynox 1 - KonuenryanbHa MOENb CUCTEMU

VY BiAmoBiAHOCTI 0 MpHUBEAEHOI KOHUENTYyalbHOI MOJeNi, neperdadyeHo BUKOPUCTAHHSA HACTYII-
HUX 30BHIIIHIX CYTHOCTEH: JIaBaviB TEMIIEpaTypH Ta BOJOT'OCTI MOBITPS, JaBaya 3BYKY, JaBada HassBHOCTI
BOTHIO Ta JiaBaya razy. 3a JIOIIOMOTOI0 BKa3aHOro Habopy JaBadiB y peallbHOMY dHaci 3AiHCHIOETHCS
MOHITOPHHT CTaHy HaBKOJIMIIHBOTO cepeaoBuia. KoprucTyBady cHCTEMH Mae MOXKIUBICTH 3JIIHCHIOBATH
Meperyisil OTPUMaHHX JAHHX.

B ocHOBY Mojeni CHCTEMH IOKJIAJEHO KIeHT-cepBepHy apxitektypy [15]. Ilpu 1mpomy Bcs
orpuMaHa iHdopmalis mepenaeTbcst Ta 30epiraerbcsi Ha cepsepi. Jani mpo Obkyuwil cran
HABKOJIMIIHBOTO CEPEJOBHUINA JIICOBOT EKOCHCTEMH BiIOMPAIOThCS 1aBayaMH Ta MEPEAalOThCS B CHCTEMY
3a JOIIOMOTOI0 MOAYJISI 300py Ta HaJCHJIAHHS AAHUX (pHC. 2).

Jaii 3aiACHIOETBCS TOTIEPEAHE OIPAILIOBAHHS JaHWX BIAMOBITHUM MOMYJIEM, IICIsA 4YOro
00poOJIeHI 1aHi 3aBaHTAXYIOThCs B 0a3zy nanux. OTprMaHi JaHi MiJIal0ThCs aHali3y 3 BUKOPUCTAHHSIM
Moy iH(pOpMaIIHHO-aHATITUYHOI 00POOKK JaHUX. Y BHUMNAAKYy HEOOXIIHOCTI JaHUH MOAYIb (opMmye
MOBIIOMJICHHSI TIPO BHSIBIICHI HaJ3BUYalHI cHTyallii. Takox UM MOAyJIeM 3JiHCHIOEThCs (HhOpMyBaHHS
MPOTHO3Y MOXJIMBHX HAJ3BHYAMHUX CHUTyalid Yy HaBKOJIMIIHBOMY cepefoBuiii. OtTpumani Ta
OTpalbOBaHi JaHi, cOPMOBaHI MOBIJOMJIEHHS Ta 3BITH 3 MPOTHO3aMU BHBOJAATHCS KOPHUCTYyBady 3a
JOTIOMOTOI0  1HTepEeNCHUX MOIYJIB MpPEACTAaBICHHS JaHWX Yy BapiaHTax BeO- abo MOOUIBHOTO
3aCTOCYHKY.
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Pucynok 2 - Cxema B3aeMo1ii MOJIYJIiB CUCTEMH

Po3po6ka KOMIIOHEHTIB IPOrPaMHOr0 3ac00y
[lig wac mpoekTyBaHHs Ta MOOYAOBU CHCTEMH Oylo po3po0JIEHO HACTYIHI 0a30Bi alTOPUTMHU:
anropuT™ 300py 1 Hepeadi JaHUX PO CTaH HABKOJMIIHBOI'O CEPEIOBUINA; AITOPUTM IOIEPETHHOTO OII-
paifoBaHHsl Ta 30€peKEHHs JaHUX Ta AITOPUTM IEPEBIPKU JOMYCTHMOCTI 3HA4YeHb JNAHWX PO CTaH
HaBKOJIMIIHBOTO cepefoBuia. biok-cxema anroputMy 300py i mepenavi JaHUX MPO CTaH HABKOJMIL-
HBOT'O CepEeJIOBUIIA IPUBE/ICHA Ha pucC. 3.
st Toro mo posnoyard 30ip JaHWX MPO CTaH HABKOJMIIHBOTO CEPEJIOBUINA Ta 3MIMCHUTU X
nepeaady Ha cepBep HEOOXiIHO aKTHUBI3yBaTH MIKPOKOHTpoJiep. AKTHBi3alis MiKpOKOHTpoOJepa 3.ii-
CHIOETHCSI ABTOMATHYHO IPU MEPLIIOMY HOTO BKIIOUEHHI a0 mpu HOro BHXOJI 31 CTaHy «CHy». SIKio
IHIIIami3alfis € YCHIIIHO, TOZAI BiAOYBA€ThCS OMMTYBaHHS Ta 30ip MaHMX BiA JaBadyiB, SKIIO HI -
ITOPUTM 3aBEPILYEThCA. AKTHBI3allisl MIKPOKOHTpOJEpa € HEMOXKIHMBOIO, SKIIO Y MiKPOKOHTpoJepa
BiZICYTHE KMBJICHHs1 a00 3B'30K 3 naBayamu. Ilicnst 300py oTpuMmaHi naHi HaJICHJIAIOTHCSA Ha cepBep, a
MIKPOKOHTpOJIED Ha 3 XBWIMHH MEPEXOJHUTh B PEXKUM «CHY». [lo 3aBeplIeHHI pEeXUMY «CHY»
BiJI0YBa€THCS HACTYITHA aKTUBI3allli MIKPOKOHTpOJIEpa.

© KogiBuak f.B., Iyoyk B.I., Imutpumma A. 5.



Hayxoesuti sicypran "Komn’ roTepHO-IHTETpOBaHiI TEXHOJIOTII: OCBiTa, HaAyKa, BUPOOHHUIITBO"
30 Jhyywk, 2022. Bunyck Ne 47

MovaTok

g

AKTuBI3yBaTK
MiKpOKOHTpONep

MikpokoHTponep
akTueizosaHo ?

3i6paTw paHi 3
ceHcopis

!

Hanicnatwn
zibpaHi oaHi Ha
cepeep

!

MepeirTn B
peXuM CHY Ha 3
XBUMUHKA

.

KiHeub

| —

Pucynok 3 — Biiok-cxema anroputmy 300py i mepenadi JaHUX

Ha pucynky 4 mnpuBeneHO [iarpamy BHIIAIKiB BHKOPHCTAHHS aBTOMATH30BaHOI CHCTEMH
MOHITOPHHTY Ui OCHOBHOT'O KJIaCy KOPHCTYBadiB. TaKMMH KOPHUCTyBadyaMH MOKYTh OyTH JHCIIETYEp
JIepKaBHOI JIICOBOT OXOPOHHU YKpaiHu abo MmparliBHUK JIiCOBOI'O TOCIIOIapCTBA.

ABsToMaTHI0BAHA
GHCTEMa IOHITOPHHTY
wamasu X
cHTyauii & nicosux

eKocHCTeMax

Tleperis akTyalsHIX Ta
iCTOpMUHIX maHmx
HABKOJTMIITHEOTO JIiCOBOTO
cepenosuma

AHami3 OTPHMAHUX JaHKX i
‘BU3HAYEHHS TIOTOIHOTD PiBHA
TIOXKEKHO! HeOeanmeKkH

HANCHIARHS MUTTEBAX
CTIOBIIIEHE TIPO BHSIBTIEH]
RasRMTAE] caTyanii

Tepernag indopmanii

KopucTtyBad F L Z
npo icHyloui cnoimenns

Tescpaniis i HacuTamms
IIOACHHHX POTHOSIE PiBHA
HOKEKHOT HeGe3neKH

HopasaHns, peAaryBaHHs,
IICPeriAN Ta BATCHHA
indhopmanii mpo sarmanosani
BHYOKH

Pucynoxk 4 - [liarpama BUNagKiB BAKOPHCTAHHS

ABTOMAaTH30BaHa CHCTEMa HaJa€ iM HACTYIHI MOXJIMBOCTi: OTpUMAarTH ODKy4i JaHi Ta JaHi 3a
MOTIEPE/HI TIEPioJIM Yacy MpO CTaH HABKOJUIITHBOTO CEPeOBUINA (3HAUECHHS TEMIIEPAaTyPH, BOJIOTOCTI Ta
3aJJUMJICHOCTI TIOBITPS y BIJICOTKax), Ii JaHi MOXYTb OyTH NpeACTaBieHi y BUMILIII rpadidHol
iHpoOpMaIlil; 3MIHCHUTH aHali3 OTPUMAaHHMX JIaHMX 1 BU3HAYUTH ODKYYHH CTaH IMOXKEXKHOI HEOE3MEKH;
ABTOMATUYHO OTPUMYBATH TOBIIOMJICHHS PO BUABJICHI HAJ3BUYANHI CHTYaIlil; 31HC-HIOBATH TIEPETJIs]
Ta aHaJli3 OTPUMAaHHUX MOBIJOMJICHb; OTPUMYBATH 3BiTH, IO MICTATh MPOTHO3 MOTOAM 1 OUYIKyBaHUH
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piBeHb TOXKEKHOI HEOE3MEeKH; 3MIMCHIOBATH JOAaBaHHS, BUAAJCHHS Ta Meper-isn iHdopmarii mpo
TUTaHOBI BUPYOKH JepeB.

JiarpaMy MOTOKIB JaHUX ABTOMATHU30BAaHOI CHCTEMH MOHITOPHUHTY HAJ3BHYANHHMX CHUTYyallili B
JCOBUX €KOCUCTEMaX MPUBEICHO Ha PUCYHKY 5.

Bizvanizais |

g}

ABTOMaTH30BaH CrioBineHHs

Cepenosuie Kopucrysau

: a cucreMa
o o Jani )
MR MOHITOPUHTY
CKOCHUCTEMHU HaJ3BUYAWMHHAX IIporno3u

CUTYAIII# B
JIICOBUX €KO-
crcTeMax

Tadopmarris
4 PO IPUCTPOI

\ 4

[adopmariist mpo BupyOKH

\ 4

Pucynok 5 - JliarpaMa noToKiB JaHUX

OCHOBHMMH BXIIHUMHU Jl@HUMHU [UIsi CHUCTEMHM € JaHi PO CTaH HaBKOJIHUIIHBOTO
cepenoBHINa JTiCOBOi ekocucTeMu. Ilicis iX ompamroBaHHS, CHUCTEMa BIIOOpa)ka€ OTPUMAaHY
iHQopMaIif0 KopucTyBauaM. TakoX 3IiMCHIOETHCS Bi3yasizallis INOJAEHHHX MPOTHO3IB MPO piBEHb
HOKEeXKHOI HeOe3MeKu.

Hiarpamy kjaciB JaHUX aBTOMAaTH30BaHOI CHCTEMU MOHITOPHUHTY HaA3BHYAHHMX CHUTYyallii B
JTICOBHX €KOCHCTEMaX NPUBEICHO HAa PUCYHKY O.

=<intertaces=
ice|

+ send(): void
+ prepareData: T

| Biyakpatacotiestorservice | fringsspeakbatacatiectorService|

+ send(): void

+ send(): void
+ prepareData: BlynkData

<<ntortace>>
ExternaiNotificationService
s .

PlannedLoggingService PlannedLoggingRepository | PianneaLogging |
+get(ia: string): PlanneaLogging + plannedLoggingModel: PlannedLogging +_id: Objectid
+ getAll(): PlannedLoggingl] - --Use--3| + findlauery): PlannedLogaing N
+ create(payload): PlannedLogging + create(payload): PlannedLogging + stantTime: Data

+ prepareData: ThingsSpeakData

+ endTime: Date

+ update(id, payload): PlannedLogging + update(ia. payioad): PlannedLogaing
+ details: string
Measurements + dovi biectidl]
+_id: Objectid
+ cate: Date + updatecat: Date
+ temparature: Array<number(>
+ humidity: Array<number(}> L e
; + measurementshiodel: Measurements | _ PRT—r— ExtemalDatac "
+ gas: Array<number(}> [<Use- F<Use- NotificationService
+ flame: Array<boolean}> + fina(query): Measurements + get(id: string): Measurements S
+en et A + add(payk + ada(payload): Measurements “Use- 33
+ craate(payload): Notfication
+ device: Objectid - savelnDb(: Measurements o
- vo
+ createdAl: Date - send ToExtermnalServices(): void
+ updatedat: Date - createnotificationiineeded(): void vie
Use
N
[ Device | DeviceRepository [ DeviceService

+ _id: Objectid + deviceModel: Device + updata(id, payload): Device
--1 + getAll): Devicel]
+ updateLastSendTs(id): Devie

+ delete(id): Device

"]+ findiquery): Device
+ remove(id): Device

+ latituge: double + delota(id): Notification

+ lasiSenaDate: Date
+ createdAr: Date Use

+ updatedAl: Date

A
PlannedLogging
+_ia: Objectid
+ type: string
+ description: string
+ device: Objectld
+ createdAl: Date

+ updatedAt: Date

Pucynok 6 - liarpama kiacis
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OcHOBHMMHM KllacaMu cHcTeMH € kiacu-cepBicu: DeviceService, NotificationService,
MeasurementsService, PlannedLogging Service. Knacu-cepicu  BlynkNotificationSerivce i
FirebaseNotificationSerivce peanisytots inTepdeiic ExternalNotificationService. Lli cepBicu BHKO-
PHCTOBYIOTBCS /ISl HaJICHJIAHHS CIOBilleHb Ha 30BHimHI pecypcu (Blynk [16], Firebase [17]). Knacu-
cepBicu BlynkDataCollectorService i ThingsSpeakDataCollectorService peani3ytoTs iHTep-(eiic
ExternalDataCollectorService i BukopuctoByroTs aBa Metoau: add() i prepare Data().

e p— Cxema 0a3u JaHWX aBTOMAaTH30BaHOI
== ;5”;".5.'.1‘?7” b CHCTEMH IIpUBEACHA HA puC. 7.

- ol i coutl Jnsa 30epiraHHd JaHUX TIPO CTaH
e v e o ensaaDeedians (1 b L, HABKOJIMIITHBOTO ~ JIICOBOTO  CEpEIOBUINA
e o apdtetn e Bukopuctano NOSQL cuctemy ympaBiiHH
06azamu nmanux MongoDB [18]. Bona
T 3a0e3neyye poOOTy 3 KOJCKIiIMU (aHAJIoT
[ ™iegnae e | tabmuip B SQL 6a3i gaHux) i JOKyMEHTaMHU
asaraowe one (ananor 3anumcis B SQL 6a3i namux). baza
upaeant JaHUX PO3pOOJIEHOI aBTOMAaTH30BaHOI CHC-
TEMH CKIIQIAETHCS 3 T'SITH KONeKIin (puc. 7):
[Mpucrpoi (Devices); CroBileHHs
e e ﬂﬁb"l’ g .1 (Notifications);  Bumiptopanns  (Measu-
|t o tovces 1 tyect rements); 3arutanoBani Bupy6ku (Planned

e g Loggings); Iepentauenns (Predictions).

AmnapaTHHIl MOJYJIb aBTOMATH30BaHOI
CHCTEMH  MOHITOPHUHTY  HaJ3BHYaHUX
CHUTYyallil y JICOBHX EKOCHCTEeMax HpHUBeAeHO Ha puc. 8 Ta puc. 9. BiH ckimamaeTbcs 3 HACTYITHHX
KOMIOHEHTIB: Tepmobokc Atis [19]; mikpokontponep TTGO T-Call V1.3 ESP 32 [20] 3 BOymoBaHuM
GSM-moaymnem SIMBOOL [21]; rasoanamizarop MQ-2 [22]; maBau 3Byky Waveshare [23]; maBaui
TemrepaTypu Ta Bojorocti moBitpst DHT22 [24]; nmaBau HasBHOCTI BorHio Sunfounder [25]; GSM-
000mAnh [27].

Pucynok 7 - Cxema 6a3u JaHuX.

Pucynox 8 - KoMImoHeHTH amapaTHOTO MOy IS Pucynok 9 - 3i0paHuii anmapaTHuii MOTyJIb

JIst BUSIBIICHHST BOTHIO BUKOpHcTaHo cercop SunFounder Flame Sensor [23]. Bka3zanwuii 1aBau pea-
r'ye Ha JpKepeso cBitia 3 gosxuHoro xBuii 700-1000 aMm. Bigkputuii BOroHb BUIIPOMIHIOE CBITIIOBI XBHJI1
caMme y I[boMy Jiana3oHi. PoGouunii kyT ceHcopa craHoBHTh 60°, a Jiana3oH JOMYCTHMHUX TEMIIEPATyp
3HaXOJWUTHCS B MeXkax Bix -25 1o 85 °C.

[lix gac TectyBaHHS JaHOTO JaBaya OyJI0 BCTAHOBJICHO, IO BiH pearye Ha BiAKPUTHH BOTOHB Bil
cipuuka Ha Bigctani 7o 1 M. [lpu peanbHil JicOBi moXkexi Horo poOoya BiICTaHb PO3Mi3HAHHSI
BIIKpUTOTO BOTHIO Oyze nmpuOiau3Ho piBHOO 10-15 M.

JInst BUSABIEHHS TPOAYKTIB 3TOPaHHA y HABKOJHIIHBOMY CEPEIOBHINI BHKOPHCTAaHO CEHCOp
SunFounder Gas MQ-2 [20]. Bin aae 3Mory BCTaHOBHUTH YaCTKy TOPIOYOTO Tasy abo AMMY Y IMOBITPi.
Voro niamason wyrnmBocTi craHoBuTh B Mexax 300-10000 ppm. Ilix yac TecTyBaHHs 3aTPUMKA 4acy
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CIIpaITIOBaHHs CEHCOpa TpH Maihke HEMOMITHOMY Bi3yaJdbHO 3aJUMJICHHI TIOBITPS CTaHOBHWIA JIO 3
cexyHna. Ilix yac peanpHOI JTicOBil MOXeXi KOHIIEHTpALisl IPOAYKTIB 3ropaHHs Ta AUMY y TOBITpi Oyze
3HAYHO OLNBIIOI0, TOMY BHOpPaHHUN Ta30aHANI3ATOP CIIPALIOE IPAKTUIHO MUTTEBO.

IIpm BHWKOHaHHI JOCHTI[KEHb OYJO0 TPOBEACHO TECTyBaHHA CHUCTEMH Ta YCYHYTO BHUSBIEHI
Henoniku. Byno pospobneHo iHTepdeiicn aBTOMAaTH30BaHOI CHCTEMH MOHITOPHHTY HaA3BHYANHHUX
cutyaniii. Ha puc. 10-11 npuBeneHO 30BHINIHIM BUIIISAA MOOUTEHOTO iHTEepdelcy Ta BeO-iHTepdeicy
3aCTOCYHKY.

@ S & S B
M Forest Control System Mamnad Coggiog

Device 618d2252f1b79016ab741249

Current temperature Current humidity

Last 30 days

Temperature Chart Humidity Chart
:

Pucynoxk 10 — Pucynoxk 11 — Beb-iHTepdeiic cuctemu
Mo0GinsHMI iHTEpdEiic

BucHosok

Y pe3yibpTari BHUKOHaHHS pPOOOTH OYJIO pPO3pOOJIEHO aBTOMATH30BaHY CHCTEMY MOHITOPHHTY
Ha/I3BUYAHUX CUTYallill Y JIICOBHX eKOCHCTEMax. 3apornoHOBaHUM 3aci0 JacTh 3MOTY IMiIBUIIUTH PiBEHb
e(eKTHUBHOCTI Ta CBOEYACHOCT] BUSIBJICHHS HaJ3BHUAHUX CUTYyalill MPHU JTICOBUX MOXexax. BoHa Moxke
BUKOPUCTOBYBAaTHCh OKPEMO ISl BUSABJICHHS JIOKAJbHUX HAI3BUYaWHUX CHUTYalil, Tak 1 SK CKIaJ0BHH
€JIeMEHT OUTBII TTI00aThHUX CHCTEM MOHITOPUHTY HAJ3BUYAHUX CUTYaIlil y JTICOBUX €KOCHCTEMAX.
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Mamyx Baagucaas FOpiiioBuy, marictp

Jlyupkuii Hal[iOHAIBHUI TEXHIYHUH YHIBEPCUTET

JOCJII)KEHHSI METO/IIB PO3PAXYHKY BIICTAHEM, TPOMJEHUX TOPTOBUMHU
ATEHTAMMU

JlaBpenuyk C.B., Meabauk K.B., barniok H.B., Ilamykx B.FO. Jlocaix:keHHs: MeTOdiB PO3paxyHKy BiacTaHeii,
NMpoONIeHUX TOPrOBHMH areHTaMu. PO3risIHYTO pi3HI BapiaHTH pO3paxyHKY BifCTaHEeH, NMPOWHAEHHX TOPTrOBHMH areHTaMH,
3ificHeHO X aHami3 Ta IOPIBHSAHHS, HAaJaHO pEKOMEHJamii MIOJ0 ONTHMAJBHHX IapaMeTpiB PO3PAaXyHKIB 3aJeXKHO BiX
MOYaTKOBHX BXITHUX JaHHX.

Kurouosi ciiosa: Python, toprosuii arenr, kaptu Google, OpenStreetMap, po3paxyHoK BijcraHei

Lavrenchuk S.V., Melnik K.V., Bahniuk N.V., Pashchuk V.Yu. Investigation of methods for calculating the
distances traveled by sales agents. Various options for calculating the distances traveled by sales agents are considered, their
analysis and comparison are carried out, recommendations are given on the optimal calculation parameters depending on the
initial input data.

Keywords: Python, sales agent, Google maps, OpenStreetMap, distance calculation

IlocTanoBKa Mpo06JeMH Ta aHAJI3 AOCTiIKEHb

VY 3B’A3Ky 3 aKTUBHHM 3pPOCTaHHSAM IiH, [UId 0ararboX MiANPHEMCTB NUTAHHS KOHTPOMIO Ta
MIPOTHO3YBaHHs BUTPAT IMAIHMBA CTa€ BCE OUIBIN aKTyallbHUM. 3PO3YyMLIO, IO TaKi BUTPATH HAWO1IBII
3aJie)KaTh BiJ| JOBKHHU IMPOMIEHOr0 aBTOMOOLIEM NUIAXy. JIOTICTHYHI KOMMaHii, 0 3aliMarOThCs
NEPEBE3EHHAMHU BAaHTAXIB, MOXKYTh Hallepel CIUIAaHyBaTH Ta ONTHMIi3yBaTH CBOi MapuIpyTH (KJIacHYHa
TpaHcropTHa 3aaava) [3, 4], 0cobaMBOCTI ) POOOTH TOPrOBHX MPEACTABHHUKIB HE J03BOJSIIOTH IHOIO
3po0OUTH, aJKe X MapIIPyTH Hamepe He BiJIOMi 1 3MIHIOKOTHCS MPOTATOM JHS. JIOCHTh 4acTO TOProBi
areHTH KOPUCTYIOTHCS BIIACHUMH aBTOMOOUIAMH 1 poOOTO/IaBeIh HE MOXE OyTH BIEBHEHHH B TOMY, IIIO
a0COFOTHO BCi MOI3IKA 3iHCHEHO caMe 3 POO0Y0I0 METOI, TOMY CIIOCIO BUKOPHCTaHHS OJoMeTpa abo
GPS-tpekiHry He miaxoauTh. Po3paxyHOK BifcTaHeH, MPOiIeHNX TOPIOBUMH areHTaMu, BiI0yBa€eThCsl Ha
OocHOBI Bxe mpoineHnx To4yok. Dikcamisi ix GPS-koopawHAT B TOProBUX TOYKaxX BiJIOYBAEThCS B
CIEIialbHO PO3po0JIeHOMY (ipMOIO-TIAPSAHUKOM I0AaTKy. Ha OCHOBI OTpMMaHMX MAacHBIB JaHHUX
MiAPSATHAK PO3paXxOBYe MPOWICHI BiACTaHI 3a alropuTMOM, o 0a3yeTbcs Ha (GOpMyri TraBepcHHYcCa.
Sxuio 37ilicHIOBaTH po3paxyHKH 3a (OpMyJIaMH TaBepcHHyca SIK MpsMY BiJCTaHb MDK JIBOMa
reorpaiYyHUMH TOYKAMH, TO MOKe BUHUKHYTH 3HaYHE BiIXWJICHHS BiJ (DaKTWUYHO MPOUIEHOI BifCTaHi y
3B’A3KY 3 0cOONMBOCTAMH KOH(pirypauii noporu. Hanpuknazn, Ha pucysky 1 npsma Bincranb AC 3Ha4HO
MEHIIA, Hi)K peanbHO npoiieHa (4,6 km).

ToMy, 3 METOI YHHKHEHHS TaKMX 3HAYHUX IMMOXUOOK, MiIPSTHUKOM 3allpPONOHOBAHO PaxyBaTH
BiJICTaHb 32 KaTeTaMH MPSIMOKYTHOro TpUKyTHHKA. KoopaunHatu Touok A Ta C Bimomi, a KOOpAMHATH
TOYKH B 3HaXomsATh SIK MEPETHH JOBrOTH TOYKH A Ta mupoTu B (abo HaBmakm). [daii 3a ¢opmynamu
raBepcrHyca mykarTh Bijctani AB Ta BC i 3a po3paxyHkoBy npuiimarots Bijictanb AB+BC. IIpote, sk
0aunMo 3 pUCYHKY |, BOoHa TEX BiAPI3HAEThCS BiAg (AKTHYHO MPONAEHOI (U1 IAHOTO MpHKIALy
BiJIXHJICHHS CTAHOBUTH Maibke 22%).

MerToro naHoi poOOTH € JOCIHIKEHHS aJIEKBATHOCTI aITOPUTMY ITpoBaiiiepa sl pi3HUX KaTeropin
TOPTOBHX areHTiB Ta, 3a TOTPeOW, MONIYK IHIIMX METOJIB pPO3paxyHKy BijcraHei Ha ocHOBI GPS-
KOOPJIMHAT, aJKEe OJTHO3HAYHOTO BUPIIICHHS ITi€] 3a/1a4i 10C1 He iCHYE.

PosrnsHyTO HacTymHI MeTOJQM: METOZ, 3acHOBaHMM Ha QopMynax raBepcuHyca (MeToln
ninpsaauka), Google Maps [7], OpenStreetMap [10] (3 pisuumu mapamerpamu). @opmynu EBkitina mis
PO3paxyHKy BijcTaHel 3acTtocoByBamu B mpaigix [2, 4, 5]. . Toncansec [4] mpomnoHye 3aCTOCOBYBAaTH
MOTPaBOYHI KOE(IIIEHTH 10 €BKJIIIOBUX BiJICTAHEH.
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Pucynok 1 — Pi3HuIs Mixk BiICTaHHIO 32 (DOPMYJIOI0 TaBepCUHYCa Ta PeabHO MPOIICHOI0

ABropu poOoTH [2] BBaXarOTh, IO (GOPMYJIM TaBEPCHUHYCIB JOCHUTHh J00pE Y3rO/DKYIOTHCSA 3
(haKTUYHOIO BiICTAaHHIO 32 YMOBH 3aCTOCYBaHHSI METOJY MiKpocerMmeHTauii. [IpoTe B Hamiiii mocTaHoBIi
3amavi He moctatHho GPS-KoOpauHAT I PO3OUTTS IUIIXY Ha cerMeHTH. B po6oTi [3] po3risaaerses
moxuoOka MeToay BiHCeHTI, 1110 BUHMKAE BHACIIOK HAOJMKCHOTO BpaxyBaHHs €IINCOITHOT PopMu 3eMiIi.
KpiM reoge3nmyHux METOJIB MpH pPO3paxyHKY BIiICTaHEH MK TOYKaMH Ha TIOBEPXHI 3eMii
BHKOPHCTOBYIOThCSI Takox Kaprorpadiuni. B poborax [1, 6] posrismaerbcs MpHKIAL 3aCTOCYBAHHS
Biakputux kapt OpenStreetMap [10] aust 3HaXOKEHHS BiICTaHEH MiXK TOYKAMH.

Buxsax ocHOBHOro MatepiaJy ii 00IpyHTYBaHHSI OTPUMAHMX Pe3yJbTATIB

Jis mpoBeieHHs TOCIIHKEHHST 00paHo JBi KaTeropii TOProBUX areHTiB: JJIS aHali3y TOXHOOK MPH
po3paxyHKy KopoTkux (10 50 kM) Ta goBrux (50 kM i Ginbine) Bigcraneid. st 3HAX0HKEHHS (aKTHIHUX
BiJicTaHe# BuKOpuCTaHO BeO-Bepcii kapt Google Ta mMerom MikpocerMeHTallii (MapmpyT po30MTO Ha
YAaCTHHH, SIKi CKIIQJal0ThCsl MAKCUMYM 3 JIeCSITH TO4O0K). Llel Metos 3HaxoKkeHHs (pakTHYHUX BiJcTaHeH
(xapt  Google) nocuth pecypco-BHTpaTHHH, TOMY HE MOXKE MOCTIHHO BHKOPHUCTOBYBATHCS JUIs
PO3paxyHKIB BiJICTaHEH.

AmHani3 JaHuX 37ilCHIOBABCs 3ac00aMU MOBH MporpaMmyBaHHs Python 3 Bukopucranusam 6i0mioTek
Pandas, OSMnx, NumPy, matplotlib, haversine, vincenty, geopy.

Ha6ip manux (DataFrame) mae TabnuuHy CTpyKTYypy 3 TOJSMH: TpamiBHHK (employee), Ha3Ba
BiJBiyBaHoi Touku (tt), yac BijBiayBaHHs (time start), moBrora touku (start lon) Ta mupora TOYKH
(start_lat) (pucynoxk 2).

employee tt time_start  start_lat start_lon
0 Mpawsnukl National Museum Taras Shevchenko 2021-11-01 09:24:43 50443436 30.515529
1 TMpauisHukl Kyiv Pechersk Lavra  2021-11-01 09:30:25 30434809 30.557112
2 TpauigHrk] St Volodymyr's Cathedral  2021-11-02 09:30:25 50.444952 30.508819
3 TipauigHuk] Golden Gate 2021-11-02 11:34:43 350448880 30513318

Pucynok 2 — Ctpykrypa naHux

Ha ocnoBi GPS-koopauHaT BiIBiIaHUX TOYOK OOYMCIIIOIOTHCS BIJCTaHI M HUMHU (PHCYHOK 3) 3
BUKOPUCTAHHSM Pi3HUX (QYHKIIIH, B OCHOBI SIKHX JIe)KaTh METOJH PO3PAXYHKY BiJICTaHEH:
- MeToJ raBepcuHyciB — 0i0mioreka haversine;
- Metoj BincenTi — 6i0iioTeka vincenty;
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- ¢yukuis distance (ines Yapns3a KapHi) - 6i6mioreka geopy.

Nporvo3osama nlacTan.

Npauinmxl

Pucynox 3 — [lopiBHAHHS (YHKIIH 0OYMCICHHS BiACTaHEH

3 puCYHKY 3 BUAHO, IO TPH BHIIE3a3HAYCHI METOAU AAIOTh MPAKTHYHO OJHAKOBI pe3yJbTaT,
TOMY Hajaji BUKopucToBYBaTuMeMo ¢GyHkiiro distance 6idiiorexu geopy.

Ha pucynky 4 HaBejeHO TOpIBHSHHS pO3PaXyHKOBUX BiJICTAHEH METOJOM MiApS/AHUKA 3
(haKTHIHUMH.
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Pucynoxk 4 — IopiBHSIHHS METOY MiJpsiiHUKa Ta KapT Google
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Sk BUAHO 3 PUCYHKY 4, IJI BWITAIKy IOBIHX BIJCTaHEW METON MAPSAHUKA N1a€ HE BEIIHKI
BimxwmieHHs (B Mexax 1,5%), a s BUMAagKy KOPOTKMX BiJCTaHEHl pPO3paxyHKH CYTTEBO 3aHIKEHI
(cepenne BinxwuieHHs cTaHOBUTH 16%). Tomy mpu KOMIEHcallii MajlbHOrO TOPrOBHM areHTaMm, sKi
MePEeMIITyIOThCa B Mexkax S50 KM, CIIi/I IIyKaTH iHIII METOAH PO3PaxyHKY BiJCTaHEH.

3actocyemo Bimkputy miaardpopmy OpenStreetMaps (pucyHOK 5) Ta mporpaMHHE MOMYJb IS
Python OSMnx — iHCTpyMeHT, sKHil [J03BOJIsi€ 30MpaTd JiaHi, CTBOPIOBATH Ta JOCIIDKYBaTH
aBTOMOOUIBHI Ta 1HIII IUIAXK 3 TOUYKH 30py Teopil rpadiB. OyHKIIT HepeTBOpEeHHs 3a1aHO0i MiCLIEBOCTI B
rpad MICTSTH HmapaMeTpH, SKi MO3HAYAIOTh THIM HUIAXIiB, HA OCHOBI KX OynyeTwcs rpad. Ilapamerp
«drive» N03BOJISIE BpaxyBaTH JIMIIE JOPOTH 3aralibHOTO KOPHCTyBaHHS, a «ally — Bci muraxu (Bymwii,

CTEXKH TOIIIO).
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Pucynok 5 — INopiBusaus metogiB OSMnx ta kapt Google

Sk 6aunMo 3 pUCYHKY 5, 3actocyBaHHs (yHKIIH OSMNX i po3paxyHKy BiJicTaHeH Ja€ 3aBHINEHI
pe3yibTaTH: IpU 3acCTOCYBaHHI mapamerpy «drive» — cepenne BinxuieHHs 15 %, mpu 3actocyBaHHi
napametpy «ally — 7 %. Oanak, napametp «all» He miAXOAUTH 151 aBTOMOOIIBHOTO TPAHCIIOPTY.
AJNTOPUTM MiJIPSTHUKA MICTHTh MATEMaTHYHUI PO3PaxXyHOK 32 TPhOMa BEPIIMHAMU MPSIMOKYTHOT'O
TPUKYTHHKa O3 BpaxyBaHHS pEaJbHHUX JOPOKHIX MapLIpyTiB, TOOTO MiAPSAHUK BHKOPHUCTOBYE
KOOpJWHATH TPbOX TOYOK. [IpomoHyemMo MiAXiA, B SIKOMy HE IIYKalOThCS KOOPJMHATH TOYKH B
(muB.pucyHok 1), a 3agaeTbcd JMIIe KyT HaXWiIy KaTera Jo TimorteHy3u. 3a Bigomumu GPS-
KoopanHaTaM To4oK A Ta C 3HaXOAUMO AOBXHHY rinotenysun AC npsMOKyTHOTO TpUKyTHHKA. Jlami 3a
TPUTOHOMETPUYHUMH (QopMyiamMu 3Haxoaumo Biactani AB ta BC 1 3a po3paxyHkoBy npuiiMaemMo
Bigcranb AB+BC. Ha pucynky 6 HaBeieHO pe3yibTaTH PO3paxyHKIiB NMPH PI3HUX 3HAYEHHSX KyTa

HaxXHIy.
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Pucynoxk 6 — ITin6ip kyTa HaxuiIy Karera
B tabnuni 1 HaBegeHO BiAXHUICHHS PO3PaxXyHKOBHX BiJICTaHEW AJISl Pi3HUX METOMIB Bi (haKTHUIHUX

(xapt Google).
Tabmurs 1 — BigxuneHHs po3paxyHKOBHUX BiACTaHeH BiJ (pakTHIHUX

) Biacranb, km Bigxunenus, %

$lsg] g s3] o

S |ZE| £ EE| £
Aata E |5 R 2 kyT 15° | kyr 30° | kyT45° | 5 & 2 KyT 15° | xyt 30° | kyT 45°

5|55 3 =5 3

2 |£E| O £E| O
01.11.21 36,4 | 315 [431| 315 35,09 36,33 | -135| 184 -13,5 11,4 -0,2
02.11.21| 32 | 235 |333| 244 27,19 28,15 | -26,6 4,1 -23,8 15,7 -12,0
03.11.21 | 159 | 12,8 | 184 | 12,6 14,03 1453 | -195| 15,7 -20,8 9,6 -8,6
04.11.21 | 29,4 | 32,6 | 44,3 | 31,2 34,76 35,98 | 10,9 | 50,7 6,1 6,6 22,4
25.11.21 | 459 | 40,9 | 62,7 | 39,9 44,46 46,03 | -10,9 | 36,6 -13,1 8,7 0,3
26.11.21 | 339 | 26,2 | 30,3 | 25,3 28,27 29,26 |-22,7 | -10,6 -25,4 7,9 -13,7
29.11.21 (27,1 | 20,3 | 248 | 19,2 21,41 22,16 |-251| -85 -29,2 55 -18,2
30.11.21 | 41 | 356 | 42,8 | 34,2 38,12 39,46 | -13,2 4,4 -16,6 7,1 -3,8
CepenHe BigxuneHHs, % 156 | 14,8 17,4 9,1 47

Sk BUmHO 3 puCyHKY 5 Ta Tabmuii 1, HaliMeHIe BiIXWIJICHHS PO3PaXyHKOBHX 3HAa4YeHb BiJ
¢daxtnunnx ( 4,7%) npu BUKOPHCTaHHI PiBHOOEAPEHOTO MPSIMOKYTHOTO TPUKYTHHUKA (KOJM KYT HaXUIy
KaTeTiB J10 TinoTeny3u 45°).

BucHoBkn

Po3risiHyTO 3amady KOHTPONIO Ta TNPOTHO3Y BUTPAT MAIBHOTO TOPrOBUMH IIPEJCTaBHUKAMH.
Bxignumu nannmu € GPS-koopawHaTH TOProBHX TOYOK. PO3MNIsiHYTI pi3HI alTOPUTMH pPO3paxyHKY
BiJICTAHEW, BHKOHAHO iX TIOPIBHAHHSA Ta aHalli3, HAJaHO pPEeKOMEHJalii IM0J0 ONTHMAaIBLHOCTI
3aCTOCYBaHHS METOMIB JUIS PI3HUX KAaTEropii TOProBHX areHTiB: Uil KOPOTKHX JUCTaHIIN
3alpOIIOHOBAHO BIOCKOHAJIEHUI METOJ PO3paxyHKy (3 KyToM Haxwiy kaTtety 45°), a Jyi NOBIHX —
JIOBEJICHO aJICKBATHICTh 3aCTOCYBaHHS METOAY IiPSTHHUKA.

HocmipkeHHss BUKOHAHO 3acobamu Mo Python i pospoGiieHa cucrema it TPaAKTHIHOTO
BUKOPHUCTAHHS TOPrOBUMH areHTaMH Ta iX KepiBHUKAMH.
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SIMULINK MOJEJIb ACHUHXPOHHOI'O EJIEKTPO/IBUT'YHA
3 KOPOTKO3AMKHYTOIO OBMOTKOIO

Mananko A. M., ITaganxo H. M., Maganko K.A. Co6uyk JI.C. Simulink Moj1eJ aCHHXPOHHOIO €/J1eKTPOABUIYHA
3 KOPOTKO3aMKHYTOI0 00MOTKOI0. Po3po0ieHa MareMaTH4YHAa MOJIENb AaCHHXPOHHOTO JBHI'YHAa 3 KOPOTKO3aMKHEHYTHM
pPOTOpPOM B OpPTOTOHAIBHIN CHCTEMI KOOpAMHAT, OPIEHTOBAaHIH 3a MOTOKO3YEIUICHHSM pOTOpa. 3alpolOHOBaHA MOJENb
XapaKTepH3yeThesl (DYHKIIOHANBHICTIO Ta MOXJIMBICTIO BHKOPHCTaHHS OTPHMAaHUX pe3ysibTaTiB i caMol MoJeni IpH
MPOCKTYBaHHI Cy4aCHOTO CICKTPOOOTIa THAHHS
KiouoBi ciaoBa: mozenmi, 3MiHHUE cTpyM, Simulink, acHHXpOHHHH EIEKTPOIBUTYH 3 KOPOTKO3aMKHYTOIO OOMOTKOIO,
PO3paxyHKH.

Padalko A.M., Padalko N.J., Padalko K.A. Sobchuk D.S. Simulink model of a squirrel-cage induction motor. A
mathematical model of an asynchronous motor with a squirrel-cage rotor in an orthogonal coordinate system oriented to the rotor
flux linkage has been developed. The proposed model is characterized by functionality and the possibility of using the results
obtained and the model itself in the design of modern electrical equipment.

Keywords: models, alternating current, Simulink, squirrel-cage induction motor, calculations.

IMocTanoBka HaykoBoi npodaeMu. OCKUTBKH aCHHXPOHHI €JIEKTPOJIBUTYHH 3 KOPOTKO3aMKHYTOFO
OOMOTKOIO BiZlirpaloTh Bce OLIBII 3pOCTal0dy poJib B EHEPreTHYHOMY OanaHci, a JuHamika
CHIBBIIHOIIIEHHSI BapTOCTI €JIEKTPONPUBOJIB 1 Tapu(iB Ha EJIEKTPOCHEPTII0 PO3UIMPIOE EKOHOMIUHY
TPaHUII0O X BUKOpHUCTAaHHsA. HaBiTh He3HayHE IOKpANICHHS TEXHIKO-€KOHOMIUYHHMX IIOKa3HUKIB 1
BJIACTUBOCTE IIMX JBUTYHIB B MacIITa0ax Jiep>KaBH Ja€e 3HAUHy €KOHOMIIO eJICKTPOSHEprii Ta 3abe3neuye
COJIIJTHUI EKOHOMIYHUH e(eKT.

3a3HavyeHi BUIE YNHHUKU OOYMOBIIIOIOTH aKTYAJbHICTh MOIIYKY NUIIXIB €HEepro30epeskeHHs i
Yac BUKOPUCTaHHS aCHHXPOHHUX €JIEKTPOABUTYHIB 3 KOPOTKO3aMKHYTOI0 OOMOTKOIO.

IMopsim 3 OararbMa IHIIMMH UDISIXaMH €HEPro30epeKeHHS, OJHMM 3 HaWOUIbII JII0YuX €
MO/JIEITIOBAHHS POOOTH aCHHXPOHHOTO JIBUTYHA, 1110 JIO3BOJIUTH ONITUMI3yBaTH HOTO POOOTY.

Mera poGoru: poszpobutu  Simulink Momens  acCHHXPOHHOTO  €NEKTPOJIBUTYHA 3
KOPOTKO3aMKHYTOI0 0OMOTKOIO

AHai3 BHYTPIMIHIX €JIEKTPOMArHITHUX MPOIIECIB B ACHHXPOHHOMY JBHUTYHI TIOYHEMO 3 PO3TIISLY
KOJIa OOMOTKH CTaTopa.

OOMoTKa cTaTopa acCHHXPOHHOTO IBHIYHA IMOB’S3aHa 3 JIBOMa MarHiTHUMH IOTOKaMH: OTOKOM
MAarHiTHOTO T0JIsI, 0 00epTaeThes, a60 pobounm nmorokoM @, i moTokoM poscisiHas 00MoTKH cTaTtopa Ds
KokHOMY 3 IIMX MarHiTHUX MOTOKIB BIJMOBIa€ e.p.c. iHAyKiii. Enexrpopymiiiia cuia, sIKy CipuuuHse
00epToBe MarHiTHe MoJe, iHAYKYEThCS B OOMOTII CTaTOpa BHACTIJOK TOTO, 1[0 00epTOBE MarHiTHE MoJje
MEPETHHAE MIPH CBOEMY OOEpTaHHI BUTKHM 0OMOTKHM craTopa. [lozHaunmo 1110 e.p.c. uepe3 £ Jlpyra e.p.c.
OB'sI3aHa 13 3MiHHUM ITOTOKOM PO3CIsTHHS I[i#f e.p.C. caMOiHayKIii qamo mo3nauenns Eg [9]

3anumemMo GopMyIId 3a JOMOMOTO0 SKUX BU3HAYAETHCS KOXKHA 3 IIUX €.D.C.

[Ipu BuBeneHHi ¢popmynu s €.p.c. E; CKOPUCTaEMOCS 3aKOHOM €JIeKTPOMArHITHOT 1HAYKIIi (y1s
OJTHOTO BHTKA)

_de
dt

@)
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BusnaunMo Temep cepeqHe 3HAYEHHS €.p.C. B OJHOMY BHUTKY 3a MOJOBUHY Iepiogy abo 3a
mBoOepTa 00EPTOBOTO TOJIS:
TI2
E, . edt ()
T/2 5
3amintotoun 'y ¢opmyni mist E. Bupas (edt) depe3 (-d®P) 1 3MiHIOIOYM MEXi IHTETpyBaHHS,
MaTHMEMO:

1 2 2% 40
E == [edt=2 [(-d®)== [do=""n 3
edt=7 J(-a0)=7 ®

C T2 T T

Jlnst oomoTku craropa I/T mopiBHiOe dacToTi fi, i Toai Gpopmyra asst cepelHbOro 3Ha4YEHHS €.p.C. B
OZTHOMY BUTKY MaTHM€ BUTJISI:

E =4f, @ 4

CkJazeMo eJeKTpUYHY CXeMy 3aMillleHHsI KoJjia CTaTopa aCHHXPOHHOTO JBUTYHA Ui OfHi€l (asu.
Cxema 3amilieHHsI KOKHOT (a3 0OMOTKH CTaTropa MOBHHHA BKJIFOYATH aKTUBHHM OMip I, iHIYKTUBHUMA
OITip Xg1, IO BKA3ye Ha HASBHICTH B KON e.p.c. caMoiHmyKIii Eg (el omip Hamanmi Mu mO3HAYaTHMEMO
MPOCTO X;), 1, HAPEHITi, €IeMEeHT, IO BKa3ye Ha HAasBHICTP B OOMOTII craropa 3. A. 3. £ Bci mi
MOCIIIZIOBHO 3’€JHAHI CJIEMEHTH, Bi0OpakarouM CXeMy 3aMilleHHs ojHiel (a3 OOMOTKH CTaTopa,
M IKTI09a0Thes 10 da3zHoi Harpyru Uy TprdazHoOoTo CTpyMy, SKUM KUBUTHCS ACHHXPOHHHUN ABUTYH.

PosrissHeMo cmodaTtky KOO cTaTopa B TakOMy pEXuMi, B SKOMYy BiH He TOB'S3aHHA 3
€JIEKTPOMArHITHUM BIUIMBOM KoJia poTopa. Takuil pexxum, 0O4eBHIHO, MATUME MicLle Ml 4ac BKIFOUCHHS
cTaropa 3a BiZICYTHOCTi CTPYMY B POTOPIi.

Cxema 3aMilIeHHS KoJla Juis KOXKHOI (pa3u poTopa MOBHHHA CKIIAJATUCS 3 HACTYITHUX €JIEMEHTIB:
CJIEMEHTa, B SIKOMY HABOJHUTHCS €.p.C. K, aKTHBHOTO Omopy Kojla poTopa I, i iHAYKTUBHOTO OMOpPY
PO3CISTHHS X, W0 BKa3ye€ Ha HasSBHICTh B IIbOMY KOJIi €.p.c. caMOiHaykIii Eg. Taka cxema 3 Bka3zaHUX
eNIEMEHTIB 3aMHUKA€ThCS HAKOPOTKO Y BHITA/IKY ABHI'YHA 3 KOPOTKO3aMKHYTHUM POTOPOM 1 3aMHUKA€THCS HA
30BHIMIHIA omip Ry = Reoem -

1 ANV

ATATAAYATE—

.
EE‘

Pucynok 1 — Cxema y BUnaziky IBUTyHa 3 KOPOTKO3aMKHYTHM POTOPOM

JInst aHami3y 3ppyYHO BUKOPHCTOBYTH MaTeMaTuiHe MOzeoBaHHA [1].

Ha ocHoOBi Teopii aBTOMAaTu4HOro KEpyBaHHS, aCHHXPOHHI OBUTYHH € HENIHIHHMUM OO0'€KTOM 3
CKJIQJIHOIO CTPYKTYporo. Ha po3poOky MaTeMaTHYHOI MOJIENI aCMHXPOHHI JIBUT'YHIB BILUIMBAIOTh HACTYIIHI
(dakTopH: KHMBICHHS JIBUTYHA; KOHCTPYKIiMHI ocoOnmBocTti (Oinsiua kitiTka, (hasHUil poTop);cucreMa
KOODPJIMHAT Y SIKiif ONUCY€EThCS ABUTYH;KUIbKICTh CUTHAJIIB Ha BXO/1 Ta BUX0Mi[4].

Mojeni acHHXpOHHHX JBUTYHIB PO3AUISIOTH HA!

—CTPYMOBI (BXIZHHI CUTHAJ € CTPYM CTaTopa);

—Hanpyrosi (BXiIHUH CUTHAI € HAIIPyTa CTaTOPA).

ACHHXPOHHHH IBUTYH 3TiHO Teopii aBTOMAaTHMYHOTO KEPYBaHHS € HENiHIHHUM OaraTOMipHUM
00'€eKTOM i3 TOCHTH CKIIAAHOIO CTPYKTyporo [4]. TIpu po3pobIi MaTreMaTHYHUX MOZEIeH aCHHXPOHHUX
JIBUT'YHIB BH/IUISIFOT HACTYITHI OCOOJIHMBOCTI, SIKi TIOTPIOHO BpaxoByBaTu [4]: crociO KMBIICHHS BUTYHA;
0c00IMBOCTI KOHCTPYKUii ABuryHa ((asHuii porop, Oinsiua KiIiTKa, MOABIHHA OiNsya KIIiTKa);cHCTEMa
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koopauHat (CK), y AKkiii BUKOHaHO HOro MaTeMaTHMYHHMH OIKUC; KiNBbKICTh BXIJHHUX 1 BUXITHMX CHTHAJIiB
MOJIeNi; cHCTeMa MPUHHATHX BITHOCHUX BENWYHH (Y pa3i iIXHbOTO BUKOPUCTAHHS).

Moeni aCHHXPOHHHUX IBUTYHIB MOXHa moaiuTH Ha [1-3]:

—CTpYMOBI ( BXiJIHUI CUTHAJ € CTPYM CTaTopa);

—HaIpyrosi (BXiIHUI CUTHAJI € HAIIPyTa CTaTOpa).

st Toro mo6 Mozens Maina OuTbII JOCTYITHUH BUTIIST POOJIATH Taki TOMYIICHHS:

—B3JIOBX KOJISl TIOBITPSHOTO 33a30py PO3NPHIUIAIOT, HAMArHidyBalbHi CHJIM OOMOTOK, IO yCyBa€e
BUII[i TAPMOHIKH MarHiTHOTO MOTOKY;

—BIJICYTHI BTpaTH MarHiTHUX KiJI y CTaTOpa Ta poTopa;

—CHUMETPHUYHI 0OMOTKH cTaTopa Ta poTopa;

—mapaMeTpu 0OMOTOK CTaTopa MpHUBEIEHI 10 pOTOpa;

— SIBHIIIE BATHCHEHHS 3 TIa3iB CTPyMY BiIICYTHE;

— JUKEePeJIo KUBJICHHS BBAKAETHCA 1/IealIbHUM JDKepesioM cTpymy abo EPC.

SKmo HaMm MOTPiIOHO JOCTITUTH ABUTYH y TPUBAJIOMY PEXHMi poOOTH a0o0 SIKIO Majliii Aiana3oH
pEryJIoBaHHs MIBUAKOCTI PEKOMEHIYIOTh BHUKOPHCTOBYBATH OJHO(A3Hy Mozenb. SKIo MHOTpiOHO
JMOCTIANTHA Pi3HI HECHUMETPUYHI PEKHWMH, Kpalle BHKOPHUCTOBYBaTH TpudasHy Mojenb y (a3Hux
KOOpIMHATaX cTaTopa Ta poTopa.

Mogeni acMHXpOHHHMX JABWUTYHIB B OOCPTOBMX CHUCTEMax KOOPAMHAT, HAI[UIEHHMX IO BEKTOpax
HOTOKO3YETIICHHS, SIK TPABUJIO KOPHCTYIOTHCS [UISl CHHTE3Y 1 IMOPIBHAIBHOTO aHANi3y CUCTEM BEKTOPHOTO
KepyBaHHA. 30KpeMa, Opi€HTallis Ha ITOTOKO3YEIUICHHS pPOTOpa BHUKOPHCTOBYETHCS  HANPUKIAT Yy
TIOJICOPIEHTOBAHUX CHCTEMAaX BEKTOPHOTO KEepyBaHHs (HENpsiMe BEKTOPHE KepyBaHHsI), a Opi€HTallis Ha
MOTOKOMIICTUICHHSI CTaropa - B CHUCTEMaxX BEKTOPHOTO KEpPyBaHHs 3 NPSIMUM KEPYBaHHSIM MOMEHTOM
(DTC).

Hacamnepen Ham moTpiOHO, 100 HampsM JiHCHOT OCI CXOOMBCS 3 HANPSMOM Yy3arajlbHEHOTO
BEKTOPY MOTOKO3YEIJICHHSI POTOpa, TOOTO BEKTOP MOTOKO3YEIUICHHS pOTOpa 00EepPTAEThCS CHHXPOHHO 3
CHCTEMOIO KOOpAMHAT. Y CHCTEMi KOOPIMHAT BEKTOP IOTOKO3YEIUIEHHS MAaTUCE TIIbKH AIHCHY CKIIaO0BY.
3pobumo mo3HaueHHs filicHa Bick 0, a ysBHa — (. Y NHUX KOOPIMHATaX MAaTEMATHYHHH OIKC
ACUHXPOHHOTO JIBUT'YHA MAaTHME BUTJISL;

\Prq =0, Fiq :‘\Pr‘ =Y. (6)
OCHOBOIO 11 PO3pOOKH CHUCTEMH BEKTOPHOro KepyBanHs AJl € Moaens y cucteMi koopaunar (d-

q). domaiimo 10 epexymon Hactynne: U rd = U

=0,

st po3poOKu MoJIeNi py JKUBIIEHHI 0OMOTOK CTaTOpa Bij JpKepela Hapyry NOTPiOHO BpaxyBaTH
3BOPOTHI 3B’S13KM 32 CKJIAJOBOIO CTPYMY CTaToOpa Ta MOTOKO3YEIUIEHHS POTOpA.

3 ypaxyBaHHsAM mepenymoBu (3.3) Ta BUIlEe 3a3HAYECHUX YMOB MOYHEMO MAaTEMAaTHYHHM OIMHUC 3
PIBHSHD B y3araJbHEHUX BEKTOPAX:

~

_~ ~

U.=I.R. +— + jo, 7.,
S S''s dt Jks

~

0=1.R, +%+ i(of - Z,0)%, .

Ham moTpiOHO BHWIle CKa3aHWN CKJIaJ CHUTHAJIB, JUIS [OI'O 3HAWIEMO Yy3arajlbHCHHH BEKTOP
CTPyMy pOTOpa Ta 3p00MMO MiICTAHOBKY 3 ypaxyBaHHs;IM Ho3Ha4yeHsb (5), (6):

~ Lo~ 1 ~ ~
| =—9 -] =—¥ —kI,;
r Lr r Lr S Lr r r"s

(8)
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-~ - L, -~ L?n - - -
‘{’S=LS|S+L ‘I’r—L I, =oL I + k'Y, )
r r
[Ticns migcranoBku (8), (8) y cucremy (7) oTpumaemo:
o di; . d¥ - -
U, =T,R, +olg —= +k, — + jo (oL T +k, P, )
dt " dt
1~ L dy, . ~

0=—¥, -, + r+j(0)k Z,0)¥,

Juia takoro, mo6 1-e piBHAHHSA OCTaHHBOI CHCTEMH 3aTPHUMYBAJO MOXIAHY JIAIIE TITBKU Bif 1-TO
CUTHAITy, BUPa3uMO TOXiTHY BiJl MOTOKO3YEIJICHHSI POTOpa 3 2 PiBHSHHS JAHOI ) CHCTEMH 1 MiICTaBHMO
OTpUMaHE B TepIIe:

dy ~ ~ -

dtr =k, R, I _f\{lr - j(oak —Zpoa)‘{’r, (10)
~ ~ diy, k, ~ . - ~
US :RST IS +GLS E—T— rt J(DKGLSIS - JZDO‘)kI’LPI” (1)

r
re Ry =R, +k?7R;.

BukopucraBmm mMeton nepexoAy pIBHSHHS B y3arajJbHEHHMX BEKTOpax A0 YSABHUX Ta IiHCHUX
CKJIaJIOBUX, BAKOHAEMO TIepeTBOPeHHs piBHSHHA (3.7) Ta (3.8) y cucTeMy cKalsipHUX PiBHSHB

-

dly, kK
Uss =Ry lsg + 0L di _ﬁq]rm _kalesq’
dl
USq = RSf ISC] + LSlT—i_(DkGLSISd _Zpo\)kr\Ilrms (12)
¥, L, 1
Sm Ty
dt Tr sd Tr rm
0=K,R, I — (0 = Z 0¥ rn.
ITo3naunmo
TSF :GLS / RSI’ (13)

Hani nudepeHuianbHi piBHAHHS NEPENUILIEMO B OIIEpaTopHy GopMy::
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-

k
Usd+T_r\Prm+0)klelsq Isd ( p+1)

r

Usq — O le Isd - Zp(")kr‘yr = Iqusr(Tsr P +1)’

Lnlsg =¥ (Tr P+ 1)’ (14)
I

o =KR, — + o,

rm

MoskHa TIpeZICTaBUTH OCTAaHHE PIBHAHHS cucTemH (3.12) y HaCTYymHOMY BHTIIAII:
Ao, =k Rl IV =0y — 0, (15)
A(Dr — abCONIOTHE KOB3aHHS POTOPA BiTHOCHO IIBUAKOCTI 00EpTaHHS eEKTPOMArHiTHOTO TIOJIS.

