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MPEJATOBOP

Hacrosimusar cOOpHUK ChObpika IOKIa-
auTe oT MexIyHapoaHaTa HayuyHa KoH(pepeH-
s ,,IHhopManMoHHN ¥ KOMYHUKAIIMOHHU
TEXHOJIOTUU B OM3HEca U 00pa30BaHUETO, KO-
ATO ce mpoBeae B MIkoHOMHUYECKH yHHUBEpCH-
tetT — Bapna Ha 18 okTomBpu 2024 T.

MexyHaponHaTa HaydyHa KOH(EpeHIIHs
€ TIOCBETEHAa Ha 55-roAuIIHMHATA Ha KaTeapa
,2JHpopmaruka* npu MkoHOMUYeCKH YHUBEP-
cuteT — BapHa. Bxirouenure nOKkiaaau onmc-
BaT MOCJEIHUTE HAYYHHU U NMPAKTUYECKH I10C-
THKEHUs B 00JacTTa Ha MH()OPMAIIMOHHHUTE U
KOMYHHKAIIMOHHUTE TEXHOJOTHH, HH(pOopMa-
[IMOHHUTE CUCTEMHU U TEXHUTE MPUIIOKEHUS B
Ou3Heca U B 00pa30BaHUETO.

Joxkaanure, BKJIIOYEHU B COOPHHUKA, ca
MO/VIO’KeHH HA pelleH3MpaHe 1 IPOBepKa 3a
IUIATUATCTBO.

FOREWORD

These proceedings contain the papers of
the International Conference “Information and
Communication Technologies in Business and
Education” which took place at the University
of Economics — Varna, Bulgaria, 18 October
2024.

The international scientific conference is
dedicated to the 55th anniversary of the De-
partment of Informatics at the University of
Economics — Varna. The included papers de-
scribe recent scientific and practical develop-
ments in the field of information and commu-
nication technologies, information systems,
and their applications in business and educa-
tion.

The papers in the Proceedings are peer-
reviewed and are checked for plagiarism.



—

0.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

CBHIbPKAHUE

. Kpacumup lummanos, Kpemena MapunoBa-KoctoBa

Implementation of digital transformation of enterprises based on application integration ........c.cceceeuees 14
. Hatanua Mapunosa
The Bright and the Dark Side of TESCREAL Ideology 19
. Cuexxana CobiioBa
MeTtoau U TEXHHKH 32 MOA00PsiBaHe HA Pe3yJITATHTE MPH KOMIKTHPHA
00padoTKa HA TEKCT 25
. [MaBen ITerpos, Credka IleTpora
I'eoxogupama cucrema P4 31
. Bmagumup CriioB
Hsikou pe3ysiTaT OT TecTOBe 32 pa30upaHe HA KOJ B 00y4eHHETO MO MPOIPAMHPAHE ...ecereereeenes 37
. FOnuan Bacunes
The use of MyGPT for creating aggregated reports in specific report templates
using data from personalised interviews 42
. Cunsus Ilapymesa, [lets CtpamumMupoBa
PossiTa Ha MUKPOKBaJIM(PUKAIIHNTE B PA3BUTHETO HA TUTUTATHUTE YMEHUS
HA CTyJAeHTHTe 47
. Olena Fedusenko, Iryna Domanetska, Yaroslav Khrolenko, Georgy Gaina
Development of a cross-platform application with the NoSQL Firebase database
and the Ionic framework 56
Hecucnasa Konesa, SIuka Anexcanapora
Evaluation of the Performance of Automated Machine Learning Tools 63
. boituo Boiiues
MapkeTHHIOBH HHCTPYMEHTH € H3KYCTBEH HHTEJIEKT 71
Snka AnexcanapoBa, Muxawmr Panes
Po6oTuzanus Ha maabk 0u3Hec ¢ RPA (Robotic Process Automation) 76
Iryna Shkitina, Olha Izmailova, Hanna Krasovska, Oleh Ilarionov, Iryna Domanetska
Enhancing Information Technologies for Maritime Personnel Selection
in Crewing Companies Based on Decision Support Systems 81
Omnra Mapunosa, Ilets CrpammmMuposa
ABTOMAaTH3MPAaHO U3BJIHYAHE U AHAJIN3 HA OMOIMOMeTPHYHH JaHHH Ype3 API 84
Panka Hauesa
An Emotions Mining Approach to Support Artificial Intelligence Systems 92
Murnena CtosiHOBa
Al Agents for Education and Training 105
Mapusa ApmsiHOBa
OcobGenocTn, Moies1 M IPeAM3BUKATEICTBA HA JUTUTATHATE OJIM3HALH 113
bopuc baukos, Jlenuna IletkoBa
JexoHncTrpynpane Ha MpexaTa OT JaHHHM: HHOBAIlUM B U3M0J13BaHeTO HA API 122
Croituo Croes, IIpecusn Tepaues
Codryep 3a moagmomMaraHe Ha nmpoueca Ha 00y4eHue 1o NporpaMupaHe 129
Acen boxukos, IOpuit Kysnenos
Mzrpaxnane Ha eJMHHA MHPOPMANMOHHA HH(PPACTPYKTYpa 32 00pa3oBaTeIHa
AHAJIMTHKA BbB BUCIIETO 00pa3oBaHue 134




20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

Jlatunka Tonopanosa, bonnmup Ilenues

I/IHTeraIII/ISI Ha UBKYCTBCHUS MHTECJICKT U HA 'bBKaABUTE ME€TOJ0JI0Ir'dM BbB BUCHICTO
o0pa3zoBaHue 142

Annra TomopanoBa
JlexceMu ¢ KOpeH Kpaut, eKCliepNUPaHi B HHTEPHET MPOCTPAHCTBOTO 149

Wgaiino lumMutpos

From Strategy to ROI: Advanced Cloud Migration Methods Accelerating Digital
Transformations 155

NBnana Xpucrosa
Optimizing Cloud Data Management with AI-Driven Solutions 162

Wopnau Mopnanos

Bb3MO0:KHOCTH 32 paMOHAJIM3UPaHe HA OU3HeC MpolecH B IPOM3BOJACTBEHI
NpeaNnpUATHA Ype3 NpUIaraHe Ha 00JJAaYHM TeXHOJIOTHH 169

WBan Muxaiinos
KubepcurypHocrra oT rjieiHa TOYKAa HA MOTPeOUTETNTE 176

Hukonait Hukonos
TeopeTHYHHM OCHOBHM HA AJITOPUTMHTE 32 N3KYCTBEH HHTEJIEKT 182

Cranauna HeiikoBa-Kparaesa

Iefimupukanusi: THCTPYMEHT 32 NOBUILABAHE HA MOTHBALMSATA M MOCTHKEHUSITA
HA yYeHHIHUTe B NPOQUINPaHOTO o0y4yeHHe o nHpopMaTHKa 187

Cumeon Bragkos
CbBpeMeHHH HHCTPYMeHTH 3a TecTBaHe Ha PHP 6azupanu ye6 nmpuiokeHus 196

Mapuana MapuHoBa

Posisita Ha colMaJIHUTE MeTHH B U3rPAKIAHETO HA OPaHI HAEHTHYHOCT
U TApreTHpaHe Ha ayJAMTOPHUsI 202

I'eprana Kacabosa
Built-in learning analytics capabilities in Moodle 206

Jlean Bacuiie

YnpasJienne Ha HHPOPMANMOHHA CUTYPHOCT B 00pa3oBaTeTHUTEe HHCTUTYLMH:
NOJIMTHKH, POLEAYPH ¥ 100pH NPAKTHKH 213

Jako [{umoB
MerToau 3a 3alIIUTEHO ChbXPAHEHHUE HA JaHHH 220

BuxTtop Annpees
H360p Ha Exchange-traded fund (ETF) 3a ¢unancoBoTo noptd0/i10 HAa HHBECTUTOPA ............229
CnaBka CraMeHOBa

AHanu3 Ha cucTeMH, 0a3MPaHU HA M3KYCTBEH MHTEJIEKT, 32 OCUTypPsiIBaHe
Ha 00y4YeHHeTOo BbB BHCIIETO 00pa3oBaHue 237

SIna ITanueBa

IIpniaoxenne Ha nokaaHo SEO 3a nonodpsBane HA BUANMOCTTA
H KOHKYPEHTOCIOCOOHOCTTA HA MAJIKHS U cpe/ieH OU3Hec B JUTMTAIHATA epa 246

Maptun [loiiHoB
0O030p Ha BHAOBETE U3TOYHUIY HA TAHHU 253

. daBug IletkoB
Meal Master: An Innovative Al Solution for Recipe Generation 262




CONTENTS

1. Krasimir Shishmanov, Kremena Marinova-Kostova

Implementation of digital transformation of enterprises based on application integration

2. Natalia Marinova
The Bright and the Dark Side of TESCREAL Ideology

3. Snezhana Sulova
Methods and techniques for improving results in natural language processing

25

4. Pavel Petrov, Stefka Petrova
Geocoding system P4

31

5. Vladimir Sulov

Some Results from Code Comprehension Tests in Computer Programming Classes

6. Julian Vasilev

The use of MyGPT for creating aggregated reports in specific report templates
using data from personalised interviews

.......................... 37

42

7. Silvia Parusheva, Petya Strashimirova
The Role ff Micro-Credentials in Developing Students'
Digital Skills

47

8. Olena Fedusenko, Iryna Domanetska, Yaroslav Khrolenko, Georgy Gaina

Development of a cross-platform application with the NoSQL Firebase database

and the Ionic framework

56

9. Desislava Koleva, Yanka Aleksandrova
Evaluation of the Performance of Automated Machine Learning Tools

63

10. Boycho Boychev
Marketing tools with artificial intelligence

71

11. Yanka Alexandrova, Mihail Radev

76

Small Business Robotization with RPA (Robotic Process Automation)
12. Iryna Shkitina, Olha Izmailova, Hanna Krasovska, Oleh Ilarionov, Iryna Domanetska

Enhancing Information Technologies for Maritime Personnel Selection
in Crewing Companies Based on Decision Support Systems

81

13. Olga Marinova, Petya Strashimirova

84

Automated extraction and bibliometric data analysis with API
14. Radka Nacheva
An Emotions Mining Approach to Support Artificial Intelligence Systems

92

15. Miglena Stoyanova
Al Agents for Education and Training

16. Mariya Armyanova

Features, model and challenges of digital twins
17. Boris Bankov, Denitsa Petkova
Deconstructing the Web of Data: Innovations in the Usage of API

18. Stoycho Stoev, Presian Terziev
Software to Support the Programming Learning Process

19. Asen Bozhikov, Yuriy Kuznetsov

Building a Unified Information Infrastructure for Learning Analytics
in Higher Education

105

113

122

129

134



20. Latinka Todoranova, Bonimir Penchev

Integration of Artificial Intelligence and Agile Methodologies in Higher Education ..........ccecoscecsesnce 142
21. Anita Todoranova

Lexemes with the Root Crash, Extracted in the Online Space 149
22. Ivaylo Dimitrov

From Strategy to ROI: Advanced Cloud Migration Methods Accelerating

Digital Transformations 155
23. Iviana Hristova
Optimizing Cloud Data Management with AI-Driven Solutions 162

24. Yordan Yordanov
Enhancing Business Processes In Manufacturing Enterprises

Through Cloud-Based Technologies 169
25. Ivan Mihaylov

Cybersecurity from the Users' Perspective 176
26. Nikolay Nikolov

Theoretical Foundations of Artificial Intelligence 182

27. Stanaila Neykova-Karagaeva
Gamification: A Tool for Enhancing Student Motivation and Achievement

in Profiling Informatics Education 187
28. Simeon Vladkov
Modern testing tools for PHP web applications 196

29. Mariana Marinova
The Role of Social Media in Building Brand Identity and Audi-Ence Targeting 202
30. Gergana Kasabova

Built-in learning analytics capabilities in Moodle 206
31. Dean Vasilev
Information security management in educational institutions: policies,

procedures and good practices 213
32. Dako Dimov

Methods for secure storage of data 220
33. Viktor Andreev

Choosing the Right Exchange-Traded Fund for your investment portfolio 229

34. Slavka Stamenova

An analysis of artificial intelligence-based systems for the delivery of learning
in higher education 237

35. Yana Pancheva
Application of Local SEO to Improve the Visibility and Competitiveness of Small

and Medium-Sized Businesses in the Digital Age 246
36. Martin Doynov
An Overview of the Data Source Types 253

37. David Petkov
Meal Master: An Innovative Al Solution for Recipe Generation 262




IMPLEMENTATION OF DIGITAL TRANSFORMATION OF ENTERPRISES
BASED ON APPLICATION INTEGRATION

Krasimir Shishmanov!, Kremena Marinova-Kostova?®

! Department of Business Informatics, D. A. Tsenov Academy of Economics, Svishtov, Bulgaria,
k.shishmanov(@uni-svishtov.bg

2 Department of Business Informatics, D. A. Tsenov Academy of Economics, Svishtov, Bulgaria,
k.marinova@uni-svishtov.bg

ABSTRACT

Application integration is a key component of businesses' digital transformation. It not only optimizes
internal operations but also enhances customer interaction and supports decision-making at various levels of
management. Despite technical and organizational challenges, successful integration offers significant bene-
fits, enabling enterprises to stay competitive in a dynamic market. To fully realize the potential of digital trans-
formation, businesses must invest in both technologies and strategies for effective application integration.

KEYWORDS: digital transformation of business, application integration, system integration, corporate
information systems

INTRODUCTION

Digital transformation is the process by which enterprises revise and adapt their business models
to handle changing market conditions and technological advances. Application integration plays a
key role in this process, allowing companies to optimize their operations, improve interactions with
their customers and partners, and generally increase their efficiency.

The implementation of digital transformation in enterprises raises some questions: from where
to start, what are the main objects, what principles should be taken into account and, perhaps most
importantly, what methodology should be followed. The answer to these questions is not unequivocal,
but the emphasis should be placed on the corporate information system used to manage the main
activities of the enterprise and its specific production structures.

1. DIGTAL TRANSFORMATION

Digital transformation requires a strategic and systematic approach where application integration
serves as a central component in changing business models to meet changing market demands and
technological advances. Enterprises undertaking this initiative face critical questions about the scope,
objectives, and guiding principles for implementation. Although the answers may vary, an enterprise
information system remains a fundamental component supporting the management of core activities
and specialized functions within an organization.

At the same time, it should be considered that modern corporate information system has to be
oriented towards the successful completion of every business process rather than just particular tasks.
The following distinctive characteristics can be outlined:

* focusing on the creation and effective use of corporate distributed processes to generate

management decisions at all levels of the enterprise;

* systematic integration of internal information systems for analysis, evaluation, and forecasting
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of all aspects of the enterprise's activity;

* integration and information compatibility with databases and file systems of "old" (legacy)
information systems;

* ensuring the reliability and integrity of the data when exchanging information with the external
counterparties and partners of the enterprise;

* integration with external information systems related to the enterprise;

* ensuring a high level of reliability in data exchange in online operation 24 hours a day, 365
days a year;

* high flexibility and mobility of applications.

In the present paradigm of digital transformation, the provision of full information support, as
well as the extension of information and analytical capacities in the activity of each employee, work-
place, department, or other structural unit in the enterprise's functioning, is crucial. As a result, when
considering digital transformation processes, it is wise to keep in mind that the corporate information
system manages business processes, information movement, personnel activity, and communication
with counterparties, and thus forms both the enterprise's business architecture and its IT architecture.

Therefore, the methods for designing and implementing digital transformation must be defined
and considered at the level at which the integration of all IT and business aspects is supported. It is
determined that corporate information system integration is essential. Integration, often known as
systems integration, or SI, is the process of integrating several software systems, their data, and/or
components within an organization so that the systems work together as a single unit (Rouse, 2013).

Application integration involves connecting different software systems, platforms, and tools so
that they work in sync. This allows:

* Automation of business processes: by automating routine tasks such as data processing and
inventory management, enterprises can minimize the time and resources required for day-to-
day operations.;

* Better communication: the usage of integrated applications improves the exchange of
information between departments, which reduces the risks of errors and misunderstandings;

* Data analysis: the connection between different systems enables the collection of data from
multiple sources, which improves analytical capabilities and supports the decision-making
process;

* Flexibility and adaptability: the easy integration of new applications and technologies allows
enterprises to respond quickly to business and market changes;

* Improved customer experience: the integration of customer relationship management (CRM),
e-commerce, and marketing applications, helps companies offer personalized services and
improve customer satisfaction.

2. ENTERPRISE APPLICATION INTEGRATION

In the context of the corporate information system, the term Enterprise application integration
(EAJ) is distinguished.

(Weske, 2012) discusses various EAI approaches. The most basic form of integration is known
as point-to-point integration. This integration strategy involves creating connections (or interfaces)
between all of the different systems that need to interact with one another.
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According to Weske (2012), the next phase in EAI development is integration through a central-
ized intermediate application integration layer known as the Hub.

The advantages of this technique include a significant reduction in the number of required inte-
gration components. Each system that has to interface with the others via the centralized hub requires
only one integration component (adapter).

Y SCM

ERP System v ’_l‘/' System
\E Centralized Enterprise

Application Integration
Middleware (Hub)

L

Data 4 adapters I\;nven tory
anagemen
Warehouse HRM g
System

Figure 1. Application integration through a centralized EAI integration layer
Source: Adapted by (Weske, 2012)

The reduced number of adapters is an excellent solution, although it does have certain limita-
tions. One option for improving the technique is to use a message broker. The Message Broker serves
in place of a centralized Hub, distributing communication messages amongst various systems. Mes-
sages are dispersed depending on predefined rules.

The broker also transforms the sender's data in the messages to match the recipient's data struc-
ture. This requires the implementation of a specific transformation and mapping logic, as well as the
maintenance of a common data model that allows transformations between and within distinct system
models.

The next evolutionary phase is represented by the so-called Service Oriented Architecture
(SOA). "SOA is a set of principles and methodologies for designing and developing software as in-
teroperable services. Services are detailed business functionalities built in the form of software com-
ponents (individual pieces of program code and data structures) that can be reused for different pur-
poses." (Panagacos, 2012).

According to Weske (2012) “SOA is a software architecture that provides an environment for
describing and finding software services, and for binding to services.”.
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Figure 2. Application integration through a common enterprise services layer

Source: Adapted by (Weske, 2012)

SOA revolves around services. To implement the SOA integration method, the organization's
individual corporate information systems must provide a set of services for all operations that other
systems can use. This results in the addition of a new layer in corporate information systems: the
layer of corporate services.

Implementing this method in enterprise systems integration expands the traditional model of
using an enterprise middle layer (Barry & Dick, 2013). SOA introduces standardized interfaces for
data transfer through services, resulting in the development of so-called open standards and enabling
global application integration. In summary, the introduction of SOA enables the growth of business
process systems from their basic versions to intelligent BPM platforms that work in full integration
and serve as the foundation for the enterprise's digital transformation (Cummins, 2008).

As a result, intelligent business process management solutions are frequently used alongside
SOA methodologies. This ensures the flexibility and independence of systems at all levels. The logic
of each of the integrated corporate information systems, as well as their physical location, is isolated
from the integration services, which allows for enormous freedom when making modifications.

Despite the undeniable necessity of application integration in the process of digital transfor-
mation, one must consider the fact that it may encounter numerous challenges:

* Complexity of systems: As the number of applications and platforms increases, managing and
integrating between them can become complex. Complexity manifests itself in various aspects
related to various technical, architectural, and organizational difficulties. The most common is
that applications are developed with different technologies, programming languages,
databases, and infrastructure platforms (on-premises or cloud). Interoperability between these
technologies may be challenging due to protocol or API incompatibility. Another issue is that
different applications utilize different data models, formats, and structures, making
synchronization and transformation between systems complicated and requiring significant
effort to harmonize them.

* Data security: The inability to implement sufficient security measures can increase the risk of
cyber-attacks. Integration often involves the exchange of sensitive data, requiring the adoption
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of strong safety measures such as encryption, authentication, and access control. Systems must
comply with a variety of regulations and security standards, which increases their complexity.

* Cultural change: Application integration is a difficult process that involves both technological
and human aspects. It frequently requires a redesign of existing work processes. This includes
training employees to work with the new systems and modifying processes to fully utilize the
new applications. They can automate tasks that were previously done manually, requiring
additional training or even reassigning personnel to new roles.

CONCLUSION

In conclusion, implementing digital transformation through application integration is critical for
optimizing corporate processes and increasing competitiveness. Key approaches, such as the central-
ized intermediate application integration layer known as the Hub, reduce system connections by cen-
tralizing communication, while Service Oriented Architecture (SOA) provides greater flexibility
through standardized services that allow seamless integration across platforms. However, some chal-
lenges such as the complexity of systems, data security, and cultural change, need to be considered
for successful integration. Overall, investing in effective integration strategies and technologies is
critical for enterprises looking to maximize the benefits of digital transformation.
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ABSTRACT

The paper is dedicated to a package of seven successive ideologies that have emerged in the last 35 years,
united under the circulating on the Web neologistic acronym TESCREAL. Over the past two years, this label
has been used to designate the ideas of some of the richest, smartest and most prominent technological leaders
to improve human life through technologies inspired by several overlapping futuristic philosophies related to
Transhumanism and Longtermism. Proponents of a techno-utopian TESCREALism vision of the future of hu-
manity believe that building super-intelligent Artificial General Intelligence Systems will lead to the creation
of radically improved and even immortal humans colonizing the Universe, while TESCREALists sceptics bring
to the fore the existential danger of Artificial General Intelligence Systems turning and destroying against
their creators.

KEYWORDS: TESCREAL, Artificial General Intelligence Systems

INTRODUCTION

The rapid development of large language models (GPT-4, Gemini, Llama, Claude, Mistral,
Grock, etc.) and generative Artificial Intelligence applications (ChatGPT, Gemini, Copilot, Ernie,
DALL-E, Midjourney, Stable Diffusion, Sora, and many others) over the past two years have given
a new impetus to the aspirations of many researchers and manufacturers of Al products with a narrow
purpose to pursue the modern big goal of the scientific field of Artificial Intelligence - the creation of
Artificial General Intelligence Systems. The applied goal of Artificial General Intelligence — creating
systems with flexibility and adaptability equivalent to human intelligence (Littman, et al., 2021, p.
27) — has motivated a number of scientists and technology leaders to seek theoretical concepts and
practical solutions to improve human life through a variety of intelligent and experimental technolo-
gies.

The acronym TESCREAL refers to a package of several futuristic philosophies related to trans-
humanism and longevity that overlap in certain aspects (Troy, 2023). The authors of this neologistic
acronym, denoting a package of seven ideologies that have appeared in succession over the past 35
years - former co-head of Al ethics at Google Timnit Gebru and PhD student in philosophy at Leibniz
University Emile Torres - believe that they are the main reason why leading technology companies
such as OpenAl, Microsoft, DeepMind, Neuralink, FTX, and others invest in researches to create
Artificial General Intelligence Systems and in non-profit organizations such as the Future of Human-
ity Institute and the Future of Life Institute (Torres, 2023).

1. THE IDEOLOGIES IN THE TESCREAL LABEL

The abbreviation TESCREAL shifts the focus from the current social injustices in the function-
ing of today's Artificial Intelligence Systems (algorithmic bias, spreading disinformation, putting
thousands of jobs at risk, etc.) in the direction of drastically increasing economic productivity, in-
sightfully increasing human intelligence, and preventing a possible techno-apocalypse (Ahuja, 2023).
The acronym is made up of the first letter of the following ideologies: transhumanism, Extropianism,
singularitarianism, cosmism, Rationalism, Effective Altruism, and longtermism.
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Transhumanism

The key ideology in the TESCREAL package is transhumanism, which propagandize the possi-
bility of technologically and biologically achieving longer, healthier and more fulfilling lives through
the means of Genetic Engineering, Cybernetics, and Artificial Intelligence. According to this intel-
lectual and cultural movement and teaching, such a re-engineering of the human species will create a
superior new race of post-humans with superhuman abilities — higher morality, immortality, very high
1Q, total control over their emotions, extreme "rationality", and new sensory modalities — echoloca-
tion, telepathy, clear vision, clear hearing, etc. (Bostrom, et al., 1999). Transhumanists believe that
the symbiotic connection of humans and machines will allow the recording of human memories and
the recreation of biological beings on digital and/or biological media. If it is impossible to achieve
physical immortality within the current life, a procedure of body cryogenization and subsequent re-
suscitation can be chosen in the presence of appropriate technological know-how.

Extropianism

Contrary to the concept of Entropy in Thermodynamics and Information Theory, Extropianism
is a philosophy according to which all of humanity can live in harmony and cooperation. Extropians
believe that advances in science and technology will someday make it possible for people to exist
indefinitely in a happier, more prosperous, and freer world, where individuals connect with each other
and with community through virtual reality. The term "extropia" was first used in 1983 by science
fiction author Diane Duane (Witchers, 2023). In 1988, Max More and Tom Morrow founded the
Extropy Institute, which for almost two decades brought together different groups of people with
futuristic ideas, held a series of conferences and maintained an online discussion forum to share and

n.n

discuss new transhumanist principles such as "perpetual progress", "self-transformation", "practical
optimism", "intelligent technology", "self-direction", "rational thinking", and "spontaneous order"
(More, 2003).

Singularitarianism

Singularitarianism is an idea suggesting that one day computer technology will advance to a
point where it will begin to self-aware, self-design, and improve exponentially, leading to an explo-
sion of intelligence, technological advancements, and the emergence of artificial super-intelligence
surpassing human intelligence (Yudkowsky, 2007). Singularitarianistic techno-utopian concerns
about the medium-term future imply the creation of an Earth-ruling supercomputer and the displace-
ment of humans in second place (Harrison, 2023). In order to achieve a post-singular state of radical
abundance and colonization of the Universe by post-human digital descendants with extremely sub-
lime forms of intelligence, action must be taken in the direction of harnessing the moment of singu-
larity for the benefit of all humanity (Kurzweil, 2005). The theory that digital life is the natural and
desirable next step in the cosmic evolution of the earth's population and giving free rein to digital
minds instead of stopping or enslaving them will bring a positive result has been called by Max Teg-
mark a "digital utopianism" (Tegmark, 2017, p. 32).

Cosmism

Cosmism is a set of ideologies promoted by Russian scientists and philosophers such as Nikolai
Fyodorov, Konstantin Tsiolkovsky (who developed key formulas in rocketry and had a profound
influence on Elon Musk), and Vladimir Vernadsky (according to which the Earth will develop a
"global brain" called the "noosphere"). At the heart of this manifesto for the "cure" of death and a
philosophical state of being combining the energy fields of the Universe and humanity is the idea of
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exploring and colonizing the cosmos by virtually "resurrected" minds through means of space-time
engineering (Goertzel, 2010, p. 10).

Rationalism

Rationalism is an established philosophical idea for optimizing human rationality, according to
which the source and foundation of knowledge about the real world should be a common mind, com-
bining the energy and thoughts of the entire earthly population. According to this supreme guiding
principle, only in this way each individual can become smarter and more rational in his actions and
worldview. The rationalist movement gave rise to the emergence of hierarchical communities (the
first one was organized on the website Lesswrong.com, founded in 2009 by Yudkowsky), attracting
mostly young men with a desire to "improve" ways of understanding and using the human mind.

Effective Altruism
Effective Altruism is a philosophical and social movement to optimize human morality that proclaims
"the use of evidence and reason to understand how to benefit others as much as possible and take
action on that basis" (MacAskill, 2017). Effective altruists (Peter Singer, Toby Ord, William
MacAskill, Sam Bankman-Fried, and others) aim to reframe philanthropy in terms of both efficiency
and outcomes. They believe that through tools and methods, such as the "theory of expected value"!
it can be calculated how to maximize the benefit of others, so that the work of individuals together
improves the lives of the entire population.

Longtermism
Longtermism is a radical form of utilitarianism? that argues that current generations have moral re-
sponsibilities to future ones to ensure that human civilization will recover from an eventual collapse
(MacAskill, 2022). This concept deals with the issues of maximizing the intelligence of future bio-
logical and machine beings on planet Earth, promoting the exploration of the Universe, and colonizing
distant inhospitable planetary surfaces on which it is possible to build giant computronium?® server
farms accommodating huge groups of digital highly intelligent organisms.

According to proponents of the longermism perspective (William MacAskill, Elon Musk, Nick
Bostrom, Sam Altman, Jaan Tallinn, Vitalik Buterin, etc.), the humanity spread out in space could
theoretically continue to exist for 1040 years, and the creation of safe advanced technologies (includ-
ing Artificial General Intelligence Systems) will significantly increase the probability of the existence
of a future population of 1058 happy virtual people [Bostrom, Superintelligence: Paths, dangers, strat-
egies, 2014; Bostrom, Astronomical waste: The opportunity of cost of delayed technological devel-
opment, 2003]. In their long-term framework, the scenario of neglecting or losing today's eight billion
people because of a natural or intentionally caused global deadly event (e.g., total thermonuclear war)
would be more acceptable than the non-birth of the trillions of future people that would eventually
exist.

! The expected value of an action is the sum of the value of each of its possible outcomes multiplied by the probability
that they will occur.

2 A philosophical doctrine according to which only actions that maximize the happiness and well-being of all affected
individuals are correct.

3 Computronium is a hypothetical material that can be used as "programmable matter”, a substrate for computer modeling
of practically any real object.

21



2. THE HOPES BEHIND AND THE DARK SIDES OF THE TESCREAL IDEOLOGY

Staunch supporters of the techno-utopian TESCREAListic vision of the future of humanity be-
lieve that building super-intelligent Artificial General Intelligence Systems will allow the creation of
radically improved and even immortal humans colonizing the Universe through a post-human civili-
zation of trillions of people with real or digital identities spreading across the Galaxies (Bostrom,
2008). Some researchers express medium positions, recognizing the dangers of creating Artificial
General Intelligence Systems as real but not insurmountable, and call on leading technology figures
to responsibly and ethically research and development of such (Tegmark, 2023). TESCREAL ideas
are undoubtedly popular among Silicon Valley tech luminaries who invest huge sums of money in
transhumanist projects and consider Artificial General Intelligence Systems to be a natural catalyst
for their implementation. For example:

* The mission of Elon Musk's company Neuralink (who also wants to colonize Mars and
expresses sympathy for longtermism) is to fuse the human brain with artificial intelligence to
launch the next stage of human evolution.

* Peter Thiel, the co-founder of PayPal, financed a competitor to Neuralink.

* Both Musk and Thiel have invested in OpenAl — the creator of ChatGPT.

* OpenAlI CEO Sam Altman is registered with Nectome (a company that preserves human brains
for possible future "uploads" to a computer) and invests in Retro Biosciences (a start-up aimed
at extending human life through innovations for bodily rejuvenation).

* Like Thiel, Google's engineering director, Raymond Kurzweil, wants to be cryogenically
frozen and revived in a science-advanced future.

* Longtermism philosopher Nick Bostrom, who heads the Future of Humanity Institute at the
University of Oxford, working closely with the charity Centre for Effective Altruism, is a client
of the Californian transhumanist company Alcor.

Contrary to the high expectations of the proponents of the ideology, sceptical TESCREALists
bring to the fore the existential danger* that Artificial General Intelligence Systems will turn against
their creators, destroying humanity and its dream utopian future (Yudkowsky, 2023). According to
Nese Devenot (Devenot, 2023, p. 2), the utopian TESCREAL visions of global technological elites
promoting the use of psychedelic drugs to treat mental health are not driven by altruistic but by fi-
nancial motives to build a world with increasing material inequality.

Big Tech companies trying to build Artificial General Intelligence compete to create advanced
Artificial Narrow Intelligence Systems capable of performing almost any task in any circumstance —
an omniscient and omnipotent machine similar to "God". In their quest to achieve the cherished goal
of a future utopian paradise, they justify the use of any advanced technologies, even if they are de-
structive and exploited without any or no regulation. Moreover, their leaders often see themselves as
the "saviours of the world" from debt, climate and social crises, and believe that only heeding their
urgent appeals would prevent the destruction of billions of future intelligent beings.

The aspiration to impose the TESCREAL views of a number of privileged and wealthy Silicon
Valley leaders on the rest of humanity can be seen as an attempt to shift the focus away from the
current non-existential risks facing humanity, the most serious of which are social discrimination and
algorithmic bias demonstrated by today's narrow-purposed Artificial Intelligence Systems, rather than

* The idea that the development of machine superintelligence can destroy less intelligent human beings has not yet been
supported by empirical evidence. These fears are supposed to reflect certain views of discredited movements such as
the Science of race and eugenics.
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as an altruistic initiative for its rescue. This is evidenced by the opinions of some supporters of
TESCREAL ideas, according to which the desire to mitigate the existential risks for the human race
justifies the slightest effort to reduce the likelihood of such a catastrophe. According to Nick Bostrom,
for example, if there is only a 1% chance of 10°? digital lives existing in the future, then "the expected
value of reducing existential risk by a mere one billionth of one billionth of one percentage point is
worth a hundred billion times as much as a billion human lives" (Bostrom, 2013).

Perhaps the darkest side of TESCREAL ideology is its direct links to eugenics and eugenic prin-
ciples — transhumanism is a form of eugenics called "liberal eugenics", and some of the leading eu-
genicists of the 20th century (most notably Julian Huxley, president of the British Eugenics Society
from 1959 to 1962) are transhumanists. Gebru and Torres believe that the current push to create Ar-
tificial General Intelligence (AGI) is driven by a set of ideologies called the “second wave” of eugen-
ics, and "the leaders of the AGI movement subscribe to this set of ideologies, which directly emerged
from the modern eugenics movement, and therefore have inherited similar ideals" (Gebru & Torres,
2024).

CONCLUSION
Summarize the results of the research/paper and write the conclusion with a few sentences here.
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METOIHN U TEXHUKU 3A TIOJOBPABAHE HA PE3YJITATUTE
IIPU KOMITIOTBPHA OBPABOTKA HA TEKCT
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PE3IOME

Komniomvprnama obpabomxa na ecmecmeen e3ux e 001acm om u3KyCmeeHus UHMeAeKm, KOSImo HAMupa
NPUTLOdHCEHUE 8 MHO20 3A0a4lU, C8bP3AHU ¢ AHAIU3A U pazoupanemo Ha mekcm. Tlonacmosiuem evnpexku Han-
PpedvKa Ha MexXHOo02uUme, NPAGUIHOMO Pa3dupare Ha KOHMEKCma 6ce owe ocmasa He jexka sadaua. Ipeyus-
HOCMmMa npu 06pabomMKama u AHaIU3a Ha eCMeCmeeH e3uK € Ko4oe (pakmop 3a pazoupane u uHmepnpemu-
pame Ha 3HAYeHUemo Ha mekcmogeme. Jok1a0vm npagu 0600WeHIUe U CUCMEMAMUSUPAHE HA CbEPEMEHHUME
Memoou U MeXHUKU, KOUMo Mo2am 0a ce u3noi36am 3a no00Opsasane Ha pazoupanemo Ha KOHMEKCMa 6 mekK-
cmogeme. OCHOGHUAM (POKYC € 8bPXY MEXHUKUME 3a 0002amA8ane Ha MPEHUPOSLYHUME OAHHU, NOO0OPSAsaHEe
Ha npedgapumennama oopabomka Ha MeKcm u MoOelume 3a peuasane Ha Cneyu@uuHY 3a0ayu, C8bP3aHU C
obpabomrama na mexcm. [lasam ce npenopvKu 3a n000OpeHie, KaKmo Ha KOHKPemHU 3a0aydu, maka u 0ouo
30 YCHbELPUIEHCMBAHE HA npoyecume Ha 0OpabomKka Ha meKcm.

K/IFOYOBH J/IYMH: o6pabomka Ha ecmecmeen e3uk, npedsapumennama oopabomrka Ha mekcm, e3u-
KO8 Mooenu

METHODS AND TECHNIQUES FOR IMPROVING RESULTS IN NATURAL
LANGUAGE PROCESSING

Snezhana Suloval

! University of Economics — Varna / Department of Informatics, Varna, Bulgaria,
ssulova@ue-varna.bg

ABSTRACT

Natural language processing is an area of artificial intelligence that can be used in many tasks related
to the analysis and understanding of text. Nowadays, despite the advancement of technology, understanding
the context correctly is still a troublesome task. Precision in natural language processing and analysis is a key
factor in accurately understanding and interpreting the meaning of texts. The paper summarizes and analyzes
modern methods and techniques that can be used to improve the understanding of context in texts. The main
focus is on techniques for enriching training data and improving text preprocessing, transformers and other
types of models for solving specific tasks related to text processing. Recommendations are given for improve-
ment, both for specific tasks and generally for improving the text processing operations.

KEYWORDS: natural language processing, text preprocessing, language models

BBbBEJIEHHE

KommtorspHara 00paboTka Ha ectectBeH e3uk (Natural language processing — NLP) e o6nact
Ha U3KYCTBEHUS UHTEJIEKT, KOSITO MOJKE Ja CE pa3riiexk/]1a KaTo CHHTE3 Ha JMHI'BUCTHUKA, KOMIIOTHPHH
HAyK{ U MalMHHO oOydeHue. Llenra e kommioTpuTe 1a pa3dupar, MHTEPIPETHPAT U TEHEPUPAT HO-
BEIIKM €3WK 0 HauuH, KOHTO e moje3eH u pazdupaem (Kochmar, 2022). B cpBpeMeHHHS CBAT,
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KOMITIOThPHaTa 00paboTKa Ha €CTECTBEH €3MK MTpae KIIF0YOBa POJIs B Pa3IMYHU 00JIACTH — OT 4Yat-
00TOBE M THPCAYKH JI0 CIOKHU CHCTEMH 3a aHAM3 HA TEKCTOBU JaHHHU B MEIUIIMHATA, IPABOTO U
apyru chepu. Criopen Statista (2024) pazmepsT Ha nazapa Ha NLP ce ouakBa 1a MMa TOAMIICH TEMIT
Ha pactex 26,01%, koeTo Boau 10 mazapeH obem ot 25,74 munmapaa espo a0 2030 r.

C HampenBaHETO Ha TEXHOJOTUUTE, MOSBAaTa HA HOBU U3TOYHHIIM HA TEKCTOBH JIaHHU, HY)KIAaTa
OT YCHbBBPIICHCTBAHE HAa METOJUTE M TEXHUKUTE 3a TsAXHaTa oOpaboTKa cTaBa BCe MO-3HAYMMA.
ExenneBHo upe3 ye0, conuamHuTe miatrGopMu ce reHeprpaT rojeMu 00eMHU OT TEKCTOBE, KOUTO MO-
raT Jla CTaHaT MM0JIe3eH U3TOYHUK Ha JaHHU. 3a mpolieca Ha 00paboTka 1 TpaHCHOpMaIHs Ha TEKCTO-
BUTE JJaHHU HSMA €MHEH aJlTOPUTHM, Thil KaTo Te ca CHelU(PUYHU KaKTO MO CTPYKTYpa, Taka U IO
Ha4ynH Ha ¢popMupaHe. B HayuHuTe n3cneaBaHus Ha 0a3aTa Ha MPOBEICHU MPOYYBAHUS BHPXY pas-
JUYHU BUJIOBE TEKCTOBH JIaHHU CE€ TIPABST MPEUIOKESHUS 32 TTOJOOPEHUS HA METOANTE U TEXHUKUTE
3a TIOCTUTaHE Ha MO-ToJisiMa MPEeU3HOCT Mpu 00paboTkara. B Ta3u Bpbh3Ka meJTa Ha JTOKIaIa € Ha
0a3aTa Ha CHINECTBYBAIINTE MPOYUBAHUS Ja U3BEJAT U CUCTEMATH3UPAT OCHOBHUTE HAYMHU, YPE3
KOHUTO MOJE Jia MOJ00PAT TOUHOCTTA, €(EKTUBHOCTTA M afanTuBHOCTTa HA NLP cucremure. AKiieH-
THpa ce BbPXY U3MOJI3BAHETO Ha MO-YChBBPIICHCTBAHU MOJIEH, 000TraTsIBaHe Ha JaHHUTE 3a o0yue-
HUe, MoAo0psiBaHe Ha pa30MpPaHETO Ha KOHTEKCTA, M BHEJIPSBAHETO HAa HOBH MOJIX0IU 3a 00paboTKa
Ha TEKCT.

1. OCHOBHM KOHIEIIIMHU B KOMIIIOTBPHATA OBPABOTKA HA TEKCT

KommtorspHara 00paboTka Ha €CTECTBEH €3UK BOJU CBOETO Havano oT S0-Te rOAWHU HAa MUHA-
must BeK. 1o ChIecTBO TOBA € CPAaBHUTEIIHO M3CIIEBAaHA 00JIACT, KOSITO 00ade HEMPEKbCHATO ce pa3-
BHBA M JTHEC ce 0a3upa Ha M3ITOJI3BAHETO HA MOJICH C IBJI0OKO MallTMHHO O0YyYEeHHE, KOUTO PabOTAT
C OrpoMHHU 00€MH OT JJaHHHU, caMO00y4aBaT ce U U3MOJI3BaT MOILHU U3UYUCIUTETHH pecypcu. Llenrta
Ha NLP e KoMIoTBpBT J1a MOKeE MO-100pe 1a ,,pa3oupa‘ ChaAbPKAHUETO Ha TEKCTOBHUTE IOKYMEHTH,
Jla OTKpUBA HACTPOCHHUATA B KOHTEKCTA, Ja U3BIMYa MHPOPMAIIHUS U UJEH OT TEKCTOBU JOKYMEHTH U
Jla KaTeropusupa CaMuTe JOKYMEHTH.
[IpouiechT Ha aBTOMaTHU3MpaHa 0OPaOOTKA HA TEKCT € €BOJIFOMPAl B CBOETO pa3BuTHe. Havanoro
ce CBbp3Ba C MpeIoKeHaTa OT OpuTaHCKUS MaTeMaTtuk AnbH Tropunr npe3 1950 r. koHuenmus —
TecThT Ha TIOPUHT 3a MpOBepKa Ha MHTEIUreHTHOCcTTa Ha MamuHuTe (Turing, 1950). [IspBuTe Me-
TO/M 32 00paboTKa Ha TEKCT ce Oa3upaT Ha PHUYHO Ch3/1aBaHU NPaBUJIA U PEUYHUIM U ce POKYyCHpaT
BBPXY MPOCTH 33/1a4ll KaTO MALIMHHUS IPEBOJ] M aHalu3a Ha cuHTakcuca. Ciel ToBa HaBIU3aT CTa-
TUCTHYECKH MeTou, N-TpaMHHUTE MOJIeTH, BeposTHocTHUTE Moaenu Ha MapkoB (Hidden Markov
models). EBomtonusita mporbibkaBa ¢ MoJieu, 0a3upaHy Ha MallTiHHO U JBJIOOKO MAITMHHO 00y4e-
HUE U MOHACTOAIIEM CE U3MOJ3BAT TeHEPaTHUBHU MpeABapUTEIHO 00ydyeHU TpaHCHOPMATOPHU MO-
nenu, kato Generative Pre-trained Transformer — GPI u Bidirectional Encoder Representations from
Transformers — BERT.
OO0paboTkara Ha €CTECTBEH €3UK HAMHPA MPAKTHYECKO MPUIIOKECHHE MIPH:
* UHTEIIMTCHTHO CEMAaHTUYHO ThPCEHE, B THPCAUYKHUTE, CHCTEMHUTE 3a MPEBOJ] KOrato € HeoOxo-
MO Jia ce UACHTU(UIMPA CMHUCHJIA Ha TEKCTa;

* aHaJIW3 Ha JOKJIaJu, TEKCTOBU JOKYMEHTH U M3BIMYaHE Ha MHGOpMaIus, CBbp3aHa C pa3BU-
THE, Ta3apHU CUTYalluH, TCHICHIIH;

* pe3lOMUpaHe Ha TEKCT, HAMHpaHE Ha TJlaBHATa WJes Ha JaJieHa CTaTusl, OTKPUBAHE HA aKTy-
QJTHUA TEMU, KIIFOUOBH TyMHU;

* aHaJIM3 HA TOTPEOUTENICKU MHEHHS, HACTPOSHUS U MIEPCOHATTN3UPAHE Ha YCIYTH;
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* yaT 00T CUCTEMH M BUPTYaJTHU aCUCTEHTH 3a Pa3roBOp C MOTPEOUTEN U aBTOMATHUYEH OTTOBOP
Ha BBIPOCH;

* IPEeBOJIaYM U paboTa C MHOTOE3UYHU MOJIEIH 32 00padOTKa Ha TEKCT HA MHOYKECTBO €3UIIH;

* OTKpUBaHE Ha cram, (aJIuBH HOBUHU, YpPE3 aHAIIU3 U KaTErOpHU3aIis Ha HOBUHU U JIp.

N360pbT Ha TOAX0]T 32 OCHIIECTBIBAHE HA KOMITIOThPHA 00pab0TKa HAa €CTECTBEH €3HK € BayKEH
3a MPEIU3HOCTTA Ha aHAIU3UTE, Oa3UpaHu Ha TEKCTOBU JIaHHHM, CHIIEBPEMEHHO 00ade TO3HU MPOIEC
Ce CBBP3Ba M C peauiia npeau3BukarencTsa. [IpodieMu Bb3HUKBAT IIPU TEKCTOBUS aHAIN3 U paboTa
¢ OJIM3KM €3UIH, C TEKCTOBE, B KOUTO MMa HedopMaHa ped, Yy KAUIH U skaproHu. ChIIecTByBaT
ToJIsIM OpOM M3CTIeABAHMS, KOUTO MPEACTABSAT CIICIIHAITHO pa3pabOTEHH 3a 1aJIeH €3UK U3YHCIUTEITHN
METOJI WJIM TaKWBa, KOUTO Ca aIalITUPAHHU 32 MPpeABapUTETHa 00paboTKa, HOpMaIHU3aIlus, aHATTH3H-
paHe Ha MOAOOHU €3WIIH, €3UWKOBU Pa3HOBUIHOCTH U AuanekTu (Zampieri, Nakov, Scherrer, 2020).
CnoXHOCTTa Ha rpaMaTHUKaTa ¥ €3UKOBUTE CTPYKTYPU B MHOTO OT €3HIIMTE CHIIIO Ch3/1aBaT MPOOIeMH
npu aBTOMatuyHata oopabotka. Jpyro orpannuenue Ha NLP e ye moBeueTo crienuanu3upanu pe-
CypCH, pEYHUIIN, €3UKOBH KOJICKITUU U CUCTEMH Ca IOCTHITHU CaMO 3a OTPE/IEIICHN €311, HA-4eCTO
3a aHTJIMICKH, (PPEHCKH, UCTIAHCKH, HEMCKH M KUTalCKH €3UK. Pa3BuTHETO HA yeO yCIyruTe BOAH J10
reHepHpaHe Ha HOBHU BHI0OBE TEKCTOBH JaHHU B yeO MPOCTPAHCTBOTO U CTaBa MPEANOCTaBKA 3a ThP-
CEHETO Ha MOJXOIAIIHN, CTICIIUATU3UPaH HAYWHH 32 TSIXHOTO M3BJIMYaHEe U 00pabOoTKa KaKTO U MPH-
JIaraHeTo Ha NHOBAaTHBHH METOJIU 3a MOJ00pSBaHE HA PE3Y/ITAaTUTE.

2. METOIM U TEXHUKU 3A IIOAOBPABAHE HA ITPEIIU3HOCTTA ITPH
OBPABOTKATA HA TEKCT

3a na ce uaeHTH(OUIIUPAT KIFOYOBUTE MOHITUS U (hpa3y MPU CHbBPEMEHHUTE HAYYHHU U3CIICBA-
HUSI, TOCBETECHH Ha METOIMTE 32 00paboTKa Ha TEKCT ca OTKPUTH U aHAJIH3UPAHH TyOJIMKAIlUHU B CBE-
TOBHO M3BecTHaTa 0asza ¢ HaydHa JutepaTypa Ckomnyc. UaeHTudunmpanu ca HaydHUTE pa3padOTKu
3a mocuenHuTe 5 T. B o0iact Computer science, OTroBapsIM Ha 3asBKa, BKIIOYBAIIA KIFOUYOBHUTE
nymu ,,Natural language processing®, methods, techniques, improving. O6paboTenu ca pe3romerara
Ha HaAMepeHuTe 652 myOIuKaluyU U ca U3BICYCHU Hal-4ecTO M3MOJ3BAaHUTE AyMU U (pa3u B TAX.
YecroTara Ha U3MOJI3BAHUTE TEPMUHH € CXEMAaTUYHO TIpe/icTaBeHa Ha durypa 1.

®@urypa 1. Wordcloud nuarpama Ha uieHTUQUIUPAHUTE TEPMUHHU

Usmounux: Cobcmeena pazpabomka
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Ha Ga3ara Ha MpoBeEHOTO MO-TOpe MPOyYBaHE, KAKTO U Bb3 OCHOBA Ha MPEIXOIHHU H3CIIe/Ba-
HUS Ha aBTOpa 10 TeMara 3a KOMIIIOThpHaTa 00paboTKa Ha TEKCT, MOXKE Ja ce 000011, Y€ OCHOBHH
IpYyNU METOAM U TEXHUKH, KOUTO CE M3IOJI3BAT 32 MOJ00psIBaHE Ha MPENU3HOCTTA pU 00paboTKaTa
Ha TEKCT ce 0a3upar Ha (BXK. Qur. 2):

* MPUIIOKEHUE HA YCHBBPIICHCTBAHU MOJICIIH;

* mogo0peHa mpeBapuTeaTHa o0paboTKa Ha TEKCT;

* oboraTsiBaHE HAa TPEHUPOBBYHNUTE JAHHHU.

®durypa 2. MeToI4 1 TEXHHKH 32 NMO100psiBaHe HA MPENU3HOCTTA MPH 00padOTKATA HA TEKCT

M3mounux: Cobcmeena pazpabomxa

B nayuHuTe H3cneaBaHus B IOCIEIHUTE FOMHU IroJisiMa 4acT OT MpeJularaH|Te MoIX01u ce Oa-
3UpaT Ha pa3jINYHU YChBBHPIIEHCTBAHU, IPEABAPUTEIHO 00yueHu Moaenu. TakuBa ca moaenure, Oa-
3upann Ha Tpanchopmatopuu moaenu kato BERT u GPT. Te mo3BonsiBatr Ha NLP cucremure na
pas3bepar mo-m1o0pe KOHTEKCTa, Thil KaTo pasmnonarar che self-attention mexanusbm (Vaswani et al.,
2017), xoifTo moMara Ha MOJAETUTE J1a UACHTU(PHUIIUPAT MO-T00pe BPH3KUTE MEXKY IYMHUTE U Ja 00-
phINAT BHUMAHKUE HA PA3IMYHUTE YaCTH HA TEKCTA, 3a ]a UHTEPIPETUPAT MPABUITHO HETOBHS CMUCHIL.
Cren xaTo euH TpaHCPOPMATOPEH MOJIEN € PeABapUTEIHO 00yUeH BbPXY rojisiM Ha0Op OT JaHHH,
TOM MOe J1a Ob2ie GUHO HACTPOEH BHPXY crenuduueH Habop OT JaHHU, 3a J1a U3IIBJIHH ONpeIeieHa
3amava. Taka BMecTo J1a ce 00y4aBaT MOJIEIUTE OT HyJjaTa Ce M3I0JI3BAT MPEIBAPUTEIHO 00yUeHH
TpaHcGOpMATOPHU MOJAENHU BbpPXY CIEUU(PUUHU 337a4u, CBbP3aHU ChC CHELMATU3UPAHU TEKCTOBE.
Hampumep, ako € He0OX0IMMO a ce ch3ajie 4aTooT 3a 00CIy)KBaHE Ha KIIMEHTH, MOXe (UHO J1a ce
HACTPOHM MOjieNia BEPXY ToJisiM Ha0Op OT JHAIO3W MEXIY KIMEHTH U CIY)KUTETH. 32 HIKOH CIICIH-
GbuYHM 331aYU B MEAMIIMHATA WM JIpyra o0JIacT MOKE Jla C€ HaJOXKH Ja Ce M3MOJ3Ba CIIeIUaTHA
TOKEHU3AIINA, KOSTO J]a OTYMTAa OCOOCHOCTUTE HA TEKCTA U Jla pa3lO3HABA U3TOJI3BAHUTE TEPMUHU U
CBKpaIIEHUS.

N3BecTHO €, e npu 0O0paboTKaTa U aHAJIM3a Ha TEKCT MpeaBapuTeIHaTa o0paboTKa € BaKeH
etamn. Ts e OT 3HAaUEHHUE 3a MPEBPBIIAHE Ha TEKCTa BB BUJ YA00EH 32 YHCIOBO MPEACTABSIHE, KOETO
na ce pazoepe oT mojaenute. KoHBEHIIMOHATHUTE TPAKTHUKH 3a TIPeIBapuTeIHa 00pabOTKa Ha TEKCT
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OOMKHOBEHO ca JOCTaThYHU, HO MMa CIAydad, IPH KOWTO TpeaBapuTesHaTa oOpaboTKa Ha TEKCT
TpsiOBa 1a Ob/e MEpCOHATM3UpPaHa CIPSAMO TEKCTa, 3a Ja JaJie MOo-A00pH pe3ylTaTH MpH aHaIu3a
(Chai, 2023). Hopmanu3anusra Ha TEKCTa Ype3 KOPUTHPaHE Ha TPEIIKH IPH BbBEKIaHE, TPEeMaxBaHe
Ha M3JIMIIHA CUMBOJIM U yeJTHAKBsIBaHE Ha (hOpMATHUTE 3a AAaTH, BAyTH MOXeE JIa TIOAIOMOTHe 0Opa-
6otkata. [Ipu paboTa ¢ TEKCTOBE OT COLIMATHUTE MEINHU, KBAETO CE M3MOI3Ba HeOPMaJeH €3HK 32
o011yBaHe, ChAbpiKalll )KaproH, EMOTHKOHH, ChKPAIEHNs M HENpaBWIHA rpaMaTHKa € Jo0pe za ce
IpujaraT CrelMaiHi MOIETIH U TEXHUKH 3a paboTa ¢ HehopMalieH e3UK. EKUIT OT HTaJInaHCKH yYeHH
IPaBAT MPOYYBaHE U JIOKa3BaT, 4e U300pbT Ha MPAaBUIHATA TEXHUKA 3a MIpeaBapuTesIHa 00paboTka
Ha TEKCTOBETE MO’KE 3HAUMUTENIHO Jla MOA00pU TOYHOCTTA IMPU KIACHU(PUKALMOHHUTE aJTOPUTMHU U
JIOpH B HSKOU CITy4ad MOJXOsIIaTa CTpaTerus 3a npeaBapuTenHa oopadoTka gaBa mo-100pu pesyi-
TaTH OT TpaHchopmaTopuute moaenu (Siino, Tinnirello, La Cascia, 2024).

OborarsiBaHETO HAa TPEHUPOBBYHHUTE JAHHU € BAKEH €JIEMEHT 3a M0J00psBaHe HAa TOYHOCTTA U
HaznexaHocrta Ha NLP moznenute. [1o3BossiBa Ha MOIENIATE [1a C€ HAay4daT J1a Pa3no3HaBaT NO-ILUPOK
CIIEKTBP OT €3MKOBU KOHCTPYKIIMHM M HIOAHCU B TEKCTOBETE, KOETO € MPEANoCTaBKa 3a IMO-TOYHU
poruo3u. M3non3BaHeTo Ha pa3InyHU TEXHUKH, KaTO ayTMEHTAalUs Ha JaHHUTE Ype3 3aMeCTBaHE Ha
IYMH CbC CHHOHMMH, POTaLlUs Ha TyMHU U (pa3u B U3pEUCHUATA, TEHEPUPAHE Ha HOBU JJaHHU. B Hil-
KOH OT Clly4auTe TPEHUPAHETO Ha MOJEIUTE BbPXY MHOTOE€3MYHHU KOPIIYCH M BKJIFOYBAHETO HA J10-
I'BJIHUTEITHH TAaHHU KaTO HOBU TEKCTOBE, M300paKEHHSI MITH ayAMO CHII0 MOKE Ja 1moao0pu pazou-
paHeTo Ha TEKCTOBETE KaTo JaJic HOBA U Ba)KHA HH(POpPMALIKSL.

3AKVIIOYEHUE

O6paboTkaTa Ha €CTECTBEHUS €3UK € JMHAMUYHA 00J1aCT, KOSITO HEMPEKhCHATO ce pa3BuBa. Mo-
JenuTe 32 00pab0TKa Ha TEKCT CTaBaT BCEe MO-ePEKTUBHHU, HO M TIO-CclI0KHH. [lo100pssBaHeTO HaA aB-
TOMAaTU3MpaHa 00paboTKa Ha TEKCTa MOXKE 3HAYMTEITHO MTOBHIITM KAYECTBOTO HA YCIYTHTE, Oa3upaHu
Ha NPL eto 3amo e Heo0xoauMo n300p Ha MpaBUJICH METOJ 3a aHAJIU3 M pa3paboTBaHE HA MOJICTH,
KOUTO Ca TO-YCTOHYMBU Ha TPEIIKHA B JTAHHUTE W TPU HEOOXOIUMOCT KOMOWHHUpAHE HA JIMHTBHUC-
TUYHU, COIIMAITHU ¥ KyATYPHU 3HAHUS 3a TI0-I00po pa3bupaHe Ha TEKCTa.

bIIAI'O/JAPHOCTH

Tosa uzcnedsane e Hanpaseno no npoexm [IHU-KC24-04-DCAAITM ,, Pazéumue na komnemeH-
MHOCMU 34 NpUIdeane Ha cpedCmed U Memoou Ha U3KYCmeeH uHmenekm .
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T'EOKOJIMPAILIA CUCTEMA P4
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PE3IOME

B ooxnaoa ce npeonaza noe nauun 3a ceoxooupane, npedHaznayer 0a npeoodoiee HAKOU Om HedOCMAamv-
yume, HATUYHU 8 CHUECMBYBAUME 2e0Kooupawu cucmemu - cucmemama P4. Ilpu masu cucmema ce usnon-
36am NPAGOBLESLAHU KNEMKU, HA KOUMO e NPUCBOSI8A OYKEEHO-YUDPO8 KOO ¢ OBIICUHA, 3a8UCeUd OM HUBOTO
Ha nodpazdensne (m.e. pazmepume) Ha Kiemxamd. Bcuuku Kiemxu om eoHo U Cbo HUBO HA NOOPA30eisiHe
umam eonakeu niowy. Cneyuaino HuMaHue e omoeneHo Ha NOJAPHUMe pauoHu, Koumo ce 00Xeawam om
0ge cneyuannu kiemxu. Cucmemama npeonaca pa3iudHu HU6A HA MOYHOCH U MOJice 0a ce U3NON38a KAMO
3amecmumen Ha MPAOUYUOHHU 2e02PAGPCKU OAHHU, KAMO HANPpUMep YAUUHU aopecu uiu NOWEHCKU Koooge.

KIIIOYOBH JIVMH: 2eoxooupane, P4, OLC/PC, kapmu, adpecu

GEOCODING SYSTEM P4

Pavel Petrov!, Stefka Petrova?

! University of Economics - Varna/Department of Informatics, Varna, Bulgaria, petrov@ue-varna.bg

2 College of Tourism/Department of Tourism, Varna, Bulgaria, s.petrova@ue-varna.bg

ABSTRACT

The P4 system, proposed in the study, is a new method of geocoding that aims to address some of the
disadvantages of earlier systems. This system employs rectangular cells that are assigned an alphanumeric
number whose length is determined by the cell's level of subdivision (i.e., cell dimensions). All cells within the
same subdivision level have the same area. Special attention is paid to the polar regions, which are covered
by two special cells. The system offers different levels of accuracy and can be used as a substitute for tradi-
tional geographic data such as street addresses or postal codes.

KEYWORDS: geocoding, P4, OLC/PC, maps, addresses

BBBEJIEHUE

CucreMuTe 3a T€OKOJUPAaHe UMAT BaKHA POJISl MPU 00pabOTKa HA TeONPOCTPAHCTBEHH JaHHH,
THI KaTo MPEJOCTaBAT HAUMH 32 KOJMpaHe Ha reorpa)CKu MECTOIOIOKEHHS BbB (popMaTH, y1o0HH,
KaKTO 3a X0paTa, Taka u 3a Obp3a KOMIIOThpHA 00paboTka. TpaguimonHaTa ABOMKa 3a 3a7aBaHe HA
KOOpJMHATH — reorpadcka IMUPHHA U JBJDKAHA, IMAT YHUBEPCATHO MPHIIOKEHHUE, HO HE ca MOIX0-
JISITITA 32 MacoBa yrmoTpebda, Korato cTaBa BBIIPOC 32 OBP30 U JIECHO ONpEACIIsTHEe Ha TPUOIU3UTEITHN
mecrononoxeHus (Cliquet, 2021). B mocnennute roguau 0sxa pa3pabOTeHH pa3IudHU CUCTEMH 3a
reokoaupane kato MGRS (Office of Geomatics, 2022), Quadkey, Geohash (Niemeyer, 2024), S2
(Google 2024b), H3 (Brodsky, 2018), OLC/PC (Google, 2024a) u MH. Ipyru C Led J1a ce YICCHH
KOJMPAHETO Ha MECTOIOJIOKEHUSI. MHOTO OT T€3M CHCTEMH, CIIOpPE] HAC, OLIE MPU Ch3JaBAaHETO CH
MMaT peniia HeAOCTAThIIH, KOETO € U MPUINHATA IIOCTOSTHHO /12 BH3HUKBAT HOBH CUCTEMH, KOUTO CE
OMUTBAT J]a pelIaT eAHO WIH IPYTO OTpaHUYCHHE.
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Cucremara P4, kosTO TyK npeanarame, mpuiara HOB OJX0/ 3a FEOKOAUPAHE, IPeIHa3HauEeH J1a
IIPEOJI0JIEE HAKOU OT HEAOCTAaThLUTE, HAIMYHYU B ChUIECTBYBAILUTE T€OKOAUPAIIN CUCTEMU. B cuc-
tTemarta P4 ce n3non3Bar npaBObI'bJIHU KIETKH, HA KOUTO C€ MPHUCBOSBA OyKBEHO-IIM(PPOB KO C IbJI-
’KMHa, 3aBHCElIa OT HUBOTO HA NOJIpa3/eisiHe (T.€. pa3MepUTE) Ha KJIeTKaTa. BCUUKM KJIETKU OT €THO
U CBIII0 HUBO UMAT €1HAKBH Iu1ony. CrenualHo BHUMaHHUE € OTJEJIEHO Ha OIS PHUTE PallOHU, KOUTO
ce 00XBallaT OT ABE CleluanHu KieTkd. CucreMaTa npeasiara pasjIMyHy HUBAa HA TOYHOCT U MOXeE
Jla ce M3I0JI3Ba KAaTO 3aMECTUTEN Ha TPaJUIMOHHU reorpad)Ckyu JaHHU, KaTO YJIUYHU aJpPECH WIH
MOILIEHCKH KOJIOBE.

1. METOJOJIOTHUS 1 TU3AWH HA CUCTEMATA P4 HA ITbPBO HUBO HA
PA3SJIEJISAHE HA 3EMHATA NIOBBbPXHOCT HA KJIIETKH

B cucremara 3a reokoaupane P4 ce u3non3Bat MoJIOKUTETHUTE XapaKTePUCTHKHU HA peaula Ch-
IIECTBYBAIIM I€OKOAMPAILY CUCTEMH, KaTO Ce LIeJIM Aa ce n30ernat TexHu HepocraTbluu. Cucremara
P4 (HashGeo, 2024) u3znon3Ba 32 cumMBoOJIa 3a KOAUPAHETO, MO100HO Ha cuctemata Geohash-EAS
(Petrov et al., 2018), kakTo 1 chIlIaTa cxeMa Ha ToIpa3iessHe Ha KJIETKUTE, HO OT BTOPO HUBO HaTa-
ThK. [IbpBOHAYATHOTO pa3fensiHe Ha 3eMHaTa MOBBPXHOCT C€ M3BBPIIBA MO pa3jIMueH HauuH Ha 7
pena — 2 KJIeTKH 3a MoJisipHUTe 00sacTu (¢ur. 1a), a MexXIy TIX perieTka oT S peaa u 6 kononu (2 +
5x6 = 32 kuetkn). 3a cpaBHenue, cucremara OLC/PC na Google npencrasinsBa pemierka ot 9 pena
1 18 KoJI0HU, KaToO HE ce OT/IeNs CTIeUaTHO BHUMaHue Ha MoysipHuTe obnactu (dur. 10).

a) 0)
®@urypa 1. IlbpBoHaYaTHO pa3e/isiHe Ha 3eMHATa cpepuIHA MTOBLPXHOCT:
a) 32 KJIeTKH ¢ eJHAKBH ILIOIIH B re0KoIupamara cucrema P4;

0) 162 KJIeTKH ¢ pa3jJMYHHU IUIOIIH, HO C eAHAKBHU pa3MepH B rpaaycu — 20 Ha 20 rpaayca, B Te0KOIH-
pamara cucrema OLC/PC.

Mmounux: a) Cobcmeena paspabomua, https://hashgeo.free.bg/explore/P4/; 6) Google,
https://plus.codes/map
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B cucremara OLC/PC nocneaBamuTe 4eTUPH PEKYPCUBHU JICJICHUS Ha BCsAKa KieTka ca 20 Ha
20 kjeTku, T.e. MO OTAETHUTE HHMBA KIETKUTe ca ¢ pasmepu 20°x20°, 1°x1°, 0,05°x0,05°,
0,0025°x0,0025° u 0,000125°x0,000125°, npu KOETO MIOUIUTE HA TPOCTPAHCTBATA OT €AHO U CHIIO
HUBO, HO HAMHUPAIIH C€ Ha Pa3TUYHU Teorpad)CKu IMUPUHH, He ca eqHaKBU. CHOTBETHO, IIMPOYNHUTE
(XOpU3OHTATHHS pa3Mep) Ha KIETKHUTE OT €IHO U CHIII0 HUBO, MEPEHHU B METPH HITU KWJIOMETPH CHIIIO0
Bapupar. bim3ko okoj0 exkBaTopa pa3MepHUTe Ha KJIETKUTE OT IbPBUTE 5 HHUBA ca ChbOTBETHO MpPUO-
Tu3uTeNHO 2224x2224 xm, 111x111 xm, 5,6x5,6 kM, 278x278 m u 13,9x13,9 M. — Te umaT nipuon-
3UTEIIHATE pa3MePH Ha KBaApaTu (mpuemame, ye Ha ekBaTopa 1° = 111,195 km. u 3emsara uma che-
pouaHa popma). CnenBamure AeyeHus ca 5x4 KIETKU (pa3MepH Kpail ekBaTopa okoio: 3,5x2,8 M,
87x56 cM u T.H.) U popmara ce IPOMEHS.

MoseM 1a u3mnoii3Bame clieanara (GopMmynna 3a IbDKMHA Ha Tapajena Ha JajieHa reorpadcka
IIMPYHA, 32 JIa OTPEeIUM U3MEHEHHSTA B pa3MEPUTE Ha KICTKUTE, PA3IIONIOKCHH Ha Pa3InIHU Te-
orpa)CKy MHUPHUHU:

L = 2mR?cos(¢) (D),

KBJIETO:
R — pannyc na 3emsta — npuemame 6371,0088 kM, cbriiacHo WGS 3a apuTMETHYEH CPEICH 3€MEH
paguyc, uznonsad B GPS (Hofmann-Wellenhof et al., 2012)
¢ — reorpadcka mupuHa

Nznon3eaiiku Gopmyna (1) momyyaBame, 4e MMUPOYMHUTE HA KIETKUTE CE MPOMEHSAT, KaKTO €
MOKa3aHo B Tab. 1:

Taoauna 1.
IlIupoynHN HA KJIETKH OT Pa3JInYHA HUBA HA pa3jn4yHM reorpadgcku mmmpunn 8 OLC/PC
Huso 10°S/N 30°S/N 50°S/N 70°S/N
1 2190 kM 1926 xm 1430 xm 761 xm
2 110 xm 96 xm 72 kM 38 kM
3 5,5 kM 4,8 kM 3,6 KM 1,9 kM
4 274 m 241 m 179 m 95 m

KakTo ce Bmkna, MUPOUYUHHUTE HA KIETKUTE, pa3lookeHn Ha reorpadceka mmpuna 70°S/N ca
OKOJIO TPH IMbTU MO-MAJIKU CIPSMO TE3H, Pa3MoJIOKeHH OIM3KO 10 ekBaTopa. ToBa pednextupa u
BBPXY IUIONIUTE Ha KJIETKUTE — T€ CHIIO ¢a OKOJIO TpH IIBTH Mo-Maiku. 3a paznuka ot OLC/PC, B
cucremara P4 ce n30srBa npomsiHaTa Ha MJIOLIUTE, TOKATO MPOMSIHATA HA IIMPOUYNHUTE HE MOXKE Ja
ce uzberne, mopanu cepruynara popma. 3ama3BaHeTo Ha €AHAKBOCTTA HA TUIOIIUTE CE TIOCTUTA, KATO
BHCOYMHATA Ha KJIETKUTE HAa BCEKU PEJl C€ MPOMEHS 0 TaKbB HAUMH, Y€ J1a KOMIIEHCHUpa HaMaJssiBa-
HETO Ha NIMPOYMHATA HA KIETKUTE (TadI. 2).
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Taoauna 2.

XopmonTa.mm IPAaHUIMA MEKIY KJICTKUTE, PA3l10J0KCHU HA PA3JIHYHUTE PEI0BE U TEXHUTEC BUCOUYNHU

B rpajycu
Ne na Kierkn I'eorpadcka mmpuna Ha | I'eorpadcka mmpuna Ha | Bucouyuna B
pen 107KHA TPaHUIa ceBepHa rpaHua rpajaycu
1 0 90°S 69,6°S 20,4°
2 1,2,5,6,j,k 69,6°S 34,2°S 35,4°
3 3,4,7,8, myn 34,2°S 10,8°S 23,4°
4 9,b,e,f,p,q 10,8°S 10,8°N 21,6°
5 c,d, g hrs 10,8°N 34,2°N 23,4°
6 t,u, v, w, X,y 34,2°N 69,6°N 35,4°
7 z 69,6°N 90°N 20,4°
OBIO: 180°

Hoxkaro npu OLC/PC ta3u BucounHa e guxcupana Ha 20° mpu BCHYKH peoBe Ha MbPBO HUBO,

B cuctemara P4 BucounHara Ha KJIETKUTE Bapupa or 21,6° no 35,4°, kaTo crienuanHUTE MOJIIPHU

KJIETKH ca ¢ BucounHa 20,4°.

2. IN3AH HA CUCTEMATA P4 HA BTOPO U CJIEJBAIII HUBA

B cucremara P4 Ha BTOpo HUBO KJIETKUTE Ce pa3aeisaT Ha 4 pena u 8§ koyionu (Qur. 2a), Ha TPETO
HUBO - Ha 8 pena u 4 koo u T.H. B cpaBHeHue cbe cuctemute Geohash-EAS u Geohash, cxemara
e oOBpHaTa - MPH TAX HA YSTHUTE HUBA KIIETKUTE CE Pa3/IeisIT Ha § pena u 4 KOJIOHH, a Ha HEYETHHUTE
HUBa - Ha 4 pena u 8 kononu (¢wur. 206).

®urypa 2. Ilonpasaensine Ha BTOPO HAUBO B PA3JIMYHH CHCTEMM:

0)

a) KJIeTKa ,,w” Ha 4 pena u 8 KOJIOHM B reokogupamara cucrema P4;

0) KJIeTKa ,,u” Ha 8 peaa u 4 KoJioHH B reokoaupaniara cucrema Geohash-EAS.

Usmounux: Cobcmeena paspabomka, https://hashgeo.free.bg/explore/P4/
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[Tpu cucremara P4 ce 3anma3Ba Z-KpuBaTa Ha MOJPEXKJaHE HA KIETKUTE, KaTO HAa I'bPBO HUBO
CUCTeMara € 3HaYUTEITHO IPOMEHEHA, Thil KATO OPOST KIETKH 110 PEAOBE M KOJIOHU € JIPYT, a Ha CIIe/-
BalllMTE HKMBA € ChIlara, kakto npu Geohash-EAS, crorBeTHO npu kinacuyeckust Geohash (¢wur. 3).

KakTo e u3BecTHO, B CHCTEMHUTE 32 T€OKOUpaHe Z-KpuBaTa ce H3I0JI3Ba, 3a Jla ce mpeodpa3yBaT
MPOCTPAHCTBEHH JJAHHU OT ABYU3MEPHO MPOCTPAHCTBO B €IHOMEPHO IMPEACTaBsHE, KaToO Ce 3ara3u
MIPOCTPAHCTBEHATa UM OJM30CT. XapaKTEpHO MPU TO3M HAYMH Ha pa3JeisiHe €, Y€ HOMEPUPAHETO Ha
KJIETKUTE CJIe[iBa T.Hap. Z-KpuBa Ha oOxoxxaane. [Ipu reokoaupaHeTo ToBa 3Hauu, Y€ KJIETKUTE, KO-
UTO ca OJU3KO eAHa 10 Apyra B ABYMEPHOTO MPOCTPAHCTBO, CHIIO Ja ca OJIM3KO €Ha /10 JIpyra B
€IHOMEPHO IMpocTpaHcTBO. Pa3bupa ce, 3a OTAeNHU Ccy4yal Ha ONpPEEIeHH JBOMKU KIETKH TOBA HE
€ M3MBJIHEHO (HanmpumMep mpexosa "c-t'"), Ho KaTo L0 MPEXOAUTE MEXTY ChCEAHUTE KIIETKU Ca MH-
HUMU3HPaAHH.

[To Hame MHEHHE, Ta3u 0OCOOCHOCT HE CE M3I0JI3Ba aKTUBHO B MPAKTUYECKUTE PEaTU3allii U B
TO3U CMHUCHJI MIPEMUHABAHETO OT €HA KJIeTKa B JPYra, He3aBUCUMO JIAJIM CE€ U3BBHPINBA 10 Z-KpHBa
Ha 00x0’k/1aHe (M3BECTHA OIIle U KaTo KpuBa Ha MopToH u kpuBa Ha JIbober), mo kpuBa Ha Xuiodepr,
1o kpuBa Ha Myp, 1o kpuBa Ha [llepnuHCKM WK 110 HAKOS Apyra oT KpuBurte Ha [leano, numa mno-
CKOpPO TEOPETUYHO 3HAUCHUE.

Crnopen Hac, B pefiiiia TeOKOAUPAIIN CUCTEMU HE C€ OTYUTa (aKThT, 4e MPU MbPBOHAYAIHOTO
JieNieHne, KIIETKUTE, Pa3MOJI0KEHU HAl-JISIBO U HAl-ISICHO, BCHITHOCT Ca ChCEIHM, Thid KATO TPaHUYaT
¢ 180-rpanycoBus mepuauas. ToBa Hanara, IoHe IPU IBPBOHAYAIIHOTO JEJIEHHUE, IPUJIAraHETO Ha
pa3IuyeH MOIX0/l, KOETO CUuTaMe, 4e TpsOBa 1a € 00eKT Ha ObJeIIH N3CIeABAHMS 110 TeMATa.

a) 0)
®urypa 3. O6xo:x1ama Z-KpuBa B reokoaupamara cucrema P4:
a) HAa MBPBO HUBO HA TOAPAa3/eJIsiHe;

0) Ha BTOPO HMBO Ha MOApPa3e/asiHe — KIeTKa ,, W,

HMzmounux.: Cobcmeena pazpabomia
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3AKVIFOYEHHUE

I'eokogupamiara cucrema P4 npeniara HOB MOJAX0A 3a pellaBaHE HA HAKOMU OT HEOCTATBLUTE
Ha CHILECTBYBAIIUTE CUCTEMH 3a FeOKoAupane. Ts u3os3Ba NpaBObI'bIHM KIETKH C PaBHU IIJIOLIH,
KaTo 0COOCHO BHHUMAaHUE € OTJICJIEHO Ha MOJsIpHUTE paiionu. Ha mepBo HUBO cuctemara P4 pasznens
3€MHAaTa MOBBPXHOCT Ha 32 KJIETKHU C pa3IMYHM BUCOYMHH, KOETO OCHUTypsIBa PaBHOIUIOIIHOCT Ha
BCHUKH KJIETKH, 3a pa3iuka oT Apyru cuctemu karo OLC/PC, npu KOUTO MJIOMKUTE HA KJIETKUTE Ba-
pupart criopen reorpadckara mupuHa. Ha cienBamum HuBa cuctemara P4 cineaBa peKkypCcHBHO TOJI-
paszieneHue, KaTo 3anasBa Z-KpuBara 3a MUHUMHU3HUPaHe Ha IPEXOIUTE MEXTY ChCeqHU KileTKu. Cuc-
TeMaTa IeJId Ja NpeUIokKH Mo-e(eKTUBHO MpPEJCTaBsHE Ha MpOCTpaHCTBeHU AaHHU. CHcTeMara
MOKE J1a TIOCITY>KH 32 OCHOBA MPH OBbACIIN U3CIeIBAaHMS B 00J1aCTTa HA ONTUMHU3ALUATA IIPU IIBPBO-
HAYaJIHOTO JEJIeHHEe, KAaKTO W Ha CHEIHAJHHUTE CIydyau KaTo MOJSIpHUTE OOJAacTH M IPaHUYHUTE
KJIETKH.
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HAKOMU PE3YJITATH OT TECTOBE 3A PASBMPAHE HA KO/{
B OBYYEHMETO I10 ITPOI'PAMUPAHE

Baagumup Cobios?

! Mxonomuuecku yausepcureT — BapHa, kareapa ,, Madopmaruka®,
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PE3IOME

Jucyunnunume, xoumo 3anoznasam cmyoenmume ¢ OCHOBUME N0 NPOSPAMUPARe, NPUCLCINEAMm 8 Yuen-
HUme niaHo8e Ha NOYMU GCUYKU CHEYUATHOCTIU 8 ODIACTIING HA UHDOPMAMUKAMA U KOMRIOMbPHUNE HAVKIL.
Jloknadvm npedcmags u KOMEHMuUpa HAKOU pe3yamamu om npogedeHu om agmopd mecmose nped paziuytu
6UO006E CIMYOEHMU U HA PATUYHU e3UYyl 30 NPOCPAMUPAHE 8 CXOOHU bBENCOAUU 8 NPOZPAMUPAHEMO OUCYUN-
JuHU. Pesynmamume moeam 0a nocuyscam 3a no-000po pazoupane Ha munuyHume 3ampyoOHeHusl, KOUmo us-
numeam cmyoeHmume 8 n000beH mun Kypcoae.

KIIFOYOBH JIYMH: 06yuenue no npoepamupate, mecmose, yCneeaemocm Ha cnmyoenmume

SOME RESULTS FROM CODE COMPREHENSION TESTS
IN COMPUTER PROGRAMMING CLASSES

Vladimir Sulov!

! University of Economics — Varna, Deparment of Informatics, Varna, Bulgaria, vsulov@ue-varna.bg

ABSTRACT

The classes that introduce university students to computer programming are present in the curricula of
almost every graduate program in the sphere of informatics and computer science. This paper presents and
discusses some results from author’s tests of different students studying different programming languages in
similar introduction to programming classes. The results could facilitate better understanding of the typical
difficulties that students have in such classes.

KEYWORDS: computer programming education, tests, students’ success rate

BBBEJAEHUE

JlucuuminHuTe, KOUTO 3al03HaBaT CTYJEHTUTE C OCHOBHUTE MO IporpaMupaHe, NpuchCcTBaT
B YUeOHHUTE IIAHOBE Ha MOYTH BCUUKHU CIEIMATHOCTU B 00JacTTa HAa HHQOpPMaTUKaTa U KOMITIO-
TepHuTe Hayku (Aleksi¢ and Ivanovi¢, 2016, Kumar, 2024). Tunuyan HauMeHOBaHHs HA TO-
n00HM AMCIUIUIMHUA Ha OBITapCcKH e3uK ca ,,BbBeneHue B mporpamupaneTo’, ,,YBOA B Mporpa-
MupaHeTo®, ,,OCHOBM Ha IPOrpaMHPAHETO", a Ha aHTJIMMCKHU e3uK — ,Introduction to Program-
ming®, ,,Programming Fundamentals®, ,,Foundations of Programming Languages® u ap.

KoHkpeTHuTe e3unu 3a mporpaMmupaHe, KOUTO C€ U3MOJI3BAT B PA3IMYHUTE YHUBEPCUTETH U
JTUCIUIUIMHY, ca pa3nudHu, Haii-uecto C, C++, C#, Java, Python (Aleksi¢ and Ivanovi¢, 2016,
Duffany, 2014, Ivanovi¢, 2015). Bernpeku pa3nuKuTe B CHHTAKCUCA U IOHSIKBIE B HIKOU OT KOH-
LENIUUTE U MapaJurMUTe Ha T€3U €3MIM 3a MporpaMupaHe, Te UMaT 001U UJeH, KOHCTPYKIIHUH
Y YEepTHU, pa3yuTaT Ha JOTUYECKO U AITOPUTMUYHO MHUCIICHE, a AUCIUIIIMHUTE UMAT CXOIHU U3HC-
KBaHUS KbM HMBOTO ¥ Bb3MOXXHOCTHTE Ha 00y4aeMuTe.
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[Ten Ha HacTOAMIMUA AOKIAZ € Ja IPEACTABH HAKOU PE3YNTATH OT IMPOBEJEHU TECTOBE INPEN
cTyaeHTu oT MikoHomMHuuecku yHusepcuteT — Bapua (1Y — BapHa) BbB BbBEX 1AM B IPOrPAMHU-
paHeTo NUCUHUILTMHU. Pe3ynaTaTuTe Morat Aa mociykaT 3a 1mo-7o0po pa3OupaHe HAa TUIUYHHUTE
3aTPyAHEHHS, KOUTO U3MHUTBAT CTYJEHTUTE U CHOTBETHO 3a MOJ0OpsSBaHE Ha 00YYECHUETO UM C
aKLEHTUPaHEe B IIPaBUJIHATA IIOCOKA.

1. U3CJIEJABAHA CBBKYIIHOCT U METOJIUKA

3a HyXIUTE Ha U3CIEIBAHETO Ca U3IOJI3BAaHU OTTOBOPUTE HA TECTOBETE 3a TEKYI] KOHTPOJ
¥ cecuiiHo onensBane Ha 167 crygentu B UY — Bapna ot 1%, 32 u 5% xypc B cnenuannocty ,,n-
dbopMaTiKka ¥ KOMIIOTEPHHA HAyKu“, ,,MoOmIHN U yed TexHoJoruu*, ,,busnec napopmManmnoHHu
cuctemu’, ,,JIdruTaIHN TEXHOJIOTHUU B OM3HEeca“.

JIMCIUIIMHNUTE, OT KOUTO Ca TECTOBETE, Ca CXOJIHU M BbBEXK/JIAIIU B IPOrpaMUPAHETO, MaKap
Y C pa3IMYHU HAMMEHOBAHMS U pa3JIMYHU €3UllU: ,,BbBenenne B nporpamupanero npea 1 Kypce
(ma C/C++), ,,Anropurmusanus u nporpamupane’ npen 3 kypc (ua C#), “BbBenenue B mporpa-
MupaHeTo npen 5 kypc (Ha C#). M3yuaBar ce eqHakBU 0a30BU BB3MOXHOCTH U KOHCTPYKIIUU
KaTo TUIOBE JaHHH, YIPABJISABAIIU ONEPATOPH, MOTPEOUTENCKH PYHKIIUHU U JP.

N3nonzeanu ca 2730 otroBopa Ha 60 BeIpoca TUIN ,,3aTBOPEH . [laHHUTE ca U3BIEUEHU OT
cHCTeMaTa 3a eeKTPOHHO U JAMCTaHIMOHHO 00ydeHue Ha yHuBepcuTeTa — eLearn?, kato ca exc-
noptupanu KpM Excel, kpneTo ca o6paboTeHu.

Brrpocure npeacraBisBaT KpaTKU (pparMEHTH NMPOTPaMeH KOJ, KOUTO CTYJEHTHUTE Clle/lBa
1a pa3zuerart, pazdepaT IpaBUIHO U Aa AaJaT OTTOBOP KAaKBO C€ U3BBPIIBA, KAKBB € PE3yNTaThT,
U3BEJIEH Ha €KpaHa, WJIM KakBa € CTOMHOCTTA Ha OIpe/elieHa NMPOMEHIINBA WM IPOMEHIIUBH.
Bceku BBIIpOC akileHTHpa Ha 0OCOOEHOCTHTE Ha OINpeAesieHa KOHCTPYKIUS H/HIIH OnepaTop/KIIto-
4yoBa JlyMa OT €3HMKa 3a nporpaMmupase. Bcexu BpIIpoc UMa camMo €AMH BEPEH OTIoBOp OT 4 10 6
BB3MOXXHU. [1000HN TeCTOBE TUIIHYHO CE€ MU3MOI3BAT B YHUBEPCUTETUTE B CXOAHH AUCUMILUIUHU
(Kupos, 2019, Simon, 2012, Kuechler and Simkin, 2003).

MeTonukaTa Ha U3CJI€IBAaHETO BKIOYBA HAl-00LI0 CIEAHUTE 3aa4H/I0CIeJ0BATEIHOCT:

1. Jla ce mpecMeTHE cpeHaTa YCIIEBAEMOCT Ha IsJ1aTa ChBKYITHOCT.

2. la ce mpoBepH AaJId pe3yJTaTUTE IO KypCOBE/CIEUaTHOCTH ca ChbIIOCTABUMH U MOTAT Aa
ce pasriiexaaT KaTo €1Ha ChBKYMHOCT.

3. la ce rpynupar BbIPOCUTE IO TEMU (M €BEHTYAIHO MOJTEMH, aKO € Bb3MOXKHO).

4. Jla ce mpecMeTHAT pe3yJITaTUTE IO TEMU U MOJATEMH U J]a CE€ CPABHAT ChC CPEJIHATA YyCIIe-
BAEMOCT.

5. Ha 6a3a Ha TOPHOTO Jla ce HAMpPaBsT HAKOU U3BOJIN.

! Crynentu B ITH 4.6 ,Undopmaruka u kommoTspan Haykn™, OKC , Bakanabp® 3a1ouBaT M3y4aBaHETO Ha IPOrpaMu-
pane ot 1 kypc.

2 Crypmentu B ITH 3.8 , Ukonomuka®, OKC ,,bakanaBbp* 3a10uBaT n3y4aBaHeTo HA IPOrpaMUpaHe OT 3 Kypc.

3 Crynenru B ITH 4.6 ,Undopmarrka u koMmorbpau Hayku*, OKC ,,MarucTbp®, KOUTO MMAT MPUPABHUTENHA JAUCIIUII-
JIHA, BbBEXK/IAIlla B IPOrPaMUPAHETO.

* https://e-learn.ue-varna.bg
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2. CPEJJHA YCIIEBAEMOCT U T'PYIIUPAHE 110 TEMU/TIOATEMMH

W34ucnenara cpeiHa ycrieBaeMOCT Ha BCUUKH BBIIPOCH Ha BCUUYKU BUJIOBE TECTOBE U CTY-
nenTu e 58%°. B cxonHu n3cnensanus 3a aApyru yausepcutetn (Tie at al, 2012, Watson and Li,
2014, Ivanovi¢, 2015, Kuechler and Simkin, 2003), BkJ1. B pa3Iu4H# Ibp>KaBH U U3IOJ3BaHE HA
pa3NUYHU €3UIH 3a MporpaMUpaHe, Ce yCTAaHOBSIBA, Y€ PE3YJITATUTE U YCIIEBAEMOCTTa Bapupar
B MHOTO IHUPOKHU TpaHulu (mpubmausurenno ot 45% no 75%), kaTo U3BOAUTE Ca, U€ HE MOTat
na ObJaT HANpaBeHU AUPEKTHU CPABHEHUS IO METOJMKA, €3UK 3a MporpaMupaHe u Apyru Qak-
TOpH, THhH KaTO B rojisiMa CTENEH PE3YyITATHTE 3aBUCAT OT CIIOCOOHOCTUTE HA ChOTBETHUTE U3-
CJeBaHU CTYJEHTCKH ChBKYIHOCTH.

Twit kato B 1Y — BapHa chliecTByBa cTaHIapTU3MPaHAa TOUKOBA CHUCTEMA 3a OLCHSIBaHE HA
cryanentute oT 0 mo 100 touku (MxoHomuueckn yHuBepcuteT — Bapua, 2021), a pe3yaraTure
OT TECTOBETE ce BKJIOoUBAT 1:1 B Te3u ToUkH npu GOpMUPAHETO HA OLIEHKATa Ha pasTiiek/1aHaTa
CBBKYMHOCT CTYJIE€HTH, MOKEM Jla TPUPABHUM MPOLIEHTHUTE CTOMHOCTU NUPEKTHO KbM TOUKH
Ha BBIIPOCHATa TOUYKOBA CHCTEMa 3a OI[CHSBaHE.

B yHuBepcuTeTa chlliecTByBa U CKaJia 3a peoOpa3yBaHe Ha KpallHUs Opoil TOYKH B OI[EHKA
3a CeMECTpPUAJIHUTE U3NUTU. 58 TOYKH OTrOBapsAT Ha OIeHKa ,,Jl00Bp 4, HO OIIEHKHUTE OT ce-
MECTPHUAJTHUTE U3MUTH MOTaT Aa ObJaT camo meiau yucia ot 2 g0 6. B mo-moapo6Ho pasmuca-
Hata ckaja (Mkonomuuyeckn yHuBepcuteT — Bapna, 2021), makap u camM0 MO OTHOIIEHHE Ha
TbPXKABHUTE U3MUTH, KBJETO TOBA € BB3MOXHO, 58 TOUKH OTTOBapsT HA OlleHKa ,,J[00Bp 3,50,
¢ 1 Touka mo-ManKo OT ciaenBamara omeHka ,,Jloosp 3,75%.

Pasrnexnaiiku pe3yaTaTuTe Mo pa3inyHu JUCHUIIIUHYU (KOUTO Ca U B pa3JIMYHU KypPCOBE U
CIIEUATTHOCTH), CE€ OKa3Ba, ue pPe3yJTaTUTE c€ JABMXKAT B MHTEepBasia 57-59%, koeTo HU naBa
OCHOBaHHWE Ja TH TpeTHpaMe KaTo €JHa CHBKYMHOCT. ToBa Oelmie MpoBEpPEeHO U MO OTACITHU
rpynu BBIPOCH.

Cpo0Opa3Ho u3ydaBaHHsl MaTepuan B AUCIUILIMHUTE, BBIIPOCUTE 0sXa IPyMUPAHU B CIIE/I-
HUTE OCHOBHHM T€MH U MOJITEMHU:

® yIpaBJsABally ONEPATOPH:

oycnosuu (if, switch, ?);

onukau (for, while, break, continue);
e opraHu3ainus Ha JaHHUTE:

OMAaCHUBH, CTPYKTYpH, CTPUHTOBE;

Oykazarenu, peepeHIInU (caMo 3a HIKOU €3UIIN 32 IPOTpaMHUpaHe);
® TOTpeOUTENCKH DYHKIUH.

3. PE3VJITATH 10 TEMUW/IIOATEMMX, HABJKOJAEHUS U U3BOJIN
Pe3ynratuTe B IpOIICHTH BEPHU OTTOBOPH IO OTJICITHUTE TEMH M ITOJITEMH Ca IPEJICTABCHU B
Tabiauna 1.

5 Hagcsxbne manauTe ca 3aKPBITICHU OO0 ISI IPOLICHT, IMOpaan JIUIICa Ha HCO6XO,I[I/IMOCT OT OIII€ MO-BHUCOKA IMPCIU3HOCT.
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Taoauna 1
Pe3yaTaT Ha CTYJIEHTHTE OT TECTOBETE M0 TeMU/MOATEMHU

Pesyarar
Tema / moaTema (BepHM OTTO- Ouenxa no cia-
Jara Ha Y
BOPH)
Yupapasiamy onepaTropu, B T.4.: 57% 3,50
ycnoBnH (if, switch, ?) 56% 3,50
ki (for, while, break, continue) 58% 3,50
Opranuzauus Ha JaHHUTE, B T.Y.: 62% 3,75
MacHUBH, CTPYKTYpH, CTPUHTOBE 66% 4,00
yKazarteiu, pedepeHium 43% 3,00
HotpeduTencku GyHKuun 52% 3,25

ITo oTHOLIEHHE HaA TemaTa ,,yIPaBJISIBAIIA OMIEPATOPH * MOXKE J1a CE€ HApeUe B U3BECTEH CMUCHI
HEOUYaKBAaHO €HAKBOTO IMPE/ICTAaBSHE B yUaCTBALIUTE MOATEMH, Thil KaTO TPAJAULIMOHHO CTYJEHTHUTE
ce 3aTpyAHsIBaT moBeue Mpu GOpMyJIHPaHETO Ha IIUKIIU, KOTaTo TpsiOBa caMu Ja peniar 3ajaaqa, T.e.
Jla HanumaTt coOCTBeH mporpaMeH koj. KaTo 1si1o pe3ynTrarsT Ha TemMara MOYTH ChBIajia ¢ odmaTa
CpelHa yCIeBaeMocCT.

CryneHTHTE TIOKa3BaT MO-A00pO Mpe/ICTaBsiHE B TeMaTa ,,0praHu3alus Ha JaHHUTE 1 0COOCHO
KJIACUYECKH Bb3MOXKHOCTH KaTO MAaCUBH, CTPYKTYPH, CTPUHTOBE. B ChIIOTO Bpeme, obade, Te 3HAYH-
TEJTHO C€ 3aTPYAHSIBAT MPHU pa3OUpaHETO Ha MO-CIOKHUTE KOHIICTIINH, Kacaelll pa3oyiaraHeTo 1
OpraHm3alysaTa Ha JaHHUTE B TAMETTa, ChOTBETHO YKa3aTelu U pehepeHITNH, KaTO Pe3yNITaThT B Ta3H
IMOJATEMA € Hall-ClIa0uAT N300I110.

Ha mo-cimaGo oT cpefHOTO paBHUIIIE ca CHIO U PE3yJATaTUTE OT TeMaTa ,,IOTPEOUTENCKN (PYyHK-
nuu‘‘. Beripekn e mogoOHa mo-AeTaiiiHa pa30uBKa HE € MpecTaBeHa B HACTOAIIUSA JOKIa, Oeme
YCTaHOBEHO, Y€ HUCKHUTE PE3YNITAaTH TOHIKBAE Ca CBbP3aHHU MO-TSICHO ¢ pa30MpPaHeTo Ha MTPelaBaHEeTo
Ha MapaMeTpH, BKIL. ¥ IIPH U3IOJI3BaHE HA yKa3aTeldu u/Win pedepeHnnu, KoeTo Oere KOMEHTUPAHO
o-Tope.

C ornen Ha IPeCTABEHUTE PE3YNITATH MOTAT J]a Ce HAIIPABSAT HIKOJIKO OCHOBHU U3BOJA.

PazbupaneTo Ha mporpaMeH KoJ| OT CTpaHa Ha CTyJEHTUTE, KOUTO ce 00ydaBaT B BbBEKIALTUTE
B IporpamupaneTo aucuuiinay B 1Y — Bapha, e Ha ¢popmanHo 1o6po HuBo. CTyIeHTUTE N3IUTBAT
3aTpyJHEHUS B HAKOM KOHKPETHHU 00JIaCTH, Ha KOUTO OM clieZiBaIo 1a ce HabJerHe noseye mpu mnpe-
nojaBaHeTo. PeanHo pe3ynaTaTuTe Morar Ja ce pas3riiexkaar 3a He TOJIKOBA J100pH, HO OTYACTH TOBa
ce AbJDKU U Ha (aKTOpH, KOUTO JOMBIHUTENHO cie/Ba a ObJaT HU3Cle[BaHHU, KaKTO IIOCOYBAT U
apyru asropu (Tie at al, 2012, Ivanovi¢, 2015), kato numnca Ha MOTUBAIIHSI, TOCTOSIHCTBO, OT/IEJICHO
BpeMe, Bb3MOXKHOCTH TOYHO B TOBA OTHOIIICHUE Y HAKOU OT TAX U Jp.

3AKVIIOYEHUE

HanpaBeHoTo u3cienBane mokasBa HUBOTO Ha MPEICTaBsSHE HA CTYJEHTHUTE, HIKOU CIabOCTH B
TAXHATA MOJITOTOBKA M B3MOXHOCTH U OYepTaBa HACOKHU 3a MOJAO0OPEHUETO Ha yCIIeBAEMOCTTa UM.
3a ome mo-100po pazdupaHe Ha MPEACTABIHETO HAa O0y4yaeMHUTe, Pe3yATaTUTE OT TECTOBETE MOrat
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Jla ce CPaBHAT U aHAJIM3UPAT CIIPSAMO PEe3yJATaTUTE OT MPAKTUUECKUTE 3a/1aHUsl 1 KOHTPOJIHH, a ChIIO
J1a ce MOTHPCAT IPYTH (PaKTOPH, KOUTO BIUSST HA YCIIEBAEMOCTTA HA CTYJCHTHTE.
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THE USE OF MYGPT FOR CREATING AGGREGATED REPORTS IN SPECIFIC
REPORT TEMPLATES USING DATA FROM PERSONALISED INTERVIEWS
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ABSTRACT

This study explores the use of MyGPT, an Al-based language model, for generating aggregated re-
ports in specific report templates using data from personalized interviews. The focus is on how MyGPT
can automate report generation, ensuring consistency, accuracy, and efficiency. The research involved
developing a framework that integrates MyGPT with interview data processing pipelines. Results show
that MyGPT significantly reduces the time required for report generation while maintaining high stand-
ards of content quality. A case study is presented to demonstrate the practical application of the frame-
work in a real-world scenario. The paper discusses the implications of these findings and suggests direc-
tions for further research.

KEYWORDS: MyGPT, document templates, personalized interviews

INTRODUCTION

The growing demand for personalized and data-driven reports in various fields, such as
healthcare, finance, and education, has led to the development of automated tools to facilitate
report generation. Traditional methods of report creation often involve manual data aggregation
and formatting, which can be time-consuming and prone to errors. MyGPT, an advanced language
model developed by OpenAl, has shown promise in automating content generation tasks. This
study aims to evaluate the effectiveness of MyGPT in creating aggregated reports in specific
report templates using data from personalized interviews.

The purpose of this research is to develop a method for integrating MyGPT into report gen-
eration workflows. The study addresses key challenges such as data extraction from interviews,
template adherence, and content coherence. By automating the report creation process, MyGPT
could enhance efficiency and consistency, reducing the cognitive load on users. This paper con-
tributes to the existing literature by demonstrating a practical application of MyGPT in structured
report generation.

LITERATURE REVIEW

The application of ChatGPT has rapidly expanded across various fields, showcasing its ver-
satility and potential. Recent literature highlights a broad spectrum of uses, from enhancing
healthcare and education to revolutionizing software development and academic research.

ChatGPT has been widely adopted in healthcare, primarily for clinical decision support, pa-
tient communication, and medical research. The model assists in generating patient reports,
providing drug information, and enhancing doctor-patient interactions. It has been used to support
clinical decision-making by offering real-time suggestions and interpretations, particularly in dig-
ital health and psychological assessment contexts (Marchandot et al., 2023; Liu et al., 2023).

In education, ChatGPT has become a powerful tool for personalized learning experiences. It
helps students by offering immediate feedback, enhancing writing skills, and facilitating interac-
tive learning. Studies highlight its potential to improve learning outcomes by adapting to individ-
ual learning paces and promoting active participation (Yu et al., 2023; Education Sciences, 2024).

42


mailto:vasilev@ue-varna.bg

However, the model’s impact on academic integrity has raised concerns, as it can generate
content indistinguishable from human writing, posing challenges in education and research set-
tings (Burger et al., 2023).

In software development, ChatGPT has been used for code generation, debugging, and en-
hancing developer productivity. The tool provides solutions to programming problems, often sug-
gesting correct code on the first attempt, which improves workflow efficiency. However, devel-
opers also caution against over-reliance due to potential inaccuracies in code generation (Sakib
et al., 2023).

ChatGPT is increasingly used in industries such as e-commerce, finance, and customer ser-
vice. For instance, Shopify uses ChatGPT to help merchants create personalized product descrip-
tions, and Microsoft has integrated ChatGPT into its Al chatbot for various business tasks. These
applications showcase the model's capacity to handle diverse tasks, improving business opera-
tions and customer interactions (DZone, 2023).

Despite its potential, the use of ChatGPT raises several ethical concerns, particularly related
to the generation of misleading or inaccurate content. Studies have noted that ChatGPT can pro-
duce text that appears credible but may contain false information or fabricated references, posing
risks in scientific research and publication (Cascella et al., 2023)

Additionally, its inability to understand context fully and limitations in data reliability high-
light the need for careful oversight when using ChatGPT in critical applications.

Ongoing research emphasizes refining ChatGPT’s applications by enhancing its contextual
understanding and reducing biases in generated content. Future studies are expected to explore
deeper integrations of ChatGPT with other Al technologies, further improving its utility across
fields like medicine, education, and business (Gabashvili, 2023; Computers, 2023).

METHODS

The research methodology involved designing a framework that integrates MyGPT into the
report generation process. The framework was developed to handle data extraction, processing,
and formatting according to predefined templates. Personalized interviews were conducted to
collect qualitative data relevant to the reports. The interview data were then processed using nat-
ural language processing (NLP) techniques to ensure compatibility with MyGPT’s input require-
ments.

A key component of the framework was the development of a data preprocessing module
that converts raw interview transcripts into structured inputs for MyGPT. The module includes
steps for cleaning, segmenting, and tagging data to ensure that MyGPT accurately reflects the
interview content in the generated reports. Additionally, the framework was designed to allow
users to select specific report templates, which MyGPT would populate with relevant data points.

MyGPT was fine-tuned to understand and adhere to the style and structure of the selected
report templates. The model was trained using a combination of existing reports and customized
prompts designed to guide the content generation process. Evaluation metrics included accuracy,
template adherence, and user satisfaction, measured through feedback surveys from participants
who reviewed the generated reports.

RESULTS
The results demonstrated that MyGPT could successfully generate reports that adhered to the
specified templates, accurately reflecting the content of the personalized interviews. The
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automated system reduced the average time for report generation by approximately 60% com-
pared to traditional manual methods. Users reported high levels of satisfaction with the readability
and coherence of the reports, highlighting the potential of MyGPT as a tool for efficient report
generation.

Accuracy in data representation was another critical metric. The generated reports main-
tained a high level of accuracy, with an error rate of less than 5% in data points extracted from
interviews. The system's ability to maintain consistency across multiple reports was particularly
noted, as MyGPT adhered strictly to the stylistic and structural guidelines of each template.

Furthermore, the feedback indicated that MyGPT was especially useful in handling complex
and repetitive report formats, where manual input would be labor-intensive and prone to errors.
Participants also appreciated the flexibility of the system, which allowed for easy adjustments
and customization based on specific reporting needs.

CASE STUDY: APPLICATION OF MYGPT IN HEALTHCARE REPORTING

To illustrate the practical application of the proposed framework, a case study was conducted
in the healthcare sector, focusing on generating patient outcome reports from interview data col-
lected during follow-up consultations. The healthcare institution involved in the case study re-
quired standardized reports to summarize patient progress, treatment effectiveness, and future
care plans. Traditionally, these reports were manually created by healthcare professionals, con-
suming significant time and resources.

The implementation began with the collection of interview data from patient consultations,
which were transcribed into text format. These transcripts were processed using the framework’s
data preprocessing module, where key information such as patient demographics, treatment de-
tails, and clinical observations were extracted and structured. MyGPT was then used to generate
patient outcome reports based on this structured data.

The case study involved comparing MyGPT-generated reports with manually created reports
to evaluate accuracy, consistency, and time efficiency. MyGPT-generated reports were reviewed
by healthcare professionals to ensure clinical relevance and adherence to the prescribed report
template.

Results from the case study showed that MyGPT significantly reduced the time required to
produce each report by approximately 70%. The generated reports were found to be highly con-
sistent with the manual reports in terms of structure and content, with an accuracy rate of over
95% in reflecting the clinical information from the interviews. Healthcare professionals noted
that MyGPT’s ability to standardize the reporting format reduced variability and improved the
overall quality of patient records.

The automated approach also allowed for rapid adjustments to report templates based on
evolving clinical guidelines, demonstrating the system’s flexibility. Feedback from the healthcare
professionals indicated a high level of satisfaction with the readability and relevance of the re-
ports, highlighting MyGPT’s potential as a reliable tool for automated reporting in clinical set-
tings.

DISCUSSION

The findings suggest that MyGPT is a viable solution for automating report generation in
specific templates using data from personalized interviews. This capability addresses a significant
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gap in current reporting processes, where manual aggregation and formatting are common chal-
lenges. By leveraging MyGPT, organizations can streamline their reporting workflows, improve
accuracy, and reduce the time and resources required for report creation.

However, some limitations were observed. The effectiveness of MyGPT is highly dependent
on the quality of the input data and the precision of the templates. In cases where interview data
were unstructured or ambiguous, the model occasionally struggled to maintain context. Future
research should focus on enhancing data preprocessing techniques to further improve input qual-
ity.

Additionally, while the study demonstrated high levels of accuracy and user satisfaction,
there is potential for further optimization of MyGPT’s performance. Enhancements in model
training, particularly in template-specific fine-tuning, could lead to even greater consistency and
alignment with user expectations. Future studies could also explore integrating MyGPT with other
Al tools, such as sentiment analysis and topic modeling, to enhance the depth and nuance of the
generated reports.

CONCLUSION

This research highlights the potential of MyGPT as an effective tool for automating the cre-
ation of aggregated reports using data from personalized interviews. The framework developed
in this study demonstrates that MyGPT can significantly enhance the efficiency of report gener-
ation while maintaining high standards of accuracy and template adherence. The case study in the
healthcare sector illustrates the practical application of MyGPT, confirming its ability to reduce
time and improve consistency in report creation. The findings underscore the importance of Al-
driven solutions in addressing the growing demand for personalized and data-driven reporting.
Future work should focus on refining the integration of MyGPT with data processing pipelines to
further improve the quality and usability of the generated reports.
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PE3IOME

Hoxnadvm ananusupa 3HaveHuemo Ha MUKpoxeaiugurayuume 3a no00OPsa6ane Ha OUSUMAanHume yme-
HUsL Ha cmyOdenmume. B ponsima cu na Kpamkocpounu 00yyenus MUKPOKEALUpuUKayuume ocuypsasam cneyu-
Guunu 3HaAHUS U YMEHUs, 0COOEHO YeHHU 3a ObpP30 adanmupane HA yyawume ce Ha nazapa na mpyoa. Te
npeonazam y0obHa opma Ha OHAAlH 00yUeHUe, KOemo No360:A6a HA cmyOeHmume 0d npuodoodusam Hosu
KoMnemenyuu 6 c0600Homo cu epeme. OCHOBHOMO UM NPEOUMCIBO e MAXHAMA 2b8KABOCH, OOCHIBIHOCI U
HACOYEHOCH KbM KOHKPEMHU NPODECUOHATHU HYHCOU, KOEMO U NPAsU eeKmuUHU 3a KapuepHo pazeumiue.
Hoxnaovm 3acsiea OCHOGHU NPoGIeMU, CEbP3AHU C NPUTONCCHUCNO HA MUKPOKGATUDUKAYUUME 3d PA36UBAHE
HA 3HAHUSIMA, YMEHUSIMA U KOMREeMeHMHOCmume Ha yyauume.

KIIFOYOBH JIYMU: muxpoksanugurayuu, OUSUmaito odyyenue, ymeHus, KOMNemeHmHoCcmu, OHAAUH
Kypcose, npohecuoHaIno pazeumue

THE ROLE OF MICRO-CREDENTIALS IN DEVELOPING STUDENTS'
DIGITAL SKILLS

Petya Strashimiroval, Silvia Parusheva?

! University of Economics — Varna/Department of Informatics, Varna, Bulgaria, p.emilova@ue-varna.bg
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ABSTRACT

The report analyzes the significance of micro-credentials in enhancing students’' digital skills. As short-
term training programs, micro-credentials provide specific knowledge and skills, which are especially valua-
ble for the quick adaptation of learners to the labor market. They offer a convenient form of online learning,
enabling students to acquire new competencies in their free time. Their main advantages are flexibility, acces-
sibility, and focus on specific professional needs, making them effective for career development. The report
addresses key issues related to the application of micro-credentials for developing learners' knowledge, skills,
and competencies.

KEYWORDS: micro-credentials, digital learning, skills, competencies, online courses, professional de-
velopment

BBbBEJIEHHE

B nHemrHus 6bp30 pa3BHUBAlL CE€ CBAT AUTUTATTHUTE YMEHUS Ca OT CBHIIECTBEHO 3HAYCHHUE 32 yC-
nemHa npodecuonangHa peanuzanus. MUKpokBanu(UKaMUTE, KaTO CPAaBHUTEIHO HOBa (hopma Ha
oOpa3oBaHue, UTPAAT BaKHA POJIs B MPHI0OMBAaHE M YChBBPIICHCTBAHE HA Te3W yMeHUs. Te mperc-
TaBJIIBAT KPATKOCPOYHH, IEJICHACOYCHN YUYEOHHU MPOTrpaMu, KOUTO MPEIOCTABAT CleNU(UIHN 3HA-
HUSI 1 KOMIETEHINH, aJaNTHPaHNu KbM HMHIMBHIyaJHUTE HYXAW Ha oOydaemure. B moxmama ce
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pasriexa Kak MUKPOKBAIM(PHUKALMUTE MOANOMAraT CTyJA€HTHTE B Pa3BUTHETO HA TEXHUTE IUTH-
TAJIHA YMEHHUSI, IpeIaraiky Mo-I'bBKaB U MEPCOHAIM3UPAH MOAX0]] KbM 00yYEHHETO.

Lenrta Ha MOKIIa/a € 1a ce U3CIe/Ba PONIATa HA MUKPOKBAIM(UKAIIMUTE B PA3BUTUETO HA JTUTH-
TaJIHUTE YMEHHUs Ha CTYACHTUTE. TOBa BKIIOUBA aHAIM3 HA IIOJI3UTE OT TE€3U KPATKOCPOUYHU KBAJIU-
¢buKamu, TIXHOTO MPUIIOKEHUE B CbBPEMEHHOTO 00pa30BaHUE U Bb3MOKHOCTUTE, KOMTO MTPEIOCTa-
BAT 32 [10-I'bBKABO U MHIMBUIyaIU3UPAHO 00YUYEHHUE, KOETO MOAIIOMAara KapuepHOTO Pa3BUTHE U ITPO-
(decroHanHaTa peanu3anys Ha CTyJeHTUTE.

1. CBITHOCT U XAPAKTEPUCTUKA HA MUKPOKBAJIM®PUKALIMUTE

MukpoxkBanuuKauuTe WIK OIlle MO3HATU KaTO MUKPOKPEIWUTH IMpeiiarar oO0ydyeHue ¢ Io-
KpaTKa MPOIbIKUTETHOCT U MO-0TpaHUYeH 00XBaT B CPABHEHUE C TPATUIIMOHHUTE MPOPECHOHATHH
WU aKaJeMUYHH KBATHM(PUKAIMKM, KAaTO aKIEHTHUpAT BHpPXYy KoHKpeTHH Hyxau (Oliver, 2019).
[Topanu cBosiTa KpaTKOCT, T€ MO3BOJSIBAT OBP30 NPHIOOMBAHE HAa HOBU YMEHHS, OCOOCHO 3a
BB3paCTHH 00yJaeMu, KOUTO BEeUe ca 4acT OT paboTHATa CHJIa.

Mukpo o3HauaBa MHMHH WJIM MaJIbK, a YAOCTOBEpPEHHETO € KBanudukauusa. Te3m MHUHU
KBaJIM(DUKAIIMK MOTaT J1a MOMOTHAT Ha Xopara Jia HayJyaT HOBU YMEHUsI, 1a HallpeIHAT B Kapuepara
CH WJIM M3LISJI0 1a CMEHAT Kapuepara cu (Parsons et al., 2023).

W3BecTHU CBHILO KATO MUKPOCTETIEHU WJIM HAaHOCTEINEHHU, T€ YECTO ca OHJIAMH KypcOBe, KOUTO
Morart Aa ObAatr 3aBbpILICHU B CBOOOAHOTO BpEME U J1a OCUTYPSAT cepTudukar cies 3aBbpiuBaHe. Te
ca MPOEKTUPaHU Aa ObAaT Obp3HU, JOCTHIIHU U CHELHATU3UPAHH.

MUKpOKpeTUTUTE ce MPEIOCTaBIT OCHOBHO OT YHMBEPCUTETH, OM3HEC YUYWIIMILA, KOJEXKH U
LIEHTPOBE 3a MPOABIIKABAIO o0pa3oBaHue. Te3u KpaTKu KypcoBe YECTO ce IpeisiaraT Hape[ ¢ Io-
TPaIUIIMOHHUTE 00Pa30BaTEIHH CTEMECHH, 10 KOUTO BCEKH MOXKE J1a UMa JOCTBII.

MukpokBanupHUKaUUTE ca CEepTUPHUKATH 3a KPaTKOCPOUHO oO0ydeHue, (opMalHO HIH
HedopmanHo, kouto EBponeiickara komucus (EK) cunra 3a ctpaTerndecku 3a ocTUraHe Ha CBOsITa
European Skills Agenda.

B pamkuTe Ha penuiia mpoektn EBporeiickaTa KOMHCHS ¢€ CTPEMU J1a OOCHIH OMPEICICHUETO
3a MUKPOYJIOCTOBEPEHHMSI U J1a OMpEeNd MPEeAU3BUKATEICTBATa U Bb3MOXHOCTUTE B Ta3U 0OJACT.
Cnopen CoBeta Ha EBponeiickus ¢bio3 (2022) MUKpOKBaTU(DUKAITUNATE ca pe3yJATaTUTE OT 00yUYeHUE,
NpUA0OUTH Ype3 KPaTKOCPOUHHM YUEeOHU NPEXKUBSBAHUSA, KaTO HANpUMEpP KpaTKU KypcoBe WM
oOyuyenus. Te mpemrarar I'bBKaB W IIEJIEHACOYEH IOJXOJ, KOWTO MOJANOMAara WHAMBHIUTE B
pPa3BUTHETO Ha 3HAHUATA, YMEHUATA W KOMIICTEHIMHTE, HEOOXOAWMH 3a TIXHOTO JIMYHO U
npoeCHOHAIHO YChBBPIUICHCTBAHE.

MUKpOKpeuTUTe OOMKHOBEHO OTpa3sBaT NMPHUIOOUTH KOMIIETECHIIMH, KOUTO IMpPEICTAaBIsSBAT
KOHKpPETHH YMEHHUsS W 3HaHMS HAa MHIUBUIA. Te ce BU3yalnu3upar ype3 AUTUTAIHU 3HAUKH, KOUTO
(GyHKIIMOHMpAT KaTO CUMBOJIM, MTO3BOJISIBAILM OHJIalH criozaensHe. [lonobHo Ha qUILIOMUTE, KOUTO
YIOCTOBEpSBAT  aKaJAEMHYHU TOCTMD)KEHHS, 3HAUKUTE  yJIOCTOBEPSBAT  MHUKPOKPEAUTHUTE.
PaGoromarenute nMat Bb3MOKHOCT Jla pa3rieaT AUruTalHaTa 3Hauka, 3a a noiaydar nadopmanus
32 MHCTUTYLHATA, KOATO S € M3/ajia, JaraTta Ha M3/laBaHe M 00XBaTa Ha yJOCTOBEPEHUTE YMEHHUS
(Lemoine and Richardson, 2015).

OcHoOBHAaTa pa3iarKa MeXIy MUKPOKPEAUTUTE U IpYTH (POPMHU Ha KPAaTKOCPOUHO 00yUYEHHE, KaTO
Hafp. cepTudukaru 6e3 OUIUIOMA, € MPOABIDKUTENHOCTTAa Ha mporpamara. CepTH(HIMpaIIuTe
porpaMd OOMKHOBEHO H3HMCKBAT IOBEYE BpeMe 3a 3aBbpllBaHe. [lpyra chliecTBeHa pasiiuKa €
cBBbp3aHa ¢ (hopMara Ha 00yUeHHE — MUKPOKPEIUTHTE YECTO CE MpeaiaraT u3Lsio OHIakH.
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MUKpoOKpeIuThT MOXE Ja ce mpwiara moj paziuuau Gopmu. B Hail-mMankus cu BHJ
NPEJCTaBIsABA CAMHIYEH MOAYII, IPEAMET, YMEHHE WM KOMIETEHIUS, HO MOXKE ChIIO0 Taka J1a Obie
Ha0Op OT YMEHMS MM 3HAHMS, WIK JOPH ISUTOCTEH HAaOop OT KoMneTeHuH. HAKkou MUKpOKpeIuTH
MoraT Ja ChIIECTBYBAT Hoj ¢opmara Ha yMEHHs, JOKAaTO IPYrd MoraT jaa ObaaT creuupudHo
pa3paboTeHH 3a KOHKpPETHA KOMITAHHSI WM WHAWBUYAJIeH 00yJaeM.

2. PABSIT'PAHUYABAHE HA MUKPOKBAJIM®OUKALIHUUTE OT TPAAJUIIUMOHHUTE
AKAJEMHWYHU KBAJIM®OUKAIIUHN

YHUBepcUTETCKaTa JUIIOMA € HacOueHa KbM Pa3BUBAaHE HA YMEHUS U 3HAHHSI, KOUTO Ca BUCOKO
[IEHEHHU Ha Ta3apa Ha TpyJa U KOUTO MOraT Ja crocoOCTBaT 3a ycrnexa Ha UHauBuauTe. Ts npegoc-
TaBs Ha CTYICHTUTE Bb3MOXKHOCT Ja M3CcleABaT COOCTBEHUTE CU MHTEPECH U Ja MPUA0OUST LEeHEH
OTHT Ype3 pasHooOpa3Hu hopmaTH Ha 0OydYeHHE, BKII. OOIIN U CIICIIHAIU3UPAHN KYPCOBE, U3CIIEI0-
BaTEJICKHU MPOEKTH, padoTa B €KUIT U JPYTU MPAKTUUECKU AEWHOCTH. B nombiiHEeHne, IpUTEKaBaHETO
Ha YHUBEPCUTETCKA JUIIIIOMA € CBBP3aHO C MO-I00pU IBITOCPOUYHHU NEPCIEKTHBH 3 3a€TOCT U I10-
TEHIIMAJI 32 MO-BUCOKH 1oXou (Ahsan, et al., 2023).

B xoHTeKcTa Ha 00pa30BAHNETO MUKPOKPEAUTUTE KAaTO OHJIAMH cepTU(UKATH, TUTUIOMH, 3HAYKU
U yIOCTOBEPEHHUSI, IPEACTABISIBAT (JOPMa HA aITEPHATUBHO 00yYeHHE, KOSATO CE KOHLIEHTPUPA BHPXY
crenu(pUYHN U [eJIeHacoYeHn HabOpH OT yMEHHUs U 3HaHus. BmecTo na mpeanarat TpaaullMOHHU
CTENEeHU, CepTUPUKATUTE U 3HAYKUTE JEMOHCTPUPAT KOMIETEHTHOCT B OMPEIENICHU CIElUaTN3H-
panu ymeHusd. Te3u kBanupukanuu 0OMKHOBEHO ca HACOUEHU KbM KOHKPETHH KapHUepHU IIbTEKU UITH
MHIYCTPUU U UMAT 3a eI J1a TIO3BOJISAT Ha 00y4aeMHTe J1a YCBOSIT YMEHUS B KPAaTKH CPOKOBE, KOETO
UM J1aBa Bb3MOXHOCT Jla C€ OPHEHTUPAT KbM HOBa padoTa MiIn Kapuepa.

O06pa3zoBareTHO-KBAIM(UKALMOHHUTE CTETICHH 1 MUKPOKPEIUTUTE OOMKHOBEHO CE€ pa3InyaBaT
3HAYUTEIHO 110 00XBAT, a U300pHT HA HAW-TIOXOAAIIATA ONIIHS 3aBUCH OT HHIUBUIYATHUTE IIETH HA
oOydaeMusl.

