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UDC 519.2
B. ARSLAN, R. GAMZAYEV, E. KARACUHA, M. TKACHUK

ALGORITHMS AND SOFTWARE SOLUTIONS FOR SQL INJECTION VULNERABILITY TESTING
IN WEB APPLICATIONS

Software security gains importance day by day and developers try to secure web applications as much as possible to protect confidentiality, integrity
and availability that are described in the fundamental security model so-called CIA triad. SQL injection vulnerability which can violate the
confidentiality and integrity principles of the CIA triad is reviewed, and SQL injection attack execution and protection techniques are explained. The
common frameworks’ solutions against SQL injection vulnerability were compared, and this comparison shown the most used techniques in this
domain. Error-based and time-based detection algorithms for SQL injection’s identification are developed to create a vulnerability scanner that can
detect SQL attacks which cause vulnerability in web applications, and these algorithms are represented in form of UML-activity diagrams. In order to
discover all possible links and forms to perform SQL injection vulnerability tests in the entire website, a web crawler is needed. Breadth-First Search
(BFS) algorithm for developing the web crawler is proposed, and the appropriate pseudo code and activity diagram are provided. Besides, Common
Vulnerability Scoring System (CVSS) that is used to measure severity score of attacks that can violate CIA triad principles is reviewed. Qualitative
severity score rating scale of CVSS is explained. An example of CVSS calculation is represented. Necessary components of a vulnerability scanner are
explained. A vulnerability scanner prototype is developed using explained algorithms. Process results of this vulnerability scanner’s usage for real web
applications are represented. Conclusions are made, and goals of future work are defined.

Keywords: software security, web application, vulnerability, scanner, CIA triad, SQL injection, error-based detection, time-based detection,
web-crawler, BFS-search algorithm, common vulnerability scoring system.

b. APCJIAH, P. A. TAM3A€B, E. KAPAKYXA, M. B. TKA4YYK
AJITOPUTMHU TA ITPOI'PAMHI PIINEHHSI IS TECTYBAHHS BPA3JIMBOCTI B IHTEP®EMCI
SQL Y BEB-ITPOI'PAMAX

Besmexa mporpamHOro 3a0esledeHHs MIOJEHHO HaOyBae Bce OUIBIIOrO 3HAYCHHS, 1 PO3POOHMKH HAaMararThCsl MaKCHMaJbHO 3aXUCTHTH BeO-
mporpamu, o6 3abe3nednTr iX KOH(IAeHUIHHICTh, ITICHICTh Ta JOCTYIHICTH, SKi OMHCaHi B OCHOBHiil Mozeni Ge3meku Tak 3BaHoi Tpiagu CIA.
PosrisayTta BpasnmuBicts SQL-iH’€exuilf, sika Moe MOpYIIyBaTH NIPHHIUIN KOH}ieHifiHOCTI Ta mimicHoCTi Tpiaau LIPY Ta MOsSCHIOIOTHCS BUKOHAHHS
SQL-arax Ta MeToqu 3aX¥CTy BiJ HUX. byio mpoBeeHO MOPIBHAHHS 3aralIbHUX CTPYKTYPHUX PillleHb JUIS YCyHEeHHs Bpa3nuBocTi SQL-iH’ekmii, sike
BUSIBWIO HAMMOIIMPEHINI TEXHONOrii y wiil ramysi. Po3poOieHi anropuTMi BUSIBJICHHS HAa OCHOBI MOMHJIOK Ta Ha OCHOBI BHMIpi 4acy st
inenTudikamii SQL-iH €Kil s CTBOPEHHS CKaHepa BPa3JIMBOCTI, IKUil MOXe BUSBUTH SQL-aTakw, 110 BUKJIMKAIOTh ypa3IHBiCTh B BeO-I0AaTKAX, 1
i anropurMmu mpexcrasieHi y ¢opmi UML-giarpam aktuBHOcTi. 1I[06 BUSIBUTH BCi MOXJIMBI IOCHIAHHS Ta (OPMH IS BUKOHAHHS TECTiB
BPAa3IUBOCTI Ha BChOMY BeO-caiiTi, moTpibeH momykoBuii BeO-pobot. 3ampomoHoBaHo anroput™ Breadth-First Search (BFS) mias po3poOku Be6-
CKaHepy, IVIS HbOTO HABEICHO ICEBAOKOJ Ta [giarpaMa aKkTUBHOCTI. Po3risimaerscs cucreMa 3aranbHoi owinku BpasmmBocti (CVSS), ska
BUKOPHCTOBYETHCS JUISl BHMIPIOBAHHS CTYIICHS TSDKKOCTI aTak, IO MOXYTb IOPYLIYBAaTH NMpPUHIMIM 3axucty Tpiagu LIPY. Posz’scHeHo sikicHy
ouinoyny mkamy CVSS. Ilpencrasiennit mpuxman pospaxynky CVSS. Po3po0OieHo NpOTOTHI CKaHepa BPa3iIUBOCTI 3 BHKOPHUCTAHHIM
3aIIPOIIOHOBAHMX AITOPUTMIB. Pe3ynbraTi 3acTOCYBaHHS 1IbOTO CKaHEPY BPA3/IMBOCTI NPECTABICHI IIPUKIIAJaMH OLIHKU peallbHUX BeO-3aCTOCYBaHb.
3po06ieHo BUCHOBKY, BU3HAYEHI I1ii MaiOyTHBOI poOOTH.

Kurouosi ciioBa: Oesneka nporpaMHOro 3abesneueHHs, Be0-3acTOCYBaHHs, BPa3IMBICTh, cKaHep, Tpiaga LIPY, SQL-in’exiis, BU3HAUCHHS Ha
OCHOBI TIOMMJIOK, BU3HAYEHHsS Ha OCHOBI BHMMIpIB uacy, 3arajJibHa MOJeNb Oe3leKu, MourykoBuidl BeO-poboT, BFS - anroputm nomyky, 3aransHa
CHCTEMa OIIHKH BPA3JIHBOCTI.

b. APCJIAH, P. A. TAM3AEB, 3. KAPAKYXA, H. B. TKA4YYK
AJI'OPUTMBI U ITPOTPAMMHBIE PEIHNEHUSA JJIA TECTUPOBAHUSA YA3BUMOCTHU B SQL-
NHBEKIUAX B BEB-IIPNJIOKEHUAX

be3omacHOCTh MPOrpaMMHOTO 00eCIIeUeHHs] eXEAHEBHO IPUOOpeTaeT Bece Oonbllee 3HAUCHHE, H Pa3pabOTYMKH CTapaloTCsl MAKCHMAIbHO 3aIlUTHThH
BeO-IIPUIIOKEHHS, YTOOBI 00ECTIEUNTh HX KOH(HACHIIHAIBLHOCTD, EJIOCTHOCTE U JOCTYITHOCTh, KOTOPBIE ONMCAHBI B OCHOBHOH MOJIEH 0€30IIacCHOCTH
Tak HaspiBaeMoi Tpmanpl I[PY. Paccmorpena ys3Bumocts SQL-MHBEKIWMif, KOTOpas MOXET HapymiaTh HPHHIWIEI KOH(UIEHIMAIBHOCTH M
nenoctHoctd Tpuansl LIPY, u oOwsicHstorcs kak BbimonHeHue SQL-atak Tak M METOIBI 3aIIMTHI OT HUX. BBUIO MpOBENEHO cpaBHEHUE OOIMIMX
CTPYKTYPHBIX PELICHHIl UL ycTpaHEeHHs ys3BHMOCTH SQL-HHBEKIMH, KOTOpOE BBISBIIO CaMble pPaclHpOCTpaHEHHbIE TEXHOJIOTHH B 3TOH 00JIacTH.
Pa3spaboTaHHbIe aITOPUTMBI OOHAPYKEHHSI HA OCHOBE OMIMOOK U HAa OCHOBE W3MEPEHUH BPEeMeHH JUI HaeHTH(HKAMH SQL-HHbeKIui 11 co31anus
CKaHepa yA3BUMOCTH, KOTOPBII MOXeT 00HapykuTh SQL-aTaku, BBI3bIBAIOMINE YA3BUMOCTh B BEO-IPHIOKECHUAX, U 3TH aITOPHTMBI IPEICTaBICHbI B
tdopme UML-anarpamMm akTHBHOCTH. UTOOBI BEIIBHTE BCE BO3MOXKHBIE CCBUIKH U (DOPMBI JUIS BEIIOJTHEHHUS TECTOB YSI3BHMOCTH Ha BCEM CaiiTe, Hy)KeH
TIOMCKOBBIIT BeO-poboT. Ilpemnoxen amroputMm Breadth-First Search (BFS) mns paspaboTkm BeO-ckaHepa, UL HETO HPHBENCHBI IICEBIOKON U
JMarpaMMa akTHBHOCTH. PaccMaTpuBaercst cuctema oOuieit ouenku yszsumoctd (CVSS), koTopas HCHONb3yeTcs A U3MEPEHHs CTENEHH TSKECTH
aTak, KOTOpPbIe MOTYT HapyIlaTh HPHHIMIBI 3amuThl Tpuaasl LIPY. Pa3wsicHeHo kadecTBeHHyI0 oneHounyto mkainy CVSS. Ilpencrasien mpumep
pacuera CVSS. Pa3paboraH IpOTOTHII CKaHepa YsS3BHMOCTH C HCIOJB30BAHHEM INPEIIOKEHHBIX aJIrOPHTMOB. Pe3ynbTaThl NMPUMEHEHHUs! 3TOrO
CKaHepa YsI3BUMOCTH IIPEICTaBICHBI IPIMEPaMU OLICHKH PeaabHbIX BeO-IpunoskeHui. Crenansl BEIBOABL, ONPEeIeHb el Oyaymeil paboTsL.

KaroueBble ciioBa: 06e30macHOCTh NMPOrPaMMHOIO OOecriedeHHs, BeO-IPpUIIOKEHUe, YSI3BUMOCTh, ckaHep, Tpuaga LIPY, SQL-unbexuns,
ompesieNieHNe Ha OCHOBE OIIMOOK, ONpeJeNeHHe Ha OCHOBE M3MEpEHMi BpeMeHH, o0mas Mojenb 6e30macHOCTH, MOMCKOBBIA BeO-podot, BFS -
AJITOPUTM IIOUCKA, O0IIAsi CHCTEMA OLICHKH yS3BHMOCTH.

Introduction: Problem Actuality and Research
Goal. In direct proportion to the popularity of web
applications, information security gains importance to
protect the data from adversaries, because insecure

applications can leak sensitive information to their users.
This information can be used by adversaries to manipulate
the data for different motivations [1], such as; curiosity,
wealth, recognition, national security, etc. The

© B. Arslan, R. A. Gamzaev, E. Karaguha, M. V. Tkachuk, 2018
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fundamental security model [2] which is also referred as
CIA triad, is designed to provide a baseline standard for
evaluating and implementing information security
regardless of the underlying system. CIA triad has three
main principles [2] as follows:

(1) Confidentiality is the protection of information
from unauthorized access. Confidentiality
principle states that access to information must
be granted only on a “need-to-know” basis, so
that information which is only available to some
individuals should not be accessible by everyone;

(2) Integrity is maintaining the consistency, accuracy
and trustworthiness of the information over its
entire life-cycle. Integrity principle makes sure
that the information is not tampered whenever it
travels from source to destination or even at rest;

(3) Availability  principle  ensures  that the
information concerned is readily accessible to
authorized individuals when it is needed.

In order to have a wider perspective on the subject,
web application vulnerabilities are classified by the main
phases of each software development life cycle as shown
in Fig. 1. This classification does not show all existing
vulnerabilities. Instead, it contains the most commonly
known and dangerous vulnerabilities.

In this paper, implementation caused SQL injection
(SQLI) vulnerability that can violate confidentiality (1)
and integrity (2) principles of the CIA triad is analyzed.
SQLI vulnerability analysis includes the attack execution,
countermeasures against such attack and solutions that are
applied by commonly used frameworks to secure
applications against such attacks.

Moreover, error-based and time-based SQLI
vulnerability detection algorithms are developed and
explained. The main purpose for these detection
algorithms is to develop a vulnerability scanner (VS) that
will simplify penetration testers’ job to find
vulnerabilities. That is why, it is also important to
discover all links and forms in the targeted website for
SQLI vulnerability detection test executions. Therefore,
Breadth-First Search (BFS) [4] algorithm is used to
develop a web crawler to explore the targeted website for
SQLI tests to be performed. Furthermore, Common
Vulnerability Scoring System [5] (CVSS) is analyzed to
give testers an opportunity to measure severity score of
attacks to compare different possible attack scenarios to

find out the most dangerous one for the application. This
will help to prioritize vulnerabilities for developers to
apply countermeasures.

Ultimately, the main research goal of this paper is to
consider SQLI attack execution, its countermeasures,
commonly used frameworks’ solutions and to develop
algorithms for exploring the targeted website and for
performing SQLI vulnerability detection tests.

Overview of the SQLI vulnerability. Any
application that has an SQL database (DB) to save any
type of data is at risk of SQLI attacks [6]. A SQLI attack
consists of insertion or injection of an SQL query via the
input data from the client to the application and a
successful SQLI exploit can perform CRUD operations
meaning that it can read sensitive data from the DB,
modify DB data by Insert, Update, Delete operations.
Consequently, such attack can lead to violation of
confidentiality (1) and integrity (2) principles of the CIA
triad.

Alternatively, if the administrative operations are
allowed to be executed remotely by DB Management
System (DBMS), then adversaries can use SQLI
vulnerability to execute administrative operations to shut
down the DBMS which can cause violation of availability
(3) principle of the CIA triad.

Because of the fact that SQLI attacks consist of
injection of SQL query via the input data from the client
to the application, it could be also said that SQLI attacks
are a type of injection attacks [7] even though it was
classified by the main phases of the software development
life-cycle phases in Fig. 1.

According to statistics between the year 2000 to
2018 from the National Vulnerability Database (NVD) of
National Institute of Standards and Technology (NIST)
[8], there were upward trends on SQLI vulnerability from
the year 2000 to 2006. The percentage of the SQLI
vulnerability fell slightly from 14.60% in 2006 to 10.87%
in 2007, and then rose significantly to 19.55% in 2008
which was the most popular time of SQLI vulnerability.
Starting from the year 2009, the reported SQLI
vulnerability percentage started decreasing until 2013 and
stayed around 4% until 2015. In 2016, it fell to 1.35% and
increased up to 3.52% in 2017. In the time when this
statistic was obtained from NVD in 2018, there was
3.11 % of SQLI vulnerability reported among all. This
may change by the end of 2018.

Web Application
Vulnerabilities

[ [ I ]
Requirements . Implementation Deployment
Analysis Caused Design Caused Caused Caused
i i i : i
[ I I I ]
Cross-Site Credential / . . R
Abuse of Buffer - Cross-Site I Denial of Application
" " Brute Force Request Session I SQL Injection " . N .
Functionality Forgery Overflow Prediction Scripting Service Misconfiguration
E i f Performing Unauthorized U horized
Password Password | [Unauthorized xecution of Session Stealing Brute Force Elevation of nauthorize
Cracking Cracking Action Unauthorized Hijacking | |the Session Password Access Lo Priviledge Access to
Operations Cracki Database Administration
racking

Figure 1 — Classification of web application vulnerabilities [3lemy «XTII». Cepia: Cucmemnuii
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Even though the total amount of reported SQLI
vulnerabilities are decreased after year 2008 and it is
currently around 3.11% percent in 2018, this vulnerability
is in existence, and it can still be dangerous to violate
confidentiality (1) and integrity (2) principles of the CIA
triad.

Overview of the underlying causes of SQLI
vulnerability and SQLI attack execution. Above all,
main reasons that causes SQLI vulnerability must be well-
known to execute SQLI attacks, to detect SQLI
vulnerability and to secure applications against such
vulnerabilities. There are mainly two reasons as follows:

1. Direct usage of the input data from tainted

source;

2. Direct usage of the input data to dynamically

construct the SQL query.

The underlying issue in the SQLI vulnerability is the
fact that one string combines the code and the data to
construct a query. In order to illustrate this issue, a basic
SQL query to select data from DB can be used. Such
queries have simply three keywords, such as: select, from,
where (see Fig. 2).

$token = "token"
$query = "SELECT *x FROM users WHERE token =
$result = mysql_query($query

" $token."';";

Figure 2 — SQL select query sample

The above figure shows an example of SQL query to
select all users from table named as ‘users’ where token
matched. Expected query to be processed in DBMS is
represented in Fig. 3.

$token = "token"
$query = "SELECT * FROM users WHERE token =
$result = mysql_query($query

token';

Figure 3 — Expected SQL select query

An adversary can trick this query easily by adding
extra code by providing unexpected token as shown in
Fig. 4.
$token PIOR =

$query = "SELECT * FROM users WHERE token = OR
$result = mysql_query($query)

L T

Figure 4 — SQL injection with unexpected input data

Provided input value for token, which is  OR ‘1’=‘1
in this case, perfectly fits on the query. Since there is no
syntax error and ‘1’ always equals to ‘1°, DBMS will
think query is fine to execute and return all users.

Sometimes when adversaries are not sure about how
the query does look like to be sure that injection will
work, they can use SQL comments to force DBMS to skip
the rest of query. MySQL servers do accept two types of
SQL comments:

1. Single line comment: such comments start with

‘# character or ‘--* sequence and end at the end
of line;

2. Multi-line comments: such comments start with

‘/*’ sequence and end with “*/° sequence.

Additionally, injection with comment character or

sequence of characters may not work without adding an

extra space character at the end of input data after the
comment character or character sequence. Thus, it is
occasionally needed to add space character at the end of
the malicious SQL query that contains comment character
to execute a successful SQL injection attack.

Moreover, using URL encoded version of the
malicious input data is also useful to successfully perform
a SQLI attack.

Once the SQLI attack is successfully executed,
adversaries understand the structure of the SQL query and
they perform other attacks using different queries to
manipulate the DB as they wish.

Overview of the  SQLI vulnerability
countermeasures. As explained above, the main reason
for SQLI vulnerability existence is using the tainted input
data directly to construct the SQL query without
sanitization and using the tainted input data to construct
SQL query dynamically. Therefore, securing the
application against SQLI vulnerability is about increasing
the trustworthiness of the input data or separating the data
and the code. Techniques [9] used to eliminate SQLI
vulnerability as follows:

1. Blacklisting: The action of detecting and deleting
the special characters that can break SQL query,
such as; quotation mark (), single quotation
mark (), semicolon (;), comment (/*, */, #, -- ),
etc.;

2. Escaping: The action of replacing the
problematic characters with the safe ones, such
as; changing single quotation mark (“), quotation
mark (), semicolon (;) to (\), (\), (\})
respectively;

3. Whitelisting: The action of allowing input data to
be one of pre-defined values or in a pre-defined
range. Whitelisting is hard to implement, because
input data may not be predicted for rich input
data;

4. Prepared statements: This is a feature that DBMS
provides. In order to work with prepared
statements, an SQL query template must be
prepared. Prepared statement object contains not
just SQL statement, but also pre-compiled SQL
statement. Needed data will be provided later on
and placed into related part of the query in

prepared statement. An example prepared
statement usage is shown in Fig. 5.

$token = "' OR '1'='1"

$db = new mysql("localhost", "user", "password", "dbname"

$statement = $db->prepare("SELECT * FROM users WHERE token = ?;"
$statement->bind_param("s",$token
$result = $statement->execute

Figure 5 — Prepared statement example

When the prepared statement is executed, DBMS can
just run the SQL statement without compiling it first. This
will result with faster work time and help to separate the
code and the data in the SQL query. Thus, the best way to
secure applications against SQLI vulnerability is to use
prepared statements.
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Web application frameworks are applying different
solutions to SQLI vulnerability to help developers to
easily get over this problem, see table 1.

It is important to understand that below table does
not compare frameworks’ capabilities, instead it compares
their solutions against SQLI vulnerability that is described
in their official documentations.

Many of these frameworks provide escaping feature
to get rid of SQLI vulnerability while prepared statements
resolve the main problem that causes SQLI vulnerability.
That is why, encouraging developers to use prepared
statements is a better solution to develop secure
applications against SQLI vulnerability. Table 1 shows
that only three frameworks, ASP.NET, Spring and Zend
use prepared statements for this purpose.

Even though these frameworks provide solutions to
SQLI wvulnerability, applications developed using these
frameworks may have this vulnerability if developers do
not use the framework properly. Therefore, organizations
hire penetration testers to perform tests to find existing
vulnerabilities even if they are using web application
frameworks  which  provide  solutions  against
vulnerabilities. Penetration testers or ethical hackers are
also using SQLI attack technique, that is discussed above,
to find SQLI vulnerability in web applications.

Since it takes significant amount of time to manually
perform vulnerability tests to detect vulnerabilities,
automating the work has to be completed by penetration
testers with the help of VS is a good idea because of the
fact that it will increase the speed of these tests and
provide with result much faster.

In order to create such VS, several algorithms are
needed. These algorithms are explained later in the paper
and they are as follows:

1. Error-based SQLI detection algorithm which can

detect SQLI wvulnerability by searching for
DBMS error messages;

2. Time-based SQLI detection algorithm which can
detect SQLI vulnerability based on the server
response time;

3. Breadth-First Search (BFS) algorithm which can
be used to develop a web crawler that explores
the targeted website to find all links and forms
for future use in SQLI vulnerability testing;

4. Common Vulnerability Scoring System (CVSS)
which measures the qualitative severity score of

vulnerabilities.

If VS detects a vulnerability, then it means that the
application is not well secured, and immediately better
solutions must be applied.

Overview of Breadth-First Search algorithm and
its usage in development of a web crawler. BFS
algorithm [4] is important for developing a web crawler to
discover all links and forms in a website. These links and
forms will be tested against SQLI vulnerability one after
another until all links and forms in the entire website is
tested. As a result, penetration tester will be providing
URL for the home page of the website and VS will
discover all links and forms in the website by the help of
web crawler developed based on the BFS algorithm to
perform SQLI test. Fig. 6 represents the pseudo-code of
BFS algorithm.

unmark all vertices

choose some starting vertex x
mark x

list L = x

tree T = x

while L nonempty
choose some vertex v from front of list
visit v
for each unmarked neighbor w
mark w
add it to end of list
add edge vw to T

Figure 6 — Pseudo-code of BFS algorithm

BFS algorithm starts at the root URL which is the
one for home page of the website (represented as vertex in
the pseudo-code) and searches all the neighboring URLS
at the same level meaning that it searches for all links and
forms in the current page. If the goal is reached, then it is
reported as success and the search ends. If it is not, search
proceeds down to the next level, sweeping the search
across the neighboring URLSs at that level and so on until
the goal is reached. Goal is to discover all links and forms
in the entire website. In order to have better understanding
on the algorithm, Fig. 7 shows an activity diagram of BFS
algorithm.

BFS algorithm is more suitable for applications and
situations where the desired results can be obtained in the
upper levels of a deeper tree. Its performance will get
affected if the results will be found in the deeper levels.
Since the purpose of the web crawler is to get all links and
forms in entire website, this is not going to be an issue.

Table 1 — Web application frameworks comparison for SQLI vulnerability countermeasure

Framework Blacklisting Escaping Whitelisting Prepared statement
ASP.NET[10] - + — +
Codelgniter[11] - + — +/—
Laravel[12] - + _ +/—
Node.js[13] - + — +/—
Phalcon[14] - + — +/—

Ruby on Rails[15] - +/—- - -
Spring[16] _ _ B
Zend[17] - - _
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Unmark all vertices

Select starting vertex

Mark vertex

Is queue empty?

Visit vertex in queue

Queue adjacent vertex

Figure 7 — Activity diagram of BFS algorithm

Developing an error-based SQLI vulnerability
detection algorithm. Forms and links obtained from the
web crawler which is developed based on the BFS
algorithm, will be used to execute SQLI vulnerability tests
to detect the vulnerability itself. Error-based SQLI
detection algorithm is used in one of these tests. Fig. 8
contains activity diagram for this algorithm.

Parameters iterative

olrm Para}neter
Send Form request with SQLI parameter

Pty ml i (L]
iterative SQL Errors

1
1

I

il I
Response Error I
Analyze Response for Error 1
1

I

1

I

1

1

I

1

|

[”° *5_>{Save found vulnerability to DB)

Does Response contain Error?
e

Continue Loop

Figure 8 — Error-based SQLI detection algorithm

The main idea is to send malicious input data via
found forms and links to the application. These malicious
input data is explained earlier, but this time the goal is to
break SQL query and force DBMS to produce an error.
That is why, input data must be a character and must not
complete the SQL query in a correct form. Therefore,
input data can be a quotation mark (), or single quotation
mark () or any character that will break the query
including their URL encoded versions.

Next, the malicious input data will be processed by
the application. If there is a SQLI vulnerability and
injection of malicious code is successful, then the input

data will break the SQL query and DBMS will prompt a
DB error message. These error messages contain
followings:

1. “error in your SQL syntax”;

2. “Microsoft OLE DB Provider for ODBC Driver

error’”’;
3. “Invalid Query String”;
4. etc.

Finally, VS must analyze the response from the
application to find one of pre-defined DB error messages.

Developing a time-based SQLI vulnerability
detection algorithm. Activity diagram of time-based
SQLI vulnerability detection algorithm for found forms is
shown in Fig. 9 for a clear vision on the algorithm.
Similarly, the same algorithm must be applied for the
found links.

Get Forms from DB

iterative
<<datastore>>
SQLI Parameters
-——Of-—-—————————————— ———————— ~
Parameters iterative

orm  Parameter
Send Form request with SQLI parameter

NO *
ii Is Response time long as expected?

(Save found vulnerability to DB)

| |
| |
I I
I I
| |
1 |
I I
I I
1 I
I I
1 Receive response from server‘ @Ieasure response time] :
| |
I |
I I
I I
| I
I I
I |
I I
| I
| |

Continue Loop

Figure 9 — Activity diagram of time-based detection algorithm

Time-based SQLI vulnerability detection technique
consists of sending input data which forces DB server to
wait for a certain amount of time that is defined in the
malicious input data and on the other hand counting the
time to get response from the server.

Several query examples which make DB server sleep
for a while are as follows:

1. 1\” and sleep (10)--;

2. 1; wait for delay \’00:00:10V’;

These example queries make DB server wait for 10
seconds. This time is absolutely more than normal
response time of any web server.

After sending the malicious input data to the
application, if the response time is equal or greater than
the pre-defined and expected time which is 10 seconds for
the queries above, then it can be said that SQLI
vulnerability has been found.

To accomplish this task, there must be two
simultaneous actions running in the VS, such as; one
action is sending a request to the server with malicious
input data, and the another is measuring the response time
of the server.
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Overview of the Common Vulnerability Scoring
System. The Common Vulnerability Scoring System
(CVSS) provides a way to capture the principal
characteristics of a vulnerability, and produce a numerical
score reflecting its severity, as well as a textual
representation of that score. The numerical score can then
be translated into a qualitative representation (such as;
low, medium, high and critical) to help organizations
properly assess and prioritize their vulnerability
management process.

CVSS is composed of three metric groups, such as;
base, temporal and environmental.

The exploitability metrics reflect the ease and
technical means by which the wulnerability can be
exploited. On the other hand, the impact metrics reflect
the direct consequence of a successful exploit and
represent the consequence to the thing that suffers the
impact, which is referred to formally as the impacted
component.

The temporal metric group reflects the characteristics
of a vulnerability that may change over time but not
across user environments.

The environmental metric group represents the
characteristics of a vulnerability that are relevant and
Unique to a particular user’s environment.

When the base metrics are assigned values by
analyst, the base equation computes a score ranging from
0.0 to 10.0. These metrics and equations are explained in
CVSS v3.0 documentation [5].

Specifically, the base equation is derived from two
sub equations: the exploitability sub score equation, and
the impact sub score equation.

The exploitability sub score equation is derived from
the base exploitability metrics, while the impact sub score
equation is derived from the base impact metrics.

The base score can then be refined by scoring the
temporal and environmental metrics in order to more
accurately reflect the risk posed by a vulnerability to a
user’s environment. However, scoring the temporal and
environmental metrics is not required.

The environmental metrics are specified by end-user
organizations because they are best able to assess the
potential impact of a wvulnerability within their own
computing environment.

The score calculated in CVSS can be between 0.0
and 10.0. Qualitative severity rating scale for both of
numerical and textual score is shown in table 2.

Table 2 — Qualitative severity rating score

Metric value Description
Not 0.0
Low 0.1...39
Medium 4.0...6.9
High 7.0...8.9
Critical 9.0...10.0

As an example, a CVSS base score of 4.0 has an
associated severity rating of medium. The use of these
qualitative severity ratings is optional and there is no

requirement to include them when publishing CVSS
scores. They are intended to help organizations properly
assess and prioritize their vulnerability management
processes.

Software architecture of a vulnerability scanner.
In general, a VS is made up of four main modules,
namely; a scan engine, a scan database, a report module
and a user interface. To illustrate these modules, a
component diagram of VS is shown in Fig. 10.

<<component>> g]
Vulnerability Scanner

<<component>> &
User Interface

<<component>> ]
Report Module

\r Scan request Report data %)\

<<component>> ] ) <<component>> &]
Scan Engine )} Database
KJ\ Results
\&J O
Request Response
) L
Request Response

Figure 10 — Component diagram of vulnerability scanner [18]

The scan engine executes security checks according
to its installed plugins, identifying system information and
vulnerabilities while scan DB stores vulnerability
information, scan results and other data used by scanner.
Scan engine cal also execute web crawler functionalities.

On the other hand, the report module provides
different levels of reports on the scan results, such as;
detailed technical reports, summary reports, etc.

The user interface allows the user to operate the
scanner. It may be either a graphical user interface or just
a command line interface.

Software implementation and SQLI vulnerability
test results. Algorithms to develop a VS for measuring
vulnerability severity score and SQLI vulnerability testing
are explained earlier. Fig. 11 shows a sample CVSS
calculation.

Base Metrics -

Attack Vector Confidentiality Impact Scope

Network High Changed
Attack Complexity Integrity Impact User Interaction
High High None
Availability Impact Privileges Required

High High

Requirement Metrics

Confidentiality Integrity Availability

Low Low Low

Figure 11 — An example of CVSS calculation
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The prototype VS is using URL that points to the
home page of the targeted website to discover forms and
links to perform SQLI scans. When the URL is provided,
and necessary forms and links are discovered, VS starts to
perform necessary tests to find SQLI vulnerabilities in
entire website.

Once the VS finishes all tests for the targeted
website, it is ready to report found vulnerabilities. If there
is SQLI vulnerability found in the website, then it is
reported as in the Fig. 12.

Type Url / Action Method  Parameter Error
Error Based SQLI  http://192.168.99.100/sqi- GET error in your SQL
labs/Less-1/ syntax

Time Based SQLI  http://192.168.99.100 GET  1and

(Blind) /sqli/example9.php sleep(10)--

Time Based SQLI  http://192.168.99.100 GET  1and

(Blind) Isqli/exampled.php sleep(10)--

Time Based SQLI  http://192.168.99.100 GET 1and

(Blind) [sqli/example5.php sleep(10)--

Figure 12 — SQLI vulnerability test result shows found
vulnerabilities

This result contains information about the type of
detection algorithm that is used to find the vulnerability,
the related URL, used HTTP request method, the injected
parameter, and an error if the vulnerability was found
using error-based SQLI vulnerability detection algorithm.
This information will be helpful to re-produce the error or
to find the vulnerability manually.

Conclusions and Future Work. In this paper, the
fundamental security model so-called CIA triad is
analyzed, web application vulnerabilities are classified to
have a better view on the research area and SQLI
vulnerability was analyzed. SQLI effects on the CIA triad

are discussed. SQLI attack execution and its
countermeasures are  explained.  Moreover, web
application frameworks’ solutions to the SQLI

vulnerability are compared. BFS algorithm for a web
crawler is explained. Furthermore, error-based and time-
based SQLI vulnerability detection algorithms are
introduced and CVSS is overviewed. Proposed algorithms
are used to develop a VS and test results of the VS is
represented.

Overall, this VS prototype can be used by
organizations to find SQLI vulnerabilities in the website
faster than manual tests that have to be done by
penetration testers or ethical hackers.

Our future work concerns final implementation of
the proposed VS, as well as improving algorithms for
SQLI vulnerability detection to make it more reliable.
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YJIK 65.011.56
E. II. ITABJIEHKO, C. B. IYBEHEIL, B. A. AHBA30B

MOJEJIM U ITIOKA3ATEJIN OIIEHKU KAYECTBA ITPOT'PAMMHOI'O OBECIIEYEHU A
NHO®OPMAINIMOHHBIX CUCTEM

Paccmotpena mnpobiiemMa OLEHKM KauyecTBa MPOrPaMMHOr0 obOecreueHus: HHYOPMALHOHHBIX cucTeM. [IpoBe/ieH aHalM3 HOCTOMHCTB M HEJOCTaTKOB
CYILIECTBYIOIIIMX METOJOB OLCHKM KadecTBa IPOrpaMMHOro obecredyeHus HH(OpMauMOHHBIX cucreM. KadecTBo mporpamMMmHoro obecriedeHus
paccMaTpUBaeTCsl 110 OTHOLICHHIO K JOCTIIKCHHIO OINPEICNCHHOro HepedHs ueneil. KadecTBO IpOrpaMMHOrO OOECIIEYEHHS BBIPAXACTCS depes
(YHKUNH yIOBICTBOPEHHs MOTPEOHOCTEH MONB30BaTedss M KOHEUYHBIH 3((EKT, BO3HHKAIOUIMI BCIEICTBHE MOBBILICHUS HH(POPMUPOBAHHOCTU
0JIb30BaTeNs MH()OPMALMOHHOH CHCTEMBI O IPOLECCax, NPOMCXOIIIINX Ha 00beKTe yrnpasieHus. [lepBuuHbIe TOKa3aTeNl Ka4eCTBa XapaKTepU3yOT
IporpaMMHOe OOECIICYEHHE ¢ TOYKU 3PEHHUs TOCTIDKEHHS 3aJaHHOTO YPOBHs KadecTBa 10 TOMY WM HHOMY CBOICTBY, OTPaXKaroIleMy OOIIyO
3aKOHOMEPHOCTb (D)YHKIIMOHMPOBAHUS IPOrPAMMHOT0 00eCIeyeHNs HH(POPMALIMOHHON CHCTEMBI, M 3aBUCAT OT 3HAUYCHHIT [IOKA3aTeNe HIDKEIeKAIMX
ypoBHeii. [IpeuiokeHa nTepaTuBHas MaaoroBas IpoLeaypa OLEHKH KauecTBa IPOrPaMMHOI0 00eCeueHH s, TI03BOJISIONIAs HA OCHOBE IPEAIIOYTCHUH
[0JIb30BATENsT BHIOPATh CBOMCTBA, (DOPMUPYIOLIME KAadeCTBO IIPOrPaMMHOrO OOECICYeHHs, M H3MEPHTh 3HAuCHHs [OKasaTesieil KadectBa. Ha
OCHOBAaHMH aHAJIN3a NIEPEYHs MOTPEOUTENIBCKUX CBOMCTB MPOrpaMMHOI0O 00€CHICUeHH s, CHCTEMATH3ALUK OCHOBHBIX CPAaBHHTENIbHBIX XapaKTEPHCTHK
TpeboBaHUi K MH(OOPMALMOHHBIM CHCTEMAaM BbIICJICHbI OCHOBHBIE KPUTEPUM Ka4decTBa JUIsl MPOrpaMMHOr0 obecriedeHus HHPOPMALIMOHHBIX CHCTEM:
(YHKIMOHAIBHBIN KPUTEPHil; KPUTEPHIl HAIOKHOCTH; HHPOPMALMOHHBIA KPUTEPHIL; KPUTEPUii OBICTPOACHCTBHS; KPUTEPHIl MCIIOIB30BAHMS TAMSITH.
IpennoxeHsl MOKa3aTeNny, BXOAAIINE B (DyHKIHOHAJIbHBIA KPHTEPHH KauecTBa, B YaCTHOCTH, CPEIHEE BpPeMs BbIJaud MH(OPMALUM HA 3aIpoc;
BEPOSTHOCTH BbIIAuM OTKa3a Ha 3alpoc MPH HAIMYHN HH(POPMALIMH; BEPOSTHOCTh BOSHUKHOBEHHUS HEOOXOJMMOCTH [OJa4H 3aMpoca, BU KOTOPOTo He
[PEeayCMOTPeH B MH(OPMAMOHHO cucTeMe. [IpeokeHbl crioco0bl BBIUMCICHUS 3HAYCHUN ATHX moKasareseil. CaenaH BBIBOA, YTO Mpeiaracmast
HpoLeaypa NpHMEHNMa ISl CPABHUTENBHOI OLIEHKH Ka4eCcTBa Pa3INYHBIX IPOTPAMMHBIX KOMILIEKCOB.

KiioueBble ciioBa: nporpaMMHOe obecriedeHne, HH(GOPMALMOHHBIC CHUCTEMBI, KaueCTBO, MPOLEAYpa, MHOTOKPHTEPHAIBHOE OLICHHBAHHUE,
(yHKIMOHAIBHBIN KpUTEpHH

€. II. TABJIEHKO, C. B. IVEEHEI]b, B. A. AHBA30B
MOJEJII I TIOKA3AHUKHU OIIHKHU AKOCTI TIPOTPAMMHOI'O 3ABE3ITEYEHHS
THOOPMALIMHUX CUCTEM

PosrsiHyTOo mpoGiieMy OLUHKU SIKOCTI MpOrpamHOro 3abesmedeHHs iHopMauiiiHux cucreM. IIpoBemeHO aHami3 mepeBar i HEMOMIKIB ICHYIOUHX
METO/IIB OLIIHKH SIKOCTI IPOrPaMHOro 3a0e3redeHHs iHpopManiiiHuX cucteM. SIKiCTh IPOrpaMHOTo 3a0e3MeYeHHs PO3IILIIA€TECS 10 BiIHOMIEHHIO J10
JIOCSTHEHHsI IEBHOTO IIepeiKy Iieil. SIkicTh mporpamMHoro 3abe3nedeH s BUpaKaeThes yepe3 (YHKIIT 3a10BOICHHS OTped KOPHUCTYBaya i KiHICBHH
e(eKT, U0 BHHUKAE BHACITIIOK MMiIBUIICHHS iHPOPMOBAHOCTI KOpHCTyBada iH(GOpMALiifHOI CHCTEMH MPO MPOLECH, MO0 BigOyBarOThCs Ha 00’ €KTi
ynpasiinHs. [lepBUHHI MOKAa3HUKK SKOCTI XapaKTePH3yIOTh HPOrpaMHE 3a0e3IEUCHHS 3 TOYKU 30py AOCATHEHHS 3a/laHOTO PIBHS SIKOCTI 3 TOrO 4
IHIIOTO BJIACTHBOCTI, 1[0 BiIOMBAE 3arabHy 3aKOHOMIPHICTh (PyHKIIOHYBaHHS IIPOrPaMHOT0 3a0e3IedeHHs! iHOpMaiifHOI CHCTEeMH, 1 3a]eXaTh Bix
3HAYCHDb [TOKA3HUKIB HIDKIUX PIBHIB. 3aIPOIOHOBAHO ITEPATHBHA AiaoroBa MpoIeAypa OLiHKH SIKOCTI MPOrpaMHOro 3abe3mneyeHHs, Mo 03BOJISIE Ha
OCHOBI yro700aHb KOPUCTYBa4a BHOPATH BIACTHBOCTI, 110 GOPMYIOTH SIKICTh MPOrPaMHOro 3a0e3MeueH s, i BUMIPSTH 3HAYCHHS MOKA3HUKIB SKOCTI.
Ha mizxcraBi aHamizy Inepeniky CIOKHBYMX BJIACTHBOCTEH IPOrPaMHOrO 3a0e3IIeUeHHs], CHCTeMAaTH3allil OCHOBHHX HMOPIBHUIBHUX XapaKTEPHCTHK i
BHMOT /10 iH(POPMAIIHHNX CHCTEM BHJLICHI OCHOBHI KPUTEpil SKOCTI Ui MPOrpaMHOro 3abesrmedeHHs iHGOpMAIiHHUX cucTeM: (QyHKIIOHATBHHI
KpHTepiit; KpuTepii HaxiitHOCTI; iH(pOpMaIIHUIA KpUTEpiil; KpUTEepiid MIBUAKOIT; KpUTEpiii BAKOPUCTAHHS MaM’sTi. 3alpoOOHOBAHO MOKA3HHUKH, 1110
BXOZATh B (YHKIIOHANBHHII KPHUTEPil SKOCTI, 30KpeMa, cepeHii Jac Bhadi iHdopmamii Ha 3ammT; HMOBIPHICTE BMJAYi BIIMOBHM Ha 3alHT TIPH
HasBHOCTI iH(poOpMalii; HMOBIPHICTP BHUHUKHEHHS HEOOXiZHOCTI TMOJAaHHS 3amHUTy, BHUA sKOi He mnepenbaueHo B iHQopMaliiiHi cucTeMi.
3anpornoHoBaHO COCOOM OOYMCIICHHS 3HA4YEHb IIUX MOKA3HHUKIB. 3p0OJICHO BUCHOBOK, 1110 3allPOIIOHOBAaHA MPOLENypa MOKe OYTH 3aCTOCOBaHa JUIs
TIOPiBHSIBHOI OIIHKH SKOCTI Pi3HUX IMPOrPaMHAX KOMILIEKCIB.

KuarouoBi ciioBa: nporpamue 3abe3neueHs, iHGOpMaIiiHi cHCTeMH, SKICTh, IPOIIEAYpa, OaraToKpHTepianbHe OLIHIOBAHHS, HYHKI[IOHATBHUIMA
KpuTepiit

E. P. PAVLENKO, S. V. LUBENEC, V. A. AYVAZOV
MODELS AND INDICATORS FOR ASSESSING THE QUALITY OF INFORMATION SYSTEMS
SOFTWARE

The problem of software quality assessment of information systems is considered. The analysis of advantages and disadvantages of existing methods
for assessing the quality of software information systems. The quality of the software is considered in relation to the achievement of a certain list of
goals. The quality of the software is expressed through the functions of satisfying the user’s needs and the final effect that arises from increasing the
information system user’s awareness of the processes occurring at the control object. Primary quality indicators characterize the software from the
point of view of achieving a given level of quality for a particular property reflecting the general pattern of functioning of the information system
software and depend on the values of the indicators of the lower levels. An iterative interactive procedure for evaluating the quality of software is
proposed, which makes it possible to select properties that form the quality of software based on user preferences and to measure the values of quality
indicators. Based on the analysis of the list of consumer properties of software, systematization of the main comparative characteristics and
requirements for information systems, the main quality criteria for the software of information systems are identified: a functional criterion; reliability
criterion; information criterion; speed criterion; the criterion of memory usage. The indicators included in the functional quality criterion are
suggested, in particular, the average time for issuing information on the request; the probability of issuing a refusal to request if information is
available; probability of occurrence of necessity of submission of the inquiry which kind is not provided in information system. Methods for
calculating the values of these indicators are proposed. It is concluded that the proposed procedure is applicable for comparative evaluation of the
quality of various software systems.
Keywords: software, information systems, quality, procedure, multi-criteria evaluation, functional test.

BBenenne. B TeueHue UIMTENBHOrO INPOMEXKYTKAa  IPOAYKLHHU, B TOM YHUCIE U IPOrPaMMHO-aITOpUTMHUYEC-
BPEMEHU BEAYTCSI MHTEHCUBHBIE UCCIIEI0BAHNUS 110 IOUCKY ~ KUX CpEeACTB. MeToabl H3MEpPEHUsl KauecTBa JaHHBIX
METOJIOB M CpPEACTB OIEHWBAHUS Pa3HOOOPa3HOH  CPEeICTB HA CETO/AHS elle He YCTAHOBWINCH, HAXOAATCS B
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CTaJ1H1 ITIOMCKOB U arpodanuu.

Enunoro noaxozaa K MocTpoeHHIO KOHCTPYKTUBHOTO
KpPHUTEPUsI OLIEHKH KadecTBa MPOrpaMMHOTO oOecreueHH s
(ITO) moka He HaWmeHO. DTy 3aaady CIOXHO PEIIUThH
BBUAY  OOJIBIIOrO  pa3sHOOOpasusi  CTPYKTYpel U
¢yHKunOoHaNpHOTO HasHaueHWs I1O, a Taroke HaIHUHA
OONBIIOrO 4YHMCIIAa TIOKa3aTesiell KadecTBa MPOTPaMMHBIX
CPEICTB, KOTOPHIE CIIEAOBANIO ObI y4ecTs B (hopMupyemMom
KPHUTECPHH.

B cBs3u ¢ 3THM ecTh HEOOXOAUMOCT CY3UTh KIIacc
HCCIELYeMbIX MPOTPaMMHBIX OOBEKTOB, OTPaHWYNBASICh
NPOrpaMMHBIM O0OecriedeHHeM HH(POPMAIIOHHBIX CHCTEM
(UC), ¢ Tem, uroOBl HAa KOHKPETHOM HPOTPAMMHOM
MPOJYKTE MOKa3aTh BO3MOXKHOCTh CHHTE3a 000OIIEHHOTO
MoKasaTelsl KauyecTBa M 3aTeM paclIMpsTh  KJlacce
nccIeyeMbIX IPOrPaMMHBIX CPECTB.

IMocranoBka mpo6yaemMsl. B mocneanue roasl noiy-
YEeHBI HEKOTOPBIE MTOJIOKUTEIBHBIE PE3YIIBTATH B 00IaCTH
aHanm3a kadectBa [1O, HaMeTwncs psn CIBUTOB TIPH
MIONCKE METOAOB BHIOOpAa HOMEHKJIATYpHI ITOKa3aTeseH
KagecTBa M uX pacdera. OAHAKO MOCTPOUTH EIAMHYIO
METOJUKY OLIEHKH KadecTBa pazHooOpasHoro [10 noka He
MPEACTABIIACTCA BO3SMOXKHBIM B CBA3U C TEM, YTO 110 pas-
HBIX KJIACCOB CHJIBHO pa3iM4aroTCid M0 Ha3HAuYCHHIO U
JIpyruM XapakTepuctukam. [IpoGiemy mocTpoeHus Takoit
METOJIUKH CJIEAYeT peliaTh MyTeM pa3pabOTKH METOAUK
oneHky kagecTBa [1O mys kaxmoro kiacca B OTJCIBHOCTH
1 3aTE€M MOMBITAThCS Pa3padboTaTh OOIIHI TOIXOI.

B cBs3u ¢ 3TuM HeoOxommmo BbIpabOTaTH MpOIle-
nypy omerkn kadectBa [10 HC, xoropas mo3Boimna OBl
BBINIOJHATH aHAIU3 KadecTBa INPOTPaMMHOTO obecrieue-
HUS TI0 HEKOTOPOH COBOKYIHOCTH KPHUTEPHEB, BBIIOIHSIT
CpaBHEHHE Ka4eCTBA Pa3HBIX MPOTPAaMMHBIX IPOJYKTOB.

Peanmzannst mocTaBIeHHOW HeNM IMOJpa3yMeBaeT
peleHne CIeAYIOINX 3a1a4:

— BBIIIOJTHEHHE 0030pa  CYIIECTBYIOUIMX METOJOB
oneHku kauectna I10;

—pa3paboTka UTEPATHBHOW NPOUEIYPHl OICHKH
kagectBa IO MC, xoropas y4uTBIBaeT NPEANOYTEHUS
MOJIb30BaTEIIECH;

—BBIOOP W  OOOCHOBaHME METOIMK pacueTa
roKazaresei, BXoIsumx B Kputepuu kadectna [10.

AHasuu3 coctosinus npodJjaemsbl. b. bosm, [xk. bpa-
yH B [1] oTMewaroT, 94TO 3KOHOMHYECKas Ileliecoodpas-
HOCTh pa3pabOTKH cHUCTEMBbI MNokazaTeneld kadectBa 110
HUMEEeTCs, eCIM 3aTpaThl Ha HEro He OOJIbIe MOJIOBHHBI
3aTpaT Ha TECTUPOBaHWE. DTO TMOATBEPKIAET IeNIec000-
pasHOCTh Pa3pabOTKH CHUCTEMbI II0Ka3arelieil KadecTBa
MIpOrpaMM IS JTF000H gocTaTouHo cioxHor UC.

Kakune TpeGoBaHMS BBIIBHTAIOTCS K
moKazaresen?

B pabore [2] yka3piBaeTcsi, 4TO OICHKH JOJKHEI
ObITh  HAJESKHBIMH, BHYTPEHHE  COIJIACOBAaHHBIMH,
JIONyCKaTh BO3MOXKHOCTb HCIIOJIb30BaHHUS PE3YJIHTATOB
M3MEpeHni ISl MpejcKa3aHusi Kakoro-HUOyAb COOBITHS,
TOYHO  COOTBETCTBOBaTh  AOCTPaKTHOMY  IIOHSTHIO
usMepseMoro cpoiictea. B [3] memaercs akueHT Ha TOM,
YTO OLIEHKa I1oKa3areied kadectsa IIO  moipkHa
MIPOU3BOUTHLCS Ha BCEX CTATUSX KM3HEeHHOTO mukia [10,
Ha MPOTSHKEHUH BCETO CPOKA €r0 CIYKObI.

[Tokazatenn kawectBa IIO MOryT HCHOIB30BATHCS

CUCTEMEC

JUIL KOHTpOJIsL 3a XonxoM paszpabotku I1O, ecnu oHm
NPEIOCTAaBISIOT  JIOCTOBEPHBIE JIaHHBIE O Ipolecce
¢ynkronupoBanus [10, a Taxke A ONpeneseHHs
TPYNOEMKOCTH  TecTHpoBaHus u  ouenku  [1O.
[IporpamMmucTbl, mony4as B mpouecce pa3paboTku
JAaHHBIE O KadecTBe pa3pabaTeiBaeMOW IPOTrpaMMHOMN
CHCTEMBI, MOTYT KOPPEKTHPOBATh HEKOTOPHIE MapaMeTphl
CHCTEMBI B X0JI¢ pa3pabOTKH.

B pabore [4] paccmarpmBaeTcsi TOCTPOCHHUE
cucTeMbl KpuTepueB KadecTBa 11O MeTomoM «CBEpXy
BHI3». OCHOBHOE BHHUMAaHHE YAEICHO METPHUYECKUM
XapaKTepUCTUKaM KauecTBa, HCIOJB3YIOTCS METOIbI,
OCHOBaHHbIE Ha JJEeMEHTaX (AaKTOPHOTO aHalu3a.
PaccmarpuBaercss cnoco® OIEHKM 3aTpaTr TpyAa Juis
JIOCTHKEHUS OINPEJECTICHHOTO  YPOBHS KadyecTBa
nporpaMMHON cucteMbl. OnHako cinabo NpopadOTaHbI
BOIIPOCHI BhIBEICHHs 00001IeHHO# olleHkH KadecTsa 10,
cnabo y4YWTBIBACTCS pas3Has 3HAYMMOCTb OTHAENIBHBIX
nokazaTesnell mpu oreHke kadectBa 110 pasHoro tuma n
Ha3HAYCHUS.

[IInpokyro  W3BECTHOCTb  TONYYWIH  METPUKH
kadgectBa [10 Xoncrena [5]. Hanbonee BaxkHBIE METPUKH
— UIMHAa OporpamMmal, O6’I)eM ImporpaMMmbl, OTHOILICHUA

MEXIy OmeparopaMd U ONEpaHJaMU — «CJOBapb
MIPOTpaMMBbI», 3HAYCHUS paboThI u BpEMEHU
nporpamMmmupoBanus. OIHAKO TNPUMEHEHHE JaHHBIX

METPUK BO3MOXKHO JIMIIb IPU HAJIUYUU HCXOMHOTO
MOJyJIsl IpOrpaMMBl, TEKCTa IPOTPaMMBl Ha S3bIKE
BBICOKOTO YPOBHSI, @ 3TO YCIOBHE HE BCETAA BBHITIOIHUMO.

WzBectHpl Taxke wmerpuku [10 JDxumba [6]. B
paboTe fAaHBI METOIBI YHCIEHHON OLEHKH 3HA4YCHHS
MHOTHX METPHK, [TPOAHAIU3UPOBAHO HECKOIIBKO JIECATKOB
MoKazaTesel, KOTOpble CIPYNIMPOBAHBl B COOTBETCTBUH
CO CBOMCTBAMH HaJIEXHOCTH, THOKOCTH, CTPYKTypH-
poBaHHOCTH, 3(dekTuBHOCTH, TPpymOeMKOCTH. OIHAKO HE
YAEICHO JO0JDKHOTO BHUMAHUSA TOMY OOCTOSATENBCTBY, YTO
HEKOTOpBIe METPUKH MMEIOT OoJiee BaXKHOE 3HAUEHHE JIJIS
OTpeNieNeHus] MHTErpaibHOl omeHkn kauectBa IO, a
HEKOTOphIE — MEHEEe BaXKHOE, BCIEACTBHE Yero 3aTpy.-
HeHa 00001meHHas onjeHKa kadectna I10.