OO6’ennaBiy piBHsAHHS (25), (26) 3 piBHSAHHSIM €JIEKTPOMArHITHOTO MOMEHTY Ta PIBHSHHS PyXY,
OTPUMA€EMO MOJIENTb ACHHXPOHHOTO JIBUTYHA , sIKa HaBeeHa Ha PHC.2.

3
M = 22 kr\Vrm sq (16)

Jany Mojeib MOXKHa BHKOPHCTOBYBATH, SIKIIIO POOWUTH JOCIIIPKEHHS CHUCTEMH BEKTOPHOTO
KepyBaHHs aCHHXPOHHOTO IBUTYHA 3 OPIEHTAIII€I0 32 ITOJIEM pOTOpa.

Pucynok 2 — Mogens KOpoTKo3aMKHEHOTO A/l B OpTOroHabHii CUCTEMi KOOpAWHAT,
OpiEHTOBaHIH 3a MOTOKO3YETIJICHHSIM pOTOpa

3 MoJieJ1i aCHHXPOHHOT'O JIBUTYHA OTPUMAEMO MepeaaToyHi QPyHKLIi peryisaropis:

1. PETYyJSTOpU CTPYMiB
P RSF (TSF p +1) .
e — a7

T:p

2. pEerysiTop NOTOKO3YETIIICHHS] pOTOpa
Tp+1

m " f p

3. PETYIATOP MBUAKOCTI
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-2 (19)
pu '
kTTW
[[{o6 po3paxyBaTH cTaii yacy iHTETpyBaHHS BUKOPHUCTAEMO HACTYITHI (hOPMYITH:
T=2T,T,=2T,,T, =T, =T, (20)
Tu —CTana Jacy, sika o0ymoBieHa inepmiiHicTio [14.

SAxmo Ham notpidben [I—perynsaTop mBUAKOCTI, TOAI BUKOpHcTaemo (opmyny (3.17), mpu oMy
cucrema Oyne cratmuHoro. Ane skmo motpioamii [1l-perymsarop(cucrema acratndnHa) mepenaBabHA
¢yHKLis Oyne HACTYITHOIO:

_ ] (Top+1)
mel_kTTw Top ' (21)

ne T, =2T .

Jnis nmocmimxeHHs OyJeMO BHKOPHCTOBYBAaTH mporpamHe 3aOesmeueHHs Matlab Simulink ms
MoOyIOBH MOJENI TO3UIIIHHOIO eJIEKTPONPUBOY BIAMOBITHO JO CTPYKTypH Ha puc.3. Byaemo
BUKOPDHCTOBYBaTH CTaHJapTHY MOJAENb a 3 KOPOTKO3aMKHEHHM pOTOpPOM, Opi€HTOBaHa 3a
MOTOKO3YETUICHHSIM poTopa. Pe3ynbraTi MozentoBaHHs MpUBECHHI Ha puc. 3.a — 3.B.

[epexigHi mporecy TOCTIHKYBaHOT CHCTEMH aBTOMAaTHYHOT'O KepYBaHHS 3 JIIHIHHUM PEryIsiTOpOM
npu Mc=0, ¢*= ¢ /2, npu KoediLieHTI peryasTopa NONOKEHH K,,=const, IpOJEMOHCTPOBaHI Ha pUC.
3.a

Ha nanux rpadikax MU MOXEMO MOOAYUTH T€, IO CUTHAJ 3aBJIaHHS BIANPaIbOBYEThCS 0e3
JIOTATYBAaHHS Ta TEPEperyIioBaHHs, II€ O3HAYa€e IO PO3MOAUTFYHNA MPHUCTPIH Ta JaBav iHTEHCHUBHOCTI
HAJIAIITOBaHI BipHO. 3HAYUTH MOJOXEeHHS ((t) mocsrio 3amaHoro 3HadeHHs B t=0.21 ¢, B Toif Hac sk
MBUAKICTh ®(t) Aocsria Hynas npu t=0.21 c., 1le 03HaYae 110 CUCTEMa BiANpPaIbOBYE 3aBAAHHS CEPEIHIX
nepeMilleHb.

IMepexinni mpouecu npu Mc=0, ¢*= ¢ ,, Ta Koe]ilieHTI perynsTopa NOJNOXKEHHs K,,=COnst,
HpOAEMOHCTPOBaHi Ha puc. 3. 6. 3 rpadiky BUIHO, 110 NPH 3aBAaHHI O*= @ ;,, CUCTEMa BiJIPaIbOBYE 3
MEepEeperyNOBaHHIM , OTXKE, CUCTEMa rajbMye mizHine. OTxe, NBUIKICTh HE TOPIBHIOE HYIIO B TOW yac
SIK TIOJIOYKEHHS B)KE BUMIIUIO Ha 3aaHe 3HadeHHs B t=0.29.

[Tepexinni mpomecu mnpu Mc=0, npm koedimieHTi perynsaropa monoxeHHs K, =const,
MPOIEMOHCTPOBAaHI Ha pHcC.3. B.

3 rpadiky BHIHO, IO NIPU 3aBJaHHI Q*= ¢ /4, cUCTeMa BIANPaLbOBYE 3 JIOTATYBAHHAM, OTKE,
cucTeMa rajgpMye panime. OTke, MIBUAKICTh JOPIBHIOE HYJIO B TOH Yac SIK MOJOKEHHS e He BUHIILIO
Ha 3aj1aHe 3HaveHHs B t=0.18. B TakoMy BuUNajaky MBHIKICTH OyZ€ KOMIIEHCYBATH TIOJOKEHHS ITOKH HE
JOCSITHE 3aJIaHOTO 3HAYCHHS, 10 3BICHO 3MEHIITY€ IBUIKOMII0 CHCTEMH.

15 T T T T T T T T T
w, pan/c; y, B6; @, mMm;
1 H—’r/\xuro (t)/
N\ AL Do o)/ o,
| P
0.5
t, C
[0}
-0.5[" | I I I I I I I I m
-1 1
15 1 1 1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5
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1.5 T T T T T T
o, pan/c;y, B6; @, MM; o)/ o,

VN

1—\\Ur/\Vr‘O

05

t, C
o] v
-0.5[" 1 I I T N
-1 1
15 1 1 1 1 1 1 1 1 1
) 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0)
15 T T T T T T T T
o, pan/c;\y, Bo; @, MM;
1 _\ljr/\Vr-O
i (D(t)_/o)0 _ / |
0.5 (p(t) (pl_p
o
t, C
o]
-0.5[ -
1 1 1 1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5
B)

Pucynok 3 — INepexiHi XapaKTepUCTHKH CUCTEMH aBTOMATUYHOTO KEPYBaHHs MOIOKEHHS 3 TiHilHUM
PETYIATOPOM: a) O*= ¢ 1/2; 6) 9*= ¢ 1p; B) 0*= @ 4™/

3a JaHUMM JTOCIIPKEHHST MOXKEMO 3pOOUTH BHCHOBKH, 1110 JIaHA CUCTEMa IPH MaJMX Ta BEJIUKUX
MEPEMILIICHHSIX TPAITIOE 3 TIEPEPETYIIOBAHHAM YU JOTATYBAHHSIM.

BucnoBku. Po3pobiieHa MaTeMaTH4YHAa MOJENb ACHHXPOHHOTO JIBUTYHA 3 KOPOTKO3aMKHEHYTHUM
pOTOPOM B OPTOTOHATBHIA CHCTEMi KOOPJHHAT, OPIEHTOBAHIA 3a TIOTOKO3YCIUICHHSM pPOTOpA.
3anpornoHOBaHO CXEMYy PO3paxyHKy Ta po3poOJsieHe BiANOBiAHE mporpamHe 3ade3mneueHHs B Simulink;.
Moyiens 103BOJISIE OTPUMATH JaHHI MiAOOPY ACHHXPOHHHMX JBUTYHA 3 KOPOTKO3aMKHEHYTHUM POTOPOM
JUTSL HOBOT CUCTEMH €JIeKTpOorpuBoay. [Ipy oMY JJIsl OIIHKU CIIOXKHWBAHHS €JICKTPOCHEPTii HeoOXiTHO
noOyayBaTH  MOJIENI  TNOPIBHSUIBHUX ~ CHUCTEM  CJICKTPONPHUBOJY. BUKOpUCTaHHS  MPOrpaMHOIrO
3a0e3MeyYeHHs] CHPOIY€E MPOLEAYPY PO3PaXyHKy AacCHHXPOHHHMX JBHIYHIB 3 KOPOTKO3aMKHEHYTHUM
pOTOpPOM, OCKIIBKH He TOTpeOdye Bil pPO3pOOHMKA JIONATKOBUX 3aTpaT. 3alpollOHOBaHA MOJIENb
XapaKTepU3yeThCsl (YHKI[IOHAIBHICTIO Ta MOXKJIMBOCTIO BUKOPUCTAHHS OTPUMAHUX PE3yJbTaTiB 1 camMoi
MOJIENTi TIPU MPOEKTYBaHHI CyYacHOTO eJIEKTPOOOIIaIHAHHS.
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XapKiBCbKHIA HAIlIOHATHHUNA aBTOMOOITEHO-AOPOXKHIN yHIBEpCcUTET, M. XapKiB, YKpaiHa.

MOJEJII BUBOPY OBJIAJHAHHSA JJ1S1 ABTOCEPBICY

®inb H.10. Moaeni Bubopy obsagHaHHsA s aBTocepBicy. B po6oTi po3pobieHo mozeni Bubopy CTEHAY poO3Bail
CXOJDKCHHS, MiIHOMHMKA, MiHI-KpaHy Ui aBTocepBicy. /[l BHpINIEHHS IIOCTaBICHOTO 3aBHAHHSA IIPOIIOHYETHCS
BHUKOPUCTOBYBaTH MeToJ aHanmi3y iepapxiit T. Caati. HaBeneHo mpukitany BHKOpHCTaHHS po3poOieHnx Mozeneil. Po3pobneni
Mozeni BUOOpY TeXHIYHOTO o0JIaHaHHS JUIS aBTOCEPBICY HO3BOJIIOTH NMPHUIIMATH HAyKOBO-OOIPYHTOBAHI pillleHHS 3a OaratbMa
(byHKIIOHATBHIME Ta €KOHOMIYHUMH KpHUTEpisimMu. Po3paxyHku BUKoHyBaiuck y MS Excel.

Kuniouosi cioBa: aBrocepsic, 0071aqHaHH, METOJI aHANII3Y i€papXiid, KpuTepii, anbTepHATUBH.

Fil N.Yu. Models for the selection of car service equipment. Models for the choice of a wheel alignment stand, lift,
and mini-crane for car service, are developed in the work. To solve this problem, T. Saati hierarchy analysis method is suggested
to be used. Examples of using the developed models are given. Developed models for the choice of car service technical
equipment allow making scientifically substantiated decisions on many functional and economic criteria. Calculations are
performed in MS Excel.

Key words: car service, equipment, method of analysis of hierarchies, criteria, alternatives.

IocranoBka HayKOBOI PoOOIEMU.

B ocranHi poku B YKpaiHi pi3Ko 3pocia KilIbKiCTh JIETKOBHX aBTOMOOUTIB. YKpaiHCHKHH PHUHOK
HOBHX JIETKOBUX aBTOMOOiNiB y 2021 poui ¢inimryBas Ha nmo3naumi 103650 aBromo0inis, mo Ha 20%
Oinpme, HiXK y 2020-my, Takoxk y rpynHi 2021 poky B YkpaiHi 3apeectpyBanu 47,3 THCSY BXXKHBAHHUX
JIETKOBUX aBTO, BBE3EHUX 3-3a KOpAOHY. Lle y woTnpm 3 monoBuHOWO pa3u Oinbire, HiXXK HOBHX — ix 10,5
TUC. oauHUIb Ta Ha 18% Oinbime, HDK pokoMm panxime [1]. Byap-gkuii aBTOMOOINE BHMarae
00CIIyroByBaHHs Ta peMOHTY. TOMY 3i 3pOCTaHHSM KiTBKOCTiI aBTOMOOLTIB Ha Toporax YKpaiHu 3pocTaiia
notpeba B aBTOCEPBICi.

Hapa3i uepe3 exkoHOMiuHy KpHu3y Ta BIHCBKOBI il Ha TepuTopii YKpaiHU MiIIPHEMCTBAM
aBTOCEPBICY JOBOAMTHCS CEPHO3HO OOPOTHUCS 3a KOXKHOTO KinieHTa. CydacHi yMOBH PHHKY aBTOCEPBICHHX
nociyr nependavyaroTs (QYHKIIOHYBaHHS MiJIPUEMCTB y CHUTYallisiX HEBU3HAUYEHOCTI Ta pu3HKy. [lpu
[IbOMY JKOPCTKa KOHKYPEHIIisl CTaBUTh Nepe]l KePiBHUKAMHU aBTOCEPBICY CepiO3HI 3aBJIaHHS ITiIBUILICHHS
KOHKYPEHTOCIIPOMOKHOCTI MIAMPUEMCTB Ha PUHKY TTOCIYT.

HaniiiHicTh Ta BUCOKa SIKICTh MOCITYT — OCHOBHI KPHUTEpii, 110 BU3HAYAIOTh €(DEKTUBHICTH pOOOTH
aBTocepricy. Crenugika CydyacHOro aBTOMOOUIS Taka, 10 HaBiTh MPOdecioHall BUCOKOTO PIBHS HE
3MOX€ HIYOTO BISITH, SIKIIO HE Mae€ BiAMOBiTHOrO oOiagHaHHA. He BUMaaKoOBO Te, M0 TIPH OLIHII
PEUTHHTY MiIPUEMCTB aBTOCEPBICY MOPSI 3 1HIIUMH OI[IHOYHUMH KPHUTEPIsSIMHU, TEXHIUHI 3aCO0H CTOSITh
Ha nepuiomy Micti. Tomy, npodeciiiHe 06cIyroByBaHHs aBTOMOO1JIIB HEMOXKIIMBE 0€3 CIeliali30BaHOTO
o0J1aIHaHHS, 32 JOTIOMOT'OI0 SIKOTO BCi pOOOTH MPOBOIATHCS MIBUAKO Ta sIKiCHO. Tomy, 0coOIMBY yBary
HEOOXI1IHO MPUALTUTH BUOOPY AOOPOTHOIO Ta HAAIMHOTO 00JIagHaHH [2].

ITpu BuOOpi oO;amHAHHS NI aBTOCEpPBiCY HEOOXiTHO BpPaxOBYBAaTH Pi3HI KpHUTEpii, HAIIPHUKIIA],
MOTYXHICTh, TEXHIUHI XapakTepUCTUKU aBTOMOOLTIB, IO OyJayTh OOCIyrOBYBaTHCS Ha aBTOCEPBICI,
rabapuru, oy npumimeHHs [3]. Po3rinsHeMo ocHOBHE 00J1alHaHHS, SIKE HEOOXiHO I aBTOCEPBICY.

Bin BubGopy aBTOMOOUIBHOTO CTAlliOHAPHOTO MiJHOMHUKA Oyje 3aiexard SKICTh Ta IIBUJAKICTh
00CITyroBYBaHHS KITI€HTIB aBTocepBicy. [1iTHOMHUK OOMpaeThCs 3 ypaxyBaHHIM BUJIIB TPAHCIIOPTY, SIKE
00CIIyroByeThCSl Ha aBTOCEPBIiCi (BaHTaXHi, JIETKOBI aBTO, MOTOTEXHIKa) Ta HAIpsIMKy poOOTH aBTO
MakicTepHi.

Jns  ¢dyHKIIOHYBaHHS aBTOCEpBiCY MOTpiOHA HASBHICTh SKICHOTO PYYHOrO I1HCTPYMEHTY.
IacTpymenr, skuit BupoOnenuit komnanismu FORCE, Hazet, Ombra, Jonnesway, Ma€ BUCOKOIO TOUHICTb.
Leit iHCTpyMEHT BUTOTOBJICHO 3 BUCOKOSIKICHUX JIETOBAaHHUX CTaJIeH, 10 3a100irae nepeayacHoMy BUXOIY
iHCTpyMeHTy 3 Jnamy. JlJis CKOpOYEHHsT 4Yacy pPEMOHTY BHKOPUCTOBYIOTHCS Pi3HI ITHEBMAaTHYHI
IHCTPYMEHTH, 110 3HAYHO MiABUIIY€E MPOAYKTHBHICTbH Ipalli Ha aBTOCEPBICi.

[lin uac oOcayroByBaHHS aBTOMOOITIB Yy MalCTepHSAX Ta IIMHOMOHT&KHUX CTaHIISMX
BUKOPUCTOBYETHCSI ITHEBMATHYHE OOJIQJIHAHHS Ta IHCTPYMEHTH, po0OTa SKUX BiOYBAETHCS 32 PaxyHOK
CTHCHEHOTO TOBITPs. 3a JIONIOMOTOI0 KOMIIPECOPHHX arperaTiB BUKOHYIOThCS JEMOHTaKHI/MOHTaXKHI
po0OTH, HaKauyBaHHS LIUH, OYUILEHHS BiJl Opyly Ta MWy Y BXXKOAOCTYNHUX Micb. LIInHOMOHTa)XHI Ta
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OaylaHCyBaJbHI CTEHIW, NIypyINOBEPTH, TaHKOBEPTH, ITHEBMOIITHOMHHUKH, ITICTOJCTH I IPYHTY,
(hapOomynbpTH — Bee 11e 00J1aIHaHHS TPAITIOE B THEBMOIPUBOTY.

OO6namHanHs IS Ky30BHOTO PEMOHTY aBTOMOOiNS HEOOXiJHO Ui BHIIPABICHHS edopmarii
Ky30Ba Ta BiJHOBJICHHS KOHTPOJBHUX TOYOK, BUKOHAHHS 3aMiHM €JIEMEHTIB Ta JeTaned, KOCMETHYHOTO
PEMOHTY, YCYHEHHS TEPEKOCIB paM Ta HEBENIWKHX AeQekTiB Ky3oBa. Jlo Ky30BHOTO oOIagHAaHHS
Mpe'sIBISIOTHCS BUCOKI BUMOTH IIOJ0 €PeKTHUBHOCTI Ta Oe3mekn. BOHO eKCIuTyaTyeThCsl B IHTEHCHBHOMY
PEXUMI, BiJl HOTO 3aJIEKHTh SIKICTh POOIT, 0 MPOBOISATHCS HA aBTOCEPBiCi.

i MBUAKOTO Ta TOYHOTO BH3HAYCHHS NPHYWH HECIPABHOCTEH aBTOMOOLISA HEOOXiTHO
niarHocTruHe o0agHanHs. Lle 703BOMUTh YCYHYTH HECIPaBHOCTI 3a KOpOTKHid TepMiH. [TomiOHa TexHika
MOTPiOHA JJIsT KOYKHOTO CYy4acHOTO aBTrocepBicy. CIMCOK HEOOXiTHOTO JIarHOCTUYHOTO OOJIaHAHHS JIJIS
aBTOCEPBICY BKIIFOYAE TUMOMIPH, Ta30aHATI3aTOPH, TECTEPH, CKAHEPH, TOBIIIIHOMIPH, MOTOPHI TECTEPH.

[[InHOMOHTa)kKHE OOJAJHAHHS aBTOCEPBICY MOBHHHO BKIIOYATH IUIMH KOMIDIEKC YCTAHOBOK i
BepcTaTiB I IPOBEACHHS pOOIT 13 3aMiHHU, 0OCIyrOBYBaHHS Ta PEMOHTY KOJIIC.

Homenknarypa TexHONOTIYHOTO OOMaJAHAHHA Ui aBTOCEPBICY aBTOMOOUIIB OOYMCIIOETHCS
THCSYaMH HallMEHYBaHb Ta PI3HOMaHITHA 5K 32 BUPOOHWKAMH, TaK i 3a Mpu3HadeHHsIM. [losicHeHb oMy
(hbakTy KiJbKa: 3pOCTar04a POJib CKIAIHUX KOMILICKCIB JJI1 TEXHIYHOTO 00CIyTOBYBaHHS, A1arHOCTYBaHHS
Ta PEMOHTY aBTOMOO1JIiB, YMOBH PUHKOBOT €KOHOMIKH, KUIbKICTh KOHKYPYIOUUX (GipM Ta MiANPHEMCTB Y
cdepi TEXHONOTIYHOTO 0013 THAHHS aBTOCEPBICY, PI3HOMAHITTS MapoOK Ta MOJelNeil aBTOTPAHCIIOPTY SIK B
VYkpaiHi, Tak Ta 3a KOPJTOHOM.

Taxum urHOM, BHOIp 00JIaIHAHHS € aKTYyallbHOIO HAYKOBO-TIPUKIIATHOIO 33a4ero.

AHani3 10caigKeHb.

CydacHuii pHHOK TMOCITYr 3 OOCIYyrOBYBaHHS aBTOMOOLUTIB pPO3BHBAETHCS Y  HAIPIMY
IHMBIAyautizamii miaxomy, TUIi3alii Aik, iHTerpaiii OCHOBHUX MPOIIECIB Ta aBTOMATH3allii Omeparliii.

[IuTaHHsIM OILIHKK Ta ONTUMI3allli EKOHOMIYHOI e(EKTUBHOCTI MiAMPHUEMCTB aBTOCEPBICY
MIPHUCBSIYEHO 0araTo poOiT BITYM3HSHUX Ta 3aKOPJOHHUX aBTOPIB.

Po6orta [3] npucBsuena ¢hopMyBaHHIO 1 TIATPUMAHHIO HA MJIAHOBOMY PiBHI 00CATIB BUPOOHHUIITBA
MiIPUEMCTB aBTOCEpPBiCy. 3a3Ha4yeHo, MO0 3abe3lmeueHHs Ta MiABUINEHHS pPIiBHSI BHKOPUCTAHHS
BUPOOHUYOTO TOTEHINAly € CKJIAQTHOKW 3amadeto. J[ius ycmimHoro (yHKI[IOHYBaHHS ITiIITPHUEMCTBA
aBTOCEpBiCy HEOOXiZHa OOTPYHTOBAHA IMOJIITHKA MOIIYKY 1 3a0e3redeHHst 00CsATiB BUPOOHHIITBA MTOCTYT
MpY KOJMBAaHHI PUHKY IOCIYT i, BIAMOBIAHO, 0OCSATIB POOIT Ta TUTAHOMIPHUN PO3BUTOK BUPOOHHYOTO
nporecy.

PoGora [4] mnpucBsdeHa BH3HAYEHHIO KOHKYPEHTOCHPOMOXKHOCTI KOMIIAHISIM aBTOCEPBICY.
BusiBiieHo Ta mpoaHani3oBaHO BHYTPIIIHI Ta 30BHIIIHI BIUIMBH, ApaiiBepw 3MIiH Ta 3arajbHi 3MiHH B
KOMITaHifgX aBTocepBicy. OCOONMBO yBara NpHIUICHA BIUIMBY PO3BUTKY TEXHOJIOTIH Ta MOIIUPEHHIO
iHHOBaIiii. Po3pobmneHi moTovHi Ta MaiiOyTHI 3aBaHHS ISl KOMITaHii aBTOCEpPBiCY.

[IpaBoBi BUMOTH €KOJIOTIYHHX ITUTaHb aBTOCEPBICY PO3TISHYTO B poOoTi [5]. Posrismarorees nani
PO MIOPiYHI BiIXOAM OOCIYrOBYBaHHS TPAHCIOPTHUX 3aco0iB. bimpmie Toro, 3a3Ha4eHO OCHOBHI
€KOJIOT14HI MPOOIEeMH.

OmiHka SIKOCTI BHYTPIIIHBOTO CEPEJOBUINA CAJIOHIB aBTOCEPBICY 3 YpaxyBaHHAM O€3MEeYHOTo
Jiana3oHy JIMITiB BUKUIIB OKCOBYTJIEIF0, KOHIIEHTpAIlli Ta30MOAIOHNX Ta TBEPAHUX aepO30JIiB OKPEMUX
XiMIYHHX 320pyIHIOBaYiB Ta BIUIMBY NPOQECiitHOro Irymy po3risiHyTo B poOoTi [6].

Ominii  po0OTH  MiJNPUEMCTBAM  aBTOCEPBICY TNpPHUCBAYeHI podoTu [7-8]. dociimkeHHs
MPOBOJMIIUCH 3@ JONIOMOTOI0 aHKETYBaHHs KIi€HTIB. st 300py AaHMX TaKOX BUKOPHCTOBYBABCS METOJ
KJlacTepHOi BUOiIpKU. Pe3ynpTaTi cBif4aTh Mpo Te, M0 KOMIIAHISIM aBTOCEPBICY CIII NPUALIUTH OiibIe
yBaru sIKOCTI CBOTX TIOCITYT.

B pob6oti [9] po3pobiieHO Monenb BHOOPY MHHKH BHUCOKOTO THCKY JJIsi aBTOTPaHCIIOPTHOTO
MiANPUEMCTBA, IO T03BOJISIE BUOMPATH e(EeKTUBHY MOAEH BUOOPY MUMKH BHCOKOT'O THUCKY 32 3aJaHUMH
KpUTEPisIMU 1 0OMEKEHHSIM B YMOBaX HEUiTKOI BXiHOI iHpopmallii.

TakuM 4rHOM, TPOBEACHUH aHaJI3 JOBIB, 1110 MPoOJIeMi BUOOPY OO HAHHS IS aBTOCEPBICY HE
MPUIIIEHO IOCTATHBOI YBary.

MeToro ToCHiUKEHHS € MiIBUILEHHS e()EeKTUBHOCTI aBTOCEPBICY JIETKOBUX aBTOMOO1JIIB 32 paXyHOK
pO3poOKK Mojenel BuUOOpY O0OJajHaHHSA Ui aBTOCEPBICY JIEFKOBMX aBTOMOOUIIB B yMOBax
HEBU3HAYCHOCTI BXiHOI iH(OpMAIIii.

O06’eKTOM JIOCHIDKEHHS € TIPOLIeCH BUOOPY 00JafHaHHS ISl aBTOCEPBiCY aBTOMOO1ITIB.

[Ipeamerom nocnimxeHHs € Mozeni BUOOpy 001agHaHHS 1715l aBTOCEPBICY JIETKOBUX aBTOMOO1IIIB B
YMOBaxX HEBH3HAYCHOCTI BXiHOI iHpopMaIii.

© ®ins H.JO.
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Jlns mocsATHEHHS OCTaBIEHOT METH HEOOXITHO BUKOHATH HACTYITHI 3aBIaHHS:

— MPOBECTU aHaJli3 KPUTEPIiB, SIKi BUKOPUCTOBYIOTHCS AJsl BUOOPY OONagHAHHS AJsl aBTOCEPBICY
JIETKOBHX aBTOMOO1JIIB;

— po3pobutu Mojeni BHOOpY oOJamHAHHS ISl aBTOCEPBICY JIETKOBHX aBTOMOOINB B yMOBax
HEBH3HAYCHOCTI BXiAHOI iHpOpMaIIii;

— HaBECTH MPHUKIIATN BUKOPUCTAHHS PO3POOICHUX MOIETIEH.

Mopeni BuOopy oOnagHaHHSI [JJIsi AaBTOCepBicy JIETKOBHX aBTOMOOLTIB B ymoBax
HEeBHM3HAYEHOCTI BXigHOI iH(opmamii.

3aBmaHHs BHOOpPY KOMIUIEKTY OOJIaJHAHHS JJIsi aBTOCEPBICY — OaratokpurepiaibHa 3agada B
yMOBax HEBH3HAYEHOCTI BXimHOI iH(opMarii. [ po3B’si3aHHS MOCTaBICHOTO 3aBIaHHS MPOTOHYETHCS
BUKOPUCTOBYBaTH MeTOJ| aHamidy iepapxiit [10]. Meron aHamizy iepapxiii 3abe3nedye 3a JIOITOMOTOO
MPOCTUX 1 OOIPYHTOBAaHUX MPABHJ PO3B’SI3aHHS OaraTOKpUTEpiadbHUX 3a/1ad, SKi MICTITh SKICHI 1
KUTBKICHI (paKTOpPH Pi3HOI po3MipHOCTI. MeTon aHamilzy iepapxiii JAOCUTh TPOCTO PEAi3ye€ThCS B
cepenopuii Excel. BuximHuMu naHuMu A7 METOAY aHAI3y i€papXiid € MaTpHUIll MapHUX 3PiBHIIBHUX
o0'extiB. L maTpuns GpopmyeThes ekcriepTaMyd Ha OCHOBI IIKAIH KOPUCHOCTI 00’ €KTIB ISl TOCSTHEHHS
imi. Y MpakTHIi BUKOPUCTAaHHS METOAY aHali3y iepapXiil MIMpOKe MOIIMPEHHS OTPUMala MIKajla MapHuX
nopiBHsAHb. [I0OBHUIT OMTUC METOIY aHalli3y iepapxiit HaBegeHo B poboTi [11].

J1s peMOHTY XO0IOBOI YacCTHHH JICTKOBHX AaBTOMOOITIB HEOOXiITHO BHKOPHCTOBYBATH CTCH]
YCTAaHOBKH KYTIB po3Ban cXomkeHHS [12]. Ha puHKy mpemcraBiieHO MHOXKHHA CTCHIIB, JJIA OLTBIIOL
MPOMYCKHOI CIIPOMOKHOCTI MiAMPUEMCTBA, HEOOXiAHO MpuadaTH OOJIaAHAHHS, 32 JOMOMOTOI0 SKOTO
OJlHA oTepallis 3aiiMe MEHIIy YacTKy 4acy.

B sixocTi anbTepHaTHB Oymemo posrisigary [13]:

— creua possan cxomkenus HawkEye ELITE, 3-D, 4-x kamepuuii WA360E-HE421LZ3E
HUNTER,;

— crenn po3san cxomkeHas 3D Geoliner 670 XD, 3 enexrponiniiomankoMm Hofmann, HimeuunHa;

— crenn po3pai cxomkeras 3D Geoliner 790 XD, 3 kamepu XD Hofmann Himeuunna.

B sixocrti kpuTepiiB Oyaemo po3riasgaTi HACTYITHI:

— BapTICTB;

— OpeHg;

— TapaHTis;

— JOJATKOB1 (PyHKIII.

CTpyKTypHa MOJIeNlb BUOOPY YCTAHOBKHM KYTiB pPO3Ball CXO/KCHHS, BIJIIOBIIHO 10 METOJly aHAIIi3y
iepapxiii, mpejicTaBieHa Ha puc. 1.

Bubip crenay po3BaJji-cXOAKeHHS

N,

BapricTts Bpenn TapanTis H;;zil;?f !
HawkEye ELITE Geoliner 670 XD Geoliner 790 XD

Pucynok 1 — CtpykTypHa MOAENTs BUOOPY CTEHIY PO3BaI-CXOKEHHS

BignosigHo mo meroxy MAI Oynam ckianeHi MaTpulll MOMAapHUX MOPIBHSIHb AJbTEpHATUB 1
KpUTEpIiB, po3paxoBaHi HOPMAaJi30BaHI BEKTOPHU IPIOPUTETIB, BIIHOMIECHHS Y3TO/UKCHHS U KOXHOI
Mmatpuili. Ha pucyHKy 2 npeJicTaBIeHO MaTPHUII0 OOYKCICHHS II100aIbHOTO MIPIOPUTETY.

AHaii3 eJeMeHTiB HOpPMOBAHOI'O BIIACHOT'O BEKTOPa KPUTEPIiB MOKA3ye, 10 Y BUOIp ONTHUMAIBHOTO
CTCHIy PO3BAJI-CXOJDKEHHS OUThIIMK BIUTMB HaaaoTh BapTicTh (41,3%), rapantis (29,2%), a OpeHn
¢ipmu — aume 10,8%.
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Kpurepi Bapricte Bpenun TapariTia Jon. ©yueaii Tnob.
AneTepHAaTHEH 0413 0.108 0.292 0.187 IPHOPUTET
HawkEve ELITE 025 0.6 0.6 04 0418
Geoliner 670 XD 0.5 0.2 0.2 0.2 0.445
Geoliner 790 XD 025 02 02 04 0285

Pucynok 2 — Marpuiist 004uCIIEHHS TI00aJIbHOTO MPIOPUTETY

3a po3paxyHkamu 00paHO cTeH] po3Bai cxomkeHHs 3D Geoliner 670 XD, 3 enekTpornigiioMHUKOM
Hofmann. Crenni possan-cxomkenns 3D Geoliner 670 XD — onHa 3 HallepeIOBILINX CUCTEM Ha PUHKY
aBTOCepBicy choroaHi. TexHomoris Bizyanizamii 3a0e3medye TOUHI BUMIPIOBaHHS B pealbHOMY Yaci, 110
MiBUIIIYE MTPOIYKTUBHICTH 1 3a0€31eUy€e NPOCTOTY Ta TOUHICTh BUKOPUCTAHHS.

[liniOMHUKE BUKOPHCTOBYIOTECSI Ha Oyab-IKOMY ITiANPUEMCTBI aBTOCEpBicy. IlimifOMHHUKH
3a0e3MeuyoTh OUIbIly 3pYy4YHICTh, CHOPHUAIOTH CBOOOXI TepeMilieHHs mpaiotoyoro. [llupoke
BHKOPHCTAaHHS BHCOKOS(HEKTUBHOTO IiJHOMHOTO 00JIafHAHHSI — OCHOBA ITIBHUINECHHS PIBHS MeXaHi3amii i
SIKOCTI TEXHIYHOI'O CEPBICY, Ta CIPHUAE B3HIDKEHHIO BUTpar. Jlas aBTOCEpBICY pPEKOMEHIYEThCS
BHKOPHCTOBYBATH ITiTHOMHHKAMH CHUMETPHYHOI KOHCTPYKIli. Halimommpenimmii BuI MiTHOMHHUKIB B
€Bporri 11e TiAKOMHHUKY 0€3 MiICTaBU («JHCTA MiIJI0Tay), BOHU 3py4Hi Ta CydacHi B poOOTi.

B sikocTi kpuTepiiB OyaeMo po3risaaTtu

— BHCOTA MigHOMY, MM;

— Yac MigioMy/CITyCKy, CEK;

— TapaHTis, Mic;

— BIATYKH KOPUCTYBauiB;

— 1iHA.

XapaKkTepUCTUKH albTEPHATHB TPEACTaBiIeHo B Tabmuii 1 [14].

Tabnuist 1. XapakTepUCTHKH MiTHOMHUKIB BaHTaxomigioMHicTIO 4000 KT

Safe 2040 Advance Well Kraft 2140 Well Kraft 3140 ASY M
Bucota migiiomy, MM 105-1935 110-1900 1900
Binryku kopuctyBauiB 3 3 5
Yac  migioMy/Crycky, 60/40 55/35 55/35
CeK
I"apanTis, mic 12 36 36
Iina, rpH 57960 60720 69000

CTpyKTypHa MOJieIb BUOOPY IMiJOMHHKA TIpEICTaBIeHa HA PUCYHKY 3.

Bubip nigiioMmHuka

.

Bucora

Bapricts .
miaiomy

lapanTis

Biaryku
KOPHCTYBadiB

Yac migiiomy/
CITyCKY

Safe 2040 Advance

Well Kraft 2140

Well Kraft 3140 ASY M

Pucynok 3 — CtpykTypHa MoJens BHOOPY MiIHOMHHUKA

OO0uuceHHs T7100aIbHOTO MPIOPUTETY IS BUOOPY MiTHOMHHUKA IIPEJCTaBlIcHA HA PUCYHKY 4.

© ®ins H.JO.




Hayxosuii srcypran "KoMIr 10TepHO-1HTETpOBaHI TEXHOJIOTII: OCBITa, HAyKa, BAPOOHHUIITBO"

Jlyyvk, 2022. Bunyck Ne 47 53
Bucota ninfiomy Binrvia Uac mipfiomy | ['apawtia | Bapricte Tnob.

Bara xputepile 0.075 0.208 0.067 0.248 0.402 PHOPITET
Safe 2040 Advance 0412598948 0.2 0.2 0.143 0.540 0.338
Well Kraft 2140 0.327480002 0.2 04 0.429 0.297 0.319
Well Kraft 3140 ASY M 0.25992105 0.6 04 0.429 0.163 0.343

Pucynok 4 — Martpuus po3paxyHKy T700aIbHOTO IPIOPUTETY

3a pospaxynkamu obpano mimidomuuk Well Kraft 3140 ASY M, skuii Mae MakCHMalIbHHH
rnobansuuit npiopurert. ITigiiomuux Well Kraft 3140 ASY M mae peryaboBaHHiA BUJIIT JIall T AHOMHHKA
JTO3BOJISIE MTHIMATH SK MaJCHBKI CMapT aBTOMOOLTI, TaK i KOMEpIiiHI TpaHCIOpTHI 3aco0u. Komoru
posropHyTi mig xkyroM 30 ° HO3BONSIFOTH BITBHO BIIKPWBAaTH ABEPI aBTOMOOUTS 1 OTpUMAaTH BUTHHHN
Joctyn B canoH. Cucrema Oe3leKM Mae KiamnaH 3aXHCTy BiJl MEpEeBAaHTAXEHb 1 HE3aJeKHY CHUCTEMY
3aMKiB O€3MEeKH OKPEMO ISl KOKHOI CTIHKHA. ABTOMAaTHYHE OJOKYBaHHS JIall TIPU MiAHOMI aBTOMOOLIA i
pO30JIOKYBaHHSI MPU TOBHOMY ONMycKaHHi. [limifOMHMK Mae MillHy KOHCTPYKIUIO i HEBHOArauBHI 10

00CIIyroByBaHHs , IO TAPaHTYE BUCOKHI TEPMIH CITYKOH.

Y KOXHOMY aBTOCEpBICI BHKOPHUCTOBYETHCS MJOMOMDKHE OONagHaHHS — MiHI-KpaHU.
XapaKkTepuCTHKH albTePHATHB MPEICTaBIeHO B Tabmuii 2 [15].
Tabmurs 2. XapakTepuCTHKU MiHI-KpaHiB 3 BUCOTOO miaomy noHaza 2000 MM
OMA 570 TORIN T31002 OMA 587
BanTaxkomigiiOMHICTb, T 0.5 1 1
Bucora miniiomy,Mmm 2200 2030 2200
Bucota crpinu, Mm 1000-1300 830-1010 1080-1380
Tun He nonaguuit Criagauu Criagauit
Bara, xr 65 72 110
Kpaina ITanis Kurait ITamis
Bapricts, rpH 13237 8 655 22 165

CTpyKTypHa MO/ BUOOPY MiHi-KpaHy Tpe/ICTaBIeHa Ha PUCYHKY 5.

Buoip Mmini-kpany

Banrtaxomni1iioMHICTh

Bucora
nigioMy

Bucora
CTpLIH

Bapricts

OMA 570

TORIN T31002

OMA 587

Pucynok 5 — CtpykTypHa MoJiens BHOOPY MiHi-KpaHy

OO0uncnenHs T00aIbHOTO MPIOPUTETY MPEACTABICHA Ha PUCYHKY 6.
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y =
o =
5 = = _
=z by 1
= ? = e _ =
o = - = = -
= s i z o= = = .
= = 5 = = = 5 | mobamemmii
= - — m — =
= - @ = s = .
= = - = = Ll
= = g = IPHOPITET
— — b -y
= = —
= = =

0.111 | 0075 0.071 0.135 [0.159] 0.200 [0.250

OMA 570 0.142857| 04 | 0320 0.091 [0.540] 0455 [0.297 0.331
TORIN T31002 0428571 02 | 0.122 0455 (0297 0.091 [0.540 0.333
OMA 587 0.428571| 0.4 | 0.558 0.455 |[0.163] 0.455 |[0.163 0.336

Pucynok 6 — O6uucieHHs r100alLHOTO MPIOPUTETY

3a po3paxynkaMm o0paHo MiHi-kpaH OMA-587 (Itamis).

3anpornoHoBaHi MOJEIi JIOCHTh MPOCTO peaiidyerhes cepen Excel 1 po3kpuBalOTh MOMIIMBOCTI
MeToay aHamizy iepapxiii T. Caari.

BucHOBKH Ta NepCNEeKTHBH MOAAJIbIIOT0 XOCTiKEHHS

SxicHe TexHIYHE OOCIYrOBYBaHHS Ta PEMOHT aBTOMOOLTIB A MiANPHUEMCTB aBTOCEPBICy 1€ —
3aMopyka KOHKYPEHTOCTIPOMOXHOCTI (ipMH. cydacHe OONaJHAHHS U aBTOCEPBICY CYTTEBO CKOPOUYE
4acoBi BUTPAaTH Ha TEPEeBIpKY aBTOMOOINIB, 3aMiHy aeTasiel, BiTHOBIEHHs MPaIle3MaTHOCTI OKPEeMHX
MeXaHi3MiB. A 100 BOHO MPUHOCHIIO MAKCHUMYM TIPUOYTKY, TOTPIOHO JTUIIIE MTPAaBIIIFHO HOTO MigiOpaTH.

Jiist BUpILIEHHS TOCTABJICHOT'O 3aBJaHHS POMOHYETHCSI BUKOPUCTOBYBATH METO] aHANTI3Y iepapXii
T. Caari. MeTomu eKCHEpTHUX OIHOK — ONHI 3 HaWAKICHIIIUX METOMIB TNPUHHATTSA pillleHb, MIO
BUKOPUCTOBYIOTHCS Ha TPAKTHII.

B poboti po3pobneno momeni BHOOPY CTEHAY YCTAaHOBKH KYTIB PO3BANl CXOKEHHs, BHOOpY
MiHOMHUKIB, MiHI-KpaHy JJIs aBTocepBicy. HaBeneHo nmpukiaaym BUKOPUCTAHHS PO3POOIIEHUX MOJIENEH.
Po3pobieni Mozeni BUOOpY TEXHIYHOTO OOJNaHAHHS Il aBTOCEPBICY O3BOJISIIOTH MPUHMATH HAYKOBO-
oOrpyHTOBaHi pileHHsI 3a OaratbMa ()YHKIIOHAJIbHUMH Ta €KOHOMIYHUMH KpHTepisMu. Po3paxyHKu
BUKOHYBaCh y MS Excel.

OtpumaHi pe3yabTaTH MOXKYTh OyTH OYAyTh BHKOPWCTaHI JUIsi PO3POOKH CHCTEMH IiITPUMKH
MPUAHATTS PilIEHHS MO0 BUOOPY 00JIaHAHHS [Tl aBTOCEPBICY.
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YopHoMopcrkuid HarioHANbHUH yHiBepcuTeT iMm. [lerpa Morumm, M. Mukonais, Ykpaina

BUKOPUCTAHHSA MATEMATUYHOI'O ITAKETY MAPLE 10 PO3B'SI3AHHSA CJIAP
nPAMUMMU YUCEJIBHUMU METOJAMM.

Bparineus O.B., Bopo6iioBa A.l. Bukopucranusi MatematuyHoro naxkery Maple 1o po3s’sizanns CJIAP npsimumu
YHCceJbHIMH MeToAaMHu. B po6oTi po3risiHyTO 3aCTOCYBaHHS MaTeMaTHYHOTO makeTy Maple 1o po3B’s3yBaHHS CHCTEM JIiHIH-
HUX aIreOpaiyHuX piBHSAHB NMPSIMUMH YHCEIBHIMHU METOJaMH, TakuM K Metonu: [aycca, LU-¢paxropusanii, Xonenskoro, Biz-
OWTTS Ta IPOTOHKHU.

KorouoBi ciroBa: cucremy JiHIHHEX anreOpaidHUX PiBHSAHb, YHCEIbHI METOIH, IPsIMi MeTou, Maple.

Brahinets O.V., Vorobyova A.l. Using the mathematical program Maple to solve systems of linear algebraic
equations by direct numerical methods. The paper considers the application of mathematical program Maple to solving
systems of linear algebraic equations by direct numerical methods, such as Gaussian elimination, LU-factorization, Choletsky,
QR decomposition, tridiagonal matrix algorithm.

Keywords: systems of linear algebraic equations, numerical methods, direct methods, Maple.

IMocTanoBka NpodaeMu Ta aHATI3 JOCTITKEHD.

Cucremu niHiitaux anredpaiuyaux piBasHb (CJIAP) HeBenmukoi po3MipHOCTI, Ta aHANITUYHI, TOYHI
METOAHM IX PO3B’s3aHHS, 0 J0OPE BUBYAETHCS B KypCi BUIIOT MaTeMaTHKH, HE BUKIMKAIOTh MPOOJIEM y
CTYICHTIB KOMII IOTEPHOTO (haKyNbTeTy, aje 3aBXKAW BHHHKAIOTh MUTAHHS MO0 HAOIMKEHUX METOJIB
po3B’si3aHHs Ta po3B’s3ky CJIAP Bucokoi po3mipHOCTI. MozenoBaHHS pealbHUX CHCTEM 1 MPOIIECiB 3a-
3BHYAll BKIIOYAE CKIIAHI, BETUKOMACIITa0HI MAaTeMAaTH9HI MPOOIEMH, Ki MOXKYTh HE MaTH aHATI THIHHX
pimmenb. OTXe, MOTHBAIliS BUBYEHHS CIIOCOOIB 3HAXOKEHHS HAOIMKEHOTO PO3B’S3KYy Ta 3aCTOCYBaHHS
YHCENBHUX METO/IB y CTYACHTIB-KOMI'IOTEPHHKIB € JOBOJI BHCOKOK. OcoOIHMBO MPHUBAOIIOE MOXKIH-
BICTh 3aCTOCYBaHHS TOTY)KHUX KOMIT IOTEpPHHX 3aCO0iB Ta MaTeMaTHYHUX IAKETiB y MOEAHAHHI 3 YHhCe-
JBHUMHU METOJIaMHU JJIS1 BUPIIIEHHS TaKUX 3a/1a4.

Binomi maTtemarnuni naketn Maple, MatLab, MathCad, R, Mathematica, 3a 10OMOTr00 SIKHUX MO-
*Ha e(EeKTUBHO PO3B'I3yBaTH CHCTEMH JIIHIHHUX alreOpaidyHuX PiBHSHb NPSIMUMH YUCEITLHUMH METO/a-
MU Ta IIPOBOJIUTH IONEPENHI PO3PaXyHKH 3 MOAAIBLIOI pealizalli€lo BXKe B MPOEKTOBAHUHA KOMIT'TOTEP-
Hill cucreMi. B HaBuanmpHOMY MOCiOHUKY [1] mpoaHamizoBaHi Ii TAKETH Ta PO3TISIAETHCS BUBYCHHS H-
CeNIbHIX METO/IiB 3 BUKOPHUCTaHHS makeTra R.

[Ipy BUBUYEHHI YHCENFHUX METOIIB CTYJEHTAMH KOMII I0TEpHHUX CIeLiadbHOCTEH NOLIIBHUM € 3a-
CTOCYBaHHSI MaTeMaTHYHOTO nakeTa Maple, OCKiJIbKHM BiH BOJIOAI€ MOTY>KHOIO MOBOIO IPOTrpaMyBaHHS Ta
Ma€ y CBOEMY apceHalli MOHaJ TPhOX THUCSY Pi3HUX (QYHKIIIN, IO JO3BOJISIE PO3B’SA3aTH Maiike OyAb-iKy
3aJla4y SIK B aHATITHYHOMY, TaK 1 B YUCEIbHOMY BUTJIsAAl. OCHOBH pOOOTH B CEPEIOBHIII I[LOTO IMAKETa Ta
BHKOPHCTAHHS HOTO /10 BUBYEHHSI BUIIOI MATEMATHKNA MOKHA 3HAWTH B [2-4].

Maple Mae MoTy>kKHY JOBIAKOBY CHCTEMY 3 COTHSMH INPHKJIAAIB, TOMY MOXKE IIUPOKO BUKOPHCTO-
BYBATHUCS TPH BUPIMICHHI PI3HOMaHITHUX 3aB/IaHb, MOYMHAIOYH BiJ] CTYJIEHTA 1 3aKiHIYIOUH HayKOBUMHU
cHiBpOOITHUKAaMHU.

Benuka KiUIbKiCTh NPUKITAIHUX 337134 3BOJUTHCSA 0 HEOOXIAHOCTI PO3B'SI3aHHS CHUCTEM JIIHIHHMX
anreOpaiunux piBHsAHb (CJIAP). Lle omna 3 HAWMOMIMPEHIIIMX 3a7ad OOYMCIIOBAIBHOI MaTeMAaTHKH.
Omnwuc MeTo/iB (aHATITUYHUX Ta YucelbHIX) po3B’si3anHss CJIAP moxHa 3HaiTH B 0arathox MociOHUKax
(muB., Hanpuknan [1, 5, 6]).

MerTo10 po00TH € TTOKa3aTH 3aCTOCYBaHHS MaTeMaTHdHOro rakera Maple mo po3s’szanus CJIAP
MPSIMAMH YHCETFHUME METOJIaMHU TaKuM, K Meton ['aycca, Xomemnpkoro, mporonku, LU-¢pakropurzamii,
BIIOUTTSL.

Buxsax ocHOBHOr0 Matepiany i 0OIpYHTYBaHHSI OTPHMAHHX Pe3yJIbTATIB AOCIIKEHHSI.

PosrnsiHeMo cuctemy JiHIHHEX anreOpalyHuX piBHSHb BUAY

11X, + aq2%, + -+ aipnXxy, = by,

Ap1X1 + A%y + + + AxpXy = by, )

Ap1X1 + ApaXy + -+ appXy = by,
© Bparinens O.B., Bopo6iioa A.l.
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nea;j €RYi=1,n,j=1,n; b; €R',i =1,n—s3anani uncna; x; € R',j = 1,n — HeBizoMi.

BBenemMo nmo3HaueHHs:
a1 Q4i2
az1 dzp
A=

an1 Qn2

aTlTl

e A — MaTpuis po3MipHOCTI 1 X n; B — BekTOp-cTOBIEND po3MipHocTi n (B € R™); X — BekTOp-
croBreip po3mipHocti n (X € R™), To cuctemy (1) MokHa 3armucaTi B MATPHYHOMY BUTJISII:

AX = B.

57

(2)

YucenbHi Metonu po3s’sizands CJIAP (1) minsatecs Ha mpsiMi Ta itepaniini. B miit crarTi po3ris-

JAIOTHCS TIPSIMi METOIH.

Memoo I'aycca. Meton BUKITIOUEHHS HeBioMux, abo Meron I'aycca € HalOIIbII BiIOMHUM 3 Kiia-
CHYHHUX TOYHHX MeToAiB po3B’sizaHHs CJIAP. BiH cknamaeTbcst 3 IBOX €TalliB, sSIKi YMOBHO Ha3WMBalOTh
MIPSIMAM Ta 3BOPOTHUM XoAoM. [IpsiMuii Xig mossirae B mMOCIiZOBHOMY BHUKITIOUEHHI HEBIAOMUX, IO Tepe-
TBOPIOE CHCTEMY piBHsHB (1) B CHCTEMy PiBHSHB 3 TPUKYTHOK MATPHUIICIO. 3 TPUKYTHOI OCHOBHOI MaTpH-
1i CUCTEMH OOYHCIIIOEMO 3HAYECHHS HEBIIOMUX X; € R',j = 1,7, nounnaiouu 3 x,,. B 1boMy cyTh 3B0pO-

THOTO X0y MeToaa ["aycca. PosristHemo peanizarito 1is0ro meroaa B Maple.
Hexaii Tpeba po3s’sizatu CJIAP, 3agany HACTYyITHIMH MaTpPHUISIMU:

-27 -93 -74 -45 67 43
5 79 66 45 -90 84
A= 73 -82 -1 9 79|, B=-7]|.
-39 91 -9 80 52 38
-23 -64 -10 61 -33 59

Cnouatky migkmodaemo maker LinearAlgebra ta BBomumo Hari gani
> with(LinearAlgebra) :
A = Matrix(5, 5, [[ -27,-93,-74,-45, 67], [ 59, 79,-66, 45,-90], [ 73,-82,-1,9,-79], [
-39,91,-95, 80, 52], [ -23,-64,-10, 61,-33]]);
B = Vector([43, 84,-7, 38, 59]);
[ —27 —93 —74 —45 67
59 79 —66 45 —90
A= 73 =82 —I1 9 =79
-39 91 —95 80 52
| —23 —64 —10 61 —33 |

s
84
B:=| -7
38
L 59 |

[Mpsmuii xix metoaa ['aycca BUKOHYETHCS 3a Aomomororo komauau GaussianElimination (3eenenns

PO3IIMPEHOT MATPUIL CUCTEMH JI0 TPUKYTHOTO BHUTJISIITY):
> G = GaussianElimination({A|B), 'method' = 'FractionFree');

—27 =93 —74 —45 67 43
0 3354 6148 1440 —1523 —4805
G:= 0 0 1375614 102276 —165231 —1235745
0 0 0 107409906 12873207 —84821967
0 0 0 0 —9778693377 14883107409

3BopoTHHui xix (komanaa BackwardSubstitute) Bunae mrykanuii BEKTOp-CTOBIELb X

> BackwardSubstitute(G) : X = evalf(%);
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—1.641864746
0.03599665338
X:=1] —1.035984110
—0.6072906356
—1.521993464

Memoo I'aycca-ZKopoana. B metoni I'aycca-YKopmana npy BUKOHaHHI IPSMOTO X0y, IIPOBOJIMO
BHKITFOUEHHS HEBIJOMUX JI0 THX IIip MTOKH B KOXKHOMY PSIKY Ta CTOBIMYHUKY OCHOBHOI MaTpPHIIi CHCTEMH,
HE 3QJIMIIUTHCS TIIbKU OJIMH HEHYJIHLOBUH elIeMeHT, a00 3BouMo ocHOBHY Matpuilto CJIAP 3BoauMo 1o
JiarOHAJIEHOTO BUTJISAY 3 OJUHHIIIMH Ha JllarOHall, TP [IbOMY PO3B'SI30K CHCTEMH BHSBISETHCS HA MiC-
i BekTopa B. 3po3ymino 3 JIorivHOi TOYKK 30py Kpalioio Moaudikaiieo Metony l'aycca € came MeTon
l'aycca-XXopnana.

B Maple ueit meton peanisyerscst komannamu ReducedRowEchelonForm ta BackwardSubstitute:
> soll := ReducedRowEchelonForm({A|B)); BackwardSubstitute(soll) : X := evalf(%);

[ 5351763974 |
L0000 =5 50564459
117333412
01000 559564459
3376856984
soll =100 1.0 0~ 1159
1979502972
00010 =55 09564459
4961035803
0000 1 == 5564459 |
—1.641864746 |
0.03599665338
X:=| —1.035984110
—0.6072906356
—1.521993464 |

Memoo LU-gpakmopuszayii. Posrnsaemo meron LU-daxropuszanii, skuii me HaszuBaroTh LU-
posknananusaM abo LU-nexommosumiero. CyTh IOTO METO/A TONIATAE B MPEJICTABICHHI MaTpulli A y BH-
rsiti 100yTKY ABOX MaTpuilk L ta U, sKi € BiIOBITHO HUKHBOIO (JiBOIO) Ta BEPXHBOIO (IIPABOI0) TPUKY-
THUMHU MaTpuisiMi. Tozi cucteMy (2) MOXKHA 3aMUCaTH €KBIBAJICHTHUM MAaTPUYHHUM PiBHSHHSIM

LUX = B. 3

BBOZMMO BEKTOP JOMOMIKHUX 3MIHHUX Y = (Yq; V5 ...; ¥,)T Toni piBHsiHHs (3) MOXHA Hepenuca-

TH Y MaTPUYHOMY BUTJISAI
ox=v @

Takum 4yrHOM, AJsi po3B’sizaHHs cucteMd (1) HEOOXiTHO MOCHIZOBHO PO3B’S3aTH [BI CHCTEMH
CJIAP 3 TpuKyTHUMH MaTpULISIMHU KOe(iLi€HTIB.