B nmpoyuBane na HolonlQ, mpoBezneno ¢ nuaepu B obmactta Ha 00pa3oBaHUETO, MPEACTABIIA-
Ballll YHUBEPCUTETH U APYTU BUCIIN Y4eOHHU 3aBEICHUS, KAKTO ¥ 3aMHTEPECOBAHU CTPaHU OT IIpaBH-
TeJICTBeHMs cekTop, mHaycTpusaTa u Educational Technology (EdTech)?, pecionieHTHTe criomensT
CBOMTE BH)KJIaHUS OTHOCHO MUKPO U aJTepHATUBHUTE KBalnukanuu. M3cieqsaneTo e mpoBeaeHo
npe3 nepuoaa gespyapu — mapt 2023 r., a pe3yaTaTuTe ca cpaBHeHHU ¢ mpoyuBaHeTo Ha HolonlQ ot
nepuona gpespyapu — mapt 2021 .

YacT oT U3cneIBaHUTE BBIIPOCH €A CBBP3aHU UMEHHO C MPHIIOKEHHETO HA MUKPOKPEIUTUTE BHB
Buciiero oopazoBanue. Ha ¢urypa 1. e mpeacraBeH ¢ OTHOCUTENEH JsUT B IPOLIEHTH OTTOBOPHT Ha
PECTIOHIEHTHTE B JIMLIETO HA PhKOBOJUTEIH HA BUCIIWTE YUMIIMIIA OTHOCHO HHTETPUPAHETO HA MUK-
POKPEIUTHUTE B YHUBEPCUTETCKUTE IIPOTPaMHU.

1 EdTech e obmacr, kosTo 06eMHABA TEXHOJIOTHH, TIENATOTHKA U yIe0HO ChIBPKAHKE C e MOA00psIBaHe Ha IPOIIEca Ha
o0yueHue u mpernoaBaHe.
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®urypa 1. OuakBaHus 3a HHTerpHpPaHe HA MUKPOKPEIUTHTE B YHUBEPCUTETCKHUTE Y4eOHU NMPOrpamMu

Mzmounux: Adanmupano om HolonlQ (2023)

N3cneaBaHeTo KOHCTATHpa, Y€ MO-TOJISIMATA YacT OT PHKOBOJUTEIIUTE HA BUCIIUTE YUHIIUIIA
(max 90% c OTroBOpH ,,HAITBIIHO CHIVIACEH™ U ,,CHITIACEH ) OYaKBaT B ObJCIIEe MUKPOKPEIUTHTE J1a
ObJIaT MHTETPUPAHU B MIOBEYETO YHUBEPCUTETCKHU MPOTPaAMHU.

3. 3HAYEHHUE HA TUT'UTAJTHUTE YMEHUWSA B CbBPEMEHHOTO
OBPA3OBAHUE

WNunyctpus 4.0 e Hepa3puBHO CBbp3aHa ¢ TEXHOJIOTUUYHUTE MHOBALMM, KaTO HAIp. C HaMpe-
IbKa B U3KYCTBEHUS HHTENIEKT, HU(PPOBU3AIUATA U OBP30TO Pa3BUTHE HA UHTEPAUCIUIUIMHAPHU
U MYJTHCEKTOPHHU TEXHOJOTHUU. BbhIipeku ue Bce oule € B paHHUTe (a3u Ha JUTUTaIHATa TPaHC-
dbopmanus, epata Ha Uuayctpust 4.0 mpeocTaBsi MHOKECTBO Bb3MOKHOCTH, KAKTO U 3HAUYUTEIHU
MpeIU3BUKATEICTBA B Pa3INYHU IbPKaBU U CEKTOPH, BKIIOYUTEIHO B chepara Ha BUCIIETO 00-
pasoBanue (Mukul and Biiyiikozkan, 2023).

C Hanpenbka Ha UHAYCTPUAIHHUTE IPOMEHU 00pa30BaTEIIHUTE HHCTUTYLIUU CE€ TPECTPYKTY-
pupar, 3a a ocurypsT paboTHaTa cujia C HEOOXOAMMUTE YMEHUS, U3UCKBAHU B MHAYCTPHUATA U
obmectBoTo. To3u HanpebK Mpeau3BUKBa TpaHchopManus u B chepaTa Ha oOpazoBanueTo. O0-
pazoBanue 1.0 e opraHu3upaHoO OKOJIO HY)KJIUTE Ha CeJICKOoCcTOoNanckaTa oduHoct, OOpazoBanue
2.0 e HacOYEHO KbM M3MCKBAHUsTA HAa MHIAyCTpuanHaTa oomHocT, O6pazoBanue 3.0 akieHTHUpa
BBpPXY MOTPEOHOCTUTE HA OOIIECTBOTO, CBBbP3aHHU C Tiobanu3amnusara, gokaro Oopaszoanue 4.0 e
(dhoKycupaHo BbpPXY M3UCKBAHUATA HA MHOBATHBHOTO 00miecTBO (Adnan, et al., 2019).

KbM Hactosmus moment Uaayctpus 4.0 u nudpoBata epa GopMupaT TEHACHIIUATA KbM MO-
7ieN Ha BUcCIIe 00pa3oBaHMe, KOWTO Mpejasiara 3HaYUTeHU npeauMcTBa. [Ipu To3u mozaen y4eo-
HUTE MPOTPAMU CE Pa3BUBAT U PErySPHO C€ aKTyaJIH3MUpaT, 3a Ja OTPa3sAT MOCTHUIKEHUATA HA
WNnnyctpus 4.0. OcBeH ToBa, BUCLIETO 00pa3oBaHue (PYHKIIMOHUPA KATO EKOCUCTEMa, KOSATO 103~
BOJIsIBa Ha NPENIOAaBaATCIUTC U CTYACHTHUTC Aa MpcrnoaaBaT U y4daT IO BCAKO BpEMC U HAa BCAKO
MSCTO, W3MOJI3BAMKN CBBbpP3aHU YCTPOHCTBA, KOETO BOJAMU JO IMO-MEPCOHATU3UPAHO O00y4YeHUE
(Dang et al., 2024). B T031 KOHTEKCT YHUBEPCUTETHUTE MPOSBABAT CKIOHHOCT Ja EKCIIEPUMEHTH-
paT ¢ HOBH TEXHOJIOTMH, MOCTOSHHO Ja YCHhbBBHPIICHCTBAT METOAMTE Ha MpenojaBaHe U JAa
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pa3paboTBaT MHOBAaTUBHU (hOpMHU HA 0OOyUYEeHHE, KOUTO IIpEMaxBaT OrPpaHUYECHHATA HA BPEMETO U
IIPOCTPAHCTBOTO, IPEAOCTABANKN HA CTYJEHTUTE MO-MIOAXOASIIHN YMEHUS.

B TO31 KOHTEKCT ce pasrpaHMyaBa U poJiATa HA MUKPOKPEAUTHUTE, YUUTO MOJ3H KAaTO Iepco-
HaJU3alus U T'bBKABOCT HAa 00YyYEHHUETO MOIOoMAarar 3a pa3BUTHE Ha TPO(EeCHOHATHN KOMIIETEeH-
IIMY, KaTO yCBOSBaHE HA 3aJa4M U NMPOPECUOHAIHN YMEHHUs. BIUSHUETO HA TE3U YMEHUS BBPXY
Npo(ECHOHATTHOTO Pa3BUTHE U KOHKYPEHTOCIIOCOOHOCTTA Ha CTYyAEHTHUTE MOJ00psBa alanTHUB-
HOCTTa UM KbM I1a3apa Ha TPpyJa U 3aCUiIBa NPO(PEeCUOHATHATA UM KOHKYPEHTOCIIOCOOHOCT.

3a o0y4aBalMTe CTaBa BCE MO-BAKHO HE MPOCTO Ja yCBOSIBAT (paKTH M 3HAHMS, a 1a Pa3BUBAT
KJIFOUOBHU ¥ 3HAYUMH 32 OOLIECTBOTO KOMIIETEHIIMHU, KOUTO I1I€ UM [T03BOJIAT YCIELIHO Ja ce aaarn-
TUpaT KbM riobanuure npomenu (Illomosa, 2014).

Ha npenen minan u3nbkBa HEOOXOAUMOCTTA OT NMPUI0OMBaHEe HA KOMIIETEHIIMH, CBBP3aHHU C
KOMYHMKalMATA B IUTUTAJIHATA CPEJa, KAKTO U C €ETUYHUTE U COLMAIHUTE NPEIN3BUKATEIICTBA,
KOUTO MPOU3THYAT OT Hed. ToBa BKIIIOUBA YMEHHUS 3a ThpPCEHE U yIpaBleHUE Ha MHPOpMaLHus,
y4acTHe B pa3IMYHU MPEXKHU, KPUTUYHO U TBOPUYECKO OTHOIIEHHE KbM JIaHHHU, KaKTO U CIOCO0-
HOCTTa 3a Ch3[1aBaHE HA HOBU 3HAHUS U APYTU CBbP3aHU YMEHHUS.

4. I1IOJI3U OT MUKPOKBAIM®UKAIIUUTE 3A CTYAEHTUTE

[IpoyuBaHus MOKa3BaT, 4¢ MUKPOKBATH(PHUKAIMUTE IPEIOCTABIT HA CTYJCHTUTE MO-IIHPOK
Habop OT moy3u B o0jacTTa Ha paboTata U 00ydeHueTo. /IBeTe OCHOBHU HACHTUDUIIMPAHHU TIpe-
nuMmcTBa criopen Hakou aBTopu (Ngoc Ha et al., 2023) ca cnennuTe:

* pa3BUTHE Ha NPO(pECHOHATHN KOMIIETCHIINN, KaTO YCBOSIBAaHE Ha 33a4U U MPOPECHOHATHA

TEXHUKH;

* 3aCHJIBaHE HA 3HAHUATA U YMCHHSITA.

[Ipu3HaBaHW OT MHCTUTYLIMHUTE B 00JIaCTTa Ha BUCLIETO 00pa3oBaHuE KaTO e(EeKTUBEH UHC-
TPYMEHT 3a MperojaBaHe, MUKPOKPEIUTUTE MpeiaraT Bb3MOKHOCTH 3a ,,00paTeH™ Mozen Ha
KJIacHaTa cTasi, 0OHOBsIBaHE Ha yueOHUTE MaTEpPHAJIA M OCUTYPSIBaHE Ha IMOJXO/SALIN JOITbIHEHUS
KbM 00ydeHuero. MlHTepecHO e, 4e mpenoiaBaTeIuTe, KOUTO Ca W3MOI3BATH MUKPOKPEIAUTH, CE
BB3NpPHEMAT KaTo MO-MHOBATUBHU, OPHEHTHPAHHU KbM MHAYCTPUATA M CIIOCOOHM J1a Ch3/1aJaT Io-
rojsiMa 100aBeHa CTOMHOCT 3a CTYACHTHUTE B CPAaBHEHHE C TE3U, KOMTO HE Ca T'M MpUjIarajim.

OcBeH TOBa, AUTUTAIHNATE 3HAYKU MOTAT J1a JOMPHHECAT 32 3aIbP’KAaHETO Ha CTYACHTUTE IO
Ha4MH, 10100€H Ha TO3H B KOPIIOpaTHBHA cpefia. Te moaappKaT MOTHBAIUATA U aHT@XKUPAHOCTTA
Ha CTYICHTHUTE 110 BpeMe Ha 00y4yeHHUETO UM 3a MpHua00MBaHe Ha 0Opa3oBaTeliHa U KBaTH(pUKa-
[IMOHHA CTETEH, KOETO HaMallsiBa pUCKa OT MPEKbCBaHe Ha 00yYEHUETO.

MUKpOKpEAUTHTE 1aBaT Bb3MOKHOCT Ha CTYACHTHTE J1a EPCOHAIN3UPAT 00YyUYECHUETO CH,
KaTo TO aanTUpaT KbM CBOMTE HHTEpecH U npodecnonannu nean. O0ydaemuTe Morar j1a u3ou-
paT KOHKPETHHU KypCOBe, 3a 1a IPpUI00UAT YMEHHUS U 3HAHUA B 00JIaCT, KOSITO MPE/ICTaBIsBA NH-
Tepec 3a TAX.

MHUKpOKpeAUTHTE IpeIaraT Mo-rojsiMa I'bBKaBOCT B CPAaBHEHHE C TPAIUIIMOHHOTO 00pa3o-
BaHME WIHM CePTH(PUKATUTE, THhI KaTO ca MO-CIeUM(PUYHM U aJalTUBHU. Te Morar Ja ce mpuio-
OuAT OBP30 U OOMKHOBEHO MMAT MO-MEKHU NPEABAPUTEIHH ycioBUs. ChIIO Taka MperoCTaBsAT
BB3MOXKHOCT Ha CTYACHTHUTE J]a TOKaXKaT MpeJ] paboToaaTeNInTe CBOUTE KOHKPETHU YMEHUS U 3Ha-
HUS, KOETO MOXeE Ja UM MTOMOTHE JIa MOA0OPST IIAHCOBETE CH 32 HaeMaHe U J]a C€ OTKPOST Cpell
ApYTuTEe KaHJUAATH Ha 1a3apa Ha Tpyaa.
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Hsxou MUKpOKpEIUTH ce U3/1aBaT U YAOCTOBEPSIBAT Upe3 TEXHOJIOIMHU KaTo OJI0OKUEHH, KOETO
OCHUTYpsIBa TAXHATA aBTCHTUYHOCT U MPEJOTBpaTsABA U3MEHEHHS uiu panmudukaniu, yBennda-
BalKH 1O TO3W HAYMH CTOMHOCTTA UM 3a pabOTOIATEIIUTE.

5. BB3AMOKHOCTHU U ITPEJN3BUKATEJICTBA 110 ITIOBO/JI
HA MUKPOKPEJIUTUTE

5.1. BL3Mo:xHOCTH

Kakro Bede Gemre oTOens13aH0, MUKPOKPEIUTUTE JAaBAaT BH3MOKHOCT Ha CTYJCHTHTE J]a Hall-
paBsAT O0yYEHHETO CH MO-MHAWBHUIYaIH3UPAHO U J1a TO aJalTUPAT COPSIMO CBOMTE MHTEPECH M
npodecronanuu crpeMexu. O0yyaeMuTe UMaT Bb3MOXKHOCT Jla U30upaT crienuGuIHu KypcoBe,
KOUTO MM TIOMarar Jia pa3BUAT YMEHUS U 3HAHUS B XKeJlaHata o0yacrt.

MukpokBaJi(pUKAIIUUTE YECTO C€ OTJIMYABAT C MO-BUCOKA €()EKTHUBHOCT MO OTHOILIECHHE Ha
pPa3xoJMuTe U BPEMETO B CpPaBHEHHE C TPAJUIMOHHHUTE aKaJeMU4HH creneHu. [lopaau mo-kpat-
KaTa MPOIBJDKUTEITHOCT Ha TE3U MPOrPaMu, 00y4aeMHUTE HMaT Bb3MOXKHOCT OBP30 /1a YCBOSIT CIIe-
U(GUIHA YMEHHS U J]a Ce BKJIIOYAT B pabOTHATA CHIIa 3HAYUTEIIHO MO-PAHO.

5.2. lIpeau3BuKaTeCcTBA

OCHOBHOTO IPEAU3BUKATEJICTBO NPU MPUJIAraHETO Ha MUKPOKPEIUTUTE € CBBP3aHO C pas-
JUYHOTO UM BB3NPUATHE OT 3aMHTEPECOBAHUTE CTPAHM, BKJI. CTYJEHTH, IPENOAaBaTEeIH, YHUBEP-
CUTETH, JOCTABUYMIIM Ha MUKpOKpeauTu u padoronarenu (MicroHE). Ctynentute BUXaaT MUK-
POKpEAUTHUTE KaTO MPUBJIEKATEITHA Bb3MOKHOCT 32 Pa3BUTHE HA CBOUTE YMEHUS M KOMIICTCHIIHH.
[IpenonaBarenure obave TM pa3riiekaaT KaTo GopMaaHu UiId HepopManHu KBaIU(PHUKALUHU, KO-
UTO Ca CHJIHO CIIELMAIM3UPAaHU U MOTaT Ja ObJaT 3aBbPIIEHHU 3a KpaTKo BpeMe. OT cBOsI CTpaHa
paboTonaTesnnTe M CMATAT 3a €KBUBAJIEHTHHU Ha cepTU(UKATUTE, MOJy4YaBaHU CII€]] y4acTUe B
porpamu 3a npo¢peCuOHaIHO pa3BUTHE, KOUTO HAChpYaBaT yYEHETO Npe3 Lenus KuBoT. Pa3nu-
YHATA B THJIKYBAHMATA HAa €CTECTBOTO U CTOMHOCTTA HA MUKPOKPEIUTUTE CPeJ] 3aMHTEPECOBAHNUTE
CTPaHM MNpPEACTABISBAT 3HAYUTEIHO IMPEAU3BUKATENICTBO 32 €(PEKTUBHOTO UM pa3pabOTBaHE U
BHEJIPSIBAHE KATO KU3HECTIOCOOEH M IIMPOKO MPUET BapHaHT 3a MOBUIIIABaHE HA YMEHUATA U MPO-
(ecroHaNTHOTO pa3BUTHE.

YcnenrHoTo BHEApsIBaHE HA MPOTpaMH 32 MUKPOKPEIUTHPAHE 3aBUCH OT HAJIMYUETO HA KBa-
TU(UUMPAHU YOBEUIKU PECYPCH, BKIIOYHTEIHO aKaJEeMHUYEH MEPCOHAN M aIMUHUCTPATOPU Ha
BUCILYU YYHJINIIA, KOUTO J1a OCUTYPAT €(PEeKTUBHO IUIAHUPAHE U U3NIbIHEHUE. Bblpeku ToBa, Kilto-
YOBO MPEJU3BUKATEICTBO MPU MUKPOKPEIUTHUPAHETO € YIPABICHUETO HA MOTEHIMAIHO TOJIAM
Opoii onnaifH cryneHTu. [lopaau gakra, ge mporpamure 3a cepTUHUIIIPAHE C MUKPOKPEAUTHPAHE
ce ImpeayiaraT OHJIalH, ChIIECTBYBA Bb3MOXKHOCT 3a MPUBJINYAHE HA 3HAUUTENIEH OpOi CTyJeHTH
ot 1511 ¢BAT (Ahsan, et al., 2023).

Uzcnenosarenute ot HolonlQ pasrnexaaT u nmpobiema ¢ OCHOBHUTE OapHuepu U MpeIu3BU-
KaTeJICTBa MpeJ] IPUEeMaHEeTO Ha MUKPOKPEIUTH, OTTOBOPUTE ca MpeJACcTaBeHH Ha Gurypa 2.
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@urypa 2. baprepu 1 npeIu3BHKATEJICTBA NpeJ NPHEMaHeTO HA MUKPOKpPeIUTHTe

HUsmounux: Aoanmuparo om HolonlQ (2023)

Cropen u3cieBaHeTo MPUEMaHETO Ha MUKPOKPEAUTH B MO-TOJISIM Maliad € orpaHudeHo Oc-
HOBHO OT Ipo0JIeMH, CBbpP3aHH C MPU3HABAHETO U OCUTYPSABAHETO HA KA4eCTBO, BHIIPEKU Y€ TOBa
BB3NpUsATHE € Hamalso oT 57% mnpe3 2021 1. 1o 44% npe3 2023 r. B cbimoTo Bpeme pazOupaHeTo
3a CHIIHOCTTA Ha MUKPOKPEIUTUTE HE TIOKA3Ba 3HAUMUTENIEH HalpeabK, KaTo MOYTH €Ha TpeTa OT
AHKETUPAHUTE 0 TOCOYBAT KaTO Mpeydka B cpaBHeHHE ¢ 22% mnpe3 2021 r. CnoxkHOCTTa Ha peanu-
3aI¥s Ha MUKPOKPEAUTHUTE CHINO OCTaBa Mpeau3BUKaTencTBo (14%), HO JOBepUETO U3TIIEK A € TO-
MajKo mpoOieMaTHYHO — caMo 6% OT PEeCHOHJICHTUTE To cMsATaT 3a Oapuepa crpsmo 11% mpes
2021 r.

Jlpyr BaskeH acmekT € Jja Ce rapaHThpa MEXIyYHAPOIHOTO MPU3HAHUE HA MOJTYTUTE 32 MUKPOK-
peauTHpaHe NMpeau pa3lupsiBaHe HAa mporpamata. [I[peHocuMOoCTTa Ha yAOCTOBEpEHUsITA, MIPEICTa-
BEHU Ype3 [WTUTAHU 3HAYKH, € OT ChHIIECTBEHO 3HAYEHHE 3a TAXHOTO TIJI00ANHO TNpHEMaHe
(MicroHE, 2019). CpmiecTByBaT OnaceHusi OTHOCHO MOTCHIIMAIHATA KOHKYPEHITUS MEXIY CepTUdu-
KaTUTE 32 MUKPOKpPEAUTUPAHE U TPATUIIMOHHUTE 00pa30BaTEIHHU CTEMEHH, KOETO MOXKE Jla T0OBEe
JI0 cTajl B HabMpaHeTo Ha CTYJICHTH 3a TPAIUIIMOHHOTO BHCIIIE 00Opa3oBaHUe, Thil KaTo paboTomare-
JUTE BCE MTOBEYE OICHSIBAT MUKPOKpEeNUTUTE. TOBa MOpaXkaa MPUTECHEHHSI OTHOCHO OBICIIOTO OCH-
rypsiBaHE Ha Ka4eCTBOTO Ha 00y4eHHETO. B NeiCTBUTETHOCT MHOTO YHUBEPCUTETH Cca pa3paboTHin
WHIVUBUAYATHH HACOKU WIIH TOJIUTUKH, CBBP3aHH ¢ MUKPOKBATU(UKALUNUTE B PAMKUTE Ha CBOUTE
WHCTUTYIIMU. BbhIpeku ToBa, TUIICaTa Ha KOOPAMHAIIHS MKy T3 HACOKU MOXE J1a IOBEJE JI0 JI0-
II'BJIHATETHU TIPEIU3BUKATENICTBA, KOUTO TpsiOBa a ObAaT pas3rieiaHy, 3a Jja c€ OCUTYpH MHocie1o-
BaTEHOCT U CHIJIACYBAHOCT B CEKTOpA Ha BUCILIETO 0Opa3oBaHUE.

3AKJIIOYEHHUE

B 3akirouenue, MUKpOKBaTH(PUKAMUTE PECTABIsIBAT MHOBATUBEH U I'bBKaB 00pa30oBaTesieH
HHCTPYMCHT, KOUTO OTTOoBapsA Ha JUHAMUYHHUTC U3UCKBAHUA HAa CbBPCMCHHHSA ITa3ap HA TpyZda. Te
npeaoCTaBAT HA UHAUBUAUTC Bb3MOKHOCT 34 6’bp30 HpI/II[OGI/IBaHe Ha HOBU YMCHUSA U KOMIICTCHII U,
HeoOXoIuMU 3a MPOoECHOHATHO Pa3BUTHE WM CMsIHA Ha KapuepaTa. TsxHaTa KpaTKOCPOYHA U OH-
JaiiH popMa v MpaBH JOCTHITHHU 32 MUPOK KPbI 00ydaeMu, 0COOEHO 3a TE€3H, KOUTO ChUETaBaT yueHe
¢ mpodeCHOHATHU aHTXHMEHTH. Bb3npruemManeTo Ha MUKpOKBaTH(HUKAUUTE OT 0Opa30BaTEITHU
WHCTHTYLIUU U pabOTOATEIT MOKE JIa UTpae KIIFOYOBa POJIs 32 YCTOMUMBOTO Pa3BUTHE HA yMEHUSTA
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¥ MHOBALMUTE B PA3IMYHU CEKTOPH, MOJKPEISHKY M3MBIHEHNETO HAa EBponeiickaTa mporpama 3a
YMEHHUSL.

MukpokBaTHU(pHUKAIMUTE CE YTBBPKAABAT KAaTO BaXKEH €JIEMEHT B ChbBpEMEHHAaTa 00pa3oBaTesiHa
eKOCHCTEeMa, Tpeiaraifki 3Ha4MTeIHa I'bBKABOCT U MEPCOHANM3AIM Ha 00y4ueHneTo. TexHusr ¢o-
KyC BbpXY CleUu(UYHA YMEHUS M KPAaTKOCPOUHHU Y4eOHU KypCOBE T'M MpaBH OCOOCHO MpHUBJEKa-
TEJTHY 32 MPO()ECHOHATMCTH U CTYACHTH, KOUTO MCKAT J1a MOJOOPAT CBOUTE KOMITCTCHINH MITH Ja Ce
npekBaMn(UIMPAT B pAMKHTE Ha ObP30 MPOMEHSIINS Ce 1a3ap Ha Tpyaa. B konTexcra Ha UHgyCcTpHs
4.0, MUKpOKPEIUTHTE ¥ JUTHTAITHUTE YMEHHUS UTPAsT KJII0YOBA POJIS 32 3IaTHPAHETO HA paboTHATa
CHJIa KbM HOBHTE MPEIU3BUKATEICTBA, CBbP3aHU C AUTHTANN3ANMATA U TEXHOJIOTUYHUS HAIPEIbK.
C TexHUS MHOBAaTHBEH MOJXO0J KbM O0YYEHHUETO, T€ MPEIOCTaBAT Ha CTYJCHTUTE Bb3MOXKHOCT JIa Ce
OTJIMYAT Ha Ma3apa Ha TPyJa, KaTo JEMOHCTPHUpAT KOHKPETHH YMEHHUS M KOMIIETCHIIMU, KOUTO ca
BHCOKO IICHEHHU OT paboToAaTeIuTe.

Ot npyra cTpaHa, CbIIIECTBYBAT 3HAUNTEIIHU PEAU3BUKATEIICTBA P TSIXHOTO BHEApsABaHe. Pa3-
JMYHOTO BB3MPHUATHE HA MUKPOKPEIUTUTE OT 3aMHTEPECOBAHUTE CTPAaHH — CTYJCHTH, IPENojaBa-
TEJIN, YHUBEPCUTETH M PabOTOAATENN — BOJH 0 HECUTYPHOCT OTHOCHO TSXHATa CTOMHOCT M IPU3HA-
HHE. 3a yCHENIHOTO NpHUjIaraHe Ha MPorpaMuTe 32 MUKPOKPEIUTH € He00X0IMMO KOOPANHHUPAHO YII-
paBJIeHNE HA OHJIAIH 00Y4YEeHHETO, KaKTO M MEKAYHAPOIHO PU3HAHKE Ha yaocToBepeHusTa. OcBeH
TOBA, KOHKYPEHIIUATA MEXKIY MUKPOKPEIUTHTE U TPAAULMOHHUTE aKaJEMHUYHHU CTEIICHH MOXXE Ja
3acerHe MpUeMaHeTo Ha CTY/ICHTH 32 AbJITOCPOYHH MPOTPaMH, KaTO Ch3AaBa ONACEHUS 32 KAUE€CTBOTO
Ha oOpa3oBanuero. Jluncara Ha €AMHHU CTaHIAPTH W KOOPAMHAIMS MEXKAY WHCTHTYLIMUTE CHIIO
M3MCKBAa BHUMAaHUE, 32 J1a C€ OCUTYpH CHITIACYBAaHOCT U MOCIIEAOBATEITHOCT B CEKTOPA Ha BUCIIETO
oOpasoBaHHe.
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ABSTRACT

The article addresses the development of a cross-platform application using the Ionic hybrid web
development framework for the client-side and the NoSQL Firebase database for implementing the server-
side. The modern market often requires IT specialists to quickly develop high-quality solutions designed to
solve specific business problems. Relevant tasks include developing a client-side application that works across
multiple devices simultaneously and minimizing the server-side by leveraging cloud services that provide
Database as a Service (DBaaS). Hybrid web development allows for the simultaneous creation of web and
mobile applications, such as for Android and iOS, with the lonic framework being one of the most popular
solutions for hybrid development. This framework enables the development of cross-platform applications
using web development tools, namely HTML, CSS, and JavaScript, and integrates with three of the most
common web frameworks: Angular, React, and Vue. Additionally, it includes its own set of native visual
components. Firebase is a popular tool for quickly building applications without managing infrastructure. It
provides a scalable cloud-based NoSQL database for real-time data storage and synchronization. Built on
Google's infrastructure, Firebase automatically scales. One of the key challenges when using NoSQOL
databases is ensuring data integrity during data deletion and editing operations. Using a cross-platform
application developed by the authors to manage a small coffee shop's website as an example, this article
proposes algorithms to ensure data integrity when using the Firebase NoSQL database. During the
development of the application, the RxJS library was used to support real-time functionality, utilizing the
Observer pattern to simplify the handling and composition of asynchronous or callback code.

KEYWORDS: Cross-platform application, Ionic framework, NoSQL database Firebase, Angular
framework, data integrity.

INTRODUCTION

With the rapid growth of smartphones, the number of mobile applications running on Android
and 10S platforms is increasing significantly every year. According to statistics from the web traffic
analysis tool StatCounter, the distribution of users by operating systems in the last year was as fol-
lows: 44.59% of Internet users use Android, 26.81% use Windows, 18.47% use 108, 5.66% use OS
X, and 3.35% use other platforms.

The diversity of leading mobile platforms in terms of user interfaces, programming languages,
and ecosystems makes cross-platform technologies a popular development direction. These
technologies assist in creating mobile applications that can run on target platforms (usually Android
and 10S) with minimal changes to the code. [2].
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An analysis of the works of Y.Chang, S.Oh [3], Muhammad Shoaib Farooq, Shamyla Riaz, Atif
Alvi, Asghar Ali, Ibtesam U Rehman [4], Oluwatofunmi Adetunji, Chigozirim Ajaegbu[5] and others
has shown that the main trend in modern IT development is moving away from single-platform cross-
platform application development (e.g., for Android or iOS) and moving towards simultaneous multi-
platform development.

The analysis revealed that cross-platform application development is highly relevant. During the
development of a cross-platform application for a small coffee shop, the authors faced the challenge
of selecting tools that allow for quick development of both the client and server parts of the
application.

Developing hybrid web applications allows for the simultaneous creation of applications for
Android, i0S, and the web. One of the most popular tools for such development is the lonic
framework. In addition to the client side, such applications must also include a server side, which can
be complex. One effective solution for the server side is Firebase, a NoSQL and cloud platform
offering a wide range of services, tools, and features available through Firebase SDK (Software
Development Kit) and API (Application Programming Interface), allowing developers to create,
deploy, and effectively manage their applications [6].

The purpose of this article is to analyze the process of developing a cross-platform application
using the Ionic framework and Firebase, using an application for a small coffee shop as an example.

1. THEORETICAL FOUNDATIONS OF THE STUDY

Modern approaches to cross-platform development can be classified as follows:

1. Progressive Web Apps (PWA): Applications designed to work on any platform that uses a
standards-compliant browser, including desktop and mobile devices [7].

2. Native App: Developed individually for each target platform.

3. Hybrid web App: Developed based on frameworks with web interfaces and common
components, with a single codebase that runs anywhere.

4. Hybrid App: This approach combines frameworks with a native user interface and shared code,
as well as frameworks with a common codebase and native code.

Based on the research of Biern-Hansen, A., Rieger, C., Grenli TM [2], Oluwatofunmi Adetunji,
Chigozirim Ajaegbu, Nzechukwu Otuneme, Olawale J. Omotosho [5] and Dhananjaysinh Jhala [7],
a comparative analysis of these approaches to cross-platform development is presented in Table 1

Table 1.

Results of a comparative analysis of frameworks for cross-platform development

Feature PWA Native Hybrid web Hybrid
App App App
Installable Yes Yes Yes Yes
Offline access Yes Yes Yes Yes
Testable before installation Yes No Yes Yes
Cross-platform availability Limited No Yes Yes
Hardware and Platform API access Limited Yes Yes Yes

Source: Own elaboration
Based on the results of the comparative analysis, we can conclude that hybrid web applications
and hybrid-native applications have the widest opportunities.
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2. RESEARCH RESULTS

Ionic is a cross-platform application development framework based on web technologies. lonic
provides everything you need to create and connect high-quality mobile and web applications on your
own using web programming tools and three most common web frameworks Angular, React, Vue In
addition, Ionic provides a wide range of tools for testing mobile applications, such as Ionic CLI,
automated testing tools and mobile device simulators[8].

Creating a single application for different platforms in Ionic is possible thanks to the use of the
so-called Capacitor. Capacitor is an open source runtime for creating native web applications. It can
be used to create cross-platform i10S, Android, and progressive web apps[9].

To develop the user interface, Ionic offers to use its own components instead of standard HTML
elements, which allow you to build a native interface for each platform.

Firebase, a popular Backend-as-a-Service platform, provides a powerful real-time database
solution that allows developers to perform efficient synchronization in their mobile applications[10].

To support real-time work, you need to use the RxJS library. RxJS is a popular JavaScript library
for reactive programming in Web applications. RxJS is a library for composing asynchronous and
event-based programs by using observable sequences. It provides one core type, the Observable,
satellite types (Observer, Schedulers, Subjects) and operators inspired by Array methods (map, filter,
reduce, every, etc.) to allow handling asynchronous events as collections[11].

Let's look at the practical use of the above technologies on the example of an application for a
small coffee shop. The coffee shop has dishes, each of which belongs to a certain category, for
example, coffee belongs to the category of drink, etc. You need to develop a cross-platform
application for the coffee shop administrator that will provide the following features:

1. Working with food categories

- Create a new category of dishes

- Edit a category

- Deleting a category. When you delete a category, all dishes associated with it must also be
deleted.

2. Working with dishes

- Create a new dish in a specific category

- Edit a dish

- Deleting a dish.

In addition, you need to develop a web application for visitors to the cafe where they can view
dishes and their prices.

Thus, the general architecture of the system under development will look like this (Figure 1).

Figure 1. Coffee shop’s architecture
Source: Own elaboration
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The data in the database will be stored in two separate structures - categories and dishes
(Figure 2).

¥  DishType + |
v 6
id: 1

name: "Hanin"

Figure 2. Coffee shop’s Database
Source: Own elaboration

To generate unique record identifiers in the Realtime Database, it was decided to develop our
own auto-generation function that will work as follows:

1. Find the maximum value of the identifier among those existing in the database.

2. Generate a new value by adding one to the maximum value.

Thus, the identifier of categories and dishes in the database will always be unique.

One of the most common problems that can arise in NoSQL databases is the problem of data
integrity. In a cross-platform application for a coffee shop, this problem arises when a category of
dishes is deleted, since all dishes related to it must be deleted along with the category. The authors
propose the following algorithm for solving this problem (Figure 3).

Retrieve the category
ID

|

Filtering the list of dishes by category ID

For all dishes in the
list

A 4

Delete a
category from the
database

Delete a dish
from the
database

Figure 3. Algorithm for deleting a dish category
Source: Own elaboration

Let's develop the architecture of a cross-platform application for a coffee shop administrator
using the TOGAF architectural methodology and the Archimate specification to build a diagram in
accordance with the framework (Figure 4).

The TOGAF framework (The Open Group Architecture Framework) is a set of tools for
developing architectures for various purposes. With its help, an information system is represented as
a set of modules. The ArchiMate specification, a standard of The Open Group, is an open and
independent modeling language for enterprise architecture that is supported by various tool providers
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and consulting firms. ArchiMate visual modeling helps to describe and understand complex
systems[12].

Figure 4. Administrator coffee shop’s architecture
Source: Own elaboration

The Angular framework was used to develop a cross-platform application for the administrator
using the Ionic framework. When creating the interface, it was decided to change the appearance of
standard native user interface elements from the Ionic framework (Figure 5).

Figure 5. Administrator coffee shop’s
Source: Own elaboration

The React]S web framework was used to develop the application for the cafe's customers
(Figure 6).
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Figure 6. Client’s app
Source: Own elaboration

CONCLUSION

The modern market of IT products and the variety of gadgets used at work require developers to
focus on developing cross-platform applications. Developing both the client and server side of such
applications is quite a challenge.

The authors propose to use the hybrid web framework Ionic for the development of the client
side and NoSQL Realtime Database Firebase for the server side. The main problem when using
NoSQL Database is the problem of indexing and maintaining data integrity. The authors propose a
simple algorithm to solve this problem, which is used in the developed cross-platform application for
a small coffee shop.
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ABSTRACT

The ubiquitous application of predictive models has created the demand for optimized ways of building,
deploying and enhancing machine learning models. Traditionally building and deploying machine learning
models require the involvement of highly classified data scientists with good knowledge about machine learn-
ing algorithms, specialized programming languages, mathematics, statistics and data engineering.

The relatively new and developing area of automated machine learning (AutoML) has made the whole
process of building and deploying an Al model more accessible and automated by providing solutions for
automated machine learning pipeline encompassing data collection, preprocessing, feature selection, model
building and hyperparameter tuning. Automated machine learning tools allow for business users that are not
necessarily machine learning experts to develop and implement high quality predictive models.

The purpose of this research paper is to assess and compare AutoML tools for solving classification
problems. One of the leading AutoML tools are chosen like Azure Automated Machine Learning, Amazon Sage
Maker Auto Pilot, H20 AutoML, H20 Flow and Altair Al Studio Auto Model. Classification models using
AutoML tools are trained on a dataset for customer churn predictions and models are compared based on
previously chosen measures. AutoML tools are also assessed on different criteria like ease of use, functionality,
user orientation, limitations and generated output format. Results show remarkable predictive performance of
the generated classification models in general. The best trained classification models are ensemble models
trained in Amazon Sage Maker Auto Pilot and H20 AutoML. Some conclusions and recommendations have
been drawn to help data science practitioners with choosing and implementing automated machine learning
tools.

KEYWORDS: AutoML, automated machine learning, Azure, Amazon SageMaker, H20, Altair

INTRODUCTION

In the current business environment, machine learning, as a field of artificial intelligence, is the
main approach for researching the presence of dependencies between various factors involved in a
certain process or occurrence. Recently, the use of automated machine learning (Auto ML) tools has
become popular. It enables the automatic solution of real-world problems through machine learning
techniques (Consuegra-Ayala, et al., 2022) and solves some problems associated with the conven-
tional use of machine learning (ML) methods including time consuming, resource intensive, manually
feature engineering, multiple algorithms testing, optimizing many of model parameters, hiring expe-
rienced data scientists. It automates end-to-end machine learning implementation and supports all
stages of ML pipeline incorporate data collection, data preprocessing, training, tunning, evaluation,
explanation and deployment. Graphic user interface (GUI) is one of the benefits of Auto ML that
provides dialog boxes and wizards with subsequent steps during the Auto ML pipeline process. The
result is highly efficient ML models created by non-experts with minimal coding.

The application of Auto ML tools in different industries like hospitalities (Baharun, et al., 2022,
p. 17), manufacturing (Xiao, et al., 2024, p. 9), medicine (el Ariss, et al., 2024, p. 141), ecology
(Prasad, et al., 2021, p. 1), agriculture (Malounas, et al., 2024, p. 2), education (Sulova, 2024), etc.
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has been explored by various researchers. In some cases, researchers compare the results of Auto ML
against conventional ML depending on the accuracy of the models. Some of them have realized the
model trained with Auto ML is more accurate than if it has trained with conventional ML (Prasad, et
al., 2021, p. 12). Comparison between trained models with different Auto ML tools has been also
provided (Xiao, et al., 2024, p. 11), (Opara, E., Wimmer, H. and Rebman, 2022, p. 1).

1. AUTOMATED MACHINE LEARNING

The definition of AutoML is not unambiguously defined in terms of the degree of automation.
Some authors believe that the full automation of the process is necessary to define the concept of
AutoML (Xanthopoulos, et al., 2020). Others, in addition to full automation, define the concept of
"man in the loop" (Wang, et al., 2021, p. 3), related to partial automation and human participation in
the process. In this regard, software vendors provide varying degrees of automation through the Auto
ML tools offered. Fully automated processes are characterized by a lack of need for data science
experts, and this leads to the democratization of Auto ML (Xanthopoulos, et al., 2020), because such
models are focused on business power users. An essential feature of fully automated ML applications,
however, is that the result is individual solutions that are less transparent. In most cases, the user
cannot understand the output visualizations, which leads to the need for Auto ML to indicate which
models have been viewed and why. Another feature is the preset ML algorithms, which are a finite
number for solving a certain problem, for example, classification. Provided that the user wishes to
use a different algorithm, this is usually not possible.

Results of a study on the performance of Auto ML tools, compared to the use of conventional
ML have been published by (Xiao, et al., 2024, p. 11). The study assesses the toxicity of nanomaterials
in the production of nanoproducts. In training with conventional tools, algorithms RF (Random For-
est), SVM (Support vector machine), GBT (Gradient boosted trees) are used. Compared to them are
AutoML tools are Vertex Al, Azure, Dataiku. The models are compared by evaluation metrics Accu-
racy, F1 score, Precision, Recall. In terms of Accuracy, Auto ML models give an accuracy of 0.97
(Vertex Al), versus 0.95 with conventional ML (GBT). In terms of, Precision has the predominance
of conventional ML: 0.93 (Vertex Al) vs 0.95 (RF).

There are other factors favouring the choice of AutoML tools for creating models. These may
include automating the selection of variables involved in the model, which helps speed up training
times and improve model accuracy. (Solorio-Fernandez, S., Carrasco-Ochoa, J. and Martinez-Trini-
dad, J., 2022) function engineering, consisting of creating, selecting, and refining variables to improve
model performance; setting of hyperparameters (Bartz, et al., 2023). There has been a significant
improvement in efficiency in building predictive models using AutoML tools (De Bie, et al., 2022).
These functionalities protect the ML process from human error when performing steps, such as skip-
ping balancing the dataset, or adjusting hyperparameters, which would reduce the quality of the
model. What has been said so far confirms the expediency of using AutoML tools in the process of
building models with machine learning.

2. EVALUATED AUTO ML TOOLS

Our research aims to compare and evaluate the capabilities of leading AutoML tools to solve
classification problems. The selection is based on the latest research and classification of tools in
the Gartner’s Magic Quadrant for Data Science and Machine Learning Platforms for 2024 (Jaffri,
et al., 2024). This study includes leading tools such as Azure Automated Machine Learning, Am-
azon Sage Maker Auto Pilot, H20 AutoML, H20 Flow and Altair Al Studio Auto Model. They
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are classified as leaders in the magic quadrant, except for H20O, who is classified as a visionary.
Each of these tools includes tools to solve classification problems with ML algorithms.

Amazon Sage Maker Auto Pilot recognizes the type of problem, processes the data, and
creates the full set of different complete ML pipelines that are optimized to suggest the list of the
customer’s potential models. By exposing not only the final models but the way they are trained,
meaning the pipelines, it allows users to customize the generated training pipeline, thus catering
the need of users with different levels of expertise (Das, et al., 2020). Amazon SageMaker Auto-
pilot independently infers the right kind of forecasting for a specific dataset, including binary
classification, multi-class classification, and regression. After that, SageMaker Autopilot ex-
haustively tests various high-performing algorithms like gradient boosting decision trees, feed
forward neural networks, and logistic regression. It provides an explainability report that facili-
tates an understanding and comprehensive explanation of the models created. (Lenkala, et al.,
2023)

Azure AutomatedML is part of Azure Machine Learning workspace and is integrated and
depends on Azure infrastructure. It is a cloud-based solution that automates data clean, data label,
feature engineering, model training, model evaluation and deploying (Quaranta, et al., 2025, p.
11). It includes features for preprocessing and feature engineering, which automated the transfor-
mation of raw data into a machine learning-ready format. by changing the missing values by
substituting them with the feature's mean, ensuring that no data points were discarded due to
incomplete information (el Ariss, et al., 2024). Azure AutoML proceeds to the model selection
and training phase, specifically within the context of a classification task. Utilizing its extensive
repository of algorithms AutoML selects a diverse array of classification models that range from
traditional methods, such as logistic regression and decision trees, to more complex ones like
gradient boosting, SVM and LightGBM. It then applies these models within a robust validation
framework, employing a 5-fold cross-validation technique to rigorously evaluate model perfor-
mance. (el Ariss, et al., 2024). Azure Auto ML supports fully automated ML pipeline with no
coding, that is very easy to use for nonexperts. The algorithms and parameters of the created
models can be exported so this ensures the transparency of the models. The software supports
excellent model explanation and that is a big benefit for the customers.

Altair Ai Studio Auto Model addresses enterprise-grade Al by strengthening the conver-
gence of Al Internet of Things (IoT), and High Performance Computing (HPC) through integra-
tion with other Altair products (Jaffri, et al., 2024). According to Gartner research (Jaffri, et al.,
2024), Altair plans to increase data democratization by investing in providing a conversational
interface to create workflows using its proprietary analytics translation language.

H20 AutoML is an open-source scalable machine learning platform, that uses large datasets.
It uses the grid search method for hyperparameter tuning also. (Yang, et al., 2022, p. 6). In addi-
tion, it offers a simpler and more efficient analysis of model interpretability. The H20 AutoML
function automates the pipeline of ML models for a given dataset, including data pre-processing,
feature engineering, hyperparameter optimization, performance evaluation and interpretability.
The H20 AutoML offers a variety of ML models that include supervised learning models, unsu-
pervised learning models and deep learning models. Compared to other AutoML models, H20
AutoML is easier to install and shows high prediction performance (Luo, et al., 2023). It Offers
API, incl. Python API, R, Java, Scala, REST and others.

H2O0 Flow is a Web UI for H2O.ai on top of REST API. It allows users don’t need coding,
but steps must be configured by users. Users set training parameters like balance classes, max run
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time sec, number of models, algorithms — not fully automated. It supports different ML algo-
rithms and stacking and voting ensembles.

3. EXPERIMENT RESULTS

To evaluate the performance of selected automated ML tools we chose Telco dataset provided
by IBM (IBM, 2024). This dataset can be used to train binary classification machine learning models
to predict customer churn. To explore and compare auto ML tools, we provided the dataset unaltered
with no preprocessing, feature engineering, nor data normalization. The only condition related to the
training process was a set time limit for training of maximum 3 hours. The purpose of this experiment
was to evaluate the performance of auto ML tools from the point of view of power business users
who usually don’t have a previous knowledge about data preprocessing, preparation, feature engi-
neering or other techniques and approaches from machine learning pipeline. Trained models are
ranked according to Area Under Curve (AUC), which gives a comprehensive view on model’s pre-
dictive power. The best performing model from every auto ML tool is then selected and scored against
one and the same test dataset to ensure comparable results.

AutoML tools train multiple models using different machine learning algorithms. During the
training different strategies for hyperparameter optimization as used. Trained models are evaluated
and ranked according to the chosen measures which in our practical experiment is set to AUC. To
control the training process and prevent the extensive usage of computational resources we set train-
ing limits to maximum number of models 20 or time limits of 3 hours. As a result, Azure Automat-
edML produced 59 models, Azure SageMaker — 20 models set as MaxCandidate parameter, H20
AutoML API and Flow — 20 + 2 ensembles and Altair Al AutoML — 9. Used algorithms include
decision tree bases homogenic ensembles like Random Forest, Gradient Boosting Machines,
XGBoost, Distributed Random Forest, neural networks like Deep Learning feed forward network,
others like Logistic Regression, Generalized Linear Models, Naive Bayes and others. Auto ML tools
also trained heterogenic ensembles like Stacking and Voting ensembles. The only tool that doesn’t
support ensembles is Altair Al Studio Auto Model.

The ranking of the trained models is done automatically by the respective auto ML tool according
to the chosen metrics. The result is a model leaderboard with description of the model — used algo-
rithm, data normalization approach or hyperparameters. Amazon SageMaker was the only auto ML
tool with lack of transparency. From the produced model leaderboard it’s not possible to determine
the used algorithm, nor other important features of the models.

The model leaderboard with top 5 of each auto ML models ranked according to the AUC is
shown in figure 1. Evident from the figure, AUC varies from 0.7053 (Altair) to 0.8560 (Amazon
SageMaker). The best performing models are ensemble models built with Amazon SageMaker with
highest AUC of 0.8550-0.8560.

The second cohort of models ranked according to the AUC is formed by stacked ensemble mod-
els trained with H20 AutoML with Python API with AUC of 0.8517 and 0.8505 respectively. Model
trained with algorithms Gradient Boosting Machines and General Linear Models in the same auto
ML tool have very close to these values of AUC of 0.8486 and 0.8484.

Ensembles trained in Azure AutomatedML are ranked in the middle with Voting ensemble’s
AUC of 0.8480 and Stacked ensemble's AUC of 0.8477. H20 Auto ML models trained with H20
Web Flow interface have similar performance with AUC of 0.8478 and 0.8475. The worst performing
models from all evaluated auto ML were those trained with Altair Al Studio Auto Model. Their AUC
varies from 0.7053 to 0.8458.
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Figure 1. Model leaderboard of top 5 models of each auto ML tools (developed by authors)

On the second stage of evaluation comparison, we selected the best models from each auto ML
tool and applied them on one and the same test dataset. The test dataset wasn’t used during the training
process to ensure that all results are comparable. The performance evaluation included analysis on
the following metrics — specificity, sensitivity, F1 score and weighted accuracy. Results from the
models’ scoring are included in table 1. The best model by each metric is highlighted. All models
included in this table are trained with heterogenic ensemble algorithms like Stacked or Voting En-
semble. The only single classifier is the best from Altair Al Studio models, trained with Logistic
Regression. At the time of our research, Auto Model in Altair Studio didn’t support training ensemble
models.

As shown in table 1 there is no clear winner in the evaluation comparison between models. The
model with the highest specificity, i.e. the ability to correctly negative class (non-churners), is the
Azure AutomatedML ensemble with specificity of 0.925. At the same time the sensitivity of this
model is the lowest with value of 0.513. This is due to the fact that we used the default training
settings and didn’t specify a strategy for class balance. With strongly imbalanced datasets like the one
used in this research it’s expected that trained models are more fitted to the majority class. Similarly,
the model trained in Altair Al Studio has significant difference between it’s specificity and sensitivity
in favor of the first.
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The model with the best ability to correctly classify the positive class (churners) is H2O AutoML
model trained with Python APL Its sensitivity is 0.715. Because of the class balance applied during
the training process, this model shows a low difference between its specificity and sensitivity. A class
balance strategy has been automatically applied also by Amazon SageMaker Autopilot Ensemble
model and the performance on both classes is quite similar to the results of the H20 AutoML model.

Table 1
Performance of the best models from each Auto ML tool
AutoML Tool Specificity |Sensitivity [F1 score X‘:ff;ﬁg
Amazon SageMaker Autopilot Ensemble 0.883 0.692 0.696 0.829
H20 AutoML API Stacked Ensemble 0.801 0.715 0.633 0.785
Azure AutomatedML Voting Ensemble 0.925 0.513 0.601 0.799
Altair Al Studio Auto Model LogReg 0.871 0.589 0.605 0.794

Source: Own elaboration

In order to determine the best model from those presented in table 1, we suggest using complex
metrics assessing the predictive power towards both classes. Such metrics are F1 score and weighted
accuracy. The metrics F1 score is calculated as a harmonic means of precision and recall, thus taking
into account both the accuracy of positive predictions and the sensitivity of the model. The weighted
accuracy metric uses weights to accommodate the class imbalance in the training dataset. The model
with the highest F1 score and weighted accuracy is Amazon SageMaker Autopilot ensemble with F1
score of 0.696 and weighted accuracy of 0.829. Due to its comprehensive predictive power, we can
determine this model as the best one from those evaluated in the research.

CONCLUSION

Auto ML tools have significantly advanced through the years, improving the efficiency of pre-
dictive modelling by allowing the creation of high quality models with minimal user interaction.
These tools are highly efficient in terms of time since they facilitate the development and deployment
of models which a big plus for organizations with limited resources. In addition, the no-code or low-
code approach that is applied to many AutoML platforms makes machine learning easily accessible
for those who couldn’t have a deep knowledge and experience of the process.

One of the most important findings of this study is the fact that ensemble methods are more
effective than single classifiers. In majority of the cases, ensemble techniques give better accuracy,
sensitivity and specificity when compared to single classifiers. Among all the evaluated tools, Ama-
zon SageMaker Autopilot appeared to be slightly better, thanks to ensemble techniques that provided
better performance. Another two auto ML tools, H20 Auto ML and Azure Automated ML, also per-
formed well with slightly lower performance metrics to Amazon SageMaker Autopilot. Of all the
evaluated tools, Altair Al Studio was placed last, implying that its model performance and features
could still be optimized. This is also the tool that doesn’t implement ensembles with its Auto Model
feature which can explain the big difference with other models.

Future research will be oriented to extend the evaluation of auto ML tools with the addition of
other tools and platforms like Google Cloud AutoML, DataRobot, Auto-sklearn, Auto-Weks, TPOT
and others. The scope of this future analysis will be broadened to include a comprehensive analysis
of their explainable features which enhance the model transparency. Such functionality is essential to
applications that require decision explanations and accountability, especially in regulated industries.
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The performance of AutoML tools may vary depending on the type of predictive task, for exam-
ple classification, regression, computer vision and text analytics. Majority of auto ML tools provide
no-code or low-code functionality to train predictive models solving these tasks and future research
will be conducted to evaluate and compare the performance of auto ML tools regarding solving dif-
ferent predictive tasks.
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MAPKETHUHI'OBU UHCTPYMEHTH C U3KYCTBEH UHTEJIEKT
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PE3IOME

Mapremunzosume uncmpymenmu ¢ uskycmeen unmenexm (MH) ca cogpmyepru peutenus, koumo noooo-
pAsam e@exmueHOCMma Ha MapKemoIo3ume 4pe3 agmomMamuzayust u onmumusayus Ha sadaqu. Te exiougam
yambomose, NIAMPOPMU 3a AHANU3 U UHCIMPYMEHMU 3d Cb30A6AHe HA CbObPICAHUE, KAMO UNON36ANM Ma-
wiunHo obyuenue u arcopummu. C maxHa ROMOW Modice 0a ce aHATUIUPA NOBeOeHUemo Ha Kiuenmume, Ha-
COYBAlIKU ce KbM KOHKPEeMHU Ce2Menmu U npeodoCmasaiiku NepCoHaIu3UPano CbObpi*canie, Koemo nosuuasd
egpukacnocmma Ha MapKemuH208ume Cmpamezuu.

Llenma na doxnada e 0a noouepmae noazume om U3NOI38AHEMO HA MAPKEMUH208U UHCmpymermu ¢ MH.

KIIFOYOBH J/IYMH: mapxemune, MapKemuH208y UHCMPYMeHmu, U3KyCmeeH UHmeniexkm

MARKETING TOOLS WITH ARTIFICIAL INTELLIGENCE

Boycho Boychev

St. Cyril and St. Methodius University of Veliko Tarnovo, Department of Economic Theory and
International Economic Relations , Veliko Tarnovo, Bulgaria, b.boychev(@ts.uni-vt.bg

ABSTRACT

Marketing tools with artificial intelligence (AI) are software solutions that enhance the efficiency of
marketers by automating and optimizing tasks. These tools include chatbots, analytics platforms, and content
creation tools, using machine learning and algorithms. They help analyze customer behavior, target specific
segments, and deliver personalized content, thereby improving the effectiveness of marketing strategies.

The purpose of the report is to highlight the benefits of using AlI-powered marketing tools.
KEYWORDS: marketing, marketing tools, artificial intelligence

BbBEJIEHUE

MapKeTUHTOBUAT UHCTPYMEHT ¢ uskycmeen unmenekm (UN) e codryep, ¢ koiTo ce 1enu aa ce
moao0pu eeKTUBHOCTTa Ha paboTaTa Ha MapKETHMHTOBUTE crienuanuctd. [loBeueTo xopa, Korato
YyST U3KYCTBEH MHTENEKT ce cemar 3a ChatGPT, HO chiiecTByBaT MHOTO M Hal-pazIuyHu coPTy-
€pHHU MPOJIYKTH, KOUTO MOTAT Jja TIOMOTHAT B pa3pa0OTBaHETO HAa MapKETHHrOBaTa JAeWHOCT. Te u3-
MOJI3BaT MAIMHHO O0y4YeHUE, MAPKETUHTOBY aHAIIU3H U alTOPUTMHU 32 aBTOMATHU3HPAHE, ONTHMH3U-
paHe U pa3lIipsBaHe HA PA3IMYHU MAPKETUHTOBH 3aJ1a4H.

MapKeTHHTOBUTE HHCTPYMEHTH C M3KYCTBEH MHTEJICKT 00XBalaT MIMPOK HAOOp OT MpUIIOKe-
HUS, KaTo 4aTOOTOBE, MIATPOPMU 3a aHAINU3, HHCTPYMEHTH 3a Ch37aBaHe Ha chAbpkanue u ap. Oc-
BEH TOBA T€3W MHCTPYMEHTH IO3BOJISIBAT HA THPTOBIUTE Ja aHAIU3UPAT U pazdepaT MoBeJCHUETO Ha
KJIMEHTHUTE, 32 1a C€ HacO4aT KbM KOHKPETHU CETMEHTH U J1a IPEIOCTABST NEPCOHATU3UPAHO ChIAbP-
xaHue. braronapenue Ha MapkeTHHroBUTEe HHCTpyMeHTH ¢ M Moxke na ce moBumym erkacHOCTTa
Ha MapKeTUHTOBUTE cTpaTteruu. TpsoBa na ce oTOenexu, 4e € Bb3MOXKHO MOpaau crienudpuKaTa Ha
paboTa Ha HAKOU OPTaHHU3AIUH J1a UMa U3BECTHU OIPAaHUYCHHSI B M3MOJI3BAHETO HA MAPKETUHTOBUTE
MHCTPYMEHTH ¢ u3KycTBeH uHTenekT (Ilerposa, 2024).
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M3non3BaHeTo Ha MapKETUHIOBH HHCTpyMeHTH ¢ IV ch3aaBa 3HAYMTEIIHY MOI3H 32 MApPKETHH-
roeute cnenuanuctu (Prunty, 2024), (Wilkinson, et al., 2024), (Chugh, 2024), (Rodrigue, 2024)
(Carpena, 2023):

NOBHIIaBa €()eKTUBHOCTTA;

MOBHIIIABA MTPOAYKTUBHOCTTA,

CTIECTSIBA BPEME;

1oJ100psBa MEPCOHATN3AINATA,;
noJ00psiBa rprkaTa 3a KINEHTa;
HaMaJsiBa pa3xoanTe;

M03BOJISIBA MAIIA0UPYEMOCT;

no100psiBa HACOYBAHETO KbM ayIUTOPUS;
naBa nH(GOpMAIKS B PEATHO BpEME;

VVVYVYVVYYVYYVYY

TeHEPUpa U ONTUMU3HPA ChAbPIKAHUE.

Tps0Ba na oTOene)uM, 4e MapKeTHHTOBU HHCTpyMeHTH ¢ UM mMorat na Obaat pasaeneHu B Hsl-
koJko kareropun (Prunty, 2024), (Digitalink Team, 2023), (Phillips, 2024):

» MapKeTWHTOBU MHCTpyMeHTH ¢ U 3a mucaHe u reHepupaHe Ha ChAbPIKaHHE;
MapKEeTUHIOBU MHCTpYMeHTH ¢ MU 3a u3cienBane Ha KIIIOYOBU IyMU;
MapKeTUHTOBU MHCTpyMeHTH ¢ U 3a u3cnenBane Ha HHPIYCHCHPU;
MapKEeTUHIOBU MHCTpYMeHTH ¢ MU 3a u3cienBane Ha ayIUTOPUATA;
MapKeTUHTOBU MHCTpyMeHTH ¢ VU 3a kapTorpadupane Ha IbTA HA KIMEHTA;
MapKeTHHTOBU MHCTpyMeHTH ¢ VU 3a reHepupaHe Ha UIen 1 U3cielBaHe Ha ChIbpIKaHUE;
MapKeTUHTOBU HHCTpyMeHTH ¢ VU 3a aHanu3 Ha TEHICHIIUU ¥ TPOTHO3UPAHE;
MapKeTUHTOBU HHCTpyMeHTH ¢ VU 3a HaOmoieHre Ha KOHKYPEHTH;
MapKeTUHTOBU HHCTpyMeHTH ¢ VU 3a aBTomMaTu3amnus Ha mpoaaxouTe;
MapKeTUHTOBU HHCTpyMeHTH ¢ U 3a ynpaBieHHe Ha CONMATHA MEIUU M PeKJIama.

YVVVVVYYVYYVYYVY

[lopanu orpannyenus: Ha pazpaboTkaTa U HEBb3MOXKHOCT Jla c€ 00XBaT BCHUKU KAaTEropuu U
MapKEeTHUHIOBU MHCTpYMEHTH ¢ MU B TAX 1 pasrieaame caMo IbPBUTE TPH OT TX KaTO IIE CE IPE-
JIO’KAT I10 HAKOJIKO OT MHOT'OTO CBIIECTBYBAIIY MAPKETUHIOBY UHCTpyMeHTH ¢ .

1. MAPKETUHI'OBU HUHCTPYMEHTU C UU 3A INIMCAHE U I'EHEPUPAHE
HA CbABPKAHUE

Cb31aBaHETO HA ChABPIKAHUE € €MH MHOTO TPYJOEMBK MPOIEC, KOUTO MOXKeE /1a CE€ 0JIEKOTU
6maronapenue Ha uncrpymentute ¢ M. Pa3bupa ce makap na momarar 3a Ch3/1aBaHETO Ha Cb-
IbpiKaHue TPSAOBaA 1a ce 0TOENEXH, Ue € Bb3MOXKHO € TEKCTa J1a HE € B JIyxXa Ha OpaHja WM J1a He
CHOTBETCTBA Ha TOCTAaBCHUTE MapKEeTHHTOBH 1enu. [lopaau ToBa € )KelaTesHo aa ce 1000paboru
OT MapKETUHTOB CIIEI[UAIIUCT.

HeobOxoaumo e 1a ce yrouHu, 4e moja TepMHUHA ,,ChIbpKaHUE  ce pa3dupa HEe caMO TEKCTOBO
CBIBPKAHKE, HO CHINO Taka rpadudHo (B TOBA C€ BKJIIOUBA W BUJIEO0) M ayAuo ChabpxkaHue. Ilo-
pazu ToBa 1Ie pa3rieaaMe HIKOJKO ChIIECTBYBAII HHCTPYMEHTH 3a Ch3JJaBaHe Ha ChAbpPKAHUE.
3a mo-rojsiMa MPEerjeHOCT e TH pa3JeIuM Ha TPU OCHOBHH KaTE€TOPHU:
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s ['enepupane Ha meKcmogo CbObPHCAHUE
3a reHepupaHe Ha TEKCTOBO ChIABbPKAHUE MM U3KIIOUUTEIHO MHOTO MPEIJI0XKEHUS, HO B
Ta3u pa3paboTKa IIe ce CIpeM Ha CIeTHUTE:

» Jasper Al e UHTETUTEHTEH aCUCTEHT 3a TMCaHEe, KOWTO Ch37aBa ChIbPIKAHUE C ECTECTBEH
rJac Bb3 OCHOBA Ha TOHA Ha Mmapkara. OCBeH ToBa MMa MHTenureHTHa QyHKnus 3a SEO
ONTUMU3AIUS U MOXE J1a Ch3J]aBa N300 pakKeHUSI.

» Copy.ai MOXe a reHepHpa 3aBJIa I1BAI0 PEKIAMHO U MApKETHHTOBO KOTIHE U JIa CE aall-
THpa KbM pa3JIMYHU IJ1aCOBE Ha MapKaTa U CTPATETUU 3a ChOOIIECHUS.

» ChatGPT wmoxe 1a MOMOTHE 3a aBTOMAaTH3MPaHETO Ha Ch3/JaBAHETO Ha ChIbPKaHUEC B
paznuuHu IaTHOPMU, BKIIOUYUTEIHO CTAaTHH, MyOJIMKAMKN B OJIOTOBE U COLIMATTHU MEJIUH.
CopImo Taka e Oe3IeHeH 3a Ch3/1aBaHe Ha UJIeU 33 ChAbPKaHUE, IPOYYBAHE U ONITUMHU3UPAHE.

» Articoolo e reHepaTop Ha ChABpPKAHHUE C U3KYCTBEH MHTENEKT, KOMUTO Ch3/1aBa CTAaTUU U
nyOJMKanuy B 0JIOTOBE Bh3 OCHOBA HA TEMU WUITU KIFOYOBHU JyMH.

» Claude ¢ MOIIICH HHCTPYMEHT C M3KYCTBEH MHTEJICKT, YMEJIO TeHEepUpaIl TBOPUYECKO ITH-
caHe.

[Toxxoasuiu peneHus 3a CTpPYKTYpUPaHETO Ha ChIbPXKAHUETO ca Y oast, TextOptimizer unu

Frase, a 3a umeiin cpabppkanue TakuBa ca Automizy u Mailchimp.
% 3a cenepupane Ha epaghuuno cvOvpICaHUE

CrienBammTe HAKOJIKO MPEAJIOKEHUS ca 32 TEHEPUPAHE HA U300PANCEHUS:

» Stable Diffusion moxe 1a ce u3non3Ba 3a ch3aBaHe Ha ChIbP)KAHUE, peKiIama U OpaH-
IUpaHe 3a M0-100po aHTaXXUpaHe ¢ XopaTa, KbJETO Ype3 TEKCTOBO ONMUCAHHE CE Ch3J1aBa
n300pakeHue.

» Midjourney Moe Ja TeHEpHpa BUCOKOKAYSCTBEHH M300pa)K€HUs BH3 OCHOBA Ha BbBE-
J€HU OT MOTPEOUTENS JaHHU.

Mosxere na u3dbupare OT peauiia MHCTPYMEHTH 32 8100 CbObPICAHUE:

» Synthesia cb3naBa BHJICOCHIbPKAHUE, TEHEPUPAHO OT U3KYCTBEH HHTEJCKT, BKIIFOYH-
TEITHO BUPTYATHU MPE3EHTATOPH U (YHKIINHU 32 TEKCT BHB BUJICO.

» Pika Labs e ocobeHo moJie3Ha 3a reHepHpaHe Ha KPaTKU BUCO aKTHBHU.

» Lumen5 moxe 1a ch3/1aBa BUICOKINIIOBE B3 OCHOBA HA CKPUIIT UM TEKCT, UMIIOPTUPAH
OT cTaTus B yeOCaiT.

» TikTok Creative Assistant ¢ 6asupan Ha Al HHCTpYMEHT, KOWTO ToAIOMara reHepupa-
HETO Ha BUIEOKIUIIOBE 3a KauBaHe B TikTok.

» Opus Clip moxe na cw3naBa Reels, TikToks miau Shorts kKiaunmoBe OT BHICOKIHMIIOBE B
YouTube.

% ['enepupane Ha ayouo cv0vbpICAHUEMO

OcCBeH TEKCTOBO U TpaUUIHO ChAbPKAHUE MOXKE J1a Ob/le TeHepUPAHO U ayANO ChIAbpPIKAHU-

eto. [lo-mony me 0baaT MpeaCcTaBeHU HAKOJIKO MOJIE3HU PEIICHUS

» Otter.ai Moxe 1a aBTOMATU3HPa MPOIeca Ha TPAHCKPUOUPAHE Ha ayAHO ChAbpPKAHKE, KO-
€TO T'0 MPaBH JAOCTHIIHO U C Bb3MOXKHOCT 32 ThPCEHE.

» Descript mo3BossiBa ga peJakTUpaT ayIuo WIH BHIEO MO 1M0J001e Ha TEKCTOB IOKYMEHT.

» Riverside Bk1r0YBa QyHKIMH, KOUTO TO3BOJIIBAT Ja CE€ PEAAKTHPAT MOJKACTH 3a COIU-
aJTHUA TyOJIMKAIUH.
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2. MAPKETUHI'OBH HHCTPYMEHTHU C UM 3A U3CJIEIBAHE
HA KJIIOYOBHU AYMH
Wnentuduimpanero Ha KIIOYOBUTE IYMH € OT M3KIIIOYUTETHA BaXKHOCT. [l03HaBaHETO U U3MO0II-
3BaHETO Ha MPABUIIHUTE KIIIOUOBH JyMH MOJKE J1a 1ajie MPeJMMCTBO Ha Ou3Hec opranu3anusra. bia-
roJapeHue Ha TAX MapKETUHTOBUTE CIIELUAIMCTH 3aHMMaBaly ce cb¢ SEO Morar na pegaktupar no
TaKbB HAUMH ChIbpXKaHUE, Y€ ThpcaukuTe kato Google 1a kiacupar BalleTo ChIbp>KaHuE MO-Harope
B CIIUCHKA C pe3yaTaTH. ETO HAKOM HHCTPYMEHTH, KOUTO MOTaT /1a IOMOTHAT B TO3M IPOIIEC:
» ChatGPT moxe J1a TOMOTHE B WIACHTH(HIIMPATE KITFOYOBH JYMHU Bb3 OCHOBA HA M3CJICBAHE
Ha TeMa WIN ayJUTOPHSL.
» UberSuggest ¢ 6a3upan Ha M mHCTpyMEHT 3a M3ClieIBaHE M MHTETPUPAHE HA KIIOYOBH
JTyMHU.
» Clearscope n3nonspa U, 3a 1a npeaioxku Hail-qoOpUTe KIFOYOBH JyMH 32 HHTETPUPAHE B
ChABP)KAHUETO.
» KWFinder n3mnon3Ba aqropuT™MH 4pe3 KOUTO MPEIOCTaBs TOYHHU MOKA3aTEIH 3a KIIIOUYOBH
JyMHU, BKIIOYUTETHO 00€M Ha ThPCEHEe, TPYJHOCT Ha KIIOYOBHUTE IyMH U JaHHH 33 TEH]ICH-
LUNTE 3a€IHO C JIOKATN3UPAHO U3CIIEIBAHE HA KIIFOUOBH JTyMHU.
» Keyword Keg cp3naBa npeioxkeHus 3a KJIFOYOBHA IyMU OT ThPCAYyKHd W 0a3u JaHHU KaTo
Amazon u YouTube 3aeqH0 ¢ pa3mmpeHo GUITpUpaHe U aHAINW3 HA KOHKYPEHTH.
» SpyFu Keyword Research tool ananm3upa KOHKypeHTHH KJIFOUOBH JyMH, UACHTH(UIIpA
Haif-e()eKTUBHUTE KIIIOYOBU TyMHU U pa3KpHBa Bb3MOXHOCTHTE 3a onTuMmuzupane Ha PPC u

SEO.

3. MAPKETUHI'OBU UHCTPYMEHTHU C UM 3A U3CJIEJIBAHE
HA UHO®OJIYEHCHPU

W3non3BaneTo Ha MHQIYSHCHPH € Beue CEpuO3Ha YacT OT MapKETUHIOBaTa CTPAaTerusi HA MHOTO
OpannmoBe. Paborara ¢ uHQIyeHCHPH MOXE 3HAYUTEIIHO J1a YBEJIMYM O0OXBaTa Ha ChIBP)KAHHUETO.
Brrpeku ToBa TpsiOBa OM3HEC OpraHU3ANMITA J1a € CUTYpHA, Y€ HHPIYECHCHPHT € B ChOTBETCTBHE C
[IEHHOCTUTE Ha MapkaTa u 6usHec nenute. [lopaau ToBa € MPemopbYUTEIHO /1a C€ U3MOI3BAT UHCT-
PYMEHTH 3a uU3cje/iBaHe Ha HHPIIyeHChpUTE. Thil KaTo € HEBBE3MOXKHO Ja c€ 00XBaHAT BCUYKH TUIAT-
¢dbopmH Topau OrpaHUYeHHE Ha pa3padoTKaTa I1e ObAaT MPEeICTaBeHU CaMO TPU OT M3MOJI3BAHHUTE
takuBa pemenus — Influencity, Upfluence u AspirelQ, kaTo ce oTOenexar Hal-ChIIECTBEHUTE UM
MpeIMMCTBA.

Influencity e enna ot Haii-ronemuTe HHPIYEHCHP MapKTUHTOBU TuiatGopmu. HeiHu kimeHTH
ca kommanuu kato Samsung, AirFrance, WPP u npyru. Influencity usnonssa U, 3a na paspabotu
kawecmeen peumune Ha ayoumopusima™ (Audience Quality Score), 3a 1a momorse jia ce uaeHTUDH-
upar HHQIYEeHCHPH, KOUTO Ca HAN-TIOIXOSINN 32 KaMIIaHUsATa Ha KOHKpeTHaTa OM3HeC opraHu3a-
IIMs KaTo TO3BOJISABA Ja ce mpocienu TsiaxHaTa edextuBHOCT. [Inardopmara nMa MHOTO CTaTUCTH-
gecka mHGoOpMaIus, KOETO s MpaBu MOIXOAIIA U 32 paboTa Ha MAPKETUHIOBH areHINH, MTOHEXKE
MTO3BOJIsIBA J1a c€ pabOTH C MHOTO OpaHIOBeE.

Upfluence noo6H0 Ha ropHara miatdopma u3noassa anroputvu ¢ MU 3a ga onpenenu noTeH-
nuanHuTe MHGIyeHChpU Ha 6a3aTa Ha ONpezesieHu MOoKa3aTelu Jajll OTroBapsT Ha ChIIHOCTTA HA
Opanna. Heiinu kimenTn ca komnanuu kato Universal, Verizon, Marriott u ApyrH.

Hpyr mMHOro moaxoasn] nHCTpyMeHT € AspirelQ. Toii cBbp3Ba OM3HEC OpraHu3anysITa ¢ Hal-
MOAXOIAIINTE WH(IYSHCHPH BB3 OCHOBA HA €()EKTHBHOCTTA HA TEXHUTE MPEIUIITHH KaMIaHUU.
Heiinu kimentu ca kommanuu karo Wakmart, M&M's, dyson u apyru.
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3AKVIFOYEHHUE

MapKkeTHHTOBUTE MHCTPYMEHTH C U3KYCTBEHU UHTEJEKT IIOMaraT Ha CIELMAIUCTUTE 110 MapKe-
TUHT J1a pa30upar 1no-nqo0pe KIMSHTUTE CH U 1a UM TrapaHTHpaT U J1a UM JOHecaT HCTUHCKO MOTpe-
OUTENICKO U3KHUBsIBaHE. Te M03BONIABAT HA MAPKETUHTOBUTE OTJICNIN J]a Ch3/IaBaT MPOTHO3EH aHAIIN3
Ha LieneBara ayauTopus. Taka Bceku MPOIyKT W/WIIK yCIiyra e ObJIaT Mpeylaraiy ¢ HHANBHIyaleH
MOJAX0Jl, KONTO e(eKTUBHO yBeJMYaBa Bb3BPHIIAEMOCTTa Ha WHBECTULIMUTE MPU BCEKH KOHTAKT C
KJIMeHTa. Ype3 Te3u HHCTPYMEHTH MapKeTOJI03UTEe MOTaT Jia MoIyvar no-1o0pa mpecTana 3a KJIneH-
THTE, Ja TW TPYNHPAT IPABUIIHO U Ja T'M HACOYBAT KbM CJIeJ[BalllaTa CThIIKA OT Na3apyBaHeTo. Map-
KETUHTOBUTE MHCTPYMEHTHU C M3KYCTBEHU MHTENEKT MoMarar 3a oOpadoTkaTa Ha JaHHU MHOTO TO-
OBp30, rapaHTHPAT TOYHOCTTA, CUTYPHOCTTA M J1aBa Bb3MOKHOCT Ha OTAEIHUTE J1a C€ ChCPEIOTOYAT
BBPXY CTpATETHUYECKN MHULIMATHBH 32 MPOBEXKJaHe HA €(PEeKTUBHM KaMIIaHUHU C TAXHA ITOMOIIL.
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ABSTRACT

Technological development changes the conditions of doing business, and this applies to every entity in
the market world. The report analyses the opportunities that small companies can gain by automating their
business processes using Robotic Process Automation (RPA). It also analyses the risks and possible problems
with such robotization of the processes.

KEYWORDS: Robotic process automation, RPA, small and medium-sized enterprises, SME, critical risk
factors.

INTRODUCTION

Digital transformation provides opportunities for companies to apply digital technologies. Ac-
cording to Gartner, "Digital business transformation is the process of leveraging digital technologies
and supporting capabilities to create a robust new digital business model" (Gartner, n.d.). One of these
technologies is Robotic Process Automation (RPA), which, in addition to supporting digital transfor-
mation, makes it faster (Deloitte, 2022). The term "Robotic Process Automation" was coined in 2012
by Blue Prism, a company that provides RPA solutions.

According to the EU (SME Definition - User Guide 2020, 2020), small and medium-sized en-
terprises (SMEs) defined in Recommendation 2003/361 (Document 32003H0361, 2003) represent
99% of all enterprises in the EU. The main factors determining whether an enterprise is an SME are
headcount and turnover or overall balance sheet.

From the scope of the study, the publication excludes the differences in the software of different
technology providers, their advantages, and disadvantages. The study looked only at the automation
of robotic processes. Other similar automation such as, for example, Artificial Intelligence and Ma-
chine Learning are not considered.

1. CHARACTERISTICS OF RPA

Robotic Process Automation (RPA) technology makes it possible to automate repetitive, routine
tasks in various business processes using software robots. This software application or software robot
can be trained to perform tasks in a business process that were previously performed by a human.

These robots perform human actions at the interface level — they enter and process data and work
simultaneously with various applications. Nothing in applications and systems should be changed.
The organization has an IT infrastructure on which and with which the software robots work. Tech-
nology can also work in conjunction with other technologies, such as artificial intelligence, for ex-
ample. The people who perform these repetitive, structured tasks have been replaced by software
robots. (Ruiz, Ramirez, Cuaresma, & Enriquez, 2022) Software operators follow predefined rules
such as, for example, opening a file, reading a record from a file, sending an email, starting or stopping
an application, recognizing text from a scanned copy, accessing databases, etc.
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Apart from this process of decomposing the processes of predefined rules, work decomposition
is done.

From a business perspective, RPA means reducing costs, including for personnel, reducing hu-
man errors, and shortening the lead time for operations, increasing productivity. And therefore — fo-
cusing on strategic goals and an advantage over the competition.

Here, the focus falls on the existence of the organization of many routine and repetitive tasks and
processes. At the same time, these tasks and processes need to be time-consuming and require the
participation of multiple employees. Then the implementation of RPA technology would be effective.
With these characteristics, the size of the enterprise does not matter. In small businesses, there are
also manual time-consuming repetitive processes that are suitable for automation.

In organizations, work is made up of three elements: processes, activities, and tasks. They are
interconnected, and their complexity is determined by the scope of work. These three elements are in
the following hierarchy:

Process

. Activity 1 \ Activity 2

I_I

Figure 1. Hierarchy of processes of activities and tasks. Source: Adapted from
(Chambers & Associates Pty Ltd, 2024)

A process in business is a set of activities and tasks that, once completed, will achieve an organ-
izational goal. Each step in a business process denotes a task that is assigned to a participant in the
organization. It is also the main building block for business process management, process automation,
etc. (Team Kissflow, 2024)

Robotic process automation began its rapid development in large corporations in the financial,
insurance, construction, and other fields. The transition of RPA solutions to cloud solutions and to
pay-as-you-go has led to a reduction in implementation and operation costs and hence to the attrac-
tiveness of these solutions for small and medium-sized companies.

2. RISKS TO THE IMPLEMENTATION OF RPA SOLUTIONS

We consider risks as potential obstacles, problems, and challenges that lead to the failure of an
RPA project or insufficient added value from the implementation of such a project. The main risks to
the implementation of automated robotic solutions in companies are related to several aspects — the
people who will use them, the existing systems with which they must work, and access to confidential
information.

In small companies, these risks are added to the limited budgets and limited IT resources they
have.
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In our research, we look at the risks of implementing and maintaining RPA solutions, with a
focus on small businesses, and offer solutions to avoid or minimize them.

The main risk for small companies is budget constraints. Building a business case for RPA is the
beginning of such a project, and then the budget is also accepted.

Usually, in large companies, when determining the budget for an IT project, parametric estima-
tion is used to calculate the expected number of resources for the completion of the project — time,
costs, and human resources. In the case of small companies, in addition to the fact that money is
limited, human resources are also limited. Medium and small companies often have smaller IT teams
with less specialized skills. Administrators and technical competence to define and automate internal
processes are limited. The ability to maintain systems during the transition to and during automation
is also limited. Parametric estimation uses parameters based on past projects based on which forecasts
are calculated, but in small companies, such past projects may be missing.

An option for small companies, given the limited resources and competence to manage an RPA
project, is to seek help from outside the organization — to choose to outsource. This can lead to vendor
dependency and potential service interruptions. Another option is to focus on a small number of pro-
cesses that do not consume much of the company's budget. Automating one process will lead to a
completed business case and will allow for clear planning and budgeting of subsequent processes.
The benefits of the implemented solution and the return on investment will also be seen. RPA solu-
tions differ and some are more business-friendly/business-friendly — these are the solutions that are
aimed at use by citizen developers — employees who know the processes but do not have IT skills.

The second serious risk is the danger of applying software robots to the cybersecurity and privacy
of the company's data. The security weaknesses of RPA solutions stem from robots' access to confi-
dential information and hence incidents related to the security of corporate data. Software robots have
privileged access to company systems and databases and can be used for unauthorized entry into
internal systems. At the same time, the robots' unsecured source code makes them vulnerable to at-
tacks and malicious changes.

A solution to minimize the risks associated with the security of RPA solutions is to constantly
monitor what all software robots’ access and what actions they perform. Access rights should be set
with due care. Encryption and authentication are also measures in this direction.

The risk of loss of competence also exists in large companies, but in small companies, it is very
high. When a process is automated, the people who performed it before start doing something else, it
is possible to leave the company, and no one can perform the necessary operations manually in the
event of a failure of the automated process. Minimizing this risk can be done by documenting instruc-
tions for performing operations manually. A person who monitors the progress of the process also
minimizes the risk of loss of competence. This risk can also be mitigated through the exchange of
knowledge and good practices between the people in the organization.

The risk of improper management of RPA licenses is again stronger in small and medium-sized
companies that cannot have special monitoring and management of RPA licenses. On the one hand,
specific technical skills are not required to create robots, but on the other hand, it is required to select
and monitor the wrong RPA licenses. The solution in the direction of minimizing these licensing risks
is monitoring the robotic scenario and logs for the status of software robots.

The risks of implementing software robots can be minimized by mandatory support for the tran-
sition from an automated robotic process back to the manual execution of operations. Thus, in the
event of a failure of a robotic process or if an error occurs in this robotic process, it will continue to
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work, but in manual mode and the only problem for the organization will be the duration of the tran-
sition from automated to manual operation of the process.
We can summarize the risks and the directions for minimizing them in the following table:

Table 1.
Risks to robotic process automation in small and medium-sized companies
Risk Minimization Directions
Budget constraints Focus on a small number of processes and

choose business-friendly RPA solutions.

Cybersecurity Dangers of Companies from Software Ro- | Constant monitoring of what all software ro-
bots bots access and what actions they perform;
control over the assignment of access rights;
Encryption and authentication.

Risk of loss of competence — the people who performed | Documentation of instructions for performing
the process move or leave the company and there is no|operations manually; a person who monitors
one to perform the process manually in case of a problem [the course of the process; exchange of
or failure with the automated process knowledge and good practices between people
in the organization.

Improper management of licenses for RPA Monitoring of the robotic scenario and logs for
the status of software robots.

Source: Own elaboration

From the identification and proactive addressing of risks and measures to minimize and avoid
them, factors for the success of the implementation of RPA solutions in small enterprises can be
deduced. We believe that the success factors of the process robotization project that organizations
should focus on are the following:

* Choose a small (or one) process to automate

* Choosing a business-friendly/business-friendly RPA solution to be used by citizen developers.

* Constant monitoring of what all software robots’ access and what actions they perform

Following these factors should lead to the successful implementation of process automation in
small businesses.

CONCLUSION

This study aims to present an understanding of RPA projects for SMEs to derive factors for the
success of such projects. Optimizing and automating business processes in organizations and opti-
mizing routine activities do not depend on the scale of the enterprise. The goals of the enterprises —
high quality of the products and services offered, perfect customer service, and cost reduction are not
related to the size of the enterprise, nor to the industry in which it operates. There are risks facing
RPA solutions that must be addressed and addressed or minimized before their implementation be-
gins. Also, not every business process is suitable for automation. The choice of appropriate automa-
tion processes, combined with actions to minimize the implementation risks, is key to the result of
robotization.
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ABSTRACT

This paper explores the process of improving information technologies for the search and selection of
maritime personnel in crewing companies. An analysis of traditional management methods reveals that they
are time and resource-intensive, and the results do not always optimize the company’s performance. A new
approach based on human-machine decision-making technologies is proposed, incorporating decision support
systems and logical-mathematical methods for personnel selection. The developed information technology for-
malizes selection processes, candidate evaluation, and enhances decision-making quality through the imple-
mentation of multi-criteria analysis and expert evaluation methods. Testing results demonstrated the high ef-
ficiency of the new system in real-world.

KEYWORDS: information technology, crewing company, personnel search, candidate selection, human-
machine decision-making, decision support system (DSS), multi-criteria analysis, expert evaluation, optimiza-
tion

INTRODUCTION

Maritime transportation is the foundation of global international trade and logistics, and the de-
mand for quality maritime personnel selection is growing year by year. Therefore, for a crewing com-
pany, the most relevant task is to ensure the efficiency of its operations by improving the results of
personnel selection for the client [3,4,6]. Analysis of the efficiency of existing management systems
[5] in crewing companies has shown that the traditional process of searching and selecting candidates
is quite time-consuming, requires significant effort from managers, and most importantly, the results
obtained do not always optimize the company's performance and maximize its revenue. A conclusion
was made about the relevance of further improving the computerized tools for the implementation of
the search and selection process based on human-machine decision-making technology, which en-
sures a rational compromise between formalized and non-formalized procedures, optimizing results
by using logical-mathematical methods of decision-making for personnel selection in conditions of
varying degrees of data uncertainty and the need for flexible adaptation to situational decision-making
conditions.
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1. TASK STATEMENT

The aim of this work is to explore ways to improve computerized tools for the search and selec-
tion of maritime personnel in a crewing company based on solving a set of problems, which the
authors consider crucial, related to the success and reliability of the results obtained. The chosen
direction of work involves developing an information technology (IT) system and creating an assess-
ment technology for candidates, structuring processes, and formalizing decision-making rules, their
sequence, the composition of executors, models, and evaluation methods to maximize the systemati-
zation and formalization of poorly structured procedures. The creation of this technology is based on
the following principles:

- The development of a tool for forming a job profile for candidate selection, where a hierar-
chical, multi-aspect, flexible structure of requirements and assessments of the applicant is defined.

- The use of improved expert evaluation tools to decisively influence the reliability of the results
obtained when assessing the qualitative characteristics of candidates.

- Establishment of a multi-level scale for qualitative and quantitative determination of the can-
didate’s compliance with the job profile requirements, as the ideal point in multi-criteria analysis.

- Formalization of tools that ensure alternative evaluation methods and techniques, to account
for the actual situational conditions of the company's operation and the dynamic nature of the candi-
date's characteristics over time.

To implement the established principles, which require the analysis of large amounts of data,
rational use of experts' intuition, experience, and knowledge in the crewing field, as well as the ap-
plication of various models and methods to solve poorly structured tasks in conditions of incomplete
data certainty, the development of information technology is based on the use of modern decision
support systems (DSS) [1,2].

2. PROCESSES, MODELS, AND METHODS OF IT SCENARIO IMPLEMENTATION

A scenario for the implementation of information technology is proposed, based on advanced
developments of traditional methods in information systems for managing crewing companies, and
providing for systematic improvement of their capabilities through the three main components of
DSS: interface system, database, and model base. In this study, attention is focused on forming the
structure of processes and their connection with the DSS model base and methods of their implemen-
tation (Table 1).

Table 1
Processes, Models, and Implementation Methods
Ne IT Process IT Models Implementation Methods
1| User registration and Role-based access model Authentication and access management
access formation methods based on the role model

2 | Definition of personnel Key employee profile Methods for building situational and
selection requirements methodological job profiles that define a

multi-aspect hierarchical structure of

requirements
3| Determination of the Selection of candidates based Lexicographic method
candidate pool on established search
requirements and constraints
4 Hierarchy of criteria Goal tree method
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Candidate evaluation Determination of the weights Analytical hierarchy process
based on selection of criteria at various hierarchy
optimization criteria levels

Evaluation of the candidate's | Expert direct evaluation method, analytical
qualitative characteristics hierarchy process

Comprehensive multi-criteria Ideal point method
candidate evaluation

Control of expert opinion Delphi method
consistency

Evaluation of results and Decision logging
decision-making

Source: Own elaboration

CONCLUSIONS
As aresult of the conducted research, an information technology was developed that significantly
improves the process of searching and selecting candidates for crewing companies. Based on com-

puterized decision-making tools, a candidate rating is established based on an aggregated assessment

of their compliance with the defined job profile requirements. The basic principles of the IT system

were tested on real data and demonstrated high efficiency in improving the personnel selection pro-
cess.

REFERENCES

.KHLAPONIN Y., IZMAILOVA O., KRASOVSKA H., KRASOVSKA K., BODNAR N.,
ABBAS S.Q. Base of models of the information security risks assessment system. Proceedings of
FRUCT'35, Tampere, Finland, 24-26 April 2024. Oy Finland. ISSN 2305-7254, ISBN 978-952-
65246-1-0. Issue 1, pp. 352-366. Available from: https:/fruct.org/publications/volume-
35/fruct35/files/Khl.pdf / [Accessed 26/09/2024].

.KHLAPONIN YURIIL, IZMAILOVA OLHA, QASIM NAMEER HASHIM, KRASOVSKA
HANNA, KRASOVSKA KATERYNA. Management risks of dependence on key employees:
identification of personnel. Workshop on "Cybersecurity Providing in Information and
Telecommunication Systems" (CPITS 2021), January 28, 2021, pp. 295-308. Available from:
http://ceur-ws.org/Vol-2923/paper33.pdf / [Accessed 26/09/2024].

.KHOLODENKO A., HREBENNYK N., DANCHENKO O. A Dynamic Model of
Optimizingdistribution of Sailors by Vacancies. BicHuk XMeIbHUIIBKOTO HaIlIOHAJTLHOTO YHIBEp-
cutery 2019, Ne 4. ISSN 2307-5740 Tom 1, pp. 233-240. Available from:
http://journals.khnu.km.ua/vestnik/wp-content/uploads/2021/01/48-7.pdf

.KRYSYUK, L., & VASYLENKO, M. (2022). Assessment of the competitiveness of the market of
crewing services in conditions of instability. Economic analysis, 32 (4), 23-30. DOI:
https://doi.org/10.35774/econa2022.04.023

.NAVROZOVA, YU., TERESHCHENKO, A. (2020). Crewing company business processes:
essence, classification and structure. Development of management and entrepreneurship methods
on transport, 1 (70), 59-70. DOI 10.31375/2226-1915-2020-1-59-70.

6. ALIEHKO M. C., TOHYAPOBA 1. O. Akmyanvui npobremu y0OCKOHANEHHS AKOCMI KPIOTH208UX
nocaye. Exonomika: peamii yacy. HaykoBuit sxyprai. —2017. — Ne 1 (29). - C. 162-170. — Available
from: https://economics.net.ua/files/archive/2017/No1/162.pdf [Accessed 26/09/2024].

83


https://fruct.org/publications/volume-35/fruct35/files/Khl.pdf
https://fruct.org/publications/volume-35/fruct35/files/Khl.pdf
http://ceur-ws.org/Vol-2923/paper33.pdf
http://journals.khnu.km.ua/vestnik/wp-content/uploads/2021/01/48-7.pdf
https://economics.net.ua/files/archive/2017/No1/162.pdf

ABTOMATU3NPAHO U3BJIMYAHE 1 AHAJIN3 HA BUBJIMOMETPUYHH
JAHHU YPE3 API

Ouira Mapunosal, Ilerss CTpamummupoBa?

! Uxonomuuecku yausepcuteT — Bapua/Karenpa ,,Inpopmaruka“, Bapua, beirapus,
olga.marinova@ue-varna.bg

2 ikonomuueckn ynuBepcuteT — Bapra/Katenpa ,,Mudopmaruka®, Bapna, Beiarapus,
p.emilova@ue-varna.bg

PE3IOME

H3zenuuanemo na Oubruomempuuru OAHHU OM 800ewu HAYKOMempuuHu 6a3u danuu kamo Scopus u Web
of Science cmaga 8ce no-6adiCHO 3a eEKMUBHOMO NPOCAEOABARE U AHATU3 HA HAYYHAMA NPOOyKyust. /lanuume
Mozam 0a 6vOam a8MOMAMUIUPAHO CLOUPAHU U 0OPADOMBAHU 83 OCHOBA HA PA3IUYHU NAPAMEmMPU, KOemo
uje no360au 0a 2u U3NOI36amMe No-e(peKmMuUBHo 3a yeaume Ha Ovoewu 060oWeHUA U Hall-6eve 0a NOJYUUM 3a-
0vb0UeHa u 00CmosepHa NPedcmasa 3a Cb8peMenHume HayuHu menoenyuu. Llen na ookiaoa e 0a uzciedsa
Bb3MOJCHOCIMUME HA NPUNOdNCHUME npocpamuu unmepgheticu (API) 3a uzenuuane u anaiuz Ha 6udIUOMEm-
PUYHU OQHHU, KAKINO U Od C€ NPEONONCU MEMOOO02UsL 34 ABMOMAMUIUPAHO U3BTUYAHE HA OAHHU 0N CEeMO8-
Hume Hayunu 6aszu upes API. Omkpossam ce pasiuunu mexwuxu u Memoou 3a aHaiu3 Ha oubauomempuyHu
OauHu.

KIIIOY0BH JIVMH: uzsenuuane Ha oannu, oubiuomempuuer ananusz, SCOPUS API, Web of Science
API

AUTOMATED EXTRACTION AND BIBLIOMETRIC DATA ANALYSIS
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ABSTRACT

Retrieval of bibliometric data from leading scientific metrics databases such as Scopus and Web of
Science is becoming increasingly important for effective tracking and analysis of scientific output. Data can
be automatically collected and processed based on various parameters, which will allow us to use them more
efficiently for the purpose of future summaries and, most importantly, to gain a thorough and reliable insight
into current scientific trends. The aim of this paper is to explore the possibilities of Application Programming
Interfaces (APIs) to retrieve and analyse bibliometric data, and to propose a methodology for automated data
extraction from global scientific databases using APIs. Different techniques and methods for bibliometric data
analysis are highlighted.

KEYWORDS: data extraction, bibliometric analysis, SCOPUS API, Web of Science API

BBBEJAEHUE

B nHenHus TMHAMHYHO pa3BUBAII CE CBAT HayKaTa ThPIH OYPHO Pa3BUTHE, IIPH KOETO B CBETO-
BEH Mairad OposT Ha U3CIEABAHUATA U MyOIMKAMUTE B Pa3IudHH TIaTtGopMu U pedeprupaHu Criv-
CaHHd HAapaCTBa C USKIIIOYUTCIHU TCMIIOBC. EI[I/IH OT YCCTO U3IMOJI3BAHUTC KPUTCPUHU 3a KOJIUUYCCT-
BEHO M KAa4eCTBEHO HM3MEPBAHE HA HAYYHO-H3CJIENOBATElICKaTa JCWHOCT ca OUOIHMOMETpUYHUTE
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naHHu. C HapacTBaIlOTO KOJIMYECTBO IMYOJUKYBaHM MaTepUalM, PbUHMST MPOLEC Ha ChOMpaHe U
aHaJIM3 Ha JaHHU CTaBa BCE MO-TPYAOEMbBK U HeeeKTHBEH. TyK Ha MOMOII H1Ba aBTOMaTH3aIUiTa
ype3 M3MOJ3BaHE Ha aBTOHOMEH MPHUJIOXKHO mporpamen uHTepdeiic (Application Programming
Interface — API ), koiiTo npemiara Obp3 ¥ CTPYKTYpUPaH JOCTBII JO CBETOBHO H3BECTHUTE HAYYHH
6a3u ot manHu Kato Scopus u Web of Science. API nmo3BoJsiBa aBTOMaTU3MPAHO U3BJIMYAHE HA KITIO-
4OBU OMOJIMOMETPUYHH [TOKA3aTeNN KaTo HUTUPAHUs, aBTOPH, 3arjlaBus U KJIIOYOBU 1yMu. ToBa 3Ha-
YUTEIHO YJIECHsSIBA aHaln3a, KOUTO ce MPOBEXKAA NEPUOJUYHO, 10PU MOHIKOra €XKEroJHO B aKaje-
MHUYHUTE CPENIU.

B Ta3u Bpb3Ka 11e1 Ha JOKIIa/a € J1a U3ClIeBa Bb3MOKHOCTUTE Ha IPUIIOKHUTE IPOrpaMHH UH-
Tepdelicu 3a U3BIMYAHE U aHATM3 HA OMOIMOMETPUYHU JaHHU, KAKTO U JIa PEATI0KH METOOTIOTHSI
3a aBTOMATHU3MPAHO U3BJIMYAHE HA TAaHHU OT CBETOBHUTE Hay4yHu 0a3u upe3 API. Pasriexxnaar ce npe-
auMcTBaTa U pynkiuute Ha API 3a u3Bnnuane Ha OMOaMOrpadMuHU JaHHHU C OTJIE]] UMIUIEMEHTHpPa-
HETO UM B IIpejjiaraHata MeTOAOJIOTHs 3a e(heKTUBHO chOMpaHe U 00paboTKa Ha JTaHHHU OT JIBETE
(cmoMmeHaTH mo-rope) BOJICIINA CBETOBHH HAYYHH 0a3Hu.

N3cnenoparenckara pabora B TOKJIa[a ce MPOBEXk/a KaTO 4acT OT MPOEKT ,, Y CbBbPIICHCTBAHE
Ha MPOLECUTE MO JAUTMTAIN3ALUS Ha HAYYHUS PECypC MOCPEICTBOM CBETOBHUTE U3CIEI0BATEICKH
6a3u ot ganuu* (JAUT' 1) ¢ Ne [THU-KC24-01-EDPSRGDB.

1. CbIIHOCT HA U3BJIMYAHETO HA TAHHHU YPE3 API U U3IIOJI3BBAHETO UM
3A ITPEJICTOSALIN AHAJIN3U

BbubnuomerpuyHUTE JAHHU OOMKHOBEHO BKIIIOYBAT HH(pOpMAIHS KaTo Opoil Ha MyOIUKaIUHTe,
JaHHM 33 [UTUPAHUATA, UMIAKT (DAaKTOPUTE HA CHUCAHUATA U JPYTU MOKa3aTesld, KOUTO OTpa3sBat
HAy4YHOTO BIIMSHUE U 3HAUUMOCT Ha Ja/IeH U3CJIeI0BaTeN Ui HHCTUTYUS. bubarnoMerpuuHuTe aHa-
JIM3U UTPasT pelllaBaiia posisi B pa3KpUBAHETO HA HCTUHCKOTO Bb3/IEHCTBUE HA NONYUYEHUTE HAYUHHU
pe3yNTaTi o OTHOUICHHE Ha MOMYJISPU3UPAHETO U PA3BUTHETO HA HayKaTa, TEXHOJOTUUTE, o01ec-
TBOTO U MKOHOMHMKaTa. L{luTupanusta u 6uOIMOMETPUYHUTE MOKA3aTeNM ca OCHOBHU KOMIIOHEHTH B
PEUTHHTOBUTE CUCTEMH HAa YHHUBEPCUTETUTE. Te He caMo MPEOCTaBsAT 00CKTUBHA MsIpKa 3a HaydHaTa
MPOAYKIMS, HO CHILO TaKa ca OT KIIOYOBO 3HAUCHHE 32 PEIyTalusaTa, (PUHAHCUPAHETO U CTpaTerH-
YEeCKOTO MO3UIIMOHUPAHE HA YHUBEPCUTETUTE B CBETOBEH Maial.

TpaauuMOHHUTE METOM 3a CbOMpPaHE M aHAIN3 Ha MHOXKECTBOTO Pa3IMYHU MOKA3aTeNH, CBbP-
3aHU C Hay4YHaTa MPOAYKLHS € AbJIbI U 0aBeH Mpoliec, KOWTO MHOTO YECTO € ChIIPOBOJIEH C JIOIYC-
KaHETO Ha TpelIKd, AYOJIMpaHus WIM 3aTPyIHEHUs MpU HaMUpaHe Ha HyxHarta uHopmanus. Ot
Jpyra CTpaHa aBTOMaTU3HPAHUTE MMOAXOIU 32 U3BJIMYAHE HA IaHHU Mpeuiarat 3HAaYUTEIHNA IPEeIUM-
CTBa.

Eto 3amo temaTa 3a aBTOMaTHU3UPaHO WM3BIMYAHE M aHAIU3 HA OMOTMOMETPUYHM JaHHU 4Ype3
API ce mpeBpbIIa B U3KIIOYUTEIHO aKTyallHA ¥ 3HAYMMa B KOHTEKCTa Ha HapacTBaIIus o0eM HaydHa
JIUTEepaTypa 1 He0OX0AUMOCTTa OT €(hEeKTUBHU MHCTPYMEHTH 32 YIPaBJICHHUE Ha CHITBTCTBALIMS ITy0-
JMKAIMUTE TOTOK OT pa3HOpoaHa uHpopmanms. Haii-uecto aBTOMaTH3UpaHOTO U3BIMYaHE HA OHO-
JUOMETPUYHH JTaHHM C€ M3ITBJIHSABA upe3 m3moi3BaHeTo Ha Application Programming Interfaces
(API) nnu Ha ye6 ckpanunr (web scraping). [Ipunoxxaure nporpamuu uaTepdeiicu (API) ocuryps-
BaT CTaHJApTU3HpaH UHTepdeEiic, KONTO MO3BOJISABA HA PA3IMYHU MPUIIOKEHHS ]a KOMYHUKHUPAT U Ja
ce CBBP3BAT JIECHO, KaTO pallMOHaIM3UpaT Ipoleca Ha pa3paboTBaHe HA coPTyep U ro MpassT Io-
e(eKTHBEH.

CrpIiecTBYBaT TPH OCHOBHH BB3MOXKHOCTH 32 10CcThI 10 API: Oe3mareH, akajeMUyeH U I1aTeH
noctbil. @OKYChT Ha HACTOSIIETO U3cieaBane € BbpXy APl u HeroBoto m3non3BaHe 3a IOCTHI 10
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oubmuomerpuunn nanau upe3 APl Ha nayunurte 6a3u Scopus u Web of Science, Thit kato Te npea-
Jarat KakTo IUIATeH, Taka U Oe3IUIaTeH JOCTHII O HIKOW OCHOBHHM OMOJIMOMETPUYHU JAaHHHU, KOUTO
Jla TIOCITY’KAT 3a MOCJIeIBAI aHATN3 BbB BHHIITHA CUCTEMH.

API untepoeiicure Ha Scopus u Web of Science gaBat Bb3MOKHOCT 32 aBTOMAaTU3UPAHO U3B-
JTUYaHe Ha JIAaHHU 3a MyOJHMKAINK, IMTUPAHUS, aBTOPU M UHCTUTYLUU. BMecTo morpeburenute na
THPCAT U KOMHUpAT Hy)XKHaTa UM HHpopMmaius pbuHo, APl npaBu 3asiBKU AUPEKTHO KBM OTPOMHHUS
o0eM OT HayYHU JIaHHU ¥ BPbIIla HeoOxoaumara nHGopMaIus B CTpYKTypupas hopmat (0OMKHOBEHO
JSON mm XML). Taka MokeM /1a U3BJIEUEM JIaHHHW B PEeaTHO BpeMe M Jia MoTydyaBaMe aKTyaTu3u-
panu OubmomerpuyHu nokazatenu. OcBeH ToBa API mpemocTaBsi M3KIIOYUTEHA THBKABOCT MPHU
Ch37aBaHETO Ha 3assBKU. MoxkeM Aa nepuHupaMe MHOTO TOYHH MapaMeTpH 3a ThbPCEHE: ThPCEHE 10
KITFOUOBH JTYMU, aBTOP, MHCTUTYIHUS, TEMa, 00XBAT OT FOJUHU, BUJ] TyOIMKAINS U MHOTO Apyru. ToBa
MO3BOJISIBA M3KIIFOUUTEIHO MPEIU3HO CErMEHTHpAHEe Ha JaHHHUTE, KaTO MOXKEM Ja M3BEJEM TOYHO
Ta3u uHpopMaIus, KOSTO HU HHTEPECyBa U CJIe/ TOBA JIa 51 aHAIU3HpaMe.

Scopus ¢ BceoOxBaTHAa 1 MHOTO(YHKITHOHAIIHA 0a3a OT JaHHH, coOCTBeHOCT Ha Elsevier, kosTo
MIPEeIOCTaBs Ha U3Clie[JoBaTeuTe 6orar Habop OT akajJeMUyHa JUTepaTypa U JaHHU 3a [UTHPAHUS,
KaKTO U peAulia (yHKIIMU 3a MOJIIOMaraHe Ha ChbTPYIHUYECTBOTO, OTKPUBAHETO U OIlEHKAaTa Ha Ha-
YUHUTE U3clie[iBaHus. ToBa € efHa OT Hal-roJIeMUTE U Hal-IIMPOKO U3MOJI3BaHU aKaJIeMUYHH 0a3u
nanau (Bharathi and Aditya Sai Srinivas, 2024, p. 31) ¢ vag 90 Munuona myOIUKaKuy, BKIIOYBAIIH
HAyYHU CIHMCAHUs, KHUTH U MaTepHalii OT KOH(pEpEeHIINH OT 1511 cBAT (Scopus.com, 2023). Ta cbio
Taka MPEeAoCTaBs WHCTPYMEHTH, KOUTO WHCTUTYIIMUTE Ja M3MOJ3BAT 32 aHAIU3 HA PE3yNTaTUTE U
BB3/ICHCTBUETO HA HAYYHUTE U3CTIeiBaHus, KakTo U API 3a pa3paboTunnuTe 3a ch3/1aBaHe Ha MEPCO-
HaJIM3UPAHU IPUIIOKEHUS U HHCTPYMEHTH.

Web of Science (W0S) e npyrara cBeToBHOM3BECTHA 0a3a OT JaHHU, KOSTO C€ € HAJIOXKUJIa KaTo
€IHa OT Hail-uecTo u3noysBanuTe B Hayunute cpean (Bharathi and Aditya Sai Srinivas, 2024, p. 37).
[Tonacrosimem e cooctBenoct Ha Clarivate Analytics u o6xBama moeue ot 22 000 ciucaHus, KHUTH
1 MaTepuanu ot KoHpepenuuu u Hax 90 munrona nokymenra (Clarivate.libguides.com, 2024). Equn
ot BugoBete API, kouro WoS npemiara e Web of Science Starter API. Toii ocurypsisa REST-6a3u-
paH mporpaMeH J0CThII 10 JOKYMeHTUTE U criucanuara B Web of Science ¢ JSON ¢opmart Ha nzxona
Y OCHOBHH BB3MOKHOCTH 3a ThpceHe U puntpupane. Upes Web of Science Starter API ce mpenocrass
JOCTBII B peaHO Bpeme 10 oubirorpadcku Mmeraganuu, karo DOIL, aBTopu, 3arnaBue Ha U3TOYHHUKA
U IpYTH METaIaHHH, KOUTO ca B ocCHOBHaTa 06a3a Ha Web of Science, kato u oT cBbp3aHu C Hest 6a3u
naHHU. Tol 1M03BOJIsIBA U3rpaXKIaHe Ha TUPEKTHHU BPB3KU OT BBHIIIHU CUCTEMH KbM cTaThuu B WoS u
M3BJIMYAHE HA JaHHU 32 Opos HA [IUTUpPAHUSTA.

[Ipu Bce TOBa, TpsiOBa ja 0TOEIEHKUM, Y€ TTOBEYETO KOMEPCHAIHUA 0a3u JaHHU, B TOBA YKCIIO U
Scopus 1 Web of Science 00MkHOBEHO IpeOCTaBT 10cThI 10 cBouTe API ¢ pa3mmpenu Bb3MOX-
HOCTH 32 M3BJIMYaHE HA OMOIMOMETPHYHU JAHHU CaMO Ype3 TUIaTeH WJIM MHCTUTYIIHOHAJICH aKayHT,
KOETO MOXK€ Ja JOBEJe IO TOBA, Y€ M3CIICAOBATENIN WM YHUBEPCUTETU C MO-HUCKHU JIOXOJU J1a He
MOTaT Jia Ce BB3IMOJI3BAT OT BCHUKH T€3U JaHHU. [[pyT ChIIECTBEH BBHIIPOC Ca PeaUIa TPABHU aCIIeKTH,
KOUTO cje/iBa Aa ObJaT B3eTHU MPEIBUJ BbB Bpb3Ka C MOCIEABAIIOTO M3MOI3BaHE HA W3BJICUCHUTE
JAHHU BbB BBHIIHU CUCTEMH, KAKBUTO Ca HApUMEpP YHHUBEPCUTETCKUTE CUCTEMH 3a OTYHTAHE Ha
MyOIMKAMUTE HAa aKaJIEMUYHHSI ChCTaB.

3a ;1a ce U3SICHU ISUIOCTHHSI MPOILIEC [0 U3BIMYAHE U U3I0JI3BaHe Ha OMOIMOMETPUYHU JaHHU €
HYKHO J1a C€ 0YepTasT BCUYKH CTHIIKHU, IIPE3 KOUTO TPsOBA Ja MPEMUHE aBTOMATU3UPAHUSAT TTOIXO/
3a crOupane, 00padoTKa U aHAIHM3 HA TAHHUTE.
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2. METOA0JIOI'UA 3A U3BJIMYAHE HA TAHHU

ABTOMaATH3UPAHOTO M3BIMYAHE W TOCTEABAI aHAIU3 HAa OMOIHMOMETPUYHU JaHHU IMO3BOJISIBA
TOYEH MOHUTOPHUHT Ha HaAyYHATA IPOYKIIHUS, KOETO € MPSKO CBHP3aHO C U3MEPBAHETO Ha TTT00ATHOTO
BB3JICHCTBUE U PEIyTaIUsl HA BCEKH €IUH YHUBEPCHUTET, KAKTO U B MOJIKPEIa Ha HErOBOTO JABUKEIIO
SIIPO — U3CIICIOBATEIIUTE.

Bornpeku ue Ou0AMOMETPUUHUSAT aHAJIU3 UMa MHOTO IIPEIMMCTBA, TOI € CPaBHUTEIHO HOB MHC-
TPYMEHT U BCE OIll€ HEIOCTAaThYHO A00pe 00XBaHAT B PEHOMHUPAHUTE PHKOBOJCTBA 32 CUCTEMATUYHHI
npernenu Ha nuteparypata (Passas, 2024). B ta3u Bpb3Kka cuntame, 4e 3aabJI00UCHHS Mperie Ha
pa3IMYHUTE BUJOBE aHAJM3U U Ch3/1aBaHETO Ha MOIXO0J, KOMTO /a JAaBa SICHOTa OTHOCHO JaHHHUTE,
KOUTO Omxa Moriu jaa ce ceoupat upe3 APl na Web of Science u Scopus u nmocnenaiara oopadborka
BBPXY TAX OMxa Ouiam 1o0pa oTIpaBHA TOYKA 32 OBACHIOTO pa3pabOTBaHEe HA CUCTEMA, KOSTO J1a U3-
BBHPIIIBAa TOBA aBTOMATU3UPAHO U3BIMYAHE.

OreHsIBaHETO HA HAYYHOTO BH3JCHCTBHE HA M3CIICOBATEIN U CIIUCAHUS Ype3 peauila HHIUKA-
TOpH KaTo Opoit myOauKamuu, o011 Opoil IUTHUPaHUs, OPOM IUTUPAHUS HA ITYOJIMKAIUS 110 TOJIMHA €
HIMPOKO pa3lpocTpaHeHa MpakTHKa. B Ta3u Bpb3Kka olile euH nokasates € JoOWI HIMpoKa MOMyJisp-
HOCT, OJ1arojjapeHne Ha CBOSTA JIeCHA MHTEPIIpeTaus — N-HHIeKChT, KOUTO ¢ mpemioxen ot Hirsch
(Hirsch, 2005). 3a na 6b11e eqrH OMOIMOMETPUYEH aHAIIW3 U3YepIIaTesieH M BCeOOXBAaTEH TOM CieIBa
na 00XBaHEe peaulla METPUKHU U aHAIIM3H, KOUTO MOXEM Jja 000cOOMM B JIB€ OCHOBHU KaTETOPHH —
Ananus na npouszeooumennocmma (Performance analysis) u Kapmozpagupane na nayunume u3-
cneosanus (Science mapping) (Noyons et al., 1999). OcBeH TAx B LenHs MPOIEC MO U3BIHYAHE,
aHaJIM3 ¥ MHTETpUpaHe Ha JaHHH OT OnbmmomMerpudnn b/ ce BKITIOYBAT OI11e HAKOJIKO BaXKHH CTHITKH.
B Ta3u Bpb3ka Ha dur. 1 e npeanoxkeHa METOA0IOT s, KOSTO 00XBallla CISAHUTE 3HAYUMH CIIOPE]
HAac mpolieca — aBTOMaTU3UPaHOTO M3BJIMYaHE Ha JaHHU 4ype3 API; moaroroBka u mouyncTBaHe Ha
JAHHUTE; MocieaBan] Ou0IMOMeTpUYEeH aHAJIW3 Ha TaHHUTE; KOHCOJMUANPAHE Ha pe3ylITaTuTe U UH-
TErpUPaHETO UM BbB BbHILIHA CHCTEMA.

®urypa 1. MeTonoJiorus 3a U3BJMYaHe, AaHAJIN3 U MHTeTPUPaHe HA JaHHH OT Onbanomerpnynn b1

Usmounux: Cobcmeena pazpabomka
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Ypes sicHO ouepTaBaHE Ha OTAEIHUTE €TalH C€ rapaHTHpPa CUCTEMATUYHOCT U BB3IPOU3BOIM-
MOCT Ha pe3yJTaTuTe, KOeTO MOBHUILIABA HAyYHAaTa CTOMHOCT Ha OJIYYeHUTE OMOIMOMETPHUYHH MTOKa-
3arenu. [Ipu Bce TOBa 4acT OT METPUKHTE, KOUTO Ce TIOKa3aHU Ha gurypa 1 He MoraT ja ObJat u3B-
neueHu aupektHO upe3 API Ha Scopus mnu WoS 1 M3uCKBAT JOMBIHUTETHN U3YUCICHUS U 00pa-
00TKa Ha MOTYYCHUTE MeTalaHHu. ToBa ca METPUKUTE 00Uy OPOIll yumMupanus, cpedeH opoil yumu-
panusn 3a nyonuxkayus u g-index. OcBeH TSAX BCHYKH aHAIN3H, KOUTO ca MPEICTABEHH KaTo 4acT OT
rpynata Kapmozpagupane na nayunume uscnedganus, cbo Morar ga ObaaT U3NBIHEHH CaMo
4ype3 U3YUCIICHUS C IOBIHUTEIHU IPOTPaMHU HHCTPYMEHTH.

MoxeM J1a 3aKJIF0OYMM, Y€ BCEKU €MH €JIEMEHT 0T OMOJMOMETPUYHHUS aHAJIU3 clioMara 3a U3r-
paXIaHETO Ha IbJIHA M LIJIOCTHA KapTHHA Ha JAaJICH M3CJIEA0BATEICKH WM HHCTUTYLIMOHAJICH MIPO-
¢ 1 HErOBOTO BB3ACUCTBUE B HaydyHaTa OOIIHOCT. 3aTOBa cjelBa J1a OTAEIMM BHHUMAaHUE HA I10-
3abJI00YEHOTO BHUKBAHE B CBHIIHOCTTA HA DPA3IMYHUTE BHUJOBE aHAIM3U Ha OUOIMOMETPUYHH
JTaHHU.

3. AHAJIN3 HA BUBJIMOMETPUYHU JAHHHU

Kaxkro Germie pasriaegano mo-rope OMOJIMOMETPUYHUSIT aHATIN3 BKIIFOYBA PEIUIla METPUKU U aHa-
JIM3U, KOUTO MOXKEM JIa pa3rpaHUYUM B JIB€ OCHOBHH KaT€TOPHU: AHAIU3 HA NPOU3BOOUMETHOCTINA
U Kapmozpaghupane Ha HayuHume U3Cc1e08aHusl.

3.1. AHa/1M3 HA IPOM3BOAUTEJHOCTTA

Orenkara Ha pe3yaTaTuTe B 00JacTTa Ha HAYYHUTE M3CIIEIBaHUS BKIIIOUBA OIICHKA Ha BB3JCHC-
TBHETO Ha M3CJIEIOBATEIINTE, MHCTUTYIIUUTE U IbPIKaBUTE, KATO CE U3MOI3BAT MOKa3aTeNN KaTo OO
Opoil myOIuKaluy, IPUHOC Ha aBTOPUTE U MOKA3aTe, CBbP3aHU C [IUTHPAHETO.

* Q0w Opoii nydauKkamum — OposT Ha MyOIMKAIUK, U3/1aJICHU OT JaJieH U3CJIeI0BaTell, HHCTH-

TYLHSI WU IbPrKaBa.

* Bpoii camocTosiTe/ THN My0JMKALMK — TYOJIMKAIIMK, HATUCAHU OT €1H aBTOP, B KOUTO € I0-
COYEH MHJMBH]IyaJIeH MPUHOC B U3CJICIBAHUSATA.

* bpoii ny6Jukanun B CbaBTOPCTBO — MyOJUKAIIMUTE, HATMCAHHU OT HAKOJIKO aBTOPHU, KOUTO
OTpa3sBaT ChbBMECTHH U3CIICOBATEIICKU yCUITHSL.

* bBpoii ny0JMKaIUM M0 rOAUHA — TOAMHUTE, TIPE3 KOUTO U3CICNOBATENAT U MHCTUTYIIHATA
aKTHUBHO MTyOJUKYBAT.

* O0ux Opoii uMTHPaHus — OOIMAT OPOM MHUTATH OT MyOIMKAIMKUTE HA JAACH M3CIea0BaTel
WM UHCTUTYLHUA.

* CpeneH Opoii HUTHPAHUS HA MYOJTUKALMSA — TIOKa3aTeJl, KOMTO ONpeess cpeaHust Opoit mu-
THUpaHMs Ha eHa MyOJUKAalKs U Ce U3I0JI3Ba 3a U3MEPBaHE HAa HEHOTO BB3/CHCTBHE B OMpe-
neneHa o0nact uiau roauHa. To3u mokasaresn moMara Jia ce CpaBHsIBa BIUSHUETO Ha MyOIHKa-
[MUTE B pa3IMIHA 00JACTH WU TOJUHU Ype3 HOpMAIM3UpPaHEe HA Pa3IUKUTE B 4ECTOTAaTa HA
[UTUPAHUSTA.

* bpoii uuTHpaHus Ha MyOJIMKALUs N0 TOAUHA — CPEAHUAT OpOil IMTUPaHUs Ha BCSKa My0-
JUKalus 3a JaJIeHa TONHA.

* h-index - h e cranmapTen Hay4eH oKasarel, B KOUTO Ce€ ChIIOCTABST OPOST HA ITyOJIMKYBAaHUTE
CTaTUU U OpOAT HAa IUTHPAHUATA HAa TeXHUA aBTop. PopMynara ce ocHOBaBa Ha Oposi Ha y0-
nukaruute (H), kouTo ca mutupanu none H nbtu. Toit e ecen 3a pa3doupane U OTHOCUTEITHO
YCTOWYHB, Thi KATO HE C€ BIIUSC OT MPEKATIEHO BUCOKUTE [IUTUPAHUS HA OTJCITHU MyOIUKAIINH.

* g-index — HHIEKCHT NPUJABA MIO-TOJSIMA TEXKECT HA BUCOKOLIMTUPAHUTE CTaTUU. TOM oTunTa
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KakTo Oposi Ha MyOJIuKaIMuTe, Taka U Opost Ha MUTATHTE Ha enHa myonukanus. [Ipu nanen
Ha0Op OT CTATUH, IOJIPEICHU B HU3XOAII eI CIIOPET OpOsi Ha MOYYCHHUTE OT TAX IIUTHPAHUS,
g-UHJICKCHT € (YHHKATHOTO) HAM-TOJISIMO YHCIIO, TIPU KOETO MbPBUTE ( CTATUHU Ca TIOMYUYHIH
(3aemno) mone G* nurupanus (Egghe, 20006).