B [7] npemnararotcs METpHKH KoJa MPOTrPaMMHOIO
obecrieueHns1, TaKhe KaK pasMep, CI0XKHOCTb, IOJAEPKH-
BaeMocTh U apyrue. OnHaKo HE MPUBEICHBl MaTeMaTHye-
CKHE MOJEIH ONpEAEICHHs 3HAuCHWH IOKa3aTener
kauecTBa. B pabote [8] paccMOTpeHbI METpUKH CBA3HOCTH
MOAYJIEH, METPUKU cUeIuleHus Moayieil. Ho npumenenue
JAHHBIX METPUK OpHEHTHpYyeTCd Ha MpPOTrpaMMHBIE
CpencTBa, pa3paboTaHHbIE MO MPOIETyPHON TEXHOIOTHH.

Jna 00BEKTHO-OPHEHTHPOBAHHBIX IpOrpaMm
HamOoJiee TNPUMEHUMBIMHU SIBIISTIOTCS. HAaOOPBI METPHK
Maptuna [9]. BBoauTCs MOHATHE KaTEropuil Kiaccos.
Kiaccel B Kareropum pasfeisioT HEKOTOPYIO OOIIyIo
(YHKIIMIO WJIM JIOCTUTAIOT HEKOTOpoH obmed memu. OT-
BETCTBEHHOCTh, HE3aBUCUMOCTb M CTAOMIJIBHOCTH KaTero-
pUM MOTYT OBITH W3MEPEHBI MyTEM II0JICUETa 3aBHCHMO-
CTeH, KOTOpBIE B3aUMOAEUCTBYIOT C ITOM KaTeropuei.
OpHako He yJaenseTcs JOCTaTOYHO BHUMAaHMS BONPOCaM
MPOTPaMMHON HAJIEAKHOCTH.

Kpurepnit nagexuoctu IO paccmorpen B [10].
[IpuBozATCS MOKa3aTEIN HAAEKHOCTH M KIacCH(UKAITUSL
omubOK B mporpamme. Moaenn HaJeKHOCTH HMPOTPaMM-
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HBIX CpeACTB paccmorpeHbl B [11]. Mertomam OUCHKH

HAJIe)KHOCTH  OOBEKTHO-OPHEHTHPOBAHHBIX  IIPOrPaMM
nocesiieHa pabora [12].
Meton pemeHust mnpobaembl. lccienosanue

kauectBa [10 UC 6a3zupyercs Ha ClieAyIONINX MPHUHIUIAX
CHCTEMHOT'O HCCIICAOBAHUS !
— UCHONB30BAaHME MIBYX YPOBHEH IIpH ONHCAHUH

Ka4ecTBa: NEpPBBI  ypPOBEHb OTBOJUTCS OIS
COZIepKATEIbHBIX ONPEACICHUN U OHATHH, BTOPOU — IS
(hopManbHBIX;

—coueTaHne  (PyHKIMOHATBHOTO  TOAXOJA  CO

CTPYKTYPHBIM MOJXOA0M, YUUTBIBAIOIIUM CTpykTypy UC;

— HaJIMuue HepapXuu MofeNed s HuccleloBaHUS
kauectBa I10;

—yd4eT CyOBEKTHMBHOH M OOBEKTHBHOH CTOPOH
nndopmannn. KommyectBeHHble oOneHKH KadectBa [10
MOJKHO TOJYYHUTh TOJBKO C YYacTHEM OJKCIEPTOB MU
noJip3oBarenci 110;

— WCHOJB30BAHUE CTATUCTUYECKUX METOAOB JUIA
aHaIM3a MHYOPMALMOHHBIX ITPOIIECCOB;

—xauectBo [10 MC HeoOxomumMo paccMaTpUBaTh MO
OTHOIIGHHIO K JOCTIDKCHHIO OIPENSICHHOTO MEpedHs
nesneif, rae, B YaCTHOCTH, JOCTHXKEHHE OIpeesIeHHON
SKOHOMHUYECKOH 3(PQPEKTUBHOCTH SBISETCS OJHON U3
Lenen.

Kaugectso 10 MC BrIpakaetcs yepe3 GyHKIMH Ya0-
BIIETBOPEHUSI MOTPEOHOCTEH MOJB30BaTENs] U KOHEUHBII
3¢ QeKT, BOZHUKAIOUINK BCIIEACTBHE MOBBINICHUS UHPOP-
MupoBaHHOCTH Tosk3oBarens MC o mponeccax, mpoucxo-
JIIUX Ha OOBEKTE ynpaBieHUs. Bun 3Tux 3aBHCUMOCTEH
MOXET OBITh aJAWTHBHBIM, MYJIbTHUIINKATHBHBIM HIIH
HUMETh JpYTYIo Gopmy:

P =f(U,E),

riae P — mokasarens, xapakTepusytonuii kauectso [10;

U — noxkazarenb, XapakTepU3yIOIIUil CTeNeHb YI0B-
JIETBOPEHUS MOTPEOHOCTEH MOIB30BATEIS;

E — Bemmunna 3¢ddekra, oOpasyromerocs BCIEACT-
BHUE MOBBIIIECHUS] THPOPMUPOBAHHOCTH ITOJIH30BATEIS.

Ecnu unTerpanbubiil nokaszarens kayectBa [10 MC
0003HaunTh P, a 00001IeHHbIEe OKa3aTean kayecTtBa 11O
M0 -My KPUTEpHIO KauecTBa 0003Ha4uTh P;, TO umeeM
CJIEIYOLIYIO 3aBUCUMOCTB!

P=(P, P, ..,P,).

Jns toro, 4roOBl MMETh BO3MOXKHOCTH OCYIIIECTB-
JSTH CPAaBHUTENBHYIO OIEHKY KadeCTBa HECKOJIbKHX
MPOrpaMMHBIX KOMIIJIEKCOB, a TaKXKe IOIy4UTb Npen-
craBieHnue o mecre paccmarpuBaemoro IO UC cpenu
AQHAJIOTUYHBIX MPOrPaMMHBIX MPOAYKTOB, CIEAYET MOIy-
9Tk crIoco0 ompeneneHus P He B BUE BEKTOPA, a B BUJIE
CKaJSIPHOTO 3HAYeHUs, (popMupyromerocs myTeM ydera
YPOBHSI KauecTBa, JOCTUTHYTOTO MO BCEM paccMaTpHBae-
MBIM KpHuTepusMm kadectsa [10 UC.

[Tockonpky pe3ynsTatel (¢yHKIHOHHpoBaHUS [10
HUC mnpencraBnsioT coOoW JaHHBIE 00 OMHCHEIBACMOM
00beKTe ymnpaBJeHUs, TO IepeYeHb CBOMCTB, (HOpMHpYIO-
IIMX KayecTBO pe3yibTaTa (yHKIMOHHPOBAHMS, OyAeT He
COBIIAJIaTh C IEpeYHEM CBOMCTB, (OpMHpPYIOIIUX Kade-
ctBo I10 UC. K kputepusM kadecTBa pesyJsibTata (QyHK-

LIMOHUPOBAHUS OTHOCATCS WH(QOPMAIMOHHBIN KpUTEPHUHL,
KpPHUTEpHUH KauecTBa MHTepdeiica Moabp30BaTes.

OOnananue BBIYMCICHHBIM 3HAYEHUEM I[OKazaTels
P, paBHO Kak M 3HAa4CHHUSAMHU OOOOILICHHBIX TOKa3aTeseil
[0 KpUTEepUsM KadecTBa P; ele He JaeT BO3MOXKHOCTHU
cymuthb o kadectse [10 MC. UTOOBI MOITyYUTh TaKylO BO3-
MOXHOCTb, CIEIyeT OCYHIECTBHTh MpPOLEAYPY OICHUBA-
HUSI Ka4eCTBa.

IIpumem, 4TO KaKObIH [MOKA3aTedb KayecTBa Xapak-
TepU3yeTcs MapaMeTpoM 7;, O0IacTh ONpPEAEICHUS
KOTOPOTO — BO3MOJKHBIC 3HAU€HHS COOTBETCTBYIOILETO
MoKa3aressl KauecTBa.

O603HaIMM CHMBOJIOM €;; TIOKa3aTeNb 3P HEKTUBHO-
CTH, MIMCIOINHA CMBICT BKJIa[a 3HAYCHHS MOKA3aTessd 7; B
3HAYEHHE MMOKA3aTelsI KaueCTBa BBIIIECTOSIIECIO YPOBHS i-
ro QYHKIMOHAILHOTO OJI0Ka, CHMBOJIOM t;; — 3aTpaThl Ha
JOCTHKEHHE MaKCHMaJbHOTO YPOBHsI KayecTBa IO j-My
KPHUTEPHIO Ha {-M (QYHKIIMOHAJIBHOM OJIOKE.

Torna E = ||e;;|| — marpuua noxasareneit s¢pdek-
TUBHOCTH. Pazmep MaTpuibl m Ha n, rae n — 4ucio GpyHK-
nuoHanbHEIX 0510k0B I10 MC, m — umciao mokasaTenei
KayecTna.

D; = ||dl-]-k|| — MaTpUYHbIE ONEPaTOpPHl COBMECTHMO-
CTH TOKasaTenel KadecTBa. 3mech dij = 1, ecmm —#
MOKa3aTesb KauyecTBa COBMECTUM C k—M Ha i—M (yHKIHO-
HanbHOM Osoke; d;j, = 0 B MPOTMBHOM Cilydae; YHMCIO
MaTpHIl paBHO M.

Z = |zl
z;; =1, ecnmu —# TOKa3aTeNb Ka4ecTBa PEKOMEHJYETCH
UCTIONb30BaTh NP OLIEHKE KadecTsa i—To O1oka, z;; = 0 B
MPOTUBHOM CIIy4ae.

@(Z) — cucrema OrpaHMYCHHN, MOTydaeMasi MOACTa-
HOBKOM B BEKTOp T TeX Ty, /Ul KOTOphIX Z;; = 1.

Ty — morrycTuMBIe 3aTpaThl Ha JOCTIKEHHE MakKCH-
MaJIbHOTO Ka4ecTBa.

T, Ty, .., CpPEeACTBa, OCTAIOIIMECS B PACIOps-
KEHUHU pa3paborurka nocne 1,2 U qpyrux maroB B obec-
neyeHuu JopkHoro kadecrsa [10 UC u addexruBHOCTH
ero (hyHKIIMOHUPOBAHHSI.

U(Z) — BexTop kpurepues kauectsa [10 HC.

3agaua obecniedeHns: TpeOyeMOro ypoBHS KauecTBa
1O UC 3axnrodaercss B HAX0XKACHUU MATPULBl PEKOMEH-
Jlauuil Z, yOBJIETBOPSIIOIIECH CIEIYIOIINM YCIOBUSIM.

Ilycte F — MHOXECTBO Bcex m X n marTpul Z =

MaTpula peKOMEHJaluuid, B KOTOpOM

”Zij ||, 3aJaHHOC YCJIOBUAMMU

z;; € {0,1}, 1)

Zij X Zy S dj, i1 =1,...,n, j=1,...,m, 2
m n

ZZ tijzij < To, (3)
i=1 j=1

©(Z) = 0. 4)

OO0o03HaunM Tereps 4epe3 € BEKTOpP, COCTOSIINHA W3
HaWIydlInX, HO OJHOBPEMEHHO HEJOCTM)KUMBIX 3Haye-
uuii kpurepueB Uy, (Z). [pearnonoxum, 4To HA MHOKEC-
TBE 3HayeHuit Bekropa U(Z) 3amaHa HEKOTOpass METPUKA
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d. Torna 3agauy obecrieueHHs KauecTBa MOXHO CHOpMy-
JIMPOBATh KakK 3a/lady 0 HaX0XJICHUU MaTpULbl Z ™

Z*=mind(U(Z),s), Z€F, (5)

3amada (1)—(5) umeer OONBIITYIO pa3MEpPHOCTH. 3HA-
YEHHUsI HEKOTOPBIX NEPEMEHHBIX MOTYT OBITh ONPENEIICHBI
TOJBKO JKCIIEPTAMH WJIM B AWAJIOTE C IOJIH30BATEIIEM.
HexkoTopsle mepeMeHHbIE HE MOTYT OBITH 3aJaHbI SIBHO.
Jns perieHus 3amaud HaXOXJAEHHUS MPUEMIJIEMOTO perlle-
HUsI HEOOXOJMMO TPHBJIICYSHUE TOJB30BATENS ISl yTOU-
HEHUs IPEANIOYTEHUI.

Pemenne 3agaun ocHOBaHO Ha cienyromeil urepa-
TUBHOU IMAJIOTOBOM MpOLEAYPE.

Iar 1. YTouHEeHHE MHOXKECTBA KPUTEPUEB.

[Mar 2. ®opMupoBaHHE MHOKECTBA JIOITYCTHMBIX
peLIeHHH.

[ar 3. PacueT kpuTepueB 10 BapHaHTaM PEIICHUM.

[lar 4. Beibop Mozmenn MOCTAaHOBIIMKA M ITOJIB30Ba-
TeJs.

Hlar 5. [Tonyuenne W yToyHEHHE HHQPOPMAIMU O
MIPEAIOYTEeHHUIX.

[Tar 6. [TocTpoeHure penaroniero npaBuia.

ITar 7. ITouck peuieHusl.

lar 8. [ToxyueHHOE pelIeHNE YIOBIETBOPUTEILHO?
CooTBeTCTBYeT MocTaBlieHHOW 3amadye? Eciu ga, To KO-
Hel. Ecau Het, TO nepexon Kk mary 9.

[lar 9. AHanu3 NpUYMH HEYJOBIETBOPEHHOCTH U
YCTaHOBJICHHE BH/Ia HEOOXOIMMBIX KOPpeKTHB. Bo3Bpat
maraMm 1, 2, 4 nim 5.

Ha ocHoBanmm aHanm3a mepedHs: MOTPEOUTENBCKUX
cBoticts 10, crucTeMaTH3aMy OCHOBHBIX CPaBHUTEIBHBIX
xXapakTepucTUK U TpeboBanuit Kk MIC MOXXHO BBIIEIHUTH
TaKkue OCHOBHBIE KpHTepuu kKadectna 1ig [10 UC:

— ()YHKIMOHAIIBHBIH KPUTEPHIA;

— KpUTEpUIl HAIEKHOCTH;

— MHGOPMAIIMOHHBIN KPUTEPHUH;

— KpuTepuil OBICTPOICHCTBUS; KPUTEPUH HCIIONB30-
BaHMS TAMSITH.

DYHKIMOHATIbHBIA KPUTEPUI BKIIIOUAET CIEAYIOLIUE
TIOKa3aTeIIH:

— cpeaHee BpeMs BblIa4X MH(POPMAINHK Ha 3a1poc;

— BEpOSATHOCTh BBIJJAYM OTKa3a Ha 3alpocC MpH HaJIU-
YUK MHPOPMAIINH;

— BEpOSITHOCTh ~ BO3HHMKHOBEHHMS  HEOOXOIMMOCTH
I0JIa4M 3ampoca, BUI KOTOporo He npexycmorper B UC;

— IoKa3arellb kKayecTBa 00paboTKH OIMINOOK;

— moka3aTeib Hanuuus ananora I10;

— II0Ka3aTeslb yuyeTa BO3MOXKHOCTH BECTH aBTOMAaTH-
YecKuil cOOp M aHalM3 CTaTUCTUKU (PYHKIMOHUPOBAHMS
I10;

— I0Ka3aTellb yuyeTa BO3MOKHOCTU aBTOMAaTHUYECKOrO
koHTpons uenoctoctu 110 UC.

OfHUM U3 OCHOBHBIX UCXOJHBIX IOKa3aTesei, BXO-
JIUX B (DYHKIIMOHAIBHBIA KPUTEPUH, SIBISIETCS CpeaHee
BpeMs BbIIauX HH(pOpPMAIH Ha 3anpoc Py .

MeToauka OIEHKH TaHHOTO IIOKa3aTelsi OCHOBaHA
Ha M3MEPEHHH HHTEpBajia BPEMEHH MEXIy OKOHYaHHEM
3ampoca W OTBETOM t;. HakomWB 3HA4eHWS WHTEPBAIOB
BpPEMEHH, [T0JIy4aeM 3HaueHHeE IoKa3arelis 1o Gopmyiie

(it ty)
11 — n s

I7ie N — KOJIMYECTBO 3alIPOCOB.

OrneHka BepOsSITHOCTH BBIIAYM OTKa3a Ha 3alpoc Mpu
Hanuuuy uHbopMmarmu Py, ¢ TpyaoMm mojmaetcs popma-
mm3armd. s ompenesieHnsl 3HaYeHHS 3TOrO IOKa3aTels
cienyeT 3aUKCHPOBATH KOJMYECTBO OTKA30B 32 JJIHTE-
JHHBIN WHTEpBa BPEMECHU M BBIICHHUTBH, KAKOW MPOICHT
OTKa30B BO3HHK IIPU [EHCTBUTEIFHOM HAIWYHUU 3aIpa-
IMBaeMor MH(OpPMAIUH.

JIJis OLIEHKU BEpPOSTHOCTH BO3HUKHOBEHHS HEOOXO-
JUMOCTH TOJIa4M 3arpoca, BUJ KOTOPOTO HE MpeaycMOT-
pen B MC — moxkasarens P;; — cieayeT NpUBIEYb DKC-
nepra.

Iokazatenr P;, oOTpaxkaeT KavyeCcTBO 0OPaOOTKU
omubOK paccMaTpUBaeMOl MPOrpaMMHON cucteMoi. OH
paBeH BEPOSATHOCTH TOTO, YTO BO3HHKINAS OMIMOKa OymeT
oOpaboTraHa mporpaMMoil M OyIeT BBIBEJCHO COOOIICHHE
00 ommoKe.

Ilokazarens P;5 ormeuaeT Hanuuue aHanora [10 non
9TOM K€ UM UHOH ONEepPallMOHHOM CUCTEMOM.

BoiBoabl. bbul BBIIOMHEH 0030p CYNIECTBYIOIIUX
MeTo10B onieHku kadectBa 110 HC, kpurepuer kadecTBa
NPOTrPaMMHOI'0 O0ECHEYEHUsI, YCTAaHOBIEHBI WX JOCTO-
WHCTBA U HEJIOCTATKH.

[IpemnoskeHa wWTepaTUBHAS TUAIOTOBAs IpOIEaypa
pemienus 3anaun oueHku kayectsa [10 UC, cocrosmas u3z
psima 3TaroB:

— YTOYHEHHE MHOKECTBA KPUTEPHEB KadeCcTBa;

— (popMHpPOBaHHE MHOXKECTBA [OIMYCTUMBIX peIIe-
HMIL;

— pacdeT KpUTEpHUEB 110 BApHAHTAM PEIICHHUH.

IIpennoxxensl mokaszarenu kauectBa [10 WC, Bxo-
Jsinpe B QyHKIMOHAIBHBIN KPUTEPUI KauecTBa, a TakkKe
METOIMKH BBIUHMCIECHUA WX 3HaueHnii. OgHoii 3 odnacreit
MPUMEHEHUS PAacCMOTPEHHONW TPOIENYypbl MOXET CTaTh
CpaBHUTENbHAST XapaKTePUCTHKa Pa3HBIX IPOTPaMMHBIX
MPOAYKTOB M BHIOOP TOTO M3 HUX, KOTOPHIH HAMIYUIINM
00pa3oM YAOBJIETBOPSET MOTPEOHOCTH MOJIE30BATEIIS.
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B. 0. JIEIIIHHCHKHH, 1. O. JIEIIJHHChKA

BUKOPUCTAHHSI MPUHIIUIIIB JIOKAJBHOCTI TA 3BSI’3HOCTI KOHTEKCTY B
PEKOMEHIAIIHUX CUCTEMAX

JlocnikeHO mpo6iieMy PENIeBAaHTHOCTI BXIJHHX MaHHX B PEKOMEHIAUIHHMX cucTemax. JlaHa mnpoGiieMa BHHHKAE BHACHIIOK HEZOCTATHBOI
nmudepeHuianii JaHAX PO TOBAPH BIIHOCHO CIIOXKMBAYiB, IO HE JO3BOJISE B MOBHIM Mipi iHIMBimyasi3yBaTH iX BIOZOOAaHHS B peKOMEHIALliNHIi
cuctemi. J{ns BHpiIeHHS Ii€i IpoOIEeMH NPONOHYETHCS BPAXOBYBATH JIOKAIbHI KOHTEKCTH CIIOXKMBAYiB, IO BiJIOBIZAIOTH yMOBaM ix BHOOpY.
BUKOpUCTaHHS KOHTEKCTY [1a€ MOXJIMBICTD 3a[JaTH KOHTEKCTHI OOMEXCHHS Ha MOXIIMBI BapiaHTH YHOPSAKOBAHOTO MEPENiKy PEKOMEHIAL[l i THM
CaMMM MiJBUIIMTH SKICTh POOOTH pPEKOMEHIALINHHOI cHCTeMH. 3 METOI0 3a0e3NeYMTH KOHTEKCTHO-OPIEHTOBaHI PEKOMEHHALIl IPONOHYETHCS
MIOCIIIOBHO y3aTaJIbHUTH Ta BiA(iIbTPyBaTH JIOKAIbHI KOHTEKCTH CIIOXKHBAYIB 3 BUKOPHCTAHHSAM IPUHIIUIIIB JIOKAIBHOCTI 1 3B’13HOCTi. Oco0nuBicTh
BUKOPUCTAHHSI [IMX [PUHIHUIIB HOJSTAE Y TOMY, IO IO€IHYIOTHCS CTATHYHHIN Ta JUHAMIYHUI aClIeKTH KOHTEKCTY. [lepuinii acrekT XxapakTepu3yeTbest
MHOYKHHOIO BIIACTHBOCTEH 00 €KTIB, SIKi LIKABIATh CHOXKKMBaya. J{pyruil acekT 3a1a€ThbCsl Y BUIVLSIAL IATEPHIB MOMiM, 10 BiZoOpaXKylOTh MOBEIIHKY
CIIO)KMBaya BiJHOCHO IHMX 00 €KTiB. 3alpOMOHOBAHHM 3B’S30K MK aCHEKTaMH IOJAra€ B TOMY, LIO KOXKHA IOJis BiAMOBiZae mapi MOCIiJOBHUX
MHOXHH BIIACTHBOCTEH O00’€KTiB, SKi BIAPI3HSIOTHCS ONHHMM 3HAUYEHHSM BJIACTHBOCTI. 3ampONOHOBAaHO ABOX(a30BHH MmiAXim 10 (opMyBaHHS
KOHTEKCTY NpPUMHSTTA pillleHb /Ul PEKOMEHIAUiiHOI CHCTeMH, IO Mepenbdadae MOCTIZOBHY IHTErpallil0 CTaTUYHOI Ta IUHAMIYHOI CKIAaZOBUX
koHTekcTy. IIpn iHTerparlii BUKOPHCTOBYIOTBCS BiJHOIICHHS CKBIBAJICHTHOCTI, CXOXKOCTI Ta cyMicHocTi. IIpu peanisanii nepmoi ¢asu Gpopmyersest
item-based, a apyroi — user-based ommc xoHTekcty. ITOTIM Il OMMCH TOEAHYIOTBCS Ta (INBTPYIOTHCS Y BiAMOBIAHOCTI 0 BIACTHBOCTEl HOBOTO
CIIOXHBAYa, SIKOMY BHAAIOThCS pexoMeHfauii. [IpakTuyHe 3HAuCHHS 3alPOIOHOBAHOIO MiJAXOMy MOJISrae B TOMY, IO BiH JJO3BOJISE BHIAIUTH HE
PpeJIeBaHTHI BXiHI JaHi 3 ypaxyBaHHSIM KOHTEKCTY IPHHAHATTS PIIICHb CIIOKMBAYEM 1 HA Liif OCHOBI ITi IBUILKTH TOYHICTh PEKOMEHIALII 1.

Kaio4oBi ciioBa: pekoMeHIaliliHI CHCTEMH, PAH)KYBaHHS Pe3yJIbTaTiB; KOHTEKCT IPUIHATTS pillleHb, peKOMEHAALIHHI CHCTEMH, JIOKAIBHICTD,
3B’SI3HICTb.

B. A. IEHIHHCKHH, H. A. JEIITHHCKAS

HCITIOJIb30BAHME IMPUHIOHUITIOB JTIOKAJIBHOCTHU U CBA3BHOCTHU KOHTEKCTA B
PEKOMEHJATEJIBHBIX CUCTEMAX

HccnenoBana mpoOieMa peNCBaHTHOCTH BXONHBIX JaHHBIX B PEKOMEHJATENbHBIX cHcTeMax. JlaHHas npoOmemMa BO3HHKAeT BCIICICTBHE
HEJ0CTaTOYHON AuddepeHInayy JaHHbIX O TOBApaX OTHOCHTENIBHO MOTPEOHUTENCH, YTO HE IMO3BOJSCT B IIOJHOW Mepe MHIMBUAYaIn3UPOBATh HX
MPEANOYTEHNUSI B PEKOMEHJIATENbHOM cucteMme. s pelieHust 3Tol mpoOiieMbl MpeularaeTcs YYMTHIBATh JIOKAJIbHBIE KOHTEKCThI HOTpeOHTeNeH,
OTpa’kKalolfie YCIOBHs IPHHATHS BBIOOpa STHMH HOTpeOuTersiMu. Mcnonp3oBaHHE KOHTEKCTa IMO3BOJSIET 3aaTh KOHTEKCTHBIC OTPAaHUYCHUS Ha
BO3MO)KHbIE BApHAHTBHI YIOPSIIOUEHHOIO MepeuHs PeKOMEHIAluH U TeM CaMbIM HOBBICUTH KaU4eCTBO PabOTH PeKOMEHIATeNbHOU cucTeMbl. C LenbIo
obecHednTh KOHTEKCTHO-OPUCHTHPOBAHHBIC PEKOMEHIAINN IPEIAraeTcs MOCIEN0BaTeNbHO 0000MINTh U OT(HIBTPOBATH JIOKAJIbHBIC KOHTEKCTHI
MOTpeOuTeNIel ¢ MCIIOIb30BaHUEM HPUHIIUIIOB JIOKAIBHOCTH U CBSA3HOCTH. OCOOCHHOCTD HCIOJIB30BAHMS ITHX NPUHIUIIOB 3aKJIIOYAETCsl B TOM, 4TO
COYETAIOTCSl CTATUYECKUI M JIMHAMUYECKHH acleKThl KOHTEeKcTa. [IepBbIi acHeKT XapakTepu3yeTcs MHOKECTBOM CBOWCTB OOBEKTOB, KOTOpbIC
HHTEpeCyIoT notpedutens. Bropoil acmekT 3amaercs B BUJE HNATTEPHOB COOBITHH, OTPa)KAIOIIMX IOBEACHHE MOTPEOUTENS OTHOCUTEIBHO 3THX
00BeKToB. [IpeioxkeHHast CBsA3b MEX/Iy acleKTaMH 3aKII0YaeTcsi B TOM, YTO Ka)XKTOe COOBITHE COOTBETCTBYET Iape IOCIIeOBATENFHBIX MHOXKECTB
CBOICTB 0OBEKTOB, KOTOPbIE OTIMYAIOTCA OJHUM 3Ha4eHueM cBoicTBa. IIpemnoxen nByxdasHblil moaxox K GOpMHPOBAHUIO KOHTEKCTA IPUHATHSL
pelieHuil Uil peKOMEHAATeIbHOW CHCTEMBI, TPEeyCMaTPHBAIONINH MOCIE0BATEIbHYI0 HHTETPALMIO CTATUYECKON U AMHAMMYECKON COCTaBIISIONINX
KOHTEKCTa. [IpM WMHTerpauuyM HCIONB3YIOTCSI OTHOIICHWE OSKBHBAJCHTHOCTH, CXOACTBA M COBMeCTHMOCTH. Ilpnm peanmsammu mepBoil  (asb
dopmupyercs item-based, a BTopoit — USer-based ommcaHme KOHTEKCTa. 3aT€M 3TH OMMCAHUS COYETAIOTCS W (UIBTPYIOTCS B COOTBETCTBHH C
XapaKTepHCTUKAMH HOBOTO IOTpeOHTENs, KOTOPOMY BBIIAIOTCS pekoMeHaanuu. IIpakTuueckoe 3HaYeHHE MPEUIOKEHHOrO IMOAX0/a 3aKI0ovaeTcs B
TOM, YTO OH IIO3BOJIIET YNAJINTh HEpelIeBaHTHHIC BXOJHBIC JAHHBIE C YYETOM KOHTEKCTa NMPHUHATHS pPEelIeHHH IOoTpeOuTeneM H, Ha TOH OCHOBE,
MOBBICUTH TOYHOCTh PEKOMEHJAIHIA.

KioueBble c10Ba: peKOMeHIAaTeIbHbIE CHCTEMBI, PAHKHPOBAHUE PE3yIbTaTOB; KOHTEKCT NPHHATHS PEIIEHUH, peKOMEHATeIbHbIE CUCTEMBI,
JIOKaJIbHOCTB, CBSI3HOCTD.

V. LESHCHYNSKYI, I. LESHCHYNSKA
USING PRINCIPLES OF LOCALITY AND CONNECTIVITY OF THE CONTEXT IN RECOMMENDER
SYSTEMS

The problem of the relevance of input data in advisory systems is investigated. This problem arises due to insufficient differentiation of data on goods
relative to consumers, which does not allow to fully individualize their preferences in the advisory system. To solve this problem, it is suggested to
take into account the local contexts of consumers, reflecting the conditions for the acceptance of the choice by these consumers. Using the context
allows you to set contextual constraints on possible variants of an ordered list of recommendations and thereby improve the quality of the
recommendation system. In order to provide context-oriented recommendations, it is proposed to consistently generalize and filter out the local
contexts of consumers using the principles of locality and connectivity. The peculiarity of using these principles is that the static and dynamic aspects
of the context are combined. The first aspect is characterized by a set of properties of objects that are of interest to the consumer. The second aspect is
given in the form of patterns of events reflecting the consumer’s behavior with respect to these objects. The proposed relationship between the aspects
is that each event corresponds to a pair of successive sets of object properties that differ in one property value. A two-phase approach to the formation
of a decision-making context for a recommendation system is proposed, which provides for the consistent integration of the static and dynamic
components of the context. Integration uses an equivalence, similarity and compatibility relationship. When the first phase is implemented, item-based
is formed, and the second is a user-based context description. Then these descriptions are combined and filtered in accordance with the characteristics
of the new consumer to whom the recommendations are issued. The practical significance of the proposed approach is that it allows you to delete
irrelevant input data taking into account the context of the decision-making by the consumer and, on this basis, improve the accuracy of the
recommendations.

Keywords: recommender systems, ranking of results; decision making context, reference systems, locality, connectivity
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Beryn. Pekomenpaniiiini cucteMu — 11e CUCTEMH, 1110
BUKOPHUCTOBYIOTHCS JJISI MIATPUMKH PIlIEHb CIIOKMBaYa
HUBIXoM (POPMYBaHHS PEKOMEHJAliil BIIHOCHO 1X MOX-
JMBUX BMOM00aHb B paMKaX iCHYIOUHX OOMEXEHb Ipel-
MeTHOi oOnacti. PexomeHmamii MiCTSATH BIOPSIKOBAaHY
MHOXHHY 00’€KTiB, III0 MOXXYTh OYTH MiKaBUMH IJIS CIIO-
xKuBada. B SKOCTI IikaBUX I KOpPHCTyBada 00 ’€KTIB B
TaKUX CHCTEMax 3a3BHYail PO3IIAl0Th HOBUHH, MY3HKY,
¢binmeMu, TpomucoBi ToBapH, Tomio [1-3].

TonoBHa KOHIIEMIs, SIKA JIE)KUTH B OCHOBI CTBO-
PEHHS PEKOMEH/IAIHHIX CHCTEM, HONIATAE B TOMY, IO Ha
NPaKTHLi KOPUCTYBadi INpPH HPUHHATTI TMOBCSKICHHUX,
TUIOBHX pIllIeHb BUKOPHCTOBYIOTh PEKOMEHMALIl 1HIIMX
KOpHUCTYBayiB, 110 BXKe 3/iHCHMUIN BUOIp B Wil e mpen-
MeTHii obmacri [1].

PexoMenpaniiiHi cuCTeMH 3HAWNIIM IIHPOKE MpaK-
TUYHE 3aCTOCYBaHHS y cdepi 3IifiCHEHHS OHJAH-TIOKY-
IIOK B CHCTEMax EJIEeKTPOHHOI kKoMepuii. Bonn Hanmarots
MiATPUMKY KOpHCTyBadaM, SIKi HE MalOTh JOCTAaTHBO J0-
CBiIy Ta 3HaHb U1 BUKOHAHHSA BHOOpPY B pa3i HasABHOCTI
3HAYHOI KiJIbKOCTi ajbTepHATUBHUX BapiauTis [4,5]. Ha-
NpUKIaa, BeO-caWT Amazon.com BHKOPHCTOBYE pEKO-
MEHJaliiHI CUCTEMU /ISl IEPCOHAITI3alIl CBOr0 Mara3uHy
LIISIXOM CTBOPEHHS aJalTOBAHOTO JJIsi KOKHOTO KOpHC-
TyBada yHIops,IKOBAHOTO MEpestiky ToBapis [6].

[pu no0y10Bi YIOPSIIKOBAHOT'O CIHCKY
peKOMeHJaliiiHa cuUcTeMa  HaMaraeTtbCsi  BU3HAYHMTH
HaAWOUIBII MPUATHI JUIl KOPUCTYBada TOBApH Ta CEpPBICH
3 ypaxyBaHHSAM Hor Bmono0aHb Ta oOMexeHb. J[lms
3HaXO/PKEHHSI BIIOJI00aHb KOPHCTyBaua pEeKOMEHIaliiHa
cucrteMa oOpoOisie faHi Mpo HOTO MOKYNKH, MEperisiiy,
PO BHUCTaBJIEHI HUM pEHTHHTH TOBapiB, a TaKOX
aHAJIOTIYHI aHi MONIOHUX KOPHCTYBadiB. B sKoCTi Takmx
JAaHUX MOJKE, HANPUKJIA, OyTH BHKOPHCTaHA iHpOpMaIis
PO HaBiramilo Ha CcTOpiHI caiity. Jlana iHdopmais
JIOTIOMAarae BUSIBUTH, sIKi TOBapH 3alliKaBHJIM KOPUCTyBaya
Ha BUOpaHiil HUM CTOPIHIII.

AHaJi3 ocTaHHiX JociailkeHb i myOJikaiii.
OpauuM i3 6a30BUX MAX0AIB 10 NOOYIOBH PEKOMEH AN
€ KoJutabopaTuBHa ¢binpTparnis (collaborative
filtering) [3, 6]. Mertoau konabopatuBHOi GinbTparii
nepeadavaloTh BiOip TOBApiB IO CXOKOCTI KOPHUCTYBaYiB
a00 KOPHCTYBAYiB IO CXOXKOCTi 00’€KTiB, SIKi € IUTST HUX
nikaBuMmH [ 1]. OmHIERO 3 KIOYOBUX MPOOIIEM, TII0 BHHUKAE
IpH BHUKOPHCTAaHHI KOJNAOOpAaTHUBHOI  (imbTparii, €
npobnema peneBaHTHHX Aanux [1, 7, 8].

Jana mnpobOiemMa TOB’si3aHa 3  HEJOCTATHHOIO
mudepeHiianielo  AaHUX PO TOBapd  BiJJHOCHO
CHOXWBA4iB, IO HE [O3BOJSIE B TMOBHIH  Mipi
iHAMBiqyami3yBaTH iX BIOJOOAaHHS B pPEKOMEHAALINHHII
CHCTEMI.

[Ipobnema peneBaHTHOCTI JaHWX I (HOPMYBaHHS
OLIHOK € XapakTepHOIO /I HOBHUX PEKOMEHMIAIIHMX
chUcTeM 1 B I[bOMY BHUINAAKy Ma€ Ha3By HpoOiieMu
«X0JIomHOTO ~ CcTapTy». To0TO Ha TOYaTKy CBOTO
(GYHKIIOHYBaHHS pEKOMEHJalliiiHa CHCTeMa HE MiCTHTh
JIOCTAaTHIO KUIBKICTh OIIIHOK KOPHCTYBauiB 100 HOBHX
00’ekTiB It Toro, Imo6 (QopMmyBaTH pereBaHTHI
pekomenpariii [9, 10].

Jlis BupimeHHs HaBeneHOi mpodieMu npu moOyIoBi
pEeKOMEHAIIil JOUIJIbHO BHUKOPUCTOBYBATH KOHTEKCTHY

inpopmamiro [8, 11, 12]. BukopuctaHHs J0JaTKOBOT
iHpopManii PO KOHTEKCT [03BOJISIE BiA(IIBTPYBaTH
HepeneBaHTHY iH(OpMaIilo Ta HEe BpaxoByBaTH ii mpu
peaizanii KonabopaTUBHOI (QilbTparii.

OpmHak  iCHyIOYi MIIXOAM IO  BUKOPHUCTAHHS
KOHTEKCTYy B PEKOMCHIAIIHUX cucTeMax 0a3yloThCS B
MepIry 4Yepry Ha TIOpIBHAHHI CHTyaliii (HampuKiIam,
peampHOi 1 YABHOI) SK CYKymHOCTI 00’ekTiB 0e3
ypaxyBaHHS AHHAMIYHOTO aCTEKTY Y BHIIIAII CYKYITHOCTI
TIOJTiH, 1110 CYMPOBOKYIOTH TIi cuTyarii [13, 14].

B TOi1 e Jac KOHTEKCT peKOMEHMAIliifHOI cHCTeMHU
Moxe Oyrn chopMOBaHMII LUIIXOM BCTaHOBIICHHS
3B’SI3KIB MIXK JIOKaJbHUMHM KOHTEKCTAMM CIIO)KMBauiB Ha
OCHOBI CITUIBHMX JJI1 HUX EJIEMEHTIB, 10 1 BU3Hayae
aKTyaJIbHICTh TEMH JIaHOT CTaTTi.

Meroio nmaHoi crarTti € po3poOka miaXonay 0
(opMyBaHHS  KOHTEKCTY MNpPUHHATTS  pillleHb  JUIs
PEKOMEHAAIIHOT CHUCTEMH Ha OCHOBI TNPHUHIHAIIB
JIOKAJBHOCTI Ta 3B’SA3HOCTI 3 THUM, OO TEpPCOHAII3yBaTH
pEKOMEHAAIIT CITOKMBadaM Ta IiJBUIIUATH e(PEKTHBHICTH
pOOOTH TaKNX CHCTEM.

1 HOCSITHEHHST METH BUPIITYIOTHCS TaKi 3a1adi:

— CTPYKTypH3allis 3HaHb PO KOHTEKCT HPUHHATTS
pillieHb KOPUCTYBauiB pu BUOOP1 TOBapiB abo MOCIHyT;

— YTOUHEHHS UMKy B3a€EMOJIl CIIOXKMBa4iB Ha
OCHOBI BUKOPUCTaHHS KOHTEKCTY NPUHHATTS PillicHb;

— po3pobka migxony 0 (GopMyBaHHS KOHTEKCTY B
pEeKOMEHAALIHINA cucTeMi 3 ypaxyBaHHSM NPHHLMIIIB
JOKAaJTbHOCTI Ta 3B’SA3HOCTI KOHTEKCTIB  OKPEMHX
CIOXHBAYiB.

CrpyKTypu3aliss KOHTeKCTY NPUHHATTS pillleHb
B peKoMeHIAaUiiHMX cucTemMax. PexomeHmaminHi
CHCTeMH 3a0e3NedyroTh MIATPUMKY BHOODY CIIOKHBAadeM
OJTHOTO 13 3HAYHOT MHOXXHMHH aJbTEPHATUBHUX 00’ €KTIB.

Ilpu BubGoOpi cHnoxuBau BpaxoBye SK  CBOI
MepCOHAJbHI BIIOJOOAHHS, MMOTOYHUI CTaH HpPEeIMETHOL
obnacti. OcTaHHIH, 30KpeMa, XapaKTepU3y€eThCsl YaCOBUM
Ta MPOCTOPOBUM AaCHEKTaMHU Ta BimoOpakae BIOAOOAHHS
IHIIMX KOPHUCTYBauiB, HasBHICTh iH(OpMaii 00’ ekTH, Ipo
BIIO00aHHS, TOLIO.

[IpoBenennit  aHami3  CTPYKTypH  KOHTEKCTY
[7,8,11,12] moxa3aB, 110 BiH XapaKTEPU3YETHCS
CTaTUYHOIO Ta JIWHAMIYHOO CKIaIoBUMH (pHcC.1).

[lepma ckiamoBa XapakTepus3ye Iepelik 00’€KTiB, 3
SKAMH B3a€EMOJI€ CIIO)KMBa4 IIPH BUKOHAaHHI BHOOPY.
Jlpyra ckiazioBa XapakTepU3ye MOBEIIHKY IIUX 00 €KTIB.

Indopmarist mpo moBeniHKY 00’€KTiB (IKCYEThCS Y
BUIJIS/I NOAIN, HAIIPUKIIA: TOsIBA Ti3epy HOBOTO (QiIbMY;
mosiBa JetanbHOi iH(opmarii mpo ¢imem Ha caiitax B
Mepexi [HTepHeT; moyaTtok mokasy ¢ineMy B KiHOTeaTpax
Kpainu, Tomo. [locmimoBHICTE TOAINA  BimoOpaxkae
JKUTTEBUI IMKI BiAMOBiAHOTO mpoxaykry. KokHa HOBa
MOJisi 3MIHIOE BIIACTHBOCTI (PUTBMY 3 TOYKH 30py
KopucTyBaua. Hampuknan, mikaBuii Ti3ep, NO3WTHBHI
peuensii Ha caiTax orysiay QiapMiB Ta iH(pOpMAIsS TPo
KJIFOYOBUX aKTOPIB IMiJABHUINYIOTH BaXKJIHMBICTH INEPETIIsILy
poro (hiNbMy Al KOpUCTyBada; iH(opManis i3 pekiamu
JKapchbKOTO 3aco0y, 10 JOMOBHEHA iH(opMaliero mpo
HOT0 CKJIaJ, 3MIHIOE BIJIACTUBOCTI IBOTO 3aco0y JJIs
KOpHCTYBaya.
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3HaHHS PO KOHTEKCT NPUHHATTS PillleHb
HesBne
SIBHe 3HaHHI: 3HaHHS 3a 3HAHHS!
TIOBHMH 3aMOBYYBAHHAM He(boggﬁgbunn
— opmanbumii | — - acTkoBwmit KOHTEKCTY B
onuce hopmanpHuit 3aJIeKHOCTI Bif
KOHTCKCTY OITNC KOHTEKCTY GNP TE
JIFOJIUHOIO
Craruka
. Hedopmanshe
HactkoBuii i HeBepbabHe
DopmanbHuit omnuc 00’ €KTiB, MpeCTaBIICHHS
Macm:
oruc 00’ €KTIiB Y4acTHHA 00’exTiB y
'l .. . P> IpeaMeTHI
Ta iX BJIACTUBOCTEH — obumacti; opma
BIIACTHBOCTEH 3a NpeICTaBJICHHS
3aMOBUYBAHHAM SIS L)
JIOIMHH
Juuamika
Onuc nporecis Omie .
y IpenMerTHiit ) HesBnuii onue
obnacri M AMHOXUHHI TIPOIIECiB vTa/
y HaWO1TBIT aGo noziit y
y 4 BUIJIS L > 4 a o Ly mpeaMeTHIN
BKIIMBUX MO/ i
MOYITHBHX o obuacri,
Toii Ta ix y HpeaMeTHiit 3a3BHYail «3a
/ . cFime MPHKIAZTIOM»
HOCIiIOBHOCTEH

Puc. 1. Ctpykrypu3ailis 3HaHb PO KOHTEKCT MPUUHSTTS PillicHb
KOPUCTYyBayaMy PEKOMEH/IAIIHOT CHCTEMH

BigmoBimHo, mms  iHTerpamii 000X  CKIIAJOBUX
IUHAMIYHI ~ XapaKTePUCTUKH  KOHTEKCTYy  JOIUIBHO
MPEICTaBIATH y BUTILINI HAOOpY TOMIHA, IO 3MIiHIOIOTH
3HAQUEHHS BJIACTUBOCTEH OO’ €KTIB, 3 SKUMH B3aEMOJIE
CHOXKHBAY.

3HaHHS MPO I CKJIAJ0BI MOXYTh MaTH Taki (OpMU:
sIBHA, HESIBHA, 32 3aMOBYYBaHHSIM.

3HaHHs B sIBHIH (OpMi MOBHICTIO 3a/1aF0Th KOHTEKCT
NPUIHATTS BUOOpY 200 Horo ckiiafoBi. 3HaHHS B HESIBHIN
¢dbopmi MarTh HeopMmanbHEe W HeBepOanbHE MpPEACTaB-
JICHHS 1 TOMY HE MOXYTb OyTH 0O€3M0CEpPEAHbO BUKOPHC-
TaHi U1 QimbTpaii pekoMeHaaIii.

3HaHHS 32 3aMOBUYYBAaHHSAM BiJHOCSATBCS JI0 3arajb-
HUX 3HaHb MO MpeaMeTHy obmacts. ToOTo BoHH dopmy-
I0Th KOHTEKCT, BOHM € (hopMaii3oBaHUMH, aje Oesroce-
pEeIHBO HE MPE/ACTaBICHI B paMKax OIHCY YMOB BHOOpY
00’€KTIB CIIOKIBAYEM.

Ha ocHoBi mpoBeneHol cTpykrypu3auii chopmyito-
€MO BHM3HAUEHHs KOHTEKCTY NPUHHATTS pIllleHb B PEKo-
MEHJaliHHUX CHCTeMaX.

Busnavenns. KonrekcToM NpuiHATTS PillIeHb B pe-
KOMCGHJAIIMHAX CUCTeMaX € MiAMHOXXWHA (I3UYHUX Ta
BIpTyaJIbHUX 00’€KTIB MpeaMeTHOi 007acTi, 3 SIKUMH B3a-
€MOJIi€ CHOXHMBau IpH peasizaimii cBOro, MOXXJIMBO MHO-
KMHHOTO, BUOOPY, Ta KOXEH 13 SIKMX XapaKTEepHU3yeThCS
MHOXXKMHOIO 3HAa4eHb CBOIX BJIACTUBOCTEH 1 MHOXHHOIO
TOJIii, II0 BUHUKAIOTh 3 HUMH.

3anpornoHoBaHe BU3HAYEHHS KOHTEKCTY BIJIPi3HS-
€ThCs Bim Tpamumiiiaux [7, 8] Tum, mo moexHye xapakrte-
PHCTHKH KOHTEKCTY SIK 3 TOUKU 30py KOpPHUC—TyBaya, TaK i
3 TOYKH 30py BHUKOPHUCTaHHS B PEKOMEH—JAIliifHii
CHCTEMI.

3 TOYKHM 30py KOpPHCTyBaua KOHTEKCT € MOJEIUII0
B3a€EMOJIii 00’€KTIB, SKMMH BiH KOPUCTYETHCS B paMKax
CBOTO BHOOpY Ta CUTYalill, B SKUX BiH B3a€EMOJII€ 3 LIUMHU
o0’extamu. ToOTO B 1aHOMy BHNAJKy TroOJOBHa yBara
NPUAUIAETHCS TUHAMIYHOMY acrekTy KoHTekcry. [locii-
JIOBHICTh B3a€MOJii CHOXHBada i KOHTEKCTY BimoOpaxka-
€TBCA y BUTJISAL TTOCTITOBHOCTI BiIIOBITHIX TTOMIMH.

3 Touku 30py HOpMyBaHHS peKOMEHIALIH KOHTEKCT
€ TPOCTOPOM CTaHIB O00’€KTiB, 3 SKHMH B3a€EMOJIIE
kopuctyBad. IIpoctip craHiB 00’€KTiB 3amaeTbcs depes
3HAYEHHS X BJIACTUBOCTEW. B naHOMY BHIAIKy rojioBHa
yBara MpPUAUIETbCS CTaTUYHOMY acleKTy KOHTEKCTY.
BinnoBigHo, 3MiHY 3HA4YCHb MiIMHOXHHU BIaCTUBOCTEH
o0’ekTa y Yaci JOUIIBHO pO3MIAIATH SIK peaji3amilo
3B’SI3KIB MIJK 00’ €KTaMH B JIOKaJIbHOMY KOHTEKCTI.

TakuM YMHOM, KOHTEKCT HESBHO OOMEXY€E IIPOCTip
MOXIIMBHX pillleHb JToauHu [8] Ta mpoctip BHOOpPY i
YIOPSAKYBaHHS PIlICHb B PEKOMCHIALIIHHUX CHCTEMaX.

YV  BIOANOBIAHOCTI O HABENECHOTO BH3HAYECHHS
KOHTEKCTY, IIOCTAaHOBKA 3a]a4i MOOYJOBH PEKOMEHMALIH 3
BUKOPUCTAHHSAM KOHTEKCTHOI KOJabopaTHUBHOI (pimpTpartii
MOJISITa€ B TOMY, IO TOTPIOHO chopMyBaTH (HYHKIIIFO
PEUTHHTY Yy BUTIISL

R:U X E X Cy, X Cy = Rating, 1)

ne U — MHOXHWHA CIIOKUBaYiB;

E — MHOXHWHAa O00’€KTiB, BIIHOCHO SKHX pPOOJSITH
BUOIp CIOXXWBaui;

Cs — cTaTudHA CKJIAOBA KOHTEKCTY;

C4 — IMHAMIYHA CKJIAZI0BA KOHTEKCTY;

BinMiHHICTE JaHOT IIOCTAHOBKY 3a/1a4i BiJl iCHYIOUHX
MOJISITA€E B TOMY, IO KOHTEKCT PO3TIIATAETHCS K 3 TOUKH
30py KOpHUCTyBaya (IUHAMIYHA CKJIQJ0Ba), TaK i 3 TOYKU
30py GopMmyBaHHS pEeKOMEHHAIiil (CTaTHYHA CKIIAJ0Ba).
Ile ma€ MOKIUBICTH MMOB’SA3aTH IMOZII, 10 BIUIMBAIOTH Ha
BUOIp CHOXHBaya, i3 3MIHOI BJIIACTHBOCTEH 00’ €KTIB,
OCKUJIbKH J0cTOBipHa iH(opMaris npo noaii B Oinburocti
BUIIAJIKIB BiJICYTHSI B PEKOMEHAAIIIHIN cucTeMi.

Hdist Toro, mo 3B’s3aTH CTATHYHY Ta JUHAMIYHY
CKJIa[IOBI TIPH BIICYTHOCTI TOCTOBIpHOI iH(popMarii 11010
OCTaHHBOI MPOMOHYETHCS PO3TOPHYTH BIIOJOOAHHS CIO-
JKMBaya B TEMIIOPAJbHOMY ACHEKTi, TOOTO 3B’sI3aTH IIO-
CIIOBHICTB MOJiH 13 BIACTUBOCTIMH 00’ €KTIB, IO I[iKaB-
JSATH CIIOXKUBAYA.

Hanpuknan, BpaHimi crnoxuBad BUOUpae KaBy
BIJIMIOBIZTHOT TOProBOI MapKH, BACHb — KHHUTY BIiJIOMOTO
aBTOpa, Ha BUXIJIHUX — TOBapW AJIs JOTJISAY 3a CaaoM,
tomo. CyKynHicTh LUX MOAIH (GOpMye pPO3TOpPHYTHH Y
gaci mabJIoH MOBEAIHKH KOPUCTYBaya.

s dopMmyBaHHS maTepHy MOBEAIHKH KOpHCTyBada
MPOTIOHYETHCS BUKOPUCTOBYBATH MPUHIUIH JIOKATBHOCTI
Ta 3B’ SI3HOCTI.

InTerpanis craTu4HOi Ta JUHAMIYHOI CKJIAZOBOL
KOHTEKCTY HA OCHOBi NPHHIMIIB JIOKAJBLHOCTI Ta
3B’SI3HOCTIi. 3anpoOIOHOBaHI NPHUHIMIIK JIOKAJIBHOCTI Ta
3B’A3HOCTI KOHTEKCTIB HPUHHATTSA pIlIeHb CIOXHMBAYiB
BiJOOpakaloTh HEMOBHOTY iH(opMamii Mpo KOHTEKCT Yy
CMIOKMBaya Ta 3a0e3MevyloTh MOXKJIHMBICTh peali3yBaTH
MPaKTUYHY TOTpedy IHTEerpyBaTH IO iH(GOpPMAIIO st
AaBTOMAaTH30BaHOTO (hOPMYBaHHS pEKOMEHAAIIH.
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BiamoBimHO [0 mepmIOro  MPHHLUIY, KOXCH
CHOXKMBau OIEpye JIMIIE 3 IJMHOXHHOIO 00 €KTIB
npeaMeTHoi obsacTi. Bkl TOro, KoxeH 3 00 €KTIB s
CIOXHMBAYa XapaKTePU3YEThCS JIMIIC  ITiIMHOXHHOIO
JIOCTYIHUX HOMY BJIAaCTUBOCTCH.