Po3B’spkemo 3amany cucremy MetogoM LU-dakropusanii B Maple. Criouatky 3naiinemo matpwuiii L
ta U, 1s nuporo Bukoprcraemo komanay LUDecomposition.
> LUDecomposition(A) : p, L, U = evalf(%);
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[ 1. 0. 0. 0. 0. ]
0. 1. 0. 0. 0.
pL,U=[0.0. 1.0 0.,
0. 0. 0. 1. 0.
| 0. 0. 0. 0. 1. |
1. 0. 0. 0. 0
—2.185185185 1. 0. 0. 0.
—2.703703704  2.684257603 1. 0. 0. |,
1.444444444  —1.813953488 —0.9780897839 1. 0
| 0.8518518519  —0.1225402504 0.06128172583 1.164542533 1. |
[ —27. —93. —74. —45. 67.
0. —1242222222 —227.7037037 —53.33333333 56.40740741
0. 0. 410.1413238  30.49373882 —49.26386404
0. 0. 0. 78.08142837  9.358153523
0. 0. 0. 0. —91.04088944 |

Tyt p — marpuist nepectanoBok. Po3B’si3yemo cucremy (4):
> Y := LinearSolve(L,B);

43.
177.962962955000
Y:=1] —368.439177092366
—61.6611688075291

138.563638757197

> X = LinearSolve(U,Y);

[ —1.64186474667955 |
0.0359966533068327

X :=| —1.03598410964787
—0.607290636106666

| —1.52199346479932 |

Memoo 6i06ummsn. Hactymauii npsmuii metos po3s’s3yBanus CJIAP, skuii posrisiHemo Oyne me-
TOX BimOUTTA. BiH mosnsirae B mpeacTaBieHHi MaTpuii A y Burisai 1ooytky A = QR, ne Q — opToroHanb-
Ha, a R — mpaBa TpukyTHa Marpuil. Tomi cuctema (2) nepenuieTbes y BUTIISII
QRX = B. (5)
Amnanoriuno 50 weroma LU-¢pakropuzaiii BBOJMMO BEKTOp JOIMOMDKHUX 3MIHHUX Y =
(V13 V25 o3 ¥u)T. Toni piBusinus (5) MOKHA TepeNUCcaTd y BUMJISI CUCTEMH MATPUYHKX PiBHSAHHS
{QY =B, 6)
RX =Y.
Po3B’sbkemo 3amany cucremy meronoM Binoutta B Maple. CnouaTky 3Haiijzemo matpuii Q Ta R,
JUIs IBOTO BUKOpHcTaeMo komanay QRDecomposition.
> ORDecomposition(A4) : O, R = evalf(%);
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O.R =
[| —0.2508076522, —0.5162098633, —0.6535946332, —0.4787280232,
—(0.1194002996 |,
[0.6781095780, —0.4147424788, —0.2049210559, 0.2427957650, 0.5169271262 ],
[ ~0.3622777197. 0.4778003 140, — 0.5480115684, 0.2976890728. 0.5015239285].
[ —0.2136509629, —0.3570859867, —0.1354535751, 0.7893197376. —0.4306617527]]

107.6522178 —8.276652521 18.26251275 0.03715668921 — 131.4882339
0. | 841806098 33.14055445 56.34853498 6.01 1938087
0, 0. 132.3864958 —45.26335443 — 10.17425082
0, 0. 0, 9501613639 —60.47256982
0, 0. (0, 0 319.20782901

Po3B’s3yemo cucremy (6):
> Y = LinearSolve(Q, B);
4.13368168142591
15.8931662165102
Y= —94.1771515033388
34.3364340264163
| —59.6740594931782 |

> X := LinearSolve(R,Y);

[ —1.64186474564924
0.0359966532740371
X =] —1.03598411000932
—0.607290635475252
—1.52199346405939

Memoo Xoneyvkozo (Mmemoo keadpamuux kopenig). Po3p's3yBanHs nudepeHiiaIbHiX piBHIHB
METOJIOM CKIHYEHHHX €JIEMEHTIB MPU YHCEIBHOMY PO3B'SI3yBaHHI 3BOJUTHCS JIO JIIHIMHOT CHCTEMH piB-
HSIHb, OCHOBHA MAaTpPHULS SIKOi CUMETpHUYHA. TakuM YMHOM, BHHHKae moTpeda po3s’s3yBatu CJIAP 3 oc-
HOBHOIO CUMETPHYHOIO MaTPULIEIO.

J1g po3B’sI3aHHS TaKMX CHUCTEM 3aCTOCOBYETHCS METOJ XOJEIbKOro, abo METO]| KBaApaTHUX KO-
penis. CumeTpuuHy MaTpuio A poskianants y 106ytox UTU, ne U — BepxHs (IipaBa) TPHKyTHA MaTpH-
s

[pu nassrocti UT U-po3kiasianns po3B’i3aHHA CUMETPUYHOT cucTeMu Bursmy (1) 3BoauThes 10
MOCITIIOBHOTO PO3B’sI3aHHSI JBOX TPUKYTHUX CUCTEM

UTy=B Tta UX=Y. (7

Po3risiHeMo cuMeTpHYHY CHCTEMY 3 HACTYITHUMH MaTpHUILsiMU (0pa3y npomnumemo ix B Maple):

> restar: with(LinearAlgebra) :
A = Matrix(4,4, [ [688,-245,-382, 56], [ -245, 652, 382, 235], [ -382, 382, 705, 96 ], [ 56,
235,96, 611]]);
B = Vector([ -324,79, 671, 553]);
688 —245 —382 56
—245 652 382 235
—382 382 705 96

56 235 9 611
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—324
79
671
553
3naxoauMo Marpuiro U, BUKOPHCTOBYIOUYH BXe BijjoMy Ham komanmy LUDecomposition, Tinbku
BKa3yeMmo, 1110 Iiei po3kiiaa Tpeba 3podutn 3a MetomoM Xouenbkoro (Cholesky):
> LUDecomposition( A, method = 'Cholesky', output ="U") : U = evalf(%);
26.22975410 —9.340537435 —14.56361347 2.134979984

- 0. 23.76456102  10.35020268  10.72781695
o 0. 0. 19.64114220 0.8175666829
0. 0. 0. 22.15146471

Tpancnonyemo MaTpuilio U Ta po3B’sI3yeEMO MOCIIIOBHO B TPUKYTHI cuctemu (7):
> U T := Transpose(U),

26.22975410 0. 0. 0.
U T —9.340537435 23.76456102 0. 0.
= 7| —14.56361347 10.35020268 19.64114220 0.

2.134979984 10.72781695 0.8175666829 22.15146471

> Y := LinearSolve(U T,B);
—12.3523841956261
—1.53076284304739

= 25.8105334028139
25.9437473743647
> X = LinearSolve(U,Y);
—0.271155695565728
¥ —1.14421767796297

1.26535416452793
1.17119782885746

Memoo npozonku. Ilpu po3B’s3yBaHHI NpPAaKTHYHMX 3a/1a4 YacTO BHHUKAE HEOOXIIHICTH
PO3B’sI3yBaHHS CHCTEM PiBHSHB, SIKI MICTATh BEJIUKY KUTBKICTh HYJILOBUX €JIEMEHTIB B OCHOBHIN MaTpHIIi.
3a3BHUyaii 1li MaTPUI MalOTh TaK 3BaHy CTPIYKOBY CTPYKTYPY, J€ HEHYJIbOBI €JIEMEHTH PO3TAllIOBaHi Ha
TOJIOBHI JliaroHasti Ta Ha KiJbKOX CYCIHIX O1YHUX JiaroHasX.

PosrisiHeMo HalpoCTiIMiT BUMAA0K CTPIYKOBHX CHCTEM, SIKi YACTO 3YCTPI4alOThCS, HAPUKIA, Y
3ajjauyax MaTeMaTH4HOI Pi3uku. A came, MU OyJeMO IIYKaTH PO3B 30K TAKOi CHCTEMH, KOJKHE PiBHSIHHS
SKO1 3’ €IHY€E TPH «CYCIIHI» HEBIIOMI:

o bixi—1 +cixi + dixiy =13 (8)
nei=1n;b;=0,d, =0.

PiBusians Burisiny (8) Ha3MBarOTh TPUTOYKOBUMH Pi3HUIIEBUMHU PIBHSIHHSIMHU JPYroro MOPsIKy, a
CUCTEMa TaKHX PIBHAHb Ma€ TPHUIIaroHaJbHY CTPYKTypy. Hamararounce 1mo30aBUTHCH BiJ] HEHYJIHLOBHX
€JIEMEHTIB B MIJlilarOHAIBHIN YaCTHHI MAaTPHIll CUCTEMH, IPUITYCKAIOTh, 110 iICHYIOTh Taki Habopu Yucen
8; ta A; (i = 1,7n), npu AKKX Mae Micle piBHICTH

Xp = 0iXip1 + Ay )
TOOTO TPUTOYKOBE PIBHSHHS APYroro mopsjaky (8) mepeTBOprOEThCS B JABOTOYKOBE PIiBHSHHS MEPIIOrO
nopsaky (9). IMicns HecknagHux neperBopens y piBaocti (9) ta (8) orpumyemo, 1110:
d; 1= bidi_q
o= ¢i +bi6i—q’ A= ¢i +bibi—q (10)
npu BCix i = 1, 7.

Takuit crioci® po3B’s3aHHs PiBHSHB Buy (9) Ha3uBa€ThCS METOJIOM IPOTOHKH, KU 3BOAUTHCS JI0
3HAXO/DKEHHS TPOroHOYHKX KoedirienTiB §; Ta A; 3a ¢popmynaamu (10) Ta oTpuMaHHs HEBiIOMHUX X; 32
dbopmyoro (9), mpUYOMy 3a3HAYMMO, 110 TIpH i = 1,7 TIPoLeC 3HAXOKEHHS PO3B’SA3KiB HA3UBAIOTh MPS-
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2,1 3BOPOTHOIO TIPOTOHKOI0. 3pO3yMiJIO, III0 METO IIPOTOHKH peati3y-

€THCS MiCTsl BUKOHAHHS KUIBKOCTI OTepaliil, sika IpornopiiiHa n.

JIJis yCHIIIHOTO 3aCTOCYBaHHS METOly IPOTOHY HEOOXiHO, 00 y MpOoIleci pO3paxyHKy HE BUHU-
KaJlo CHTYaIliif 3 TUIEHHSM Ha HYIb, a IPH BEJIMKUX PO3Mipax CHCTEM He OYyJIO MIBUIAKOTO 3POCTaHHS MO-
MIJIOK OKpyrJieHHS. TOOTO MpOroHKa € KOPEKTHOIO, SKIIO 3HAMCHHHUK MPOroHounux koedimientis (10)

He HaOyBa€ HyJIbOBOTO 3HAYCHHS, Ta CTiHKO0, KO |§;| < 1 mpu BCix i = 1, n.

PosrastHeMo sk METOI IPOTOHKK MOXHA peaitizyBatu B Maple.

>

restart : with(LinearAlgebra) : A ‘= Matrix(5) :

A[1,1]:=949:4[1,2] == 134:

A[1,3],4[1,4],4[1,5],

A[2,4],4[2,5],

A[3,1],4[3, 5],

A[4,1],4[4,2],

A[5,1],4[5,2], A[5, 3] == 0812

A[2,1] = 53 : A[2,2] = 994 : A[2,3] := 15

A[3,2] =24 : A[3,3] =339 : A[3.4] == -3 :

A[4,3] = 332: A[4,4] = -858:4[4,5] :=-373:

A[5,4] == 41 :4[5,5] =-128:

A,

[ 949 134 0 0 0

53 994 15 0 0
0 —24 —339 -3 0
0 0 332 —858 —373
0 0 0 41 —128 |

Z Bi= Vector(5) :

B[1]:= -144:

B[2] = 933 : B[3] := 240 : B[4] := 391 : B[5] = 441 :

B;

El

[ —144

933
240
391
441

3HaiieMo Koe(illi€HTH TPUTOUYKOBUX PI3HUIIEBUX PiBHSIHB (8):

>n=5:b[1] =0

> fori from1tondoc[i] :

© Bparinens O.B., Bo

fori from2tondob[i] := A[

by

by

b,
bs

Al i]; ] -

i,i —1]; enddo
=0

= —24
= 332
= 41

B[i]; end do

¢, = 949
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ry = 240
¢y = —858
ry = 391
cs5 = —128
rs = 441
>d[n] == 0; fori from1ton — ldod[i] := A[i,i + 1]; enddo

d; =10
d, =134
dy =15
dy == =3
d, = —373

[Mporonouni koediieHTH (IpsiMa MPOrOHKA):
>
o[1] = evalf[ —%J;
A[1] == evalf[%);

for i from2 ton do

c[i]+ b[i]-8[i — 1]’
ALi] = rli] — bli]-A[i — 1] :
cli] + bli]-8[i — 1]
end do
51 = —0.1412012645
A, = —0.1517386723
52 = —0.01520501942
A, = 0.9539042772
0, = —0.008859093997
Ay = —0.7763333409
8, = —0.4332467672
7»4 = —0.7535272499
65 = 0.
A, == —3.237407551

5

3BOpOTHA NPOTOHKa (0OEpHEHMI XifT):

g X = Vector(5) :
X[n] = A[n];
forifromn — 1by -1to 1do
X[i] = o[i]-X[i + 1] + A[i];
end do

X, == —3.237407551

X, = 0.6490691061

Xy == —0.7820835051
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X, = 0.9657958721

X, = —0.2881102707
BuBoanmo Ha ekpaH BiIIOBiIb:
[ —0.2881102707
0.9657958721
—0.7820835051
0.6490691061
—3.237407551
[Tepesipka:
> Multiply(A4, X) = B,
—144.000000032900 — 144
932.999999943800 933
239.999999980200 |=| 240
390.999999796000 391
440.999999878100 | | 441

aBJISIKW YITKMM QJIFOPUTMaM IPSIMUX METOJIB PO3B’s3aHHS CTYJCHTaM IPOIOHYETHCS Ha-
3 ’ CJIAP cry, y

MUCAaTH MPOTrpaMu Oyb-KOI0 MOBOIO MPOTpaMyBaHHs, Hanpukiaaa Ha C++, Ta IPOBECTH aHali3 mporpa-
MHOT peaizaliii 3 po3B’si3aHHsM B cepenopuiii Maple.

BucHoBKH Ta mepcrnekTHBH NOJAJNBIIOTO AoCTilzKeHHsl. B craTti Oynu po3risHyTi OCHOBHI

MpsMi YMCETbHI METOAM PO3B’I3aHHsI CHCTEM JIiHIHUX anreOpaiuHuX piBHSAHB, 10 BUPILMICHHS SKUX MPH-
BOJHTH 0arato NMpHKIATHUX 3a7ad. Jlo KOKHOrO MeTOAy HaJaHO KOPOTKHH AJITOPHUTM Ta IOKAa3aHO SK
BOHH PEali3yIOThCS B CHCTEMi KOMIT IOTEpHOI MateMaTHku Maple. Hagani nmanyeThCsl MPOTOBKUATH Ce-
pito crateii, siki OyAyTh MPHUCBSYCHI BUBUCHHIO 1HIIUX PO3AUIIB Kypcy «HucenbHI METOIM» 3 BUKOPHC-
TaHHsAM Maple.
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®OPMYBAHHA 3AT AJIbHOI HABYAJIBHOI KOMHIETEHTHOCTI CTYAEHTIB I YAC
BUBYEHHA JIOT'TKU B YMOBAX TMCTAHIHIMHOI'O HABYAHHA

I'yaiBara 1.0. ®opmyBaHHs 3arajibHOI HABYAJIBbHOI KOMIIETEHTHOCTI CTYJeHTIB MiJi Yyac BHBYEHHH JIOTIKH B
yMoOBaX AMCTAHNIIHOIO HABYAHHS. 3allpOIIOHOBAaHA METOAMKa (OPMYBaHHS 3arajbHOi HaBYAJbHOI KOMIIETEHTHOCTI MiJ Jac
BUBYEHHS JIOTIKM 3 BHKOPHCTaHHSAM iH(OpMamiiHO-KOMYHIKAIlIfHUX TEXHOJOTiH, sKa 30pi€HTOBaHA HA BIPOBAIKCHHS
KOMIIETCHTHICHOTO MiIX0y Y HaBUYaHHI 300yBauiB BHIOi OCBITH.

KniouoBi cjoBa: 3araipHa HaBYaJbHa KOMIIETEHTHICTh, (JOpPMYBaHHS 3arajibHOi HaBYAIbHOI KOMIETEHTHOCTI, JIOTiKa,
MOHSTTS, AUCTAHI[IiHE HABYAHHSI.

Hulivata 1.0. Formation of general educational competence of students during the study of Logic in distance
learning. The method of formation of the general educational competence during studying of Logic with the use of information
and communication technologies which is focused on the introduction of the competence, oriented approach is offered in training
of applicants for Higher education.

Key words: general educational competence, formation of general educational competence, logic, concept, distance
learning.

IlocTranoBka HaykoBoi mnpodaemu. CTpiMKANA PO3BHUTOK IHHOBalliHHUX TEXHOJOTIH, TEMITiB
E€KOHOMIYHOI'0 3pPOCTaHHs, MOJICpHI3allisl, aBTOMaTHU3allisA, LU(PoBi3allisi BHPOOHUYUX IPOLECIB
BUCYBAIOTh HOBI BUMOTH 10 cy4dacHoro (axiBus. Cepel TAKMX BUMOT € 3[aTHICTh KPUTHYHO MHCIIHTH,
CHHTE3yBaTH 1 CHCTEMaTH3yBaTH iH(OpMaIlito, TPOEKTYBATH, BIIPOBA)KYBaTH, aKTUBHO W YCBITOMIICHO
BUKOPUCTOBYBAaTH HOBI METOJM Ta TEXHOJIOTIi B yMOBAaX MIHJIMBHX YMOB BUPOOHHUIITBA TOIIO. 3 METOIO
MIOJIOJIaHHS BKa3aHWX BUKIMKIB BiOYBCS iICTOPUYHUI Tepexi BiJ TpaaHWLidHOI OCBITHBOI Mapajurmu,
mo Oa3yBarnacs Ha 3HAHHEBOMY MIXOi, O KOMIETeHTHICHOI. MoepHi3alis 3MicTy CydacHOi OCBITH Y
[IOMY HAIpPSMKY CIIPSMOBaHa Ha JOCATHEHHS SIKICHUX 3MiH y HiATOTOBII 3/100yBaviB BUIIOi OCBITH, IO
BiZJOOpakeHO B «3aKOHI MMPO BUIILY OCBITY» Ta peati3oBaHO Yepe3 CHCTEMY CTaHAapTiB BHIIOI OCBITH, SIKi
nepeadayarTh GOPMYBaHHS 3arajibHUX KOMIICTCHITIH.

Bigmosigno mo llopsaky mpuitomy anms 3m00yTTs Bumioi ocBith B 2022 pori 3a OKpeMUMH
CIEIIAIbHOCTAMU TIepe0aYeHO CKIAJaHHsA TeCTy 3aranbHol HapuanbHOi komreTeHTHOCTI (T3HK) 3a
€IMHOIO0 TIPOTPaMOlo, sIKa 3aTBeppkeHa HakazoMm MiHicTepcTBOM ocBiTH 1 Hayku Ykpainu Ne 158 Big
11.02.2022 Mertoro BunpoOyBaHHS € OILIHIOBaHHA PiBHA C(OPMOBAHOCTI 3arajibHOI HABYAIBHOL
xomrerentHocti (3HK) mperenmenta Ha 3100yTTs Apyroro (MaricTepcbkoro) piBHs BHIOI OcBiTH [1,
c.2].

AHaJni3 ocTaHHiX gocaikeHb i myOaikaniii. 3acaau popmysanns Tecty 3HK Buknaneni y po6ori
O. Jlsmenka, C. PakoBa [2], omuc BepOagbHO-KOMYHIKATUBHOIO CKJIaJHHKA Y TECTi 3arajibHol
HaBYaJIbHOI KOMIIETeHTHOCTI 3miificHeno C.B. JlomakoBuuem ta B.M. Teperenko [3], oOrpyHTyBaHHS
noriko-maremarnanoi ckimanooi T3HK mocmimkeno y mpami B.IT. Topoxa [4]. V po6Gori [5] 3aificheno
JIOTIKO-METOJMYHUM aHami3 3aBlaHb TECTY 3arajbHOI HaBYAJIBHOI MPAaBHUYOI KOMIETEHTHOCTI IS
BCTYITHHKIB y Marictparypy 3i crenianbHocteit «I[IpaBo» Ta « MikHapoHE TIPaBO».

Metonuka Bukopuctanss KT B ymoBax mu¢poBizalii OCBITHROIO MPOIECY BHCBITIIEHA Y MpAIsiX
OaraThoX BUEHHX, SK B YKpaiHi, Tak i 3a kopmonom. Jlocmimkenas B.1O. bukosa, B.®. 3a6onorHoro,
B.B. Jlamincekoro, H.B. Mopze, C.A. PakoBa, O.B. CmiBakoBCHKOT0 CHpsSIMOBaHI Ha JIOBEICHHS
e(peKTUBHOCTI BHKOpPUCTaHHS iH(OpPMAIiitHUX TeXHOJOri y HaBuanbHOMY Tporeci [6]. Crpareris
oprasizailii Ta BIPOBa/DKCHHs NWCTAHI[ITHOrO HaBYaHHS B OCBITHIH IpOIlEC 3aKJIaJiB BHIIOI OCBITH,
CTBOPEHHSI €JIEKTPOHHUX HaBYAJIBHUX KYypCiB Ta €JIEKTPOHHHUX TecTiB BimoOpaxkeHna y poOorax B.B.
bonmapenka, B.B. Bumniscskoro, B.M. Kyxapenka [7] Ta iH.

Hocmimkenns [1-5] cBiguats mpo Te, mo Bucokuil pisers 3HK crpuse 3a10BONEHHIO OCBITHIX i
npodeciiHuX NOoTped CTYACHTIB, MiABHUILYE X KOHKYPEHTOCHPOMOXKHICTH 1 3aTpeOyBaHICTh Ha PHHKY
npari.
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TakuM 4yuHOM aKTyami3yerhcs mpobieMa Gopmysanus 3HK sik yaCTHMHHM OCBITHBOTO PE3YJIbTaTy
3m00yBaviB BUINOI ocBiTW. Ciif Bi3HAYMTH, IO OCOOJUBE MICIC CEpell HABYAIbHUX IJUCIHILIIH Y
BUPIIICHHI OCTAaBICHOT MpoOIeMH 3aiiMae Jorika. OCKiNbKH Lie HayKa, sKa BUBYA€ MHCIICHHS JIIOJMHU
BTiIeHe B MoBi. B yMmoBax maHmemii Ta BiliChKOBOTO CTaHy BCi 3akjiaad OCBITH YKpaiHU
MIepPEeOpiEHTYBANNCS Ha NWCTaHIIHY (OopMy HaBYaHHS, TOMY METOJUYHHN MiAXiJ 0 BUBYEHHA OyIb
SIKOTO HABYAJIBHOTO MaTepialy Mae rmnependadaTd iH(QOpMaliiHO-KOMYHIKAIIHY CKIQJ0BY 32
3aMOBUYBaHHSIM.

Mertolo cTaTTi € Meromuka (GOpMyBaHHS 3arajdbHOI HaBYAIBHOI KOMIIETEHTHOCTI 37100yBadiB
BHUIIOT OCBITH MiJl 4Yac BUBYCHHS JIOTIKH B YMOBaX JUCTaHIiIHHOTO HABYAHHSI.

Buknaa ocHoBHoro marepiany aocaimkennsi. Y mnporpami T3HK mix 3aranbHor0 HaBYaJIbHOIO
KOMITETEHTHICTIO PO3YyMIIOTh 3/IaTHICTh OCOOMCTOCTI aJeKBaTHO CIpUAMATH Ta 00pobIsaTH iH(opMaIIito,
JIOTIYHO MHCIIUTH, OCSTATH CYTHICTh 3B’SI3KiB MIXK sIBUIIAMU Ta 00 ekTamu mificHocTi [1, ¢.3]. ®aktudno
— 1 3[aTHICTh YCHIIIHO JisITH HA OCHOBI MPaKTHYHOTO JOCBiAy, YMiHb Ta 3HaHb MiJ Yac BUPILICHHS
3aBAaHb, 3arajlbHUX JUIA 0aratbox BHAIB TpodeciifHOi iIbHOCTI. 3ampoNOHOBAHMM TECT HAIaE
MOXJIUBICTh OIIIHUTH 3AATHICTh OCOOHMCTOCTI CaMOCTIHHO 3aCTOCOBYBaTH KOMIIETEHTHOCTI ISt
BUPIIICHHST HAYKOBUX Ta MPAaKTUYHUX 3a]1a4, sIKi € 3arallbkHUMH IS YCiX cremiadbHOCTel 1 HaOyBaroThCs
MPOTSITOM YCBOTO JKUTTSL.

BripoBamkeHHsI KOMIIETEHTHICHOTO MIXOAy B OCBITI mependadae ¢GopMyBaHHS HACTYITHUX
KOMIIOHEHT: KOMYHIKaTHBHa (CHiJIKyBaHHS YKpaiHCBKOIO Ta i1HO3EMHOI0 MOBaMHM), HaBYallbHa,
COLIIOKYNBTYPHA, SIKi peani3oBaHi uepe3 iHTerpaibHy Ta 3arajbHi KOMIIETEHTHOCTI Y CTaHAapTaxX BUIIOL
OCBITH YCiX creriajgpHocTell. Buimesragani kKommoHeHTH o00’eqHani y gBa ckimaguukud 3HK: 1)
BepOaTbHO-KOMYHIKATUBHHH, 2) JIOTiKO-aHATITHIHUA [1].

KomnerentHicHu# miaxin oOpaHo KoHIenTyanbHO ocHoBol T3HK He Bumagkoro. Came BiH
3apa3 BU3HAYa€ TUAAKTHIHI OCHOBH IMMOOYIOBH 3MiCTy OCBITH, € 0a3UCOM Y TE€Iarori9HOMY HPOEKTYBaHHI
pe3ysbTaTiB HAaBYAJIBHOTO MPOILECY, BU3HAYA€ OCOOMCTICHMH CTaTyC JIOAMHU B Cy4acHHMX yMOBax ii
KHUTTEMISITBHOCTI [2].

I3 2017 p. BHpPOBa;HKEHO HOBE JUIsl BITYM3HSIHOI CHUCTEMM OCBITH BCTYIIHE BUIIPOOYBAaHHS JIJIst
BiIOOpY Ha HaBuaHHS 3/100yBadiB BUIIOI OCBITH 3a cTymeHeM maricTpa 3i creriansHoctelr 081 [IpaBo Ta
293 MixkHapoaHe MpaBO y BUINIAAI TECTy 13 3arajbHOI HABYAJILHOI MPaBHUYOI KOMIIETEHTHOCTI
(T3HIIK). Horo mocmizoBunkom 3 2022 poky cras T3HK, sxuii € 0GOB’A3KOBMM IS BCTYIy HA
MaricTpaTypy sl OUTBIIOCTI CIIeIiaTbHOCTEH.

VY nocnimkennsx [5] aBropu HarosomyoTh Ha TOMy, 1m0 okpemi 3aBmanus T3HIIK Bumararoth
BOJIOJIIHHSI JIOTTYHIUMHY HABUYKAMHU Ta 3HAHHSIM JIOTIKHU SIK HAYKH.

Posrnstnemo 1o0ipKy BIIpaB, sIKi CHIPHATUMYTH (OPMYBAaHHIO BepOaTbHO-KOMYHIKATHBHOTO Ta
noriko-a"ajmitnyHoro ckinagHukiB 3HK min gac BuBuenHs temu «lloHsTTS» Kypcy joriku. OcoGnuBo
KOPHUCHHM CTaHYTh KEWCH B3STi 3 pEaibHOTO CBITY 1 MOTOYHHMX IOJiH, MIO JONOMAarae po3BUBATH i
3aCTOCOBYBATH Ha MPAKTUIl HABUYKH KPUTUYHOTO, MATEMATUYHOTO Ta HAYKOBOT'O MHUCJICHHSI.

dopmMyBaHHS BepOaIbHO-KOMYHIKAaTUBHOI CKJIa/I0BOT Nlepedavae BUKOHAHHS 3aBJaHb HACTYITHOT'O
THUITY: BCTAHOBIICHHS aHAIIOT1i MiXK TTapaMU CJIiB YW TTOHATTSMH; BCTAHOBJICHHSI aHAJIOTI1 MK TTapamu CIIiB
(TTOHSITE) HAa OCHOBI TEKCTYy; 3HAXOPKEHHS CIHUIBHOTO (TPETHOTO) Uit JBOX IIOHATTS; 3MICTOBE
BiJIHOBJICHHSI PE€YEHb 13 BHKOPHCTAHHSM JIAHIIOXKKIB 13 PI3HUX CIIB; 3MICTOBE BiTHOBIIEHHS pPEYEHb i3
BUKOPUCTAHHSIM JIAHIIOKKIB 13 THX CaMHUX CJIB; MOLIYK JIOTIYHOIO 3aKiHYEHHS PEUYEHb, pelaryBaHHs;
pedeHb i TEeKCTiB; 3aBJJaHHS Ha SKCTPAITOJIAIIII0, YUTAHHSI 1 aHaJ3 TEKCTIiB TOIo. Po3risHeMo 3aBaaHHs Ha
3MICTOBE BIJHOBJCHHS PEYEHb i3 BUKOPUCTAHHSAM JIAHIIOKKIB 13 PI3HUX CIIB 13 JAEMOHCTpAIifHOIO

Bapianty T3HK 2022 poxky.

3aBnanHs 1. BigHOBHTH pedYeHHSI.

Heuentpamizaitisi sk () TPEHJ OCTAaHHIX JCCSATUJIITh, IMOBIPHO, IOB’s3aHa 13
3aBEpIICHHSAM XOJIOJAHOI BiiHU i yTomoro Bix (D) ynpaBJiHHS 10 00uBa OOKH XOJIOTHOT
3aBicu, MO 0co0NMMBO MOMITHO B KpaiHax CximHoi Ta LleHTpanbHoi €Bpomu, ne BinnoBigHi pedopmu
cranu peakiiero Ha (C) MOJITUKYA KOMYHICTHYHOTO PEXKHUMY.

a) MDKHapOJIHHM, IHTepHAIIOHAIBHWI, CBITOBUI{, BCEHAPOIHUIH

b) ueHTpasBHOrO, IEHTPATI30BAaHOTO, IIEHTPOBAHOTO, IEHTPUCTCHKOTO

C) 3aruberb, mpoBal, perpec, cMepTh [8].

OckinbKH BU3HAYEHHs a00 ne(iHilis — Iie omneparlis, 3a JOIOMOTOK SIKOT PO3KPHUBAETHCS 3MICT
MOHATTS LUISIXOM IE€pepaxyBaHHs HOro PONOBHX Ta BHUAOBHX O3HAK, JOLIJILHO MPOMOHYBATH KOHKPETHI
© I'ymiBara 1.O.
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IpUKIaau IHOHATh. HaBeneHHs NpPUKIIANiB 3 NMOBCAKAEHHOIO SKUTTS IiJi 4ac BHUBYCHHS IUCLUILIIHH
JoroMarae OuTbIl KpUTHYHO BiIHOCHUTHCS 10 OTOUYIOUMX HAaC pedyel peallbHOTO CBITY.

Hanpuknan, moHSTTS Kpadikka Ta rpadik MaroTh CHUIBHY POJOBY O3HAKy: 3J0YMHU MPOTH
IHAUBIAyanpHOI BiIacHOCTI rpoMaasH. OgHAK, IX BHIOBI O3HAKHU Di3HI: KpaaiKKa — TAEMHE BUKpaJaHHS
inauBiqyansHoi BiacHocTi rpoMansH (ct. 140 KK), rpabixx — BigkpuTe BUKpaJaHHS 1HIUBITyaTbHOT
BiacHocTi rpomagsH (ct. 141 KK).

B ymoBax HaB4YanbHOTO Hpolecy Uil 3a0e3MeYeHHs] 00EpPHEHOTO 3B’S3Ky Ta MMOBHOTO 3aJTyYeHHS
aymuTopii MOXKHA 3aCTOCYBAaTH OHJIAMH OMMTYBAaHHS 3ac00aMM JOCTYITHHUX cepBiciB. [Ipukiamom Takoro
OIUTYBaHHS MOXKE CTaTH 3aBJaHHs opraHizoBaHe 3acobamu Menti.com (Puc. 1).

3apnanns 1. BubepiTh O3HAKM MOHSTTS «CTYACHTY:

1) mroauHa, nporyckae mapu, HaBuaetses y BTEIL

2) MIOIMHA, HABYAETHCS, HABYAETHCS Y 3aKJIa/Ii OCBITH;

3) nmoMHa, HABYAETHCS, MAE JIUILIOM.

Bubepims 03naxu nouamms «cnydenn»

Q1) imna, HPOIYCKAL TP, HABUACTICN ¥ BTEL
J 2) IOV, HABYACTIC S, TADNMACTRON Y SaR 80 OCT
J &) DOAMMA, AACTLHON, MOC T 10M,

OE=A0)

Mepeums Ha www.menti.com Ta sukopucranTe ko1 9609 9550
“ .

E https:/ /www.menti.com/ir7héxw2zs

Pucynok 1 — Oprani3artist onutyBaHHs 3acobamu Menti.com

3a pesynmpTaTaMH TOJOCYBaHHS AayauTOpil BUKIANad MOXe 3IHCHIOBATH OOTPYyHTYBaHHS
BimoBifel, mpu TOTpeOdi KOpUTYBATH MIPKYBaHHS CTYACHTIB INUISXOM OOTOBOPEHHS pEe3yNbTaTiB
ONMTYBaHHS, HAaBEIEHHs KOHTP MpPUKIaAiB Tomo. [[O3UTHBHUM € Te, 10 ONHUTYBaHHS aHOHIMHE.
BHac1i10K 11bOT0 CTYIEHTH aKTHBHO JIOJYYarOThCS IO OOrOBOPEHHS LUISIXOM T'OJIOCYBAaHHS 1 HE OOSIThCS
BHCJIOBIIIOBATH CBOIO JAYMKYy, IO B MIJIOMYy Ja€ BHKIAJaueBi 3aranbHe PO3YMIHHS CIPHAHATTS
HABYAJILHOTO MaTepialy ayJAuTOpi€l0, Ta CIPHUSAE aKTUBI3allil HaBYAIbHOI MiSUIBHOCTI B YMOBax
JUCTaHIIMHOTO HAaBYaHHS.

3 MeTOow JAeMOHCTpallii BUKOPHCTaHHS 3100yBadaMd OCBITH HAyKOBHX ITOHATH B MHUCHMOBHX
poboTax, eQeKTUBHIM € HammcaHHs ece. Lle JomoMolke CTyseHTaM BCTAHOBIIOBATH 3B’SI3KM HAYKOBHX
MOHATH 13 HAYKOBHMH TEOpISIMH Ta 3[aTHICTh apryMEHTYBAaTH BIACHI JYMKH Yy PI3HHX CHUTYallisix
MOBCSIKIACHHOTO KUTTA. KpiM TOro, MipkyBaHHS BUKIAQJICHI Y HAYKOBHX TEKCTaX (OPMYIOTH KPUTHYHE,
JIOTIYHE Ta aHATITHYHE MHCJICHHS.

3apnanns 3. Hamucatu ece Ha OJJHY 3 TEM:

1. TIpoGnema nediHilii MOHSTH: sIEpHA IIIKO/IA, TPABO TOIIIO.

2. AmnHaii3 BU3HAYCHHS MOHATH «AKaJeMiuHa J0OpOUeCHICTEY, «CTYIeHTOIICHTPU3IMY.

3. Amnaniz npodeciiiHuX MOHATH 32 BUOOPOM CTYyICHTA.

Ockinbku 32 OyAb-IKHM TIOHSTTSM 3aKpIIUTIOIOTBCS XapaKTEPUCTUKKH OO0CATY Ta 3MICTY,
JIOIUTEHUMH OYyTyTh HACTYITHI 3aBJaHHS.

3aBnanHs 4. BusHauutH 00CAT TOHATTS <CIFOJMHA» (MHOXKMHA BCIX MHCIMMHX Jroged (B
MHHYJIOMY, TEHEPIlIHbOMY 1 MaiilOyTHROMY); MHOKHHA XHMBUX JIFOJICH; MHOXHHA JIFOJIEH B ayauTOpii);
«Kpaaikkay (BCl 3J0YMHHM, SIKAM MPUTaMaHHE TAEMHE BUKPAJCHHS IHIAMBIIYyaJIbHOTO MaiiHa IPOMaIsH;
BCi 3JI0YMHH, SKUM MIPUTaMaHHE BiAKPUTE BUKPAJaHHS iHAWBIAYaJIbHOIO MaiiHa rpoMajisiH; BCl 3JI0YHHH,
SIKAM MTPUTAMaHHE BUKPAJIaHHS 1HIUBIIyalbHOrO MaifHa rPOMAIsH).

© I'yniBara 1.O.
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3apmanHs 5. BusHaunTH 3MICT TMOHATTS «HAkKiem» (MOMIMPEHHS 3aBiOMO HEMpaBIWBHX
BiJIOMOCTE#; TaHBONATH YeCTh 1 TIAHICTH, MiAPUBAIOTH PEMYTAIlil0); «KPaaikka» (TaEMHE BHKPAICHHS
IHIUBITyaIbHOTO MaifHa rPOMaJISH; BIIKPUTE BUKPAaHHs iHANBITyalbHOTO MaifHa TPOMAJISH).

3aBnanus 6.

a) SIKe IOHATTS IIHPIIE 32 0OCATOM: «3IOYMH)» UM «3JIIOUHH IIPOTH OCOOUCTOCTI»?

b) Slke MOHSATTS MmIMpIIE 32 3MICTOM: «T'€HEPAILHUI MTPOKYPOPY» YU KIIPOKYPOP»?

Jocuth 3pydyHHM NPUHOMOM Bi3yasizalii BiJHOIIEHb MOHATH 3a oOcsrom € miarpamu Eiinepa, y
SIKAX KOJIAMH (3aMKHEHUMH 00JIaCTSIMH) MIO3HAYAIOTHCS OOCSTH ITOHSATS.

3aBnanHHg 7. Bu3HauuTH BigHOMICHHS MDK MOHATTSAMH 32 OOCATOM BHKOPHCTOBYIOUH KpYTU
Eiinepa:

a) IOPHUCT, TUPEKTOP, AJBOKAT, CYII.

b) mokapamHusi, yB'sI3HEHHS, CMEpTHA Kapa, 30posi.

3aBnanHs 8. 3MIMCHUTH y3araJbHEHHS Ta OOMEXKEHHS TIOHSATTSL.

a) BHOEpiTh MpaBWIIbHE, HA BaIlly JyMKY, y3araJlbHEHHS HOHSTTS «3BUIbHEHHS 3 mocaau cyaa M
3a xabapHHUITBOY (3BUIPHEHHS, Xa0apHUIITBO, CYIIs);

b) BubOepith mpaBWIbHE, Ha Bally JIyMKY, OOMEKEHHS TOHATTS «BHKpajgeHHS MaiiHay
(BuKpazeHHs MailiHa TpoMajsiHiHAa M, BUKpaeHHs rpoMaasiHiuHa M, MaiiHO rpoMajisiHiHa M).

3aBmanHa 9. Y HAacTymHOMY TEKCTi BH3HA4YTe B SKOMY BiJHOIICHHI 3HAXOMATHCA TIOHSTTS
«UMBUIBHUH TPOLIEC» 1 «UUBIJIbHE CYyJOYMHCTBOY». MPOTUPIYYs, HiAMOPIAKYBaHHS, B3a€MOBUKIIOUCHHS,
MepeTHHAHHS, TOTOXHOCT1?

Teker: 3a Takoro miAgXoay OYEBHIHO, IO MOHATTS CYJOYMHCTBA Ta LUBUIFHOTO IPOILECY HE
30iraroThCs 1 HE € TOTOXKHUMH. [[MBITBHAIN TpoIIeC € ORI y3aralbHIOIOYUM TOHATTAM, SIKE OXOILTIOE 1
UUBUIBHE CYJOYMHCTBO, W 1HINI IOPUCAMKIINHI MPOUETYypH PO3TIsAY 1 BUPINICHHS IUBUIBHHUX CIpPaB 3
METOI0 3aXUCTy CYO'€KTHBHHX MPAB Ta iHTEPECiB yYACHUKIB [IUBUTICTHYHKX MpaBoBiaHOCHH [9, c. 14].

3 MeTOr Kpamioro 3acBO€HHS 3HaHb, (opmyBanHs 3HK 3100yBauiB BHUIIOI OCBITH MM dac
PO3B’sI3yBaHHS 33/a4 JIOT1KO-aHAJITHUYHOI CKJIAJ0BOI MPOMOHYEMO 3aCTOCOBYBaTH AEMOHCTpAIiiiHi
koM’ roTepHi Monem (JAKM), ski mepen0bavaroTh MOCTAIHICTh JMHAMIYHHMX JEMOHCTpaIliii 00’ €KTiB y
BHTJIAMII OKPEMHX CIAMIiB, BPaXOBYIOTh OCOOJHBOCTI CHPUHHSTTS HABYAIBHOTO MaTepialy Ta BHIU
JiSUTBHOCTI, IO CIIPUSIOTH PO3BUTKY JIOT1YHOTO Ta aHAJITUYHOTO MUCIICHHS.

[pointoctpyemo 3actocyBanns JIKM mig yac noscuenns 3agaanns 27 T3HITK 2019 poky.

3ananns 10. Ciiguwmii: [IpoBajkeHHS OXOIUIIOE YOTUPH emi3oau npasonopyuiens: X, Y, Z, V. 3a
Yac ciijicTBa OyJI0 BCTAHOBJIEHO KOJIO ITiJO3PIOBAHMX, KOXKEH 13 SIKUX OyB yUaCHUKOM MPUHAWMHI OJTHOTO
i3 I[MX €Mi30/iB, 1 CKJIaJ] YYaCHUKIB KOXKHOTO 13 I[MX €Mi30/iB. Y pe3ysbTaTi ClHiauux Jid OyJ0 Takox
YCTaHOBJICHO, 1[0 KOXKEH IiJI03PIOBAHUH, sIKUi OyB Y4aCHUKOM IpUHANMHI ofHOro emizonis Y, Z, V, OyB
me i ygacHukoMm emizonxy X. KpiMm mporo, Oyno 3'sicoBaHo, 1o KOXEH IMiJJO3pIOBaHUH, SIKHU HE OpaB
ydacTi B enizolli Z, He OyB y4acHUKOM emi3oy V i 110 jK0JieH 3 YYaCHUKIB emni3ony Y He OyB YYacCHHKOM
enizony Z.

A Cyma KibkocTell yuacHUKIB emizony Y, emizony Z Ta emizony V' Oinbla KiTbKOCTI yYaCHHKIB
emizomy X.

b Hemae yuacHukiB enizony X, skl 0JJHOYACHO HE Oy/IM O yd4acHUKaMU IIIOHAWMEHIIIE OJIHOTO 3
enizomis Y, Z, V.

B [lesxi migo3proBaHi He OynM y4acHUKaMH Hi emizony Y, Hi emizony V.

I' KinbkicTh yyacHHUKIB emi3oy V He MeHIIa KiTBKOCTI yYacHHUKIB emni3ony Y.

J1 XKogen 3 yuacHukiB emizony V He OyB yuacHukom emizony Y [10].

AHani3 yMOBH 3ajadi 3IHCHIOEMO Ha OKPEMUX CIIaii/iax, Jie MOETaITHO Bi3yalli30BaHO BXIiJ/IHI JaHi.
[Ipu iboMy yMOBa He 3HHKA€E 3 TIOJSI 30py, 00’ €KTH HE 3MIHIOIOTh CBOTO IOJIOKEHHS Ta 3 SBISIOTHCS Y
BIJIMOBIAHOCTI /10 YMOBH 3aj1aui.

Ha nmepmomy erami BuainsgeMo B yMOBI 3a1aui (pparMeHT ais Bi3yanizamii 3a JOMOMOTOIO KpYTiB
Eitnepa (Puc. 2). YuachukiB enizomiB X, Y, Z, V mo3Ha4aeMo Kpyramu, BPaxOBYIOUH HpPH LOMY
MIANOPSAAKYBaHHS MHOXKHH BIAMOBIAHMX ermi304iB. OCKUIbBKM B YMOBI 3a/Jadi CKa3aHO, IO KOXKEH
MiZ03pIOBaHKH, K He OpaB yuacTi B enizoni Z, He OyB yYaCHHKOM emi3oay V, MOXKeMO CTBEPDKYBATH,
10 MHO>KMHA YYaCHHUKIB emni3ony V € miIMHOXHHOWO Z.
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Basaanna 27 (Aoaz ko cecin T3HIIK 2019 poxy)

Crlimii: Tposaimenss
XTI SOTHPM (LU
opanonopyen: X, Y, Z V. 30 uae
calacmes Gyno  SCIRHORTHO  KOTO
FHOOTPIOBIITHY, Xoaen B sxnx Oys
VUACHMEOM SPIMHATAIG (L0013 X
T30, | CRB YIaCHIKD X000 13
wiex ensisouin, Y pesymaTani i i
OV0 THRQE YORMHORICHD, 110 ROEeH
OOSPIOBATI, SKI GYH YUACHITROM |
mpipained aanoro emdsonis Y, Z V, |
Gve e 11 yeacaxon emxuy X Kpis
MO, By YROORANG, 10 XoMen \
nlaosprorasni, sxnin we Gpan ysacrin
enizaai Z, we Gyn yuacunxosm eniiaay
V 1 oo momenr s yracisikin ensony Y me

Gy yuACHIROM ey 2, aE

Pucynok 2 — JIKM 3amgaui: kpox 1

TakuM >ke YMHOM 3IMCHIOEMO Bi3yasi3allil0 YCIX IHIIMX YaCTHH yYMOBHU 3a/adyi. SIKIIO KOJCH
YYacHHMK emi3ony Y He OyB y4acHHKOM emi3ony Z, TO Iii MHOXXHHU HE IEPETUHAIOTHCS, a TOMY 1 KPYTH,
mo X 300pa)xaroTh TEX HE MEPETHHAIOTHCS; 3 OCTAaHHHOI YACTHHH YMOBH MAa€MO, IO BCi YYaCHUKH
emizonie Y, Z, V Oynu e i ydyacHukamu X, 3 4oro ciiaye, mo Y, Z, V mignopsaKoBYyIOThCS MHOXHUHI
X (Puc. 3)

Basannn 27 (aoanrosa cecin TIHTIK 2019 poxy)

Coipaie Fponapxenss
OXOILTIOC MO eniaoan
apasottopytens: X Y, Z V. 34 e
Crizicmma Byno  scYARmRIOIG  KOT0 |
TUICOPIORITDI, KOKeH © axux Dyn \ /
YOSCHMROSE HpuetA it opono 14 s o .
COIMUTIN, | CRILAT YNACHIIKGE KoM i1 4
wrex enonin. Y peaymwraTi o
GYI0 TaKos VCTOMORTENU, 10 Koomet
TAOTOKAHI, uKus Gyn yracHom
s omioce eriogin Y, 2V,
Ove e (1 ywacromoss endsony X, Kpia
usorn,  Gyno  almcosaro, 0 Komen
WADTPIORA IO, WA e Hpan veacTi
enfacui Z, e Syn ysacimon enisony Vi
10 AMOae 3 yMacumuxin enisoay Y e
Byn ysacmon enisony Z

\ 27 (ronarxona cecin TIHTTK 2019 poxy)

Dy710 Taxom VOTAROSTANG, [0 KOWEN
nlaosponaot, ;oo Gyn ysacuxom
sprmasioosl aanoro enisozis Y, Z, V,
Gyn me @ yuacimecon enizony X, Kpbs
oo,  Gyno  3'scomann, o Ko
PAOTORIFOL, men we Bpas yiacri &
eniogtl Z, we Gvn ysiackmomentsoany Vi
0 AO0Ies ) yriacsixinenioy Y e Oyn
yacHromenisony Z.

Pucynok 3 — JIKM 3anaui: kpoku 2,3.
Ha ocrannpomy cmaiigi JIKM mepexomaumo A0 aHamisy BapiaHTiB BiJNOBiZel 3 BpaxyBaHHAM

oTpuMaHoi miarpamu. Jlerko OauuTH, 10 HpaBUiIbHA BiAMOBiABL Jl, OCKUIBKM HA Iiarpami BHUIHO, IIO
muoxuHK V Ta Y He nepetnHaroThes (Puc. 4).
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AHasimusne MUcIenun
Sanaarm 27 (aoasrxona cecin TIHITTK 2019 poxy)

Iermanicrs sxoro FHaBeAeHnX HMae raepiasens — —
norisno suminesae 3 indopsmanil caiguore? :

A Cyma xinskocmert yaacHikis enisoay Y,

ermsony Z 1a erisony V Dl simesocn =

VOaCHMNIE ey X

b Hesae vaacsmxin endsany X, saxd QHOGacHo He ‘

Dymit © vSacHTKaMy NIOHATIAMEITTIe OQIorn 3 / \

enbonis Y, Z, V. ! ‘
f

B ,ll‘Kk'. 1 l“li‘l!‘vﬂ.l"l HEe OV VUACHMKAMM 12 |

erizony Y, i emsogy V

I' Kinsxics yuacHuxia emizony V He seHma

KUTHROCTT VYacmxis cmxoay \

O Kopen a1 ymacuuxis enizoay V ue Gve
yaacuuxom emisony Y,

Pucynok 4 — JIKM 3anaui: aHasiz BapiaHTiB BiAIIOBIAeH

Takum gnaOM JIKM 320€3nedye BHKOPUCTAHHS OCHOBHUX NUIAKTUYHWX MPUHIIMITIB HABYAHHS —
JIOCTYITHICTh Ta MOCIiOBHICTb.

BucHoBKH Ta mepcneKTHBH MOJAJBIIUX J0CTiIKeHb. 3allpONIOHOBaHA METOINKa (HOPMYBAHHS
3HK 3 Bukopucranusm KT minm gac BHBUEHHS JIOTIKM HaJa€ MOXKIIMBICTh: MiABHIMUTH €()EKTHBHICTH
CIPUNHATTS HABYAJIHFHOTO MaTepiaiy; SICKpaBO 1 HAOYHO UTIOCTPYBaTH AYMKY BHKIafada IOCIiIOBHOIO
MOSIBOKO BIJNIOBITHUX OO0’ €KTIB MiJ 4Yac IMOSCHEHHS, IO CIPHSE KPaIloMy YCBIJOMJICHHIO MaTepiay;
PO3BUBATH, IHTEPIIPETYBaTH Ta BHUCIOBIOBATHU i€l Ta iHPOpMAaIIil0 32 JOMOMOTOI0 MHUChMOBOI, YCHOI Ta
Bi3yaJbHOI KOMYHIKaIlii, fKa aJanToBaHa JO METH, CTPYKTYpH, ayauTopii Ta 3acoly; 3acBOIOBATH,
aHaJi3yBaTH Ta MOJAaBaTH CYKYIHICTH iH(opMalii y mucbMoBiii ¢opmi; ckiaaaTi eQeKTUBHI MUCEMOBI
MaTepialii akaJeMiyHOTo Ta MPo(ecitHOro KOHTEKCTIB.

BuxopucranHs OHNAH ONMHWTYBaHb Ta JEMOHCTPAIlIHMX KOMIT IOTEPHHX MOJENeH B yMOBax
JUCTAHIIMHOTO HAaBYaHHSA HAJa€ MOXKIHUBICTh SKICHOTO BIJOOpPa)KEHHS 3MICTOBOIO KOHTEHTY
JUCIMILIIHY, CIPAMOBAHOIO Ha (DOpMYyBaHHS 3arajibHUX HaYaJIbHUX KOMIIETEHIlIH cTyneHTiB. CTpyKTypa
PO3pO0IEHNX HaBYAIHHO-METOAMYHUX MaTepialiB MiCTUTh OpraHizamiiHO-MeTOUIHUH, iH(pOpMaIiiHO-
3MICTOBHUH, JIOTiKO-aHANITHYHHUNA, KOMYHIKATHBHUH Ta [IarHOCTHYHUN KOMIIOHEHTH i3 pPi3HUM
3MIiCTOBAM HAITOBHEHHSIM, IO 3a0e3reuye Oe3nepepBHICTh Ta MOBHOTY IMPOLECY MiJITOTOBKA B XOJi
BUBUCHHS Kypcy. [lorpeOye po3poOkm meroaumyHa cucrtema (OpMyBaHHS 3arajibHOI HaBYaIbHOI
KOMIIETEHTHOCTI 3/100yBadiB BUIIOI OCBITH 3 JWCIUILIIH 3arajlbHOTO ITUKJIY OCBITHIX IPOTpaM B YMOBax
JTUCTaHIIHHOTO HABYAHHS.
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CIIOCIB KOMITLIAIIT 3AMUKAHHSA BKJIAJEHAX ®YHKIIA MOBH TYPESCRIPT ¥
HNPOMI’KHY MOBY CIL IVIAT®OPMU .NET

IBanenko A.P., Mapuenko O.l. Cnocié xomminsauii 3aMukanus BkiaageHux ¢ynkuiii moBu TypeScript y npomixuay
moBy CIL maargpopmu .NET. V naniii crari 3anmponoHoBaHMN cmoci®, sSKui 103Boise e()EeKTHMBHO KOMIIUTIOBATH 3aMHKAHHS
BKJIQJICHUX (YHKIIN 3 3aXOIUICHUMHU 3MiHHHMHU y npoMmikHy MoBy CIL mumardopmu .NET. Posmisaytuit cnocid Oa3yerbes Ha imei
3MiHH TPOMDKHOTO TMPEACTaBICHHA NPOTpaMM ILUISXOM CTBOPEHHS Kiacy, sKHi 30epirae 3HauY€HHS 3aMKHECHHX 3MIHHHX, 1
NepeacThCsl OCTAHHIM apryMEHTOM Y BKIaJeHy QyHKUito. lle mo3Boisie 3B’s3aTn BUKIMK (DYHKIIT 3 11 3aXOIVICHUMH 3MIHHUMHU.
Ieneparnist CIL iHcTpyKIii BinOyBaeThCs BXe Ul IEpeTBOpeHO porpaMu. Pesymsratom poboTti criocoly € 3reHepoBaHUM KOJ, SIKHi
JIEMOHCTPY€ Kpally IIBUAKOAII0, HIK KO, 110 TeHEPYEThCS ICHYIOUMM aHaJIOTOM.

KorouoBi cioBa: TpaHCISITOp, IPOMIXKHE IIPEICTaBICHHsS HporpaMu, BkiageHa ¢ynkiis, 3amukanss, CIL, CLR, .NET,
TypeScript.

Ivanenko A.R., Marchenko O.I. Compilation the closure of TypeScript nested function into Common Intermediate
Language of .NET platform. This article proposes a method that allows you efficiently compile the closure of nested functions with
captured variables into the Common Intermediate Language of the .NET platform. The considered method is based on the idea of
transforming the intermediate representation of the program by creating a structure that stores the values of closed variables and
passes them to the last argument in the nested function. This allows you to associate a function call with its captured variables. CIL
instructions are generated for the converted program. The result of the method is the generated code, which shows better performance
than the code generated by the existing analog.

Keywords: translator, intermediate representation of the program, nested function, closure, CIL, CLR, .NET, TypeScript.

IlocTanoBKa HayKOBOI MpoOIeMM.

Mosa mporpamyBanHs JavaScript Ta TumizoBaHa ii Bepcis TypeScript IO3BOJNSIOTH CTBOPIOBATH
MporpaMy He TUIBKH B TapagurMi 00’ €KTHO-OPIEHTOBHO TPOTpaMyBaHHSA, a 1 y (pyHKIIOHANBHIA TaKOXK.
OnHi€ro 3 TONOBHUX 0COOIMBOCTEH (DYHKIIIOHAJIBHOTO MPOTPaMyBaHHS € MOXKJIMBICTh CTBOPEHHS 3aMUKaHHS
3a JIONOMOIOI0 BKJIaIeHMX (YHKLiHA. 3aBIsKH HAasBHOCTI 3aMUKaHHS, HANPHUKIAL, MOXIHBO peaizyBaTH
KappiHr (QyHKIIiH, 110 KOPUCTYETHCS 3HAYHOIO TOMYISIPHICTIO ITiJ Yac PO3POOKU MPOTPAMHOTO 3a0€3MeUeHHS
Ha [IUX MOBaXx MPOTrpaMyBaHHS.

Bapro 3a3HauMTH, IO AaHI MOBH € IHTEPHPETYIOUMMH, TOOTO TAaKUMH, TPAHCIALIS Ta BHKOHAHHS
MporpaM SIKUX BiOyBa€ThCs iHTEepHpeTaropoM. Peamizaris 3aMHKaHHA TP TaKOMY ITiJXOJi HE BUKIUKAE
3HAUHKUX CKJIaJHOIIIB. AJie 30BCIM iHIIA piy peani3yBaTd 3aMUKaHHS il Y9ac TPaHCIAMIl Y MOBY HHXYOTO
PiBHS HE IHTEPIIPETATOPOM, & KOMITIJISITOPOM, IO € 3HAYHO BayKUMM.