3.2. KaprorpadgupaHe Ha HAyYHUTE U3CJIeIBAHUSA

HayunoTo kaprorpadupane ciomara 3a o4epTaBaHeTO Ha CTPYKTypaTa U AMHAMHUKaTa Ha Hayd-
HUTE u3cnenBanus. To ce OChIeCTBABA UpE3 pa3IuYHU TOAXOIN KaTo:

* AHaiu3 Ha cbaBTOPCcTBOTO (Co-Authorship Analysis) — pasriexna B3auMoJeHCTBHATA
MEXAY YYEHUTE B OIpezeseHa o0JacT, KaTo M3CIeABa MHCTUTYLUUTE U CTPAHUTE, KOUTO T€
npencrasisgBar. C HapacTBalaTa CJIOKHOCT Ha M3CJEIBAHUATA ChTPYAHUUYECTBOTO CE IPEB-
pblla BbB BCE MI0-YECTO CPELIAHA MTPAKTHKA KAaTO CHIIEBPEMEHHO JOIPHUHACS 3a MO-ICHU U 3a-
IbI00YeHN pe3yaTaTH. Upe3 aHaIM3bT Ha CHTPYAHUYECTBOTO C€ MOANIOMara uaeHTUduImpa-
HETO Ha IPYIU OT U3CIIE0BATENN, KOUTO PAOOTAT 3a€HO WM B CXOJHU HAYYHU HANpaBJICHUS
Y KOUTO C€ CBBP3BAT Ype3 OOLIM ChaBTOPH M U3cieqoBaTeacku TeMU. I1o To3u HaunH Moxke na
Ce pa3KpHe KIIbCTEPU3aLUs Ha N3CIIEABAHUS B 1afieHa 00JIacT U J1a ce HachpyaT HOBH U3CIIEABA-
HUS B 00J1aCTH, KOUTO HE ca JOCTaThYHO MpoydyeHu. ChIo Taka MpocieisiBa CbTpyAHNYECTBATa
BBbB BPEMETO, KOETO € IMOJIE3HO 3a OBJCHIM YUEHHU, ThPCEIH MapTHOPCTBA C YTBBPAECHH WIH
nepcrnekTuBHH u3cnenoBarenu (Ponomariov and Boardman, 2016).

* Anasmm3 Ha nuTupanusrta (Citation Analysis) — ki04oB MeTo[ 3a KapTorpadupaHne Ha Ha-
y4uHaTa 00JIacT, KOMTO U3MEepBa BIMSAHUETO HA IMMyOJUKAIHS Ype3 Oposi Ha MOTyYSHUTE LIUTATH,
OTpa3siBaiiKi MHTEJIEKTYaTHUTE BPB3KH MEX 1y myOiaukanuure. Toil moMara aa ce uaeHTudu-
LUpAaT Hali-BIMATEIHNUTE MyOIMKALMK U Ja ce pa3depe UHTENeKTyallHaTa JMHAMMKa B J1aJIeHa
00J1acT, KaTo IIUTaTUTE OCTaBaT Ha-OOEKTUBHUAT I1OKA3aTell 32 Bb3CHCTBUETO HA HAy4YHATa
pabora (Naveen et al., 2021). ETo 3amio upe3 ananu3a Ha IIUTUPAHKUATA MOTAT JIa CE U3CJIeIBAT
Hall-BIUATETHUTE MyOJIMKAIMK B AaJieHa o0JIacT U Ja ce MPOCieaNd UHTEJIEeKTyalHaTa JUHa-
MUKQ B Hedl.

* AHAJIM3BT HA CbBMECTHOTO HUTHPAaHe — METO/] 32 HAYYHO KapTorpadupaHe, KOWTO pa3KpHBa
TeMaTUYHaTa CBbP3aHOCT MEXKY ITyOJIUKAIIH, KOUTO YECTO C€ LIUTUPAT 3aeJHO. Toil Moxe 1a
MOKa)Ke MHTENIEKTyallHaTa CTPYKTypa Ha J1aJieHa 00JacT U Ja ce UACHTU(UIIUPAT OCHOBHUTE
TEMU U UjeU B Hed. [IpequmcTBara Ha TO3U METO/1 Ca B pa3KpUBAHETO HA TEMAaTUYHU KII'bCTEPU
— IpyIH OT MyOJMKAIMK, KOUTO Ca TACHO CBBbP3aHU IO ChIbPKAHUE WIN M3CIEIOBATEICKU
(boKyc, KakTO U J]a ce OTKPOAT Hal-BIUATENTHUTE U3caeaBanus. OT Apyra cTpaHa HETOBO OT-
paHUYECHHE €, Y€ YECTO € HACOYEH KbM IO-CTApHUTE, IO-4E€CTO LUTHPAHHU MyOIMKalMU U IO
TO3W HA4UH MO-HOBUTE WM MO-CHEUU(UIHNUTE U HEMOMYJISIPHU U3CIIEIBaHUS OCTaBaT U3BBH
obcera My. ToBa ro npaBu 0COOCHO I0JIE3EH 32 OTKPUBAHE HA KIIOUOBHU 3HAHUS B OM3HEC H3C-
nenasanusara (Rossetto et al., 2018).

* AHAJIN3 HA CbBMECTHATA MOSIBA HA KJIIOYOBM JYMH — TEXHHKA 32 U3BJIMYaHE HA HH(OpMa-
111 OT TEKCT, KOSITO U3CJE/1Ba ,,CbBMECTHATA M0sABA" HA JBOMKHU KJIFOYOBHU IyMH B IIpETJIEkKa-
HUTE AOKYMEHTH. TO3M moaxon mpeamnosara, 4¢ KJI4OBHTE JyMH, KOUTO YECTO €€ CpemaT
3a€IHO B €JHU U ChIIM JOKYMEHTH, UMAT ONPE/CIICHA BPb3Ka IOMEXKIY CH.

* AHAJIU3 HA MPEKUTE 32 IMTUPAHUS — U3I0JI3BA CE 3a U3CJIe/IBAaHE HAa Hay4YHATa JINTEpa-
Typa 1o najeHa tema. C momMoInra Ha e{Ha IMyOJIMKaIis MoraT Ja ObJaT OTKPUTH JOITBITHH-
TEJIHU PEJIEBAHTHU U3TOYHUIIN, KOUTO JIEMOHCTPUPAT KAKTO KAYECTBEHO, TaKa U KOJIMYECT-
BEHO BPB3KUTE MEKY CTATHUTE U TEXHUTE ABTOPH.
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4. MPEJU3BUKATEJICTBA U BBbJAEIII TEHAEHIIUN

BubnuomMeTpryHUAT aHaNNU3 MPUA0OKUBA BCE MO-TOISIMO 3HAYEHUE B aKaAEMUYHHUTE CPEIH, Thil
KaTo MO3BOJIsIBa 00paboTKaTa Ha OrPOMHHU 00EMH Hay4Ha JIUTEpaTypa U OCUTypsiBa 00EKTUBHA MspKa
3a BIMSIHUETO Ha U3CJeIBaHUATA U MyOauKauure. Upe3 OuOnmoMeTpuyHus aHaJIM3 Morat Ja ObJaT
UACHTU(UIMPAHU OCHOBHM U3CJICOBATEIICKU TEHICHIINH, KIIIOYOBU TEMHU U aBTOPHU, KOUTO Ca MOITY-
JSIPHU WK TOOMBAT NOMYJIIPHOCT B HAYYHHUTE cpeu. Bcuko ToBa monpuHACs 3a U3rpakAaHEeTo Ha
MO-5ICHA TPEJICTaBa 3a CTPYKTypaTa M Pa3BUTUETO HA HAYYHNUTE U3CIICABAHUSL.

Bbnpeku npeauMcTBaTa cM, aBTOMaTU3MPAHOTO U3BIIMYaHe Ha 1aHHU upe3 APl uma cBoute Tex-
HoloruyHM orpannueHus. [Ipu u3nonssane Ha API 3a noctwn 10 6a3u ot qanHU Kato Scopus 1 Web
of Science uecto e He0oOX0AMMa JOMIBIHUTENHA 00pabOTKa HAa JAHHUTE, 3a JIa CE U3BJIEKAT U U3YHUC-
JAT ceupUIHN METPUKHU, KaTo 00111 Opoii muTHpanus win g-uHjaekc. OCBeH TOBa, KOMEPCUATHUTE
6a3u OT JaHHM OOMKHOBEHO IpenjaraT IJjaTeH AOCTBI a0 pasmmpenure cu APl ¢pynkuuu, koero
MOJKE J]a Ce OKaKe Mpeyka 3a aKaJeMUYHUTE WHCTUTYLIMU C OrpaHuueHH Oroxetu. Hannuunero Ha
IOPUMYECKH ACTIEKTH, CBBP3aHHU C M3IMOJI3BAHETO Ha JIAHHM OT TE€3HM M3TOYHHUIM, CHIIO € (aKTop,
KOMTO clleBa 1a ce MMa IPEABU ITPU pa3padOTBaHE HA HOBU METOIOJIOTHH.

C HampeabKa U pa3BUTHUETO HA TEXHOJIOTHHTE 32 00padOTKa Ha TOJIEMH MACUBH OT JIJaHHU, KAaKTO
¥ MIPOKOTO M3IIOJI3BaHE HA M3KYCTBEHUS HHTEJICKT, OMOIMOMETPHUYHHAT aHATIN3 IPUA00HBa BCe TIO-
roJisiMa 3HaYMMOCT KaTO MHOBATUBEH U MEPCIEKTUBEH MOIX0/ 32 aKaJleMUYHHTE u3cienBanus. Kom-
OMHUpPAHETO Ha HOBUTE TEXHOJIOTWU M Bb3MOKHOCTHTE Ha API Morar na ce u3monssar 3a mo-mpe-
IIU3HO KapTorpadupaHe HAa HaAyYHUTE 00JACTH M OTKPOSBAaHE HA KIIOUOBH MyOJIMKALMU M aBTOPH,
KaKTO ¥ 3a MPOTHO3MpaHe HAa HAYYHU TEHAEHIMH U MOTEHIIMATHU 00JIaCTH 3a pa3BUTHE. ABTOMATH-
3aIysITa B aHAJIHM3a e MMPOABIDKH J1a YJIEeCHsIBa HaydHaTa OOIIHOCT, KaTO MPEAOCTaBs ePEKTUBHU U
JTOCTBITHA HHCTPYMEHTH 32 MOHUTOPUHT Ha HayYHATa NPOIYKIUS U BB3/ICHCTBUETO 1 BHPXY olriec-
TBOTO U HKOHOMHKATA.

3AK/IIOYEHHUE

B 3axitouenue, aBTOMaTU3MPAHOTO U3BIMYAHE M aHAIN3 Ha OuOnuomMeTpruyHu JaHHH upe3 API
uHTepdeiicu npeaocTaBs IEHHN Bb3MOXKHOCTH 32 HayyHaTa OOIIHOCT, KaTO OCUTYpsiBa Obp3 U CTaH-
JTapTU3UPaH JOCTHII 10 OCHOBHHU ITOKA3aTeNIN KaTo HUTUPaHUs, Opoil myOonukanuu, h-unnekc u npyru
METpUKU. Bcruku Te3u MeTajaHHH Ype3 Moaxoas1a o0padoTKa U mociieABall] anainu3 Ouxa npeaoc-
TaBWJIM OTJIMYHA OCHOBA 3a IPOBEXKJAHETO HA JIOMBIHUTEIIHN PA3IMUHH 110 CI0KHOCT U JIETAHIIHOCT
aHAJIU3H.

Eto 3amo HacToAmMAT JOKJIAJA MOJYepTaBa 3HAYEHWETO HAa aBTOMATU3UPAHOTO W3BIMYAHE U
aHaIM3 Ha OMOJIMOMETPUYHM JTaHHH 4Ype3 MPHJIOKHHU MpOorpaMHu MHTepdeiicu Ha Boaemu 0a3u OT
nanau kato Scopus u Web of Science. Paspaborena e meromomnorus 3a eheKTUBHO ChOupaHe, oopa-
00TKa M aHaJIM3 HA JAHHU, KOATO IIeJIM Ja BHECE SICHOTA B I[UIOCTHUS MPOLEC MO0 aBTOMATH3UPAHO
W3BIIMYAaHE HA JaHHM, aHAJM3UpPaHE M M3IMOJI3BaHEe BHB BBHHIIHU cucTeMH. [lomoOHa paszpaboTka
ciieiBa 1a ObJie B IIOMOIII HA U3CIIE0BATEINTE M MHCTUTYLIMUTE TP U3MEPBAHETO HAa HayYHaTa Ipo-
JTYKLHS ¥ HEMHOTO Bb3/ICHCTBUE.

BkiroyeHu ca n moxoau 3a aHajau3 KaTo KapTorpadupaHe Ha HayKaTa U aHAJIU3 Ha ChaBTOPCT-
BOTO, KOUTO pa3KpUBaT CTPYKTYPHUTE U TEMAaTUYHH BPB3KH B M3ClieABaHUATa. MOxkeM J1a 06001uMm,
4e C HEPEKbCHATOTO yBEJIMUYaBaHe Ha Oposi Ha IMyOJIMKAlMUTE B CBETOBEH Malllad aBTOMAaTU3aLUsATa
Ha MPOLIECUTE IO U3BJIMYAHE HA OMOIMOMETPUYHY TaHHU NMPUI00MBa pelIaBamnio 3Ha4eHue. Ts Chbk-
paiaBa BpeMeTo 3a pbuHa 00pab0TKa, MUHUMHU3UPA PUCKA OT TPEIIKU U yJIECHSBA MPOBEXKAAHETO HA
0-337bJI004EH OUOIMOMETPUYCH aHATTU3.
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ABSTRACT

Increasing numbers of individuals become aware of how important emotions are to human communica-
tion and decision-making, and how important they are to developing more human-centric and sensitive artifi-
cial intelligence (Al). Adaptive behaviour in human-Al interaction is facilitated by different research methods,
which also enhances Al's comprehension of user mood and intents. To improve the functioning of Al systems,
this research aims to provide a domain-agnostic emotions mining approach to develop an ontology that will
be useful for these systems. This method extracts, categorizes, and analyses emotional cues from unstructured
data, including text and social media, by applying basic natural language processing (NLP), sentiment anal-
ysis, and machine learning algorithms.

KEYWORDS: artificial intelligence, emotions analysis, human-centred computing, e-learning

INTRODUCTION

Emotions play an essential role in human-environment interaction, learning, and decision-mak-
ing. Improving human-machine interactions in the Al era requires the inclusion of human intentions
and understanding, as well as the methodical comprehension of the management of human-Al inter-
action is necessary to bring Al into line with human values (Heyder, Passlack and Posegga, 2023).
Since emotion acquisition and experiences are important for social communication, emotion recog-
nition is a vital area of research in human-computer interactions (Ahmed, Aghbari and Girija, 2023).
Emotion recognition is a process that uses various sources such as facial expressions, voice intona-
tions, physiological responses, and text analysis to identify emotional states (Delija, 2024). As a re-
sult, there is a growing need for automated emotion identification systems. In this sense, emotion
mining - the analysis of emotional states from various data sources - is applied. Al's recent advance-
ments in sentiment analysis, affective computing, and multimodal data processing have improved its
accuracy in recognizing emotions, especially in mental health monitoring and educational systems
(Garcia-Hernandez et al., 2024).

The process of detecting and analysing emotions from textual or other forms of data is called
emotion mining (Ranganathan and Tzacheva, 2019). It can significantly enhance the capabilities of
Artificial Intelligence systems in various ways:

* Emotion mining in Al systems allows businesses to analyse large volumes of customer
feedback, reviews, and surveys to extract insights about student satisfaction (Greco and Pollj,
2019);

* Emotion mining allows Al systems to recognize and interpret subjectivity detection from
neutral terms, aiding in polarity and intensity recognition (Machova et al., 2023). Polarity
classification is also done to categorize texts into positive, negative, or neutral classes, while
intensity classification identifies different degrees of positivity and negativity in large volumes
of data (Machova et al., 2023);

* Al can personalize interactions and experiences based on the user’s emotional state (Chen and
Ibrahim, 2023);
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* In e-learning platforms, emotion mining can help identify students’ emotional responses to
course materials, approaches and overall organization (Dave, 2023).

However, the subjective nature of emotional expression poses challenges in achieving accurate
and unbiased emotion detection (Manalu and Rifai, 2024). On the other hand, Al systems pose ethical
challenges, including transparency, job displacement, and global disparities, necessitating interdisci-
plinary collaboration among technologists, ethicists, and policymakers to effectively navigate these
complexities (Li, 2023). In this regard, designing Al systems that analyze sensitive emotional data
requires careful consideration of ethical issues like permission and privacy (Saeidnia et al., 2024).

On this basis, we can highlight the research aim which is to provide an emotions mining ap-
proach to extract ontology from student reviews given for e-learning courses. We applied basic nat-
ural language processing (NLP) algorithms to extract, categorise, and analyse emotional cues from
unstructured data. We used the Coursera small-scale dataset with 2722 reviews.

1. LITERATURE REVIEW

Emotions significantly influence academic performance, motivation, information retention, and
student well-being in the teaching-learning process (Vistorte et al., 2024). The same source states that
artificial intelligence is revolutionizing educational settings by detecting and assessing students' emo-
tions, enabling a deeper understanding of their needs. Authors point out that the advanced algorithms
can detect signs of boredom or enthusiasm, enhancing teaching methods. In this sense, emotion min-
ing is a step towards integrating emotional intelligence into Al systems, enhancing human-computer
interactions and decision-making processes. Emotion mining involves extracting and analysing hu-
man emotional states from multimodal data such as text, facial expressions, and physiological signals
(Ezzameli and Mahersia, 2023).

Recent studies in natural language processing, affective computing, and multimodal analysis
have demonstrated the value of emotion mining in fields such as education (Niu, 2022), healthcare
(Chuah and Yu, 2021; Guo et al., 2024), and customer service (Caruelle et al., 2023), enabling sys-
tems to adapt dynamically to user needs. In education, emotion-aware Al can monitor learners' emo-
tional states to personalize teaching strategies, boost engagement and learning outcomes, and respond
to student frustration or boredom (Vistorte et al., 2024). In mental health, an individual's emotional
condition can be identified by examining signs of stress, anxiety, or depression, and providing timely
interventions through therapeutic platforms (Olawade et al., 2024). In customer service, some studies
emphasize the significance of emotionally intelligent systems and their development challenges
(Rokhsaritalemi, Sadeghi-Niaraki and Choi, 2023). The authors present strategies to overcome obsta-
cles and offer a roadmap for a more emotionally intelligent generation of applications, covering foun-
dational concepts, practical integration scenarios, and forward-thinking insights.

Some studies highlight the growing integration of emotion recognition into Al to improve human
experience and functionality (Hasan, Arora and Tickoo, 2024). Other researchers explore multimodal
emotion recognition approaches, focusing on spontaneous and subtle emotions, audio-visual integra-
tion, and electroencephalogram data, while excluding physiological data like heart rate and skin con-
ductance, to improve emotion recognition performance (Udahemuka, Djouani and Kurien, 2024).

Emotion mining, led by computer scientists, is the most common tool for understanding human
emotions during different events. Over the past decade, machine learning algorithms, datasets, lexi-
cons, and deep learning approaches have replaced manual detection of event-related social media
posts and simple neural networks for emotion extraction (Shapouri and Soleymani, 2024). Emotion
mining uses actionable patterns to alter user emotions, such as suggesting calming music, playing
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mood-enhancing movies, changing background colours, or calling caring friends on smartphones to
promote positive emotions or desirable attitudes (Ranganathan and Tzacheva, 2019). Other research-
ers have explored emotion mining for predicting online activities and firm profitability (Wang et al.,
2022). Existing methods are feature-based and deep learning-based, but neither can effectively detect
emotional expressions in text, and their use in explanatory and predictive applications is rare (Wang
etal.,2022).

One of the popular approaches for emotional state analysis is sentiment analysis which is a
method used to analyse text based on various factors such as polarity, emotion detection, aspect-based
analysis, intent analysis, and multilingual sentiment analysis (Sunil and Beniwal, 2020). Fine-grained
sentiment analysis uses positive, negative, and neutral polarity levels, while emotion detection detects
emotions like happiness, sadness, anger, and love (Sunil and Beniwal, 2020). Authors highlight that
aspect-based analysis focuses on detecting features or aspects of the topic, while intent analysis in-
volves the intent of the text. They describe the multilingual sentiment analysis detects languages in
text when multiple languages are used, but requires significant preprocessing and resources. Sunil
and Beniwal (2020) state that Natural Language Processing methods and algorithms for sentiment
analysis include the rule-based approach, which uses pre-defined rules, such as stemming, tokeniza-
tion, part-of-speech tagging, parsing, and lexicons. In this sense, emotion classification in natural
language processing (NLP) is a study that automatically categorizes human thoughts, views, and
emotions in events-related texts (Olusegun et al., 2023).

However, the emotion mining implementation in Al systems presents challenges due to the in-
herently subjective nature of emotional expressions, which are influenced by cultural, individual, and
situational factors. Emotion recognition models' accuracy and inclusivity require diverse, representa-
tive training datasets, and ethical considerations like privacy and consent are highly important. The
rise of artificial intelligence technologies has significantly enhanced the potential of emotion mining,
enabling real-time emotional analysis and advancements in deep learning.

2. METHOD

In this research paper, we follow a four-step method — retrieving dataset with user reviews, ex-
tracting emotions from the reviews by using Python script, extracting emotions from the reviews by
using a data mining tool, and analysing results (Figure 1).

Process dataset Process dataset
Retrieve dataset with Python with data mining Analyse results

script tool

Figure 1. Emotions Mining Research Method
Source: Own Elaboration
In the first step of the research method, we need to retrieve a dataset with user reviews. This can
be done directly from the feedback systems in the platforms where users work within a learning en-
vironment or the workplace, for example.

In the next stage of the method, we should create a Python script according to the logical flow:

* Import Libraries: The script begins by importing necessary libraries like pandas (for handling
the XLSX data), re (for regular expressions), and nltk (for natural language processing). Pandas
is a Python package that simplifies data analysis by providing fast, flexible, and expressive
structures, aiming to become the most powerful open-source data analysis tool in any language
(NumFOCUS, Inc., 2024). Pandas is open-source and it offers pliable data processing and
visualization for sentiment analysis (Cristescu, Mara, Culda, and Nerisanu, 2023). The re
module offers regular expression matching operations, similar to Perl (Python Software

94



Foundation, 2024). It supports Unicode and 8-bit strings, but cannot mix. Unicode and 8-bit
strings cannot be mixed, and substitutions must be the same type. NLTK is a Python platform
for working with human language data, offering interfaces to over 50 corpora and lexical
resources such as WordNet, along with a suite of text processing libraries for classification,
tokenization, stemming, tagging, parsing, and semantic reasoning, wrappers for industrial-
strength NLP libraries (NLTK Project, 2024).

* Plutchik Emotion Map: A vocabulary is defined to categorize words associated with each of
Robert Plutchik's eight primary emotions: joy, trust, fear, surprise, sadness, anticipation, anger,
and disgust (Semeraro, Vilella and Ruffo, 2021).

* Preprocessing the Text: cleans the text data by converting it to lowercase, removing
punctuation, and tokenizing the words.

* Emotion Classification: counts occurrences of each emotion based on the preprocessed tokens
and the Plutchik emotion map.

* Main Function reads the Excel file, processes each review to classify emotions, and stores the
results in a new dataset.

* Saving Results: finally, the results are saved to a new Excel file.

The third step of the method is based on the usage of automated software for data mining. We
suggest integrating the Orange data mining tool because it supports a module for automated emotions
recognition (Tweet Profiler) which uses 3 types of classifiers: Plutchik, Ekman, and POMS. In this
research, to keep consistency with the previous step, only Plutchik’s classifier is applied. The exper-
iment setup 1s shown in Figure 2 where initially the corpus (retrieved dataset as Microsoft Excel file)
is imported.

Figure 2. Orange Data Mining Experiment Setup
Source: Own Elaboration

After that, the pre-processing of the text data is done. Preprocess Text tool breaks down text into
tokens, filters, normalizes, creates n-grams, and tags them with part-of-speech labels, with sequential
and reorderable steps (University of Ljubljana, 2024). The transformation process is applied to auto-
matically do lowercase transformation to input data, remove all diacritics/accents, and remove URLs
from the text. Tokenization is done too to break text into words. Regexp \w+ is used to split the text and
to remove punctuation. Normalization is applied too to conduct stemming and lemmatization by using
WordNet Lemmatizer which uses cognitive synonyms from a large English lexical database (University
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of Ljubljana, 2024). Filtering is also part of the text preprocessing that removes or keeps specific words
by using stopwords in English. The most frequent 250 tokens are kept. The N-grams range [2;3] is
added to create n-grams from tokens, with returns 2-grams and 3-grams.

The Tweet Profiler is applied to retrieve information on sentiment from the Orange data mining’s
server and to compute emotion probabilities classifications of 8 basic emotions, of Plutchik. Box Plot
module visualizes the distribution of detected emotions according to the classifier.

The modules Extract Keywords and Ontology are used to generate ontology from words on the input
corpus. TF-IDF method is applied to score words based on term frequency and inverse document frequency.

The t-SNE widget in combination with Document Embedding is used to create a two-dimen-
sional data projection based on t-distributed stochastic neighbor embedding. It uses a distance metric
Manhattan to calculate distances internally, selecting instances from the plot and showing whether a
point is selected. Based on that Annotated Corpus Map is visualized with the tenth most frequent
cluster of key phrases. The threshold for selecting a keyword as a cluster's keyword is set to 0.05 or
that is the p-value (FDR).

The last step of the method is related to analysing the results from sentiment analysis and emotion
mining depending on the specific outputs generated by the Python script and automated data mining
software. Results can be analyzed by examining the prevalence of each emotion, co-occurrence of
emotions, correlation with sentiment (if available), anomalies or outliers, and context-specific trends.

3. RESULTS AND DISCUSSION

The method has been tested with student reviews for the Coursera course. The review dataset
contains 2722 rows retrieved from the data science platform Kaggle.

As the second stage of the research method is related to developing the Python script for natural
language processing, we followed all the described in the previous section steps and included it in
Appendix 1. It contains the pseudo-code description of the script which can be considered as a pro-
cedure for performing emotions mining with the review dataset. The pseudo-code is created under
the pseudo-code writing standard (Dalbey, 2003), which in general, makes it independent of the spe-
cifics of the environment in which it will be applied. We used the natural language processing Python
libraries to extract, categorise, and analyse emotional cues from the unstructured data.

The code uses several libraries, including Pandas for tabular data handling, re for regular expres-
sion cleaning, NLTK for natural language processing, and vaderSentiment (VADER in the pseudo-
code) for sentiment analysis. The script includes loading an Excel file into a Pandas DataFrame struc-
ture, preprocessing text for analysis, and analyzing sentiment using VADER. The text is cleaned and
standardized, and the sentiment labels and scores are output. The Plutchik emotion map function maps
VADER sentiment categories to Plutchik's eight basic emotions (Appendix 2). The process_reviews
function processes each review in the dataset, cleaning the text, classifying sentiment, and mapping
the sentiment to emotions. The processed data is stored in the dataset, and the updated DataFrame is
saved to an Excel file. The main() function orchestrates the process: loads the dataset, processes re-
views, saves the results, and prints a success message.

In the next step of the research method, we use the Orange data mining tool to perform automated
emotion recognition in student reviews, form an ontology, and generate a map of the text corpus.
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class also video
assignment material excellent
class wa great
best learned much
assignment well lecture
course also lot
course also professor
course algorithm learn
course best learned
course business business
course business lot
class class lot
also learn lot
class like much

algorithm lecture algorithm
course algorithm algorithm
course assignment course
best learn course
course best much
content course business
best course data
course algorithm data
assignment interesting useful
class best class
best algorithm course
best course algorithm
best course business
class much course
content good business
content well aood

Figure 3. Generated Ontology by Orange Data Mining
Source: Own Elaboration

The top 30 keywords are shown in Figure 3, starting with class also video (left) and ending with
content well good (right). It is striking that two of the phrases are the same - best algorithm course
and best course algorithm. The phrases are most often formed from the words best, lot, algorithm,
and content. The ontology gives the impression of overall positive attitudes expressed by students in
their reviews. It is also noticeable the orientation that students are looking for, namely practical
courses for application in a business environment. Attention was also paid in the reviews to the struc-
ture and content of the course.

The generated corpus map is shown in Figure 4. The Gaussian mixture models feature is used to
choose the desired cluster numbers - 10. The names of the clusters are generated based on the SBERT
model implemented in the Document Embedding widget.

Figure 4. Generated Corpus Map by Orange Data Mining

Source: Own Elaboration
The map shows the most frequently identified groups of user responses, based on which opinions

and attitudes can be inferred. For example, students pay attention to the availability of video lectures,
the ease of learning the content, the practical usefulness of the content, the usefulness of the content
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for business, and the expertise of the course instructor/professor. The results shown by the Annotated
Corpus Map in Figure 4 are in full accordance with the ontology in Figure 3.

The last step of the research method is related to the analysis of the results. We compare the
emotions recognized by the Python script and Orange data mining. Figure 5 shows the number of
emotions recognized in the text corpus. Both the script and Orange data mining use the WordNet
Lemmatizer and therefore the results after processing are comparable.

®m Python ™ Orange tool
. | 1330
Joy - 122 7

I G5 7
TS R 357

Neutral 0_ 188

Anticipation m 128
Disgust

8

5

3
Fear 4

= =m
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Figure 5. Comparison between Orange Data Mining Emotions Mining and Python Script Results
Source: Own Elaboration

The majority of the emotions recognized are positive - joy and trust, both in the script and the
software. 188 reviews are marked as neutral by the script, i.e. no emotions were recognized, while
the software reports 0 for this category, since it does not exist according to the classifier. The "neutral"
category has been added to the script to include all reviews for which no appropriate word or phrase
was found from the emotional map in Appendix 2. The negative emotions (disgust, fear and anger)
in the analysis with both the script and the software are relatively few - between 4 and 34. Orange
data mining reports 282 emotions of sadness, while according to the script, there are 157. The signif-
icant deviations observed between the script and the software are due to the insufficient number of
keywords and phrases that we have included in the emotional map in Appendix 2. It contains basic
frequently used texts that can be seen in reviews by Internet users. On average, 55 words and phrases
are assigned to each emotion, with some of them adapted to the specifics of the studied dataset -
reviews of an e-learning course.

The results of the experiment show that the emotional map from Appendix 2 needs to be signif-
icantly expanded. In its current form, it can only serve to test the research method, but cannot be used
for an adequate analysis of the recognized emotions in the text corpus. We also consider this as a
limitation of this paper.
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CONCLUSION

In summary, we can conclude that incorporating emotion mining into Al systems enables them
to provide better user experiences, enhance decision-making processes, and create more human-like
interactions. Emotionally aware Al systems are essential for creating compassionate and effective
solutions in social life, including in the education field. The Al systems can respond with empathy,
make context-aware decisions, and align with the emotional needs of users, fostering more meaning-
ful and human-centric Al solutions.

The results of this study show:

* extracting emotions from text helps analyse users' attitudes about a given topic, in particular,
this study analysed reviews from an e-learning course;

* the dataset that we created with words and phrases for classification under Plutchik's eight
basic emotions (Appendix 2) needs significant improvement since the number of elements in
the dataset is insufficient to cover all the nuances of users' moods;

« the dataset with the Emotional Map (Appendix 2) can also be improved by adapting it to the
specifics of the researched subject area, by including words and phrases describing its
specificity.
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APPENDIX 1
Pseudocode of a Python script for extracting emotions from text.

BEGIN

IMPORT required libraries:
Pandas, Regular Expressions (re), NLTK (Natural Language Toolkit),
Stopwords, WordNetLemmatizer, and SentimentlntensityAnalyzer (VADER)

CALL nltk.download("stopwords™)
CALL nltk.download("wordnet*®)

DEFINE FUNCTION load dataset(file path):
BEGIN
RETURN dataset by reading Excel file at file_path
END

DEFINE FUNCTION preprocess_text(text):

BEGIN
REMOVE special characters and digits from text
CONVERT text to lowercase
TOKENIZE text into words
REMOVE stop words from tokens
INITIALIZE WordNetLemmatizer
APPLY lemmatization on each token
RETURN processed text as a single string

END
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DEFINE FUNCTION analyze_sentiment(text):
BEGIN
INITIALIZE SentimentlntensityAnalyzer
GET sentiment_scores using analyzer on text

IF compound score iIn sentiment_scores >= 0.05:
RETURN "Positive”™ and sentiment_scores
ELSE IF compound score in sentiment_scores <= -0.05:
RETURN “Negative® and sentiment_scores
ELSE:
RETURN “Neutral®™ and sentiment_scores
END

DEFINE FUNCTION map_to_plutchik_emotions(sentiment):
BEGIN
DEFINE emotion_map: //see Appendix 2
CASE "Positive™: ["Joy", "Trust®, “Anticipation”]
CASE “Negative®™: ["Sadness®, "Fear®, "Disgust”, “Anger™]
CASE "Neutral®: ["Surprise”™]
RETURN emotion_map for sentiment OR empty list
END

DEFINE FUNCTION process_reviews(data):
BEGIN
INITIALIZE processed_reviews, sentiment_list, emotions_list as empty lists

FOR each row in data:
GET review text from column "Review-
CALL preprocess_text(review) -> clean_review
APPEND clean_review to processed_reviews
CALL analyze_sentiment(clean_review) -> sentiment, sentiment_scores
APPEND sentiment to sentiment_list
CALL map_to_plutchik_emotions(sentiment) -> emotions
APPEND emotions (as comma-separated string) to emotions_list

ADD processed_reviews to data as "Processed Review-"
ADD sentiment_list to data as "Sentiment”
ADD emotions_list to data as "Emotions”
RETURN updated data
END

DEFINE FUNCTION save results(data, output file):
BEGIN
SAVE data to Excel file at output_file without including index
END

DEFINE FUNCTION main():
BEGIN
SET file_path = "dataset._xlIsx"
CALL load dataset(file path) -> data

CALL process_reviews(data) -> processed_data

SET output_file = "processed dataset.xlsx"
CALL save results(processed_data, output_ file)
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PRINT "Processing complete! Results saved to
END

, output_file

IF script is run directly:
CALL mainQ

END

APPENDIX 2

We created a dataset with words and phrases for classifying emotions in the text according to
Plutchik's Wheel of Emotions (Semeraro, Vilella and Ruffo, 2021). The emotional map was used in
the Python script from Appendix 1 to classify student reviews for a course in Coursera.

plutchik _emotion_map = {

‘Joy': [ 'happy', joyful', 'cheerful', 'delighted’, 'ecstatic', 'elated’, 'thrilled', 'content', 'blissful',
'radiant', 'extremely knowledgeable', 'exuberant’, 'merry', 'gleeful’, 'buoyant', 'satisfied, 'very good ex-
planations', 'playful', 'uplifted', 'overjoyed', 'jubilant’, 'lighthearted’, 'optimistic', 'amused', 'enchanted',
‘grateful', "hopeful', 'perfect’, 'invigorated', 'fulfilled', 'inspired’, 'vibrant', 'resilient', 'brilliant, 'very re-
warding', 'best course', 'very easy and fun', 'animated’, 'enthusiastic', 'passionate', 'loving', 'gleaming',
'the best in academia', 'excellent course', 'sunny', 'radiating', 'charmed', 'blissed out', 'thriving', 'thank
you', 'spirited', 'elation’, 'smile', 'happiness', 'cheer’, 'well', 'very helpful', 'very nice', 'enjoyment’, 'ju-
bilance', 'warmhearted', 'exultant', 'cheeriness', 'great', 'interesting', 'very helpful' ],

'Trust': [ 'trusting', 'confident', 'faith', 'reliable’, 'dependable’, 'easy to follow', 'secure', 'loyal’,
'assured', 'believing', 'committed’, 'very relevant', 'good', 'good in depth knowedge', 'good one', 'very
useful', 'honest', 'faithful', 'sincere’, 'supportive', 'open’, 'reassured’, 'encouraged', 'steadfast’, 'positive’,
'affirmative', 'capable’, 'devoted', 'safe', 'unwavering', 'steady’, 'worthy', 'respectful', 'consistent’, 'cer-
tainty', 'connected', 'nurturing', 'grounded', 'authentic', 'upfront', 'credible’, 'honorable', 'trustworthy’',
'compassionate', 'fostering', 'nice', 'very good', 'unfailing', 'guardian’, 'supportive', 'assuredness', 'com-
mitted', not just', 'faith-based', 'bound by trust', 'trustful’, 'confidant', 'assuredness' |,

'Fear': [ 'afraid', 'fearful', 'scared', 'terrified', 'anxious', 'frightened', 'panic', 'apprehensive',
'alarmed', 'worried', 'nervous', 'hesitant', ‘jittery', 'timid', 'distressed', 'concerned', 'startled', 'dreadful’,
'intimidated', 'tense', 'insecure', 'suspicious', 'overwhelmed', 'uncertain', 'vulnerable', 'agitated',
'shaken', 'paranoid', 'fretful', 'dismayed', 'fear-stricken', 'fright', 'horror', 'shy’, 'jumpy’', 'cautious', 'un-
settled', 'cowardly', 'spooked', 'terrorized', 'bewildered', 'apprehension’, 'panic-stricken', 'trepidation’,
‘anxiety', 'foreboding', 'disquiet', 'alarmism', 'frightfulness', 'excellent job', 'thank you' |,

'Surprise': [ 'surprised’, 'shocked', 'astonished', 'amazed', 'unexpected', 'stunned', 'bewildered',
'startled', 'unforeseen', 'marvel’, 'baffled', 'dazed', 'flabbergasted’, 'speechless', 'intrigued’, 'disbelief’,
'awestruck’, 'enthralled', 'puzzled', 'staggered’, 'overwhelmed', 'confounded', 'curious', 'eager', 'unex-
pectedly', 'caught off guard', 'overawed', 'fascinated', 'enigmatic', 'disoriented’, 'astounded', 'incredu-
lous', 'stupefied', 'shock and awe', 'unexpected turn', 'marveling', 'wonder', 'intrigued’, 'bizarre', 'cool',
'whimsical', 'unpredictable', 'spontaneous', 'shocking revelation', 'unexpected joy', 'unexpected pleas-
ure', 'surprising twist', 'startling’, 'ideas were explained thoroughly from the ground up without getting
bogged', 'encouraging for me', 'fantastic' |,
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'Sadness': [ 'sad', 'sorrowful’, 'depressed’, 'unhappy', 'downcast', 'gloomy’, 'heartbroken', 'dis-
heartened', 'dismal', 'melancholy', 'grief-stricken', 'woeful', 'distressed', 'mournful', 'forlorn', 'blue’,
'downhearted', 'dejected’, 'regretful’, 'despondent’, 'disappointed’, 'lonely', 'hopeless', 'pained', 'hurt',
'defeated', 'unfulfilled', 'troubled’, 'weighed down', 'longing', 'nostalgic', 'suffering', 'mourning', 'wea-
ry', 'somber’, 'dispirited’, 'anguished', 'desolate', 'wretched', 'forlorn', 'crestfallen’, 'heavy-hearted',
'troubled', 'isolated', 'fairly good', 'hopelessness', 'regret', 'longing', 'sorrow’, 'painful’, 'heavy', 'dismal’,
'darkened', 'sorrowed', 'discontent’, 'too fast', 'very challenging', 'not enough' ],

'Disgust': [ 'disgusted', 'nauseated', 'revolted', 'repulsed’, 'sickened', 'disturbed', 'aversion', 'con-
tempt', 'loathe', 'repugnant', 'abhorred’, 'detested’, 'offensive', 'distasteful', 'disdainful’, 'unpleasant’,
'displeased’, 'unwelcome', 'squeamish’, 'gagged', 'grossed out', 'appalled’, 'awful', 'disgusting’, 'repel-
lent', 'contaminated’, 'unacceptable', 'nauseating', 'reprehensible’, 'horrified', 'irritated', 'unpalatable’,
‘awkward', 'displeasure’, 'detest’, 'upsetting', 'uncomfortable', 'unappealing', 'sickly’, 'distaste’, 'loathe’,
'disgraceful', 'repulsion', 'antipathy', 'aversion', 'unbearable', 'sickening', 'depressing', 'tacky', 'distaste-
fulness', 'despicable’, 'revulsion', 'abhorrence’' ],

'Anger': [ 'angry', 'mad', 'furious', "irritated’, 'outraged', 'annoyed', 'hostile', 'indignant', 'enraged',
'resentful’, 'upset', 'wrathful', 'fuming', 'incensed', 'exasperated', 'agitated', 'infuriated', 'provoked',
'miffed', 'cross', 'vengeful', 'livid', 'displeased', 'unforgiving', 'frustrated', riled up', 'belligerent', 'dis-
contented', 'combative', 'raging', 'bitter', 'enmity', 'malicious', 'resentful’, 'hostility', 'fiery', 'wrath',
'fuming', 'rage', 'infuriation', 'antagonism', 'contemptuous', 'hostile', 'disgruntled', 'dismayed', 'en-
raged', 'fractious', 'indignation’, 'aggravated', 'vexed', 'irate', 'madcap', 'boiling' |,

'Anticipation': [ 'anticipate', 'expect’, 'hopeful', 'eager’, 'curious', 'awaiting', 'enthusiastic', 'pre-
pared', 'looking forward', 'optimistic', 'excited', 'anxious', 'bated breath', 'expectant’, 'promising’, 'vigi-
lant', 'hope', 'wistful', 'foresee', 'projecting’, 'predictive', 'forecasting', 'yearning', 'longing', 'aspiring’,
'enthralled’, 'keen', 'raring', 'pondering', 'ready’, 'alert', 'impatient', 'eagerness', 'anticipatory', 'forebod-
ing', 'expectancy’, 'nervous excitement', 'excitement', 'looking ahead', 'preparatory’, 'forward-look-
ing', 'sensing', 'await', 'imminent', 'preparation’, 'aspiration', 'enthusiasm', 'anticipation', 'curiosity’,
'wondering', 'speculation’, 'yearning', 'futuring', 'prescience’, 'very challenging' |
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ABSTRACT

Artificial intelligence (Al) agents have begun to play an important role in educational contexts, acting in
different ways for learners and educators and adapting to their unique needs. These AI-driven technologies
integrate into various learning environments, offering scalable and adaptive learning solutions. The current
study discusses various approaches related to the application of Al agents in education and training, with a
focus on current technological developments in the last few years. Different types of Al agents are explored
and classified based on their roles in supporting students and educators. The study also presents the benefits
and challenges of implementing Al agents, highlighting their potential to enhance and transform traditional
education.

INTRODUCTION

Artificial intelligence is finding various applications in the field of education that are transform-
ing traditional methods of teaching and helping in personalized learning (Dogan et al., 2023). Al
agents are autonomous software systems or programs designed to perform tasks on behalf of users or
other systems (Gutowska, 2024). In the context of education, AI Agents use advanced algorithms,
including machine learning, natural language processing, and data analytics, to adapt their responses
and effectively support learners and educators (Miao & Holmes, 2023). These agents can be in many
different forms, such as virtual tutors, chatbots and intelligent learning systems. Most often they pro-
vide personalized support, facilitate content delivery and even automate administrative tasks (Ouyang
& Jiao, 2021). The essence of Al agents lies in their capability for imitation of human intelligence
and responsiveness. This makes them useful tools for enhancing the educational experience, improv-
ing engagement and addressing the diverse needs of learners in a scalable and effective way.

As the integration of Al agents into educational environments continues to grow, it is changing
the roles of both teachers and students. With the increasing availability of big data and further devel-
opment of deep learning techniques, Al agents can better understand complex student behaviour,
predict learning outcomes and adapt educational content to meet individual learning needs (Chen et
al., 2020; Vasilev & Sulova, 2023). This dual role of benefiting educators and personalizing learning
is a significant change from the one-size-fits-all approach in traditional education to more student-
centered adaptive learning ecosystems. Moreover, Al agents often find applications outside the class-
room, for example in online learning platforms, corporate training programs and lifelong learning
initiatives (Pavitra & Agnihotri, 2023; Palenski et al., 2024). Their implementation in different edu-
cational contexts reveals their flexibility and potential transforming power in various learning envi-
ronments.

The aim of this paper is to analyze recent advances in Al agents for education and training. The
study provides a review of the existing literature, highlighting the effectiveness of Al agents in trans-
forming learning and teaching processes. Different types of agents and their pedagogical impact are
discussed. The benefits, challenges and some future trends in the use of these technologies are iden-
tified.
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1. LITERATURE REVIEW

The scientific literature on Al agents in education has grown significantly in the last few years.
The main topics being researched in this area prove their huge potential to improve personalized
learning, teacher support, continuous assessment, engagement and inclusivity.

Al agents are increasingly being deployed to develop personalized learning environments by
customizing content tailored to individual needs. A group of scientists (Luckin et al., 2022) highlight
in their study the effectiveness of Al tools in providing personalized content delivery, which signifi-
cantly improves student engagement and understanding. These agents use data-driven methods to
create adaptive learning paths, addressing the diverse needs of students and offering differentiated
instruction.

Conversational agents and chatbots are also widely used tools for facilitating learning, especially
in large-scale online courses. Labadze et al. (2023) mention that Al-driven chatbots, when properly
integrated, significantly save instructors' time and workload, and also increase student engagement.
Bozkurt (2023) further notes that conversational agents reshape education by providing personalized
support to each student, ensuring excellent learning experiences. These agents benefit not only stu-
dents but also help educators improve their efficiency. Some authors point out that Al tools assist
with automating routine administrative tasks, such as grading and classroom management. This al-
lows teachers to focus more on creative instructional activities (Williamson & Eynon, 2020; Chen et
al., 2020). This type of support contributes to more efficient classroom management and higher teach-
ing quality.

Furthermore, Al enables continuous assessment and real-time evaluation, allowing for early in-
terventions when students struggle. GasSevic¢ et al. (2023) discuss how Al systems offer continuous
assessment with immediate feedback and personalized evaluation. This capability is particularly use-
ful in STEM courses where iterative learning and timely correction are critical for mastering complex
concepts.

Ethical concerns regarding Al usage in education have been a significant area of discussion.
Different studies examine the risks of biases in Al algorithms, which can lead to unfair educational
outcomes if not addressed properly (Sywelem & Mahklouf, 2024; Wu, 2023; Barnes & Hutson,
2024). Privacy concerns are also a major issue, as Al agents handle vast amounts of student data for
analysis. Despite these concerns, Al agents play a role in keeping learners engaged by creating per-
sonalized and interactive experiences. Kim et al. (2020) observe that Al teaching assistants helped
students feel more comfortable participating in online discussions, reducing anxiety about being
judged. This encourages higher participation and enables students to explore their questions in a sup-
portive environment.

Despite their many benefits, Al agents have limitations that need to be addressed. Recent studies
emphasize that Al agents struggle to replicate the emotional support provided by human educators,
which is crucial for motivating and engaging younger students (Luckin et al., 2022; Nacheva, 2023).
Furthermore, Al systems lack contextual understanding, limiting their ability to handle open-ended,
complex problem-solving tasks.

Although much progress has been made in integrating Al agents into education, much of the
current research focuses on specific issues without considering their broader implications. This study
offers a critical review of the role played by Al agents for both students and educators, considering
their benefits and challenges. It can be useful in guiding future implementations and policy decisions
to ensure the effective use of Al technologies for improved educational outcomes.
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2. TYPES OF AI AGENT IN EDUCATION AND TRAINING

Al agents can be classified based on their intended audience and functionality. This classification
helps educators, institutions and developers understand the various roles Al agents play in the learning
environment and ensures that the appropriate tools are used effectively to maximize educational out-
comes. The classification is divided into two main categories: Al agents for students and Al agents
for teachers.

Al agents targeted at students focus on offering enhanced learning experiences through person-
alized and adaptive learning approaches. These include Intelligent Tutoring Systems (ITS), Conver-
sational agents and chatbots, Virtual learning assistants and Al agents for inclusive education.

Intelligent Tutoring Systems are designed to deliver content that adapts to each student's learn-
ing pace and style. Using Al algorithms, these systems diagnose gaps in student understanding and
dynamically adjust the content. ITS can significantly improve student proficiency by providing per-
sonalized instruction tailored to individual needs.

Chatbots offer on-demand support to students, answering questions related to course content,
deadlines and assignments. Li and Zhao (2022) demonstrate that the integration of conversational
agents into online courses can improve student retention by providing timely help. Examples include
Edubot and Botsify, which use Natural Language Processing (NLP) to understand and respond to
student queries.

Virtual learning assistants help students organize tasks, send study reminders and provide feed-
back on assignments. These systems support learners in scheduling study sessions, suggesting appro-
priate resources, and tracking their learning progress. This can lead to increased productivity and
better management of learning activities.

Al agents for inclusive education are designed to support students with special needs, offering
adaptive tools such as speech-to-text systems, intelligent screen readers and customized lesson for-
mats. For example, Al-powered captioning systems provide real-time lecture transcriptions for hear-
ing-impaired students. Research by Khan (2024) demonstrates that such Al tools significantly im-
prove accessibility, allowing students with disabilities to fully participate in mainstream educational
settings.

Al agents designed for educators handle administrative tasks, classroom management and pro-
vide data-driven insights into student progress. In this group can be included Automated Grading
Systems, Classroom Management Systems and Pedagogical Insights Generators.

Automated grading tools use Al to evaluate student assignments, providing instant results and
reducing teachers' workload. Al-based grading systems improve assessment efficiency and accuracy,
allowing teachers to focus more on interactive teaching activities.

Classroom management agents help educators track attendance, monitor participation and
evaluate student engagement levels. These systems offer real-time dashboards to help teachers iden-
tify students who may need extra support.

Pedagogical insights generators can provide detailed insights into individual student progress
and overall classroom dynamics. These systems use predictive analytics to forecast which students
may be at risk of falling behind, enabling early intervention. This form of analytics is especially
valuable in managing diverse classrooms where personalized attention is challenging.

The following table summarizes the different types of Al agents used in education based on their
primary functionality and key benefits. Example platforms for each type are also presented.
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Table 1.
Classification of Al agents in education

Al agent type Main functionality Key benefit Example platform
Intelligent tutor Adaptive content deliv- | Personalized learning Khan Academy,
ery Carnegie Learning
Chatbots Question answering Increased engagement EduBot, Botsify,
SnatchBot
Virtual assistant Task management Time efficiency IBM Watsonx Assistant,
Amazon Alexa

Al agents for inclusive Accessibility support | Enhanced participation | Microsoft Immersive

education Reader, Otter.ai
Automated grader Evaluation of assign- Reduced teacher Gradescope, Socrative
ments workload
Classroom manager Monitoring & attend- Improved classroom HMH Classcraft,
ance control GoGuardian
Pedagogical insights Analytics on student Early intervention Moodle Analytics,
progress Edsight

Source: Own elaboration

The effectiveness of Al agents is closely related to educators' readiness and ability to use these
tools. Therefore, it is important to emphasize the need for training teachers to understand the func-
tionalities of Al agents. This will allow them to effectively integrate Al technologies into their teach-
ing methods. Such learning initiatives can ensure that teachers feel comfortable using Al-driven in-
sights, enabling better decision-making when adapting instructional strategies.

3. BENEFITS OF AI AGENTS IN EDUCATION

Al agents transform the entire educational landscape by offering several distinct advantages that
enhance both teaching and learning processes. These technologies provide solutions to many of the
challenges faced by traditional education systems — from personalizing instruction to managing large
groups of learners. Below are some of the key benefits of implementing Al agents in educational
settings.

Personalized learning. One of the most significant strengths of Al agents is their ability to adapt
content to each student's performance and learning pace. Personalized instruction can address the
unique needs of students, leading to improved learning outcomes. Personalized Al-driven learning
modules help students understand complex concepts better through tailor-made solutions and indi-
vidualized feedback. This level of customization supports each student according to their abilities,
maximizing their learning potential. An example of such a platform is DreamBox Math, which pro-
vides personalized, adaptive instruction and support for learning math (DreamBox, 2024).

Scalability. Another notable benefit of Al agents in education is scalability. Al-driven platforms
can support learning in large-scale settings, ensuring personalized attention for students even in class-
rooms with hundreds or thousands of learners. Platforms like Coursera or edX can serve simultane-
ously massive numbers of learners, providing customized content and minimizing the need for con-
stant instructor intervention. This scalability makes Al agents particularly useful in online courses,
Massive Open Online Courses (MOOCs) and other educational formats with large audiences.
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Continuous assessment and feedback. Al agents enable continuous assessment and real-time
feedback, which benefits both students and instructors. Continuous assessment is crucial for moni-
toring student progress and ensuring they don't fall behind in their learning. Al-enabled assessments
provide timely and personalized feedback, allowing teachers to adjust their instructional strategies
and offer support as needed (Yesilyurt, 2023). By helping educators identify learning gaps early, Al
agents enhance the learning experience and help students address issues before they become obstacles
to progress. For example, tools like Gradescope facilitate continuous assessment in STEM courses
(Gradescope, 2024).

Engagement and motivation. Student motivation and engagement are essential for successful
learning. Al agents foster these aspects through conversational agents and gamified learning plat-
forms. By providing interactive, game-like elements and immediate support, Al agents make learning
more appealing. Li and Zhao (2022) find that students who interacted with Al chatbots participated
more actively in online discussions and completed their assignments on time. The immediate feed-
back and personalized responses provided by conversational agents create a supportive environment,
keeping students motivated and engaged throughout their learning journey.

Data-driven insights. Another key benefit of Al agents is their ability to generate data-driven
insights about student performance and behavior. Al can analyze large volumes of learning data to
identify trends, strengths and weaknesses among students. These insights enable educators to make
informed decisions about instructional strategies and provide targeted interventions to improve learn-
ing outcomes. Gasevi¢ et al. (2023) find that predictive analytics provided by Al agents allowed
teachers to early identify students who are at risk and offer timely support.

The following table clearly shows how Al agents contribute to education, categorized by the
main beneficiaries: Students and Educators.

Table 2.
Benefits of AI agents in education by target audience
Main Benefit categor Specific benefit
beneficiary gory P
Adaptive content delivery, tailored learning paths,
Personalized learning individualized feedback, pacing based on student
performance
Continuous assessment and | Real-time quizzes, automated feedback loops, personalized
feedback progress tracking, early identification of learning gaps
. Increased interaction, gamified learning platforms, real-time
Engagement and motiva- : . S
Students tion problem-solving, encouraging student participation in

discussions

Accessibility tools such as text-to-speech, language
translation, real-time captioning, personalized support for
students with disabilities

Support for diverse learn-
ers

Emotional analytics to recognize student stress levels, Al-
driven emotional feedback, personalized strategies to
maintain student well-being

Emotional and Social sup-
port

Managing large student populations with automated
Educators Scalability instruction, personalized content distribution, scaling
support across online learning platforms
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Automated grading systems, attendance tracking, scheduling
assistance, report generation, freeing up time for teaching
activities

Reduced administrative
burden

Predictive analytics on student performance, visual progress
Data-driven insights reports, identification of at-risk students, data-based
decision-making

Real-time student participation monitoring, engagement
analytics, attendance tracking, intervention notifications for
disengaged students

Source: Own elaboration

Improved classroom man-
agement

4. CHALLENGES AND LIMITATIONS

Though Al agents bring about a number of advantages in educational contexts, there are also a
number of challenges and limitations associated with their integration. Some of the major issues in-
volved are ethical considerations, human-interactive problems and privacy risks. A balanced ap-
proach that considers both the pros and cons of Al agents is essential to ensure equity and effective-
ness in educational outcomes.

Ethical concerns and bias. Al models used in education may contain inherent biases that often
result from existing inequalities present in the datasets on which they are trained. If not addressed,
these biases can lead to unequal learning experiences that may place certain groups of students at a
disadvantage. For example, Al algorithms may amplify stereotypes or may not pay attention to the
cultural or socioeconomic differences existing among learners. These risks are reasons why more
diverse training data need to be offered and validation of Al algorithms should be conducted more
often. If not approached proactively and strategically, the use of Al can exacerbate existing inequali-
ties and potentially make them worse.

Lack of human interaction. Despite the many advantages that Al agents provide, there is con-
cern about the lack of human interaction. Teachers offer emotional and social support that is an es-
sential part of the learning process, especially for younger students. The current Al systems attempt
to imitate emotional support and encouragement in education (Lucero Fredes et al., 2022). The lack
of empathy and understanding can lead to a less engaging learning environment for students who
need personal attention. Future developments should focus on making Al systems more emotionally
aware and able to respond to students' emotional needs. In this way the differences between Al-driven
and human-centered learning experiences can be bridged.

Privacy concerns. The use of Al agents in education needs to collect a lot of data to provide
personalized services. This often leads to potential privacy risks. Al systems require the collection
and analysis of sensitive information such as learning behavior and personal data of students. There-
fore, it is extremely important that data is used more strictly in cases of educational context and also
that clear policies are directed towards students to know how their data is used and stored. Addressing
these privacy concerns is important in order to ensure trust in Al systems and protect the rights of
students in learning environments.

Technical limitations, reliability, and resistance. Al provides some powerful educational
tools, which in turn come with some technical limitations that make these systems unreliable. Issues
such as system downtime, inaccuracies in speech or text recognition and the need for hardware and
software with high quality can be obstacles to the effective deployment of Al agents. These technical
challenges can hinder learning, especially in areas with limited technological infrastructure or
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unreliable Internet access. Furthermore, maintaining and updating these systems requires significant
resources, which can create financial and operational challenges for institutions.

In addition, some teachers and students are reluctant to adopt and use Al technologies. Many
educators are concerned that AI may replace their roles or that they lack the necessary training to use
these systems effectively. Students may also resist learning with Al if they are used to traditional
teaching or if they do not feel comfortable interacting with technology. To overcome these challenges,
teachers need to be well trained, communicate clearly about the nature of Al as a tool to support
education, not a substitute for it, and create a culture of acceptance of technology in the learning
environment.

CONCLUSION

Al agents have the potential to significantly transform education and training. They benefit both
learners and educators by providing personalized, scalable and adaptive learning experiences. Know-
ing the existing types and functionalities of Al agents can ensure their effective application in learning
environments and maximize educational outcomes. However, some challenges remain to be ad-
dressed. Dealing with them is essential to ensure that Al systems promote equitable education and
lead to improved learning outcomes and greater student satisfaction.

Al agents are expected to evolve. Future work in the area should focus on more exciting developments
in Al-powered education such as increased personalization, seamless integration with learning management
systems and improved emotional intelligence of Al systems. Also, establishing standardized ethical guide-
lines for their use in educational contexts is important to maintain trust in Al systems.
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OCOBEHOCTHU, MOJIEJI U1 ITPEIU3BUKATE/ICTBA
HA TMT'UTAJIHUTE BJIMN3HALIN

Mapus ApmsinoBa’
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PE3IOME

Pazeumuemo na oueumannume 6ausnayu ce ovisxcu Ha pazeumuemo Ha loT mexnonozusma, cvuyemano
¢ Hapacmeawume 6v3modcHocmu Ha UU u oobasenama peannocm. Jueumannume 6ausnayu ca upmyaien
0B0UHUK Ha Xopa, usuvecku obexmu, npoyecu uiu cucmemu. Te npedcmasingam mooenu, 6A3UpParHu Ha
MHO20 2071AM 0beM Om OaHHU 3a peanrHume 0OeKmu u ce U3noa38am 3a OmoaieueHo no0owvpIcamne, Habarvoe-
HUe, MOOeIUpane U RPOSHO3UPAHe HA NOBeOeHUemo Ha peaier obekm. Texnonoeusima ce 0CHO8a8a HA UOeamd,
ye yuppoea uHMOPMAYUOHHA KOHCMPYKYUSL 3d (DU3UHECKa cucmema modxce 0a 6voe u3noa36amna Kamo camoc-
MOSIMeENHA eOUHUYA, HeCmO NbMU He3a8UCUMO om peannama. TexHono2usama 3a pazpadbomeanemo um novusa
HA 83AUMOCEbP3AHU CUCIEMU U MPEdICU 3d CbOUpane U npedasane Ha 20jemu OaHHU. Jueumanuusm OausHaK
MOdice 0a ce U3NO0J136a 3a HADI0OeHUe, AHANU3 U ONINUMUSUPAHE HA PeaiHusi 00eKm U He208ama eqheKmueHocm
6 peanno eépeme. Jueumannume 6IUHAYU Ce NPULA2AM 8 PA3IUYHU Chepu U ca YeHHU 3a npudodusane Ha
npeocmasa 3a nogedeHuemo Ha usuieckume cucmemu u no0oopasane Ha NPoU3B0OUMEIHOCIMMA, HAMAs-
8aHe HA 8PEMEMO 3d NPeCmoll U N000bpssane Ha 0OWama eqhreKmuUeHOCH.

Ha mosu pon uznvkeam u HAKOU npeou3suUKamencmed u npooiemu c8vbp3anu ¢ KubepcuesypHocmma u
ONepamuBHama Cb8MeCmMUMOCn, 3aWUmama Ha OAHHUMe U 310HamepeHama ynompeoa, Ho uma u opyeu 6ovn-
pocu, Kamo 0me08OPHOCMING 34 KAYeCME0mo HA OaHHUmMe, HAOEHCHOCMMA, YNPAGIeHUEO U 008EPUEHO 8
mexnonoeuume. Llenma na ooxnada e 0a paseneda mexHor02UAMa 3a OUSUMAaIHume OIU3HAYU, 0a NPOCaAeOU
U38eCMHU MEXHU NPUTIONHCEHUS. U 0a NPedCmasy 0cobeHocmume npu MOOETUPAHEMO U HAKOU NPeOUu3suUKamen-
cmaa nped mexuoaocusima. Ilpeodonsigaremo Ha NPeou38UKAMENCMEama Cmasa ¢ 8b8EHCOAHEMO HA NOOX0-
0suU MepKu, Kamo 0yOaIupane Ha ceH30pu, edepamusro oOyueHue, npedasame Ha npeosapumenro oopabo-
MeHU U KPURMUPAnU OaHHU, CbOOPA3EeHU C 8b3MONCHOCUME HA KOMYHUKAYUOHHUME KAHATU, NPULA2aHe HA
agmeHmupuKayusl, MEXAHUIMU 30 CUSYPHOCT U OMKPUBAHEMO HA AHOMATUU.

KJIIIOYO0BH JIYMHU: [ueumanen Oausnax, Unmepnem na newama, HUszxycmeen unmenexm, I onremu
oannu, DedepamusHo obyuenue

FEATURES, MODEL AND CHALLENGES OF DIGITAL TWINS

Mariya Armyanoval

1 University of Economics — Varna/Department of Informatics, Varna, Bulgaria, armianova@ue-varna.bg

ABSTRACT

The development of digital twins is due to the development of IoT technology, combined with the growing
capabilities of Al and augmented reality. Digital twins are models based on a very large amount of data about
real objects and are used to remotely maintain, monitor, model and predict the behavior of the real object.
They can be applied in a variety of industries and are valuable for improving productivity, reducing downtime
and improving overall efficiency. Against this background, some challenges related to cybersecurity and in-
teroperability, data protection and malicious, responsibility for data quality, reliability, governance and trust
in technology use also stand out. The report shows the peculiarities of modeling and some challenges to tech-
nology.

KEYWORDS: Digital Twin, Internet of Things, Artificial Intelligence, Big Data, Federated Learning
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BBbBEJIEHUE

Jururanaure OMM3HALM C€ BHEAPSBAT B pa3iMuHU cdepu, a 3a pa3pabOTBAHETO UM Ce
M3MOJI3BaT TEXHOJOTUHUTE 32 B3aUMOCBBP3aHU CUCTEMHU M MPEXH, 3a ChOMpaHe U IpelaBaHe Ha
ronemu panuu, [oT (UutepHer Ha Hemara), chueTan ¢ HapacTBalluTe BB3MOXXHOCTH Ha MU
(U3kyctBenust MuTenexkt) m nobaBeHaTa peanHOCT. Te ca BHpPTyaJieH JBOWHHUK Ha Xopa,
¢dbu3ndeckn 00EKTH, MPOLECH WM CUCTeMHU. Te mpeacTaBisBaT MOJCITH, 0a3upaHH HAa MHOTO
rojsiM 0o0eM OT JaHHM 3a pEaJHUTEe OOEKTH M C€ M3IOJI3BAT 3a OTJAJIC4YEHO IMOAAbpIKAHE,
HaOJI0IeHHE, MOICTMPaHe U TPOTHO3UPaHE Ha TTOBEJICHUETO Ha pealiHus o0ekT. PazpaboTrBaneTo
Ha JUTHTAJIHUTE OJM3HAIM € BCE MO-UIMPOKO pa3pOCTpPaHEHAa NPAKTUKA M C€ O4YaKBa
BHEJIPSBAHETO UM B pasznuyHu chepu. Ha To3u (oH M3MBKBAT U HAKOM MPEIU3BUKATEICTBA U
poOJeMH CBbpP3aHH ¢ KHOEPCUTYPHOCTTA M OTIEpaTUBHATa CbBMECTUMOCT, 3alIUTAaTa HA TAHHUTE
U 3JI0HaMepeHaTa ymnoTpeda, HIKOM eTHYHH M NPaBHU BBIPOCH, KATO OTTOBOPHOCTTA 32
Ka4eCTBOTO Ha JAHHUTE, Ha/IE)KTHOCTTA, YIIPABJICHUETO U JOBEPUETO B TEXHOJIOTUUTE.

1. OCOBEHOCTHU HA JTMT'NTAJIHUTE BJIN3HALIN

JlurntanHuAT OJM3HAK € BUPTYAJICH MOJIEN Ha PeaHO ChIECTBYBAN] (PU3NIECKH 00EKT, CHC-
TeMa WJIN MPOIEC, Ch3/1aJIeH C TOMOIITa Ha JaHHHU U HH(pOpMaIus, CbOpaHu OT CEH30PH U IPYTH
M3TOYHUIM. TEXHOJOrusATa ce OCHOBaBa Ha MJeATa, ye HUu(poBa HHPOPMALMOHHA KOHCTPYKIUS
3a ¢u3nuecKka cUCTeMa MOXXe Ja ObJe M3MOI3BaHa KAaTO CaMOCTOSATENIHA €JUHUIA, YECTO MbTU
HE3aBUCUMO OT peanHata. Ta3u nudpposa nuHGopMaIus ce Onpeaes KaTo TUTHTaIeH OIM3HaK Ha
uH(dopMaIuaTa, KOSATO € BrpaZeHa B camaTa pu3nuecka CUCTeMa U € CBbp3aHa ¢ Ta3u pu3nyecka
CHUCTEMa Mpe3 MeIus )KU3HEH MUK Ha auruTtainnus 0iauszHak (Grieves & Vickers, 2017).

[Tpu u3rpaxk1aHeTo Ha AUTUTATHUTE OJIM3HALM Ce U3MOJ3BAT /1Ba MOAX0Aa. B equnms cirydait
IUTUTATHUAAT OJM3HAK € YIpaBIsiBaH OT MOJEN, a B IPYTHA € YIpaBisiBaH oT JaHHU. [Ipu mbpBus
MOJIXOJ] C€ M3IOJI3BAT MAaTEMAaTHYECKH MOJIEIIH 3a Ch3/1aBaHe Ha TyOIMKAT Ha peaTHUTE CUCTEMH,
HO TO3W MOJXOJ € MHOTO CJIOKEH 3a pealn3anys, Mopaau HeNPeKbCHATUTE IPOMEHHU B PEaTHHS
oOexkT. [Ipu moaxoz 3a pa3paboTka, ypaBisiBaH OT JaHHH, CE pa3ylTa Ha Bb3MOXKHOCTHUTE 32 MO
(MamMHHO O0y4YeHue) U ce chbOMpaT rojieMu KOJIMYECTBA JaHHH, KOUTO OTPa3sBAT ChCTOSHHETO
Ha PEATHUTE CUCTEMH BbB BPEMETO.

Jururanaure GIM3HALM YECTO M3IOJI3BAT JAHHU B PEaHO BpeMe, ChOpaHU OT CEH30pH U
WIM MHTEpHET M3ToYHHIU. Ciea TOBa JaHHWTE C€ aHAIM3MPAT, KaTO CEe M3MOJ3BAT €KCIIEPTHH
CHCTEMH, MAaIMHHO 00y4yenue niau M. /lurntanaure 6imM3HanM W3MBIHSABAT TPU OCHOBHU (QyH-
KIIM{, KaTO MPOTOTHIIMPAHE, MOHUTOPHHT U KOHTPOJ Ha PEaTHHUS 0OCKT.

2. APXUTEKTYPEH MOJAEJI HA JUT'UTAJIEH BJIN3HAK

[ToBeueTo aBTOPU CE€ MPUABPKAT KbM YETUPHUCIONHA apXUTEKTypa C HIKOU Bapualuu, a Hs-
KOU JOpH NpeJyiarat TpucioitHa apXuTeKTypa 0e3 1a uieHTu(uIupar cjioi Ha NPUII0KEHUATA 32
KpaiiHusg norpebuten. Ilpuabpxaiku ce KbM MpeIoKeHATa YeTUPHUCIONHA apXUTEKTypa MOXKe
1a BHECeM HsIKOoW m3meHeHus (¢ur. 1).
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®@urypa 1. Moaes Ha cioeBeTe 3a ITMTHTATICH OJIU3HAK

Msmounuk: Adoanmupan om (Colakovi¢ and Hadzialic, 2018)

CrosT Ha ycTpoiicTBaTa, ONpeAesssH U KaTo CJIOM Ha peaTHUTe 00EKTH, C€ ChCTOU OT CEH30pUTE
u loT ycrpoiictBara. Te3u ycrpoiicTBa (hopMupar cucremara Ha peaqHust 00ekT. ClosAT ciayxH 3a
cbOMpaHe U u3IpallaHe Ha JTaHHH 3a cpeaTa U yCTpoiicTBaTa, padoremu B Hest. CrOpanara uHdpop-
Malysl € KJI0Y0Ba 3a MOJIBPKAHETO Ha ChOTBETCTBHETO C peanHara cucrema. KM To3u cioit ce
U3IIpalaT U yIpaBlIsBalINTe Bb3ACHCTBUA. YecTo B ClIOs ce M3BBPIIBA U ITbPBOHAYAIHA 00paboTKa
Ha ceOpaHuTe naHHU, a IpHu penepatuBHOTO 00ydeHHE (FL) ce m3mbaHEeHABAaT U HIKOU aJTOPUTMHU
3a ooyuenue B [oT ycrpoiicTBara.

CrenBamusT clI0i € KOMYHUKAITMOHHUAT. ToM ocurypsiBa HHPpacTpyKTyparTa 3a MPeXBbPIISTHE
Ha JAaHHU MEXIY peallHus U AUTUTANHUS Onu3Hak. B mururamHuTe OMM3HALIM CE€ OCHIIECTBIBA TPU
tuna komyaukauu (Barricelli et.al., 2019): Mmexxay nururanHust OIM3HAK U peaTHUs 00CKT; MEXKITY
JTUTUTATHMS ONM3HAK M OCTAHATUTE TUTHTATHU OJM3HAIM B CpPelaTa; ¥ MEXIy IUTUTATHUS OTM3HAK
U EKCIIEPTUTE, KOUTO B3aUMOJICHCTBAT C AUTMTANHU Onn3Hak. Llenta Ha Taka omnpesiereHus KOMy-
HUKAIMOHEH CJIOH € J1a mpeaaBa nHGOopMaIusaTa, KaTo TapaHTUpa HEHATA CUTYPHOCT U HAJICKTHOCT.
B xoMyHMKalIMOHHUS CJIOM MOTaT Ja paboTAT pa3IuyHU IUTI030BE, KOUTO Aa chbOupaT u 00001aBaT
nHpOpManus OT CEH30PH M YCTPOMCTBA C TMO-MAJIKH H3YUCIUTEIHH BB3MOXXHOCTH. T03W ClIOH
BKJIIOUBA U KOMYHUKAIIMOHHUTE NMpoTokoiu. [lopaau orpanndenusta Ha MpexoBatra HHGpacTpyK-
Typa ce pa3paboTBaT, pa3InYHU MPOTOKOJIN, KOUTO Ja YCKOPAT IPEHOCca Ha JaHHUTE.

CrosaT Ha cuctemute 3a 00paboTKa Kaprorpadupa mosyueHUTe JaHHU OT KOMYHUKAITMOHHUS
cioit (Hatcher et.al., 2021), 3a na Moxe 1a Tokanu3upa pazmuuHuTe pecypcu. Cies ToBa TaHHUTE ce
noJytarat Ha aHanu3 ¢ Mojaenute Ha M, 6a3upann Ha MalIMHHO WK IBJIOOKO o0y4yeHue. Pesynra-
TUTE OT aHAJIM3a M MPOTHO3UTE MOTaT Ja Ce M3MOJ3BaT 3a YIpaBJICHUE HAa YCTPOUCTBATA HIIU Jia Ce
Mpe/iaBaT Ha CJIosl Ha MPUJIOKEHUATA 3a KpaiiHus noTpebuTesn. B To3u cioit morpeOuTenst uinparia
Pa3IMyYHU 3a8BKU 10 TUTUTAIHUS OJIM3HAK, a MOJy4Yd akTyaidHa WH(OpMalMs U IPOTHO3U U upe3
OUTUTATHUS OJM3HAK MOJKE J1a Bb3/IEHCTBA HA pEaTHUTE YCTPOUCTRA.

3. TEXHOJIOI'UM, U3ITOJI3BAHU 3A TUT'UTAJTHUTE BJIN3HALIA

Jururanaute Onu3Hamm ce 6aszupar Ha [oT u ronemuTe gaHHHU, KOUTO 0OPabOTBAT C TOMOIITA
Ha MM. lurutanaure OJU3HAIA ChUeTaBaT MHOT'O TEXHOJIOTUU, KOMTO caMU I10 ce0e CH HE ca JUTH-
TanHu Onm3Hanu. Hanpumep cumynanusata, ONTUMH3AIUATA U JUTUTATHUS TIPOTOTHUI HE € 3aIbJIKU-
TenHo Aa uMaT [oT KOMIIOHEHTH U J]a ChOTBETCTBAT HA PEATHH MPOJIYKTH, 32 KOUTO JIa CE MPaBSIT
TECTOBE B pealHO BpeMe. MaIlIMHHOTO 00y4YeHHE U areHT-0a3upaHOTO MOJICITMPAHE Ca TEXHOJOTHU
Ha VMM, HO Te He BHHArM ChH3/IaBaT KOIME HA PEaTHO CBIICCTBYBAIM CIIEMECHTH. ABTOHOMHUTE
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CHUCTEMH MOTaT Jia yIpaBJIsABaT JaJICH MPOIEC, HO HE € 3aIBDKUTEIIHO U J1a ce mofaoopsBart (Sharma
et.al., 2022).

Jurutanaure Oxu3Hanu uznonssar loT ycTpoiicTBa 3a chOupane Ha nH(pOpPMALUS OT CEH30pU
3a peamHus 00CKT U KpailHuTe YCTpoicTBa (¢ur. 2). 3a 1a Moxe Ja ce ch0epar JaHHUTE U Ja uMa
CHOTBETCTBHUE C peaTHUs 00EKT € He00X0JMMa BHCOKOCKOPOCTHA BPB3Ka, KOSATO J1a TTO3BOJIM BKITIOY-
BaHe Ha ycTpoiicTBaTa B [0T. Pa3unTa ce Ha TEXHOIOTHUTE 32 ChXpaHEHHE U 00pabOoTKa Ha TOJIEMHUTE
JaHHU, 3a J1a ce choepar ganHuTe oT [oT ycTpolicTBara, KOUTO ce MpenocTaBsAT Ha cuctemara 3a MO.
MO ce u3non3Ba 3a NPOrHO3u M 0OpaTHa Bph3Ka U 32 OTKPUMBAHE Ha CTPATETHH 3a CMEKYaBaHE Ha
HexelaHuTe pe3yaTaru. TpsOBa Aa ce rapaHTHpa CUTYPHOCTTA Ha JJAHHUTE, KOUTO ca ChbOpaHH, KaKTo
U CUTYpHOCTTa Ha TIPEHOCA UM MEX]Y Pa3IMYHUTE KOMIIOHEHTH. Pa3uuTa ce Ha MpOTOKOJH 3a CH-
TYPHOCT TIPH CTIOJENISTHE U MEXaHU3MU 32 OTOpU3alus U yAocToBepsiBane. [Ipu ch3naBaHe Ha AWUTH-
TaJ HU OMU3HAIM 32 cpelia, KaTo TPAHCIOPTHA CUCTeMAa WM WHTEIIUTEHTEH Irpajl ce pa3padoTBar oT-
JICITHU TIOJICUCTEMH 32 peaau3alusara Ha IUTHTATHUS OJIM3HAK, KOUTO MOTaT Jla ca MPEKOBH, U3UHC-
JIUTEIIHU ¥ KOHTPOJTHHU.

@urypa 2. OCHOBHHM Te€XHOJIOTHH U3M0JI3BAHU B JUTHTATHUTE OJIM3HALU

HMzmounux: Cobcmeena pazpabomxa

Heo6xoauMocTTa OT OCUTypsiBaHE Ha HaJEXKIHOCT, TOYHOCT, ObP3MHA U CUTYPHOCT IIPH IIpe-
Hoca 1 00apOOTKaTa Ha HEMIPEKbCHATO HApaCTBAIMs 00eM JaHHU MOCTaBsi MHOTO BUCOKH M3HCKBa-
HUS KbM KOMYHUKAITMOHHUTE U U3UUCIUTENHUTE pecypcH. [IpobieMbT ce yCnoKHIBa OT HCKBAaHETO
3a e()eKTUBHOCT U MamabupaHe Ha oOpaboTkuTe. B onmuT Aa ce pemar Te3u Npean3BUKATENICTBA Ce
BBBEXJA UJAESTA 3a paslpesiesieHa, a He [IeHTpalIu3upana o0paboTka Ha TaHHUTE U JIeHEHTpaIN3u-
pano odydyenue. DeaeparuBHoTo o0yueHnue (FL) e paznoBugnoct Ha MO, KOETO ce OmMUTBA JIa pa3-
pen npeau3BUKaTeNICTBaTa Mpel MpeHoca U oopadoTkara Ha rosiemu naHHu B [oT. LlenTa e ga ce
M3T0JI3BAT MOJA00PSIBAIIUTE CE BH3MOKHOCTH Ha YCTpOWCTBaTa, Kato Mojaenute 3a MO ce oOydaBar
C pecypcuTe Ha ycTpoiicTBaTa, 0e3 a ce Hajara JaHHUTe ChOpaHM OT TAX Jla Ce U3MpallaT Ha LEeHT-
panu3upano msicto. [1o To3u HaUKMH ce rapaHTHpa MOBEPUTEIHOCTTA U CUTYPHOCTTA Ha JaHHUTE, KO-
UTO HE HaIlyCKaT YCTPOICTBATa B CYpOB BHJI HJIU I0pY U300I110 HE CE MPEXBBPIAT KbM IICHTPaATIU3HU-
pano xpanwimiie. Oco0eHo He0OX0MMa € TAKTUKATa 3a chepu, KOUTO U3IOJI3BAT UyBCTBUTEIIHA UH-
dbopmarus. Upes HamaisiBaHe Ha HEOOXOIMMOCTTA OT MpeMecTBaHe Ha nanuu, FL momara na ce us-
OerHaT 3a0aBsiHUS M HaMallsiBa ThPCEHETO B MPEXHUTE, KOETO MPaBH Bb3MOXKHO aHAIM3UPAHETO Ha
naHHuTe 06p30 U JokanHo. OceH ToBa FL Moske 1a paboTu ¢ pa3nuyHy BUAOBE U KOJIMYECTBA JaHHU
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Ha MHOTO YCTpPOMCTBa, kaTo rmomara Ha loT cuctemute na ce mamadupaT eeKTUBHO, KaToO ChIIEBpe-
MEHHO 3ara3Ba HHpopMaIusITa 3a ToTpeduTEeNNTe MoBepuTeNHa U 3ammureHa (Yadav et.al, 2022). FL
MMa TIOTEHIMA J]a C€ U3II0I3Ba, 3al[0TO MOBUIIaBa e(PEeKTUBHOCTTA, HAJIEKHOCTTA M T'HBKABOCTTA.

4. OBJIACTHU HA ITPUJIO)KEHUME HA TUTUTAJIHUTE BJIN3HAILIN

TenaeHuuTe ca 3a HapacTBaHe MOTPEeOJEHNETO Ha TUTUTATHU Onu3Hanu. [Ipogaxoure um ce
oudakBa /a nocturHar 110 munmapaa gonapa, a CbCTaBHUAT FOJAMIIEH TEMIT Ha pacTex na € 61,3% 3a
nepuonaa (Markets and markets).

VYBenuuaBaHETO Ha U3MOJI3BAHETO HA TUTHUTATHUTE OJM3HAIM C€ TBJDKA HA MHOTOOPOMHHUTE UM
npeauMcTBa. TexHH npuiokeHue ca pa3padboTeHu 3a pazianyHu obnactu (¢ur. 3). B 3npaBeonassa-
HETO AWTUTAIHUTE OJIM3HAIM CIIOMAaraT 3a YJIECHSBAaHETO Ha MPOTHO3HATA W TMEePCOHAU3UpaHa Me-
JUIMHA 32 MOA00psIBaHEe HA PE3yATATHTE 3a MAlMEHTUTE U Upe3 MPEBEHIUS, pAHHO OTKPUBAHE U Jie-
YeHHE HaMaJSIBAaT Pa3xoJuTe 3a 3/paBeornas3BaHe. Hampumep mamuieHTUTE H3IOJI3BAT YCTPOMCTBA
BiroueHu B [0T. Ha 6a3a Ha cwOpaHuTe 3apaBHU JaHHU HAa WHIWBHIW U OOIIECTBAa, MOTAaT Ja Ce
MPaBAT MPOTHO3HM 3a HYXJaTa OT 3/[paBHU I'PIKU U JIeKapcTBa. Morar fia ce mporHo3upar 3abossBa-
HUS U JIa CE Ch3aBaT NEPCOHAIM3UPAHH U 11€JICHACOUYCHH JIEKapCTBA.

®urypa 3. Cepu Ha npuJio:keHue

Mzmounux: Cobcmeena pazpabomxa

B mpou3BoAcTBOTO M CH3/1aBaHETO WJIM ONTUMHU3UpPAHE HAa MPOIYKTH JUTHUTAIHUTE ONM3HALU
IoMaratr Ha OpraHu3aluuTe Aa n30erHaT NOTeHUUAIHN IpoOIeMH, Aa ONTUMU3UPAT IPOU3BOICTBE-
HUTE ¥ TEXHUYECKU MPOEKTH U JIa HaMaJAT pa3xoauTe. JururanHure OMU3HAIM ce U3ION3BaT U 3a
IMCTAaHIIMOHHO YIpaBieHHe Ha 000pyIBAaHETO M MPOTHO3UPAHE HA HYKJIUTE My OT peMOHT. M3momns3-
BaT CE M 3a yIPaBJICHUETO HAa BEPUTUTE 3a JOCTAaBKa M CIe/ MpoaakOeHoTo oOciysxBane. [Ipunara-
HETO Ha MaTeMaTUYECKH MOJIEIH Ha TPAHCIIOPTHH 33/1a4H OCUT'ypsiBa MO-HUCKH OOLIM TPAHCIIOPTHH
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pasxoau (Vasilev et.al., 2023). 3a Hy)xauTe Ha cTpouTenHus ouzHec ce u3nonssa [oT u ce cp3gaBar
JTUTUTATHA ONHM3HAIM, KOUTO MO3BOJISIBAT J1a C€ B3eMaT pelieHus B peaiaHo Bpeme (Sulova, 2023).
Cp3aBaHeTO HA MUTHTATHU ONM3HALM W MPWIATAaHETO Ha MAIIMHHOTO OOYyYeHHE 3a ChOpaHHTe
JaHHW BOJU JI0 MOJOOpsIBAaHE HA CTAOMIIHOCTTA M KPEAUTHUS MOpT(dein BB (PHUHAHCOBUS CEKTOP
(Aleksandrova & Parusheva, 2021).

Jlpyro TSXHO MPHJIOKEHHE € CBhP3aHO ¢ HAOJII0ICHUETO Ha OKOJTHATA Cpe/ia M KiImMara. 3a Ch3-
JlaBaHe Ha ITPOTHO3M Ce ChbOUPAT JaHHU OT MHOTOOPOHHH M3TOYHHIIN U 33 pa3jIkKa OT APYrd 00JIacTH,
HUBOTO Ha TIOBEPHUTEITHOCT HA IaHHUTE B 00JIACTTA € TO-HUCKO. JIUTUTaIHN OJM3HALN CE M3IIOJI3BAT
B MHTEJIMTEHTHUTE TPAZIOBE, B TPAHCTIOPTA M EHEPTHIHUS CeKTOp. Te mogoopsaBaT rpaJcKoTo TUIaHH-

paHe U B3auMOJICHCTBHUATA MEXIY XOpaTa, UHQpacTpyKTypaTa U TEXHOJIOTUUTE B rpagosete (Batty,
2018).

5. HPEAU3BUKATEJICTBA IIPEJl IUTUTAJTHUTE BJIN3HALIU

JlururamanTe OaM3HAIM ce chueTaBar ¢ TexHonoruu 3a M. M3mon3BaHeTo UM JaBa BB3MOXK-
HOCT J1a c€ MOBUIIN MHTEITUTC€HTHOCTTA, KaTO C€ OTUYUTAT BCUYKM IIPOMEHHU B peajHara cucreMa. 3a
Jla IMa CMHCHJI 00aue oT paboTaTa Ha IUTUTATHUS OJIM3HAK, TPEXBBPIISHETO U 00pabOTKaTa Ha JTaH-
HUTE TPsIOBa J1a CTaBa B pEaJIHO BpeMe U J1a € TOUHO. M Tyk Bb3HUKBA BBIIPOCa 3a €PEKTUBHO U3MOJI-
3BaHE Ha U3YUCIIUTEITHHN PECYPCH, MPEKOBUTE PECYPCH U PECYPCUTE 3a ChbXPaHEHHUE.

Kato Bcsgka TexHolorus o JUTUTAITHUTC 6J'II/I3HaI_[I/I HUMaTtr 1MnpeauMCcTBa H  HIKOU
MPEeIM3BUKATENICTBA, CBbpP3aHu ¢ u3noi3BaHeTo uM (Tabmuia 1). OCHOBHUTE Mpeau3BUKATEICTBA
MpeJl Ch3JaBAaHETO HA TUTUTATHUTE OJM3HAIM Ca 32 CBOEBPEMEHHATA CHHXPOHU3ANMSATA C PEATHUS
00eKkT. 3a rojeMu HMHAYCTPUU CUHXPOHHM3AIUATA M3UCKBA BHCOKOCKOPOCTHA Bpb3Ka, KOATO Ja
M03BOJIM BKJIIOUBaHe Ha ycTporcTBara B [oT (Tao et.al, 2018). Koraro ce ch3maBaT IUTUTATHE OIH3-
Haly, CbOMpaHEeTo Ha MOBeYe JaHHU HE € ONTUMaiHa ctpaTerus. [lo-BaxHo e mpenBapuTenHara oo-
paboTka Ha JaHHUTE Ja OTYMTAa KAuyeCTBOTO Ha JAaHHUTE, YeCcTOTHATa JIGHTa Ha Mpekara,
M3UYUCIIUTETHATa MOIIHOCT Ha MH(PacTpyKTypaTa W M3MCKBaHHUATA 3a KA4eCTBO Ha yciyraTa Ha
KOHKPETHOTO MPUIIOKCHHE.

Taouauna 1.
I[Ipeau3BuUKaTeJCTBA MPeA IMTUTAJTHUTE OJIU3HALM

Ne IIpenuzBukaTencTBa Bb3MOKHOCTH

1 HanexaHa cHEXpOHU3AITHS C OTunTaHe Ha XapaKTEPUCTUKUTE Ha HHPPACTPYKTypaTa M ONTH-
peaHus 00eKT MaJTHOTO ¥ M3I0JI3BaHE
2 | WHTerpanms che ChIIeCTBYBAIINTE OTKpHBaHE HA ONTUMAITHU BH3MOXKHOCTH 3a MHTETPAIUS
codTyepHU CUCTEMHU

T'onemu pazxoau Cr0OupaHe Ha MUHUMYM JIaHHH C Pa3IMYyHO Ka4eCcTBO, Oe3 3HAUM-

TEJTHO ¥ OTPHUIIATEITHO BB3JIEHCTBHUE BHPXY e(pHKacHOCTTa Upe3
FL unu cb3aBaHe Ha NOMIBIHUTENEH CHPBBPEH CIIOM

3 Kubepcurypaoct Wznon3BaHe Ha pa3nUYHA MEXaHU3MH, KaTo Xeul (pyHKIUU U CH-
TYPHO arperupase

4 Hanexxna o0BBp3aHOCT HA FL u BHCOKOCKOPOCTHA Bph3Ka
ycTpoicTBarta B [oT

5 JloBepue B TEXHOJOTHATA N3scHsIBaHE Ha OTTOBOPHOCTTA

Hzmounuk: Cobcmeena pazpabomia

[Ipu ToBa Morar na BE3HMKHAT MPOOJIEMH C XapJyepa Uil MPEKOBU MOBPEIH, KOUTO J1a Ha-
MaJIsT HA/eKHOCTTA. BKIIIOUBaHETO Ha oM Opoi moTpeOuTeN M Mpearnosara Bb3HUKBaHEe HA
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po0JIeMH C MPETOBapBAHETO HA MPEXKUTE U BUCOKATa CI0KHOCT Ha aJITOPUTHhMA 3a YIpaBJICHUE.
BB3MO)HO pelieHue € u3noii3BaHe Ha MexaHu3Mu 3a FL, kakTo U ocurypsiBaHe Ha HaJeXJaHa
KOMYHUKALHUS MEXAY Pa3IMUHUTE CUCTEMH.

Hpyr mnpobiem e HeoOXOAMMOCTTa OT OOBBp3BaHE HA JUTUTAIHHUS OJHM3HAK ChC
chuiecTByBamuTe copryepun cucremu (Grieves, 2019). Yecrto ce m3monsBa pazHooOpa3eH
codTyep 3a peanusanuaTa Ha OM3HEC MPOLECUTE U € TPYJHO Ja C€ MOCTUTHE ChIIACYBaHOCT C
BCHUYKH CUCTEMH. Bb3MOXHO pelieHue e 1a ce n3noia3Bat Texnosiorunute Ha MU, 3a na ce ch3gane
MOJI€JI, KOMTO J1a OTKpUE ONTUMAIIHUTE Bb3MOXKHOCTHU 32 B3aUMOJIEUCTBHUE ChC ChIIECTBYBAILIUTE
CUCTEMH, KOeTo o0aue nmocrass npobdiema 3a BUCOKUTE HayaIHU Pa3Xodu.

[Ipu pa3paboTBaHeTo Ha AUTUTANIEH OJU3HAK POPMATHT, TBJIHOTATA U KAYE€CTBOTO Ha ChOpa-
HUTE TaHHU PSIIKO ca €IHAKBHU. 3aTOBA € HEOOXO0AMMa JOMBIHUTEIHA 00paboTKa, KOSATO Ja MOJ-
TOTBY JaHHUTE 3a u3noia3Bane. CbXpaHEHUETO, IPeIaBaHeTo U 00paboTKaTa Ha FOJIEMHU KOJIHYEeC-
TBO JaHHU, Ch3/]aBa 3HAUUTEITHU Pa3Xo0/H 32 KOMIIOThpHaTa UH(PACTPYKTYpa, 3a 1a Ce IOCTUTHE
BHCOKa ITPOU3BOJIUTEIIHOCT. 3aTOBA C€ THPCU METOJ 3a ChOMpaHe HAa MUHUMYM JJaHHH IPU TOBA C
Pa3JIM4YHO Ka4uecTBO, 0€3 3HAYMTEIHO U OTPULIATEIIHO Bb3EHCTBIE BHPXY ehrKacHOCTTa, HAIIPH-
MEp pa3urTaiiku Ha ycTporicTBaTa 3a FL. Jlpyra Bb3MOKHOCT € Ch3/1aBaHE HA IOMBbJIHUTEIICH ChP-
BBPEH CJION, B KOWTO J1a ce U3BbpIlIBa HayajdHaTa 00paboTKa Ha TaHHUTE, CIe]] KOETO J1a Ce U3II-
palar KbM HEHTPAIU3UPAHOTO XPaHUIIUILE.

Kato Bcsika TexHoorus padoTeia ¢ rojieMH JaHHU BaXKEH € BBIIPOCHT 32 KHOEPCUTYPHOCTTA
3a rapaHTHpaHe Ha CUTYPHOCTTa Ha JAaHHHUTE Ha OpraHu3aluaTa U Ha MapTHHOPCKUTE M
OpraHU3allMH MPHU MPEHOCa, CbOUPAHETO U ChXPAHEHUETO HA JaHHUTE. ATaKUTE MOraT Ja ca JH-
pekTHO BBpXY loT ycTpolicTBa, Kato OJIOKMpaHe WIIM KauyBaHE Ha MOBEK AN JaHHU. MoXke /1a ce
aTaKkyBa U KOMYHUKALIMOHHUS CJIOM, HapuMep 1uI03a, upe3 koto [oT ycTpoiicTBa kauBaT 1aHHU
Y IIOJTy4YaBaT yIpaBJIABALM CUTHAIU. ATakaTa MOKE J1a € ¥ B CJIEIBALIUTE CIOEBE, KATO CE aTaKyBa
XPaHWIKIIETO UK Apyra cucTemMa Ha TuruTanHus onusHak. [1pu 3ammrara Ha ycTpoiicTBara € oc-
HOBHOTO IIPEIU3BUKATEICTBO € CBhP3aHO C HAUMHUTE 3a BHEJPSBAHE HA CUTYPHU MEXaHHU3MHU 3a
yAOCTOBEpsIBaHE, KOUTO J]a ca ¢ HUCHK pa3xoi Ha eHeprus. [Ipennoxeno e pemenue VREFL (Ye
et.al, 2022), koeTo HHTETpUpa CUTYPHO arperupane ¢ GyHKIHUU, KOUTO TapaHTUPAT KAaKTO Bh3MOXK-
HOCT 3a MpOBEpPKa, Taka M e(EeKTHBHOCT Ha TMOBTOPHOTO CBBpP3BaHE. 3a Ja ce rapaHTupa
CUT'YPHOCTTA € BAXHO TUTUTAIHHUTE ONM3HALU J]a ChbOUpaT U ChbXPAaHIBAT JAHHH B ChOTBETCTBHE C
3aKOHOBHUTE U HOPMATUBHHU pa3nopeadu 3a 3aluTa Ha JaHHUTE.

OcurypsiBaHETO Ha HENIPEeKbCHATaTa cBbp3aHocT Ha [oT ycrpoiicTBaTa € BaxkHO 3a paboTaTa
Ha JUTUTaIHusA 61n3Hak. Bb3MokHO € 06ade na ce n30erHar npeKbCBaHUATa OPaau CIIMpaHe Ha
3aXpaHBaHETO, COPTYyEepHH MPOOIEMHU WIH IPYTryd HenpeaBuaeHu oodcrosTencrna. [Ipu npenasa-
HETO Ha JaHHUTE, TPSAOBa Ja ce OTYeTaT HEe caMO OCOOCHOCTHTE Ha TeKyllaTa KOMYHUKAI[MOHHA
cpelia, HO U MPOCTPAHCTBOTO 3@ ChbXPAaHEHUE Ha JJaHHU Ha YCTPOMUCTBOTO.

N3non3BaHeTo Ha TEXHOJOTHATA 3a MUTUTATHUTE ONM3HAIM M3MCKBa J0Ope MOITOTBEHH
CHELHAIUCTH U TOJIeMH HaYaIHu pa3xoau. OcBeH TOBa, 3a 1a 0bJe MKOHOMUYECKH e(DEKTUBEH €
HEOOXOJIUM MO-IBJIBI IEPUOJ HAa U3MOJI3BAHETO HA TUTUTATHUA OlM3HAK. A TOBa € pa3BUBaIla ce
TEXHOJIOTUSI W TS WM3MCKBAa HENPEKbCHATAa AaKTyaJlW3alus B CHOTBETCTBHE C IPOMEHHUTE B
TEXHOJIOTUUTE, KOETO O3HAauyaBa HENPEKbCHATHU JOMBJIHUTEIHHU PA3XOAU 3a ONTUMHU3HUpPAHE U
OCUTYpsiBaHE Ha CbBMECTHUMOCTTA MEXAY pPa3IMYHUTE KOMIIOHEHTH U UHCTpYMEHTH. Tps0Ba na
ce MpEeABUASAT M Pa3xoJM 32 TEKYIIO yNpaBleHHE, aAMUHUCTPUPAHE U MOAAPHKKA U T€ YECTO
MPECTaBIISIBAT HAW-TOJISIMATA YacT OT OOIIUTE Pa3X0Iu 32 )KU3HECHHS IIUKBJ Ha €IMH COPTyepeH
MPOIYKT.
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Baxxno e na ce cb3gaze noBepue B paboTaTa Ha AUTUTAIHHS OJM3HAK. 3aTOBa € Ba)XKHO HE
caMo Jia ©Ma MpoIeAypH U MEXaHU3MH, KOUTO Jla TapaHTUpAaT, 9Ye AUTUTATHUAT Onu3Hak win [oT
nnatdopma paboTu 1Mo npegHasHaueHue, KakTo U Ja ca ONpeJeeHH, POJIUTE U OTTOBOPHOCTA 3a
paboTaTa Ha TUTUTATHUS OTU3HAK.

Tbit kaTO AUTUTATHUAT OM3HAK ce O6a3upa Ha UM uma u npenn3BUKaTeNCTBa CBOHCTBEHHU 3a
NU. KagectBoTo Ha U 3aBHCcH OT pa3HOOOpa3ueTo Ha JaHHHUTE, C KOUTO € 00y4YeH. AKO TaHHUTE
MMAaT HETOYHOCTH WJIM B TAX Ca 3aJI0KEHU MPUCTPACTUS U AUCKPUMHUHALMHU, TO T€ CE€ IPEHACAT
B Mojena. [IpobieMbT MOXKe J1a c€ CMEKYH, ako ce oA0upa JOCTAThYHO pa3HOoOpa3eH Habop OT
JaHHU 32 00y4YeHHeE U ce pa3paboTIT TEXHUKH 3a KOPEKLIHS Ha MOJiesa MPU MOA00HU OTKJIOHEHUS.

Jurutanaute OMU3HAIM HOCSAT MHOTO TOJI3M, HO T€ CHIIO MOTaT Ja C€ W3MOJ3BAT W 3a
3J1I0HaAMepeHHU LeJH, 0COOCHO aKo JOCTBIBT A0 TAX € MyOsuueH. MoraT Ja ce M3MOoJi3Bar 3a
MJaHUpaHe Ha XaKepcKa WIIM JOpU TepopucTudyHa artaka. ChC Ch3JaBaHETO Ha ONM3HAIM Ha
rojieMu OOEKTH, KaTo TpazoBe, TpsOBa Ja ce OMpeNesT CepHO3HM METOIHM 3a 3ammTa. A ¢
YBEJIMUECHHUETO HA U3IO0JI3BAHETO UM 3a UHPPACTPYKTypaTa U yIpaBlieHUE Ha IpajcKara cpefa, Te
caMuTe cTaBaTr ObJemia e 3a aTaku.
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PE3IOME

Ceemognama mpedica e 6oeam U3MOUYHUK HA UHPOPpMAYUs, KOSMO ce YNPAasiaead U U3noa3ea ¢ nomMowma
Ha MHOJCeCcmeo mexHono2uu u npomoxoau. Modeprnume yeb cucmemu u MOOUIHU NPULONCEHUS CbOUpam
OauHu 3a nompebumenckama akmuenocm 6 HUnmepuem, xkamo obpabomxama Ha me3u MACUsU Om 3HAHUE
HamMupa npuiodcerue 8 Hogume e3uxosu mooeau. CnooeisiHemo Ha UHQOPMayUOHHUmMe pecypcu Ha pa3iudHu
niamgopmu uma ceoume npeouMcmea u npedussukamencmea. Llenma na mosu 0okiao e oa ce npedcmasu
0030peH aHanu3 Ha UHoBayuume 8 U3NOJI38AHEMO HA NPULOANCHU npocpamuu unmepgeticu API 3a obmen na
OauHu medxcoy pasaudnu yeb-oasupanu cucmemu. bvpsama esonoyus Ha uHoOpMayuoHHUmMe MeXHON02Ul
npeononaza paznoobpasua exocucmema om API usmounuyu, 6cexu ¢ YHUKAIHU 8bIMONCHOCIU U NPUTIOdCE-
nue. C Hapacmeanemo Ha mMbpceHemo Ha 6e3npodiIeMHa unmezpayus Ha OaHHU, OU3Hecume 6ce noGeue 8b3-
npuemam cmpame2uu, OpUeHMUPanu KoM 00CMBbR 00 6e4e HAMPYRAHU 3HAHUS, 34 0d NO360AM ePEeKMUGHO
cnoodenane Ha OAHHU U ONEpamusHa CbeMecmumocm. B usciedsanemo ce paszenesicoam apxumexmypu, mex-
Hono2uu u udoge ycayeu 3a ynpagaevue Ha APl kamo REST, GraphQL, SOAP u gRPC.

KIIIOY0BH JIYMH: ye6 API, 0bmen na oannu, SOAP, REST, GraphQL, gRPC

DECONSTRUCTING THE WEB OF DATA:
INNOVATIONS IN THE USAGE OF API
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ABSTRACT

The World Wide Web is a rich source of information managed and utilized through a multitude of
technologies and protocols. Modern web systems and mobile applications gather data on user activity on the
Internet, and the processing of these vast amounts of knowledge finds application in new language models.
Sharing information resources across different platforms has its advantages and challenges. The aim of this
report is to present an overview analysis of innovations in the use of Application Programming Interfaces
(APIs) for data exchange between various web-based systems. With the rapid evolution of information
technologies a diverse ecosystem of APIs can be explored, each with unique capabilities and use cases. As the
demand for seamless data integration grows, businesses are increasingly adopting API-first strategies to
enable efficient data sharing and interoperability. The study examines architectures, technologies, and types
of API management services such as REST, GraphQL, SOAP, and gRPC.

KEYWORDS: web API, data exchange, SOAP, REST, GraphQL, gRPC
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1. BbBEJJEHUE

bnaronapenue Ha pazButuero Ha Yeb6 2.0 OuzHec MOAETUTE ce AUTUTATIU3UPAT U TaHHUTE 3ae-
MaT LEHTPATHO MSCTO B Ma3apHUsS MPUHIMIL. YeO cucTeMHuTe chOupar u o0paboTBaT 3HAUYUTEITHO
KOJINYECTBO Pa3HOOOpA3HU JaHHU U B MOCIIEICTBUE KOMYHHKAIMATA MEX]y Pa3IMUHUTE MIPHIIOKE-
HUS U3MCKBA U3II0JI3BAHETO Ha crieu(UIH IpoToKoau. CIoEIsIHETO Ha PECYPCH € BXKEH MOMEHT
OT Pa3BUTHETO Ha OM3HECHUTE, OPUCHTUPAHHU KBbM JIaHHH U TTOPaaH Ta3u nmpuuuHa npotokoasT HTTP
€ ITBPBUAT OCHOBEH KOMITOHEHT OT CTPYKTypara Ha MHTepHeT. MpekaTa OT 1aHHU MPOBOKUPA TMOsI-
BaTa Ha PA3JINYHUA COPTYCPHHU apXUTEKTYPH, KOUTO JIa pa3peliaT aKTyaTHATE po0IeMu pyu 0OMeH
Ha HHpOpMAIUSI MeXTY pa3Tu4HU ye0-0azupanu cuctemu. CII0)KHOCTTA Ha TE3U MPUIIOKCHUS € TIpe-
IM3BHKaHa OT aOCTpaKIMATA HA CIOEBETE HA JaHHUTE, MPEACTABIHETO UM B MOIXOMSII opMaT 3a
KpaiiHusg NoTpeOUTEN U AITOPUTMHUTE, KOUTO CE IpUjIaraT 3a TsaxHara oopaboTka. CreiBaiia cThIKa
B €CTECTBEHUS IPOIIEC HA PA3BUTHE HA CHCTEMHTE € CJIE]] KaTO T€ CTaHAT 3HAYUTEIIHO IO-KOMIUIEK-
CHH, J1a c€ 000COOST OTACTHU MAJIKH KOMIIOHEHTH, KOMTO Ja OOCIY>KBaT Pa3IUYHUTE MOJ3a/Ia4H.
[Tpu pa3paboTkaTa Ha ChBpEeMEHHH yeO peIIeHUsT BaXKEH BBIIPOC € HYXK/aTa OT Ch3/IaBaHE Ha UHTEP-
deiic 3a KOMYHHUKAIHsI C BBHITHH MPHIIOKEHHS, Ha KOUTO J1a ce 0a3upa HOBUAT MPOMYKT U Ak Ha
MO-KBCEH €Tall HETOBHUTE JIaHHU, HAMa J1a ca OOCKT Ha 3asiBKU OT TpeTH cTpanu. APl wim npunoxen
nporpamen untepderic (Application Programming Interface) e komOunamusTa oT 1eUHUIIAN, TTPO-
TOKOJIA ¥ TEXHOJIOTUH, KOUTO MO3BOJISIBAT HA PA3IUYHHA CUCTEMH J]Ja KOMYHUKHPAT MTOMEXKTY CH. Ap-
XUTEKTYpUTE, KOUTO Ca Pa3riieJaHH B CJIEABALIUTE CEKIIMU HA TO3M JIOKJIA, IPEIOCTAaBAT MEXaHU3Ma,
0 KOWTO ce JOCTHIIBAT M OOMEHST JaHHH B yeb cpena.

2. EBOJIOIIUSA HA TEXHOJIOI'MUTE 3A OBMEH HA TAHHU B UHTEPHET

Ennn ot mepBuTe apxutekTypHu moxaenu 3a ooMeH Ha gaHHM € CORBA (Common Object
Request Broker Architecture). ToBa e cTrangapTH3upaH MPOTOKOJ, KOWTO UTPae poJIsiTa Ha MOCPETHUK
B npuinoxxkenreto (middleware). CORBA e npencrasen npe3 1991 r. u nmpoabmkaBa ga mojiydaBa
OOHOBJICHHUS, HO HETOBOTO M3IOJI3BaHE € MO-OrPaHUYEeHO Ipe3 MociaeaAHuTe ToauHu. Toil mo3BosBa
o0OpaboTkaTa Ha 3asBKH U OTTOBOpHU 0€3 1a ce 0OphIlla BHUMaHUE Ha ISUIOCTHATA UMIUIEMEHTAIUS Ha
OW3HEC JIOTUKATa B CUCTEMUTE. 32 U3MBIHEHUETO Ha TE3U MPOIECH ce 000c00sBa IEHTpalieH OpOKep
Ha 3as1BkH (Bx. @urypa 1). CripsiMo MOJEpHUTE IPOTOKOJIU € MO-CI0XKEH 3a UMILIEMEHTALMS U CE
OTYUTA MOBEYE MPOILIECOPHO BPEME 32 HErOBOTO 00CITYKBaHE.

KNWEHT CbPBLP

BEPOKEP HA 3AABKW

®urypa 1. Moaea na CORBA

Usmounux: Cobcmeena pazpabomka

IIpe3 1996 r. cnen CORBA ce nosissisa DCOM (Distributed Component Object Model). Toii e
pa3pabotka Ha Microsoft u mpoabKaBa Ja ce HaArpaxKaa, Ype3 BIJACHTH 32 OTCTPaHSBaHE Ha Clia-
00CTH W TPEIIKH B MpoTOKoJa. M3mona3Ba ce ¢ OCHOBHO ¢ omepannonHa cucteMa Windows u ToBa
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orpaHuvaBa Bb3MOXHOCTTA 32 0OMEH Ha JJaHHM cbe cpeau Ha apyru OS mnardopmu. DCOM e npen-
Ha3HAYEeH 3a ClIOMaraHe Ha KOMYHHUKAIUATa MEX1Y KOMIIOHEHTUTE Ha €JHA CUCTEMa, KOATO € pa3Io-
JIOKeHa Ha pa3IMYHU KOMITIOTPH B PAMKHUTE Ha €AHa Mpeka. KOMIOHEHTHUSAT OOEKTEH MOel
(Component Object Model — COM) e nBonueH nnTepgeiic, KOWTo Mo3BoJIsiBa 00EKTH J1a Ce YIpaB-
JigBaT OT pa3JIMYHU IPOrpaMHU €3UIIU, 663 Aa CC orpaHn4aBaT OT CMHTAKCHCA HAa CbOTBCTHUSA C3UK.
[Togo6no Ha CORBA 1m1pu HErOBOTO M3ITI0I3BAHE C€ Ch3/1aBa JOMMBJIIHUTEIIHO HATOBAPBAHE HA MTPOU3-
BOJAMTETHOCTTA U HE € TOIXOIAI 3a MallaOHU MTPOEKTH.

KNMMEHT 2| KOMMOHEHT

)

COM COM
run-time cpega run-time cpeaa

DCOM
MPEXKOBW NMPOTOKON

®urypa 2. Apxurekrypa Ha DCOM

Mmounux: Cobcmeena pazpabomxa

SOAP (Simple Object Access Protocol) e paspaboren mpe3 1998 r. kato antepHaTHBa Ha
CORBA (Tihomirovs and Grabis, 2016). [IporokonsT nznon3sa XML cuHTakcuc Ha ChOOIICHHUATA
3a 0OMeH Ha JaHHHU MEeXy pa3indHu cucTeMu. Tol ce Halara KaTo OCHOBHA TEXHOJIOTHS Mpe3 Cle-
BaIIOTO JIECETHJICTHE B PAMKUTE HAa MHTETpalusaTa Ha yeb cucreMu, 0e3 orpaHn4eHue B OneparioH-
HaTa cucTeMa UJIU IPOrpaMHHUs €3UK Ha npuioxeHusaTa. [locnennara akryansa sepcust Ha SOAP 1.2
nznu3a npe3 2007 r. Enna ot kimovyoBuTe Xapaktepuctuku Ha SOAP e HeroBara criocoOHOCT J1a mpe-
J0CTaBsl pas3unpeHa (pyHKIMOHAIHOCT, KaTo HanpuMep 00padoTka Ha TPEIIKU U OE30IIaCHOCT, Ype3
no0aBsiHe Ha pa3nuyau Moayiau U cnenndukanuu (Halili and Ramadani, 2018). IIpuanunsT Ha pa-
6ota Ha SOAP BKITIOUBA KJIMEHT, KOMTO M3Mpaiia chobueHne B XML ¢opmar, KoeTo ce KOMIUIEK-
TyBa u nipeHacs upe3 HTTP, SMTP unu FTP 10 cboTBeTHUS ChPBBP, KOUTO MOXKE /1a BHPHE OTTOBOP
uu rpemika (Bx. durypa 3).

cboblWeHWe 3anBka
HTTP
SOAP aapecaHTl(_ SMTP

FTP >~<

cbobLleHue oTroeop
®urypa 3. Moaea na SOAP

2[ SOAP agpecart

Mzmounux: Cobcmeena pazpabomxa

Cpo0111eHreTO ce ChCTOM OT TPH KOMIIOHEHTA: 3arjaBue, TS0 1 00BuBKa (envelope). E3uxbT
XML e nnatpopmMeHo HE3aBUCUM M YOBEIIKO-YETUM, HO TTOopaau GakTa, 4e € TBhPJIC OMMcaTeIICH
oOpaboTkaTa Ha roJieMH JTOKyMEHTH € mo-0aBHa B cpaBHeHHne ¢ JSON ¢opmara. 3arnaBueTo u
0OBUBKaTa ChIBPKAT MeTa MH(MOpPMaLUs 32 CHOOIICHNETO, MaPIIPYTU3AIUATA U HAUUHA MY Ha
00paboTKa, KOETO TOIBIHUTEIHO MOXe Ja 3abaBu mporeca no komynukanus (Tekli, Damiani,
Chbeir and Gianini, 2011).

[Ipou3BoauTENHOCTTA € [IEHTpajIHa TOYKA Ha JUCKYCUM U U3CJIEABAHUS IO OTHOIIEHHUE yChb-
BbpuieHcTBaHEeTO HA SOAP. Hali-MHOro0 ce akiieHTHpa BbpXy NOTECHIIMAIHUTE YaCTUUYHU NPUITUKH
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B M3IIpaIllaHUTE ChOOIIEHHS U Bb3MOKHOCTTA 3a cepuanu3aiusa (Minaei and Saadat, 2009). Ipyru
M3ClIeIOBATENIN aHanu3upar Tpaduka B 6e3xuynn Wi-Fi Mpexu npu koMmrpecupasne B gzip u 6u-
HapeH ¢opmar. Te oTunTar, 4ye cTaHAapTHOTO npuioxkeHue Ha SOAP He e onTHMU3UPAHO 3a Te-
KbK Tpaduk npu HUCKO-ckopocTHH Mpexu (Kangasharju, Tarkoma and Raatikainen, 2003).

REST API (Representational State Transfer Application Programming Interface) e ctun Ha
coTyepHa apXUTEKTypa, KOUTO ce 0a3upa Ha KOMYHUKAIMATA MEKY KIUEHT (Hail-uecTo Opay-
3bpa Ha MOTPEOUTENSA) U CHbPBBP, KATO U3IMOJI3BA CTAHJAAPTHUTE MPEXKOBU MPOTOKOIU. TexHoo-
rUsTa ce OCHOBaBa Ha MPUHIMIA HA B3aUMOJecTBUE 0€3 ChCTOSIHUE, PU KOETO BCSKA 3asBKa,
M3IpaTeHa OT KJIMEHTa, ChAbpPKa IsIaTa HeoOxoanuMa uHdopmaius 3a 00padboTka OT ChPBBDA,
0e3 Hy’Ja OT 3ara3BaHe Ha CeCHH WJIM MPEeIUIITHU cbeTosiHuA. Ta3u ocodenoct npasu REST API
JIECHO MaIadupyemo.

Enna ot knmouoBute xapakrepuctuku Ha REST API e HeroBusT pecypcHO-OpUEHTHUPAH MO~
xoJ. Beceku pecypc (Hampumep noTpeOuTeNy, IpOAYKTH U APYTH) € UISHTU(UIHNpaH Ype3 yHH-
kajeH URL anpec (Uniform Resource Locator). 3a ma u3BbpIBa onepanuu BbpXy TE3H PECYpCH,
uaTepdechT n3non3Ba crauaapTau HTTP metonu kato GET (n3Bnuuane va nanau), POST (¢B3-
napane Ha HOBM faHHM), PUT (akTyanmusupane Ha qanan) u DELETE (u3TpuBane Ha qaHHHM).

Bbopeku mumpoko cu mpUIOKEHHUE, BKIIOUUTEITHO OT KommnaHuu kato Google, Twitter u
Amazon, REST API uma cBoute cplectBeHu HegocTaTbu. [Ipumep 3a TakbB € U3BIMYAHETO HA
MpEeKOMEpHO KonnuecTBo naHuu (over-fetching) nnu HemoctaTpryHo TakuBa (under-fetching), ko-
€TO MOJXKE Ja JoBeAe 10 Hee(heKTUBHOCT B paboTara Ha NMPUIIOKEHUsATa. B cnydan Ha 3asBKa 3a
notpedutencka unpopmanus, REST API Mmoxe na mpegoctaBu He caMO OCHOBHU JIAHHU KaTO UME
Y UMEWJI, HO M HEHY)KHU JIETalJIM KaTo aJipec UM HACTPONKH Ha akayHTa. [Ipu HeoOXoaumocT Ha
CBBpP3aHM PECYPCH, KaTO MyOJUKAIIMU HA MOTPEOUTENSI, Y€CTO € HEOOXO0IUMO M3MpallaHeTO Ha
JTOT'BJITHUTETHU 3aABKH KbM OTACITHU KpalHW Touku (endpoints), KOETO yCIOXHSIBA apXUTEKTY-
paTa Ha MPUIIOKEHUETO U BOJIU 0 3a0aBsiHE B KOMYHUKALUATA MEXAY KIUEHTa U ChbPBbHPA.

Te3u orpaHuYeHUs CTUMYJIUPAT MPUIAraHETO Ha alTepHATHBHHU moaxoau, kato GraphQL,
KOUTO IpeasiaraT Mmo-rojisiMa r'bBKaBOCT IpH paboTa ¢ fuHaMuyHu naHHu. [Ipe3 2012 r. ekunst
Ha Facebook cp3naBa GraphQL, 3a na pemu npodnemute ¢ APl Ha ocHOBHaTa JIeHTa ¢ HOBUHU B
MOOMIIHOTO cu npuiioxkeHue. LlenTa e peagynupane nu3BexAaHETO HA U3JIMIIHU JaHHU 1 MUHUMH-
3MpaHe Ha MPEKOBUTE 3asBKH, Upe3 Ch3JaBAHETO Ha choTBeTeH nHTepdeiic. GraphQL e e3uk 3a
API 3as8BKkH, MpU KOMTO BCUYKH 3asIBKU C€ M3IpaIlaT KbM €JHa KpallHa TOYKa, KOETO MO3BOJIsIBA
Ha KJIMEHTa J1a Olpeed TOYHO KaKBU JTaHHU ca MY HEOOXOJAMMH U Kak Te Aa ObJaT CTPYKTypHU-
paHu B oTroBopa. ToBa ce peanu3upa upes cxema, [epruHupana Ha CbpBbPa, KOSATO ONMKUCBA BCUUKH
HaJIMYHU PECYpPCH, TEXHUTE MOJIeTa U BPB3KU MOMEX Iy UM. KIIMeHThT MOXke Ja mojajie 3asiBKa, B
KOATO J1a BKJIIOYH caMO HeoOxoauMuTe My nojera. HaunabT, mo koiTo ToBa paboTH €, 4e B K0ja
onpenensiMe KakBH IapaMeTpH MOTaT Ja MojxyvyaT WU 3asBIT MOTPEOUTETUTE B CUCTEMATa, 13-
MOJI3BaKK (PYHKIIMHU, KOUTO J1a C€ CIPABAT C Mojy4yaBaHeTo Ha aanHute (Banjo, 2023). B ciexc-
TBHE CE EIMMUHUPA PUCKBT OT NIOJIy4YaBaHE Ha U3JIUIIHYU JaHHU, KakTo € ciyuasar npu REST API,
KOETO 0J1aronpusTCTBa BUCOKATa MPOU3BOJAUTEIHOCT Ha yeO MPUIOKEHHITA U TAXHATa e(DEeKTUB-
HOCT IpH paboTa ¢ roJeMH U JUHAMUYHU NaHHU (BXK. Durypa 4).
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REST API GRAPHQL API

KIMEHT KIIMEHT
|

I {MPOOYKTU, KATEFOPWW, PEBKOTA} I

GraphQL mogabpka Tpu OCHOBHU THUTIA OTICPALIH:

* Queries (3asgBKH): 3mon3Bar ce 3a U3BJIMYAHE HA JAHHHU OT ChpBbpa. KIMEHTHT MOXe Aa

l MPOOYKTH l I KATEMOPKHK l I /PEBIOTA I

®urypa 4. CpaBaenue Ha REST u GraphQL

Mzmounux: Cobcmeena pazpabomxa

3asBU CaMoO CIeUU()UIHU TIOJIETa OT PECYPCUTE, KOETO HaMalIsiBa KOJIMYECTBOTO HEHY)KHA MH-
dbopmanus.

* Mutations (myrauuu): Te3u onepannu ce U3MOA3BAT 3a Ch3JaBaHe, aKTyaIU3upaHe WIH U3T-
pHUBaHE Ha JaHHU, KaTO KJIMEHTHT MOKE HE caMO Ja MoJaze AaHHU 3a 00paboTka, HO U Ja
noJiydur oOpaTHa Bph3Ka 3a IPOMEHUTE.

* Subscriptions (abonamenTn): [1o3BOJISIBaT HAa KJIMEHTA /14 MOJIy4YaBa aKTyajlu3alyy 3a Mpo-
MsiHa Ha JIaHHU Ha ChPBbpa B peaHoO BpeMe.

Tasu rbBKaBOCT M KOHTPOJ BEPXY 3asBKUTE npaBsT GraphQL npeamnountano penieHne 3a MHOTO
roJieMd KOMIaHUM, KOUTO TpsiOBa Ja yrpasisBatr rojemMu ooemu ot nHpopmanus. Hsikou ot Boje-
IIUTE IPUMEPHU, KOUTO ycremHo ca BHeApwin GraphQL 3a onTuMu3upane Ha CBOUTE yCIYTH, BKIIIOY-
Bat Facebook, GitHub u Shopify.

o 2014 r. GraphQL 3amenst Bcuuku komnoneHTH Ha i0S mpunoxxenuero Ha Facebook u ce
yTBBpKIaBa kato crangapteH API B margopmara (Jones, 2022). B cBos 61or, pa3paboTUuKbT Ha
Shopify Mapuam ®ekpu nogueprasa, ue equd oT ocHoBHUTE npodiemu ¢ REST API e neobxoau-
MOCTTa OT pPbYHO CHIIOCTABSIHE HA CTATUYHO TUIIM3UPaHUA K01 ¢ HecTpyKTypupanu JSON otrosopu.
[Tpu BHeapsBaneTo Ha GraphQL mpe3 2018 r., TO3u npobeM € enmMMUHUpPaH OiarogapeHue Ha TH-
MU3alys Ha TaHHUTE, KOATO MOAIbpkKa KIMEHTCKHUS U ChbPBBPHUS KOJ B CHHXPOH 0€3 Hy)KJa OT aK-
TyaJlM3allMM Ha KJIMEHTcKaTa cTpaHa npu npomenu B API (MacManus, R., 2021).