BinmoBizHO 10 MpUHIHITY 3B’S3HOCTI IpU MOOYHOBI
KOHTEKCTYy MpPHUHHATTA pilleHb I PEeKOMEHIAIHHOT

CUCTEMH HEOOXI1THO BpPaxOBYBaTH BITHOIIIEHHS
€KBIBaJICHTHOCTI , CX0’KOCTi Ta CYMiCHOCTI:
Ve € cide/; € cfl',
ckect,crect,
Eq:ef; =e§7:>c,l{ =, (2)

ok

L *k 1 m .m l m
Ng:ejjcej = crccpcp le €cy,cy's

C, 1e; # eff = cp\ejj = cif\ejy,
me  c¢',cl — peanmizamis JOKaTBHOrO KOHTEKCTY s
criokuBayvis / Ta i1,

ef}Ec,lcEIef}* —OHOTO # TOro  00’eKTy e;; B
KOHTEKCTI crioxkuBadis | Ta m;

C', CM — nokanbHi KOHTEKCTH CIIOKMBAYIB;

Eq; - BiJIHOIIIEHHS €KBIBAJICHTHOCTI;

Ng — BITHOIICHHS CXOKOCTI;

C, — BiJHONIEHHS CyMiCHOCTI.

BigHOIIIGHHST €KBIBaJCHTHOCTI BH3HAYAE, IO IIPU
00’€qHaHH] JIOKAJIBHUX KOHTEKCTIB CIIOKMBAdiB 3 OJHA-
KOBUMH BJIACTUBOCTSMH OO0’ €KTIB BHUKOPHUCTOBYIOTHCS
3BHYaliHI PaBHUJIa TEOPii MHOKHH.

BigHomreHHs — cXO0XOCTI  3aJa€  IOCIIZOBHICTH
00’eTHAHHS JIOKAJbHUX KOHTEKCTIB y BHUMAOKy pi3HOI
JeTami3alii BIacTUBOCTeH. BimHOmEHHS CyMiCHOCTI
BU3HAYAE MPAaBWIO OO0 €JHAHHS KOHTEKCTIB Yy BHIIAIKYy
MPOTHUPIY y PE/ICTABICHHI BIaCTHBOCTEH.

Y  BiANOBiAHOCTI [0 HABEACHHUX IPHUHIUIIB
MPOIOHYETHCS ~ PO3MIISAJATH  KOHTEKCTHO-OPIEHTOBAHY
MIFOTOBKY PEKOMEHALIIH SIK KOOTepaliiiHy npouenypy,
IoKa3aHy Ha puc.l.

B pamkax 1miei mpoueaypu mnpobieMa MOOymIOBH
PEKOMEHMAAII  BHPINIYETHCSA  IUIIXOM  I[HKJIIYHOT
B3a€MOJIii KOPUCTYBaya 3 PEKOMEH/IAIIMHOI CHCTEMOIO 3
ypaxyBaHHSIM KOHTEKCTHHX 3HaHb Ta IOTOYHOTO CTaHy

KOHTEeKCTy. KopucTyBad BpaxoBye KOHTEKCT —IIpH
OPUHHATTI  pilleHp MoA0 (GopMyBaHHA pEHTHHTIB
00’€eKTIB.

Li peliTHHTH BHKOPHCTOBYIOTHCS PEKOMEHIAIIIHHOIO
CHCTEMOIO Il MMOOYIOBH PEUTHHTY HOBHX OO’ €KTiB, SIKi
MOXYyTh OyTH ULiHHUMH I KopucTyBada. Ilo Mipi
BKJIFOUESHHS IAHUX [IPO HOBHUX KOPUCTYBAYiB IIPOBOAUTHCS
YTOYHEHHS ~KOHTEKCTY MPHUHAHATTS  PIlICHb  IIUMH
KOpPUCTYBadaMH, 1[I0 Ja€ MOXMJIUBICTb  IiJBUIIUTH
PEJIeBaHTHICTh PEKOMEHAAIIN Y TAKUX BHUITAIKAX:

— «XOJIOZHUH CTapT» PeKOMEHAALIHOI cHcTeMH;

— IMKJTIYHI 3MiHH BIIO100aHb KOPHCTYBAYiB;

— IO1i€B1 3MiHM 1HTEPECIB KOPUCTYBAUiB.

Tak, mnpu BupINIEHHI NPOOJIEMH  «XOJIOJHOTO
crapty» [9, 10] crouyarky (opmyeTbcst peUTHHT 00’ €KTiB
0e3 ypaxyBaHHS KOHTEKCTY

-

— D Binomi kopuctyBadi

1) Peittunr
00’€eKTy Bif
KOpHUCTYBaua,
abo
2) Tudopmariist mpo
MOBEIIHKY
KOpHCTyBaua:
MepersTHy T
CTOPIHKH;
KyTIJIEH] TOBapH;
TOLIO.
RcUXFE |
Cran |
KOHTEKCTY |

Cstd|

Peiitunr Bix
KOpHCTyBaua 3
ypaxyBaHHAM
KOHTEKCTY

RcUxExC xC
v s 4

DopMyBaHHS PeKOMEHAIIH
Ha OCHOBI K0Ja00paTUBHOL
¢dinpTpamii

KonTekcer

Pexomenpairii:

1) ynopsiakoBaHmii
CITHCOK 00'€KTIB
JUTSL KOPUCTYBaya,
abo

2) yrnopsiKOBaHHA
CITHCOK
KOpPHUCTYBauiB 10
00’eKTam.

E,vU,

\

Hoguit xopucryBau

-

\ 4

Bubip HOBUM KopuCTyBaueM

00’ekty (TOBapy, MOCIYTH) Ta
pEeHTHHTYBaHHS BHOODPY

Hani npo
KOpHCTyBaua
Ta oro BUOip

Puc. 2. Iluxis yrouHeHHs peTUHTY 3 ypaXyBaHHIM
MOTOYHOTO CTaHy KOHTEKCTY

B rmopmampmiomy mTpH  KOXKHOMY HOBOMY —IIHKJI
BHUCTABISHHS PEUTHHTIB KOPHCTYBadeM Ta II00YIOBU
pEeKOMEeHaIli} ITepaTUBHO AOHAA€THCS KOHTEKCT.
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Huxotiyai  3MiHM ~ BHOJOOAHb  KOPHCTYBauiB
BiZIOOPaXYIOTh OJHY i3 CKJIQJIOBUX KOHTEKCTY HNPUHHATTS
pillieHb, HANPUKJIA/l CE30HHI 3MIHH IHTEPECIB KII€HTIB.

[Ipu popmyBaHHI peKOMeHIalil B JAHOMY BHUIIAAKY
(hopMyeThCS TIIMHOXKUHA 00’€KTIB Ta MOJIH KOHTEKCTY,
sIKi Oe3MmocepeHpO OB s3aHi 13 MUKIOM 3MiHH iHTEpeciB
cnoxnBadiB. IlomieBi 3MiHM B OUIBIIOCTI BHIIAIKIB
po3risinaoThes K 3MiHN «ad hocy, ToOTO pa3oBi 3MiHH,
SIKi € pe3yJIbTATOM BAYKJIMBUX VIS KITI€HTA MTOJIH.

Taki momii OMINBHO KIIACH(IKYBaTH HACTYITHUM
YHHOM.

[Mo-nepme, ne rnodanbHi NOAI, 10 XapaKTepU3yTh
JIOBrOTPHBAJII TEHICHII] BIOJOOaHb KOPUCTYBAUIB.

Hampukinan, B 3B’A3Ky 3  DI3KOI0  3MIHOIO
MaTepiabHOro CTaHy KOPHUCTYBayiB B  pe3yibTari
eKOoHOMI4HOi kKpu3u 2008 poKy 3MIHHIIUCH iX HPIOPUTETH
3 ypaxyBaHHAM I[IHOBOro Kputepitoo. IlpoBenenwuii
3aKOPIOHHUMH BHUPOOHUKAMH aHaNi3 MPIOPHUTETIB MpHU
BHOOPi 3ac00iB KOCMETHKH IS TIOKYIIIB y HAMIii KpaiHi
MOKa3aB, IO KIOYOBUMH (akTopamMu TpH BHOOPI
KOCMETHYHHX 3ac00IB € IX CKJaj, Mif04l KOMIOHEHTH Ta
IiHa.

[To-ngpyre, mokambHi HOAIl AJS COLIANIBHUX TPYII
KOPHUCTYBaiB, SKi MNPHU3BOAATH 1O 3MiHM cdepu ix

iHTepeciB. Hampuknan, 3MiHa poOOTH, HaBYaJIbHOTO
3aKJajy, Miclsl IPOXKHUBAHHS, TOLIO.
ITo-Tpete IHAWBIAYabHI ol OKpEeMHUX

KOPHUCTYBayiB, SIKi HE MOXYTh OyTH T€Hepalli3oBaHi IUIs
TPYII KI€HTIB.

B wminomy cmig 3a3HauMTH, MO IWMKIIYHI 3MiHA
MOXYTh OyTH 3BE/ICHI IO MOMI€BUX HUITXOM (HOpMyBaHHS

MHOXHMHH  yTOPS/IKOBAHUX  MOCIIJIOBHOCTEH  MOmiM
Ty BUILY:
{(my, My, T L) VI, 3Riey; o T, (3)

ne R — BimoOpakeHHs, IO CTaBUTh Y BiANOBIIHICTH

KOXKHIM moAil 00’ €KT, 3 AKAM LS [O1is1 BUHUKIIA.

B cBoro uepry, yTouHeHHS BIOJAO0aHb KOPHCTYBaviB
B CHUTYaIlii XOJIOAHOTO CTapTy BHKOHYETHCS ITUKIIYHO, SIK
mokazano Ha puc. 1. ToMmy U1  TiABHIICHHS
PEIIeBaHTHOCTI PEKOMEHJIAII B JaHIH CHUTYyaIlil JOIUIFHO
TaKOXX MOJICIIOBATH IiITPUMKY BHOOPY KOPHCTYBAdiB Y
BUTJISII TTOCTITIOBHOCTI MOiH, aHanorigHo (3).

Takum 4yuHOM, Jeraii3ailis I[EPUIOro HPUHIUITY
NPU3BOAWT,  HAC O  HEOOXIJHOCTI  BpaxyBaTH
MiMHOXKUHY CTATUYHHUX Ta TUHAMIYHHX XapaKTEPUCTHK
npeAIMETHOT 00JI1acTi, IO BIIMBAE HAa BUOIP KIIIEHTA.

Jeramizalfist Ipyroro MpUHIMIY mepeadadae Mmoea-
HaHHS TOCIIIOBHOCTEN MOIH (3) myist pisHUX 00’ €KTIB €;;
Y BiJIIOBITHOCTI /IO BiJTHOIICHb €KBIBAJICHTHOCTI , CXOXKO-
cTi Ta cymicHoOCTi (2).

IMigxin no dopMyBaHHSI KOHTEKCTY NPHAHATTS
pilleHb 1JIs1 peKOMeHIaliiiHOI CHCTeMHM Ha OCHOBI
MIPUHIIMITB JIOKAJTBHOCTI Ta 3B’S3HOCTI MICTHTH Yy €O0O0i
¢dasu 00’emHAHHS CTATUYHOI Ta MWHAMIYHOI CKJIAIOBOI
KOHTEKCTY.

@aza iHTErpamii CTaTUYHOI CKJIAJOBOI KOHTEKCTY
BUKOHYEThCSl BinnoBigHO 10 BHpaszy (2). Ioexnyrorbes
aTpuOyTH O00’€KTIB, SKI BH3HAYAIOTh IX BAXJIMBI JUIA
CIIOXHBaya BIACTUBOCTI.

daza iHTerpamii IMHAMIYHOI CKJIAZ0BOI KOHTEKCTY
MICTUTB y cO01 TaKi eTaru.

Etan 1. ®opmyBaHHs 3MiH BII0J00aHb KOPUCTYBAYiB
y BHINIAAI TOCHioBHOCTe#H mopmiii. Ha nmanomy erami
BUKOHYETBCSl aHAJI3 IMOCTIIOBHOCTEH YHOPSAKOBAaHUX Y
yaci MHOXHWH TPIHOK «00’€KT-BIACTHUBICTh-3HAYCHHS
BIacTHBOCTI». KoXHa Taka MHOXWHA XapakTepu3ye
CYTTEBI BIACTUBOCTI 00’€KTy y 3adikCOBaHWH MOMEHT
qacy.

[onmiero T, OymemMo Ha3WBaTH 3MiHYy 3HAYeHHSI
BJIaCTHBOCTI 32 YMOBHM 0€3M0CEpEeHbOTO  CIIiyBaHHs
3a3HauYCHHX TPIHOK.

Etan 2. BusBneHHs mNaTepHIB MO METOIaMU
IHTEJIEKTyalbHOTO aHamizy pAaHux. Ha wnpomy erami
BUSBJISIETHCS IMKIIIYHICTh MO Y BUTJISAL BiJIOBITHUX
JaCTOTHHX MATEPHIB Ta GOPMYIOTHCS MOCTIZOBHOCTI {1y,
Ty, v Tg, o Tig).

PesynpraTamMu HaBelEHWX [BOX €TalliB € MHOXHHA
MaTepHIB TOMIA, IOB’A3aHUX 13 00’€KTaMH IIiKaBOCTI
crnoxuBaya. Tobro peamisyetbes item-based omuc
KOHTeKCTy. [l Bupadi pekoMeHnalild KOHKPETHHM
CIOKMBayaM HeOoOXimHO Takok peamizyBatd User-based
MiAXig.

Etan 3. BuzineHHs naTepHiB MOBEAIHKU MO CHOXH-
BayaM. Ha maHomy etami QiIbTPYIOThCS Pe3yJIbTaTH €Ta-
my 2 10 KOHKPETHUM CII0KHBadaM.

Etam 4. [loegHaHHS TATEpHIB MOBEAIHKA MO TPyIIaMm
CTOXKMBAYiB 3a 3aJlaHUMH TIpU3HAKamu rpymn. Ha manomy
eTall MOETHYIOTECS MATEePHH MOBEIIHKNA CXOXKHX CIIOXKH-
BadiB 3 TUM, 00 OTPHMATH MHOXHHY YIOPSAKOBAHUX
MOCTITOBHOCTEH moii (3), 0 BpaxoBye KOHTEKCT BHOO-
Py CIIOXXHBaYa.

Etan 5. JlonoBHeHHs 11abnoHy noii (3) arpubyra-
MH 00’€KTiB, OTpUMaHUX B pe3ynbrati nepioi ¢aszu. Ha
JJAHOMY eTarll BHUKOHYETbCS IIO€JHAHHS CTATHYHOI Ta
JMUHAMIYHOT CKJIAQJ0BOi KOHTEKCTY 3 BHUKOPHUCTAHHSIM
BiOOpakeHHs R.

BucnoBku. PosrisHyro mnpoOnemy peneBaHTHOCTI
BXiJHUX JaHUX B PEKOMEHJaliHMX cucTeMax. BuHHK-
HEHHS 1aHOi NTPOOJIEMH TI0B’SI3aHO 3 HEJOJTIKaMH BXiJHUX
JAHUX B 3aJadaxX KoJaOopaTWBHOI (iNbTpalii: 3HAYHOIO
PO3PIIKEHICTIO MAaTPHIIH OIIHOK /TIOKYTIOK.

Jdnst  BupimieHHs w1i€l NpoOJeMU HPOIOHYETHCS
BPaxOBYBaTH JIOKaJbHI KOHTEKCTH CIIOXKUBAYiB, 10 BiAI-
OBiJaf0Th iX BUOOpY B MaTpuIi BXiJHHX AaHHX K0Ja0o-
paruBHOl ¢uibTpauii. BukopHCTaHHS KOHTEKCTy Ja€
MOXIIMBICTh 3aJlaTh OOMEXKEHHs Ha MOXKJIMBI BapiaHTH
peKoMeHaIrii.

Jis migBUINCHHS SIKOCTI pOOOTH B peKOMEHIAIIHHIH
cucTeMi HEOOXIZHO y3arajJbHUTH JIOKAIbHI KOHTEKCTH
CIOXKMBaUiB 3 ypaxyBaHHSM HEIOBHOTH 1 NpOTUpIY B
naHnx. Take y3aralbHEHHS BHKOHYETHCS 3 YpaxyBaHHIM
MPUHIHIIIB JIOKAJILHOCTI 1 3B’I3HOCTI.

VY BIAMOBINHOCTI IO IIUX MPUHIIHIIB, HEOOXITHO TO-
€IHATU CTATHYHHMN Ta JWHAMIYHUI aCHEKTH KOHTEKCTY.
[lepmmii mpencTaBieHWH y BUITIAAI  BIACTUBOCTEH
00’€eKTiB, fKi IIKaBIATh CIOKKMBava. Jpyruil — y BUIIIAAI
MaTEePHIB MOMAIN, IO BiJOOPaXyIOTh IOBEAIHKY CIIOXKH-
Baya BiJHOCHO ITMX 00’ekTiB. KokHa momis BimoOpaxkae
3MiHYy OZHIi€]1 BIIACTHBOCTi 00’ €KTY.
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VK 004.891.3
O. B. YAJIA

PO3POBKA TIPEJCTABJIEHHSI 3HAHb HA OCHOBI MAPKIBCBKHUX JIOTTYHUX MEPEXK B
CUCTEMI IPOLIECHOI'O YIIPABJITHHA

JocmimkeHo npobieMy MoOYI0OBH HPEICTABICHHs 3HAHb B CHCTEMi MPOLIECHOTrO YINPABJIiHHSA HA OCHOBI aHAN3y MOBEHIHKH Oi3HEC-MPOLECIB, LIO
HpeACTaBIeHa y BHUIUIAAL JioriB moxii. KoxHa moxis xapaktepusye nito Oi3Hec-mpoliecy. AKTYajlbHICTh NPOOJIEMH BHU3HAYAETHCS THM, IO IPH
YIIpaBIIiHHI CKJIQHUMH 3HAHHSI-€MHUMH Oi3HEC-TIpoliecaMil BUKOHABII MOXKYTh 3MIHIOBATH IIOCTIZOBHICTb Ailf 3 ypaXyBaHHAM JOAATKOBHUX 3HaHb IIPO
npeaMeTHy obnactb. B pesynbrari BUHHKAE HEBIAOBIIHICTS MK MPOLIECOM Ta HOr0 MOJEIUIIO, IO CTBOPIOE TPYIHOLII /ISl OAAIIBIIOrO YIIPABIIHHS
6i3Hec-mpouecoM. J{is ycyHeHHsT BKa3aHOI HEBIAMOBIHOCTI HOTPiOHO (opMati3yBaTH i J0JATKOBI 3HAHHS Ta BAKOPUCTOBYBATH iX MPH NPOLIECHOMY
yIpaBiliHHi, 0 MOTpebye CTBOPEHHS BiAIOBIIHOrO NMpPEICTABICHHS 3HAHb. 3al[PONOHOBAHO MOJENb IIPEICTABICHHS 3HAHb BPAXOBYE CTATHUYHI I
JIMHaMi4HI XapakTepucTuku OisHec-mpouecy. CTaTHuUHI XapaKTepPHCTUKU Oi3HeC-Tpolecy 3alaroThesl (pakTaMM Ta NPaBWIAMM i3 apryMEHTaMu,
MpeICTaBIeHUMU aTpuOyTramMu mopiit jgory. daxkTtu i mpaBuna (OPMYIOTHCS Ha OCHOBI BiAMOBIAHHX IIAONOHIB. ATpUOYTH 3aJalOTh 3HAYCHHS
BJIACTHBOCTEIl 00’€KTiB, 3 SKMMH omepye Oi3Hec-mporec. JluHamiuHi ocoOmmBOCTi Oi3Hec-Tpolecy BH3HAYAIOTHCS 4Yepe3 MOTOYHMI PO3MOJiN
HWMOBIPHOCTEH BUKOHAHHS IPABIJI 3 ypaXyBaHHIM aTpuUOyTiB MOTOYHOI MOIi Jiory Gi3Hec-mpolecy. 3alponoHOBaHA MOJENb BiAPI3HIETHCS THM, IO
BOHA BPaxoBYe OOMEXKEHHS Ha JOIYCTHMi MOCIIIOBHOCTI BUKOHAHHS il Gi3HEC-MPOIECy, a TAKOXK OOMEXKEHHs Ha OCHOBI ampiOpHHX 3HAHb MPO
npenMerHy obnactb. Taxi 0OMeXEHHS O3BOJUTH IMOHH3UTH CKJIAJHICTH 33jadi IOIIyKy HMOBIpHOCTEH YCHINIHOTO 3aBepIIeHHsS Oi3Hec-mpouecy
LUIIXOM CKOPOYEHHS! MHOXKHHHU JIOMYCTUMUX Tpac B TOMY BHUITAJIKY, SIKIIO BUKOHABII 3MiHWIM MOCTIAOBHICTh [iif. B mpakTuuHOMY acrekTi Mozelb
3a0e3meuye MOXIHMBICT MATPUMKH MPUHHSITTS PIillIeHb 3 YIPaBIiHHS 3HAHHI-€MHAMHU Oi3HEC-IpOL[ecaMil Ha OCHOBI IMPOTHO3YBAaHHSI WMOBIPHOCTEH
JIOCSITHEHHSI KIHIIEBOTO CTaHy MPOLIECY 3 ypaxyBaHHIM aTprOyTiB MOJAIH JIOTy.

KaiouoBi cioBa: 3HaHHSA-eMHI Oi3Hec-mpouecd, 06a3a 3HaHb, CHCTEMH IPOIECHOTO YIPABIIiHHA, KOHTEKCT, apreakT, Mofis, aTpulyT,
MPUYUHHO-HACTIKOBI 3B’SI3KH.

O. B. YAJIAA
PA3PABOTKA NPEJCTABJIEHUSI 3HAHU HA OCHOBE MAPKOBCKHX JIOTUYECKHUX CETEM
B CUCTEME NPOLIECCHOI'O YIIPABJIEHUSA

HccnenoBana npobiema MoCTPOSHNs MPEACTABICHHS 3HAHNH B CHCTEME IIPOIIECCHOTO YIPABJICHHS HA OCHOBE aHAJIN3a TTOBEICHNS OM3HEC-TIPOIIECCOB,
MPEACTAaBICHHOrO B BHJIE JIOrOB coObITHi. Kaxknoe coObiTHe XapakTepusyeT aeiicTBUe OM3HEc-Tpolecca. AKTYallbHOCTh NPOOJIEMbl ONpenesseTcs
TEeM, YTO NP YIPABJICHHH CIOKHBIMH 3HAHHUSA-EMKHMH OHW3HEC-TIPOLECCAMH UCIIOHUTENN MOTYT M3MEHSTh IOCIIe[0BAaTeIbHOCT NISHCTBHHI C y4eTOM
JIOTIOJIHUTENBHBIX 3HAHHH O NpeIMEeTHOH o0nacTu. B pesynbrare BO3HHMKAeT HECOOTBETCTBHE MEXKIY IPOIIECCOM H €ro MOJENBIO, Y4TO CO3JaeT
TPYAHOCTH I JANbHCHIIEro yHpaBICHHs 3THM OusHec-tipoueccoM. [l yCTpaHEHHs YKa3aHHOTO HECOOTBETCTBHS HY)XHO (POpPMAann30BaTh
UCHOJIb30BAHHBIC [IONMOJHUTCIbHBIC 3HAHUS M NPUMEHUTh HX HPHU MPOLECCHOM YIPABICHHH, YTO TPEOYeT CO3MaHHS COOTBETCTBYIOILIETO
IpelcTaBIeHns 3HaHWH. [IpeioxkeHHas MoJeNnb NPECTABICHUS 3HAHWH YYUTHIBAeT CTaTHYECKHE W JUHAMUYECKHE XapaKTepPUCTHKH OW3Hec-
npouecca. CTaTHuecKHe XapaKTepUCTHKHM OW3HEC-Tpolecca 3aJaloTcs (akTaMu M MpaBWIAMU C apryMEHTaMH, IPEeJCTABICHHBIMH aTpuOyTamu
coObiTHil sora. @axTel ¥ mpaBuia GOPMHUPYIOTCS Ha OCHOBE COOTBETCTBYIOIIUX LIAOIOHOB. ATpuUOYTHI 3a/al0T 3HAYEHHUsI CBOICTB OOBEKTOB, C
KOTOPBIMH oriepupyeT 6usHec-nporecc. JInHaMudeckre 0CoOEHHOCTH OM3HEC-TIPOIIecca ONpPEJIENAIOTCS Yepe3 TeKyIllee pacipe/ielieHne BEpOSATHOCTEH
BBITIOJIHEHHUSI TIPABHJI C YU4ETOM aTpUOYTOB TEKYIEro coOBITUS Jora OusHec-mporecca. [IpeanoxenHas MO/ieb OTANYACTCS TEM, YTO OHA YYHUTHIBACT
OrpaHUYCHHUS Ha TOMYCTUMBIC TOCIIEI0BATEIBHOCTH BBIIOIHEHUS ACHCTBHI OM3HEC-TIpoliecca, a TAKXKE OrPaHMYCHHs Ha OCHOBE alpHOPHBIX 3HAHHI O
TpeaMeTHOH obnactu. Takne orpaHWYEHHs MO3BOJIUT CHU3UTH CIOXKHOCTD 3a/ladd MOMCKA BEPOATHOCTEH YCIIENTHOTO 3aBepIIeHns OM3Hec-Tporecca
IyTeM COKPAICHUS] MHOXKECTBA JOMYCTUMBIX TPAacC B TOM CIIydae, eCJIM HCHOIHUTEIN U3MEHUIIH TTOCIE0BATEIBHOCTD JSHCTBII. B mpakTHueckom
acIieKTe MOJeb 00ECTeYNBACT BO3MOXHOCTD IOJJICP)KKH MPHUHSTHS PEIICHUH IO YNPaBICHUIO 3HAHHUA-GMKHMH OM3HEC-TIpolleccaMH Ha OCHOBE
MIPOTHO3MPOBAHMS BEPOSTHOCTEH TOCTIIKEHNSI KOHEYHOTO COCTOSIHUSI IIPOLiecca C yIeTOM aTpHOyTOB COOBITHH JIoTa.

KiioueBble cjioBa: 3HaHHE-€MKHE OM3HEC-NPOLIECCHI, 0a3a 3HAHMH, CHCTEMBI MPOLECCHOTO YIpPABICHUs, KOHTEKCT, apTe(akT, coObITHE,
aTpuOyT, IPUUMHHO-CIICACTBEHHbIE CBS3H

O.V.CHALA
DEVELOPMENT OF KNOWLEDGE REPRESENTATION BASED ON MARKOV LOGICAL
NETWORKS IN THE BUSINESS PROCESS MANGEMENT SYSTEM

The problem of constructing knowledge representation in the process control system based on the analysis of the behavior of business processes,
represented in the form of logs of events, is studied. Each event characterizes the action of the business process. The urgency of the problem is
determined by the fact that when managing complex knowledge-capacious business processes, performers can change the sequence of actions taking
into account additional knowledge about the subject area. As a result, there is a discrepancy between the process and its model, which creates
difficulties for the further management of this business process. To eliminate this discrepancy, it is necessary to formalize the additional knowledge
used and apply them in process management, which requires the creation of an appropriate knowledge representation. The proposed knowledge
representation model takes into account the static and dynamic characteristics of the business process. The static characteristics of a business process
are specified by facts and rules with arguments represented by the attributes of the log events. Facts and rules are formed on the basis of appropriate
templates. Attributes specify the values of the properties of objects with which the business process operates. Dynamic features of the business process
are determined through the current distribution of the probability that the rules will be executed, taking into account the attributes of the current
business process log event. The proposed model is characterized by the fact that it takes into account the limitations on the permissible sequences of
execution of the actions of the business process, as well as restrictions based on a priori knowledge of the subject area. Such restrictions will reduce the
complexity of the problem of finding the probabilities of a successful completion of a business process by reducing the number of allowed trails in the
event that the performers have changed the sequence of actions. In practical terms, the model provides the ability to support decision-making on the
management of knowledge-intensive business processes based on predicting the probabilities of achieving the final state of the process, taking into
account the attributes of log events.

Keywords: knowledge-intensive business processes, knowledge base, process management systems, context, artifact, event, attribute, cause-
effect relationships
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Beryn. Cuctemu TIpOLIECHOTO YIPaBIiHHS IPH3HA-
YeHi JUIs1 yNpaBIiHHS MiANPUEMCTBOM LUIIXOM PO3pOOKH,
YTOYHEHHsI Ta BUKOPHUCTAaHHS Mojeied Oi3Hec-IpoleciB
(BIT) [1]. Po3BuTOK MpOLIECHOTO MiIXOLYy N0 YIPaBIiHHS
NPUBIB JI0 TOOYIOBH I'HYYKHX 3HAaHHA-€MHUX Oi3Hec-mpo-
neciB. OcoOmuBicte Takux BII momsrae B Tomy, mo ii
BUKOHaBIIMHU € knowledge workers, siki MOXyTh 3MIHHTH
X1l BUKOHAHHS IPOIECY Ha OCHOBI CBOIX IEPCOHAIBHIX
3HaHb [2] y BIAMOBIAHOCTI OO IOTOYHOIO CTaHY KOH-
TEeKCTy Ta MOTOYHHX MUIeH miampueMcTBa. Taki 3MiHA
MIPHU3BOIATE 110 HeagekBaTHOCTI mozeni BII, mo morpebye
BUKOPHUCTAaHHS (DOpMai30BaHUX 3HAHB JUIS afanTallii miel
MOJIeTl Ta MIATPUMKH NPUHHATTS pillleHb 3 MPOLECHOTO
ynpaBiiHHS. [HpOpMalis Mpo NOBENiHKY KOXKHOTO €K3eM-
wisipy Oi3Hec-mpolecy 3a pe3ysibTaTaMd MOHITOPUHTY
3anmucyeThess B Jiorax (kypHaiax) moaid BII. 3aznauene
CBIIYMTH IIPO AKTYaJIbHICTh PO3POOKU TaKOro IMpeAcTaB-
JICHHA 3HaHb 1H(QOpPMAIIfHOI CHCTEMH MPOIECHOTO
VIpaBIiHHSA, SKe 3a0e3medyBaio 0 MOKIMBOCTI aBTOMa-
THU30BAaHOTO BUSBIICHHS 3HAaHb Ha OCHOBI aHaji3y JIOTiB
BII.

AHaJli3 OCTaHHIX JoCHiGKeHb 1 myOJikamii.
Tpagumiiiai MiAX00U IHXeHepii 3HaHb, 110
BUKOPUCTOBYIOTh eTan BUSABJICHHS MPUYUHHO-

HACJIJIKOBUX 3aJleXXHOCTeH Yy BepOanbHii Qopmi mpu
MPOBEACHHI IHTEPB’I0 3 eKCIepTaMH, OB ’s3aHi 13
3HAUHUMHU BHUTpaTamMu yacy. lle 3HauHO 3Byxye cdepy
3aCTOCYBaHHS TaKMX METOMAIB IpH MOOyAOBI 0a3 3HaHb
IUTA CHCTEM YIPABIiHHA, OCKUTBKY BOHH (DYHKITIOHYIOTE Y
pearpHOMY Yaci.

B ocTaHHI pOKH IHTEHCHBHO PO3BHBAIOTHCS METOAN
aBTOMaTH30BaHOi MmoOymoBM ©0a3 3HAaHP Ha OCHOBI
00po0Oku Benmkux macuBiB maHux [3—-10]. TomoBHa imes
AHOI TapaJurMH TOJSAra€ y BHSBICHHI IIAOJOHIB
NPUYMHHO-HACIIIKOBUX 3aJI@KHOCTEH y BENMKUX 0azax
maaux (BJ[), nmoctymHmx y Mepexi IHTepHer, Ta
MOJATBIIIOMY (DOPMYBaHHI €IEMEHTIB 0a3u 3HAHb HUITXOM
mijicTaHoBKK JanuX i3 B/l y orpumani mabnonu. OjHak
BKa3aHi MiJXOAMW MAlOTh CYTTEBHH HEHOJNIK, [0 CTBOPIOE
TPYIHOIII PY BUKOPUCTaHHI IX JJIsl CUCTEM IPOLIECHOTO
VIpaBIiHHSA: BOHH OPi€HTOBaHI Ha MOOYIOBY CTaTHYHHX
3aJIe)KHOCTEH, Oe3 BpaxyBaHHS TEMIIOPAIBLHOI CKIIaI0BO].

OpmHak U1 3a0e3NeUYeHHS MIATPHUMKH YIIPABITiHCH-
KHX pIilIeHb MOTPIOHO PETYISIPHO OHOBITIOBATH 0a3y 3HAHB
CHCTEeMH NPOLECHOTO YIPABIIHHSI CHHXPOHHO 3 XOJIOM
BUKOHAHHS BIJMOBIIHUX OI3HEC-TPOIECIB Ta 3MIiHOIO
crany nmpeametHoi obmacti [11, 12].

MeToro naHoi craTTi € po3poOKka MozeN NpencTaB-
JIeHHA 3HaHb B 1HQOpPMAIiMHIA CHCTEeMi MPOIECHOTrO
YIpaBITiHHSA, fKa 3a0e3medyBana 0 MOXKIMBOCTI TOOYIOBH
0a3u 3HaHb Ha OCHOBI aHaNi3y MOBEIIHKH Oi3HEC-TpoIe-
CiB, MPENICTABIICHOI Y BIIIOBIJHUX JIOTaX IOMIM.

[ nocArHEHHS TIOCTaBJICHOT METH HEoOXigHO
MO€HATH JIOTIYHUIM OmMCy TpeaMeTHol obnacti, 1o
XapaKTepu3ye CTaTUUYHMH acmekT Oi3Hec-mpouecy, Ta
HWMOBIpHICHAN OIMC TOCHTIJOBHOCTI Jiii Oi3HEC-Tmporecy,
110 XapaKTepu3ye HOro AMHAMIYHMI acIeKT.

Mopens mnpeiacTaBiieHHsl 3HaHb. 3arpollOHOBaHA
MOJENb TIPEJCTABJIICHHS 3HaHb BIAINOBiNae TapagurMi
MapKOBCHKHUX JIOTIYHHX MEPEX Ta MICTHTh y cO0i1 JIOTidHYy
Ta IMOBIPHICHY CKJIaJ0Bi.

JloriuHa CKJIaJoBa MOJENI 3aJA€ThCS y BHIIAIL
3BaXEHMX HaOopi JorivHMX (akTiB Ta HpaBul,
apryMEHTaMU SIKUX € BIIACTHUBOCTI apTe(aKTiB KOHTEKCTY
BUKOHAHHS Jili Oi3HEC-TIpoLIeCy:.

KB, ={(f,({af}) WA, (L Nw) (b }C) (@)

ge  f —onoriunuii  ¢dakT, MmO CBIAYMTH TNPO CTaH
apredakTiB y IpeIMeTHii obacTi;
af, —apredakT KOHTEKCTY BUKOHAaHHA Oi3Hec-

nporiecy (00°€eKT, 3 sskuM B3aemoie BIT);
W, — Bara JIOTi4HOorO (akty f; ;
r; —IpaBUIO, WO MOB’s3y€ MK COGOK0 JIOrivHI

(hakTH y BIiONOBIOZHOCTI TMOCTITOBHOCTI BUKOHAHHS Iiit
BIT;

w, —Bara npapuna r;, 0<w;<oo IO BH3HA4aC
CYTTEBICTb NPEICTABICHUX IPAaBUIOM YMOB Ta OOMEKECHb
TP BUKOHAHHI Oi3HEC-TIPOIIECy.

C — ampiopHi oOMexxeHHs1 Ha BukoHaHHs bBII, mo
BiOOpakatoTh 3arajibHi 3HAHHS PO TPEAMETHY 00JIaCTb.

3a3HaunMo, MmO Mg apTedakToM  3a3BUYAH
PO3YMIIOTh 00’€KTH, 3 IKUMH o1epye OizHec-Tporiec.

JloriuHa CKJIaioBa HaBEJIEHOI MOJEN Mae BUIJIS[
rpady, KOXKHa BEpIIMHA SKOro BiAmoBigae Qakry abo
npaBwily. 3HAYEHHS BEpIIMHM € OiHAPHMM Ta BU3HAya-
€ThCS TICNS MiJCTAHOBKH 3HAUCHb BJIACTHBOCTCH apre-
(axTiB y BiANOBIAHI (haKTH Ta IpaBHIIA.

Jloriuni ¢akTu Ta mpaBUiIa 3a0aOTHCA (POPMYIaMU
JIOTIKH 1 TOMY MOXYTh OyTH pO3TIISTHYTI SIK OOMEKCHHS Ha
MHOXHHY MOXIIMBUX CTaHIB Ta Jiid Oi3HEeC-Tporecy.
KoHi#f ¢opMyni npHu3HAYaeThCs Bara, sika BCTAHOBIIOE
BaYKJIMBICTH IIMX 0OMexeHb. UM OinbIa Bara, THM OLIBIIT
JKOPCTKHMHU € 0OMEKEHHS BiAMOBiTHOTO (akTy abo mpa-
Buia. [lpu MakcuManpHiil Bazi o Oi3Hec-npoliec MOBU-
HEH O00OB’SI3KOBO 3a/I0BOJIBHSITH BH3Ha4YeHI (pakToM abo
NpaBUJIOM OOMEXEHHs. 3MiHy 3Ha4eHHs Bard JOLIIbHO
BUKOPHCTOBYBaTH JUIsi BU3HAUEHHS KOHTEKCTHHX OOMe-
KEHb.

OnHak y TEMIIOpAIILHOMY acCIeKTi, IPH BU3HAYEHHI
00MEKeHb Ha IIOCIIIOBHICTH Jiii, MOIUJBHO BHU3HAYHUTH

OKpeMy TiJIMHOXHWHY IPaBHI {rk} eR. fxmo icHye
MiIMHOKHUHA TIPABHIT {rk}, SKi BHKOHYIOTBCS Ha BCiX
Bimomux Tpacax I, mory 6i3Hec-mipouecy, TO IIi IpaBHiIa
3a7al0Th MiAMHOXKUHY JOIyCTUMHUX HOBHX Tpac I, .

Jane oOMexeHHS O3Hauyae, IO B MPEACTABICHIN
MHOXXMHOIO BiZIOMHUX Ta WMOBIPDHMX HOBHX Tpac MOJei
IT nmoBMHHI BUKOHYBATHCh BCi IpaBuia T,

vkI|=r, T1=11,U 1, )

ne  f —onoriunmit  ¢dakT, WO CBiOYMTH @PO CTaH
apredaxTiB y IpeaMeTHii o0macTi;

af, —apredakT KOHTEKCTY BHKOHAaHHA Oi3Hec-

npornecy (00’exT, 3 sitkuM B3aemozie BIT);

[Ipn ynpasniHHI 3HaHHSA-€MHUMH Oi3HeC-TIpoliecamMmu
BUKOHABIlI MOXXYTh 3MIHIOBaTH MOPSJIOK Jilf 3 METOI0
nigBuIieHHs edekTuBHOCTI BUKOHAaHHA BII, THM camum
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MOPYLIYIOYM JIOTiYHI oOMexeHHs. OOmexenHs (2)
JIO3BOJITH ~ TIOHM3UTH PO3MIpPHICTH 3ajgadyl  IMOLIYKY
HWMOBIPHOCTEH YCIIITHOTO 3aBEPIICHHS Oi3HEC-TPOIECY B
TOMY BHITQJIKy, SKIIO BUKOHABIII 3MiHWIIM TOCIIIOBHICTH
nii. be3 nux oOMeXeHb B MPOIIECi MONIYKY KOXHA Tpaca
jory Oi3Hec-Tporecy MoXe OyTH CKOMIIOHOBaHa i3 ycix
BiJOMHUX TOJii B JOBLNBHIN mocmigoBHOCTI. B pe3ymbraTi
BHHUKAE€ MHOKMHA HeaJleKBaTHHUX TPac, SKi TeX MOTPiOHO
00pOOIIATH B TIPOIIECi TIOIIYKY PillleHHS.

B minomy, 3 ypaxyBaHHS €JIEMEHTIB IpeICTaBICHHS
3HaHb (1), mma amamramii Ta ymockoHameHHS 3BI1
HEOOXIAHO  MOM’SKIIMTH  BCi  IHINI  OOMEXEHHS,
3a0e3MeunBIId THM CaMHM MOXJIMBICTh 3HAWTH OLIBLI
eeKTUBHI NIISIXH peanizanii 6i3Hec-Tporecy.

Anapar  MapKiBCBKHX JIOTIYHHX MeEpeX Jae
MOJKJIMBICTh TOM’SKITUTH OOMEKEHHsS Ha moBemiHKy BIT
3a paXyHOK BUKOPUCTaHHS HMOBIpHICHOI ckianoBoi. Yum
YacTillle MOPYIIYIOTHCS BCTAHOBICHI OOMEXEHHS TIpU
BHKOHaHHI Oi3HEC-TIpoIiecy, THM MEHII WMOBipHOIO Oyme
BignoBigHa Qopmyna. Y BHUIAIKy YacCTOTO HOPYIICHHS
JIOTIYHUX OOMEKEeHb BIAMOBIIHI ()akTH Ta mpaBmiIa B 0a3i
3HaHb MaTUMYTh MEHINY, alieé BiAMIHHY Bif HyJIsI HMO-
BipHiCTh. B pesynbraTi B Mozeni Oi3Hec-mporiecy OyayTh
(X04 1 3 HEBEJIHMKOK WMOBIPHICTIO) BpaxOBaHI albTep-
HATHBHI BapiaHTH MOBEIIHKU Oi3HEC-TIPOLIECY.

IToBeninka Oi3Hec-mporiecy (iKCYyeThCsl B HOTO
xkypHaiti moniid. KoxkHa mOmist XKypHaldy XapaKTepHu3ye
CTaH Mpolecy micis BUKOHAHHS BiNMOBiAHOI aii Oi3Hec-
IpoLeCy 1 TOMY XapaKTepH3YEThCS PI3HUMH 3HAYCHHSAMH
aTpuOyTiB apTedakTiB (TOOTO PI3HUMH BIACTHBOCTSIMH).
BimnoBigHO, joridHi ()akKTH MOXXYTH BiAPI3HATHCH IS
aHANOTIYHUX TOAi 3 pisHUX Tpac Jory. Ilix
AQHAJIOTIYHAMHU MH PO3yMIi€EMO Taki momii, mo (ikcyroTh
BUKOHAHHSA OJHAKOBUX il JUIA PI3HUX EK3EMIUDIPIB
0i3Hec-TPOoIIeCiB, TOOTO Ha PI3HUX Tpacax JIOTY.

Tomy 7noriyHa Mojenb, Yy BIANOBIZHOCTI IO
napajurMi MapKiBChbKUX JIOTIYHMX MEpPEeX, BHUCTYIIAE€ B
SIKOCTI 11a0JI0HY JUIs OOYIOBH HIMOBIPHICHOI CKIIaJI0BOI.
OcTaHHs peACTaBlIeHa MapKIBChKUM BUIAJIKOBUM I0JIEM
(MapKiBCBKOIO MEPEXKEI0).

MapkiBcbke BHIAIKOBE IoJie (MapKiBChbKa Mepexa)
XapaKTepU3YETbCS ~ MApKIBCBKOIO  BIACTHBICTIO, Yy
BIMOBITHOCTI 1O sKOi MaiOyTHI CTaH CHCTEMHU
3aJICKUTh BiJ ii MIOTOYHOTO CTaHy Ta HE 3aJCKUTh Bif
MOJIH, SIKI TPHUBENN CHUCTEMY IO MOTOYHOTrO cTaHy. Lls
BJIACTHUBICTh BiZOOpa)keHa y KypHaIi Oi3HEC-TIPOIECY Y
BUTJISII TOCIIIOBHOCTI TMOAIH, IPUIOMY ISl KOYKHOT MOIiT
3aJ1al0ThCsl aTpUOYTH, L0 BiJOOPAXKAIOTh CTAH KOHTEKCTY
Ha MOMEHT BUKOHAaHHS BiAmoBimHOi mii Oi3Hec-mporiecy.
ATpuOyTH KOXXHOT TIOAii MOBHICTIO  BiJNOBiNAIOTH
aTpubyTam apTedakTiB KOHTEKCTY.

MapkiBcbka Mepexa TpaJuliiHO PO3TIISIAETHCS K
MOJIENb YISl CIIJIBHOTO PO3HOALTY MHOKHHU 3MIHHHX
(arpuOyTiB MOAIH JioTy Oi3HEc-Tpoliecy) y BUIJISII HEHa-
npasyieHoro rpady, a Takox MHOXHMHH (akTopiB. OxHa-
KOBHI Habop aTpuOyTiB IOB’SI3aHUH 3 KOXKHOIO TOJIEIO,
ToMy (akTop MOXe OyTH BH3HAUE€HHH Ha MHOXHHI (200
MiAMHOXWHI) X atpulyTiB, abo K (QyHKIS Bix IX cTa-
Hy. 3HaueHHS (PaKTOpy 3aJa€ThCS TMO3UTHBHHUM pallio-
HAJIbHAM YHCJIOM.

MapkiBcbke BHMIAIKOBE II0jJ€ Juisi JIOTy Oi3Hec-
MpOIeCY MOJECIIOE  CHUIbHHNA — PO3MOMIT  MHOXUHU
aTpuOyTiB A Toii JoTy, sSIKi OZHOYACHO € aTpudyTamu
apre(akTiB, IO 337af0Th X BIACTUBOCTI:

A={A},A =la|3af ={a,} ra, =a,}, (3)

jge A —nmigMHOXMHa atpuOyTiB Ui HOAil oAHiag, —

1
aTpuOyT Noii JIoTY;
af — apredakT Gi3HEC-TIpOIIECY;
a, — aTpudyT apredakTy O6i3Hec-TpoIecy.
BigoOpaskeHHsT MapKiBChKOi JIOTiYHOiI Mepexi Ha
MapKiBCbKY MEPEXKY 3IIHCHIOETHCS] TAKUM YHHOM:

— KOXXHUH JoriuHui daxt f, BinoOpaxaeTscs y

BEPIIMHY MapKiBCHKOI Mepexi, TOOTO JBIHKOBI 3HAUECHHS

MIPEINKATiB MapKiBCHKOI JIOT19HOI MEpeXi € 3HaYCHHAMHU

BEPIINH MapKiBChKOI Mepexi;
—noriuauit  dakr  f;({af,})

3HAUCHHS JIMIIE IJIs1 OJHOTrO Habopy 3HadeHb aTpHUOYTIB
apredakTiB, U1 BCIX IHIINX MOXJIMBUX Ha0OpPIB
BIIaCTHBOCTEH 3HA4YE€HHS I[BOTO JOTIYHOTO  (hakTy
cTaHoBUTH (;

— Iyra MK BepLUIMHaMH MapKiBChbKOi Mepexi iCHye B
TOMY BHIAJKy, SIKIIO JIOTIYHI (paKTH MalTh CIIJIbHY
MiIMHOXKUHY apryMEHTIB, IO CTBOPIOE MOMKJIMBOCTI ISt
JOTIYHOTO  BHMBOJAY 3  YpaxyBaHHSAM  YMOBHHX
HMOBIpHOCTEH BiANOBIAHUX (akTiB.

— IpaBuiIa BUBOLY 1, BiloOpaxarOTbCs Ha (hakTopH

npuiiMae  iCTHHHE

XapKiBCHKIH MEpexi.

VIMOBIpHICHHII ~ PO3MOAIT  MHOXHMHHM  3HAYCHb
aTpuOyTiB AN BCIX MOXIMBHX peanizamniii  Oi3Hec-
npolecy, KOXKHa 3 SKHX BH3HA4Ya€eThCs BinoOpaxkeHa
OKPEMOIO TPacy JIOTY, Ma€ TaKU{ BUTIISA:

1
P(A=o)=—]]9.(F,), 4
Z%,
ae ¢, — daxrop-pyHKIis, SIKOi €
MiMHOXKHHA JIOTIYHHAX (DaKTiB HaJ BUITAIKOBHMHU
3MIHHUMH, MK SKHMH € TIPUYAHHO-HACIIIKOBI

3B’SI3KU;
o, — 3HaueHHs aTpuOyTy apTedaxry af ;

apryMEHTOM

F —ninvHOXMHA f)
Z — QyHKis po30UTTS, sIKa BUKOPUCTOBYETBCS LIS
HOpMaJTi3allii 3100yTKy (akTopiB.
I3 Bupazy (3) BumHO, L0 CYKYNHICTH (akTopiB

q)={(I)1,...(I)m,...(l)‘(b‘}BI/ISHa‘IaG CHUIBHHUM pO3MOAia Ha
BekTopi JoriuHmx ¢aktiB F 6i3Hec-mporecy. 3 mo3umiit
NPOLIECHOTO  YNpaBJIHHA  TAaKMH  pO3IOJIN  3alae
HMOBIpHICT KOXXHOI TpacH, abo oOkpeMux Jiii Oi3Hec-
Hpolecy.

Kosxuwuit paxrop ¢, y BiIHOBiZHOCTI Yyepe3 mpaBuiia

BU3HAYACTHCSA TAKMM YHHOM:
(V73
¢, (F,)=e""""", (®)

Ae  w, — BaramnpaBuia r;.
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VMoBipHiCHHMIT PO3MOMIN U MOXIMBHX pearizarii
Oi3Hec-npoliecy BiOOpa3UMO 3 ypaxyBaHHSIM 3Ba)KEHOT
CyMH TIpAaBWJI BUKOHAaHHS il Yy BIAMOBIAHOCTI JI0
KOHIICTIIIT MapKiBChKUX JIOTIYHHX MEPEK, a TaKOX 3
ypaxyBaHHSIM OOMEKeHb, 110 33/Ial0Th BBEACHI Ha OCHOBI
aHaJIi3y JIOTY JIOTiYHi MpaBHJIa:

P(A={o,}

Vkl_[|:rk):%exp Swrtn| ©

Posmnopin (6) 3amae HMOBIPHOCTI [T MOXIIUBUX Ba-
PIaHTIB TOAATBIIOTO BUKOHAHHS Oi3HEC-TIPOIIECY MO0
MOTOYHOTO CTaHy KOHTeKcTy. Lleil craH BU3HA4 BH3Haua-
€TbCS MIMHOXKUHOIO JIOTTYHUX ()aKTiB f; 3 MOTOUYHHMH
3HayeHHAMH atpuOyTiB moxii BII {a,} B sKocti apry-
MEHTIB.

TakuM 4YMHOM, WMOBIPHICHMH acleKT IpeJCTaB-
JICHHs 3HAHP 3aJa€ThCs Yepe3 INpaBHIA BUKOHAHHA il
6i3Hec-niporiecy. ToOTO HMOBIPHICTH BUKOHAHHS OKPEMOT
Iif IIpy 3alaHAX KOHTEKCTHUX YMOBaxX 3aJICKHUTh Bill Baru
IPABUII 1, Ta KUIBKOCTI BUKOHAHNX NPAaBUJI HA MOTOYHHH

MOMEHT peali3alii Oi3Hec-Tiporecy, a TaKoK HasBHOCTI
oOmexeHb Iy, . KinbKicTh BUKOHaHUX MPaBHI MOXeE OyTH

OijIpliIe OJIMHULI y BUMAAKY po3napanentoBanus aii BII.

Mopens mpencTaBieHHS 3HaHb Y iH(pOpMaIiiHIA
CHCTEMI MPOLIECHOTO YNPABIiHHA, 0 HOEIHYE JIOTTIHUHA
OITIC Ta HMOBIPHICHY CKJIAIOBY, MA€ TAKUH BUIJIS:

KBL,P =(AR{(f(Af) ,w)},
{(r;(F),w;)}, (7
P(A={a}}|VkII|]=r)|C,),

ne  Af — MHOXUHA aTpUOYTIB;
F — MHOXMHA NOTIYHUX (DAKTiB;

T

o — 3HAYEHHs BJACTUBOCTI apTedakTy B MOMEHT

yacy T 3ammcy noJii 7o jory GizHec-Tporecy.
3anpornoHoBaHa MOJEINb BiJPI3HSAETHCS BiJl 1CHYIO-
YUX THM, IO BOHA BPaXxOBYE OOMEXEHHS B TEMIIOpaJlb-
HOMY acCIeKTi, TOOTO 0OMEeXEHHS Ha JOIYCTHMI TOCIiI0-
BHOCTI BHKOHAHHS Jiii Oi3Hec-Tporecy, a Takoxk oOMe-
KEHHs Ha OCHOBI amnpiOpHMX 3HaHb NPO MPEAMETHY
o0macte. CTaTW4HI XapaKTEpUCTUKH Oi3HEC-TpoIecy
3a7al0Thcs  (akTaMH Ta MpaBWIaMH 13 apryMeHTaMH,
MpECTaBICHAMHU aTpuOyTaMu moxAid Jory. JwHamidHi
ocobmBocTi BIl Bu3HauaroThCsl Yepe3 MOTOYHUH pO3Io-
J1 WMOBIPHOCTEH BHKOHAHHS TpaBHI 3 YpaxyBaHHIM
aTpuOyTiB MOTOYHOI MOii JIOTy Gi3HEec-TIporiecy.

