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INTELLIGENT AUTOMATION IN ENTERPRISE DIGITAL
TRANSFORMATION: IMPLEMENTATION PRIORITIES,
BARRIERS, AND PERCEIVED ORGANIZATIONAL EFFECTS
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Abstract: This study examines the implementation priorities, barriers, and perceived
organizational effects of intelligent automation in enterprise digital transformation. Based
on a survey of 137 Polish enterprises, principal component analysis identified five priority
components, five barrier components, and six perceived-effect components.

Key words: intelligent automation, digital transformation, process automation, im-
plementation barriers, data quality.
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1. Introduction

Contemporary enterprises operate under increasing technological, cost,
regulatory, and organizational pressure. The digitalization of business process-
es, the growing importance of data, labor shortages, and the complexity of the
market environment are prompting organizations to seek solutions that enhance
operational efficiency, flexibility, and responsiveness to change. One of the
significant directions of these transformations is intelligent automation, en-
compassing, inter alia, Robotic Process Automation, Business Process Man-
agement, artificial intelligence, and machine learning.

Business process automation is increasingly perceived not only as a tool
for reducing costs and eliminating routine activities, but also as an element of
an enterprise’s digital transformation. It affects the organization of work, the
flow of information, data quality, process control, and decision-making. Pro-
cesses characterized by repetitiveness, standardization, reliance on data, and
the possibility of being described by means of rules exhibit particularly high
automation potential, including processes in finance, controlling, logistics,
sales, customer service, document management, and data analysis.

However, the implementation of intelligent automation is associated with
numerous limitations. Enterprises encounter economic, technological, organi-
zational, social, and regulatory barriers, including high system implementation
and maintenance costs, integration difficulties, data quality problems, the risk
of cyberattacks, shortages of digital competencies, employee resistance, and
the need to ensure compliance with legal regulations. These barriers may limit

! Poznah University of Economics and Business, dariusz.nowak(@ue.poznan.pl
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both the scope of automation and the ability to achieve the expected organiza-
tional outcomes.

Effective digital transformation therefore requires not only the imple-
mentation of modern technologies, but also the proper identification of automa-
tion priorities and constraints. Not every process has the same implementation
potential, and not every area of activity should be automated with the same in-
tensity. Automation without appropriate prioritization and identification of bar-
riers may lead to inefficient use of resources, increased costs, and a reduction
in the expected benefits.

The aim of the article is therefore to identify the priorities, barriers, and
perceived effects of intelligent automation, as well as to determine their signif-
icance for the digital transformation of enterprises. It is assumed that the effec-
tiveness of digital transformation depends not only on the implementation of
technology, but above all on an enterprise’s ability to select appropriate areas
for automation, identify implementation constraints, and translate automation
into sustained organizational outcomes.

The research problem concerns the identification and interpretation of
the structure of priorities, barriers, and perceived effects of intelligent automa-
tion in enterprises. Particular emphasis is placed on determining which synthet-
ic dimensions of these phenomena can be distinguished and how they can be
used to explain the role of intelligent automation in the process of enterprises’
digital transformation.

From this perspective, intelligent automation is regarded as a mechanism
supporting digital transformation rather than merely as a technological tool. Its
significance derives from its capacity to improve processes, information man-
agement, operational control, and decision support within the enterprise.

2. Literature review

Intelligent automation constitutes one of the key directions of contempo-
rary digital transformation in enterprises. Its development is associated with a
shift away from the traditional understanding of automation as the simple re-
placement of human work with technology toward a broader approach encom-
passing process reorganization, data management, decision support, and the
integration of digital solutions with the operational activities of the enterprise.
Particular importance in this process is attributed to Robotic Process Automa-
tion, a technology that enables the automation of repetitive, standardized, and
rule-based activities previously performed by humans (Fersht & Slaby, 2012;
van der Aalst et al., 2018). RPA is applied primarily to activities such as copy-
ing and transferring data, logging into applications, completing forms, handling
documents, reporting, and processing transactions across different information
systems (Siderska, 2020).
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The literature emphasizes that RPA should not be regarded solely as an
IT tool. Increasingly, it is treated as an element of a broader approach to pro-
cess management in which technology supports work standardization, opera-
tional control, error reduction, and the acceleration of information flows
(Geyer-Klingeberg et al., 2018; Willcocks et al., 2015). The development of
intelligent automation extends this scope to include artificial intelligence solu-
tions, machine learning, data analytics, and decision support systems. From this
perspective, automation is not limited to the execution of simple transactional
tasks but may also encompass processes requiring data analysis, pattern recog-
nition, and the processing of partially unstructured information (KPMG Inter-
national, 2019; Siderska et al., 2023).

Previous studies indicate that processes characterized by repetitiveness,
predictability, reliance on data, and the possibility of being unambiguously de-
scribed by means of rules exhibit the highest automation potential. This applies
particularly to finance, accounting, controlling, logistics, customer service,
document management, and reporting (McKay, 2023; Remlein et al., 2024).
The automation of such activities leads to shorter task completion times, im-
proved accuracy, reduced human error, and increased compliance with appli-
cable procedures (Lacity et al., 2015; Zhang et al., 2023).

The benefits resulting from the implementation of automation have both
an operational and an organizational dimension. The literature points primarily
to increased productivity, reduced operating costs, improved data quality, faster
task execution, enhanced process control, and the possibility of reallocating
employees from routine activities to analytical and decision-making tasks
(Borowiec, 2022; Lahtinen et al., 2023). Automation may also improve the
quality of work by reducing employees’ burden of repetitive activities and al-
lowing them to focus on tasks requiring interpretation, expert knowledge, and
decision-making (Nesterak & Gasiorek, 2020). In this sense, RPA may support
not only operational efficiency but also changes in the organization of work.

At the same time, the implementation of intelligent automation is associ-
ated with numerous barriers. The literature most frequently identifies techno-
logical, economic, organizational, competency-related, and regulatory con-
straints. Technological barriers primarily concern difficulties in integrating
new tools with existing information systems, poor data quality, compatibility
problems, and the limited ability of robots to handle exceptions and non-
standard situations (Marciniak & Stanistawski, 2021; Nema & Sonwaney,
2020). Issues related to data security, regulatory compliance, and the ability to
monitor activities performed by software robots are also of particular im-
portance (Gotthardt et al., 2020; Januszewski et al., 2021).

Organizational and social barriers constitute an important group of con-
straints. Automation may generate employee resistance resulting from concerns
about job loss, changes in the scope of responsibilities, or a lack of digital
competencies (Jedrzejka, 2019). For this reason, effective implementation re-
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quires not only the acquisition of technology, but also change management,
internal communication, training, and managerial involvement (Costa et al.,
2022; Crisan et al., 2023).

The prioritization of processes designated for automation also remains an
important issue. Not every process should be automated as a matter of priority,
and the automation of unstructured activities may perpetuate existing organiza-
tional errors. The selection of implementation areas should take into account
process repetitiveness, data availability, the possibility of standardization, solu-
tion scalability, the level of risk, and expected business value (Costa et al.,
2022; Lahtinen et al., 2023). The literature indicates that processes based on
creativity, interpersonal relationships, contextual assessment, and a high degree
of variability require particular caution, because in such cases automation
should support humans rather than replace their decisions (Chu, 2023).

From a strategic perspective, intelligent automation can strengthen an
enterprise’s competitive advantage if it is aligned with organizational objec-
tives, internal capabilities, and the ability to redesign processes. From a re-
source-based perspective, automation technologies may constitute a valuable
organizational resource, provided that they are embedded in processes, difficult
to imitate, and supported by appropriate capabilities (Moderno et al., 2021).
This means that the effectiveness of automation depends not only on the avail-
ability of technology, but also on data quality, organizational maturity, integra-
tion capabilities, and readiness for change management. Thus, intelligent au-
tomation should be analyzed as a mechanism of digital transformation rather
than merely as a cost-reduction tool.

3. Research methodology and characteristics of the research sample

The study on the priorities, barriers, and perceived effects of implement-
ing intelligent automation in enterprises was conducted in Poland in the third
quarter of 2024. It was carried out as part of broader research on the impact of
automation, process robotization, and artificial intelligence-based solutions on
the functioning of enterprises, particularly in the areas of office work, opera-
tional processes, and financial management. The aim of the study was to identi-
fy priority areas for automation, barriers limiting the effective implementation
of these solutions, and perceived organizational effects associated with their
application.

The study was conducted on a sample of 137 enterprises. The sample se-
lection was non-random and purposive. It included entities with experience in
the use of automation in operational, administrative, or financial activities. This
made it possible to obtain the opinions of respondents with practical experience
of automation solutions and capable of assessing their potential, limitations,
and perceived effects.
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The research instrument was a survey questionnaire prepared using
Google Forms. The questionnaire comprised a respondent characteristics sec-
tion, the main questions, and a section allowing respondents to provide open-
ended responses. The main questions concerned three dimensions of the phe-
nomenon under analysis: automation priorities, implementation barriers, and
perceived effects resulting from the application of automation solutions. Re-
spondents assessed the areas that should be automated as a matter of priority,
economic, technological, organizational, social, and regulatory barriers, as well
as the perceived effects of automation, such as improvements in operational
efficiency, reduction of errors, better document management, increased process
transparency, improved communication, and increased productivity.

Table 1. Description of the Research Sample

Number
Number of
o of Share o e Share
Description o Description responses o
responses (%) N=137 (%)
N=137
Number of employees Field of activity
Small (up to 49 59 43.1 Manufacturing 25 18.2
employees)
Medium (50-249 em- 53 38.7 Manufacturing- 73 53.3
ployees) related services
Large (250 employees 25 18.2 Trade and dis- 39 28.5
and more) tribution
Role of respondent Market Scope'
Owner/Co-owner 10 7.3 Local 41 29.9
President/CEO 5 3.6 Regional 44 32.1
Manager 16 11.7 | National 87 63.5
Specialist 106 77.4 International 66 48.2
Global 19 13.9
Base strategy! Age of company

Price 52 38 Up to 5 years 3 2.2
Qualitative 89 65 6 — 15 years 38 27.7
Mixed 27 19.7 16 — 25 years 38 27.7
Niche 12 8.8 26 — 35 years 37 27.0
Copycats 9 6.6 Over 35 years 21 15.3
Differentiation 25 18.2

! Companies could indicate more than one market and more than one base strategy.
Source: own study.

The sets of variables describing the individual dimensions of the study
were identified on the basis of an analysis of the relevant literature, previous
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theoretical findings, and consultations with representatives of business practice.
Respondents assessed the importance of the factors using a five-point Likert
scale. In the case of priorities, the scale indicated the importance of a given ar-
ea in terms of the need to implement automation; in the case of barriers, the
strength of the constraint hindering the implementation of automation solu-
tions; and in the case of perceived effects, the importance of the benefits result-
ing from the application of automation.

The responses obtained were coded into numerical form and subjected
to statistical analysis using Statistica software. Principal component analysis
was applied to reduce the original variables and identify synthetic dimen-
sions of the priorities, barriers, and perceived effects of intelligent automa-
tion. The number of components was determined on the basis of the Kaiser
criterion, retaining eigenvalues greater than or equal to 1, and was subse-
quently verified using Cattell’s scree test. To improve the interpretability of
the results, normalized Varimax rotation was applied. The components were
interpreted on the basis of the rotated component loadings, treated as a
measure of the strength of the relationship between the original variables
and the identified dimensions.

A detailed characterization of the research sample is presented in Ta-
ble 1.

4. Priorities for implementing intelligent automation in enterprises

The results of the analysis indicate that the priorities for implementing
intelligent automation are concentrated around five main areas, which together
explain 57.4% of the variance in the phenomenon under investigation. The re-
sulting structure confirms that automation is not perceived solely as a tool for
the technical improvement of individual activities, but as a mechanism support-
ing the broader digital transformation of enterprises. Its significance is mani-
fested primarily in streamlining processes, increasing the quality and accessi-
bility of data, strengthening decision-making efficiency, and creating condi-
tions for scaling business operations.

The strongest factor was the optimization of operational processes, for
which the eigenvalue amounted to 7.7 and the share of explained variance to
30.8%. Such a high result indicates that the improvement of core and sup-
porting processes constitutes the dominant priority of intelligent automation.
Automation 1s perceived here primarily as a tool for increasing efficiency,
reducing task completion time, limiting errors, and standardizing activities.
From the perspective of digital transformation, this means that the structur-
ing and automation of operational processes provide the foundation for fur-
ther organizational changes.
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The second dimension is customer data management in CRM systems.
Its identification indicates that enterprises regard customer data as an important
resource in digital transformation. Automation in this area facilitates infor-
mation integration, improves data quality, enables service personalization, and
supports better customer relationship management. This priority reflects the
growing importance of customer orientation and the use of data in building
competitive advantage.

The third factor encompasses the analysis of market and sales data. This
area indicates the importance of intelligent automation as a tool for transform-
ing market and sales data into useful managerial knowledge. Automation ena-
bles faster identification of trends, assessment of sales performance, and re-
sponses to changes in demand. Thus, it strengthens the enterprise’s ability to
make data-driven decisions.

The fourth dimension concerns support for the decision-making process.
The obtained eigenvalue and percentage of explained variance indicate that au-
tomation also performs an analytical and managerial function. It is therefore
not limited to the execution of repetitive activities, but also supports planning,
control, and the evaluation of alternative courses of action. The significance of
this factor is particularly important in the context of digital transformation, as it
indicates a shift in automation from the operational level to the level of man-
agement support.

The fifth factor relates to the scaling of business operations. This area
demonstrates that intelligent automation is perceived as a tool for increasing
an enterprise’s capacity to handle a greater number of processes, customers,
transactions, and data without a proportional increase in resources. In this
sense, automation supports organizational growth, enhances flexibility, and
enables the maintenance of operational quality as the scale of operations in-
creases.

In summary, the factor structure of intelligent automation priorities
indicates the dominance of the operational dimension, while also demon-
strating the significant importance of areas related to data, the market, deci-
sion-making, and scaling. This means that enterprises perceive automation
as a multidimensional tool: on the one hand, serving to improve current op-
erations, and on the other, supporting the development of analytical, rela-
tional, and adaptive capabilities. Consequently, intelligent automation may
be regarded as an important mechanism supporting the digital transfor-
mation of enterprises, as it combines improvements in operational efficiency
with the development of a data-driven organization capable of responding
rapidly to changes in the external environment.
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Table 2. Component structure of priorities for the implementation of intelligent

automation
% of
Area Description Eigenvalue | variance
explained
Includes the automation of repetitive, stand-
C . ardized activities related to the day-to-day
Optimization o . .
. functioning of the enterprise. Its aim is to
of operational L L 7.7 30.8
reduce task completion time, limit errors,
processes . . .
improve efficiency, and increase process
flow.
Concerns the collection, organization, inte-
Customer gration, and use of customer data. Automa-
data tion in this area supports service personaliza- )4 98
management | tion, improves the quality of communication, ’ ’
(CRM) and enables more effective customer rela-
tionship management.
Includes the use of automation to process
Analysis of sales data, identify market trends, and assess
market and customer behavior. This area supports data- 1.7 6.7
sales data driven decision-making and faster responses
to changes in demand.
Refers to the application of intelligent auto-
mation in information analysis, the evalua-
Support for . . .
.. tion of alternative courses of action, and sup-
the decision- : .
making pro- port for planning and managerial control. 1.3 53
Automation increases data availability and
cess . ) ) . .
improves the quality of the information basis
for decision-making.
Includes the use of automation to increase an
enterprise’s capacity to handle a greater
Scaling of number of processes, customers, transactions,
business or data without a proportional increase in 1.2 4.8
operations resources. It supports the development, flexi-
bility, and operational stability of the organi-
zation.
Total: 14.3 57.4

Source: Own elaboration based on the research results.

5. Barriers to the implementation of intelligent automation

in enterprises

The results of the factor analysis indicate that the barriers to the imple-
mentation of intelligent automation form five main dimensions, which together
explain 53.3% of the variance in the phenomenon under investigation. This
means that the constraints on automation are multidimensional in nature and
cannot be reduced solely to technological or financial issues. They also encom-
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pass problems related to control, data security, system integration, organiza-
tional readiness, and the enterprise’s ability to maintain process transparency in
a digital environment.

The control and monitoring barrier has the greatest structural signifi-
cance. It encompasses difficulties in maintaining process transparency, the
complexity of internal and external audits, the lack of standardized control pro-
cedures, the risk of data manipulation, and problems with access to historical
data. This result indicates that a key constraint on automation is ensuring the
reliability, auditability, and control of processes that, following the implemen-
tation of technology, become more dependent on data quality, system rules,
and monitoring mechanisms.

The second dimension is the technological and infrastructural barrier. It
concerns the incompatibility of existing IT systems with new solutions, prob-
lems with the integration of different applications and databases, the lack of
uniform standards for electronic documentation, dependence on software ven-
dors, and the limited scalability of systems. This indicates that the effectiveness
of intelligent automation depends on the maturity of the IT infrastructure and
the enterprise’s ability to integrate new tools with existing technological solu-
tions.

The third factor encompasses security and risk barriers. These relate to
the possibility of data leakage, unauthorized control over systems, insufficient
protection of data stored in the cloud, low employee awareness of cybersecuri-
ty, and the risk of data loss resulting from technical failures. These barriers
demonstrate that automation increases the importance of digital risk manage-
ment, because greater dependence on information systems requires a higher
level of data protection, business continuity, and user accountability.

The fourth dimension is the economic and financial barrier. It encom-
passes high initial expenditures, long-term maintenance costs, the need for em-
ployee training, difficulties in estimating benefits, and the need to employ IT
specialists. This means that the implementation of intelligent automation re-
quires not only the acquisition of technology, but also the provision of the fi-
nancial, competency-related, and organizational resources necessary for its sus-
tained use.

The fifth factor is organizational and operational in nature. It encom-
passes risks related to system failures, a lack of flexibility in adapting to legal
and organizational changes, the erosion of employee competencies, the risk of
dependence on the technology provider, and limited possibilities for system
customization. This barrier indicates that automation may reduce organization-
al flexibility if the implemented solutions are not adapted to the specific char-
acteristics of processes, regulatory requirements, and user needs.

In summary, the structure of barriers to intelligent automation indicates
that the greatest significance is associated with constraints related to control,
monitoring, and data quality, followed by technological, security, financial, and

15



organizational barriers. From the perspective of digital transformation, this
means that the effective implementation of automation requires not only in-
vestment in digital tools, but also the development of oversight mechanisms,
system integration, data protection, competency development, and the assur-
ance of the enterprise’s operational flexibility.

Table 3. Component structure of barriers to the implementation of intelligent

automation

Barrier di-
mension

Description

Eigenvalue

% of var-
iance
explained

Control and
monitoring

Encompasses barriers related to ensuring the
transparency, auditability, and reliability of au-
tomated processes. It concerns difficulties in
controlling the course of activities, the lack of
standardized procedures, the risk of data ma-
nipulation, and limited access to historical data.

6.9

26.54

Technological
and infrastruc-
tural

Refers to constraints resulting from the incom-
patibility of existing IT systems with the imple-
mentation of modern automation solutions. It
encompasses problems related to the integration
of applications and databases, the lack of e-
documentation standards, dependence on tech-
nology providers, and difficulties in scaling in-
frastructure.

2.2

8.6

Security and
risk

Concerns threats related to data protection, cy-
bersecurity, and system continuity. It encom-
passes the risk of data leakage, unauthorized
control over systems, technical failures, insuffi-
cient cloud security measures, and low employee
awareness of digital security.

1.8

6.8

Economic and
financial

Encompasses barriers arising from the costs of
implementing and maintaining intelligent auto-
mation. It concerns high initial expenditures,
training costs, the need to employ IT specialists,
and difficulties in estimating the actual economic
benefits of automation.

1.7

6.4

Organizational
and operation-
al

Refers to constraints related to the functioning of
the organization following the implementation of
automation. It encompasses the risk of system
failures, limited flexibility in response to legal
and organizational changes, the erosion of em-
ployee competencies, dependence on technology
providers, and difficulties in system customiza-
tion.

1.3

5.0

Total:

13.9

53.34

Source: Own elaboration based on the research results.
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6. Perceived effects of intelligent automation in the context
of enterprises’ digital transformation

The results of the principal component analysis indicate that the per-
ceived effects of intelligent automation form six main dimensions, which to-
gether explain 62.0% of the variance in the phenomenon under investigation.
This means that the effects of automation are multidimensional in nature and
encompass not only cost efficiency, but also improved process transparency,
error reduction, increased productivity, and changes in the organization of
work. Automation therefore reveals its significance not as a single technical
tool, but as a mechanism supporting sustained change in the way an enterprise
operates.

The strongest factor was the increase in process transparency. This result
indicates that the primary effect of intelligent automation is improved visibil-
ity, monitorability, and auditability of organizational activities. Automation
enables better tracking of process execution, information flows, and responsi-
bility for individual stages of work. This is particularly important for digital
transformation, because greater transparency facilitates control, standardiza-
tion, and decision-making based on reliable data.

The second component concerns the reduction of process and decision-
making errors. This effect results from reducing data inconsistencies, automat-
ing repetitive activities, and applying uniform rules of procedure. Intelligent
automation reduces the risk of process-related and decision-making errors, par-
ticularly in areas requiring accuracy, systematic execution, and the processing
of large volumes of information.

The third factor concerns increased enterprise productivity. This means
that automation enables a greater number of tasks to be performed through
more efficient use of resources. Reducing the time required to perform routine
activities and improving workflow enable employees to focus on tasks of
greater analytical, decision-making, and organizational value.

The fourth dimension encompasses improved job satisfaction. This effect
indicates that automation can reduce employees’ workload associated with mo-
notonous, administrative, and repetitive activities. As a result, it contributes to
greater work comfort, better utilization of competencies, and a shift in employees’
activities toward more creative, control-related, and problem-solving tasks.

The fifth factor relates to the reduction of operating costs. Automation
makes it possible to reduce costs resulting from time-consuming processes, ex-
cessive administrative burden, errors, and inefficient use of resources. It should
be emphasized, however, that cost reduction is not the dominant structural ef-
fect, which indicates that the significance of automation extends beyond simple
economic optimization.

The sixth dimension is the reduction of the risk of human error. This ef-
fect encompasses the reduction of mistakes resulting from fatigue, inattention,
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manual data entry, or inconsistent interpretation of procedures. Intelligent au-
tomation increases the repeatability and consistency of activities, particularly in
processes involving large volumes of data, documents, and transactions.

In summary, the structure of the effects of intelligent automation indi-
cates that its most important outcome is increased process transparency, fol-
lowed by error reduction, increased productivity, improved job satisfaction,
and reduced operating costs. From the perspective of digital transformation,
this means that automation creates value primarily through the structuring of
processes, improvement of data quality, increased control over activities, and
strengthening of organizational efficiency. Thus, its effects should be interpret-
ed not only as operational benefits, but also as a manifestation of a deeper

change in the way the enterprise is managed.

Table 4. Component structure of the perceived effects of intelligent automation

% of
IA effect Description Eigenvalue | variance
explained
Encompasses improved visibility of the course of ac- 7.8 32.5
Increased tivities, information flows, and responsibility for indi-
process vidual stages of the process. Automation facilitates
transparency |better monitoring of operations, supports control, and
increases the auditability of organizational activities.
Concerns the reduction of irregularities resulting from 1.8 7.7
Reduction of |data inconsistencies, the repetitive nature of activities,
process and |or a lack of standardization. Automation enables the
decision- application of uniform operating rules, thereby reduc-
making errors |ing the likelihood of process-related and decision-
making errors.
Refers to an increase in the organization’s capacity to 1.5 6.4
perform a greater number of tasks with the same or a
Increased : .
. lower level of resource involvement. Automation re-
COLCIPIISC. | 411ces the ti ired to perfi tine activiti
roductivity |duces the time required to perform routine activities,
p improves workflow, and enables more effective utili-
zation of employees’ potential.
Results from reducing employees’ involvement in 1.4 5.7
1 . . |monotonous, repetitive, and administrative activities.
mproved job . .
' : Automation may increase work comfort, enable em-
satisfaction . ‘
ployees to focus on more analytical or creative tasks,
and strengthen their sense of professional agency.
Concerns the reduction of costs resulting from time- 1.3 52
Reduced consuming processes, errors, excessive administrative
. burden, and inefficient use of resources. Automation
operating g . . :
makes it possible to improve task execution and re-
costs X . : e
duce costs associated with handling repetitive opera-
tions.
Encompasses the reduction of mistakes resulting from 1.1 4.5
fatigue, inattention, manual data entry, or incorrect
Reduction of |interpretation of procedures. Intelligent automation
human error |increases the repeatability and consistency of activi-
ties, particularly in processes involving large volumes
of data and transactions.
Total: 14.9 62.0

Source: Own elaboration based on the research results.
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7. Conclusion

The study conducted confirms the significant role of intelligent automa-
tion in the digital transformation of enterprises; however, its significance be-
comes evident only when it is linked to organizational objectives, data quality,
process maturity, and the enterprise’s ability to manage change. Automation
should therefore not be treated solely as the implementation of technology, but
as an element of a broader process of transforming the way the organization
operates.

The results obtained indicate that the effectiveness of intelligent automa-
tion depends on the selective choice of implementation areas and on reducing
barriers that may weaken its effects. Processes that are repetitive, measurable,
data-driven, and capable of being standardized are of particular importance, as
they create the most favorable conditions for achieving sustained transforma-
tional effects.

From the perspective of digital transformation, the key point is that au-
tomation can strengthen not only operational efficiency, but also process trans-
parency, information quality, decision-making efficiency, internal communica-
tion, and the enterprise’s ability to respond more rapidly to changes in the ex-
ternal environment. Thus, its value 1s not limited to cost reduction, but also en-
compasses the development of a more flexible, structured, and data-driven or-
ganization.

A limitation of the study is the purposive selection of the sample and the
declarative nature of the data, which limits the possibility of fully generalizing
the conclusions. Further research could include cross-industry comparisons, an
analysis of the level of enterprises’ digital maturity, and a long-term assess-
ment of the effects of implementing intelligent automation.

In business practice, a phased implementation of automation is advisa-
ble, preceded by process diagnosis, assessment of data quality, preparation of
technological infrastructure, and development of employee competencies. In-
telligent automation can become a genuine tool of digital transformation when
it supports sustained organizational improvement rather than merely replacing
selected manual activities with technological solutions.
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IHAPAJJOKCHU HA UBKYCTBEHUSA UHTEJIEKT
IIpog. a-p Baagumup Coiios’

Pe3tome: 3xycmeenusm unmenekm (MH) namupa ece no-201amo npuiodicerue 8 pas-
JUYHU chepu Ha OusHeca u 0OpazoeaHUemo, a MaxKa Cbwo U 6 exlceOHesUemo Ha Y08eKd.
Mmoo uzcneoosamenu uzmvkeam noazume om MU, no, 6 coujomo épeme, pazeumuemo u
PA3NpoOCMpaneruemo My nopaxcoam onpeoeieHu npomusopeyusu nociedcmsus. B ooxnada
ca uoeHmuuUYUpaHu U aHATUUPAHU YACM Om me3u NPOMUBOpeUUsl, HapeyeHu Om aemopa
,, napaooxcu .

KirouoBn aymm: uskycmeen unwmenekm, noasu, HeOOCMAambvyu, npomueopeyus, na-

paookcu
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ARTIFICIAL INTELLIGENCE PARADOXES

Prof. Dr. Vladimir Sulov

Abstract: Artificial intelligence (Al) is increasingly being used in various fields of
business and education, as well as in everyday life. Many researchers point out the benefits of
AL but at the same time, its development and spread give rise to certain contradictory conse-
quences. The report identifies and analyzes some of these contradictions, called by the author

"paradoxes”.
Key words. artificial intelligence, benefits, disadvantages, contradictions, paradoxes

JEL: C8, L86, 12

1. BnLBeaenue

N3kyctBenusiT untenekT (M) u B 4aCTHOCT T€HEPATUBHUSIT H3KYCTBEH
WHTEJICKT HaMHUpPa BCE MO-TOJSIMO MIPWIOKEHUE B pa3nyHu chepu Ha Ou3Heca u
o0pa30BaHUETO, a TaKa CHIO U B €XKETHEBUETO HA YOoBeKa. Pemuiia uszcneaona-
e (Brynjolfsson et al., 2025; Chen & Cheung, 2025; Zhang & Narayandas,
2025) wu3ThKBat mpeauMmcTBaTa u nosute oT MU 3a moBumaBane Ha edeKTHB-
HOCTTa Ha YOBEIIKaTa JIEMHOCT U Ha OW3HEC omeparuuTe, B 00pa30BaHUETO U
Ap.

B cbioTo Bpeme, obaude, pa3BUTUETO U pasnpocTpanenuero Ha MU mo-
paxkaa ornpeeeHu MOCAeCTBH, KOUTO HEPSIIKO MTPOTUBOPEYAT Ha U3THKBAHU-
Te noi3u. [lenTa Ha HacTOsIIMS AOKIaA € Ja UACHTU(DUIIMpA U aHATIM3UPa HaK-
pPaTKO HSIKOJIKO MOJOOHU MPOTUBOPEUUS, KOUTO I[e Hapudame ,,lapajokCy Ha
W3KYCTBEHUSI MHTEIIEKT .

Toit kato obnactute u npuioxkenusiTa Ha UM ca u3KII0YUTENIHO MHOTO |
HsMa Kak Ja ObJaT pa3riielaHd B paMKUTE Ha €IUH JOKJaJ], 00XBaThT IIe ObIe

' vsulov@ue-varna.bg, IKoHOMUYECKH yHUBEPCUTET — BapHa.

22



OTpaHHYEH JI0 HAKOW KOHKPETHH MPOTHBOpEUHs B chepuTe Ha pa3paboTKaTa Ha
codTyep U AOHIKBAC Kacaeny o0pa30BaHUETO U 00yJaeMUTe.

2. IIpomsina Ha paGOTHUTE MO3UIIUM ¥ U3UCKBAHUSATA 32 TAX NMPHU
pa3padoTkaTa Ha copTyep M MUCAHETO HA MPOTrPaAMeH KO/

Tpyano moxe na 0bae ocnopeHo, ue MM B gedcTBUTETHOCT MOXeE Ja
moJimomMara MUCaHeTO Ha MpoTrpaMeH KojA, 0COOCHO MOo-eJIeMEHTapeH U PYTH-
HeH/noBTaps ce TakbB (Mo et al., 2025; Merler et al., 2026; Brandebusemeyer
et al., 2025). U3nonsBa ce nopu cnenuduyueH TepMuH — boilerplate code 3a Hs-
KoM BuaoBe noaodex kox. MU ce cipas Bce 1mo-100pe U ¢ MO-CII0KHU 3a/1a4i B
TOBa OTHOILEHUE.

HNuTepecHo € Kak TOBa BIUsie BBPXY Ma3apa Ha Tpyaa. Jlanuurte B rioba-
JieH Maiad Mmokas3Bar, ye KaTo 110 MMa W3BECTHO HaMajieHue B pabOTHHUTE MO-
3UIUKU 32 COPTYepHU Pa3padOTUUIIM W MPOTPAMUCTH, MaKap Y€ HIMa TBBPIIO
JTIOKA3aTeJICTBO 3a MPUYMHHO-CIEACTBEHA Bpb3Ka Mexy pazputueto Ha MU u
HaMaJIeHUEeTo B Opos Ha paOOTHUTE MO3UIIMU, T KAaTO MPOIECUTE U SBICHUATA
B rjo0ajiHaTa MKOHOMUKA ca TBBPJI€ pasHOpoHU U KomIuiekcHu (Gmyrek et al.,
2025; Brynjolfsson et al., 2026; Crane & Soto, 2026). Hsikou yueHU TBBPAST, 4
BB3MOXKHOCTTa, ch3aaaeHa ot M, 3a micane Ha KOJ| C MO-MaJIKO YCHIIUS U XOpa
HE BOJHU JI0 TMO-MaJiKa 3aeTOCT, a JI0 MO-TOJIIMa HYXX/1a, Bb3MOKHOCTH U CHOT-
BETHO MPOM3BOACTBO Ha cOPTyep, KOETO KOMIEHCUpPA/ypaBHOBECABA €(DEKTUTE
(Demirer et al., 2026; Baird, 2026).

B cpmoro Bpeme ce 3abensi3Ba U MPOTUBOPEUMBO BIMSIHUE HA TE3U IPO-
1ecu B cpepara Ha 0Opa30BAHUETO U M3UCKBAHUSATA/OUAKBAHUATA HA OBJCIIUTE
CrenuagnucTi. BoIipeku pasriegaHaTa HEeAO3HAYHOCT 3a Oposi Ha pabOTHUTE
MecTa, ce 3a0elsi3Ba HaMajleH HHTepec KbM 00pa3oBaHue B cepara Ha KOMITIO-
ThpHUTE Hayku (Geiger et al., 2026), KOeTO MOXEM Jla TOCOYUM KaTO MPOTUBO-
peune, 3amoro MU 6u cieasano na ynecHsBa u caMoTo oOpazoBaHue. Cunurtame,
o0aue, 4e UCTUHCKUSAT NMapaJoKC Ce pa3KpuBa MU €AUH pa3InueH MOTIe] BbPXY
CUTyanusitTa ¢ oOpa3oBaHHeTo M 3aeToctra. llle m3kaxkeM TBBpIEHUE, ue Oble-
mmre UT-cnenuanuctu U B 4acTHOCT pa3paboTUMIIM U MPOTPAMHUCTH OYaKBaT,
4ye 00pa30BaHMUETO M PEaTHHT TeXeH Tpya we O0bae ynecHeH ot UMW B takaBa
CTEIEeH, Ue HsIMa J]a € HY)KHO CaMH Jla ca B ChCTOSIHUE Jla MHILIAT CJIOXKEH MpOor-
paMeH KoJl, KOeTO HamalisiBa CaMOB3MCKATETHOCTTa U CAMOKPUTHYHOCTTA UM U
Ch37aBa OYaKBaHUA 0OPa30BaHUETO B Ta3H cdepa Ja € HAaCOYCHO MPEAUMHO KbM
NpUIOKEHUE HA MHCTPYMEHTH 3a reHepupane Ha ko ¢ MU, BmecTo uzmucs-
He/Ch3/laBaHe/TIMCcaHe Ha MPOTPaMeH KOJl OT CAMUTE TSIX ChC COOCTBEHU YCHUIIMSL.
B cbmoro Bpeme, 6e3 3HaueHHE anu pabOTHUTE MECTa KaTo IISJI0 HaMmalaBaT
WIM HE U JaJld MOXe Ja ce TBbPHU, ye ToBa € ciuenctsue Ha MUY unm He, cbe cu-
TYPHOCT TSAXHaTa CTPYKTypa ce npomeHsi. HabmonaBa ce cuiieH cnaja Ha Thpce-
HETO Ha HauYWMHACIIM Pa3paboTUUIIN/TIPOTPAMUCTH C MPEOPUEHTHPAHE KbM Thp-
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CEHE Ha IMO-ONMUTHH, ,,cTapmu’ TakuBa (Brynjolfsson et al., 2025; Westby et al.,
2026).

WNiu mapanokcst, KOUTO 1Ie nocounm, €, yue UM He Bogu no mo-manku
W3HWCKBAHUS U yJIECHCHHE KbM Pa3pabOTUUIIUTE, 2 TOYHO OOpaTHOTO — BOJH JI0
3aCUJICHAa KOHKYPEHLUSI M MO-TOJIEMH W3UCKBAHUSI KbM PEATHUTE TEXHHU Bb3-
MOXHOCTH, T.€. Ha ITbPBO MSCTO BB3MOXKHOCTU 3a COOCTBEHO MHUCJIEHE, MHCaHE
U pa3doupaHe Ha KOJ U YaK Ha CIlIeJ[BaIlo MICTO u3noi3BaHe Ha W uHcTpymen-
TH, KOETO BCBHITHOCT € IMO-JIECHO 3a YCBOSIBAHE W ymoTpebda mpu HaIUYUETO Ha
'BPBOTO.

3. UHBecTHMLINIM B PeaJiHO 3HaHMe cpelny uHBectunuu B U
HHCTPYMEHTH

TpanuuuonnusaT Mojen Ha oopazoBanuero B UT-cdepara (a u U3BHH Hes)
Ipeanojara UHBeCTUpaHe (BpeMe M pa3xoju) 3a MoydaBaHe Ha 3HAHUS U yMe-
HHUS 3a Ch3/aBaHe Ha ornpenenu UT-npoaykTu U B 4aCTHOCT, TOBOPEUKHU 3a pas-
pabotka Ha coryep, yCBOSIBAHE HA €3UIIU, TEXHOJIOTHH, TIATPOPMHU 32 MPOT-
pamupane/pa3zpadoTKa.

[Ipodecnonannara u uHTeH3MBHA ynotpeda Ha MW uHCTpymMEHTH 3a re-
HEpUpaHE Ha KOJI € CBBbp3aHa C NMPEeKH (PMHAHCOBH Pa3XOJH, KOUTO MOTaTr ja
HAJXBBPJAT CTaHIApTHaTa IIeHa Ha aboHaMeHTa. Bce mo-uecTto mocTaBYHMIUTE
BBBEKIAT MOJICNIA HA IIEHOOOpa3yBaHe, OCHOBAHU HA PEaTHOTO MOTpeOIcCHUE Ha
W3YHCIUTETHA pecypcu U TokeHu. Hampumep manuaute Ha Cursor mokassar, 4e
exenHeBHUTE MoTpeOutenu Ha MU arentn obuvaitHo mocturat $60-$100 me-
CEYHO, IOKATO TIPH T.HApP. POWEr USers pa3xoauTe 4ecto HaaxBepiaT $200 me-
ceuyno (Cursor, n.d.). [lomo6Ha Tenaennus ce Habmoaasa u mpu GitHub Copilot,
KoiTo npe3 2026 1. npeMuHa KbM MOJIEN, IPH KOWTO MOTPEeOICHUETO Ha/Tl BKITIO-
YeHHs TUMUT ce TakcyBa aonbiaHuTenHo (GitHub, 2026). CnenoBarenHo, Makap
[[eHaTa Ha €JIMHUIIA U3YUCIUTENIEH PECYpC MOXKE U Jla HE HapacTBa, (PMHAHCOBA-
Ta WHBECTHIIMS, HEOOXO/IMMa 3a MHTEH3UBHO MPO(PECUOHAIHO H3MOJ3BaHE Ha
U wHCTpYMEHTH, MOKE J1a C€ yBeJIMYaBa C Pa3lIMpsIBAHETO HA TAXHATA YIIOT-
peba.

Pa3zbupa ce, moxe nma ce 0600cHOBE, Ue MOJJ00HAa NHBECTHIIHS € OTpaBIaHa
OT TJIeJTHA TOYKA Ha TOBA, Y€ pa3pabOTUUKBT CIIECTSIBA BPEME W 10 TO3W HAYHH
CTaBa MO-NIPOU3BOANUTENIEH U €()EeKTHUBEH, 0COOEHO OT OM3HEC TJIeIHa TOYKa, Ma-
Kap 4e moo0Ha ePEeKTUBHOCT TPYIHO MOXKE J1a CE U3MEPH.

Ho ako pasriename cutyanusara B JUYHOCTEH W O00Opa3oBaTENIEH acIeKT,
Ce OKa3Ba, 4e 00yyaeMuUTE MOrarT Ja MpeArnoyeTaT BMECTO Ja HHBECTUpAT B pe-
aJIHO 3HaHue, na uHBectupaT B UM wnm napagokcanHo MOrieIHaTo U OMUCAaHO:
BMECTO MHBECTHUIMU 3a 3HAHKME — Jia HAIIPABSAT UHBECTHUIIMH, 32 1a HAMAT HyXJa
OT 3HaHue. Hampumep elvH CTyAEHT MOKe J1a MIPEANoYeTe Aa HE TOJI0KH BpeMe
W yCWIHS, 3a J]a € B ChbCTOSHUE CAaMOCTOSITCIIHO Jla HAydd Kak M Jia pa3padoTH
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KypcoBa pabota, a na 3amiata Ha M, KoiTo 111e HamuIe U TeKCTa, U Mporpam-
HUS KOJI 10 U3UCKBAHUSITA HA TPENOIaBaTEIIs.

YMmeHusTa 3a 6opaBeHe ¢ nHCTpymMeHTH ¢ MU ca cwIo 3HaHuUE, U TO TO-
JIE3HO, HO 1€ TTOCOYMM OTHOBO MPEIXOAHUS pa3riieiaH MapagoKc, MPU KOUTO
pEeaTHOTO, MbPBUYHO 3HAHUE BCHIIHOCT CE€ OKa3Ba MO-ThPCEHO MPHU 3acUiIeHATa
KOHKYPEHIUS.

4. ABTOPCKO NPaBo U APYTrd NPAaBHU 0COOEHOCTH HA NMPOTrPAMHHUS KO/

[Ipu nucane Ha koA OoT Xopa 6e3 u3nona3Bane Ha MM uncTpyMeHTH, OOUK-
HOBEHO HsMa yCIJIOBUA 332 BH3HHKBAHE Ha MPOOJIeMH, Kacaely aBTOPCKOTO Ipa-
BO, COOCTBEHOCTTA WJIM HSKAKBU JIPYTH MPABHU OTPAHUYCHUS WU U3UCKBAHUS
M0 OTHOIIICHHE Ha HAITUCAHUSI KO/I.

Korato, ob6aue, ce uznonzsatr UM uncTpymMeHTH 3a 11enTa, Bb3HUKBAT HS-
Kou cnenuduuau ocodeHocT. Bomenure noctaBuuiM Ha HHCTPYMEHTH, 06a3u-
panu Ha reHepatuBeH MU, no npaBmio He npeTeHaupar 3a cOOCTBEHOCT BHPXY
TEeHEPHUPAHUS YPEe3 TEXHUTE CUCTEMHU KO, KOETO MO3BOJISIBA HA MOTPEOUTETUTE
Jla TO BKJIIOYBAT B CBOM CO(TYEpHH MPOAYKTH, BKIIOUMTEIIHO C KOMEpCUaIHa
uen (Stalnaker et al., 2026; Widta, 2026). Beripeku ToBa, Bb3MOXKHOCTTA 3a CBO-
00/1Ha yroTpeba Ha TeHEepUpaHus KOJI HE Clie/iBa J1a ce pa3doupa Kato abCoI0THA
(3a KOETO I11e CTaHE BBIPOC MO-HATOIY).

OcBeH TOBa HAKOM JIOCTABUMIIM 3alOYBaT J1a BHBEXJAAT MEXaHU3MU 3a
T.Hap. -Bomen 3Hak (Al watermarking), ape3 KOUTO MOXKe J1a ObJIe YyCTAaHOBEH
POU3XOIBT Ha TEHEPUPAHOTO ChAabpkaHue. Hampumep Anthropic oOsBU Bb-
BEXKJAHETO HAa HEBUIUM, MAIIIMHHO Pa3M03HABAEM BOJICH 3HAK B TEHEPUPAHUS OT
Claude TekcT KaTo 4acT OT MEPKUTE 3a ChOTBETCTBUE C U3UCKBAHUSITA HA €BPO-
NEeHCKOTO 3aKOHOJATENCTBO. TexHoyorusTa obaue He clie[iBa J1a ce pas3riiexia
KaTo HaJeXJIeH HauMH 3a UJECHTU(DUIMpaHE HA BCEKU T€HEpUpaH MpOorpameH
KOJI, Thid kKaTo camusIT Anthropic mocousa, 4e mpu MPoOrpaMeH KOJ BOAHUSAT 3HAK
Ce OTKpHBA MO-PSAJIKO MOPaau CreUu(PUUHUTE MY CTPYKTYPHH XapaKTEPUCTUKU
(Anthropic, 2026). HezaBucuMo OT TOBa, pa3BUTHUETO HA MOJOOHU TEXHOJIOTHH
NIOCTaBsl BBIPOCH OTHOCHO NPOCIEAMMOCTTAa Ha NPOU3XOJa HA TE€HEPHPAHUS
KOJl, MPO3payHOCTTa Ha U3N0a3BaHeTo HAa MM M moTeHIMalHUTE MOCIEINULH 3a
pa3paboTUUIIUTE U OpraHU3aLUUTE.

B Ta3u cutyanus mapagokc €, ue MOXe Jja c€ MOSIBU MpaBeH MpoOjaeM OT
CHBCEM JPYTO €CTECTBO. 3a O0OyUYEHHETO Ha rojieMuTe e3uKoBU mMonaenu (LLM),
KOUTO CTOSIT B OCHOBaTa Ha MHCTPYMEHTHUTE 3a T€HEpPUpaHe Ha MPOTrpaMeH Ko,
C€ U3MOJ3BaT rojieMu 00eMHU MPOTpaMeH KOJI, BKIFOUUTEIHO KOJ OT MyOJIMYHO
JOCTBIIHA XPAHWJIUILA. 3HAYUTEIHA YacT OT TO3M KOJI € Pa3mpoCTpaHEH Karo
open-source copTyep U MOpaau TOBAa € OOEKT HA KOHKPETHU JUIEH3UOHHU yC-
noBusi. M3crienBanusTa moKa3BaT, 4Ye T€HEPATUBHUTE MOJIEIN MOTAT B OMpeJie-
JICHU Cy4yau Jia 3araMeTsBaT U Bb3MPOU3BEKAAT JOCIOBHU (PparMEHTH OT JIaH-
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HUTE, BbPXY KOUTO ca 00y4eHH, BKIIOUUTETHO mporpamen koA (Emanuilov &
Margoni, 2024). ToBa cb3aaBa MOTEHUMAJIEH MPOOJIEM, KOTaTO T€HEPUPAHUAT
KOJ € WJCHTHYEH WU CHIIECTBEHO CXOJIEH C Beue ChIIECTBYBAIL KOJ, pa3mpoc-
TpaHsIBaH MPH OIPEIeTICH OpPen-source JUIEH3.

To3u npobsieM npousTuya ot akra, 4e Open-source JUIEH3UTE HE O3Ha-
yaBar JIMIICA HAa OIPaHUYEHUs, a IPEIOCTABAT ONPECICHH MTpaBa MpU KOHKPET-
HU ycJoBHs. B 3aBHUCHMOCT OT NPHUIIOKMMUS JIMIIEH3 T€ MOTaT HampuMep 1a
M3HCKBAT MMOCOYBAHE HA aBTOpa M 3ara3BaHe Ha JUIICH3MOHHUTE YBEIOMIICHUS,
a Mpu T.Hap. ,,copyleft nuuen3ure nopu 1a U3UCKBAT MPOU3BOTHUTE MPOTYKTH
na ObJaT pa3npOCTPaHIBAHM MPU CHITUS WK ChbBMecTHM JiniieH3. [lopanu ToBa
U3I0JI3BAaHETO Ha reHepupad oT MM koa Moxe a mopoau BBIPOCH OTHOCHO
CIa3BaHETO HA JIMIICH3MOHHUTE YCJIOBHS, KOraTO HE € U3BECTHO JaJIi U 10 KaKBa
CTENEeH M3XOABT ChIbpP’Ka WIM BB3MPOMU3BEXKAA KO OT OOYUHUTENHUS HaOOp
(Emanuilov & Margoni, 2024; Stalnaker et al., 2026). [Ipo6ieMbT ce yCaoxHs-
Ba JIOITBJIHUTENHO OT (paKTa, ue MOTPEOUTENAT YeCTO He pasnoara ¢ nHpopma-
Us 32 IPOU3X0/Ja U JUIEH3MOHHMS CTAaTyT HAa KOHKPETHHUS KOJ, FeHepUupaH OT
N uncTpyMeEHTa.

5. 3axkiarouenune

B Hacrosmus AOKIaa mpeicTaBUXMe CaMO HSKOJKO MPOTUBOPEUYHUBH MO-
MEHTU B ynoTpebaTa Ha M3KYyCTBEH MHTEJIEKT Haii-Beue NpU I'€HEPUPAHETO Ha
IporpaMeH KoJl U JIOHSIKBJE B 00pa3oBaHueTo. B 3akioueHue e noayepraem,
4ye M3MO0JI3BaHeTo Ha reHepatuBHU MW mHCTpymMeHTH B MHOTO 00siacTu Ha OuU3-
Heca U 00pa30BaHUETO € M e € 0O0EKTHBHA PEaJHOCT, HO OM cle[Balo Ja ce
OTYUTAT U NOTEHUUAIHUTE PUCKOBE, YNUTO €PEKTH, OCOOEHO B 0OsiacTTa Ha 00-
pa30BaHUETO, MOTaT J1a ObJAT IBJIOOKU U IBJITOCPOUHHU.
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IMPUJIOXKEHUE HA U3KYCTBEHUMA UHTEJIEKT ITPH
NOAABPKAHE HA KUBEPCUI'YPHOCTTA HA OPTAHU3AIIMUTE

Hou. n1-p Pocen Kupuiios'

Pe3tome: Uszepasicoanemo na cucmema 3a KubEpcuesypHocm 6 opeanuzayuume e cio-
JHcen U npoovadcumener npoyec. Mzepadenama cucmema ciedga 0a omeogapsi HA 6CUYKU
C8EMOBHU CIMAHOAPMU, KAKMO U 000pU NPAKMUKU, 3d 04 0M2080PU HA OYAKBAHUSIMA HA Me-
HUuodcmvuma. Peouya om cogpmyeprume npunosicenus u niam@opmu, xoumo we 6voam
APULOJICEHU 8 MO3U NPOYeC Ca U3PAOEHU HA OCHOBAMA HA U3NON36AHE HA U3KYCMBEHUS. UH-
menexkm. [lopaou moea 6 doknaoa ce pasenexcoam n000OEH 8U0 cucmemu, KaKmo u mpyo-
Hama 3a0a4a 3a U3NO36aHe Ha U3KYCMBEEeH UHMENEeKM 8 KubepcusypHocmma.

Kao4oBu aymMu: kubepcucypHocm, usKycmeeH uHmenekm, nompeoumencko nogeoe-
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APPLICATION OF ARTIFICIAL INTELLIGENCE IN MAINTAINING
ORGANIZATIONAL CYBERSECURITY

Assoc. Prof. Dr. Rosen Kirilov

Abstract: Establishing a cybersecurity system within organizations is a complex and
lengthy process. The resulting system must comply with all global standards and best practic-
es to meet management's expectations. Many of the software applications and platforms im-
plemented during this process are built upon artificial intelligence. Consequently, this report
examines such systems, as well as the challenging task of utilizing artificial intelligence in
cybersecurity.

Key words: cybersecurity, artificial intelligence, consumer behavior, software tech-
nologies
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1. BnBeaenue

BbrnpocuTe Ha KHOEPCHTYPHOCTTAa CTaHaXxa OCOOCHO aKTyaJlHH TIpe3
[IOCJIEAHUTE TOAUHKA. TOBa ce IBIDKM HAa MHOTO BHCOKOTO HMBO HA JUTHTAJIN-
3aIis B OMNpPECIICHH CEKTOPH, KOETO Hallara W M3MCKBA Ch3JaBAaHUTE U TPH-
JaraHe TEXHOJOTHH, ChbOMpaHHuTe M 00pabOTBaHU Upe3 TAX JaHHH Ja ObIaT
OIa3BaHHU IO 3aKOHOCHOOpa3eH U epeKTUBEH HauMH. B peauiia mkoHOMHUYEC-
KM CEKTOPH TE3U BBIIPOCH ca IPEHEOPErBaHN WJIM pellaBaHW YaCTHYHO, Upe3
OTIPEIEICHU PEIICHUS, KOETO HE Ch3/1aBa YCIOBUSA U BB3MOKHOCTH 32 BbBEXK-
JaHE Ha ISJIOCTHU PEIICHHUs, TapaHTHpaIld HEIPUKOCHOBEHOCTTAa Ha UHQOP-

! rkirilov@unwe.bg, YHUBEpPCHUTET 3a HAIIMOHAIHO U CBETOBHO cTONancTBO — Codust, Karenpa
,.HbopMaTHKa*

28



MalMsATa U HEMHOTO KayecTBO. B TO3M KOHTEKCT M3KJIIOUHUTEIHO BaXKEH YI-
PaBJIEHCKH BBIPOC € OCh3HATATa HEOOXOAUMOCT OT MOJAXOAAIIA, HABPEMEHHA
U epeKkTUBHA cucTeMa 3a KubepcurypHoct. JlumncaTta Ha ycloBUsS U yIIpaBJIeH-
CKa BOJIS 32 HEMHOTO M3rpa)kJjaHe W HE MOAABbpKaHE BbB BPEMETO (a TaKMBa
IPUMEPH OT MPAKTHKATAa KUMa MHOTO) MOXE J1a JOBEJIE N0 HENMONpPaBUMH MOC-
JEJCTBUS 3a OpraHM3alMsaTa, HEHHATa JUTMTAIHA UHQPPACTPYKTypa, JaHHHU,
UMUK U 001IecTBEeHO aoBepue. [lopaan Te3m NpuumMHU B HACTOAIIMS JTOKJIa
C€ aKLEHTUPa BbPXY HEOOXOJUMOCTTA OT YIPABICHCKO OCh3HABAHE BAKHOCT-
Ta Ha TO3W BBIPOC U MPUJIATaHETO HA MEXAHU3MHU 3a MPEeBAHTHUBHA 3allUTa, a
HE ThPCEHE Ha pPEeUIeHUs] IPU Bb3HUKBAHE HAa KPU3UCHA CUTYAlUs, UHIUJCHT
U T€Y HA JTaHHHU.

2. PazpaboTBaHe HA KOHUENIUM 32 U3rPAKIaHe HA CHCTEMU
3a KHOEPCUT'YPHOCT B OPTraHU3aIlUNTe

Ako ObJie U3BBPIIEH OCH3HAT YMPABICHCKU M300p Ha CTpaTerus 3a Bb-
BEX/IaHE U NOJIbpIKAHE Ha CUCTEMA 3a KUOEPCUTYPHOCT B JlaZieHa OpraHu3alus,
TOBa pEUIEHUE MPEAU3BHKBA Cle]l ce0e CH ThPCEHE Ha OTIOBOPH B HSIKOJKO
KOHKPETHH MTOCOKH:

e Kaksa cuctema e moaxojsiia 3a MpolecuTe B aHaJIM3UpaHaTa opra-
Hu3anusa? He BCHYKM TEXHONOTHYHU, OPTaHU3AIMOHHU WU Xap.y-
epHM MEpPKH MOTaT Jia JOBEAAT 0 €IWH U ChIUIU Pe3yaTaT Mpu Hs-
KOJIKO pa3JIMYHU OPTraHHU3alyy C Pa3IuyHU JEWHOCTH U TPOLIECH.
Jlopu i opraHuzaniu ChC CXOAHA JECWHOCT € BB3MOXKHO J1a MMa
CBILLIECTBEHH PA3JIMKHU B HAUMHA HA IIPOTHYaHE HA IPOLECUTE U ydac-
THULUTE B TSIX;

e B cbhcTOsIHME M € OpraHu3alusATa cama Jia u3rpajiy nojJo0Ha cucre-
Ma WU TpsOBa Ja W3MO3Ba MOMOIITA HAa BBHHIIHUA KOHCYJITAHTCKU
KOMITaHUU B cekTtopa? [loemaHeTo Ha OTTOBOPHOCT 32 COOCTBEHO U3-
rpaxKiaHe cie/Ba /1a € ChIITCTBAHO C BHUMATENIEH aHalIu3 Ha KBa-
AupUKanuATa, YMEHUSITa U KOMIIETEHTHOCTUTE Ha HamuuyHute UT
CHELMAIUCTH B OpraHu3auusira. AKO HAKOU OT KOHCTaTUPAHUTE Jie-
buuMTH MOrar Jja ce MpeooJiesT, Ype3 ChbOTBETHU OOYUYEHUSs, TO TE
TpsiOBa aa ObAaT opranuzupanu. [Ipu HsIKOM OT 0OydeHUsITa Clie/Ba
Jla C€ M3IOJI3BAT U CHEIUATN3UPaHU CUCTEMU;

e BwbB Bceku oT gBara ciiydas Ha COOCTBEHO M3rpa)<JaHe Ha CHUCTEMa
3a KHOEPCUTYPHOCT, KAKTO U IPU Bb3JIaraHe Ha BbHIIHA KOHCYJITaH-
TCKa (upmMa ciesBa Ja ce IUIaHUpa U MpoBejae oOyueHue Ha CIyXKH-
TeNMUTe, KaKTO 3a TMOBUIIABAHE HA TAXHOTO OO0 HUBO HA 3HAHHS U
KOMIIETEHTHOCTH 3a 3aIlJlaXUT€ NPHU HU3BBPILIBAHE HA TIXHATa JACH-
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HOCT, TaKa CBIINO U Ha CIY)KHTEIUTE 10 WH(OOPMAIMOHHN TEXHOJIO-
T'HH 32 pad0Ta C HOBUTE TEXHOJIOTHYHH PEIICHHS,

e [IpoekTHpaHeTo M BHEAPSIBAHETO HA CHCTEMa 3a KHOCPCHTYPHOCT
NPEJICTABIIABA CJIOXKEH M IBJIBr mpomec. [Ipu HIKOM opraHu3aIuu
JOCTUTAHETO Ha CHCTEMHA 3PSUIOCT Ce MOCTUTa Ciell 0Kojo 1 ro-
JMHA OT HA4YaJIoTO Ha mporeca. CI0KHOCTTA MPOU3IU3a OT HAMHM-
paHeTo Ha OajaHca MEXIy OpPraHW3alMOHHHW, TCXHOJOTHYHH W
XapJayepHU MEpPKH, KOMUTO B CBOSTA ISUIOCT HAa IMOCTUTHAT MaKCH-
MaJTHO TOJIsIM €(eKT 3a Moao0psBaHe Ha OOMIOTO HUBO Ha KHUOEp-
CUTYPHOCT Ha ChOTBETHATA IIeHA. BhIpocHTe 3a aHAIM3 HA Pa3xo-
JUTE ¥ TIOJI3UTE CTOSAT C MHOTO roJisMa CHiia B To3u mpouec. HeoO-
XOJUMO € Ja ce Habepu TakbB OajlaHC Ha KOMIIOHEHTUTE, KOWTO
OCHUTYpsiIBa BUCOKO HMBO Ha KHOSPCUTYPHOCT Ha MPHEMIIMBA ICHA.
BaxxHo € 5a ce momuepTae ChIo, Y€ UMIUIEMEHTHPAHETO caMoO Ha
CIMH BHJI MEPKH, JIOPH U B U3JIMIIBK HE MOXKE Ja OCUTYPH HYKHU-
T€ pe3yJTaTH.

B mporieca Ha usrpaxkaane Ha cucTeMa 3a KHOSPCUTYPHOCT B JaJieHa Op-
raHu3aIys Bb3HUKBAT U CE PEIIaBaT M PEAUIA IPYTH BBIIPOCH, KOUTO B CBOSTA
IJIOCT MOTaT Jia JOBEJAT JI0 MMIUIEMCHTHPAHETO Ha HAaJISKJIHW Mepku. [Ipu
U3rPKIAHETO Ha 0OIaTa KOHIICTIINS W CIICABAIIMS OT Hesl KOHIICNTYaIeH MO-
JIe]l Ha CUCTeMa TPsiOBa J]a C€ OTYMTAT M CTPATETHUYECKUTE IEJIM Ha camara op-
raHU3aIys, Taka Y€ KOHIEIHITAa 32 KHOEPCUTYPHOCT Ja C€ BIHCBA B TAX H Ja
UM CHOTBETCTBA.

3. AHaJIM3 HA MOBEJCHUETO HA OTPEOdUTEINTE, Ype3 U3KYCTBEH
HHTEJIeKT

Baxxen BBIIPOC IIpHU CHh3JABAHETO HA KOHUEILHS U MOCIEABAIIOTO pa3pa-
OOTBaHE Ha cUCTeMa 3a KUOEepPCUTypHOCT, BKJIFOUBAILlA Pa3IMYHU B3aUMOCBbP3a-
HU MOJYJIHM € aHaJIM3UPAHETO Ha MOTPEOUTEICKOTO MoBeaeHue. B kinacnyeckus
cllydyail aHaJIM3UPAHETO HAa HAaYMHA Ha IMOBEJACHHE HA NOTPEOUTENUTE HaMupa
rojisiMa MpujokeHue B mMapkerunra. Crnopen Hsikou aBTopu (Sundareswaran et
al., 2022) ,,npe3 nocieIHUTE TOJIUHHU U3CIIe/IBAHUATA HA MOTPEOUTEICKOTO IO-
BeJIcHUE NMpUI0o0HUXa CHUIECTBEHO 3HAYEHME, Thi KaTO UIpasT BakHA POJs B
MapKeTHHra U pacrexa Ha OuzHeca®. VIKOHOMHUYECKUTE CHCTEMHU H3IOJI3BAT
pa3IMyHU ANTOPUTMHU M TEXHOJOTMYHM MOJIXOIMU 3a pa30upaHe >KeJIaHHEeTO Ha
NOTpEOUTENIUTE U TEXHUTE HArjJacu Ha OCHOBATa Ha TSIXHOTO MOBEJCHUE B Mpe-
xkata (ur. 1)
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IToBenenue Ha
MOTPEOUTETTUTE B
OpraHu3aIusTa

OTtkpuBaHe Ha Tunuzaums Ha
HECHOTBETCTBUS IIOBEAECHUETO

OnpenensHe Ha
THUIINYHO
IIOBEIEHHE Ha
MOTPEOUTEIINTE

Hedbunupane Ha
npoduIHA
XapaKTEPUCTHKH

Queypa. 1. [lpoyec na ananuz na nosedenuemo Ha nompeobumenume
Hzmounuxk: asmoposo uzcaeosamne

o [loBeaenue Ha MOTpeOUTETUTE B OpraHmu3anusaTa. Bcexku morpedburen
B JlaJicHAa OpPTaHMW3aIUs M3BBHPIIBA €KEIHEBHO PEAMIA ACHCTBUS IO
OTHOIIIEHUE HAa WH()OPMAITMOHHUTE CUCTEMHU C KOUTO pabOTH, IO OT-
HOIIICHHE Ha XapAyepHU KOMIIOHEHTHU M JUTHTAIHAaTa MHPPACTPyK-
Typa, KaTo Iis710. 3a yCHelleH aHalu3 Ha MOBEJIEHUETO Ha MOoTpeOu-
TEJIUTE € HEeOOXOJIMMO M3BECTHO BpPEME, KOETO € MEXIy HIKOJIKO
CEMUIIM IO HAKOJKO Mecella B 3aBUCMMOCT OT aKTMBHOCTTA Ha MOT-
pebuTens B AUTHTATHATA HHOPACTPYKTYypa, MpekaTa M HHTEPHET pe-
cypcute. Tyk najed He cTaBa BBIIPOC Ja ,,cle/ieHe  Ha MoTpeOuTens
B MpeXarTa, a 3a OnpelelisiHe Ha TUIIUYHO HEToBO moBeaeHue. [pu-
MEpHUTE B Ta3W MIOCOKA MOTAT Jia ca MHOTO, HallpuMep: 0OnJaiHu Jo-
KaIM¥ 32 JIOCTBII JI0 €JIEKTPOHHA TIOIA; PETYJISIPHO BIM3aHE U U3JIH-
3aHe OT AaJeHH WH(OPMAIIMOHHH CHUCTEMH, BpEMeBa aKTHBHOCT TIO
OTHOIIIEHUE HAa MHPOPMAIIMOHHUTE PECYPCH U JP.;

e Tunmuzauus Ha NMOBEACHUETO. TUNHU3aluATa Ha ITOBEJCHUETO € CBb-
3aHa ¢ JepuHUpaHeTo Ha OOMYalHUTE 3a JaJIeH MOTpeouTeN AeiHHOC-
Td. Hanpumep Toi BIM3a B ajeHa CUCTeMa CpeaHO 3 MBTH Ha JICH,
JOCTHIIBA €JIEKTPOHHATA CH TIOIIa OT Tpaja, B KOWTO pabOTH B TO-
roJIEeMUs TIPOIIEHT OT Ciydad W Ap. Tunmsarnusara TpsOBa aa ce u3-
BBPIIIBA, Ype3 MPABUIHOTO OMpPEACIsSHE MPAaroBUTE CTOMHOCTH aa-
Bally ,,00MYalHOCT" B ITOBEJICHUETO, @ TOBA € CJIO)KHA 3aJ1ada, KOsITO
cienBa Ja ce U3BBPIIBA C MOAXOIAI] COPTYePEH HHCTPYMEHTAPUYM.
Paznpoctpanenute codTyepHU CpeiCcTBa Ca MHOTO M IOBEYETO OT
TsAX ca oT rpynara Ha T. Hap SIEM (Security Information and Event
Management) codtyep. [Ipumep 3a nogoden codryep e Rapid 7 wium
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anainor. [Ipenu n3bopa na xonkperna SIEM mardopma 3a umruie-
MEHTHpAaHE CJIe/IBa Ja CE U3BBPIIM CPAaBHUTEJICH aHATU3 HA MPEIUM-
CTBaTa U HEJIOCTATHIIUTE HA MOJ00HU IIATHOPMH, 32 KOETO MOXKE J1a
Ce M3M0JI3Ba HallpUMep Www.capterra.com;

Jlepunupane Ha npoduiaHU XapakTepucTuku. OpopMsIHETO Ha MpPo-
¢uIHUTE XapaKTepUCTUKU C€ M3BBPIIBA HA 0a3zaTa HAa TUIHU3ALMITA
Ha MOBEJICHUETO. 3a MO-TOJIEMU OpPTaHU3aIMK ¢ TOJIIM Opoil moTpe-
OuTenu cTaBa MHOTO TPYJHO U CJIOXKHO Jla ce HaOII0/1aBa BCEKU OT
noTpeduTeNnnTe, P KOETO T€ MOTaT Ja ce Trpynupar B MpOopUIHU
TpyIH U J1a ce HaOo/1aBa MOBEICHUETO Ha LsiaTa rpyna. lepunu-
paHeTo Ha NPOPUIHUTE XapaKTEPUCTUKU Ha MOTPEOUTEINTE U3UCKBA
HATPyNBaHE Ha JOCTAaThYHO JIaHHU B I'bJIBI BPEMEBH PE/l U B rojisiMa
CTEIeH 3aBUCH OT aKTUBHOCTTA Ha MOTPEOUTENUTE;

OmnpenensiHe Ha TUIUYHO IMOBeJACHUE Ha moTpedurenutre. OKOHUA-
TETHOTO OMpeAeisiHEe Ha TUMMYHOTO TOBEIECHUE Ha MOTpeOuTenuTe
cienBa Jia ce KOH(GUrypupa u OT IJIeIHa TOUKa Ha PeryIspHUTE On3-
HEC 3aJaud B opranm3anusaTa. Hampumep ako najaeH moTpeOuTen
BJIM3a B €JIEKTPOHHATA CH Mola 0OMYaiHO OT rpaja, B KOUTO pabotu
¥ CHOTBETHHS OTJEN HAa KOMIAHUATA € B KOMaHANPOBKA B UY)KOHMHA,
PEIOBHOTO BJIM3aHE B €JIEKTPOHHATA MOlIa OT YyKOMHA 3a TO3HU Iie-
PHUOJ HE clie/iBa /1a € OTYMTA, KaTO aHOMaJlus, BOJAEIA O MOTEHIH-
aJIeH PUCK U OMACHOCT OT HEMPaBOMEPEH JOCTHII;

OTkpuBaHe Ha HECHOTBETCTBUA. OTKPHMBAHETO HA HECHOTBETCTBUS
rpau4HoO € IpeICcTaBeHo Ha (ur. 2.

Tunmaao IIOBCACHHUC

/I3KyCTBEH MHTEJICKT HECHOTBETCTBUS B
Ha MOTpeOUTEIUTE
peayiHoO BpeMe

(Duzypa. 2. OprueaHe HA Hecvomeemcmeus, uypes u3Kycmeern uHmejleKkm

H3mounuk: asmopoeso uzcneoeamne

Hsxou ot CBIICCTBCHUTC MOMCHTHU B IIpOICCa HA OTKPpHUBAHC HA HCCBHOT-
BCTCTBUATA B l'IOTp€6I/IT€JICKOTO ITIOBCIACHHUC Ca:

[TognepikaHe Ha TUMH3AIMATA B MOBEICHUETO HAa TOTPEOUTEIIHTE.
ToBa e HE0OX0AMMO, 3aII0TO OU3HEC 33JAUUTE CE IPOMEHST, POMeE-
HAT C€ U CaMUTE MOTPEOUTENH U N0 TO3M HAUYMH TSIXHATA aKTUBHOCT
10 OTHOIIICHHE Ha MHPOPMAITMOHHUTE PECYPCH Ha OPraHU3aIUATa HE
OCTaBa IOCTOSIHHA BbB BPEMETO, a CE MPEMEHS;



e [locTOAHHO MOAABPKAHE B AKTYAJTHOCT HAa PUCK-PETUCTBPA HA Opra-
HU3alMATA C aHAJIM3 HA HOBOBB3HUKHAIM PUCKOBE U ACPUHHUIIMS HA
MEPKH 32 TAXHATA PEAYKIIHS;

e OTKpUBaHE HAa HECHOTBETCTBHUS MEXAY THUIIMYHOTO NMOBEJICHHUE HA
NOTpeOUTENUTE MO OTHOLIEHWE Ha WHGOPMAIIMOHHUTE PECYypCHU U
TAXHOTO TEKYIIO MOBEACHUE B PEATHO BPEME C OTJIE]l OCUTYpPSIBAHE
Ha MEXaHHU3bM U AJCKBATHH KOMYHUKALMOHHHU KAaHAJM 32 M3BECTS-
BaHE Ha MOTEHIMAIHU PUCKOBE, KaKTO U Obp3ara peakuus Mo TsiX.
Te3u TexHUKH 1aBat rojsiMa e(heKTUBHOCT MO OTHOLICHHE Ha PaHHO-
TO pa3KpUBaHE Ha KOMIIPOMETHUPAHU MOTPEOUTEIICKU aKayHTH, KOUTO
MoraT Jia JOBEJaT 10 peaTHu KUOSpUHIIUICHTH;

e [loctosHHO 00y4YeHME Ha M3KYCTBEHHS] MHTEJIEKT 32 OTKPUBAaHE Ha
HECHOTBETCTBUS MTPU MPOMEHSAIA c€ OU3HEC CPela;

o [lpwioxeHnue Ha omuTa C roJIeMHTE €3UKOoBH Moxaenu (Andonov,
2024).

Te3u, kakTO W IAPyru NOJAOOHU MEPKH MOraT Jia JI0BEIAT J0 MOBUIIIABAHE
Ha €()eKTUBHOCTTA HAa CHCTEMAaTa 3a KHOEPCUTYPHOCT, KaKTO U PEaIHO M3IOJ3-
BaHE Ha BrPAJICHU aJTOPUTMH 32 U3KYCTBEH MHTEJIEKT B 00JIacTTa Ha KHMOepCu-
I'YPHOCTTA.

4. 3akiroueHue

B 3akirouenue e BaXHO Ja ce rmoayeprae, ye KuOepcurypHocTTa ce OTHa-
Csl JI0 BCSIKA €IHAa OpraHW3alys ¥ MOJIbPKAHETO HA BHCOKO HHMBO Ha 3alUTa
rapaHTupa Ino-rojsiMa e€(eKTUBHOCT Ha JEHHOCTTa M 3aabpXKaHe Ha Iasapa.
HuckoTro HMBO Ha 3amuTa Ha JUTHTAIHATA UHPPACTPYKTYpa MOXKE J0 JOBEIeC
10 OBP30 KOMIIPOMETHpaHe MpeJ] KIMEHTUTE U JIOCTABYUIIMTE HAa OpTraHU3aIus-
Ta, J1a HAaHEeCe MMUKOBH IIETH U JIa Pa3pylld Beue JOCTUTHATH Ma3apHU MO3U-
iuu. [lopaau Te3u npuurnHU € He0OXOIMMO OpTaHU3AIMUTE A3 OCH3HAST ChBpPE-
MEHHHUTE UH(OPMAIIMOHHU PHCKOBE, J1a TH OLCHAT U J1a U3TPaJAT aJleKBaTHA 3a
TEXHUTE MPOIIECH CHCTEMa 32 KHOEPCUTYPHOCT, KOSATO Ja JIOHECEe YCTOWYHBOCT.
B noknana e HampaBeH OMUT 3a MOCTaBSIHE HA aKIEHTHU BbPXY HAKOM OT Bb3-
MOKHOCTHUTE 33 aHAJIN3 Ha TIOBEJICHUETO HA TIOTPEOUTEIINTE U MPUIIOKEHUETO Ha
M3KYCTBCH MHTEJIEKT NP PEIIaBAaHETO Ha Ta3W OTHOCUTEIHO CTaHIApTHA U TH-
nu3vpana uHbopMalnmonHa 3agada. [IpoabmkaBaniure pa3paboTKu B Ta3u 00-
JacT MOrar Jia ce MoJi3BaT 32 HACOYBaHE HA BHUMAHMUETO B IOCOKA M3rpaXkJaHe
u ynpasinenue Ha SOC 1eHTpoBe, KbJETO aHaIU3a Ha MOTPEOUTETUTE € CaMo
€/IHO OT HalpaBJeHUATA HA paboTa.
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JABYMEPHA KJTACUDPUKAIUA HA ATEHTUTE C N3KYCTBEH
HUHTEJIEKT BbB BEPUI'ATA 3A TOCTABKHA

Iou. a-p Ierss EMuional
Jlou. Becesnn Ionos?

Pe3tome: B doxnaoa e npeonodxcena knacugpuxayus Ha azeHmume ¢ U3KYCMBEEH UHMe-
JIeKm 8b8 6epuea 3a 00CMAGKU NO nem QYHKYUOHAIHU obnacmu u mpu HU8a Ha aemoOHOM-
HoCcm, 6a3UpaHa HA U38bPULEH cucmemamuyer Jumepamypetn npeaied no memooa PRISMA.
Knacuguxayuama oasa na menuodxcopume pamxa 3a nocmeneHer npexoo Om MOHUMOPUHS
KbM A8MOHOMHA OpKeCmpayus u o4epmasa c1abo uscieosanu obiacmu.

KuarouoBu nymm: acenmu c¢ uskycmeen uHmenekm, a2eHmeH U3KYCmeeH UHmeNeKm,
MHO20A2eHMHU CUCEMU, 8epuead 3a OOCMABKU, HUBA HA A8MOHOMHOCH

JEL: M11, M15, 033

TWO-DIMENSIONAL CLASSIFICATION OF ARTIFICIAL
INTELLIGENCE AGENTS IN THE SUPPLY CHAIN

Assoc. prof. PHD, Veselin Popov
Assoc. prof. Petya Emilova

Abstract: The report proposes a classification of artificial intelligence agents in the
supply chain based on five functional areas and three levels of autonomy, derived from a sys-
tematic literature review conducted using the PRISMA method. This classification provides
managers with a framework for a gradual transition from monitoring to autonomous orches-
tration and identifies areas that have received limited research attention.

Key words. artificial intelligence agents, agent-based artificial intelligence, multi-

agent systems, supply chain, levels of autonomy
JEL: M11, M15, 033

1. BbBeaenue

CwBpemenHute Bepuru 3a gocraBku (BJl) dyHkunonupar B tTuHaMU4HA U
CJIOHA CPea, 3a KOSITO TPaJAULIMOHHUTE pelIeHUs ¢ U3KycTBeH uHTenekT (MN)
He ca nmpoektupanu (Pulikottil, et al., 2023). Te3u pemienust octaBaT CTaTUYHH,
pelaBaT U30JUpaHu 3aJa4yM 3a IPOTHO3UPAHE U Kiacudukaius, 6e3 1a OTYuTaT
KOHTEKCTa, U3UCKBAT 3HAYMTEIIHA YOBEIIKAa HaMeca U UMAT OIpaHUYeHa Malla-
oupyemoct (Aylak, 2025). Arentute ¢ UM npepnarar antepHaruBa, OCHOBaHA
Ha aBTOHOMHOCT, aIaliTUBHOCT M B3aUMOJIEUCTBUE MEXAY MHOKECTBO areHTH.
Bbnpeku TeXHUTE BB3MOKHOCTH, KbM MOMEHTA B HaydyHara JIMTepaTypa HsIma

' p.emilova, Cronancka akanemus ,,J1. A. Llenos* — CBuios
2 v.popov, Cronancka akagemus ,,J{. A. Ilenos* — CBuios
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€JUHHO CTAaHOBUIIE OTHOCHO CBIIHOCTTA Ha areHture ¢ MU, HUTO yTBBpIEHA
KiIacuuKalus Ha TIXHOTO IpuiiokeHue BB B/I.

[lenta Ha qoKNIana € Aa MPEAJIOKUM JIByMEpHA Kilacu(UKalus Ha areHTH-
te ¢ U BpB B/] no pyHkunoHanHa o01acT 1 HUBO HA aBTOHOMHOCT 3a HYXKJIUTE
Ha ynpasiyenueTo Ha B/I. M3cnensaneTo ce ocHOBaBa Ha CUCTEMAaTUYEH JIUTEpa-
TypeH nperien no meroga PRISMA na myOnukanuu B Scopus 3a nepuoja
2021-2025 r. B noknazaa pasriexaaMe pa3IuKuTe Mexay Tpaauuuonuus U u
areHTHo-0a3zupanuTe noaxoau. Chlllo Taka MpeACcTaBsIMe KOHIENTyallHaTa pam-
Ka 3a KJ1acuuKalusa U ouepTaBaMme cjiado u3ciieIBaHUTE 00JIaCTH.

2. MeToa0/10THs1 HA U3CJIE€ABAHETO

B nauanoro Ha Hay4yHOTO M3cieaABaHe GopMyIupaxMe TpU CBbpP3aHH U3C-
JIE0BATEJICKHU BBIIPOCA:

RQ1: KakBu ca npeagumcTtBara Ha areHtute ¢ MM B xoHTekcTa Ha B/l B
CpaBHEHME C TPAAUIIMOHHUTE NTpuioxenus ¢ UN?

RQ2: Kak morar ma Opaat kareropusupanu areHtutre ¢ MU, 3a nma ce
dbopmupa TUTIONOTHS, MOIXOISINA 32 IIEJTUTE Ha yrpaBieHueTo Ha BJ1?

RQ3: Kak arentute ¢ UM morar na nonoOpsAT aganTUBHOCTTA, €(DEKTUB-
HOCTTa ¥ ycTorunBocTTa Ha B/I?

3a 1a OTTOBOPUM Ha TPUTE U3CIIECAOBATEICKU BBIPOCA U3BBPUIMXME CHC-
TEMAaTUYEH JINTEPATYPEH Iperen. 3a uenra usnoiassaxme Meroga PRISMA, 3a
ThpceHe n3dpaxme 0aza gaHHU Scopus 3a nepuoja 2021 — 2025 r. bsixa name-
peHu 161 1OKyMeHTa C OTBOPEH JOCTBII, OTTOBAPSAIIN HA KPUTEPUUTE 34 ThpPCE-
He. Cren AOMBIHUTENEH MoAOOp ocTaHaxa 34 myOnmuKaiuu, KOUTO Osxa MoI-
poOHo u3cnenBanu. Karo pesynrar B u3clieBaHETO ca U3MOI3BaHu 11 u3TOU-
HULH, ChIbPKAHUETO Ha KOUTO € JUPEKTHO CBBP3aHO C OTTOBOPUTE HA M3CIe-
JIOBATEJICKUTE BBIIPOCH.

2. Pazauku MEKAY TPAAUIMUOHHUA UBKYCTBCH MHTCJIICKT
u aFeHTHO-ﬁa3HpaHHTe nmoaxoau

Tpamgummonnuar MY n3non3sa neHTpanu3upaHu MOACIHM U aIrOPUTMH,
npu KOUTO Ha 0asa sicHO AepUHHUpaHU JOTHKA UM OOy4eH MOJElN, cucreMara
00paboTBa BXOJHUTE JAaHHU U T€HEpUpa U3XOAHU pe3yaratu. [Ipu To3u moaxon
euH (LIEHTPAJICH) MOAYJ U3IIbIHSABA UHTCIIUTCHTHUTE (DYHKIIMU, ©Ma OOII] IMOT-
Je BbPXY Lenust Tpo0ieM U B3eMa pelieHus Ti1o0aiHo. B To3u KOHTEKCT oc-
HOBHA XapaKTepUCTHKa Ha Tpaauluonnus MM e HeroBaTta OpueHTUPAHOCT KbM
HEHTpAIM3UpPAHA ONTUMHU3AIMS U TUPEKTHO pelllaBaHe Ha MPOOJIEeMHU.

AreHTHO-0a3upaHuTe MOIXO0/IH, 3a pa3iauka ot Tpaguuonnus NN, ce 6a-
3UpaT Ha METOJIM W apXUTEKTYPHO MOJIEIHpAIIN CHCTeMHUTe moja Qopmara Ha
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CBBKYIIHOCT OT aBTOHOMHO B3aMMOJICHCTBAIIU CH areHTU. 1€ U3M0J3BaT JELeH-
TpaJu3upaH MOJE]I Ha MHTEJIUIeHTHOCT. IIpm Hero cucremara ce CbCTOM OT
MHO>KECTBO aBTOHOMHHM areHTH, BCEKH OT KOUTO MMa CBOU COOCTBEHU MpaBuia
Ha [OBEJICHUE, JIOKAITHO BB3IPUIATHE U BB3MOKHOCTH 34 B3AaUMOJAECHCTBHE C IPY-
M areHTH M OKoJiHaTa cpena. [o6anHOTO MOBeJeHHE Ha cHUcTeMaTa, KOETO
Bb3HMKBA NOPAIHA KOJEKTUBHATA JTUHAMHUKA HAa ar€HTUTE, 3aMECTBA LIEHTPaJM-
3UPAHOTO B3e€MaHE Ha pelleHus. EQekTUBHOCTTa HA TE€3U MOAXOAM CE€ MPOSIBIBA
0COOEHO MPHU MOJIENIMpPAaHE Ha CIIOKHU aJalTUBHU CHCTEMH, 32 KOMTO B3aWMO-
JNEUCTBUATA MEXAY YYACTHHULIUTE Ca KIOYOBU M, 32 KOUTO € HEBB3MOXKHO WJIU
HEXKEJIAHO M3MOJI3BAHETO HA LEHTPAJEH MEXaHW3bM 3a yIpaBiieHUE. DOKyChT
Ha areHTHO-0a3upaHuTEe MOAXOJIU € BbpPXY JACUEHTPAIU3UPAHOTO B3aAUMOJEHUCT-
BHE U Bb3HMKBAILIOTO ITIOBEICHUE KATO U3TOYHUK HA CUCTEMHA UHTEIUT€HTHOCT.

OcHoBHara pasnuka Mexay TpaauuunoHHus MU u arentHo-Oazupanute
IIOAXOJM C€ M3pa3siBa B PA3JIUYHUTE HAYWHU 32 MOJEIMPAHE HA UHTEIUTE€HTHO
IIOBEJICHUE U CII0OKHU CUCTEMH. Ts € CBbp3aHa C M3IOJI3BaHATa apXUTEKTypa,
METO0JIOT U U KOHLIENIUA U T.H.

2.1. KOHL;@I”[I/!I/I}Z 3a d2eHmen U3KyCmeen uHmejleKkni

Ha to3u etan, Bce oiie He € (OpMUPAHO €IMHHO CTAHOBHILE 33 ar€HTUTE
¢ NU. Pulikottil u ap. npuemaTt areHTUTE KaTo ,,KOTHUTUBHU CHIHOCTH C aBTO-
HOMHU U couuanHu crnocooHoctu® (Pulikottil, et al., 2023). Cnopen Aylak,
,»areHTHO-0a3upanuss N ce otnacs no ,,cuctemu ¢ MU, kouto mpurtekaBaT
ABTOHOMHOCT, aJJaliTUBHOCT U MPOAKTUBHU Bb3MOKHOCTH 3a B3€MaHE Ha pele-
Husa“ (Aylak, 2025). Te3u cuctemu paschkaaBaT C MHOTO B3aUMOCBBP3aHU
MIPOMEHJIMBU U B3€MaT PEIICHUS B PEalHO BPEME, KaTO YChBBPILICHCTBAT CTpa-
TEeruuTe cM Ha 0a3a Ha oOpaTHa Bpb3Ka OT MU3BbpIIBAHUTE AchCTBUA. Mishra u
Senapati (Mishra & & Senapati, 2025) nocouBar, ue arentnuatr U, 6a3upan Ha
LLM, no3BossiBa J1a ce aHAIU3UPAT U CHIIOCTABSAT MHOKECTBO B3aMMO3aBUCUMHU
€JIEMEHTH Ha THPTOBUATA Ha ApeOHO, KaTo Ma3apeH aHajau3, yIpaBieHUEe Ha Ma-
ra3uHuTe, ynpasienue Ha BJl, ynpaBnenue Ha 3anacute u pa3paboTBaHe Ha Iie-
HOBa cTpaterus. Cnopen Tsax, areHTHUAT U momoOpsiBa B3eMaHETO Ha pelle-
HUS 4Ype3 AUHAMUYHA aJalTUBHOCT, KATO 3aMEHsI MHOTOCTEIIEHHHUS MpPOIEC Ha
B3E€MaHE Ha PEILICHUS C B3EMaHE Ha PEIICHUS B €JHA TOYKA.

KoHnenmmsita 3a ,,MHOTOAareHTHH CHCTEMH'* pa3lIupsiBa pazOMpPaHETO 3a
arentHo-0azupan M. MHoroareHTHUTE CUCTEMH MOTaT Ja C€ OMPEIENiT KaTo
obmHoCcTH OT areHTH ¢ U B cornmanHa cpega, KOUTO paboTAT 32 IOCTUTaHE Ha
uHauBuAyanHu u rpynosu nemu (Ricardo, Benitez, Gonzalez, & Nuiiez, 2022),
(Pulikottil, et al., 2023).

Jlpyru ChIIECTBEHU pasznuuus MeExay Tpaauuuonaus MW u aredr-
Oa3zupaHuTe MOAXOAM Ca ONEepaTUBHATA ABTOHOMHOCT M aJJallTUBHOCTTAa HA MOC-
neauute. TpagunmonHusT MW npeobnamaBanio peiiaBa U30JdpaHud MpooIeMu.
[Ipumep 3a ToBa € aBTOHOMHO MPOTHO3MpPAaHE HA ThPCEHETO, 0€3 TUHAMUYHHU
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pELIeHMs B Pa3IMYHU CpeAu. 3a pa3iauKa OT HEro, areHTHO-0a3upaHuTe MOAX0I1
B3€MaT pELIeHUs, KOUTO ca 6a3upaHU Ha OOCTOSTENCTBATA B ChOTBETHATA CPEAA.
Te cbi10 Taka ce y4ar OT ONHTa, aJaNTHPAHKU ce KbM HOBH yCIIOBHUS O3 HaMe-
cara Ha notpedutens. [loseuero Tpaauumonnu craruyau MW monenu usnons-
BaT MpeIBapUTENHO AePUHUpPAHU MpaBuia, a areHT-Oasupanute MU pamku

YCBbBBPUICHCTBAT CTPATCTUHUTC, 3alllOTO Ca 633HpaHI/I Ha IWHAMHWYHU JaHHHN
(Aylak, 2025).

2.2. Ozpanuvenus na mpaouyuonnus MU npu usnonzsane 6v6 eepucama
3a docmaexu

XapakTtepHo 3a TpaauuuoHHU pemieHus ¢ UM e TaxHata cTaTUYHOCT U
OTPAaHUYEHOCT JI0 PEUIaBaHE HAa M30JMPAHU 33Ja4d 32 MPOTHO3UPAHE U KIIacH-
dukamys, aUrncaTa Ha aJaNTUBHOCT U OCh3HABaHE HAa KOHTEKCTAa. Te M3HCKBAT
3HAUMTENTHA YOBEIIKAa HaMeca M MMaT orpaHumyeHa mamabupyemoct (Aylak,
2025) u, CchIIO Taka HE ca MPOEKTUPAHU 332 CbBPEMEHHUTE TUHAMUYHU U CIOXK-
uu BJ] (Pulikottil, et al., 2023).

Cratuynata (yHKIMOHATHOCT M HEBB3MOXKHOCTTA 3a aJanTUpaHEe KbM
CJIO’KHM, IPOMEHAIIM ce cpean orpannvaBar TpaguunonHus MU BeB B/l 3a
pazyivKa OT TOBa MOAXOJUTE, 0a3upaHu HA areHTH, MPEOAOJsIBaT TE€3U OTPaHU-
yeHus. Te morar ga OCUrypsiT aBTOHOMHOCT, aJaliTUBHOCT B PEajlHO BpPEME,
MaladupyeMOoCT U ChBMECTHA UHTEJIIMTEHTHOCT B onepanuute Ha B/] (Bxk. Ta0I.

).

Tabnuya 1. [Ipeoumcmea Ha mpaouyuoHuume u a2eHmMHo-6a3upanume nooxoou
chn

XapakTepucTuka Tpagnunonen MU WU 6a3upan Ha areHTH

ABTOHOMHOCT Hucka — n3nbnnsaBa 3aga4n, | Bucoka — camocTosTenHo
neGpUHUpaHU OT YOBEKA. U3ITBJIHSABA LIENINTE.

IIpoakTuBHOCT PeaktuBen — uyaka noakana | [IpoaxktuBeH — npennpuema
WIH ITyCKaHe. NECHCTBHS 3a IIOCTUTAHE HA IIe-

JIUTE.

AnanTuBHOCT ¥ yyeHe | CTaTU4HM MOJEIH — HenpexbscHaro camoobyueHue
U3UCKBa IpeoOyUYeHHUE. Y IIPOMSIHA Ha IOJIUTHUKHUTE.

KonTtekcTHo O6paboTBa qaHHU Ocb3HAT ChABPKAHUETO U

OCb3HaBaHe M30JIMPAHO. B3aMOBPB3KHTE.

Conunannn cnocodHoctu | Jluncear conuanau PaboTu ¢ apyru areHTu u xopa
YMEHHUS. (MHOTO areHTHH CHUCTEMH).

Hsmounuk: Cucmemamusupano om aemopume na 6asa (Pulikottil, et al., 2023), (Ricardo,
Benitez, Gonzalez, & Nuriez, 2022), (Aylak, 2025), (Fan, et al., New era towards autonomous

additive manufacturing: a review of recent trends and future perspectives, 2025), (Fan, et al.,
2025), (Mishra & & Senapati, 2025), (Bahrpeyma & Reichelt, 2022)
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3. KoHuenrtyajaHa paMKa 3a KJIacH(pUKAIKMsA HA aTeHTUTe C M3KYCTBEH
HHTEJEeKT

Cnen mpencraBeHuTe 00001IeHN HAOIIOACHUS € HEOOXOAUMO J1a ce Jie-
¢uHUpa CTpyKTypUpaHa Kiacuukarus.

3.1. ObocHoska 3a knacugukayusma

HeoGxonumo € nma ce dopmynupa kinacudukamus, KOATO Ja BKJIOYBA
JNEUCTBUATA, KOUTO ar€HTUTE MOTaT Ja U3BBLPIIBAT, a ChIIO U TAXHATA Bb3MOXK-
HOCT 3a HE3aBUCHUMO JieiicTBUE. 3a Ta3u e, AeduHupaHaTa OT HacC paMKaTta 3a
kinacudukanusa unaeHtudunupa arenture ¢ MU BvB BJ] mo nBe usmepeHus:
GbyHKIIMOHATHA CTICIIMAIM3aIUs 1 aBTOHOMHOCT.

Konnentyanna paMmka, KOATO € IpeICTaBEHa B Ta3W YacT € Ch3/1ajicHa Ha
0a3a pe3yaTaTUTE OT CUCTEMATHYHUS JTUTEPATYPEH MpPEriie], OUCaH B METOJI0-
JorusATa Ha uscnenBaneTo. ['pynure arentu ¢ UM B aBere npenoxeHu Kiacu-
dbukaruu (o GyHKIMOHATHA 00JIaCT ¥ 10 HUBO HA aBTOHOMHOCT U UHTEJIUTCH-
THOCT) ca 000coOeHH upe3 oOoOIiaBaHe Ha (PYHKIMUTE U MPUIIOKEHUATA HA
arentute ¢ MW, onrcanu B M3TOYHUIIMTE, IOCOYEHU B Kpasi HA OMUCAHUETO Ha
BCSIKA IpyTia.

3.2. Knacugukayus no ¢pynkyuonanua obaacm

B ta3u wact knacudunupame arentute ¢ UM cnopen ocHoBHata uMm QyH-
Kuus BB B/I.

Aeenmu no chabossanemo. Te aBTOMaTU3UPAT U ONTHUMHU3UPAT MPUI00U-
BAHETO HAa CTOKU W MaTepHalid, B T.4. rpaduIUTe 32 CHAOASIBAHE C LI CIeCTs-
BaHE Ha BpeMe IpHu M300pa Ha JOCTABYMIIM M B3EMAHETO Ha PEHICHUS 3a TOBa
KOra M Kak Jla ce MOpbhYBaT CTOKHU. Te3M areHTH ChIIO0 Taka MoJrnoMaraT OCUry-
pSBAaHETO Ha MaTepUau M PECypcu 3a MPOU3BOACTBO, IPOTHO3UPAT THPCEHETO,
Ch3JIaBaT MapaMeTpH 3a JOTrOBOpHU 3a ocTaBka u ap. (Aylak, 2025), (Kosasih &
Brintrup, 2022), (Yung, Tsang, Wu, & Ip, 2023).

Acenmu no uneenmapuzayus u rocucmuka. V3momns3sat ce 3a mojanomara-
HE IPEMECTBaHE U ChXpaHEHHE Ha CTOKU, HaMaJsiBaHe Ha 3allaCUTE U MPETOBap-
BAaHETO HA TPAHCTIOPTHUTE CPEICTBA, MMHAMHUYHO yMPABICHUE HA WHBEHTApa W
MapUIPyTUTE U 3a MOCTUTaHE Ha MO-700pa ePEeKTUBHOCT Ha JocTaBKuTe. Jloruc-
TUYHUTE 337291, KOUTO areHTUTE U3IBJIHSBAT ca TPyNUpaHe Ha MOPBYKU, KOM-
IJIEKTOBAHE, Bb3JIaraHe Ha 3a/1a4d U KOHTPOJ Ha aBTOMATU3UPAHU MOOMIIHH PO-
0otu. Te3u areHTH ce mpuiarar Cblo MNPU ONMAKOBAHE HA CTOKUTE U TOBapeHE

Ha KOHTEHHEpH, ONTUMHU3MpPaHEe HAa MHBEHTapa U MapuipyTtusupane (Bahrpeyma
& Reichelt, 2022), (Aylak, 2025), (Venkatadri, 2024), (Kosasith & Brintrup,
2022).
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Ilpouszsoocmeenu acenmu. IIpon3BOACTBOTO U MOHTAXXBT CE€ YINPABISBAT
ot areHtu ¢ MM, npuiaranu B Mpou3BOACTBOTO. TSIXHOTO NMPUIIOKEHUE € MOA-
XOJISIIIO 32 LEJIUTE Ha TUIAHUPAHETO B I'bBKABH IIPOU3BOJICTBEHU MIPEANIPUSATUS U
Haii-Beue 3a aBTOMATH3HUPaHE Ha ILIEJIM MPOU3BOACTBEHH yyacThlu. [Ipumepure
OT TSIXHOTO MPAKTUYECKO HM3MOJ3BAHE MOKa3BaT, Y€ TE€3W areHTU MOraT Ja ce
CIIPaBST C MTOYTH BCUYKO — OT IUIAHMPAHE HA MIPOU3BOJICTBOTO, OCUTYPSIBAHE HA
Ka4uecTBOTO U 00paboTka BB B/l Ha arpoxpaHuTeNHU NPOIYKTH A0 KOHTPOJI Ha
MPOIIECUTE U MOJIPHKKA B MPOU3BOJCTBOTO Ha cToMaHa. ChIllo Taka, T€ CE W3-
MOJI3BAT 3a IJIAHUPAHETO Ha 3a/1a4M U PECYPCH, 3a pa3npeiesiCcHUe Ha MaIlIMHUTE
U MOJJIPHKKA, KAKTO U 32 MOHUTOPUHT Ha 00OPYJBAHETO 32 OTKPUBAHE HA aHO-
manuu (Bahrpeyma & Reichelt, 2022), (Fan, et al., 2025), (Pulikottil, et al.,
2023).

Aeenmu 3a nodovporcane nHa Kiuenmu u movpcere. MHOTO ca 00JacTUTE HA
TAXHOTO M3Mno0y3BaHe BbB B/l: 3a nmpeaBuk/iane HA TBPCEHETO U M3BBHPIIBAHE Ha
MIPOMEHH Ha OCHOBA Ha HOBU JJaHHU; KaTO areéHTH Ha THhPIrOBIM Ha ApeOHO, KOU-
TO TMOy4aBaT MHGOPMAIIHS 32 MOPHUYKUTE OT KIMEHTH; KaTO areHTH, KOUTO 00-
paboTBaT MOPHUYKUTE AUPEKTHO; KaTO areHTH, KOUTO OPTraHU3UPAT EKCIICTUITUS-
Ta, TPAHCIIOPTA U JIOCTABKaTa Ha TOTOBATA NPOIYKLHS 10 KIueHTuTe u Ap. Han-
pumep, B/ Ha arpoxpaHUTENHN NPOAYKTH BKIIFOYBA IIPOTHO3UPAHE HA ThPCEHE-
TO, TIA3apEH aHaJIU3 U aHTaXUpaHe Ha noTpedouTenuTe. OCBEH MOCOUYEHOTO areH-
tute ¢ UM npenBuxaaT ThpCEHETO Bb3 OCHOBA Ha MOJIENIMTE Ha MOTpeOJIeHuE, a
B CUCTEMUTE 3a ThProBUs Ha APEeOHO T IMoJydyaBaT oOpaTHa Bpb3Ka OT KJIMEH-
tute (Aylak, 2025), (Kosasih & Brintrup, 2022), (Ricardo, Benitez, Gonzalez, &
Nuifiez, 2022).

Azenmu no ynpasienue Ha pucka u cvomeemcmeuemo. TeXHUTE 3a/1aun
ca MoJbp>KaHe Ha ChOTBETCTBHETO Ha BJl ¢ Bcuuku pasmopendu u mpaBuia
(Hamp. pasnopenou 3a yCTOMUMBOCT, 3€JIEHU O0IIECTBEHU MOPBUKH H JIP.), KAKTO
U YCTOMYMBOCT Ha MpeKbcBaHus. [IpuMepu OT mpakTukaTa Moka3BaT, Y€ arcH-
tute ¢ MU ce cripaBar no6pe ¢ JeHHOCTH KaTo KOHTPOJ HA KaYeCTBOTO, OTKPH-
BAaHE Ha IPELIKH B JIOTUCTUKATA U YNPABJIECHUE HA NpeKbcBaHus BbB B/l Ha ar-
POXpAaHUTENHU MPOAYKTH U Ap. Te chIo Taka MOraT Ja y4acTBaT B LSLLIOCTHOTO
HaOJIOZICHNE Ha CUTYpHOCTTA M Oe3omacHocTTa HAa BJ] OT MpexoBu pOHUKBA-
HUsl. B moructukara, JeMCTBaKy B pEAIHO BpeMe, Te npaBsaT B/l ycroiiunBa Ha
npekbseBanus (Aylak, 2025), (Yung, Tsang, Wu, & Ip, 2023), (Sharifmousavi,
Kayvanfar, & Baldacci, 2024), (Ricardo, Benitez, Gonzalez, & Nuiez, 2022) .

[Terre ouepTanu (yHKIMOHATHH O0JIACTH W TAXHOTO MO3UITMOHHPAHE B
pa3TMYHUTE HUBA HAa aBTOHOMHOCT ca KoHcoiuawpanu Ha ¢ur. 1. Kakto ce
BIDKJA OT (Qurypara, areHTUTE IO WHBEHTapU3alMs M JIOTUCTHKA ca Hal-
U3CIIEIBAHUTE KbM MOMEHTa (BHCOKO MOKPUTHE W B TPUTE HUBA HAa aBTOHOM-
HOCT), CII€JIBAaHU OT areHTUTE MO MPOU3BOACTBO. ATEHTUTE 1O CHaOAsBaHE OC-
TaBaT Hal-c1ab0 pa3BUTaTa 00JaCT B HAYYHUTE U3CIICIBAHUS.
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3.3. Kﬂacugbukauuﬂ no HUBO HA A6NTOHOMHOCM U UHMENTUCEHMHOCN

B Tta3u uact Ha nmokinana, kinacupunupame areHture ¢ UM na 6aza Ha
KpUTEpHs ,,CIIOCOOHOCT 32 B3€MaHE HAa CaMOCTOSITENIHU pelieHus™ . B ta3u Haco-
Ka ouepTaBame TP BUIA areHTH.

Buo 1. Aeenmu 3a moHumopune u 0okniadsaue (HUCKA a8MOHOMHOCHL)

JlefiHOCTUTE O cChOMpaHe Ha JAaHHU U OTYUTAHE CE U3BBPIIBAT IJIABHO OT
TO3W BUJ] areHTHU. B HIKOM CUCTEeMH y4JacTBAIIUTE areHTH caMO ChOWpaT JaHHH,
a B Jpyrd, OCBEH TOBA MOTaT M Ja B3eMaT pelIeHus. ATeHTUTE C HHUCKa aBTO-
HOMHOCT C€ M3MOJI3BaT TJIaBHO 3a HAOI0JeHUE B peajHO BpeMe Ha EMUCUUTE U
HUBaTa Ha 3aMacuTe, KakTO M Ha MPOW3BOJICTBEHUTE PECYpPCH H TOJCHCTEMHU.
[Tpumep 3a U3MIBIHABAHU OT TAX (YHKIMHM ca HAOJIIOJIEHUE Ha ChCTOSHUATA Ha
yCTpoicTBaTa U yCIOBUATa Ha paboTa BbB BbTPEIIIHATA JOTUCTUKATA, HAOII0/1e-
HUE B peajHO BpeMe M KOHTpPOJI Ha KayecTBOTO BbB B/l Ha XpaHUTENHO-
BKycoBaTa npoMuIieHocT. Te moraT 1a 06paboTBaT JaHHU OT CUCTEMEH MOHHU-
TOPUHT U J1a OTKpUBAT aHOMAJIUMU B THPrOBUSATA Ha ApeOHO, Ja HAOIIOAaBaT U
U3MepBaT MapamMeTpuTe Ha paboTHaTa cpelia B MPOU3BOJCTBOTO HA CTOMaHa, Ja
HaOoaBaT 0€30MacHOCTTa Ha MEpPCOHaja B LIEXOBETE, ChbCTOSHUETO Ha Ipe-
BO3HUTE CPEACTBA M CHCTOSHHETO HAa JOKOBE B TpajckaTa JOTHUCTHKA WU Jp.
(Bahrpeyma & Reichelt, 2022), (Aylak, 2025), (Pulikottil, et al., 2023),
(Venkatadri, 2024), (Sharifmousavi, Kayvanfar, & Baldacci, 2024).

Tun 2. Ilpeockazsawu u KOHCYIMAamueHu azeHmu (CpeoHa a8MOHOM-
HoCch)

OcHOBHHTE BB3MOKHOCTH Ha areHTUTE ChC CPEIHAa aBTOHOMHOCT ca 00-
paboOTBaHETO Ha JIaHHU, PABEHETO Ha MPOTHO3U U Ipenopbku. Te ca oOydeHu
Yype3 eKCIEePTHU JEMOHCTPALUU KakK Jla MJIaHupaT U MPOrHO3UPAT ThPCEHETO U
HYXJUTe oT uHBeHTap. Cpej Te3u areHTH uMa TaKuBa, KOUTO MPErnopbyuBaT Ma-
TEepUAIM U MapaMeTpH 3a Pa3IudHH MPOLIECU: 33 TMPOU3BOJICTBO; IUATHOCTHKA U
IIPOTHO3MpaHE Ha MOBPEJIM; MPOTHO3UPAHE HA THPCEHETO U Ap. Te ca oOyueHu
3a JIGMCTBUE CBHIIO IO MOJIUTHKU 32 OOLIECTBEHU MOPHUKU U MHBEHTApHU3AIlMS,
MOTarT Ja JaBaT Npernopbky Ha 0a3a Ha pa3CHKICHUS U MPOrHO3UpaHe, Oazupa-
HU Ha KOHKPETHU ciiy4ad. To3M BUJ areHTH Hay4daBaT Hall-10OpuTe NeHCTBUSATA,
KOUTO M3MBIHSABAT CKJIaJ0BU POOOTH, TPaBUIIaTa 3a TUCIICUEPCKO TUIAHUPAHE 3a
IUTAaHWpaHe Ha MPOU3BOJCTBOTO, KOHCYATATHMBHHUTE CHTHaIM 3a (paOpuuHuTE
CUCTEMH 3a 0€30MacHOCT U MAalIMHHO 00Yy4YEeHHE 3a MPOTHO3UPAHE HA OUYaKBaHO-
TO BpEME€ Ha MPUCTUTaHe U MpoMmeHute B rpaduka. [pyru texnu QyHKIUU ca
IPOrHO3MpAHE Ha ThPCEHETO, OLIEHKAa Ha Ka4eCTBOTO Ha IUIaHa, aHaJu3 Ha pas-
XOJIUTE, MOAXOASIIM ONEepaly 3a IPOrHo3upaHe Ha rpaduka U ChbBETH 3a JeHcC-
tBue (Bahrpeyma & Reichelt, 2022), (Aylak, 2025), (Fan, et al., 2025),
(Pulikottil, et al., 2023), (Venkatadri, 2024).

Buo 3. Ilpeonucseawu u usnvinumenuu aceHmu (6UCoKa a8MoHOMHOCH)
ATreHTHUTE ¢ BUCOKa aBTOHOMHOCT (DYHKI[TMOHHMPAT, KATO B3€MAaT PEUICHUS C MaJl-
Ka win 0e3 JoBellka Hameca. Te ce M3Mo3Bar 3a TUIaHWpaHe Ha 3a/Ja4d B MPO-
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W3BOJICTBEHHUS 1I€X, TPAHCHOPT, yIPaBIECHWE HA UHBEHTApa U MapIIPyTU3UPAHE
Ha aBTOHOMHHM NPEBO3HU CpeAcTBAa. BUCOKO aBTOHOMHHTE areHTH Morar jaa
MPOMEHAT ONEpallMy, CBbP3aHu C MPEHACOUYBaHE HA JOCTABKUTE U JIOTUCTUKATa
U Jia YIpaBisBaT IEIUsl IPOU3BOJICTBEH MPOIEC — OT MPOSKTHPAHETO 0 pabdo-
TaTta Ha MamuHarta. Te ce U3Mo3BaT 3a ABTOHOMHO YIPaBJIEHHUE HA MPOILIECUTE,
IUIaHUPAHE U U3ITBJIHEHUE Ha MPOU3BOJICTBOTO, KAKTO U 32 aBTOMATU3UPAHO YII-
paBJICHHE HA MHOXKECTBO MOOWJIHM pOOOTH M areHTH 3a JUHAMUYHO paslpe]ie-
JeHue Ha 3agaunTe. OCBEH TOBA T€ U3ITBIHSABAT MOJUTUKY 32 CHAO/sBaHE U WH-
BEHTapH3allMsl: Ype3 JMHAMUYHO 00yUYeHHE; aBTOHOMHO TIJIaHUPAHE; aJJallTUBHO
B3€MaHE Ha pEIICHUsI; HAaBUTALMs B PEAJIHO BpeMe; JCUCTBUA IO 3aJadd 3a
CKIa70BH poOoTH. ChIIO Taka IJIAHUPAT OMEPALMUTE HA APEOHO U AUPEKTHO
KOHTPOJIMPAT MPOU3BOJACTBOTO, JAOCTaBKaTa W MOAApPBKKaTa. [pyru Bb3IMOXK-
HOCTH 3a MPWIOKEHHE Ha BUCOKO AaBTOHOMHHU ar€HTU Ca B PEIICHUS 3a IUIaHU-
paHe Ha (PMHAHCOBHTE Ta3apu, YIpaBJIeHUE HA ThPrOBUATA U UHBEHTapa, KaKTO
Y aBTOHOMHO MPEIUIAHUPAHE U Pa3NpeIeSICHHE Ha JOTUCTUYHH PECYPCH 3a pas-
pemaBane Ha koHpmukTH (Bahrpeyma & Reichelt, 2022), (Aylak, 2025), (Fan,
et al., 2025), (Pulikottil, et al., 2023), (Venkatadri, 2024).

HapacTsalya aBTOHOMHOCT

v

Bug 1 Bug 2 Bug 3
— ( N\ 4 A 4 \
S CHabaaBaHe MpocnepasaHe Ha MporHo3supaHe Ha ABTOMaTM3MpPAHO
S [0CTaBYMLM NOPBYKK cHabpasBaHe
o . J . J . J
g ( N\ ( ) ( )
5 3anacu m no- MOHWUTOPUHT Ha MporHo3npaHe Ha ABTOHOMHO map-
5 rMCTUKA 3anacute TbPCEHETO WpyTU3NpaHe
§_ (& J/ | J | J
x e N\ N\ a
Fy NMpoussoacTso lpoBepKa Ha Ka- MporHo3npaHe Ha YnpasneHue Ha
YecTBO nospeau npouecure
| & J | J | J
4 \ ( N\ ( N\
KnueHtu n MNpocnepasaHe Ha AHanu3 Ha nasapa O6paboTka Ha
TbpceHe obpaTHaTa Bpb3Ka NopPbYKK
| J \ J \ J
( N\ ( ) 4 \
- ocnepABaHe Ha TKPMBAHE Ha npasfeHune Ha
Puck m cvot Mp 0, OTKp Ynp
v BeTcTBMe emmucumnTe aHomanum pUCKa
| J/ \. J/ | J
Mokputne B Bb3HMKBaLWm obnac-
D Bucoko D YmepeHo

nscnesBaHuATa: ™ / nponyck

Queypa. 1. /leymepua xnacuguxayusa na MU acenmu 6ve B/
Hzmounux: Cucmemamusupana om asmopume Ha o6aza Tabauya 1, m. 3.2, m. 3.3 u npeene-
oanama numepamypa

@ur. 1. npencraBsi OTKPUTH B U3CIIECIBAHETO 3aBUCUMOCTH. ATEHTUTE OT
BUJl 2 (MMPOTHO3HU/KOHCYJATATUBHU) Y4acTBAT B MOYTH BCUYKU (YHKIIMOHATHH
obyacTu. 3a pasznuKa OT TSAX areHTd OT TN 3 (TpeanucaTeTHU/U3ITbIIHUTEITHN)
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JOMHUHHUpPAT B 00JIACTH C BHCOKA CJIOXHOCT, KaTO HaIpUMEp MaplIpyTHU3HpaHE
HA 3alacuTe U IUIaHUPaHE Ha MPOU3BOACTBOTO. B kietku ¢ Osu1 uBsAT ¢ur. 1. ca
IpeJICTaBEeHU MO-C1a00 MPOYUYEHUTE MPECEUHU TOYKH, KaTO OOILIECTBEHUTE IO-
PBUKU U PUCKA/CHOTBETCTBUETO C MO-BHCOKM HHMBA HAa aBTOHOMHOCT. Te nedu-
HUpAT 00JacTH 3a OBbACUIN U3CIIECIBAHUSI.

Ha npencraBenara nBymepHa kiacudukanus (Bx. dur. 1) pemopete
NpeACTaBAT (PYHKIIMOHAHU 00JacTH, a KOJJOHUTE — HUBA Ha aBTOHOMHOCT. O11-
BETSBAHETO TMOKa3Ba O0OXBaTa HA W3CIEABAHETO: ThMHO CHBO (BHCOKO TOKpHU-
THE), CBETJIO CUBO (YMepeHO), 0510 (HOBOBb3HUKBAIIM/Tpa3HuHu). durypara e
cucrtematusupana ot Tabnuna 1, 1. 3.2, T. 3.3 1 nperjieaaHaTa qureparypa.

[IpennoxxeHaTa kinacuduKamms MOXe J1a CE U3IM0JI3Ba OT MEHUKBPHU KaTO
CTpaTEernyecKu MHCTPYMEHT 3a OIICHKA HAa JUTUTAIHUTE Bb3MOKHOCTH HA KOM-
naHuuTe. Ha Ta3u ocHOBa Te 11le MOraT SICHO Jja MPUOPUTU3UPAT UHBECTULIUUTE
B aBTroMmaru3zanus. JlepuHUpaHeTO Ha TOYHUTE (PYHKIMOHAIHU HYKIU BbHB
Bpb3Ka C HUBAaTa Ha aBTOHOMHOCT 1€ JIOBEE O MUHUMHU3HUPaHE Ha PUCKOBETE
IpU BHEIpsIBaHE, MJIaBEH MPEXOJ OT PEaKTHBEH MOHUTOPHUHI KbM HAITbJIHO aB-
TOHOMHA OpPKECTpallMs Ha IPOLECUTE BbB BEPUTHTE UM 3a JOCTAaBKH U JP.

4. 3akiIoueHue

Pemenusita 3a uznon3sane Ha areHTy ¢ MU BB B/ TpsiOBa na ce B3emar
OT OpraHM3alMUTEe Ha OCHOBAa Ha (yHKIIMOHAIHA Kiacu(uKalusg Ha 00JIaCTUTE
Ha IPWIOXKEHHE, a BHEJIPSBAHETO TPsOBA J]a C€ U3BBPIIIBA MOCTEIEHHO, KAaTo CE
OTYMTA pPaMKaTa 3a aBTOHOMHOCT. 3allo4uBa CE€ OT U3rPa)XKJaHe Ha Bb3MOKHOCTH
3a MoHuTOopuHr (Bup 1), mpeMuHaBa ce mpe3 MPOTHO3UPAHE M KOHCYJITHpPAHE
(Bun 2), u ce 3apppiiBa ¢ aBTOHOMHO u3nbiHeHue (Bun 3). M3pbpiiBanero Ha
Te3W JeWcTBUS Hayara (yHJIAMEHTAIHU MPOMEHHU B YNPAaBIEHUETO Ha OW3HEC
OpraHu3allMUTe U B YMEHHUATA Ha TiepcoHana. Ha MeHuKbpuTe ca HeoOX0AUMHU
KOMIIETEHIIMY B KOOPJIMHAIIMATA HA ar€HTUTE U OCBHUIECTBSIBAHE HA ChTPYAHH-
4yecTBOTO MexAy 4oBek U M. ToBa mie ocurypu Bb3MOKHOCTH 3a YIIPABIICHUE
Ha aBTOHOMHOTO B3€MAaHE Ha PEUICHHS U €TUYHUTE BBIIPOCH, CBBP3aHU C MPO3-
PavyHOCTTA M YOBELIKUS HAA30D.

[IpoBeaeHoTo m3cieaBaHe popMupa U3BOJa, Y€ MHTETPAIIMATA HA arCHTU
¢ I BbB BJI € moBede 0T 0OMKHOBEHO OorepaTUBHO mojgoOpenue. Te morar aa
JEHCTBAT KAaTO KaTaJm3aTop 3a JuruTanHarta Tpanchopmamms Ha B[ u ca cb-
mecTBeH (PakTop, KOUTO MpeBpbila aBToHOMHUTE B/ B CBBbp3aHM, MHTEIUTEHT-
HU M aJanThUBHU ekocuctemMu. AreHture ¢ M umar pa3nndHu Bb3MOKHOCTH,
KOUTO 3aBUCSAT OT HUBOTO HA BHENPSBAHE, ONEpaTMBHA ChbBMECTUMOCT Ha BJI.
OuepraHara TEHJEHIUS € KbM KOMOMHMpaHe Ha (DYHKIIMOHAJIHA CIIEUaTN3allUs
C aBTOHOMHOCT, KO€TO BOJIU JI0 II'bJIEH KOHTPOJ BbPXY I€MHOCTUTE (OT OCHOBEH
MOHUTOPHHT JI0 II'bJIHA aBTOHOMHA OPKECTPALIUs).
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Arenture ¢ U ca BaxeH QaxTop, npeaocTaBsi] Bb3MOKHOCTU 32 TPaH-
chopmupanero Ha BJl B MHTENMreHTHH €KOCHCTeMHU. Upe3 mpenocTaBsHE Ha
CTpYKTypHupaHa Tunosiorus Ha areHture ¢ MM m onucanue Ha mossure OT THX,
JOKJIaBT MOJKE J1a IOMOTHE Ha MEHUKBPU C pamMKa 3a Mpexoja OT pbYHO Hal-
JIIOJICHUE U KOHTPOJI KbM aBTOHOMHA OpKecTpauus. Pe3ynrarsT oT TO3M npexon
MO>K€ TOBHIIIM TSIXHATa KOHKYPEHTOCIIOCOOHOCT M YCTOMYMBOCT B YCJIOBHSITA Ha
rJ100aJ1Ha UKOHOMHUYECKAa HECUTYPHOCT.
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A LIFECYCLE MODEL OF ILLICIT IT PRODUCTS AND SERVICES
IN SHADOW DIGITAL ECONOMY
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Abstract: This study examines the evolution of the Shadow Digital Economy (SDE) by
reviewing existing conceptual approaches and proposing an original lifecycle model for illicit
digital products and services. The elaborated ten-stage framework extends from idea genera-
tion to reinvestment and a new development cycle, integrating monetization and rent extrac-
tion at every stage. The model provides a conceptual foundation for developing regulatory
indicators to assess the effectiveness of measures aimed at countering the SDE.

Key words. Shadow Digital Economy, SDLC, Crime-as-a-Service, Life Cycle Models,
Cybercrime
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1. Introduction

The digitalization of the global economy has significantly transformed
legitimate forms of economic activity alongside the shadow dimension of the
digital environment. The proliferation of cloud services, blockchain
infrastructures, artificial intelligence tools, and immersive technologies has led
to a situation in which many illicit practices no longer appear as isolated
technical incidents. Increasingly, they are embedded within broader service-
based schemes where access credentials, infrastructures, tools, intermediaries,
and monetization channels are repeatedly reused, transferred between actors, or
provided on a rental basis.

This development necessitates a broader understanding of the shadow
digital economy. It can no longer be adequately described solely through lists of
cyberattacks, vulnerabilities, or individual offenses. In many cases, it represents
an environment within which stable roles, service dependencies, trust
mechanisms, and autonomous income-generation models emerge. Under these
conditions, a new category of criminal activity is emerging and gaining
momentum within the metaverse through the use of virtual reality (VR),
augmented reality (AR), blockchain technologies, and artificial intelligence,
commonly referred to as metacrime. Situated within the broader domain of
cybercrime, metacrime shares many of its defining characteristics, including
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comparable crime typologies, continuous evolution, hyper-spatio-temporality,
anonymity, and significant governance challenges (Zhou et al., 2024). The
authors argue that metacrime represents the logical extension and next stage in
the evolution of the Shadow Digital Economy (SDE).

The absence of clear conceptual definitions for these categories hinders
the much-needed scholarly debate on the implications of emerging technologies,
as well as their opportunities and risks for individual industries and the economy
as a whole.

2. Theoretical Background

Addressing the challenges posed by the Shadow Digital Economy (SDE)
requires the development and analysis of comprehensive operational models that
capture its activities throughout the entire lifecycle, from the development stage
to the commercialization of specific illicit products and services. In practice,
however, law enforcement agencies and society generally encounter only the
end products of these processes, namely cyberattacks and criminal digital
products and services. At the same time, policy and operational frameworks
developed by Europol, Interpol, the FBI, and other organizations provide both
theoretical and practical foundations for combating cybercrime and metacrime
(Ashcroft et al., (2004), (General, 2024). These frameworks advocate treating
every virtual incident as a structured set of digital evidence comprising data
associated with a specific platform, incident, avatar, user account, device,
system logs, financial transactions, and information obtained from third-party
service providers.

IT product and service lifecycle models define the structure, processes,
and management stages governing a product from its initial conception through
to its eventual retirement. In practice, three principal approaches can be
distinguished: the product marketing lifecycle (Kneuper, 2018), software
engineering lifecycle models based on the Software Development Life Cycle
(SDLC) (Olorunshola & Ogwueleka, 2021), and IT service management
frameworks (ITSM/ITIL) (Mora et al., 2022).

The product marketing lifecycle describes the commercial evolution of an
IT product through several successive stages. The introduction stage involves
the development of a minimum viable product (MVP), market entry, and the
identification of the target user base. During the growth stage, the product
experiences rapid expansion in its customer base, infrastructure is scaled, and
new functionalities are introduced. The maturity stage is characterized by peak
market performance and operational stability, with strategic emphasis shifting
toward customer retention and cost optimization. Finally, the decline stage is
marked by diminishing user interest, technological obsolescence, and the
gradual migration of customers to newer solutions.
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Software development lifecycle models define the methodologies used to
design, develop, and maintain software systems. The principal approaches
include the Waterfall, V-shaped, Iterative, Spiral, and Incremental models. In
contrast, the IT service lifecycle, as defined by the ITIL framework, is designed
to deliver business value through IT-enabled services. It encompasses service
strategy, which focuses on identifying business requirements, developing service
portfolios, and planning IT resources; service design and transition, including
testing, deployment, change management, and the migration of new services
into operational environments; service operation, which covers ongoing support,
incident management, and the maintenance of service availability; and continual
service improvement, involving the regular assessment of performance metrics
and the optimization of IT service delivery.

This study focuses on lifecycle models for illicit IT products and services
operating within the (SDE). Such a model makes it possible to determine the
developmental stage of a particular illicit product or service and to anticipate its
potential operational peak before it causes significant harm to digital ecosystems
or the broader economy through the activities of shadow networks.

This necessitates a more precise specification of the object of analysis—
the Shadow Digital Economy and its constituent components. In this study, the
concept of an illicit IT product or service is employed as a hypothetical
analytical construct encompassing a broad spectrum of cybercriminal activities.
This category includes criminal products developed under the Cybercrime-as-a-
Service (CaaS) model, incorporating malware, exploits and software
vulnerabilities, as well as the infrastructure required to execute cyberattacks. It
also covers illicit information assets and datasets, including repositories of
personal data and stolen trade secrets, together with digital surrogates and illicit
financial instruments, such as cryptocurrency mixing services and concealed
payment gateways.

3. Methodological Framework

For the purposes of this study, the SDE is defined as a shadow digital
marketplace in which illicit products, services, infrastructure, and coordination
mechanisms are organized in a quasi-market structure.

Methodologically, the study is grounded in an institutional-technocratic
approach that integrates elements of political economy, institutional analysis,
and rational choice theory. This perspective makes it possible to conceptualize
the SDE not as a collection of isolated cybercrimes, but as a system of
relationships centered on the control of access, digital infrastructure, data,
computing resources, coordination channels, trust mechanisms, and financial
flows.
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The authors argue that the SDE exhibits the characteristics of a self-
reproducing system in which revenues are not merely consumed but are partially
reinvested into the ecosystem through investments in digital tools, service-layer
capabilities, infrastructure, DeFi-, NFT-, and RWA-based ecosystems, as well as
emerging forms of digital presence. It is precisely this logic of reproduction that
provides the conceptual foundation for the subsequent analysis of the
architecture, operational logic, and transformation of the SDE within metaverse
environments.

4. Literature Review

To address the research objectives, the study draws upon and synthesizes
the existing literature in three principal areas: models and methodologies for the
development of digital products and services, monetization models and
mechanisms, and the SDE together with its conceptual frameworks.

To examine contemporary approaches to software product and service
development, the authors reviewed a range of recent studies, including (Laster &
Yahav (2025), (Rupp & Singh (2020), and (Osmani (2025).

The conceptual foundations and strategic approaches to monetization
were analyzed on the basis of the works of (Salter (2022), (Sharma (2024),
(Tyrviinen & Karjaluoto (2024), and (Rubinstein (2025).

The theoretical development of the Shadow Digital Economy was
examined through the contributions of (Gaspareniene et al., (2015),
(Kondybayeva & Temerbulatova (2026), (Mastac et al., (2026), and (Ohrimenco
et al., (2026).

Additional insights into the evolution of the SDE and metacrime are
provided by landmark judicial proceedings. Among the most significant is
“Hermes International v. Rothschild” (Garcia, 2022), a precedent-setting U.S.
case establishing that traditional trademark law applies to digital assets,
including non-fungible tokens (NFTs) and virtual environments within the
metaverse. Another notable case, “Nike, Inc. v. StockX LLC” (Kim et al., 2025),
concerns trademark infringement arising from the commercialization of NFT-
related products. Equally important is the prosecution of the Team Xecuter
network, whose members developed and distributed hardware modifications and
software enabling the unauthorized execution of pirated video games. According
to court records, the group's activities resulted in estimated losses of between
USD 65 million and USD 150 million for the video game industry.

Collectively, these cases demonstrate that virtual assets may receive legal
protection as property, data, copyrighted works, trademarks, or licensed digital
content. This evolving legal landscape further underscores the need for an
integrated analytical framework capable of explaining the interconnections
between the SDE and metacrime.
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Finally, a review of the recent literature, particularly the studies by
(Gordon & Loeb (2006) and (Gordon et al., (2020), provided the theoretical
foundation for formulating the research problem addressed in this article.

5. Research Empirical Model

An analysis of software development lifecycle models made it possible to
identify the principal conceptual frameworks and industry standards relevant to
this study. Building upon this foundation, the review of existing approaches to
modelling the lifecycle of illicit digital products and services revealed three
major conceptual frameworks.

The first is the Crime-as-a-Service (CaaS) value creation and distribution
model, which conceptualizes illicit digital products as market-oriented offerings
progressing through a sequence of stages: research and development (R&D),
marketing and distribution, operational deployment (active exploitation),
maintenance and customization, and eventual obsolescence or retirement
(Europol, 2024), (Guerette & Clarke, 2003).

The second approach is the lifecycle model of cybercriminal products,
commonly illustrated by ransomware operations. This framework comprises the
stages of Weaponization, Affiliate Launch, Campaign, Burned Stage, and Exit
or Rebranding, reflecting the operational evolution of ransomware ecosystems.

The third approach is the phased model of criminal opportunity developed
by (Felson & Eckert, 2018), which describes the evolution of illicit activities
through four successive stages: Innovation, Growth, Mass Market, and
Saturation. The analysis of the existing models allows for an important
conclusion: they do not incorporate a monetization stage as a fundamental
objective underlying the development and exploitation of cybercriminal
products and services.

Within the context of the SDE the monetization of illicit IT products and
services 1s understood as the process of converting illegal software (or its
individual components), elements of digital infrastructure, software
vulnerabilities, or specialized cyber capabilities into recurring or one-time
revenue streams. The primary objective of this process is to generate financial
returns from illicit software, stolen datasets, phishing operations, cyberattacks,
or gray-market freelance cyber services.

In (Ohrimenco et al. (2023) proposed an Empirical Security Threats
Model in which monetization is presented as the final stage of the cyber threat
lifecycle. Building on the findings reported in (Ohrimenco et al. (2026), the
present study advances the hypothesis that monetization should not be viewed
solely as the terminal phase of cybercriminal activity. Instead, it constitutes an
integral component present throughout every stage of the lifecycle of illicit IT
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products and services, enabling value extraction at each phase of their
development and operation.

It should be emphasized that monetization should not be understood
solely as the final cash-out stage following the successful execution of a
cyberattack or other illicit activity. Rather, it is more accurately conceptualized
as a recurring opportunity that emerges throughout the lifecycle whenever the
output of a particular stage becomes a transferable asset, a rentable resource, a
service capability, or an intermediate digital good. In support of this hypothesis,
several arguments can be advanced.

First, several distinct monetization models are employed in practice,
each associated with specific forms of illicit digital products and services. These
include subscription- or license-based access to platforms and services
(subscription); payment per request, verification, or operation, often combined
with a subscription model (pay-per-use/subscription); rental of digital
infrastructure or computing resources, typically priced on a time basis and
supplemented by subscription fees (rental/subscription); transaction
commissions or brokerage fees for matching counterparties (commission/fees);
revenues derived from market spreads and exchange commissions (spread/fees);
retainers or fixed fees for specialized expertise and customized cyber services
(retainer/fee); revenue-sharing arrangements or percentage-based compensation
linked to successful ransomware payments, data theft, or fraudulent proceeds
(commission/revenue sharing); premium or "insurance" payments, including
protection-based extortion schemes (premium/extortion); and hybrid or other
specialized monetization models (mixed/other).

Second, the contemporary cybercriminal ecosystem has evolved well
beyond the traditional sequence of "attack-ransom—cash-out." Europol
documents the existence of mature underground marketplaces where not only
the proceeds of cybercrime, but also network access credentials, log files, stolen
datasets, attack tools, and infrastructure services are actively traded (Europol,
2026). Similarly, ENISA describes a highly professionalized cybercrime
ecosystem in which Ransomware-as-a-Service (RaaS), Phishing-as-a-Service
(PhaaS), Initial Access Brokers (IABs), and infrastructure providers
substantially reduce barriers to entry and enable participants to generate revenue
long before the final stage of extortion (Landscape, 2021). Consistent with these
observations, the analysis by (Patsakis et al., (2024) of the Malware-as-a-Service
(MaaS) ecosystem demonstrates that developers, affiliates, access brokers, and
infrastructure providers monetize different segments of the same value chain,
with their revenue streams institutionally and economically distributed across
multiple stages of the lifecycle.

The proposed lifecycle model for illicit digital products and services
comprises a series of interrelated stages. Each stage is characterized using a
common analytical framework that identifies the asset being monetized, the
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prevailing monetization mechanism, the type of rent generated, and
representative real-world examples.

1. Idea/Research (Concept Formation). At this stage, monetizable
assets include the underlying concept, its individual components, identified
vulnerabilities, intelligence gathered during reconnaissance, access credentials,
and the overall attack design. Monetization mechanisms include the sale of
intelligence, brokerage of unauthorized access, consulting services, and
commissioned development. The dominant forms of rent are informational rent
and research rent. Representative examples include the sale of stolen logs and
access credentials through Initial Access Brokers (IABs).