Omxe, mpu po3poOLi KoMIIsiTopa MOBH mporpamyBaHHs TypeScript y mnpomixny Moy CIL
BipryanbHoi MammHu .NET nocrae 3a1aua po3poOuTH epeKTUBHUI CIIOCIO KOMITUIAIT 3aMUKaHHS BKJIQJIEHUX
¢dyHKIIH y BiINOBIAHI iHCTPYKIii mpoMixkHOT MoBH CIL.

AHaJII3 10CTiIKeHb.

Ha oxamp, nocuTh He3HayHa KiJBKICTh CTaTell pPO3KPUBAE CIIOCOOM TPAHCHALII PI3HUX MOB
nporpamyBanHs y npomikay MoBy CIL mmardpopmu NET. Cepen HMX MO)XKHA BHAUIUTH OIKMC METOJIB
TpaHcnAnii OaiT-komy BipTyanbHoi MammHd Java [1] Big KOpeMCHKHX AOCHIAHMKIB Ta TPaHCISALIl MOBH
nporpamyBanHsi Scheme [2] Bin ¢ppaHIy3bKHUX BUEHHUX, SIKi OyJI0 pO3MISIHYTO i MPOAaHATi30BaHO y MOIEpeAHIl
cTarTi [3], sika onKcye crociO TpaHCsLii KOHKaTeHaIlil psAAKOBUX BUpa3iB MoBu TypeScript.

Crartst [2] HaBOmUTH Taki TpU ihei, Ha OCHOBI SIKUX MO)XXHA BHKOHATH TPaHCIIIIIO 3aMHKAaHHS
BKJIaICHUX (YHKLIII:

1) BUKOpUCTAHHS JIeJIeraTiB;
2) BUKOPUCTAHHS TOAATKOBOTO KJIacy;
3) BUKOpUCTaHHS BKa3iBHHUKIB Ha (yHKIIi.

Bapro Haronocutu, 1o AaHa CTaTTs HE PO3KPHUBAE NETaJbHUN CIOCIO, SIK caMe MOXKIIMBO peallizyBaTH
KOMIIUISIII0 3aMUAKaHHs 3 BUKOPUCTAHHSIM JIOIATKOBOTO KJacy Jisi 30epekeHHs 3aXOIUICHUX 3MIHHHUX, IO
JIO3BOJISIE ICTAJIBHO JOCIIAMTH 1Iei cITOCiO 1 BUKJIACTH OTPUMaHI Pe3yNIbTaTh y I1ill CTarTi.

Metoro maHoi crarti € po3pobOka crocoOy KOMOUIALIT 3aMUKaHHA BKJIAAEHUX (yHKUIH MOBH
nporpamyBants TypeScript y nmpomikay MoBy CIL mnardopmu .NET Ta mopiBHSJIBHMEA aHaIi3 IIBHIKOIIT
3r€HEPOBAHOIO 3a PO3POOJICHHM CIOCOOOM KOIy 3 PE3yJIbTaroM POOOTH OOpPaHOro aHAJIOry IMONEPEaHIX
JociiuKkeHs [3-4] — kommiasitopom JScript.

TepminoJioris.

Brknagena ¢yHkiris — GyHKIIis, Ka BU3HAUYECHA B KOHTEKCTI 1HIIOT (PyHKIIIT.

3aMuKkaHHS — I AOCTyH 3 BKJaaeHol (yHKmii A0 3MIiHHMX 30BHIIIHBOI (YHKLIl, y SKid BOHa
OTOJIOLICHA.

3axoIjIeHa 3MiHHA — 3MiHHA 30BHIIITHBOT (DYHKIIIT, IKa BUKOPUCTOBYETHCS Y BKIIaACHIN QyHKIIIT.

[IpomixkHe mpeACcTaBICHHS IPOrpaMu — IepeBO Po300py, sIKE HE MICTUThH 1H(GOPMAILIiIO PO CHHTAKCHUC
Ta TOKEHH, a MICTUTh JIMIE HEOOXiIHY YaCTHHY [l BUKOHAHHS TeHepauii Komy.

Tun-3HaueHHs — e THII, 3MiHHA (€K3eMIUTAP) SKOTO MICTUThH 3HAYCHHS I[LOTO THITY, SKE 30€pIracThCs y
cteky [5]. Hampukinaz, 1ie Tumu int ta bool.

© IBanenko A.P., Mapuenko O.1.
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Tun-nocunanasg — 1e THI, 3MiHHA (€K3EMIUISP) SKOTO MICTUTh Y SKOCTiI CBOTO 3HAUCHHS MOCHJIAHHS
(BKa3iBHHK) Ha 3MiHHY (€K3eMIUISp) IHOTO THITY, IO BXKE MICTUTHh 3HAYEHHS I[LOTO THUITY, SIKE 30epiraeTses y
kydi. Came x mocunaHHs (TOOTO agpeca 3MiHHOI) 30epiraeTses y creky [5]. Hanpuknan, e tun string.

JloBepinr — wMmoxudikalisi TPOMDKHOTO MpPEACTaBIECHHS MPOrpaMH 3 METOI0 pealizalii OZHUX
KOHCTPYKILIi/ MOBHM MPOTpaMyBaHHs Y€pe3 BUKOPUCTAHHS 1HIINX.

Kappiar — meron obuncienHs (yHKIIT Big 6aratbox apryMeHTIB IIEPETBOPEHHSM ii B MOCIITOBHICTh
¢yHKuiit omHOTrO aprymenral7].

3anponoHoBaHuUii cnocid TpaHcaALii.

PosmstrEMO BXiHY MTporpamy, 3alicany MOBOIO porpamyBaHHs TypeScript, sika MiCTUTh 3aMUKaHHS i
Ky noTpibHo TpancmoBatu B CIL (pucyroK 1):

functicon main(): number {
let a = 0;
function test(t: number): void {
a=t;

1

i
test(1);
return @;
1
J

Pucynoxk 1 — Bxigna nporpama Ha MoBi TypeScript, sika MiCTUTh 3aMUKaHHS.

OcHoBHOIO TIpobIIeMolo € Te, mo MoBa nporpamyBanHst CIL He miaTpumye BkIaneHi QyHKIii, TaKuM
yuHOM (YHKIIiS test TOBHHHA OyTH TepeMillleHa Ha BUINWN pPiBeHb 3 HOBUM IMEHEM. AJie YCKIATHIOE Take
MEPETBOPEHHS HASBHICTh 3aMHUKaHHS (3MiHHA a, sIKa BAKOPUCTOBYETHCS B KOHTEKCTI BKIaaeHoi PpyHKIii). s
TOro 100 BUKOHATH TakKe MEPETBOPCHHS, HEOOXIJHO MepenaTH 10 3MIHHY y BKJIaJeHy (DYHKIIIO Mg 4ac
BUKIJIMKY, aJle¢ TAKMM YHUHOM, 100 (DYHKIIiSI MOIVIa 3MIHIOBATH 3HAYCHHS 3MIHHOI 1 B KOHTEKCTI 30BHIITHBOT
¢yukmii. J[ns mporo HeoOXimHO, MO0 HE3aNeXHO Bl TOTO, YA € 3MiHHA THIIOM-3HAY€HHSIM, YH THIIOM-
MOCHUIIAHHSM, 11 3HaYeHHS 30epiranock y Kydi, a BHyTPIIITHS (QYHKIIiS Majga MOXKJIMBICTb 3MIHHUTH Iie 3HAYCHHS
3a MepeJjaHuM MOCWIIaHHAM. SIKII0 3HaYeHHs 3MiHHOI Oyae 30epiraTuch y cTeli, TO Mij Yac nepeaadi Horo y
¢yHKIif0, BipTyanpHa MammHa turatdhopmu NET 11e 3HaueHHS CKOMIIOE, MO0 3p00UTh HE MOXKITUBUM 3MiHUTH
KOHTEKCT 30BHIITHBOI (DYHKIII1 Yy BHYTPIIIHINA (YHKIII].

TakuM 9YMHOM, HEOOXiJHY TIOBE/IIHKY MOKJIMBO OTPUMATH IUISTXOM BBEACHHS POMIXKHOTO KIIacy, SKHN
Oyne 30epirati Bci 3aMKHEHI 3MiHHI KOHTEKCTy 30BHIIIHBOI (yHKIii. Ex3emmisp mporo kimacy Oyae
30epiraTiich y Kydi 1 mepenaBaTHCh 0 BKIAJeHO! (yHKIT 3a mocwiaHHAM. Takwid MiIxXia JO3BOIUTH
BKJIAJICHIM (DYHKIIIT 3MIHIOBAaTH 30BHIIIHINA KOHTEKCT. [IpuKiian Takoi mepeTBOpeHOl mporpaMu 300pakeHo Ha
PHUCYHKY 2.

class $main_context

a: number;

1

)

function main(): number
const $context = new $main context();
$context.a = 0;
$main_test(1, $context);
alert($context.a 4 1
return @;

\

J

function $main test(t: number, $context: $main context): void |

$context.a = t;

Pucynok 2 — MoaudikoBana mporpama 3 puc 1, sika Moxe 0yTu KommisgsoBana B MoBy CIL.

3amponoHoBaHMid crocid koMmisii MoBH mporpamyBanHs TypeScript y mpomixkay Moy CIL

(3a3HauMMoO, 11O 3apa3 He iCHye NpsSMOro KoMmijsitopa MOBH TypeScript, a icHye nuimie yepe3 MpOMIXHY
TpaHciALio y JavaScript) BiiOyBa€eTbCs y Taki eTaru: JISKCHIYHUN, CHHTAKCUYHUN Ta CEMaHTUYHUN aHaJi3u;
JIOBEPIiHT Ta oOmTWMi3alii; reHeparis komy (puc. 3). CaMe Ha erami JIOBEpiHTY MOXIHBO MOIU(IKyBaTH
HamvcaHy KOpHCTyBayeM mporpamy. s mporo HeoOXiJHO BUKOHATH MEBHI NMEPETBOPEHHS HAJA JI€PEBOM
PO300pY, 10 MiCTUTH IPOMIXKHE HPEACTaBICHHS i€l MpOorpaMu.

3anponoHOBaHUNA CITOCIO KOMIIIAIT 3aMUKaHHS BKJIAACHUX (DYHKITIH MTOJIATAE B HACTYITHOMY:

1. TlpoanamizyBaTu AepeBO po300py 30BHIIHLOI (YHKIII, OOIMIIOBIIM BCi BKjIameHi (GYHKII, Ta

3amam’ATaTy BCi 3MiHHI 30BHIIIHBOI (PYHKIII1, 10 BAKOPHCTOBYIOTHCS Y BKJIAACHUX (QYHKIIISX

2. 3reHepyBaTH HOBHH THUN JaHUX 3 YHIKaJbHUM IMeHeM (1100 YHHMKHYTH KOH(QJIKTIB 3

KOPHUCTYBAITbKUMH THITAMH) Ta OTOJIOCUTH B HHOMY 3MIiHHI, SIK TTOJIS, 0 Oy oTpuMaHi Ha etari 1.

3. MoaudikyBat Bci BKIaAeHI QyHKIII TaAKUM YHMHOM: JOJATH MapaMeTp, SKUH Mae THUI, OTPUMaHUN

Ha TMONEPEAHbOMY e€Tami, a TaKoK 3aMIHMTH JOCTYH 10 3aMKHEHHMX 3MIHHUX, SK JOCTYH [0

BIJIITOBITHOTO TIOJISI KJTacy.

4. MonudikyBaTH 30BHIIIHIO (yHKIiI0 HACTYITHUM YHMHOM: OTOJIOCHTH Ha NIOYATKy (QYHKIII 3MiHHY, SIKa

Ma€ THI, 3TCHEPOBaHMN Ha eTami 2, 3aMiHUTH AOCTYH JO 3aMKHEHUX 3MIHHUX, SK IOCTYH [0

BIJIMTOBITHUX TIOJIIB KJIacy, MOMU(IKyBaTH BHKJIMK BKJIAJEHUX (QPYHKIIH, IIepeaaBITy OrojIomeHy 3MIHHY

© IBanenko A.P., Mapuenxo O.1.
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OCTaHHIM apryMEeHTOM.

BxigHa
nporpama
NexkcuyHui
awanizarop
MoMunKu
TokeHu
CHHTAKCHYHNI Momunki AR
awanisatop bl
fepeso . : MomMunku
pozGopy OMUNKN
CeMaHTHIHUI JloeepiHr Ta >
axanizarop NpomixHe orTHMizaI MpomikHe
NPeACTaBNeHHA NPeACTaBNeHHA
nporpamm nporpamMu

Pucynok 3 —3ampornoHoBaHa cxeMa KOMIUIALIT BXigHOI mporpaMu Ha MoBi TypeScript y mpomixkHy

5. Bunectu Bci BHyTpimHI (DyHKII1 Ha BepXHill piBeHb NMPU3HAYMBINM iM HOBE yHIKallbHE iM’s (1100
YHUKHYTH KOH(ITIKTIB 3 KOPUCTYBAIIbKUMHU (DYHKIIISIMH), 3aMIHUTH BHKJIAKHA OAX (QYHKIINA y 30BHINTHIT

moBy CIL

(dyHKIIIT BAKOPUCTOBYIOYH HOBI iMEHa.

6. Ilepenatn MoaudikoBaHe MPOMIXKHE MPEACTABICHHS IPOTPaMH JI0 TeHepaTopy KOAy JUIS TeHeparlil

BignoBigaux CIL iHCTpyKUii.

7. Kinensp

Hnst renepanii BukoHnyBaHux (ainiB mnardpopmu .NET, sk i y muHynomy pocmimkeHHi [3], Oymo
Bukopucrany 6i6mioreky Mono.Cecil [8], sxa Hamae 3pyunuil intepdeiic msa 3anucy iHctpykuin CIL.
Jlictunru ¢yHKLii, 110 KOMIUTIOIOTH Ki1ac Ta GyHKUi0 y npoMixkay MoBy CIL (micist BUKOHAHHS JIOBEPiHTY)

BIJIMOBITHO 300payKeHO Ha pUCYHKaX 4, 51 6.

private void EmitClassDeclaration(ClassSymbol @class)

{

var objectType

= ResolveCLRType(TypeSymbol.Any);
var classDef = new TypeDefinition("",

foreach (var field in @class.Fields)

{

var typeRef = ResolveCLRType(field.Type);

lenepartop koay

BuxigHa
P nporpama Ha mosi
CiL

@class.Name, TypeAttributes.NestedPrivate, objectType);

var fieldDef = new FieldDefinition(field.Name, FieldAttributes.Public, typeRef);
classDef.Fields.Add(fieldDef);

}

_knounTypes.Add(@class, classDef);
_assemblyDefinition.MainModule.Types.Add(classDef);

PucyHok 4 — JlictuHr MeToxy, 1o BiAnoBigae 3a reHepauniro 1L iHCTpYKIIif OrojomeHHs Kiacy

Koxxen meroj Biamomizae 3a reHepamiro IL iHCTpyKIid Juis IEeBHOI BEpIIMHU JepeBa po30opy.
EmitClassDeclaration reHepye 1HCTPYKIIiH, SKi 3alOBHIOIOTH MeTa-iHpopmManiro y 36ipui. s indopmaris
MICTHTh TUIIM JaHUX, OTOJIOMIEHI KOPUCTYBadeM, IO JO3BOJIIE BUKOPUCTOBYBATH iX Yy 1HIIMX 30ipKax, SKIIO
BOHM MaloTh BiimoBinHWiA Moaudikarop mpoctyny (public). EmitFunctionDeclaration Biamosimae 3a
TeHepaIlilo OoroJiomeHHs (QYHKIIH, SK CTaTHYHOTO MeTomy kiacy, a EmitFunctionlmplementation Bxe
Oe3mocepenHbO 3a reHepanito iHCTpYKUid 1 Tina ¢yskuii. Llelt MeTox reHepye iHCTPYKLIT JJ1s1 KOKHOTO 3

BHpa3iB TiJIa, a TAKOXK CIIAKYE 32 MITKaMH JUIsl X 1HCTPYKIIii.

private void EmitFunctionDeclaration(FunctionSymbol function)

{

var clrType = ResolveCLRType(function.Type);

var method = new MethodDefinition(function.Name, MethodAttributes.Static | MethodAttributes.Private, clrType);

foreach (var param in function.Parameters)

{

var typeRef = ResolveCLRType(param.Type);

var paramDef = new ParameterDefinition(param.Name, Par

method.Parameters.Add(paramDef);

}

_programTypeDefinition.Methods.Add(method);
_methods.Add(function, method);

Pucynok 5 — JlicTHHT MeTOmy, 1110 BiAMOBiAa€E 3a renepaiiro IL iHCTpyKIIii orosomeHHs QyHKIIT

© IBanenko A.P., Mapuenko O.1.
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private void EmitFunctionImplementation(FunctionSymbol function, BoundBlockS ement body)
{
_locals.Clear();
_fixLabels.Clear();
_labels.Clear();
var method = _methods[function];
var ilProcessor = method.Body.GetILProcessor();
foreach(var statement in body.Statements)
EmitStatement(ilProcessor, statement);
// replaces out internal labels to
// IL labels
foreach (var fix in _fixLabels)
{
var targetInstructionIndex = _labels[fix.Target];
var targetInstruction = method.Body.Instructions[targetInstructionIndex];
var instructionToFix = method.Body.Instructions[fix.InstructionIndex];
instructionToFix.Operand = targetInstruction;
3
method.Body.OptimizeMacros();
}

Pucynoxk 6 — Jlictuar MeTomy, 10 BiAmoBigae 3a rerepariro 1L iHCTpyKii iMrmiemMenTantii hyHKIii

Pesynprar poOOTH 3aIIpONIOHOBAHOTO CIIOCO0Y MOYKHA MOOAYUTH Ha pUCYHKY 7. HaouHO BHIHO, IO JJIs
BXiZIHOI TporpamMu 3 pHUCyHKa 1, OyJg0 3reHepoBaHO BiJMOBIMHI IHCTPYKINI IUISI CTBOPEHHS KOHTEKCTY
30BHIIIHBOI (YHKIIT main, o OroJIOIMYIOTh 3MiHHY BiMOBIAHOrO Kiacy ($main_context), Ta MPHCBOIOIOTH

3HAYEHHS 3aMKHEHOI 3MIHHOIL

a, SK MomuQikallio BiIMOBIIHOrO MO IBOro kKiacy. IIOTIM KOHTEKCT

NepeNaEThes IO BHYTPIIIHBOT GyHKIIT $main_test 3a mocumaHHsM.

IL_@eaz:
IL_@ea3:
IL_@eas:
IL_@eas:
IL_@eab:

.method

ldc.i4.@

stfld int32 Program/'$main_context'::a
ldc.i4.1

ldloca.s @

call void Program::'$main_test'(imt32, Program/'$main_context'&)

assembly hidebysig static

void '$main_test' (

int32 t,
Program/'$main_context's '

) cil managed

/F Method begins at RVA @x286e
// Code size 8 (@x8)
.maxstack B

IL_@0ae:
IL_@091:
IL_pEa2:

ldarg.1l
ldarg.a
stfld int32 Program/'$main_context'::a

IL_@aay: ret

h

Pucynok 7 —HacTkoBuil JTICTUHT 3reHEPOBAHUX IHCTPYKLIHM I NPUKIIaLy, IO MICTUTh 3aMUKaHHS
BKJIa/IeHUX (YHKIIIH 32 3aIPONIOHOBaHUM CIIOCOOOM JJIsl IPOrpaMH, IoKa3aHoi Ha puc. 1.

AHaJi3 oTpUMAaHUX pe3yJbTaTiB.

Jns TecTyBaHHS pe3yJbTaTiB JOCHIDKEHHS Oylo BHKOPHCTAHO KOHCOJIbHY TIporpamy Ha MOBI
nporpamyBanHs C#, sika 3aIrycKae BUKOHYBaHi (aiiii Ta BUMIpIOE Yac iX BUKoHaHHs. [y O61b1oi HaouHOCTI
Ta 3MEHIIIEHHS MOXMOOK MpPU CTapTi MPOrpaMH, BUMIPH Yacy BUKOHAHHS KOy MPUKIAJIB BUKIUKY (YHKIIIT,
SIKa MICTUTh 3aMHKaHHS, TEHEPOBAHOTO PI3HUMH KOMITUISTOPAMH, MPOBOJMIIKMCS B UK HA TIEBHY KUTBKICTh

iTepaniii (pucyHoK 9).

Bumipu npoBoaniucs A7 3aMUKaHHs BKIIaJIeHICTIO 3 piBHI Ta KijbKicTio iTepauii 1000000, 10000000
ta 100000000. OTpumaHi pe3yasTaTH IOKa3aHO Ha PUCYHKY 9. Sk BHIHO 3 Jiarpam, KO, 1110 3reHepOBaHUI
3riIHO 3alIPONOHOBAHOTO COCO0Y, MPALIOe 3HAYHO LIBHUIIE, HIXK 3reHEPOBAHUN ICHYIOUMM aHAJIOTOM.

function main(} {

let = =
let b = 'test’

function levell(tl: number) {

function level2(tZ:number) {
let ¢ = b;
function level3(t3: number) {
let d = ¢;
b = d;
level3(tl);

level2(tl);
h

for (let i = 8; 1 < 18800; i++)
levell(i);

return 2;

Pucynok 8 —IIpukiax BxigHoi mporpamu Ha MoBi TypeScript, sika TecTyBaach.

© IBanenko A.P., Mapuenxko O.1.
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Pucynok 9 —I'padix nopiBHSIHHSA IBHUAKOAIT 3reHEPOBAHUX IHCTPYKLIH Il 3aMUKaHHS KOMITUIATOPOM
JScript Ta komminaropom TypeScript 3a 3a1pOIOHOBAHUM CIIOCOOOM.

BucHoBku.

[Ipu mpomomxkeHHI MOCHIPKeHHs crnoco0iB kommimsnii MoBu TypeScript y mpomixkny Moy CIL
mwiargopmu .NET Oymo po3pobieHo crmocid KOMITIIAIMiT 3aMUKaHHS BKIAAeHUX (YHKIIA 3a JOMOMOTO0
BBEJICHHS TOTIOMIXXKHOTO KJIacy Jisi 30epeeHHS] KOHTEKCTY 3aMUKaHHS.

B pesynbrari peanizaliii onmucaHoro y il CTarTi croco0y y BIIaCHOMY KOMITLIsATOpi MoBU TypeScript,
OTPUMAaHUH pe3ylbTaT MiJ Yac TECTyBaHHS HPOAEMOHCTPYBAaB 3HAYHO Kpally MIBUAKOAII0 3reHEpOBAHOTO
KOy B ITOPiBHSHHI 3 PE3y/IbTaTOM poOOTH 0OPaHOro aHaJIory — KoMIiIsiTopoM JScript.

OTxe, BpaxoOByIOYM OTPHUMAaHi Pe3yJbTaTH, a TaKOK PEe3yNbTaTH MHUHYJIHX JOCHIIKEeHb [3-4], MOoXxHA
3a3HAUUTH, L0 € JAOLUJIBHUM CTBOPEHHS IPSMOr0 KOMIUISTOpa MOBH mporpamyBaHHs TypeScript y
npomixkauid kox CIL mnardopmu .NET.

3arponoHoBaHe JOCHTIHKEHHsI Ma€ SIK HAyKOBY HOBH3HY, TaK 1 MPaKTUYHY I[IHHICTb.
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AHAJII3 AITAPATHUX TA TIPOTPAMHUX METOIIB 3AXUCTY IH®OPMAIIII BT
HECAHKIIIOHOBAHOI'O JOCTYIIY JO IHOOPMALIMHOI'O KAHAJIY HEPEJIAYI JAHUX

Karanwk O.K., Yepnamyx H.JI., Bypuak I.LH. Anamni3 anapaTHuxX Ta NporpaMHUX MeTOAIB 3axucTy iHdopMauii Bin
HecaHKIiifHOTo JocTymy A0 indopmaniiinoro kanaiay nepeaadi JaHux. B naniif cTaTTi IpoBOANTECS aHANI3 Ta OOIPYHTYBAaHHIO OO
3axucTy iHpOpPMAIIfHOTO KaHay 10 BUKOPUCTAHHS K TEXHIYHUX 3ac00IB Ta i IPOrpaMHOro 3abecredeHHs 3aXNUCTy Bil HECAHKIIHHOTO
JOCTyIYy.

KurouoBi ciioBa: 3axucTi iHpopmarllii, HECAaHKIIOHOBAHUHA .IOCTYII, MApAEIbHI aTaKH, MEPEKeBa PO3BiaKa, €XO-TECTYBaHHS,
nepegada AaHUX

Kaganyuk O.K., Chernyashchuk N.L, Burchak I. N. Analysis of hardware and software methods for protecting
information from unauthorized access to the information channel of data transmission. This article analyzes and justifies the main
provisions for the protection of the information channel on the use of both technical, means and software protection against unauthorized
access.

Keywords: information security, unauthorized access, parallel attacks, network intelligence, echo-testing, data transmission

Beryn

3 cepequan 20-ro cromitTsA iH(pOpMAIS € 3araJbHOHAYKOBAM IIOHSTTSM, SIKE€ BKIFOYAE€ HACTYIIHI
OCHOBHI MIOJIOKEHHSI:

[Hdopmaris, 3a TOTOMOTOIO SKOi 3MIMCHIOETECS OOMIH MIXK JIFOIBMH, MK OTEpaTOPOM Ta CKJIATHUM
arapaTHAM MPUCTPOEM, a TAKOXK MDK 00'€KTaMu, IO MPAIOIOTh B aBTOMATHYHOMY PEXKHMI.

[Mepenaya indopmarii y TBapuHHOMY Ta POCIMHHOMY cBiTi. bionmoriunuii npouec nepeaaui inpopmarii
Ta y 0araThoX iHIIMX acMeKTaxX HAIIOro HEOCSHKHOTO BCECBITY.

[pyHTyrounchk Ha (inocodchbKOMY TpakTyBaHHi, MOKHA BIIEBHEHO CKa3aTh, 10 iHdopMaiis icHye
HE3aJIOKHO BiJI JIIOJMHU 1 € Marepiero. Y JaHOMYy KOHKPETHOMY BHIIQJIKy, MH OyZEeMO PO3IJIsIaTH HasBHICTh
iHpopMallii, Ky 3aCTOCOBYBAaTHMEMO JJIsi YIPAaBIiHHS PI3HUX TEXHOJOTIYHHX IPOIECIB 3 BUKOPUCTAHHIM
OCTaHHBOI B amapaTHUX OJI0Kax Ta mpuctposx [1].

ITocTanoBka 3agaui

[IpoGyieMa moJyisrae B TOMy, IO 110 iH(pOPMAIIIO CIiJl JIOCTAaBUTH Ha 00'ekT y 3amaHid dopmi 0Oe3
CTIIOTBOPEHHS Ta BTPAT, s aeKTUBHOTO YIPABIiHHS Pi3HOMaHITHUMH 00'€KTaMU 1 HE TiJIbKH.

[pyHTyrO4HCH HA (QyHIAMEHTAIBHUX TPAKTYBAHHSAX, BUALUIMMO i3 3aTallbHOTO TIOHATTS iH(pOpMaIlii, Take
MOHATTS K Oe3neKy 30epiranHs JaHOi iHPopmarlii, Tak i 6e3nexy GopmMyBaHHs Oe3nedHOro KaHaly nepeaadi
1€l iHpopmartii.

VY nokrtpuHi iHpOpMaIiiiHOi Oe3mekn YKpaiHu pO3MIAJAETbes Oe3neKa 3aXUIICHOCTI HaIliOHAJIhHHUX
iHTepeciB B iHpopMaIliiiHOMy mpocTopi y cdepi, 110 BU3HAYAETHCSA CYKYITHICTIO 30aJaHCOBAaHUX BCEOIYHHX
IHTEepeCiB CyCHiJIbCTBA Ta JAEpKaBW. Y OIIBIIOCTI BUMAJKIB, TPAaKTyBaHHS iH(QOpMaIiiHOT Oe3nekun Mu
PO3YMITHMEMO SIK CTaH 3aXWIIEHOCTI iHpopMmalii, Mo miaTpuMye iHPPACTPYKTYpy BiJ BUIAJKOBHX OOYpIO
BaJIbHUX BIUIMBIB Pi3HOTO XapakTepy, 0 BIUIMBAIOTH HA KUTTEAISIbHICTH COLIIYMY.

HaM HeoOXiHO BHM3HAUUTHCS, a B 4YOMY IIOJIAra€ 3axucT iH(opmaiii Ta iHGOpMAIiHOrO KaHaly
nepenadi ganux. lle, sk mpaBmiio, KOMIUIEKC IPAaBOBUX, OpPraHi3aliiHUX Ta TEXHIYHUX CIIOCOOIB Ta JiH, sKi
MEPEHIKOAKAIOTh MOLUIMPEHHIO 3arpo3 Ta 3a0e3MeuyoTh epeJyMOBH 3MEHILICHHS HACTIIKIB y Mpoleci nepeaayi
iHpopmarii B iHpopMamidiHuX cuctemax. HeoOximHo Bij3HauwuTH, mo iHdopmariiiHa Oe3neka, Iie ogHA i3
CKJIaJIOBUX 1HQOPMAIIIHNX MiJICHCTEM 3arajbHOI iHGOPMAIIHHOT cUCTeMH, MO0 Oepe ydacTb Yy KHUTTEBOMY
ki [2].

Oruasn Ta a”HaJi3 iCHYIOYHX MeTOIIB 3axXMCTy iH(popMamii

Jns ananizy indopmaniifHOi Oe3rekn mepenadi JaHuX 1Mo iHdopMamiiHOMYy KaHary chopMyIIOBaTH
OCHOBHI TIOJIO)KEHHS BU3HAYAIOTh ITOJIOKEHHS Oe3reku. Hac OynyTh 1ikaBUTH Taki HapaMeTpH:

* LIBUJKICTh MIEPEXOAY BiJ TpaIuLiHUX HOCIIB (manepoBux) 30epiranHs iHPpopmMaii 10 eNeKTPOHHUX
TEXHOJIOTH;
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* BUKOPHUCTAHHSI JIOKAJIbHUX 00YHMCITIOBATBHIX MEPEIK;

* CTBOPEHHS TJI00ATBHAX MEPEX 13 PO3MHPEHUM JOCTYIIOM A0 iH(OpMAIIITHOTO pecypcy;

* HEOOXiTHO BPaxOBYBATH 3pOCTaHHS CKJIAJHOCTI MIPOrpaMHOTo 3a0e3MeueHHs y CHCTeMax yIpaBIliHHs
Ta repeaadi JaHuX.

Ha pgamwii MOMEHT BaXKKO OIIIHMTH 30MTKH KOMIIaHii abo nepkaBu y pa3i BHUTOKy abo BTpaTu
iHpopMalii B HOpMaJILHUX PEeKUMax eKcIuTyaTamii abo gopc-maxkopHux oOctaBuHax. HeoOxinHO BpaxoByBaTH
HEKOMITETCHTHICTh TEXHIYHOTO TEPCOHAITY, KPaAiXKKy JaHUX, TPOMHUCIIOBHA IIIHUT'YHCTBO, TEXHIUYHI HENOMTaIKU
pobotu amaparypu Ta iHme. 3abe3meueHns 6e3neKk iHGOPMAIiTHIX TEXHOJIOTIH € KOMIUIEKCHOIO MTPOOIIeMOr0,
sIKa OXOIUTIOE SIK MPaBOBE PETYJIOBAaHHSA, TaK 1 TEXHOJOTIYHI MPOLECH SIK SKICHY eKCIUTyaTalilo anapaTHOTO
oOamHaHHs, cepTudiKalliro, CydacHy TEXHOJIOTiI0 PO3BUTKY Ta iHme. Kimacudikarist atak

PosrnsiaeMo, siki iCHYIOTh METOIM HECAHKI[IOHOBAHOTO JOCTYITy 3aXHcTy iHdopmarii. i mporo Ham
HeoOXi/THO 3 BU3HAYCHHSIM, a II0 TaKe HECAHKI[IOHOBAHHNA JOCTYII /10 iH(OpMAaIii — [1e CyKYyITHICTh IPUHOMIB Ta
MOPSIIOK MPOBEACHHS Al 3 METO mepenadi (MpuioMy) HOCTOBipHOI iH(popMalii, 0 OXOPOHSETHCA 1 HE
MiJUIITae 3HALICHHIO ITi]] 9ac nepeaadi iHpopmarlii KaHaaoM 3B'S3KY.

Ham HeoOxigHO 3'sicyBaTM 1 BH3HAUUTHUCA HA OCHOBHHX MOMEHTAX, Ha SIKMX MOXXE CIIEPTHUCS
3JI0BMUCHHK JJIs1 BUKpaACHHS iH(opMarii mpyu HECAHKI[IOHOBAHOMY JOCTYTIi.

Croi1 MU BKJIIOUYMMO TaKi OCHOBHI TIOJIOKEHHSI Ha HaII TOTJISI;

* [Ie HacaMIIepe] OTPUMATH CEKPETHY iH(opMalIito po CBOT0 KOHKYpPEHTA.

* BHOCHTH 3MiHHU 110 iH(pOpMaLiHHOTO MOTOKY Tepenadi JaHWX 3 BHKOPHCTAHHSIM CBOIX KOPHCIUBUX
iHTEpeciB;

* BIUIMHYTH CTBOPEHHS BTPAT LUISIXOM 3HHIICHHS [IHHOI iHpopMaIii.

Jnst meTampHOTO PO3MIISIy HBOTO MUATAHHS HaM HEOOXiTHO MpOBeCTH Kiacudikarito. Bin skux aTax
MOTPIOHO TPOBOAWUTH 3axWcT iHGopMamiHOro KaHamy. [lpoBiBmM pdeTanpHHMIA aHami3, MH BHAUTIMO
HalixapakTepHili TN MepexkeBux arak. [lounemo 3 Halimpocrimoi araku. Lle Tak 3BaHi cHiep makeTH 1€
NPUKJIAIHA IPOrpaMa, B sIKii BUKOPHCTOBYETHCS MEPEXHA KapTa, IO MPAIIOE Y BUMAAKOBOMY pekuMi. Takuit
peXuM poOOTH TO3BOJISE IPOBOIUTH TepexoruieHHs [P-makerTis, ski 6epyTh y4acTh y 3aaHOMY cermeHTi. Lls
CHUTYallisl MOYKJIMBA TO/i, KOJU 3aMOBHHUK (XaKep) BUKOHY€E (PyHKIIIT clIpaBXHBOTO KOpHCTyBada. Taky cuTyarlito
MO>KHA CTBOPHUTH JIBOMa CIIOCOOaMHU.

[lo-mepmie, xakep Ma€ MOXJIMBICTH cKopuctatucs IP-ampecoro, mo 3HAXOAWTHCS B 33aJaHOMY
¢dbyHKIIiOHAaTBHOMY Aiamna3oHi [P-agpecw.

[To-npyre, xakep Mae MOXKIHUBICTh CKOPHUCTATHCS YIMOBHOBaKEHOIO 30BHIIIHBOIO aJPECcOl0, sSKa Mae
JOCTYTI JI0 SIBHUX MEPEKEBUX PECYPCIB.

Hacrynuuit Bu aTaku 1ie maposbHi ataku. [Ipu mpoBeaeHHI XakepoM MapajelbHUX aTak JOBOAUTHCS
3aCTOCOBYBATH Psi/i Pi3HUX METOJIiB, HANMpHKIad, npoctuit nepedip (brute force attack), «TpossHCbkHi KiHbY, P
— cryinr Ta cHipdep nakeru.

ATaku Ha piBHI TporpamM MOXKYTh 31 CHIOBATHCS ASKLIbEKOMa 3aco0amMHu.

Tak, Hampukiaa, HAWMONIMPEHINIWHA TPUKIAJ] aTaKk I[oJsArae y BHKOPHUCTaHHI J0Ope BiIOMHX
HECTINKOCTe CepBepHOro mporpamHoro 3abesmneueHHs (sendmail, HTTP, FTP). Ha »xanpb, OuUIbIIicTh XakepiB
MaroTh JIOCTYII, IO Ja€ 3MOTY BIOCKOHAITIOBATH CBOT Mpo(deciifHi MOKIIMBOCTI.

Mepexncesa po3sioka. lle 30ip indopmanii mpo iHpOpMamiHHWUN KaHAN Tepemadl NaHuUX dYepes
KOHKPETHY MeEpexXy 3a JONOMOTOI0 3arajlbHOJOCTYIHHX NporpaM. BUKOHYIOUM 110 aTaky, Xakep MparHe
SIKHAMO1bIIe Mi3HATHCS iH(OpMAaIlii Tpo KOpHUCTyBaya, SIKHA HOMY IlikaBui. Takoro THITy aTaku IPOBOISATHCS,
SIK TIPABWJIO, HA PiBHI MPHUBATHUX MiANPUEMIIB. , OCKIJIBKY 1HPOPMAIIfHAN 3aXUCT 3HAXOAUTHCS HA HU3BKOMY
piBHI. Taki aTaku 3midCHIOIOThCA y BUMIIAA 3anuty DNS. 3a momomororo 3amutiB DNS Braerbest 3po3ymitw,
XTO € BJIACHMKOM TOT'0 YH IHIIIOTO JOMEHY, SIKi a/IpECH BIIHOCATHCS JJO KOHKPETHOTO JIOMEHY.

Bionynnsa — mecmysannsa (ping sweep) anpec. BiJulyHHS — TeCTyBaHHS TPOBOAUTHCS MICIISI TOTO, KOJIU
Bu3HaueHo DNS, 11e 103BOJIsIE BU3HAYMTH pPeajbHO MPAIfOl0Yi XOCTH B JaHOMY cepenoBuiii. OTpumaBinu
CIHCOK XOCTIB, IO TIPAIFOIOTh, CTAE MOXKIUBHM IIPOBECTH CKaHyBaHHsS TOPTiB. [licis 1bOTo CKiIagaeThes
MOBHUH CIHMCOK TOCHYT, IO HAJAIOThCA LUM XOCTaM. 3a MiJICYMKaMH OTpHUMaHoi iHpopmarii 3J0BMHUCHHUK
3IIMCHIOE aHalli3 MOKa3HWKIB JOJATKIB IO NpAIlOIOTh Ha JaHuWX XxocTaX. OTpuMaHa iHpoOpMaLis D03BOJSI
3IIACHUATH 37I0M THQOPMAIIITHOTO KaHAITY.

Dos-nanao. et Hanag XapaKTepu3yeThCsl THM, IO MOKE BIUIMHYTH Ha HEJAOCTYITHICTH KOMITIOTEPHUX
pecypciB KOpHCTYBadeBi.

Junst Toro, mo0 3aBaIMTH KaHAIy mepenadi iHdopmailii, MO)KHa BUKOPUCTOBYBATH HACUYEHUIH METO]
aTaKk KOMII'FOTEPHOro ab0 MEPE)EeBOro 00JIaJHAHHS BEJIMKOI KUIBKICTIO 30BHILIHIX 3amuTiB. BHACTIIOK Takoi
aTaku oOJaJHaHHA HE B 3MO31 BiAMOBiCTH KopucTyBaueBi. Llel mporuec mpoTikae Ayke MOBUIBHO 1 HE IIKaBUTb.
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SAxio araka Oyja HpoBeAeHa 3 OJHOYACHO MPAIFOIOYMX BEIMKOI KijbkocTi IP-aspec To Taky araky Ha3HBaro
posmoaienoro DDOS arakoro.

MeTo0 J0CTiIZKEHHS € BH3HAUYCHHS OCHOBHHUX METOAIB Ta CHUCTEM 3axWCTy iH¢opmamii Bif
HECaHKI[IOHOBAHOTO JOCTYITY iH(OpMarii i He TUIbKH B TAKOMY HAmpsAMKY, a W IHIIHX MOTU(IKAIIAX 3aXUCTY
iHdopmarrii.

OyHKUil Ta 3aBJaHHS 3aXHCTY iHGOpMallii MOBUHHI BU3HAYATH HE JIMIIE CKIIAMA, @ 1 CTPYKTYpPY 3aXHUCTY,
Moauikariro cuctemu Ta iHire. HaBeqeMo OCHOBHI KOMIIOHEHTH, SIKi MalOTh YBIATH JIO HAmIOro po3risay. Ha
MaJIoHKy | Tpe/cTaBiieHuil 3pa30K OCHOBHHX BUJIB 3arpo3, sIKi MOKYTh BILUTMBATH HA ITICHICTD iH(OopMarIii, ii
KOH(}1IeHIIHHICTh, HAAIMHICT Tepeaadi AaHoi iHpopMarii Ta Mpane3gaTHOCTI KaHaly 3B'3KY 1 KOMIT'IOTEPHOI
cucteMH B iomy. Ll Tabmuis Mae mpaBo Ha O3BYHYKY MICJsl JETaJbHOTO aHaNi3y Ta BUBUYCHHS TEXHIYHOTO
Matepiany y mpoMy HampsMmKy. Lle Moxke OyTu i cyO'eKTMBHa JymKa, ajie BOHA Ma€ MpaBo OyTH, II€ HaIle
PO3YMiHHS Ta OOTPYHTYBAHHS TAKOTO aHAJI3y, IKHHA OyZe POSKPUTUN Y HACTYITHOMY.

Peamizanito 31 CTBOpeHHsST METOIIB Ta CHUCTEM 3aXHUCTy iH(pOpMalii MOXXHA PO3IUIMTH Ha HACTYIHI
CKJIAJIOBI:

* 3arpo3W, peajizamisi SKUX 3IIHCHIOETBCS 3a TOCTIMHOI ydYacTi JIOAWHW (37TOBMHCHHUKA); sKa
MepeniKoKae Y 6axxae OTpUMATH AOCTYI A0 iHopMarlii;

* 3arpo3W, peajizallisi SKUX 3AIHCHIOETHCS 3a JIOTIOMOTOI0 TEXHIYHMX 3aco0iB, SKi MOXYTh OyTH
BCTaHOBIICH] 3JJIOBMHUCHUKOM Tiepeadi iHhopMartii;

* 3arpo3H, IO 3AIMCHIOITHCA 32 JOTMOMOTOI0 IIKiJTMBOTO MPOTPAMHOTO 3a0e3TnedeHHs BiAOBITHUMH
KOMIT'IOTEPHUMH MIpOoTpaMamMu 0e3 y4acTi JIFOANHU.

i 3aBmaHHA m0/10 3a0€3MeUeHHs 3aXUCTy BiJl 3arp0o3, MOKHA BBa)KATH, [0 BOHU OJHOTHIIHI, y 3B'A3KY
3 TUM, ISl CIIPOIICHHS aHAITI3Y X MOXKHA 00'€THATH 1 BUPA3UTH B HACTYITHOMY (pOopMarti:

* po3poOuTH 3acOo0M IS HEMOKIUBOTO HECAHKI[IOHOBAHOTO JOCTYIY /A0 PECypciB KOMMI'IOTEPHUX
CHCTEM Ta MEPEK;

* pO3pOOWTH TEXHIYHI Ta MPOTpaMHi 3aco0W, sKi HEe JO3BOMWIA O BHKOPHCTOBYBAaTH KOMII'OTEPHI
pecypceH, SIKIO AOCTYII A0 HAX BCE 3K TaKH 31HICHUBCS;

* CBOEYACHO BUSBIATH (AKT 3/iiICHEHHS HECAaHKI[IOHOBAHOTO JOCTYIY 3 YCYHEHHSIM NPUYWH, & TAKOXK
HACIIJIKIB 1X peamizarfii.

* 3arpo3M, IO 3AIMCHIOITHCA 32 JOTIOMOTOK IIKiJJIMBOTO MPOTPaMHOTO 3a0e3MeueHHs BiAMOBITHIMHA
KOMIT'FOTEPHUMH MIpOTpaMamMu 0e3 y4acTi JIFOAUHU.

L1i 3aBgaHHs 040 3a0€3MeUYEeHHS 3aXHUCTY BiJl 3arp03, MOXKHA BBaXKaTH, 110 BOHU OJHOTHIIHI, Y 3B'SI3KY
3 TUM, JUIsl CIIPONICHHS aHAITi3y X MOXKHA 00'€THATH 1 BUPa3UTH B HACTYITHOMY (popmMari:

* po3poOuTH 3acOo0HM UIS HEMOXKIUBOI'O HECAHKI[IOHOBAHOTO JOCTYIY JO PECypCiB KOMITTOTEPHHX
CHCTEM Ta MEPEK;

* pO3pOOUTH TEXHIYHI Ta TPOTpamMHi 3aco0W, sKi HEe JO3BOMWIA O BHKOPHCTOBYBAaTH KOMII'FOTEPHI
pecypceH, SIKINO JOCTYIT 0 HAX BCE K TaKH 3/IICHUBCS,

* CBOEYACHO BUSBIATH (aKT 3/iiICHEHHsS] HECAHKI[IOHOBAHOTO JIOCTYIY 3 YCYHEHHSM IPUYHH, a TaKOX
HACJIJIKIB 1X peamizarfii.

Peamizariito 31 CTBOpeHHS METOIIB Ta CHCTEM 3axHCTy iH(opMaIlii MOXHa PO3MIINTH Ha HACTYITHI
CKJIAJIOBI:

* 3arpo3W, peaimizalis SKUX 3AIHCHIOETBCS 32 TIOCTIHHOI ydYacTi JIIOJAWHU (3JIOBMHCHHKA); sKa
MIEPEIKO/KAE UM Oakae OTPUMATH AOCTYII 10 iHpopMarrii.

Kaacudikanis Ta o0rpyHTyBaHHS MeTOAIB 3axXucTy iHdopmamii

[IpoBeeMo aHami3 MOXKIMBHX MOPYHICHb Y poOOTI KOMITTOTEPHHX CHUCTEM, SIKi O CTBOPUTH 3arposy
taeMHOi iH(popmauii. Taki 3arpo3n MokHa po30MTH Ha Taki KOMIOHEeHTH. lle MopaibHO, mNpaBoOBi,
aJMiHICTpaTHBHI, TeXHI4Hi Ta mporpamdi [1,5]. s kpamoro po3ymiHHS Ta aHanily MH 3poOMIM MaJleHbKe
MIPUITYIICHHS, SKE JO3BOJINTh BHSBUTH OCHOBHHI HANpsIMOK BUpIlNIeHHs 1i€i npobiemu. [loknmamarouncy Ha
Cy4acHi pO3pOOKHM TEXHIYHOI'O Ta MPOrpamMHOro 3abe3ledeHHs, MOXXHA OOIPYHTOBAHO CKa3aTH, IO HaM CIij
PYXaTUCh 3 yIOCKOHAJICHHS CYYaCHUX CHCTEM caMe y IIbOMY HampsiMi.

MopanabHo — eTH4Hi 3ac00u.

Jo 1iel rpynu BiAHOCATHCS HOPMH IOBEIIHKM, SKI TPaaWIiiHO cKianucs a0o CKIaJaloThes 3
nomupenas EOM, mepex Tomo. Lli HOpMH 37€0ibIIOT0 € 000B'S3KOBUMH 1 3aTBEPIKEHI Y 3aKOHOJAABUOMY
MOPSZIKY, Ta iX HEBUKOHAHHS YacTO NMPHU3BOJUTH JIO MAJIHHS aBTOPUTETY 1 MPECTHKY JIOJWHH, TPYIH 0ciO,
opranizaiii 4M kpaiHu. MopalbHO-MOpajdbHi HOPMH OYBalOTh SK HEMUCAHWUMH, 1 OQOPMIICHUMHU Y TEBHHH
craryT. Haitbinbiu xapakrepaum npukiaaoM € Kogekc npodeciiHoi NOBeAiHKH WieHiB Acolialii KOpucTyBadiB
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EOM CHIA. HeoOxigHO BU3HAYNTUCH HA SIKI HOPMH HaM HEOOXIJHO CITUPATHCS Ta B3ATH 3a 0a30Bi I YMOB
pobotu y chepi IT — TexHOMOTIH.

[ Meroau 3axucty Iudopmauii s KC (IC) I

Nigemuesss piarr AOCToBIPHOCT! IHDOPMBLIT )

KOHTPONS SOCTYMY A0 BHYTRILIHEONO MOTAXY aNapaTypr.
NIk 38'A3KY, T2 TEXHONOTIEYX OPTaHIE KEPYBaHHA
—( 3axMCT Ei3 NOBMHOMD BUNPOMEROBEHHS T8 HABOA0K )

33XMCT MPOPMELT Pt ABIPIAHIX CUTYaLISX )

Po3MexyBaHHR | KOHTPONS [OCTYY A0 IHGopMauil )

MeTogm ([neHTdikawl | SyTeHTHdIKay

=

NePeTEOPEHHS

£
<

KoxTpons Ta o6nik gocTyny

3axoHopaan Mipt

Ofmexeins QocTyny

A A A"

PosmexysaHHa gocTyny

AAAAAAAA A

Poaainests acctyny (npueine) )

Pucynok 1 — Metoau 3axucty iHpopMalii y KOMI'FOTEpHil cucTeMi

Ilpasosi 3acobu 3axucmy — unaHi 3akoHn, JICTVY, yka3u Ta iHIII HOPMAaTHBHO — TEXHIYHI aKTH Ta
JOKYMEHTH, 1[0 PETIaMEHTYIOTh MpaBuijia BUKOPUCTAaHHA iH(opMaIii Ta BiAMOBiJANBHICTE 3a IX MOPYIICHHS,
3aXHINAI0Th aBTOPCHKI MpaBa MPOrpaMicTiB Ta PEryIOI0Th iHII MUTaHHs BUKopucTaHHs IT.

Ilepexix g0 iH(pOPMAIIIHOTO CyCHIIECTBA BHMAara€ BIOCKOHAIEHHS KPHUMIHAIBHOTO Ta IMBIIIEHOTO
3aKOHO/IaBCTBA, 4 TaKOX CYAOYHMHCTBA, M0 Ai€ B YKpaiHi. ChOrofHi crerialibHi 3aKOHW MPHUHHATI Y BCIiX
PO3BUHEHHMX KpaiHax CBITY Ta 0OaraTbOX MDKHApPOJHUX O0'€JJHAHHSAX, 1 BOHU IOCTIHHO JIOTIOBHIOIOTHCS Ta
BIOCKOHATIOIOTHCS. [TOpiBHATH 1X MiXK COOO0 MPaKTHYHO HEMOJKJINBO, OCKUTBKH KOJKEH 3aKOH CIIiT PO3IJIsiIaTh
y KOHTEKCTI BCHOTO 3aKOHOAABCTBA. Hampukiaj, Ha MOJOKEHHS Mpo 3a0e3NeyYeHHs] CEKPETHOCTI BILTHBAIOTH
3aKOHM Tpo IHoOpMAIliio, MPoleCyalbHe 3aKOHOJIABCTBO, KpPUMIHANBHI KOJEKCH Ta aJMIiHICTPATHUBHI
PO3MOPSDKEHHS Ta iHINE. Y TPOSKTI MIKHAPOIHOI yrojau, 00poThOM 3 KiOEp3JIOYMHHICTIO, PO3POOJICHOTO
KOMITETOM 3 €KOHOMIYHMX 37104nHiB Pagn €Bponu (n1uB. Matepianu caity http://www.coe.int), 6ysi0 BHECEHO
3minu [1].

3arajbHOI0 TCHJICHINIEI0, SKY MOJXKHA MPOCTEKUTH, € IOCHJICHHS KpPUMIHAJIBHUX 3aKOHIB II0JI0
KOMITTOTEPHUX 3JIOYMHLIB. Tak, BXe ChOrojHi B ['OHKOHTY MaKCHMaJIbHMM IOKapaHHSAM 3a TaKHW 3JI0YHH,
SKIIO BiH Mpu3BiB g0 BuBeneHHs 3 nany 1C abo Web-caiity, € 10 pokiB yB's3HeHHs. il MOpiBHAHHS, B
KpuminaneHOMYy KoJeKCi YKpaiHH HE3aKOHHE BTPYYaHHS Y PoOOTY KOMITIOTEPIB Ta KOMITIOTEPHHX MEPEX
KapaeThbesi mTpadoM 10 CIMIECITH THCSY IPUBEHb a00 BUIPABHUMH POOOTaAMH TEPMIHOM JI0 ABOX POKiB, ab0
00OMeXEeHHSIM BOJIi Ha TOM caMuil TepMiH.

AnmMinicTpaTuBHi (opranizaniiini)

Hani 3acobu 3axucty iH(opMamii periaMeHTyOTh mporecu GyHKmioHyBanHs 1C, MOXJIHBICTh
BUKOPUCTAHHS JAHOTO PECYpCy, NMPaKTUYHY AiSJIbHICTE TEXHIYHOTO Ta IONOMIKHOTO IEpCOHANy, a TaKOoX
MOPSIZIOK B3a€MOJIii KOPUCTYBaYiB i3 CHCTEMOIO TaKUM YHHOM, 00 HAHOUIBIIOW MIpO BHKIIIOUUTH ab0 He
JIOTTYCTHUTH TOPYIIeHb Oe3nekn. BOHN 0XOTUTIOITh:

* 3ax0AM, WO mepeAadavaroThCsl MiA Yac NPOEKTYyBaHHS, OyAiBHULTBAa Ta OONAIUTYBaHHS O0'€KTiB
OXOpOHH (3 OTJISILy HA BIUIMB CTHXIil, NMPOTHIIOKEXKHY O€3MEeKy, OXOPOHY NPUMIILEHb, MPOMYCKHUH PEKUM,
MPUXOBaHMI KOHTPOJIb 32 pOOOTOIO MPAI[iBHUKIB TOIIO);

* 3aXO/H, 110 3JIHCHIOIOTHCS MPH MPOEKTYBaHHI, po3poOili, peMOHTI Ta Momudikaiii oOyiaaHaHHS Ta
mporpaMHOro 3a0es3nedeHHs (cepTUdikaiisi BCiX BHUKOPUCTOBYBAaHMX TEXHIYHMX Ta MPOTPaMHUX 3aco0iB;
CYBOpE CaHKI[IOHYBaHHS, PO3TJIsi/ Ta 3aTBEP/HKEHHSI BCIX 3MiH TOIIIO);

* 3aX0lU, MO 3JIHCHIOITHCS TiJ 4Yac MiAOOpPY Ta MiJArOTOBKH IepcoHany (TepeBipka HOBUX
CHIBPOOITHHKIB, O3HAWOMIICHHS iX 3 TOPAAKOM poOOTH 3 KOH(QIACHIIHHOW iH(POpPMAI€0 Ta CTyINeHEM
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BIJIMTOBIMaIBLHOCTI 32 MOro HEJIOTPHMAHHS, CTBOPCHHS YMOB, 3a SKHX IE€pcoHany Oyi1o O HEBUrigHO abo
HEMOJKJINBO JIOITyCKATH 3JTOBKHUBAHHS TOIIIO);

00Ky, 30epiraHHs, BUKOPHCTaHHS Ta 3HWIICHHS JOKYMEHTa Ta HOCIiB 3 KOH(imeHIiitHOI iH(pOopMaIli€;
pO3MeEXyBaHHS OCTyIy IO iH(oOpMamii 3a JOMOMOTOI0 TapoiliB, MPOQiTiB MOBHOBAXEHHh TOIIO; PO3poOKa
aJIMIHICTpaTUBHUX HOPM Ta CHCTEMH) ) IOKapaHb 3a iX mopyieHHs Tomo) [3].

AnMiHicTpaTHBHI 3ac00m

AnmiHicTpaTHBHI 3ac00M 3aXUCTYy € HEOAMIHHOI0 HYAaCTHHOIO 3aXHCTY, iX 3HAYEHHS OOYMOBIIOETHCS
TAM, TI0 BOHU JOCTYNHI 1 3[aTHI JOMOBHHUTH 3aKOHOJaBYi HOpPMH TaM, J€ Il¢ NOTpPiOHO opraxizaiiii.
OcoOnuUBICTIO aAMiHICTPATHBHUX 3ac00iB € Te, 10 B OCHOBHOMY BOHH IPHUITYCKAIOTh 3aCTOCYBAaHHS 1HIIUX
BH/IIB 3aXUCTY, TAKUX SIK (TEXHIYHWI a00 MPOrpaMHUIL 3aXMCT) 1 TUTBKHA B TAKOMY Ayali3Mi 37aTHI 3a0e3MednTH
JIOCUTHh BUCOKHM 1 HamIMHWN 3aXWMCT. Y TOH caMH{ Yac BENHMKA KiIbKICTh aJAMIHICTPATHBHHX MPABHI TSKATH
MPaLiBHUKIB 1 3MEHIIYE HAIIMHICTh 3aXUCTYy, OCKUIBKM HAIMCaHI 1HCTPYKLIi i3 3aXHCTY MPOCTO BUKOHYIOTHCS
TEeXHIYHUM mepcoHaioMm|3, 5]..