Karo antepnaTnBa Ha akTyaJHUTE TeXHOJOTUH, Oazupanu Ha API 3asBku, ca OubIMOTEKUTE U
pamkurte, uznomBamm RPC (Remote Procedure Call). RPC e npoTokos 3a KOMyHHKAITUS MEXKTY CUC-
TEMH Ha Pa3INYHU JIOKAIIMK ChC 3HAYUTEIHO NMpHIokeHne B o0naynute yciayru. RPC no3BosnsiBa Ha
€lHa MallMHa OT MH(PACTpyKTypara Aa W3BUKa (YHKIUS Ha Jpyra MallMHa, UMUTUPAKU BbT-
PEITHO-CUCTEMHO 0OpBIeHHE KbM (QyHKIHATA (BX. Durypa 5).

sanBka [
KNMEHT 3] CBPBLP 1 CbPBbLP 2

. yenyra @ ! yenyra

®@urypa 5. Apxurekrypa Ha gRPC

Usmounux: Cobcmeena pazpabomka
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RPC mose ma ce u3nomi3Ba KakTo 3a CHHXPOHEH, Taka M 3a aCHHXpOoHeH ooMmeH. KakTo ce cro-
MeHa no-paio REST usnonzsa HTTP meronu 3a ynpasnenue Ha pecypcure, gokaro npu RPC moxe
na ce tpancnoprupar nanau upe3 HTTP/2. Cranpaptausar noaxoxn npu REST e ga ce msmpamar
nanau B JSON ¢opmar npe3 HTTP/1.1 u ocHoBHusAT npoGnem Ha nporokonute HTTP, e ge te ca
CUHXPOHHHU (M39aKBa ce LeNus OTroBOp npeau HoBa 3asBka) (Ilerpos u [lerposa, 2016). [Ipu oomen
Ha XWJISIU ChOOIEHUs B CEKyHJa MeXAy Tutargopmu mo-gobdpa ommust ¢ gRPC karo BapuaHT 3a
aoctpakius Ha APL. gRPC e mpoekT ¢ oTBOpeH ko, pazpadboreH ot Google mpe3 2016 r., moaxoasig
3a MamadHu U ckanmupyemu uHTepdeiicu. Ta3u copTyepHa pamka mpeaocTaBs TOMBIHUTEICH KOMY-
HUKALIMOHEH CJION MEX Ay KIIMEHT U ChPBbB), U3MOI3Bal] Apyra TexHonorusa Ha Google — mpoTokoiaHu
6np¢epu (Protocol Buffers, protobufs). bedepure ca e3ukoBo 1 mIIaTGOPMEHO HEYTPAITHU MEXAHU3MHU
3a cepuaiu3allys Ha CTPYKTYpUpaHu AaHHU. Te ce ChbCTOAT OT ABOWYEH MOTOK OT JIaHHU, KOETO U3II-
peBapBa XML u JSON ¢opmaTute B mokazaren Obp30/eiicTBUE U HATOBapBaHE HA KOMYHUKAIIMOH-
HUs KaHai. KaTo HeZOCTaThK MOXKE J1a ce MOCOYH TPYIHUS MPOIeC MO OTCTPaHSIBAaHE Ha TPELIKU B
U3XOJIHUTE TOYKU, TOPAJH TBOMYHUS KOJI HA ChOOILEHUATA, KOMTO HE MOXKe /1a Ob/ie TUPEKTHO pas-
yeteH. [Ipuunna gRPC Bce ome 1a HE € MacoBO pa3MpPOCTPaHEH MPH YIPABICHUETO HAa MPOLIECH
MeXay yed CUCTeMH, € Ye MOJAECpHUTE Opay3bpu HE MPEAOCTaBAT BH3MOXKHOCT 3a YIpaBlieHHE Ha
Tpaduka u 3asBkurte, nocpeactsom HTTP/2 noruka. gRPC ce mogappka OT MMIUIEMEHTAIIMM Ha
C++, C#, Go, Java, Kotlin, Python u PHP (Lee and Liu, 2022). Cpexn opranu3aiuute, KOUTO U3MOJI-
3Bat Ta3u apxutekrypa Ha APl komynukanus ca Netflix, TikTok, Slack, Cisco u Google, ocurypsi-
Balfki BUCOKOCKOPOCTEH 0OMeH Ha MH(pOpMalKs ¢ BUCOKO Ka4eCTBO, OCHOBHO BUJIEO CIIO/ICTISHE.

3AK/ITIOYEHUE

IIpernenst Ha API moaenute, ot kinacuueckute SOAP, CORBA u DCOM no chBpemeH-
uute REST, gRPC u GraphQL, pa3kpuBa 3nHauuTeneH nporpec B obOiactra Ha codTyepHara
uHTerpanusd. TpaguuOHHUTE MOJENIHN, MaKap U CTAOUIIHH, C€ XapaKTepHU3UpaT ¢ TeXKKa CTPYK-
Typa, CIO0XHU cneuupuKalui U HUCKa I'bBKAaBOCT. Te ca MpPOAYKT Ha CBOETO BpeMe, KOraTo
¢boKyCHT € O BbpXY CTaOMIIHOCTTA M CTPOTUTE CTAHJAPTH, a HE BbpXY Obp3MHATA U JIECHOTO
anantupane. Muosanuute, BpBegeHu oT REST, gRPC u GraphQL, ca dokycupanu BspXy 1e-
[EHTpaau3alus, HICKO HaToBapBaHe B Tpaduka u epexruBHOCT. BaxkHo e na ce orbenexu, ue
HAMa YHHUBEPCAJIHO pEIIeHHE, MOAXOAII0 3a BCUUKU ciaydau. U36opsT Ha APl monen 3aBucu
OT KOHKPETHUTE HYXKJIM Ha MPOEKTa, KaTo ce B3eMaT MpeaBuj] (GpakTopu KaTo MPOU3BOIUTEI-
HOCT, CKaJIUPYEMOCT, CJIOKHOCT Ha MHTETpalus U CUTYpHOCT. B HsiKOU ciiydau, KaTo HampuMep
MpU HACJIEJICHU CUCTEMH, € ONIPABIaHO M3I0J3BAHETO Ha MO-cTapu moaenu kato SOAP.

MHOK€eCTBO OT TEXHOJOTHHUTE 3a JOCTHIT A0 naHHU ce 0a3upar Ha RPC unu REST moxenure
3a oOMeH Ha nanHu. gRPC agpecupa KOMyHUKAIUATA KbM MPOLEAYPH, KOUTO CKPUBAT CTPYKTY-
paTta Ha naHHuTe. TO3M MOIXOJ € HACOUEH KbM OOMEH B JIBOMYEH (opMaT, KOUTO TPYIHO MOXKE
7la ce MPOBEPH 3a IPEIIKH U HE ce MOJabpiKa OT MojaepHuTe yed o6pay3spu. REST anpecupa au-
PEKTHO JaHHUTE, 0e3 Ja ce 0Opbhllla BHUMaHUE Ha JIOTUKATa, KOSITO TH € 00paboTuia npeaBapu-
tenHo. Tolt mpenocraBs rbBKaB M yHUUIMpaH UHTEepdeiic, ynecHsBall HHTETpaluiaTa MeXIy
paznauyHu wiathopMu U € PaBOPUT NMPU KOMYHUKAIMATA MEXKIY Pa3audHa yed cucteMu, 0a3u-
paHU Ha KJIMEHT-ChPBbP apXUTEKTypaTa.
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PE3IOME

Obyuenuemo no npocSpamupane e C8bP3aHo ¢ U3PA3X008AHE HA MHO20 UHMELEKMYAIHA eHepeusl, KaKmMo
npu npeodCcmassHe Ha HO8 Mamepuail, makd u npu KOHMpPoIUpane Ha npuoooumume 3Haunus. B mosu cmucovi
BCAKA 8b3MONCHOC 3a 00JIeKYABAHE HA MA3U 0eUHOCH OU NOONOMOZHANA npoyecd. 3a yeama npeocmassime
NPUNIOdICEeHUE, KAMO UHCIPYMEHM 30 AHAIU3 HA cXx0OHU peutenus. C He2o npenooasamensim uma 8b3MONCHOC
0a omcee yacm om 3a0anusamd, HeoOXo00UMU 3a RPOBEPKA U AHANIU3.
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SOFTWARE TO SUPPORT THE PROGRAMMING LEARNING PROCESS
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ABSTRACT

Teaching programming involves spending a lot of intellectual energy, both when presenting new material
and when controlling the acquired knowledge. In this sense, any possibility to ease this activity would help the
process. For this purpose, we present an application as a tool for analyzing similar solutions. With it, the
teacher has the opportunity to sift out part of the assignments necessary for checking and analysis.

KEYWORDS: programming, python

BBBEJEHUE

[IpouiechT HA 0OyUeHHE IO MPOTPAMUPAHE MPEATONIara CaMOCTOsITEIHO pelllaBaHe Ha 3aJ]aud C
1eI1, 00yJaeMHUsIT J1a HaTpyla yMEHUS 10 Ch3/aBaHe Ha KO, OTCTPAHSIBAaHE HA TPEIIKU U aHAJH3H-
paHe Ha pe3yaTarute. Ta3u IeHHOCT HE BUHATH € CBbP3aHa C MPUCHCTBUE HA CTYICHTHTE B PAMKUTE
Ha YHUBEPCHUTETA, a MOXKE JIa C€ M3BBPIIBA U JUCTAHIIMOHHO. ¥ MEHHETO 3a MpOorpaMHpaHe, He ce
OT/IaBa B €IHAKBA CTETICH 32 BCHYKH CTyneHTH. CIIeI0OBaTETHO CHIIECTBYBAa Bh3MOKHOCTTA 32 KOTIH-
paHe Ha 4yXJ0 pelIeHHe U TeHepupaneTo My ¢ momoinra Ha Al. IIpoBepkara Ha 3agauuTe € Tpy-
JOEMBK TPOIIEC, IPU KOWTO BCEKH HHCTPYMEHT 3a 00JIEKYSHUETO My O OWII 1osie3eH. B To3u cMuchI
npenigarame coTyep 3a HEroBOTO MOATIOMAarane mpu GUITpUpaHe HA MIPEIACHUTE PEIICHUS.

1. IPEAIIOCTABKH 3A U3IOJI3BAHE HA CO®TYEP 3A NOAIIOMAT'AHE HA
IMPOLECA HA OBYUYEHME 110 ITPOI'PAMUPAHE

B pamkuTe Ha ejHa TUCHUIUIMHA MO TPOTrpaMUpaHe CTYIEHTUTE UMAT Bb3MOKHOCT /1a ITOKa)Xar
CBOMTE 3HAHUS U yMEHHUA upe3 6 TOMallHU U 2 KOHTpOIHU. JlomamHuTe paboTH ce mpeaaBar Auc-
TaHI[MOHHO B paMKHUTE Ha €JJHa CEJIMUIIA, KOETO MOHSIKOra BOJIM JI0 HAIMYKME HA €THAKBH pabOTH OT
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pa3IMYHU CTYJICHTH. 3a J1a ce OAMOMOTHE MPOIEChT Ha OLICHSIBAHE HA MIPEIAICHUTE PEIICHHS € He-
00X0IMMO J1a ce peaylnupaT Te3u, KOUTO ca C €IHAKBO UM MHOTO MOA00HO ChabpkaHue. He e u3k-
JIIOUEHUE U MIPU KOHTPOJIHUTE 3aJ]aHUs J1a ChIIIECTBYBAT PEUICHUS ChC CXOJCTBO.

Tabéanua 1
IIpenanenu penieHus 3a ONeHIBAHE B PAMKHUTE HA €IHH CEMECTBP
3ananue Pemenus

Homarmrxo 1 104
Homarino 2 90
Jomamzo 3 79
Kontpomso 1 110
Jomarmzo 3 95
Jowmamrao 4 86
Jomarsao 5 75
KontpomHo 2 115

754

Hsmounux: Cobcmeena paspabomka

Ot tabnuna 1 e BUgHO, Y€ TIpH TOJIsIM Opoil nipeaaieHn paboTH, BEpOSTHOCTTA 32 €HAKBO Ch-
IbpXKaHKMe HapacTBa, Olle MIOBEYE, Y€ BCSIKO 331aHUE UMa OTHOILIEHUE KbM TEKYIIHIT KOHTpo. OTc-
TpaHSBAHETO UM, ITIe 00JIeKYN padoTaTa Ha MperoaaBaTes.

[TpunokeHneTo € MoAXoAAII0 B 001acTTa Ha O0YUYEHUETO 10 IPOrpaMupaHe, Mo HIKOJIKO MpH-
YUHHU:

— Pemenusra Ha 3amaunTte ce mpeaBaT B TEKCTOBU (ailioBe 0e3 MONMBJIHUTETHH TaOIHIIM,
00€KTH, N300paKEeHUs WK pa3nudHu ¢opmat. ToecT oTmanar npodJeMUTe ¢ pa3TuIHUTE
BEPCHUH Ha JOKYMEHTHUTE, aHAJTTM3UPAHETO Ha Pa3IMUHU OT TEKCT €JIEMEHTHU UM CMHUCIOBOTO
UM ChIbpKaHe;

— B 3aBucuMoOCT OT 3a/1aunTe, Pa3IMKUTE B PEICHUATA MOXeE Ja ca Mayku. ClieJ0BaTeIHO MPH-
JUKUTE B OTACITHUTE (haiiyioBe, KATO ChOTHOIICHHE TPsIOBa J1a ce ChOOpas3| ¢ roJieMrHaTa Ha
BB3MOXKHHMS NporpaMeH koA. Toect na He ce Tbpen 100% cbpBnagenue, a Bapuantu kato 90%,
95% u npyru;

— IIporpaMHUAT KOJI € CbXpaHEeH B TEKCTOBH (hailsIoBe MIIM JIECHO MOJKE Ja Ce IPEHECE B TAKMBA.
ToBa ynecHsiBa U3MOI3BaHE HA KOJ| 32 TIXHOTO CpPaBHEHHUE, KaTO C€ aHAIM3UPAT OTIEIHUTE
penoBe B paznuuyHHTe (aitoBe. BbB Beska cpena 3a pa3pabdoTka Ha copTyep MMa MHCTPY-
MEHTH 32 00paboTKa Ha TEKCTOBH (ailyioBe, KOETO yJIeCHsIBa U3rpaxiaHe Ha codTyep 3a cpaBs-
HEHHE;

— KbM ananusa Ha mpegaieHUTe pereHust MOXKe Jla ce BKIIOYHM KoJ renepupat ot Al. Bee no-
YeCTO HAKOU CTYICHTHU CE€ M3KYyIIABaT Ja u3noy3Bar Al 3a HamMupaHe Ha TOTOBH peIIeHUs Ha
BB3JI0KEHUTE 33/1a4H. B TO3M CMUCHI KbM aHAIM3a MOXKeE J]a c€ BKJIIOYM U TaKbB BapHaHT, 32
7la ce IPOBEPH MMa JIU CpeJl peJaiecHUTe TeHepUpaH KO/,
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CrnenoBatenHo, copTyepbT € He0OX0aMMO 1a 00paboTBa cTaHIapTHA TEKCTOBA MH(MOPMAITUS U
7la Tpeiiara Bb3MOXKHOCT 32 00paboTKa Ha pe3yTaTuTe.

2. IPUMEPHO PEHIEHUE 3A CO®TYEP 3A CPABHEHUE

Paspaboteno e npusnoxenue ,,[lmarua 3a cpaBHeHUE Ha TEKCTOBU (aiiioBe, C THPCEHE Ha MPO-
IIEHTHO chBHazeHue. To e paspaboreHo Ha Python, Bepcus 3.6 u paboTu aBTOHOMHO, 06€3 HEO0X 01 -
MOCT OT JOTBJIHUTEITHU UHCTanauu. MHTepdeiichT Ha MPUIIOKEHUETO € TIoKa3aH Ha dur. 1.

®urypa 1. UaTepdeiic Ha NPUI0KEeHNETO

Usmounux: Cobcmeena pazpabomka

CodryepbT npeaniara CaeIHUTE Bb3MOKHOCTH:
— CpoOpa3seH ¢ ¢ miardopmarta e-learn.ue-varna.bg. Toect 3a U3MOI3BaHETO MY € HEOOXOTUMO
oT muaTdopMmaTa Ja ce CBAIAT PEHICHHSTA 10 OMpeAeNieHO 3aJaHue, 0e3 Ja € HeoOXOaUMO
JOMBITHUTEITHU IeHCTBUS;
— Omnpocten unTepdeiic, KOUTO MOXKE Ja Ce M3MON3Ba M OT MpErojaBaTelld, He3alO3HATH C
nporpamuusT e3uk Python. TpsiOBa camo aa ce mocouu marnkara, B KOSITO Ca CBaJICHUTE pelie-
HUS OT Mmatdopmara;
— Moske 1a ce HaCTpoOIiBa, 10 KaKbB MPOLIEHT CHBIAJACHUS /1a CE THPCH MEXY OTACITHUTE (aii-
JIOBE;
— Ilpensnara ce Bb3MOXKHOCT, T€3U ChC ChBIAJCHUS J1a C€ OTACNAT B Nanka ,,EqHaksu‘, 3a mno-
JIECHOTO UM WIACHTU(QHUIMPAHE U MTOCIEBAI aHATH3;
— Cn3pgaga ce daiin ,,Rezult.csv* cbe chBIameHnst MEXTy TBOWKH (aitijioBe HAJl 3a/1aJIEHOTO Ch-
otHomeHue. PairbT Moke n1a ce otBopu B Excel u na ce npernenar pesynrarure.
CopueBnHata Ha mpuioxeHuero e OumOmmorekara DIFFLIB u mo cnemuamHO KiIachT
SequenceMatcher?, xoiiTo peamusupa anropursMbT Ha Ratcliff-Obershelp?. Toit moaabspika eBprHc-
THUKA, KOSITO aBTOMaTUYHO TPETUPA OMPEACIICHU €JIEMEHTH OT MOCJIEIOBATETHOCTTAa KaTO HEXKeJaHa.
EBpuctukaTta Opou KOJIKO BT BCEKH OTIENICH €IEMEHT Ce MOsBSBA B IMMOCIECIOBATEIHOCTTA OT TEK-
cta. OCHOBHUSAT METOJ B KJIaChT € ratio(), koiito Bpsina float B tuanazona [0, 1], usmepBaiiku cxo-
CTBOTO Ha mocienoBaTenHoctute. Karo mpasuio, ratio() - croitHoct Hazg 0,6 03HauaBa, 4e MOCIe0-
BaTETHOCTUTE UMAT OJIN3KU ChBMA/ICHUS.

[TpuMepHUAT KO HAa MPUIIOKEHUETO € MPEACTaBeH Ha Gur. 2.

L https://docs.python.org/3/library/difflib.html
2 https://xlinux.nist.gov/dads/HTML/ratcliffObershelp.html
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for rootl, dirsl, filesl in os.walk(_path):
current+=1
progressbar[ 'value']=round(current/max*100)
root.update_idletasks()
checked.append(rootl)
for filenamel in filesl:
with open(os.path.join(rootl,filenamel), 'r',encoding="utf-8",errors="ignore') as f:
sourcel=f.read()
for root2, dirs2, files2 in os.walk(_path):
if rootl == root2 root2 checked: continue

for filename2 in files2:

with open(os.path.join(root2,filename2), 'r',encoding="utf-8"',errors="ignore"') as f:

source2=f.read()
s=difflib.SequenceMatcher( , sourcel,source2)
ratio=round(s.ratio(),3)
if ratio>@.5:
triggered.add(rootl); triggered.add(root2)
filel.write(rootl+"; '+root2+"'; '+str(ratio)+'\n")
if triggered:
if messagebox.askquestion( 'MnaruH',f'Hamepenn ca {len(triggered)} daitna c nogosputenHo
cbAbpxaHue. [la 6bAaT AU NpemMecTeHu B ,,edHakBu“?') == 'yes':
if os.path.isdir(os.path.join(_path, 'egHakBu')):
os.mkdir(os.path.join(_path, 'egHakeu’))
for items in triggered:
move(items, os.path.join(_path, "egHakBu/"))
messagebox.showinfo('Mnarun’',f'{len(triggered)} daitna ca npemecTeHu ycnewHo.')
else: messagebox.showinfo('lMnaruu', 'He ca oTkputu dainose.")
messagebox.showinfo( 'Mnarun’, '06wo ¢ainose: '+str(current))

filel.close()

@urypa 2. [IpumepeH Ko HA PUIT0KEHHUETO
Hzmounux: Cobcmeena pazpabomia

B npennoskenus nporpaMeH KoJi € 3aJ10)KEHO NMPOLEHTHO cbBrajeHue ot 0.5. Ilpu TakoBa cboT-
HOILIEHHUE C€ MPEAToIara rojisiMa 4acT OT JIBETE PELICHUS /1a ca €HAKBH.

3. IPOBJEMM ITPAU PABPABOTKATA U TECTOBETE
[Ipu TecToBETE HA MPUIIOKEHUETO, BH3HUKHAXA HAKOJIKO ITpo0iIeMa CBbP3aHU ChC ChIbPIKaHH-
€TO Ha TeKCToBHUTE aiiioBe. Te ca KakTo OT TEXHUYECKO €CTECTBO, TaKa U OT CMHCIIOBOTO MpEJICTa-
BsiHE Ha wHpopManuaTa. Moxe 1a ru 0000IIMM B CIICTHUTE HAIIPABIICHUS:
— Komupane Ha TekcroBaTta uHpopmMaiysa. Bernpeku, ue BCUYKU PEIIeHHs ce peaBaT B TEKC-
TOBHU (pailyioBe, TO CHIECTBYBA BH3MOXKHOCTTA T€ JIa Ca C pa3inyHa KOJupoBKa. ToBa 3aBUCH
OT MPHUJIOKEHUETO, C KOETO ca 00padOTEHH WJIM OT HaYWHA UM Ha CbXpaHeHue. Thi KaTo Kia-
cbT SequenceMatcher n3rnckBa KaTo mapaMeTpH Ja ce MOoIaBaT JIBa CTPUHTa ¢ MHGOpMaIUsATa
OT JIBaTa TEKCTOBU (haiiia 3a cpaBHEHHUE, TO OT CHIIECTBEHO 3HAUYCHUE € KOPEKTHOTO UM TIPO-
yutaHe. Bp3aMoxHO e daiinosere 1a ca ¢ paznuyHo koaupane Ha Tekcta: ANSI, UTF -8, UTF-
16 u T.H.
— Jlo6aBsiHe Ha chabpxkaHue. Jl00aBIHETO HA JOMBIHUTENEH TEKCT KbM PEHICHHETO (HapuMep
uMeHa, (ak.HOMep, TeKCTa Ha 3ajadaTa W Jp.) IPOMEHS MPOICHTA CHBIAJACHHE MEXKIY
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OpUTHHAJ U KONUsTa My. Bbrpeku, ye B 3aaHusITa U3PUYHO C€ yKa3Ba BbB (ailyioBeTe J1a ce
KOIIMpa caMo IPOrpPaMHUSAT KO, TO HE Ca U3KIIIOUEHMSI TOI'BJIHUTEIHOTO ,,pa3KpacsiBaHe’ Ha
TekcTa. BrimountenHo u qo6aBsHe HA KOMEHTapH.

— Iloppen6a Ha perieHusTa. AKO 33/JaHUETO BKJIIOUBA IIOBEYE OT €JHA 33a]a4a, TO MPeIaeHUTE
pELIEeHNs MOXKeE J1a ca B pa3jIndeH NopsAbK. ToBa MPOMEHs CbOTHOLLEHUETO HA ChBIA/ICHUATA
U CbOTBETHO KJIACHT MOHMKAaBAa CTOMHOCTTA HA €JHAKBOCT.

— EnnakBoct Ha ¢aiinoBe. Ha Tekyius MOMEHT MPUIOKESHHETO OTAES HAMEPCHHUTE ¢IHAKBU
¢aiinose B eaHa namnka ,,Eqnaksu‘, 6e3 1a ce rpynupar 1no chbBnajaeHue. ToecT JObJIHUTETHO
TpsiOBa 1a ce mpoBepH, Kou (aiijioBe ¢ Kou chbBmajar. IlpeanokeH € BapuaHTHT C Qaiin
,Rezultat.csv, B KOUTO ca ChbXpaHEHW MMEHATa Ha JBOWKHUTE TEKCTOBH (hailJIoBE C MPOIIEHT
CBBIIA/ICHUE TO-TOJISIM OT 3aAajeHus. [Ipu ychbBBbpIIEHCTBAaHE HAa IPUIIOKEHUETO € MPEBU-
JIeHa Bb3MOYKHOCT 32 IPYIIUPAHE HA €IHAKBUTE PEILICHUS.

3a cpkanenue e3ukbT Python He mpennara roeMu Bb3MOKHOCTH MPU U3TpakJaHe Ha MOTpe-

ourencku nHTEepdeiic. 3aToBa MPUIOKEHUETO UMa CAMO OCHOBHHUTE €JIEMEHTH 32 HErOBOTO (yHKITH-
onupasne. [Ipu pasmupsiBane Ha HeroBuTe GyHKIIMOHATHOCTH, HAW-MOX OS] BAPUAHT 32 KOHPUTY-
pUpaHe Ha pa3JIMYHUTE OTIUH € Ype3 BhHIIEH (aiis ¢ hopmat Json miu Xml.

3AKIFOYEHHUE

Pazbupa ce mpennoxeHusIT copTyep HEe € YHUBEpCATHO pemieHrue. To € HHCTPYMEHT ¢ Il Aa
o0exun paboTaTa 1Mo OIICHSBAaHE HA PEIlICHUsATa Ha CTyAeHTHTe. He Moe Ja 3aMeHH eKcrepTru3ara
Ha [pernojjaBaTesInTe MpH aHaln3a Ha mporpaMHuT Koa. [1o ckopo npensnara ynecHsBaHe Ha Ipoleca
Ha ThpCEHE Ha €IHAaKBH 3aJjaHMsl, KaTo ce Mmpejiara AOMbIHUTEIHa HHPOpMAaIIHs 32 Bb3MOXKHO ChB-
nageHre. BeposTHO ¢ pa3BuTHETO Ha Al JOIMBIHUTETHO IIE YJIECHU MpernoaaBaTesickara padoTa.

REFERENCES / U3IIOJI3BAHA JIMTEPATYPA

1. Ashwin Pajankar, (2019) Python 3 Image Processing: Learn Image Processing with Python 3,
NumPy, Matplotlib, and Scikit-image, BPB Publications, 9388511727, 9789388511728.

2. Chris Meyer, Niklas Dellby, Jordan A. Hachtel, Tracy Lovejoy, Andreas Mittelberger, Ondre;j
Krivanek, (2019) Nion Swift: Open Source Image Processing Software for Instrument Control,

Data Acquisition, Organization, Visualization, and Analysis Using Python, Microscopy and
Microanalysis, Volume 25, Issue S2, 1 August 2019, Pages 122—-123.

3. Jason M. Kinser (2018) Image Operators: Image Processing in Python, CRC Press, 0429835949,
9780429835940.

4. Jie Chen, Tao Jiang, Dongjin Yu, Haiyang Hu (2023) Pattern-based circular reference detection in
Python. Science of Computer Programming, Volume 227, April 2023, 102932.

5. Samira Gholizadeh, Top Popular Python Libraries in Research (2022) Published in Journal of
Robotics and Automation Research volume 3 issue 2.

6. Sandipan Dey. (2018) Hands-On Image Processing with Python: Expert techniques for advanced
image analysis and effective interpretation of image data, Packt Publishing Ltd., 178934185X,
9781789341850.

7. Vaibhav Kant Singh, Santosh Kumar Soni , Dr. Nageshwar Dev Yadav, Pankaj Chandra (2023) A
SYSTEM FOR CARTOONIFYING AN IMAGE USING PYTHON. A Jurnal of Physical
Sciences, Engeneering and Tegnology, volume 14, pp.84-100.

133
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PE3IOME

Basicnocmma na obpasosamennama ananumuxa (learning analytics) 6 coepementiomo sucuie 0o6pazoea-
HUe Hapacmeda, 0CoOeHo el Y8enuyasamne Ha UHmepeca KoM eleKmpoHHOMO U OUCMAHYUOHHOMO 00yueHue.
Te3u npomenu 600am 00 nOBUABAHE HA 0OeMA HA eMAUPUYHUME OAHHU 3d NOBeOeHUemo Ha obyuaemume,
KOemo npeoiaza HO8U b3MONCHOCMU 3a anau3. JJokiadvm 000CH08A8A HEODXOOUMOCTNIING OM U32PAANCOAHE
Ha eOUHHA UHGOPMAYUOHHA UHDPACMPYKMYPA 666 GUCUIEMO YHUIUWe C yel No0oOpsisane Ha npoyeca no
cvOUpaHe, aHAU3 U UHMeEPNPemayus Ha OaHHU, CEbP3AHU C 0DYVHEeHUeMO U NOBEeOeHUeMO HA CmyOeHmume.
Hznonzeanemo na uzkycmeen unmenekm 6 anaiu3a Ha me3u OaHHU NOONOMA2a UOEHMUGUYUPAHEMO HA MO-
oenu u meHoeHyuu, Koemo 600U 00 U320MesIHe Ha NEPCOHATUIUPANU 00PAZ08AMENHU CIMPAMe2uU U NOGUULI-
8aHe HA KA4ecme8omo Ha 0OyyeHue.

K/TIOYOBH JAYMHU: obpazosamenna anaiumuxa, gucuie oopasosanue, gucuie yuunuue, usKycmeeH
uHmenexm

BUILDING A UNIFIED INFORMATION INFRASTRUCTURE FOR LEARNING
ANALYTICS IN HIGHER EDUCATION
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ABSTRACT

The importance of learning analytics in modern higher education is increasing, especially after the grow-
ing interest of learners in electronic and distance learning. These changes lead to an increase in the amount
of empirical data for student’s behaviour which offers new opportunities for data analysis. The proposed paper
justifies the need of building a unified information infrastructure in higher education institutions, in order to
improve the process of collecting, analyzing and interpreting data related to the education and the behaviour
of students. The use of artificial intelligence in the analysis of that data helps to identify patterns and trends,
which would lead to the creation of personalized educational strategies and improved quality of education.

KEYWORDS: learning analytics, higher education, artificial intelligence

BBBEJAEHUE

Ananmu3bT Ha naHHu (data analytics) ce € mpeBbpHAT B OCHOBEH ,,ITBTEBOJIUTEN 32 HAYMHA, 110
KONTO ChBPEeMEHHHUTE OM3HEC OpraHW3alMy OCHIIECTBSIBAT JAeHHOCTTa CH. KOMIaHUU OT pa3inyHu
OTpacid ¥ CEKTOPH 3aBIIJsIBAT HOBH Ta3ap, peanu3upar no0Opu (HHAHCOBH peE3yaTaTd W
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npuA0OMBaT KOHKYPEHTHH MIPEANMCTBA OJarojapeHne Ha 3aJbp10049eH aHaJIi3 Ha BTPEIIHN U BbH-
IIIHY JJAHHU, KaTO OCHOBA 32 B3€MaHE Ha MPABUJIHM YIIPABJICHCKHU pelieHus. TeHaeHnusTa 3a cbxpa-
HSIBaHE Ha rojieMu 00eMH JaHHU U TeXHUS MOCIEeBall aHAJIM3 HAMa KaK J1a IOJMHHE U cdepara Ha
BHCIIETO OOpa3oBaHue. Bucmmre y4eOHU 3aBeleHHS CHINO OCH3HABAT 3HAYMMOCTTA Ha MOJOOHH
aHaJM3M 32 N0J00psABaHEe Ha OPraHU3allMOHHUTE PE3YJITaTH B pa3iIMyHU HarpasieHus. EqHo oT Tsax
¢ 00y4eHHeTOo Ha CTYJIEHTH. B pe3ynTar Ha M3MOI3BaHETO HA Pa3IMiHU HHOOPMALMOHHH CHCTEMH,
o0eMa Ha JJaHHMTE 3a CTYyJCHTUTE B Mpolieca Ha 00y4eHNe HENPEeKbCHATO CEe YBEINYaBa. AHAIN3BT
Ha Te3W pa3HOOOpa3HH JaHHU MMa MOTEHIMaNa Ja JOTPHHECE 3a 0-100poTo pa3dupaHe 3a moBexe-
HHUETO Ha 00yJ4aeMHTe, KAKTO M Ha KOHTEKCTA, B KOMTO ce OCBIIECTBABA caMOTO oOyueHne. OT Ta3u
TJIe/IHa TOUKa oOpa3zoBarenHara ananutuka (OA, learning analytics) He camo moanomara, HO U To-
n00psiBa mpolieca 1o B3eMaHe Ha peIleHus B €/JHa ChbBPEMEHHATa 00pa3oBaTeIHa HHCTUTYIIHA.

1. OCOBEHOCTHU HA OBPA30OBATEJ/IHATA AHAJINTUKA

Hsma cbMHEHMe, Ye TaHHUTE, KOUTO Ce ChOMpAaT M HATPYIBAT BbB BUCIIUTE YUCOHU 3aBEICHUS
He ca Hemo HoBO. OT JeceTusieTusl akaJeMUYHUTE PHKOBOJICTBA, MHCTUTYLIMOHAIHUTE U3CJe/10Ba-
TEeJH, aAMUHUCTPATOPH U IPYTH 3aUHTEPECOBAHU CTPAHH U3MOI3BAT TE3U JaHHH, 3a J]a: aHAIU3UpAT
Y OLIEHSBAT ChCTOSTHUETO HA MHCTUTYIUATA, OTAEIHH CHEIUAIHOCTH MJIM MaruCThPCKU MPOTPaMH;
CIIEJISIT MPOIICHTA HA 3aBBPIIMWINTE U OTHAHATUTE CTYICHTH; IPOTHO3UPAT OBACI] IPUEM U CBHP3a-
HUTE C TOBA PECYPCH.

Hapmuzanero B uugpoBata epa J1oBesie 10 M3MOI3BAHETO HA BCE MO-TOJsIM Opoil mHpopmanu-
onnu cucremu (MC) 3a aBTOMaTu3upane Ha pa3IMyHH JACHHOCTH B yHUBEpCHTETHTE. ToBa OT CBOS
CTpaHa € MpUYHHA 332 3HAUUTEIHO HapacTBaHe Ha 00eMa Ha TeHEepUpPaHUTE JaHHHU, KOETO U3UCKBA HOB
HAYMH 3a cCbOMpaHe, ChXpaHsIBaHe, aHAJTM3UpaHe U BU3yallu3upaHe Ha Te3u JaHHU. OrpoMHaTa yact
OT TAX CE TEHEPHUPAT OT CUCTEMHUTE 3a elNeKTpoHHO oOyuenue (Learning Management System, LMS),
CTYIEHTCKO JOCHE U JPYT'd KOMIIOTHPHO 0a3upaHu OOYUUTETHU CPEIU, UYpe3 KOUTO CH B3aMO/Ieiic-
TBaT CTYICHTH, IpenofaBaTeau U agMuHucTpaTopu. OOpa3oBaTeTHUTE UHCTUTYLIMN 3all0vyHaxa Ja
OCBH3HABAT, Y€ HATPYIMaHUTE JaHHU MOTAT J1a Oh/IaT MHOTO IIEHHH,  TSIXHOTO NMPABUITHO aHATTU3UPAHE
MOJKe Jia IOBeJe 10 o00psiBaHe Ha Tpoleca Ha oOydeHre 1 Ha oOpaTHaTa Bpb3Ka ChC 3aMHTEPECO-
BaHUTE cTpaHU. B pe3ynrar Ha ToBa, pe3 2010 roanna 3a OA 3amodHa a ce TOBOpU KaTO HE3aBU-
cUMa ¥ WHTEpIUCIUILTMHApHA oOnact 3a m3cnenanus (Mathews & Reid-Martinez, 2016), kosTo
o0OeanHsIBA CTATUCTUKA, KOMIIIOTHPHU HayKu U nieaaroruka. [Ipes cpiata roauna ce cb3gane u The
Society for Learning Analytics Research (SoLLAR), xoeto onpenens OA kato: ,,cooupaue, coXxpaHsi-
8ame, aHaiu3 U OOKIA08aHe HA OAHHU 30 OOyUaeMume U MexHus KOHMeKcm 3a no-00opo pazoupane
U onmumuzupane Ha obpazosamenHus npoyec u cpeoama, 6 xoamo mou npomuua.‘ (Long &
Siemens, 2011).

Mangemusita or COVID-19 ce okasza cepro3eH KaTalu3aTtop 3a IUTHTalu3alusiTa B 00pa3oBa-
HUETO U IO CIEIMATHO 32 aKTUBHOTO M3II0JI3BaHE HAa CHUCTEMH 3a eNeKTpoHHO oOyueHue (Moodle,
Microsoft Teams, Google Classroom u zip.), Thil KaTo 3a ABJATU MEPUOTN OT BPEMe IICIUs YUeOCH
MpOLIEC B YHUBEPCUTETUTE B bhiarapus, KakTo U B 151 CBSIT, CE OCHILECTBSABAILE U3LISIO OHJIAMH, OT
pascrosiHie. ChLIEBPEMEHHO HapacHAJIMs MHTEpeC KbM JAUCTAHIIMOHHOTO €JIEKTPOHHO OOydeHue e
MPEOCTaBKa 3a aKTUBHOTO U3IOJI3BaHe Ha TE€3U CUCTEMH, KOETO BOJIU clief] cebe CH 10 Ch3/1aBaHETO
Ha OIlle Mo-rojieMu 00eMHu OT JaHHU 3a oOyuyaemuTe. [Ipernea Ha HallOHAIHATA CTATUCTHKA MO OT-
HOIIEHWsT Ha Oposs Ha 3ammucaHute cryneHtd B bearapus  (https:/nsi.bg/sites/de-

fault/files/files/data/timeseries/Edu_3.1.1.x1s) moka3Ba, ue 3a BCsKa OT YUeOHUTE FOJJMHU B IEPHOA
2019/2020 - 2023/2024 ca otuerenn no okono 10 000 HOBM cTyneHTH, KOUTO ce oOyuyaBaT B
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JTUCTaHIIMOHHA (popMa Ha 00pa3oBaTeTHO-KBATM(PUKAIIMOHHUTE CTETICHH ,,0aKaJaBbp‘‘ U ,,MarucTbp*
B JICHCTBAIIMTE AbP)KaBHU M YacTHH BuciH yumiuia (BY) B crpanara.

AHaIM3BT Ha TeHEpUpPAHUTE 00Pa30BaTEIHU TaHHU U TPEANPHEMaHETO Ha MOCIeABAIH JIeHCT-
BUSl MMa MOTEHLMANIA J1a MOJ00pH HE caMO OOYYUTENHUS Mpoliec, HO U MHCTUTYLIMOHATHATa eek-
TUBHOCT Kato 1su1o (Huebner, 2013). Tyk MokeM Ja TOCOYMM KOHKPETHH HAIpPaBIICHUS 3a U3MEp-
BaHe, KaTo CTETNICHTA Ha 3ama3BaHe Ha o0y4aemu, pa3Oupane Ha TEXHUS HAINIPEIbK B MpoIeca Ha 00y-
YeHue, MpocieAsiBaHe Ha U3IM0I3BAaHETO Ha MHCTPYMEHTH 3a 00y4YeHHe B OTAETHUTE AUCHUIUIMHUA U
MIpeIoCTaBsiHE HA MOAPOOHU U MEPCOHATIM3UPAHH TaHHU, criennduyHy 3a cryaenture. OA BKiIOYBa
HIMPOK CIEKThP OT TEXHHUKH, U3MOI3BAaHU 32 aJMUHUCTPATUBHU, YU€OHH U MeNaroruyecku Leiu, a
pe3yaTaTuTe OT aHAJTU3UTE MOXKE Jia ca IMOJIE3HU 3a BCUUKU 3aMHTEPECOBAHU CTPAHH — CTYACHTH,
IperoiaBaTeNy, aIMUHUCTPALUs, PHKOBOJCTBO U JOPHU 3a Ch3JaTeIUTE HA MOJUTHKH B cdepaTa Ha
oOpa3zoBaHueTo. B macoBus ciydail ob6ade yJapeHHETO ce MOCTaBs BbPXY MO00psiBaHEe HAa KayecT-
BOTO Ha yueOHUs MPOLIEC, KAKTO OT IVIeJJHA TOUKA Ha YUEHE, TaKa U OT TJIe/lHa TOYKa Ha MIPeroiaBaHe,
a uaxou uscnenoatenu (Kuzilek, et al., 2015) onpenensar karo Hali-Ba)kHa 3a7a4a UACHTHPUITAPA-
HETO Ha CTYJEHTHUTE, KOUTO ca Mpej] OTHaJaHe/IPEeKbCBaHE.

Upes uactpymenTute Ha OA MOCTOSIHHO MOKE J1a C€ CIEAT Pe3yJITaTUTE B Mpolieca Ha 00yde-
HUE Ha BCEKU OTJENEH CTYJIEHT, KOETO MPEJOCTaBs Bb3MOXKHOCT IMpPENoJaBaTeIuTe 1a MpOBEkKAaT
o0ydeHue, aIanTHPaHO MEPCOHATHO KbM HYKIHTE Ha JaJeH CTYACHT (WIH rpyna CTYACHTH), 3a Ja
MOJKE TOM J1a Ce CIpaBH C TPYJHOCTUTE M J]a MOKPUE M3UCKBAHUATA HA KOHKpPETHATa JUCLUIUINHA,
KaTo B MOBEYETO CIy4yaH Pe3yiTaThT € CBbP3aH C M0J00PEHO YCBOSBAaHE HAa MaTepHaja U MO-BUCOKH
HUBA Ha aHT@XHpaHOCT Ha cryaeHTa (Peng, et al., 2023). OcBeH ToBa CTyIEeHTHTE MOTaT MO-ACHO Ja
nepUHUpPAT LEJTUTE CH 3a YUeHe, Ja CIeIT HampeabKa ci B y4eOHUS MPOIieC U Ja BUKJAT MOYTH B
peasiHo BpeMe pe3yiTara OT YCHIIUATA CH, KOETO HEChbMHEHO BOJIM U J10 TOBUILIABaHE Ha MOTUBAIUATA
3a yuene (Yilmaz & Yilmaz, 2022). Ot chlnecTBEHO 3HaUYCHHE 3a T0-100pa MOTHUBAITUS B MpoIeca
Ha 00y4yeHue UMa U ,,CbCTe3aTEeTHUSI* MOMEHT, Thil KaTO CTYJEHTUTE OMXa MOTJIM Jla CpaBHSABAT CBO-
UTE Pe3yATaTU U aKTUBHOCT ChC CPEAHHUTE CTOMHOCTH Ha Te3W MOKa3aTeNH 3a Is1aTa Ipymna, Creu-
anHocT, noTok (I"adranmxuena, et al., 2019).

OcCHOBHUTE KOMIIOHEHTH, BKJIIOUEHHU BB Beeku mporec Ha OA ca yetnpu (Mougiakou, et al.,
2023): nanHu, aHAM3M, OTYeTH U neiicTBus (dur. 1). laHHuTe ca Hall-Ba)KHHS aKTHB B IpOIeca Ha
OA. Kakro Beue crioMeHaxMme Te BKIIOUBAT XapaKTEPUCTUKH 3a 00ydaeMHTe, cpeiaTa Ha o0y4ueHHe,
B3aMMO/ICIICTBUETO IO BpeMe Ha 00y4YeHUE U pe3yiTaTuTe oT o0ydyeHueTo. Te ca cypoBusi MaTepual
Ha BXoJ1a Ha nporueca Ha OA.

®@urypa 1. OcHoBHH ejieMeHTH Ha OA

Usmounux: Mougiakou, S. Et al., 2023. Educational Data Analytics for Teachers and School Leaders. 1st
Ed. Cham: Springer

AHanu3uTe BKIIOYBAT IPHJIaraHe Ha Pa3IndHU MaTEMaTHYECKH M CTATUCTHYECKU aJlTOPUTMU H
TEXHHUKH 32 MAIIMHHO 00y4YeHNE BbpPXY ChbOpaHHUTE JaHHH, 3a J1a MOXKeE Jla Ce M3BeAaT MPO3PEHUS U
no3HaHus. KonKoTo mo-cioXeH e aHanm3a, TOJIKOBA MO-CEPHO3HH Ca M3MCKBAHUATA KbM BXOJHUTE
nanHu. OTYETHTE MMOIOMAaraT Bb3MPUEMaHEeTO Ha Pe3yATaTUTE OT aHAIN3a, KaTo TH OPTraHU3UpaT U
NPEJCTaBAT 110 HAUWH, pa3OupaeM 3a KpallHUS moTpeduTen - mox opmarta Ha TaOIMIHK, JUATPAMHU,
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Tabmna 3a ynpasnenue (dashboards) u qpyru Busyanuzanuu. [TocieTHUAT KOMIIOHEHT C€ OTHACS J10
pEIICHUATA U TIOCTIEIBAIIUTE OT TSAX ACHCTBHSI, KOUTO JIa C€ MPEANprUeMaT 3a IOCTUTaHe Ha MO-100pHu
pesynratu. be3 u3BbpiiBane Ha HIKAaKBU HHTEPBEHIIMH, HA 0a3a MOTYyYEHUTE MPO3PEHHUS OT aHAIH3a
Ha JIaHHUTE, enus nporec Ha OA B eHa 00pa3oBaTEIIHA UHCTUTYIUS CE 00E3CMUCITSL.

OA ce u3non3Ba OT MHOXXECTBO YHUBEPCHUTETH B IISUT CBAT, HO BCEKH OT TSX sl IpuUjiara mo pas-
JMYEH HAaYMH M 3a mocturaHero Ha pasnuunu nenum (Tsai & Gasevic, 2017) (Hernandez-de-
Menéndez, et al., 2022). [Tocnenaute Morar aa ce OOSAUHSAT B CIACAHUTE HIKOJIKO TPYIU: MOHHUTO-
PHUHT U aHaNU3; MPOTHO3UPAHE U HaMeca; MEHTOPCTBO U TIOTOPCTBO; OIEHsIBaHE M 00OpaTHA BPb3Ka;
aJanTUpaHe; MepcoHaNM3anus u npenopbku; camoonensBane (Oliva-Cordova, et al., 2021).

Brrpeku ue Bce moBede YHUBEPCUTETH aKTHBHO C€ HACOYBAT KbM HM3IOJI3BAHE HA BH3MOKHOC-
tute Ha OA, BCe O1IIe TIPe/T TAX CHIIECTBYBAT MHOXKECTBO OaprepH, KOUTO MpedaT Ha ONTHUMATHOTO
npoTtuuaHe Ha npoueca 3a OA. Karo takusa morat na ce nocouar (Gagliardi & Turk, 2017):

* HeJOCTaThueH (PUHAHCOB PeCypc;

* HEMPEKbCHATO MPOMEHSIIIY Ce U3UCKBAaHUS KbM pe3yTaTHaTa HHGOpMaIus;

* HemoAxo A HHPOPMAIIMOHHA HHPPACTPYKTYPA;

* HECHOTBETCTBUE MEXKIY YMEHHS U €KCIIEPTEH OMUT Ha MepCcoHaa;

* JIMICca HAa PbKOBOJHU KaJIpH, CBbP3aHU C YIPaBICHUE HA TaHHUTE.

Hanmuarero Ha KOSTO U J1a € OT TE3W MPEUYKU MOXKE JIa BB3MPEMSATCTBA YCICITHOTO Pa3BUTHE HA
kynrypa 3a OA, a Ha TpaKTUKa TOJIIMa 4acT OT YHUBEPCUTETUTE C€ COTBCKBAT C HAKOIKO OT TSX
enHoBpeMeHHO. OT Ta3u TJieHa TOYKA, HACTOSIIMS TOKJIA/l Ipe/iara moaxo 1 3a CIpaBsiHe ¢ €IHa OT
MMOCOYCHHTE MO-TOPe TPYAHOCTH, KaTO MPEACTaBs eIUHHA WH(OpPMAIIMOHHA HHPPACTPYKTYpa 3a U3-
rpaxkJaHe Ha MHTerpupana cucteMa 3a OA BbB BUCIIE YUHIIHIIIE.

2. EIMHHA UH®OPMAIIMOHHA HUH®PACTPYKTYPA 3A OBPA3OBATEJIHA
AHAJINTUKA

B ctpyktypHO OTHOMIEHHE, OT TieaHa Touka Ha OA, TaHHUTE 32 00y4YaeMHTE Ce ChXpaHsBaT B

ciaepuute noacucrtemu Ha MC ua BY:

* cucTeMa 3a CbXpaHEHHE Ha ChCTOSHHETO Ha oOydaemure - B moBeuero BY B Bbarapus nma
pa3paboTeHH MOAYIH 32 MO IbPKaHe Ha CTYIEHTCKO JJOCUE, OIMCBAIIO ChbCTOSIHUETO HA CTY-
JIeHTA, KaTo: CTaTyc (crenuaiHocT, popma Ha o0ydeHue, yueOeH MmiaH, Kypc), IIIaTeHN TaKCH,
OLIGHKH OT M3MMTHU U JIp. JJaHHUTE OT TOBa JOCHE Ce U3IMOI3BaT 3a OOHOBsIBaHE Ha ,,Perucrup
Ha JIEUCTBAIIMTE, MPEKbCHAIN U 3aBbPIINIIN CTYAECHTH U IOKTOPAHTH, MOAAbpkKaH oT Hamu-
OHAJTHMS IEHTHP 3a nHpopMmanus u komyHnukarus (HALIU/T).

* cucreMa (CHCTEMH ) 3a €JICKTPOHHO O0yUEHHE - ToJIsIMa YacT oT BY pasmonarar ¢ otienHa cuc-
TeMa 3a eJICKTPOHHO 00ydeHue, MOoIoMaraiia npouecuTe 3a 00yueHue u pa3nojarate Ha pas-
JMYHU 00yuuTeNnHH pecypcu. Pazpaborenu ca Moynu 3a 6a30Ba MHTErpalys Ha cucTeMaTta 3a
€JIEKTpOHHO Aocue u LMS.

* JIOI'BJIHATEIHM CUCTEMH 3a yIipaBjieHHe Ha cbabprkanue (Content Management System, CMS)
- 32 pa3oyIaraHeTo Ha pa3IuYHU OOYUYUTETHH U MYJITUMEIUIHI PECYPCH.

e mapanenHo ¢ LMS u CSM ce u3noni3Bar U pa3inyHu JOMBJIHUTEIHU CUCTEMH 3a OLICHSIBAHE
(Assessment Systems) - Te31 CHCTEMH ca HACOYEHU KbM Ch3/laBaHe, POBEKIAHE U aHAINU3 HA
OLICHSABaHMs Ha 00y4aeMmH, KaTO TECTOBE, aHKEeTH, M3MUTU U Jpyru (popmu Ha MpoBepka Ha
3HAHUATA U YMECHUSTA.

* B IIpoleca Ha 00yYeHHE ce U3MOI3BAT CHeHUATH3HPAHH IPUIIOKEHHUS 32 MOOMIIHU YCTPOHCTBA
U YCTpOICTBa 3a BUPTYyaIHA U 100aBEHa PEaTHOCT.
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NC na BY B bbirapus ce xapaktepusupar ¢ HUICKO HUBO Ha MHTErpalus Ha OTJCITHUTE KOMIIO-
HeHTH. ToBa pasHOOOpa3ue OT pa3IMYHU CUCTEMH CHIIHO 3aTPY/AHSABA ICTAMIHUS aHAIN3 Ha JAHHUTE
3a o0yyaemuTe U U3BbpUIBaHe Ha BceoOxBaTtHa OA. Ilopamau ronemust ooem oOyyaemu, TPYJHO ce
M3BEX/IaT TCH/ICHIIMY U IIa0JIOHH Ha MoBeleHue Ha oOyuaemure. [[peMuHaBaHETO OT apXHUTEKTypa,
6a3upaHa Ha aBTOHOMHH MHpopMmannoHHu cucrtemu (AVMC), kbM HOBa, HHTETrpUpaHa HH(POpMAaIH-
onHa cuctema (M C), 6u nosena 10 mo-go0pa KOMyHHKAIIAS MEK/y 3B€HATA, IMO-JIECEH U BCEOOXBa-
TEH aHallu3 Ha JIaHHUTE 32 o0yJyaeMHTe U B3€MaHE Ha HABPEMECHHU YIPABJICHCKH PEIICHUS Ha pa3-
JMYHUTE HUBA HA yIIPaBIICHHE.

WNuTterpanusata Ha WHQOPMAITMOHHUTE CUCTEMH M3WMCKBA M300p Ha YHH(HUIIUPAH MPOTOKOJ 3a
oOMsiHa Ha manHH. B obnactra Ha OA ce usnon3sar nporokonmute SCORM (Sharable Content Object
Reference Model) u xAPI (Experience API). SCORM u xAPI ca crannaptu 3a npocieasBane Ha
O0y4YHMTETHH AEHHOCTH, HO UMAT Pa3InYHU MOAXOIN U BB3MOXKHOCTH, KOUTO Ca MPEICTABEHU B CJIC-

Barara Taduma.

Taboauna Nel
CobnocraBka me:xkny SCORM u xAPI
Xapakrepuc-
Ne parrep SCORM XAPI
THKA
[Ipennara 6orat HaOOp OT aHATMTUYHU BH3-
1 Bw3MoxkHOCTH OCHOBHO TIpOCIIe/IsiBa 3aBbPIIBAHE HA | MOXHOCTH, KaTo IMO3BOJIsIBA ChOMpaHe Ha
" |3a aHANM3 KYpCOBE U pe3yJITaTH OT TECTOBE. JieTaiiiHa HHQOpPMAITUS 3a BCIKAKBH B3au-
MOJICUCTBUS U CHOUTHSI.
[pocnexasiBa orpanuueH HabOp OT
Cn0upa u 3anmcBa JaHHU O] hopMaTa Ha
JTAHHH, KaTO 3aBBPIICHOCT Ha Kypca, “
,,TBBPACHI (Statements), KOUTO U3TOI3BAT
Crtpykrypa pe3yaTaTH OT TECTOBE U BpeMe 3a Ipe- .
2. CTPYKTypaTa U3IIbIHUTEI-ICHCTBAC-00CKT.
Ha JJAHHUTE MUHaBaHe. JlaHHUTE ce ChXpaHsIBaT U
Te3u TBBpACHUS MOTAT JIa C€ ChXPaHSBAT B
opranusupat B LMS u He ca jgecHu 3a
IeHTpanu3upana 6asa.
MPEHOC ¥ 0OMEH C JIPYTH CUCTEMHU.
He m3uckBa LMS u Moke 11a hyHKIIMOHUPA
Wzuckrane 3a OOWMKHOBEHO M3WCKBA OOYYHTEITHOTO | W3BHH Hes. [103BoIsIBa pocieasaBaHe Ha
3. |cBBp3aHOCT C CBhABPIKAHUE JIa CE CTAPTUPA U TPOCIIe- | JTEHHOCTH, KOUTO Ce CIy4yBaT u3BbH LMS,
LMS IisiBa B paMkuTe Ha LMS. BKJTFOYHUTEITHO MOOVITHY TIPHIIOKEHUS, MH-
TEpaKTUBHH TPEHUPOBKH U JIPYTH.
N [To3BossiBa oduraiin npocneasBane. O0y4ae-
OOUWKHOBEHO HE MOAIbPrKa odIaiiH ¢ p 8 i
Bw3MoxkHOCTH MUST MOXE JIa 3aBBPIIH JaJIcHa aKTHBHOCT
N npocneasBane. O0ydaemure TpsiOBa aa N
4. |3a oduiaiin mpoc- < . oduraliH, a JAHHUTE CE CHHXPOHU3MPAT C
ca OHJIAifH, 32 Jla MOTaT TEXHUTE JIeHC- N
Tie/ISIBaHe LeHTpaIu3upaHaTa 0a3a, KOraTo yCTpPOUCT-
TBHA Aa ce 3anmumar B LMS.
BOTO € OTHOBO CBBP3aHO ¢ MHTepHeT.
[To-rpBKaB U MOAXOAAI 32 ChBPEMEHHH
Wznon3Baemoct O0OYYHUTEITHU CIICHAPUH, BKIFOUUTEITHO MUK-
5 |BpasmmaEn Haii-noaxomsur 3a TpaAuIIMOHHY, TU- | pOOOYYEHHUE, CUMYJIAIHY, BUPTYallHA peall-
" | oOyumuTeNnHHM clie- | HeWHU KypcoBe, MpoBekaanyd B LMS. HOCT U refimudukanusa. XAPI Mmoxxe 1a
HApUH MIPOCIIE/IABA U OIICHIBA BCHUKU BUIOBE
yUeHe.

Hsmounux: Cobcmeena pazpabomka

KaxkTo ce Buxka ot chliocTaBkara Ha asara npotokoia, SCORM e cb3aaaeH OCHOBHO 3a U3MOJI-
3BaMe B LMS u e TpynHO /Ja ce W3I0I3Ba 32 CBbP3BaHe Ha OOYYHMTEIHA JAaHHU OT Pa3JIMYHU TUIaT-
¢dopmu u cucremu. OT apyra crpana, XAPI necHo ce uHTErprpa ¢ pa3IinyHu MWIATPOPMU U TPUIIO-
KEHUs, KaTO COLMAIIHU MPEXH, CUMYJIAaTOpH, BUPTyaHa PEAJIHOCT U MHOrO Apyru. Tosa ro npasu
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M3KJIIOUYUTETHO MOJIe3€eH 3a ChOMpaHe Ha JAaHHU OT MHOXKECTBO M3TOUHHUIIU U Ch3/]aBaHe Ha ISUIOCTEH
npodun Ha oOydaemus. [lopaau ToBa mpejiaraMme, KaTo OCHOBEH MPOTOKOJI 32 MHTETPAIUS MEXIH
cucremure j1a ce u3noassa XAPI, a SCORM na ce u3nosn3Ba 3a BbTPEIIHOCUCTEMEH NPOTOKoaI B LMS
3a BrpakJlaHe Ha pa3TUvYHA OOYyYUTEIHU PECYpPCH, pa3padOTEeHU C BHHIIHU aBTOPCKH UHCTPYMEHTH
3a ch3/1aBaHe Ha yuyeOHO chabpkaHue (authoring tools).

Crnen onpenensHeTO Ha MPOTOKOJA 32 MHTErpalus, TpsOBa aa ce uzdepe Mmoaxoasiia cucTema,
SIBSIBAIlA C€ IIEHTpaTU3Upana 0a3a 3a chxpanenue Ha XAPI tBepaenus. Tyk morar na ce pasrienat
1IBa MOJXO0a:

* pasmMpsiBaHe Ha cucremara ,,CTyIAEeHTCKO JOCHE™ ¢ Bb3MOKHOCTH 3a MPUEMaHe, CbXPaHCHHUE

u aHanu3 Ha XAPI TBbpaenus;

* u3noisBaHe Ha roroBa Learning Record Store (LRS) cucrema.

[IBpBUAT MOAX0 H3UCKBA MHOTO PECYpCH 3a pa3paboTKa M MOAIPHIKKA U MTOPATH Ta3U MIPUIHNHA
MpernopbuBaMe Jia Ce U3I0I3Ba TOTOBA CUCTEMA, KOSTO Jla UTpae poJisiTa Ha Xb0, 3aXpaHBalll CUCTe-
MaTa 3a aHaJHu3 ¥ BU3yanau3anus. To3u Xb0 B MOCIEACTBIE MOKE J1a C€ M3I0JI3Ba U 3a 3aXpaHBaHE Ha
JAaHHH B CTYJIEHTCKOTO JIOCHE.

LRS cnyxu 3a chxpaHeHHe, YIPaBJICHUE U aHATIN3 HA YI4eOHU TaHHU, ChOpaHu upe3 X API TBB-
nenus. OCHOBHOTO mpenHasHavyeHue Ha LRS e na chxpansBa qaHHU 3a pa3IMuHu Y9eOHH TEHHOCTH
U CHOUTHS, KOUTO MOTaT JIa C€ CIy4BaT KakTo B paMkute Ha LMS, Taka 1 U3BBH Hesl, U ]a OCUTYpsIBa
JOCTBII JI0 T€3U JaHHU 33 aHAJIU3 U OTYETHOCT.

B HacTosius MOMEHT Ha na3apa ChLIECTBYBAT MHOKeCTBO LRS cucremu, kakTo KOMepcHaiii,
Taka U Oe3MJIaTHU BEpCcuU ¢ OTBOpeH koJ. TakuBa ca Learning Locker, Watershed LRS, GrassBlade
LRS, Yet Analytics LRS, kaTo cbeiecTByBar u Apyru. Bucmero yueOHo 3aBejieHre TpsOBa /1a u3pa-
00TH METOJMKA 3a M0A00p B 3aBUCHMOCT OT 3aJI0’)KeHHM Kputepuu. Kpurepuure morar na Obaar B
CJIETHUTE OCHOBHH HAIIPABJICHUS:

* THUI Ha JIUIICH34;

* pPa3Xxou 3a MOAJPHKKA U Pa3IIMPEHUs;

* HUBO Ha Pa3MPOCTPAHECHUE M AKTUBHA OOIIHOCT 0 MOJAPHKKA;

* IporpamMeH €3uK Ha pa3padoTrkara (Ipu CUCTEMHUTE C OTBOPEH KON);

* OAABPKaHU MPOTOKOJIH;

* BrpaJIcH MHCTPYMEHTH 3a aHAJIU3 U BU3yaJIU3alus;

* CUTYPHOCT U 3alllUTa Ha JaHHUTE.

B 3aBucumoct ot nzbpanara LRS TpsiOBa na ce usrpaam nHdpacTpykrypaTa 3a aHaJIU3 U BU3Y-
anu3anus Ha qanauTe. [ToBeueTo LRS pasnonarar ¢ mojcucremu 3a aHaiu3 Ha JaHHUTE, CHOpPaHHU OT
pa3IMYHUATE U3TOYHUIIM. B pe3ynrar Ha Te3u aHau31 ce TeHepUPAT MHOXKECTBO AUArpaMU U OTUETH,
MpeIHa3HAYCHU 32 Pa3IMYHUTE 3aMHTEPECOBAHU CTPAHU (aAMUHUCTpAIUs, 00yIUTETH U 00ydaeMu).
3a cienn(pUYHM aHAIU3H ChIIECTBYBA Bb3MOKHOCT 32 aHAJIM3 Ha CbOpaHuTe JaHHU u3BbH LRS. Mo-
rar Jia ce M3MOoJI3BaT KakTo TOTOBH pemieHust kato Tableau u Power BI, Taka u coOCTBeHH cucTemMu
3a aHAIM3 ¥ BU3yanu3alus, 0a3upaHu Ha H3KYCTBEH MHTEJICKT.

B cTpykTypHO oTHOmEeHue uHTerpupanara MC 3a OA usriexnaa no HauyuHa, Moka3aH Ha Qu-
rypa 2.
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el

MHCTpYyMeHTH 3a
BM3yanmsauma

Assessment system MpunoxkeHuna 3a obyyeHe

@urypa 2. CTpyKTypa Ha MHTeTPHPaHa cHUCTeMa 32 00pa30BaTe/IHA AHAJIUTHKA

Hszmounux: Cobecmeena pazpabomra

TpsiOBa na ce oTOenexu, ye U3rpaxJaaHeToO Ha UHTErpupaHa cucreMa 3a OA M3HCKBA 3a1bIKH-
TEJIHO Aa C€ B3€MC 110 BHUMAaHUEC BCsIKa €1Ha OT CIICIHUTC CHGI_II/Iq)I/IKI/II

* 3a HY)KJIUTe Ha 0000111aBaHe U aHAIM3a € HE0OXoanMa 001Ia CcTeMa 3a KOJIMpaHe Ha U3MbI-
HUTEIUTE, JICHCTBHUATA U OOCKTHTE B IIsIaTa CUCTEMA;

* OCUTYpsIBaHE Ha MOJAPHKKA HAa XAPI chBMECTUMOCT Ha BCHYKH U3TOYHUIIM HA JIaHHH,

* HEOOXOIMMO € JIa CE HalpaBH OIICHKA Ha PHCKA M J]a Ce MpeanprueMar aJieKBaTHU MEPKH 110
3anMTa Ha JaHHUTE, ChOOpa3eHU ¢ M3UCKBaHUATa Ha OOIIUS PEerlaMeHT OTHOCHO 3alluTa Ha
nuuaute nanau (Permament (EC) 2016/679) (GDPR);

d TpSI6Ba Ja CC IUIaHupaT MCPKHU IO NICCBAOAHOHUMU3AIIUA 1 AHOHUMH3AllUA Ha JaHHUTC,

* J1a ce M3IOJI3BAaT MEXaHU3MU 33 aBTEHTHUKAIUS U OTOPU3AIINS;

¢ 1a CC U3BBpIIBA KPUIITUPAHC HA BPB3KUTC MCKAY NOACUCTCMUTC.

3AK/IIOYEHUE

AHanmMTHYHATa PEBOTIONUS HIMA KakK J1a oaMHUHE U cpepara Ha oOpazoBanue. EqHO OoT HeWtHUTE
KOHKPETHH TposiBiicHHe B Ta3u Hacoka € OA. [locnegnaTta oOxBaia crO0MpaHeTo, ChXPaHsIBaHETO U
aHaJIM3a Ha JJaHHU 32 00y4aeMHUTE U KOHTEKCTa, B KOUTO MpoTruda 00ydeHneTo. EhekTHBHOTO n3Mmo-
3BaHC HAa OTPOMHOTO KOJIMICCTBO I/IH(bOpMaI_II/ISI, MOpoOACHO OT AHAJIM3UTC HA JaHHU, MOKE [1d ITO3BOJIN
Ha 00pa30BaTEIHUTE WHCTUTYIIUUTE 1a pa3zdepar mo-100pe HYKAWTE Ha CTYACHTUTE, J1a MOAOOPST
KaueCTBOTO Ha NPCOJAaBaAHEC, YUCHC U KOHCYJITUPAHEC, 1d HAMAJIAT pa3XOoqUuTC U Ja MMPECABUIAT U U3-
OerHaT ompe/esieH! pUCKOBE. 3a J]a ce IOCTUTHAT Te3H Lieu obade TpsiOBa Ja ce MpeooesT peanlia
npenu3BUKaTencTBa. EqHO OT TAX e nurcara Ha JocTaThbuHa UHTErpanus Mexay usnoisanure UC
ot BY. IIpemMunaBaneTo ot apxXuTeKkTypa, 6azupaHa Ha aBTOHOMHH MH(GOPMAIIMOHHH CUCTEMHU, KbM
HOBa, UHTErpUpaHa UHPOpPMaLMOHHA cucTeMa 3a HyxauTe Ha OA, Ou joBena 10 MOBUIIABAaHE Ha
o0xBara Ha chOMpaHUTE JAaHHU, a C TOBA M JIO HapacTBaHE Ha e(pUKACHOCTTA Ha aHANMM3UTE. ToBa
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HEMHHYEMO OH MOANIOMOTHAJO J1a ce B3eMar I0-a/IeKBaTHU YIPABJICHCKU PEIIEHUS BbB Bpb3Ka C YII-
paBIIEHUETO Ha YUeOHMS MPOLEC - KaTo LISJI0 U MO OTJENHU JUCUMIUIMHU U o0ydaemu. [Ipennara ce
msrpaxnaanero Ha MMC, 6azupana Ha nmpotokona XAPI, u u3nomn3Baiia neHTpain3upana 6asa 3a cbx-
paHEHUe Ha JaHHUTE.
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PE3IOME

B cvepemennama obpazoeamenna cpeda Ha sucuiemo 06paA306anue cmaga 8ce NO-HAIOICUMETHO Od ce
uHmMe2pupam UHOBAMUBHU NOOX0OU 3d NPENnooasane, KOUMo 0d OM208aApsIM HA UBUCKGAHUSMA HA MEXHOI0-
2uyHo HanpeoHanomo obuecmeo. Hapeo ¢ evexasume memooonoeuu kamo Scrum, Kanban u Agile, koumo
NBPBOHAYATHO A pa3pabomeny 3a Ynpasienue Ha NPoeKmu @ copmyeprHama uHOYCmMpus, ce y8eauuasd u
ponsama Ha uzkycmeenusi unmenexkm (UHU) 6 obpazosamennus npoyec. Tesu nooxoou u mexuonoeuu npediazam
A0anmueHU, OPUEHMUPAHU KbM Pe3yImamume npoyecu, KOUmo Mo2am 0d no0oopsim Kakmo npenooasanemo,
maxa u yuenemo. Llenma na doxnada e 0a ce uzcned8a NPULONCUMOCIINA HA SbEKABUE MEMOOOI02UU U HA
HU 6v6 sucuwiemo obpazosanue, Kamo ce aHamu3upam gb3MONCHOCTHUME UM 34 CIUMYIUPAHe HA CAMOCMOS-
MENHOMO YUeHe, pazeumile Ha YMeHUs 30 paboma @ eKun u 0boeamsigane Ha 3HAHUAMA U KOMAemenyuume Ha
cmyoenmume. JJok1a0bm CbUyo MaKa pazenencoa bamodchocmume 3a eneopsasare na UM uncmpymenmu u
2bBKABU NPAKMUKU 6 YUeOHUsSL npoyec, KaKmo U MAXHOMO 8b30elcmeue 8bpxy nooodpasanemo Ha 63aumo-
deticmauemo medncdy npenooagamenu u cmyoenmu. Brurouenu ca npumepu 3a excnepumenmu, y00cmogepsi-
BALYU NPUTIOHCUMOCIIMA HA Me3U NO0X00U 8 00pA308amenHama cpeod.

K/TIOYOBH JIYMH: o6yuenue, uskycmeen unmenekm, 2beKasu memooonozuu, scrum, agile

INTEGRATION OF ARTIFICIAL INTELLIGENCE AND AGILE
METHODOLOGIES IN HIGHER EDUCATION

Latinka Todoranoval, Bonimir Penchev?

! University of Economics — Varna Varna, Bulgaria, todoranova@ue-varna.bg

2 University of Economics — Varna Varna, Bulgaria, b.penchev(@ue-varna.bg

ABSTRACT

In the modern higher education environment, it is increasingly essential to integrate innovative teaching
approaches that meet the demands of a technologically advanced society. Alongside agile methodologies such
as Scrum, Kanban, and Agile, originally developed for project management in the software industry, the role
of artificial intelligence (Al) in the educational process is also expanding. These approaches and technologies
offer adaptive, outcome-oriented processes that can enhance both teaching and learning. This article aims to
explore the applicability of agile methodologies and Al in higher education by analyzing their potential to
foster independent learning, develop teamwork skills, and enrich students’ knowledge and competencies. The
paper also examines the possibilities for implementing Al tools and agile practices in the learning process and
their impact on improving teacher-student interaction. Examples of experiments are included to validate the
applicability of these approaches in the educational environment.

KEYWORDS: Learning Process, Artificial Intelligence, Agile Methodologies, Srum, Agile
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BbBEJIEHUE

B cpBpemeHnHaTa oOpazoBaTenHa cpeqa € BCe MO-He0OX0AUMO J1a ce aJanTUpaT MOIXOAUTE Ha
MpernojjaBaHe BbB BUCIIETO 00pa30BaHME, Taka Y€ Ja OTTOBapsT HA M3UCKBAHUATA HA TEXHOJIOTHY-
HOTO 001IecTBO. [IHEIHNUTE CTYIEHTH, U3PACHAIH B yCIOBHs Ha OBP30pa3BUBAIIM CE TEXHOJOTHH,
ca pa3JINyYHU OT MPEAUIIHUTE MOKoIeHUs. C MOOWITHU YCTPONCTBA U HEMPEKbCHAT JIOCTHIT 10 UHTEP-
HET, T€ ca YacT OT HH(poBa €KOCUCTEMA, KbIETO KOMYHHKAIUATA, YUEHETO U 3a0aBJeHHsTa ca He-
paszfenHa yacT oT exeHeBrueTo. CTyIeHTUTE aKTUBHO CE aHTaXKUPAT ChC COITMATHUTE MEIANH U KpaT-
kuTe Bumea kato Te3u B Instagram u TikTok. ToBa HeMuHYEeMO MOBIUsBA U Ha TEXHUTE MPEITOYH-
TaHUs 33 IPOTUYAaHE HA y4eOHHUs MPoLIEC.

TpaauIMOHHUTE JICKIIMH U TEMHUTE 332 YETEHE OT IO HIKOJIKO JIECETKH CTPAHUIIA YECTO HE YCIIsI-
BaT JIa 33]IbpKaT BHUMAHUETO HA TE3H ,,JUTUTAITHO POJICHU " 00ydaeMu, KOUTO OBP30 TyOsT HHTEpEC
KbM JIEHHOCTH, JIMIIIEHN OT WHTEPAKTHBHOCT WK He3abaBHA oOpaTHa Bpb3Ka. B oTroBOp Ha ToBa
BB3HHMKBA HEOOXOIMMOCTTA OT U3CIIeABAaHE HA MHOBATHBHHU METOJIU, KOUTO MOTAaT J1a mpedopMaTupar
U J1a aKTyaJln3upaT yueOHHs MPOoLEeC, TaKa 4Ye Aa OTTOBAPAT HAa HOBUTE MPEINOYUTAHHS U KOTHUTUBHU
0COOEHOCTH Ha CTYJCHTUTE.

[Ipenu TeXHOJOTMUTE J1a HABJSA3aT TOJIKOBA IBJIOOKO B €XKEIHEBUETO, OIIE MpEeAu MOBeYe OT
necetusieTre B bbarapus 3amouyBart Aa ce MpaBsT 3HAYUTEITHU ONUTHU 32 UHTETPUPAHE HA JUTUTATHU
pelieHus B 00pa3oBaTEIHUS MPOIIEC Ype3 Ch3/1aBaHETO HA CMAPT KJIACHH CTau, O0OPYIBaHU C UHTE-
PaKTUBHU IBCKU, TAOJIETH U MHTEPHET BPH3Ka. Te3u MHOBAIIMK Ca HACOYCHU KbM OChBPEMEHSIBaHE
Ha TPAAUIIMOHHUTE METOIH Ha TPEIO/IaBaHe U MO-aKTUBHO BHEIPSBAaHE HA TEXHOJOTHHUTE 32 MOJIEP-
HU3HUpaHE KaKTO Ha y4eOHUTE 3ajH, Taka U Ha caMoTo oOydeHue. OCHOBHUTE XapPaKTEPUCTUKHU H
MpeAMMCTBA Ha cMapT oOydeHHeTo ca jaeTaiiHo pasrienanu ot Vitalii Leleka u xomextus (2023),
KOUTO MOYEPTaBaT POJIsTa HA TEXHOJIOTMUTE B TOJOOPSBAaHETO HA JIOCTHIIA J0 3HAHUA U B MOBHIIIA-
BaHETO Ha €()eKTUBHOCTTA Ha YUEOHUS TIPOIIEeC.

VYcnopenHo ¢ ToBa ce yTBbpkaaBa u npuiaranero Ha STEM nonxoma (Hayka, TEXHOJIOTUH, UH-
YKEHEPCTBO U MaTeMaTHKa) B 00YICHHETO, KOMTO MO-KbCHO ce pasmmupsiBa 10 STEAM, kaTo BKIIFOYBa
n3KycrBara (Arts) 3a Mo-IIbJIHOLIEHHO pa3BUTHE HA YMEHUATA. T03M NOIX0/] € HACOUEH KbM U3rpaXk-
JlaHe Ha KOMIUICKCHH 3HAHUS U MEXIyIUCIUIUTMHAPHU yMeHus y ydamute. Cropen Hsieh (2021)
TE3HW KadecTBa ca OT CHIIECTBEHO 3HAUEHUE 3a mocpemane Ha HyxauTe Ha Wuaycrpus 4.0, kato
STEAM 00y4eHHeTo € ONTHMATHOTO PEUICHHE 32 MOCTUTaHe Ha Ta3| IeTl.

Jlpyro HampaBieHHe, KOETO ChIIO MPUBINYA 3HAUUTEICH U3CIEA0BATEICKHM UHTEPEC U UMa 3a
1eJa Ja MOTHMBHpa O0ydyaeMHTE 3a MO-aKTHBHO y4dacTHe B y4eOHHMs Tpolec, € TeiMuduKanusaTa
(Gamification). CrostHoBa (2018) neduHMpa CHITHOCTTA HA TO3H MOAXO], KOWTO BKIIFOUBA U3TI0JI3Ba-
HETO Ha UTPOBHU €JIEMEHTHU U MEXaHUKHU B HEUTPOBU KOHTEKCTH, 32 J1a CE YBEJINYM aHTQ)KUPAHOCTTA U
MOTHBAIUATA HA CTyeHTUTE. [10M0XKUTEMHUAT edeKT OT reiMuuKanusaTa BbB BUCIIETO 00pa3oBa-
HUE € no0pe MoKyMeHTHpaH B penuna uicneaanus (Buda and Pesti, 2024). Cranumup CTOSHOB,
Anexcanasp Ilerpos u Tonopka I'mymikosa (2020) npeyarat ”HTEpECHU IPUMEPH 32 HEHHOTO ITpaK-
TUYECKO MPUIOKECHHUE B yUSOHUS TPOIIEC.

SIBHO oOpa3oBaTesiHaTa CUCTEMa € JIOCTUTHala JI0 HUBO, Ha KOETO TpsOBa Ja ce mpeArnpuemMaT
NeiicTBUS 3a He3a0aBHU MPOMEHU ¥ HOBM HAYMHU Ha NpernoiaBaHe. ToBa HallOMHS 3a Kpu3ara B cod-
TYEpHOTO NMPOU3BOJICTBO, KOSATO BOJIU /IO M10SIBA HA T'bBKaBUTE METOIOJIOTHHU. Te U3BEXIAT Ha MpeieH
iaH Obp3aTa ajanrtanus KbM IPOMEHUTE U HEMPEKbCHATOTO YChBBPIICHCTBAHE, KOETO €PEKTUBHO
azipecupa npoOJIEeMHUTE C HECTIAa3eHUTE CPOKOBE, HATXBHPIISTHE HAa OFO/KETa, HEU3ITBIIHEHU U3HCKBa-
HUS U OBP30MPOMEHSIIIHN CE YCIOBUS.

143



B Hacrosmus JoKIa € HarpaBeH OIM|T Jla CE M3CJeIBa MPUII0KUMOCTTA Ha ThBKABUTE METOJI0-

JIOTUU U Ha TPHIOXKEHUsATa ¢ u3KycTBeH uHTenekT (M) npu ch3gaBane Ha ydeOHaA cpena, KOSTO

OTTOBaps Ha CbBPCMCHHUTC HYXKIH Ha CTYACHTUTC, OTpa3$IBaI>'IKI/I TEXHOJIOTUYHUTC NHOBAITUU U CHbB-

pPEMCHHATa pCaIHOCT.

I[OKJIa,Z[’bT HiAMa 3a OCJI aa MpEeaACTaBs B HeTaﬁHH CBIIHOCTTA HAa I'bBKAaBUTC MCTOAOJOINHU U HaA

KOHKPETHU TEXHH MpeIcTaBUTeNn Kato Agile m Scrum, Thi KaTo CHIIECTBYBAT MHOKECTBO JOKY-
MEHTH U HAYYHU ITYOJIUKAIUH, B KOUTO T€3 METOJIOJIOTHH ca TIOAPOOHO MPECTaBEHU M U3CIICIBaHU.
B tabnuma 1 ca mpencraBeHu Haii-o0110 MpoOIeMUTe MPUCHIINA Ha pa3paboTBaHETO Ha coTyep C
T.H. TPAIUIIMOHHN METOJOJIOTUH ¥ BB3MOXXHHUTE PEIICHUE NPU MpHiIaraHe Ha rbBKaB moaxoa. OT

Apyra cTpaHa, IoJ00HO CpaBHEHHE MEXy TPOOJIEMHUTE IPU TPAAULIMOHHOTO 00YUYEeHUE U MOTECHIU-
aJIHUTE TOJI3U OT MPUJIaraHe Ha MPUHLUIHN OT 'bBKaBUTE METOAOJIOTUU € HallpaBeHO B Tabiuua 2.

Taoauna 1.

CpaBHeHHe MeKAy TPAAUIMOHHU H 'BBKABH METOI0JI0THH IPH COPTYEPHOTO MPON3BOICTBO

IIpo6aemu npyu TPAAULHOHHOTO NPOU3BOACTBO
Ha codryep

I'bBKaBH METO/10JIOTUH KATO pemeHue

MHoro ycunus 3a TUIaHupaHe ¥ MPOEKTHPaHe Ha
paHHHTE €Taly Ha MPOEKTa, TIPEIH a 3all0YHEe peall-
HOTO MporpaMupane/pa3padoTBaHe

[Ipennarat urepaTUBEH MOIXO, IIPH KOHTO codrye-
PBT ce pa3paboTBa Ha MAJIKU CTHITKH (MTEPAITMHA WITH
CTIIPUHTOBE)

Jlumca Ha MEXaHU3MHU 3a aJeKBaTHO pcarupaHe Ha
AWHaAMUKaTa B CbOTBCTHATA MPCAMCTHA o0act/ous-
HECa

PenoBHo npeacTaBsHe Ha (PyHKIIMOHATHHA BEPCUH Ha
MPOAYKTa, KOETO ChKpalllaBa BPeMEeTO 3a oOpaTHa
BpPB3Ka U MO3BOJIsIBA Obp3a afanTtanus KbM IMpoMe-
HUTE

P C3YyJITAaTUTC CTAaBAaT BUJAUMU C€ZIBA B Kpasd Ha IMPOCKTA

ExuruTe ce aHTaXXUpaT ¢ KpaTKU CIPUHTOBE, B Kpas
Ha KOWTO TPEAOCTABAT YaCTHYHU, HO (DYHKIMOHHU-
pamy IpoayKTH

OO0paTHaTa Bpb3Ka OT KJIMSHTa OOMKHOBEHO CE ITOITY-
YaBa CIie/l JbIbI IEPUOJT, KOTATO MPOAYKTHT BEUE €
B 3aBBpIICHA (haza

KOMYHI/IKaI_II/I}ITa U ChbTPYAHUUCCTBOTO B CKUIIA U C
KJIMCHTA Ca OT IbPBOCTCIICHHO 3HAUCHUC

OTZ[CJ'ISIHC Ha U3KIIFOYUTCIHO MHOT'O BPpEMC 3a Mo~
ABPIKAHCTO HAa CTPUKTHA U nosz06Ha AOKYMCHTal A

®DOKYCHT € BbpXY (DYHKIIMOHAITHOCTTA HA MPOIyKTa
Y HEroBaTa CTOMHOCT 3a KJIIMEHTa

Usmounux: Cobcmeena pazpabomka

Taoauna 2.

CpaBHeHne MEXKIY TPAAULIMOHHOTO oﬁyqe}me N MOTCHIHUATHHUTE MOJ3U OT NMPUTAraHETO HA NIPUHIMUITH
OT 'BBKaAaBHUTE METOA0JIOTHH

IIpoOaeMu npu TPaANIMOHHOTO O0y4YeHHe

HpI/IHIII/IHI/I OT 'bBKABH METOAO0JI0I'MHA
KaTo peunieHue

basupa ce Ha cTaTHYHH, IPEIBAPHUTEITHO OIIPE/Ie-
JICHW METOJIH, KOUTO TPYAHO JOMYCKAT I'bBKABOCT U
WHINBUAyaTU3UpaHe Ha 00yUYECHUETO

Upes ,,cOpUHTOBE® WM KbCU MOJIYJIM MPErnojiaBaTe-
JIUTE MOTAT JIa Pa3eisaT YIeOHOTO ChAbPIKAHUE HA
MO-MaJIKU YaCTH, KOETO MO3BOJIsBA Obp3a 00paTHA
BpB3Ka U alaniTHpaHe KbM HYXKIUTE HA CTYICHTUTE

TpaauIMOHHUTE JCKIMK U YITPAKHEHUS Mpeiarat

CTaTHYeH IJIaH 32 00y4eHne, KOWTO He OTYHUTA MPo-

MEHUTE B HY)KJUTE Ha CTYACHTUTE U JUHAMUKATA Ha
CBHBPEMEHHOTO 00IIECTBO

VYueOHuTe MaTepuau Morar 1a ObJaT aJanTHpaHu
cripsiMo oOpaTHaTa Bpb3Ka M HY)KAUTE Ha CTYJICH-
THTE, OCUT'ypsIBailKM IIEPCOHANN3UPAH U JTUHAMUYCH
nporec Ha 00ydeHne
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OO6parHarta Bph3Ka OT CTYJIEHTUTE 9€CTO CE IMOIY-
YaBa B Kpas Ha CEMeCThpa WK Kypca, KoraTo Beue e
TBBPJIC KBCHO JIa CE HANPABAT IPOMEHU

[IpenocrapsiaH Ha 0OpaTHA Bpbh3Ka PETyIsIpHO U HA
KpaTKu HHTEepBad. [IpenogaBaTenure cneasr Hatm-
peabKa Ha CTYACHTUTE B PEATHO BpEME U JIa TPaBSIT

CBOCBPEMEHHH KOPEKITUH B yUSOHHS MaTepral v Me-
ToauTe Ha npenonaBane. CTyACHTHTE CE TyBCTBAT
MO-aHTAKUPAHU U MOTHBHUPAHU, 3aI[0TO BIDKIAT KaK
YCUWIMSITa UM C€ OTpa3siBaT B Pe3yJATaTUTE

OO0y4yaeMuTe 9€CTO ca TAaCUBHU CIIYIIATEINH, a HE aK-
TUBHU YYaCTHUIH

I'bBKaBUTE MTOJXO/IM HACHPYABAT AKTUBHO y4acTHE U
ChTPYJHUYECTBO B YUESOHHUSI ITPOLIEC, KATO TI0 TO3H
HAYMH CTYJCHTUTE CAMH U3TPaXJIaT CBOCTO 3HAHHE

Y CTaBaT ChaBTOPH Ha COOCTBEHOTO CH OOyUCHHE

CTyaeHTHTE YeCTO HE CE aHTAKUPAT C TPAAUIMOH-
HUTE Y4eOHU METO/IY, 3aII0TO HE YCeIaT MPaKTH-
YgeckaTa CTOMHOCT WITH 3aII0TO HH(pOpMaInaTa He €
aJanTupaHa KbM TEXHHUS CTUII HA YUCHE

IlocTaBsue Ha KpaTKOCPO4YHHU 3aia4v, OCHOBAHU Ha
pCaiHu Ka3yCHu U MPAKTHUYCCKHU YMCHUS, KOUTO CTy-
ACHTUTEC MOraT B€IHara Jia rnpujoxar, OCUryps-
Baiiky MM He3a0aBHA CTOHHOCT U MOTHBaIMA

Mzmounux: Cobcmeena pazpabomxa

[Tpoy4uBaHeTo Ha U3TOYHULIM, CBBP3aHM C U3CII€IBAHATa TeMa, [T0Ka3BaT, 4e UJesITa He € HOBa U
CBIIECTBYBAT peayiHu npumepu. Hampumep B cBos myOmmkanmsi Brian Ackles (2018) mpennara
CTPYKTYpa 3a HHTErpUpaHe Ha MpUHIMIUTE Ha Agile 1 Scrum B My3uKaTHOTO 00pa3oBaHHE, KOSTO
Hapuya Agile Development Instructional Framework (ADIF). Pamkara nemoHCcTpupa Kak Tpaauiu-
OHHHUTE METOJU MOraT Ja 0bJaT KOMOMHUPAHU C T'bBKABU MOJAXO/H, 32 /1a C€ Ch3AaJe Cpeaa, KOsATO
CTUMYJIUPA KPUTUYHOTO MHCJICHE, ChTPYIHUYECTBOTO U He3aBUCUMOCTTAa. OCHOBHUTE €JIEMEHTH B
Hesl BKJIIOYBAT UTEPATHBEH MPOIIEC C U3IOJI3BaHE HA CIIPHUHTOBE 32 (POKYCHpPAHE BHPXY KOHKPETHH
LIeJIN 32 KPaThK MEPHOJ] OT BpeMe; aKTUBHA POJIsl HA 00y4aeMHUTe — BCEKH CTYAECHT y4acTBa B IUIaHU-
paHeTo, U3IBJIHEHUETO U OLIEHKATa Ha 33/1a4MTe; HABpEMEHHA 00paTHA Bpb3Ka — PEIOBHO NIpe10CcTa-
BSHE Ha 00paTHA BPb3Ka M PETPOCIEKLIUH CII€ BCEKH CIIPUHT, YUATO LEJI € a MOJIoMarar ajamra-
LUATa U OJ00OPEHNETO Ha paboTaTa; MOEMaHe Ha OpraHM3allMOHHU 33Ja4M — CMsIHA Ha poJIsITa Ha
Scrum Master Ha poTalMOHEH MPUHLUT CPEJl CTYACHTHUTE.

Jpyr nogo6en npumep e npeanoxer or Watty u konektus (2023), kaTo 1enTa um € Ja ucie-
BaT MHTETPALIMATA HA ACTIEKTH OT I'bBKABUTE METOIOJIOTUH B MH)KEHEPHOTO 00pa30BaHUE HA CTYICH-
THUTE.

N3J10KEHUE

B pesynTar Ha aHanu3 Ha 1aJJleHUTE MO-TOpe MPUMEPU U Ha ThPCEHETO Ha Bb3MOKHOCTH 3a HaJ-
rpakJaHe U OCbBPEMEHSIBAHE Ha JIecTBaIaTa MeToAnKa Ha ooydenne B 1Y — BapHa u monoOpsiBane
Ha OpraHu3aluATa Ha y4eOHuUs Mpolec KOHKPETHO Mo Auciuminaara ,,Codryepen 6usHec™, kaTo ce
3ama3saT NoOpUTe MPAKTUKU U C€ JOMBIHSIT C MTHOBATUBHU, aIAlITUBHU U MPAKTUYECKU HACOUCHU Me-
TO/H, € TIPOBEACHO HACTOAIOTO u3cienBane. Llenrta e Te qa moBeaar 10 Mo-BUCOKa e(heKTHBHOCT Ha
y4eOHUs TPOIIEC U MO-100pa MOAroTOBKA Ha CTYICHTUTE 3a MpodeCUOHATHATA UM PeaTu3allusl.

N3yyaBaHata OT CTYACHTHTE AUCHUILINHA, TIPEUIOKEHA 3a anpoOupaHe Ha MOAX0/1a, UMa 32 [eT
Jla 3aro3Hae CTYICHTUTE C OCHOBHUTE Ha COPTyepHHUS OM3HEC, BKIIOYUTEIIHO 0COOCHOCTH Ha coPTy-
€pHOTO MPOU3BOJICTBO, MAPKETHHT Ha coTyepa, HErbBKaBU METOJI0JIOTHHU 3a pa3paboTBaHe Ha cod-
Tyep, OQIIOPHHT ¥ ayTCOPCUHT Ha ACHHOCTH, CBbpP3aHHU ChC codTyepHara paspadoTka. CTyaeHTHTE
TpsiOBa Ja Ch3a7aT MPOEKT Ha MHOBATUBEH COPTyepeH MPOIYKT U OM3HEC IIJIaH 32 HEroBaTa pealiv-
3amMs Ha Ta3apa. 3a ynpaBlieHHE Ha MPOEKTa TPSOBa J1a MPUIIOKAT METOJOJOTUATa Scrum.

[TpumepHuaT mian Ha paboTta BKiItoYBa 4 (hazu, KaTo TEXHUAT 00XBAT € ChbOOPa3eH C MPOIBIIKU-
TETHOCTTA Ha ceMecTbpa — 15 ceamunu (Tabmuna 3).
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Taoéaunna 3.

IIpumepen niian Ha padora

da3za

Mea

JeiinocTn

®aza 1: Iloaro-
TOBKa W BbBEJE-
uue (1-Ba u 2-pa
CEIIMUIIA)

BoBenenne B Scrum me-
TOMOJIOTHATA W OIpele-
JISIHE Ha EKUITA

OO6sicnenne Ha ocHOBHHTE ponr B Scrum: Product Owner,
Scrum Master, Development Team.

IpoBexxaane Ha KPaTKO 00YUCHHE 3a 3aM03HABAHE C OCHOBHHUTE
nmoHaTus B Scrum meroxponiorusra: Product Backlog, Sprint
Backlog, cs0utus kato Sprint Planning, Daily Scrum, Sprint
Review, Sprint Retrospective. PasznensHe Ha CTyJIeHTUTE B
exunu (4—6 Iyin) U OnpeeNisTHe Ha POJTH.

®aza 2: Cop3nma-
BaHe Ha [Ipo-
IYKTOB CITMCHK
(Product
Backlog) (3-tau
4-ta cenMuIia)

OrmpenernsHae Ha 1eITa Ha
MPOAyKTa, (PyHKIIMOHAT-
HUTE U He(QYHKIIMOHATHA
W3UCKBaHWS KBM HETO,
OCHOBHUTE 3aJ1a4H U MPH-
OpUTETH B OM3HEC IIaHa

IIpencraBsiHe Ha IPEIIIOKEHUS U TPOBEKIAHE HA JUCKYCHH 3a
TeHepUpaHEe Ha UJIEH 32 COPTYSPEH MPOIYKT.

Onrcanre Ha OCHOBHUTE (DYHKIMIOHATHU W HE()YHKIIMOHATHA
W3WCKBAaHMS HA MTPOIYKTA.

IIpoBexnane Ha SWOT ananus, masapeH aHaiau3, aHaau3 Ha
KOHKYpCHIUATa, (DMHAHCOB TUIaH.

Cp3maBaHe Ha MPOAYKTOB CITUCHK.

®aza 3: Cnpun-
TOBE U paspa-
b6otrka (oT 5-Ta
no 13-ta cen-
MUIIA)

Pabora mo 3amaunrte OT
MPOAYKTOBUS CIHUCHK
gpe3 wureparuu (CHpHH-
TOBE)

IIpoBexxnane Ha Sprint Planning B HawanoTo Ha BCsAka ceMuIia.
ExenneBan Scrum cpemnmu (Daily Scrum) 3a oOckxiaane Ha
Hanpeabka (10—15 munytu onnaita upe3 Google Meet).

Scrum Master HaOr0aBa MpoIiieca U MoAIoMara eKuria B pe-
MaXxBaHETO Ha MPEYKHU.

Bcesika cenmuiia Moxe Ja ce TpeTHUpa KaTto CIIPHHT.

B xpas Ha Bcaka cenmmma: Sprint Review, KbIeTo eKumuTe
MPEJICTABAT 3aBBPIICHUTE EJIEMEHTH OT IMPOeKTa, W Sprint
Retrospective 3a oreHka Ha mporieca.

®da3a 4: [Ipesen-
TaIusl U OleHKa
(14-ta m 15-ta
CEIMUIIA)

IlpencraBsHe Ha MpoTO-
THUI Ha IPOAYKTA ¥ HA 3a-
BBPIICHUS OU3HEC TUIaH

Exunure npeacTaBsaT cBOMTE MPOCKTH U OU3HEC MIIAHOBE IPe]]
MIPETIOIABATEIINTE U KOJICTUTE CH.

OO0cHKIaHe 1 OTICHKA Bh3 OCHOBA HA IIPEIBAPUTEITHO 3aaICHH
KPUTEPHHU.

Mzmounux: Cobcmeena pazpabomia

3a ympaBieHue Ha IPOCKTUTE CTyAeHTUTE n3noi3Bat codryep karo Trello, Jira, Microsoft Pro-

ject wm apyr nogobeH. C HeroBa MOMOIIL T€ MOTAT MO-JIECHO 1A TUIAHUPAT U J1a POCIeASBAT U3IThJII-

HCHHUCTO Ha 3aJa4YUTeE. Tosa criomara 3a Pa3sBUC HA JUTUTAJIHATA UM KOMIICTCHTHOCT. Hape;[ C TOBa

Te TpsAOBa J1a U3rOTBAT MPE3EHTAINHU 32 MIPECTABsIHE HA CBBpIEHAaTa paboTa 1o BpeMe Ha ChOTBET-

HUS CIIPUHT — Sprint Review, Ha KOETO Morar Jja MpUChCTBAT MPETOAABATEINTE U EKCIIEPTH OT OU3-

HECA.

[Tomo>XUTETHUTE CTPAaHU, KOUTO MOTAT JIa Ce M3BENAT B PE3yJITaT HAa NMPUJIaraHeTo Ha I'bBKaBa
METOJIOJIOTHS KaTo Scrum 3a opraHu3MpaHe Ha YIeOHUs MPOIeC 0 KOHKPETHA JTUCIIUILUIMHA MOTaT
11a ce 0000LAT TaKa:

* pa3BUTHUE HA €KUITHA pabOTa U KOMYHUKALIUS — CTYJEHTHUTE c€ y4ar Jia paboTAT e(eKTUBHO B

eKHUIIH, KaTo CIOJEIIAT UAEU U HaMUpaT peleHns Ha mpodiemu. ToBa ce oka3Ba TpyIHa 3a7a4ya

0CO0CHO clie]] H30JaIusITa mo Bpeme Ha nanaemusta ot Covid 19;

* TIOBUIIIaBaHE HA MOTUBAIMATA — ICHUTE POJIM M peloBHAaTa 0OpaTHa Bpb3Ka HaChpyaBaT aHra-

KUPAHOCTTA HA CTyJeHTUTE. Te BIKAAT peaHUTe pe3yaTaTu OT CBOsITa padoTa ¥ OT YCUITUATA,

KOHMTO I10Jarar,

* npu00rBaHe HAa MPAKTUYECKH YMEHUS — CTYACHTUTE Pa3BUBAT YMEHUs, KOUTO MOraT Ja Mpu-
JI0KaT B peaiHa paboTHa cpena;

* 10-700pO YyIpaBJIeHHE Ha BPEMETO — I'bBKABUTE METOJOJOTUHU ca 0a3WpaHH Ha MPAKTUKH 3a
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pasmnpezensHe Ha 33a4iTe B KOHKPETHH BPEMEBH MEPUOJIU, KaTO CE 3aro4Ba OT Te3U C Haii-
BUCOK IIPHOPHUTET.
ITo Bpeme Ha paboTa CTYyJEHTUTE Ca HAChpPYaBaHU Jla M3IOJI3BAT U MPUIIOKEHHUS C U3KYCTBEH
unTenekT (UN) karo ChatGPT, Gemini, Copilot 0CHOBHO NpH U3MBIHEHUE HA CIEAHUTE IEHHOCTH:
» daza | — npu pa3zaensiHe Ha CTYICHTUTE B KU U ONIpeNieNsiHe Ha TexHuTe poiu. [Ipeasapu-
TEJTHO MIPETIOIaBaTelIsT € HalpaBUJI aHKETa 3a ChOMpaHe Ha JJaHHU OTHOCHO XapaKTepa Ha CTY-
JICHTUTE, TEXHUTE MTPENOYUTAHUS U MHTEPECH B 001acTTa HA MHPOPMAIIMOHHUTE TEXHOJIOTHA
¥ B YaCTHOCT Ha co(TyepHOTO Mpon3BoACTBO. ChIlo Taka mpuinoxenusara ¢ MM morar na re-
HEpUpAaT JICKIIMOHHH CJIaliI0BE WM WHTEPAKTUBHH YIPaXHEHUs, Oa3MpaHd Ha TPEIOCTaBe-
HaTa nHpopMaNKA 3a AUCHUIUIMHATA KaTO M0 TO3M HAYMH MOAIIOMArat npernoaBaTeIuTe npu
Ch3/1aBaHE Ha y4eOHU MaTepHaIH.

» daza 2 — reHepupaHe Ha UJIEU 32 UHOBATUBEH codTyepeH NpoaykT. C momomira uM Morar ja
ce CUMYJIMpaT peajHH Ka3yCH, KOETO JlaBa Ha CTYIEHTHUTE IO-peajlHa MpeAcTaBa 3a MPaKTH-
Kara.

» daza 3 — KaKTO MpH IJIAHWPAHE Ha CIPUHTA, TaKa U 3a TCHEPHPaAHE Ha CIICHAPHH 32 TIPOBEK-

nane Sprint Review.

» daza 4 — onpeieNsTHE HA KPUTEPHH 32 OLICHKA HA TIPOCKTHUTE M OIICHSIBAHE.

AHaIM3BT Ha Pe3yNITaTUTE OT MUJIOTHOTO 00yueHHe ChOOPA3HO MPEUIOKEHUS ITOAX0/] TOKA3Ba,
ye U u TeXHOIOTUUTE KaTo 1510 OKa3BaT BIMSHHUE BbPXY BCUUKH c(epy Ha )KUBOTA, BKIIOUUTEITHO
U BbpXy oOpa3oBanueTo. Te ca ouakBaHu 0T 00ydyaeMHTE U TAXHATA JIUTICA TH AEMOTHBHpa. B chioTo
BpeMe ce oka3Ba, ue M u reBKaBUTE METOIOJIOTUM MOTAT J1a MIMAT CBOMTE MPEIUMCTBA IIPU MO100-
psBaHe Ha y4eOHwus mporec. Ho Te TpsiOBa ma ca nomrbJiHEHHE KbM HETO, a HE J1a 3aMEHST W3IS0
TPaTUIIMOHHUTE METO/IM Ha MPET0IaBaHe U Ha YYCHE.

3AKVIFOYEHHUE

B 3axmroueHue Moke Ja ce HamlpaBU M3BOJIA, Y€ ChbBPEMEHHOTO BHUCIIE 00pa3oBaHUE M3UCKBA
BCE€ MO-UHTETPUPAHU, aJITAIITUBHU U TEXHOJIOTUYHO HACOYEHH MOIX0/IU, KOUTO J]a OTTOBAPAT HA HYXK-
JIUTE Ha HOBOTO MOKOJICHUE CTYICHTHU U Ha nuHamukara Ha Muayctpus 5.0. CMapT Ki1acHUTE CTaw,
STEAM o00y4eHnero, UTpPOBHU3AIUATA Ca CAMO YacT OT MHOBAI[MUTE, KOUTO MOTaT Jia MPOMEHST Ha-
YHHA, 10 KOMTO yJalluTe Bh3IpUEMAT U YCBOSIBAT 3HaHUA. Te mpeiaraT JuHAMUAYEH U MePCOHAIIN-
3upaH yueOeH Mpoliec, KOMTO CTUMYIIMpa KPeaTUBHOCTTA, KpUTUYHOTO MUCJICHE U CAMOCTOSATETHOTO
YYEHE.

Ot eqHa cTpaHa, MpUaraHeTo Ha M’bBKaBUTE METOAOJIOTHHU B 00pa30BaHUETO € MPEIoCcTaBKa 3a
MTOBUILABAHE HA aHTAXKMPAHOCTTA U MOTHUBAIUATA Ha cTyAeHTuTe. OT Ipyra CTpaHa, I’bBKABUTE MO~
XOJIU OCUTYPSIBAT MMOCTOSIHHA 00paTHA BPb3Ka U BB3MOXKHOCT 32 a/IallTaIisl CIIPSIMO MHIUBUyaTHUTE
HYXXJY Ha 00y4aeMuTe, KOeTO CrioMara 3a mo-e()eKTUBEH yueOeH Mmpoliec.

B Obmemie nHTEerpanyaTa Ha U3KYCTBEH MHTENEKT, KOWTO JOMBIHUTEIHO MEPCOHATN3Upa 00y-
YEHUETO, ChUETaH C I'bBKABU METOJIOJIOTHH, I1I€ TO3BOJIM HA YHUBEPCUTETUTE HE Camo J1a MpeJiarat
MO-TIOAXOAIIO0 U PEJIeBAaHTHO O0y4YeHHE, HO U Jla TIOJATOTBAT CTYACHTUTE 3a MpeAU3BUKATEICTBATA
Ha BHCOKOTEXHOJIOTMYHaTa paboTHa cpena. Tasu TpaHnchopmanus vMMa MOTEHIUANa Ja Ch3Jale
yueOHU MPOCTPAHCTBA, KOUTO Ca aHTaKHpAallld, MHTEPAKTUBHU U HAChpYaBalllH.
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b/IAI'O/JAPHOCTH

Tosa uscnedsane e Hanpaseno bracooapenue Ha unancupare no npoekm HITH-65/2023 ,, Uszkycmee-
HUSIM UHMENEKN 8 NOMOW HA XOPAMA C YEPENCOAHUSL NPU OCULYPABAHE HA OUSUMATIHA OOCIIBIHOCT 8 NPOYecd
Ha 00yyenue 6v6 gucuiemo oopazosanue .
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JIEKCEMM C KOPEH KPAILl, EKCIHEPIIMPAHU B UHTEPHET
INPOCTPAHCTBOTO

Annta TogopanoBa

BenukoTspHOBCKH YHUBEpCHUTET ,,CB. cB. Kupun u Meroamit, Benko TepaoBo, bbarapus,
a.todoranova(@ts.uni-vt.bg

PE3IOME

Hacmosawusam ooxnao pasenexcoa npoyeca Ha acumuiayust Ha J1eKCUKATHUME eOUHUYU C KOPEH KPA 8 Cb6-
pemennus Ovreapcku esux. [lymama Kpaw npousxoxcoa om anenutickus enazon Crash, xotimo nvpeonauanto e
C8bP3AH C KOMAIOMBPHAMA MEPMUHOIOUSL U ONUCEA HEOUAKBAHO CRUPAHE UL CPUB 8 pabomama Ha KOMIIOMbPHA
cucmema. B doxnada ce npocnedssa xax mosu mepmun, cied Kamo e HagA3bll 8 peuma Ha MAaoume xopa, cmasa
0CHO8a 3a 0bpazysane Ha HO8U Oymu OvazapcKus e3ux. Bvs ochoéa Ha ananusa Ha ynompebume 8 coyuannume
Mpedicu ce Habmo0asa pasumupasane Ha 3Ha4eHUemo Ha OyMama U36bH NbPEOHAYAIHAMA U Ynompeda 8 MexXHOO0-
SUYHLS KOHEKCM, KAKIMO U UBNOI36AHEMO U 3a ONUCAHUEe HA PA3TUYHI BUO08E ,, CPUS ** UL HeYCnex 8 ediceOHesHU
cumyayuu.

KIIIOY90BH JIYMHU: kpaus, KoMniomvspHa mMepMUHOIo2Us, UHMepHem 00uysare.

LEXEMES WITH THE ROOT CRASH, EXTRACTED IN THE ONLINE SPACE

Anita Todoranova
Veliko Tarnovo University ,,St. Cyril and Methodius®, Veliko Tarnovo, Bulgaria, a.todoranova(@ts.uni-vt.bg

ABSTRACT

This paper examines the process of assimilation of lexical units with the root crash in contemporary Bulgarian.
The word crash originates from the English verb crash, which was initially associated with computer terminology
and describes the unexpected halt or failure of a computer system. The paper tracks how this term, after entering
the speech of young people, became the basis for the formation of new words in the Bulgarian language. Based on
the analysis of its usage in social media, the paper observes the expansion of the word’s meaning beyond its original

use in a technological context, as well as its usage to describe various kinds of “crash” or failure in everyday
situations.

KEYWORDS: crash, computer terminology, online communication.

Momuue cenu B kaeHe U riiefia CBost JII0OUM, KOraTo MpHsITENKaTa 1 IuTa:

— KakBo cTasa? 3amio u3riexam Taka?

Momuyero oTroBapsi:

— Amu... Bux ro! Beeku rbT, KOraTo ro BUXKAaM, MU KpailiBa ChpIIETo...

IIpusiTenkara 1 ce ycMuUXBa M Ka3Ba:

— He ce npurecHsiBaii, TH He cu cama. Moxe Ou ToH ChIIO MMa HYX/Ia OT HAKaKBa MOMpaBKa!

GhatGPT

BbBEJIEHUE

C pa3BUTHETO HA UHTEPHET M HAa COIIMATTHUTE MPEKU OOIITYBAHETO MPETHPIIs 3HAUUTEITHU TPOMEHHU.
Bce moBede xopa npekapBar rojisiMa 4acT OT €KEeTHEBHETO CH OHJIAH, OOMEHSIKY UIEH, CIIOJCIISTIHKI
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OIUT, U3Pa3ABaliKu MUCIIH Ype3 pazIMyHU Iu1aTGopMu. B TO3u mpoliec nocTeneHHo U MOCIeI0BaTenHO
3arouBa Jia ce opMHpa HOB €3UK, KOWTO OTpa3siBa CrieU(UKUTE Ha IUTUTATHATA KOMYHHUKAIHS.

,,B TO3U BUpTYyaJieH cBiT — oTOens3Ba B. HalineHoBa — mMyHOCTTa MOXKeE J1a HE C€ CaMOPa3KpHBa.
TakaBa efqHa cBoeoOpasHa ,,Macka*“, KOSITO YYaCTHUKBT B €JIEKTPOHHATAa KOMYHHKAIUSI HOCH, YJIECHSBA
KOMYHHUKAIIUATA, NPEeMaxBailku OMNpeeNieHd MCUXOJIOTMYECKH Oapuepy NpH caMopealn3alusiTa B
MHTEpaKTUBHUTE (hOpMU HA OOIIyBaHE B MHTEPHET (YaToBE, (hOpYyMH, EIIEKTPOHHA TT0111a, KOH(EPESHITUH
u T. H.)" (Hatinenosa 2021: 44). ToBa € u enHa OT NPUIHHUATE, TTOPAAN KOUTO HHTEPHET €3UKBT € TUHA-
MHUYEH U KpeaTHuBeH, KaTo MOCTOSHHO C€ pa3BUBa M aJlalTUpa CIOpe Hy>KIUTE Ha OHJIAiH noTpedure-
nuTe. XapakTepusupa ce ¢ U3M0I3BaHe Ha ChKPAICHNs, EMOTUKOHHU, MEMETA U JIOPH HAITbJIHO HOBH U3-
Pa3HU CPEACTBA, KOMTO JAO0ABIT €MOLMOHAIHA HACUTEHOCT U HIOAHCU KbM TEKCTOBUTE ChOOILEHUS —
Harpumep ,,LOL* (laughing out loud), ,,BRB* (be right back), kakTo u nomysnsipaute emoruxonu u GIF-
OBE, KOMTO MOT'aT JIa U3pa3AT CJI0KHU EMOIIMH U PEAKLIUK CaMO C €IMH CUMBOJI MJTH KPaTKO N300paskeHHeE.

Muagure Xopa 4ecTo Ch3aBaT HOBU AyMHU M (ppa3u, KOUTO OBP30 CTaBaT MOIYJISAPHU B OHJIAWH
nmpocTpaHcTBOTO. B Tasu Bpw3ka CtosiH bypoB or6emns3Ba: ,,E3ukbT B conmanaute meauu — GheicOyk u
1o/1., 6710roBe, AMCKYCHOHHU (POPYMU, KOMEHTApHU PYOPUKH, a ChILIO €3UKBT HA UIMEHIINTE, ECEMECUTE
U Jp. TeHepUpar MosiBaTa Ha Taka Hap. ,,TPETU €3UK", WM MMO-TOYHO — M0sABa Ha Tpera (popMa Ha e3uKa
Hapes ¢ KOHBEHLMOHAIHATA MUCMeHa U ycTHa (opma. ToBa e Taka Hap. mucMeHa opMa Ha yCTHaTa
pasroBopHa peu‘ (bypo 2021: 50). A B crarusra cu ,,HapactBane Ha ynorpebara Ha JyMH OT YYX[
MPOU3X0Jl B ChBpEMEHHaTa Obirapcka ped — npuuuHd U nocneauim™ JI. Kuposa mume: ,, Tyk me
NPEJICTaBs IPUMEPHU OT YCTHA Ped U OT MHCMEHA Ped C XapakTep Ha ycTHa (KaKBaTo € peyra B peaua
YKaHPOBE HA NHTEPHET KoMyHuKanusaTa)... (Kuposa 2024: 260).

Heriro noBeue — chIieCTBYBaHETO HA TO3M HOB €3UK B MHTEPHET IIPOMEHS HauKHa, 110 KOMTO XopaTa
BB3NpUEMAT U HW3IMON3BAT TPaIUIMOHHUS e3uk. OT enHa CTpaHa, JHEC € TPYIHO Jla ce MHCIH 3a
komyHukanus 6e3 Facebook, YouTube, Twitter, Instagram u T.H., KakTo 1 06€3 TyMHU KaTo ,,IlIepBam™,
,JIalkBaM®, ,OCTBaM®, ,,TarBaMm™..., a OT JIpyra, TUHAMUYHOTO pa3BUTHE Ha HH(POPMAIMOHHUTE
TEXHOJIOTMHU U crenu@uKara Ha jKaproHHaTa JIEKCHKa ClioMarar 3a JeMOKpaTH3alusITa Ha e3uka (BXK.:
Hukomnoga 2020: 43).

dopMHpaHEeTO HA HOB €3UK B MHTEPHET IPOCTPAHCTBOTO MOXKE J]a C€ pasIIiekaa U KaTo KyJITypeH
(eHoMeH, ThI Karo OTpa3sBa IJ00aIM3aluMsATa U CIIOCOOHOCTTa Ha MHTEPHET Jla CBbpP3Ba XOpa OT
Pa3IMYHU KpaMIilia Ha cBeTa. E3MKBT Ha MHTEPHET 4eCTO CMeCBa JyMH U W3pa3u OT Pa3IW4HHU €3UIIH,
KOETO Ch3/IaBa €IMH CBOCOOPa3eH III00AJICH ,, IUTUTAJICH JHAJICKT .

Cpen xapakTepUCTUKUTE Ha TO3M T.Hap. AUAIEKT ca ,XWIEp- W HHTEPTEKCTYaJHOCTTa,
Pa3roBOPHOCTTA, BHILUTBTEHA B MHUCMEH BHJ, MUCMEHOTO MPOU3HOILICHHWE U €MOLIMUTE U MUMUKUTE /
KECTOBETE, BHEAPEHH B MUCMEHUS TeKCT. OCBEH TOBa Ba)KEH MPHU3HAK € W CIIOHTAHHOCTTa (MHAye
TUMWYHA 332 PAa3TOBOPHUS CTWJI) HE3aBUCMMO OT NMHCMEHaTa My peaim3anus. Taka 4ye MHTEpHET ce
NpEeBpbIIA HE CaMO B HAW-IBJIHUA W Hal-ONEpaTUBHUS W3TOYHUK Ha MH(OpMAIHs, HO U BbB BAXHO
CpPEACTBO 32 KOMYHHUKAIM (Jajli HE € MU HOBO CPEACTBO 3a MacOBa KOMYHHKAIM?!), KOETO PEIOCTaBs
rojieMd BBH3MOKHOCTH Jia ,,FOBOPHII W Aa ,,0bJaem 4yT* (HO BHUPTYaJIHO, 3a pa3iMKa OT MPSKOTO
obmryBaHe B peanHus xuBoT) (Haiimenosa 2021: 44 ).

N30 KEHUE
KaxTo mokasBa 3ariaBieTo, MaTepuaTbT € HACOYCH KbM YIOTPEOUTE Ha JISKCEMHUTE C KOPEH Kpaul
(crash) — ‘karactpoda’ (B OCHOBHOTO CH 3HAUYCHHE).

150



Cropen ,,Peunrk Ha HOBHTE mymu B Obirapckus e3uk™ (PHIBE) chiiecTBUTEIHOTO Kpau € chbe
3HaueHue: ,,BHe3anHo criupane Ha paboTaTa Ha KOMITIOTHP, KOMIIOThpPHA MPOrpamMa Wi MpeyCcTaHOBS-
BaHE Ha HHTEPHET Bpb3Ka, OOMKH. Mopa Iy noBpena, osrose u 1ip.; kpamsane (PHJIBE 2010: 235).

B TexHO7I0rMueH KOHTEKCT U ChIIECTBUTEIHOTO Kpaud, U IPOU3BOJHUTE OT HETO JIEKCEMH 3aria3Bar
TOBA 3HAUCHHUE, HATIP.:

Bceku nvm, kocamo ce onumam 0a nycHa uzpama, ms npaeu Kpaw u me epvuja Ha oeckmona., Hati-
JIOWOMO Hewo npu paboma ¢ mosu cogpmyep e, e cayyatinu Kpauwioge Mo2am 0a ce CIyyam 6b8 6CeKl
momenm.; [lokamo obpabomeax eonsm ¢hailn, npoepamama HAnpasu Kpawt u ce HAI0iCu 0d 3ano4Hd
omuauano.; Cned nocieoHus vnoeum KOMIIOMbPbI 3aN0YHA 04 NPasu Kpaut 6CeKu Nbm, Ko2amo cmap-
MUpam no-mexcko npunodicenue.; Henpexvcnamume Kpawioge na cucmemama mu npevam 0d 3a8bpuld
npoexma nagpeme.; Ilpunosicenuemo Kpamina 6 Momenma, 8 Kotimo 2o omeopux.; Cneo nocieoust vn-
Oellm npozpamama NOCMOSHHO MU Kpawea.; B cpeoama na npezenmayusama KoMniomspvm Mu Kpauina
u uzeyoux ecuuxo.;, Cucmemama KpawiHa no épeme Ha oopabomxkama Ha OaHHUmMe u ceea mpsoea 0a
3anounem omuauano., Onumax ce 0a 20 NOOKapam, Ho CbPBbLPLM MU € HA PbOA U MOdice 0a MU KPAuiHe
gcexu momenm., He 3nam 3awo, Ho Opay3vpom mu Kpamwiea sUHa2U, Ko2amo omeopsi mo3u catim.

3a npejcTaBsiHE HA CUTYAllMH, B KOUTO €/HE € HAJIMIIE ONpe/IeieH TEXHUUECKU TPo0OiIeM, Kpaui Ha-
MHpa MACTO U B OE3TMYHUTE U3PEUECHCKU SAMHHIIM 32 HAJTMYKE WU JIUTICA, 00pa3yBaHH C TJ1arojnTe umd
U HAMA, HaIP.:

Joxamo paboms na komniomvpa, vecmo uma Kpaut, Ko2amo omeopsi MHO20 NPOZPAMU eOHO8pe-
menno.; Tozu copmyep e cmabunen u 0OUKHOBEHO HAMA KPAuioge 0opu Ko2amo obpabomeam 2oiemu
gaiinose.; Buepa no epeme Ha npesenmayusama umauie Kpaw u ce Haiox#Cu 0d peCmapmupam J1anmond.,
Cned nocrednama akxmyanuzayusi Ha NPOSPAMAma HAMA HUKAaKeu Kpauiose, pabomu nepghekmuo!,; Ko-
2amo nycKkam no-Cmapu 6epcuLl Ha Uepu, 4ecmo uma Kpaw no cpeoama Ha uepama., Haii-naxkpas omk-
PUX 8epCcusl HA NPO2PAMAMA, NPU KOSAMO HAMA Kpaui 0opu npu 0viea paboma.

AHaMM3BT Ha IPUMEPHUTE MOKA3Ba, Y€ B OE3IMYHUTE U3pEUEHHs, 00pa3yBaHH C IJIarojuTe uma u
HAMA, Kpaui Ce U3I0J13Ba U B IO-IIMPOK CMUCHII — 3a IIPEICTaBIHE HA EMOLIMOHAJIEH CPUB UM BHE3AITHO
4yBCTBO Ha pa304apOBaHUE, HAIIP.:

Hmawe kpaw npu omxaza om yHueepcumema.

B tax®B THI O€3/MUHU H3PCUCHUA Kpaut YCCTO CC U3IIOJI3BA U KOI'aTO CTaBa BBIIPOC 3a BHE3AIICH
CpUB Ha UKOHOMMKATA WJIN PA3KO MOHMKCHUEC Ha ICHUTC HA IMa3apuTC WJIM Ha aKITUWUTC, HAIIP.:

Hmawe Kpaw na punancosume nazapu cied cooumuama 6 ukoHomuxkama., Mima kpaw na ghonoo-
eéama b6opca, K02amo HAMA SICHA UKOHOMUYecKa noaumuka.; Miva kpaw na gunancosume nazapu, Ko-
2amo HAMa nookpena om yewmpaninama oawka., Hama Kpaw na nazapa, ko2amo uma cmaduiHocm 8
JIUXGeHUme NPoYeHm.