2. Development. Monetizable assets comprise source code, software
tools, exploits, malware builders, scripts, administrative panels, and
infrastructure components. These assets are commercialized through direct sales,
software licensing, rental arrangements, subscription-based access, and revenue-
sharing agreements. The predominant form of rent at this stage is technological
rent. Typical examples include the commercialization of information stealers,
phishing kits, and software exploits.

3. Testing/Validation. At this stage, value is created through validated
exploits, verified unauthorized access, and technically proven attack solutions.
Monetization occurs through exploit validation services, paid testing, and Proof-
of-Concept-as-a-Service (PoCaaS), whereby the technical feasibility of a
method or technology is demonstrated to potential clients. The principal form of
value extraction is trust-based rent, reflecting the premium attached to verified
reliability and operational effectiveness. Representative examples include pilot
cyberattacks, bespoke penetration testing conducted for criminal clients, and the
sale of verified ("working") access.

4. Productization. At this stage, monetizable assets include complete
products, specialized tools, administrative panels, software solutions, software
packages, and compiled builds, either as integrated products or as individual
components. The primary monetization mechanisms include direct product
sales, licensing, and subscription-based access. The dominant form of rent is
product rent, which is based on a business model where developers obtain long-
term, stable, and predictable revenue streams from ownership and commerciali-
zation of successful cybercriminal IT products. Representative examples include
Lumma Stealer, Remote Access Trojans (RATSs), cybercriminal management
panels, and botnets offered as ready-to-use products.

5. Service. At this stage, monetization is derived from complementary
services, including ongoing maintenance, software updates, technical support,
customization, and consulting. The principal monetization mechanisms include
subscription-based access, recurring service fees, paid technical support, and
affiliate support programs. The predominant form of value extraction is service
rent. Representative examples include Ransomware-as-a-Service (RaaS) sup-
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port, software updates, custom feature development, and technical consulting
provided to affiliates and customers.

6. Marketplace. Monetizable assets include access to an established
customer base, marketplace listings, brokerage services, transaction facilitation,
and accumulated reputation. Revenue is generated through transaction commis-
sions, listing fees, escrow fees, and payments associated with successful transac-
tions. The dominant forms of rent at this stage are platform rent and intermedi-
ary rent. Typical examples include underground forums, darknet marketplaces,
and trusted intermediaries facilitating illicit transactions.

7. Monetization/Cash-out. This stage represents the primary point at
which financial value is realized through the monetization of cash, cryptocur-
rency, ransom payments, and the conversion and withdrawal of illicit proceeds.
Common monetization mechanisms include transaction commissions, exchange
spreads, cryptocurrency exchanges, mixing services, cash-out operations, and
the sale of digital assets. The predominant form of value extraction is financial
rent. Representative examples include cryptocurrency mixers, illicit exchange
services, and cash-out operations conducted through money mules.

8. Profit Distribution. At this stage, revenues are allocated among de-
velopers, affiliates, partners, and other participants within the cybercriminal eco-
system. Monetization mechanisms include revenue-sharing agreements, fixed
payments, and performance-based compensation. The principal form of rent is
partnership rent. Typical examples include affiliate programs associated with
Ransomware-as-a-Service (RaaS), Malware-as-a-Service (MaaS), and other
profit-sharing arrangements.

9. Reinvestment. Monetization at this stage is directed toward reinvest-
ing illicit proceeds in software tools, digital infrastructure, human capital, and
new criminal ventures. Resources are allocated through purchases, investments,
business expansion, recruitment, and the acquisition or leasing of infrastructure.
The dominant forms of value extraction are investment rent and strategic rent.
Representative examples include the purchase of servers, the development of
new software modules, and the expansion of development and operational
teams.

10. New Development Cycle. The final stage initiates a new cycle of in-
novation by returning to the conceptual phase with revised objectives, new
products and services, and strategies aimed at expanding into additional markets.
In essence, the lifecycle recommences with a new portfolio of digital assets and
service offerings. At this stage, cumulative rent emerges through the continued
reinvestment and scaling of previously accumulated capabilities. Representative
examples include the establishment of new criminal enterprises, the launch of
new illicit products, and the expansion of cybercriminal ecosystems.

The proposed lifecycle model for illicit IT products and services does not
encompass the full diversity of activities observed within the Shadow Digital
Economy and should therefore be regarded as a conceptual framework requiring
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further refinement. In particular, future research should focus on the continued
development of foundational umbrella service models, including Cybercrime-as-
a-Service (CaaS), Software-as-a-Service (SaaS), Ransomware-as-a-Service
(RaaS), and related service-oriented cybercriminal ecosystems.

6. Conclusions

The proposed lifecycle model for illicit IT products and services requires
further refinement and closer integration with broader governance models of the
Shadow Digital Economy (SDE).

In particular, the architecture of the SDE should distinguish between two
complementary dimensions. The first comprises the forms through which illicit
functions are packaged and delivered, such as the various as-a-Service models.
The second encompasses the operational mechanisms through which these func-
tions are implemented, representing stable configurations of production, coordi-
nation, and the extraction of destructive digital value.

Future research should therefore focus on three interconnected analytical
levels.

At the micro level, attention should be directed toward individual cyber-
criminal tools, access points, malicious functionalities, service components, in-
frastructure modules, and discrete exchangeable assets. It 1s at this level that the
primary "commodity form" of illicit activity emerges, including unauthorized
access, malicious software modules, attack techniques, anonymization services,
distribution channels, digital identities, digital assets, and individual datasets.

At the meso level, which represents the structurally dominant layer of the
ecosystem, both the division of labor and the coordination of specialized actors
become evident. Access brokers, malware developers, operational actors, inter-
mediaries, call centers, consultants, infrastructure providers, trust brokers, and
financial facilitators transform isolated functions into an integrated service-
based economy. Within this environment, cybercriminal operations are decom-
posed into specialized tasks distributed across multiple participants, while digital
platforms and underground marketplaces function as coordination hubs where
complex operations are assembled.

At the macro level, the institutional conditions that ensure the long-term
sustainability of the ecosystem emerge. These include mechanisms of trust, arbi-
tration, quasi-market rules, reputation standards, platform governance, admis-
sion and exclusion procedures, and, increasingly, proprietary forms of partial
platform governance. Analysis at this level demonstrates that the Shadow Digi-
tal Economy should not be understood as a collection of isolated criminal inci-
dents, but rather as an institutionalized ecosystem characterized by persistent
organizational structures and self-reinforcing governance mechanisms.
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A further research priority is the development of a set of regulatory indi-
cators for assessing the effectiveness of measures aimed at countering the Shad-
ow Digital Economy (SDE). The lifecycle model proposed in this study provides
a suitable conceptual foundation for constructing such indicators, including the
development of a survivability index, defined as the average operational lifespan
of an illicit digital service before its disruption or dismantlement by law en-
forcement or other regulatory interventions.

Looking ahead, there is a need to develop a comprehensive methodologi-
cal framework capable of integrating currently fragmented financial, technologi-
cal, and institutional indicators into a unified analytical system.
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Bb3JIEVICTBUE HA U3KYCTBEHUS UHTEJIEKT BBPXY
OIITUMMU3AIUATA 3A THPCEIIIN MAIHINMHUA

IIpog. a-p Cuexkana CobiioBa’

Pe3iome: B epama Ha ceHepamueHomo mvpCcere U3KyCmeeHnuAm unmeaeKkm e OCHO6HA
c)euofceu;a CUujla Ha ajeopummunme Ha mvpcavKume. B ooknaoa ce uzcneosam meHc)eHL;uume,
C6bP3AHU C UHMENUSEHNTHOMO pa36upaHe, uzenudaHe u npe()cmaeﬂne Ha qubopMauuﬂ u ce
anaausupa usKyCmeeHusiAn uHmeuleKkm Kamo uHCmpymenn 3a noonomazame Ha onmumuzayus
3a mvpceuiu Mawuru.
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IMPACT OF ARTIFICIAL INTELLIGENCE ON SEARCH ENGINE
OPTIMIZATION

Prof. Snezhana Sulova, PhD

Abstract: In the era of generative search, artificial intelligence has become a key
driving force behind search engine algorithms. This paper examines emerging trends in the
intelligent understanding, retrieval, and presentation of information, and explores the role of
artificial intelligence as a tool for supporting and enhancing search engine optimization.

Key words: artificial intelligence, search engine optimization, generative engine
optimization, search engine

JEL: M37, 033

1. BnBeaenue

[TonacTosiIeM THPCEIUTE MAIIMHA U TEXHUTE aJITOPUTMH Ca B MPOIIEC Ha
3HaunuTeNnHO pa3Butue. Kinacupanero Ha ye0 caliToBEeTE HAa YENTHU MO3UIIMHU BEUYe
HE € JIOCTaThuHO. ThpPCAavYKUTE CE MPEBPBINAT OT CHCTEMH 32 OTKPHUBAHE U KJla-
cupaHe Ha ye0 ChIbp)KaHWE B MHTEIUTECHTHU CUCTEMH, KOUTO WHTEPIPETUPAT
NOTPEOUTEIICKUTE 3asiBKUA U B PE3YJITAT Ha TOBA TeHepUpaT 0000IIEeHH OTTOBOPH.
Cera BuguMocTTa B IHTEpHET 3aBHCH OT TOBA JaJId yeb CalThT 1ie Obie mpec-
TaBeH WX IUTUpaH oT u3KycTBeHus unrenekt (MN). Tesu mpomenu B HaumHa
Ha THPCEHE U MOJ3BaHe Ha MHGOpPMAIH BOJIT 0 Pa3BUTHE HA KOHIICTITUUTE,
CBBP3aHU C ONTUMU3AIMATA 32 Thpcely ManuHu (Search engine optimization —
SEQO), unsiTo OCHOBHA 1€ TPAJUIIMOHHO € MOoJ00psABaHe HA BUAMMOCTTA U TO-
3UIIMOHUPAHETO Ha YeO ChIBPKAHUETO B PE3YJITATUTE OT THPCEHETO.

! ssulova@ue-varna.bg, UkoHomuuecku yauBepcutet — BapHa, karenpa ,,Mudopmaruka“
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ChBpeMEHHHUTE TEXHOJOTHH 3a HamHpaHe M oOoOuiaBaHe Ha uHpOpma-
usi, KOUTO ca Oa3upaHu Ha W3KYCTBEH HHTeNeKT kato Search Generative
Experience (SGE) na Google, Perplexity, ChatGPT u ap. mpoMeHsAT HauMHUTE
Ha TbpceHe Ha uH@opmanus. CTaTUCTUKHUTE IMOKa3BaT, ye KbM Mmapt 2026 r.
nperneaute o MU ce nosisiBat B 48% OT BcuukM 3asiBKM 3a ThpceHe B Google,
kKoeto e yBenuuenue ot 34,5% capsmo nekemBpu 2025 1. u 31% ot deBpyapu
2025 r. (Akshay, 2026). TemnbT Ha pacTexx ce YCKOpsIBa M TOBa Hajlara TpaHc-
dbopMupane Ha Tpolleca Ha ONTHUMM3AIMS Ha Thpcely MamuHu. DOKyChT ce
U3MECTBa OT MEXaHMYHOTO HAalacBaHE Ha KIIOUOBU AyMH KbM pa3OupaHe Ha
CMHCBHJIa Ha 3asiBKAaTa M B3aMMOBPB3KUTE MEXKIY ChabpkaHHueTo. OCHOBHATa
IIeJT Beue € J1a ce MmpuilaraT MEepKH 3a yBeJlMYaBaHE Ha BEPOSTHOCTTA M3TOUHU-
uTe Ha nHpopmarus 1a ObaaT N30MpaHu U BKIIIOUYBaHU B reHepupanute ¢ MU
pe3yNITaTH OT ThpPCEHE.

JINHAMUYHOTO pa3BUTHE HA F€HEPATUBHUTE TEXHOJOTUU U BCE OLIE He-
J0CTaThbuHATa MPOYUYEHOCT Ha TOBA JOKOJKO TpagunuoHHuTe SEO TeXHHUKHU
BIIUSIAT BBPXY BEPOSITHOCTTA JaJieHO yeO ChabpkaHue Ja Obae u30paHo u
BKJIFOUEHO B OTTOBOPUTE HA F€HEPATUBHUTE THPCEILM CUCTEMU OuepTaBa HEOO-
XOJMMOCTTa OT M3CcleABaHe Ha npoliemarukaTa. B Ta3u Bpb3ka OCHOBHa meJl
Ha J0KJIaJa ¢ Ha 0a3a Ha CHIIECTBYBAIINTE MPOYYBAHUS /1a Ce U3CIEeABAT MpPO-
MEHHUTE, Ja C€ OTKPOAT TCHICHIIUUTE, TIOIXOUTE, CBBP3aHH C MHTEIUT€HTHOTO
paszOupane, U3BIMYAHE U MPEACTABSIHE Ha HH(OPMAIIHS, KAKTO U JIa CE aHAIIN3H-
pa MOXKe JIM Ja C€ M3MOJI3Ba U3KYCTBEHUAT UHTEJICKT KAaTO MHCTPYMEHT 3a MOJ-
MOMaraHe Ha ONTHUMH3AIUATA.

2. EBoJironusl Ha JTUTHTAJHATA BHAUMOCT — OT Kjaacnuecko SEO koM
ONTUMM3AIHUSA 32 TeHEPATUBHU ThPCAYKH

EBomonnsita Ha yeb TEXHOIOTMUTE U HEOOXOIUMOCTTA OT BHAMMOCT Ha
ye0 caiiToBeTe BOJAM A0 MOsABAaTa Ha ONTUMHU3ALMATA 3a ThpPCEllM MallvHU. B
HAyYHHUTE U3CIEABAHUS HSMA SICEH OTTOBOP KOr'a TOYHO C€ € MOSBUJIO MOHSITHE-
to SEO. IlpakTukara noka3pa, 4u¢ MHOI'O CKOpPO CJ€J Ch3AaBaHETO CH, IIbPBUTE
ye0 cailToBe 3armouBar Ja ce MPOMEHST M0 OTHOILIEHHE Ha ChIbpP)KAHUE, CTPYK-
Typa, METa TaroBe M TE€3U INPOMEHM Ca MPABEHU TOYHO C IIEJI Ja CE€ MOCTUTHAT
10-100pY MO3ULIUH B TOIaBaTHUTE ThPCAUYKHU.

Cnenpa nepuo/1 Ha pa3BUTHE HA NPUJIAraHUTE TEXHUKUTE 3a O3ULIMOHUPAHE
Ha ye0 caliToBEeTE Ha MO-IPEJHU MECTA CPEJ HEIUIaTEHUTE (OPraHuYHU) PE3yJITaTH
OT TBPCEHETO. 3a Mpoleca Ha ONTUMHU3ALMSI KaKTO € M3BECTHO HAMA TOYHO OIpe-
JIeJIeH aJiTOPUTHM, Thil KaTo U300pbT HA KOMILJIEKC OT MEPKU 3aBUCH KaKTO OT Te-
KYILIOTO ChCTOSIHHE Ha yeO caiiTa, Taka U OT HEMPEKBCHATO MPOMEHSILUTE CE aJro-
puT™MH Ha Thpcenmre MammHu. SEO He € caMO TEXHOJOIMYEH, 8 HENPEKbCHAT
aHAJIMTUYEH W TBOpUYecKU mporiec. [IpeanpuemaneTo Ha KOHKPETHH MEPKH CE€ OC-
HOBaBa Ha MPOYYBaHE U aHAJIM3 Ha yeO caiiTa, KAKTO U Ha MPOCJEIIBaHE Ha aKTy-
JIHUTE TEHIECHIUHU U IPOMEHHUTE B A ITOPUTMHUTE Ha ThPCEIIUTE MAILIUHHU.
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Karo chuiectBena npomsina B konuenuusTa 3a SEO ce cuura HaBiIu3aHe-
TO HA MHTEJIIMTCHTHUTE TEXHOJOTUH NIPHU ThpCeHE, 00padoTBaTe, UHTEPIPETUPA-
HE U npejcTaBsiHe Ha uH@opManuara. ToBa Bogu 10 GopMUpAHETO HA KOHIEI-
nusita Generative engine optimization (GEO), xosiTo pa3mupsiBa TpaJulIMOHHU-
te SEO npaktuku. OCHOBHATa M 1[ENl € ONTUMU3UPAHE HA ChIAbPKAHUETO, TaKa
Yye J1a ce MOBUILIM HEroBaTa BUAMMOCT U UTHUPYEMOCT B T€HEPAaTUBHUTE ThpCe-
mm cuctemu. CTpaTerus 3a ONTUMHU3HPAHE Ha ChABPIKAHNUE, KOSTO € Ch3/1aeHa
32 HOBOTO IOKOJIEHHE THPCAUKH, KOUTO c€ 0a3upar Ha U3KYCTBEH MHTENIEKT Ce
npejuiara ot rpyna uzciegonatenu (Aggarwal, et al., 2024). ABTopute U3THK-
BaT, 4e TpaauuumoHHuTe MeToau 3a SEO Beue He ca e()eKTUBHU U aKLEHTHpAT
Ha cienuuTe BakHu 32 GEO TexHuku 3a onTuMuzanus: 100aBsHe Ha TOCTOBEP-
HOCT M (paKTU 4Ype3 BKJIIOYBAHE HA KOJIMYECTBEHA CTATHUCTHKA BMECTO OOLIH
JTUCKYCHUH, IMTUPAHE HA HAACKIHU M3TOYHHUIIM M BrpakJaHE HA TUPEKTHH IIH-
TaTH; MOJOOpsBaHE Ha CTWJA U YETHUMOCTTA C II€JI IOCTHTaHe Ha IO-ToJiiMa
yOEIUTEIIHOCT U aBTOPUTETEH TOH, OMPOCTSIBAHE Ha €3WKa 3a MO-JECHO pa3ou-
paHe ¥ ONTUMHU3MpAHE Ha IJ1aJIKOCTTa HAa TEKCTA; JIEKCUKAJIIHU IPOMEHH, 100a-
BSHE Ha KIIOYOBH JyMH, HHTETPUPAHETO HA YHUKAIHUW TyMH U CHeUU(DUIHH
TEXHUYECKHM TEPMUHU. EKCIIEpUMEHTUTE B M3CIIEJIBAHETO MOKA3BaT, ue Mpusia-
ragero Ha cneruuuan GEO crpateruu, xato mo0aBsHE HAa CTAaTHCTUYECKU
JTAaHHU, UATATA ¥ aBTOPUTETHU M3TOUYHMIIM, MOXKE /1a YBEJIUYM BUAMUMOCTTA Ha
yeb caiita B reHepupanuTe 0TroBopu ¢ 110 40%.

[Toapo6HO n3cneaBane Bbpxy Tpanchopmanuara Ha SEO moj BIMSIHUETO
HA TEHEPATUBHMUS HW3KYCTBEH WHTEJIEKT MpPaBsIT €KUN OT TPBUKU YyUYEHU
(Roumeliotis et al., 2026). Te BBBexmar mHoBaTHBHaTa pamka 4S (Signal —
Structure — Surface — Score), 3a 1a Moratr opraHu3alnuuTe Ja aganTHpPaT CBOUTE
SEO npaktuku. [IbpBUST eTan ce Ppokycupa BbpXy UHTEPIPETHPAHE HA MOTpE-
OUTENICKUTE 3asBKH, BTOPHUAT BKJIIOYBA CTPYKTYPHUpPAHE HA ChIBPKAHUETO KATO
MAIIMHHO YETUMU JaHHHU, TPETUAT OoOXBallla camaTa ONTHUMM3AIIMS 3a TeHepa-
TUBHU MAaIllMHU U (PUHAJIHUAT €Tall € 3a MOoKa3aTeJluTe 3a u3MepBaHe. Tyk € He-
o0xonuMo aa ce orbenexu, ye npu MU renepupanute oTroBopy KIMKBAHUATA
BE€YEe HE Ca OCHOBEH KpUTEpH 3a BHAMMOCT, 3al[OTO JOPU U B OTroBOpa yed
CAlThHT Jla € MUTUPAH KAaTO M3TOYHMK, OTPEOUTENAT YeCTO MpOUYUTa Hy>KHATa
My uHbOpMaIKs ¥ HE MOcelaBa U3TOYHWKA, Ch3/laBa ce T. Hap. ,,zero-click®
cpena. B Ta3u Bpb3Kka M aBTOpUTE HA paMmkara 4S mpemiaraT 1 HOBU METPHUKH,
(doxycupaHu BbpXY BIUSHHUETO.

B 3agpnbodyeno npoyuBane Ha GEO, Oliveira (2026) cb3gaBa Mozen 3a
aBTOPUTET, B KOMUTO OMpeJessi KaTo Hal-BayKHU (haKTOpH, MOJCUIBAIIM reHepa-
TUBHATa BUJIUMOCT JOCTOBEPHOCTTA, pa30MpPaeMOCTTa U CTPYKTypHATa SICHOTa
Ha pecypcute. B apyro uscrnenBaHe aBTOpuTe IMpeasiaraT CUCTeMaTU4YHA paMKa
AutoGEO, k04ATO aBTOMaTWYHO OTKpHMBA MPEANOYUTAHHUATA HA ThPCAUYKUTE
paspaborBa GEO momenu (Wu et al., 2026).

HanpaBeHoTo mpoyuBaHe HU JlaBa OCHOBAHHE Ja C€ MPUAbpPKAME KbM
muerueTo Ha Pettiette, Conde u Fischbach (2026), ve GEO 1o cbmecTBo J10-
nbiiBa, a He 3amectBa SEO. Tpancopmanusata Ha kinacudeckoro SEO kbM o1-
TUMU3ALMS 32 TeHEPAaTUBHU cpeau cMe o0o0ui B Tabauna 1.
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Tabnuya 1. Cpasnenue na xnacuweckomo SEO u GEO

Kpurepwnii 3a
CpaBHEHHE

Tpapuunonno SEO

GEO

OcHOBHa 1IeT

[TocTurane Ha BUCOKU MO3UIIUU B
cnuchka ¢ pesynratu SERP u
MpUBJIMYAHE HA OPTaHUYEH Tpa-
¢dbuk KkbpM yel caiita

ITocTurane Ha BUAUMOCT, YECTOTA
Ha IUTUPaHE U BIUSHUE B 0000111e-
Hus otroBop Ha M1

TekcToBO MHAEKCUPAHE IO KITIO-
YOBH [yMH, CTPYKTyparTa Ha Xu-

I'onemMute €3UKOBU MOJEIHU

Texnomornuu (LLMs), MmeToau 3a pa3bupaHe Ha
NEPBPB3KUTE U AITOPUTMUTE 32
a OCHOBa CMHCBJIA Ha TEKCTA U TEXHOJIOTHU
KJIACHPAaHE 10 aBTOPUTET KaTO
3a reHepupaHe Ha OTTOBOPHU
Page Rank
OCHOBHI ITo3unus B pesynrarure, moce- utupanus, npucscreue B MU or-
LICHHS, KIIMKOBE U Y€CTOTa Ha TOBOPHUTE U TOYHOCT Ha MPEACTABE-
IIOKa3aTeNn

KJIMKBAHC

HaTta nHopmaIus

Cursanu 3a
aBTOPUTET U

KauyecTBeHU BBLHIITHHA BPB3KHU,
ABTOPUTCT HA caiiTa M KaueCTBCHO

HanexnHoct Ha nHpopMmanusra,
€KCIIEPTHOCT, aBTOPUTET U CHOTBET-
CTBHE ¢ HH(OpMaIUATa, N3M0I3Ba-

oBepHe ChABPIKaHUE
JIOBEp /bp Ha ot I
[TorpeburensaT noiaydyaBa IUPEKTEH
[Torpedurenc | [lorpeburensT pasraexaa pe3yi- | orroBop oT MU u moxe na

KO IMOBEACHUC

TaTUTE U MOCeIaBa N30paH caT

IIPOJIBJIKY pa3roBOpa € JONBIIHU-
TEJIHU BBIIPOCH

dakTopH 3a
ONTUMHU3ALIUS

KirouoBu nymu, KauecTBEHO
ChJIbpXKAHNE, BBTPELIHHU U BBHHILI-
HU BPB3KU U TEXHUYECKA ONTUMHU-

SICHO U CTPYKTYpUPAHO ChIBpPIKA-
HUE, HaJIe)KTHU U3TOUHUIHU, CTPYK-
TypUpaHa, JIecHa 3a pa30upaHe ot

3aIHsl
Hsmounuk: cobcmeena paspabomka

U nndopmarus

N3n0n13BaHETO HAa U3KYCTBEH MHTENIEKT B TBPCEHETO HE 3aMEHS JOCEralll-
HUATE METOJIM, & CAMO TH JIONIBJIBA U BKJIOYBA B €IHA MO-CIIOXkKHA cucrema. Mh-
teprpauusta Ha UM B mpouecuTe Ha ThpCEeHE BOIM A0 ycioxHsiBaHe Ha SEO,
3amoTo MU anroputMuTe MMar HENMpoO3payHU, CKPUTH MEXAHU3MH, KOETO 3aT-
pYyJHsBa NPOLECUTE HA IPOTHO3UPAHE HA pe3yJTaTUTE OT OoNTUMU3auMsTa. [e-
HepatuBHUAT MU cb3naBa HOBO npeau3BUKaTencTBO npex SEO, Thil KaTo MOXe
Jla ch3JlaBa JOCTOBEPHO 3Bydyalla, HO (haKTUYECKH HeBsipHa HMHopMaius 3a
THPTOBCKM MapKd W opraHusauuu. Eto 3amo B epata Ha UM e u3kmoyuTenHo
BaYKHO J1a c€ 0OpbIlla MO-roJIIMO BHUMaHHE Ha (DaKTOpUTE: U3TpakIaHe Ha Ha-
JIEXKIHO W aBTOpUTETHO cobcTBeHO chabpxkanue (E-E-A-T Experience,
Expertise, Authoritativeness u Trustworthiness); HalMuue Ha CTPYKTypHUpPaHU
JTAHHUW; aBTOPUTETHU BBHIIHM W3TOYHHUIIM; MOCIEAOBaTelIHa WH(OpMalUs BbHB
BCUYKH M3TOYHUIM; MOHUTOPUHT Ha MW pe3ynTaTtuTe U KOpUrMpaHe Ha HETOY-
HocTH. OCHOBHATA 1171 € Ja ce padOTH 3a yBennuyaBaHe Ha BeposTHocTTa MU
CHUCTEMHUTE Jla pa3nojiaraT ¢ TOYHH, IPOBEPUMU M aBTOPUTETHH M3TOYHUIM 3a
npenocraBsHata uHGopmanusa. BaxxHo € U 1a ce mpeanpueMar MEpKH 3a Mpo-
BEpKa Ha 0OEKTUBHOCTTA Ha FOJIEMUTE €3UKOBH MOJIEIIU U Jla Ce MpujaraT MeTo-
T 32 HaMaJIsIBaHEe Ha MPUCTpACTHUsTa NpH renepupane Ha otroBopu (Gallegos,
et al., 2024).
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3. IllpunoxkeHue Ha U3KyCTBeHUus nHTENeKT B SEO neiiHocTUTE
U POJIATA HA YOBelIKUA paKkTop

3a 71a ce MOCTUTHE BUAMMOCT Ha yeO ChIbPKAHUETO OT FTeHEPATUBHUTE UHC-
TPYMEHTHU C U3KYCTBEH MUHTEJIEKT € HEOOXOIUMO TO J1a ObJIe ONTUMH3UPAHO U CIO-
pen ocHoBHHuTe SEO dakropu. TexHudeckara peaimsanus Ha yeO cCaiTOBETE € OT
CBILIECTBEHO 3HAaUYEHUE, 3a Ja MoraT U mexanusmure 1a U3BIMYAT ITPABUIIHO WH-
dbopmanus. Tpagunmonno 3a SEO ce usnomsBaT coPpTyepHH WHCTPYMEHTH, MO/I-
nomarany JeiHOCTTa Ha CHEeUAIMCTUTE. B ChBpEMEHHUTE YCIOBHSI TOJIsIMA YacT
OT TE€3W MHCTPYMEHTH paOOTAT, M3MOJ3BANKN WMHTEIUTCHTHU aJIrOPUTMH U TOBA
MIPOMEHS HA4MHA, TI0 KOMTO ce n3BbpiIBat yact ot SEO npouecure.

B cnenpamara tabnuma 2 cme o6o0mmm mpuioxkenuero Ha MU 3a mog-
nomMarase Ha nponeca Ha SEO.

Tabnuya 2. punoocenue na UU npu cogpmyepuume SEO uncmpymenmu

Bux SEO geitHOCT IIpuao:xenune na U
3a mozAromMarase rnpu JUarHoCTHKaTa Ha ye0 caifTa 1o OTHOILICHUE Ha
MHACKCUpaHe U 00xokaanHe (robots.txt, XML sitemap); KaHOHHYHH
tarose (canonical URLs); npaBuiao m3nomsBane Ha HTML tarosere;
CKOpPOCT Y MPOM3BOUTEITHOCT Ha CalTa; ONTUMHU3AIHS Ha H300pake-
Hust; komnpecupane Ha CSS/JS; HTTPS curypnoct, MOOMIIHA ONITUME-
3allusl; apXUTEKTypa U CTPYKTYpa Ha caiiTa; JIOTUYHa HepapXus;
BBTPEIIHHN BPB3KH; breadcrumbs; CTpyKTYpHpaHu JaHHH U JP.
['enepupane Ha UJeH 3a CTATUU; 3arJIaBHs; CTPYKTypHpaHe Ha TEKCTa
uype3 H1, H2, H3; cp31aBane Ha mbpBOHAYAJIEH BApUAHT HA TEKCT;
ONITUMH3UPAHE Ha CHIICCTBYBAIIO ChAbPIKAHKE; OTKPUBAHE HA TeMa-
TUYHY [IPOITYCKH; BKJIIOUYBAHE HA CEMAHTHYHO CBBP3aHU TEPMUHH;
Cp3naBane Ha Tek- | reHepupane Ha FAQ cekuuu; cb3naBaHe Ha meta title u meta descrip-
CTOBOTO ChIbpiKa- | tion; ONTUMH3AIMS Ha anchor TEKCTOBE; BTPEUIHO JTMHKBAHE; aJarl-
HUE Ha caiTa TUpPaHE Ha ChIIbPKAHHUE KbM Pa3IMYHH ayTUTOPHU; IpepadoTBaHe Ha
CIIO’KEH TEKCT B TO-JIECEH 3a pa3Oupane u Jp.
['enepupane Ha e 3a KJIIFOYOBH IyMH, OTKpHUBaHe Ha long-tail
KJIFOUOBH JIyMH; ONpEACIIsIHE Ha search intent; rpynupaHe Ha KIIro-
YOBH JYMH; OTKPHBAHE Ha CEMAaHTUYHO CBBbP3aHH TCPMHUHU
['enepupane u onTUMU3HpaHe HA U300PaKEHHUS, BUCa, CYOTHTPH,

Texuuuecku SEO
OJTUT

Pabota ¢

3aryaBysl, ONUCAHMs, U3BIMYaHE HA OCHOBHUTE TEMH, Ch3aBaHE HA
MYJITUMEIHS

paszaeny, uACHTUUIMPAHE HAa BA)KHU MOMEHTHU U JIp.

I'enepupane Ha ujeH 3a UMe Ha JIOMeiiH; mpoBepka Ha SEO u Gpan-
ou 1360 Ha JIOBH XapaKTEPUCTUKHU — 3aIIOMHSAT JIU CE JIECHO, ABJDKMHA, ChABPKAT
1 (E)MeﬁH p JIY U3JIMILHU CUMBOJIH, TIOAXOASIIM JIM €a 32 KOHKPETEH 1a3ap, MOorar

JIM J1a ce crpeuar ¢ Apyr OpaHj, Cb3AaBar JIM HETaTUBHU WU ABY-

CMHCJICHU aCOLMALUU U JIp.

ITognomaraHne Ha IpeABAPUTEIIHUTE JEHHOCTU Ype3 F'EHEPUPAHE HA
[Tpu nzbopa Ha ! peaBap A P pHp
NOCTHHL IIPEJIOKEHUS 110 33JaICHU XapaKTEPUCTUKH, CPAaBHEHUS Ha Ipeaia-

raHu yCIYTU U Jp.

I'enepupane na SEO-friendly URL angpecu; uzbop Ha cTpyKkTypa Ha
URL anpecure; OTKpMBaHe Ha MPOOJIEMH ONTUMHU3AIIUS HA ChIIE-
CTBYBAIU a/IPECH; ONIPEACIIIHETO HA OCHOBHATA KJI0YOBA 1yMa, KOsI-
To na npuckeTBa B URL; mpu murpanus, ch3gaBane Ha mapping
Mexay crapute u HoBute URL agpecu

Hsmounux: cobcmeena pazpabomra

3amasane ua URL
aapecu
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Baxxno u HeoOxonumo e aa otOenexum, 4e npu uznoispaHe Ha MU u re-
HEPAaTHBHU MHCTPYMEHTH Ca HAJUIE CEPUO3HU PUCKOBE, CBbP3aHU C MPEKOMEP-
Ha ynotpeba Ha FreHEpPUPaHO ChAbpPXKAHUE, HEBSIPHA UHTEPIIPETAIUS HA IaHHU U
bakTH, TPEIIKh, HUCKOKAYECTBEHO ChAbpPXKAHUE, MPOOJIEeMH C aBTOPCTBOTO HA
TEeKCTOBeTe, moBepuTeHocTTa U Jp. ETo 3amo MW uncTtpymeHTuTe TpsiOBa 1a
Ce€ pasriexarT camo KaTo YJIECHSIBAIM TpoIleca, JaBalli UACH, HO HE U KaTo
3amectBaM u3lsuio SEO cnenumanucra. YoBemnikara ekcnepTu3a ocTaBa HEOO-
X0JIMMa U HE3aMEHHMa 3a OIICHKa Ha reHepupaHara uHdopmaiius, mpoBepKa Ha
HEelfHaTa JOCTOBEPHOCT, B3€MaHEe Ha CTPATETUUYECKU PEIICHUS U KOHTPOJI BBPXY
KaueCTBOTO Ha KPaHUs pe3yJTarT.

be3 akTMBHOTO y4acTHE Ha CIELHAIMCTUTE HE MOXKE J1a Ce€ Ch3Ja[e HeoO-
XOJIMMOTO 32 TEHEPATUBHUTE MAIIMHU OOTaToO ChAbpKAHUE (CPaBHUTEIIHU Tal-
JIMIIH, CIIMCHIIM, IOCOYBAHE HA MPEJUMCTBATa U HEJOCTATHIIM, 1aBaHEe HA KOHK-
PETHU KOJIMYECTBEHU CTATUCTUKU M TOUYHU JACPUHUIIMU), OT KOETO T€ J1a U3BJIU-
4aT HEOOXOAMMHUTE UM apTyMEHTH 3alll0 HampuMep IajeH OpaHa Uiu IPOAYKT €
HOIXOAIIMAT U300p 3a notpedutens. ChIbpKaHUETO € HEOOXO0AUMO Ja Obae
OpPTaHU3UPAHO OKOJIO SCHO AePUHUpPaHU OOEKTH ChC CBOMCTBA/aTpuOyTH U ce-
MaHTHYHHUTE BpB3ku Mexay TaX (Iyappan, 2026).

SEO cnenuaiucTuTe MMaT U HOBA 3a/1ada yeO calThT 1a ObAE CTPYKTY-
pupan karo cBoeoOpaseH ,,API 3a mammuuu ¢ UU“ (Chen, et al., 2025) upe3
CTPUKTHO BHEJApSIBaHE HA CTPYKTYpPHpPAHU JAaHHU, Taka uye MOJENuTe, Oa3upaHu
Ha M necno ma morat ga u3Bnuyat uHGopmanus KaTo eHH, HATMYHOCTH, TEX-
HUYECKH Crenu(UKAIMU U TapaHIIMOHHU yciaoBHs. Ponsita Ha cnenuanucra ce
pa3lMpsiBa U B IOCOKA Ha OCUTYPSIBAHE HA MPUCHCTBHE HA MapKaTa BbB BbHHIII-
HU aBTOPUTETHH pecypcH, Thil kKato Al cuctemuTe M3MOI3BAT T€3W MU3TOUHHIIH
KaTO CUTHAJIM 3a JIOBEpHUE MPU F€HEPUPAHETO HA OTTOBOPH, B PAMKHUTE Ha MPHUH-
nunute Ha E-E-A-T.

4. 3akiouyenue

Wurerpupanero Ha MW B mpouecute Ha onTUMU3aLMs Ha yeO ChIbpKa-
HUE HE BOJM JI0 IIbJIHA 3aMsiHa Ha TpaguuuoHHute SEO meroau, a caMo 10 TAX-
HOTO JIOMBJIBAHE M HAATPaXJaHE B TEKyllaTa MO-CJIO0KHA M JUHAMHYHA CpPEJa.
Ot enHa cTpaHa KjacuuyeckaTa onTuMu3anus 3a Tepcauku SEO ce pasmmupsisa ¢
HOBHU TOJIXOJIM, CBBP3aHU C ONTHMH3ALMATA 32 TEHEPATUBHU CUCTEMHU U TOBA
Hajara ajganTtupasne Ha cbliectsyBamure SEO cTpareruu KbM HauWHa, 110 KOM-
TO M3KYCTBEHUST MHTEJIEKT 00pabOTBa, MHTEPIIPETUPA U MpeacTaBs nHpopma-
nusTa Ha notpedurenure. OT Apyra cTpaHa HaBiu3atT U ce u3noi3sar SEO uHc-
Tpymentu ¢ MM karo cpenctsa 3a moamnoMarase U ynecHsiBane Ha SEO mpoue-
cute. HapactBamoTo 3HaueHne Ha MU noBuimasa m possta Ha aBTOPUTETA, Ha-
JEXKIHOCTTAa U KauyeCTBOTO Ha ChIbp:KaHHETO. Ch3JaBaHETO HAa OPUTHMHAIHA U
JOCTOBEpHA MH(pOpMAIUs, JEMOHCTPUPAHETO HA €KCIIEPTHOCT U peajieH OIIUT,
U3I0JI3BAHETO HA CTPYKTYPUPAHU JAHHH U I1030BABAHETO HA HAJIEKIHU BHHIIHU
M3TOYHULIM IPUI00MBAT BCE MO-TOISIMO 3HaYECHHE.
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B 3akmiouenue, Obaemoro passutue Ha SEO BeposATHO 11e Oblie CBbp3a-
HO C BCE€ IO-TSCHA MHTErpalysl MEXAY TPAIUIMOHHUTE METOAW 33 ONTUMH3A-
1S, U3KYCTBEHUS MHTEIEKT U T'€HEPATHUBHUTE TEXHOJOTHUH. YcnemHata SEO
CTpaTerus HsiMa Ja ce OCHOBaBa €AMHCTBEHO HA CITIOCOOHOCTTA /1a C€ ONTUMMU3U-
pa ChabpKaHUE 3a AITOPUTMUTE HA ThPCAYKHUTE, @ U HA CIIOCOOHOCTTA J1a ce
Ch37laBa HAJEXK/IHA, TOJIE3HA, OPUTUHAIIHA M EKCIepTHa HH(OpMaIus, KOSTO
MOXe Ja ObJIe TPAaBUJIHO UHTEPIIPETUPAHA KAKTO OT MOTPEOUTENUTE, TaKa U OT
NN 6a3upanute cuctemu. B To3u mpoiiec yoBemKaTa eKCrepTiu3a, KpUTHIHOTO
MHCJIEHE U KOHTPOJIBT BHPXY Kau€CTBOTO WIE 3aMa3sT KIOUYOBOTO CH 3HAUYCHUE.

N3noJ13BaHu U3TOYHHUIIH

Aggarwal, P., Murahari, V., Rajpurohit, T., Kalyan, A., Narasimhan, K., &
Deshpande, A. (2024). GEO: Generative engine optimization.
In Proceedings of the 30th ACM SIGKDD conference on knowledge
discovery and data mining, 5-16.

Akshay, VR. (2026). Google Al Overview Statistics (Aug 2026): 48% of
searches - 40+ stats. theStacc. https://thestacc.com/blog/google-ai-
overview-statistics/

Chen, M., Wang, X., Chen, K., & Koudas, N. (2025). Generative Engine
Optimization: How to dominate Al search. arXiv (Cornell University).
https://doi.org/10.48550/arxiv.2509.08919

Gallegos, I. O., Rossi, R. A., Barrow, J., Tanjim, M. M., Kim, S., Dernoncourt,
F., Yu, T., Zhang, R., & Ahmed, N. K. (2024). Bias and Fairness in Large
Language Models: A survey. Computational Linguistics, 50 (3), 1097-
1179. https://doi.org/10.1162/coli_a 00524

Iyappan, S. K. (2026). From Keywords to Intelligence: A Comparative
framework analysis of SEO, AEO, and GEO in Al-Driven digital
ecosystems. GOYBO International Journal of Marketing Intelligence, 1
(1), 1-20. https://doi.org/10.5281/zenodo.20362080

Oliveira, U. (2026). From the click race to the citation game: a conceptual ex-
ploration of the shift from search engine optimisation to generative engine
optimization. Information Research, 31(2), 458—481.
https://doi.org/10.47989/ir31262601

Pettiette, M., Conde, R., & Fischbach, S. (2026). From seo to geo: the pedagogi-
cal imperative for integrating generative engine optimization into market-
ing education. Marketing Education Review, 1-16.
https://doi.org/10.1080/10528008.2026.2688958

Roumeliotis, K. I., Margaris, D., Spiliotopoulos, D., & Vassilakis, C. (2026). The
Evolution of SEO in the Era of Generative Al: A Business Intelligence Per-
spective. Electronics, 15(16), 3541.
https://doi.org/10.3390/electronics 15163541

Wu, Y., Zhong, S., Kim, Y., & Xiong, C. (2026). What generative search
engines like and how to optimize web content cooperatively.

In International Conference on Learning Representations,Vol. 2026,
136858—136888.

64



ARTIFICAL INTELLIGENCE IN EDUCATION: TRANSFORMING
LEARNING AND TEACHING

Associate Professor, PhD Olga Pugacheva’

Abstract: The use of digital tools allows us to address the challenges of improving the
efficiency of the educational environment. This requires an analysis of the capabilities of Al
technologies and their application in educational institutions. Various neural networks and
intelligent platforms are being explored to improve the quality of the educational process.

Key words. information technology, artificial intelligence, problem-solving tools,
training, education

JEL: 121 123 129 033 L86 D83

1. Introduction

The relevance of using artificial intelligence (Al) in university student ed-
ucation is determined by the following aspects (Pugacheva, 2025):

— Personalization of learning. Al can analyze individual student needs and
preferences, offering personalized learning materials and learning paths. This
allows each student to learn at their own pace and taking into account their
strengths and weaknesses.

— Automation of routine tasks. Al can automate administrative processes,
such as test grading and schedule management. This frees up faculty time for
deeper engagement with students and the development of high-quality content.

— Access to educational resources. With Al, students can access a greater
variety of educational resources, including interactive platforms, online courses,
and simulations, expanding their opportunities for self-education.

— Data analysis and success prediction. Al can analyze large volumes of
student data, allowing it to predict their success and identify those who may
need additional support. This facilitates timely intervention and improves learn-
ing outcomes.

— Development of critical thinking and modern skills. The use of Al in
education helps students develop skills in using new technologies, critical think-
ing, and problem-solving, which are crucial in today's world.

- Interactive learning environments. Al enables the creation of interactive
and adaptive learning environments where students can actively participate in
the learning process, increasing motivation and engagement.

- Global opportunities. Al provides access to education for students in re-
mote regions and facilitates international collaboration and knowledge ex-
change.

2 OPugacheva@gsu.by, Francysk Skaryna Gomel State University
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The objectives of the study are to formulate the objectives of using artifi-
cial intelligence in education, consider the main areas of its application in this
area, and analyze the capabilities of modern artificial intelligence technologies
in educational institutions.

2. The main tasks and directions of using artificial intelligence
in education

The main tasks of using artificial intelligence in teaching university stu-
dents can be formulated as follows (Pugacheva, 2025):

1. Improving the quality of education: increasing the effectiveness of the
educational process through a personalized approach to each student.

2. Accessibility of education: ensuring equal access to educational re-
sources for students from different regions and with different abilities.

3. Developing modern skills: preparing students for the demands of the
modern labor market, including critical thinking, creativity, and technology
skills.

4. Optimizing the educational process: reducing the workload of teachers
and improving educational process management.

The following areas of application of artificial intelligence in university
student education are highlighted (Pugacheva, 2025):

1. Personalized learning:

— Adaptive learning platforms. Systems that adapt to each student's
knowledge level and learning style, offering customized materials and assign-
ments.

— Recommender systems. Suggesting learning resources based on stu-
dents' interests and previous successes.

2. Automated assessment and feedback:

— Automated testing systems. Using Al to grade tests and assignments
with real-time feedback.

— Written work analysis. Tools that help grade essays and other written
assignments, identifying strengths and weaknesses.

3. Educational chatbots and virtual assistants:

— Chatbots for student support. Virtual assistants that answer student ques-
tions, help with scheduling, and provide course information.

— Interactive learning systems. Platforms that offer interactive assign-
ments and simulations, allowing students to learn in a game-like format.

4. Learning data analysis:

— Predictive analytics. Using data to predict student performance and
identify those who need additional support.

— Engagement monitoring. Analyzing student activity on platforms to de-
termine their engagement and motivation.
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5. Educational Materials Development:

— Content Generation. Using Al to create educational materials, tests, and
assignments based on specified criteria.

— Interactive Textbooks. Creating adaptive textbooks that can change con-
tent based on student progress.

6. Faculty Support:

— Performance Analysis Tools. Platforms that help faculty track student
progress and adapt curricula.

— Course Development. Assistance in creating courses using data analyt-
ics on past students.

7. Collaboration and Team Learning:

— Collaborative Learning Platforms. Tools that facilitate student interac-
tion in groups, knowledge sharing, and joint projects.

— Virtual Classrooms. Creating an online environment for student and
faculty interaction using Al for process management.

8. Administrative Process Simplification:

— Automation of administrative tasks. Using Al to process applications,
course registration, and other routine tasks.

— Schedule optimization: Algorithms that help create optimal schedules
for students and teachers.

On this basis, we will analyze the possibilities of modern artificial intelli-
gence technologies in teaching university students.

3. Analysis of the potential of modern artificial intelligence
technologies in teaching university students

Let's look at some examples of the use of neural networks in education.

Wolfram Alpha (WA) is an artificial intelligence system with a diverse
toolkit, covering everything from physics to sociology (completely in English).
WA prompts you to enter a short query and can then return detailed information
on the topic of interest. Unlike a simple search query, WA can draw graphs, cre-
ate tables, search for portraits of famous people, and more. The homepage of the
website of the same name features a centered search bar and a large list of vari-
ous topics, divided into examples: mathematics, science and technology, society
and culture, and everyday life (See Figure 1).

MathGPT is a universal mathematical calculator and assistant powered
by artificial intelligence that solves problems in algebra, matrix calculus, chem-
istry, physics, and accounting, serving as a tool for completing independent as-
signments and solving computational problems using Al. MathGPT is the first
platform to provide on-demand video explanations for any homework assign-
ment using artificial intelligence, supplemented with animations and diagrams,
making it an interactive assistant for solving computational problems and com-
pleting independent work. The MathGPT homepage is shown in Figure 2.
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Figure 1. The Wolfram Alpha website home page
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MathPix is a cross-platform formula processing tool [7]. It can process
handwritten formulas, PDF formulas, and other data. If an equation has a solu-
tion or can be described as a graph, MathPix will suggest a solution/graph. This
tool includes SNPs-models for recognizing text and converting it into codified
equivalents. The MathPix home page is shown in Figure 3.
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Figure 3. MathPix Home Page

Source: www. mathpix.com

Tutor AI is a neural network that allows students to delve into any
conceivable academic topic using notes, simplifications, tests, and examples for
selected terms. The Tutor Al website interface is entirely in English, but the
neural network understands Russian and responds to queries in the same
language. Tutor Al suggests using its own sources, defining the structure of the
academic subject, and a possible list of topics. For more in-depth learning, the
website offers the ability to ask questions on the relevant topic in a pop-up chat
window. The Tutor Al home page is shown in Figure 4.
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Copilot is a well-known and versatile information processing and retrieval
tool. It's based on Microsoft's Prometheus language model, which is in turn
based on Open Al's GPT-4 Turbo. Copilot supports most features, including
search, chat, and more, and offers high performance in three modes: creative,
balanced, and precise. It features assistant services: Designer generates images
based on descriptions, Vacation Planner plans vacations, Cooking Assistant
helps with meal preparation, and Fitness Trainer helps with training and nutri-
tion. During text generation, Copilot provides sources on the requested topic, as
well as a list of additional questions to help refine its answer.

For training purposes, a specific built-in element in Copilot — the page ele-
ment — is particularly noteworthy. It's accessible from the Library tab (Figure 5).
Pages allow you to create texts on a specific topic with specific links to user-
suggested files. The page interface is similar to Word. Copilot can process text
files, Excel files, presentations, and PDF files. This tool allows you to compile
electronic educational and methodological materials from multiple, highly spe-
cialized sources.

Figure 5. Page tool in Copilot

Source: www. copilot.microsoft.com
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Thus, the capabilities of various neural networks and intelligent platforms
for improving the quality of student learning and increasing the effectiveness of
the educational environment were explored.

5. Conclusion

The examples discussed demonstrate the capabilities and potential of neu-
ral networks for improving the learning process, feedback, accessibility, and
adapting it to the demands of modern society.

It should be noted that the introduction of artificial intelligence technolo-
gies into the educational process requires a rethinking of traditional approaches
to assessing learning outcomes.

Overall, the use of neural networks in education can transform the role of
teachers from traditional performers to personal mentors and data analysts.
However, the human aspect of education remains important, and teachers will
always play a key role in the educational process, regardless of the technologies
used (Pugacheva, 2021).
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HNPUIOXKEHUE HA U3KYCTBEHUSA UHTEJIEKT ITPU B3EMAHE
HA PEHIEHUA B MAPKETUHI'OBATA JIUCTPUBYIIUA

Jou. n1-p Bansi Tpuroposa’

Pe3tome: B ycnosusma Ha oOueumanusayusi U OMHUKAHATHOCH MAapKemuH208ama
oucmpubyyus ce Qoxycupa 6wvpxy Ovp3uHama u nompeoumenckomo npedxcuéasaue. Aua-
JU3LM HA NOAYYasanume 201eMu OAHHU C U3KYCMEEH UHMeNeKm Nnoooopsasa 63eManemo Ha
oucmpubyyuonnu pewienus. Ilpoyueanemo usgedxncoa Hacokume 3a NpUnoOdXdceHue u epekmume
Om U3KYCMEeHUs. UHMeleKm, Kamo npoaKmueeH UHCMpyMeHm 3a egheKkmugHocm 8 oucmpuoy-
yuama.

KarouoBu aymm: mapkemuneosa oucmpubyyus, usKycmeen UHmMenNeKkm, 83emMane Hd

peutenus, MapKemuH2068a Cmpamezusl, MapKemuHz06a eqeKmusHoCm.
JEL: M30, M31

APPLYING ARTIFICIAL INTELLIGENCE TO DECISION-MAKING IN
MARKETING DISTRIBUTION

Assoc. Prof. Vanya Grigorova, PhD

Abstract: In the context of digitalization and omnichannel, marketing distribution fo-
cuses on speed and user experience. Analysis of the received big data with artificial intelli-
gence improves distribution decision-making. The study provides guidelines for the applica-
tion and effects of artificial intelligence as a proactive tool for efficiency in distribution.

Key words: marketing distribution, artificial intelligence, decision making, marketing

strategy, marketing effectiveness.
JEL: M30, M31

1. BnBeaenue

B cbBpemeHHaTa epa Ha AWTUTATHA UKOHOMHKA M CBPBXIIEPCOHAIM3AIINS,
MapKETUHTOBUTE JUCTPUOYIIMOHHM KaHAJW 32 MPUBIKBAHE HA CTOKH M yCIYTH
JI0 Tazapa MpeTbprsaBaT (PyHJAMEHTATHA €BOIONUA. TPaTUIIMOHHOTO pa3OupaHe
3a TUCTPUOYIUATA KaTO CAMOCTOSITEJIHA JIOTUCTUYHA (PYHKITUSI OTCTHIIBA MSCTO Ha
KOHIIEMIUATA 3a uHmespupan kanai sa oocmaska na cmotinocm (Value Delivery
Network) (Kotler, P., Armstrong, G. & Opresnik, M., 2018, p. 358). IlosBsiBat ce
HOBHM XapaKTEPUCTUKHU Ha MOTPEOUTENUTE — T€ UMAT HUCKA CTETEH Ha JIOSTHOCT,
W3UCKBAT OE3MPEnsSTCTBEHO OMHHUKAHAIHO MpPEXKUBsIBaHe, Mojabpkane Ha 100%
3armacy OT MPOIYKTUTE U MaKCUMAaTHO Obp3a JoCcTaBKa U MoTpedsieHue. 3a/10BOJIs-
BaHETO Ha TE3M Ia3apHU OvakBaHUs M3UCKBa ad-hoc u post-hoc o6paboTka Ha or-
POMHH MAaCHBH OT JIaHHHU 32 TIOTPEOUTEIICKOTO TTOBEACHHUE B PEaJTHO BpeMe. 3a Taszu
11eJ1 KOMIITAaHUUTE HE caMo M3MoJi3BaT M3KycTtBeH uaTenekt (M), Ho Toii ce mpes-
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phllia BbB BOJCII CTPATErMUYE€CKU MHCTPYMEHT, KOMTO MO3BOJISIBA HA ChbBPEMEHHUTE
MapKETOJIO3H J1a B3eMaT ONTHUMH3UPAHH, HAYYHOOOOCHOBAHU PEIICHUS B TUCTPH-
OYIIMOHHUS KaHAI, eTMMUHUPANKH 3aKBCHEHUSATA M TIOBUINIABANKYU yIOBIIETBOPE-
HOCTTA Ha KJIMeHTUTE. Ta3u MojiepHa 00J1acT Ha MapKETUHTOBAaTa HayKa BCE OIIIe
HE € JOCTaThYHO MPOYUYEHA, BHIPEKU JUHAMHUYHOTO HaBiuzaHe Ha MM B nuct-
PUOYLIMOHHUTE MPOLIECH C 1EN TAXHOTO YJIECHSBAHE M CE€ HYXK/a€ OT JOIbJIHU-
TEJTHU aHAJIU3U U JOIbJIHCHHUS.

Ha Ta3u npobGiemartrka e nmocBereHa Hacrosiara pa3pabotka, GoKycupai-
KU C€ BbpPXY 00€KTa — JUCTPUOYLIMOHHUTE KaHAIM, KATO HEpPa3/eJieH eJIEMEHT Ha
MapKETUHIOBUS MUKC Ha ChbBPEMEHHHUTE OM3HEC OpraHu3aluu. A MpOIECUTE U
€TaluTe Ha B3€MaHE Ha CTPATErMUECKHU U ONEPATUBHU MAPKETUHIOBU PEIICHUS B
JTUCTpUOYIUATA Ype3 BHEIPSBAHE HA M3KYCTBEH MHTEJEKT, MPECTABISABAT TIPE/I-
MET Ha Ipoy4BaHeTo. To cu mocTaBsl 332 OCHOBHA 1€ /1a CE€ U3BEJAT U CUCTEMATH-
3WpaT HACOKHTE 3a npuiiokenue Ha U B quctpulOynusara, u3noyis3BaH KaTo HHCT-
PYMEHT 3a TOBHWIIIABaHE HAa MapKETUHTOBaTa €(PEKTUBHOCT Ype3 ONMTUMU3HPAHE
II'bTS HA KJIMEHTA 32 3aCUJIBAHE Ha MA3apHUTE MO3UIIMKM HAa KOMIIaHUATA. Ta3u 1en
Ce IMOCTUTa MOCPEICTBOM HM3IIBJIHEHHE HA HAKOJIKO 33JlayM, a UMEHHO: * na ce
neduHUpa KOHIENTyaTHaTa BPh3Ka MEXKIy MapKeTHHTa, €TalluTe Ha B3€MaHE Ha
peteHust B AucTpuOymmsita u msictoro Ha MU; * na ce pasrieaar cnenuduunure
MU noaxoau 3a onTUMU3AIUsl HA JUCTPUOYIIMOHHUTE MPOLIECH C 1171 ToA00ps-
BaHE Ha KJIIMEHTCKOTO MPEKUBSIBAHE; * 1a c€ WIASHTU(DUIMPAT MAPKETUHTOBUTE
e(eKTH U CTpaTEerMUECKUTE MPEIU3BUKATEICTBA MPE]l OpraHU3ALMUTE MPU BHEI-
paBaHeTo Ha M. 3a TAXHOTO M3IIBIHEHUE CA U3IMOI3BAHU METOHOJIOTUYHU TOJI-
X011, KaTO UHIYKIUSA, JEAYKIIUS, CACTEMEH U CPAaBHUTEJICH aHAJIU3, TIUTEpaTypeH
aHaJWu3, CHHTE3 U JIp.

3nauyennero Ha M B MapkeTuHroBaTa JUCTpUOYIMS BCE MOBEUE HAPACTBA,
Thil KaTO HaBJIM3a HE CaMO B OINEPATHUBHUTE IPOLIECH, HO U B CTPATETMYECKOTO
B3€MAaHE Ha PEUICHMS C ABJITOCPOYHO BIMSHUE BBPXY PE3YyATATUTE HA KOMIIAHUU-
T€.

2. Poast Ha U B chbBpeMeHHAaTa AMCTPUOYLUS

OT TpaaullMOHHA MApKETHHIOBA TJIEIHA TOYKa, AUCTPUOYLHUSTA MPEIC-
TaBJIsSIBa CTPYKTypHUpaHa CHUCTEMA OT HE3aBUCHMH OpPTaHU3AINH (IUCTPUOYIIH-
OHHU KaHaJM), y4acTBalllM B MPOIECa HA OCUTYpPSBAHE HA JIOCTHIIHOCT Ha MpPO-
IYKT 70 KpaitHuTe norpedutenn. ChbBpEMEHHOTO BB3IPUEMaHE HA TUCTPUOYITH-
AaTa sl ONpEeNeisl KaTO0 MHTErpHpaHa CTpaTeruyecka pamMka 3a ynpaBlICHUE Ha
BPEMEBO-TIPOCTPAHCTBEHATA TOJIE3HOCT HA MPOAYKTHUTE, OCUTypsiBallla MaKCH-
MaJiHa KJIMEHTCKa CTOMHOCT Mpu onTtuMaiHu pasxoau (Bowersox, D., Closs, D.,
Bixby Cooper, M. & Bowersox, J., 2020). B To3u xonTekct, U1 B MapkeTuHro-
BaTa JUCTpUOyHUs ce AeduHUpa KaTo CUCTeMa OT KOTHUTHBHU TEXHOJIOTHH,
KOSITO TpaHc(opMupa Ta3apHUTE CUTHAIM M MOTPEOUTENICKUTE JaHHU B He3a-
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0aBHM AUCTPUOYIIMOHHU JEUCTBUS, OCUTYPSIBAIKU CHOTBETCTBHE MEXIY Thpce-
HE W TpeiaraHe B TOYHUS MOMEHT M Ha TO4HOTO MsacTto (Rushton, A.,
Croucher, P. & Baker, P., 2022).

Crnenu¢uknure Ha TpaAULIMOHHATA MAPKETUHIOBa AUCTPUOYIUS U HA ChB-
pemeHHaTa AUCTpuOyus, 0asupana Ha U, ca npeacrasenu Ha Tabauma 1.

Tabnuya 1. Cpasnumenen ananu3 Ha MpaouyuoHHUs N0OX00 U HA N0O0X00d,
oazupan na UU 6 mapkemunecoeama oucmpubdyyus

LT TP TpaguuuoHen MapkeTHHIOB MOAX0/1, 0a3UpPaH HA
MOIXO0/ nn
IIporno3upane Ha Ha 6a3a ncropuuecku | Ha 6a3a morpeOuTencku HaMepeHus,
ThPCEHETO npoaaxon Thp-cenus B Google, conuanau
TPEHJI0BE U JIp.
HanuuyHocT HA cTOKHTE UYecTo nzueprBane [TocTossHHA HATMYHOCT Ype3 JUHA-
WJIM TIpe3anacsiBaHe MHUYHO MOITbJIBAHE.
Bpewme 3a nocraBka dukcupanu, TpoMaBu | MakcumanHo cbkpaTeHo Bpeme (Hy-
rpaduim 3a foctaBka | per-local delivery) ¢ mpornosupane
Ha JIOKaJTHOTO ThPCEHE.
Bpb3ku B kaHas1a KongmukTu ot 3a6a- [TapTHBOPCTBO, O0a3UpaHO HA CIIOAE-
BSIHE U HEMPO3PAYHOCT | JICHU JAHHU B PEaIHO BpEME.

H3mounuk: Aemopcka paspabomxa.

B Ta3u Bpb3Ka, TPAAUIIMOHHUSAT MPOIIEC HA B3EMaHE Ha PEIICHUS B JUCT-
pUOYIIMOHHHUTE KaHAM cliefBa CIEMU(PUUYCH AJrOPUTbM C HSIKOJIKO e€Tara,
aJjanTUpaHd KbM chBpeMeHHaTa aurutaiHa cpena (Kotler, P. & Keller, K.,
2016):

1)  Ananuz Ha nompeoumenckume HyxHcou u 04aK8anus 3a 00CIyic-
6aHe — BKJIIOUBA PEILICHUATA 3a OINPEACIISHE JOIMYyCTUMUS pa3Mep Ha €AUHIY-

Hara MOKYIIKa, BPEMETO 3a M3YaKBaHE U MPOAYKTOBOTO pa3HOOOpasue, KOeTo

KJIMEHTHUTE U3UCKBAT.

2) Dopmynupane Ha yenume Ha Kamaia — Kacae OallaHCHpaHe

MEX/Ty JKEJTAHOTO HUBO Ha KIIMEHTCKO 0OCITy’KBaHE U CBBP3aHHTE C TOBA pas-

XOJIH.

3)  Hoemmugpuyupane u oyemxa Ha armepHamueume 8 KAHANA —
n300p Ha TUI TOCPETHUITH, OOt TocpeaHUIH (PU UHTCH3UBHA, CETICKTUBHA

W eKCKITy3MBHA TUCTPUOYIIMOHHA CTpaTerHs) U pas3NpeeisiHe Ha OTTOBOP-

HOCTHUTE.

4) Vnpaenenue u momusupane Ha 4ieHoseme HA KAHAIA — HETIpe-

KBCHATO PETYJIMPaHe Ha B3aWUMOOTHONICHUSITA M MUHUMH3MpAHE HA KOH(-

JIMKTUTE B KaHAJIA.

5)  Moouguyupane na docosopenocmume 8 Kanaia — alaNTAPaHe

Ha JUCTPUOYITMOHHATA MPEKa KbM IIPOMEHUTE B Ma3apHaTa cpea.

Ot nmpyra ctpana, I mapkeTrHroBaTa TUCTPHOYITUS € CBBP3aHa C TIOHSTHE-
TO ,,KOTHUTHBHA Bepura Ha aoctaBku‘ (Cognitive Supply Chain), kato cpBpeme-
HEH TOJIXOJ], KOMTO MpeBpbhINa Ma3apa 0T OOMKHOBEHA JAUCTPHOYIIMOHHA BEpUra B
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,Smucrena“ Mpexa. Ts uMa 1Be OCHOBHM XapaKTepUCTUKU: 1) nazapnu cuenanu —
JAHHHUTE, KOUTO PETUCTPUPAT CIYYBAIIMTE CE MPOLIECH B PeaHO Bpeme (Hamp. Opoit
THPCEIIX JaJIEH MPOIYKT OHJIAWH, TEHACHIIUY B COLMAIIHUTE MPEXH U JIp.); 2) KO-
CHUMUGHU mexHono2uY, BKItouBay cucremu ¢ MU, kouro morar pa ,ydatr®, na
pa3dupar KOHTEKCTa U Ja B3UMAT PEIICHHS] CAMOCTOSITEIIHO. T€31 HOBU U3MEPEHUS
JOITBJIBAT OCHOBHUTE TUCTPUOYIIMOHHU MPOLIECH, KOUTO UMAT MPSKO MAPKETUHTOBO
U3paXKEHUE, a UIMEHHO: MPOrHO3MpaHe Ha MOTPEOUTEICKOTO THPCEHE, YIIPABJICHUE
Ha HAJIMYHOCTTA Ha padra, (PU3UYECKO paslpe/ie/iecHue Ha CTOKUTE B ThPrOBCKaTa
MpeKa M yIpaBlieHHMe Ha oOparHaTa Jioructuka u Jp. KorautusHoto siipo Ha U
00pa0oTBa 1aHHU 3a KIMEHTUTE U 00ciTykBaHeTo UM oT CRM cuctemu, coruainu
MpEXH U yeO aHaIM31 3a aBTOMaTH3UpaHe pelieHusTa Ha Beceku etan (Purypa 1).

Mapkerunrosu 1aniu (CRM/Web) (5| WU - KorHUTUBHO siAPO

l

v v v
Etan 1: AHaju3 Ha HYKIUTe Eran 2: Ilesu Ha kaHaia Etan 4: YipaBjieHue Ha KaHAJIa
MU otkpuBa npoMeHH B JlMvHaMUYHO ONITUMU3HU- IIpoakTUBHO OTKpHUBAHE Ha
MOBEJICHUETO HA KIIMEHTUTE paHe Ha pa3XoAuTe CIpsi- KOH(JIUKTH U 3a0aBsSHUS IPH
B PEAIHO BpeMe MO maszapa MOCPETHULIUTE

Queypa 1. Macmo na UU npu e3emane Ha peurenus 8 oucmpudyyuama

H3mounuk: Aésmopcka paspabomxa.

Ponsita na U ce mposiBsiBa Haii-Beue MpU Mpexojia OT CyOeKTHUBHA YO-
BEIIIKa MpEIeHKa KbM MPOrHO3upaHe, 6a3upano Ha royneMu nanHu. OCBEH TOBa,
U urpae 3naumma possi Ipu NpeoAossiBAaHE HA YECTO JIONMYCKAHUTE TPEIIKU B
JOTUCTHKATA, T.HAp. ,,KaMIIU4YeH ePeKT*, Korato MH(POPMAIMOHHUTE MOTOLHU
MEXIy ThproBela Ha ApeOHO U ThProBella Ha eIpo ca U3KPUBEHU U KOMITAHUSTA
ryOu mazapeH U1 MOopajy JIMICA Ha 3amacy WM UMa 3aryou mopajau mpesarna-
caane (Christopher, 2016). U enumunupa To3u edekT, KaTo MpemMaxBa HH-
(dbopManMOHHNUTE U30JIATOPU U CHHXPOHU3MpA HUBATa HA 3allaCUTE B CUHXPOH C
GayKTyaluuTe Ha MOTPEOUTENCKOTO ThPCEHE, KOETO € KIIFOUOBO 32 OIIEJISIBAHETO
Ha chBpeMeHHHUTE OpanaoBe u kommanuu (Chopra, S. & Meindl, P., 2016). U
3acTaBa Ha MpeJICH IJIaH Hali-Beue Ha KOPIIOPATUBHO HUBO 3a U3ITIBJIIHEHUE HA Ou3-
HEC IIEJIMTE HAa TUCTPUOYITMOHHUTE KOMITAHHUH, HO BJIHSIC MIPSIKO BHPXY U3ITbIHECHU-
€T0 Ha OM3HEC Pe3yNTaTUTe Ha OTMIEPATHBHO-TIPOIIECHO HUBO.

3. Ummiiementupane Ha MU 3a onruMu3upaHe Ha TUCTPUOYIIUSITA

Buenpsisanero Ha I B tUCTpUOYIIMIOHHNTE aKTUBHOCTH MMa 3a TJIaBHA Map-
KETHHTOBA 11e71 YIOBJIETBOPSIBAHE HA KJIMEHTUTE Upe3 MaKCUMAaIHO OBp30, Ka4ecTBe-
HO Y C MUHMMAJIHUA Pa3XOJy HU3IBJIHEHUE HA MOPBUKUTE U OCUTYpSIBAHE HA Hail-
J00pPO KJIMEHTCKO MPEKUBSIBAHE. 3a HEHHOTO W3ITBJIHEHHE MOTaT Jia CE€ MPHIIOXKAT
HSIKOJIKO OCHOBHH I0JTX0/Ia Ha OTIEPAaTUBHO HUBO, MpezicTaBeHu B Tabmnwa 2.
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Tabnuya 2. Kniouosu U nooxoou 6 mapxkemuneosama oucmpuoyyus

IHoaxoan Cnenunduka Ha npuiIarase
,,YJaBsHe' Ha ce30HHU KoseOanus | [Ipunarar ce B MapKeTMHTOBUS aHAIW3 U 3a YCTaHO-
u anam3 ¢ LSTM HeBpoHHM Mpe- | BsIBAHE Ha BHE3AITHU IIPOMEHH B MOTPEOUTENICKUS HHTE-
W (Long Short-Term Memory pec (Hamp. ,,yparanau‘‘ TCHACHIIMU B COITMATHUTE Mpe-
neural networks) U 32 ThPCEHE Ha ONpPEAeSICH MPOJIYKT).
OnTumusnpaHe Ha HATMYHOC- AnropurbeMbpT ce o0yyaBa HEMPEKbCHATO B HAYMHA Ha
TUTE B OMHUKAHAJIHU MPEXHU ONTUMAJTHO pasIpeJiesisHe Ha CTOKaTa MexAy (usmue-
ype3 o0yueHHe C MOACUIBAHE CKUTE Mara3suHM U OHJIAMH CKJajoBeTe, Oe3 JIOIyCKaHe
(Reinforcement Learning) Ha IIPONYCKH B IOPBUYKHUTE.
JluHamMH4HO cloTHpaHe, ynpa- Crokure ce moapexaaT Ha 6a3a MapKETUHIOBU MOKa3a-
BisiBaHO OT MU B ,,ymHUSA TEIM, KOETO CBbKpallaBa BPEMETO 3a IMOATrOTOBKA Ha
cknaxa’ (smart warehouse) mparkara 10 OpOeHU MUHYTH.
WHTENUreHTHO MapmpyTH3H- IIpennarar Ha KIIMEHTAa TECHU U TOYHM BPEMEBU NPO30PLH
pane ¢ UM anroputmu 3a IOCTaBKa, KOETO NIOBUILIABA HErOBATa yIAOBJIETBOPEHOCT.
[IpeBanTHBHA IOAAPBKKA HA I'apanTupa peryiaspHOCT Ha JOCTABKUTE KbM KJIHOYOBH
nuctpuOynnonaute guoroBe ¢ | B2B u kpaiiHu KIMEeHTH U HEIONyCKaHe Ha MPOIYCKU
MAallMHHO O0y4YeHHe 1I0paJii HEOYAKBAHHU TEXHUYECKU POOIEMH.
Nsnonssane Ha U cucremure | YiecHsaBa KOOpAUHALMATA MEKAY POMOLIMUTE U JUCTPU-
3a HaIpeIHAJIO IUIAHUPaHe OyLIMOHHMS KaNaluTeT, ATTOPUTBMBT aBTOMAaTH4HO TO/r0-
(APS) TBS KaHAJIa 3a OYAKBaH MK OT HOBA KAMITAHUSL.
ABToMaTtu3upana o0paboTka Ha | CbKpalaBa BpeMETO 3a Peaklus MPU KIMEHTCKO 3aluT-
nopbuku upe3 NN BaHE, MPEBPBIIANKHA TUCTPUOYIHSTA B ThBKABO OPBIKUE

3a yAbpKaHe Ha KOHKYPEHTHHS HATUCK.

H3mounuk: Aémopcka pazpabomka.

BoBexxaanero Ha I BbB BCUUKM TE3H acTieKTH HA ONEPATUBHOTO MY IPHUIIO-
YKEHHE B MAPKETUHIOBATa IUCTPUOYIIMS BOIAT A0 KPATKOCPOUHU U ABITOCPOUHHU CH-
HEPrUTUYIHU €(PEKTHU 32 MAPKETHHTOBHUTE PE3YJITATH U Ca CBBP3aHH C PEAUIIa MPEIH3-
BUKATEJICTBA, KOUTO KOMITAHMUTE TPsiOBa Ja mpeoaossiBar. OCHOBHUTE MO3UTHBHHU
edexn o1 unTerpaimsaTa Ha MM ¢ MapkeTuHroBara AMCTpuOyLIus ca:

- CHuiicasane Ha onepamugnume pazxoou u OvbP3UHA HA 0OCMABKUMe.
busnec opranmzarmure, BHenpwu UM cuctemu B yripaBieHHUETO HA AUCTPUOYIIU-
sTa CU, OTYUTaT cpenHo 15% cman B oneparuBHUTE pa3xoau U 10 20% cbkpania-
BaHe Ha BpemeTo 3a jnocTtaBka (Yusuf, S., Ikhine, 1., Nyamekeh, R., Oluwadare, O.,
Afoakwah, B. & Yusuf, N. , 2025). ToBa Boau 10 Mo-HUCKa KpaifHa IIeHa 3a MOT-
peduTens U Mo-BUCOKAa KOHKYPEHTOCIIOCOOHOCT, KOETO MPEBPhIIa CUCTEMHATA KO-
OpJIMHAITMS Ha KaHajla B OCHOBEH M3TOYHHK Ha IMa3apHO MPEIUMCTRO.

- Ilpeyusno npocnozupamne Ha mvpPceHemMo u ynpaejieHue Ha 3anacu-
me. MammHHOTO OOy4YeHHE ONTUMU3HMpPA AUCTPUOYIIMOHHATA BEpUra U HUBATa
Ha 3aracuTe, KaTo HaMmalsBa oneparuBHuTe pasxoau (Davenport, T., Guha, A.,
Grewal, D. & Bressgott, T. , 2019). UM anropuTtmMuTe aHaIM3upaT rOJIEMH
MacHBH OT JIaHHHM, 3a J1a MPEJBHKIAT ThPCEHETO, KOETO MPEAOTBPATIBA HEIOC-
TWTa HA CTOKU U CBPBXHAITMYHOCTH.

- Onmumu3zayusa Ha J102UCMUKAmMAa U mpancnopmuume mpedxcu. Ypes
aBToMaru3upano pyrupane M HamaisiBa BpeMeTo U pa3XoAMTe 3a I0CTaBKa, 0CO-

76



OCHO B KpUTHYHUS €Tall Ha ,,iocaenHus kuwiomersp* (Ben-Daya, M., Hassini, E. &
Bahroun, Z., 2019). B Ta3u Bpb3ka, aBTOpH Kato Tail 1 KOJIEKTUB MPEACTaBAT Bb3-
MOKHOCTUTE Ha kKoMmOuHanusATa oT [oT (uaTepHeT Ha Hemata) u U 3a ontumuszu-
paHe Ha TPaHCTIOPTHUTE MApIIPYTH U TIOHWKaBaHe Ha Bpenuute emucuu (Taj, S.,
Imran, A., Kastrati, Z., Daudpota, S., Memon, R. & Ahmed, J., 2023).

- Xunepnepconanuzayusa na oucmpuoyyuonnume kananu. C I xommna-
HUUTE MOTaT JUHAMUYHO JIa HACOYBaT MPOIYKTH U OdepTH Npe3 MPEArOunTaH OT
KOHKPETHUSI TOTpeOuTeN KaHai (oHaiiH win oduaitH). Baxkna posnst urpae MU 3a
MIEPCOHATIM3UPAHOTO AHTWKUPAHE HA KJIMEHTUTE U YIPABJICHUETO HA OMHUKAHATHU
muctpuoOyimonnu cpeau (Kumar, V., Rajan, B., Venkatesan, R. & Lecinski, J.,
2019).

- [lunamuuno uenoooOpasyeane u ONMUMUZAUUA HA MapirHcoeeme 6
oucmpuodyyuonnama mpedica. bazupanoro na Ul nunamuyHo ieHooOpasyBaHe
no00psiBa e(hEeKTUBHOCTTA HA THPTOBIUTE HA IPEOHO U ONTUMH3UPA TTOTOKA Ha
CTOKH mpe3 paznuunute kananu (Neubert, 2022). I anropuTMuTe 1mMo3BoJisiBat
aBTOMAaTU3MpaHa IPOMSHA Ha IEHUTE B PEAIHO BpeMe Bbh3 OCHOBA HA ThPCEHE-
TO, HAJUYHOCTUTE B CKJIAJIOBETE, IICHUTE HAa KOHKYPEHTUTE W JIOKAIMATa Ha
KiueHTuTe. ToBa onTuMH3upa medandaTa W MPEJOTBPATIBA 3aJIeKABAHETO Ha
CTOKH B OIpEEICHNU TOYKUA OT AUCTPUOYIIMOHHUS KaHal.

- Aemomamu3supano ynpaeienue Ha 63AUMOOMHOUWIEHUAMA C NAPMHbLO-
pume ¢ kanana (B2B oucmpubyyusn). N nonoOpsiBa KOOpMHAIUATA MEXKIY MPO-
W3BOJIUTEIH, JUCTPUOYTOPU U THProBLIM, KaTO 3BEHA B JUCTPUOYIIMOHHUTE KaHAJIM.
Upe3 aBTOMaTU3MpaH aHaIM3 Ha JOTOBOPH, IPOTHO3UPAHE Ha IIAAHUS U TIOIIPHAK-
ka Ha B2B nopram, koMIaHuuTe HamasaBaT aAMUHUCTPATUBHOTO TPUEHE U YCKOPSI-
BaT M3ITBJIHEHUETO Ha NophukuTe. [Ipu u3cnenBane Ha BB3AEHCTBUETO HA MAITMHHO-
To 00yueHue u I Bspxy B2B nponaxxOute B kaHaia U AMCTPUOYIIMOHHUTE TPOLIECH
C€ OTYMTAT TIOBUILIEHA TIPO3PAYHOCT U MO-OBP30 B3eMaHE Ha PELICHUS] MKy OU3HEC
naptaeopute (Syam, N. & Sharma, A., 2018).

[Tpu uznons3Banero Ha MM B mapkeTuHroBaTta qucTpuOylrs Bb3HUKBAT U
peauia mpeau3BHKATEJICTBA, KAaTO:

* Ilpoonem ,,uepna Kkymusa‘ u neoogepue Kom ancopummume. CBbp3Ba ce
¢ ¢axTa, 4 MEHUPKBPUTE YECTO C€ KOJIeOasIT Ja ce JOBepAT Ha aBToHOMHHN MU
pellieHus 3a AUCTPUOYIMSA, KOraTo HE pa3dMpaT JIOTMKATa, KOSITO HM3I0JI3Ba 3a
nporHo3ute. CI0KHUTE HEBPOHHU MPEKU B3EMAT PEILICHUS, KOUTO MApPKETOJIO3U-
T€ HE MOTaT JIECHO Ja Cu OOsCHAT. B pe3ynrar ce ch3maBa KyJaTypHa CHIIPOTHBA
(Harrison, A., van Hoek, R., Skipworth, H. & Aitken, J., 2019). 3a neitroTo mpeo-
JIOJISIBAHE C€ M3CIeABAT MCUXOJIOrMuecKkuTe Oapuepu npen npuemanero Ha MU u
ce mpejiaraT MEXaHu3MH 3a MPEO0JI0JSABAHE Ha aITOPUTMUYHOTO HEJIOBEPHE.

* Ilpeouzeuxamencmea nped cuzyprnocmma u un@pacmpykmypama. CBbp-
3gaHeTo Ha WU cbc crapu cucremu 3a ynpaBlieHHE Ha Bepurara 3a JOCTaBKU
(ERP/WMS) HOCH BUCOKH pa3XO/d U PUCKOBE 32 KHOEPCUTYPHOCTTA. 3aTOBA aKIICH-
THT TPSIOBa J]a c€ TIOCTaBU BbPXY HEOOXOMMOCTTA OT 3allUTa Ha JAHHUTE U perysa-
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ST TIPY UHTETPAISE HA HOBU TEXHOJIOTUHM B MApKETUHTOBUTE JUCTPUOYITOHHU
kanam (Grewal, D., Hulland, J., Kopalle, P. & Karahanna, E., 2019).

* Tpanchopmayusa na pabomnama cuna u emudnu evnpocu. Haunnure,
no kouto M noeMa aHaTUTUUHUTE U PYTUHHUTE 33]1a4K, IPOMEHST POJISITA HA YOBE-
Ka B ycimyrute u B auctpudynmsita (Huang, M.-H., & Rust, R., 2018). ABromaru3a-
LUSITA Ha CKIIQJ0BUTE U TUCTPUOYIIMOHHUTE OMEPALlK BOJM J0 MOCTENIEHHA ITPOMSHA
B HYKJIUTE OT YOBEIIKH PECYPC U U3UCKBA CEPHUO3HA MPEKBATU(DUKAITHS.

o« Puck 3a penymayuama na komnanuama/opanoa (GIGO egpexm?). B
Cly4yaid, Y€ aJfOPUTBbMBT CE€ 3aXpaHBa C HEKAYECTBEHW MApPKETHUHIOBHU JIAHHW,
TOM MOKE€ T'PELIHO Ja MPOTHO3UPA HUCKO ThPCEHE 3a JAJEH PEeruoH. B pezynrar
KpallHUTE TOYKHM Ha TUCTPUOYLHS HE Ce 3apexaaT CbC CTOKU, KOETO Kapa IoT-
peduTenuTe 1a MpeMUHAT KbM MPOAYKTH Ha KOHKYPEHTHUTE (peau3upa ce 3ary-
0a Ha T.Hap. brand switching mosutHOCT).

o 3azyba na woeewikus oonuk na opanoa. 1lpexaneHara aproMatu3aiys Ha
JTWCTPUOYIIMOHHUTE YCIYTH M KOMYHUKAIIMHA B JUCTPUOYIIMOHHUS KaHaT MOXE Ja
JIOBEJIE JI0 yCEIl[aHe 3a OTUYKICHOCT y MapTHhopuTe Ha OpaHa. OcBeH TOBa, I'bBKa-
BocTTa Ha MM u3mcksa npomsiHa B B2B noroBopute Mexxay qUCTpHUOYTOpUTE, KOUTO
TpsiOBa Ja IPEMHUHAT KbM TMHAMUYHY [IEHOBHM HUBA Ype3 MPETOBOPH, KOUTO YECTO €€
MPOBAJIAT MTOPAJIU CHIIECTBYBAIIIO HEIOBEPUE.

o Puck om necvemecmumocm Ha OAGHHUmME U Hy)Hcoa om yHuuuupa-
He. Jlunicata Ha reBKaBu uHTepdeiicu (API) 3a unrterpanus mexay MU nnat-
dbopmute u crapute ERP cucremu Ha mapTHHOpUTE B JUCTPUOYIIMOHHUS KaHA
MOX€ J1a IOBEJIE 10 Xa0C B JAHHUTE, YBPEKIANKN TBITOCPOYHUTE MAPKETUHIO-
BU B3aUMOOTHOIIIEHUs B AucTpuOynuonHata mpexka (Kern, J. & Sullivan, M.,
2021).

Bonpekn puckoBeTre 3a KOMIAaHUUTE, 3aMsiHATa Ha YOBEHIKUS (PaKTop C
U anroputmu mpuTekaBa OTPOMEH MOTEHITMA B 00J1acTTa HA MApKETUHTOBAaTa
TUCTPHUOYIHS, KOUTO BCE TTOBEYE C€ pasrpbilla, 0COOCHO B ACMIEKTUTE, CBhP3aHU
C MAIIMHHOTO O0Oy4YEHHE U Pa3BUTHETO Ha TeHepatuBeH M.

4. 3akJiroueHue

B chBpeMeHHaTa CUITHO KOHKYpEeHTHa Ma3apHa cpena, U tpanchopmupa
BB3MPUEMAHETO U MPWJIATaHETO HA AUCTPUOYLMATA OT JIOTUCTUYHA (DYHKIUS 32
MOAJPBAKKA HA Ta3apHara JOCTHIHOCT HA CTOKUTE B MOUIIEH CTPATETMYECKHU
MApKETHUHTOB MHCTPYMEHT. Upe3 onTUMHU3MpAHE HA €TANNTE HA B3EMAHE Ha pe-
LICHHS B KaHajla U OCUTYpPsIBAHE HA HENPEKbCHATAa HAJIUYHOCT HA MPOAYKTHUTE,
N no3BossiBa Ha KOMIIAHUUTE 14 U3rPAJAT BUCOKA KIMEHTCKA JIOSUIHOCT U Ja
pa3WMpPAT Ma3apHUS CU JIsU1. Y CIEIIHOTO YIPABJICHUE HA TEXHOJOTMYHUTE PUC-

2 GIGO (Garbage In, Garbage Out) e TepMuUH, ONKMCBALI KaK 3aXPaHBAHETO HA CHCTEMA, HHCT-
PYMEHT WIM MapKeTHHI'OB IIPOLEC C I'PEIIHM, HEKAYeCTBEHH WM M3KPUBCHM IAHHM, BOAM IO CHIIO
TOJIKOBA I'PEIIHO U MaryOHO 3a KOMITAaHUATA TIOBEJCHUE CIPSIMO KIMEHTHUTE.
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KOBE M 3alla3BaHETO Ha OajiaHca MCKAY aJI'OPUTMHUYIHA TOYHOCT M YOBCIIKU
B3aMMOOTHONIICHUSA I'apaHTHUPAT IMa3apHUs YCIICX Ha KOMITAHUHTC.
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N3KYCTBEH ObLIl UHTEJIEKT — Bb3MOKHOCTH
3A BB3IIMPAHE HA CBPBXUM3IIOJI3BAHETO MY

Jou. n1-p Bans Jlazaposa’

Pe3tome: /3xycmeenusm obw unmenekm e pe3yimam om ycnexa Ha eeHepamueHume
e3ukosu mooenu. B npoowvascenue na decemunemusi uHOYCMpUAIHUsA na3ap U3UCKeauie cne-
yuanusupanu cucmemu ¢ MU u copmyepnume xomnanuu um eu docmassaxa. [loumu ecuuxu
cvepemennu cucmemu ¢ MU usnvinasam cneyuguuen nabop om oelicmeus 8 cmpo2o onpe-
Oenen konmexcm. Cumyayuama ce npomeHu cied noaeama ceHepamusHume e3uK08u Mooeu
kamo GPT, koumo npeduzsukaxa ocpomeH obujecmeen unmepec. Ycnexvm Ha eenepamug-
HUme e3uKosu Mooelu Hanpasu akmyaina uoeama 3a uzepasxcoarve na Oow Hskycmeen Hn-
menexm. Kaxeu ca év3modcHocmume 3a 6v3nupane om He20moB0 CEPBLXUNOA3E8AHE, KOUMO
Hue, Kamo npenooasamenu Ouxme Moenu 0a OCbuecmeum. AKYeHmvm e 6bpxy NPAasUIHO
obyuenue U CMUMyIUpane Ha MUCieHemo y cmyoeHmume. — moed e memama Ha 0OK1a0q.

Kao4oBu AyMM: u3KycmeeHn unmenekm, U3KycmeeH oouy unmenekm, gb3nupane, npe-
KOMEPHO U3NO0N36aHE

JEL: A23, Z00

ARTIFICIAL GENERAL INTELLIGENCE - OPPORTUNITIES TO
STOP ITS OVERUSE

Assoc. Prof. Dr. Vanya Lazarova

Abstract: Artificial General Intelligence is the result of the success of generative
language models. For decades, the industrial market required specialized Al systems and
software companies supplied them. Almost all modern Al systems perform a specific set of
actions in a strictly defined context. The situation changed after the emergence of generative
language models such as GPT, which aroused enormous public interest. The success of
generative language models made the idea of building Artificial General Intelligence
relevant. What are the possibilities for deterring unprepared overuse that we, as educators,
could implement. The emphasis is on proper training and stimulating thinking in students. —
this is the topic of the report.

Key words. artificial intelligence, artificial general intelligence, deterrence, overuse

JEL: A23, Z00

1. BnBeaenue

N3kyctBen O6m Mutenexkr (MOW) B KOMOIOTBPHUTE HAyKH C€ Hapuya
U3KYCTBEH MHTENEKT, KOUTO MOKe €()EeKTHUBHO Ja MMHUTHPA BCUYKHU aCIEKTH Ha
YOBEIIKHSI UHTEJICKT — Jla Y4H, TBOPH, aHAIM3UPa, IpeBKaa u mp. Cucremure
¢ MOMU ca B KOHTpACT CbC CUCTEMUTE ChC CHELUATUZUPAHUTE CUCTEMU U3KYCT-

3 vlazarova@unwe.bg, YHCC, xarenpa ,,JH)OPMALIMOHHH TEXHOJIOTHH U KOMYHHUKALMU
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BEH WHTEJEKT, TSCHO paboTenu B maneHa chepa Ha MEHHOCT - UTpa Ha Iax,
€3WKOB TIPEBOJI, pasmo3HaBaHe Ha oOpaszu. MOUW morar na uMuUTHpAT MpPaKTH-
YECKH BCSAKAKBHM YOBEIIKH JEMHOCTH, a HE Ca IMPOCTO CIELUAIU3UPAHU B €1HA
obnact. B mpoabikeHue Ha JECETWICTHS WHIYyCTPUATHUS Ta3ap H3WUCKBAIIe
cnenuanu3upanu cucremu ¢ UM u copryepHruTe KOMIaHUM UM TH JTOCTaBAXa.
[Toutn Bcuuku chBpeMeHHH cucteMu ¢ MW u3nbiansBar cnenuduyeH Habop oT
JEUCTBUS B CTPOTO OIpeAesieH KOHTEeKCT. CuTyauusta Obp30 ce MPOMEHH ClIe]
nosiBaTa TeHEpPaTUBHUTE €3UKOBH Mojenu kato GPT, kouTo mpeau3BuKaxa or-
pOMEH OOIIECTBEH MHTEpeC. Y CNeXbT HAa FT€HEPaTUBHUTE €3UKOBU MOJIEIH HaIl-
paBH aKkTyajHa ujesTa 3a usrpaxnaane Ha Oouy M3kycrtsen MHTENEKT.

Cam OntMman (Altman, 2025) rnaBeH u3nbiaHUTENEH qupekTop Ha OpenAl
onpenenst MOU kato ,,cMJIIHO aBTOHOMHA CUCTEMA, KOSITO MPEBB3X0XKIa XopaTa
B MIOBEUYETO MKOHOMHUYECKHU LIEHHU 3aJa4u’‘. BbIIpeku ue cucremure ¢ U3KyCT-
BEH MHTEJIEKT BeUe MPEBH3X0XKIAT XopaTa B TECHU 001acTH, KItoubT kbM NOU
¢ yHUBEpCaJIHOCTTa. TakaBa cucTemMa OM MOIJIa HampuMep Ja yIpaBiisgBa CIO-
JKEH MPOEKT 3a KOJUPaHE OT HAYaJIOTO JI0 Kpas, JAa U3MOJI3Ba MPO3PEHHs OT Ou-
OJIOTHSITA 3a pelllaBaHe Ha WHXKEHEPHU MPOOIeMHU WM Ja HaIUIIe pOMaH, J10C-
TOeH 3a Harpazara , Ilynmunbp®. OpenAl 3asBsiBa, ye MucHsTa My € Aa ,,rapaH-
trpa, ye MOU e ot mon3a 3a HA10T0 40BEYECTBO .

OpenAl (OpenAl, 2026) paznens paspadborBanero Ha NOW Ha mer HuBa
win erand. OT pa3IMYHUTE TOKYMEHTH Ha KOMIIAHUSATAa MOTaT Hak-o0uio Ja ce
CUHTE3UpaT HUBAaTa:

Hugo 1 (HYat6otose) - U ¢ pa3roBopeH e3uK.

Huso 2 (Pascexnenus) - Monenu, crmocoOHH Aa perraBaT OCHOBHU YO-
BEIIKHU TIPOoOIeMH B 00JacTTa Ha MPOTpaMUpPAHETO, MaTeMaTUKATa, AaHAIU3BT Ha
JTaHHU, pa3No3HAaBaHETO Ha oOpasu (Mozaenute OT cepusta O WIM MOAEIH 3a
pascexkaenue). 3a pasnuka ot crangaptaure GPT mopenu, xouTo paszuurar
IpEeIMMHO Ha pa3lo3HaBaHE HA IIA0JOHU, O-MOJEIUTE OTACIAT BpeMe 3a Ija-
HUpaHe U MpoBepKa Ha padoTaTa CH.

Hugo 3 (Arentn) - MOU cuctemu, KOUTO MoraT Jia mpeanpuemMar JencT-
BUS OT UMETO Ha MOTPEOUTEN Ype3 MHOTOCTAITHH MPOIIECH.

Hugo 4 (UunoBaropu) - MOU, koiiTo MOKe Ja MOMOTHE MPU U300peTsiBa-
HETO HA HOBU T€XHOJIOTUU U KOHIIEIIIUH.

HuBo 5 (Opranuzamuun) - UOU, xoiiTo Moxke na pabOTH Ha HMBOTO Ha
BB3MOKHOCTH Ha L1512 YOBEIIKA OpraHUu3alusl.

3acera ot opranu3anusta OpenAl ycnsiBaT Aa ce ABMXaT MO 3a7ajeHaTa
OT TAX pamka 3a pazsutue Ha U, kato aHec cme cBuaerenu Ha Obp30TO pa3BU-
THE€ HA areHTUTE, KOUTO MOTaT J1a 3aMECAT YOBEK B MHOYKECTBO JEHHOCTH, Hal-
€JIEMEHTAPHOTO HANPUMEP J1a My OpraHU3upaT MbTYBaHE MO ONPEAEIEH Mapl-
pyT, 1a My nopbuat o03aBexaaHe Ha IoMa TIp.
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2. MOU — Bb3MOKHOCTH 32 H300peTsIBaHEe HA HOBH TEXHOJIOTHHU H
KOHUENMIIUA

Crnopen OpenAl HanbJIHO € BB3MOXKHO J1a ce 00yun u aa ce Hakapa MMOU
71a pa3pabOTH HOBA KOHIIETIIIUS U TEXHOJOTHUA. J[0 TO3M MOMEHT HUE pa3aelisx-
M€ HU3KYCTBEHUSI MHTEJIEKT OT YOBELIKUS MO ToBa, ue MM He € B cheTosHME na
U3MHCIIHA HENIO, KOETO 0 HAMAa OMKMCAHO WJIM U300pETeHO Be4e OT YOBEK, T.C.
N ce orpanuuasaiiie camo A0 3HAHHUE, KOETO MOXE Ja U3AUMPU HAIMCAHO HS-
KbJie U 00sicHeHHEe Kak ja ro npuwioxku. HoBaropute ot OpenAl obaue cmsTar,
ye Moxe aa Hakapat MOUM na 3aMecTu 4oBeKka W B MOCJIEAHATA MYy YUCTO UHTE-
JIeKTyaJlHa IEeHHOCT — J]a Ch37jaBa 3HAHHE, KOETO HE ChILECTBYBA O MOMEHTA, Ja
W3MUCTSI TEXHOJIOTUY U MHOBAIMU, KOUTO PEATHO M HAMA 10 TO3U MOMEHT.

[Ilom no npuHIMn cMe npuenu, ye MM umutupa 4oBEeK B HEroBaTa MHTE-
JIEKTyaJlHa JIEWHOCT, TPsIOBa SBHO Ja MpUEMEM, Y€ MOXE Jia TO UMHUTHpA U B
TBOPYECTBOTO U B Ch3aBAHETO HA HOBO 3HaHUE. ToraBa MpakTUYECKH HE OCTaBa
HUILO YUCTO YOBEIIKO, TaKa Jla C€ Ka)Ke, HUIO, KOETO J]a HE MOKE Jla HaIllpaBH
NOMN.

Jloxora Moxe 1a mpoJbikaBa Taka? Jlokora moxeM na pazsuBame MOU,
0€3 1a MOXeM JIa TO CIIPEM B JaJIeH MOMEHT WJIU Jia TO 00y3aeM.

Omie npe3 2005 roguHa y4eHHUSIT KOTHUTHUBUCT U (yTypuct Peit Kypiry-
ann (Kurzweil, 2005) e nanucan, ye MOU e npepacHe B ,,CynepUHTEIEKT .
Ton BbBexkaa TepmuHa ,,MI3kycrBen Cynep MHTenekT* 3a o3HauaBaHe Ha CHUC-
TEMHU C OOII MHTEJEKT, KOUTO 3HAUYMUTEITHO MPEBB3XO0XKIAT HMHTEIEKTAa HA YOBEK
BbB Bcnuku acnektu. Cnopen Kypumyain, M3kycrtBenusar Cynep HHTenekt
(Artificial Super-Intelligence, ASI) 11e Bb3HMKHE KaTO HEU30EKHO CIEICTBHE
oT pazButueTo Ha M3kyctBenust OO Mutenext. Kypityaiin TBbpau ye B pas-
BUTHETO HA U3KYCTBEHUST MHTEJIEKT CE€ JIOCTUra KpUTHYHA TOYKA, MPHU KOSTO
HNOU ne moxe na ObAe KOHTPOJIMPAH OT XopaTa. Ta3um Touka pa3BUTHETO Ha
NOMU napuua ,,cunrynsproct®. Cien tazu kputuuHa touka, MOU cam me ce
pa3Bue B M3kyctBeHusaATr Cynep-MHTENEKT, HE3aBUCUMO Ay XOpaTa KeaasT
ToBa UK He. [IporHoszata Ha Kypiryaiin e, ye Toukara Ha CUHTYJISIPHOCT 1€ Ob-
ne nocturuara okoisio 2045 ronuna. J[pyru ydyeHu CHOPSAT C HEro 3a TO3U XOpH-
30HT, KaTo To moOmmkaBaT omie moBeue 1m0 2035-2040 roguHa, HO KaTo IISIIO
MaJKO YYEHHU OCIOpBAT HEroBa Te3a.

Mycrada Croneiiman (Croneiiman, 2025), U3MBIHUTENCH TUPEKTOP HA
Microsoft Al, B 3abenexutennara cu kaura ,,l[punxnamara BpaHa® aapMupa
YOBEYECTBOTO, Y€ € M3MPABEHO MPE] OrPOMHA JUJIeMa — Ja CE OKaKEM B CBSIT,
nomuHupan ot MU, konupanr Hali-1o0puTe W HAW-JIOMIUTE YEPTU OT YOBEUIKHS
MHTEJIEKT, aKo He ycreeM HaBpeme jJa ro o0ysnaeM. B kHurara cu Toi nmocodna
peauna MepK, KOUTO YOBEUECTBOTO TPSIOBA Jla MpeIpueMe, KaTo rojasmMa 4yacT
OT TAX, CIIOPEJ aBTOpa Ha KHHrara, ca paboTa Ha MPaBUTEJICTBEHUTE, HEMPaBU-
TEJICTBEHUTE OpraHu3alnu, pupMUTe, KOUTO pa3pabOTBAT HOBUTE TEXHOJIOTHHU.
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KirouoBUSAT MOMEHT cIOpe HEr0, CE KpUE B ChbBMECTHATa KOOPAWHUpAHA pa-
00Ta Ha BCUYKHU THX.

[To-HaTaThK mIe pasriegaM HAKOW CTBIIKM, KOUTO HHUE, KaTO MPEnoaaBa-
Tenu, oOydJaBaliy CTyJEHTUTE MO TeMmuTte, cBbhp3anu ¢ MOU, 6uxme mormau na
peanprueMeM, 3a Ja JTOMPUHECEM MTOHE MAJIKO 3a 3a0aBsSHETO W BB3MUPAHETO HA
TOBa OypHO W Ha MOMEHTHU HEKOHTpoJipyemo pa3sutue Ha M. Jla ce HansBa-
Me, 4e JbprKaBaTa M TOJEMUTE KOPIOPAIUM 11I€ CU CBBPIIAT padoTaTa. AKIICH-
THT TYK € HUE KaKBO OMXM€E MOIJIM Jla HallpaBUM 3a TJio0agHaTa KapTUHA B pas-
ButreTo Ha MO, Moke 11a He € Helllo OrpoMHO, HKaKbB BCEOOXBATEH MPUHOC,
HO BC€ MMaK OMXMe MOIJIM, KaTO MpernoiaBaTesu Ja A0NPUHECEM C Helo. MoxkeM
Jla CE OMUTAME Ha BB3MPEM CBPBHXU3MOJI3BAHETO U CBPBXA0BEpsiBaHeTO Ha OU,
Ype3 IPaBWIIHO 00YYCHUE U CTUMYJIMPAHE Ha MHUCIICHETO Y CTYICHTHTE.

3. Bb3MO:KHOCTH 32 Bb3NIMPaHe HA CBpPbXu3Nnoa3Banero Ha UOU,
ype3 o0yueHue

OOyueHneTo Ha CTYACHTUTE MO PA3IUYHUTE AUCHMILNIMHU HEMHHYEMO
BKJIIOUBA U 00y4YeHUE MO Hall-HOBUTE TexHoJoruu. Ctynenture umsnonssat WU,
npeau u300m1o aa ca pasdpanu kakBo € MU, kakBo Moke U KakBO HE MY € IO
CUJIMTE 3acera, Kak uMm Biusie. M3moa3BaT ro nucaHe Ha KypCcoOBU U JUIIJIOMHH
pabotu, 3a pelraBaHe Ha TECTOBE, 3a MOJANOMAaraHe Mpy pelaBaHe Ha 3aJ1a4d U
1300110 MO BCSIKAKbB HauMH, 10 KoWto M 6u Morea aa cBBpIIM ompeaesieHa
pabota BMecTo TsX. MHOTO aBTOpH pa3riexkaaT BhIIpoca JOKOJIKO U Kak TpsiOBa
na ce usnoszBa MM u TexHomornyHu cpencraa, 0a3upaHu Ha HEro B 0Opa3oBa-
nuero (Mapunona, H. 2025), (Velkova, 1. 2005).

He moxe na ce 3a0paHu uiu cripe M3MOJI3BaHETO Ha pa3paboTeHa Beue
TtexHoJorus. He e Bp3MokHO. Hukora npe3 ncropusita Ha 40BE4ECTBOTO, HE €
MOTJIO0 J1a Ob/JIe BB3IPSHO U300PETABAHETO U MHOBALIMUTE, JOPU U T€ Ja ca Ouiu
BpeIHU U onacHU. bsxa ce3nangenu cucremu ¢ UM, npu KouTO €(EeKThT OT TSIX-
HOTO H3IMOJ3BaHE CE OLEHsABAa KAaTO HETAaTMBHO, a B HAKOM CJIy4Yaud HaIpaBo
BpeaHO. TyK MOKEM J1a MPUUUCIUM CMBPTOHOCHUTE aBTOHOMHHU OPBKHUs, KOUTO
JOKaJIM3upaT, n30upar U eTUMUHHPAT Xopa 0e3 YOBEIIKa Hameca; KpUTUYHU 32
0e30MacHOCTTa HU MPUIIOKEHHS KaTo yOeKJaBaHEe U CKJIOHSBAaHE Ha XOpa KbM
OMacHU U CMBPTOHOCHU JEHCTBHUSA; IPUCTPACTHO B3EMaHE Ha PELICHHE, MPOIHK-
TYBaHO OT MIPUCTPACTHOCTTA HA cCaMUTE Xopa U np. M BeIIpeKn ToBa, pa3BUTHUETO
Ha U He cniupa.

Hsama kxak na cnpem usnosssadero MU ot Hammre cTyaeHTy.

TpsabBa 1a ru HayyuM Ja ro U3MO0J3BAT Pa3yMHO, J1a MUCIAT IIPEIU BCUU-
KO U J1a HE JOIPHUHACAT HEBOJIHO 3@ HETOBOTO J0-00y4YE€HHE, KATO MYy IOCTABSIT
3alauu-IPEIN3BUKATEIICTBA, U3MHUCICHH 3a TAX CAMUTE OT IPENOAaBaTEIUTE
UM.
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Ha nbpBo mscTo, TpsOBa na 3amouyne oOydyeHue MO JUCIUILINHA, KOATO
J1a y4U CTYJEHTUTE KakK J1a U3BIMYAT MakcuMaiiHa rnoi3a ot U, upe3 TouHo 3a-
naBaHe Ha BbIpocu. ToBa, Moxke na e IlpomnT nnxenepunr (Prompting) wmm
oOydeHue ¢ apyro MMe; B 3alaJHUTE YHUBEPCUTETU TOBA € Isijla HaydHa JHC-
nurimHa. B Hsakon Hamm yHuBepcutetd — CY, TY, HBY B pamkute Ha pasnnu-
HU JUCUUIUIMHA Ca BKIIFOYEHU M JIEKIUU 1O ,,]I[pOMIT MHXKEHEPUHI™, HO HE €
noctarbyHO. BpeMe e ToBa nla ObJie HAMpaBeHO KaTO OT/AENHA JUCLUIUIMHA, B
KOSATO 00OYYEHHETO Ha CTYACHTHUTE Ja € HACOYEHO KbM TOBA KaK PAIlMOHAIHO Aa
usnoyzBat M, 6e3 Toi ga ce mpeBpbilla B TEXEH TOCHOIap U J1a OCTaBsT B He-
TOBUTE PBLIE ISJI0TO cU oOydeHue. J(McuuminHaTa Moxe J1a uMa Hal-pa3audyHu
MMEHa, HE TOBAa € BA)KHO, BAKHOTO € J]a C€ HaKapaT CTYJEHTUTE J1a OOMUCIHST
KPUTHUYHO BCEKHU BBIIPOC, KOMTO 3anaBaT Ha U, na nposepsBar orroBopure, 1a
U3BJIMYAT MAaKCUMAJIHO 3HAHHUS U OMUT OT coOCTBeHUTE cu BblpocHu. C Ipyru
JyMH, BMECTO Jia ro u30arsame, TpsaOBa aa BkiounM MU B yacoBeTe U KpUTHY-
HO J]a TOCOYBAaM€ Ha CTYJICHTUTE KAaKBO € OTTOBOPHJI MPABHIIHO U KaKBU (DaKTH-
YECKH T'PELIKH € HalpaBuJl.

Ha BTopo msicTo, TpsiOBa 1a 0OyyaBaMe CTyJI€HTHTE B TPAMOTHOCT U J1a
BB3IMpaMe BCAKAKBU OMUTH 3a Oe3kpuTuuHO usnonsBaHe Ha MU. Crynenture
TpsiOBa Aa pa3Oupar orpannuenusta Ha MM u puckoBeTe OT HErOBOTO M3IOI3-
BaHE KaTO HampuMep MOBBPXHOCTHO 3HaHUE U mopoOBaHe. Karo nucuumuiunHa,
ToBa Ou Moryio na 0bae MU rpamotnoct (Al literacy) wnm ¢ apyro ume, HO ax-
IEHTHT Ja € B pazoupane Ha oTtroBopure, kouto gaBa MOU. Cnen toBa TpsOBa
CTYJIEHTUTE Ja MOTaT CaMOCTOSITEJIHO J1a HAMUPAT OTTOBOPUTE HA BBIIPOCUTE,
0e3 na u3nosBat M. Hakpas moxe 1a ce HalpaBU CpaBHEHUE MEXKIY OTTOBO-
pute Ha UM n Hayunute m3tounnnu. Kato nmpenogaBaTenn MOKEM Ja MOKaXeEM
kak usnoia3Bame MU Hue camure, HarmpuMep B IUIAHUPAHE HA KypcC U T€HEepupa-
HE Ha UJEH, WM MPOBEPKA HA TECTOBE, KATO MO TO3W HAYMH CE€ ONMHUTAME J1a Ch3-
JaJeM KyJITypa Ha OCb3HATO U €TUYHO U3MOJI3BaHE.

Ha tperto mMsicTo, OMxme MOTJIM J1a BbBEJEM SICHU TpaBUiIa U OYaKBaHUS
1o otHouieHue usnon3Banero Ha UN. Ctynenture TpsiOBa Aa 3HAAT Kora U3MOJ-
3BAaHETO € Pa3pelieHo, MPEnoOPhYMTENHO UK 3a0paHeHO, KAKBO O3HAayaBa aKa-
JE€MUYHA YECTHOCT NpH u3noi3BaHe Ha MU. U 3anpmkutenHo na aexnapupar
ynotpebata Ha U, TpsOBa ga ce HachpuaBa Hampumep u3mnoia3BaHeTo Ha MU
npu OOsICHEHHE Ha TPYIHU KOHLETIIIMU U CpaBHSABAaHE HA Pa3jIMYHU IJIETHU TOY-
ku. KaTo OTHOBO akuEHTHT TpsiOBa /1a ce MOCTaBsl BbPXY KPUTUUHOTO MUCIICHE,
na ce nocouu Hanpumep kak MU e monmomorHain npu 00sICHEHHETO Ha 3aIuieTeH
Ka3yc, WIH JalIH KOPEKTHO € MOCOYMJI Pa3IMYHUTE IJIeIHH TOUYkH. U Tyk Morat
Jla c€ HaMepAT MHOTO HEIlla 33 IUCKYCHUs, 32 CTUMYJIMPAHE HA KPUTUYHOTO MUC-
JeHe, ciep ynorpedara na UN.

Hakpas, eto xak MM  (https://www.bing.com/images/create/ai-image-
generator?’ FORM=GENILP) cu nipeacrtaBsi oBlasgBaHETO Ha W3MOJ3BAHETO HA
MU B yHuBepcureta. OCTaBsIM WIIOCTpalMiATa B OPUTMHAIHUS M1 BUJ, ChbC BCUY-
KM TPELIKU U HETOYHOCTHU, KOMTO HampaBu Image Generator, 3al10TO MO TO3U
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HAa4YMH Hal-TOYHO C€ MOJAKPENS TOBA, KOETO MMOCOYMX 10 MOMeHTa. M3non3Bane-
To Ha UM TpsibBa 1a craBa MHOTO, MHOT'O BHUMATEIHO U KPUTHYHO - TPEILH, /1a-
Ba HEM'bJIHA MH(POPMAIIHS, TOHSKOTa HAIIPaBo MOABEXKIA. ..

OBﬂaAHBaHe Ha U3KYCTBEHWUSA MHTENEKT

O6yueHue B KputHuuHoCT Ha CTPUKTHU
ynotTpeba OTroOROpUTE npaewia

Queypa. 1. Osnaoasane uznonssanemo Ha MU 6 ynusepcumema
Hzmounux: eenepupano om Al Image Generator na Microsoft Bing
(https://www.bing.com/images/create/ai-image-generator? FORM=GENILP)

Tpute cThiba, KOUTO 3a/1a0X OsiXa - 00OyUYEeHHE KOETO Ja HaAy4Yu CTYICH-
TUTE KakK Jla U3BIMYaT MakcuMaliHa noi3a ot M, upe3 TouHO 3a1aBaHe HA BbII-
pocu; KpuTu4HO n3nonssade Ha MU ssicau npasuiia npu nsnosssanero Ha M.

4. 3akirouyenue

Pa3BuTHeTO Ha M3KYCTBEHUS OOI MHTENEKT MPEACTABISABA €THOBPEMEHHO
3HAYUTEIHA BB3MOXXHOCT W CEPHO3HO NPETU3BHKATEICTBO 32 CHBPEMEHHOTO
obmiectBo. Makap pa3BUTHETO My Jla BOJOU 10 YCKOPEH MpOTpec B HayKara,
UKOHOMHKATAa U €XKEIHEBHUS KUBOT, HEKOHTPOJIMPAHOTO U CBPHXUHTEH3UBHO
U3II0JI3BAaHE KpUE PHCKOBE, CBBP3aHM ChC 3aryda Ha aBTOHOMHOCT, qucOanaHC
npu 00yYEHUETO U OIlle MHOTO JIPYTH MPOOJIEMH, HE3aCETHATH B TO3HU JOKJIAT —
HaIpUMep CTHYHUTE MPOOITICMH.

Hacrosumusat noknaa momyepraBa HEOOXOAMMOCTTA OT OajlaHCHUpPaH TOJI-
X0/l TPY KOMTO MHOBAIUUTE CE PA3BUBAT MApPaJICITHO ChC OBJIAJIIBAHETO UM Upe3
MPaBUIIHO 00y4YEHUe, PETYIaTOPHU PAMKH, IIPO3PAYHOCT M OTroBopHOCT. Kitro-
YOBO 3HAYCHHE MMAT 00pa30BaHUETO, CH3/IaBAHETO HA MPaBUJIA U BHBEKIAHETO
Ha MEXaHU3MH 32 KOHTPOJI ¥ OTUET IPU U3MOJI3BAHETO HA CHCTEMU C U3KYCTBEH
WHTEJICKT.
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Bb3nupaneTo Ha CBPBXU3MOI3BAHETO HA U3KYCTBEHUS OO MHTEJCKT HE
TpsiOBa /1a ce pasriiexkaa KaTo OrpaHUYCHHE Ha TEXHOJOTUYHHS HAlpeIbK, a Ka-
TO HEOOXOAUMa MPENOCTaBKa 32 HETOBOTO YCTOMYMBO U 0€30MacHO MpUJIaraHe.
CaMo upe3 ChbBMECTHH YCUJIUS MEXIy HayyHaTa OOIIHOCT, OM3Heca, IbpKaBHU-
T€ MHCTUTYLIMHU M OOIIECTBOTO MOXe Ja ce rapantupa, ye UOU me coyxu B
1oJ13a Ha YOBeKa, 0e3 J1a 3acTpaliaBa HErOBUTE OCHOBHU IIEHHOCTH U IPaBa.
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AI AS A CATALYST FOR DEVELOPING THE SKILLS OF THE
FUTURE: CHALLENGES AND OPPORTUNITIES

Assoc. Prof. Iskra Panteleeva, PhD!

Abstract: The report examines the role of Al as a catalyst for the development of fu-
ture skills, and specifically as an engine for the development of digital skills in modern com-
panies. The aim is to analyse the key challenges and opportunities that intelligent technolo-
gies create for training, qualification and the transformation of professional roles.

Key words: A1, digital transformation, competencies of the future, challenges, oppor-
tunities,.

JEL: D83, J24, 125, 031, 032, 033, M15, M53.

1. Introduction

In recent decades, there has been an accelerated digitalization and inten-
sive penetration of Artificial Intelligence (Al) in business, education and society.
According to Mohammad Ali, Vice President of IBM Consulting “Al isn’t just
enhancing the business model. By 2030, it will be the business model.” (IBM, p.
5). This transformation is changing not only technological infrastructures, but
also the way companies operate, make decisions and develop their human capi-
tal. According to a number of studies, Al already plays a key role in process au-
tomation, data analysis and the creation of new work models, which leads to
significant changes in professional skills requirements (Brynjolfsson & McAfee,
2017; Susskind & Susskind, 2020). In such an environment, the importance of
the so-called “skills of the future” is growing — a complex of digital, cognitive
and social competencies critical for the competitiveness of companies and the
adaptability of the workforce. Research shows that companies that successfully
integrate Al into their processes develop new competency profiles, including
data skills, critical thinking, intelligent systems management, digital ethics and
network approach (Shanmugam et al., 2022; World Economic Forum, 2023).

The aim of this report is to analyse how Al supports the development of
digital competences and what challenges accompany this process, with an em-
phasis on technological, organisational, social and network aspects. Particular
attention is paid to the role of Al as a catalyst for training, retraining and trans-
formation of professional roles, as well as the challenges related to digital ine-
quality, ethical dilemmas, the need for sustainable human capital development
strategies, etc.

!'i.panteleeva@uni-svishtov.bg, D.A. Tsenov Academy of Economics — Svishtov.
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2. Al as a catalyst for the development of skills of the future

The development of future skills is becoming a key factor for the competi-
tiveness of companies in the context of accelerated digital transformation. Al plays
a central role in this process, not only changing the technological environment,
but also creating new requirements for professional competencies. It contributes
to the accelerated acquisition of digital skills, supports adaptive learning and
stimulates the emergence of new professional roles (see Figure 1). According to
Brynjolfsson and McAfee (2017), intelligent technologies are fundamentally
changing the interaction between people and machines, which provokes the cre-
ation and implementation of new models of training and qualification.

Adaptive and personalized learning (Al creates individual learning paths
and accelerates the acquisition of digital competencies).

Development of data skills (analytical thinking, data interpretation,
working with algorithms and models).

Critical thinking and evaluation of algorithms (skills for understanding
algorithmic processes, assessing risks and biases).

Management of intelligent systems (working with automated platforms,
robotic processes and Al tools).

Creativity and innovative thinking (Al supports idea generation, design,
prototyping and creative solutions).

Digital ethics and responsible use of AI (skills for ethical decision-
making, data protection and algorithmic transparency).

Flexible work and collaboration models (working in hybrid teams,
virtual environments and automated processes).

* Development of leadership skills in a digital environment (change
management, digital strategies, leading Al-supported teams).

Innovation and entrepreneurship competencies (creating new business
models, using Al for market opportunities).

Skills for working in a highly automated environment (adapting to
automated processes, integrating Al into daily tasks.

Figure 1. Areas where Al is a catalyst for the development of future skills
Source: Summary, systematized and adapted from: Dilinika (2026), Abbasi et al. (2026), Kai-
seretal. (2023), Mohd Rasdi et al. (2025b).

One of the key areas that Al is impacting is personalized learning. Adap-
tive learning systems based on machine learning allow for the creation of indi-
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vidual learning paths that adapt to the needs, pace and level of the learner. This
leads to more effective acquisition of digital skills, such as data science, critical
thinking, intelligent systems management and digital ethics. Shanmugam et al.
(2022) highlight that Al-assisted learning platforms significantly improve the
quality of learning and facilitate the acquisition of complex competencies re-
quired for the modern work environment.

Al is transforming professional roles by automating routine activities and
freeing up time for tasks requiring creativity, strategic thinking and analytical
skills. This change is leading to the emergence of new competency profiles in
which digital skills are a key component. Zhang et al. (2021) note that Al is ac-
celerating the restructuring of the labour market, creating new employment op-
portunities but also requiring constant retraining.Al supports companies in the
decision-making process through intelligent systems that analyse large data sets
and provide recommendations in real time. This requires employees to have
skills in interpreting data, working with analytical tools and understanding algo-
rithmic processes. Dwivedi et al. (2023) emphasize that the successful integra-
tion of Al into organizational processes is only possible if employees possess the
necessary digital competencies, very often in a network environment.

The significant opportunities of Al to channel the development of future
skills can be successfully realized in the business practice of companies, provid-
ed that an adequate environment and system of interactions are created, through
which a number of challenges related to digital inequality, access to training and
ethical aspects of the use of intelligent systems can be overcome. Companies
must develop sustainable learning and development strategies that ensure that
employees can adapt to new technological realities. According to the World
Economic Forum (2023), investments in digital skills are key to the successful
transformation of the workforce and to increasing organizational resilience.

3. Challenges and opportunities for business and society

The integration of Al into organisational processes and public life creates
both significant challenges and new opportunities for development (see Figure
2). On the one hand, Al accelerates digital transformation, improves efficiency
and supports decision-making, but on the other hand, it raises a number of ques-
tions related to skills, ethics, change management and social impact.

According to Dwivedi et al. (2023), the successful implementation of Al
requires not only technological investments, but also strategic management of
human capital to ensure the sustainable development of digital competencies.
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* Digital skills shortage (lack of qualified personnel capable of working
with Al systems).
Digital inequality (differences in access to technology, training and
infrastructure).
Ethical and legal risks (algorithmic bias, transparency, data protection).
Need for continuous retraining (rapid obsolescence of skills and need for
constant training).
Organizational resistance to change (cultural barriers, lack of trust in
technology).
Insufficient regulatory framework (lack of clear standards for the
implementation and control of AI).
Employment risks (automation of routine activities and transformation of
professions).
Rapid obsolescence of skills (dynamic development of technologies,
which requires a lack of retraining).

» Employment risks (automation of routine activities, transformation of
professions and uncertainty in the labour market).
Cybersecurity and data protection (vulnerabilities related to automated
systems generated by fake content, attacks through Al).
Lack of strategic vision for AI (incomplete integration of Al into business
models, education and public services).

* Social risks and distrust (surveillance insurance, loss of autonomy, low
public acceptance).

* Data quality issues (incomplete, biased or incorrect data leading to wrong
Al decisions).
Uneven adoption across sectors (differences between industries, regions
and organizations in the speed of digital transformation).

* Lack of integration between systems (incompatible platforms, legacy
infrastructure, difficulties in implementing Al).

Key
challenges
A

Personalized learning (adaptive platforms that accelerate the acquisition
of digital skills).

Increased efficiency (automation of processes and optimization of
organizational activities).

New professional roles (the emergence of specializations such as Al
analyst, ethics specialist, operator of intelligent systems).

3 Improved decision-making (use of large data sets and intelligent
recommendations).

Innovation and new business models (creation of products and services
based on Al).

Flexible work models (remote work, automated processes, hybrid teams).
Improved public services (intelligent systems in healthcare, education
and administration).

Key
opportunities

Figure 2. Challenges and opportunities for business and society
Source; Summary, systematized and adapted from: Dwivedi (2023), Shanmugam (2022),
Zhang (2021), Kaiser (2023), WEF (2023), Abbasi (2026), Brynjolfsson & McAfee (2017).
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One of the main challenges is related to the shortage of qualified person-
nel capable of working with intelligent systems. Companies are faced with the
need for continuous retraining, as traditional professional roles are transformed
and new competence profiles emerge. Zhang et al. (2021) emphasize that Al
changes the structure of the labour market, creating new employment opportuni-
ties, but at the same time increasing the risk of digital inequality between differ-
ent groups of employees. This requires targeted training policies that ensure
equal access to digital resources and the development of the skills of the future.

The use of Al is associated with overcoming a number of ethical and legal
challenges in decision-making and raises questions about the transparency of
algorithms, the protection of personal data and the prevention of algorithmic bi-
as. Susskind and Susskind (2020) note that companies need to develop ethical
frameworks and control mechanisms to ensure the responsible use of intelligent
technologies, as well as to continuously conduct various trainings for employees
in the field of digital ethics and implement internal policies for the management
of Al systems. At the same time, Al provides significant opportunities for busi-
ness and society. Intelligent systems support the automation of routine activities
and networking, allowing employees to focus on tasks with high added value
(such as strategic planning, innovation and creativity). According to Shanmu-
gam et al. (2022), Al-assisted learning platforms facilitate the acquisition of
complex digital skills and improve the quality of corporate learning. This creates
the conditions for more flexible and adaptive work models that increase produc-
tivity and competitiveness.

At the macro level, Al has the potential to drive economic growth by im-
proving efficiency, optimizing processes, and creating new business models. The
World Economic Forum (2023) emphasizes that companies that invest in develop-
ing digital skills and integrating Al are more resilient to market changes and better
able to innovate. In the public sector, Al can improve the quality of public services,
support data management, and facilitate informed decision-making. Table 1 pro-
vides an example of the relationship between some of the most important challeng-
es and the opportunities to overcome them (See Table 1).

Al “in contemporary business environments has significantly impacted
small and medium enterprises (SMEs). Al, which mimics human intelligence
processes such as learning, reasoning, and problem-solving, is widely applied to
enhance operational efficiency, drive innovation, and provide data-driven in-
sights, thereby enabling businesses to optimize various operations” (Mohd
Rasdi, 2025a). To realize these opportunities, strategic planning is needed that
combines the use of technological innovations with the development of human
capital in the digital and network environment. In addition, companies must
build and develop a culture of continuous learning, stimulate digital literacy and
provide access to modern training resources. This includes integrating Al into
training programs, creating corporate academies and partnerships between busi-
nesses and educational institutions.
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Table 1. Al Challenges — Opportunities Matrix

Insufficient digital literacy

Digital inequality

Algorithmic bias and ethical risks

Insufficient regulation
Organizational resistance to
change

Rapid skills obsolescence

Shortage of qualified personnel

Employment risks
Cybersecurity and data protection
Lack of strategic vision

Social risks and distrust

Data quality issues

Uneven implementation across
sectors

Lack of integration between sys-
tems

Personalized learning through AI (adaptive systems
that accelerate the acquisition of digital skills).
Accessible Al tools (platforms with a low threshold
of participation that expand access to education and
services).

Ethical standards and transparency (development
of skills for ethical thinking, critical analysis and
responsible use of Al).

Creation of new professional roles (specialists in Al
ethics, regulations, audit and risk management).
Al-supported transformation (automation, optimiza-
tion and new work models).

Continuous learning (Al systems for dynamic re-
newal of competencies).

Development of STEM and analytical skills (stimu-
lation of new professional profiles and data training.
)

Emergence of new professions (Al operators, ana-
lysts, system designers, model trainers).

Intelligent security systems (automated threat detec-
tion, cyberskills training).

Al-supported decision-making (data analysis, fore-
casting, strategic planning).

Increased transparency and participation (involving
citizens and employees in the implementation pro-
cesses).

Improved data management (new skills for data
processing, validation and analysis).

Sectoral innovations (accelerated development in
healthcare, education, finance, manufacturing).
Intelligent automation (connecting platforms, pro-
cess optimization, new technical skills).

Source; Summarized, systematized and adapted from: Dwivedi, et al. (2021), Dwivedi et al.
(2023), Shanmugam (2022), Zhang (2021), Kaiser (2023), WEF (2023), Abbasi (2026),

Brynjolfsson & McAfee (2017).

4. Conclusion

Al is playing a key role in the development of future skills, especially in
an environment of accelerated digitalization, where Al is changing the way
companies operate, learn and adapt. This creates the need for new digital compe-
tencies that allow employees and businesses to remain competitive in the face of
technological transformation.

The process of Al integration is characterized by its dual nature — both a
source of challenges and significant opportunities. Key challenges include the
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shortage of qualified personnel, ethical and legal issues, digital inequality and
the need for sustainable training strategies. At the same time, Al provides broad
opportunities for increasing efficiency, optimizing processes, creating new busi-
ness models and improving the quality of public services. Companies that invest
in the development of digital skills and responsible management of Al are more
adaptive, more innovative and more resilient to change.

Al is not just a technological innovation, but a strategic factor shaping the
future of education, work and social development. The successful integration of
intelligent technologies requires a balanced approach of combined development
of digital competencies, ethical responsibility and organizational vision. The op-
portunities that Al provides can only be fully realized if the challenges are ad-
dressed through targeted policies, investments in training and building a culture
of continuous learning.
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N3KYCTBEHUAT UHTEJIEKT B Cb3/IABAHETO HA HAYYHH
HYBJIUNKAIUU: MEXKIY IOATIOMAI'AHETO U
OI'PAHUYABAHETO HA KPEATUBHOCTTA

Hou. n-p Kpemena Mapunosa-Kocrosa'

Pe3tome: JJoknaovm paszeneixcoa ponsma ua cneyuanusuparnume Al uncmpymenmu
npu paspabomeanemo Ha HAYYHU NYOIUKAYUU U GIUAHUEMO UM 6bDXY KPeamueHocmma Ha
yuenume. Ananuzupam ce mexHume 8b3MONCHOCMU, O2PAHUYEHUS U PUCKO8e, Kamo ce aK-
yeHmupa 6bpxXy A8MopCmMeomo, Npo3pPAvHOCMMA, aKkaoeMuyHama omeo8opHOCm U baniamnca
MedHcoy mexHOI02UYHOMO NOONOMA2aHe U HAYYHAMAa KpeamugHOCHI.

KawuyoBu nymm: uskycmeen unmenekm (Al), nayunu nyoaruxkayuu, HayuHa Kpeamus-
HOCM, U3CAe008amencKkd OeuHoCm

JEL: A23, D83, 033

ARTIFICIAL INTELLIGENCE IN WRITING SCIENTIFIC
PUBLICATIONS: BETWEEN ENHANCING AND CONSTRAINING
CREATIVITY

Assoc. prof. Kremena Marinova-Kostova, PhD

Abstract: The report examines the role of specialized Al tools in the development of
scientific publications and their impact on researchers’ creativity. Their capabilities, limita-
tions, and risks are analyzed, with an emphasis on authorship, transparency, academic re-
sponsibility, and the balance between technological support and scientific creativity.

Key words: artificial intelligence (Al), scientific publications, scientific creativity, re-
search activity

JEL: A23, D83, 033

1. BnBeaenue

AKaJIeMUYHOTO TTMCaHE € Ba)KCH KOMITOHEHT Ha Ch3/1aBaHETO Ha HOBO Ha-
YYHO 3HaHWe. To MpeAcTaBisBa MpakTHUKa, 0OXBalaia JeHHOCTH, KOTHUTUBHU
MPOIIECH, €3UKOBH TIPaBWjIa U KOMYHHUKAITMOHHU HOPMH C II€JT CTPYKTYPHUPAHO
u3pa3siBaHe Ha UJCH U apTyMEHTH, OCHOBAaHU HA JIAHHM W JIOTUYECKU Pa3ChK/a-
HUS, KaKTO ¥ TIPEACTaBsHE HAa HAy4YHH MPUHOCH W cuHTe3 Ha 3HaHus (Raitskaya
& Tikhonova, 2024). [Ipe3 nocieqnuTe TOAUMHA CH3JaBAHETO HA HAYYHU IyO-
JMKAIMKA TIPeMHUHABA TPEe3 ChIECTBEHA TpaHc(opMmalys B pe3ysiTaT OT HaBIIU-
3aHETO HAa TCHEPATHBHM WHCTPYMEHTH 3a M3KYCTBEH WHTENCKT. 1ol Bce ITo-
aKTUBHO C€ M3IT0JI3Ba B MPOIIECUTE HA TeHEepUpPAHE Ha UJCH, CTPYKTYPUpPAHE H
penaKkTHpaHe Ha HAyYHU TEKCTOBE, KOETO CHIIECTBEHO IIPOMEHS POJISATA HAa M3C-
JieoBaTelNs B Mpolieca Ha Ch3/1aBaHe Ha 3HAHUE.