Mopens  3abe3nedye  yMOBH  JUIS  MiATPUMKH
NPUHHATTS pillieHb 3 YIpaBIliHHS 3HAHHA-€EMHUMH Oi3Hec-
IpoLecaMy TMapajelbHO 3 BHUKOHAHHAM Oi3Hec-TpoleciB
Ha OCHOBI IMOBIpHICHOTO BHBO/Y B 0a3i 3HaHb.

IpezncraBiena MoJeNb CTBOPIOE YMOBH JIJIsI TIPOTHO-
3yBaHHA TOBEAIHKHM Oi3HEC-TIpolecy B pearbHOMY dHaci
BiTHOCHO MOTOYHOTO CTaHy. T0OTO IMOBIPHICTH JIOTIYHUX
(akTiB y MaOyTHBOMY 3aJ€KHUTH BiJl HMOBIPHOCTI BHKO-
HaHHA THUX YM HIIUX O Gi3Hec-mporecy, a IMOBIpHICTH
BUKOHAHHS i NpH 3aJaHOMY MOTOYHOMY CTaHi 3ale-
JKUTD BiJT w,.

Hdnst  Toro, mo0O cHporHo3yBaTd MHMOBIpHICTH
JIOCSITHEHHS 0a)KaHOT'O CTaHy B MaiOyTHbOMY, HEOOXiHO
MOBTOPUTH OOYHUCIEHHS (6) Micias BUKOHAHHS KOXHOTO
npaBuia. To/i mOCHiTOBHICT BUKOHAHHS Oi3HEC-TIPOIECY
MH MOKEMO IPEJCTaBUTH SIK IOCIIIOBHICTh O0UHCIICHHS
po3moxiny HMoBipHOCTEH (AaKTOpPIB U 3aAaHOTO CTaHY
BIl. Ile nmo3Bonse BUPIMHTH 3amady MPOTHO3YBAaHHS
HaOLTPIIT HMOBIPHOI MOBENiHKK Oi3HEC-TIPOLIECY B TOMY

BUMAJKY, SKIIO [OTOYHHN CTaH HerependavyBaHO
3MIHMBCSI BHACHIJOK TOrO, IO BHMKOHABI[ 3MIHMIN
MMOCJIIIOBHICTD IiM.

Bim3HaunMo, 10 B 3araJbHOMY  BUIAJKY

HMOBIpHICT, BHKOHAaHHS TMpaBWiIa B XOAl peajizauii
Oi3HeC-TpoIleCy 3aJICKUTh Bifl HMOBIPHOCTI BUKOHAHHS
norigaoro daxry sk ¢pyHKuUil Bix aTpuOyTiB noxid. OgHak
el OKa3HUK MOYKHA BPaxyBaTH IIPH HIISIXOM YTOUHEHHS
Baru rpasuiia MpH 3MiHI MHOXKHHI MO JioTy.

Takox mosiBa B CKJIaJi JOTY HOBUX MOMIiH mOTpedye
YTOYHHATH TOTOYHUM CTaH MpeaMeTHOi oOxacTi, TOOTO
MHOXWHY JOTigHUX (QakTiB. [losBa HOBUX IJIOTIYHHX
(hakTiB y BiAMOBiAHOCTI 10 (5) MO3BOJSE IMiJCTaBUTH
apryMeHTH y NpaBWJa i THM CaMHM JIOTIOBHUTH (aKTop—
rpad.

[{ukJ1 OTIOBHEHHS Ta BUKOPUCTAHHSI 3HaHb Y BIAIO-
BIZTHOCTI JI0 XapaKTEpUCTHUK MOJIENI IPECTaBICHHS 3HaHb
(6) mependavyae MOMOBHCHHS MHOXKHHH JIOTTUYHHX (DAKTiB
MICJIS 3aMKMCy HOBUX MOJIi# 70 JIOTY Ta BiAMOBITHOTO YTO-
YHEHHsl Bar JIOTIYHMX mpaBuil. [losiBa HOBHX JIOTIYHUX
(hakTiB Ja€ MOXKIHMBICTD JOMOBHUTH (pakTop-Tpad 3amex-
HOCTSIMH MK ITMMH HOBUMH (aktamu. Jlami po3mmpeHuit
(akTOp-Tpad) BUKOPHUCTOBYETHCS U IPOTHO3YBaHHS
HMOBIpHOCTEH mMomanbIIuX Aii OizHec-mporecy. Bkasa-
HUH TIPOTHO3 3 OIHOTO OOKY /A€ MOKIMBICTH BHSBUTH
aHoManbHy moBeniHKy BII, a 3 iHIIOTO MEepeBipuTH J0Cs-
JKHICTh KIHIIEBOTO CTaHy (KiHIIEBUX Jiif) mpoIiecy.

B ToMmy BumajKy, SIKIIO OCTaHHI 3alKCaHi B JIOT il
BIJIMOBIArOTh icHYrOUil Momem BII, To po3nosin WMoBip-
HOCTEH IS MOJANBIIMX Aid mpoiiecy Oyae BiAmoBimaTu
HOro 3armucanuM JI0 JIOTYy TpacaM. SIKIIo K CHiBpOOITHHUKH
3MIHHUJIM TTOCIIJIOBHICTB i, TO PO3MOJUI CBIIYUTHUME IIPO
aHOMAaJIbHY MOBEMIHKY JaHOTO eK3eMIULpy Oi3Hec-Tpo-
necy — To0To Oy/e HeBiIOBITHICTE 10 BiIOMHX Tpac.

Ha ocHOBi otpumanoro posmomity OIIP wmoxe
MPUAHATH PINICHHS TPO aJamlTalilo Mojedi Oi3Hec-Tpo-
ecy, YTOYHeHHs ii KoHQiryparii abo TOMOBHEHHS Iepe-
niky Oi3Hec-mipaBuil. Pesynbraté 3MiH y Mojeni OyayTb
BiZIoOpa)keHI HOBUMHM MOJISIMU Y CKJIaJIi JIOTY Oi3HEC-IIpo-
necy. JlaHa Mozenb pealli3yeThes 3aco00aMu PeSsIiitHOT
CYBJ. [ns mpencraBieHHS 3HAHb BUKOPHUCTOBYIOTHCS,
30KpeMa, TaOJuIl, M0 MICTATh aTpuUOyTH MOAiH, Kiacu
apre¢akTiB; BIIHOIICHHS MiX BIACTUBOCTAMH apTedak-
TiB, JOTi4HI (haKTH; MpaBUIIa 3aITycKy Jii Oi3Hec-Tporecy.

BucHoBkn. PosrnsHyTO mpodiemy moOymIoBU Ipe-
CTaBJEHHS 3HAaHb B CHCTEMi IPOLECHOTO YIPaBIiHHS.
[TokazaHo, 0 TpeJCTaBlICHHs] 3HaHb IIOBHHHO 3a0e3rme-
YyBaTH MOSKJIMBICTH BHSIBJICHHS 3aJI€KHOCTEH Ha OCHOBI
aHaJi3y 3aIluciB NpO IOBEIIHKY Oi3Hec-Tpolecy, npen-
CTaBJIeHY Horo jJoroM (>KypHaJIOM IOJii).

3arpornoHOBaHO MOJENb MPEJCTABICHHS 3HAHb, IO
BpPaxoBY€E CTaH KOHTEKCTY, a TAKOX MOCIiJOBHICTh BHKO-
HaHHS Ai Oi3Hec-mporecy. CTaH KOHTEKCTY BUKOHAHHSI
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Il BU3HAYAETHCSl Yepe3 Hadip 3BaXKEHWX JIOTIYHUX (hak-
TiB. IToCIigOBHICT, BHUKOHAHHS Aid B KOXXHHUM MOMEHT
Yyacy BU3HAYAETHCS Uepe3 HMOBIPHICHUI PO3MOALT MPaBHII

BUKOHAaHHA Jiii Oi3Hec-mporiecy,

Mo 3aa0BOJIBHAKOTH

OOMEKEHHSIM Ha JOMYCTHUMI MOCIiTOBHOCTI BHUKOHAHHS
nifi Gi3Hec-mporecy, a TaKoX OOMEKEHHAM, c(hopMOBa-
HUM Ha OCHOBI alpiOpHUX 3HAHb PO MPEIMETHY 00JI1acTh

B mpakTruHOMY acmexTi Moaenb 3abe3redye MOXK-

JUBICTh MIATPUMKH TPUAHATTS PIMICHb 3 YHPaBIiHHS
3HaHHSI-€MHUMH Oi3HEC-TIPOIleCaMH Ha OCHOBI MPOTHO3Y-
BaHHS WMOBIPHOCTEH JOCSATHEHHS KiHIIEBOTO CTaHY IIPO-
Liecy 3 ypaxyBaHHSIM aTpUOyTiB 3aHECEHUX JI0 JIOTY MOIIH.
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VK 519.2
JI. T. PACKHH, O. B. CEPAZ, 0. JI. TAP®EHIOK

METO/I IO3JIEMEHTHOI MHOTI'OKPUTEPUAJIbHOM KOMIIO3UIIUU ONITUMAJIBHBIX
MAPHIPYTOB B TPAHCIHIOPTHBIX CETAX

[IpeanoxxeH mpocToil METOA OTHICKAHHMS ONTHMAJIBHBIX MapLIPYTOB B TPAHCHOPTHOH 3aJaye JMHEHHOro NpOrpaMMUpOBaHMs. 3ajaya pelieHa ¢
UCHOJIb30BAHUEM COBOKYITHOCTH KPHUTEPUEB: CPEHAS CyMMapHas CTOMMOCTb TPAHCIIOPTHPOBOK, HPOJOIDKUTEIBHOCTh M HAJEKHOCTb BBITIOJIHECHUS
mwiaHa. Mopenb 3agauu — OPUEHTUPOBAHHEIA rpad. BepmunaMm rpada coOTBETCTBYIOT HMpPOMEXKYTOYHBIE ITYHKTHI Ha MHOXKECTBE MAaruCTpaleH,
COCAMHSIOIMX IYHKTBI IIPOU3BOACTBA W MOTpeOneHus. Jyrd, COeAMHSIONME BepLIMHBI Tpada, pa3sMeucHbl YHCIAMH, 3aJAIOLIHMH CPEIHIO
CTOMMOCTb TPAHCIIOPTHPOBKM CIMHUIBI IPOAYKTA 4Yepe3 Yy4acTOK MapIIpyTa, COOTBETCTBYIOLIEH Jyre, CPEAHIOI IPOAOIDKHTEIbHOCTD
TPaHCIOPTUPOBKH BJIOJb ITOTO YIaCTKa M BEPOSTHOCTH €ro MpeofoneHus. s pemeHus 3aa4ui IpeanoxkeHa Mepa dp(eKTHBHOCTH HCIIOIb30BaHUS
y4acTKOB, 00JIaaronias CBOMCTBOM aJIUTUBHOCTH, TO €CTh Mepa pe3yibTaTa 0ObEIMHEHHS ABYX YYaCTKOB paBHA CyMMe Mep 3THX ydyacTkoB. Mepa
YYUTBIBAET 3HAYEHUs UL BCEX TpeX KpuTepueB. OnucaHa BHIYUCINTENbHAS HPOLEIYpa, Pealn3yolas MeTo/l, KOTopasi He TpeOyeT KOMOMHATOPHOTO
nepebopa BapUaHTOB M 00ECIICYHBAET BO3ZMOXKHOCTH OBICTPOTrO MOJIyYCHHsI KOMIIPOMHCCHOTO pe3yibrara. IIponenypa ocHOBaHa Ha HCIIONB30BAHUH
HPEIOKEHHON CleUAIbHOM ONepaluy KOMMYTAllMM MaTpHll. DTa onepaius oOecliedrBacT BO3MOXKHOCTb pacdyera Mepbl 3(G(MEKTUBHOCTH BCEX
BO3MOJKHBIX JIBYXILArOBbIX, 3aTEM TPEXLIAroBBIX U Jayiee K-mraroBpix myteil. Onepanus HTEpaliOHHO MPOAOIDKACTCS JO0 TeX IOop, Moka He Oyxer
HaliZleHa Mepa MapLIpyTa, COeANHSIONIAsl HauaabHBIH IYHKT ¢ KOHEYHBIM. BaskHBIM JJOIOJIHUTEIBHBIM JOCTOMHCTBOM METO/IA SIBIISICTCS BO3ZMOXKHOCTD
€ro UCHOJIB30BAHUS I OTHICKaHUS 3()(PEKTHBHBIX MapLIPyTOB B CIOXKHBIX TPAHCIIOPTHBIX CETAX € OOJIBIIMM YHCIIOM IIPOMEKYTOUHBIX ITyHKTOB. [Ipn
9TOM, €CJIM NEePEXO OT OJHOrO M3 IYHKTOB B JPYrOd MOXET OBbITh OCYIIECTBJIEH 4epe3 KaKOW-TMOO MPOMEXYTOUHBIH MYHKT M3 HEKOTOPOrO MX
MHOXKECTBA, TO METOA IMO3BOJIIET HAHTH HAWIYYIIMH M3 BO3MOXKHBIX MapHIpyTOB. PaccMOTpeHBl NIpHMephl pemIeHHs 3aJadd Ul PasHBIX
(hOPMYITHPOBOK MHOTOKPHTEPHAIIBHOI TPAHCIIOPTHOMN 3a/1a4H.

Ku1io4eBble ¢10Ba: OTHICKAHHME ONTHUMAJIBHBIX MapIIPyTOB, TPAHCIOPTHAS 3aja4a JIMHEHHOro MpOrpaMMHUPOBAHMS, MHOTOKPUTEPUAIBHOCTD,
MOJIeNIb CHCTEMBI Ha OCHOBE OPHEHTHPOBAHHOrO rpada, cHelualbHas Olepals KOMMYTAllMd MaTpHI, aJIUTUBHAs Mepa ydeTa COBOKYIIHOCTH
KPUTEPHUEB.

JI. I'. PACKIH, O. B. CIPA, I10. /1. TAPO®EHIOK

METO/I MOEJJEMEHTHOI BATATOKPUTEPHAJBHOI KOMITO3HUIII ONTUMAJBHUX
MAPHIPYTIB Y TPAHCIIOPTHUX MEPEKAX

3anpornoHOBaHO NPOCTHII METOJ BiINIYKaHHS ONTHMAJIbHHX MapIIPYTiB Yy TPaHCIIOPTHIN 3amadi JiHIHHOTO mporpaMyBaHHS. 3ajada BHUpilIeHa i3
BHUKOPHCTAHHSAM CYKYITHOCTI KPHTEpIiiB: CepelHs CyMapHa BapTiCTh MepeBe3eHb, TPUBATICTh Ta HAAIWHICTh BUKOHAHHS IUTaHy. Mopenb 3amadi —
opientoBanuii rpad. Bepmmnam rpada BiAmOBiZalOTh MPOMDKHI IyHKTH HAa MHOXHHI MaricTpaiedl, mo 3’€IHYIOTh MOYHKTH BHPOOHHLTBA 1
crioxkuBanHs. Jlyry, 1o 3’e{HYIOTh BepIIHHU rpada, po3MiueHi Ynciamy, sKi 3aJal0Th CEPEAHIO BapTICTh TPAHCIIOPTYBAHHS OJUHHLII IPOIYKTY Yepes
MISTHKY MapIIpyTy, IO BiAMOBIAAIOTH Ay3i, CEpEeAHii TPHBAIOCTI TPAHCIOPTYBAHHS B3IOBXK L€l TULSIHKY Ta IMOBIPHOCTI TOJONAHHS Mappyty. s
BHUPILICHHS 33a4i 3alpOIMOHOBaHa Mipa e(eKTHBHOCTI BUKOPHCTAHHS AUTTHOK, [0 Ma€ aJUTHBHI BIACTHBOCTI, TOOTO Mipa pe3ysbTary 00’ €IHaHHS
JIBOX IUITHOK JOPIBHIOE CyMi Mip IMX IIISHOK. Mipa BpaxoBye 3HAa4eHHS M BCiX TPhoX KpurepiiB. OmmcaHa oO4YHCIIIOBaNbHA HPONEAYypa, IO
peai3yroe MeTo]| Ta He BUMarae KOMOIHaTOPHOTO nepedopy BapiaHTIB 1 3a0e3Meuy€e MOXKIMBICTh IIBHKOTO OTPHMAHHS KOMIPOMICHOTO PE3yJbTary.
Ipouenypa 3acHOBaHa Ha BUKOPUCTAHHI 3alpoOIOHOBAHOI creniasbHOI omepaunii komyTanii MaTpuub. Llg omepauis 3a0esmnedye MOKIUBICTH
PO3paxyHKy MipH e()eKTHBHOCTI BCiX MOJKIMBHX JBOKPOKOBOTO, MOTIM TPHKPOKOBOTO i ai K-kpokoBHX HuLsXiB. Omepaliist iTepaliitHo TpuBae 10 THX
mip, MOKK He Oy/ie 3HalieHa Mipa MapIIpyTy, O 3’ €HYy€ MOYaTKOBUM MYHKT i3 KiHIIEBUM. BaXKJIMBOIO JJ01aTKOBOIO MEPEBArol0 METOLY € MOXKIIUBICTD
Oro BUKOPUCTAHHS JUISl BiALIYKaHHS €(DEKTUBHUX MapLIPYTiB B CKJIAJHUX TPAHCIIOPTHUX MEPEkKax 3 BEIUKOIO KiJIbKICTIO MPOMIKHUX MyHKTIB. [Ipn
I[bOMY, SKIIO TTepeXijl Bil OHOTO 3 MyHKTIB B iHIIHI MoXe OyTH 3/iicCHeHNH depe3 Oy/b-sKNil MPOMiIXKHUH IyHKT 3 JIEAKOl IX MHOXXWHH, TO METOJ
JTO3BOJISIE 3HAWTH HAWKPAIIHIT i3 MOXKIMBUX MapIIPyTiB. PO3rIsiHyTO MpHKIaan po3B’sI3aHHs 3a4aui AT pisHUX (OPMYITIOBaHb OaraTOKpUTEpiatbHOL
TPAHCIIOPTHOI 3aayi.

Kurro4oBi c;10Ba: montyk onTEMalbHEX MapuIpyTiB, TPAHCIIOPTHA 3a]ia4a JIiHIIHOTO MporpaMyBaHHs, 6araToKpUTEPialbHICTh, MOJIENb CHCTEMH
Ha OCHOBI Opi€HTOBAHOrO Tpada, CrienianbHa oneparis KOMyTallii MaTpuilb, aJUTHBHA Mipa BpaxXyBaHHS CYKYITHOCTi KPUTEPIiB.

L. RASKIN, O. SIRA, Y. PARFENIUK

METHOD OF ELEMENTS-BY-ELEMENTS MULTICRITERIAL COMPOSITION OF OPTIMAL
ROUTES IN TRANSPORT NETWORKS

A simple method is proposed for finding optimal routes in the transport problem of linear programming. The task is solved using a set of criteria: the
average total cost of transportation, the duration and reliability of plan. The task model is an oriented graph. The vertices of the graph correspond to
intermediate points on a number of ways connecting production and consumption points. The arcs connecting the vertices of the graph are marked with
numbers specifying the average cost of transporting a product unit through the route section corresponding to the arc, the average duration of
transportation along this section and the probability of overcoming it. To solve the task, a measure efficiency use of plots is proposed, which has
property of additivity, that is, the measure of result for combination of two sites is equal to the sum of the measures for these sections. The measure
takes into account the values for all three criteria. A computational procedure is described that implements a method that does not require a
combinatorial enumeration options and ensures the possibility of obtaining a compromise result quickly. The procedure is based on the use of proposed
special operation for switching matrices. This operation provides the possibility calculating the effectiveness measure of all possible two-step, then
three-step and further k-step paths. The operation is iteratively continued until a route measure connecting the start point to the end point is found. An
important additional advantage of method is its ability to use it to find efficient routes in complex transport networks with a large number of
intermediate points. In this case, if the transition from one point to another can be carried out through some intermediate point from some of their sets,
then the method allows to find the best possible route. Examples of task for different formulations of multicriteria transport task are considered.

Keywords: search for optimal routes, transport task of linear programming, multicriteria, model of system based on the oriented graph, special
operation commutation of matrices, additive measure set of criteria.
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BBenenme. 3amgaua 1MOCTPOCHUS  ONTHMAJILHOTO
Mapuipyra — OJIMH W3 BaKHBIX JTanoB Oojee oOmei
TPaHCIIOPTHOW 3a/lauyl B CUCTEME «IIPOM3BOAMTEIH
MOTPEOUTETTN.

Teopernueckre OCHOBBI M IPAKTUYECKHE METOBI
pELIeHUs] TPAHCHOPTHBIX 3a4ad JMHEWHOTO MpOrpaMMH-
POBaHUsI XOPOIIO U3ydeHs! [ 1-5].

CooTBeTCTBYIOIMAs KaHOHIYECKas 3a1ada GpopMupy-
€TCsI CIEIYIONNM 00pa3oM.

3aman HaOOp NPOM3BOAWTENEH HEKOTOPOTO TIPO-
IyKTa W Habop ero morpedureneld. [Ipn 3TOM H3BECTHHI:
a; 00beM NpOAYKTa, M3TOTABIUBAEMOT0 i-M IPOU3BOJIH-
Tenem, i = 1,2,...,m, b; ob6beM npoaykra, Tpebyemoro
J-My nomyvarento, j = 1,2, ..., n.

Jns kaxnod mnapel uHIekcoB (i, j) ompeencH
Mapuipyr M (i,j) TpaHCIOPTUPOBKH U 3aJaHa Mepa
sdpextuBHOCTH dTOro Mapmpyra WM(i,j)], pasHas
CpPemHEN CTOMMOCTHM TPAHCTIOPTUPOBKH  C;j  EIMHHIIBI
TPOYKTa OT i-TO IIPOM3BOJUTENSA K j-My TIOTPEOUTENIO C;;
o Mapupyty M (i, j).

Hanee Bogutca Habop X = (x;;), X;; — MIIaHUpYe-
MBIif 00BEM MEPEBO3KH MPOIYKTA OT i-TO MPOU3BOJUTEIS
K J-My IOTpeOHUTEIIO.

n

L(x) = i Z Cij Xij 1)

i=1 j=1

n CUCTEMa OrpaHquHHﬁZ

= @
2.

XU = bﬁj = 1,2,".,n,

Xij = 0,i== 1,2,.",1n,j = 1,2,.",n, (3)
m n
D= b @
i=1 i=1

3ajaya COCTOMT B OThICKaHMM Habopa X = (xl-j),
MUHUMU3HPYIOIIETO (1) u YIOBJIETBOPSIOLIETO
orpanundeHusM (2)—(4). Ilpu sTom mpenmosnaraercs, 94To
KaOXABIM W3 MapmpyToB JOCTaBKM IPOAYKTa OT
MOCTABIIMKOB K NMOTPEOUTEISIM 3apaHee ONpPECIIeH U Ul
BoiOpanHOi mapel  (i,j) XapakrTepu3yeTrcs CpEeIHUM
3HaYeHUEM CTOUMOCTH TPAHCHOPTUPOBKH  €IMHUIIBI
TPOMYKTA Cj.

Bwmecre ¢ Tem, peambHas cuUCTeMa TPAHCHOPTHBIX
MarucTpaneid COCTOMT W3 HEKOTOPOTO MHOXKECTBa
OTJIENIBHBIX YYaCTKOB, KOTOPHIE B Pa3sHBIX KOMOWHAIMAX
MOTYT OBITh NCIOIB30BAHBI IS IOCTPOCHUS KOHKPETHOTO
MapIuIpyTa Jyisl KaKIO0H Maphl «IOCTABIIUK HOTPEOUTENbY.

Kaxmprii ywactok ymoOHO 3amaBaTh HOMEpaMu
IIyHKTOB, COOTBETCTBYIOLIMX Hadyaly M KOHIy 3TOrO
ydacTka.

Takum oOpa3oM, eciaum HMEETCS  MHOMXECTBO
{1,2,...,k, ..,K} HOMEpOB IyHKTOB Ha MHOXCCTBEC
MarucTpaieil, TO MOXKeT OBITh MOCTaBJICHA 3ajada

MOCTPOCHMSI MAaTPUIBL, 3JIEMEHT KOTOPOH, JIeXalluid B
crpoke k1 u cronbue k2, 3amaeT CpenHIOIO CTOUMOCTB
IOCTaBKH Cyip, CIOWHHIBI IMPOIOYKTa OT IyHKTa k1 mo
MyHKTa K2 Tpu TpaHCTIIOPTHPOBKE MO Hamboiee 3 dex-
THBHOMY MapIIpyTy.

Ilocne nony4eHus 3Toil MaTpULbl U3 HEE MOKHO BBbI-
nenuth Matpuny C = (ci j), CTPOKU KOTOpPOW ompenes-
I0TCSl HOMEPaMH IIOCTAaBIIMKOB, & CTOJOIBI — HOMEpaMH
MOTpEeOUTEICH.

DyeMeHTBl UMEHHO 3TOH MaTPHLBI HCHOJB3YIOTCS
npu (GOopMHPOBaHMUU KpuTepus 3()(HEKTHUBHOCTH TpaHC-
nopTUPOBOK (1).

3ajaya MOCTPOEHMsST COBOKYIHOCTH  Hamboisee
9 HEKTUBHBIX MAapUIPYTOB HE SIBISETCS TPUBHAIBHOM
Jaxe B ONUCAaHHOM BapHaHTe, HO ewmé Ooyiee YCIOXK-
HSCTCS, €CJM IPU BHIOOPE ONTUMANILHBIX MAapIIPyTOB
HEOOXO/JMMO Yy4YHUTHIBaTh HE OJWH, a OoJblliee YUCIO

KPHUTEPHEB.
Hens crateu — pa3paboTKa METOAWKH IOCTPOCHUS
ONTHMAJIBHBIX ~MapUmIpyTOB B  MHOTOKPHUTEPHAIBHOU

TPAaHCIIOPTHOW 3ajade JMHEHHOTO NPOTrpPaMMHPOBAHMS.
PaccMoTpuM BO3MOXHBIE TTOAXO/BI K PEIICHHIO 3a/1a49H.

OcHOBHOH Marepuas — METOAMKA IOCTPOCHHS
ONTHUMAJIBHBIX MAapUIpyTOB B TPAHCIOPTHOH 3ajmade C
Y4eTOM COBOKYITHOCTH KpUTEPHUEB.

A. OTbICKaHHE  ONTUMAJIBHBIX
OJIHOKPUTEPUAIBHOH 3aaue.

CdopmupyeM OpHEHTHPOBaHHBIA Tpad c Beplu-
HaMH, OTOOPAKAIOIIUMHM ITYHKTBI, Y€pe3 KOTOPbIE MOTYT
MPOXOANUTh MApUIPYTHl MEXIy MOCTABIIMKAMH W IOTpe-
OuTens MM, M IyramH, COOTBETCTBYIOIIMMH YydacTKam,
o0ecIeuynBaONIMM  HETIOCPEJCTBEHHBIH  MEepexox  Juls
KakoW-JIM0O mapsl IyHKTOB.

Kaxno#t myre rpada mpumumeM 9ucio, 3aaaroriee
CPEIHIOI0 CTOMMOCTh TPAHCIOPTHPOBKH EIUHMIBI TIPO-
JTyKTa 4epe3 COOTBETCTBYIOIINI Y4acTOK MapIIpyTa.

[Iycts, Hampumep, HAOOp IMyHKTOB, Yepe3 KOTOpHIE
MOXET NPOXOJUTh MapLIPYT MEXKAY KOHKPETHOW Mapou
«IOCTAaBIIUK — MOTPEOUTEN B, 00pa3yeT rpad, NpUBEIACH-
HBIH Ha puc. 1.

MaplpyroB B

Co

Css

Puc. 1. I'pad TparcnopTHO# cetn

Cumsosiom M mnst (i, j)-ro sneMeHTa 3TOH MaTpPHITBI
oToOpakaeTcss CHUTyalHs, KOTJa HEIOCPEACTBEHHBIN
MepexoJ W3 MyHKTa i B IYHKT j HEBO3MOxeH (M —
0OJBIIIOE YUCIIO).
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3HAYCHUSI CPEIHUX CTOMMOCTEH TPaHCIOPTHPOBKH,
IpHUIHCaHHbIe Tyram rpada, ceneHsl B Matpuiy CV.

Jis mocTpoeHHsT ONTHMATBHOTO MapIIpyTa MEXKIY
IOyHKTaMd | ¥ 6 HCHOJBb3yeM METOJH, peau3yroIuil
CIIEUANIBHYIO OTIEepaIii0 KOMMYTalluu MaTpull [6].

1 2 3 4 5 6
1 0 3 10 M M M
2 M 0 2 6 3 M
c =
3 M 6 0 5 4 M
4 M M M 0 M 6
5 M M M M 0 3

Hdnst aByx matpunr P u Q OoauHAKOBOIO pa3mepa
(m X n) BBemeM 3Ty ONEPALHIO CIIAYIONMM 00pa3om:

R = (ry) = P®Q, (5)
1y = minry + g i + dzjs s T F i ®)
w3 Tim Qmj}:
5; =0, Ty +M=M,

i=12,..m, j=12,..,n

Peanusyem 9Ty omepampio 1o npaBumam (6) s
serancienns €2 = CVRCM, TIpu sTom nmeem:

=0

@) _ (1) D). A (1),
C; = mln{C11 + €55 C; + G5
1 1), ., )] _
€D +cR:. el +c3) =
=minf0+3;3+0;,10+6;, M+ M;..; M+ M} =3,
@) _ (1) D). A (1),
C5 = mln{611 + €3 C; + G35
=min{0 +10;3+2; 10+ M;M + M; ...; M + M} =5,

@) _ (1) 1. (1), ~(D ).
Ciy = mm{Cll + 015 6y + G G + Gy
€Y + Copi i €9 + €5} =
=min{0 + M;3+6;10+5 M+ M;... M+ M} =9,
@) _ (1) @), 1), ~) @),
Cis = mm{cn 055 Gy + G Gy + G5
® @®. .0 €))
¢+ )+ e =
=minf0+M;3+3;10+4;, M+ M;..; M+ M} =6,

@) _ s (€] @, ) (1).
Cis = mm{cn +Ci: Cp; + G
(1) ., .~ €]
¢y +cQ:. ¢ + ¢} =
=min{0 +M;3+M;10+M; ...; M+ M} = M.

JlelicTBYsl aHAIOTUYHO, PACCUMTAEM BCE DIIEMEHTBI
marpuis €3,

[onyuennas matpuua C@  onpenenser IHHBL
ONTHMAJIBHBIX JABYXIIArOBBIX MAPIIPYTOB.

IIpn >TOM, HampuMep, BBIACHIETCS, YTO IBYXIIA-
roBelii MapuipyT (1-2-3) u3 myHkTa 1 B myHKT 3 4epes
IyHKT 2 Kopode HemocpeacTeeHHoro (1-3).

1 2 3 4 5 6
1 0 3 5 9 6 M
2 M 0 2 6 3 6
c® =

3 M 6 0 5 4 7

4 M M M 0 M 6

5 M M M M 0 3
Ilyakr 6, HETOCTMXKUMBIE M3 MyHKTOB 2 U 3
HETOCPEACTBEHHO,  OKa3bIBAaeTCS  JOCTHXKUMBIM IO

mapmpyTam (2-5-6) u (3-5-6).

OIHAaKoO He CYIIECTBYET ABYXIUArOBOTO MapIIpyTa
U3 NyHKTa 1 B MyHKT 6.

CroenaeM emie OIWMH INAar IPUMEHEHUS ONEPaLUH
KOMMYTAIIHH.

Berancinm €3 = CAQC, . TTpu stom

3) _ s (2) D). @ (1),
¢ = min{c? + €3 %) + ¢
(2) @, . @ ] _
cH+csy: . ¢ + ¢} =
=min{0+3;3+0;5+6; 9+ M;...;M+ M} =3,

¢ =0

(€) (2) @, ~@ 1), ~(2) 1.
Ci3 = mm{Cll + 055 G + G55 G + Cags
)] ®. .~ ) =
¢? + ;e + )=
= min{0 +10;3+2;10 + 0;9 + M;... M + M} = 5,

3) — i () 1). ~) 1), (2 (1),
Ciy = mm{cn + 0y €1y + G5 G + Cays
(2) . @ W] _
cR+ ¢ e+ e} =
=min{0 + M;3+6;5+5;9+0;
6+ M;..;M+M}=09,

3) — i () 1), ~2) 1), ~(2) @),

Cis = mm{cn + €55 6y + o5 Gy + Cag;
) . @ M) _
¢+ ¢+ e} =

=min{0 +M;3+3;5+4,9+M;6+0;M;..;M} =
=6,

3) _ s () 1), ) 1), ,(2) (1),
Cis = mln{Cn + Cig; €17 + G653 €5 + Cigs
() @), . @ ] _

C+ ¢ e + ¢} =

=min{0 + M;3 + M;5+ M;9 + 6;
6+3;M+0;..;M+ M}=09.

JIefCTBYs aHANOTMYHO, PACCUMTAEM BCE OCTAJIbHBIE
anements Matpunsl €3 ITomyuennas wmatpuma €
onpe/enseT IJIMHbI ONTHMAIbHBIX TPEXLIATOBBIX Maplil-

PYTOB.
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[Ipu sToM omnpenesneH MapiipyT, oOecrieunBarOIMN
JIOCTHXXEHHUE ITyHKTa 6 M3 myHKTa 1 3a Tpu mara (1-2-5-
6), UMeroIMiA JyTUHY 9.

OTmeTuM, KpoMe TOro, 4TO 3Ta MaTpHUIa COAEPKUT
BBIYHCIICHHBIE JUIMHBI MapLIPyTOB, KO BCEM JTOCTHKHUMBIM
ITyHKTaM PaccMaTPHBAaEMOI B 3TOM NPHMEPE TPAHCIIOPT-
HOW ceTH. Pemenne 3a1a4u 3aKOHYEHO.

WznoxxeHHass METOAWKA pacdera ONpenessieMbIX
MapIIpyTOB, BBIIIOJHEHHAS AT BCEX Map «IIOCTAaBIIUK —
MOTPEOUTENb», pealu3yeT MOATOTOBUTEIBHBIA  3Tam
pelleHns KaHOHMYECKOM TPaHCIOPTHOM 3ajauM JIMHEH-
HOTO IPOTPaMMHPOBAHHSI.

1 2 3 4 5 6
1 0 3 5 9 6 9
2 M 0 2 6 3 6
c®»= 3 M 6 0 5 4 7
4 M M M 0 M 6
5 M M M M 0 3
B. OrbickaHle ONTUMAJBHBIX MAapIIPYTOB B

JIByXKpPHUTEpHUATbHOM TPaHCIOPTHOM 3aaye.

IIpakTuka  pemeHus TPaHCHOPTHBIX  3a1ay
JIMHEMHOIO  NIpPOrpaMMHUPOBaHUSA  IIOKa3bIBA€T,  4YTO
pellleHNs, TONy4eHHBIE 10 KPUTEPHUI0 — CpEeaHss

CyMMapHasi CTOMMOCTb TPAaHCIIOPTUPOBKU HE BCET/a M HE
MIOJTHOCTBIO YIOBIIETBOPSIIOT OTPEOUTENS, TIOCKOIBKY 3TH
pelleHrss MOTYT OKa3aTbCs HEyAadHBIMH IO JPYrHM
€CTEeCTBEHHBIM  KpUTEpHsAM (HampuMep, IpOJOIDKH-
TENBHOCTh pPEalM3allU IUIaHa IEPEBO30K MM HaJEeK-
HOCTB €T0 BBITTOJIHEHHUS).

DT0 0OCTOATENHCTBO MPUBOAUT K HEOOXOAMMOCTH
pa3paboTKH KOMIIPOMHCCHBIX IUIAHOB C Y4€TOM COBOKYII-
HOCTH KpUTEPUEB.

B oroii curyaumum MOryT OBITH IPEIUIOKEHBI
paznuunble moaxonbl [7-11]. Onmua w3 Haubomee
YIOTPEOUTENBHBIX B IBYXKPUTEPUAILHOM 3a/ja4e COCTOUT
B BBIOOpE OCHOBHOTO M3 Iapbl KPUTEPHEB, a BTOPOI IpH
9TOM HCHOJB3YETCsl KaK OorpaHuuYeHue. Jpyrue moaxomasl
peaIn3yroT Kakne—In00 BO3MOKHbBIE METO/BI CKaJsIpH3a-
LUU BEKTOPHOTO KPUTEPHSI.

ITycts, Hampumep, B KOHKPETHOH 3amade HE00XO-
JIUMO YYUTBIBaTb CPEAHION CYMMAapHYK CTOUMOCTb
TPaHCHOPTUPOBKH Cy W BEPOSITHOCTH BBIMOJHEHUS IUIaHA
P. Tlpu 3TOM CKaJSIpU30BAHHBIM KPUTEPHHA MOXET OBITh

MOJyYEeH B BU/E€ OTHOIICHHUS CE/ p, 3HAYCHHE KOTOPOrO
MUHHUMH3HPYETCSL.

Ecnu cumraTh 3TOT MOAXOJ MPHEMIIEMBIM, TO €r0
ClIeyeT peaJn30BaTh M B 3ajade BbIOOpAa ONTHMAIbHBIX
MapuipyTroB. B coorBercTBHM ¢ 3THM mns ydactka (i, J)
BBelleM Mepy J(QQEKTUBHOCTH HCIOJIB30BAHUH 3TOTO
y4acTKa IpH MOCTPOEHUH MapUIpyTa, paBHYIO

G
=5

Ora  Mepa  mnd  JOBYX  IOCJIEIOBATEIBHO

pacnionoxxennbix  yuactkoB (i, k) wu (k,j) B

COOTBETCTBHH C JIOTHKOH €€ (hopMHUPOBaHUS TOIKHA OBITH
paBHa

_ Cy + Gy

ul(@, k), (k, )] = ul(, ] PP
2 J

K coxaneHuto, BBeleHHas Mepa HE aJJUTHUBHA,
MOCKOJIBKY 3Ta Mepa Juis oObeAWHEHUs (CyMMBI) ABYX
Y4acTKOB HE paBHa CyMM€ Mep 3TUX yYacTKOB, TO €CTh:

. ; . Cij  CyyCyj
ul@ k), (k, NI = ulG D] = P_” = TPM
% T S5 G 0] 4 ik D)
i kj
Bo3MoxHBIH  cOCOO  NPEomoNIeHUs]  BO3HHUKIIEH
npoOuieMbl TakoB. Beenem ¢yHKImIO
UZ) = EZC
P
Y ONEpaluio HaJl Hel
auv(z c
FU@) = % lz=1 = 5
Hanee myia AByX Tr0ObIX
U,@2) =~ 2
Py
n OJjist
U,@) = 2
P,
BBCJIEM
UZ) =U.(2) U,(2) = lZCl -izcz = Lch‘fcz.
Py P, Py P,
IIpu atom
F(U@2)) =F(Uy(2) - U,(2)) =
_w@ :i(_ c1+c2> _GtG
dz '*='" dz \p,Pp, 4o PPy

B cooTBeTcTBHM ¢ 3TUMHU COOTHOIICHHUAMH, C€CIIN
MEphBI ABYX IOCIEAOBATCIIBHO PACIIOJJIOKCHHBIX YYaCTKOB

Ci Ckj
paBHbI COOTBCTCTBCHHO /P nu P, . TO HJIA
ik e

1 1
Uy = 5—ZCtk, Uy; = —Z%i,
ik » kj ij

— _ Ci+Cri
Uj = Uy Upj = ZCiic*Cj,

PPy
HUMECM

Cix + Cyj

_ _ j

WU, Uy;] = F (Uij(Z)> =3 p

ik Prej

Takum 006pa3oMm, BBeJEHHAs ONEpalMs MO3BOJSET,
I/ICHOHB3yfI MepLI OTACIIBbHBIX yqaCTKOB, paCC‘{I/ITaTL Mepy
ux 06'BeHI/IHeHI/Iﬂ. O603Han/IB, JJI KpaTKOCTI/I, 3Ty
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omepainyio  cuMBoJIoM @, 3amumeM — TpeOyemble
COOTHOIIEHUS AN JABYX M IPOU3BOJIBHOTO 4HCIA
YYacCTKOB:

Cip Crj

Cix  Crj _ CuciCij
Py Py

u(laj) = >
Py Py
Ck1Ck2 ®
Pk1Pk2

U(ki, k‘n,) =

Z Cs s+1
H?:il Ps,s+1

BBenennas omeparyss MOXET OBITh HCIIOJIB30BaHA
NpU pEIIeHUH 3a7ad OThICKaHUS 3(P(EeKTHBHBIX Mapii-
PYTOB B CIOXHBIX TPAHCHOPTHBIX CETSIX C OOJIBIINM
YHCJIOM IPOMEKYTOYHBIX ITyHKTOB.

IIpu sToM, ecnm mepexox w3 [ B j MOXeT OBITh
OCYIIECTBIICH Yepe3 KaKOW—TO MPOMEXYTOUHBIH ITyHKT 13
COBOKYITHOCTH 1,2,..,k, ... D, TO HauboJee
3G (QEKTUBHBIH M3 BO3MOXKHBIX IIEPEXOAOB OIPEICIHM
COOTHOIIIEHHEM

r;; = min(ry®ry;) = min M
[IpousmtocTpupyeM TEXHOJIOTHIO  HCTOIb30BAHUS
MOJIYYEHHBIX COOTHOLIEHHH Ha MaKCHMajbHO MPOCTOM
mpuMepe.
Ilycte cuctema marucTpaieil, CBSI3BIBAIOIIAs COBO-
KYIHOCTb IyHKTOB C HOMepamu 1,2,...,6, UMeeT BUZ,
MIpeCTaBICHHBIN Ha pUC. 2.

Css  Ps3s

Puc. 2. I'pad mepexoq0B TPaHCIIOPTHOM CETH

UwncinoBele 3HAYCHUS XapaKTEPUCTHK  YYaCTKOB
MEX]Ty TyHKTaMH CBEJICHBI B MATPHUILY RO,

DJIeMEHT 3TOM MaTpulbl, JIEXKAIUN B [-i CTPOKE U
J-M  CTOJIOIIE COJCPKHUT XapPaKTCPUCTHKH MapuipyTa

MEXAY IyHKTaMM [ W J, IPUYEM CJE€Ba Pa3MELLEHO
1 2 3 4 5 6
110 |31]06|10/(03 M M M
2|\ M 0 2108| 6|02 3 (07 M
RM=
3| M| 6 (08 0 5107|4102 M
4|\ M M M 0 M 6 0.8
5| M M M M 0 3105

snauenne C;j, a cupasa — 3Hadenne P;;. CumBonom M
0TOOpaXkaeTCsl CUTYyallus, KOTJa IMyHKT j HEJOCTHKUM M3
MyHKTa [ HETTOCPEICTBCHHO.

Paccunraem R® = RW@RMW:

1 2 3 4 5 6
1/0|3]|06|5|048|15(0.21|6(0.42 M
R® = 2| M 0 21087 (0563|076 (035
3| M|6(08 0 5107 0.56| 11 |0.56
4\ M M M 0 M 6 | 0.8
5| M M M M 0 3105
7? = min {& Cis + Cso C32} =
12 Py, ’ Py3 - Ps,
{3 10+6} in{5: 66} = 5
= min 0e 03 0g) = mint5; =5,
@ — min {C13 Cp + C23} _
13 Py ’ Py3 - Py3
{10 3+ 2 } in{33.3; 10.41} = 10.41
mln03 03 0g) = Min{333;10.41} = 10.41,
OB {612 +Cyy Ci3+ 634} _
14 P12'C24’ Pz P3y
= mi { 3+6 10+5}— in{75: 71.43) = 71.43
~ M06-02° 03-07) T MU A= ALAS,
@ i {Clz +Cs Ciz+ C35}
= min ; =
Py Cys Py3 - P35
= mi {3+3 ; 10+4}— in{14.29; 233} = 14.29
= MMN06-0.7° 03-02f T MIUHET 2395 = RLT,

r(z)—min{%-icm-i_cﬂ}:
2 P24’ Py3 - P3y
= {6 2+5} in{30; 12.5} = 12.5
mlno2 0807 min{30; 12.5} = 12.5,
@ i {Czs C23+C35}
Ty =minj—,; ———— =
Pys ™ Py3 - Pss
- {3 2+4} in{4.28; 37.5) = 4.28
m1n070802 min4.28; 37.5} = 4.28,
) . {C34 C32+C24}
7y, =minj—; ———— =
P3y " P3y Py
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5 6+6

07> 080, 2} min {7.14; 75} = 7.14,

= mln{

©)) . {C34 Cs, +C24}
Ty’ = Mminj—; ———— =

P34’ P3y - Ppy
4 6+3 .
=m1n{02 05 07} min{20; 16.07} = 16.07,
r® = min {635 + Cse; C3, + C46} _
P35 - Psg P34+ Pyg
4+3 5+6

= min{ } = min{70; 19.64} = 19.64,

0.2-0.5°0.7-0.8
@ _ .0 2 _ (1
Taeo = Tag > Tse = Ty -

ITockonbky myHKT 6 W3 myHKTa | 3a 1qBa mara He
JIOCTHXXHM, BBIIIOJIHUM €II€ OJWH IIar KOMMYTallHH,
serancinB RG) = RA@ORM,

1 2 3 4 5 6
1103065 |048|10/054] 6 |042] 9| 021
20m o0 [2]08]7 0563076035
(@) _
R¥=3Tmlelos o |s|o7|9los6l11] 056
4 | M| M M 0 M 6 0.8
siml M| m M o |3] 05
3 5
©_3 o
- = > 146,
2" T 56’ 0.48
® _ @M. @ g, M)
LV mm{ Oy’ 13 @1y, }—
= mi {3+6 L O*5 }— in{75: 29.76} = 29.76
= MM06.02°048-0.7) ~ MY 4205 = 2570,
r1(53) = mln{ (2)@1"2(51), rlg)@rs(l)}
o {3+3 ~ 5+4 }_
~MM06-07°048-02)

= min{14.28; 93.7} = 14.28,

r1(63) = mln{rlf)®r4(61), rl_f)@r(l)}

15+ 6 ) 6+ 3 }_
0.21-0.8° 0.42-05)

= min{125; 42.8} = 42.8,

= min{
3 _ .. 3 _ ..
Ty =Ty Ty =hs's

rz(:) = mln{ (2)®r4(61), rzé)(@r(l)}

- '{7+6 : 3+3}— in{29.01; 17.14} =
= MM056-08°07.055  TETEL A=
—17.14,

@ _ @

35" = T35,

r3(63) = mln{ (2)@)1"4(61), r35)€lr)r(1)}

- '{5+6~ o+3 }— in{19.64; 42.8) =
= MM07.08° 056.055  THILTEEHRLGT=
= 19.64,

3 _..@ 3 _. .2
Tae” = Tae > Ts6 = Tse -

Takum oOpa3om, Haubonee d3hHeKTHBHBIN MapLIpyT
U3 MyHKTa | B MyHKT 6 sBsieTcs TpexdTanHbM (1-2—-5-6)
Y UMEeT HaWTy4IIHi 1oka3arenb 3G ek THBHOCTH:

Hamnyummii  mokasarens 3¢dexTuBHOCTH paBeH
9/0.21 = 42.85.

C. OTpickaHHEe  ONTHMAJbHBIX  MapuIIpyTOB B
TPEeXKpPUTEPUAIILHOI TPAHCIIOPTHOM 3a1a4e

PaccmoTpeHHass  Bbllle  METOAMKA  OTBICKAHUS
ONTUMAJIBHBIX  MapUIPyTOB B  JIBYXKpPUTEPHAIbHOU
TPaHCIIOPTHOH 3ajaue JIETKO pPAaCHpOCTpaHsAeTCd Ha
cilydaif, KOrja W3 IPaKTHUYECKUX COOOpakeHHH Kpome
UCIIONIb30BAaHHBIX  paHee KPUTEPHEB  11€J1ec000pa3HO
YUUTBIBATH (S11(¢ OJJWH BaKHBIN I10Ka3aTcCiib -
MPOAOJDKUTENBHOCTE T peanu3auu miaHa (rae C — 310
CpelHsss CyMMapHas CTOMMOCTb TPAaHCHOPTHPOBOK, P —
BEPOSITHOCTD BBITIOJIHEHHMS T1aHa). Mepa 3¢ ¢dexTnBHOCTH
UCTIONb30BaHMs ydacTka (i,j) B OTOM CIydae MOJXKET
OBITH OMpeieIeHa 3HaUeHHEM

P’.J )

Mns pacuera 3TOM Mepbl I MOCIENOBATEIBLHOCTH
YYacTKOB OBUIO HCIIOJb30BAHO O0OIIEe COOTHOIICHHE,
aHAJIOTMYHOE COOTHOIIIEHUIO:

n@, j) =

nkiky) =

_ Cklszklkz @Ck2k3Tk2k3 ®.® Ckp—lknTkn—lkn _

Pklkz szks Pkn—lkn

n-1
_ ZS=1 Cksks+1Tksks+1

n-—1
HS=1 Pksks+1

XapaKTepUCTHUKH YY4aCTKOB CETH (B TOM K€, 4TO U
panee B mpumepe) csenem B Martpumy R, smement
KOTOpOH B I- CTpOKE M j-M CTONOLE OmpeaemsieT HxX
3HaveHus JJst ydacrtka (i, j).
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1 2 3 4 5 6
3|5 [10]7
1]0 M M M
06 | 03
2[3|6]4]3]8
2| M| o M
08 | 02 | o7
R(1)=3M6‘6 . 5[3[4]3 "
0.8 07 | 02
6|4
4|\ M| M M 0 M
0.8
3 |22
5| M| M M M 0
0.5
Paccuntaem R® = RO@ORD,
1 2 3 4 5 6
3s5]s]8]9]9]6]13
10 M
06 | 048 | 012 | 042
23]7]6[3]8]6]30
ARA
08 | 056 | 07 | 035
R® = 66 5 [3]4]3]11]7
3| M 0
0.8 07 | 02 | 056
6|4
4\l M| M M 0 M
0.8
3 |22
s|m| M M M 0
0.5

OTH XapaKTepUCTUKH pa3MEIlEHbl CIEeAYIOUIUM
oOpa3oM: cieBa BBepXy B siueiike pPacHoJOXKeHa CTOU-
MOCTh TPaHCTIOPTUPOBKU C;;, CIpaBa BBEPXY B sueiike
PacIOJIOKEHA MPOJOJKUTEIBLHOCTD IPOXOXKIEHUS y4acT-
ka T;j, BHU3Y B sYE€HKE PACIOJIOKEHA BEPOSTHOCTH BbI-
HOJIHEHUsI TPAHCIIOPTUPOBKHU P .

ITocnenoBarenbHOCTh pEHIEHUS 3aJa4d IPUBEAEM
0e3 MOSICHEHUIA.