[IpaBu BriewatyieHne, ye 3a U3pa3siBaHe Ha HETATHBHU EMOLMHU WM HEY/IOBIETBOPEHHE OT paboTaTa

Ha JIaJICHO YCTPOICTBO INIaroyIbT Kpauiéa HaMyupa MACTO U B O€3JTMUHHI U3PEUYEHCKH KOHCTPYKIUH, 00-
pa3yBaHM C KPAaTKUTE MECTOMMEHHH (HPOPMU Me U Mu, HATIP.:
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Bunazu me kpawiea, kocamo cvm Ha NOCIEOHOMO HUBO Ha uzpama., Momenmanno me Kpauiea
npu cmapmupaxe Ha npocpamama.; Bunasu mu Kpawea, kocamo omeops HAKOIKO npo3opeya eo-
HospemeHnHo., Ilpu 6xkn0u6ane Ha BUCOKOKAYECEEHOMO 6Udeo, 6eOHaza Mu Kpawea., Ilocmosnno
MU Kpauiea, Ko2amo ce onumam 0a omeops mosu ¢ain.; Bcexu nvm, koeamo cmapmupam uepama,
MU Kpawea u me uzxevpis om cucmemama.; Kpawea mu, xocamo ce onumam oa nycha medxicka
npoepama, u He moza 0a paboms.; [locmosanno mu Kpawiea, wom omeops nogeue om nem maoa 8
opaysvpa.;, Kpawea mu npu écexu onum oa 3anass ¢aiina u 2yos ecuuxo. Kpawea mu 6 momenma,
8 KOUMmMo Cmapmupam uepama, u ce 8pvbya Ha Havainusa expas., Kpawea mu, axo paboms ovico
gpeme 6e3 noyusKa, U ce Halaza 0a pecmapmupam.

3a mpeacTaBsiHe HA IOJJOOHU CUTYAIIMH CE YIIOTPeOsIBa U IIaroibT KpauiHa, KOWTo € 1o0pe mo3-
HAT B MKOHOMHUKaTa 3a 0003Ha4aBaHe Ha BHE3AICH U ApaMaTHYCH CIaJ] Ha [a3apy WU Ha CTOMHOCTTA
Ha aKTUBHU. B TaknBa city4yan ce CBbp3Ba C IMaHWKA U 3ary0H, KOETO T0Ope MITFOCTPUPA TEKKUTE ITOC-
JIEUIH OT MMOAO0HY CHOUTHSI, HATIP.:

DoHoosuam naszap Kpawna cied Ho8UHAma 3a 21006ainama ukoHomuuecka peyecus., Ponoo-
8UAM NA3ap KpawiHa, npeou3suKeatiKu 2oiemu 3a2you.; Llenume na akyuume Kpawinaxa 3a eoua
HOW Nopaou CKanoaia 8 KOpnopayusma.

B exxenHeBHATa ped TIarolbT KpauiHa ce U3IO0J3Ba U 3a OHArJieIssBaHe Ha MO-ApeOHH, HO 3Ha-
YUMU 32 CEMEUCTBOTO, MKOHOMUYECKU CHOUTHS, HATIP.:

Cemetinusm 61004cem Kpauina, koeamo Heo4uaKkeaHo ce yseauduxa pa3x00ume 3a CMemkKu.

Kpawna namupa mupoka ynorpeba B COLMAJICH WIM B JIMUEH KOHTEKCT TOTaBa, KOraTto ce
OIHMCBA EMOLIMOHAJIEH WJIM IICUXOJIOTUYECKH ,,CPUB B OTHOLIEHUATA UM B HACTPOEHUETO; BHE3AIECH
U JpaMaTU4eH Kpail Ha Bpb3Ka WM MPUATENCTBO. Ta3u ynorpeda ChIIO MPOU3TUYA OT MICATA 3a
CpUB, KOWTO HapyIllaBa HOPMAJTHOTO Pa3BUTHE HA CHOUTHATA, HAIIP.:

Cneo nowama HoeuHa HacmpoeHuemo Ha ecuyku Kpawina.; Cneo 2onimomo Hepazoupamerc-
Me0 8pb3Kkama um Kpawina., Ilpusmencmeomo Hu KpauwiHa cied HenpusamHus UHYUOEeHm.

Cpus, pe3ynrar oT U3TOLIEHUE WU CTPEC, € IPEJICTABEH B IPUMEPUTE:

Cneo ovneusi 0en MO3bKbM MU KPAWIHA U He Modcex 0a Mucis sAcHo., Konyenmpayuama my
Kpawina cneo ovieu yacoge yuene., Cied mpenuposka msaiomo My KpawiHa u He modca 0d npo-
ovaxcu.; [lpez nocneonume OHu ce uyscmeauie 000pe, HO U3BEOHBIC eHePUAA MY KPAUWIHA.

N3non3BaHeTo Ha KpauiHa B CTIOpTa HAOUPA TOMYJISIPHOCT 32 CUTYaIlUU, B KOUTO YOBEK U3UEPITU
CHJIMTE CH TI0 BpeMe Ha (PU3NIECKO YCHITNE, MOXE JIa ce KaXke, ue ce e Kpawnai. Tyk 3HaueHUueTo ¢
OJIM3KO 10 uesTa 3a PU3NIECKO U3TOIIEHUE UITH KOJIATIC.

['maronbT Kpawina ce ©3MoN3Ba U 32 ONMUCAHNE HA MMPOBAJICHU IUIaHOBE WK IpoekTu. C ynmorpe-
0ara My ce TodepTaBa HEYCIIEXbT Ha JIaJIcHAa HHUIIMATHBA WJIM 1IeJ1, KOATO HE € MOoIJIa Ja Obe moc-
THUTHATa MOPaJI HEOYAKBAHU OOCTOSATEICTBA, HAIIP.:

152



IInanoseme 3a nvmysane Kpawtnaxa, cied kamo noiemvm oewe ommenen.; Cned obewasawy
cmapm npoekmvm KpawHa nopaou neoocmue Ha uuancupawne.; Konyepmvm Kpawina, xoeamo
mexHu1eckomo 06opyosamne He uzovpica., Mznoxcoama Kpauwtna nopau 1unca Ha uHmepec u ciaba
pexnama.; Ilpoekmvm Kpawna, Ko2amo 0CHO8HUSAM CNOHCOP ce omKa3sa.; IIpodascoume Kpawnaxa
nopaou HeouaxK8amu mpyoHOCHU.

AHanu3upaHuTe MPUMEPHU SICHO TMOKa3BaT, Ye IPeBeC UMAT YIOTPeOUTE Ha CBBPIICHUS TJIaro
Kpawina, CbIIOCTAaBEH C HECBBPILIEHUS Kpauigam (KOETO € MOBOJ 3a JOIBJIHUTEICH aHAIU3 B Ta3H
nocoka). TBbpAeHue, KOETO HE MOXKe Ja ObJie OTHECEHO KbM BBH3BPATHUTE IJIArOJIM KpAuiHa ce |
Kpauwieam ce, KakTo U KbM OE3TUYHHUTE U3PEUEHUS C KPaTKUTE MECTOMMEHHH (hopMu me U mu. Kakto
ce BIWXJa OT MPUBEACHUTE MO-TOpPe MPUMEpH, B OC3TMUHUTE U3PEUCHCKH €AMHULM ce yrnoTpeOsBa
€IMHCTBEHO HECBBPIICHUSAT IJIAroJ (Kpauieam), a 1o Ce OTHACS 10 Kpauieam ce u Kpauina ce, ce
Hajara U3BOJbT, Y€ U JIBaTa Bb3BPATHU IJIaroja OoT BUIOBATa JIBOIKa ca C ToJsiMa YeCTOTa Ha YIOT-
peba B TEXHOJIOTUYHUS KOHTEKCT, HaIIp.:

IIpocpamama ce Kpawina u He moza 0a s omeops omuogo., Ilo cpeoama na pabomama Komnio-
MbPLM MU €€ KPAWHA U ce Hanodxcu 0a 2o pecmapmupam.; Cned nocieonama akmyanu3ayus, cogp-
myepvm ce KpauwiHa u 6Cuyky OaHHu uzyesnaxa.; Ilpoepamama ce Kpawiea écexu nvm, K02amo ce
onumam oa s cmapmupam., Bcexu nom, kocamo paboms c 2conemu ¢aiinose, cucmemama ce Kpauiéa
u ce nanaza oa pecmapmupam.; Ilo epeme na uepama, epagpuunusm npoyecop ce Kpawiea u uzpama
CRUpa Heo4aKeaHo.

[TooOHO Ha riIaroiuTe KpawiHa v Kpauiéam, Bb3BPATHUTE TJIAr0JIM CHILO PA3LIMPsSBAT 3HAUE-
HUETO CHU, HAIXBbPJIAHKU IPAHUIMTE HA KOMIIIOTbPHATA TEPMUHOJIOTHS, KaTO TyK OTHOBO C€ Mpe-
MOYUTA CBBPIICHUSAT IJ1aroj OT BUI0BATa JBOMAK, Hamp.:

bezcauvm ce kpawina na nocneonume kunomempu om mapamona., Cneo meceyu Ha HanpexiceHue
U cmpec ncuxuyecku ce Kpawina.; Mepauvm ce Kpawina ¢usuiecku cied UHMmMeH3UGHUs May.

Makap u cropaJiuHoO, HO C€ CpellaT U MpUMEpH ¢ IpuyacTHata GopMa Kpauinam, Hamp.:

Kpamuamo € on CHowu u He moza oa 2o pecmapmupam, Kpamuamo e om muHajiama Hou u
pecmapmvm He nomaed.; Kpamnamo € Om U36eCcniHo epeme U He moza oa 2o onpaesl.

Enna ot Hali-uecTo cpemniaHuTe HOBU YINOTPEOM Ha CHIIECTBUTEITHOTO Kpaui € CbC 3HAUCHUE
‘BHE3AITHO BIIFOOBAHE WJIM CHITHO MPUBJIMYAHE KbM HSIKOTO’, HATIp.:

Hmam Kkpaw no xoneca om paboma.; Inedaw nu nosus cepuan? Inasnusam eepoii mam mu e
abcontomen kpaut!; imam Ho6 Kpauwi — 408eKbm, KOUMO npasu Kkagemo 8 irooumomo mu Macmo!;
Buoic 20 kak ce cmee... Kpaw mu e om nvpeus Mue, 8 KOUmo 20 8uosx., Mmam noe Kpawi u He moz2a
0a cnpa 0a muchs 3a He2o., T e moam Kpawi om 200UHU, HO HUKO2A He CbM UL 20 Kazai., Bcexu uma
no eOuH maeH Kpawi, Haau?

WuTepecHo mpu Te3u ynoTpeOu € U TOBa, Ye HAIIbJIHO €CTECTBEHO C€ YNOTpeOsBaT U WieHyBa-
HUTE (HOPMU HA CHIIECTBUTEIHOTO, HAIP.:
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Kpawvm mu yuu 6 coceonus knac.; He moea 0a nossapsam, we Kpawirvm mu mu ce YCMUXHA HA
napmumo crowu.,; Ilpuamenume mu 8uracu me OpA3HAM, 3aUWOMO 3an048am 0a ce U34epEs8am, KO-
eamo 8uos Kpawia cu.; Bunaeu com mevposin, ue He éapeam 6 1100608ma om npve noneod, Ho moed
bewe npeou oa cpewna Kpawa cu., Kpawmvm mu nyonuxysa noea cHUMKa u ce2a ysi OeH CoM Hd
menegona.; Koeamo kpawvm mu me nozieone u ce yCMuxue... Rpocmo He3abpasumo!, KOeTo Kare-
TOPUYHO TI0Ka3Ba, Y€ TE3H JIEKCUKAIIHU SAMHUIINA OBhP30 MPEMHHABAT MbPBOHAYAIHUTE €TAIu Ha YC-
BOSIBAHETO HA UyXK1aTa JICKCUKA — T.Hap. aganTaius (BxK.: Mapunos 2018: 157); mocTaTbuHO aKTHBHU
ca ¥ TIXHOTO MPOYYBaHE, KAKTO U U3CJIEIBAHETO HA KOMYHUKATUBHATA UM POJIs, HACOYBAT KbM HSI-
KOU aKTyaJTHU TCHJICHIIUU B pa3rOBOpHATA ped.

3AK/IIOYEHUE

C HaBIM3aHETO HA HOBUTE TEXHOJIOTUU U I‘JIO6aJ'IHOTO BJIMSIHUE Ha aHTJIUNCKUS €3UK AYMHU KaTO
Kpawi CTaBaT 4acT OT pa3roBOPHATA JIEKCUKA HAa OBJITapcKus e3uK. Makap mbpBOHAYAIHO CBhP3aHH
C TEXHOJIOTUUTE, TYMUTE C KOPEH Kpaui JHEC UMaT MIUPOKa yrmoTpeda B €KEeIHEBUETO, U3MU3aAHKH
W3BBHH CHeNHaIM3upaHaTa KOMIIIOTbPHA TEPMHHOJIOTHS, KaTO C€ CBBP3BAT C MIMPOK CIEKTHP OT CH-
Tyaluu, MPEICTaBsIIN BHE3ACH MPOBAJ, IPEKbCBAHE WIH ,,CPUB™ B PA3IUYHU CPEpU HA KUBOTA.
JlexcuKkamHUTE IUHUI C KOPEH Kpaui ca TIOIXOISINN 332 Te3U CUTYaIluH, Thil KaTO HOCAT B ce0e cH
CMHCHJIa Ha BHE3AITHOCT U HEOYaKBAaHOCT, KOMTO OOMKHOBEHO CHITPOBOJK/IA IIPOBATUTE — HE3aBUCUMO
JIaTi cTaBa BBIIPOC 3a MPOBAJ HA TUIAH, ,,CPUB‘ B OTHOIICHUTA WIIN (PU3UIECKO M3TOIICHHUE.

Tazn TCHACHIUA WIOCTPUPA KaK HOBUTC IMOKOJICHUSA BB3MPUCMAT U adallTUpAT dyKJaTa JICK-
CHIKa, M3TIOJI3BAKH s 32 Ch3/laBaHe Ha MeTa(opu U U3pa3u, KOUTO MO-JIECHO OTPa3siBaT TEXHUS CBE-
tornea. Taka TekceMuTe ¢ KOpEH Kpaut ce BIIMCBAT B €/IMH MO-IITMPOK MPOIEC HAa €3MKOBA MHOBAITHS
U riobanu3anus, B KONTO aHTTUICKUTE 3aeMKH ObpP30 HaMHpaT MSCTO B Pa3TOBOPHHUS €3UK U KYJI-
TYpPHOTO OO0I1TyBaHe. B TO3u cMUCHT Kpaw € ipuMmep 3a JIGKCUKAITHO o0oraTsBaHe, KOeTo obaue moc-
TaBg U NPCAU3BUKATCIICTBA IPCA TPAAULIMOHHUA PCUHUK.
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ABSTRACT

Cloud migration has become a core strategy for enterprises to stay competitive in today’s dynamic
environment. This paper explores advanced cloud migration methods that expedite business transformation by
reducing time-to-value, improving efficiency, and ensuring quality. While cloud migration inquiries once
focused on feasibility, businesses now emphasize alignment with strategic objectives, timelines, ROI, and
quality assurance. This study presents an advanced framework that integrates business goals into each stage
of the cloud migration process, starting with an assessment of both technical needs and expected business
outcomes, such as efficiency gains and cost savings. Practical implementation examples, like automated
workload assessments and phased migration strategies, are highlighted to meet the demand for faster,
predictable ROI. Key business dynamics, such as agility, scalability, and efficiency, are identified as success
metrics in modern cloud initiatives.

The analysis draws on advanced methodology for accelerated cloud migrations, emphasising how
automation and best practices support both technical and business needs. These advanced methods reduce the
time required for cloud adoption, allowing organizations to realize benefits sooner, including enhanced agility,
reduced costs, improved service quality, and stronger data-driven capabilities for better ROI.

This paper also presents the role of cloud solutions in modernising IT for educational institutions,
positioning them as significant incubators of innovation. By combining theoretical insights and practical case
studies, it aims to bridge strategic cloud adoption with implementation challenges, providing valuable
guidance for decision-makers in business and education. The findings suggest that advanced cloud migration
methods transform both technical and business landscapes, enabling organizations to respond effectively t0
market demands and drive continuous innovation.

The study offers a blueprint for aligning cloud strategies with measurable outcomes, ensuring migration
serves as a strategic driver of digital transformation.

KEYWORDS: Business Transformation, Efficiency, Cloud Migration, Automation, ROI (Return on
Investment)

INTRODUCTION

GenAl (Generative Al), an emerging frontier within Artificial Intelligence, is fundamentally
reshaping the ways in which organizations tackle creative and strategic challenges. Distinct from
traditional AL, which relies on predefined rules and models, GenAl utilizes expansive neural networks
capable of discerning intricate patterns within extensive datasets. This potent technology enables the
generation of new content—encompassing text, images, music, and even software code—that is both
novel and contextually fitting. Through its ability to autonomously create content, it transcends the
established paradigms of predictive analytics and automation, thereby unlocking new dimensions in
content generation, ideation, and strategic decision-making. (Weinman, 2012)

In recent years, leading technology enterprises such as Google Cloud have pioneered the
innovation of LLMs. Leveraging their extensive expertise in data management, cloud infrastructure,
and machine learning, companies like Google have developed platforms including Vertex Al
empowering organizations to create, deploy, and manage GenAl models. These innovations render it
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not only accessible but also strategically significant, providing enterprises with pathways to develop
more dynamic and forward-thinking business solutions.

The purpose of this paper is to investigate advanced cloud migration methodologies and assess
the role of GenAl in accelerating digital transformation. Specifically, the paper aims to elucidate how
advanced technologies can be integrated within cloud migration frameworks to optimize workflows,
elevate automation, and drive superior business outcomes. Moreover, this study addresses the
responsible adoption of GenAl, stressing the imperative of balancing technological innovation with
ethical responsibilities and aligning Al capabilities with overarching organizational objectives.

The scope of this research encompasses both theoretical and practical dimensions of digital
transformation. It includes the examination of advanced frameworks, illustrative case studies, and the
potential benefits of embedding GenAl into cloud migration strategies. The findings suggest that
when deployed as part of a cloud migration strategy, significantly enhances an organization’s agility,
scalability, and return on investment (ROI). Ultimately, this positioning allows enterprises to succeed
in increasingly competitive and dynamic markets.

1. THE EVOLUTION OF CLOUD MIGRATION

In its nascent phase, cloud migration was predominantly concerned with evaluating the
feasibility of transferring workloads to cloud environments. The primary focus was on addressing
challenges such as infrastructure compatibility, cost estimation, and managing operational risks.
Initially, cloud migrations were largely executed using a lift-and-shift model—transferring systems
directly to the cloud without substantive modifications. While this approach simplified the transition,
it often resulted in cloud-based systems that were not optimally configured, leading to inefficiencies
and increased costs. (Devan, Shanmugam and Tomar, 2021) Concerns regarding security and data
privacy were also pervasive, as organizations grappled with how to maintain control over sensitive
information within cloud ecosystems.

The evolution of enterprise demands has significantly reshaped the strategies for cloud
migration. Presently, the emphasis is not solely on migration feasibility but also on ensuring
alignment with broader business objectives such as agility, cost-effectiveness, scalability, and ROI.
Recent advancements by Google Cloud exemplify how GenAl is revolutionizing migration strategies
by integrating automation, rapid adaptation, and enhanced responsiveness to user requirements. The
shift is evident in the adoption of Al-driven decision-making frameworks, where cloud migrations
are strategically planned to ensure optimal efficiency and alignment with enterprise goals (Rani,
2024).

GenAl represents the next frontier in addressing complexities that traditional migration
approaches have struggled to overcome. Platforms such as Google Cloud's Vertex Al exemplify the
transformative impact on migration processes by automating workload assessments, refining
architectural design, and predicting workload performance outcomes post-migration. By embedding
it within migration frameworks, enterprises gain the capacity to simulate migration scenarios,
implement automated code modifications, and ensure congruence with business-specific
requirements (Olariu, Laurentiu, 2024).

Also it transitions cloud migration from a reactive to a proactive undertaking. This proactive
capacity enables businesses to foresee future requirements, thus continuously refining their migration
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strategies. Such predictive insights facilitate the development of adaptable and resilient cloud
architectures capable of evolving in tandem with shifting business imperatives. Al platforms are thus
integral to accelerating innovation, enhancing efficiency, and reducing manual intervention,
culminating in accelerated timelines for migration and value realization (Tokura, 2023).

2. ADVANCED CLOUD MIGRATION METHODS AND FRAMEWORK

Advanced cloud migration frameworks necessitate a deliberate alignment between technological
migration initiatives and core business objectives. The integration of GenAl into cloud migration
endeavors enables businesses to clearly define anticipated outcomes—including efficiency gains, cost
reductions, and performance optimizations—from the outset. Al platforms and automation tools are
instrumental in this regard, automating and streamlining complex evaluations that traditionally
required significant manual effort. (Alves, 2023) For example, there is a tool that facilitates ETL
conversion within cloud environments, significantly reducing the complexity and duration of
migration projects.

One of the most transformative aspects of modern cloud migration frameworks is the automation
of workload assessments. Tools distinguish themselves by automating workload parsing and
conversions—such as transforming SQL prototypes into source ETL platforms like Azure Data
Factory or other traditional examples. This capability not only enhances migration accuracy but also
significantly shortens project timelines. In the case of a major banking association, such tools was
able to demonstrated its efficiancy by parsing and converting 634 ETL jobs with an impressive
success rate of over 80%.

Phased migration strategy is a critical component of contemporary cloud migration
methodologies, allowing enterprises to methodically manage risks, minimize operational disruptions,
and adapt iteratively during the migration journey. (Khajeh-Hosseini, Greenwood, and Sommerville,
2010) This approach involves segmenting the migration into distinct stages, each characterized by
careful planning and meticulous execution. Detailed guidance on phased migration, along with
specific implementation steps, is provided in the subsequent section, 'Implementation Strategies'.

A phased migration approach mitigates risks by enabling organizations to address challenges
incrementally. Beginning with a pilot phase and progressing systematically, organizations can derive
insights from each stage, refine their processes, and make data-driven decisions for the subsequent
phases. This method is particularly beneficial in minimizing downtime, managing organizational
change, and ensuring the continuous functionality of mission-critical systems. (Staevsky,
Gaftandzhieva, 2023)

GenAl on the other hand can help in facilitating the time to market and effectiveness of execution
by identifying workloads and configurations that yield maximum compatibility of automated
transformation. Some tools are offering capabilities that help determine workload translation and
optimizing resource utilization, both during and after the migration. This contributes to minimizing
post-migration performance issues and ensures the scalability of the cloud environment in alignment
with changing business needs.

Post-migration, Al tools remain indispensable in monitoring and optimizing the cloud
environment. Automated tools offer sophisticated features for identifying inefficiencies and
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recommending improvements that align with evolving business objectives. By incorporating Al-
driven analyses, organizations can sustain optimal performance, control operational expenditures, and
ensure that their cloud infrastructure continues to support ongoing innovation and business growth.

3. IMPLEMENTATION STRATEGIES
3.1 Planning, Pilot, and Incremental Execution
The implementation of a phased migration strategy begins with a comprehensive planning and
assessment phase. This foundational stage involves analyzing the existing IT infrastructure,
identifying interdependencies between applications, and evaluating workload requirements to
determine which elements are ideal candidates for early migration. A thorough understanding of these
interdependencies is critical for ensuring continuity of essential applications. This phase culminates
in the creation of a migration blueprint that outlines potential risks and mitigation strategies. (Mori,
2023)
Following the planning stage, a pilot migration is conducted to validate the migration approach.
This pilot phase serves as a testbed for migrating a subset of workloads or applications as a proof of
concept. Insights gathered during this phase help refine the broader migration strategy and identify
any unanticipated issues before proceeding with a full-scale migration, thereby mitigating risks. Once
the pilot migration is successfully validated, the full migration is carried out incrementally. This
execution is divided into multiple, carefully managed increments, each focusing on specific
workloads or datasets to minimize disruption and ensure stability.

3.2 Data Synchronization, Testing, and Monitoring

Throughout the migration, data synchronization, validation, and testing are crucial activities.
Data integrity, accuracy, and consistency must be ensured as workloads are transitioned from legacy
systems to cloud infrastructure. Ongoing synchronization between old and new environments
guarantees coherence until the migration is fully complete. Each migration increment undergoes
functional, performance, and security testing to verify operational efficacy in the cloud environment.
Performance metrics are collected and analyzed to identify any necessary optimizations, ensuring that
the cloud infrastructure meets efficiency and reliability standards. (Tamrakar, Sharma and Dash,
2022)

Continuous monitoring is equally important for the success of phased migration. During each
stage, IT teams closely monitor workload performance, track pertinent metrics, and adjust in real-
time to optimize resource allocation and maintain application stability. This proactive monitoring
guarantees alignment with business needs and enables swift resolution of emerging challenges.

3.3 Post-Migration Support and Optimization

After migration, ongoing support and optimization are vital to ensure the cloud environment
remains efficient and aligned with business objectives. This includes continuous monitoring,
performance evaluation, and resource optimization. Enhancements may be implemented to adapt
system capabilities to evolving requirements. These Al-driven evaluations assist in proactive capacity
planning, cost management, and issue resolution, allowing organizations to fully leverage their cloud
investments.

Post-migration activities are crucial for ensuring that the cloud environment remains efficient
and aligned with business objectives. This phase includes continuous monitoring, workload
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performance evaluation, and resource optimization. Enhancements may also be implemented to adapt
system capabilities to evolving business requirements.

4. BENEFITS REALIZATION AND STRATEGIC OUTCOMES

Integrating GenAl within cloud migration yields numerous strategic benefits for organizations,
enhancing operational agility, cost efficiency, and overall quality while aligning IT initiatives with
broader business goals. Below, the key outcomes of leveraging it in cloud migration are consolidated
into fewer overarching themes:

One of the primary is the substantial reduction in time-to-value. Al-driven tools facilitate rapid
assessment, planning, and execution, ensuring that workloads are efficiently migrated and the cloud
environment is optimized from inception. This accelerated timeline enables organizations to achieve
faster realization of cloud investment benefits, gaining a competitive edge through prompt
responsiveness to market dynamics. (Chanthati, 2024)

Moreover, provides enterprises with the capabilities required to establish an agile and scalable
IT infrastructure. (Schubert et al., 2010) By automating optimization and resource adaptation,
businesses can dynamically adjust workloads and redistribute resources, facilitating seamless
capacity expansion or contraction in response to changing demands. This agility supports scaling
operations and ensures the cloud environment evolves with organizational needs, ultimately
bolstering competitiveness.

Achieving cost efficiency is a crucial outcome of advanced cloud migration methodologies that
incorporate GenAl. By optimizing resource allocation tools can help place workloads within the most
cost-effective cloud environments. GenAlI’s ability to automate resource management and identify
areas for cost savings empowers organizations to minimize overhead while maximizing the
operational value derived from their infrastructure.

In addition, smart tools enhances quality and reduces risk throughout migration. Automated
assessments, conversions, and testing procedures significantly mitigate human error, ensuring greater
reliability. Al-powered simulations also provide predictive quality assurance by identifying potential
issues before they materialize, strengthening both resilience and performance post-migration. (Goiri,
Guitart and Torres, 2010)

By aligning cloud migration initiatives with overarching business objectives, Al creates
opportunities for ongoing innovation. Automating routine operational tasks frees IT teams to focus
on high-value activities such as developing novel applications or enhancing customer experiences.
GenAl's capacity to derive actionable insights from data and propose optimizations empowers
organizations to maintain alignment with strategic imperatives, drive continuous innovation, and
adapt proactively to evolving market conditions.

The adoption of advanced cloud migration frameworks, reinforced by Al, ensures that migration
efforts are not only efficient but also strategically coherent with business goals. Leveraging advanced
tools enables organizations to accelerate migration timelines, reduce operational expenditures,
improve service quality, and build a resilient foundation for sustained innovation and growth.

By strategically aligning cloud migration initiatives with overarching business objectives, GenAl
provides a fertile ground for unlocking new avenues of innovation. The automation of routine
operational tasks liberates IT teams, enabling them to channel their efforts towards high-value
endeavors such as the development of novel applications or the enhancement of customer-centric
solutions. Furthermore, it's capacity to derive insights from vast data pools and propose optimizations
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empowers organizations to drive continuous innovation, ensuring that their cloud strategies maintain
congruence with broader business imperatives.

The adoption of advanced cloud migration frameworks, reinforced by GenAl, not only
streamlines the complexities inherent in migration but also ensures that outcomes are strategically
coherent with business goals. Leveraging it enables organizations to accelerate migration timelines,
reduce operational expenditure, improve service quality, and establish a resilient foundation for
sustained innovation and growth. (Bond and Andy, 2015)

CONCLUSION

In conclusion, the integration of GenAl within cloud migration represents a transformative
advancement in organizational approaches to digital transformation. By harnessing advanced Al
capabilities, enterprises can streamline complex migration processes, enhance automation, and
significantly minimize manual intervention, thereby expediting the realization of value from cloud
investments. Phased migration strategies, augmented by sophisticated platforms such as Google
Cloud's Vertex Al, can provide a structured and adaptive framework that ensures minimal disruption
while maximizing efficiency across each phase of migration.

The influence of GenAl extends beyond the initial migration process, encompassing continuous
optimization and strategic enablement. Al-driven monitoring, performance optimization, and
automation capabilities allow organizations to maintain peak operational efficiency, scalability, and
cost-effectiveness long after the migration has concluded. This proactive management of cloud
environments ensures that enterprises can dynamically respond to evolving market conditions while
maintaining alignment with strategic goals.

Ultimately, advanced migration framework equips organizations with the tools necessary not
only to transition seamlessly to the cloud but also to foster a culture of continuous innovation and
derive substantive business value. As cloud technologies continue to evolve, the convergence of
GenAl, systematic migration methodologies, and strategic business alignment will be instrumental in
maintaining organizational competitiveness, agility, and preparedness for future challenges.
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ABSTRACT

In the era of digital transformation, data has become a critical asset for organizations, driving key
decision-making and strategic initiatives. As enterprises increasingly shift to cloud infrastructures, managing
broad amounts of data has become a central challenge. This paper explores the transformative role of Artificial
Intelligence (Al) in enhancing cloud data management processes, focusing on data integrity, predictive
analytics for capacity planning, and real-time data integration. AI-driven methodologies, including machine
learning and natural language processing, are discussed for their application in automating data quality
management, improving resource allocation, and seamlessly integrating disparate data sources.

A significant aspect of this exploration includes Google Cloud’s BigQuery, a powerful tool that integrates
machine learning capabilities directly within cloud data workflows. BigQuery’s ML integration allows
organizations to automate data cleansing processes by detecting and correcting anomalies in real-time, thus
ensuring high data accuracy and consistency across datasets. With its built-in SQL support and advanced ML
functions, BigQuery enables extensive data analysis without the need for complex infrastructure, making it
highly accessible for data engineers and analysts alike.

The study further highlights BigQuery’s predictive analytics capabilities for capacity planning, enabling
organizations to forecast data needs using techniques like time-series analysis. This predictive functionality
helps businesses dynamically adjust resources to meet demand, optimizing both performance and cost.
Furthermore, BigQuery supports real-time data integration, essential for high-demand applications such as
financial analysis and customer engagement, where timely insights are critical. By investigating both the
opportunities and limitations, this paper provides a comprehensive understanding of Al's potential in
reshaping cloud data management and its future developments.

KEYWORDS: Artificial Intelligence, Data Management, Cloud Computing, Google Cloud, BigQuery

INTRODUCTION

In the era of digital transformation, data has become the backbone of enterprise operations,
driving critical decision-making and strategic initiatives. As organizations increasingly migrate to
cloud infrastructures to leverage the scalability and flexibility offered by these environments,
managing enormous amounts of data effectively becomes a bigger concern. Artificial intelligence
(AI) stands at the forefront of this challenge, offering innovative solutions that enhance data
management through automation, optimization, and real-time processing capabilities.

This paper explores the pivotal role of Artificial Intelligence in transforming cloud data
management, specifically focusing on its application in ensuring data integrity, optimizing resource
allocation, and integrating disparate data sources seamlessly. As the author’s PhD research is focused
on data management in cloud infrastructure, this paper will explore how Al can take place in. By
examining various Al-driven methodologies and real-world implementations, this discussion aims to
provide a comprehensive understanding of how intelligent technologies are reshaping the landscape
of cloud data management.

The main objective of this research is to explore Al technologies in cloud data management. This
will be done by investigating different Al technologies (machine learning, natural language processing,
neural networks) and how they are applied to enhance data management processes in cloud environments.
An applicable tool for this is Google Cloud’s BigQuery, which will be examined further.
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The research will be focused on exploring predictive analytics for capacity planning, highlighting
how Al can forecast data needs and optimize resource allocation, and real-time data processing and
integration, demonstrating AI’s capability to manage and integrate data flows. Another focus of the
research is to address the challenges and limitations of implementing Al in cloud data management,
discussing both technical and ethical considerations.

With data becoming the foundation of organizational strategy, the first step in effective cloud
data management is ensuring the quality of the data itself. This is where Al-driven techniques play a
transformative role.

1. AI-DRIVEN DATA QUALITY MANAGEMENT AND DATA INTEGRITY

In cloud data management, ensuring data quality is vital. Al-driven techniques, including
machine learning and natural language processing, automate data quality management tasks, making
it possible to detect and correct errors, inconsistencies, and duplications efficiently.

Al models, trained on large, complex datasets, can perform automated data cleansing by
identifying patterns and anomalies, allowing organizations to maintain high data quality without
extensive manual intervention (Deshpande, Kumar, 2018). For example, Google Cloud’s BigQuery
incorporates ML capabilities that automatically clean and preprocess large datasets, detecting and
correcting anomalies in real-time (Ali, Hosain, Hossain, 2021). This approach is particularly
advantageous in managing cloud-based data where traditional manual data cleansing would be
impractical and time-intensive.

High data reliability is crucial for accurate analytics and decision-making. Al enhances data
quality by identifying subtle inconsistencies, ensuring that organizations can rely on their data (Wang,
Alexander, 2013). As these Al models continually process data, they improve, learning to detect
complex patterns that might escape human review, leading to more streamlined, reliable data
management.

While data quality is foundational, maintaining its integrity across complex cloud systems is equally
critical. Al further extends its capabilities by enabling robust data integrity management. Maintaining data
integrity is essential for any data-dependent organization. Data integrity, which refers to accuracy,
consistency, and trustworthiness, is supported by AI’s capacity to monitor data for unauthorized
modifications and errors. Through continuous data scanning, Al algorithms can detect and flag
inconsistencies or unauthorized alterations, which helps maintain data integrity across cloud systems.

By deploying automated integrity checks, organizations can reduce risks associated with data
inaccuracies and non-compliance. AI’s ability to maintain data integrity also decreases the operational
burden on data management teams, enabling them to focus on strategic priorities rather than ongoing
maintenance tasks.

Building on the importance of data integrity, Al’s ability to cleanse data offers a proactive
approach to ensure the accuracy and reliability of datasets used in decision-making processes.

3. Al TECHNIQUES FOR DATA CLEANSING

The application of Al in data cleansing involves using machine learning models to automatically
clean and preprocess data, ensuring that the data used in analytics and decision- making processes is
of high quality and free from errors. Al models are trained to identify outliers, incomplete or
inaccurate records, and other common data quality issues that could potentially skew analysis or lead
to incorrect business conclusions. These models can adapt and improve over time as they process
more data, learning to identify complex patterns and subtle discrepancies that may not be apparent to
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human auditors. The result is a more streamlined, efficient, and accurate data cleansing process that
significantly enhances the reliability and accuracy of the data.

An applicable great tool for this is Google BigQuery, which integrates machine learning capabilities
to enhance data quality management (Google Cloud, n. d.). BigQuery allows for the automatic cleaning
and preprocessing of large datasets, leveraging Al to detect and correct data anomalies, inconsistencies,
and inaccuracies. By using built-in machine learning functions, BigQuery helps in identifying outliers and
errors that could compromise data integrity (Lichtendahl, Andrasko, 2022). These capabilities are
particularly advantageous in handling large volumes of data typical in cloud environments, where manual
data cleaning can be prohibitively time-consuming and prone to errors.

A compelling use case for Google BigQuery (as shown in Figure 1 — Example workflow of
processing EHR data) in this context involves its application in healthcare data analysis. In this case,
healthcare providers often need to process FHIR (Fast Healthcare Interoperability Resources)
formatted data from Electronic Health Records (EHR) to derive actionable insights while ensuring
compliance with strict healthcare data standards. Using BigQuery, FHIR-formatted data is loaded
into a centralized and scalable data warechouse, where Al and machine learning capabilities are
employed to cleanse and preprocess the data. BigQuery’s integration with Al Platform Notebooks
allows data scientists to build advanced models for anomaly detection, ensuring the data is free from
inconsistencies, inaccuracies, or missing values. This cleansed data can then be used for predictive
analytics, such as forecasting patient admission trends during flu season or identifying potential health
risks. The seamless connection to Cloud Source Repositories ensures version control for models and
queries, while the BigQuery Ul enables stakeholders to visualize the results. This automated,
adaptive, and efficient approach to data cleansing enhances the quality and reliability of analytics,
making BigQuery a critical tool for managing complex and large-scale datasets.

Figure 1 — Example workflow of processing EHR data
Source: Google Cloud Developer Community

As these Al models process more data, they continually learn and improve, becoming better at
identifying complex patterns and discrepancies that might avoid human detection. This automated
and adaptive approach not only ensures high-quality data is consistently fed into analytics and
decision-making processes but also enhances the overall efficiency and accuracy of data operations
within cloud platforms.

Once data is cleansed and ready for use, the next challenge lies in optimizing resource allocation.
Predictive analytics, powered by Al, addresses this by forecasting data demands with precision.
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4. PREDICTIVE ANALYSIS FOR CAPACITY PLANNING

Predictive analytics plays a transformative role in capacity planning within cloud infrastructures,
enabling organizations to make proactive decisions about resource allocation and infrastructure
scaling. By analyzing historical data trends and current data usage patterns, AI models forecast future
data requirements, guiding IT departments in their capacity planning efforts. This foresight helps
ensure that organizations can efficiently manage their resources, avoid over-provisioning, and
minimize costs while still meeting the demands of their users and applications. The ability to predict
spikes in demand or growth enables companies to maintain optimal performance and service levels
without interruption.

Al technologies are adept at predicting data usage and growth by employing advanced machine
learning algorithms that analyze past behaviors and trends in data consumption (Kordon, 2009). These
predictions are essential for organizations to understand potential future needs and prepare
accordingly. For instance, Al can analyze seasonal patterns, user engagement metrics, and application
performance data to predict when increased capacity might be needed (Zhang, Wang, et al, 2009).
This capability allows businesses to scale resources dynamically, ensuring they are neither
underutilizing nor overstretching their cloud infrastructures.

Several Al techniques are utilized for effectively forecasting data needs in cloud environments.
Time series forecasting, regression models, and neural networks are commonly applied to predict
future data trends (Gregory, Henfridsson, Kaganer, Kyriakou, 2020). These models take into account
a variety of factors, including historical data usage, rate of data input and output, and even external
variables such as market trends or organizational changes that might affect data usage. Enhanced by
Al, these forecasting models are continually refined as they consume more data, improving their
accuracy and reliability over time.

In

Figure 2 - Predictive analysis flow, a workflow for predictive analysis can be observed.
Predicted usage and external factors can be gathered and then used with AI or ML models for
forecasting. This generates historical data, or usage trends, which we can use as an example to make
better solution-driven decisions.

Figure 2 - Predictive analysis flow

Source: Own study
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Forecasting capacity needs is only part of the equation. Real-time data processing and integration
ensure that organizations can act on insights as they arise, making this another critical area of Al
application.

5. REAL-TIME DATA PROCESSING AND INTEGRATION

Real-time data processing and integration are foundational for modern organizations aiming to
leverage data as a strategic asset. By enabling immediate access to actionable insights, it drives
enhanced decision-making, operational efficiency, and customer satisfaction (Buyya, Ranjan, 2010).
Real-time systems combine advanced technologies, such as stream processing frameworks, event-
driven architectures, and cloud-native platforms, to ingest, analyze, and integrate data with minimal
latency. As data velocity and volume continue to grow, the role of real-time integration becomes
increasingly vital in ensuring businesses remain adaptive and competitive.

In addition to enhancing operational responsiveness, real-time data processing and integration
play a pivotal role in enabling predictive and prescriptive analytics. By seamlessly merging streaming
data with historical datasets, these systems empower businesses to anticipate trends and proactively
address challenges. Advanced Al and machine learning models further enhance these capabilities,
providing deeper insights and enabling automated decision-making, making real-time integration an
essential component of digital transformation strategies.

While real-time processing delivers immediate insights, integrating disparate data sources
seamlessly is equally vital for holistic cloud data management. Al facilitates this integration by
tackling compatibility challenges.

6. AI-FACILIATED DATA INTEGRATION

Data integration in cloud environments can be challenging due to varying data formats and
sources. Al addresses these integration challenges through techniques such as data transformation,
enrichment, and semantic analysis, which unify data from diverse sources.

Machine learning algorithms help overcome integration barriers by predicting and resolving
compatibility issues, ensuring smooth data flow across cloud services. By automating the detection
of discrepancies, Al supports consistent data integration, enabling enterprises to leverage
comprehensive analytics and insights across business units (Gadde, 2024).

Several tools and technologies facilitate real-time stream processing in cloud infrastructures.
Google’s BigQuery, Apache Kaftka, and Amazon Kinesis are prominent examples that integrate Al
capabilities to handle large streams of data efficiently (Geewax, 2018). These platforms allow for the
seamless ingestion, processing, and analysis of real-time data flows, supporting complex event
processing and live dashboards that provide immediate insights and operational intelligence.

Al facilitates the integration of data sources within cloud infrastructures, tackling compatibility
and format issues that often hinder seamless data flow (Goiri, Guitart, Torres, 2010). Through
techniques such as data transformation, enrichment, and semantic analysis, Al helps unify data from
various sources, making it accessible and actionable across different business units. This integration
capability is essential for enterprises aiming to leverage comprehensive analytics and insights from a
holistic data perspective.

Al plays a critical role in overcoming integration barriers through its ability to learn and adapt
to various data environments. Machine learning algorithms can predict and resolve integration issues
before they affect system performance, enhancing interoperability among cloud services. Moreover,
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Al can automate the detection and correction of data discrepancies, ensuring seamless data integration
and enabling more robust data governance practices.

Although AT offers significant advantages in facilitating data integration, its implementation in
cloud environments is not without challenges. Addressing these challenges is crucial to fully realize
the benefits of Al-driven solutions.

7. CHALLENGES AND LIMITATIONS

While Al offers significant advantages for cloud data management, it also introduces challenges
that must be addressed. Technical limitations, such as the complexity of integrating Al with legacy
systems and the need for large datasets for training, can hinder AI’s effectiveness (Agrawal, et al,
2022). These include the complexity of integrating Al with existing legacy systems, the need for large
amounts of training data to develop accurate models, and the ongoing requirement for tuning and
maintenance to keep Al systems operational and up-to-date. Additionally, AI models require
continual tuning and monitoring to ensure accuracy, which can be resource-intensive.

Ethical concerns are paramount in Al-driven data management, especially when dealing with
sensitive information. Al must operate transparently, adhering to data protection laws and respecting
user privacy. Al-based systems must be designed to operate transparently and accountably, especially
when they are used to make decisions that can affect individuals' lives and privacy. There is also the
risk of Al inadvertently exposing sensitive data or being used to exploit data in ways that violate
privacy regulations (Deshpande, Kumar, 2018). Ensuring that Al systems respect user consent and
data protection laws is crucial, necessitating robust governance frameworks and continuous
compliance monitoring.

While challenges and limitations provide critical considerations for Al adoption, the conclusion
highlights the transformative potential of Al in reshaping cloud data management and its promising
future developments.

CONCLUSION

Throughout this research, we have explored the transformative impact of Al on data management
within cloud infrastructures, highlighting its pivotal role in enhancing data quality, enabling
predictive capacity planning, and facilitating real-time data processing and integration. Al's
capabilities extend beyond mere automation, offering strategic insights and operational efficiencies
that are vital in today's data-driven landscape. However, as we have also observed, the
implementation of Al is not without its challenges. Technical complexities, ethical concerns, and
privacy issues require diligent attention and ongoing management to ensure that Al systems are both
effective and responsible.

Looking ahead, the future of Al in cloud data management is composed of rapid advancement.
As Al technology continues to evolve, we can anticipate more sophisticated algorithms that offer
greater accuracy, learning efficiency, and adaptability. The integration of Al with emerging
technologies such as quantum computing and blockchain could further enhance the security and
scalability of cloud-based data management systems. Additionally, advancements in federated
learning and edge computing are expected to address current privacy concerns by enabling Al models
to learn from decentralized data sources without compromising user confidentiality.

In conclusion, while Al offers substantial benefits to cloud data management, its full potential
can only be realized through careful consideration of its challenges and limitations. By continuing to

167



innovate while maintaining a commitment to ethical standards and privacy protection, the future of
Al in cloud data management looks both promising and exciting.
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PE3IOME

Hoxnaovm paszenexcoa cmpameuieckomo 3Havenue Ha 001auHume mexHoI02UU 34 MOOEPHUIAYUAMA HA
UHopmMayuoHHUmMeE cucmemu 6 npousgoocmeernume npeonpusmus. Obiaunume niamg@popmu nO360136am pe-
anuzayusi Ha UHOBAMUGHU UdeU, NPedoCMABAUKY HA NPOU3BOOCMEEHUME NPEONPUSMUSL NPEOUMCINEO Npeo
mexnume KoHKypenmu. H3cnedeanemo ce pokycupa 6bpxy uHmezpayusima Ha paziuidiu UHGOPMaAyuoHHo-
MEXHONOZUYHU PeUeHUsl 8 NEPCOHANUSUPAHA 0OAUHA CUCMeMA, KOSMO N0000ps6a U YCb8bPUIEHCMEA OC-
HOBHU OU3HEC NPoYecu, C8bP3AHU C KpatiHume nompeoumenu.

KIIIOY0BH JIYMH: o61aunu mexnHoio2uu, payuoHaiu3upane Ha npoussoo0cmeer OusHec, MoOepHU3a-
Yusi Ha UHPOPMAYUOHHU cUCTHEMU
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ABSTRACT

This study investigates the strategic role of cloud technologies in the digitalization of specific business
processes within manufacturing enterprises. The goal is to examine a software solution that manages diverse
business operations, highlighting methods to tackle complex business logic for enhanced scalability, flexibility,
and maintainability. Cloud-native services that facilitate real-time updates and enhance data accessibility are
analyzed to provide an optimized end-user experience.

KEYWORDS: cloud technologies, enhancing manufacturing business processes, optimization via digital
solutions

BBbBEJIEHUE

ITpe3 nocneaHUTE TOAUHU MIPOU3BOICTBEHUTE NPEAIPUATHS AKTUBHO CE HACOYBAT KbM MOJEP-
HU3als Ha CBOUTE MH(POPMALIMOHHU CUCTEMH, KOETO OT CBOSI CTpaHa MO3BOJIsIBA BHEIPSIBAHETO HA
MHOBATHBHU TEXHOJIOTHH 3a PALlMOHAIN3UPAHE, OITUMU3HPAHE U aBTOMATU3UPAHE Ha PA3JIIMYHU IIPO-
L[ECH B OTICIIHU NOIpa3AeIeHus. B TO31 KOHTEKCT, €IMH OT OCHOBHUTE ACIIEKTH € yIIPaBICHUETO HA
BEPUTHUTE 32 NOPBUKU U JocTaBKU. [IpobGneMute B Tazu o6acT ca pa3sHOOOPa3HU U BKJIFOYBAT JIMIICA
Ha MPO3PAavYHOCT, €(PEKTUBHOCT, KOOPMHALIUSA MEXK/1Y YUaCTHULIUTE. YTIPABICHUETO HA BEPUTHTE 3a-
BUCH TIPSKO OT CHIJIACYBAHETO HA HACTOSAIIM U OBJCIIM JACHCTBUS MEXIY Pa3IMYHUTE OTICIU Ha
MPEAIPUATUETO, KOUTO YECTO U3ITOI3BAT PA3IIMYHUA BTPEIIHU KOPIIOPATUBHU ITOACUCTEMH U KAaHAIIU
3a KOMyHUKanus. ToBa MOXKe Ja YCIIOKHU CHHXPOHHU3AIMITA HA JaHHU, OOMEeHa Ha nHpopManus u
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B3€MAaHETO Ha CbBMECTHHM PELIEHUS B peaiiHo Bpeme. JIuncara Ha akTyajiHa HHQOpMAIUS MOXE Aa
JIOBEJIE 10 MOBUIIIABAHE HA ONEPATUBHUTE Pa3X0/Id U HEraTHUBHO J1a OBJIMIE HAa YAOBJIETBOPEHOCTTA
Ha KJIMEHTUTE. B KOHTEKCTa Ha YIIPABJICHUETO HAa BEPUTUTE 32 JIOCTABKHU, IPUOPUTET € €(HEeKTHBHOTO
o0cCiTy’kBaHE Ha KpallHUTE KIUEHTH, KOUTO OYaKBAaT HABPEMEHHU JOCTaBKU U JICHOHOIIHA oOpaTHa
Bpb3Ka.

OcHoBHaTa Te3a Ha HACTOSIIIMS TOKJIA/l €, Y€ HHTETPUPAHETO Ha 00JIaYHU MPOIYKTH U YCIIYTH C
BBTPEIIHU MOJICUCTEMH Ha MpeanpusTue 01 moJo0puiio ChbTPYIHUYECTBOTO MEXKIY CIYKUTEIHU U
kineHTH. OOEKT Ha U3CJie[IBaHE € MPOTOTUI Ha 00JilayHa cucTema, 6asupaHa Ha MUKpOyciIyru. Besika
ycllyTa ce U3IBbJIHABA B OTJIEJICH MPOLIEC KaTO KOHTEHHEp, pa3NoyiokKeH B KI'CTEP OT BUPTYAIHU Ma-
IIMHY, a HHOPMAIIKATA Ce BU3yallM3HUpa Ype3 MOOWIHU U yeb mpuioxeHus. Llenta Ha HACTOSIIOTO
M3CIeIBaHe € J]a Ce MPEICTaBU KOHIICTNS 32 HH()OPMAIIMOHHO B3aUMOICHCTBUE MEXKIY Pa3TUIHH
KOMIIOHEHTH, KOUTO KOMYHUKHUPAT Ype3 TEXHOJOTUHU 3a M3MpalllaHe, MoJlydaBaHe U arperupaHe Ha
JaHHY. 3a J1a ce TIOCTUTHE Ta3| el € HeOOXOAMMO Ja ce omuIie Ou3Hec mporiec "ot kpaid 10 kpaid",
KaTo ChIIEBPEMEHHO CE OCUTYPH BUCOKA MPOU3BOAUTEITHOCT, HAJICKIHOCT U Bb3MOKHOCT 3a OBACIIO
pa3BUTHE.

1. IPOBJIEMHA HA UHO®OOPMALIMOHHOTO OCUT'YPSIBAHE I1PU YIIPABJIEHUE
HA BU3HEC NPOLECH B TIPOU3BOJACTBEHO ITPEJAITPUATUE

B ycrnoBusTa Ha HapacTBaia KOHKYPEHIIHS MEX1y MPOU3BOJCTBEHUTE MPEINPUSITHS, YIIPAB-
JICHUETO HA BEPUTUTE OT MOPHYKH U IOCTABKH € OCHOBEH acIeKT 3a YCIeX, Thil KaTo e)eKTHUBHATA
KOOpAWHAIIMS U ONTUMH3ALIHS Ha TE3U MPOI[ECH MOTAT JIa yBelnyaT onepaTuBHaTa €()eKTUBHOCT,
Jla HaMalAT Pa3XoauTe U Ja MOJOOPSAT Ka4ecTBOTO Ha OOCIyKBaHE Ha KIMEHTUTE. B HaydHaTa
JUTEpaTypa ChIIECTBYBAT MHOXKECTBO Pa3INuHU ACPUHUIIMU 32 TEPMUHA BEPUTH OT JOCTaBKH.
Cnopen Hsaxkou aBropu (Vasilev and Stoyanova, 2019) Bepurata 3a 10CTaBKH ca ,,eTalUTE, KOUTO
MPSIKO MJIM HEMPSIKO y4acTBaT B M3MBIHEHUETO Ha 3asBKUTE Ha KJIWEHTa. Bepurarta Ha JO0CTaBKH
BKJIFOYBA HE CaMO MIPOU3BOIUTENS U JOCTABUUIINTE, HO M IPEBO3BAYUTE, CKIIAIOBETE, ThPTOBIIUTE
Ha qpebHo u camute kiaueHtu. [pyru aBropu (Khan and Yu, 2019) nedunupar Bepurara 3a
JIOCTaBKU KaTo: ,,Mpeka OT ChOPBKEHUS M BB3MOKHOCTU 3a AUCTPUOYIHS, KOSTO U3ITBIHSIBA
GyHKIMUTE HA TOCTaBKAa Ha MaTEpHAaM, MPEBPHIIAHETO HA TE3W MATEPUAd B MEKIUHHU H TO-
TOBH IPOJAYKTH U Pa3NpPOCTPAHCHUETO HA T€3W FOTOBU MPOAYKTU Ha KiueHTtuTe . Criopen npyra
nebununus (Jamaluddin and Saibani, 2021) BepuraTa 3a 10CTaBKH IMPEACTABIISABA ,,ChbBKYITHOCT
OT MPOIECH U PECYpPCH, HEOOXOIUMH 32 U3BBPIIBAHE U JOCTaBKAa HA MPOJIYKT HA KpaWHUS MTOTpe-
OuTeNn* WIM ChINO ,,KaHAT 32 e(PEeKTUBHO JBUKEHUE HA MATEPHAH, MPOAYKTH, YCIYTH WU UH-
dbopmanms OT TOCTAaBYUIN KbM KIHEHTH ‘. B HacTOSAMIOTO H3ciIeBaHe MpueMaMe OTpeIeICHIUETO
Ha Matinheikki et al. (2022), nepuHupamio noHATHETO KaToO ,,ICHO OYEPTaHA BEpUTa OT CBbP3aHU
JBOWKYU JTOTUCTUYHU 3BEHA ,,JOCTABYUK — MOJIydaTen " (CTpYKTYpUpaHU MOJpa3ielieHus Ha Qup-
MaTa W/WIH JOTUCTUYHUTE M TapTHHOPH ), IO KOSATO KOHKPETHATA CTOKA U/WJIH YCIIyTra ce JOCTaBs
Ha KpailHus MoTpeOuTeN B ChOTBETCTBHUE C HETOBAaTa 3asBKa U U3UCKBAHHS .

Hsikon 0T OCHOBHHTE KOMIIOHEHTH Ha yIPAaBICHUETO Ha BEPUTHTE OT MOPHUYKH U TOCTABKH
BKJIFOYBAT CTPATETHYCCKU TUIAHUPAHU MTPOIIECH U TEXHOJIOTUYHU MHCTPYMEHTH, KOUTO LETST OII-
THUMU3AINS Ha peCypcuTe, Moo0psiBaHne Ha e(PEKTUBHOCTTA U CHHXPOHU3AIUS HA JIOTUCTUYHUTE
orepanuy 4pe3 Habop OT KOPHOpaTUBHH TojcucTeMu. KpaTku onucaHus Ha W30paHU KOMIIO-
HEHTHU U ChOTBETCTBAIIMTE UM KOPIIOPATHBHU MOJICUCTEMH Ca MPEACTaBEeHU B Tabiuma 1.
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Taoauna 1
OCHOBHY KOMIIOHEHTH HA YNIPABJIE€HUETO HA BEPUTATAa 32 TOCTABKH.

Ne |  KommoneHnT Onucanue KopnopatuBau noacucreMn

1 | Crparerus Ha KoMmoHeHT, KoTO yCTaHOBSBa LIEIUTE U [Noncucremu 3a ynpasieHue

BepHrara 3a MO/IX0/1a, HACOYBANKHU KaK TUIAHUPAHETO, Ha Ka4eCTBOTO, B3aHMOOTHO-

JIOCTaBKH OTIepaIHTE U IPYTH MPOIIECH CIIeNIBa Ja ce IIeHNS C KJIMEHTH U IPUIIOXKE-

ChITIacyBar. HU 3a OM3HEC aHAIN3

2 | Ilnanupane Ha KomnoneHT, BKiIt0UYBAalll MPOTHO3UPAHE Ha IToacucrema 3a niaHupaHe Ha

BepHrara 3a TBPCEHETO, pa3NpeelieHne Ha PECYPCHUTE U pecypcute Ha MpearnpusiTHETO
JIOCTaBKH IUTaHWpaHe Ha J0CTaBKuTe. Tol nma 3a nen

eeKTHBHO Ja OamaHCcupa ThPCEHETO U
MPEIIaraHeTo | Ja OATOTBH OpPraHu3aIiaTa 3a
ObIIeIIH HYKIH.

3 | Omepauuu BbB KoMmnoneHT, BKJIFOUYBAIl] €KEIHEBHH TEHHOCTH [ToacucTemu 3a yrpaBicHHE

BepHrara 3a KaTo M3MbJIHEHNE Ha TIOPBYKH, MPOU3BOJCTBO M | HA CKIIa/a U U3MBIHEHHE HA
JIOCTaBKU TPAHCIIOPTHUPAHE HA CTOKU U IPOTYKTH. MIPOU3BOACTBOTO
4 Jloructuka TpaHcniopTUpaHe Ha CTOKH, CBbP3aH C ,,0Nepaluu | YIpaBiIeHHUE Ha TPaHCIIOPTa

BBB BepHraTa 3a JocTaBku‘‘. Ocurypsna ce
(PM3UYECKUSAT MMOTOK OT MPOJIYKTH B CHHXPOH C
TUTAHUPAHETO U CTPATEruATa.

HWsmounux: Althabatah et al., 2023, Adanmupano om asmopa

N36poeHnTe KOPIOpaTUBHU MOJACUCTEMHU pabOTIT CbBMECTHO, ChCPEA0TOYABANKY C€ BHPXY YII-
paBIIEHUETO Ha MOTOKA OT CTOKM M YCIYTH 10 KpallHUTe KIueHTU. Te3u moacucreMu oOpaboTBaT
JAaHHU 33 TPOM3BOCTBEHH MPOLIECH, UHBEHTAap, (UHAHCOBU PECYpPCH, KIIMEHTH, MPOJax0u, MapKe-
THUHTOBY KaMIaHWW, MapUIPYTH, JOCTABKU U MPEBO3HU CPeCTBA. TE€XHOJOTMYHU TMTaHTH KaTo SAP,
Microsoft u Oracle mpenyarat mpoAyKTH 3a yIpaBJeHHWE HAa BEPUTUTE 3a JOCTABKU Ype3 HACTOJIHU
CUCTEMHU, TIATGHOPMH 3a eJIEKTPOHHA ThproBus u B2B Bpb3ku. Paborara Ha T€3u MOJACUCTEMU HE €
CaMOCTOSITEITHA, TE CE CBHP3BAT U JOMBJIBAT B3aUMHO. Bbrpeku ToBa, Hsikou cienuduanu UT mpob-
JIEMH OCTaBatT HepelieH!. BHeapsiBaHETO Ha KOPIIOPATUBHHA CUCTEMH MOKeE J1a OBbI€ IPOABIIKUTEICH
MPOILIeC ¢ BUCOKU IIbPBOHAYAIIHY MHBECTHUIIMH 32 3aKylyBaHe U JuleH3upane. ChIIo Taka, HIKOU M0-
CTapy CUCTEMH Ca OTPaHUYCHH, Thi KaTO HE Ca MPOCKTUPAHU J1a OTTOBAPAT HA TUHAMUYHHUTE HYXKIH
Ha ChbBpEeMEeHHHUA Ou3Hec. 3non3BaHeTo Ha pa3uyHU CTaHIApPTH U (popMaTH 3a TaHHU YECTO Ipe-
CTaBJIsIBa MPOOJIEM 32 CbBMECTUMOCTTA MEK/Y PA3IMYHUTE MMOACUCTEMH U BHHIITHU NapTHhOpU. CMsi-
Tame, Y€ KOPHOpaTUBHUTE MOJCUCTEMH C€ aJaliTUPAT CPABHUTEIHO TPYIHO KbM HOBHM M3UCKBaHUS
WJIM TEXHOJOTHH, KaTo ,,MHTEPHET Ha HellaTa’, MHTerpaluaTa Ha KOTHUTUBHH YCIYTU U MAalTUHHOTO
obOyuenue. IlogapmkkaTa, akTyanu3anusaTa U MEPCOHATM3UPAHETO HA KOpPHOpaTHBHUS codryep
MIPEICTaBISABAT TOMBIHUTEIHA TPOOIIEMHU.

OO6nauHuTe TEXHOJOTHH MPEJUIaratr peeHus Ha Te3u npobdiaemu. Upes Tax cohTyepbT MOXKE Aa
ce BB3I0JI3Ba OT aJIaNTalisl U aBTOMAaTUYHH aKTyaJIM3allid KbM IIPOMEHHUTE Ha Tla3apa, yAeCHIBaHKu
BHEJPSIBAHETO HA HOBU TexHOJOTHH. O0IauHuTe MIaThOpMHU IPEIOCTABIT ONepaTHBHA I'PBKABOCT U
OCUTYpPSIBaT AOCTHII O TOTOBH 3a M3M0JI3BaHe ycIyru. ToBa M03BOJIsSIBa HA KOMITAHUUTE /12 aHAJIU3H-
paT U U3MOI3BaT IaHHU MO-e(EKTUBHO, 1a UIEHTU(UIIMPAT HOBU OM3HEC BH3MOKHOCTH U J1a B3€MaT
nH(OPMUpaAHH PEIICHUS B PEaTHO BpeMe.
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2. Bb3AMOXXHOCTHU 3A PAHIUOHAJINZUPAHE YPE3 ITPUJIAT'AHE HA OBJIAYHU
TEXHOJIOI'NA

Konnenuusira 3a o6mayau nu3uucieHus Bapupa, kato Hanpumep National Institute of Standards
and Technology (2011) onpenens o6nayanTe U3YUCICHUS KaTO: ,,MOJIel 3a MO3BOJISIBAHE HA MPEXKOB
JOCTBII, TP MOMCKBAHE, IO CHOJIETICH HA0OP OT KOH(DUTYPUPYEMHU U3YUCITUTEIHU PECYPCH, KOUTO
Moratr ga ObmaT mpemoctaBeHH W BHemapeHu.“ Ot gpyra crpana, opranuzamusata Cloud Native
Computing Foundation (2022) npeanara cinennara neuHuius: ,, TexHonoruure, bazupaHu Ha 00JIaK,
JaBaT Bb3MOXKHOCT Ha OpraHU3allMUTE J1a Ch3/1aBaT U U3MBJIHABAT MPUIIOKEHUS B MOJAECPHU, TUHA-
MUYHH CpeIX KaTo MyOJIUYHU, YACTHU U XUOPUAHU 00JalH, Ype3 MPEKHU OT YCIAYTH U MUKPOYCITYTH.
KauecTBa Ha cucreMuTe ca yCTOMYMBOCT, BUCOKA HATUYHOCT M IOCTBITHOCT, MaabupyeMocCT U yII-
PaBIISIEMOCT, KOUTO Ca OT KPUTHYHO 3HAYEHUE 32 MHOTO OT OM3HEC eIWHUIIUTE. ABTOMATH3AIUATA
Ha Te3W MPOIECH T03BOJISIBA HA MHXCHEPUTE Ja MPABAT MPOMEHH C TOJISIMO BB3JICHCTBUE, HO C MU-
HUMaHH yerus. [locoueHuTe onpeieNieHus qaBaT pa3indyHu ThJIKYBaHUs, KATO MIPE00IIaaBaioTo
€ CXBalllaHeTo, ye Oa3upaHuTe Ha 00JIaK CUCTEMHU ca CBbP3aHU C MPEAUMHO BUCOKA MPOU3BOIUTEN-
HOCT ¥ HHCKO HHMBO Ha iareHTHOCT (Vettor and Smith, 2023). TIpousBoauTeIHOCTTA H3MEPBa Bpe-
METO MEeXy 3asBKaTa Ha MOTPEOUTENs U MOCIeIBallis OTTOBOP Ha cucTemara. Cie1oBaTeHO Ipo-
M3BOJUTEIIHOCTTA JECTBA KaTO MoKa3aren 3a eeKTUBHOCT, CBbP3aH C yIOBJIETBOPEHOCTTA Ha MOT-
peburens. Brp30TO BpeMe 3a peakiius 0OMKHOBEHO 0O3HAaYaBa ONTHMAITHA TPOU3BOIUTEITHOCT Ha CHUC-
TeMaTa, KOETO BOJH JI0 TIOJIOKUTEITHO MOTPEOUTEIICKO H3KHUBSIBAHE, JOKATO 3a0aBSTHETO MOXKE Ja €
nokasaren 3a HeepekTuBHOCT. BBB Bph3ka ¢ ToBa, Heusser (2019) npencrass o011 MeTos 3a KOHIEN-
TyalM3upaHe Ha MPOU3BOIUTEITHOCTTA UYpe3 CISAHOTO YpaBHEHUE:

BpeMme 3a 06paboTka + Bpeme Ha n3uakBaHe = BpeMme 3a oTroBOp (1)

Bpememo 3a omeoeop BKIIOUBa BpEMETO OT M3IpalllaHe Ha 3asBKa OT NOTpeOUTENs 10 moyya-
BAaHETO Ha OTrOBOp. Bpememo 3a obpabomka € BpeMETO, HEOOXOIUMO Ha CHCTEMaTa Ja U3YHCIH
pes3yiTara, a gpememo Ha uzuakeaume € BPEMETO, Mpe3 KOETO 3asBKaTa € B ,,omnamka“. B cucrema c
rojasM Tpaduk OT JaHHU MOraT Ja MOCTHIIIT HIKOJKO 3asiBKU €JHOBPEMEHHO. AKO cHCTeMaTa He
MOJKe J1a TH 00pabO0TH HaBEIHBK, HAKOU 3asBKH TPSOBA J1a U3YaKaT, KaTo MO TO3W HAYUH CE yBEIH-
YyaBa BPEMETO 3a M34akBaHe. AKO BPEMETO 3a U3YaKBaHE € JIBJIr0, TOBA MOXKE J1a CIY>KU KaTo MoKa-
3ares, 4e cucTreMaTa ce HyKJae oT Mo-100po OaaHCUpaHe Ha HATOBApPBAaHETO WJIM yBEJIUYEH Kara-
IUTET 32 00paboTKa.

B cBos kaura aBropckust kosiektuB De La Torre, Wagner u Rousos (2023) npeacraBst 00CTOiHO
u3clie/iBaHe HAa OCHOBHU XapaKTEPUCTHKU Ha OOJIAUHHUTE apXUTEKTYPH, BKJIIOYBAILO: ChbBPEMEHHU
MOAXOIM 3a MPOEKTUPAHE, MUKPOYCIYTH, KOHTEHHEepHU3alusi, aBToMaTu3alus, 0asupaHu B 00JIak
0a3u OT JaHHU U OpOKepW Ha ChOOIIECHH. B Ta3u Bpb3Ka, OPUEHTHPAHUAT KbM JOMEHH TU3aiiH €
MOJIXO/T 32 MPOCKTUPaHE HA COPTyep, KOMTO HAChpUYaBa Ch3/aBAHETO HA 00JAUYHU CHCTEMHU, OTpa3si-
BaIlly OM3HEC MPOIIECUTE Ype3 U3MOI3BaHe Ha T.H. ,,yHUBEPCAJICH €3UK"‘, pa30upaeM KaKTo 3a paspa-
OOTUYHIIMTE Ha MPOEKTA, Taka 1 3a EKCIIEPTUTE B 00J1acTTa Ha Mpou3BoicTBOTO (Jordanov and Petrov,
2023). IIpu To3u moaxo Ou3HEC JJOTUKATa Ce pa3/iesisi Ha CAaMOCTOSATETHN MOy MITH MUKPOYCITYTH,
KOUTO MoraT Jia 0b/1aT pa3pab0TBaHU U BHEIPSIBAHU HE3aBUCUMO, OCUTYPSBAKN THHAMUYHO YIIPaB-
JIEHUE Ha TPOMEHUTE.

B nombnHeHue, pa3ienssHETO HA OTTOBOPHOCTUTE 3a KOMaH U U 3asBkH (Young, 2011) otaens
MOJIYJIUTE 3a 3aIiC Ha IaHHU OT TE3W 3a YeTeHE, KOSTO MO3BOJISIBA M3IOJI3BAHETO HA PA3INIHH TEX-
HOJIOTHH 3a Pa3jIM4HU 4acTH Ha cuctemara. OT Apyra CTpaHa, IpaKTHKaTa 3a U3MOJI3BaHE HA U3TOY-
Huk Ha cpOuTHs (Garverick and Mclver, 2023) cBbp3Ba U30POCHUTE MPUHITUIIK C M3IOJI3BAHETO HA
ob6navyHo Oa3zupanu 06a3u OT JaHHU. BCHYKM MPOMEHH B ChCTOSTHUETO HAa CHCTEMAaTa Ce 3ama3BaT KaTo
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MIOCJIEAOBATEIHOCT OT ChOUTH. BMecTo f1a ce 3ammcBa TeKyIoTo ChbCTOSHUE HA JaHHUTE, BCSKA IPO-
MsiHa C€ ChXpaHsBa KaTo OTAEITHO chOuThe. Cien ToBa MOAYIUTE 32 YETeHE M3rpakaaT TeKYyIIOTO
CbCTOSIHME Ha 06a3ara Ha JaHHUTE OT 3alIUCAHUTE ChOUTHUS. Te3u NPUHLIUIN ca HACOUEHH KbM Ch3/la-
BaHETO Ha 00JaueH copTyep ¢ BUCOKO KadecTBO. OCBEH Te3H MOAXO0H, KOHTEHHEpHU3aLusATa 03BO-
JsiBa ,,TAKETUpaHe"* Ha MPHJIOKEHHS U TEXHUTE 3aBUCUMOCTH, B IPEHOCUMHU KOHTEHHEPH, KOUTO MO-
rat ga ObJar ynpasJsiBaHM B pa3JIMdHU cpenu. B Ta3u Bpb3Ka, aBTOMaTH3aIMsATa CE CBHP3BA C pea-
JM3UPAHETO Ha HOBH BEPCHHU Ha NMPHIIOKEHUATA U OCUTYPSIBAHETO Ha TOCIIEIOBATEIHOCT HA MPOIe-
CHTE T10 aKTyan3aIusl.

N3cnenBaHeTo Ha pa3n4HU JIUTEPATYPHH M MHTEPHET M3TOYHHIM MTOKA3Ba JIMIICATa HA pa3pa-
00TeHa KOHLIETIIHS 3a ePCOHATM3UPaHa CUCTEMA, KOATO HHTETrpUpa BETPEIIHNA KOPIIOPATUBHU MO/ -
cucTeMH ¢ 00JayHM YCIyrd. AHaIM3UPANKU CTaTUM OT HayyHH crucaHus karto Journal of Supply
Chain Management, International Journal of Production Economics u Supply Chain Management:
An International Journal, kakTo W MOKIAagM OT MEXIYHApOIHU KOH(EPEHIMH, BKIIOYUTEITHO
International Conference on Logistics and Supply Chain Management, ce HaOmrogaBaT pazInyHU
nmoaxoau ¥ Mojaenu B Ta3u Hacoka (Verdouw et al., 2010; Cichosz et al., 2020; Agarwal, 2021). Bs3
OCHOBA Ha T€3U M3CIIEIBAHUS MTpeylaraMe KOHIEIHUS 3a [IeHTpalIn3upaHa CHCTEMa, ITPECTaBeHa Ha
¢urypa 1, K0ATO HHTETpHpa €IEMEHTH OT BRTPEIIHHUTE ITOACUCTEMH Ha ITPOU3BOJCTBEHO MPeIIpHs-
THE ¢ 00JaYyHM yCIyru OT TUI: codTyep Kato ycuyra (SaaS), miatdopmara kato yciyra (PaaS) u
uHppacTpykTypa Kato ycayra ([aaS). BaxxHo e 1a ce oTOenexu, 4e elIeMEeHTHTE OT TO3U KOHLIENTYya-
JIeH MoJien ca u30paHu Bb3 OCHOBA HA OCHOBHHTE KOMITOHEHTH 32 YIpaBJICHHE Ha Bepurara 3a Io-
PBUKHU U JOCTaBKH, OITMCAHM B TOUKA 1, KaTO APYrH MOACUCTEMHU U O0JIAUHHU YCIYTH Ca U3BBbH 00XBaTa
Ha HacTosmus nokian. Llenra e 1a ce mpeacTaBu NpOTOTHUII, KOMTO MOUIEKH Ha OBICIIO pa3BUTHE,
HO €THOBPEMEHHO C TOBA ITPEJOCTaBs PEIICHNs Ha TPOOIeMUTe, OIMCAHH B IpeaxoqHaTa riasa. Oc-
BEH TOBA, MOJICITBT € MPOEKTUPAH J1a IPEJOCTaBs MyOJIMYHO JOCTHITHN JaHHH U 00JIAYHH YCIYTH J10
KpallHUTE KJIMEHTH, OCBHIIECTBABANKN KOHTPOJ Ha JJOCTHI M 3aIIUTa OT XaKEPCKU aTaKH.

®urypa 1. KonuenryajieH MojieJ1 Ha epCOHATU3MPaHA 00J1a4HA CHUCTEMA.

Hsmounux: Paspabomxa Ha asmopa

KonnenryaaHusT Mosien peacTaBst IepcoHaTU3Mpana U IeHTpaI3upaHa objlauHa crucremMa 3a
ynpasnenue. KpaitHute notpedureny B3auMoIeiCTBAT ChC CHCTEMATa Ype3 KIIMEHTCKU MPUII0KEHUS
(ye6 Opay3bp wim MOOWIIHO TIPHIIOKEHHE), KOUTO KOMYHUKHpPAT ¢ 00J1auHO 0a3upaHUTEe MUKPOYC-
ayru 4pe3 REST HTTP mnpotokon. Mukpoyciayrute BKItOUBaT WHTepdelcH 3a AOCTBII 0
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ChpBbpHATa UHPPACTPYKTYPa, BBTPEIIHUTE CHCTEMH, KJIacTep OT 0a3M 3a ChbXpaHEHHE Ha pellalu-
OHHHU U HCPCIIAIMOHHU JaHHH, KAKTO U UHTCrpanus C yCTpOﬁCTBa OT TUIl UHTCPHCT Ha HCIIATA. Oc-
BCH TOB4, KOTHUTHUBHU YCIIYT'U MPCAOCTABAT BB3MOXKHOCTH 3a aHAJIU3 U 06pa60TKa Ha JaHHU YpC3
HU3KYCTBCH MHTCJICKT U MAallIUHHO 06yquHe. B AOM'BJIHCHUC CC U3IMOJI3BAa MOHUTOPUHT, KOUTO clieau
¥ OTYUTA AKTUBHOCTTA B CUCTEMaTa, CTPUMMMHT YCIYTH MOAIBPIKAT MOTOYHA 00paboTKa HAa TaHHU
B PEATHO BpeMe, a OpoKep Ha ChbOOIICHUS TIOJICUTYPsIBa OOMEH Ha TJAaHHU MEXIY MUKPOYCITUTE. Ap-
XUTEKTypaTa Ha Ta3W CUCTeMa € TIPOCKTHPaHa C IIeJ1 OCUTYpsIBaHE Ha I'BBKABOCT, Mal[aOUPYEeMOCT H
CUT'YPHOCT, KOETO sI IIPaBH TOXOAIIA 32 MPEIOCTaBIHE HAa KOMIUICKCHH YCIIYTH Ha KPaWHUTE TIOT-
peduTenm.

3AKVIFOYEHHUE

[IpoyuBaneTo Ha BH3MOKHOCTHUTE 32 pallMOHATM3UpAHE Ha OM3HEC MPOLIECH B TPOU3BOJICTBEHU
NPEINpUATHS Ype3 Mpujiarade Ha o0JIagyH TEXHOJIOTUH Pa3riiexk/ia peanLia mMpoOIeMu KaTo Hempo3-
pPavyHOCT U Hee(PEeKTUBHOCT, OrpaHUYaBAIlld ONEpPaTUBHUTE criocoOHOCTH. M3cienBanero m3Bexna
MOTEHIIMaja Ha O0JIaYHUTE TEXHOJIOTUU KaTo HAATrpakJaHe HaJl BbTPEIIHU KOPIOPATUBHU CUCTEMHU
ype3 uHTEerpanus ¢ ycuryru ot tamn SaaS, PaaS u laaS. [Torennmanst 3a 6a3upaHu Ha 00JIaK CUCTEMHU
B IIPOM3BOJICTBOTO € OOIIMPEH U Mpeipa3noarail KbM M0-HAaTaThLIHO Pa3BUTHE.
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KHUBEPCUI'YPHOCTTA OT INIEJHA TOYKA HA ITIOTPEBUTEJIUMTE

HBan Muxaiinos!
! Mkonomuueckn ynusepcuret — Bapna/Karenpa ,,indopmaruka“, Bapna, Bearapus,

imihaylov(@ue-varna.bg

PE3IOME

B cvepemennume ycnogus snayumenua 4acm om yoseumKama 0etHoCm ce 0ChUeCmesnsa ¢ NOMowma Ha
ungopmayuonnume mexnonoeuu. Coxpanasanume u 0opadbomeanu 8 UHGoOpMayuoHHume cucmemu OGHHU He
CAMO ce y8enuuasam Kamo 0oem, Ho U ce RPOMeHAm 6 Kauecmeeno omuoutenue. Te ca yenen obexm 3a epadic-
danume u 3a 0bwecmeomo. B mo3u KoHmeKcm cucypHoCmma Ha KOMYHUKAYUOHHUME CIMPYKMYPU U HA UH-
Gopmayuonnume cucmemu ce npespvYa 8 HeOOXOOUMO U NPEOBAPUMETHO YCI08UE 3d NO-HAMAMBULEH NPo2-
pec. Obpazosamennume UHCIUMYYUYU PA3NOLA2AM C TUYHU OAHHU 3d COUME Cyxicument u 00y4yasanu iya,
KaKmo u ¢ 0auHU 3a nocmu2arnume pesyaimamu. Te3u OaHHU ca yeHeH pecypc, Kolumo mpsaoea 0a 6v0e onassea,
no0obHo Ha gurancosume axmusu. C 08e ocHosHu oupekmusu Ha Egponetickus cvioz —om 2016 u om 2022
200UHa, ce yenu nosuwasane Ha oouomo Hugo Ha xubepcucyprocm 6 Cvroza. B 0okymenmume ce obpovya
CEpUO3HO BHUMAHUE HA peaKyuume cied Hacmvneane Ha kubepunyudenmu. Credosamenno modice 0d ce 3aK-
JIOYU, Ye UHDOPMUPAHOCIMA U KOMYHUKAYUAINA CA eOHU OM 8AJICHUME (PAKMOPU 3 OCUSYPABAHEMO HA UH-
Gopmayuonna cucyprnocm. OcHoOGHUME NOCMAHOSKU O OUPEKMUBUMEe CA GKIIOYEHU U 8 MEeKCMA Ha Oeticm-
sawus om 2018 2. 6 bvacapus 3axon 3a kubepcucypnocmma. Llenma na nacmoawusi 00xk1a0 e 6b3 0CHO8A HA
AHATU3 HA pe3yImamume om aHKemd, KOsimo u3cie08d ONUma Ha cmyoenmume ¢ KUOePUHYUOEHMU U HA meX-
HUme nociedsawu 0eticmeus, 0a ce onpeoeiu HUGOMO HA UHOOPMUPAHOCH HA CHYOEHmume OMHOCHO 000-
pume NPAKMUKY @ Me3U CAYHaU U 3a 0C8E00OMEHOCIIMA UM OMHOCHO A0eK8AMHUMe PeaKyuu npu 6b3HUKEAHE
Ha maxusa cumyayuu. Tlonyuenume 3HaHusi wje CnoMoSHam 3a no-006pPomo pazbupamne Ha HyHCOAma om
MEPKU 3a NOSUWLABAHEe HA KUOEPCUSYPHOCTIMA U 30 YAPAGLEHUe HA PUCKOSeme 8 KOHMEKCMA HA YHUBEPCU-
memcKkume UH@GOPMAYUOHHU PECYPCU.

K/IFOYO0BH JIYMH: xubepcucyprocm, kubepamaxu, UHGOpMayuoHHa cueypHocm, KubepuHyuoeHmu

CYBERSECURITY FROM THE USERS' PERSPECTIVE

Ivan Mihaylov!
! University of Economics — Varna, Department of Informatics, Varna, Bulgaria,

imihaylov@ue-varna.bg

ABSTRACT

In modern conditions, a significant part of human activity is carried out with the help of information
technology. The data stored and processed within information systems not only grows in volume but also
changes in quality, becoming a valuable asset for both citizens and society. In this context, the security of
communication infrastructures and information systems becomes a necessary prerequisite for further
progress. Educational institutions hold personal data about their employees and students, as well as
information on academic achievements. This data is a valuable resource that must be safeguarded in the same
Way as financial assets. Two key European Union directives from 2016 and 2022 aim to increase the overall
level of cybersecurity across the Union, placing significant emphasis on responses following cyber incidents.
Therefore, awareness and communication are essential factors for ensuring information security. The main
provisions of these directives are also included in the Bulgarian Cybersecurity Act, effective since 2018.

The purpose of this report is to determine students’ level of awareness regarding best practices and
appropriate responses in cases of cyber incidents, based on an analysis of survey results examining students'
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experiences with cyber incidents and their subsequent actions. The knowledge gained will contribute to a better
understanding of the need for enhanced cybersecurity measures and risk management in the context of
university information resources.

KEYWORDS: Cybersecurity, Cyber Attacks, Information Security, Cyber Incidents

BbBEJIEHUE

[TonsiTuero ,,MHGOPMAIIMIOHHA CUTYPHOCT HE € HOBO. T0 ce OTHACs 710 3aIUTaTa Ha aBTOMAaTH-
3UpaHo 00paboTBaHaTa MHPOPMAIIHS CPEIly HEITPAaBOMEPEH JOCTHII, CIYIaiHO WM HAPOYHO BUIO-
W3MEHSIHE, YHUII0)KaBaHE WM pa3KpuBaHE Ha chabpxkaHueto n. Omie npe3 1998 r. B bearapus e
npuera ,, KoHIenus 3a HAllMOHAIHA CUTYpHOCT Ha Peny6nuka Brarapus“l. B Touka 43 ot Konuen-
LUsATa ce Ka3Ba, ue ,,Ona3BaHeTo Ha HallMOHAJIHATa CUTYPHOCT U3MCKBA J1a HE CE JOITYCKa M3I10JI3Ba-
HETO Ha MH(POpMaLUATA, 32 JIa CE MAHUITYJIMpPa MacOBOTO Ch3HaHue. [IpuopuTeT e u 1a ce rapanTupa
ChC CIIEIMAJICH 3aKOH 3allliTaTa Ha Abp>KaBHHUS MH(POPMALMOHEH pecypc OT M3THUYaHE Ha BakHA 32
CTpaHaTa MOJINTUYECKa, MKOHOMHUYECKa, HAyYHO-TeXHUYecka U apyra uadopmanus.” Cpiio Taka B
KonuenmusTa sicHO € ka3aHo, ue e()eKTUBHOCTTA Ha OPraHUTe, KOUTO UMAT 3a 3ajaya Jia ce Ipuxar
3a nH(OpPMalLlMOHHATA CUTYPHOCT, 3aBUCH OT ,,MOTHUBALIUATA HA YOBEIIKUSI (DAKTOP U OT HAJIMYUETO U
TOYHOCTTA Ha WH(popmanus 3a 3amaxure u onacHoctute . IIpe3 2011 r. e mpuera ,,CtpaTerus 3a
HallMOHaJTHA CUTYpHOCT Ha Pemmy6nuka bearapus‘, kosto e aktyanusupana npe3 2018 1. u e mpuera
,,AKTyalIM3upaHa cTpaTerus 3a HallMOHAJIHA cUTypHOCT Ha PenyOinka bearapus’ ¢ BpemeBu Xopu-
30HT 70 2025 1. B Hest uma paznen ,,[lonutuka 3a kubepcurypHoct®, KOHTO ce npenpaiia kbM Harm-
OHaJIHa CTpaTerus 3a KkubepcurypHoct ,,Kubepycroitunba bbirapus 2020, KosTO € akTyaqu3upaHa
npe3 2021 r. — Akryanusupana Hanmonanna crparerus 3a kubepcurypHoct ,,Kubepycroitunsa bbi-
rapus 20232, B 1.6.3. OcBeioMeHOCT, 00pa3oBaHNE U 0OydeHHe ce aKIEHTHPAa Ha MOBHIIABAHETO
Ha KUOepKyNITypara 4pe3 100aBsiHe Ha aCTIEKTUTE Ha KHOEPCUTYPHOCTTAa U OTTOBOPHOTO M 0€301MacHO
U3MOJI3BaHe HAa MHTEPHET U HOBUTE TEXHOJIOTMYHU MPEIU3BUKATENICTBA B IPOrPaMUTE 32 HAYAIIHO U
cpenHo oOpa3oBaHue. TakuBa ycUiUs ca MOJIOKEHU M HallpuMep B ydeOHaTa mporpama mo uHdop-
MaIlMOHHM TEXHOJIOTUH 3a X KJac € BKJIOYeHa ,,['eMa 3. PemaBane Ha mpo0OiieMu U 6€30mMacHOCT U
MO0-KOHKPETHO ,,pelIeHNe Ha MpoOsieM, CBbP3aH C ONEpallMOHHATa CUCTEMa, MPUIOKHU U aHTUBU-
PYCHH IIPOTPaMH, U IOCTBII JO MPEXKOBH YCIYTH, KOUTO CE€ U3IOJI3BAT HA KOHKPETHO pabOTHO MSCTO.
[TocouBa HAYMHM 33 HAZIEXKIHA JUTUTATHA UASHTH(UKALUS IPU U3TI0N3BaHE HA MyOIUUHY yeayru.

B npenumno Hamie mpoyuBaHe ca aHAIM3UPAHU M MPOYYEHHU pEeAMlla HOPMATHBHHU aKTOBE U
CTaHJIapTH, 3acsraiii BbIIpoca 3a KHOEPCUTYPHOCTTa U HH(OPMALIMOHHATA CUTYPHOCT. AKTYallHO U
M3UepraTesHo U3CIeIBaHe Ha BBIIPOCUTE C KHOEPCUTYPHOCTTA € npeaniokeHo ot FOnuana Xamxku-
yoneBa u [Imamen Mangamkues (2023). ABTopuTe 3acsraT U BbIpoca 3a HEOOXOAUMOCT OT 00yUe-
HUE KaKTO Ha MOTpeduTennuTe Ha MHPOPMALMOHHUTE cucTeMHt, Taka u Ha UT cnenuanucture B op-
raHu3alusTa.

[lo BpeMe Ha IPOBEEHUTE IPOYUBAHMSI CTaHA BUJHO, Y€ CHIIECTBYBAT U NEPUOAUYHO CE aKTY-
aM3uparT WM NyOJUKYyBaT HOBH HOPMAaTHBHU JOKYMEHTH, KAacaelld BBIPOCHTE 3a KUOEpPCUTYp-
HOCTTa KaKTO Ha HUBO EBpomeiicku cbhl03, Taka M Ha HALIMOHAIHO HUBO. ToBa ce IbJkH Ha (hakTa, ye

! KoHuenuus 3a HAMOHAIIHA CUTYPHOCT Ha PemyOnuka Bearapus, https:/www.strategy.bg/StrategicDocu-
ments/View.aspx?lang=bg-BG&Id=655
2 https://iaieu.egov.bg/wps/portal/agency-iaieu/cybersecurity

3 https://www.mon.bg/obshto-obrazovanie/uchebni-planove-i-programi-2/uchebni-planove-i-programi-po-
klasove/uchebni-programi-za-x-klas /
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benrapus kaTo MbeJIHONpaBEH YIEH Ha Chro3a TPsIOBa Jla Mpuilara HErOBOTO 3aKOHOAATEICTBO KATO
pa3paboTBa HEOOXOTUMHUTE HOPMATUBHU JIOKYMEHTH.

OO0pa3zoBaTeIHUTE MHCTUTYLIMU 00pabOTBAT HEe caMO JIMYHU JITaHHH, HO U IaHHH, 32 PE3yITaTUTE
OT 00Y4EHHUETO Ha YUCHUI U cTyaeHTH. OCBEH TOBa Te ca MSCTO 3a MPOBEXKIaHEe HAa HAYYHU H3CIICA-
BaHUs. B T0o3u cMmucha Te monanaTt B ooxBaTta Ha Jupekrusara Ha EC 2022/2555 — npunoxenue 11
Jpyru KpUTHYHH CEKTOPH, cekTop 7. Hayunu uzcnensanus, Bun cydekT — HayunouscnenoBaTencku
opranuzaiuu. HapacTtBamara 3amiaxa kuOeparaku B TO3U CEKTOpP € IUCKyTHUpaHa oT JJUMUTpPOB U
Annpees (2023).

YHuBepcuTeTUuTE, pasriekaaHu B posisiTa UM Ha TaKMBa OpraHu3aluu, TpsOBa J1a npeanpue-
MaT JIeWCcTBHS 3a pa3paboTBaHe U MpUJIaraHe Ha MOJUTUKU 32 MHPOpManHoHHA curypHoct. OT-
KbJie 00aue TpsAOBa /1a ce 3a1mo4YHe, KOU ¢a pUCKOBHUTE (PaKTOPH 32 CUTYPHOCTTA, KOUTO CE HAMHUPAT
BBTpE B opranuzanusra? Moxe 6u orroop nasa H. Jlumutpos (2022) B npeanokeHOTO OT HEro
OIpenelIeHue 3a ,,BbTpeleH KOHTEKCT (Ha OpraHu3anusi) — BKIOYBA BCUUYKM BBTPEILIHU IMapa-
METpH Ha OKOJHaTa cpela U (GaKTOpH, KOUTO BIUAAT BbpXY HauMHa, 10 KOWTO OpraHU3aluATa
YIpPAaBIIsIBA PUCKA U CE€ ONUTBA J1a IOCTUTHE LeIuTe cU. Tol BKIIIOUBA: BTPELUIHUTE 3aUHTEPECO-
BaHU CTPAHHU, MOAX0JA KbM YNPABJIECHUETO, JOTOBOPHUTE OTHOLIEHUS, CIOCOOHOCTH, KyITypa U
CTaHAApTU. YNIPABIEHUETO BKIIOYBA: CTPYKTYypaTa, OJIUTUKUTE, LIEJIUTE, POJIUTE, OTUETHOCTTA U
mpolieca Ha B3€MaHe Ha PeIleHUs Ha OpTaHU3aIusaTa, a CHOCOOHOCTUTE BKIIOYBAT: HEWHUTE 3HA-
HUS ¥ YOBEUIKH, TEXHOJOIMYHH, KAlIUTAJIOBU U CUCTEMHHU pecypcu.” B ToBa onpeneseHue Chlio
c€ BKJIIOYBAT YOBEIIKUTE PECYPCH.

1. U3JIO’)KEHHUE

B Hacrosmus nokias ce o0pbliia CreruarTHo BHUMAaHUE Ha OCHOBHUTE MOTPEOUTENH Ha HHMOP-
MaIMOHHUTE CUCTEMHH B YHUBEPCUTETUTE — CTYJEHTHUTE. Te ca MpeCcTaBUTENU Ha TOKOJIECHUETO Z,
KOETO, KaKTO BCSIKO TIOKOJICHHE, UMa cBouTe crienuduyan ueptu. Kakro ka3pa [[. 'eopruera (2022)
,,OCHOBHA XapaKTepHUCTUKA HA MOKOJEHUETO Z €, Y€ T€ MPaBAT BCHUKO Mpe3 cMapTPoHa CHU — ydar,
paboTAaT, KOMYHUKHUPAT, 3a0aBsABaT ce. Te KaTeropuyHO CYUTAT, Y€ HOBUTE TEXHOJIOTHH MOATIOMAraT
u o0JiekyaBar ’KHMBOTa Ha Xopara.

C nen nabupaHe Ha JTaHHH OTHOCHO KHOCPUHIMICHTUTE, C KOUTO C€ CONBCKBAT CTYACHTUTE U
TEXHHUTE MMOCIEABALIN PEAKINH, pa3paboTUXMe OHJIaH aHKeTa. Ts € aHOHMMHA M BKJIIOYBA OCHOBHU
BBIIPOCH OTHOCHO KOHKPETHUS BUJ HAa MHIIMJICHTA, PEaKI1sATa Ha TOTPeOUTENNTE, KOMYHUKALIUATA C
JIPYTH TOTPEOUTENHN U UHPOPMUPAHE OTHOCHO CITYYHIJIOTO CE.

AHkeraTa 0e M3MpaTeHa Ha CTYICHTH, OOydaBallk ce B oOpa3oBaTelHa W KBaTu(UKAIMOHHA
cTeneH ,,0akanaBbp (0T 1 10 4 Kypc) B UkonoMuueckn yauBepcuteT — Bapaa. Ot30Baxa ce 71 cry-
JICHTH, KOUTO OTTOBOPHXA U3UEPIATEITHO HAa TIOCTABEHUTE BBIIPOCH. JleTbT Ha TE3U OT TAX, KOUTO ca
UMaJi Mpo0JieM ChC CUTYPHOCTTA € MpHuTecHUTENHO BUCOK. Criopen B. Jumurtpos (2022) nuncata
Ha UH()OPMUPAHOCT 3a KHOEpaTaky U 3aIIUTaTa OT XaKepu MOXKe Ja JOBEE O TEKKH MOCIIEICTBHSL.
Cren ycnemHa 3j10HamMepeHa kubOeparaka pe3yiTaTuTe Moke Aa ObaaT karactpodaiHu. Br3mox-
HUTE MOCIEACTBHS BKJIIOUBAT 3aryOu Ha aKTHUBHU, pelyTalus, JoOBeprue U BPEMETo, KOeTO € He0OXo-
MO 32 Bb3CTaHOBSIBaHE clief] atakata. Ha ¢wur. 1 e mpencraBeH aena Ha CTYJEHTUTE, KOUTO ca Ipe-
THPIENU KHOSPUHIUACHT MIpe3 MocyeIHaTa ToANHA.
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®@urypa 1. OtroBopu Ha BbIpoca ,,CObLCKBAJIN JH CTe ce ¢ KUOePUHIMIEHT
npe3 MocJIeTHATA TOANHA?“

Mmounux: Cobcmeena pazpabomxa

Benuku oT oTroBopunuTe ca Ha Bb3pacT Mexay 18 u 24 ronnHu, KOETo 03HayaBa, 4ye ca Ipejc-
TaBUTENU Ha MOKOJIEHHUETO Z, KOETOo , KHBee B MOOMIIHUTE ycTpoiicTBa. ToBa e oOsicHEeHHEe U Ha
pe3ysTaTuTe Ha oTtroBopa ,,Kbpae ce ciyun MHIMAEHTHT? “ — 66% OT aHKETUpPaHUTE OTIOBAPSAT, Ue
MHIMJICHTHT € CTaHaJ Ha MOOMIJIHO YCTPOHCTBO.

BaxHo e 5a ce aHanu3upa u BUJa Ha MHIMACHTA. Pe3ynTaTure nmoka3par, 4ye Hail-ueCTH ca UH-
LUUJCHTUTE, CBbp3aHu ¢ pumuHr ataku (36%), 3aryda Ha nmaposia wiu akayHT (33%), 3apa3sBaHe CbC
3noBpeneH codryep (16%), Heno3BosieH AocThN 10 JauyHU AaHHU (13%) u xakBaHe Ha Mpodui B
counamHute Mpexu (2%). BaxkHo e 1a ce yTo4uHM, Y€ PECIOHACHTUTE ca MOCOYBAIU IO HSIKOJKO
OTroBOpa Ha TO3U BBIpOC ((ur. 2).

®urypa 2. OTrosopu Ha BbIpoca ,,KakbB BH HHIIHAEHT CTe NMpesKuBen?*

Usmounux: Cobcmeena pazpabomka
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[To oTHoOmIEHHE HaA TOBa JalM ca MAECHTU(GUIMPATU IpUYMHATA 32 HACTHIIBAHE HA MHIIUJCHT,
PECTIOHJICHTHUTE OTTOBAPSIT, e HE 3HAST, HE MOTaT Jla yTOYHAT 3aIll0 Ce € CIy4mio choutruero. ToBa
MOZICKa3Ba 3a JIMIICAa Ha TEXHUYECKU 3HAHUS U 32 HUCKO HUBO Ha JUTUTANHA rpamMoTHOCT. Cliet aHa-
JIU3 Ha OTTOBOPUTE MOXKE Jia C€ HApPaBH U3BOJIa, Y€ OCHOBHO MHIIMJICHTUTE C€ JbJDKAT HAa OTBapsiHE
Ha TIOJIO3PUTEITHH JTUHKOBE, CT1abU MapojIy U U3MOI3BaHe HA HECUTYPHU MPEXKH.

KomyHukanusaTa u CrosieisiHeTo 3a HaCThIIUIIN MHIUACHTH € BaKHO JIEHCTBHUE C LIe] IPeaoTB-
paTsiBaHe Ha MOJOOHW MHIIMACHTH C IPyru nmotpedutenu. Peamno obade romsim Opoit OT aHKeTUpa-
HuTte (45%) ca mpeanpueny eTMHCTBEHO MEPKU KaTo CMsHa Ha MMapoJiaTa U CYUTAT, 4e TOBa € J0CTa-
THYHO JICHCTBHE B OTTOBOpP Ha kubepuHiuaeHta. Ensa 37% ca morepeunu nomont ot UT cnenma-
nuct. Te3u JaHHU MOKa3BaT HUCKO HUBO Ha JIOBEPUE WM JIMIICA HA 3HAHMS 32 Bb3MOXKHOCTUTE 3a
nojAKpena.

HeobxonuMocTTa OT MOBUIIABaHE HA 3HAHUSATA HA TOTPEOUTENUTE OTHOCHO 3allUTaTa U BH3-
MO>KHOCTHUTE 3a MPEBEHIUS Ha TEXHUTE JAaHHU € M3BEACHA M B npoyuBaHe Ha Mailok u KonekTus
(2023). M1 B HACTOAIMIOTO M3CEABAHE CE CTUTA J0 U3BOJA, Y€ € HAJIMIIC 3HAYUTEIICH Ne(PUITUT B 3HA-
HUSTA HA CTYJEHTHUTE OTHOCHO OCHOBHUTE MeTOAM Ha 3ammTa. Exsa 12.5% oT pecnonaeHture ce
OTIpEeAEIIAT KaTo ,,MHOIO 100pe MHPOPMUPaHU* 32 OCHOBHUTE MPUHIUIHU Ha Kubepcurypuoctta. [1o-
JIOBUHATA OT YYaCTHUIIUTE HE 3HAST KaKBO € ABY(aKTOpHA aBTEHTHKAIUS U CUUTAT, Y€ U3IOJI3BAHETO
Ha ,,CUJTHH'® CTIOPE TSIX MapoJiu € NOCTaThYHA MsIpKa 3a 3alluTa cpenry kubeparaku. B npyro mpo-
yuBane Ha Garba u xonektus (2020) aBTOPUTE CHIO AOCTUTAT O HEOOXOUMOCTTA OT O0yUeHUs Ha
CTYJICHTHTE 10 OCHOBHH €JIEMEHTH OT KHOEPCHUTYPHOCTTA W JIUIICaTa Ha aKTUBHU OOpa30BaTEITHH
MIPOrpaMu 3a MOBUIIIABAHE HA 3HAHUSATA FM.

[TonoxuTenHO MOKeE Ja ce OlleHU (haKTa, 4Ye MHTEPECHT KbM MOJ00psIBaHE HA 3HAHUSITA YMEHHU-
aTa o Kubep3anyTa U Bb3MOKHOCTUTE 3a clla3BaHe Ha KMOEepXUTHEeHa cpell CTYJEHTUTE € BHUCOK.
Pesynrarure nokassar, uye 82% OT aHKETUPAHUTE 3asIBSBAT, 4e OMxa ce BKIIOYIIN B O0yUEHUS WU
ceMHHapu o KubepcurypHoct. bapuepa moxe 1a ce okaxe 1eHata. Y HIBEpCUTETUTE, KOUTO Tpe-
Jarat CIelHaIHOCTH, CBbP3aHu ¢ HH(POPMAIIMOHHUTE TEXHOJIOTHH, BEPOATHO pa3mojiarar ¢ mperno-
JlaBaTeIu, KOUTO OJ HATUCKA Ha ChbBPEMEHHATa CUTYyallus, B HAKaKBa CTENEH C€ MHTEPeCyBar U ca
3aIo3HAaTH ¢ T0OpUTE MPAKTUKU B 00J1aCTTa HAa MH(OPMAIIMOHHATA CUTYPHOCT. B Te3u yHUBEpCUTETH
MOJKeE Jia ce pa3paboTAT U MpeIoKAT TakuBa 00ydeHus. Te morar qa ObAaT U 9acT OT HIKOU H3yda-
BaHU OT CTyJIEHTUTE mucuuiuinHu. OCBEH TOBa, OyiarofapeHue Ha BCE MO-TECHUTE MapTHHOPCTBA
MEXY pa3TUYHUTE YHUBEPCUTETH B CTpaHATa U MEX]ly YHUBEPCUTETUTE U TUMHA3UUTE, MOXKE J1a Ce
npearnpuemMar TakuBa CbBMECTHU MHUIIMATHUBH.

Ha nposexnenara npe3 mecer] oktoMBpH 2024 r. OcMma HallMOHaJIHA KpbIvia maca ,,I'T nHoBauuu
BBB BHCIIETO oOpasoBanue 20244 8 1Y — BapHa, mprchCTBaxa MPEICTABUTEIN HA PA3THYHN YHH-
BEPCHUTETH OT CTpaHara. B pesynrar Ha paboTaTta mo BpeMe Ha HayYHHsI (OPYM yJACTHUIIUTE CTHT-
Haxa JIo U3BOJIa, Y€ OCUTYPSIBAHETO HA BUCOKO HUBO Ha MH(POPMAIMOHHATA CUTYPHOCT U Ha KUOEp-
3alllUTaTa € HEeMIOCUIIHA 3 OTJIEJTHUTE OpraHu3anuu 3aga4a. OCBeH TOBAa UHIMBUAYATHUTE NCUCTBUS
He Omxa OWiH TOJNKOBa €)EKTUBHU, KOJIKOTO CbBMECTHUTE YCHIIUS, KOMyHHKAIUATA M HEPEKbCHA-
TOTO CHTPYIHUYECTBO MEXKIY 00pa30BaTEIHUTE HHCTUTYLIUU.

3AKJIIOYEHHUE
AHaM3bT Ha pe3yATaTUTE CrloMara 3a UaeHTU(DHUIIMPAHETO Ha 00JIACTH, KBJIETO € HEOOXOqMMO
Jla c€ HAChpyM OOYYCHHETO M OCBEIOMEHOCTTa 3a KHOepPCUTypHOCTTa cpel cTyneHTuTe. JJobusa ce

4 Ocma HanMoHaNHa KpbIya Maca ,,I T HHOBaIMK BB BUCIIETO oOpasoBanue 2024, https://ue-varna.bg/bg/news/natsion-
alna-kragla-masa-it-inovatsii-vav-vissheto-obrazovanie-2024/2948
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Ipe/cTaBa 3a HarjJacuTe M NPEKHBABAHHUATA HA CTYACHTHTE OTHOCHO KHOEPCUTYPHOCTTA U PUCKO-
BETE B OHJIAIH NMPOCTPAHCTBOTO. B Ta3u Bpb3Ka HACTOSAIIOTO M3CIICABAHE MOXKE J]a IOMOTHE Ha 00-
Pa30BaTEIHUTE UHCTUTYIIMU (M HE CaMO) MPH pa3pabOTBAaHETO HA MOJIUTUKHY 32 MH(OpMaIIMOHHA CH-
rypHoct. HanuuueTo u cria3BaHeTo Ha TaKUBA MOJIUTUKU € CEpUO3HO MPEAN3BUKATEICTBO U Ca HEOO-
XOJMMHU 3HAYUTEIHU YCUJIHs, BpeMe U (PMHAHCOBU CPEJCTBA 3a MOCTUTaHE Ha paboTelIy UHCTPY-
MeHTH. Cepro3HO BHUMaHUE TPSOBa J1a ce 00BbPHE Ha OCBEOMEHOCTTA Ha MOTCHIIMAITHUTE TTOTPEOH-
TeNM Ha MH()OPMAMOHHUTE CUCTEMH, TEXHUTE OTTOBOPHOCTH OTHOCHO ONAa3BaHETO W 3allUTaTa Ha
TaHHUTE.

Bb/IAI'O/JAPHOCTH

Tosa uzcneosane e nanpaseno 6 pamxume na HII/]-334 ,, Uzepasxcoane na obnauna ungppacm-
PYKMypa 3a yeaume Ha OUSUMATHAMA MPpancoopmayus 8 Yclosusma Ha cmeceHo obyyeHue “.
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TEOPETUYHU OCHOBU HA AJITOPUTMMUTE 3A U3KYCTBEH UHTEJIEKT
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PE3IOME

Hacmoswusam 0okaao uszcnedsa meopemuynume APUHYUNY, KOUMO CIOSAM 8 OCHOBAMA HA AI20PUm-
mume 3a uskycmeen unmenexm (UH). @okycom e nocmasen 8bpxy mamemamuyeckume u ai2opummuiHume
MOOenu, Koumo no380a516am Ha MauuHume 0a npuooodusam, npeocmasam u uanoazeam 3uanus. Pasenescoam
ce KOHyenyuu om JHuHelna aneebpda, meopus Ha 6ePOSIMHOCMUME U CIMAMUCTIUKA, KOUMO CA KPUMUYHU 34
Ppazbupanemo Ha MAWUHHOMO 00yueHuUe U ObIOOKUMEe He8POHHU MpedicU. AHAnU3upam ce pasiuiHu Memoou
3a 06yuenue, BKIIOYUMETHO KOHMPOIUPAHO, HEeKOHMPOIUPAHO U YCUABauo obyuenue. JJoOKIaowvm cviyo maka
00CvIHCOA PONAMA HA AT2OPUMMUYHAMA CLONCHOCH U UZHUCTUMETHAMA eheKmMUSHOCm npu paspabomxama
nHa mawabupyemu UU cucmemu. B 3axniouenue ce npedcmassm 6vOewu HAnpasieHus u u3ciedo8amencku
BBNPOCU, CELPIAHU C MEOPEMUYHUINE ACHEKIMU HA U3KYCMEEHUS UHMEILeKI.

K/IFOYOBH JIYMHU: uzkycmeen unmenekm, aieopummu, MauuHHo ob0yyeHue, He8POHHU MPEdICU.

THEORETICAL FOUNDATIONS OF ARTIFICIAL INTELLIGENCE

Nikolay Nikolov!

! Department of Informatics, University of Economics - Varna, Varna, Bulgaria,
nikolay.nikolov(@ue-varna.bg

ABSTRACT

This paper explores the theoretical principles underlying artificial intelligence (41) algorithms. The focus
is on the mathematical and algorithmic models that enable machines to acquire, represent, and utilize
knowledge. Concepts from linear algebra, probability theory, and statistics, which are critical for understand-
ing machine learning and deep neural networks, are examined. Various learning methods, including super-
vised, unsupervised, and reinforcement learning, are analyzed. The paper also discusses the role of algorith-
mic complexity and computational efficiency in the development of scalable Al systems. In conclusion, future
directions and research questions related to the theoretical aspects of artificial intelligence are presented.

KEYWORDS: artificial intelligence, algorithms, machine learning, neural networks.

BbBEJIEHUE

[Tpe3 nocneanute necetmnerrs u3kycTBeHUsT uHTeNnekT (M) mpemuna ot TeopeTnyHa KOHIIE-
II1s1 KbM BCEOOXBaTHA TEXHOJOTHS, KOSTO BIUsIE BbPXY PA3IMUHU aCIIEKTH Ha ChbBPEMEHHHUS JKUBOT.
Teopernunute ocHOBH Ha anroputmute 3a U ca ot chiecTBeHO 3HAUEHUE 32 pa30MpaHETO HA TOBA
KaK MHTEIIMTCHTHUTE CUCTEMH ydYaT, aJanTHpaT ce U B3emar perieHus. [IbpI00KoTO mo3HaBaHe Ha
T€3W OCHOBH IO3BOJISIBA HA M3CJEOBATEINTE U MPAKTUIUTE Ja pa3paboTBar mo-cTabwiHU, edek-
TUBHU U eTuuHu MU cucremu.

O6nactra Ha U € mo cBosiTa CHIMHOCT MHTEPAUCIUIUIMHAPHA, OOSIUHSIBAMKN KOHIICTIIIUA OT
KOMITIOTHPHUTE HAYKH, MaTeMaTHKaTa, CTATUCTUKATa U KOTHUTUBHUTE Hayku. DyHIaMEeHTalHU Te-
OpHH KaTO TeOpHsTa Ha M3YUCIUTETHOTO oOyuenue (Valiant 1984), craTuctudeckara reopust Ha 00y-
yenueto (Vapnik 1995) u BepositHocTHOTO pascwkxacHue (Pearl 1988) sHauntenno gonpuHecoxa 3a
pa3BUTHETO HA anroputMure 3a M.
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C mosiBaTta Ha AbJI00K0TO 00yueHne MU nperwpmst peBostous, BbBEKIANKH CIIOKHHU apXUTEK-
TypH Ha HEBPOHHU MPEXH, CIIOCOOHH Ja yuaT epapxuunu npeacrassuus (LeCun, Bengio u Hinton
2015). Pa36upaneTro Ha MaTeMaTHYECKUTE OCHOBH Ha TE€3H MOJICNIU € OT KPUTHYHO 3HAUYEHUE 3a Hall-
perbKa Ha O0JIaCTTa M 3a CIpaBsSHE C MPEAU3BHKATEICTBA, CBbP3aHH C MHTEPIPETUPYEMOCTTA U
0000111aBaHETO HA MOJIEIIUTE.

HacrosmusaT nokinan nma 3a el ja u3ciieiBa TEOPETUYHUTE IPUHLIUIIN, KOUTO CTOAT B OCHOBAaTa
Ha aJITOPUTMUTE 3a U3KYCTBEH MHTENEKT. Upe3 pasriexjaHe Ha KJI0YOBU MaTEMATHYECKU MOJIENU U
AITOPUTMUYHHU CTPATETHH C€ CTPEMHU Aa 00SCHH KaK MAlIMHUTE NPUA00UBAT, IPEICTABAT U U303~
BaT 3HaHus. llle Obaar pasrienaHyu KOHLENIUK OT JIMHEIHa anreOpa, Teopusi Ha BEPOSTHOCTUTE U
ONITUMH3AIIMOHHHA METO/IM, KOUTO Ca KPUTUYHM 33 MAILIMHHOTO 00y4eHUe U HEBPOHHUTE MpexH. Oc-
BEH TOBa I1Ie ObJaT aHATM3UPAHH PA3IMYHU TApaIUTMU Ha 00yUYeHHE, BKIIFOUUTEITHO KOHTPOJIUPAHO,
HEKOHTPOJIMPAHO U YCUIIBAIL0 O0YUYEHHUE, U I11e ce 00CHIM POJISITA HA AITOPUTMUYHATA CII0KHOCT IPH
paspaboTkara Ha mamabupyemu MU cucremu.

1. MATEMATHYECKH OCHOBHU HA AJII'OPUTMUTE 3A MU3KYCTBEH
HUHTEJIEKT

Pa3z6upaneTo Ha MaTeMaTUYECKUTE IPUHIIMIIN € OT ChIIECTBEHO 3HAUE€HUE 3a pa3pab0OTBAHETO U
aHAJM3UPAHETO HA AITOPUTMU 3a U3KYCTBEH MHTENEKT. TpH OCHOBHM 00JaCTH JOTIPHHACAT 3a Ta3u
OCHOBA: JIMHEHHA anredpa, TeopHs Ha BEPOSITHOCTUTE M ONTUMHU3AIMOHHN METOTH.

1.1. JIuneiina anredpa

Jlunelinata anredpa npeaoCcTaBst HHCTPYMEHTH 3a Pe/ICTaBsiHe U 00paboTKa Ha TaHHH Ype3 BEK-
TOpH U MaTpuLU. Te3u CTpyKTypH ca KIHOYOBH IIPH pa3paboTKaTa Ha MOJEIIH 3a MAlIMHHO 00y4eHue
1 HEBPOHHU MpexH (Strang, 2016). Hanpumep, MaTpuuHUTE ONIEpaIiiy C€ U3I0I3BAT 32 M3UUCISIBAHE
Ha U3XOJIUTE Ha CIIOEBETE B HEBPOHHUTE MPEXKH.

Bekropute n MaTpuIuTe Ca OCHOBHHM €JIEMEHTH 3a IPEJCTaBAHE HA JAaHHH B IPOCTPAHCTBOTO HA
xapakTepucTukure. CoOCTBEHUTE CTOMHOCTH U COOCTBEHHM BEKTOPH Ca KPUTHYHU IIPU HaMassiBaHe
Ha pa3MEpHOCTTa M aHaIU3a Ha JJAaHHU Ype3 METOAM KaTo aHalIM3 Ha rinaBHUTE KoMroHeHTH (PCA)
(Jolliffe, 2002). Te3u KOHILENIMK TTO3BOJISIBAT U3BIMYAHE HAa Hall-ChIECTBEHATa HH(OPMAIIHS OT TO-
JIeMH U CIIO)KHU HabOpH OT JaHHHU.

1.2. Teopusi Ha BEepOATHOCTHTE U CTATHCTHKA

Teopusta Ha BEpOSITHOCTUTE MO3BOJISIBA MOAEIMPAHE HA HEONPEIEICHOCTTA U CIIy4alfHOCTTA B
naHHuTe. CTaTUCTUYECKUTE METOIU Ca OT ChIIECTBEHO 3HAUEHHE 32 OLIEHKA Ha MOJIEJIUTE U IIPaBeHe
Ha u3Bou oT faHHuTe (Casella u Berger, 2002). BeposiTHOCTHUTE pa3npeeieHus ONTUCBAT KaK CTOM-
HOCTHUTE Ha CIy4aiHa IPOMEHIIUBA CE PA3NpeNeIAT, KOETO € BaXKHO IIPU MOJEIUPAHETO HA CTOXAC-
TUYHU TPOLIECH.

BaiiecoBara Teopus U BEpOATHOCTHUTE MOJEIH ITO3BOJISBAT AKTyaJIHM3UpaHEe Ha BEPOSITHOCTUTE
Bb3 OCHOBA Ha HOBU JaHHU (Murphy, 2012). ToBa e ocobeHo 1os1e3HO NpHu pa3pabOTBAHETO Ha ajar-
TUBHU CUCTEMHM, KOUTO C€ Y4aT B IUHAMHYHU CPEJIH.

1.3. OnTuMH3aLMOHHY METOIH

OnTuMHU3aIMOHHUTE aJITOPUTMU ca B OCHOBAaTa Ha rporieca Ha o0yuenue Ha U1 monenute. ['pa-
JUEHTHUAT CITYCK C€ M3II0JI3Ba 32 MUHUMM3HMpAHE Ha (QYHKLMATA HA 3aryOUTe upe3 akTyalu3upaHe
Ha MmapaMeTpuTe B MOCOKa Ha Hal-cTpbMHUA HakiaoH (Ruder, 2016). CToXaCTUYHHAT TpagueHTEH
cinyck (SGD) e Bapuanus, KOSTO M3MONI3BA Clyd4allHU MOJMHOKECTBA OT JaHHM 3a YCKOpsSBaHE Ha
00y4eHHEeTO, KOETO € 0COOEHO MOJIE3HO MIPU TOJIEMH HAOOPH OT JaHHHU.
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2. AJITOPUTMU 3A MAIIIMHHO OBYYEHUE
MamunHHOTO 00y4eHHe € OCHOBEH KOMIIOHEHT Ha M3KYCTBEHHS HMHTEJIEKT, KOMTO MO3BOJIsIBA HA
CHCTEMHTE J1a C€ y4aT OT JaHHU U Jia IPaBAT MPOrHO3U WJIHM PELICHUs1 0€3 U3PUUHO IpoTrpaMUupaHe
(Mitchell, 1997). CpiiecTByBaT Tpy OCHOBHHU MapaWrMy Ha 0OydeHUE: KOHTPOIUPAHO, HEKOHTPO-
JMPAHO U YCHJIBAIIO 00yYEHHUE.
2.1. KonTposmpano o0yueHue
[Tpu KoHTpoNMpPaHOTO OOyYeHHE MOJENHUTE ce 00yuyaBaT BbpPXY €TMKETHPAHU JAHHM, KbJECTO
BXOJIOBETE Ca CBBP3aHU C U3XOJHM CTOMHOCTH. Perpecusita npeaBukaa HENPEKbCHATH CTOWHOCTH,
KaTo HalpuMep JIMHEHHA perpecus, 10KaTo Kiacu(puKausaTa pa3npeaesis JaHHU B AUCKPETHH KaTe-
rOpHH, KaTo M3MO0JI3Ba METOAM KAaToO JIOTUCTUYHA PErpecus M OMOpPHU BEKTOpHU MamuHHU (SVM)
(Bishop, 2006).
2.2. HexkoHTpO/IMpPaHO 00y4eHHue
Hexontponupanoro o0ydeHrne paboTH ¢ HECTUKETUPAHU TaHHU U LEJNIHU OTKPHBAHE HA CKPUTHU
CTPYKTYypu i Mojenu. Kibecrepuszanusara rpynupa nogoO0HM JaHHM, KaTo Hampumep merona k-
cpennu (Hastie, Tibshirani u Friedman, 2009). HamansBaneto Ha pazmepHocTTa, kKato npu PCA, Ha-
MaJIsiBa CJI0)KHOCTTA Ha JAHHUTE, 3alla3Baliki ChIECTBEHATa HHPOPMALIUSL.
2.3. YcuaBaio odyveHnue
YcungamoTo o0yyeHne BKII0YBa 00yueHUE Ha areHT, KOMTO B3auMO/JICICTBA C OKOJIHATA cpefia
Y C€ y4H OT IIOCJIEACTBUSATA Ha CBOUTE ACHCTBUSI UpE3 Harpau WK Haka3zaHus (Sutton u Barto, 2018).
To3u noaxon e ocobeHo eheKTUBEH MPH 3a]1a4, KbJETO MOCIEA0BATETHOCTUTE OT PELICHHUS BIUSAT
BBpXY KpalHara Leil.