!'k.marinova@uni-svishtov.bg, Ctonancka akagemus ,,J{. A. Ilenos*, rp. Ceumos
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B cbBpeMeHHHS KOHTEKCT Ha HAy9HOTO MyOJMKYyBaHE M3KYCTBEHUAT WH-
TEJIEKT BCE IMO-5ICHO C€ MPOSIBSBA B CBOSITA IBOWCTBEHA POJISI — OT €IHA CTpaHa
KaTo WHCTPYMEHT 3a TOBHINaBaHE Ha €()EKTUBHOCTTA, KAYECTBOTO U TPOIYK-
TUBHOCTTA MPHU CH3/1aBAaHETO HA HAYYHU TEKCTOBE, a OT JApyra cTpaHa kKaro (ax-
TOpP, KOMTO MOCTaBsI BBIIPOCH, CBBP3aHU C OPUTUHAIHOCT, aBTOPCTBO U aBTEH-
TUYHOCT Ha Hay4dHOTo chabpkanHue (Carobene, Padoan, Cabitza, Banfi, &
Plebani, 2023). [1apanenHo ¢ ToBa € HEOOXOUMO J1a € 3ara3u 0aJaHCHT MEXTY
TEXHOJIOTHYHHATE BB3MOKHOCTH Ha Al M cmocoOHOCTTAa Ha H3CiIea0oBaTeNls 1a
reHeprupa OPUTHHAIIHN UJICH, pa3paboTBa apryMEeHTH U TPECTaBsS HOBU TJICTHH
TOYKU KbM JaZieH (peHOMEH WM MpoOJieM, T.e. HeroBaTa KpeaTUBHOCT (Sinaga,
Nasution, & Albina, 2025).

2. FEHepaTI/IBeH H3KYCTBCH HHTECJICKT B KOHTCKCTA HA aKAJICMUYIHOTO
MMuCaHe

['eHepaTUBHUAT U3KYCTBEH MHTEJEKT LIEJIM Ch3/1aBaHETO HA HOBO ChIbP-
XKaHHUe, B T.4. TEKCT, M300paKeHUsI WJIM MYy3UKa, Ype3 U3BIUYAHE U YCBOSIBAHE
Ha MOJIENM OT BedYe CHINECTBYBAIIM JaHHU. B paMkuTe Ha TO3M KJIac TEXHOJO-
T OTPOMHO BIIMSIHUE BBPXY CH3JaBAHETO Ha HAy4YHU Pa3paOOTKH, UMAT roie-
mute e3ukoBu mojenu (Large language models — LLMs), kouto npeacraBisiBaT
MOIIHA CHUCTEMH 3a T'e€HepHUpaHe Ha TEKCT, 00y4eHH BBPXY OTPOMHHU MacCHUBHU
JTAHHU, KOUTO MOraT Jja pearupar Ha 3asBKH (IPOMIITOBE) HAa €CTECTBEH €3HK.
Tsxnara (yHKIIMOHATHOCT IO3BOJISIBA T€HEpPHUpAaHE HA HJEU, OOSICHEHHWE Ha
CJIOKHU KOHLEMIMU U CTPYKTypHpaHE Ha HAyYHU TEKCTOBE, KOETO TW MPaBU
noJie3eH MHCTpyMeHT 3a uscnenoBarenute (McClain & Barton, 2025).

Pa3srpannuaBar ce 1Ba OCHOBHU THUIIA MHCTPYMEHTHU: OOIIM r'eHEepaTUBHU
MOJIeJIM Ha U3KYCTBEH MHTEJICKT U crienuanu3upanu Al cucteMu 3a Hay4yHU H3-
CJIEJIBAHUS U aKaJEMUYHO IHCaHe.

OO0murte renepaTuBau Al Mogeam mojanomaratr CTpyKTYpUPaHETO, pe-
JaKLusTa, IpeBojia, nepudpasupaHero, 000OIMIEHUETO U CUHTE3a HAa HAYYHUTE
nyoiukanuu. Hali-nonynsapuure ca:

e ChatGPT na OpenAP? — enun OT Hal-U3BECTHUTE M HIMPOKO
U3IOJI3BaHM TOJIEMHU €3MKOBU MOJICNIA KaKTO B aKaJeMUYHa, Taka U B mpodecuo-
HaiHa cpefa. OTianyaBa ce ChC CIOCOOHOCTTA CH J]a TeHepupa OTrOBOPH, OJIM3-
KU J0 YOBELIKaTa ped, Ja MOANoMara pa3jivyHu Hay4YHH 3a]la4M, BKIIOUYUTEITHO
o0o011aBaHe Ha CTaTHUHM, MpeajaraHe Ha alTepHATUBHU (GOPMYIHUPOBKU U MOJI-
nomarase npu ¢GopMylipaHe Ha U3CIEA0BATEICKH BBIIPOCH.

o Claude’ na Anthropic — €3UKOB MOJI€N, C Bb3MOXHOCTH Jla BOJAU MPO-
JTBIDKATETTHU TUAJI03U U J1a TeHepUpa pa3inviyHu BUJOBE aKaJeMUYHO ChIbpiKa-

2 https://www.chatgpt.com
3 https://claude.ai
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HUE — OT CTPYKTYpUpaHU pE3IOMETa 0 MO-KPEATHBHU WHTEPIPETALMH, KaTo
CBIIEBPEMEHHO NOAIBPKA CTHII, KOMTO CE€ XapaKTepu3upa C IMpeana3iuBOCT,
SICHOTA U PEJIEBAHTHOCT.

e Gemini’ na Google, npencrapisgBa HOBO IOKOJIEHHE MYJITHMOJAIHU
rojiemu e3ukoBu mojienu (LLMs). Toii moxke 1a oOpaboTBa U reHepupa He caMo
TEKCT, HO M U300paKeHus1, ayIu0 U BUJECO ChIbpPKaHUE.

B nombinHeHue KbM OOIIMTE T€HEPATUBHU MOJEIIH, 3HAYMMa PoJis 3aeMat
U creluaJu3MpaHuTe MHCTPYMEHTH, HACOUYEHU KbM MOANOMAaraHe Ha Haydy-
HOM3CJIEA0BATENICKUS TPOLIEC, MPEAOCTaBINKU (PYHKIIMOHAIHOCTU KaTo: JIUTe-
paTypHu 0030pH, CHHTE3 U aHanu3. Hali-nomynspaUTE Cpes TX ca:

o Consensus® na NVIDIA NIM — Al uHCTPyMEHT 3a ThPCEHE U MPETJIEN
Ha Hay4yHa JUTEpaTypa, KOWTO € IMpeHa3HAuYeH Ja YCKOPSIBA U3CJIEI0BATEICKHUS
IpoleC U J1a yJIeCHsIBAa OTKPUBAHETO HA pesieBaHTHA MHpopManus. Toit anamu-
3Upa MUJIMOHU HAy4YHU MyOJIMKAIUK, 32 ]a OTKPUE T€3U, KOUTO ChbOTBETCTBAT Ha
3a/1aJieHaTa 3asBKa, KaTo TM OpraHU3upa CIope] TOBA Jali MOJIKPENAT UIU OcC-
NopBaT J1aJicHa Te3a WU apryMeHT.

e ResearchRabbit® e uHOBaTHBEH OHJIAWH MHCTPYMEHT 3a KapTorpadu-
paHe Ha Hay4YHa JMTepaTypa, 6asupad Ha nutatd. Toi MMa 3a 1e 1a ONTUMHU-
3Upa BPEMETO, HEOOXOAUMO 3a ThPCEHE Ha M3TOYHHIIM MPHU MHCAHE HAa HAYyYHU
nyOnukamuu. [loTpeOutensaT 3amouBa ¢ €IWH WM HSAKOJIKO OCHOBHU HAy4YyHU
M3TOYHHUKA, CIIe/l KOETO CUCTeMaTa OTKpUBa JPYIrH MyOJIMKallK, CBbP3aHu C Te-
Mara, omnpeseneHa oT n3opanute Hadaau u3tounuim (James Cook Universisty,
2021).

e Elicit’ e Al MHCTPYMEHT 3a HAYYHU M3CJIEABAHNS, KOWTO CE OTIMYABa C
nojaxo/, 6a3upaH Ha CEMAHTUYHO ThPCEHE, pa30oMpaIl0 CMHUCHIA HA U3CIIEI0Ba-
TeJCKUs BbIpoc. Toil aBTOMaTu3Mpa KIOYOBU €Talu OT Mpoleca Ha JTUTEpaTy-
pEeH mperien, BKIIOUUTETHO (POopMyliMpaHe Ha W3CIEO0BATEICKUA BBIPOCH, OT-
KPUBAHE M aHAJIN3 Ha HAYYHU W3TOYHULM, U3BIMYAHE HA CTPYKTYPUPAHU TAHHH
U TeHepupaHe Ha M3CIIeI0BAaTEICKH 0000IIEeHNUs ¢ MPOCIECIUMH IUTAaTH Ha HUBO
uspeuenue (Skywork, 2025).

e Julius® e nnarpopma 3a aHanmM3 Ha JaHHH, KOATO II03BOJIABA 0OpabOTKa
Ha ¢ainoBe kato Excel, CSV, PDF u Google Sheets 6e3 HE0OX0AMMOCT OT
IpPOrpaMUCTKA yMeHus. Tsl gaBa Bb3MOXKHOCT Ha MOTPEOUTENUTE Ja 3a1aBaT
BBIIPOCH KbM CBOUTE JJAHHU HA €CTECTBEH €3MK U JIa MOIy4YaBaT BU3yaIM3UPAHU
pe3yATaTv 3a CEeKyHIH, KaTo MO TO3W HAYMH aBTOMATHU3MpPA TEXHUYECKUTE ac-
NEKTH Ha aHajiu3a U yJiecHsBa MHTepnperanuara Ha ganaute (Tuychiev, 2025).

4 https://gemini.google.com

3 https://consensus.app/

® https://www.researchrabbit.ai/
7 https://elicit.com/

8 https://julius.ai/
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o Perplexity’ - Al mnargopma 3a ThpCEHEe M aHAIM3 Ha MHPOPMALHMS, KO-
ATO U3M0JI3Ba 00pabOTKa Ha €CTECTBEH €3WK M MAIIMHHO OO0y4yeHHe, 3a Ja HH-
TEpIIpEeTUpa NOTPEOUTEIICKUTE BHIPOCH U Ja MPe0oCcTaBs 0000IIEeHN OTTOBOPH,
0a3upaHM Ha aKTyaJlHM OHJIAH M3TOUYHMIM. OTIMYUTENTHA HEHWHAa XapaKTepH-
CTHKa € MHTETPUPAHETO Ha peaHO BpeMe ThpPCEHE U LIUTUpPaHE HA M3TOYHUIIM,
KOETO T03BOJIsIBA HAa MOTPeOUTENUTE J1a MpoBepsBaT MHPOpMaLusATa U Ja Mpo-
ciensiBaT MbPBUYHUTE HAy4YHU U OHNaiH pecypeu (Coursera Staff, 2026).

3. Bb3MOKHOCTH U I'PAaHMIH HA U3II0JA3BAHETO HA H3KYCTBCHHUSA
HHTCJICKT B HAYIHHTE nyﬁnm«am/m

['eHepaTUBHUAT U3KYCTBEH MHTENEKT U crienuanuzupanute Al miatdop-
MU MOTaT Jla Ce M3MOJ3BaT BbB BCEKHU €Tal Ha pa3paO0OTBAHETO Ha Hay4yHa MyO-
JIMKAIUs — OT TeHEPUPAHETO Ha ujes, mpe3 0hOpMIHETO Ha CTPYKTypaTa v Mo/I-
O0opa Ha MOJXOMSIIM JIUTEPATYpPHU H3TOUHMIIM, 0 H3TJIAKIAHETO Ha €3HKa,
nmpaBornuca U ctuia. Bbpopeku ye Bce ole HsIMa 3aKOHOBO perjaMEeHTUpPaHU
TrpaHuIl Ha u3noj3BaHe Ha Al B Hay4YHM TEKCTOBE, TOJisiMa 4acT OT U3aTesCT-
Bata u pedepupanute 6a3u OT JaHHU HaJarat HIKOW paMKH 3a JOMyCTUMOCT. B
TO3U CMHUCHJ M3KYCTBEHHMSIT MHTEJEKT MOKe J1a ce M3M0J3Ba OT aBTOPUTE B
cinegnute HampasieHust (Jin-Hong, 2025), (Van Quaquebeke, Tonidandel, &
Banks, 2025), (Hutson, 2025), (Elsevier, 2026):

e I'enepupane na udeu u naanupane Ha uzciedganemo — Al Moxe na
C€ W3MOJI3Ba B PAHHUTE €TalM Ha HAy4YHHs MPOLIEC 3a FEHEPUpPAHE Ha HUJEH,
dbopMmynrpaHe Ha XUTIOTE3U U CTPYKTYPHUPAHE HA U3CIICIOBATEIICKU UCH.

o Uoenmugurkayus na npoodremu u nomenuyuainu usciedeanus — Al
MOXKeE JIa CIIY>KH 3a OTKPUBAHE HA U3CJIEOBATEIICKHU MTPA3HUHU, IPOTUBOPEUUS U
HEU3CJIeABAHU HAYYHU 00JIacTH.

o [Ipezneo na nayuna numepamypa u UuHGOPMAYUOHHO MBPCEHE — JI0-
nyctumo € Al uHCTpyMeHTUTE /1a ce TOoJI3BaT 32 0030p Ha Hay4Ha JIMTEpaTypa B
neduHupanaTta objacT ype3 000011aBaHe, CEMAaHTUYHO ThPCEHE U OTKpUBaHE Ha
BPB3KH MEX]y U3CIEABAHUATA.

o /luzaitn u memooonozusn na uzcieosanemo — Al Moxxe na moarmomara
pa3pabOTBaHETO HA M3CJICIOBATEIICKUA TU3AMHY, MPOTOKOIN U METOAM, KAaKTO U
CUMYJIaIHsI Ha JTAHHU.

® Ananu3z Ha 0anHu Ype3 aBTOMATU3UPAHU MOJIENIN, BU3YyAIU3allUU U OT-
KpUBaHE HAa 3aKOHOMEPHOCTU 0€3 He0OXOAUMOCT OT MPOTrpaMUpaHe.

o Cmpykmypupane na nayuen mexcm — Al THCTpyMEHTUTE MOrarT Jia ce
U3MOJ3BAT 32 M3rPaKJaHE Ha CTPYKTypaTa Ha HaydyHaTa MyOIuKalus, TeHepu-
paHe Ha IUIaHOBE, MOJIPEXKAaHE HA apI'YMEHTUTE U Ch3/1aBaHE HA YEPHOBHU.

? https://www.perplexity.ai/
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e Iloooopsaeane na esuxa, cmuna u yemumocmma — nonyctumo e Al ga
CE M3M0JI3Ba 3a IPABONMCHA, [PAMAaTHYECKa U MYHKTYallHOHHA PEJAKIMs, KAKTO
U 3a npepopMyIHpaHe Ha HAYYHUTE TEKCTOBE C LIl MOCTUTAaHE Ha MO-ToJisiMa
SCHOTA.

[Ipu cb3naBaHeTO Ha HayyHU NyOJUKAIMKM M3CieloBaTenuTe TpsiOBa na
CbOJII0/1aBaT M HAKOU SICHO OYEPTAHW rPaHMIM. Te OCHOBHO MPOU3TUYAT OT He-
00X0JIMMOCTTA 32 TapaHTUpaHe Ha aKaJleMUYHATa MOYTEHOCT, IPO3PAYHOCTTA U
aBTOpPOBATa OTTOBOPHOCT KBbM CB3/AJICHOTO OT HEro HAy4YHO ChIbp)KaHHE
(Elsevier, 2026), (Jin-Hong, 2025), (Van Quaquebeke, Tonidandel, & Banks,
2025). He e nomyctumo:

o [IpencraBsne Ha renepupanu oT Al uaen nmm TekCT Kato COOCTBEH aB-
TOPCKY IIPUHOC.

e ['enepupane u moauduLHpaHe Ha U300paKEHUs, KAKTO U T00aBSIHETO
WJIU TIPEMAxXBAHETO HA €JIEMEHTH OT TSX.

e (Cpb31aBaHe HAa aOCTPAKTHU TpadUKH.

e lI3muciisiHe ,,XanOLUMHUPAHE™ HA HECHIIECTBYBAIM W3TOYHULU U LH-
TaTH.

e HayuHa mperieHka ¥ MHTEpIpETAIs Ha TOJydEeHUTE pe3yaTatu oT Al
maTgopma.

e I3non3Bane Ha Al kaTo ChaBTOpP, HUTO LUTHUPAHETO MY KaTO aBTOP.
ABTOpCTBOTO Mperonara npaBa, OTTOBOPHOCTH U 3abJKEHUS, KOUTO MOTaT Ja
ObJIaT MOETH U U3MBJIHABAHU €AMHCTBEHO OT XOpa.

4. PuckoBe npu U3no0J3BaHeT0 Ha Al B HAyYHH MyOJIMKAIIAA

Cb3naBaHeTO Ha HAYYHU MyOJIMKAIMU CaMo 10 ce0e CU € TBOPUYECKH MPO-
11eC, YMUTO JBUraTesl € TBOPUECKOTO BIBXHOBEHUE, KPEATUBHOCTTAa U BHOOpa-
KEHUETO Ha aBTopa. Makap u B Ipyr KOHTEKCT, HAYYHUSIT PAaOOTHUK MO ChIIEC-
TBO € U MUCATENl, TBOPEIL], & HETOBUAT KOTHUTUBEH MOTEHIIUAI € OT ChILECTBEHO
3HAYEHUE 3a CHABPKAHUETO HAa HAMUCAHOTO. M3MOJI3BaHETO HA M3KYCTBEHMS
HWHTEJIEKT MOXE JI0 TOJIsIMa CTETICH J1a O0JICKYH HAKOW JOCATHU U PYTHHHU JeH-
HOCTH, HO TIPEKOMEPHATA My yIoTpeba Kpue peauiia puckoBe, Haii-Beue 1Mo OT-
HolmeHue Ha kpeatuBHocTTa (Jin-Hong, 2025), (Van Quaquebeke, Tonidandel,
& Banks, 2025), (Hutson, 2025):

e Cu3ganeHoTo oT Al chbpKaHUE YECTO € CXO00HO U ce 2ydu opucuna-
nHocmma my. HamansiBa ce aBTopckaTa aBTOHOMHOCT M C€ CTaHAapTU3Upa HAyY-
HUSIT CTHII.

o Jloeévpxnocmna unmepnpemayus Ha reaepupanure ot Al u3roununu
0e3 KpUTHUYEH TIOTJIe]] BEPXY TAXHOTO ChIbpKAHUE.

e Cnabo pazdupane nHa u3cied008amesicCKus KOHMEKCH, TIPEKOMEPHO
JIOBEpHE B pe3yTaTUTE U OTCIabBaHEe HA KPUTHUYHATA MHTEPIPETALIMSL.
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e 3azyboa na nayunama KpeamueHOCH B W3CIIEIOBATEICKUSA MPOLEC U
dbopmupane Ha 3aBUCUMOCT OT Al MHCTpyMeHTH.

5. 3akiarouenue

Cp3aBaHeTO HAa HAy4YHHM IMyOJIMKAllMM HE OCTaBa HE3aCerHaTo OT Bb3-
MO>KHOCTUTE, KOUTO MPENOCTaBs U3KyCTBEHUAT UHTENEKT. Heroporo m3nosn3Ba-
HE MOBHINABa €(EKTUBHOCTTA HA W3CJIEIOBATEICKUS MPOLIEC, YJIECHsABAa U3TOT-
BSHETO Ha JIMTEpaTypHU 0030pH, MOJIIOMara aHajan3a Ha JJaHHU U JIOTIPUHACS 3a
YCBhBBPUIEHCTBAHETO HAa Hay4yHUs TekcT. Hapen ¢ te3u mpeaumcta Al mocrtaBs
Y HOBM NIPEAU3BUKATEIICTBA, CBBP3aHU C aKaJEMHUYHATA NTOYTEHOCT, aBTOPCTBO-
TO, IJIarMaTCTBOTO, ChbXPAHSABAHETO HA HAaydyHATa KPEATUBHOCT U Ch3JABAHETO
Ha OPUTMHAIIHU HAay4YHU NPUHOCH. Ilopaau ToBa HETOBOTO MPUIIOKEHUE CIIE/IBA
na ObJie ChOOpPa3eHO C €TUYHUTE MPUHIIMIKA U YTBHPACHUTE W3UCKBAHUS HA Ha-
YYHUTE U3IATEJICTBA.

He3aBucumo OT MIEMETHOTO CU Pa3BUTHUE, TEHEPATUBHUAT U3KYCTBEH WH-
TEJICKT HE MOJXKE J]a 3aMEHU YOBEIIKaTa Hay4yHa MUCHJ, KPUTUYHATA MIPELICHKA U
KPEaTUBHOCTTA, KOUTO CTOAT B OCHOBATa HAa BCSIKO HAYYHO OTKpUTHE. bbaeniero
Ha Ch3J]aBAHETO HA HAYYHU MyOJMKALMHU € CBBbP3aHO C MOCTUTAaHETO Ha OanaHc
MEXKy TEXHOJOTHYHOTO IMOAIIOMAaraHe Ha HM3CJIEHOBATEICKUS MPOLEC U 3aras-
BAHETO HA CaMOCTOATEIHATA HAYYHA MUCHII, HHTEPIPETALMATA U OTTOBOPHOCTTA
Ha U3CJIeI0BATEN.
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IMPEAN3BUKATEJICTBA HA U3I1IOJI3BAHETO HA TEHEPATUBHU
CUCTEMMU C UBKYCTBEH UHTEJIEKT B ObPA3OBAHUETO

Houent 1-p Haramust Mapunosa'

Pe3tome: Obpazosamennusm npoyec egonoupa om NACUBHO YCBOSIBAHe HA UHGOpMa-
Yusi KbM MOOe Ha cnodeneHo cv3oasane Ha sHanus. [Ipoyecume na nogcemecmua Oueumanu-
3ayus U MAco8o U3NON36AHE HA 2eHePAMUSHU NPULodceHus ¢ uskycmeen unmenekm (GenAl)
noOpoouxa HeobXooUMoCm om pazgumue Ha nPenooasameicKu yMeHus 3a degepenyupane Ha
MoMeHmume, 8 KOUMO OUSUMAIHUMe UHCMPYMEHMU NOONoMazam yienemo (ypez oopamua
8Pb3KA U NpuMepu), om mesu, 8 KOUMo MexHOI02uUme 3acmpauasam usepaircoanemo Ha
CamMoOCmosmenna 102uKa, apeymMeHmayus U KpUmuyHo muciere y ooyyaemume. Hacmoswusam
00KIa0 uUMa 3a yen 0a uzciedda nPeou3sUKameIcmeama npeod cv8pemMeHHume oopazosamen-
HU cucmemu, nopooeHu om npunodcenuemo na GenAl, da ouepmae neobxooumocmma om
npeoegpunupane Ha QYHKYuume HA Cb8PEMEHHUs o0yyumen u 0a CUCMeMamu3upa 600euu
UHUYUAMUBU 30 pe2yTUpane U3NON36aHemo Ha UHCMPYMEHMU C U3KYCMEeH UHMeNeKm 6 00pa-
3068amenHume UHCMUMyyuu.

Karwuosu nymm: GenAl npunosicenus, obpazosamennu cucmemu

JEL: C45, C88, L86

CHALLENGES OF USING GENERATIVE ARTIFICIAL
INTELLIGENCE SYSTEMS IN THE EDUCATION

Assoc. Prof. Natalia Marinova, PhD

Abstract: The educational process has evolved from passively absorbing information
to a model of shared knowledge creation. The widespread digitization and massive use of
generative artificial intelligence applications (GenAl) have created a need to develop teach-
ing skills to differentiate moments when digital tools support learning (through feedback and
examples) from those when technologies threaten the development of independent logic, ar-
gumentation, and critical thinking in learners. This paper aims to explore the challenges
faced by modern educational systems due to the use of GenAl, outline the need to redefine the
role of today's educators, and summarize leading initiatives for regulating the use of tools
with artificial intelligence in educational institutions.

Key words: GenAl Applications, Education Systems

JEL: C45, C88, L86

1. BbBenenue

[Ipe3 nocneqHuTe TpH ACCETHIICTHSI COQTYEPHHUTE MPOIYKTH 3a OOSCHS-
BaHE Ha TPYJIHHU YPOIW, MPOBEPKA HA PEUICHHMS, Ch3/1aBaHE HA MPOCKTHH HIICH,
0000111aBaHe HA TEKCT, €3MKOB MPEBOJI M TIOJrOTOBKA Ha MPE3CHTAIIMH CBOJIFOH-
paxa (Shepherd, 2026, p. 18) or mo-ctporu, JOMeHH-CEUPUIHU CUCTEMHU
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(xkommioTepHO ToOANoMaraHo obOydenue (Computer-Aided Instruction, CAIl) u
uHTeurenTHn oOyuutenHu cuctemu (Intelligent Tutoring Systems, ITS) mo
I'bBKAaBU JHAJIOTOBH Mojenu (roidemu e3ukoBu Mojaenu (Large Language
Models, LLMs) u xontekcryanno yudene (In-Context Learning, ICL). CwBpe-
MEHHUTE TEHEPATUBHH pelIeHus1 ¢ M3KycTBeH mHTeneKT (Generative Artificial
Intelligence, GenAl) ca npoekTupaHu Aa MojarnoMaraT WHIUBUAYATIHOTO oOyde-
HuUe (4pe3 BbBEXKIaHEe HA 00ydaeMUTE B aIallTUBEH TUAJIOT, 33/1aBaHe Ha 3a]IbJI-
OovaBamy BBIPOCH, JABaHE Ha IMOJACKA3KH U TMEPCOHATM3UPAHU OOSICHEHHS
criopel KOHTEKCTYATHUTE pPEaklMyd Ha ydYamlus) W Ja MOIIbpKAT ChbBMECTHO
Ch37aBaHe Ha Y4eOHO ChIbpKaHUE (Upe3 reHeprupaHe Ha MPAKTUYECKU 3aJaHusl,
CUMYJIAIUH WU MYJITHMOJIATTHA TTPESKUBSIBAHHS ).

VYyammre OoT BCHYKA 00pa30BaTENIHA CTENEHW BEUe aKTUBHO HW3MOJ3BAT
T€HEPATUBHU CUCTEMH C M3KYCTBEH MHTEJIEKT, JOKATO OOYYUTEITHUTE WHCTUTY-
IIMU BCE OIIIE Ch3aBaT MPABUIIA, METOAOJOTUYHN U TEXHOJOTUYHHU PAMKHU U Tie-
JAarOTUYECKH TIOJIXO/H 32 ITBJTHOIIEHHO W PAaBHOMEPHO aJanTupaHe KbM HOBAaTa
oOpasoBarenHa peaTHOCT. 3a Jja ce TapaHTHUpa, Y€ BHEAPSIBAHETO HA TaKUBa pe-
IIeHUS TToA00psBa yueHeTo 0e3 J1a IOAKOIaBa CIIOCOOHOCTHTE 3a KPUTHYIHA YO-
BEIIKa TIpEIieHKa, TpsiOBa 1@ ce Ch3MaBaT HANCKIHH, €TUYHU M YOBEKO-
HEHTPUYIHN 00pa30BaTEIHN CHCTEMHU C W3KYCTBEH MHTEJEKT, BKJIIOYBAIIN XOpa
¥ TEXHOJIOTHH C SICHO YCTaHOBEHU OTTOBOPHOCTH, TPAHMIIA HA BB3IACHCTBUE U
CTETICH Ha KOHTPOJL.

2. Ilpenu3BuKAaTEICTBATA HA TeHEPATUBHUTE CHCTEMH C M3KYCTBEH
HHTEJIEKT Mpea 00pa30BaTeJTHUTE CUCTEMH

[TpunaraneTo Ha TeHEPATUBHHM CUCTEMHU C U3KYCTBEH MHTEIIEKT B 00pa3o-
BaTeJIHUS MPOIIEC HE € MPOCTO MOPeaHaTa HH(POPMALIMOHHA HHOBAIIMS, a XOJIUC-
TUYHA MapaJrrMa, 3acsraiia yrnpaBjicHUETO Ha 00pa30BaTEeIHUTE WHCTUTYIUH,
METOJMTE Ha MPEIOIaBaHe U OLCHSBAHE, POJIsATa HA POAUTEIINTE M YMEHHITA 3a
camoperynanus Ha obOydaemute. OOpaszoBarenaute GenAl npuIoKeHUsT u33e-
MaT BCE MOBEYE MEeAarornyeckd (pyHKIHMHA M POJIH, Pa3BHUBAHKH C€ OT MHCTPY-
MEHTH, TIpe3 MapTHHOPH J0 HACTABHHUIIM, KOETO MOCTaBs BaXXHU BBIIPOCH 3a J0-
BEPHUETO, IIPO3PAYHOCTTa U ABTOHOMUATA. BhIpeku e()eKTUBHUTE MM BBH3MOXK-
HOCTH 3a HOJAPHKKA Ha NMEPCOHAIU3UPAHO 00yUYECHHE, MCTAKOTHUTHBHO Pa3BU-
THE W aJalTHBHA MOJKpEIa, JUIcaTa Ha JOCTaThYHO BHEAPCHH IMEAarornuecKu
METOJM M MOAXOAH B TAX MOXE JOBEIC 0 MOBHPXHOCTHO YYCHE M IMACHBHO
B3auMojericteue (Shen, 2026, p. 7).

['eHepaTHBHHUTE CUCTEMHU C M3KYCTBEH MHTEIIEKT Beue CE J0Kazaxa Karo
TIOJIE3HM B U3YYaBAHETO HA €3MIHU° U JIMTEPATYPHH NPOU3BEICHUS, MATEMATH-

2 V4eHeTO Ha €3UIM HApHMEpP YPE3 PasrOBOPHH areHTH W BUPTYaIHU NPENOAaBaTeNy 1aBa
BB3MOXHOCT 32 y4acTHe B JUAJIOT, MOJTy4aBaHE HA MOMEHTAJIHH OTTOBOPH, HMUTHPAaHE Ha pEallHd
B3aWMOJICHCTBYS, YIPaXKHABaHE HA TOBOPCHE U CIyIIaHE B KOHTPOJHMpaHA cpelia, KOeTo € 0coOeHO
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YECKU U MPUPOJIHUA HAYKHU, UCTOPHS U TPAKIAHCKO 00pa3oBaHe, M3KyCTBA U JIp.
Kato akrop, mpomMeHsI Jorukata Ha ydeOHHs Mmpoliec obade, Te ca HOCUTEIH
Ha crienu()UYHN ¥ HOBU MPEIU3BUKATEICTBA KbM 00pa30BaTEITHUTE CUCTEMH,
a IMEHHO:

1) Ilpomana na porsma Ha oOyuumenume om OCHOGHU UZMOUHUYU HA 3HA-
HUsL KbM M0OOepamopu Ha npoyecu, 8 KOUmo aKmugHo yYacmeam cucme-
MU ¢ uskycmeer unmenexkm. Jluncara Ha MOArOTOBKA 3a U3IIBIHEHUETO HA
Ta3W HOBa MEeJaroruyecka poJis, Ha BpeMe 3a aJanTHpaHe Ha Yy4eOHOTO
ChABP)KAHUE W HAa METOAMYECKH Mozenu 3a padota ¢ GenAl cucremu
KpHE€ PUCKOBE OT aBTOMATHUYHO F€HEpUpAHE HA ChIbpKaHHe O0e3 pa3BUBa-
HE Ha KPUTUYHO MUCJICHE Y 00ydaeMuTe;

2) Ilosuwasane HU6OMO HA OUSUMATHA KOMNEMEeHmMHOCM Ha o0yyumenume.
Puckosere ot hopmMasHOTO OlleHSBaHE 3HAHUATA HA 0oOydaemute 6€3 OT-
YUTAaHE HA TPOIECUTE HAa YHHWKAJTHO TBOPUYECKO MHCIEHE MOraT J1a ce
MIPEOJIONIEAT Ype3 KBATU(PUKAIIMOHHU OO0y4YeHHs, Ch3/1aBaHE HA MUHCTUTY-
IMOHAJIHU paMKH 3a padoTa ¢ GenAl cucreMu 1 BbBeXKaHe HA SICHU Ipa-
BUJIA 32 TPOIECUTE M CUTYAIMUTE B KOUTO TAaKMBa PEIICHUS MOJAIMOMaraT
YYEHETO, a HE MPOCTO T'O MOMEHSIT;

3) Bweeowcoare Ha HOBA AOMUHUCMPAMUBHA POJs 34 ,,NPEBOO ** HaA MEXHOJI0-
euume Ha neoazo2udecku e3ux. 3a Ja CMEKYaT OMacHOCTTa OT XaOTHYHO,
HEIOCJeI0BAaTEIHO, 0€3 €TUYHU M KaueCTBEHH CTaHIapTH BHEIPsIBaHE Ha
CHUCTEMHU C M3KYCTBEH MHTEJIEKT 00pa30BaTEJIHUTE UHCTUTYIIMU MOTar jJa
MOMUCIIAT 32 Ha3HAaYaBaHE Ha CIICIHUAM3WPAH YYUTEN , JUTHTAJICH JIU-
nep* (Anexcanapos, 2026);

4) Ilpemunasane KoM HOBU HAYUHU HA OYEHABAHE HA 3HAHUAMA HA 00yYaeMu-
me. Bw3moxxknoctute Ha GenAl cuctemure 3a OBP30 U JIECHO Ch3/IaBaHE HA
yueOHM Pa3pabOTKH M OTTOBOP HAa MHUCMEHM 33J[a4ud CE€ W3IOJI3BAT TOBCE-
MECTHO®> B 0OPa30BaTEHUTE UHCTUTYLIMU OT BCUUKM CTENEHH U (OpMM HA
oOyuenwue. Jlumcara Ha HHCTPYMEHTH 3a OIECHSIBAaHE HA OOYYMTEIHUS TPO-
IIEC, a He caMO Ha pe3yiraTa OT HEro, U Ha TEeJIarorMuecKy KaraluTeT 3a
VHIUBUyaTM3UPAHN M3MUTBAHUS TPUHYK/IaBa OOYUYHUTEIHUTE J1a MPOBEPSs-
BaT 3aJ]aHUsITa Ha 00y4aeMUTE Ype3 ChIIUTE UM aHAJIIOTUYHUA TeHEPAaTUBHU
pemieHusi. To3u prck MoXe Aa ce MUHMMU3UPA Ype3 BpbIIAHE KbM YCTHUTE
dbopMu Ha M3MUTBAHE, APTYMEHTHPAHE U Ka3yCHO 3alllUTABAHE;

MOJIE3HO 32 y4allld C OTPaHMYECH JOCTBII 10 HOCHTENU Ha €3MKA WIIM W3MUTBALIM MPUTECHEHUE NPH
nuaHa komyHukaiusa (Ruxshona & Holikova, 2026).

3 Cniopest MbPBOTO HAIIMOHAIIHO M3CJIEBAHE 3a TOTOBHOCTTA HAa OBJITAPCKUTE YUMIIHINA JId MH-
TErpupar TEXHOJOIMU C M3KYCTBEH MHTENEKT 94,7% OT OBJIrapcKuTe YYCHUIM M3IOJI3BAaT TaKWBa 32
yueOHHU 1IeTH, KaTo MOYTH MOJOBUHATA pabOTAT C HEro €KeIHEBHO MM HAKOJIKO ITBTH CEAMUYHO, a
56% ca ce Hay4nIH J1a TO M3MOJI3BAT CaMU, a He cief cnenuanu3upano ooyuenne (BACKOM, 2026).
[Ipoyusanero Ha BACKOM u MOH koHcTaTHpa o1ie, 4e yuyuTenuTe IpuTexanar 0a3oBa IpaMOTHOCT
3a paboTa C MHCTPYMEHTHU C U3KYCTBEH MHTEJIEKT, HO 5 M3MOJI3BAT MPEJUMHO 3a MOArOTOBKA Ha ypOLHU
M Ch3[laBaHe Ha yuyeOHM MaTepHalii, ¥ MO-MaJIKO 32 OIIEHSBaHe, MPOEKTUPAHE Ha 3a/1a4ll U MPOCIes-
BaHe Ha WHAMBHUIYyAJHOTO PA3BUTHE HA yUAIIHTE.
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5) Bweeowcoane na mexanuzmu 3a CMUCIEHA UHMe2payus, a He Nnpocmo Ha
U3NOJNI36aHe, HA CUCMEeMU C U3KYCMBeH UHmeNleKm 8 obpazosamennume
uncmumyyuu. PucksT GenAl cucremute ga ocrtanat camo (oHoBa obOpa-
30BaTelIHa TeXHOJOTHA' Ge3 peanHa Jo0aBeHa CTOWHOCT B IpoOIleca Ha
00110 W/MU CHeHaIM3UpaHo KBaIu(HIpaHe Ha Obaemniara paboTHa cH-
Jla MOXeE J1a C€ HaMaJlk Ype3 UMILUIEMEHTUPAHE Ha MeIaroru4ecku MOJIen
3a MHTErpauus, CTaHJapTH 32 Ka4eCTBO M MOJAXOJM 32 €(PEeKTUBHO ajam-
THpaHE Ha Y4EOHUTE MTPOTPAMH.

6) Bweeowcoane na emuunu cmanoapmu 8 usnonzeanemo Ha GenAl cucmemu
8 0bpasosanuemo, npedomspamsaeawju 3a2yoama Ha KpUMuyHo MUcieHe
U NOBBPXHOCMHO yyeHe. 3a Ja MOAKPENH MHTErpausaTa Ha CUCTEMUTE C
W3KYCTBEH WHTEJIEKT B PA3IMUHU YUYCOHH MPOTPAMH, PAMKH 32 KOMIIETEH-
THOCTU U cepTHUUIMpaHu oOyueHus, mpe3 mecer centemBpu 2023 r.
FOHECKO ny6nukyBa nmepBuTe Hacoku 3a reHepaTMBEH M3KYCTBEH HH-
TeJeKT B oOpazoBanueTo u m3cienBanusita (UNESCO, 2023), a roguHa
IIO-KbCHO OIOBECTABA OILE JBE paMKHU 3a kKomnereHuuu o MU 3a yuenu-
uu (UNESCO, 2024) u 3a yuurenu (UNESCO, 2024), pasriexnamu
Bb3MOKHOCTUTE U PUCKOBETE HA TEXHOJOTUSTA U MpEJIaraiiyd Bb3pacTo-
Ba rpanuina ot 13 roguuu 3a usnon3BaneTo Ha GenAl cucremu oT y4a-
nute. [IbpBaTa ObJArapcka 3aKOHOAATEIHA UHUIIMATUBA, KOSITO JUPEKTHO
azpecrpa 3aBUCUMOCTTa OT aroput™Mu U GenAl cucremu, € 3aKOHOIPO-
€KThT 3a WU3MOJ3BAaHETO M PA3BUTUETO HA U3KYCTBEHHUS WHTEJICKT
(Hapoano cv6panue na Penyonuka bearapus, 2025);

7) Ilpeooonasane nHa cmpyKmypHOMO U30CMasaHe HA ObpIHCABHUME NOJIU-
MUKU 3a 6HEOPABAHEe HA CUCMEMU C U3KYCMEeH UHMmeNeKm 8 00pa308a-
mennume cucmemu. [10TEHIMATBT HA TEXHOJIOTUATA HA U3KYCTBEHUS UH-
TEJIEKT Ja TpaHchOpMHpa UKOHOMUKHUTE M TPYIOBUTE Ta3apy 3aJeicTBa
pedopmu B ydeOHUTE MporpaMy Ha 00pa30BATEITHUTE UHCTUTYIIMH B T10-
Beue OT 58 cTpaHu mo cBeta. M3yuaBaHeToO HAa MPEAMETH, CBBP3aHU C HO-
BOBB3HUKBAILA TEXHOJOTHHU U CTPATETMUECKU UHAYCTPUH, € YACT OT 3a-
IBIDKUTETHOTO oOpa3zoBanue B Kutaii, OAE u MHaus u e mHTErpHpaHo
Ype3 paMKH 3a JUTUTATHU KOMIIETEHTHOCTH U 4Ype3 MUJIOTHU MPOTpaMu B
ydeOHuUTe nporpamu Ha 23 eBponeicku abpxaBu (Ounnanaus, Opanuus,
Hunepmannusa, Wcnanus, Ilopryranus, IlBenus, benrusa, Upnangus u
np.), CAILl u FOxna Kopes.

* IIpumep 3a NPOSIBIICHUETO HA TAKBB PUCK B OBbIrapcKaTa o0pa3oBaTellHa CUCTEMA Ca 3aTI0YHAIIH-
Te He(hOPMAaTHU ChCTe3aHus 3a (JOpMyNTUpaHe Ha Hal-BIieUaTisBall, 3a0aBeH Wi yOeIuTeNeH MPOMIT 3a
pemaBane Ha 3aqaun upe3 GenAl HHCTpYMEHTH, B KOMTO TIO BpeMe Ha 4ac ,,IT0J] YUHA™ WJIH B MEXTy4acH-
sTa YYCHUIIM 3ajaraT JpKoOHHU mapu, o0sx win yeiayrd (TechNews.bg, 2026). Cniopen npenogaBateiii U
TICUXOJIO3U TOBA SIBJICHUE TIOKa3Ba TP TCHCHIIMU: YMEHUATA 32 paboTa ¢ TeHEpaTUBHU PEIIICHUS CTaBaT
COIMaTHA BaJTyTa 3a ,,KyIyBaHe  Ha MPECTIK M MATEPUAITHH TIOJI3H; YUWIUIIECTO HSIMa MEXaHU3MH J1a pas-
BHBa U IpHU3HaBa TE3W YMCHUS, YA3BUMHUTC YUYCHUIIU (He YMECHINTE Na MUUIaT JOCTATHYHO CJIOKHU U
e(eKTHBHH MPOMIITOBE) Ca MOJIOKEHH Ha PUCK OT CHCTEMHH 3ary0Ou Ha IIapy WK PECYPCH.
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3. UHMIMaTHBH 32 peryJupaHe U3M0J13BaHETO HA TeHEPATHBHHU
CHCTEMH € U3KYCTBEH HHTEJIEKT B 00pa30BaHMETO

3a Ja HAChp4YaT MHOBAIMMUTC U [d OrpaHUYAT PHUCKOBCTC OT M3IIOJI3BAHC
Ha TCHCPATUBCH H3KYCTBCH HMHTCIICKT B 06pa3OBaTeJ'IHI/ITe CHh MHCTUTYLHH, BCC
IMOBCYC AbPIiKAaBU 110 CBCTA 3aI10UBAT HHUIHMATHUBHU 3a aJIalITUPAHC Ha y‘IC6HI/ITC
nporpamMy, IOBUIIABAHC HWBOTO Ha aJI'OPUTMHUYHA I'PaMOTHOCT, UMILJICMCHTH-
PpaHC Ha CTUYHHU AKaJCMHWYHHU IMPAKTHKH, BBBCKIAHC HAa MCTOIU M IMOAXOAU 34

3alIuTa HAa JINYHUTE JAHHU U Jp.:

Tabauya 1. Unuyuamusu 3a pe2ynupane u3non3eanemo Ha 2eHepamueHu
cucmeMu ¢ U3Kycmeer UuHmesieKkm 8 0opazosamennume cucmemu no ceemad.

Poast na
Abp:xkaBa/ Tun OcHoBeH HuBo Ha
€rHoH HHUIHATUBA doxyc peryJjianusi o0y mTens/
P y ¥ o0yuyaemust
Etuka, nuru- YuurensrT peiiana
TaJgHa TpaMoT- KaK Ja UHTerpupa
Odunmanau P CpenHo—BUCOKO a pup
HOCT, aKaje- GenAl, a yueHuuure
HloT/1anausa | HACOKHU 3a MIYHA GeeT (Hacokwu, HE 3a- ce yuar 1a ro
GenAl KOH) I
HOCT, 3aliTa U3IOJI3BAT OTIOBOP-
Ha JIaHHU HO
Pazbupane na
VYuenunure TpsOBa
ITonutuka 3a aIroOpUTMH,
Beauxobpu- KOHTpolMpaHa | u3kpuBsiBanus, | CpegHo a pasoupar xax
TaHus ” POIHP “ p | ~P pabotu GenAl, He
WHTErpaLus KPUTUYHO MU-
caMo J1a To Moji3Bar
CJICHE
Yuurenure noiy-
IIporpama Al Macos nocren qyaBaT UHCT €HTH
EcTronus porp no GenAl un- | Cpenno pyM ’
Leap YYEHULIUTE — IIPAK-
CTPYMEHTH
THUYECKO IOJI3BaHE
ETuka, Yuurenar e dacu-
Hamuonannu
DOuHIAHTUSA HACOKIL pazbupane Ha | CpemHo JIUTATOP HAa KPUTHY-
AITOPUTMHU HO MHCJICHE
Yuurenure onpene-
Pazpemeno
[farcku u Hucko—cpenno | yAr npaBsuia B KJiac;
U3M0J3BaHe
CAlll YUHJIAIIHA [OH SICHM (pparmMeHTHpAHO | YUCHHUIIUTE MOJI3BAT
MOJIMTUKH P T0 II1aTH) GenAl B pamkuTe Ha
YCIIOBHS
JIOKQJIHU TOJIUTUKU
Yuurenure ciaensart
Konkpernu
[IpoBuHLKMaTHU MPUMEPHHU CIIECHa-
Kanana CLICHapHH 3a Cpenno
PBHKOBOJICTBA puU; yYCHUIUTE
ynotpeba
paboTSAT 1O TAX
Onobpenu
AO0P VYuurenure npeMu-
iathopmu,
LlenTpanu3upana 0GVICHIE Ha HaBaT 00y4YeHHUE;
CuHramyp | HaluMoOHaJIHA I}/III;GJII/I sa Bucoko YUECHUIIUTE MOJI3BAT
CTpaTerus i ’ CTPOTO pEerJIaMeHTH-
IIUTA HA JIaH-
- paHu UHCTPYMEHTH
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VYuurenar paboTu ¢
K—12 yueOnunm, | UaTerpamus y4eOHHIIHN, a YICHH-
IO:xna 0a3upanu Ha Ha GenAl B BHCOKO [UTE y4ar 4ype3 6a-
Kopes U3KYCTBEH UHTE- | y4eOHOTO 3UpaHU Ha U3-
JIEKT ChAbpXKAHUE KYCTBEH UHTEJIEKT
pecypeu
MacoBa uHTe- Yuurenure u yue-
Hamumonanno
. rpanus Ha HULIATE €a 4acT OT
Kwuraii YCKOpPEHO Bucoxko
GenAl na HallMOHAJIHA CTpare-
BHEJIPsIBAHE
BCUYKHU HUBA rust
VYuenunure usy-
baszoBa u ! Y
YyaBaT U3KYCTBEH
3aABIDKUTEIIHO HalpeaHaIa
WHTEJEKT KaTo
OAE oOy4eHwue 1mo rpaMoTHOCT 3a | Bucoko
3aIbJKUTEIIHA TEMA,
cuctemara K—12 | uznonsBane Ha UTeHTe ca 1O
GenAl i
TOTBEHU 32 TOBa
Yuurtenure ciaenBart
Hamuonamnna Ynpasnenue,
paMKa; y4eHULIUTE
ABcrpaaus | pamka 3a GenAl | npo3paunoct, | CpeaHO—BUCOKO
non3at GenAl mpu
(2024) 0e30MmacHOCT
SICHU TIpaBUIIA
NskycTBEeHUAT
CucteMHO VYuenunure uMat
bpa3wiausi | UHTENEKT ce CpenHO—BHUCOKO
o0y4yeHue 1o OTJIeJICH MPEeIMET;
(mar M3y4yaBa KaTo (Ha pernoHAITHO
U3KYCTBEH YUUTEIINTE — CIELH-
Iuaym) 3abJKUTEIICH HUBO)
WHTEJIEKT aMU3UpaHu
npeaMeT

Hzmounux: Aemopoea cucmemamu3ayusl.

N3yuaBaHeTo Ha CBBP3aHU C W3KYCTBEHHUSI MHTEIEKT MPEIMETH € He
IPOCTO MOPEAHUAT 00pa30BATEICH EKCIIEPUMEHT, a 4acT OT JbpiKaBHATA MOJIH-
THKa B pelHlla CTPaHU MO cBeTa. JlururtajiHata rpaMOTHOCT, KPUTUYHOTO MUC-
JIEHE, MPO3PAYHOCTTA HA AITOPUTMUTE M €TUYHOTO NpuioxkeHue Ha GenAl ce
perjiaMeHTHpaT KaTo BOJACIIY MPUHIIMIM Ha 00Oy4YE€HHUETO B HacThIIBallaTa ,,epa
Ha M3KYCTBEHUsI MHTENEKT , KbJIETO TEXHOJOTHATA TPsAOBa Ja CTaHe MOANIoMa-
rami, a He 3aMecTBaIl] O0y4MUTeNIsi MHCTPYMEHT. BBIpeKu 4e rojieMuTe KomIia-
HHMHU 32 M3KYCTBEH MHTEJIEKT aKTHMBHO® C€ OIMTBAT Ja HaBja3aT B cdepara Ha
00pa3oBaHKUETO, OOIIECTBOTO, YUUTEIUTE U U3CIEA0BATEIIMTE BCE OLIE ca pa3je-
JeHu B MHeHuATa cu Janu GenAl TeXHOJIIOTMHTE moMaraT WIH BpeIaT Ha 00y-
YaeMHUTE.

5 Ilenra Ha ch3garenure Ha GenAl cuCTEMH CIIOPEN HAC € IO-CKOPO KoMepcHaiHa (IIpeBpb-
I[aHe Ha O0y4YaeMHTE W OOYYHMTENHTE B JABITOCPOYHU TOTPEOUTENN), a HE TOJKOBA alTPYHUCTHYHA
(Oe3mIaTHO TpeasiaraHe Ha TOJIEMHTE UM €3MKOBHM Mojenu (Anthropic) miau upe3 MpeaocTaBsSHE Ha
OesmuaTHU KypcoBe 3a yuanutenu (OpenAl).
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4. 3akjIouyeHue

lNonsima yacT OT ChBpeMEHHHTE 00y4aeMH U3IOJI3BAT T€HEPATUBHU CHUC-
TEMHU C U3KYCTBEH MHTEJIEKT HE KaTO MOMOIIEH HHCTPYMEHT, a KaTO 3aMECTUTEN
Ha YCWJIMATA 110 Ch3[1aBaHE HA UJICHHHU MMPOEKTU U NUCAHE HA JOMAILIHU 3a/1aHMs,
KOETO MOXKE Ja OTCIa0U KPUTUYHOTO MHCIIEHE, CIOCOOHOCTUTE 3a MUCMEHO U
YCTHO MU3pa3siBaHE U peulaBaHETO Ha Mpobiemu. OOyuuTeNnnuTe OT Ipyra cTpaHa
UMaT TEOpPETHUYHA MOATrOTOBKA 3a npuiokeHne Ha GenAl pemenus B oOpa3oBa-
TEJTHUS MPOLIEC, HO UM JIMIICBAT METOJIMYECKU CLICHApUHU, aJaliTUPaHu Neaaro-
TMYECKHU IpaBujia, YBEPEHOCT U BPEME 3a EKCIIEPUMEHTUPAHE C HOBUTE TEXHO-
joruu. IHoBaTUBHUTE 00pa30BaTEIHA MHCTUTYIIMH Ca 3aMI03HATH C HOBOCTUTE B
o0JacTTa Ha M3KYCTBEHMS MHTEJIEKT U aKTUBHO BBBEXKIAT U3IOJI3BAHETO HA Te-
HEpPaTUBHU CUCTEMU B yUYMJIMIIHATA KYJITypa.

OOpa3oBareIHUTE CUCTEMH BCE OLIE HSMAT FOTOBU MEXaHU3MH, PAMKH,
NOJIXO/IM U BU3MS 33 OTTOBOP Ha KOMIUIEKCHOTO IPEAU3BUKATEIICTBO HA TEXHO-
JIOTUATA HAa U3KYCTBEHHUSI HHTEJIEKT, KOSITO IPOMEHS BCUUKO - OT POJISITA HA Y4YH-
TEeJs 10 HauMHA Ha oleHsABaHe. JIbpxkaBure no ceeta axantupar GenAl cucre-
MUTE KaTO CTPYKTYpHa 4acT OT CBOMTE OOpa30BATEIHH MHCTUTYLHH, HO TOJ
CTPOT KOHTPOJ — C SICHU IIpaBUja, €TUYHU CTAHJAPTU U 00y4YEeHHE KaKTO 3a yye-
HUILY, Taka U 3a yuyuTeaud. He3aBuCMMO OT MOCTOSIHHO yBEJIMYaBaIIUAT ce Opoi
TaKWBa MHUIMATUBHU 00aye roJeMUT BBIPOC KaK MPABUIIHO J1a CE€ OLIEHU pado-
TaTa Ha 00y4aeMHUTE BbB BpEME, B KOETO € MHOTO JIECHO JIa CE€ M3MO0JI3BAT UHCT-
PYMEHT C U3KYCTBEH MHTEJEKT 3a [MCaHEe Ha YYEOHHU 3a/1aHUs BMECTO TSX, OCTa-
Ba HEPEILEH.
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WH®OPMAIIMOHHA CTOMHOCT HA METAJIAHHUTE HA
BBJI'APCKUTE HOBUHAPCKHN KAHAJIN B YOUTUBE

nou. a-p Ilnamen Muiies!
ri.ac. a-p SIsop TaGos?

Pe3ome: Jloxnaovm npedcmass emnupuunu pe3yaimamu Om HAYYHO U3CIe08aHe, (hOK)-
CUPAHO 8bDXY AHANU3 HA MEKCMOosUme ONUcaHus Ha ovizapcku Hogunapcku euoea 8 YouTube.
IIposepssa ce Kax aneopummMUYHaAma 102UKa Ha NIAM@OPMAama éiuse bPXy e3UKo8Us Peucmvp
Ha memadannume. Ananuzupan e kopnyc om 88 494 suoea Ha edunadecem meouu 3a osadecem u
yemupu meceya upe3 memoou 3a oopabomka Ha ecmecmeen e3ux. Tecmeanu ca xunomezama 3a
CUHMAKMUYHO ONPOCMABAHE U OONYCKAHEMO 3d NPesPbUaHemo Ha ONUCAHUAMA Om UHpopma-
MuBeH mexkcm 6 Habop om Kuo4oeu Oymu. Pezyimamume unocmpupam cneyuguuna oueumanta
OUHAMUKA NPU MPAHCHOPMAYUAMA HA MEOUTIHOMO CHOBPAHCAHUE.

Kaw4yoBu nymm: memadanuu, niameopmuzayus, UKOHOMUKA HA BHUMAHUEMO,
YouTube, obpabomra na ecmecmeen e3ux

JEL: D83, .82, L86

INFORMATIONAL VALUE OF METADATA IN BULGARIAN NEWS
CHANNELS ON YOUTUBE

Assoc. Prof. Dr. Plamen Milev
Ch. Assist. Prof. Dr. Yavor Tabov

Abstract: The paper reports empirical results from a study of the text descriptions ac-
companying Bulgarian news videos on YouTube, examining how the platform’s algorithmic
logic shapes the linguistic register of metadata. A corpus of 88,494 videos from eleven outlets
over twenty-four months is analyzed with natural language processing methods. Two prior
expectations are tested: syntactic simplification of descriptions and their transformation from
informative text into keyword sets. The results illustrate a specific digital dynamic in the
transformation of media content.

Key words: metadata, platformization, attention economy, YouTube, natural lan-
guage processing

JEL: D83, L82, L86

1. BnBeaenue

Besiko Buneo, myomukyBano B YouTube, Hocu TekcToBO onucanue. MHTtep-
(eiichT Mmoka3Ba OT HETrO JIBa-TPU pela U CKpPHUBA OCTAHAJIOTO 3a]l OyTOH, KOWTO
MaJIko MoTpeduTenu Hatuckar. [lonero obaue ce yere M3IUIO OT CUCTeMara 3a
npenopbyBaHe, OT Thpcaukara Ha 1iargopmara U BCe MO-4eCTO OT BBHIIHU MOJIe-
J1, KOUTO 00X0KIaT Mpexata. To e psIbK cilydail Ha MyOInYeH TEeKCT, YUHUTO OC-

! pmilev@unwe.bg, YHUBEpCHUTET 3a HALMOHAIHO U CBETOBHO CTONAaHCTBO — Codust
2 jtabov(@unwe.bg, YHUBEPCHUTET 3a HALMOHAIHO U CBETOBHO CTONaHCTBO — Codust
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HOBEH ajpecar He € 4oBeK. V3cienBaHusiTa Ha HOBHHAPCKOTO CHABPKAHUE B
wiaThopMeHa cpefia Ce ChCPeI0TOYaBaAT BHPXY 3arJIaBUETO U MO-CIICIIUATHO BEPXY
noMamMBaIuTe My GopMu, EMOIIMOHAITHUS MY PETUCTHDP M CHOTBETCTBHETO MY C
HOBHHAPCKUTE IIEHHOCTH. TOBa € 00SICHUMO, 3aI[0TO OOMYANHO 3arJIaBUETO € OHO-
Ba, KOETO yuTaTensaT Bkaa. OmMcaHMeTo ocTaBa M3BBH 00XBaTra MM, Makap d4e
MMEHHO TO € TI0JIETO, B KOETO Ch3aTeIIMTE Ha ChAbPKAHUE TOBOPST C aIrOPUTHMA.
Hacrosmmsar Tokman onrcBa ChCTOSHAETO HA TOBA IOJIe B ObJrapckara HOBUHAp-
CKa cpefa W TpOBEpsiBa JBE MPEIBAPUTEITHH OYAKBAHUS 3a HETO, a UMECHHO, Y
OIMHMCAHUATA CE€ ONMPOCTSIBAT U Ye (DYHKIUATA MM CE IOeMa OT KITFOUOBH JTyMH. EM-
nupuyHata 6a3a obxBaiia 88 494 Bujea Ha eUHAAECET KaHaJla 3a MeproIa OT Ha-
yanoTo Ha Mecel] 1o 2024 1. 1o kpast Ha mecel] roHu 2026 T.

2. MeTagaHHUTeE KATO MOJI€, a[PECHPAHO KbM MallIMHA

B cpena Ha m300MITHO CHABPKAHUE OCKBIHHUAT PECYpPC € BHUMAHHUETO, a
He nndopmanusara (Davenport & Beck, 2001). 3a Menuitnata opranuzaiusi OT
TOBA CJIC/IBA, Y¢ KOHKYPEHIIUATA CE€ BOJIM HE 3a ChIBbPKAHHE, a 32 TIO3UITUS B T10-
TOKa Ha MOTPEOUTENs, a MO3UILIUSITA CE€ pa3mpeiesi OT MOCPEAHUK, YUUTO Tpa-
BWJIa opraHu3anuara He KoHTposmpa (Meyer et al., 2024). JlutepaTypara 3a
iaTgopMu3aIusaTa OMMCBa KakBO MpaBu TOBa ¢ npoaykra. KynrypHara ctoka
CTaBa yCJIOBHA M MOJyJIHA. TS c€ MPOM3BEK/Ia BB BU, KOMTO MOJICKN HA TIpe-
paboTBaHe criope]; M3UCKBAHUATA HA BCsAKa IIaTdopma, mpe3 KOoATO Ie MHUHE
(Nieborg & Poell, 2018). Pemenusita, KOUTO ONpEACHSIT BUIUMOCTTA, Ca BBT-
pEIIHA 3a TOCPEHWKA M OCTaBaT CKPHUTH 3a OHE3W, KOUTO 3aBUCAT OT TIX
(Gillespie, 2018). O’Reilly, Strauss u Mazzucato (2024) onmcBar mpou3THYa-
11aTa Mmo3uiks Ha miargopmaTa KaTo peHTa BbpPXY paslpeeleHHeTO Ha BHUMA-
HUeTo. B Obarapckara HaydHa JmMTepaTypa TemaTra € pa3paboTeHa OTKBM CTO-
nanckute edextu Ha mardopmute (BupObanoB, 2015), OTKBM OTHOIIECHUETO
MEXIy aJITOPUTMHUYHOTO pasmpenencHue W KoHKypeHTtHus uzaean (Tomopos,
2020), kakTO ¥ OTKBM IUIaThOpMHU3AIMATA HA )KYPHAIMCTUKATA U TpaHCchopMa-
nusATa Ha MeauitHuTe 6msnec mojaenu (Tomopos, 2025).

[Ipucnoco6siBaneTo KbM MmiIaTopmaTa He ce u3ueprBa ¢ popMara Ha ca-
MOTO ChABbpkKaHue. To 0OXBalia 1 CJIOs OKOJIO HETO, KOETO BKJIIOYBA TOJIETATa,
KOUTO CBIIECTBYBAT, 3a 1a ObJaT MPOYETESHU OT IMpoTrpamMa, a He OT YoBeK. Me-
STa 32 TaKbB CJIOW JaTUPa OT BPEMETO Ha KOHIICTIIHATA 32 yeO Ha CEMaHTUYHUTE
nanau (Berners-Lee et al., 2001), a ctangapTuTe, KOUTO S OCBILIECTBSBAT Ha
MIPaKTHKa, ca 4acT OT BCEKUIHEBHATAa HHPPACTPyKTypa Ha mybnukyBaneto (The
Open Graph protocol, 2014). CeuiectBeHaTa 0COOCHOCT Ha TO3U CJIOHU €, ue aj-
pecaTtuTe My ca pasjielieHd. 3arjlaBUeTO Ce YeTe M OT YOBEKa, U OT MalllUHATA.
To e Bumumo B nHTepdelica U ChIIEBPEMEHHO € IBPBUAT BXOJ Ha KiacupuKa-
Topa. ONMUCAaHUETO € MPAKTUYECKU €JHOCTPAHHO, 3alI0TO UHTEP(HENUCHT IO IMO-
Ka3Ba OTYACTH, & YATATEIAT PSAKO o pa3rpshira. ClaeaoBaTesHO PEIICHUETO Kak
Jla ce MOITbJIHU OMUCAHUETO € PEelIeHUe, B3ETO 3apaju MalluHaTa, a ChCTOsTHUE-
TO Ha TIOJIETO OTpa3siBa OTHOIIEHWETO Ha OpraHU3alMsITa KbM MaIlliHATA, a HE
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KbM IyOsukata. FIMEHHO 3aTOBa OMUCAHUETO € MO-TIOAXOJAI] O0EKT OT 3arja-
BHUETO, KOTaTO BBIPOCHT € 3a aJTOPUTMUYHOTO BIHUSHUE BBPXY €3UKOBHS pe-
TUCTBp. 3arJaBUeTO HOCH JIBa HATHCKA €HOBPEMEHHO U IMPOMEHHUTE B HETO ca
HEpa3IMYMMHU 110 U3TOYHUK, JOKATO OMMCAHUETO HOCH EJUH.

N3cnensaneto Tpbrea OT ABE MPEABAPUTEITHU OYAKBAHUS, BCSIKO OT KOUTO
NOJJIEKHU Ha MOTBBPKACHUE WM OTXBBPJISIHE OT AaHHUTE. [IbpBO: onucaHusTa
Ce OMPOCTABAT KATO CTABAT MO-KbCU U MO-CJIa00 CBBbP3aHU CUHTAKTUYHO, MPUO-
JKaBaiKu ce 10 u30bposiBaHe. BTopo: chkpalaBaHeTo ce ChIPOBOXKIA OT Ipe-
HOC Ha (DYHKIUATA KbM IOJIETO C KJIIOYOBU AYMH (E€TUKETUTE), C KOETO JBETE
II0JIETA C€ MPEBPBIIAT B B3aUMOCBBP3aHU.

3. JIaHHM U METO/

EMnupuunara 0a3a € 4act OT KOpIyC C MO-IIMPOK 00XBaT, chbOUpaH 3a
HY>KJIUTE Ha W3CJIeBaHEe B KOHTEKCTAa Ha MKOHOMHUKAaTa Ha BHUMAaHUETO B OBJI-
rapckara aurutainHa cpeaa. M3mon3BaHUST TyK pa3pe3 BKIIOYBA €IUHAIECET
HOBHMHApPCKHU KaHaja B YouTube 3a mepuoaa ot HayanoTo Ha mecel 1oau 2024 T.
10 kpast Ha Mecel] 1oHu 2026 1.: 88 494 Bunea, ot kouto 87 998 (99.4%) ¢ u3B-
neyeHo onucanue u 85 570 ¢ HenpazHo onucanue. Jluncpanmure 496 CbOTBETCT-
BaT HAa BUJEA, U3TPUTH, CKPUTH WM YaCTHUM KbM MOMEHTA Ha M3BJIMYAHETO, C
KOETO JIenbT UM mpenactanisiBa 0.6% u He ce CTpyIBa CUCTEMHO P OTACIIHU
Meauu. V30paHuTe W3TOYHUIM TMOKPUBAT YETUPUTE WHCTUTYITMOHAIHHU THIIA,
KOETO BKJIFOUBA OOIIIECTBEHHM W YAaCTHH TEJIEBU3UU, PAJIMO0, BECTHUK U UH(pOpMa-
MMOHHU areHiuu. OnucaHuATa U €TUKETUTE ca u3BjedeHu npe3 YouTube Data
API v3 (Google LLC, 2026), meton ,,videos.list ¢ wact ,,snippet* 6€3 npuBuIe-
TUPOBAH JOCThII. ETUKETUTE ce Mma3sAT KaTro OTMENHO MOoJie, a HE KaTO 4acT OT
OMMCaHUETO. Pa3srpaHnueHUETO € CHIIECTBEHO 3a BTOPOTO OYaKBaHE, a UMEHHO:
aKO OMMCAHUETO CE€ M3IPa3Ba, JOKATO €TUKETUTE MOEMaT KIIIOUOBUTE JIyMH, TO-
Ba € IMPEHOC MEXIy IoJieTa, a He OMpocCTsABaHe Ha Tekcra. CIMBaHETO UM OU
HaIpaBWJIO OYAKBAHETO HEMPOBEPHMO B TO3HM CMHCHJ. Tabmuma 1 ommcBa u3-
MOJI3BAaHUTE 3 LIEJINTE Ha JI0KJIa/la MEPKHU.

Tabauya 1. U3nonzeéanu mepku

Bun Onpenesienue

Jbixuna Bpoii croBodopmu B onrcanuero. PasnpeneneHusra ce cMATaT caMmo BbPXY
HENpa3HUTE ONMHMCAHUA: MEMaHa BbPXY CHBKYIIHOCT C HYJIM cMecBa obema
Ha HAllMCAHOTO C YECTOTATa HA MBIYaHUETO.

s yaukanau | bpoit pa3nuyHu HU30BE, OTHECEH KbM OpOosi HEMpa3HU ONMMCAHHS HA MEIUS-
ta. [loka3Ba ganu mojeTo Hocu HHGOPMALIHS 32 OTAETHATA SIUHUIIA.

[[TabmoneH Pen, xoiiTo ce cpema B Hax 5% OT HEMpa3HUTE ONMUCAHUS Ha MeausATa, Opo-
pexn €H BEJIHBK Ha BUJEO HE3aBUCUMO OT MMOBTOPEHUSITA B HETO.
Jstn u3tsno

Jlsi1 Ha oTIMCaHMsITa, P KOUTO BCEKH HETIPA3CH peJl € Ma0IOHEH.
11a0JI0HHU
Etukern Bpoii croitnoctu B moneto ,tags®. [loneTo e myOiIMIHO HOCTHITHO Mpe3 Mpo-

rpaMHusi uHTepdeiic, HO He ce MOoKa3Ba B MOTPeOUTENCKHS HHTEpdEIiC.

Hzmounux: cocmasena om asmopume
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[Tparst ot 5% 3a MabIOHHUS peJl € PEelIeHre Ha W3CJIeABAaHETO, a He 00-
HIoNpHeTa CTOMHOCT. Pe3ynrature He 3aBUCAT YyBCTBUTENHO OT Hero. Ilpm oc-
HOBHHTE CiIy4au IIabJOHHUTE peqoBe ce cpemat npu Hag 90% ot onucaHusita
Ha ChOTBETHATA MEJINA, C KOETO MOKE Ja Ce€ KaXke, ye OTCTOSAT Aajiey OT Ipara.

4. PesyaraTu

[I5pBOTO, KOETO MOKAa3Ba KOPIYCHT, € Y€ ,,0MMCaHuE Ha HOBUHAPCKO BHU-
Je0* He Ha3oBaBa €IWH TUIl TEKCT. MenuaHaTa Ha Jbh/DKMHATA CE pas3jinyvaBa
JIBaHAJIECET KPAaTHO MEXY €IMHAIECETTe MEIMHU, KaTo 3armo4yBa oT 16 gymu npu
bTV u noctura 1o 196 npu bTA. Pa3znukara He € rpajgaius B paMKUTE Ha €JUH
xaHp. T4 paznenss MeAUUTE, KOUTO MUIIAT TEKCT 3a KOHKPETHOTO BHJIEO, OT
OHE3M, KOUTO MPOCTO MOMBABAT MoJje. [TokazaTensT, KOUTO MpaBU pa3aeIeHUETO
BUJIUMO, € NeabT Ha yHukanHute onucanud. [Ipu BI'HEC u BHP Toii e npakTu-
YECKU €IMHMIIA, 3alI0TO BCSIKO BHJIEO HOCH coOcTBeHO ommcanue. [Ipu bTV e
0.13, koeTo 03Ha4YaBa, 4Ye 0CEeM OT BCEKH JICBET BHJI€a CIIOACIIST HHU3, HAIIMCAH HE
3a Tsax. Tabnuia 2 npejacTaBs npoduia Ha ONMUCAHUETO HAa MEIUUTE, KOUTO ca
U3CJIC/IBAHMU.

Tabnuya 2. IIpogpun na onucanuemo no meouu, LOOPedeHo No Ol YHUKAIHU
ONnUCanUs, Kb0emo ObIANCUHAMA Ce CMAMA CaMo 8bPXy HENPAZHUMe ONUCAHUS

Menus Henpa3zuu Men. Jsa ) % E316: 8 (1) [Ia06a0HHM Cp.
AYMH | VHHKAJIHU | A0JIOHHH 3HAIHN €THKETH

bTV 7 165 16 0.13 0.86 0.88 5.0
Euronews 13372 47 0.19 0.81 0.91 6.0
Bulgaria
Hosunure 11 587 100 0.23 0.60 0.89 19.9
Ha NOVA
Blitz News 1561 38 0.33 0.60 0.75 15.8
24 Yaca 360 24 0.91 0.00 0.09 0.9
BHT 14 398 22 0.94 0.00 0.00 3.1
Bulgaria 10 529 71 0.94 0.01 0.05 0.03
ON AIR
BTA 14 652 196 0.99 0.00 0.02 6.0
Bloomberg 5486 78 0.99 0.00 0.01 0.00
TV Bulgar-
ia
BI'HEC 4675 65 1.00 0.00 0.00 2.0
HoBunute 1785 40 1.00 0.00 0.60 12.7
ua BHP

Hsmounux: cocmasena om asmopume

durypa 1 mnokasBa gaHHUTE OT TabnMLATa IpPE3 BPEMETO, C KOETO ce
WIKOCTPUPA, Y€ ,,IUIOCKA cepus’* 03HayaBa JBe paznuuHu Hewa. [Ipu Euronews
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Bulgaria u bTV nunusTa e npasa, 3a110TO ONMMCAHUETO € €Ha U Chlla KOHCTAaH-
Ta rnpe3 Bcuukure asajaecet u yetupu mecena. [Ipu BI'HEC u BHP cepusta cb-
10 € paBHA, HO 3aJ Hes CTOAT XWIAAW Pa3InyHU TEKCTa, YUATO CPEIHA ABIKU-
Ha [POCTO HE ce MpOoMeHs. [IBpBOTO € OTCHCTBUE HA PEIIEHUE 3a KOHKPETHOTO
BU/JIE0, & BTOPOTO € YCTOMYMBO PEJAKIIMOHHO MTOBEICHHUE.

bTV Hosuuute Euronews Bulgaria Hosunurte Ha NOVA By

24 Yaca Bulgaria ON AIR BHT Hoeunn Bloomberg

BI'HEC BHP Hosuuu
\

u: 99% yHuKaHu: 1009 KankH: 100

Me/laHa AyMH B onicanueto (log,)

i B D —
2026

Queypa. 1. Meouana Ha OvaxcuHama Ha ONUCAHUemo no meceyu, noOpPeodeHo no

aﬂ]l YVHUKAJIHU ONUCAHUA
Hzmounux: cocmasena om asmopume

TpsiOBa na oObpHEM BHMMaHUE Ha ¢akTta, ye nmaHeabT Ha 24 Yaca e che-
TaBEH OT MAaJIKO HaOIIOACHUS, 3al0TO MeausTa MyOiIruKyBa CpeaHO OCEMHa/e-
CeT BUJea MECEUHO U KoJeOaHMusTa B HEroO ca IIyM OT U3BaJKara, a HE MOBe/e-
Hue. ToBa e eAMHCTBEHATa OT MEIUUTE, KOSITO € C MOJ XUJisijga HaOIoIeHUs 3a
U3CIICIBAHUS TTEPUO/I.

[Ipu bTV 86.4% ot Bcuukure 7 165 Bujea HOCAT OYKBaJIHO €IMH U ChIIl
Hu3. [Ipu Euronews Bulgaria nenst e 79.3%, nokato npu baui toii e 50.4%.
MsipkaTa 3a mabJOHHOCT JaBa ChIIUS pe3yiTaT MO He3aBUCUM NIbT. [lenbT Ha
OTIMCAHUATA, P KOUTO BCEKU HEMpa3eH pes € madiioHeH, noctura 86.4% mnpu
bTV, 80.7% npu Euronews, 60.1% npu Hosuaure Ha NOVA u 60.0% npu
bmun cpemy nyna npu BTA, BHT, BI'HEC u Bloomberg. Cbabpxanuero Ha
TE3W KOHCTAaHTU € €JHOOOpa3HO U JiecHO pasno3HaBaemo. [Ipu Euronews
Bulgaria geser pena ce moBTapsaT npu 99.4% oT BuaeaTa M Mpe/CTABIABAT all-
pec Ha caiita U BpBb3ku KbM Viber, Facebook, Telegram, Twitter, LinkedIn u
TikTok. IIpu bTV nBa pena nokpusar 95%, kato npu TsSX cTaBa AyMa 3a pell C
XamraroBe v pea ¢ ase Bpb3ku. [loneTo ¢popmaiiHo chiecTByBa U (PopMaIHO €
NOMBJIHEHO, HO € MPECTAaHaJIo /1a HOCH KaKBaTo U J1a € MH(opmanus 3a KOHKpET-
HOTO BHJI€0. MEXIUHHHUAT Cllydyaid 3acily’aBa OTAEIHO OTOeNsI3BaHe, 3aIloTo
II0OKA3Ba, Y€ MPU3HAKBT € CTEIEHYBaH, a He ABondeH. [Ipu bHP Bcsako onucanne
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€ YHUKAJTHO U HUTO €THO HE € U3LsI0 mabaoHHo, HO 60% OT 3HAIUTE B CPEAHO-
TO ONMHUCAHHE UIBAT OT MOCTOSHHUS OJok. MenusaTa nuiie 3a KOHKPETHOTO BH-
JI€0, CaMO Y€ HAIMCAHOTO 3a€Ma MO-MAJIKO MSCTO OT CTAaHAAPTHHUS JOMBIHUTE-
jeH TekcT. OTTyK cie[iBa U YTOUHEHHETO KbM bPBOTO OYakBaHe. OnpocTsaBaHe
ce Hab01aBa, HO JECTUHALIMATA My HE € OHa3H, KOATO oyakBaxme. ChKpaTeHO-
TO OINKCAaHUE HE C€ M3paxaa B U30pOsSBaHE HA KIOUOBU AyMH. To ce 3aMeHs C
MOCTOSIHEH OJIOK OT BPB3KH U MOKaHa 3a aboHamMeHT. OHOBA, KOETO ce MPOMEHS,
HE € IPaMaTHUYECKUSAT TUI Ha TEKCTa, a HEroBUAT ajipec. ONMCcaHUEeTO MpecTaBa
na ObJIe MUCaHO 332 KOHKPETHOTO BUJIEO.

BropoTto ouakBaHe e, 4ue GyHKUUATA HA ChKPATEHOTO OMKCAHUE CE TToemMa
oT apyro noie. YouTube npenocraBsi TakoBa, a UMEHHO €TUKETUTE, KOUTO WH-
TephelchT HE MOKa3Ba, HO MPOTpaMHUAT MHTepdenc Bpbia MyOoaudHO. AKO
IPEHOCHT € HAIMIIEe, MEAUUTE C KPaTKU ONMUCaHUs OM TPpAOBaANO Aa MOAIBpPIKAT
noBede eTukeTd. J[aHHWTE HE ro noTBbpXkAaBar. Kopenamusara Mexay mMeaua-
HaTa Ha JbJDKMHATA Ha OTIMCAHUETO U CPEeIHUS OpOil €TUKETH MPU €IMHA/IECETTEe
MEAMH € MPAKTUUYECKH HYJIeBa U HE € CTAaTUCTUYECKH 3HaunuMa (Koe(pUIUEeHT Ha
kopenauusg Ha Cnupman p = 0.064 ipu p = 0.853 u npar Ha cTaTUCTUYECKA 3HA-
yumocT o = 0.05). CrnenoBaTelHO HE C€ YCTAaHOBSIBA CTATUCTUYECKH 3HAYMMa
Bpb3Ka MEX]y IbDKMHATA Ha ONUCAHUATA U OpOsi HA M3IMOJI3BAHUTE E€TUKETH
OpU pasriiexIaHuTe eAuHaneceT Meauu. JIBata kpailHu ciydas ro HOKa3BaT
Haii-acHo. Bloomberg u Bulgaria ON AIR nuimart cpeg Hail-AbJIruTe OMUCAHUS
B KOpITyCa W HE M3IOJI3BAT €THUKETU M300110, KATO CTOMHOCTUTE Ca ChOTBETHO
0.00 u 0.03 cpenno Ha Buaeo. HoBunure Ha NOVA nogawpxar cpenno 19.9
eTukeTa npu onucanue ¢ meauana 100 nymu. @urypa 2 WiIrocTpupa Te3M 3aBH-
CUMOCTH.

@ oncaHKeTo e KaHa/IHa KOHCTaHTa p=0.064 p=0.853

- . OINKUCAHKMETO € pas/IMiyHo 3a BCAKO BUE0
20 @ Hoeunure Ha NOVA

@ bmig

@ GHP Hoeunu

Euronews Bulgaria @ FTA @

cpefieH Gpoii eTUKeTH Ha BAZIE0

54 bTV Hoeunute @
Br'HEC

[ J
@ 24Yaca .
0- Bulgaria ONAIR @ @ Bloomberg

T T T T T
16 32 64 128 256
Me/jaHa iymu B onucanueto (log,)

BHT Hounu @

Queypa. 2. Meouana Ha OvbadCUHAMA HA ONUCAHUEMO U CPedeH POl emuKemu

no meouu
H&’mOQHMK.' cvcmaseHa om a@mopume
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TekcToBOTO MMOJIE U MOJIETO C KIKUOBHU AYMHU CJICJOBATCIIHO Ca JIBC HE3a-
BUCHMHN PCHICHHA, 4 HC Ca B3aMMOCBBpP3daHU, KAaKBOTO Oerre MMpCaABAPUTCIIHOTO
O4YaKBaHC.

5. 3akiarouenune

OCHOBHUST M3BO/JI OT U3CJIEABAHETO € Pa3rPaHUYCHUETO MEXK]Iy HAJIUUMe-
TO Ha MHQOpMaLUi U peasHa WHPOPMATUBHOCT (MHPOPMAIIMOHHA CTOMHOCT).
[Tpu bTV onucanuero e nonbiHeHo npu 100% ot Buaeara u Bcsika MpoBepKa 3a
I'bJIHOTA Ha JJAHHUTE MUHaBa 0e3 3a0esexka, Ho ChllleBpeMeHHO 86% OT Bujca-
Ta HOCAT €AUH U ChUI HU3, @ 88% OT 3HAIUTE B CPEIHOTO ONMUCAHHE UABAT OT
nocTostHeH OJiok. [loseTro € HaNMMYHO W BaJMIHO, HO MPa3HO OT MHGOpMAIIHs.
ToBa e chCcTOSIHME, KOETO (POpMaTHUTE KOHTPOJIM HE 3acHyar, 3allioTO HE TO
ThpCAT. JluarHocTHYHATa MApKa 32 HErO € JENbT Ha YHUKAJTHUTE CTOMHOCTH, a
HE JIebT Ha MOIMbJIHEHUTE. I3BOABT € MPUIOKHUM U U3BbH MEAUNHUSA CEKTOP.
Bcsika opranusaiiys, KosiTo 10CTUTa KIIMEHTa CHU TPe3 YYyKJ alTOPUTHM, TOIMbJI-
Ba I0JIETa, a[PECUPAHH KbM HEro (MIPOIyKTOBU OMUCAHUS, KATETOPUU, KITFOUOBH
JyMU, alITEpHATUBEH TEKCT Ha W300paxeHus u Jip.). MepkuTe, U3MoJ3BaHU TYK,
HE M3HUCKBAT HUIIO TMOBEYE OT MyOJIMYHO JMOCTBIIEH MHTEep(deiic u cranmaapTHA
00paboTKa Ha TEKCT, U OTTOBAPAT Ha BHIIPOC, KOUTO MPOBEPKUTE 3a IMHJIHOTA HE
3a/1aBaT, @ UMEHHO J1alid T0JIETO HOCU MH(OpMaIIMs 3a eIMHUIIATa, KOSITO OIKC-
Ba.

EcTecTBeHOTO TpoaBIKEHHWE HA HM3CJeaoBarelickata paboTa € Bede 3a-
MOYHATO M € MpeaMeT Ha mocienBamu nyonukaruu. [Ipuw dact ot meguute
npoHIBT HA OMMMCAHUETO CE TPOMEHSI HE TMOCTENEHHO, a C PA3BK MPEX0/1, KOUTO
MOJIJICKU Ha JaTUPAHE, a B €IMH CIIy4ai MpexoabT € CHHXPOHEH MEXy JIBE Me-
muu ¢ o0y coOcTBeHUWK. OTHOIIEHUETO Ha TE3M MPOMEHU KbM TOJYYEHOTO
BHHUMAaHHE 0CTaBa OTKPUT BBIIPOC.

[lybnukamusita chIbpika pe3ysiTaTd OT U3CIe[BaHe, (PUMHAHCHUPAHO ChC
cpeactBa ot 1eneBa cyocuaus 3a HUJ[ na YHCC no morosop Ne HUJI HU-
26/2026/b.
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IHOCTKBAHTOBA KPUIITOI'PA®USA B EJIEKTPOHHUTE
TPAHCAKIMHU U BUBHEC KOMYHUKALIMUTE

L ac. 1-p Aureaun Jlanes'

Pe3tome: [Ipesz 2024 coouna NIST nyboauxysa cmanoapmume FIPS 203, 204 u 205,
koumo onuceam ML-KEM (CRYSTALS-Kyber), ML-DSA (CRYSTALS-Dilithium) u SLH-DSA
(SPHINCS+). C mosu npoyec pazpabomkama u CmaHoapmusupaHemo Ha nbpeomo noKoJie-
HUe NOCMKBAHMOBU KPUNMOZPADCKU AN2OPpUMMU U NPOMOKONU NPEMUHA KbM eman Ha 6Heo-
pAeare 8 OvpoicasHume uHcmumyyuu u ousnec opearnuzayuume om Eepona u CAILL. B nac-
moAwUs 00KIA0 ce pazenexcoam OCHOSHUMe MeXHUYecKU NPoMeHU U eGeHmyaiHume 3acee-
Hamu peuileHus 3a el1eKmpoHHA MbP208US U eNeKMPOHHU PA3NIAUAHUS.

KarouoBu nymm: nocmxgeanmosa kpunmoepaghus, ML-KEM, ML-DSA, SLH-DSA

JEL: M15, L81, G20

POST-QUANTUM CRYPTOGRAPHY IN ELECTRONIC
TRANSACTIONS AND BUSINESS COMMUNICATIONS

assist. prof. Angelin Lalev?, PhD

Abstract: In 2024 NIST published the FIPS 203, 204 and 205 standards which specify
ML-KEM (CRYSTALS-Kyber), ML-DSA (CRYSTALS-Dilithium) and SLH-DSA (SPHINCS+).
With this the development of first generation post-quantum algorithms came to an end, and
the protocols entered implementation phase in the government institutions and the business
organizations in Europe and USA. Current paper discusses the main technical changes and
the eventual impact on electronic transactions and online trade.

Key words. postquantum cryptography, ML-KEM, ML-DSA, SLH-DSA

JEL: M15, L81, G20

1. BnBeaenue

EnexkrpoHHara Thproeus M OHJIAWH pasIulaliaHusaTra B IHTEpHET cTaHaxa
BBH3MOYKHH B HACTOSIIIMSI CH OTPOMEH 00eM caMO MOpaay HaJHMYMeTO Ha HAIeK-
JTHU aJTOPUTMH, KOUTO Ja OCUTYPST acMMETpHYHA KpunTorpadcka 3ammra u
yIpaBjeHUE Ha CBbP3aHUTE C HEesl KIIIOYOBE.

Ot 90-Te romuHM Ha MUHAIUA BeK oOaue e sicHo (Shor, 1997), ue pabo-
TEIl KBAaHTOB KOMITIOTHP C HYKHUTE MapaMeTpu IIe MOXKE Ja aTakyBa MOYTHU
BCUYKM MAacOBO M3MOJ3BAHM CXEMH 32 aCUMETpUYHa KpUITOrpadusi, BKIIOYU-
terHo RSA, DSA u ECDSA. Tosa He 6erie 0co0O€HO MPUTECHUTENTHO, Thil KaTo
Hopaau peaulia UHXEHEPHO-TEXHUUYECKU MpPEeIU3BUKATENICTBA, CBbP3aHU C YII-
PaBJICHUETO HAa KBAHTOBUTE B3aMMOCHCTBHS MEXIy €IEeMEHTApPHUTE YaCTHIIH,

I'a.lalev@uni-svishtov.bg, CA ,,JI.A.Ilenos* — CBuIIOB
2 a.lalev@uni-svishtov.bg, D.A.Tsenov Academy, Svishtov, Bulgaria
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KBAaHTOBUTE KOMIIOTPH OCTaBaxa HEMpoBepeHa Teopus. B mocneaHute roauHu
IpOrpechT B 001acCTTa YyBCTBUTEIHO C€ YCKOPU M Beue UMaMe paboTeny KOM-
MIOTPU C BCE MO-700pu mapaMmeTpu. ToBa mpoBokupa Kpumnrorpadckara oOI-
HOCT Obp30 na notbpcu 3amsiHa Ha RSA, DSA u ECDSA.

PesynrarsT 6e nosiBata Ha cxemure ML-KEM u ML-DSA. Kpunrorpad-
cKara OOIIHOCT CBINO CTaHAAPTHU3HPA ,,pe3epPBHA™, HE OCOOCHO M3YHCIUTEITHO
edeKTHBHA cxeMa, KOATO paboTu Ha 6a3aTa Ha KpunTorpacku xem QyHKIUN —
SLH-DSA.

HanmnumeTo Ha Te3W HOBU CXEMU IOCTaBS IbPKABHUTE WHCTUTYIUU U
Ou3HeC opraHU3alMUTe Mpea cepuo3Hu AmieMu. Kpunrorpadckure cxemu He
KacasT caMo TMOJICUTYPSIBAaHETO Ha KOMYHHKAIIMOHHUTE KaHAIH, HO BCHITHOCT ca
3aJIerHajii MHOTO MO-IBJIOOKO B UMILJIEMEHTALIUSTA HA COPTyepa U MPHUIIOKHUTE
uHTepdeiicu 3a oTopusalus Ha OaHKOBU KapTH, OAHKOBU TPAHCAKIIMU, KAKTO U B
Ou3HEC-IPOTOKOIHNTE 3a 00paboTKa Ha TpaHCAKIMM U HMH(pacTpyKTypaTa 3a
kBayuiupad en. noanuc. [IbaHaTa moaMsiHa Ha Ta3u MHQpPACTPyKTypa 1Ie €
CKbMa W 0aBHA W JIO TOJIIMa CTEIICH HeoIpaBJaHa, ako He ObaaT pa3paboTeHH
JOCTaThUYHO MOIIHH KBAHTOBH KOMITIOTPH.

Ha to3u ¢on npobiemute 3a KBAHTOBUTE M3UUCICHUS, MPEABUKIAHETO
Ha TEXHUS MPOTrpec, KaKTO M HAa HETAaTHMBHUTE IMOCIEICTBUS OT TO3U MPOTPEC
BbpXY MH(pOpManmoHHaTa UH(GPACTPyKTypa 3a OU3HECAa OCTaBaT OMACHO Jajey
OT CHEIHATUCTUTE KOUTO IIIe TPSOBa Ja peliar Kora 1 Kak Ja mpoBeaaT MUTpa-
IUATA.

HacTosmusaT noknaa mpaBd ONUT Ja 0000 OCHOBHHUTE TEOPETUYHU
dakTy MoAXOIM U J1a Jaje HIKOM ChBCEM OCHOBHU HACOKH 3a TOBA KbJ€ TPSOBa
Ja ce ThpPCAT MpoOJieMUTE M Kak TpsiOBa Jla ce MOAXOJIM KbM OLIEHSIBaHE Ha
OIMACHOCTTA OT 0siBaTa Ha KBAHTOBU KOMITIOTPH.

2. KBaHTOBM aTakM cpelly ChIIeCTBYBAIIUTE CXEMH 32 ACHMETPUYHA
Kpunrorpagus

Haii-cepruo3nata aTtaka cpelly aCHMETPUUYHHUTE KPUIITOTPAPCKU CXEMH
6e3 cemHeHHE ¢ anropuThMbT Ha [llop (Shor, 1997). Benpeku ve Toit 3acsra
eqHoBpeMeHHO curypHoctta Ha DSA, ECDSA u RSA, HeroBarta Hail-IupeKTHA
wirocTpanus € BbpxXy RSA, kosTo pa3unTa Ha HEBb3MOXKHOCTTA 32 pasjlaraHe Ha
IIPOU3BEECHUETO HA JIBE FOJIEMHU ITPOCTH YUCIIA.

Ako ToBa npousBeneHre N MMa IbIKMHA OT MOPSABbKA HA HAKOJKO XU-
JSAU TBOMYHM U(PH, HE ChIIECTBYBAT AJITOPUTMHU 32 KOHBEHIIMOHAIHH €JIeKT-
POHHM KOMITIOTPH, KOUTO Ja HU3BbpIIAT e(PEeKTUBHO ToBa jaeiicTBue. Haii-
2
3

1
e(QEKTUBHMAT TaKbB MMa CJIOKHOCT e(1:932+0(D)(INN)3UNINNI3 1 & naneq Hap

MOJIMHOMEH KJ1ac Ha ciioxHOoCT (Buhler, Lenstra, & Pomerance, 1993).
AnroputsmbT Ha lllop aTakyBa mpoOiema B CIIETHUTE CTHITKH:
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Cmwonka 1 (usnvinaeana Ha KOHEEHUUOHAIEH KOMRIOMBD):

Karo moaroroBka 3a anropuTbMa MOXKE Ja ¢€ MPOBEPH JAIH YHCIOTO €
YETHO, KOETO MOXE Ja C€ HalpaBU IPOCTO Ype3 MPOBEpPKA HA Hall-MIIaIIIus
out. Ako N e 4eTHO, TO € OTKPUT MHOXKHUTEII, paBEH Ha JIB€ U AJITOPUTHMBT MO-

N
&Ke 1a Ob/ie pecTapTUpaH ¢ > 3a cieABallMTE CTHIIKKA MOXKE J1a ce mpueme, ue N

€ HEYETHO.

Cmwvnka 2 (u3nvinaeana Ha KOHEEHUUOHAIEH KOMRIOMBD):

Axo N uma Buma N = p* ToBa MoXke 1a ce MpPOBEpPH MHOTO OBP30 C
log, N nupexkTHU MpOBEpKH. 3a IIeNITa C€ MU3YUCISIBA BTOPUST, TPETUAT U T.H.
KOPEH, JI0KaTO C€ IMOJY4Yd CTOMHOCT mo-Majka oT 2. Ilpu mocturane Ha Tasu
CTOMHOCT IpOoLeypaTa MPUKIIOUYBA, Thil KATO 2 € Hal-MaJIKOTO MPOCTO YHUCIIO.
3a U34YUCIsIBaHE HA KOPEHHUTE MMa MHOr0o €(EeKTHUBHU aJrOpPUTMH, a JOpU 3a
4096 6uToBO uncio N Hampumep, T€3u aJrOpUTMH TpsOBa J1a c€ U3BUKAT MaK-
cuMaitHO 4096 mrpTH.

ETo 3am10 3a cneaBamuTe CTHIKM HAa AJITOPUTHMA MOXKE Ja Ce IMIPUEME, Ye
N e nmpou3BeleHHE OT MOHE JABE Pa3IMYHU MPOCTH YHCIIA, KOUTO MOraT Jia ce
MOBTapST WK J]a HE CE MOBTAPSAT B POJIATa HA MHOXKHTENH. T.e.

N =p'py? ..p', t = 2,p; # pj3ai # j

Cmwvnka 3 (u3nvaHABAHA HA KOHEEHUUOHAIEH KOMRIOMBD):

N30upa ce cnyyaiino yucio a, 2 < a < N u ce npoBepsBa gaiu a u N ca
B3aMMHO MPOCTU Ype3 U3UMCISIBAHETO Ha Hail-ronemus oo nenuren ged(a, N)
no anroputbMa Ha EBKiuj. AKO TakbB J€NUTEN € HAMEPEH, TOW € MHOXKUTEN Ha
N. 3a mo-HaTaThbUIHOTO M3I'BIHEHHE HAa AJITOPUThMA € MHTEPECEH Mpeodiiaa-
BaIUAT ciy4ait, a umeHHo gcd(a, N) = 1, 1.e. a u N ca B3aMMHO HIPOCTH.

ToBa o3HauaBa, 4e a ce ChAbpkKa B MYJITUILUIMKATUBHATA IPyIa HA LEIUTE
ypca mo moayi N (o6o3nayaana karo (Z/NZ)™) u cnenosaTeaHo nma obpa-
TeH eleMeHT a1, TakbB, ye aa 1 = 1 (mod N). Tbii KaTo Ta3u Ipyna e Kpaii-
Ha, TOBA O3HA4aBa, Y€ CHLIECTBYBA Hal-MaJKO LSO MOJOKUTEIHO YUCIIO T 3a
koeto a” = 1 (mod N).

Cmuvnka 4 (usnvinasana Ha KGAHM OB KOMRIOMBP):

[ToAroTBsl ce KBaHTOB PETUCTBP, KOUTO J1a ChABPKA HAYAIHOTO ChCTOS-
HUE Ha alropuThMa. /IbIDKMHAaTa Ha TO3M PETHCTBP € 3N KyOWuTa, Kato n =
[log, N| e OposiT Ha OuTOBETE, HEOOXOAMMHU 3a MpeacTaBsHe Ha N. Perucrbpbt
€ JJOTMYECKH Pa3/eNICH Ha JBE YaCTH, KaTO IIbpBaTa 4acT OT HEro e MHULMAJIU-

3upa ¢ 6a30B03 cuerosaue |0),,,. Bropara yact ot Hero ce nHuIManu3upa ¢ Oa-
30BOTO cheTosiHue |1),, T.e.

[W1) = [0)2n| 1)y = [0)®2" @ [0)® D 1)

3 Hue BBb3mpHeMaMe U3BECTHO OTKJIOHEHHUE OT CTaHIapTH3MpaHaTa HoTalus Ha J{upak, KaTo ¢
|x),, o6o3HauaBamMe 6A30B BEKTOP, MPEACTABEH C IECETHYHO BMECTO C JBOMYHO YUCI0. MHICKCHT N B
TO3HU CIy4ai ToJICKa3Ba AbIDKUHATA Ha perucThbpa B OutoBe. Pa3zoupa ce, ToBa oTroBaps Ha 6a30B
BEKTOp ¢ pasMepHocT 2™,

121



H’praTa 4acT OT pCrucCThbpa CC MOCTaBA B ChbCTOSHUC HA paBHA CYIICPIIO-
3y C IIOMOINTa Ha IIJIFO30BC Ha Az[aMap, IMPHIIOKCHU KBbM BCCKH OTACJICH

OuT. Pe3yITaTHOTO KBAHTOBO CHCTOSTHHE €:
22m—1

1
;)= ) Wl
x=0

Cmwvnka 5 (u3nvanaeana Ha K6AHMOB KOMRIOMDBP):
IMpunara ce pyakuusra a* (mod N) BbpXy KBaHTOBHS PETUCTHP, KOETO
JlaBa HOBO ChCTOSTHUE:

22n_1
1

[%)2n|a* (mod N)),

B TOBa chCTOSIHUE BCEKM BH3MOKEH 0a30B BEKTOP X 3a IbPBATa 4acT OT PETHUC-
Thpa, MHTEPIPETHPAH KaTO JECETUYHO YHUCIO, € OOBBpP3aH ChC CTOHHOCTTA
a® (mod N). Hemuo noBeue, Thit KATO KMaMe apUTMETHKA 110 MOy, QyHKIIUS-
ta a* (mod N) uma nepuoj 1, mpe3 KOUTO CTOWHOCTUTE ce MOBTapsAT. To3u Ie-
puoa obaue He MOXe Ja ObJle M3YETeH, NUPEKTHO, Thii KaTO M3MEPBAaHETO Ha
KBAaHTOBOTO CBHCTOSIHUE BpbBIIa C paBHA BEPOATHOCT CaMO €IUH OT 0a30BHUTE
BEKTOpH. 3a J]a ce 3a00MKOJIM TOBAa OTpaHUYCHUE, CE M3I0I3Ba 0OpaTHa KBaHTO-
Ba TpaHcopmarus Ha Dypue, KOATO Hail-TEeCHO MOXe Ja ObJe onucana mo Oa-
30BH BEKTOPH. AKO |X),,, € m-GuToB 6a30B BekTop, a F,l e MaTpuuaTa Ha 06paT-
HaTa TpaHcopmarus Ha Oypue

2Mm—1
Rl === > o™i
2 k=0

|Lp3> =

2mi

KaTo @ = ezm,
[Topaau neproOAMYHOCTTA C MIEPUOJT 7', TIPH MPUITATAaHETO HA TpaHCHopMa-
UATa, aMIUIMTyAaTa Ha 0a30B BEKTOp k Chabpika reOMETPUYHA MPOrPecus C

2mirk

koedunuent e 22" ., Korato rk He e 61130 10 [2°" uneHOBETe HA Ta3u MPOTPe-
cusg MMaT pasnmudHd (asd ¥ B3aMMHO ce KoMIeHcupar. Koraro rk =~ [2%7,
(1=0,1,2...), uneHoBeTe ce cymMHpaT KOHCTPYKTUBHO. ToBa M0O3BOJIsIBa U3MEPBa-

22n

o k l
HCTO Aa Aajc C rojisiMa BEPOATHOCT CTOMHOCTH k, 3a KOUTO 22_n = ; Tosa Ha

CBOM peJ1 O3BOJISABA T Jla C€ U3BJIeUE Ype3 pasjaraHe B HEMPEKbCHATa JIpoo.

Cmuvnka 6. (HU3nvanaea ce Ha KOHBEHYUOHAIEH KOMRIOMBD)

AKO MoJydyeHaTa CTOMHOCT 3a T € HEUETHA, TSI HE MOXKE Jla CE U3M0JI3BA U
aIrOpUTHMBT TPsAOBaA Ja 3alI0YHE OT CThIIKa 3 ¢ Apyr u300p 3a a. Eto 3amio mo-
XKe Ja ce JOINYyCHE, 4e OTTYK HAaTaThbK CTOHHOCTUTE HA 7 ca YCTHH. a4’ =
1 (mod N) cnepoBatenno a” — 1 = 0 (mod N). JIsara crpaHa Ha CpaBHEHHE-

TO MOKe Jia ObJie pasioxkeHa. a’ — 1 = (aE + 1) (aE — 1) = 0 (mod N). ToBa

r T
3Hauu obaue, ue N nmenu TouHo (az — 1)(az + 1). N He MOXe aa JeIu TOYHO
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.
r o r
(az — 1), TH KaTO TOTaBa MEPUOABT HA CIIEMEHTA @ IIEIIe aa ObJIe 5 BMECTO 7.
T

OcraBa Bb3MOXKHOCTTa MHOKHTENUTe HA N J1a ca pasmpeneneHn Mexny (az —
T T
1)(az + 1) wmu bk N ga penu touno (az + 1). Ilpu Bropus ciayuail He MoXxe

Ja 6’5,[[6 M3BJICYCH HC-TPUBHUAJICH MHOXKUTCII U IMTPOLCCHT TpH6Ba Ja 3all04YHC Ha-
HOBO OT CTBIIKa 3 C Apyra CTOMHOCT 3a a. AKO MHOXKHMTEIIUTE ca pasnpeacicHu,
T

gcd(N, az — 1) mie npousBeie HETPUBUAICH MHOXHUTEN HA N, KOSTO TPUKITIOY-
Ba JITOPUTHMA.

3. Edexr BbpXy HH(ppacTpyKTypara Ha OusHec-MH(pOPMALMOHHUTE
CHCTEMH

EBeHTyaiHaTa mosiBa Ha KBAaHTOB KOMITIOTBD, CIIOCOOCH Ja M3ITBJIHU ajl-
roputhbMa Ha Illop, mpeacraBisBa mpska 3amiaxa 3a Ha MPaKTUKa BCUYKH IIH-
POKO H3MOJI3BAaHU ACHMETPUYHU KPUNTOTrpPadCKH CXEMH KaKTO € IOKa3aHO B
tabm. 1.

Tabauya 1. 3acecnamu acumempuyHu KpUnmozpa@cKu cxemu

Cxema Tpyaen npo6;eM B 0OCHOBaTa HuBo Ha
HA cxemara 3acsiraHe
RSA (mun¢pupane u noanucpase) Pasnarane Ha nenu yucia [IbsieH mpoOuB
Diffie-Hellman o6men JluckpereH gorapuThm [Tb1eH npobus
DSA JIUCKpeTeH J10rapuTbm [IbsieH mpoOuB
ElGamal (mmdpupane U JIMCKpETEH J10rapuThbm

[Ibnen npobus
MOATKCBAHE)

Elliptic Curve Diffie Hellman o6men | JluckpereH norapuTbM BbPXY
SITUITHYHA KpUBa

[TbneH npobus

Elliptic Curve DSA JIMCKpeTeH 10rapuThbM BbPXY TTaeH IDO6ME
SIIMITHYHA KpUBa P
Ed25519/Ed448/EdDSA JIMCKpeTeH J0rapuThM BbpPXY T sten npo6us
SIIMITHYHA KpUBa
Schnorr (e1ekTpoHEH HOAMHC) JIMCKpETEH J1I0rapuThmM [IbsieH mpoOuB
BLS (enexTpoHeH moAMHC) JluckpereH J0rapuThM B TPY-
1 ¢ OWIIMHENHO CIBOSIBAHE Tizner mpobun
Paillier [TpobGnemu 3a paznarane [Ibnen npobus

CriomeHaTuTe CXEMH ca B OCHOBAaTa Ha BCUUKH MPOTOKOIN U OMOIMOTEKH
32 KOMYHUKAallMOHHA CUTYPHOCT, HO UMIIAKThT HAa €BEHTyaJIHATa [10sIBA HA KBAH-
TOBU KOMITIOTPH 3acAra HE caMO KOMYHHMKAllMOHHATa UH(PACTPYKTypa, BbPXY
KOSATO paboTAT OM3HEC NMPUJIOKEHUATA, HO 1 MHOTO OM3HEC MPOTOKOJMU U pelle-
HUS, KOUTO U3MOJ3BAT KpUOTOrpadus ,,opraHuyHO 32 MOCTUTAaHE HA OTOpH3a-
s, yA0CTOBEpsIBaHE U MOBepUTEIHOCT. Hakou oT Tsx ca n3dpoenu B Tabi.2.
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Tabauya 2. 3acecnamu npomoKoaU U peuleHus

IIporokoJa/pemienne

Oo0J1acT Ha IPUJIOKEHHE

X.509

NudpactpykTypa 3a myOIMIHN KITFOYOBE, U3IMOJI3BAHA TIPH
KBaJIH(}. U HEKBAJIU(. ICKTPOHEH MOIIIHC.

JWT, OAuth 2.0

ToxbHU 3a OTOpHU3AIMS, U3IIOI3BaHH MPU OorpoMeH Opoit API
uHTepdeiicu Ha pa3npeeNieHd CUCTEMH

SAML OOwMeH Ha nHpOpMaLKs 32 OTOPU3AIMSL U YIOCTOBEPEHHE
Bitcoin,Ethereum,Solana Brnoxueiin

Kaptu ¢ EMV uun Kpenuthu u 1eOUTHH KapTu

3D Secure KpenutHu u 1eOUTHH KapTH

SWIFT PKI Hudpactpykrypa 3a my0IMyHH KIIIOYOBE Ha CUCTEMaTa 3a

O0ankoBu Tenerpadan cpoomerns SWIFT

SecureBoot, moanucBade Ha
MIPHJIOKCHUS U TTAaKETHU
XpaHUJIMILA

XapayepHa 3amura

PKCS#12 WNudpactpykTypa 3a myOIUYHH KII0Y0BE, popMaT Ha JaHHHU,

U3I0J13BaH IpU KBAIH(]. M HEKBaJIU(}. €IEKTPOHEH MOATHC.

Omnamky 3a cboOICHUS WHTerpanus Ha MUKpOYCIIyTH (3aCETHATH B YacTTa Ha MOJ-

MACBAaHE M OTOPH3aIlMs Ha ChOOIIEHUSATA)

WPA-2, WPA-3 Be3xnuHn Mpexu — 3acerHaT YacTHYHO MPU U300p HA KOH-

KpeTeH Metof 3a EAP

4. IIpenJioskeHn perieHust

Kakrto 6e nemoHcTpupaHo B TabimIa 1, roiasiMOTO MHOXKECTBO CXEMHU 3a acH-
MeTpUYHA KpunTorpadust pasunTaT Ha pa3IndHA BEPCHUH HA CaMoO JIBa TOJICKAIIN
npo0sieMa — TPYAHOCTUTE TP pa3jiaraHe Ha TOJICMH YHCIIa Ha TIPOCTH MHOYKUTEIIH U
TPYIHOCTUTE MPH W3YKCIISIBAHE HA JTUCKpETEeH JiorapuThM. M nmBata mpobriemMa ca
pEIIMMH Ha KBAaHTOB KOMITIOTEP ¢ MoudHUKauy Ha anropurbma Ha [llop. Pemmenn-
€TO0, NPEJIOKEHO OT KpunTorpadckara oOLTHOCT, ca BapHalluy Ha TPETH MPOOJIEM,
KOMTO WIBa OT 0OjacTTa Ha JIMHEWHaTa ainreOpa W TeopusiTa Ha Yuciara. To3u
npo0sieM € U3BECTeH Karo ,,yueHe ¢ rpemku’ (Learning with Errors wimm chkpateHo
LWE). CesiHoctTa Ha mpobiieMa € HEBB3MOXKHOCTTA 32 €(DEKTHBHO pEIllaBaHe Ha
CBpPBX OIpE/IeTIeHa cucTeMa OT cpaBHeHHs 1o Moy (Regev, 2005).

3a na ce ¢opmupa taen kiarod oT LWE npobiema TpsioBa na ce renepupa
TaeH BeKTop S € Z7, caydaiina Matpuna A € Zg*™ (m > n) u MarbK BEKTOp Ha
rpemikara e € Z™ reHepupaH OoT JUCKpETHO pasmnpenencHue Ha [ayc. Ha tasm
0aza ce m3uncnsiBa b = As + e (mod q). ToBa Ha TpakTHUKa TeHEpUpa CBPbB-
XOTpe/ieNicHa JIMHEWHA CUCTeMa OT CPaBHEHHS MO MOAYJI (, KOSITO 00ade Ch-
IbpKa HETOYHOCTH/TpelIki. BeIpekn ue 3a MOIyl q Ha MpakTUKa ce u30upa
IPOCTO YHCIIO, KOETO TeHepHupa MO3HATH OT JIMHEWHaTa ainredpa CBOWMCTBA Ha
cucTeMara, KOMOWHAIMATA U TPEIIKUTE TapaHTUpaT, Y€ CHUCTeMaTa He MOXe Ja
ce pemu upe3 ['aycoBa eMUHAIMS WM TEXHUKHU Ha 0a3a Haill-MaJIKu KBaJIpaTH,
KouTo Ouxa paboTwnu B EBKIUI0BY MPOCTpaHCTRA.

124




[TyOGmuuHUST KITFOY TOraBa Mpe/ICTaBIIsABa HapeaeHaTa nBoiika (4, b), T.e.
OIHCAaHMETO Ha Ta3H CHCTEMA, JOKATO BEKTOPHT S MPEACTABIABA TAHUAT KITFOU.
3a na ce npenane croduienue u € {0,1}, nsnpamaiara crpaHa reHepupa ciyda-
en gBouueH Bektop T € {0,1}™ u wzuncnssa u = ATr (mod q) u v = b'r +

q y
U lEJ I poTeKCTHT Ha CHOOIIEHHETO € HapeAeHaTa aBoiika ¢ = (U, v)

[Monmy4arensT Ha ChOOIIEHUETO (MIPUTEKATEIAT HA YACTHUS KITFOY) U3YHC-
JsIBa ¢ IOMOIITA HA § KOJIMYECTBOTO:
d =v—sTu (mod q)
ToBa KonMyecTBO MMa MHTEPECHU CBOMCTBA. AKO 3aMeCTUM U U V ¢ op-
MYJIUTE, OT KOUTO Ca MOJy4eHH (ITI0OKa3aH! MO-rope):

d= bTT-l-/,l%— sTATr = (s +e)'r +u%— sTATr =

=sTATr + e"r + u% —sTATr=e'r + u%
BugHo e, ye d € cyma OT Majka CTOHHOCT el r u ,u%. Torapa ako u = 1,

. q .
CTOMHOCTTA Ha d € MPUOTUZUTEITHO > Axo u = 0, croitnocTTa Ha d € NpUOIH-

3utestHo (. 3a rojieMu CTOMHOCTH Ha ¢, KAKBUTO CE M3IOJI3BAT HA MPAKTHKA, TO-
Ba € CBIIECTBEHA pasiiMKa M T IMMOJCKA3a Ha IMOJIyYaTess ¢ TojsMa CUTYPHOCT
nanu e uznparedo 1 umm 0.

Cxemara, pa3doupa ce, MOXe JIECHO J1a Ob/ie pa3mpeHa 10 CbOOIICHHS OT
noBede OMTOBE, HO 3a CHKAJICHHE 00OEMHUTE Ha KIIFOYOBETE W OpPOSAT HA ONepaIiy-
UTE CTaBa TBBPC I'OJISIM, KOCTO MPaBH CXeMaTa U3YUCIIUTEIHO OaBHA U TpyIHA
3a peaju3aiys B yCTPOWCTBA C OTPaHWYEH M3UMCIIMTENICH KarmanuTeT. ETo 3a1mo
B MpaKTHKaTa C€ W3I0JI3Ba HEWHA BapHalns, KOSITO € m3BecTHa kato Module-
LWE. Ilpu Ta3u cxema BEKTOPBT S UMa eeMeHTH oT Zg[x]/(xP + 1), 1.e. dak-

TOP-NPBCTEHBT HA IOJMHOMHUTE ¢ KoebuuueHtn or Zg. Tasu anrebpudna

CTPYKTYpa HO3BOJIsIBA FOJIEMHUTE M X 1 MAaTPULIM J1a OBbJAaT KOMIIPECUPAHU 3Ha-
YUTEHO KaToO MpPH TOBA CE€ YCKOPU TAXHOTO YMHOXEHHE Ype3 TEOPETHKO-
yucieHa Tpanchopmanus (NTT).

3akJIroueHue

Ouepranute (pakTH BOJAT 0 HAKOJIKO He3abaBHU 3akitoueHus. Ha mbpBo msic-
TO, HEOOXOJUMUSAT OpOM JOTUYECKH KyOUTH, KOUTO €BEHTYalIHO TpsiOBa aa Ob-
JaT MOAJAbpKaHU OT KBAHTOB KOMIIIOTHD, 32 /1a aTaKyBa YCIICIIHO aJrOPUTMUTE
Ha JIeHs TpsAOBa Jla ca 3HAYUTENHO MOBEYE OT TeKYIIUTE eMOHCTpupanu Ao 70
norudecku Kyourta. Ha To3u (oH MoOXe na ce mporsHosupa, 4e aTakuTe Cperry
RSA, DSA u ECDSA HsiMa na cTaHaT NMpakTUYHM B cienpamiure S5 10 10 roau-
HU. Bbrpeku ToBa He camMo AbpKaBHHU, HO U (PUHAHCOBH, 3aCTPAXOBATEIHU U
3[paBHU MHCTUTYLMH pa3nojaraT ¢ JaHHHU, YUSATO MOBEPUTEITHOCT TpsiOBa na
ObJe 3ama3zeHa 3a MHOTO MO-IBJITH nepuonu. IlepcrnekTuBara TakuBa JaHHU Ja
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ObJaT 3amvMcaHy B TPAH3UT JHEC, a JIEKOJUPAHU CIIEBAIOTO JECETHIICTHE HE
TpsiOBa na Obae mojneHsBaHa. ETo 3amo mpea Te3w WHCTUTYIIMH CTOSIT Halle-
KAl BBIPOCH CBBP3aHM C MUTpAIUsTa Ha CUCTEMUTE KBM HOBUTE TOCT-
KBaHTOBH IIPOTOKOJIH. Te3u BBIIPOCHU ca OITle TT0-3HAaYMMH Topaau (akTa, ue 1mo-
NOOHM WHCTUTYIIMH TIO OOSICHUMHU TMPUYMHHU CE€ OTHACAT KOHCEPBATUBHO KHM
WHOBAIIMY B MH(POPMAITMOHHUTE CH CHCTEMH.

Ha BTOpO MSICTO, KBAHTOBHTE KOMITIOTPH M MOCT-KBAaHTOBUTE aJITOPUTMHU
[IOCTaBsT HOBU, IMO-BUCOKHM M3HUCKBAHMS KbM MaTeMaTH4YeCKaTa KOMIIETEHTHOCT
Ha CIeIUaIucTUTe Mo nHpopmaTuka. JlocTaThyHO TOKA3aTEIICTBO B Ta3W HACOKA
¢ (pakThT, Yye MOKATO KIIACHUYECKH ITLTF03 MOJKE Ja OBJIe ONMMCAaH MaTeMaTHUYECKH
C eJIeMEHTapHA IBOMYHA apUTMETHKA, ONTMCAHUETO HAa KBAHTOBUTE TaKMBa M3HC-
KBa COJIMIHHU 3HAHUS B 00JacTTa Ha JIMHEHHATa ajredpa U CBOMCTBAaTa HAa KOMII-
aekcHuTe yncia. [lo mogo0eH HauuH CTOU BBIIPOCHT ¢ MAaTEMAaTHUECKATa CIIOXK-
HOCT IIPH MPEXBBPJISHE Ha KpunTorpadckute mpodieMu OT apUTMETUKA B YHC-
JICHW alNreOpWYHM TNPBCTEHH KbM apHTMETHKaTa B TOJUHOMHHU (akTop-
npbcTeHU. BCHYKO TOBa Hallara HOBM MOJXOJHM M PEIICHUS B IMOJTOTOBKAaTa Ha
obaenure UT cnenuanucTu.
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ECTECTBEHUSIT E3UK KATO UHTEP®EIC 3A CO®TYEPHA
PA3ZPABOTKA: AIIPOBALIS HA CODEX ITPH 3AJTAUYM 3A
MOIPBKKA

ri1. ac. 1-p bopuc Bankos'
IIBeresimna Momena?

Pestome: Pazsumuemo na conemume e3uK08u MOOeiu NPOMEHs. HAYUHA, NO KOUMOo ce
U3NBIAHAGAM 3a0ayu no cogpmyepra nooopwvacka. Paspabomuuxvem mooce oa ¢opmynupa
JHCENAHOMO NOBeOeHUe HA eCMeCmBeH e3UK, d e3UKOBUSM M0o0el 0d NOONOMOCHE AHAIU3A HA
cvuecmsysauy Koo, NIaGHUPAHemo, pearu3ayuama u nposepkama Ha npomanama. Llenma na
HayuHusi O0KNA0 e 0a ce pazenedd mazu NPaKmuKa 4pe3 CMeceHo eMIUPUYHO U3CAe08aHe HA
peantu 3a0auu b6 8bMpPeuHOUHCIMUMYYUOHAIHA UHGOPMAYUOHHA cUCmeMa 3a YnpasieHue
Ha 6ubnuomempuunu oannu. OCHOBEH AKYeHm ce NOCMABs 8bPXy MOOYIHAMA UHMe2PaYUs C
nyoauunume npocpamuu uumepgeticu (API) na Scopus u Web of Science, evhwnu uoenmu-
@uxamopu, nokarna cumyrayus Ha JSSON obpabomka, keomu, MpaH3aKYUOHHO HOPMAIU3U-
pawue, cbnocmaeane HAa 3a21asus U NPasula 3a 00cmvn 00 oannume. HMzcireosanemo Komou-
HUpA pempoCnekmuéer aHaiu3 Ha NOmpeOUmencKku UHCMPYKYuu u mecmosu pe3yimamu ¢
yen ycnewHama excnioamayusi Ha yed 0azupana cucmema 3a OmyumaHe HA HAY4YHA Oeli-
Hocm. Ilpednodicen e cucmemamuzupan pabomen NpomoKos, upes KOumo 0a ce ynpaeisisa
npoyeca no copmyepra nodOpPvICKA.

Knrwouosu oymu: vibe coding, Codex, uzxycmeen unmenekm, cogpmyepra nooopubiicka,

Laravel.
JEL: M15, C45, C88

NATURAL LANGUAGE AS A DEVELOPMENT INTERFACE: AN
EMPIRICAL STUDY OF CODEX-SUPPORTED MAINTENANCE
TASKS

Chief Assist. Prof, PhD, Boris Bankov
Tsvetelina Mosheva

Abstract: The development of large language models is changing the way software
maintenance tasks are performed. A developer can formulate the desired behavior in natural
language, while the language model can assist in the analysis of existing code, planning,
implementation, and verification of the change. The goal of this research paper is to examine
this practice through a mixed empirical study of real-world tasks in an internal institutional
information system for the management of bibliometric data. Particular emphasis is placed
on modular integration with the public application programming interfaces (APIs) of Scopus
and Web of Science, external identifiers, local simulation of JSON processing, quotas,
transactional normalization, title matching, and rules for access to data. The study combines
retrospective analysis of conversations and test results with a prospective future deployment
of a web based system for research metrics reporting. A systemic development protocol is
proposed that can be used to accurately support the development process.
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1. BnBeaenue

['onemuTe €3WKOBH MOJEIM Ca M3KIIOYUTEIHO aKTyaleH CIoco0 3a WH-
TepIpeTHpaHe Ha YOBEIIKO-YETUMH KOMAaHI! U TSIXHOTO YCKOPEHO pealln3upaHe
B copryepHu pemieHus. BpemeTo 3a pa3paboTka U HaATpa)xaaHe € ChIIECTBEHO
CBhKpaTeHO, KaTo BCsKa 3a/ada MOXe Ja 0ble ¢popMyIupaHa KaTo OMHCaHHE Ha
HaMEpeHHe, OTPaHWUYEHUS W OYaKBaH pe3yiaTar. MoaenbT pasieis TeKcTa Ha
OTJICJTHA CETMEHTHU U 3aIouBa Jia Mpejajara IpoMeHu B KOJa, TIOKyMEHTAIIUATA,
TecToBeTe Wiu KoHpuryparusaTa. Ciel ToBa YOBEKbT OLICHSBA pe3yiTara U Mpu
HEO0OXOMMOCT yTOYHSIBA 3a/1a4ara.

To3u HaumH Ha paboTa ce cBBbp3Ba ¢ MOHATHETO Vibe coding (0T aHr. €3.
vibe — BUOparusi, eMoIHs), KOeTo MPUI00MBa MOMYJSPHOCT clie]] HehOpMaTHO
oncanue Ha Andrej Karpathy nipe3 deBpyapu 2025 r. B mppBoHauanHaTa My
ynotpeba TepMUHBT 0003HaUYaBa MOAXOJ, MPU KOUTO pa3pabOTYHKBT C€ J10BE-
psiBa B 3HAUUTEIHA CTENEH HAa T€HEPUPAHOTO PEIICHUE, OMUCBA KEITAHOTO MOBE-
JIeHUE, U3MBJIHABA pPe3yJiTaTa U mojiaBa oOpaTHO HabmonaBaHuTe rpemrku. [1yo-
nukarnusata Ha Karpathy e ormpaBHa Touka 3a BH3HMKBAHETO Ha TEPMHUHA, HO
MOCIIEABAIINTE M3CICABAHMS MOKa3BaT, Y€ MPAKTHUYECKOTO MY MPHIOKEHHE €
no-pazHoodOpas3Ho. Vibe coding He BMHArM O3Ha4aBa IIBJIHO OT/aJieyaBaHE OT
PBUHOTO MTUCaHE Ha KOJ U TPAHUIIUTE HA MOHITHETO BCE OIIE c€ 0POPMSIT.

W3non3BaneTo Ha M3KYCTBEHUS HMHTENEKT NPHU MPOrpaMUpaHe IMOCTaBs
BBIIPOCH 32 KQUECTBOTO W MpOBEpKaTa Ha reHepupanus koa. CkopocTTa € cpen
OCHOBHHTE MPUYMHM 32 U3MOJ3BaHe Ha vibe coding, HO Hapes ¢ Hesl ce cpemiar
npoOseMu, KOUTO ca CBBP3aHU C KA4eCTBOTO Ha pe3yJiTaTHTe, MpOBEepKaTa U
Bb3HUKBaHeTO Ha rpeniku (Fawzy, Tahir, & Blincoe, 2025). ToBa npaBu 4o-
BEIIIKaTa OIEHKa 0COOCHO Ba)KHA, KOTATO M3KYCTBEHUAT MHTEIIEKT C€ M3I0JI3Ba
npu paboTa Mo chiecTByBalia copryepHa cucrema. [lorpeburennure 4ecTo Chb-
oO1raBat 3a Obp3 MbPBOHAYAJICH PE3YJITAT, HO CHIIO TaKa 3a MPOIYCHATH TECTO-
Be, MPOOJIEMU C MOAIPHKKATA U 3aBUCUMOCT OT OIleHKaTa Ha caMus MOJIETI.

Hacrosimata pa3zpaboTka mpejiara Hay4HO H3CJ€/IBaHE Ha €CTECTBEHUS
e3uk kaTo uHTepdeiic 3a copryepHa momapwmxka ¢ momomra Ha Codex Ha
OpenAl. Ka3ychT pasriiex/ia eKCliepuMeHTH, IPOBEACHU MPU U3TPaXAaHETO Ha
YHUBEPCUTETCKA CHUCTEMa 3a YIpaBJIeHHE HAa OMOITMOMETPUYHU JaHHH 3a aBTO-
pu, TyONUKaMy W TEXHUTE NUTATU. V3MONB3BAHUAT MOJET TPH OMHUTHTE €
ChatGPT 5.4, xato QOKyCHT € BbpXY TOBa KaK C€ MPOMEHsI MPOIEChT HA COPTY-
epHa TOJAPHKKA, KOraTo pa3padOTYMKBT MPEAOCTaBs KOHTEKCT, (opMylvpa
OTpaHUYEHUS, TPOBEPSBA PEIICHUATa W W3IMOI3Ba MOJENa 32 UTEPATUBHO M3-
I'BJIHEHUE HA PEATHU 3a]1aYH.
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OcHOBHAaTa 1€ € Ja C€ OLIEHU Jalli €CTECTBEHUST €3UK MOXKE Ja CIIyXKHU
KaTo e(eKTUBEH MHTEPGEHC MPU MOAAPHKKA HA CIOKECH BHTPEUTHOMHCTHUTY-
uoHaJjeH copryep, 6e3 ckopocTTa 1a ObJe pasriexkaaHa OTAEIHO OT KayecT-
BOTO M IpoBepuMOcCTTa. M3cieaBaHeTo HsAMa J1a MpeCTaBs JlOCeramHara pa-
00Ta KaTO KOHTPOJIMPAH EKCIIEPUMEHT, aKO 3a ChOTBETHATA 3ajJadya JIUIICBAT
HaJIe)KTHU BPEMEBM WJIM CPaBHUTEIHU JaHHU. PeTrpocnekTuBHO HabIrogaBa-
HUuTe (PakTu e ObaaT OTIACJIICHU OT Pe3yiTaTUTe, KOUTO MPEJACTOM Ja Obaar
HU3MEpPEHHU.

2. TeoperuyHna pamka
2.1. Vibe coding u AI-noonomoenamo npocpamupate

Vibe coding He € HAMBJIHO YCTAHOBEH HayuyeH TepMHH. TOM ce mosBsBa
I'bPBOHAYAIHO KAaTO OMMCAHUE HA MPAKTUKA, IPU KOATO YOBEKHT 3ajlaBa Ha-
MEpEeHUE Ha €CTECTBEH €3MK, IPUeMa 3HaYUTEIHA YacT OT FeHEepUpaHus KoJa U
OLICHSIBA pe3yJiTaTa MPEeIUMHO Ype3 U3IIbIHEHUE. 3aTOBAa TEPMUHBT HE TpsAOBa
aBTOMATHUYHO JIa C€ M3IMOJ3Ba KATO CHHOHUM Ha BCsAKa ynoTtpeba Ha Al.

W3non3BaHeTo Ha TeHepaTUBEH M3KYCTBEH MHTEJCKT MPU MPOTrpaMHUpaHE
3armoyBa OIlle Mpeau mosBara Ha TepmMuHa vibe coding. [lo-panHu u3cneaBaHus
MOKa3BaT, Y€ MPOrPAaMUCTHUTE W3IMOI3BAT MOJCIUTE 32 T€HEpUpaHEe Ha KOJ IO
pa3nuueH HauuH. B eauH oT ciiydyauTe pa3pabOTUYUKBT MPEABAPUTETHO 3HAE
KaKBO TpsAOBa J1a peai3upa U U3M0JI3Ba U3KYCTBEH MHTEJIEKT 3a YCKOpsSIBaHEe Ha
pabortata. B nmpyrus mpeaniokeHusiTa Ha cCHCTEMaTa CIyXaT 3a M3CJIe/BaHe Ha
BB3MOkHU petienus (Barke, James, & Polikarpova, 2023).

Vibe coding ce pasriexaa KaTo NpoMsiHa B HAYWHA, IO KOWTO Hamepe-
HUETO Ha pa3paboTyuKka ce MpeBpbhlIa B IporpameH koja. Bmecto 4oBeKBT
cam J1a mpeoOpa3yBa IsUI0TO U3MCKBAHE B TOUEH MPOTPaMEH CUHTAKCHUC, YacT
OT Ta3u paboTa ce moeMa OT reHepaTUBHUS MOJIeJl, KOWTO HHTEpIIpeTUpa Omnu-
caHaTa Ha €CTECTBEH €3MK LieJl W Ipeasiara KOHKpeTHo pemeHue (Meske,
Hermanns, von der Weiden, Loser, and Berger, 2025). Baxxaa oco6eHOCT Ha
TO3M Ha4MH Ha paboTa €, ue pa3paboTUUKBT NPOABIIKABA Ja y4acTBA aKTUBHO
B mpoueca. Toil ¢popmynupa 3agagyaTta, NpeaocTaBs HEOOXOIUMHUS KOHTEKCT,
OLICHSIBA TOJYYEHHS PE3yaTaT M MpH HEOOXOAMMOCT YTOYHSIBA Clie/BalaTa
ctbnka (Sapkota, Roumeliotis and Karkee, 2025). Taka gacT oT nmucaHeTo Ha
KOJ] CE€ 3aMEHs ¢ HacOYBaHE Ha MOJIeJla ¥ MPOBEpKa Ha MPEJI0KEHOTO peuie-
HUE.

B nabmiogaBanuTe cecuu ce peayBaT pa3roBOp ¢ Mojefa, Iperie]] Ha pe-
3yJiTaTa, W3MbJIHEHHE Ha NPUIOKEHUETO, TECTBAaHE U PBYHO PEAAKTHpPAHE
(Sarkar & Drosos, 2025). Apropute Wu3MON3BAT TOHIATHETO material
disengagement, 3a 1a OMUIIAT MOCTETIEHHOTO OT/AaJ€YaBaHe OT MUCAHETO Ha KO-
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Jla ¥ TIPEMUHABAHETO KBbM YIIPABICHUE HAa HETOBOTO Ch3/IaBaHE Upe3 M3KYCTBE-
HUS UHTENEKT. Te ommcBaT vibe coding KaTo MUTEPATUBEH MPOIIEC, IPU KOWUTO
pa3paboTYUKbBT peayBa (GopMmylupaHe Ha HAMEPEHHE, TeHepupaHe, Obp3 Mmper-
Jie/1, U3MBJIHCHUE Ha MPUJIOKCHUETO W PHhYHU MPOMEHH. T0Ba HE O3HAYaBa W3-
Yye3BaHe Ha ekcrepTusara. YacT oT Hes ce MpeHaco4YBa KbM yIpaBiIeHUE HA KOH-
TEKCTa, OIICHsIBAHE Ha pe3yJiTaTa U pelIeHne Kora 1a ce mpoabku ¢ Al u kora
Jla ce MPEeMHUHE KbM phUHa padoTa.