3aco6u ¢iznuHoro (TexHiyHoro) 3axucry ingopmauii

Hanuii meton mepenbavae eIEKTPOHHO-MEXaHIYHI MPUCTPOi, MeXaHiyHi, ab0 EeIeKTPOHHI, a TaKOX
CHOpPYIM Ta Marepiajid, MPU3HAYCHI JUIS 3aXWUCTy BiJ HECAHKI[IOHOBAHOTO JOCTYIy Ta 3aBaHTaKCHHS
indopMariii, mo TmepenacTbcs MO KaHATy 3B'S3Ky Ta IMONEepeKEHHS ii BTpaTH BHACHIOK TOPYIICHHS
TMpare31aTHOCTI BCiX KOMITOHEHTIB iHpopmariitHoi cuctemu (IC), cTuxiitHux mmx, caboTax, AWBEPCiil ToOmIO.
[3,5]: o mi€i rpynu HajmeKaTh:

3aco0u 3axucty KadeJbHIUX MEpe:K.

3a maHUMU Pi3HHUX JOCHTIKEeHb, caMe 3001 KabeahbHOI MepeKi BUKIMKAIOTH OLIbIIEe TOJOBUHU BiTMOB
notoyHoro iHdopmMamniiiHoro 3B's3ky. HaiikpammMm 3acobom 3amo0irtu momiOHMM 300siM € 1OOymoBa
cTpykTypoBaHoi kabenbHOI cuctemu (CKC), B sikili BUKOPHUCTOBYHOTHCS KaOeli 3 OJHAKOBHUMH TEXHIYHUMHU
nmapaMmerpamu Uil nepefadi qaHux B IC, cHTHANB Bif MaTUYMKIB MOXKEXKHOI Oe3mekH, BimeoiH(opMarliiHIX
JMATYMKIB, JATYUKIB OXOPOHHOI CHCTEMH, a TakKOX JIOKaJbHOI TeneoHHOi Mepexi. [loHsTTs
«CTPYKTYpOBaHiCTh» Mepeadavae, mo KabelbHy cUCTeMy 00'€KTa MOXKHa PO3IIUIMTH Ha Kinbka piBHiB. Lo
JIO3BOJIUTH OiNbII OOTPYHTOBAHO MiMIHTH A0 3aXHCTy OKPEMHUX KOMITOHEHTIB, II0 BUKOHYIOTHCSA y OJIOKOBOMY
BUKOHAHHI, 3 KOHTPOIIFHOK CBITJIOMIOAHOI IHIWKAINEIO I BH3HAYEHHS OE3MEeYHOr0 MPOXOHKEHHS
iHpopMallii Ha OKpeMill NUIAHII 3aJie)KHO Bija 11 mpu3Ha4YeHHs Ta po3MimeHHs. s edekTuBHOI opranizamii
HaziitHoi pobotr CKC cimi 1oTpuMyBaTiCh BUMOT MIXKHAPOJIHHUX CTaHIAPTIB;

3aco0m 3aXUCTYy eJIeKTPOKUBJICHHS.

AMepHKaHCBKI JOCTITHUKK 3 KomnaHii Best Power micis m'atu pokiB JqociipkeHb npodiieM Oe3neKu
CJIEKTPOKUBIICHHS JIMIUTM BUCHOBKY [1,2] 1m0 Ha KOXKHOMY KOMITIOTEpi B cepefHboMy 289 pa3iB Ha pik
BUHUKAIOTH TOPYIIEHHS XapuyBaHHs, TOOTO Maike OJHMH pa3 MPOTIArOM KOKHOTO poOodoro aHs. HaiGimbin
HQIIHHUM 3ac000M TIOTIEpEeKEHHST BTpaT iH(popMallii, y pa3i THMYaCOBHX BiJKIIOUEHb €JIEKTpOeHeprii, abo
CTPUOKIB HAIIPYTH B MEPEXKi € HEOOXiIHICTh BUKOPUCTOBYBATH YCTAHOBKY JKepen 0e3nepebiiiHOro KUBICHHS.
Pi3HOMaHITHICTh TEXHIYHHX Ta CHOXXUBYHMX XapaKTEPUCTUK TEXHIYHMX 3ac00iB JO3BOJISIE BUOpPATH IMPHUCTPIi,
SKAW BIJIOBIaTHME a/IeKBaTHUM KOHKPETHHM BHMOTaM JaHOro 00'ekTa. B ymoBax mMiZBHIIEHHX BHUMOT JIO
npane3aatHocti IC € HeoOXiTHICTh BUKOPHCTaHHS aBapiiiHOTO eNeKTporeHeparopa abo pe3epBHUX JiHIH
eJIEKTpoIIepeiay, Kl pO3HECEH1 IS MiAKIIIOUSHHS JI0 PI3HUX OCEPEKIB IMiACTaHIIIT.

3aco0um apxiBanii Ta xy0a0BaHHs iHGopMaii.

[Tpu Benmkmx obcsrax iHdopmallii, AOIMIIFHO OPraHi30BYBaTH OKPEMHUH CIeliani3oBaHUN cepBep s
30epiraHHsi apxXiBOBaHWX JaHUX. SKIIO apxiBHa iHQoOpMaIlisi Mae BEIHMKY IiHHICTB, i1 ciijy 30epiratd B
CHeIiaTbHOMY TPUMIIIIEHH], IO OXOPOHSEThCS, 800 B CEKPETHIM KIMHATI 3 0OMEXEHHM JOCTYIIOM TE€XHIYHOTO
nepconany. Ha Bumamox moxexi abo cTuxiifiHOro nmxa ciij 30epirati myOmikaTh HaWUiHHIIIMX apXiBiB B
1HIIOMY TIpUMileHH] (Oy/IiBJIl) MOXKIIMBO, B IHIIOMY paioHi abo iHIIoMYy MicTi, TOOTO, 30epirat iHdopMairito B
pi3HuX reorpadivyHux Micusgx. TUM caMuM HiABHIIY€THCS HaliliHICTH oOepiraHHs CeKpeTHOi iHpopmarii i He
TUTBKH.

3aco0m 3axucTy Bia pi3HMX NPUPOIHMX SIBUII, 10 BUHHKAIOTh MPU POOOTI TEXHIYHHMX 3acO0iB,
3aco0M BHUSBJIICHHS amaparypi, IO TPOCIYXOBYE, Y BHUINISAJI <OKYYKiB», €JICKTPOMATHITHE EKpaHyBaHHS
npuctpoiB abo NpHUMILIEeHb, AKTUBHE paaiOTEXHIYHE MACKyBaHHS 3 BHKOPUCTAHHSIM IIHPOKOCMYTOBUX
redepaTopiB mymiB i T.a. [5]. Jlo mi€i »x rpynu MOXHa BiIHECTH MaTepiand, 10 3a0e3MedyroTh Oe3MeKy
30epiraHHsi Ta TPaHCIOPTYBaHHs HOCIiB iH(OpMalii, a TakoXX 3aXHCT BiJ KomitoBaHHA. [lepeBakHO 1€
CrelianbHi TOHKO IUTIBKOBI Marepiajd, W0 MalTh 3MIHHY KOJipHY ramy a0o romorpadiyHi MITKH, IO
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HaHOCSITHCS HA JJOKYMEHTH Ta NMpeAMETH (Y TOMY YHCIIi 1 Ha eJIEMEHTH KOMITTOTEPHOI TEXHIKH ), IO TO3BOJISIOTH
imeHTr(iKyBaTH TOCTOBIPHICTH 00'€KTa Ta MPOKOHTPOIIOBATH AOCTYII 0 HHOTO[5].

Sx Oyno 3a3HaueHo, HaWYacTille TEXHIYHI 3acO0M 3aXHCTy peai3yloThCS pa3oM i3 MPOrpaMHHUM
3a0€31eUCHHSAM.

IIporpamui 3aco6u 3axucry iHpopmaniiinux kaHaIiB

[TporpaMui 3aco0m 3axucTy 3abesneuyroTh imeHTH(iKaLilo Ta ayTeHTH(IKalil0 KOPHCTYBadiB
BiJIMIOBIZTHO 10 PO3MEKYBaHHS IOCTYITy A0 pecypciB. BiAmoBiaHO 10 MOBHOBaKeHb KOPUCTYBAYiB 311HCHIOETHCS
peectparis moxiit B IC, kpunrrorpadiunuit 3axucT iHGOpMaIii, 3aXMCT BiJ KOMITIOTEPHUX BipyCiB TOMIO.

Posrnspatoun mporpamHi 3aco0u 3axvCTy iHQOpMaLii, JOUILHO 3yNMWHUTUCH Ha CTeraHorpagidHuX
MeToaax. CnoBo «creranorpadis» o3Hauae MPUXOBAHUIA JIHCT, O HE TO3BOJISIE CTOPOHHIN 0c001 Ai3HATHCS TPO
foro icHyBaHHs. OfHA 3 MEPLIMX 3raJ0K PO 3aCTOCYBAHHS TAEMHOINCY, SIKUH AAaTYEThCs V CTOMITTSM IO H. €.
CydacHUM TIPUAOMOM € BHITAJOK po3ApyKiBku Ha EOM moroBopiB 3 MaJOMIOMITHIMHU CITOTBOPEHHAMH OOPHCIB
OKpEeMHUX 3HaKiB TEKCTY — TaK BHOCHJIACA MU(poBaHa iHpopMallist Mpo YMOBH CKIIaJaHHs JoroBopa.[4].

PosrnsiHeMo, 3a skMMH MPUHITUTIAME HEOOX1THO BU3HAUUTH Oa3yBaHHS cTeHOrpadii.

[To-mepire, ayzio Ta Bimeo Qaitnu, a Takox ¢dainu 3 muppoBUMH 300paKEHHSIMH, IKi MOXHA ITEBHOIO
MipoI0 3MiHUTH B IHQpoBoMy dopmati 6e3 BTpatu (yHKIIOHATBHOCTI, BAKOPUCTOBYIOUN Teopemy llleHHoHa
[3]. Haituacrime creranorpadisi BAKOPHCTOBYETBCS JUIsS CTBOPEHHS IIM(DPOBUX BOASHUX 3HaKiB. Ha BiqMiHy Bij
3BHYAHUX METOJIB, IX MOXXHAa HAHECTH Ha IUQPPOBI HOCIi 3HANHIIOBIIM JHIIE 32 JOMOMOTOIO CIIEHiaThbHOTO
MpOrpaMHOro 3a0e3redeHHs — MU(GPOBI BOASHI 3HAKH 3alUCYIOTBCA SK TCEBJOBWUIAAKOBI IMOCIiJOBHOCTI
IIYMOBUX CHTHAJiB, IO TEHEPYIOTHCS HA OCHOBI CEKPETHHX KIIOUiB. Taki 3HAKH MOXYTh 3a0e3lednTH
CIPaBXKHICTh YU HEJOTOPKAHHICTh JTOKYMEHTa, iMeHTH(]IKyBaTH aBTOpa YM BIIACHUKA, IEPEBIPUTH IIpaBa
TUCTPUO'IOTOPA UM KOPHCTYBada, HaBiTh AKIIO (haiin Oyno oOpoOIeHo Y CTIOTBOPEHO.[4] .

[Ilomo BmpoBa/KEHHS 3ac00iB MpOrpaMHO-TeXHIUYHOro 3axucty B 1C, poO3pi3HSIOTH JBa OCHOBHI
crocoOu:

- JI0aTKOBHMH 3aXHCT — 3acOOM 3aXUCTy € AONOBHEHHSAM [0 OCHOBHHMX NPOrPaMHUX Ta amapaTHUX
3ac00iB KOMITTOTEPHOI CHCTEMH;

- BOYZOBaHMH 3aXMCT — MEXaHI3MH 3aXUCTy PEaji3yloThCs Y BUIIIAII OKpeMuX KoMIoHeHTiB 1C abo
PO3MOIiIeH] 3a iIHIIMMA KOMITOHEHTaMHU CUCTEeMH. [ 1, 5].

[lepmruii crioci6 € OiMbIT THYYKHM, HOTO MEXaHI3MHU MOXHA JTOJIABATH Ta BUWIYYaTH 3a MOTpe0oro, aje 3a
Horo pearnizanii MOXyTh BUHUKHYTH MPOOJIeMH 3a0e3Me4YeHHs] CyMICHOCTI. 3aC00iB 3aXHCTy MiX COOOIO Ta 3
porpaMHO-TeXHIYHUM KoMmiuiekcoMm 1C. BOynoBaHMil 3aXUCT BBaKA€TbCs OUIBII HAIIMHMAM 1 paumioHaJbHUM,
aJle JKOPCTKHM, OCKIJIbKM BHMHHUKAIOTh TPYAHOLI NPH BHECEHHI 3MiH. Take OOIOBHEHHS XapaKTEepUCTUK
JI03BOJISIE KOMOIHYBATH 3 IHITMMU KOMIIOHEHTAMH 3aXHUCTY.

AHaJii3 Ta 00IPYHTYBAHHS MPOTrPAMHUX MeTOIiB 3aXUCTY iH(opmanii.

Haiikpammii 3axuct iHpopmanii nmporpaMHUMH 3aco0aMy — 1€ BUKOPUCTAHHs aHTHUBIPYCHHX IIpOTpam,
CrenialbHUX MPOrpam, SKi MpU3HAYEH] sl BUSBIICHHS Ta 3HUIICHHS KOMITTOTEPHHX BipYCiB.

AHTHBIpYCHI IPOTpaMH JUISATHCS KiJIbKa BUJIIB.

Ilpozpamu-oemexmopu TIpOBOJATH IOLIYK CUTHATyp BipyciB. Hemonmikom mporpam-neTekTopiB € Te,
10 BOHH MOXKYTh 3HAXOJUTH Ti BIpYyCH, SIKi BiJIoMi pOo3pOOHMKaM, OTKe, BOHH IIBHJIKO 3aCTapiBaloTh. | 3HOBY
JIOBOJUTBCS POOUTH JOCIIDKEHHS 3 PO3pOOKM HOBUX MporpaMm 3axucTy iHdopmariii. Lleli nporec TpuBae
MOCTIMHO Ta 3aJICKHUTh BiJl BUCOKOI KBasti(hikailii 00CIyroByOYOro TeXHIYHOrO MEPCOHATY LBOTO MiAPO3aiTy.
Jeski mporpamMu-IeTeKTOPY MOXHA HAaCTPOIOBATH HA HOBI THIIM BipYycCiB, IPOTE€ HEMOXKIIMBO EKCTPAIOJIIOBATH
HOBY PO3pOOKY IpOrpaMu, sika Morjia O BUSBUTU Oy/b-sIKUH 3a3/1ajIerih HeBiIOMUI Bipyc. Binrak HeraTuBHMIA
pe3ysbTaT MEePEBIPKU MPOrPaMoI0-ICTEeKTOPOM HE TapaHTye BiJICYTHICTh BipyciB. baraTo JIeTeKTOpiB MarOTh
PEKUMHU JIKYBaHHs UM 3HUIICHHS 3apaskeHHuX (paiiiniB, BOHM BUKOHYIOTh (QPYHKIIT JTiKapiB.

Binpim po3mmpeHnMH MOXIMBOCTSIMU HaJiieH1 mporpamu-iikapi (daru) BoHun He TibKM 3HAaXOASTH
3apakeHi Bipycamu Qaiiiy, ane i JKYyTh X (TOOTO BUIAISIOTE 3 (haiiry TUI0 MporpaMu-Bipycy), MOBEPTAOUYH
ix y mouarkoBuii ctaH. Ilepen mikyBaHHAM (QaiiliB mporpaMa ouuiiye omnepaTuBHy nam'sate. Cepen ¢aris
BiJOKpEMJTIOIOTh MoJiharu — mporpamMu-Jikapi, ki NpU3Ha4yeHi Ui MOUIYKY Ta 3HUILEHHS BEJIHKOI KiJIbKOCTI
BipyciB. fIK 1 JeTekTopH, IporpaMu-JIiKapi HOTPeOYIOTh MOCTIHHOTO OHOBJICHHS.

Ilpozpamu-pesizopu NO3BOJISIOTH 3alaM'sITOBYBaTH ITOYAaTKOBHH CTaH TIporpaM, KaTaJoriB Ta
CHCTEMHHX OOJIACTEH, KOJIIM KOMITIOTEp HE 3apa’keHHi BipycoM, a 3roJloM, IMepiofudHo ado 3a Oa’kaHHSAM
KOPHCTYBaua, 3BIPSETHCS MIOTOYHUI CTaH CHCTEMH 3 BUXIHUM. SIK MpaBMIIO, IepeBipKa 3IHCHIOETBCS Opa3y
MICJIS 3aBaHTAXCHHs omnepaiiiHol cucteMu. OIHOYACHO KOHTPOJIOETHCS JOBXKHHA (haiiiy, HOro KOHTPOJIbHA
cyMma, Aarta, 4yac Moau¢ikauii Ta iHmi napameTrpu. Jeski mporpaMu-peBi30pH MOXKYTh IPH LOMY BHSBISITH
cremo BipyciB. ['iOpuan mporpaM-peBi3opiB Ta JIiKapiB MOXKYTh HE TIJIbKH BHUSABJISITH 3MiHH, aje H MOBEPTaTH
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(haiimu Ta cucTeMHI 00J7acTi y BUXIIHHMHA cTaH. BoHWM OinbIn yHIBEpCalbHI, OCKUTBKA MOXXYTh 3aXHCTHTH Bill
BipycCy, HEBITOMOTO Ha 4Yac iX CTBOPEHHS, SIKIIIO BiH BUKOPHUCTOBYE CTAaHAAPTHHIA MEXaHI3M 3apakeHHSI.

Hactynaum 1ikaBuM 00'€eKTOM € npozpamu-ghinempu («CTOPOXKa», «MOHITOPH» — PE3UIACHTH),
TIpU3HAYCHI BUSABJIECHHS WIAO3pITUX Iid mig dac poboTu komm'rorepa. Ilicias oTpuMaHHS BiAIIOBIIHOTO
MTOBIJOMJICHHS, KOPHCTYBad MOXKE TO3BOJIMTH ab0 CKacyBaTW BHKOHaHHs omeparii. Jleski mporpamMu-Qiibtpu
MEPEBIPSAIOTh TPOTPaMHM, IO BUKIWKAIOTHECSA 10 BUKOHAHHS, Ta KomitoBaHHs (aitniB. Hemosikom momiOHMX
porpaMm € IXHSI «HaOpUATHUBICTY», MOXKJIMBI KOH(IIKTH 3 iHIIMM MPOTPAaMHHUM 3a0e3MeUeHHSM, a MepeBarn —
BHSBIIEHHS BipyCiB Ha paHHIN CTaii, 10 T03BOJIAE MiHIMI3yBaTH BTPATH.

Ilpocpamu-eakyunu («imynizamopu») MoanQikyrOTh TPOTpaMH Ta AWCKA TAaKAM YHHOM, IO I
orepalisi He BiOMBAETHCS Ha POOOTI Pi3HUX MporpaM. AJe Bipyc, Bifl SIKOTO BUPOOJIIETHCS BAaKIIUHALLIS, BBAYKAE
ix 3apaxennmu. lle myxe HeedeKTHBHHII croci6 3axucTy. BakuwHH MaroTh OOME)KEHe BHKOPHCTAaHHA. IX
MO)KHa 3aCTOCYBaTH JIMIIE TPOTH BioMHX BipyciB. JKomeH 3 THINB aHTHBIPYCHHX TpOTpaM HE HaJae
CTOBIZICOTKOBOTO 3aXHCTy, TOMY CJiJl JOTPUMYBATHCS 3arajlbHUX BUMOT Ta MpaB MO0 BUKOPUCTAHHS OCTaHHIX
PO3pO0OK aHTUBIPYCHHX JIA0OOPATOPIi.

[IpaBwibHU aHTHBIpyC TIOBHHEH MOE€JHYBAaTH OaraTOCTOPOHHI BJACTHBOCTI, 1 3TOIOM WOTO
BUKOPHUCTAHHS MPU3BEJIE 10 TOCTATHLOI OE3MEKH KOMITIOTepa Ta HOro JaHHUX 1 MEPExKi B IILIOMY.

Pe3yabTaTtu gociixkeHn

Ha 6a3i mpoBenmeHoro anajizy 3aXHCTy HECAHKIIIMHOTO JOCTYIy a0 iH(opMallii, eKCIiepuMeHTH
mpoBoauiucs B KII «Bomokanam», y mpomeci mpoBeNeHHS MEPEeIANITIOMHOI IMPAKTHKH, BUOIPKOBO OyiH
MPOBENIEH] TOCTIIKCHHS 3aXUCTy iHPopManii. Y pe3ynbTari aHali3y pi3HUX METOJIB 3aXHCTy iHpopMalii, Oyau
BH3HAYEHI OCHOBHI METOAW MiABUINECHHA iH(opMalii mo kaHamy 3B's3Ky. IlepemymoBu TiOpHIHOTO
3aCTOCYBaHHS METOIB 3aXWCTy, BHSIBIUIMCS OUITBIN eQeKTUBHUMH, Ha BiAMIHY BiJl OJWHOYHOTO OOpaHOTO
METOy.

VY pa3i BUKOpHCTaHHS TiIOPUIHOTO METOAY, HEOOXiTHO BpPaxOBYBaTH KOHKPETHY crneuudiky pobotu
mignpuemMcTBa. JudepenniioBaHo miaxoauTy 10 BUOOPY CUCTEM 3aXHCTy, 3BEPTAI0YX YBary Ha MPIOPUTETH Ta
31CTaBIAIOYM Taclo «IiHa — sKicTe». Lle n03BonuTh K aQeKTHBHO BHKOPHCTOBYBATH CHUCTEMH 3axXHCTy, a i
MIBUIIATH HAIIHHICTh EKCILTyaTallil KOMITIOTEPHOI CUCTEMU 3arajioM.

BucHoBku. Y CcBOeMy CTaHOBIIGHHI cydacHi iH(OpMAaIlifHI TEXHOJOTii MPOWIUIM KilbKa eTarmiB
PO3BUTKY, Y KOXXHOMY 3 SIKUX CIIOCTEpIrasocs NepeBakaHHsS OKPEMHUX BHIIIB Ta CIIOCO0iB 00poOKkH iH(popMarrii.
Ha nanwii MoMeHT Haif0inblie AOMIIBHO AN 3axucTy iHdopMallii HeoOXiHO BHUKOPUCTOBYBAaTH T'HYYKI
TEXHOJIOTI{, 10 MepeadadaroTh Pi3HI METOAM 3aXUCTYy, N1e¢ OyAyTh BUKOPHCTaHI HE TIIbKH TEXHIYHI METOIH
3aXHUCTy, a i mporpamHe 3a0e3redyeHHs, onepaniiiHa cucteMa ta iHmre. OCKUIBKY 3arpo3u MalOTh HE CTATHYHUM,
a JMHAMIYHUN XapakTep, CJiJ 3a3HA4YMTH, 110 OCHOBHI METOJM 3axUCTy iH(opMallii Bix 3arpo3 — Iie
3a0e3MeUeHHs] CTPYKTYpHOi, THUM4YacoBoi iHQopMariiHoi Ta (QYHKIIOHATBFHOI HAaAMIPHOCTI KOMI'FOTEPHUX
pecCypciB Ta BUKOPUCTAHHS CIICUiaIbHUX IPOTPaMHUX Ta anapaTHUX 3aco0iB 3aXUCTy — Il aHTHBIPYCHI
MPOTPaMHi MTaKeTH, a00 MPOrpamMu — AaHTHUBIPYCH.
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JOCJII)KEHHSI TECTOBOI'O IOKPUTTS HA PIBHI BAUT-KOLY JAVA

Konomoens I'.Il. JocaimskeHHs TecTOBOro NMOKPHTTHA Ha piBHi 6aiiT-koay Java. KilpKiCHOIO XapaKTepHCTHKOIO
OLIHKH O0CSTY TECTyBaHHS IPOTPaMHHX IPOMYKTIB, PIMICHHS IIPO 3aBEpIICHHS TECTYBAaHHS 1, BPEIITi, BU3HAUYEHHS SKOCTI
MPOAYKTY Ta TOTOBHOCTI HOTo 10 AUCTPUOYLIi € CTYNiHb TECTOBOTO MOKPUTTA. [IOKpUTTSA KOAY TecTaMU € MiATUIIOM TECTOBOTO
MOKPUTTS 1 BOHO Hal4acTille BU3HAYAETHCA iHXKEHEPaMHU-TIPOrpaMicTaMd. MM MOXXEMO BHUMIPIOBATH CTYIiHb MOKPUTTSA KOIY
TECTaMH 3a JEKiTbKOMa KPUTEPISIMU, TAKUMH SK IIOKPUTTS METOAY, MOKPUTTS PAIKIB, IIOKPUTTS OIEPATOPIB, MOKPUTTS TIIOK,
MOKPUTTS YMOB Tinok Tomio. [Ipu omiHWi pe3ynabTaTiB BUMIpIOBaHHS HOKPHUTTS MOMYISPHHUMHU 1HCTPYMEHTaMH, HAIlPUKIaT
JaCoCo Java Code Coverage Library, 3a KpuTepisiMi OIepaTopiB, TLIOK Ta YMOB T1JIOK Pe3yIbTaTH € HEOYEBHTHUMH BHACTIZIOK
TOTO, IO y TaKUX BHIIAJKaxX CTYNEHI HMOKPUTTS BH3HAYAIOTHCS HA piBHI OalT-komy. CTaTTss HABOAWTH ACTANBHHN aHawi3
BU3HAYEHHS CTYIICHIB IIOKPHUTTS Ha PiBHI OalT-KOIy 3a BKa3aHUMH KPUTEPIsIMU NTPH MOIYJIEHOMY TECTYBaHHI THITIOBUX METO/IB 3
KOMOIHOBaHOIO YMOBOIO 3 JiorigHuM onepatopoM AND (&) y nepuiomMy BHIaaKy Ta 3 onepatopoM mBuakoi oninku AND (&&)
y apyromy Bumaaky. OTpuMaHuii 6aiiT-KOJ METOMAIB BHBYABCA 3 BIATBOPEHHAM CTaHIB CTEKy OINEpPAHIIB IO Ta MICIS KOXKHOL
KOMaHJH, [0 O3BOJNWIO MPaBHIBHO IHTEPHPETYBATH MEpexoau y mporpami. bymo 3’sicoBaHo, 1m0 mpH BHU3HAYCHHI CTYICHIO
MOKPUTTS 32 KPHUTEPiISIMH TUIOK Ta YMOBaMH TLUIOK BPaxOBYBAJIHCh BHUKIIOYHO IHCTPYKILIi YMOBHHX II€PEXOMIB, MPUIOMY
KUTBKICTh TLTOK JOpiBHIOBajacsd MOJBOEHIM KiNBKOCTI TaKWX IHCTPYKUid. Takox OynM BH3HAYEHI CTYNEHI MOKPUTTA KOIY
TECTaMU 3a KPHUTEPIisIMU OINEpaTopiB Ta TUIOK Juil 000X METOAIB NP Pi3HMX HaOOpax BXiAHHX AaHHMX. Byno BH3HaveHo, IO
BHACIIIZIOK BU3HAYEHHS CTYIIEHIB MOKPUTTS caMe Ha piBHI Oaiit-koxy, st 100% mOKpUTTS MeToqy 3 KOMOIHOBaHOIO YMOBOIO 3
noriyauM oreparopoM AND (&) mocraTHbO /1Ba TECTOBHUX IIPOTOHH, y TOHM 4ac SIK JUIL TOTO XX METO.Iy, aje 3 KOMOIHOBaHOIO
YMOBOIO 3 oneparopoM mBuaKo1 omiHkk AND (&&) HeoOXinHi, SIK MiHIMYM, TPU IPOTOHH.

Ki11040Bi cj10Ba: TOKPUTTS KOAY TECTAMH, IIOKPUTTS 38 KPUTEPIEM OTIEPATOPIB, IIOKPUTTS 338 KPUTEPIEM TUIIOK, OalT-KOX
Java, crek omepanis, iHCTpyKIist mepexony, JaCoCo Library.

Kolomoiets H. Research of test coverage at the Java byte-code level. The test coverage is a quantitative evaluation of
the software testing scope, of the decision to complete testing and, finally, of the product quality and its readiness for distribution.
The code coverage is a subtype of the test coverage and it most often used by software engineers. We can measure the code
coverage by several criteria such as method coverage, line coverage, statement coverage, branch coverage, branch condition
coverage etc. While evaluating the measurement results of the statement coverage, branch coverage and branch condition
coverage, received by popular tools, e.g. JaCoCo Java Code Coverage Library, these results are not obvious because in such
cases the coverage is determined at the byte-code level. The paper provides an analysis of the code coverage calculation at the
byte-code level in the unit testing of typical methods with a combined condition determined by the logical operator AND (&) in
the first case and the short-circuit operator AND (&&) in the second case. We studied the obtained byte-code of the methods with
the reproduction of the JVM operand stack states before and after each instruction, which allowed to interpret correctly the
transitions in the program. We found for the branch and branch condition coverage only conditional transition instructions were
taken into account and the number of branches was equal to twice their number. We also measured the statement coverage and
branch coverage for both methods with different input data and several test runs. It was determined that for 100% code coverage
of the method with a combined condition determined by the logical operator AND (&) we need at least two test runs, while for
the same method, but with a combined condition specified by the short-circuit operator AND (&&) requires at least three test
runs.

Keywords: code coverage, statement coverage, branch coverage, Java byte-code, operand stack, transition instruction,
JaCoCo Library.

Beryn Ta noctaHoBKa 3aBAaHHs. 3a0€3MEUCHHS SKOCTI IPOrPaMHOTO 3a0€3MeUYeHHsI IPYHTYEThCS
Ha OI[IHKax HOro XapakTePHCTHUK SKOCTI Ta pe3yiabTaTaX HOro TecTyBaHHA. XapakTEpHOI PHCOI0
TEXHOJIOTIH 3a0e3nedeHHsT SKOCTI MPOrpaMHOro 3a0e3MleUeHHS € BUKOPUCTAHHS KUIbKICHUX OIIIHOK —
METPHUK JAJIsl BU3HAYCHHS IOTOYHOTO PIBHS SKOCTI MPOTrpaMHOro 3a0e3NeveHHs Ta HMPUHHATTS pilleHb
LI0A0 MOAANBILOrO YIOCKOHAICHHS MPOAYKTY Ta HOro BUMYCKY. | X04a /Ui OIIHKH SIKOCTI IPOTrpaMHOro
3a0e3MeueHHs] BHKOPUCTOBYIOTh BEJIHMKY KiuIbKicTh MeTpuk [1], OIliHKa TecTyBaHHs, HalvacTiiie,
BUKOHYETHCS] BUMIPIOBaHHSIM OJTHI€T METPUKH — TECTOBOTO MMOKPHUTTS [2].

3ayBa)xuMo, 110 TOHATTS TecToBoro nokputrs (Test Coverage) ta mokputts koxy tecramu (Code
Coverage) gacto OTOTOXXHIOIOTH 200 BBaXKalOTh PIBHOIPABHUMH MiJBUAAMH TOKPUTTS, HEPIIE 3 SKHUX
0a3yeTbcsi HA METOJMKAaX "JOpHOI CKpUHBKU" (HaiuyacTilne 3ragyeTbes MOKPHUTTS (YHKIIOHATHHHX
BUMOT'), a Jpyre — Ha Metoaukax "Oinoi ckpunbku" [3]. Hacnpasmi, cranmapt ISO/IEC/IEEE 29119-4
TectyBanHs nporpamHoOro 3abe3neueHns — Meroauku tectyBanus (Software and systems engineering —
Software testing — Test Techniques) [4] 3a3Hauae TOKPUTTSA KOAY TECTAMH SIK IiJIMHOXWHY T€CTOBOTO
HNOKPUTTA. Y 1il poOOTiI MU 30C€pEANMOCH Ha TOCIIDKEHH] IOKPUTTS KOJY TECTaMHM, a cCaMe Ha BUBYEHHI1
aNTOPUTMIB iX BH3HaueHHs nomyisipauM iHncrpymentom JaCoCo Java Code Coverage Library (manmani
JaCoCo Library) [5].

© Konomoens I'.I1.
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AHani3 ocTaHHIX nocailkeHsb i myOuaikamiii. TecToBe MOKPUTTA — L€ METPHUKA, KA BU3HAYAE
CTYIIIHb TIOKPHUTTS TECTAMH TECTOBHX €JEMEHTIB INPOTPaMHOr0 3a0e3MedeHHs, IO TECTYEThCA, Ta
3aCTOCOBYETHCSI TS OILIHKH SIKOCTI mporpamuoro 3adesneuerns. Crangapt ISO/IEC/IEEE 29119-4 [4] y
po3nini “"BumiptoBanus tectoBoro mokpurtsa” (Test Coverage Metrics) nHamae 3aranbHy GopMmyiy
PO3paxyHKy 3HAYCHHS TECTOBOTO TOKPHUTTS, a TAaKOXK HABOJWUTh PEKOMEHJAIlIl MO0 HOro pO3paxyHKY
JUTST KOXKHOI 31 CTaHJApTHU30BaHMX METOAWK TECTyBaHHS. PO3paxyHOK 3HA4EHHS CTYIIEHIO MOKPHUTTS
BUKOHYETHCS 32 OPMYJIOI0:

N
Coverage = T x 100%

ne N — KiJIbKiCTh TECTOBUX €JIEMEHTIB, IOKPUTUX TECTAMU JJIs IEBHOI METOIMKHU TECTYBaHHS,

T — 3arasibHa KUIBKICTh TECTOBHUX €JIEMEHTIB, BU3HAUEHHX VISl TECTYBAHHS IIEBHOIO METOAMKOIO.

[cHYIOTB JeKiJIbKa KPUTEPIiB MOKPHUTTS KOAY TECTAMH, OCHOBHUMH 3 HUX € [2]:

- mokpurtsa Metoxis/pynkiii (Method/Function Coverage) — Bu3Hayae 4acTKy BijJ 3araabHOI
KUTBKOCTI METOiB/QYHKIIH IpOTpamMH, AKi OyJIi BHKJIMKaHI xo4a O OUH pas;

- MOKpUTTS psiakiB/oneparopiB komy (Line/Statement Coverage, CO) — Bu3Hauyae 4acTKy Bin
3arajibHO1 KIIBKOCTI PS/IKiB/OMEpaTopiB KOAY, AKi Oy BUKOHAHI Xxo4ya O OlWH pasz;

- mokpwurts riok (Branch Coverage, C1) — Bu3Hauae 4acTKy BUKOHAHMX BiJ 3arajbHOI KiBKOCTI
yCiX MOXXIMBUX IUISIXiB, IO BU3HAYAIOTHCS OIEPaTOpaMU, SIKi HAJAIOTh JIEKiJIbKa MOXJIMBUX MUIAXIB
BUKOHAHHS MPOrpaMHu (orepaTopu i f else, switch, omepaTopu IUKIIB, onepaTopu break, continue,
return TOIIO);

- mokpurrts pimens (Decision Coverage, C2) — Bu3Havae yacTKy 3HA4€Hb ONEPATOPIB MPUIHATTS
pimens (oreparopiB if else, switch, OonepaTropiB IUKIIB), IKi BOHU MPUAMAaIK NpU TeCTyBaHHI, BiJl
3arajibHOI KUIBKOCTI YCiX MOYJIMBUX 3HAUY€Hb OTEPAaTOpiB IPUIHATTS PilllcHb;

- mokpurts ymoB rinok (Branch Condition Coverage) — Bu3Ha4yae 4acTKy 3HAYCHb OIEPATOPIB
NPUAHSTTS pillieHb (omepaTopiB if else, switch, omepaTopiB IHMKIIB) Yy KOMOIHOBAHOMY OIEpaTOpi
TIPUAHATTS PilIEHHS, HAPUKIaA, if (A | B & C), sIKi BOHM IPUAMANH IPU TECTYBaHHI, BiJ 3arabHOT
KUTBKOCTI YCiX MOKIIMBHX 3HAYECHb YCiX OMEPAaTOPiB MPUHHATTS PIllICHb.

[cHyIOTH TIpOTpaMHi IHCTPYMEHTH BHMIpPIOBaHHS MOKPHUTTS KOAY TECTaMH, SKi BiIpi3HIIOTHCS,
30KpeMa, KUTBKICTIO MiATPUMYBAHUX KPUTEPIiB MOKPUTTS, SIKi BOHU MOXYTh BUMiptoBatH [6-8]. HacTiHa
3 HaBeJICHUX KPUTEpiiB, HAPUKJIIAJ, TOKPUTTS METOMAIB/QYHKIIIH, TOKPUTTS PSAAKIB KOAY, TOCHTH JIETKO
BUMIPIOETHCS BIAMOBITHUMH THCTPYMEHTaMH, ajie SKIIO B3STH, HANPHKIAA, ITOKPUTTS ONEpaTopiB, TO
BUHUKA€E MUTAHHS, K BpaxyBaTH MOXIIMBICTh HAITMCAHHS OJHOTO OlepaTropa y NEKUIBKOX psakax abo
MOJJIMBICTh HAaNHMCaHHS JIEKUIBKOX OleparopiB y onmHoMy psnaky. Lsg mnpobmema BHpilIyeThes
BUMIPIOBaHHSM KIIBKOCTI OTIepaTOpiB Ha HIDKYOMY aH1K BUXIIHWH KOJ piBHI — s Java Ha piBHI OaiT-
koxy [6].

IocTranoBka 3aBaanHs. Metoro 1i€i poOOTH OyJIO JOCHTIIHKEHHS alrOPUTMIB BH3HAYCHHS
CTYIICHIO TIOKPUTTSI KOy TECTaMH 3a Pi3HUMHU KpuTepismu Ha npukiaa JaCoCo Library — nomynsproro
BUIBHO PO3MOBCIOJIKYBAHOTO iIHCTPYMEHTY 3 BIIKPUTHM KOJIOM, IO 3a0e31edye BHMipIOBaHHS ITOKPUTTS
KOy IIpoTpaM Ha Java 3a MaKCHMalIbHOIO KUTbKICTIO KPUTEPIiB.

BukianeHHss 0CHOBHOTO MaTepiajay qoc/aiaKkeHHs1. i1 BUMIpIOBAaHHS MOKPUTTS KOJAY TECTaMHU
OyB cTBOpeHHH Java Ki1ac 3 €IMHAM METOIOM:

public class OneMethClass {
int foo(int x, int y) {

int z = 0;

if ((x > 0) & (y > 0)) {
zZ = X;

} else {
z =y;

}

return z;

}
JU1st ikoro OyB po3poOenuit JUNIt 5 tectoBuii meton:

@Test

public void testFoo() {
OneMethClass instance = new OneMethClass();
int x = 1;

© Komomoens I'.I1.
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int y = 2;
int expResult = 1;
int result = instance.foo(x, V)

assertEquals (expResult, result):;

}

[Ipu BuKOHAHHI TecTy 3 BKa3aHUMHM BXiIHUMH MapaMeTpamH (BiH Oy/e BUKOHAHWH yCHilIHO) Oyne
BUKJIIMKAHUH METOJ KJacy OneMethClass 1 MOKPHTTS Ha pieni memoodig Oyne nopiBaroBatu 100%.
Ockinbky MpH 3a3HaYCHUX BXIHUX JaHHUX TUIO omeparopa if Oylne BUKOHaHe, a TiJO omeparopa else —
Hi, TIOKPUTTSI METOAY, SKHH CKIaJaeThcsl 3 6 PAAKIB, Ha pieHi psokie Oyne nmopiBHioBatu 5/6 ~ 83%
(psimok z = y; BUKOHaHUH He Oyne).

Sk 3a3Haganmocs BHWIIe, TOKPUTTS HA PiBHI OMEPaTOpiB BU3HAYAETHCA HA PiBHI OaWT-KOMy, SIKWH
MOKHa OTPUMATH Ar3aceMOIOBaHHAM CTBOpeHoro kommiisitopom JDK 17 ¢aiiny kimacy 3a q0momoroto,
nanpukian, yrwiita JDK javap [9]. B HaBemeHomy Huk4e OailT-Ko[i MeETOmy J0/AaHa MOCIiJIOBHA
HyMepallisi IHCTPYKLid Ta KOMEHTapi 31 CTaHOM CTEeKy OIEpaHdiB ICIA BUKOHAHHSA IHCTPYKINi Ta
MOSCHEHHAMH. YOpHUM KOJBOPOM BHJIJIEHI OMEpaTOpH, SKi BHKOHYIOTBCS TECTOM NPU OYyIb-IKHX
3HAYEHHSIX apryMEHTIB, 3€JICHUM — ONIEPATOPH, SIKi BUKOHYIOTHCS TIPH OINBIINX HYJISI 3HAYCHHSX, @ CHHIM
— TIpY 3HAYEHHI OJTHOTO 200 000X apryMEHTIB, SIKi MEHIIIe a00 JOPIBHIOIOTH HYJIIO:

public int foo(int, int);

Code:
1 0: iconst 0
2 1l: istore_3
3 2: iload 1
4 3: ifle 10
5 6: iconst_1
6 7: goto 11
7 10: iconst 0
8 11: iload 2
9 12: ifle 19
10 15: iconst 1
11 16: goto 20
12 19: iconst 0
13 20: iand
14 21: ifeq 29
15 24: iload 1
16 25: istore_3
17 26: goto 31
18 29: iload 2
19 30: istore_3
20 31: iload 3
21 32: ireturn

BaiiT-ko1 JAEMOHCTpY€E IliKaBi Ta HEOYECBHJIHI OCOOJUBOCTI, TOMy BHKOHA€EMO HOTO JETaJIbHUHN
a”ami3. IHCTpykuis iconst O 3aBaHTaXye [0 BEPUIMHM CTEKYy IUIOYHMCEIbHY KOHCTaHTy O, sKa
IHCTPYKIIi€l0 istore_3 mepeMilllyeThCs 31 CTEKY 10 MaCHBY JIOKaIbHHX 3MIHHUX METOJY 3a iHIEKCOM 3,
3ayBa)KUMO, 110 3a iHAEKCaMu 1 Ta 2 y IIbOMY MacHBi 3HaXOASTHCS apryMEHTH, NepeJaHi METOAy IpHU
Horo BUKIMKY — int x Ta int vy, BianmosigHo. Komanna iload 1 3aBaHTaXkye apryMeHT x [0
BEpIIMHU CTEKy, a HAacTyllHa KoMmaHJa ifle 10 mepeBipse, Yu MeHIIe abo JOpiBHIOE 0 3HAYCHHS HA
BEpPILIMHI CTEKY, IPU LIbOMY BOHO BUHMA€ETHCS 31 CTEKY. SIKIIO 1€ TaK, BUKOHYETHCS MEpeXi Ha KOMaHLy
3 MITKOIO 10, SIKIIIO Hi — BUKOHYETHCSl HACTYITHA KOMaH/a (K Y HaBeJICHOMY MPHKIIaJi). 3BEpHITh yBary,
[0 KOMITUIATOP 3MIHMB YMOBY OllepaTopa if BHUXIJZHOTO KOAy (x > 0) Ha NPOTWICKHY — IIe Tepiia
ocobnuBicTh OaiiT-koxy. Jami koMaHIa iconst 1 3aBaHTaXye [0 BEpIIMHH CTEKy LiIOYHCENbHE
3Ha4YeHHS 1 Ta BUKOHYEThCS OE3yMOBHHWH IepexiJ KOMaHJOK goto 11 MO KOMAaHIH 3 BiJIOBIJHOIO
MmiTkoro. HacTynHi koManau iload 2 Ta ifle 19 BUKOHYIOTb aHAJIOTIuHI omepauii 3 apryMEHTOM y
MeTona. Bukopucrane y TecTi 3HaYCHHS TakKOX HE 1HILIIOE MEpexoly, TOMY BHKOHYIOTHCSI HACTYITHI
KOMaHJU: iconst 1, 1[0 3aBaHTAXYy€ LIOYUCENIbHE 3HAYEHHs 1 10 BEpIIMHM CTEKY, Ta goto 11, MO
BUKOHY€E O€3yMOBHUI Mepexiz 10 KOMaHIH 3 BiINOBIJHOIO MIiTKOIO.
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Komanga iand BuiiMae 3HaueHHs 3 BEpIIMHHM CTEKy Ta 3HAUYEHHA IiJi HUIM Ta BUKOHYE MOOITOBY
omeparito AND Hag HIMH, pe3yabTaT sIKOi 3aBaHTAKYETHCS IO BEPIIMHN CTEKy. Y pasi, SKIIO pe3yIbTaT
JIOpiBHIOE O, BHKOHYETBhCS MEpexii Ha KoMaHAy 3 MiTkoro 29. Ha mepmmii mormsn, Ao cTeky
3aBaHTAXYIOThCS 3HA4UeHHA apryMeHTiB 1 ta 2, omeparis AND Hag sxumm macte O 1 3a0e3mednThb
Tepexia 10 KOMaH/, SKi MOBEPTAIOTh 3 METO/Ia apTyMEHT y — 1€ He BiATOBIgae BICOKOPIBHEBOMY KOIy. |
TINBKH 3 YpaxyBaHHAM OCOOJIMBOCTI KOMaHIU ifle, sika BUIIMae 3HAUCHHS 3 BEPIIMHHM CTEKY, Ta JBOX
KOMaHA iconst 1 (6 Ta 15), SIKi 3aBaHTa)KyIOTh 10 BEPIIMHYU CTEKY 3HaYCHHs 1, HA MOMCHT BUKOHAHHS
KOMaH/IM iand IpH 3a3HAYEHHUX y TECTI apryMEHTax y CTeKy 3HaXOIATHCS 3HA4YEeHHS 1 Ta 1 i, BIATIOBITHO,
pe3ynpTaT omepauii AOpiBHIOE 1, 10 3a0e3leuye BUKOHAHHS KOMaHJA iload 1 Ta istore 3, ski
NPUBJIACHIOIOTH 3MiHHIH z 3HAYCHHS apTyYMEHTY X METO/Ia, SIKE 1 TOBEPTAETHCAL.

Buxonane qociiKeHHs T03BOJISIE CTBEPKYBATH, 110 TPaBUIHHHIA aHATI3 MporpamMu Ha OalT-Koi
BUMara€e BUBUCHHS alropuTMy poOOoTH 3aaisHuX iHCTpykuid [10] Ta BiATBOpEHHS 3MiH 3HAYCHb Yy CTEKY
OTIepaHiB METOAY 10 Ta MiCJI BUKOHAHHS KO)KHOT KOMaH 1.

Pesynpratn anamizy mporpamu Ha OalT-KOZAI JO3BOJSIOTH MiApaxyBaTH, IO TPH TECTYBaHHI 3
HaBeJICHUMH BUILE BXiJHUMHU JaHUMH BHUKOHYIOTHCS 17 iHCTpyKii 3 21, ToMy, 3HaUeHHS TMOKPUTTS Ha
piBHI omeparopiB ((akTuuHO Ha piBHI iHCTpYKLiH OaiiT-komy) ckimamae 17/21 = 80%. Ha Puc.1
IpPE/CTaBICH] PEe3yJabTaTH BHMIPIOBAHHS IOKPHTTS KOLY METONy foo HABEJCHHM BHIIE TECTOM,
orpumani 3a gomnomoroto Oibmiorekn JaCoCo Library. Pesynabratu BumiproBanHs Ha Puc. la
neMoHCTpyIoTh 100% nokputtst Ha piBHI MeToaiB (1 meTox BukoHaHu#, 0 HEBUKOHAHI), 5/6 MOKPUTTS Ha
piBHI psiaKiB Koay (5 psIIKiB BUKOHAHI, | psAaoK HeBUKOHaHUIT), 80% MOKPUTTS Ha PiBHI iIHCTPYKLiH OaiiT-
koay (17 iHcTpykuiii BukoHaHi, 4 HeBuKoHaHi) Ta 50% mMOKpUTTS Ha piBHI TUIOK (OcTaHHE Oyne
PO3TISHYTE HIKYE).

OneMethClass
Elamont Missed Instructionse Cov © Missed Branches Cov.. Missed ! Cxty' Missed ' Lines Mssed | Methods
@ oot nb) —_ - S0% — : 50% 3 4 1 5 0 4
¢ OnaMathCigssi A i 0% nia 0 1 0 1 1
Total 4024 83% Jofts 50% 3 5 ! 6 0 2
a)

OneMethClass.java

package org.example;

Clazs for exploring code ara

o

public class OnsMsthClass |
public int feo(int x, Int y
int z = @,
¥ if X 8) &y 8)) {

==Y

return 1,

0)
Pucynok 1 — Pe3ynbraTi BAMIPIOBaHHS TIOKPUTTS KOy METO/IA: ) CTATUCTHKA, 0) MOKPHUTTSI KOLY

3ayBayKUMO, IO MOKPUTTS 32 KPUTEPIEM TiJIOK TAKOXK IIIPaxOBY€EThCs HAa PiBHI OalT-koay. ['inmku
CTBOPIOIOTHCS 1IHCTPYKIISIMA YMOBHHX IEPEXOAiB, NPH LbOMY KOXHA 3 TaKMX IHCTPYKLIH MICTHUTH IBi
rutkn. Y HaBelleHOMY OalT-KOJi TaKUX THCTPYKIH TpH, BOHW MalOTh TOCIIOBHI HOMepH 4, 9, Ta 14, i
NpY 3a3HAYEHUX Y TECTI BXIJHUX 3HAYEHHSX BUKOHYIOTHCS TIEPEXOJIH, IO BIAMOBIJAIOTH false-TUTKaM
WX 1HCTPYKIil, TOOTO BUKOHYIOTBCS 3 3 6 TiIOK, 1m0 ckianae 50% MOKPUTTS 3a BKa3aHUM KpUTEpieM
(Puc. 2). Ile sigmoBimae pe3ynbratam umiproBanus JaCoCo Library (Puc. 16). 3asHaummo, 110
IHCTpYKLii 6€3yMOBHOI0 IIEPEX0y goto Ha 3HAYCHHS MOKPUTTS 32 KPUTEPIEM TiJIOK HE BIUIUBAIOTD.
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start |
—3
0: iconst 0
1: istore 3

2: iload 1
1
Y
false true
3: Afle 10

- y L————11: iload 2

¥
false true
12: ifle 19
k Y
il"f icaonst 0
| [
| | p Y
»20: iand
- ¥
fal t
— 21: ifeq 29 =

: b
o 31: Lload 3 ‘

32: Areturn

Pucynok 2 — biok-cxema mporpamMu Ha 6aiT-KOJi METOa

Hawm 3manocst mikaBUM MepeBipuTH 3HAYEHHSI MOKPUTTS 32 PiI3HUMH KPUTEPISIMH JUIsI HABEJACHOTO
BUIIE METONy, y SKOrO KOMOIHAIlisl YMOB CTBOPIOETHCS 4YacTillle BHKOPHCTOBYBAHWM Ha MPAKTHII
oneparopom 1Buakoi ominkkn AND (&&) 3amicts 3Buuaitnoro omepatopa AND (&) y mepriomy BapiaHTi
METO/1a, TOOTO:

public class OneMethClass {
int foo(int x, int y) {
int z = 0;
if ((x > 0) && (y > 0)) {
zZ = X;
} else {
z =y;
}

return z;

}
BbaiiT-xo Takoro MeETOy Ma€ BUTIIAL:

public int foo(int, int);

Code:

1 0: iconst 0

2 1l: istore_3

3 2: iload 1

4 3: ifle 15
5 6: iload 2

6 7: ifle 15
7 10: iload 1

8 11: istore_ 3

9 12: goto 17
10 15: iload 2

11 16: istore_3
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12 17: iload 3
13 18: ireturn

BuxonaBIm aHATOTIYHAN MTOTIEPEAHBOMY aHANI3 OalT-KOMY, IJIs BXITHUX TaHUX x = 1l Tay = 2
MOYKHa OTpUMATH 3HA4YEHHS TMOKPHUTTS Ha piBHI iHCTpykuid 11/13 = 84% Ta 3HaueHHS MOKPUTTS 3a
Kkputepiem rinok 2/4 = 50%. Pesynbratn BumiproBanb JaC0Co Library (Puc. 3) Ta 610k-cxema mporpamMu
(Puc. 4) migTBepIKyIOTH OTPUMaH] 3HAYESHHS.

OneMethClass
Eloment Missad Instructionsy Cov ©  Missed Branches Cay.© Missed® Cxty  Missed  Lines' Missed  Mathods
o foodint_int) 84% 50% 2 3 1 5 0 1
e OneMeihClass!) == 11 100% nfa 0 1 0 1 0 1
Total 20f 16 B7% 20f4 50% 2 4 1 6 0 2
a)
OneMethClass.java

package org.exanple;

Class Tor exploring code coverage Lypsas

public class OneMethClass ¢
public int foo{int x, int y) {
int 2 =~ 8;
o if ((x > @) && (y » @)) {

0)
Pucynok 3 — Pe3ynbraT BUMIpIOBAHHS TOKPUTTS KOy METOJIa 3 KOMOIHOBAHOKO YMOBOIO 3 OIIEPaTOPOM
mBukoi ominkd AND: a) cratuctrka, 6) TOKPUTTS KOy

0: iconst 0
1: istore 3
|2: iload_1

false true

h 4
- true 15: iloa
: ifle 15 3 il i og
\ 16: istore_ 3
Y *
- 17: iload 3
= 18: ireturn

false

Pucynok 4 — Biiok-cxema nporpamu Ha 6aiT-KoJi MeTo/ja 3 KOMOIHOBaHOIO YMOBOIO
3 oniepaTopoM IIBKAKOI ominku AND

HaBenenuit ananiz O0alT-komy JUIsS IBOX METOMIB OyB BHKOHAHWH JJIs Pi3HMX HAOOpIiB 3HAYCHb
apryMeHTIB METOJB 1 OyJIM BU3HAUEHI CTYIEHI MOKPUTTS KOJY TeCTaMH Ha PIBHI ONEPATOPIiB Ta TiIOK
(tabm. 1).
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Tabmuus 1. CTyneHi MOKPUTTS METOHIB 3a KPHUTEPIIMHU ONEPATOPiB Ta TIOK A Pi3HUX KOMOiHamii
BXIJTHUX TTapaMeTpiB

JaCoCo instructions coverage, (N/T)
Test Case # x>0 y>0 branch coverage (N/T) ——
AND (&) short-circuit
AND (&&)
1 T T 17/21 11/13
(3/6 branches) (2/4 branches)
2 True False 15721 10713
(3/6 branches) (2/4 branches)
3 False True 15721 8/13
(3/6 branches) (3/4 branches)
4 False False 14721 8/13
(3/6 branches) (3/4 branches)
_ 21/21 13/13
5=1+4 True False True False (6/6 branches) (3/4 branches)
B 20/21 13/13
6=1+2 True True True False (5/6 branches) (3/4 branches)
_ 20/21 13/13
77143 True False True True (5/6 branches) (3/4 branches)
_ 18/21 10/13
8=2+3 True False False True (5/6 branches) (3/4 branches)
_ 16/21 10/13
9=2+4 True False False False (416 branches) (3/4 branches)
_ 16/21 8/13
10=3+4 False False True False (416 branches) (1/4 branches)
B 21/21 13/13
11=1+2+3 True True False True False True (6/6 branches) (414 branches)
B 21/21 13/13
12=1+3+4 True False False True True False (6/6 branches) (3/4 branches)
_ 21/21 13/13
13=1+2+4 True True False True False False (6/6 branches) (414 branches)
B 18/21 10/13
14=2+3+4 True False False False True False (3/6 branches) (3/4 branches)
_ True True False True False True 21/21 13/13
15=1+2+3+4 False False (6/6 branches) (4/4 branches)

3a3Ha4unMO, 1110 BHACIIIOK BU3HAYSHHS CTYIICHIO MTOKPUTTS KOy HA PiBHI OalT-KOIy, HOCSATHEHHS

100% noxpuTTs 11 060X BapiaHTIB METO/IB 3a0€3MeUy€eThCS PI3HOI0 MiHIMAJIBHOIO KUIBKICTIO TECTOBHX
CIIeHapiiB, IpuaoMy Juis MeToa 3i 3sudaiiHuM orepatopoM AND 100% mokputTst Moxke OyTH TOCSTHEHE
JIBOMa TECTOBHMH IIPOTOHAMHM, y TOW dYac, SIK JJIsI MeToJa 3 KOMOIHOBaHOIO YMOBOIO 3 OIEpaTopoM
mBuAKoiI omiHK AND HeoOXiqHi, SK MiHIMYyM, TPH IIPOTOHHU.