3. HEBPOHHU MPEXU, AbJIBOKO OBYYEHUE, AITOPUTMHUYHA CJIOXKHOCT
HeBpoHHUTE MpexH ca MOJETH, BAXHOBEHU OT OMOJOTUYHUTE HEBPOHH, KOUTO Ca CIIOCOOHU
na y4at cinoxuu Gyaknun u npencrabsaus (Goodfellow, Bengio u Courville 2016).
3.1. OcHOBH HA HEBPOHHHMTE MPEKH
N3kycTBeHHTE HEBPOHU Ca OCHOBHHUTE €IUHULIA, KOUTO MIPUEMAT BXOJOBE U MPOU3BEKIAT U3-
xomu upe3 GpyHKuus Ha aktuBanus. MHorocnoitHuTe nepcentporu (MLP) ca HEBpOHHU MpEXH C
€IMH WU TIOBeYe CKPUTH CIIOsl, MO3BOJSBAIM MOJe/UpaHe Ha HenuHeiHn 3aBucumoctu (Hornik,
Stinchcombe u White, 1989). Teopemara 3a yHuBepcanHa alpoOKCUMAIHs TJIaCH, Y€ HEBPOHHHTE
MpEXH € IOCTaTh4eH Opoil HEBPOHHU MOTaT Ja alpOKCUMUPAT NMPOU3BOJIHA HENMPEKbCHATA (DYHKIINS
(Hornik, 1991).
3.2. ApXHUTEKTYpPH HA IbJOOKHA HEBPOHHU MPeKH
Cgeprounute HeBpoHHU Mpexu (CNN) ca cnenmanu3upanHu 3a 00paboTKa Ha M300paKEeHUS,
KaTo yJnaBAT npoctpaHcTBeHu 3aBucuMocTH (LeCun u nip., 2015). PekypeHTHUTE HEBPOHHU MPEXKHU
(RNN) ca moaxoasmy 3a NOCJIEIOBAaTEIHN JaHHU KAaTO TEKCT U ayJIuo, Thil KaTO B3eMaT MpeABUL
BPEMEBUTE 3aBUCUMOCTH.
3.3. TeopeTu4HH aCNEKTH U NPEIU3BUKATEJICTBA
Teopema 3a yauBepcanHa anpokcumanus: HeBpoHHUTE MpEXU ¢ J0CTaThueH Opoil HEBPOHH MO-
raT J1a alpoKCHMMHUpAT MPOU3BOIHA HenpekbcHaTa GyHkIiusa (Hornik 1991).
[Tpenu3BukarenctBa npu o0yuenueto: [IpobGiaemu kaTo u3ue3BalIus rpaJIueHT U3UCKBAT TEX-
HUKH KaTto HopManu3anus Ha nmaptuaute (loffe u Szegedy 2015).
3.4 AITOpuTMHYHA CI0KHOCT M e()eKTHBHOCT
AHaIM3bT HAa ANTOPUTMUYHATA CIIOKHOCT € KPUTHUYCH 3a OlleHKa Ha edektuBHOCTTa HA MU an-
TOPUTMHTE, 0COOCHO Mpu padoTa ¢ roemu odemu nanHu. ['onssmoro O 0603HaYEHHE Cce M3IT0II3BA 32
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OMKCBaHE Ha MPOM3BOAUTENHOCTTA Ha anroputmute (Cormen u ap., 2009). MamabupyemocTTa ce
MoCTUTa 4YpC3 U3MOJI3BAHC HA ITAPAJICITITHA U3YHUCIICHUA U OITUMH3AllUN, KOCTO ITO3BOJISIBA 06pa60TI<a
Ha roJicM1 JaHHU B pCaJIHO BPEMC.

4. ETUYHU U COUUAJIHU ACIIEKTU. HAITPABJIEHUE 3A PA3SBUTHUE

Pa3BuTHeTO Ha U3KYCTBEHUS! MHTENEKT MMOBNIa BaXHU €THUHU BBIIPOCH, CBBP3aHHU C MPO3pad-
HOCTTa, 00sicHUMOCTTa U nipuctpactusta B anroputmute (Floridi u np. 2018). Heo6xonumocrra ot
Ch3aBaHe Ha aJITOPUTMHU, KOUTO ca CIPABEUIMBH U MPO3PAYHH, € OT KPUTUYHO 3HAUCHHE 32 U3TPaXK-
na"eto Ha otroBopeH M. Benpocure, cBbp3aHu ¢ MOBEPUTEIHOCTTA HA JAHHUTE U aBTOMAaTH3aI-
ATa HA pa0OTHUTE MECTa, UMAT 3HAUYUTEIHO BIMSHHUE BHPXY OOIIECTBOTO M M3UCKBAT BHUMATEITHO
pasriiexaane.

OcBeH TOBa, pa3pabOTBaHETO HA MOEIH, KOUTO ca 00SCHUMH U pa3OupaeMu 3a Xxopara, € KIIo-
YOBO MPEIU3BUKATEICTBO MPEl MHTEPIPETUPYEMOCTTA HA MoJienuTe. 3KyCTBEHHST OOIIl MHTEIECKT
(AGI), xoiiTo enu ch3gaBaHETO HA CHCTEMH, CTIOCOOHU JIa M3ITBJIHABAT BCAKA MHTEJEKTYyaIHA 3a1a4a
(Russell u Norvig 2020), npeacrasisiBa aparocpoyna 1en B oomactra Ha M. U3cnensanero Ha 1o-
TEHI[MaJla Ha KBAaHTOBUTE KOMITIOTPH 3a ycKopsiBane Ha MU anroputMu cbiio e o0eriaBaio Harpas-
JIeHUe, KOETO MOKE Ja JOBele 0 3HAUMTETHHU MOAOOPEHUS B MPOU3BOJUTEIHOCTTa U €(PEKTHB-
HOCTTA.

3AK/IIOYEHUE

TeopeTHUHUTE OCHOBHU Ha aNTOPUTMHUTE 32 U3KYCTBEH UHTEIEKT MPEACTABIsABAT (DYHIaMEHTA-
HaTa paMKa, BbpXY KOATO ce n3rpaxza suiata ooiact Ha M. B To3u nokian 6sxa pa3rieanu Kiko-
YOBUTE MATEMATHYECKU KOHIEIIIUN U aJITOPUTMUYHU CTPATErHH, BKIIOUYUTETHO JIMHEIHA anreopa,
TEOpHs Ha BEPOATHOCTUTE U ONITUMH3AIMOHHU METO/H, KOUTO Ca KPUTHYHHU 3a pa3OUpaHeTo U pas-
paboTtkaTa Ha ceBpeMeHHUTE MU cuctemu. AHAIM3BT Ha pa3IMUYHUTE TAPAAUTMUA HAa MAIITUHHO 00Y-
YEeHUE—KOHTPOJIMPAHO, HEKOHTPOJMPAHO W YCHJIBAIO OOydeHHEe—IIouepTaBa 3HAYMMOCTTa Ha
MOAX OIS H300P Ha METOJIOJIOTHS B 3aBUCUMOCT OT CHEIUPUIHUTE 33]]a9H U HATMYHUTE TaHHU.

PasrnexxnaneTo Ha HEBPOHHUTE MPEKHU U TBIO0KOTO 00YUCHHE TIOKa3Ba, Y€ CIOKHUTE apXUTCK-
TYpY ¥ QJITOPUTMH MOTAT Ja YJIaBsIT HETUHEHHN 3aBUCUMOCTH U JIa IPEIOCTABIT BUCOKH HUBA Ha
TOYHOCT B Pa3HOOOPA3HU MPUIOKEHHS. ATTOPUTMUYHATA CIOKHOCT U epekTuBHOCTTA HA MU anro-
PUTMHUTE Ca OT CHIIECTBEHO 3HaYEHNE, 0COOCHO MpHU paboTa ¢ roJieMH 00EMHU OT JJaHHU U HE0OXO0/1H-
MOCTTa OT PEATHOBPEMEHHH pelieHus. M3cieBaneTo Ha eTHYHUTE M COITMATHH aCIIEKTH 10 T9epTaBa
Ba)XHOCTTA Ha OTroBOopHUS MU M HE0OX0auMOCTTa OT CIIpaBeIMBHU, MTPO3PAYHA U OOSCHUMH MO-
JICIIH.

B Obaemie nooOpsiBAaHETO HA MHTEPIPETUPYEMOCTTA HA MOJICTUTE U pa3paboTKaTa Ha U3KYCT-
BeH o011 uHTenekT (AGI) me 6baaT kinouoBH HanpasieHus B oosactta Ha MU, MaTerpupanero Ha
KBaHTOBUTE M3YHCIIEHUS O0EIIaBa 3HAYUTEIHNA TOJOOPEHUS B MPOU3BOAUTEITHOCTTA U CIIOCOOHOC-
tute Ha U anroputrmure. 3a1b10049€HOTO pa3OupaHe HA TEOPETUYHUTE OCHOBH IIE MPOIBIDKU Ja
ObJie OT peIlaBallo 3HAYCHHUE 3a HANpeabKa U YCTOMUYMBOTO PAa3BUTHE HA M3KYCTBEHHSI MHTEIICKT,

KaTo rapaHTHpa, 4e TEXHOJOTHMHUTE CE Pa3BUBAT 10 HAYMH, KOWTO € OT 10132 32 O0IIECTBOTO.
Bb/IAI'O/JAPHOCTH

Tosa uscneosane e nanpaseno 6 pamxkume na npoexm HITH-65/2023 ,, Uzkycmeenusm unme-
JIeKM 8 NOMOW, HA XOPama ¢ Y8peicOaHusi npu 0CU2ypseane Ha OUSUmaina 0OCHv»RHOCH 8 npoyeca
Ha 0OyueHue 88 gucuiemo obpazosanue .
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TEUMUPUKAIIUA: THCTPYMEHT 3A ITIOBUIIIABAHE
HA MOTUBALUATA U TIOCTU/KEHUATA HA YYHEHULIMTE
B ITPOPUIMPAHOTO OBYUYEHHUE 110 UTHO®OPMATUKA

Cranauna HeiikoBa-Kaparaesa

Pycencku yuusepcureT ,,Anren Kenues/ Kareapa ,,MIlupopmarrka u uHGOpMaMOHHH TeXHOJIOTHU, Pyce,
breirapus, sneykova@uni-ruse.bg

PE3IOME

Cvepemennama 00pazoeamenta cucmema NPemMvphsea 3HAYUMeTHU NPOMEHU 8 Memooume Ha 00yueHue,
nooxooume Ha nPenooagame u Hauunume 3a 63aumooeticmsue ¢ yvawume. B konmexcma na npoghunupanomo
o00yueHue no UHGOPMamuKa 6b3HUKEA HEOOXOOUMOCT OM UHOBAMUBHU NeQA202UYeCKY Memoou, KOumo oa
NOBUWLAM AH2AICUPAHOCTIINA U MOMUBAYUAMA HA YHeHUYUMe NPU YCEOSIBAHEMO HA YYeOHOMO CbOBbPICAHUE.
Tetimugpuxayusma, oegpunupana kamo unmezpupane Ha ueposy eleMeHmy 8 KOHMEKCMu, pasiuitu Om uepo-
suUme, ce pazenencoa Kamo epexmuena UHOBAMUGHA CIMpame2us 34 NPeoooIA6ane Ha NPeOU3sUKamencmeama
Ha mpaouyuoHHume obpasosamennu nooxoou. Hacmoswuam 0oxnao uzcredsa etimugpuxayusama Kamo ne-
dacozudecku UHCMPYMEHM, HACOYEeH KoM CIUMYIUPAHe HA MOMUBAYUAMA U ROCTHUIICEHUSMA HA YYeHUYyUme
6 pamKume Ha NPOGUAUPAHAMA NOO20MOsKa no ungopmamuxa. OCHOBABAIIKU ce HA BKTIOYBAHEMNO HA elle-
MEHMU KAmo MOYKU, 3HAUKU, HUBA, MUCUU U NPEOUISUKAMENCNEA 8 YUeOHUsI npoyec, KOHYenyusma yeiu ak-
musu3Upane u nOGUUEHAa aneadcupanocm na yyawume. Te3u ueposu eremenmu cvzoasam obpazogamenna
cpeda, KOsimo CmuMyaupa akmueHo yiacmue, nosUuaeaiky unmepeca u MOMueayUsima Ha yHeHuyume Kom
yuebnus mamepuai. Bkiiousanemo Ha ueposu KOMROHEHMU NOKA36d NOSUULEH UHMEPEC KbM CbObPHCAHUCTIO
U HACvpUasa compyoOHUYeCcmao u akmusHocm 8 kiachama cmasi. Ocgen mosa ce HaOIOOA8A 3HAYUMETHO NO-
dobpenue 6 yMeHUMA HA yHeHuyume 3a peulasane Ha npooiemu u KpUmui4Ho MUCienHe — Kauecmed om Cb-
WeCcmeeHo 3HaueHue KaKmo 3a YCE0sI8aHemo HA Meopemuyty 3HAHUs, MaKa U 3d pA36Umuemo Ha npaKmu-
yecku ymenus. Q606weno, 00kn1adsm noouepmasa UCOKUsS NOMEHYUAL HA 2eUMUPUKAYUAMAa 3a ONMUMUIU-
pate Ha yyebnama cpeod, 0CoOeHO 8 OUCYUNTUHU KAMO UHGOPMAMUKAMA, KbOEMO CIONHCHOCMMA HA CbObD-
JHCAHUETNO UBUCKBA UHOBAMUBHU MemMOOU Ha oOyuenue. I edmugukayuonnume memoou noka3eam cnocooOHoCm
0a 3acuneam aKmusHOCMMA U AH2ANCUPAHOCTIMA HA YYeHuyume, OONPUHACIUKU 3d NO-eQheKmMUSHOMO YCe0-
ABAHe HA 3HAHUS U 3d NO-8UCOKA YOO0BIEMEOPEHOCH OM Y4UeOHUs npoyec.

KIIIOYOBH JIYMHU: cetimugpuxayus, aHeaxrcupanocm, MOmueayus, y4eHuyu, ooyuerue no uHgopma-
muKa

GAMIFICATION: A TOOL FOR ENHANCING STUDENT MOTIVATION
AND ACHIEVEMENT IN PROFILING INFORMATICS EDUCATION

Stanaila Neykova-Karagaeva

University of Ruse “Angel Kanchev”/Department of Informatics and Information Technologies, Ruse,
Bulgaria, sneykova@uni-ruse.bg

ABSTRACT

The modern educational system is undergoing significant changes in teaching methods and student en-
gagement. In the context of profiling informatics education, where innovative pedagogical approaches are
required to enhance student engagement and motivation, gamification provides an effective solution for over-
coming the limitations of traditional methods. By incorporating points, badges, levels, and challenges, a learn-
ing environment is created that fosters active participation, interest, and collaboration among students, as

187


mailto:sneykova@uni-ruse.bg
mailto:sneykova@uni-ruse.bg

well as developing their critical thinking and problem-solving skills. In conclusion, this article highlights the
potential of gamification to optimize the learning process by improving student activity and satisfaction.

KEYWORDS: gamification, engagement, motivation, students, informatics education

BBbBEJIEHUE

CwBpeMenHaTa oOpa3oBaTeliHa MapajuryMa € HacoueHa KbM (OpMHpaHe Ha 3HAHUS U YMEHUS Y
o0y4yaeMuTe, KOUTO Jja ObJaT MPUIOKUMH B IIUPOK CIIEKTHP OT NPOPECUOHATTHHU U COLUAIHU c(hepH.
OcBeH TOBa, 00pPa30BaHUETO JHEC LIEJH JIa MOAIbpKa BUCOKO HUBO HAa aHTQXKUPAHOCT KbM yueOHHUs
IpOIIeC | J1a MOJANOMAara pa3BUTHUETO Ha MO3HABAaTEIHATa MOTUBALMS y yueHumre. [ eliMmudukarm-
ATa, U3BECTHA OIIIe KaTO UTPOBU3AINs, IPEACTAaBIIsIBA MHOBATHBEH MOX0/], KOWTO HaAXBBPJIS KJIACH-
94eCKOTO ,,IPOCKTUPAaHEe HA MIPU‘‘, KATO CE CTPEMH J1a MHTETPUpa OCHOBHU €JIEMEHTH OT MIpOBaTa
MEXaHMKa B y4eOHHS MPOILIEC C [eN MOBHIIaBaHEe Ha aKTUBHOTO ydacTue Ha oOydaemure. [Ipu Ta3u
oOpa3oBaTesHa CTpaTerus KIOYOBH €JIEMEHTH Ha UIPUTE, KaTO TOYKHM, 3HAUKU U MPEIU3BHKATEIC-
TBa, C€ BHBEXKJAT B yueOHATa cpeaa, 3a Ja CTUMYJIUPAT MOTHBALMATA U aHTAKUPAHOCTTA y YUCHU-
ruTe. B KoHTekcTa Ha 00y4eHUETO 10 HHPOPMATHKA TO3H MOXO0]l YECHIBA YCBOSIBAHETO HA CIIOKHH
MIOHATHS, KaTO CHIIEBPEMEHHO MpPaBU yueOHHUs MPOLEC MO-UHTEPAKTHBEH M IieneHacoueH. OcBeH
TOBa, TEHMUPUKAIMATA CTUMYIUPA PA3BUTHETO Ha BAXKHU KOTHUTUBHU YMEHHUS, KaTO CIOCOOHOCTTA
3a pemaBaHe Ha MpoOJIeMHu, KPUTHYHO W TBOPYECKO MHCIIEHE — YMEHHMS, KOUTO UIPasT KJIIOYOBa
pOJIS B KOMITIOTBPHUTE HayKU. Te3u KOMIETEHINN HE CaMO Hachp4aBaT YJaIlIUTe Ce J1a aHATN3UPAT
U CHHTE3MpaT MH(OpMAanus, HO U TH MOJATOTBIT 3 aJanTHPaHEe KbM TUHAMHYHHUTE TEXHOJOTHU H
MHOBAIIMY, U3UCKBAI HOBAaTOPCKO MHCIIEHE M aHAIWTHYHA MPEIM3HOCT 3a ycIemHa npodecuo-
HanmHa peanu3anus. HacrosmoTo nicnensane ce GoKycupa BbpXY BIMSHHETO HAa reMupUKanusaTa
BbPXY MOTHBAIUATA, aHTAKUPAHOCTTa U 00pA30BATEIHU MTOCTHKEHUS HA YICHULIUTE, KaTo Ipoce-
JsIBa IPOMEHHUTE B PE3yJITATUTE UM MPEIU U CIIE/I PUIIaraHeTo Ha UTPOBU €JIEMEHTH B YUeOHHUsI TIPO-
1ec.

1. TEAMU®UKALUS

[efimudukanysTa npeacTaBisBa U3M0JI3BaHE HA UTPOBO MUCIICHE, TIOJXO/IU U €JIEMEHTH B KOH-
TEKCTH, KOUTO HE ca CBbpP3aHu ¢ Urpu. [IpuiioskeHneTo Ha nrpoBaTta MeEXaHHKa criomMara 3a IOBHIla-
BaHE Ha MOTHBALIUATA U YJIECHSIBA 00Y4EHUETO KAKTO BbB (POPMAJIHU, TaKa U B HE(POPMATHU YCIIOBHSL.
PaznuunuTe nepuHUINN HA TOHATHETO YECTO C€ MPUIIOKPUBAT U MOTaT J1a ObaaT 0000IIEHH 110 Cle-
HUSI HAUMH: 2elMUGUKayusama e unmezpayus Ha uzposu elemMeHmu U u2poso MucieHe 6 OelHoCcmu,
xoumo He ca uepu (Kiryakova, Angelova end Yordanova, 2014).

I'eliMmudukanusTa e mocoyeHa KaTo NpuMep 3a MHOBATHBHA MEIaroruka, KOsiTo MMa MOTEHIHAI
na Tpancopmupa obdpasosanueTo (Istance and Paniagua, 2019). Tlemarorndyeckara MHOBAIHS CeE
CBBP3Ba C MHOBATMBHO U TBOPYECKO 00y4YEHHUE, KOETO CTUMYJINPA Pa3BUTUETO HAa TBOPUYECKHSI IIOTEH-
1[MaJl Ype3 HOBU METOJU, UHCTPYMEHTH U ChIbpxkKaHue. FIHOBaTUBHUTE MPAKTUKHU C€ OTINYABAT OT
TPaIULMOHHUTE Upe3 e(EeKTUBHOTO M3I0J3BaHE HA HOBU TEXHOJIOTMH, HAChpUYaBallll YMEHHATA Ha
21-BU BEK: CHTPYIHUYECTBO, KOMYHHUKAIH, TBOpUECTBO U KpuTuyHO MucieHe. (Terzieva, Dilyanov
and Rahnev, 2023).

I'eliMudukanusaTa 4ecTo ce acoruupa ¢ TP OCHOBHU acllekTa, KOUTo (hopMUpaT HelHaTa ChIll-
HOCT U epeKTUBHOCT B oOpa3oBarenuus npouec (Istance and Paniagua, 2019):

* TEXHOJOTMYHHUTE CPEACTBA, KaTO U(PPOBU UTPH U BUPTYATHH CPEIH;

* UTPOBUTE MEXAHU3MH, BKJIIOUBAIIM 3HAYKH, I€JIM, NIPEIU3BUKATEICTBA, HUBA M JPYrd IO-

OOHU €IEMEHTH;
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* BB3MOXXHOCTHTE 32 HHTETPHPAHE Ha ChIbPKAHUETO Ha ydeOHaTa mporpaMa OT CTpaHa Ha Tpe-
noaaBaTCJIMTC B UTPOBU KOMIIOHCHTH.

leliMmu¢ukanusaTa ce OCHOBaBa Ha CHEIU(PUYHN XapaKTEPUCTUKH HA MTPUTE, aJanTHpPAHH 32

yq66Ha cpcaa C LcJI MOBUIIaBaAHC HAa MOTUBAIMATA, AHTAXKUPAHOCTTA U TIOCTUIKCHUATA HA YHCHHUILIUTC.
BHereHa B OGp&BOB&TGHHI/IH mponec T4 BKIIIOYBA CIICMCHTHU KAaTO TOYKH, 3HAYKH, KilaCallud U IIpC-
JTM3BUKATEJICTBA, BCEKH OT KOUTO JONpuHacs 3a yueonus nporuec (Abaz end Efendiler, 2023):

* TOYKH: YUYCHHIIMTE TICUSNAT TOYKU 32 U3IIBIHEHHE Ha 33/1a4M, KOETO OCUTYpsiBa He3a0aBHA
oOpaTHa Bpb3Ka U CTUMYJIMPA aHTKUPAHOCTTA.

* 3HAYKH: 3HAYKUTE MAPKUPAT MOCTIKEHHUATA U ISHCTBAT KaTO MOTUBATOPH, TIPU3HABANKHU OB-
JagABaHCTO Ha ONPCACICHU YMCHUS WJIIWM KOHICTILUU.

* KJIACAIIMM: CHCTEMATa 3a KJIacHpaHe JOMMBIHUTEIHO MOIKPENs aHTa)KUPAHOCTTA U ChPEBHO-
BaTCJIHUA OYyX, KaTO OCUTYpsiBa BUANMA OLICHKA HA MOCTUTHATUTC PC3YJITATH, HO Tp}I6Ba Ja ce
HU3I0JI3BaT BHUMATCIIHO, 34 Ja HC 06€3C’bpanaT YUCHUIU C IMTO-HUCKH MTOCTUKCHHU.

* MpeIM3BHKATEJICTBA: IPEICTABIHETO HA 3a7]a4y KaTo MPEIN3BUKATEICTBA WM MUCHU TIPABU
YUEHETO MO-aHTKUPAIO0 U CTUMYITHPA PEIIaBAaHETO HA IPOOIEMH.

Te3u eeMeHTH ch3aBaT MHTEPAKTHBHA U MOTHBHpAIa ydyeOHa cpesia, B KOATO YUCHHUIIUTE MO-

raT Ja mpocCIieAsiBaT CBOSI HAIIPEAbK, YECTO B PEATTHO BpEME.

2. TPO®OUJIMPAHO OBYYEHUE 11O UH®OPMATUKA

MuHHCTEpCTBOTO Ha 00pa3oBaHUETO U HaykaTa Ha PermyOnuka beirapus npe3 2018 r. BpBex 12
cieun(puIHN y4yeOHU MporpamMu 3a npoduiarpaHo o0ydeHre Ha YUSHUIIUTE BbB BTOPU TMMHA3UAJICH
eTan Ha cpeHOoTO oOpaszoBanue. [IpodunupanaTa moaAroToBKa BKIIOYBA 3aAbJI0O0UCHO N3yYaBaHE Ha
npodunupaly NpeIMeTH B ChOTBETHUS MPO(UII, pa3BUBAIIK KOMIUJIEKCHH KOMIIETEHTHOCTH.

[Tpodunupano odydeHue mo uHGOpPMATHKA CE€ OCHIIECTBSIBA 3a YUCHUIIUTE, U30pa PO
,CoTyepHH U XapyepHH HAyKu* WIH ,,MaTeMaTHYeCKH * ciell 7-MU KJ1ac, KbJIETO 3abJDKUTEICH
npodunupaiy npeamet € nHpopmaruka. B pamkuTe Ha ABYroJuIIHATA TOATOTOBKA YUSHULIUTE U3Y-
9aBaT MIECT MOAYJIA: YSTUPHU 33 IBJDKUTEIHU U 1B N30MpaeMu. 3abIKUTETHUTE MOAYJIH BKIFOUBAT
(Official Website of the Ministry of Education and Science of the Republic of Bulgaria, 2024):

* ,,O0eKTHO OpPUEHTHPAHO MPOEKTUpaHE U mporpamupane” u ,,CTPyKTYypH OT JAaHHH M aJro-

putmu‘ (3a 11-tu kinac, 2020-2021 r., mo 72 4yaca rouIiHo);

* Penmannonen monen Ha 6a3u oT nanHu U ,,IIporpamupane Ha HHOOPMAITMOHHU CUCTEMH (3a

12-tm xnac, 2021-2022 r., cboTBeTHO 72 1 52 4yaca TOIUIITHO).

N30upaemute MOAYIH ce pa3paboTBAT Ha YUMJIMITHO HUBO OT IIE€AarOTHYeCKus €KUIl, KOETO M03-
BOJISIBA a/IalITUPAHE Ha ChABPKAHUETO KbM HYXKAUTE Ha YUCHULIUTE U CTUMYJIMpA UHTErpalusaTa Ha
HOBH METOJIU U TEXHOJIOTUH, KaTO CHIIEBPEMEHHO OTroBaps Ha HallMoHaHuTe cranaapT (Neykova-
Karagaeva and Tsankov, 2023).

3. TEUMUO®UKAIIUS B OBYYEHUETO IO WTH®OPMATHKA

[Tpodunupanoro oOyueHnue mo nHGOpMaTHKA U3UCKBA BUCOKA MTO3HABATEIHA AHTQXKUPAHOCT OT
CTpaHa Ha ydYalluTe, OCOOCHO B KJIFOYOBH OOJIACTH KAaTO aJTOPUTMHYHO MPOEKTHUpPAHE, MPOrpaMu-
paHe, ONTUMH3AIHS Ha aJlTOPUTMH, YIIpaBJICHUE W OPraHU3MpaHe Ha JaHHU U 1pyru. OBIaasiBAaHETO
Ha TE3W KOHIICTIIIUM YECTO M3MCKBAa MHOTOKPAaTHO TPWIOKEHHUE M 3aIbJI00YeHO pa3OupaHe Ha
CIIO’)KHU TEOPETHYHU OCHOBHU. | eiiMudukanusara ehekTuBHO MoAnoMara Ta3u aHra)XUPaHOCT, KaTo
pasacis O6CMHI/IT€ CJIO)KHH TCMU Ha MO-MAJIKH, IMOCTHIKUMU HCIIU, KOUTO HACHPUYABAT AKTUBHOTO
YUCHC. ‘—Ipe3 H3M0JI3BAHCTO HAa UI'POBU CIICMCHTHU KAaTO TOYKH U 3HAYKHU, MMPUCHKIAHU 3a YCIICIIHO
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pelraBaHe Ha KOJIOBH 337a4M U M3ITBIHEHHE Ha TPOTPAMHH YIIPaKHEHUS, TS MPEI0oCTaBs He3abaBHA
oOpaTHa Bpb3Ka, KOATO MOJAbpKa (POKyca U MOTUBAIUATA 32 IO-HATATHIIHO PAa3BUTHE.

B oOyuenuero no nHpopmaTuka reiMuUIMpPaHUTE TPAKTUKU JONPUHACAT 32 YChBBPILIEHCT-
BaHE Ha MIPAKTUYECKUTE YMEHHUsI, Ype3 MOIX0a Ha Mpoda U rpemika U HTepaTUBHO MOJ00peHue, Ko-
€TO yJIEeCHsBa 3aJbJI0O0UYEHOTO OBJA/sBaHE Ha MaTepuaya. Te pa3BUBAT y YUEHHUIUTE MOJIXOJ KbM
NPeAN3BUKATENICTBATA, TPH KONTO HEYCIEXBT C€ Bh3NPHUEMa KaTO Bh3MOXKHOCT 3a YU€HE, a He KaTo
MpeYKa, CTUMYJIUPANRKH 1M0-331bJI00UEHO pa3OupaHe U yCTOWYUBOCT B YU€OHUS MPOIIEC.

4. METOA0JIOT'USA HA U3CJIEJIBAHETO

4.1 Metonoaorus

N3cneaBanero oOxBaiia nepuoj OT TPH MOCICIOBATETHU TOAMHH, KaTO BCSKA TOIMHA B HETO
yuacTBar 1o 13 yyenunu (o610 39). ToBa no3BosisiBa npociensBaHe Ha eexra Ha reiiMudukanusaTa
BBPXY Pa3IUYHU TPYNU 00ydaeMHu ¢ eTHAKBH Y4eOHU M3MCKBAHUS. BCUUKYU Tpynu cleaBaT UIeHTH-
4yeH yueOeH IJIaH, IPU KOMTO ce Mpuiiarat eHH U ChIIK UTPOBH €JIEMEHTH, 3a Ja C€ OCUTYPH ChIIOC-
TaBUMOCT Ha Pe3yJTaTUTE BbB BPEMETO U Ja C€ MUHUMHU3UPA BIUSHUETO HA BHHIIHU (DaKTOPH.

B Hauanoro Ha 00yueHueTo mo Moay ,,CTPYKTypH OT JaHHU U AJITOPUTMHU"® YUCHUITUTE MTOIBJI-
BaT aHKeTa, pa3paboTeHa CIeUaIHO 3a HY)KIUTe Ha u3cieaBanero. [lepuoabT Ha MpoBexkIaHe € Chb-
o0pa3eH ¢ pa3IndHu CyOeKTUBHU (DaKTOPH, BKIIOYUTEITHO HOBUS MPEIOIaBaTeN, aIall TAIlMOHHHUS TIe-
pPHUOJl ¥ HUBOTO Ha MPEJABAPUTEIIHUA 3HAHUS U YMEHUS Ha YYCHHIIUTE. Te3u 00CTOATEICTBA ca OTye-
TEHU U ETUMUHHUPAHU [0 BpeMe Ha 00y4eHUETO Mo Moayn ,,O0EKTHO OPUEHTHUPAHO MIPOCKTHPAHE U
mporpaMupane’’, KOeTo ch3aBa yCIOBHS 3a MO-00EKTUBHO U HAJESKTHO MPUIIOKEHUE HAa UTPOBU3a-
uusATa B u3dpanus Mmoayn. UrpoBure eneMeHTH ce mpuiaraT B paMKUTe Ha 72 yueOHM yaca, pasmpe-
neneHu B 18 ceqMuIy, BKIIOYBAIM KaKTO KJIACHYECKHU 3aJjaui, Taka U crieu(GUIHN MUCHUU U ChPEB-
HOBaHM. 3a BCSKa IpyIa MNPOIbIKUTEIIHOCTTA HA YIeOHUS MTepHo, OpOSAT Ha CEAMULIUTE U U303~
BaHWTE UTPOBH MEXAHUKHU Ca CbOOPa3eHH, 3a J1a Ce MOCTUTHE MAKCUMAIHO UAECHTHUYHO MPUIIOKEHHE
Ha METOoJa Mpe3 BCsAKa roJInHa OT U3CIIEABAHETO.

B kpas Ha 00y4eHHETO YUCHHIINTE OTHOBO IMOIBJIBAT AHKETATa, 3a Ja C€ U3MEPSIT MIPOMEHUTE
BCJIC/ICTBHE HA UTPOBH3AIUATA B 00yueHHeTo no nHpopmaruka. OTTOBOPUTE B aHKETATa ca CTPYK-
TypUpaHH B neTo0aaHa cKaja, KOSATO OCUTYpsBa TOYHOCT MPU U3MEPBAHETO HA CTETICHTA HA MOTHBA-
LUsl, aHTAKUPAHOCT U MOCTUKEHUS HA YUCHHUIIUTE. 3a LEIUTE Ha U3CIEABAHETO JaHHUTE ca MpeJic-
TaBEHU C JUana3oH OT 1 10 5, KOETO MO3BOJISIBA M3UMUCIISIBAHETO HA CPEHU CTOMHOCTH MO BCEKHU
BBIIPOC U MPEOCTaBsI Bb3MOKHOCT 32 IPELNU3EH KOJIMUYECTBEH aHalu3.

[Tpumepu 3a u3non3BaHe Ha rediMUUKALK KaTO CPEICTBO 3a MOBUIIaBaHE HA MOTHUBALIUATA U
MMOCTHKEHUATA B TPOPUIMPAHOTO 00yUeHHe 110 HHPOPMATHKA:

* TouykH ¥ HHMBA 32 pellleHH 33/1a4U — YUCHUIUTE TPyHaT TOYKU 3a BCSKA YCHEIIHO pellieHa
3a/1a4ya U JOCTUTaT pa3iaudyHu HuBa. [lo-clioKHUTE 3a7aud HOCST MOBEYE TOUKH, CTUMYIH-
palikul T Jja MoeMar Mo-rojeMu MpeIn3BUKATEIICTBA.

* 3HAYKH 32 cenu(pUYHN YMEHUsI — [P MOCTUTAaHE HA KOHKPETHHU YIeOHU 1IeTTH, KaTo peau-
3MpaHe Ha PEKyPCUBEH AJITOPUTHM WJIM MMPOCKTHPAHE HA CTPYKTYpa OT JaHHH, YUEHUIUTE TO0-
Jly4aBaT 3HAYKH, HAIPUMEDP ,,MANCTOp HA pEeKypCcHUATa™.

* TYPHHMP 1O 1e0BIMHI — YUCHHUIIUTE CE ChCTE3aBaT B OTKPHUBAHE U KOPUTUPAHE HA TPEIIKU B
KOJ, 32 KOETO MeuessIT TOUKH, KaTo Hal-100puTe ce Kilacupar U pa3BUBAT YMEHHSTA CU IO
NEOBIUHT.

* UT'POBH 32/1a4H1 32 CTPYKTYpPHPaHe HA JAHHM — 33J1a4d KaTO OpraHU3UpaHe Ha BUPTYyallHA
OuOIMOTEKa WK YIIPaBJICHUE Ha OMAIllKa B Mara3uH W3MCKBAT U3MOJI3BaHEe HA CTPYKTYPHU KaTo
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CTEK M OTIallIKa, YCIEIIHNTE PELICHHUs C€ HarpaXKAaBaT C TOUKU.

* AJTOPUTMUYHN MUCHHU — YUCHUIIUTE MOIy4aBaT ,,MHUCUA" C AITOPUTMUYHO TPEAU3BUKATE-
CTBO, HaIIpUMEp HAaMHUpaHe Ha Hal-KpaTKusi IbT B TaOUPHUHT. TOUKUTE Ce MPUCHKIAT 33 ONTH-
MU3aIus U ePEeKTUBHOCT Ha PEIICHUETO.

* KJACAlMM U PeTHHIU — KJacalluUTe OTPA3sIBAT YCIEXUTE HA YIYCHULIUTE U T CTUMYJIHPAT
71a ce CbPEBHOBABAT M HANpeIBaT B y4eOHHS MPOILIEC.

[IpumepuTe MmoCcTpupaT OCHOBHUTE ITOJIXO/IU 32 HHTETPUpPaHe HAa reMuUKanusaTa B 00y4eHH-
€TO, C aKLEHT BbPXY CTUMYJHpAHEe Ha MOTHUBANMATA U NMON00psBaHe HAa yueOHUTE pe3ynrtartu. Upes
Pa3IUYHU CTPATErHU KaTo TPyNaHe Ha TOUYKH, HUBA, 3HAYKH 32 CICHU(PUIHA YMEHHUS, ChCTE3aHHUS 110
NeOBTUHT, AITOPUTMUYHU MUCHH U KJIacalluy, TeiMUUKAIIATA TPEAOCTaBs pa3HOOOpa3HH METOIH
3a aHTXHUpaHe HAa YUCHUIUTE U pa3BUBaHE HA TEXHUTE KOMIIETCHIIMU B MPOPUINPAHOTO O0yUeHHE
1o nHpopMaTuKa.

4.2 AHkeTra

AHKeTaTa ChIbpKa JICBET BBIIPOCA, TPYMUPAHH B TPU KATETOPUH: MOTHBAITUS, aHTQKUPAHOCT U
nmocTHKeHUs. Bcekn BBITPOC BKIIIOYBA TET MOJTOYKH, KOUTO YTOUHSBAT Pa3IMYHU aCTIEKTH Ha U3C-
Jie/IBaHaTa Ipyrma, KaTo KbM BCEKH € TIPHIIOKEHA CKajla 3a OTTOBOPH, ChOoOpa3eHa ChC ChIBPIKAHUETO
U 1IeTUTE HAa U3MEpPBAHETo. 3a U304rBaHe Ha MOBTOPEHUS, IOJTOUYKHUTE ca MpeicTaBeHn 0000IIEeHO B
TabnuIara ¢ pe3yaTaTtu oT aHkerara (tadmuma 1).

Ceknus ,,MOTHUBALIUA :

* Jlo kakBa cTeneH ciegHuTe (aKTOpH BH MOTUBUPAT B 00YUEHHUETO 1O HHPOpMATUKa?

» Kak cinenHuTe cuTyauu BIUSAT HA KEJTAaHUETO BH 3a yueHe?

* Jlo KaKkBa CTEIICH ClIeTHUTE (GaKTOPH MOAABPKAT MOTHBAIIMATA BU MPH CPEIIaHe HAa TPYTHOCTH

B 00yueHueTo?

Cexk1us ,,aHraKUPAHOCT:

* KoJiko akTMBHO ydacTBaTe B CIEAHUTE JEHHOCTH?

¢ JlokaTo paboTUTE MO 33]ja4a WIH MPOEKT, KOJIKO YECTO U3BBPIIBATE CIACTHUTE ACHHOCTH?

» Kak o1eHsiBate cBOsITa aHTAXKUPAHOCT B CICAHUTE ACTIEKTH?

Ceknus ,,TOCTHKEHUA

* Kak oreHsiBaTe yMEHUsATA CH B CIIeHUTE 00macTu?

 Jlo KaKBa CTEMNEH ycsBaTe Ja U3BbPIIBATE CICIHUTE ACHHOCTH?

» Kak oreHsiBaTe MOCTHKEHUATA CH CIIPSIMO CICTHUTE KPUTEPHUH?

5. PE3VIITATHU

Pesynrarurte oT aHkeTaTa, MOMbIHEHA OT yuyeHULUTe — npeau (ankera Nel) u cnep (ankera No2)
MpUJIaTaHEeTO Ha redMuUKaIKs KaTO METOJ 32 MOBUIIaBaHE HAa MOTUBAIUATA U TOCTUKCHHSITA B
npodMIMPaHoOTO 0OyueHue 1Mo HHPOpMaTHKa — ca 00pabOTeHU U IPECTaBEeH! B TaOIuyeH Bu (Tad-
muna 1.). 3a BCeKu BBIIPOC B HES Ca M3YHCICHU CPEIHUA CTOMHOCTH, KOMTO MTO3BOJISIBAT J1a CE HAIIPABSIT
00001IeHNs U Ja c€ OTKPOSIT OCHOBHUTE TEHJIEHIIMU B OTroBopuTe. [lomyuenuTte ocpeHeHu CTo-
HOCTH CITy’aT KaTo OCHOBA 3a 33bJIOOYEHU U3BOAMU U 000OIIEHNUSI OTHOCHO MOTHBALIUATA, aHTaXKH-
pPaHOCTTa ¥ MOCTHIKEHUATA HA YUCHHUIIUTE B MpOoduInpaHoTo oOy4yeHue mo nupopmMaTuka.

JannuTte oT Tabmuia mo-nony (Tabmuma 1.), SCHO MOKa3BaT MOJOKUTEITHOTO BB3/ICUCTBUE HA
reiMuduKanusaTa BbpXy MOTUBAIUATA HA yYEHUIIUTE B yueOHus mporec. CpeqHUTE CTOMHOCTH OT
I'bpPBOHAYAIIHATA AaHKETA COYaT, Y€ yUYECHUIIUTE BeUe MMAaT M3BECTHA MOTHUBAIUS 32 YU€HE, 0COOEHO
[0 OTHOIIEHWE Ha 3aJayd, KOUTO W3UCKBAT pa3OMpaHe Ha CIOXKHHU KOHIICTIIUHA U Ch3JaBaHE Ha
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coOCTBeHHU TpoekTH. ToBa MOKa3Ba, Y€ Te C€ YyBCTBAT NO-MOTUBUPAHU, KOTaTO YYCOHHST MPOIIEC
BKJIFOYBA €JIEMEHTH Ha TBOPYECTBO U MPAKTUIECKO MPHUIIOKEHUE, KAKTO U KOTaTO UMa SICHA BPB3Ka C
Obaemniara npodecronanna peanusanus. Ciell BbBEXKIAHETO Ha TeiMudukanus ce HabIo1aBa 3Ha-
YUTEITHO YBEIMYCHHUE HA MOTHBAIUATA. Y YCHUIIUTE MPOSIBABAT MO-TOJISIMa CKJIIOHHOCT KbM aHTaXKH-
paHe ¢ MpeAn3BUKATEITHH 33/1a4d ¥ TIOCTUTaHE HA BUCOKH PE3y/ITaTH, KaTo C€ YyBCTBAT MO-OIEHEHU
Y IPU3HATH 32 yeuiusTa cu. [ eiimudukanusra 100aBsi HTPOBU €IEMEHTH KaTO TOYKH, 3HAUKU U HUBA,
KOUTO UM OCHTypsiIBAT KOHKPETHH IeNM M Obp3a oOpaTHa Bpb3Ka, MOJIBPKANKNA MOTHUBAIHATA HA
BHCOKO HHBO.

JlaHHWTE 32 aHT@XXUPAHOCTTA HA YUCHUIIUTE, CHIO PA3KPUBAT MOJOKHUTEITHUS €PEKT HA TeHMH-
¢duKanuaTa BppXy y4acTHeTO UM B yueOHus npouec. [Ipeau npunaraneTo Ha UTPOBU €IEMEHTH, aH-
TOKUPAHOCTTa UM € OTPaHWYEHa OCHOBHO JIO0 CTaHJApPTHH JIEHHOCTU KaTo 3a/laBaHe Ha BBIIPOCH U
ydactue B auckycuu. Cien BbBeKIAHETO Ha TeMU(UKAILINS aHTKUPAHOCTTA 3HAUUTETHO CE TIOBHU-
1aBa BB BCUYKU M3MEPBAHU ACTIEKTH. YUCHHUIIUTE Ca MO-CKJIOHHU JIa PEeIIaBaT JOMBJIHUTEIHU 3a-
Jla49¥ ¥ Ja eKCIIEPIMEHTHUPAT € KO/Ia, MOTHBHPAHH JIa JOBEXK AT 33a4UTe 10 Kpail M 1a OIIUTBAT HOBH
noxxoau. ['efimudukanusaTa O4eBUIHO TH CTUMYIIUpPA Ja MPOSBABAT MHUIIMATHBA U JIa THPCAT JIO-
IIBJIHUTEITHH 3HAHUS, Ch3/IaBaiiKy MMO-TMHAMWYHA ¥ CTUMYJIMpaiia yueOHa cpeia. Ta3u 3acuiieHa aH-
TraXHPaHOCT HE caMo 3aIbjI004YaBa pa30MpaHETO UM Ha Yy4eOHHsI MaTepuall, HO U pa3BUBa CIIOCO0-
HOCTTa UM JIa C€ CIPABAT ChC 3a/1a4U Upe3 mpoda U rperika.

Taoauna 1.
CpenHu CTOHHOCTH HA BBIIPOCHUTE OT AaHKETHTE.
Ne Brnrnpoc n e1eMeHTH KbM BBIIPOC AHkeTa | AHKeTa
Nel No2
1. |do kakea cmenen cneonume gaxmopu éu Momueupam 6 00yueHuemo

no ungopmamura?
1.1 |Pa30upane Ha CTTOKHU KOHIIEIITHH. 4.15 4.54
1.2 |Cop3pnaBaHe Ha COOCTBEHU IPOCKTH. 4.46 4.69
1.3 |Iloaroroeka 3a mpodecHOHAIIHA PeaTH3ariysl. 4.03 4.46
1.4 |PemraBane Ha MpeAN3BUKATCITHA 3a1a4H. 3.64 4.21
1.5 |IlomyuaBaHe Ha MpU3HAHME 33 IOCTHUKEHHUATA. 3.85 4.15
2. |Kak cneonume cumyayuu 61uAam Ha JHceianuemo eu 3a yuene?
2.1 | YcnemHoTo crnpaBsHE ChC CIIOKHA 33jaya MOBHIIABa KEIaHUETO MU 3a 4.31 4.67

yueHe.
2.2 |Pabotata 1o peajueH NpOEKT yBeIM4YaBa HHTEpeca MU KbM MaTepHaa. 4.26 4.74
2.3 |IlomydaBaHeTo Ha oOpaTHa Bph3Ka MU ITIOMara Ja ce JJOpa3BUBaM. 4.05 4.67
2.4 |Bb3MOXHOCTTA 3a U300p Ha 3a/la4d M€ MOTUBHpA JIa y4a IIoBeUe. 3.85 4.10
2.5 | CaMOCTOSTEIIHOTO OTKPHMBAaHE Ha PEIICHUS 3aCHIIBA JKCJIAHUETO MM 3a 3.59 4.05

yueHe.
3. |Hdo kaxea cmenen ciedonume hpaxmopu nooOwvpr;Hcam MOMuUAyUAmMa eu

npu cpewiare Ha mpyoHocmu 6 ooyuenuemo?
3.1 |IIpocnensBaHe Ha MOCTENEHEH HANIPEbK. 3.90 4.36
3.2 |Ilomkpena oT nmpenogaBaTes. 4.15 4.46
3.3 |IIpakTudecka MpUI0KUMOCT Ha MaTepraa. 4.49 4.74
3.4 |BB3MOXKHOCT 32 €KCIICPUMEHTHPAHE. 3.59 3.90
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3.5 |SIcHa BpB3Ka ¢ ObjaeIIaTa peaTu3aImsl. 4.26 4.74
4. |Koaxo akmueno yuacmeame 6 cieonume oeitnocmu?
4.1 |3amaBaHe Ha BBIIPOCH B Yac. 3.85 4.26
4.2 |PemaBaHe Ha JOBITHUTEIHH 3a/1a4H. 4.00 4.62
4.3 |Y4actue B JUCKYCHUHU. 3.90 4.31
4.4 |Ilomomr Ha CHYYCHHMIIH. 3.85 4.36
4.5 |Pabota 1o U3BBHKIIACHU MPOEKTH. 4.00 4.33
5. | doxamo pabomume no 3adaya unu npoeKm, KOJIKO 4eCmo u3evbpuieame
cnedonume Oetinocmu?
5.1 |OnutBaTe pa3IMIHU TOIXOIN 32 PEIICHHE. 4.15 4.46
5.2 | TepcuTe MOMBIIHUTETHA HHPOPMAIIHS. 4.03 4.49
5.3 |ExcnepumeHTHpaTe ¢ Koa. 3.85 4.67
5.4 | AHaim3upare rpemkuTe CH. 4.00 4.36
5.5 |JoBwpiiBare 3agauata JOKpau. 4.15 4.62
6. |Kak ouenseame ceoama anzaxcupanocm 6 cieoHume acnexkmu?
6.1 |BHuMaHue no BpeMe Ha yac. 3.74 4.31
6.2 |Crapanue npu U3ITHLIHCHIC HA 3a1a9NUTE 4.36 4.62
6.3 | Yuacrtue B IpynoBH I€HHOCTH. 3.85 4.49
6.4 |CamocrosiTenHa TOATOTOBKA. 3.80 4.31
6.5 | TppceHe Ha TOMBJIHUTEIHHU PECYPCH. 3.64 4.54
7. |Kakx ouenneame ymeHusama cu é cjieOnume oonacmu?
7.1 |Pa3OupaHe Ha TEOPETHYHUTE KOHICTILIUH. 4.15 4.62
7.2 |IlpakTHdecKN YMEHUS 3a MPOTpaMUpaHeE. 4.03 4.46
7.3 |PemaBane Ha alTOPUTMUYHHM 33Ja4H. 3.85 4.49
7.4 | leObreane u OTKpHBaHE Ha TPELIKH. 3.74 4.15
7.5 |Cw3maBane Ha IIIOCTHU TTPHIIOKCHUS. 3.69 421
8. |Mdo kaxea cmenen ycnaeame 0a uzevpuieame cieOHume oenunocmu?
8.1 |PemraBare 3amaunTe B ONMPEACICHOTO BpEME. 3.85 4.66
8.2 |IlpunaraTe Hay4€HOTO B HOBU CUTYallHH. 4.10 4.62
8.3 | OTkpuBaTe U MMOMPABSTE CBOW T'PEIIKH. 4.00 4.51
8.4 |Ilomarare Ha Apyru aa pazdepaT MaTepHaa. 3.90 4.36
8.5 |Cop3naBare eeKTHBHH PEIICHUS. 3.95 4.36
9. |Kak ouenssame noCmudiceHuAma cu cnpamo cleonume Kpumepuu?
9.1 |JInyuu uenw. 4.21 4.56
9.2 |M3uckBanus mno yuebHaTa mporpama. 3.90 4.49
9.3 |Cl0XXHOCT Ha MaTepHaa. 3.85 4.21
9.4 |Bnoxenu ycunus. 4.15 4.66
9.5 |Bpeme 3a mOATOTOBKA. 3.64 4.54

Usmounux: Cobcmeena pazpabomka
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JlaHHUTE 3a TIOCTM)KCHUATA HA YUYCHUIIUTE, IIOKA3BaT 3HAUYMTEIIHO MOJO00OPEHUE CIIe]] puiara-
HeTo Ha reiimudukanus. [Ipeau HEWHOTO BbBEXKIaHE YICHUITUTE JEMOHCTPHPAT U3BECTHU YMECHUS B
MPOrPaMUPAHETO U PEIIABAHETO HA AITOPUTMUYHH 33/1a49M, HO C TOTEHIIUAN 32 pa3BUTHE, OCOOCHO B
pa30bupaHeTo Ha MO-CI0KHU KOHIEIUN U U3TPAXKIAHETO Ha YCTOMUMBH MpaKTUYeCKu ymeHus. Cren
BBHBE)KJAHETO HAa UTPOBHU €JIEMEHTH T€ MOKa3BaT M0-33bJI004EHO pa3dupaHe Ha TEOPETHUYHUTE KOH-
HENIUA U TTO-BUCOKO HUBO Ha MPAKTUYECKH YMEHUS. YUEHHUIIUTE JEMOHCTPHPAT TO-TOJIsIMA yBepe-
HOCT IIPH M3ITBJTHEHNE HA 33J]a4d W MPHJIAraT 3HaHUATA CH TO-YCIEIIHO B HOBH CHTYyaluu. [ eiimu-
dukanusITa JONpUHACS HE CaMO 32 MOTHUBAIUATA HA YICHUIIUTE, HO M 32 Pa3BHBAHETO HA YCTONYNBU
YMEHUS M KOMITETCHIINH, BYKHH 32 YCIICIIHOTO OBJIaIIBaHE HA y4eOHUSI MaTepHall.

Tabnu4HO MpeacTaBeHUTE Pe3yNaTaTH MPEIOCTaBIT BakHa WH(OPMAIUS 32 Pa3BUTHETO HA MO-
TUBAIUATA, AHTAXKUPAHOCTTA M MOCTIKCHUATA HA YUCHUIIUTE B MPOPIIUPAHOTO OOYUCHHE IO WH-
¢dopmaruka. CpaBHEHHETO Ha CPETHUTE CTOWHOCTH Ha BBIPOCUTE MPEAU U CIie/l BbBEKIAHETO Ha
reiMuduKaIus pasKprBa 3HAUUTEITHA TOT0OPEHUS B Te3H 00JaCTH, IO T4epTaBANKH MOJIOKUTEITHHS
e(eKT Ha UTPOBUTE CIEMEHTH BBPXY YUCOHHS TIpoIIeC.

W3BoaM OT M3MOI3BAHETO HA TeMMUBUKAIUS B TPOPUITUPAHOTO O0ydeHHE 110 HHOPMATHKA:

* [loBuieHa MoTuBaus: reiiMudukanusaTa e 100aBUiIa HOBU MOTUBUpPANIH (aKTOPH, KAaTo

BUJIMIMAa OIICHKA Ha yCTexXuTe (Ype3 TOUKH W HUBA), KOMTO Ch3JIaBaT YCEIIaHE 3a HAIpPEIbK.
ToBa e 0coO6eHO TOJIE3HO MPH CIIOKHU KOHIICTIIIUH, KAKBUTO Ca MPOrpaMHUPAHETO U AJITOPHUT-
MHUTE B IPOPMINPAHOTO 00ydeHue 10 MHHOpMaATHKA.

* 3acH/ieHa aHTAKUPAHOCT: UTPOBUTE EIEMEHTH Ca HACHPUMUIIN YUCHHIIMTE JAa OBJAT MO-aK-
THUBHHU U TO-YIIOPUTH B peIllaBaHETO HA 3aaauu. [lo-BUCOKHTE pe3ynaTaTH BHB BTOpaTa aHKETa
3a eKCIICpUMEHTHPAHE U JIOBBPIIIBAHE Ha 3a/Ia4H [TOKA3BaT, Y€ YIYCHUITUTE Ca T0-aHTXKUPAHU
Y TI0-CKJIOHHH Ja PabOTSAT JI0 YCIIEUTHOTO UM 3aBBpPIIIBAHE.

* ITonoOpeHn MoCTHKEHNUSI: YUCHUIIUTE IEMOHCTPUPAT MTO-BUCOKO HUBO Ha pa3OupaHe U yMme-
HUE JIa TpHUJIaraT 3HaHWsITa CH Ha TIpakTuKa. [ eiiMudukanmsTa He caMo € yBeJTHInIa HHTepeca,
HO CBIIO € MOMOTHAaJIa Ha YYCHUIIUTE J1a Ce CIPABST C YICOHUTE 3a/1a4M TIO-MHTEPAKTHBEH U
MOTHBHpAII] HAYUH.

Pesynararure oT aHKETUTE SICHO MOKAa3BaT MOJOXKUTEIHOTO BH3/ICHCTBUE Ha TelMu]UKaAIUATA
BBPXY MOTHBAIUATA, AaHTAKUPAHOCTTA U TIOCTHKEHUATA HA YICHHUIINTE B TPOPUIHUPAHOTO O0yUCHHE
no uHpopmaTrka. CpaBHEHHETO Ha PE3yNITaTUTE MPEIu U Clie[ HEWHOTO MpHJIaraHe pa3KpuBa, 4e
UTPOBHTE CIEMEHTH MPABSIT YICOHHS MPOLIEC TO-MHTEPAKTHBEH, CTUMYJIUPAT aKTUBHOTO Y4aCTHE U
pa3BUBAT BAKHU YMCHUSI.

3AKJIFOYEHUE

IeliMmudukanusaTa ce yrBbpKaaBa KaTo IIEHEH MHCTPYMEHT 3a Mojo0psiBaHe Ha y4eOHUs mpo-
11eC, KOMTO HE caMO MOBUIIIABA MOTHUBAIUATA U aHTAKUPAHOCTTA HA YYAIIHUTE, HO U Ch3/JaBa YCIOBHS
3a MO-100pH pe3yNTaTH U YCTOHYMBO pa3BUTHE Ha yMEHUATA. TO3U MOAXOA Mpeiara HHOBaTHBEH
MoJIe)1 Ha 00y4eHue, KOHTO MOXe YCIICIIHO J1a CE MPUIIOKH U B APYT'H TUCHUIUIMHU 32 HAChpUYaBaHe
Ha aKTUBHO y4YeHE M Pa3BUTHE Ha KIIIOYOBH KOMIIeTeHIWH. BHeapsBaHeTO Ha reiMu(HUKAINOHHH
CTpaTeruy IeJM He caMOo MOBHIIABaHE Ha MOTHBAIMATA, HO M MO-IBJIO0KO pa3OupaHe U yCBOSBaHE
Ha CJIO’KHU KOHIICTIIIMH B 00JIacTTa Ha MH(POPMAaTHKATA.
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YEB IIPUJIOKEHUA
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PE3IOME

Cv30a6anemo Ha yeh npuiodicens e cpeo Hal-OUHAMUYHO pa3susauume ce HANpAaeieHus 8 cpepama Ha
cogpmyepnume paspabomku. Bcexu den 6v3HuKgam HOGU MEXHOIOUU 3d pA3PAOOMKA HA Yed NPULONCEHUS,
KOUMo Haozpadxcoam u noooopsasam eeye cvujecmeysawume mexuono2uu. EOun om Hau-4ecmo uznonsea-
HUme u NPeonoYUmany Om npocpamucmume e3uyy 3a uzepasxicoane na yed npunoxcenus e PHP. E3uxvm om
200UHU NOOOBPIICA HAO MPU YeMBbPMU 0N BCUHKU CHYECMBY8al yeb cailmose u yeb npuiodiceHus 8 unmep-
Hem. Bvnpexu napacmeawus unmepec xvm opyau esuyu 3a yeb npozpamupane xamo JavaScript u Python,
PHP ocmasa nmobum uzbop Ha npozpamucmu om ysi cesm, nopaou pedo8Hama noOOPbICKA OM CIMPAHA HA
exuna pazpabomyuyu, Koumo nodowvpaica e3uxa u cvb30a6a Hosume My eepcuu. Jlecnama unmezpayus ¢ pas-
JUUHU Yeb Cbpebpu U CUCMEMU 34 YNpaeieHue Ha 6asu om 0anHu, Kakmo u 602amomo pasHoobpazue om
pabomuu pamku u budauomexu, npegpvujam PHP 6 nooxoosaw uncmpymenm 3a uzepadxicoane Ha KOMIIeKCHU
yeb npunoxcenus. Ilpu uzepascoanemo Ha KOMALEKCHU COPmMyepHu cucmemu, NOOCUSYPIBAHEMO HA DYHKYU-
OHANHOCMA, HAOEICOHOCMIMA U YSAOCHMHOMO KAYeCmE80 HA copmyepHama papabomra ca om usKuo4umeHo
3HayeHue. 3a yeama, CReyuarucmume UNOA36amM COQMyepHu mecmose, KOUmo UmMepaam MHOMCECME0 no-
Kasamenu u 0asam 0OeKmMuUHA OYeHKA 3a CbCMOSHUEemO HA mecmeanus copmyep. 3a docmuzane 00 masu
00eKmMuUBHA OYeHKa, mecmaeaujume U3NOI38aM HAOOP OM UHCMPYMEHMU, HAPULAH MECmo8 naxKem, Koumo
00€0uUHA8a PA3IUYHU COPMYEPHU NPOOYKMU 3a COMYepHO mecmaane, ¢ yei 0OCMONUHO U YLIOCMHO Mech-
sane Ha pazpabomeanus cogpmyep. B 0oknada ce pazenescoam paznuunume nooxoou u munoge mecmosge npu
cogpmyepnomo mecmeane. [Ipedcmagenu ca co8pemenHy OUOIUOMEKU U PAOOMHU PAMKU 3d COPMYepHO mec-
meare Ha yeh npunodicenus, cvioadenu ¢ PHP. Ananusupanu ca paziuunume acnekmu Ha me3u UHCpPY-
MeHmu, OepUHUPAUIKY CUTHUME U Clabume UM CIMPAHU, U CPABHABAUKU eQheKMUSHOCTIMA UM 8 PA3TUYHU CU-
myayuu. /lokniadvem uma 3a yen 0a 0eMOHCMPUPA CMOUHOCMMA, KOSMO HOCU COMYEPHOMO mecmeane Ha
KpatiHus RpoOyKm, KaKmo 3a nompedumenume my, maka u 3a pazpabomuuyume.

K/TIOYO0BH JIYMH: ye6 npunoxcenus, copmyepruu mecmoge, PHP

MODERN TESTING TOOLS FOR PHP WEB APPLICATIONS

Simeon Vladkov

University of Economics — Varna/Department of “Informatics”, Varna, Bulgaria,
simeon.vladkov(@ue-varna.bg

ABSTRACT

The creation of web applications is among the most dynamically evolving fields in software development.
Every day, new technologies for web application development emerge, building upon and enhancing existing
ones. One of the most commonly used and preferred programming languages for building web applications is
PHP. For years, PHP has supported over three-quarters of all existing websites and web applications on the
internet. Despite the growing interest in other web programming languages like JavaScript and Python, PHP
remains a favourite choice for developers worldwide due to the consistent support from its development team,
which maintains the language and releases new versions. Its easy integration with various web servers and
database management systems, as well as the rich variety of frameworks and libraries, make PHP a suitable
tool for building complex web applications. While developing complex software systems, ensuring
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functionality, reliability, and the overall quality of the software is crucial. For this purpose, specialists use
software tests to measure various indicators and provide an objective evaluation of the tested software. To
achieve this objective assessment, testers use a set of tools known as a testing suite, which combines various
software testing products to thoroughly and comprehensively test the developed sofiware. This report examines
different approaches and types of tests in software testing. It introduces modern libraries and frameworks for
testing PHP web applications. The various aspects of these tools are analyzed, defining their strengths and
weaknesses, and comparing their effectiveness in different situations. The report aims to demonstrate the value
that software testing brings to the final product, both for its users and its developers.

KEYWORDS: web applications, software tests, PHP

BBbBEJIEHUE

[Ipu pa3zpaboTkaTa Ha yeO NMPUIIOKEHHUS, KAYECTBOTO Ha pa3pabOTBAHUTE MPUIIOKEHUS € OT U3-
KJIFOUUTENIHA BaXKHOCT. 3a J]Ja OCUTYPST BUCOKO KaueCTBO Ha pa3pabOTKHUTE CH, CIEIUAIUCTUTE U3-
MoJI3BaT cOPTYEpHH TECTOBE, OarofapeHne Ha KOUTO Ch3JaBaT HAASKIHU U (YHKIIMOHAIHU MPH-
noxeHus. TecTBaHETO TrapaHTupa, 4e €AHO MPUIIOKEHUE OTroBapsl Ha M3UCKBAHUATA, (YHKIIMOHUPA
CTIIOpE/ OYaKBAHUSATA U MPEJAOCTABS ONTUMATHO MOTPEOUTETICKO UIKHUBSIBAHE, IOPU MIPH HETIPEICKa-
3yeMHu ycioBus. [IporpaMucTuTe U TECTEpUTE U3CIIEABAT HYKANUTE HA pa3pabOTBAHUTE MPHIIOKEHHS
" CIIOpea TAX HO,Z[6I/IpaT noaxoAdauy METOAU 3a TCCTBAHE U TUIIOBC TCCTOBEC, C KOUTO Jad IMMOJACUTYPSAT
(YHKIIMOHAITHOCTTA ¥ YCTOMUYMBOCTTA Ha copryepa. Ha 6a3za n3bpaHuTe METOIM M TUIIOBE TECTOBE,
CHEIHAIMCTUTE CENEKTHPAT Pa3IuYHU MHCTPYMEHTH 3a peajln3upaHe Ha TECTOBETE, Upe3 KOUTO ce
Ch3/1aBa TECTOBHST MAKET Ha NMpuiiokeHuero. B kortekcra Ha PHP ye6 npunoxxenusita, pazpadoryu-
[ATE pasnojiarat ¢ 6orat HAbOp OT MHCTPYMEHTH M OMOJIMOTEKH, YpE3 KOUTO MOTaT Jla peaanu3upar
Pa3NIUYHM TUTIOBE COPTYEPHU TECTOBE. T €31 HHCTPYMEHTH C€ JOIIBJIBAT KaTO (PYHKIIMOHATHOCT, KaTo
10 TO3W HAYHMH rapaHTUpaT ehUKACHOCTTA HA TECTOBUS MAKET, KOUTO U3rPaXAaT U peaanu3upar.

1. OCHOBHHU TUIIOBE CO®TYEPHU TECTOBE

Co(dryepHuTe TECTOBE CE pa3AeisAT B IBE€ OCHOBHU KaTeropuu — (DYHKIIMOHAIHU U He()YHKITHO-
Hanau tectoBe (Elijah, 2019). ®ynkimonanmanTe coPpTyepHU TECTOBE MOJCUTYPSBAT MPABUIHOTO
¢dbyHKIIMOHMpaHe Ha codTyepHaTa pa3paboTka criope/l 3a1aeHUTe KbM Hes u3nckBanus. HedyHkiu-
OHAJTHUTE TECTOBE HE TECTBAT MPAKO (PYHKIIMOHAIHOCTTA HA MPUJIOKEHUATA, a ce (hoKycupaT Haj
npyru GaKkTOpPH, KOUTO BIUSST BbPXY Ka4eCTBOTO Ha copTyepHara pa3padboTka.

OYHKIIMOHATHUTE TECTOBE BaTUANPAT HAUMHBT Ha paboTa Ha MPUIOKEHUETO U TO CPABHSBAT C
¢bynkunonamuute My cnerduranuu. [Ipu GpyHKIMOHATHNS TOAX 0T, TECTOBETE BapUpaT Criopes 00-
XBaTa CH U Ce HaArpaXkJaaT HepapXWyHO C IIeNl TecTBaHe Ha Ipsiiara cuctema (Tahvili, 2022). Haii-
9YeCTO CE M3MO3BAT CICTHUTE TUIIOBE (YHKITMOHATHH TECTOBE:

* EqunnyHu TecToBe (unit tests) — U3MBIHIABAT Ce BbPXY Hall-MaJKUTE TPAAUBHU €AUHULU OT

KosoBaTa 0a3a — eMMHUYHH (DYHKIIMU WM METOJIU Ha kiacose. [lo3BossiBaT Ha pa3paboTyu-
LUTE J1a TECTBAT U30JUPAHO BCEKU KOMIIOHEHT, TapaHTHUPANHKU MPABUIHOTO MY (DYHKIIMOHU-
paHe.

* UnTerpanmoHHm TecToBe (integration tests) — TeCTBAT B3aUMOJICHCTBUETO MEXTY OTACTHUTE
KOMITOHEHTH Ha TpuiiokeHueTo. [loacurypsiBar mpaBUiIHOTO ABUKCHHUE HA JaHHU TpPe3 TMPHU-
JIO’)KEHUETO U yCIENIHATa KOMYHHUKAIIUS MKy Pa3IUYHUTE YaCcTH OT KojoBara 6asa.

* PerpecuonHu TecToBe (regression tests) — TecTBaT (YHKIMOHATHOCTTa HA MPHIIOKEHUETO
clieJ] MpOMEHU U JoOaBsHE Ha HOBU €JIEMEHTU KbM KojoBaTa 6a3a. [IpenorBparsBar Heodak-
BaHU edeKTH npu OOHOBSIBaHE Ha KOJAa M rapaHTHUpaT KaueCTBOTO Ha MPHJIOKEHUETO IMPHU
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poabKaBalia pa3padoTka.

* TecToBe 3a pa3ym (sanity tests) — U3MBIHIBAT CE HAl-4ECTO Clie]] OTCTPAHsIBaHE Ha HEU3IIPAB-
HOCTH M OBroBe B KozoBarta 0aza. Ilo3BomsBar ga ce oueHu eduxkacHOCTTa M (PYHKIIMOHA-
HOCTTa Ha MPUIOKEHUETO CIIe]l U3YUCTBAHE Ha OTKPUTUTE TPELIKH.

* CucreMHH TecToBe (system tests) — TeCTBaT LAJIOCTHATA (PYHKIIMOHAIHOCT Ha copTyepHaTa
pa3paboTKa, KaTo MPOBEPSBAT JaJIU MPUII0KEHUETO U3ITBIHABA HAIIBJIHO Je(PUHUPAHUTE U3HC-
KBaHMs. M3MbIHABAT Ce e/l TECTBAHE Ha €AUHUYHUTE KOMIIOHEHTH Ha MPUIIOKEHHUETO.

* TecToBe 3a npueMaHe (acceptance tests) — onpeAesnsT Aaiu MPHUIOKEHUETO OTTOBaps Ha MOT-
pebuTenckuTe HyKau. M3mbiaHABAT ce Hal-4eCTO OT KpalHW MOTPEOUTENH, B MOCICTHUTE
¢a3u Ha HYHKIIMOHAIIHO TECTBAHE, IPEIU BbBEX1aHe Ha codTyepa B eKCIIoaTalus.

3a pa3nuka oT (YHKIMOHATHUTE TECTOBE, HE(YHKIIMOHATHUTE TECTOBE HE CIIEABAT CTPUKTHA

fiepapxusi MM CTpOTa MOCIIEA0BATETHOCT NP U3MbJIHEHUE. Beekn Tun HeyHKIIMOHAIHN TECTOBE
OTroBaps 3a pa3JIn4eH acleKT, CBbP3aH ¢ KauecTBOTO Ha npuioxkenuero (Najihi, 2022). B npakTu-
KaTa ce M3M0JI3BaT pa3HOO0Pa3HU MOAXOAH U TUIOBE He(YHKIIMOHAIHU TECTOBE, CPE/ KOUTO:

* TecroBe 3a npeacraBsine (performance tests) — TeCTBAT CKOPOCTTAa U CTAOMITHOCTTA HA TIPH-
JI0’)KEHUETO KAaKTO IpY HOPMAJIHO HaTOBapBaHe, Taka U Mpu cTpecoBH obcrosTencTa. [loamno-
MaraT UACHTH(GHUIIUPAHETO Ha cllabu (TeCHH) MecTa B coTyepHaTa pa3padoTka.

* TecroBe 3a HaToBapBaHe (load tests) — cumynupar pa3jIMyHH TUIIOBE U 00EMH HaTOBapBaHE
3a MPUIIOKEHUETO, KaTO MO TO3M HaYMH TECTBAT CIOCOOHOCTTAa MY J1a pa0OTH B pa3IMYHU CH-
Tyaluu, KOUTO MOTaT Ja Bb3HUKHAT B MPOIECa Ha EKCIIJI0ATAIIHA.

* TecToBe 3a ckanupyemocT (scalability tests) — TecTBaT Bb3MOKHOCTTA 33 HaATpaKIaHE HA
MIPUJIOKEHUETO MPU HYXJa, TOpOJeHa OT IpoMsiHa B M3UCKBaHUsATA. 3M0a3BaT ce OT crenu-
QIMCTUTE 32 U3TPAKIaHE HAa CTPATErHs 3a Pa3BUTUE IIPU MPUIIOKEHUS, YUSATO U3MOI3BAEMOCT
HapacTBa Obp30.

* TecToBe 3a CUI'YPHOCT (security tests) — TeCTBaT YyCTOMYMBOCTTA Ha MPHUIOKEHUETO KbM Xa-
Kepcku aTtaku. Ypes TAX ce uaeHTUGUIUPAT U OTCTPaHIBAT CIabOCTH B CUTYPHOCTTA Ha MpHU-
JIOKEHHUETO, KaTO 10 TO3M HAUMH Ce TapaHTUpa Oe30MacCHOCTTa Ha JaHHUTE B CUCTEMaTa.

* TecToBe 3a choTBeTCTBHE (cCOmpliance tests) — BaIMaUpaT CbOTBETCTBUETO Ha MPUIIOKEHU-
€TO C PAa3IUYHU 3aKOHM U JIETAIIHU HOPMHU, KaKTO ¥ ChOTBETCTBUETO C OPAHIIIOBU CTAaHAAPTH U
BHTPEIIHU TOJUTHKU HAa KPaWHUS KITUEHT.

* TecroBe 3a u3noJ3BaeMocT (usability tests) — TecTBaT KOJIKO JIECHO U yIOOHO 3a M3IOI3BaHE
€ MPUIOKEHUETO OT KpailHus motpeduten. TecTBaT ce OCHOBHO MOTPEOUTEICKUTE MHTEP-
(elicu U ISTOCTHOTO MOTPEOUTEIICKO U3KUBSIBaHE TIPH paboTa cbe codTyepa.

OYHKIMOHATHUTE M HE(QYHKIMOHATHUTE TECTOBE CE pPa3jinyaBaT MO MHOXKECTBO KPUTEPHUH

(Tabmuua 1). UMeHHO Te3u pa3iauKy MO3BOJISABAT HA CHEIHATMCTUTE JIa TECTBAT 00CTOIHO codTyep-
HUTE U pa3paboTku. TecTBaHETO HAa MHOKECTBO PA3JIMYHHU aCIEKTH Ha NMPHI0KEHUETO BOAM 0 I~
JIOCTHO MOA0OpsIBaHE HA KAYeCTBOTO Ha coTyepa. B 3aBUCHMMOCT OT pa3MepUTe U IEeTUTE Ha IPUJI0-
KEHUETO, IPOTPaAMUCTUTE pa3zpadoTBaT MOAXOAAIIA CTPATEI U 3a TECTBAHE, KOSATO CE peau3upa OT
pa3IMYHU MOJX0IU U HHCTpYMeHTH. B exocucremara Ha PHP, pazpabotuniinre pa3nonarar ¢ 6orato
pa3zHooOpas3ue OT UHCTPYMEHTH, KOUTO MO3BOJISIBAT U3MBJIHABAHETO HA Pa3IMYHU TUIIOBE (PYHKIIHO-
HaJIHU U He(pyHKUIHOHAIHU TecToBe. [101600pBT HA MHCTPYMEHTH 3a TECTOBHSI AKET 3aBUCH KAKTO OT
pazpaboTBanus copryep, Taka U OT Bb3MOKHOCTUTE U OTPAaHUUYEHUSATA HA CIICUATUCTUTE, KOUTO IO
Cbh3/1aBarT.
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Tao6auna 1

Kpurepuii DYyHKUNOHAJIHHA TECTOBE HedyHKnuoHa Hu TeCTOBE
OcHoBHa 11e1 TecTBar nanu npunoxennero GyH- | TecTBar kayecTBeHU aTpuOyTH Ha
KIIMOHHpA criope] 3aaICHUTE MPUIOKEHUETO KaTO CUTYPHOCT,
M3MCKBaHMSATA CKaJTMPyEeMOCT H U3TI0JI3BAEMOCT
Hacoka DYHKIIMOHAIHOCTH U onepauu Ha | CBhCTOSIHUETO HA MPUIIOKEHUETO B
MIPUIIOKEHUETO Pa3IMYHU YCIOBUS

Cp3maBane Ha TecToBe | Ha 6a3a ¢yHkimmonamauTe u notpe- | Ha 6asza cranmapTa 3a 1moia3BaeMocT,
OWTEICKUTE U3UCKBAHUS KbM MIPU- | JICTATHU PaMKH U JIOOpHU MPAKTUKU B

JI0KECHUETO CUTYpHOCTTA
Hauun Ha m3nbnHsBaHe Ha | OCHOBHO PBYHO, aBTOMATH3HPAHO OCHOBHO aBTOMAaTH3UPAHO
TECTOBE 3a MO-KOMIUICKCHHUTE TIOIXOIH
(cHCTEeMHH TECTOBE, TECTOBE 32
MIPUEMCTBEHOCT)

MowmeHTH Ha u3nbiHsIBaHe | [1o Bpeme Ha pa3paboTkarta, B Tec- | Cnen QyHKIIMOHATHOTO TECTBaHE,
TOBU (ha3u cies pa3paboTKaTa TIpeIr BbBEXKIaHE B EKCIUTOATAITHS

Hsmounux: Cobcmeena paspabomka

2. CO®TYEPHO TECTBAHE HA PHP YEBb IIPUJIOKEHU A

PHP e cpen naii-uznon3BaHUTE NMPOTPaMHU €3UIIN 32 Ch3/IaBaHE HA TUHAMHUYHH yeO MpUIToKe-
Hus. 'bBkaBocTTa Ha PHP, BR3MOXKHOCTTA MY 3a HHTETpaIvs C pa3nyHu yeO ChpPBBPH U CUCTEMHU
3a ynpaBiieHUE Ha 0a3u TaHHU, KAKTO U Ooratata My €eKOCUCTEMa OT OMOJINOTEKH U MHCTPYMEHTH, TO
IPEBPBIIAT B JTIOOMM H300p Ha MPOrPaMHUCTUTE MPH pa3padOoTKa Ha KOMIUIEKCHH yeO 06a3upaHu cuc-
TEMH.

KommiekcHOCTTa Ha CHbBPEMEHHUTE yeb MPUIIOKEHHUS YBEINYaBa Bb3MOKHOCTTA 32 Bb3HUKBAHE
Ha OBroBe U YA3BHUMOCTU. TOBa MpeBpHIIA 0OCTONHOTO COPTYEpHO TECTBaHE B HEM3MEHHA YacT OT
KU3HEHUS IIUKBJI Ha pa3paboTKa Ha MPUIIOKEHHUETO. 3a J1a ce Ch3a/ie KaueCTBEH TECTOB MAKET, CIe-
UaTUCTUTE TpsAOBa Ja u3depaT MHCTPYMEHTHU 3a TECTBAaHE, KOMTO OT €Ha CTpaHa Jla TecTBaT yc-
MEIIHO BCUYKU (PYHKIIMOHAIHHU U3UCKBAHUS KbM Pa3pabOTBAaHOTO MPUJIOKEHUE, U OT Jpyra CTpaHa
Jla aBaT aJieKBaTHA OI[EHKA Ha KJII0YOBU Ka4yeCTBEHH MTOKA3aTeIH KaTo CUTYPHOCT U M3MOJI3BAEMOCT.
B exocucremara Ha PHP chinecTByBaT MHOXECTBO yTBBPJEHH OMOIMOTEKH W pabOTHU PaMKH 3a
co(TyepHO TECTBaHe, C TOJIEMHU OTPEOUTENICKN 0a3u U peA0BHA MOIPHKKA OT CTpaHa Ha pa3paboT-
yunuTe. Te3n MHCTPYMEHTH Ce U3I0JI3BAT B PAa3IMYHU KOMOMHALIMY C L[EJI ONITUMAIIHO TECTOBO MOK-
putue Ha npuioxkennero. Cpen Hal-4ecTo U3MOI3BAaHUTE ca:

* PHPUnit — 6ubnuroTeka 3a ch3gaBane Ha unit rectoBe. [103BossiBa HA Pa3paOOTUUIIUTE /14 Ch3-
JaBaT U W3MBJIHSABAT TECTOBE 3a €IMHUYHUTE KOMIIOHEHTH Ha mpuiioxkeHuero (Bergmann,
2024). [Ipeiara JeCHO OpraHU3UpaHe Ha TECTOBETE B TECTOBH IMAKETH M I'eHEpUpa JACTANIHN
OTYETH IIPU TeCTBaHE. TecToBeTe MOrar Jia ce M3MbIHABAT PbUHO, KAKTO M aBTOMATU3UPAHO,
OnarofjapeHue Ha JieCHaTa MHTETpalls BbB Beue CHIIECTBYBAILM CXEMH 3a MPOABIDKUTEIHA
uHTerpanus (continuous integration) mo Bpeme Ha pa3paboTka. bubnmorekara chio Taka ce
MHTETPUpa JECHO C IPYTH HHCTPYMEHTH 3a COPTYEPHO TECTBaHE, KOUTO 51 M3MOI3BAT KaTo OC-
HOBA M HAATPAXJaT BbPXY (QYHKIIMOHAIHOCTTA U.

* Codeception — paboTtHa pamka 3a TectBane Ha PHP mpunoxxenus. [Tonabpxka MHOXKECTBO TH-
noBe (YHKIIMOHATHU TECTOBE U MO3BOJIABA ISUIOCTHO TECTBaHE HAa (PYHKIIMOHATHOCTUTE Ha
paszpaboTkara, OT unit TeCTOBE 10 CHCTEeMHH TecToBe. [Ipennara 1o0pu Bb3MOKHOCTH 32 CH-
MyJlalus Ha MOTPEeOUTENICKa HHTEPAKIHS ¢ IPUIIOKEHUETO, KOETO s MIPEeBPhIIA B MOAXOISI]
WHCTPYMEHT 3a M3IbJIHsIBaHE Ha acceptance TectoBe (Codeception, 2024). [Ipu cr3naBane Ha
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TECTOBETE CE M3MO0JI3Ba OOEKTHO-OPUEHTHPAH MOJIXO0], ChbC CEMAaHTUYEH CUHTAKCHC 3a y/100c-
TBO Ha IporpamuctuTe. IHTErpHpa ce JecHo ¢ paboTHU paMKH 3a cb3aBaHe Ha PHP ye6 npu-
noxenusi karo Laravel u Symphony, kakTo W ¢ Ipyrd MHCTPYMEHTH 3a TECTBAHE KaTo
PHPUnit.

* Selenium — WHCTPYMEHT 3a aBTOMaTHU3UPAHO TECTBAaHE Ha yeO MPUIIOKEHUS B Pa3IMUHU yeO
opay3zepu (Software Freedom Conservancy, 2024). M3non3Ba ce 3a aBTOMaTH3aI|sl KOMITJIEK-
CHHM YacTH OT TECTOBUTE IMAKETH, KOUTO Hal-4eCcTO CHUMyJIUpaT MOTPEOUTENICKO MOBEACHHE.
Tosa mpaBu Selenium nmoaxonsI HHCTPYMEHT 3a M3IIBJIHSIBaHE Ha acceptance TECTOBE, TEC-
TOBE 32 HATOBApBaHE M TECTOBE 3a M3I0JI3BAEMOCT B PA3JIMYHU CPEH, KaTO MO TO3U HAUYMH Ce
rapaHTUpa ChbBMECTUMOCTTA Ha MPUIIOKEHUETO C BCHUKH ChbBPEMEHHH yeb Opay3epH.

* Behat — uHCTpYMEHT 3a ch3aBaHe Ha COPTYEPHU TECTOBE, KONTO M3MOJI3BA TTOBEICHYCCKUS
o xo Ha pa3pabotka (behavior-driven development). To3u moaxo 1 mo3BoJisiBa MUCAHETO HA
TECTOBE Ha €3UK, KOMTO JIECHO C€ YeTe OT HecneunanucTu. M3mon3sa ce cunrakcuchT Gherkin,
Yype3 KOWTO Ha YOBEUIKM YETUM €3UK C€ OINKCBAT PA3JIMYHU CLIEHApUH, Ha 0a3a Ha KOUTO ce
reHepupar tectoBe (Kudryashov, 2024). Tlo To3u HaunH ce ynaecHsBa Komaboparusara MexIy
MPOrPaMUCTUTE, UHKEHEPUTE TI0 KAYE€CTBOTO M HETEXHUUECKUTE JINILIA.

* Kahlan — paGoTtna pamka 3a cb31aBaHe Ha PyHKITMOHATHH U He()YHKIIMOHAIHN TECTOBE, KOSITO
CBIII0 M3M0J3Ba MOBEICHYECKU TIOJX0/1 IpU pa3padoTka Ha TectoBere. [Ipeanara ynobeH cun-
Takcuc HapeueH describe-it u iecHa 3a HaBuTHpaHe ¢aitoBa crpykrypa (Kahlan team, 2024).
[To3BossiBa Ha pa3pabOTUUIIMTE Ja M3MOJ3BAT AMHAMUYHO uMmHTHpaHe (dynamic mocking),
KaKTO U JIa 3aMeCTBAT YacTU OT TECTBAHUS KOJI IO BpeMe Ha U3IIbIHCHHUE Ha TecToBeTe. MHc-
TPYMEHTBT FeHeprpa JeTaillIHi TeCTOBU apTedakTu, B KOUTO Ce ChAbpkKa HH(GOpMaLUs 3a U3-
II'BJIHEHUTE TECTOBE.

* BrowserStack — o6mauno-6a3upana miatdopma 3a codpryepHo TectBane. [103BomsiBa n3mosns-
BAaHETO Ha 00JIAUHU PECYPCH 3a TeCTBaHE Ha yeO MPHUIIOKEHHS B pa3INuHu Opay3epH, Ha pas-
JIUYHU YCTPOKCTBA U oneparionau cucteMu (Browserstack, 2024). UHCTpyMEHTHT MO3BOJISIBA
Ha €KHITH C OTPAHUYECHH XapAyEePHH PECypCH J1a Ch3aBaT KOMIUICKCHU CTPATErvH 33 TECTBAHE,
KOUTO TapaHTHPAT MPaBUITHO PYHKIIMOHUPAHE HA Pa3padOTBAHUTE MPUIIOKECHHS U TIOBUIIIABAT
KaueCTBOTO HA MOTPEOUTEICKOTO U3KUBSIBAHE.

CpBpeMeHHHUTE MHCTPYMEHTH U paMKH 3a TecTBaHe Ha PHP ye6 npumnoxenus npeanarat pazHo-
oOpasue oT (PYHKIIMOHATHOCTH, KOUTO OOXBAIaT Pa3IMYHU ACTIEKTH Ha COPTYyepHOTO KadecTBO. OT
TecTBaHe Ha oTaeaHu kKoMmoHeHTH ¢ PHPUnit, 10 ch3maBane Ha KOMIIJIGKCHA aBTOMAaTU3UPaHH TEC-
TOBH TMakeTH chC Selenium wmimm BrowserStack, Te3m HWHCTpYMEHTH JaBaT BB3MOXKHOCT Ha
pa3paboTuuLnuTe Aa Ch3JaBaT yCTOMUMBU, CUTYPHH U BHCOKOIPOU3BOAUTEIHU MpuioxeHus. Upes
WHTETPUPAHETO HA TAKWBA MHCTPYMEHTH B IIpolieca Ha pa3paboTKa, EKUITUTE MOTaT Ja MUHUMU3HUPAT
PUCKOBETE, J1a MOAOOpAT HANASKIHOCTTA W Ja TPEJOCTaBAT ONTHMAIHO TOTPEOUTEICKU
W3KUBSIBAHHSL.

3AKJIFOYEHUE

Ha 6a3a npencraBeHnTe METOIM 32 COPTYEPHO TECTBAHE M MHCTPYMEHTH 32 PEan3alisiTa UM,
MOXEM J1a 3aKJIF0YMM, Y€ HHTETPUPAHETO HA CTPATET s 32 TECTBAHE B IIpolieca Ha pa3padoTKa Ha yeb
nputoxkerns ¢ PHP, e 3agpmkuTento 3a ycremHoTo ui3rpaxjaaHe Ha (QyHKIMOHAIHU COPTYepHH
pa3paboTKu ¢ BUCOKO KauecTBO. CoPTyepHOTO TeCTBaHE € OCHOBEH (DaKkTOp 3a ycrelHa copTyepHa
pa3paboTka, kato rapantupa, ue PHP ye® npunoxenusita ca He caMo (yHKUHMOHAIHU, HO M YCTOM-
YHMBH, CKAJIUPYEMH H JIECHU 3a U3M0J3BaHE OT NMoTpeduTenure. Ypes KOMOMHUPAHETO HA Pa3IUYHUTE
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BUJIOBE TECTOBE M M3MOJI3BaHETO HA MOAXOMAIINTE HHCTPYMEHTH 3a pealu3upaHeTo UM, pazpadboT-

YUIUTEC U CKCIICPTUTC IO KAYCCTBO MOT'aT J1a Ch34aBaT MPUIIOKCHUSA C ABJITOrOAUIICH CKCIJIoOaTalu-

OHCH ICPpHUOA, KOUTO OTTOBAPAT HA BUCOKH CTAHAAPTU 3a KAYCCTBO U MPCAOCTABAT CTOMHOCT Ha MOT-

peOurenure.

4.

7.
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POJIAATA HA COIMAJIHUTE MEJIUHU B U3T'PA’KTAHETO HA BPAH/]
NIAEHTUYHOCT U TAPTETUPAHE HA AYAUTOPUSA

Mapuana MapuHoBa
Hkonomuuecku yausepcuteT — Bapaa/Karenpa ,,Minpopmaruka, Bapua, brirapus,
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PE3IOME

Coyuannume meouu ca cvoujeCmeeH eleMeHm 6 Cb8PeMeHHUs OUSUMANeH MAPKeMuHe, npedoCmassiuku
niam@opmu 3a OUPEeKMHA KOMYHUKAYyUs ¢ nompeoumenume u 6b3MONCHOCMU 34 U32PAXNCOaHe HA OpaHo
uodenmuunocm. 4pez nepcoHamuzupaHo CvbObPICaHUe U Yeleu MAPKeMUH208U KAMNAHUU, COYUATHUME
mpeaxcu kamo Facebook, Instagram u TikTok nossonseam na xomnanuume oa docmueam 00 cneyuguuru
0eMo2pagcku u NOBeOeHUeCKU 2Pynu.

Hacmosiwyomo uscnedsane paszenesxcoa Kiowogu cmpamezu 3a U3NOA36aHe HA COYUATHUmMe Meduu 3a
nosUUIABaHe HA PA3NO3HABAEMOCIIMA HA OPAHOO08eme U CIUMYIUpaHe HA aueaxcupanocm. Mznonzsatixu
nooxoo, cvuemasawy anamusz Ha mempuxu xamo CTR, ROI u xousepcuu, xaxmo u Kaszycu om YCHewHu
KAMAAHULU, NPOYYEAHEMO NOMBLPICOABA ePEeKMUSHOCTIMA HA COYUATHUME MeOUU 6 U32pajldcoaHemo Ha
JIOSTHOCT Cpeod ayOumopusama.

OcHO8HU U3600U NOOYEPMABAM.
o Ponsima na U3yarHomo CbObPICaAHUE U 8UOEO POPMAMU 3d YEEIUYABAHE HA AHANCUPAHOCMMNAL.

o 3unauenuemo Ha mapeemMupanyu peKiamu, KOUMO U3NOA36aM OAHHU 3ad NOBEOCHUEmO HA
nompebumenume.

o [Ipedussukamencmeama, C6vbP3AHU C NOBEPUMETHOCIING HA OAHHUME U A0AnMayusma Kuvm
aneopummume Ha niamgopmume.

Tazu cmamus npednaza yeHHU NPEnoOPvLKU 30 ONMUMUSUPAHE HA COYUATHUME MeOUllHU Cmpamesuu,
Kamo nooyepmasa 3HA4eHuemo Ha UHme2pupaniiss N00X00 3a YCmouyueo pazeumue Ha opandoseme.

Kniouoseu oymu: Coyuannu meduu, Opano uoeHmuuyHocm, OuecumaleH MapkKemune, mapeemupane Ha
ayoumopusi,  6U3VAIHO  CbOBPICAHUE,  AH2ANCUPAHOCM — HA  nompebumenume, yYeiedu  pPeKiami,
NEPCOHANUIUPAHO CHOBPIHCAHUE

THE ROLE OF SOCIAL MEDIA IN BUILDING BRAND IDENTITY
AND AUDIENCE TARGETING

Mariana Marinova
University of Economics — Varna/Department of Informatics, Varna, Bulgaria,

mariana.marinova(@ue-varna.bg

ABSTRACT

Social media is a vital element of modern digital marketing, providing platforms for direct communica-
tion with consumers and opportunities to build brand identity. Through personalized content and targeted
marketing campaigns, social networks like Facebook, Instagram, and TikTok enable companies to reach spe-
cific demographic and behavioral groups.

This study examines key strategies for using social media to enhance brand awareness and drive engage-
ment. By combining an analysis of metrics such as CTR, ROI, and conversions with case studies of successful
campaigns, the research confirms the effectiveness of social media in fostering audience loyalty.

Key findings highlight:

o The role of visual content and video formats in increasing engagement.
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o The importance of targeted ads leveraging user behavior data.
o  Challenges related to data privacy and adapting to platform algorithms.

This article provides valuable recommendations for optimizing social media strategies, emphasizing the
importance of an integrated approach for the sustainable growth of brands.

Keywords: Social media, brand identity, digital marketing, audience targeting, visual content, user en-
gagement, targeted ads, personalized content

1. BbBEJIEHUE

[Ipe3 mocnenHuTe TOJWHU COLMAIIHUTE MEAUU CE€ YTBbpJMXa KaTO MOIIEH HMHCTPYMEHT 3a
U3rpakJaHe Ha OpaH] MJIEHTUYHOCT U e(PEeKTHUBHO TapreTupaHe Ha ayauTopusTa. B ycrnoBusita Ha
IUTUTaIHA UKOHOMHUKA, B KOSITO MOTPEOUTENMTE MpeKapBaT 3HAYMTEIHA YacT OT BPEMETO CU B
coLMaIHM maatGopmu, OpaHIOBETE CE CTPEMST J1a U3rPaIT MPUCHCTBHUE, KOETO PE30HHPA C TIXHATA
ayJIuTOPHSL.

Hacrosiuusat pokman u3cneBa KakK COUMATHUTE MEAWM IOJIoMarar pa3BUTHETO Ha
pa3no3HaBaeMU U aBTEHTHYHU OpaHI0BE, KaTO CHIIEBPEMEHHO YIIECHSBAT JTOCTUTAHETO J0 IEJIEBUTE
rpynu. OCHOBHATA IIeJT € Ja Ce aHaIM3upa POJsITa Ha COIMATHUTE MEIUHU B Ch3aBAaHETO HA OpaH]
UJCHTHYHOCT U KaK TapreTUPaHeTO Ha Crenu(pUIHu ayJUuTOPUU AOMPHHACS 32 MOBHIIABAHETO HA
noTpeduTeNcKaTa aHraXupaHocT. JIOKIaabT ChIIO Taka U3Ce/IBa KaK MAPKETUHIOBUTE CTPAaTErvu
MoOrarT Jia ce aJlaliTupar, 3a Jja OTTOBOPAT Ha MPOMEHSIINUTE Ce MPEANOYNTaHNUS Ha TOTPEOUTEITUTE.

2. JUTEPATYPEH IIPEI'JIEJ

[Ipe3 mocneaHOTO AeceTHSeTHE HAyYHUTE HM3CJICABAHMSA BCe TOBeYE ce (OKYCHpAT BBPXY
BJIIMSIHUETO Ha COLIMAIHUTE MEIUU BbPXY MOTPEOUTEIICKOTO MOBEACHUE U M3TPaKIAaHETO Ha OpaH
unearnuHoct (Kaplan & Haenlein, 2020; Brown, 2021).

2.1. 3Ha4eHHeTO HA COLMATTHUTE MeIUH 32 OpaHA HICHTHYHOCTTA

Kaplan u Haenlein (2020) TBBpAST, Y€ COUMAIHUTE MEAWHM TPEIOCTABAT Ha OpaHIIOBETE
YHHUKaJIHA BB3MOYKHOCT [a KOMYHUKHPAT JIUPEKTHO C MOTPEOUTENNTE 4Ype3 MEepCOHATM3UPAHU
MOCJTaHMS U aHTaXupaio chabpkanue. Criopen Gruji¢ u Grujicic¢ (2023), Bu3yanHara uACHTUIHOCT,
TOHBT Ha KOMYHHUKAaIUsl U IIOCJIEAOBAaTEIHOCTTa B CBHOOIIEHUATA MIPasT KIIOYOBA pOJIA 3a
U3rPaXIaHETO Ha JBJITOCPOYHO JAOBEPUE U Pa3N03HABAEMOCT.

2.2. CounaJIHU MeIMH U TapreTHpaHe Ha ayANTOPHA

Smith et al. (2020) noguepraBart, 4e aNropuTMHUTE B colMaIHuTe Meaun karo Facebook Ads n
Instagram mo3BossgBaT Ha OpaHIOBETE Jja JOCTUTAT JI0 CIICHU(PUYHU AeMOTpadCKH U MOBEIEHUYECKU
rpynu. Ivanov et al. (2022) no6aBsT, 4ye U3MOI3BAHETO HA JAHHHW OT COLIMATHH MEIUHU TMO3BOJISBA
Cbh3/1aBaHETO Ha IEPCOHATTM3UPAHU KAMIIAHUH, KOUTO OTIOBapAT Ha UHTEPECUTE U IOTPEOHOCTUTE Ha
MoTpeOuTeTuTE.

2.3. Bausinue Ha ChABPKAHMETO BbPXY AHTAKMPAHOCTTA

CpAbpKaHUETO B COLMAIHUTE MEAUM € KPUTUYHO 3a MPHUBINYAHETO M 33JAbPKAaHETO Ha
BHUMaHHMETO Ha aymutopusra. Jaeger et al. (2022) nokas3Bar, 4e BH3yaJHOTO UM MHTEPAKTUBHOTO
ChIbpIKAHUE, KAaTO BHJICA U AaHKETH, yBEIMYaBa aHTAKUPaHOCTTA ¢ A0 75%.

3. METOA0JIOT'us

To3u noknan u3non3Ba KOMOMHUPAH MOAXO/ 3a aHAIHU3, BKIIOYBAILL:

» KonnuectBen ananu3 Ha MeTpuku kKato CTR (mporieHT Ha KITMKBaHUs), KOHBEPCUHU U Bb3BPb-
maemoct Ha nHBecTuiuuTe (ROI) ot conmanau MeauitHN KaMIIaHUH.
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» KayecTBeHH UHTEPBIOTAa C MAPKETUHT CIICLUAINCTH 32 pa3dbupaHe Ha e(pEeKTUBHOCTTA Ha Tap-
TeTUPAHETO B COLIMATTHUTE MEIMH.

» Kazyc: AHanu3 Ha KaMIaHUs Ha BOJEIla MapKa, M3M0JI3Ballla COLIMAIHA ME/IUU 33 TAPTeTUPAHE
Ha crienu(uIHa Ay TUTOPHSL.

4. PE3YJITATH
4.1. Bausinue HA CONMAJIHUTE MeUU BbPXY OpaH MAEHTUYHOCTTA
Pesynrature moka3Bar, 4ye OpaHIOBETEe, KOWTO H3MOJI3BAT KOHCHUCTEHTHO ChIbp)KaHHE B
COIMATHNUTE MEIUH, U3TPaKAaT M0-100pa pa3mo3HaBaeMoCT U JosaHoCcT. Hanpumep:
* Starbucks: Kamnanuure B Instagram yBenuunxa anraxkupanoctra ¢ 35% OnarogapeHue Ha nH-
TEPaKTUBHU Stories ¥ MOTPeOUTENICKO FTeHEPUPAHO ChIbPKAHUE.
* Nike: M3non3BaHe Ha MOTUBAIIMOHHM BHJ€a, KOUTO OTTOBApAT HA IICHHOCTUTE Ha IiefieBaTa

ayIUTOpHSL.

[Inatdopma CTR (%) Kounsepcun (%) ROI
Facebook Ads 4.2% 3.5% 2.7x
Instagram Ads 5.0% 4.0% 3.1x
TikTok Ads 6.0% 5.2% 3.5x

4.2. EGekTUBHOCT HA TAPreTUPAHETO HA Ay AU TOPHUSA

4.3. 3HaueHHe HA CHABPKAHUETO

JlanauTte coyart, ye NOTPEOUTETUTE MPEATIOUUTAT:

* Bunea: 60% ot aHrakupaHHUTe MOTPEOUTENN 3asBsIBaT, Y€ BUACOCHABPKAHUETO T IPUBIINYA
IIOB€YEC OT CTaTUYHU I/1306pa)K€HI/I}I.

* JIHTepakTUBHOCT: AHKETH, BBIIPOCH U NPEAU3BUKATEICTBA HachpuaBaT MOTpeOUTENUTE Ja
y4acTBaT aKTUBHO B KaMITaHHUUTC.

5. KA3YC: KAMITIAHUS HA ADIDAS B COHIUAJIHUTE MEJIUN

CreroBHomM3BecTHaTa Mapka Adidas peanmm3upa 3-mMeceyHa KaMIlaHWs, HaCOYCHA KBbM MIIaJIH
notpedurenu, upe3 Instagram u TikTok. MapkaTta u3mon3Ba JaHHU 3a TOBEACHHUE, CHOpaHH OT
COITMAITHUTE TUTaT(HOPMHU, 3a Ja Ch3ajle MEPCOHATUZUPAHO ChAbPKAHHE:
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* UnrepaxtuHu Buaea B TikTok: goBenoxa mo 40% yBennyueHue Ha aHTAKUPAHOCTTA.
* [lenenacouenu pekiamu B Instagram: nocturnaxa 4.5% xonBepcuu, koeto € ¢ 20% mnoseue ot
MIPEIUITHA KaMTIaHUH.

6. IJMCKYCUA
. bpann ugeHTu4HOCT:

KOHCHCTEeHTHOTO ChaBpKaHUE Ch3/aBa JOBEPHUE U PA3IIO3HABAEMOCT.

BuzyaHHUAT CTHII 1 TOHBT HA KOMYHHUKAITUS Ca KIIFOUOBHU 32 CBBP3BaHE C ayIUTOPHUSAITA.
. Taprerupane:

O N O O =

ANTOPUTMHUTE B COIMAIIHUTE MEIUHU MO3BOJISIBAT €(EKTUBHO IOCTUTAHE JO CHEeHH(PUIHU
TPYIIN.
JlaHHWTE OAYEpTABAT 3HAUEHUETO HA MIEPCOHAIIM3UPAHOTO ChIbPKAHUE.
. IIpeau3Bukarencraa:
[ToBepuTenHOCTTa Ha JAHHUTE € KPUTUYEH BBIIPOC.

O O W O

[IpoMeHuTe B aITOPUTMHUTE HA COLIMATHUTE MIATGPOPMH MOTaT Jja HaMaJsAT BUAUMOCTTA.

7. 3AKJIIOYEHUE U NPEINIOPBKU

3aKiIoueHue:

ConpanHuTe MEIUU Ca MOIICH HHCTPYMEHT 3a HW3rpakKIaHe Ha OpaH] HUACHTHUYHOCT H
e(deKTUBHO TapreTHpaHe Ha ayauTopus. [lepcoHAM3UPaHOTO ChABPKAHUE U TAPTETUPAHU PEKIAMHU
MOTar Ja yBeIu4yaT aHTaXUPaHOCTTa U KOHBEPCUUTE, JTONPUHACIHKUA 32 YCTOWYMBO pa3BUTHE Ha
OpaHnna.

[Ipenopbku:

* MHBecTHpaiiTe B BU3yallHO U UHTEPAKTUBHO ChIIbPKAHUE.

* M3non3BaiiTe anroputMure Ha miaTGopMuTe 3a IepCoOHAIM3UpaHe Ha KaMITaHUUTE.

e OO0bpHETE BHUMAHUE Ha MOTPEOUTENICKOTO JOBEPHUE Upe3 MPO3PAYHOCT B M3IMOI3BAHETO Ha

JAHHU.
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BUILT-IN LEARNING ANALYTICS CAPABILITIES IN MOODLE

Gergana Kasabova
University of Economics - Varna/Department of Informatics, Varna, Bulgaria, gkasabova@ue-varna.bg

ABSTRACT

This article examines the possibilities of Learning Analytics within the Learning Management System
(LMS) Moodle. With the increasing role of online distance education and technology in educational processes,
Learning Analytics is becoming a key tool for enhancing the learning experience. Moodle, as a leading open-
source platform, generates a substantial amount of data on learner activities, which can be analyzed to im-
prove educational quality. Learning analytics involves the collection, measurement and evaluation of data
regarding learners, with the aim of understanding their outcomes and optimizing the learning process. This
allows for informed decisions regarding learning opportunities and teaching methods as well as the identifi-
cation of students at risk of dropping out. There are four main types of learning data analysis: descriptive,
diagnostic, predictive, and prescriptive. Moodle provides built-in learning analytics capabilities through its
Moodle Analytics API, which utilizes models based on machine learning and “static” models. The main ad-
vantages of Moodle Analytics include predicting learner performance and data-driven decision-making, while
some of the challenges are the complexity of setting up and configuring the API, as well as concerns related
to data privacy.

KEYWORDS: e-learning, Learning Management System, Learning Analytics, Moodle Analytics AP/

INTRODUCTION

In recent years, the integration of technology into education has significantly impacted traditional
teaching methods. With the advent of remote learning and online education during the COVID-19
pandemic, the needs of both educators and learners have changed. Learning Management Systems
(LMSs) have become central to educational technology transformation, offering a large amount of
data and opportunities for analysis to optimize the learning process.

Moodle LMS, one of the leading open-source platforms, is widely used around the world for its
flexibility, scalability, and rich set of features designed to meet diverse educational needs. In Moodle,
each participant’s activity is recorded in log files that reflect various actions, such as account logins,
file views, interactions with activities and resources. The learning data analysis process in Moodle
LMS involves collecting, analyzing, and reporting learner data to improve and optimize the learning
process and the environment in which it takes place. With Learning Analytics, instructors and admin-
istrators gain insights into learners’ engagement, performance, and behavior.

The purpose of this report is to examine the learning data analysis capabilities of Moodle LMS,
leveraging the built-in capabilities of the system via the Moodle Analytics API.

1. THE ROLE OF LEARNING DATA ANALYTICS

The process of systematically collecting and analyzing large datasets from online sources to im-
prove educational processes is known as Learning Analytics (Mian et al., 2022). The entire data pro-
cessing procedure includes collecting, measuring, analyzing, and reporting learner data to understand
and optimize the learning process and environments in which it occurs. Data from various sources is
used to gain insights into learners’ behavior, performance, and engagement. According to Gaf-
tandzhieva, Totkov, and Doneva (2020), Learning Analytics combines approaches, methods, and re-
sults from different fields, such as data mining, business intelligence, predictive modeling, and
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pedagogy. A key feature of Learning Analytics is enabling learners to take an active role in their
learning process, fostering the development of self-regulation skills (Hooshyar et al., 2023).

According to various authors, Learning Analytics can have a significant impact on educational
practices by:

* Evaluating and improving the quality of curricula and educational methods (Mian et al.,
2022). Data-driven approaches allow educational institutions to make informed decisions about
curriculum development, resource allocation, and policy formulation, leading to more effective
and efficient educational practices.

* Identifying students at risk and taking timely actions by customizing learning experiences
to meet individual needs (Mian et al., 2022; Akg¢apinar et al., 2019). By analyzing data such as
attendance, assignment completion, participation in discussions, and other student activities,
educators can identify students facing challenges and provide targeted support to enhance their
performance. Learning Analytics tools provide valuable insights for educators, helping them
determine how learners interact with course materials and identify areas where they may
struggle.

* Facilitating data-driven decision-making (Hantoobi et al., 2021). Through Learning
Analytics, institutions can identify trends, patterns, and connections in the educational process
that might otherwise go unnoticed. As a result, university or institutional leadership can make
more informed, data-based decisions rather than relying on intuition or assumptions.

The primary goal of Learning Analytics is to make informed decisions regarding the educational
process, the learner, the instructor, the curriculum or other related matters. Thus, Learning Analytics
can be defined as the science of analyzing and evaluating data to reach specific conclusions (Hantoobi
et al., 2021). The impact of Learning Analytics is not limited to one structural element in education.
It benefits all participants across various educational structures — learners, instructors, institutions and
the education field itself. For example, by identifying students at risk and providing timely interven-
tions, not only do learners benefit, but also the quality of teaching improves, as does the institution's
reputation.

2. TYPES OF LEARNING DATA ANALYTICS
Learning Analytics can be divided into four main categories: descriptive, diagnostic, predictive,
and prescriptive analytics (Hantoobi et al., 2021) (see Fig. 1).

Figure 1. Levels of Learning Analytics
Source: Adapted from (Hantoobi et al., 2021)
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* Descriptive Analytics — This involves summarizing and interpreting historical data to discover
patterns, trends, and insights (Xin and Singh, 2021). Descriptive analytics answers the
question, “What’s happening?” by clearly presenting past activities and events. In the context
of Learning Analytics, it focuses on interpreting data related to learner activities, their
performance, and interactions within the educational environment (Ramaswami et al., 2022).
It serves as the initial step in the broader process of Learning Analytics by providing a clear
and detailed understanding of past learning processes, which lays the foundation for more
advanced forms of analysis. Typically, it is based on log file data from different LMSs.

* Diagnostic Analytics — This includes data analysis techniques to explore cause-and-effect
relationships and identify factors contributing to specific outcomes (Xin and Singh, 2021). It
answers the question, “Why is it happening?” by identifying and analyzing variables and
conditions that influenced observed factors. In the context of Learning Analytics, diagnostic
analytics helps educators and administrators uncover the root causes behind learner
performance and engagement levels. It goes deeper into the “why” question — why certain
outcomes occurred, why certain learners perform better or worse, and why specific educational
interventions are effective or ineffective.

* Predictive Analytics — This involves using statistical techniques, machine learning algorithms,
and data analysis to forecast future events (Xin and Singh, 2021). It answers the question,
“What is likely to happen?” by identifying patterns and correlations in existing data. In
Learning Analytics, predictive analytics uses past and current data from educational
environments - such as student demographics, academic performance, and online interactions
- to forecast learners' behaviors and outcomes. (Herodotou et al., 2021). It is a crucial
component of Learning Analytics, focusing on predicting future outcomes based on historical
data. It can be used to forecast various aspects of the learning process, such as learner
performance, engagement, and retention. This approach allows instructors and administrators
to identify potential challenges and take measures before they negatively impact learners.

* Prescriptive Analytics — This uses complex algorithms, simulations, and optimization models
to suggest the best possible actions or decisions based on data analysis. It is “prescriptive”
because it not only predicts future outcomes but also offers specific recommendations or
actions to achieve optimal results. It answers the question, “What should we do?” by exploring
different possible scenarios, constraints, and objectives. In Learning Analytics, prescriptive
analytics aims to enhance educational outcomes by recommending actions, resource
allocations, or learning strategies that are most likely to lead to success. This is the most
advanced stage of data analysis in education, focusing on recommending specific actions or
strategies to achieve desired educational outcomes (Xin and Singh, 2021). Prescriptive
analytics is the next step toward increasing the maturity of Learning Analytics, leading to
proactive decision-making to improve learner performance and providing data-based
recommendations for learners at risk of dropping out or other suboptimal outcomes
(Ramaswami et al., 2022).

3. LEARNING DATA ANALYTICS WITH MOODLE

The Moodle Learning Management System can be used across all levels and forms of education
(including corporate training). Moodle is written in PHP and distributed as open-source software,
used by over 325 million users worldwide (Buchner, 2022). As an LMS, Moodle provides core func-
tionalities for successfully managing the learning process, including:
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* Course Management — Tools for creating and managing courses, multimedia integration, and

interactive activities.

» User Management — Capabilities for user enrollment, role, and group management, as well as

tracking user activity.

* Grading — Tests, assignments, and tools for assessing learner performance.

* Communication and Collaboration — Forums, wikis, groups, and chat rooms.

Moodle offers built-in features for tracking various types of data. These include built-in func-
tionalities for generating reports, statistics, and tracking user activity from Moodle logs, which store
structured data from users' interactions with different activities and resources. According to Zhang et
al. (2020), all stored data is useful and can be applied to data mining algorithms. Additionally, Moodle
provides a learning analytics functionality called Moodle Analytics, which can be enabled and con-
figured by administrators to analyze data from various interactions on the platform (see Fig. 2). In
addition to Moodle’s built-in capabilities, numerous plugins and integration options are available for
external learning analytics tools. Moodle Analytics offers a predictive analytics system, using ma-
chine learning to generate forecasts (Fig. 2).

Figure 2. Data Flow in Moodle Analytics API
Source: Created by (Nicols, 2024)

Moodle Analytics includes the following five models by default:
1. Courses at risk of not starting

2. Learners at risk of dropping out

3. Learners who have not visited the course recently

4. Learners who have not yet accessed the course
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5.  Upcoming activities

There are two types of models — machine learning models, including predictive models, and
“static” models for identifying critical situations based on past events. Each model has several main
fields — indicators (about 60), analysis time frame, and insights (Buchner, 2022). Some of the indica-
tors are shown in Fig. 3.

Figure 3. Sample Indicators Studied in Moodle

The use of Moodle Analytics helps users enhance learning outcomes and recommend improve-
ments for learners based on data from past activities. Optimization of the educational process with
Moodle Analytics is achieved by measuring, collecting, and analyzing various data, such as cognitive
and social interaction statistics (for example, what content a learner viewed, sent, or edited, in which
events they participated in, etc.) (Suad et al., 2023). Forecasting and analysis can be selectively ap-
plied to specific courses, categories, or instructors rather than the entire platform. According to Suad
et al. (2023), modeling and forecasting learner performance in an e-learning environment has become
a crucial task for modern education.

Advantages and Challenges of Using Moodle Analytics API

The advantages and challenges of using the Moodle Analytics API can be examined as follows,
based on information from the module documentation (Nicols, 2024):

Advantages:

* Predicting learner performance — Moodle Analytics API allows the creation of predictive
models that can identify learners and courses at risk (in various platform directories), enabling
early intervention.

* Data-driven decision-making — Provides useful information that can help make timely
decisions and improve student outcomes.

* Customization — Site administrators can define their own indicators and goals, adapting
analytics to specific needs.

* Automation — Automates data collection and analysis processes, saving time and reducing
manual effort.

Challenges:

* Complexity — Setting up and configuring the API can be complex and require technical
expertise.

* Data privacy — Handling sensitive learner data requires strict compliance with data protection
regulations, which can be challenging.
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* Resource-intensive — Running predictive models and analyses may require additional
resources, which can impact system performance.

* Limited built-in models — The core Moodle system includes only a few built-in models, which
may not cover all use cases.

CONCLUSION

In conclusion, Learning Analytics in Moodle LMS, specifically through the Moodle Analytics
API, offers significant potential to improve the educational process by providing valuable insights
into learner behavior, engagement, and performance. This report reviewed various types of learning
data analysis, including descriptive, diagnostic, predictive, and prescriptive analytics. Each type plays
a role in understanding learner behavior and optimizing outcomes throughout the learning process.
By leveraging data from learner interactions, educators can personalize the learning experience, iden-
tify students at risk, and make data-driven decisions to enhance the overall educational process. De-
spite the challenges associated with technical implementation and data privacy, the advantages of
using Learning Analytics are significant, leading to a more informed and effective educational expe-
rience.
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YITPABJIEHUE HA UHOOPMALIMOHHA CUI'YPHOCT
B OBPASOBATEJIHUTE HHCTUTYIIMU: TIOJIMTUKU,
INPOLEAYPU U TIOBPU ITPAKTUKHU
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PE3IOME

Hacmosiwyuam ooxnao pasenescoa ochosHume NPUHYURY U CIIBRKY NPU pazpabomeanemo u npuiaza-
Hemo Ha NOAUMUKY 3d YNpasieHue Ha UHHOPMAYUOHHAMA CUZYPHOCT 8 0OPA308aMENTHUME UHCIMUMYYUU, CbC
cneyuanen goxyc evpxy lpogecuonannama eumnasus no uxonomurxa "/[-p Uean boeopos" — Bapna. Usc-
71e08a ce nPoyecvym Ha Cb30A8aHe Ha NOJUMUKA 3a UHPOPMAYUOHHA CUSYPHOCH 8 KOHMEKCMA HA HOPMAMUG-
Hama ypedba u mexncoyrapooHume cmanoapmu. JJokiaovm eKI046a aHAIU3 HA OCHOGHUME CIbNKU 3d 8HeO-
PpABaHe HA NOAUMUKU 34 UHDOPMAYUOHHA CUSYPHOCT 8 00pa3osamennume cpeou U KOHKpemHo npuiazane Ha
me3u noaumuxu 8 pamxume na I1I'H "/[-p Hean bozopogs".

KIIFOYOBH J/IYMH: 6e30nacho yuunuwe, KubepcucypHocm, UHGopmMayuonna cucypHocm

INFORMATION SECURITY MANAGEMENT IN EDUCATIONAL
INSTITUTIONS: POLICIES, PROCEDURES AND GOOD PRACTICES

Dean Vasilev
University of Economics, Varna, Bulgaria, e-mail: dean.vasilev(@ue-varna.bg

ABSTRACT

This report examines the main principles and steps in the development and implementation of information
security management policies in educational institutions, with a special focus on the Vocational High School
of Economics "Dr. Ivan Bogorov" - Varna. The process of creating an information security policy in the context
of regulations and international standards is explored. The report includes an analysis of the main steps for
the implementation of information security policies in educational environments and the specific implementa-
tion of these policies within the Vocational High School of Economics "Dr. Ivan Bogorov".

KEYWORDS: Safe school, Cybersecurity, Information security

BBBEJEHUE

WndpopmanoHHaTa CUTYpHOCT € KpUTUYHO BaXKHA 32 00pa30BATEIIHUTE HHCTUTYLIUHU, KOUTO 00-
paboTBaT 4yBCTBUTEIHA WH(OPMAIIHS, CBbP3aHa C YUEHUIIH, MIPETOIaBaTeNId U aIMHUHUCTPATUBEH
nepcoHain. C pa3pacTBaHETO Ha AUTUTAIHUTE TEXHOJIOIMHU, YYMIMIIATA U YHUBEPCUTETUTE BCE IO-
B€YE pa3yuTaT Ha HHPOPMALMOHHU CUCTEMH 33 YIPABICHUETO Ha y4eOHUs MPOLEC U aIMUHUCTpa-
TUBHUTE AEHHOCTHU. 3a Jja ce rapaHTHpa 3allUTaTa Ha Te3M JAHHU U NPEJOTBPATABAHETO HA MHIIU-
JIEHTH, € HE0OX0IMMO pa3pabOTBAHETO U MPUJIATaHETO Ha aJeKBaTHU MOJIUTUKHU 32 HH(YOpMAI[IOHHA
curypHocT (MUC). Llen Ha HACTOSIIUAT JOKJIAJ € 1a C€ aHAIM3HUpAT MPoIeTypuTe 3a pa3paboTBaHe Ha
TaKMBa MOJIMTHKY, PA3IIIeKIaHKN OOLIUTE MPUHIMIIN U MPUJIATraHeTO Ha MEPKH 3a 3alluTa Ha JIaH-
Hute B III'N "/1-p UBan boropos".
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1. 3AKOHOBA U HOPMATHUBHA PAMKA

[MonmuTHkuTE 32 yrpaBiieHue Ha HH(POPMAIIMOHHATA CUTYPHOCT B 00pa30BaTEIIHUTE UHCTUTYIIUU
ca OCHOBHHST MEXaHU3bM 32 OCHTYpsIBaHE Ha 3aIMTaTa HA JTAHHUTE U HH(POPMAIIMOHHUTE CUCTEMH.
Te 3agaBat pamMkuTe 3a ynpasjieHUE Ha TOCThIIA 10 HH(GOPMAIIMOHHH PECYPCH, 3aIluTa OT Kubep3an-
Jaxu, yrpaBlieHUEe Ha MHIMIECHTH U Bb3CTAaHOBSBAHE ClIe]] MHIUACHTH. LlenTa Ha Te3u NOJUTHUKH €
Jla TapaHTUpaTt, 4ye uHpopmanusTa 1me ObJe 3aluTeHa 0T HEOTOPU3UPAH JOCThII, 1€ OCTaHe J0C-
THITHA CaMO 32 OTOPU3HUPAHU NMOTPeOUTENH U 111e ObAe ChXpaHeHa MPaBUIIHO, TaKa Ye Ja ce MPeI0TB-
patu 3ary0a Ha JaHHHU.

OCHOBHHUTE NMPUHIIMIIN HA TTOJIMTHKUTE 32 HH(PopMalnmonHa curypHoct ca (KapakbHesa, 2013):

* KoHduaeHuHaaIHOCT: rapaHTHpa, 4e HH(OPMAIIHTA € TOCTHITHA CAMO 32 OTOPU3UPAHU JIMLIA.

* IlsisrocTHOCT: MH(OPMAIMATA OCTaBA HETIOKBTHATA U HE € IPOMEHEHA HEePa3peIICHO.

* HasmmyHocT: nHpOpManusATa € Ha pa3nojIokKeHne, Koraro € Heo0xoanma, 6e3 MpeKbCBaHMUA.

B brarapus u EBponeiickus cbr03 MMa HIKOJIKO OCHOBHA HOPMAaTHBHU aKTa U CTAaHIAPTH, KOUTO
perynupar  uMH(OpMallMOHHAaTa CUTYPHOCT B pa3JIMYHU  HMHCTUTYLHH,  BKIIOYUTEIHO
oOpaszoBarenHute. Te 3a7aBaT OCHOBHUTE M3MCKBAHHS 33 CUTYPHOCT M MEXaHHM3MH 3a 3allliuTa Ha
JAaHHUTE.

3akon 3a kudepcurypHoct (bbarapusi) (MC, o6n. 1B 6p.94 ot 13 HoemBpu 2018r.): 3akoHBT
3a KHOEpCUTYpHOCT YpeXJa OpraHu3alusaTa Ha MpeXoBaTa UM HMH(OpPMAIMOHHA CHUTYPHOCT B
Bbwarapus. Toit onpenens 3a1bKeHUAATA HA pa3IMYHI MHCTUTYIIMH, BKIIFOYUTEIHO 00pa30BaTeHH,
3a OCUTYpsIBaHE Ha MMHUMAJIHU MEPKH 3a 3alUTa cpelly kuoep3aniaxu. 3aKOHBT ChILO TaKa Hajara
HE00XO0AMMOCTTA OT Ch3J]aBaHE Ha CUCTEMH 32 YIIpaBJICHUE Ha UHIMJCHTH U INITAHUpaHe Ha ACHCTBHS
MIpY U3BBHPETHU CUTYAIIUH.