Cnopen Chou et al. (2026) vibe coding ce pasriexia KaTo MpakTUKa ¢
pasnMYHa CTEMEeH Ha 3aBUCHUMOCT OT HM3KYCTBEHHUS HMHTENEKT. B ompenenenu
Cllydad MOJENBT MOeMa MOYTH IsjIaTa peaan3anus U OlleHKaTa ce Haco4yBa OcC-
HOBHO KBbM KpailHUs pe3ynaTaT. B npyru ciaydan mporpamMuCTHTE YeTaT TeHepH-
paHus KOJ, peJaKTUpaT TO U M3IMOI3BAT COOCTBEHUTE CH TEXHUYECKU 3HAHUS
IIPU OLICHSIBAHETO MY.

[To-pannoTo u3cnenBane Ha Barke et al. (2023) nokasBa, ue nmporpaMHUTe
ACHCTEHTH C€ M3IO0JI3BAT MOHE B JIBa pa3nu4yHu pexkuma. [Ipu acceleration mode
pa3paboOTUMKBT 3Hae KaKBO TPsiOBa Jla HAIpaBU M U3MOJI3BA MOJIENa, 3a J1a J0C-
TUTHE 10-0bp30 110 pereHueto. [Ipu exploration mode MonenbT cimyxu 3a u3c-
Jie/IBaHE HAa BB3MOXKHU PEIIeHUs, KOraTo pa3paboTYMKBT OIle He € u30pas KOH-
KpeTHa peanm3aius. M aBata pekuma MoraT Ja IPHCHCTBAT MPH €IHA U ChIIa
3a/1a4a 1o MoAPHKKA.

2.2. Ecmecmeenusim e3ux kamo uumepghetic 3a vibe coding

[enTpanno msicro npu vibe coding 3aeMa ecTecTBeHUAT e3uK. [Iporpa-
MHUCTBHT MOKE JIa 3alI0OYHE 33j]a4aTa C OMKMCAHKUE Ha KEJIAaHOTO MOBEICHHE, BMEC-
TO JTUPEKTHO Ja Ch3/laBa HOBM IaIKH, (hailyioBe u mporpaMeH koja. ExHa kpatka
WHCTPYKITUS HEBHHATH € JocTaThuHa. KbM Mojena moraT ma ObaaT mpemocTa-
BEHU CHIECTBYBAI] KO, MPUMEpH, JOKyMEHTAIUs, HHGOPMAITUS 32 U3I0JI3Ba-
HUTE OMOIMOTEKH, MPEANOYUTAHUS 32 CTWI U ApYyru orpannyeHus. [Ipu padota
BHPXY Be€YE CHIIECTBYBAIla CHCTeMa Moj00Ha MH(opmalus € BakHa, 3aII0TO
HOBaTa MpoMsiHa TpsAOBa /a ObAe choOpa3eHa ¢ Beue yCTAaHOBEHA apXUTEKTypa
(Sapkota et al., 2025).

PaGoTHusT niponiec npu vibe coding e mpencTaBeH M KaTo MOBTaPAIL CE
IUKbI. PazpaboTunkbsT popMynrpa HAMEPEHUETO CH HAa €CTECTBEH €3HUK, a €3U-
KOBMSIT MOJIETT TeHepUpa WM NpoMeHs Kojaa. [lomydeHusT pe3yaTraT ce U3Ibli-
HSIBa U TIPOBEpsBa, a HAOJIIO1aBAaHOTO TMOBEICHNUE, BE3HUKHAIUTE TPEIIKU U pe-
3yJATaTUTE OT TECTOBETE CE M3MOJI3BAT 3a YTOUHSIBAHE Ha ClieBaliaTa HHCTPYK-
nus. LHukeabpT ce moBTaps A0 JOoCTUraHe Ha xkeiaHus pesyartar (Siddeeq,
Waseem, Kemell, Saari, Rasku, and Abrahamsson, 2026), kakTo € mokazaHo Ha
Qurypa 1.
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Queypa 1. Pabomen yukwvi npu vibe coding
H3mounux: adanmupano no Siddeeq, et al. (2026).

[IpeacTaBeHUSAT HUKBJI MOKA3BA, Y€ KPAUHUST PE3yaTaT c€ U3rpaxaa moc-
TEMEHHO Ype3 MOCIeA0BaTeIHO FeHEPUPaHEe, MPOBEPKA U YTOUHSBAHE, a HE CE
MoJIiy4aBa caMo OT I'bpBOHAUYaIHATa UHCTPYKIIMSL.

2.3. Pecucmwp Ilybnuxayuu

Peructep Ilybnukanuu e yHuBepcUTETCKa MH(GOPMAalMOHHA CHUCTEMaA 3a
yIpaBjeHUE Ha aBTOPH, MyOJIMKaIMH, aKaleMUYHa CTPYKTypa, OTYETH U OnOu-
OoMeTpuYHU JaHHU. B HOBaTta Bepcus Ha cuctemata Peructosp [lybnukarum koH-
TEeKCTHT BKJIIOUBa codTyepHa pamka Laravel, paznenenuero Mmexay nmotpedure-
JU U aJIMUHUCTPATOpH, MpaBUjiaTa 3a XEUIMpaHe, CTUI Ha MHCAHE Ha 3asBKU U
INOMOUIHH KJIACOBE, KAKTO W JKU3HEHMsI LMKbJ HAa JaHHWUTE, U3BJIMYAaHU OT IyO-
muaaute API Ha Scopus u Web of Science (WoS).

AHanu3upaHuAT MOAYN € peanu3upad B Laravel m cBbp3Ba JOKAJIHUTE
MyOIMKAIMOHHN 3alUCH C BBHHIIHU OMOIMOMETPUYHHM U3TOUYHHUIUM. OCHOBHUST
doxkyc e Brpxy Scopus u Web of Science, Tbii kaTo npu TSIX ce KOMOMHHpAT pe-
aJlHa CHHXPOHM3AIMS, ChXpaHsBaHE U TIOBTOPHO BB3MPOU3BEXKIaHE HA OTIOBO-
pu upe3 umuTanus Ha uctuHckusd API nmokanHo, npodunHu uaeHtudukaTopu,
UTHPAHUs, KBOTH/JIUMUTHU U CTIeNU(PUYHU MpaBUia 3a JOCTBHII.

[IpoekTHaTa TOKyMEHTalUs C€ U3IM0JI3Ba KATO aKTUBEH U3TOYHUK HA KOH-
TekcT npu paborara ¢ Codex. ApXUTEKTypHUTE MIpaBuja, ONMKMCAHUETO Ha OUO-
JUOMETPUYHUS MOTOK U UCTOPUATA HA HAIPABEHUTE MPOMEHU OrpaHUYaBaT J0-
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nyctuMuTe perrennsi. ChIeCTBEHA YacT OT anmpoOaiuaTa € UMEHHO TTpoBepKaTa
Jlalld MOJEIBT MOXE J1a U3I0JI3BA TE3HU IPABUIIA MTOCIEIOBATEIHO IIPU POMEHHU,
KOMTO 3acsiraT II0OBeY€e OT €IUH CJION Ha MPHUIOKEHUETO.

3. Pe3yaraTu ot anpodanusTa
3.1. Hopmanusupane Ha xunep8pvb3ku u nompeoumencku
uoeHmugpuxamopu

IIpu peammsupanute 3anaun 3a URL HOpManmu3upaHe €CTECTBEHOE3UKO-
BOTO OMNHCAHHWE MMHPBOHAYAIHO 3aj7aBa (YHKI[MOHATHATA II€J, HO KOPEKTHOTO
pEIIeHNe M3UCKBA pa3rpaHUYaBaHEe MEXIY IJIOCTHA XHIEPBPBH3KA, CAMOCTOS-
TeseH npoduiieH Ko U Bph3ka KbM MyoOsukaius. B pesynrar norukara e pasnie-
JieHa B CIEIMAaIN3UPaHU KJIaCOBE 32 HAyYHU Mpoduiu U myOJuKaIlMOHHU ajipe-
CH, BMECTO pasznu4yHuTe (opmaTu aa ce oOpaboTBar upe3 eauH odm] Habop OT
YCIIOBHU MPOBEPKH.

ArnpoOanusita oKaza MpakTUYECKOTO 3HAYEHHWE HA TPAHWYHUTE CIy4au.
OO6paboTkara BKIIIOUBA ajipecu 0e3 MPOTOKOJI, CTOMHOCTU camMo ¢ UieHTU(UKA-
TOp, paznuyHu Scopus nbTUlia, WOS: u RC: uaentudukaropu, U3MUIIHA Ta-
pameTpu B XUIEPBpH3KaTa M HEMPABUIIHO MOAAJCHU MPO(UITHN apecu B ChOT-
BETHOTO TIOJIE.

3.2. Cunxponuzayus Ha 0aHHu, nocpeocmeom APl

DYHKIIMOHAIHOCTTA, KOsITO ce TecTBa ¢ Codex 3acsira JoCThIa 0 JaHHU
Ha Scopus u Web of Science. Jlorukara mo3BoJisiBa €IHOBPEMEHHO padoTa C
BBHHIITHA 3asIBKU OT JIPYTH CHCTEMH, JIOCTHIT IO PEATTHA OTTOBOPH C HH(POpMAITHS
3a MyOJIMKAIMK ¥ ITUTaTH Ha JaJIeH MOTPEOUTENl U HOPMAJM3UPaHH JIOKAJTHU 3a-
IIUCH 32 TECTOBO BB3MPOM3BEKIaHE Ha ChoTBeTHOTO API. Peanusupanust mon-
X0l chxpaHsiBa MbaHUS JSON OTroBOp Mpear HOPMAIU3UPAHETO. 3ara3eHUST
OTTOBOpP MO’KE Ja ObJie BB3MPOM3BEACH JIOKATHO IMpe3 chimara odpaboTaamia
Joruka 0e3 HOoBa 3asBKa KbM IyOmuuHus nHTEepderic Ha Scopus u WoS. Tazu
OpraHu3aImys C€ OKa3Ba CHIECTBEHA 3a MMPOBEPUMOCTTA. [ permika B HOpMain3a-
IIUSATa HE BOJM JIO 3ary0a Ha BXOJHH JaHHU, a BB3MOXKHOCTTA 32 JIOKAJTHO BBH3II-
poM3BEKIaHE TIO3BOJISIBA MHOTOKPATHO ampoOupaHe.

Haii-Ba>xHUTE KOPEKIIMU ca CBBP3aHM C OTPHUIATEHHA KojaudecTBa. Odak-
BAaHUAT PE3YyJTaT OT BCSKA CJEIBAllla CHHXPOHMU3AIUS € CHIIECTBYBAI PO
Jla TIOJTyYH TOBeYe NaHHW (HAmp. HOBM HATPYNaHU IMTATH WJIA WHACKCHUpPAHU
nyosmkanun). B WoS € Bb3MOXKHO JajieH moTpeduTen aa Ob/ie NPUIo3HaT KaTo
aBTOp Ha YyXKJa MyOJuKaIus ciell ChBHajeHue Ha ume u dammmus. [Ipu mpe-
MaxBaHETO Ha W3JUIIHHUTE 3aliCH € HEOOXOAMMO TOBa Ja CE€ OTpa3d BHB BBHT-
pelIHaTa cucTeMa. Scopus MOTPEIIHO MOXKE Ja MPUIHUCIU BBHHITHU aBTOPH KbM
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OpraHU3aIMOHHATA CTPYKTYpa HAa BUCIIETO YYHIIUIIE U B PE3YyJITaT Ja C€ HAaYMuC-
JISIT TIOBEYE IMyOJIMKAITMU U ITUTaTH, KOUTO HE MoraT Aa ObJaaT BepuduIimpaHu.
3.3. Cwvnocmasane Ha 3a21a8Usl U KOHMPOAUPAHO npexevpane na EID

EID e m3non3BaHaTa abpeBuaTypa Ha MPUETUA B SCOPUS YHHKAJIEH KO 32
uaeHTUGUKAIMS Ha myoaukanusata. MoaensT Ha gaHauTe oT Scopus API e us-
MOJI3BaH KaTo 1Ia0JI0H 3a peajau3alusira Ha mojgooeH Mojen cipsmo Web of Sci-
ence 1 Google Scholar, HO mocneaHUAT HE € 00ekT Ha ampobarusaTa. [Ipu cb-
MOCTAaBSHETO Ha IMyOJIMKAIIMY, U3BJICYCHH OT CBETOBHUTE HAYYHHU 0a3M JTaHHH, C
nokanuute 3anuck, Codex mpejyiara oTiesHa JIOrMKa 3a MbJIHO U IPUOJIU3UTE]I-
HO cpaBHeHre. HopMmanu3zanusara Ha 3ariaBusita 00paboTBa CIIeIUaTHU KOMITIO-
THPHU CHUMBOJIU, MTyHKTYyaIlUsl ¥ WHTEPBAIH, a MPUOIU3UTEITHOTO CPAaBHEHUE H3-
M0JI3Ba CXOJICTBOTO MEXK 1y Tpurpamu oT Unicode cumBoIIH.

[lenra na mombiBaneTo Ha EID e JIeCHOTO OTKpuMBaHE HAa LMTATH KbM
myOJUKaIMKM, KOUTO Ca HYXXKHU 3a Pa3IMYHU UHCTUTYIIMOHAIHU TIpoLeaypu (ax-
peauTanys, arectanys 1 ap.). ABToMaTH4HOTO npexBbpiisine Ha EID e orpanu-
YEeHO JI0 MBJIHO CHBIMAJICHUE HA 3arjiaBusl Ha MyOJIMKAIUUTE B PAMKUTE HA €IUH
uscnenoBatesicku npodui. Beue 3ammcan uneHtudukatop He ce OOHOBsIBA, a
OCTAaHAJIMTE HECHIIOCTABUMU 3aITMCH MOTAT Jla C€ MapKUpaT phb4HO. TOoBa € HyX-
HO, 3aI[0TO C€ CpeIaT MyOJIMKAIid Ha PYCKH, HEMCKH, (PPEHCKHU U Jp., KOUTO
HE Cca 3alMCaHW C WHICKCHUPAHOTO CH 3arjlaBHe¢ BHB BHTPCITHOMHCTUTYIIMOHA-
HaTa CUcTeMa.

4. CucreMaTu3upaH padoTeH MPOTOKOJI

3a pabota ¢ unctpymenT karo Codex ce mpenopbuBa M3IMOJI3BAHETO Ha
MpeIBapUTENIeH KOHTEKCT, KOUTO Jla ce MpOuYMTa Mpeau BCAKa MOTpeOuTeNcKa
UHCTPYKIUS. To3u KOHTEKCT ce 3anucBa oonkHoBeHo B AGENTS.md daiin, kb-
JIETO C€ M3I0JI3Ba YOBEIIKO-YETUMO OINMCAHME Ha 00XBaTa, MOJIE3HU METO[IH,
aApXUTEKTYPHU OEJEeKKHU, MPOTrpaMHU CTaHJAPTH W MPUHLMUIN, KAKTO U JUPEK-
TOPUM U ITBTHUIIA 10 APYTU KOHTEKCTHU (aisioBe ¢ pasmupenue .md.
Bb3 ocHOBa Ha mpoBeneHaTa ampoOarus pabOTHUAT MPOIEC MOXE na Oble
0000IIIeH B clieHaTa OCIEA0BATEIHOCT:
1) AHanu3 Ha ChILECTBYBAILlaTa peaau3alus Mpeay reHeEpUpaHe Ha TPOMSIHA.
2) M3BnuyaHe HA aKTUBHUTE APXUTEKTYPHHU U MPUMEPH HA OM3HEC JIOTMKaTa
OT KOJa U JOKYMEHTALIUITA.
3) ®opMynupaHe Ha KOHKPETHA LIEJI, KPUTEPUH 3a IPUEMAHE U OTPULIATETHU
MpaBuUJIA.
4) OrpaHuvaBaHe HA IPOMSHATA JI0 HEOOXOIUMHUTE TTOJACUCTEMH H TIOBTOPHO
M3II0JI3BAaHE HA CHIIECTBYBAILIUTE ITOMOIIHH KJIACOBE.
5) W3nbiaHeHHE Ha TECTOBE, CHHTAKTUYHA ITPOBEPKA U MOBTOPHO HU3MbJIHE-
HHE HA JETEPMUHUCTUYEH BXO/I.
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6) Ilpernen na Git pa3nuku B u3xogHUTE (ailioBe 3a HEXKEITAHU MPOMEHH B
CTHJI, IPaBa, TPAH3AKIUN U HEJECTPYKTUBHOCT.

7) AxTyanu3upaHe Ha JOKYMEHTAIUsTa CJe]l MOTBbPXKAABaHE HA PEaTHOTO
HOBEJICHHE.

5. O0cnikaane

EcrectBenusar e3uk (pyHKIIMOHUpA KaTO UHTEpPeiic Mexay HaMEPEHUETO
W IIporpaMHaTa peanu3sainus. Toil OOMKHOBEHO HE € KpaTKa MHCTPYKIIUS, a MOXKE
Jla BKJIIOYBA OINKCAaHKUE Ha MpoOjeMa, ChUIECTBYBAI KO/, IPOEKTHA IOKYMEHTa-
1Msl, OTPAaHUYEHUS 32 CUTYPHOCT, U3UCKBAHMS 32 TECTOBE U MPEANOYUTAHUS 32
ctwi. [Ipu moaapmxkKa Ha yCTaHOBEHA CHCTEMa KOHTEKCTHT € 4acT OT crenudu-
KarusTa.

CrietoBaTelIHO KaueCTBOTO HA €CTECTBEHUS €3MK MOXKE J1a Ce U3yyaBa
ype3 HeroBata MH(GOPMAIIMOHHA TUTBTHOCT: KAKBU OTPAHUYEHUS ChIbPKA, KOJI-
KO IIPOEKTEH KOHTEKCT € MPEJOCTaBEH, JAJIM Ca TOCOYECHH OTPUIIATEITHU MPABU-
Jla ¥ 1aJlii ca OMKCAaHU KPUTEPUUTE 3a TIPUEMaHe 3a U3IIbJIHEHUE Ha TTOCTaBeHATa
enl.

AHaM3upaHuTe 3a7a4M MOKa3BaT, Y€ €CTECTBEHUST €3UK € MPAKTUYECKU
MPUJIOKUM KaTo MHTep(deiic 3a MoaapbKKa, KOTaTo € 00BbP3aH C JIOCTAThYHO
POEKTEH KOHTEKCT. Hail-cmabo ompeneneHuTe MHCTPYKIUU ca MOAXOSAIIM 3a
HayajJHO OPUEHTUPAHE WJIM JIOKAJIHU MPOMEHHU, HO IMPH OINEpallid C BHHIIHU
UJECHTU(PUKATOPH, NpaBa U Pa3pyIIUTEIHU JEUCTBUS CE€ Hajara KOHTEKCTHT Ja
ObJle TPEBBPHAT B SIBHU OTPAaHUYCHHSI.

Bropusit ycToiuuB pe3ynaTaT € 3HaYCHUETO Ha OTpUIlaTesHaTa crenudu-
karus. [Ipu ronsma yacT oT pasriielanuTe 3aJa4i WHKEHEPHO KPUTUYHOTO T10-
BeJieHUEe ce opmynupa upes ,,Jla He ce Impe3anucBa‘, ,,Jja He ce U3TpuBa®, ,.Ja
HE ce MpueMa JBYCMHCIICHO ChBIIAJICHUE  UIIH ,,J1a HE CE U3BBPIIBA MpecKayaHe
py HEN'bJIEH OoTroBop®. Te3u mpaBuia orpaHUYaBaT JOKAIHO MPABIONOI00HU
pelieHus, KOUTo Ouxa HapyIIMJIA ChCTOSTHUETO HAa CUCTEMATA.

Tpertust pe3ynrtaT e npoMsiHaTa B pasnpezenenuero Ha Tpyaa. Codex mo-
€Ma 3HaYMUTEIHA YacT OT ThPCEHETO B KOJA, IPEJAraHeTO Ha peann3aluus U Me-
XaHUYHOTO U3MEHEHHUE Ha HSIKOJIKO CBBbp3aHu (paitna. PazpaboTuuxbT obOaue 3a-
nasBa KIIOYOBUTE (YHKIMH 1O OTpECsSHE Ha TPAHUIIUTE, OIICHKA Ha WICH-
TUYHOCTTA, IPOBEPKA HA CTPAHUYHUTE €PEKTU U MprueMaHe Ha pesynrara. Cre-
JIOBATEJIHO HAMaJIsIBAHETO HA JUPEKTHOTO MUCAHE HA KOJ HE O3HAayaBa HaMaJs-
BaHE Ha MHKEHEpPHAaTa OTTOBOPHOCT.

Hakpas, nokanHaTta cumynanusi Ha JOCThIl U oTroBop oT API u dokycu-
paHUTE TECTOBE C€ YTBBPKIABAT KaTO OCOOCHO MOAXOMASIIM cpeicTBa 3a Al-
MOAMOMOTHaTa NOAApbKKa. Te OTaensIT mpoBepKara Ha MporpaMHara JIOruKa OT
TEKYUIOTO ChCTOSIHWE Ha BBHIIHATA YCIyra, KBOTUTE M MPOMEHIIUBOTO ChIbpP-
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’KaHHe Ha Hay4yHUTE 0a3u OT JaHHM. ToBa MO3BOJISBA €HA U ChIlla €CTECTBEHOE-
3MKOBA 11eJ1 J1a ObJIe MPOBEPSIBAaHA BbPXY BB3IPOU3BOJUM BXO/I.

6. 3akiaoueHue

[Tonstuero vibe coding naBa 0OCHOBaHME 3a CKENTHUYEH MOTJIE]] BbPXY HO-
BUTE TPOIIECH, CHITBTCTBAIIM codTyepHara pa3padborka. [IpoBenenara amnpoba-
IS TIOKa3Ba, Y€ €CTECTBEHUAT €3MK MOXe Ja (DYHKIMOHHUpA KaTo €PEeKTHBEH
uHTepdeic 3a MOAIPHKKa Ha ChIIECTBYBAIL cO(QTyep, KOTaTo B3auMOICHCTBHUE-
TO C TEHEPATUBHHUS MOJIEI € TIOCTABEHO B SICHU WH)KEHEPHU T'paHUIU. B pasrie-
nanus codpryeper moayn Codex moamomara aHayiv3a Ha CHIIECTBYBAIIHS KO/,
dbopMyIMpaHEeTO Ha IJIaH, pealu3alusaTa U TeXHUYecKaTa MmpoBepka Ha Mpome-
HHU, KOUTO 3acsiraT BBHIIHU WIACHTU(GUKATOPU, CHHXPOHU3AIMS, MyOIuKaIH,
IIUTATH U TEXHUTE aBTOPH.

Kputnunusr dakrtop komMOMHMpa TeHEepUpaHe Ha BaJUACH M HAJCKIICH
KOJI, KAKTO U CIIOCOOHOCTTA Ha paOOTHHS MPOIIEC JIa 3ara3u KOHTEKCTa U JIOTH-
KaTra Ha cuctemata. Peanm3upanuTe 3a1a4ud MOKa3BatT, ye OTPUIIATEIHUTE Ipa-
BUJIA M TIPOBEpPKATa Ha TPAHWYHU CIIy4aW ca PaBHOCTOWHA YacT OT crernuduka-
nusATa. Pemenne, KOeTo U3ITbIHABA MMOJIOKUTETHUS CIIEHApUi, HE MOXKE J1a Obe
MIPUETO, aKO JOIyCKa Mpe3alrcBane Ha UISHTU(DHUKATOP, pa3pyIIUTEIIHO JEHCT-
BH€ TIPU HEITBJICH OTTOBOP WJIM 3ary0a Ha CypOBHTE JTaHHU, HEOOXOIMMH 32 BbH3-
CTaHOBSIBAHE.

B pe3ynTar ecTecTBEHHAT €3WK € YTBBPIKJIaBa KaTo HOB CJION Ha B3aW-
MOJICMCTBHUE ¢ TporpamMHaTa cuctema. [IpakTH4ecKuaT NpuHOC Ha U3CIIEBAHETO
€ CUCTEeMaTU3HpaH pabOTEeH MPOTOKOJI, B KOWTO HAMEPEHUETO, MPOSKTHUAT KOH-
TEKCT, OTPUIATSIIHUTE OTPAHWUYCHUS, UMIUIEMEHTAIMATA U HE3aBHCHMATa IPO-
BepKa oOpasyBaT equHEH NUKBI. MIMEeHHO Ta3u opraHu3aus mo3pojisBa Al-
MOJIMTOMOTHATATa MOJIPHKKA J1a OBb/Ie SATHOBPEMEHHO YCKOPEHA, MpocieanMa U
ChOOpa3eHa ChC ChIECTBYBAIaTa apXUTEKTYPA.
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MOJEJI 3A AJAIITUPAHE HA IPEABAPUTEJIHO JIE®@UHUPAHO
YYEBHO CBbABbP/KAHUE B YHUBEPCUTETCKHU KYPCOBE

L. ac. 1-p Benko Angonos!
riL. ac. 1-p MBona Beiakosa’®

Pe3tome: Mszcneosanemo npeonaza mooen 3a aoanmupane Ha npeodsapumento oepu-
HUPAHO YHUBEPCUMEMCKO Y4eOHO CbObPICAHUE Upe3 pA3IudHU yueOHu mpaekmopuu, ez oa
ce npomeHsm pesyimamume om 00OYYEHUEMO, OYEHABAHEMO U AKAOEMUYHUSM CMAHOAPI.
Mooenvm uznonzéa epag Ha cvovpocanuemo, yueonu 0oKa3ameicmea u npenooasamencku
KOHMPOIL.

Kaw4yoBu aymu: aoanmueno ooyuenue, nepcoHaIu3uUpano ooyyeHue; usKycmeeH uH-
menekm, sucuie 0opazosanue, yueOHO CbObPICaAHUe; MOOeN Ha 00yuaeMus

JEL: JEL konose: 121; 123; C88; 033

MODEL FOR ADAPTING PREDEFINED LEARNING CONTENT IN
UNIVERSITY COURSES

Chief assist. Dr. Venko Andonov
Chief assist. Dr. Ivona Velkova

Abstract: The study proposes a model for adapting predefined university learning
content through different learning trajectories without changing learning outcomes,
assessment, or academic standards. The model uses a content graph, learning evidence, and
instructor control.

Key words: adaptive learning; personalized learning; artificial intelligence; higher
education, learning content, learner model

JEL: JEL codes: 121; 123; C88; 033

1. BnBeaenue

Jlururanu3amnusaTa ylIecHsBa YHUBEPCUTETCKOTO 00y4YeHHE, HO CTYCHTH-
T€ B €IMH KypC UMaT Pa3IMYHU IPEIBAPUTEIIHU 3HAHUSA, TEMIT U HYXJa OT MOJ-
Kpena, a oOMYaifHO cieBaT eIHaKBa MoCIeA0BaTEIHOCT. ToBa BOAU 10 HEHYX-
HO TOBTOPEHUE NPU OBJIAJICHU 3HAHUS WIM JI0 MPEMUHABaHE HAIpe] MpU IMpo-
MyCKH, a UHIMBUIYaTHUAT U300p Ha clejaBallla CThIIKa TPYAHO ce Mamjadupa
IIPU FOJIEMH MOTOLIH.

AnanTanusTa He TpsOBa /Ja Ch3/1aBa pa3IMueH aKaJeMUYeH CTaHJapT: pe-
3yJNITaTUTE OT OOYYEHHUETO, 3aAbDKUTEITHUTE ACHHOCTH U OILICHSBAHETO OCTaBaT
o011 U KOHCTPYKTUBHO cbriacyBanu (Biggs et al., 2022), a ce npomeHsi caMo
OBTAT 70 TAX.

! vandonov@unwe.bg, YHCC
2 jvonavelkova@unwe.bg, YHCC
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[Ton mpenBaputenHo aepuHUpPaHO Y4eOHO ChHIBpPKAHUE ce pazdupar
IpeIBapUTEIHO pa3pabOTEeHN M aKaJeMHYHO OAOOPEHU PECypCH U JIEHHOCTH.
Cucremata Moke Ja u30upa MEXAy paspelieHH OOSCHEHUs, YIPaKHEHUS U
HOJIKPEISIIM  PECYPCH, Ja MPOMEHS MOCIEAOBATEIHOCTTa U KOJUYECTBOTO
IPAKTHKA, HO HE U aKaJIEMUYHOTO SPO.

MonenbT MOXe /1a U3M0JI3Ba JaHHU OT CUCTeMaTa 3a yIpaBJjeHue Ha 00y-
YEHHETO, KaTo J1aBa MPUOPUTET Ha PE3ylTaTUTE OT OICHEHU JCHHOCTH Tpe.
JIBYCMHCIICHU TIOBEIEHYECKH CHUTHAIM. V3KYCTBEHHST HMHTENEKT MoJAroMara
aHanmM3a W oOpaTHaTa BPH3Ka, HO HE OMpEeNs 3aIbJDKUTEITHOTO ChIbpPKAHHUE
WIM KpUTEepHHTe, a TMpernojaaBareisaT 3ama3zBa Bozaema poist (European
Commission, 2026; Miao & Holmes, 2023). MnTerpupanarta nuappactpykTypa
3a y4eOHHM JJaHHU € chlecTBeHa npeanoctaBka (boxxukos u Kysneros, 2024).

JlutepaTypaTta moka3Ba (pparMEHTHpPAHO CBBpP3BaHE HAa CTPYKTypaTa U
MOCJIEZIOBATEIHOCTTa Ha ChIBPKAHUETO C TOTOBHOCTTA Ha oOydaemus (Zhong,
2023) u HegocTtaThyHa OOOCHOBKA Ha MojenuTe Ha oOydaemust (Wang et al.,
2025). NscnenoBarenckusT NpoOieM € siCHaTa Bpb3Ka MEXIY ChIbpXKaHUE,
yueOHH J0Ka3aTesICTBa, aJalTallMOHHO PEIlIeHUE U MpernojaBaTesiCka OTrOBOp-
HOCT.

[lenta e na ce pa3paboOTH MPUIIOKUM MOJIEN 3a afJanTHpaHe HA TIPEIBapH-
TEJHO Ae(PUHUPAHO ChIbPKAHUE BbPXY CHIIECTBYBAIla CHCTEMA 33 YIIPaBIICHUE
Ha OOYYEHHETO, KOWTO 3ama3Ba OOIIMTE PE3yJITaTH M OIICHABAaHE, HO JOIMycKa
Pa3IMYHU TPACKTOPHH CIIOpPE] T0Ka3aTeNICTBaTa 3a OBIa/IsIBaHE.

3a mocTUraHe Ha LETa Ce MOCTaBIT YSTHPHU M3CIEIOBATEIICKH BBIIPOCA:

e Kak npensapurenHo JepUHUPAHOTO ChABPKAHUE Ja ObIE CTPYKTYPUPAHO
Taka, 4e Jia JAOIyCKa pa3InuyHu MapuipyTH, 0e3 Ja ce HapyllaBaT 3a]IbJIKHU-
TEJTHUTE pe3yaTaTH OT 00y4eHUETO?

e KakxbpB MUHHMaJIEH HA0Op OT y4eOHM JOKA3aTeJICTBA € JOCTAThUYEH 3a 00sC-
HUMa OLIEHKA Ha TEKYIIOTO ChCTOSHUE?

e Kak nma ce n3bupa cienpaiia I€HHOCT caMO OT MEJAArOTMYECKH JOIYCTUMU
anTepHaTUBU?

e KakBa ponst Moxke Ja MMa WM3KYCTBEHUAT UHTENEKT, 0€3 Jla ce MPEexXBBbpJis
aKaJleMUYHaTa OTTOBOPHOCT OT IPENo/iaBaresisi KbM aBTOMAaTUYHA cucTeMa’?

HayunusT npuHOC € mpoBepuMa paMKa, KOSITO pa3zesiss HEM3MEHHO aKa-
JEMUYHO SIIPO M OTpaHUYeH aalnTUBEH CJIOW U (popMmanu3upa CTpyKTypaTa Ha
ChIIbP’KaHUETO, MOJIeIa Ha 00yJaeMusl, MpaBuiaTa, mpernogaBaTeICKusi KOHTPOJ
U OLICHKATA.

2. TeopeTu4Ha U TEPMUHOJIOTHYHA PAMKA

AJTanTUBHOTO OOy4YeHHE Ompesess cliefBaiiara yueOHa CThIIKAa CIOpE.
TEKYIIIOTO ChCTOSHUE HAa 00ydaemus. 3a pa3jiuka OT IMO-IIUPOKOTO MEePCOHATH-
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supaHo obydenue (Bernacki et al., 2021), Tyk cucremara u3bupa camMo MEXIy
IpeBApUTENIHO O00PEHU PECYPCH U ACUHOCTH.

EdexTpT Ha aganTuBHUTE MOAXOAM 3aBUCH OT au3aiiHa: du Plooy et al.
(2024) otuurtat mogoOpeHne Ha akajgeMUIHUTE pe3ynraty B 41 ot 69 uscnenna-
Hus, a Hooshyar et al. (2024) noguyepraBaT noji3ara OT CBbP3BaHETO Ha TEKYIIO-
TO CbCTOSIHUE C KOHKPETHU aJJaliTUBHU JEHCTBUA.

CrpuiecTByBalmMTe pa3pabOTKU HEBUHATU (DOpMATU3UPAT Bpb3KaTa MEXKIY
ChAbpXKaHUE, TOTOBHOCT U AeiicTBue (Zhong, 2023), a XapakTepUCTUKUTE Ha
Mojieia Ha 00yyaeMHus 4eCTO ca HeJocTaThuHo o0ocHoBanu (Wang et al., 2025),
KOETO 3aTpyIHsABa 00SCHUMOCTTA Ha TPETIOPHKUTE.

[TpennoxxeHUsAT MOAEN CBBP3Ba MPSKO ChIABPKAHUETO, TOKA3aTeICTBaTa
3a OBJIA/sIBAHE U JIOMYCTUMOTO cieaBailo aericteue. KypchbT ce mpencraBs kaTo
rpad, a MozenbT Ha oOydaeMus MOJAbPKa TEKYIU JTOKA3aTeICTBa 32 KOHKPET-
HU MOHATHUS, OT KOUTO C€ U3BEKAAT PEIICHUSATA.

MonensbT cneaBa TpU NPUHIUIA: KOHCTPYKTUBHOTO ChITIaCyBaHE 3aIa3Ba
BpB3KaTa MEXIy pe3yiTaru, NelHOoCTH U oreHsiBane (Biggs et al., 2022); o0y-
YEeHHETO /10 OBJajsBaHe 100aBsl MOAKpENa MpH HEJOCTAThUHU JO0KA3aTeNICTBA
(Winget & Persky, 2022); ¢popMaTUBHOTO OIIEHSIBAHE M3IMOJ3Ba TEKYIIUTE pe-
3yJITaTH 3a clieIBallo neaarorudyecko aedcreue (Morris et al., 2021).

W3KyCTBEHUAT WHTENEKT MOAINOMara CTpyKTypUpaHEeTO Ha OJ00peHu pe-
cypcu U oOpaTHaTa Bpb3Ka, 0€3 /a ompeness pe3yiTaTUTE, OLUEHSBAHETO WM
3aIBIDKUTEIIHATE 3aBUCUMOCTH; OCHOBHHUAT MEXAHU3bM OCTaBa OOSICHUM U TIOJ
IpernoiaBaTesicku KoHTpol. [lonobHa nmoanomaraiiia HHTErpauus ce pasriexia
u oT Tonopanosa u [lenues (2024).

Tabnuya 1. Bpwv3ka medcoy ycmanoseHume npodiemu u peuieHusama

8 NPeONIONCEHUSL MOOEL.
YcranoBeH npodJiemM
Enun o011 yue6eH MapmipyT He OTYHTA
pas3jinuHaTa CTCIICH Ha OBJIAJAABAHC.
CpappkaHUETO, CHCTOSHUETO Ha 00ydae-

Penrenue B npeasioKeHust Moges
CrenBariara CThIIKa C€ OMPEAEISI CIIOPE] Te-
KYIIUTE YUeOHU JOKA3aTEIICTBA.

Te ce cBBp3BaT upe3 obu1 rpad Ha y4eOHOTO

MHUS U aJJalITUBHOTO PEILLIEHUE YECTO Ce
pasriaexaar OTACIHO.

ChABbPKAHUE U MPEIBAPUTEIHO 3aJaEHU I1pa-
BHUIJIA.

Mopenute Ha 00y4aeMust MOTaT Jia BKITIO-
9YBaT TPYJHO OOOCHOBAHM XapPaKTEPUCTH-
KH.

Hs3moisBa ce MUHAMAJIEH MOJIEN, OCHOBAaH
HpGI[I/IMHO Ha pGSy.HTaTI/I OT OLICHCHHU y‘ICGHI/I
JNEUHOCTH.

ABTOMaTH4YHATa NnepcoHaian3anuns MOKE
Ja MpOMCHU WA 3a00MKOIH aKaI€CMHUYHH
N3UCKBAHMA.

AKaJIeMUYHOTO PO OCTaBa HEU3MEHHO, a
aJlanTaIusaTa € orpaHuYeHa 10 IPEeIBAPUTEII-
HO JIONTYCTHUMHU JACUCTBUSI.

Pemenusita Ha aBTOMaTH4YHaTa CHCTEMA
Morar Ja ObJ1aT TPYAHO MPOCIIETUMHU.

3a Bcska npenopbKa ce 3ama3par Joka3aTell-
CTBOTO, NMPUJIOKEHOTO MPABUIIO, IEUCTBUETO U
IpUYMHATA.

H3mounuk: paspabomka na asmopume
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3. MeT01010THs1 M TPOEKTHU U3UCKBAHUA

W3cnenBaneTo u3Moii3Ba MOAXO/AA HA M3CIE/BaHE Ype3 MPOEKTUpaHE 3a
pa3paboTBaHe, JEMOHCTpAIMs U OlLEHsIBaHE Ha (opMalIM3UpaH MOJEN 3a aJarl-
TUpaHE Ha MPEeIBapUTEITHO Je(hUHUPAHO YHUBEPCUTETCKO chabpkanue (Hevner
& vom Brocke, 2023).

N3criemoBaTeICKUAT TPOIIEC BKIIOYBA YETHPHU €Tara, MoKa3aHu Ha QuUTy-
pa 1.

N3uckBanusn ITpoexTHpane JdemMeHcTpamus OueHsiBaHe
AKazieMHYHO $EpO, I'pag Ha Moznyi ng AHAIUTHYHA 1
JI0KA3aTeNICTRA) ChABbPIKAHNETO) KOMITIOTHPHU MPEKHU eMIMpUYHA
NPETIONABATEIICKL: MOZEN Ha 1 pasiIiHA NpoBEpKa B peaHa
KOHTPOI oOyuyaemusl, paBp@ia TPaCKTOPHUHL cpena

3a aJarnTupanc

Queypa 1. Emanu na uzciedosamenckus npoyec.
H3mounux: pazpabomka Ha asmopume

[IspBO ce 3amaBaT OrpaHWYCHUATA: 3aMa3BaHE HA PE3yJATATUTE U OICHS-
BaHETO, CIIa3BaHE Ha 3aBUCUMOCTHUTE, MEJAarornuecku 000CHOBaHU JO0Ka3aTelic-
TBa W IpenoAaBaTesncku KoHTpod. Cien ToBa Te ce popmanusupat upes rpad Ha
CBhABPIKAHUETO, MOJIET HAa 00yyaeMHus U IIpaBujia 3a U300p Ha JICHHOCT.

MonenbT ce IeMOHCTpUpa BBPXY MOJIYJ MO KOMITIOTBPHH MPEXH U Ce
OIICHSBA AaHAIMTUYHO U EMITMPUYHO. AHAJTMTHUYHATA TIPOBEpPKA MPOCIICAsIBA aKa-
JEMUYHOTO SJIPO, 3aBUCHMOCTUTE, JOIMYCTUMHUTE JCUCTBHSA U OOSICHUMOCTTA, a
EMIIUPUYHATA - IPUJIOKUMOCTTA U PE3YJITATUTE B peaHa yueOHa cpena.

4. ApxuTekTypa u yHKIMOHMPAHE HA NMPEAJI0KEeHUs MO/IeT

4.1. Axadoemuuno s0po u CMpyKmypa Ha Kypca

KypewT ce pazgens Ha akaJeMHYHO SJIpO U aJalTUBEH CJoW. AapoTo
BKJIIOYBA OONIUTE PE3YyJITaTH, 3aABbJDKUTCIIHUTE TEMH, OLICHSIBAHETO U MHHHU-
MaJIHUSI CTaHJIapT; aAaNTUBHUSAT CJION JOIMyCKa JOMbIHUTEIHU OOSICHEHUSs, pa3-

JIMYHO KOJMYCCTBO IIPAKTHKA, BPbIIAHC KbM IIPCAIIOCTABKA, CKBUBAJICHTHH YII-
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PaXHEHHUS U pa3llIUpsBalIM 3a7a4. Taka ce MpoMeHsl MapIIpyThT, HO HE U aKa-
JEMUYHUST CTaHIapT.

ApanTuBeH cnion
rnognomaralum pecypcu
KO/IM4eCTBO U BUA NMpaKkTUkKa

AKageMWyHo Agpo
pesynTartu ot 06y4eHneTo
3agb/MDKUTENTHN TEMU
KpUtepummn n oueHsBaHe
MWHWMManeH ctTaHgapTt

o6paTHa Bpb3Ka
KOPUrMpaLuy u pasiinpsBailm
OenHoCTN

Qukcupa rpaHuyu
Aasa gonycmumu gelicmaua

MonuTtuka 3a aganTupaHe +
aKkageMnyHu orpaHu4yeHusa

WHaveuayanHa yuebHa
TpaekTopva
pasnunueH Nt -> o6y,
aKafeMuyeH ctaHaapT

TekyLLo y4e6HO ChCToAHUE

1
1
AoKa3aTe/icCTBa 3a oB/flagAaBaHe 1

Ha6nrogeHue

1

n penogaBaTe/ICKM KOHTPO
Banunaupa

Habnioaaea
Kopurupa

DQueypa 2. Pazepanuuenue mexrcoy akademuyHo s0po u adanmueen cJotl.
Hsmounux: paspabomka na asmopume.

ChbAbpKaHUETO Ce MpeNCcTaBs KaTo rpad oT yuyeOHH €AVHUIM U TeIaro-
TUYECKH 3aBUCUMOCTH, TIOJIXO0]T M3IT0JI3BAH U MPU 00pa3oBaTeHN Tpadu Ha 3HA-
Hueto (Abu-Salih & Alotaibi, 2024). ®opmanno kypcest € C = (0, U, R, E, A),
kpaeTo O ca pesyararure; U - yuebHuTe enunuuy; R - 3aBucumocture; E - go-
Ka3aTeJICTBaTa; A - pa3pelIeHUTe aIalTHBHU JCHCTBUSI.

C=(0O,U,R,E,A) (1)

TpaekTopusitTa € IOIMycTHMa CaMO aKO BKJIFOYBA BCUYKH 3aIBIIKHTEITHH
pe3yaTaTd U HE aKTUBUpPA 3aBUCHMA CIMHMIIA MPEIU JAOCTHraHEe Ha Ompeselie-
HUS [Ipar 3a NpearocTaBKaTa. BanuaHuTe 3aBUCUMOCTH, TIPAaroBe U aJITepHATH-
BU C€ 3a7aBaT OT MPEno/1aBaTersl.

4.2. Yuebnu ookazamencmea u u360p Ha ciedsaud 0euHocm

3a BCSKO KIJIIOYOBO ITOHSTHE MOACIBT IIOAABPIKA JTOKAJIHO U JTUHAMHUYIHO
CBCTOSHHUC Ha OBJIaAsABaHC, OCHOBAHO I'NTaBHO HAa OLCHCHH 3aJa4l, TCCTOBU BbBII-
POCH U IMMPAKTUYCCKHU YIIPAKHCHHA. HOBCI[CHLICCKI/I CHUI'HaJIM 1 CaMOOLICHKAa MO-
raT Ja HaCcOo4aT KbM IIOAKPCIId, HO HC OIIPCACIIAT CAMOCTOATCIIHO aKaACMHUYIHOTO
CBbCTOSHUC.

141



CrnenBaiata AeMHOCT ce U30Mpa B JIBa eTamna: mbpBo ce (opMupaT AencT-
BUSITA, JOMYCTUMH CHPSMO aKaJeMHYHOTO SIAPO, 3aBUCUMOCTHTE M OTpaHUYEC-
HUSITA Ha TPENoAaBaTess, a Iocie ce 30upa Half-TI0JIE3HOTO 3a TEKYIIOTO ChC-
TOSIHUE.

Tabnuya 2. OcnosHu npasuna 3a u3O0p Ha cieosauja OetiHoCHl.

Y4ye0Ho cLCTOSIHHE CienBalino gecTeue Orpanuvenue

Cren orpanuueH Opoit
JIuricea HeoOXOMMMa Kparbk nperoBop u Kopuru-

IUKJIH - TIPETI01aBaTEeIICKH
MPEANOCTaBKa pario ynpaxHeHHE

IIperyen.

CrangapThT 3a YCHEIIHO
U3IIBJIHEHHE HE CE€ HaMa-
JsBA.

LleneBo ynpaxHeHHE WU aJl-

YacTHYHO OBJIasIBaHE
TEPHATUBHO OOSICHEHUE

3aabIDKUTEIHATE TEWHO-
[IpemuHaBane KbM clieiBal]
[IparsT € gocTUrHaAT CTH U OILICHSABAaHUS OCTa-
JIONTYCTUM KOMITOHEHT AT

Y CTONYMBO BUCOKO [IpunosxHa nnu pasmmpsBalla Pasmmupennero He 3aMeHs
OBJIaJSIBaHE 3ajada 00III0TO OLICHSBAHE.
He ce Hanara aBromarnu-
[IpoTuBOpeunBH
[IpenonasaTencku mperiex Ha CaHKIU WIK OIPAHHU-
JIOKa3aTeJICTBA qeHe

Hsmounux: paspabomka Ha agmopume.
4.3. Ponsa na uskycmeenusi unmenekm u npenooasameicku KOHmpoJ

W3KyCTBEHUAT MHTENEKT TMOIIOMara CEMaHTHYHOTO CBBP3BaHE Ha 07100-
peHu pecypcu U popMynupaHeTo Ha 0OSICHEHUS, MOJCKa3KH U 00paTHa BpPh3Ka
BBPXY KOHTEKCT OT Kypca (Afzaal et al., 2024). I360pbT Ha TpaeKTOpHs OCTaBa
OCHOBaH Ha Tpada, JAoKa3aTeJICTBaTa W MPEABAPUTEITHO 3aJaJ[CHUTE TPaBHUIIA;
MIPETIOIaBaTEIIAT ONPEACNIS OTPaHUYCHHITA U MOXE Jla MMPOMEHS BCSKa TPETIo-
pBKa.

4.4. Pabomen yuxvia u npocieoumMocm

Cnen yueOHO chOUTHE C TENaroruyecka CTOMHOCT CHUCTeMaTa CBbBp3Ba
JTIOKA3aTeJICTBOTO C MOHATHE, OOHOBABA CHCTOSHUETO, TPOBEPSBA OTPAHUYCHUS-
Ta U u30upa JOMyCTUMA ClIe/IBalla JEHHOCT. 3a PEIICHUETO CE 3alucBaT TICEeB-
JOHUMU3UPAH UACHTU(GUKATOP, MOHATHE, JOKA3aTeJICTBO, MPABWIIO, JCHCTBUE,
MpUYMHA U €BEHTyaJlHAa MpenojaaBareiicka MPoOMsiHA, KOETO OCUTYpsiBa MpocIe-
JTIUMOCT.
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2. N3BnnyaHe Ha goka3aTencTBo 3a
KOHKPETHO MOHATUE

1. OueHeHo y4ye6Ho cvbuTHE

4. MpoBepKa Ha 3a4b/MKUTENHNTE 3. O6HoBABaHe Ha Mogena Ha
pesynTat u 3aBUCMMOCTM obyuyaemums

5. MHO>XXeCcTBO OT 40NyCTUMW CeaBaLlm 6. N3bop Ha gencTeue + KpaTko
nAencTeuA ob6AcHeHUe

8. 3anuc Ha peLLeHVeTo U HOB yuebeH 7. MpenopaBaTencku npernea npu
onuT HeACEeH WIM PUCKOB C/ly4ait

Queypa 3. Pabomen yukvi Ha a0anmayuoHHOMO peueHue.
H3mounux: pazpabomka Ha agmopume.

5. JleMoHCTpauus ¥ OLICHABAHE HA MO/ eJIa
5.1. [lemoncmpayuonen cyenaputi

MopnenpT € JEMOHCTPUPAH BbPXY MOJYJI 10 KOMIIFOTbPHH Mpexu 3a [Pv4
aZpecupaHe 1 MOJAMPEkKH, KbJAETO 3aBUCUMOCTUTE ca sICHO onpeneneHu. OOmu-
SIT PE3yTaT € KOPEKTHO OMpesiessiHe Ha MpexXoB U broadcast agpec u pazpabot-
BAaHE Ha aJIpECEH IUIaH 3a 3aganeHa [Pv4 mpexa.

AKaleMUYHOTO SIAPO ChABpKa IECT CBbp3aHu kommnoHeHTta C1-C6, a
aJaliTUBHUAT CIION - MPETrOBOp IO ABOMYHO TpeoOpazyBaHe R1, kopurupaiio
ynpaxknenue no CIDR R2 u pasmupsaBamr VLSM ka3yc R3. 3aBucumocture u
MecTaTa 3a JOMbJIHUTETHU ICHHOCTH ca TToKa3aHu Ha gurypa 4.

R1. KpaTbk nperosop no
ABOUYHO C1. [IBonyHo npeacraBaHe
npeo6pa3yBaHe

C2. Crpyktypa Ha IPv4 agpec

R2. Kopurupaiuo
ynpaxxHeHue 3a CIDR C3. MpexoBa Macka 1 CIDR

C4. MpexoB aapec v aapec Ha u3ibuaHe

C5. PazgenaHe Ha Mpexa Ha NoaMpexu

C6. MpunoxeH agpeceH NnaH (3agb/mKUTENHO R3. PaswupsaBsauy, kasyc
oLeHABaHe) cVLSM

Queypa 4. [ pag na yuebnomo cvovposcanue 3a mooyia no IPv4 aopecupane.
Hsmounux: paspabomka na asmopume.
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5.2. Aoanmuenu mpaekmopuu u npocieouMocm
Tpute npuMepHU CHCTOSHUS MOKA3BaT Pa3jMYHA MOAKpENa: CTYIEHT A
uMma nedurut npu C3, cryaedt B - mpu Cl, a ctynent C e oBnagsn C1-CS5. 3a-

ABIDKUTCIHUAT PC3YJITAT U KPUTCPUNUTE 3a OLICHABAHC OCTaBaT CIHAKBH.

Tabauya 3. [lpumepnu adanmugHu pewieHUus npu paziudHy y4eOHU CbCMOsHUAL.

Cayuaid Y4yeOHO 10KA3aTEJICTBO AaNITUBHO pelleHne
C1 u C2 ca opnanenu; nedpu- | R2 -> HOBO AOKa3aTeNCTBO 32
A
uut nipu C3. C3 > (CA4.
B Henocrarpuno R1 u xopurupaiia npaktuka ->
nokazaresnctso 3a Cl. nposepka Ha C1.
C Crabunnu nokaszarenctBa3a | C6 -> npu yCHemHo U3ITbJIHe-
C1-Cs. Hue R3.

Hzmounux: paspabomka na asmopume.

N B Tpute cnyuas C6 octaBa o0OIIOTO 33BIDKUTEITHO OIEHSBAHE; Pa3Jiv-
YaBaT C€ caMO MEXJIMHHATA MOJKpena U He3aqbJLKUTEIHUTE JeHHOoCTU. Beska
MpenopbKa € mpocyieanma A0 10Ka3aTeJICTBOTO U MPUIOKEHOTO TPaBUJIO.

5.3. Oyenasamne na mooena

OlLleHsIBaHETO € AaHAIUTUYHO U €eMIUPUYHO. AHAIUTUYHATA TIPOBEPKA 00-
XBallla MbJIHOTaTa Ha aKaJEMHUYHOTO SIAPO, 3aBUCUMOCTHUTE, OTPAHUYEHOCTTA U
MPOCIEANMOCTTA Ha alalTalMATa, IPENOAABATEICKUS KOHTPOJI U MUHUMU3AIU-
ATa Ha JaHHUTE. EMIIMpryHaTa mpoBepKa U3M0JI3Ba BXOJHO-U3X0IHO CPABHEHUE
pu 0010 33 BDKUTEIIHO OLICHSIBAHE M aHalM3Upa yuyeOHUs PUPacT, KOPUTH-
paluTe CTHIIKH, BPEMETO J0 OBJAJsBAHE, KAUECTBOTO HA MPENOPHKUTE, MPEMO-
JTABaTEJICKUTE KOPEKIIMH U HEOOXOUMOTO BpeEMeE.

6. Iuckycus

MopensT 3aeMa MEXIMHHA MO3ULIMS MEXKIY CTaTUYEH 00l MapuipyT U
HEOrpaHWYeHa reHepaThBHa nepcoHanu3anus. OCHOBHUSAT MPUHOC € aJanTalus
B IIPEABAPUTEIIHO ONPEACIICHH aKaJeMUYHHU FPAHMIIM, [IPU KOSATO OOIIOTO SIAPO
ce 3amasBa, a rpaQybT CBbpP3Ba JOKA3aTEJICTBATA C AOIMYCTUMUTE ACHCTBUS.

Pa3rpannuyaBaHeTo MeXay JOKa3aTelICTBO 3a OBJIAJSBAHE U IOBEJCHYEC-
KM CUTHAQJI OIpaHH4YaBa HEOOOCHOBAHW 3akitoueHus. V3KyCTBEHHST MHTEJIEKT
uMa rojanomarama (QpyHKIus, a KpUTHYHATA JOTHKA U OLICHSABAHETO OCTaBaT 3a-
JajneHu oT npenogaBarenis. OCHOBHU MPAKTUYECKU OTPaHUYEHUs Ca IIbpPBOHA-
YaJIHOTO KapTorpadupaHe, u300pbT Ha MParoBe W MpeAOTBPATIBAHETO HA Ipe-
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KOMCPpHHN KOpUTrHpaliy HUKIIHA, IIOpaar KOCTO KXYPHAJIbT W IPLCIOAaBaTCICKAaTa
HaMeEcCa Ca 3a1bJIDKUTCIIHUA.

7. 3akjoyenue

N3cnensanero npeasiara o0sSCHUMa U KOHTPOJUPYEMa paMKa 3a aJlarTu-
paHe Ha MpeABaApPUTENIHO JIe(PUHUPAHO YHUBEPCUTETCKO ChAbPKAHUE, KOSTO
CBBpP3Ba I'pad Ha Kypca, MUHUMAaJIEH MOJeJI Ha oOydaemus, MpaBuiia, npenojia-
BaTEJICKU KOHTPOJ U MPOCIEIUMOCT, 0€3 Ja MPOMEHs pe3yiTaTUTE U OLICHsBa-
Heto. JlemoHcTpanusirta ¢ [IPv4 nokasBa pa3audyHu TPAaeKTOPUHU KbM OOUIO SAPO,
a aHaJUTUYHATA U EMIIMPUYHATA OLIEHKAa pa3rpaHUyYaBaT JOTMYECKaTa KOPEKT-
HOCT OT NPAKTUYECKaTa MPHIIOKUMOCT; W3KYCTBEHUAT WHTEIEKT IOANOMAra,
0e3 1a u3MecTBa akaJeMUYHaTa OTTOBOPHOCT.
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BIG DATA ARCHITECTURES FOR AI-DRIVEN BUSINESS DECISION
MAKING

Chief Assist. Dr. Gabriela Naskova-Uchkunova?

Abstract: This paper examines how big data architecture choices support Al-driven
business decision making. It compares storage and processing patterns and links architectur-
al characteristics to selected Al-driven business decisions, emphasizing scalability, latency,
data variety, governance and cost.

Key words: big data, artificial intelligence, data architecture, decision making, busi-
ness analytics

JEL: C55, M15, L86

1. Introduction

Artificial intelligence (Al) has become an increasingly important compo-
nent of business information systems, but the quality and timeliness of Al-
supported decisions depend on more than the selected model. Contemporary or-
ganizations generate data through transactional systems, web and mobile appli-
cations, connected devices, customer interactions, social platforms and opera-
tional logs. These sources differ in structure, frequency, volume and reliability.
Consequently, the data architecture that collects, stores, transforms and serves
them becomes part of the decision-making capability itself.

Big data architectures address this problem by distributing storage and
computation and by supporting heterogeneous data at a scale that cannot be han-
dled efficiently by a single traditional processing environment. Recent empirical
research links big data analytics capabilities to improved decision-making quali-
ty and firm-level forecasting and performance (Li et al., 2022; Chatterjee et al.,
2023). From an architectural perspective, contemporary platforms increasingly
combine distributed storage, flexible data models, cloud-native components and
scalable processing so that analytical and Al workloads can operate over large
and diverse datasets (AbouZaid et al., 2025).

The purpose of this paper is to examine the relationship between big data
architecture choices and Al-driven business decision making. The study is con-
ceptual and comparative rather than experimental. It identifies the architectural
characteristics that matter for selected Al-driven business decisions and propos-
es a compact mapping between business decisions, data requirements, Al and
analytical tasks, processing requirements and architectural capabilities. The in-
tention 1s not to define a universal reference architecture, but to show why archi-
tectural selection should follow the decision context and workload rather than
technology trends alone.

3 gnaskova@unwe.bg, University of National and World Economy (UNWE)
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2. Big Data Requirements for AI-Driven Business Systems

Al applications used in business commonly combine historical data with
continuously generated operational information. Demand forecasting may
depend on years of sales history, while fraud detection may require events to be
evaluated within seconds. Recommendation and personalization systems
combine customer profiles, transactions and behavioral signals. These examples
create different requirements for volume, velocity, variety and analytical
latency. A scalable analytical process should remain useful as data volume,
arrival rate, processing complexity and execution frequency increase; otherwise
technically correct analysis may arrive too late or become too expensive to
support an operational decision.

Three requirements are especially relevant. First, storage must scale
without forcing all incoming data into a single rigid schema. This explains the
role of data lakes and NoSQL models for semi-structured and rapidly changing
datasets. Second, processing must match the decision horizon. Batch processing
1s appropriate when decisions tolerate delay and benefit from large historical
windows, whereas streaming or micro-batch processing is required when the
value of a prediction decreases rapidly with time. Third, the architecture must
provide consistent and governed data to the Al layer. Large volume alone does
not improve a model when data are duplicated, incomplete, poorly described or
inaccessible to the analytical process.

The relationship between data processing and Al-supported business use
is also visible in recent research on automated data-science workflows. Andonov
(2024b) evaluates the use of large language models for code generation in data
cleaning, preprocessing and feature engineering across public and private
datasets. The results indicate that automated execution is feasible, but domain
knowledge and human guidance remain necessary when data context and
interpretation affect the analytical task. This observation is relevant to business
architectures because scalable computation does not remove the need for
controlled data preparation and contextual validation before model outputs are
used in decisions.

3. Architectural Patterns Supporting AI Applications

A practical big data architecture can be viewed as a sequence of functional
layers: data sources, collection/integration, storage, processing, analytical or Al
services, and decision delivery. The implementation of each layer can vary. Data
may enter through scheduled extraction, event streams or change-data-capture
mechanisms. Storage may use distributed file or object systems, NoSQL data-
bases, data warehouses or combinations of these technologies. Processing may
be batch-oriented, streaming-oriented or hybrid. The Al layer consumes pre-
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pared data for training and inference, while the final layer exposes predictions,
recommendations or alerts to people and operational systems.

The Al service layer may also require access to external or organization-
specific knowledge rather than only model parameters. Andonov (2024a), for
example, evaluates retrieval-augmented generation strategies designed to pro-
vide an Al assistant with current and factually grounded information. Although
the application context is a university assistant, the architectural principle is
transferable to business systems: model inference can be coupled with a gov-
erned retrieval layer that supplies relevant enterprise data at request time. This
extends the architecture from a simple data-to-model pipeline toward a con-
trolled data-to-retrieval-to-Al service flow.

DATA
DATA SOURCES COLLECTION &  uurd

DISTRIBUTED

INTEGRATION STORAGE

BATCH/STREAM
PROCESSING

BUSINESS
DECISION

ard Al/ML SERVICES Eaurd

Figure 1. Functional flow of a Big Data architecture for Al-driven decision

support
Source: Author's synthesis.

a. Distributed storage, NoSQL and lakehouse patterns

NoSQL databases are useful when horizontal scalability, flexible schemas
or access patterns make a purely relational design inefficient. Document stores
fit evolving semi-structured business objects; wide-column databases can sup-
port high-volume distributed records and time-oriented access; key-value stores
favor very fast access by known keys; graph databases are suitable when rela-
tionships themselves carry analytical value. The choice should therefore be
based on the data model and access pattern, not on the assumption that NoSQL
is inherently preferable for Al

Data lakes provide a different capability: inexpensive storage of large het-
erogeneous datasets before all analytical uses are known. Their flexibility, how-
ever, creates governance and quality challenges when metadata and lifecycle
management are weak. Lakehouse architectures attempt to combine the open-
ness and scale of data lakes with stronger transactional and management features
associated with warehouses. Recent research describes the lakehouse as a plat-
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form capable of combining structured and unstructured data for analytical work-
loads and highlights its relevance to machine-learning and Al environments
(AbouZaid et al., 2025; Harby & Zulkernine, 2025). Harby and Zulkernine
(2025) additionally compare HDFS data lake, Hive data warehouse and Delta
lakehouse implementations experimentally, demonstrating that architectural dif-
ferences are observable not only conceptually but also in analytical query per-
formance.
b. Batch, streaming and hybrid processing

Processing mode has a direct effect on decision latency. Batch architectures
optimize throughput over bounded collections of data and remain appropriate for
periodic forecasting, segmentation and management reporting. Streaming archi-
tectures process events as they arrive and are more suitable for fraud detection,
dynamic pricing, operational monitoring and other decisions where delayed
analysis loses value. Hybrid designs combine both modes: historical data are
processed in larger windows while recent events are incorporated into near-real-
time inference. Apache Spark is particularly relevant because its distributed exe-
cution model supports batch processing, iterative analytics and structured
streaming within a common ecosystem.

Architectural selection also has an economic dimension. Higher availabil-
ity, lower latency and duplicated processing paths can improve responsiveness
but increase infrastructure and operational cost. Kirilov (2019) emphasizes the
need to examine costs and benefits when implementing information technolo-
gies. Applied to Al-driven analytics, this means that architectural sophistication
should be justified by the business value of faster or more accurate decisions. A
daily planning decision does not automatically require a continuously streaming
architecture, while a fraud decision made after transaction completion may have
little operational value.

4. Architecture Selection for Business Decision Making

The comparison below maps representative Al-driven business decisions
to their data, analytical and processing requirements and, consequently, to the
architectural capabilities required to support them. The mapping is intentionally
technology-neutral: the objective is to identify an appropriate architectural direc-
tion rather than prescribe a particular technology or vendor platform. The same
organization may use several architectural patterns simultaneously, as different
business decisions impose different requirements for data characteristics, pro-
cessing latency, scalability and governance.
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Table 1. Mapping AI-Driven Business Decisions to Big Data Architecture

Requirements
A.I-drlven . Data require- Al / analytical Processing Architectural
business deci- . .
sion ments task requirement emphasis
Largq hlstorlfzal o Lake/lakehouse +
Demand and time-series . Periodic batch .
. Forecasting . distributed pro-
planning data; external processing cessing

Fraud inter-
vention

factors

High-velocity
transactional and

Anomaly detection

/ classification

Low-latency
streaming

Event platform +
stream processing

event data + fast serving layer
Personalized Customer Pro” ' pecommendation / Hybrid batch Flexible distributed
files, transactions . : storage + feature
offers . prediction and streaming .
and clickstream processing
Customer Historical CRM -y prediction/  Batch pro- Governed integrat-
. and behavioral . . . ed storage + dis-
retention classification cessing . .
data tributed analytics
. . Event platform +
Operational  Logs, sensor and  Anomaly/pattern Streaming / vent pratiorm
. . scalable processing
response process events detection micro-batch

Source: Author's synthesis.

+ fast serving layer

In the author's view, the mapping demonstrates that architectural require-

ments follow directly from the characteristics of the Al-driven business deci-
sion. Decision latency determines whether batch processing is sufficient or a
streaming path is required, while data volume, variety and structure influence
storage and integration requirements. The analytical task introduces additional
constraints: forecasting and classification over historical data can generally rely
on batch-oriented processing, whereas anomaly detection and real-time recom-
mendation may require continuous processing and low-latency access. Govern-
ance remains relevant across all cases because Al-supported business decisions
must rely on identifiable and controlled data assets.

Based on the comparative analysis, the author proposes the decision-
driven architecture selection logic presented in Figure 2.
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Figure 2. Decision-Driven Logic for Big Data Architecture Selection
Source: Author's synthesis.

Starting with the business decision prevents an architecture from being
designed around a fashionable technology and makes the resulting trade-offs
explicit. For example, a retailer may accept overnight model retraining for de-
mand forecasting while requiring near-real-time inference for transaction risk
detection. Both applications may use the same historical lakehouse, but the latter
additionally requires a streaming path and a low-latency serving layer.

Modern data platforms increasingly unify storage and analytical access so
that business intelligence, machine learning and Al can operate over governed
datasets without maintaining separate copies for every tool. In the author's view,
such convergence is useful only when it simplifies the path from data to deci-
sion; architectural unification should not become an objective in itself. This di-
rection reduces data movement but does not eliminate the need for specialized
components. A single architecture rarely optimizes simultaneously for inexpen-
sive historical storage, high-throughput transformation, graph traversal and mil-
lisecond serving. The appropriate design is therefore compositional: shared gov-
erned data are combined with processing and serving technologies selected for
the decision workload.

5. Challenges and Limitations

The selection of Big Data architectures for Al-driven business decision
making involves trade-offs that cannot be resolved through a single universal
design. Low latency, scalability, data variety, governance and cost may impose
conflicting requirements, while different Al and analytical tasks may require
different combinations of storage, processing and serving capabilities. Organiza-
tions must therefore balance architectural complexity against the business value
and response-time requirements of the decisions being supported.
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The comparative mapping and decision-driven logic presented in this pa-
per are conceptual and technology-neutral. They identify relationships between
business decisions, Al and analytical tasks, data requirements, processing re-
quirements and architectural capabilities, but they don’t constitute a formally
validated architecture-selection framework. The analysis is based on representa-
tive Al-driven business decisions rather than experimental comparison of specif-
ic technologies or implementations. Future work may extend this approach by
formalizing selection criteria and validating them through implementation and
performance evaluation of alternative architectural configurations.

6. Conclusion

Big Data architectures provide the data and processing foundation re-
quired for Al-driven business decision making. The analysis shows that no sin-
gle architectural pattern is suitable for all Al-driven business decisions, as dif-
ferent decisions impose different requirements for data characteristics, analytical
tasks, processing latency, scalability and governance. Distributed storage, flexi-
ble data models and batch, streaming or hybrid processing can therefore be
combined according to the requirements of the decision workload.

The comparative mapping presented in this paper demonstrates how rep-
resentative Al-driven business decisions can be related to their data, analytical
and processing requirements and, consequently, to the architectural capabilities
needed to support them. Based on this mapping, the proposed decision-driven
logic starts with the business decision, from which the relevant Al or analytical
task and response-time requirement are derived; together with the resulting data
requirements, these determine the processing and architectural requirements. In
the author's view, this approach helps prevent architecture selection from being
driven primarily by particular technologies rather than by the business decision
they are intended to support.

The proposed logic remains conceptual and technology-neutral. Future re-
search may formalize the identified relationships into explicit architecture-
selection criteria and validate them through implementation and comparative
performance evaluation of alternative Big Data architectures for Al workloads.
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SCHEMA-AWARE VALIDATION AS A GOVERNANCE MECHANISM
FOR ERP-BASED KPI ANALYTICS
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University of National and World Economy, Sofia, Bulgaria

Abstract: This paper presents a focused narrative review of schema-aware validation
for key performance indicators derived from enterprise resource planning data. It examines
how metadata grounding, SQL verification, controlled access, human confirmation and inter-
pretability reduce errors caused by incorrect tables, weak indicator definitions, unsafe que-
ries and opaque results. Drawing on KPI, text-to-SQL, agent-interoperability and data-
governance literature, the review treats validation as an operational governance layer be-
tween relational data and managerial use. It proposes four validation functions and four
cross-cutting criteria: scope, traceability, proportionality and feedback. The central argument
is that Al-assisted KPI analytics should remain technically grounded, auditable and aligned
with business meaning.
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governance; large language models
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1. Introduction

Enterprise resource planning systems integrate transactional data from fi-
nance, procurement, sales, inventory, logistics and human resources. Their scale
and relational complexity, however, make it difficult to transform operational
records into reliable key performance indicators. A KPI is not merely a value; it
combines a managerial objective, a business process and a defined calculation.
Reliable KPI analytics therefore requires both database access and evidence that
the selected data and rules represent the intended business meaning.

Large language models and tool-using agents have renewed interest in
natural-language access to enterprise data (Brown et al., 2020; Bommasani et
al., 2021). They can interpret business questions and draft queries, but they may
select unsuitable tables, invent relationships or produce syntactically correct yet
semantically misleading calculations. These risks become material when KPI
outputs influence resource allocation, managerial evaluation or strategic plan-
ning.

This article isolates schema-aware validation within the broader Oracle
EBS architecture and proof of concept presented by Stefanov and Kisimov
(2026). It does not repeat the full multi-agent workflow; instead, it examines
how metadata grounding, SQL verification, human confirmation and interpreta-
bility govern the path from ERP data to managerial use. The guiding question is
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which validation functions and operational criteria are required to make Al-
supported KPI analytics technically grounded, meaningful and auditable.

2. Review of Validation Requirements in ERP-Based KPI Analytics
2.1. Validation in KPI-Oriented ERP Analytics

Performance measurement research links indicators to organizational
strategy and managerial objectives. The balanced scorecard connects financial,
customer, internal-process and learning perspectives (Kaplan & Norton, 1992),
while KPI-selection research emphasizes context, domain knowledge and meas-
urement feasibility (Badawy et al., 2016). Information-systems assessment like-
wise requires predefined indicators, expert weighting and access to source data
(Milev, 2017). In ERP settings, these principles become concrete validation re-
quirements: every indicator must map to actual tables, fields, transaction states
and aggregation rules.

KPI validation bridges managerial meaning and data availability. Re-
quests such as cancellation rate, procurement delay or revenue by product group
may appear clear, yet their data can span modules and use implementation-
specific statuses, dates, quantities and accounting amounts. Without schema-
aware checks, an analytically persuasive answer may remain weakly grounded
in the ERP system.

This view is consistent with research on data valuation and digitization.
KPIs create value only when they are defined and interpreted consistently
(Vyhmeister et al., 2025), and responsible data use depends on meaning rather
than volume alone (Murdzheva & Vlaychev, 2025). Validation is therefore a
condition for converting enterprise data into credible performance knowledge.

2.2. Schema Awareness and Metadata Grounding

Schema awareness is the ability to reason over the actual database struc-
ture before producing a measurement. In ERP environments, it covers tables,
columns, keys, module boundaries, status codes, dates and business descriptions.
For Al-supported tools, this knowledge must be supplied through controlled
metadata access rather than inferred from plausible field names.

Enterprise text-to-SQL research shows why this grounding is necessary.
Long-tail schemas, abbreviations and organization-specific relationships remain
difficult even for capable language models (P. B. Chen et al., 2024; A. Chen et
al., 2025). Enterprise data-engineering studies similarly identify schema com-
plexity and organizational semantics as persistent challenges (Bodensohn et al.,
2025). Consequently, a query may be syntactically valid while calculating the
wrong indicator.
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Schema-aware validation checks whether the required objects exist,
whether columns and joins support the proposed definition, whether status fields
represent the intended event, and whether aggregation matches the managerial
question. It constrains model flexibility with verifiable context. Retrieval and
tool-connected methods ground generation in external evidence (Lewis et al.,
2020; Schick et al., 2023); for ERP KPI analytics, the schema and approved
business metadata are the primary grounding sources. These checks do not re-
place expert judgment, but they make outputs traceable and auditable.

2.3. SQL Verification and Controlled Data Access

The next validation function concerns the SQL used to calculate KPI val-
ues. Small errors in joins, filters, dates or aggregation can materially change a
result. Research on translating Excel formulas into SQL Server illustrates the
need to address function equivalence, data types, error handling, optimization
and metadata management across calculation environments (Mihova & Mar-
zovanova, 2024). Query validation must therefore cover both technical correct-
ness and business semantics.

SQL verification is a governance function, not merely debugging. Read-
only access is necessary but insufficient because an unrestricted SELECT state-
ment may expose sensitive records, exceed the intended scope or consume ex-
cessive resources. Controls should include least-privilege credentials, approved
objects, row- and column-level restrictions, masking, bounded result sets,
timeouts and logging. The layer should also inspect joins, filters, date bounda-
ries, aggregation and alignment with the approved KPI definition. Sensitive or
official-reporting queries should require explicit approval.

Protocol-based integration can separate model reasoning from controlled
system access. Agent-interoperability protocols standardize calls to external
tools (Ehtesham et al., 2025), while MCP security research emphasizes permis-
sions, tool validation and mitigation of unintended behavior (Narajala & Habler,
2025). For ERP analytics, the relevant principle is mediated access: predefined
tools expose metadata, validate queries and execute only authorized operations,
with logs and approval points providing an audit trail.

3. Governance and Practical Review Criteria

Data governance allocates authority, decision rights and accountability for
data-related decisions (Khatri & Brown, 2010; Abraham et al., 2019). Schema-
aware validation is treated here as one operational governance mechanism: it
assigns checks, evidence, permissions and approval points to the path from ERP
data to KPI use. It is not a complete enterprise data-governance framework.
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3.1. Review Synthesis

The review identifies four functions. Schema and metadata grounding
support technical and semantic correctness; SQL verification controls calcula-
tion and system access; human confirmation establishes managerial relevance;
and interpretability connects results to provenance, assumptions and limitations.
Table 1 summarizes their risks and review implications.

Table 1. Review focus for schema-aware validation in ERP-based KPI analytics

Validation focus

Risk addressed

Review implication

Schema and metada-

Selection of incorrect ERP ta-
bles, weak joins, or indicators

KPI analytics should begin with
controlled interpretation of ta-

broad access, or calculations that
cannot be audited.

ta grounding that do not correspond to availa- | bles, fields, relationships, and
ble business objects. domain labels.

Generated queries require least-

Syntactically valid but semanti- | privilege read-only execution,

SQL verification cally unsafe queries, accidental | object and data-scope re-

strictions, resource limits, log-
ging, and traceable calculation
rules.

Human confirmation

Technically plausible indicators
that are not meaningful for man-
agers, departments, or reporting
responsibilities.

Validation should include ap-
proval points where business
users can accept, revise, or reject
an indicator before it is used.

Loss of trust when KPI values
are returned without explana-
tion, limitations, or connection
to decision context.

Source: Author's synthesis.

Analytical outputs need short
explanations that connect data
provenance, calculation logic,
and managerial meaning.

Interpretability

3.2. Operational Criteria for Applying the Validation Functions

Four cross-cutting criteria govern the application of these functions.
Scope states what the layer can verify, such as object existence, permitted col-
umns, query structure and approved joins, while recognizing that strategic use-
fulness requires human judgment. Traceability connects each KPI to its defini-
tion, query, source objects, filters and validation result. Together, these criteria
prevent technical validation from being mistaken for complete business approval
and allow the calculation to be reconstructed later.

Proportionality adjusts control to risk and intended use. Exploratory anal-
ysis may require schema matching and query checks, whereas official reporting
may require approval, versioning and formal documentation. Feedback comple-
ments this control by explaining rejected queries or indicators, for example
when a date field is unreliable, a join is unapproved or a status code is ambigu-
ous. Repeated failures can then expose weaknesses in metadata, process docu-
mentation or reporting standards.
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3.3. Human Confirmation and Managerial Interpretability

Technical validation is necessary but not sufficient. A computable KPI
may use the wrong aggregation, duplicate an existing report, encourage undesir-
able behavior or ignore an operational constraint. Managers and domain experts
must therefore confirm that the definition corresponds to a meaningful decision
problem before the result enters performance evaluation.

Organizational-adoption research shows that digitization underperforms
when technology is separated from processes and user readiness (Boyanov &
Murdzheva, 2024). Human confirmation should therefore be embedded in estab-
lished responsibilities and reporting cycles. Interpretability is equally important:
users need the source objects, filters, aggregation rule, assumptions and limita-
tions. Because fluent explanations can conceal weak grounding (Ji et al., 2023),
explanatory text should be generated from the validated schema and query rather
than from the KPI label alone.

Multi-agent specialization does not itself guarantee trustworthiness
(Wooldridge, 2009; Yang et al., 2024). Evidence from coordinated multi-agent
evaluation also indicates the importance of combining heterogeneous signals
with explicit roles (Velkova & Kisimov, 2026). Accordingly, selection, quantifi-
cation and explanation should each expose evidence that a user or auditor can
review. This preserves accountability even when several agents or tools contrib-
ute to one KPI result.

3.4. Implications for Research and Practice

For research, the framework creates testable questions rather than only de-
sign recommendations. Comparative studies can measure how schema quality,
validation depth and human review affect query errors, rejected KPI definitions,
review time and user trust across ERP modules. Evaluation should distinguish
syntactic correctness from semantic validity and should report both detected er-
rors and valid requests rejected by overly restrictive controls. Longitudinal stud-
ies could also examine whether validation feedback improves metadata and re-
porting standards over time.

For practice, implementation can proceed incrementally. Organizations
can begin with an approved metadata catalogue, versioned KPI definitions,
least-privilege read-only access, query logging and an explicit approval step for
sensitive or recurring indicators. Ownership should also be visible: data engi-
neers maintain technical controls, ERP specialists validate process semantics,
analysts manage calculation definitions and managers approve decision rele-
vance. Monitoring recurrent failures then provides a practical agenda for data
stewardship rather than treating each failed query as an isolated incident.
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4. Discussion

The reviewed studies address complementary but usually separate con-
cerns. KPI research emphasizes strategic relevance; enterprise text-to-SQL and
data engineering emphasize schema and query correctness; protocol-security
research emphasizes mediated access; and digitization and multi-agent research
emphasize organizational adoption and oversight. The present synthesis inte-
grates these concerns by distinguishing technical grounding from managerial
acceptance. Neither a valid query nor a plausible explanation is sufficient evi-
dence that a KPI is fit for organizational use.

Validation should be designed before broad deployment and applied
throughout the workflow. Metadata constrains KPI definition, SQL checks con-
strain calculation, and user confirmation constrains acceptance. The level of
control should remain proportional to decision impact: exploratory indicators
can use lightweight checks, while recurring or official KPIs require versioned
definitions, approvals and retained validation records. This approach supports
incremental Al adoption without granting unrestricted access to critical ERP da-
ta.

Accountability remains organizational rather than residing in the model.
Each result should identify its data source, calculation, validation status and ap-
proving role. Data engineers contribute schema and query knowledge, ERP spe-
cialists interpret module-specific states, analysts maintain reporting definitions,
and managers judge decision relevance. The framework nevertheless has limits:
it cannot guarantee strategic usefulness or correct incentives, and it depends on
metadata quality. It should therefore complement data stewardship and manage-
rial review rather than replace them.

5. Conclusion

This article examined schema-aware validation as a focused governance
mechanism for ERP-based KPI analytics. Reliable outputs require metadata
grounding, SQL verification, controlled access, human confirmation and inter-
pretable explanation. Together, these functions connect technical calculation
with managerial meaning.

The contribution is not a complete analytical architecture but a reviewable
layer within Al-supported KPI management. Treating validation as a core design
requirement allows organizations to use language-model flexibility while pre-
serving auditability, accountability and alignment with business processes. Fu-
ture work should test the framework across ERP modules, metadata qualities
and reporting risks.
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OT CYPOBUTE I'PAJACKHN JAHHU KbM UHTEJIMT'EHTHA SMART
CITY CPEJA

I ac. a-p Emua anos!

Pe3tome: JJoknaovm npocneossa esonroyuama na kouyenyusma Smart City om oueu-
Manu3ayuama Ha epaockume npoyecu KoM unmezpupauu, data-driven cpeou u Urban Digital
Twin. Ananuzupanu ca 0CHOBHUMeE MeXHOI02UYHU pakxmopu Ha mosa passumue, kamo GIS,
10T, censopnu u xomynuxayuonnu mexuonoeuu, Edge/Cloud ungpacmpyxmypa, AI u ML c
aKyenm 8vbpxy posisima UM 3a Haba00eHue, aHaius, NPocHO3Upane U Noonomazane Ha ynpae-
nencku pewenus. Cucmemamusupanu ca wecm OCHOBHU HANPAGIEHUs 3a NPUNOJACEHUE HA
AI/ML & Smart City cpeda u e npeonoxcern npunodcen GIS mooen 3a Human Sensing. Upes
AI/NLP ¢80600H0 ¢hopmyrupanu eparxcoanHCcKu CUSHAAU ce UHMeEPpnpemupam cCemMaumuyHo,
npocmpancmeeHo ce garuoupam cnpamo GIS oannu u ce npedocmassam 3a AOMUHUCMPAMUE-
HO Oucneyepusupane. [1o0xo0vm e opuenmupan Kvm npakmuuecku npunoxcumu Smart City
peutenus 3a MAIKUu U CpeoHU 2padose ¢ 02paHudena CeH30pHa UHdpacmpyKkmypa.

Kuarwuosu nymm: Smart City; GIS; GeoAl; AI; ML; UDT; Human Sensing, loT.

JEL: 033, R58, L.86

FROM RAVW URBAN DATA TO AN
INTELLIGENT SMART CITY ENVIRONMENT

Asst. Prof. Emil Tsanov, PHD

Abstract: The conference paper traces the evolution of the Smart City concept from
the digitalization of urban processes to integrated, data-driven environments and the Urban
Digital Twin. The main technological factors of this development are analyzed, such as GIS,
10T, sensor and communication technologies, Edge/Cloud infrastructure, AI and ML with an
emphasis on their role in monitoring, analysis, forecasting and supporting management deci-
sions. Six main areas for the application of AI/ML in a Smart City environment are systema-
tized and an applied GIS model for Human Sensing is proposed. Through AI/NLP, freely for-
mulated citizen signals are interpreted semantically, spatially validated against GIS data and
provided for administrative dispatching. The approach is oriented towards practically appli-
cable Smart City solutions for small and medium-sized cities with limited sensor infrastruc-
ture.

Key words. Smart City; GIS; GeoAl; AI; ML; UDT; Human Sensing, loT.

JEL: 033, R58, L.86

1. BoBeaenue

Pa3BuTneTo Ha rpajackara cpefia mpoTuya B YCIOBUSTa HA YCKOpPEHA JIH-
TUTAIM3aIMs, ChBCEM aJIeKBATHO pa3BUBaIla ce Ha (hOHA HA YCIOKHSIBAIIUTE CE
UHOPACTPYKTYPHUTE CUCTEMH W MOCTOSHHOTO HapacTBaHe Ha o0eMa W pa3Ho-
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oOpa3zueto Ha nanHuTe B TsX. Konnenmusra 3a ymuaus rpaa (Smart City) ce pas-
BUBa OT UU(POBO MpeACTaBsIHE HA TPATCKU OOCKTH U YCIYTU KbM UHTETPUPAHO
U3I0JI3BaHE Ha JIaHHU 3a HaOJIO/IeHUe, aHallu3, IPOTHO3UPAHE U MOJAIOMAaraHe
B3eMaHEeTO Ha ympaBieHcku pemeHus (Caragliu et al., 2011; Batty et al., 2012;
Kitchin, 2014). CnenoBarenHo ,,MHTEIUTCHTHOCTTA® Ha Tpaja HE CE OMpeeIs
e/Ba JIM HE MEXaHUYHO, OTYUTAHKHU ce Oposi Ha MH(POPMAIIMOHHUTE CUCTEMH U
CEH30pUTE, a 3aBUCH OT CIIOCOOHOCTTA Pa3IU4YHU MH(GOPMAIIMOHHU HU3TOUYHMIIM
na ObAaT CBBP3BAHM W MHTETpHpaHaTa B TAX WHGOpMAIUs Ja ce MPEBBbPHE B
00€KTUBHO, TEKYILIO, OT €IHa CTpaHa, HO U €BPUCTUYHO, IPOTHO3HO, OT JpYyra,
3HAHME 32 PEATTHUTE TPAJCKU MIPOLIECH.

Oco0eHo MsCTO B Ta3u cpeaa 3aemaT reorpadckure MHOOPMAIMOHHU
cuctemu (GIS), Thif KaTO 3HAYUTENIHA YaCT OT TPAJCKUTE PECYPCH U CHOUTHUS
UMaT IpocTpaHcTBeHO u3MepeHue. GIS moxe na QyHKIMOHHMpaA HE caMO KaTo
CpencTBo 3a kapTorpadcka BU3yalu3alys, a U KaTo HHTETPAIMOHEH CIIOM, KOM-
TO CBBP3Ba 00EKT, ChCTOSIHUE, CbOUTHE U aHAIMTUYECH PE3yJITaT 3a KOHKPETHATA
Teputopus. YcnopenHo ¢ ToBa MurepuersT Ha Hemtata (IoT), censopure, komy-
HUKAIMOHHUTE M obyauynute win nepudepnn mHbpactpykrypu (Cloud/Edge)
MO3BOJISIBAT Jia C€ Ch3/laJie TMHAMUYHO ITU(GPOBO KOMKE HA PeasHUs Ipajl, KaTo
IIpY Hali-HAIIPEHAIUTE CUCTEMHU TOBA BOJU 10 M3rPAKIAHETO HA LISIIOCTEH -
rutaneH 6nu3Hak Ha rpaaa (Urban Digital Twin) (Batty, 2018; Lei et al., 2023;
Jeddoub et al., 2023).

Hapnuzaneto Ha uskyctBenusi uHtTenekt (Artificial Intelligence, Al) u
MammHHOTO 00yueHnue (Machine Learning,ML) noGaBs HOBH KaueCTBEHHU ac-
NEKTH B YCHBBPIICHCTBAHETO HA HAaOMIOJAEMOCTTa M eBpuctuyHocTTa. IIpoct-
PAHCTBEHUTE, BPEMEBUTE U aTPpUOYTHUTE JIAaHHU MOTAT J1a CE U3MOJI3BAT 32 OTK-
pUBaHE HAa 3aKOHOMEPHOCTHU, MPOTHO3UPAHE, ONTUMHU3ALINS, UHTEpPIIPETAIUs Ha
HECTPYKTypupaHa UH(PpOpMalUs U MOANOMAaraHe B3eMaHETO Ha ONEepPaTHBHU pe-
menus. [lenTa Ha qokiIana € ma mpocienu Ta3u €BOJIOLHUS, J1a CUCTeMaTH3upa
TEXHOJIOTUYHUTE NPeAnocTaBku U ocHOBHUTEe AI/ML npunoxenus u na npesic-
taBu [MC-6a3upan monen 3a ynaBsgHe Ha 4YoBemkuTe Bb3npustus (Human
Sensing), oco6eHO e(PEKTUBHO MPHIIOKUM 3a MAJKUS Tpaj, B KOUTO CHEIUaIn-
3UpaHaTa CeH30pHa UH(PACTPYKTypa HaBsIpHO O OuIiia CUITHO orpaHuyeHa. M3-
MIOJI3BAHU Ca JIMTEPATYypPEH U CPABHUTEJIEH aHAIIN3, CUCTEMATU3aIUs U IPUIOK-
HO apXUTEKTYpHO MOJEJHpaHe BbpPXY pa3paboTBaHa ChBCEM Ha HayaJieH eTan
yeo-opueHTrpana GIS-cpena na obmmHa CBUIIOB 3a yIPABJICHUE HA OTIIATBITU-
Te (smart.svishtov.com).

2. EBosonns Ha konuenuuaTra Smart City B nmocoka Urban Digital
Twin

[IspBOHauanHaTa koHuenuus 3a aurutanaus rpaj (Digital City) e Haco-
yeHa KbM Ch3JaBaHETO Ha IU(PpOBO Mo00Me HA pealiHaTa Tpajicka cpena. 3a-
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MOYBa Jla C€ pealin3upa 4Ype3 M3rpaxJaaHe Ha €NEeKTPOHHU PETUCTPH, HUPPOBU
KapTH, ye0 MOpTaal U CUIHO OTPAaHUYCHH U CIICHUATU3UPaHU UHPOPMAIIIOHHU
ycayru. Smart City Haarpaxaa Ta3u OCHOBA, KaTO ThpPCH OOBBP3BAHETO Ha TEX-
HOJIOTUYHATa UHPPACTPYKTypa C UACUTE 3a MOBUIIABAaHE HAa Ka4eCTBOTO Ha ycC-
JYTUTE, B CHHXPOH C pa30MpaHEeTO 3a YCTOMYMBO pa3BUTHE, U OCOOEHO 3HAYU-
MOTO - Ch3[]JaBaHE Ha MO-A00pH YCJIOBHUS 3a ePeKTUBHO ympasienue. Hsma
eIMHHA YHHUBEpcajaHa Ne()UHUINSA, HUTO 3abJDKUTEIICH Ha0Op OT TEXHOJIOTHH,
KONTO eauMH Tpaj TpsOBa Ja MpHUTEkaBa, HO MHOXKECTBO aBTOPW TOJYEepTaBaT
Hall-ChIIECTBEHATa U OTJIWYHUTENHA XapaKTEPHUCTHUKA - CIIOCOOHOCTTA JaHHUTE
na ObAaT MHTETPUPAHW M HW3MOJI3BAHU 3a pellaBaHe Ha KOHKPETHH TPAICKU
npobnemu (Caragliu et al., 2011; Albino et al., 2015).

CrenBamusT rojisiM CKOK € MPEeXoAbT KbM T'paj, KOMTO ce ympaBiisBa B
peaqHo BpeMe BB3 OCHOBa Ha cbhOpanute nanHu (data-driven city, real-time
city). Cenzopu, MOOMJIHM YCTPOMCTBA M aBTOMAaTU3WpaHU WH(GOPMAITMOHHHA W3-
TOYHHUIM MO3BOJISIBAT CUCTEMUTE J1a OTpa3sBaT U Ma3sAT UH(OpMalLUs, KaKTo 1O
OTHOIIIEHHE Ha PETUCTPUPAHU MUHAJIM MTPOLIECH U CHOUTHUS, TaKa U 32 TEKYIIOTO
ChCTOSIHUE Ha rpajckaTta cpena. [1lo To3u HauYuH U Hal-CTATUYHUAT PETUCTHP Ha
eIUH O0EeKT Ou 3amoyHall MOCTENEHHO /1a Ce pa3BUBa B IOCOKA HOBH U JIMHA-
MUYHU MPOLIECH N0 HAOMIOAeHUe HAa HETOBOTO cheTosiHue. Kitchin (2014) cBbp-
3Ba TOBAa C HjesTa 3a real-time city, HO €eITHOBPEMEHHO MPEIyNpPEkIaBa, Ye IMo-
roJIeMUsiT 00€M JaHHU caM M0 cede CU He TapaHTupa Mo-100po ymnpaBicHUE.
Jlopu HampoTUB, MO TO3M HAYMH € Bb3MOXHO TMOBHIIIABaHE HA MpoOiieMaTuKaTa
CBBbp3aHa ChC CUTYPHOCTTA, COOCTBEHOCTTa BHPXY NaHHUTE M OOIIUS WHTErpH-
TET MPHU MPEKOMEpHATa U Pa3sHOPOIHA TEXHOIOTUIHOCT.

HaTtpynBaHeTo Ha UCTOPUYECKU U TEKYIIM JIaHHHU, o0aye, MO3BOJIsBA Ipe-
X0 OT HaOJIIOIEHNE KbM aHaJIU3 U MPOrHO3MpaHe. AKO TpaJUI[MOHHATA CUCTe-
Ma MpOCTO ChOMpa JaHHU 3a TOBA KAKBO € PETHCTPUPAHO, TO CEH30PHO MOAIO-
MaraHaTa MOXe Jia JoHece nH(opMalrs 3a TOBa KaKBO TOYHO ce ciayuBa. Tora-
Ba Ou Ouyia BB3MOXHA M peaju3aluiarTa U Ha MOCHEBAlIUTE AHAIUTAYHA U
MPOTHO3HA CUCTEMH, KOUTO III€ M3CJIeBAT U THPCSAT OTTOBOPU Ha TOBAa KAKBO
BEPOSITHO OM MOIJIO Ja Cce€ CIy4yd M KakBM Ouxa MoriM jJa Obaar Hail-
aJIeKBaTHUTE JCUCTBUS B OTTOBOP Ha Te3H ouakBaHus. M Te3u mocieaoBaTeIHu
HaATpaKJaHUs HE ce sIBABaT HiKakBU ¢opManHu ctenend Ha Smart City 3pe-
JOCT, a aHAIUTUYHHU KaTETOPUH, KOUTO MOKAa3BaT MPOMSHATA BbB (DYHKIIMOHAI-
HaTa poJisl Ha TaHHUTE - OT MPEACTAaBIHE U CBBbpP3BaHE KbM HaOIIOJEHUE, aHA-
713, MPOTHO3UPAHE U MOAMIOMaraHe B3€MaHeTO Ha PEIIeHUsI.

Jurutanaust O0xau3Hak Ha rpaga (Urban Digital Twin, UDT) npencrasmus-
Ba M3KJIIOYUTEIHO BUCOKO HMBO HA MHTErpalvs, HO TO He TpsiOBa aa ce ObpKa C
oOukHOBeHa 1udpoBa kapra, GIS, 3D monen uwian NpocTo HsIKaKBa BU3yalu3a-
s B peasiHo Bpeme. UDT mpeanonara tuHaMu4Ha Bph3ka MKy pu3ndeckaTa
u 1udpoBaTa cpeia, MHTETpUpaHe HAa TEKYLIU JaHHHW, aHAJTIMTUYHU MOJIEIH U
BBb3MOKHOCTH 3a CHUMYJMpAHE Ha anTepHaTUBHU cueHapuu. Axko GIS Hocu
npeau BCUYKO MH(OpMalus 3a MICTOTO Ha OOEKTUTE U TpoLecuTe, TO real-time
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cucTeMarta Hocu WH(pOpMaIys 3a TOBa KaKBO CE€ CIIyYBa B TOUHO OMPENENIeH MO-
MEHT. M emHOBpEMEHHO ¢ TSIX C€ Ch37aBaT YCJIOBHS J1a c€ 100aBU HOB MOJEH —
MIPOTHO3HUAT, KOUTO III€ C€ CTPEMH Ja MPEABUIN KAKBO BEPOSITHO € CE CIYUH
B ChBCEeM OJM3KO WM mo-ganeuno Obaerie. M nakpas UDT me pasBue To3u
CBOEOOpa3eH KMB OPraHU3bM JI0 CTEIEH, B KOATO II€ MOXE J1a MPEACKAKE H
KaKBO OM ce CIIy4usio, ako OmpejiesieHn yciioBus ce mpomenst (Batty, 2018; Lei
et al., 2023). Peasninute peann3zanuu odaue yecTo octaBart no-0au3o 10 3D rpan-
CKHM MOJICJIH C OTPaHWYCHA JUHAMUYHA WHTETPAIUs, KOCTO Hajara BHUMATEITHO
u3noyzBane Ha TepmuHa DT (Jeddoub et al., 2023).

O06o0611aBaiiku, Ta3u €BOIIOLMATA MOXKE Jla CE pasriiexk/ia KaTo €1Ha aHa-
JUTUYHA TIOCIICIOBATEITHOCT OT PAa3BUTHUS B ITOCOKA OT JUTHTAIM3AIUSA, KbM HH-
TErpUpPaHO CBBpP3BaHE, HAOIIOJICHUE, aHAIN3, MPOTHO3UPAHE, CUMYJIALUSI U OT
TaM, MOJIIOMarane Ha JCHCTBUATA U BH3MOXKHOCTTA 3a B3€MaHE Ha aJeKBaTHU
OTICPATUBHU U CTPATETMUECKHU PEIICHMs], KaTO UMEHHO MPOMSHATa B HAYMHA, TI0
KOWTO C€ M3IO0JI3BAT JAaHHUTE € Hall-ChIIEeCTBEHATA CTPaHA HA Pa3BUTUETO, a HE
EKCIIOHEHIIMAJTHO HapacTBalaTa, KOJM4YecTBeHaTa CTpaHa HAa BHEJIPEHUTE TEX-
HOJIOTHH.

3. Texnonoruynu ¢axkropu 3a pazButTue Ha cbBpeMeHeH Smart City

CoBpeMeHHusT Smart City € pe3yaTar OT TEXHOJIOTMYHA KOHBEPTECHIIMSL.
JururanusanusaTta ch3gaBa nu@poBus nHGopMaroHeH moaen, a loT u cenzo-
puTe A00aBIAT IMHAMUYHO HabOmoneHue. OcurypeHa € equHHa KOMYHUKAIIMOH-
HaTa uH(pacTpykTypa 3a npeHoc, nobaseHa e Edge/Cloud cpena ¢ uzuncnuren-
HUS pecypc U NPUJIOKHU nporpamHu untepdeiicu (API) kbM npocTpaHcTBEHO-
To chabpxkanue B GIS u AI/ML TexHomorusra 3a aHaiau3, MPOTHO3UPAHE U OCHU-
rypsiBaHE Ha Hall-ChbBpeMEHHa (opMma 3a uHTeprnperauuu. CienoBaTesnHo, CTOU-
HOCTTa HE Bb3HUKBA OT OTAEJIHATA TEXHOJIOIHs, @ OT CBbP3BAHETO UM B €/IMHEH
Y UHTETpUpaH UHPOPMAIMOHEH IPOIIEC.

[oT e kit0UOB 32 MpexoAa OT CTaTUYEH KbM JMHAMUYEH UHPOPMAIMOHEH
mozen. CeH3opbT u3MepBa (pu3NYECKa BEIUYMHA, YCTPOMUCTBOTO MOXKE Ja KOM-
OMHHpa CEH30pH, MPOIECOpP U KOMyHHKAIMOHEeH Moayn, a loT undpactpykry-
pata cBbp3Ba ycTpoiicTBara ¢ uH(popmannoHHuTEe yciayru. llpu aBymocouna
KOMYHHKAIIMsI KbM HaOJIOJCHUETO c€ J00aBAT U M3MBJIHUTEIHA MEXaHU3MHU,
KOETO Ch3/aBa npeanoctaBku 3a Digital Twin (Zanella et al., 2014). Pasnpene-
neHata obpabotka mexay Edge m Cloud mo3BossiBa wacT oT aHanm3a na Obe
U3BBPIIBaH OJIM30 1O U3TOYHMKA, a IO-CIOXKHUTE 3a/1a4H, LIEHTPAIU3UPAHO.

Cp1iecTBeH Npo0JIeM € XeTepOreHHOCTTa Ha IPaiCKUTe MHPOPMAMOHHU
cuctemu. Pa3nnunu 0a3u 1aHHU, TIPOTOKOJIM, HH(POPMALIMOHHU MOJENH U JOC-
TaBYMIIM MOTaT Ja Ch3aAaT OTACIIHM HEPa3UUTAEMU U HEUHTETPUpPYyEMH Oa3u
JNaHHU. B TO3M cMHCBI CTaHIAPTUTE U TEONIPOCTPAHCTBEHUTE HHTEPPeEicH umar
KpUTUYHA poJist 32 OOMsIHA U OBTOpPHO M3nos3BaHe Ha aanHuTe (Chaturvedi &
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Kolbe, 2019). 3a Smart City GIS e ocoOeHo BaxeH, 3a10TO TPOCTPAHCTBEHOTO
MECTOIIOJIOKEHHUE TO3BOJISIBA PA3NMYHU MPEAMETHU JaHHU Ja ObJaT ChIOCTa-
BSIHU: ChCTOSIHME Ha UH(PPACTPYKTYpEH 0OEKT, IpaskJaHCKU CUTHAJI, TPAHCIIOPT-
HO CPEJCTBO WJIM OIpaHMYCHHE B yJIHYHATa Mpeka MOrar jJa MpuioOusT 001
aHAJIMTUYECH CMHUCHJ Ha €IMHHOCT ¥ CbBMECTHA MOBJIHMIEMOCT, KOraTo ca MmocTa-
BEHHU B €JIHA U ChIlla IPOCTPAHCTBEHA Ccpea.

[TocTossHHOTO HapacTBaHe Ha oOeMa, CKOPOCTTa W Pa3HOOOpa3MeTo Ha
rpajckara uHopMalusa BoJau 0 NosiBata Ha rojemute rpaicku gaHHu (Urban
Big Data). HatpynBar ce peructpu, KapTi, CCH30pHH U3MEpPBAaHUSI, BpEMEBU pe-
70Be, M300paKeHHUsI, BUICOMOTOIM, MOOMIIHN U TPaKIAHCKU TaHHU. Bpb3kara
Moxe fa 0bae popmynupana kato: loT mpousBexxna HabmoaeHUs, a HH(DOpMa-
IMOHHATa UHPPACTPYKTypa T UHTETPUPA U ChXPaHABA, I0KATO B CHIIOTO Bpe-
Mme, napanentno, AI/ML u3pnuua 3akoHomepHoctu (Allam & Dhunny, 2019).
ML no3BoJisiBa OT UCTOPUYECKU U TEKYILIU JaHHH Ja C€ MOJEINPAT 3aBUCHMOC-
TH, J1a C€ U3BBPIIBAT KiIacu(UKalMsl, MPOTHO3UPAHE, KIbCTEPU3aLUsI U OTKpHU-
BaHE Ha aHOMaJuH, Aokato Al me oO6xBaia MHOTO MOBeY€e MPOLECH, KaTo Hai-
BOXHOTO TYK €, Y€ MOke Jna pazbupa dyosemku e3uk (Natural Language
Processing, NLP), na "Bmwxkna" m pasmo3naBa obexktu (Computer Vision), ma
paschkaBa JOTHYECKH U Ja MIaHupa ASHCTBUS, IPH TOBA, €THOBPEMEHHO.

I'eorpadckusar uskyctBeH UHTENEKT (GeoAl) € M3KIIOUUTENHO BayKEH 3a
rpajckKara cpena, Thid KaTo TOW CBbP3Ba reOMH(DPOPMAIIMOHHUTE JTOCTHKEHUS C
TEXHOJIOTUUTE Ha Obaemero. [IpocTpaHCTBEHOTO MOJIOKEHHWE HE € TPOCTO JI0-
I'BJIHATENICH aTpuOyT: OJIM30CTTa, ChCEACTBOTO. [IpoCTpaHCTBEHUTE KIIBCTEPH U
IPOCTPAHCTBEHO-BPEMEBUTE 3aBUCUMOCTH MOTAT Ja OBbAaT CHIIECTBEHH 3a Ca-
MUSL MOJIEN - 3a Jja MOXe KbM KOra M KakBO C€ € CIy4HJIO Jia c€ 100aBU U UH-
(dopManus KbJie TOUYHO € BbPXY KapTaTa, a pe3yaraTsT oT Al aHanu3a 1a Moxe
na Obae Bamuaupad u u3noizBaH naupektHo B GIS (Wang et al., 2024). ['enepa-
TUBHUAT UHTENEKT (Generative Al) AOMBIHUTENHO MO3BOJSIBA €CTECTBEHUST
€3UK J1a ce MPEBbPHE B UHTEP(PEIC KbM CTPYKTYPUPAHUTE TPAJCKU JaHHH, 03
Jla OTMEHSI HE0OX0IMMOCTTa OT (hopMaIHA BaJIUJAIH.

B TexHOMOrHMYHO OTHOIIIEHUE TOBA CIIMBAHE MPEICTABIISIBA MHOTOILJIACTOB
npoiiec Ha TpaHchopmarusa. Toil 3amodyBa ¢ JUTHTAIA3AIMATA U YIIaBIHETO Ha
I'BPBUYHU JAHHU (Sense), KOUTO Ce CBBbP3BAT U UHTErpUpaT B o01a cpeaa. Bop-
Xy Ta3u OCHOBA C€ M3BBPIIBA reorpad)cKo JOKAIM3UpaHEe U MOCTEABAIll aHATIU3,
KOUTO 3aXpaHBaT MPOILIECUTE HAa MAIIMHHO OOy4YeHHE M CUMYJIMpaHE Ha ClIeHa-
pun. KpaliHusAT pe3ynaTaT OT TO3U aHAIWTUYEH LIUKBJ € OCUTYpPSBAHETO Ha Ha-
JeXIHA TOJKpena Mpy B3€MaHETO Ha YIPABJICHCKH PEIICHUA. 32 MaJKUTe rpa-
JI0OBE TOBA HE O3HA4YaBa HEOOXOAMMOCT OT BCEOOXBAaTHA U CKbIla CEH30pHA UH(-
pactpykrypa. Ilo-peanucTuueH € MOIyJiIeH MOJEN, KOMTO M3MOJ3Ba HAJIMYHU,
aKo OWJIO T€ U MUHUMAJHU, agMuHucTpaTuBHU U GIS nanHu W nmocreneHHo J0-
OaBsiHE HA HOBU M3TOYHUIM U AHAJIUTHUYHU CIIOCOOHOCTH CIOpPE]l KOHKPETHHUTE
MOTPEOHOCTH.
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4. CbBpemennn Hanpasjenus 3a AI/ML noanomarane na Smart City
npouecure

Al 1 ML npomeHsIT HaUWHA, 10 KONTO T'PaJICKUTE JaHHU CE€ W3IMOJI3BAT,
MPEBPBINANKN TH B 3aKOHOMEPHOCTH, KOUTO OT CBOSI cTpaHa (hopmyiupaT mpor-
HO3a, a IPOrHO3aTa ce cie/iBa OT AITEPHATUBH 3a MPEANPUEMAHE HA Bb3MOKHHU
JeHcTBUS. 3a 1eJIUTe Ha JOKJIa/la OCHOBHUTE MPUJIOKEHHSI MOTaT J1a ObJaT CUc-
TEMaTU3UpaHU B IIECT B3auMMOCBbp3aHW HampasieHuss (Wolniak & Stecuta,
2024).

IIbpBOTO € MPOTHO3HOTO MOJEIUPAHE HA IPaACKU npouecu. ML Moxe na
IPOTHO3Mpa TPAHCIIOPTHH MOTOLM, MOTPEOIEHNE HA €HEPrus U BOJa, 3aMbpCs-
BaHe, NMAapKUpaHe, HATOBapBaHE HA YCIYTH U KOJUYECTBO oTnaablu. [Ipu Hanm-
YKe Ha MPOCTPAHCTBEH KOMIIOHEHT MPOTHO3aTa MpUI00MBa €THOBPEMEHHO Bpe-
MeBa H reorpadcka xapaktepucTrka. Harpumep 3ambiBaHe Ha KOHTEHHED B UC-
TOPUYECKU OTPSI3bK OT BPEME, THUI KOHTEHHEpP, paliOH, CE30H U KaJeHAApHU Xa-
PaKTEpUCTUKHN MOTaT Jia Ce U3MOJI3BAT 3a OlLIEHKAa Ha Objella He0OX0IUMOCT OT
oOcy>KBaHe.

BTopoTo HampaBieHHE € MHTEIWIeHTHATa ONTUMHU3ALUS HAa PECYpCH U
MapuipyTu. [Iporno3ara Moxe J1a ciy>kd 3a miaHupase, kato ML e onpenenu
KOU OOEKTH BEpOSITHO e M3UCKBAT 00ciyxkBane, GIS mie onuiie nmpoctpaHCT-
BEHUTE UM OTHOIICHUSI U MPEKOBATA JIOCTHIIHOCT, @ ONTUMU3AIUOHHUST aJIro-
PUTHM LIE ONpPENETU MOAXOAAIIAaTa OCIEIOBATEIHOCT Ha ocemeHne. ChIIUAIT
MPUHIIKI MOXKE J1a Ce Mpujiara npy TPaHCHOPT, aBAPUNHU €KUITH, CHETOIIOYHUCT-
BaHE, JIOTUCTHKA, KAKTO W 3a OMNPEIEIsSHE Ha MOIXOIAIOTO Pa3NOJI0KEHUE Ha
HOBH 00I1I€CTBEHU OOEKTH, CBbP3aHH C KOHKPETHATA I'PaJCKa AEHHOCT.

TpeToTo HarpaBleHHE € OTKPUBAHETO HA AHOMAJIMM U MPOTHO3HATA MOJ-
npbxka. Bmecto npobiieMmbT na Oblie perucTpupaH €lBa ciell Bh3HUKBaHE Ha
MOBpe/Ia UM HEChOTBETCTBUE, Al MOACIIBT MOXKE JJa OTKpHUBA HEOOMYAITHO MO-
BEJICHUE - psA3Ka MpPOMsIHA B MOTpeOIeHHE, HETUITUYHO CEH30pHO IOKa3aHUE,
HeoOMuYaliHO OBP30 3aIbJIBAaHE WJIM NPHU3HAILM 32 JIerpajalus Ha UHPpacTpyK-
TypeH 00ekT. B GIS pe3ynrarsT 111e Moxke 1a ce aHaIu3upa NpOCTPAHCTBEHO, 3a
Jla ce MPOCJean IpeanoiaraeMa KibcTeprus3aius Ha 00EKTH € MOBHILEH PUCK OT
Jerpajganus.

YerBppToTO Hamparienne ¢ Al 0a3upaHoTO BB3MpHEMaHE Ha TpajcKaTa
cpena. Computer Vision mpeBpbIia n300paXeHUsATa U BUICOTO B CEMaHTUYCH
uH(GOPMAIIMOHEH U3TOYHUK, CIYKEII 3a pa3no3HaBaHEe Ha Je(EeKTH B HACTUIIKA,
OBTHU 3HALM, CBOOOJHU MApKOMECTa, 3aMbpPCSABAHE, OTHNAAbLU WIH YBPEICHU
UH(PACTPYKTYPHU €JIEMEHTH U BCUYKO TOBAa MapkupaHo Bbpxy GIS mozunu Ha
CbOTBETHHS KaPTOB CJIOM.

[leToTo HampaBlieHHE € UHTEIUTEHTHOTO B3aUMOJIEUCTBHUE C TPAXKIAHUTE.
NLP u Generative Al nmo3BosisiBat notpeOUTenar aa ¢Gopmyiupa HaMEpEHUETO
CH Ha €CTECTBEH €3MK, a cucTemara Ja ro mnpeobpasysa B gopmanHa GIS wim
uH(popmanmoHHa 3asBka. Al MoXke J1a CTpyKTypupa CBOOOJHO MOJAEHU Tpax-
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JAHCKU CHUTHAJIM, U3BIMYAWKU OOEKT, ChOMTHE, TOMOHUM, MPUOPUTET U APYTH
XapaKTEPUCTUKH.

HlecToTo HampaBieHUE € MEePCOHAIN3UPAHOTO MPOCTPAHCTBEHO OOCITYX-
BaHe U Al ymnpaBisieMo B3eMaHE Ha penieHue. 3a rpakJIaHWHa TOBa O3HA4aBa
KOHTEKCTHH IPENOPBKU CIIOPEL MECTOIOJIOKEHNUE, BpEME, HHTEPECH U JOCTBII-
HOCT, JOKaTO 3a aMUHHUCTPALMATA - CHHTE3UpPaHE HA MHOKECTBO II0Ka3aTelu B
OLIEHKA WJIA MPENOPBHKA, BKIIFOUUTEITHO MTPOCTPAHCTBEHHU AJITEPHATUBU U CILICHA-
pun.

Human Sensing kamo npunoscen GIS mooen

Pa3chxmaBaMe BHpXyY €WH CHIIECTBEH HIOAHC HA CEH30PHOCTTA, 3 MEH-
HO Human Sensing - nmporechT Ha momomMarane u J0MMbJIBaHE Ha TEXHUYECKATa
CEH30PHOCT upe3 HaboIeHusITa Ha Tpaxkaanute. KoHnenmusra ,,rpaxiaaHuTe
kato cenzopu* (Citizens as Sensors) ce OCHOBaBa Ha BUKJIAHETO, Y€ XOpaTa Mo-
raT aa ObJaT M3TOYHHMK Ha IIEHHA MPOCTPAHCTBEHA MHQOpMamus 3a ChbOUTHS,
KOUTO JIUTICBAT B aBTOMATUYHUTE U3MEPBAHUS WIH TPYIHO ce (popmanusupar
ype3 Texunuecku natduk (Goodchild, 2007; Doran et al., 2013). ToBa e oco6eHo
MPUJIOKUMO TIPU MaJIKK OOITWHHU, KbaeTo MamadHa loT undpactpykrypa moxe
na ObIe MKOHOMHYECKH HeompapaaHa. B cBoe m3cienBane KbpuH U chaBTOpH
(Currin et al., 2022) noka3BaT, 4e€ CUTHAJIUTE OT TPaXKJaHU, HAITMCAHU KAaTO CBO-
00JIEH TEKCT, MOTaT YCIEIIHO Ja ce€ o0pabdoTBaT 4pe3 €3UKOBH TEXHOJOTUU
(NLP) u mectHa 6a3a ot 3Hanus (local ontology). Taka Te aBTOMaTU4HO c€
MPEBPHINAT B CTPYKTYPUPAHU TaHHH 32 HY)KIUTE Ha aIMUHUCTPAIIHAATA.

B paspaborBanata GIS cpema 3a oOmmua CBUIIIOB MOJCTHT BKIIIOUBA
nyonudeH QGopMyJisip 3a CBOOOJIEH TPaXXTAHCKU CUTHAJI W aJMHUHHUCTPATUBEH
nucnedyepcku GIS monyn. Ilpu cprobmienue ,,Hsikol cuynu KoHTelHepa Ha SIHT-
pa* AI/NLP He TpsiOBa 1a u3MHCIA KOOPJIMHATH, a J]a M3BJIeYe CEeMAHTHUKATA:
00€KT - KOHTEWHep; ChOuTHE - MmoBpena; TomoHuM - , SHTpa®. Cneasamiara
cronka e aerepmunuctuyHa ['MIC npoepka (deterministic GIS validation): no-
KaJiHaTa 6a3a paszpeliaBa TomoHuMa Jio yi. ,,JAutpa“ B c. Kosnosel, nmposepsBa
HanuuHute GIS 00ekTH M mpu e€HO3HAYHO CHBIMAJICHUE BU3yalM3Upa CUTHAI
BBPXY KapTtarta. [Ipu HeeqHO3HAYHOCT CHUCTeMaTa MpejJiara Bb3MOKHHU MOA00-
HU/ONMM3KH OOCKTH W OCTaBsl TIOTBBPXKACHUETO Ha aucriedepa. [1o To3u HauwmH
apXUTEKTypaTa CleBa MPUHIIAIIA: OCMUCIISIHE Ha TEKCTA Ype3 U3KYCTBEH MHTE-
aexT (Al semantic interpretation) matoc reorpadcko OoOBBbp3BaHE Ha JaHHUTE
(GIS spatial grounding) u mmtoc woBemku koHTpoa (human-in-the-loop). (Melo
& Martins, 2017).

[Ipn HaTpynBaHE€ Ha CUTHAIM OMNEPATHUBHUSAT MEXAHU3BM IOCTENEHHO
Ch3/1aBa MIPOCTPAHCTBEHO-BpEMEBU HAOOp OT naHHU. Toil MOXKe Jja ce M3MOoa3Ba
3a OTKpUBaHE Ha MOBTAPSIIU CE MPOOIEMH, TPOCTPAHCTBEHH KITbCTEPH, CE30HHU
3aKOHOMEPHOCTH M BIIOCJEACTBHE 32 oOydeHne Ha ML monenu. U3cineaBanusita
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BEPXY 311 service requests’ mokasBaT, 4e CTPYKTypaTa Ha IPaXKIAHCKHUTE CHUI-
HaJIM MOXE J1a HOCH 3HauynMMa WH(GOpMaIus 3a XapaKTepUCTUKUTE Ha IPaJCKUTE
paitonu (Wang et al., 2017). CraBa n1u nyma 3a yoBellka Hameca obaye, HE0O-
XOJUMO € J1a C€ OTYUTA U T. HAp. IPOCTPAHCTBEHOTO MPUCTPACTUE - TEHACHIINSA-
Ta y Xopara, Ja OTJAaBaT HEOMPaBIaHO MPEANOYUTAHNUE, TEKECT I BHUMAHUE
Ha ONpeJIeJICHU Teorpa)CKu MeCcTa WM MPOCTPAHCTBEHH MOCOKH 3a CMETKa Ha
JPYTH, a OT TyK U CHOOPA3sIBAHETO C BEPOSTHOCTTA JIMIICATa Ha CUTHAII Jla HE Ce
npreMa eJHO3HAYHO KaTo JOKa3aTeJICTBO 3a JIUTICA Ha MPOOJIeM.

To3u moaxo/ MokasBa €IMH JIECHO MPUIIOKUM Ha TMPAKTHUKA TPOIIEC, KO-
TO NMPEMHUHABa Mpe3 TPAXKIAHCKO HaOIIO/IeHHEe, pa30MpaHe HAa CMUCHIA Ype3
AI/NLP u GIS npoBepka, 3a aa 0Belie 10 peakius OT CTpaHa Ha aJMUHUCTpa-
[[MATa, HATPYNBaHE Ha JAHHU W MOCJIEIBAIIl IPOCTPAHCTBEH M MAIIMHEH aHAJIH3.
Taka rpaxIaHUHBT CE MPEBPBINA OT MACUBEH MOTPeOUTEN B aKTUBEH MH(DOpMa-
moHeH enemedT Ha Smart City, 6e3 Human Sensing na ce npeacTaBst KaTo yHU-
BEpCaJICH 3aMECTUTEIl Ha TEXHUUYECKUTE CEH30PH.

5. U3Boam

1. Pa3Butuero Ha Smart City € npeau BCUYKO (PyHKIMOHAIHA €BOJIOLUS
Ha poJiATa Ha JaHHUTE - OT HU(PPOBO MPEACTaBIHE U OOMEH KbM HaOJIOJICHHUE,
aHaKu3, IPOrHO3UPAHE, CUMYJIALMS U MOIIOMaraHe Ha JeUCTBHUS.

2. Urban Digital Twin npeacraBisiBa BUCOKA CTEIIEH Ha UHTErpalus, HO
He € cuHoHUM Ha GIS wnmu 3D moaen. Herosara chIIHOCT € AMHAMUYHATA BPb3-
Ka MeX1y (usnuecka u nudpona cpeia U Bb3MOKHOCTTA 3a aHAJIU3 U CUMYJIU-
paHe Ha CLEHApUH.

3. CeBpemennusT Smart City € pe3yirar OT KOHBEPreHIMATa Ha IUTUTa-
mu3anust, [0T, KoOMyHUKAIMOHHA U U3YUCIUTENTHA UHPPACTPYKTYpa, CTAHAAPTH,
GIS u AI/ML. GIS uma xopu30HTaJIHA POJIS, 3aI[0TO OCUTYPSIBA MPOCTPAHCTBE-
HaTa CBHP3aHOCT Ha JIAaHHUTE OT Pa3JIMYHU MIPEAMETHH O0JIACTH.

4. AI/ML BHacsT Hal-CBIIIECTBEHO HOBO Kaue€CTBO Upe3 MPOTHO3HpPaHE,
ONTHUMM3aLMsA, OTKPUBAHE HA AHOMAJIMM, AaBTOMAaTW4YHA HWHTEpHpeTauvs Ha
U300paXeHHs U TEKCT, MePCOHATM3UPAHH YCIYTH U MOANIOMAarane Ha ynpaBJieH-
CKH pELICHMUS.

5. Human Sensing e mpakTU4YecKy MPUIOKUM JOMBIBAIl HHPOPMAIHO-
HEH CJIOM 3a TpaZioBE C OrpaHMYeHa TEXHUYECKA OCHTYPEHOCT ChC CEH30pPH.
CBOOOTHHAT TpaxaaHCKU TeKCT Moke upe3 NLP ma 6b1e ctpykTypupaHn, a upes
GIS, mpocTpaHCTBEHO BaIUUpPaH U CBbP3aH C KOHKPETEH rpajicku OOEKT.

2,311 service requests e aMepUKaHCKHUSAT CTAHAAPT 3a TOPEIa JIMHKs/ TaThopma 3a mojiasa-
HE HA CHTHAJIM KbM OOLIMHATA 3a HECIIEIIHU MPpobiieMH (Iynku, OOKIyK, ocBeTineHue). Ha Obirapcku
TEepPMHUHBT HAMA JUPEKTCH aHAJIOT, 3aTOBA ,,IUIAT(HOPMH 3a TPAJICKH CUTHAIN® € Hal-TOYHOTO (yHKIHU-
OHAJTHO OTHCAHUeE.
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6. 3a ManKUTE U CPEeTHHUTE IpajloBe € peanucTuyeH MoayiaeH Smart City
mozen: otaenuu GIS u Al ¢pyHKIMU 1@ ce BHEAPsIBAT OKOJIO KOHKPETHU aJIMU-
HUCTPAaTUBHU NMOTPEOHOCTH, a HATPYNBAaHUTE JAHHU MOCTENEHHO Ja (GopMupaT
OCHOBA 3a MO-CJIOKEH IPOCTPAHCTBEH U ML ananms.

6. 3akiIouenue

CoBpeMennusT Smart City € pe3ynrar oT NpoIbIHKUTEIHO TEXHOIOTUYHO
U (YHKIIMOHATHO YCJIOXXHSBaHE Ha MUGPOBOTO MpECTaBsIiHE HA Tpajia, KaTo OT
€JIEKTPOHHU PETUCTPU M KapTH Pa3BUTHETO JOCTUIa 10 MHTErPUpPAHU CpEAM,
KOUTO ChU€TaBaT JMHAMUYHU HAOIIOACHUS, TPOCTPAHCTBEH KOHTEKCT, HCTOPHU-
YECKH JAHHU, aHAIUTHUYHU MOJEIIM U MEXaHU3MH 3a MOAIIOMAaraHe B3€MaHeTO Ha
peuieHus.

Ocob6eno 3naunma e Bpb3kata Al-GIS. NutenurentHara uaTepnpera-
Us CTaBa YINPABJIEHCKU MOJIE3HA, KOraTo € OOBBbp3aHa C KOHKPETEH OOEKT,
MSACTO, MOMEHT U aJJMUHUCTPATUBEH IPOLEC, KaTO M0 TO3M HAYUH CE OCHUTY-
psiBa €HO MO-aHAJIMTHUYHO U €BPUCTUYHO M3MOJI3BaHE Ha IpajickaTta UHPOp-
Malus - OT PErucTpUpaHe Ha MnpodsemMa KbM MPOTHO3UPAHE U OLICHSIBaHE Ha
anTepHATUBHU.

3a MaJIKuTe rpajoBe MoJ0OHO Pa3BUTHE HE U3MCKBA 3aIbJKUTEIIHO CUJIEH
TexHoJiornueH mamad. [IpennoxenusT Human Sensing Mozen nmokasBa Kak Ha-
andHa yeb-opuentupana GIS cpena v rpak1aHCKU T€HEpUpaHu JAaHHU MOraT Ja
dbopMupar nmpakTUYecKu paboTel] HHTETUTCHTEH MPOIEC 3aMoyBall U 3aBbPIII-
Balll ¢ YoBeKa. HaTpynBaHeTO Ha IPOCTPAHCTBEHO U CEMAHTUYHO CTPYKTypHUpa-
HU cbOUTHS Cch3aaBa 0aza 3a Opaewt ananu3 1 ML moznenu. Ilo To3u HauuH yc-
TOMUMBUAT BT KbM Smart City MOXe a HaMepHu H3pa3 B IMOCIEI0BATEIHOTO
U3rpakaaHe Ha THPOPMAILMOHHO CBBP3aHU KOMIIOHEHTH, KOUTO pellaBaT KOHK-
PETHU IpaJICKU MPOOJIEMH U €JHOBPEMEHHO Ch3/1aBaT OCHOBA 3a CJIE/IBAILO HUBO
Ha UHTETpaLusl.
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JIATUTAJTHUTE IBOVMHUIIA KATO UHCTPYMEHT 3A PA3BUTHUE
HA UHAYCTPUAJIHUTE NNPEAIIPUATUA

I'a. ac. n-p UBaiino Kocros!

Pe3tome: Hacmoswama nyonuxayus pasenesicoa oueumaiiume 08OUHUYU KAMO CbE-
pemMeHen UHCMPYMeHm 3a pazsumue u mpanc@opmayus Ha UHOYCMpUaIHume npeonpusmus 8
yvenosusima Ha Unoycmpus 4.0. Ananuzupanu ca couyHOCmMma, 0CHO8HUME XAPAKMEPUCTUKU
U NPUNOICHUME ACNeKMU HA OUSUMATHUMe O80UHUYU, KAKMO U MAXHAMA POJisd 3 ONMUMU-
3upane Ha NPOU3BOO0CMEeHUMe NPOYeCU, NOSUULABAHE HA eEeKMUBHOCIMA U NO00OPsI8aHe HA
ynpagnenckume peuwterusi. Cneyuanno HUManue e omoeieHo Ha 83aumMo0eticmeuemo mMeicoy
oucumanuume MexHoL02Ul, A8MOMAMU3AYUAMA U U3KYCMEEHUsL UHMELeKm Kamo Gakmopu
3a NOBUUIABAHE KOHKYPEHMOCNOCOOHOCMMA U UHOBAYUOHHUS NOMEHYUAL HA Cb8PEMEHHUMe
UHOYCMPUATHU OP2AHUZAYUL.

KarouoBu aymu: oueumanuu osotinuyu, Unoycmpus 4.0, oueumanua mpancgopma-

Yusl, UHMENULEHMHO NPOU3BOOCHEO, UIKYCIMEEH UHMENEKM, UHOYCMPUATHU NPEONPUAMUSL
JEL: 014, O31, L23, M11

DIGITAL TWINS AS A TOOL FOR THE DEVELOPMENT OF
INDUSTRIAL ENTERPRISES

Head Assistant Professor Ivaylo Kostov, PhD.

Abstract: This publication examines digital twins as a modern tool for the develop-
ment and transformation of industrial enterprises in the context of Industry 4.0. The essence,
main characteristics and application aspects of digital twins are analyzed, as well as their
role in optimizing production processes, increasing efficiency and improving management
decisions. Special attention is paid to the interaction between digital technologies, automa-
tion and artificial intelligence as factors for increasing the competitiveness and innovation
potential of modern industrial organizations.

Key words. digital twins, Industry 4.0, digital transformation, smart manufacturing,
artificial intelligence, industrial enterprises
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1. BnoBeaenue

Jlururannara Tpanchopmanus ce YTBbpXKJaBa KaTo KIIOUOB (akTop 3a
pPa3BUTUETO HA WHAYCTPUAIHUTE MPEANPUSATHS, CTUMYJIUpaHa OT riobanHara
KOHKYPEHILIMS, HapacTBAIllUTE U3UCKBAHUS HA MOTPEOUTENUTE U HEOOXOIUMOCT-
Ta OT YCTOMYMBO M3MOJI3BaHE Ha pecypcute. B ycmoBusta Ha Muaycrpus 4.0
nudpoBU3aLMATa HAAXBBPIS aBTOMATU3ALMATA HA OTIEITHU MPOLIECH U CE TIPEB-
phIIa B CTPATErMYECKa OCHOBA 3a M3TPAKIAHETO HA WHTEIMTEHTHH, B3aUMOC-
BbP3aHU U aJIANTUBHU MPOU3BOJICTBEHH CUCTEMHM, Oa3upaHu Ha Kubepduznyec-

!'i.kostov@uni-svishtov.bg, C. A. ,JI. A. Ilenos*
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ku cuctemu, Matepuer Ha Hemarta (IoT), Big Data, o6naynu TexHomornu u u3-
kycTBeH nnrenekt (Rosen et al., 2015; Wang et al., 2023).

Cpen Bogemmute TexHonorun Ha Uuayctpus 4.0 ocobeHO MICTO 3aemar
murutanaute aponumm (Digital Twins) — TUHAMUYHU BUPTYaJIHH MOJENN Ha
bu3ndecku O00EKTH, MPOIECH WX IEIH MPEAIPHUITHS, KOUTO OOMEHST JTaHHU
ChC CBOMTE PEaJIHM aHAJ03U B peajHO BpeMme. ToBa MM IO3BOJISIBA HE caMo Ja
OTpa3sABaT TEKYIIOTO CHCTOSHUE HA TIPOU3BOJICTBOTO, HO M Ja MPOTHO3UPAT Ob-
TSI ChCTOSHUSA, 1a CHMYJIMPAT PA3IMYHA CIICHAPUHU M JIa TIoAIoMaraT yIipas-
JeHckoTo B3emaHe Ha pemieHus (Grieves, 2014; Grieves & Vickers, 2017). bna-
roJlapeHre Ha Pa3BUTHETO HAa KOMYHHMKAIIMOHHUTE TEXHOJOTHH, OOJAYHUTE W3-
YUCJICHUS W M3KYCTBCHHS WHTEJEKT, MPUI0KCHUETO UM C€ PasIIupsBa OT WH-
KEHEPHOTO TMPOEKTHpPAHE KbM YIPABJICHHE HA MPOU3BOJICTBEHU JIMHHH, MPOT-
HO3HA MOJJIPHKKA, KOHTPOJ HAa Ka4eCTBOTO, JIOTHCTUKA W yIpaBJEeHHUE Ha pe-
cypcure (Glaessgen & Stargel, 2014; Tao et al., 2019).