BucHoBku. CTyneHb TECTOBOTO TMOKPUTTS € HAWMOMIMPEHINIO METPUKOK BHUMIipIOBaHHS
pe3yJbTaTiB TeCTyBaHHs, Ha 0a3i sKOi MPUHAMAIOTHCS PIlIEHHS MPO PIBEHb SIKOCTI Ta TOTOBHICTBH
NPOIYKTY 10 BUITYCKYy. METOQMKM BH3HAYEHHS IOKPUTTS KOAY TECTAMH € ITIIMHOKHHOIO METOJHK
TECTOBOTO IOKPUTTA. ICHYIOTH AEKiIbKa PiBHIB IMOKPUTTA KOAY TECTaMM, YaCTHHA 3 SKHX MOXKE
BHU3HAYATHCS 32 BUCOKOPIBHEBUM KOJIOM, aji¢ JJIsl TIOKPHUTTS 3a KPUTEPISIMH OIEPaTOpPiB, T'JIOK Ta YMOB
rJIOK BU3HAYEHHS HEOOXiTHO BUKOHYBATH aHANi30M HHM3bKOPIBHEBOTO KOAY, HANpHUKIaA, OaWT-KOAy
nporpam Ha Java. Komminsitop Java BUKOHye onTHMi3alito 0alT-KoAy, TOMY HOro IHCTPYKILil MOXYTh HE
BIJITIOBIZIATH BHCOKOPIBHEBUM OIlEpaTopaM, IO Jemo YycKiIaaHie aHami3. [lpu anamizi OalT-KOmy
JIOIUTBHO BIJITBOPIOBATH CTaH CTEKy OMNEpaHNiB METOAY JO0 Ta Ticis BUKOHaHHS iHCTpyKuid. [Ipu
BU3HAYEHHI MOKPHUTTS HA PiBHI T'JIOK BPaxOBYIOTHCS BUKIIOUYHO 1HCTPYKLil YMOBHHX MEPEXOiB 3 ABOMA
riIkaMd Ha KOXHY IHCTPYKIitO. Pe3ynbraTél AOCHiPKeHHS KOMOIHOBAaHMX YMOB 3 BHKOPHUCTaHHSM
3puuaiinoro omneparopa AND Ta oneparopa AND mBuakoi OIiHKH BKa3yrOTh Ha HEOOXIIHICTH OLIbIIOT
KUTBKOCTI TeCTOBUX CleHapiiB uist focarHeHHs 100% MOKpUTTA y OCTaHHbOMY BHIIAJIKY.
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BUKOPUCTAHHSI AITAPATY HEMPOMEPEXK JJIs1 JOCJALI)KEHHS AJJAIITUBHOI
HABYAJIBHOI TPAEKTOPII

Hikyasx M.B., CaBka 1.5, Ayryak M.C. BukopucranHs anmapaty HeiipoMepe:K AJIsl JOCJHiIKeHHSI aJanTHBHOL
HABYAJIbHOI TPAEKTOPii. BUKOHAHO TEOpPETUYHMIA aHATI3 CyYacCHOTO CTaHy HEMPOMEPEIKEBIX TEXHOJOTIH, II0 1AJI0 MOXKIIUBICTD
BUAUIHTH BiZIOMi aJTOPUTMH POOOTH 3 HEHPOHHHMH MEpeXaMd Ta 3’SCYBaTH IMEpeBard Ta HEOOJIKH X 3aCTOCYBAHHS IS
BUPIIICHHS PI3HOTO POy 3aBJaHb HayKH i TexHikH. OOIpyHTOBAHO aKTyaJbHICTh 3aCTOCYBaHHS HEHPOMEPEX A JOCIIDKESHHS
aJIalTUBHUX TPA€EKTOPiil HaBYaHHs Ha OCHOBI aHAJII3y IOTOYHHUX XapaKTePHUCTUK 3aCBOEHHS iH(OpPMALifHUX KBAHTIB CTYACHTOM,
mo 3a0e3redye YCHINIHE MPOBEICHHS IHCTAHLIIHHOTO HAaBYAHHS 3 BUKOPHCTaHHSM BiIKPHUTHUX KOMYHIKaliHHHMX IIaThopM.
[pencraBieHo aganTUBHUIT MPOLEC 3aCBOEHHS CTYASHTOM HOBHX 3HaHb apXITEKTYpOIO 0araToIlapoBOTO IEpCENTpOHa, B SIKii
KOXXEH HEWpPOH PO3IIIANAEThCS K NEBHUH YPOK, a HaBYaJIbHMI IpoLEC MPEACTABICHO SIK PyX CTYAEHTA IO OKPEMHUX YpPOKax.
PeanizoBaHO 3acTOCYyBaHHS AJS HAaBYaHHS MEPEXKi alrOpUTMY 3BOPOTHOTO MOIIMPEHHS MOMMJIKHA Ta METOJY HaWMEHIINX
kBagpatiB. lle 1amo MOXKIMBICT NUIAXOM MApPAIENFHOTO H OJHOYACHOTO YTOYHEHHA MapaMeTpiB Mepexi iTepamiiiHO
KOPEKTYBaTH BaroBi KOe(illieHTH CHHANTHYHHUX 3B’S3KiB KOKHOTO 3 HEHPOHIB HA OCHOBI MiHIMi3allii cepegHbOKBAAPATUIHOTO
BIIXHMJIEHHSI MDX IPaBHJIBHOIO Ta peajbHOI0 BiIIOBIYII0 Mepexi. [100ynoBaHO 3arajibHUN adrOpUTM aJallTHBHOTO HaBYaHHS 3
BHUKOPHUCTaHHSIM HEHpOMepexi Ta OIMCAHO eTamy Horo (pyHKLIiOHYBaHHS. BU3HaueHO MEpCHEKTHBH MOJATBLINX JOCIHIIKEHb,
HaIpaBJICHUX Ha 3aCTOCYBaHHS MoJu(iKaniil aaropuTMy 3BOPOTHOTO MOMIMPEHHS IIOMIJIKH Ta BIOCKOHAJICHHS MiA00pPY MPaBHII
KOPEKIIiT BATOBUX KOC(IIiEHTIB.

KiouoBi ciioBa: HelipoHHa Mepeka, aJanTHBHA TPAEKTOpis HaBYaHHSA, iH(QOpMamiliHI KBaHTH, aITOPHUTM HaBYAHHS,
BaroBi KOCQiI[iEHTH.

Pikuliak M., Savka 1., Dutchak M. Using a neural network apparatus for study an adaptive learning trajectory. A
theoretical analysis of the current state of neural network technology was performed, which allowed us to identify the known
algorithms for working with neural networks and figure out the advantages and disadvantages of their application to solve
various scientific and technological problems. The relevance of the use of neural networks for the study of adaptive learning
trajectories based on the analysis of current characteristics of the assimilation of information quanta by students, which ensures
the successful conduct of distance learning using open communication platforms. The adaptive process of mastering new
knowledge by the student of multilayer perceptron architecture is presented, in which each neuron is considered as a certain
lesson, and the educational process is presented as the movement of the student in separate lessons. The application of the inverse
error propagation algorithm and the least squares method has been implemented for network training. This made it possible to
iteratively adjust the synaptic weights of each neuron by minimizing the network parameters based on minimizing the standard
deviation between the correct and actual network responses. The general algorithm of adaptive training with use of a neural
network is constructed and stages of its functioning are described. Prospects for further research aimed at applying modifications
of the backpropagation algorithm and improving the selection of rules for correcting weights are identified.

Keywords: neural network, adaptive learning trajectory, information quanta, learning algorithm, weights.

Beryn. Ha croroninmHiii ieHb icHye YuMaia KiIbKiCTh KOMIT FOTEPHUX aBTOMATH30BAaHUX CHCTEM,
METOI0 SIKMX € SIK OpraHi3allis HaBYaJbHOTO MpOLEcy, TaK i MPOBENEHHS IiICYMKOBOTO KOHTPOJIIO
3aCBOEHOrO Marepiaidy i3 (QOpMyBaHHSM KUIBKICHMX IIOKAa3HUKIB OTPUMaHMX BMiHb Ta HaBHYOK.
looBHUM KpHTEpiEM TaKWX HABYAIBHUX MPOrpaM BUCTYMAIOTh HA pa3i HE MPOCTO BU3HAYCHHS YUCIIOBHX
3HA4YeHb IapaMeTpiB IiJICYMKOBOI OIIIHKM CTYAEHTa, a IMepeayciM IXHs SKICHa CKJIaJoBa, sKa
BUMIPIOETHCSI PIBHEM 3MICTOBHOT'O OBOJIOJIHHSIM SIK TEOPETHYHMMH OCHOBaMH HaBYaJLHOTO Marepiaiy
TaK 1 3aKpilUICHHSM Teopii NMpakTHYHUMH HaBUKaMu. lle MoximBe 3aBISKM BHUKOPUCTAHHIO TpPHU
MOJISJIFOBaHHI MOIOHUX CUCTEM HOBITHIX METOJMK HAaBYAHHS, TICPEBIPKU Ta KOHTPOJIIO 3HAHb CTY/ICHTIB
Ha 0a3i cyyacHHMX iH(OpMamiHHUX TEXHOJOTiH, (OPMyBaHHS CTpaTerii HaBUaHHS, TOJIOBHA CYTh SIKOI
3BOAMTHCS 10 MaKCHMAaJIBbHOI ajamnTallii HaB4albHOTO MaTepially 10 iHIMBIIyalbHUX XapaKTEepUCTUK Ta
PIiBHS 3HAHB 1 YMiHb CTY/ICHTIB.

UuMmany posib B IbOMY HAaIpsIMKY BiJirpa€ CydacHMH CTaH PO3BUTKY MEPEKEBUX TEXHOJIOTiH,
nosiBa BIAKPUTUX KOMyHikauiiiHux mimardopm tumy Zoom, Webex, Meet, Jitsi ta mocsrHeHp B ramysi
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IITyYHOTO IHTENEeKTYy, Oe3 SKUX € HEMOXJIMBUM IIPOLIEC CTBOPEHHSA IOTYXHHMX aBTOMAaTU30BAHUX
HaBYAIBHUX CHCTEM Ta MPOBEACHHS TUCTAHIIHHOTO HABYaHHS B YMOBaX KOPOHABIpYCHOI MaHEMii.

Bupimenns nonioHoi 3aaavi noTpedye rImOOKOro 3HaHHS METOIOJIOTI] 1aHOi ray3i Ta pO3yMiHHS
mia00py METOAWYHOTO MaTepiay, a mepeayciM — po3poOKH MOJIETi KOHTPOJIO 1 OIIHKHY 3HAHb.

AHaJni3 ocTaHHixX gocaimkeHb i mydaikaunii. Bigomi mucranmiiiHi nporpamu Ta miaatdopmu, sKi
BUKOPHCTOBYIOTBCS B HaBuasibHOMY mipoiieci (tury Moodle, BlackBoard, Lotus, WebTutor, Bipryansuuit
VYHiBepcuteT Ta iH.), po3poOJeHi Ha OCHOBI 3aCTOCYBaHHS pi3HOTO poxy Momenei. Lle mepemycim,
MPOAYKIIiiHI cHCTEMH, PPEeHMOBI MOJIeNTi, CEMaHTHYHI MEPEeXi, JIOTiuHI Ta HediTKi Moxeni. Taki cucremu
3aBJSKH (DYHKIIOHAJIBHUM MOJKJIMBOCTSIM, BIJKPUTOCTI KOAY Ta AOCTYMHOCTI Y BUKOPHCTaHHI OTpUMAaIIH
3HaYHY [OIYJISIPHICTh TA CXBAJIEHHS y KOPHUCTYBaUiB.

IIpore, mepeBaxkHa OINBIIICTF 3 HUX XapaKTEPU3YETHCS PAIOM HEIONIKiB, AKi TOB’s3aHI 13
HEBHCOKOIO SIKICTIO OTPUMaHHMX 3HaHb CTYJICHTOM, HHU3BbKOIO aJaNTHUBHICTIO MOAa4Yi HaBYAILHOTO
KOHTEHTY BiJIMOBITHO 10 MOTOYHOI yCIHIIIHOCTI 32CBOEHHS, BY3bKOIO HAIIPABJICHICTIO MPEAMETHOI 001acTi
a TakoX HEBHUCOKHM DIBHEM IHTEPAaKTHBHOCTI HaBYaJbHOrO npouecy. ToMy Tak akTHBHO BEIyThCS
CIIpoOW CyYacHUX IOCIHITHHKIB MO0 PO3POOKH METOMIB, MOJENIel Ta TEeXHOJOTIH peami3arii moaioHmx
HaBYAIBHUX CHCTEM.

3o0kpema, A0 BIIHOCHO HOBOTO METOAY MOCHI/DKEHHS HAJNEKHTh IIIXiA, M0 IPYHTYETbCA Ha
BUKOPHCTaHHI INITyYHUX HEHPOHHUX Mepex. B 3ajekHOCTi BiJl apXiTEeKTypH HEWpOMEpeXX Ta 3aaad
JOCIDKEHHS Ha CbOTOJTHI po3po0IIeHa 11ijIa CHCTeMa alITOPUTMIB [T pOOOTH 3 TOAIOHMMYU CTPYKTYpPaMH.

Lle, nepi 3a Bce, aropuT™ 3BOPOTHOTO NotmpeHHs nomuiku (back-propagation algorithm) [1], a
TaKOXX MITUH P TPaJieHTHUX METOIIB, SKi B 3aJIEKHOCTI BiJl OOPaHOTO CIIOCOOY TOIIYKY Tpadi€HTa
iJIHOBOT (PYHKIIIT, JO3BOJISIOTH BIOCKOHAIUTH 33/]a4y HABUYAHHSI HEUPOHHOI MEPEKI.

Jlo maHuX anropuTMIB Clifl BiHecTH [2]:

® QJIrOPUTM HAHIIBUALIOIO CIYCKY;

® AJITOPUTM 3MiHHOI METPHKH;

e anroputM JleBenbepra-MapkBapara;

® AJTOPUTM CIPSHKEHUX TPAJIEHTIB.

BinHocHO HOBMMH Ta JOCHTH €(QEKTHBHUMM BBaXKAIOTh T'€HETHYHI aJrOPUTMH HAaBYaHHS
HEHpOMepexX, TOJOBHOIO MEPEBArol0 SKUX € IXHS 3JaTHICTh 3HAXOAUTH IJI0OANbHUI MiHIMyM LiJIbOBOT
bynxii [3].

Ha cporomHi mmpoko BUKOPUCTOBYIOTHCS 1 6araTo iHIIMX alnropuTMiB (HampHuKiIa, Metoxn ['aycca-
Hrrorona, metoq Monre-Kapno Ta iH.), ame OUIBIIICTP 3 HHUX € JEAKOIO 3MIHOIO BiJJOMOTO Ta
HaWCTapIIOro mpaBKia HaBYaHHsI, paBuiia Xeo0a [4].

BukoHaBmIM aHami3 BiJIOMHX alrOpUTMIB HaBYaHHS HEWPOMEpEX, CIiJ| BIAMITUTH TOJOBHI iXHi
HEJONIKH, TIOB’s13aHi 3 TIOPIBHAHO TPUBAJIUM YacOM HaBYAHHS, BiJIIOBITHO 3HAYHUMH OOYHCIFOBATBHIMHA
BUTpATaMU Ta iX 3AaTHICTIO, B OLJIBIIOCTI BUIAJKIB, 0 JOCATHEHHS i1 YaC HABYaHHS ONTUMI3AIll TITbKA
M0 OKPEMHX KPUTEPIsX.

VY 3B’A3Ky 3 UM Bce OibILIOI MOMyJIIPHOCTI HaOyBarOTh JOCIIIKEHHS, B SKHX 3aCTOCOBYIOTHCS
riOpuAHI alanTHUBHI aJTOPUTMU, SKi JO3BOJISIFOTH 3 OJIHIE€T CTOPOHM BHKOPHCTOBYBAaTH SK TPaAMIIHHI
3acO0M Ta METOJIU IITYYHOTO 1HTEJIEKTY, a 3 IPYTol — 3aCTOCOBYBATH HOBITHI MOJIENI Ta IHCTPYMEHTAIbHI
3aco0M po3pOOKH Ha OCHOBI iHTErpallii BKe BiJOMHX METOIHK [5].

HaiiHoBimi pe3ynbTaTé 3aCTOCYBaHHS HEHPOHHHX MEPEX CTOCYIOThCA 3a/1a4 PO3Mi3HABaHHS MOBU
ta rpadiunux obpasiB [6]. AkTuBHO po3BuBarOThcsi Tak 3BaHi LSTM (Long Short Term Memory) —
MOJIeITi HeMpOMepeK IS 3a]1a4 aHaJli3y TEKCTY, JISUTbHOCTI (IHAHCOBUX PHHKIB Ta MApPKETHHTOBOI chepu
[7].

Takox BiOyBa€eThCS IHTCHCHBHE BIIPOBA/DKCHHS TaKUX CHCTEM Yy MOOUIbHI JOJATKH, BiJ
3BUYAWHOTO OIMPAIFOBAHHS TEKCTY 10 00poOKH (oTO, aymio Ta Bimeo JoKymeHTiB [8].

3 HelpOHHMMHU MepeKaMHM IOB’s3aHa Lijia Taldy3b 3HaHb — HeHpoiHopMaTHKa, sKa 00’€IHyE B
co0i eeMeHTH 0i0KiOepHETHKH, TPUKIIATHOI MATEMAaTHKH, CTATUCTUKH 1 HABITH O10MEIHIINHY.

IMocTtanoBka 3aBnanHsa. Hespaxarouum Ha psiJi HEJOMIKIB HEHPOHHOI TEXHOJIOTII, IMOB’S3aHUX,
HANPHUKIIAJ, 13 BKKICTIO PO3yMIHHS POOOTH TAaKOT Mepexi, IHTepIpeTallic€l0 OTPUMAaHUX PE3yNbTaTiB Ta
CKJIaHICTIO aJrOPUTMIB OOUMCIICHHS, KJIac 3a7ad, SIKi BUPIIIYIOTHCS 3 JOIOMOIOI0 HEMPOMEPEX JTOCHTH
mmpokuid. ToMy 3acTOCyBaHHS HEHPOHHHUX MEPEX IiJi Yac MoOYJOBH QIallTUBHUX CHUCTEM HABYAHHS €
aKTYyaJbHOI HAYKOBO-TIPHKIIATHOIO 32/1a4€HO0.
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st KOpeKTHOiI poOOTH aBTOMATH30BAaHOI HABYAJIBHOI CHUCTEMH, IO BHKOPHCTOBYE HEHPOHHI
MEpPEexKi, IK CHCTEMU JJIsi HABYaHHSI 1 BITHOBJICHHS 3HaHb, HEOOXITHO JOTPUMYBATUCh HACTYITHHUX MPABILI
[9]:

® CTPYKTypyBaTH 3HaHHS KOHKPETHOI TUCIUILUIIHY 3 BUIIJICHHSM MOHATH 1 BIJHOIIEHD MiXX HUMU;

e oOymyBaTH HEHPOHHI MepeXi IS BiToOpaskeHHS MOHATH TUCIUILTIHY 1 BIIHOIMIEHh MK HUMU,

® TIPOBECTH HABYAHHSA HEHPOHHOI Mepeki, TOOTO BU3HAYNUTH BaroBi KOe(ili€eHTH BiTHOMICHb MiXK
MOHSATTSIMU;

e CcTBOpUTH 0a3y NaHUX HAOOPIB MUTAHb IO OKPEMUX MOHATTAX TUCIUILTIHY.

MeTtow naHoi cTarTi € moOymoBa MOENi HaBYAIBHOI JUCTAHIIHHOI CUCTEMHM 13 3aCTOCYBAaHHSIM
HEHPOHHOI MEpexXi JUIs OpraHi3allii OCBITHROTO MPOIIECY, HAMPABJICHOTO Ha MaKCHMAaJIbHY aarTalliio
HaBYAIFHOTO KOHTEHTY BIiATIOBIJHO /M0 TIOTOYHUX IHAMBIIYyalbHUX XapaKTEPHUCTHK 3aCBOEHHS HOBHX
3HaHb CTYJICHTOM.

BukianeHHss OCHOBHOTO MaTepiany naocaimzkeHHs. [linx yac mpoBefCHHS aBTOMAaTH30BaHOTO
QJIaTITUBHOTO HABYAHHS BAXUIMBUM € BUPOOJICHHS «TaKTUKW» MOBEJIHKH MPOTPaMU B 3aJICXKHOCTI Bij
OTPHMaHMX MOTOYHMX BIJMOBiAEH cTyJeHTa. TOMY TOJOBHE 3aBJaHHS HABYAIBHOI CHCTEMH IOJISATAE Y
BU3HAUYCHHI JJI1 KOXHOTO CTYyJIEHTa IHJMBIIyaJbHOIO MOPSAKY BHUBYCHHs iH(OPMAIIHHUX OIMHHIIb
(xBanTiB iHpOpMarii, «unit of information») 3 MeTor0 3aCBOEHHS TEOPETHYHOTO KypCY B IJIOMY.

Bynemo 3actocoByBaTH HeipoMmepexxy ais TOOYIOBH IHAMBIAyalbHOI TpaeKTOpil HaBUaHHS
CTY/ICHTa, BUKOPHCTOBYIOUH MPH I[OMY B SIKOCTI BXiIHUX HapaMeTpiB MEpexXi pe3yJbTaTh TeCTOBOTO
KOHTPOJIIO0, TIPE/ICTaBlICHI BEKTOPOM XapaKTEPUCTHK, SIKi OMHCYIOTh PiBEHb 3aCBOEHHS iH(MOpMAamiiHUX
KBaHTIB.

Sk BimoMoO, HaBYaHHS HEHPOMEPEKi JOCATAETHCS MUITXOM HANAIITYBaHHS BaroBHX Koe(illi€HTIB
cuHarciB. 3a/yisl Ii€] METH 3aCTOCYEMO QJITOPUTM 3BOPOTHOTO MOIIUPEHHS TOMHIJIKH, OCHOBY SKOTO
cknanae uinboBa GyHkiis F , HeoOXigHa must eheKTHBHOI HEWPOHHO-MEPEKEBOI 0OPOOKH CHTHAIIB.
Hait0inpm 4acTo Ansi ONpPAIIOBAHHS BUXIJHOTO CHUTHATY BUKOPHUCTOBYIOTh TaK 3BaHY «CHUTMOTIHY»
(YHKIIIIO aKTHBALIIi:

F(x)=1/(Q+¢e ™). (3.1)
dopma curmoinHol (YHKIT JO3BOJISIE TIPEACTABIATH HEHPOH SK aJaNTHBHUHA MiJACHITIOBAY
CYMapHOT'O CHUTHANy, IO HAJXOJUTh HAa HOro BXoau. IIpu 1boMy CIAOKHH CHUTHAN IMiJCHIFOETHCS, a
CHTHAJl BUCOKOT'O PiBHS HE BIUIMBA€ HAa 3HW)KEHHS 4YyTJIMBOCTI HelipoHa. Kpim Toro, gynkmis (3.1) €
Oe3nepepBHO audepeHIiiioBaHO0, a 11 TepIia MoXiHa € MPOCTO (PYHKINEI BUXOTY:

f (x)=f(X)A-f(x), (3.2)
10 CTBOPIOE TIEBHI ITEpPEeBaru Mpu OOYNCICHHAX, B AKUX (irypyIOTh TOXi/IHi.
B 3aranpHOMY, aJanTHBHY TPA€KTOPi0 HaBYaHHS OyaeMO pO3IIIAIaTH sSK OaraTomapoBy MEpexy,
IO CKJIAJa€ThCsl 3 HEHPOHIB, PO3MIlIEHUX Ha pi3HUX piBHAX. KoxkeH piBeHb OyJie BiAMOBIIATH OKPEMOMY
YPOKY IIpH BUBUYEHHI JESIKOTO Kypcy. SIK BiZIOMO, Taka HaBYalbHA MOJENb Ha3MBAEThCS OaraTomapoBUM
nepcentponom [10] — puc. 1:

Pucynok 1 — HelipoHHa Mozienh HaBYaJIbHOT TPAEKTOPIT aJalITHBHOT CHCTEMU
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Ha Bxim HeHpoHHOI Mepexi IMogamMo HaByaiabHI iHMOpMAIiiiHI KBaHTH (BCTyIHE 3aHATTS),
eIIeMEeHTH SIKOT0 X, X,,..., X, OymyTb yTBOptoBaTu Matpuifo X . B sxocTi BaroBux koedimieHTiB W,

IHTEpIPETYEMO YMCIIOBI TapaMeTPU CTYACHTCHKHUX XapaKTEPUCTHK, IO BiAMOBIAAI0Th 3HAHHSAM BiJHOCHO
HaBYAJIBbHOTO €IIEMEHTa S , 00YHCIICHUM 33 Pe3yJIbTaATaAMU TECTOBOTO KOHTPOJIIO 3HAHb.
Ha Buxoni koxHOro HelipoHa OTpUMaeMoO BiINoBiAl Mepexi VY, Y,,..., ¥, , fAKi IpeIcTaBUMO

marpuriero Y . Boru OyayTh BiZoOpaxkaTd WMOBIPHOCTI TEpeXoay CTYJAEHTa Ha IHIIMHA YpPOK.
OO0uncnioUr Pi3HUIIO MK NPaBUIBHOIO (BH3HAYCHOI) HA OCHOBI 3aCTOCYBaHHS TECTOBOI BHOIpPKH
JaHWX) Ta pPEalbHOI0 BIiAMOBIIAIO CHUCTEMH, MH OTPUMAEMO BEKTOpP MOMWIKH. TOHi 3acTOCyBaHHS
ITOPUTMY 3BOPOTHOTO IIOLIMPEHHS I03BOJMTH OPraHi3yBaTH iTepauiiHHWN Npolec HaBYaHHA, SKUH 3a
BEKTOPOM TMOMMJIKM Oy/Ae BH3HAYaTH HEOOXigHI BUIpABICHHS IJIsi BaroBUX Koe(ilieHTIB HEHPOHHOI
MEpexi.

B HaBuanpHIi cucTeMi 1€ 1a€ MOXIIMBICTD TSI OKPEMOTO CTyJeHTa chOpMyBaTH HACTYITHUH yPOK,
SAKUH 3a0e3MeYnTh HOMY ITO/ajbllie YCIIIIHE BUBYEHHA MAHOI TEMH, TOOTO TMOOYAyBaTH BiAMOBIAHY
HaBUYAIbHY TPAEKTOPIIO JJIsl IBOTO CTyAeHTa (puc. 1).

TakuM YMHOM, KOXK€H HEUPOH Oy/eMO pO3TIsAfaTH SIK OKPEeMHH YpPOK, SKHHA 32 JOMOMOTOIO
CHHAIICIB 1 akcoHa Oy/ie 3B’si3aHU 3 IHIUMHU ypokamu. CuHaricu OyayTh SBISTH COOOIO BXiTHI 3B’ S3KH,
sKki OyayTh TOB’SI3yBaTH PO3TIIAAYBaHHH YpOK 3 BHUXOJAMH IOMEPEIHIX YPOKiB, a aKCOH — BUXITHHN
3B’S130K IIbOTO YPOKY, 3 JIOIIOMOTOIO SIKOTO BifOyBa€TbCsl MEpEHAIIPaBICHHS HAaBYAJIBHOIO INPOIECY Ha
IHmWA ypok (TOOTO Ha CHHAIICH HACTYNMHUX HeWpoHiB). KokHmii cuHamnc Oyne XapaKTepu3yBaTHCh

BEJMYHMHOIO CHHANITHYHOTO 3B’ 43Ky a00 Horo Baroro W; .

[Morounwmii cran HelipoHa Oy/e BU3HAYATHCH SIK 3arajibHa CyMa BCiX HOro BXOIiB:

n
S=) WX . (3.3)
i=1
Buxin HelipoHa npegcTaBuMo QyHKITIE HOro CTaHy :
Y =F(s). (3.4)

Tomi amanTWBHHWIT TpolleC BHBYEHHS eleMeHTa S Oyle TOoisraTd B alrOPUTMIYHOMY
KOPEKTYBaHHIO BaroBUX KOE(iI[iEHTIB CHHANITUYHUX 3B’ S3KiB KOXHOTO 3 HEWPOHIB, sKi O€pyTh y4acTh B
mpolieci HaBYaHHSA. B anroputMi 3BOPOTHOTO MOUIMPEHHS 1€ MOXKHA JOCATTH LUIIXOM MiHiMi3arlil
CepeIHLOKBA/IPATUYHOTO BIIXMICHHS OTPUMAHHX Pe3yJIbTaTIB BiJl IPAaBUIILHUX BiIIOBIJIEH.

3riJHO METOAy HAWMEHIIHMX KBaJpaTiB, BEIMYMHY MOXUOKH E Mik mpaBMIIBHOI0O 1 OTpUMaHOO
BiJIOBIISIMH MEPEeXi, OOUUCITIOIOTH 32 JOTIOMOT'OI0 CYMH KBaJIPaTiB BiIMTOBIAHUX Pi3HUIIG:

1
E(W):E%):(ygr\‘p)_dj,p)zi (35)

N . . N . . .
e y} p) — peasibHE BHUXiJHE 3HaUeHHS | -ro Helipony ypoky N mpu momaui Ha foro BXim p-ux
pe3yJIbTaTIB TECTYBaHHS;
di,p
Junst winedt miHiMizanii BUKOPUCTAEMO 3raJlaHUil BUIIE METOJ 3BOPOTHOTO TOIIMPEHHS MOMMUIIKH,
3TiJIHO 3 AKMM HaJIAIITYBaHHS BaroBUX KOSQIIiEHTIB Bi0YBa€EThCs 32 (HOpMyIIoro:

dE
dvvij

— IIpaBUJIBHC BI/IXiILHe 3HA4YCHHA IbOI'O HeﬁpOHy.

Aw, " =— , (3.6)
Ae W — BaroBuit Koe(illieHT CHHAIITUYHOTO 3B A3KY, AKUii 3’€anye | -uil Helipon ypoky (N—1) 3
j -uM HeMpoHOM ypoky N ;
71 — KoedilieHT MBUIKOCTI HaBUaHHs, npudomy 0< 7 <1.
Sk onucano B [11]:
dE  dE dy; ds;
dw, dy; ds; dw;

i

(3.7)

Y wiit popmyni mixg Y; po3yMmitoTh, SK i paHille BUXiA j-ro HEHPOHY, a S; — 3BaXKeHa Cyma BCiX
BX1JIHUX CHT'HAJIB (TOOTO apryMeHT (yHKIIIi aKTHBAIIii).
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BinbIn geTansHO po3TITHEMO MHOXHUKH Y opmyii (3.7).

dy.
Hpyruit MHOXKHUK L BUCTYIA€ TOXiTHOIO (YHKLIT aKTUBALii 1o ii apryMeHTy.
j
Toeriit ds j ) . (n-1)
peTiii MHOKHUK JOPIBHIOE 3HAYCHHIO BUXO/Y HEHPOHA MOIEPEAHBOIO YPOKY Y
Wij
o crocyeThes MEepLIOro MHOKHHKA B (3.7), TO HOTO MOKHA PO3KJIACTH HACTYITHUM YHHOM [11]:
dE dE dy, ds dE d
_ Z Yi OS¢ _ Z_ Yk Wgr’\kﬁ—l) . (3.8)
dy; dy, ds, dy;, dy, ds,

Tyt cymyBanHs 110 K BUKOHY€ETBCS cepet HelipoHiB ypoky (N+1) .
BgiBmm HOBY 3MiHHY

dE dy;
j(") = d_di , MH OTPUMA€EMO PEKYPCUBHY (OpPMYIY JUIS PO3PaxyHKIB BETHYHMHU 51@ YPOKY
Yi G5
N 3 BEJIUNYHHU 5k(n+1) OinbIn «ctapmioro» ypoky (N+1):
dy.
50— {z SO }_dy, | 39)
k S;
s BUXiTHOTO YPOKY, 111 hopMyIa HaOy e BUTIISAY:
dy,
() _| y(N) i
s =yt —dj]I. (3.10)
i

Tenep moxna 3anucati (3.6) B pO3KpUTOMY BUTJIISII:
n n n-1
Aw, ™ =5 yinD. (3.11)

TakuM 9MHOM, B 3arajJbHOMY, aJITOPUTM AJaNTHBHOTO HAaBYAHHS 3 BHKOPUCTAHHSAM IPOLEAYPH
3BOPOTHOTO MOIIUPEHHS OYJe CKIIAAaTUCS 3 HACTYITHUX KPOKIB:

1. ITicast BUBYEHHSI IEBHOTO YpPOKY (TEMH) CTYACHTY HEOOXiJTHO TMPOWTH BIAMOBIIHUHA TECTOBUH
KOHTPOJb. 3a pe3ysibTaTaMu TeCTy (OPMYETHCS BEKTOP CTYACHTCHKHX I[apaMeTpiB, IO BigoOpaxkae
piBEHb 3aCBOEHHSI HOBUX 3HaHb, SIKWH TOJA€ThCS Ha BXiJ HelpoHa. Ha BuXoai oTprMaemMo pes3ynbTaTu
BignoBizi. [Ipudomy, pe3ynbTar mepeBipkd 3acBOEHHS N-ro ypoky Oyne BH3HawaTuch 3rimHo (3.3) sk
3arajibHa CyMa BCIX BUXO/IIB HEHpOHA :

M
(m _ n-1)a, (M)
si” =2y Pw ™,
i~0

ne M — xinbkicTs Heliponis B ypoui (N—1).

"D = x.™ _ i uii bxix -ro neiipona ypoky N.

y?”) =f (Sj(n)) ,me T () — curmoin Burmsmy (3.1).

yéo) =1,, ne |, — q-ta xomMnoHeHTa BXiTHOrO BeKTOpA.

2. O6uncmoemo 0™ st BuXigHOIO ypoky 3a dopmyioio (3.10) Ta 3miny Bar AW™ ypoky N 3a
dbopmyioro (3.11).

3. O6uncmoemo 3a popmynamu (3.9) i (3.11) Bignosigo O ™3 AW™ s Beix iHmmx YPOKIB
n=N-1,...,1.

4. [TinkopeKkTOBYEMO BCi Barv B HEHPOHHIN Mepexi:

\Nij(n) t)= \Nij(n) t-+ A\Nij(n) (t).
5. SIk1o moMuIIKa JIOCUTh CYyTTEBRA, IEPEUTH Ha KpoK 1. B iHIIOMY BUMAAKy — KiHEllb.
CJ1i1 3a3HAYMTH, 110 B 3AIGKHOCTI BiJl 3HAYCHHS TOXHOKK O CTyaeHT Gy/ie nepeHanpaBieHuii Ha

pi3Hi eTany BUBYCHHS HE3aCBOEHOTO YPOKY (pHC. 2).
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HaByvanbHui Fonm
YPOK 3acBO€EHa
A
[Moxubka
v mana
2;?:5;2,}_‘(; .| 3acTocysaHHA Bianosiab P03DaXYH0‘K$
matepiany (Tecr) MEPEXI Mepexi MoxubKu
A
[Moxubka
Benuka
HanawTyBaHHA
BaroBux <
KoedilieHTie

PucyHnok 2 — 3aranbHa cxeMa HaBYaHHS 3 BAKOPUCTAHHSIM HPOIIEAYPU 3BOPOTHOTO TIOIIUPEHHS

3po3yMiJio, IO KOPEryBaHHS BaroBUX Koe(illi€eHTIB Moxke BiAOyBaTHCS TiIIBKM Ha OCHOBI
iHpopMallii, sKa JOCTyMHa HEHPOHY, TOOTO MOTOYHOTO CTaHy HEHpOHA Ta Hamepe] 3aJaHOK MaTPULCIO
BaroBux koegirieHTiB. ToMy epeKTHBHICTh OMMMCAHOTO HABYAHHS MPSMO 3AIEKHUTH BiJl KUTBKOCTI YPOKIB
y HaBUAIBHIW BHOIpIIi, SKOCTI TECTOBOTO MiAOOpY MUTaHb IS MEPEBIPKH, a TAKOXK Bifl TOTO, HACKUTBKA
BOHH ITOBHO ONKCYIOTh BIAMOBIAHY TEMY.

Crig BiAMITHTH, IO ONMCAHWHA aNTOPHTM 3BOPOTHOTO TOIIMPEHHS TIOMHUIIKH Ma€ i PSI CYTTEBUX
HEJONIKiB, TIOB’S3aHUX 3 MOXIUBICTIO HACTaHHS «Mapajlidy» HEHPOHHOI Mepexi, KO Barosi
KOeQIIIEHTH TiJ] YaC HaBYaHHSI MOXYTh HAOYTH JIOCUTh BEJIMKHMX YU BiJl’EMHUX 3HaUCHb. TaK0X MOXKIIUBI
BUTIAJIK BUHWUKHEHHS 3aI[MKJICHHS HaBUaHHA, SIKIIO Oy/ae 3HaWJeHWH He JIOKaJbHHUH, a TI00anbHUi
MiHIMYM I11b0BOT (yHKIIIT (IepeHanpaBIeHHs] HABYaHHS [PU [[bOMY Oyje BiZOyBaTHCS Ha TOW camMuit
KPOK).

VY 3B’3Ky 3 MM CBhOTO/IHI pO3p0o0JIeHO psia MoaH(iKaliil JaHOTO aNTOpUTMY, SIKi JAIOTh 3MOTY
YIOCKOHAJIUTH WOTO MUIIXOM 3MiHM (DYHKII] akTHBallii, BAOOPY MpaBWII KOPEKIIii BaroBux KoedimieHTIB
Ta iHme. lle crane mpenMeToM MOMANBIITNX JOCHTIIKEHb.

BucHoBku. Y cyuacHMX aBTOMAaTH30BaHHMX KOMIT'IOTEpPHHX CHUCTEMax HEWpOMEpexi, 3aBIsSKH
BJIACTHUBOCTI «HABUaTHCS» Ta 37aTHOCTI JI0 HAKOMWYEHHS IHQopMamii mpo mnepedir HaBYaHHS,
JTO3BOJISIIOTH  3a0€3MEYNUTH  YCIIIIHY TOOYJOBY aJaNnTUBHUX OCBITHIX TPAaeKTOpid Ta eQeKTUBHY
opraHizaliro TUCTaHI[IHHUX KypCiB 3 BAKOPHCTAHHSM BIIKPUTUX KOMYHIKAI[IHUX TUIATPOPM.

B po6oTi po3pobiieHo HelpoMepekeBy MOJIeib TOOYI0BH 1HIMBIIyalIbHOI TPAEKTOPIT HABYAHHS, B
AKiH KO)KEH HEWpOH PO3IIIAHAETHCS SK IEBHUH YPOK, a HaBYAJBHHUH MpPOLEC NPEJICTABICHO SK PyX
CTylIleHTa TI0 OKpeMHX Yypokax. [Ipm 1poMy IS HaBYaHHS MEpeXi BHKOPHCTOBYETHCS alTOPHUTM
3BOPOTHOTO TIONIMPECHHSI TOMMJIKH, SKHH HUISXOM KODPEKIii BaroBux KOEQIili€HTIB HAJIANITOBYE
CHHANTUYHI 3B’S3KM KO)KHOTO 3 HEHPOHIB.

[TepeBaroro 3ampoNOHOBAHOT MOJENI € MOXJIMBICTh B MPOLECi HABYAHHS JOCATHEHHS MOTPiOHOT
TOYHOCTI PO3paxyHKIB 3a paXxyHOK MiHiMi3alii MOXUOKH MiXK TPaBHJIBHOIO Ta PEATBHOIO BIMOBIIIIO
Mepexi. Takok Taka CTPYKTypa XapaKTepH3YEThCs YHIBEPCAIBHICTIO MI0/I0 BUOOPY MpeAMeTHOT 001acTi,
TOOTO HaBYeHA HeHpomepexa s OAHI€] AMCIMIUIIHE MOKe OyTH IMIBHAKO aJanToBaHa JUIS IHIIUX
HaBYAIBHUX NPEIMETIB Ta KYPCiB.

3acTocyBaHHS OMUCAHOI TEXHOJIOTIT JI03BOJISE MiJABUIIUTH SKICTh HABYAJBHUX CHUCTEM 3a PaXyHOK
BUCOKOT LIBHJIKOJIi ONpAIlOBaHHS PE3yJbTaTiB MOTOYHOTO PIBHS 3aCBOEHHS HOBMX 3HAHb CTYIEHTOM Ta
3a0e3MeyeHHs] IHTEPaKTHBHOCTI B TMPOIECI OpraHizaimii IUCTAHIIHHOTO aJanTHBHOTO HABYAJILHOTO
npoIiecy.
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MPOTHO3YBAHHS TPA®IKY KOPIIOPATUBHOI MEPEXKI I3 3ACTOCYBAHHSIM
IITYYHUX HEWPOHHUX MEPEX

Ko3ak €.b. IIpornozyBanns Tpadiky KopnopaTuBHOI Mepe:ki i3 3acTOCYyBaHHAM IUTYYHUX HelipOHHHMX Mepex.)
cmammi QOCHIOJNCEHO NPOSHO3Y8AHHS MPAQDIKY KOPNOPAMUBHOT Mepedci I3 3ACMOCYSAHHAM WIMYYHUX HEUPOHHUX MepeiC.
Hageoeno mooens, sxa 30amua aunanizyeamu ma npocnosysamu Inmepnem-mpagix uepesz IP-mepedici winsixom nOPIGHAHHS
O0esKUX HAGUALHUX ANl2OPUMMI6 i3 6UKOPUCMAHHAM CIMAMUCIMUYHUX Kpumepiig. Busnaueno icmopuuny ckiadogy cmano6ieHHs
ma po3eumKy CKIAOHUX CUCHeM, Mmd 3anpONnoHOBAHO NOHAMMS Mmepedcesoco mpagiky. Haconoweno, wo netiponni mepedici
VCHIUWHO 8UKOPUCOBYIOMbCA OISl MOOENI0BAHHS CKAAOHUX HENIHIIHUX CUCTeM Mma NPOSHO3YEAHHSA CUSHANIG OISl WUPOKO20 KOd
iHoKCeHepHUX 3acmocy8anb. Bonu € 00Hi€l0 3 HAUKpawux anbmepHamus 01 MOOeNt08aAHHA MA NPOSHO3Y8AHHA NaApaMempis
mpagiKy, MONMCIUBO MOMY, WO BOHU MONCYMb ANPOKCUMYBAMU Matidce 0y0b-AKY QVHKYII0 He3aNeHCHO 6i0 CMyneHs He
JIHIHOCMI ma 6e3 nonepeoHb02o 3HAHHA il QyHKYIOHANBbHOI hopmu. Po3pobreno modenv HellpoHHOT Mepedci i3 NO3HAYEHHAM
OCHOBHUX 6X00i8 ma 6uxody. Y cmammi 3anPoNOHOGAHO 0Nl NPOSHO3Y8AHHA MPAQIKy KOPHopamusHoi mepesici
suUKOpucmosgysamu 6a2amowaposuli nepcenmpoHr Ha 0OCHO8L Memooy 360pomHo2o nowupents. Hasedeno onuc oanozo memooy,
tioco ocobnusocmi ma OcHOGHI aneopummu Hasyauns. IliOkpecneno, wo anrcopumm 360pOMHO20 NOWIUPEHHS NOMUIKU
BUKOPUCMOBYE 2padieHmu QyHKYil akmusayii Helponie, wob NosepHymu NOXUOKY, KA GUMIPIOEMbC HA GUXOOI HEUPOHHOT
Mepeoxci, 1 obyucaiumu padieHmu GUXIOHOI NOMUIKU MO KOJXCHIU 6a3i 8 mepedci. 3anponoHo8ano MamemMamuyny cKiaoosy
KOJCHO20 3 ONUCAHUX ANI2OPUMMIE HABYAHHA WMYUHOI HEeUPOHHOI Mepedci 3 NOPIGHAHHAM V 0i€6oCcmi Ma NPoOYKMUEHOCHIL.
Haseodeno cnocobu obuucnenns xoncmanmu, ki 8i0pizHsc pisHi eepcii cnpsidcenozo epadienma. Ilponomwyemuvcs Haseoeny
MoOenb 3 BUKOPUCMAHHAM 080X aneopummis Jlegenbepe Mapxeapom ma anzopummy eiacmuiHo20 360POMHO20 NOUWUPEHHS
sacmocosgysamu 015 i0enmuixkayii ma ynpasninus [nmepnem-mpagixom xopnopamusHoi mepedxci ma Kk QyHOaMeHmanbHutl
iHCmpyMeHm OJisk npocHO3Y8anHs InmepHem-mpagiKy KOpRopamueHoi Mepexci Ha y PIHUX RPOMINCKAX Yac).

Kntouosi cnosa: xopnopamusna mepedica, inmeprem, mpagix, wmyyHa HeupoHHa mepedica, nepeoaid naKemis.

Kozak Y. Prediction of corporate network traffic using artificial neural networks. The article investigates the
forecasting of corporate network traffic with the use of artificial neural networks. A model that is able to analyze and predict
Internet traffic over IP networks by comparing some training algorithms using statistical criteria is presented. The historical
component of formation and development of complex systems is determined, and the concept of network traffic is offered. It is
emphasized that neural networks are successfully used for modeling complex nonlinear systems and signal prediction for a wide
range of engineering applications. They are one of the best alternatives for modeling and predicting traffic parameters, possibly
because they can approximate almost any function regardless of the degree of nonlinearity and without prior knowledge of its
functional form. A neural network model with the designation of the main inputs and outputs has been developed. The article
proposes to use a multilayer perceptron based on the backpropagation method to predict corporate network traffic. The
description of this method, its features and basic algorithms of training are given. It is emphasized that the inverse error
propagation algorithm uses the gradients of the neuron activation functions to return the error measured at the output of the
neural network and to calculate the gradients of the original error for each weight in the network. The mathematical component
of each of the described algorithms of training of an artificial neural network with comparison in efficiency and productivity is
offered. Methods for calculating the constant that distinguish different versions of the conjugate gradient are given. It is
proposed to use this model using two Levenberg Marquardt algorithms and the elastic backpropagation algorithm to identify and
manage corporate Internet traffic and as a fundamental tool for forecasting corporate Internet traffic at different intervals.

Key words: corporate network, internet, traffic, artificial neural network, packet transmission.

IlocTanoBka nmpodaemu. CxianHi Mepexi, Ha CbOTOHI, € HaiOLIbII 0OrOBOPIOBAHOIO TEMOIO.
CknasiHi Mepexi, 1le Mepexi, 0 XapaKTepu3yloTh 0araTo MPUPOJHHUX Ta MITYYHHX CHUCTEM, TaKHX SIK
IHTepHeT, aBiaTpaHCIOPTHI CUCTEMH, 1H(pACTPYKTypa E€HEpreTHYHUX Mepex Ta BcecBiTHs maByTHHA.
Hiiicno, mozxemoBanHs Tpadiky € QyHIaMEHTAILHUM JJIsl OLIHKK MPOAYKTUBHOCTI MEPEXi Ta pO3POOKHU
CXEMH YIPABIIHHS MEPEKEI0, 0 € BUPIMIAJbHUM ISl YCHiXy BHUCOKOIIBUAKICHUX Mepex. OcTaHHIN
(daKkT MOSICHIOETBCS THM, IO TPOIMYCKHA 3JaTHICTh MepekeBoro Tpadiky JOMOMOXKE KOXHOMY BeO-
MaicTpy ONTHMIi3yBaTH CBili BeO-caiiT, MakCHMi3yBaTh KOHBepcCii B IHTepHeTi Ta BECTH BiJCTEKEHHS
KaMIaHii, [0 MPOMyCcKHOi 31aTHOCTI. KpiM TOro, MOHITOpPHUHT €(pEeKTHBHOCTI Ta MPOAYKTUBHOCTI IP-
MepeX Ha OCHOBI TOYHHMX Ta BJIOCKOHAJIIEHMX BHMIPIOBaHb TpadiKy € Ba)KIUBOIO TEMOK, B SKii
JIOCHIJDKEHHSI TIOBUHHI BHBYUTH HOBY CXEMYy MOHITOPHHTY MepekeBoro Tpadiky, Ui IiJBHIICHHS
epexTBHOCTI (yHKUiOHYBaHHS. OTXE, aKTyaJbHOIO € MOJAETb PyXy 3 NPOCTUM BHPa3oM, fKa 37aTHa
TOYHO (IKCYBATH CTATUCTHYHI XaPaKTEPUCTHUKH (PAKTUIHOTO MEPEKEBOTO TpadikKy.

AHaJi3 ocTaHHIX JochaifkeHb i myOJikamiii. 3acTocyBaHHA MITYYHHX HEHPOHHUX MEPEX, K
NPIOPUTETHOTO Ta aKTYaJIbHOTO HAIPSAMKY CHOTOJICHHS Ha CTOPIHKaX CBOIX Hpalb PO3MIIAAaIO YUMAJIO SIK
3apyObKHUX Tak 1 BiTum3HAHMX BueHHX. A. B. CoOuyk ta 1O. 1. OnmimmieBa [1] po3kpwim nutaHHS
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3aCcTOCYBaHHS HelipoMepex 1isl 3a0e3neueHHs (QyHKLIIOHANBHOI CTIMKOCTI BUpoOHMYMX mporecis. E. M.
boma [2] mpoanamizyBaB iCHYIOYI MIiAXOAM Ta METOAM IMPOTHO3YBaHHS CTaHy TENEKOMYHIKaIliitHOT
MEpexXi, pO3TMSHYB 3aBJaHHSA CHCTEMH YIPABIIHHA TEICKOMYHIKAIIHHOIO Mepexer. MeTomuky
IHTEeNeKTyallbHOI ifeHTUdiKalil Ta MporHo3yBaHHS Tpadiky B iHPOPMALIHHHMX TeIeKOMYHIKaliiHUX
MepeKax, sika CKIAJaeThCs 3 BU3HAYEHHs po3MipHOCTeH Mozeneil Tpadiky, a TakoXK HOro imeHTudikarii
Ta MIPOTHO3YBAaHHS 3 BUKOPUCTAHHSIM CHCTEM IITYYHOT'O 1HTENEKTY, OOIPYHTYBaHHS CTPYKTYpH MoOJesIel
Ta KOMITO3HMIIII METO/IIB TJI00aapHOI 1 JoKanbHOT onTuMmisarliii 3anpononysana O. B. I'epacina [3]. 1. O.
Kykosceka Ta B. 5. BopomaeBa [4] 3anpomoHyBali METOA NPOTHO3YyBaHHS TeNEKOMYHIKamiiHOTO
Tpadiky 3a JOITOMOTOI0 HEHPOHHUX MEpEX 3 BUKOPHCTAHHIM HeINHIHHOI aBTOperpeciiHoi Mojeni, 1o
JI03BOJISIE OTPUMATH MPOTHO3HE 3HAYCHHS MEPiOiB iICTOTHUX 3MiH YaCTKOBOT'O CITiBBiTHOLIEHHS TpadikiB
PI3HUX THMIB JUIA MOJAIBIIOTO BUKOPHCTaHHSA IMpPH JUHAMIYHOMY PO3MOAUII MPOMYCKHOI 34aTHOCTI
CYIyTHAKOBOTO KaHAITy 3B'SI3Ky. Y po0OTi [5] 3ampornoHOBaHO BHKOPHCTOBYBATH HEMPOHHY MEPEXY Y
IHTEJIEKTYaIbHOMY aJITOPUTMi OaraTOKpHTEpialbHOTO BEpTHUKAIBHOTO XeHnoBepy. llicms crBopeHHs
nporpaMHoro abo amapaTHOTO pillleHHs HEHpOHHOI Mepeki HeOoOXiJHO CTBOPUTH MaTeMaTHYHY MOAETb
Ta BUKOHATH HaBYaHHA Mepexi. [IpomoHoBaHa y maniii poOOTI HEMpOHHA MepeXka IMPENCTaBIsIe COO0I0
Oararomaposwuii neprentpoH. [IpoBeneHo MoxenroBaHHS poOOTH HEHPOHHOI Mepexi y mporpami Matlab.

I3 3apyOiKHUX aBTOpIB BapTO Big3Ha4MTH Taki podotu sk: A. S. Mul-la, B. T. Jadhav [6], B.
Tran, S. Picek, B. Xue [7], Keller, J., Liu, D. and Foge, D. [8], T. Hamed, J. B. Ernst, S. C. Kremer [9],
N. Mokari, P. Haji-pour, L. Mohammadi et al. [10], C. Kolias, A. Stavrou, J. Voas, |. Bojanova, R. Kuhn
[11] Ta iHmi.

[Ipote, BpaxoByOYM ONMHUCaHI HAyKOBI HAOYTKH, 3a TEMOI, NMUTaHHsS MPOTHO3YBaHHS Tpadiky
KOPIIOPaTHBHOI MEpEeXi 13 3aCTOCYBaHHSAM IUTYYHUX HEHPOHHMX MEPEX 3aJMINAETHCS BIAKPUTUM Ta
notpedye AeTaabHOrO ONPaLOBAHHS.

IMocTanoBKka 3aBaaHHsl. PO3KPUTH NPUHIMITKN TPOTHO3YBaHHS TpadiKy KOPHOPATUBHOI Mepexi
13 3aCTOCYBaHHSM IITYYHUX HEHPOHHUX MEpPEeX Ha OCHOBI 0araToIapoBOro NEPCenTpOHa I BUSBICHHS
Ta po3poOKH MoOpemi, sSKa 3/aTHa aHaJi3yBaTH Ta MPOrHO3yBaTH IHTepHeT-Tpadik uepe3 [P-mepexi
HUISIXOM MOPIBHSIHHS IESKUX HABYAIBHUX aJITOPUTMIB i3 BUKOPUCTAHHIM CTATUCTHYHUX KPUTEPIiB.

BukiaaneHHss oCHOBHOro Martepiaiay gociimxennsi. 3 1950-x pokiB Oyno po3pobiaeHo Gararo
MOJIeJIeH TSl BUBUCHHS CKJIATHUX SIBUII MEPEXEBOTO TPadiKy, AKi 3 KOXKHIM POKOM MaciITabyBanucs Ta
BUXOJIMIIA Ha HOBUH piBeHb [12]. HeoOXigHICTh TOYHOTO IMPOTHO3YBAaHHS MapaMeTpiB Tpadiky Bke JaBHO
BH3HAHA y HAyKOBi# miteparypi [13].

OCHOBHOIO MOTHBALII€I0 TYT € OTPUMAHHS KpAIIOTO PO3YMIHHS XapaKTEPUCTHK MEPEKEBOTIO
Tpadiky. OqHUM i3 MiAXOMIB, 0 BUKOPUCTOBYETHCS ISl PO ITAKTUYHOTO KOHTPOJIIO, € IIPOTrHO3yBAaHHS
HaOmmxIoro MalOyTHROro Tpadiky B Mepexi, a MOTIM BXKHTTS BIAMOBIIHUX Jii, TAKUX SIK KOHTPOIb
po3mipiB OydepiB. Kinbka poOiT, po3poOiieHuX y JiTeparypi, 3alliKaBJIeHI Yy BHPIIICHHI MNpoOiIeMu
MiIBUIIEHHS e()eKTUBHOCTI Ta pPEe3yJNbTaTUBHOCTI MOHITOPHHTY MEpEXKEBOro Tpadiky IUITXOM
MONIEPEITHBOTO  MPOTHO3YBaHHA TOTOKY TMAaKeTiB JaHuX. ToMy, TO4YHa MOJENb NPOTHO3yBaHHS
MEpPEeKEBOr0 pPyXy TOBMHHA MAaTH MOJMJIMBICTH (IKCyBaTH OCHOBHI TapamMeTpH pyxy, HalpUKiIaj
KOPOTKO- Ta JalleK03aJIeKHICTh, CAMOMOIOHICTh ¥ BEIMKOMY MacmTadi Ta MyJIbTH(PAKTAIl y MaJOMY.
Ha cporoasni, BpaxoByro4YrM HayKOBi 3/100yTKH, 3aIIpONIOHOBAHO KiIbKa CXEM IMPOTHO3YBaHHS Tpadiky
kopropatuBHoi Mepexi [14]. Cepen 3ampONOHOBAHKMX CXEM MPOTHO3YBAHHS HAWOIIBIIT MEPCIIEKTHBHUMHI
€ CXeMH, 3aCHOBaHI Ha HeHpoMmepexaX, OCKUIbKH HEHpOHHI Mepexi MPOJeMOHCTPYBAIX OUTBII HiXK
MPUHHATHY TPOAYKTUBHICTB 13 BITHOCHO ITPOCTOIO apXiTEKTYypPOIO B PI3HUX 0ONACTSX.

HefiponHi Mepexi yCHIITHO BUKOPUCTOBYIOTHCS JIJISi MOZCIIOBAHHS CKJIQJHUX HEJIHIHHUX
CHCTEM Ta MPOTHO3YBAaHHS CHUTHANIB JUIsI IIMPOKOTO KOJa iHKEHEPHHX 3aCTOCYBaHb. BOHU € ofHi€IO 3
HalKpalnux aJbTepHATUB Ui MOAEIOBAHHS Ta MPOrHO3YBAaHHS HapameTpiB Tpadiky, MOXKIUBO TOMY,
10 BOHM MOXYTh allpOKCUMYBAaTH Maiike Oy/ab-sKy (DYHKIIiI0 HE3aJIe)KHO Bijl CTYICHs HE JIHIHHOCTI Ta
0e3 mornepeHpOro 3HaHHS 11 PYHKIIOHATBEHOT (popMH.