Hapenba 3a MUHUMAJHUTE M3UCKBAHUA 32 MPeEKOBA W HMH(OPMAIMOHHA CHUTYPHOCT
(MHUC) (MC, O6n. JIB 6p. 59 ot 26 FOmu 2019r): Tazu Hapenda onpeaenss MUHUMATHATE MEPKHU 3a
3aIuTa, KOUTO TpsAOBa J1a ObAAT NPUIIOKEHH OT BCUUKU MHCTUTYLIUU, BKJIIOUUTETHO 00pa3oBaTeIHU.
Ts pernmamenTupa mpolEecUTe MO YIpPaBJI€HHWE HAa CUTYPHOCTTAa HAa MH(OPMALMOHHUTE CUCTEMH,
NpOIeypUTE 3a YIpaBiICHHE HAa MHLUMICHTU U TpaBWiIaTa 3a CbXpaHEHHE W 3allUTa Ha JaHHHU.
Hapenbata e 6asupana Ha MEXIyHapOAHWUTE CTaHAAPTH 3a MH(OpPMAIIMOHHA CUTYPHOCT, KaTo
ISO/IEC 27001.

Pernament (EC) 2016/679 — O0u1 perjiaMeHT OTHOCHO 3ammrTarta Ha nanuute (GDPR) :
EnuH o1 Hail-BaXHUTE JOKYMEHTH 3a 3allUTa HA JIUYHUTE TaHHU B paMKUTe Ha EBpomnenckust chio3,
KOWTO oOxBama u oOpazoBatenHuTe WHCTUTYHMU. GDPR Hamara wsuckBanus 3a cwOupane,
o0pa0oTKka M ChbXpaHEHHE Ha JMYHU JaHHU Ha Y4YEHUIW, MPEnoJaBaTeNd U aJAMHHHUCTPATUBEH
nepcoHanl. OceH ToBa, GDPR npenBmxaa caHKIMKM MpHU HapYILICHHS, CBbP3aHU ChC 3alllMTaTa Ha
JaHHU, KOETO MPaBU CMa3BaHETO HA PEriaMeHTa KPUTUYHO Ba)KHO 32 BCSKA MHCTUTYIIHSL.

3akoH 3a 3amuTa Ha JuyHuTe 1aHHu (Brarapus) (MC, O6H. [IB. 6p.1 ot 4 SAnyapu 2002r.):
Tosu 3axon nomena GDPR u ypexxaa o6paboTkata Ha nuyHM N1aHHU B beirapus. B konTekcTa Ha
00pa3oBaTeTHUTE HHCTUTYIIMH, 3aKOHBT ONPEAETs IPaBUiIaTa 3a ChbXpaHEeHUe Ha JJAHHU Ha YYEHUIH,
aJIMMHHUCTPATHBEH MEePCOHAN U IMpernojaBaTelid, KaKTO U MpaBaTa Ha Te3H JIMIA OTHOCHO TSAXHATa
au4Ha uH@OpManus. 3aKOHBT 3a7bJKaBa MHCTUTYIIMUTE J1a OCUTYpST chIylacue 3a o0paboTka Ha
JAaHHUTE W Ja MpuiaraT MEpPKH 3a CUTYpHOCT, 3a Ja MPEAOTBPATAT HEOTOPU3MPAH JOCTHI WU
3JI0ymoTpeda ¢ TaHHUTE.

ISO/IEC 27001 — CtanaapTt 3a cHCTeMH 32 yIpaBJeHHe HA HH(POPMAaIlHOHHATA CUTYPHOCT
(CYHUCO): MexayHapoleH cTaHIapT, KOMTO 3ajjaBa HACOKM 3a W3IPaKJaHE U IMOALBbPKAHE HaA
e(eKTHUBHH CUCTEMHU 3a yIpaBjieHue Ha nHpopmannonHara curyproct. Cranaaptst ISO/IEC 27001
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M3HMCKBAa 00pa30BaTEIIHUTE WHCTUTYUMU Ja UIACHTHQUIMpPAT HWHOOPMALMOHHUTE AaKTHUBH, JAa
OLICHSBAT PUCKOBETE, CBbP3aHU C TSIX, U JIa BHEJPSBAT aJJeKBaTHU MEPKH 3a 3amuTa. To3u cTaHaapT
CBIIIO TaKa M3UCKBA PEIOBHU OJIUTH U aKTyaTu3allvs Ha MOJUTUKUTE 32 HPOPMAIMOHHA CUTYPHOCT.

3akoH 3a ej1ekTpoHHOTO ynpaBiaeHue (MC, O6H. /IB. 6p.46 ot 12 FOuu 2007r.): To3u 3akoH
ypeXJa eJEeKTPOHHOTO yIpaBlieHWE Ha JaHHU B NYOJUYHHS CEKTOp, KAaTro M3UCKBA OT
0o0pa3oBaTeTHUTE WHCTUTYIMU Ja HM3M0J3BaT LUGPOBHU MIATGOPMU MU EIEKTPOHHU YCIYTH IO
CUTYpPEH U OTTOBOPEH HayMH. 3aKOHBT BBBEXKJA M3MCKBAHUS 32 CUTYPHOCT Ha EJIEKTPOHHUTE
cuUcTeMHU 1 0OMeHa Ha HH(pOpMAIIHSI.

Hapen6a 3a kpuTuyHaTa HHPPACTPYKTYpPAa M YCJIYruTe OT ChlllecTBeHO 3HauyeHue (MC,
OO6n. /IB. 6p.81 ot 23 OxromBpu 2012r.): Ta3u Hapenda peryaupa Kak ce OnpefensiT KpUTHIYHUTE
CeKTOPHM U YCIYTH, BKJIIOUUTEIHO OOpa3oBaTEIHUs CEKTOp, W 3aJaBa M3MCKBAHUS 3a 3allWTa Ha
KpuTH4HaTa WHppacTpykTypa. B ciaydail Ha aTaka WM WHIMIEHT, 00pPa30BaTETHUTE WHCTUTYIIHH
TpsOBa a cilenBaT OMpESICHH MEPKU 3a BH3CTAHOBSBAHE HAa HOpMalHAaTa JEHHOCT W 3alluTa Ha
JAHHUTE.

Te3n HOpMaTUBHU JOKYMEHTH 3a/1aBaT PAMKUTE U U3UCKBaHUATA, KOUTO 00Opa30BaTEIHUTE HH-
CTUTYLIMH TpsiOBa Jla cleaBaT, 3a Ja rapaHTUpaT 3aliiTaTta Ha WH(OopManuaTa 1 ChOTBETCTBUETO C
perynaropuute uzuckanus. [lomutukure 3a nHQOpPMaLIMOHHA CUTYPHOCT TpsIOBa J1a OTpa3siBaT Te3U
3aKOHU M CTaHJApTH, KaTO TapaHTUpaT, Y€ BCHYKU MPOLECH U MPOLEAYPHU ca ChOOpa3eHu ¢ HOpMa-
TUBHUTE U3MCKBAHUS U Ca HACOYCHH KHbM 3aIlUTa HA TAHHUTE.

2. HPOLHEAYPA, ITPU CB3JABAHETO HA INOJIUTUKA 3A UHOOPMALIMOHHA
CUT'YPHOCT B OBPA3OBATEJIHA HHCTUTYLUA

[IpomiechT Ha pa3paboTBaHE M BHEIpsBaHE Ha e(EKTHBHA TOJHMTHKA 3a WH(POPMAIIMOHHA
CUTYPHOCT B OOpa3oBaTeiHa MHCTUTYLHS W3HCKBA CHCTEMAaTH4YeH U CTPYKTypupaH moaxoxd. Toii
BKJIIOUBA HSKOJIKO OCHOBHU €Tara, KOMUTO rapaHTHpaT MPaBMIHOTO HAECHTU(UIIMPAHE HA HYKIUTE,
pPUCKOBETE M MEpKHUTE 3a 3aluTa Ha HH(OpMaluWOHHHTE akTuBH. [lo-momy ca mpencTaBeHU
OCHOBHHTE CTBHIIKH 32 Ch3/1aBaHE Ha TaKaBa MOJIUTHKA:

1. Upentuduxanus Ha UHGOPMALMOHHUTE AKTUBH

1.1. Onucanne Ha MH(pOpMaLHOHHUTE aKTHUBHU: [IbpBaTa CTHIIKA B Ch3JaBAaHETO HA ITOJIUTUKA
3a nH(OpPMAIIMOHHA CUTYPHOCT € MACHTU(DUIIUPAHETO HA BCHUKH WH()DOPMALIMOHHU aKTHBH, KOUTO
TpsOBa a ObaaT 3amuTeHd. ToBa BKIIIOYBA JIMYHU JAHHU HA YYEHUIIH, [TPEToaBaTesid U IepcoHal,
akajgeMuyHa MHpopMalus, ydeOHU MaTepuany, aAMUHUCTPATUBHU JTOKYMEHTH, UH(POPMAIMOHHU
CUCTEMHU U TEXHOJIOTMYHU UHPPACTPYKTYPH.

1.2. Knacudgukanus Ha akTuBHTe: BenHbxk waeHTUPUIIMPAHU, aKTUBUTE TpsiOBa na Obaatr
KIacu(UIMPaHd BB3 OCHOBA Ha TAXHATA KPUTUYHOCT U CTENEH HA UYyBCTBUTENHOCT. ToBa 1ie
MIOMOTHE 3a OIpECNISIHE Ha MPUOPUTETUTE U MOIXOAUIUTE MEPKHU 32 CUTYPHOCT 33 BCEKU aKTHB.

2. OneHka Ha pucka

2.1. UnenTnunmpane Ha 3a1U1axy 1 ya3BuMocTH: Ha To3u eran ce aHanM3upar NOTEHIMaIHNTE
3aIulaxy 3a CUTYpHOCTTa Ha MH(OpMaIMATa, KaTo XaKepCKU aTakh, HEOTOPU3UpPaH JIOCTHII, 3aryda Ha
JaHHU, 3710BpezieH codTyep U Ipyru. Beska 3amaxa ce olieHsBa MO0 OTHOLIEHHE Ha BEPOSTHOCTTA 32
BB3HUKBAHE U TIOTEHIIUATHOTO M BB3/ICHCTBUE BHPXY 00pa3oBaTeHaTa UHCTUTYIIHSL.

2.2.0ueHka Ha BePOSAATHOCTTAa W Bb3JeicTBHETO: PrickoBere ce KiacMpUIMpAT CIOPEN
CTENEHTa Ha BEPOATHOCT 32 Bb3HUKBAaHE M BB3JACUCTBUETO BBPXY MHCTUTyHUsATA. Hampumep, ako
PHUCKBT OT KHOEpaTaka € BIHCOK, a Bb3JICHCTBUETO M MOXKE Ja IOBEJE 10 3aryda Ha KpUTUYIHH JTaHHU
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WM KOMIIPOMETUpPAHEe Ha JInYHA WH(OpMaLKs, TO3U PUCK c€ KIacU(PUIIUpa KaTO BUCOK MPHOPUTET
3a JICMCTBHUE.

2.3.Omnpenesisine HA MePKH 3a MHHMMHM3HMpaHe Ha pucka: Cieq Karo pHCKOBETE ca
UICHTH(UIIMPAHU U OIICHEHHU, CE OMPEACIIAT KOHKPETHH MEPKH 32 MUHUMU3HPAHETO UM. ToBa MOXKe
Jla BKJIFOYBA BHEJpSBAHE HA aHTUBHUPYCEH codTyep, moaoOpsiBaHE HA KOHTPOJA HA JOCTHIIA WIIH
MOBUIIIABAHE HA OCBEJOMEHOCTTA Ha CIIY)KUTEIUTE 3a Kubep3ariaxu.

3. Pa3zpaborBaHe Ha MOJIMTHUKATA

3.1. M3roTBsine Ha nokyMeHTanus: [lonmuTukara 3a nHpOpMalMOHHA CUTYPHOCT TpsOBa 1a
ObJe ACHO JOKyMeHTupaHa. Tsa TpsOBa na BKJIIOYBA OMKMCAHME HA NPOLEAYPUTE 3a 3allluTa Ha
uHpopmanuaTa, peaa 3a yIOpaBICHHE HA JOCThIIa, MEPKHATE 3a 3alluTa Ha MpeKoBaTa
nH(paCcTpyKTypa U IJIAHOBETE 3a JCHCTBUE NP MHIMACHTU. B TO3M eTam TpsiOBa Ja ce BKIIOYAT U
OTTOBOPHUTE JIMLIA U TEXHUTE POJIM B MPUJIAraHETO Ha MOJUTHKATA.

3.2. A3uckBaHus 32 KOHTPOJ Ha gocThna: [lomuTtukaTta TpsOBa sSCHO Ja ompenens Kak ce
OCUTYpSIBa KOHTPOJIBT Ha JIOCThIIA 10 HH(POpPMALIMOHHUTE cUCTeMH. ToBa BKIIIOYBA BHEIPSBAaHE Ha
METOJIM 3a yJOCTOBEpsIBAHE HA MOTPEOUTENH, KaTo BY(AaKTOpPHA aBTEeHTUKAIIMS, YHUKATHU Mapoin
Y TIOJINTUKH 3a cMsiHa Ha napoiiu. OnpeeNssHeTo Ha pa3InyHi HUBA Ha TOCTHII criope]] GyHKIIUUTE
Y IIPaBOMOIIMATA HA MTOTPEOUTENIUTE € OT KIKYOBO 3HAUCHHUE.

3.3.IlpaBuJa 3a 00padoTka U cbXpaHeHue Ha JaHHU: [lonuTHKaTa TpsOBa 1a NeUHUpA ACHU
mpaBmwiIa 3a 00paboTKa, ChbXpaHEHHWE W apXWBUpaHE HAa MaHHU. Te3W mpaBuia BKIIOYBAT KaK ce
Ch37aBaT PE3EPBHU KOMUS, KaK CE YIPABISABAT XapIyepHUTE U COPTYEPHUTE PECYPCH, KAKTO U KaK
ce MpeaoTBpaTABaT 3aryon Ha HH(OpMAaIHsl.

4. BHeapsiBaHe Ha MOJUTHKATA U 00y4eHUE

4.1. O0y4eHue Ha mepcoHasia U y4eHuIuTe: EnHa oT Haill-BayKHUTE CTHIIKHM TIPU BHEIPSIBAHETO Ha
MOJIUTHKA 32 HH(POPMAIIMOHHA CUTYPHOCT € OCUTYPSIBAHETO Ha HEOOXOAMMOTO O0yUEHHE 3a IepCoHaIa
u yueHnunure. ToBa oOyueHue TpsiOBa 1a Ty 3armo3Hae ¢ HOBOBbBECHNUTE MEPKH 3a 3all[UTa Ha JaHHUTE,
KaKTO U C TEXHHUTE OTroBOpHOCTH. OOyUeHHETO BKIIIOYBA HACHTU(HUIMpaHE HA KuOep3ariaxu (KaTo
¢buIMHT MMeiii), 6e30MacHo M3MOI3BaHe Ha MAPOJIM M IIPABUITHO M3IIOJI3BaHE HA MPEKOBUTE PECYPCH.

4.2. Uu(opMHPAHOCT M CHOTBETCTBHE ¢ MoauTHKATa: Cien 00yuyeHUEeTo, BCHUKH CITY)KUTETTH
TpsIOBa J1a MONUINAT ACKIapalus 3a Clla3BaHe Ha MOJIUTHKATA 32 WH(OPMAaIlMOHHA CUTYPHOCT. ToBa
rapaHTupa, 4ye Te ca 3alo3HaTy ¢ IpaBUiaTa U pa3dupar CBOWTE 3ab/KeHUs. PrkoBoUTEIHTE HA
pa3IMYHUTE OTJENU TPsiOBa Ja CAEAST 3a U3IMBIHEHUETO Ha T€3U U3UCKBAHUS.

5. MOHHMTOPHHT, MOIAPHKKA U OUT

5.1. PenoBeH MOHUTOPHUHT Ha cucTemuTe: [lonmuTrukara 3a mHOOpPMAITMOHHA CUTYPHOCT TPSIOBa
Jla TPEIBIKA PEAOBEH MOHUTOPHHT Ha MH()OPMALIMOHHUTE CUCTEMH 32 OTKPUBaHE Ha BH3MOXKHU
3aliaXy Wi HeoOMdYaliHa aKTUBHOCT. MHCTPYMEHTHTE 3a MOHUTOPUHT BKJIIOYBAT CHCTEMHU 3a
oTkpuBane Ha nponnkBanus (IDS) u mHCTpyMeHTH 3a aHAN3 Ha TpaduKa, KOUTO MPEAyIpexKaaBart
32 OTEHIMAIHU TPOOJIEMHU B PEATTHO BpEME.

52.0auT Ha mnoJMTHKaTa: 3a Ja ce rapaHTupa eQEeKTUBHOCTTa Ha IMOJUTHKHUTE 3a
nH(pOpMallMOHHA CUTYPHOCT, HHCTUTYLHATAa TpsAOBa J]a MPOBEXkAa PEJOBHH BHTPEUIHN U BHHIIHU
onutu. OauTHUTE IMOMarar 3a olleHKa Ha €()eKTHBHOCTTA Ha MpUJIaraHuTe MEPKHU U 3a OTKpUBaHE Ha
MOTEHIIMAJIHU MPONYCKH B cCUrypHOCTTa. Cliesl BCEKH OJIUT CE€ MPAaBST MPENOphKU 3a Moo0peHue, a
yCTaHOBEHHUTE MpoOIeMu TpsiOBa 1a ObAaT HE3a0aBHO KOPUTHUPAHH.

5.3. AkTyajm3anus Ha noJuTukara: [lonmutukure TpsOBa J1a ce akTyaIu3upar peoBHO, 3a J1a
0Tpa3sBaT HOBUTE 3aIUIaXxW U TEXHOJOTHMYHU npoMeHu. [Iperneanure TpsOBa qa ce MPOBEXKIAT TIOHE
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BEJHBX 'OAMIIHO, KaTo € B3eMarT NpeIBU]] IPOMEHUTE B HOPMAaTHUBHATA ypen0a, TEXHOJIOTMUTE WU
OpraHU3alMOHHATA CTPYKTYpa Ha MHCTUTYLUATA.

Te3n CTBIKH OCHUTypsBAT LSJIOCTEH IIPOLIEC 3a Ch3JaBaHE M IIPWIAraHe Ha IOJUTHKA 34
MH(POPMAIIMOHHA CHUTYPHOCT B 00pa3oBaTeNHUTE WHCTHUTYUMH. E(QEKTUBHOTO BHeApsiBaHE Ha
nofo0Ha TOJWTUKA TapaHTHpa 3alldTa Ha YyBCTBUTENHAaTa WH(pOpMalus, HamajasiBa pUCKa OT
MHIUJIEHTH U MOA00PsBa ISJIOCTHATA CUTYPHOCT Ha MH(GOPMALIMOHHATA CUCTEMA B MHCTUTYLIUSATA.

3. IPUJIO)KEHHUE HA ITIOJIMTUKA 3A UHOPOPMALIMOHHA CUT'YPHOCT B IIT'
"JI-P UBAH BOI'OPOB" - BAPHA

III' "-p NBan boropos" BB BapHa e BHeipHIIa LSJIOCTHA CHCTEMa 32 YIpaBJieHue Ha HH)Op-
MaIlOHHAaTa CUTYPHOCT, ChboOpa3eHa ¢ HOPMAaTUBHHUTE N3UCKBAHUS U JOOPUTE MPAKTHKH B chepaTa
Ha oOpa3zoBaHMeTo. TOBa BKIIIOYBA KOHTPOJI HA IOCTHIA 10 MHOOPMAIIMOHHHU CUCTEMH, yIIpaBICHHE
Ha WUHIUJICHTH, pPe3epBUpPaHE Ha TaHHU U M3MOJI3BaHe Ha 00JauHu ycnyrd. B To3u pasnen e ce pas-
riiejaT KOHKPETHUTE MEPKH U TIOJUTUKH, MPUIIOKEHN B THMHA3UATA.

3.1 IlosmuTHKA 32 KOHTPOJI HA J0CTHIIA

[TonmTrkaTta 3a KOHTPOJ HA AOCTHIIA € HACOUEHA KbM 3aIlIUTa Ha HH()OPMALIMOHHUTE CUCTEMH U

JJAHHU OT HEOTOpU3UPaH JO0CThI. OCHOBHUTE e€leMeHTH Ha Ta3u noautuka B [1I'M "/I-p UBan boro-
pOB" BKJIIOUBAT:

* YHHUKAJIHH NOTPEONTEJICKH aKayHTH: BCeku yUeHUK, yUUTEN U CIYKUTEIN pa3nojara ¢ yHH-
KaJIeH IOTPEOUTEICKH aKayHT, KaTo JOCTBIIBT 10 CUCTEMH U IaHHH € OTpaHUuYeH crioper GyH-
KLIUUTE U posiuTe Ha nmotpedburens. [1o To3u HaYMH ce HamansABa Bb3MOXKHOCTTA 32 HEOTOPHU-
3UpaH JOCTHII O YyBCTBUTETHA HHPOpMAITHS.

e [Taposm u mHorogakropHa apreHTukanus (MFA): Mucturynusta npuiara npaBuia 3a
CWJIHU TapoJH, KOUTO TPsiOBa /1a ce€ CMEHAT MepuoanyHOo. B mombiHeHHe KbM MapojuTe ce
W3MO0JI3Ba U MHOTO(aKTOpHA aBTEHTUKALIUS 32 JOCTBII 0 KPUTUYHHU CUCTEMH, KOETO 100aBs
JOMTBIHUTEIICH CJIOM Ha CUTYPHOCT.

* OrpaHn4eH J0CTHI 10 MPeKH U pecypcH: [[ocTbIBT 10 MPEXKOBUTE PECYPCH B YUUIIUILETO
€ CTPOro KOHTPOJIMpaH Ype3 MPEKOBHU IIPAaBUJIAa U CUCTEMH 3a yIpaBiieHHE Ha gocTbia. Camo
OTOPU3UPAHU MOTPEOUTEIN UMAT MIPABO J1a U3MOI3BAT MPEKOBUTE PECYPCH.

3.2 lloiuTHKA 32 ynpaBJieHHe HA HHIUJAECHTH
[TonuTukara 3a yrnpaBieHHE HA UHIUACHTH OCUTYpsiBa Obp3a U ePeKTHUBHA peakUus MPH WHIH-
JICHTH, CBbP3aHH ¢ UH(OpMamoHHaTa curypHocT. OCHOBHUTE €JIEMEHTH Ha Ta3| MOJIUTHKA BKITIOYBAT:

* UnenTudunupane U 10K/JaJBaHe HA HHIMIEHTU: BCUUKY yuyeHUIM U CITY>KUTENH ca o0y-
YeHHU Ja pa3no3HaBaT MOTCHIUAIHU HHIUACHTH, KaTO MOJO3PUTEIHA aKTUBHOCT, OTIUTH 32 HE-
OTOPU3HUPAH TOCTHIT WU (GUINUHT aTtaku. [Ipyu oTKprBaHEe HA MHIUACHT, TOM TpsiOBa na Obae
He3a0aBHO JIOKJIZIBaH HA OTTOBOPHOTO JIMIIE.

* Pearupane u orpaHu4aBaHe Ha MHIUAeHTa: Clie/ TOKIaIBaHe, EKUITBT 110 HH(OPMAIIMOHHA
CUTYPHOCT IIPEANpUEeMa CTHIIKU 33 OrPaHMYaBAHE HA MHIIMACHTA, KATO U30JUpa 3aCETHATUTE
CUCTEMHU U aHAJIM3Mpa IpobiieMa, 3a J1a ce MPeJoTBPaTH MO-HATATHIIHO Pa3IpOCTpaHEHUE.

e JlokyMeHTAUMS M aHAIU3: Bceku MHIMAEHT ce TOKyMEHTHpa MOAPOOHO, BKIIIOUHUTEIHO MPH-
YUHHUTE, MEPKHUTE 332 Bb3CTAaHOBSIBAHE U MPETOPHKU 3a motoOpeHue. Te3u nokIaau momarar 3a
YCBBBPIICHCTBAHE HA MPOLIECUTE U MIPEIOTBpaTsABaHEe Ha ObACIIN UHIUACHTH.

3.3 [11aH 3a HenmpeKbCBAEMOCT HA JIeIHOCTTA
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[TonuTukaTa 3a HEMIPEKBHCBAEMOCT Ha JICHHOCTTA € Ch3/1aJIeHa, 3a Ja OCUTYPH MUHUMAIIHU TIpe-
KbCBAaHUS Ha y4eOHUs MpoLIeC B ciyyail Ha cepro3eH MHIUIeHT. OCHOBHUTE €JIEMEHTH Ha Ta3H Io-
JIUTUKA BKJIIOYBAT:

* PenoBHO chb31aBaHe Ha pe3epBHM Konusi: Beska ceamuiia ce mpaBsT aBTOMaTUYHH PE3EPBHU
KOIUS Ha KPUTUYHU JaHHU KaTo aKaJeMUYHHU 3aIIUCH U aIMUHUCTpaTuBHA HHpopmanus. Te3u
PE3EpPBHU KOS CE ChXPaHSBAT KAKTO JIOKAJTHO, TaKa ¥ B O0JIAYHU YCIIYTH, 32 1a CE TapaHTHPa,
Ye TaHHWTE 11e ObIaT Bb3CTAaHOBEHH TIPH 3aryoa.

* Bb3cTaHoBsiBaHe MPU HHIUAEHTH: Y YWIHIIETO pasIoara ¢ miaH 3a 0bp30 Bb3CTAaHOBSIBAHE
Ha CUCTEMHTE B Cy4ail Ha kubeparaka, TeXHUYECKH CPHUB WM MpUpoaHO Oeactue. [lnanbT
BKJIIOYBA MPOLEAYPH 32 KOOpAUHALUSA ¢ focTaBuuly U [T exumnu.

* TectoBe U cumyaanum: [11anbT 3a HEMPEKBCBAEMOCT Ha JICMHOCTTA C€ TECTBA PEAOBHO Upe3
CUMYJIalIMK Ha PA3JIU4YHU CLIEHApUH, 3a Ja CE IPOBEPU FOTOBHOCTTA HA CUCTEMHUTE U EKUIIUTE
3a pearupase MpHu peaqHd UHLIUICHTH.

3.4 O0y4eHue ¥ 0CBEIOMEHOCT

OOy4eHHeTo Ha MepcoHajIa U YYCHHUIIUTE € KII0YOBa YacT OT MOJUTHKUTE 3a UH(GOpMaIllMOHHA
curypHoct B [II'1 "JI-p Ban boropos". IIporpamara 3a o0y4eHre BKIIOYBA:

* O0yyeHus 3a pasno3HaBaHe Ha KHOep3alIaxM: YYEHHULUTE M NEPCOHATBT IIPEMHHABAT
Mpe3 peOBHU OOYYEHUS 3a pa3lo3HaBaHEe Ha (DUIMHT aTakH, 3J0BpefeH codTyep U APyTH
kuOep3armtaxu. OOyueHusiTa 0OSCHABAT KaK Jla pearnpaT MNpy Bb3HUKBaHE Ha TaKWBa WHIU-
JICHTH U KaK J1a TY JOKJIaJIBaT.

* O0y4yeHHUs MO 32IMTA HA JUYHU JaHHU: [lepcoHANBT € 3amo3HaT ¢ OCHOBHUTE MPUHIIUITN
Ha GDPR u 3akoHa 3a 3amuTa Ha JUYHUTE JaHHU, KOETO BKIIIOYBA OOy4eHHUE 3a MpaBHIIHA
00paboTKa, ChbXpaHEeHUE U 3aIUTa HA YYBCTBUTEIIHU JaHHH.

3.5 IloauTHKA 32 U3MI0JI3BaAHE HA 00JIAYHH YCJIYTH

[II' "[1-p Ban boropos" n3non3Ba 00JauHu yCIYTH 32 ChXPaHEHUE U YIIPaBJICHUE HA JaHHHU,
KaTo ce TapaHTHpa, Ye Te3H JaHHU ca 3alIUTeHU OT HEOTOPU3HPAH JIOCTHII U 310ynoTpedn. OCHOBHH
€JIEMEHTH Ha MOJIMTHUKATa BKIIIOYBAT:

e Kpuntupane Ha nanHu: Bcuuky gaHHU, ChbXpaHSIBaHU B O0JAUYHUTE YCIYTH, C€ KPUIITUPAT

KaKTO MPH MPEHOC, TaKa U IPU chXpaHeHHe. ToBa OCUTYypsiBa AOM'BIHUTENECH CJION Ha 3aluTa
JIOpU MPU HEOTOPU3HUPAH JOCTBHII.

* KonTpoJ Ha nocrbpna 10 odjaaynure pecypeu: CaMo OTOpU3MpPAHU JIMIA UMAT JOCTHII 110
o0JauHUTE pecypcu upe3 MHOropakToOpHa aBTEHTUKAIMS U CTPOTH MpaBuiia 3a 10CcThIl. ToBa
HaMaJsBa pUCKa OT 3aryda Wi 3710ynorpeda ¢ TaHHH.

* OauTH Ha 10CTABYHIIMTE HA 00J1a4Hu yeayru: [lepuoandnuTe npoBEepKU HA JOCTABUULIUTE
rapaHTUpAT, Ye Te CHa3BaT U3UCKBAHUATA 32 CUTYPHOCT U MpHIIaraT aJiekBaTHU MEPKH 3a 3a-
IIUTa HA JTaHHUTE.

3.6 Pe3epBHM KONUs U IJIAH 32 BL3CTAHOBSIBAHE HA TAHHHU

IIT'N "JI-p NBan boropos" € BHeapHIia cTpora MOJUTHKA 3a PEIOBHO Ch3JaBaHE HA PE3CPBHU
KOIHSI, 32 J]a 3alIUTH KPUTHYHU JaHHU B cllydail Ha MHIUAECHTH. OCHOBHUTE KOMIIOHEHTU Ha Ta3u
MOJINTUKA BKIIIOYBAT:

* ABTOMATH3MPAaHO Ch3/1aBaHe HA pe3epBHHU Konus: Pe3epBHUTE KOMUS ce Ch3/1aBaT aBTOMa-

TUYHO U CE€ ChXPAHSBAT KAaKTO JIOKAJIHO, TaKa U B 00JIadyHM ycayru. ToBa rapanTupa, 4e JaH-
HUTE MOTaT J1a ObaT OBP30 BH3CTAHOBEHHU B CITydail Ha 3aryoa.

* [1;1an 3a Bb3cTaHOBsIBaHe Ha TaHHM: B ciryuaii Ha 3ary0a Ha TaHHU WM CPUB HA CUCTEMHTE,
YUHJIMILETO UMa TUJIaH 32 Bb3CTAHOBSIBAHE, KOMTO BKJIIOYBA M3MOJ3BaHE HA PE3EPBHU KOMHUS U
koopauHanus ¢ IT nocraBuniuTe 3a Bb3CTaHOBSIBAHE Ha HOpMaIHaTa padoTa.
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3AK/ITFOYEHUE

BHenpsiBaHeTO Ha MOJIMTUKHM 32 YIpaBieHUE HA HHPOPMALIMOHHATA CUTYPHOCT B 00pa3oBaTel-
HUTE UHCTUTYLIMHU € OT CHIIECTBEHO 3HAUYEHHUE 3a 3aIlUTaTa Ha JaHHWUTE U MPEXKOBUTE cUCTeMH. B
KOHTEKCTa Ha HapacTBAIIUTE KHOep3aruIaxy ¥ yBeIMYaBaHETO HA 3aBUCUMOCTTa OT HH()OPMAIIHOHHH
TEXHOJIOTUU B 00Pa30BaHUETO, MHCTUTYLIMUTE TPAOBa Ja MpHeMaT CUCTEeMaTHYEH MOAXO0 KbM YII-
paBneHueTo Ha pucka u curyproctra. [II'N "J[-p iBan boropos" - BapHa cityxu kaTo 100Bp mpuMep
3a MpujaraHe Ha ISJI0CTHU MOJUTHKY 33 KOHTPOJI Ha IOCThIIA, YIIPaBJIeHUE HA HMHIIUIEHTH U U3M0JI-
3BaHE Ha OOJIAYHH YCITYTH.

PenoBHoTO 00yueHHe Ha MepcoHaNa U yYEHUIIUTE, ChbYETAHO C MOCTOSHEH MOHUTOPUHT Ha CH-
T'YPHOCTTA, € KJIFOUOBO 32 MOAIbPKAHETO HAa BUCOKO HUBO Ha MH(popMaunoHHa 3amuTa. [Ipunara-
HETO Ha Te3H MEPKH HE CaMO OCUTYPSBA CbOTBETCTBUE ChC 3aKOHOBHUTE M3UCKBAHMsI, HO M TOBUIIIABA
e(eKTUBHOCTTA Ha paboTaTa Ha MHCTUTYLUATA, KATO MUHUMH3HpA PUCKOBETE OT KHOEpAaTaku U TeX-
HUYECKU MPOOIEeMHU.

Ha 0aza mpoBeneHOTO Mpoy4BaHE W aHAIU3 Ha MOJUTUKATa 3a MH()OpPMallMOHHA CUTYPHOCT Ha
[II'1 ,,[1-p ViBan boropos* mMorar aa ce OTHpaBsIT HAKOJIKO MPEMOPHKH 3a MOJA00psBaHe Ha HeWHaTa
epexTuBHOCT. Ha mbpBO MACTO, € BaXKHO J1a C€ MOBUIIIM HUBOTO Ha 00yUeHHE U OCBEIOMEHOCT Ha CITy-
KHUTEIUTE U YUSHUIIUTE OTHOCHO Hal-HOBUTE KUOep3aruiaxu U JOOpUTe MPaKTUKHY 3a 3allluTa Ha WH-
¢dopmarsta. ToBa BKIIOYBA peOBHO OpraHU3MpaHe HAa 00y4YeHUs], KOUTO 00XBaIllaT TEMU KaTo pas-
MO03HaBaHe Ha 3J70BpezeH codryep, naeHTuduUIpane Ha GUILIUHT aTaKd U U3I0JI3BaHE HA CUJIHHU T1a-
poiu. OCBeH TOBa, MHTETpaIMATa Ha JOBIHUTEIHA MHCTPYMEHTH 32 MOHUTOPHHT Ha CUTYPHOCTTa O1
MI03BOJINJIA TTIO-0BP30 OTKPHBAHE HA MHIIUICHTH M OM OCUTYpHIIA pEaKIMs B PEaTHO BpeMe, KOETO € OT
KPUTHYHO 3HAYEHME 3a 3aluTa Ha nHpopMalroHHaTta uHppacTpykTypa. [Ipenoppuutento e chio
Taka Jia ce MPOBEX/IaT PEJOBHU BHTPEIIHN U BHHIIHU OJUTH Ha MOJUTUKHUTE 32 HH(GOpPMAIIMOHHA CU-
TYPHOCT, KOUTO J1a UICHTUPHUIHUPAT Bb3MOKHU MPOITYCKH U J]a ONTUMHU3UPAT MPOLIECUTE, KaTo pe3yJ-
TaTUTE OT T€3W OJMUTH CE M3IOJI3BAT 3a MOJ00psABaHE Ha MEpKUTE 3a 3amuTa. Hakpas, ¢ ornen Ha Herl-
PEKBCHATOTO Pa3BUTHE Ha KUOEpaTakuTe, MOJIUTUKHUTE 3a WH(OPMAIIMOHHA CUTYPHOCT TpsIOBa 1a 0b-
JaT pEryJsipHO aKTyaTU3UpaHH, 3a Jja 0OTPa3sBaT HOBUTE 3aIUIaXH U YSI3BUMOCTH, KOETO 1€ TapaHTHpa
TSAXHATA aJIeKBaTHOCT U €()EeKTUBHOCT B JMHAMHYHATA TEXHOJIOIMYHA CpeJia.
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METO/IMU 3A 3BAHIMTEHO CbXPAHEHUE HA TAHHU

Haxo IumoB

Hxonomuuecku yausepcuteT — Bapua/Katenpa ,,Inpopmaruka“, Bapna, bearapus,
dako.dimov(@ue-varna.bg

PE3IOME

Joknaovm uma 3a yen 0a pazenedd 3aniaxume 3a CUSYPHOCHIMGA HA 4YECMEUMETHU OAHHU 8 Cb8PEeMEH-
Hama OueUmanHa epa Kamo NOCMAaes aKyeHm 6bpxy Ha4uHa Ha cvxpanenuemo um. Ilpedcmassam ce memoou
30 KpURmupawne, xewiupane u xeuwupame ¢ ocoassane Ha oannu. Kpunmupanemo npeobpasyea oannume 6
WUPPoBar mexkcm Kamo U3NON364 CUMEMPUYHU U ACUMEMPUYHU AN2OPUMMU, KOUMO Ce NPpUuideam cnopeo
HyoicOume Ha cucypHocmma. Xeuupanemo 2eHepupa YHUKAIHU CMOUHOCIU 3d YOOCMOBEPs8aHe HA YEL10Cmma
Ha OaHHUme, OOKAMo 0COMABAHEMO 00085 OONBIHUMENHU OAHHU, 3 04 NPEOOMEPAMU AMAKU C NPed8apu-
MeNHO U3YUCIeHU Xew cmotinocmu. Te3u memoou 3a 3auumeHo CoXpaneHue Ha OaHHUme, 3ae0H0 ¢ OONBIHU-
mennu mexHuKu kamo 0obassaue Ha "nunep”, cvzoasam KoMnieKceH 3auuUmen MexaHu3vm, KOUmo nosuasda
CUSYPHOCIIMA U HAMANABA PUCKA OM 3JIOHAMEPeHU AMaKi.

Knrouoeu dymu: xpunmupane, xewupare, 3auuma Ha 0aHHUmMe

METHODS FOR SECURE STORAGE OF DATA

Dako Dimov
University of Economics Varna/Department of Informatics, Varna, Bulgaria, dako.dimov(@ue-varna.bg

ABSTRACT

The report aims to review the security threats to sensitive data in today's digital era, focusing on the way
it is stored. Methods for encryption, hashing and salting of data are presented. Encryption transforms the data
into ciphertext using symmetric and asymmetric algorithms, chosen depending on the use case. Hashing gen-
erates unique values for checking the integrity of the data, whereas salting adds additional data to prevent
attacks with precomputed hash values. These methods of secure data storage, alongside additional techniques,
such as adding “pepper”, create a complex defense mechanism, which increases the security and lowers the
risk of malicious attacks.

Keywords: encryption, hashing, data security

BBbBEJIEHUE

JKuseem B quruTaiHa epa v Kpaxxdara Ha JIMYHH JaHHU WIK IpyTa noTpedurencka nHpopmarus
e Haii-roimsaMara 3arutaxa. OT 3HaueHHe € He caMo 3alUTaTa Ha J0CThIIa A0 HHpopmanusaTa, a ¥ Ha-
4rHa i Ha ChXpaHEHHe, 3a J1a Obe TOCTaThUHO HAJEKTHO 3alUTEHa OT 3JI0HaMepeHH ataku. Curyp-
HOCTTa Ha JAaHHUTE B MHTEPHET € OT PElIaBallo 3HauYCHHE B JHEIIHO BpeMe, KOrato nHpopMamusra
CTaBa BCE MO-AUTHTAIN3MPaHA W BCE TOBEUE XOpa M3MOI3BAT OHJIAMH YCIYTH W ChXpaHEHHE Ha
nanHd. C moo0psiBAaHETO Ha TEXHOJOTHHUTE XaKEPUTE ChILO CTaBaT Bce mo-HaxoauuBH. C oTKpaHa-
TUTE JaHHU T€ MOTaT Jla MpeB3eMaT 0aHKOBHM CMETKH, J1a UMAT JOCTHII 10 JTUYHH JAHHU U OIIEe MHOTO
ApyTrH. 3alUTara Ha JIMYHUTE TaHHH CTaBa BCE MO-TPYAHA OpaIu HapacTBaIus Opoil HoTpeOuTenH
B HTepHeT. ToBa Hanara Hy>kAara 3a U3M0JI3BaHEe HA METOIH 332 CUTYPHO ChbXpaHEHHE Ha JaHHHUTE,
KOWTO J]a HAMAJIAT PUCKa OT HEWHOTO U3THYAHE.
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1. CbIIHOCT U BU1IOBE

3a 51a ce OCHIypH 3alUTaTa Ha JaHHUTE € He0OXOAMMO MPUJIAraHeToO Ha Pa3JIYHU METOMH 3a
3alIUTa - KPUNTHPaHE, XEIIMpaHe, XeIupaHe U ocolsiBaHe. Te3n TeXHUKU MPe/ICTaBIIsIBaT OCHOBHU
MPUHIUIH Ha KPUOTOrpadusTa U ca OT CHIIECTBEHO 3HAUCHHUE 32 3allIUTEHOTO ChXpaHEHHE Ha TOT-
pebuTtenckara nHpopmanus. ChlIecTBYBaT Pa3IMYHN METO/IU 3a 3allUTa HA JTaHHUTE — 3ala3BaHe Ha
JAaHHUTE B HEOOpaOOTEH BUJI, IPE/ICTABIHE HA TAaHHUTE B KPUNITUPAH BUJI, M3MOJI3BAaHE HA XEIIMPaHe
Ha JaHHUTE, ¥ TpUJIaraHe Ha XemupaHe u ocosiBane BbpXy Aanuute (Cloudian, 2023).

B MoMmeHTa KpUNTHpPaHETO € €UH OT HAW-MOMYJISIpHUTE U €(DEeKTUBHU W3MOI3BaHU METOAM 3a
3amuTa Ha nanaute. Ciopen HannonaaHust HHCTUTYT 1o ctaHaapt U TexHonoruu (NIST), o6ukHO-
BEHUSAT TEKCT Ce OTHACH JI0 ,,pa30MpaeMu JaHHU, KOUTO UMAT 3HAYCHHUE U MOTaT Ja Obaar pazopaHu
6e3 npunarane Ha aekpuntupane ‘(The National Institute of Standards and Technology, 2023).

Kpunrupanero Ha JaHHU € METO/ 32 3alllUTa Ha MOBEPUTEIHOCTTA HA JAaHHUTE Ype3 peolpasy-
BaHETO MM B KOJUpaHa HH(OpMaIHs, HapeueHa KpUIITHPaH TEKCT, KOSTO MOXe Ja ObJe JeKoJupaHa
camo ¢ KJiro4 3a nemudpupane. [Iponsnusa ot rpbikara gyma ,,kryptos, Koeto o3HadaBa ,,CKpUT™ 1
»Ipaduka‘ — HacTaBkara, o3HauyaBama ,,iucane’ (Techtarget, 2021).

JlanauTte miu 0OMKHOBEHUST TEKCT C€ KPUIITUPAT C AITOPUTHM 3a KPUIITUPAHE U KITIOY 32 KPHUII-
tupane. [IponechT Boau 10 mu@poBaH TEKCT, KOWTO MOXKE J1a c€ BUAM B OpUTHHAIHATA My (Qopma
camo, aKo € Jemu(pupaH ¢ npaBuIHUS KoY. ChIIeCTBYBaT JBa OCHOBHU BHJA KPUITHPAHE Ha
JaHHU - CHMETPUYHO KPUIITUPAHE U ACUMETPUYHO KPUNTHPAHE, U3BECTHO OIIE KaTO KPUITHPAHE C
ny6simyen kimod (De Groot, 2015).

1.1. CAMETPUYHO KPUIITUPAHE

CHUMEeTpUYHOTO KpPUIITHPaHE HA JaHHU € METOJ 3a 3alluTa Ha uHpopMalus, Mpu KOUTO ce U3-
T0JI3Ba €/IHA U ChIIla KJIF0YoBa HH(OpMAIIHs KaKTO 3a KPUIITUPAHE, TaKa U 3a JeKpUNTHpaHe Ha JaH-
HuTe. To3u K04 MOXKe Aa Ob/ie IpeaBapUTETHO CIOJEICH MEXAY KOMYHUKHPAIIUTE CTPAHU WU
reHepupas Ha 0a3a cia0HU anroputMu. OCHOBHATa UAes 3a]l CAMETPUYHOTO KPUTITUPAHE €, Ye aH-
HUTE ce Mpeodpa3yBaT ChC CIEHaIeH alTOPUTHM U KIIIOY, KOUTO ' IIPaBIT Hepaz0upaeMu 3a HEo-
TOPU3UPAHU JUIA. EMMHCTBEHO T€3H, KOMTO pas3noiarat CbC ChOTBETHUS KITIOY, MOTaT J1a IEKPHUIITH-
pat ¥ Bb3CTAHOBSIT OpUTrMHaANHATa UHGopManus. [IpuMepn 3a alropuTMHu 3a CHMETPUYHO KPUITH-
pane ca DES (Data Encryption Standard), AES (Advanced Encryption Standard) u Blowfish. Te3u
JITOPUTMHU CE U3IIOJI3BAT 32 3aLUTA HA JaHHHU IPU TpaHchep Mpe3 He3alUTeHN KaHaJH, CbXpaHeHHe
Ha JIaHHU Ha YCTpoHcTBa(HAp. JaHHU B MTOKO) U MHOTO APYTH MPUIIOKEHUS.

Data Encryption Standard (DES) e egun ot Hali-paHHUTE U TONYJSPHU QITOPUTMH 32 CUMET-
puyHO KpuntupaHne. To3u anropuTsbM e paspadoter pe3 1970-te ronunau ot IBM. 3a npeobpazysane
Ha ganauTe DES m3nomsBa meton Ha Feistel network, mpu kKoiiTo OJIOKBT OT JaHHU CE pasnuens Ha
7Be MoJIOBMHM. ElHaTa 1MoJIOBMHA CITy>KH KaTo ,,JIs1Ba“ yacT, a Jpyrara kato ,,JsicHa” yact Ha Feistel
Mmpexara. Ciesr KaTo ca 3aBbPIICHH BCHUKU €TalM Ha MpeodpazyBaHe, MOCISAHUAT eTall ce U3Ibi-
HSIBa B 00paTEH pefl, 3a Jia ce MOJIyYd KPUIITUPAH pe3ynTar. Bhipeku cBodTa CIOKHOCT, IbJIKHHATA
Ha Kkiroua (56 6ura) Ha DES ce oka3Ba HeocTaTb4Ha, 3a J1a rapaHTUpa CUTYPHOCT CPeIly ChbBpEeMeH-
uute ataku (Diffie et al., 1977).

Blowfish e cumeTrpuuen kpunrtupani aaropuTsmM, pazpadoren ot bpyc IlInaiiep npe3 1993 ro-
nuHa. To3n aaropuThM ce U3IM0JI3Ba 32 KPUIITUPAHE HA JaHHU U Ce OTJIMYaBa ChC CBOSITA CKOPOCT U
OTHOCHUTEITHO MPOCTa CTPYKTypa. 3a mpeoOpazyBane Ha ganHuTe Blowfish u3mons3Ba crpykrypa Ha
daiicTha Mpexa, KaTo BCEKH OJIOK OT JaHHW MUHAaBa Mpe3 omnpezaesieH Opoil urepanuu Ha nmpeodpa-
3yBaHe. Besika utepanus BkiouBa onepanuu karo XOR ¢ moakio4oBe, 3aMsiHa Cbe S-0J0KOBE U
nepMyTanui. To3W ajdropuTbM € MOMYJISAPEH 3apajud CBOATAa CKOPOCT M OTHOCHTEIHO JIeCHA
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peanuzanus. Berpeku ToBa, mo-KbCUTE KIOYOBE MOTaT 1a ObJIaT MOJATIIMBY HA aTaku OT Obp3U U3-
YUCIUTEIHA MAIllMHU, OCOOEHO aKo ObJIaT M3MOJI3BaHU ChC clIabo ympaBlieHHe Ha Kiaodosere. [o-
panu ToBa, Blowfish He ce cunra 3a Hali-CUTypHHUS AITOPUTHM 3a CHbBPEMEHHH KPUITOTpadCcKu mpu-
noxenus (Schneier, 1994).

Advanced Encryption Standard (AES) e cbhBpeMeHeH CHUMETpUYEH KpPUIITHpAIl aJrOpUTHM,
koiito 3amenu Data Encryption Standard (DES) u Blowfish karo cranmapr 3a kpuntupane. Toit nipe-
JIOCTaBs TTO-BUCOKA CUTYPHOCT U e(hekTUBHOCT B cpaBHeHHE ¢ DES. AES e u3znon3Ban mmpoko u ce
CYHTa 32 €IMH OT Hal-CUTYPHHUTE METOU 3a kpuntupane. AES e u3BecTeH cbc cBosATa Kpunrorpad-
CKa CUTYPHOCT U €(EeKTUBHOCT, Thii KaTO M3IMOJI3BA MO-IBJITH KIOYOBE U MO-CUIIHU KPUITHPAIIH
Metou. [Toaxomasi e 3a IIMPOK CIEKTHP OT MPHUIIOKEHUS - OT 3alUTa Ha JaHHU TIpH TpaHchep mpe3
MpeXH J10 mu(ppoBaHe Ha TaHHH B TOKOH. [IpenocTaBs no-qo0pa CUrypHOCT U OTTOBaps Ha ChBpe-
MEHHUTE M3UCKBAHUS 3a KpunTorpadceka 3ammra.

Brrpeku mpenuMcTBara Cu, CAMETPUYHOTO KPHUIITUPAHE MMa U HIKOW orpaHuveHus. OCHOB-
HOTO €, Ye OOMEHBT Ha KJII0UOBE MEX /1y KOMyHUKUPALTUTE CTPAHU MO3KE J1a ObJIe PUCKOB U Ja I0BEe
710 KOMIIPOMETHPaHE Ha CUTYPHOCTTA, aKO KJIIOYHT TOMaHE B PhLIETE HA 3JJ0HAMEPEHH JINLIA. 3aTOBa
€ Ba)XHO JIa Ce U3IO0JI3BaT CUTYPHU METO/IM 32 0OMEH Ha KJIF0YOBE WJIM Jla C€ U30MpaT aJITepHATUBHU
MOAXOIH KaTo MyOIMYHO-9aCTHH KIt0uoBe (acumeTpudHo kpuntupane) (Padhiar, Sneha, 2021).

CHUMETpUYHOTO KPUNTHPAHE HA JaHHU € MO-0bP3 METOA OT aCUMETPUYHOTO KPUIITUPAHE U CE
M3II0JI3Ba Hall-100pe OT MHIUBUAYATHU MOTPEOUTENH UM B 3aTBOPEHM cUCTeMHU. M3non3BaHeTo Ha
CUMETPUYHH METOJIM C MHOKECTBO MOTPEOUTEIHN B OTBOPEHH CUCTEMH, KaTO HAIIpUMED Tpe3 Mpexa,
M3HCKBA MpejaBaHe Ha KIF0Ya M Ch3/1aBa Bh3MOXKHOCT 3a Kpaxkoa.

1.2. ACUMETPUYHO KPUIITUPAHE

C pa3BUTHETO HAa KOMITIOTHPHUTE TEXHOJIOTUU U UHTEPHET, Ce Mpuiara kpunrorpadus ¢ myoiu-
yeH ka0 (public key) u wacten kimtou (private key), Kouto ca MaTeMaTHYECKU CBbP3aHHU U MOTaT Jia
ce M3I0JI3BAT CaMo 3ae/IHO, ChIIO MO3HaTa KaTo acuMeTpuyHa kpuntorpadus. [Ipu acumerpuynara
KpunTorpadus ce U3MOA3BaT Ba KII04a, €IUHUAT - MyOJIMYeH KJII0Y Ce M3I0JI3Ba 3a KPUITHPAHE, a
APYTHUAT - YaCTEH KIIIOY Ce U3IOII3Ba 3a nemudpupane. To3n MeTo] MO3BOJIsIBa CUTYpHA KOMYHHKA-
U 1 0OMeH Ha nHpopMalus MEXAY CTpaHu, 0e3 J1a ce M3UCKBA MPEIBAPUTEITHO CIIOJIENISIHE Ha 0011
KITI0Y 32 KpUINTHpaHe U Jekpurntupane. OCBeH 3a KpUIITUPAaHE, aCHMETPUYHATa KpUunrtorpadus ce
M3II0JI3BA U 32 Ch3/1aBaHE HA EJIEKTPOHHU MOANKCH. ToBa MO3BOJISBA HA CTPAHU J1a TIOJMUIIAT CHOO-
IICHUS] UK TIOKYMEHTH C YAaCTHHSI CH KJIIOU, KOETO /1aBa YBEPEHOCT B aBTEHTMYHOCTTA Ha MH(pOpMa-
LUATa U HEWHUA noJ1aTeNl. ACUMETPUYHOTO KPUIITUPAHE C€ U3I0JI3Ba OT MHOXKECTBO IOTPEOUTENH U
B OTBOPEHU MPEXKH, KATO HUHTEPHET, ThH KaTO MyOJUYHUAT KIIF0Y MOXKE /1a Ce CIoiessl CBOOOHO, 0e3
pHUCK OT KpaxxOa Ha nanHu. Hali-uecTo n3nosi3BaHuTe BUAOBE acuMeTpuaHO Kpuntupane ca ElGamal,
RSA, DSA.

ElGamal e anroputbM 3a acCUMETpUYHO KPUIITUPAHE, KOWTO MOXKeE J1a ObJie N3MONI3BAaH KAKTO 32
KpUNTHPaHE Ha JaHHU, TaKa U 3a Ch3JaBaHE Ha eJeKTPOHHU moamucu. Toil ce 6azupa Ha CIOKHH
MaTeMaTHYECKHU OTEpaIliH C TPYIH U IIpecMsTaHe Ha KopeHu. [lpyra cbBpeMeHHa (opma 3a KpUIITH-
pane ¢ nmyosmueH kimod € RSA (Rivest-Shamir-Adlemen), mo umeTo Ha cBouTe ch3aarenu. Tosa e
aITOpUTHM, KOMTO chlecTBYBa OT 1978 1. u Bce oiiie ce n3nosn3sa mupoko. [Ipunara ce 3a kpuntu-
paHe Ha JJaHHHU U 3a Ch3/IaBaHE Ha eJIEKTPOHHHU noanucu. Tol u3non3pa hakTopu3anusaTa Ha TOJIEMHU
MIPOCTH YHUCJIa U U3BBPILIBA CIIOKHU MaTeMaTUYECKHU ONEpalliu ¢ MOYJIH, 3a J1a TeHepUpa KIII0OUOBETe
Y U3BBPIIBA KPUIITUPAHETO U JEKPUITHPAHETO.
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MetoastT DSA (Digital Signature Algorithm) ce m3mon3Ba 3a cb3gaBaHe Ha €JIEKTPOHHU TOJ-
MUCH U aBTeHTHUKanus. Toil e cnenuain3upan Ja ce U3IoJI3Ba 3a Ch3aBaHe Ha MOIHCH 3a TPOBEpKa
Ha MJGHTHYHOCTTa Ha m3npamada Ha uHGopmauus. Ilogoben Ha Hero e amroputbmMbT ECDSA
(Elliptic Curve Digital Signature Algorithm), K0lTO € ChIIO ANTOPUTHM 32 Ch3]aBaHE HA EJICKTPOHHU
MOJIIMCH, KOMTO M3I0N3Ba EIUIITUYHU KPUBH B Kpunrtorpadusra. Toil e npennoynTan mopaau cBo-
a1a e()eKTUBHOCT ¥ CPAaBHUTEIIHO MAJIKHsI pa3Mep Ha KIIFOUOBETE.

IES (Integrated Encryption Scheme) e MeToa, KOMTO KOMOMHMpPA ACUMETPUYIHO W CHMETPUIHO
KpUIITHPaHE, 33 J1a OCUTYpH Obp3 U e(EeKTUBEH Ipoliec Ha mudpoBaHe u aekpuntupane. CxojaeH Ha
TO3H MeTo1 ca xubpuaHute kpunrocuctemMu Hybrid Cryptosystems, chueTaBamiy nmpeauMcTBaTa Ha
CUMETPUYHOTO M aCUMETPUYHOTO KpunTupaHe. [lyOnuuHuAT KIII0Y ce M3IM0JI3Ba 32 KPUNTUPAHE Ha
CHUMETPHUYEH KITI0Y, KOMTO MMO-KbCHO CE U3I0JI3BA 32 KPUNITHPAHE Ha caMuTe NaHHU. ToBa ocurypsipa
6ananc Mexay curypHoct u u3uucnurensa epexkrusnoct (IEEE, 2004).

Bwpxy nanaute Moxe fa Obae MPHIOKEHO CUMETPUYHO M AaCHMETPUYHO KpHUIITUpaHe. Mexay
nsete (GopMU Ha KPpUNTHPAHE, aCUMETPUYHOTO KPUITHPAHE MMa TEHACHIHS Ja ObJe MO-CUIIHO T10-
paau eaHonoco4Harta cu chiHOCT. OT Apyra cTpaHa, ToBa MOeE Jla ce IpHeMe 3a HEeJIOCTAThK, 3a-
IIOTO MPOLECHT HA KPUNTHPAHE U JEKPUNITHPAHE C aCUMETPUYHHU KIIIOUOBE MOXKE Ja Obie 0-0aBeH,
MOHE’KEe U3UCKBA MOBEYE U3YUCIUTEIHHU PECYPCH B CPABHEHHE ChC CUMETPUYHOTO Kpuntupane. Karo
HEYZ00CTBO € ChIIO YIPABICHUETO Ha KIIOYOBETE, 0COOCHO YacTHUS KiItoy. HeroBoto kommnpomeTH-
paHe MOXe J1a ce OKa)ke KPUTUYHO 32 CUTYPHOCTTA Ha HH(POpMAILIUATA.

Bceku meTo 3a KpUnTHpaHe Ha JaHHU MMa CBOMTE NIPEIMMCTBA M HEJOCTAThLU. BUIbT Ha U3-
MOJI3BaHOTO KPUIITHPAHE 3aBUCH OT HAYMHA Ha JIOCTHII 10 JTAHHUTE U OT Koro. BaxkHo e 1a ce nzbepe
HAYUHBT, KOUTO I11e OCUTYPH MaKCHMallHa 3aII1Ta 33 KOHKPETHHS TUIl JaHHU U 32 MPUII0KEHHUETO, B
KO€TO 1€ Ob1aT N3I0JI3BaHH.

2. XEIIINPAHE

XemupaHeTo € IpaKkTHKa 3a TpaHchopMHUpaHe Ha JaJCH KIII0Y WIM HU3 OT 3HAIM B JIpyra CTOM-
HOCT C IIeJ1 cUrypHOCT. [Ipu Hero ce mpuiara anropuThbM 3a ChIIOCTaBsSHE HA JaHHU OT BCSKAKbBB
pasmep KbM (puKcHpaHa AbDKUHA. ToBa ce Hapuya XeIll CTOMHOCT, KOSATO MPEICTaBIIsABa YHUKAIHO
NPEJCTaBSIHE HA BXOJHHUTE JaHHU. Xell (PyHKIUUTE ca MAaTeMaTUUYECKU aJrOPUTMH, KOUTO TeHEPH-
part Te3| Xell CTOMHOCTU. Beekn anropuThbM 3a XelMpaHe U3BeXIa JaHHU ¢ (PUKcHpaHa IbIKHUHA.
Taxa Bcska xel CTOMHOCT € yHHKanHa. Jlopu Maika mpoMsiHa BbB BXOJHUTE TaHHU TPsIOBa Aa 10Bee
JI0 3HAYUTETHO pa3jvyaBallla ce XeIl CTOMHOCT. ToBa Mo3BOJsiBa JIECHO OTKPUBAHE HA JIOPU Hail-
MaJIKUTE U3MEHEHHS B IaHHUTE.

Xemn pyHKIUUTE ca ObP3U 32 U3UUCIECHUE U MTOIXO/ISIIN 32 TPHIIOKEHUS, KOUTO U3UCKBAT OBP3U
npoBepku. M3mon3Bar ce 3a mpoBepKa Jaiy JaHHUTE He ca OWJIM IPOMEHSIHM ClIe]] TeHEpUPAaHETO Ha
xemra. M3monsBa ce 3a ch3JjaBaHe HAa YHUKAITHU UACHTU(PHUKATOPU 32 00eKTH, (paiiaoBe, ChbOOLIICHUS
u npyru (Nohe, 2018).

Crnennara rpaduka WIrOCTpHpa Kak paboTH XEIIMpPaHeTo, KaTo MPHETUsl BXOJ ce pa3zieis Ha
MHOECTBO TO-MaJIKu 0J10K0Be AaHHU (Bk. Durypa 1).
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How Hashing Works

Original Plaintext Message (Input)

| Data Block 1 | Data Block 2 Data Block 3

l I

®urypa 1. Cxema Ha XelInpaHe, 4Ype3 pasjejsiHe JaHHATEe HA 0JIOKOBe IPH BX0/1a

Usmounux: Cvzoadena om (www.thesslstore.com, 2023)

Hanpumep, 3a aa ce noanuie eaeKTpOHHO 4acT OT cO(Tyep U J1a Ce HalpaBU TOW JOCTHIIEH 3a
U3TEersHe OT yeOcalT, TpsiOBa Aa ce Ch3/aje Xelll Ha CKPUIITa WIM M3INbIHUMUA (ailil, KOMTO ce
noxanucea. Cien n1o0aBsHEe Ha €IEKTPOHHUS MOANUC, BCUYKO OTHOBO CE XEIUpa.

Koraro notpedurenar n3rerau codryepa, HErOBUAT Opay3bp MPOBEPSBA JBETE YHUKAIHU XEII
croitHocTH (BX. Purypa 2). Ako 6pay3bpbT U3BeJe €JHA U ChIa XeIll CTOMHOCT, TOraBa TOH 3Hae, ue
Y MOAMHUCHT, U (allIbT ca aBTEHTUYHHU - HE ca OWJIM MPOMEHEHH. AKO He e, Opay3bpbT HU3/1aBa Impe-
nynpexaeHue 3a HechoTBeTcTBHE (Code Signing Store, 2023).

®urypa 2. XemupaHe Ha TeKCT ¢ aJropursm SHA-2

M3mounux: Cvzodadena om (www.thesslstore.com, 2023)

OCHOBHHTE BHJIOBE aJITOPUTMH 3a XCIIMpaHe ca KilacupuIMpaHd B TEXHHUTE ceMelicTBa. Haii-
pasmpocTpaHeHUTe cemeiicTBa xemmpanty anroputmu ca Secure Hash Algorithm (SHA), Message
Digest (MD), Whirlpool u npyru.

AnroputbMbT 3a xemmpane MDS (Message Digest Algorithm 5) pabotu kato npuema BXOIHU
JaHHU ¥ TH 00paboTBa 4pe3 HIKOJIKO WTepanuu Ha (QYHKIUU 3a mpeoOpasyBane. B kpas Ha To3u
nporiec ce reHepupa 128-6utoBa xemr cTOWHOCT. JIHec, Toi ce cunTa 3a HeOCTaThUHO CUTYPEH, T0-
paau BB3MOXKHOCTTA 3a KOJMU3UU (pa3jMyuHU BXOJHU JIaHHU, KOUTO T€HEpHUpaT €Ha U ChIa Xell
CTOWHOCT) ¥ BapruaHTH Ha ataku. Whirlpool e MeTos 3a xemmupane Ha TaHHH, TPOSKTUPaH OT Buktop
Paiimen (cp3naten Ha anroputbMma AES) u ITayno bapero npe3 2000 r. To3u anroputbm € 6azupan
Ha KOHCTpyKIusaTa "Mepkbi-Jlamrop", koiTo renepupa 512-0UTOBU Xell CTOWHOCTH, KOUTO OOMK-
HOBEHO Ce TpeAcCTaBiAT KaTo 128-mmdpenu mectHageceTHYHH yucia. Tod W3MON3BA pa3IudHH
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HEeJIMHEWHU IpeoOpazyBaHus U ONepalliy 32 MUKCUPAaHe Ha TaHHUTE. [{pyr aliropuThbM 3a XelupaHe
e BLAKE2, koiiTo e Obp3 U CUTypeH, U3I0JI3BAl MapaJie]IHd NMpollecu U OMTOBH omneparuu. Toi
npeJyiara mo-100pa npou3BOAUTEIHOCT B CPaBHEHHE C APYrH Xe anroputMu. [lonabpika pazHoo6-
pa3HU pa3Mepu Ha Xelll CTOMHOCTUTE U Ce U3I0JI3Ba 3a MMpOoKa rama ot npuiioxkenus (Code Signing
Store, 2024).

AnroputbMbT 3a xemupane TIGER e cpaBHUTETHO HOB alIrOpUTHM, KOWTO 3aroyBa Jia Habupa
MOMYJIIPHOCT B MPEXHUTE 3a CToiesiHe Ha (paitioBe u TOpeHT caiiToBeTe. Pazpaboren e ot Poc AH-
nepcbH U Enu buxam npe3 1995 1. Tiger e mpoektupan 1a pabotu 0bp30 NpeIuMHO Ha 64-0MTOBH
KOMITIOTpH. Tiger HsIMa MaTeHTHU OrpaHUYEHHUS M MOXe Ja ce u3Moi3Ba cBoOoHo. [Tonacrosmem
HsIMa U3BECTHU e(PEKTUBHHU aTakH cpelry Hero. CxoJieH Ha Hero € anropuTbMbT Berypt. Toit uznon-
3Ba 128-6uTOBa MPOM3BOIIHA COJI, KOSITO c€ A00aBsI KbM ChOOLICHUETO U NOMBIHUTEIHO 192-61TOBO
YHCII0, KOETO CE U3I0JI3Ba 3a KpunTHpaHe ¢ anropurbma Blowfish, koiiTo e TpyaeH 3a uzdncieHue u
100aBst CI0KHOCT MU reHepupaneTo Ha xel ([/natiep, 2002).

Te3u ca caMo HSIKOM OT MHOTOTO aJITOPUTMU 3a Xelrpane. Te ce U3moa3Bar B pa3InuyHu CUTYPHU
MIPUJIOXKEHHU S, BKIIOYUTEIHO MPOBEpKa Ha IEJNOCTTa Ha JaHHUTE, Ch3JaBaHe Ha €JIEKTPOHHH MOJ-
MIMCH, XEIIIOBE Ha MapoJid U Apyru. Bceku anroputbM MMa sSICHU MPEAUMCTBA B 3aBUCUMOCT OT LIEJITa,
3a KOSITO € MpeHa3HaueH aa nocturte. M300pbT Ha HAN-MTOAX OS] aJITOPUTHM € CBBp3aH ¢ He00Xo-
JMMOCTTA OT [TOJTy4yaBaHe Ha TOYHO OYaKBaHUTE pe3ynarartu. [Ipu nu360p Ha alNropuThM € BaKHO Ja ce
00bpHE BHUMAHKE HA HEroBaTa CUTYPHOCT, CKOPOCT Ha 00paboTKa M mpeiHa3HaYeHHue Ha KOHKpeT-
HOTO npuiiokeHune. ChIo Taka, J00pa MpakTHKa € J1a Ce MU3I0JI3BAT aKTYaJIHU aJlTOPUTMH U J1a ce
ClIeIBAaT CTaHJAPTHUTE 332 KPUNTOrpadcka CUTypHOCT.

KirouoBa pasznuka Mexay KpUNTHpPaHE U XEIIMpaHe €, Y€ KPUIITUPAHETO € 00paTUuMo, JOKaTo
XemupaHero He €. He Moxke 1a ce Bb3CTaHOBAT OPUTHMHAIIHUTE JaHHU OT X€ll CTOMHOCTTa. ToBa ro
MIpaBH MOJIE3EH NP YAOCTOBEPSABAHE HA IaHHU U ChbXPaHEHHUE Ha MapoJiy, 3al[0TO T€ HE CE€ ChbXpaHsi-
BaT JIUPEKTHO, & CAaMO TEXHUTE XEII CTOMHOCTH. BbIpeKu, 4e TEpMUHUTE ,,XEIIUpaHe™ U ,,KPUIITH-
paHe* Morar Ja ce M3MOoJI3BaT B3aUMO3aMEHSIEMO, XCIIMPAHETO BUHATH C€ M3I0JI3Ba 3a LENUTE Ha
€IHOTIOCOYHO KPHUITHPAHE U XEUIMPAaHUTE CTOMHOCTH Ca MHOTO TPYIHHM 3a nekoaupane. ludposa-
HETO BHHATH IpeJyIara K04 3a Aemudprupane, 10KaTo XemrpanaTa nHhpopMamus He MOXe /1a Obae
JIEKO/IpaHa JIECHO U € MpeJHa3Ha4YeHa Jla ce€ M3I0JI13Ba KaTo METO]I 3a BaJIMAUpaHE Ha LEIOCTTa Ha
nakeT UH(GOpMAIIHsI WK YacT OT JaHHM. JOKaTO KpUIITUPAHETO € MpeJHa3HAYCHO J1a 3alluTaBa JIaH-
HUTE MPH MIPEHOC U TIOKOM, XEIIUPAHETO CIYKHU KaTO KOHTPOJIHA CyMa, KOSITO MMa 3a 1IeJ1 1a IPOBEpU
nanu gajaeH (Gaia Wiy 4acT OT JaHHUTE HE ca OWJIM MPOMEHEHH, T.€. Y€ ca aBTeHTUYHHU (Aggarwal,
2015).

3. OCOJIABAHE

OcossiBaHeTO BKIJIIOYBA 100aBSIHE HA TIPOU3BOJIHY JaHHM, IPEIH J1a ObAaT MyCHATH MPe3 KPUII-
torpadceka xem GyHnkius. [IpunaraneTo Ha OcoisIBaHE HA JAHHUTE € YeCTa MPAKTUKA 3a IIOBUIIIABaHE
Ha CUTYPHOCTTA Ha MapOJIUTE, KAaKTO U 3a 3alllUTa HAa YyBCTBUTEJIHU JJAHHM 110 BpEMe Ha ChbXpaHEHHE.
ToBa yBennuaBa CUTypHOCTTA NP aTaKu CPELLy IPEABAPUTEITHO FEHEPUPAHH TAOIUIM C XEIl CTOH-
HOCTH (TabyHia chC ChOTBETCTBUS). [Ipu oconsiBaHe HA TaHHUTE ce TeHEepupa ciydaiftHa cou (salt),
KOSITO € YHMKaJIHA 32 BCSIKa MapoJia WK YyBCTBUTEIHU JaHHU. OOMKHOBEHO CONITA € HU3 C (PUKCH-
paHa IbJDKUHA, KaTo HanpuMep 16 niu 32 Gaiita. [Ipeau na ce U3mbIHU XEIIMPAHETO, COJITA CE KOM-
OuHupa ¢ naHHUTe (HarmpuMep napoiara). To3u mporec Moxe J1a ObJie U3BBPIICH 110 PA3TUYHU Ha-
YMHU, KaTO HalIpUMep KOHKaTeHalus (ClernBaHe) Ha conirta U JaHnHuTe. KoMOMHUpaHusT HU3 (conTa
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+ MaHHWTE) Cce TMoJjIara Ha XemupaHe ¢ MOAXO I AITOPUTHM 3a Xerupane (kato Hanpumep SHA-
256 unu Berypt.) B 6a3ara ganHu ce chXpaHsBa M COJITA, U PE3yATaThT OT XEUIMPAHETO (XeIll CTOM-
HoctTa). Conra He e TaiiHa nH(popMaIHs U MOXe Ja ObJie ChbXpaHeHa 3aeHO ¢ Xelll croiHocTTa. [Tpu
IpOBEpKa Ha MapoJja (WK APYrd JaHHU) Ce ThPCH ChOTBETHUAT 3anuc B 0azata TaHHHU ChC ChOTBET-
HaTa coJ U xeul ctoiHocT. KoMOMHMpa ce BpBeieHaTa Maposia CbC ChbXpaHeHaTa CoJl U C€ U3UHCIIsIBA
XeII CTOMHOCTTA 32 KoMOMHUpaHus Hu3. Clies] TOBa Ce CpaBHSABA Ta3M XEII CTOMHOCT ChC ChXpaHe-
Harta B 0aszara JaHHU W, aKO T€ ChBIAJAT, maposara e BanuaHa (Grassi et al.,2017).

OcomnsiBaHETO HA JAHHUTE € Ba)KEH acCleKT Ha CUTYPHOCTTa U Kpunrorpadusta. Karo Bceku me-
TOJ 32 3all[MTa Ha YYBCTBUTEIHH JaHHHU, TO MMa CBOUTE MPEAUMCTBA U HEIOCTAThLUU. T0O3U MOIX0]
NpaBU peyHUKOBUTE aTaku (brute-force) u arakure cpely mpeaBapuTeIHO TeHEPUPaHHU TaOIHIH ¢
Xell CTOHHOCTH (rainbow tables) MHOTO MO-TPyIHU 3a peaiu3upaHe, Thii KaTo JOPH MACHTUYHH Ia-
PO UMAT Pa3IUYHU XEll CTOMHOCTH MOPaJA YHUKATHOCTTa Ha Jo0aBeHarta coil. OCosBaHEeTo IMo-
BUIIIaBAa CUTYPHOCTTA JOPH IIPH U3IOJI3BAHETO Ha ci1abu mapoiu. Conta JONpHHACS 32 YBEIUYaBaHE
Ha CIIO’)KHOCTTA Ha aTaKUTe, Thid KaTo BCAKA COJI € YHUKAIHA 32 BCEKU 3aruc. ToBa MpaBu aTakUTe 1Mo
aHanu3 Ha yectorara (frequency analysis) Uiy Ipyru CTaTUCTUYECKUA METOIM MHOTO TO-TpyaHU. He-
JIOCTaThK Ha OCOJISIBAHETO HA JAHHUTE € JOMBIHUTEIHUAT Ko U 00paboTka. OCosiBaHETO U3UCKBA
JOMTBIIHUTENIEH KOJ 3a TeHEepHpaHe U yIpaBlieHue Ha conute. To3u mpoiec Moxe fa 3a0aBu paspa-
06oTKkaTa U UMIIeMeHTanuaTa. [loHsKora ca Bb3MOXHHM T'PEIIKH MPU Ch3/IaBaHE HA alTOPUTHMA 32
reHEepUpaHe Ha coiTa. B citydaii, ye reHepupaHETO Ha COJI HE CE U3BBPILIU IIPABUIIHO, TOBA MOXKE Aa
7oBezie 10 ciabu MecTa B CUTYPHOCTTA U MO-TOJsIMa ysi3BUMOCT. ChIlo HEyA0OCTBO €, ue mpuiara-
HETO Ha OCOJISIBAHE MOJKE J1a I0OBEZAE A0 MO-TOJISIMA CII0KHOCT IIPH YIIPABICHUETO HA JaHHUTE, ThU
KaTo BCEKM 3alMC M3MCKBA YHUKalHA COJ. Bbmpeku, ye ocossiBaHETO 3aTpyAHSBA PEYHHKOBHUTE
aTaku, TO He Mpejra3Ba OT aTaku, HACOYEHH Cpelly M3IM0I3BaHUTe Xell (PyHKIKHU (KaTo KpUIITOaHa-
nu3a). M3non3BaHeTo Ha OCOJIsiIBaHE Ha JJAHHUTE € BaXEH MEXaHU3bM 3a MOJ00psSBaHE HA CUTYp-
HOCTTa, 0COOEHO MPU ChXPaHEHUETO HA MApPOJIM U YyBCTBUTENHHU NaHHU. Ho e BaxkHO 1a Obae mpa-
BHJIHO UMIUJIEMEHTHUPAHO U YIPABIISIBAHO, 32 JIa c€ M30eTrHaT Bb3MOXKHHU ys3BUMOCTH (Maiiep, 2022).

BaxxeH acnekT Ha CUTYpHOCTTA MPH ChbXPAaHEHHUETO HA MApOJIM U APYT'H YyBCTBUTEIIHU JaHHU €
3ara3BaHETO UM BbB BU/Jl HAa XEIIMPAaHE U ocoJisiBaHe. To31 Ipoliec momara /ia ce MpeanassT JaHHUTE
OT aTaKu, KaTo HapuMep peuyHUKOBH ataku (brute-force). 3ama3BaHeTo Ha JaHHU BB BUJI HA XCIIH-
paHe 1 OCOJIsIBaHE € IIMPOKO MpuilaraHa NpakTHKa U UMa CBOMTE MPeAUMCTBa U HegocTarbiu. [lpe-
JUMCTBO Ha 3ala3BaHETO Ha JaHHU BBB BHJ Ha XEUIMPAaHE U OCOJSIBAHE € MOBUIIABAaHE Ha TSIXHATa
CUTYPHOCT NpU M3THYaHE Ha JaHHU. 3ama3BaHETO Ha JIaHHU BBB BUJ Ha XEUIMpPaHE U OCOJISBAHE €
CHJIHO CPEZCTBO 3a MOBHIIIABaHE HA CUTYPHOCTTA Ha IaHHUTE, 0COOEHO MPH ChXpaHEHUE Ha MapOJIH.

4. JOBABSIHE HA , ITUIIEP*

Jpyr mMeTox 3a MOBUIIIABAHE HA CUTYPHOCTTA MPH ChXPAHECHUE HA JaHHU € Taka HapEUCHUST
,,TIATIEP*, KOMTO MOXKe a ce 100aBU KbM KPUNTHPAHUTE WM XEIIMPAHU JaHHU U € TIOJOOCH Ha COJL.
ToBa e HM3, KOWTO ce 100aBg KbM JaHHUTE, HO 3a pa3jfKa OT COJITa, KOSITO OOMKHOBEHO C€ 3aIa3Ba
3aeJIHO C MapoJjaTa, TUIepbT TPSAOBa Jja ce ChXpaHsaBa OTJIEIHO, 3a Jja Ce MPEA0TBPATH MOJIy4aBaHETO
My OT Hamajaress B Cily4ail Ha mpoOuB B 0azara gaHHU. Herosara uzes e 1a 3aTpyaHu onepanunTe
10 MpoBepKa (B TOBA YKMCIIO M ONMUTHUTE 3a pa3OnBaHe) KaTo J00aBH eTall Ha OTraTBaHE Ha MHIIEpA.
AKoO Hampumep cMe 100aBUIIM TUIIEp KbM Xemmmupaniata GyHKIus u Toi € yucio ot 0 10 9, To mpu
MIPOBEPKa 3a ChBIA/ICHUE HA Ja/IeHa HHPOpMAIIHS ¢ Ta3H, 3ama3eHa Ha CbpBBPa, TPSOBA J1a CE U3BBP-
mar 10 10 xemmupamniy onepanum, Kato ce mpoOdBa ¢ Beska Bb3MoXkHa cTorHOocT oT 0 10 9. ToBa
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YCIIOXKHSIBA 1 3a0aBs ONepanusITa 3a XCIUPaHe | 5 MPaBH MO-TPYAHA 332 pa30UBaHe C Tpyda cuja, Thid
KaTo B 3aBUCHUMOCT OT Bb3MOKHUTE CTOMHOCTH 3a IUIepa, TpsA0Ba J1a ce U3BBbPIIAT TOJIKOBA Ha Opoii
pa3IMYHU XCIIUPaHUs JOKATO C€ OTKpUE IIPABUIIHATA CTOMHOCT Ha numepa. T'bil KaTo TO3U MUIEp
TpsiOBa J1a € eIHaKbB 32 BCUUKH MOTPEOUTENH, a BCHUKH KPUNTOrpad)CKU ONEeparu ce N3BbPIIBAT
IpU KIIMEHTA, HAMA KakK Jia ce M3BbpILAT Te3U onepanuu 6e3 1a ce paskpue TaiiHaTa Ha numepa (Lin,
2016).

SAK/IIOYEHUE

JlaHHUTE ca IEHHU, HE3aBUCUMO JIaJIU C€ MPEXBBPIAT MEXKAY MOTPEOUTENH NI C€ HAMUPAT Ha
cbpBbp. Te TpsiOBa 1a ObAAT 3aIIUTEHH MO BCAKO BpeMe. 3aliuTaTa Ha JaHHUTE € IpoIiec Ha o0e3Ie-
YyaBaHEe Ha CUTYPHOCTTAa Ha HU(POBUTE JaHHU U MPEIOTBpPATIBaHE HA 3arydaTa UM 4pe3 HEOTOPH3H-
paH nocThl. BKitouBa CUTYpHOCT Ha JAHHUTE CpEIly aTakh, KOMTO MOrarT Ja JA0BeJaT A0 MpoMsHa
Ha ChIBP/KAHUETO UM, KOETO OT CBOS CTpaHa Ja I'M HallpaBU HEHAJIEKJHU. 3alUTaTa Ha JaHHUTE
rapaHTUpa, Y€ T€ Ca JOCTBIIHU €IUHCTBEHO 3a TO3M, KOUTO MMa MPAaBO HA JOCTBII 0 TAX.
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N3b0P HA EXCHANGE-TRADED FUND (ETF) 3A ®UHAHCOBOTO
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PE3IOME

Hucrxume nuxeu na cnecmogrume 6710208e 8 NOCIEOHOMO Jecemunemue ca cepuo3er npooiem 3a UHBecC-
mumopume. Llen na 0oxnaoa e popmyaupane na no1e3HU Cb8emu Ha UHOUBUOYATHUSL UHBECTNUMOP 3a MAKCU-
MU3UpaHe Ha UHGECMUPAHAma cyma Ha 6a3a aHanu3 Ha UCTOPUYECKU OAHHU 30 ONPedelen UHCIMPYMEHMU.
Obexm Ha aHau3a ca pasiudHu 6UO0se (PUHAHCO8U UHCMPYMeHmu (bopcoso-mvpeyeanu ondose). Ilepuo-
0vm Ha ananusa e nocieonume 5 coounu (2019 - 2024 2.). Ilepuoo, npes xotimo ce nabaooasam 2 8axicHU 3a
ceemosHama uxonomuxa cvoumus (Kosuo nanoemusma npe3 2020 . u unsasuama na Pycusa ¢ Yxpaiina om
2022 2.) Uznonseanume cogpmyepru npodykmu 3a anaiuza ca Microsoft Office naxem (MS Office, MS Excel)
u MS Power BI.

Knrouoeu oymu: Exchange-traded fund, uneecmuyus, nopmegponuo, COVID-nandemus, 5 200umu

CHOOSING THE RIGHT EXCHANGE-TRADED FUND FOR YOUR
INVESTMENT PORTFOLIO

Viktor Andreev

WU University of Economics — Varna /Department of Informatics, Varna, Bulgaria,
viktor.andreev(@ue-varna.bg

ABSTRACT

Low interest rates on savings deposits in the last decade have been a serious problem for investors. The
objective of this paper is to give useful advices to the individual investor to maximize the amount invested
based on an analysis of historical data for specific instruments. The object of the analysis is different types of
financial instruments (exchange-traded funds). The analysed period is the last 5 years (2019 - 2024). The
period during which 2 important events for the world economy occurred (the 2020 Covid pandemic and the
2022 Russian invasion in Ukraine) The software products used for the analysis are Microsoft Office
package(MS Office, MS Excel) and MS Power BI.

Keywords: Exchange-traded funds, investment portfolio, low interest rates, Covid pandemic, Russian
Invasion

1. BBBE/IEHHUE

B nocTossHHO IPOMEHSIINS ce MHBECTUIIMOHEH CBST O0pcoBo ThpryBanute ¢onaose (Exchange-
Traded Funds) ce mpeBpbIIaT B MOMyssipeH U YHUBEPCAJICH HHCTPYMEHT KaKTO 32 HAUYMHACIIIN, TaKa U
3a ONUTHU UHBECTUTOPU. Thii KaTo XOpaTa ce CTPeMsIT J1a U3rpaXk/1aT U yIpaBIsBaT JUBEPCUPUIIMPAHU
(brHaHCOBY MOPTQEIIN, TPOLIECH KaToO aHAJIU3 M CpaBHEHKE Ha (DOH0OBETE MPUA0OMBAT BCE MO-TOIIMO
3HavyeHue. Te3u ponmoBe mpemnarar yno0eH HaA4MH 3a MPpUI0OMBaHE HAa HIMPOK CHEKTHp OT aKTUBH,
BapHpaIly OT aKI[UK ¥ OOJIUTAIUU IO CYPOBUHH U JOPH (PUHAHCOBH HHCTPYMEHTH OT HUIIIOBH CEKTOPH
Ha uKoHOMuKata. [IpenBun muHoxxkectBoro Hanmuuu ETF Bapmantu, n3060pbT Ha mpaBuiIHHA (OHA
M3UCKBA CTPATErWYECK IMOJXO0/, KOHTO MOoXke 1a Ob/ie MOJOOPEH C MOMOIITa HA MHCTPYMEHTH KaTo
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Microsoft Power BI miin Microsoft Excel. Tesu mnardgopmu mo3BossiBaT Ha HHBECTUTOPUTE /1a aHATH-
3MpaT, BU3yaIM3UpaT U CpaBHsBAT NpencTaBsiHeTo Ha pasnuunute ETF gonnose, karo um nmomarar na
B3eMar peIIeH!s], OCHOBAaHH Ha JaHHH, CbOOPa3eHH C TEXHUTE (PMHAHCOBH LICIIH.

Lenta Ha TO3W IOKINIAJ € Jla MpeIoCcTaBu MeToauKa 3a u3bop Ha noaxoysam ETF 3a ¢punancos
nopTdeiin Ha enuH HHBeCTUTOP, Kato u3non3sa MS Power Bl u MS Excel 3a cpaBHeHHe Ha pe3yi-
tarute. [IbpBo, onpenensime cpirHocTTa Ha ETF 1 pasrinename npeaumcTBaTa U TOTEHIUATHUTE PUC-
KOBE, CBbp3aHu ¢ Tax. Ciies1 ToBa 1€ Npoy4yumM pasznuunute BugoBe Hammuau ETF, karo me npenoc-
TaBUM paMKa 3a pa3OupaHe Ha TOBa KaK BCEKH BHJ MOXE Ja C€ BIHIIE B pa3HOOOpa3eH MOpT-
¢etin.Hakpas, nznonspaiiku MS Power BI u MS Excel, e neMmoncTprpame kak ”HBECTUTOPUTE MO-
rar Jia CpaBHABAT pe3yararute Ha pa3nuunu ETF, koero mie mo3Bosu 1a ce B3eMaT no-uHGopMHUpaHH
MHBECTUILIMOHHU pelleHusd. To3u CTpyKTypHUpaH MOAXOJ 1€ rapaHTUpPA, Y€ MHBECTUTOPUTE MOTraT
yBepeHo na u3bupat ETF, KouTo choTBETCTBAT Ha TEXHUS TOJEPAHC KbM PUCK, GUHAHCOBH IIETTH U
[1a3apHU NEPCIEKTUBH.

2. METOAMN

B T03u ananu3 u3nona3BamMe KOMOMHAIMS OT aKaJeMHYHa JIUTepaTypa, Ma3apHu JOKIAaIu U TeX-
HUKH 32 BU3yaJIU3allvs Ha JaHHU, 3a J1a pa3riielaMe OCHOBHHTE acniekTH rpu u3dopa Ha ETF. ITspBo,
pasriiexaaMe HaydyHU CTaTUU, MHBECTUIIMOHHU PHKOBOJCTBA U mybnukanuu Ha emuteHTH Ha ETF,
3a 1a ocurypum 3aaniadodeno pazoupane Ha ETF. Cnen Toa uznonzsame MS Power Bl u MS Excel,
3a J]a Ch3Ja/ieM CPAaBHUTEIHHU aHAJIM3M Ha IpenacTaBsHeTo Ha u3bpanu ETF B pasnuynu cexropw,
MHJIEKCH U KJIacoBe akTHBH./laHHUTE 3a TOBa CpaBHEHHE ca ChOpaHU OT HaAEkKAHA (puHAHCOBA Oa3za
nanHu kato Yahoo Finance, a kiitouoBHM oka3aTeiy KaTo LIEHOBA UCTOPUS, KOJIMYECTBO YIIPABIISIBAHU
aKTUBHU U KOEePUIIMEHTH Ha Pa3XxoJUTe ca U3IMOJI3BaHM 32 OlIeHKa Ha nmpuroaHoctTa Ha Bceku ETF 3a
pasnuyHu Mpoduiu Ha MHBECTUTOpHUTE. BU3yaaHOTO NpeacTaBsiHe HAa JaHHUTE MOJAIIOMara mporeca
Ha THJIIKYBaHE U B3€MaHE Ha PELLCHHUS.

3. PE3VIITATH

BopcoBo tepryBanusT ¢ponn — Exchange-Traded Fund (ETF) e ¢puHancoB mHCTpyMEHT, KOWTO
o0OerHIBA KAIMTaI OT MHOKECTBO HMHBECTUTOPH, 32 JIa HHBECTHPA B AUBepcudUIIpad mopThein ot
akTuBU. Te3u akTUBU MOraT Jia BapupaT OT aKIUK U OOJIUTaIluy 10 CYPOBUHU WJIHM BalTyTH B 3aBUCH-
MocT oT 1enrta Ha ¢ponaa. ETF-6azupanu ¢hmnacoBu nHCTpyMeHTH(0.a. B TEKCTa M3IOJI3BaMe JyMmaTa
,AHCTpyMeHTH* mnH chkpamenneto ETF 3a kparko o6o3nauaBane Ha ETF-6a3upanu punancosu
MHCTPYMEHTH) C€ THPryBaT Ha rojemMu (pOHIOBH OOPCH, TOUHO KAKTO OTAETHUTE aKIHH, KOETO TH
MpaBy BUCOKOJIMKBUIHU U JOCTBITHU 32 IIUPOK KPbI UHBECTUTOPU. OCHOBHATA MPUBJIEKATETHOCT Ha
ETF ce cbcTou B CIOCOOHOCTTA MM J1a OCUTYpsiBaT He3a0aBHA TUBEPCU(UKAIIUS U MTO-HUCKU CHOT-
HOIIIGHUSI HAa Pa3XOJIUTE B CPaBHEHHUE C TpaaulmoHHHUTEe B3auMHH (ormoBe. Ocsen ToBa ETF npen-
Jarat Mpo3padyHoOCT, Thil KATO MHBECTUTOPUTE MOTAT JIECHO JIa IPOCIIeIsIBaT 0a30BUTE aKTUBU U 1151~
JIOCTHOTO TIpeicTaBsiHe Ha (poHa npe3 nenwus neH Ha ThproBus.(Joshi et al., 2024)

ETF morar ga ObaaT macMBHO YIIpaBJsiBaHH, KaTo cieaBaT wHAECKC, Hanpumep S&P 500, wim
aKTUBHO YIPaBIISIBAHU, MPU KOUTO MEHUDKBPUTE Ha (OHIAa B3eMaT MHBECTHIIMOHHU PELICHUS IO
cBoe ycMoTpenue. Benpeku e nacuBautTe ETF 00MKHOBEHO MMAT MO-HUCKU TAaKCH, aKTHBHO YIIPaB-
nsBaauTe ETF Morar nma mpemmoskat moTeHIuan 3a Mo-BUCOKa BB3BPBHIIAEMOCT Upe3 MoJA00psIBaHe
Ha TpeACTaBSHETO OT ToBa Ha ma3zapa. C paspactBaHero Ha nazapa Ha ETF Toii ce nuBepcuduimpa,
KaTo mpejiara mpoayKTH, KOUTO OTTOBAPST HAa M3UCKBAHUATA HA KOHKPETHHU OTPACIH, IbPKaBHU, BU-
JIOBE aKTHWBH WJIM WHBECTHIIMOHHU cTpaTeruu. ToBa pazHooOpa3ue OT Bb3MOXKHOCTH MO3BOJISIBA HA
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unBectutopute Aa usnonssar ETF 3a mocturane Ha pa3nuyuHu pUHAHCOBU LIETH - OT ABJITOCPOYEH
pacTex Ha KanuTajia 10 TeHepupaHe Ha KpaTKOCPOUEH JOXO/I.

Bcenenara na ETF e orpoMHa 1 HENPEKbCHATO CE PA3LIMPsBA, KaTO Mpeylara pa3jIfuHy Kare-
TOpUH U BHJIOBE (POHJIOBE, 32 J]a OTTOBOPH HA HYXKIUTE HA Pa3IHMYHUTE MHBecTUTOpU. Hail-001mo,
ETF morar na 6b1aT KaTeropu3upaHl B YeTUPH OCHOBHU TUIIA:

e ETF nga Oa3zara Ha akuuu

¢ ETF nHa Ga3zara Ha oOiuranun

* ETF Ha 6a3a croku

e crneruanuzupanu ETF

Kakro monckassa umero, ETF, 6a3upanu Ha akiuy, MHBECTHPAT B KOIIHUIIA OT aKIIMK U 9ECTO ca
MIPOEKTUPAHU JIa CIIEeBAT AaJIeH UHAEKC. Te OCUTypsiBaT MHBECTULIMS KbM IIIMPOK CHEKThP OT KOMITAHUU
B PA3JIUYHU CEKTOPU, PETMOHU WM MA3apHU KaUTaIH3alHH.

Or npyra crpana, ETF, 6a3upanu Ha obnmuranuu ce (oKycupaT BbpXY HEHHH KHIXA ¢ (PUKCUpaH
JIOXOJ], KaTo IpeaiaraT Ha THBECTUTOPUTE HAUYMH J1a NOJy4YaT Bb3MOXKHOCT 32 MHBECTULIUS KbM JIbp-
YKaBHH WJIM KOPIIOPATUBHU OOJIMTAIIMK C pa3inyueH MaTypuTeT u poxoanoct. Tesu ETF morar ga 6pnat
0COOEHO MPUBJIEKATEIHN 32 UHBECTUTOPH, KOUTO HE JKENasT J1a pUCKYBAT U THPCAT JIOXO U 3arla3BaHe
Ha Kalurana.

BopcoBo TepryBanute GpoHmoBe, Oa3upaHu HA CYpOBUHM, MPEIaraT Bh3MOKHOCT 32 MHBECTHIIUS
BbB (DU3MUYECKU aKTHBHU KaTO 371aTO, IETPOJI WIIM CEJICKOCTOITAaHCKU MPOAYKTH. Te Morar i1a Obaar edek-
TUBHA 3aIUTa Cpelly UH(IAIMS WM BATYTHU KOJIeOaHus, HO yecTo ca mo-Boiatiwiau oT ETF Ha akuun
WM OOJTMTaIlHH.

N nakpas, cnenmamsupanure ETF ce oTHacST KbM Ma3apHU HUIIM U UHBECTUIIMOHHM CTPATETHU.
Te morar ga BxmouBar cexktopau ETF, ETF ¢ oOparen ninn muBbprmK ek, KakTo B CeraIn3upaHu
ETF, dokycupanu BbpXy 007aCTH KaTO YMCTa CHEPTHUS WM U3KYCTBEH UHTENEKT. MIHBecTUTOpHTE, KO-
UTO KCKaT Ja YJIOBAT crieluUYHH Ma3apHU TEHACHIMU WM Ja C€ Bb3IMON3BaT OT KPAaTKOCPOUHH Bb3-
MOYKHOCTH, MOTAT J]a HAMEPSIT T€3U OIIIH 32 MPHUBIIEKATEHHU, BBIPEKH Ye T€ OOMKHOBEHO Ca CBbpP3aHU
¢ mo-Bucok puck.(“What Are the Different Types of ETFs?” | etf.com (n.d.))

B T031 pazznen pasrnexname npunoxkenuero Ha MS Power Bl u MS Excel 3a cpaBHsiBane Ha mipes-
crasiHeto Ha ETF, koero naBa nienHa uHdopmarms 3a yrpasieHueTo Ha noprtdeitna. C nomorra Ha
TE3U MHCTPYMEHTH aHAIIM3UpaMe Ta3apHaTa CTOMHOCT, KOJTMYECTBOTO YIIPABIISIBAHH aKTUBH U APYTH (pu-
HAHCOBH M0Ka3aTeny, 3a aa npeueHuM ETF, KonTo ca moaxoasiy 3a pa3inuyHi HHBECTULIMOHHHU LEIIH.

Junamuunnrte Bu3yanu3auud Ha MS Power Bl Hu mo3BossiBaT 1a npeicraBsiMe CI0KHU JaHHH 110
yno0€eH 3a oTpeOuTeNsl HaYMH, KOETO YieCHsBa 3a1bi0oueHoTo cpaBHeHne Ha ETF. Hanmpumep c mo-
momra Ha MS Power BI morat na ce ch3maBar Tabmia 3a npociensBane Ha npeacraBsHeTo Ha ETF 3a
aKI¥H, OONHTralii ¥ CTOKA BBB BPEMETO, KaTO M3IOJI3BaMe MOKA3aTeNd KaTo 00Ia Bh3BPHIIAEMOCT,
BOJIATWJTHOCT U CHOTHOIIICHUE HA pa3xoauTe. Te3u BU3yaaIHu OTYETH MOTaT Aa ObIaT IepCOHAIM3UPaHH,
3a J1a IOKa3BaT CpaBHEHUS ,,side-by-side®, KoeTo yiecHsBa HASHTU(HUIMPAHETO HA TEHICHIIUHUTE U pa3-
JIMKHUTE B TIPE/ICTABSIHETO HA Pa3IMYHUTE KJIacoBe akThBU. OCBeH TOBa (YHKIIMATA 32 PA3IINPSBAHE HA
MS Power BI no3BosisiBa Ha HHBECTUTOPUTE JIa U3CIEABAT PE3YATATUTE HA JETAUITHO HUBO, HAIIPUMEDP
0 CEKTOPH, PETMOHU UJTU OTAEJIHU IIEHHU KHWKa B pamkuTe Ha ETF.

3a menTa Ha HammMs aHaM3 ca n3opanu 1o exuH ETF nmpencraButen ot Bceku BHI, B KOWTO € HHBEC-
TUpaHa Hai-royisiMa cyma. Upe3 cpaBHEHHE Ha Hal-BaKHUTE MTApaMETPH JTaBaMe MOJIE3HW HACOKH Ha MH-
BECTUTOPHUTE, KOUTO Ca PEIIWIN J1a HHBECTHPAT CyMa B MOJ00HM ()MHAHCOBU MHCTPYMEHTH C I Ja
YIECHAM HM300pa UM U J]a U3rpaluM HA-TIOAXO/SIIOTO (PUHAHCOBO MOPT(HOIMO CIIOpEe MHIUBHUTYa-
HUTE NpedepeHIIuN Ha UHBECTUTOPA.
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Taboauna 1.
N36panu ETF 3a ananu3

Ne ETF _id HNme Tun

1 SPY SPDR S&P 500 ETF Trust Axiun

2 AGG iShares Core U.S Aggregate Bond ETF Oo6nuranun

3 GLD SPDR Gold Shares Croku

4 QQQ Invesco QQQ Trust CIielMaTu3upaH

Mmounux: Cobcmeena pazpabomxa

[Tpu n360p Ha BpeMeBUs NEPUOJ, KONUTO /a ObJe aHaTU3UpaH, ce pbKOBOAUM OT MPHUHIIUIIA Ha
cTonaHckute ukin. Criopes BbIPOCHUAT S-TOJUIIEH MEPHO/I € 3aBbpIlieKa Ha eIMH KPaTKOCPOUYEH
IIUKBJI. B uxonomMmukara te3u KpaTKOCPOYHHU OUKIIA Ca U3BCCTHU U C UMCTO ,,lIUKBJI HA Kutuna“ u e
BBBE/ICH KaTo TePMUH OT OpuTaHckust nKoHOMHCT [[xoy3ed Kutumn, KolTO ro M3Moi3Ba 3a MbPBU
IBT B HAa4asloTo Ha XX BEK, CJEJ KaTo C€ PHKOBOAW OT PA3BUTHETO Ha OpUTAHCKAaTa WHIYCT-
pusi.(Maspos u Kounes, 2022)

Hammmusit m30pan nepros € oABJIaCTEH Ha JIBE OT Hal-ChIeCTBEHUTE ChOMTHA 3a XX B. ToBa ca
nangemusTa ot Kosup npes 2020 r. 1 HagamoTo Ha BoeHHUTE nelicTBus oT deBpyapu 2022 1. Te3u
JIB€ 3HAUMMU CHOWTHUS OKa3BaT CBOETO BIMSHUE Ha (UHAHCOBUTE Mazapu. Upes3 HaOmiojeHue Ha
npenacraBsHeTo Ha paznuuHute ETF onumu npe3 To3u nepuo 1ie onuraMe Aa JajJeM HEeHHU HACOKH
U CbBETH Ha MHBECTUTOPHUTE, KOUTO OMXa MOTJIM J1a ObJaT U3MOJI3BaHM MPU MOAOOHH CLIEHApUH B
Obaenie.

®urypa 1. IIpomsina B nena u aktusu Ha SPDR S&P 500 ETF Trust B nepuoaa 2019-2024 r.

Hsmounux: cobcmeena paspabomxa

Tos3u ETF npocnenssa e1uH OT Hali-ITONYJIIPHUTE UHACKCH, IIOKA3aTell 32 CbCTOSHUETO Ha aMe-
pukaHckara nkoHomuka Standard & Poor’s (S&P) 500 Index. KakTo nmMero My mojicka3pa, MHIACKCHT
HHU AaBa norien Haa npeacraBsHeTo Ha ton 500 komnanuu B CAILl mo ma3apen asut. [IspBOTO THP-
ryBaHe ¢ To3u (oHp 3amousa npe3 SAnyapu 1993 r., a mpe3 MocieaHUTE HIKOIKO TOAUHHU TOpaIn
JUTUTAIIHATA PEBOJIIOLMSA, HA KOSITO CTaBaMe CBUAETENH, komnanuute ot [T cexropa cbcraBisBaT
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630 1/3 ot 6pos Ha komnanuute B uHaekca. (“SPY ETF: The SPDR S&P 500 ETF Trust and What
It Holds”, n.d.)

B nepuopa Ha nsuoto cu ceuiectsyBane To3u ETF naBa ronumen pbser ot okoso 10% cpenno
Ha TOAMHA, a B MEPHOJa, KOWTO € 00ekT Ha Hamus aHamu3(2019 — 2024 r.) ce Habm0aBa MHOTO
JI00pO MPECTaBsIHE KaTO HapacTBAHETO Ha IIeHATa My € C MOYTH JBOCH pbhCT(0T 297,748 npe3 ok-
tomBpH 2019r. o 558,358 mpe3 centemBpu 2024r.). ETMHCTBEHUSAT MO-CEPUO3EH CIa] € 0 BpeMe
Ha mecenute or COVID nmannemusita (peBpyapu-anprn 2020 r.), KOraTo OT CTOWHOCTTA Ha Opou
ciazga ot 323,35$% o 247,988.

Jpyrusar nokasatesn, KOWTO € ¢ BOJEIIA POJIsl B HAILIMS aHATU3, € cyMaTa Ha MHBECTUPAHUS Ka-
MUTAN TIPe3 MECEIUTe OTHOBO 3a MOCIeAHNUTEe 5 roauHu. KanutarsT, KOHTO € Ouil moBepeH Ha Tas3u
ETF onuus mpe3 2019 r. e Bp3nm3an Ha 275 mipa. $. Tasu ETF ommust e ycrosuia crabuiiHo Ha 5-
TOAMILIHUS IEPHOJ, TIpe3 KOoiTo ce HabmonaBaT Kpusu kato COVID nangemusra u BoifHa B pa3inyHU
TOYKH Ha TIaHeTaTa. TpeHIbT MpU MHBECTUPAHUS KAlUTANI € BB3XOIAI Mpe3 MOo-TojIsMara 4acT OT
aHaym3upanus nepuo. [Ipe3 nexkemspu 2021 r. JocTHra 10 BUCOKa CTOMHOCT OT 455 Mupa. $. Cnen
HayaJoTO Ha BOCHHUTE JIEUCTBUSA B YKpallHa UMaMe Ciaj B CTOWHOCTTa, HO BbB BTOpPAaTa MOJIOBUHA
Ha 2023 1. aKTUBHUTE O] PHKOBOACTBOTO Ha TO3H (HDOH/] IOCTUTAT NIEPHO/Ia OT IPEIU BOMHATA, a TIPe3
Ta3W rojuHa nMame cyma Hajx S00 mup., kosTo e 0au3ko o pocturane Ha 600 mupa. $.(“SPY Total
Assets Under Management Analysis | YCharts”, n.d.)

®urypa 2. Ilpomsina B neHa u aktuBHu Ha iShares Core U.S. Aggregate Bond ETF
B nepuoaa 2019-2024 r.

Hsmounux: cobcmeena paspabomxa

Tasu ETF onuumst mpocnensBa ABMKEHUETO HA MHJIEKCA, KOWTO € OOBBP3aH ¢ aMEPUKAHCKUTE
obnuranuu (Bloomberg U.S. Aggregate Bond Index). 90% oT cpeactBara, ”HBECTUPAaHU B TO3U UH-
JIeKC, ca HACOYEHHU KbM HHCTPYMEHTH ¢ puKcHupaHa g1oxoaHocT. [IpencraBsnero Ha TO3U (HOHJT OCBEH,
4e € [pe/ICTaBUTEIHA U3BaIKa Ha ITa3apa Ha OOJIUralny, € U SICEH MPU3HaK 3a ChCTOSHUETO Ha LisjiaTa
nkonomuka Ha CAILl. B ungekca, koito e npocnensiBan or AGG ce BKIIIOYBAT IbpPKABHU IIEHHU
KHIKa, KOPIIOPATUBHY OOJIUTalliy, UTIOTEYHU [IEHHU KHMXKa U oOuHcku obiuranuu.(“What Is the
Bloomberg Aggregate Bond Index, Who Tracks the Agg?”’, n.d.)
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[Ipe3 mepuona, B KOWTO aHanu3upame npeactaBsineto Ha To3u ETF, moxxeM na otoenexum He-
raTUBEH TPEH] B IleHaTa My. [Ipe3 mbppBaTa mojloBHHA OT MEPHOJa MOXKEM Ja OTOCIIEKIM CTOHHOCT
Haja 1008, Ho mpe3 2022 . ieHaTa Ha 3aKyICHA SIUHMIIA OT TO3W HHCTPYMEHT CIIM3a IMOJI Ta3u Irpa-
HUIIA, CJIe]l KOeTO ce HaOIroaBa JeKu KoJeOaHus B IIeHaTa My, HO MIPe3 MUHAJHUS MeCel] OTHOBO €
cbe croiaocT ot Haa 1008 (100,499).

3a cMeTKa Ha TOBa MPHU CyMaTa Ha MHBECTHPAHUTE aKTHBHU HaOII0/1aBaMe SICHO M3pa3eHa Mo3u-
THBHA TeHACHIH(0T 66,2 Mip.$ mpe3 2019 r. 1o 120 mutp. $ npe3 mocneaHus Nepruoa Ha OTYUTAHE).
(“iShares Core U.S. Aggregate Bond ETF (AGG) Stock Price, News, Quote & History - Yahoo
Finance”, n.d.)

®@urypa 3. Ilpomsina B nena u aktuBu Ha SPDR Gold Shares B nepuoga 2019-2024 r.

HM3mounux: cobcmeena paspabomka

[Ipu ETF onuuwute, 00BBp3aHU ChC CYpOBHHH, MMaMe SICHO M3pa3eH (PaBOpUT B JHUIETO HA
¢donma, 00BBp3aH Che 371aTOTO. TO3U BUJ CYpPOBHHA € CUYMTAH OT MHBECTUTOPUTE B MPOABIIKEHHUE Ha
IBJITY TOJIMHU KaTO HAJEXKI€H HHCTPYMEHT 3a MHBECTULIUSA, KOSITO € JIMILIEHA OT PUCK B MOMEHTH Ha
peliecusi U Kpu3a, KakTo ¥ B IEPUOJIU, CBbp3aHu ¢ Bucoka uHpmamus. ['opeciomenatust ETF nasa
JIECHA BB3MOJKHOCT 32 MHBECTULMS B Ta3u NPUBJIIEKATEIHA CypoBUHA. [[pyro mpeaumcTBO Ha TO3HM
¢dboHa npes 3aKynyBaHe Ha (PU3MYECKO 371aTO €, Y€ Pa3XOAUTe MO CKIaJupaHe U 3acTpaxoBaHe Ouxa
Owm HerocuHY 3a nHauBHaAyarHUS nHBecTUTOP. (“Gold ETFs and Gold Mining ETFs: What They
Are and How They Work”, n.d.)

[Tpu ananu3 Ha rpadukuTe Ha TO3U (UHAHCOB MHCTPYMEHT C€ MOTBbPXKAaBa TEOPUSITA, e 371a-
TOTO € OMIIMS, KOSITO € IPeNoYnTaHa B MOMEHTH Ha Kpu3a. B mepuonnrte Ha cnaj B 1IeHa U aKTHUBU
MIpY MPEAXOTHUTE OMIMU TYK ce HaOJI01aBa TOKa4YBaHEe Ha IIeHA U aKTUBU. TakaBa € TCHICHITUATA B
Havanoto Ha 2020r., koraro ¢ KoBua nanaeMusra, KakTo ¥ B HA4aJlOTO HA BOCHHHSI KOH(JIUKT B
VYkpaiina npe3 nppBara nojsosuHa Ha 2022 r. L{410CcTHUAT TpeH U IPU JBaTa BaXKHU 3a HAC IIOKa3a-
Tens e Bp3xoaaml. lenara ce mokaua ot 1388 npe3 2019 r. mo 2328 npe3 2024 r. JlokaTo nokauBa-
HETO Ha aKTUBHUTE, C KOUTO CH ciyxH (poHma ca ot 44 mapa.$ npes 2019 r. go 73 mupn.$ npes 2024
r. GLD Total Assets Under Management Insights | YCharts (n.d.)
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®@urypa 4. llpomsina B neHa u aktuBu Ha Invesco QQQ Trust B mepuoaa 2019-2024 r.
HUsmounux: cobcmeena paspabomxa

QQQ ETF e nocnennara oniysi, Ha KOATO 1€ aHATU3UPaME Pa3BUTUETO MPE3 MOCIETHUTE S TOAUHHU.
Tosa e equn ETF, xoiito cnenu pasputuero Ha naaekc Nasdaq 100. To3u uHaekc ce ¢pokycupa BbpXy
KOMITaHHH OT TEXHOJIOTUYHUS CEKTOP, KOMTO MO BpeMe Ha MOCIETHUTE 5 TOTUHH OellexXy BCe Mo-royisiMa
MOMYJISIPHOCT, Thid KATO Ype3 BbBEKIAHETO HA MAHAEMUYHUTE MEPKH pe3 2020r. MHOKECTBO KOMITAaHUH
YBEIMYMXa HUBOTO HA JUTHTAIM3ALMS M TOBA JIOBEXIA O MIPOrpec Ha KOMIIAHUUTE B TEXHOJIOTMYHUS
cexktop.(“QQQ ETF Risks and Rewards”, n.d.)

Lenara na To3u ETF npe3 5 roqumnms nepuoy Ha anamm3 ce nokayusa ot 189$ npes 2019 r. na 470$
npe3 2024 1. 3a chIIMs NepUoj CymMaTa Ha aKTUBHUTE, KOMTO ca OOEKT Ha yIpaBJeHHEe OT TO3U (OHI ce
yBenmuaBar oyt 4erBopHo(oT 74 mipn.$ mpes 2019 r. go 277 mupa.$ mpes Tasu romuHa.(“QQQ
Performance & Stats | Invesco QQQ Trust”, n.d.)

[Tpu n360pa Ha cnenmanm3upanu ETF oniuu TpsiOBa 1a ce B3eMe o1 BHUMaHHUE, Y€ MTPEICTaBSIHETO
UM MOXe J1a Ob1a KOHTpACTHpaIo. AKO HHBECTUTOPHT peln Ja u3depe HoH 1, KOUTO € 00BBp3aH C UH-
IYCTpHsL, KOSITO € B [TOJIEM, Bb3MOXKHOCTTA 32 pealM3hpaHe Ha Iieyasioa € MHOTO MO-TOJIIMa OT CLIEHapHs,
npu Koiito ce nogodupa ETF, cBbp3an ¢ HHAYCTpUs, KOATO € B KpH3a U IIaHca 32 3ary0a € Mo-TOJIsIM.

BbB (uHanHus eran Ha HaIlIWs aHATN3 [11€ HAaIlPpaBUM IMPEKTHA ChIIOCTaBKa Ha M30paHuTe (hOHIOBE.
[pe3 S-roauiHMs MEPHO HA HAIMS aHATM3 Hal-I00Bp pe3yaTaT nokassar (oHmoBere, OasupaHu Ha
aKIUM U KOMIIAHUU OT TEXHUYECKUsI ceKTop, KakBuTo ca Invesco QQQ Trust u SPDR S&P 500 ETF
Trust. Korato cpaBHUM M TakcuTe 3a 3aKynyBaHe Ha (OHJ, MOKeM Ja 3akiarounM, ye SPY muma Haz 2
bTU To-HUCKH Takcu oT QQQ (0,2% cpemty 0,09%).(“Yahoo Finance - Stock Market Live, Quotes,
Business & Finance News”, n.d.)

[Tpu poHma, KolTO € Ga3upaH Ha OOIHUTAIMK, UMaMe Hal-HUCKA CTOWHOCT Ha TAKCUTE 3a 3aKYITy-
BaHe, HO TIPH HETO ce HabJro/1aBa Hali-HeraTUBEeH Pe3yiITarT B IIeHaTa, KakTo U B aKTMBUTE, KOMTO ca yII-
paBisiBaHU OT (hOHAA.

SPDR Gold Shares ce yrBpp/1aBa KaTo Haii-1o0pa OmIMs B CIydyauTe, Koraro (pMHaHCOBUTE Ia-
3apu ce HAMHPAT B KPH3a, HO TI0-BUCOKATa TaKca 3a MPUI00MBAHE U HE TOJIKOBA BUCOKHS KpaeH pe3yiaTaT
MHBECTUTOPUTE OMXa MpeAnoyenu Apyrure GUHAHCOBH HHCTPYMEHTH.

SAK/IIOYEHHUE
N360pbT Ha mopxoasm ETF 3aBucu oT mHAMBUYaTHUTE IPEANIOYNTAHNS HA HHBECTUTOPA, TO-
JIEPAHTHOCTTA MY KbM PUCK M Ma3apHUTE NepCneKTHBH. KaTo M3moy3BaT aHATUTHYHA HHCTPYMEHTH
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kato Power BI u Excel, nuaBectutopute Morar aa ce opueHtupatr B nazapa Ha ETF c mo-romsima
YBEPEHOCT U IPELUU3HOCT. Te31 HHCTPYMEHTH IpeyiaraT LIEHHU IPO3PEHMSI, KOUTO MOTaT Ja IoMOr-
HAT 32 ONITUMH3UPAHE Ha KOHCTPYKIMATA HA MOpTQeiisa, MUHUMU3UpPaHe Ha pUCKA U MAKCUMU3HpPaHe
Ha BB3BPBILAEMOCTTA C TEUEHUE HA BPEMETO.

Tsi kato nazapsT Ha ETF npoxsimkasa na pacte U Aa ce pa3BuBa, 3a HHBECTUTOPUTE € OT pe-
1IaBanio 3Ha4eHHe 1a ObIaT B KpaKk C HOBOCTUTE U J1a OCTaHAT OJUTETHY B aHaln3a cu. Upe3 KoMOu-
HaIus OT aKaJIeMUYHH 3HaHUS, MMa3apHU MPOYYBAHUS U UHCTPYMEHTH, Oa3upaHH Ha JJaHHU, UHBEC-
TUTOPUTE MOTAT Jla U3rpajdar 1o0pe GalaHcupaHu MOPTQEilsii, KOUTO Ja OTrOBapsT HA JBJITOCPOU-
HUTE UM (UHAHCOBHU IIEJIM, KaTO CHIIEBPEMEHHO YIPaBJIABAT MPUCHUIUTE Ha Ma3apa puckose.Karto
ce U3I0JI3Ba CHJIaTa Ha TEXHOJIOTUUTE, pouechT Ha n36op Ha ETF craBa He camo mo-e(eKkTuBeH, HO
Y TIO-TIPO3PaYeH U JOCTHIICH, IPEIOCTaBINKNA HA HHBECTUTOPUTE HHPOPMALIUATA, OT KOATO C€ HYX-
JasT, 3a 1a YCHesT B AHENIHATa IMHAMHYHA (PMHAHCOBA Cpea.
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AHAJIN3 HA CUCTEMM, BASUPAHU HA U3KYCTBEH UHTEJIEKT,
3A OCUT'YPABAHE HA OBYYEHUETO BbB BUCIHHETO OBPA30OBAHUE
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PE3IOME

Texnonocuynomo pazeumue 8 Cb8PEMEHHUS C8AM 8Ce NO-4eCmo 800U 00 BHEOPABAHEMO HA CUCMEMU,
Oasupanu Ha U3KyCmeeH UHmenekm 6 pasiudHu cgepu om dcusoma Ha xopama. Om 02poMHO 3HAYEHUe e
npuiaeanemo um 6 chepama Ha gucuiemo oopazosanue. Tezu mexnonrocuu npednazam uHOBAYUOHHU PeuleHUs
3G AHAIU3 HA OAHHU, NEPCOHANUIUPAHE HA 00YYEHUETHO, ONMUMUZUPAHE HA AOMUHUCTIPAMUSHUME NPOYeCU U
yuebHume mamepuanu. M3xkycmeeHusm unmenekm npeoidaza wupoK Habop om 8b3IMOMCHOCIU 3 MPaHChop-
Mayus Ha sucuiemo odopazosauue, ¢ yei nooobpasame Ha oOyueHuemo u ynpasieHue Ha yueOHus npoyec.
Lleama na mo3u 0oxnao e da anaruzupa cucmemume, 6a3UpaAHU HA U3KYCMEEHUSL UHMETIEKM, U3NON38AHU NPU
00yueHuemo b8 gucuiemo oopa3o8aHue.

KIIFO4YOBH JIYMH: obpazosanue, uskycmeen unmenekm, ooyuenue, npoyecu

AN ANALYSIS OF ARTIFICIAL INTELLIGENCE-BASED SYSTEMS
FOR THE DELIVERY OF LEARNING IN HIGHER EDUCATION

Slavka Stamenova

University of Economics — Varna /Department of Informatics, Varna, Bulgaria,
e-mail: slavka.stamenova(@ue-varna.bg

ABSTRACT

Technological development in the modern world increasingly leads to the implementation of systems
based on artificial intelligence in various spheres of people's lives. Their application in the field of higher
education is of great importance. These technologies offer innovative solutions for data analysis, personaliza-
tion of learning, optimization of administrative processes and learning materials. Artificial intelligence offers
a wide range of possibilities for the transformation of higher education, with the aim of improving learning
and managing the learning process. The purpose of this report is to investigate artificial intelligence-based
systems used in higher education learning.

KEYWORDS: education, artificial intelligence, learning, processes

BBbBEJIEHUE

B epara Ha TexHOoOTHYHA peBOOIUS, H3KycTBeHUAT HHTENEKT (Artificial Intelligence - Al)
€ MHUPOKO Pa3NpOCTPaHEH U UIpae BakHA PO B HAampeabKa HA MHOTO CEKTOPH OT JKMBOTa Ha
cpBpemMeHHus YoBek (Crompton and Burke, 2023). MU3KyCTBEHUSAT HHTEIEKT € €lHA OT HAall-Obp30
pa3BUBALIUTE Ce TEXHOJIOTHH U C€ MpHEeMa KaTo TEXHOJIOrUs Ha OBJEIIETO B CBETOBEH Marial.
[Topanu Ta3u mMpUYMHA U3KYCTBEHHUST MHTEJEKT € OT KJIIOYOBO 3HAYCHHE U B TEXHOJIOTHYHATA
TpaHchopmanus Ha BUCIIeTO oOpa3oBanue. [Ipu TpanuuuoHHUTE 00Pa30BATEIIHU CUCTEMH JIHII-
CBa I'bBKABOCT, KOETO I'Ml IPABU TPYAHO AANTHPAIIN CE KbM HYKINUTE Ha MPENOIaBATEIH U CTY-
nentu. [Ipe3 mocineauuTe roguHu MpUIokeHneTo Ha Al B 00pa3oBaHueTo € 00EKT Ha HU3clieBa-
HUS, KaTO C€ M3BEXKIAT TCHICHIINH, CTUMYJIUPAIIHN JUTHTATIHAaTa TpaHchopManns 1 aBToMaTH3a-
1Sl Ha OOMKHOBEHU IPOIECH M 3aa4uH, KaTo OLEHsABaHe, Kacu(puIMpaHe Ha MUPPOBU peCypcH
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Y TOAXOJSIIO afanTupaHe Ha ydeOHo cbhabpkanue (Krsti¢ et al., 2022). YHuBepcuteTure BCe
MOBEUYE CE CTPEMAT KbM MOJ00psIBaHE HA KAUECTBOTO Ha BUCHIETO 00pa30oBaHME B MOJ3a Ha CIY-
KUTEIU, CTYJICHTH U CBOEBPEMEHHO aJlallTHpaHe KbM HYKIUTE Ha OM3Heca, ype3 mpuiiarane Ha
TEXHOJOTUH, 0a3upaHu Ha M3KYCTBEH MHTEJIEKT, KaTo 4aTO00TOBE, MHCTPYMEHTH 3a BUPTYyallHA
MOMOII] ¥ CHCTEMU 3a aJIalTUBHO oOydeHue. Llenra Ha mokiana e na ce aHanmu3upaT u Kiacudu-
UpaT CUCTeMHUTe, 0a3upaHu Ha M3KYCTBEH MHTEIICKT, 32 OCUTYPsIBaHE HA O0yYEHUETO BHB BHC-
meTo o0pa3oBaHWE, KAKTO U J]a Ce MPEACTABAT MPEIUMCTBATA M MPEIU3BUKATEIICTBATA, KOUTO
HOCST, Upe3 TAXHOTO nHTerpupane. Hakou Al mpunoxenus u miatdopmu, kato Bit.ai, Mendeley,
Turnitin, elinik.io u Coursera, momarar 3a OCbhIIECTBsIBaHE HA M3CJICABAHUS BbB BHUCIIETO 00Opa-
30BaHUE Ype3 aHAIM3UPAHE HA TOJEMU HA0OpH OT JaHHU, TEHEPUPAHE HA W3BOJIU U MPOTHO3U H
UIeHTHPUIIPAHE HA MOJEITHN, KOUTO Ouxa OUIIM TPYIHU 3a MOCTUTAHE TIPU TPATUIIMOHEH METOJ
Ha npoyuBaHe (Rahiman and Kodikal, 2023). TexHonorusita HepeKbCHATO C€ pa3BUBa U MMa
MOTEeHIHAI 1a ObAAT pa3padOTBaHU BCE MO-MHOBATUBHU U MPOAYKTUBHU NpriioxeHus Ha Al BbB
BHCIIETO 00pa3oBaHue, BOACIIHU JJ0 HAYYCH MPOTrpec.