HNuTerpamusara Ha gurutanHute ABOMHUIM ¢ [0T, M3KyCTBEH MHTEIIEKT U
aHaJU3 Ha rOJIEMHU JaHHU Ch37aBa MPEANOCTAaBKU 3a IPEeMUHABaHE OT PEaKTUBHO
KBbM IPOAKTHUBHO YIIPABJICHUE, OCHOBAHO Ha HEMPEKbCHAT MOHUTOPHUHT, MPOT-
HO3MpaHe U ontumu3anusa. OCBEH MOBHUIIIaBaHE Ha MPOM3BOACTBEHATa e(DEKTUB-
HOCT U KOHKYPEHTOCITOCOOHOCTTA, TEXHOJIOTHATA TIOJIITIOMara yCTOWIUBOTO Pas-
BUTHE YPE3 ONTUMHU3HMPAHE HA MOTPEOJICHHETO Ha PECYypCH W HaMallsgBaHE Ha
CKOJIOTUYHHS OTIEYaThK, KOCTO CHOTBETCTBA HA EBPONCHCKUTE TOJUTHUKH 32
uuppos u 3eneH npexon (European Commission, 2021; European Commission,
2025).

HacrosmoTo u3cneaBane pasriiekaa JUTATATHATE TBOWHHIM KaTO CTpa-
TETHYECKH MHCTPYMEHT 3a pa3BUTHE HAa MHAYCTPUAIHUTE TIpeanpusaTus. To nma
3a 11eJ1 Jla aHAIM31Upa TSIXHATa ChUTHOCT, MPUI0KEHUE U TIPUHOC 3a TTOBUIIIABaHE
Ha €(eKTHBHOCTTA, MHOBAITMOHHHUS MOTEHIIMAT U KOHKYPEHTOCIIOCOOHOCTTA Ha
MIPOU3BOJICTBEHUTE OpraHu3alii. MeToI0J0TUYHaTa OCHOBA BKJIIOYBA CHUCTE-
MEH M CPaBHUTEJICH aHAJIN3, KAUECTBEH aHAJIU3 Ha ChIbPKAHUETO U MHTETpaTH-
BEH JIUTEepaTypeH mperiieq Ha GyHIaMEHTAJIHU U ChbBPEMEHHHU HW3CJICIBaHUS B
00J1acTTa Ha IUTUTATHUTE IBOMHUIIA U UHTEIUTEHTHOTO MIPOU3BOJICTBO

2. B’b3Hl/IKBaHe, Pa3BUTHE M CBIIHOCT HA KOHIHCNIIUATA
3a JUTUTAJTHUTEC I[BOﬁHH].lH

Konnenuusra 3a AUTHTAIHUTE ABOMHUIIM C€ YTBBPKAaBa KaTo €IHA OT
KJIFOUOBUTE TEXHOJOruMU 3a pa3Butue Ha Munyctpus 4.0 u nudposaTta TpaHc-
dbopmaiysi Ha UHIYCTPUAIHUTE MPEeanpUsaTHs. Ts Bb3HUKBA KaTO pa3BUTUE HA
WHXCHEPHUTE BUPTYAJTHU MOJEIH, U3MOJI3BAHM B a€pOKOCMHUYECKaTa MHIYCT-
pus 3a aHAIKM3, CUMYJIAllMsl M IPOTHO3UPAHE Ha TIOBEJACHUETO Ha CII0KHU TEXHU-
yecku cucteMu. OCHOBHATa pasiidKa MEXAYy TPaJAUILMOHHUTE MOJENIHU U ChBpE-
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MEHHUTE AUTUTAIHU JTBOMHUIIM CE ChCTOM B HAIMYMETO HA HENIPEKHCHAT OOMEH
HA IaHHU MEXy (PU3UUecKusi OOEKT U HETOBOTO BUPTYAJHO MPEICTABSHE.

CpBpemMeHHaTa KOHIENIMS 33 AUTUTAIHUS JBOMHUK ce cBbp3Ba ¢ Michael
Grieves, KOMTO BbBEX/a TEPMUHA B KOHTEKCTa HA YNPABICHUETO Ha KU3HEHHUS
nukba Ha npoaykra (Product Lifecycle Management — PLM). Cnopen Hero nu-
TMTAJHUAT JIBOMHUK IPENCTaBIsBa BUPTYaJIHO NPEJICTaBSIHE Ha (PU3NUYECKU
IPOJYKT, KOETO Ce aKTyajau3upa upe3 oOMeH Ha HHopMalMs U mojarnoMara
B3eMaHeTo Ha ympasieHcku pemieHus (Grieves, 2014). Ilo-kbcHo Grieves u
Vickers (2017) pa3mupsiBaT KOHIENIIUSITA, ONPEACTIUKN TUTUTATHUS JTBOWHUK
KaTo CHUCTeMa OT B3aMMOCBBHP3aHU WHGOPMAIMOHHU MOJEIH, KOUTO OMHCBAT
bu3nueckusi 00EKT Npe3 LEeNUs My KU3HEH LUKDIL.

3HauuTelIeH NPUHOC 3a pa3BUTHETO Ha Teopusta umar Glaessgen u
Stargel (2014), kouTo pasriexaaT IUTUTATHUAS ABOMHUK KaTO MyJITU(DU3NYEH U
MHOromaiabeH CUMYJIallMOHEH MOJIEN, CIIOCOOEH Jla MPOTHO3UpPa MOBEACHUETO
Ha CJIOKHM TEXHUYECKHU CHCTEMH M Jia MOANoMara TsAxHaTa noaapbxkka. Brmoc-
neactBue passutueto Ha Mutepuer Ha Hemata (IoT), U3KyCTBEHUS WHTENEKT,
MalIMHHOTO OOydeHHe U OO0JaYHUTE TEXHOJOTHMH MPEBPbIIA JAUTUTAIHUTE
JBOMHMIIM OT CPEJICTBA 32 MOJEIMPAHE B UHTEIMI€HTHU UH()OPMALIMOHHU CHC-
TeMH 3a aHajau3, MPOTHO3UpaHE M aBTOMatu3upaHo ympanienue (Tao et al.,
2019; Fuller et al., 2020).

B Hayunara nutepatypa Bce OIlIe He ChIIECTBYBa €IMHHO OIpe/IeTICHHE 3a
JTUTUTAJICH JABOWHUK, HO TMOBEYETO aBTOPHU Cc€ OOCAMHIBAT OKOJIO HSIKOJIKO OC-
HOBHHM XapaKTEPUCTHKHU. JIUTUTATHUAT IBOMHHMK MPEACTaBIsABA JUHAMHYCH
BUPTYaJIEH MOJIe]l Ha (pU3nyecku 0OEKT, MPOLIEC UM CHCTEMa, KOWTO CE aKTya-
JU3Upa B peaslHO BPEME Upe3 JaHHU OT CEH30pH U CBBp3aHM ycTpoiicTea. Hero-
BUTE OCHOBHM (D)YHKIIMHU BKJIFOUBAT MOHUTOPUHT, CUMYJAllMsl, IPOrHO3UpaHe Ha
ObJeIM CBhCTOSHUS M MOANOMAaraHe Ha yIpaBiIeHCKUTe pemieHus. Upes anro-
PUTMH 32 U3KYCTBEH MHTEJIEKT U MAIIMHHO 00Y4YEeHHE TOM MOXeE /1a ce caMoo0y-
JyaBa U Jia moJo0psiBa TOUHOCTTA Ha cBouTe IporHo3u (Wang et al., 2023).

EnuH OT Hal-IIMpOKO M3MOI3BaHUTE MOJAXOAM 3a pa3srpaHUYaBaHe Ha pas-
auyHuTe GopMu Ha 1UPOBO TpeacTaBsHe € npeajgoxkeH ot Kritzinger et al.
(2018). ABTOpUTE ONpEAEHAT TP OCHOBHH HUBA: JUTUTAJIEH MOJEI, TUTUTAIHA
CSIHKa W JWTUTANCH IBOWMHMK. J[MTHUTATHUSAT MOJEN TMPEACTaBsiBa CTATHYHO
upoBO onucaHue Ha (U3NUECKH OOEKT Oe3 aBTOMaTH4eH OOMEeH Ha WH(Op-
Mmarus. J[urutanHara csHKa MO3BOJISIBA aBTOMAaTHMYHO €IHOMOCOYHO IpeJaBaHe
Ha JIaHHU OT (PU3UYECKUS KbM BUPTYAJIHHUS MOJEI, KOETO OCUTYpsiBa HaOIro/1e-
HUE B peajHo BpeMe. JAUTHTAITHUAT JBOMHHUK IIPEICTABIISIBA HAM-BUCOKOTO HUBO
Ha pa3BUTHE, IPU KOETO CHIIECTBYBA JABYIIOCOYHA KOMYHHUKALUA MEXAy (QU3N-
YEeCKHUS U BUPTYaIHUs OOEKT, [T03BOJISIBAILA AHAJIN3, IIPOTHO3UPAHE U aBTOMATHU-
3upaHo ynpasiieHue. [1o To3u HauUMH JUTHUTAIHUTE JBOMHMIM CE MPEBPHLIAT B
MHTETpHUpalia TEXHOJIOTHsI Ha UHTEJIIMTEHTHOTO NPEANpUATUE, KOATO 00eaNHsIBA
JaHHU, MOJIEJIMPAHE, CUMYJIALIMU U U3KYCTBEH MHTEIEKT. TAXHOTO 3HaUEHHUE ce
OTIpe/ieNisi HE caMO OT CIOCOOHOCTTa MM Jia BB3MPOM3BEKAAT CHIIECTBYBAIIH
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CUCTCMH, HO M OT BB3MOXHOCTTA A4 ImoArioMaraTt onTumMusanusaTa, IMpeBaHTHB-
HaTa NMoAJAPBIKKA U CTPATCTHICCKOTO YIIPABJICHUC HA HHAYCTPHAJITHUTC ITPOLICCU.

3. ApXHMTeKTYypa, XapaKTePUCTUKU M NPHJIOKEHHEe HA JUTHTAJTHHUTE
JABOWHMIIM 32 PAa3BUTHE HA HHTEJMICHTHOTO NpPeANPUATHE

Enun ot Hail-pa3npocTpaHEHUTE MOJEIH 3a apXHTEKTypaTa Ha JUTHTAII-
HUS IBOMHUK € TeTu3MepHusT mojen Ha Tao et al. (2019), BkmrouBan dpuzudec-
KH OOCKT, BUPTyaJIeH MOJICN, JaHHH, YCIYTH U KOMYHUKAIIMOHHHA BPB3KHU. Upe3
censopu, 11oT ycTpoiicTBa 1 HHPOPMALIMOHHU CUCTEMU (PUZUYECKUTE MPOLIECH
TeHEpHpaT JaHHU, KOUTO CE aHAJIM3UPAT U U3I0JI3BAT 32 MOHUTOPUHT, JTUATHOC-
THKa, IPOTHO3HA MOJAPHKKA U B3EMaHE Ha yIpaBJieHCKU pemieHus. Murterpa-
nusta ¢ ERP, MES, SCADA u PLM cucteMu npeBpbiia AUTUTATHAS TBOMHUK
B IsUI0CTHA UdpoBa miatdopma 3a ynpasienue Ha npeanpustuero (Tao et al.,
2019).

OCHOBHUTE XapaKTEPUCTUKU HA JUTUTATHUTE JBOWHHIIM Ca JTUHAMHY-
HOCT, paboTa B peayiHO BpeMe, ABYIOCOYHA KOMYHUKAIIHS, TPOTHO3HU BBH3MOXK-
HOCTH, CaMOOOYYCHHE W BHCOKA CTEIICH HAa WHTETpalds ¢ KOPIIOPATUBHUTE WH-
dbopmanuonnu cuctemu (Grieves & Vickers, 2017). Upes u3KyCTBEH UHTEIEKT U
MaITMHHO OOyYEeHHE T€ MOTaT Ja OTKPHUBAT 3aBHCHMOCTH B TIPOW3BOJICTBCHUTE
JAaHHU, Ja TPOTHO3UPAT OBACIIN ChCTOSHUS U J1a OATIOMaraT aBTOMaTH3UPaHO-
TO B3eMaHE Ha perieHus. Pa3BUTHETO HA KOTHUTUBHUTE NUTHUTATHH JBOWHHIIH
pasmmpsiBa Te3M Bh3MOKHOCTH Upe3 KOMOWHHUpAHEe HA JaHHW, 3HAHUS ¥ HHTEIIN-
reHTHH anroput™u (Zheng et al., 2022).

B ycnoBusara va Unaycrpus 4.0 aururaaiHuTe JBOMHUIM CE MPEBPHIIAT B
OCHOBAa Ha MHTEJIUTCHTHOTO MPEANPUITHE, KATO UHTETPUPAT MPOU3BOICTBEHH,
WHXEHEPHH, JIOTUCTUYHU U YNPABIEHCKHU MPOIECH B €IuHHA IU(pPOBa €KOCHUC-
TeMa. Te mo3BoIsSIBAT MOJIeNTUpaHe U OLEHSBAHE HAa PA3JIMYHU CIICHAPUH MPETU
TSAXHOTO PEAJHO BHEJpsiBaHE, ONTHUMU3HUPAHE HA MPOU3BOJICTBEHUTE MPOIECH,
uJeHTUGUIIMPAHE HA TECHU MECTa U IPEeMHHaBaHE OT PEaKTUBHA KbM IPOTHO3-
Ha TOJIPHKKA Ype3 aHalu3 Ha MOKa3aTelu KaTo TeMIiepaTypa, BUOpaluu, Ha-
TOBapBaHe U eHepronorpednenue (Su et al., 2024).

[Ipunoxxennero Ha JUTHTATHUATE JBOWHUIIA OOXBalla CHIIO pa3paboTBa-
HETO Ha HOBH MPOJYKTH, BUPTYATTHOTO TECTBaHE HAa KOHCTPYKTHBHU PEIICHHS,
YIPABJICHUETO HAa Ka4yeCTBOTO W ONTUMHU3HPAHETO HA JIOTHCTHYHUTE TOTOIH.
Ype3 MOHUTOPUHT HA PECYPCUTE, CHEPTOMOTPEOIECHUETO U OTIATBIIUTE TE TIOI-
nomMaratr yCTOMYMBOTO pa3BUTHE U LU(PPOBUS U 3€JCHUS MPEXO0] HA UHAYCTPH-
anaute npeanpustus (European Commission, 2021). ITopaau ToBa AUTHTATHU-
T€ ABOMHUIM CE€ pa3riexaaT HE caMO KAaTO TEXHOJOTWYEH MHCTPYMEHT, a Karo
CTparermyecka miatdopma 3a OopraHuzalMoHHa TpaHchopmallus, OCHOBaHa Ha
yIOpAaBJICHUE Ype3 JaHHU, PA3BUTHE HA JUTMTAIHA KOMIETEHTHOCTU U M3TPaXK-
JaHe Ha KOHKYPEHTOCIIOCOOHH M YCTOWYNBH MHTEIIUTCHTHH TIPS ITPUSATHU.

177



4. OcHOBHH 00/1aCTH HA IPWJIOKEHHE, N0JI3H, IPEIN3BUKATEICTBA U
nepcrneKTUBHU NMpe] JUTUTAJTHUTE IBOWHUIIA B HHAYCTPUATHHUTE
npeanpusTus

OCHOBHO NPUJIOKEHUE HA JUTUTAIHUTE JBOWHUIM € B MPOEKTHUPAHETO U
pa3paboTBaHETO Ha MPOAYKTH, KbJETO YPE3 BUPTYATHO MOJIECITUPAHE U CUMYJIa-
MU C€ aHaJM3upa MOBEJCHUETO Ha W3JIENUsITa, OTKPUBAT CE€ KOHCTPYKTHUBHHU
HEJIOCTaThLM U CE€ ChKpallaBa BPEMETO 3a pa3pad0TBaHe HAa HOBU MPOAYKTH
(Tao et al., 2019). B nmpou3BoACTBOTO T€ MoANIOMaraT MOHUTOPUHTA B PEasHO
BpeMe€, ONTUMHU3ZUPAHETO HA TEXHOJIOTMYHUTE MPOIECH, OTKPUBAHETO HA TECHU
MeCTa U M3TPAKJIAHETO Ha MO-T'bBKABU W aJAlTUBHU MPOU3BOJICTBEHU CUCTEMHU
(Tao et al., 2019; Su et al., 2024).

JlurutanHuTe TBOWHUIIM HAMHUPAT IUPOKO MPUIIOKEHHUE U B IPOTHO3HATA
NOAAPHKKA U YIPABICHUETO Ha KauecTBOTO. Upe3 aHanu3 Ha JaHHU OT CEH30pH
TE€ TMO3BOJISIBAT PAaHHO OTKPUBAHE Ha MOBPEH, HaMaIsBaHE Ha HEIUIAHUPAHUTE
MPECTOU, yAbHKaBaHE KU3HEHUS ITUKBI HAa 000PYJIBAHETO W MPEAOTBpATIBAHE
Ha MPOU3BOJICTBEHH JedeKkTH. B moructukarta u ynpaBIeHHETO Ha BEPUTUTE HA
JIOCTAaBKM TEXHOJIOTHSATA MOANIOMara npociaeAsBaHETO U ONTUMH3ALIMATA HA Ma-
TEpUATHUTE TTOTOLM, KAKTO W OIIEHKAaTa Ha pa3JInuHU CIIEHApUU 32 TTOBUILIABaHE
Ha YCTOMYMBOCTTA HA MPEANpUATUATA. Ts TONpHHACS U 3a €eHepruiiHa e()eKTHB-
HOCT 4pe€3 aHaju3 Ha MOTPEOJICHHETO HA PECYPCH M ONTUMHU3UPAHE HA MPOU3-
BojicTBeHUTE onepanuu (European Commission, 2021; European Commission,
2025).

Nurterpanusita Ha AUTUTATHUTE IBOMHUIM C M3KYCTBEHUSI MHTEIEKT pa3-
HIUPSIBA TEXHUTE BH3MOKHOCTH Ype3 MAITUHHO 00y4YeHUE, MPOTHO3EH aHAIHU3 U
aBTOMATU3UPAHO B3eMaHe Ha pemieHus. KOTHUTUBHHUTE NUTUTATHHU JBOMHMIIM
Ch37]aBaT MPEANOCTABKM 32 MHTEIMIEHTHO YIpaBieHUE Ha MPOW3BOJICTBEHHUTE
CUCTeMH U TMO-e(PEKTUBHO H3MOJI3BaHE Ha HaiuuHuTe AaHHU (Zheng et al.,
2022). OCHOBHUTE TOJ3U OT BHEIPSIBAHETO UM Ca CBHP3aHU C MOBUIIIABAHE HA
MPOU3BOUTEIIHOCTTA, HAMAJIABAHE HA pa3XOAUTe, MOJOOPsBaHEe KAueCTBOTO Ha
MPOJYKIUATA U YCKOPSIBAHE HA MHOBAIIMOHHUTE MPOIIECH.

Bbopeku 3HauuTENHUS MOTEHIMAJ, BHEAPSBAHETO HA AUTUTAIHU JBOM-
HUIIK € CBHP3aHO C MPEIU3BUKATEIICTBA KATO JIMIICA HA ONEpaTUBHA ChBMECTH-
MOCT, TTPOOJIEMHU ChC CUTYPHOCTTA U KAYECTBOTO HA JJAHHWUTE, BUCOKH MHBECTH-
[MOHHU Pa3XOAW W HEJOCTUT Ha CHEIUATHCTH C IU(POBU KOMIETEHTHOCTH
(Wang et al., 2023; Jorgensen & Ma, 2025). bpuemoto pa3Butre Ha TEXHOJIO-
TUsITA CE CBBhpP3BA C MHTETPAIUATA M ¢ TEHEPATUBEH M3KYCTBEH MHTENEKT, Edge
Computing, 5G/6G Texnonoruu u kounenuuutre Ha Uamyctpus 5.0. Ilo to3u
HAYMH JUTUTAIHUTE ABOMHUIM CE€ MPEBPBHIIAT B CTPATErMUYECKH UHCTPYMEHT 3a
MOBUIIABaHE HAa KOHKYPEHTOCIIOCOOHOCTTAa, YCTOMYMBOCTTa U HHOBAIIMOHHMS
MOTEHIMA Ha UHYCTPUATTHUTE TPEANPHUATHUS.
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5. 3akioyenue

Jlururannara TpaHcopmalys Ha UHIYCTPUAIHUTE TMPEINPUITHS € Cpel
OCHOBHHUTE (DaKTOPH 3a pa3BUTHETO HAa ChbBpEMEHHaTa MHAYCTpus. B ycrnoBusita
Ha Uunayctpus 4.0 npon3BOACTBEHUTE CUCTEMHU CE€ MPEBPBIIAT B UHTEIUT€HTHU
¥ B3aUMOCBBP3aHU €KOCHCTEMH, B KOUTO JIAHHUTE, aBTOMATH3AIUITAa U U3KYCT-
BEHUST MHTENEKT C€ M3IOJI3BAT KaTO CTPATETHYECKH PECYPCH 3a TIOBHINIABaHE HA
e(EeKTUBHOCTTa M KOHKYPEHTOCIIOCOOHOCTTA. B TO3M KOHTEKCT NWUTHTAITHUTE
JBOVHHIIM C€ YTBBPXKAABAT KAaTO KIFOUYOBA TEXHOJOTHS, OCUTYpsBallla JHHA-
MUYHA BpB3Ka MEXKAY GU3MUECKUTE OOEKTH U TEXHUTE BUPTYATHU MOIEIIH.

3a paznuka OT TPaJUIMOHHUTE U(POBU MOAETH, AUTUTATHUAT IBOWHUK
MPE/ICTaBIISIBA TMHAMUYHA HH(POPMAIIMOHHA Cpefia, KOSITO ChOupa, 00padoTBa u
aHaJlM3upa JaHHU B peajHo BpeMe. Upe3 JByNnocouHa KOMyHHUKAIUSI MexX1y Gu-
3UYECKUS Y BUPTYAIHHsI CBAT TOM MO3BOJIIBA MOHUTOPUHT, JUATHOCTHUKA, TPOT-
HO3UpaHEe U ONTUMU3ALMS HA MPOU3BOICTBEHUTE IPOLIECH.

WuTerpanusita Ha AUTUTAIHUTE ABOWHULIM C TEXHOJIOTMH KAaTO UHIYCTPH-
anen Unrepuer Ha Hemara ([IoT), kubepdusndyecku cucremMu, oOJaYHN U3YKC-
JIeHUsI, TOJIEMU JIaHHU U M3KYCTBEH MHTENEKT Ch3JjaBa HOB MOJEI Ha yIpaBiie-
HUE HA WHAYCTpHUATHUTE Npeanpuatrs. OCHOBHUTE UM NPUIIOKEHUS ca CBhp3a-
HU C ONTUMHU3ALMATA HA TPOU3BOACTBOTO, MPOTHO3HATA MOAAPHKKA, MOA00P-
BaHETO Ha KaueCTBOTO, CHEPrUitHaTa e()eKTUBHOCT U MO-€()EKTUBHOTO M3MON3-
BaHE Ha peCypcuTe.

BuenpsiBaHeTo Ha TUTUTAIHHU JBOWHMIIM BOAM JO HaMalliBaHE Ha MPOU3-
BOJICTBEHHUTE PHCKOBE, HEIUITAHUPAHUTE MPECTOU M PA3XOJUTE, KaTO CHIIEBpPE-
MEHHO IOBUIIaBa MPOU3BOJAUTEIHOCTTA U YCTOMYMBOCTTA HAa MPEANPUATUATA.
Hapen ¢ TexHONIOrMYHUTE MPEIUMCTBA, T€ CTUMYJIUPAT YIPaBICHUETO, OCHOBA-
HO Ha JJaHHU, U U3UCKBAT Pa3BUTHE HA HOBU KOMIETEHTHOCTH. OCHOBHUTE Ipe-
JTM3BUKATEJICTBA Ca CBBP3aHH ¢ HEOOXOIUMOCTTA OT MHBECTUIINH, HHTETPAILIAATA
ChC CBHIIECTBYBAIM CUCTEMH, KHOCPCUTYPHOCTTA M HEIOCTHra Ha KBAIU(HUIIN-
paHM CIIeUAJICTH.

bpaemoTo pa3BUTHE Ha TUTUTATHHUTE JBOWHUIM Ie OBJE CBBP3AHO C
HampeabKa Ha U3KycTBeHUs nnTenekT, Edge Computing, 5G/6G xoMmyHuKanuu-
Te 1 KoHuenuusaTa 3a Munycrpus 5.0. Te me npoawipkar na ce pa3BuBar Karto
CTpaTernuecKu MHCTPYMEHT 3a U3TpakJaHe Ha MO-UHTEIUTCHTHHU, YCTONYUBH U
KOHKYPEHTOCTIOCOOHU MHAYCTPUATTHU MPEATPUATHUSI.
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1. BbBeaenune

Hapnu3aneTo Ha AUTHTATHUTE TEXHOJIOTHHM TpaHChOpMHpa HAYWHA, TI0
KOWTO MpEanpusTUsTa Cbh3JaBaT, MPEIOCTaBIT M MU3BJIMYAT CTOMHOCT, MpPO-
MEHSIMKH OM3HEC IMPOIIECHUTE, OPraHU3alMOHHUTE CIIOCOOHOCTH W MOJICIIHTE 3a
Ch37laBaHe Ha CTOWHOCT. J[ururanmHaTta TpaHchopMamus ce€ YTBbpXKAaBa KaTo
CTparerndeckd (pakTop 3a MOBUIIIABAHE HAa KOHKYPEHTOCTIOCOOHOCTTA, Pa3BH-
TUETO Ha HOBU OM3HEC MOJENTW M M3TPAXKIAHETO HA YCTOWYMBU KOHKYPEHTHU
IPEIUMCTBA, KOETO OO0yClIaBs M HApacTBAIIOTO 3HAYCHHE HA MHBECTHIIMHTE B
murutanad TexHonorun (Paul u ap., 2024). Ta3u TeHaeHUUs C€ 3acUiBa OILLE
nmoBeue 1o Bpeme Ha mnangemusita COVID-19 u neiictBa Karo MOIIECH
KaTaJau3aTop, MPUHYKIABAUKA MPEANPUEMAYUTE Ja YCKOPSIT BHEAPSBAHETO M
Pa3BUTHUETO HA EJIEKTPOHHMU KaHaJM 3a MPOJaxOH, NUCTAaHIIMOHHU MOJEIU Ha

!'i.marinov(@uni-svishtov.bg, CA ,,JI. A. Ilenos* — Cpuios
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paboTa ¥ AUTUTAIHU WHCTPYMEHTH 3a chTpyanuuectBo (Hanelt u ap., 2021;
Cosa, 2024).

Ilenma Ha noKNana € MPOBEXJIAaHE HA EMIIMPUYEH aHAJIU3 HAa PEATHOTO
CBhCTOSIHME Ha OBIATapCKUsl €JICKTPOHEH Om3Hec (e-Om3Hec) B CpaBHUTEICH
KOHTEKCT ¢ eJeKkTponHusi OuzHec B EBpometickus cpio3 (EC) u unentudum-
paHe Ha (axTopute, 00ycnaBsAlM M30cTaBaHeTo Ha bwirapus. ToBa u3nckBa
pelaBaHe Ha cieaHuTe 3adayu: (1) na ce pasrpaHuyar NOHATUATA ,,JIEKTPOHEH
OuzHec®, ,,eJIeKTPOHHA THProBUSA™ W , JUTHTaIHA TpaHchopmanusa™; (2) ma ce
CHUCTEMATU3HUPAT TEXHOJOTUYHUTE JBUraTENN U Mpeau3BUKATENICTBATA MpE] e-
ousHeca; (3) Aa ce MpoBeAe CPABHUTEIICH EMIMPUYCH aHaJW3 Ha JIUTUTAJHATA
uHteH3uBHocT B EC u boearapus; u (4) na ce uaeHTUGUIMPAT KOMIUICKCHUTE
Oapuepu npen JUTHTaIu3aiusaTa Ha Obarapckus OusHec.

dopmynupar ce Tpu pabotHu xumnote3u: H1: cTenenTa Ha pa3BUTHE Ha €-
ousneca B bwiarapus e sHauntenHo noxa cpeanara 3a EC mopanu HepocTaThYHH
JUTUTAIHA YMEHUSI M HUCKA TEXHOJOTUYHA MHTETpaIus B npennpusitusra; H2:
peIn3BUKATEIICTBATA MMAT KOMIUIEKCEH XapakTep, MPU KOWTO TEXHOJIOTH-
YHUTE, OPraHU3alMOHHUTE U WHCTUTYIIMOHAIHUTE (DaKTOpu ca B3aWUMHO O0Y-
cinoBenu; H3: orpannuaBamuar Gakrop mpea pa3BUTHETO Ha e-Ou3Heca B bbi-
rapus HE € MpekoBaTa WHQPACTPyKTypa, a MPWIOKHHIT CIOH Ha TUTH-
Tanu3alys, 00XBalall TEXHOJIOTHYHOTO YCBOSBAHE B MPEANPHUATHATA, TUTHTA-
JHUTE KOMIETEHIMHU U JIOBEPUETO B OHJIAMH Cpeara.

2. IlonsiTHIiHO pa3rpaHUYeHMe: eJIeKTPOHEeH OM3Hec, eJIeKTPOHHA
THProBHUs U JUTHTAIHA TPaHchoOpManus

B akamemuvHarta nurepaTypa MOHSTHETO ,,CIEKTPOHEH OM3HEC MMa pas-
JWYeH 00XBaT: OT OHJIAWH THPTOBHA JO ISUIOCTHA JUTHTAIM3ALMS Ha OpPTaHH-
3allMOHHATa JEWHOCT. B 4acT oT wW3cienBaHusATa JBETE C€ H3MOJ3BaT KaTo
CUHOHHMH, KOETO CBEX/1a e-On3Heca JJ0 HeroBUs ThPTOBCKH KOMITOHEHT.

Crnopen nedpununuara Ha EBpocTar enekTpoHHaTa THProBHsI 0OXBala
mpojaxoaTra WIM TMOKyIKaTa Ha CTOKHM W YCIYTH MEXIy MPEANpPUATHS, 10-
MaKWHCTBA, (PH3NYECKU JINIIA WM YaCTHU OPTaHU3AI[NH, KOETO CE OCHIIECTBIBA
ype3 eJCKTPOHHHW TPAH3AKIWWA TMpe3 HHTEPHET WKW JPYTH KOMITIOTHPHO
onocpeactBanu mpexu (Eurostat, n.d.-b). Ta ce pa3BuBa KaToO HAIBIHO HOB
MeTo 3a BojeHe Ha OusHec (IletpoBa u ap., 2022). [ummanoB u ap. (2020) s
pasriiexaar KaTo OCHOBHA YacT OT JAWTMTalIHAaTa TpaHchopMalus, ciocoOHa Jia
pa3BHe CHIIECTBYBAIINTE WM J]a OTKPHUE HOBH OM3HEC CETMEHTH.

Jlurutannata TpaHcopMmalus € Haii-BUCOKaTa CTENEH Ha MPOMsHA Ha
Ou3Heca, MPU KOSATO MU3MEHEHUsSTAa NMPUAOOUBAT IBIOOK XapaKTep W oO0XBalar
BCHUYKHU mpeanpuemadecku acnektu (Bican & Brem, 2020; Ritter & Pedersen,
2020).

a. Texunonocuunu osueamenu na e-ousneca
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NzkyctBenusar uHTenekt (MU) 3aema meHTpamHo MsACTO B e-OM3Heca.
KomOuHMpaneTo Ha AaHHU 3a KJIMEHTUTE C TEXHOJOTMU KaTo oOpaboTka Ha
€CTECTBEH €3UK, KOMIIOTHPHO 3peHHe, poOOTH3MpaHa aBTOMAaTH3alluds Ha
OpOLECUTe M MAaNIMHHO OOy4YeHHE TO3BOJISIBA HU3TPAXKIAHETO Ha HU3IUIO
aBTOMAaTU3HMpaHU U Malabupyemu mpouecu 3a oociyxsane (Paul u np., 2024).

OO0ynayHuTEe W3YUCIEHUS OCHUTYpSBaT OTAAJIedyeH JAOCTBhII JO0 Mallia-
OMpyeMHU U3UYMCIUTEIHU PECYpCH U C€ MPEAOCTaBiAT B TpU Mojena: codryep,
matgpopma u uHdpacTpykrypa kato yciayra (MapunoBa & boitues, 2016). 3a
NPEANPUATUATA C OTPAHUYEHH PECYpPCU T€ ca OCOOEHO LIEHHM, Thil KaTO OCH-
rypsiBaT T'bBKAB JIOCTBI JI0 pecypcu Ha HWHOOPMAIMOHHUTE U KOMYHHU-
karmonHute TexHosioruu (MKT) Ha mpunuuma ,JIjamaHe cropes mnotpeodsie-
Huero* (SaaS), 0e3 3HAUUTENHW MHPBOHAYAIHM WHBECTHIIMM W Pa3XOAu 3a
noAJIphkKa. THKMO TIpu oOjauyHuTe yciyru pasznuuueto Mexay MCII wu
roJIEMHUTE TPEANpPUATHS CE€ 3aAbJ00YaBa: yCBOSIBAHETO MPHU I'bPBHUTE CE YBe-
JudaBa, HO 10-0aBHO, 0TKOJIKOTO mpu BTopute (OECD, 2024).

Ananmu3bT Ha ronemute naHHu (Big Data) mpenocTtaBs roiemMu Bb3MOXK-
HOCTM 3a IIOCTHIaHE M TOJIbpPKAHE HA KOHKYPEHTHO IPEIUMCTBO, KaTo
U3CJIeIBaHUS COYaT, Y€ MNPEANpPUITUATA, KOUTO IO H3IMOJ3BAaT, HU3IMPEBAPBAT
ocTaHanauTe 1o npousBoautenHoct (Wiener u nip., 2020).

Te3u TexHosornu He ca abCTpakTHHU: ThbKMO oOnaunute yciyru, MU u
rOJIEMUTE JJAHHU Ca CpPeJl MOKa3aTeIUTe, 10 KOUTO C€ U3MEPBA MHTErpALIUSITA HA
JUTATAITHU TE€XHOJIOTUM B CTOIMAaHCKaTa IeMHOCT. IMEHHO 1O TO3W KpUTEpUH
bearapus ce Hapexa Ha 26-0 mscto B EC, a ycBosiIBaHETO Ha 00JIauyHU YCIIYTH,
Ha MW u Ha roseMu JaHHU B OBIATAPCKUTE MPEANPUITHS € Cpell HAl-HUCKUTE B
Cwro3a mpe3 2021 r., karo ena eana 4eTBbpT oT MCII nmocturar 6azoBo
paBHuIlle Ha AuruTamHa nHTeH3uBHOCT (European Commission, 2022).

b. Ilpeouzsuxkamencmea u ,,napadoKCvm HA OucUmalu3ayuama

Hapen ¢ norenuuana ca uaeHTUGUIIMPAHU CHIIECTBEHU Oapuepu mpej e-
ousneca. KubGepcurypHoctra ce mpeBpbllla B KPUTUYHO MPEIU3BUKATEICTBO,
ocobeno 3a MCII: cnopen uzcienBaHe Ha OpraHuzanusara 3a UKOHOMHUYECKO
cbTpyaHudecTBo u pazputue (OMCP) Bcsiko TpeTo eBpoONeiicKo MpeaAnpusTue oT
e obekt Ha kubOeparaka (OECD, 2024). Vsa3BuMOCTTa NpoU3THYa OT OrPaHH-
YEHUTE BBH3MOXKHOCTH IO OTHOIICHHWEe Ha ¢GuHaHCcOBH cpenctBa, UT crme-
[UAIMCTH M ChbBpEMEHHa HMH(PACTPyKTypa, KakKTO M OT HHMCKOTO HHMBO Ha
NOAroTOBKa Ha ciyxurenure (BepbanoB u ap., 2011, c. 204). JurutanHoro
paszzeneHue 3aabl00yaBa HEPABEHCTBATa BBTPE M MEXIY AbpKABUTE, JOKATO
OpraHu3allMOHHATAa CBIPOTHBA M PEryJAaTOPHATA CIOKHOCT BB3MPEMSTCTBAT
TpaHchopmalusaTa Ha MHCTUTYLIMOHATHO HUBO.

3HauMM 3a U3BOAMTE B HACTOSIIOTO M3CJEABAHE € T.Hap. ,,[1apaJioKC Ha
TUTUTAIA3AUATA®, CUTyalusl, MPU KOSTO CE€ HHBECTUpA B AUTUTAIHU TeEX-
HOJIOTMM, HO B KpailHa CMeTKa NpEeINpusTUATa HE MOCTUraT OYaKBaHUTE
pesyataru (Ancillai u ap., 2023). I1apagokcsT € ocobeHo xapakrepeH 3a MCII,
3a KOMTO NIBJIHOLEHHOTO HM3MOJ3BaHe HAa MOTEHIMala Ha WH(OPMAIMOHHUTE
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TEXHOJIOTUH € MPEIU3BUKATEJICTBO, NPEJIBHJ OIPAHUYEHUTE UM IO3HAHUS M
nocten 10 uHpopmanms. PUHAHCOBUTE, KYATYPHUTE U KOJIAOOPAIMOHHUTE
npobiiemun Ha MCII Morat na mnpeausBukar HecboTBeTcTBHEe TIipn UT
MHTETpalusITa, KOETO Ha CBOM peJl 3acTpalliaBa TSIXHOTO onensBaHe (Sagala &
Ori, 2024).

3. /luHAMMKA ¥ PErHOHAJIHM JUCIPONOPIUM B €JIEKTPOHHATA
Thproeus B EC (2014-2024)

JlaHHuTE pa3KpUBaT YMEPEH PACTEXK Ha €JNeKTpoHHata Thproeus B EC
npe3 MOCIEAHOTO JeceTwieTrue. JenbT Ha NpeAnpusiTHATa, OCHIIECTBIBAIIH
CJIEKTPOHHU TpoJ1akOou, HapacTBa oT 18,9% mpe3 2014 r. no 23,6% npe3 2024
T., & TCHEpUPAHUAT 000POT OT MHTEPHET MPoJaxou ce mosuiasa oT 16,4% 1o
19,5% ot obmusa um o6opot (Eurostat, 2026b). OT cTpanaTta Ha MOTPEOICHUETO
kapTtuHata e cxoana: npe3 2024 r. 77% ot untepHeT notpedbutenute B EC ca
HalpaBWIM OHJIAWH MOKYNKW Mpe3 roauHara crpsamo 59% mpe3 2014 r.
(European Commission, 2025b).

3aa Te3W arperupaHd CTOMHOCTH CE€ KPHUST 3HAYUTENHU AMCIPONOPLHUU.
M3mepeH KaTo U1 OT BCUYKH JIMIA Ha Bb3pacT OoT 16 10 74 roauHu, U3BbpUININA
OHJIAH TMOKYyIKa Ipe3 IMOCJIEIHUTE TPU MeEcela, MOoKa3aTelsIT Hapexia Ha
nspBute Mecta Hunepnauaus (86,7%), Upnanaus (85,9%) u Hauus (81,8%),
nokato bearapus (33,3%), PymbHms (35,7%) u Wramus (41,9%) 3aemat
nocienqnure mecrta. [lokazarenHa € W JAMHAMHMKaTa Ha JIOTOHBAaHE: Makap
bearapus na otéensasBa pbeT oT 23,3 MPOLIEHTHH MyHKTA 3a JI€CETHIIETUETO, OT
10,0% mnpe3 2014 r. mo 33,3% mpe3 2024 1., TOBa yBEIMYEHUE OCTaBa
HEJIOCTaThYHO 3a CBIIMHCKO cONMMkKaBaHe, Tbil KaTO JIUJAEPUTE IO TO3U
WU3MEPUTEN ChIIO MPOoab/KaBaT aa HanpearaT (Eurostat, 2022, 2025).

N3octraBaneto Ha bwarapus ce oOyciaBs OT B3aUMOJCHCTBHETO Ha
HSKONKO Tpynu (akropu. [lemorpadcko-oOpa3oBaTeIHUTE ca Hal-OCe3aeMHU:
64,5% OT HaceleHHWETO HE MNpUTEKaBa Oa30BH JUTUTATHU YMEHHs, KaTo
pa3nuuusATa ca 0COOCHO HM3pa3eHU MEXAY O00pa3oBaTeTHUTE W BBH3PACTOBUTE
IpyIHd, a CEJICKUTE pallOHM M BB3PACTHUTE Xopa ca Hai-3acerHatu (European
Commission, 2025a).

HUudpactpyktypaTta HE € OCHOBHOTO orpanuueHue. [lo moxputue c
ONTUYHH MPEXH A0 XKWInIaTa beirapus n3npeBapsBa 3HAUUTEITHO CPEAHOTO 3a
EC paBHHIIEe mpu HHUCKU IIEHW, HO YCBOSIBAHETO Ha (PUKCHpaH W MOOUJICH
HIMPOKOJICHTOB A0CTHIT ocTaBa HUCKO (European Commission, 2022).

CopliecTBeHa poOJsi UTpasT M HMHCTUTYLHMOHAIHO-TIOBEIACHYECKUTE (hak-
TOpU: 3HAUMUTETHA YaCT OT HACEJICHHETO HsIMa JIOBEPUE B HOBUTE IUIATEKHU
WHCTPYMEHTH, KOETO C€ CBHP3Ba KAKTO C BH3PACTOBUS MPO(UII HA CKENTUIUTE,
Taka U C YCEUIaHETO 3a HecUrypHocT Ha TexHosorusta (LllummanoB u np.,
2015).
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a. [Hueumanna unmensugHoCcm Ha OvI2ApCKUmMe npeonpusimus CRPAMo
npeonpuamuama ¢ EC

AKO TIOKYIKHTE Ha MOTPEOWTENUTE MO WHTEPHET OYepTaBa BhHH-
ITHUST KOHTYpP Ha U30CTABAHETO, JUTUTAIHATA UHTCH3UBHOCT Ha MPEANPUITHITA
pa3KpuBa HEroBaTa CTPYKTypHa AbJ0ounHa. MHAEKCHT Ha AWrMTamHaTa
uHten3uBHoct (DII) wm3MmepBa wusmoi3BaHero Ha 12 u30paHW JAUTUTAIHU
texHnonoruu (Eurostat, n.d.-a).

Kem 2024 1. 72,9% ot MCII B EC nmocturar 6a30BO0 HHMBO Ha
JIUTATAITHA UHTEH3UBHOCT, JO0KAaTO B bbiarapus to3u a1 e ensa 49,9%. Omie no-
MoKa3arejiHa € BbhTpEIIHaTa CTpyKTypa: nosoBuHara Owiarapcku MCII (50,1%)
OCTaBaT B IpyIara ¢ MHOIO HUCKa JUTMTAIHA UHTEH3UBHOCT nipH 27,1% cpenHo
3a EC. Camo 16,5% ot MCII B bbirapust ca ¢ BUCOKO UJIM MHOTO BUCOKO HHBO
crpsamo 32,7% cpeano 3a Coro3a (Eurostat, 2026a).

AHanmu3bT TO OTACIHUA TEXHOJOTUU JIOKAIM3Upa TOYHHUTE
nedunutu (Tabmuua 1). M3octaBaHeTo € CHCTEMHO, HO HEMPOMOPIIMOHAIHO
TOJISIMO TIPU TIPUJIOKHUS CJIOW Ha JUTUTATIU3AIHATA!

Tabnuya 1. H3nonzeane na K1io4o8u OUSUMATHY MEXHOI02UU 8
npeonpusimuama. bvaeapus cnpsamo EC (2023 2.)

TexHosorus buarapus EC-27 Boaema abpaxaBa
O6nauynu ycyru (%) 17,5 453 Ounanangus: 78,3
Ananu3z Ha nanau (%) 16,6 25,8 XwbpBarus: 42,4
U texnomnoruu (%) 3,6 8,1 Hanus: 15,2
Conwmanuau meauu (%) 38,0 61,1 Maura: 87,1

Enexrponnu nponaxou (%) 13,3 19,7 HManus: 36,5

Beneowcka: Ipeonpusmus c 10 u noseye 3aemu 1uya, 6CUYKU UKOHOMUUECKU OELHOCMU
be3 ghunancosusa cekmop, kKamo npoyenm om npeonpPuAMUAMA.

Hzmounux: Eepocmam, nabopu u nokazamenu: 001ayHu yciyeu — isoc_cicce_use
(E_CC); ananus na oannu — isoc_eb_das (E_DASANY); UU — isoc_eb_ai (E_AI TANY),
coyuanuu meouu — isoc_cismt (E_SM1_ ANY); enekmponuu npooaxcou — isoc_ec_esels
(E_ESELL). H3eneueno na I aseycm 2026 .

Jlanaute B Tabnuiara Mokas3BaT, Y€ M30CTaBaHETO Ha bhirapus He e
paBHOMepHO. Haif-ronsiMa e mpomnacTra mpu OOJaYHHUTE YCIYTH, KHIETO JCTHT
Ha OBITAPCKUTE MPEANPUATHS € MMOBEUe OT JBa IIBTH M MOJOBUHA MO-HUCHK OT
cpennus 3a Coro3a (17,5% cpenty 45,3%). Cinena MU cbCc chbOTHOLIEHUE HAA
nBe KbM enHo (3,6% cpemy 8,1%). 3a cpaBHeHuUe, NpH MOKA3aTEIU, CBbP3aHU C
0a30BOTO TPHUCHCTBHE B MpexkaTa, pasjukara € J0CTa IMO-Majka: TIpH
COIIMAIHUTE MEIUU M EJIIEKTPOHHUTE NPOJAXKOW OBJITapCKUTe MPEANMPUITUS
M30CTaBaT OKOJIO €IMH U TIOJIOBUHA TIHTH.
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[TpoGiemMbT He € B 0a30BOTO HaBIM3aHE HAa JAWTMTAIHUTE KaHAIU, a B
NpWIOKHUS ciod. Hali-ronsimara mpomact € mpu 00JIauHWUTE YCIyTH, KOWUTO
HOCAT MarmjadupyeMara H34YHCIMTENIHa OCHOBa Ha CHBPEMEHHHS e-Ou3Hec.
OTTyk M cnaboTO 3acThlIBaHE HA HAArpKIANIMTE TEXHOJOTHU: 0e3 oljavHa
UHMPACTPYKTypa NPEANPUATUATA TPYAHO CTUTAT 10 aHAJIM3a Ha TOJIEMHU JaHHU
u 1o MU uHCTpyMEHTHTE, KOWTO CTBHIBAT BBpPXY HesA. ChbIOCTaBKara C
BOJCIINTE JIbPKaBUM INpaBM Mamada Ha HW30CTAaBaHETO IMo-oce3aeM. llpu
obmagaute ycmyru Ounmannus noctura 78,3%, TOeCT HaI YETUPH IIBTH TTOBEYE
ot boeirapus, a npu MU lanus otuuta 15,2% cpemy 3,6% 3a bbirapus.

b. Ilpogun na 6wacapckomo uzocmasame 8 konmekcma na Llenmpanua
u Mzmouna Eepona (L{UE)

AHanu3bT pa3KpuBa MPOTUBOpPEUYMBA YepTa Ha Obarapckus npodui. Ot
enHa crpaHa, efaBa 35,5% OT HaceleHHeTO MpuTekXaBa MoHE 0a30BO HUBO HA
JUTUTAIHA YMEHUs 1pu cpeaHo 55,6% 3a EC, a nmo nokazarens 3a yCBOsIBaHE Ha
JUTUTAIHA TEXHOJIOTMM OT MpEeANpUSTHITa CTpaHaTa Ce€ Hapexzaa MocieaHa
cpen abpxkasute wieHku (European Commission, 2024).

[Tapanokcanno, beiarapus pasnonara ¢ eaHa OT Hall-CUITHUTE €KCIIOPTHO
opuentupanu UT 6a3u B peruona. Crnopen roaumien gokiaa Ha AIBEST 817
KOMIIAHUM B CEKTOpPUTE Ha ayTCOpPCUHra Ha OM3HEC IpOIECH, Ha HH-
(dhopMallMOHHUTE TEXHOJIOTUU U Ha HAYYHOU3CJIEIOBATEIICKATa U pa3BOHA Jeii-
HOCT OCUTYypsBaT 3aeToCT Ha Haja 104 Xuiasau Dymu Ha ObJIHO pabOTHO BpeMe
npe3 2023 r. (AIBEST, 2024). Bw3nukBa yHukaiHa curyauus: Boaemu UT
KOMIIAHUU €KCIIOPTUPAT BUCOKOTEXHOJOTHYHHU YCIYTH, JIOKaTO 3HAYUTEIHA
4yacT OT BbTpelIHaTa Ou3Hec 0a3a ocTaBa AUTUTAIHO HEMOATrOTBeHa. To3u
pa3puB MEXKIy EKCIHOPTHOOPUEHTUPAHUS BUCOKOTEXHOJOTMYEH CEKTOp U
BBTPEIIHATA UKOHOMHUKA € €HA OT Hal-ChIIECTBEHUTE CTPYKTYPHH JI€TEPMU-
HAHTU Ha U30CTaBaHETO.

Cneunduuna e kaptuHara U B kuOepcurypHocrtra. IIpe3s 2024 r. easa
12,1% oT ObarapckuTe MpEeAnpUsTHs CHOONIABAT 3a WHIMJCHTH, CBBP3aHU C
UKT curypuoctra, ipu 21,5% cpenno 3a EC (Eurostat, 2024). To3u nokasaren
o0aye TpyJTHO MOXKE J1a c€ ThJKYBa KaTo MPU3HAK Ha M0-100pa 3amuTa. Toil mo-
CKOpPO OTpa3siBa HUCKATa CTENEH Ha JUTHTalIM3alus, a OTTaM M IO-MajiKaTa
aTaKkyeMa MOBBPXHOCT, KAaKTO W OIPAaHUYEHHUs KamalmuTeT 3a 3acUYaHe M
JOKyMEHTHUpaHe Ha HHUIHMJIEeHTH. CamMo 1o cebe CHM HHCKOTO paBHUILE Ha
JIOKJIaJIBAHU WHIIMACHTU HE € MOKa3aTeNl 3a CUTYPHOCT, Thi KAaTO JTOKJIAJBAHUTE
JAaHHU CHUCTEMHO IMO/LICHABAT TEXHUSI IEHCTBUTEIIEH OpOil.

CpaBHEHHETO C pETrMOHAIHUTE MNapTHHROPH IIOCTaBSd M30CTABAaHETO B
KoHTeKcT (Tabnuma 2):
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Tabnuya 2. Kniouosu oueumannu noxazamenu 3a bvreapus, usbpanu ovpoicasu

om IUE? u EC (2023 2.)
IToka3zarten boarapusi | Pymbhans | IHoama | Yexus | EC-27
Onytaiin maszapysase (%) 26,9 31,7 49.9 69,1 58,1
O6maunu ycyru (%) 17,5 18,4 55,7 47,2 453
WU Texnonoruu (%) 3,6 1,5 3,7 59 8,1
Jurutanaun ymenus (%) 35,5 27,7 443 69,1 55,6
E-o060port (% ot obumust 060poT) 6,3 11,6 17,3 30,5 18,3

beneowcku: Kynysauu Hna ew3pacm 16—74 2., usevbpuiuiu OHIAUH NOKYNKA Npe3
nocieonume mpu meceyd, Kamo npoyeHm om 6CUYKU auya. /Jueumantu ymeHus Ha auya c
none 6a308u 00w OUSUMATHU YMeHUs, Kamo npoyenm om ecuuxu auya. Ocmananume mpu
nokazamens ce omnacam 3a npeonpusmus ¢ 10 u noseye 3aemu, 6e3 hunancosus cekmop.

Hmounux: Espocmam. H3uucnenus no: isoc_ec ib20 (I BUY3); isoc cicce use
(E CC); isoc eb ai (E Al TANY); isoc sk dskl i21 (I DSK2 BAB); isoc_ec evals
(E_ETURN, PC TURN). H36neueno na 1 aseycm 2026 2.

N300pbT Ha CBHIOCTABUMHU IbPXKABH CJEABA NPHUHIMIA HA KOHTPO-
aupaHoTo cpaBHeHHe, Thid kaTo LIUE He e xomorenHa rpyna. [lonbpanu ca tpu
CiIy4asi, BCEKM C OTIEJIHA METOJOJOrM4YHa (yHKUUS. PyMBHHS € CTPYKTYpHO
Hal-0u3KuAT aHajnor: beiarapus u PymbHus Bauzat B Chlo3a €IHOBPEMEHHO U
OT CXOJHA W3XOJIHA MO3WLMS, TaKa Y€ PA3JIUKUTE MEXKIY TSIX HACOYBAT KbM
MOJMTUKUTE W KBbM Ta3apHaTa CTPYKTypa, a HE KbM CTapTOBUTE YCJIOBHUSI.
[Tommra € HaM-ronxsiMaTa MKOHOMHKA B PETrHMOHA M MO3BOJIABA Ja CE€ IPOBEPHU
Janu pasMepbhT Ha BBTPENIHUS Tazap caM 1o cebe Cu ch3laBa MpPeauMCTBO.
Uexust 1bpku rOpHaTa TPAaHUIA Ha PETHOHAIHOTO COJMKaBaHE, KOETO TPaBU
CpaBHEHHETO ChC cpeaHoTo 3a Chio3a permoHamHo 0b6ocHOBaHO. bantuiickute
Ibp’KaBH OCTaBaT W3BBH OOXBara, 3al0TO paHHATAa UM TIOJUTHKA Ha
€JIEKTPOHHO YIPAaBIECHHE TH IMPABU IMO-CKOPO HM3KIIOYEHUE, OTKOJIKOTO MpPE-
CTABUTEJICH CITy4YaH.

JlannuTe pa3kpuBart Tpu Habmoaenus. [IbpBo, peTHOHBT HE € €THOPOJICH:
[Tonma u Yexus npeBumiaBat cpeaHoTo 3a Chro3a Mo U3I0JI3BaHe HA OOJa4YHU
yeayra (55,7% wu 47,2% cpemy 45,3%), a Uexuss HaaAXBBPIS 3HAYUTEITHO
CpeaHOTO W 1o JAs71 Ha enekTpoHHust ob6opor (30,5% cpemy 18,3%).
CrnenoBarenHo Te3aTa 3a 00110 uzoctaBane Ha [{UE He ce motBBpkaaBa. Bropo,
boarapuss 1 PymbHUsT 00pasyBaT OTJENEH MOAKIBCTEP C OKOJIO JBa MBTH U
MOJIOBMHA T[IO-HUCKW paBHUIA Ha o0JayHuTe Yyciayru. Tpero, u Hall-
MOKa3aTeIHO, BBTPE B HEro Cce€ OTKPOsSBAa HECHOTBETCTBHE: MPU IOYTH
UJICHTUYHO YCBOSIBAHE HA OOJIAYHU YCIYTH JEIbT Ha €JIEKTPOHHHUS 000pOT B
PymbHus e Omm3o aBa mbTH mo-Bucok (11,6% cpemy 6,3%), mokato 1o
JUTUTAIHA YMEHUSI CbOTHOIICHHETO € 0O0paTHO B moiiza Ha bwarapus (35,5%
cpenty 27,7%).

2 Tox Lentpanua u U3rouna EBpomna Tyk ce pa3Oupar eaunaiiceTte JbpkaBi wieHkd Ha EC
ot llentpanna, M3rouna u FOromsrouna EBpoma: beirapus, Ecronus, Jlateus, JIutea, [lonma, Pyms-
uust, CrnoBakus, CiioBeHus1, YHTapus, XbppBatus 1 Uexusl.
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4. 3akiouyenue

BropnuHuaT aHanmu3 nOTBBPAKAABA U TPUTE XUINOTE3U. M30cTaBaHeTo Ha
bbirapus € ycToMuMBO M c€ BWXKAA OT ABETE CTPaHM Ha Ilasapa: NEIbT Ha
OpeanpusITUiITa C MOHe 0a30Ba JUTHTAHA MHTEH3UBHOCT M €T Ha OHJIAIH
na3apyBallUTe OCTaBaT 3HAYUTENHO NoA cpeaHute 3a EC, a MHO3MHCTBOTO OT
HACEJICHUETO HAMAa 0a30BU IUTUTATHU YMEHHUS.

TeXHONOrMYHUTE, OPTraHU3ALMOHHUTE U MHCTUTYLUUOHATHUTE (hAKTOpU Ce
oOycnaBsaT B3auMHO. Huckute paurutamHu ymeHuss B bbarapus 3ambpikar
YCBOSIBAHETO HA TEXHOJIOTMH, CJIA00TO YCBOSIBAHE CTECHSBA OPraHU3alMOHHUS
ONWT C AUTUTAIHHU MPOLECH, 4 OTPAHUYECHOTO JOBEPHUE CBHUBA THPCEHETO U OTTAM
cTUMYyJIa 32 MHBeCTHLMU. OTTYK H/Ba U cIabuAT e(heKT Ha U30JIMPAHUTE MEPKU.

Orpanu4eHueTo HE € B MpexoBaTa MHPPACTPYKTypa, a B IPHIOKHUSA
cioil. Ilo mokputue ¢ ontuka g0 ngoma bearapus usnpeapBa EC npu HUCKH
IIEHU, a YCBOSIBAHETO OCTaBa HHUCKO. Jlepuuuture ca B TEXHOJIOTMYHOTO
YCBOsIBaHE B IPEANIPUATHUATA, B JUTUTATHUTE KOMIIETEHIIUU U B IOBEPUETO KBM
OHJIAMH cpenara.

N3ocTaBaHeTo € CUCTEMHO, HO HEMPONOPLUOHAIHO: Hal-IBIOOKO MpH
obnaynute ycnyru u UM, 4yBCTBUTENHO MO-MaJIKO IpU 0a30BOTO MPUCHCTBUE B
Mpexxara. OOJlayHUTE peuIeHus] HOCAT OCHOBaTa 3a aHalM3a Ha JaHHU H
WHTEJIMTEHTHUTE MPUJIOKEHUS, 3aTOBa ThKMO TO3U J€PUIIUT 00sICHSBA C1ab0OTO
3aCTBIIBAHE HA HAATPAKIALIUTE TEXHOIOTUU.

[Ipopunbr Ha bbarapus chabpka BBTPEIIHO MPOTUBOPEYHUE: CHUIIHA
eKCIIOPTHO OPHUEHTHpaHa TEXHOJOTHYHA 0a3za W JAWTUTAIHO HEMOJTrOTBEHA
BBTPEIIHA UKOHOMUKA. Pa3puBbT MEX1y ABETE € Cpell OCHOBHUTE CTPYKTYpHH
JNETEPMHUHAHTH HA U30CTABAHETO. PErMOHaIHOTO CpaBHEHUE OIPOBEpraBa Te3ara
3a 060mo u3octaBane Ha [IME u moka3Ba, ye pemaBaiiy ca MOTPeOUTENICKOTO
THPCEHE U JOBEPUETO B OHJIANH TPaH3AKLIUUTE.

[To-mankusT Asn OBArapcKu MPEAIpUSTHS C AOKIAJBAHU HHIMIACHTU B
UKT curypHocTTa mo-cKOpo OTpa3siBa MMo-MajKka aTakyeMa MOBBPXHOCT U cJad
KalaiuTeT 3a 3aCu4yaHe, OTKOJIKOTO Mo-A00pa 3aiuTa.
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KUBEPCUT'YPHOCT, YIIPABJISABAHA OT U3KYCTBEH
HUHTEJIEKT: ABTOMATHU3UPAHA JETEKIIUA U 3AIIIUTA

ri1. ac. 1-p Uckpen Taupos'

Pe3tome: C ygseruuasanemo na crnoscHocmma u obema Ha Kubepamaxume, mpaouyu-
OHHUMeE MemoOouU 3a CUSYPHOCM 8eye He ca OOCMAambUHU 34 eheKmusHa 3auuma Ha UH@Op-
mayuonnume cucmemu. Hacmoswomo uzcneosane paszenexncoa poisma Ha U3KYCMEEHUs. UH-
menekm u MawuHHOmMo oOyueHue 8 asMoMamusupanama OemeKyus Ha 3aniaxu u 3auumama
Ha KOPNopamuseHu u axkaoemuynu mpesicu. Ilpeocmassam ce nooxoou 3a KOHMPOIUPAHU, He-
KOHMPOIUPAHU U MOOeNU HA ObIOOKO 00yYeHue, Koumo UOeHmuGuyupam anoMaiuu u Hosu
sudose amaxu 6 peaino speme. Coviuygo maka ce 06cvorcoa unmezpayusma va MU cve cucme-
MU 3a ynpasnenue Ha uHpopmayuama 3a cueyprocmma u Ha cvoumus (Security Information
and Event Management (SIEM)), npeouzsuxamencmeama, c6bp3anu ¢ 00ACHUMOCM U 310HA-
MepeHu amaxu, Kakmo u NomeHyuana Ha nooxooume 4oeex 6 yukwvia (human-in-the-loop).
Peszynmamume demoncmpupam, ye cucmemume, 3adsudxcearu om MU moeam snauumenno oa
HAMAIAm épememo 3a peakyus u 0a noooopsam YCmMou4yueoOCmma Ha Mpexicume cpeusy Mo-
0epHu 3ana1axu.

KawuoBu gymu: Kubepcueyprnocm, 08udicena om uzKycmeen uHmenekm, asmomamu-
3UpPAHO OMKpUBAHe HA 3aNIAXU, MAUUHHO 0DyUeHue, OMKPUBAHe HA AHOMANUU, 8PAHCOeOHU

amaxu, 3auiuma 6 peajlHo epeme
JEL: L86

ARTIFICIAL INTELLIGENCE DRIVEN CYBERSECURITY:
AUTOMATED DETECTION AND PROTECTION

Head Assist.Prof. Iskren Tairov, PhD

Abstract: With the increasing complexity and volume of cyberattacks, traditional se-
curity methods are no longer sufficient to effectively protect information systems. This paper
examines the role of artificial intelligence and machine learning in automated threat detec-
tion and protection of corporate and academic networks. It presents approaches for super-
vised, unsupervised, and deep learning models that identify anomalies and new types of at-
tacks in real time. It also discusses the integration of Al with Security Information and Event
Management (SIEM) systems, the challenges associated with explainability and adversarial
attacks, and the potential of human-in-the-loop approaches. The proposed methods are vali-
dated through simulations on publicly available datasets, showing increased efficiency in
detecting phishing, malware, and attacks exploiting unknown vulnerabilities (zero-day at-
tacks). The results demonstrate that AlI-powered systems can significantly reduce response
times and improve the resilience of networks against modern threats.

Key words: Al-driven cybersecurity, automated threat detection, machine learning,
anomaly detection, adversarial attacks, real-time protection

JEL: L86

!'i.tairov@uni-svishtov.bg, CA ,,JI. A. Ilenos” CBuios
191



1. BoBeaenue

B cbBpeMenHaTa qurHTaNHA cpeAa KuOep3aruiaxuTe HapacTBaT KaKTO IO
obeM, Taka 1 10 CJIOXKHOCT. OpraHu3aiuu U myOJIMYHA UHCTUTYIIUH C€ COTBCK-
BaT C pa3HOOOpa3HU aTakud — OT (UIIMHT U Malyebp 10 PAaH30MYEhp M aTaKH
M3M0JI3BAIlld HEU3BECTHHU YA3BUMOCTH (zero-day exploits) — KOUTO Bce MO-4ecTo
yCHsABaT Ja 3a00MKOJIAT TPAAWIIMOHHUTE MEXaHW3MH 3a CHUTYPHOCT, Oa3upaHu
Ha npaBuia (rule-based) u knacuuecku 3amuTHU creHu (Salem et al., 2024). Or-
paHUYCHUATA HA TE3W CHCTEMHM CTaBaT OYECBHUIHM, ThH KaTO T€ ca YECTO pPeak-
TUBHH, 3aBUCUMHU OT TIPEABAPHUTEIIHO 3aJaJCHU MpaBHJIa U HECIIOCOOHM J1a ce
aJanTUpaT KbM HEMO3HATH Uin eBosmonpaiu 3amiaxu (Charmet et al., 2022).

B 1031 KoHTeKCT, n3kycTBeHUIT uHTENEKT (M) n mammuHOTO 00yUeHMEe
(ML) ce odepTaBatr KaTO KJIHOUOBU TEXHOJOTHH 32 aBTOMATHU3UpPaHA JCTEKIUS U
3ammTa (Mohamed, 2025). Te mo3BojsBaT aHAIU3 HA TOJIEMH OOEMHU JaHHU B
peanHo BpeMme, OTKpUBaHE Ha aHOMAJIMH, UICHTU(UIIUPAHE HA HEU3BECTHU aTa-
KM W aJanTainus KbM JIMHAMUYHO TPOMEHSIIM C€ YCIOBUS B MpexkaTa
(Deshmukh, 2024). Cucremure, 3anpmwxBanu oT MM npenmarat Bb3MOKHOCT 32
MHTErpanus ¢ TPAAUIIMOHHH PEIICHUs] KaTO CUCTEMH 3a yrpaBlieHue Ha uHQop-
ManuaTa 3a curypHocrra u Ha cbOutug (Security Information and Event
Management (SIEM)) 1 noaxoau 4oBek B 1ukbiaa (human-in-the-loop ctparte-
THH), KOETO TO3BOJISIBA ONTHMAJIEH OallaHC MEXIY aBTOHOMHOCT W KOHTPOJI
(Sarker, 2024; (Vignes et al., 2025; Kaur et al., 2023).

Hacrosimata pa3zpaboTka pasriexja MoaxoauTe, CpeacTBaTa U MPUIIOK-
HUTE MMPUMEPH HA KHUOEPCUTYPHOCT, 3aJBIKBaHa oT M BKiIFOUATETHO TIpeIn3-
BUKATEJICTBAaTa, CBbP3aHU C O0SICHUMOCT, 3JIOHAMEPEHHU aTaKu U 3aIl1MTa Ha YyB-
cTBUTenHU NaHHU. OCHOBHATA 1€l € Ja Ce MPEJICTaBU KaK aBTOMaTH3WpaHaTa
netekuus v 3anmTa upe3 M mosxe 3HauMTENHO 1A MOBUIIUA €()EKTUBHOCTTA U
YCTOMYMBOCTTA HA ChbBPEMEHHUTE UH(OPMAIIMOHHU CUCTEMH.

2. MeToau 3a aBTOMATH3UPAHA JeTeKIUsA

ABTOMaTH3UpaHaTa JETeKIus Ha KubOepsamigaxu ¢ mnomomra Ha WU
BKJIFOUBA Pa3IMYHU MOJIXO0IU, KOUTO MO3BOJISIBAT UACHTH(PHUIIPAHE HA U3BECTHU
Y HEM3BECTHH aTaKH B PEATHO BpEMeE:

® KOHTpOJIMPAHO yueHe: To3u MEeTOo]l U3M0JI3Ba UCTOPUUECKH JTAHHU 3a 00Y-

YeHHE Ha MOJIEJIM, KOMTO MOTaT Jia pa3lo3HaBaT aHOMAJINH U KIIaCHYECKH

3amaxu (Rehman et al., 2024). Upe3 ananu3 Ha Oens3aHd MPUMEPH MO-

JIeIUTE Ce Hay4daBaT Jla MpecKa3BaT BEpOSITHOCTTA 3a aTaka BbPXY HOBH

BXOJIHU JJAaHHHU.

® HEKOHTPOJIMPAHO YUYCHHE U ACTEKIMs Ha aHOMaluu: Te3u MEeTOAH MO3BO-

JsIBaT OTKPUBAHETO HAa HEW3BECTHM 3aIljlaxy 0€3 HaJMYMETO Ha IMpejBa-

puTenHo MapkupaHu ganuu (Sivakumar et al., 2025). Monenurte uneHTH-
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dunupar OTKJIOHEHHsS] OT HOPMAJIHOTO TOBEIEHHE Ha Mpekara, KOETO
NO03BOJISIBA PAaHHO CUTHAJIM3UPAHE 3a HOBH THUIIOBE aTaku (Sowmya &
Mary Anita, 2023).

e JIpnboko oOyuenne u rpadoBu HeBpoHHM Mpexu (Graph Neural
Networks): moaxoaute 3a ApJI00KO 00yueHHE ca 0COOCHO MOIXOIAIIN 3a
pasro3HaBaHE Ha CIOKHU 3aBUCHMOCTA MEXIY Ppa3ludHH CHOUTHS B
mpexara (Sarker, 2024). I'padoBuTEe HEBPOHHH MPEXKHU MO3BOJISABAT MO-
JienipaHe Ha BPB3KH MEXKIY YCTPOMCTBA M MOTOLM OT JAaHHH, KOETO IO-
n00psiBa TOYHOCTTA Ha JAETEKIMATAa MPH CIOKHUA, MHOTOKOMIIOHEHTHH
aTaKu.

e lI3KkycTBEH MHTENEKT 3a pa3y3HaBaHE Ha 3arulaxu: TexXHOJOTUUTE 3a aHa-
JU3 Ha MOTOLM JaHHU OT Pa3jiM4yHU MPEXH U YCTPONCTBA MO3BOJISABAT
IPOrHO3MpaHEe Ha MOTEHIHWAIHU 3aIUlaxu, 0a3upaHo Ha TJI00aIHHU U JIO-
KaJIHM uHaukaTopu 3a ataku (Kaur et al., 2023). ToBa ocurypsiBa mpeBaH-
THBHA 3allIUTa U TOJKPEIs aIalTUBHUTE CTPATETMH HA CUTYPHOCT.

3. ABTOMaTH3MpaHa 3aluTa

Crnen oTKpUBaHETO Ha 3aruiaxa, CUCTEMUTE, 3a/BkBaHu oT UM morat na
OCHUTYpSIT aKTMBHA M aJalTHBHA 3amuTa upe3 ciaeanute mexanusmu (Reddy &
HankarLingam, 2024):

Peakmust B peanno Bpeme: CucteMuTe MOraT aBTOMAaTUYHO Ja OJIOKUpaT
37I0HAMEpeH TpaduK, Ja U30JUPAT KOMIPOMETUPAHU YCTPONUCTBA WIIU Jla CUTHA-
JU3UpaT OMEepaTOpUTe, HaMaJISIBAMKU BPEMETO 3a peakius 10 cekyHau (Vignes
et al., 2025), (Reddy & HankarLingam, 2024).

AnantuBHa curypHoct: MW Moxenute ce yyaT OT HOBUTE aTaku U JIMHA-
MUYHO anmantupaT noBeaeHneto cu (Rehman et al., 2024). ToBa ocurypsiBa 3a-
IIMTa CPEIly MOCTOSTHHO MPOMEHSIIIN C€ 3aIIaXH, BKIIOUUTETHO aTakh OT HEU3-
BECTHH M3TOYHUIIN ATaKH.

WuTerpamus cbc CUCTEMH 3a yIpaBlieHHE Ha MH(OpMalusTa 3a CUTYp-
HOCTTa W Ha CBHOWTUS W ONEPATUBHU IEHTPOBE IO CHUTypHOCT (Security
Operations Center, SOC)): KomOunupanero na UM cucrtemute ¢ TpaguIlMOHHU
CUCTEMH 3a YIpaBJeHHUE Ha HMH(OpMaluATa 3a CUTYPHOCTTa U Ha CHOUTUSA U
MPaKTUKHU HA ONEPATUBHUTE LIEHTPOBE MO CUTYPHOCT MO3BOJISIBA LIEHTPATIU3Upa-
HO HaOJIoJIeHWe, aHalu3 U pearnpane. YOBEHIKHUAT KOHTPOJ B TO3M MPOIIEC
(human-in-the-loop) ocurypsiBa HOMbJIHUTEHA HAIEKIHOCT U BH3MOXKHOCT 32
KOpEKITUs MpY HeCUTypHH perieHus: Ha mojena (Kaur et al., 2023).

Te3u meronu aemonctpupar kak MU moxe na tpancdopmupa moaxoxaa
KbM KHOEPCUTYPHOCTTA, KaTO MPEJOCTaBS MHTEIWTECHTHA, TUHAMUYHA W aBTO-
MaTU3HUpaHa 3alUTa, KOATO HAIXBBPIS BE3MOKHOCTUTE Ha KJIACUYECKUTE CHUC-
TEMHU.
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4. Kazycu u npu1oxeHus

[Monxomute Ha 6a3za Ha MM Hamupar mIMpOKO MPUIOKEHHE B Pa3IUUHU

00JacTH Ha KUOEPCUTYPHOCTTA W JEMOHCTPUPAT 3HAYMTEIIHO TOBHIIIABAHE HA
e(eKTUBHOCTTA Ha 3aIUTATA:

OTKpHMBaHE Ha (QUUIMHT, Malyebp U paH3oMyebp: MamuHHOTO oOyueHue
MO3BOJIsIBA MJIEHTU(DUIMPaHEe HA 3JJOHAMEPEHU HUMEMIIH, MPUIOKEHUS U
¢aiinoBe upe3 aHaIu3 Ha MOJIEJIM Ha MOBEJECHUE, METAJaHHU U aHOMAaJINH
B Tpaduka (Sarker, 2024). ToBa HamainsiBa puUCKa OT YCHEUIHU aTaKu U
orpaHn4aBaHe Ha (MHAHCOBU ¥ MH(GOPMAIIMOHHHU 3aryOH.

3allMTa Ha YCTPOMCTBA U MHAyCTpUanHu cucreMu: MU cucremure morar
Ja HAOJII01aBaT KOMYHMKAIIUATA MEXKY YCTPOUCTBA M J1a OTKPUBAT OTK-
JIOHCHMS, KOUTO OuXa MOIJIM Jla CUTHAIM3UpaAT 3a KOMIIPOMETAIIUs
(Vignes et al., 2025). B unaycTpuajiHi Mpexu TOBAa rapaHTHpa Hempe-
KbCHATa pab0Ta U MUHUMU3UPAHE HA LIETH OT 3JIOBPEIHU aTaKu.
aBTOMATU3MpaHa peaklMs Ha aTakh OT HEU3BECTHH YS3BUMOCTH aTaKH:
Upes aHaM3a HA aHOMAJIMM M MOJIEJIMTE Ha IOBEJCHUE Ha Mpexara, U
CUCTEMHUTE MOTaT Jla OTKpUBAT HOBU BUJOBE aTaku Oe3 IMpenBapUTEIIHA
uH(dopMaIus, O3BOJISIBAMKY He3a0aBHA peakilds U HaMalsiBaHE Ha IIO-
TeHuuanHuTe metu (Sowmya & Mary Anita, 2023).

Te3u npumepn nokaspat kak MM Moxke 1a kKoMOMHUpaA ACTEKIMS M aBTO-

MaTHU3HWpPaHa 3aluTa B CAUH LAJIOCTCH IMOAXOM, KOWTO € 3HAYUTEIIHO HO-6’[>p3 141
IMO-IIPCHOU3CH OT TPAAUIIMOHHUTC CUCTCMU

5. Ilpeau3BUKAaTEJICTBA U ObACHIA TEHACHIUN

Bonpeku noreHnuana Ha kubepcurypHoctra JBuxxeHa or MM, HeiltHOTO

BHCAPSBAHC U GCI)GKTI/IBHOCT cpeart peauna npCaAn3BUKaTciICTBa:
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o0sicHuMocT Ha peenusita Ha MU: 3a na ce u3non3par aBToMaTU3UpaHU-
T€ pElIeHUs HaleXKAHO, € HEOOXOAMMO Jla ce pa3dupa 3ailo MOJETBT €
B3€JI KOHKPETHO pellieHue 3a OJIOKMpaHe WM CUTHAIM3UPAHE Ha 3arjiaxa
(Deshmukh et al., 2024).

3nonamepenu ataku Bbpxy UU: 3nonamepenn akThopu Morar ga oObp-
kar UM mopenute upe3 MaHUNYJIUpaHE HAa BXOAHHM JaHHU WM 4Ype3
CJIOKHM CTpaTeruu 3a 3a0iy/ia, KOETO MOCTaBs BhIIPOCa 32 HAJEKTHOCTTA
Ha 3ammuTata (Al Roken et al., 2025).

NMOBEepUTETHOCT Ha AaHHHUTe: OOyueHuero Ha MM momenu BBPXY UyBCT-
BUTETHHA WJIM JIUYHHU JaHHW M3MCKBA TapaHTHpaHEe Ha 3almTa Ha HH)Op-
MalusTa u cra3Bane Ha perynanuu kato GDPR (Kaur et al., 2023).
OTpaHUYEHUS] HAa HATMYHUTE NAaHHU W Mojenu: HembnHu, mymHH wiu
HENpPEICTAaBUTEIHW JaHHM MOraT Jia JOBeJaT 0 IMO-HHCKa TOYHOCT U
yBeJIMYaBaHe Ha (pallIMBU MO3UTHBH, KOETO M3UCKBA aJalTHBHU U YC-
toitunBu noaxonu (Sarker, 2024).



Te3u nmpeausBUKaTenCTBa Ch3JaBaT HOBU HM3CJIEIOBATEIICKH BBIPOCU H
OTpECIIAT MOCOKHUTE 3a Pa3BUTHE HA KHOEpCUrypHOCTTa, aBMxkeHa oT MU B
aKaJeMUYHUTE U MPUIOKHU U3CIICABAHUS.

boaemu TeHaeHIUU

Kubepcurypuoctra, nBuxena or MU ce pa3BuBa Obp30 W HIKOJIKO
KJIIOYOBH HAIpaBJeHUs 1€ 0QOpMAT CIEABAIIOTO MOKOJEHUE 3alUIUTHU CHCTE-
MU

e Crparerun 4yoBek B HMKbiIa: CpBMecTHaTa pabota Ha MU cucremure ¢
YOBEIIIKU ONEePaTOPH OCUTYpsiBa OajaHC MEXIy aBTOHOMHOCT U KOHTPOI,
KaTo IMO3BOJISIBA MpEIM3HA peaklus MpPU CI0XKHU WIM KPUTHYHU CUTya-
uu (Vignes et al., 2025).

o [lepudepen UU: Jlokannara o6paboTka Ha JaHHU AUPEKTHO HA YCTPOIic-
TBa WU WHIYCTPUAJIHU KOHTPOJHHU CHUCTEMH IO3BOJISIBA HaMallsiBaHE Ha
JATEeHTHOCTTA, Obp3a AETEKIMs Ha aTaKu U HaMaJsiBaHE Ha 3aBUCUMOCTTA
ot obsnauynu uHppactpykrypu (Reddy & HankarLingam, 2024).

® [I0CT-KBaHTOBa curypHoct: MHrerpanusara Ha MMM cucremMu ¢ HOBU KpHII-
Torpad)CKy aJrOPUTMH, YCTOMYMBH Ha KBAHTOBH KOMITIOTPH, III€ TapaH-
TUpa 3allldTaTa Ha JJaHHU M KOMYHUKAIUM B JbJrocpoueH ruian (Sarker,
2024).

® aJanTUBHU U npeBaHTUBHU cTpateruu: MU cucremute me ce passuBar
KbM MOJIENI, KOUTO HE CaMO pearupaTr Ha aTaku, HO U IMpeacKa3Bar Io-
TEHI[MAIHU 3allJlaXd U aJalTupaT Mpekara B pealHO BpeMe, MUHUMH3H-
paiiku pucka ot ycnemnu nauuaeHty (Radadiya et al., 2025).

6. 3axkirouenue

Kubepcurypuoctra, asuxena ot MW npencraBnsBa peBOTIOIMOHEH MO/~
XO0JI 3a JICTCKIMs W 3aluTa Ha WH(QOpMalMOHHU cucTeMHu. Upe3 KoMOMHUpaHe
Ha MaIIMHHO 00y4YeHue, TbJI00KO 00yUYeHHE U UHTETPpallus C TPATUIIMOHHA UHC-
TPYMEHTHU 32 CUTYPHOCT, CHCTEMUTE MOTaT Jia OTKPUBAT HEU3BECTHHU U CIIOKHHU
3aIUIaXxy B peajiHo BpeMe, JIa pearupar aBTOMaTHYHO U Jia aJIlallTUPAT TOBEACHH-
€TO CH CHPsIMO HOBM aTakW. BwIpeku mpeau3BUKaATEICTBAaTa, CBbp3aHU ¢ 00sIC-
HHUMOCT, 3JIOHAMEPEHHU aTaKu W 3allliTa Ha JaHHH, TO3M TOJXOJ Ipejiara 3Ha-
YUTETHH MPEIUMCTBA TPE]T KIIACHYECKUTE METOJIN U 0YepTaBa HOBH MEPCTICKTH-
B 32 aKaJCMUIHH M3CJICABAHUS U TIPAKTUICCKA UMITJIEMEHTAITH.

H3n03BaHu U3TOYHUITH

Al Roken, N., Hacid, H., Bouridane, A., & Hussain, A. (2025). On adversarial
attack detection in the artificial intelligence era: Fundamentals, a

195



taxonomy, and a review. Intelligent Systems with Applications, 27.
doi:10.1016/j.i1swa.2025.200554

Charmet, F., Tanuwidjaja, H.C., Ayoubi, S. et al. (2022). Explainable artificial
intelligence for cybersecurity: a literature survey. Annals of
Telecommunications, 77, 789—-812. doi:10.1007/s12243-022-00926-7

Deshmukh, A. H. (2024). Explainable Al for Adversarial Machine Learning:
Enhancing Transparency and Trust in Cyber Security. ournal of Electrical
Systems, 20, 11-27. doi:10.52783/jes.749

Kaur, R., Gabrijelcic, D., & Klobucar, T. (2023). Artificial intelligence for
cybersecurity: Literature review and future research directions.
Information Fusion, 97. doi:10.1016/;.inffus.2023.101804

Mohamed, N. (2025). Artificial intelligence and machine learning in
cybersecurity: a deep dive into state-of-the-art techniques and future
paradigms. Knowledge and Information Systems, 67(8), 6969-7055. doi:c

Radadiya, P., Shah, K., & Doshi, N. (2025). Automating Al in Cybersecurity: A
Comprehensive Literature Review. Journal of Information Systems
Engineering and Management, 10(28), 533-541.
do1:10.52783/jisem.v10128s.4354

Reddy, Y., & HankarLingam, K. (2024). Artificial Intelligence in Intrusion
Detection Systems: Trends, Frameworks, and Future Directions for
Cybersecurity. International Journal of INTELLIGENT SYSTEMS AND
APPLICATIONS IN ENGINEERING, 12(17), 949-959.

Rehman, H.M.R.U., Liaquat, S., Gul, M.J. et al. (2024). A systematic literature
study of machine learning techniques based intrusion detection: datasets,
models, challenges, and future directions. Journal of big data, 12(264).
doi:10.1186/s40537-025-01323-2

Salem, A.H., Azzam, S.M., Emam, O.E. et al. (2024). Advancing cybersecurity:
a comprehensive review of Al-driven detection techniques. Journal of Big
Data, 11(105). doi:10.1186/s40537-024-00957-y

Sarker, 1. (2024). AI-Driven Cybersecurity and Threat Intelligence. Springer.

Sivakumar, Dr., Salman, N., Salman, F., Salimova, H., & Ghimire, E (2025). Ai-
Driven Cyber Threat Detection: Enhancing Security Through Intelligent
Engineering Systems. Journal of Information Systems Engineering and
Management, 10(19), 790-798. doi:10.52783/jisem.v10119s.3116

Sowmya, T., & Mary Anita, E.A. (2023). A comprehensive review of Al based
intrusion detection system. Measurement: Sensors, 28.
doi:10.1016/j.measen.2023.100827

Vignes, M., P., S., Satheesh, R., Das, V., & Padmanaban, S. (2025). Al-driven
cybersecurity framework for anomaly detection in power systems.
Scientific Reports, 15(1). doi:10.1038/s41598-025-19634-y

196



OT EBPOIIEMCKA PETYJIAIIUA KbM HHCTUTYIIUOHAJTHA
IMPAKTUKA: YIIPABJIEHUE HA U3KYCTBEHUSA UHTEJIEKT B
BBJI'APCKOTO BUCIHHE OBPA3OBAHUE

I ac. a-p Jlarunka Tomgopanosa’
I ac. 1-p Bonumup Ienuen?

Pe3rome: bwvpzomo nasnuzane na uskycmeenus unmenekm (MH) éve eucuemo obpa-
306aHUe 6Cce NO-4eCmo UMecmea UHCIMUMyyYuoHalnus oebam om evnpoca oaru MU mpabdea
0a OvOe U3N0A36aH KbM 8bNPOCA KAK HE2080MO U3NO0A38AHE Cledsd 0a Ovoe YynpasisieaHo.
Hacmoswusm Ooxnao pazenesxcoa mosu npexoo 6 kowmexcma Ha Peeramenm (EC)
2024/1689 na Esponetickus napramenm u Ha Cveema (Akm 3a uzkycmeernuss unmenekm, Al
Act) u popmupawume ce UHCMUMYYUOHATHU NOOXOOU 8 OBI2APCKOMO SuUcule 00pa308aHue.

KarouoBu aymm: uskycmeen ummenexm, eucuie oopazosanue, Eeponeiicku axm 3a

usKycmeen unmenekm, ynpasienue na MU, ynueepcumemcku noaumuxu, MU epamomnocm
JEL: 123, 033

FROM EUROPEAN REGULATION TO INSTITUTIONAL PRACTICE:
ARTIFICIAL INTELLIGENCE GOVERNANCE IN BULGARIAN
HIGHER EDUCATION

Chief Assist. Prof. Latinka Todoranova, PhD
Chief Assist. Prof. Bonimir Penchev, PhD

Abstract: The rapid adoption of artificial intelligence (Al) in higher education is in-
creasingly shifting the institutional debate from whether Al should be used to how its use
should be governed. This paper examines this transition in the context of Regulation (EU)
2024/1689 of the European Parliament and of the Council (Artificial Intelligence Act, AI Act)
and the emerging institutional approaches in Bulgarian higher education.

Key words: artificial intelligence, European Artificial Intelligence Act, Bulgarian
higher education, institutional policy

JEL: 123, 033

1. BnBeaenue

HapnuzaneTo Ha TeHepaTUBHMS M3KYCTBEH MHTEJICKT BHB BUCIIETO 00pa-
30BaHME I'BbPBOHAYAIHO IOCTABH YHUBEPCHUTETUTE MPEJ CPABHUTEIHO TECEH
KPBI' OT BBIIPOCH: AOMycTHMO Jiu € u3noi3Baneto Ha ChatGPT mpu usrotssae
Ha KYpCOBH MPOEKTH, 10 BpEMe Ha KOHTPOIHHU PabOTH U M3MUTH, KaK TO CJEaBa
Ja ce JIeKIapupa U IMpeACTaBisiBa JIM HEAEKJIAPUPAHOTO TE€HEPUPAHO ChIIbPHKA-
HUE HapyIlIeHUE Ha aKaJeMHUYHaTa mo4TeHocT. CaMo 3a HSAKOJIKO TOJAWHH MPOO-

! todoranova@ue-varna.bg, IKOHOMUYECKH yHUBEPCHUTET — BapHa
2 b.penchev(@ue-varna.bg, IkoHOMHYECKH yHHBEpCUTET — BapHa
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JEMBT CE€ pa3lIMpH 3HAYUTENHO. CUCTEMH C U3KYCTBEH MHTEJIEKT BEUe MOraT Aa
NOJIOMaraT MpenoiaBaHeTo, OUEHABAHETO, HAYYHUTE WU3CIIECIBAHMS, aIMUHUCT-
paTUBHUTE MPOLIECH, aHATU3a Ha OOpa30BaTEIHH JAaHHU U B3aHUMOJCHCTBHETO
ChC CTYJEHTHUTE.

Mex1yHapoAHUTE U3CIEIBAHUS NTOKA3BAT MPOMSHA U B UHCTUTYIIMOHAJ-
HUTE Toaxoau KbM ynpasieHuero Ha M. Ome npe3 2023 r. Chan npenmara
paMKa Ha YHHUBEPCUTETCKA MOJMTHKA 32 U3IMOJI3BAHETO HA W3KYCTBEH MHTEJEKT,
KOSATO BKJIFOYBA HE CaMO MEAaroruuyecko, HO U yIpaBJiI€HCKO U ONEPaTUBHO M3-
MepeHue. Pamkara e pa3paboTeHa Bb3 OCHOBA Ha M3clieqBane cpe 457 cTyaeH-
i 1 180 mpenoaBaTenu u CIyKUTeNIU BbB BUcIM yuniuiia B XoHKOHT (Chan,
2023). Tsa akiieHTHpa BbPXY HEOOXOIUMOCTTA OT MOJUTUKH, OOXBaIlally aKa-
JIEMHUYHATA MMOYTEHOCT, YIPABICHUETO HA JAHHUTE, MPO3PAYHOCTTA, OTYETHOCT-
ta, U rpaMOTHOCTTa, MOHUTOPUHTA U OLICHKATAa HA BHEJPEHUTE TEXHOJIOTHUHU.

B nocneaBaiio cpaBHUTEIHO U3CIEABAHE HA MHCTUTYLIMOHAIHUTE TOJIH-
tuku B 30 Bozmemu yHuBepcuteTa 1o cBera Dabis u Csdki ycraHoBsIBaT, 4e mbp-
BUTE YHUBEPCUTETCKU PEAKIUU KbM TeHepaTuBHHUS MU mocTeneHHo ce CTpyK-
TypUpaT OKOJIO YETUPU OCHOBHH MPHUHIINIA: OTYETHOCT U OTTOBOPHOCT, YOBEILI-
KU HAA30p, MPO3PAYHOCT M OOSICHUMOCT, KaKTO M MpHUOOIIaBaHe U paBeH JI0C-
ThI. ABTOPHUTE CTUTAT A0 M3BOJA, Y€ YHUBEPCUTETUTE BCE MO-YECTO MPEMHUHA-
BaT OT €IMHUYHU U PEAKTUBHU OTPAaHUUYECHUS BHPXY M3MOJI3BAHETO HA T€HEpaTH-
BeH MW xbM u3rpakjaHe Ha MO-ISJIOCTHU MOJIMTUKHU 3@ HETOBOTO OTTOBOPHO
u3noJizBane B oOpaszoBatenHusi mpoiec (Dabis and Csaki, 2024). Cnopen Tsax
T00pOTO MHCTUTYIIMOHATHO ymnpaBieHue Ha MW u3nuckBa He caMo mpaBuia 3a
JIOMyCTHMa YIoTpeda, HO U MEXaHU3MHU 3a MPO3PAYHOCT, aJalTHPAHE HA OIICHS-
BaHETO, 00yUYEHHE HA aKaJleMUYHATa OOIIHOCT U OCUTYpPsIBAaHE HAa PaBEH JIOCThII
JI0 HOBUTE TEXHOJIOTUHU.

Hapen ¢ uzrpaxaaHeTo Ha MOJUTUKHU BCE TIO-TOJIIMO BHUMAaHHUE CE€ OTIEIS
M Ha Pa3BUTHETO Ha KOMIETEHTHOCTH 3a padora ¢ M. B Ta3u Bpb3ka Hackl,
Miiller u Sailer npegnarat mogen Ha MM rpaMOTHOCT 3a BUCIIETO 00pa3oBaHUE,
BKJIFOYBAII] CEJIEM B3aMMOCBBP3aHU M3MEPEHUS: TEXHUUYECKO, MPUIIOKHO, KpH-
TUYECKO, €TUYHO, COLIUAIIHO, UHTETPAILIMIOHHO U MPAaBHO-PEryJIaTOPHO. ABTOPH-
T€ MMOAYEPTABAT, Y€ YCTOMYMBOTO BHeApsBaHe HA MU m3uckBa He camMO TEXHO-
JOTUYHA WH(PACTPYKTypa M peryjaiiu, HO U CUCTEMHO M3rpa)<IaHe Ha Kara-
IUTET Cpell CTYIEHTH, MpernofaBaTenn u akamgemudnn wHctuTynwu (Hackl,
Miiller, Sailer, 2026). ITo To3u Haunn MU rpaMoTHOCTTA ce pasriexaa HE CaMo
KaTO TEXHOJOTUYHA KOMIIETEHTHOCT, a KaTo CIOCOOHOCT 3a MH()OPMHUPAHO, OT-
TOBOPHO U ChOOpa3eHO ¢ HOpMAaTUBHATA pamKa n3noi3Bane Ha U B akagemuy-
Ha cpeja.

Pa3BuTHETO HA MHCTUTYIIMOHAIIHOTO YIPABJIECHUE HAa M3KYCTBEHHS UHTE-
JIEKT BbB BUCIIETO 00Opa3oBaHUE Be4Ye HAAXBBHPIS (OPMYIHPAHETO HA OTIEITHU
MPUHIUIN U MOJUTUKY U Ce HACOYBA KbM M3TPaXKIAHETO HA LSIIOCTHU MOJEIH
3a OpraHU3allMOHHO YIpaBJjeHue. B ToBa OTHOIIIEHHE TTOKA3aTETHO € U3CIe/Ba-
Heto Ha Humble (2025), ocHOBaHO Ha aHanW3 Ha OQUIIMATHUTE MOJUTUKU Ha
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IIBEJICKM YHUBEPCUTETU. ABTOPHT YCTAHOBSIBA, Y€ MHCTUTYLUHUOHAIHUTE JOKY-
MEHTH C€ TPYNHUPAT OKOJIO YETHUPU OCHOBHH OOJACTH: OPTaHU3AIMOHEH KOH-
TEKCT M CTPATErMYeCcKu LENH, Pa3lpeleieHHe Ha OTTOBOPHOCTHUTE, IEJaroru-
YECKU ChOOpaKEHUSI U €TUYHH U MPABHU WM3UCKBaHHS. B3 OCHOBa Ha Te3M pe-
3ynratu e paspaboreH monearbT DAMHEAP (Dynamic Alignment Model for
Higher Education AI Policy), koiiTo ompenens meT KJIHOYOBUM H3MEPECHHS Ha
YHUBEPCUTETCKOTO yrpaBienue Ha UU: cTparernyecko, neaaroruuecko, eTuy-
HO-TIPABHO, ONEPaTUBHO M aJalTHUBHO chbriiacyBane. Criopen aBTopa e(heKTHB-
HOTO BHenpsiBaHe Ha M BBB BHCIIETO 00pa3oBaHUE U3UCKBA TE€3U U3MEPEHUS
na (GyHKUMOHUpAT KaTO B3aMMOCBBP3aHa CHUCTEMa, CIOCOOHA Ja ce aJanTupa
KbM JTMHAMUYHUTE TEXHOJOTHUYHH U PETyJIaTOPHHU MPOMEeHU. MoaelbT € ocooe-
HO 3HAYUM B KOHTEKCTA Ha EBponencKust Chr03, Thil KaTO ITOKAa3Ba KakK IIpaBuUIia-
Ta 3a 3allMTa Ha IAHHUTE U MPUHIUINTE HA aKaJIeMUYHATa MOYTEHOCT CE TPaH-
chopMupar B KOHKPETHU OPTraHU3AIlMOHHU MPAKTUKWA HAa YHUBEPCUTETCKO paB-
HUILIE.

[To cxoeH HaYMH, HO B 3HAYUTEIHO MO-IIUPOK MEKIYHAPOJAEH KOHTEKCT,
Khoza, Wamba u Nyawa (2026) uzcnenBar 43 mOJUTUKH U PaAMKHU 32 YIpaBJie-
Hue Ha M B 35 yHuBepcutera no cBera. ABTOPUTE YCTAaHOBABAT HapacTBallla
KOHBEPTEHIIUSI OKOJIO HSIKOJIKO OCHOBHU IMPHUHIIUIA HAa YHUBEPCUTETCKOTO YII-
pasienue Ha M, cpen kouTo cnpaBeyIMBOCT, MPO3PAYHOCT U OTYETHOCT. M3c-
JIEZIBAHETO MOKa3Ba ChIIO Taka MIPEMUHABAHE OT PEAKTUBHU MOJUTUKU, POKYCH-
paHU OCHOBHO BBPXY aKaJeMHUYHATa MOYTEHOCT, KbM IMO-KOMILJIEKCHU YIIpaB-
JIEHCKA MOJEINH, BKJIIOUBAIIM MHCTUTYLUMOHAIHHU CTPYKTYpPH 3a Haa30p, Mexa-
HU3MHU 32 YIpaBJ€HUE HA PUCKA, 3allMTa HA JaHHUTE, MHTEJIEKTyaJHaTa coOCT-
BEHOCT, pa3BuBaHe Ha M rpaMOTHOCT U MEPUOIUYHO aKTyaIM3UpPaHE Ha MOJU-
TUKUTE.

Pasrnenanu B cBOSITa MOCJIENOBATENHOCT, TOCOYCHUTE H3CICABAHUS TO-
Ka3BaT €BOJIIOIMS Ha aKaJEMUYHUS J1e0aT OTHOCHO YIPaBJICHUETO Ha U3KYCTBeE-
HUS UHTEJICKT BbB BUCIIETO 0Opa3oBaHue. [IbpBOHAYATHUAT aKIEHT BHPXY J10-
MyCTUMOCTTA Ha U3M0JI3BaHETO Ha reHepatuBeH MU B 00yueHHETO MOCTENneHHO
ce pasmupsiBa KbM pa3paboTBaHEe HA UMHCTUTYIMOHAIHU MOJIUTUKH, (hOopMUpaHe
Ha NPUHIUIIA 32 OTTOBOPHO H3MOJI3BaHE, mM3rpaxkaane Ha MU rpaMoTHOCT u
Ch37aBaHe Ha MHTETPUPAHHU MOJEIH 3a ynpasiieHue. Ta3u TeHaeHIs € 0CO0EHO
pelieBaHTHA 3a OBJITAPCKUTE BUCIIM YUYHIIUIIA, KOUTO Ca U3MPABEHH Ipe] HE0O-
XOJIMMOCTTA J1a aJjanTUpaT eBpoIecKaTa peryiaTopHa paMKa KbM COOCTBEHUTE
CU OpraHU3allMOHHU, EArOTHYECKH U TEXHOJOTUYHH YCIIOBUS.

[Tapanenno ¢ ToBa ce mpoMmeHsi U HopmaTuBHaTa cpeaa. Pernmament (EC)
2024/1689 (Regulation (EU) 2024/1689 of the European Parliament and of the
Council, 2024) noctaBs uzmnon3BaHeTo Ha MU B eauHHa eBporelcka pUCK-
0asupana pamka. Ciea uamMeHeHusaTa ot 1oau 2026 T. 4acT OT CPOKOBETE U 3a-
TBIDKEHUATA Ca IPELU3UPAHN, HO OCHOBHATA JIOTMKA OCTaBa HENIPOMEHEHA: UH-
CTUTYLIMUTE TPsOBA J]a IO3HABAT CUCTEMHUTE, KOUTO M3IOJI3BAT — YCJIOBUSATA 32
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TSAXHOTO TIOJI3BAHE M CBBP3AHUTE C TSAX PUCKOBE, Ja OCUTYPSBAT MOAXOJISII YO-
BEIITKH HAJ[30P U J1a pa3BUBAT HEOOXOIUMHUTE KOMIIETCHTHOCTH.

B TO3M KOHTEKCT HACTOSIIIMAT JIOKJIAJ U3CleBa KaK N3UCKBaHUATA Ha €B-
porieiickara peryjiaTopHa paMKa 3a U3KyCTBEHUS HHTEIICKT HaMUPaT OTPAKEHUE
B UHCTUTYITMOHATHUTE TIOJUTUKHA U TIPAKTUKHA HA OBIATAPCKUTE BUCIITH YUUITUIIA
U JIOKOJIKO MOraT Ja ObaaT UuJIeHTU(UIIUPAHU eJIEMEHTH Ha (opMHUpalo ce yi-
pasieHue Ha MM Ha yHUBEPCUTETCKO paBHUILLE.

2. anrapcmmT KOHTCEKCT: TEXHOJOINYHOTO HABJIN3aHE
U HHCTUTYIIMOHAJTHATA TOTOBHOCT

Pannute yHuBepcuteTcku peakunu KpM reHepatuBHus MU ca koHUEHT-
pUpaHu MPEIUMHO OKOJIO aKaJeMH4YHaTa mouTeHocT. [losBaTa Ha TE3W UHCTPY-
MEHTH TIOCTaBsl BBIIPOCU 32 U3MaMUTE, aBTOPCTBOTO U YECTHOTO Y4acTHE B 00-
pa3oBaTEIHUA MPOLEC B LIEHThPA HA YHUBEPCUTETCKUTE MOJUTUKHU. [IbpBOHA-
YaJTHUTE UHCTUTYLIIMOHAJIHA OTTOBOPH YECTO Ca HACOUECHH KbM OIpaHUYaBaHE HA
PHUCKOBETE MPH OICHSIBAHETO YPE3 MEXAHU3MH 32 KOHTPOJI U HAOIIOACHUE U KbM
MPEIOTBPATSABAaHE HA HEMPABOMEPHOTO m3mnoi3Bane Ha MU npu u3nutu u 3axa-
Hus (Mypmxkesa, 2026).

C pasmupsiBaHeTo Ha npuiiokeHuero Ha MU B yHuBepcuretute obaue
(GOKyCHT HEM30EKHO CE€ M3MECTBA OTBBJ aKaJeMU4HaTa nmoyreHoct. M3noins3sa-
HETO MY 3a PEJAKTUPAHE HAa CTYJEHTCKH TEKCTOBE, OT €HA CTpPaHa, ¥ 3a aBTO-
MAaTU3UPAHO OLICHSIBAHE, AHAJM3 HA YHUBEPCUTETCKH JAHHU WA MOAIIOMAraHe
Ha pEIICHUS 3a KOHKPETHU JIMIA, OT JpYyra, MOpak/a KaueCTBEHO pa3IMYHH
PUCKOBE U ChOTBETHO M3UCKBA PA3JINUYHM MEXAHU3MH 32 yIPABJICHUE.

ToBa pasrpaHnyeHue NPHUCHCTBA SICHO B €BpOIEiickara peryiauus. B
npunoxenue Il nHa Al Act kaTo BUCOKOPUCKOBHU ca omnpeaeneHu Hsikou MU cuc-
TE€MHU, U3MO0JI3BAHU 32 JOCTHII U IPUEM B 00pa30BaTEIHN UHCTUTYIIMH, OLICHSBA-
HE Ha y4yeOHHU pe3yJITaTH, ONpEAesisHEe Ha MOJIXOJAII0 00pa30BaTeTHO HUBO U
YCTaHOBSIBAaHE Ha 3a0paHEHO IMOBEJICHHE MO BpeMe Ha u3nuTH. [lono6HuU mnpu-
JIO’)KEHUSI MOTAT Ja TOBJIHSAT BBPXY 00pazoBaTtenHus UM MPOPECUOHATHUS BT
Ha YOBEKA M J]a 3aCErHaT MNpaBOTO HAa 00pa30oBaHME U MPHUHIIMIIA 32 PABHOIIOCTA-
BEHOCT.

He Bcsiko uznon3Bane Ha MU B yHuBepcuTeT oOaue € BHCOKOPHUCKOBO.
PuckbT 3aBHCH OT NpeAHA3HAYECHUETO HA CUCTEMATA U OT BIUSHUETO HA HEUHUS
pe3yaTaT BbPXY pEIICHUSATA 32 KOHKpEeTHH Jnia. CucteMa, KOSITO MPeloCTaBs
oO1a nHdopmaus 3a npruemMa Harpumep, He € paBHO3HAYHA Ha CUCTEMa, KOSITO
OLICHSIBA KaHJIUJATUTE U ONPEAEIIs JOCThIIAa UM JI0 00Opa3oBaHUE.

Baxen e u ui. 4 otHocHo UM rpamoTHOCTTa. Cnienr uamenenueTo ot 2026
I. JIOCTaBYUIIUTE W OpraHu3anuute, kouto usnonssar MM cucremu, TpsiOBa aa
npeanpueMar Mepku B nojkpena Ha MM rpaMOTHOCTTA Ha CITy>)KUTEIUTE U APY-
TUTE JIUIA, KOUTO PabOTAT C T€3U CUCTEMH OT TAXHO UME, ChOOpPa3HO 3HAHUSATA,

200



OonuTa, KOHTEKCTa W 3acerHarure rpynu. He ce m3nckBa €HaKBO HOPMATUBHO
OIPENEIICHO PABHUIIE 33 BCUYKH, HO CE€ 3alla3Ba OPraHU3al[MOHHOTO 33 bJIKe-
HUE 3a IpeAnpreMaHe Ha MOAXO I MEPKHU.

CrnenoBaTelIHO yHUBEpPCUTETCKATa nmoiuTuka 3a M Bedye He Moxke na ce
CBEXJa JI0 MPaBUJIOTO ,,MOXKe/He Moke Aa ce u3non3Ba ChatGPT*. Ts ce npes-
pbhIlIa B 4aCT OT MO-IIUPOKO MHCTUTYLMOHAIHO YIIpaBieHUE, 00XBalIAIlo XOpa,
TE€XHOJIOTUH, JaHHU, OTTOBOPHOCTHU U PHUCK.

MexyHapoJHUTE U3CJIEABAHUS MTOKa3BaT CXOJAHO TPEMUHABAHE OT PEry-
JUpaHe Ha OTJIeJHU MPUJIOKeHUs Ha reHepaTuBHUS MU kbM usrpaxaaHe Ha 11s-
JIOCTHM CHUCTEMU 33 MHCTUTYLMOHAIHO yIpaBiieHue. TakaBa TeHIECHLUS ce Hal-
J0JaBa U B ObJIrapckarta akajgeMuyHa cpena. B KoHuenryannarta pamka 3a u3-
MOJI3BaHE Ha M3KYCTBEHUS MHTENICKT BBB BUCIIETO oOpaszoBanue (bemoes, Boii-
HOXOBcka U CMmpukapos, 2024) UN ce pa3riexaa HE caMO KaTO TEXHOJOTHYEH
WHCTPYMEHT, a KaTo (hakTop 3a TpaHchopMaius Ha 00y4eHUETO, HAYYHUTE U3C-
JIeIBAaHUSI ¥ YHUBEPCUTETCKOTO yrpasieHnue. [loguepraBa ce HEOOXOIUMOCTTA
oT OaJlaHC MeXJy WHOBAIMU, aKaJeMUYHA aBTOHOMUS, €TUYHU TPUHIUIU U
pa3BUTHE HA HOBU KOMIIETEHTHOCTU CPEJl PENOAaBaTENN U CTyIeHTH. Taka u B
ObaTrapckaTa akaJeMUyHa Cpelia MOCTENEeHHO Ce YTBbpXkKAaBa pazoupaneTo 3a A/
governance KaTo 4acT OT CTPATETMYECKOTO Pa3BUTHE HA YHUBEPCUTETHUTE.

Oco0eHOoCT Ha HACTOSUIMS MOMEHT € MapajieIHOTO MpUJIaraHe Ha €BpO-
nefckaTa paMka U M3rpa)xJaaHeTo Ha OBbJIrapcky HalroHaneH mojen. Ilpes3 ronu
2026 r. MUHUCTEpPCKUAT CHBET MOCOYBA, Y€ MPUEMAHETO HA HAIMOHAJIHA CTpa-
TErus 3a Mpujiaraie Ha eBponeiickara crparerus Apply Al v nonxona Al First ce
npeaBrK/Ia 3a eceHTa Ha 2026 r., mapajiesIHO ¢ HOB 3aKOH 3a Ipuiiarane Ha AKta
3a U3KYCTBEHHS UHTEJIEKT.

NucTutymmoHaiHuTe MEXaHU3MU 3a yrpasienue Ha I B boarapus o0a-
ye Bce ollle ca B npoiiec Ha hopmupane. ToBa ce MOTBbPK/AaBa U OT IIbPBUS Ha-
nroHaneH MHIeKC 3a TOTOBHOCTTA 3a M3KYCTBEH MHTEJIEKT B Jbp>KaBHATA af-
munuctpanusi (MBanos, MBanoBa-UukoBa, Credanon, 2026), uusito oOuia
croiHOCT € 49 ot 100 ToukM U XapakTepu3upa UHCTUTYLUUTE KaTO HaMHpaIn
ce BbB (haza Ha ,,u3rpaxkaall ce KananureT . Pe3ynaraTuTe nokasBart, 4e MpaKTH-
yeckaTta ynorpeba Ha UM u roToOBHOCTTA HA CITy’)KHTEIUTE HApacTBaT Mo-0bp30
OT Pa3BUTHETO HA OPraHU3AIMOHHUTE MEXaHU3MU — BHTPEIIHU MpaBUia, pasi-
pezeseHre Ha OTTOBOPHOCTH, KOHTPOJI M MHCTHUTYLMOHAIHO yyeHe. Makap u3c-
JIEZIBAHETO J1a € MIPOBEJICHO B bpKaBHATA aIMUHUCTPALIUS, HETOBUTE PE3yJITaTH
MMAaT MO-IIMPOKO 3HAYEHUE 3a OIEHKAaTa Ha MHCTUTYIIMOHAJIIHATA TOTOBHOCT B
myOJUYHUST CEKTOP, BKIFOYUTEIIHO BHB BUCIIETO OOpa3oBaHUE. Y CTAHOBEHOTO
pa3sMUHaBaHE MEXAY WHIMBUAYAJHATA TOTOBHOCT U OPTraHW3allMOHHUS Kalallu-
TET € CXOJHO C TEeHJEHUMHUTE, HAOII0aBaHu B MEXIYHAPOJIHUTE U3CIICIBAaHUS
HA YHUBEPCUTETCKUTE MOJUTUKH 3a N.

OTTyK MpOU3THYa U OCHOBHMSAT BBIPOC Mpea OBJITapCKUTE BUCIIM yUHU-
JUIIA: HE JTaliv 1I€ M3M0JI3BaT U3KYCTBEH UHTEIEKT, & JJOKOJIKO Ca MHCTUTYLHO-
HAJIHO TOJTOTBEHM Jia TO YIPaBJISIBAT B ChOTBETCTBUE C M3UCKBaHUsTa Ha Al
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Act. EBponenckara peryjanusi Cb3JaBa HOpPMAaTHMBHATA PaMKa, HO HEWMHOTO
IPAKTHUUECKO 3HAUEHUE 1€ 3aBUCU OT CIIOCOOHOCTTA HA YHUBEPCUTETUTE Ja U3-
rpakJaT BBTPEIIHU MOJUTHUKH, Ja Pa3BUBAT KOMIIETEHTHOCTH, Ja ONPEIECISAT
MEXaHHU3MH 33 OTYETHOCT U JIa MPEBPBINAT HHANBUIYATHOTO U3noi3Bane Ha U
B YCTOMYMB MHCTUTYIIMOHAJICH KaIlallUTeT.

[Tonmutukara Ha XTMY ot 2025 r. Beue npeacrasisiBa CeABalla CTEICH
Ha MHCTUTYyLUMOHaNMu3upaHe. T u3puuHO oOXBamia yuyeOHaTa, HAyYHOMU3CIIEI0-
BaTeJCKaTa, aIMMHUCTPATUBHATA U JIPYTM JIEWHOCTU U Cce Mo30BaBa Ha Perna-
MeHT (EC) 2024/1689. OcHOBHUTE NPUHLMIMN BKIIOYBAT €TUYHOCT, MPO3pay-
HOCT M aKajieMu4yHa noyTeHocT. OcoOEHO ChIIECTBEHH ca Tpu enemeHTa. [Ibp-
BO, HempuemsinBa € ynorpedara Ha UM 6e3 kpuTHyHA OLIEHKA M YOBEIIKHU Ha/I-
30D, BKJIIFOUUTEIIHO OIEHSBAHETO Ha CTYACHTCKa paboTa 0€3 3HaYMM YOBEIIKH
npuHoc. BTopo, nosmrukara cbabpka OTAENIEH WieH 3a pa3Burtue Ha MU rpa-
MOTHOCTTa 4pe3 MpOorpaMu, CEMUHAPU U PECYPCHU 3a MPENoIaBaTeNH, CTYICHTH
Y aJMUHHUCTPATUBEH NepcoHal. Tpeto, mpeaBuk/ia NepuogudeH Iperien u pa-
0oTHa rpyna 3a HabOmoaeHne Ha u3noia3BaHeTo Ha UM u npesmarane Ha uzme-
HEHHSI.

B MI'VY ,,Cs. lBan Puncku® npe3 2026 r. MHCTUTYLIHOHAJIHATA paMKa €
olle no-Aetaitnusupana. [IpaBuHUKBT 00XBalla oOpa3oBaTeaHaTa, Hay4HOU3C-
jeaoBaresickaTa, alMUHUCTPATUBHATA U M3JaTelIcKaTa AEHHOCT U BKJIIOYBA 3a-
IIUTa HAa JAHHUTE U MHTEJIEKTyallHaTa COOCTBEHOCT, YOBEUIKA HAA30p, OTYET-
HOCT, HEIUCKPUMMHAIMS U CHOTBETCTBHUE C HAIMOHAIHOTO U E€BPOIEHCKOTO
npaBo. JJOKyMEHTBT ce OTHAcs HEe camo /10 MyOJIMYHU FE€HEPATHUBHU MPHUIIOXKE-
HUS, & U JI0 JUICH3UPAHU YHUBEPCUTETCKH IIATGOPMH, BBTPEITHU MOIEIH,
BBHIITHU MJIATHOPMHU U 00auyHu yciayru. Toil u3puyHo AeduHUpa BUCOKOPHUC-
KOBHUTE CUCTEMH BbB BPh3Ka C OILEHSBAHETO, IOCTHIIA A0 00pa3oBaHUE U aKaje-
MUYHOTO pa3BUTHE M 3ara3Ba KpalHaTa akaJeMH4Ha OTTOBOPHOCT 3a KOMIIe-
TeHTHO (u3nuecko yuie. [lokazaTennu ca pasmnopendutTe 3a MperBapUTETHA
OILICHKA Ha pucKa Ipu BHeapsiBaHe Ha HOBU U cuctemu, 3a MHCTUTYIIMOHATHA-
Ta OTrOBOPHOCT, KOOpAMHALIMATA ChC 3alluTaTa Ha JaHHUTE, aKaJeMUYHaTa
eTUKa U MH(OPMAIIMOHHATA CUTYPHOCT, KaKTO M 32 BBH3JIEUCTBUETO BHPXY Ipa-
BaTa Ha 3aCErHATUTE JIULIA.

Pasrnemanm 3aenno, moimtukuTe HAa XTMY n MI'Y ,,Cs. UBan Puicku
MIOKa3BaT NOCTENEHHO MPEMUHABAHE OT MTPaBUJjIa 3a U3M0J3BaHE HA T€HEPATUBEH
NN xbM MO-IIMPOKKA MOJEIM HAa MHCTUTYLUHOHAIHO yrnpasieHue. M B nBara
cllydass MOTaT Ja ObJaT pa3lo3HATH E€JIEMEHTH, ChOTBETCTBAIM Ha MEXKIyHa-
ponHuTe TeHAeHInHU, ycranoBern oT Humble (2025) u Khoza, Wamba u Nyawa
(2026) — pazeutue Ha MM rpamMoTHOCT, YOBENIKH HAA30P, YIIPABICHUE HA PUCKA,
3allUTa Ha JAHHUTE W MEPUOJUYHO aKTyaJu3upaHe Ha MOJUTUKUTE. ToBa mo-
Ka3Ba, 4e OBJIrapCKUTE YHUBEPCUTETH MOCTEIIEHHO 3al04YBaT Jja TpaHcPopMupaT
€BPOIEUCKUTE PEryJaTOPHU M3UCKBAHUS B KOHKPETHH OpraHU3allMOHHU MpaK-
tuku. U nokato nmonutukata Ha XTMY Moxke f1a Obje pa3riiexaaHa KaTto paMka
OT I'bPBO MOKOJIEHHWE, HACOYEHA KbM Ch3/1aBaHE Ha OCHOBHU NMPHUHIIUIIN U Opra-
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HU3ALMOHHN MEXaHW3MHM 3a n3nonssade Ha MU, To nmpaBmiauksT Ha MI'Y mo-
Ka3Ba Mpexoa KbM MO-3psuia (a3a Ha MHCTUTYLHOHAIHO YNpPaBICHHUE, BKIIIOY-
Ballla yIpaBJICHWE Ha pUCKA, KIAaCU(PUIMpaHE HA CHUCTEMUTE CIOpE] pUCKa U
IIPEBAPUTEIIHN OLICHKU HA BB3EHCTBUETO.

3. MoaeJ1 32 HHCTUTYHMOHAJIHA 3PAJIOCT HA ynpasiaenuero Ha U
BbB BHCIIETO 00pa30oBaHMe

Ha ocHoBaTa Ha aHanM3a Ha eBpoIEHcKaTa peryjaTopHa paMKa, MEXIy-
HapOJHUTE U3CJIC/IBAaHUS Ha YHUBEPCUTETCKUTE MOJUTUKUA U IMbPBUTE ObJTapC-
KM WHCTUTYIIMOHAHU MPAKTUKA MOXKE Jia ObJe MPEIJIONKEH MOJIEN 3a UHCTUTY-
[MOHAJIHA 3PSJIOCT HAa YIPABICHHETO HAa MU3KYCTBEHUS MHTEJIEKT BHB BUCHIETO
obpasoBanue (Bux Tabmwuia 1). MoaensT onucBa npexoja oT HeGopMaaHO UH-
OUBHUAYyallHO u3non3BaHe Ha MU kbM CTpaTern4ecko U MHCTUTYLIMOHAIU3UPAHO
ynpasienne Ha U, chobpaszeHo ¢ uznckBanusara Ha Al Act.

BBb3MokHaTa MOCOKa KbM MMO-BUCOKA CTEIEH Ha TaKaBa MHCTUTYLIHOHAIIHA
3pSIIOCT CE€ OTKPOSIBA B UTAIMAHCKUS MOJAXOM, PU KOMTO yrpasieHuero Ha MU
HE C€ OrpaHMYaBa JI0 MPUEMAHETO HAa BBHTPEIIHU YHUBEPCUTETCKU TMOJUTHUKHU.
3akoH Ne 132 ot 2025 r. cb3gaBa Bpb3Ka MEXAY €BpOINEHCKaTa perynamnus, Ha-
MOHAIIHUTE KOMIIETEHTHU OpraHu, YHUBEPCUTETCKOTO 00pa30BaHue, pa3BUTHE-
T0 Ha W rpaMOTHOCT M y4acTHETO Ha YHUBEPCUTETUTE B pEryJaTOpHU Jabopa-
Topuu U ekcrnepumeHTanHu cpeau (lannitti, Gelmetti, 2025). Taka BucmmTe
YUMJIMIIA C€ PA3IJIeKIaT HE CaMO KaTo a/IpecaTy U U3I'BJIHUTENN Ha peryjaaTop-
HUTE U3UCKBAHUS, & U KaTO aKTUBHU YYAaCTHUIM B MPOILIECUTE HA TSIXHOTO MpPH-
JaraHe, TeCTBaHE W pa3BuTHe. VTanmaHCKUST OMUT ouepTaBa cienBama (asza B
pa3BUTHETO Ha ympasieHuero Ha MU, npu KoSTO YHUBEPCUTETUTE CE€ UHTETPU-
paT B MO-IIMPOKA HAIIMOHAJIHA CUCTEMA.

[IpenyioxeHusT MOIeNI NMa aHAJIMTUYECH, 4 HE HOPMAaTUBEH Xxapakrep. Tou
OTYHTA, Y€ OTIAEITHUTE W3MEPEHUs HAa MHCTUTYLMOHATHOTO yrpaBieHnue Ha U
MOraT Jia C€ pa3BUBAT C pa3jIM4Ha CKOPOCT W Y€ €IHO BHUCILIE YUYUIIUIIE MOXKE
€HOBPEMEHHO J1a MPOSBSBA XapaKTEPUCTUKU HA TIOBEYE OT €IHO HUBO. [Topaau
TOBa MHCTUTYIIMOHAJIHATA 3PSJIOCT HE CJIeJIBa J]a C€ CBbP3Ba €IMHCTBEHO C Ha-
JUYUETO HA TIOJMTUKA WU JIpyT (opMajieH JOKYMEHT, a ChC CTENEHTa, B KOSITO
ca chIJacyBaHU MpaBujaTa 3a usnoj3Bane Ha U, pa3BuTHeTO HAa KOMIIETEHT-
HOCTH, YIPABIICHHETO Ha JAHHUTE, YOBCLIKUSAT HAA30pP, pasNpelesieHUEeTO Ha
OTTOBOPHOCTUTE U MEXaHU3MUTE 32 KOHTPOJ U aKTyaTu3alusi.

OT Ta3u riaegHa TO4Ka MPEXoabT KbM MO-BUCOKA MHCTUTYIIMOHAIHA 3psi-
JIOCT 03Ha4YaBa HE yBeJIWYaBaHE Ha OpOs HA OTPAHUYCHUATA, a IPEMUHABAHE OT
OT/ACIIHU U PEAKTUBHU MEPKH KbM IOCIEAOBAaTEIHA CUCTEMA 3a YIPABJICHUE.
MIMEHHO ChrIacyBaHOCTTAa MEXIY IOJIUTUKA, OPTAHU3ALMOHHU MEXAHU3MHU H
peayHu MPaKTUKK OoTin4aBa GopMaIHOTO peryiupane Ha ynorpedbara Ha UU ot
HETOBOTO MHCTUTYIIMOHAJIU3UPAHO YIIPABIICHHUE.
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Tabauya 1. Husa na uncmumyyuoHaiHa 3psaiocm

Huso XapaKTepucTuKa Kpurepun
Hugo 0. Heypenena | M3nonszBanero na MU JUTICa Ha OUINATIHU TOKYMEHTH;
ynorpeba CC OChIICCTBABA IPC- JIMIICa Ha OIPEACICHN OTTOBOPHOCTH,

(KakBo mpaBsT oT-
JIeTHUTE OTpeOu-
Tenu?)

JMMHO 10 JINYHA UHU-
LMaTUBA Ha Mpenoaa-
BaTeJH, CTYICHTH WA
ciykutenu 6e3 odu-
[[HaJTHA HHCTHTYIHO-
HaJIHa IMMO3UIus.

OTCHCTBHUE HA OOYUCHHS;
W3I0JI3BaHE HA JIMYHH aKayHTH W BHHIII-
HU UHCTPYMEHTHU.

Hugo 1. Ocb3Ha-
Bane u M rpamor-
HOCT

(Kak ma pazbepem
NN?)

HNucturynusara opunm-
QIHO TIpU3HABa 3HAYE-
Huero Ha UM u 3amou-
Ba pa3BUTHE Ha Oa30Ba
NU rpamoTHOCT.

[ ] I/IHCTI/ITYI_[I/IOHaJIHO HpI/IBHaBaHe Ha
TEMATA;

e JIEMHOCTH 3a MOBUIIIABAHE HA OCBEIOME-
HOCTTA;

e HavyaJHW OOYYCHHS;

e yOJUYHO OOCHKIaHE HA BH3MOXKXHOCTH-
T€ ¥ PUCKOBETE.

Hwupo 2. Hacoku 3a
ynotpeba

(Kak moxe na ce
n3nosBa MN?)

YHusepcutersT GHop-
MyJUpa MPEenopbKU U
yKa3aHUs OTHOCHO
n3noi3BaneTo Ha UM B
O0OYYEHHETO U OIEHS-
BaHETO.

e HaJIMYME HAa HACOKHU 3a MPENoJaBaTeIn 1
CTYACHTH,;

® peryiupaHe Ha
IMOYTEHOCT;

® YyKa3zaHuA 3a JIeKJIapupaHe Ha HU3IMOJ3Ba-
Hero Ha M.

aKaJJ€MHUu4YHarTa

Hugo 3. UacTuty-
[[MOHAJTHA TTOJTUTHKA
(KakBu ca mpaButa-
Ta?)

YHUBEpPCUTETHT MpHeE-
Ma ouIHaIeH HOpMa-
THUBEH IOKYMEHT, KO-
TO ypexaa U3IoI3Ba-

Hero Ha M Ha nHCTH-
TYLMOHAJIHO PaBHUIIIE.

e HagM4Me Ha OPHIMATHO NPHETA MOJIUTHU-
Ka;

® SICHO pa3NHCaHU NPUHIUIY;

® DPA3NpPENENICHN OTTOBOPHOCTH;

e 3amuTa HAa JAHHWUTE U €TUYHU U3UCKBA-
HUS;

e BKJIIOYBAHE HAa BCUYKH OCHOBHH JIEHHO-
CTH HAa YHMBEPCUTETA.

Hugo 4. Ynpasnsiem
4141
(Kak uHCTHTY1IIHSTA

YHUBEPCUTETHT U3-
rpakJa opraHu3aiu-
OHHU MEXaHHU3MHU 3a

® HAJIMYMUE HA CTPYKTYPH 3a YIIPABIICHUE;
e yacHTU(HUIIMPAHE HA U3IIOI3BAHUTE
CUCTEMU;

ynpasisiBa UN?) YIIPaBJICHUE Ha e yIpaBJIeHHE Ha PHCKa;

n3non3Banute MU cu- e YOBELIKH HAA30D;

CTCMU 1 38 KOHTPOIL HA | o  peryngpHa akTyanusaius Ha

purCKa. TOJUTHKHTE.
Hugo 5. VYupasnenuero Ha U1 | e Hannume Ha cTpaTreruyecka BU3HS;
CTpaTel“I/I‘IeCKO € UHTCIPUPAHO B CTpa- ® WHTCrpanus ¢ yInpaBICHCKHUTE MPOLECH;

ynpasienue Ha 1A
(Kak n3mon3Banero
Ha 1 nonpunacs
3a U3MIBJIHEHUETO Ha
MUCHATA U 3a M0-
CTUTAHETO Ha CTpa-
TETUYECKUTE LETU
Ha YHUBEPCHUTETA?)

TErHYeCKOTO Pa3BUTHE
Ha YHUBEPCHUTETA U Ce
pasriexa KaTto yact
OT MHCTUTYIIUOHATHO-
TO yIpaBJICHUE.

® U3MepBaHE Ha BB3JICHCTBUETO;

e cnoTBeTCcTBHUE ¢ Al Act;

® yYacTHE B HAITMOHAIHU U €BPOTICHCKH
nHAaTuBy 3a MU,

® [MapTHBOPCTBO C MYOJWYHU WHCTUTYIIUU
U peryjIaTOpHU OpraHu.

Hsmounuk: Cobcmeena paspabomxa
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4. 3akja04YeHue

Pa3BuTHeTo Ha reHepaTUBHUS U3KYCTBEH MHTEJEKT M3MecTBa (hoKyca Ha
YHUBEPCUTETCKUTE MOJUTUKU OT JOIYCTUMOCTTA HA MU3IOJI3BAHETO KbM HUHCTHU-
TYLIMOHAJHOTO YyHpaBiieHue. MeXIyHapoJHUTE H3CJEIBaHUA U MBPBUTE OBJI-
rapCKy IIPaKTUKM ITOKA3BaT MIPEX0] OT IIPABUIIA, HACOUYEHU OCHOBHO KBbM aKa/Je-
MUYHATa OYTEHOCT, KbM Mojiesin Ha yrpasienue Ha U (Al governance), xou-
TO BKJIFOUBAT YIIPABIICHUE HA PUCKA, 3aIUTa HA JAHHUTE, YOBEIIKA HAJA30p, OT-
YeTHOCT U pa3sutue Ha MM rpamoTHOCT.

B to3u npouec A/ Act nefictBa KaTo Karajau3zaTtop, 0e3 Ja U3MCKBA YHU-
BEPCUTETUTE Ja MPUEMAT KOHKPETEH THN JOKYMEHT. [10-ChIIECTBEHO €, Ue u3-
non3BaHeTo Ha MW mocreneHHo ce mpeBpblia OT MHAUMBUyalIHA IIPAKTUKA B
00€KT Ha MHCTUTYI[MOHAJIHA OTTOBOPHOCT. 3aTOBA 3pEJIOCTTa HA YHUBEPCUTETHU-
TE BCE MOBEUE III€ Ce OIpeness He OT caMoTo u3noiy3BaHe Ha MU, a ot cioco6-
HOCTTAa UM Jia IO YIIPaBJsABAT MIPO3PAYHO, OTTOBOPHO U aganTUBHO. OCHOBHOTO
IIPEAU3BUKATEIICTBO OCTaBa MPEOJOJISABAHETO HA pa3pyUBa MEXIy CKOPOCTTa Ha
TE€XHOJOTMYHOTO HABJIM3aHE M H3TPaXJAHETO Ha HEOOXOJUMHTE MOJUTHUKH,
KOMIIETEHTHOCTU U MEXaHU3MH 32 YIPABJICHUE.
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ARTIFICIAL INTELLIGENCE IN ENTERPRISE RESOURCE
PLANNING FOR INTELLIGENT BUSINESS DECISION SUPPORT
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Abstract: Artificial Intelligence (Al) extends the capabilities of Enterprise Resource
Planning (ERP) systems beyond traditional transaction processing, process automation, and
reporting by providing new possibilities for data-driven decision support. Al technologies and
analytical methods can use enterprise data to support forecasting, anomaly detection, pattern
identification, and recommendation generation. This paper examines selected applications of
Al in ERP systems, focusing on demand forecasting, financial analysis and anomaly detec-
tion, and supply chain and inventory decisions. It also discusses key challenges related to
data quality, model reliability, explainability, security and privacy, and human oversight.
Based on a review of recent scientific literature, the paper argues that Al can strengthen
ERP-based decision support by adding predictive and analytical capabilities while preserving
the role of human judgement in decisions with significant business consequences.