_ Ci2Thz  (Ciz3+ C32)(Ths + T3p)

rl(zz)—mm{ ; }=
Py, Py3 - Py

(35 (104+6)(7+3)] _
~MM 06T 03-08 =

o {15. 16-10
= MMoe” 024

} = min{25; 60} = 25,

@) _

{613T13 (€ + Co3)(Ty2 + T23)} _

E P13 ’ P12‘P23
(1007 B+2D(G+3))
“MMT3 T 06-08 |

= mi {70~ 40}— in{233.3; 83.3} =83.3

= min 03° 048 = min .3;83.3} =83.3,

@ _ {(Clz + C24)(T12+T24).
1, = min

P12 : P24 ’
(Ci3+ C34)(Ty3 + T34)} _
Pi3 - P3y

9-9 15-10} ) {81 150}
=min

- i {0.6 02°03-0.7 0.12° 0.21

= min {675; 714} = 675,

rl(sz) o {(C12 + Czs)(T12+T25);
Py - Pys
(Ci3+ C35)(Tys + T35)} _
Py - P35
. 6-13 14 -10 . 78 140
- mn {0.6 0.7 03 - 0.2} - min {m; W} -

= min{185.7; 2333.3} = 185.7,

@) _ ..
3" =13

@ {C24T24 ) (Ca3 + C34) (T3 + T34)} _
2 Pay ’ Py3 - P3y

o {6-4' 7-6 }_ ) {24. 42}_
— MM 0270807 ™02’ 056)

o

= min{120; 75} =75,

@ ) {Cstzs (Ca3 + C35)(Toz + T35)}
7,2’ = min ; =

= st ’ P23‘P35
. {3-8. 6-6 }_ ) {24. 36}_
= Mo 708-02) - ™07 0165 ~

= min{34.3; 225} = 34.3,

@ — min {634T34. (G332 + C0)(T52 + T24)} _

a4 P34 ’ P32‘P24
o {5-3.12-10}_ i {15.120}_
- MM0708-02) ™07 0.16)

= min{21.43; 750} = 21.43,

@ _ min

I35

{C35T35 (C32+ Cy5) (T2 + Tzs)} _
35 ’ P35 - Pas

4-3 9~14} .{12 126}
= min

= mm{ 02°08-07 0.2’ 0.56

= min{60; 22} = 60,
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NN, {(624 + Ci6)(Toa+Tse)
26 Py Pyg '
(Cas + Cs6)(Tos + Tse)} _
Py5 - Psg

12-8 6-30

m; W} = min{600; 514.3} = 514.3,

= min{

@ _ min{(css + Cs6) (T35+Ts6) |
e Pys - Psg :
(C34 + Cyue) (T34 + T46)} _
P34 - P3q

7-25 11-7

510 W} = min{2750; 137.5} = 137.5,

= min{
@_.,.@ @ _ .0
Tae” = Tag > Tse = Ts6 -
Paccuntaem teneps R = RA@RMW,
1 2 3 4 5 6

Ao 3[5]5[8[10]11]6]13]15]13
06 | 024 | 0336 | 042 | 0.096
2[3]7]6 3] 8]13]10
2| M| o
RO— 08 | 056 | 07 | 0448
6|6 5 |3 ]4]3|11]7
3| M 0
038 07 | 02 | 056
6| 4
alM| M| M| o0 M
0.8
3 | 22
s|\m| M | M| M 0
05

3 _.,.@ 3 _. .2
N2 =Nz N3 =Nz

G) _ . (€,? + C24)(T12(2)+T24).
Ty, = min >
Pip™ - Py
(C13® + C30) (T35 + T34)} _
P13(2) " Py

>

. (B+O)E+4) (5+5)(8+3))
=M™ 0602 ° o048-07 |
- {81. 110
= MiM012° 0336

} = min{675; 327.4} = 327.4,
@) . (C12® + Czs)(le(z)‘*‘Tzs)_
n5° = min @ . p
12 * 25
(C13® + C3)(T15® + T35)} _
P13(2) " P35

>

) {(3 +3)5+8) (5+4)(8+ 3)}
= min ;s =

06-07 °  048-02
= mi {78~ 99}— in{185.7: 1031} = 185.7
= MMN042° 0.096) T MRS =0

@ [€u? + C) (TP 4Th)
T = min >
P, - Py
(C15(2) + Cs6) (Tys@ + Tse)} _
P15(2) : Pse

E

i {(9 +6)(9+4) (6+3)(13 + 22)} _

012-08 ° 04203
o {15-13.9-35}_ ) {195' 315}_
= M0.096 ° 0.126) ~ ™™10.096° 0.126)

= min{2031; 2500} = 2031,

3 _ .. 3) _..2 3 _ ..
3 =T Ny =Thy Ty =T

@) _ . (C24® + Cue) (T2 P +T,0) .
T, = min 2
Py - Py

(Czs(z) + Cs6) (Tos @ + Tse)} _
Pps® - Py

>

(T+6)(6+4) (3+3)(8+22)
-m { 056-08 °  07-05 }:
13-10 6-30
0448 ° 0.35

=290.2,

= min{ } =min{290.2; 514.2} =

3 _..®@ 3 _ .. 3 _..®@
T3y =T3ys T35 =135 Ty =Ths's
+® — min (C34(2) + Ca6)(Tag P +Tye) .

36 —
P34(2) “ Py
(C35™® + Cse) (T35 @ + Tse)} _
Pys® - Py

>

) {(5 +6)(3+4) (4+3)3+ 22)}
= min ) =

07-08 ' 02-05
= mi {11'7-7'25}— in{137.5: 1750} = 137.5
~ M0 56 7 010 T ML =2l

3 _ .2 3 _ ..
Tae" = Tae > Tse = Tse >

R® = R®pRMW

@ _ .3 @ __03 @ __ .03) @ _ ..(3)
N2 =Ny Tz =Nz, 3" =Nz s Ty =Ty

@ _ ..(3) @ _ ..(3) @ _ ..(3) @ _ .3
Na =Ny Ty =Ty, s =N, s =Ths's

@ _ .3 @ _ .6 @ _ 3
T34 =T34°5 T3 =T3¢5 I35 = 1357
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(@ (€14 + Cae) TP 4Tu6)
Ty’ = min 5 :
P14 : P4—6
(€15 + Cs6) (T1s® + Tse)}
P1s® - Psg

>

{10+ 6)(A1+4) (6+3)(13+22)) _
- MMT0336-08 ° 0.12-05 =

. {16-15.15-35}_ in{892.2: 8750} =
—MN0269 ° T0.06 § MHETAS =
= 892.2.

1 2 3 4 5 6
IRE ‘5 5‘8 10‘11 6‘13 16‘15
0.6 | 024 | 0168 | 012 | 0269
2\3 7 ‘ 6 3‘ 8 13‘10
2l M| o
08 | 056 | 07 | 0448
6‘6 5‘3 4‘3 11‘7
RW= 3| M 0
0.8 0.7 02 | 056
6 ‘ 4
alm| M| M 0 M
0.8
9 ‘22
s\ m| M | M M 0
0.3

OnTuManbHBIi MapIIpyT B TPEXKpPHUTEPHUATbHOI
3ajaue U3 MyHKTa | B IMyHKT 6 ABJISAETCS YETHIPEX3BEHHBIM
(1-2-3-4-6). CooTBeTcTBYIOIIEE 3TOMY MApUIPYTy 3Ha-
YeHre Mepsl 3PpPEKTHBHOCTH PaBHO

(Ciz + Coz + C3a + Cye)
Py Py3 P34 Pg

“(73(63 )) =

(Tyz + Tz + Ty + Tue)

= 892.2.
P13 Pp3P34 Py

BosBpamasice k  JABYXKpUTEpUAlIbHOW  3ajaue,
OTMETHM, YTO B TOM CJIy4ae ONTHUMAIBHBIM OBII
Tpex3BeHHbIH MapmpyT (1-2-5-6) co 3HaueHHEM MepbI
3¢ HEKTHBHOCTH:

(Ci2 + Ca5 + Cs6)
Py, P55 PPsg

u(r®) = = 42.85.

OTOMYy Xe MapuIpyTy B TPEXKpUTEpHAJILHOH 3ajade
COOTBETCTBYET 3HAUCHUE PE3yJbTUPYIOLIET0 MOKa3aTes,
paBHoE:

(C12 + Cos + Cs6)(Typ + Tos + Tse)
Py P;5Ps6

l1(7’1(63 )) =

= 1499.75,

YTO 3aMETHO Xy’K€, YeM 3HAUCHHE u(rl(g )) n3-3a KpaiiHe
IUIOXOTO 3HAYEHUsS IPOAOJDKUTEIBHOCTH T5¢ Npeomo-
neHust y4actka (5-6), BKIIIOYEHHOTO B OINTHMAJIbHBIH
JIBYXKPUTEPUAIBHBIA MapIpyT.

Bo3moxxHOE HampaBieHHe AaNbHEHIINX HCCIeNo-
BaHUH CBS3aHO ¢ Pa3pabOTKOH METOJOB PEUICHHS 3aTaul
OTBICKaHHS ONTHMAJIBHBIX MapHIPYTOB B CUTYalllH, KOTAA
UCXOAHAas WHGOPMAIMA O UYHCIOBBIX XapPaKTEPUCTHUKAX
MapIIpyTOB SIBISIETCSI HETOYHOH [12—16], mim HeueTKoi
[17-20].

Jnst pemieHus 3aadd B 3TOM CIydae MOTYT OBITh
WCIIOJIb30BaHBI MOAXOIbI, IpeANoKeHHbIe B [21, 22].

BuiBoabl. Ilpemnoxken Meron oTbickaHus 3ddek-
THUBHBIX KOMIIPOMHCCHBIX MAapUIPYTOB IIPH PELICHUH
TPaHCIIOPTHBIX 3aJiad JIMHEWHOTO IPOrpaMMHUPOBAHUS 110
COBOKYIIHOCTH KPHUTEPHEB: CpEIHss CyMMapHas CTOM-
MOCTb, MPOJOJDKUTEIFHOCTD TPAHCIOPTUPOBOK M HATEXK-
HOCTb BBITIOJTHEHHMS TIJIaHA TTEPEBO30K.

Meron ocHOBaH Ha pa3pabdOTaHHON TEXHOJOTHUH
pacdera aJAUTUBHONW Mephl Ui OLEHKH 3()(HEKTHBHOCTH
MapIIpyTOB, COCTABICHHBIX W3 IIOCIEAOBATEIHLHOCTH
OTAEIBHBIX Y4acTKOB. [IpeMMyIecTBOM JaHHOTO METOAa
ABJIACTCA BBIYUCIUTE/IbHAA NpoLcaypa.

JanHas npouenypa, Juis pelieHHus 3ajJaud, HE Tpe-
OyeT IMpPUMEHEHUs] TPYIOEMKOro KOMOMHATOPHOTO mepe-
6opa 1 obecreyrBaeT BO3MOKHOCTh OBICTPOTo MOTYUYSHHUS
pesyibTara.

PaccMOTpeHO HECKOJBKO HMPHUMEPOB OTBICKAHHUS OII-
TUMAaJbHBIX MapLIpyTOB B OJHO, JBYX, M TPEXKpUTEpHU-
IBHBIX BapHaHTaX (JOPMYJIUPOBKH TPAHCIOPTHBIX 3a1ad.
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0. CHEREDNICHENKO, K. V. MELNYK, S. V. KIRKIN, D. V. SOKOLOV, O. M. MATVEIEV

DEVELOPMENT OF AGENT-ORIENTED SOFTWARE COMPONENTS TO RETRIEVE THE
MARKETING INFORMATION FROM THE WEB

The article is devoted to researching the processes of extracting marketing information from the Web space. Conclusions are drawn on the need to
introduce an information marketing system into modern business activities. A decision has been taken to develop software for the collection and
analysis of marketing information. Identified and analyzed the main problems of collecting marketing information in the Web space. External systems
for extracting and processing marketing information from the Web space were considered. During the analysis of the subject area, functional and non-
functional requirements for the software being developed were formulated. Requirements for the selection of technologies for the development of an
information system were defined. The analysis of software development technologies is carried out and the approach to the development of a software
component is chosen. Such approaches to software development as: object-oriented programming, service-oriented architecture, component-oriented
programming, agent-oriented programming were analyzed. A decision has been made to use the agent three-tier architecture in software development.
The most commonly used programming languages in programming systems were: Java, KIF, KQML, AgentSpeak, April, TeleScript, Tcl / Tk, Oz.
Analyzed such popular agent platforms and their functions as: JADE, Cougaar, ZEUS, Jason. For the development of software, the JADE platform was
chosen, its classes, methods and interfaces were examined. The advantages and peculiarities of the SOLID principle are analyzed. In detail, the levels
of the CLEAN architecture are examined. And also explained the possibilities of software implementation of this architecture. A software architecture
was developed for the data collection system. In accordance with the requirements, a selection of software development tools has been made. It was
decided to use the programming language Java, Spring Framework, GoF design pattern, the template Dependency Injection, SOLID and CLEAN
architectural principles. A software component was developed for marketing information gathering systems, which allows to optimize this process.
The limitations and ways to improve the software system are analyzed.

Keywords: architecture, JADE, marketing data, CLEAN, agent, program system, Java

O. 0. YEPE/THIYEHKO, K. B. MEJIBHHUK, C. B. KIPKIH, /]. B. COKOJIOB, O. M. MATBEEB
PO3POBKA ATEHTHO-OPIEHTOBAHUX KOMIIOHEHTIB TIPOI'PAMHOI'O 3ABE3IIEYEHHSA
JIJIsI BAWJTYYEHHSA MAPKETUHIOBOI IHOOPMAIIIL 3 WEB

CTaTTi0O MPUCBSAYCHO NUTAHHSIM [OCTI/DKEHHS MPOLECIB BIJIydEHHsS MapKeTHHroBoi iH¢opmarii 3 Web-npocropy. 3po06ieHO BHCHOBKH PO
HEOOXiHICTh BBEIEHHS iH(QOpPMamiiiHOI MapKeTHHrOBOi CHCTEMH B CydacHy IiANPHEMHHIBKY MisUIbHICTh. IIpHIHATO pilIeHHS HPO pPO3pOOKY
NIPOrPaMHOro 3a0e3lmedeHHs Uil 300py Ta aHalily MapKeTHHroBoi iH¢opMmarii. BusBieHo Ta npoaHaTi30BaHO OCHOBHI IpoOieMH 300py
MapKeTHHroBoI iHpopmariii y Web-tipoctopi. Byan po3risHyTi 30BHILIHI CHCTEMH 1O BHIYYCHHIO Ta 00pOOIi MapKeTHHroBoi iHpopmarii 3 Web-
npocropy. B xoxi ananizy mpeamerHoi o6nacti Oymu chopmynboBaHi GyHKIIOHATBHI 1 HEQYHKIIOHATBHI BHMOTH [0 PO3POOIIOEMOTrO IIPOrPaMHOr0
3a0esneueHHs. Bynyu BH3HaueHi BUMOTH 0 BUOOpPY TEXHOJIOTIH M po3poOky iHpopManiiiHoi cuctemu. IIpoBeneHo aHaii3 TEXHOJOTIH po3poOKH
MPOrpaMHOro 3abe3nedeHHs] Ta 00paHo MiAXix 10 PO3pOOKH MPOrpaMHOro KOMIIOHeHTa. Byiau mpoaHamizoBaHi Taki MIAXOOH IO PO3POOKU
[IPOrpaMHOro  3a0es3nedeHHs sK: 00 €KTHO-OPIEHTOBaHE IPOrpaMyBaHHsS, CEPBIC-Opi€HTOBaHA ApXITEKTypa, KOMIIOHCHTHO-Opi€HTOBaHE
[POrpaMyBaHHs, areHTHO-OPIEHTOBAaHE MpOrpaMyBaHHs. [IpHHHATO pILIEHHS PO BUKOPHUCTAHHS arcHTHOI TPHPIBHEBOI apXiTEKTypH B po3poOri
MpOrpamMHOro 3abe3nedeHns. bymu po3risiHyTi HAWOLTBII YacTO BUKOPUCTOBYBAHI B areHTHHX CHCTeMax MOBH mporpamyBanus: Java, KIF, KQML,
AgentSpeak, April, TeleScript, Tcl/Tk, Oz. [IpoananizoBaHo Taki momyJsipHi arenTHi mwiatGopmi i ix ¢yukuii sik: JADE, Cougaar, ZEUS, Jason. [s
PO3poOKH IporpaMHoro 3abesnedeHHs Oyma obpana miatdopma JADE, posrmsHyTi 11 kiacw, Meroau i iHtepdeiicu. IIpoananizoBaHo mepeBaru ta
ocobmuBocti npuninuny SOLID. B geramsx posrsHyti piBHi apxitektypu CLEAN. A Takox 3po0jeHi MOSICHEHHS MOXJIMBOCTEW IMPOrpamMHOL
peanizauii wiei apxitektypu. Byma pospoOneHa mporpamHa apXiTekTypa Ui cHCTeMH 3i 300py naHuX. BianoBigHo o BUMOr 3po0ieHui BHOIp
IHCTPYMEHTIB PO3pOOKH HPOTrpaMHOro MpoxykTy. IIpuitHATO pillleHHs Mpo BHKOPHCTaHHS MOBH HporpamysaHHs Java, Spring Framework, GoF
naTepHy npoekTyBaHHs, mabnony Dependency Injection, SOLID i CLEAN apxiTeKTypHUX NpHHIMIIB. ByB po3po0ieHuii mporpaMHuii KOMIIOHEHT
JUIs cuCTeM 300py MapKeTHHroBoi iH(opMarii, 110 J03BOJSE€ ONTUMI3yBaTH Lieid mpouec. [IpoaHani3oBaHO OOMEXEHHS 1 HIIAXM MOJIMIIEHHS
MIPOrPaMHOI CHCTEMH
Kuarouosi ciioBa: apxitektypa, JADE, mapkerunrosi mani, CLEAN, arent, mporpamna crictema, Java

O. I0. YEPE/THUYEHKO, K. B. MEJIbHHK, C. B. KHPKHH, B. B. COKOJIOB, A. H. MATBEEB
PABPABOTKA ATEHTHO-OPUEHTUPOBAHHBIX KOMIIOHEHTOB ITPOI'PAMMHOTI'O
OBECHEYEHUS /151 U3BJEYEHUS MAPKETUHI OBOI MTH®OPMAIIUA U3 WEB

CTaThsl TIOCBAIIEHA BOMPOCAM MCCIIEIOBAHMS MPONECCOB M3BIICUCHHS MapKeTHHroBol mH(popMarmyu u3 Web-mpoctpancTsa. CuenaHbl BBIBOABI O
HeoOXOAMMOCTH BBEJICHNS! MH(POPMAIMOHHOW MapKETHHTOBOH CHCTEMBI B COBPEMEHHYIO IIPENPUHAMATENBCKYIO eaTeNbHOCTE. [IprHATO penenne o
pa3paboTke MporpaMMHOro obdecneyeHus Jisi cOopa 1 aHalli3a MapKeTUHIOBOI nH(popMaliy. BhIsIBICHB! M TPOaHATN3UPOBAHBI OCHOBHBIE TPOOJIEMBI
cbopa MapkeTnHroBoit nHdopmarmu B Web-mpoctpanctse. Bbum paccMOTpeHBI BHEIIHHE CHCTEMBI 110 M3BICYEHHIO U 00paboTKe MapKeTHHIOBOIL
nadopmamyn w3 Web-npoctpanctBa. B xone aHamusa npenMeTHOH obnacTH ObUIH cHOPMYIHPOBaHBI (yHKIMOHANBHEIE M He(yHKIMOHAIBHEIC
TpeOOBaHUS K pa3pabaThiBAEMOMY MpPOrpaMMHOMY oOecredyeHHI0. bpuin ompesieneHbl TpeOOBaHUS K BBIOOPY TEXHOJOTWE i pa3paboTKH
nH(pOpMaIMOHHOH cucteMbl. [IpoBefieH aHaIM3 TEXHOJOTMI pPa3pabOTKM MPOTrpaMMHOTO OOecIeueHHss W BHIOpaH TOAXOA K paspaboTke
IIPOrPaMMHOT0 KOMIIOHEHTA. BBl NpoaHaIm3upoBaHbl TaKKE TTOAXOB! K pa3paboTKe MPOrpaMMHOT0 00ecIIeueH s KaK: 00beKTHO-OPUEHTHPOBAHHOE
IPOrpaMMHUPOBAHHE, CEPBUC-OPHEHTHPOBAHHASI ApXUTEKTypa, KOMIIOHEHTHO-OPHEHTHPOBAHHOE IIPOTPAMMHUPOBAHHE, AreHTHO-OPHEHTUPOBAHHOE
nporpaMMupoBanue. [IpuHATO penreHre 00 HMCIIONB30BAaHUM arCHTHOW TPEXYPOBHEBOW apXUTEKTYPhl B pa3pabOTKe IMPOrpaMMHOIO 0OECICUeHHs.
bbu paccMOTpeHBI HanboJee YacTO WCIONb3yeMble B areHTHBIX CHCTeMax s3bIkM mporpamvupoBanus: Java, KIF, KQML, AgentSpeak, April,
TeleScript, Tcl/Tk, Oz. IIpoaHanu3upoBaHbl TakWe MOMYJSIpHBIE areHTHBIE TaTdopmbel U ux ¢yHkiuu kak: JADE, Cougaar, ZEUS, Jason. [{ns
pa3paboTKH MporpaMMHOro obecriedeHus Obuta BeiOpana matgopma JADE, paccMoTpeHs! ee Kiacchl, MeTosl U nHTepdeiickl. [Ipoanami3npoBansl
npenumymiectBa 1 ocobeHHoctn npuaimna SOLID. B peramsx paccmortpensl ypoBHum apxutektypsl CLEAN. A Takxke cienaHbl IOSCHEHUS
BO3MOKHOCTEH MPOTrpaMMHOM peai3alliy 3TOi apXUTeKTypbl. bbuta pa3spaborana mporpaMMHasi apXUTEKTypa JJIs CUCTEMBI 1Mo cOOpy JaHHBIX. B
COOTBETCTBUM C TPEOOBAHMSIMH MPOM3BENEH BHIOOP MHCTPYMEHTOB Pa3pabOTKM MPOrpaMMHOrO mpopaykra. IIpuHATO pemieHne 00 MCIONBb30BaHHUH
A3bIKa TporpammupoBanus Java, Spring Framework, GoF mnarrepHa mnpoektmpoBanums, mabmona Dependency Injection, SOLID n CLEAN
apXUTEKTYypHBIX NPHUHLUIOB. beul pa3paboTaH HpPOrpaMMHBI KOMIOHEHT UL CHCTeM cOOopa MapKeTHHIOBOH HH(OpPMANUH, MTO3BOJISIOMINH
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ONTHMHU3UPOBATH 3TOT Tpouecc. [I[poaHann3upoBaHbl OrPaHHYCHHUSI U MYTH YIy4LICHHS TPOIrPAMMHOM CHCTEMBI.
Kuarouesble ciioBa: apxurektypa, JADE, mapkerunrossie qanusie, CLEAN, arenT, nporpamMmmuas cucrema, Java

Introduction. Successful functioning of any
company in the market environment can only be ensured
only when accurate, complete and reliable information is
available. Exactly such information help companies to
determine the consumers™ attitude towards the product and
company, constantly monitor the environment, coordinate
the strategy and evaluate the activity, increase the level of
advertising work, support in the taken decisions, confirm
their own commercial intuition, and increase the activity
efficiency [1].

Information systems in one form or another have
been used extensively and for a long time now to support
marketing activities at enterprises. Nevertheless, the study
of the structure and functionality of marketing information
systems remains very relevant in connection with the
rapid development of information technologies [2].

The external marketing information systems were
considered in this work. This marketing systems class
designed for regular collection of relevant information.
The system of external information is focused on sources
and methodical methods, by means of which it is possible
to receive information about events and situations from
the external marketing environment. The collection of
external information involves the accumulation of various
structured data:

e about the situation in different markets,
especially those where the enterprise works or is going to
work;

o forces that operate on the market (existing and
potential competitors, consumers, contact audiences, etc.);

e state and trends of the development of macro-
factors.

The result of this work is the development of
components of the system for collecting, completing,
checking the relevance and storage of marketing
information about smartphones in real time.

Problem  statement. = Nowadays, marketing
information is of great value. In addition, this value is
constantly growing. On the one hand, such growth is due
to the transition from local marketing, limited by the state
boundaries, to global. On the other hand, with the
development of markets and the improvement of

Electronic trading platferm-

technologies, consumers get all the great opportunities in
choosing the most satisfying their needs products and
services. Modern information technologies help to solve
these problems [3, 4].

The ultimate goal of the project is to develop a
system for collecting smartphone models from the trading
platform that are in high demand (top selling). The
following requirements have to be taken into account:

e functionality should not depend on the trading
platform;

o the assessment of sales takes place on the basis
of the information available on the site of the trading
platform;

o the system should have the ability to adapt, study
or ability to select the algorithm for determining the top.

Figures 1-2 depict a functional requirements diagram
in the IDEF-0 notation (context level diagram and its
decomposition respectively).

It is known that the Web is a great repository of
information and services of any direction and purpose. At
the same time, such a feature hurts Web technologies.

Electronic Query

trading execution CfliL‘jtee I'rv
platform date
v v l

Search of the most

Sample of the best-
popular smartphones |- -

selling goods

A0
'Yy x
Agent Searching Sk DB
platform i

systems ‘

Fig. 1. IDEFO context level diagram of the functional
requirements

If you need to find the exact information, a large
amount of time is spent for searching and viewing of a
large number of Web-pages. Thus, the purpose of this
work is to optimize the search of marketing information,
by developing a software component for the system of
marketing information collecting.

Query
filter
Request Query
. Generated execution
generation query (URL) date
AO1 v
A
Data collection
AQ2 -
i Device Sampling the
Searchi infi i
se:srtcer:]nss informatian most popular | sample of the best-
Sk_DB goods selling goods
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Fig. 2. IDEFO decomposed diagram of the functional requirements
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If you need to find the exact information, a large
amount of time is spent for searching and viewing of a
large number of Web-pages. Thus, the purpose of this
work is to optimize the search of marketing information,
by developing a software component for the system of
marketing information collecting.

Determine of software development technology.
During the process of subject area analysis, functional
requirements and limitations of the software system were
selected. Consequently, the system requirements for the
information system include the following ones:
the ability to transfer;
scalability;
the ability to be modified;
reliability;
efficiency.

The above requirements determine the choice of
technologies for information system implementation.
Among the possible options were analyzed object-oriented
(OOP), service-oriented (SOA), component-oriented
(COP) and agent-oriented (AOP) programming paradigms
(table 1).

It is proposed to use agent architecture when
designing in this work. The agent is defined as a computer
program that can reasonably act on behalf of the user
(another program) to perform the task. Agents, like
people, work together so that their aggregate can combine
efforts to achieve the goal. As the agent platform (Agent
Environment) is usually understood a set of application
programming interfaces (API), which provides creation,
life cycle, messaging, communication and access to

information and agents knowledge bases [5]. Agent
platform is assigned functions of the agent environment.

It is worth noting that there are currently no
programming languages or development tools that fully
meet the needs for agents building. Such a system would
have to meet such requirements: ensuring the migration of
code to various platforms, availability on many platforms,
support for network interaction, multithreading and other
[6]. Most commonly in agent technologies used: universal
programming languages (Java); “knowledge-oriented”
languages, such as knowledge representation languages
(KIF); negotiation and knowledge sharing languages
(KQML, AgentSpeak, April), agent specifications
languages; specialized programming languages for agents
(TeleScript); scripting languages (Tcl/Tk); symbolic
languages and logical programming languages (Oz) [6].

Today, there are numerous research groups and
commercial entities that study agents technology and
implement various agents and agent platforms. Due to
various approaches to the research of the agent’s
technology there was necessary to establish a unified
standardization organization, the fund of intellectual
physical agents.

There are many toolkits for designing MAC, and the
most popular among them are agent platforms. The main
functions of the agent platform are:

e an environment for the existence and interaction
of agents;

e implement certain standards to ensure
interoperability and compatibility with other platforms.

Table 2 shows the comparative characteristics of the
most well-known agent platforms.

Table 1 — Comparison of implementation technologies

Selection criterion OO0P SOA COP AOP
Main unit Object Service Component Agent
Degree of autonomy Within its state due | Not autonomous Partial autonomy Complete autonomy and control of its
to encapsulation own actions according to its purpose
Flexibility of | Some degree of | Passive before the | Some degree of | Reactivity and proactivity
behavior reactivity call reactivity
Interaction with the | Limited Limited Ability to transfer Mobility, transferability
environment possibilities possibilities
Interaction with other | Mechanisms RPC, | Mechanisms Mechanisms of | Communication on the basis of FIPA
software components | RMI SOAP meta-object messaging
protocols
Suitability for solving | Limited Limited Limited Due to the implementation of the
intellectual problems | possibilities possibilities possibilities model and the ability to study

Table 2 — Comparative characteristics of agent platforms

Comparison criterion JADE Cougaar ZEUS Jason

Programming language Java Java Visual code generators AgentSpeak

FIPA-compatibility + — + -

License for use Not required Not required Required Not required

Scope of application Distributed systems | Distributed systems | Basis for writing rules | Distributed systems
that consist of many | that consist of many | and scenarios that consist of many
components components components
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To implement the information system, the JADE
platform is used. Architecture of the system platform
JADE is shown in figure 3. The main advantages of this
platform are the ability to integrate with other systems,
support FIPA-2000 specification and free distribution [7].
The environment consists of two main parts: the actual
FIPA-compatible agent platform and Java development
agents. The JADE environment is written in Java and
consists of Java library classes (packages) that provide
application developers with ready functionality fragments
and abstract interfaces. JADE comes with a suite of tools
that simplify administration and development [8].

Agent management system Control agent container

mterface
I
n
' 5
Acc OF ANS . n -
JE B /r.l_emm: Hardware
; 1 NS controls
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c
e
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managemant
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[
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B R R e L
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Message manager Java RMI >

Fig. 3. Architecture of the agent platform JADE

The following main classes are used to create MAC:
Agent and Behavior. The Agent class is a common base
class for agents specified by the user. From the standpoint
of the developer, the JADE agent is a typical instance of
the Java class that extends the base class Agent. This
implies the inheritance of properties for the
implementation of the main interactions with the agent
platform (registration, configuration, remote management,
etc.) and the basic set of methods that can be called to
implement the agent’s behavior [8]. The agent’s
computing model is multitasking and parallel, in which
the task (or behavior) is performed simultaneously. Each
functionality and/or service provided by the agent must be
implemented as one or more behaviors. An internal
planner, hidden from the developer, automatically
manages the planning of behavior.

The developer determines the agent’s actions by
specifying its behavior. An agent is able to perform
several parallel tasks in response to various external
events. In order to be effective in managing the agent,
each JADE agent consists of a separate flow of execution
and all its tasks (intentions) must be implemented as
objects of the Behavior class [8]. The developer when
assigning a task to the agent must determine one or more
derived classes from the base class Behavior and add

some behavior to the list of its tasks. The Agent class
provides  two methods: addBehaviour() and
removeBehavior(), which allow you to control the queue
of the agent’s tasks, namely add or remove behavior. The
handling of the agent can be added whenever necessary,
and not only within the Agent.setup() method. The
scheduler, implemented by the main class Agent and
"hidden" from the programmer, performs a cyclic
planning policy among all behaviors that are available in
execution queue. Behavior can be blocked, and the agent
expects to receive a message [9].

Features of software implementation of the
system. The Java programming language, Spring
Framework, GoF designing patterns, Dependency
Injection template, SOLID and CLEAN Architecture
principles [10, 11] were used to develop the software
system.

Spring Framework is an open source framework and
a container with support of inversion management for the
Java platform.

SOLID is an abbreviation of the first letters of the
five basic principles of object-oriented programming and
design proposed by Robert Martin:

1 The Single Responsibility Principle (SRP) is an
important principle of object-oriented programming,
which means that a class must be created to perform only
one task that it must completely encapsulate.
Consequently, all services in this class must be completely
subordinated to its implementation. The result of this
concept is that there is only one reason for changing the
class, which makes it much "healthier” [11].

2 The Open/Closed Principle (OCP) principle is an
important principle of object-oriented programming,
which means that "program entities, such as classes,
modules, functions, methods, etc. must be opened for
expansion and closed for changes"”. This means that they
can provide the ability to change their behavior without or
with minimal code changes [10].

3 Liskov Substitution Principle (LSP) in object
oriented programming is a special definition of a subtype
proposed by Barbara Liskov in a 1987 conference in a
report "Data abstraction and hierarchy.” In the article,
Liskov formulated the principle so: if S is a subtype of T,
then objects of type S without any changes of the desired
properties of this program can replace objects of type T in
the program [16].

4 Principle of interface separation. This principle is
similar to the principle of a single obligation. The
application of this principle consists in the division of too
"thick" interfaces into smaller and more specific ones, so
that their clients know only those methods that are
necessary for their work. As a result, when changing a
certain functionality, those classes that do not use it
should remain unchanged. That is, the implementation of
this principle helps the system remain flexible when
making changes to it and remain easy to refactor [12, 13].

5 Principle of dependencies inversion. The principle
is formulated as following:

o higher-level modules should not depend on
lower-level modules, both types of modules must depend
on abstractions;
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e abstractions should not depend on the details of
the implementation, the details of the implementation
must depend on the abstractions.

The dependencies inversion principle solves the
problems of unsuccessful designing of programs [12].

On the basis of these principles, Robert Martin
presented "The Clean Architecture”, which consists of
dividing the system into 3 levels:

1 Data layer — the level of data in its pure form,
consisting of essences, which are the basic business rules
of the system (this level can be both object with methods,
and simple set of data structures and functions) [12]. The
data layer will include POJOs and get data from cloud or
local storage.

2 Domain layer — the level of the business logic of
the application that is responsible for the main
functionality of the system. Domain layer is responsible
for interaction between data and presentation layers by
means of interface and interactors. The objective is to
make the domain layer independent of anything, so the
business logic can be tested without any dependency to
external components. Behavior of the domain layer and
its” rules are related to a particular application [13].

3 Presentation layer — the level of the user interface,
the display of data, the custom events processing (this
level converts data from the previous level into a format
that is adapted to display. Presentation layer will include
normal activities and fragments, which will only handle
rendering views and will follow MVP pattern.

The main advantages of this approach are:

e independence from frameworks and specific
libraries;

e ease of testing — business rules can be tested
separately, without a user interface, databases, etc.;

e user interface independence — the display can be
changed without affecting other components of the
system, which reduces the chances of potential errors;
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o independence from the platform; business rules
do not know where they will be used, and not tied to the
features of a particular platform;

o database independence — the business logic of
the application is not tied to a specific database, which
makes it possible to change it at any time without
affecting other components of the system.

The last advantage can be realized with the help of
the template Repository. This approach is used to separate
the logic that receives data, and transforms it into entity
models for further work at the domain level. Dependency
Injection template is used to use pure architecture and
dependency inversion principle to ensure full control of
system components. The work of the framework that pro-
vides work for such pattern is described by an application
that, regardless of the execution, is executed within the
dependencies inversion container provided by the frame-
work. Some objects are still created in the usual way using
the programming language, but the rest is provided by the
container based on a predefined configuration. Thus, this
approach makes it possible to substitute the dependencies
of system objects using such container without the need of
changing of other system components. Current design is
component-independent platform and could be tested after
each integration is provided. [14].

During the development process, it was concluded
that the application of the micro-service architecture and
the individual modules creation of the system as inde-
pendent programs, the execution of which will be pro-
cessed by the agent platform, that is, the agent behavior
(Behavior) will contain the business logic of the individ-
ual component (service) of the system. Thus, with the help
of aspect-oriented programming, implementation of
methods and the processing of their results were provided
to agents that use the ACL messaging environment to
interact with the services. The system architecture with the
use of individual layers is shown in figures 4, 5.
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In the general diagram, we can see that the designed
system has 3 layers and 3 microservices, namely:

1 Data layer, which includes classes and data transfer
objects interfaces, classes of essence representation of the
non-relational database and a Repository design pattern,
which consists of two data sources — the cache of the
system and the non-relational database Google Firebase,
which works with cloud storage services. The data layer
contain workflow to manage data in datasource. To do
that it is used repository pattern to make CRUD functions
convenient and datasource-independent.

The simplest approach, especially with an existing
system, is to create a new repository implementation for
each business object needed to store or to retrieve data
from persistence layer.

2 The domain application layer consists of four
microservices:

e agent platform;

e (data seeker;

e (data analyzer;

e parser and data collector from web-pages.

Service “Agent platform” is responsible for system
business process execution within the body of individual
agents.

The “Data finder” service performs the process of
locating the required goods in the trading venues by
replacing the HTTP request parameters, configuration the
filters, and transitioning to the data delivery pages.

The “Parser” service analyze an HTML document
that is a response for HTTP request from a searcher and
collects the necessary data from the product description
page.

The “Data Analyzer” service is responsible for
analyzing the sample collected by the parser, based on
which the search parameters and stored products data will
be reformed.

3 The presentation layer logic will be implemented
on the client side of the system, namely on a mobile client
based on the Android operating system using the MVP
pattern (Model-View-Presenter). The connection between
servers and clients is implemented with the help of the
micro-service of the cloud-based storage Google Firebase
Firestore, to which requests are performed both by servers
and clients of the system. The layer was designed using
micro-service approach to create test-flow for each
component.

3 The presentation layer logic will be implemented
on the client side of the system, namely on a mobile client
based on the Android operating system using the MVP
pattern (Model-View-Presenter). The connection between
servers and clients is implemented with the help of the
micro-service of the cloud-based storage Google Firebase
Firestore, to which requests are performed both by servers
and clients of the system. The layer was designed using
micro-service approach to create test-flow for each
component.

Presentation layer has 4 separate components such
as:

e data searcher — a search can look for results
inside a static local source;

e data analyzer — uses Al algorithms to analyze
retrieved dataset and post the list of goods which have the
biggest proposal;

e (data extractor — uses JSOUP parsing component;

e agent platform — invokes main functional use-
case of each components in separate agent.

Due to the fact that the system has a clear
distribution on data representation layers and is distributed
to separate microservices — the testing processes are not
labor-consuming. System components obviously do not
depend on each other, the input data can be replaced by
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mock objects or by test data for integrating and unit
testing.

Analysis and ways to improve the system. During
the process of developing and testing the system, it was
determined that the agent platform JADE has a list of
shortcomings. The main drawbacks are:

1 Contradictory to the SOLID principles, namely the
dependencies inversion principle, because the class Agent
— depends on the behavior contained in the agent.

2 Using of outdated flow interactions tools. For each
agent, a separate stream is created, which badly affects the
performance of the system, cause streaming methods use a
lot of resources.

3 Use of thread synchronization blocking algorithms.
Due to the fact that ACL services use blocking of agents
flows to provide reliable information transfer and maintain
the agents” status of performing parallel agents, it does not
provide the required increase of performance.

4 An outdated and awkward APl for agents
launching. To run a single agent, the JADE agent
environment uses the classes and the reflection package
methods. These operations require a lot of computing
power and do not have sufficient reliability.

From the above drawbacks, it was concluded that the
system needs to replace the JADE agent platform with a
more modern and accompanied agent platform.

Another way to improve the system is to implement
a common mechanism for collecting and retrieving
information on a separate trading platform using the own
domain-specified programming language (DSL). This
improvement can provide an increase in system scaling
and reduce the cost of implementation of a new trading
platform.

Conclusions. The introduction of a marketing
informative system into modern entrepreneurial activity is
an objective necessity determined by the essence of the
information society. As you know, today, and in the near
future, information is the main source of the formation of
the competitiveness of enterprises or organizations for
wealth in general. To stop the process of collecting and
processing the information means to risk of the existence
of a separate entity of the economic system, and therefore
to condemn the troubles all those who depend on it.

The main goal of this work was to develop software
for collecting and analyzing marketing information.
During the writing the paper, the main problems of
information gathering were identified and considered, an
analysis of existing approaches and components for
solving the problem was made.

During the process of studying the domain area, the
main functional and non-functional requirements for the
system under development were formed, and its reference
system architecture was chosen. The choice of tools is
justified in accordance with the requirements.
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Po3rispaoTecs miaxoam A0 PO3pOOKH KOHILEMLii KOPIOPAaTHBHOrO Be® MOpTaly MiKHApOAHOro OaHKy. Byap-skiii kommaHii (miampueMcTBy)
HeoOXimHuit iHpopMaLiitHuii CympoBia CBOIX Gi3HEC-TMpoLeciB, a TAKOX iH(pOpMaliiiiHa B3aeMOIis y pexuMi online sIK ycepeauHi miAIpHeMCTBa, TakK i
i3 30BHIIIHIM CepeOBHINEM. 3i 3pPOCTaHHAM KiTbKOCTI CHIBPOOITHUKIB 1 JDKepen KOpIOpaTHBHOI iH(opMamii cTae yce CKIajHIIIe peanizyBaTH
BHYTpilIHI KOMyHikalii. BuHukae motpe6a B eanHOMY iH(OpPMALiHHOMY CEpelOBHIII Ta ONTHUMI3auii cHibHOI pobotH 3 iHpopMariero i
JOKyMEHTaMH. I3 [poro morsigy, MopTal — e OAWH 3 IMOTY)XHHX IHCTPYMEHTIB ympaBiiHHs OizHecom kommadil. [lomaHi XapakTepHCTHKH
KOPIIOPAaTUBHOTO iH(pOpMaNiifHOro MopTaly B Pi3HHX acleKTaX Horo (yHKIIOHyBaHHS SK CHCTEMH. BHAineHO TpH OCHOBHI (DyHKIIOHAIBHI MIApH Y
CKJIaJi TUIIOBOrO KOPHOPATHBHOIO MOPTaly, Taki sK map 6a30Boi iHPPacTpyKTYpH, BiANOBigaibHUII 32 6a30Bi cepBicH, LIap iHTerpauii AOIaTKiB,
BIZINOBITaJIbHKI 32 B3a€MOJIIO OPTATY 3 yciMa icHyrounmu B komnawii gogatkamu (CKB/I, CRM, ERP Ta in.), map intepdeiicis, 1o Bitodae B cede
3aco0u ynpaBiiHHS iHQOpManiifHIM HallOBHEHHSM, iHTepdelicH Uit oOMiHy faHUMU 3 iHGOpMAIIHHUMU cHCTeMaMu Oi3Hec-TIapTHepiB, 3aCO0H A
pobotu 3 MOOLTBHUM i 6e3ApOTOBUM OOJaAHAHHAM Ta iH. PO3MISHYTO KOHLENTyaabHI BHUMOTH 10 KOPIOPATHBHOrO iH(MOpMAIiHOro mopraiy.
[poBeneHuii aHai3 XapakTEPHCTUK KOPIOpaTHBHOro iHdopmauiiiHoro moprany. IIpoaHanizoBaHo Npu3HAYeHHs MOpTaidy. Po3pobiieHi BUMOrH,
niarpaMa BapiaHTIB BHKOPUCTAaHHS, MaKeTH IIOpTaly. BuJineHi OCHOBHI TIpyHmH KOPHCTYBadiB KOPHOPATHBHOTO iH(OpPMAIifHOrO IopTana.
3acrocoBani UML miarpamu BapiaHTiB BHKOPUCTAaHHS AJIsS OMKHCY KOPHUCTYBadiB Ta 3B’SI3KiB MK HUMH. JI1 KOXKHOrO BapiaHTa BHKOPUCTAHHS
OIMMCAHUI CIIeHapiil HOro BUKOHAHHS, KOPOTKUII OMHUC, NEPEAYMOBH, OCHOBHHI MOTIK MO/, albTePHATHBHUI MOTIK MO/IiH, TOCTYMOBH. PO3risiHyTO
kpoc-tiaThopmunii cepsic Figma 1uis nu3aiiHepiB, sikuil 103BOJISIE IEKIIBKOM JIFOASM B PEKHUMI pEabHOrO 4acy MpaIfoBaTH HaJ OXHHUM 1 THM Xe
HPOCKTOM.

Kuarouosi ciioBa: Be6 moprai, Bumord, UML miarpamu, miarpama BapiaHTiB BHKOPHCTaHHS, AiHOBI 0cOOM, MakeT, KOPMOPATUBHUIA MOPTAI,
iHTepdeiic, inppacTpykTypa, iHpOpMaLiiiHa cHcTEMA.

H. A. 30JI0TAPEBA, A. O. INIEXAHOBA, O. b. IIV/IOXAA
CASE STUDY: PASPABOTKA KOHIEINIWA KOPITOPATUBHOI'O WEB-ITIOPTAJIA BAHKA
«CREDIT AGRICOLE»

PaccmarpuBaroTcsi moaxopl K pa3paboTKe KOHIEHIIMK KOPIOPATHBHOIO BeO MOpTaia MeXIyHapoaHoro O0aHka. JIro0oi kommaHuu (MpeArnpusiTUIo)
Heo0Xx0MMo HH(POPMAIIIOHHOE COMPOBOXK/ICHNE CBOMX OM3HEC-TIPOLIECCOB, a TaKke HH(OPMALMOHHOE B3aUMO/IEHCTBIE B pexXnMe online Kak BHyTpH
TPEANIPHATHSA, TAK U C BHEIIHEH cpezoif. C pocTOM KOJIMYECTBA COTPYAHNKOB M HCTOYHUKOB KOPIIOPATUBHOM MH(OPMAIUH CTAHOBUTCS BCE CIOXKHEE
peann30BaTh BHyTPEHHUE KOMMYHHKAIMU. Bo3HuKaeT noTpeOHOCTh B €ANHOM HH(OPMALOHHOM IIPOCTPAHCTBE M ONTHMH3ALMU COBMECTHON pabOThI
¢ uHpopmaumeidr u gokymeHtamu. C 3TOW TOYKHM 3pEHHs, MOPTAI — 3TO OJMH M3 MOIIHBIX MHCTPYMEHTOB YIPaBJe€HHS OWU3HECOM KOMIIAaHWU.
IpencraBieHbl XapaKTEPUCTHKU KOPIIOPATUBHOTO MH(GOPMAIMOHHOTO IOpTaja B Pa3iIMYHBIX aCMEeKTaX ero (QyHKIHOHUPOBAHHS KAaK CHCTEMBI.
BbizeneHo Tpu OCHOBHBIX (PYHKIMOHATBHBIX CJIOS B COCTABE THUIUYHOTO KOPIIOPATHBHOIO MOPTAaNa, TAKHX Kak o 0a30BOM HHOPACTPYKTYpBI,
OTBEYAIOIMK 32 0a30BbI€ CEPBHCHI, CIIOW MHTErpalMy IMPUJIOKEHHH, OTBEYAIOUIMH 32 B3aMMOJCHCTBHE IOpTana CO BCEMU CYLIECTBYIOLIMMH B
kommanun npunoxenusmMu (CYBJ], CRM, ERP u np.), cioii nATepdeiicoB, KOTOPHIA BKIIOYAET B CeOs CPEICTBA yHpaBleHHsS WH()OPMAIMOHHBIM
HaIOJHEeHHUEM, HHTepdech! st OOMeHa JaHHBIMH ¢ MH(GOPMAIIMOHHBIMU CHCTEMaMH OM3HEC-MapTHEPOB, CPEACTBA I PabOThl ¢ MOOMIBHBIMH H
6ecrpoBOJHBIMU yCTpOHCTBAMH U 1p. PaccMOTpeHBI KOHLENTyalbHble TpeOOBaHMS K KOPHOpaTHBHOMY HH(opManuoHHOro moptana. [IposegeH
aHAJIM3 XapaKTePUCTHK KOPIIOPaTHBHOTO HMH(OPMAIMOHHOTO mopTana. IIpoaHannmsmpoBaHo HaszHaueHme moprana. Paspaboransl TpebGoBaHms,
JMarpaMMa BapHaHTOB HCIIONB30BAHHs1, MaKeThI IOpTaia. BhleeHbl OCHOBHBIC IPYIITBI [0JIb30BATENCH KOPIOPATUBHOTO HH()OPMAIHOHHBIH TOPTAJL.
HMcnons3oanel UML nuarpaMmbl BapuaHTOB MCIIOJIB30BaHUS JUIs ONMCAHMS MTOJIb30BaTeNel opTana u cBsA3el Mexkay HUMHU. JIJis KaXK0ro BapuaHTa
WCTIONIb30BAaHMS OITHCAH CIICHAPHI €ro BBIMOTHEHHs, KpaTKOE ONMCAaHNeE, PEIyCIOB s, OCHOBHOH MOTOK COOBITHH, aIbTEPHATHBHBIN ITOTOK COOBITHH,
noctycnoBus. PaccmoTpen kpocc-matdopmenHslid cepsuc Figma st nu3aiiHepoB, KOTOPBIH MMO3BOJSIET HECKOIBKUM JIFOJISIM B PEXUME PEabHOTO
BpEeMEHHU paboTaTh HAJl OJHUM U TeM K€ IIPOEKTOM.

KaroueBnie ciaoBa: BeO mopran, TpeboBanms, UML puarpamMsl, nmarpaMMa BapHaHTOB HCIIONB30BaHHS, JCHCTBYIOIIWE JIMIA, MakKeT,
KOpPHOpaTHBHBIHM NopTai, HHTepdeiic, HGPacTpyKTypa, MHGOPMALIMOHHAS CUCTEMA.

. 0. ZOLOTARYOVA, G .0. PLEKHANOVA, O. B. PLOKHA
CASE STUDY: DEVELOPMENT OF THE CONCEPT OF CORPORATE WEB-SITE OF THE BANK
"CREDIT AGRICOLE"

Approaches to the development of the concept of a corporate web portal of an international bank are considered. Any company (enterprise) needs
information support of its business processes, as well as information interaction in online mode both within the enterprise and with the external
environment. With the growing number of employees and sources of corporate information, it becomes increasingly difficult to implement internal
communications. There is a need for a single information space and optimization of joint work with information and documents. From this point of
view, the portal is one of the powerful tools of business management of the company. The characteristics of the corporate information portal in various
aspects of its functioning as a system are described. There are three main functional layers in the typical corporate portal, such as the basic
infrastructure layer, responsible for basic services, the layer of application integration, responsible for the interaction of the portal with all existing
company applications (DBMS, CRM, ERP, etc.), the layer of interfaces, which includes information content management tools, interfaces for data
exchange with information systems of business partners, tools for working with mobile and wireless equipment, etc. Conceptual requirements to the
corporate information portal are considered. The analysis of the characteristics of the corporate information portal is carried out. The purpose of the
portal is analyzed. Requirements, a diagram of use cases, portal mockups are developed. UML diagrams of use cases are used to describe portal users
and the relationships between them. For each use case scenario, it describes its implementation, a brief description, preconditions, the main stream of
events, an alternate flow of events, post-conditions. Cross-platform service Figma for designers, which allows several people in real time to work on
the same project, is considered.

Keywords: web portal, requirements, UML diagrams, use case diagram, actors, mockup, corporate portal, interface, infrastructure, information
system.
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Beryn. bisHec mocTiiiHO Iykae Ta peaii3ye HOBI
MOXJIMBOCTI BHUKOPHCTaHHS |HTEpHET-TEXHOJIOTIH s
MiABUIICHHS C(QCKTHUBHOCTI yNPaBIiHHSI Oi3HEC-TisTb—
HICTIO.

[opTan — e MepexHUI By30J1 800 KOMIUIEKC BY3IIiB,
MAKTIOYCHUX 10 [HTepHeTy MO0 BHCOKOIIBHIKICHIX
KaHaax 3B’SI3KY, o BOJIOJTi€ PO3BHHEHUM
KOPHUCTYBAIBHUIIBKAM  iHTEepQeiicom, sSIKui Hamae 3
KOHIIENITyaJbHOI Ta 3MICTOBHOI TOYKH 30py €IMHUH
JIOCTYTI JTO ITUPOKOTO CIIeKTpa iH(popMaIiitaux pecypcis i

MOCIYT, OpI€EHTOBAaHMX Ha TEBHY ayguTopio. 3
TEXHOJIOTIYHOI ~TOYKHM 30py TMOpTal — CHCTEMHE
OaratopiBHEBe 00 ’€IHAaHHS pecypciB 1 cepBiciB B

IuTepHeri, a00 cucTeMa CalTiB, MO MPAIFOITh HA OCHOBI
enuHol 0a3M JaHMX Ta €IUHMAX CTaHAApTIB OOMiHY
indopwmariero [1, 2, 3].

31 3pOCTaHHAM KUIBKOCTI CIIIBPOOITHHKIB 1 JuKepen
KopropaTuBHOI  iHQopMarii cTae yce CKIagHIme
pearizyBaTd BHYTpIlIHI KOMyHiKallii. Buaukae morpeba 6
eqMHOMY 1H(OpPMAIifHOMY CEpEeIOBHINI Ta ONTHUMI3aIil
cnimeHOi pobotn 3 iHQopMamiero it moxkymeHTamu. I3
IbOTO MOy, HOpTal — 1€ OAWH 3 MOTYXHHX
IHCTPYMEHTIB yIpaBJiHHS Oi3HECOM KOMMaHii.

bynp-skili komnaHii (MiANPUEMCTBY) HEOOXIAHUIA
iHpOpMaliiHUK CYNpoBiJ CBOIX Oi3Hec-mponeciB, a
Takox iH(popMauiiiHa B3aemonis y pexumi online sk
ycepemuHi  MIAMPHEMCTBA, TaK 1 13  30BHIIMIHIM
CEepEIIOBUILIEM.

Meta podoTu. PoboTa BuKOoHaHa 32 peallbHUM Keli-
com MmikHapomHoro Oanky «CREDIT AGRICOLE». Ha
TENepillIHid Yac TepHTopialbHA pO3HEcCeHicTh (imiii Oa-
HKY, BEJIHKa KUTBbKICTh CHIBPOOITHHUKIB, KEPYIOUi IEHTPH B
JIEKUTBKOX 00sacTsAX YKpaiHH HPU3BOAATH O MOPYIICHb
KOMYHIKaIlil Ha BCiX PIBHAX YIPaBIIHCHKOI MisSUTBHOCTI
0anky. Merta monsraia B po3poOIili Ta MpeacTaBiICHHI
KOHILENIIi BHYTPILIHHOKOPIIOPATUBHOTO TOPTALY  JUIs
2000 cniBpoOiTHUKIB OaHKY 10 BCiii YKpaiHi Ta B TOMY,
100 HaJaTH KOHCTPYKTUBHI Ta OOTPYHTOBAHI MPOIO3MILIii
070 (GyHKI[IOHATY, CTPYKTYpH, OCOOIUBOCTEH, 3aBAaHb
Ta MOKJIMBOCTEHN mopTany.