Ty4ni HeflpoHHI Mepexi — 1e a0CcTpaKkTHE MPEACTAaBICHHS PeaibHOI HEPBOBOI CHCTEMH, IO
CKJIaJaeThCs 3 HA0OPY HEHPOHHUX OAMHUIIb, 3’ €AHAHMX MIX COOOIO 3a JOIIOMOIOI0 aKCOHOBHUX 3B’SI3KiB,
SIKi {y’Ke CXO’Ki Ha JEHIPUTH Ta aKCOHU B Gi0JIOTIYHMX HEPBOBUX crcTeMax [15].

Kpim Toro, mTy4Hi HEHpPOHHI MEpexi — 11e BEJIMKUH KIlac apXiTeKTypH mapajielnbHol 00poOKH, sKa
MOJKe iMITyBaTu CKJaJIHI Ta HEJiHiIMHI MpPOLECOpH, W0 Ha3MBalOThCs HelWpoHamu. llITydni HeipoHHI
MEpEexi, K arpoKCUMAaTOp (QYHKIIT, KOPHUCHUH, OCKITBKM BIH MOXE HaOMU3UTH OakaHy TOBEMIHKY 0e3
HEOoOXiZIHOCTI BKasyBaTu TeBHY (QyHKIi0. Lle € Bemukow mepeBaroio ITYYHUX HEHPOHHUX MEpPEex
NOPIBHSIHO 3 0araTOBUMIpPHOIO CTATHCTHKOW. Taki Mepeki MOKHa HaBUMTH JOCSTTH, 3 IIEBHOTO BXOIY,
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KOHKPETHOTO WiIbOBOTO PE3YNIbTaTy, BUKOPUCTOBYIOUHM BIiATOBIAHUI METOA HaBYaHHS, MOKH BUXi[J
Mepexi He BimmoBimae 1um. KpiM Toro, HelpoHHI Mepeki HAaBYAIOTBHCS JOCBIIOM, KOJH JO MEpPexki
3aCTOCOBYETHCSA HEBIIOMUI BXij, BiH MOke OyTH y3araJlbHEHUI 3 MUHYJIHM JOCBIZOM 1 OyZie CTBOpeHHA
HOBUH pe3yibTar.

CrpykTypa mTy4HOI HEHPOHHOT Mepexi JepeBonoaiOHa, BOHA CKIANAEThCS 3: BXIAHOTO IIapy,
BUXIIHOTO IMapy Ta MPOMDKHOTO NPUXOBAHOTO IIapy 3 BiAmoBigHWMH HeWpoHamu. KoxeH mrap
3'eIHAHMI 3 HACTYITHHM IIapoM HEHPOHOM, IO MOPOKY€E BEUKY KiJIbKICTh 3B'A3KiB. KoxkHe 3'eqHaHHS
Mae Bary, MoB'si3aHy 3 UM 3’ €qHaHHAM. [[prxoBaHuil piBeHb HaBYA€THCS 3a0e3MeuyBaTH MOAaHHS JaHUX
JUTSE BXOAIB. Buxin HelipoHa B IPUXOBaHOMY 200 BHXIAHOMY Iapi OOYHCITIOETHCS MUIIXOM 3aCTOCYBaHHS
¢GyHKIT akTHBaMii 10 3BaXXCHOI CyMHU BXIJHUX JaHUX JO I[boro Heipona (puc. 1). CrouaTky Moneib
ITYyYHOI HEHPOHHOI Mepeki MOBHHHa OYyTH «HABYEHA», BHUKOPUCTOBYIOYM BHIAIKH 3 BIIOMHUMH
pe3ynpTaTaMH, a TOTIM BOHa OyJe KOPUTYBaTH 3BXYBAHHS DPI3HUX BXIHAX 3MIHHHX 3 4YacOM I
YTOYHEHHSI BUXITHUX AaHuX. J[aHi mepeBipKH BUKOPUCTOBYIOTHCS U OLIHKH €(EeKTUBHOCTI MO
MEpexi.

Wy

Win

>
QD

Pucynok 1 — Mopens HeHpoHHOT Mepexi

Hnst  mporHo3yBaHHA Tpadiky KOPIOpAaTHBHOI Mepexi MPONOHYEThCS BHUKOPHCTOBYBATH
OararomrapoBHuii IEpCENTPOH Ha OCHOBI METO/Iy 3BOPOTHOTO MOIIMPEHHs. bararomapoBuii nepcentpoH €
HaWOUIBII YacTO BHKOPUCTOBYBAHOKO TEXHIKOID HEHPOHHMX MEpeX, IO J03BOJISE BHKOHYBATH
Halpi3HOMaHITHIII mporpamu. IneHTHdikalis HEMPOHHHX Mepex 3 OaraTomapoBUM NEpPIENTPOHOM
BUMarae JIBOX THIIIB eTariB. [lepiuii — 1ie BU3HAYEHHS CTPYKTYpH Mepexi. BurnpoOyBaHo pi3Hi Mepexi 3
NPUXOBaHUM OJHHMM IIapoM, i (YHKII€IO aKTHBalii, SKa BUKOPUCTOBYETHCS B IIbOMY JAOCIiIKEHHI, €
CUTMOBHJIHA (QYHKIIisI, IO OMUCYETHCS SIK:

1

fe) = 1+ exp(—x)

Hpyruii etamn — izenTudikaiis napamerpis.

HaBuanHs Mepeski MOXKHA PO3IIISAATH K TpoOsieMy HaOIKeHHs QYHKII, IpH sIKii mapameTpu
Mepexki KOPUTYIOThCS i1 Yac HaBUaHHS, HAMAaralouich MiHiMi3yBaTH (ONITHMI3yBaTH) GYHKIIIIO TIOMIIIOK
MK MEpEXEeBUM BHXOJOM Ta OakaHUM BUXOJOM. [ITuTaHHS anropuTMy HaBUaHHA € JYXKE Ba>KIMBUM IS
OararomapoBoro nepuentpoHy. binburicTs 100pe BiJOMUX aNrOpUTMiB HAaBYAHHS HEHPOHHOI Mepexi
0a3yloThCsl Ha peallbHUX TpallieHTHUX oOumcieHHsX. Cepel HUX HAWOUIBII MOMYJISAPHHM Ta HIMPOKO
BUKOPUCTOBYBAaHHM aJTOPUTMOM HaBUYaHHS € 3BOPOTHE MOIIUPEHHA. METoja 3BOPOTHOTO MOIIMPEHHS
MIOMMJIKH, TaKOXX BIZIOMHIA SIK aJTOPUTM PO3IOBCIOPKEHHS TOMMIIOK, 3aCHOBAaHUM Ha MPaBHJIl HABYAHHS
HITYYHOT HEWPOHHOT MEpexi.
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ANTOpPUTM 3BOPOTHOTO TMOIIMPSHHS IOMIJIKH BHKOPHUCTOBYE TpafieHTH (YHKIN akTUBAIli
HEHpOHIB, MO0 MOBEPHYTH MOXHMOKY, SKa BUMIPIOETHCA HAa BUXOJII HEHPOHHOI Mepexi, 1 00YMCcInuTH
TPagi€HTH BHXIAHOT MOMMJIKH O KOXKHIM Bazi B Mepexki. 3roIoM IIi TPaJi€eHTH BUKOPHUCTOBYIOTHCS AJIS
OHOBJICHHS Bar LITYYHOI HEHPOHHOT MEPEXKi.

CranmapTHUl HaBYANBHUA MPOIEC aNTOPUTMY PO3MOBCIODKEHHS TIOMWJIOK MOXe OyTh
peairizoBaHUH NUIIXOM MiHIMIZamii GyHKIIT moMuinok E, sika BU3HaYa€eThCS AK:

p Num p
_ M 2 _
E= Z Z(yj,p —tip) = Z Ey
p=1j=1 p=1

ne y}"’; — tjp — KBaJpaTU4YHA Pi3HULA MiX (aKTUYHAM BUXIJHMM 3HA4Y€HHAM Ha HEHPOHi j-ro
BUXITHOTO IIapy Ui Ma0JIOHY P Ta IIIbOBUM BHXITHAM 3HadeHHsAM. CKamsap P € iHIEeKCOM Haj mapaMu
BX1-BUXiA. 3arajJpHOI0 METOI0 HaBUAHHS € IOLIYK ONTHMAaJbHOIO HaOOpy Bar 3'€JHaHb TAaKUM YHHOM,
100 TOMWJIKH BUXITHHX JaHUX MEPEeXi Oy/r MiHIMi30BaHi.

Hns cnpomenHs: (GOpMYJIIOBaHHS PiBHAHB HeXail W € n-MipHHUM BaroBUM BEKTOPOM YCiX Bar
3'eqHaHb Ta 3CYBiB. BiAMOBiqHO, piBHSIHHA OHOBJICHHS Bar sl Oy/Ib-SKOTO HABYAIHHOTO AITOPUTMY Ma€
iTepaniitny ¢opmy. Y KOXKHIH iTepalii CHHANTHUYHI Bard 3MIHIOIOTHCS y TPOTHIIC)KHOMY HANpPSMKY JI0
rpazaieHTa GyHKIT BUTpAT.

st oGunceHHs rpafieHTa Ui ABOX BUIAJKIB 3aCTOCOBYETHCS allTOPUTM MOIIUPEHHS TIOMUIOK,
110 MiJACYMOBY€ThCSI HACTYIIHUM YHHOM

ne w(k) = (Wl k), ... ... ..,Wn(k))T — BEKTOp BarW B Kk ireparisx, n — KiJIbKiCTh CHHAIITHYHHX
3'eqHaHbP Mepexi, Kk — iHIeKC iTepalliil, @, — [e MBUAKICT, HABYAHHS, KA PETYIIOE PO3MIip TpajieHTa
KPOKY, a dj — HalpsIMOK HOLIYKY, SIKUH 337J0BOJIbHSIE YMOBI CITYCKY.

Hanpsim crrycky 3acHoBaHM Ha MiHIMi3alii QyHKIIT MOMWIKH, a came d = —g,,

O OE r -
e gw(k) :( /6W1(k)"" ey /awn(k)) — TPaJi€HT PO3PaxXyHKOBOI MOXHWOKH B W.

[IpoTtsiroM ycporo HaBYaHHS 31 CTAaHJAPTHUM CITYCKOM IIBHJIKICTh HABYAHHS 3aJIMIIAETHCS HE3MIHHOIO,
II0 POOUTH AITOPUTM JIy)K€ UyTIIMBUM J0 HAJIEKHOTO BCTAHOBJICHHS TeMITy HaBYaHHs. J{ificHO, anroputm
MOYKEe KOJNMBATHUCS 1 CTABaTH HECTAOUILHHUM, SIKIIO IBHKICTh HABYAHHS BCTAHOBJICHA 3aHAJITO BHCOKOIO.
Ane, SIKIIO MIBUAKICTh HABYAHHS 3aHAJITO MaJia, aJIFOPUTM OYJIe IOBTO 30iraThcs.

OCHOBHWUIA aITOPUTM 3BOPOTHOTO PO3IIOBCIO/IKEHHSI PETYIIIOE Bary B HAIPSIMKY CITyCKY, B SKOMY
(GyHKIIOHANBHA 3JJaTHICTh HAWIIBUAIIE 3MEHINYEThCs. Xoua (DYHKINSI MIBWJAIIE 3MEHIIYETHCS B3IAOBK
BEKTOpa TpajieHTa, e He O00O0BSI3KOBO 3a0e3medye HaWNIBHITY KOHBEpreHiio. B  amroputmax
CIIPSDKEHOTO TPaJlieHTa BHKOHYETHCS MOIIYK IO HANpPSIMKY CIPSDKEHOTO TpaieHTa, 100 BH3HAYUTH
PO3Mip KPOKY, SIKWH MiHIMi3y€e (PYHKIIFO TPOITyKTUBHOCTI B3JIOBXK ITi€T TiHil.

MeToau CHpSDKEHOTO TpajieHTa — I Kilac JYXKe BaXKJIMBUX METOIB MiHIMI3allil TJIaKux
(G yHKIIi#, 0COOIMBO KOJU PO3MIPHICTh BEJIHKA.

[TpuHIMIIOBa MepeBara METOAY CIIPSHKEHOTO TpadieHTa MOJISTae B TOMY, III0 BOHH HE BUMAararoTh
30epiraHHs OyJib-SIKUX MaTpHIlb, K y MeToi HhioToHA, a00 sIK Y KBa31HBIOTOHIBCHKUX METOJIaX, 1 BOHU
PO3pO0IIeHi TS BUAKOTO 30MKEHHS, Hi’)K METO/T CITYCKY.

IcHye 4oTHMpU THNU CHPSDKEHMX TPAJi€eHTHHX AJITOPUTMIB, SIKI MOXKHA BHUKOPHUCTOBYBATH IS
HaBYaHHS.

Bci anroputMu cnipsbKeHOTO TpajiieHTa NMOYHHAIOTHCS 3 TMONIYKY B HAMPSMKY CIYCKYy (MIHYC
rpajieHTa) Ha NepIuii iTeparii:

. . Po = —gw(0) . '

1€ P — TIOYATKOBHI TPAJIIEHT MOIIYKY, & gy — OYaTKOBHH TPAJIi€HT.

[ToTiM BHKOHYETHCS TOIIYK JIiHII, 00 BHU3HAYUTH ONTHUMAJIbHY BIJICTaHb JUIS TMEPEMIIICHHS
B3JI0BK IIOTOYHOT'O HANPSIMKY TOLIYKY:

w(k +1) = w(k) + aid;

HactymHuii HampsMOK TIONIYKY BH3HAYA€ThCS TaKMM YWHOM, II00 BiH OyB CHpsODKCHUH 10
MOTIEPEIHIX HAIPSAMKIB MOLIYKY. 3araibHa NpoLeaypa BU3HAYCHHSI HOBOTO HANPAMKY IOIIYKY HOJISTae B
MOETHAHHI HOBOTO HANPSIMKY CIIYCKY 3 TONIEPEHIM HANPSIMKOM ITOIIYKY:

dr = —gw(k) + Brdy_1
B — napameTp, KU CJTijl BA3HAYMTH TaK, 10 dj, CTa€ K-CrpsHkeHUM HalpSIMKOM.
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Crioci6 oOumcIeHHST KOHCTaHTH k BiIpi3Hs€ pi3HI Bepcii COPsDKEHOrO TrpajieHTa, a came:
oHoBiieHHa @iertuepa-PiB3a, KOH'IOrOBaHWMIA TpajieHT 3 oHOBIeHHsAMHU Ilonmaka-Pib'epa, TpamieHT 3
nepesamryckamu [layemnna-bina ta MaciraboBanuii alrOpuTM CITPSKEHOTO TPajieHTa.

1) Copspxenuii rpagieHT 3 onoBieHHsiMUu Dnetyepa-Pis3a

[porenypa OIiHKKA KOHCTAHTH f3), 3a JIOTIOMOTOI0 OHOBIIeHHsT DiieTduepa-PiB3a 00UNCITIOEThCS SIK:

B, = gw (k) gw (k)
“ gk k= Dgw k-1
SIBJISIE  COOOI0 BINHOINICHHS KBajpaTra HOPMH IIOTOYHOTO Tpaji€eHTa 10 KBajgpara HOPMH
MOIIEPEAHBOTO TPalie€HTa.
2) Cnpspxenuit rpagieHT 3 oHoBieHHs MU [lonaka-Pi6'epa
Koncranta [, o6uncmoerscst onoBneHHsaM [lomaka-Pi6'epa sx:
8, = 9w ()Y
“ gk — Dk —1)
ne Y = gw(k) — gw(k — 1) — BHyTpimHiii 70OYTOK MOMEPEAHBOT 3MiHH TPATi€HTA 3 MOTOYHUM
rpajiieHTOM, TIOJIJICHUM Ha HOPMY B KBaJpaTi MONEPEIHHOTO IPajIicHTa.
3) Kown'toratauii rpajaienT 3 nepesammyckamu [ayemn-bina
VY chopsiKeHUX TPami€eHTHHX alrOpUTMax HANpsAMOK IOIIYKY IE€PiOJUYHO CKHIAEThCS O
BiJl’EMHOTO 3HAueHHs TpajgieHTa. CTaHOapTHA TOYKA CKHJAHHS BUHHMKA€E, KOJHM KUIBKICTH ITepalliit
JIOPIBHIOE KINBKOCTI MEpEKEBHUX TMapaMeTpiB, alleé iCHYIOTh IHIN METOAW CKHUIOAHHS, SKi MOXYTh
MiIBUIINATH e(peKTHBHICTH Mporiecy HaBYaHHA. Llei mpuiioM mepes3ammycKaeThesl, SIKIO MK TOTOYHUM Ta
MOTIEPEIHIM TPaliEHTOM 3aIUIIAETHCA AYKE Majlo OPTOTOHAIBHOCTI:

|9% Ue = g ()12 02119, (01|

SIKIo 1 yMOBa BUKOHAHA, HAIPSIMOK TTOIITYKY CKHIA€THCS /10 BiJl’ €MHOTO 3HAYEHHS TPajli€HTa.

4) MacmtaboBaHUH CTIPSHKEHUH TPaTi€HT

MacmtaboBaHUI alNrOPUTM CIPSDKEHOTO TpagieHTa BUMAarae JIiHIHHOTO MOIIYKYy Ha OyAb-sKii
iTepanii, 0 BUKJIMKA€E TPYTHOII 3 OOYMCICHHSIMH, OCKUIBKH BHMara€ OOYMCIICHHS MEpPEXeBOl peakiii
JUTST BCIX HaBYAJNBHUX BXOHIB MO KiUThbKa pa3iB IS KOXXKHOTO IOIIYKY. MacmTaOoBaHHWNA alTOpPUTM
CIIPSDKEHOTO TpajlieHTa MOEAHYE B COO1 MiIXiJ MOJENI-IOBIpH Ta MigXil CHpspKeHoro rpamienta. Llei
anroput™ OyB po3poOiieHHH, 00 YHUKHYTH TPYAOMICTKOTO MOMIYKY psakiB. KoHcTaHTa 00YHCIIOETHCS
SK:

_lgw(k + DI gy (k + 1) gy, (k)

P PG

Anroputm JleBeHOepra-MapkBapiaTa € HalOUIbII IIMPOKO BHUKOPHUCTOBYBAaHMM AJITOPHUTMOM
onrumizamii. Lle irepaniiinuii mpuiiom, skWii BU3HAYa€ MiHIMYM OaratoBapiaHTHOI QYHKIII, SKUi
BUP@KAETHCS SK CyMa KBaJpaTiB HeNiHifHUX naifichux ¢yakuaid [16]. Anroputm JleBenOepra-
MapkBap/ra — 11e IepIIuil alrOpUTM, SKHI ITOETHYE TPadieHTHUH ciryck Ta iteparii ['ayca-HrerotoHa. Sk
1 KBa3iHBIOTOHIBCHKI MeTO/AHU, anroputM JleBenOepra-MapkBapara OyB po3poOiieHHH IS HaONHMKEHHS
HIBHJKOCTI HaBYAHHS JPYroro Mopsaky 0e3 HeoOXigTHOCTI oOuucioBaTH MaTpulio ecce. Anroputm
JleenOepra-MapkBapara 3a0e3nedye pimeHHS HENiHIHHUX 3a/a4d MiHiMi3alii HaWMEHIINX KBaJpaTiB.
Komu ¢yHK1is eheKTHBHOCTI Ma€e BUTJIISIL CyMH KBaJpaTiB, TO/I MaTpuIlio ['ecce MOKHA allPOKCHMYBATH
SK:

H=]"]

ne J — marpung SkoOi, sika MICTUTBH MepLIi MOXigHI MOMMJIIOK MEpeXi, a TpaJieHT MOXKHa

O0YHMCITUTH fK:
9w =] Te

ne marpuus SIko0i MICTUTh MepIli MOXiAHI MOMMJIOK MEpEeXi IIOJ0 Bar Ta yNepelKeHb, a e —
BEKTOP MOMHJIIOK MEPEXI.

Anroputm JleBenOepra — MapkBapara BHKOPHMCTOBYE HaOJNMXKEeHHS 10 Matpuili ['ecca B
HACTYITHOMY OHOBJICHHI, TI01iOHOMY 110 HbhIOTOHA:

Wier = wi = U7 +ul] e

ne | — MaTpuis TOTOXKHOCTI, a 4 — KOHCTaHTa.

L 3MEHINYEThCS MICJs KOXHOIO YCHIIIHOTO KPOKY (3MeHmeHHs (YHKIIi MPOIYKTUBHOCTI) i
301IBLIYETHCS JIMILIE TOI1, KOJIU MONEPEAHIH KPOK 301MbIIHUTE (PYHKIII0 TPOLYKTUBHOCTI. TakuM 4uHOM,
(byHKLIS TPOAYKTUBHOCTI 3aBKAM 3MEHILYEThCS HA KOXKHIN iTepaLii anroputmy.

AJITOPUTM €NTaCTUYHOTO 3BOPOTHOTO PO3MOBCIOKEHHS
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MeTo1o anropuTMy €I1aCTUYHOTO 3BOPOTHOTO PO3MOBCIOMKECHHS € YCYHEHHS HIKiITMBOTO BILIUBY
BEJIMYMH YAaCTKOBUX MOXiZHMX. TOMy [UIi BU3HAUCHHS HANpPSIMKY OHOBJIEHHS Bard BHUKOPHUCTOBYETHCS
JUIIEe 3HaK MOXigHOi. JiHCHO,aNTOPUTM €IacTUIHOTO 3BOPOTHOTO PO3MOBCIOMKECHHS 3MIHIOE PO3MIp
KPOKY Baru, IKMi MpUAMA€EThCS alaNTHBHO. MexaHi3M ajanraiii B alrOpuTMi eIacTUYHOTO 3BOPOTHOTO
PO3IIOBCIO/UKEHHSI HE BPaxOBY€ BEIMYMHY Tpaji€HTa, 3a IIEBHOIO Barowm, a JMIIE 3HAK TIpajieHTa
(TTO3UTUBHUI Y HETATUBHUN).

ANTOPUTM €NaCTUYHOTO 3BOPOTHOTO PO3MOBCIOKEHHS 0a3yeTbesi Ha Moaudikamii KOKHOI Baru
3HAUYCHHSIM OHOBIICHHA (200 MapaMeTpoM HaBYaHHS) TAKUM YMHOM, 1100 3MEHIINTH 3arajbHy MOMUIIKY.
3HaueHHS OHOBJICHHA JUIS KOXKHOI Barm Ta 3MileHHS 30UIbIIyEThCSA, KOMH TMOXimHa (GyHKIT
MPOJAYKTUBHOCTI IIOJIO ITi€T Baru Ma€ OJIHAKOBUH 3HAK JIJIS IBOX MOCIiOBHUX ITEPAIliid.

[IpuHIMO UBOTO METOY TAKHIA:

Wi — Wi—q = —sign(gw (k — 1))A
Ap=n"Ay_q axwo gy, (k — 1)"g,, (k) > 0
Ap=n"Ay_4 axwo gy, (k — 1)* g, (k) <0

inakme Ap= Ap_; 1e0<n-<1<n?

A} — 3HAYCHHS OHOBJICHHS BarW, sIK€ 3MIHIOETBHCS BIAMOBIAHO 10 3MiH 3HaKa pisHumi (wy —
Wy _1) Ti€i 5k Baru B k iTepartisix. 3Ha4eHHsI OHOBJICHHSI Ta Bard 3MiHIOIOTHCS MICIIs KOKHOI iTeparfii.

Yci 3HadeHHS OHOBIEHHS IHIMIATI3yIOThCS OO0 3HadueHHS Dy, 3HaueHHS OHOBIEHHS
MOIU(DIKYEThCSI TAaKUM YHHOM: SKIIO TIOTOYHWUH Tpamie€HT (gk (k)), MIOMHOXCHHH Ha Tpali€HT
TIONIEPEIHBOTO KPOKY, € TO3UTHBHUM (TOOTO HAampsIMOK Tpaji€HTa 3alUIIMBCSA HE3MIiHHHM), TOZi
3HAUYEHHsS OHOBJICHHS MHOXKMTBCS Ha 3HadeHHs n' (saxe Ginpmie Hix oxun). [lomiOHMM YMHOM, SKIIO
MoOyTOK TpajiieHTa B’ €MHHMIA, 3HAUSHHST OHOBJICHHS MHOXKUTHCS Ha 3HAYCHHSA N~ (SIKe MEHIIIE OJUHUIL).

BucHOBKH i mepcneKTHBH MOJAJIBIINX JOCHII:KeHBb. Y POOOTI JOCTIMKEHO MPOTHO3YBaHHSI
Tpadiky KOPHIOPATUBHOT MEPEXKI 13 3aCTOCYBAHHAM INTYYHUX HEHPOHHUX MEPEK.

3anponoHOBaHO MOJENb IITY4YHOI HEHpPOHHOI Mepexi, sIKka 3acHOBaHAa Ha 0araTolapoBOMY
MEePCENTPOHI I TPOTHO3YBAaHHA iHTepHET-Tpadiky dyepe3 IP-Mepexi. 3amporloHOBaHO HHU3KY
ANTOPUTMIB HAaBYaHHS, SKi BUKOPUCTOBYIOTHCS Ul OLIHKM Baru HeipoHa. [TopiBHSHHS MK IeSKAMH
aJIrOpUTMaMK HaBUaHHS JEMOHCTPYE €(PEeKTHUBHICTH anroputMiB JleBenHOepr MapkBapiAT Ta alropuTMiB
€JIACTUYHOT0 3BOPOTHOTO MOILIMPEHHS i3 BUKOPUCTaHHSAM CTaTHCTHYHHUX KpuTepiiB. HaBeneny mognens 3
BUKOpPHUCTaHHIM airoputMy JleBenOepr MapkBap/AT i alrOpuTMy €IacTHYHOTO 3BOPOTHOTO TOMIMPEHHS
MOYKHA YCIIIITHO BUKOPUCTOBYBATH SK aJIeKBATHY MOJeNb s ijmeHTudikanii ta ynpasiinHs [HTepHeT-
TpadikoM KopropaTtuBHOi Mepexi. KpiM TOoro, mozmens MOXXKHa 3aCTOCOBYBAaTH sK (yHIaMEHTaJIbHHUN
IHCTpYMEHT I MPOTrHO3yBaHHs [HTepHEeT-Tpadiky y pi3HHH Yac.
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Jlynpkuit HaIliOHAIBHUHA TEXHIYHUHA YHIBEPCUTET

MATEMATHYHA MO/EJIb HAIIIBITPOBI/ITHUKOBOI'O IIEPETBOPIOBAYA AC-DC

JInmyx B.B., €sciok M.M., lpucryna C.0., Cenenuna W.P., Sikumuyk H.M. MaTtemMaTHuHa Moje/lb HANIBNPOBi-
aHukoBoro nepersoproBaua AC-DC. V¥V crarTi 3ampornoHOBaHO MaTeMaTHYHy MOJEJb HAIliBIPOBIIHMKOBOTO MEPETBOPIOBaYa
AC-DC, piBHSHHS €IEeKTPOMAarHiTHOI'O CTaHy SIKOTO 3amucaHi B HopManbHIH ¢opmi Komri. Sk Bimomo, Taki andepeHmianbHi
PIBHSIHHSI CyTTEBO CHPOIIYIOTh QJIITOPUTMH IHTETPYBaHHS IIiJl 4ac JOCHIDKEHHS IEePeXiIHIX CTaHiB IPHUCTPOIO. 3alpOIIOHOBaHA
MOJIETb MOCTOBOTO BHIPSMIISYAa JACTh 3MOTY IIPAaBHJIBHO IPOCKTYBaTH Ta EKCIUIyaTyBaTH Taki HpHcTpoi. Pesympratn
KOMIT'I0TepHOI CUMYIIALIT puBeaeH] rpadiYHIMH 3aIeKHOCTAMH.

Ki1ro4oBi ci1oBa: MaTeMaTHYHa MOJETb, IEPETBOPIOBAY, KIII0OY, ayreOpaiuHi Ta AudepeHnianbHi piBHAHHS.

Lyshuk V.V., Yevsiuk M.M., Prystupa S.O., Selepyna Y.R., Yakymchuk N.M. Mathematical model of the AC-DC
semiconductor converter. The article proposes a mathematical model of an AC-DC semiconductor converter, the equations of
the electromagnetic state of which are written in the Cauchy normal form. As is known, such differential equations greatly sim-
plify the integration algorithms in the study of transient modes of the device. The proposed model of a bridge rectifier will make
it possible to correctly design and operate such devices. The results of computer simulation are shown by graphical dependencies.

Key words: mathematical model, converter, key, algebraic and differential equations.

IMocranoBka HaykoBoi mpoodsemu. Ha cborojni mMaremMaTHuHE MOJICIIOBAHHS € MOTYXHHM 1H-
CTPYMEHTOM TIpH JOCHI/KSHHI Ta aHaNli3l MepexiJIHUX MPOIECIB y eIeKTPOTEXHIYHUX Ta E€IEKTPOHHHUX
CHJIOBHX TIpUCTpOsiX. HeBrHHMIT niporpec moOy10BH CydyacHUX MPUCTPOIB CHIIOBOI €JIEKTPOHIKH, €JIEKT-
POTEXHIKH Ta TEJICKOMYHIKaliii HEMUHYy4Ye MPU3BOJAMUTH 10 MOPAILHOTO 3HONICHHS icHYto4Ynx. Po3pobka
Cy4aCHHX TEXHOJIOTiH Ta METO/iB aHalli3y TaKUX MPUCTPOIB € HEBiJl'EMHOIO 3a/1a4yero (haxiBIliB B o0yacTi
MaTeMaTHYHOTO MoJeoBaHHA. Ha choroaHi TeOpeTH4Hi MOJIOKEHHS, 110 CHHPAIOThCs HA (GyHIAaMEHTa-
JIbHI 3aKOHH EJISKTPOTEXHIKHU € I0CTaTHhO po3poodieHi [1, 2, 3].

Sk BimOMO, TMHAMIYHI IPOLECH B €JIEKTPOHHHUX Ta €JIEKTPOTEXHIYHHUX MPUCTPOSX OMUCYIOTHCS SK
MIPABUIIO CHCTEMOIO HENIHIHHUX anreOpo-nudepeHiialbHuX PiBHAHB, a B ASSIKUX BHTIAAKaX 1 audepeHti-
IbHUX PIBHSHB 3 YaCTHHHHMH MOXiJHUMHU. BlockoHalleHHS amapaTy MaTeMaTHYHOTO MOJIENIOBAHHS, a
TAaKOX MaTeMaTHYHHX MOJIENEH CKIIAJHUX EIeKTPOHHUX Ta €JIEKTPOTEXHIYHHX MPHUCTPOIB € BU3HAYAIb-
HUM 1 HaJIS)KUTh 10 BOKJIMBUX 3a/1a4 B 00JIACTI MaTEMaTHYHOTO MOJIENIOBaHHs. AHaJII3 TAKUX IPUCTPOIB
CIIUPAETHCS HA 3HAHHS MaTEeMATHYHUX MOJICIICH IXHIX OKPEMHX KOMITOHEHTIB [4].

Metoau po3B’s3aHHS HENHIHHUX TUQEpeHIliaTbHUX PiBHSHH BUMAraloTh BCE HOBHX 1 HOBUX Tij-
XOZIB Y 3aJISKHOCTI BiJl 3aCTOCYBAaHHS TOT'O M 1HILIOTO YHCEIFHOTO MeTOy. ToMy NpakTHUHUM miaxia 1o
PO3B’s13aHHS 33a7]a4 MaTEMaTHYHOTO MOJICITIOBAHHS €JIEKTPOHHHX Ta ENEKTPOTEXHIYHUX MPHUCTPOIB, B TO-
MY YHCITI IPUCTPOIB CHIIOBOT TIEPETBOPIOBATBHOT TEXHIKH € 00’ €KTUBHOIO PEAIHLHICTIO.

AHani3 pocaigxedb. OCHOBHUMHU JOCIIIKYBaHUMH €JIEKTPOHHUMH Ta €JIEKTPOTEXHIYHUMH TPH-
CTPOSMHU MOXYTh OyTH TpaHcopmartopu, neperBopioBaui AC-DC, iHBepTOpH, BUKOHABYI, KPOKOBI JIBH-
T'YHH MOCTIHOTO Ta 3MIHHOTO CTpyMy. Y 3aJIe)KHOCTI BiJI yMOB ITOCTAHOBKY 3a/1a4i, MPUHHITAX BUXITHHX
JIOMYIIeHb Ta BUKOPUCTAHHS MaTeMaTHYHOT'O arapara (3BHYaiHi JudepeHiiaibHi piBHSIHHS YU PiBHSIHHS
3 YaCTUHHMMH HOX1THUMH) MaTeMaTH4IHi MOJIENi B MaTeMaTHYHOMY aclleKTi MOXKHa PO3IIISAATH SIK 3afa-
yy Komri (3Buuaiini andepeHuianbHi piBHSHHA) a0 MimaHy 3afgauy (audepeHiianbHi piBHSIHHS 3 4ac-
TUHHUMHU TTOXi1THUMHU).

[ToGynoBy Mozeni mpoIeMOHCTPYEMO Ha HPUKIAAl BUIPSMIITYA, BUKOHAHOTO 32 MOCTOBOIO CXe-
Mor0. Taka MaTeMaTHYHa MOZAETb AaCTh 3MOTY PO3B’S3aTH TakKi 3a7ayi K BUKOPUCTaHHS y CHCTEMax aB-
TOMAaTHU30BaHOTO MPOEKTYBAHHSI, 3aCTOCYBAaHHS Pi3HMX BHUIIB MOJEICH 1 KOMITIOTEPHUX NIpOTrpaM IpHU
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MPOEKTYBaHHI Ta eKCIUTyaTalii eNeKTPOTEXHIYHUX MPUCTPOIB, BUKOPUCTAHHS KOMIT FOTEPHOI CHMYJISIIT
JUTSL BIIMOBH BiJl HATYPHHUX €KCTIEPUMEHTIB.

CyuacHi METOJIM Ta ANTOPUTMH PO3PAaXyHKY MEPEXiHUX MPOLECIB y BCiX €IEKTPOTEXHIYHUX MPH-
CTpOSIX MOBHHHI IPYHTYBATHCh HA iICHTUYHOMY MaTeMaTHYHOMY amaparti. s Hporo ciii BiAMOBHUTHUCH
BiJl TPAAWIIMHNX MiIXOAIB B 00JIACTI €NEKTPOTEXHIKH Ta CPOPMYBATH TaKy CUCTEMY HeTiHINHUX aude-
pEeHIIIATFHUX PIBHSIHD €JIEKTPOMArHiTHOTO CTaHy JOCIIHKYBAHOTO IMPHCTPOIO, sika Oyma O 3ammcaHa y
HOpManbHiK dopmi Kori.

Came Taka (hopma 3ammcy J1a€ 3MOTY 3aCTOCYBaTH MPHUIHATHI 3 TOYKH 30pY aJTOPUTMIYHOI peaii-
3arii SBHI YUCETbHI METOJH, 10 MOTPEOYIOTh Mellle MAIIMHHOTO Yacy 1 3aJOBONBHSIOTH TTOKa3HHKAM TO-
YHOCTI iIHTETpyBaHHA. 3 1HIIOr0 OOKY aHaJi3ylouH po3B’s30K AudepeHIiaJbHUX PiBHSAHB, a caMe IepexXi-
JIHI TIPOLIECH €JICKTPUYHUX BEJIMYMH MOYKHA YHHUKHYTH 0aratb0X HeOakaHUX pexuMiB podotu [3].

Bukan ocHOBHOro MaTtepiay il 00rpyHTYBaHHSA OTPUMAHUX pe3yabTaTiB Aocaigkenns. [lo-
Ka)keMo crocid moOyToBH MOJET Ha MPHUKIA/l MepeTBOPIOBada 3MIHHOTO CTpyMY B MOCTIHHUWH, a came
(dopMyBaHHs HETIHIMHMX IU(eEpEeHIiaTbHAX PiBHAHB. 3aJ€KHO Bill MapaMeTpiB €JIEKTPUYHOI CXEMH, a
came BXIJHOI Hampyrd Ta HOMiHANY 1 XapakTepy HaBaHTKEHHS MOXHA OTPUMATH Pi3HI MepeXiTHi mpo-
IeCH.

[MonanHs poOOTH HAMiBOPOBITHUKOBUX BEHTHJIIB 38 CXEMOIO 1/IATEHOTO KJIF0Ya 3HAYHO CIPOIIYE
QJITOPUTM aHaJli3y Ta 3MEHIIIY€e KUIbKICTh O0YMCITIOBANBHUX ornepaltiii [4, 5].

Bunpsmisa ckinagaeTbess 3 MOHIKYBAJIBHOTO TpaHC(opMaTropa 3 HACHYEHOK MAarHiTHOIO CHCTe-
MOI0, HaMiBNPOBIJHUKOBUX BEHTUIIB Ta aKTUBHOTO HaBaHTakeHHs. CaMe Taka CTPYKTypa eJIeKTpOMarHi-
THOT'O KOJIa 3yMOBJIIOE€ HEIIHIMHICTh PiBHAHB. Takuil MPUCTPii XapaKTEepU3y€EThCS JOCUThH CKIIAIHOIO JIO-
TikoI0 poOOTH BEHTHIIIB, a caMe IX IMOCHIIOBHICTIO CIIPallbOBYBaHHS (BiIKPUTTSI-3aKpHUTTs). BBaxkaTnme-
MO BEHTWII 1]€aIbHUMHU KIFOYaMU.

BcranoBUMO J10TiKY pOOOTH BEHTHIIIB, TOOTO BU3HAYMMO MaKCHUMAaJIbHY MOXIIUBY KiJIbKICTh KOM-
OiHamiif BiIKpUTHX 1 3aKpUTHX BEHTHNIIB. llicis 1iporo ciif 3amucaTé piBHSHHS CTaHy BHIPSAMIISYA JJIS
KOHOI KoMOiHarlii. PIBHSHHS OKpeMuX KOMOiHAIii BEHTHIIB MOXHA 3BECTH JIO OJIHI€1, BAKOPHUCTABIIN
JIOATKOBI1 JIOT1YHI 3MIHHI.

OOMeXMMOCh HaWBKMBaHIIINM BUIIAJIKOM, & CaMeé OJIHOYACHOTO BIJIKPUTTS HE OiNIbIIe TPHOX BEH-
TiiB. Ha iHTEepBaNi ogHOTO NIepioAy BXiHOT HANIPYTH ICHYE JBAHAALATH KOMOIHAIN, 3 SIKUX IIICTh — IO
TPH BIAKPUTHX 1 IIICTh TIO JIBA BIIKPUTUX BEHTHIIIB.

3anuuieMo piBHAHHS JUI OJHi€i KOMOiHaMii, KOJIH BIAKPUTI TPH BEHTWIi. 3aCTOCYBABIIN JIOTiYHI
3MiHHI, MO)XEMO 3amucaTH iHmn. Taky cxeMy aisl BIIKPUTHX BEHTHIIB OfHiel momsipHOCTI y (asi B Ta
iHmoi monsipHocTi y daszax A i C 300paxxkeHo Ha puc.l.
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Pucynok 1 — EnektpruHa cxema MpUCTPOrO Ha OJHIN 3 KOMOIHAIIIH BiIKPUTTS! BEHTHIIIB

PiBHsIHHS TepBUHHOT 0OMOTKH TpaHcopmaropa 3anumemo 3a II 3akonom Kipxroda

d
;:1 :Ul_ll.Rl’ (1)

E, =

TyT Y, — KOJOHKa MMOBHUX MOTOKO3YerJieHb, U;, |; — KOJOHKaA €eKTpUYHUX HAIPYT Ta CTPYMiB
0OMOTKH BIAIOBIIHO.
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OckinbKkH TpaHcHOpPMATOP € CHMETPHYHUM IPHCTPOEM, TO OIMOPH MEPBMHHOI 0OMOTKH BCiX (a3
oJHaKoBi. Matpuiis onopiB R; mae Burisiz [4], mpudomy Fia = g = F1ac = Ma.

2 ha | ~hs | ~he
R1:_ —ha 2r13 —hc

3 > )
_rlB rlC

—Na

PiBHSHHS €JEKTPHUYHOI PIBHOBArW BTOPHHHOI OOMOTKH 3aIlUCY€MO 38 METOJOM KOHTYPHHUX CTPY-
miB. [puitnssmy Bitku a3 A i C 3a xopau, a BiTKy ¢a3u B 1o pedpa, orpumaemo [4]

K
vz _yx_ xR,
dt (3)

Martpuiis onopiB R; mae Burisaz (2). Kononky peanbHHUX CTpyMiB BTOPUHHOI OOMOTKHM 3HaAHIEMO
3rimHo [4], BUKOPHCTABIIN TOMOJIOTIYHY MaTpuito F

L, =F-1),
(4)
ne
1
F=-1|-1]|.
1 )
®da3Hi cTpyMH IEPBUHHOT OOMOTKH
|1=OL1(\|11—V\11-®), (6)
1 o . . . -1
Tyr o, = E vl o0epHEeHa iHAYKTHBHICTh PO3CISHHS 0OMOTOK, I'H™, Wy, W, - @D — komonka
1

Pp0o0OYOro MOTOKO34EIIEHHS OOMOTKH.
KontypHi crpymu BTOpuHHOI 00MOTKH

15 =0, H (Eys —w, - @),

(7)
ne

EREEE

A Tae]| 3
A N T ®

3 3 3

1
E= . 9
1

Bennunnn &, y, 6 BU3HAYAIOTH JIOTIKY BIIKPUTTS BeHTHIIIB. 3MiHHa & npuiimae 3HadeHns 0 i 1. [Tpu
& =1 maeMo BUMAJIOK, 1110 MMOKa3aHUK Ha puc.l, a mpu & = 0 — craH, Ko BeHTW b (ha3u C 3aKpUBCS, IPU
1IbOMY KOHTYpHUIA cTpyM i = 0.

PiBHSIHHSI cTaHy CTaHy MarHiTONPOBOJIA 3AMUIIEMO Y BUTIISII
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Wii; 5 +XOW,i, = (p;a *+Po )q)A *Po (q)B + D ),
Wiy —xOW, (i, +iy ) = (Ph +Po ) Py + o (P + D), (10)
Wiy + XGWZi[S = (p,c + Py )(Dc + Py ((DA + Dy )

3MiHHi ¥ 1 6 npuiiMaroTh 3Ha4eHHs +1. s onucy poOOTH BUNpSAMIISYA MPH PI3HUX KOMOiHAIISMX
BIIKPUTTS BEHTWIIIB TOCTaTHRO B KoJoHKax Uy, |, Ta @, a Takox y Bupazax (9), (10) 3niicHUTH OUKITIYHY
3aMiHy 1HJEKCIB, 5IKa BH3HAYAETHCS YMOBOKO BIIKPUTTS IIMX BEHTWIIB. YMOBH BIIKPUTTS BiIIOBITHUX
nap BeHTUIIB | i K Bu3HauaeMo 3a BenmnurHo0 podounx EPC BTOpUHHOT 0OMOTKH TpaHchopmaropa:

mod (e, )=max; o=sign(e,); jk=ABC, j=k,
(11)

_ dq)i _ dq)k
G Ta T Ta S (12)

TIpuBeneMo TabIHUIO BiATIOBIHOCTI 3MiHHUX j i K Ta & y MPH LMKIIYHIA 3MIH1 1HACKCIB

pi (S

ik| BBA | AC | CB
El 1010710
X 1 -1 e (13)
AB,C [C,AB |B,C,A

B ymoBax (12) dirypye tpu EPC Tprox a3, npuuomy Haiibinbiie abCoIOTHE 3HAYCHHS OJHI€T 3
HHUX BH3HAYa€ 3HAYEHHS iHIEKCIB | i K.

Matouu 3HaueHHs nuX iHAeKCiB 3 (12) Bu3Ha4aeMo &, ¥, a TaKOX MOPSAIOK 3MIHH 3MiHH 1HIEKCIB.
Tak npu j = C, kK =A, To npu nouatkoBomy 3HaueHHi & = 0 HeoOxinHO 3aminuTH iHAeKCH A—C, B—A4,
C—B. Y MoMeHT 3MiHH iH/iekciB j | K & =11 cTae piBHHUM HyJIFO JIHIIIE TIPH YMOBI IPUPOHOTO 3aKPHUTTS
TPETHOTO BEHTWIISI [IPU 3MiHI HApsAMY HOTo cTpyMmy.
s <0. (14)

IToBHa cucrema anrebpo-audepenmiansaux pisasab (1), (3), (6), (7), (10) iHTerpyeTbesi HESIBHUM
yucensHUM MeToioM Eifiiepa, 1o € CKiraaHimmM B KOMIT FoTepHii peaisarii [5]. 1106 nepeiiti 10 siBHO-
ro metoay Eitnepa mpoandepenmiroemo Bupasu (6), (7), (11) 3a gacoM i BUKIIIOYMMO CTPYMH TIEPBUHHOT
00MOTKH, OTPUMYEMO cUCTeMY Au(EepeHIITHUX PIBHSHB 1 3BOJMMO ii 10 HOpMallbHOI popmu Kori.

do
E: Dl(Ul_R1|1)+ D, (Ud -Ry Id)’
dl (15)
U AU R+ AU, R,
Martpui Dy, D, matots Burisz [3]
D, =wo,A; D, =w,a,A. (16)

Tyt A - MaTpuIs MarHiTHAX TIPOBiTHOCTE# [ 3 ]

pgpc —a’ | @°—bp, a(b_ps)
a’—bp. | papc —a° |a(b—p,) 7)
a(b_ps) a(b_pA) PaPg —b*

A=l
A
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[Ipuyomy
. EoL, W, ) 200,W,
= Pc AB_Z ? P47 Pc ) =PoT"—5 4Py 0 112—1
A=p.(ppy—b*)+a’(2b—p,—p.) a=p ;2 p p+p+0cW+4i{
o,W; (2-§) , 20, W2 , 20, W2E
b=po—ij; pB=pB+po+0t1Wf+4%{; Pe =PC + Py + oW+ —2=
(18)
Marpwuiii A3, A4 3aUCYEMO HACTYITHIM YHHOM
Ay =—aymo,w,HA; A, =0,H(E—o,w,A). (19)

Po3risiHeMo anroputm po3paxyHKy NEpEeXiHUX MPOLECiB 3MOAEIHOBAHOIO BUIIPAMIISYA.

1. Maroun notoyHe 3Ha4eHHS (Ha TEpPIIOMY KpOIli TIOYaTKOBE) 3HAUCHHS MOTOKYy © oOumciaroeMo
CTaTHMYHUH Ta MU(EPEHIIHHI MarHiTHI OMOPH MarHiTONPOBOJY TpaHChopMaTOpa 3a XapaKTEPUCTHKOO
HaMarHigdyBaHHS BiJJOMOI MapKH CTalli.

2. Maroun moTouHi 3Ha4YeHHsI (Ha MEepuIoMY KpOoIli [MOYaTKOBi) yMOBH BiAKpUTTs KitouiB (11) 3a
tabnuuero (12) Buznavaemo 3miHHi |, K, &, %, popmyemo marpui (8), (17).

3. Maroun noTouHi 3Ha4eHHs CTPYMIB iy, iy 3HaX0AUMO 3a Gopmynamu (9), (4) cTpyMHu NepBUHHOL
Ta BTOPUHHOT OOMOTOK.

4. Marouu 3Ha4YeHHsI HAMPYT Ha BXOJIi Ta HA HABaHTA)XCHHI BU3Ha4YaeMo 3a popmynamu (15) moxin-
HI TIOTOKIB Ta CTPYMIB.

5. 3a qaHuMu MyHKTY 4 TIepeBipseMo yMOBY BiakpuTTs BeHTHiB (10).

6. Iaterpyemo cucremy piBHsHb (15), B pe3ynbTari 4oro 3HaX0MMO MOTOKHU Ta CTPYMH, IO BiIMO-
BiJJAIOTH PUpPOCTY Yacy .

7. IlepBipsiemo ymoBy (14) 1 sIKIII0 BOHAa BUKOHYETHCS, TO & = (.

8. InTerpyBaHHs IPOIOBKYEMO 10 TUX Iip, HOKHU t <t ,.

Ha puc.2 nokazaHo pe3ynbTaTH CUMYJIALIT BUIPSAMIIAYA, & CaMe PO3PaxyHKOBHX KPUBHUX JIHIHHOTO
ctpymy (1) Ta dazHoro crpymiB (2) mepBUHHOT 0OMOTKH, BHIIPSIMIICHOTO CTPYMY BTOPHHHOT 0OMOTKH (3)
tpancdopmatopa TC 2,5/0,5, HaBantaxxenum ornopom 30 OM y cTaHi panToBOro BBIMKHEHHs Ha HOMiHa-
npHy Hanpyry. CIiji 3ayBaKHTH, 110 TIPY HAsIBHOCTI B KOJIi KEpOBaHUX KIto4iB B ymoBax (11) cmin 3a6e3-
MEYUTH Yac 3aTPUMKH 3MiHHU 1HIIEKCIiB.

10.0+

0.0

-2.01

4.0

-6.04

-8.01

-10.0+

Pucynok 2 — PesynbraT cumysimii
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BucnoBku Ta NEPCIEKTUBU NMOAAJbIIOI0 JocaimkenHsi. OCHOBHOIO nepeBaroro MaTeMaTHUYHO1

MOJIeJIi MOCTOBOT'O BHIIPSMIITYA € Te, 10 AuepeHIiaabHi PiBHSIHHA CTaHy Jal0Th 3MOTY 3 BUCOKOIO TOU-
HICTIO MPOCUMYJIIOBATH TWHAMIYHI MPOLECH 1 MAKCUMAIbHO CIIPOCTHTH OOUYMCIIIOBAIBHUH MPOLEC B IPO-
ueci inTerpyBanHs. OnepKaHo MPaKTUYHY MOXKIUBICTD aHANi3y MEPEeXiIHUX MPOLECiB y MOCTOBOMY BH-
MPSAMIISYl B pOOOYNX Ta aBapitHUX pekuMax poOOTH.
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NPUHIHUIIN ®OPMYBAHHSA APXITEKTYPU MEPEX CTIVIBHUKOBOI'O 3B’A3KY
IPATOIO HOKOJIIHHA

Muxkutenko C.C. IlpuHuunu ¢(opMyBaHHSI apXiTeKTYpH Mepe:X CTIIBHHKOBOIO 3B’fI3KY II’SITOr0 IOKOJIiHHA.
[IpoBeneHo orsa NpUHIMIIB GOPMYBaHHS apXITEKTypH CTaHAAPTY CTIIBHUKOBOTO 3B’ SI3Ky I’ ATOr0 MOKOMiHHA (5G). Po3kpuTO OCHOBHI
0oOMe)XeHHsI Ta NPUHLUIM peaiizauii apxiTektypu 5G. BusnaueHo ocHOBHI creku npotokoniB 5SG NR, siki moxineHo Ha TpH OCHOBHI
piBHi: ¢izmunnii; MAC, RLC, PDCP; RRC, ski mpexacraBneHo cxematmdHo. OmmcaHo cyTHICTh Mepexi O-RAN, ska mpomoHye
MOXJIMBICTH MOBHOTO (200 YaCTKOBOTO) BUKOHAHHS CTE€Ka IPOTOKONIB Y BiJNAJICHOMY OOYMCIIOBATEHOMY IIEHTpi, peanizoBaHOMY Ha
MIEPCOHAILHOMY KOMIT'IOTEpi, 3a paxyHOK 4oro peamizyerbest koHuenmiss xmMapHoi C-RAN (Cloud RAN). IIpoimocTpoBaHO MOTOYHY
apxitektypy 3GPP 5G 3 BimokpemiIeHHSIM HENONIKiB HaBeAEHOI apXiTeKTypH. [0 OCHOBHHX HaNpsIMKIB, SKi HOTPeOYIOTH AETaIbHOTO
OIIPAIIOBAaHHS BIHECEHO, y MEpIIy Yepry, PO3JIiUT IPOTOKOIIB MK paxioiHTepdeiicoM i crekoMm mpotokoisiB N2/N3 ByzniB RAN, mio
JO3BOJIUTH peaji3yBaTH CTIMKHK OCTYN Ta MOCTIHHWK 3B’S30K Y MEpei, MiHIMI3ylouHM 30BHIIIHI BIUIMBH, HO-Apyre, Moaudikamis
MaHeNl yIpaBIiHHSA OOJagHAHHS KOPUCTYyBaya, 3a PaxXyHOK KepyBaHHS IOTOKOM JAaHHX BHCXiOHOI JiHii, IO TO3BOJUTH IaHENi
YIpaBIiHHS THYYKO MiJKIIOYATUC 10 pi3HHX Mepex, Takux sk SGC, 4G CN, abo 6e3nocepenspo ao InTepHery. HaBeneHo HOBiTHIO
apXITEeKTypy CTaHAApTy CTUTBHUKOBOTO 3B 53Ky I’siToro mokoumiHHA (5QG), sika 3B's13yeThbes 3 5G uepes yHipikoBaHUH 00'€KT B3aeMOIii
3aMicTh OKpeMHX (QyHKLill B3aeMopmii. 3ampornoHoBaHO MoIH(DiKamilo MaHeNi yIpaBiliHHA o0JiaHaHHS KOPUCTYBada, HAroJjoIIeHO Ha
MiHIMaJIbHUX NPOrpaMHUX 3MiHax B apxitekTypi 3GPP 5G, ski nerko peanizyBaTH, a HailTOJOBHIIINM Yy 3alpOIIOHOBAHO IAXOII €
BIZICYTHICTB 3MIH Yy NPOTOKOJII MK TaHEUII0 ympasiiHHSA KopuctyBada Ta gNB Ta 5GC, a Takox gNB ta 5GC. Ilinkpecneno, mo
apxiTeKTypa CTaHIapTy CTUILHHKOBOTO 3B’s3Ky m’storo mokoidiHHI RAN 5G Bomogie chpoieHoro iHTerpaiiero 3 kimbkoma RAT,
e(eKTHBHE KepyBaHHS MOTOKaMHu JaHuX Y RAN, raydkicTs migkmrodeHHs 10 Oyab-skoi CN abo InTepHeTy Ge3nocepennpo yepe3 RAN
Ha ocHoBi 4G/5G/Wi-Fi.

KuarouoBi ci10Ba: apxiTekTypa, Mepexa, CTUTbHUKOBHIA 3B’5130K, 5G, MoIepHi3allisl, IepernpOeKTyBaHHS, I1’ATe MOKOTIHHS.

Mykytenko S.S. Principles of the architecture of the fifth generation cellular networks. A review of the principles of
formation of the architecture of the fifth generation cellular communication standard (5G) has been carried out. The main limitations and
principles of 5G architecture implementation are revealed. The main 5G NR protocol stacks are defined, which are divided into three
main layers: physical; MAC, RLC, PDCP; RRC, which are represented schematically. The essence of the O-RAN network is described,
which offers the possibility of full (or partial) execution of the protocol stack in a remote computing center implemented on a personal
computer, due to which the cloud concept of C-RAN (Cloud RAN) is implemented. The current 3GPP 5G architecture is illustrated,
highlighting the shortcomings of the architecture shown. The main areas requiring detailed processing include, first of all, the section of
protocols between the radio interface and the N2/N3 protocol stack of RAN nodes, which will allow to implement stable access and
constant communication in the network, minimizing external influences, and secondly, modification of the user equipment control panel ,
by controlling the uplink data flow, which will allow the control panel to flexibly connect to various networks such as 5GC, 4G CN, or
directly to the Internet. The latest architecture of the fifth generation (5G) cellular standard is presented, which communicates with 5G
through a unified interaction object instead of separate interaction functions. A modification of the user equipment control panel is
proposed, minimal software changes in the 3GPP 5G architecture are noted, which are easy to implement, and the most important thing
in the proposed approach is the absence of changes in the protocol between the user control panel and gNB and 5GC, as well as gNB and
5GC. It is emphasized that the architecture of the fifth generation cellular communication standard RAN 5G has simplified integration
with multiple RATSs, efficient data flow control in the RAN, the flexibility to connect to any CN or the Internet directly through the RAN
based on 4G/5G/Wi-Fi.

Keywords: architecture, network, cellular communication, 5G, modernization, redesign, fifth generation.

Beryn Ta noctaHoBka nmpo0JieMu.