Key words: Artificial Intelligence, Enterprise Resource Planning, decision support,

predictive analytics, Machine Learning

JEL: M15, C88

1. Introduction

Enterprise Resource Planning (ERP) systems play an important role in the
management of modern businesses. Their main purpose is to integrate business
processes and data from different functional areas into a common system. This
integration provides organizations with consistent information and supports the
coordination of activities across departments. (Davenport, 1998) (Onden, 2026)
(Luminita Hurbean, 2026)Over time, the role of ERP systems has expanded be-
yond transaction processing and process automation, as organizations increas-
ingly rely on the data stored in the centralized databases of the ERP systems for
analysis and decision-making.

The development of Artificial Intelligence (Al) creates new opportunities
for extending ERP capabilities. Al techniques can be applied to business data to
identify patterns, forecast future outcomes, detect unusual behavior, and provide
recommendations based on available information. Recent studies suggest that
the integration of Al into ERP systems is gradually changing the way these sys-
tems support business operations and managerial decisions. (Luminita Hurbean,
2026) Instead of relying mainly on predefined reports and historical data, organ-
izations can use Al-supported analysis to anticipate possible developments and
evaluate potential actions.

This shift is particularly important for business decisions that depend on
large amounts of operational data. Demand forecasting, inventory planning, finan-
cial analysis, and supply chain management are examples of areas where Al can
complement traditional ERP functionality. However, the quality of the resulting

' mkovacheva@unwe.bg, University of National and World Economy (UNWE)
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predictions and recommendations depends on several factors, including the quality
of the underlying data, the reliability and transparency of the Al models, and the
security of the information used. (Luminita Hurbean, 2026) Human involvement
also remains important, particularly when Al-generated recommendations may af-
fect critical business decisions. (Damian Dziembek, 2025)

The aim of this paper is to examine the role of Artificial Intelligence in
extending the decision-support capabilities of ERP systems. The analysis focus-
es on selected applications in demand forecasting, financial analysis and anoma-
ly detection, and supply chain and inventory management. Attention is also giv-
en to some of the main challenges associated with the use of Al for decision
support in ERP environments. The study is based on a review and analysis of
relevant scientific literature.

2. Artificial Intelligence in ERP Systems

ERP systems are designed around the idea of integrating business pro-
cesses and data into one centralized database. This gives organizations a con-
sistent view of their operations and reduces the need to maintain separate infor-
mation systems for individual business functions. At the same time, convention-
al ERP functionality is largely based on predefined business rules and processes.
The system records transactions, processes data according to these rules, and
provides reports that managers can use when making decisions.

The integration of Al adds another layer to this functionality. Instead of
processing data only according to predefined rules, Al techniques make it possi-
ble to identify patterns in existing ERP data and use them to estimate future out-
comes. This does not change the fundamental purpose of an ERP system, but it
extends the way in which the available data can be used. Recent research there-
fore considers Al as an important step in the development of more adaptive and
intelligent ERP systems. (Luminita Hurbean, 2026)

Several Al technologies and analytical capabilities are relevant in this
context: (Sarferaz, 2026)

e Machine learning can be used to analyze historical ERP data and identify

relationships that may not be evident through conventional reporting.

e Predictive analytics builds on such data to estimate future demand,
sales, costs, equipment failures, or other business outcomes.

e Natural language processing provides another type of functionality by
allowing users to interact with enterprise data through natural language
rather than relying only on predefined queries and reports.

e Generative Al and Al-based conversational systems have further ex-
panded these possibilities by supporting the generation of summaries,
explanations, and responses based on available information. (Tabov &
Milev, 2023)

The value of these technologies, however, does not come from their inclu-
sion in an ERP system alone. Their practical importance depends on how they
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are connected to existing business processes and the data generated by these
processes. ERP systems contain large amounts of operational and transactional
data covering different areas of an organization. When this data is sufficiently
accurate and consistent, Al can use it to support forecasting, identify deviations
from expected behavior, and suggest possible actions. (Sarferaz, 2026)

This creates an important differentiation between traditional ERP func-
tionality and Al-supported ERP functionality. Traditional reporting is mainly
concerned with what has already happened in the organization. Al-based analy-
sis can add a forward-looking perspective by estimating what is likely to happen
and, in some cases, suggesting how the organization could respond. In this
sense, Al does not replace the core functions of ERP systems. Rather, it extends
them by providing additional analytical capabilities that can be used to support
business decisions.

3. AI-Enabled Decision Support in ERP Systems

One of the main advantages of integrating Al into ERP systems is the pos-
sibility of using operational data not only to describe past activities, but also to
support decisions about future actions. ERP systems continuously collect data
from finance, sales, inventory, procurement, production, and other business pro-
cesses. Different Al technologies can process these data and support analytical
capabilities such as predictive analytics, pattern identification, anomaly detec-
tion, and recommendation generation. As illustrated in Figure 1, the resulting
insights can then be used to support planning, financial, and operational deci-
sions. (Luminita Hurbean, 2026)

"ERP SYSTEM

Integrated enterprise data and processes

=S il D LB @

Financial data Sales data Inventory data Supply chaindata | Production data

Al TECHNOLOGIES
Core Al techniques applied to ERP data
ll Natural | | |
Machine learning e :,:c;:ign;ise Generative Al
ANALYTICAL CAPABILITIES
Decision-relevant insights derived from Al analysis
ol ) Q
Predictive Pattern Anomaly Recommendation
analytics identification detection generation
DECISION SUPPORT
Use of Al cutputs in business processes
Planning decisions Financial decisions Operational decisions
(e.g. demand, production) le.g. risk, control) (e.g imventory, maintenance) J
HUMAN DECISION
Final decisicn made by business users
0®e "
SR W  Business users make the final decision

Figure 1 Al-enabled decision support in ERP systems

Source: Authors’ own elaboration.
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3.1. Demand Forecasting

Demand forecasting is an example of how Al can extend the analytical
capabilities of an ERP system. In this context, machine learning can support
predictive analytics by using historical and current ERP data to estimate future
demand. Traditional forecasting is generally based on historical data and prede-
fined statistical models, while machine learning methods can take into account a
larger number of variables and more complex relationships between them. De-
pending on the available data, these may include previous sales, seasonal pat-
terns, product characteristics, promotions, and other factors that influence de-
mand. (Mario Angos Mediavilla, 2022)

The forecast itself is not the final business decision. Its value comes from
the way it is used within related ERP processes. A predicted increase in demand,
for example, may indicate the need to adjust purchasing quantities, production
plans, or inventory levels. Similarly, an expected decrease in demand may lead
to more cautious purchasing or production decisions. In this way, predictive ana-
lytics provides additional information that can support planning decisions rather
than replace them. Research on Al-based demand forecasting shows that ma-
chine learning approaches can improve forecasting capabilities, although their
effectiveness remains strongly dependent on the quality and relevance of the
available data. (Mario Angos Mediavilla, 2022)

3.2. Financial Analysis and Anomaly Detection

Financial processes generate another important source of ERP data.
Transactions, invoices, payments, expenses, and accounting records can be ana-
lyzed to identify behavior that differs from established patterns. Al-based anom-
aly detection can support this process by identifying unusual transactions or
combinations of characteristics that may require further investigation. (Damian
Dziembek, 2025) This is particularly useful when the volume of financial trans-
actions makes detailed manual review difficult. Instead of reviewing every
transaction with the same level of attention, Al can help direct users toward cas-
es that appear unusual or potentially risky. However, an identified anomaly
should be treated as a signal rather than as evidence that a transaction is incor-
rect or fraudulent. Unusual business activity may have a legitimate explanation,
and further analysis is therefore necessary before a conclusion is reached.

Explainability is also important in this context. Users need to understand
why a transaction or activity has been identified as unusual before deciding how
to respond. For this reason, Al-based anomaly detection should support existing
financial control and audit procedures rather than replace professional judge-
ment. The main benefit is the ability to focus attention on relevant cases and
provide additional information for financial and risk-related decisions. (Damian
Dziembek, 2025)
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3.3. Supply Chain and Inventory Decisions

Al-supported analysis can also contribute to inventory and supply chain
decisions. ERP systems contain information about stock movements, sales or-
ders, purchase orders, supplier lead times, current inventory levels, and produc-
tion requirements. Analyzing these data together can provide a better foundation
for estimating future inventory needs and identifying possible supply problems
(Mario Angos Mediavilla, 2022) (Reza Toorajipour, 2021)

Demand forecasts can be combined with information about current stock
levels and expected deliveries to support decisions about when and how much to
order. Al can also help identify patterns related to repeated shortages, excess
inventory, delivery delays, or supplier performance. In addition to identifying
potential problems, Al models can generate recommendations concerning re-
plenishment timing, order quantities, or other possible actions. The practical
benefit is therefore not limited to greater automation. More importantly, Al can
help organizations identify potential problems earlier and provide decision-
makers with more timely and relevant information. The final decision, however,
still depends on the business context, available resources, contractual conditions,
and the judgement of the users responsible. (Reza Toorajipour, 2021)

These examples illustrate the general logic of Al-enabled decision support
in ERP systems. ERP systems provide integrated business data, while Al tech-
nologies transform these data into analytical capabilities such as prediction, pat-
tern identification, anomaly detection, and recommendation generation. The re-
sulting outputs can support planning, financial, and operational decisions. Their
value, however, depends on how they are interpreted and applied by business
users. For this reason, Al can strengthen ERP-based decision support without
eliminating the need for human judgement in the final decision-making process.

5. Challenges and Limitations of AI-Based Decision Support

Although Al can extend the decision-support capabilities of ERP systems,
its use also introduces several practical limitations. One of the most important is
the quality of the data used by Al models. ERP systems contain information col-
lected from different business processes, departments, and users, and this infor-
mation is not always complete, consistent, or up to date. Missing values, dupli-
cate records, incorrect classifications, or inconsistent master data can directly
affect the quality of the resulting forecasts and recommendations. For this rea-
son, the effectiveness of Al-based decision support depends not only on the se-
lected model, but also on the way enterprise data is collected, maintained, and
governed (Luminita Hurbean, 2026) (Sarferaz, 2026)

Another issue is the reliability of Al-generated results. Predictions are
based on patterns identified in existing data and are therefore affected by chang-
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es in business conditions. A model trained on historical demand, for example,
may become less accurate when customer behavior, market conditions, or sup-
ply constraints change significantly. Al outputs should consequently be treated
as estimates rather than certain outcomes. Continuous evaluation of model per-
formance is particularly important when predictions are used as an input to busi-
ness decisions (Sarferaz, 2026)

Explainability is closely related to this problem. In many ERP processes,
users need more than a prediction or a recommended action; they also need to
understand the factors that contributed to it. This is particularly relevant in fi-
nancial control, procurement, and other areas where decisions may need to be
justified or audited. More complex models can make this difficult because their
internal reasoning may not be immediately understood by business users. Re-
search on ERP anomaly detection, for example, shows the importance of provid-
ing interpretable information together with model results so that unusual transac-
tions can be examined rather than automatically classified as problematic.
(Kristof Coussement, 2024) (Marcelo 1. Reis, 2025)

Security and privacy also require particular attention. ERP systems con-
tain sensitive financial, employee, customer, supplier, and operational infor-
mation. Introducing Al creates additional data flows and processing activities,
which can increase the need for appropriate access control, data protection, log-
ging, and monitoring. These requirements become especially important when Al
services are connected to external platforms or when enterprise data are used for
model training and inference. (Sarferaz, 2026)

Finally, the use of Al does not remove the need for human judgement.
The appropriate level of reliance on an Al recommendation depends on the type
of decision, its potential consequences, and the confidence that can reasonably
be placed in the model. Routine and low-risk decisions may allow a higher de-
gree of automation, while decisions with significant financial or operational
consequences require stronger human oversight. (Marcelo 1. Reis, 2025) In this
sense, the main challenge is not simply to automate as many decisions as possi-
ble, but to determine where Al provides useful support and where professional
judgement should remain central. (Luminita Hurbean, 2026) (Sarferaz, 2026)

6. Conclusion

The integration of Al into ERP systems extends their traditional role
beyond transaction processing, process integration, and reporting. By using
enterprise data for forecasting, anomaly detection, pattern identification, and
recommendation generation, Al can provide additional support for planning,
financial, and operational decisions.

The examples discussed in this paper show that the value of Al in ERP
environments is closely related to the availability and quality of business data.
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Demand forecasting, financial anomaly detection, and supply chain analysis
demonstrate how information already generated within ERP processes can be
used to provide a more forward-looking view of business operations. In this
way, ERP systems can support not only the analysis of past events, but also the
assessment of possible future developments and actions.

At the same time, Al-based decision support introduces important
limitations. Data quality, model reliability, explainability, security, and privacy
can directly affect the usefulness of Al-generated outputs. For this reason,
predictions and recommendations should not be treated as unquestionable
results. Their interpretation requires knowledge of the business context and,
particularly in decisions with significant financial or operational consequences,
appropriate human oversight.

The role of Al in ERP systems should therefore be viewed primarily as an
extension of existing decision-support capabilities rather than as a complete
replacement for human decision-making. Further research could focus on the
practical evaluation of Al-supported ERP solutions, the impact of generative Al
on user interaction with enterprise systems, and the development of governance
approaches that balance automation with transparency, control, and
accountability.
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MOJAEJIA 3A UKOHOMHNYECKO IINIAHUPAHE, IOAITIOMOTI'HATHA
OT U3KYCTBEH UHTEJIEKT
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1. BnBeaenue

HapacTBamiaTa c10KHOCT Ha CbBPEMEHHUTE MKOHOMHYECKH CUCTEMU, Xa-
pPaKTEepU3HpAIlU CE C B3aUMOCBBP3aHU II00ATHM MMa3apH, XETEPOreHHU areHTH,
Obp3U TEXHOJOTUYHU MPOMEHH U HETPEJICKa3yeMH IIIOKOBE, Pa3KpH MPUCHIINTE
OTPAaHUYCHUS HA TPATUIIMOHHUTE MOJIEIN 32 MKOHOMHYECKO TIaHupane. B mpo-
TBIDKEHUE Ha JEeCeTWICTHS] MKOHOMHUCTUTE pa3uyuTaT Ha MHCTPYMEHTH KaTo
nkonometpuunu perpecuu (VAR, ARIMA), monenu Ha U34UCIUMO OOITIO paB-
HoBecue (CGE) u cucremna nunamuka (Feng et al., 2025). Berpeku 4e te3u
MOAXOJM MpeAsiarat eHHU MPO3PEHUS, T€ YECTO Ca OIPAHMYECHU OT JIMHEWHH
JOMYCKaHUsl, CTAaTUYHA MMapaMeTpu3aliusl, OTPaHUYEH KarmaluTeT 3a yJaBsSHe Ha
XETEPOreHHOCTTa Ha ar€HTUTE U MPEKOMEPHA 3aBUCUMOCT OT UCTOPUYECKH MO-
JIeJIi, KOUTO MOKE JTa He ca BaauaHu B TypOyneHTHa cpena (Pejkovié, 2025).

' n.veselinova@uni-svishtov.bg, Ctonancka akagemus ,,J{. A. Ilenos* - Cuios
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Ycnopeano ¢ ToBa, 0bp30TO pa3BUTHE Ha M3KycTBeHUs uHTENnekT (UMW),
0COOCHO B MAIIMHHOTO OOy4eHHE, 33AbJI00YEHO OO0yuYeHHE, MHOTOareéHTHOTO
oOydeHue ¢ nmojkpena u Mojaenaute Ha roiemu e3unu (LLM), otkpu 6e3mnperie-
JICHTHU BB3MOXKHOCTHU 3a MKOHOMHYECKO MojenupaHe u mianupane (Popa &
Muresan, 2025). TexHukuTe Ha W3KYCTBEHUS MHTENIEKT Moratr na oOpaboTBaT
OTPOMHH, BUCOKOYECTOTHM HAaOOpU OT JaHHM (Hamp. JaHHW Ha HUBO TPaH3akK-
IIUH, CAaTeJIMTHU U300paKEHUS, HACTPOCHHUS B COIMAIIHUTE MEINH), 1a Pa3KpH-
BaT HETMHEIHN B3aMMOBPB3KH, Ja CUMYJIUpPAT Bh3HUKBAIIW TIOBEICHUS Ha pa3-
JMYHU areHTH U J1a ONTUMHU3HUPAT MOJTUTUYECKUTE e B TUHAMUYHH YCIOBUS
(Chen et al., 2025). Te3au Bb3MOXHOCTU CHKUBUXA ABJITOTOJIUIIEH Je0aT OT-
HOCHO OCBIIIECTBUMOCTTa M BB3MOXHOCTUTE HAa MKOHOMHYECKOTO IUIaHUpAaHE,
ocobeHo ot u3BecteH ¢ ocnopsanero cu or Hayek m Lange mpe3 20-Tu Bek,
KONTO cera € mpepasriieqaH Mpe3 IMpu3MaTta Ha HH(OPMALMOHHO-
obOpaboTBaiara Mol Ha u3kyctBenus unrenekt (Robson & Tosi, 2025).

To3u matepuan uMa 3a 11eJ1 ja CUCTEMaTH3Upa MOJIETIUTE 32 UKOHOMUYEC-
KO IJIaHUpaHe, MOAKPENEeHN OT U3KYCTBEH MHTENEKT. [lo-KOHKpeTHO, ce pasr-
JeKJAT TEOPETUUHUTE OCHOBH, KOUTO CBBP3BAT KJIACUYECKUTE TEOPHUM 3a IUIa-
HUpaHEe C MOAXOoAUTEe, Oa3UpaHu Ha U3KYCTBEH MHTEJEKT, Mpejajiara ce THUIIOJIO-
rusi Ha monenute, 0asupanu Ha LLM u TeXHHTE OCHOBHU METOAOJIOTUHU, 00-
CHXKJa C€ MPAKTHUECKUTE MPHJIOKECHUS U KPUTUYHO C€ PasIIekAaT Mpeau3Bu-
KaTeJCcTBaTa, KOUTO CHITBTCTBAT MHTETPUPAHETO HA M3KYCTBEHHUS WHTEIIEKT B
npoiiecuTe Ha mianupane (Anggunia et al., 2025). AHaIU3BT € YUCTO KOHIICT-
TyaJieH U TIpeljiara CTpyKTypUpaH CHHTE3 Ha TEKYIIH WU3CIECABAHMS U TEPCIeK-
THBA, HACOYEHA KbM OBJIEIIETO, OTHOCHO Bb3MOXKHOCTUTE M HEJOCTATHIIUTE Ha
U3KYCTBEHUS UHTEJIEKT B NKOHOMUYECKOTO IJIaHUpPaHE.

NKOHOMMUYECKOTO TUIaHHWpaHE C€ OMpeJeNs KaTo MpoLec Ha B3eMaHE Ha
pEILIeHNs OTHOCHO PA3NpeleIeHUETO Ha pecypcure, pa3pabOTBaHETO Ha IOJIH-
TUKA U IPOrHO3MPAHETO HA MKOHOMUYECKM MOKa3aTeJd B pa3jMuHU Maliadu
(Karten et al., 2025). B T03u KOHTEKCT, M3KYCTBEHUSIT HHTEJICKT 0OXBaIla BCsKa
U3YUCIIUTEIHA CUCTEMA, KOSATO C€ YYd OT JIaHHU WIM B3aUMOJAEMCTBUS, 3a Ja
IIOJIMTOMOTHE WJIM aBTOMAaTU3Mpa aCleKTH Ha IJIaHUPAHETO, BKIFOUUTEIHO MPOr-
HO3CH aHalu3, CUMYyJalus, 0a3upaHa Ha areHTH, ONTUMHU3ALNS HA TIOJUTHKU U
pascwxkaeHus: Ha ectectBeH e3uk (Popa & Muresan, 2025). ToBa u3cneaBaHe €
HAaCOYEHO KbM ChbBPEMEHHUTE TEXHOJOTHH U MBTA MpPe] HKOHOMUYECKO TIIaHU-
paHe, OCHOBaHO Ha U3KYCTBEH MHTEJIEKT.

2. UxoHOMUYeCKO MJIAHUPAHE C U3KYCTBEH HHTEJIEKT

[locnennure wu3cnenBaHus UACHTU(GUUUPAT TPU OTIMYUTEITHU H3MEpe-
Hus, upe3 kouto MU tpanchopmupa HKOHOMUYECKOTO TUIAHUPAHE: MPEOCMUC-
JSTHETO Ha MH(OpManMOHHUS MpoOJieM, MosiBaTa Ha HEepapXUYHU apXUTEKTYpPHU
Ha TUIaHUpaHEe W OIepaluoOHaIM3aIMATa Ha PEKYPCUBHH LIUKJIU Ha MPOTHO3Upa-
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He-cumynanus-ontumusamnus (Chen et al., 2025; Pejkovi¢, 2025; Robson &
Tosi, 2025). Te3u usmepeHus: orpa3saBaT KaKTO TEOPETHUYHOTO HACIEACTBO Ha
nebatuTe 3a IUIaHUpaHe, Taka U TEXHUYECKUTE Bb3MOKHOCTH Ha ChBPEMEHHUTE
cucremu ¢ MN.

Kputnkara na Hayek kbM LeHTpaIHOTO IMJIaHHpaHe c€ OCHOBaBa Ha ap-
IYMEHTa, Y€ UKOHOMUYECKH PEJICBAHTHOTO 3HAHME € Pa3NpbCHATO, KOHTEKCTY-
aJIHO cHelM(UYHO U YECTO MBJIYAINBO, KaYeCTBA, KOUTO HUKOW LIEHTPAJIEH Op-
rad He Ou Morbia Ja yioBu HambiaHO (Pejkovié, 2025). M3KyCTBEHUSAT UHTENEKT
HE pelaBa To3M npoodseM, a ro Tpanchopmupa pyHaaMmeHTaIHO. ChbBPEMEHHUTE
CHUCTEMHM MOTaT Jia arperupar u 00paboTBaT JaHHU B OE3MpEleICHTHU Malladu,
HO TsAXHaTa €(EeKTUBHOCT 3aBUCU KPUTHUYHO OT Ka4€CTBOTO, IPEICTABUTEIHOCT-
Ta ¥ HaBPEeMEHHOCTTa Ha nanHute (Anggunia et al., 2025). [To-bynmamenTanHo,
caMOpe(EpEeHTHUAT XapaKTep Ha W3KYCTBEHHUS HHTEIEKT B MKOHOMUYECKHUTE
CUCTEMHU, KBIETO AJITOPUTMHUTE 3a IJIaHUpaHE TPsOBa Ja OTUYUTAT MOBEICHUETO
Ha JIpYTH ajJrOpUTMH, BbBEXKJA CJIOW CIOXHOCT, KOWTO Kilacuueckara UHQop-
MallMOHHA Teopusi HUKoTa He e mpenBmwkaaia (Robson & Tosi, 2025). [1nanu-
pamuAr cera TpsOBa ja MOJEIUpPa HE CaMO YOBEIIKUTE areHTH, HO U CUCTEMUTE
C U3KYCTBEH MHTEJIEKT, KOUTO BCE IOBEYE MOCPEAHUYAT IPU B3EMAHETO HA pe-
IICHMS.

[InanupaHeTo, NOJKPENEHO OT U3KYCTBEH MHTEJIEKT, OOMKHOBEHO padboTH
ype3 MHoOrocreneHHu epapxuunu crpyktypu (Chen et al., 2025). Ha Bbpxa e
LHEHTPAJIEH MOJYJ 3a IUIaHUpPAHE, peaIM3UpPaH 4Ype3 MOJAEIHA Ha TOJIEMH €3HIIH
(LLM) unu are’TH 3a 00y4eHHE ¢ TOJAKpeENna, ToBa (popMyaupa MUPOKU LETU U
CTPAaTErMYeCcK HACOKU. MEXIMHHUTE HUBA Ca CHEUUATU3UPAHU CUCTEMU C W3-
KYCTBEH MHTEJIEKT 32 CEKTOPHO IIAHUPAHE, MPEBPBIIANKY LIETUTE B U3ITbIHUMU
3amayd. B ocHOBara, OTIENHUTE MKOHOMHYECKM areHTH B3aMMOJEHCTBAT ChC
cUCTeMaTa, IPeloCTaBAKu 0oOpaTHa Bpbh3Ka B peajHO BpPeME M T€HEepUpanKu
noJAPOOHM JaHHU, KOUTO MH(GOPMUPAT pellleHusTa Ha mo-Brucokotro HUBO (Feng
et al., 2025). Ta3u apxuTekTypa MO3BOJISBA KAKTO LIEHTPAJIHA KOOPIUHALIUS, Ta-
Ka ¥ MECTHa aBTOHOMHUS, KaTO CE€ CIPaBs C BEUHOTO HAMNPEKEHUE B TEOPUATA HA
IUTAHUPAHETO MEXAY KOHTPOJIA OTTOPE HAJIONy M alalTalusITa OTJ0JIy Harope.

3a paznuka OT TPaAULIMOHHOTO JMHENHO TUIaHUpaHe (MpOrHo3a — pelle-
HUE — BHEJPSABAHE), INIAHUPAHETO C MOMOIITAa Ha U3KYCTBEH MHTEIEKT paboTu
KaTo HEMpeKbCHAT, UTEPaTUBEH LIUKBI Ha oOpatHa Bpb3Kka (Chen et al., 2025).
[TpenckaszBammre MOJEIM TeHEPUPAT 0a30BU MPOTHO3M 3a MOKa3aTeNd, U3MOJ3-
Baliku apxuTekTypH 3a o0yuenue (LSTM, tpancpopmaTopu), KOUTO yIaBAT HE-
JMHEWHU BPB3KU U BpeMeBH 3aBucumoctu (Popa & Muresan, 2025). Te3u npor-
HO3U C€ U3MOJ3BAT B CUMYJAIMOHHU CpeAr, OOMKHOBEHO MHOTOAreHTHU CUCTe-
MU, KbJIETO TIOJIMTUKUTE CE TECTBAT CIPSIMO PA3IMYHU CLIEHAPUU U C€ HaOI01a-
BaT Bb3HUKBAIIM pe3yaTaTu Ha cucteMHo HUBO (Feng et al., 2025). PesynraTtute
OT CUMYJIALIMUTE BHOCIEACTBUE MHGOPMHUPAT 32 ONTUMHU3ALMITA HAa TOJIUTUKH-
T€ Ype3 aIrOpUTMH 3a 00yUYEHHUE C MOJAKpena, KOUTO ThPCAT ONTUMAIHU MHapa-
MeTpH, OaaHCHpaIii MHOKECTBO 1LIE€JIU, KaTO PacTeX, paBEeHCTBO, yCTOWYUBOCT,
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crabunHoct (Karten et al., 2025). ukbabT € peKypCHBEH: ONTUMHU3HPAHUTE
NOJINTUKU TE€HEPUPAT HOBU JAHHU, YCHBBPIICHCTBANKUA MPOTHO3UTE, KOUTO OT
CBOSI CTpaHa MoJ00psBaT CUMYJAIMUTE U MO-HATaThIIHATA ONTUMHU3ALHUA, Ch3-
JABaliKy caMOaJIallTHBHA CHCTEMA 3a TUIAHUPAHE.

3. Tunojorusi Ha MoJeJIUTE

B nutepatypaTta ce pasrpaHuyaBaT TPU OCHOBHU KaTE€ropuyd MOJENU 32
MKOHOMHUYECKO IJIaHUPaHe, MOJKPENEeHH OT M3KYCTBEH WHTEJEKT: MOJEIU 3a
MPOTHO3MpaHE, CUMYJIALIMOHHUA MOJIEIN U MOJENH 3a onTtuMu3zanus (Anggunia
et al., 2025; Chen et al., 2025; Popa & Muresan, 2025). Te3u kaTeropuu He ca
B3aMMHO M3KJIIOYBAIM C€, a (QYHKIIMOHUPAT B JOIM'BJIBAIIM c€ KOH(PHUTypalnu B
paMKUTE HAa UHTETPUPAHUTE CUCTEMHU 32 IUITAHUPAHE.

[IporHo3HuTe MOjENM MpeACTaBIsSBaT WH(OpMAIMOHHATA OCHOBAa Ha
IJIAaHUPAHETO, 0a3MpPaHO HA U3KYCTBEH MHTEJEKT, MPEIOCTaBAUKN 0a30BU MPOT-
HO3u 3a mokasarenu (Popa & Muresan, 2025). ChBpeMeHHUTE MOAXOAH CE
MPOCTUPAT OTBBI TpaaulMoHHUTE MKOHOMeTpuuHu Mmetonu (VAR, ARIMA)
Yype3 MpUJIaraHeTo Ha apXUTEKTYPH 32 MAIIMHHO 00y4YeHUe U 3aAbJI00UYEHO 00Y-
YEeHHUE.

ApxuTekTypute 3a 3a1bi1004eHO OOy4YeHHE IEMOHCTPHUPAT NPOU3BOJHU-
TEJTHOCT MPH yJaBSIHE HA HEJIMHEWHU BPB3KU U BPEMEBH 3aBUCUMOCTH. Mpexu-
Te ¢ abiara kpatkocpouyHa namet (LSTM) u 3aTBOpeHUTE PEKYPEHTHU €AMHUIU
(GRU) edexTrBHO MOIEIMPAT MOCIECIOBATETHN HKOHOMHYECKH JTaHHH, JOKATO
TeMropaiHnuTe KoHBoOIMoHHN Mpexku (TCN) npennarat nzuuciautenna eQex-
TUBHOCT 3a IBJrocpodyHu 3aBucumMocT (Popa & Muresan, 2025). ApxuTekry-
pute, 6a3upaHu Ha TpaHcPopMalvs, MbPBOHAYAIHO pa3pabOTeHH 3a 00paboTKa
Ha ECTECTBEH €3UK, 0sXxa aJanTUpaHd 3a TPOTHO3UpAHE, MOCTUTANKK Hau-
ChbBPEMEHHU PE3yJITATH MPH yJIaBSIHE HA CII0KHHU B3aHUMOJIEUCTBUS B MHOKECTBO
BpeMeBH penose (Popa & Muresan, 2025).

Arperupamnure METoau KOMOMHUPAT MHOKECTBO aJTOPUTMHU, 32 Ja IO-
T0OpSAT TOYHOCTTA W YCTOMYHMBOCTTA Ha TporHo3ute. MammauTe 3a Random
Forest, XGBoost u rpagueHTHO yCWJIBaHE ca MIMPOKO MPUIJIATaHU 3a 3aJa4yu 10
MKOHOMHUYECKO MPOTHO3UpPAHE, KaTO YECTO MPEBB3XO0XKJIAT MOAXOAUTE C E€IHH
MOJie] 4pe3 HaMmallsiBaHe Ha JUCIEpcHUATa U OTKIOHEeHuATa (Anggunia et al.,
2025). XuOpuaHuTe MOAX0AU, KOUTO MHTETPUPAT KIACUYECKH UKOHOMETPUYHU
MOJIETI C MAIIMHHO 00ydeHue, kato VAR, HOMbIHEH ¢ HEBPOHHU MPEXHU, U3-
MOJI3BAT MHTEPIPETHUPYEMOCTTA Ha CTPYKTYPHHUTE MOJENTU U MpeicKa3BaiaTa
cuJa Ha TEXHUKHUTE, OCHOBaHU Ha gaHHU (Popa & Muresan, 2025).

BucokouecToTHUTE U aNTepPHATUBHUTE JTAHHU JOMBIHUTEIHO Pa3rpaHU-
YaBaT MPOTHO3UPAHETO C HM3KYCTBEH HHTENEKT OT TPAJUIMOHHUTE IOIXOJIU.
Cucremure ¢ M3KYCTBEH MHTEJEKT MOTraTr J1a BKJIIOYBAT CATEIUTHU H300paxe-
HUSI, HACTPOCHUS B COLIMATTHUTE MEJIUM, TPAH3AKIIUU C KPEAUTHU KapTH U JAHHU
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32 TBPCEHE B MpeXkara, 3a Ja eHepupar MPOTHO3HM 32 UKOHOMUYECKAaTa aKTHB-
HOCT B MMOYTH peanHo Bpeme (Anggunia et al., 2025). Ta3u Bb3MOXKHOCT MO3BO-
JsBa Ha TUJIAHOBUITUTE Jla pearupar mo-0bp30 Ha MPOMEHSIIUTE C€ YCIOBHS,
BBIIPEKU Y€ MOBJAUTA BBIIPOCHU OTHOCHO Ka4e€CTBOTO, MPEACTABUTEIIHOCTTA U T10-
BEPUTEITHOCTTA HA JTAHHUTE.

CumynanmoHHUTE MOJENHU MO3BOJSABAT HA MPOEKTAHTUTE Jla TECTBAT MO-
JUTUKA B KOHTPOJIMPAHU BUPTYATHH CPEIIU MPEIU TIXHOTO BHEAPSBAHE B peall-
HUs cBAT. MHoroarentHute cuctemu (MAS) npencrapisiBaT mpeobJiiazaBaiiaTa
napajnrMa, mpeaCcTaBIMKi HKOHOMUYECKUTE YJYACTHUIIM KaTO aBTOHOMHU areH-
TH, YAUTO B3aUMOJCHCTBHUS BOMIST J0 BH3HHMKBAIIW PE3yJTaTH Ha CUCTEMHO HU-
BO (Feng et al., 2025).

ArenTtHo-0a3upannute mojen (ABM) ¢ M3KyCTBEH MHTEJIEKT YJIaBST Xe-
TEPOTeHHOCTTa Ha UKOHOMHYECKUTE areHTH, JOMAKUHCTBA C Pa3IUYHU MPEATO-
YuTaHusl, GUPMU C pa3IMYHUA TPOU3BOJICTBEHH TEXHOJIOTUH, ((PUHAHCOBU UHCTH-
TYIIUU C Pa3IMYHU PUCKOBU MPO(HIN U AbPKABHU CTPYKTYpPHU C PA3IUYHU T10-
mutndecku unctpymeHTH (Feng et al., 2025). 3a paznuka oT Mojaenure ¢ mpesic-
TaBUTEJIHW areHTH B KJIacMueckaTa UKoHOMHKa, ABM 1o3BojsiBaT Ha U3CIEN0-
BaTenuTE Ja HaOMI0/IaBaT KakK MOBEJEHUETO HA MUKPO HUBO CE arperupa B Mak-
PO HHUBO MOJIENH, BKIIOYUTENIHO SIBJICHUS KaTO OaloHU, Kackaau U (pa3oBu mpe-
XOJI1, KOUTO JINHEMHUTE MOJIEIN HE MOTAT Jia Bb3IIPOU3BEAT.

ArenTtute ¢ rojsieMu e3ukoBu mojaenu (LLM) npencraBisBaT HanpeabK B
CUMYJIAIlMOHHUTE BB3MOXKHOCTU. Pamkara SimCity wu3mon3Ba MHOTOAareHTHa
cUMyJlalys ¢ OoraTu B3aUMOJEHCTBHS 3a MOJEIMPAaHE HA TPAJCKOTO Pa3BUTHE,
YIIaBSUKH CIIO)KHUTE OOPAaTHU BPBH3KU MEXKITY MKOHOMHUYECKATa aKTUBHOCT, WH-
dpacTpykTypara u momutnueckute naTepsenuun (Feng et al., 2025). Mepap-
XUYHUTE MHOTOAreHTHU paMKH M3mnoi3BaT 6azupanu Ha LLM mianoBuim, Kou-
TO KOOPAMHUPAT CIIEHUATU3UPAHN areHTH, MTO3BOJISBANKN JUHAMUYHO MOJIEIH-
paHe, MpU KOETO MOJIMTUKUTE c€ (OPMYIHPAT B OTTOBOP HA MPOMEHSIIUTE CE
ukoHomuyecku ycioBus (Chen et al., 2025). Te3u cucremu U3noia3BaT Bh3MOXK-
HOCTHTE 3a pazchxaeHue Ha LLM, 3a ga reHepupat npaBaonogo0HO MOBEACHHE
HA areHTUTE W OTTOBOPH, BBIIPEKU Y€ OCTABAT OIPAHUYEHU OT KAYECTBOTO Ha
JTAHHUTE 32 00yYCHHUE U MPUCHIUTE OTPAHUYCHHS HA €3MKOBUTE MOJICIH B UHC-
JIEHOTO Pa3ChkKACHHE.

CueHapHUAT aHaIU3 MPEICTABIsABA KIFOYOBO MPUIIOKEHHE HA CUMYJIALU-
oHHUTE Mojenu. [naHoBuIMTe MOTraT Ja CUMyIUpaT Bb3ACHUCTBUETO HA BHHIII-
HU IOKOBE, (PMHAHCOBY KPU3H, MPUPOIHHA OCICTBUS, MPEKHCBAHUS HA BepUraTa
3a JIOCTaBKU WJIM T€XHOJOTUYHU MPOOMBHU U Jla OLEHAT YCTOMYMBOCTTA HA pas-
JUYHUTE MOJUTHYECKH pexkuMu (Anggunia et al., 2025). TexHukuTe 3a TpaHC-
dbepHO 00yueHue MO3BOJSBAT MPUJIATaHETO HA CUMYJIALIMOHHU MOAeNU, 00yyde-
HU B €MH KOHTEKCT, KbM Pa3JIMYHU PETHOHAJIHU WM CEKTOPHU YCJIOBHS, IO-
nooOpsiBaliku e(heKTUBHOCTTa U 00001IaemocTTa (Anggunia et al., 2025).

Mopaenure 3a onTUMHU3aLUs pa3riexkaaT HOPMATUBHUS BBIIPOC 3a TOBA
KOU TOJIUTUKHU TPsIOBa Ja ObJaT mpujiaraHu, NPeIBU]I 3asBEHUTE 1€ U Orpa-
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HuueHus. O0yuenuero ¢ noakpena (RL) ce ouepraBa karo JoMuHUpala napa-
qUTMa 3a ONTUMU3AIMS HAa TOJUTHUKUA B JUHAMUYHA WKOHOMHYECKH CPEIU
(Chen et al., 2025; Karten et al., 2025).

OOyueHneTo ¢ MoJKperna 3a ONTUMHU3AIMSA Ha TIOJUTUKHA TPETUPA UKOHO-
MHUYECKOTO B3€MaHE Ha PEIICHUs KaTo MOCJIEA0BATENICH MPOo0JIeM C pelieHUsITa.
RL areHT B3aMMOJENCTBA ChC CUMYJIMPaHa Cpela, MOJYyYaBAMKU HArpaau Bb3
OCHOBa Ha pe3yJITaTUTE OT MOJUTUKATA, M CE YUH JIa MAaKCUMH3Upa KyMYyJIaTHB-
Hute Harpaau BbB BpemeTo (Chen et al., 2025). 3aabncouenu Q-mpexu (DQN)
W METOJIM Ha TpaueHTa Ha MOJUTUKATa Ca MPHJIOKCHHU 3a ONTHMH3UpaHE Ha
MOJINTUKH, TPABHJIA M PA3NpPEICICHUETO HA Pa3XoJd B MHOTOAareHTHH WKOHO-
muyecku cumynamnuu (Chen et al., 2025). Pamkara na LLM Economist uitocT-
pupa TO3U MOJAXO0J1, U3MOI3BANKNA MOJIENN C TOJisIMa TOIYJIAIKS U MTPOCKTUPAHE
Ha MEXaHU3MH B PAMKHUTE HA MHOTOAr€HTHU T€HEPATUBHU CUMYJIAKPHU 32 OLIEHKA
u onoopsaBane Ha nonutukurte (Karten et al., 2025).

MHororieneBata ONTUMH3AIMS PA3MIeKIa PEATHOCTTa, Y€ MKOHOMHYEC-
KUTE MOJUTUKU TPsiOBa Aa OalaHCHpaT KOHKYPHUPAIU Ce IEIH, UKOHOMHYECKH
pacTex, COIMaTIHO PaBEHCTBO, €KOJIOTMYHA YCTOWMYMBOCT, (MCKAIHA CTaOWII-
HOCT U TOJIMTUYECKA ochiecTBUMOCT (Anggunia et al., 2025). Texuukure Ha
Pareto 3a onTuMu3amus ThPCAT HAOOPH OT MOJMTHKH, TP KOUTO HUKOS TSN HE
MOXke Ja Obae moaoOpeHa, 6e3 ma ce BIOIIM Apyra, NPeAOCTaBsIUKU Ha B3eMa-
IIUTE PelIeHNs Habop OT KOMIIPOMHUCHH OIIIHH, a HE €THO-CTMHCTBEHO MPE/IITH-
caHo pemreHre. To3u TOAX0a MpH3HABA NMPHUCHIIUS TMOJUTHYSCKHA XapaKTep Ha
pereHusITa 3a IIaHupaHe, KaTo ChIIIEBPEMEHHO MPEOCTABS CTPOTa aHATUTHYHA
nonkpena (Anggunia et al., 2025).

PexypcuBHaTa onTuMH3anus pa3rpaHUyaBa IUIAHUPAHETO, 0a3MpaHO Ha
U3KYCTBEH MHTENEKT, OT CTaTUYHATA ONTHUMHU3ALUS B KIACHYECKUTE MOJIEIH.
Thii KaTO MKOHOMHUYECKUTE CHCTEMHU CE€ Pa3BUBAT B OTTOBOP HA TMOJIMTHUKHUTE,
ONITUMU3ANUATA TPsAOBa JAa ObJIe HeMpeKbCcHATa U amanTuBHA. RL anroputmute
10 CBOSITAa CHIHOCT MOABPIKAT Ta3u PEKypCHUBHA JIOTUKA, aKTyaTU3UpaKy ma-
paMeTpuTe Ha MOJMTHKATA C TIOSIBaTa Ha HOBH JIaHHU M C TIPOMsIHATa HA UKOHO-
muueckata cpeaa (Chen et al., 2025). To3u aganTuBEeH KaIamUTET € 0COOEHO
IIEHEH B HeCTaOMIIHA cpefia, KbACTO CTATUIHUTE TIOJUTHKHA OBP30 OCTapsBar.

Brnpeku ye nmporHo3upaHeTo, CUMYJIANAATa M ONTUMHU3AIKATA Ca aHAIIN-
TAYHO Pa3INYHU, MPAKTUYCCKUTE peaM3alliil BCE TOBEYE T'M WHTETpUpaT B
yauduimpanu cucremu 3a mianupane (Chen et al., 2025). IIporno3nute mMome-
JIM TeHEepUpaT JaHHUTE, HEOOXOIUMH 32 CUMYJIAIIUUTE; CUMYJIAIIMATE OCUTYPSI-
BaT Cpeaara, B KOSATO C€ M3BBHPINBA ONTUMHU3AIMUATA; ONTUMHU3UPAHUTE TIOJTUTH-
KU JaBaT oOpaTHA Bpbh3Ka Ha MPOTHO3UTE, Ch3/IaBaKU PEKYPCUBHUS ITUKBI. Ta-
3W MHTETpAllMs OTIMYaBa IJIaHUPAHETO, 0a3UpaHO HAa M3KYCTBEH WHTENEKT, OT
TPaIUIIMOHHNUTE MOAXOH, KBICTO MPOTHO3UPAHETO, aHATU3BT U B3EMAHETO Ha
perieHnss OOMKHOBEHO MPOTHYAT B JIMHEHHA, HECBBp3aHa IOCIIEIOBATEIIHOCT
(Karten et al., 2025).
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4. 3akiouyenue

N3cnenBaneTo aoBene A0 HAKOJIKO 3aKIIFOUYECHHSI, KOUTO 3aCTy’KaBaT BHH-
MaHHe, BBIIPEKH Y€ BCSIKO OT TSAX OCTaBa 3aBUCHUMO OT CHEIU(DUIHUTE TOMyCKa-
HUS U OTPAaHUYCHHUSI.

IIspBO, Bpb3kaTa Mexay MU u kimacudeckuss nHPoOpMaIMoHeH MpooiemM
U3TJICK]Ia TT0-CII0’KHA, OTKOJIKOTO HETOBUTE TOIPHKHUIIA WM KPUTHIIH OOWK-
HOBEHO npu3HaBaT. Bbrpeku ue cuctemure ¢ MW nemoHcTpupar 6e3npereacH-
TEH KaraluTeT 3a arperupaHe Ha JaHHW M pa3M0o3HaBaHE HA MOJICIH, HATHYHUTE
JIOKA3aTeJICTBA HE TOJKPEIIT TBBPACHUETO, Y€ TE peniaBar (pyHIaMEHTATHUTE
€MUCTEeMOJIOTUYHY TIPEeAN3BUKATENICTBA, uacHTUpuiupanu ot Hayek (Pejkovic,
2025). Io-ckopo MU wm3rnexna tpanchopmupa T€3u MPEIU3BUKATEICTBA, Bb-
BEXKJaliku HOBU ()OPMH Ha 3aBUCHUMOCT OT JJaHHU, AJITOPUTMUYHO MPUCTPACTHE
U PEKypCHUBHA CJIOXKHOCT, KOUTO KJIACWYEeCKaTa TEeOpHsl Ha IUIAHUPAHETO HE €
npeaBmwxkaana. Jlamm te3u Tpanchopmanuy MpeacTaBiIsiBaT MPOTPEC WA PETPec
3aBUCH OT KPUTEPUU, KOUTO CaMU IO cebe CH ca MpeIMeT Ha HOPMATHUBHO He-
coriacue (Robson & Tosi, 2025).

Bropo, oneparuBHaTta j0rvKa Ha IUIAHUPAHETO, akTUBHpaHo ot MU, ce
pazinyaBa CBIIECTBEHO OT KJIACMYECKUTE MOAXOAM IO CBOSITa PEKypCHUBHA
CTpykTypa. L{IuKbIBT Ha MPOrHO3UPAHE-CUMYIAIUA-ONITHMH3AIIMs, Ha0JI01aBaH
B CBBPEMCHHHUTE PaMKH, MPEIojiara OTKJIOHCHHE OT JIMHCHHHUTE MOCIIeI0Ba-
TEJTHOCTH ,,liporHo3upane-ciuen-umimiementupane’ (Chen et al., 2025; Feng et
al., 2025). [locnequuure OT Ta3u PEKYPCUBHOCT 00ade OCTaBAT HEJOCTATHYHO
pazopanu. OOpaTHUTE BPBH3KH MOTAT Ja MOAOOPAT aalTUBHUS KAMAIUTET MIPU
OTIpe/IeJICHN YCJIOBHS, HO ChIIO Taka MOTaT Ja FeHEepUpaT HECTAOMIHOCT WM
edekTr Ha OJIOKMpaHe, KOUTO ca TPYIHU 3a MPEIBIKIAHE WU KOHTPOJIUPAHE.
YcnoBusita, Ipu KOUTO PEKYPCUBHOCTTA MOI00psIBa, a HE BJIOIIAaBa PE3yJITaTUTE
OT IUIAHUPAHETO, MPEACTABIISIBAT OTBOPEH U3CIEA0BATEIICKH BBIIPOC.

Tpeto, Bpb3KkaTa MEXIy TEXHUYECKHUSI KaNalUTET U WHCTUTYIIMOHAJIHATA
e(peKTUBHOCT 3acily>kaBa BHUMaHue. JINTepaTypHUST aHaINU3 MOKa3Ba, Y€ TOYHOCT-
Ta HA MIPOrHO3UPAHETO, MPEIM3HOCTTa Ha CUMYJIAIUATA U PEIU3HOCTTa HA ONTHU-
MU3aIUATa ca HEOOXOIMMU, HO HE U JIOCTAThUHU yCJIOBHSA 3a JOOPO MKOHOMUYEC-
ko mianupaHe (Anggunia et al., 2025; Robson & Tosi, 2025). JlerutumMHOCTTA,
MIPO3PAYHOCTTa ¥ OTYETHOCTTA HA CUCTEMUTE 3a IUIAHUPAHE C U3KYCTBEH MHTEIICKT
W3TIISKIAT MIOHE TOJTKOBA BAYKHU, KOJIKOTO M TEXHUYECKATa UM TIPOU3BOIUTEITHOCT.
ToBa HabrOACHNE TpeANnonara, 4¢ CTOWHOCTTa Ha M3KYCTBEHUS WHTEJNIEKT B UKO-
HOMHMYECKOTO IJIAHUPAHE MOXKE J1a ObJie pean3upana caMo KOraTto € mpupyxeHa
OT MHCTUTYLIMOHATTHU pedOpMU, KOUTO PA3IIIEKAAT NOJTUTUYECKUTE U HOPMATHUB-
HUTE U3MEPEHUS Ha PEILLICHUTA 3 TIIAHUPAHE.

CrpliecTByBa HaIpeKEHUE MEXAY KOMIIOTHPHOTO MOJEITUpPAHE U Hepe-
OYLUPYEMUS XapaKkTep Ha IJIaHupaHeTo. NKOHOMUYECKOTO MIaHupaHe BKIIIOYBA
KOMIIPOMHUCH ChC CTOMHOCTTa, M300p Ha pasnpejesieHre U HOPMAaTUBHHU aHra-
KUMEHTH, KOUTO aJTOPUTMUYHA ONTHMH3AINAS HE MOKe Ja paspemu. M3kycrt-
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BEHUST MUHTEJIEKT MPEAOCTaBs MOUIHH aHAIUTUYHU UHCTPYMEHTH, HO T€3U HUHC-
TPYMEHTH JEHCTBAT B paMKHUTE HA CHIIECTBYBAILIUTE CTPYKTYPH Ha BIACT U UH-
CTUTYLMOHAJIHU JIOTUKUA U MoraT na ru noacwiat (Pejkovié, 2025). lanu uH-
TErPUPAHETO HA M3KYCTBEHMSI MHTEJIEKT B MKOHOMHYECKOTO IUIaHHpaHEe 00c-
JTy’XBa IIMPOKHA OOIECTBEHU MHTEPECH WIM TECHH TEXHUUYECKU IIeJH, OCTaBa
OTBOpPEH BBIIPOC, KOMTO 3aBUCH OT TOBA KaK TE€3M CHUCTEMH Ca MPOCKTHPAHH,
BHEJIPCHU U YIIPaBIISIBAHHU.

Heo6xoanMu ca TOMBIHUTENHU U3CIEABAHUS B HIKOJKO acIleKTa: ycjo-
BUATA, TIPU KOWTO PEKYPCUBHUTE IUKIN Ha TUTAHHpaHE TeHEepUpaT CTAOWITHU
pe3yNTaTh; WHCTUTYLIMOHAIHUTE JOTOBOPEHOCTH, KOUTO Hal-I00pe CMEKJaBat
AITOPUTMUYHUTE MPUCTPACTUS U OCUTYPSBAT OTUYETHOCT M HOPMATHUBHUTE paM-
KH, KOUTO CJIe/IBa Jia PbKOBOJAT MPOCKTUPAHETO HA CUCTEMUTE 3a IJIAHUPAHE C
U3KYCTBEH MHTENEKT. TeXHUUECKUAT BBIPOC 32 TOBA KaKBO MOXKE Jla MPaBU U3-
KYCTBEHHUST UHTEJIEKT TPsiOBa J1a Obe ChIPOBOAEH OT MPOABHKUTETHO IPOYyY-
BaHE Ha TOBAa KaKBO TpsiOBa J1a MpaBU M3KYCTBEHUAT MHTEJIEKT U 3a KOTO.

H3no0J13BaHd U3TOYHHUIIH

Anggunia, S. D., Sowell, J., & Pérez-Ortiz, M. (2025). Decoding development:
The Al frontier in policy crafting: A systematic review. Data & Policy, 7,
e31. https://doi.org/10.1017/dap.2025.10

Chen, Z., Shi, Z., Yang, Y., Fang, M., & Du, Y. (2025). EconTwo: A two-level
multi-agent framework for dynamic macroeconomic modeling with shock
resilience. In Proceedings of the 24th International Conference on Auton-
omous Agents and Multiagent Systems (AAMAS 2025). International
Foundation for Autonomous Agents and Multiagent Systems.

Feng, Y., Lu, Y., Su, H.,, & He, T. (2025). SimCity: Multi-Agent Urban
Development Simulation with Rich Interactions. arXiv preprint
arXiv:2510.01297. https://doi.org/10.48550/arXiv.2510.01297

Karten, S., Li, W., Ding, Z., Kleiner, S., Bai, Y., & Jin, C. (2025). LLM
Economist: Large Population Models and Mechanism Design in Multi-
Agent Generative Simulacra. arXiv preprint arXiv:2507.15815.
https://doi.org/10.48550/arXiv.2507.15815

Pejkovi¢, M. (2025). Artificial intelligence and central economic planning. Srpska
politicka misao, 94(6), 25-42. https://doi.org/10.5937/spm94-59849

Popa, F. G., & Muresan, V. (2025). Artificial Intelligence in Finance: From
Market Prediction to Macroeconomic and Firm-Level Forecasting. Al,
6(11), 295. https://doi.org/10.3390/a16110295

Robson, G., & Tosi, J. (2025, August 12). Al and political economy: Citizens
beware. The Journal of Politics Blog.
https://ubwp.buffalo.edu/jopblog/2025/08/12/ai-and-political-economy-
citizens-beware/

222


https://ubwp.buffalo.edu/jopblog/2025/08/12/ai-and-political-economy-citizens-beware/
https://ubwp.buffalo.edu/jopblog/2025/08/12/ai-and-political-economy-citizens-beware/

N3KYCTBEHUAT UHTEJIEKT B COEPATA HA JIMAEPCTBOTO

I'n. ac. a-p Hagexna Credanosa !

Pe3tome: Hacmoawuam 0oknad pazenexicoa Hapacmeawyama pois Ha U3KYCMEEeHUs.
UHMENeKM U 0ZPOMHOMO MY 8b30eliCmsue 6bpxy cbepeMeHnama obusnec cpeda. OcHogen ax-
YeHm e nOCmageH 8bpxy UHMeZPUPaHemo Ha U3KyCmeeHus unmenekm 6 cgpepama Ha auoepc-
MBOMO, KOemo HAlaead NPeoCMUCTAHE HA TUOePCKUme poau u ymenus. B mosu xkonmexcm ce
U3MBKEAM NO3UMe U NPeouU3sUKAmMeIcmeama, C8bP3aHU ¢ 6HEOPABAHEMO HA U3KYCMEEHUs
uHmenexm, Kamo ce npeoiaza nooxoo, KOUmo 0a noOOnomaza eeKmusHOCmma Ha auoepume
6 MAXHAMA YnpasieHcKa 0etiHocm.

KuarouoBu nymm: 1uoep, nuoepcmeo, usKycmeen unmenekm, pabomuo Msacmo
JEL: M1, M12

ARTIFICIAL INTELLIGENCE IN LEADERSHIP
Head Assist.Prof. Nadezhda Stefanova, PhD

Abstract: This report examines the growing role of artificial intelligence and its pro-
found impact on the modern business environment. Particular emphasis is placed on the inte-
gration of artificial intelligence into the realm of leadership, necessitating a rethinking of
leadership roles and skills. In this context, the report highlights the benefits and challenges
associated with the implementation of artificial intelligence and proposes an approach to
support leaders in the effectiveness of their managerial activities.

Key words. leader, leadership, artificial intelligence, workplace

JEL: M1, M12

1. BnBeaenue

JlHec nMuaepcTBOTO, B YaCTHOCT JIMJIEPUTE B OpraHU3allud TPsiOBa Hempe-
KbCHATO JIa C€ pa3BHBAT M MPUOOIABAT KbM YCTONYHBU OM3HEC MOJEIH, 3a Ja
MOX€ CBOCBPEMEHHO M T'bBKABO Jla MOCTUTaT MO-BUCOKA KOHKYPEHTOCIOCOO-
HOCT U MO-BUCOKA MHOBATUBHOCT.

HenpenckazyemocTTa, TEXHOJIOTUYHHS MPOrPEC U MKOHOMUYECKUTE KO-
nebaHus HajlaraT OpraHU3allMOHHA MPOMSHA U JUAEPCKa €(PEKTUBHOCT, KOSTO
Jla IOCpeNia HOBUTE MPEAU3BUKATEIICTBA U TAXHOTO Bb3AcHcTBUE. [Ipu TOBA Mo-
JIOKEHHE C€ M3UCKBA KYJITUBUPAHE HAa OpPraHU3allMOHHATa KyITypa, KbIAETO
WHOBAaTUBHUTE TEXHOJOTUU KAaTO U3KYCTBEHUS MHTEJEKT, MOTraT Jia ObJaT B IO-
MOIIl Ha JIMJEpa MPU OCHIIECCTBABAHE HA CTPATErMYECKA ONTUMM3ALMUS U B3eMa-
HE Ha I'bBKAaBU YIPABICHCKHU pemieHus. CieaoBaTenHoO, JIMAEPUTE, KOUTO YyC-
MENTHO MHTETPUPAT M3KYCTBEHUS MHTENEKT C€ OKa3BaT Mo-eeKTUBHU U odop-
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MST OBJEIe, KbIACTO ChUECTAHUETO MEXK/Y YOBEKA U TEXHOJIOTHATA C€ Bh3IPHE-
Ma KaTo IEHEH MHCTPYMEHT 3a TMOBHUIIICHA MPOU3BOAUTEIHOCT U MO-100pH On3-
HeC pe3yJNTaTy.

2. Pojisi Ha M3KYCTBEHHMST MHTEJIEKT B JINJIEPCTBOTO

B anemnus Obp30 pa3BuBall ce AUTUTAICH MEH3aX, €IHO TEXHOJIOTHIHO
MIOCTIIKEHHNE CE OTKPOSBA KaTO PEBOJIIOLIMOHHO 32 OM3HECa B Pa3IMuHU WHIYCT-
pun: n3kycrBeHusT unrenekt (M), Cbe cnocoOHOCTTA CU J1a UMUTUPA YOBEILI-
KHsI MHTEJIEKT M JIa U3IBJIHSIBA 3a7a9M, KOUTO TPAJAUIIMOHHO M3UCKBAT YOBEIIIKA
Hameca, I ce nmpeBbpHA B KpallbI'bJIeH KAMBK Ha ChbBPEMEHHUTE OU3HEC CTpa-
teruu. (The Transformative Influence of Artificial Intelligence on Modern
Business, 2026) Cnopen nociennure npoyuBanus, 35% or OusHeca Bede u3-
M0JI3Ba U3KYCTBEH MHTEJIEKT, KaTo 42% OT KOMIMaHUUTE OOMUCIISAT BHEAPSIBAHE-
TO Ha U3KycTBeH uHTeNeKT B Obaemie. (The Impact Of Artificial Intelligence On
Leadership: How To Leverage Al To Improve Decision-Making, 2026)

N3KyCTBEHUAT UHTENEKT € KPAaWHOTO MOMBIHEHWE KbM YOBEIIKOTO MHUC-
JeHe, MpeBbpHaTO B TexHojornyHa miardopma. (Olomi & Uranta, 2020) Ha-
pacTBalaTa WHTETpaIis U M3MOI3BAaHE HAa M3KYCTBEHHUS MHTEIEKT OKa3BaT ro-
JSIMO BJIMSIHME BBpXY paboTHata cpena Ha komnanuute. (Peifer, Jeske, & Hille,
2022)

[ToBumaBaiflku HMBOTO Ha YIpaBJiCHHE, M3KYCTBEHHUS MHTENEKT Ch3/aBa
HY)K7aTa OT €()EeKTUBHOCT Cpej JHIEPHUTE, KOUTO J1a YTBHPAAT MO-yCIelHaTa
OW3HEC CTOMHOCT CBIVIACHO TEXHOJOTUYHUS HANpEeIbK W JUTUTAIHATA TpaHC-
dbopmarus.

JIuaepcTBOTO, OCHOBAHO HAa M3KYCTBEH MHTEJEKT, € MPAaKTHKa 3a HaChp-
yaBaHe Ha KyJITypa Ha pabOTHOTO MSICTO, KbJIETO CIY>KUTEIUTE PEIOBHO U3IMOJI-
3BaT MHCTPYMEHTH C M3KYCTBEH MHTEJIEKT B IMOJKpena Ha paborara cu. To3m
MOJIXOJ1 TToIYepTaBa HapacTBallaTa poJisi Ha U3KYCTBEHHs] UHTENEKT B JIMIEPCT-
BOTO, KBJIETO TEXHOJOTUUTE U YOBELIKUTE MPO3peHus padbotar 3aeaHo. (What Is
Al-Driven Leadership? A Simple Guide for Modern Leaders, 2026)

W3KyCTBEHUAT MHTENEKT aHATU3Mpa IaHHU B PEAIHO BPEME U MPEIOCTaBs
IPENoOPbKH 3a JeHCTBUE, KaTO MO TO3M HaYMH MO3BOJISIBA HA JIUJEPUTE Ja B3e-
MaT TO-WH(OPMUpAHH pELIECHUS U Ja pearupar Mmo-Obp30 Ha TMPOMEHHUTE.
(Triangility, 2026) Upe3 BHeapsiBAHETO HA PEIICHUS C W3KYCTBEH WHTEIEKT
KOMIAHUHUTE MOTaT J1a OCBOOOJAT CIYKHUTEIUTE CH, 3 Ja CE ChCPEe0TOYaT Bbp-
Xy 3aJladyd OT MO-BUCOKO HUBO, M3UCKBAIIM [TOBEYE KPUTUYHO MUCIICHE U Kpea-
tuBHOCT. (Dennison, 2026)

Cnopen Metcalf, uma aecet Helia, KOUTO JUACPUTE TPsiOBaA Ja M3ITBIIHS-

Bar A00pe B OBJEIETO, 3aJBUKBAHO OT M3KYCTBEH MHTENEKT. Te ca (Metcalf,
2026):
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Komynukanuss — nuaepute TpsiOBa Aa mpoAbIKaT aa ce (OKycupaT Bbp-
Xy OCHOBHHM JIMJCPCKH YMEHUS, BKIIIOYBAIIN OOIIyBaHE C JPYrHTE — KO-
MYHHKAIHS, CbTPYIHUYECTBO, PETOBOPHU, COIIUAIHO BIUSHUE U AKTUBHO
CIIyILIaHE.

Harnaca 3a pactex — Hy»HO € /1a ce KyJITUBHpa MUCJIEHE 3a PacTex, JIo-
OOIMUTCTBO U yU€HE MPe3 LEIUs )KUBOT.

AJIanITUBHOCT — U3HUCKBA CE Jia ce MoA00psiBa CIIOCOOHOCTTA J1a MPEBUXK-
JaT TPOMEHUTE U MPOAKTUBHO Jla MHULUUPAT ChIJIACYBAHU MHULIMATUBU
3a MPOMSIHA.

Emo1ronanHa UHTEIMIEHTHOCT — HE0OX0AUMO € Ja ce POKyCUpaT BBPXY
€MOIIMOHAJIHATA UHTEITUT€HTHOCT, BKJIFOUUTEIHO CAMOCh3HAHUE, CAMOYTI-
paBJieHHe, OCh3HABaHE HA B3aMMOOTHOIICHUATA, EMIIATHsI, U3TPaKJIaHE HA
JIOBEpHUE U IMCUXO0JIOTHYecKa 0e30MacHOCT.

Harnaca 3a uzobunue — HAUMHBT Ha MHUCJIECHE, OPUEHTUPAH KbM H300H-
Jue, BMECTO KbM HEAOCTUT III€ UM MO3BOJISIBA /1a CE CIPABST C MPEACTOsI-
HIUTE MIPEIN3BUKATEIICTBA.

Excneptusa B obactta — CTpeMex Ja ce OTInYaBar B 00JacTure, B KO-
UTO Ca EKCIIEPTHU U Ja pa30upaT Hail-HOBUTE TEXHOJOTHYHU pa3pabOTKU
B T€3U 00JIACTH.

YMeHust 3a U3KYCTBEH UHTENIEKT — JIWJIEpUTE TpAOBa J1a 3HAST (M Ja uMaT
€KUITH, KOUTO 3HASAT) KaK J1a U3I0JI3BaT U3KYCTBEHUsI MHTEJEKT, 3a Ja Mo-
Jy4aT noJie3Ha HH(pOopMalus.

AHaTUTUYHU YMEHUS — PEIHO € J1a U3MO0JI3BAT HAYYEHOTO B MapTHHOPCT-
BO ¢ MHOpMaIKs, TeHepUpaHa OT U3KYCTBEH MHTENIEKT. 3a Ja HamlpaBsT
TOBA, 11I€ UM TPSAOBAT CHIIHM AHAJIMTUYHU YMEHUS U YMEHUS 3a peliaBaHe
Ha NMpoOJIeMH, KAaKTO U CIOCOOHOCT 33 CHCTEMHO MHCIICHE.

TBopuecTBO — naeHTUGUITUPaHE Ha 00macTu, kouto MU He 6u oOmmcu,
WM Ch3/aBaHe Ha pemieHus, kouto MU re Ou n3mucimi.

Ocb3HaBaHe HAa pUCKAa — MPOy4YBaHe Ha puckosere, kouto MU npenocra-
Bs, U HENPEKbCHATO pa3BUBAaHE Ha IMPOLIECUTE Ha yIpaBliEHHUE, 3a Jla ce
CHPABST C TE€3U PUCKOBE.

YcneurHuTe auaepy ca T€3U, KOUTO MOCTOSSHHO HAMUPAT HOBU HAYMHHM 32

paboTa, yueHe U OBJacTsIBaHe Ha cBouTe ciyxurtenu. (Adamopoulos, 2021) Tlo-
sBaTa Ha MAIMHHOTO 00YYEHUE U U3KYCTBEHUS UHTENICKT MPUHYXAaBa JUACpHU-
T€ Jla MMPEOCMHUCTAT KaKBO € HEOOXOAWMO, 3a J1a PBKOBOMIST YCIENTHO (upma,
3a/IBM>KBaHa OT U3KYCTBEH MHTENeKT. (Frangos, 2022)

YcTaHoBEeHO €, 4€ HNHOBAIIMUTC B oOjyacTra Ha HN3KYCTBCHHA HHTCIICKT

3HAUWUTETHO BIUSAST BBPXY CTUJIOBETE Ha JHUAEPCTBO, TMPABEHKA TH TIO-
OT3UBYUBHU, MPOAKTUBHU M CHOOPA3CHH C MPOMEHAIIUTE CE Ma3apHH YCIOBHUS.
(de Diego Ruiz, Almodovar, & Birkinshaw, 2024) Ta3u npaktrka Boau J0 TO-
no0peHus B OpraHU3aIllMOHHATa MPOU3BOAUTEIIHOCT U HAChpUaBa WHOBAIIUUTE.

(Heilig & Scheer, 2023) (Yathiraju & Dash, 2023)
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Cnopen n3cnenane Ha Brynjolfsson u Mcafee (Brynjolfsson & Mcafee,
2017), nuaepcTBOTO, NOJKPEIIEHO OT U3KYCTBEH MHTEJIEKT, HE CaMO MOBHILIABA
orepaTUBHATa €(PEKTUBHOCT, HO M HachpyaBa IPHUOOIABaHETO B Ipoleca Ha
B3€MAaHE Ha PEUICHHUS.

OT Ka3aHOTO 10 TYK CTaBa SICHO, ue HapacTBaimiara poyis Ha UU e Ge3c-
MOpPHA, & Bb3/ICCTBUETO MY BbPXY ChbBPEMEHHOTO JIMJIEPCTBO € PEBOJIIOLIMOHHO.
HNurerpanuara va U ycnsiBa na panuoHanu3upa peauia 3aayv, CBbP3aHU C
Ou3HeC MpoIenypuTe, 1a CTUMYIUPA WHOBAIMUTE M Jla IPEIOCTaBH IIEHHA WH-
dbopmanusi OTHOCHO HOBOBB3HHMKBAIIIUTE Bb3MOKHOCTH, Pa3lIUPSIBAKK JIHIEP-
CKUTE POJIM Y Pa3BUBANKH MPOLIECUTE 1O yIPaBJICHHE.

3. Ilos13u ¥ MpeaN3BUKATEICTBA OT Bb3AeHCTBHETO HA U3KYCTBEHUSA
HHTEJIEKT BbPXY JHAEPCTBOTO

JIunepure, KOUTO BB3MpPUEMAT HU3KYCTBEHMsI MHTEJIEKT, C€ OKa3BaT IO-
aJlaliTUBHU U TOTOBU 3a OBJEIIETO OT T€3U, KOUTO pa3uuTaT €AMHCTBEHO Ha
TpaJIULMOHHUTE METOAU. BChUIHOCT, MOM3UTE OT BB3JACHCTBUETO HA U3KYCTBE-
HUS UHTENEKT ce 00ycnaBatr B cieqHoTo: (Al-Powered Leadership: How Great
Leaders Are Using Al to Make Better Decisions, 2026)

» H3kycmeeHusim unmenekm nomaza Ha auoepume 0a 3emam no-6vp3u
peuienus, ocHO8aHu Ha OaHuu. VIHCTpyMEHTHTE C M3KYCTBEH HHTEIEKT
pelIaBaT ToBa, KaTo aHAIM3UPAT OTPOMHHU MAaCHBH OT JAaHHU 33 CEKYHIU
¥ OTKpOSIBAT HAl-BaXKHUTE MPO3PEHUSI.

» V3KycmeeHusim uHmeneKm HAMAIA6a NPUCMpAcmusma u noooopsea
cnpaeeonusocmma npu e3emanemo Ha pewenus. Hail-noOpure nunepu
U3I0JI3BAaT M3KYCTBEHUS MHTEJEKT KaTO MHCTPYMEHT 3a HaMalsBaHEe Ha
npeapa3ChAbIUTE, ClIeJ KOETO T'o KOMOMHHUpAT ChC CBOSITA €MIIaTHs,
eTHKa U KOHTEKCT.

» H3KycmeeHusim uHmenekm no360.146d NO-NepCOHAIUIUPAHO TUOEPCMEBO.
JlunepuTe 3HASAT, Y€ HE BCEKH CIIY>KUTEN € MOTHUBHPAH 10 €IUH U CHIIH
HauuH. VHCTpyMeHTHUTE C WM3KYCTBEH WHTEJIEKT MOTaT Ja aHaJlu3upaT
JAaHHM 32 aHTaXHPAHOCT, MOJIENU Ha IMPEACTaBsIHE M OOpaTHa Bpb3Ka U
T.H. ToBa M03BOJISIBA HA JIUJEPUTE Ja aAANTUPAT CBOS MOJIXOM U Ja Ch3-
nanat no-ojaronpusitHa paboTHa cpena.

» H3KycmeeHusm unmenekm nomaea Ha auoepume 0d Ynpasiasam npome-
Hume no-egekmusno. VI3KyCTBEHUAT MHTENEKT MOJIOMara TOBa 4pes:
POTHO3UpPAHE Ha TOBA KOM €KUM MOTAT Ja UMaT 3aTPyAHEHUS C HOBUTE
CHCTEMHU WJIM IPOLECH; WIACHTU(UIIMpPAHE Ha KOMYHUKAI[MOHHUTE MPO-
MYCKH, MIPEIU T€ J1a C€ NMPEBBPHAT B CEPUO3HU NPOOIEMU; MOJAETHpaHE
Ha CIICHApUM, KOETO IOKa3Ba MOTEHIMAIHHUTE PE3yITaTH OT pa3IHyHH
pemenus. B ToBa oTHOIIEHHME TUAEPUTE MOTAT Aa AEHCTBAT MPOAKTUBHO,
BMECTO PEaKTUBHO.

226


https://fellow.msicertified.com/search_results

BoIpekn moi3uTe OT M3KYCTBEHUS WHTEJICKT B JIMICPCTBOTO, MMa M TIO-
TEHITUATHN TIPEIU3BUKATEIICTBA, C KOUTO JIUACPUTE TPSAOBA J1a CE CIIPABSIT.

» Puckem om npucmpacmusi 8 aieopummume Ha U3KYCMBEEHUs. UHMETeKM.
AKO aJTOpUTMUTE HA M3KYCTBCHHSI HHTCJICKT ca O0yUYCHHU BBPXY MPHUCT-
pacTHH HAOOPH OT JIaHHHW, T€ MOTAT JIa YBEKOBEYAT TE3U MPUCTPACTUS U
7la TOBeJaT 0 HECIpaBeJIMBO B3eMaHe Ha perneHwus. Jlugepute TpsoOBa
Jla TapaHTHpAT, Y€ aJrOPUTMUTE HA W3KYCTBEHHUS WHTEJIEKT ca 00ydeHU
BBPXY pa3HOOOpA3HU U MPEACTABUTEIHN HAOOPH OT JTaHHU, 32 JIa CE CBe-
JIe 10 MUHUMYM PUCKBT OT IPUCTPACTHSI.

» Tlomenyuannomo 6v30elicmeue HA U3KYCMBEHUsT UHMENeKmM 8bpXy pa-
bomnama cuna. THi KaTo aBTOMATU3aIUATA C U3KYCTBEH MHTEJEKT MPO-
IbJDKaBa JIa 3aMECTBa PYTUHHHUTE 3aJa4d, HSIKOW PaOOTHH MECTa MOXKE
Jla CTaHAT HEAKTyaJlHH. PHKOBOIUTEIIMTE TpsOBa MPOAKTUBHO Ja Ce
CIPABIT C BB3JCHCTBHETO HA M3KYCTBEHHS WHTEJICKT BBPXY paboTHATa
CH CWiIa # J1a paboTAT 3a MPEKBaIM(PHUKAIUS HA CIYKUTCIUTE B HOBUTEC
po.

» Emuunomo eé3emane Ha pewienus. Jlupepure TpsiOBa na rapaHTHpaT, ue
W3KYCTBEHHUAT UHTEJICKT C€ M3IOJI3BA €TUYHO U MPO3PAYHO, C SICHH HACO-
ku u Ham3op. (Leading the Way: Navigating the Impact of Artificial
Intelligence on Leadership, 2026)

B Ta3u Bpb3Ka, € HEOOXOIUMO J1a C€ Bh3IPUEME JIHICPCKHU TOIX0/1, KOWTO
YCIICITHO JIa ChueTaBa IMOTCHIMAA Ha YOBEIIKHS (PAKTOP ¢ Bh3MOXKHOCTUTE Ha
texHosoruute (urypa 1):

Busunaun
AbATOCPOYHO
B3eMaHe Ha
pelueHus

06yueHve n
pasBuTHe npu EdekTnsHo ETnuHa

BHeApABaHe Ha naepcTso OTrOBOPHOCT
mn

YnpasneHve Ha
npomaHarta,
ypes
cTpaTernyecko
nnaHupaHe

Queypa 1. Jluoepcku nooxoo, ocnosan na MU

Hzmounuk: asmoposa
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Busua u owacocpouno ezemamne na peuwienus. llsynocTHuAT mornen
BbPXY MEPCHEKTUBUTE U MPEIU3BUKATEICTBATA OT BHeApsaABaHeTo HA U
oopMs JIMJEepCcKa BHU3HUA, MO3BOJIABAINA JBITOCPOYHATA MPOHUIIATEIN-
HOCT IPY B3€MAHETO HA YIPABICHCKU PEIICHHUS.

Ooyuenue u pazeumue npu éneopsasane na MHU. 3a n3rpaxjaneTo Ha
aHAJIMTUYHUA YMEHHUs U yMeHus cBbp3anu ¢ MU e HeoOxonumo nuaepu-
TE€ J]a OCTABST aKIEHT BbPXY HEMPEKbCHATOTO 00YUYECHHE U Pa3BUTHUE B
Ta3u 00JacT, KOETO OT CBOSI CTpaHa BOJM JI0 MO-BHUCOKAa I'bBKABOCT U
JIMIICA HAa CBHIIPOTUBA OT CTPAHA HA CILYKUTEIIHTE.

Emuuna omzoeopnocm. IlocturaneTo Ha sicHa MPO3pavyHOCT U JI0BEpUE
B YIPABJICHUETO, U3UCKBA OT JIUJEPUTE Na rapaHTUpaT, 4e JIUIICBAT
npeayOoeKIeHHs U Ye MOIyYeHUTE JaHHU CJIeBAaT ETUYHUTE ChoOpaxke-
HUS U TAXHOTO cna3Bane. ClieqoBaTeNHO, JUAepUTe TPSOBa Ja yMesT J1a
uAeHTUGULMPAT U periaBat npo0jIeMu OT €TUUYEH XapakKTep.
Ynpaenenue na npomanama, upes cmpamezuuecxko naanupane. Yn-
paBJIsBaliKU MPOMSHATA, JIHAEpCKaTa MpaKkTHKa TpsiOBa /1a ce ajganTupa
0e31po0JIeMHO KbM BBHHIIHUTE MPOMEHHU, MpeJjiaraiku CTpaTernuecko
IUTaHUpaHe U Oe3MNpeleIeHTHa MOoKpena, ype3 JIMYeH npumep u edek-
THBHA KOMYHUKAIIUS.

OcurypsiBaiiku nojo0eH 0ajgaHC JUAEpUTE, Ch3aBaT MO-yCTOWYUBA U TI0-

ajanTBHA OM3HEC cpefia, KOSTO J1a OTroBaps HAa HApacTBAIIUTE MPOMEHHU OT
TEXHOJIOTUYEH XaPAKTED.

4. 3akiaodyeHue

B 3aKJIFOYCHUC, CICABA Oa OT6€H€)KI/IM, 4C M3KYCTBCHHUSA HWHTCIICKT MMa

OTpeJeNsll MPUHOC 32 ChBpeMeHHUs OusHec. MHTerpamusrta My mpeaocTaBs
MOJI3U, Bb3 OCHOBA, HA KOWTO JIUJIEpa aJanTupa CBOS MOJXOJ, Bb3ACHCTBANKU
MIPOAKTUBHO BHPXY OpraHu3allusaTa U HelHata Objaeia crpaterus. Hapen ¢ nep-
CHEKTUBUTE M3KYCTBEHHUS] MHTEJIEKT MOCTaBsi U MPEIU3BUKATEICTBA, MPEAOIpe-
JEJSIIIM PUCKBT OT MPUCTPACTUSI U €TUYHOTO B3€MaHe Ha perieHus. B cinyuas e
MPEICTaBEH PEIeBAHTEH MOJXO0J], KOWTO J1a rapaHTUpa €(hEeKTUBHOTO JIMJIEPCTBO
B €paTa Ha U3KYCTBEHUSI UHTEJICKT.
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MN3MEPBAHE U OHEHKA HA IUKJIOMATHYHATA CJOKHOCT
TP MOJAEPHU3AIIUSA HA YEBb ITPUJIOKEHUE 3A YIIPABJIEHUE
HA HAYYHHU ITIYBJIUKALIIUA

ri1. ac. 1-p Oara Mapunosa',
Beponnka Henkona

Pe3tome: Oyenkama na kawecmeomo Ha NPpoOSPAMHUSL KOO 6 aKademuyHume uHgopma-
YUOHHU cucmemu npuooobusa ece no-20JI5AMO 3HAYEHUe 8 KOHMEKCMA HA Hapacmeawume u3uc-
K8AHUSL 3a ABMOMAMU3AYUSL U UHMeSPAYUs C HAYUOHATHU U MeXCOYHAPOOHU HAYKOMEMPUUHU
naameopmu. Hanuyuemo Ha 06eKmusHu MempUuKy 3a Kayecmseo Ha KoOd e npeonocmasKka 3a
YycnewHama akxmyanu3ayus Ha ocmapenu CUCmeMu, U3NOA36aHu 3a OMmYumane Ha HAyYHama
NPOOYKYUsl Ha npenooasamenume 6v8 gucuiume yyedonu 3asedenus. Llen na doxnada e da uzc-
€084 NPUNIOHCUMOCTINGA HA YUKTOMAMUYHAMA CIONCHOCH KAMo MempuKa 3d 00eKmueHa
OYeHKA HA KAYeCmBOMO HA NPOSPAMHUS KOO NPU MOOEPHU3AYUA HA Yyeb NpuiodiceHue 3a yn-
pasiienue Ha HAYKOMempuyHu OanHu. 3a NOCMuU2anemo Ha masu yeil e U38bpuleH CPAGHUMENeH
aManu3 HA peanrHu NPOSPAMHU (pazmenmu om CbUecmsy8awama u 0OHOBeHaAMa 8epcus Ha
cucmemama, Kamo ca paseiedanu Kio4o8u apxumekmypHu pewenus ¢ backend wacmma, 6o-
oewju 00 U3MEPUMO pedyyupamne Ha CIMPYKMYPHAMA CLOACHOCM U ONMUMU3AYUS HA 83AUMO-
Oeticmsuemo ¢ bazama om OaHHU.

KarouoBu qymn: yuxiomamuuna cioxchocm, Haykomempuynu oannu, ORM, pegak-
mopupare, Kauecmso Ha NPOSPaAMHUsL KOO

JEL: 033, M15, 123

MEASURING AND EVALUATING CYCLOMATIC COMPLEXITY IN
THE MODERNIZATION OF A WEB APPLICATION FOR SCIENTIFIC
PUBLICATION MANAGEMENT

Chief Assist. Prof., PhD, Olga Marinova,
Veronika Nenkova

Abstract: The evaluation of program code quality in academic information systems is
acquiring increasing importance in the context of the growing requirements for automation
and integration with national and international scientometric platforms. The availability of
objective and measurable code-quality metrics is a prerequisite for the successful moderniza-
tion of outdated systems used to report the research output of faculty members at higher edu-
cation institutions. The aim of this paper is to examine the applicability of cyclomatic com-
plexity as a metric for the objective assessment of program code quality in the modernization
of a web application for the management of scientometric data. To achieve this aim, a com-
parative analysis of actual code fragments from the existing and the updated versions of the
system was carried out, examining key architectural decisions in the backend that lead to a
measurable reduction of structural complexity and to the optimization of interaction with the
database.
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1. BbBenenune

PazpaboTBaHeTo u ABJITOCpOYHATA MOJAPHKKA HA ChBPEMEHHU yeO Mmpu-
JIO’)KEHUSI U3MCKBAT OOCKTHBHU M KOJIMYECTBEHO M3MEPUMHU METOJU 3a OIEHKA
Ha KauyeCTBOTO Ha MPOTpaMHUs KoJl. Pa3BuTneTo Ha cuctemMuTe u 100aBIHETO HA
HOBU (DYHKIIMOHAJTHOCTH Y€CTO BOJST JI0 HATPYIBAHE HA CTPYKTYpPHA CIOKHOCT,
nyOnIupaH KOJ ¥ CUMIITOMH 32 BIIOIIEHO Ka4eCTBO Ha Koja (T.Hap. code smells),
KOUTO 3aTPyJHSBAT Pa30MPAHETO, TECTBAHETO W TOCIEBaIaTa alalTalus KbM
HoBHU u3nckBaHusa (Rio & Brito e Abreu, 2023). ETo 3a1m0 00eKTHBHOTO U3MEP-
BaHE Ha CJIO)KHOCTTA Ha KOJa C€ MPEBPbBIIA B KIOYOB MHCTPYMEHT 3a JIOKAJIH-
3UpaHe Ha PUCKOBUTE YYaCTBIM B CUCTEMATA.

[Huxnomatuynata cioxxHocT (Cyclomatic Complexity — CC) e cpen Haii-
YECTO M3MOJI3BAHUTE METPUKHU 32 OLICHKA Ha CTPYKTypHaTa CJIOKHOCT Ha KOJa
MOopajJu CBOSITA YCTOMYMBOCT M JIeCHAa MHTepIpeTanus. Ts uzmepna Oposi HA JIu-
HEWHO HE3aBUCHUMHTE MbTUINA Tpe3 AaaeH mnporpameH (parmenTt (McCabe,
1976) u makap 4e € nmpeIoKeHa MPeau HAKOJIKO AECETUIIETUs, MPOoIbkKaBa Ja
ObJle akTyasieH nmpeaMeT Ha uscneaBane (Siahaan et al., 2025).

VYeb npusnokeHusTa 3a yrpaBieHUE Ha HAyYHU MyOIMKAIUN TPEICTaBIIS-
BaT TUIHWYCH MPUMEP 3a CUCTEMHU, KOUTO C€ Pa3BUBAT IBITO BHB BpeMeTo. Te
0o0eMHSABAT CI0KHA OM3HEC JIOTHKA — KaTaJOTU3UpaHe Ha MyOJIMKAIuH, YIIpaB-
JICHUE Ha aBTOPHU W IUTUPAHUS, U3UUCIISIBAaHE HA OMOJIMOMETPUYHH TTOKA3aTEelH,
CIpaBKH W (QUITpUpaHEe Ha JaHHW. [ 0JiIMa 4acT OT T€3W CUCTEMHU Ca pPean3u-
panu Ha PHP. Ctapudar koa yecto pazunrta Ha J1UpekTHU SQL 3asBKH, BILIETEHU
B OM3HEC JIOTMKAaTa, KOETO yBEJIMYaBa IIUKJIOMATUYHATA CIOKHOCT U HaMallsiBa
BB3MOKHOCTTA 32 MOJIIPBKKA.

Ien Ha mokaana € 1a ce u3cieBa U3MEPBAHETO U OI[EHKATa Ha IUKIIO-
MaTU4yHaTa CJIOXKHOCT Npu MojaepHu3auuara Ha PHP ye6 nmpunoxenue 3a yn-
paBlieHWE HAa HAy4YyHU MyOnukKauuu B Mkomomuuecku yHueepcumem — Bapha,
KaTo ce JeMOHCTpUpa ePeKThT OT yrnoTpedaTa Ha TEXHUKH 3a peaKkTopupaHe U
IPEeMUHABAHETO KbM OO0EKTHO-penanmonHo kaprorpadupane (Object-Relational
Mapping, ORM) upe3 Eloquent u ontumuzanusta Ha aocTbhna A0 AaHHU. C
OTJieJl TOCTUTAHETO HAa IENTa CE€ 3allUTaBaT TPU OCHOBHU Te3u: (1) nukioma-
TUYHATA CJIOKHOCT € 0OEKTUBHA METPUKA, KOATO J1aBa €IHU M CHIIU Pe3yJaTaTH
IpU BCAKO M3MEPBaHE U € BH3MOXKHA 3a MpUJIaraHe KaKTo PhYHO, Taka M 4pe3
uHCTpyMeHTH; (2) tunuyHute 3a PHP npunoxenuara moaenu Ha JOCTBI J0
JAHHU ca OCHOBEH M3TOYHUK Ha BUcoka CC; (3) MmoaepHu3anusaTa upe3 pedak-
topupane, ORM u onTuMHU3UpaHU 3asiBKH BOAM J0 M3MEPUMO HaMajsiBaHE Ha
CC npu 3ana3eHa pyHKIIMOHAIHOCT.
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2. IukJI0MATHYHA CJI0KHOCT — 0COOCHOCTH M U3MEpPBaHe

[MukmomaThuyHaTa CIOXKHOCT C€ M3UMCIsIBA BbpPXY rpada Ha ynpasisBa-
st moTok (control-flow graph), B KOWTO BB3IUTE CHOTBETCTBAT HA TPYMH OT
NOCJIe0BATEIHN UHCTPYKIIMH, & HACOUCHUTE pedpa — Ha MPEXBBPIIIHETO HA YII-
paBiieHne Mexay Tax. Kimacuueckara ¢popmysna Ha McCabe (1976) e:

V(G) = E — N + 2P (1)

KbJeTo £ e Oposat Ha pebpara B rpada, N — Oposart Ha Bb3iUTE, a P — OposT
Ha CBBp3aHUTE KOMIOHEHTH (oOukHOBeHO P = 1 3a otmenen merton). Ha mpak-
TUKa WHCTPYMEHTUTE 3a crathnueH aHanu3 Ha PHP, xaro PhpMetrics n
PDepend, v3non3BaT €KBUBAJIEHTEH MOJIXOJI, TP KOHTO CIIOXKHOCTTA CE MOJY-
yaBa upe3 npedposiBaHe Ha TOUKUTE Ha pa3KiIoHeHHe B kojaa. Hauannara cToii-
HOCT € 1 1 KbM Hesl ce 100aBs 10 eJUHUIIA 32 BCSIKA YCIIOBHA KOHCTPYKLUS WU
nuKbi (if, elseif, for, foreach, while), 3a BCeku KJIOH case B KOHCTPYKIUs switch,
KakTo ¥ 3a TepHapHus omnepatop (?.) (Pichler, 2024). PDepend o3nauaBa Taszu
6azoBa metpuka karo CCN (Cyclomatic Complexity Number). Pa3mmpenusr
BAPHUAHT Ha MeTpukara, o3HadyaBaH karo CCN2, oTyuTa IOIBIHUTEIHO BCEKH
JIOTUYECKU ONEpaTop, CBbP3Balll OTAEIHU YCIOBUS B €auH u3pas (&&, ||, and,
or, XOr), KakTo U BCEKHU OJIOK catch, Thi KaTO 00padOTKaTa Ha U3KIIFOUEHUS Ch3-
JlaBa JOMBIHUTENICH Bb3MOXKEH BT Ha n3nmbiaHeHue (Pichler, 2024).

CTolHOCTUTE Ha IUKIOMATHUYHATA CJIOXKHOCT MMAT YCTAaHOBEHA B Ipak-
TUKaTa WHTEPIPETAlMs, KOSITO TMO3BOJISIBA KATErOpU3WpaHe Ha IMPOTPaMHUTE
EAVHHUIM CIOpPEI PUCKA, KOHUTO HOCAT 3a TIXHOTO TECTBAHE M MOIIPBKKA.
O06o00mmenue Ha Ta3u ckana, u3BeneHa or McCabe (1976) u Bp3mpuera B mo-
HATaThLIHU U3CJIEJBaHUs, € IpeacTaBeHo B Tabnuua 1.

Tabnuya 4. Cxana 3a unmepnpemayus Ha CMOUHOCMUMe HA YUKTOMAMUYHAMA
CLOAHCHOCH HA 0A0EH Memoo

1-10 11-20 21-50 > 50
IIpocr, Jecen 3a YMepeHo CJ10:KeH, MHoro TpynaeH 3a
TeCTBaHe CJIOKEH PHCKOB NMOAAPBKKA

Hsmounuk: Aoanmuparno no McCabe (1976) u Siahaan et al. (2025)

Ta3u ckana HamMupa TOTBBPXKJICHUE W B TIO-HOBUTE H3CJICIBAHUS BBPXY
Bpb3KaTa MEKIy IMMKIOMAaTHYHATA CJIOKHOCT M KauyecTBOTO Ha codryepa. Cuc-
TeMaTh4yeH 0030p Ha MeT eMIUPUYHU u3cienBanus, ooxsamany Haj 200 codry-
CpHHU TIPOEKTAa, YCTAaHOBSBA CHIJIHA TMOJIOKHUTETHA Kopenanus Mexay CC u HeoO-
XOJIMMUSI 00EM TECTOBO TIOKPUTHE, KAKTO U YMEPEHa J0 CHJIHA OTPHUIlaTeTHA KO-
penanusa mexxay CC u pazdbupaemMocTTa Ha KOJa OT CTpaHa Ha pa3paboT4uIIUTe
(Siahaan et al., 2025). Cpmo Taka MmeroauTe cbe croiHocT Ha CC Hax 8 n3uCcKBar
cpento ¢ 35-45% moBeye Bpeme 3a pazbupane u MoauduUIMpaHe OT CTpaHa Ha
pa3pabOTUHIIMTE B CPAaBHEHHUE C METOJIMTE, KOUTO ca C HUCKa CI0KHOCT (Siahaan
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et al., 2025). Te3u pesynratu noakpensart u3dopa Ha CC kaTo OCHOBHA METPUKA B
HACTOSIIMUS JTOKJIAJl, Thil KATO OMPEIENIT MPAKTHUECKU Tpar, HaJl KOUTO CIIOXK-
HOCTTA 3a1l04Ba Ja 3aTpyAHsABa pa30dUpaHeTo U MOIPbKKaTa Ha KOJa.

3. HukaomaruyHa cja0xH0CcT B PHP yed npusoxkenust

PHP ocrtaBa equH oT Hall-IIMPOKO pa3npOCTPAHEHUTE €3UIH 3a pa3padoTKa
Ha yeO TpUJIOKEHMS, BKIIOYMTEITHO Ha CUCTEMHM 3a YIIpaBJICHWE HAa HAYYHO Ch-
JTbpKaHWE U HAYKOMETPUYHHU JaHHH. [[BITHAT )KU3HEH IUKBJI HA TIOJJOOHU CHUCTE-
MH, ChY€TaH C TOCTENEHHOTO J00aBsSHE Ha HOBH W3MCKBAHMS, TH TPABU OCOOCHO
MOJIATJIMBYA HA HATPYIIBAaHE HAa CTPYKTYpHA CIOKHOCT. M3MOI3BaHETO HA apXUTEK-
typuust mabimon Model-View-Controller (MVC) npu PHP ye6 npunoxenusra
yJIeCHSIBA pa3/IeNITHETO HAa OW3HEC JIOTUKAaTa OT MOTPEOUTENICKUS HHTEepdeiic u
MO3BOJISIBA TTOCIIEABAIll aHAIU3 Ha codTyepHOTO KadyecTBO (Bankov, 2019). [uk-
JIOMaTUYHATa CJIIOKHOCT € €THAa OT OCHOBHUTE METPUKH 32 TaKbB aHAJIN3, a Pa3ou-
panero Ha cneruduunute 32 PHP u3rounuim, kouTo s moBuIiasar, € mpeanoc-
TaBKa 32 HEMHOTO 11E€JIEHaCOUYE€HO HaMaJIsIBaHE MTPU MOJCPHU3AITHSI.

3.1. Cneyughuunu usmounuyu na eucoka cioxcnocm 6 PHP
yeb npunoxceHuama

[IbpBUAT W HAK-CHINECTBEH M3TOYHUK HA BUCOKA ITUKIOMATHYHA CIIOXK-
HocT B PHP ye0 npunoskeHusara € BILIMTAaHETO HA JOCTHMA 10 TaHHU B OW3HEC
JIOTHKaTa Ha KOHTpoJjiepuTe. B mpritoxkenus: 6e3 siceH cioit 3a abcTpakius Ha
JAHHUTE 3asBKUTE KbM 0aszaTa OT JaHHU YECTO C€ M3rpakJaT 4pe3 Bepura oT
JOIN omnepariuu u ycjaoBHO J100aBSHU (PparMeHTH B CaMHsl METOJT Ha KOHTPOJIe-
pa — MojeN, OHarjieflegH M B HACTOAIIMS JOKJaJ ¢ IpuMepa 3a Kiaca
PublicationController. Bcsiko TakoBa yciioBHe 100aBsS HOB HE3aBUCHM BT Ha
W3NBJIHEHUE W ciaefoBaTenHo rnosuimaBa CC. EMmupudHO m3cienBaHe BBPXY
eBotonuATa Ha code smells B PHP ye0 npuiioxxeHust moTBbpKAaBa, 4e€ METO/IH-
TE C MPEIUICTeHA JIOTHKA 32 JIOCTHII J0 JIaHHU ca Cpej] Hall-yCTONYMBUTE U TPY/I-
HU 32 OTCTpaHsABaHe MpakTuku oT To3u Tuml (Rio & Brito e Abreu, 2023).

Bropusar n3tounuk € nuHamuyHarta tunosa cucrema Ha PHP, xoato mo
nojapazOupaHe He Hajara CTpUKTHA MTPOBEPKa Ha THIOBETE JAaHHU U YECTO IMPH-
HY)KJIaBa pa3pabOTUUIIUTE KbM T.HAp. 3alIUTHO MPOTPAMUPAHE — MHOTOKPATHH
SBHU TIPOBEPKH 3a HAIW4We, TUN W BAIMIHOCT Ha BXOJHUTE NaHHU (isset,
is_array, empty), HATPyIBAaIlll C€ B HAYAJIOTO HA METOJUTE U AOOABSIIU JOIbII-
HUTEJIHA TOYKHU Ha Pa3KJIIOHECHHUE.

TpeTusT U3TOYHUK € CBhP3aH He TOJKOBAa ChC CaMUs €3HK, KOJIKOTO C Ha-
YUHA, 10 KOUTO pa3paOOTYUIIMTE U3IOJI3BAT U3IPAJCHUTE BbPXY HEro codryep-
HU paMKkH. M3cnenBanus BBpXy METPUKUTE 32 CTPYKTYpPHA CJIOKHOCT IPHU TPH-
JIO’)KEHHUs, Ch3AaaeHu ¢ Laravel, moguepTaBaT 3HAYCHHETO HA KOJIMYECTBEHOTO
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OILICHSBaHE Ha CIJIOKHOCTTa Ha OTAETHUTE KOMIIOHEHTH Ha MPHJIOKEHHUETO —
KOHTpoJiepH, Mojenu u usrinenu (Onyango et al., 2024). B choTBeTCTBHE C TE3U
INPUHLIUIY, aHATU3BT Ha Pa3MIeKIAHOTO B HACTOSALIMUS AOKJIAJ MPUIIOKEHUE TI0-
Ka3a, 4ye HaTpyNBaHETO Ha OW3HEC JIOTWMKA, BaJUAALMU U 3aIBKU JUPEKTHO B
KOHTPOJIEPUTE € JOBEJIO 10 (POPMHUPAHETO HA T. HAP. ,,IPETOBAPEHU KOHTPOJIE-
pu‘ (Fat Controllers), koeTo Hajlara mpujIaraHeTo Ha TEXHHUKHU 3a pedakTopupa-
HE ¥ ONTHUMH3AIIS Ha KOJa.

3.2. U3mepsane Ha yukiomMamuuHama C104CHOCH U NPUTLOHCEHUE
npu cucmemu 3a ynpasieHue Ha HayyHu nyoauKayuu

3a PHP ca pa3pabGoTteHu peaunia yTBbpJCHU WHCTPYMEHTU 3a CTaTUYEH
aHaJIN3, KOETO TIPaBU M3MEPBAHETO HA IUKJIOMATUYHATA CJIIOKHOCT JOCTHITHO U
C YCTOMYMBH PE3YJITAaTH IPU BCIKO MpUIIOKeHUe. Hail-paznpocTpanenure cpen
Tx ca PhpMetrics n PDepend, n3non3Banu ¥ B eMIIMPUYHATA YaCT HA HACTOS-
s noknan. PhpMetrics ce OTKposiBa ChC CITIOCOOHOCTTA CH Jla TeHepupa Mo/I-
poben HTML oTyeT ¢ Bu3yanmzanusi Ha CIOXKHOCTTa O KJIacoBe U (paitnose,
KOETO yJIeCHSIBa OBP30TO WACHTH(PUIMPAHE HA , KPUTUYHUTE TOUKH', HY>KIae-
1 ce oT pedakropupane (Bxk. Ourypa 1).

CucrteMute 3a yrnpapjieHUE Ha HAyYHU MyOJIMKAIIMM OOMKHOBEHO CE€ OTJIH-
4yaBaT C BUCOKA [IUKJIOMAaTUYHA CJI0KHOCT, Thil KaTO apXUTEKTypaTa UM pa3uuTa
Ha MHOTOOpOMHHU YCJIOBHU Pa3KJIOHEHUS 3a YIpaBJICHHE Ha JOCThIIA U KOMII-
JIEKCHU 3asBKU. VIMEHHO TaKuBa OIMEpallvy M0 Ch3JaBaHE U PEIaKTUpaHE Ha 3a-
MHUCH, PEATM3UPAHU UPE3 JUPEKTHU 3asIBKU C MHOXKECTBO BJIOKEHU YCIIOBUS, CE
MPEBPHILAT B OCHOBHA NMPUYMHA 32 BUCOKA IIUKJIOMATHYHA CIIOKHOCT, KAKHBTO €
ciIy4asT u ¢ MeToza create publication() B ctapaTa Bepcusi Ha MPUIOKEHUETO,
pasrienas B Touka 5 (Bx. Tabnuua 2).

N3cnenBane BbpXy CTaTUYHUS aHAIM3 HAa KOJAa B YHUBEpCUTETCKa MH(OP-
MaIMOHHA CHCTEMa MOTBBPKAAaBa, Y€ METPUKU KATO LMKJIOMATUYHATA CIOKHOCT
ocUrypsiBat (OKyC BbpXy Hal-MpoOIEMHUTE KOMIIOHEHTH, BMECTO JIa C€ PA3IUJIs-
BaT PECYpCH B OIUTH 3a No100peHue Ha menus ko (Pratama et al., 2026). imenHo
TO3H LIeJIeChOOpa3eH NOAXO0/1 € IPUJIOKEH U MPU MOACPHU3ALMATA HA TIPUIIOKEHH-
€TO 32 Hay4YHU ITyOJUKAITUH, TIPEJCTABCHA B CJICIBAIITUTE TOUKH.

4. MoaepHM3anMs Ha ChIIECTBYBAIO NPHJIOKEHHE Ype3 ynorpeda Ha
TeXHUKH 3a pedaxropupane, Eloquent ORM u nepunupane Ha
peJianuu

Hapen ¢ nedunnpaneTro Ha HIUKJIOMAaTHYHATA CIOKHOCT € HEOOXOIUMO Ja
ce aHaJTU3upa Kak BbPXY Hesl BIUSAAT ChbBPEMEHHHUTE apXUTEKTYpHH PELICHHMS,
NPUIIOKEHU Ype3 MOJECPHU3AINA U YaCTUYHO pedakTopupaHe Ha koga. Cropen
Almogahed et al. (2025) pedakropupanero nogoOpsiBa 4eTUMOCTTA, 'bBKABOCT-
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Ta ¥ CKOPOCTTA Ha CUCTEMaTa, KaTo S pa3jeiisi Ha MOBTOPHO U3IMOJI3BAEMHU MO-
JyJIA ¥ TapaHTHpPa CIa3BaHETO HA YCTAHOBCHUTE CTAHIAPTH.

Enve OT OCHOBHUTE TpaJiuBHM €IEMEHTU Ha pedaKTOpUPAHETO € T. Hap.
,3Bnudane Ha meton (Extract Method) — mpemecTBane Ha parMeHT OT KOJ OT
JlaJieH METOJ] B HOB TaKbB C MME, ONuUcBaIlo noseaeHuero My (AlOmar, Mkaouer
& Ouni, 2024). Ta3u TeXHUKA € peaju3upaHa B JCHUCTBUTEIHOCT B OOHOBEHaTa
BEpCHS Ha MPHIIOKCHUETO, KaTO €HO OT MECTaTa, B KOMTO € BhBEJICHA HElHATa
ynotpeba, e knac-paitnbt PublicationController. B Hero 3HauuTeaHa 4acT OT
Ou3Hec Jorukara, MbPBOHAYAIHO Pa3IoyiokeHa B MeTojia create publication(), e
W3HECCHA B CHEIMAM3UPAHU METOAM HAa HOBOCH3/IAJCHUTE CEPBU3HU KIIACOBE —
PublicationWriteService n PublicationUrlValidationService, KakTo U B Kjac, OT-
roBapsI 3a Banupanuara Ha Bxogaute ganau — CreatePublicationRequest. 1o
TO3U HAYMH 3a€JIHO C IpriaraneTo Ha Extract Method ce ochbIieCTBsABAa U M3BJIH-
yane Ha ¢yHKImoHamHOCT B oteneH kiac (Extract Class). Taka o6eMbT Ha Kofa
B OCHOBHHUS METO]I B KOHTpoOJIepa c€ ChKpallaBa MHOTOKpPATHO, a HEroBaTa poJs
OCTaBa €IMHCTBEHO OOEIMHSBAHETO HA PA3IUYHUTE CTHIIKH MPH Ch3aBAHETO Ha
nyOnukanuu. OcTaHaIUTe OMepalyuy, ChITBTCTBAIIM TMPOIleca, Ca MOMECTEHHU B
CaMOCTOSITEIIHA METOAM C SICHO OIpPEJIEJICHH OTTOBOPHOCTH, B KOETO CE M3pa3sBa
CBIIHOCTTA Ha MPUHLMINA ,,pa3JeNsgHe Ha 3agaunte’ (Separation of Concerns).

OCBeH panMOHATM3UPAHETO HA CTPYKTYPHO HUBO B MPOTPAMHHS KO, Cb-
IIECTBEHA YacT OT MOJICPHU3AIMATA HA Pa3TIIekKIaHusI cCOQTyepeH MPOAyKT 3aeMa
U M0I00pEHNETO B HauMHa Ha paboTa ¢ Oa3aTa OT JaHHU. 3a Ta3M LEN ca U3MO0J3-
BaHU BB3MOXXHOCTUTE Ha BrpajieHusi B Laravel unctpyment Eloquent ORM, cpen
KOUTO AerHUpaHe HA pelaliiy MEKIY MOJICINTE U ONTUMHU3UPAHO U3BIIMYAHE HA
cBbp3anu JaHHu. ORM MHCTpYMEHTHTE ONMpOCTSABAT B3aUMOJICHCTBUETO ChC ChX-
paHEHUTE 3alKCU MOCPEICTBOM OOCKTHO-OPUEHTUPAHU TMapaJiiIMU, KaTO OCHOB-
Hute npenuMmcTBa Ha Eloquent ca yeTMMocTTa Ha Koja, JieCHaTa MOAIPBKKA U
BB3MOXKHOCTTa 3a JeduHupaHe Ha penanuu (Jayaraman & Siddharth, 2025).
Ynorpebata My B 0OHOBEHaTa CHCTEMa IO3BOJISIBA IMPEKTHO CBHP3BAHE MEXKIY
Ch3/IaJICHUTE MOJIETN, KaKTO U TIOCJEIBAIO0 MPEABAPUTEITHO 3apeKIaHe Ha yKella-
HUTE 3allUCU U TpUJISKAIIUTe UM BpB3KUA 4pe3 meroaa with(). Ta3u TexHuka
(Eager Loading) npenotBpatsBa decto cpemianus B obmactra mpobiem (N + 1
query problem), Iipy KONTO MOCIIEAOBATEIHOTO 3apeKIaHE MHPBO HA HEOOXOU-
MUTE 3alUCH U CII/I TOBA Ha peNalKiTe MOMEXAY UM BOJM 10 3a0aBsHE Mopaau
U3ITBIHEHUETO HA TOJISIM OPOU JOITBJIHUTEITHU 3asIBKH.

5. OneHka Ha BJIMSIHMETO OT MOJEPHM3ALMSATA 4Ype3 M3MepBaHe HA
HMKJIOMATHYHATA CJIOKHOCT

Onucannte apXUTEKTypHU TPOMEHHU M MPHIOKECHNUTE TEXHUKU 32 pedax-
TOpUpAHEe cle/Ba 1a Ob/IaT OIICHEHU U Ype3 KOJUYECTBEHHU MTOKA3aTeNH, 3a J1a e
YCTAHOBH JI0 KaKBa CTEIEH TsAXHATa yrnorpeda BOJAM J0 PeajHO Mojo0peHue B
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KayeCTBOTO Ha MPOrpaMHUs KOJI. 3a IIeJiTa € U3BBPIIEH CPABHUTEIICH aHAIU3 Ha
cTapara U Ha OOHOBEeHaTa BepcHs Ha cucrtemara, kato ca usmepenu CC, CCN,
CCN2 u npyru nokaszaTenu 4pe3 uHctpymentute PhpMetrics u PDepend.

B Tab6nuua 2 ca oHarieneHu pe3yiaTaTuTe OT CPaBHEHUETO MEXKy METoa
create_publication() B mbpBOHaYaJHUS BapHMaHT Ha pa3padOTKaTa U HETOBUS
HaclieJHUK store() B MOJCpHU3UpAHATa BEPCHSL.

Tabnuya 2. CpagHenue Ha noxazamenu 3a KA4eCmeomo Ha KOOa MexCoy
memooume create_publication() u store(), nonyuenu upez PDepend

Mspka Crapa umnieMeHTanms / cre- Hosa nmniiemenTanms / store()
ate publication()
LOC 224 34
CCN 31 3
CCN2 31 3

Hsmounux: Cobcmeena paspabomxa

Jlannute B Tabiuiata mokas3Bar, uye OposT Ha peaoBeTe koxa (Lines of
Code — LOC) B meToga € HaMaisul OJIM30 CeIeMKpaTHO B HOBaTa BepcUsl Ha
cucreMara. CroiiHoctuTte Ha MeTpukute CCN n CCN2 ca ce NOHWXKWIM Hal
JeceT bTH, AocTuraiiku ctoHocT 3. Criopen ckanata, mpeacrtaBeHa B Ta0muia
1, meroasT store() monaga B kareropusara ¢ Hucka cioxnoct (CC ot 1 mo 10).
3a pa3nuka OT Hero, Mpu MeToaa create_publication() e peructpupana CTOWHOCT
oT 31 xakTto 3a CCN, taka u 3a CCN2, KoeTo CBHACTEJICTBA 3a HETOBaTa BUCOKA
CJIOKHOCT U TPYJHA YETHUMOCT.

OcBeH Ha HUBO METOJI, BIMSHUETO HAa U3BBPIIICHATA MOJACPHU3AITUS MOXKE
na ObJe MPOCIeACHO U Ha HUBO Kjac. ToBa MMEHHO € mpejacTaBeHo B Tabiuia
3. Jannute B Hed couar, ye cToilHoctta Ha LOC B kinac-daitna
PublicationController ¢ namainsia Haja aABa TbTH. B 0OOHOBEHHUs BapHUaHT Ha
KOHTpOJIepa ¢€ OTYMTA 3HAYWTENEH crmaa kKakto mpu obmata CC, Taka U mpH
cpenuute croiHocTH Ha CCN 1 CCN2 Ha HUBO METOJ, KOETO MOTBbPIK/1aBa Ha-
MaJIeHaTa CJIOKHOCT Ha KOJia B IEIUs KJac.

Tabnuya 3. Cpaguenue na noxazamenu 3a Ka4ecmeomo Ha KoOa MexHcoy
cmapama u Hogama eepcus Ha Knac-gavina PublicationController, nonyuenu
upe3z PDepend u PhpMetrics

Mspka PublicationController PublicationController (HoBa
(cTapa Bepcus) Bepcus)
LOC 1670 855
CC 212 67
Cpenen CCN Ha MeTof ~8.27 ~342
Cpenen CCN2 Ha meton ~8.27 ~4.05

Hsmoynux: Cobcmeena paspabomxa

Tabmuua 4 npeacTaBs HACTHIMJIUTE MPOMEHH HA HUBO ILUT NPoeKT. Bpost Ha
KJIacoBeTe € HapacHall mpuOimm3uTesHo 3,5 mbTH — oT 86 B cTapata Bepcus Ha 301 B
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HOoBaTa. ToBa pazziensHe Ha (PYHKIIMOHATHOCTUTE MEXIY TOBeUYE CHEU(pUYHNA Kia-
COBE € JIOBEJIO JI0O MHOTOKPAaTHO HaMasisiBaHe Ha cpeanoaputmernaHara CC u Opost Ha
OBroBeTE 3a KJIac.

Tabnuya 4. Cpasnenue na nokasamenu 3a KA4eCmeomo Ha KoOa MeHcoy
cmapama u Ho8ama eepcus Ha npoekma, noayyenu upez PhpMetrics

Mspka Crapa Bepcust Ha HoBa Bepcusi Ha mpoekTa
NMPOEKTA
Bpoii k1acose 86 301
Cpenna CC nHa kac 53.30 8.98
Cpenen 6poit 6broBe 3a Ki1ac 2.25 0.24

Hsmoynux: Cobcmeena paspabomxa

['paduxure, rerepupanu upe3 PhpMetrics 3a TpeAUIIHAS U MOJECPHU3U-
panus copTyepeH NpoayKT, ca npeacraBenu Ha durypa 1.

Pa3mepbT Ha Bceku Kpbr B rpadukure chorBerctBa Ha CC na Knaca, a
IBEeTbT MY OTpa3siBa UHOeKca Ha Jjekoma Ha nodopwvicka (Maintainability
Index) — 3eneno o3HauaBa 100pa, KBJITO/OPAHIKEBO — CPEIHA, a YEPBEHO — HHUCKA
JIeKOTa Ha MOIPBXKKA, T.e. BUCOK puck (PhpMetrics, 2024). ['onemute uepBeHu
KPBIOBE CJIEIOBATEIHO TOKa3BaT KJIACOBE, KOUTO Ca €IHOBPEMEHHO 00eM-
HU/CIIO’KHU U TPYJIHU 32 NOJUIPBKKA. JlMarpaMuTe ca MHTEpaKTUBHU U MPU TIOCOY-
BaHE Ha JaJIeH KPbI' C€ BU3yAJIM3UPAT JOITBIHUTEIHH JE€TAIN 32 CbOTBETHUS KJIAC
— 1UMeTOo My U ctoiiHocTuTe Ha HeroBuTe CC u Maintainability Index.

Bunno ot ¢urypara e, e cien u3BbpIICHAaTa MOJEpPHU3AIMS OposAT Ha
KJIACOBETE HE CaMO 3HAYMUTEIHO CE€ YBEIMYaBa, HO U MOBEYETO OT TAX BEYE IO-
najar B 00JacTUTE OT KJIAacOBe, KOMTO ca IMO-JIECHU 3a MOJ/IPHKKA U Ce Xapak-
TEPU3UPAT C MO-HUCKA CIOKHOCT (TIOBEYE KPBrOBE B KBJITO U 3E€JIEHO).

CpLIeCTBEH IPUHOC 3a YCIIEIHOTO HaMaJIsiIBaHE Ha CJIOKHOCTTA Ha IPOT-
paMHUA KOJ MMa U MOJIEPHU3UPAHETO HA HAYMHA 3a JOCTBII 10 JAHHUTE 4Ype3
uznonsBaHeTo Ha Eloquent ORM u npenBaputenHoTo neduHupaHe Ha pesalnuu
Mexay monaenute. Kato mpumep 3a ToBa CIyKM NpeICTaBeHOTO Ha Purypa 2
CpaBHEHHE MEXIY M3BAJKU OT METOAM OT MpPEIXoJiHaTa U OOHOBEHATa BEPCUS
Ha knaca PublicationController.

$query = $query =
DB::table('publications') Publication::with(|
->join('authors_publications', ...) | 'aliases’,
->join('authors', ...) 'indexes',
->join('pub_types', ...) 'publicationType'
->join('users', ...) D

- ->get();
>leftJoin('publications_indexes',

)

->leftJoin('index types', ...)

->gselect(..., DB::raw(...));
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Queypa 5. Conocmaska Ha U38AOKU OM NPOSPAMHUS KOO HA NbPBOHAYUATIHUS U

Hoeus eapuanm Ha kaaca PublicationController
Hsmoynux: Cobcmeena paspabomxa

Ot ¢urypara ce BIXKJa, Y€ B II'bpBOHAYAIHATa BEPCHUS M3BJIMYAHETO HA
JaHHUTE ce peann3upa uype3 MHOkeCTBO JOIN onepaumu u nupektan SQL 3a-
aBku (DB::raw()), nokato B 0OHOBeHUs BapuaHT ce u3noiasaT Eloquent ORM,
MpeBapUTEITHO 3aJ1aJICHH pelallui U TeXHukarta Fager Loading.

[lonydyenure pe3ynaTaTd MOTBBPXKIABAT, Y€ HM3BBbpILIECHATA MOJEPHU3AIMUSL
Ha CHUCTeMaTa BOJHU JI0 ChILECTBEHO MOJOOpEHHE B Kaue€CTBOTO Ha MPOTrpaMHUS
KOJ.

6. 3akJrouenue

[IpoBeeHUAT aHAIN3 W MIOCTUTHATUTE MPAKTHUYECKUA PE3YNTATH MOTBBP-
JKJaBaT TPUTE OCHOBHU TE€3U HA M3CIEeABaHETO. Pe3ynrarute codar, 4e IUKIIO-
MaTHYHATa CIIOHOCT (PYHKIIMOHMpA KaTO HAJEKJIHA METPHKA 3a OIlCHKa Ha
coTyepHOTO KaueCTBO, a OCHOBHMAT U3TOYHHK Ha HEMHATA BUCOKA CTOMHOCT B
CUCTEMHTE 3a yNpaBJICHUE HA HAyYHH MyOJMKAIlUU € CMECBAaHETO Ha OU3HEC JIO-
rukata ¢ J0CThla JI0 JaHHU B KOHTpoJiepute. lIpuioxxkeHata mojaepHU3AIUS
ype3 apXUuTeKTypHO pedakTtopupane, nznoizBane Ha Eloquent ORM u TexHuku
3a Eager Loading neMOHCTpHUpa, Y€ TOBAa CUCTEMHO MPETOBApBaHE MOXKeE Aa Ob-
JIe TIPEOJI0JISIHO, a CJI0KHOCTTA Ha KOJIa — 0CE3aeMO pelylMpaHa.

Ha nuBo otnenen meron nmokazatenure CCN u CCN2 cragat ot 31 Ha 3,
JnokaTo Ha HUBO kiac cpeanuat CCN Ha meron HamainsBa ot =8,27 Ha =3,42. B
Maiada Ha LeJds MPOEKT CpelHaTa IUKJIOMaTHYHA CIIOKHOCT Ha Kjac ce IIo-
HmwkaBa ot 53,30 Ha 8,98, a xknacoBere ¢ kpurnunHa cinoxHocT (CC Hax 200) ca
HaMbJIHO €JIMMUHUPAHU.

[IpakTryeckata CTOMHOCT Ha TE€3W U3BOAM € OCOOEHO BHCOKA B CPEIU C
OTPaHUYCHH PECYPCH, KAKBUTO Ca TIOBEYETO aKaJeMUIHU UH(POPMAIITMOHHU CHC-
temu. KaTto ecTecTBEeHO NMPOABIDKCHHE HA HACTOSIIUS TPY/, ObJCIIN U3CIIeaBa-
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HHSI OMXa MOTJIH Aa CbIIOCTABAT NUKIIOMATUYIHATA CJIOKHOCT C JAPYTH apXHUTCK-
TYPHH IIOKa3aTCJIM, KAaTO KOXCPCHTHOCT M CBBP3aHOCT MCIKIAY KIIACOBCTC, 3a
IIOCTHUTAaHC Ha OILIC ITO-KOMIIJICKCHA OIICHKA Ha Ka4CCTBOTO HA KOJA.
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HNPUJIOXKEHUE HA APXUTEKTYPUTE 3A MYJITUMOIAJIEH
CEHTUMEHT AHAJIN3 B UHTEJIMT'EHTHUTE OBPA30OBATEJIHU
CUCTEMMH

I'21. ac. 1-p Cranumupa Mopaanosa'

Pe3tome: Hacmoswuam 0okniad npedcmass 0030p Ha apXxumexkmypume 3a MyJImumo-
oanen cenmumenm ananus (Multimodal Sentiment Analysis — MSA) u msaxunomo npunosicerue
6 chepama Ha unmenuecenmuume oopazosamentu cucmemu.. Mzciedsanemo pazeneicod coe-
PpemMeHHU no0Xo0u 3a UHmMezpupane U aHaIu3 Ha OAHHU OM PA3IUYHU MOOATHOCIU, BKIIOYU-
MeNHO MeKCm, pey, U0eo U PUUOIOSUYHU CUSHATU, C Yel OYEHAB8AHEe HA eMOYUOHATHUME
CLCMOAHUSL, AHSANCUPAHOCIMA U YO08Iemeopenocmma Ha ooyyaemume. Cneyuanno 6HuMa-
HUe e OmOoeNeHo HA PONAma Ha MPanchHopmMvp-0a3upanume MOOeiu U MexaHusmume 3a Myi-
MUMOOAIHO CIUBAHE HA OAHHU NPU U3BTUUAHEMO HA UHGOPpMAYUs 3a YueOHUA npoyec.

Joknaovm npedcmass 0CHO8HU NPULONCEHUS HA MYTMUMOOATIHUS CEHMUMEHM aHA-
U3, U uoenmuuyupa 006pu NPAKMUKU, NOA3U U OCPAHUYEHUS NPU 6HeOPI8AHEMO HA NOO0O-
HU cucmemu 6 oopazosamenua cpeda. JJokiadvm 3a8vbpuiea ¢ 0000uenue Ha npeou3suKa-
meicmeama u HAcoKume 3a OvOewo passumue Ha U3CIe08AHUAMA 8 00IACMmMa Ha UHMeU-
2eHMHU 00pA306aMeNHU CUCmeMU, CNOCOOHU 0a NpedoCmassam no-nepcoHAIUUPaHa U
adanmueHa nooKpena Ha ydawume ce.

Kaw4oBu QyMH: u3Kycmeen ummenekm 6 0Opa308aHuemo, MyamumMoOaleH Cenmu-
MeHm, MPaHcHOPpMbD apXumexmypu, a0anmusHo obyueHue
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ARCHITECTURES IN INTELLIGENT EDUCATION SYSTEMS
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Abstract: The paper aims to present an overview of Multimodal Sentiment Analysis
(MSA) architectures and their application in the field of intelligent education systems. The
study examines modern approaches to integrating and analyzing data from various
modalities, including text, speech, video and physiological signals, in order to assess
learners' emotional states, engagement and satisfaction. Special attention is paid to the role
of transformer-based models and mechanisms for multimodal data fusion in the extraction of
information about the learning process. The paper analyzes the main applications of
multimodal sentiment analysis, identifying good practices, benefits and limitations in the
implementation of such systems in an educational environment. The paper concludes with a
summary of the challenges and guidelines for the future development of research in the field
of intelligent education systems capable of providing more personalized and adaptable sup-
port to learners.
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1. BoBeaenue

Pa3BuTHeTO Ha MHTETUTCHTHUTE OOPA30BATEIIHM CHUCTEMHU TIPE3 TOCIIE/I-
HOTO JIECETUJIETUE € TACHO CBBHP3aHO C HANpeabka Ha METOAUTE 32 M3KYCTBEH
WHTEJICKT ¥ MO-CIHEIHAIHO C Bb3MOKHOCTTa CUCTEMHTE Ja ,,pa30upaT He camo
KaKBO TpaBH 00y4YaBaHUSAT, HO M KaK C€ YyBCTBA MO BpeMe Ha y4eOHHS MpoIiec.
TpaIuIIMOHHUTE CHUCTEMH 3a CJIICKTPOHHO OOydYeHWE W aJalTUBHH ILIATHOPMHU
(Intelligent Tutoring Systems, Learning Management Systems) ca mpoeKkTupanu
OCHOBHO JIa CJICASIT KOTHUTUBHHS HANpeIbK Ha 00ydaeMHs — BEPHH M TPEIITHH
OTTOBOPH, BpeMe 3a M3I'BIIHCHHE Ha 3aaada, Opod omuTH. Taswm wHGOpMaIUs
obOaye He /aBa MMbJIHA KapTHHA HA y4eOHMS MPOIEC, Thil KATO €MOIMOHAITHOTO
CBhCTOSIHME Ha OO0ydaeMus KaTo CKyKa, OObpKBaHE, TPEBOXKHOCT, (ppycTparius,
AHTOKUPAHOCT WM yJIOBIETBOPEHHE, OKa3Ba CHIIECTBEHO BIUSHUE BBPXY MO-
TUBAIMATA, 3aIbP)KAHETO HA BHUMAHUETO W KpalHUTE pe3yaTaTH OT 00yueHue-
TO.

CentumeHT aHamu3bT (Sentiment Analysis), TO3HAT Ollle KaToO aHANIU3 Ha
mHeHus (Opinion Mining), mMbpBOHAYAHO C€ Pa3BUBa KaTO MHCTPYMEHT 3a 00-
paboTKa Ha TEKCTOBU JIaHHHM C 11€JI OTPECIITHE Ha MOJSPHOCTTA HAa U3PA3EHOTO
MHEHHE KaTO TOJOKUTEIHO, OTPHUIIATETHO WU HeyTpanHo. C HaBIM3aHETO Ha
MYJITUMEIUMHATE TEXHOJIOTHH B OOpPA30BAaHMETO KaTO BHUIACOKOH(PEPCHTHH
mwiatopmMu, CUCTEMU 3a MPOCTeAsIBaHe HA TMOTJIeAa, CEH30pH 32 OMOMETPUYHU
JaHHU, TJIACOBHM AaCHCTEHTH, BB3HMKBA HEOOXOIMMOCTTa OT aHAJW3, KOWTO Ja
chueTaBa MH(POpPMAIUS OT HAKOJIKO MOJATHOCTH €IHOBPEMEHHO: TEKCT, ped,
U3paXEHHUE Ha JIMIIETO, JKeCTOBE, (PM3MOJOTUYHHM CUTHAIH. Taka ce (opmupa
obyacTTa Ha MyJNTHUMOJAMHUS ceHTUMeHT ananu3 (Multimodal Sentiment
Analysis, MSA), KosiTo 11€J11 J1a MOCTUTHE TO0-TOYHA U MO-yCTOWYMBA OlLIEHKA Ha
EMOILIMOHATHOTO W OIIEHBPYHOTO CHCTOSHUE HA TIOTPEOUTENS Ype3 KOMOMHUpaAHE
Ha Pa3HOPOIHH M3TOYHUIIA HA JaHHU.

WuTerpamnusaTa Ha MyATUMOJJATHAS CCHTUMEHT aHAIN3 B UHTEIUTCHTHHUTE
o0Opa3oBaTelIHU CHCTEMU OTBapsi HOBH BB3MOXHOCTH 3a TEPCOHATW3ANMSA Ha
oOydenuero. CucreMa, ciocoOHa Ja pa3no3Hae B peajHo BpeMe, 4e 00ydaeMusT
U3MHATBA 00BbPKBaHE WK (DpycTpanus, MOKe TUHAMUYIHO Jia alaliTUpa TEeMITIOTO
Ha TIPEToJIaBaHe, Ja MPEIOKH TOMBIHATESITHA OOSICHEHUS, 1a TIPOMEHHU CIIOXK-
HOCTTA Ha 3aJa4iTe WJIU JIa HACOYM BHUMAHHUETO HA TMPETOo/IaBaTelisi KbM Ipoo-
jJemMeH MOMeHT. [lo To3u HauYWH MyJITHUMOJATHUSAT CEHTUMEHT aHAIN3 Ce TPEB-
phIlla B CBBP3BAIIO 3BEHO MEXIYy YyBCTBAaTa M CHCTOSHHSTA U aJallTUBHOTO
oOydeHue, TOMPUHACIHKY 3a Ch3AaBaHETO HA T.HAp. eMOLMOHAIHO-CHOOpa3eHu
obOpa3zoBarenHu cuctemMu (emotion-aware learning systems).

HacTosmusaT goknag uMa 3a e J1a MPeICTaBU MPeriie Ha apXUTeKTYPH-
T€ 32 MYJITHMOJAJICH CEHTUMEHT aHAJIN3 M TAXHOTO MPUJIOKEHHE B KOHTEKCTa
Ha MHTEJIMTEHTHUTE 00pa3oBaTeIHU CUCTeMH. Pasrienanu ca OCHOBHHUTE THIIO-
BE JJAaHHH, U3II0JI3BaHU TIPU CEHTUMEHT aHaJIN3a, KJIAaCHUYECKUTE U ChBPEMEHHUTE
aApXUTEKTYPHHU PEIICHHMS, IPEIJIOKEH € KOHIICTITYaJIeH MOJICIT 3a HHTETpaIis Ha
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MYJITUMOJATHHUS CCHTUMEHT aHalln3 B 00pa3oBaTellHa cpe/ia, KaKTo U KOHKpET-
HU 00JaCTH Ha mpujoxkeHue. JIoKIaabT 3aBbpIBa ¢ 0000IEeHNEe HA TPEIU3BU-
KaTeJCTBaTa U HACOKHUTE 3a OBJICHIO pa3BUTHE HA U3CIICBAHUATA B Ta3H 00JIACT.

2. TunoBe JaHHU 32 MYJTHMOJAJICH CCHTUMEHT AHAJIN3 B HHTEJIMICH-
THHUTE 00pa30BaTeJIHU CUCTEMH

Yogemrkata KOMyHUKAIMS TIO CBOSITA CBHIIHOCT € MYJITHMOJIATHA, KOETO
O3HauaBa, Y€ EMOIMOHAIHOTO ChABPIKAHUE HA €THO CHOOIIEHUE Ce TIpeiaBa el-
HOBPEMEHHO upe3 BepOaiHu, nmapaBepOaiHu U HeBepOanHu kaHaiu. Kiacuuec-
KHUAT CEHTUMEHT aHaJIU3 C€ KOHIEHTpUpa caMO BbpPXY TEKCTOBUTE JaHHU, KbJle-
TO TEKCTHT YECTO € ABYCMHUCIIEH WJIM HEIOCTaThY€H, 3a Ja M3BJIeUe IpPaBHUIICH
CEHTUMEHT. MyITUMOJAIHUAT CEHTUMEHT aHaJM3 aJpecupa TO3u mpodiieM ype3
CbBMECTHO MOJIEJIMpaHE HA TEKCT, ayJJUO0 U BHUJIEO CUTHAJHM, C LI€J MO-TOYHO U
MO-yCTOMYMBO M3BEKJAaHE HA EMOIIMOHAIHATA OPUEHTAIIMS Ha TOBOPEILHSI.

EdexTuBHOCTTa HA MYJITUMOAAIHUS CEHTUMEHT aHaJIU3 3aBUCH MPSKO OT
KayeCTBOTO, Pa3HOOOPA3UETO U CUHXPOHHU3ALMATA HAa BXOJAHUTE JaHHU. B KOH-
TEeKCTa Ha WHTEIUTEHTHUTE 00pa30BaTETHU CHCTEMHU MOTrar jJa ce 000co0AaT B
CIIETHUTE TUIIOBE JAaHHU — TEKCTOBH, TJ1aCOBU, BU3YAIHH, (DU3HOJOTUYHU U CEH-
30pHM JAaHHH, TOBEJEHYECKH TaHHH OT B3aMMOJICHCTBHETO ChC CHCTEMATa,
onucanu B Tabmuua 1.

KomOunmpaneto Ha M30pOCHMTE TUIIOBE JAaHHM H3HMCKBA pEIIaBaHE Ha
penuiia TeXHHYECKH MpoOJieMHU, CBBP3aHH ChC CHHXPOHHU3AIMS BBB BPEMETO,
pa3iryHa 4ecToTa Ha JUCKPETH3alMs, JIMIICBALM CTOMHOCTU MPHU OTHAJaHE Ha
JaJIeH CEH30p, KaKTO U PA3JIMKU B CEMAHTUYHOTO HUBO Ha MPEACTABSIHE HA MH-
dopmanuaTa MeKIy MOJATHOCTHUTE.