Beryn. [orpeba 00’egHaHHS CHiBpOOITHHKIB, pO3-
JIICHAX COTHSMHU 1 THCAYaMHU KUJIOMETPIB, MPOBEIECHHS
€IMHOI YIPaBIIHCHKOI IMOJITHKY 1 MATPUMKH KOPIIOPATH-
BHUX IIHHOCTEH, BKJIIOUCHHS KOXHOTO CITIBPOOITHHKA B
XKUTTS OaHKY, OpraHi3alis B3aeMoii reorpadigHo po3He-
CeHHX poboumx TpyH, CTBOpEHHA 1 30epekeHHA 0a3u
3HaHb JUI BCIX PIBHIB Ta IpyI YIPaBJiHHS MPHUBEIU N0
PO3yMiHHsI HEOOXITHOCTI CTBOPEHHSI €AMHOTO iH(pOpMa-
uiftHoro mpocropy 6anky «Credit Agricoley.

Ipusatae Axiionepre Tosapuctso (ITAT) «Credit
Agricole» — yHiBepcadbHHHA OaHK, BIACHUKOM SIKOTO €
onHa 3 HaiOuThIINX (iHaHcOoBUX rpyn €Bpomu — Credit
Agricole Group (®panuist). bank npamtoe Ha ¢inaHco-
BOMY pHHKY YKpainu 3 1993 poky i Ha/la€ MOBHH CIIEKTp
cy4acHUX OaHKIBCBKHX ITOCIYT KOPIIOPAaTHBHHUM i IpHUBa-
THUM KIi€eHTaM. BimmoeimHo 10 wiacudikanii HBY,
«Credit Agricole» BXOIUTB 10 TPYITH BEJIMKUX OAHKIB.

PerionanpHa Mepexa OaHKY OXOIUTIOE BCi PeTiOHH
VYkpainu i Hanigye 6au3bko 160 TOYOK MpoaaxiB.

OcHoBHi 3aBJAaHHA AOCTiAKEeHHSA OyJu
chopMynboBaHI BUXOASYM 3 HACTYITHOTO TIOCHUJIAHHS —

NOoTpiOeH eIuHUI BeG-OpraHizoBaHUH MPOCTIP 3 KepoBa—
HHUMU NIPaBaMH JOCTYILY, 1110 JO3BOJISIE:

® OMNEPAaTUBHO MyOJIIKYBAaTH 1 JOBOJUTH IO Bioma
BCIX CIIBPOOITHHKIB HOPMATHBHI JOKYMEHTH IO
po0oTi OaHKy, Haka3iB, PO3MOPSHKEHD 1 T. 1.;

® BECTH €IMHE CXOBHIIE JOKYMEHTIB i 0a3y 3HaHb;

e CTBOpPUTHM €IuHY ©0a3y BCiX CIIBpOOITHHKIB
O0aHKy 3 I1X [paHmMH, TenedOHHI Ta iHII
JIOBITHUKH, KEpPOBaHY BI3yallbHY CTPYKTYpPY
IisuTbHOCTI OaHKY;

e peaxi3yBaTH YHPABIIHHSA TpynamMu 3 OyIb-SKUM
YHCJIOM CITiBPOOITHHKIB.

XapakTepucTHKHA KOPMOPaTUBHOTO
indopmaniitnoro mopraay. Ilopran — ne MepexHuit
By30J1 200 KOMIUIEKC BY3JIiB, MIKIIIOYEHUX 10 [HTEpHETY
M0 BHCOKOLIBHIKICHUX KaHaJlaX 3B’sI3Ky, IO BOJIOJIE
PO3BHHEHUM KOPHCTYBAJIBHHUILKUM 1HTEp(EHcoM, KU
HaJa€ 3 KOHIENTYaJbHOI Ta 3MICTOBHOI TOYKH 30Dy
€IWHUI JOCTYN MO0 IIMPOKOTO CIIeKTpa iH(opMariiHmx
pecypciB i1 OCIyT, OpiEHTOBAaHUX HA MEBHY ayIUTOPI0. 3
TEXHOJIOTIYHOI ~TOYKM 30py TIOpTal — CHCTEMHE
OaraTopiBHeBe 00’€IHAHHI pecypciB 1 cepBiciB B
IaTepreri, a00 cucTeMa calTiB, IO MPANOIOTH HA OCHOBI
enuHOl 0a3M JaHUX Ta €IUHUX CTaHAApTIB OOMiHY
iHpopMaliero.

KopnopartuBuuii iHpopManiiHuii mopTan CTaHOBUTb
BHYTpilIHIT caliT kommaHii (miampuemctsa). lle
ocoOnmuBHA Kiac iHpopMaIiiHOl cucTeMH, MOOYIOBaHOT
Ha ocHOBI Web-TeXHOJIOriH, siKka BUCTYIIA€ B POJI €IMHOT
TOYKHA JOCTYIy JAO Bci€i BHYTpimHBOI iHpoOpMamii
cepBicaM IONpUEMCTBA Ha OCHOBI IepcoHaii3armil
KOPHCTYBadiB 3a IOMOMOIOI0 OyIb-SIKOTO MPUCTPOIO,
maxiroueHoro go Internet.

Konmernmiss ~ kopmopaTuBHOTO  iH(popMaIiitHOro
noprany (Enterprise Information Portal, EIP) Oyna
chopmynboBana anamitukamu Delphi Group y 1999 p.:
EIP — me Web-opienToBanmii 3aci6 mgoctymy 10
PI3HOMaHITHUX CTPYKTypOBaHMX 1 HECTPYKTYypOBaHHX
JIAaHUX Ha MiJIPUEMCTBI Ta 11032 HUM, a TaKOX aHajizy i
00pobku orpumanoi indopmarii [1, 4]. Ha ix aymky,
nmopae pimeHHs EIP moBWHHE BKJIIOYATH JEB’ATH
OCHOBHHX (DYHKITIH:

e iHTerpamis [OONATKIB 1 JaHWX: 3a0e3MCUCHHS
MOYJIMBOCTI B3aeEMOIIT CHIiBpOOITHUKIB
MAPUEMCTBA Yepe3 eAUHUH iHTepdeiic i3 yciMa
JOJaTKaMHd Ta 1HQOPMALIHHIMH pecypcaMu,

BUKOPHUCTOBYBAaHUMHU Ha HiANpUEMCTBI
(BIAMOBIHO 710 BCTAHOBJICHUX JJISI HUX MIPaB);

e KaTeropusauis: YIOPSAKYBaHHS JaHUX IS
3py4HOCTi  HaBiramii mo  iH(opmariitHnx
pecypcax. B ocHOBi aBTOMaTH30BaHi mMporexypu
KaTeropusamii pe3y’abTaTiB  IHAWBIILYaJIbHOTO
TIOLIYKY;

® [IOBHOTA 1 PEJIEBAHTHICTH IOIIYKY: peai3aris
e(EeKTUBHMX  IIOIIYKOBHX  MEXaHI3MiB  3a
YHUCIIEHHUMHU JKEpellaMH JIaHUX (CTPYKTYpOBaHi
Ta HECTPYKTYpOBaHI JaHi, METa/aHi); meperisin
yCiX pecypciB, sIKi MOXYTh BKJIIOYATH MOTPiOHI
JaHi; OIliHKAa BIPOTiMHOCTI Ta KOPUCHOCTI
oTpuMaHoi iHpopmaii;
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e myOuiKkalist i NOMMPEHHs: MOXIIMBICTH OIMyOJIi-
KyBaTH KOPUCTYBaJbHUIIBKY iH(pOpMaLlito, Haaa-
BIIIY J10 HeT 3arabHOKOPIOPATHBHUM JOCTYTI;

e ympaBiiHHS Oi3HEC-NIPOLIECAMU: KOPUCTYBayi 1o-
BUHHI MaTH MOJKJIMBICTb HE TIIBKH CTEXHTH 32
XOJIOM BHKOHAHHS JIIJIOBUX IIPOLECIB, ajle TaKOXK
IHIIIFOBaTH IIi TpotIecH i OpaTH aKTHBHY y4acTh
y HHX;

e KOJEKTHBHA po0OTa: 3a0e3MeUeHHs PEeXUMY KO-
MaHIHOI POOOTH K y TPaTUIifHOMY BapiaHTi
«CTIBPOOITHUK-CHIBPOOITHHKY, TaK 1 B PeKIMAaX
«CHIBPOOITHUK-TIAPTHEP» 1 «CHiBPOOITHUK-KJIi-
€HTY;

e TepcoHamizamis poboyoro mpocTopy: (opmy-
BaHHS BIPTYaJbHOTO CEpelOBHINA POOOTH CIIiB-
poOiTHHKA 3 ypaxyBaHHSM HOTO INEpCOHAIbHUX
noTpeod, 3BHYOK, BIACHUX METOIIB pOOOTH;

e TpexacTaBieHHSA iH(GOpMaIii: iHTerpamis BCiX
eJIEMEeHTIB 1HPOPMALIHHIX pecypciB y 3po3yMi-
JIOMY Ta JIOTIYHOMY BHII;

e 3BOPOTHHH 3B’SI30K 1 PO3BHTOK: HOPTAJI IOBUHEH
3a0e3medyBaTd JOCTYH 100 iH(pOpMamiHHUX pe-
CypCiB MIAMPHEMCTBA HE TUIBKH JJISI CIIBPOOIT-
HUKIB, alie i JUIs 30BHINIHIX CY0’ €KTIB (TapTHe-
piB, KiieHTIB). Biaryk Ha norpebu Ta modaxaHHs
BCIX KOpHCTyBauiB mopTany — 0OOB’SI3KOBa
yMOBa JUisl 320€3MeUeHHs] KOHKYPEHTOCIPOMOXK-
HOCTI Oy/1b-SIKOTO ITiATIPUEMCTBA.

VY tabn. 1 mogaHi XapaKTepUCTUKH KOPIIOPATHBHOTO
iH(pOpMaLifHOTO MOpTaNTy B PI3HMX acleKTax Horo QyHK-
LIOHYBaHHS SIK CHCTEMH.

KopropatuBHauii iHpoOpMamiiHUN TOpTanm sSK CHC-
TeMa TOBHHEH MAaTH «HAa BXOMi» MpPOCTi 3aco0W, mI0
PO3BHBAIOTHCS, IO HACTPOIOIOTHCS, JJISI MAHIMyJAIN 31
ciy)x00BoI0 Ta TpodeciiiHo iHpOpMAILi€, a «HA BH-
X0/1i» — 0e3/1i4 TeMaTHYHO 3rpyrnoBaHuX iH(OpMaLiitHUX
pecypciB i cepBiciB, OpieHTOBaHUX Ha pi3Hi iH(opmaniiiui
MOTpeOu OCHOBHHUX Trpymn KopucTyBauiB. KopucryBauamu
HOpTaly MOXYTh OYTH: CHIBPOOITHHUKH MiANPUEMCTBA U
Pi3HI 30BHIIIHI KOPUCTYBadi. 3alie)kKHO BiJ MBOTO HEOO0-
XiJ{HO Ha/IaBaTH Tpasa joctymy [5, 6, 7].

KopriopaTiBHHI MOpTan Ma€ CTaHOBHTH CYYacHY
THYYKY aJalTHBHY iHpOpMaliiHy cuUcTeMy, ska Oyxe
OpieHTOBaHA Ha iH(OpMAIiifHi MOTPeON HOTO KOPHCTYBa-

yiB. HaOip MOXJIMBOCTE# MOpTany JO3BOJIUTH CTBOPUTH
SIKICHO HOBI1 yMOBHM JJIs1 pOOOTH CIIBPOOITHUKIB 1 Miapo3-
niniB komnanii. HoBi 3acobu ynpaBiliHHS JaHUMU JI03BO-
JSTH TONIMNIIUTH pealizallifo Mpe3eHTalllfHUX 3aBAaHb
nopraiy. ApXiTeKTypa MopTany IOBHHHA MIiCTHTH 3aC00U
iHTerparii i3 30BHINIHIMA 1H(GOPMAIIHIMH CHCTEMaMH B
THX BUITQIKAX, 1€ 11¢ JOLIIBHO.

[Tpu3HaueHHS KOPIIOPATHBHOTO MOPTAIY:

a) Ha/JIAaHHS 30BHIIIHIM i BHYTPIIIHIM KOPHCTyBaYaM
MepcoHi(hiKOBAaHOTO HOCTYIMy IO BCiX KOPHOPAaTHBHHUX
JAHWX 1 JOJATKiB, BKIIOYAIOYN HECTPYKTYpPOBaHi i pi3HO-
pimHi gaHi. s poro B moprati 3a0e3Meuy€eThCs:

e eauHe Micle 30epiraHHsi KOpropaTtuBHOI iHpOp-

Mallii, CTBOPEHOi Ta HAaKOIIMYEHOi KOPHUCTYBa-
YaMH;
e 3aco0M KOMyHiKamii MiX KOpHUCTyBadaMH CHC-
TEMH B yMOBaX TEPUTOPiaIbHOI PO3MOAICHOCTI;
® [epCOHANbHE HAJAroJDKyBaHHSA POOOYOro Micus
KOYKHOT'O KOPHCTyBaya Ha OCHOBi €JHOCTi 3aco-
0iB poOOTH 3 piI3HUMHU BUAAMH iHPOPMAIIi;
e YIpaBIiHHA NpaBaMH KOPUCTYBadiB 3 JeTaji3a-
LI€I0 TOCTYITy HA PiBHI JaHUX 1 PYHKIIIH;
e ¢eauHa Kiacudikauis iHGOPMaLIHHUX pecypciB
KOMIIaHiTl;

0) 00’eqHaHHSI 130JILOBAHUX MoJieNiel Oi3Hecy;

B) IHTErpaiis pPi3HOMAaHITHUX KOPIOPAaTUBHHUX Oi3-
Hec-/I0JIaTKiB, Y TOMY YHCIIi JO/aTKIB Oi3HEC-TIapTHEPIB;

r) 3a0e3neyeHHs]  HOBHOLIHHOIO  IJIOJOOOBOTO
JIOCTYITy BCiX KOPHCTYBaYiB, y TOMY YHCIi MOOUTEHUX, 10
iHpOpMaiHHUX pecypciB MiANPHEMCTBA 24 TOMWHH Ha
00y, He3alIexHO Bij Miciis nepebyBanus [8, 9].

ExonomiuHi Ta  opraHizamiiiHi = epexTH  Bifg
YIPOBaIXKEHHS KOPIOPATHBHOIO MOpTany 3B’si3aHi, y
nepiry 4epry, 3 Takumu acrektamu [10, 11]:

1) migBumiennss mpomyktuBHOCTI. CriBpOOITHHKH
IIOJIHS OAEPKYIOTh 1H()OPMALIIIO 3 PI3HUX JDKEPEI, TaKHX,
SK KOPIIOpaTWBHI iH(pOpMAIiiHI cUCTEeMH, IepioJUYHi
JIPYKOBaHi BHUIAHHS, BHYTPIIIHI HOPMaTHBHI JOKYMEHTH,
JIJIOBE JINCTYBAaHHS, €JIEKTPOHHA MOIITA, TEXHIYHA JIOKY-
MEHTaLlisg 1 pecypcu Mepexi IHTepHeT. BukopucToByroun
KOpPIIOpATUBHUHN MOpTai, (axiBli MOXYTb OTPUMYBaTH
HEOOXiHY iH(pOpMaIi0 B TPAHHIHO CTUCIHHA TEPMiH 0e3-
MOCEPEeTHBO 31 CBOTO POOOYOro MicIsl, HE3aJIC)KHO Bif
foro reorpagiqHOro po3TanryBaHHsS i yacy noowm. Buko-

Tabmus 1 — XapakTepucTHKN KOPIOPAaTHBHOTO iH(pOpMAIiifHOTO mopTaty

AcnekT (GyHKIIOHYBaHHS MTOPTATY K
CHCTEMH

XapaxkTepucTuka

YnpaBniHHS MiIPUEMCTBOM

[HTerpoBaHa cucTeMa YIPaBIiHHS PO3MOJIIICHUMH iH(GOPMaUiHHUMH pecypcaMu Ta
crcTeMa iHpopMaliitHoro cynpoBoay Beiei Oi3Hec-isUIbHOCTI MiAIPUEMCTBA

Peaizaliiiss OCHOBHOI JisJIbHOCTI

HoBa koHuenuisi opraHizauii poOoYMX Miclb CHiBPOOITHHKIB i3 JOCTYymOM 10 Bei€l
iHpOopMaIlii, HeoOXiTHOI JJIsi BUKOHAHHS HIMH 3aIPOIIOHOBAaHUX Oi3Hec-QyHKIIH

CuCcTeMHUH MAX1g

CucremHa OaraTopiBHEBa CYyKYNHICTh pi3HHX IH(QOpPMAIIHUX pecypciB 1 cepsiciB
I APUEMCTBA, 1[0 iHTETpye Pi3Hi pKeperna faHnuX Ta okpeMi ¢ynkiioHansHi IC, 3 exunOIO
TOYKOIO BXOJy Ta YHiI()iKOBAaHUMHU MIPaBUIIAMH MTPEACTABICHHS Ta 00poOKH iH(opMarrii

TexHororis peanizanii

CepBep A0IaTKiB, SIKMH MOXE 3alyCKaTH CTaHIApPTHI MOPTajbHI KOMIIOHEHTH, TapaHTye
HaJIifHICTh i MacIITa0OBaHICTh CUCTEMH i KOHTPOJIIOE PaBa JOCTYIy

Bisyamnizauis iHpopmanii

Ile BimoOpakaroua wacTuHa iH(OpMaLiifHOI cHCTeMH, IO 3abe3nedye KOpUCTYBadiB
€IMHIM aBTOPU30BaHUM TIEPCOHiI(pIKOBAaHMM JOCTYIOM A0 BHYTPINIHIX 1 30BHIMIHIX
iHpOpMaIiitHUX pecypciB i Oi3HeC-T0aTKIB
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pHCTaHHS CydacHHMX iH(OPMAaLiHUX TEXHOJIOTiH J03BO-
JIsi€ OpraHi3yBaTH LIBOBY JOCTaBKy iH(popMalii i cBoe-
YyacHe ONOBIIEHHS ii olepKyBayiB, 3a0e3MEYUBIIN MPU
OMY HEOOXiTHUI PiIBCHb KOH(IICHIIIIHOCTI;

2) MOJIMIICHHsT KOpIopaTHBHOI B3aemogmii. [loptan
BiZirpae poib ICHTPAIHHOTO iH(POPMALIHHOTO pecypcy
IUTA KepIBHUITBA ¥ CIIIBPOOITHHUKIB KOMITaHil, 1 3aMOBHH-
KiB, IOCTa4aIbHUKIB, AUCTPHUO FOTOPIB, TAPTHEPIB 1 aKIIi-
oHepiB. OmepaTtuBHU 00MiH HEoOXimHOIO iH(OpPMAIiErO
3abe3nedye OUThII TICHWH 3B’S30K MK ycCiMa TrpyrmaMu
CHIBPOOITHHUKIB 1 MiIpo3inamu;

3) ynpasnidas KOpHOPaTUBHUMH 3HaHHAMHU.
BukopucTaHHS  KOPIIOPaTHBHOTO TOpPTaly  J03BOJISE
MOBHOIO MIpOI0 3aCTOCYBAaTH TEXHOJIOTIIO YHpaBIIiHHSA
3HaHHsaMH (Knowledge Management), sika B ychbOMYy CBITi
BU3HAHA HaWOUIbII eQEeKTUBHOIO (OPMOIO B3aeMOJIT
cmiBpoGiTHuKiB [3, 12]. Byap-sikuii criBpoOITHHK TOCHTH
JIETKO MOJKE 3HAWTH Ta BHKOPHCTOBYBAaTH Pi3HI 3BiTH,
3BENICHHA, CTaTTi, OiOmiorpadidHi IOBITHWKW, HOBHHH,
METOIUKH, PpETJIAMEHTH, aHAJMTHYHI OISO Ta
IOCTIKCHHST He3aJIe)KHO BiJl TOTO, ¢ W KM BOHHU Oynn
cTBOpeHi. HakommuenHs ¥ copTyBaHHSA Beiel 1€l
iHpopMalii J03BOJUTH CTBOPUTH Ta BUKOPHUCTOBYBATH
0a3y 3HaHb KOMIIaHii, 10 OXOIUIOE OLIbIIY YacTUHY
KOopHopaTHBHOI iH(opMmaii;

4) onrTuMizalisi mpolecy ympaBiiHHS. [HTerpartis
KOPIOPaTHBHOTO TOPTajly 3 IHIIMMH KOMIIOHEHTAMH iH-
¢dopmaniitHoi cuctemu mignpuemctBa (QpiHaHCOBO-00IIi-
KOBI i 30yTOBI IPOrpaMu, CXOBHUINA JaHUX, €IEKTPOHHUH
IOKYMEHTOOOIT i T. 11.) BiZKpHBa€ HOBI MOXKJIMBOCTI aHa-
T3y AinoBoi iHQOpMAIlii, CCTMEHTYBaHHS PUHKY Ta TIO3HU-
LIOHYBaHHS, IUIAaHYBAaHHS W NPOTHO3YBAaHHS, BUKOHAHHS
psany iHmMEX QyHKOiHA. BinmoBimHO, MEHEHKEPH MOXYTh
YXBaJIOBaTH OUIBII e(pEeKTHBHI PIlICHHS, IO BPaXOBYIOTh
yci HIOAHCH KOHKPETHOI CUTyaIlii.

5) ontumizalis iHBeCTHUIH B iHGOpMaLliiiHI pecypcH.
ITopTain — 11e IHTErPOBaHM 10IATOK, KU MOYKHA TOCUTh
LIBUKO BIIPOBAIUTH 1 JIETKO MiATPUMYBAaTH, 3aTpavyarodu
IIPU [[bOMY MOPIBHSHO HEBEJIMKI PECypcH B MOPIBHSIHHI i3
cHUCTeMaMH 3 MOAIOHNMH (QYHKIIAMH, aje o0y T0BaHUMHU
Ha OCHOBI IHINMX KOHIICIIiH. Yce Ie 3HIKY€E BUTPATH i
MiABHINYE BiIady Bif BKIaJeHb B iHQOpMaLiHY cwHc-
TeMy WiAnpueMcTBa. BukopucranHsS [Uis Bizyamizaril
iH(pOpMaIii «TOHKOTO KII€HTa» J03BOJISE 3201 KYBATH
Ha HaBYaHHI NIEPCOHANY 1, OJHOYACHO, € MOXKJIUBICTh HE
BCTaHOBJIIOBATHA KIIIEHTCHKI JOJATKM Ha KOMII FOTEpax
kopuctyBauiB. CKOpOUEHHsI BUTpAT Ha NMpUAOaHHs Ta 00-
CIIyrOBYBaHHsI KJIIEHTCHKOTO MPOIPAaMHOTO 3a0e3redeHHs
(T13) i o6nagHaHHS — OJMH 3 OCHOBHHX JKEPEIT 3HUKEHHS
BUTpPAaT NpPH BHUKOPHCTaHHI KOPIOPATUBHOIO IOPTAIY.
Takox BaXIMBO 3rafaTd MpO MiHIMI3amil0o BHUTpaT Ha
opeHy [HTepHeT-KaHay 3a paxyHOK TOTO, 10 HaHOUIbII
3HaYHa YacTHWHa iHQopmanii, HeoOXiHA U1 KOPHUCTYBa-
4iB OpTaTy, PO3MILIIAETHCS B KOPHOPATHBHIN Mepexi;

6) emuHa tuatrdopma Uit BEIICHHS EJICKTPOHHOTO
0i3Hecy. YNpPOBaPKEHHS KOPHOPAaTHBHOI'O MOpTAly Ta
3a0e3neueH s IOCTYIy JI0 HbOTO 30BHIIIHIX KOPHCTYBa-
YiB CIpusi€ 3MIITHEHHIO JUTOBUX 3B S3KiB i3 3aMOBHHUKAMH,
MapTHepamMH, TOCTaYaJIbHUKAMH ¥ MiJBUIIYE SKICThH
0o0cITyroByBaHHS 3aMOBHHKIB 1 THapTHEpIB 3a pPaxyHOK
HaJlaHHs IM J0/IaTKOBUX MOXJIMBOCTEH Ta MOCIYT.

Joctynn 10 KOpIOpaTMBHOTO IOPTaly MoOXKe OyTH
OpraHi30BaHMH [UIsl IEKIIBKOX Pyl KOPUCTYBAUiB:

® KEpiBHMKHU 3a JONOMOTOI0 MOPTAly OTPUMYIOThH
IHCTPYMEHT KOHTPOJIIO HaJl KIIOYOBUMH Iapa-
METpaMHU JISUTbHOCTI KOMITAHiT;

e CHiBpOOITHUKH OTPUMYIOTH iHTETPOBaHY BHYT-
pimHIO 1 30BHIMIHIO iH(OpPMAIO i ITOCTyI IO
KOPIIOPaTHUBHUX JONATKIB.

Craix migKpeciuTH, IO PO3BHTOK MOPTATy CTAaHO-
BUTHh TUHAMIYHHUNA TPOIIEC, KU HEPO3PHUBHO MOB’SI3aHUN
i3 mpomecoM Gopmaizarii iHbpopMamiHHUX TTOTOKIB ITiJI-
npueMCTBa. BinmoBigHo, Bimmaua Bix iHGOpPMAIHOTO
noprairy Oyzne 30UIbIIyBaTHCS B Mipy 3pOCTaHHS HOTro
(hyHKIIIOHAJILHOTO HAIIOBHEHHSI.

KopnopaTtusuuii nmopran — npoaykT abo Hadip mpo-
JYKTIB, IO 0a3yeThCsl Ha IEBHIH I1HPPACTPYKTYpi, IO
3BHUAITHO BKITIOYA€ K MIHIMYM cepBep JOJaTKiB i cepBep
0a3 maHuX i M0 peati3ye OnucaHi BUIIE QYHKIII.

VY CcKJIaji THIIOBOTO KOPHOPATHBHOTO HMOPTAILY YMO-
BHO MOJKHA BHJIUIATH TPHU OCHOBHI ()YHKIIIOHAJBHI IIapH:

[Tap 6a30Boi iHPpACTPyKTypH, BIOMOBITaTBHUHA 3a
0a30Bi cepBicH, Taki, K YIPaBIiHHSA TPaH3aKILIsIMH, CHC-
TeMa Oe3IeKH, YIpaBIiHHI NOPTaioM Ta iH. TeXHIYHO BiH
MICTHUTB, SIK IPABHJIO, CEPBEP JOJATKIB, cepBep 0a3 JaHuX
i Web-cepBep, a0 KiJibKa IoJiOHUX cepBeEpiB.

[lap ixTerpauii momaTKiB, BiIIOBiaNbHUNA 32 B3ae-
MOJIII0 MOpTaly 3 yciMa ICHYIOUMMH B KOMIIaHii Jojat-
KaMH, TaKUMH, SIK CHUCTEMH KepyBaHHA Oa3zaMM JaHUX
(CKB[), cuctemMu ympaBiiHHS B3a€MOJIEI0 3 KIIEHTAMU
(CRM) i cucremu ynpasistaas minnpuemcrBamu (ERP), a
TaKOXX yCIaJIKOBaHI TOJATKH Ta iH.

[Tap ixTepdeiiciB, mo BkIO4Yae B cebe 3acodu
yHOpaBiTiHHA 1H(QOpMAIifHIM HAllOBHEHHSM, iHTepdeiicu
JUIE OOMiHY JaHUMH 3 iHGOpMAIIHHUMU cucTeMamu 0i3-
Hec-TiapTHepiB, 3aco0u Juisd poOOTH 3 MOOIIBHUMH i Oe3-
JIPOTOBUMH OOJIQJIHAHHSAMH Ta iH.

Sk mpaBMIIO, MOPTAM MAIOTh BIIKPUTY apXiTEKTypy,
IO JO03BOJISIE PO3LIMPIOBATH 1X (PYHKIIOHANBHICTH 32
paxyHOK J0J[aBaHHs CTOPOHHIX J0JaTKiB a00 JT01aTKOBHX
KOMITOHEHTIB.

DyHKIIOHAIBHI KOMIIOHEHTH MOPTaly HpecTaBiIeHi
Ha puc. 1.

CITYXXBU
noprany
go%{‘)r.m . Aﬂ:nZE?M IHOOPMAL|IAHI
Ta npodpirbHi roprary: 3ACOEM
cepsicu nopTrieTv Ta iH.

3acobu

B3acobu iHTerpauii -
KOMyHikauii

3acobu

yNpaBmiHHA 3acobu po3BuUTKy

Puc. 1. CTpyKTypa THIIOBOTO KOPIIOPATUBHOTO iH(pOpMaLiiiHOTO
nopTany
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Ioptan 6ynyersest Ha 6a3i Web-TexHomnoriid. Y ioro
OCHOBI JICXKUTH PO, 1110 3abe3nedye poOOTy BCiX cepsi-
CiB 1 IHTETpalilo NaHUX Ta JOJATKIB: CIYyXOH mopTaty,
azanTtepu, iHQOpMAaIiiHI 3aco0M, MOPTAIbHI MONATKH 1
npodinbHi cepBicu. KopuctyBanpHHIBKI (YHKIIT peati-
3YIOTBCSI 3a JOIMOMOTOIO CITeIlialli30BaHUX IPOTPaMHIX
MOJIyJIiB — IOPTJIETIB.

Jo cimyx0 mopTrary BiTHOCATHCS SIK KOPUCTYBaJIbHHU-
IBKI CITy’KOH, 10 3a0e3MedyroTh aAMiHICTPYBaHHS, KOH-
¢GimeHIiHICTP KOpHCTYyBada Ta IEPCOHANI3AIlIo, TaK i
6a30Bi cepBicHi cyx0u. Boru 3a0e3meuyroTh:

e [OmYyK (K KOHTEKCTHHUH, Tak 1 aTpuOyTUBHHHU,

K 3a 3araJbHOI0 Macol0 PECypciB, TakK i 3a CyKy-
MHICTIO pecypciB), Hapiramito (KaTajord, Kapra
HopTaly, IMyTiBHUK 10 pecypcax);

e rojieBHi cepBic (HOBMHH, aHOHCH, KalleHJap,

apxiBH MO, JTITOMUCH);

® JIOBiKOBHI CepBicC (IOBIIKOBI CHCTEMH, MiKpO- i

eKCIIpec-HaBYaHHS, CHIHUKIIONETis IOPTaly);

® CHCTEMY CIICIiai30BaHUX OTIIAAIB (TIpecH, myo-

JmiKamiif, mepiogNYHUX BHIAHb, TEMAaTHYHI
OTJISIH 1 T. IL.).
Anantepu mopTrany 3a0e3MedYyroTh  MOJKIIHBICTh

olepkaHHs iH(pOpMaIlii, MOCUIAIOYUCh Ha IHIIMH pecypc
(caiit, cTOpiHKY) 1 MICTATH Y cOOi:

e iHpopMaliiiHi ananTepw;

e ajanTepH IOJATKiB;

e 3aco0u B3aeMOJii ajanTepis;

e TICpeBCTAaHOBICHI amanrepu (6ibmioTeKy mopTie-
TiB);

e minrpumky XML i web-ciryx0.

IHdopmarmiitai 3acodu moprary 3a0e3nedyoTh:

e 30cpiraHHS NaHUX;

e poboty 3 iHdopmarliitHo 06a3010 MOpTaTY, META-
iHpopMarliero (Ciy)kKOM MATPUMKHA METaJlaHUX,
JIOBIJIHUKH METaJaHuX);

e ympaBiiHHA 0a3aMy JaHHX, MyOJiKaliIMHi i KOH-
TEHTOM;

® aBTOPCHKE YIPaBIiHHS JaHUMHU.

IopraneHi goxaTku Ta MPOQiIEHI cepBicH BKITIOYA-
10Tk Oi3Hec-momaTku kopropaTtuBHOI IC i 30BHImHIX IC,
aHOTOBaHI MOCHJIAHHS Ha pecypcu B Mepexi [HTepHerT, siki
HE € KOMITOHEHTaMH [OpTaly.

OyHKIIOHYBaHHS TOpTally 3a0e3ledyeThcs Iop-
TaJIbHUMU 3ac00aMu.

3aco0u iHTerpailii Opi€eHTOBaHI HA CTBOPEHHS IHTET-
POBaHUX MOPTAIBHUX CEPEHOBHUIN. 3a0e3MCUyOTh IHTET-
patiro 6a3 maHWX, MeTaJaHuX (IMIIOPT, EKCIOPT, KOOPIH-
HAIlisl), y3araJbHEHUX MOIIYKOBUX MPOLEAYp, IHTErpariro
cucTteM O€3IeKH, JOAATKIB, MOMIEBUX 1 JOBIIKOBHX CHC-
TEM 1 T. 1.

3aco0u ynpaBIliHHS TOPTAJIOM 3a0e3NeuyloTh aaMi-
HICTpYBaHHS TIOpTally, YNPaBIiHHA HPOJYKTUBHICTIO,
TECTyBaHHsI KOMIIOHEHTIB, IIUIICHICTh iH(popMarii Ta 6e3-
NIeKy MOopTay, BeAEHHs CTaTUCTHKH, 3ac00y KeUTyBaHHS i
T. I

3acobu kKoMyHIKallii 3a0e3meuyroTh AiSUTbHICTh MO-
OIMbHUX KOpHCTYyBadiB (wap-, SMS-, TOJOCOBi iHTEp-
¢eiicn) 1 B3a€EMOJII0 KOPHCTYBAYiB y MPOIECi IPyIoOBOi
pobotu (cmcku po3cuiiaHHA, (GOpyMH, BieOKOH(pEpeH-

i), a TakoXX LIMPOKWH HaOip IHCTPYMEHTIB 3IiHCHEHHS
KOMYHIKaIii. /o HUX BiJTHOCATBCSL:

® IHCTPYMEHTH /JsI BEPTHKAIbHUX KOMYHIKaIliif
(agMiHICTpaTHBHI HaKa3M, KaJpoBi HaKa3M, CTPy-
KTypa MiANPUEMCTBA, MpaBWia Ta IHCTPYKII,
BaKaHCil, ONMUTYBaHHA),

e IHCTPYMEHTH U1 TOPU30HTAIBHUX KOMYHIKAITiH
(kayeHmap 3axoiB, IOBITHHK CHiBpOOITHHKIB,
IMEHHHHUKH, GOpPYyM s HEPOPMAaIbHOTO CIIiJI-
KyBaHHS).

3aco0u pO3BUTKY MHOpTaixy 3a0e3nedyroTh Iii pos3-
pobiroBaviB ycix KaTeropii y mporeci po3BUTKY i MoJep-
Hi3auii mopTaiy, a TAK0XX CTBOPEHHsI HOBMX KOMITOHEHTIB
noprainy.

OCKINIbKM CHOYaTKy HOPTald IMPEACTaBISUIUCS J0-
CUTh TPOCTOIO0 KOJIEKII€I0 CTaTHYHOTO KOHTEHTY, 1 Iie
MpeACTaBICHHS 3adikcyBaiocs B CBIJOMOCTI, 3BiJICH
BUIUIMBAE 3arajbHa HEIOOILIHKA CKIAJHOCTI W BapTOCTI
3aBaHb, SIKI MAlOTh BHPINIYBAaTHCS B MPOIIECI EKCILTyaTa-
il mopTayy HpOTSArOM YCHOTO HOTO JKHUTTEBOTO LUKITY.
HacnpaBni BuHUKae HEOOXiTHICTH YIPABISATH JKUTTEBUM
UKJIOM. YTIPaBIiHHS CTaTHYHOIO iHQOpPMAIliEI0 HE BIMa-
ra€ 3HaYHUX BUTPAT, ajie Cy4yacHi MOPTalIU MalOTh CIpPaBy
3 OHIAHHOBHUMH AOJATKAMH, iX JIOTiYHA CKJIaIHICTh
MOPIBHSHHA 31 CKJIQJHICTIO CAMOTO MiJIPUEMCTBA. 3 TMOsi-
BOIO HOBHX TEXHOJIOTH Cy4acHI CUCTEMH JUIs YIPaBIiHHS
0i3HeCOM 3HAXOAATh yce OUIbIy MOAIOHICTH 13 KIlacH4-
HUMHU CHCTEMaMH aBTOMAaTHYHOTO PEryJIIOBaHHS, sKi BiKe
06araro 9acy BHKOPHCTOBYIOTBCSI B TEXHOJIOTIHYHOMY
YIpaBITiHHI.

[opran 3000B’A3aHUN BIATOBIAATH IIIMPUEMCTBY
MPOTATOM JKUTTEBOTO LHKIY, OyTH CHHXPOHHHM HOMY,
aye Ha BiIMIiHY BiJ iHIIMX 00’€KTiB, HAIPUKIA[, TEXHIU-
HUX CHCTeM, Oi3Hec-cucTeMa nepeOyBae B CTaHi TIOCTIHHOT
esoionii. OTke, KOPIOpPAaTUBHMH TOpTal HIKOJIM He
MOXe OyTH 3aKiHYeHHH SIK JeIKUH MPOAYKT 1 OCTaTOYHO
3/1aHUH B €KCILTyaTalilo, a )KUBE W PO3BUBAETHCS Pa3oM 3
KOMIIaHi€lo.

Jlo ocHOBHUX (YHKILIH 3 MIATPUMKH KOPIOpPATHB-
HOTO TIOPTAIy B JIOMY CJIiJl BiTHECTH TaKi:

® MOHITOPHHT ITUPOKOTO HAOOPY MOKA3HHUKIB,

e miarpumka [13 B akTyanbHOMY CTaHi;

® KOHTPOJIb HaJl BUKOHAHHSM 3arajlbHOCHCTEMHHX
GbyHKIIIT;

e 30ip, 00poOKa it aHaIi3 CTATUCTHYHUX JTaHUX;

e 30ip 1 aHami3 3ayBaKCHb 1 MPOMO3UILH Bix
KOPHCTYBauiB YCiX KaTeropii;

®  BHUPOOJICHHS PEKOMEH/ALlii 3 YAOCKOHAIIOBAHHS
mopTairy W oprasizaris iX po3risimy KOOpIWHA-
iHHAM OpPTaHOM;

e peajizanis NPUHHATHX PEKOMEH/IALIIN.

Y1poBaKeHHsI KOPIIOPAaTHBHOTO iH(GOPMAIIHHOTO
MOpTaly Aa€ Taki nepesary Juis OizHecy:

®  IIiJBHIIEHHS iHPOPMOBAHOCTI 0Ci0, sIKi mpuiitMa-
OTh pIlIEHHS, TOMY OI0 BCS HEOOXimHA s
CHiBpOOITHUKIB iH(pOpMAaIlst IyOniKyeTbCs Ha
OJTHOMY pecypci;

e onTHUMI3allis KOMYHiKaIii
€MCTBA 1 3 KOHTPareHTaMu;

ycepeauHi mignpu-
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e iHTerpauisa indopmauiiHUX pecypcis, sika 3a0e3-
Neyye PO3BUTOK Ta IiJBUIICHHS aKTUBHOCTI BH-
KOpHCTaHHS 1H(OPMAIIHNX pecypciB;

® [IPOCTOTAa BUKOPHUCTAHHS CHCTEMH 32 paxyHOK
3py4YHOro iHTEpdEicy;

e cQeKTHBHA OpTraHizamis i mITpUMKa CHUIBHOI
poOOTH HaJ NOKyMEHTaMH, IIPOSKTaMH, Iporpa-
MaMH;

® TIONIMIICHHS OE3MEeKH CHCTEMH, TOMY IO KOpHC-
TyBa4i MOXYTh OauWTH TUTBKHU Ty iH(opMarito i
BUKOHYBATH TLIBKH Ti i, Ha SKi B HUX € IpaBa.

Jns mpezacTaBieHHS KOHLENMIi BHYTPIIIHBOKOPIIO-
paTtuBHOTO ToOpTainy OaHKy OyiM 3acTOCOBaHI IiJXOIU
00’€KTHO-0pieHTOBAHOTO aHami3y, HoTamiss UML, Ta kpoc-
wiathopmunid cepBic Figma, sKuil M03BOJSIE JEKITEKOM
PO3pOOHUKAM B PEXHMI PEalbHOTO Yacy MpalioBaTH HaJ
OIHUM 1 TUM Xe mpoekToM. lleil oHmaifH pemakTop rpa-
¢biky 1O3BOISE BiACHIIKOBYBATH ICTOPIFO Bepciif; Hama-
BaTU CHINBHUI JOCTYI; BUKOPUCTOBYBATH BEKTOPHI Me-
pexi.

Juzaita mopramy OyB po3poOieHuit 3 ypaxyBaHHSIM
KOPIIOPATHBHUX KOJIBOPIB OaHKY.

OcHoBHI (QyHKUIi noprasy Oynu TpynoBaHi Ha
HACTYITHUMH PO3JiJIaMH: HOBUHHM, YaT, MOMITA, 3aBJaHHS,
JMOKYMEHTH, Tomii 3asBH, (opym, 0a3a 3HaHb, OaHK,
HACTPOIOBAHHS.

Ha puc. 2 npencrasnennii maket (mockup) posainy
HoBunu kopnopatuBHoro mnoprany Oanky «Credit
Agricoley.

lonoBHUMHE mirounME 0co0aMu, SKi OyIOyTh KOpHC-
TyBaTUCS CepBicaMM MOPTAy Ta CTBOPIOBATH KOPHOpPATH-
BHUH JOKYMEHTOOOIr, 0a3y JaHUX Ta 3HaHb, Oynu oOpaHi
HACTyIHI: CcHiBpoOiTHUK OaHKy, MeHemkep, PR-mene-
mxep, HR-menemxep, Anminictparop / Mogaepatop /
Awmbacajnop, CucteMHut aamiHicTparop.

Hwmkue HaBeAeHHI ONMC 3a3HAYEHUX HiHOBUX 0OCIO

Ta BapianTu BukopuctanHs (Use case B Hotanii UML),
TOoOTO mii, sIKi MeBHa JiiffoBa ocoba MOXE BHKOHYBAaTH B
CHCTEMI, B HAIIIOMY BUIAJKy — KOPIIOPATUBHOMY IIOPTai
OaHKy.

ChiBpoOITHUK — IIe KOPUCTYBay MOPTaly, KU Mae
JIOCTYTI 10 KOHTEHTY, CIIIJIKYBAaHHS i 3BOPOTHOTO 3B’SI3KY.
CriBpoOITHHK MOKE BUKOHYBATH HACTYIIHI JIii:

e BinsigyBanns posgiry "Jlroqu".

HonasanHs KopucTyBada noprary B "Komern".
3B’S30K 3 KOPUCTYBAUEM.

[epexin no nmpodinro KoprcTyBaya.
Binsinysauus po3niny "Hounu".
ChinKyBaHHSI 1O MOIITI.

CrisnkyBaHHS B 4aTax.

BinsinyBanus po3ainy "3aBnaHus".
CTBOpEHHS HOBOT'O 3aBJIaHHSI.

Po6oTa 3 icHyroUnMH 3aBIaHHAMI.

PoGoTa 3 eneKTpOHHUMH TOKYMECHTaMH.
BinigyBaHHS po3IiTy MO

[epermsazg 3ammciB mpo moii.

3amnuc Ha MMOIiro.

Binsinysauus po3niny "3assu'".

CTBOpEHHS HOBOT 3asiBU.

YrpaBiiHHSI CTBOPECHUMH 3asiBAMHU.
BinsinyBanus Gopymy.

[epernsig o6roBopeHs.

JonaBaHHs HOBUX TeM I OOTOBOPEHHSL.
BinsinyBanus po3nity "baza 3HaHp".
Ilepernsa crateil.

CTBOpEHHS HOBOT CTaTTi.

VYrpaBiiHHS BIACHUMH CTaTTSMH.
BigsinyBanust po3ainy "baHk".

[epernsn inpopmarii npo 6aHk.

[epernsn indopmariii mpo NpoayKTH OaHKY.
[epernsn indopmarii no BiAgiIeHHIX OaHKY.

Bce Modropog Moiorgen lNowpasuswmuecs Q
- Banepuit Mpoxa
Byxrante -
¥ P Chavana paxHbie @
Csetnana WBarosa <
HoeocTu © 3unasen
Doparme komneswt
uTo B aTOT Syper TROHMHT Ha Tewy

Yar
Mouta

3apaun

JloKyMeHTbI

CobbiTusa
3anBneHun
®dopym

ba3a aHaHun

OCTEBNTE KOMMEHTADHA. ..

Noporde konnesw
&M Bawe

“3PETHERAR NENOBEA KOMMYHMKBUMA C KNnenTamu' B8 Xapbkose. Yeneare
S3PEIMCTINPOBATECN.

Hukonai Bacunoes
[CRETTEEET

» Yat1

Corcqren ity et

BAKAHCMM B Ha Yar2

390Tp8 WsTHer 0 5.

Yar3
D26 rovan, et

Puc. 2. Maxker (mockup) po3niny «HoBunu kopriopatusHoro noptany 6anky «Credit Agricole»
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e Ilepermin
IOPHUCTIB.
BingsigyBauHs cBoro mpogiiro.
PenaryBanus inpopmarii cBoro npogisnto.
Po3MillieHHsS HOBHH.

CtBopeHHS (hopM /ISt 3aIIOBHEHHS.

iHpopMalli II0J0 aKPEIUTOBAHKX

PR-menemxep — ne ¢axiBenp, SKUH Ipawioe Haja
CTBOPEHHSIM ITO3UTHBHOI peIyTarii KoMmaHdii, OpeHmy,
ToBapy a6o mocayru. Moro fii B cucTeMi HampapneHi Ha
IUTaHYBaHHS KOPIIOPATUBHUX 3aXO0JIB.

HR-menemxep — ¢axiBeup 3 ynpaBiiHHS NEpCOHa-
JIOM KOMIIaHii, IKHi MOKe 31HCHIOBATH:

e  VYrpainiHHA 3as1BaMU, 110 HAAIAIUIN 10 OAHKY.

e VYrpaBniHHS BHYTPIIIHIMU BaKaHCIsIMU.

e PoOora 3 mogaHuMM pe3lOMe 3a BIIKPUTUMH

BaKaHCIIMH.

e Po0ota 3 e1eKTPOHHUM KaJICHIapeM.

e BinsimyBanus po3airy "BakaHcii".

e [lepermsin iHpopmarii mpo BakaHCIl.

e BimnpasnenHs pe3rome.

e TIepCOHAII3aIisA TOPTaTy.

e 3MiHa JIOKaJi3aIlil moprainy.

e HanamryBanHs MeHIO.

Menemkep — e NMPEICTAaBHUK OKPEMHX CTPYKTYp-
HUX OJMHHUIIb, SKi BIIMOBIAAOTH 3a KOHTCHT B PaMKax
CBOET TUIKK / CTOpIHKHM JAenapTameHty (IiJi KOHTpPOJEeM
aZMiHICTpaTOpiB). MeHemKep MOKe BUKOHYBATH Taki il
B CHUCTEMI, SIK:

ABTOMaTH30BaHe (OPMYBaHHS IIEPBUHHOI JOKYMEH-
Taril. YpaBIiHHA 3alIUCaMU TIPO OCBITHI MOII.

Anminictpatop / Monepatop / Ambacamop — o
pOJb BUKOHYE KOPHCTYBad CHCTEMH, SKHH YIpaBIsi€
HATIOBHEHHSIM 1 KOHTEHTOM mopTany. Moro xii B cucremi
KOPIOPaTHBHOIO MOPTAJTY TaKi:

e VmpaBiiHHS CTATTAMU B 0a3i 3HAHb.

Mopepariist 3anKciB PO BIIKPUTI BaKaHCIT.
BianpasieHHs cTateil Ha JOOPAIFOBAHHS.
3aTBepHKCHHS HAINIIIIN CTaTeH.
Koutponas noctymny o cratei.

Monepariist HOBUH.

Monepartist 3auCiB PO TMOII.

Monepariist popymy.

CucteMHHI anMiHICTpaTOp — 1€ KOPUCTYBad KOPIO-
PaTUBHOTO NOpPTaly, SKWH YNpPaBisi€e NMPaBaMH, MiIATPHM-
KO0 KopHucTyBadiB, [T MogudikamisMu mopraiy i T. iH.

BucnoBku. TakuMm 4MHOM, /1Ji1 BUKOHAaHHS Keilcy 3
MPOEKTYBaHHS BUMOI Ta ()YHKIIOHAJIy KOPIOPATHBHOTO
moptairy MikHapoaHoro OaHky «Credit Agricole» Oyio
BHJIJICHO 6 MiflOBUX OCi0, JUIA SKMX OIMCAHO CIeHapii
56 BapiaHTiB BUKOpUCTaHHs. Po3pobieHuii riiocapiii mpo-
€KTY, AKHH BKIIto4ae onuc 61 tepMminy.

Po3poGiieHo Ta mpencraBieHO KEpiBHUUTBY OaHKa
19 iHTEepaKTHBHUX MAaKETIB, Kl IMITYIOTb JIii KOPHCTYBa-
4iB IopTany, pi3HUX (YHKUIOHAIBHMX MiAPO3IUIIB Ta
i€papXivYHUX CTPYKTYD.

[Ipoekr OyB mpencraBieHHil Ha BCEYKPaiHCHKOMY
KOHKYpPC1 3 po3pOOKH KEWCiB y TOJOBHOMY Oici MiXHa-
pomnoro Oanky «Credit Agricole» B YkpaiHi Ta 3aifHSB
nepIie MicIie.
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UDC 004.9:510.635
Y. M. GONTAR, K. V. TKACH, B. O. YENA, A. V. VASYLENKO

TOWARDS INFORMATION SYSTEM DEVELOPMENT FOR DATA EXTRACTION FROM WEB

Today, the Internet contains a huge number of sources of information, which is constantly used in our daily lives. It often happens that similar in
meaning information is presented in different forms on different resources (for example, electronic libraries, online stores, news sites and etc.). In this
paper, we analyze the extraction of information from certain type of web sources that is required by the user. The analysis of the data extraction
problem was carried out. When considering the main approaches to data extraction, the strengths and weaknesses of each were identified. The main
aspects of the extraction of web knowledge were formulated. Approaches and information technologies for solving problems of syntactic analysis
based on existing information systems are analyzed. Based on the analysis, the task of developing models and software components for extracting data
from certain types of web resources were solving. A conceptual model of extracting data was developed taking into account web space as an external
data source. A requirements specification for the software component was created, which will allow to continue working on the project and to clearly
understand the requirements and constraints for implementation. During the process of modeling software, the following diagrams have been
developed, such as activities, sequences and deployments, which will then be used to create the finished software application. For further development
of the software, a programming platform and types of testing (load and modular) were defined. The obtained results allow to state that the proposed
design solution, which will be implemented as a prototype of the software system, can perform the task of extracting data from different sources on the
basis of a single semantic template.
Key words: information, web search, data extraction, data source, data mining, language standards, informational technology.