1. TEXHOJIOT'USATA 3A UBKYCTBEH UHTEJIEKT BbBB BUCHIETO
OBPA3OBAHHUE

TepMHUHBT ,,MU3KYCTBEH MHTENEKT natupa oT 1956 r. u e pesynrar ot padorata Ha TIOpUHT,
KOWTO OMHCBa CHIIECTBYBAHETO HA ,,MHTCIIUTCHTHHU PAa3ChKICHUS U MHCJICHE, KOUTO MOTaT Ja
BIISI3aT B MHTENUTeHTHHU MamuHu. C Hampeabka Ha TEXHOJOTHHUTE NeQUHULIUITA 32 U3KYCTBCH
MHTENIEKT C€ IPOMEHS, KaTo ,,A3YNCIUTEIIHA CUCTEMH, KOUTO ca B CHCTOSIHUE JIa y4acTBaT B 4YO-
BEILIKU MPOIECH KaTO yueHe, afanTupaHe, CHHTe3UpaHe, KOPUTHpaHe U W3MO0JI3BaHe HA JJAHHHU 32
CI0HU 3amaun 3a 00padoTka* (Crompton and Burke, 2023). M3kycTBeHUSAT HHTENEKT ce (HOKY-
cUpa BbpPXY Ch3/aBaHETO HA MHTEJIUTeHTHH MAlIMHU M CUCTEMH, KOUTO M3IBIHABAT 3aJa4yl U
pemaBat npobJyieMu, KOUTO OMXa U3UCKBAJIM YOBEIIKU UHTEJIEKT, KaTo pa30MpaHETO Ha €CTECTBEH
e3uK. Ta3u TeXHOJIOTHs pa3yuTa Ha U3YUCIUTEIHA MOIIl U OTPOMHHU KOJIMYECTBA IaHHH, 00padboT-
BaHMU OT AITOPUTMH, 32 Ja pellaBa mpoOIeMu, Ja aBTOMATU3Upa PYTUHHHU 33/1a4d, J1a palroHa-
TU3Upa MPOIeCUTe, Ja paslo3HaBa U kinacuduimpa u3oOpaxxeHus, ped, Aa MpaBu MPOTHO3U U
J0pH J1a B3eMa pemieHus. M3KyCTBEHHUSAT HHTENEKT Ce U3MOJ3Ba B MHAYCTPUUTE MO PA3IMYHU Ha-
YUHU, OT CAaMOYIPaBISBAIIN c€ aBTOMOOUIIN 0 U(PPOBH ACUCTEHTH U MPOU3BOACTBOTO HA PO-
6otu (Bridgeport, 2023). [lopaau pazButneTo Ha UHGOPMAITMOHHUTE M KOMYHHKAITMOHHH TEXHO-
JIOTUH C€ MOBHUILIaBa HEOOXOJUMOCTTA OT MpHUJIaraHe Ha U3KYCTBEH MHTEJEKT U BbB BUCILIETO 00-
pazoBaHue. Al e HUHCTPYMEHT, U3MOJI3BAH B PA3JIMYHU MPEAMETHU TUCLUUIUIMHH, BKIIOYUTEIHO
€3UKOBO, MHKEHEPHO, MAaTEMAaTHYECKO U MeTUIIMHCKO oOpa3zoBanue (Crompton and Burke, 2023).
Ha ¢urypa 1 e npencraBeHa TeHIEHIUATA KbM U3MIOJI3BaHE HA U3KYCTBEH MHTEJICKT BHB BUCIIETO
obpaszoBanue 3a nepuoaa 2016 — 2022 r., kato ce HaOIO1aBa 3HAYUTEIEH PHCT B U3MOJI3BAHETO
Ha Al npe3 moCIeTHUTE HAKOJIKO TOUHU.
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®@urypa 1. XpoHoJIOTHYHA TeHICHIUS B H3KYCTBEHHs] HHTEJIEKT BbB BHCIIETO 00pa3oBaHHue

Hsmounuk: Cw3z0aden om (Crompton and Burke, 2023)

Crnopen ananu3a Ha Zawacki-Richter 3a n3KyCTBEHUSI HHTEIEKT BB BUCIIIETO 00pa3oBaHUE, Ch-
IIECTBYBAT YETUPU OCHOBHH NpWiiokeHus Ha Al: npogurupane u npoenosupane, oyenxa, adanmugnu
cucmemu U nepCoHAIU3ayUsl i uHmenueenmuu cucmemu 3a obyuenue (Zawacki-Richter et. al., 2019).
YHUBEPCUTETUTE PAITUIOHAIU3UPAT CBOUTE a[IMUHUCTPATUBHU MPOIECH, KATO U3MOI3BAT MHCTPYMEHTH
3a M3KYCTBEH MHTEINIEKT 32 CHCTEMHU 32 3alHC Ha CTYACHTH, HHPOPMAIMOHHU TEXHOJIOTUH, TIOJIPHIKKA,
IUTaHUpaHe, Oro/KeTHpaHe U Apyru. Te3n HHCTPYMEHTH ce U3M0JI3BaT U 3a MHTEPIpEeTUpaHe Ha JaHHU
3a HaOupaHe, IPUEM U 3aIbpXKaHe Ha CTYJICHTUTE, 3a Jja e MPEIBUIM T I1I€ UMa JI0CTaThueH UHTe-
pec KbM JalieHa crenuaiHocT. ToBa € OT M3KIIIOYUTEIHA BaXKHOCT 3a MPEBEHLUS OT MosiBa Ha Ipo0-
JIeMH, KaTo paslajiaHe Ha KypCoBe U CIIEHUAIIHOCTH, U MOJIIOMAara 3a MoBUIIaBaHe Ha Ka4yeCcTBOTO Ha
oOpasoBanue. IHTErpupar ce 4ar00TOBE ¢ M3KYCTBEH MHTEJICKT, 32 JIa IPEAOCTABST MTOMOIII, ChBETH U
BB3MOXKHOCTH 32 00y4EeHHE U OBJICII0 KAPUEPHO Pa3BUTHE MO BCSIKO BpeMe. THCTpyMEHTHTE Ha U3KYC-
TBEHUS MHTEJIEKT TOIIOMaraT epcoHaIM3UPAHETO Ha YIeOHHsI ITPOIIEC 3a CTYACHTHUTE, a 3a Mperoia-
BaTeNIUTE Ce MHTErPUpaT ya00CTBa, CBbP3aHH C TeHEPUPAHE Ha ChAbPKAaHUE, pa3peliaBaHe Ha Mpoo-
JIEMH C IOCTBITHOCTTA, OIICHsABaHE M OTKpHBaHe Ha maruarcTBo (Kavitha et al., 2024). MactuTyiunre
3a BUcIIe 00pa30BaHUE M3MOI3BAT U3KYCTBEH MHTEJEKT B M3CIICABAHUATA, KATO M3IMOJI3BAT UHCTPY-
MEHTH 3a U3CJIeZ0BaTeNICKa MOJIKPEna, KaTo COPTUPaHe Ha rojeMU KOJIMYecTBa TaHHH, UACHTUDUIU-
paHe ¥ U3rpakJaaHe Ha MOJIENU U MOAT0TOBKA Ha phKOMKCH 3a myonuKyBane. [logobpsiBa ce miianupa-
HETO Ha JICKIIUH, OIICHSIBAaHETO U TipodecroramHoTo passutue (Bridgeport, 2023).

Ha ¢urypa 2 e npeacraBena rpaduka Ha Oposi HA YHUBEPCUTETCKUTE MPOTPaMH Ha aHTJIMHCKU
€31K, N3M0JI3Balll U3KYCTBEH UHTENEKT 3a nepuona 2017 — 2023 r.

®urypa 2. bpoii yHuBepcHTETCKH MPOrPaMHU HA AHTVIMHCKH €3UK, u3noJ3Bamm Al

M3mounux: Cvzoaden om (Studyportals, 2023)
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BposT Ha aHTIIOE3NYHUTE TPOTPAMU 3a BUCIIE 00pa30BaHME, CBbP3aHH C U3KYCTBEH MHTEJICKT
ce e yrpowia ot 2017 r., moka3BaiiKu roJisiMO TOJUIIHO YBEIMYEHHUE MMPEe3 MOCIEAHUTE TIET TOANHH.
YHUBEpPCHUTETUTE TI0 CBETA MpejIaraT Bce moBeye mporpaMu, (GOKyCHpaHU BbPXY U3KYCTBEHHS WH-
tenekT (Stanford University, 2024).

N3KyCcTBEeHHUST MHTENEKT UMa MOTEHIIMANA J1a PEBOJIIOIMOHM3UPA BUCIIETO OOpa30BaHKE U Ja
My Jajne HOB OOJIHMK, upe3 MpeIoCTaBsHE Ha NMEepCOHaIM3UpaHa oOpaTHAa BpPb3Ka HA CTYICHTHUTE,
aBTOMaTH3MpaHe Ha aJIMUHUCTPATUBHU 3a/Ia4H, TIOA00psSBaHE HAa Ka4eCTBOTO Ha 00pa30BaHHETO U
MOATIOMarane Ha HOBU OTKPHUTHS M MOCTHKEHUS B pa3nnyHu HayuyHu obnactu (George and Wooden,
2023).

2. CUCTEMMU, BABUPAHU HA U3BKYCTBEH UHTEJIEKT U TAXHOTO
MNPUJIIOKEHUE BbB BUCHIETO OBPA3SOBAHUE

WzkyctBenusar nuntenekt (Al) Tpanchopmupa HaunHa, 10 KOWTO ce MPOBEXKIa 00YUEHUETO BbB
BHUCIIIETO 00pa30BaHUeE, Ype3 MHOBAILIMY U BHEIPSIBAHE Ha HOBH TEXHOJIOTHH 32 ITOI00psBaHE Ha yueo-
uus nporec (Tundrea, 2020). B tabnuma 1 ca npeacraBeHr HIKOW OT OCHOBHHUTE THIIOBE CHCTEMH C
BHEJIPEH M3KYCTBEH MHTEIIEKT, H3IOJI3BaHH B 00Pa30BaHUETO.

Tabauua 1.
OcHoBHM THIIOBE cucTemu ¢ Al B 06pazoBaHueTo
Ilepconammsupann | UHTeaurenTHH cuc- | YardoTroBe M BUPTY- AHAJMTHYHH IUIAT-
00y4YHUTEHH MJIAT- TeMH 32 o0paTHa aJIHU ACHCTEHTH (¢hopmu 32 naHHM
¢dopmu Bpb3Ka
Coursera Gradescope ChatGPT Brightspace
- pa3zHOOOpasue oT - MaIIMHHO OOydYeHne |- oOpaboTBa rojeMu - OHJIAMH KypCOBe
KypcoBe -pPBKOTVICHU 33aJaHMsl | KOJIMYECTBA JaHHH - IEPCOHATM3UPAHO
- CIISIUANIN3aIIN U -aBTOMaTU3UpaHEe  Ha |- IepCOHAIN3UPAHE o0yueHue
cepTupuKaT OIICHABAHETO - YYBCTBUTEIHOCT KbM |- HHTYUTHBEH HHTEpdEHC
- HHTEPAKTHBHO -oHJaitH 3amaun Bubble | koHTEKCTA - aHaNM3 Ha 00yUYeHHUE
oOyueHue Sheets - HENPEeKbCHATO 00ydYe- |- MOOMITHOCT U
- T'bBKaBOCT -IIOCTBITHOCT HHE JOCTBITHOCT
- MapTHHOPCTBA - MHOTOE3WYHOCT - aBTOMaTH3UpaHe Ha
- HHTETpUpPaHe OLICHSIBAHETO
- JOCTBITHOCT
edX Turnitin IBM Watson Blackboard
- KypcoBe U cepTu(u- |-OTKpHUBaHE Ha - pa3mo3HaBaHe U - aJalTUBHO 0OyUYeHHe
KaTh TUTaTHaTCTBO pasbupaHe Ha YOBEILKHU |- HHCTPYMEHTH 3a ChT-
- TOCTBITHOCT - MHTETpaIys ¢ yueOHH | e3UK PYIHHYECTBO
- MHOTOE3UYHOCT wiathopmu - MallIMHHO O0YyYeHHeE U |- OIICHSBaHE
- HHTETpaLys C - OT3MBH U OLICHSIBAaHE |aHAIM3 HAa JAaHHU - aHanu3 Ha o0y4YeHue
yaeOHu matopMu - pazHooOpazue oT - aHaJM3 Ha - IEPCOHATHM3UPAHE
pecypcu HACTPOCHHS - MaIadupyeMoCT
- pa3BUTHE - Cloud u Al ycnyru - IOCTBIIHOCT

Hsmounux: Cobcmeena pazpabomia

IlepcoHaM3upaHuTe 00YYUTEJHN MJIAT(HOPMH aHATU3UPAT MOTPEOUTEIICKUTE TaHHH, 32 J1a
MPEJOCTaBAT MHIUBUAYAIM3UPAHN KYpCOBE M YUeOHU IUIAHOBE, OTTOBAPSIM Ha HYXJIUTE HAa BCEKH
cryznent (Katsamakas, 2024). [Ipumepu 3a Takusa matdopmu ca Coursera u edX. Coursera e Bojera
OHJalH mnatdopma 3a oOyueHue, Mpeaaraia rojsiMo pasHooOpazue OT MHOTOE3MYHH KYpCOBE.
[TapTHHUpa CH C YHHBEPCHUTETH, OPTraHM3alMM W KOMIIAHHUM IO LEIHS CBAT, 3a Ja NPEIOCTaBH
BHCOKOKAYeCTBEHO 00pa3oBaTenHO chabpkaHue. [Ipeanmara Oe3rulaTHM M IIaTEHW KYypCOBE,

240



0aKkallaBbpPCKU W MaruCThpPCKU CTeneHH. VIHTerpupaHu ca MHTEPaKTUBHU TECTOBE, BHUJIEO JICKIIUH,
3aauu U AUCKycHOHHH (opymu. [Ipemnara ce Ha MHOXECTBO yCTPOMCTBA, BKJIIOUUTEIHO yeO U
moOmnHu npunoxkenus (Coursera). EdX e npyra onnaiin minardopma 3a o0ydeHHe, OCHOBaHa OT
XapBapJckusl yHUBEpCUTET U Macauy3eTckuss TexHojormdeH MHCTUTYT mpe3 2012 r. Ilpennara
Oe3MIaTHU U TJIATEHU KypCOBE MO PA3JIMYHU TUCHMIUIMHHU, BKIIOYMTEIHO KOMIIOTHPHU HAYKH,
Ou3HeCc, XyMaHWTAapHU HAayKd W 3JpaBHH Hayku, mporpamu MicroMasters u mpodecruoHaTH!
ceprudukaru. EAX npennara mbJIHE OHJIAlH MporpaMu 3a 0akallaBbpcKa U MaruCThpPCKa CTETCH, U
MicroBachelor nmporpamu 3a HaunnHaemu B Kapuepata. ChIabpika BHACO JEKIIMH, HHTECPAKTHBHO
ChIIbpKaHuE U olleHsIBaHu 3a1a4yn. [natdopmara noaabp:ka MHOIOE3UYHO ChIAbPKAHKE U € OTINYEH
n300p 3a MOBHILIABAaHE HA YMEHHTA U U3CIIE/IBaHE HA MHTEpECUTe Che coocTBeHO Temro (edX).

HNHTeMreHTHUTE CHCTEMHU 32 00paTHA BPb3Ka MOTaT aBTOMAaTUYHO Ja OLEHSIBAT paboTH U J1a
MPEOCTaBAT KOHKpEeTHA 00paTHa BPb3Ka, CIIECTABANKY BpeMe Ha IPENoIaBaTeINTe U OCUTYpPsBAiKU
Obp3a oueHka 3a cryaeHture. [lpumepn 3a TaksB Tun miatdopmu ca Gradescope u Turnitin. Grad-
€scope € MHOBATHBEH OHJIAaWH HMHCTPYMEHT, IpEeJHa3HaueH Ja paluoHalu3upa MpOLEecUTe Ha
oueHsBane. [lomara 3a cnecTsBaHe Ha BpeMe, OCHIypsBa MOApoOHa oOpaTHa Bpb3Ka HU
MOCJIEZIOBATEHOCT MpHU OleHsiBaHeTo. M3mon3Ba MammHHO oOyueHue 3a rpynupaHe Ha MOJ00HU
OTTOBOPH, KOETO [TO3BOJISIBA HA MPEIO/IaBaTEINTE J1a OLIEHABAT e()eKTUBHO U MTOocliejoBaTeIHo. Moxe
7la ce UHTETpHpa ChbC CUCTEMH 3a yrpasiieHue Ha ooyuenueto (LMS) karo Canvas, Blackboard, Moo-
dle u pasnonara ¢ yno6en 3a norpedurens uarepdetic (Gradescope). Turnitin e MUPOKO U3MOI3BAH
MHCTPYMEHT 3a OTKpUBAHE Ha IJIarMaTCTBO U MOJIIOMAaraHe Ha oueHsBaHeTo. HackpuaBa eTnuHUTE
MPAaKTUKH 32 MUCAHE, CPABHSBA MaTepUalIU ¢ OOImMpHA 0a3a JaHHU OT aKaJeMHUYHU JOKJIAAU U yeo
ChIIbpKaHue, Mo{4epTaBa ChBIAACHUATA U IPEIOCTABs MPOLIEHTEH Pe3yTaT 3a UAeHTUDUIIUPAaHE Ha
MOTEHITMATHU TipooemMu. PaboTu ¢ oOCHOBHHTE cucTeMH 3a yrpaBieHue Ha ooydeHueTo (LMS) karo
Canvas, Blackboard u Moodle. BpBegenu ca HHCTpyMEHTH 3a OTKPHMBAaHE Ha TEKCT, TEHEPHPAH OT
Al, xaro to3u ot ChatGPT. Ilommbpka momaBaHWs HAa MHOXECTBO €3WIIM, Pa3IIUPSIBANKN
n3no3BaeMocTTa My 1o menust cBAT (Turnitin).

Yar60oTOBE M BUPTYAJHH ACHCTEHTH Ca CUCTEMHU, KOMTO MOTaT Jia OTTOBapsAT Ha BBIIPOCH, J1a
MOJIIOMarar aJMUHHUCTPATOPCKU 33a/1a4M M Ja MPEJOCTaBAT WH(pOpMaIMs 32 KypcOBE U PECypCH.
TaxuBa cucremu ca ChatGPT u IBM Watson. ChatGPT e ycpBbpiieHcTBaH pasroBoper Al monern,
paspaboren ot OpenAl, npeaHa3HayeH na pa3dupa M reHepHpa YOBEIIKHM TEKCT B OTTOBOp Ha
BBBEXKJ1aHE Ha TeKCT. Tol ce 3axpanBa oT apxutektypara GPT (Generative Pre-trained Transformer)
Y Ma IIUPOK CIEKTHP OT MPUIIOKEHHUS, OT OTTOBapsSHE Ha BHIIPOCH /10 TBOPUYECKO MUCAHE, KOJAUPaHe,
oOydeHue u Apyru. Moske 1a ce Brpaxkaa B MPUIIOKEHHS, yeOcalToBe Wi HHCTpyMEeHTH upe3 API
Ha OpenAl. ChatGPT ce wu3mons3Ba mUPOKO 3a JIMYHA TPOJYKTUBHOCT, OOydeHHME W Om3HEC
npunoxenus (Hetler, 2024). CnectsiBa BpemMe U ycuius, U 1oxo0psiBa e(peKTUBHOCTTA NPU aHAIN3
Ha JaHHU, ocobeHo ¢ Big Data (Lee, 2024). IBM Watson e yChbBBPIIEHCTBaH NAaKET OT UHCTPYMEHTH
u ycnyry, 6asupanu Ha Al, paspaborenu ot IBM. Toli e npeaHa3HayeH aa MoMorHe Ha Ou3Heca U
OpraHU3aIMHTE J1a M30JI3BAT CHUIIaTa HAa M3KYCTBEHUS MHTEIIEKT 3a PelIaBaHe Ha MPOoOJIeMH, B3eMaHe
Ha pemeHus: U uHoBanuu. [lognbpka 4atO0OTOBE, BUPTYATHH ACUCTEHTH U €3MKOBH MPUIOKEHUS.
[Ipemmara Watson Natural Language Understanding 3a ananu3 Ha HacCTpoeHHETO. Y ciryrute Ha Wat-
son Al ca naimmunau B IBM Cloud u apyru mnatdopmu, KOETO TO TIPaBH JOCTHIIEH 32 XHOPUIHU U
Myntu-o6saunu cpenu (IBM).

Upe3 aHaauTHYHM miIaTgopmMu 3a AaHHM Al aHanu3upa CTYAEHTCKUTE [aHHHU, 3a Ja
UACHTUUIMPA PUCKOBH (aKTOPH M Jla Ipeasiara peuieHus 3a moaoopsiBaHe Ha yueOHMS IMpoLec.
[Tpumepu 3a TakuBa riatdpopmu ca Brightspace u Blackboard. Te npencraBnsBar UsaoCTHH CUCTEMH
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3a ynpasieHue Ha ooydenueto (LMS), paspadorena ot D2L (Desire2Learn). Ch4yeTaBaT rbBKaBOCT,
MoJiepHU (YHKINHU, HAASKIHU aHAIU3HU U UMaT UHTYUTHBEH HHTepQeiic 3a ch3aBaHe, yrpaBliecHHE
U MpOBEXJaHe Ha Kypcoe. [103BoNsSBAT Ha MpENOAaBaTENNTE Ja MPEJOCTaBAT MEePCOHATU3UpaHA
oOparHa Bpb3Ka. [IpeocTaBsaT aBTOMaTH3MPAHO OIEHSIBAHE 32 TECTOBE M HAKOU 3a1auu. HambiiHo ca
CBBMECTUMHU CBhC CTaHAAPTHUTE 3a AocTbIHOCT kKaro WCAG u ce uHTerpupar ¢ Ipyru HHCTpyMEHTHU
kato Zoom, Microsoft Teams u Google Workspace. [Togaspxatr SCORM, LTI u xAPI crangaptu 3a
orepaTuBHA CBBMECTUMOCT Ha ChIbp)kaHue u nanHu (Brightspace).

3. NIPEAUMCTBA U HEJOCTATBHIU HA BHEAPABAHETO HA U3KYCTBEH
HUHTEJIEKT B ObPA3OBAHUETO

HNHcTpyMeHTUTE Ha M3KYCTBEHUS MHTETICKT HABITU3aT B MHOXKECTBO aCTIEKTH OT 00pa30BaTEITHUS
MpoLIeC ¥ HEU3MEHHO MPOMEHST TpaauIoHHOTO oOpazoBanue (Hi¢, 2024). Ilpunaranero Ha Al B
00pa30BaHUETO OKa3Ba rOJISMO BIHSIHUE BPXY U3IIBIHCHUETO HA aIMUHUCTPATUBHU U YIIPABICHCKH
GbyHKIMH, yIeCHsBAa U3MBJIIHEHHETO HA MHOTO 331a4d M TTO100psiBa €PEeKTUBHOCTTA HA 00YUECHUETO
(Arumugam, 2024). 3KyCTBEHUST WHTEJICKT J1aBa BH3MOXKHOCT 3a HAOJIOJIeHWE Ha HaIlpeabKa B
0Oy4YeHHETO W M3IOJI3Ba ACHCTCHTH M OTYETH, 3a Ja MOoJo0pH CIOCOOHOCTTa Ha CHCTEMara Ja
aJanTupa ChIbPKAaHUETO KbM HYXKIUTE Ha oOpa3oBarenHus mpouec (Krsti¢ et al., 2022). Ha ¢urypa
3 e mpeacraBen SWOT ananu3 Ha Bb3MOKHOCTHUTE, 3allIaXUTE, CUITHUTE U CTa0UTE CTPAHU 11O OTHO-
IIICHHE Ha BHEAPSIBAHETO HA U3KYCTBEH MHTEICKT B YHUBEPCUTETHUTE.

CnHK cTpaHm Cnabu cTpaHu

- NEPCOHANW3HPAHE Ha - AMNca Ha aosepHe B Al
ofByueHueTo
- HAMANABAHE Ha

- NogoOpABaHe Ha KpeaTMBHOCTTA

edeHTMBHOCTTE

- HeobxogumocT oT
- OTHPMEBAHE HA HOEM

obyyeHWe Ha
MOOENH
NpenogasaTenure
- ChEpPEMEHHA NOATOTOBKA
3annaxm

BBb3mMOoMHOCTH
- OTKAOHEHWA B

pE3YNTATHTE, NOPaaM
TDEWHM JaHHK

- NogoOpABaHE Ha
HOMYHMHALMATE MERIY

CTYASHT W Npencaasaren
- PMCK OT 38BMCHMMOCT KbM
Al

- €THYHK M NpaEHHA
BoNpoCcH

- GHAMW3 Ha CMNHK W cnabm
CTpaHH B 06yYeHHETD
- Cb3[ABaHE HA BHUPTYaNHK

ACHMCTEHTH
- PMCK OT 2noynoTpebu

®urypa 3. SWOT matpuna Ha Bb3MOKHOCTHTE, 3aIIaXHTe, CHJIHATE H ¢JIAa0MTe CTPAHHU 110 OTHOIIIe-
HHE HA BHEIPSIBAHETO HA U3KYCTBEH HHTEJIEKT B YHUBEPCUTETHTE

HWsmounux: Adanmuparn om (Borisov and Stoyanova, 2024)
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KbM cunnume cmpanu Ha M3MON3BaHETO HAa U3KYCTBEH MHTEJEKT BbB BHUCILIETO O00pa3oBaHUE
cnaga (pakThT, Y€ YHUBEPCUTETHUTE pasIojiaraT ¢ TojeMu 0a3u JaHHU, BKIIOYUTEIHO U3CIIEIBAHUS,
KOUTO MOraT Jia ce M3I0N3BaT 3a oOyueHne Ha Al cucteMu 3a mepcoHaIM3UpaHe Ha 0OyuEHHUETO,
nofo0psiBaHe Ha €PEeKTUBHOCTTAa M OTKPUMBAHE HA HOBH MOJICNIU 3 U3CIEIBAHUS. Y HUBEPCUTETUTE
NEPUOJIMYHO AKTYaJIU3UpAT CBOUTE YUeOHU MPOTpaMu, MOATOTBANKN CTYACHTHUTE 3a podecunuTe Ha
Opnemero. Te morar nma mpejarat nporpamu 3a u3KyctBeH mHTtenekt (M), kakto u KypcoBe 3a
HaArpaxkaamo odyuenue 3a padotemu. Karo nHCTUTYIUS, TOCBETEHA HA MOJArOTOBKATa Ha CTY/CH-
TUTE 3a ObJAeUIs na3ap Ha TpyJa, YHUBEPCUTETUTE ca CKIOHHU Ja U3CJIeBaT U IpUeMaT HOBH TeX-
Hosioruu kato Al. YHuBepcureTuTe npejiarat ujeaiHa cpeia 3a U3CIeABaHUS U €KCIIEPUMEHTH C
Al cucremu B B paboTaTa B HayuHata cepa, a CTyICHTUTE MOTaT J1a a/laT CBOEBpeMeHHa o0paTHa
BpB3Ka U Jla y4yacTBar B Ipolieca Ha pa3paboTBane u TecTBane Ha Al cuctemu. Kvm crabume cmpanu
Ha BHEPSBAHETO HA M3KYCTBEH MHTEJIEKT B 00pPa30BAHUETO C€ MPHUUYMUCIISABA JIUICATA HA JOBEPHE U
Ae3uH(pOpMaLuATa Ha HAKOU MPENoAaBaTeNd U CTYIACHTH, OTHOCHO paboTara Ha Al u ToBa Kak ce
reHepupa chabpkaHue. 3a epeKTUBHO n3noiI3BaHe Ha Al HHCTpyMEHTHTE, IpernoaaBaTeanuTe TpsiOBa
na ObpaaT 00ydeHHU, KOETO M3HMCKBA BpeMe U pecypcH. [Ipexkomeproro pazuntane Ha UM moxe na
JI0BEJIE 10 HaMaJIsiBaHE Ha KPeaTUBHOCTTA, HA KPUTUYHOTO MUCJICHE U eMOLIMOHAIHATA UHTEJIUT €HT-
HOCT Ha y4YalluTe, ¥ 0 YBeJIMYaBaHe Ha OMUTHUTE 3a Iarua3zbm. M3KyCTBEHUAT UHTENEKT Mpeaoc-
TaBsl MHOXKECTBO 8b3MONCHOCHIU B CHBPEMEHHOTO 00YU€HH, KaTO 10100psiBa KOMYHHKAIMATA MEXKTY
MPEeroIaBaTeNld U CTYACHTH, Ype3 aBTOMATUYHN HAIIOMHSHUS, aKTyaJIM3alliy HA HaNpeabKa U 1ep-
COHAJIM3UpaHU chBeTH. Al ccTeMuTe Morar Jja ce M3MoJI3BaT 3a aHAJIM3UPaHE Ha JaHHU 33 00yueHHe,
3a J1a ce uACHTUUIMPAT 00JacTH, B KOUTO MPENOoJaBaHeTO U yUEeHEeTO Morar aa ObaaT noJo0peHHu.
Ta3u napopManus MOXKe 1a ce MU3MOoJ3Ba 3a pa3paboTBaHe HA MO-CEKTHUBHU yU4eOHU TPOTpaMHu U
pecypcu. Al Moxe 1a aHanu3upa CUITHUTE U CIa0UTe CTPaHU Ha OTJIETHUTE CTYEHTH, TEXHUTE CTH-
JIOBE Ha Y4Y€HE M TEMIIOBETE Ha HampeabK. ToBa 1aBa Bb3MOKHOCT 3a Ch3aBaHe Ha MEPCOHATU3U-
paHu yueOHU MJIaHOBE, KOUTO OTTOBApST HAa YHUKATHUTE HYK/IU Ha BCEKHU CTyAeHT. CTyIEHTHUTE 1O-
Jy4yaBaT yueOHU MaTepHaly U 3aJaud, aJJalTUPAHU KbM TEXHUTE CIIOCOOHOCTU M HANpPEeIbK, KOETO
no00psiBa MOTUBALIMATA U pe3yaTaTtuTe. Al cucTeMuTe MoraT J1a ce U3MOJI3BaT 3a Ch3aBaHe Ha BUP-
TyaJIHH aCUCTEHTH, KOUTO MOTaT J1a MPeJOCTaBsAT He0OXo1uMaTa MoMoIll ¥ 1a OTTOBAPST Ha BBIIPOCH,
CBBbp3aHU ¢ yueOHUs mporec. CucteMuTe, U3M0J3Bal U3KYCTBEH HHTEJIEKT ce 00ydaBaT OT TOJIEMHU
Ha0OpHU OT JaHHH M aKO TE3M JIaHHM ChIbP)KAaT OTKIOHEHUS, TOBA MOXKE J1a JIOBEJIE 0 HEBEPHHU pe-
3yntatu. ChILIECTBYBA puck OT pa3BUTHE Ha 3aBUCHUMOCT KbM MU, koeTo Moxe Aa 1oBese 10 Hama-
JsiBaHE Ha KPUTUYHOTO MHUCJIEHE M YMEHMSITA 3a pelllaBaHe Ha MpoOiieMu, HaMalsiBaHE Ha Bb3MOX-
HOCTHUTE 33 KOMYHHKAIIUS JIMIE B JIULE, CbTPYJHUYECTBO M M3rpa)kJaHe Ha OTHOILIEHUS, KOUTO ca
BaYKHU aCIEeKTH Ha oOpa3oBaTenHus mnpoiec. ToBa MOXe Ja MOBIUsE HEraTUBHO BbPXY ISUIOCTHATA
oOpa3zoBaTenHa cpefa M pesynratute. M3momsBanero Ha Al B 00pa3oBaHHETO MOBAMIra peauIia
€TUYHH BBIIPOCH, KATO HAPUMEP KO KOHTPOJIMpPA U UMa JAOCTHII JIO JAaHHUTE Ha MPEToAaBaTeNd U
CTY/ICHTH M KaK ce M3noi3Bar te3u aanHu (Borisov and Stoyanova, 2024). Makap n1a chIecTByBatT
M3BECTHHU HEJOCTAThLH, M3KYCTBEHUAT MHTEJIEKT HaOUpa cujla B pa3BUTUETO CH U BUCIIUTE YUCOHU
3aBesieHUs TpsAOBa Aa paboTAT B MOCOKA U3MOJI3BAHETO HA HETOBUTE MPEIUMCTBA U HHCTPYMEHTH, 3a
Jla HaIpaBsT ChbBPEMEHHOTO 00pa3oBaHue eeKTUBHO 1 KOHKYpeHTHO (Bridgeport, 2023).

3AK/IIOYEHUE

N3KyCTBEHHST MHTENEKT Mpeiara 3HadnuTelleH MOTEHIA 3a TpaHc(hopMalus Ha BUCIIETO 00-
pa3oBaHUE upe3 NepCOHANM3UPAHE Ha YIeOHUS TIPOIIEC, TOA00pSIBaHE HA JOCTHIIA IO PECYPCH H OT-
TUMU3HpAaHE Ha aJMUHUCTPATUBHUTE 3a1auyd. VIHTEIUTeHTHUTE CHUCTEMH OBP30 MPOMEHST
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00pa3oBaTeTHUTE MHCTUTYIIMH Ha BCHYKU HHMBA Ha 00pa30BaHMeE, 3a 1a TOMOTHAT HA XOpara Jja y4Jar
e(eKTHBHO U J1a IOCTUTHAT cBouTe yueOHu 1enu (Alomari et al., 2021). biarogapenue Ha U3KycTBe-
HUS HHTENIEKT IPOrpaMHTe 3a MperoiaBaHe ¥ 00yueHue CTaBaT Bce MO-yChBbpIIeHCTBaHU. KbM Tpa-
JIUIAOHHUTE MPAKTHKHU BbB BUCILIETO 00pa3oBaHue ce 100aBAT Al TEXHOIOrHH, KOUTO Ja YIECHIBAT
Hayuynus npouec (Krsti¢ et al., 2022). Criopex HanpaBeHHs aHAIU3 Ha CUCTEMHUTE, U3IIO0JI3BAaHU BHB
BUCIIETO 00pa3oBaHME, MHTETpUpaHeTo Ha Al MMa moTeHIMana 1a mogo0pu pe3yaTaTuTe B CHUCTe-
Mara Ha BHCIIETO 00pa3oBaHue. 3aeJHO C BCHYKH IPEIUMCTBA, BHEAPSIBAHETO HAa TE€3U TEXHOJIOTUH
MIOCTaBS MPEIU3BUKATEIICTBA, KATO €THYHM BBIIPOCH, 3aIlIMTa Ha JINYHUTE JTAHHU U HEOOXOJMMOCT OT
npodecroHaiHa moaroroka Ha npemnoaasarenute (Slimi and Villarejo-Carballido, 2024). Ipuara-
HETO Ha U3KYCTBEH MHTEJIEKT € B €Tall Ha pa3BUTHUE, KaTO CIIE/BA Ja CE€ OTYETaT IMPeAN3BUKATEIICTBA
U J1a Ob/IaT MMOCTaBEHU OrpaHMUYCHHs 1 HOpMU Ha u3noa3BaHe (Rahiman and Kodikal, 2023). Crneasa
Ja ce Ipociean pa3pabOTBAHETO HA €TUYHU HACOKH 3a MPUJIAraHETO Ha M3KYCTBEH MHTEJCKT BHB
BHUCIIIETO 00pa3oBaHKe, CBbP3aHH C TOBEPUTEIHOCTTA, CHTYPHOCTTA U IPUCTPACTHUATA U 1A OCUTYPSIT
pamka 3a edekTUBHO u3non3Bane Ha M BBB BucmeTo oOpa3zoBaHue.

BbIIAI'O/JAPHOCTH

Tosa uscnedsane e nanpaseno 6 pamxume na npoexm HITH-65/2023 ,, Hzkycmeenusm unmenekm 6 no-
MOW, HA XOPAMa ¢ Y8PelCcOAHUsL NPU OCUYp8ane Ha OUSUMATIHA OOCHMBIHOCH 8 npoyeca Ha 00yyYeHUe b8
sucuemo obpazosarue “.
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IMPUJIO’KEHUME HA JIOKAJIHO SEO 3A IIOJOBPABAHE HA BUIUMOCTTA
N KOHKYPEHTOCIHOCOBHOCTTA HA MAJIKMSA 1 CPEJAEH BU3HEC
B IUT'UTAJIHATA EPA

Sna IlanueBa

Hkonomuuecku YHuBepcureT — Bapua/Karenpa ,,Mudopmatuka“, BapHa, beiarapus,
yana.pancheva@ue-varna.bg

PE3IOME

B cvepemennama oueumanna cpeda mecmuume OUsHeCU ca UNPAGeHU npeo Hapacmeawa KOHKypeHyus
KAKmo om 2100aiHu KOMRAHUY, MAaka u om opyau dusnecu @ mexuus pecuon. Jloxannama SEO onmumuzayus
ce npespvuya 6 Kowosa cmpameus 3a markume u cpeonu npeonpusimus (MCII), koumo yensim 0a nodobpsm
CB0SIMA BUOUMOCHL U KOHKYPEHMOCNOCOOHOC HA Pe2UOHATHO HU60. Pesynmamume om uzciedsanemo noxas-
sam, ue ype3 npunazaremo Ha 0oope nacoueru roxainu SEO cmpamezuu, MCII mocam 0a ysenuuam ceoemo
OHNIAlH NpUcbcmeue, 0a NPUGIeKam nogeue MeCmuu KiueHmu u 0a no0oopsam c60Ama KOHKYPEeHmMocnocoo-
HOCM 6 OUSUMATHAMA enoxa.

Knrouoseu oymu: noxanno SEO, manku u cpeonu npeonpusmusa (MCII), manvx 6usznec, cpeden busnec,
BUOUMOCH.

APPLICATION OF LOCAL SEO TO IMPROVE THE VISIBILITY AND
COMPETITIVENESS OF SMALL AND MEDIUM-SIZED BUSINESSES IN THE
DIGITALAGE

Yana Pancheva

University of Economics — Varna/Department of Informatics, Varna, Bulgaria,
yvana.pancheva@ue-varna.bg

ABSTRACT

In the contemporary digital environment, local businesses face increasing competition from both global
companies and other businesses in their region. Local SEO optimization is becoming a key strategy for small
and medium-sized enterprises (SMEs) aiming to improve their visibility and competitiveness at a regional
level. The results of the study show that by implementing well-targeted local SEO strategies, SMEs can
increase their online presence, attract more local customers, and enhance their competitiveness in the digital
age.

KEYWORDS: local SEO, small and medium-sized enterprises (SMEs), small business, medium business,
visibility.

BBBE/IEHUE

Jururanuzanusara Tpancopmupa 6usHeca, kato jokarHoTo SEO ce mpeBpbIina B OCHOBHA CTpa-
terus 3a mankurte u cpeauu npennpustus (MCII), kouto ce cTpemsTt ga ObIaT KOHKYPEHTHH B pe-
ruoHajneH kKoHTekcT. C okoino 46% ot Tepcenusita B Google, HacoueHU KbM JIOKaJTHU HaMEpEeHMUs,
ONITUMHU3AIHMSTA 32 KOHKPETHU reorpad)CKu PErHOHU € OT pellaBailo 3HaueHUE 3a JJOCTUTAHE 0 MeC-
THU KJIHeHTH. To3u HOoKIaa u3cienBa npuioxkeHnero Ha JokanHo SEO 3a mogoOpsiBaHe Ha OHIIAHH
BUJIUMOCTTA, Tpaduka u aHraxxupanoctra Ha MCII B qururannara emoxa.
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1. OCHOBHU KOMIIOHEHTHU HA JIOKAJIHOTO SEO. TIPUJIO’)KEHUE HA
JIOKAJIHOTO SEO 3A MAJIKUSA U CPEJAEH BU3HEC

3a ycnenrHoTO mpuiiarane Ha jiokamHo SEO e Heo0X0ouMo J1a ce To3HABAT OCHOBHUTE KOMIIO-
HEHTH, KOUTO BIIMSAAT HA paHKUHTA Ha OM3HEca B pe3ylATaTUTe OT ThpceHeTo. Cpel TAX ce BKIIYBAT
Google My Business (GMB): Ontumuzanusita Ha npoduina B GMB e 0CHOBEH aceKT Ha JIOKaJTHOTO
SEO. IpodwmrsT BKIFOYBA HH(MOPMAITUS 32 MECTOIIOI0KEHUETO, pa0OTHOTO BpeMe, CHUMKH Ha Ou3-
Heca U OT3MBHU OT KJIMEHTU. ToBa momara Ha MOTpeOUTENUTEe 1a HaMUupaT Ou3Heca Mo-JIECHO B Thp-
caukute u Ha Google Maps.

OT13uBH Ha kiauenTH: [lonoxurenaure or3uBu B matdopmu karo Google, Yelp, u Facebook
UTPasT KIF0UOBA POJIA 3a JIOKATHOTO KiacupaHe. Te He camo mogo0psBar penyranusara Ha Ou3Heca,
HO U MOBUIIIABAT JOBEPUETO HA HOBH KIIMEHTH.

Jlokaanu kiar4yoBu Aymu: ONTUMU3ANKITA HA ChIBPKAHUETO B yebcaiiTa u OJIOTOBETE Ype3
M3MOI3BaHe Ha JIOKAJTHU KIIOYOBU yMHU € Ba)KHA 33 MPUBJIMYAHE HA JIOKaTHaTa ayautopus. M3mon-
3BaHETO Ha reorpadcku crienupudau gymMu kato "pecropantu B Codus" win "mekapHa BpB Bapna"
nmomara Ha Ou3Heca Ja ce MOSIBU B Pe3yJITaTUTE Ha JIOKATHOTO ThpPCEHE.

Jlokannu nuHkoBe: [loydaBaHeTo Ha TUHKOBE OT JAPYTH JJOKATHU OM3HECH, HOBUHAPCKU Caii-
ToBe u Os1oroBe € MorieH SEO dakrop. JIokamHuTe BpB3KH UTpasT pojs HE CaMo 3a yYBeJMYaBaHe Ha
Tpaduka, HO U 3a IOBHINIABAHE HA PAHKUHTA B ThPCAUKHTE.

®urypa 1. JlokajeH JMHK B THUPEKTOPHS 32 JOKAJTHHU 3aBeleHus BbB BapHa

M3mounux: booky.bg C memoo na mvpcene: Pecmopanmu Bapna

Hoxkato rmo6annoro SEO ce ctpemu Aa yBeanuy BUAMMOCTTA Ha OM3HECA Ha MEXKTYHAPOIHO
HUBO, JoKamHOTO SEO e HacoyeHO KbM MPUBIMYAHE HA KIMEHTU OT ONMu3KuUTe reorpadcku pa-
rionn. Jlokamnoto SEO ce ¢okycupa BbpXy crenu(PUIHA MECTOIMOJI0KEHUS, KaTO ONTUMH3HpPa
KJIFOUOBU JTyMH C JIOKQJTHO 3HAaY€HUE U U3noi3Ba miatdopmu karo Google My Business. OcHoB-
HaTa pa3iuka e, ue rnmodanaoro SEO ce KOHKypupa 3a MO3UIMHU B TII00aTHATa Thpcayka, JT0KaTo
nokanHoto SEO akneHTupa BbpXY MPENOCTaBIHETO HA MHGOpMalus 32 GU3NISCKH Mara3wHH,
pecTopaHTH, NeKapHHu, KadeHeTa U YCIYTH B KOHKPETEH PEeruoH.
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®durypa 2. [Ipumep 3a ThpceHe ¢ KJI04Y0Ba Ayma 'pectopantu’ B Google.com, npu xoeTo
He e 32/1a/leHa KOHKPETHA JIOKAIUs ¢ Pe3yJITaT B IJ100aJ1HOTO ThpPCeHe.

Hsmounuk: google.com C memoo na mvpcene: Pecmopanmu

durypa 2 mokaszBa pe3yiTaT oT ThpceHe B Google.com ¢ n3nos3BaHe Ha KJIr0YoBaTa AyMa “pec-
TopaHTH”’, 0€3 Ja € 3aJaJeHa KOHKpeTHa Jiokamusa. Bs3 ocHoBa Ha IP aapeca, Google npenocrass
pe3yaTaTtu KakTo 3a Bapna, Taka u 3a Codusi. B cnydas He € yTOUYHEHO B KOW Tpaj WU KaKbB BU]T
pectopant ce TbpcH, Ho Google My Business aBTOMaTHYHO IIIe TIPEIOKH Pe3yITaT, KOUTO ChOT-
BETCTBAT HA TEKYIIIOTO MECTOIOJIOKEHHE Ha oTpeduTes. [logpodHo pasriexnane Ha MOg00HO Thp-
CEHe € IpejcTaBeHo BbB Purypa 3.

®@urypa 3. [Ipumep 3a ThpceHe ¢ KJa04Y0Ba Ayma 'pecropant’ B Google.com, npu KoeTo He e 3aj1a-
JeHa KOHKpPeTHAa Jiokanus ¢ pe3yarat B Google My Business.

Hsmounuk: google.com C memoo na movpcene: Pecmopanmu
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Mankute 1 cpeJHU TPEANPUATHS UTPAAT BayKHA POJii B MKOHOMHKATa Ha Besika cTpaHa. Criopen
nanau Ha EBpoctat, MCII cberaBmsiBar 99% ot Bcuuku OusHecH B EBpomnelckus chio3 M OCUTypsSBaT
Hax 65% ot pabotauTe MecTa (EBponeticku napnament, 2024). Boiipeku ToBa, T 4ECTO ce CObCKBAT C
NpEeIM3BUKATEIICTBA PU KOHKYPHPAHE C MO-TOJIEeMU KOMITAaHWH, KOUTO PA3Iojiarar ¢ oBeve pecypcu 3a
MapkeTHHT U pexiama. Jlokainnoro SEO npenocrass yHukainHa Bb3MokHocT Ha MCII na yBenuuar cBo-
ATa BUAUMOCT U KOHKYPEHTOCIIOCOOHOCT, KaTO HAacO4aT MAPKETWHTOBUTE CH YCHIIHS KbM JIOKAJTHUTE
notpeduTenu. ToBa € OT 0co0eHO 3HaUeHUE 3a (PUPMH, KOUTO PA3YUTAT HA JIOKATHHA KJIMEHTH, KaTo pec-
TOPaHTH, TIEKapHU, (PPU3BOPCKU CaTIOHH U JPYTH BUIOBE OM3HECH, KOUTO Tpeasarat (GU3HIecKH yCIyru
Ha Mscto. OCHOBHHTE npeaAnMcTBa Ha JiokastHoTo SEO e, ue To mo3BosisiBa Ha MaJIKUs OM3HEC Ja Ce KOH-
KypHpa C IO-ToJIEMH KOMIIAHUM Ha MECTHO HHBO. Upe3 ONTUMHU3AIMATA HA ChIbP’KaHUE U TIPHCHCTBHE B
JIOKaJTHUTE pe3ynTat oT Thpcene, MCII morar fa mpuBIieKaT HOBU KIIMEHTH U J]a YBEIUYaT MPOAAKOUTE
cu. Hskom OT KIII0YOBHTE MPEMMCTBA BKITIOYBAT MO-100pa BUMMOCT B JIOKAJTHUTE THPCEHMS, YBEJINUCH
TpapuK KbM (U3MUYECKUsI Mara3uH U MO-BUCOKA CTEMEH Ha aHTraKHpaHoCT Ha kiueHtute. Google My
Business e eana ot Hait-momrauTe miardopmu 3a tokarao SEO. Ts npegocTaBst BB3MOXKHOCT Ha OU3HECa
na ce nosiBsiea B Google Maps 1 i1a ce Kiacupa no-BUCOKO B JIOKATHUTE PE3YIITaTH OT ThpceHe. OnTumu-
3anusATa Ha Mpodriia BKIIIOUBA akTyalu3upaHe Ha OuzHec nH(opmalus, 100aBsHe Ha CHUMKH U BUJIEA,
KaKTO ¥ OTTOBOPH Ha OT3WBH. M3M0I3BaHETO Ha JIOKAIHU KJIFOYOBH JTyMH € €JHa OT Hall-Ba)KHUTE CTpa-
teruu B IokarHoTo SEO. ToBa BKIII0OUBa MHTErpalusaTa Ha AyMU U (hpaszu, KOUTO NOTPEOUTEIIUTE U3IOI-
3BaT NPH ThPCEHE Ha YCIYT'W WM MPOAYKTH B KOHKpETeH reorpadcku paiion. 3a na ObAaT yCHenHy,
OuzHecuTe TpAOBa 1a UASHTU(HULIUPAT U ONTUMH3HUPAT ChIBPXKAHUETO CU C (pa3u KaTo "0nm30 10 MeH"
WU CHIeUU(UIHY TpaIOBE U KBAPTAIH, KBJIETO MPEJIaraT CBOUTE YCITyTH.

®urypa 4. UaTerpanus Ha KJII0Y0BH IYMH B TEKCTOBeTe HA yeOcaiiTa 3a H0-100pa oNTUMHU3 A HA
HA JOKALUsATA.

Hsmounuk: www.godzila.bg

[IpoyuBaHeTO Ha KJIIIOYOBHU JyMH € OT OCHOBHO 3HaueHue 3a Bcsika SEO crtparerus. [Ipu no-
kanHoTO SEO, TO3M mpoIiec BKIIOUYBA OTKPUBAHETO HA TYMH U (ppa3u, KOUTO MOTPEOUTEIIUTE U3-
MOJI3BAT MPHU ThPCEHE Ha JIOKAJIHU YCIyru uiau npoayktu. Mucrpymentu karo Google Keyword
Planner, Ahrefs u SEMrush Morar ga ObxaT U3KIIOUUTETHO TOJE3HU 3a UACHTU(PUIIMpaHE HA
MOAXOAIINTE JTOKAJIHU KIOYOBU TyMHU.
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®urypa 5. TbpceHe Ha KIIOY0Ba JyMa “pecTOpaHTH BapHa” B copTyepa Semrush, koiiTo moka3sa
Tpaduka M HHTEH3UTETAa HA KJIIOYO0BHTE TyMH.

Mzmounuk: www.semrush.com

Ensu OT OCHOBHUTE KpUTEpUU TIPU M300pa Ha KIIFOYOBHU JyMHU BKIIFOYBAT 00€Ma Ha ThPCEHE, KaTo
TOBA M3MEpPBa KOJIKO YECTO JIaJieHa KIII0Y0oBa iyMa Ce ThPCHU B ompezesneH nepuoj. Hamepenue Ha not-
peduTeNs - TOKATHUTE KIIIOUOBH TyMHU TpsIOBa Jla 0Tpa3siBaT pealHUTe HaMepeHus Ha notpeburens. Har-
puMep, TOTpeOUTENN, KOUTO THPCAT "pecTtopanT BapHa', Hali-BEpOSTHO UCKAT J1a OTKPUAT JIOKAJICH Pec-
TOpaHT 3a noceiieHre. KoHKypeHIus - mo-HUCKa KOHKYPEHIIMS MOXKE J]a 03HauaBa Mo-rojisiMa BEposiT-
HOCT 3a MOCTUTaHe Ha MO-BHCOKH IMO3MILIMU B ThpcaukuTe. Mankure U cpeHu OuszHecHu TpsiOBa aa ce
(dokycupar BbpXy KIFOYOBH IyMU C yMEpPeHa KOHKYPEHIIMS, KOUTO BCE TIAK MMaT 3HAYUTEIeH 00eM Ha
ThpceHe. Cren kaTo OM3HECHT WACHTU(UIINPA TTOIXOIAIIUTE JOKATHUA KITFOUOBU TYMH, € BaXKHO TE J1a
6’bI[aT BKJIFOUCHU B CTPATCTUYCCKU IMO3ULUU HaA ye6C3.I\/’ITa, KaToO HAIIpuMCp B 3arjiaBusi, MCTadaHHHU, TCK-
croBe Ha crpanuny u onorose u URL anpecu. Hanmmunero Ha 6usnec B ,,Google Maps® e kirouoB ene-
MeHT 3a ycrex B jJjokamHoTo SEO. 3a na ce rapanTupa BUIUMOCT Ha OM3Heca B pesynrature ot ,,Google
Maps*, 6buzHechT TpsiOBa 1a Obe MpaBUiTHO onTuMuU3KpaH upe3 Google My Business, kakTo u upes3 Jo-
KaJTHH OHJIAMH KaTaso3u. Hskon oT Haii-100puTe MpakTHKU BKIFOYBAT - chbriiacyBaHocT Ha NAP (Name,
Adress, Phone), kareropuu B Google My Business KakTo ¥ OT3UBH U PEUTHHTH

2. CbABP/KAHUE, HACOYEHO KbM JIOKAJIHATA AYIUTOPUS. TIOKAJIHO SEO

Jlokanmaoto SEO u3uCcKBa ChbpKaHUE, HACOUCHO KOHKPETHO KbM HYXIIUTE U HHTEPECUTE HA MEC-
THata ayautopusi. ONTUMHU3AIMATA BKIIOYBA Ch3/1aBaHE HAa TEKCTOBE M MEJIUH, KOUTO Ca PEIEBAaHTHHU 3a
JIOKJIHUS T1a3ap ¥ ChAbPIKAT JOKAJTHU KIIOYOBH TyMH. ToBa MOXKe Jja BKIIOYBA OJIOT ITyOJIMKAIMKU 32
HOBHMHH ¥ CHOUTHS B PETMOHA, THI0BE 32 MECTHH YCIIYTH WJIM UCTOPUH 3a OM3HEca, CBbP3aHH ChC ChOT-
BETHATa OOLIHOCT. Y CIICIIHA CTPAaTerys € Ch3aBaHeTO Ha MHIVBHIYaJHN CTPAHHUIH 32 BCSKA JIOKAIIHS,
B KOSITO C€ MpeJyIarar yCIIyr'd — TOBa 3HAYNTEHO YBEJIMYaBa IIAHCOBETE 32 BUCOKO KJIACUPAaHE B JIOKAJI-
HHUTE ThpceHHs. Te3u CTpaHMIM MOTaT J1a BKJIOYBAT ONMCAHUE HAa YCIYTUTE 32 KOHKPETHUS! palioH, JIo-
KaJIHH MIPENOPBKH U CTICLHAIHY MpeaiokeHus. C HapacTBAIIOTO U3MOI3BaHe HAa MOOMJIHU YCTPOMCTBa
3a ThPCEHE Ha JIOKATHH YCIIyTH, ONTUMH3AIMATa HA MOOMJIHATA BEPCHS HA CaiiTa € OT ChIIIECTBEHO 3Ha-
yeHre. MOOHIHUAT caiiT TpsiOBa 1a Obe Obp3, JIECeH 3a HaBUrallus M ONTUMM3UPAH 3a JIOKATHH KITIO-
YOBHU JTyMH, 32 Ja TPUBINYA TOTPEOUTENNTE B ABMKCHHE.
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3. AHAJIN3, UBMEPBAHE HA PE3VJIITATUTE OT JIOKAJIHOTO SEO. BBJIELIIO
PA3BUTHUE

AHaMM3BT U U3MEPBAHETO Ha pe3ynratute oT JokaHoTo SEO ca 0T peraBaiiio 3HaueHHe 3a pa3ou-
paHe Ha eeKTUBHOCTTA HA ONTUMU3AIMOHHHUTE CTPATETUU U 32 HACOYBaHE HA OBJEIIOTO Pa3BUTHE HA
JMTUTATHOTO MPHCHCTBHE Ha On3Heca. Upes mHcTpyMenTH kato Google Analytics, KakTo € OKa3aHo Ha
®durypa 6, MOKe 1a ce Ipociien TpaUKbT, TPOU3XO0XKIAI OT KIIF0UoBH Jiokaruu karo Codus u BapHa
3a godzila.bg, koeTo e moka3arenaHo 3a ycnexa Ha JIOKaJTHaTa CTpaTerus. MeTpuKy KaTo M3TOYHMIIN Ha
Tpaduk, cecuu, MPOIBIKUTETHOCT Ha TIOCEIICHUETO W AeMorpad)CKy JaHHU romaratr Ha Ou3Heca aa
uaeHTuuIMpa Kbe JJokarHoTo SEO e Hail-e(heKTHBHO 1 KbJ1e MOKE JIa CE ONITUMH3UPA JOMTBIHUTEITHO.

®durypa 6. I'padguxa ot Google Analytics 3a nemorpadgckus Tpaduk Ha yeOcaiiTa godzila.bg, mo-
Ka3Balla, ye OCHOBHUAT Tpaduk uasa or Codus u Bapua.

Hzmounuxk: hitps://analytics.coogle.com/

B Obienie ce npenopbyBa nepruoJuuHO HabIr0AeHHE U OOHOBSIBaHE Ha KIIIOUOBUTE TYMHU, CBbP3aHH
C JIOKQJIHUTE THPCEHHUS, 3a Ja CE 3ara3u KOHKYPEHTHOTO npeauMcTBo. PazButuero Ha jokamHoto SEO
MOKE J1a BKJTIOUBA MO-HATATHIIHO NEPCOHATM3UPAHE HA ChABPIKAHUETO CIIOPE]] YHUKATHUTE PEANOYH-
TaHUS Ha pa3IMYHUTE PETUOHM, MHTETPAIMs Ha HOBH IUTAT(GOPMH 3a JIOKATHHU PEBIOTA U ONITUMHU3ALIU 32
rJ1aCoOBH TbPCCHUS, KOUTO CC YBCIIMYABAT.

3AKJIIOYEHHUE

[Tpunoxennero Ha mokaTHOTO SEO 3a MankuTe U CpeIHUA NPEINPUSITHS € OT ChILIECTBEHO 3HAYECHUE
3a TSIXHAaTa KOHKYPEHTOCIIOCOOHOCT B turuTanHara epa. C mpaBUIIHOTO M3IOI3BaHE HA CTPATETUH KaTo
ornrumu3anys Ha Google My Business, Tokanmn3upaHo Chabp)KaHUE U MOOMITHA ONITUMU3AIHS, OU3He-
CUTC Morar Jga HOI[OGpSIT CBOATa BUAUMOCT B JIOKAJIHUTC TbPCCHUA U J1a IIPUBJICKAT HOBU KIIMCHTHU. Tex-
HOJIOTUHUTC NNPOABILKABAT Id CC pa3BHMBAT, HO OCHOBHUTC IPUHIUIIA HA JIOKAJTHOTO SEO - AHTAXKUPAHOCT
C MCCTHATa ayauTopus, ICPCOHAIU3NPAHN TPCAJIOKCHUA U TOYHH JaHHU 3a MCCTOITIOJIOKCHUEC — OCTaBaT
KPUTHUYHO BaXXHU.

B Obaemie, OuzHecuTe, KOUTO ca TOTOBHU Jla CE aJalnTUpaT KbM HOBUTE TEHJCHIIMU U NPEIN3BUKa-
TEJICTBA, 11e ObJAT Te3H, KOUTO YCISABAT Aa 3ama3siT U JOPHU yBEIM4aT CBOS Ma3apeH A B JIOKATHUS
KOHTEKCT.
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PE3IOME

Cvbupanemo na unghopmayus u U36IUYAHENO HA 3HAHUSL OM Hesl e NPOoYec, 3aNe2HAL 6 OCHOBAMA HA H0BEUL-
xomo pazsumue. C egonOyuAmMa Ha MexXHoI0cUUme, Memooume 3a Oopagere ¢ OaHHU HeNPeKbCHATNO Ce HAOSPAIC-
dam u ycnodcHasam. Bvnpeku ue ¢ dueumannama enoxa panonazame ¢ 6CAKAKEU HO8U UHCMPYMEHmMIL, NOONOMA-
2awu npoyeca Ha no0OOp Ha OAHHU, KAKMO U NPAKMUYECKU HEOSPaAHUYEHIU KOIUYeCmaa UHpopmMayUs, ¢ 2onemume
0beMu Hapacmeam Kaxkmo mpyoHocmma 0a ce HaMepu CbWeCmeeHOmo, maKd U pUCKbm 0a CIaHem dcepmea Ha
HesepHu 3anucu. AKo HaAMame 3HAHUAMA Kak 0a ourmpupame OaHHUmMe NPAGUIHO U 0d u3eiedem 000aeeHa cmotl-
HOC Om msx, me HAMA 0a Hu caysxcam. Mmenno moea Hanaza no3Hasanemo 8 Obi00UUHA HA USIMOYHUYUMe HA
O0aHHU U 006pUmMe NPaKmuKy, KOUmo 8cexu uciedogamen mpsaoea 0a no3HAed, 3a 0d ROOOUPA camo HAli-NOOXO0-

osauomo 3a ceoume npoyusanus. Tazu usciedosamencka paboma ce npogexcoa kamo sacm om npoexkm Ne ITHH-
KC24-04-DCAAITM.

K/ITIOY0BH JIYMH: oannu, usmounuyu, suoose, unhopmayiis, usemuyarne

AN OVERVIEW OF THE DATA SOURCE TYPES

Martin Doynov’

! University of Economics — Varna/Department of Informatics, Varna, Bulgaria
martin.doynov(@ue-varna.bg

ABSTRACT

Collecting information and extracting knowledge from it is a cornerstone process of humanity’s develop-
ment. Along with the evolving technologies, the methods for handling data are also built upon and further
sophisticated. Despite the variety of modern tools, helping researchers in the process of data collection, as
well as the practically unlimited quantity of information at hand, the difficulty of finding substantial infor-
mation and the risk of falling victim to faulty records increases due to the sheer volumes of available
knowledge. If we do not possess the skills to filter data correctly and extract added value from the conclusions,
they will be of no use. This is what necessitates the need for deepened understanding of data sources and the
best practices essential to any researcher in order to pick only the most suitable material for their research.
This academic work was conducted as part of project Ne IHHU-KC24-04-DCAAITM.

KEYWORDS: data, sources, types, information, extraction

BBBEJIEHUE

[Tpeau npeanpreMane Ha CTBIIKH KbM 00paboTKaTa Ha TJaHHU, TPsIOBa J1a Ce ChCTaBH IIJIaH 33 TEXHUS
1o00p U /1a ce OLEHAT U3TOYHUIUTE, KOUTO I1ie ObJaT n3noi3BaHu. He BUHaru e Hy»HO /1a pasnosarame
C TOJIEMH KOJIMYECTBA JaHHU, HO U TSXHOTO ChIbp)KaHUE U CTPYKTYpa J1a ObJIaT MOAXO/ISIIM 32 HAILIUTEe
1emu. AKO TJaHHHUTE ChABPXKAT TPEIIKY, UM TEMAaTHKaTa UM HE ChBIIaJa C Ta3W Ha HAIIETO NMPOYyYBAHE,
LENUST MPOoIIeC Ce TPEBPBINa B Oe3MpeaMeTeH. 3aToBa € HY)KHO Ja MM03HABaMe Pa3InIHUTE TUTIOBE U3-
TOYHUIIM U J1a 3HAEM KAaKBO € HY>KHO, 32 JIa Clla3BaMe NPaBUIHA XUTUEHA Ha JTAHHUTE.
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Llen Ha nokiTaia e Ja 3amo3Hae ayJAuTOpUsITa C Pa3IMYHUTE BUIOBE N3TOYHHIIM HA TAHHH H JIa TH
CBIIOCTAaBH CIIOPE/I MPU3HAIUTE, KOUTO TH OTINYaBar enuH ot apyr. Ille 6paat m30poeHn MeTou 3a Ch-
OupaHe Ha JaHHU, 3a€THO C IPUMEPH 3a MPHJIOKESHUETO UM B Pa3iiueH KOHTeKCT. OCHOBEH pasrieaH
M3TOYHUK HA JIaHHU € CBETOBHATa Mpeka MIHTepHeT, mopau CBOSTAa JOCTHITHOCT, MOMYIISPHOCT U HETI-
PEKbCHATO yBeIMYaBall ce 00eM oT JanHu. OcobeHO BHUMaHKE ce 00phIIa BbPXY ChbBPEMEHHHTE MPO0-
JieMH Tipy ioadopa Ha uH(OpMaIus, CBbP3aHU ¢ Ka4eCTBOTO HA JAHHUTE U 00pabOTKaTa UM, KakTo U
ETUYHHTE U MOPAJHUTE MPOOJIEMH, CHITBTCTBAIIN YIOTpeOara Ha JINYHU JaHHH.

1. TUIIOBE U3TOYHUIIN HA JTAHHU

B nosedero n3cnensanus U3TOYHULIUTE HA JAHHU Ce AT Ha ABa ocHOBHU Tuna — IIbPBUYHU
u BTOPUYHMU (Bx. dur. 1). Kareropusupar ce cropea HaunHa UM Ha cbOupane. Kakro mozackassa
MMETO, TbPBUYHHUTE JJAHHH Ca OPUTHHAIHH U C€ ChOUpAT 3a IIbPBU BT, I0KATO BTOPUYHUTE JAHHH Beye
ca chOpaHu WM Ch3/1a1eHH OT Ipyru. OCHOBHOTO OTJIMYABAILIO €, Y€ ITbPBUYHHUTE JaHHU ca (PaKTh U ca
OPUIMHAJIHO Ch3/1a/ICHU, @ BTOPUYHUTE MTPECTABIIABAT aHAIUN3 X MHTEPIPETALNS HA TbPBUYHU JTaHHU.

[TbpBHUYHUTE TaHHU Ce CHOMPAT C LN pelllaBaHe Ha KOHKPETEH NMpo0JIeM U 0Tpa3sBaT PeaHOCTTa
B MOMEHTA. 32 pa3/iiKa OT TsX, BTOPUYHUTE JJAHHHU YECTO C€ OTHACAT O MUHAIN CHOUTHS U ca ChOpaHU
3a LIeNU, Pa3IMYHU OT pa3miIexaaHus npodseM. TepMUHbBT ,,[TbPBUYHM JAHHU ™ ce€ OTHACs 0 MH(pOpMa-
M1, Ch3/1aJIeHa OT M3CIIe0BATEls, TOKATO BTOPHYHUTE NPE/ICTABIISBAT BEUe HAIMYHH JaHHH, ChOpaHU
oT opranu3anuu wim arenuun (Mesly, 2015). IporiechT Ha cbOMpaHe Ha TbPBUYHM TaHHU U3MCKBA 3HA-
YUTETHU YCUIIUS M BpeMe. 3a pasifKa OT TOBa, CbOMPAaHEeTO Ha BTOPUYHU JaHHU € 3HAUUTEIHO M0-0bp30
1 JiecHO. VI3TOUHMIIM Ha MBPBUYHU JAHHU MOTaT Ja ObAaT MPOy4YBaHUS, EKCIIEPUMEHTH, HAOIIOICHNS,
BBIIPOCHULIY ¥ JIMYHU MHTEPBIOTA. B CHIIOTO BpeMe, BTOPUUHHUTE JaHHU OOMKHOBEHO CE YEPIAT OT W3-
TOYHUIIM KaTO MPABUTEICTBEHH MMyOJIMKaluy, yeOcaiiToBe, KHUTH, CTATUM B CIIMCAHUS U BBTPELIHA J10-

C )

kymeHranus (Ajayi, 2023).

C )

|
<> D D
(Durypa 1. Pa3neneﬂne Ha BUA0OBETEC UBTOYHUIIN HA JAaHHHU

Usmounux: geeksforgeeks.org (2024)

OCHOBHUTE pa3JIMKA MEXTy TbPBUYHUTE M BTOPUYHUTE JTAHHM ca W3Be/IeHH B Tabmimia 1.
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Taoamua 1.

CpaBHeHne HA IMbPBUYHUTE U BTOPHYHUTE JaHHU

[Ipu3Hak 3a cpaBHeHHE

II'bpBUYHU TaHHU

BropuyHu 1aHHu

Jannu, crOpaHu COOCTBEHOPHYHO OT

Jlannau, crOpaHu MpeIBapUTEITHO

OnpenesieHue .
H3CIIeI0BaTENs OT HSIKOH JpyT
Cw0panu HerocpencTBeHo npeay | CrOpaHu B HEOTIPEACTICH TICPHON
AKTyaJHOCT
MPOYYBAHETO B MHUHAJIOTO
W3rckea roisiMa aHraXUpaHoCT OT
CroxHOCT Ha chOMpaHe OmnpocreHo
CTpaHa Ha IPOyYBaTEs
Pa3zxon Ckbrio HxoHomudaHO
Bpeme Ha ch0npaHe Hwiro Kparko

Bumnaru crienpamsio HO)_'[6paHI/I 3a 1c-

Moke 1a He ca mo0paHu CIIeIH-

CnenuduyHocT

JIMTE Ha IPOYYBAHETO AJTHO 3 IETINTE Ha TIPOYYBAHETO
®opmar Heobpaborenu O6paboTeHn
TOYHOCT M HAIEAKTHOCT Bucoka ITo-Hucka

Hsmounux: (Wagh, 2024). Adanmupano om asmopa

IIbPBUYHUTE JAHHU nponsnm3ar OT MbPBUYHN U3TOYHUII Ha WH(GOPMAITHS, T.€. YEPIIAT Ce

AUPEKTHO OT IIBPBOM3TOYHHKA U Ca OPUTMHAIHU 110 €CTCCTBO. WscnemoBarensT 1p${6Ba Ja OTACHIHN I10-

BEUE CPEICTBA M CAMOCTOSTENHO J1a Ce TIOTPY/IHU 3a CbOMPAHETO U MpepaboTKaTa UM, HO PEe3yATaThT BU-

Har"v € o-TO4YCH U aKTYaJICH OT JaHHUTC, C’praHI/I OT BTOPpHUYCH U3TOYHHK. Hsxou Bb3MOKHHN MET OJH 3a

MOJIy4aBaHC Ha IbPBUYHHU JAHHU Ca YPC3:

* Anketa. CbCTOU ce OT IpeIBApUTEIIHO NOAOPAaHU BBIIPOCH, KOUTO OMBAT 3aJaJIeHU Ha OIpee-
JieHa 11esieBa rpyna. To3u MeToJ ce mpujiara OT W3Cieq0BaTe!, YaCTHH JIMIA, YACTHU U O0ILeCT-
BEHU opraHuszaiuu u ot npaurtenctBa (Mazhar et al., 2021). [Ipumep 3a TakoBa poy4yBaHe €
peOposIBaHETO Ha HACEIEHUETO, KoeTo B brirapus ce mpoBexia OHJIAH Ype3 caMOCTOsITeNIeH
OTrOBOP Ha BBIIPOCUTE OT CTpaHa Ha PECHIOHAEHTA, UK OT MHTEPBIOMPAIIL.

* HaGuronenue. ToBa e Hail-4ecTo M3MON3BaHATa MIPAKTUKA, OCOOCHO B MPOYYBAHUS, CBBP3AHU C
MOBE/ICHYECKUTE HAayKU. TO3U METO/T € 0COOEHO MOJIXOIAIL IIPU MPOYUBAHHS BBPXY CYOEKTH, KO-
WTO 110 HSKAKBa MPUYMHA HE Ca B ChCTOSHHE /1A MPEJICTaBsIT YCTHO CBOMTE UyBCTBa. [Ipumep 3a
npoy4yBaHe upe3 HaOo/ieHue € NpedposiBaHeTo Ha Oposi aBTOMOOWIIN, PEMUHABAILH TIPE3 J1a-
JICHa yJIHIIa 3a ompeiesieH nepro otT Bpeme (Mazhar et al., 2021).

* ExcniepumenTt. M3cienoBatessT 3aaBa npeiBapuTeIHO TapaMeTpUTe Ha cpesiaTa U HaburoqaBa
edeKTUTe 1 BBPXY JaJieH 00EKT. 3a 1a HIiMa ChMHEHHE BbB BEPHOCTTA HA HH()OPMALMATA, TIPO-
YUBaHETO TPsIOBA MO BB3MOXKHOCT Jia C€ MOBTOPHU, TECTOBATA Ipyma Ja Obje MpeiCTaBUTeIHA U
pesynrarute Ja ObAaT CpaBHEHH C KOHTPOJIHA TPYIa, KOSATO He € Omiia mojyiaraHa Ha eKCIepu-
MEHTA.

BropuunuTe 1aHHHU ca nHGOPMAITHS, TOTyYSHA OT MPEIBAPUTEITHO U3TOTBEHU N3TOYHUITH. 3a pa3-

JIMKa OT I'bPBUYHHUTC NaHHU, TYK HC y4aCTBaMC B IIPOLCCAa Ha TPOYUYBAHC, a4 [TOJTydaBaMC PCIYJITATUTC U

W3BOAMTE HAroToBO. Taka ce mecTsT BpEME U CpCACTBA, HO C€ PUCKYBAa M3IIOJI3BAHCTO HA HETOYHA WUIIN

octapsuia uHpopmanus. Te Morar Ja ca BbTPellIHH WM BbHIIHHU, B 3aBUCUMOCT OT TOBa Jajli U303~
BaMe MH(OpMAIHS OT ChIIlaTa OpraHU3alus, 32 KOSATO PaBUM IPOYYBAHETO.

BbTpenan u3ToYHAIM Ha TaHHHW ca MH(POPMAIIMOHHUTE CUCTEMH, U3TIOJI3BAHU OT OpraHU3aIUsATa
3a exemHeBHH oneparu, Hanpumep CRM, ERP, cueroBomnu, ¢uHAHCOBM CHUCTEMH, CHCTEMH 3a
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KOHTPOJI U MOHUTOPHHT U Jip. BhTpennuTe n3rouHuiy He ca myOJIM4HO A0CTHIHU. OpraHu3alumTe Mo-
raT Jia T'M U3M0JI3BAT 3a COOCTBEHH aHAIM3H WU JIa PEJIOCTABAT HAKOH OT TSX 32 00pabOTKH.

BBHIIIHN M3TOYHNIIN HA JAHHU Ca BCUYKU OCTaHAIM, KOUTO HE Ca M3TOTBEHHU IMPSKO 3a HaIllaTa op-
ranu3anys. TyK BIM3aT BCUYKH MPOYYBAHUSI, CTATUCTUKH, ITyOJIMKAIIMH, CTATHH U JOKJIa 1 HA YaCTHH U
IOPUIMYECKH JTUIIA, TIPABUTEIICTBEHN M HETPABUTEIICTBEHU OpraHU3auy u Ap. Yecto nHpopMaIusTa,
M3rOTBEHA OT MPABUTEICTBEHN OpraHu3aliy, € 0e3IIaTHa U JIECHO JIOCTHITHA 32 BCHUKH, HO TOBA HE BU-
Harv Ba)XH 3a ocTaHauTe n30poeHu ctpanu. [{pyro, koeTo TpsiOBa 1a ce B3eMe MpeaBH/I, € 001acTTa Ha
HAIlIeTO IPOyUYBaHe Mpu u30upaHe Ha MoAXos1aTa riardpopma. AKo HapuMep U3rOTBIME HayueH JI0K-
JaJ1, €auH ToJie3eH BroprudeH BhHIIEH n3TouHuK 6u 6un GOOGLE SCHOLAR. MenuiuHcky uma
m3nomsar cbiio 1 PUBMED. [Togo0OHa mimargopma 3a ukonomuct € IDEAS, BbIipeku ye 3a nmpaBuli-
HaTa HKOHOMHUYECKA OIIEHKA € HY)KEH MPEeTJIeAbT U Ha MHOTO JIPYTH CTAaTHCTHKH U HHICKCH.

WHuTepHeT U3TOYHHUIIMTE HA JAHHU Ca BCE MO-TPEANOYNUTAH BBHHIICH U3TOYHUK Ha JaHHU MOPaIu
npeuiaranus 6orat u300p ot uH(GopMaIus 1 yI00HHS HA4UH 32 I0CTHII. [ onemMuaT Habop OT HEMpeKbC-
HATO yBEJIMYaBally C€ ¥ YChbBHPIICHCTBAILM CE UHTEPHET YCIYTH BOJM J0 yBEIMYaBaHEe Ha IIIOOATHUS
o0em oT JanHu B Mpeskata. Camo 3a 2020-Ta roJiHa B MIHTEPHET ce TeHeprpa nHpopMaIys B pazMep Ha
64.2 7B, karo nporHo3ure 3a 2024-ta roguHa ca Ta3u CTOMHOCT na cturHe 147 ZB u na Hapactsa ¢
npubmuTenHo ~23% romumino (Taylor, 2023). Criopen Bankov (2017), untepechT B obnactra Ha 00-
paboTkaTa ¥ TpuiIaraHeTo Ha MHQOpMaIHs, TeHepUpaHa OHJIAlH, Ce TIOKaYBa 3HAYUTEIIHO TIOPaaHu Ha-
pacTBamms 00eM MyOIMKaIK B COLMATHUTE MPEXH.

Bce moBeue ¢pupmu M3M0I3BAT MHTEPHET KAHAIY 33 TUTUTATIH3ALNS HA KOMYHHUKAILIUSATA H ChXPaHs-
BaHE Ha JIOKYMEHTH C 11eJT OBHUILIAaBaHE HA MPOU3BOIUTETHOCTTa U KOHKYPEHTOCIIOCOOHOCTTA CH Ha TJ10-
Oamaus nazap (Sulova, 2021). [ToTeHIIMAIHUTE TPEIUMCTBA Ca 3HAUYMTEIHU — Upe3 AUTHTATIN3AIMS Ha
poriecH, paboTel ¢ rojieMr 00eMH JJaHHU, MOXKE 3HAUUTEITHO JIa C€ ChKpaTH BPEMETO 3a ChOUpaHe,
00paboTka M B3eMaHE Ha pelieHus, Oa3upanu Ha Ta3u nHpopMmarmsa. OCBEH TOBa, MPEMHUHABAHETO OT
XapTHeH KbM coTyepeH MOoAX0/] MO3BOIIBa aBTOMATU3HpaHe Ha ChOMPAHETO Ha JaHHH U 1O100psBaHe
Ha TSIXHOTO KayecTBO. TOBa OT CBOS CTpaHa Ch3/1aBa Bb3MOKHOCTH 3 aHAJIM3H B PEATHO BpeMe, HaMaJsi-
BaHE Ha PHCKOBETE, YBeJIMYaBaHEe HA MPUXOAUTE, ONTUMU3UpaHE Ha pa3xoauTe u Apyru. (Kuyumdzhiev
& Andreeva, 2023).

[IpunoxxeHnero Ha THOBATUBHU TEXHOJIOTHH, KakBUTO ca MHTepHeT Ha Hemara (IoT), u3kycrBeHus
MHTENEeKT 1 aHanu3u Ha Big Data B pa3nuuHu HHAYCTPUH CE U3CIIE/IBAa OT MHOT'O aBTOPH. ToBa ce OTHAC
W 3a roJleMuTe e3uKoBU Momenu (Armyanova, 2022; Petrov et al., 2021; Parusheva & Aleksandrova,
2021). Benpeku e HIKOM MOJICH Ha H3KYCTBEH HHTEJIEKT HE Pa3KpUBAT OTKB/IE Ca TIOMYYHIIN TAHHUTE
CH 3a 00ydeHHe, 4eCTO € HaIMYHa WHGOpMAIlHs 3a TOBa KOM HAOOpH OT JaHHW WM yeO 0OXOKIaru
nporpamu ca ommm u3non3eanu (David, 2024). JIokoakoTo e myOIMyHO U3BECTHO, T€ ca OMITH TPEHUPAHU
OCHOBHO ¢ uH(popmanus oT uaTepHeT. Jlanaure B aTEepHET ca criernuIHr, TUHAMUYHU U TIOCTOSIHHO
MIPOMEHSIIIH, KOETO HaJIara HeMmpeKbhCHATATA HYK/]a Ha TOJIEMUTE €3UKOBH MOJIEIH OT aKTyaJTHa TEKCTOBA
uHpOpMAIS, 32 Ja MOTaT Jla U3MBIHIT MPEIHA3HAYCHUETO CH KaTo ,,...COOTYepHH (MM XapIlyepHH)
CHCTEMH, Ch3JIaJICHA OT XOpara, KOUTO, MPH 3a/1a/IcHa KOMIUIEKCHA T1eJ1, U3BBPIIBAT JCHCTBHE BHB (Hu-
3UYECKUTE WM IUTUTATHUTE U3MEPEHHs KaTo Bb3IPHEMaT OKOJIHATA CH Cpe/ia upe3 chOupaHe Ha TaHHH,
MHTEpIIpETUpaHe Ha chOpaHaTa CTPYKTypUpaHa WM HECTPYKTypHpaHa HHGOpMAaLUs, pa3ChbkKICHUS
BBbpXY 3HaHUTA, WK 00paboTka Ha MH(OpMAIHATA, KOATO € MPOU3JIsi3ia OT Te3U IaHHU U pellaBa Hai-
I00poTo AeicTBHE/neiCTBUS 3a qa mocturHe Tasu men’ (Angelova, Nisheva-Pavlova, Eskenazi and
Ivanova, 2021).

Cropen Cobnosa (2021), 0CHOBHUTE U3TOYHUIM HA JAHHU OT UHTEPEHET PECYPCH ca:

* Jlanuure ot yeb 6azupaHy 1 MOOWIHM NPUJIOKEHUS, HAIIPUMEpP TE€3U 3a JUTHTAIHA THPrOBUS U
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pesepBauuu. Te3u JaHHU ca CTPYKTYPUPAHU U CE ChbXpaHIBaT B 0a3u OT JaHHH.

* Jlanau oT mpuioxkeHus1, padborenmwm ¢ texHonorusara [oT. Te3u naHHU ce TeHEepUpaT B PEaTHO
BpeMe Ha oToIu. Morar ia Obaat CTpyKTypUpaHu (4MCIOBH CTOWHOCTH ), MITM HECTPYKTYPUPAHU
(ayamo M BUjIEO 3aMuCH, N300payKeHUS U Py CHUMKOB MaTepHa).

* Jlanuu ot ¢opymu, 6J0roBEe U Apyru yeOCalTOBE, ChABPXKALIM MOTPEOUTEICKH KOMEHTapu U
peBroTA.

* JlaHHM OT COLIMAJTHA MEJIUH.

e JlaHHM OT MIMEHIT CHOOIIICHHMS.

e JlaHHM, TeHEPUPAHU [IPU U3MOJI3BaHE Ha yeO MPUIIOKEHUATA U CaliTOBeTe.

2. CbBPEMEHHHU IMPOBJIEMU, CBbP3AHU CbC CbBUPAHETO HA JIAHHU

Bbrpekn n300MIMETO OT TaHHU B JHEIIHO BpEMeE U TSXHATa MPUBUIHA JOCTHITHOCT, ApaJOKCAITHO
ce MoJTydyaBa Taka, 4e paboTaTra Ha CeHMAIMCTUTE, 3aHUMABAIlY Ce C U3BJIMYaHe, 00padoTKa U aHaIn3
Ha JTaHHH, C€ YCIIOXKHSIBA MTOPAI MOHOIIOIN3UPAHETO HA 00JIACTTa OT TEXHOJIOTHYHUTE TUTAHTH | pa3Il-
POCTpaHEHHETO Ha TeHEPAaTUBHUS N3KYCTBEH MHTENEKT. ToBa ycraHoBsBa Robyn Speer, cb3narensar Ha
Python 6ubmmorekara wordfreq, kosro ot 2016-Ta ronyHa MPeI0CTaBs TOCTHIT 10 OIIEHKH Ha YecToTaTa
Ha M3I0JI3BaHe Ha AajieHa AyMa Ha Haj 40 e3uka.

Ipe3 cenremBpu 2024-Ta ronuHa 3as1BsBa, 4e paboTara B 00JacTTa Ha 00paboTKaTa Ha €CTECTBEHUS
€3HK Ce ITPEBpBILA B Oe3110JIe3Ha U 3aKpUBa ICHHOCTHUTE CH 110 TIpoeKTa. OTIpaBs KPUTHKU KbM ITyOIHY-
nure mwardpopmu Reddit u Twitter mopaau ToBa, 4e MpekpaTsBaT AOCThIIA 10 OE3MIaTHUTE CH ITyOINYHI
API-Ta, ¢ K0eTo BB3NHpaT HE3aBUCUMUTE U3CIICIBAHUS BBPXY He(OpMaITHHS HAYWH HA M3Ka3 OHJIAHH U
taka paBoputusupar OpenAl u Google. YripekBa ru 1 B CTUTMAaTU3UPAHETO HA CHOMPAHETO HA TEKCTOBA
HH(OpMAILHSL, 3aII0TO W3MOJI3BAT YYKAU TeKCTOBE 38 KOPUCTHH LIEJIH, Hali-Bede 3a Ch3aBaHETO Ha CBO-
UTE YaCTHH T'OJIEMU €3UKOBH MOJIETIH.

Jlpyro npensTcTBHe, KOETO U3THKBA KaTO CHIIECTBEHO — MOJICPHUTE N3TOUHUIM HA JIMHTBUCTUYIHH
JIaHHHU Ca ,,3aMBbPCEHH"* OT TeHEPATHBEH M3KYCTBEH MHTEIEKT M HUKOM HSIMa Mpe/ICTaBa KaKbB € HCTUHC-
KUST YOBEIIKY u3Ka3 cnen 2021-sa roguna. ToBa TBEpAEHHE ce TOTBBpxIaBa 1 ot Philip Shapira, koiito
ycranoBsBa, ye ChatGPT HeecTecTBeHO 3aBHINaBa U3MOI3BAHETO HA HAKOM J{yMHU B HAy4YHHUTE TPY/IOBE,
KakBaro € u rymara “delve”.

@urypa 2. UznonseaHe Ha KJII0490BaTa fyma “delve” B 3ariiaBusita u pe3roMerara
HA HAy4YHHU MYOIMKALUHU Npe3 roAuHuTe
HWsmouynux: Shapira, 2024
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N3non3BaneTo Ha Ta3u ayma ce 3aBuinaBa npe3 2022-pa roavHa, HO 3HAYUTETHO HApPacTBa CIIEH
2023-ta roguHa, koraro u3nonssanero Ha ChatGPT craBa macoBo poctbiHo. To3u peHoMeH npecTas-
JsIBa 3HAYMUTEIIHA MPEYKa B U3CJIEABAHETO HAa TEKCTOBHM M3TOYHMIIM OHJIAIH, Thi Karo “delve” e camo
elHa OT JIeCeT YCTAaHOBEHH MOJ00HU ayMH, BbpXY Kouto ChatGPT nma ¢ukcarus. Benpeku ToBa, u3-
MOJI3BAHETO Ha OMpPEAETICHN AyMH HE MOXe Jia Ob/ie TOYeH KpUTEpril 3a HaMecaTa Ha U3KYCTBEH UHTe-
JIEKT B JIaJICH TEKCT, Thil KaTO € HAaITbJIHO Bb3MOXKHO yMaTa Jia € YacT OT €K3eKYTHBHUS PEYHUK Ha aB-
Topa. Robyn Speer TBbpy, ue BUHAru € UMao CraM Ha IyMU B U3TOYHULIUTE HA TaHHU, U3MIOJI3BAaHU OT
wordfreq, HO I3KPHUBSIBAHE HA YECTOTATa HA U3IIOJI3BAaHE OT TAKhB MAIad € HEBB3MOXKHO J1a ObJIE OTCATO,
MMalK{ ce TPeIBU U Y€ TeHEePUPAHUST TEKCT € MPUBHIHO HAMTMUCAH OT YOBEIIKA PhKa.

[Mono6HO ,,3aMbpcsiBaHe’ HA NaHHUTE BUHATH TPsOBa J1a ObAE MPEeIBaApUTETHO U3YHCTEHO, IPEIN
Jla ce MPUCTHITN KbM M3BAKIAHETO HA 3aKITIOYCHUS. 3a 1a C€ OCUTYPHU Ka4eCTBOTO Ha JaHHUTE, 3a]IbJI-
KHUTEIHO TPsIOBa Jla Ce OLIEHHW TSIXHATa aKTYaIHOCT, KOHCHCTEHTHOCT U 00O3PHMMOCT Ha TOCTABEHHS
npo6iem. Criopen Petrov, et al. (2020), HoBuTe H3MCKBaHKS 32 pad0Ta B JUTUTAIHA Cpeia U3UCKBAT CIa3-
BaHE Ha CJIEHUTE OCHOBHU MPUHIUITY TPH N300pa ¥ ChbXPaHEHUETO Ha JaHHU:

1. CbxpansiBaHe caMO Ha JIaHHH, KOUTO ca OT ChILECTBEHO 3HaueHHe 3a OM3Heca W OTroBapsT Ha

MIPOMEHSIIUTE Ce U3UCKBAHUS Ha IUTUTAITHATA CPEIa.

2. JlanauTte TpAOBa Ja ObJAT C BUCOKO Ka4eCTBO, U3BJICUECHH OT HAJICKTHU U3TOYHHUIIH, C TapaHTHU-

paHa TOYHOCT ¥ MPEIU3HOCT.
3. HeoOxomumo € 3ama3BaHeTo KaKTo Ha aKTYalTHH, TaKa U Ha UICTOPUYECKH TAHHU, ThH KaTo U IBaTa
THUIIA UTPAST PA3IUYHU, HO IOMTBJIBAIIN CE POJIM B OM3HEC MPOIIECHUTE.

4. Ilpunarane Ha I'bBKaBU METOJIM 332 HHTETPUPAHE HA CUCTEMU U BHEPsSBaHE HA MHOBATHBHU IOJI-
XOJIM, KOWUTO OCUTYpsiBaT e(heKTUBHO ChOMpaHe  00padoTKa HAa HOBHU JIaHHM.

5. Usrpaxknane Ha ISJIOCTHA CTPYKTYpa OT METaJaHHH, KOATO yJIECHSIBA YIIPABJICHUETO HA JTAaHHUTE
1 OCUTYpsiBa OBbP3 U JIECEH JIOCTHIT IO HEOOXOIUMHUTE U3BAIIKH.

Cepro3HO MPeAN3BUKATENICTBO MOCTABSI M U3MOI3BAHETO HA JIMYHU TaHHU Ha (PU3UYECKH JIMLIA KaTo
M3TOYHUK. B TOBa umcio e Besika 4yBCTBUTENIHA HH(OpMaIus, 310yrnoTpedara ¢ Kosito Ou HaHeca Bpeia
3a JaJICHO JIMIIE, KAKBUTO Ca MEITUIIMHCKUTE JOCHeTa, HH(opMalusaTa Mo OaHKOBU CMETKH U JJOKYMEH-
tute. [logoOeH puck mpeicTaBisaBa U BCAKO APYrO MEPOIPUSTHE, HABIM3AILO B IMYHOTO MIPOCTPAHCTBO
Ha MHMBU/A, KAKBUTO Ca PA3TMYHHUTE COIOJIOTUIECKH MPOYYBAHUS U TTOJI3BAHETO HA COITUATTHA MEIHH.
[To3BossiBaHETO HA AOCTHI 0 MH(GOPMALIUS HA JIUIIA, KOUTO HSIMAT OCHOBAHUE Ja S M3I0JI3BAT, MOXKE J1a
JIOBEJIe JI0 CEpUO3HH IIETH. 3aToBa € J00pa MpaKTHKa J1a ce Clie/iBa MOAXOAbT Ha MUHUMU3UpPAHE Ha
nanuu. Harmpumep, eqHa cuctema, mpocienssaiia Opost Tyliy Ha €Ha JIOKALUs, He ce HyX/1ae OT camMo-
JIMYHOCTTA Ha JIaJIeH MOTpeOUTel1, a caMo Jia OTYETe HEroBOTO NMpuchcTBHE. ChIIECTBYBA U BapHAaHT, B
KOMTO ce mpenocTaBs JOIIbJIHUTENHA HHPOPMAIHS, C 1IeJ ThPrOBLUTE Aa U3TOTBAT MEPCOHAIN3UPAHT
peknamu criopes] aeMorpadcku Mpu3HAIK U MPEIUIIHA UCTOPUS B TUTUTATHOTO MPOCTPAHCTBO, HO
npeiy ToBa TPsiOBa J1a ce TMOKCKa MO3BOJICHUETO Ha JinieTo (Stoyanova, Vasilev, Cristescu, 2021). Mu-
HUMH3HUPAHETO Ha JIaHHH C€ MpHjiara ¥ ¢ IOMOIITa Ha aHOHUMHU3UPAHE WU TICEBJJOHOMU3UPAHE — JIBA
TEpMHHA, U3MOJI3BaHU OT EBPOIEHCKOTO 3aKOHOATEINICTBO MPU Ch3aBaHeTo Ha OOIIUs periamMeHT OT-
HOCHO 3amuTara Ha Janaute (GDPR).

[IceBnonnMm3anusATa, Criope onpeneieHneTo Ha EBporeiickust mapiameHT, mpeacTaBisiBa oopa-
00TKa Ha JIMYHU JaHHU 110 HAYKUH, KOMTO MPEeI0TBPATsABA CBHP3BAHETO UM C KOHKPETEH CyOEeKT Ha IaHHH
0€3 M3M0I3BaHETO Ha JOIIBJIHUTENTHA HHpopMaIms. Ta3u JObJIHUTETHA HHPOpMAaIHs TPsOBa 1a ce ChX-
paHsiBa OTAEHO U Ja ObJe 3alUTeHa Ype3 TEXHUUECKH U OPraHU3allMOHHI MEPKH, 32 J]a Ce TapaHTupa,
4e TaHHUTE HEe MOrar J1a ObJaT CBhP3aHu C UIACHTU(PHUIUPAHO WM UASHTUDUIPYEMO PU3HUIECKO JIHIIE.
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Twit KaTO MCEBIOHMMU3UPAHUTE JAHHU MOTaT Aa ObIaT MpOoCieeHrn 00paTHO IO MHAWBHU/IA Ype3 OIbJI-
HUTETHATa HH(OpMAIIKs, TE BCE OIIE CE CUMTAT 3a JIMYHU JaHHH U TornaaaT noj perynamunte Ha GDPR.

AHOHUMM3AIUATA € OMKCaHa KaTo MPOIIEC, KOWTO, 32 Pa3iiMKa OT TICEBJOHUMH3AIIUATA, HAITHITHO
3aM9aBa B3MOXKHOCTTA JIa C€ MpOociienu aaneHa uHpopMmamums o0paTHO 10 M3TOYHHKA . Taka Te3u
JaHHU Beue He monanar B 003opa Ha GDPR u morar ga 6baaT M3MOI3BaHU CBOOOIHO 32 MPOYYBAHUS.
[Ipumep 3a aHOHUMM3ALIUS € TPYIUPAHETO HA TOAUHUTE HA PaXk/IaHe Ha PECIIOHIICHTHUTE 110 MIEPUOJIU OT
aHKeTa C 1IeJ1 1a ce Mpe0TBpaTh U3IIbKBAHETO Ha OIpPEENIeHO JIIe U J1a Obae mpocieneHo. [logobHo
3aMacKHpaHe Ha JIeTalIuTe MOKe J1a MOMPEeYH Ha LEJIUTE Ha U3CIIeABAaHETO, HO aJITepHATHBATA € WITH Ja
ce MPUJIOXKU TICEBIOHMMU3HMpPaHe 3aeHO ¢ n3nuckBanusaTa Ha GDPR, wim nanHMTE BHOOIIE /1a HE CE U3-
TOJI3BAT.

Bwnpeku perynanuute 3a HEIPUKOCHOBEHOCT HA IMYHUTE JAHHU, 3TI0YIIOTPEOUTE YECTO BIM3AT BHB
MOJIE3PEHUETO Ha OOIIECTBOTO Mopaau HapyieHus. [logobeH cirydaii € CkaHAaThT ChC CHOMPAHETO Ha
ITaHHU Ha moTpedutenu BbB Facebook u mocnensanoro um usnomnssane ot pupmara Cambridge Analyt-
ica ¢ 1ien conmaneH nmxuHepuHr. Kommanwusita nsnonssa Facebook kato miatdopma 3a cBOETO TIpUiio-
xenwre “This Is Your Digital Life”, koero chbupa uHpopMAaIysa Ha MOTPEOUTET ¥ HETOBUTE MTPUATEIH.
Taka BnocneacTBue crasa sicHO, 4e oT easa 270 000 myiu, H3noa3Bajiv NPUII0KEHUETO, 3aCETHATUTE ca
001110 87 MIIIMOHA, BBIIPEKU Y€ HUKOTa HE ca JaBajiil ChIVIACHETO CU Ha mpusATtenure cu wid Ha Cam-
bridge Analytica 1a U3M0JI3BaT M pa3npOCTpaHABAT JMYHUTE UM JaHHH. OCBeH ue HH(pOopMaIHsATa € Ch0-
paHa upe3 MaHWUITyJaTHBHU METOM, TS TIO-KbCHO CE U3IIOJI3BA 32 MPOQIITUpAHE U TapreTUpaHe Ha JKep-
TBUTE C LIeJ1 0-e()eKTUBHOTO MPOKapBaHe Ha KOHKPETHH nonutuuecku unen. [locnensa cpuedHo mpo-
M3BOJICTBO 32 HENOSUTHU TPAKTHKH cperry Meta, ponutenckara kommanus Ha Facebook, mpu koero 3ar-
namra $725 MiH. goflapa KaTo criopasyMeHHe 3a ypexkaaHe Ha enoto. OnaceHus 3a MoJ00HH 3II0YTIOT-
pebu ¢ ITHUYHKM JaHHU MMa U 3a miatgopmara TIKTOK ¥ mpakTHKWATE HA POTUTENICKATa M KOMITAHHUS
ByteDance. OcraBar HesicHU ITpaBuIiiaTa 3a ChbIVIacke, KakTo M HAYMHUTE Ha ChXpaHEHHE Ha IOTpeOuTel-
CKH JJaHHH OT (ripMara U 3a KakBHU 1IeM TW u3noinsBa. [lopanu Ta3u npudnHa, HIKOU Ibp)KaBU 3a0paHsi-
Bar u3nosBaHeTo Ha TIKTOK Ha MpaBUTEICTBEHH YCTPOMCTBA, a APYTH 3a0paHsIBaT MPUIIOKCHUETO U3-
1510, BKJIFOYMTEITHO M 32 OOMKHOBEHUW rpaknanu. [IpaBu BriewatiieHwe, Ye BBIIPEKH IICHTpaiaTa Ha
ByteDance na e curynapana B [lekun, Kuraiickara HapoHa pemyOnuka e cpel Ibp)KaBUTe, 3a0paHIIH
TikTok. Bmecto ToBa, 1103B0OJIsIBa HETOBA CTPUKTHO KOHTPOJIMPaHa BepcHsi, HapudaHa Douyin, kaTo 1o
TO3H HAYMH €TUHCTBEHO 3aCUJIBA ChMHEHUSITAa KbM aBTEHTUYHOCTTA HA KOMITAHHUATA U HEHHUTE HaMepe-
HUSL.

3AKJTIOYEHUE

OcHoBaTa Ha BCSIKO €THO 00O TIPOyYBaHE € B HEroBaTa TOYHOCT U aHAIM3UTE, KOUTO ce Oa3upar
Ha naHHu. [IpaBuiHOTO KOMOMHUpPAHE HAa MBPBUYHU M BTOPUYHU U3TOYHHUIIH € KITFOYOBO 32 M3TPaXK/a-
HETO Ha ISUTOCTHA MPEJICTaBa BLPXY TEMATHKATa Ha U3CJIeBAaHUS BBIIPOC. Pa3BUTHETO Ha TEXHOJIOTUUTE
0e3ChMHEHO HaJlara eIMH HOB CTaHIapT, HACOYEH KbM IUTUTATH3ALMS Ha MPoIiecuTe, 6e3 3HaYeHHE OT
cdepara Ha neiiHOCT. MoIepHUTE M3CTIeIOBATENH U CIICIHATIMCTH 10 00paboTKa Ha JaHHU TPOBa Ja ce
choOpa3sBat ¢ GaKTOpPH, KOUTO HE Ca UMAJIH TE3H pPa3MEpH CaMo JIOTIPEIN HAKOJIKO TOJIMHH, HITA BHOOIIE
He ca chiecTByBas. OrpOMHUTE TaHHHU, KOUTO CE TEHEPHPAT BCEKH JICH, TIPEICTABIISBAT IPE/IH3BHKA-
TEJICTBO 3a TAXHOTO ChOMpaHe, ChbXpaHeHHe W 00padoTKa. AHAIM3BT HAa BCE MO-TOJIEMUTE MACHUBH OT
JaHHW W3UCKBA OTIPEICIICHH TIO3HAHKS OT CTpaHa Ha M3CIIEA0BATEINTE, KAKTO U CHCIHATN3UPAHN TEX-
HOJIOTYH U pecypcH. EMMHCTBEHO ¢ KOMIUIEKCHH PEIIeHNUs U KoJlaboparys MeX Ty TEXHOJIOTUIHUTE KOM-
MIAHWH, TIPABUTEIICTBATA ¥ TIOTPEOUTENMTE MOTaT Jla ce CHa3siT BCHYKHU ChBPEMEHHU M3UCKBAHUS 32 Ka-
9YeCTBO HA IAHHUTE U €TUYHOCT NP CHOMPAHETO WM.
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MEAL MASTER: AN INNOVATIVE AI SOLUTION FOR RECIPE GENERATION
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ABSTRACT

This paper aims to introduce Meal Master, a web platform driven by artificial intelligence, designed
specifically to help with ideas on reducing household food waste and present quick and easy solutions for
preparing meals, thereby reducing the time people usually spend preparing food. Artificial intelligence, algo-
rithms, web-based systems, and modern web technologies have been implemented in this system. It provides
professional and fast recipe suggestions based on photos or inputs provided by the user, considering any pref-
erences and allergies in diets they have set in advance. By promoting healthy food consumption and minimising
waste, Meal Master makes meal preparation faster, easier and more enjoyable.

KEYWORDS: Artificial, Intelligence, Application, Cooking, Recipe.

INTRODUCTION

Many people in the 21st century is professionally engaged and away from home during each
working day. During these long periods, they often eat "raw food" or "fast food", which proves to be
detrimental to their health (ANTRUM, C., WARING, M., COHEN, J. and STOWERS, K., 2023) [1],
or in the slightly better case - in restaurants and canteens where the food does not always meet high
health standards (CLAESSENS, 1., GILLEBAART, M. and RIDDER, D., 2023) [3]. However, a large
part of people desires to eat healthy and tasty food at home (BAUER, J., NIELSEN, K., HOFMANN,
W. and REISCH, L., 2022) [2]. Coming home after work every day, they could prepare healthy meals
for themselves, and their families based on the food items available at the time. In most cases, how-
ever, this will require the creation of a new recipe. Therefore, another obstacle appears: most people
do not have the time and energy to create recipes themselves, let alone put research and creativity
into this activity. This provoked the launch of a scientific study that would provide a quick, easy and
effective solution to the problem. The developed solution is going to help with ideas on reducing
household food waste and give quick and easy offers for preparing meals, thereby reducing the time
people usually spend preparing food. The application can consider any preferences and allergies in
diets users have set in advance. The result of the conducted research and the implementation of the
solution in a real working system is already the basis for the activity of a progressive startup.

With the proliferation of readily available artificial intelligence (AI) models and systems
(RUSSELL, S. and NORVIG, P., 2010) [19] providing APIs for developing software with broad
applicability, great opportunities have opened for software engineers to develop applications that
solve a very wide range of tasks, related to text and image analysis [9,19,14,18]. Therefore, it is
logical to assume that an application can be designed and created that uses an Al system for text
understanding and generation to analyse recipes and create new ones according to set criteria. But the
problem posed suggests a study of existing scientific approaches through which a reliable solution
can be reached. For this purpose, the work referred to modern, but also relatively extensive, scientific
and scientific-applied publications that are closely related to the issue.

The present research aims to create an Al Web application that assists people in creating new
recipes from currently available products. To achieve the intended goal, the following tasks have been
set out: research to be conducted, appropriate software technologies to be selected, a model of the
system to be created, the Al Web-based solution to be implemented and its work to be evaluated.


mailto:davidpetkov2006@gmail.com

1. Al MODELS

An Al model for text understanding and generation is an artificial intelligence system specifically
designed to process, comprehend, and produce human language text (RUSSELL, S. and NORVIG,
P.,2010) [19]. These models are built using natural language processing (NLP) and machine learning
techniques. Such modern models are, for example: GPT-4, Gemini 1.5, Claude 3.5, Mistral Large 2,
Llama 3.2, Jamba 1.5, Mistral NeMo (Artificialanalysis, 2024) [5].

GPT-4 (Generative Pre-trained Transformer 4) (OpenAl, 2024) [11] is the fourth iteration of
OpenAl's large language model in the GPT series, designed for natural language understanding and
generation. It's built on the transformer architecture and trained on vast amounts of text data to un-
derstand and generate human-like language. Here are some key points about GPT-4: language under-
standing and text generation (handling complex instructions, and engaging in more nuanced conver-
sations); multimodal capabilities (capable of understanding both text and images, allowing it to pro-
cess and respond to image-based queries in addition to text); large model (powerful and capable of
handling complex tasks with greater accuracy); good contextual understanding (it has an enhanced
ability to follow and maintain the context of a conversation over longer interactions, leading to more
coherent and relevant responses in longer discussions); improved safety and ethics (it possesses ad-
vanced safety mechanisms and follows stricter guidelines for ethical Al use). GPT-4 enhances the
ability to interact with humans in natural and intuitive ways. OpenAl has developed the GPT-4 APL
The API allows developers to integrate GPT-4 into their applications and projects, enabling them to
leverage its advanced language understanding and generation abilities.

GPT-40, also known as GPT-4 Omni, is an upgrade from previous models and supports text,
image, and voice inputs, with a focus on text-to-text and speech-to-speech capabilities. This version
has extended features, including advanced voice interaction. GPT-40 can generate and interpret audio,
expanding its usability beyond just text and image modalities.

Gemini 1.5 (Google, 2024) [8] is a large language model developed by Google Al It is a multi-
modal and foundation model. API is available through the Google Al Studio platform. Mistral Large
(Mistral Al 2024) [16] is a large language model developed by Mistral Al, designed to assist with a
wide range of tasks, from answering questions to generating creative content. Its capabilities include
understanding and generating human-like text, making it a versatile tool for various applications.
Mistral Al has developed an API. Llama 3.2 (Meta, 2024) [13] is a collection of large language mod-
els (LLMs). Developers can access an API. Jamba (Jamba, 2024) [12] is a Large Language Model
created by Al21, trained in early 2024. With a knowledge cutoff of February 2024, Jamba is designed
to provide helpful and professional responses, assisting users with a wide range of inquiries and tasks.
Developers can access an API. Claude (Anthropic, 2024) [4] is an Al assistant created by Anthropic.
It has a broad knowledge base that allows users to engage in conversations and assist with tasks on a
wide variety of topics. Anthropic does not provide an API. Mistral NeMo (Mistral, 2024) [17] is a
text-based Al model designed to understand and generate human-like text based on the input it re-
ceives. It can answer questions, provide explanations, or engage in conversation. Developers cannot
access an APL

An Al model for text-to-image creation is a type of artificial intelligence model that can generate
images from textual descriptions (RUSSELL, S. and NORVIG, P., 2010) [19]. These models use
deep learning techniques, typically involving a combination of NLP and computer vision, to under-
stand the text and then create a corresponding image. The most well-known text-to-image models
(Artificialanalysis, 2024) [5] are DALL-E, developed by OpenAl (OpenAl, 2024) [11], Stable Diffu-
sion - by Stability Al (Stable Diffusion, 2024) [20] and Midjourney - by Midjourney lab (Midjourney,
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2024) [15]. They can generate high-quality, highly detailed, photorealistic and creative images from
textual prompts.

2. EXISTING AI MODELS AND APPLICATIONS IN RECIPE GENERATION

Ahmet Degerli and Nevruz Tatlisu, the authors of (DEGERLL A.and TATLISU, N., 2023) [7],
investigate the capabilities of Al tools, specifically ChatGPT (versions 3.5 and 4) and Bard, in the
context of food recipe generation. The research explores their competency in various tasks including
recipe correction, adaptation, detailing, time management, and presentation. The study aims to deter-
mine the strengths and limitations of these Al tools in comparison to a professional chef, highlighting
their potential as supportive assets within the gastronomy field. Overall, ChatGPT 4 demonstrated
superior performance in recipe correction, time management, and presentation tasks compared to the
other Al tools. ChatGPT 4 achieved an 80% accuracy rate in identifying and correcting errors in
recipes, while ChatGPT 3.5 achieved around 50%. Bard's performance was inconsistent, ranging from
30% to 80% accuracy. Both ChatGPT versions successfully provided detailed and understandable
instructions for a given brief recipe. ChatGPT versions effectively adapted recipes to meet specific
dietary restrictions (vegan, vegetarian, gluten-free, keto). ChatGPT 4 excelled in creating efficient
time management plans, effectively utilising passive cooking times. ChatGPT 4 generated the most
detailed and aesthetically pleasing presentations, along with corresponding SVG code. Bard exhibited
inconsistencies and unsolicited actions in its responses, making unnecessary substitutions, omissions,
and revisions in recipes. The study highlights that although AI tools cannot currently replace human
chefs or dietitians, they hold significant potential as supplementary tools to facilitate tasks, enhance
performance, and generate creative ideas.

The author of (GEORGE, A., 2024) [9], A. George, explores the relationship between human
bartenders and Al in cocktail creation. It examines consumer preferences for cocktails made by hu-
mans versus Al systems, finding that most participants prefer the bartender’s creations, valuing the
human touch, creativity, and personalization. The study also suggests potential opportunities for hu-
man-AlI collaboration, proposing models where Al could serve as a creative tool to enhance the bar-
tender’s skills rather than replace them.

In (SWAN, M., KIDO, T., ROLAND, E. and SANTOS, R., 2024) [21] the authors explore the
potential of Al in revolutionising healthcare and promoting healthy longevity. The development of
Al infrastructure is happening rapidly, which is making it easier to study biology. The use of Al is
encouraging in the third wave of digitisation, where lots of processes are becoming digital.

The authors of (RAZZAQ, M., MAQBOOL, F., ILYAS., M. and JABEEN, H., 2023) [18] pro-
pose Evo Recipes, a novel framework for generating new culinary recipes using a combination of
evolutionary algorithms and generative Al. Evo Recipes uses a large knowledge graph, Recipe KG,
and an ontology, Recipe On, to represent recipes in a machine-understandable format. Evolutionary
operators, including mutation and crossover, are applied to recipes encoded in this format to introduce
novelty and diversity. The generated recipes are then transformed into human-readable text using
OpenAl's GPT APIL The framework is evaluated through quantitative metrics, measuring novelty,
simplicity, visual appeal, and feasibility, as well as through a qualitative survey that assesses the
subjective aspects of the generated recipes. The authors conclude that Evo Recipes-generated recipes
are novel, simple, visually appealing, and valid. Evo Recipes, however, cannot generate suggestions
of what the finished dishes will look like (as images of the created recipes).

This research paper (VENKATARAMANAN, R., ROY, K., RAJ, K., PRASAD, R. and Z1, Y.,
2023) [24] explores the creation of a novel generative Al model called Cook-Gen that is designed to
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extract cooking actions from recipe text. The paper tackles the challenge of irregular data patterns in
recipes, such as variations in language descriptions for the same action and infrequent occurrences of
certain actions. The authors propose aggregation-based generative methods to overcome these chal-
lenges and compare Cook-Gen to other generative and discriminative models, finding that it signifi-
cantly outperforms them while requiring fewer computational resources. Cook-Gen does not create
new recipes from a list of ingredients, nor does it create images of dishes.

In (GIM, M., PARK, D., SPRANGER, M., MARUYAMA, K. and KANG, J., 2021) [10] Recipe
Bowl is presented, a novel cooking recommendation system that uses a Set Transformer to learn
meaningful representations of ingredients and recipes. The system takes a set of ingredients and cook-
ing tags as input and suggests possible ingredient and recipe choices. The paper describes the dataset
used to train Recipe Bowl, including a method for selecting target ingredients based on their Tf-Idf
scores. It also details the model architecture, which consists of a Set Encoder and a 2-way Decoder
and explains the loss objective function used for training. The authors present quantitative and qual-
itative analyses of Recipe Bowl's performance, highlighting its ability to suggest relevant and plausi-
ble ingredient and recipe recommendations based on recipe context and ingredient relations. Recipe
Bowl's primary function is to recommend ingredients and recipes based on existing culinary
knowledge, rather than generating completely new recipes.

While the reviewed works demonstrate significant advancements in the application of Al within
the culinary domain, they do not fully encompass the comprehensive functionality of the goal of the
present research. Specifically, these studies primarily focus on recipe correction, adaptation, ingredi-
ent recommendation, and, in some cases, the extraction of cooking actions from text. Notably, none
of the reviewed works integrates the capability to generate new recipes from a given set of ingredients
and suggests corresponding images of the finished dishes, which is going to be the core innovation
of the present solution.

3. SELECTION OF AI MODELS FOR IMPLEMENTATION

Several main criteria should be considered when choosing the most suitable AI model. The cho-
sen model should be as fast as possible, because the structure of the application is made so that the
result returned from the request to the AI model, first passes through the API of the application, then
at the same time it is sent to the user (owner of the request) as well as the database so that everything
can be stored. From (Artificialanalysis, 2024) [22], we can see that the Meta and OpenAl models
achieve the best results for Throughput. In the context of a culinary web and mobile application, Al
models should be able to generate recipes based on available products and user preferences, as well
as a photo of random culinary products. They should then be able to generate high-quality images in
a similar style. The best Al text models according to (Artificialanalysis, 2024) [5] that can meet these
requirements are GPT-4, GPT-40, Gemini, Llama 3, Claude Sonnet 3.5 and Opus. The best Al models
for image generation according to (Harry Guinness, 2024) [23] are Dall-E 3, Stable Diffusion 3 and
Midjourney.

Meal Master uses OpenAl products, both to generate images and to generate text responses,
dialogues, titles and internal Al operations. The following Al models have been chosen: GPT-40 and
DALL-E 3. They are designed to work well together, ensuring a smooth integration process. GPT-40
generates the textual recipe, while DALL-E 3 creates corresponding images, providing a cohesive
and comprehensive recipe generation and visualisation solution. The combination of GPT-40 and
DALL-E 3 offers a superior user experience by delivering both detailed recipes and visually appealing
images, catering to both the informational and visual needs of users.

265



4. DEVELOPMENT PHASES

The development process has been divided into the following four phases:

Phase 1: Planning and Research.

The first phase involves extensive planning and research to determine development challenges,
followed by an analysis of existing solutions and market competitors.

Phase 2: Prototyping.

A basic prototype has been developed that includes key functionalities, mainly allowing users to
enter available ingredients and generate recipe suggestions based on this data. The app introduces a
chatbot powered by the OpenAl API that allows users to engage in text and image-based conversa-
tions. This chatbot not only provides recipe recommendations but also offers cooking tips and help,
which makes preparing food an easy task. The app's recipe management feature allows users to save
and manage their chat-generated recipes, and the chat history feature lets them go back to previous
conversations for greater convenience.

Phase 3: Al models integration.

A notable innovation in the app is the image recognition feature by which users can take a picture
of the ingredients available at that moment and then the app suggests recipes based on the image. This
improves the overall user experience by making the process more intuitive and accessible. Addition-
ally, an admin panel is included to monitor user activities and app metrics such as popular searches,
user interactions, and subscription details. Subscription cost analysis can also be tracked to support
the financial sustainability of the application.

Phase 4: Release Minimum Viable Product (MVP).

As the project progressed, Al models for recipe generation and ingredient management were
developed and integrated into the platform. These models have undergone thorough testing and vali-
dation to ensure precision and reliability. After the testing phase, an MVP was released to gather user
feedback.

5. CHOICE OF TECHNOLOGIES

To realise the Meal Master concept, modern web technologies have been carefully selected to
ensure performance, scalability and ease of use. At the design stage, Figma and Canva are used to
create an intuitive and visually appealing user interface. React with Vite.js has been chosen for build-
ing the frontend of the application for greater speed and dynamic visualisation in the web solution.
For the mobile version, React Native is used to maintain a consistent user experience across devices.
For design purposes, Tailwind CSS has been applied, ensuring that the app is both responsive and
visually clean. For backend development, .NET Core is used to drive business logic and create a
reliable APIL. The Al-powered recipe generation feature has been implemented using the OpenAl API
integrated into the backend for seamless interaction. Payment management is handled by Stripe, en-
abling secure and efficient online transactions within the platform. Data storage is managed using
MongoDB, chosen for its flexibility in handling user data, recipes and ingredient information. The
hosting infrastructure is based on Azure, using services such as App Service, Static Web Apps and
Cosmos DB to provide a scalable and reliable environment for both web and mobile applications. By
using these technologies, Meal Master has been able to combine advanced Al functionality with a
user-friendly interface, creating an innovative solution that simplifies meal preparation while reduc-
ing food waste.
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6. APPLICATION MODEL, IMPLEMENTATION AND RESULTS

Two main output platforms have been built - a web-based one and a mobile one. This can be
seen in the diagram of the created Meal Master model (Figure 2). For users to access the same data
from both the internet and their mobile phone, Microsoft Entra ID has been integrated. After author-
ization and authentication, the user has access to the applications' functionalities. Every user action
goes through the Meal Master API, which can be said to be the core of the application. This API
implements OpenAl, Stripe, MongoDB, and Azure storage. Through Stripe, the application manages
payments, subscription plans, as well as payment user accounts, invoices and statements. Through
Azure Storage, user accounts are managed outside the application, and through OpenAl, chats, mes-
sages and photos are quickly and efficiently managed using their powerful AI models. All these tech-
nologies aim to achieve security and stability in the application and succeed in doing so.

Figure 2. Application Model of the AI Solution

Source: Own elaboration

Using external sources to store important user information makes Meal Master as secure as pos-
sible for data storage. Absolutely no user information is stored on the database of the app itself, no
emails, no location information, debit cards, names, etc. Only the chats and the access keys of each
user to the external storage are stored. Even if these keys are stolen, it is still not possible to access
the information since several more secret keys must be used, which only the isolated core of the
application can access.

Figure 3 is a generated photo of a dish, demonstrating the Al's ability to analyse available ingre-
dients and suggest a fully realised recipe. This preview serves as a proof of concept and the app's
level of functionality, illustrating how it can take raw input such as an image of ingredients and create
a detailed, appetising meal suggestion.
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Figure 3. A meal suggestion generated by Meal Master
Source: Own elaboration

CONCLUSION

By leveraging cutting-edge Al technologies, Meal Master offers a comprehensive solution that
not only generates personalised and contextually relevant recipes but also provides visually appealing
images of the dishes. This capability sets Meal Master apart from existing solutions, which primarily
focus on recipe correction, adaptation, and ingredient recommendation without integrating image
generation. This combination of text and image generation capabilities addresses the limitations of
current Al models, offering a more holistic and user-friendly approach to meal planning and prepa-
ration. Moreover, the use of modern web technologies and a robust API framework ensures that Meal
Master is both scalable and efficient, capable of handling real-time interactions and providing quick
responses to user inputs. The platform's ability to consider user preferences and dietary restrictions
further enhances its practicality and appeal. Overall, Meal Master demonstrates the potential of Al to
revolutionise everyday tasks, making meal preparation faster, easier, and more enjoyable while pro-
moting healthy eating and reducing food waste.

Future developments in extending this Al solution may include extending personalised recom-
mendations and integrating the app with IoT devices, such as smart refrigerators, to automatically
track ingredient availability.
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