Ta6ﬂuz4a 1. Ocnosnu munose daHHu, U3noJj36dHU 6 My]lmuMOaaﬂHu}Z ceHnmu-
MEHM AHAJIU3 6 UKMeETIUSEHNIHUMme o6pa306amejmu cucmemu.

TexcToBH
TAHHHA

Huckycnonuu dopy-
MU; 9aT KOMYHHKa-
IUST; CTYJICHTCKH ece-
Ta; OTTOBOPH HA OT-
BOPEHH BBHITPOCH;
KoMeHTapu B LMS
CUCTEMU; 0OpaTHA
BpB3Ka 32 KypCOBE;
peBIOTa; MyOIUKAIIHI
B COIMAJTHU 00pa3o-
BaTEITHU MPEXKHU

[TonspHOCT HA CEHTH-
MeHTa (II0JIOKUTEIIEH,
OTpHUILaTelIEH,
HEyTpaJIeH), EMOLIUH,
TEMaTU4YHH KaTero-
puH, yA0BIETBOpE-
HOCT, HAMEpEHUe 3a
OTIIaJjaHe OT Kypca

AHanu3 Ha MHEHUETO Ha

oOydaeMuTe, OIleHKa Ha YI0-
BJIETBOPEHOCTTA, OTKPUBAHE

Ha 3aTPyIHEHUS U PUCK OT

otnamane, (Guerrero-Sosa et

al, 2025, Yan et al., 2025)
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Ayauo 3amucu oT oHJIaliH WNuTonanus, Bucoun- | Pazno3naBane Ha cTpec,
JaHHU 3aHATHUS; TIPE3CHTA- Ha Ha 1aca (pitch), 00BbpKBaHE, MOTHBAITHUS, YBE-
[IMU Ha CTY/ICHTH; WHTEH3UTET, TEMITIO Ha | PEHOCT U KOTHUTHBHO HATO-
YCTHU U3MHTH; B3aW- | TOBOpPEHE, May3H, BapBane (Yuan, 2024)
MOJICUCTBUS C UHTE- | CIIEKTPAJIHU XapaKTe-
JIUTEHTHU TIOTOPH; PUCTHKHU
BUJICOKOH(EPEHTHU
maThopMu
Busyaanu | 3anucu ot yeb kame- | JIMeBU eKcpecuH, OneHnsiBaHE HAa BHUMAaHMUE,
AAHHH pH; BuAeoHa0mo1e- MUKpPOHU3PAKEHUS, MHTEpEC, yMOpa, CKyKa U aH-
(yed HUE B KJIaCHA CTas; JBUKCHHSI HA TJIaBaTa, | TAXKUPAHOCT Ha 00ydaeMuTe
KaMmepa €KpaH! OT IUCTAHIIN- | )KECTOBE, 11032 Ha (Clayton et al., 2024)
OHHO OOyueHHe; BU- | TSJIOTO
7iea OT BUPTyaJlHU
KJIACHU CTau
Jannu ot | 3ammcu ot yeb kame- | dukcanuu, TpaeKTo- AHanu3 Ha KOHLEHTPALUATA,
npocJe- pH; €KpaHH OT JH- pUU Ha MOTJIea, Bpe- | KOTHUTUBHOTO HATOBapBaHE
afABaHe CTaHIMOHHO O0yuUe- M€ Ha HaOJIIoIeHue, Y B3aUMOJICCTBUETO C y4eO-
Ha morJie- | Hue 00JIacTH Ha HHTEPEC HOTO ChJIbPKaHUE
aa
Dusuo- CwmapT 4acoBHHUIIH, ChbplieueH puTbmM OTkpuBaHe Ha CTpeC, ymopa,
JIOTMYHHU | CMapT yCTPOMCTBA (HR), BapnaOuiIHOCT | TPEBOXKHOCT, BB30y/a U MO-
AAHHH Ha CbpACUHUS PUTHM | THBAIUS 10 BpemMe Ha o0yue-
(HRV), remneparypa | Hue
Ha KO)Karta
Jlorose ot | OGyuntennu cucremu | bpoii Bu3anus, Bpe- | Learning Analytics, mporso-
o0yuuren Me BBpPXY pecypc, 3UpaHe Ha ycIiexa, OLEHsIBaHe
HH 94ecTOTa Ha y4acTue, HA aHTQXXHUPAHOCTTA U PAHHO
CHCTeMH HABUTAIIMOHHU JIeH- penynpexaeHre 3a oTna-
CTBHS, PE3YNTAaTH OT | laHe
TECTOBE
Jdannu 3a | I'pynoBu 4arose; HNHTEH3UBHOCT Ha Amnanu3 Ha K0Ja00paTUBHOTO
COIMAJIHM | TUCKYCHOHHU (Opy- | KOMyHHKAIUsATa, cO- | o0yueHue, rpynoBara JuHa-
B3aUMO/I€ | MU; CbBMECTHH MPO- | IMATHU BPH3KH, JIH- MHUKa U COLMATHATA aHT KU~
HcTBUA €KTHU; BUPTYaJIHU pa- | I€PCKU POJIH, MOJIETH | PAHOCT

OOTHM ITPOCTPAHCTBA

Ha CbTPYAHUYECTBO

AHanu3bpT Ha HAY4YHATA JINTEPATypa ITOKA3Ba, Y€ HAM-YECTO U3IOJI3BAHUTE
MYJATUMOJIATHY KOMOUWHAIIMKM BKJIIOYBAT TEKCTOBU, ayJUO W BHU3YyaJHH JIaHHHU,
JIOMTBIHEHU OT JIOTOBE Ha OOYUYUTENHUTE cucTeMu. IHTerpupaneTo Ha pa3inyHu
MOJAJIHOCTH I103BOJISIBA NO-TIPELU3HO OLICHSBAHE HA EMOLMUTE, aHTAXKUPAHOCT-
Ta U y4eOHOTO NOBEIECHUE HAa 00y4aeMHUTE, OTKOJKOTO M3MOJI3BAHETO HA €AHH-

CAUHCTBCH N3TOYHUK HAa JaHHH.
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3. ApXUTEKTYpH 3a MYJTHMOJAJIEH CCHTUMEHT AHAJIN3

OcHoBeH Tpo0JeM B MYJITHMOJAIHUS CCHTUMEHT aHAIIM3 € HAYMHBT, 110
KONTO MH(popManusaTa OT pa3iIMYHUTE MOJATHOCTH Ce KOMOMHHpa — T.Hap.
npoOiem Ha cauBaneto (fusion). BaltruSaitis u xosern (2019) npearat ocHo-
BOIIOJIaraiia TaKCOHOMUS, pa3rpaHuyaBallla ciueane Ha Hueo npusnayu (early
fusion), crueane na nueo pewenusn (late fusion) u xubpuonu nooxoou, KouTo
ChUeTaBaT CJIEMECHTH OT JIBET¢ CTpareruu. I10-HOBM CHUCTEMaTHYHH TPETJICAH
JOMBJIBAT Ta3u Kiacu(HKaAIsS ¢ MOJEI-IICHTPUYHU KAaTETOPHUH, BKJIIOYBAIIU
TEH30pHU METOAM, MEXaHU3MU Ha BHMMaHUe U rpadosu npeactaBsnus (Gandhi
et al., 2023; Pandey & Vishwakarma, 2023).

3.1 Panno cnueane na nuso npuznayu (Early/Feature-level Fusion)

PanHOTO cnmBaHe mpecTaBisiBa Hal-TUPEKTHUAT MOJIX0] KbM MYJITHUMO-
JTATHOTO MOJICJIUpaHe: MPU3HAIUTE, U3BJIICUEHU MOOTACIIHO OT TEKCTOBHS, aKyC-
TUYHUS U BU3YaJTHUA KaHall, ce OOeqMHSIBAT B €IMHEH BEKTOP, KOWTO CJIEeI TOBa
Ce ToJilaBa Ha CTaHJApTEH KJacu(PUKaTOp — MHOTOCJIOEH mepientpoH, SVM
win noao0eH. To3u MOAXOJ € Cpell MbpPBUTE, MPUJIATAaHU B MYJITUMOIATHUS
CEHTUMEHT aHaJIU3, U OCTaBa pa3npocTpaHeH 0a30B METOJ B €KCIIEPUMEHTATHH
cpaBuenus (Gandhi et al., 2023; Pandey & Vishwakarma, 2023). OcnoBHu Tipe-
JTUMCTBA Ha Ta3W apXUTEKTypa ca MPOCTa UMIIEMEHTAIIUS U HUCKA apXUTEK-
TypHa CJIOKHOCT B CPAaBHECHHE C TIO-HOBUTE XHOPUIHU MOJIEIH, KAKTO U U3YHC-
JUTETHO e(EeKTUBHA, Th KAaTO HIMa JONMBJIHUTEIHA MEXaHU3MH Ha BHUMAaHUE.
PaHHOTO cnmBaHe M3UCKBaA MPEIM3HA BPpeMEBa CHHXPOHM3AIMS HA MOJATHOCTH-
Te Tpeanu 00eTUHEHHETO, KOETO € MPOOIEeMaTUYHO MPH €CTECTBEHO HECHHXPO-
HU3MpaHUu curHainu. OOGeMHSABAHETO HA PAa3HOPOJHM MO Mam@ad U pa3MEepHOCT
BEKTOPH MOKE Jia JIOBEJIE /10 JOMUHUPAHE Ha MOJAIHOCT C MO-TOJisiMa pa3Mep-
HOCT.

3.2 Kvcno causane na Huso pewenus (Late/Decision-level Fusion)

[Ipy KbCHOTO CIMBaHE BCSKa MOJAIHOCT c€ 00paboTBa W3IS0 HE3aBU-
CUMO Ype3 CaMOCTOSTEJICH YHUMOJAJCH KIacHu(pUKaTop, KOWTO MPOU3BEKIA
coOCTBEHa MPOTHO3a (HAIp. BEPOSITHOCTHO pa3mpeeeHue Mo KJIacoBE HAa CEH-
TUMEHT). MIHAuBHUTyaTHUTE MPOTHO3M BIIOCIEICTBUE C€ KOMOMHUpAT 4pe3 yc-
penHsBaHe, MPETErJeHO IIacyBaHe WM MeTa-Kiacu(puKarop, 3a Ja ce MOIy4dd
kpaitHoto pemenue (Gandhi et al., 2023). KbcHOTO cnuBaHe MMa BHCOKa MO-
TYJTHOCT, TIPH KOSITO MOJATHOCTHTE MoraT Aa ObaaT A00aBsHU, MPEeMaxBaHU
WK 3aMeHsHU 0e3 mpepaboTka Ha ocTtaHanuTe KoMmrnoHeHTH. [lo3BossiBa mapa-
JenHo o0ydeHre U Mo-JIeCHA HHTEPIPETUPYEMOCT Ha TIPUHOCA Ha BCAKA MOJIAI-
HocT. KaTo HemocTaThlid ce MOCOYBAT MPOIyCKaHe Ha (DUHU, MEKIYMOJATHU
B3aMMOJICHCTBHSI, Thil KATO MOJAIIHOCTUTE HUKOTA HE ce 00paboTBaT CHbBMECTHO
(Baltrusaitis et al., 2019) 1 kauecTBOTO Ha KpaillHUs pe3yaTaT CUIHO 3aBHCH OT
n300pa Ha cTpaTerus 3a arperupaHe Ha PEIICHUsTA.
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3.3 Xubpuono (mexcounno) causane (Hybrid/Intermediate Fusion)

[Tpu XxuOPUIHOTO CIMBaHE B3aUMOJIEHCTBUETO MEXIY MOJATHOCTUTE CE
MoJieJIipa Ha MHOKECTBO HHMBA Ha IBJI0OOYMHA B MpeXkaTa, KaTO TUIMYHU TPHU-
MEpH ca TCH30PHUTE U BHUMAaHHE-0a3UPAHUTE aPXUTECKTYPH.

Tenzopuna apxumexkmypa na caueane (Tensor Fusion Network) anpecu-
pa orpaHWYEHUATA HA MPOCTaTa KOHKATCHAIIHMS Ype3 IBHO MOJICIIMPaHEe HA BCUY-
KH BB3MOXXHU YHU-, OM- ¥ TPUMOJIATHU B3aUMOJICHCTBHS ITOCPEICTBOM TPUMEP-
HO BBHIIHO (Outer) mpou3Be/IeHHe Ha pas3imupeHuTe (C JoO0aBeHa KOHCTaHTa 1)
yHUMOJlanHu npenctaBsiaus (Zadeh et al., 2017). IlonyueHusT TeH30p YyJaBs
TUHAMUKHUTE MEKITYy MOJATHOCTUTE CUCTEMAaTHYHO, MPEIU 1a Ob/ie ToIaaeH Ha
U3ISUI0 CBBP3aHU CII0EBE 3a KpaiHa Kilacu(UKaIus.

Myamumooanen mpanchopmop

B Ta3m apxuTekTypa ce BBBEXKJAT HACOYEHH KPOCMOJAIHU BHUMaHUE-
0asupanu (directional, crossmodal attention) 6;10kOBe, KOMTO ITO3BOJISIBAT HA BCSAKA
MOJIAJTHOCT J1a ce (hOKycHpa TUPEKTHO KbM €JIEMEHTUTE Ha JAPYTUTE MOJATHOCTH,
0e3 HyX/Ia OT TPEBAPUTEIIHO BPEMEBO TOJIPABHIBAHE HA TMOCIIEIOBATEIIHOCTUTE
(Tsat et al., 2019). Bcekn undT MOJATHOCTH TMOJyYyaBa CHEIMAIU3UPAH TPAHC-
dbopmbpen 00k (Hamp. Ayano—Tekcr, Buneo—TekcT), a momyueHuTe oborate-
HU NpEACTaBsSHUS ce 00eauHsABAT upe3 JombiaHuTeneH self-attention cioit. I'omsim
Opoil oTnenHu attention 0J0KOBE (3a BCsIKa HACOYEHA JIBOMKA MOJIAJTHOCTH) YBEIH-
yaBa Oposi Ha MapaMeTpUTE U BPEMETO 3a 00ydeHue. M3uckBa CpaBHUTEIHO ToJie-
MU 00€MH OT JIaHHU 3a €(DeKTUBHO 00y4eHuE Ha attention Ternara.

Kananno cnueamne, o0azupano na enumanue (Attention Bottleneck
Fusion)

3a 1a HAMAJAT M3YMCIUTEIHATA TEXKECT Ha MBJIHOTO KPOCMOJAIHO BHU-
MaHue, Nagrani ¥ KOJIETH MpejjiaraT apxuTekrypa ¢ "teceH kanan" (bottleneck)
— MalbK (PUKCUpPAH OpOM JIATEHTHU TOKEHU, MPE3 KOUTO €AMHCTBEHO MOXKE J1a
npeMuHaBa MHGOPMAIUS MEXIYy MOJATHOCTUTE B OINPEICICHH MO-IbI0OKH
cioeBe Ha TpaHchopmbpa (Nagrani et al., 2021). Jlo onpeneneH ciioi Bcsika MO-
JATHOCT ce 00paboTBa HAIM'BJIHO CAMOCTOSITENIHO; CJEeJ TOBa OOMEHBT Ha WH-
dbopmanus € orpaHuyYeH eIUHCTBEHO 10 bottleneck TokenuTe, KOeTo MPUHYKIA-
Ba MOjIefia /1a KOMIIpecHpa caMo Hal-pelieBaHTHaTa MEXIyMojaanHa uHpopMma-
mus. To3u moaxo mMpuUHYXKZIaBa MOJena Ja OTAEIH caMO Hal-ChIllecTBEHATa
criojJiesieHa HHpopMaIs, KOETO MOKE /1a HaMalld MPEHACSHETO Ha IIyM MEXIy
monainHoctu. Obaue, TeCHUAT UH(POPMALIMOHEH KaHaT MOXE Ja IOBEE JI0 3ary-
0a Ha (QUHM, HO PEJICBAaHTHU JETAWIM TPH CHUIHO aCUMETPUYHU TIO0 MH(POpMa-
TUBHOCT MOJQJIHOCTH.

3.4 Apxumexmypu, 6azupanu Ha 2pagho8u HePOHHU MPeHCU

I'padoBo-6a3upanuTe MOAXOU MPEICTABAT BCAKA MOJATHOCT (MJIU YacTH
OT Hesl — JAYMH, ayJUO0 CETMCHTH, BU3YaJTHU PETHOHU WM KaJpH) KaTo BH3JIU B
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MYATHUMOJIaJIeH rpad, a penanunre MexXIy TIX — KaTto pedpa, BbpXy KOUTO ce
npuiarat rpa(oBU KOHBOIIOIIMOHHU WM IpaOBO-BHUMAHUEBH CJIOEBE. Yang u
KOJIETH TIpejyiaraT MHOrOKaHalilHa rpadoBa HEBPOHHA MpeXa 3a JCTeKIUs Ha
CEHTHMEHT, MPU KOSTO PAa3IUYHU TUIIOBE BPB3KU MOJEIUPAT KAKTO BHTPELIHO-
MOJAJIHUTE, Taka U Mexaymoaannute 3aBucumoctu (Yang et al., 2021). To3u
MOJIXO/1 TIO3BOJISIBA MO-T'bBKABO MPEACTABAHE HA HEPETYIISIPHUA U PA3HOPOIHU 1O
NpHUpo/ia B3aWMOOTHOIIICHUS, B CpaBHEHHE C (UKCHUpPAHUTE TEH30PHU WIU
attention CTpyKTYypH.

3.5 Apxumexmypu, 6azupanu Ha (MyIMUMOOAIHU) 20JeMU e3UKOBU
mooenu

Haii-HOBOTO MOKOJI€HHE apXUTEKTYPH U3I0JI3Ba IPEIBAPUTEIHO 00yUEHU
rojieMH €3UKOBH MOJIEIM KaTo LEHTpPajIeH KOMIIOHEHT 3a pPa3ChKICHUE, KbM
KONUTO BHM3yaJlHUTE M ayJu0 CHTHaJIM C€ MPOEKTUPAT B OOIIOTO TOKEH-
IPOCTPAHCTBO YpE3 CHEUUANIU3UPAHU alaliTepH, Clie] KOETO MOJEIBT reHepupa
CEHTUMEHTHA OlIEHKa 4pe3 MHCTPYKIuu (prompting) B zero- uinu few-shot pe-
KUM, UK upe3 Jieka ¢puHa HacTpoiika (Yang et al., 2024). CuctemaTu4eH mper-
Jen Ha Yang U KoJierd o0o0ImaBa MmoAXoAnuTe 3a aJanTUpaHe Ha TOJEMHUTE €3U-
KOBU MOJICIM KbM MYJITUMOJATHU CCHTUMEHTHHU 3aJ[aui, HACOYCHH KbM TEKCT, a
MO-paHHM W3CJICIBAHUS MOKA3BaT CMECEHU pPe3yiTaTh — Jo0pa pe3yaTaTHOCT
Opy MO-IPOCTU 3aJayd, HO To-cnaba Mpu 3agadyd, HW3UCKBAaIIKM (HUHO-
rpaHyJIUpaHo CTPYKTypUpaHO pa3OMpaHe HA CEHTUMEHTAa. To3u MOaXof ce OT-
JM4YaBa ChC CHIJIHA CIIOCOOHOCT 3a FeHepan3alis KbM HOBH JOMEHHU U 33/1a9U
ype3 zero-/few-shot nHCTpyk1MH, 6€3 HyX/1a OT I'BJIHO NMPEOOYUYEHHUE; BH3MOXK-
HOCT 3a T€HEpUpPaHE Ha OOSICHUMO, €CTECTBEHOE3MKOBO pa3ChKIECHUE 3a]l CEH-
TUMEHTHATa MMPOTHO3a, a HE CaMO JUCKPETEH €THUKET, KAKTO U JICCHA MHTETrpaIus
Ha JIOMTBJTHUTENICH KOHTEKCT (CBETOBHM 3HAaHUA, (JOHOB KOHTEKCT) Ype3 MPOMIIT
WH)XeHepuHT. Jlureparypara mocouBa KaTo HEIOCTATBHIM BHCOKATAa W3YHCIIHU-
TEJTHA IIeHA U JTATCHTHOCT TPU U3BEXKIaHE B CPAaBHEHUE C KOMIIAKTHUTE CTICIHA-
JU3UPaHA apXUTEKTYpH. Pe3ynraTtute ca 4yBCTBUTETHH KbM (DOpMyIHpOBKaTa
Ha MIPOMIITA U CTparerusta Ha npuMepu (few-shot examples). [Ipu crioxau, du-
HO-TPaHyJIMpaH! CEHTUMEHTHH 3aJaud pe3yJTaTHTE OCTaBaT MO-Clabu OT Te3u
Ha crnienuanu3upanu, ooydenu end-to-end monenu (Zhang et al., 2023).

3.6 Apxumexmypu, cneyuguunu 3a 06pazosamenrus KOHMeKCm

B uHTENMreHTHUTE 00pa30BaTETHN CHCTEMH JOMBIHUTEIHO CE U3IMOI3BAT
XUOPUIHNA apXUTEKTypH, ChUETaBalll MYJITHMOJAIHWS CEHTUMEHT aHalu3 C
MOJIEIM 3a MpocieAsBaHe Ha 3HaHMATAa Ha oOyudaemus (Knowledge Tracing) u
MOJIETIM 3a pa3no3HaBaHE Ha aQEKTUBHU CHCTOSIHHS, CHCHU(PUYHU 32 YICHETO
(learning-centered affect detection), karo oOBpKBaHe, OTeTYeHHUE, ,,lIOTAMSIHE
BbB ()JIOY CHCTOSIHUE M Jp. T€3M CBhCTOSHUS C€ pa3inyaBaT KOHIENTYaJTHO OT
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0a30BUTE €MOIIMM W W3HUCKBAT CHEIUATN3UPAHU KIACU(PUKAIIMOHHH CXEMU H
JOMBJIHATETHN TPU3HAIM, W3BJICYEHU OT B3aUMOJCHCTBHETO C YYEOHOTO Ch-
IbprKaHue.

N300pbT Ha apXHUTEKTypa 3a MYJTHUMOJIAJICH CEHTUMEHT aHAJIU3 TMPE/IC-
TaBJISIBA KOMIIPOMHUC MEXIY H3PA3UTEIHOCT HAa MOJEIUPAHUTE B3aUMOJCHCT-
BUsI, U3UUCIUTENIHA €()EKTUBHOCT, YCTOMUYMBOCT MPH JIMIICBAIllA MOJAIHOCT U
HaJu4YeH 00eM OT aHOTHpAHU JaHHU. PaHHUTE MOAXOU 3a CIMBaHE Mpesjarat
n00pa 6a3oBa pe3yATATHOCT, HO HE yJaBAT GUHUTE MEXIYMOJATHU JUHAMUKH,
JIOKaTO TEH30PHUTE W TPaHC(HOPMBPHUTE APXUTEKTYPH MOCTUTAT IO-BHCOKA
TOYHOCT 3a CMETKa Ha HapacTBalla CJI0XHOCT. APXUTEKTYpU C BHUMaHUE U
rpadoBU TIPEACTaBSIHUS TpeasiaraT ajlTepHATUBHU IBTUIA 3a OaJaHC MEXIY
¢()eKTUBHOCT U M3PAa3UTEIHOCT, a Hak-HoBHTe LLM-0a3upanu moaxoau OTBa-
PAT B3MOKHOCTH 3a I'eHepain3aliis U 00sICHUMOCT, HO BCE OIIe M30CTaBaT MpHU
3a1a4M, U3UCKBAIIM (DUHO-TPAHYJIHUPAHO CTPYKTYPHPAHO CEHTUMEHTHO pa30u-
paHe. bpremure u3ciaeaBaHUs BEPOSITHO I MPOIBIKAT J1a KOMOMHUpPAT elie-
MEHTH OT T€3U apXUTEKTYPHU C 1€ MOCTUTaHe Ha MO-YCTOMYMBU U UHTEPIIPETH-
PYEMH CUCTEMH 3a MYJITUMOIAJICH CCHTUMEHT aHaJlu3.

4. KOHIIeHTyaJIeH MOJ€J HA MYJITUMOJAJTECH CCHTUMCHT aHaJIN3
B HHTCJIUICHTHA 06p33OBaTeJ1Ha CucremMa

Bb3 ocHOBa Ha pasriefaHuTe TUIIOBE JAHHU U apXUTEKTYPHU pELICHUs
MOKe Ja ObJe MmpennokeH 00O0O0IIeH KOHIENTyalleH MOJEN 3a MHTETpanus Ha
MYJITUMOJIATHUSL CEHTUMEHT aHalu3 B MHTEIUTE€HTHA 0Opa3oBaTeliHa CUCTEMA,
CTPYKTYPHpaH B MET nocienaoBarentu cios (dur. 1)

1. 2.
MpeasaputenHa = 4. =
Ectinanena el MyntumopanH WUHTepnpetaum ApanTusHa
BaHHKU 06paboTka
0 cMBaHe A U pelueHne EREE
mekcm, u3enu4aHe Ha PaHHO, KbCHO, Knacuomkaumus nepcoHanusm
gy0uo, eudeo o xnbpuaHo Ha CeHTUMEHTa
ceH3opu daHHUme paHa peakuus
T o0bpamHa epb3Ka

Queypa. 1. Konyenmyanen mooen Ha MyamumoOaieH CeHMmUMeHm anHaiu3
8 UHmMenu2eHmHa 0opaz0eamenta cucmemda

4.1 Cnoti 3a cvbupane Ha OaHHU

B To3m eranm cucremara chOupa CHHXPOHHU3MPAHU MOTOLM OT JAHHHU OT
Pa3IMYHUTE U3TOYHMIM — TEKCT, AyJIM0O U BUJIEO MOTOLM OT KamepaTa U MUKpPO-
¢dboHa Ha yCTPONCTBOTO, IaHHU 32 B3aUMOJICHCTBUETO ¢ MHTEpdeiica u 1o u3dop
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JaHHU OT HOCUMU CeH30pHu. PaboTH B peasHO BpeMe Ui MOYTH B PEATHO BPEME,
3a JJa MOK€ CHUCTeMara I0-HaTaThK Jia pearrpa JOKaTo CecusiTa BCE OLIE Teue.
Baxxen eneMeHT € ocurypsiBaHeTo Ha MH(POPMUPAHO ChIVIacue Ha oO0ydaeMus u
CIa3BaHETO HAa M3UCKBAHUATA 3a 3alllMTa Ha JIMYHUTE JaHHU, Thi KaTo chOupa
NOTEHILMATHO YyBCTBUTEIHA OMoMeTpuyHa nHpopMarus (Jmue, riac, Gpu3noo-
TMYHU CUTHAJIM), TO3U CJIOW HOCH U TIpaBHa/eTuyHa oTroBopHOCT — GDPR cBb-
OTBETCTBHE, aHOHUMU3AIIHS, TTPABO HA OTKA3 OT HAOIOICHHE.

4.2 Cnoti 3a npedgapumenna 06pabomka u u3eIUvaHe Ha NPUHayu

Bcesika MopanHOCT mpemMuHaBa mpe3 crneruduuHa npeaBapuTenHa oopa-
00TKa — MOYUCTBAHE W TOKCHM3AIMs HA TEKCTa, IIIyMONOTHCKAHE U WU3BIMYAHE
Ha MPU3HAIM OT ayJUOTO, ACTEKIMs Ha JIMIC U U3BIMYaHEe HA MPU3HALA HA W3-
paXeHUETo OT BUAE0TO. Ha To3m eram ce permaBaT ¥ MpoOJIEMHUTE C JTUIICBAIIU
JTAaHHU, BPEMEBO TOJIpaBHSABAHE HA IMOTOIUTE, HOpMAJW3AIMs U MaliadupaHe
WIM TIPUBEXKAAT KbM CpPaBHUM Maiad Mpeju MojaBaHe KbM CJIOSl 3a CIHMBAHE,
KaKTO ¥ HaMaJIABaHE Ha pa3MEpPHOCTTa (0COOCHO BUIEO M ayIHO0) Ype3 TEXHUKH
3a 3ama3BaHe Ha Hail-pejeBaHTHATa HH(OPMAIUS 32 CECHTUMEHTA.

4.3 Cnoii 3a My1mumoOaiHo ciueane

B TO031 cnoit ce mpumiara m3OpaHata apXMTEKTypa 3a CiuBaHe (paHHO,
KbCHO WJIM XHOPHIIHO), peaTu3upaHa Ype3 MEXaHNU3MHU 32 BHUMAHUE WIIN TPaHC-
dbopmbpHU OJIOKOBE, C 1€ MOJIyYyaBaHe Ha €IMHHO, 00OTaTeHO MPEICTABSIHE Ha
€MOIIMOHAITHOTO CHCTOSIHUE Ha O0ydaeMusl.

4.4 Cnoii 3a unmepnpemayus u 83emane Ha peuieHue

OO06enMHEHOTO TPEJCTaBsHE CE 10/1aBa Ha KIACH(PUKAIMOHECH WM perpe-
CHOHEH MOJyJI, KOHTO Ompesessi KOHKPETHOTO CEHTHUMEHT ChCTOSHHUE (HAIpH-
MEp TOJIOKUTEIIHA aHTAKUPAHOCT, OOBpKBaHe, (ppycTpanus, oTerdyeHue). Pe-
3yJITATHTE MOTAT Jla C€ KOMOMHHUpPAT ¢ MOJIENIa 3a MPOCIIesIBaHe Ha 3HAHUSATA, 32
J1a ce TOJyYH ISUIOCTHA OIIEHKA Ha KOTHUTHBHO-EMOIIMOHATHOTO CHhCTOSTHHE HA
oOyJaemusi.

4.5 Cnou 3a aoanmuena Hameca

Bb3 ocHOBa Ha pa3no3HATOTO ChCTOSTHUE CHCTEMaTa reHepupa MOaX0 -
1a nejaroruyecka HaMmeca — MPoOMsiHa B CIOKHOCTTA Ha 3a/1auuTe, MPeaoCcTaBsi-
HE Ha JIOI'BJIHUTENHU OOSCHEHHUs, HachpyaBalllo CHOOILIECHUE, MPEHACOUBAHE
KbM MpernofaBaTe] WIM YOBEIIKH HACTAaBHUK, WM aJalTUpaHE HA TEMIIOTO Ha
Ipe/CTaBsiHE Ha ChAbpKaHUETO. Pe3ynraTuTe oT HamecaTa ce BphIIaT 00paTHO
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KBM CJIOH | KaTo HOB IUKBJI OT JaHHU, KOETO MPAaBH MOJIENIa HTEPATUBEH U Ca-
MOOOyYaBailll ce BbB BPEMETO.

KoHmenTyaTHUAT MOJIEN WIFOCTPHPA 3aTBOPEH UK Ha 00paTHA BPB3Ka,
B KOHTO MYJITHMOJATHHSIT CEHTHMEHT aHAlM3 HE € €THOKPATeH aKT Ha KIIACH-
(ukanws, a HeIPEeKbCHAT MPOIIEC, BrPaJicH B TUHAMHUKATA Ha yueOHATa Cecusl.

5. le/IJIO)KeHI/Iﬂ Ha MYJTHUMOJAJTHAA CCHTUMECHT aHAJIU3

B HHTEJIMIeHTHA o0pa3oBaTe/iHa cucTeMa

CriocoOHOCTTa Ha CHCTEMaTa Jia pa3lo3HaBa B PeajHO BPeMe eMOIIMOHAT-
HOTO M MOTHBAIIMOHHOTO CHCTOSIHHE Ha 00ydaeMus JiaBa Bb3MOXKHOCT 3a PEJIv-
1a KOHKPETHH MpHIokeHus. [10-moiry ca mpejcTaBeHHn OCHOBHHTE HaIlpaBiie-
HUS, B KOUTO MYJITHMOJIATHUAT CEHTUMEHT aHaJIN3 BeUe HaAMHpa WM MOXKE Ja
HaMEpH MIPUIIOKCHNE B MHTCIIMTCHTHUTE 00pa30BaTEeIIHU CUCTEMH.
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Panno omxpusane na oowvprseane u ¢ppycmpayus. Upes cpuetaBaHe Ha
JIMIEBU M3PAKEHUS, TJIACOBH XapPAKTEPUCTHKU U TOBEACHYCCKH JaHHU
cUCTeMaTa MOXE J1a MACHTU(PHUIIMpA MOMEHTH, B KOUTO OOy4aeMHST
W3MHATBA 3aTPYAHEHUE, IPEAN TOM caM Aa € hopMyIupal BBIPOC, U Ja
MIPEIIOKH MPOAKTHBHA TIOMOTII.

Oyenka Ha HUBOMO Ha aHeadcuparHocm. MyITUMONAIHUAT aHAIU3
MO3BOJISIBA HEMPEKbCHATO M3MEPBAHE Ha BHUMAHUETO U WMHTEpeca Ha
oOy4aemusi 10 BpeMe Ha BHJIEO JICKIIUU WM WUHTEPAKTUBHU YyIpaKHe-
HUS, KOETO € 0COOEHO MOJIE3HO MPU OTBOPEHHU OHJIAMH KYypCOBE, KbJIETO
JIMTICBA MPSK KOHTAKT C MPEIo/1aBaTed.

Ilepconanuzupanu cucmemu 3a obpamna épwv3xka. BupTyamHute MHCT-
pyKTOpH M 00Opa3zoBaTeIHUTE 4aTOOTOBE MOraT Ja ajanTupaTr TOHA U
ChIBPKAHUETO HAa CBOMTE OTTOBOPH CHOOPA3HO YCTAHOBEHOTO €MOIIH-
OHAJIHO CHCTOSTHUE HAa O0Oy4aeMusl — HalpuMep MO-HAaChPUYUTEICH TOH
IIpY 3ace€deHa TPEBOKHOCT.

Panno npeoynpesicoenue 3a omnaoane om Kypca. Y CTOWIMBO OTpHUIIA-
TEJICH CEHTUMEHT, ChUYCTaH C HaMaJsIBallla aHTAKUPAHOCT BbB BPEMETO,
MOJKE J1a CIIY>)KH KaTO WHIUKATOp 3a PUCK OT MPEKICBPEMEHHO HAITyC-
KaHe Ha Kypca, MO3BOJISIBAHKA HAaBPEMEHHA HaMeca OT CTpaHa Ha Ipe-
MO/ TaBaTES.

Oyenka Ha Kauecmeomo Ha NPenooasamencko cbovpicanue. AHanu-
3BT Ha KOJEKTUBHHUS CEHTUMEHT Ha Tpymna oOy4aemMu 1o BpeMe Ha Ja-
JIeHA JICKIIHUS WJIA MOJTYJI IPEIOCTaBsl Ha MPEeroAaBaTeInTe U pa3padboT-
YUIIMTE HAa ChIbpKaHUE OOCKTHBHA OOpaTHA BPbB3Ka 32 €()eKTUBHOCTTA
U pa3bupaemMocTTa Ha MaTepuana.

Ilookpena npu oucmanyuouHo u xubpuono obyuenue. B ycioBusara Ha
OHJIaliH oOydYeHue, KbJETO HEBEpOAJHUTE CUTHAIM Ca OTPaHWYCHH,
MYJITUMOJATHUAT CCHTUMEHT aHaJM3 KOMIICHCHpPA YaCTUYHO JIMTICATa



Ha MPSAKO HAOJIIOICHKE, KaTO MPEAOCTaBs Ha MPEToaBaTess arperupa-
Ha wHPOPMAIHS 32 EMOIMOHAIIHOTO CHCTOSIHME HA TpymaTa B PEasHO
BpEME.

o [Ipuobwasawo obpazosarue. MyNTUMOJAIHUTE CUCTEMHU MoOraT Ja
ObJaT aJanTHpaHW 3a MOANOMaraHe Ha oOy4aeMu ChC CHenUuPpUIHU
oOpa3zoBaTeIHU MOTPEOHOCTH, HAPUMEDP UYpe3 pa3lo3HaBaHE HAa €MO-
[IMOHAJIHA CUTHAJHU TPH JIella ¢ Pa3CTPOMCTBA OT ayTUCTUYHUS CIICK-
TBP, 32 KOUTO BEpOATHOTO MU3pa3siBaHE HAa EMOIUH € 3aTPYIHEHO.

6. 3akirouenue

MynaTUMOJATHUAT CEHTUMEHT aHalIWU3 IPEACTaBlsiBa €CTECTBEHO Ipo-
IbJDKEHHE U 000oraTsBaHe Ha TPaJIWLMOHHUTE MOJAXOAM 32 aHaJIU3 Ha TEKCT, Ka-
TO MPEJOCTaBsd Ha UHTEIUTCHTHUTE 00pa30BaTEeIHU CUCTEMH CIOCOOHOCTTA Jia
,yCelat* eMOLIMOHATHOTO U3MEpEeHHe Ha yueOHus npouec. KomOuHupaneTo Ha
TEKCTOBH, ayAHO, BU3YAIHU, (PU3HOJOTHYHN U TIOBEIEHYECKU JTaHHU Ype3 ChB-
PEMEHHH apXUTEKTYpHU 3a ABJIOOKO MAIIMHHO 00y4eHHEe TO3BOJISIBA TIOCTUTAHE-
TO Ha IMO-TOYHA, YCTOMYMBA M HWHTEPIpPETHPyeMa OLEHKAa Ha CHCTOSHUETO Ha
oOydJaeMusi B CpaBHEHHE C €THOMOJIAJTHUTE TTOIXO/TH.

[TpennoxxeHusAT KOHIENTyaIeH MOJEI MOKa3Ba, Y€ MHTETpaIusITa Ha MyJI-
TUMOJIaJIHHSI CECHTUMEHT aHanu3 B oOpa3oBaTelHaTa CUCTEMa € MHCTPYMEHT 3a
peanu3upaHe Ha UCTUHCKHM NEPCOHAIM3UPAHO, EMOLMOHAIHO-CHOOPa3eHO 00y-
YeHHUE.

Bbrpekn nmocturHaTus HanpeabK, 00JacTTa ce cOabCKBa ¢ peAMla Ipe-
JU3BUKATEJICTBA, CPEJl KOUTO OCUTYpsIBaHE Ha JOCTaThYHO rojisiM 00€M aHOTHU-
paHu MYJITHUMOJAJIHU 00Opa30BaTE/IHU JaHHM, CIIPaBsSHE C KYJATYpHU U UHIWUBU-
JyajqHU Pa3Inyusl B U3Pa3siBAHETO HA €MOLMH, U3YUCIUTEIHA €PEKTUBHOCT MPU
paboTa B peaHO BpeMe, KaKTO M BBIIPOCH, CBbP3aHU C €TUKATa M 3alluTaTa Ha
JUYHUTE JAaHHU TPU HEMpeKbCHATO HaldrofeHue Ha oOyudaemute. bpaemure
U3CTIeIBAHUS ClIe[[Ba Ja ce HacoyaT KbM pa3paboTBaHe Ha MO-JIEKU U OOSICHU-
TEJIHU apXUTEKTYpH, YCTOWYMBHU Ha JIUTICBAIIM MOJAITHOCTH, KAKTO U KbM Ch3-
JTAaBaHETO Ha CTaHJAPTU3MpPaHU OOpa3oBaTeTHU OCHYMapK HAOOpPHW OT JaHHW,
KOHUTO J1a MO3BOJIAT OOCKTUBHO CPAaBHEHUE HA PA3IMUHUTE apXUTEKTYpHU pellie-
HUSL.
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TRANSFORMING MARKETING BUSINESS MODELS THROUGH
GENERATIVE AI: STRATEGIC INTEGRATION, PROCESS
AUTOMATION, AND VALUE CO-CREATION

Assistant Professor Steliana Vasileva!, PhD

Abstract: While Generative Artificial Intelligence (GenAl) offers vast operational ca-
pabilities, businesses lack structured models to systematically integrate it into corporate
strategy. This paper provides a conceptual three-tier maturity framework to transition mar-
keting business models from isolated process automation to full strategic integration and dy-
namic value co-creation. Through synthesis of current literature and secondary corporate
case studies, the research outlines critical implementation barriers, ethical risks, and neces-
sary digital competencies. This study contributes a strategic deployment blueprint, bridging
the gap between GenAl potential and organizational integration to drive corporate agility.

Key words: Generative Artificial Intelligence (GenAl), Marketing Business Models,

Process Automation, Strategic Integration, Digital Competencies
JEL: M31, 033, M15

1. Introduction

The rapid advancement of GenAl — driven by large language models
(LLMs) and multi-modal synthesis engines — represents a profound strategic
paradigm shift in marketing, unlocking up to $4,4 trillion annually in cognitive
value (Chui et al., 2023) with over 70% adoption among high-performing firms
(Singla et al., 2024). Historically, marketing Al evolved from predictive analyt-
ics for segmentation and targeting (Wedel & Kannan, 2016; Kumar et al., 2019)
toward generative architectures that autonomously produce hyper-personalized
content at scale (Huang & Rust, 2021; Overgoor et al., 2019). While literature
highlights immediate operational efficiencies (Grewal et al., 2020) and elevated
customer engagement metrics (Lamberton & Stephen, 2016; Kaplan & Haen-
lein, 2019), existing scholarly inquiry remains fragmented, focusing on task-
specific micro-outcomes (Syam & Sharma, 2018) while overlooking macro-
level architectural transformation (Verhoef et al., 2021).

This creates a critical integration gap — corporate enterprises lack struc-
tured models to systematically embed GenAl into deep organizational work-
flows (Chintagunta et al., 2016), frequently succumbing to algorithm aversion
and structural inertia (Dietvorst et al., 2018; Raisch & Krakowski, 2021). To
bridge this deficiency, the primary purpose of this research is to develop a con-
ceptual three-tier maturity framework guiding the systematic transition of mar-
keting business models from isolated process automation to full strategic inte-
gration and dynamic value co-creation.

I's.vasileva@uni-svishtov.bg, D. A. Tsenov Academy of Economics — Svishtov

254



By constructing this developmental continuum, the study delivers a two-
fold contribution:

V' Theoretical Contribution: Expands strategic marketing theory by estab-
lishing a formalized maturity model that bridges the gap between technological
capabilities and corporate deployment frameworks.

v' Applied Contribution: Offers a strategic blueprint for corporate managers,
providing a concrete roadmap to navigate structural barriers, mitigate ethical
risks, and cultivate the specific digital competencies needed to maintain corpo-
rate agility in dynamic market environments.

2. Literature Review, Theoretical Gap and Methodology
2.1.  Evolution of Al in Marketing and The Integration Gap

Marketing Al has transitioned from rule-based descriptive systems and
predictive analytics — historically restricted to offline data sorting and campaign
optimization (Wedel & Kannan, 2016; Kumar et al., 2019; Chintagunta et al.,
2016) — into creative, generative architectures capable of real-time cognitive
synthesis and autonomous strategy formulation (Huang & Rust, 2021; Overgoor
et al., 2019). Contemporary academic consensus highlights three primary opera-
tional benefits of GenAl: drastic cost compression in creative production (Grew-
al et al., 2020; Chui et al., 2023), accelerated deployment cycles from weeks to
hours(Davenport et al., 2020), and hyper-personalized customer engagement
that reduces cognitive friction (Kaplan & Haenlein, 2019).

However, a profound integration gap persists as organizations struggle to
scale GenAl beyond ad-hoc task automation into core marketing business mod-
els(Verhoef et al., 2021). Prevailing literature remains heavily fixated on micro-
level performance metrics while lacking macro-level architectural guidance for
strategic integration (Syam & Sharma, 2018). Driven by structural inertia and
algorithm aversion, firms attempt to force cognitive technologies into legacy
organizational structures without unified frameworks to align human capital
with intelligent systems (Dietvorst et al., 2018; Raisch & Krakowski, 2021), re-
sulting in fragmented adoption, data silos, and isolated operational micro-wins
rather than sustainable competitive advantages.

2.2. Methodology and Research Design
To address the identified integration gap without original primary data,
this study utilizes a qualitative conceptual research design combining systematic

literature synthesis with secondary descriptive case study analysis executed in
three sequential phases (Maclnnis, 2011;Y1in Robert, 2018).
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Phase 1. Systematic Literature Synthesis: A comprehensive review across
major academic databases (Scopus, Web of Science, Google Scholar) covering
peer-reviewed marketing and information systems literature (2010 — 2026) using
keywords such as "Generative AI" AND "Marketing Business Models" AND
"Process Automation".

Phase 2. Conceptual Framework Derivation: Deductive reasoning was
applied to build a three-tier maturity matrix conceptualizing structural steps to
transition from isolated software deployment to fully integrated corporate agili-
ty(Maclnnis, 2011).

Phase 3. Secondary Case Validation: The framework was validated using
secondary data from public corporate disclosures, official press releases, and
global technology implementation reports (e.g., McKinsey) of market-leading
enterprises (Yin Robert, 2018).

3. Proposed Conceptual Framework
3.1. The Three-Tier Maturity Model
The GenAl Marketing Maturity Model (GMMM) establishes a develop-

mental path for firms shifting from legacy marketing structures to intelligent,
Al-driven business models across three progressive tiers (see Figure 1).

GENERATIVE Al MATURITY MODEL (GMMM)

TIER 1: PROCESS AUTOMATION

Focus: Task-Level Efficiency & Cost Reduction
Characteristics: Isolated deployment, human-in-the-loop, static tools

lDriven by Data Integration & Agility

TIER 2: STRATEGIC INTEGRATION

Focus: Cross-Functional Workflows & Structural Alignment
Characteristics: Connected pipelines, automated forecasting, agile systems

Driven by Real-Time Feedback
Loops
TIER 3: VALUE CO-CREATION

Focus: Dynamic Business Models & Autonomous Brand Evolution
Characteristics: Continuous generation, hyper-personalized customer value

Figure 1. The Evolutionary Continuum of the Generative Al Marketing Maturity
Model

Source: Author’s own.
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Tier 1: Process Automation (Localized Optimization): Defined by isolated
task optimization. GenAl tools act as discrete applications replacing or augment-
ing manual labor in narrowly defined tasks (e.g., LLMs for copywriting, text-to-
image engines for graphics) (Overgoor et al., 2019). Tactical efficiency, cost
reduction, and speed are primary goals, while the core business model remains
unchanged under a human-in-the-loop execution style.

Tier 2: Strategic Integration (Cross-Functional Workflows). Integrates indi-
vidual GenAl tools into unified cross-functional pipelines. Predictive forecasting
models analyze unstructured consumer data (Wedel & Kannan, 2016), automatical-
ly prompting generative engines to draft product concepts, pricing strategies, and
tailored promotional campaigns (Davenport et al., 2020). Technology functions as
a core bridge between market intelligence and creative output.

Tier 3: Value Co-Creation (Dynamic Model Transformation): Represents
complete business model transformation. GenAl shifts into an external, client-
facing environment where value is co-created dynamically. The brand’s digital
presence becomes an evolving ecosystem processing real-time telemetry and
dialogue to instantly construct personalized product interfaces and dynamic val-
ue propositions without human administrative intervention.

3.2. Framework Variables and Driving Forces

Progression through the GMMM (see Table 1) depends on three intercon-
nected driving forces (Davenport et al., 2020; Maclnnis, 2011).

Table 1. Strategic Matrix of Driving Forces and Architectural Variables Across
GMMM Tiers

Driving Force | Tier 1: Process Auto- | Tier 2: Strategic In- Tier 3: Value Co-
mation tegration Creation
Fragmented, ad-hoc Unified data pipelines; | Autonomous, decentral-
text prompting; local- structured enterprise | ized data ingestion; real-
Data Man- . . . . :
agement ized data silos. data lakes (Chintagun- | time streaming telemetry
ta et al., 2016). (Wedel & Kannan,
2016).
Low; legacy corporate | Moderate; automated High; real-time, auto-
approval chains still cross-departmental mated adjustments to
Operational control content creative workflows market shifts (Raisch &
Agility (Dietvorst et al., 2018). | (Grewal et al., 2020). Krakowski, 2021).
Delayed; retrospective | Segmented; automated | Continuous; instant algo-
campaign analysis adjustments based on | rithmic responses to live
Feedback (weekly/monthly). batch market da- consumer actions (Ku-
Loops ta(Syam & Sharma, mar et al., 2019).
2018).

Source: Author’s own.

Data Management: Progresses from manual, prompt-based data handling
(Tier 1) to integrated data lakes connected with enterprise CRM/ERP systems

257




(Tier 2), and finally to automated, real-time telemetry streaming directly into
algorithms (Tier 3).

Operational Agility: Governs how rapid insights turn into actions (Grewal
et al., 2020). Tier 1 suffers from legacy approval delays. Tier 2 automates de-
partmental pipelines. Tier 3 shifts human roles to high-level systemic auditing,
enabling instantaneous market adaptation.

Feedback Loops: Determines learning velocity (Kumar et al., 2019). Tier
1 uses retrospective weekly/monthly analysis; Tier 2 relies on multi-day batch
adjustments; Tier 3 continuously captures micro-interactions to instantly retrain
client-facing models.

4. Applied Corporate Contextualization. Secondary Case Studies

To demonstrate the operational utility and structural pathways of the pro-
posed GMMM, this section examines secondary data from industry-leading or-
ganizations. Rather than providing statistical validation, these descriptive case
studies serve to contextualize how multinational enterprises move along the evo-
lutionary continuum from isolated task automation to dynamic, platform-wide
value co-creation.

4.1. Case Study 1. Sephora: Hyper-Personalization and Cognitive
Customer Experience

Omnichannel beauty retailer Sephora initially scaled Tier 1 automation (e.g.,
Color IQ skin tone mapping for static product matching) before transitioning toward
client-facing value mechanisms (Sawhney et al., 2026). Sephora integrated advanced
generative conversational Al directly into digital touchpoints, including a specialized
application layer within OpenAI’s ChatGPT ecosystem (Sephora, 2026).

Consumers engage in open-ended natural language dialogue regarding sub-
jective beauty aesthetics. The GenAl system processes live telemetry to generate
unique makeup advice, tailored ingredient lists, and dynamic product curations
(Sephora, 2026). Operational data indicates that conversational Al chatbots at
Sephora drove a 25% increase in per-session customer spending, with over 70% of
interacting users finalizing transactions within 24 hours (Kamal Embabi, 2025).

4.2. Case Study 2. The Coca-Cola Company. Strategic Integration and
Architectural Alliances

While Sephora focuses on personalizing the front-end user experience, the
Coca-Cola Company (see Figure 2) servers as an example for a deep, backend
corporate restructuring aligned with Tier 2 Strategic Integration and Tier 3 Val-
ue Co-Creation. In early 2023, Coca-Cola formed a global alliance with Bain &
Company and OpenAl, establishing a dedicated division led by a Global Vice
President and Head of GenAl (Bain & Company, 2023; Thakar, 2026).
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The Coca-Cola’s Integrated Al Architecture

MARKET INTEL & DATA ENTERPRISE OPENAI

PLATFORM

GENERATIVE OUTPUT

«* Cross-Functional
Pipeline

<+ Brand Compliance
Filters

«+ Consumer
Sentiment
«+ Regional Telemetry

++ Global Campaighs
«» Hyper-Localized Ads

Figure 2. Workflow Pipeline of Coca-Cola’s GenAl Strategic Integration

Source: Author’s own.

Through its "Create Real Magic" campaign, Coca-Cola integrated GPT-4
and DALL-E into a secure platform, allowing global creators to generate origi-
nal branded artwork using official intellectual property assets (Coca-Cola Com-
pany, 2023). The initiative generated over 120 000 user-submitted creative as-
sets in one month and established a seven-minute average brand engagement
loop (Kelly, 2023). Centralized architecture bypassed traditional creative bottle-
necks and enabled direct co-creation with consumers.

4.3. Synthesis and Framework Mapping

Analyzing these real-world corporate actions confirms that corporate tran-
sition through the GMMM is defined by how deeply data pipelines are connect-
ed and how fast feedback loops operate. As illustrated in Table 2, both Sephora
and Coca-Cola initiated their transformations via localized optimizations before
building out integrated, platform-wide frameworks.

Table 2. Mapping of Secondary Corporate Case Study Initiatives Against the

GMMM Framework

Corporate Action

Documented Operational Outcome

GMMM Tier
Mapping

Sephora: Localized copy-
writing and  automated
email generation.

Drastic compression of media creation
cycles; increased velocity of digital
assets (Kamal Embabi, 2025).

Tier 1: Process Au-
tomation

Coca-Cola: Strategic alli-
ance with Bain & OpenAl;
dedicated GenAl executive
leadership.

Development of a secure corporate
platform layer; eliminated cross-
departmental data silos (Bain & Com-
pany, 2023).

Tier 2: Strategic Inte-
gration

Sephora: Interactive
ChatGPT application; real-
time skin telemetry advice.

25% increase in per-session conver-
sion metrics; dynamic customer expe-
rience  personalization  (Sephora,
2026).

Tier 3: Value Co-
Creation

Coca-Cola: "Create Real
Magic" crowd-sourced plat-
form; real-time asset co-
generation.

120 000+ customer-generated digital
marketing assets; decentralized brand
evolution (Kelly, 2023).

Tier 3: Value Co-
Creation

Source: Author’s own.
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This applied synthesis clarifies that achieving true corporate agility re-
quires moving beyond isolated Tier 1 tools. The maximum strategic value of
GenAl is captured only when a firm builds unified data environments (Tier 2)
that can eventually support autonomous, customer-facing value co-creation (Tier
3).

5. Implementation Challenges and Digital Competency Framework
5.1. Organizational and Technological Barriers

The primary technical barrier to GenAl integration is legacy system in-
flexibility. Deploying cognitive tools over outdated software architectures re-
sults in data fragmentation and isolated silos, preventing Al engines from ac-
cessing CRM or ERP systems necessary for complex workflows (Chintagunta et
al., 2016; Verhoef et al., 2021).

Organizationally, structural inertia and algorithm aversion create friction
(Raisch & Krakowski, 2021). Mid-level managers often distrust automated tools due
to displacement fears or perceived loss of creative control (Dietvorst et al., 2018).
Additionally, high computing and licensing costs for enterprise-tier LLM architec-
tures pose major financial hurdles for smaller enterprises (Chui et al., 2023).

5.2. Ethical and Legal Risks

Deploying GenAl introduces distinct regulatory, legal, and ethical risks:

. Regulatory Compliance: In the European context, compliance with
GDPR and the EU Al Act (Regulation (EU) 2024/1689 of the European Parlia-
ment and of the Council of 13 June 2024 down Harmonised Rules on Artificial
Intelligence (Artificial Intelligence Act), 2024) requires strict data handling. In-
gesting proprietary customer data into public cloud LLMs risks accidental data
leakage and severe financial penalties.

. Intellectual Property & Copyright: Models trained on web-scraped
data may output synthetic content that infringes on existing copyrights, exposing
firms to plagiarism litigation (Samuelson, 2023).

. Algorithmic Bias: Training data containing historical biases can
lead generative models to reproduce culturally insensitive or discriminatory
marketing copy, damaging brand equity.

5.3. The Digital Competency Matrix

As illustrated in Table 3., this paper presents a specialized Digital Compe-
tency Matrix mapping critical employee capabilities across three core operation-
al areas.
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Table 3. The Digital Competency Matrix for AI-Driven Marketing Teams

Competency Domain Core Technical Skill Strategic Corporate Function
Designing highly structured con-
Cognitive Interfacing Advanced Prompt Engi- text parameters to extract accu-
neering rate, high-quality creative outputs
from LLMs (Davenport et al.,
2020).

Reviewing Al-generated text and
Systemic Quality Control Algorithmic Output Audit- | media for brand compliance, fac-
ing tual hallucinations, and hidden
biases before public launch.

Managing interconnected data
pipelines while maintaining strict
GDPR and copyright standards
Data-Driven Governance Multimodal Data Literacy (Regulation (EU) 2024/1689 of
the European Parliament and of
the Council of 13 June 2024
down Harmonised Rules on Arti-
ficial Intelligence(Artificial Intel-
ligence Act), 2024).

Source: Author’s own.

To visualize how these skills function together in a day-to-day corporate
environment, the operational workflow of human-Al collaboration is mapped
below.

HUMAN-AI WORKFORCE COLLABORATION

1. PROMPT ENGINEERING 2. GENERATIVE Al ENGINE 3. AUDITING

— —

Human designs context System creates content Human ensures brand
safety

Figure 3. Collaborative Flow Mapping the Interlocking Human Competencies
Source: Author’s own.

As illustrated in Figure 3, this operational structure changes the human
employee from a manual content creator into an architectural overseer who
brackets the Al system. The process operates as a secure sandwich structure —
human intelligence initiates the workflow by providing strategic, contextual
guardrails via prompt engineering, and human intelligence concludes the work-
flow through systematic auditing. This continuous feedback loop ensures that
the generative engine remains isolated from direct, unmoderated market expo-
sure. By maintaining this structural balance, firms can eliminate algorithm aver-
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sion, protect corporate brand safety, and build the organizational adaptability
required to succeed in dynamic business environments.

6. Conclusion, Managerial Implications, and Future Research

This paper addresses the critical integration gap in Al marketing by estab-
lishing the Generative Al Marketing Maturity Model (GMMM). The conceptual
continuum demonstrates that maximum strategic value is realized only when
firms evolve beyond Tier 1 task automation into Tier 2 cross-functional integra-
tion and Tier 3 dynamic customer value co-creation. As contextualized by
Sephora and Coca-Cola, business model transformation relies on data pipeline
integration, operational speed, and continuous algorithmic feedback loops.

To implement GenAl effectively, corporate executives should follow a
three-step blueprint:

Step 1. Conduct an Architectural Audit and Build Data Lakes: Consoli-
date fragmented data into secure enterprise data lakes to provide LLMs with
necessary context.

Step 2. Formalize Governance and Setup Human-AI Pipelines: Implement
sandwich workflows (Figure 3) and compliance protocols to ensure outputs are
audited before public release, aligning with GDPR and the EU AI Act.

Step 3. Cultivate the Digital Competency Matrix: Upskill marketing per-
sonnel in prompt engineering, output auditing, and data literacy to mitigate algo-
rithm aversion and structural inertia.

The study is limited by its qualitative conceptual design and reliance on
secondary corporate data. Future research should empirically validate the
GMMM using quantitative metrics (e.g., CLV, cost compression, agility scores)
across diverse industry sectors and examine implementation frameworks tailored
to small and medium-sized enterprises (SMEs) facing capital constraints.
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E3UKOBATA TIUHAMMUKA B IMT'UTAJIHATA CPEJIA:
I'EHEPATUBHMUAT U, HOBATA JIEKCUKA U BE3JIMYHUTE
KOHCTPYKIHNHU B OBPA3OBATEJIEH KOHTEKCT

Ac. Auura Tomopanosa’

Pe3tome: /Joxnaovm paszenescoa eauxosama OUHAMUKA 8 OUSUMATHAMA cpeda U po-
asama Ha eenepamusnus MU, Ypes 3aceudemencmeanu 6e31uuHu KOHCMPYKYUU C IeKCUKA OM
OueUManHusi OUCKypc ce Npociedsied UHMeZPUpPanemo Ha HOBA JIeKCUKA 8 ObleapcKu CUH-
maxkmuyuen mooden. Pasepanuuasam ce cmpykmypHa 6v3modcHocm, peanna ynompeba, pas-
npocmpaterue u Hopmamuseen cmamyc. Omuuma ce u 8b3mModucHomo enusnue Ha MU evpxy
esuxosama eapuamuenocm. B obpazoeamenen xonmexkcm ce npeonaza MAwUHHO 2eHepupa-
HUSM Mamepuan 0a ce nooidea Ha Kpumudecka nposepKd upe3 pedHuyu, KOpnycu, peainu
ynompeou u HayuHU U3MOYHUYU.

Kaw40Bu AyMM: 2015M €3UK08 MOOeI, e3UK08a OUHAMUKA, OUSUMATHA KOMYHUKAYU,

Oe3nuuHU KOHCMPYKYUU, e3UK08a 6apuamusHocm, 06pasosanue.
JEL: 121, O33

LANGUAGE DYNAMICS IN THE DIGITAL ENVIRONMENT:
GENERATIVE AL NEW VOCABULARY AND IMPERSONAL
CONSTRUCTIONS IN AN EDUCATIONAL CONTEXT

Assist. Prof. Anita Todoranova

Abstract: The paper examines linguistic dynamics in the digital environment and the
role of generative Al in these processes. Drawing on attested impersonal constructions con-
taining vocabulary from digital discourse, it traces the incorporation of new lexical items into
a syntactic pattern characteristic of Bulgarian. The analysis distinguishes between structural
possibility, actual usage, degree of dissemination, and normative status. It also considers the
potential influence of generative Al on linguistic variation. In an educational context, the pa-
per proposes that machine-generated linguistic material should be treated as an object of
critical verification through dictionaries, corpora, authentic usage, and scholarly sources.

Key words: large language model, language dynamics, digital communication, im-

personal constructions, language variation, education.
JEL: 121, 033

1. BnBeaenue

Jlurutannara cpeja € 30Ha Ha MHTEH3MBHA €3WKoBa quHamuka. Coruan-
HUTE MpexH, GOpyMUTE U TIIATPOPMUTE 32 KOMYHUKAIUSI YCKOPSIBAT BBH3HUK-
BAHETO W Pa3NpPOCTPAHEHUETO HAa HOBU €IMHUIIM, a MUCMEHOTO OOIIyBaHE YECTO
npUA00MBa HEMOCPEACTBEHOCT U €KCIPECUBHOCT, XapaKTEPHHU 3a YCTHATA pey.
3aToBa AUTHTAJIHATA KOMYHHUKAIMS MPEJCTaB/IsIBA ChBKYMHOCT OT COIIHMAJHO,

'a.todoranova@ts.uni-vt.bg, BTY ,,Cs. cB. Kupun u Meroamii‘
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(YHKIIMOHATHO U >KaHPOBO OOYCIIOBEHU MPAKTHKH, a HE €AMHEH ,,e3UK Ha WH-
tepaet (Androutsopoulos, 2006). B Obarapcku KOHTEKCT Cpell XapaKTepHUTE
IPOLIECH ca MapayenaHara yrnorpeda Ha OBJIrapcki U aHTJIMUCKHU KO U Ch3/aBa-
HETO Ha HOBU €JMHUIIM Upe3 pecypcute Ha Obarapekus e3uk (Kuposa, 2016).

['enepaTuBHUAT M3KyCTBEH MHTENEKT (generative artificial intelligence,
GenAl) no6aBs HOBO U3MepeHUE KbM Ta3u cpefia. AKO MO-paHHUTE TEXHOJIOTHH
GYHKIIMOHUpAT MPEIMMHO KaTo KaHaJl M MHCTPYMEHT 3a YOBEIIKO OOIIyBaHe,
rOJIEMUTE €3UKOBH MOJIENIM MOTaT CaMHM Jla TeHepupar, npedopmynupar, peaax-
TUpAaT, MPEeBEeXJIaT U 0000maBaT TeKCT. Taka TEXHOJOTMYHHUAT MOCPEAHUK CE
NPEBPBIIIA U B yYACTHUK B TEKCTOMPOU3BOICTBOTO.

ToBa nMa MpsAKO 3HAYEHUE 3a OIEHSBAHETO Ha €3UKOB MmaTtepuai. ['one-
MUST €3UKOB MO/JIENI HE € HOPMATUBEH CIPAaBOYHUK, IpaMaTHKa WM KOPITyC: Be-
POSITHOCTHOTO T€HEpUpaHe MOXe Ja chueTaBa KOAU(ULIMpaHH, Pa3rOBOPHU U
penku GpopMH WK Ta Ch3/1aBa HOBHU mo aHajorus. M3cinensaneto Ha L. Zhou et
al. moka3Ba, 4ye MO-rOJIEMHUTE BB3MOKHOCTH U I0-100pOTO clieiBaHE HA WMHCT-
PYKIIMM HE TIpeMaxBaT pUCKa OT MpaBaoNoJ00HU, HO HEBEpHU OTroBopu (Zhou
et al., 2024). CnenoBarenHo yOeAUTEIIHO 3BYYAIIUAT MAIIMHEH TEKCT HE € caM
1o cede cu JoKa3aTeJICTBO 32 HOPMATUBHOCT WK peajiHa yrnoTpeoa.

[lenTa Ha nokKjaAa € Ja aHAIM3Upa POJISITA Ha T€HEPATHUBHUTE €3UKOBU
MOJIEJIM B €3UKOBATa IMHAMHMKA U CBBbP3aHUTE C HEsl 00pa30BaTEIHU MOCIECIULIN.
®oKyChT € BHpXY aJanTaiusiTa Ha JEKCUKa OT TUTHTAIHUS TUCKYPC U BKIIIOU-
BAHETO U B OC3JIMYHU KOHCTPYKIIMM C JIaTeJIHA KIUTUKA U ce. MOJETbT € WIIIoC-
TPaTUBEH: YpEe3 HEro ce MPOCIIesiBa MPEXOIbT OT JIEKCUKAIHO 3a€MaHe U MOp-
domornyHa amanTanys KbM CHHTAKTHYHA WHTETPAIUS M ce TOCTaBs pa3rpaHu-
YEHHUETO MEXK/Y €3MKOBO Bb3MOXKHOTO U PEATTHO 3aCBUAETEICTBAHOTO.

2. E3ukoBaTa IHHAMHKA B JUTHTAJHATA cpea: 3aeMaHe, ajanTainus
U MHTerpanus Ha aHIJI0e3UYHA JUTUTATHA JIEKCUKA

JluHaMMKaTa Ha ChbBPEMEHHATa ObJIrapcKa JIEKCHKa e OIpees OT B3au-
MOJIEHCTBUETO HA BHTPEIIHOE3UKOBU U BBHHITHOEC3UKOBHU (PAKTOPU. AHIIIUKCKO-
TO BJIUSHUE YCKOPSIBA HABJIM3aHETO HA HOBHM HOMMHALIMH, a OBJITAPCKUTE CIOBO-
o0Opa3yBaTeIH! PecypcH yyacTBaT B TAXHOTO npucnocobsaBane (bnaroesa, Ko-
KoBcKa, 2021). Bpp3kaTa Mexly BBHIIHOTO BIMSHHUE M BBTPEHIHOCHUCTEMHATa
aJanTalys € ONMCBaHA M Ype3 MapajeHUTe TEHACHUMN KbM HHTEPHALUOHAIM-
3arust U HanuoHanu3aius (Konkoscka, 2006). Tyk T ce nmpocneasiBa upe3 3ae-
MaHe, ajanTanus U MHTErpalus Ha aHrjioe3udHa aururanHa jgexcuka. H. Koc-
TOBa YCTAHOBSABA AKTHBHO MOP(OJOTMYHO MPUOOLIaBAHE HA TJIaroJIHU HEOJIO-
IrU3MH OT KoMmItoTbpHata obsact (Kocrosa, 2016).

Tennenuusrta ce HaOMOAaBa U B Hail-HOBaTa JIeKcHKa. AT. ATaHacoBa I0-
couBa (JOPMU KaTO maeeam/mazna, MUHK8AM, CKPOIHA, OUCTIAUKHA W PemyUumHa
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U OTOENsI3Ba aKTUBHOCTTA Ha OBJIFApCKUTE CI0BOOOpPA3yBaTEIHU CPENCTBA -6a-
U -H- TIPU IIPUCIIOCOOSIBAHETO HA HOBUSI MaTepual (AtaHacoBa, 2024).

Mopddonornunata aganranus odadye HE € KpailHa CTereH Ha MHTerpamusl.
HoBuTe rnaronu mosrydyaBat rpaMaTHyHu (POPMH U ChYETAEMOCT, a BKJIIOUBAHE-
TO UM B XapaKTEepHHU 3a OBJITrapCKUsl €3UK CHHTAKTUYHM MOJEIHU MOKa3Ba IO-
IBJI00KO CHUCTEMHO YCBOSIBaHE.

3. be3JM4YHMTEe KOHCTPYKUHUH KATO WIKOCTPALUS HA CHHTAKTHYHATA
HHTEerpanusi

be3nuuHOCTTa B CHbBPEMEHHHS OBITAPCKU €3WK € CTPYKTYPHO pa3zHOOO-
pasHo sBieHHE. AT. ATtaHacoB Kiacuuuupa OE3TUYHUTE MPEIUKATH CIOPET
TUIIa HA TIpEJIMKaTa, ChU€TaeMOCTTa C BUHUTEIIHUA U JATCIIHU OOEKTU M BH3MOXK-
HOCTTA 3a eKCIuMIuTeH noajior (Atanacos, 2015). I'. IletpoBa ananuszupa mnpe-
JTMKATUBHO-JTATUBHU KOHCTPYKIIUU OT TUTIA CIMYOEHO MU e, CKYYHO MU e, CIPAaH-
HO MU e W pOJISITa Ha JATETHUS apryMEHT MPU O3HAYaBAaHETO Ha €KCIIEPUEHTOPA
(ITerpoBa, 2020; 2022). Te3u wuscnenBaHusi MOKAa3BaT MPOJYKTUBHOCTTA H
CTPYKTypHaTa BapUaTUBHOCT Ha OC3JIMYHHUTE MOJEIH, B KOMUTO MOXE Ja Ce
BKJIFOYBA M HOBA JICKCHKA.

HacrosmmsaT aHamu3 ce orpaHnyaBa J0 KOHCTPYKIIMH C JaTeTHa KIUTHKA
U ce, ChIBPIKAINN TJIATOJI 32 IEUCTBHUE OT AUTHTATHATA cpena. OrpaHHYCHUETO
¥Ma METOJIOJIOTHYHA IIeJI: B PAMKHTE Ha €IHa cXeMa MOXKe Ja ce HalOIrromaBa
MIPEMUHABAHETO OT HOBA WJIM CEMAaHTUYHO CTEIUAIN3UpaHa JeKceMa KbM ydac-
THE B YCTAHOBEH OBJITAPCKHU rpaMaTHYCH MO/IEN.

[Tpu TpaguIMOHHU KOHCTPYKIIMH KaTO Cnu Mu ce, Xo0u Mu ce, niaie mu
ce NEUCTBUETO Ce€ MPEJCTaBs KaTo KeJIaHWe, Harjlaca Uild BbTPEIICH UMITYJIC Ha
JMIETO, O3HAYeHO upe3 aarenHara ¢opma. ChIIUAT MOJAEN C€ pealu3upa U C
IJIaroJiv, Ha30BaBAIlld JUTUTAIHU JIEHCTBUS.

[Ipu yvram ca perucTpupanu HIKOJIKO peanusauuu: Ilvka mu ce Hewo
(SoftUni Forum, 24.10.2014 r.), ...a nvk mu ce yvka multiplayer na Q2 n Axo
mu ce yvka c xopa... (BulForum, 24-25.05.2005 r.). PaznuuausT cioBopeq u
poMsiHaTa Ha JaTejHaTa KJIWTHKA MOKa3BaT (PYHKIIMOHMpPAHE Ha KOHCTPYKTH-
BEH MOJIEJ, a HE Ha 3aCTUHANIO ChYeTaHWe. J[UTUTaTHO MOTUBUPAHUST TIIAroj
yams ce Cpella B ...He MU ce yeme, He MU Ce Yamu, He MU ce nuuie 8b8 hopy-
Mma... (Dnes.bg, 29.04.2013 r.), KbIeTO € KOOPAUHUPAH C YTBBPACHUTE uema |
nuwa. lpu 61026am ca 3aCBUIETEICTBAHU OTPUIIATEIIHA W TIOJOXKHUTEIHU pea-
muzanuu: He mu ce 6n026a, ne mu ce ueme, ne mu ce cvpupa... (,,CeMku u
o6onb6ouku*, 16.10.2005 r.), Jnec mu e maxkaxkeo ocobero — ba028a mu ce, ama
He 3Ham mouHo 3a kakeo (Scripta manent, 24.01.2011 r.) u Om uzeecmro gpeme
He mu ce onozea (Oh, Books!, 20.02.2013 r.). Ilo-HoB npumep ¢ He mu ce
ckpoaea... (bopym ,,Hampasu cam*, 21.04.2024 r.).
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[TpumepuTe 0oOXBamaT pa3IuyHU TUTUTAIHU AEWHOCTH — U3IOJI3BaHE HA
IOPUJIOKEHUSI U UTPU, OHJIAWH Pa3roBOp, Ch3/laBaHE HA ChAbP)KAHME U HABHUIa-
s B uHTepdeiic. OOIIOTO €, ye HoBaTa JIEKCHKA y4acTBa B rpaMaTUYHU OTHO-
HICHUS, XapaKTepHU 3a OBJATapcKus €3UK, KOETO MOKa3Ba U CUHTAKTUYHA MHTET-
patus Hapea ¢ Mop(doJIoruyHaTa.

3acBUIETEIICTBAHUTE MPUMEPU HE JaBaT OCHOBAaHWE BCSKA aHAJIOTHMYHO
oOpa3yBaHa KOHCTPYKIIUS Ja ce MpHeMa 3a ycTaHoBeHa. Hamnuwmero Ha He mu
ce CKpo.16a He JT0Ka3Ba aBTOMATHUYHO ymoTpedara Wi pa3nmpoCcTpaHEHOCTTa Ha
penopmea mu ce, mMeiiea mMu ce, KOOUpa mu ce N Apyru CTPYKTYPHO BB3MOXK-
HU chueTaHus. [I[poayKTUBHOCTTAa Ha MOJIeNIa TH MPaBU pa3doupaeMu, HO peaiHa-
Ta UM ynotpeda N3uCKBa HE3aBUCUMO €3MKOBO CBHJICTEJICTBO.

Pasrpannyenuero ce cboTHacsa ¢ mojena Ha H.-J. Schmid, ciopen koiito
KOHBEHIIMOHAJIM3alMATA € COLMAJIEH IPOILEC C pa3jMyHa CTENEH Ha CIoelie-
HOCT U yCTOHYMBOCT Ha ynotpebute (Schmid, 2020). CnenoBarenHo CTpyKTyp-
HaTa BH3MOXKHOCT HE € PaBHO3HAYHA HA PEAJIHO YCTaHOBEHA ynoTpeba, a Halu-
YHETO HAa €MHUYEH NMPUMEpP HE € JOCTaThbUHO OCHOBAHME Jla C€ TOBOPHU 3a IIU-
pOKa KOHBEHIIMOHATU3AIIHSL.

4. l'oneMuTe €3UKOBH MOJIEJIN: MEKIY CTPYKTYPHATA Bb3MOKHOCT H
peajHaTa ynorpeda

['onemuTe €3UKOBH MOJIETH pa3lo3HaBAT MPOAYKTUBHUA TPAaMaTHYHU CXE-
MU ¥ MOTaT Jla TH pa3lIupsaBar rno ananorus. KomOuHMpaHeTo Ha TTO3HAT MOJET,
KaTo chu Mu ce, Xo0u Mu ce, pabomu mu ce, ¢ MOP(OJIOTUYHO aanTUPaAHU TJa-
TOJIU, KaTO CKPOA8AM, MA26aM WIN penopmeam, € IpeIBUANMO MPU BEPOATHOC-
THO reHepupane. [lonyyenata gpopma Moxe J1a € rpaMaTUYHO MpO3payHa U Jiec-
HO pa3z0Oupaema, 0e3 KOHKPETHOTO ChYETaHHUE Jla € PEaTHO 3aCBHUJIETEJICTBAHO.
3aToBa MalIMHHO reHepupaHaTa MpaBAONoA00HOCT HE TPsOBa Ja ce mpueMa Ka-
TO CBHJIETEJICTBO 3a €3MKOBa yrmoTpeoa.
[Tpu ananu3 Ha AMHAMHWYHA JICKCHKA € HEOOXOoAMMO Aa ObaaT pa3rpaHu-
JaBaHH MMOHE YETUPU PABHUINA!
® CTPYKTypHa BB3MOXKHOCT — (hopMarta ce M3rpaxaa B ChOTBETCTBUE
C MPOAYKTUBEH MOJIET Ha €3HKa;
® 3aCBHJICTEJICTBAaHA YIOTpeOda — OTKPUBAT C€ peajieH KOHTEKCT, Ch3-
JaJIcH OT HOCHUTEIN Ha €3MKa;
® CTereH Ha pa3NpoCTpaHEeHHE U KOHBEHIIMOHAIN3aIus — ynorpebara
Ce MOBTaps B PA3JIMYHU COLMAIHU TPYyNH, (GYHKIIMOHATHU cepu U
KOMYHUKATHBHU PETUCTPH;
® HOpPMAaTHUBEH CcTaTyc — opMaTa ce ChOTHACS CHPSMO JIeHCTBAIIATa
KoAu(UIpaHa HOpMA.
Te3u paBHuIa He chBHNAnaT: eqHa (Gopma Moxke na ObAe CTPYKTYpHO
BB3MOKHA, HO HE3aCBUACTEIICTBAHA, PEATTHO YIOTpeOsBaHa, HO OTPaHUYEHA 10
oTpesieNieHa rpylia Wik CTUIOBO MapKHUpaHa.
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PuckbT 3acsira U METae3MKOBUTE OLIEHKU. MOAENIBT MOXKE Ja ONpeaeiu
¢dbopma KaTo ,,IIIUPOKO yNoTpeOdsBaHa®, ,,IpaBUIHA" WK ,,yTBBpACHA™, 6e3 Aoc-
TaThyHO OCcHOBaHUe. JlanauTe Ha L. Zhou et al. moka3BaT, 4ye O-MOIIHA MOJIe-
JU ¥ MOJIEH, KOUTO TO-00pe clieZIBaT HHCTPYKIIMHU, MOTaT Ja 1aBaT MPUBUIHO
CMHCJIEHH, HO HEBEPHU OTTOBOPH, YAaCT OT KOUTO MOTPEOUTETUTE TPYAHO pas-
no3Hasart (Zhou et al., 2024).

3aroBa B €3UMKOBEJCKaTa U oOpa3oBarenHaTa paboTa MAlIMHHUAT OTTOBOP
€ MO-MPOAYKTUBHO JIa CE€ U3IMOJI3Ba KATO XUIOTe3a 3a MpoBepKa. PEUHUKBT CBU-
JIeTEeJICTBA 3a JIEKCHUKOTpadcka perucTpaiys, HOPMATUBHUAT CIPABOYHUK — 3a
Koau(uUKaus, KOpIychbT — 3a peajHa ynorpeda, a HAydHOTO M3CIEJBaHE — 3a
UMHTEpHpETaLUs B ONpe/iesieHa METOJIONOTHs. ['eHepaTUBHUAT MOJIENT MOXKE Ja
npejiara BApMaHTH U aHAJIOTUX, HO HE 3aMEHS BBHILHOTO JOKA3aTeJICTBO.

5. T'osieMuTe €3MKOBH MOJEJIH KATO HOB (PAKTOP B AUTHTAJIHATA
€31KOBa cpea

MacoBoTO H3MOJI3BaHE HA TOJIEMHUTE €3UKOBH MOJIENU 3a PelaKTHpaHe,
npedopMyrpane, MPeBoJl, PE3IOMHUpPAaHE U Ch3JaBaHE HAa TEKCT O3HAYaBa, 4e
OTIPEJICIICHN €3WKOBH PEIICHHS, CHCTEMHO TpeaJiaraHu OT MOJAENUTE, BCe IT0-
YECTO HABIM3aT B peajHaTa KOMyHUKanws. ToBa HE MPEeBpHIIa €3MKOBUTE MO-
JIEM B CAMOCTOSATEJICH TeHEPATOp Ha €3WKOBa MPOMsIHA: KOHBEHITMOHAIA3AITHS-
Ta OCTaBa COLMAJICH mpolec. ['eHepaTuBHUTE cUCTEMU 0Oade 100aBsAT MEXaHU-
3bM 3a MaiadHa CeJICKIUS U MMOBTOPEHHE, KOUTO MOXKE Jla BIIHSIE BHPXY BUIH-
MOCTTa M OTHOCUTEJIHATA YECTOTA Ha OTNpe/IeTCHU (OPMYITHUPOBKH.

AKTyaqHUTE HM3CIEABAaHUS HACOYBAT BHUMAHUE KbM BB3MOXKHOTO YeII-
HaKBsiBaHE Ha mucMeHata ped. A. J. Alvero et al. u3nons3Bar nousTUATA ,,IUTU-
tanHu akueHTu™ (digital accents) u ,,xomoreHHocT B nu3aitHa® (homogeneity-
by-design), 3a 1a o003Hayar, OT €Ha CTpaHa, COIMATHO OOYCIOBEHUTE OCo0e-
HOCTU B TMIMCMEHATAa JIUTUTAIHA PeY, & OT Jpyra — TCHICHIUATA TeHEPATHBHUTE
CUCTEMH J]a BB3MPOU3BEKIAT MMO-OIPaHUYCH HA0Op OT €3WKOBU MOJIETH. ABTO-
pute oTOENA3BAT, Y€ TCHEPATUBHUTE MOJICIM HE 00XBAaIllaT B IThJIHA CTETICH Ba-
pUATUBHOCTTA, XapakTepHa 3a 4oBemKkoTo nucane (Alvero et al., 2025). B tpu
U3CIIeIBaHUS BBPXY ceaeM Habopa oT manam U Haa 880 000 Texcra Z. Sourati et
al. ycTaHOBSIBaT, Y€ M3MOJI3BAHETO HA TOJIEMH €3MKOBU MOJIEIH KaTO MTOMOIITHH-
IIM TIPU TIMCaHE € CBBP3aHO C HaMaJlsIBaHE Ha €3MKOBaTa BAPUATHUBHOCT; TIPH
MaIIMHHO TIpedopMyTUpaHe ChIBPKAHUETO CE 3ama3Ba, HO YacT OT JIOMUHHUPA-
IUTe MOJEIH ce 3acuiBaT (Sourati et al., 2026).

Taka pomnsiTa Ha ToJEMHUTE €3MKOBH MOJIEIHM B €3WKOBaTa JWHAMHKA CE
ouepTaBa KaToO JBYIIOCOYHA: TOW MOXE MO aHaJOTHs Ja pasmupsBa Habopa oT
CTPYKTYPHO BB3MOXKHU peajn3allid, HO TIPU MacoBa ymoTpeda /a yBelndaBa
MOBTOPSIEMOCTTA HA OMPE/ICICHN BUCOKOBEPOSTHH PEIICHUA. 3a TO-MaJKU €3U-
1 ¥ Pa3HOBUIHOCTU C HEPABHOMEPHO MpEICTaBSIHE B JaHHUTE 3a OoOydeHHe
TOBA € CBIIECTBEH BBIPOC, Thii KaTO MAINIMHHOTO MPEANOYUTAHUE KBM JaJeH
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BapHUaHT HE € HEMPEMEHHO OTPAKCHUE HA HETOBaTa HOPMAaTUBHOCT, CTHIIMCTHY-
Ha YMECTHOCT WJIM COIMaJIeH 00XBaT.

6. O0pa3oBaTe/IHM M3MEPEHUs: OT MAIIMHHUSA OTTOBOP KbM
KPUTHYECKATA MPOBepKa

['onemuTe €3UMKOBH MOJENHU BEYE C€ M3IOJI3BAT 3a Ch3/laBaHe U MOIU(U-
[IUpaHe Ha TEKCTOBE W YNMPAXHEHHUS B €3MKOBOTO OOyUeHHWE, HO M3CJICIBAHUSATA
noJ4epTaBaT ¥ HEOOXOAUMOCTTAa OT OIIEHKa Ha Ka4eCTBOTO Ha T€HEPHUPAHOTO
cpabpxanue (Paakosa, 2024; I'adranmkuesa, Jlonesa, 2025). Tazu no3unus e
B cb3Byune ¢ jgokymenture Ha UNESCO: Guidance for Generative Al in
Education and Research noctaBsi aklileHT BbpXY YOBELIKaTa aBTOHOMHOCT U Tie-
Jaroruyeckara nenecboOpasHoct (Miao, Holmes, 2023), a Al Competency
Framework for Students — BbpXy KpUTHUYECKUS TTOAXO/I, ETUYHOTO M3IOI3BaHE U
pazOupaHeTo Ha NMPUHIMIINTE HA TexHoJorusaTa (Miao, Shiohira, Lao, 2024).

[Ipu e3uxkoB maTepuan rpamoTHOCTTa B oOnactta Ha MU cnenBa nma ce
pa3BHBa 3a€JHO C KpUTHYECKa €3MKOoBa rpaMoTHOCT. OOydaeMusaT TpsiOBa jaa
pasnnyaBa CTPYKTypHA BB3MOXKHOCT, peaiHa yrmoTpeda, CTETNeH Ha pa3mpocTpa-
HEHHUE, CTUJIOB 00XBaT, HOPMAaTUBHOCT U JOKAa3aTEeJIICTBEHA CTOWHOCT HA M3TOY-
HuKa. JInHaMUYHATa TUTHTANHA JICKCHKA € TIOIXOMIl MaTepral 3a TakaBa pa-
00Ta, 3aI0TO TPAaHUIUTE MEXAY BBH3MOKHA, HOBOBB3HHKBAIA M YTBBpJCHA
ynotpeba ca BUAUMU.

[IpakTideckara paboTa MOXKE J1a 3alO4YHE C PEaTHO 3aCBUICTEICTBAHU
KOHCTPYKLUU — YBbKA MU ce, He MU ce yamu, 610264 Mu ce, He MU ce CKPOJ16a
u ap. Cnen ToBa Ha T€HEpAaTUBEH MOJEN C€ Bb3Jiara Ja Ch3/ajJie¢ aHAJIOTHYHU
dbopMHU ¢ IPYyru TIAroiad OT IUTHTATHUS auckypc. [lomydeHusT marepuan ce
IIpOBEPSBa MOCIIEIOBATEIHO:

® YCTaHOBSIBA C€ CTPYKTypHATa ChbBMECTUMOCT C MOJEN Ha Obiarapc-
KU €3UK;
MPOBEpPsIBa CE 1ay ynorpedara e peajHo 3aCBH/ICTEICTBAHA;
M3CJIeIBAT C€ KOMYHUKATHUBHHST KOHTEKCT M COIMAITHHAT M 00XBAT;
IpoBepsBa ce JieKcuKorpadckara perucTpanuys Ha Taroa;
Ipu HEOOXOAMMOCT C€ MPaBU CHIIOCTABKA C HOPMATHBHHU U HAY4YHU
U3TOYHUIIH.

Taka MamIMHHUAT OTTOBOP CE MPEBPHIIA B OTIpPaBHA TOYKA 3a aHAJIM3, a
HE B KpaeH aBTopureT. CTpYyKTypHO Mpo3payHaTa, HO HE3aCBUICTEJICTBAaHA
¢dbopMma 1mo3BosIsiBa Ja ce 00SICHU JIEHCTBUETO HA MPOAYKTUBHUS MOJEN U €IHOB-
PEMEHHO J1a ce MOKa)Xe 3aIlo MPaBIONOJ00HOCTTa HE € JI0Ka3aTeIICTBO 3a pea-
Ha ynoTtpeba. Jlopu MammHHATa Tpelrka MpuaoOuBa Terarornaecka CTOMHOCT,
KOTraTo Ce M3MOJI3Ba 3a pa3BUBaHE HA YMEHHUS 3a MPOBEpKa, apryMEHTaIus U
OLICHSIBAaHE HA HAJICKTHOCTTA.
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OOpa3oBaTenHaTa 3a/1a4a CJIEJOBAaTEITHO HE CE CBEXJa /0 YCBOSBaHE Ha
TEXHMKH 32 3aJlaBaHe Ha MHCTpyKUuU. HeoOxoquma € KOMIETEeHTHOCT 3a pa3ou-
paHe Ha XapakTepa Ha FeHEpPUPaHUs PE3yNTaT U 32 CAMOCTOSTEIIHA MPELeHKa Ha
HeroBaTa JJOKa3aTeJICTBEHA CTOMHOCT.

7. 3akjiouenue

AHanu3bT MOKa3Ba, Y€ JUTUTATHO MOTHMBHUpAHATA JIEKCUKA C€ MHTETPUpa
B OBJATapCKUsl €3UK HE caMO MOP(OJOTUYHO, HO U CUHTAaKTUYHO. YTIOTpeOH Ka-
TO UBKA MU ce, He MU ce uamu, 071026a Mu ce / He MU ce 071026a NI He MU ce
CKpO/16a WIIOCTPUPAT BKIIFOYBAHETO HA HOBU WJIM CEMAaHTUYHO CHEUATH3UPaHU
IJIarojy B NPOAYKTUBEH Oe3inueH mMojen. OrpaHuyaBaHeTo A0 Ta3u KOHCTPYK-
Usl € METOJOJIOTHYHO: YPE3 Hesl ce MPOCIIEsiBa BPb3KaTa MEXIY JEKCHKAIHA
MHOBAIIMsI, afjalTallls, CHHTAKTUYHA HHTETpalys U peajiHa yrnoTpeoa.

['onemMusIT €3UKOB MOJENI MOXE IO aHAJIOTHs Ja Ch3AaBa (HOPMHU, KOUTO
3By4aT HAIbJIHO €CTECTBEHO U €a CTPYKTYPHO Bb3MOKHH, HO TOBAa HE O3HAYAaBa,
4ye Te IEUCTBUTEIIHO CE U3I0I3BAT B €3UKA. ETHOBPEMEHHO € TOBA M3CJICBAaHU-
ATa BbPXY €3MKOBaTa BAPUATUBHOCT MOKA3BaT, Y€ MACOBOTO M3IOJI3BAHE HA Ire-
HEpaTUBHU CUCTEMU MOXXE Jla yBEJIMYaBa IOBTOPSEMOCTTAa Ha OIPEACICHU
MpeanoynTanu pemenus. Taka BnusgHuetro Ha MU ce mposiBsiBa KakTo upes pas-
HIMPSBaHE HA MOTCHLUHAIHUTE peajn3allii, TaKa U 4Ype3 Bb3MOXKHO OrpaHHyYa-
BaHE Ha BAPUATUBHOCTTA.

B o6pa3oBarenen KOHTEKCT TOBa Hajlara rpaMOTHOCTTa B o0iactra Ha A
Jla C€ pa3BHBA B TICHA BPbB3Ka C KPUTHUYECKATA €3MKOBA I'paMOTHOCT. I'eHepa-
TUBHMAT MOJEJI € Haill-II0JIE3€H KaTo MaTepual 3a CpPaBHEHUE, IIPOBEPKA U apry-
MEHTAallUsl, a He KaTO OKOHYAaTEeJIeH €3UKOB aBTopuTeT. Paborara ¢ peanHu u
MAaIIMHHO T'€HEpUPAHU MPUMEPU pa3BHBa CIOCOOHOCT Ja Ce pas3indyaBaT BEpo-
ATHOCT U JIOKA3aTeJICTBO, CTPYKTYpPHA Bb3MOXHOCT M peajiHa ynorpeda, yoeau-
TeNHa (POPMYIMPOBKA U HAJIEKAHO 3HAHUE.
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N3KYCTBEH UHTEJIEKT U AIPEHA EHEPI'ETUKA —
HPUIIOXKEHUSA, TIPEAU3BUKATEJICTBA U CTPATETUYECKH
BB3MOXHOCTHU 3A BbJT'APUA

n-p bopucaas Boes!

Pe3rome: JJoxnadvm ananuzupa 63aumospv3rama mexcoy ao0peHama enepeemuxda, us-
KYCMEeHUs. UHMENeKm U Hapacmeawomo eiekmponompeobienue Ha yenmpogeme 3a OAHHU.
Paszenedanu ca npunoscenusma na MU npes sxcuznenus yuxkvi Ha s0peHume CoOpbi#CeHUsl U e
APeONodAHCeHa HAYUOHAHA NbMHA Kapma 3a OM2O080PHOMO MY 6HeOps6aHe 8 eHepeemukama
Ha bvreapus.

Kaw4yoBu aymu: sopena enepeus, usKycmeeH uHmenekm, YyeHmpose 3a OaHHU, 0meo-
B0PHO 8HeOpABaAHEe HA U3KYCMBEHUsI UHMENIeKM 8 eHep2emuKama

JEL: Q42, Q48

ARTIFICIAL INTELLIGENCE AND NUCLEAR ENERGY -
APPLICATIONS, CHALLENGES, AND STRATEGIC OPPORTUNITIES
FOR BULGARIA

Borislav Boev, Ph.D.

Abstract: This paper examines the interrelationship between nuclear energy,
artificial intelligence, and the growing electricity demand of data centers. It explores Al
applications throughout the life cycle of nuclear facilities and proposes a national roadmap
for the responsible deployment of Al in Bulgaria’s energy sector.

Key words: nuclear energy, artificial intelligence, data centers, responsible
deployment of artificial intelligence in the energy sector

JEL: Q42, Q48

1. BnBeaenue

N3kyctBenusit unrtenekt (M) oOenuHsBa MH(QOPMAIIMOHHU CHUCTEMHU,
CBBP3aHU C MAIIMHHO OOYYEHUE U HEBPOHHU MPEXKH, KOUTO Ca CIOCOOHU IpH
ompeesieH OT YOBeKa IeH Ja MoJroMarar npoieca o miaHupaHe, MporHo-
3UpaHe, U3TOTBSIHE HAa MPENOPBKU U MPEJI0KEHUS 32 MpUJIaraHe Ha PEIICHHUS,
Bb3 OCHOBA HAa HAJIWYHU JaHHU U MPEABAPUTEIHO OlpejiesieHa paMmka. B sape-
HOCHEPTUMHUA OTPaChi MOTECHUUAIBT 3a u3non3sane Ha MW npoustnya ot Hat-
pYIaHUTE OTPOMHHU OOEMHU OT JaHHU C WHKEHEPHO-TEXHUYECKH, (DMHAHCOBO-
MKOHOMMYECKHU, MPABEH U YIIPABICHCKU XapakTep. BCUUKM Te3u JaHHU ca CBbP-
3aHU MMOMEK/Iy CH C OTPOMHA CTEMNEH Ha CIIOKHOCT, Thil KATO ChIIECTBYBAT MHO-
roacneKTHU BPB3KU U 3aBUCUMOCTH. VIMEHHO Ta3u CJIIOKHOCT U HEHHOTO yNpaB-

! Haruonasien koMuteT Ha Bbirapus 8 CBETOBHYSI €HEPIUEH CHBET
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JICHUE M3MUCKBAT BUCOKA CTEMEH Ha KOHTPOJ KbM KauyeCTBOTO HA JAHHUTE, TSIX-
HaTa HAJCKIHOCT M ChOTBETCTBHUE, KAKTO M KOHTPOJ BBPXY ISUIOCTHUS YIIPaB-
JICHCKU TIOJXO0JI, KOWTO HAIXBBPJISI WHKCHEPHO-TEXHHUUECKUTE ACIICKTH Ha SiI-
peHaTa eHepreTuka.

B nayunara nurepartypa B3aumoBpb3kaTa Mexay MW u sapenoenepruii-
HUTE ChOPBKEHUSI MOXKE Ja ObJIe KaTeropuupaHa B JB€ OCHOBHU HaIlpaBJICHUSI.
[TBpBOTO BKJIIOYBA HAOIOICHUETO, MOJICITTUPAHETO U ONITUMHM3AIUATA HA TIPOIIe-
CUTE, MPOTHYAIIY B aKTUBHATA 30HA (A3) Ha SAAPEHHS PEAKTOP, APYTH MPOIECH
B ITBPBH M BTOPH KOHTYP Ha siIpeHaTa IeHTpajia, OBEJACHUETO Ha SAPEHOTO TO-
puBO B A3 M CHOTBETHHUTE BH3MOYKHOCTH 3a MPOCKTHHU pelIeHus. BTopoTo Har-
paBJieHHE € MO-IMMPOKO U BKIIFOYBA MPOIIECH, CBhP3aHU C €KCIUIOATAIUATA, TI0]I-
IpbKKaTa U peMoHTa Ha siapeHata mneHtpana. (El-Sefy, Yosri, El-Dakhakhni,
Nagasaki, & Wiebe, 2021) (Huang, Q.; Peng, S.; Deng, J.; Zeng, H.; Zhang, Z.;
Liu, Y.; Yuan, P., 2023) (Lu, et al., 2020)

Bbrnpeku 3HaunTenHus Hanpeabk B pazsutuero Ha MU npe3 nmocnennure
TOJIMHU W OTPOMHHUS MTOTEHIMA, KOUTO OOy4YeHHUTE MOJIENIN MOKa3BaT B YCKOPSI-
BAaHETO Ha CIIOKHHU U3YUCIICHUS, TPsIOBa Ja ce 0TOENekKH, Ye ToIsIMa 4acT OT Te-
3 M3CJICJIBAHMS Ca OCHOBAHM HA CUMYJAIIMOHHU U CHHTETUYHH JJAaHHU, a HE Ha
ONMHT OT MBJIHOMANIa0HO BHeApsiBaHe. ClieIBalilKu Ta3W KOHCTATaIlldsS MOXKE J1a
Ce TI0COYH, Y€ pPeaIMCTUYHATA TIEPCIICKTUBA TPpHU u3Moia3BaneTo Ha MU B sape-
HOCHEPTUHHHUS OTPachll HE € CBBbp3aHa C ITBJIHOTO 3aMECTBAHE HA YOBCIIKHS
dakTop, a MOCTAaBIHETO Ha YOBEKAa B HOBA MO3UIINS HAa KOPEKTHUB, B3eMalll Kpai-
HUTE PEIICHUS U HOCEII OTTOBOPHOCTTA 3a TSIX.

2. SInpeHuTe HEHTPAJIM KATO U3TOYHHMK Ha ejleKTpoeHeprus 3a U u
LIEeHTPOBeTe 32 JAHHU

[To nannu Ha CBetoBHaTa siapeHa acoruanus (WNA), B cBeTa KbM Kpas
Ha 2025 r. B ekcrioaTauus ce Hamupat 437 peakTopa, a ChbBKYITHO MPOU3BEE-
HaTa enekTpoeHeprus ot Tax € 2702 TWh. SAapenure peakropu B eTam CTpOu-
TEJICTBO KbM Kpas Ha 2025 1. ca 74, a OKOHYATEIHO CIPEHH IPE3 ChUlaTa roJIn-
Ha ca 7 peaktopa. (WNA, 2026)

ITpe3 2025 r. B CALLL paboTaT okosio 5427 ueHtspa 3a 1aHHU, a B EBpona
- okouio 3000. ITorpebaennero Ha enekTpoeHeprus oT Tax npe3 2024 r. 3a CAILL
e 183 TWh, a B EBpona - 68 TWh. IIporno3ute Ha MexayHapoHaTa areHIIHs
no eHepretuka (MAE) couar, ue xkpMm 2030 r. ce ouakBa moTpeOICHUETO HA
nentposete 3a nanuu B CAI na nocturue 426 TWh (pber ot 133% crpsimo
HuBara ot 2024 r.), a B EBpona - 113 TWh (pbct oT okoiio 66% crnpsimo HUBaTa
oT 2024 r.). Ilo oTHOIIeHNE CHAOASIBAHETO HA IICHTPOBETE 3a JIAaHHU C €JIEKTPO-
eneprus, MAE u3pudHo nocoyBa He0OXOIUMOCTTA OT HEMPEKbCBAEMH JOCTAB-
KM, KOETO € MOPOJEHO OT XapaKTepa Ha eNeKTPONoTpeOsieHHe Ha LIEHTPOBETE.
(MAE, 2025) (Singer, et al., 2026) (Cloudscene, 2026) ToBa He 03HauyaBa, 4e TO
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MO3Ke J1a Ob/ie TOKPUBAHO €IMHCTBEHO OT SApPEHa €HEeprusi, HO BUCOKHs Koeu-
UEHT Ha MU3MOJI3BaEMOCT U HUCKUTE €MHUCHOHHU XapaKTEPUCTHKU HA SAPEHUTE
HEHTPaJIN NPEeBPBIIAT CHIIECTBYBAIIUTE MOLTHOCTH, KAKTO U OBACHINTE TAKUBA,
B MOAXO/SI KOMIIOHEHT Ha €JIeKTPOCHA0IIBaHETO. 3a J1a ce CIIyud Ta3u TpaHC-
dopmarust obaue € He0OXOAUMO U TapajesIHO Pa3BUTUE Ha €NEKTPOCHEpTrUuiiHa-
Ta CUCTEMa 4Ype3 yBEIMUYAaBaHE HA MPEXKOBATa CBbP3aHOCT, PE3EPBUPAHE U T.H.

3. lloreHuunaaau npuiaoxkenusi Ha UU B eranute HA :KU3HEHUS HUKBJI
Ha AIPEHUTE HEHTPAIHU

CrpaTernyeckoTo IJIaHUPaHE Ha MPOEKTH 3a HOBU SAJIPEHU MOLIHOCTH H
II0-KOHKPETHO B HAYAJIHUTE €TaIld Ha IPEANPOEeKTHU npoyusBanus, M1 moxe na
o0eMHsBa HAJIMYHU XUAPOTEOJIOKKH, CEU3MHUYHHU, €KOJOTUYHH, HUH(PACTPYK-
TYPHU U COLMAJIHO-MKOHOMHWYECKH JAaHHU 3a IMOAIIOMaraHe Inpoueca mo u3ror-
BSIHE Ha TEXHUKO-UKOHOMUYecKU aHanu3u (TUA) u mbpBOHaYaIHU MHKEHEPHU
U3CJIEIBAHUS.

B erana na npoextupane MM moxke na Oble M3MOJ3BaH 3a aHAIW3 Ha
KOMIUIEKCHA TOKYMEHTAlUs U OTKPUBAaHE HA MOTEHI[MAIHU 3aBUCHUMOCTH U He-
CbOTBETCTBUS, KaTO € KJIt04oBO padorara ¢ MM na Obae orpaHuyeHa 3a1biHKu-
TEIHO C BepU(PULMPAHU JaHHU, NOAJEXKAIIN Ha MPENOTBbPXKAABAHE U HE3aBU-
CUMa EKCIIepTHa OLCHKa. BBB Bpb3ka ¢ nuueH3noHHus npouec MM moxe na
YJIECHU MPOBEpPKaTa HA KOMIUIEKCHUTE B3aMMOBPB3KH B JIMIICH3MOHHATA JOKY-
MEHTAaIUs, IPOCIEASBANKA HOPMATUBHUTE U3NCKBAHUS 1 OLICHKATa Ha Bb3JCHC-
TBUETO OT HOPMATUBHU W/WUJIM NPOEKTHU U3MeHeHus. [1o oTHOLIEeHne AI0CTHO-
TO yIipaBiieHHE Ha siapeHus npoekT MM moxe na Obae u3nosi3BaH B aHaIM3UPaA-
HETO Hampeabka Mo rpaduuuTe, OLEHKAa Ha pa3XoJIuTe, MPOCIEAsIBAaHETO Ha
puckoBeTe U MHTep(elcHUTE B3aMMOBPB3KH, HO 0€3 J1a 3aMEHs YCTaHOBEHHTE
IIPaBOMOILMS HAa OTTOBOPHUTE JMLA WM IpYyru opranu. B eranurte Ha cTpou-
TencTBoTOo MM MOXke 1a Hamepu NMPWIOKEHWE B MOHHUTOPHMHIA Ha HaIpeabKa,
ype3 aKkTyaJu3upaHe Ha rpaduka CIpsMO PEATHOTO U3ITBbJIHEHUE U U3TOTBSIHETO
Ha IIPOTHO3a 3a 3aKbCHEHUSA MM OTKIOHeHusA. UM moxke cplio na ce usnonssa
IIPY ONITUMU3UPAHETO HA CTPOUTENHUS MPOLEC YPE3 IIPABUIIHO OINOJI30TBOPSBA-
HE KallaluTeTa Ha CTPOUTENHATA IIOIIA/IKA, aHAJIM3 Ha ITPOU3BOIUTEIIHOCTTA HA
TpyJa, HeropaTa opranu3auus 1 T.H. OCBEH TOBa, IPU CTPOUTEIICTBOTO MOJIEIH-
T€ MoraT Jla Ce M3MOJ3BaT 3a Ch3JaBaHE HA €IUHEH MH(OPMAILMOHEH MOJEN,
CBBbp3aH KaKTO ChC CTPOMTENHATa TOKyMEHTAllUs, Taka U ChC Crenu(pUKUTE Ha
U3rPAKIAAHETO HAa OTIAEIHU KOHCTpYKUuH, cucteMu U komrnoHeHTH (KCK). [Ipu
eKcIuroaranusaTa Ha ssapesu nentpanu MM Hamupa npuiokeHne B CUCTEMUTE 32
MOHHUTOPHUHI U JUArHOCTHKA, U MOANIOMAara OTKPUBAHETO HAa aHOMAJIMH, OLIEHKA
Ha CBbCTOSHMETO Ha Pa3JIMYHU KOMIIOHEHTH. B IOIbIHEHME HAa TOBAa BB3MOXK-
Hoctute Ha MU morar na ObaaT u3M0JI3BaHU 3a U3TOTBSHETO HA MPOTHO3U OT-
HOCHO ynpaBjeHneTo Ha ctapeeHeTo Ha KCK 1 mo-KOHKpETHO MPOTHO3U OTHOC-
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HO JIeTpaaiusITa U OCTAaThUHUS UM PECYPC, KOETO MOXKE Ja MO00pH ISTIOCTHHS
IpoIleC Ha MMPOBEPKUTE U IUIAHUPAHETO HA peMoHTHTE. [1o oTHOIIEHUE mporieca
Ha M3BEXKIaHE OT eKCIUIoaTaIus, IepCIeKTUBHUTE npuitoxkenust Ha U ca cBbp-
3aHM C M3TPAXIAHETO HAa WHTErpupaHa 0a3a JaHHU C HATpymHaHaTa MO BPEMETO
na npenHute (pasu JOKyMEHTAIlMs, MIAHUpaHe Ha JCWHOCTUTE MO JIEMOHTAaX,
OIICHKA Ha JI030BOTO HATOBAapBaHE, YIPABJICHHEC HA MAalIWHU C JIUCTAHIIHOHHO
ynpasieHue u pob6otu u ap. (Dogan, 2026) (Agarwal, V.; Walker, C. M.;
Manjunatha, K. A.; Mortenson, T. J.; Lybeck, N. J.; Hall, A. C.; Hill, R. A.;
Gribok, A. V., 2022) (IAEA, 2025) (IAEA, 2024)

4. IloTeHUMATHU NMPUJI0KHU MoseTa HAa U B sigpeHaTa eHepreTuka
Ha boarapus

OtunTaiiku cienupuKUTEe Ha CTPATETUYECKOTO TUTAHUPAHE B EHEPTeTUKA-
Ta U OCHOBOIIOJAralloTO 3HAYEHUE Ha SJIpEHaTa CHepreTuKa 3a €HepruiiHaTa u
HallMOHAJIHATA CUTYPHOCT HA CTpaHaTa, MOTEHUUAIHUTE MPUJIOXKHU IOJETa Ha
NN B otpachna HeusMeHHO TpsiOBa na ObaaT OOBBP3aHU ChC Ch3/IABAHETO HA
WHCTUTYLIMOHAJIHA UHPPACTPYKTYypa MOJI ONeKaTa Ha AbprKaBaTa.

a. Pazeumue na nayuonannama uncmumyyuoHaina pavka

KbM HacTosiiusi MOMEHT ca WICHTU(PUIUPAHU HSIKOJIKO HAIMOHAJIHU
CTpaTEeru4ecKu JOKYMEHTa, KOUTO UMAT OTHOIICHUE KBbM ISLIOCTHOTO BHEIPS-
BaHe Ha MU He camo B siipeHaTa eHepreTuka, HO U B HallMOHAJTHATA UKOHOMUKA
Ha CTpaHara:

> Konuenmusa 3a pazsuruero Ha MU B bearapus no 2030 r., npueta
ot MC npe3 2020 r., npeaBuxkaania pa3BUTUE HA YMEHUS U U3rPaXKIAHE HA Hay-
YeH KallaluTeT 3a u3noi3Baneto Ha UM B uHaycTpusiTa M IPU U3rPAKIAHETO HA
»YMHH €HEPTrUMHU MPEKU‘;

> NHoBallMOHHA CTpaTerusi 3a MHTEIUIEHTHA crienuranu3anus 2021-
2027 r., npueta ¢ Pemenue Nel1015/2022 r. va MC, nesnsia mojkpernara 3a us3-
MOJI3BAHETO HAa MH(POPMALIMOHHUTE TEXHOJIOTUU U MEXaTPOHUKATA, B KOHTEKCTa
Ha MPexo0/ia KbM HUCKOBBIJIEPOJHA UKOHOMUKA;

»  Mexauaen MoHuTOpUHTOB Jokian 3a MCHUC, omoOpeH ¢ pemieHue
Ne3/2026 r. na MC;

»  ludposa tpanchopmanus Ha bearapus 2024-2030 r., mpuera ¢
Pemenne No264/2024 r. na MC, nensima ocUTypsiBaHETO Ha €IMHHA paMKa 3a
u3rpaxaane Ha uppoBa HHGPACTPYKTYpa;

»  HammonanHa cTpaterusi 3a pa3BUTHE Ha YOBEIIKUTE PECYPCU B Si-
penara cdepa 2022 - 2032 r., npuera ¢ Pemenne Ne393/2022 r. na MC, BkJt04-
Ballla TJIAHOBETE 3a KaJpOBOTO oOe3leyvaBaHe, MOAAbpkKaHE U pa3BUTHE HA SiI-
pEHUTE 3HaHUS, pa3BUTHE HA Bpbh3KaTa MeXIy oOpa3oBaHue, HayKa U OpraHu3a-
IHMUTE B ANPEHOCHEPTUHUHUA OTPAChi HA bbirapus;
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»  Hamumonanna nporpama ,IloBumaBane Ha kBanudukanusara B 00-
JACTTa Ha ANPEHUTE TEXHOJIOTMH MU SAPEHOTO MHXKEHEPCTBO', mpuera ¢ Peme-
Hue Ne770 ot 13.11.2024 r. va MC, BrIItOYBaIla TPUOPUTETH KATO M3MOJI3BAHE
Ha U B AnpeHnTe TEXHOJIOTMU U MHKEHEPCTBOTO, AHAJIN3 HA JAHHU, MAILIMHHO
oOyudenue u BHeapsiBaHe Ha MU, kakTo u ynpaBieHue, pa3BUTHE U ChbXpaHsIBaHE
Ha JIPEHUTE 3HAHUS.

[IpernensT Ha T€3U JOKYMEHTH MOKa3Ba, Y€ MPSIKO OTHOLIEHUE KbM B3a-
MMOBpBb3Kata mexay MU u sapeHoeHepruitHus OTpachi UMAT MOCJIEAHUTE J1Ba
nokyMeHTa - HanmoHnaiHa crpaTerus 3a pasBuTHEe Ha YOBELIKUTE PecypcH B
sapenara cpepa 2022 - 2032 r. u Hannonasna nporpama ,,Ilosuimasane Ha
KBAIH(PUKANUATA B 00J1aCTTA HA AJAPEHUTE TEXHOJIOTHU U AIPEHOTO MHIKe-
HepCcTBO*“. BbB Bpb3Ka C TOBA € NMPENOPBUUTEIIHO HA CTPATETMYECKO HHUBO /1A
ObJaT AOpa3BUTH HAIpaBJIeHUATA 3a u3noia3Banero Ha U, kato Ob1e 3acuneHa
posisiTa Ha THPrOBCKUTE OPraHMU3alUM B SIPEHOCHEPIMMHHUs OTpachi. B To3m
pel Ha MUCIIXA € pasyMHO yCWJIMATA Ha JbprKaBara, U IO-KOHKPETHO Ha MuHuc-
TEPCTBO HA EHEPreTUKara, 1a ce Haco4ar B pa3pabOTBaHE Ha KOHLENTYaJeH MO-
nen 3a IIbTHa kapTa 3a 0e30acHO M OTTOBOPHO BHEAPSIBAHE HA M3KYCTBe-
HHUS MHTEJIEKT B siipeHaTa eHepreruka Ha bbiarapus ¢ XopuM30HT IOHe 10
2040 r. 3a nenuTe Ha TO3U JOKYMEHT € He0OXO0MMO /1a ObJIAT BHBICUCHH KITIO-
YOBU OPTraHMU3alMH B IAPEHOCHEPTUMHUS OTPACHII KaTO:

» AreHumsTa 3a SAPEHO peryaupaHe, MpH 3ara3BaHe Ha HElHATa HE3aBU-
CHUMOCT;

» AEI ,,Ko3noayii* u HEroBUTE ABIICPHU MPEITPUSITHS;

» JIbpKaBHO TIPEANIPHUATHE ,,PaTHOaKTUBHU OTHAIBIN;

» [Ipenmpustusita OT rpynarta Ha bbarapckus eHeprueH XOJIIUHT, UMaIH
OTHOLICHHE KbM sJIpEHAaTa €HEPreTUKa MU KOPIIOPATUBHOTO YIIPABICHUE Ha
E€HEPIUITHUS CEKTOD;

» MUHHUCTEpPCTBOTO Ha 00Opa30BaHUETO U HAYKATa,

» WAWSIE-BAH, TexHuuecKkuTe YHUBEPCUTETH B CTpaHaTa, KaKTO M YHHU-
BEPCUTETUTE, TMpeUIaraiiy Crelruaiu3upaHo oO0y4eHue, CBbp3aHO ¢ UKOHOMHU-
KaTa v YIPaBJICHUETO B IAPEHATA EHEPrETUKA;

» brirapckara MHIYCTpHS B JUIETO HA MHXXCHEPHH OpraHU3allH, Mpo-
W3BOJCTBEHHU NPEINPUATHUS U AP.;

» HenpaButencTBeHnTe OPaHIIOBH OPTaHU3AIlMN B CHEPTeTHKATA.

b. Ilomenyuan 3a usnonszeane na MU 6 excnioamupawume opeanu3a-
yuu

OTtuuTaiiku 00CTOSITENICTBOTO, Y€ BHeApsiBaHeTo HA U B snpenata eHep-
reTHKa ce HaMupa B Ha4aJieH eTall, € He00X0IMMO J1a ce Bb3IpHUEeMe BHUMATEIECH
MOAXOJ C NOETATHOTO MY BHEAPSIBAHE, C I'bPBOHAYATIHO M3IOJI3BaHE 32 HEKPU-
TAYHU TIporiecu. 1o oTHomeHue excrioaTtanuara Ha OjgokoBe 5 u 6 Ha AEI]
K030y U B3eMallkKi IPUMEP OT MEXIyHapOJHATA MPaKTUKa B €KCIloaTa-
[USTa Ha SAPEHOCHEePruiiHU CchopbkeHus, MM mMoxe na Obae W3MOJI3BaH IpH
aHaliM3a Ha €KCIUIOATallMOHHUS OIHT, OlleHKa Ha octaTbuHus pecypc Ha KCK B
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KOHTEKCTa Ha ABJATOCPOYHATA EKCIUIOATaIMs Ha OJIOKOBETE, ONTUMHU3ALMITA Ha
y4e€OHO-TPEHUPOBBYHUS MPOLEC U YIPABICHUETO HA SIIPEHUTE 3HAHMS, M10J100-
psiIBaHE HUBOTO HAa KUOEPCUTYPHOCTTA, ONITUMU3ALIMATA HA JIMLIEH3UOHHATA JIeH-
HOCT, KaKTO W B IOMOIIl Ha OPTaHU3alUsATa U U3MBIHEHUETO HA UHBECTULIMOH-
HaTa nporpama. [lpu n3nmbaHeHnero Ha pemoHTHaTa nporpama MU moxe na 6b-
Jie TIoJie3eH upe3 npoduiupaHe Ha YMEHHITa Ha NEepCcoHaja, U3roTBSHE Ha Ha-
psau 3a paboTa, Ch31aBaHE U YIPABICHUE HA TOJeMHU 0a3H JaHHU 33 MPEIULITHU
PEMOHTHU JE€HHOCTH, YIIPABIEHUE HA PETUCTHP HAa 00OPY/IBAHETO U PE3EPBHUTE
YaCTH U HE Ha MOCJEIHO MSCTO - MPOBEPKA HA ChOTBETCTBUETO.

[To oTHomIeHHE Mpoleca MO U3BEXKAAHE OT EKCIUIoaTalusl Ha CIPEHUTE
osiokoBe 1-4, Hamupanu ce nox ynpasieHuero Ha JII PAO, nmoTeHnuanuure
npuioxxenuss Ha MM morart na BKJIIOYBAT ONTHUMU3AIMS HA TTOCJIEI0BATEIHOCTTA
U U3IBJTHEHUETO Ha rpaduIluTe B JCHHOCTUTE 10 JEMOHTa)Ka HA ChOPBHKCHUSTA,
yIPaBICHUETO Ha POOOTHU3MpPAHA TEXHUKA B ITOMEILEHHUA/30HU C BUCOKO JJ030BO
HaTOBapBaHe, Ch3AaBaHe Ha TpuudMepHu (3D) kapTu u np.

BbB BpB3Ka ¢ MPOEKTUTE 3a M3rPAKJaHE Ha HOBU SAPEHU MOITHOCTH (B
T.4. U MaJIKU MOZYJIHH peakTopH) BHeapsiBaHeTo Ha MU moxe na Ob1e nosne3Ho
B INOJKpEna Ha JEHHOCTUTE MO JINLEH3UOHHUTE U PA3PEIIUTEIHUTE PEXKUMM,
OTKPUBAHETO HAa HECHOTBETCTBUS B MPOEKTHATA JOKYMEHTAIMS U PA3IUYHU pa-
OOTHHU MAKETH, YNPABICHUETO HAa HUHTEp(PeiicuTe Mexay pa3iuyHU KOHTpAareH-
TH, YIIPaBJICHUE HA IPOMEHUTE, aHAIU3UPAHE U3ITbJIHEHUETO Ha TpaduKa U KOH-
TpOJIa Ha Pa3XOAUTE, IUIAHUPAHE MOTPEOHOCTUTE OT KBaTUDUIIMPAHU KaJIpH,
aHaJIM3 Ha Pe3ydTaTH OT PA3JIMYHU MYCKOBH pabOTH U T.H. U3KIIOUNUTETHO BaX-
HO € Ja ce OTOeNeXu, 4e Tmoaxoaa npu BHeApsBaHeTo Ha MU TpsOBa ma Obae
MOTYMHEH Ha HAKOJKO OOIIM IpaBuia, BKIOYBAIIH:

»  HU He TpsabOBa na ©Ma HEOTPAaHWUYCH JOCTHII U MPaBa A0 KPUTHIHO
Ba)KHU CUCTEMHU, CBbP3aHU C O€30IaCHOCTTA;

»  Bceku pesynrar ot MM mga 6b1e BamuanpaH U a MOAJIeKH Ha KOH-
TPOJI OT KOMIIETEHTHU CIELIUAIHNCTH;

»  KpaiitHaTa OTTOBOPHOCT IIPH B3€MaHETO HA PEIICHHS J1a OCTaBa MpH
WHJMBUAYAJHUTE CIEUATUCTU UM OPTaHU3ALUNTE;

»  UyBCTBUTEITHHUTE JAaHHH Jla C€ 00paOdOTBAT M ChXpaHIBAT B 3aIlIUTE-
Ha cpena, B kosito MU HsiMa 1ocThl 10 HHTEPHET.

5. 3akioyenue

B nokmana ca aHanu3upaHu e€IEKTPONPOU3BOACTBEHUTE IMOKa3aTeNd Ha
SJIPEHUTE LIEHTPAIM B CBETOBEH Malllad, MOTEHIIMAIbT UM J]a y4acTBaT B €JIEKT-
pocHaOIIBaHETO HA LIEHTPOBETE 3a JAHHU, KAaKTO U Bb3MOKHOCTUTE 3a MPUJIIO-
KEHUE HA U3KYCTBEHHUS MHTEJIEKT B KJIIOUOBUTE €TalM OT KU3HEHHUS LIUKBJI Ha
AJIPEHUTE CHEPTUMHU CHOPBAKEHUSA. AHAIM3ZBT OUepTaBa B3aUMHO JOIbJIBAIIA
ce BpB3Ka - sipeHaTa eHEepreTUKa MOXKE Jla OCUTYpsiBa HAJACKICH U HUCKOEMHU-

279



CHOHEH KOMIIOHEHT Ha €JICKTPOCHAOISIBAHETO Ha IIEHTPOBETE 3a JaHHU, TOKATO
MU moxe ga moanomara IjaaHUPAHETO, IPOEKTUPAHETO, CTPOUTEICTBOTO, EKCII-
JoaTanuaATa, NOAAPHKKATA U U3BEXKIAHETO OT €KCIUIOATallMsI Ha SJIPEHUTE ChO-
PBKEHUS.

3a boarapus Bp3MOXKHOCTUTE 32 npuiiokenne Ha MW obxBamar ekcruioa-
TalusATa, PEMOHTUTE U JBITOCPOYHATA eKCIuioaTanus Ha 010koBe 5 1 6 Ha AEL]
,»,KO3JIoyi1*, MPOEKTUTE 3a U3TPAXKIAAaHE HA HOBU SIJIPEHU MOIIHOCTH, U3BEXK1a-
HETO OT eKcIIoaTalus Ha O0JiokoBe 1-4, yrpaBIeHUETO HA PATUOAKTUBHUTE OT-
MaJIbId, KAaKTO U PA3BUTHUETO U ChXPaHSBAHETO Ha siApeHuTe 3HaHUsA. ChIIeCT-
BYBAIIIUTE HAIIMOHAJIHU CTPATETUYECKU JOKYMEHTH Ch3JlaBaT OCHOBA 3a pa3BH-
TUETO Ha OTJEJIHU HaIlpaBJICeHUs, HO € HeOOX0aUMO Te Ja ObAaT 0OeAMHEHU B
mocjieioBaTeIHA HAIlMOHAJHA pamMKa. B TO3M KOHTEKCT pa3pabOTBAHETO IO
PBKOBOJICTBOTO HA MHUHHCTEPCTBOTO Ha eHepreTukara Ha [IbTHa kKapTa 3a 6e30-
IIACHO W OTrOBOpHO BHexApsiBaHe Ha MU B sapeHara enepretuka Ha bbirapus c
XOpu30HT ToHe 710 2040 1. OM ocUTypHJIO HEOOXOIMMAaTa KOOPIUHAIIUS MEXKTY
JTBPKAaBHUTE WHCTUTYIIMH, CKCILIOATUPAIIUTE OpPTaHU3aIi, HAyYHUTE U o0Opa-
30BaTETHUTE CTPYKTYPH U OBJIrapckaTa MHIYCTPHS.

OCHOBHUST U3BOJ, OT U3BBPIIECHUS aHAJIMU3 €, Y€ Hape/l ChC 3HAUYUTECITHUSA
noteHuuan Ha MU 3a nopuiaBane Ha ePEeKTUBHOCTTA, HAJEKIHOCTTA U KAYeCT-
BOTO Ha YIPaBJICHCKUTE U UH)XXCHEPHUTE MPOLIECH, HETOBOTO BHEAPSIBAHE TPsIO-
Ba Jia ObJie MOETAHO, KOHTPOJIUPAHO U OTTOBOPHO. T03U MpoIlleC HE MOXKE U HE
cJe/Ba Jia e OCHOBaBa Ha €JIMMUHUPAHETO HA YOBEHIKUS (PAKTOp OT B3€MaHETO
Ha pellieHus B sapeHara eHepretuka. MW tpsOBa na Obae pas3riiex/iaH Kato vUH-
CTPYMEHT 3a MOJAINOMaraHe Ha CHEelUaMCTUTE, JOKATO OKOHYAaTeIHaTa MpeleH-
Ka, MPABOMOIIUATA U OTTOBOPHOCTTA OCTAaBaT MPU KOMIIETCHTHUTE JIUIIA U Op-
raHu3aIH.

HN3noa3BaHyu U3TOYHUIIH

Agarwal, V.; Walker, C. M.; Manjunatha, K. A.; Mortenson, T. J.; Lybeck, N.
J.; Hall, A. C.; Hill, R. A.; Gribok, A. V. (2022). Technical basis for
advanced artificial intelligence and machine learning adoption in nuclear
power plants. Idaho National Laboratory.

Cloudscene. (2026). United States of America: Data center market overview.
M3neueno ot  https://cloudscene.com/market/data-centers-in-united-
states/all

Dogan, A. (2026). A decision-support framework for nuclear facility siting
using machine learning and half quadratic programming: Insights from
Turkiye. Progress in Nuclear Energy, 195. W3BnedeHo OT
https://www.sciencedirect.com/science/article/abs/pii/S014919702600061
2?via%3Dihub

280



El-Sefy, M., Yosri, A., El-Dakhakhni, W., Nagasaki, S., & Wiebe, L. (2021).
Artificial neural network for predicting nuclear power plant dynamic
behaviors. Nuclear Engineering and Technology (53.10), ctp. 3275-3285.

N3BiieueHo oT
https://www.sciencedirect.com/science/article/pii/S1738573321002540?vi
a%?3Dihub

Huang, Q.; Peng, S.; Deng, J.; Zeng, H.; Zhang, Z.; Liu, Y.; Yuan, P. (2023). A
review of the application of artificial intelligence to nuclear reactors:
Where we are and what’s next. Heliyon, 9, el3883. U3BneueHo ot
https://www.cell.com/heliyon/fulltext/S2405-8440(23)01090-

3? returnURL=https%3 A%2F%2Flinkinghub.elsevier.com%?2Fretrieve%
2Fpi1%2FS2405844023010903%3Fshowall%3Dtrue

IAEA. (2024). Deployment of Innovative Digital Technologies for Efficient
Decommissioning of Nuclear Facilities (DEDICATE). M3Bneueno ot
https://www.iaea.org/projects/crp/t24010

IAEA. (2025). Considerations for Deploying Artificial Intelligence Applications
in the Nuclear Power Industry. Vienna: International Atomic Energy
Agency. N3BneyeHo oT
https://www.iaea.org/publications/15866/considerations-for-deploying-
artificial-intelligence-applications-in-the-nuclear-power-industry

Lu, C., Lyu, J., Zhang, L., Gong, A., Fan, Y., Yan, J., & Li, X. (2020). Nuclear
power plants with artificial intelligence in Industry 4.0 era: Top-level
design and current applications-A systemic review. [EEE Access, 8,
194315—-194332., ctp. https://ieeexplore.ieee.org/document/9233420/.

Singer, B., Corbett, B., Zhang, X., Tylenda, E., Davenport, C., Ng, M., . . .
Gandolfi, A. (2026). GS Sustain: Al/data centers-Power demand, cyclical
progression and sustainability implications. Goldman Sachs Global
Investment Research.

WNA. (2026). World Nuclear Outlook Report 2026 Full Document. 3BneueHo
ot https://world-nuclear.org/our-association/publications/world-nuclear-
outlook-report/world-nuclear-outlook-report-2026-full-document

MAE. (2025). Energy and Al International Energy Agency. M3BinedeHo oT
https://www.iea.org/reports/energy-and-ai

281



OT JAHHU KbM PELHIEHUSA: IPUJIOXKEHUE HA U3KYCTBEHUA
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FROM DATA TO DECISIONS: THE APPLICATION OF ARTIFICIAL
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Abstract: The report examines how artificial intelligence is transforming business
beyond technology by connecting data, machine learning, and managerial decision-making,
and it emphasizes hybrid intelligence between algorithms and human judgment.

Keywords: artificial intelligence, business decisions, machine learning, risk
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1. BnBeaenue

B nnemiHo BpeMe, Ou3HEC cpellata ce XapakTepu3Hpa ¢ BUCOKA TUHAMUKA
U U3KMCKBa Obp3u penieHus. JlaHHUTE HE ca MPOCTO aAMUHUCTPATUBEH PECYpC,
T€ ca CTpaTernyecku akTuB. 3KkycTBeHUAT UHTENEKT (Al) € BaskeH MHCTPYMEHT
3a peoOpa3yBaHETO HAa TO3M aKTUB B KOHKPETHHU YIpaBieHCKH AercTBus. Cuc-
TEMHUTE, KOUTO U3IIBIHABAT 33Ja4M Ca TPAJAULIUOHHO CBBP3aHU C YOBEIIKA UHTE-
JIMT€HTHOCT, KaTO B3€MAHETO HA PEILICHHUS.

MamuHHOTO 00ydeHHe rmomara Jja c€ OTKpHUBAT 3aKOHOMEPHOCTH B JaH-
HUTE U Ype3 TPYMaHETO Ha OIMHUT ce MOoA00psBa B3EMaHETO HA PEUICHMs], KOETO €
Ba)KHO MPU HECUTYPHOCT M HeMbJHA MH(popMalus. B TakuBa ciyuan KayecTBo-
TO Ha B3€TUTE PEUICHUS 3aBUCU OT CIIOCOOHOCTTA J]a C€ THJIKYBAT MPABUIIHO Ha-
JUYHUTE TAHHU.

Bonpeku, ue Al ce BHeapsiBa Obp30, BCe ollle OM3HECUTE Cca Ha Pa3IudyHU
eranu Ha pa3Butue. [lannu Ha McKinsey mokasBar, ye mpe3 cienBalluTe Tpu
roguHu, 92% OT KOMIAaHWUTE IUIAHUPAT Ja YBEIWYAT MHBECTUIMUTE CH B H3-

2 1-p Jennna Bosesa, denitsa_bozeva@unwe.bg, YHUBEPCUTET 3a HALIMOHAIHO M CBETOBHO
cronanctro (YHCC)

3 Denitsa Bozeva, PhD, denitsa_bozeva@unwe.bg, University of National and World
Economy (UNWE)
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KyCTBEHHsI MHTEJIEKT. Bbrnpeku ToBa enBa okoyio 1% moraT ma ce ompenesisT
KaTto ,,;OTOBU® 3a mpaBmwiHOTO My wu3noi3Bane. (McKinsey Workplace Al,
2025a).