I0. M. TOHTAP, K. B. TKAY, B. A. €HA, A. B. BACHJIEHKO
MIIXIJI 10 PO3POBKU IHOGOPMAIIIHOI CACTEMH JJISI EKCTPAKIIL JAHUX 3 BEB

CroroHi [HTepHET MICTHTh BeNUYE3HY KUTBKICTh DKepen iHopMaril, sika MOCTIHHO BUKOPHCTOBYETHCS B HALIOMY IOICHHOMY *HUTTi. YacTo OyBae,
10 CXO’Ka 3a 3MIiCTOM iH(opMamis MpeacTaBieHa B pi3Hii (opmi Ha pi3HHX pecypcax (HANPUKIAL, IEKTPOHHI Oi0MIOTEKH, IHTEpPHET-Mara3uHHu,
HOBWIHHI caiiTn). Y naHiif po0OTi aHai3yeThCs BUIydeHHs iH(popManii 3 Be6-pkepert IeBHOTo THUILy, sIke HOTpiOHO KopucTyBaueBi. [IpoBeneHo anaii3
npobiaeMyd BUIyYeHHs OaHuX. [IpH po3misii OCHOBHHX IIAXOMIB MO €KCTpakmii AaHMX OyaM BUALNEHI CHIbHI 1 c1abki CTOPOHH KOXKHOTO.
CthopMynb0BaHO OCHOBHI aCHeKTH BHIIyYeHHs BeO-3HaHb. [IpoanamizoBaHo mimxoan Ta iHGbOpMAIiiiHi TEXHOJOTII BHPIIICHHS MPoOIeM
CHHTaKCHYHOI'O aHAJIi3y HA OCHOBI iCHYIOUMX iH(popMaliiHuX cucteM. Ha 0CHOBI mpoBeeHoro ananizy Oyna copmoBaHa 3agada po3poOKu Moerei
i NMpOrpaMHUX KOMIIOHEHTIB JUIi OTPUMAaHHS NAHUX 3 BeO-pecypciB MEBHOro THIly. Po3poOiieHO KOHIENTyalbHY MOJENb BHIYyYCHHS IaHHX 3
ypaxyBaHHSM BeO-TIPOCTOPY SK 30BHILIHBOIO JpKepesa JaHuX. Byia cTBopeHa crermdikaiiss BUMOT JUlsi HPOrPAMHOTO KOMIIOHEHTA, 10 103BOJIHTh
MPOJIOBXKHUTH POOOTY HaJl POSKTOM, 1100 YiTKO pO3yMIiTH BUMOTH i 0OMeXeHHs Juisl peasizauii. [Ipu MozenoBaHHI POrpaMHOro 3abe3neyeHHs Oyiu
PpO3poOIeHi HACTYIHI [iarpamu, Taki sk AlarpaMi KJIaciB, aKTHBHOCTI, HOCIIZOBHOCTI i PO3TOPTAaHHS, SIKi MOTIM OyAyTh BUKOPHUCTOBYBATHCS IS
CTBOPEHHSI TOTOBOro aojarka. J[ms momanbiioi po3poOKdM OporpaMHOro 3adesmedeHHs Oyna BU3HAYeHa UIaTGOpMa MPOrpaMyBaHHS 1 BHAN
TECTyBaHHs (HaBaHTAXYBAJIbHUN 1 MoAyibHe). OTpUMaHI pe3yJbTaTH JO3BOJISIOTH CTBEPKYBATH, IO IPOIOHOBAHE NPOCKTHE DIlCHHS, sIke Oye
peanizoBaHO y BUIVIAAI MPOTOTHITY MPOIPAMHOI CHCTEMH, MOXKE BHKOHYBATH 3aBIAHHS CGKCTPAKIii JaHUX 3 PI3HUX MKEpea Ha OCHOBI OJHOTO
CEMaHTUYHOI'O LI1a0JIOHY.

KuawuoBi ciaoBa: iHpopMmallis, €KCTpakilis TaHUX, JKEPEIO JaHHX,iHTCICKTYyalbHUIl aHali3 JaHUX, S3UKOBI CTaHAApTH, iHpOpMaiiiiHi
TEXHOJIOTIT.

10. H. TOHTAPAB, E. B. TKAY, b. O. EHA, A. B. BACH/IEHKO
MOJIXO0/1 K PA3BPABOTKE UH®OPMAIIMOHHOM CUCTEMBI JIJI1 U3BJIEUEHU A JTAHHBIX U3
BEB

Ceropmst IHTEpHET CONEPIKUT OrpOMHOE YHCJIO HCTOYHHKOB HH(OPMALNH, KOTOpast IIOCTOSTHHO HMCIIONB3yeTCsl B HallleH exeIHeBHOW xH3HH. YacTo
ObIBaeT, YTO IIOXOXKasi MO CMBICIY HH(pOpPMaIWs IpeACTaBIcHa B pa3HOH (opme Ha pasHBIX pecypcax (HAaIpHMep, JJIEKTPOHHBIE OMOIMOTEKH,
HHTEpPHET-Mara3uHbl, HOBOCTHBIE CalfThl). B maHHON paboTe aHaIM3MpyeTcs: n3BledeHHe WHGOPMAIMH U3 BeO-HCTOYHHKOB OMPEAEICHHOrO THIIA,
KOTOpoe Tpebyercsi mosp3oBatenio. [IpoBeneH aHamn3 mpoOiieMbl W3BICYCHHs AAHHBIX. [IpH pacCMOTPEHHH OCHOBHBIX MOAXOIOB K IKCTPAKIIHU
JAHHBIX OBUIM BBIJEIEHBl CIJIBHBIE M Cla0ble CTOPOHBI Kaxkmoro. CQopMynMpoBaHBI OCHOBHBIC aCIEKTHl H3BJICUECHHS BeO-3HAHMIL.
[poaHamu3upOBaHbBl TMOAXOABl M HH(MOPMAIMOHHBIE TEXHOJOTHH PEUICHHS MpOOJeM CHHTAKCHYECKOTO aHain3a Ha OCHOBE CYIIECTBYIOIIMX
nH(OOPMALMOHHBIX cicTeM. Ha ocHOBe mpoBeeHHOro aHanmu3a 6bputa chopMUpOBaHa 3a/1a4a Pa3pabOTKH MOJENeH 1 IPOrPAMMHBIX KOMITIOHEHTOB TSt
H3BJICUCHHMST JTAaHHEIX U3 BEO-PECYpPCOB OIpeielIeHHOro THIa. Pa3paboTaHa KOHIENTyanbHasi MOIENb H3BJICUCHHS JTaHHBIX C YUETOM BeO-IIpoCTpaHCTBa
KaK BHEIIHEro HCTOYHHKA JaHHBIX. bbla co3mana cnermbukanis TpeGOBaHuMiA s TPOrPAMMHOTO KOMITOHEHTA, YTO MO3BOJIHT IPOJOKUTE PaboTy
HAJ MPOEKTOM, YTOOBI Y€TKO MOHUMATh TPEOOBAHUsI M OTPAHHYCHHUS I peanu3aiud. [Ipu MOAETHPOBaHHH MPOrPAMMHOIO OOeCTIeYeHHs OBLTH
pa3paboTaHbl CIEyIOIHe THarpaMMbl, TaKHe Kak JHarpaMMBl KJIACCOB, aKTHBHOCTH, MOCIIEIOBATEILHOCTU M Pa3BepPTHIBAHNUS, KOTOPBIE 3aTeM OymyT
HCTIONB30BAThCS ISl CO3IAHUsI TOTOBOTO TpmioxkeHus. Jsi manpHeinieit pa3paboTKi MporpaMMHOro obecredeHus Oblia omperesieHa miarhopma
MPOrPaMMHUPOBAHKS M BHIbI TECTUPOBAHUS (HATPY30YHOEe M MOAYIbHOE). [lomydeHHbIe pe3yabTaThl MO3BONSAIOT YTBEP)KAATh, YTO MHpeIaraeMoe
MPOEKTHOE pEIIeHHEe, KOTOpoe OyAeT peasli30BaHO B BHJE NMPOTOTHUIA NPOIPAMMHOM CHCTEMBI, MOXKET BBINOJIHATH 33/1aUd KCTPAKLHU JaHHBIX U3
Pa3HBIX HCTOYHUKOB HA OCHOBE OJTHOTO CEMAHTHYECKOTO MIA0I0OHA.

KuroueBbie cioBa: uH(OpMaIMs, SKCTPAKUUS —JTaHHBIX,
HHGOPMALOHHBIE TEXHOJOTHH.

HUCTOYHUK JTaHHBIX, HHTGHHEKTyaHLHLIﬁ aHalin3 [JaHHBIX, CTaHOapThI,

Introduction. The amount of information available
through the Internet is constantly increasing.
Unfortunately, extracting useful content from this huge
amount of data remains an open question. The lack of
standard data models and structures makes developers
create solutions from scratch. In some cases, the use of
descriptions of metadata or data models can help to

understand the structure of data.

An expert figure is still needed in many situations
where developers do not have the right fundamental
knowledge. This forces developers to spend expensive
time, absorbing expert knowledge. In other areas there are
promising solutions that use machine learning techniques.
However, increasing accuracy requires an enlargement the

© Y. M. Gontar, K. V. Tkach, B. O. Yena, A. V. Vasylenko, 2018

Bicnux Hayionanvnoeo mexwniunozco ynisepcumemy «XI11». Cepia: Cucmemnuii
auanis, ynpasiinksa ma ingopmayiiuni mexnonozii, Ne 22 (1298) 2018 53



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

complexity of the system that cannot be realized in many
projects.

The purpose of the study is to develop software
components for extraction of data from web resources of a
certain type. This requires an analysis of the extraction
algorithms, modern programs that are implemented and an
overview of the methodology and technology solutions to
the problem.

Data extraction. The Internet needs a language that
is compatible with the syntax, which allows the user to
display data with saving a particular layout. HTML
became the language of the Internet and, therefore, the
most accepted decision. However, HTML, by default,
does not provide any mechanism that facilitates the
automatic analysis of existing documents [1]. This
restriction does not allow to distinguish content from the
layout and semantics of data.

Several standards, such as RDF, RDFS and OWL,
have been developed to provide a common syntax for
defining data models. These solutions allow to define
ontologies that support queries. These technologies are
usually not understood by developers who initially ignore
the process of semantic annotation in developing HTML
pages. To simplify this problem, a later approach called
Schema defines a vocabulary of concepts such as people,
places, events and products that allow annotation of data
contained in an HTML document. This allows to establish
a connection between the content and any existing
scheme, bring semantics to the Internet.

Web page design can hide data from existing search
engines [2]. Using dynamic content, CAPTCHAS, private
web pages, scripts or unconnected content among others
leads to the creation of Deep Web. A simple example is
web pages that use search queries in database. Information
contained in the database can’t be indexed by the search
engine, as this requires the software engine interact with
the search form, defines the search parameters, and
understands the semantics of the returned data.
Commercial search engines, such as Google, Bing, or
DuckDuckGo, are developing their tools with a clear
focus on indexing the so-called surface network. This
makes us think that most of the information contained on
the Internet is not indexed. This problem has recently been
covered by the MEMEX DARPA project, which shows an
attempt to index the information contained in the Deep
Web [3].

The processing of data on any of these webpages
involves a certain degree of human interaction (filling out
the search form, script interaction, etc.). After
downloading raw data, it becomes a kind of index format
that can be stored in the database for further analysis [4].
When solving the problem of extracting knowledge, most
solutions are developed from scratch, engaging in data
extraction, analysis and storage. In the case of multiple
data sources, the complexity of the problem increases until
it becomes impossible.

We can identify three key players in any problem of
knowledge extraction. The first is a data source containing
relevant information (for example, a web page). The
second is a database for data storage purposes (for
example, MySQL). The third is an expert who can

determine how to translate data into a source and into a
database. Transformation between source and base can be
considered automatically done. Regardless of the level of
automation, the role of an expert is needed to insert some
initial semantics of the data before the removal. In
addition, the expert is responsible for determining whether
data extraction is correct or not. The fourth actor can be
developers. The developer is defined as a professional
who can contribute to the development of a solution in a
technical sense. The developer is appointed to write code,
subprograms and programs that prepare processed data.

As a rule, some aspects are ignored in existing
projects, such as:

1 Several data sources. Most approaches to data
extraction plan deal with several data sources that are
similar in design (for example, on Amazon product pages,
Wikipedia, etc.). The system must take into account that
the data sources do not have a unique design, basically
inconsistent in the source or several sources of
information.

2 Multilingual approach. Most existing solutions
consider only data sources written in one language. For
example, Member Countries and partners use their official
language for the publication of any EU-related document,
and official central reports are available in English, French
or German, as the most commonly used languages, by the
number of speakers.

3 Extract data from different file formats: HTML is
the most common data format. However, other formats
such as XML, DOC or PDF may be present. For HTML
and XML there are various parsers that also store the
formatting structure, so you can use it later. DOC and
parser PDFs are harder to find, and most of them extract
text data without any formatting. This makes it difficult to
automatically extract data. In some extreme cases, files
are archived in various formats (for example, ZIP, RAR,
self-extracting RAR), and the file preprocessor component
must be designed to receive data. Moreover, data
encoding is also a problem that depends on the base
system. In the current web world UTF-8 is a widely used
standard, but in some cases, servers send another encoding
from the actual file encoding.

4 Multiple recurring operations and continuous
updates. In system design, it’s important to keep in mind
that data from relevant data sources develops over time,
which means that you can add more documents, but the
design of the extraction process can also be changed
through structural changes to the document. Most of the
operations can be reused in domains and data sources, so
the conveyor needs to be reused and configurable.
Moreover, these operations must be performed
continuously and repeatedly, without much human
intervention.

The simplest solution adopted by many projects is to
use XQuery [5] or regular expressions to extract the exact
path to the target element. This approach is not very
resistant to structural changes of the document template.
Another popular approach is the use of advanced style
table language transformations (XSLT) [5], which
provides a unified syntax for writing conversion rules
from compatible XML languages. In the basic form,
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HTML is basically XML-compatible, so this approach can
be applied to HTML. This approach is more durable than
XQuery to structural changes, but it is usually very
difficult to debug. Another simple technique, very
practical in small projects, is a simplified version or
HTML. This is achieved by simplifying the syntax of
HTML by deleting all elements except the main HTML
syntax and formatting [6].

In recent vyears, the problem of extraction of
knowledge is intensively studied. The first family of
solutions has studied the use of domain languages to
determine how data should be deleted. Solutions similar to
those presented in use the language of extracting
declarative information to determine data extraction plans.
Similarly, [7] uses rule sets to determine extraction. In
these solutions, the quality of extraction depends in
particular on the operators’ skills to determine the rules
for extracting. The second family of solutions investigates
the use of machine learning techniques to improve the
information extraction. These solutions are based on using
output models that attempt to build relationships for this
data set.

An overview of the existing methods of analyzing
web content with an emphasis on automated and machine
learning methods was reviewed earlier [8]. An automated
iterative process for creating a formal description of a
document series template using a single, homogeneous
template can automatically detect duplicate structures
within a single template and create an approximation of
the page structure, as well as the ability to obtain any
relevant data [9]. IEPAD uses this approach and reduces
the complexity of the problem by grouping HTML
element tags into different categories [10]. The result of
IEPAD is the PAT tree, which is closer to the single,
uniform, template document. Van [11] broadens this
approach by comparing the similarity of a tree obtained by
constructing several tree elements of HTML.

One of the popular frameworks that unifies the
methods of machine learning and based on dictionaries is
GATE [12]. This toolkit provides a complete structure for
annotation, creating dictionaries for named objects, and
various methods for processing natural language and
machine learning, which is very useful for creating
controlled approaches in Data Mining.

Recently, the DeepDive framework [13] has
attracted much attention from the research community.
DeepDive uses a set of defined rules to establish
relationships between objects. The final creation of a
database is an iterative loop, in which the operator can
control the process of machine learning, identifying errors
committed by the system. Similarly, Google Knowledge
Vault builds relationships using RDF triplets. This
approach shows some similarity to DeepDive with a clear
emphasis on data scalability.

Approaches to data extraction from web resources.
Extraction is a process of obtaining data from resources,
which, as a rule, has a more practical component than the
theoretical one. The main purpose of extraction is the
collection of data (parsing) with subsequent preservation
in the right format. In fact, the task is to write HTML

parsers, then it will be discussed in more detail. There are
several approaches to extracting data.

DOM tree analysis using XPath. Using this
approach, data can be obtained directly by the identifier,
name, or other attributes of the tree element (such item
can be paragraph, table, block, etc.). In addition, if an item
is not marked with any identifier, then you can get it by
some unique path, going down the DOM tree or
navigating through a collection of similar elements.

Advantages of this approach;

e data of any type and any level of complexity can
be obtained:;

e knowing the location of an element, you can get
its value by writing the path to it.

Disadvantages of this approach:

e various HTML / JavaScript engines generate a
DOM tree differently, so you need to bind to a
specific engine; the path to the element may
change, therefore, as a rule, such parsers are
designed for a short period of data collection;

e the DOM path can be complex and not always
unambiguous.

This approach can be used in conjunction with the
Microsoft.mshtml library, which is essentially the main
element in Internet Explorer.

The Data Extracting SDK uses Microsoft.mshtml to
analyze the DOM tree, but it is a "superstructure™ over the
library for ease of use.

The next evolutionary stage of the DOM tree
analysis is the use of XPath — that is, the ways that are
widely used in parsing XML data. The essence of this
approach is to use a simple syntax to describe the path to
an element without need for a gradual downward
movement of the DOM tree. This approach is well known
by the jQuery library and the HtmlAgilityPack library.

Parsing lines. Despite the fact that this approach
cannot be used to write serious parsers, it’s necessary to
pay attention to it.

Sometimes the data is displayed using a certain
template (for example, a mobile phone characteristics
table) when the values of the parameters are standard and
only their values change. In this case, the data can be
obtained without analyzing the DOM tree, and by parsing
the strings, for example, as it is done in the Data
Extracting SDK. The use of a set of methods for analyzing
strings sometimes (more often, in simple template cases)
is more effective than a DOM tree or XPath analysis.

Using Regular Expressions. Regular expressions
should be used only for obtaining data that has a strict
format — electronic addresses, telephones, etc., in rare
cases — addresses, template data.

Visual approach. At this moment, the visual
approach is at an early stage of development. The essence
of the approach is that the user could "configure" the
system without using a software language or API to get
the necessary data of any complexity.

Methods of analyzing web pages at the level of
information blocks. There are currently a large number
of available web scanners in open source projects. One is
the Apache Nutch [14] project, which offers a complete

Bicnux Hayionanvnoeo mexwniunozco ynisepcumemy «XI11». Cepia: Cucmemnuii
auanis, ynpasiinksa ma ingopmayiiuni mexnonozii, Ne 22 (1298) 2018 55



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

structure for the development of distributed and scalable
scanners that can easily be linked to other solutions from
the Apache environment. However, for smaller-scale
solutions, other frameworks such as Scrapy are more
acceptable. Scrapy lets to define a parallel scanner with
Python and provides the developer with a structure that
manages simultaneous queries and makes it easier to
connect to applications based on Django. To handle pages
using JavaScript, the most common approach is to use the
Selenium driver [15]. This driver allows you to connect a
large number of browsers, such as Firefox or Chrome,
using a scanner and emulate the behavior of the user who
clicks or text over the current page.

Formulation of the problem. Scanning web pages
is the first step in data collection. The items to be
traversed may vary, depending on the data source. How to
crawl web pages depends on the design of the data source.
In some cases, pages are easily accessible through a single
URL or can be obtained after completing the search form.

Possible scenarios:

e ldentity by public identifier. In this case, each
item that is to be traversed is uniquely identified
with a URL that contains a unique identifier. If
the generation of identifiers is known, you can
statically generate a list of possible URLs for the
query.

e Identification on an unknown identifier. As in the
previous scenario. However, how the IDs are
generated is unknown. In this case, the identifiers
must first be extracted from the website itself,
and then used to create a final destination URL
that is to be traversed.

e Dynamic URLs. Many platforms distribute
content to dynamic URLs. This makes it
impossible to statically generate a list of
addresses for study. This script refers to the
initial navigation that requests the URL web
platform and then generates unique URLs that
can identify these elements to ensure their
uniqueness in the archival system.

e As mentioned earlier, it’s difficult to develop a
common scan solution that can be useful in all
scenarios. This is due to the fact that many
platforms contain a large number of JavaScript
code in conjunction with AJAX messaging. It is
possible to generalize some aspects that need to
be taken into account during the phase of
circumvention.

e The following collection of links. Many web
portals display content received after a database
request. This means that not all of the existing
content is displayed at once, but only a small
part. One thread can scan each page with a list of
links, while others can navigate through existing
links.

e Not all items are displayed. The results displayed
in these systems are simply the result of a
database query. In some cases, the result set is
divided into pages that need to be switched, in
other cases the resulting set has a limit that

prevents full display of existing results. In these
cases, it may not be possible to scan all existing
results because the system does not disclose this
information.

e Massive use of JavaScript. In many cases, the
use of JavaScript solutions greatly complicates
the scanning of these systems. The easiest
solution is to emulate user behavior using
Javascript engines. However, it imposes
penalties on the side of the scan due to the
excessive use of resources of some browsers.

o Limit of queries. To avoid attacks such as "denial
of service" (DDoS), many platforms track
requests. Exceeding a certain number of queries
may result in a temporary termination of the
service for the user. Each platform is different,
and only a trial error method can reveal what
measures these platforms use.

e Cookies and sessions. Many systems use cookies
to store session identifiers, which allow the
server to identify query parameters that are used
by the user. However, these cookies have an
expiration date, which can sometimes break the
extraction on some platform.

¢ Not serviced. Bypass servers may fail. Multiple
crawling of these servers will simply return the
HTTP error code. However, many systems return
a web page that informs about the inaccessibility
of the service.

e Type of content. The content type code returned
by the HTTP header is especially important
when parsing web pages that are not encrypted
using standard ASCII or UTF8.

The task of this work is to analyze and develop
models and software components for extraction of data
from web resources of a certain type.

Specification of software requirements. The
component developed in this work provides a convenient
opportunity for automatic data extraction and its further
automatic analysis. The primary area of knowledge is the
extraction and analysis of marketing information for
obtaining a sample of the most relevant and most
advantageous offers in the market. But the component
developed in this work has a wide range of uses, from
travel agencies to state-owned enterprises.

The purpose of this project is to automate the process
of extracting accurate and specific data contained in
various WEB-pages. An example of the overall interaction
of the system is shown in Figure 1. This system is a
complex software and hardware. For its full functioning,
the software is developed taking into account the ability to
process a large number of requests from users of the
product, as well as its reliability, openness for further
development, security and properly developed mode for
its further support.

This component is developed as a component of the
server part of larger software systems. The relationship
between the client and the component that is developed on
the server use HTTP queries. The request will contain
information about which pages to extract, and what type
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of data they should provide. On the server component is
trying to get information from the page, and if the
extraction was successful — analyzes the page. The
information that meets the requirements of the user is
returned to the client as the response to the request.
Communication with the server is carried out using the
same HTTP requests, but they only contain a template,
created after the analysis, for further use on similar sites.
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DATA OBTAINED resource »

Results
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Fig. 1. DFD Diagram of developing system

Figures 2 and 3 depict a component diagram and a
use-case diagram respectively.

The system will receive the WEB-address on the
input, and return the result to the user in the format that
will select in advance. Connection between the interface
and the server will use JSON as the serialization format.

Increasing the number of supported resources should
not affect performance. Using pre-created and generated
templates by the component itself, analyzing pages with
increasing number of resources should decrease
complexity and consume less time. To implement this
requirement, a requirement stability ratio will be used
which shows how many of the already implemented
requirements have to be processed from release to release
in the development of new features. Also, this metric
gives an idea of how easy it is to scale the functional of
the system, adding new features.

Transferability is implemented through the use of
cloud storage. Due to this, it does not matter which server
will store the component. If you need to move it from one
server to another, the cost should be minimal. The metric
for this requirement is the Adaptability Measure, which
measures the ability of the system to adapt to requirements
changes or re-design of the system or the integration of
applications.

Paying attention to the fact that the system can grow
to very large sizes, since there are so many online sites,
the complexity of the newly configured resources should
not be complicated. Due to the configuration of the
extractor using YAML files, the developed component
can easily adapt to extraction from new a resource without
losing a lot of time and effort.
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The regression coefficient will be used as a metric
for this requirement. The purpose of the metric is to show
the efforts of the team: the creation and adjustment of new
features or the bulk of time is lost to work with existing
parts of the software. The closer the coefficient to 0, the
less was the mistakes made to the existing functional in
the implementation of new requirements. If the value is
greater than 0.5, then we spend more than half of the time
on the restoration of earlier functions of the software.

Software development and testing. The main
criterion for choosing a platform was the possibility of
cross-platform.  So, among all the well-known
programming languages, the choice falls on Java. In
addition to cross-platform, the strengths of the Java
language are also high reliability of work, the
development of language. The OOP paradigm gives the
language such a wonderful feature as scalability, which
makes it possible to expand the system many times
without difficulty. The Java language is designed to be as
reliable as possible. For example, it is prohibited to use
multiple imitation in order to avoid ambiguity when
referring to the parent class. Instead, the notion of an
interface that is no longer a class has been introduced, but
contains general guidelines for creating classes and
provides multiple imitation.

At the first stage of testing, it is necessary to conduct
a modular testing of all components of the system that can
be tested separately from the other in the artificial testing
environment. Unit testing will be conducted using Junit’s
Automation Testing Tool. This choice is due to the simple
integration of Junit with Java. In the future it is necessary
to perform integration testing, which involves testing in
two directions. Integration testing of the component level
after unit testing is required to verify the correct
interaction of parts of the business logic application. This
kind of testing can detect errors in the implementation of
external interfaces or their improper use. System-level
integration testing is needed to find possible mistakes in
the interaction between different subsystems of the
software, its interaction with the operating system, and
other applications.

Load testing is a subset of performance testing, the
collection of indicators and the determination of the
productivity and time of the response of the software
system or device in response to an external request in
order to establish compliance with the requirements of this
system.

Apache JMeter is a load testing tool developed by
the Apache Software Foundation, a Jakarta subproject.
Although JMeter was originally developed as a Web
application testing tool, it is currently capable of
performing load tests for JDBC connections, FTP, LDAP,
SOAP, JMS, POP3, IMAP, HTTP, and TCP.

Postman is a powerful set of API testing tools that
has become a must have for many developers. Helps to
create test case APIs and improve the productivity of
development work. The main purpose of the program is to
create collections with API requests.

Locmetrics is very simple freeware. Among the
supported languages — C/C++, C#, Java, SQL — it is
possible to calculate not only SLOC metrics and its
varieties, but also cyclomatic complexity.

Conclusions. An analysis of the data extraction
problem was performed. The approaches and information
technologies of solving parsing problems on the basis of
existing information systems are analyzed. On the basis of
the conducted analysis, the task of developing models and
software components for extraction of data from web
resources of a certain type is set.

The conceptual model of data extraction, considering
the web space as an external data source, is developed.
This allows to get objective and relevant search results
data in the web space.

A requirement specification for a software
component has been created. This will allow further work
on the project to clearly understand the requirements and
limitations to the implementation. The approximate
deployment diagram and all types of users that need to be
implemented are translated.

In the simulation of the software, the following
diagrams were developed such as a class, activity,
sequence and deployment diagrams, which will then be
used to build a ready-made application.

A software component has been built that allows
extraction of data from trading platforms. Its testing and
elaborated metrics are responsible for the quality of the
product being developed.
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VIK 004.42
T. 0. TOBOPYII[EHKO

POJIb BI3YAJIIBALIL TA TEUMU®IKALI] Y BABUEHHI OCHOB AJITOPUTMI3ZALIL TA
IMPOrPAMYBAHHSI

Hapasi Bce Ounblioi nomysspHocTi HabyBae iHdopmaibHa ocBita. OnHIEI0 3 HAWBAXJIMBILIMX 3a7ay CYCIIBCTBA CTAa€ HEOOXIAHICTH y OLIBII
KOMITAaKTHHX Ta e()eKTHBHHX 3ac00ax HaBYaHHi. BpaxoByroun 3pocTaHHs 0OCAriB iH(popMauii Ta MOCTiHHY HEOOXIAHICTH MOSCHIOBATH CKIAIHI
KOHIIENIii IIPOCTOI0 MOBOIO, Bi3yalli3alis HaB4anpHOI iH(opManii Ta reliMudiKariis HaBYAIBHOTO MIPOLECY € BAXIIMBOIO Ta aKTyaJIbHOIO 3a/1adelo Ul
ocBiTn Ykpainu. llle Oinbiioro 3HaueHHs Bisyamizauis Ta refimucikanis HaOyBaroTh 1s IT-ocBiti Ykpainn. MeTor naHoi pobOTH € IOCTiHKeHHS
poui Bisyamizauii Ta reiimMudikanii y BuBYeHHI Bu3HavyanbHuX st IT-axiBus 3acan aaropurtmizauii Ta mporpaMmyBaHHs Ha Npukiagi GopMyBaHHS
ITOPUTMIYHOrO CTHIIIO MHCJICHHS Ta HABHYOK MPOrpaMyBaHHS B CTYIEHTIB cremiampHOcTi «Komm’roTepHa imkeHepis» XMENbHHIBKOro
HALiOHANBHOrO YHiBepcuTeTy. B HaBuampHOMY mpoweci cremianbHocTi «Komm’rotepHa imkeHepis» XMEeIbHUIBKOr0 HaliOHAIFHOTO YHIBEPCHTETY
BUKJIaga4aMi Kaderpu KOMIT I0TepHOI iHkKeHepil Ta CHCTEMHOro HMpOrpaMyBaHHS aKTHBHO BHKOPHCTOBYIOTHCS Bisyauisawis Ta reiimucikaris npu
BUKJIA/@HHI HABYAIBHUX [JUCLHILIIH, IOB’SI3aHMX 3 QITOPUTMI3Ali€I0 Ta IPOrpaMyBaHHSAM, 3 METOK HAJaHHS SIKICHHX 3HaHb, (POPMyBaHHS
npodeciiiHuX HaBUYOK, (HOPMYBaHHS KPEATHBHOIO IIAXOLYy A0 BHPIIICHHS 3ajad, HaBYaHHsA PoOOTI y KOMaHIl Ta KPEaTHBHOCTI, (hOpMyBaHH:I
3[JaTHOCTI IIBHAKO OPIEHTYBAaTHCh Yy MIHJIMBHX YMOBaX ChOTOJCHHS, 3a0e3medyeHHs iHTeHcHikalii HaBYaHHS, CKOPOYCHHsS 4Yacy HA BUBUYCHHS
Martepiany. IIpoBeieHO eKcIIepUMeHT 3 HaBYaHHS CTYACHTIB 3a Pi3HUMU MiAXOAaMH — 32 TPaAULIIHIM IiJX00OM Ta 3 BUKOPHCTAHHAM Bi3yamizamii Ta
reiimudikanii. OTpuMaHi M Yac TAKOro eKCIEPUMEHTY Pe3y/bTaTH MiATBEPIXKYIOTH TilOTe3y PO Baromy pojb Bisyamizauii Ta redmudixamii B
migroroBui IT-¢axiBiiB, 30kpeMa, mpu (OpMyBaHHI AITOPUTMIYHOTO CTHIIIO MHCJICHHS Ta HABUYOK MPOrpaMyBaHHs. 3aCTOCYBAaHHs Bi3yamizamii Ta
reiimudikanii mpu BUBUCHHI 3acajl aTOPUTMi3amii Ta MPOrpaMyBaHHs Ja€ MOXKIIMBICTb IiJBUIIUTH €(EeKTUBHICTh 3aCBOCHHS HaBYAILHOIO MaTepiaiy,
ITi IBULIATH MOTHBALiIO IO HABYAHHSI, CIIPHSIE 3POCTAHHIO SIKOCTI Ta Pe3yJIbTATUBHOCTI HABYAHHS, CTUMYIIIO€ HPOJYKTHBHY HaBYaJIbHY HisUIbHICTS.

Kuarouosi ciioBa: Bisyauizawis HaBYansHOI iHpopMail, refiMudikamis HaBYaIBHOTO MpoLECy, iHpopManbHa ocBita, IT-ocBiTa, anropuT™MivHMiA
CTHJIb MHCJICHHS, HABUYKHU [POrPaMyBaHHI.

T. A. TOBOPYIIIEHKO .
POJIb BU3YAJ/IM3AIIUU U TEUMUO®UKAIINU B U3YUEHUUN OCHOB AJITOPUTMU3AIIMU N
IMPOI'PAMMMUPOBAHUA

Ceifyac Bce OONBIIYIO MOMYISIPHOCTh MpUOOperaeT HHpOpMansHOe oOpa3oBanne. OgHOW U3 BaXHEHIIMX 3afad OOLIECTBA CTAHOBHTCS
HEOOXOMUMOCTh 0oJiee KOMIIAKTHBIX M 3((EKTUBHBIX CPEACTB 00y4eHUs. YUHUTHIBas POCT 00beMOB MH(OPMAIMU ¥ IOCTOSHHYIO HEOOXOIHMOCTh
OOBSCHATH CIIOXKHBIE KOHLENIHY, BU3yaJIN3alHsl U TeiMH(pHUKaIus] yqeOHOTo Iponecca sSBISeTCs BaXKHOH M akTyaJbHOH 3aiadell Uil oOpa3oBaHUs
Vkpaunsl. Ente Gonbliee 3HaueHHEe BU3yau3anus 1 reiiMudukanus npuodperator it UT-o6pazoBanus Ykpaussl. Llensro naHHOI paboThI sBISETCS
HCCIICZIOBAHKE POJIM BU3yallM3aLlMy U reiiMU(HUKALN B U3y4EeHHN OCHOBHBIX 111 M T-crienuanicra oCHOB airopuTMHU3ALMK ¥ IPOrPaAMMHUPOBAHUS Ha
npuMepe (GOpPMUPOBAaHHMSI AITOPUTMHYECKOrO CTHJISI MBINUICHHS W HABBIKOB HPOIPaMMHPOBAHUSI Y CTYICHTOB CIEHHAIbHOCTH «KoMmmbroTepHast
uHKeHepusD» XMEeIbHHUIKOTO HAIMOHAIBHOTO YHHBepcuTera. B ydueGHOM mpomuecce crernuanbHocTH «KoMIbIOTepHas HHKEHEpHs» XMeIbHUIIKOTO
HAIMOHAJIBHOTO YHUBEPCUTETA MPEIOaBaTe MU Kadeapbl KOMITbIOTEPHOI MHKEHEPUH M CHCTEMHOTO IPOrPaMMHUPOBAHHS aKTHBHO MCIIONIb3YIOTCS
BU3yalIM3alus ¥ TedMH(UKAIMsA NPH NPENoJaBaHUH Y4eOHBIX JUCHMIUIMH, CBSA3aHHBIX C QITOPUTMH3AIUEH M IIPOrpaMMHUpPOBAHHEM, C ILEJIBIO
TOBBIIICHHS KQUeCTBA 3HAHHUH, (OPMUPOBAaHMS MPO(ECCHOHATIBHBIX HABBIKOB, ()OPMHUPOBAHMS KPEATHBHOTO MOAXO/A K PEIICHHIO 3a/a4, 00ydeHuUs
pabote B KOMaHAE M KpPEATUBHOCTH, (OPMHPOBAHUS CHOCOOHOCTH OBICTPO OPHEHTUPOBATHCS B MEHSIOIMXCS YCIOBUSX, OOeCHeYeHUs
HMHTEHCH(HKAINH 00yJIeHNUsI, COKPAIeHHs BpeMEeHH Ha H3ydeHne MaTepuaia. [IpoBeneH 3KCIepIMeHT 0 00YYEeHHIO CTYIEHTOB 110 Pa3HbIM MOAX0AaM
— [0 TPaAUIMOHHOMY IMOAXOAY M C MCIIOJIb30BaHMEM BH3yanu3anuu M reimuduxannu. ITomydeHHbIC B XOAE TAKOTO SKCIHEPHMEHTa PE3yiIbTaThl
MOJATBEPXKIAIOT THIIOTE3y O BECOMOH PONIM BH3yanM3alud W reiiMudukaimu B moarotroBke MT-crenuanncToB, B YaCTHOCTH, HpU (HOPMHUPOBAHUH
ITOPUTMIYECKOTO CTHJIS MBINUICHHS W HaBBIKOB IporpaMMupoBaHus. [IprMeHeHWe Bu3yaqm3amiM W TreMHU(UKAINW NOpH H3yYeHHH OCHOB
ITOPUTMH3ALNK U TPOrPAMMUPOBAHHUS aeT BO3MOXKHOCTH MOBBICHTH 3()()eKTHBHOCTh YCBOCHHS y4eOHOrO Marepuana, MOBBICHTH MOTHBALMIO K
00y4eHHIO, CIOCOOCTBYET POCTY KaueCTBA M PE3YJIbTATUBHOCTH 00YYEHHUS, CTUMYITHPYET POAYKTUBHYIO YUEOHYIO AeSTEIbHOCT.

KaroueBnle cioBa: Busyanmsanms ydeOHOH wH(opmanmu, rediMmdukanms ydeOHOro mpormecca, MH(popMansHOe oOpasoBanme, MT-
0I0pa30BaHKE, AITOPUTMUYECKUH CTUIIb MBIIICHHS, HABBIKK IPOrPAMMHUPOBAHHSL.

T. 0. HOVORUSHCHENKO
ROLE OF THE VIZUALIZATION AND GAMIFICATION IN THE STUDY OF THE PRINCIPLES OF
ALGORITHMIZATION AND PROGRAMMING

At the moment, informal education is gaining in popularity. One of the most important tasks of society is the need for more compact and effective
means of training. Taking into account the growth of volumes of information and the constant need to explain complex concepts, the vizualization of
educational information and gamification of the educational process are the important and actual task for the education of Ukraine. Vizualization and
gamification are more important for the IT education of Ukraine. The aim of this work is the study of the role of vizualization and gamification in the
study of the important for IT-specialists principles of algorithmization and programming on the example of forming algorithmic style of thinking and
programming skills for students of specialty "Computer engineering” of Khmelnitsky National University. In the educational process of specialty
"Computer engineering" at Khmelnytsky National University the lecturers of the department of computer engineering and system programming widely
use the vizualization and gamification in the teaching of subjects related to algorithmization and programming, for providing the quality knowledge,
forming the professional skills, forming the creative approach to solving problems, learning the teamwork and creativity, forming the ability to quickly
orientate in a changing conditions, providing the intensification of learning, reducing the time to study the material. The experiment was conducted by
teaching the students for different approaches — using the traditional approach and using visualization and gaming. The obtained results of the
experiment approve the hypothesis about the important role of vizualization and gamification in the teaching the IT specialists, in particular, for the
forming the algorithmic style of thinking and programming skills. The use of vizualization and gamification in the study of the principles of
algorithmization and programming provides the increase of the effectiveness of learning, the increase of the motivation for learning, promotes quality
and effectiveness of education, stimulates productive learning activities.
Keywords: vizualization, gamification, informal education, IT education, algorithmic style of thinking, programming skills.
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Beryn. OpHa i3 3aja4 THCSYONITTS — ITiBUINCHHS
SIKOCTI OCBITH (HAaBYAHHSI) BIIPOJOBX JXUTTs. Tomy Hapasi
Bce OubInoi momysspHocTi HaOyBae iHpopMabHa OCBITa
— HEOpraHi3OBaHWH, HE 3aBXIW YCBIJOMJICHHH Ta
LJIECTIPSIMOBAHUH TIPOIEC, IO TPUBAE IPOTITOM YCHOTO
KUTTS JIOIOWHU; 3X00YyTTd HEOOXiNHWX 3HaHb, YMIiHB,
HaBUYOK y GopMi KUTTEBOTO MocBimy [1].

AkanemigHa ocBiTa YKpaiHU Ha CHOTOAHI 0a3yeTbes
Ha a0cTparyBaHHI MOHSTB, i/lell Ta KOHIEMIH HUITXOM
NEpEeTBOPEHHS. iX y cioBa Ta pedeHHA. [IpuHummy
HAOYHOCTI B KOHTEKCTI IMpoOIieM, TOB’I3aHMX 3 aKTUBi3a-
LI€I0 HABYAJILHOTO NPOLECY, HE MPUAUIIETHCS JOCTATHBO
yBaru [2]. Ane mpu po6Goti 3 iHbopMami€ero Bce yacTiiie
BUHUKAE€ HEOOXIIHICTh ii CHCTEMHOTO BiJOOpaKCHHS Ta
Bizyanizauii Juiss 3py4HOCTI CIIPUHHATTS Ta HAaCTYITHOTO
BUKOPHUCTAHHS.

Iurepec o Bi3yamizamii NPOJUKTOBAHUI BCIM
PO3BUTKOM JIFOJCTBA, 3POCTaHHAM MOTOKY iH(popMarii,
IUISL 3aCBOEHHS SIKOi CTAlOTh HENPUAATHHUMH TPOMI3IKI
TpamuIliifHi METOAM Ta 3acobm momaHHs iH(opMmarii. s
NOJAJIBIIOr0  HAKONWYCHHS, 3aCBOEHHs, 30epiraHHsd,
OTIpaIfOBaHHA Ta Iepefadi iHopMmamii B ycix cdepax
JIIOJCHKOI  MiSIHOCTI HEOOXimHI HOBI, KOMIIAKTHI Ta
MOO1IBHI, 3ac00M BiZOOpa)keHHS 00’€KTUBHOTO CBITY Yy
cBiZOMOCTI Ccy0’ekTa. Bisyamizamis i € OIHUM 3 TaKHX
3aco0iB.

BisyanbHa iHopMalis — 1ie yHiBepcalbHa MOBa, JJIs
SKOT BIJCYTHI KOpJIOHH, sIKa 3po3yMmilia BCIM JIIOJSM.
3abe3medyroun  BHYTPINIHIO HAOYHICTh HABYAJIHHOTO
MaTepiary, Bi3yaii3amis O3BOJSE MOCSTTH IIJIEH, sKi
BIATIOBIIAIOTh Ii3HABAJIEHOMY, PENpPOIYKTHBHO-IIEPETBO-
PIOIOYOMY, NPONYKTHBHOMY MHCICHHIO, IHTENCKTYalb-
HUM MOXJIMBOCTSM CTYACHTIB Ta Y4YHIB, IO 3HAYHO
migBHUIye e(eKTHUBHICTh Ta SKICTh HABYAHHS. 3aBISKA
Bisyaizamii Bequki 00csaru iHdopmailii MOXHA TMpe-
CTaBJISITH y JIAKOHIYHIM, 3rOpHYTIH, 3pY4HIH 1 JIOTi4HIN
dbopwmi, o cripusie inTeHCcHdiKarii Hapyanus [3].

HeoOxigHicTh y OLIbII KOMIIAKTHUX Ta €(EKTUBHHUX
3ac00ax HaBUAHHS CTA€ OJHIEI0 3 HAHBAXIUBILIMX 3a/a4
CYCHiJIbCTBA, sIKE IOTPeOy€E CHUCTEMATUUYHHX 3HaHb.
BizyanpHi Momem € TiICYMKOM IIEBHOTO — €TaIry
¢dopMyBaHHS 3HaHb, B TOMY WYHCIi TEOPETHYHOTO, B
HAOYHIH (opMi BHpakae HOTO pPE3yNbTaTH, BUIBIIIE
HEJOJIIKM Ta NMPOTUPIYYs, CIYXKUTh JUIS IMOIIYKY IUIAXiB
NOTJTMOJICHHS PO3YMIHHS Ta HOAAIBIIOTO JOCITIIKESHHS.

JlpyruM Ba>KJIIMBUM HANpPSIMKOM IiJIBUIIEHHS SKOCTI

OCBITH, TIOIIUPEHOI0 MPAKTUKOI Ta  e(EeKTUBHUM
IHCTPYMEHTOM HaBYAHHS € reidmMuQikaris
BUKOPUCTaHHS ITPOBUX MEXaHI3MIiB Yy HEIrpoBoMy

(30Kpema, OCBITHBOMY) KOHTEKCTi; 3aCTOCYBAaHHS irpOBHUX
TeXHIK (irpoOBOT0 MaTepiaiy, eIeMEHTIB I'PH) 3 OCBITHBOIO
meroto [1].

lefimucikarist crpusie MiIBUILEHHIO MOTHBAMLIi 10
HaBYaHHS, SKOCTI Ta pe3yNbTAaTUBHOCTI HaBYaHHS,
KOMYHIKalii  Cy0’€KTiB  HaBYaHHSA, CTHUMYJIIOBaHHA
NPOAYKTUBHOI HABYAIBHOI HisTbHOCTI [1].

BpaxoByroun 3pocranHs o0csriB iHdopmanii Ta
MOCTIHY HEOOXiAHICTh TOSCHIOBATH CKJIQJHI KOHIICTIIii
IIPOCTOI0 MOBOIO, Bi3yaJi3allisi HaB4aJbHOI iH(opMariii Ta
reimMudikaiis HaBYAUILHOTO TPOIECY € BANCAUBOIO MA
akmyanvbHoto 3adayero IS OCBITH YKpaiHH.

Ile Oimprioro  3HAueHHS  Bi3yamizamis  Ta
reiimudikaniss HaOyBatore i IT-ocBitm  Ykpainm,
OCKIJIbKM MeTolo cydacHoi IT-ocBiTH € He nuie HajaHHs
3HaHb, 4, HacaMIlepesa, PO3BUTOK MPOQeciiHUX HAaBUUOK
Ta KPEeaTHMBHOTO MiJXOJy N0 BHPIIICHHS 3aJad, a TaKoXK
(opMyBaHHS TaKWX KOMIIETEHTHOCTEH 1 0COOHCTHX
SKOCTeH, SK: CHiBpoOIiTHHOTBO (poOoTa y KOMaHII),
KpEaTWBHICTh, TBOPYMH MiAXiZ, 3JAaTHICTH IIBHIKO
OpI€HTYBATHCh Y MIHIMBUX yMOBax [4].

Binrak memoro danoi pobomu € MOCTIIKEHHS PO
Bisyamizamii Ta reiiMu¢ikamnii y BUBYCHHI BH3HAYAIHHHUX
quist [T-¢axiBigt 3acan anropurMiszanii Ta mporpaMyBaHHs
Ha TIpuKiIagi (OpPMYBaHHS aJIrOPUTMIYHOTO  CTHIIIO
MHCJICHHs Ta HABHUYOK MPOTpaMyBaHHS B CTY/AEHTIB cIie-
mianpHOCTI «Komm’toTepHa iHxeHepiss» XMeNbHUIBKOTO
HaIlloHaIBHOTO yHiBepcutety (XHY).

Bizyanizauin naBuaabHoi ingopmaii. TexHooris
Bi3yamizamii HaBYAIBHOTO MaTepialy HEeperyKyeThCS i3
MEIaroriyHOI0  KOHIEMINEI0  Bi3yalbHOI TPaMOTHOCTI
(CIIA) [5], sixa 6a3yeTbcsi Ha BHCOKIiH 3HAYYIIOCTI Bi3y-
IPHOTO CHPUHHATTA Ta 00pa3y Ui JIIOAWHM B IpoIecax
Mi3HAHHS, CIIPUAHSTTS Ta PO3YMIiHHSL.

Bisyauizariis — 3arajibHa Ha3Ba MPUHAOMIB MPEICTAB-
JIeHHs 1HpoOpMalii y BHIIAMI, 3pyY4HOMY I 30POBOIO
CIIOCTEpE)KEHHSI Ta aHaji3y; Mpolec MpPeACTaBICHHS iH-
dhopmMariii y BUTIIAII 300pakeHHS 3 METOI MaKCHMalbHOT
3py4HOCTi 1 posyminns [2]. Bisyamizamis HaBuaabHOT
iHpopMmauii — e Hablp rpadiyHUX eJEeMEeHTIB 1 3B’s3KiB
MDK HUMH, SIKUH BHKOPHCTOBYETHCS UIS Hepenadi 3HaHb
Bil eKcmepTa 10 JIOAMHM abo0 Tpymu JoAeH, 1o
PO3KpHBa€E MPUYMHHA 1 IJIi IHUX 3B’SA3KIB B KOHTEKCTI
MIepelaHOTO 3HAHHS; CTBOPEHHS Ta BHKOPHCTaHHS BI3y-
aNBHUX O00pa3iB 3 METOI PO3BUTKY Bi3yallbHOTO MIHC-
neHHs [6].

Bisyamizaimis HaBuanbHOI iHGoOpMAIi T03BOJISE
pO3B’S3aTH IUIMM psa MEIaroriyHux 3aBjJaHb. 3a0e3-
MeYeHHsI IHTeHCU(iKaIil HABYAHHS, CKOPOUYCHHS 4Yacy Ha
BUBUEHHS Marepially; aKTHBi3allii HaBYaJbHOI Ta
Mi3HABAIBHOI  JisIbHOCTI; (OPMYBaHHS 1 PO3BHTOK
KPUTHYHOTO 1 Bi3yaJIbHOTO MHCIECHHS, 30pOBOTO CIIpHii-
HATTS, OOpPa3HOrO MPEACTABICHHS 3HAHb 1 HABYAIBHUX
Iilf; mepenavya 3HAHb Ta PO3Mi3HABAaHHA 00pa3iB; IiJIBH-
IIEHHS Bi3yalbHOI IPaMOTHOCTI Ta Bi3yaJbHOI KYJIBTYpH
toro [2].

Bisyauizarmis MOBHHHA CIIY’)KHTH OCHOBOIO HE JIHIIE
Juisi  OLIbII  TJMOOKOTO PO3YMIHHS CYTHOCTI HOBOL
iHpopMmaii, ane W Juis T MepeBeieHHs] Y JOBrOTPUBAIY
mam’sste.  OCHOBHA ~ MOXJIMBICT  Bisyamizamii  —
MEePEeBOUTH 1HGOPMAITiI0 B 3HAHHS, a TAKOXK CIIPOIIYBATH
PO3YMIiHHA Ta CHpHUATH Ni3HaHHIO. Bisyamizamis — me
NpOMDKHA JIaHKa MDK HaBYAIPHHM MaTepiajJoM Ta
pe3yJIbTaTOM HaBYaHHSI, sika 3a0e3ledye CHHTE3 3HaHb,
JIO3BOJISIE  OTIOCEPEAKOBAHO Ta HAOYHO MPEACTABUTH
SIBUIIIA, 1110 BUBYAIOTHCS.

Bisyamizamis iHpopMamii MOBHHHA BiAMOBiAAaTH
3pOCTal04YMM 00csAraM 3arajlbHOJOCTYIHHX JaHUX SIK
KOTHITUBHHH (PiIIbTP, K 301IbIIYBaJIbHA JIIH32 PO3YMiHHS,
i BOHA He TOBMHHA J0AaBaTH "MIymy" O TOTOKY
iH(popMarii.

Hapasi icHye Benuve3Ha KUIBKICTH  METOJIIB,
MIPUHIIMITIB T4 HAYKOBUX MiTXOJIB A0 Bidyamizallii, oJlHAK
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BiJICYTHS JOCHUTH TOBHAa Kiacu(ikaiis IHUX MiAXOIIB Ta
METOJIiB; €IMHOI0 NPUHHATHOIO Kiacudikalielo Mo)KHa
BBaxkatu "llepiognuHy TaOMMIFO METOMAIB Bizyamizamii”
[7], MeTomu 3 sIKOT i BUKOPHCTOBYIOTHCS B HaBYATLHOMY
npoueci cnenianbHocTi «Komm’rorepHa imkeHepis» XHY.

leiimudikaniss  HaByaabHOro mpoumecy. Ha
CBOTOMHI BCEe OULIBIIOrO PO3BUTKY Ta IOMHPEHHS
3100yBa€e KOHIIETIIis «edutainmenty

(«education+entertainment», «HaBUaHHA+PO3BATH»), sKa
301TBITYy€e MOTHBAIIIIO Ta IHTEPEC O HABYAHHS, CTUMYITIOE
CHINKYBaHHS MK BCiMa yYaCHHKaMH HaBYaJHHOTO
nporecy.

TeiiMudikaris — Meron UPPOBOI B3AEMOJIi MO0
BUKOPHCTAHHS I'POBOi MEXaHIKH Ta JU3aiiHy B HEIrPOBHUX
CUTYaLisIX 3 METOIO 33JIFOBaHHs 1 MOTUBYBAHHS JIIOJIEH Ha
nocsrHeHHsT cBoix winedl [8]. Mertor reitmudikamii €
MOTHBAILlISl JIFOJIEH 3MIHIOBATH TOBEAIHKY, PO3BHUBATH
HaBUYKH, CTHMYIOBaTH  iHHOBamii. ['eliMudikaris
(doKycyeTbCcs Ha TOMY, OO IpaBLi MOIIIM JOCATTH CBOIX
minei [9].

B ocBiTHIX OUISIX MOXYTh OYTH BHKOPHCTaHI
HACTYIIHI €JIEeMEHTH IrpoBOro TpoIlecy: Mporpec —
BiZIOOpa)XEHHS TIOCTYIOBOTO 3POCTaHHS; IHBECTHLIT —
BHECOK B TIpy; IIOCTYIOBE BIAKPHUTTS iHpopMamii —
MOCTYIOBHIA TOCTYIM 10 HOBOI1 iH(opmariii [10].

3rilHO  CTATHCTHYHUX JaHUX MacadyceTchbKoro
TEXHONOTiYHOTrO iHCTUTYTY [11], irpm B HaBUanmbHOMY
npoLeci MOXYTh BUKOPUCTOBYBATHUCH sIK: TuiaTdopma st
aBTOpIB; CHCTeMa TOJAaHHSA MarepialliB; CHMYISAIS;
Croci0 ModYaTH IOUCKYCil0 Ha TNEBHY TEMY; BBEICHHS B
TEXHOJIOTii; MOXKJIUBICTh MPUCTATH HA YyXY TOUYKY 30DY;
Croci0 JOKYMEHTYBAaHHS HaBYaHHS; KPUTHUKA KOHLEIIIIM;
3aBJIQHHS JJIsL AOCTIPKCHHS.

B maBuaneHOMY Tporeci crermianbHOCTI «Kowmm’ro-
TepHa imkeHepis» XHY irpoBa ¢dopma HaBuaHHS
BUKOPHCTOBYETBCSl K CHCTEMa IOJIaHHS HaBYaJbHOTO

E=] LEGO MINDSTORMS EV3 Home Edition
Qalin_Peaxvposats Ucipymentss  Cripaska

Eol testProjecti.ev3 x

Mmarepiany, Sk IUiatpopMa Uil aBTOpIB, a TaKOX SK
BBEJ/ICHHS B TEXHOJIOT1i.