B ocTtaHHi pokH, Ha PUHKY CYy4YacHOTO 3B’SI3Ky 3’SIBUBCS CTaHAAPT CTIIBHHUKOBOTO 3B’SI3KY I SITOTO
nokomiHHs (5G), skud Tepenbavae MIATPUMKY PIi3HHX BapiaHTIB BHKOPUCTAHHS, TOOTO PO3IIMPEHOTO
MOOIIBHOTO IIMPOKOCMYTOBOI'O 3B’S13KY, HaJI3BUYaiHO HAIIMHOTO 3B’SI3Ky 3 MaJIOI0 3aTPUMKOIO T2 MacOBOTO
3B’S3Ky MAIIMHHOTO THITy. BenrkoMaciuTaOHi ¢pyHKIIOHANBHI 3110HOCTI MpHU3BENH 10 0araThb0X HOBOBBEICHS 1
MOJIEpHI30BaHUX MPUHIIMIIIB TIEPEPOCKTYBaHHS CTUTBHUKOBOT MEepexki B paMKax cranmaprusaiii 5SG npoekry 3-
ro nokomiHHs (3GPP), Takux sk apxiTeKTypa Ha OCHOBI MOCIYT, BipTyali3oBaHi MepekeBi (QyHKIT, moain
IUTaHIB KepyBaHHS Ta KOPHUCTYBAayiB 1 pO3MAIJICHHS Mepexi. ['0oBHOIO mepenoBo0 (YHKIIE€ CTaHAAPTY
CTUTBHHKOBOTO 3B’SI3KY I1'SITOTO MOKOJiHHA (5G) BHCTYyIIa€ MOMIIMBICTH 00’ €IHAHHS TEXHOJIOTIH MHOKUHHOTO
noctyny B 0a3oBiii Mepexi 5G (5GC), mo € BaXJIMBAM KPOKOM JIO MiJBHILNEHHS e(heKTHBHOCTI Mepexi. J{o
TEXHOJIOTIM JOCTyIy, AKi MOKJIaJeHI B OCHOBY iHHOBAaWiMHOTO CTaHAApTy, BapTo BigHectu: noctyn 3GPP
(manmpuknan, NodeB Hactymnoro mnokominHs (gNB) i possunenuii NodeB (eNB)) i moctyn Oe3 3GPP
(manpuknan, Wi-Fi i qoctyn no npoToBiit Mepesxi). [Ipote, BpaxoByroUi pi3HOCTOPOHHI JIOTIOBHEHHS, CTaHIapT
5G Mae TeBHI HETOYHOCTI y TIOTOYHIM apXiTeKTypi, sIKi MOTpeOyIOTh JETAIBLHOTO ONPAIFOBAHHS 3 METOI0
BUSIBJIEHHS] KPUTHYHHUX TOYOK 3’ €THAHHS.
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Takox mTpoOIeMOI0 € HEMOJIMBICTH PO3TOPTAHHS MEPEkKi 3a JOMOMOroI0 MPOAYKIIl Bif Pi3HHX
MOCTa4YalIbHUKIB, SIKa € OCHOBOIO CYJacHOI MOJITHKH BUPOOHUKIB TEIEKOMYHIKAIIHUX mpucTpoiB. HatomicTh
OTIepaTOpH CTITPHUKOBOTO 3B'A3Ky 3MYIIIEHI KyITyBaTH 00JaqHaHHA Ta iporpamue 3abesneueHHs (I113) y omgHoro
MocTadanbHUKA, 00 HAIAIITYBATH Ta 3A1MCHIOBATH KiCHE 0OCIYrOBYBaHHsSI CIIOKHBAYIB Y paMKax MOCIYT, 1110
HaJaroThcsl KOMITaHielo. HOBy KOHIENIIito opramizaiiii apXiTeKTypH Mepexi 3allpoloHyBalIH PO3POOHHKH i3
anmpsiicy Open-RAN (O-RAN). OcuoBna konrerniiis O-RAN momnsirae y BigkpuTocTi pamiointepdeiiciB ta
MPOTPaMHOT0 BUXIJTHOTO KOAY, SIKHH € JOCTYITHUM Ta Ma€ (YHKIIIO CIiBIIpalli 31 CTOpOHHIMU mporpamamu. Llei
MiAXiA T03BOJSIE K KOMOIHYBaTH TEXHOJOTIYHY MPOAYKIIIO0 Pi3HUX MOCTavyaIbHUKIB, a i pO3pOOIIATH BIIACHI
pimmennsa. AmpsiacoM O-RAN 3ampormoHOBaHO KOHIIEMIIIIO «O1710i CKPUHBKI», 3TIAHO 3 KO0 Ha PUHOK Oyme
BUITYIIIEHO BIiJIKPUTE MEPEKEBE OOJIaJHAHHS 3 MOXJIMBICTIO BUIbHOI MOJEpHi3allii. 3riHO 3 MPOrHO3aMHU
AHAJTITHKIB, 1151 KOHIeMIis 103BouTh ckopotutd CAPEX 1 OPEX i npuckoputu posropranns mepex 5SG NR.

AHaJi3 gocaizkens i myoaikamiii.

B ocranni poku 3'SIBIA€THCA BCe OUTBIIE POOIT, B SKUX ONUCYIOTHCS MEXaHI3MH Ta TPHHIUAIHN
3aCTOCYBaHHS CTaHJIAPTIB CTIIBHUKOBOT'O 3B’SI3KYy Ha Pi3HUX MPHUCTPOSIX Ta y PI3HUX 00JacTAX HAYKH.

Byno mocmimkenHo Mofeni Ta anropuTMH (HYHKITIOHYBaHHS TE€TEPOTeHHUX MEPEX MOOLIBHOTO 3B’ S3KY
3a HasSBHOCTI KiJIbKOX KOHKYPYIOUHX OIEPATOPiB 3B’SI3KY Ta BUCOKOI T€TEPOTreHHOCT] TEXHOJIOTIH pamiofoCcTyIy,
THIIiB IPUCTPOIB Ta BUMOT JI0 TTAPAMETPIB SKOCTI NepenaBanHs ganux [1].

Takox, Oyn0o poaHai3oBaHO MUTAaHHS 1HQOPMAaLIHHOT TEXHOJOTI] MiABHIIEHHS e()EeKTUBHOCTI pOOOTH
0a30BUX CTaHI CTUTFPHUKOBOTO omeparopa [2]. Bymo BCTaHOBJIEHO, MIO OJHWUM i3 TOJIOBHHX HAIPSIMKiB
PO3BUTKY CYYaCHUX TEJICKOMYHIKaIlil € yIOCKOHAJICHHS ICHYIOUHMX 1 CTBOPCHHS HOBHUX MOKOJIIHb CTiITbHUKOBUX
Mepex 3B s3Ky, 30kpema, 5G.

Bbyno 3aificHayHo ormsig mpoGnemu (GYHKITIOHYBaHHS CHCTEM 3a0e3MedeHHs SKOCTiI y Mepekax I’ sITOTO
nokoninHsA. Ha mifcraBi 4oro, Oyio BCTaHOBIIEHO, IO OCKUIBKH MpUHIMNH yiipaBiiHHsA QoFE npu mepexomni Bix
4G o 5G OynyTh 30epexeHi, OCHOBHI 3ycuiuis po3poOHUKIB SG MOBHHHI OYTH 30CEPEDKCHI Ha BipTyasi3allii
BTPATUTH 3B'130K 13 MEPEXKEI0, 10 BiIMOBIIAIOTH 3a yrpaBiiHHa Ta KOHTposib QOE B mepeki [3].

Takox, 3miMICHYHO aHalli3 TEHACHII CTAHOBIEHHS Ta PO3BUTKY TEXHOJIOTIH MOOITBPHOTO 3B'S3KY
I'SITOrO TIOKOJIIHHSL Yy CBITi Ta HOro BIUIMB Ha Mpoliecd MUQpOBi3amii eKOHOMIKH, a TaKOX BHU3HAYEHO BHUCOKY
MEePCTIEKTUBHICTB I1i€1 MPAKTHKH /IS IMIUIEMEHTallii B yMoBax Ykpainu [4].

HonmatkoBo, OyII0 MOCITiIKEHHO METOIU MiJBUIICHHS €(EKTUBHOCTI PO3IMOMAITICHOI OOpOOKH MaHWX B
KOMIT'IOTEPHHX CHCTEMaX OIepaTopiB CTIIbHUKOBOTO 3B 513Ky [5].

[TpoTe, BpaxoByrOUM OIMCAaHI HAYKOBI HAOYTKH, 32 TEMOIO, MUTAHHS OISy MPUHIUITB (OPMyBaHHS
apXiTeKTypH CTaHAAPTY CTLIBHUKOBOTO 3B’SI3KY I1’ITOr0 MOKOMIHHSA (5G) 3a/MIIAEThCS BIAKPUTHM Ta HOTpedye
JIETAJILHOTO OITparfoBanHst [6-7].

Hesupimeni panime yacTHHU NMpoodaeMu, AKMM MPUCBAYYETHCSH CTATTS.

J10 OCHOBHHX HampsIMKIB, sIKi IOTPEOYIOTh JIETaTbHOTO ONPAIIOBAHHS BapPTO BiJIHECTH, y MEPIIY Yepry,
pO3ALT TIPOTOKOMIB MiX panio-iHTepdeiicom i crekoMm mporokoiiB N2/N3 BysniB RAN, mo 103BOIUTH
pearizyBaTé CTIHKHIA JOCTYN Ta TOCTIHHUE 3B’S30K y Mepexi, MiHIMI3yIOuW 30BHIIIHI BIUIUBH, TO-IpYTe,
Mo udiKallist TaHeNi ynpaBiiHHSI 00JIaJIHAHHS KOPUCTYBaya, 32 paXyHOK KEpPyBaHHS IMOTOKOM JJaHUX BUCX1JTHOT
JiHi1, 10 103BOJMTH MaHEN! YIPaBIiHHA THYUKO MiJKII0YaTHCS 0 pi3HUX Mepex, Takux sk SGC, 4G CN, abo
Oe3nocepenHbo 10 [HTEpHETY.

Merta nociigeHHs.

IIpoBectn ormsii NpUHUMIIB (GOPMYBaHHS apXiTEKTypu CTaHAAPTY CTUIBHHUKOBOTO 3B’SI3KY II°SITOTO
nokomiHHs (5G).

Bukiaan ocHOBHOro marepiany JoCHiIskeHHA Ta OOIPYHTYBaHHS OTPUMAHHUX pe3yJIbTATIB
HAYKOBOT'0 10CJTiIKEHHSI.

KoxxHe HacTynHe NOKOJIHHS O€3IPOTOBUX TEXHOJIOTiH TpaaWLiiHO BBOAMTHCS Pa3oM i3 HOBHMH
Jiarma3oHaMu CIIeKTpa, sSKi HaAlThCs Il PO3ropTaHHs Iiiel TexHooril. OCKIIbKH KiIbKICTh KOPHCTYBAiB, sIKi
BUKOPUCTOBYIOTh HOBY TEXHOJIOTIIO, ITOCTYIIOBO 30UIBIIYETHCS, CIEKTP MOXKe OyTH TMepeHeceHWd 3 Ol
cTapoi 10 Oiibl HOBOI TexHoJoril. OIHaK y BUNAAKY apXiTeKTypH CTaHIApTy CTUIBHUKOBOTO 3B’SI3KY I’SITOTO
nokoniHHA (5G) MoMaTKOBMM OOMEXKEHHSM € Te, 10 HOBI Jliala30HH CIIEKTPY, NMPOIOHOBaHI st Mepex 5G,
3HaXOJATHCS Ha OUTBII BHCOKHMX YacTOTaX i, OTKe, He 3a0e3MevyIOTh TaKHi piBEHb MOKPHUTTS, SK Jliara30HH
CHEKTpY, Ha skux Mepexi crannmapty LTE posropuyti B nanuii dac. J{jast yCyHEHHsI I[bOrO OOMEXEHHS Y
crangapTi 5SG nependaueHa MOKIIMBICTD CHUJIBHOTO BUKOpHCTaHHA panio-intepgeiicie NR ta LTE.

Crexk nporokoniB 5G NR Bxitouae 3 piBHi:

Layer 1 (L1) — ¢dizuunmii;

Layer 2 (L2) - MAC, RLC, PDCP;

Layer 3 (L3) — RRC.
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Pucynok 1 — Ctpykrypa creky nporokoiiB 5G NR

Y mepexax 4G LTE neit ctek BUKOHYBaBCs y CIeIliali3oBaHOMY O0NafHaHHI. ApXiTeKkTypa Mepexi O-
RAN mnpomoHye MOXIHMBICTH TMOBHOTO (200 YacTKOBOTO) BHUKOHAHHSI CTE€Ka HPOTOKOJIB Y BiAJAICHOMY
O0YHCITIOBAJIBHOMY IICHTpi, pPeani30BaHOMY Ha MEPCOHAILHOMY KOMI'IOTEpi, 32 PaxyHOK 4YOTO peami3yeThbCs
koHnentis xmMapaoi C-RAN (Cloud RAN). Tomy chorosHi icHye TOCTpa HEOOXITHICTh MPOBECTH KOMILIEKCHI
JOCHiKeHHsI pisHuX peanizanii O-RAN, y ToMy ymcri A OIiHKY Ta aHalizy (akTopis, IO BILUIMBAIOTH HA
obumcroBabHy ckianHicTs mpoueayp O-RAN [8].

ITorouna apxitekrypa 3GPP 5G npointoctpoBana Ha puc. 2.
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VY pamkax SIKOro MOKa3aHo, SIK Pi3HI TEXHOJIOTIl JOCTYITy B3a€MOJIIOTH i3 5G 3a JOMOMOTOI0 OKpEMHX
B3aeMozifounx 00’ekTiB. Henaniiinuii moctyn mo Wi-Fi BukopucroBye Non-3GPP Interworking Function
(N3IWF), noipenuii noctyn g0 Wi-Fi BukopucroBye nosipenwuii nuto3 Trusted Non-3GPP Gateway Function
(TNGF), a mporoBmii noctyn BukopucroBye QyHkiiro Wireline Access Gateway Function (W-AGF) s
B3aemoii 3 5G.

Ha pucynky 3 HaBeleHO HOBITHIO apXiTEKTypy CTaHIAPTY CTUTLHHKOBOTO 3B’SI3KY I SITOTO MOKOJIHHS
(5G). HaBenena inHoOBalliiiHa apxiTekTypa 3B's3yeTbes 3 5G uepe3 yHidikoBaHui 00'€éKT B3aeMOJii 3aMicTh
okpemux ¢ynkuiii B3aemonmii. Kpim Toro, mig wac ornsgy apxitektypu O-RAN ocHOBHOIO MeTol €
3abe3nederHs rHy4koro inrepdeiicy Mixk RAN 1 CN, mo6 Oyas-axa RAN Morna miakmodaTrcs 6e3nocepeaHbo
1o Oyab-sikoi cTipbHHKOBOI Mepexi CN abo Inrepuery. Ilporpamuo Bu3HaueHuii konTponep 5G-Flow mie sk
koHTposep RAN 3 kinbkoma RAT, sikuii kepye yHipikoBaHUM 00’€KTOM B3a€MOJII Ta MOTOKaMH AaHUX Yepes3
nekimpka RAT y RAN. Ockinpku KOHTpollep Mae moctym no iHdopmarii Ha piBHI RAN, Takoro sk
HaBaHTa)XECHHS Ha Tpadik Ta CTaH palioOKaHaIly, BiH MOke e(EeKTHBHO KepyBaTH NMOTOKAMH JAHUX HHU3XITHOI
niHii 3B’s13ky 4yepe3 RAT. Sk mokazaHo Ha puc. 3, KOHTPOJEpP TaKOXK Kepye 00JaJHaHHSAM KOpPHCTyBada abo
MaHEJJTI0, IO JO3BOJISIE KePyBaTH MOTOKOM AaHWX BUCXimHOi miHIii 3B'13ky B RAN 3 kimpkoma RAT. s
peamizamii ommcanoi apxitektypu RAN 5G 3actocoByerhest konmenmis OpenFlow. Came 3aBmsku nasiif
koHuenuii 5G RAN mpexacrasnsierbest y Burisimi mepexi OF, mo ckmagaerses 3 xoHTponiepa 5G-Flow (six
kontpoinepa OF) i komyratopiB OF, siki cTBOpeHi Ha CTOPOHI MepeXi Ta OB’ s13aHKUX MaHenei kopuctysaya [9].

Ilorouna apxitektypa 3GPP 5G RAN cknamaeTbcs 3 pi3HHUX BY3diB Mepexi 3 kimbkoma RAT,
Brutouaroun goctyn 3GPP (mampukman, gNB, eNB) i goctyn 6e3 3GPP (mampuxman, Wi-Fi, N3IWF). 1106
iHTerpyBatu Kigbka RAT B cTaHmapT CTITBHHKOBOTO 3B’ 3Ky 11°sitoro mokoiiHHs 5G-Flow RAN i 3a0e3nednTu
yHi(iKOBaHUH B3a€MOII0OUHA 00’ €KT, BAPTO PO3ILIATH MPOTOKOJI MIXK paiioiHTepdeiicoM i CTeKOM POTOKOITIB
N2/N3 By3niB RAN. [lns By3niB moctyny 3GPP, takux sk gNB, po3maineHHs BimOyBaeThCs Ha caMOMy BY3IIi
gNB, Toxi six mis qoctymy 6e3 3GPP 1ie 3xificHIOEThCS 3a JommoMororo (GyHKIIT B3aemoii, Takoi sk N3IWF [7-
9].

[lanens ympaBmiaHA 0ONamHAHHS KOPUCTYBada TaKOX BapTo MOMU(IKYBaTH, TaK y BUMAAKY KOJIH
nepemukad BBelneHuid y craH OF Ha maHeni ynpaBmiHHS, BiJ’€AHYIOTbCs piBHI mpoTokonmy NAS (sxwuid
3B’s3yeThes 3 SGC) i IP Bixm Ga3oBoro creka pamionpoTokosiB. HeoOXiHO BCTAHOBUTH 3arajibHUi piBeHb [P
3amicThb cnerudigaux st RAT pisaiB IP. 3anexxHo Bifg TeXHOMOTII MOXKYTh OYTH pi3HI CTEKH pamioiHTepdeicy,
ane piBHi NAS Tta [P 3amumatotscs mocrtiiHuMu. Ha pamgiomoprax xoMmyTaTopa ymnpaBiliHHS OOJaJHaHHS
KopucTyBada BigoOpaxaroThes pagiocrekn NR (RRC/SDAP i 6azosuii crek mpotokomiB) i Wi-Fi (MAC i
(hi3uuHUI piBEHB).
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Ilepemukau ympaBmiHHS O0OJaJHAHHS KOpHICTyBada paszoM i3 KoHTpoiepom SG-Flow xepye
Pamio3B’A3KOM TaHeNi YIPaBIiHHAS Ta J03BOJISIE KEPYBATH ITOTOKOM JaHUX BUCXITHOI JTiHIT yepe3 mekimbka RAT.
Binpmie Toro, konm maHenb ympaBiiHHA migkiIoueHo 10 SG depes aekinmbka RAT, peectpyeTscsi BoHa numie
onuH pa3. Y motouHiit apxitektypi 3GPP 5G manens ympaBiiHHS 00NIagHAHHAM KOPUCTYBada, MiAKIIOYEHA 10
5G 4epe3 Oinbie Hixk ogHy RAT, Mae 3apeectpyerhest B SG okpemo depe3 koxHy RAT. 3 BiiokpeMIICHHIM
piBHs NAS Bix creka pamionpoToKomiB (Ha JOAATOK A0 panio i mpoTokoniB N2/N3, po3amiieHuX Ha CTOpPOHI
MepexKi), 3B’s130K maHen ynpaBiaiHHI 3 RAN moBHICTIO BifiokpemiieHO Bij ¥oro 3B’s3ky 3 5G. g dyHkmis
JO3BOJISIE TIAHENI YTPaBIIHHA THYYKO MIAKIIOYAaTHCS A0 pi3HMX Mepex, Takux sk SGC, 4G CN, abo
Oe3mocepenHbo a0 [HTEpHETY.

BucHOBKH Ta nepcneKTHBH MOAAIbIINX A0CTiIKEHb.

B ymoBax croromeHHs, yCi BEJIHKI ONEpaTOpH CTUIHPHHKOBOTO 3B'S3Ky IO BCHOMY CBITY peali3ylOTh
MIBUJIKE PO3TOPTAHHS CTaHIAPTy CTUTLHHKOBOTO 3B’S3Ky I’siToro mokominHs 5G. Hemin'eMHOIO 4YacTHHOO
HOBOI apXiTeKTypU CTiIIPHUKOBHX MEpEX € TPaHCIOpPTHAa Mepexa, sika 3ade3neuye 3B'SI30K MiK 0a30BUMH
CTaHIISIMH, TTeprQepiiHUME IIeHTpaMi 00pPOOKHM JaHWX, XMapHUMH TPOTpaMaMHi Ta cepBicamu. ApXITeKTypa
3GPP 5G migrpumye inTerpariro 3 kinbkoma RAT wa 5GC, y moTouHiit apxiTekTypi 5G € KijgbKa HEITOMIKIB, SKi
JeTalbHO PO3IIISIHYTI Ta 3alpOMOHOBaHa X MoAu]iKallis 3a paXyHOK peopraHizamii. 3armpornoHoBaHi MiHiMaIbHi
nporpamHi 3MiHM B apxitekrypi 3GPP 5G, nmerko peanizyBaT, a HaWTOJIOBHIIIUM € BiJCYTHICTh 3MiH Y
MPOTOKOJI MiXK TMaHEIUTI0 yIpaBiiHHSA KopucTyBada Ta gNB Ta 5GC, a takox gNB Ta 5GC. ApxitekTtypa
CTaHAAPTY CTUIBHUKOBOTO 3B’s13Ky I°siToro nokouinHs RAN 5G Bonofie cipolieHoro iHTerpamieto 3 Kiibkoma
RAT, edextuBHe KepyBaHHS TOTOKaMH naHWX y RAN, rHyukicte migkiroueHHs 10 Oyap-sxoi CN abo
IatepHety 6e3nocepentbo yepe3 RAN Ha ocHoBi 4G/5G/Wi-Fi
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Hamionaneuuii TexHiunuii yHiBepcuteT Ykpainu «KuiBcbkMH MONITEXHIYHUH 1HCTUTYT iMEHi
Irops Cikopcekoro», M. KuiB, YkpaiHa.

METOJ PO3II3HABAHHS JE®EKTHOI'O MOBJIEHHSI
HA BA3I TEXHOJIOI'II MEL-CEPSTRAL

HoranoBa K.P., HanuBaiiuyk M.B., Knumuyk 1.0. Meton po3nizHaBanHsI 1e)eKTHOr0 MOBJEHHs Ha 0a3si
texHouorii Mel-cepstral. ¥V crarti qociimKyeTbcss METOAM PO3ITi3HABAHHS MOBH JIFO/ICH 3 MOPYIICHHSIM MOBHOT'O arapary 1o
KOPOTKOMY CIIOBHUKY 3 BUKOPUCTAHHSIM Mmel-KencTpalbHuX Koe(ilieHTiB.

KuwuoBi ciioBa: posmi3HaBaHHS MOBHM, MOBHHI CHrHai, KOPOTKH cioBHHK, Mel-kencrpanbhi koediuieHTH,
IIpOrpaMHHH TOAATOK, HOPYLIEHHS MOBHOTO anapary.

Potapova K.R., Nalyvajchuk M.V., Klymchuk I.0. Defect speech recognition method based on Mel-cepstral
technology. The article investigates the methods of speech recognition of people with speech disorders in a short dictionary
using mel-keptral coefficients.

Key words: mobile signal, mobile signal, short vocabulary, Mel-cepstral functionality, software add-on, destruction
of the mobile device.

IMocTtanoBka HaykoBoi mnpo6Jjemu. OIHOIO 3 OCHOBHHX (OpM B3aeMOZil Jroledl — 1e
MOBJICHHS. Y Hall Yac JOCTaTHSA KUIBKICTh KOPHCHHUX HPOrpaM il PO3Mi3HaBaHHS MOBJICHHS JIOICH,
SK1 MaroTh neBHI oOMexxeHHs. L{i mporpamu nepekiagaroTh TEKCT, SIKUM OyB IPOMOBIECHHUNA TOJIOCOM Y
TEKCT, JJIS YITKOrO PO3YMIHHS, L0 JIIOJMHA XOYe€ PO3MOBICTH. [OJIOBHOIO METOI0 METOMIB IO
PO3Mi3HaBaHHIO MOBJICHHSI € OTPUMAaHHS iHPOpMAaLii SIK BXiJTHOI'O F0JIOCOBOTO CUTHAILY JUIS MOJAJIBIIOTO
giTKOTO TIepekiany. KoHkpeTHi mpoOieMu, 110 BUPIIye METO/I:

1) mepeTBOpEHHS MOBHOT'O CHT'HAITy Ha TEKCT;

2) ToJOCOBE BBE/ICHHS iH(OpMAIIiT,

3) TOIIyK rOJIOBHHUX CJIiB;

4) mnpaBWIbHE MEPETBOPEHHS T'OJIOCOBOTO MOBIIOMIICHD;

5) amarrrarist 0 TOJIOCY AUKTOPA;

6) posmi3HaBaHHS MOBH, SIKOK FOBOPUTH THKTOD;

7) ycHHUi mepexsiaa 3 OHIE] MOBH Ha iHIIY.

AHani3 nocaigxKenb. Y Halll 4ac iCHye BeJIMKa KUTBbKICTh MPOTrpaM Ui PO3Mi3HABaHHS MOBH,
AKI MOXXHa BHKOPUCTOBYBATH SIK JUIS JIOMAIIHIX IiJied Tak 1 ans pobotn. B cydacHux meromax 1o
PO3Mi3HaBaHHIO MOBJICHHS BUKOPHCTOBYETHCS BaXKJIMBA YaCTUHA — MOJIEIIOBAaHHS MOBU Ta aKyCTHYHE
MOJICNIIOBAaHHsL. Y Hall Yac JOCHTh BEJIMKa KUIBKICTh METOJIB JIISl TEpeKiiajy Tojocy B TeCT.
HaitonTuManbHIiMi MeTon po3mi3HaBaHHs MOOyMOoBaHWE Ha 0a3i MpUXOBaHHX MOEsIX Mapkosa.
s BUBOY MOCIiZAOBHOCTEH CHMBOJIB BUKOPHUCTOBYIOTH CTaTUCTW4HI Mojeni. Tomy meron Ha 6asi
npuxoBaHi Mojeni MapkoBa € OIHUM 3 HaWONTUMANbHIIIUX JUIS BUPILIEHHS MOMIOHHMX HpoOieM.
BukopucTanHs puxoBaHUX Mojenieli MapkoBa MPHUBOIUTH JO OiBII 3PYyYHOTO 1 ONTUMAIBHIIIOTO
HanamtyBaHHs. [Ipyu BUKOpUCTaHHI HEHPOHHUX MEPEX 3HAaYylle MEHIIE OMITHUX NPHUIYIIEHb HI0A0
CTaTUCTUYHMX BJacTUBOCTeH o3HaK, HbK HMM. [lis TOYHOI OLIHKM MOBHHMX CETMEHTIB HEHpOHHI
MepexXi MOTPIOHO TPOBOJUTH JUCKPUMIHAIIMHE HABUAHHSA NPHUPOJHUM Ta €PEKTHBHUM CIIOCOOOM.
JloBesieHO, 1110 TBOPEHHST MOBA Ma€ BWIVISLJ aKyCTUYHOI XBHJI, SIKY MOXKHA MPEJACTABUTH Y BUTJIISIII
CHCTEMH OpTaHiB: JIETeHi, OPOHXH 1 Tpaxeero, a BKE MOTIM IEePEeTBOPIOETHCS B TOJI0COBUIT TpakT[1].
CrpykTypa rojaocoBoi (opMu NpHiiMae y4acTh y BUTBOPEHHS 3BYKiB MOBH. Lle MokHa NpeaicTaBUTH y
BUIISAI CYKYIHOCTEH TeHepaTropiB curHaiiB Ta mrymiB[2]. € OGarato crmoco0iB Ui TOKpaIieHHS
pe3yabTaTiB poOOTH anropuTMiB. Y HaIl yac CKJIaJHO BHHAWTH MoAudikamilo B aIropuTMi Iist
3011bLICHHS €)EKTUBHOCTI Ta TIOKPALICHHS Pe3yIbTaTy Ta pOOOTH aIropuTMy. AJle SIKIIO MPHUITYCTHTH,
0 BXiJHI CJIOBa MOXKHA PO3OMBATH HA KOPOTKI BIIPI3KU AYyKE KOPOTKOI TPHBAIOCTI 1 TPH IIHOMY
0o0umCIIOBaTH KOE(DIIIEHTH JUIsi KOXXHOTO BIAPI3KY MOXKHA Ha JICKUIbKAa BIJICOTKIB ITOKPAIIUTH
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pesyabTat pobotu metoxy [3].

OcnoBHa 4actuHa. [loBeaeHo, mo MoBa - me 3BHYHA (opMa CHIIKYBaHHS IIOACH 3a
JIOTIOMOTO0 MOBHUX KOHCTPYKIIiH Ta neBHUX mpaBui [4]. JomycTiMo, 110 3BUYHE CEPEelOBHUINE IS
TOTO 100 MepenaBaTé iHPOPMAIII0 — 1€ TOBITPS, TOAI MPH CIIIKYBaHHI 3BYKOBE KOIWBAHHSI MOXHA
0XapaKTepU3yBaTH 3BYKOBOIO YaCTOTOIO 1 aMILTITY/I0r0. Y CiM BiJJOMO, III0 MOBa — II¢ HOCi# iH(opmartii,
10 BUKOPHCTOBYETHCS JIOAMHOIO JUIA TepeAadi MOBIIOMIICHb - CUTHaioM. MoBa - Lie aKyCTHYHHI
CUTHAJI, IO Oe3MepepBHO 3MIHIOETRLCS B Jaci.

Maitxe BCi CHTHaIIM, IO ICHYIOTh MalOTh CXOXICTh TOXOKeHHS. ToMy mpu oOpoO1Ii cHrHaIIiB
noTpiOHO MEpPETBOPIOBATH B AMCKPETHI CHTHAJM 3a JOMOMOIOI0 aHAIOTO-IU(POBOTO MEPETBOPECHHS
(ALIT). ¥V mam yac BenWKa KiNBKICTh PI3HHX OOYHCIIOBAJIBHHUX MOTYKHOCTEH, ajleé y TO€IHaHHI 3
pO3ITi3HABAaHHSAM MOBH € 1 3aJHIIA€ThCA JOCHTH CKIAgHOIO TMpobiemMoro. Bucoka CKJIamHICTH
O00YKCITIOBAILHOTO QJITOPUTMIB Yy HAIIOMY OKUTTI JIOJa€ JeAKi JyKe BaXIUBI (akTu It
AaBTOMATUYHOTO pO3Mi3HaBaHHS MOBH, a caMe Ha oOcsSr oOpOOJIOBAHOTO CIOBHHKA, LIBHIKICTH
OTpHUMAaHHS BIAIOBII 1 TouHicTh. OmucaHi BuIle mMpobjaeMu MoKHA 00’ €IHATH 1 HA BUXOJI OTPUMATH
HaJiHWA, CaMOCTIHHWMN Ta MaKCHMaNbHO MBHIAKWKA mnpucTpiid. I[luTaHHA mOMIyKy HOBHX
apXiTeKTypHHX pillleHb MO PO3Mi3HABAaHHIO MOBH HAa0yBa€ Bce OUTBII aKTyalbHOro 3HaYeHHs. OIHUM 3
MEPCIIEKTHBHUX Ta HOBUX HANpPSIMKIB € IOCHI/DKCHHsS 1 BUKOpHCTaHHsS Metoay Mel-kerncrpanbaux
KOoe(ili€HTIB 0 KOPOTKOMY CIIOBHHUKY.

VY cucteMi aBTOMaTHYHOTO PO3Mi3HABaHHS MOBH € Taki (pa3u: BUIICHHS O3HAK, HaBYaHHS i
posmizHaBanus (puc. 1). Ilicis BUIiIICHHS 03HAK, MU OTPHMY€EMO BEKTOP O3HAK, B SIKOMY CTHCIIUI OMHUC
CUTHaJy 3 KOPHCHOIO iH(OpMAIi€lo IS MOAANBIIOro posmizHaBaHHA. [jis Toro, mo0 oTpuMmaTh
pe3yJbTaT MPUHHATO BUKOPUCTOBYBATH METOM, SAKI MOXKYTh NpAIIOBaTH B YaCTOTHIN 00JacTi Ta B
TUMYACOBIH, IPU [[OMY MPOOJIeMa TOAaHHSI MOBU HE BUPIIICHA J0 KiHIA 1 JOCTIHKEHHS BEAYTHCS 110
TEenepinHporo yacy [5].

BexTopHi 03HaKM (QOpPMYIOTBCS Yy JHEAKYy IIOCHIIOBHICTE IOBXKHHOIO T, Ky Ha3WBarOTh
aKyCcTHYHO0. TakoK MOKeMO TO0auuTH, 10 POPMYEThCS Aeska HOCHiAoBHICTE O=(01, 0y, ..., 07). 3a
JIOTIOMOT OO ITi€i TIOCITi TOBHOCTI MOYKHA MTEPEIaTH TOUHY MOCTIIOBHICTE ¢1iB W=(mw1, W, ..., wy). Cama
3a/laya pO3Ii3HABAHHS MOBU TaKa: OTPUMAaHHs TMOCTIIOBHOCTI cliB W, skuii aHANOTiYHO BiAIOBimae
JesiKkiit akycTuuHii mocmigosHocTi O [6].
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Pucynok 1 — 3aransna cxema CAPM

[MotpibHO MepeBipUTH BCi NAHIIOKKYU cTiB W, ane Ha mpakTHIl 11e Maike HeiimoBipHo. Jlis
TOTO, MI00 TOJIETIIICHHS 1I€ 3aBJaHHs BBOJAATH Pi3HI 0OMEXEHHs, HAINPHUKIIAJ, PO3Mi3HABaHHS TiTbKU
BUJIJIEHUX CJIIB.

BukjaneHHss OCHOBHOrO0 Mmarepiany. Y TMOpIBHAHHI 3 THMYacOBOK OO0JIACTIO YaCTOTHA
00jacTh HaWKpallle MPeACTaBlise MOBY o3HakaMu. J[ist yacToTHOI oOmacti 1 JiHiliHA cucTema i €
TOJIOBHHMM 3aBJaHHSAM JIJIsl 3HAXO/KCHHS O3HaK. MeTo JIiHIMHOTO Tiepei0aueHHs IPe/ICTaBIIsIe€ COO0I0
MOJKITUBICTh HAOIMKEHICTh MOTOYHOTO MOBHOTO CHTHAITY 32 JIOTIOMOTOFO JIiHIHHOT KOMOiHaIIii BiJUTIKiB,
sIKi OyJI BUKOPUCTaHi 10 116010 [7]:

s() = Xioy axs(n — k), M)

ne {a, } — xoedinienTn niHiHHOrO NEpeIOaYECHHS.
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Merogom MFCC wMoxHa BHOUTATH CHTHI. JIsi THOTO BHKOPHUCTOBYIOTH JIHCKPETHE
nepetBopeHHsi Dyp'e. Ilpu BUKOpHCTaHHI AMCKPETHOI'O MEPETBOPEHHS B YAaCTOTHIM 00JacTi MOKHA
o0uMcnUTH JorapudM CHEKTpy cUrHany Ha Bxozi. [licmg 4yoro MokHa OOYHCIMTH KOCHHYCHE
nepeTBopeHHs. OcHoBHOM niepeBaroro MFCC mepen LPC 1 PLP 3 moaiObHOIO SKIiCTIO pO3ITi3HABaHHS €
npocToTa BOpoBapKeHHS. Lledl MeTox € OimbIl IIBUAKKM, 32 PaXyHOK €QEKTHBHOI MpoLexypH
saaxomkenns JI® i OAIID — a came mBunkoro nepersopeHas Pyp'e (LUI1D). Ananizyroun meroan
Oyo BusBieHo, mo MFCC 3acTocoByeThCSI HAWOLIBIT IMTUPOKO.

Slkmo Ha BXiTHUHM CHTHAJ, SIKUH MH OTPUMYEMO Ha BHXOJI 3acTocyBaTé meton Dyp’e, Mu
orpumaemMo Takuii rpadik (Puc. 2).
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Pucynok 2 — IlepeTBopeHHs BXiTHOI'O CUTHATY

ITicnist TOTO, IK MU OTPHUMAJTH TIEPETBOPEHHS MOYKEMO TIPOJieMOHCTpyBaTy Bux Ha Mel-oci
(Puc. 3).

© [Notanosa K.P., Hanupaituyx M.B., Knumuyk 1.O.



Hayxosuii orcypran "Komm’ 0TepHO-1HTETpOBaHI TEXHOJIOTI1: OCBITa, HAyKa, BHPOOHUIITBO"
Jlyyox, 2022. Bunyck Ne 47 121

OxHa (men-wkana)

N

! - A
500 1000 1500 2000 2500 3000
Buicora (men)

Pucynok 3 — Hakmanensst BxigHoro curnairy Ha Mel-oci

[IpoBenemo nerampHMit ommc mnochigoBHOcTed 3HaxomkeHHs MFCC. Koxuuit eran
PO3IIISIHYTO Ha MAJIOHKY 3 JI0JaTKOBUM OIKCYBaHHAM KOKHOTO mporecy (Puc. 4).

so) | sl e —— 0 L(@)
—  nocunessn ——- n;':':‘;,:;n —} W et Hﬁﬂmi _}'“EMW] W oane

BEROOMHE USCTOT

win)

Pucynok 4 — 3naxomkenns Mel-kencrpaibHux KoegilieHTiB

1. Hopmaurizaliisi T04aTKOBOTO CUTHATY MOKE BUPIBHITH CHTHAIY 1 301IbIICHHS] YACTOTHHX
BucOT. Hu3pkouacToTHI (pOpMaHTH MatOTh OLIBLI aMIUTITYAH, HI’)K BACOKOYAcTOTHI ()OPMaHTH, X0ua
OCTaHHI TaKOX HECYTh BaXIIMBY iieHTH]iKamiiHy iHpopmanito. ToMy 10 BXiTHOTO CUTHATY
3aCTOCOBYIOThH (iIBTP:

s'(n) =s(n) —095-s(n—1), (2
2. CurHai BUAUISE KOPOTKOYACHY TIISHKY 1 HaKjIaaa€e BikoHHY QyHKil w(k) mis MiHiMizamii
BUTOKY cIleKTpa. PesynbraTom € ¢peiim, noBxuHa skoro K BiamikiB. Hagani Bci npoueaypu BexyThCs
B MEXXax came 1bOro (peimy:

x(k)=s'(k+t-K) -wk),0<k<K-1, 3)
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TakuM 9UHOM, BEKTOpP 03HAK OTPUMYIOTH I KOskHOTO 0 < t < T (ppetiMaM BXITHOTO CHTHATY
s'(n). B sixocTi BikOHHOT (yHKIIIi 3a3BHYaii BAKOPUCTOBYIOTh (DYHKIIiF0 XeMiHra:

w(k) = 0.54 — 0.46 - cos(>0), )

3. O6uncnenns D mgns peiim:

—j2mmk

Xe(m) = Ilg(}xt(k) e K ; (5)

JII®D po3paxoByeThCs 3a TOMIOMOTOI0 alrOpUTMy MBHIKOTO nepeTBopeHHs Dyp’e (FFT).

4, HaknmazeHHs B 4acTOTHIA oOmacti mociimoBHocteli Q Men-oiasTpiB Ha ¢peiim. B
pe3ynbTaTi mporeaypu GinbTpa ( Ha OCHOBI TPUMaHHX Pe3yJbTaTiB 3HIMalOTh eHeprito Yt(q). Takum
YMHOM MOJEIIOIOTH CTIIPHUUHATTS MOBH JIIOJUHOIO: PO3IiNTBbHA 3IATHICTH CIYXy 3pOCTa€ MpU PycCi Mo
CIEKTPY BiJl HU3bKHUX YacTOT A0 BUCOKuX. LleHTpanbhi yactot Fq Men-dinsTpiB BHOMPAIOTHCS 33 TakK
3BaHOI0 MeJ-IIKaJIok0, sIKa 3aJICKUTh Bill 3BUYAWHOI 110 JJOrapuMidHOMY 3aKOHY (pHC. 5):
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Pucynok 5 — BianoBigHICTh 4aCTOT 3BUYMAaWHOI MIKAIH YacTOTaM Mel-IiKainm

Fhy
Fm612095 ) loglo(l + WHO), (6)

5. Jlorapupmysanus Yt(q). Ha 1poMy Kpoili BHKOHYETHCS TOMOMOpP(MHI MepeTBOPEHHS.
HaBenena Hikve GpopMmyiia 1a€ HaM 3MOTY BIIIITUTH curHal i ¢inetpu Yi(q):

Le(q) = log|Y:(q)l , ()

6. O6uncnennss OJII®D. Ha ocraHHbOMY eTami OTpUMYIOTH Me-kenctpainbHi KoedillieHTH
nusixom obumcnenus OAID mns Lt(q). [pu upomy, Tak sik Lt(qg) nilicanit 1 cumerpuunnii, OATID
Oyze eKBiBaJIEHTHO TUCKPETHOMY KOCHHYCHOMY NEPETBOPEHHIO:

Q(p) =41 Le(@) cos (p- (4 =3) 5),p =0, P, ®)

B pesynbrari BuxonuTh koediuieHnt P, xoua P Moxe nopiBHIoBaTH (J, aje 3a3Bu4ail OepeThes
muire nojoBuHa 3HadeHHS MFCC. Lle mosicHIOeTbCS THM, IO KEeTICTpa CUTHANY 30y/KeHHS 3a3BHUYal
3HAaXOAMUTHCS «IIPABOPYI» BiJl KEIICTPU MOBHOTO KaHAJY.

OTxe, po3mi3HaBay Ha BUXO/Al OTPUMYE P-BUMIPHHUN BEKTOP of, O MICTUTh Men-KencTpanbHi
koedimientn s t ppeiimy [8].

BucHOBKM Ta mnepcHeKTHBH MOAAJBINOr0 MOCHII:KeHHsl. Y maHiii poOOTi JeTalbHO
pO3TISTHYTO MeTox BUKOpucTtaHHs Mel-kencTpanbHux KoeQillieHTiB 3 TOYKHM 30py Oprasizarii
3BYKOBOTO iHTep(deicy mist Troneit i3 neekraMu MOBIICHHS.
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OcHOBHI pe3yJIbTaTH POOOTH IMOJISITAIOTh B HACTYITHOMY:

1. IIpoBeneHO mOCIiPKEHHS TOCTABICHOI 3a/avi: CIOCiO po3Mi3HaBaHHSA MOBH 3 BHIIIJICHHSM
OCHOBHUX KOMIIOHEHTIB JIJIl CHCTEM aBTOMATHYHOTO PO3Ii3HABAHHS MOBH.

2. PosrnsHyTO icHyrOouUi MeTomu OOpOOKH 1 BUAUIEHHS TOJOBHHX O3HAK CHTHATY MOBJIIEHHS,
cepen sIkux 0ys10 00paHo MiaXiM, SKUH HaWKpaIe MmigX0IUTh i/l TOCTABJICHE 3aB/IaHHS.
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Y V V

BHUMOT'H 10 CTPYKTYPU TA O®OPMJIEHHS MATEPIAJIY CTATEA

HaykoBa cTaTTsi 000B’513KOBO NOBUHHA MATH HACTYNHI HeOOXiHi eJieMeHTH:

1) MOCTAHOBKA MPOO0JIeMH Y 3araJbHOMY BHIJIAII Ta i1 3B'I30K i3 BAXKIIMBUMH HAYKOBUMH UM MPAKTHIHAMHU
3aBJaHHSIMU;

2) aHaJIi3 OCTaHHIX JocaiKeHb i myOaikaniii, B SKMX 3aII09aTKOBAHO PO3B'S3aHHS JaHOI MPOOJIEMH i Ha SIKi
CIHMPAETHCS ABTOP,

3) BUJiTeHHS] HeBUPIlIEHMX paHille YacTHH 3arajbHoi NpPo0JjeMH, KOTPHUM TIPHCBAYYETHCA O3HAUCHA
CTaTTs;

4) (opMyTHOBAHHS MeTH T0CTiIKeHHS (TOCTAHOBKA 3aBJIaHHS);

5) BHKJIQ[I OCHOBHOTO0 MaTepiajy dOCHiIKeHHA 3 T[OBHHUM OOIPYHTYBAaHHSM OTPHMAaHUX HAyKOBHX
Pe3yJIbTATIB; BUCHOBKH 3 JJAHOTO JIOCII/DKCHHS, Y TOMY YHKCIIi 3 HAYKOBOKO HOBH3HOIO 1

6) NMEePCNeKTUBH MOJANBINX JHOCTIIZKeHb Y JAHOMY HAMPSIMKY.

CraTTiO MOKHA TOJAaBaTH YKPaiHCHKOIO, POCIHCHKOI0 abo0 aHTIiiiChKOI0 MoBamH. BoHa moBWMHHA OyTH HaOpaHa y
TekcToBoMy pexakropi MS WORD 03/07/10 i mampykoBaHa Ha jasepHOMY ab0 CTPYMEHEBOMY HPHHTEpi Ha OLIMX
mcrax Gopmary A4 (297x210 mm). Hymepamniro cropinok He BukonyBati. O6csar crarti 5-10 cTopiHok (He MeHIe).
Iapamerpu cTopinku. Bepxne, HibkHE Ta mpase mone —1,5 cm, miBe — 2 cM. Bix kpato 10 BepXHBOTO KOJOHTUTYIIA —
1,25 cm, HmoxaBOTO — 1,25 CM.

Ilanka crarri. YJIK, ORCID (sixmio €), aropu (iM’s Ta TIpi3BHINE MOBHICTIO), Miciie poGOTH KOKHOTO aBTopa. Haspa
opraHisamii Ta Ha3Ba CTaTTi HabWparoTbcs 3 HOBOro psaka mpudrom Time New Roman Cyr posmipom 11 nr 3
OIMHAPHUM MDKPSIKOBHM IHTEPBAJIOM Ta BHUPIBHIOIOTHCS MO JiBOMY Kpato. HaszBa cTaTTi po3MimlryeThcs depe3 OJuH
PSLIOK HIDKYE Ha3BH opraHizaiii (po3mip mpudty 11 0T 3 HAMiBXUPHAM BHILICHHSM Ta BUPIBHIOBAHHAM IO LICHTPY).
AHoTaunii (yKpailHChKOI0, POCIHCHKOIO Ta aHTJIHCHKOI0 MOBaMH) TOBHHHI MICTUTH NPIi3BHINA Ta iHILliaJIX aBTOPIB, HA3BY
CTaTTi Ta KOPOTKHUI 11 3MICT 1 PO3MIILYIOThCS Yepe3 OJIUH PSIOK HMXKYE Ha3BU CTATTI Ta HAOWPAIOTHCS 3 ab3alHOTO
Bizctyny 1 cm mpudptom Time New Roman Cyr po3mipom 90T 3 OIMHAPHUM MDKPSJKOBUM IHTEPBAJIOM 1
BUPIBHIOIOTHCS 10 mupuHi. Hibkue aHoTaniii 000B’13KOBO BKa3yIOThCsl KJIIOYOBI CJI0BA.

OCHOBHMII TEKCT PO3MIIIYETHCSA HA 4Yepe3 OJMH PSNOK HIDKYE aHOTalil, HabupaeTbes 3 ab3arHOro BiacTymy | cm
mpudpToMm Time New Roman posmipom 11 0T 3 ofuHAPHUM MIXKPSIKOBHM iHTEPBAJIIOM Ta BHPIBHIOETHCS MO MIMPHHI.
®opmyau HabuparTbes y pegakropi Gopmyn MS WORD (BuxopucroyBati mpudtu: Symbol, Time New Roman
Cyr; po3mipu mpudTiB: 3BHYaifHuil 12 nT, KpymHUH iHmekc 7 nT, OpiOHWE iHmekc 5 mT, KpymHUil cumBon 1§ mr,
nIpiGHMI cuMmBoa 12 1it). @opMmyria BUPIBHIOETHCS 110 IEHTPY 1 HE MMOBHHHA 3aiiMaTH OLTbIe 5/6 MHUPHHN psAAKa.
LmiocTpamii, mo npucyTHi y cTaTTi, HEOOXITHO PO3TAMIOBYBATH Y TEKCTi IO IEHTPY, BUPIBHIOIOYH ITiIICH IO LICHTPY
(Puc. 1. Hazga). [Ipyruii ek3emruisip imocTpanii HEOOXIIHO MOAATH Ha OKPEeMOMY JIMCTi. [mtocTpauii moBHHHI OyTH
YITKUMH Ta KOHTPACTHHMHU.

Tabauui noTpiGHO PO3TALIOBYBATH Y TEKCTI MO LIEHTPY, IPUUOMY X MIMPHHA TIOBHMHHA OyTH Ha 1 CM MEHIIA IUPUHU
psiaka. Ham tabnuiiero ctaButhest ii mopsiakoBuii Homep i HazBa (Tabmuis 1. Ha3ea) Ta BUPIBHIOETHCS 11O LICHTPY.
Mocunanus Ha Ty 4y iHITY pOOOTY NOBUHHI MO3HAYATHCS B TEKCTI Y KBAJPATHHUX Jy)KKaX 3a MOPSIIKOBUM HOMEPOM y
CIUCKY JIITEpaTypd B KIHIN CTAaTTi; NOCWJIAHHS Ha JDKEpena CTAaTUCTHYHHX JAaHUX OOOB'SI3KOBI; IMOCHIIAHHS Ha
myOumiKamii JOCITiTHUKIB 00OB'SI3K0BI; MOCHIAHHS HA MiAPYYHUKH, HABYAIbHI TIOCIOHUKH, Ta3eTH 1 HCHAYKOBI1 XKYpHAJIH —
HeOakaHi; MOCWIIaHHS Ha BIACHI MyOiKalii JOMYCKalOThCS TUTBKH Y BUIAIKY KpaitHbOT HEOOXITHOCTI; pOOOTH aBTOPIB,
Ha MPI3BHINA SIKKX € TIOCHIAHHS B TEKCTi, MAlOTh OYTH B CIIMCKY JIiTEpaTypH A0 Wi€i cTaTTi.

Cuucoxk 6i6iorpagiunoro onucy ta References. Crincok miteparypu («References») motpiOHO MPUBOJUTH MOBHICTIO
OKpEeMHM OJIOKOM, ITOBTOPIOIOYH CITMCOK JIITEPATYPH, KU MOAAETHCS YKPATHCHKOIO / POCiiCEKOI0 MOBOIO, HE3aJIEKHO
BiJl TOTO, € B HBOMY iHO3EeMHIi JpKepena un Hi. ToOTo, micis cTarTi mogaeThest 2 cnucku: «Crmcok 6ibmiorpadiaHoro
ommHCy» (3BUYAMHUIA CIIUCOK JiTepaTypH) i «References» (cmucok mist miskaapoaanx BJ1). HeoOxinHo B omuc mkepera
BHOCHTH BCIX aBTOpIB, HE CKOPOUYIOUYH IX J0 TPbOX, SIK 11€ PEKOMEH/IOBAaHO AII0YMMH Y HAC J€PKABHUMHU CTaHAAPTaMH.
References - moBuHeH OyTu yKiajaeHui aHTITIHCEKOI0 MOBOIO ab0 TpaHcmiTepoBanuii. OQOpPMITFOBATH 3TiIHO 3 OJHUM i3
HaWOLIbII y)XuBaHUX y cBiTi cranmaptie. APA — American Psychological Association; CBE — Council of Biology
Editors, Citation-Sequence; Chicago (Author-Date System); Harvard; Harvard — British Standard; MLA (Modern
Language Association) — Single Spaced Reference List; NLM — National Library of Medicine; Uniform Requirements
for Manuscripts Submitted to Biomedical Journals. VY >xomHomy 3 mepeiiueHHMX CTaHIAPTIB HE BUKOPUCTOBYHOTHCS
PO3ALTIOBI 3HAKK: «//», «—». Ha3Ba mkepena Ta BUXiIHI JaHI BiJOKPEMIIIOIOTHCS BiJl aBTOPIB 1 3ar0JI0OBKA CTATTI THIIOM
mpudry, Halgactime, KypcuBoM (italics), kpamkoro abo komoro. IcHye Oarato O€3KOIITOBHMX Iporpam Juis
CTBOpeHHsI OiOmiorpaiyHMUX OMHUCIB Yy POMAHCHKIM abeTmi, IO Jal0Th MOXKJIMBICTH ABTOMAaTHYHO CTBOPIOBATH
TIOCHJIAHHS 33 OJTHUM 13 CBITOBUX CTaHJapTiB

nanpukian: http://www.easybib.com/, http://www.bibme.org/, http://www.sourceaid.com/., https://vak.in.ua/.
PenensyBanHs crarteil. [Ipocumo Bkasatu aBox periensenti (ITIB, enexTpoHHI agpecu Ta 3BaHHS) IS TOJATBIIOTO
penieH3yBaHHA Bamioi craTTi. AQMiHICTpaTOp peecTpye MOJAaHWX PEIEH3CHTIB Ha cailTi XKypHally, TOOI Ha IXHIO
EJIEKTPOHHY aJ[pecy HaJICHIIAeThCs (hopMa JUisi pelieH3yBaHHs. Penakilis 3aiuiae 3a co000 MPaBo HANPABJIATH CTATTI
Ha JIOJTATKOBY PEIICH31I0 Ta BIAXWIATH X B pa3i BiACYTHOCTI pereHsiil.

Crartst 000B’13KOBO TIOJIAETHCS HA €IEKTPOHHY ajapecy: Cit@Intu.edu.ua.

Pyxkonucwy, 1110 He BiITOBIIAIOTH BHIIE BKA3aHUM BUMOTaM, HE PO3IIISAAIOTECA 1 10 APYKY HE MPUHMAIOTHCS.

Yci pykonucu npoxoaaTh nepeBipky Ha miariar!
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HamionansHuiil TexHIYHUN yHIBepcuTeT «/IHIMpoBChKa momiTexHikay, M. JHinpo, Ykpaina.

ABTOMATHU30BAHA CUCTEMA JOCTABKH MEJIUKAMEHTIB 3A JOIIOMOI'OIO BE3INIVIOTHUX
JITAJIBHUX ATTAPATIB (MYJIbTUKOIITEPIB) 3A 3AIIMTOM CIIO’)KUBAYA
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Mopo3 b. 1., Antinos O.A., Kypasiabos B. C. ABTOMaTH30BaHA CHCTeMa JOCTABKH MeJUK:
0e3mioTHUX JTiTaJbHUX anapaTtiB (MyJbTHKONTEPiB) 3a 3allMTOM CHO:KMBa4ya. [IpecTaBieHO KOHLENT CUCTEMH JOCTaBKU
MEIUKaMEHTIB 32 JOIIOMOTOI0 OE3MUIOTHHX JITAIPHHX amapaTiB. 3alpoNOHOBAHO apXiTEKTypy CHUCTEMH aBTOMAaTHYHOL
JUCTIeTYepU3allii 3aMOBJICHb BiJl CIO)KKBada, 30epiraHHs 3aMOBJICHb, Ta IUIAHYBAaHHS JOCTaBKU APOHAMHU. Takoxk OYII0 PO3TIITHYTO
IOPUINYHI 0OMEXEHHS POOOTH 3aPOIIOHOBAHOI CHCTEMHU.

Ki1104o0Bi cj10Ba: MyJIBTHKOIITED, IPOH, J0CTABKA, KIiEHT-CepBepHa apXiTekTypa, RSA, APM, HTTPS, Mission Planner.

MOMOIILI0 GECHIJIOTHBIX JIETATEIBHBIX amnapaTtoB (MYJIbTHKONTEPOB) MO 3ampocy moTpedmTensi. IIpencraBieH KOHLENT
CHCTEMBI JOCTaBKM MEIMKaMEHTOB C IOMOIIBIO OECIMJIOTHBIX JIETaTeNbHBIX ammapartoB. [IpeanokeHa apXUTEKTypa CHCTEMEI
ABTOMATHYECKOH UCIIeTUYSPU3aLIK 3aKa30B OT MOTPEOUTEIIs, XpaHSHUs 3aKa30B, U INIAHUPOBAHHE JOCTaBKU JpoHaMHU. Taxke ObUTH
PaccMOTPEHbI IOPHANYECKHE OTPAaHMYEHUS PAOOTHI PETIOKEHHONW CHCTEMBI.

KiioueBble cjioBa: MyIbTHKONTEP, APOH, OCTaBKa, KIMEHT-cepBepHast apxiTekrypa, RSA, APM, HTTPS, Mission

Mopo3z b. U., Autunos A.A., Kypasiaes B. C. ABTOMATH3HPOBAHHAA CHUCTEMAa JAOCTABKH MEIMKAMEHTOB ¢ >

Planner.

Moroz B., Antipov A., Zhuravlev V. Automated system for the delivery of medical supplies using unmanned aerial
vehicles (multicopter) at the request of the consumer. The concept of medical supplies delivery system using unmanned aerial
vehicles is presented. The architecture of the system of automatic dispatching orders from the consumer, storage of orders, and
scheduling delivery by drones are proposed. The legal limitations of the proposed system were also considered.

Keywords: multicopter, drone, delivery, client-server architecture, RSA, APM, HTTPS, Mission Planner.
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