BuxopucranHsg npuHOuUmiB - Bisyamizamii  Ta
reiimudikanii npm HaBuaHHI ajgropurmizamii Ta
NMpOrpaMyBaHHIO CTY/IEeHTIB crneniaJbHOCTI
«Komm’otepHa iHKeHepis» XMeJTbHHIBKOTO

HALiOHAJILHOTO YHiBepcuTeTy. PO3risHEMO neTambHO,
SIK YK€ BUKOPHCTOBYIOTBCS Bi3yali3amis Ta reiMudikamis B

HaBYAIBHOMY TIporeci cremiansHOCTI «Komir totepHa
imkerepis» XHY.

Hdus  cmopomeHHs Ta iHTeHCHiKamii mporecy
(opMyBaHHS aNTOPUTMIYHOTO CTHWIIO MHCJIEHHI B
CTYACHTIB Kadeqpor KOMIT'IOTCPHOi IHXKEHepii Ta
cuctemMHoro  nporpamysBanHs XHY, B pamkax

Mixnapoanoro mpoekty TEMPUS KTU — Knowledge
Transfer Unit — From Applied Research and Technology-
Enterpreneurial Know-How Exchange to Development of
Interdisciplinary Curricula Models (544031-TEMPUS-1-
2013-1-AT-TEMPUS-JPHES), Oymno mpuaOaHo
nporpamoBani  kKoHcTpyktopu LEGO  Mindstorms
Education. Inst mporpamyBaHHsi po0OOTIB, MOOYI0BaHUX 3
OUX KOHCTPYKTOPIiB, CTYISHTaMH MEpIIOro Kypcy
BUKOpHCTOBYEThCsl cepenouiie LEGO MINDSTORMS
EV3 Home Edition [12] — 6iouHo-opieHTOBaHE cepe-
JIOBUIIIC TIPOrpaMyBaHHsi, sSKE JO3BOJISE Bi3yalli3yBaTH,

YHAaOUHUTH  aidroputM  Oii  pobora.  Hapmuc. 1
OpEeICTaBICHO  IPHKIAJ  NporpaMyBaHHi  poOoTa-
«IHTpOBEpTaY.

PobGoT-«iHTpOBEepT» TpPH  HAABHIA  MEPEIIKOIL

3YIMUHAETBCS, BIACTYNAe Hazal, pO3BepTaeTbesi Ha 45
rpagyciB i NpOIOBXYE PyX B HOBOMY HANpPSIMKy — JO
MOMEHTY po3psyDKaHHs OaTapel abo 10 3ycTpidi i3 HOBOO
nepemkono. Ilpm  po3pobneHHi Takoi  Bi3yanbHOI
nOpocToi HPOrpaMH CTYICHTH 3HAHOMIATBCS 3 TaKUMH
ITOPUTMIYHUMHM KOHCTPYKIISIMH, SIK «BIYHHN» IHMKJI,
pO3TaNyKeHHSI, JTiHIHHE BUKOHAHHS.

01
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Puc. 1. Tlpuknan nporpamyBaHHs poOoTta-«iHTpoBepTa» 3acodamu cepenopuia LEGO MINDSTORMS EV3 Home Edition
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[icns  po3poOneHHs  mporpaMa  3alHCYETHCS
(«mpommBaeTbCI») B TaM’sTh poOOTa, 1 CTYIEHTH B
peaJbHOMY Yaci MepeBips0Th, YU MPaBWIBHO poOOT OyB
3anporpaMoOBaHuil, 4u BUKOHYE BiH repeadadyBaHi HUMHU
nii. Skmo ¢QyHKuioHyBaHHS pOOOTa HEMpaBWJBHE, TO
CTYICHTaM JOCHTH JIETKO 3pO3YyMITH 3 Hiii poOora, ne
BOHH IPUITYCTHINCH MOMIVIKH. TakuM YMHOM, Bi3yaibHe
IporpaMyBaHHI B OJIOYHO-OPI€EHTOBAHOMY CEpEIOBHII
nporpamyBanes LEGO MINDSTORMS EV3 Home
Edition, a Takok MOXJIMBICTH pEaNbHOTO 3aIyCKY
pO3poOIeHNX TPOTpaM Aae MOXIIUBICTh CHpPOIIEHHS Ta
iHTeHcHu(ikanii QopMyBaHHS AJITOPUTMIYHOTO CTHIIIO
MUCJICHHS B CTYJIEHTIB MOJOALIMX KYPCiB CHELiaJIbHOCTI
«Komm’totepHa imxenepis» XHY.

Jns  mipumenss  edextuBHOCTI  opMyBaHHS
HaBUYOK IIPOTpaMyBaHHS B CTYJCHTIB CHELiaJIbHOCTI
«Komm’totepHa imxeHepis» XHY Bukinagadamu kadenpu
KOMII'IOTE€PHOI 1HKeHepii Ta CUCTEMHOr0 IMPOrpaMyBaHHS
BHKOPUCTOBYIOTBECS PI3HOMAHITHI Bi3yalbHI €IIEMCHTH,
«IiIKa3KW», pO3’ACHEHHS, BieO- Ta aHIMALiliHI POIIKH.
Hanpuknan, m0py TNOJAHHI JOCHTh BaXIMBOTO, —ale
BQKKOTO JUIA CHPUHHATTA CTYACHTaMH, MaTepialy Moo
BKa3IBHHKIB Ta MMOCHJIaHb B MOBax MPOrpPaMyBaHHs, 1010

poboTH 3 mam’sATTIO, 11040 poOOOTH 3  PI3HUMH
CTPYKTYpaMH  JIaHMX  BHMKOPUCTOBYIOTHCS ~ HACTYIHI
Bi3yaJlbHI €JIEMEHTH — pHC. 2-7, a TaKoX BIICOPOIIK,
I[OCTyHHI/Iﬁ 3a IIOCUJIaHHAM
https://www.youtube.com/watch?v=3X-ray3tDjQ Ta
aHIMamiMHUN  pONIK, JOOCTYIMHUA 32 MOCHIAHHSIM

http://www.mathwarehouse.com/programming/passing-
by-value-vs-by-reference-visual-explanation.php.

A variable transparently
stores a value with no notion
of memory addresses.

The reference operator
returns the memory address
of a variable.

The dereference operator
accesses the value sfored
in @ memory address.

Puc. 2. Bizyani3anist 3MiCTy NOHSTh «3MiHHa», ITIOCUJIQHHS,
«BKa3iBHHK»

—

1001 2047

50 1001

var ptr
(normal variable) (pointer)

Puc. 3. Bizyasi3aris criBBiJHOIIEHHS 3MIHHOT Ta BKa3iBHHKA

POINTER
PLACE

-A“

erice $100

Puc. 4. Bizyanizanist mocmiaHHs Ha 3MiHHY

Death and Memory (C++ Stories)

1 will die when
nobody knows
who | am

My master
will kill me!

Scope will
kill me!

int X3 std::shared_ptr<int> t;

| std::unique_ptrcint> y;

Kill me?
You don't even

| hope someone
remembers
to kill me

know what | am!

uint8_t* r =
(uint8_t*)0x0020;

void* q;

2017 Olafur Waage (@olafurw)
with thanks to Frank A. Krueger (@praeclarum)

Puc. 5. Bizyanizauis ocobnmBocteit podoTn 3 mam’sitTio B C++

stack limit 7] B Tk
smaller
addresses
Garbage
stack pointer
— 0x0010 0000
larger
addresses
bottom of stack
—_..
LA N

-

N

Puc. 6. Bizyanizauist CTpyKTypH TaHHUX «CTEK»

Ilomo redimudikaiii HABYAIBHOIO MPOIECY, TO,
HaNpuKiaJ, CTYISHTH CTapIIMX KypCiB CHeLiaJbHOCTI
«Komm’totepna imxenepisi» XHY oTpuMyloTs cucremHe
VSBJICHHS NP0 1HXKEHEpHI mpoOiieMH Ta HaBUYKH
MPOEKTHOTO MEHE/PKMEHTY, KOJIM TIOTPiOHO MpamioBaTH 3a
YMOB OOMEKEeHHS! OIOJKETy Ta PecypciB, Tpalodd B Ipy
Bridge Builder; oTpumyroTh HaBHYKH MOZIETIOBAHHSI
MpEeIMETHOI Tany3i, CTBOprOIoUn Mojeni B Tpi Star Craft;
3n100yBaroTh HaBW4YKKM 3D-MopmenroBaHHSA, TpalodYd B
StarLogo TNG Ta StarLogo Nova. Kpim wporo,
BUKJIaadaMi KadeApr KOMIT IOTepHOi iHXKeHepii Ta
cuctemMHoro  nporpamyBanHs XHY  nmpoBoxsartbcs
pi3HOMaHITHI OaTiu 31 CTyAE€HTaMH — HaIpuKiIag, Oari
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crapramiB, 0aTJ, XTO IIBHIUIC Ta SIKICHINIE PO3B’SKE
3a7a4y 3 MPOrpaMyBaHHS — BHKJIaJad 4M CTYJCHT 1 T.iH.
Jlist  3a0XOYEHHS IHTEPaKTUBHOTO CIUIIKYBaHHS Ha
JIEKLISX BUKJIagaui BBOJSITH OOHYCHY CHCTEMY — BHIAIOTh
«(DimKM» aKTUBHUM CTY/EHTaM, NTeBHa HaOpaHa KUIbKICTh
(GIIOK OIHUM CTYAEHTOM OOMIHIOETECS HAa KBHTOK Ha
uikaBi IT-3axoan B M. XMENEHUIIBKOMY.

Bizyamizarmis HABYAIFHOTO MaTepiary Ta
refMudikaris HaBYaJIBLHOTO mpotiecy II03BOJISAE
CTyZIE€HTaM IMIBHAKO ONAHOBYBATH HaBiTh HAHCKIIAIHIIIMHA
HaBYAJIbHUN MaTepian Ta I[iIKaBO MPOBOJWTH BECh Yac
HaBYaHHS.

Poan Bisyanizanii Ta reiimudikanii y BuB4YeHHI
3acag aaropurmizanii Ta nporpamyBaHHsa. s
MIPOBEJICHHSI €KCIIEPHUMEHTY CTYJEHTaM KOXKHOTO KypCy
cnemianbHocTi  «Komm’rorepHa  iHXeHepis» — OyJo
3alpONOHOBaHO Ha BHOIp MOJKIJIMBICTD  BUBUYCHHS
HaBYAJIbHHUX IWCLHILTIH, MOB’A3aHUX 3 AJTOPUTMI3aIli€lo
Ta MPOTrpaMyBaHHsIM, 3a TPAJULIHUMH TEXHOJIOTISIMH Ta
3 BHUKOPHCTaHHAM Bi3yamizamii Ta reidMuikarii.
CTyneHTH KOXKHOTO Kypcy Oynu 3a OakaHHSM PO3IieH]
Ha 1Bi Takux rpymnu (BuOipku). Jus rpymu 1 mpotsrom
MICAI  BHKJIAJAaHHSA yCIX HABYAIBHUX  JAMCIUILIIH
BUKJIaa4aMu KadeApu KOMIT'FOTEPHOI IHXKeHepii Ta
cucteMHoro  nporpamyBaHHis XHY  mposoaunochk
TPaAMUIIfHO — Ha JIEKWiAX BUKJIanad 3 BUKOPHCTAHHSIM
npe3eHTalli MOSCHIOBAaB TEOPETUYHMH Marepiay, Ha
71a00paTOPHUX CTYIEHTH IIICJs ITOSICHEHHS BHKJIaJaueM
MPaKTUYHOTO MaTepially BHUKOHYBAJIM 1HIUBITyalbHI
3aBHaHHs. s rpynu 2 3HOB-TaKM IIPOTATOM  MIiCSIII
BUKJIa1a4l 110 BCIX  HABYAJIPHUX  JUCIMILIIHAX
NIPE3EHTYBAIM TEOPETHYHMI MaTepial 3a JIOTMOMOTOI0
Bi3yalbHUX 3aco0iB, a Ha Ja0OpaTOpHUX Maja Micle
reiiMuQikaIlis HaB4aIEHOTO MIPOIIECy.

Haii 0yno mpoBeneHO 3pi3 3HaHb B CTYACHTIB 000X
rpyn 3 yCiX HaBYaJbHUX JUCUMIUIIH 32 HaBYaJIbHUM
MaTepiaioM, KU BUKJIAJaBCS MPOTATOM IIbOTO MIiCSIIs.
Jliarpamu ycHinIHOCTI Ta SIKOCTI HaBYalIbHUX Pe3yJIbTaTiB
CTYZIEHTIB 000X TPYII IpeACTaBIeHi Ha puc.7, 8.

M MporpamyBaHHA

100 -
90 B AnropuTmivHi mosu
80 nporpamyBaHHsA
70
B CuctemHe
60 nporpamyBaHHA
>0 B CuctemHe nporpamHe
40 3abe3neyeHHs
30 [ MapanenbHiTa
20 posnogineHi
064YnCNeHHA
10
B MNnatdopmo-
0 He3aNexKHi MOBH
lpyna 1 Mpyna 2 nporpamyBaHHs

R [TporpamyBaHHA

100
90 E AnroputmiyuHi mosu
80 nporpamyBaHHA
70 :E E Cucremne
=
60 :-E nporpamyBaHHA
>0 E B CuctemHe nporpamHe
40 e 3abesneyeHHn
30 ;. .
- B NapanesibHiTa
20 = pO3MoAiNeHi
10 F obuncneHHn
. B Nnatpopmo-
0 e He3aneXHi MoBK
lpyna 1 lpyna 2 nporpamyBaHHA

Puc. 7. liarpama ycminrHOCTI HABYAITBHHUX PE3YJIbTATIB

Puc. 8. [liarpama sSKOCTi HaBYaIBbHHUX PE3yJIbTaTiB

Otxe, K BUIHO 3 JiarpaM YCIHIIIHOCTI Ta SIKOCTI
HaBYAJIBHUX pe3yNbTaTiB, 1 YCHIMHICTh, 1 SKICTh
pe3ynbTaTiB HaBYaHHS CYTTEBO BIIPIZHAIOTHCA IUIS TPYI
CTYACHTIB, AKi HABYAINCH 32 TPATUIIIIHAM MiAXO0JO0M Ta 3
BUKOPUCTAHHAM  Bizyamizamii 1  reiimudikamii. I
VCHIITHICTB, 1 SKICTH pE3yNbTaTiB HaBYaHHA TPYyNH
CTYACHTIB, sIKi HABYAINCh 3 BUKOPHCTAHHIM Bi3yajizaril
Ta reiiMudikarii, 3HAYHO BHIII, HIK B CTYJEHTIB Ipyn 1.
[MpuuoMy, SKIIO YCHINIHICT, HAaBYAJNbHUX pPE3YJIbTATIB
CTYZCHTIB Tpymu 2 € Bumow Ha 5-10% 3a pisHEMHU
HaBYAJIBHUMH JUCUMIUTIHAMH, TO SKICTh pe3yJbTaTiB
HaBYaHHS CTYJICHTIB Ipymu 2 € BuLIo0 Ha 26-30%.

Otxe, IPOBENICHUH EKCIIEPUMEHT MiATBEP/MB I103H-
TUBHY pOJIb Bi3yamizamii Ta reiimudikamii y BUBYEHHI
3acajl aNrOPHUTMI3allii Ta IPOrpaMyBaHHs, a caMe: IiJIBH-
IIeHHS e()eKTUBHOCTI 3aCBOEHHS HABYAIILHOI'O Matepiaiy,
MiJBHUIICHHS MOTHUBALil O HaBYaHH:], 3POCTaHHS SKOCTI
Ta pe3yJIbTATUBHOCTI HAaBYAHHS, CTHUMYJIIOBaHHS MPOIYK-
TUBHOT HABYAJILHOT JISUIBHOCTI.

BucHoBkn. B HaByampHOMY IpoIieci CIEIiaabHOCTI
«Komm’rotepra imkenepis» XHY Buxmagauamu kadenpu
KOMIT FOTEPHOI 1HXKeHepii Ta CHCTEMHOTO MPOrpaMyBaHHS
aKTUBHO BHKOPHCTOBYIOTBCS Bizyalizallis Ta redMudika-
ISl IpY BUKJIAJaHHI HABYAJIBHUX AMCLMIUTIH, OB SI3aHUX
3 aJTOPUTMI3alLi€I0 Ta IPOrpaMyBaHHsM, 3 METOIO HA/IaH-
HS SKICHUX 3HaHb, (opMmyBaHHs NpodeciiiHUX HABUYOK,
(hopmyBaHHSI KpeaTHBHOTO MiAXOMY 0 BUPIIICHHS 3aJad,
HaBYaHHS PoOOTI y KOMaH/i Ta KpeaTHBHOCTI, (hopMyBaH-
HS 3JJTaTHOCTI IIBHUAKO OPi€HTYBATHCh Y MiHIIMBUX YMOBAx
ChOTOJICHHSI.

[IpoBeneHo eKkcriepuMEHT 3 HaBYaHHS CTYAEHTIB 3a
PI3HUMH TiAXOJaMH — 33 TPAAHMILIAHUM MiAXOJOM Ta 3
BUKOPHCTAaHHIM Bizyanizauii Ta refimudikanii. Otpumani
il Yac Takoro €KCIIEpUMEHTY pe3yJbTaTH MHiITBEPIKY-
IOTh TIITOTE3y MPO Baromy poJib Bizyauizalii Ta reiMudi-
kamii B migrortoBii IT-¢axiBiiB, 30kpeMa, npu Gopmy-
BaHHI AJITOPUTMIYHOTO CTWJII0O MHCICHHS Ta HaBHYOK
MpOrpamMyBaHHSI.
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B. IT. AH/IPIEBCBHKHH, 10. B. MAKCHM’IOK, C. B. MHIIIOK, C. O. TIHCKYHOB

JOCJKEHHSA EBOJIONIT HAITPYKEHO-IE®OPMOBAHOI'O CTAHY 1 BUSHAUEHHS
PO3PAXYHKOBOI'O PECYPCY MACUBHUX EJIEMEHTIB BICECUMETPUYHUX
KOHCTPYKIIIN 13 BAKOPUCTAHHSIM YHIBEPCAJIBHOI'O CKIHUEHHOI'O EJIEMEHTY

MaremaTH4He MOJEIIOBAHHS IIPOLECiB KOHTHHYaJIbHOTO PyHHYBaHHS B YMOBaX JOBrOTpHBasoi moB3ydocTi Ha ocHOBI MCE sBise co0o0 H0CHTH
CKJIAJIHY 331a4y, epeKTUBHICTh PO3B’I3aHH SIKOT 3aJIKUTh Bil MOBHOTH 0i0JIIOTEKH CKIHYEHHO-EJIEMEHTHOI 0a3H i alropuTMIB PO3B’sI3aHHS CHCTEM
HETiHIHUX pIBHAHB, a TAaKOX BiJ oOpraHizamii HporpaMHOro 3a0e3NedeHHs. 3a OCHOBY IIPOLEAYpPU OTPHMAHHS CKIHYEHHO-CIEMEHTHHX
PO3B’3yBalbHUX CIIIBBiHONIEHb IIOKIAJ€HI OCHOBHI NPHHIUNK MOMEHTHOI cxemH ckiHueHHHX enemeHtiB (MCCE). Ha BigMminy Bix
3arasbHONpHAHATHX migxoxaiB BukopuctanHs MCCE mnepenbavae, KpiM 3aBHaHHS 3aKOHY PO3IOIIICHHS MNEPEMIIICHb, HE3aJEKHE IOJaHHs
nedopmaniii y BUraani pamiB MakiopeHa. B ocHOBY anropuTMy po3B’s3aHHSI CHCTEMH HENiHIMHMX DPIBHSHb NPUIHATO METOJ IHTEIpyBaHHS IIO
rapaMeTpy HaBaHTaXKEHHS, IPHIOMY JUIS OTPUMaHHS JOCTOBIPHHX Pe3yJIbTATiB IepedadacThesl HOro MOoCtigoBHE 3MeHIIeHHs. TOUHICTh po3B’A3aHHS
CHCTEMH HENIHIHHUX PIBHAHb HA KOXXHOMY KPOL MO HapaMeTpy HaBaHTAKCHHs BU3HAYAETHCS MOPIBHAHHIM BEJIMYMHU CyMH KBAJpATiB BY3JIOBUX
peakmii i CyMH KBaApaTiB BY3IOBUX 3HAUeHb 3OBHINIHIX HaBaHT@KeHb. B SKOCTI BHUXIJHUX CIIBBIJHOIICHb NPUIHATI pPIBHAHHA
TEpMOB’ SI3KONPYKHOIUIACTUYHOCTI 3 ypaXyBaHHSM MOIIKO/DKEHOCTI MaTepialiB. B ocHOBy moOymoBH CKIiHYEHHO eIeMEHTHOI Mojeni 00 €KTiB,
MOKJIA/ICHO NPHHIUI BUKOPHCTAHHS KBa3ipery/sipHoi dparmeHrauii, ska mnepenbadae moOyqoBY 3araibHOi HEpEryasspHOi CKiHYEHHO-EIEeMEHTHOL
MOZielli Ha OCHOBI PEryJsIpHUX CKiHUCHHO-EJIEMEHTHHX (parMeHTiB. lle m03BoJs€ CyTTEBO ONTHMI3yBaTH 3arajbHy KiNbKicTh HeBigomux. Ilpm
PO3paxyHKy HOBUX 00’€KTiB 301KHICTb Pe3y/IbTaTiB OOIPYHTOBYETHCS LIUISXOM IOCIIIZIOBHOTO 301IbIICHHS TAPAMETPIB CITKOBOI MOJIEN Ta 3MEHILICHHS
BEJIMYMHHA KPOKY IHTErpyBaHHS 33 PaXyHOK 30LTbIICHHS iX KITBKOCTI B MEXax 3aJaHOTO IHTEpBaly HABAHTAXKEHb, a TAKOXX 30UIBIICHHS TOYHOCTI
PO3B’s13Ky CHCTEMH HENiHIHHHUX PiBHSHb Ha KOXKHOMY Kpoli. B naHilf po0oTi a1 oOTpyHTYBaHHS JOCTOBIPHOCTI pe3yJIbTaTiB, OTPHMAHUX HA OCHOBI
YHIBEpPCAIBHOTO CKiHYEHHOTO €JIEMEHTa, NIPOBEJECHO NOPIBHIHHS ITapaMeTpiB HaIpyXKeHO-1e(OpMOBAHOIO CTaHY i IapaMeTpy MOIIKOPKEHOCTI ® 3
JTAaHUMH, O0YHCICHUMH Ha OCHOBI CKIHYEHHHX EIEMEHTIB 3arajJbHOrO THILY 3 YHCEIbHUM IHTETPYBAHHSM 1 €IEMEHTIB 3 IHTETPYBAaHHSIM B 32 MKHEHOMY
BUTIISL
Kuaiouosi c10Ba: HanpyxeHo-1eOpMOBaHUI CTaH, II0B3y4iCTh, TapaMeTp MOIIKOKEHOCTI, CKIHIEHHHUH eIeMEeHT, pecypc.

B. I. AHJIPHEBCbhKHH, I0. B. MAKCHUMIOK, C. B. MHIJIOK, C. O. IIHCKYHOB
HNCCIEJOBAHHME 9BOJIONHUA HANTPAKEHHO- AE@OPMHUPOBAHHOI'O COCTOAHUA U
ONPEJIEJJEHUE PACUETHOI'O PECYPCA MACCHUBHBIX DJJEMEHTOB KOHCTPYKIIUA C
HNCIIOJIb30BAHUEM YHUBEPCAJIBHOI'O KOHEYHOI'O 3JIEMEHTA

MaremaTu4eckoe MOJAEIUPOBAHUE MPOLIECCOB KOHTUHYAJIbHOIO Pa3pyLICHUs B YCIOBUSX UIMTENILHOM mon3ydectn Ha ocHoBe MKD mpencrasisier
co00H TOCTaTOYHO CIOXKHYIO 3a/1a4y, 3(Q(EeKTHBHOCTD PelIeHHs] KOTOPOH 3aBHCHT OT ITOJHOTHI OMOJIMOTEKH KOHEYHO-3JIEMEHTHOH 0a3bl U aJITOPUTMOB
peLIeHNs] CHCTEM HENMHEWHBIX ypaBHEHMH, a Takke OT OpPTraHU3al[My IPOrpaMMHOro obecrieueHHs. B OCHOBY mponenyps! NMOJTydeHHs KOHEYHO-
3JIEMEHTHBIX Pa3PELIAIOIINX COOTHOLICHHH IOJIOXKEHBI OCHOBHBIE IPHHIMIIBI MOMEHTHOM CXeMbl KOHe4yHbIX 3semeHToB (MCKD). B ornmume ot
OOLIENPHHATEIX MOAX0NO0B Hcmoib3oBanne MCKD mnpemycmaTpuBaeT, IOMHMO BEIOOpa 3aKOHA paclpeselieHHsl IepeMeIleHUH, He3aBHCHMOE
nperncraBileHne gedopManuii B Buiae psnoB MakiopeHa. B OCHOBe anroputMma pemieHWs CHCTEMBl HEIMHEWHBIX YPaBHEHWH NPUHSAT METOX
MHTETPHPOBAHHS MO MapaMeTpy Harpy3KH, IPUYEM Ul HMOIy4YEHHUs JOCTOBEPHBIX PE3YJbTATOB IIPE/IIONAracTcsl MOCIeJOBATEbHOE yMEHBIICHUE
nrara MHTerpHpoBaHus. I ONTHMH3AIMU JUCKPETHBIX Moeneit MKD ncnonb30BaH 1Moaxo/1, OCHOBAHHBII Ha HAYaIbHOW (pparMeHTANH PacIeTHOMH
Mozend. TOYHOCTh pelleHHs CHCTEMbl HeMHEHHBIX YpaBHEHHH Ha KaKIOM Iare Io IapaMeTpy Harpy3Kd ONpeNeNsieTcs CPaBHEHHEM BEITUIMHBI
CYMMBI KBaJIpaTOB y3JIOBBIX PEaKIMi M CyMMbI KBAaJPaTOB Y3JIOBBIX 3HAYCHHI BHEIIHUX HArpy30K. B KauecTBe MCXOIHBIX COOTHOIICHHI HMPHUHSTHI
YpaBHEHHS TEPMOBSI3KOYIPYTOIIACTHYHOCTH C YYETOM IIOBPEXKIAeMOCTH MaTepHaIoB. B OCHOBaHHM IOCTPOEHMS] KOHEYHO-3JIEMEHTHOH MOJENH
O00BEKTOB TOJOXKEH IPHHIUI HCIIONB30BAHMUS KBAa3HUPETYIIPHOH (parMeHTAIlMH, KOTOpas HpeaycMaTpHBaeT MOCTPOSHHE OOIel HeperyIspHOi
KOHEYHO-3JIEMEHTHON MOJICIIM Ha OCHOBE PEryJSPHBIX KOHEYHO-3IEMEHTHBIX (D)parMeHTOB. DTO MO3BOJSET CYIIECTBEHHO ONTHMM3HPOBATh oOliee
KOJIMYECTBO HEHM3BeCTHBIX. [IpH pacdyere HOBBIX OOBEKTOB CXOAMMOCTH PE3yIbTATOB OOOCHOBBIBAETCS ITyTEM IIOCIIEIOBATENHHOTO YBEITHICHHUS
IIapaMeTpoOB CETOYHOH MOJENH, YMEHBIICHHEM BEJIMUYMHBI Iara WHTETPHPOBAHHS 32 CUET YBEJNMYCHHS WX KOJIMYECTBA B IIpeieNaX 3aJaHHOIO
MHTEpBaNa HAarpys3oK, a TaKXKe YBEIMYCHHEM TOYHOCTH PCILICHHs CHCTEMbl HEIMHCHHBIX ypaBHEHMH Ha KaxaoM miare. B nmanHoit pabore mis
000CHOBaHMS JIOCTOBEPHOCTH PE3yJbTAaTOB, MONYYEHHBIX HA OCHOBE YHHBEPCAIBHOIO KOHEYHOTO BJIEMEHTA, MPOBEAEHO CPaBHEHHE IapaMeTpOB
HaINpsDKeHHO-1e(GpOPMIPOBAHHOIO COCTOSHUS M TTapaMeTpa MOBPEXKIAEMOCTH  C Pe3ylIbTaTaMHM, HMOJIyYCHHBIMH Ha OCHOBE KOHEYHBIX DJIEMEHTOB
0011Iero TUIIA C YUCICHHBIM HHTETPUPOBAHUEM H JIEMEHTOB C HHTEIPUPOBAHUEM B 3aMKHYTOM BHJIC.
KroueBsle ci10Ba: HanpspKeHHO-1e(hOPMIPOBAHHOE COCTOSHUE, MOI3ydecTh, TApaMeTp MOBPEkKIaeMOCTH, KOHEUHBIH 3JIEMEHT, pecypc.

V. P. ANDRIIEVSKYI, Y. V. MAXIMYUK, S. V. MITSYUK, S. 0. PISKUNOV

RESEARCH OF EVOLUTION OF THE STRESS STRAIN AND DEFINITION OF THE ESTIMATED
LIFE-TIME OF MASSIVE STRUCTURE ELEMENTS USING OF THE UNIVERSAL FINITE
ELEMENT

Mathematical modeling of the continual fracture processes under long creep conditions on the basis of FEM is a rather complex problem. The
efficiency of solving of this problem depends on the completeness of the finite element library and the algorithms for solving systems of nonlinear
equations, as well as on the software organization. The main principles of the moment sheme of finite elements (MSFE) is the base for procedure of
obtaining of finite-element solving relationships. In contrast to the generally accepted approaches the use of MSFE provides an independent
representation of deformations in the form of Maclaurin series in addition to the choose of the law of displacements distribution. At the base of the
algorithm for solving a system of nonlinear equations, the method of integration over the load parameter is adopted. It is assumed to reduce an
integration step consecutively to obtain reliable results. To optimize discrete FEM models, an approach based on the initial fragmentation of the
computational model was used. The accuracy of solving of a system of nonlinear equations at each step of the load parameter is determined by
comparing the sum of the squares of the nodal reactions and the sum of the squares of the nodal values of the external loads. The equations of
termoviscolastoplastic deformation taking into account the damage of materials are taken as initial relations. The principle of using of quasiregular
fragmentation which involves constructing a general irregular finite element model based on regular finite element fragments is basis of the procedure
of constructing the finite element model of objects under consideration. This make it possible to optimize substantially the total number of unknowns.
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When calculating of a new objects, the convergence of the results is justified by a sequential increase of the parameters of the mesh model, a decrease
of integration step value due to an increase of their number within a given range of loads, and an increase of the accuracy of solving of nonlinear
equations system at each step. In order to justify the reliability of the results, obtained on the basis of the universal finite element, the parameters of the
stress-strain state and the damage parameter » were compared with data calculated on the basis of finite elements of a general type with numerical

integration and elements with integration in a closed form.

Keywords: stress strained state, creep, damage parameter, finite element, life-time.

Beryn. Ommc mpomecy nmedhopMyBaHHS B yMOBax
MOB3yYOCTi i3 BHKOPHCTaHHAM CKaJSIPHOTO IapaMeTpa
MIOIIKO/KEHOCTI ~ Marepialry  3IilicHeHO B poboTax
BiTum3HAHUX [1-10] Ta OGaraTpox 3apyOiKHHX BUCHHX
[11-18]. TIpu umsomy B [6, 8, 14] Bim3HaueHo 306ir
pe3yNbTaTiB PO3paxyHKy i3 BHKOPUCTaHHSM IapaMeTpa
MOMIKO/DKEHOCTI 3 eKCIIEPUMEHTAJIbHUMH  JaHUMH
BU3HAYCHHS HAIPYKEHO-1e(OpMOBAaHOTO CTaHy 1 4acy 10
pyiiHyBaHHS. B mepeBaxHiii OUIBIIOCTI 3 mHepeniueHUX
pooir PO3TIISHYTI OJTHOBHMIpHI, TUIOCKI Ta
BICECUMETPHYHI 3a1adi, JJIsI PO3B’SI3aHHS JESIKHX 3 HHUX
BukopucToByeThcsi MCE. Posrmsm i3 BUKOpHUCTaHHSIM
MCE HeBicecHMeTpUYHUX 3aAad Ui Tid oOepTaHHA i
MPOCTOPOBUX 3a1ad 3IifiCHEHWA B Iyxke OOMexKeHil
KimpkocTi pobit [2, 19, 20]. Tomy po3B’s3aHHSA TaKHUX
3a71a4 € BXIIMBOIO TPOOIEMOIO.

MopenwBaHHs  mpolecy  eKCIUIyaTauiiHoro
HABAHTAKEHHSI poTOopa mapoBoi Typo6inu. Juck poTopa
napoBoi TypOiHM € MacUBHUM BICECHMETPHYHHM TLJIOM 3
[EHTPAJIbHUM HACKPI3HUM OTBOPOM Ta 000J0M s
3aKpiUIeHHs O0aHaAaxy 3 Jonatkamu (puc. 1, a). Cuin, o
BIUIMBAIOTH Ha JUCK OOYMOBJIEHO HOro OOepTaHHAM 3
4acToTOI0 No=3 000 00/XB i CKIIAMAIOTHCS 13 PIBHOMIPHO
PO3MOAINICHOTO TO IUIOMHKHI OaHgakHOro ob6oma S
MTOBEPXHEBOTO HaBaHTaKEHHs iHTeHCHBHicTIO 68 MIla,
II0 MOJETIOE€ BIUIMB JIONMATOK, 1 MAacoBHX CHJ, IO
posmoxmineni 1o o00’emy gmcka. Ilpm  moOymoBi
CKIHUCHHOEJIEMEHTHOI MOJIeTi po3paxyHKoBa 00acTb
Oyna po3ziiieHa Ha 4OTUPH (ParMeHTH.

z" z"
Bicb 0bepTaHHa

Bick 0bepTtaHHs

Bapianr citku moxasanuii Ha puc. 1, 6 (TOBCTi HiHii
BiJNOBIZAIOTh TPAaHUISAM (parMeHTiB). i HoCimKeHHS
30DKHOCTI PO3B’S3Ky BHKOHAHO TMOPIBHSAHHA OTPUMAaHOTO
PO3IOAINICHHSI IHTEHCUBHOCTI HOPMAIBHUX HAINPYXEHb O
B3JIOBXK pajiyca poTopa, Ha SKOMY O; JIOCATaE
MaKCHMaJIbHUX 3HaueHb (puc. 2, @, NiHist A—A), B3IOBX
KOHIICHTPATOpa HANPY>KCHb — ranTeli (Ha BiJcTaHi 2,5 MM
BiZ TMoOBepxHI — pwuc. 2, ¢, diHis K; — K —K,), a Takox
B3JIOBXK Iepepisy, 10 JISKUTh Ha BijcTaHi 63 MM BiJ oci
poTopa i € mapanensHUM 10 Hei (puc. 2, 6, miHis B-B).

MacoBa cuna dP, mo Ii€ Ha eleMeHTapHHH 00’eM
Matepiary dV, mo o0epTaeTbesi HABKOJIO OCi 3 YaCTOTOIO
N, i posTamosanuii Ha BigcTami R = 22 Bin oci
o0epTaHHs, 00YHCITIOETHCS 32 POPMYIIO0

dP = pw?RdV ,

Je P — UIUIbHICTH MaTepiamy aucky, p = 7850 kr/m3;
W — KyTOBa IIBHAKICTh 00epTaHHI TUCKY, W = mn,/30.

PesynpTaTH BH3HA4YCHHS HampyXeHO-nedopMoBa-
HOTO CTaH IOJAaHi Y BUTIISAAI BETUYNH IHTEHCHBHOCTI Ha-
NpY>KEeHb 0;, OTPUMAHUX MPU BUKOPHCTAHHI MPOCTOPOBUX
i yHIBEpPCAJbHHUX CKIHYCHHUX eJleMeHTiB (puc. 2). Sk
BUJIHO, CIIOCTEpIraeThcs IOBHE CIIBHAIHHS Pe3yJIbTaTiB
BU3HAYCHHS O; Ha OCHOBI 000X BHIIB CKIHUCHHHX
enemenTiB [21, 22]. B po6oti [23] BukmageHuit aroputm
PO3B’A3aHHS CHCTEM HENiHIWHUX pIBHSAHBb, SKUHA BHUKO-
PHUCTOBYETHCS B 1aHii poOOTI.

140
340

o -

92.5 282.5 |

435

a

N P

0 8

Puc. 1. luck poropa mapoBoi TypOiHH (@ — mONepedHuid iepepis; 6 — hparMeHTalisi po3paxyHKOBOT MOJIENI;
6 — CKIHUEHHO eJIeMEHTHa MOJIEIb)
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Puc. 2. 301KHICTb IHTEHCHUBHOCTI HOPMaJIbHUX HANPY)KEHb B IOYATKOBUH MOMEHT 4acy
s omucy neopMyBaHHS B YMOBax MOB3y4OCTi 3  4yacoM. PO3rIsHYTO TpH TOCHIZOBHOCTI KpOKiB At

ypaxyBaHHSM HaKOIMYEHHs IOUIKOMKEHOCTI Matepiany
3aCTOCOBAHO PIBHSHHS

ow

0; n m ot
A(l—c(n) £ =B[(1—a)0i+a01

1-w

ne A=3.523x10"2'MIIA ?'rog™ !, ¢=0.7, n=
5.51, m = —0.47, B = 6.555 x 10"’MIla *rog !, a =
0.7, ¥ = 4.23 — KOHCTaHTH MaTepiaiy.

JocmimkeHHs 301KHOCTI B 3aJIC)KHOCTI BiJl BEJTMYUHU
KpOKYy 3a yacoM At TPOBOIIIOCH HUISXOM KOHTPOIIO-
BaHHS [MOXMOKH BU3HAYEHHS BEJIMYMH ® B HaHOIILII I10-
IIKOJ/DKEHIN 30HI MO 3aKiHYEHHI mepuioi cTaii HeBCTaHO-
BJIeHOI OB3y4ocTi, Ha Il cTazii BcTaHOBIEHOT MOB3YUOCTI,
a TaKOX 33 BEJIMYMHOIO Yacy J0 MOYaTKy PyHHYBaHHS.

Ha mepmromy ertami HpOBEICHO MOJCIIOBAHHS Jie-
(dopmyBaHHS Ha MPOTA3i 98.4 TOMUH micHsA MPUKIAICHHS
HaBaHTaxeHHsA. Jlo mporo dwacy 3akiHUyeTbes | cramis
HEBCTAHOBIICHOI TOB3YYOCTi, IO BCTAHOBICHO 32 BEJH-

YHHOIO 60)/ ot
Po3paxyHOK IIpOBejieHHH Hpu 3MIiHHOMY KpoOLi 3a

(NeNe 1-3), mo mnocrynoBo 30inblrytoThest Bix 0.04 mo
15 roa. B mocaimoBrocti Ne 1, Big 0.02 mo 10 rom. B Ne 2 i
Bixg 0.01 mo 5 rom. B Ne 3. JlocmipkeHHS MPOBEACHO B
toukax D 1 K (pme. 1), me cmocTepiratoTecsi JIOKANbHI
MaKCUMYMH O; B IOYATKOBHH MOMEHT 4acy i, BiIIOBITHO,
MaKCUMYMH 3HAa4CHb  Ha ITOYAaTKOBOMY eTarli aedop-
MyBaHHS. SIK BHIHO 3 HaBeIEHHX B TaON. 1. pe3ynbraTiB
(BeMMYMHU 1 — B YHCENBHUKY, IMOXHOKAa BIAHOCHO 10O
PO3B’SI3Ky, L0 OTPUMAHMH NpU HANMEHIIOMY Kpoui 3a
gacoM O, % — B 3HAMEHHHUKY) MOXHOKa BHM3HAYCHHS
MOMIKO/KEHOCTI IS TOCIIIOBHOCTI KPOKiB No 2 JIe)KUTh B
Mexax 2 %

[Ipu momanpmoMy MOzeNMOBaHHI aAehOpMyBaHHS Ha
I cramii BCTaHOBICHOI TOB3YYOCTI Ha YacOBOMY
iaTepBam 98.4-21 100 romuH KpoK 3a 4acoM OyIIo TO-
ciigoBHO 30imemeno mo At=250, 500, 1 000 i 2 000 rox.
Sk BHAHO 3 HaBelEHUX B TaOJ. 2 pe3yNbTaTiB (3HAYCHHS
® B TOYLI HAaWOUIBLIIMX 3HA4YeHb Ha pajiyci A-A i Bin-
MOBIMHUX MMOXHOOK O, fAKi OOYHUCICHI BIAHOCHO M0
po3B’si3ky, otpumanoro mnpu At=250roa.) TOYHICTH
BU3HAYCHHS MOIIKOKESHOCTI CTAaHOBUTH O1yist 2%.

Tabmums 1 — 3061KHICTh MapaMeTpy MOIIKOHKEHOCTI MpH oB3y4ocTi B iHTepBaii 0-98.4 rox.

t=7.4ron. | t=98.4rox.
Touka | Kpok At, No N w, 104/ 8,%

1 0.0380/7.4 0.242/3.8

D 2 0.0350/1.1 0.248/1.4

3 0.0354 / — 0.252 /-

1 0.0339/16.0 0.275/4.5

K 2 0.0399/1.8 0.282/1.7

3 0.0407 / - 0.287 / -

Tabnuus 2. — 361KHICTh MapaMeTpy MOLIKOPKEHOCTI B iHTepBai Bix 98.4 rof i yacy 10 noyatky pyHHyBaHHS

t, rox 8 600 | 21100 N
Aty TOR /8, % pyiinsEOF/ Bty
2000 = 0.04138 /2.2 127 100/ 6.27
1000 0.01763 / 1.56 0.04194/2.28 122 100/ 2.09
500 0.01783/0.44 0.04264 /0.65 121100/1.25
250 0.01791/— 0.04292 / - 119600/ —
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Posp’si3annst 3amaui Ha III cramiii moB3ydocTti 0
NOYaTKy pyHHyBaHHS IpoBoxawiocs i3 At = 2 000, 1 000,
500, 250 rom., a TakoXk i3 MOCTYMOBHUM 3MCHIICHHIM
Kpoky 3a wacoMm Bix 2 000 mo 50 rox. Ha iHTepBadi Bij
100 000 rox. OrpumaHi 3Ha4YeHHS 4Yacy IO IIOYaTKy
pyWiHyBaHHSA (t pyHH., Tabxn. 2) cBim4aTh, MO PE3yNbTarT,
K y BHIQJIKy 3aCTOCYBaHHS 3MIHHOTO KPOKY 3a 4acoM,
Tak i s mocTiifanX kpokiB (At = 500, 1 000) 36iraeTpes
3 moxubkoro B Mexax 2 %. B skocTi BennumHH
PO3paxyHKOBOTO pecypcy poOOTH jeTaji HpUiAMaeMo
3HAUEHHs, OTPUMaHE IIpU 3MIHHOMY KpOIll 3a YacoMm
(117600 roa.), IpHUITyCKAIOYH BEIMYHUHY OXHOKH BHU3HA-
YEeHHsI pecypcy B 3ariac.

OTpuMaHi pe3yJbTaTH AO3BOJLSIIOTH CIOCTEPIraTh
€BOJIIOLII0 HAIPYKEHO-1e()OPMOBAHOTO CTaHy pOTOpa Ha
MPOTs3i BCHOTO TIporecy AeGOopMyBaHHA — 3MIHCHHS B
gaci  PO3MONUICHHS  IHTEHCHBHOCTI ~ HOPMAaJbHHUX
HAMpy)XeHb 1 MapaMeTpy IMOIIKOKEHOCTI (puc. 3). Sk
BHIHO 3 HABEIICHUX HA PHC. 3 130IiHIA PO3MOIiICHHS O;, B
MoMeHT t =0 30Ha MakCHUMalbHHX HalpyXeHb
po3TalmioBaHa Ha  BHYTPIIIHBOMY  pajiyci  JHCKY
(puc. 3, @). 3 yacom, BHACTIIOK PO3BUHEHHS aehopMariiii
MOB3YYOCTi, BiJOYBAETHCS 3MCHIICHHA MaKCUMAaIbHHUX
3HaUeHb 1 MEepPepo3NOJiNl HANpyXKeHb: TaK, Ha MOMEHT
gacy t = 21 000 MakcuMalbHI HAIIPYKSHHS 3MEHIIIMIUACS
B/Biul (pHc. 3, 6), a B MOMEHT, MONEPEKYIOYHI MOYATOK
pyitayBannust (t = 117 000 roa., puc. 3, 6) Hampy’eHO-
nedopMOBaHHi CTaH AUCKY € JOCHThH OJHOPITHHUM.

[NowyaTkoBe pO3TAIIYBaHHS 30HM MaKCHMaJlbHHX

O;, MIla
10
s 1-27.75
8 2-3817
! ; a 34859
. , X 4-59.02
5-69.44
4 1 % 6—79.86
. 7-90.29
8-100.7
9-1111
10-121.6
a
o;, MIla
1-27.75
3 2-38.17
2 3-4859
4-59.02
5 - 69.44
6-79.86
7-90.29
8-100.7
9-1111
10-1216

3HAUCHb IOLIKOPKEHOCTI BIMOBIAE€ PO3TaIlyBaHHIO
30HH MaKCHMaJbHHX HamnpyxeHb (puc.4,a). 3 uacom
BiIOYBAE€ThCS  NMEPEPO3MOAUIEHHS MOIIKOMKEHOCTI 32
paxyHOK Mepepo3NOJiICHHsT HalpyXeHb B Hpoleci
MOB3y4oCTi. BinmoBingHO, 30Ha MakCHMaJbHHX 3HA4YCHb
MOIIKO/KEHOCTI  TIOCTYIOBO  3MIiHIOE  pO3TalTyBaHHSI
B3IIOBXK pafiyCy B HAaIPSMKY BiJ oci oOepTaHHS.

Jo momenty dacy Oims 21 000 rom. 3 mowarky
neopMyBaHHS 1151 30HA € JOCUTH BEJIHUKOIO 1 pO3TanIoBaHa
BcepenuHi nucka (puc, 4, 6). Ha mpoTs3i BChOTO 3aHIIKY
yacy J0 NMOYaTKy pyHHYBaHHS 3HA4EHHS IMOIIKOKEHOCTI
B Ii#l 30Hi € Ginbmumu, Hixk B Toukax D i K (puc. 1, 6),
IO  BIANOBIZAIOTH ~ MaKCUMyMaM  HamlpyXeHb B
MOYaTKOBUH MOMEHT dacy (puc.4,2). 3 yacom 30Ha
MaKCHMaJIbHUX 3HA4Y€Hb ITOIIKO/PKEHOCTI JIOKAII3y€eThCS B
touui E, ne B MomeHt uacy t = 117 600 ron. 3HaueHHsS
MOIIKO/DKEHOCT]  JOCSTal0Th MaKCHMAJIbHUX —3HAYeHb.
(puc. 4,6). Takum dYHHOM, B JaHOMY BHUIAIKY
pYHHYBaHHS PO3MOYHHAETHCA 3 CEPEIUHH JHCKA.

3MiHEHHS TMOMIKO/DKEHOCTI 3 9acOM B XapaKTEPHHUX
TOYKax IMpPOUTIOCTpoBaHO Ha pwuc. 4, 2. Sk BHOHO, 1O
MoMmeHTy dacy Oiums 100000 rommH  3Ha4YeHHS
nomkopkeHoeti B Toukax D, K i E BigpisHsAOTHCS
npubiIM3HO B miBTOpa pasu. [licis  JOCATHEHHs
mapaMeTpoM IMomKomkeHocTi B toulli K 3nadenns 0.5
NpoLeC ~ HAKONMWYEHHS  MOIIKO/DKEHOCTI  HaOyBae
JIaBMHONOAIOHOTO XapakTepy 1 30UIbIICHHS 3HAY€Hb JIO
kputnuHuX (0=0.9) BigOyBaeTbcs 3a NPOMDKOK 4acy
mentne 10% Bix BCHOTO Mpoliecy HaBaHTa KEHHS.

0o;, MIla

1-27.75
2-38.17
3-48.59
4 -59.02
5-69.44
6—79.86
7-90.29
8 —100.7
9-1111
10-121.6

o;, MIla

1-27.75
2-38.17
3-48.59
4 -59.02
5-69.44
6—79.86
7-90.29
8 -100.7
9-1111
10-121.6

Puc. 3. Po3monineHHs iHTEHCHBHOCTI HANIPYXKEHb B MOTIEPEYHOMY IIepepi3i poTopa
(a—0rom.; 6 —98.4ron.; 6 —21 100 rox.; 2 — 117 600 rox.)

Bicnux Hayionanvnoeo mexwniunozco ynisepcumemy «XI11». Cepia: Cucmemnuii
auanis, ynpasiinksa ma ingopmayiiuni mexnonozii, Ne 22 (1298) 2018 69



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

w
1-0.0000304
2 —0.0000605
3 —0.0000905
4 -0.0001206
5-0.0001507
6 —0.0001809
7 —0.0002109
8 —0.0002408
9 -0.0002709
10 - 0.0003010

|l
o

10 98 w

1-0.093
2-0.183
3-0.274
4-0.365
5-0.455
6 —0.546
7-0.637
8§-0.728
9-0.819
10-0.909

w
7 1-0.0062
2-0.0121
10 3-0.01842
9 4 -0.02393
g 5-0.02985
6 —0.03516
7 7-0.04128
8 -0.04761
6 9 -0.05354
10 - 0.05946
5
o
(0]
1.0 E"
0.8 ’l'
0.6 //
K
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Puc. 4. Po3nonineHHs MOMIKOIKEHOCT] B MOTIEPEYHOMY IIEpEepi3i poTopa B 3aJISKHOCTI Bif 4acy
(a—98.4ron.; 6 —21 100 rox.; 6 — 117 200 roz.) i 3MiHEHHS TIOLIKOPKEHOCTI 3 yacoM (2)

HaBezneni B po0oTi [24] pe3yibTaTH eKCIEPUMEH-
TAJIHUX JIOCIIJDKEHb TIPOLECy MOB3YYOCTi JHUCKIB Mif yac
ix oOepraHHs 13 BENMKMMH LIBHIKOCTSIMU CBi4aTh, IO
PYHHYBaHHS MOXE PO3IOYHHATHCS 3 TMOSBU palialIbHUX
TPILMH Ha TOPILEBIH MOBEPXHI JHCKa K OISl NEHTpab-
HOTO OTBOpY, TaKk i mocepeauHi aucka. [Ipu npomy pos-
TallyBaHHA TPIOIMH € PIi3HUM U1 JWUCKIB i3 Pi3HHUX
craneii. HeoOXigHO Big3HAYWTH, IO B IBOMY EKCIICPH-
MEHTaJIbHOMY JOCIIJUKEHHI HaBaHTQXEHHS OOMpayncs
TaKUM YHHOM, 00 3a0e3MeYuTH pyWHYBAaHHS IWCKIB B
KopoTkuit Tepmin (B mexax 100-200 rox.). IIpoBenents
MaclTaOHUX EKCHEePHUMEHTAIbHUX JOCHIIKEHb IMPOLECcy
neopMyBaHHS €JIEMEHTIB EHEPreTHYHOTr0 00JIaJHAHHS Ha
0azax, 10 BIJNOBIAIOTH PO3PaxXyHKOBUM CTPOKaM
eKCIUTyaTallil He € MOXJIMBUM. SIK CBi4aTh OTpUMaHi npu
PO3B’SI3KY Ili€l 3a7a4i pe3ynbTaTd, po3po0IeHa METOIUKA
Jla€ 3MOTY TIPOBOJUTH YHCEIbHE MOJEIOBAHHS IPOLECIB
neopMyBaHHS peaNbHUX €JIEMEHTIB KOHCTPYKIIH Ha
6azax, IO BIJIOBINAIOTH TEpMiHaM iX eKCIuTyaTamii i3
ypaxyBaHHSIM e(eKTy Nepepo3IOoJiIeHHs] HANpYyXeHb 1
BU3HAYCHHSIM pO3TAIIyBaHHS IIOYaTKOBUX 30H pYHHY-
BaHHS.

BucnoBok. HaBeneni pe3ynabTaTé JT03BOJISIIOTH
CTBEpPIPKYBAaTH, IO BCI BHKOPHCTaHI IPH PO3PaxyHKY
¢parMeHTa IUIBHUKOBAHOTO POTOPY CKIHYEHI €JIeMEHTH
(3aranpHOTO THIy 3 YHCEIBHMM IHTETPYBaHHSAM 1 3
IHTETpyBaHHSAM B 3aMKHEHOMY BHUIJILII Ta YHIBEpCATbHHUH
CE) 1f03BONAIOTH OTPUMYBATH IPAKTHIHO TOTOXKHI
pe3yibTaTd  BU3HA4YCHHS  IapaMeTpiB  HampyKeHO-

JNe(OPMOBAHOTO CTaHy TMPH MOJCIIOBAHHI TPHBAIHX
MPOIIECIB HABAHTAKCHHS.
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