Hacrosmusat gokman mMa 3a 1€ J1a U3CiieliBa posisiTa Ha M3KYCTBEHHS
WHTEJICKT B TIPEXo/ia U J1a MoKa)ke, KoM 00JacTH MMa Hail-oce3aemMa CTOMHOCT.

[IBTAT OT CypOBUTE JAaHHU O PEATTHUTE PEIICHHS HE CTaBa M3BEIHBXK, TOU
MHHaBa TIpe3 HAKOJKO erarma. ChOMpaHe Ha JaHHH, oQOpMsSHE, MOAPEKIAaHE,
W3BJIMYaHE HAa WH(OpMAIUS U clie]] TOBa UIBa JCHCTBUETO. B MO-TpaaAuIiMOHHMS
MOJIXOJ1 TO3H TPOIIEC YECTO 3amouBa 0T3aj Hampea. [IbpBo ce riena KakBo Bede
CE € CIIYYHJIO | CJIe]] TOBA CE€ M3BAXKAAT CbOTBETHUTE MTOYKH.

Crnen HaBIM3aHETO HAa M3KYCTBEHHS WHTEJICKT, HElaTa ce MPOMEHST. Toil He
caMO HH TOMara Ja MpeBUIUM KAaKBO € BEPOATHO Ja CTaHe, HO W Mpejjara
KOHKPETHU JIEUCTBHS, KOUTO MOTAaT Jla IOBeAaT J0 MO-A00pHu pe3ynratu. Taka
bOKyCHT MOCTENEHHO ce u3MecTBa. BmecTo na ce onurame aa pazdepemM MuHa-
JIOTO, 3aloYBaMe Ja IpeaBrKIaMe OBbACIICTO U Ja u3bupame Hal-100pHUs Bb3-
MOKEH XO/I.
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Hcropuyecku aHanus

IIpenopbunTeaHn

JeHCTBUA
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Queypa 1. Tpancghopmayus Ha aHaruMuyHUs NPoyec Ype3 U3KyCmeeH

urHmesneKkm
H3mounux: Hoes na aemopa

[Ipu romemu obGemMu OT JaHHU, YOBEUIKHUAT AaHAJIU3 BEUE HE € JIOCTAThUCH.
W3KyCTBEHUAT MHTENEKT MOXKE Ja aHanu3upa MHpopMaluara U Jga OTKpUBA
MOJIENIA U 3aBUCUMOCTH, KOMTO XOpaTa MpOomyckaT. BwIpeku ToBa pojsita Ha
MEHHU[KbpPa HE OTIMaja. AJTOPUTMUTE U3UHCIISIBAT BEPOSTHOCTH, HO KpaHUTE
pElIeHHs BUHArM BKJIIOYBAT YOBEIIKa Hameca. [Ipu moaxonabT ,,M3KYyCTBEHHSIT
WHTEJICKT KaToO paslIMpeHue Ha yIpaBiIcHCKATa MpeleHKa, CTOMHOCTTa UBa OT
ChYETABAHETO HA aHAJUTUYHH, OpTaHU3AIMOHHU | ynpaBiieHcku ymenus (Ikart,
2025; Davenport, 2021).
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2. IlpujiokeHnst HA U3KYCTBEHHS HHTEJIEKT B OM3Heca

MammHHOTO 00yUYeHue MO3BOJIsIBA /1a CE€ MPEMUHE OT MO-CTPOTH MpaBUIIA
KbM TIO-THBKaBU MOJIeJM. BMECTO Ha BCHYKHU KJIMEHTH Ja C€ Mpujiara €IuH |
CBILIM MOAXOJI, BeUe ce IJieJja MHANBUAYAIHOTO MOBECHIE U KOHKPETHUTE JIaH-
HU, KOUTO ce mpenocTassaT. Koero npaBu aHAMU3bT MO-PEATUCTHYUCH.

Haii-uecTo Te3u Mojenu ce M3Moa3BaT 3a MPOrHO3UpaHe (MpHU MPOIaxK-
Ou WM puCK), 3a KiacuduuupaHe (3a OTKpUBaHE HAa PUCKOBU TPaH3aKIHH),
KaKTO M 3a 3aCHMYaHe Ha M3MaMu Wid rpemku. Llenra e HecurypHocTTa na
CTaHe MO-ACHA U JIECHO U3MEpPUMa, 3a J1a MOXKE YMPaBJICHUETO Ja € Mo-700po.
3aToBa Te3M MOAXOJU Ca MHOTO IMOJE3HH B cpepu KaTo OaHKUpaHe, 3acCTpaxo-
BaHE W 37paBeomna3BaHe. MalMHHOTO O0y4YeHUE HE € YHUBEPCATHO PEIICHHE.
To MHOr0 3aBUCH OT Kaue€CTBOTO Ha JIAHHUTE, C KOUTO PabOTU. AKO B TSIX UMa
NPUCTPACTHS, MOACIUTE HE CaMO MOTAaT Jia TH MOBTOPSIT, HO U J1a TH 3aCHUJIST.
3aToBa € BaXKHO OpraHU3aIlMUTe Ja 3a/1aBaT BBIIPOCU — HE CaMO Jajdu Mojie-
JTBT € TOYECH, HO U JIaJIA € CIIPaBeAJIuB, IPO3paUYeH U JIaJld MOXKE Jla Ce MU3IOJI-
3Ba Ha MPaKTHKA.

B kpaliHa cMeTKa €IMH MOJENI MMa CMHCBI CaMO aKO BOJAM 10 PEATHHU
nerctBus. Hampumep, ako momara jia ce mpoMEHST NMpoIecH KaTo MPOU3BOJICT-
BO, IIeHOOOpa3yBaHe, KpeUTHA MOJMTHKA UM MEPKU 3a mpeBeHius. Mctuncka-
Ta 3pSJIOCT HE € B TOBA KOJIKO CIIOKHHM aJITOPUTMHU C€ U3MOJ3BarT. Ts ce BUKIa
M0 TOBA JOKOJKO YCTEIIHO Pe3yATaTHTE OT TSAX C€ MpuiaraT B MpaKTHKaTa U
BOJAT /10 IO-J00pHU PEIICHHUS.

Cnopen McKinsey kbm 2025 1. Haj 1BE TPETU OT OPraHU3ALUUTE U3ITOJI-
3BaT U3KYCTBEH MHTEJIEKT B IOBEYE OT eHa (PyHK1HUA, a okojo 50% ro usnomns-
Bat B Tpu wiu noseue (McKinsey State of Al, 2025b). [Tocrenenno Al mznuza
oT (ha3aTa Ha NUWIOTEH MPOEKT U CE MPEBPHLIA B XOPU3OHTAIHA CIIOCOOHOCT, UH-
TerpupaHa B usnata opranmsanus (Khan u xon., 2024; Hosen, Minto and
Gomes, 2025).

B mapketunra u npogaxoure Al momara 3a MpOrHO3UPAHETO HA ThPCEHE-
TO, IMHAMUYHOTO I1[eHO00pa3yBaHe ¥ MPUOPUTUIUPAHETO HA MOTCHIIUATHH KITU-
eHTU. MapKeTHHT'BT BeUe HE pa3uyrTa caMO Ha YOBEIIKATa MHTYHUIIUS, a CE TPEB-
pbhIla B XUOPUACH MOJEI, B KOUTO KPEaTUBHOCTTA CE€ MOJKPEIs OT aHAIUTUYHA
oOpatHa Bpb3ka. B mpogaxOuTe, MO-TOUHUTE OLIEHKH 32 BH3MOXKHOCTUTE TO3-
BOJISIBAT TO-100PO pa3mpeielieHre Ha PeCypCuTe.

B onepanunte n GpuHAHCUTE, TPUIOKEHUATA BKIIOYBAT MIPOTHO3UPAHE
Ha THPCEHETO, YNPaBJICHUE HAa BEPUTH 3a JOCTABKU U OTKPUBAHE HA OTKJIOHE-
Hus. Deloitte oTtuuta, 4e okomo 66% oT opraHuzanuuTe CHOOIIABAT 3a TO-
OOpeHUs B CBOSITA IPOJAYKTUBHOCT U €(hEKTUBHOCT OJIarojjapeHune Ha U3KycC-
tBeHusT uHTeNekT (Palavali, 2025; Deloitte, 2024). BsB dunancute Al ce
U3MO0JI3Ba 32 OTKPUBAHE HA M3MaMHU, OIlEHKA Ha KPeAUTEH PUCK H Ap. BaxHo e
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oOaye OM3HECHT HE CaMO Jla 3HA€ KAKBM PE3YJTaTH JaBa MOJAENBT, HO U Kak
TE€3W pe3yJdTaTh ce€ H3MOJ3BaT B IMpolleca Ha B3E€MaHE HA pEIICHHUS
(Madabhushini, 2025).

Al momara Ha xoparta 3a Mo-Obp3UAT U MpaBUJIEH MOA00p, O0yueHue u
mianupane. Crnopen CBeTOBHMSI MKOHOMUYECKU (OpyM, Hal-rojisiMara 6apuepa
npea TpanchopmanusaTa € HegocturbT Ha ymeHus (World Economic Forum,
2025). Ouenkara ¢ arOpuT™MH Kpre puckoBe oT npeayoeneHoct. AKToT Ha EC
3a Al xmacudumupa Te3m cucteMu Kato BucokopuckoBu (European
Commission, 2024). 3aTtoBa HoBemIKkaTa OIEHKa OCTaBa KJIIOYOBa. B ChIOTO
BpeMe 4aTOOTOBE U BUPTYaJIHU ACHUCTEHTH CBhKpallaBaT BPEMETO 3a OTIOBOP.
[IpoyuBane Ha Brynjolfsson, Li 1 Raymond (2023) cpen 5179 arenTtu nokasaa,
ye M3IM0JI3BAHETO Ha TeHepaTuBeH Al acUCTeHT yBenu4aBa Oposi pEIICHH CIIydau
Ha yac cpefaHo ¢ 14%, kato epekThT € HAl-CUJICH MPHU MO-HEONUTHUTE CITYKH-
Tenu. JIoBepueTo N3MCKBA OTBOPEHOCT M YOBEIIIKH KOHTPOJ, 0€3 TOBa J1a )KepTBa
edextuBHOCTTA (Ferraro et al., 2024).

I'enepatuBnusT Al HampaBu paboTaTa ¢ U3KYCTBEH MHTENEKT IMO-JIECHA
Yype3 M3IMO0JI3BAHE HA €CTECTBEH €3WK. Taka Toi cTaHa MHCTPYMEHT HE caMoO Ha
CHEIUATNCTH M0 JaHHU, HO U HA MEHWKBPH, MPENOoJaBaTeNId U CIYKUTEIH.
[Ipe3 2024 r. CBETOBHUTE YACTHU MHBECTUIIMU B reHepatuBeH Al ca 33,9 mupga.
nonapa. Toa e ¢ 18,7% mnoseue copsimo 2023 ronuna (Stanford HAI, 2025).
Ponsita Ha coykuTens ce W3MECTBa OT MEXaHWYHO MHUCAaHE HAa TEKCT KbM KpH-
TUYHA OIleHKa, penaktupaHe u ocmucisiHe (Nguyen u koi., 2025; Dubey,
2026). IlosiBABaT ce W HAKOU KOHKPETHU MPEAU3BUKATEIICTBA, KATO HESACHU pe-
ryJaluu, TPUTECHEHUS OTHOCHO JIaHHUTE U YyCeIlaHe 3a 3aBUCHUMOCT
(Hogemann u xo:., 2025).

YcmemHoTo BHEAPSIBAHE CE€ HYXJae OT MeT B3aMMOCBBP3aHU MPEANOC-
taBku. [IbpBaTa e cTpaTerndecka siCHOTa OTHOCHO PEIICHUSITA U TIPOIECUTE.
Te TpsOBa ma ca 1OCTAaThYHO BaXXKHU, 3a J1a OBJAT MOJIOOPEHHU Upe3 U3KYCTBE-
HUST UHTEJIEKT. BropaTa e xauecTBO Ha JaHHHUTE, 3aII0TO YMPABIECHUETO HA
JTAHHUTE € CTpaTernyecka OCHOBA Ha M3KYCTBEHHMS MHTEJIEKT, a HE aJMUHHCT-
patuBHa QpyHkiusa (Ma, Shang & Liang, 2025; Yuan, Jiang and Xu, 2025).
Tperara ¢ m3rpaxaaHe Ha KOMIETCHTHOCTH. HemocTUTbT HA yMEHHS € BO-
nemia 6apuepa cnopen nokiana Ha WEF, koilTo ce ocHoBaBa Ha MepCIeKTH-
Bata Ha Hajx 1000 rno6amnu padoroxarenu (World Economic Forum, 2025).
YerBbpTaTa € ynpaBlIeHUE Ha MPOMsHATA. AKO CIYXHUTEIUTE BB3MpPUEMAT
Al karto 3amnaxa, BHEIPSBAHETO € (opMaiaHO, HO aKO T'O BMIXKJAT KaToO IO-
MOIIHUK, IpueMaHeTo € peanHo. Ilerara e nu3MepBaHe Ha CTOMHOCTTA 4pe3
OM3HEC MoKa3aTeH.
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XuOpuaHUAT MOJEN ChUYeTaBa AJITOPUTMHYHA W YOBEIIKA MHTCIUTCHT-
HOCT. MozienbT 00paboTBa JaHHU U Ipejsiara BEpOsITHOCTH, a YOBEKbT HHTEPII-
peTupa pe3ysTaTure, MOCTaBs ' B KOHTEKCT, 3aJjaBa IpaHUIM U B3e€Ma OKOHYA-
tennoto pemeHue (Costa and Ghosh, 2025; Bajpai, 2025). ToBa usuckpa yn-
paBneHcka Al rpamotHocT. MeHUXbpUTE TPsIOBA Ja 3a7aBaT MPaBUIIHU BBITPO-
cH, J1a pa3depar KaKBO O3HAYaBa BEPOSATHOCTCH PE3YNTAT U KOTa Jia Ce JOBEPST
Ha mojena. OpranuzanusTa TpsOBa ga 00SICHU KaK U3KYCTBEHUAT UHTEIEKT I0-
Mara MpH B3eMaHe Ha PEIIeHUs, KaKTO M KaK ca 3allUTEeH! JaHHUTE .

M3non3BaHeTo Ha U3KYCTBEH MHTEJIEKT KPHE PUCKOBE, CBbP3aHU C TIOBEPH-
TETHOCTTAa U CUTYpHOCTTA. Hali-TOIeMUsT OT TSIX € PUCKBT OT MPUCTPACTHOCT,
nopojieHa OT JaHHHW, KOUTO TOKa3BaT HepaBeHCTBAa. HepaBHOMOCTaBEHOCTTa
JIECHO C€ TpPEeHAacs B KPEAUTHUPAHETO, HAEMaHETO Ha paboTa U AbpP)KABHUTE YC-
Jayru. SlcHute M pa3dbupaeMu MOTHBH Ca €IWHCTBEHHST HaYWH JIa C€ TapaHTUpa
OTroBOpHOCT U KOHTpoI. (Hossain et al., 2025).

NIST mpencrasst Al Risk Management Framework kato pamka 3a ympasie-
HUE HAa PHCKOBETE BHB BCHUKH €Tall OT JKU3HEHUS MHUKBI Ha Al mpoaykTtute
(NIST, 2023). AxtsT Ha EC 3a M3KYyCTBEH MHTEJEKT MpUJiara mojaxoj CIopea
pUCKa B KaTETOPHUUTE: HEMPUEMJIMB, BHUCOK PHUCK, MPO3PAYHOCT U MUHUMAJICH
puck (European Commission, 2025). 3a 6u3zHeca ToBa o3HauaBa TpaHchopma-
IS B TI0JIX0/1a KbM YIIPABIICHUE HA pHUCKa — TOW BeUe HE € abCTpaKkTHA eTUYHA
JUCKYCHS, a KOHKPETHA YIPaBJICHCKA MpaKTHKa. KOMITaHWHUTE, KOUTO M3TPaK-
JaT JOBEpHE W MpWiIaraT CUCTEeMAaTHYeH IOJXOJ] KbM YIpPaBICHUE HA PUCKA,
uMart Mo-100py Bb3MOKHOCTH 32 YCTOMYUBO BHEApsiBaHe Ha Al.
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N3KyCcTBEHUAT HWHTENEKT OBpP30 C€ MPEeBphINa BHB BAXKECH CIEMEHT 3a
bupmMuUTEe, KOUTO UCKAT J]a OCTAHAT KOHKYpeHTHU. KoMmaHunTe, KOUTO yCrenl-
HO BBBeXIaT Al, momoOpsBar ehEeKTUBHOCTTa CH, HaMalsABaT Pa3XOJUTE H
npeaiaraT mo-100pu IpOAyKTH WK yciayrd. Te Morar jaa pearupar mo-0sp30 u
Ha MTPOMEHHTE Ha ma3apa. B pesynrar Ha ToBa Al Bede HE € MPOCTO HOBA TEXHO-
norus. Tolt ce mpeBpbllla B OCHOBEH UHCTPYMEHT 3a ycreX B OM3Heca U mpoMe-
HSl KOHKYpeHTOCTIOcOOHOCTTa. Toii Mo3BoIsIBAa TTO-OBbP30 B3E€MaHE Ha PEIICHUS,
MO-TOYHA TTePCOHANIN3AIIMS, TTO-BUCOKA €()EKTUBHOCT M Ch3/IaBaHEe HA HOBU OM3-
Hec Mozenu. BaxkHO e /1a ce mpaBu pasziuKa MEeXIy moao0psiBaHe HAa TEKYIIUTE
orepanvd U MCTHHCKA CTpaTerndecka mpoMsiHa. MHOTO KOMITAHUH HW3IIOJI3BaT
Al, 3a 1a aBTOMaTHU3HMpaT CHIICCTBYBAIIM MpoIlecH. VicTHHCKaTa MpoMsHa Hac-
THIIBA, KOTATO W3KYCTBEHUSAT MHTEJEKT MPOMEHS CaMHsl HAauyWH, MO KOWTO Ce
cp3naBa ctoiHocT (Figura, Juracka and Imppola, 2025; Volodin and Dovtayev,
2025).

Opranuzanuure, KOUTO UMaT MOBEYE U MO-KauyeCTBEHU JIAaHHU C€ y4arT I0-
0bp30, B3eMaT MO-UHPOPMHUPAHU PEIICHUS U HEMPEKHCHATO MOJ00PSBAT MPOIIe-
cute cu. Taka Te cb3AaBaT TPAMHO NPEAUMCTBO, KOETO TPYIHO MOXKE J1a CE KO-
nupa, 1I0pu OT KOHKYPEHTH ChC CHIITUTE TEXHOJIOTHH.

3. 3akiroueHue

N3KyCcTBEHUAT UHTENEKT MPOMEHs OM3HEca, 3all0TO MPOMEHS HauuHa, 10
KOWTO C€ CBBP3BAT JIAHHUTE, 3HAHUETO U JeUCTBUETO. CTOMHOCTTA HE HUJIBA OT
camaTa TEXHOJIOTHs, a OT TOBa KakK TsI c€ OOBBP3Ba C KOHKPETHU OHM3HEC IIEJIH,
KaueCTBEHM JIaHHU, I0Ope OpraHU3UPAHU MPOIECH, YOBEIIKH OMUT U OTTOBOPHO
yIpaBJICHHUE.

MamuHHOTO 00y4YeHUEe HU ToMara Jia B3eMaMe IO-JIECHH U CUTYPHH pe-
HIEHUsI, HO HE HU OCBOOOKJaBa OT OTTOBOPHOCT — MPOCTO MPOMEHS poJjsiTa Ha
yoBeka. [IpaBunaTa u eTukara He ca Mpedka 3a TEXHOJIOTUUTE, a €IUHCTBEHUSIT
HAaYMH M3KYCTBEHUST MHTEJIEKT HAUCTHHA Jla HU Obje moje3eH. be3 scHoTa u
JIOBEpHE, TOM MOXKE J1a JIOHECE MOBEYE BPEAH, OTKOJIKOTO MmoJi3u. [IpexoasT or
,,JAHHU KbM PELICHUSA * OUepTaBa HOB MOJEJ HA YIPABJICHUE: TAHHUTE OCUTYpPSI-
BaT ocHOBaTa, Al — aHanmuTHYHATA MOIII, MAITMHHOTO 00y4YEHNE — CITOCOOHOCTTA
3a ajanTanus, a YOBeKbT — CMUCHIIA, LIEJITa U OTTOBOpHOCTTA. Llle ycnedar onesun
OpraHu3alyi, KOUTO ChUYETAST TEXHOJOTMYHUTE BB3MOKHOCTH HA W3KYCTBCHHU-
AT UHTEJICKT C YOBEIIKA MMPEIEHKA, €TUKA U CTPATETMYECKO MUCIICHE.
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JAUTUTAJIN3ALINA HA JOKYMEHTOOBOPOTA B
SBEMEJEJICKUTE KOONIEPAIIUN

JOKTOPaHT ATaHac AtaHacos'

Pe3rwome: Jloknaovm uscneosa 6vb3MONCHOCMUME 34 NPUTIONCEHUe HA UZKYCMEEHUs.
unmenekm 6 zemeoenckume koonepayuu. Kvm nacmoswus Mmomenm HUMAHUEMo ce HAco48d
KbM OUSUMANU3AYUAMA U asmomMamu3ayusma Ha 002080pHUmMe U (QuUHaAHcosUmMe NpoYecu.
Pasznescoam ce 06a euoa 0ocosopu - 3a apenoa u 3a Haem. Bv3 ocnoea Ha msax ce npednaza
KOHYenmyaneH mMooeil Ha MpUMoOYIHA cucmema, 6asupana Ha U3KyCmeeH uHmeneKkm: 3a 2e-
Hepupane Ha 002080pU, 34 USHUCTIABAHE HA PEHMAMA U 3a A8MOMAMUUPAHO HAPEHCOaHe HA
banxosume niawjanus. AHanuzupanu ca odakeéanume noi3U U npeou3sUKameNcmeama npu
BHEOPABAHEMO 6 DBA2APCKUSL AcpapeH CeKMop.

Knrouoeu oymu: uzkycmeen unmenexm, OUSUMAaIu3ayus, agmomamuzayus, 3emeoeic-
KU Koonepayuu, 002060pu

JEL: Q13, Q15, Q16

DIGITALISATION OF DOCUMENT WORKFLOW IN
AGRICULTURAL COOPERATIVES

PhD student Atanas Atanasov

Abstract: The paper explores the opportunities for applying artificial intelligence in
agricultural cooperatives. At present, attention is focused on the digitalisation and
automation of contractual and financial processes. Two types of contracts are examined -
agricultural lease and rental contracts. Based on them, a conceptual model of a three-module
system based on artificial intelligence is proposed: for contract generation, rent calculation,
and automated execution of bank payments. The expected benefits and implementation
challenges within the Bulgarian agrarian sector are analysed.

Key words: artificial intelligence, digitalization, automation, agricultural
cooperatives, contracts

JEL: Q13, Q15, Q16

1. BbBenenune

3emezesckuTe Koonepanud B beiarapus QyHKIMOHUpPAT B Cpella Ha U3K-
JIOUUTENIHO pa3apoOeHa mo3emieHa coOctBeHOCT. [IpeobiianaBamiaTta yact oT
MO3EMJICHUTE UMOTHU Ca C MAJIKU pa3Mepu, a 00padoTBaemara IO Ha €/IHa KO-
omiepanus TPAJAUIIMOHHO ce (opMupa OT UMOTUTE HA CTOTHUIM (PU3UUECKH JTHIIA
U TeXHUTE chHacieqHuuu (MHUHHCTEPCTBO Ha 3€MENENINeTO U XpaHute, 2024;
Swinnen & Vranken, 2010). PesynrarsT e, ue koomepamusita €IHOBPEMEHHO
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aJIMUHUCTPHPA MHOXECTBO JOTOBOPH, OOBBP3aHH C pa3MyHa IUIOL] Ha UMOTH-
T€, UHUBUyaJTHU CPOKOBE 1 OAHKOBU CMETKHU Ha BCEKH COOCTBEHHK.

B3anmooTHOLIEHUSATa MEXKYy KOOMEPAMUTE U HaEMOJATEINTE CE YPEexK-
JaT 4pe3 JBa BUJA JOTOBOPH, pa3idyaBalld Ce MO CPOK, MpaBHA paMKa U Cb-
IbpXKaHUE - TOTOBOPH 3a apeH/ia U JOTOBOPH 3a HaeM. TpaJulMOHHOTO yNpaB-
JIEHWE Ha Ta3u JOKYMEHTALUsA pa3yuTa MPEIMMHO Ha E€JIEKTPOHHM TaOJMLU B
Excel, ppuHO CchCcTaBsiHE HA JJOTOBOPH M MHANBUAYATHH OAaHKOBH MPEeBOAH. T0o3H
MOJIX0J 00aue € U3KIIIOUUTETHO TPYJ0EMbK U KPHe BUCOK PUCK OT TEXHUYECKU
rpemiku (Bashev, 2021). IlponycHaTo MOgHOBSIBAHE Ha JOTOBOpP, T'PELIHO H3-
YHClIeHA PeHTa Wi 3a0aBEHO IJIalllaHe MOTaT Ja I0BEAAT /10 MPaBHU CIIOPOBE U
3ary0a Ha HAaeTH IUIOIIH.

HacTosimusT nokiaj cu moctass 3a Led Ja NpeyIokKH KOHIENTyaleH MO-
JieNl 32 aBTOMaTH3alsl Ha JOKYMEHTOOOOpOTa M IUIAIAHUATa B 3€MEIEJICKUTE
KOOIIepaliy Ype3 U3MO0JI3BaHE Ha W3KYCTBEH MHTENEKT. MoaenbT oOXBalla Tpu
KJIIOYOBH HANpaBJICHUs: T€HEpUpaHe Ha JOTOBOPH; MPEIU3HO M3YUCISIBaHE Ha
peHTaTa U aBTOMaTU3UPAHO HapekaaHe Ha OaHKOBUTE mpeBoau. M3rpaxxaaneTo
Ha KOHIIETITyaJIHUS MOJIe]T U3MCKBA J1a c€ U3ACHAT MIPaBHUTE crielu(pUKH Ha JBa-
Ta OCHOBHU BUJ1a JOTOBOPH - 33 apeH/1a U 3a HaeM.

2. IIpaBHa paMKka U ciequ(prKa HA JOrOBOPHUTE 32 MOJI3BaHE
HA 3eMe/lesICKa 3eMd

I[BaTa OCHOBHM BHAAa A0TOBOPH, KOHUTO 3CMCIACICKHUTC KOOIICpaluun
CKJIIOYBAT 34d I10JI3BAHC HAd 3CMCICIICKA 3€Ms, Ca JOTOBOPHT 3a apCHAA U JOT'OBO-
PBT 34 HACM. Bceku oT TSX MMa caMOCTOsITEIIHA HOpPpMAaTHUBHA ypezl6a, Imopaxnaa
Pa3JINYHU IIpaBa U 3aAbJDKCHUA U CC OTJIMYaBa 110 CBOsA CPOK, (bopMaTa 3a IIGﬁC-
TBUTCIIHOCT M pPC€aa 3a BIIMCBAHC. Te3n pasian4dus OIIpCACIIAT KOHKPCTHUTC IIpa-
BHJIa U OT'PAaHHUYCHUS, KOUTO CJICABA Ja CC 3aJI0KAT B IIPCAJIaraHus KOHICIITYya-
JICH MOJACIJI.

2.1. Jlocosop 3a apenoa

JIoroBOpBT 3a apeHja ce ypekaa OT 3aKOHa 3a apeH/aTa B 3eMECITNETO
(3A3; o6H., 1B, Op. 82 ot 1996 r., moca. usm. u gom., 6p. 102 ot 2022 r.). Toii
Ce Tpwiara IpH IBITOCPOYHO MPETOCTABSIHE HA 3€MENEeIICKa 3eMs 3a MOJI3BaHe
Cpely apeHIHO TUIalllaHe, KOETO CE M3BBHPIIBA B YTOBOPEHUS MEXKAY CTPAHUTE
BUJ - B TIapH W/HUIU B 3€MeJeNICKa MPOIYKIUs. MUHUMATHUAT CPOK € IMEeT CTO-
MAHCKY TOJMHH, KaTO B MPAaKTHKAaTa KOOMEPAIIMUTE MACOBO CKJIFOUBAT JJOTOBOPHU
3a JieceT WM TOoBeUe TOJWHU. 3aKOHOAATEICTBOTO M3MCKBa MHCMEHa ¢dopMma ¢
HOTapHaJlHa 3aBepKa Ha MOAMHUCUTE, BUcBaHe B Ciyk0aTa 1Mo BIMCBAaHUATA U
peructpaiys B choTBeTHaTa OOIIMHCKA CITy>k0a 1Mo 3eMeienue.
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JIBATOCPOYHMST XapaKTep Ha apeHJAHUTE OTHOIICHUS OCUTypsBa CTaOWII-
HOCT U MPEABUAMMOCT 3a JIBETE€ CTpaHU. ApEHJI0AAaTeIMTe N0Jly4aBaT rapaHTu-
paH J0XO0J 32 MPOABKHUTENIEH INEPUOJ, a KOOIEepauuaTa MOXKE CIIOKOMHO Ja
IIaHupa ceuto60000poTa M uHBecTuuuTe cu. [lopanu mo-crporute npouesypu
U IBITHS CPOK HA JIEWCTBUE, aBTOMAaTU3MPAHOTO U3TOTBSHE U MPOCIEAsIBaHE Ha
T€3U JOTOBOPHU CIECTSABA 3HAYUTEIICH aJMUHUCTPATUBEH TPy U NPEAOTBpPATABA
MPOITYCKH MPU NOJTHOBABAHETO UM.

2.2. Jlocosop 3a naem

JIoroBOpPBT 3a HAEM Ha 3eMeJelICKa 3eMs ce ypexaa OT 3aKoHa 3a 3a1bJI-
»enusita u goropopure (33/1; o6H., JIB, 6p. 275 ot 1950 r., moci. u3M. u JIOIL.,
op. 11 ot 2023 r.). B npakTkaTta Ha KOOIEpPAIMUTE TOM C€ CKJII0YBA 32 CPOK OT
¢JHa CTOIaHCKa TOJMHA, a IJIaIllaHeTO Ce M3BBPIIBA B IapU WIM B 3eMECIICKa
npoayKius. JIoroBopsT ce CKiItouBa B OOMKHOBEHA IMUCMeHa ¢opma 0e3 HoTa-
puanHa 3aBepka u BnucBaHe B Cimyk0ara 1o BIIMCBAaHMATA, KATO 3aAbJDKUTEITHO
ce peructpupa B OOmmHCKaTa ciry>x0a mo 3emenenue. To3u TUIT JOTOBOPHU Ce
MPEANnoYnTa OT COOCTBEHHUIIU, KOUTO THPCAT MO-BUCOKA JIOXOJHOCT M BB3MOXK-
HOCT 3a ©KETroHO TIPEIOTOBApSHE Ha IIeHaTa WJIM CMSHA Ha HaeMaTessl, KaKTo |
IIpY TIPEICTOSIIA MTPOoakOa Ha UMOTA. 32 KOOTIepalusITa KPaTKOCPOUHUSAT HaeM
¢ KOMIPOMHUCHO perieHue. Toil ocurypsiBa KOMacupaHe Ha IJIOIMIUTE 3a TEKY-
U CE30H, HO HOCH TTOCTOSTHEH PUCK OT 3ary0a Ha MAacWBH M Hajara eXerojcH
aQIMUHUCTPATHBEH TPY/]I 110 IPETIONTMCBAHE HA TOKYMEHTHUTE.

Tabnuya 1. CpasHumennu xapakmepucmuxu Ha 002080pume 3d apeHod u 3a
Haem Ha 3emMe0elcKad 3eMs

Kpurepun Jdorosop 3a apenaa Jlorosop 3a Haem
[IpaBHa ypenba 3aKkoH 3a apeHjaTa B 3eMeie- 3aKoH 32 3aIbJKEHUSITA U J10-
JUETO TOBOPHTE

MuHuMaleH cpok 5 CTOIIaHCKU T'OAVHU Hsama HopMaTuBEH MUHUMYM -

B MpaKTUKaTa 1 cTomaHcka

roJiuHa
dopma [Tnucmena ¢ HoTapuaiiHa 3aBep-
Ka Ha MOJITUCUTE OOuKHOBEHA MMCMEHA
Bnucsane u perucrpa- Crmy>x0a 1Mo BIUCBaHUATA U
st O6muHCcKa cmyx0a 1o 3eMene- | OOmuUHCKa Ciryx0a 1Mo 3emMejie-
e nue
[Tnamane B mapu u/unu B 3emenencka B mapu n/unu B 3emenerncka
MPOYKIIHSL. MPOJTYKLIUSL.
[Tpunoxenue JbarocpoyHo noJi3BaHe Kpatkocpouno nosn3Bane

H3zmounuk: Aemopcka paspabomka b3 0CHO8a Ha 3aKOHA 3a apeHOama 8 3emeoenuemo u
3akona 3a 3a0vadxcenuama u 00208opume

293




3. KonuenryajeH Mo/ieJ1 HA MHTETPHPaHa CHCTEeMAa
3a JOKYMEHTO000pOT B 3eMe/IeJICKaTa KOONepanms,
0a3upaHa Ha U3KYCTBEH MHTEJICKT

[IpennaranusT KOHLENTYyaJeH MOJIE] CE€ OCHOBaBa Ha eIMHHA MH(pOpMa-
MOHHA cpena. T 00enuHABa KalaCTPATHUTE U TEXHUYECKHU JAHHHU 3a I03eMIIe-
HUTE UMOTH, MPABHUSI CTATyC HA COOCTBEHUIIUTE U NTAPAMETPUTE MO CKIHOYEHU-
T€ A0roBOpU. BbpXy Tazu ocHoBa ce 000co0sBaT TPU OCHOBHHM MOJTYJIA:

3.1. Mooyn 3a asmomamuuno cenepupane Ha 002080pU U KOHMPOIL HA
cpoKoseme

MopaynsT aBTOMAaTH3Upa M3rOTBSIHETO HA JOTOBOpPHATa JOKYMEHTAIIMS
(Choi, Hickman, Monahan, & Schwarcz, 2023). B 3aBucHMOCT OT JOTOBOpEHHUS
CPOK cucTemaTa u30upa chbOTBETHATa IMpaBHa (opma - apeHja wiu Haem. [lan-
HUTE 3a TUTYJSAPUTE U MO3EMJICHUTE UMOTH CE€ 3apeXkAaT aBTOMAaTUYHO B ChOT-
BETHUS TUTIOB oOpazell. [Ipu IbArocpoyHo mMmosi3BaHe ce TeHepupa JIOroBOp 3a
apeHaa cbriaacHo 3A3 ¢ BCHYKM HOPMAaTUBHO HM3UCKYEMHU PEKBH3WUTH, a MPH
KPaTKOCPOYHO TOJI3BaHE - IOTOBOP 32 HaeM 1o peaa Ha 33/1.

CucreMara U3BBPIIBA HEMPEKbCHAT MOHUTOPHUHT Ha JEHCTBAIUTE JOTO-
Bopu. Ts M3mpaia aBTOMaTUYHUA U3BECTUS IO aJIMUHUCTPATUBHO-YIIPABIICHCKUS
nepcoHan Ha koonepanusaTa 90, 60 u 30 gHM Npeau W3TUYAHE HA ChOTBETHATA
cronaHcka roguHa. [Ipu u3tuuain 10roBop 3a HaeM ce ¢popMHUpa HAIOMHSIHE 3a
CBOEBPEMEHEH KOHTAKT ChC COOCTBEHUKA - OTHOCHO NTPEMUHABAHE KbM JBJITOC-
pOYHa apeH]ia, MOJAHOBSIBAHE HA HAEMHUTE OTHOLIEHHUS WM OKOHYATEIHO MPEK-
paTsBaHE Ha JOTOBOPHUTE OTHOLIEHUS.

3.2. Mooyn 3a uzuucnasane Ha ObANCUMA PEHMA

Bropusit Momyn aBTroMaTu3npa M3YUCISBAHETO HA peHTaTa, KaTo yMHO-
’KaBa JJOTOBOpEHATa CyMa Ha JieKap 1o MpUTeKaBaHaTa IUION] U CyMUpa 3a1bJl-
KEHHUATA KbM COOCTBEHUITM C HAKOJIKO MMOTa. Hampumep 3a cOOCTBEHHK C TpHU
umota ot 8, 12 u 5 nKa mpu J1oroBopeHa peHTa oT 45 eBpo/aka, cuctemaTa aB-
TOMATUYHO KaJKynaupa obmo 1 125 eBpo. [Ipu moroBopeHo miamane B HaTypa
MOAYJIBT W3YMCIIABA IMOJAralloTO €€ KOJIMYECTBO MPOAYKUHS B KWJIOIPAMH 3a
pasaBaHe OT CKJaja.

N3KyCTBEHUST MHTENEKT M3ITBJIHSABA KOHTPOJHA (DYHKIHMS 3a 3aCHYaHe Ha
TEXHUYECKH U CUETOBOAHU Tpeliku. CuctemMara aBTOMaTUYHO CIIEH 3a MosiBaTa Ha
aHOMAaJIMU TIpein 0JI00psIBaHETO Ha BegoMocTuTe. Ts 3acuya nyOoaupaHo HaAYMCIIs-
BaHE Ha IUIOIIHM, pa3MHHABAaHUSI MEXKITy IOTOBOpEHATa pEeHTa Ha JIeKap U KpaiiHaTa
CyMa WJIM HEBOJHO pa3MeHeHu udpu. [Ipu OTKpUTO HECHOTBETCTBHE MOIYJIBT
BE/IHAara CUTHaJIM3Mpa Ha CYETOBOJICTBOTO 32 JAOI'BJIHUTEIHA TPOBEPKA.

294



3.3. Mooyn 3a asmomamuuno Hapedxicoane Ha NAauanHus

Tperust Monyn aBTOMaTu3upa OAHKOBUTE MPEBOAM KbM COOCTBEHUIUTE
Ha 3ems. Cien Kato pbKOBOJCTBOTO Ha KOONEpPAUUATA MOTBBPAN U3YUCICHUTE
CyMH, cHCTeMaTa TeHepupa (Qailyl 3a MacoB IPEBOJ B CTaHIAPTHU3UpPAH OaHKOB
dopmar (XML/ISO 20022). IlakeThT chabpka HHIAUBUAYATHUTE IJIAlIAHUS
KbM CMETKAaTa Ha BCEKU COOCTBEHHMK C TOYHATA CyMa U ChOTBETHOTO OCHOBAHUE.
@ailnbT ce 3apexaa AUPEKTHO B OHJIAMH OaHKUpPAHETO Ha KOomepalusTa U ce
HapexJa C €IHOKPATHO EJIEKTPOHHO IMOANMCBAHE, BMECTO Ja CE BbBEKIAT CTO-
TULM OTAEIHU TJIaTeKHUA HApEXKIAHUS.

MonynbT ocurypsiBa 1 aBTOMaTu3MpaHa oopatHa Bpb3Ka. [Ipu Hapexna-
HE Ha [PEBOJA CHCTEMATa M3Ipalla YBEJIOMIICHHUE I10 €JIEKTPOHHA oA J10 I0-
ayyatens. B Hero ce chappika KpaTka CIpaBKa 3a IpeBeAeHaTa CymMa, CTOIAHC-
KaTa roJIMHA, 32 KOATO C€ OTHACA IUIAIAHETO, U CHbOTBETHUTE MMO3EMJIEHU UMO-
TH.

4. OuyakBaHHU NMOJI3U U NMpeaAU3BUKATEJICTBA IIPU BHECAPHABAHETO

BrenpsiBaneTo Ha onmucaHaTa CUCTEMa HOCH MPEKH MPAKTHICCKH TTOJI3H 32
KOOTIEpanusTa B TPU OCHOBHU HAIPABJICHHUS:

e A/IMUHHCTPATHUBHO HANpaBJ/ieHHe: ABTOMAaTU3UPAHOTO I€HEPHUpPAHE Ha
JIOTOBOPHA JTOKYMEHTAIlMsl ¥ MAcOBH IUTAIlaHUS OCBOOOYKJaBa 3HAYWTE-
JIEH aJIMUHUCTPATUBEH PECYPC, KOETO CIIECTABA CTOTHIIM YaCOBE PbUCH
TPYJ IIpH MOJATOTOBKaTa Ha kammnanuara (Schimmelpfennig, 2016);

o MUHAHCOBO-NPABHO HAaMNpaBJ/ieHHe: MHUHUMHU3HpPAT CE PHUCKOBETE OT
TEXHUYECKH M CYETOBOJIHU TPEIITKU NP HAYUCIsIBAHETO HA peHTHTe. Ch-
MIEBPEMEHHO C€ MPEAOTBPATABAT MOTEHIIMAIHN MPABHU CIIOPOBE, MOPO-
JICHH OT MPOIYCHATH CPOKOBE WJIM 3a0aBEHH MPEBOJIN;

e VYnpaBjieHCKO HampapjeHnue: 3rpanenara enuHHa uHHQOpPMaIMOHHA
cpella OCUTYpsiBa Ha PBKOBOJICTBOTO SICHA MPEJCTaBa 3a MPABHUS CTATyT
Ha oOpabotBaemuTte Tiomu B peanHo Bpeme (European Commission,
2023).

Hapen ¢ nmonsure mpoiiechT 1Mo BHEAPSIBAHE MOCTaBs U KOHKPETHU IMpaK-
TUYECKU MPEAN3BUKATEIICTBA.

Ha mbpBO MsicTO, cucTeMara M3MCKBA M3KIIOYUTEIHA MPEUU3HOCT MpU
I'bPBOHAYATTHOTO BHBEXKIAHE HA JAHHUTE 32 KaJAaCTPATHUTE WUIACHTU(DUKATOPH,
UJICATHUTE YaCTU U OAHKOBUTE CMETKH, KOETO HaJlara IsJIOCTHA MpeIBapuTeTHA
pEeBU3HS HA HAIMYHUS apXUB.

Ha BTOpO MsCTO, HEOOXOAMMO € HM3rpaKJaHE HA JUTHTAIHU YMEHUS U
oOy4eHre Ha MepcoHasia 3a €PEeKTUBHO alanTUpaHe KbM JAUTUTATHATA WUHPOP-
ManoHHa cpena (Atzori, Vayssieres, Ledda, & Marrosu, 2022).
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Ha tpeto MsacTo, oO6paboTkaTa U ChbXpaHEHHETO Ha YYBCTBUTEIHA MHGOP-
Malus B €JUHHAaTa MH(OpPMAIMOHHA Cpela M3MCKBAa BBHBEKAAHETO HA CTPOTHU
TEXHUYECKH M OPTaHU3AI[MOHHU MEPKH 332 CUTYPHOCT CHIJIACHO M3UCKBAHUATA
Ha Permament (EC) 2016/679 (GDPR).

5. 3akaouenue

JluruTanuzanusaTa ype3 U3KyCTBEH MHTENIEKT Ipejjiara padboremo perie-
HHUE 32 3€MENICIICKUTE KOOMEpaluu. T ONTUMHU3UPA €IUH OT HAW-TEKKUTE all-
MUHHUCTPATUBHU TPOIECH, & UMEHHO aJMUHUCTPUPAHETO HA JOTOBOPHUTE U
(VMHAHCOBUTE OTHOIICHUS ChC COOCTBEHMIIMUTE HA 3€Ms. Y CIEIIHOTO MPaKTH-
YECKO MpuUjlaraHe Ha MOJENa U3UCKBA CTPUKTHO OTYMTAHE HA MPABHUTE CIEIHU-
dbuKM Mpu MOJ3BaHETO Ha 3eMsATa. ToBa Hamara SICHO pa3rpaHU4YaBaHE MEXIY
J'BJATOCPOYHUTE JIOTOBOPH 3a apeHna 1mo 3A3 M KpaTKOCPOYHUTE AOTOBOPH 3a
HaeM 1o 33/1.

[IpenyaranusT KOHIIENTYyajdeH MOJAEN OOEAMHSBA TPU B3aUMOCBBHP3aHU
MOJyJIa - 32 TeHepUpaHe Ha JOTOBOPHU, U3UUCIISIBAHE HA IBbJKMMATA PEHTA U aB-
TOMaTU3UpaHe Ha OAaHKOBUTE IUIamanus. Toil ouepTaBa Bb3MOXKHOCTUTE 3a 3HA-
YUTEJTHO ONTUMU3UPAHE HA PA3XOAUTE 3a TPYJ U €IMMUHUPAHE HA TEXHUYECKU-
Te rpemku. [IpakTuuecKkoTo My MpusiaraHe U3MCKBa KaueCTBEHA IIbpPBOHAYATHA
peBU3Us Ha HaJIWYHATA JIOKYMEHTAIlUsI U JTaHHUTE 32 COOCTBEHUIIUTE, KAKTO U
o0yueHue Ha mnepcoHana. KimouoB (akTop ocTaBa M CTPUKTHOTO Clia3BaHE Ha
HOPMATUBHUTE U3MCKBAHUS 3a 3alllUTA HA TUYHUTE JTAHHH.

Ha cnenBamy eran aBTOPBT CH MOCTaBd 3a LEN Aa NPOBEAEC EMIMPUYHO
MPOYYBAHE YPE3 aHKETHPAHE HA 3€MENIEIICKU Koomnepauu. ToBa 11e 1mo3BoJin Aa
C€ aHAJIM3UPAT aKTyaJIHUTE aJMUHHCTPATUBHU 3aTPYyJAHEHUS WU TOTOBHOCTTA Ha
CTOMAHCTBATA J1a MPUIIOKAT MPEATIOKEHUS MOJIE.
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TEXHOJIOI'MYEH IOTEHHUAJI U HAYYHO-ITPUJIOKHHU
HPEAUMCTBA HA TOJIEMUTE E3UKOBU MOJEJIN ITPHU
ABTOMATU3NPAHATA OBPABOTKA HA ®PUHAHCOBHA
JOKYMEHTHU

Nokropant Jusan Hukosaes'

Pe3tome: Tpyovm ananusupa poasma na conemume e3uxosu mooeau (LLMs) npu as-
MoMamu3upaHomo u3enuyane Ha uuancosu oanHu. Paszenesxcoa ce npexoovm om npasuia
KbM CeMaHmuier KoHmexkcm ¢ ¢okyc 8vpxy zero-shot u few-shot obyuenuemo, mMHo2oe3uy-
Hama nooopwviuCcKa U 2eHepupanemo Ha cmpykmypupan uzxoo (JSON/XML) 3a kopnopamusna
unmezpayusi.

KarouoBu aymm: [onemu ezuxosu modenu (LLMs), ¢punancosu doxymenmu, agmo-

Mamusuparo uzeiudane Ha OAHHU, cCeManmuyer Konmekcm, zero-shot u few-shot ooyuenue
JEL: C88, M15, M41, 033

TECHNOLOGICAL POTENTIAL AND APPLIED ADVANTAGES OF
LARGE LANGUAGE MODELS IN AUTOMATED FINANCIAL
DOCUMENT PROCESSING

Doctoral student Diyan Nikolaev

Abstract: The paper analyzes the role of Large Language Models (LLMs) in automat-
ed financial data extraction. It examines the transition from rule-based systems to semantic
context-driven approaches, focusing on zero-shot and few-shot learning, multilingual support,
and the generation of structured output (JSON/XML) for enterprise integration.

Key words: Large Language Models (LLMs), financial documents, automated data
extraction, semantic context, zero-shot and few-shot learning

JEL: C88, M15, M41, 033

1. BnBenenue

Borpeku mmpokoTo pasnpocTpaHeHHe Ha MHTEJMIeHTHaTa 00paboTKa Ha
JOKYMEHTH, TPaJAULIMOHHUTE CUCTEMH, Oa3upaHu Ha ONTUYHO Pa3MO3HABAHE Ha
cumBo (OCR) u TBBpaM mabOHM, MPOSIBABAT CHIECTBEHA YSI3BUMOCT TIPH
BHCOKAaTa CTPYKTypHA BapUAaTUBHOCT Ha (PUHAHCOBHUS JOKyMEHTO000poT. Oc-
HOBHUST HAYYHO-TIPHIIOKEH MPOOJIEM ce U3pa3siBa B KOMIIPOMETHUPAHATA YCTOM-
YUBOCT Ha €KCTpaKIUATa MPH TMOsiBa HA HOBU ¢opmatu Ha (pakTypu, OaHKOBU
U3BJICUEHUS WM KPEIUTHU U3BECTHUS, KOETO Hajlara HEMPEKbCHATU Pa3Xxou 3a
pbuHa KOHuUrypauus u copryepHa noaapexkka. [losBata Ha roJeMuTe €3MKOBU
mozenu (LLMs) ocurypsiBa kauecTBEHO HOBa Mapajaurma, peMruHaBaila oT re-

I d.nikolaev@uni-svishtov.bg, CA ,,JI. A. Ilenos* CBumon
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OMETPHS U MO3UIIMOHHU KOOPJAMHATH KbM LSJIOCTHO CEMAHTUYHO pa3OHpaHe Ha
CYETOBOJIHOTO ChIbP)KAHUE.

Hacrosimmar noxian aHanu3npa TEXHOJIOTMYHUS MOTEHIMAI Ha €3UKOBHU-
T€ MOJIEJH 332 aBTOMATHU3MPAHO M3BJIMYAHE HA KIIOYOBH CUETOBOJHHU aTpuOyTH
OT HECTPYKTYPUPAHU U XETEPOT€HHU (PMHAHCOBU JOKYMEHTH, OOXBAIIalK1 Me-
XaHM3Ma Ha KOHTEKCTyaHaTa eKCTPaKLys, MyJITHIMHIBAJIHATA CbBMECTUMOCT U
JUPEKTHOTO HOPMAJIU3UPAHE HA TAHHUTE B MAIMHOYETUMHU cxeMH. OCHOBHATa
e Ha pa3paboTKara € Ja U3Be/I€ U OLEHU Hay4YHO-IIPUIIOKHUTE MPEeIMMCTBA Ha
LLM apXuTeKkTypuTe CpsSMO KOHBEHI[MOHAIHUTE 11a0JOHHU MOJIX0/IU, O4epTa-
BaliKM TEXHMS KamalMUTeT 32 ONTUMHU3AIMSA HA OM3HEC MPOLECUTE, 3a€IHO C OIe-
PAaTUBHUTE U3MCKBAHUS 32 HAIEAKIHOCT U KOH(GUIECHIMATHOCT IPU UHTETPALHs
B kopniopatuBHu ERP cucremu.

2. KoHTekcTyaaHO Mojie/IMpaHe U aanTUBHA WH(epeH s Ype3
Zero-Shot u Few-Shot ekcrpakuust

OCHOBHOTO MPETUMCTBO HA TOJIEMHUTE €3UKOBU MOJEIIU MPE]] TPAJAUIIOH-
HUTE CUCTEMHU C€ KOPEHU B CIOCOOHOCTTA UM Jia pa3Oupar CeMaHTUYHOTO 3Ha-
YEHHE Ha TEKCTa B CbOTBETCTBUE C HEroBuUsi KOHTEKCT (Brown, u ap., 2020). To-
Ba TI03BOJISIBA HAACKIHO Pa3TPAHUYCHHE MEXAY CUYCTOBOJIHU PEKBUZHTH ChC
CXOJTHa HOMEHKJIaTypa U CHHTaKTU4YHA opMa, HO ¢ KOPEHHO Pa3IMIHO (PUHAH-
cOBO MpeaHazHaueHue. CtTangapTHUTE peryisipHu uspasu (Regex) 3acudar camo
dbopmara Ha maraTta, 3aTOBa JECHO JIOMYCKAT TPEIIKU, KOTaTO BEB (DMHAHCOBHTE
JIOKYMEHTH MMa HSKOJKO IMOCJIeI0BAaTETHU JaTU. 3a pa3iiuKa OT TIX, €3UKOBUST
MozeN AU(EepeHIrpa ChAbPKATSIHUS KOHTEKCT Ha BPEMEBUTE aTpUOyTH, KaTe-
TOPUYHO pa3rpaHWyaBaiiKyl JaTaTa Ha U3JaBaHe, JaTaTta Ha JaHbUYHOTO CHOUTHE
(ompeaensina Bb3HUKBAHETO HA TAHBbYHUS KPEJIUT) U KpallHUSI CPOK 3a TIJIallaHe
(magex), JOpy KOraTo T€ ca PasMoJIOKEHU B 00N OJOK MM ca 0003HAYECHH C
HECTaHJapTHU ChKpaieHus. [lo aHamornuyeH Ha4YMH NpU CTOMHOCTHHUTE Mapa-
METPH B CJIIOXHU TPAHCAKIIUKA MOJAEIBT MHTEPIPETUPA CUYETOBOHATA B3aUMOB-
pB3Ka MEXIy MaHb4Ha OCHOBA, paszmep Ha J/IC, ThproBCKM OTCTHIIKH, TPUC-
MaJIHATH aBAaHCOBM IUIAIAHUS W KpalkHA HETHA Cyma 3a pasmiamane. /[okarto
KOHBCHIIMOHAJTHUTE MIA0JIOHU, THPCEIM MaKCHMaJIHA YHUCIOBA CTOWHOCT WIIH
Mapkepu karo ,,O0110, 4ecTo TpeurHo U3BIMYaT OpyTHaTa CTOMHOCT Ha CHE-
karta, LLM npocnenssa msyiocTHaTa CYETOBOIHA JJOTUKA U CEMAHTUYHUTE 3aBU-
CUMOCTH B JOKYMEHTA, OCUTYpPSIBAWKH TOYHATa CyMa 3a TOTacsBaHe U MUHUMHU-
3UpAWKHU PUCKA OT FPEIIHO MbPBUYHO OCUETOBO/ISIBAHE.

3a paznuka oT koHBeHuuoHaaHuTe OCR cucteMu, KOUTO pa3yuTar Ha MO-
3UIIMOHHU KOOPJIMHATU U TIpeePUHUPAHN €TUKETH, TOJIEMUTE €3UKOBU MOJIEIH
U3M0JI3BaT apXUTeKTypata Ha TpaHchopmepa (Transformer) m mexanusma Ha
camoBHUMaHueTo (self-attention), KOUTO W3UMCIISIBAT JUHAMHYHHU pPEJIAlMOHHU
TErJIa MEXIy BCUYKU JYMHU B JIaJeH JTOKYMEHT €IHOBPEMEHHO, MO3BOJISIBAUKU
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Ha MOjeNia Jla yJiaBsi ABJIOOKM KOHTEKCTYalHW 3aBUCHMOCTH W Ja MHTETpUpa
ceMaHTH4YHa WH(GOpPMAITUS OT MHOXKECTBO HUBA HAa €3MKOBaTa CTpyKTypa (Ashish
Vaswani, 2017).

KoHBeHIIMOHATHUTE TTOAXOIM 32 M3BIMYaHE HA JAHHW W3UCKBAT MpE/Ba-
putenHo neduHupaHe Ha Ma0JOHU 32 BCEKH HOB (popmaT Ha JOKYMEHT, KOETO
KOMIIPOMETHPA TSIXHATa YCTOMYMBOCT MPH CTPYKTYPHU MPOMEHH WIIU MPH Bb-
BEX/IaHE HA HOBH JJOCTABYHIIN, KOETO M3MCKBA JOMIBIHUTEIHHA Pa3X0/Iu.

[IpakTH4eckoTo MpuiiaraHe Ha €3MKOBHTE MOJIETH MpU (pUHAHCOBATa 00-
paboTka ce peanm3upa Ype3 /Ba OCHOBHU WH(MEPEHIIMOHHU PEKHUMa, BCEKH OT
KOUTO TIPUTEKaBa CIICHU(PUIHN HAYYHO-TIPUIIOKHU MPEAUMCTBA U ONCPATHBHH
OTpaHUYCHHS:

[Ipu zero-shot ungepenusaTa MOACIHT U3BINYA IIEJIEBUTE (DMHAHCOBU
aTpuOyTH OT HAMMBJIHO HEmo3HaThu odopmileHUs 6€3 MpeaBapUTEITHO MOITOTBS-
HE, ONMMpalKK Ce Ha TeHepaIu3UpaHaTa CU CEMaHTUYHA TPEICTaBa 3a CTPYKTY-
pata Ha OusHec JokyMeHTHTe. OCHOBHOTO MIPEAMMCTBO Ha TO3H MOAXOJ € MaK-
cUMajHaTa OTepaThBHA CKOPOCT MPU BHEAPSIBAHE W HYJIEBUST Pa3xo]l 3a IMOJ-
TOTBHUTENIHA aHOTAIUSl HA JaHHU. BbIpeku ToBa, MPUIOKUMOCTTa Ha zero-shot
pexuMa € OrpaHrueHa MPETUMHO JI0 CTaHIAPTHU, TOBTAPSIIH CE IbPBUYHH J0O-
KyMeHTH (KaTo yHU(DHIMpanu GakTypHu 3a KOMYHATHHA YCIYTH W TUITH3UPAHH
pa3XoJHM KBUTAHIMH). HEroBo ChHIECTBEHO OTrpaHWYCHHE BHB (DHUHAHCOBHS
CEKTOp € ySI3BUMOCTTA KbM XaTIOIIMHAIINN TPU CIIOKHH PEKBU3UTH U HECTAOMII-
HOTO (popmaTHpaHe Ha ClEUMAIN3UPAHd HOMEHKIATypu (HAmp. CMECBaHE Ha
JIOKaJTHU OaHKOBU KOJIOBE, HETHITMYHU JTaHBYHU KIACH(PUKATOPH WM MHOTOE-
3WYHU ONUCAHUS HA ApPTHKYJIN).

Ot cBos crpaHa, few-shot undepenuusaTa KoMrencupa Te3u AeUIIUTH,
KaTo KOHTEKCTyalu3upa Mojieja 4Ype3 MPelIOoCTaBIHETO HAa MUHUMAaJeH Opoii
pedepeHTHH npuMepH (OOMKHOBEHO MEXIY 3 M 5) TUPEKTHO B caMaTa IMoJIKaHa
(prompt). [IpeqMMCTBOTO Ha TO3H MOAXO]] CIIPSMO KOHBEHIIMOHATHOTO MAllliH-
HO oOydYeHHe ce M3passiBa B M3KIIOYHUTEIHATA T'bBKABOCT 0€3 HEOOXOAUMOCT OT
nooOydaBane (fine-tuning) Ha HEBpOHHATa MpeKa WUJIM TeHEepUpaHe Ha MaIlaOHu
aHotupanu macuBu (Brown et al., 2020). Few-shot undepeniusara e npuaoxu-
Ma UMEHHO TIPH CHIJTHO XETEPOTCHHU WJIU IOPUINIECKHU crieruuaHr (GUHAHCOBH
dbopMH — KaTO MHOTOCTPAHWYHH JIM3UHTOBH JIOTOBOPH, OAHKOBU W3BJICUCHUS C
MPETUICTCHN BATBOPHU IaTH M TaKCH, WU CTICIIM(PUIHN MEXTYHAPOIHU MUTHH-
YEeCKH JeKJIapaluu, KbICTO € 3aAb/DKUTEITHO U3X0JHAaTa CXeMa Jia CJe/iBa CTPOT
BHTPEITHO(DUPMEH CUETOBOJICH cTaHAapT. Kato oCHOBHM orpaHnueHus Ha few-
shot mogxoma obave ce ouepTaBaT HapacTBallaTa KOHCyMaIus Ha KOHTEKCTHHS
npo3opernr (context window), mo-BucokaTa U3YUCIUTEIHA JATEHTHOCT U TOBU-
IIeHaTa IeHa Ha 00paboTKa Ha JOKYMEHT MOpaay TPAHCIMPAHETO HA pedepeHT-
HUTE MPUMEPHU TIPH BCSIKA 3asBKa.

Ta3u rpBKaBOCT ONTUMH3UPA ONEPAMOHHATA €(DEKTUBHOCT, 0COOCHO MPH
Manku u cpeaau npeanpustus (MCII), xapakTepusupaim ce ¢ MHOXKECTBO U
pa3IMYHU KOHTpPAreHTH W ACPUIMT HA pecypc 3a MoAApHkKa Ha cioxkHa UT
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uHppacTpykTypa. To3u epekt HaMupa eMOUPUYHO MU3MEPEHUE Ype3 TPH KIIIO-
YOBH T'pYIU MOKA3aTEeJM: BPEMEBU MapaMeTpH, U3pa3siBalllil Ce B ChKpalllaBaHE
Ha BpeMeTo 3a 00paboTka Ha TOKyMEHT (cycle time) u enumMuHUpaHe Ha 3a0aBsi-
HETO NpPU II'bPBOHAYAJIHA UHTETPALlUA HA HOB KOHTpareHT (onboarding time) oT
JTHU O MUHYTH; TPEeKH (PUHAHCOBU pa3XoJ]d, OLEHEHH Ype3 CTOMHOCTTa Ha
TpaHcakius (cost-per-invoice), HaMaJIIBaHETO Ha Pa3XOJUTe 3a CIelUaIU3upaH
BBHIICH COPTyepeH MHKCHEPUHT U PEeIyIMpaHeTO HAa YaCOBETE 32 PHUYCH KOH-
TPOJ OT CUETOBOJHUS MEPCOHAN; KAKTO M KAYECTBEHH METPUKH 32 HAJEKTHOCT,
U3MEpBaHU Ype3 s Ha aBTOMATUYHO TpeMHUHaBaHe Oe3 4YOoBellKa Hameca
(straight-through processing rate — STP) u cmag B mpoleHTa Ha JOMYCKAHUTE
CYETOBOJIHU TPEIIKH MPU PHYHO BHBEXkKAAHE (error rate).

3. CpaBHuTesieH aHaau3 Mexk1y kKoHBeHUnoHaaunute OCR cucremu n
apxurexktypure, 0a3upanu Ha LLM

3a na ce oueprae Maula0bT Ha TEXHOJOTHYHUS MPEXOJ MPHU aBTOMAaTH3a-
1usaTa Ha (QUHAHCOBUS JTOKYMEHTOOOOPOT, € HEOOXOJMMO CBHIIOCTABSIHETO Ha
YTBBPJICHUTE KOHBEHUMOHAJIHU METOAM CbC CHBPEMEHHHUTE IOJXO[H,
M3MOJ3BAIlM TOJIEMH €3UKOBU Mojenu. Tabmuua 1 cucremarusupa yHaameH-
TaJTHUTE PA3NUUMS MEKIY TPAIULIUOHHUTE CUCTEMHU 32 ONTUYHO Pa3lO3HABAHE
Ha cuMBoiiM (OCR), koMOMHUpaHU ¢ IAOJOHHU TpaBuia, U apXUTEKTYpHUTE,
0a3upaHu Ha F€HEPATHBEH M3KYCTBEH MHTEJEKT, MO MET KIOUYOBU TEXHOJIOTHY-
HU U ONIEPAaTUBHU KPUTEPUSI.

Tabnuya 1. Cpasnumenen ananuz na mpaouyuoruus OCR nooxoo u cucmemu,
oazupanu na LLM

Kpwurepnii 3a onenka Tpaguunonnun OCR /

1A0JJOHHU CUCTEMHU

Cucremu, 6azupanu Ha LLM

CeMaHTHYEH KOHTEKCT U BEKTO-
PHU3HPAHO NPEJICTABSIHE

[Ipunuun Ha
EKCTpaKIMs

I'eomeTpuyHU KOOpAMHATU U
PErYISIpHU M3pa3u

YcTouuBOCT Ha
CTPYKTYPHH TPOMEHH

Hucka (npomsina B 1u3aitHa
KOMITPOMETHPA EKCTPAKIIHSITA)

Bucoka (cTpykTypHaTa Bapua-
TUBHOCT HE BJIMSIC Ha MOJICIIA)

HeoOxoaumMu ca Xuisiam aHo-
TUPAHU JIOKYMEHTH 3a 00yue-

HN3uckBanus KpM

Hynesu nnu Munumanuu (zero-
obeMa J1aHHU

HHC

shot | few-shot)

Muoroesnuna
CbBMECTUMOCT

N3uckBa cnenuanusupanu e3u-
KOBH MAKETH U PEYHULIN

HaruBHa nonapsixka Ha Kpoc-
JIMHTBUCTUYHU KOPIYCH

Crerned Ha aBTOMAaTH-
3alUs Ha U3X04a

M3ucksa nomepaaurennu ETL
CKPHUITOBE 3a CTPYKTYpHPAHE

JIMpeKTeH NeTepMUHUCTHYEH
u3xon (Hanp. Banuaupad JSON)

Hzmounux: H3pa60meHa om aemopda 6vb3 OCHO8A HA CPpABHUMENIEH AHAJIU3 HA CbUecme)yeauyu

cogpmyepHu peuienusl.

JlanauTe OT TabNMIaTa WIKOCTpUPAT PyHIAMEHTAIIHA Pa3/IbKa B apXUTEK-
TypHaTa ¢uiaocodpusi Ha JBETE TEXHOJIOTHH. JJOKaTO TpaaUIIMOHHUTE PELICHUS
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TpETUpaT JOKYMEHTA KAaTO AByM3MEpPHA KOOPJUHATHA PABHUHA, MPU KOSITO BCS-
KO OTMECTBaHE Ha TEKCTOBHTE OJOKOBE KOMIIPOMETHpa MpoIleca Ha YETEHE,
€3UKOBUTE MOJEIN HUHTEPIPETUPAT ChABPKAHUETO KAaTO B3aMMOCBbp3aHa ce-
MaHTHYHA CTPYKTypa. ToBa 0OsiCHSIBa JpacTUyHaTa pas3iiika B yCTOWYUBOCTTA
CIPSIMO CTPYKTYPHU MOJU(DHUKAIIMN — TIPU TI0sIBA HA HOB BU3YAJICH JU3aliH KJia-
cuyeckure OCR cucteMu M3MCKBAT PbUHO MPEKOHPUTYpUpPaHE HA 1IAOJIOHUTE,
nokaro LLMs 3ama3BaT TOYHOCTTa CH OyiarojapeHue Ha KOHTEKCTYaJHOTO
000011IEeHHE.

CrhllieBpeMEHHO UKOHOMHUYECKUAT €(EeKT OT BHEAPSIBAHETO CTaBa BUIUM
IpU ChIIOCTaBKaTa Ha M3UCKBAHUSITA 3a MOJTOTBUTEIHU JaHHU W CTEIEHTA Ha
KpaifHa aBTOMaTu3anus. TpagullMOHHOTO MAIIMHHO 00y4YeHHUE W3MCKBa 3HAYM-
TEJICH TIPEeIBapUTEIICH KaMUTAIOB U BPEMEBH Pa3Xo/l 32 AHOTUPAHE HA MaIaOHU
KOpIycH, KakTo M mojapbxkka Ha cinoxkaun ETL tpwbompoBomau (pipelines) 3a
BaJUMpPAHE HAa pa3Mo3HATHS TEKCT. 3a pa3juKka OT HEro, CIOCOOHOCTTa Ha
ChBPEMEHHUTE €3MKOBU MO JUPEKTHO J1a TeHEpUPAT CUHTAKTUYHO BaJUICH
U CTpyKTypHupaH MamuHodeTuM u3xoa (JSON/XML) enuMuHUpa MEKIUHHUTE
cioeBe Ha 00paboTKa, HaMajsiBa 3aBUCMMOCTTA OT CIICUATU3UPaH WHKEHEPEH
pecypc u ocurypsiBa 6e3npo0iieMHa HHTErPalns B KOPIIOPATUBHUTE CYETOBOHU
0a3u JaHHU.

4. Kpoc-1THHIrBUCTHYHA HOPMAJIM3ALUMSA U 1eTEePMUHUCTHYHA
CHCTEMHA HHTErpauus

Kpoc-nuHrBucTHYHaTa apXUTEKTypa Ha CHbBPEMEHHUTE €3MKOBH MOJEIU
MIPE/ICTABIIBA KJIIFOYOBO MPEIUMCTBO MPU ONTUMU3AIMUATA HA TJIO0ATU3UPAHUTE
BEPUTH 3a JOCTABKU U MEXIYHAPOJHUS CTOKOOOOPOT. OOyUeHHEeTO Ha MOIEeTH-
T€ BBPXY MalaOHW MHOTOE3MYHU KOPITYCH MM IT03BOJISIBA Ja H3BBPIIBAT AUPEK-
THA CEMAaHTHYHA CKCTPAKIIMs HE3aBUCUMO OT €3WKa Ha BXOJIIAaTa MIbPBHYHA
JOKYMEHTAIUsl, SIIMMUHUPANKN HEOOXOAMMOCTTa OT MOAIPHKKA HA JIOKATU3H-
paHu copTyepHH MOAYIH WU MPEIXOXKAAMN MPOIEAYPH 32 MAIIMHEH MPEBOJ
(Xu, et al., 2021). MoaeabT aBTOHOMHO HAEHTH(HUIIMPA €3UKOBUS CIOU W H3B-
JrYa CUETOBOJHUTE aTpUOyTH, KATO €IHOBPEMEHHO C TOBA MOCTUTA BUCOKA Ha-
JEXKIHOCT KAaKTO TMpPH JIATUHCKU, TaKa M IPHU HEIATUHCKU MHUCMEHU CHUCTEMU
(HampuMep KMPUIIMIIA WK TPhIKa a30yKa).

OT nmpuiokHa ¥ MHXKEHEpHA TJIeHa TOYKa, ChIIMHCKaTa CTOWHOCT Ha Ta-
31 MYJNTHJIMHTBAJIHA CIOCOOHOCT Ce pasrpblia Mpu HEHHOTO OOBBP3BaHE C Jie-
TEPMUHUCTUYHOTO CTPYKTYpHpaHEe Ha KpailHuA u3xo. J[0KaTo KOHBEHIIMOHAJ-
Hute OCR cuctemu reHepupaTt CypoB, MHOTOE3WYCH TEKCT, U3UCKBAII CJIOKHU
nonweiaauTeTHU ETL (Extract, Transform, Load) ckpunToBe 3a CHHTaKTHYCH
aHanmu3 M KoHBepTHpaHe, LLMs chBMeCTSIBAT MpeBojia, KOHTEKCTYaTHOTO pas-
OupaHe W CTPyKTypHaTa HOpMaiH3alus B €IUH-CIUHCTBEH WH(EPECHIIMOHEH
IUKBJI. Upes mperu3Ho TPoeKTUpaHe Ha MojKaHuTe (prompt engineering) U mMe-
XaHU3MH 3a MPUHYIUTEITHO CTPYKTypupaHo reHepupane (Structured Outputs /
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JSON mode), MogenbT mUpeKTHO TpaHCchHOpMHUpa pa3HOPOAHATA UYKIOCIUIHA
daktypa B yauduimpad mammaodetum dpopmat (kato JSSON wmm XML), ctporo
CBOTBETCTBAL] Ha pelanuMoHHara cxema Ha KoprnopatuBHata ERP wmmm Data
Warehouse cpena. B pamkuTe Ha TO3u Mporiec aBTOMaTUYHO C€ CTaHIAPTU3UPAT
BpemeBute popmatu (ISO 8601), BamytHute KomoBe (ISO 4217), nanbuHuTe
CTaBKHU U CIIOKHUTE TAOJIMYHU PEKBU3UTU C MHOXKECTBO HOMEHKJIATYpHHU peJo-
Be. EMnupuunute nanau karo (Huang & Hsieh, 2025) u (Gupta, u ap., 2026)
coyaT, 4e MoJ00Ha CHUHEPTUS MEXIY KpOC-TMHTBHCTHYHA CEMAHTHKA U JETep-
MUHUCTHYEH CHHTAKCUC PEIylHpa BpEeMETO 3a 00paboTKa M apXUTEKTypHaTa
cinoxHocT Ha ETL npouecure ¢ 10 80%, rapantupailku 6€3rnpo0aeMeH TpaH3UT
Ha IaHHU OT IBPBUYHUS JOKYMEHT KbM CUETOBOHHS OajaHc.

5. OrpannyeHus U NpeIU3BUKATEJICTBA IPU BHeaApsiBaHeTo Ha LLM
BbB (PMHAHCOBUS CEKTOP

Borpeku 6e3cniopHuTe HAyqHO-IIPUIIOKHU MTPEIMMCTBA Ha FOJIEMUTE €3U-
KOBU MOJIEM, TSAXHATa MHTErpalus B pPEaJlHd CUYETOBOJHU U KOPIOPATUBHU
MPOIIECH € CHIIPOBOJICHA CHC CHEIU(PUIHA TEXHOJOTUYHH W OMEPATUBHH TIpe-
JTN3BUKATENICTBA, M3MCKBAIIM CTPOTO PETJIaMEHTUPAHH KOMIICHCATOPHH MeXa-
HU3MHU.

Ha mbpBO MsICTO ce OTKpOsiBa MPOOIEMBT ChC CTOXAaCTUYHUS XapaKkTep Ha
MOJICTIUTE M PUCKA OT MOsIBA HAa XaIOLUMHAIMUM — TEHEepHpaHe Ha HeChIle-
CTBYBAIllM, HO MPABIONOA00HO 3BYYaIlld YUCIOBU CTOWHOCTU, PEKBU3UTH WJIH
KOHTpareHTH. JIokaTo B XyMaHUTAPHUTE NPUJIOKEHUS BapUaTUBHOCTTA HA W3-
X0Jla € JI0MyCTHMa WJIM JIOPH JKeJlaHa, BbB (PMHAHCOBO-CUETOBOHATA OTYETHOCT
BCSKO OTKJIOHEHHUE OT pPEaHUTE MbPBUYHU JAHHU BOJU 10 KOMIPOMETHPAHE Ha
CUETOBOJIHUS OajaHC M JaHBUYHOTO ChOTBETCTBHE. llopaan TOBa aBTOHOMHOTO
(YHKIIMOHUpaHE Ha €3MKOBUTE MOJIECIM € HENPUEMIIMBO O€3 BHEAPSBAHETO Ha
aApXUTEKTYPH 3a JETEPMUHUCTUYHA BepU(UKalLKs, KaTO HaIpUMep MaTeMaThye-
CKO CBIIOCTaBSHE Ha U3BJICUECHUTE CTOWHOCTH (IIPOBEpPKA 32 PABEHCTBO MEX]Y
nanbuHa ocHoBa, JIJIC u kpaiiHa cyma) U coTyepHu (QUITPH 3a TpOBEpKa
cpsAMO (UPMEHHUS CMETKOTLUIAH.

Ha BTOpO MsicTO KpuTHUEH (akTOop ocTaBa MH(OPMALIMOHHATA CUTYPHOCT,
MOBEPUTEIIHOCTTA U 3amuTara Ha JuuHute gaHHu (GDPR). ®unancoBusT 110-
KyMEHTOOOOPOT ChAbpKa YyBCTBUTEIHA THProBcka HH(popMalus, OaHKOBU
CMETKH, UACHTHU(PUKAMOHHU HOMepa Ha GUpMHU U (DU3HUECKH JIMIA, KAKTO U
JIOTOBOPEHM 1IEHOBU OTCTHIIKU. [IpegaBaHeTo Ha T3 MacMBU KbM BBHILHU, 0a-
3UpaHu B 00Jlaka KOMEPCUAIIHU MOJEIIN MOpaXKaa CEPUO3HU PUCKOBE OT U3TH-
YaHe Ha JAHHU WM HapyLIEHHE Ha perylaropHara paMkKa (BKIIOYUTEIHO U3HC-
kBaHUsTa Ha EBpormelickus akT 3a u3kycTtBeHusi uHTeNekT — EU Al Act). IIpe-
OJI0JIAIBAHETO Ha Ta3u Oapuepa M3UCKBAa JMOO IpeIBapUTENIHA OHMMM3ALMS U
MacKHpaHe Ha YyBCTBUTEIHUTE aTpHOYTH Mpeau U3lpaiane, MO0 pa3rpbhiliaHe
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Ha JIOKAJIHO XOCTBAaHHW, OTBOPEHU €3MKOBH MOJEIH B 3allUTEHA BHTPEUIHOKOP-
nopaTuBHa HHQpPACTpyKTypa (Oon-premise), KOETO OT CBOS CTpaHa IOCTaBs
M3HMCKBAaHHUS 32 CHIENUAIN3UPaH XapAyepeH KalaluTeT.

He Ha mocnemHo MSCTO cienBa Ja Cce OTYETAaT M3YMCIUTENIHATA JIATEHT-
HOCT Y JIMHAMUKaTa Ha OINEpPAaTUBHUTE Pa3XoJu. 3a pa3jiuka OT KJIACHYECKHUS
OCR, xoiiTo 00paboTBa CTpPAHULIM B PAMKUTE Ha MUJIMCEKYHIU CpPEIly MUHUMa-
JIeH W3YMCIUTEIEH pecypc, UHPEpEeHLHsITa PU TOJEMUTE €3UKOBH MOJEINU Ce
XapakTepu3upa ChC 3HAYUTEIHO BpeMe 3a 00padoTKa Ha 3asBKa W MOJEN Ha
TakCcyBaHe, OOBbp3aH ¢ oOeMa Ha 0OpaOOTEHWUTE BXOJHHU M U3XOJHU TOKECHHU.
[Ipu mamabeHn 10KyMEHTOOOOPOT € JAECETKU XWISAN (PaKkTypu MECEYHO, lieHaTa
Ha 00paboTka npe3 BbHIIHU APl unTepdeiicu Moxe 1a HaaXBbPIU HUKOHOMUYE-
cKaTa MoJi3a OT CIIECTEHHSI YOBEIIKUA TpyH. ETO 3am0 ChbBpEMEHHUST HAY4YHO-
MIPUJIOKEH KOHCEHCYC C€ OPUEHTHPA KbM U3TPaKIaHETO HA XUOPUTHU apXUTEK-
TypH, TIPU KOUTO JIEKUTE AITOPUTMHU DUITPUPAT U CETMEHTUPAT TOKYMEHTHUTE, a
LLM pecypcure ce akTUBUpAT LEICHACOYEHO CaMO 3a Hal-KOMIUIEKCHUTE M
CUJIHO BapuaTUBHU (PUHAHCOBU (hOPMHU.

6. 3akaouenue

Hacrosmoro u3cnenBane ouepraBa KauecTBeHaTa IMPOMsIHA B TIapaIurMa-
Ta Ha aBTOMaTH3uMpaHaTa (puHaAHCOBA 00OpabOTKa, MOPOAEHA OT HABIM3aHETO Ha
TOJIEMUTE €3WKOBH MOjeNu. Bucokara mpuiokHa e(peKTUBHOCT Ha TE3HW apXH-
TEKTYpH HaMHpa KaTeTOPUYHO MOTBBPKICHHUE B aKTYATHUTE SMITHMPUYHU H3C-
nenBaHusi B obsactra. [1o-KOHKpETHO, €KCIIEPUMEHTATHOTO MpoyyBaHe Ha ['o-
Mec u Canuec (Gomez & Sanchez, 2026), mOCBETEHO Ha €KCTPAKIUATA Ha JaH-
HU OT MOJYCTPYKTypUpaHU (PaKTypH 3a eIEKTPOCHEPIHs, TOKa3Ba, Y€ MOJEIH C
o6mo npennasHauenue (karo Gemini 1.5 Pro m Mistral-small) nocturat F1-
pesynarar ot 97,61% 06e3 HEOOXOUMOCT OT PECypcoeMKO (UHO 000ydaBaHE
(fine-tuning). TexHuTe pe3ynATaTH KATETOPUYHO TOKA3BaT, Y€ MPEIU3HOTO
CTPYKTypHpaHe Ha mojakaHute (prompt engineering) u few-shot oOydeHueTo
UMaT HECPABHUMO IIO-TOJSIMO 3HAYCHHE 3a MPEOJOJSIBAHETO HAa BHCOKAaTa
CTPYKTYpHa €HTPOMHS B IOKYMEHTUTE, OTKOJIKOTO KJIaCHYeCKaTa HACTpOWKa Ha
MOJICITHUTE TTapaMETPH.

Bb3 ocHOBa Ha W3BBLPIICHUS TEOPETUYEH AHAIIW3 U CUHTE3a HA EMITHPUY-
HUTE JaHHU MOTaT Ja ObJaT W3BEACHU HAKOJIKO OCHOBHU OOOOIICHUS U aBTOPC-
KW U3BOJIA.

Ha mepBo mscTo, npexoasT oT koopauHateH OCR aHanm3 kbM abiaOoka
CEMaHTHYHA WHTEpIpeTanus TpaHchopmupa (UHAHCOBATa aBTOMATH3allUs OT
CKBIIOCTPYBAII] MHKEHEPEH MPOLeC MO MOAAPHKKA Ha TBHPAM MIA0JIOHH B -
HaAMHUYHA OpKecTpalus Ha KOHTeKcTa. ToBa neduHupa HOB MOJEN Ha YCTOWYH-
BOCT Npu oOpaboTKaTa Ha XETEPOreHHU (PUHAHCOBU IOTOILM, OCUTYpsBalKU
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pPaBHU KOHKYPEHTHH NPEIMMCTBA KaKTO 3a IOJIEMU KOPIIOPALIMH, TAKa U 33 MaJl-
KH U CPEJHU MPEIIPUITHS.

Ha BTOpO MSICTO, MHTErpanuATa HA JUPEKTHO CTPYKTYPHPAHO T€HEPUPAHE
(JSON/XML) u MyATHJIMTBUCTHYHATA CHBMECTHUMOCT peaylupa HeoOXoIu-
MOCTTa OT KOMIUIEKCHU MEXJIUHHHU apXUTEKTypH 3a koHBepTupane (ETL), cbk-
palaBaiiki CUCTEMHHMSI LIUKBJI HA BAIMJALUSA U OTCTPAHsABAaKU reorpaCKuTe u
€3UKOBUTE OapuepH B r100aTHUTE BEPUTH 32 TIOCTABKHU.
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AIMUHHUCTPATUBHUTE NPOLUECHU B JIEYEBHUTE 3ABEJEHUA
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AND THE NEED FOR THEIR DIGITAL TRANSFORMATION

PhD Student Yoan Denev

Abstract: The paper examines administrative processes in healthcare institutions and
the need for their digital transformation. It discusses key areas, expected effects and chal-
lenges related to the use of digital solutions for improving administrative efficiency.
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healthcare, digital technologies
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1. BbBeaenune

CBBpEMEHHOTO Pa3BUTHE Ha 3/JPaBEOIAa3BAHETO € BCE MO-TSCHO CBBP3aHO C
U3I0JI3BAHETO HA MU(PPOBU TEXHOJOTMU U C MPOMSHATA B HaYMHA, 1O KOWTO Ce
ch3aaBa, oOpadboTBa n oOMeHs nHopmanus. ToBa 3acsra He caMO MEIMIIMHCKUTE
YCIIYTH, HO ¥ OpTaHu3aIsITa U YIpaBJIeHUETO Ha JeueOHuTe 3aBeneHus. Hapen ¢
OCHOBHATa MEIUITMHCKA JAEWHOCT TSIXHOTO (DYHKIIMOHHUPAHE BKIIIOYBA aIMUHHCT-
paTUBHU MPOLIECH, CBBP3aHU C KOOPIUHALIMATA MEXKIY 3BEHATa, TOKyMEHTOO00PO-
Ta, OTYETHOCTTA, UH()OPMALIMOHHUS OOMEH U YIIPABICHUETO HA PECYPCUTE.

HapactBamusar o0eM Ha mHpOpManusITa U HEOOXOJIUMOCTTa OT CBOEBpE-
MEHHOTO ¥ 00pabOTBaHE MOCTABAT HOBU W3WCKBAHUS Tpel aIMHUHHCTPATHBHATA
neitHocT. JlururanHara TpaHcopMaiysi MOo3BOJsIBA ChIIECTBYBALUTE MPAKTUKU
na ObAaT MPEOCMUCIICHH Upe3 MO-ePEKTUBHO U3IOJI3BaHE HA TAHHUTE U IIU(PPOBH-
Te TEXHOJIOTUHU. B Hay4yHaTa nuTeparypa TS ce pasriiexk/ia He caMo KaTo TeXHOJIO-
TMYHA MPOMSIHA, a U BbB BPb3Ka C OpraHU3allMOHHaTa €(hEeKTUBHOCT, YIIPABICHCKU-
Te pemenus u paboraure npaktuku (Kraus et al., 2021; Dal Mas et al., 2023).

Yjoan.denev(@gmail.com, Cronancka akagemus ,,JJumutsp A. Llenos* — CBuIoB
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Cropen CmeToBHaTa 3/paBHa OpraHU3aIUs PA3BUTHUETO HAa IM(PPOBOTO
37]paBeora3BaHe Ce€ CBbp3Ba C YIPABJICHUETO HA 37jpaBHAaTa MH(POpMAIUs, €IEeKT-
POHHUTE 3/IPaBHU CHUCTEMH M W3IOJI3BAHETO HA NMU(POBU TEXHOJIOTUU M JTaHHU
(World Health Organization Regional Office for Europe, 2024). Tosa Hanara TpaH-
copmanusiTa 1a ce pasriiexk/ia KaTo KOMIUIEKCEH MpOIleC, ChoOpa3eH ¢ KOHKPET-
HHUTE MOTPEOHOCTH ¥ TOTOBHOCTTA HA JICUeOHUTE 3aBEACHUS 3a TIPOMSIHA.

[lenta Ha HACTOSIIMS JOKIAA € JIa C€ M3CJEIBaT OCHOBHUTE XapaKTepHC-
TUKHW Ha aJIMUHUCTPATUBHUTE MPOIECH B JICUCOHUTE 3aBEJICHUS U J1a c€ 00OCHO-
BE€ HEOOXOJMMOCTTA OT TAXHATA JAWTUTAIHA TpaHCPOopMaIys, KaTo Ce OTKPOST
OCHOBHUTE HANpaBICHUS, O4aKBAaHUTE €(PEKTH U MPEIN3BUKATEICTBATA.

2. AAMMHUCTPATHBHHU MPOLECH B JIeHeOHUTE 3aBeAeHUS — CHIIHOCT U
OCHOBHM XapaKTepPUCTHKH

2.1. Cvwynocm u 3nauenue Ha AOMUHUCIPAMUBHUME NPOYECU

OYHKIIMOHUPAHETO HA JIEYEOHOTO 3aBEJICHUE MPEACTABIsIBA CHBKYIHOCT
OT B3aUMOCBBP3aHU MEJIUIIMHCKH, a[IMUHUCTPATUBHU U YIIPABICHCKH JICHHOCTH.
MeauuuHCcKaTa JEMHOCT MMa BOACIIO 3HAYCHHUE, HO HEMHOTO OCBHILECCTBSIBAHE €
MPSIKO CBBP3aHO C I00pe OpraHu3vMpaHa aJMUHUCTPATHBHA Cpefa, KOSTO OCHUTY-
psBa KOOpAMHAIMS, IBUKEHUE HAa HH(OpMalMsITa U yIpaBiIeHUE HAa PECYPCUTE.

B HaydHara nurtepaTypa aJIMUHHUCTPATUBHUTE IPOLIECH CE pa3rpaHUYaBat
OT KJIMHUYHUTE CHOpe]] Xapakrepa Ha jaelHoctute. KilmHHuuHUTE ca Hemocpenct-
BEHO CBBP3aHU ChC 3[IPABHOTO CHCTOSHUE U METUIIMHCKOTO O0OCTy»KBaHE Ha IMallu-
€HTa, JIOKATO aJIMUHUCTPATUBHUTE BKIIIOUBAT IEUHOCTH, HEOOXOAUMHU 32 (PyHKITH-
OHHMPAHETO Ha JIEYeOHOTO 3aBEJCHHE, HAIIPUMEP PETUCTpaIlysl Ha TAIMeHTH, YII-
paBJCHHE HA HAIMYHOCTU U OTHOIIeHUs ¢ aoctaBunii (De Ramon Fernandez et
al., 2020). Ha npaktuka aBata Buaa IpoIeCcH ca B3aMMHO CBbP3aHH.

AIMUHHUCTPATUBHUATE TIPOIIECH MOTAT Ja OBJAT Pa3rIeKIaHU KATO CHC-
TeMa OT MHGOPMAIIMOHHHU, TOKYMEHTAJIHU, MaTePUATHU U YIPABJICHCKU TOTO-
1[4, B KOUTO y4acTBaT Pa3IMYHU CTPYKTYpPHHU 3BeHa. M3cienBaHuATa MOCTABST
OpraHu3alMoOHHAaTa €PEKTUBHOCT, YIPABICHCKUTE ACTIEKTH U PAOOTHUTE TpPaK-
TUKH CPEJl HAaIPaBJIECHUATA, BEPXY KOUTO ITU(POBUTE TEXHOJIOTUN MOTAT J1a Bb3-
nevicrBat (Kraus et al., 2021).

3HAUYCHUETO Ha TE3W MPOIECH C€ MPOSBIBA M B HEOOXOIUMOCTTA OT CBO-
€BPEMEHHO OCUTYpsIBaHE Ha IOCTOBEpHA MH(OpMALIKA 3a MIIaHUPaHE, KOHTPOJI U
YIPABJICHCKU PENICHUs. 3aTOBAa TAXHOTO KA4€CTBO 3aBHCH HE CaMO OT Obp3WHa-
Ta Ha OTIEJHMUTE OINEpalyy, HO U OT HAJIMYHOCTTA W U3MOJ3BAEMOCTTA Ha WH-
dbopmanmsTa.

2.2. OcHOBHU HANPABIEHUS HA AOMUHUCTPAMUBHAMA OEtHOCM

AMUHMCTpaTUBHATA IEHHOCT 00XBallla B3aUMOCBbP3aHH MPOLIECH, CBBP-
3aHU C €KEIHEBHOTO M3ITBJIHEHHWE Ha 3aJa4M, IUIAHUPAHETO, KOOPAUHALUATA U
KoHTposia. Cpel OCHOBHUTE HANpaBJICHUS ca YIPABICHUETO HAa MHpoOpMaIusiTa
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U JOKYMEHTOOOOpOTa, YOBEUIKUTE, MAaTepUATHUTE W (DPUHAHCOBUTE PECypCH,
OpraHM3anusaTa Ha 00CIyBaHETO U aAMHUHUCTPATUBHATA OTYETHOCT.

B nedebHOTO 3aBeneHue ce 00paboTBa 3HaUUTENIeH 00eM nHpopmaIius 3a
NAaIMEeHTH, IEPCOHAJI, PECypCH, OTYETHOCT U B3aUMOJCHCTBHE C IPYTd OpraHu-
3anuu. 3apaBHATE MHPOPMAIMOHHN CHCTEMH MMaT Ba)KHO MSICTO B Ta3W Cpena,
KaTo Pa3BUTHETO UM € CBBhP3aHO ChC CHOMPAHETO, YIPABICHUETO U U3MOJI3BaHE-
To Ha 3apaBHa uHbopmaius (World Health Organization Regional Office for
Europe, 2024).

VYrpaBiieHHETO Ha pecypcuTe BKIIIOUBA IUIAHUPAHE, OpraHU3allvs Ha pa-
Oorara, cHabaBaHe U KOHTPOJI. KbM agMuHUCTpaTUBHATA JEHMHOCT CE€ OTHACAT
U pEruCTpalusITa Ha MalMeHTH, YIPABICHHETO Ha HATMYHOCTH U B3aUMOJICHUCT-
Bueto ¢ noctaBuuiy (De Ramon Fernandez et al., 2020). AamuHuctparuBHaTa
OTUYETHOCT OT CBOsI CTpaHa M3HCKBA CH3/1aBaHE, ChbXPAHABAHE U MPEIOCTaBSHE
Ha uHGOpMAIHs 32 YIPABICHCKH, GUHAHCOBU U PETYJIATOPHU IIEIIH.

YnpaBrieHueTo Ha 3PaBHUTE JAHHU € CBBbP3aHO C TSIXHATa JOCTBHITHOCT,
KauecTBO, 3alllMTa U BB3MOKHOCT 3a HajaexJeH oOMeH u u3noisaHe (OECD,
2022). ToBa noka3Ba, 4e aJIMUHUCTpPATUBHATA JCHHOCT € B3aMMOCBbP3aHa CHUC-
TE€Ma, YUETO YChBBPIICHCTBAHE 3aBUCH B 3HAUMTEIHA CTENEH OT OpraHu3aIusITa
Ha WHOOPMAITMOHHHUTE TTOTOIIH.

3a Mo-sICHO CHUCTEMAaTU3UpaHE Ha pas3riieaHUTE aJIMUHUCTPATUBHU IPO-
necu B Tabn. 1 ca 0000IIEeHN OCHOBHUTE HANpaBlIeHUS Ha aJMUHUCTpAaTUBHATA
JNEHHOCT, BKJIIOYEHUTE B TAX JEWHOCTH U BB3MOXKHUTE IUGPOBHU pEIICHUS 3a
TAXHOTO MOATIOMAraHe.

Ta6ﬂuua 1. Ocnosnu admuﬂucmpamueﬂu npoyecu U 6b3MONCHOCMU 3A NAXHA-

ma Ouzumaﬂwauuﬂ
AJMMHUCTPAaTHBEH

npoiec

OCHOBHH JeliHOCTH

Bb3moxkHu 1u(ppoBHU pemieHust

VYnpasieHue Ha WH-
dbopmarusaTa u 10Ky-
MEHTO0000pOTa

Co3naBane, oOpaboTBaHe,
ChXpaHsBaHE M OOMEH Ha
JOKYMEHTHU U HH(pOpMaIHs

EnextponeH mokyMeHTO000POT,
EJIEKTPOHHHU MAIUCHTCKH JOCHETa,
nudpoB apxXuB

Opranu3zanus Ha 00c-
JY)KBaHETO Ha TaIly-
E€HTHUTE

Perucrparnus Ha manueHTH,
3aIMCBAaHE U KOOPIMHALIHS
Ha 00CITy)KBAHETO

EnexkTpoHHa perucrparws, CUCTe-
MU 32 3allUCBaHe U YIIPABJICHUEC Ha
rpaduIm

VYnpasneHue Ha 4o-
BEILLIKUTE PECYPCHU

Opranuzanus Ha paborara,
rpaduiy, nHpopmanus 3a
nepcoHasna

NudopmannoHHu cucTeMu 3a yIi-
paBJICHHE Ha TIEpPCOHANIA, CIIEKT-
poHHHU rpadunu

YnpasneHnue Ha maTe-
PHUAIHUTE pECYpCH

VYipasneHue Ha HAIMYHOC-
TH, CHAOISIBaHE U B3aUMO-
JNIEUCTBUE C JOCTAaBUUIIU

Cucremu 3a ynpaBlIeHHE Ha Ha-
JMYHOCTH U €JIEKTPOHHO IpocIie-
JsIBaHE Ha JIOCTABKU

DUHAHCOBO yIIpaBliIe-
HUE U aJ]MUHUCTpa-
THBHA OTYETHOCT

duHaHCOBA OTYECTHOCT,
CIIpaBKH, MPEIOCTaBIHE HA
uHpopMaus 3a ynpaBJeH-
CKH M PEryJaTOpHU IeJTH

CueroBognu u puHAHCOBU HHPOP-
MaIMOHHH CUCTEMH, aBTOMATHU3HU-
paHo TeHEepUpaHe Ha CIPaBKU

Yupasnenue Ha
3[paBHUTE TAHHU

Cwbupane, cbxpaHsBaHe,
00MeH, 3alIiTa U U3I0JI3Ba-
HE Ha JaHHU

WuTerpupanu 3npaBHu uHpOpma-
[IMOHHH CUCTEMHU, IEHTPATU3UPAHU
0asy JaHHU U MEXAHU3MHU 32 0OMEH
Ha JaHHU

Hzmounuk: asmopoea cucmemamusayusl 63 OCHO8A HA pa32ﬂec)aHume ac)MuHucmpamueHu

npoyecu.
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3. Heo0X0AuMOCT OT AUTUTAJIHA TPAHCHOPMALIHUA
HA aIMMHUCTPATHUBHUTE MPOLECH

3.1. Ilpeonocmasku u pakmopu 3a oueumanna mparchopmayus

VYBenuuaBaHeTo Ha od0ema U pazHooOpa3ueTo Ha uHpopMaIuITa, HE00X0-
JUMOCTTa OT CBOEBPEMEHHO M3IBbJIHEHUE HA aIMAHUCTPATUBHUTE 33/1a4U U TI0-
no0pata KOOpAUHAIIMS MEXKIy 3BEHATa MPOMEHST U3UCKBAHUATA KbM OpTaHu3a-
UsITa Ha aMUHUCTpATUBHUTE mporecu. [lpu qokymMeHTo000poTa M3MoI3BaHe-
TO Ha XapTHEHH TIOKYMEHTH M Pa3NOKbCAHOTO ChXpPaHCHHE Ha MH(OpMAIIHs MO-
raT Ja 3aTpyAHAT HEWHOTO CBOEBPEMEHHO OTKpHBaHE U mpenoctassHe. [Ipu op-
raHu3alusITa Ha 00CITY>)KBAaHETO U YIPABICHUETO HA PECYPCUTE PHUYHOTO U3ITHII-
HEHUE Ha TIOBTAPSINU C€ OMepaliy Ch3J/laBa MPEAIOCTaBKU 3a 3a0aBsHE U Ay0-
Jupane Ha jaeitHocTH. HecBbp3anuTe MHPOPMAIIMOHHU CUCTEMH OT CBOSI CTpaHa
orpaHu4aBaT oOMeHa Ha JJaHHHW MEX]y OTJIETHUTE 3BE€Ha M MOTaT Jia JOBEAAT JI0
MOBTOPHO BBBEXKJAHE HA €/lHa U Chilla uHPopManusa. VIMeHHO Te3u orpaHuye-
HUS 00yCIaBsIT HEOOXOAMMOCTTA OT TUTUTAIHA TpaHchopMallvs, HacoYeHa KbM
€JIEKTPOHEH JIOKYMEHTOOOOPOT, aBTOMATU3UPAHE HA MOAXOSIIN aIMUHUCTPA-
TUBHHM OTEpaIliy ¥ HHTETPUPAHE Ha WHPOPMAITMOHHUTE CUCTEMH.

Jlururannara TpanchopMalis He c€ CBEXJa 0 3aMsHAaTa Ha XapTUCHH
JOKYMEHTH C €NEKTPOHHU WJIM J0 BBBEKIAHETO HA OTACTHHU IpPUIIOKEHUs. Ts
mpejnoara MpoMsHa B OpraHM3alMsITa Ha MpoIecuTe, HHPOPMAIIMOHHUS 00-
MEH Y M3MO0J3BaHETO Ha JaHHUTE. L{udpoBrUTE TEXHOIOTUN MOTAT J1a Bb3/ICUCT-
BaT BBHPXY YIPABICHCKUTE W aAMUHUCTPATHBHUTE IOIIOMATaly MPOIECH, HO
YCHENIHOTO UM BHEJPSIBAHE 3aBUCHU M OT OPraHM3allMOHHHU (aKTOPU U KOMIIe-
TEHTHOCTHUTE Ha ciyxkurenute (Metro et al., 2024).

Baxxna npeamnocraBka € CBbP3aHOCTTa MEXY HHGOPMAIIMOHHUTE CUCTE-
Mmu. [Ipu orpannyueH oOMeH Ha TaHHU BBH3HUKBAT 3aTPYAHEHUS MPU MOBTOPHOTO
UM U3IO0JI3BaHE U MPEIOCTABSIHETO UM Ha pas3liuyHu 3BeHa. OrnepaTUBHATA ChB-
MECTUMOCT TI03BOJIsIBA HA CUCTEMUTE M YYACTHUIIMTE B 3PABEONA3BAHETO Ja
OOMEHST W M3MOJ3BaT JaHHU, MOPaaXd KOETO MHTErpalusaTa Ha UHPOpPMaIUOH-
HUTE pecypcH € KiiouoBa 3a mudponara cpeaa (OECD, 2026).

Heobxonumoctra ot Tpanchopmanms HamMmupa oTpaxxeHue u B brearapus,
KBJETO €JIEKTPOHHOTO 3paBeOla3BaHe U TUTHTAIU3AIUATA Ha 37paBHATA CHUC-
TeMa ca 00EKT Ha HallMOHaIHa cTpaTterus ¢ Xopu3oHT 10 2030 r. (Munucrepcr-
BO Ha 37]paBeona3BaHeTo, 2024).

Hannuuero Ha TexHojorus 0ob6aue HE € TOCTAThYHO YCJIOBHE 3a YCIEIIHA
npomsiHa. Cpenr OGapuepuTe npes U3M0I3BaHeTO Ha HU(POBU 3/IpaBHU PEILICHUS
ca HeloCTaThb4yHATA MH(MPACTPYKTYpa, JUIIcAaTa Ha MOAXOASAII0 0OyYeHue, orpa-
HUYEHUSITA BbB BPEMETO, HATOBAPEHOCTTAa Ha MEpPCOHaJIa, KAaKTO WU ITIPaBHH,
etuyHu U TexHuuecku dakropu (World Health Organization Regional Office for
Europe, 2025). ['otoBHOCTTa Ha JIeueOHOTO 3aBEJICHUE CJIE/IBA Jia CE€ OLICHSIBA B
TEXHOJIOTHYEH, OPTaHN3AIIMOHEH W YOBEIIIKH ACIIEKT.
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3.2. OcHosHU HanpasieHus Ha OUSUMAIHAMa mparcpopmayus

OCHOBHMTE HampaBiCHHUs Ha IUTHTaTHATa TpaHc(opmalus BKIIOYBAT
eJIEKTPOHEH JOKYMEHTOOOOPOT, MHTErpanus Ha HHPOPMAIMOHHUTE CHUCTEMH,
aBTOMATU3HpPAaHE Ha NOBTApSIIHA CE€ OMNEPALMH M IO-IIMPOKO HM3IO0JI3BAHE HA
JAHHUTE 32 YIPABICHCKU LEIH.

ENeKTpOHHUSAT JOKYMEHTOOOOPOT MPOMEHS HauUMHa, 0 KOWTO MH(OpMa-
UATa C€ Ch3/1aBa, CbXpaHsiBa U mpenocTass. Pa3Butuero Ha 1udpoBOTO 3/pa-
BEOTa3BaHe BKJIIOYBA €IEKTPOHHU 3PABHU CUCTEMU U IPYTH IMUPPOBU UHCTPY-
MEHTHU 3a ympasieHue Ha 3apaBHa uHpopmauus (World Health Organization
Regional Office for Europe, 2024).

Kato npaktuuecku npumep 3a nojio0Ha TpaHcpopmMaliusi MOKe J1a ce pas-
riefa TUTMTAIU3MPaHETO Ha ChIIECTBYyBallaTa XapTHEHAa MEIULMHCKA JOKY-
MEHTAalMsl U HEHHOTO OpraHu3MupaHe B €JIEKTPOHHU MAIMeHTCKH Jocuera. Upes
CKaHUpaHEe, aBTOMATU3UPAHO pa3llo3HaBaHe U Kiacu(duurpaHe Ha JOKYMEHTHUTE
T€ MOrarT Ja ObJaT CBbP3BaHU CbC CHOTBETHMSI MALIMEHT U ChXPAHSABAHU B LICHT-
payin3upaHa eleKTpoHHa cpena. [logoGeH moaxoa Mo3BosisiBa MEIMLIMHCKATa
JOKyMEHTAIus 1a ObJie TOCThIIHA OT OTOPU3UPAHUTE PAOOTHH MECTa B JieueO-
HOTO 3aBEJICHHE U CHIIEBPEMEHHO OTpaHMYaBa HEOOXOJUMOCTTAa OT MOAIbpPIKa-
He U (PU3UYECKO U3MO0J3BaHE HA XapTUEHA KapTOTeKa.

WuTerpanusaTa MeXay CUCTEMHUTE € HEO0XO0auMa, 3alll0TO HAJIMYMETO Ha
OTIEeIHU HU(GPOBU pelIeHUs1 He rapantupa edekTuBeH oOMeH. OnepaTuBHATA
ChbBMECTUMOCT € CBbP3aHa KaKTO C TEXHOJIOTMYHATa BB3MOXKHOCT 32 OOMEH Ha
JaHHY, TaKa U C OPTaHU3AIMOHHU M YIPABICHCKU YCIOBUA 32 TSIXHOTO H3MOJ3-
Bane (OECD, 2026).

[ToBTapsmmMTe ce MpOLEcH C SICHO OIpeAesieHa MOCIe10BaTEIHOCT MOraT
na ObJIaT MOAXOSIIU 32 YacTUYHa aBToMaTu3anus. Hapes ¢ ToBa HaTpynBaHuTE
JTAHHU MOTAT Jla MOJANOoMaraT MpocyeasiBaHETO Ha MPOIECUTE, TUIAHUPAHETO Ha
pecypcuTe U ympaBJICHCKUS aHAIU3. TSIXHOTO Ka4eCTBO, TOCTHITHOCT U 3allUTa
ca OCHOBHU €JIEMEHTM Ha CBBPEMEHHOTO YIpaBJIEHHWE Ha 3JIPaBHU JIAHHU
(OECD, 2022).

4. EdpexT ¥ npequ3BUKaTEJICTBA NMPe] AUTHTATHATA TPaHchopMaLus
4.1. OuaxeaHnu epexmu 8vbpXy AOMUHUCIPAMUBHAMA ePEeKMUBHOCT

Jlurutannara TpanchopMaids MOKe Ja MPOMEHHW HadWHA, M0 KOWTO ce
OpraHu3MpaT aIMUHUCTPATUBHUTE TporiecH. [loTeHnnamHusIT edekT ce u3passi-
Ba HE CaMmo B MO-0BbP30 M3MIBJIHEHUE HA OTACIHU ONepallny, a U B Mo-100pa Ko-
OpAWHALINSA, OTPAaHNYaBaHE HA MOBTAPAIIHU CE ICWHOCTH H MO-ePEKTUBHO H3IOJI-
3BaHe Ha UHOpMaIUATA.

Kraus et al. (2021) cBbp3Bat qurutaiHata Tpanchopmalys ¢ IpOMEHH B
OpraHU3aIMOHHUTE TPOIECH, PaOOTHUTE MPAKTHKH M ONepaTHBHATA ¢PEKTHUB-
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HOCT Ha 37jpaBHUTE opraHu3anuu. CTpyKTypHpaHaTa, akTyaJlHa U JIOCTbIIHA UH-
dbopmarust Moke Aa MoAroMara MIaHUPAHETO, KOHTPOJa, paslpeIeieHUeTO Ha
pPECYpCHUTE U YIPaBICHCKUTE PEIICHUS.

Hanuuuero Ha uudpoBu cuctemu obadye HE O3HAYaBa aBTOMATUYHO Ha-
MaJsiBaHE Ha aJMHUHHCTpPAaTHBHATA M JOKYMEHTAIIMOHHAaTa HaToBapeHOCT. Jlo-
KyYMEHTallMOHHATA TEKECT MMa pa3IMdyHU H3MEPEHUs, CBbP3aHU C BPEMETO 3a
paboTa chC CHCTEMHUTE, aAMUHUCTPATUBHUTE 3a/1a4yu, (pparMeHTanusTa Ha pa-
O0oTHUS mporiec, eHEeKTUBHOCTTa U M3MOJI3BAEMOCTTa Ha IHU(PPOBUTE pPEIICHHUS
(Murad et al., 2024). CnenoBaTenHo pe3yiaTaTUTe TPSAOBa Ja c€ OIEHSBAT CHps-
MO KOHKpETHAaTa OpraHu3allvs U HauMHa Ha BHEJIPSBaHE.

OuakBanute eexTH Moratr jga ObAaT pasrpaHUdCHH CIIOpEer OTACITHUTE
aJIMUHUCTpAaTUBHHU nipouecu. [Ipu ynpasienueTo Ha nHpOpMaLuaATa U JOKYMEH-
TOOOOpOTa TUTHTATU3ALUATA MOXKE J1a YJIECHU JOCThIIA, CbXPAHIBAHETO U 00-
MEHa Ha JOKYMEHTH, a IPU OpraHu3aluaTa Ha 00CITyKBAaHETO — J1a TIOATIOMOTHE
perucTpanusra, 3aMCcBaHeTO U KOOpAMHauuATa Ha neiHoctute. [lpu ympasie-
HUETO Ha YOBEILKUTE U MAaTEPHAIHUTE PECYpCH LU(POBUTE pelIeHuss MoraT J1a
noJI0OpAT MJIAHUPAHETO, MPOCIENIBAHETO Ha HAIMYHOCTUTE M OpraHU3alusiTa
Ha pabotaTta. B obnacTTa Ha agMUHUCTpAaTUBHATAa OTYETHOCT M YNPABICHHUETO
Ha 37]paBHUTE JIaHHU OCHOBHHUTE BB3MOXXHOCTH Ca CBHP3aHU C MO-OBP30TO Ch3-
JlaBaHE W MPEAOCTaBsHE HA CIPaBKH, MO-700paTa JOCTHIIHOCT Ha WH(OpMALIHS-
Ta U HEMHOTO WM3MOJI3BaHE 3a ymnpaBieHCKH Leid. [lo To3u HauuH edeKTHT OT
JTUTUTAIHATa TpaHCopMaIs ce MPOsSBSIBAa KOHKPETHO B OpraHU3aIlMATa U W3-
I'BJIHEHUETO Ha OTACIHUTE aIMUHUCTPATUBHHU MIPOLIECH.

4.2. OcHo8HU npedu3sUKAmMeICcmea U 02PaHudeHus

BHenpsiBaHeTo Ha HU(POBU pELICHUS € CBBP3aHO C NMPEAU3BUKATEIICTBA,
KOMTO MOTAaT Jla OTpaHMYyaT OYaKBaHUTE pe3yiTaTH. TexHojoruure TpsiOBa Aa
OpaaT cboOpa3eHu ChC CHIIECTBYBAIIUTE MPOLECH, OPraHU3aIlIOHHATA CTPYK-
Typa U Bb3MOKHOCTUTE Ha IIepCOHAIA.

Cpen coiiecTBeHUTE (PAKTOPU Ca OpraHU3allMOHHATa FTOTOBHOCT, HEO0XO-
JTUMHUTE KOMIETEHTHOCTH U CIIOCOOHOCTTA Ha CIY>KUTEJIHUTE J1a aJanTHpaT Ha-
yiuHa cu Ha pabora (Mauro et al., 2024). [IpomsiHaTa B yCTaHOBEHU MPAKTHKU
U3HCKBa 00y4YeHHE, BpeMe 3a aJiafTaius 1 y4acTue Ha IepcoHara.

Texnonornynata cpeaa cwio uMa 3HadeHue. HecBwp3anute nndopma-
[IUOHHU CHCTEMHU MOTaT Ja JA0BeAaT 10 (parMeHTUPaHE U MMOBTOPHO BHBEXKIaHE
Ha UHQOpMaIKs, a TOCTUTAHETO Ha ONepaTHBHA ChbBMECTUMOCT 3aBHCH OT TEX-
HOJIOTMYHU, OpPTraHM3allMOHHU, ympaBieHCKH H mpouecHu ¢axtopu (OECD,
2026).

OcobeHo BHMMaHHME M3UCKBAT KayeCTBOTO M CUTYpHOCTTa Ha MHQOpMa-
UsATa. YIpaBICHUETO Ha 3JIpaBHU JaHHU TPSAOBa a ChYeTaBa Bb3MOKHOCTHTE
3a TAXHOTO M3IOJI3BaHE C M3MCKBAHUATA 3a IMOBEPUTEIHOCT, 3alUTa U UHPOP-
MarronHa curypHoct (OECD, 2022). YcroitunBaTta Tpancopmarius npeamnosia-
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ra moJXoJs11a HHPPaCTPYKTypa, CBbP3aHU CUCTEMH, HAJACKIHO YIPaBICHUE Ha
JAHHWUTE U OATOTBEH YOBEILIKHU PECYPC.

5. 3akaouenue

Jlurutannara Tpancopmalis Ha aIMUHIUCTPATUBHUTE TIPOIECH B JieUeO-
HUTE 3aBEJICHUS € Ba)KHA MPEANOCTaBKa 3a MOJ00psIBaHE Ha TSIXHATa OpraHU3a-
usi U epeKTUBHOCT. Pasrnegannte HampaBlieHUs MOKa3BaT, 4e MUPPOBUTE pe-
IICHUS MOTaT Jia MOANOMOTHAT YIPaBIEHUETO Ha HHPOPMAIIHATA U TOKYMEHTO-
000poTa, OpraHu3anusaTa Ha 0OCITYKBAaHETO Ha MAIMEHTHUTE, YIPaBIECHUETO Ha
YOBEIIKUTE U MAaTEPUAIHUTE PECYPCH, aJIMUHUCTPATUBHATA OTYETHOCT M YII-
PaBJICHHUETO Ha 3/IpaBHUTE JIaHHHU.

Bb3 ocHOBa Ha M3BBPILIEHUS aHAIM3 MOTaT Ja ce (pOpMyIHpaT HAKOJIKO
OCHOBHU H3BoAa. Ha mbpBO MsicTO, HEOOXOAUMOCTTA OT JUTHUTAIHA TpaHCPop-
Malusl He IPOM3THYa €UHCTBEHO OT Pa3BUTHETO HA TEXHOJIOTUUTE, a OT KOHK-
pPETHH OrpaHWYEeHMs B aJAMHUHHUCTpaTHBHATa JEHHOCT — ()parMEHTUPAHO ChXpa-
HEHUE Ha MH(OpMaIMs, MOBTAPSIIN C€ PbUHU ONepaluy, HeoCTaThYHa CBbP-
3aHOCT MEXy CUCTEMHUTE M HEOOXOIUMOCT OT MO-700pa KOOPIWHAIUS MEXITY
otnenHuTe 3BeHa. Ha BTOpo MsACTO, €heKThT OT AMrMTaIHaTa TpaHCHOpMaLHs
3aBHCH HE TOJKOBA OT HAJIMYUETO HA OTACIHU IU(PPOBU PEIICHUS, KOIKOTO OT
TSAXHOTO HMHTETPUpPAHE B IAJOCTHATA OpraHM3alys Ha aJMHUHHACTPATUBHHUTE
nporiecu. Ha Tpero mscro, ycroitumBara TpaHchopmanus M3UCKBA €THOBpE-
MEHHO TE€XHOJOTHYHA 00e3MeYeHOCT, HA/IeXKTHO YIPaBJICHUE Ha TaHHUTE U TO-
TOBHOCT Ha IEpCOHAJIa 3a IPOMSHA.

ToBa nmo3BosisiBa JuruTanHaTa TpaHcopMalus J1a ce pasriiexkia He KaTo
CaMOIICJIHO BBBEXK/IaHE HA TEXHOJIOTHH, a KaTO CPEJCTBO 3a MPEOJ0JIsIBAaHE HA
KOHKPETHU OTpaHUYEHUs B aJIMUHHUCTpaTUBHaTa AeWHocT. [Ipu mpaBuiHO 1a-
HUpaHE U MOCJEA0BATEIHO BHEAPSIBaHE IIU(GPOBUTE PELICHUS MOTAT Ja JOIpPH-
HecaT 3a mo-fo0pa opraHuzanus Ha padoTaTa, Mo-e(EKTUBHO H3MOJI3BaHE Ha
HAJIMYHUTE PECYpPCU U Ch3JlaBaHE Ha MO0-100pa MH(POpMaAIMOHHA OCHOBA 3a YII-
PaBJICHCKUTE PEIICHUS.
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1. BbBeaenune

Jlururanaara TpanchopMalius Ha TPEANPUATHATA TTOCTETICHHO MPOMEHS
possita Ha UHPOPMAILIMOHHUTE CUCTEMH B YIIPABJICHUETO HAa OW3HEC MPOLECUTE.
Hapen ¢ tpaguiimonauTe uM QyHKIMH, CBBP3aHU ChC ChbXpaHEHUE, 00paboTKa u
peIocTaBsiHe Ha MHGPOPMAIIHsI, BCE TO-TOJIIMO 3HAYCHHE MPUI00UBa BH3MOXK-
HOCTTA 3a U3MOJI3BAHE HA HATPYMaHUTE JaHHU MIPU aBTOMATU3UPaHE HA JIEWHOC-
TH, U3BEXKIaHE HA 3aBUCUMOCTH | TIOJITOMAaraHe Ha ympaBJICHCKUTE perieHus. B
TO3U KOHTEKCT M3KYCTBEHHUAT MHTEJICKT CE YTBHP)K/IaBa KaTO TEXHOJOTHUS, Upe3
KOSITO (DYHKIIMOHATTHUTE BH3MOXHOCTH Ha WHPOPMAIMOHHUTE CHCTEMH MOTaT
na ObIaT pa3slIMpeHd U HACOYCHH KbM MO-e(EKTUBHO M3MOI3BAHE HA HATMYHU-
T€ UH()OPMAIMOHHU PECYPCH.

1 yoanna.bakalovaOO@gmail.com, Cromancka akagemus ,,J1. A. Llenos®, rp. CBHIIIOB
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Ta3u TeHneHus uMa 0COOEHO 3HAYEHHUE 3a MAJKUTE U CPEIHUTE MPEII-
pusitust (MCII), npu Kouto orpaHudeHuTe (PUHAHCOBH, YOBEIIKH M TEXHOJO-
TUYHU PECYPCHU TMOCTaBST MO-BUCOKH M3UCKBAaHUSA KbM €()EKTHBHOCTTA Ha U3-
MOJI3BaHUTE pelleHus. BHenpsBaHETO Ha U3KYCTBEH UHTENEKT B HHPOPMAIOH-
HUTE CUCTEMHU MOJKE Ja JIOBEJE /10 IPOMEHN B HaUMHA HA W3IbJIHEHHE HA IOB-
TapsIly ce IeMHOCTH, 00pabOTBAHETO HA 3HAYUTEIHU 00EMHU OT JIaHHH, TI0JTyYa-
BaHETO Ha MHGOpPMAIMS B MO-KPATKU CPOKOBE M MH(DOPMAIMOHHOTO OCHUTYpS-
BaHE Ha ympaBlieHHeTo. M3cieaBanusita B Ta3u 00J1acT MOKa3BaT, ye MPUIIOXKeE-
Husata Ha MM B MCII oOxBaiar ynpasjieHUe U aHAJIM3 HA JaHHU, aBTOMATH3a-
1Ms Ha TIPOLIECH M M3IMOJ3BaHe Ha UH(POpMallUs B peajHO BpeMe 3a MoArnoMara-
He Ha B3emaHeTo Ha pemienus (Le Dinh et al., 2025).

3HauYeHHUETO Ha Te3U €(PEeKTH HEe Ce OrpaHHyaBa /10 OTIEIHHU ONEpPATUBHU
nevnoctu. [lpu moaxoxasmio uHTerpupane B OuszHec mporecute UM moxe na
NOBJIMSE BBPXY MPOU3BOJUTEIHOCTTA, KAYECTBOTO U Obp3MHATA HA YIpaBJIEHC-
KUTE PELeHUs], U3MOI3BAHETO HA PECYPCUTE U CLIOCOOHOCTTA Ha MIPENPUITHETO
Jla pearvpa Ha NpoMeHU B nazapHata cpefa. ChbBpEMEHHUTE U3CIEeIBaHUS CBBP-
3BaT BHeapsiBaHeTo Ha MM B MCII ¢ nmonobpenust B ornepaTuBHaTa e()EeKTUB-
HOCT, B3€MaHETO Ha PEIICHUS U KOHKYPEHTOCIOCOOHOCTTA, KaTO ChUIEBPEMEH-
HO IOAYEpTaBaT, Y€ IPOSBICHUETO HAa TE€3M PE3YydTATH 3aBUCU OT HA4yMHA, 110
KOMTO TEXHOJOTUATA € UHTErpUpaHa B OPraHU3aluaTa U ChIIECTBYBAIIUTE MPO-
necu (Landini & Machado, 2026).

Hapen ¢ nonoxurennure pesynratu BHeApsBaHeTo Ha MU e cBbp3aHo u
ChC CBHI'BTCTBAILIM OPTAHU3ALMOHHU M TEXHUYECKU M3MEHEHHUs. 3mona3BaHETo
Ha HOBU (DYHKIIMOHATHOCTH MOJKE Ja M3MCKBa a/allTHpaHe Ha pabOTHU Mpolie-
CH, TMpepa3npeieiisiHE Ha OTIEIHU 3aJayd MEXAY CIYKUTEIU U TEXHOJIOTHH,
pa3BUTHE HAa HOBH KOMIIETEHTHOCTH W OCUTYPSIBAaHE Ha MOAXOASAIIA TEXHOJIO-
ruuHa uHdpactpykrypa. [lopaau ToBa eeKThT OT BHEAPSBAHETO HE Clie/Ba Ja
Ce OILIEHSIBA CAMO YPE3 HEMOCPEACTBEHUTE PE3YJATAaTH OT U3IOI3BAHETO HA KOHK-
PETEH MHCTPYMEHT, & U 4pe3 NPOMEHUTE, KOUTO Bb3HHUKBAT B OpraHU3alUATa U
uHpOpMallMOHHATA CPE/a.

Ilenra Ha HacTOAUIMS OKJIAA € J1a C€ aHAJTU3UpaT OCHOBHUTE €(EKTU OT
BHE/PSBAHETO HA M3KYCTBEH MHTEJIEKT B MH(POPMAIIMOHHUTE CUCTEMH Ha Mall-
KUTE U CPEIHUTE NMpEANpHUITHs. BHUMaHUETO € HACOYEHO KbM M3MEHEHHUATA B
U3IIBIHEHUETO Ha JeWHOCTUTE, 00paboTKaTa M HM3MOJI3BAHETO HAa JAAHHU, TOJ-
MIOMAaraHeTo Ha YIPAaBICHCKUTE PEIICHUS, OPraHU3allisITa Ha TpyAa U OTpaxke-
HUETO UM BBPXY MPOU3BOAUTEIHOCTTa, NHOBAIIMOHHATA aKTUBHOCT, UKOHOMHU-
YECKUTE Pe3yJITaTH U KOHKYPEHTOCIIOCOOHOCTTA Ha MPEANPUATHITA.

2. EdpexTH OT BHEAPSIBAHETO HA M3KYCTBEH MHTEJICKT
B HHpopmaunonnure cucremu Ha MCII

BHenpsBaHeTO HAa M3KYCTBEH HMHTEIIEKT pPAa3lIUPSIBA Bb3MOKHOCTUTE Ha
UH()OPMAITMOHHUTE CUCTEMHU Ype3 BKIIOYBAHETO HA (PYHKIIMHU, CBBpP3aHHU C aB-
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ToMaTu3upaHa oOpaboTKa Ha MH(OPMALIHS, aHAIU3 HAa JaHHHU U MOANIOMaraHe Ha
ONpEJEICHN YIPABICHCKH M OINEPATUBHHU JEWHOCTU. 3a MAJKUTE U CPEIHUTE
NPEANPUATHS TOBA MMa MPAKTUYECKO 3HAYEHHE, Thil KaTO MO3BOJSBA YacT OT
IIPOLIECUTE, KOUTO TPAJAUIIMOHHO U3HCKBAT 3HAYUTEIIHO BPEME U YOBEILIKA HaMe-
ca, 1a ObJaT U3M'BJIHABAHU MO-OBP30 U C MO-BHCOKA CTENEH Ha MOCiIea0BaTel-
HocT. Cucrematuuynust nperyien Ha Le Dinh et al. (2025), o6xBamang 50 Hayu-
HU U3CJICIBaHMS, MTOKa3Ba, ye npuwioxkenuara Ha M B MCII ce paznpoctupar
BBPXY pa3inyHu Ou3Hec QYyHKLIHU, KATO CPeJl OCHOBHUTE PE3YyJTaTH CE€ OTKPOS-
BaT MOBUIIIABAHETO Ha €()EKTUBHOCTTA, MOJOOPSIBAHETO HA IMPOILIECUTE IO B3e-
MaHe Ha PeIICHUs U Ch3/IaBAHETO HA YCIOBUS 3a MHOBALIMH.

Enun ot Hali-ipekuTe epexTu € CBBbp3aH ¢ aBTOMAaTH3alMATa Ha MOBTa-
psamu ce nerHocTH. MHTerpupaHero Ha MHTEIUICHTHU (YHKIHMOHATHOCTU B
UH(POPMAIIMOHHUTE CUCTEMH T103BOJISIBA aBTOMATH3MpPAaHE Ha Olepaluu mpu o0-
paboTkaTa Ha TOKYMEHTH U JaHHH, OOCIYBaHETO Ha KJIMEHTH, YIPaBICHUETO
Ha UH(OpMaLMs 3a CIYKUTEIU U KIUEHTH, KaKTO M MpPHU OTIEIHHU MPOLECH B
npoaaxoure, GuHaHCUTE U JoTHCcTUKaTa. [Io TO3M HaYMH ce HamaIsiBa HEOOXO-
JUMOCTTA CIIY>)KUTEJIUTE J1a OTAENAT 3HAYUTENIHA YacT OT pabOTHOTO CH BpeMe 3a
CTaHJapTHU OIEpallM, a YOBEIIKUAT pecypc MOXke Ja ObJie HaCOUEH KbM 3aJ1a-
YH, IPU KOUTO ca HEOOXOJUMU MpELEHKA, KOMYHUKAIUS U crienu@uuHu npode-
cuoHanmHu 3HaHus. CucrematuuyHusT nperiien Ha Landini u Machado (2026)
pasriexnaa oneparuBHAaTa €()EKTUBHOCT M aBTOMATU3ALMATa CpPEl OCHOBHUTE
HaIIpaBJICHUS, Ype3 KOUTO U3NnoJ3BaneTo Ha U ce cBbp3Ba ¢ OpraHn3auuoHHO-
To npeacraBsaae Ha MCIL.

CopmiectBeH edekT ce HaOMoAaBa U MPU M3MOJI3BAHETO HA JAHHWUTE, HAT-
pynBaHu B MHGOpManuMoHHUTE cucTeMH. [Ipu TpanuuumonHara UM oOpabOTKa
HAJIMYUETO Ha 3HaUMUTeJIeH o0eM nH(popMalis HEBUHATM 03HavaBa, 4e€ TS Ce U3-
M0JI3Ba IIBJIHOLIEHHO MPU YIPABJICHUETO Ha TIpenanpusituero. MHCTpymeHTuTe,
6asupanu Ha U, no3BosgBaT oOpaboTBaHe Ha pa3jIMYHU MAacCUBU OT JAHHU, OT-
KpUBaHE Ha 3aBUCHMOCTHU M MPEAOCTABSIHE HA aKTyaliHa WH(OpMaIus 3a ChCTO-
SHUETO Ha oTaeiaHu npoiecu. Le Dinh et al. (2025) cBbp3BaT npuiioxkeHusTa Ha
NN B MCII ¢ ananu3 Ha AaHHU, IPOTHO3UpaHEe, HHPOPMAITMOHHU Tabja U U3-
MOJI3BaHE Ha MHQOpMAIMS B pEalHO BpeMe IpU B3eMaHETO Ha pemieHus. B pe-
3ynTaT uH(GOpPMalMOHHATA CHUCTEMa MOKE MTOCTETIEHHO J1a C€ IPEBBPHE OT Cpeli-
CTBO 3a ChbXpaHEHHE U 00pabOTKa Ha JaHHHU B MO-aKTHBEH MHCTPYMEHT 3a WH-
(dbopMaIMOHHO OCUTYpPSIBaHE Ha YIPABIICHUETO.

OOpaboTBaHUTE MO TO3W HAYMH JAaHHU OKa3BaT BIUSHUE U BbpPXY yIpPaB-
JICHCKUTE mpoliecu. Bb3MoxkHOCTTa 32 M0-0Bbp30 M3BIMYAHE U aHAJIU3UPAHE Ha
peneBaHTHA MHGOpPMAIIUS TO3BOJISIBA HA PHKOBOJUTEINTE JIa OLIEHSBAT ChCTOS-
HUETO Ha MPOIIECUTE, Ja MpocieasiBaT U3MEHEHUsITa B cpefaTa U 1Ja 000CHOBa-
BaT pEUICHUSTa CU BbpXY MO-IIKUPOKa HHPOopManmoHHa ocHoBa. CucTeMaTuyHu-
at aHanmu3 Ha Landini u Machado (2026) oTkposiBa OCHOBAaHOTO Ha JaHHU B3e-
MaHe Ha peIlieHUs Cpej HampaBiieHusATa, ype3 kouto UM ce cBbp3Ba ¢ opranu-
3allMOHHOTO MPEICTABIHE U KOHKYPEHTHOTO no3unuonupane Ha MCII. B to3u
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CMHUCHJI TEXHOJIOTHATA HE CIIEJ[BA Jla C€ pasriexkaa KaTo 3aMECTUTEN Ha YIpaB-
JICHCKATa TPEIeHKa, a KaTo CPEICTBO 3a pa3lIupsBaHe Ha WHPOPMAITMOHHUTE
BB3MOKHOCTH, BHPXY KOUTO TS C€ OCHOBABa.

N3non3sanero Ha UM Boau u 10 OpraHn3aliuOHHA U3MEHEHUS, CBbP3aHU
C HAYMHA Ha pas3lpeeNisHe U M3MbIHCHUEe Ha paboTHuTe 3amadyn. Koraro gact
OT PYTUHHHUTE ONepaluu ObJaT aBTOMATU3UPAHU WA MOJANOMAaraHu TEXHOJIO-
TUYHO, C€ U3MEHSI ChBPKAaHUETO HA OMPEICIICHU JEHHOCTH U HEOOXOIUMOCTTa
OT OTIEMHUW KOMIETEHTHOCTU. JlaHHWUTE OT MPEJACTaBUTEIHO NPOY4YBaHE Ha
OECD cpen nang 5000 MCII B cenem abpp>kaBu IMOKa3BaT, 4€ OKoOJIO 65% oOT
npeanpusTUsTa, U3noi3Bamu reaeparused MU, otuntat nogobpeHue B mpec-
TaBSHETO Ha CIY>)KUTEIUTE, a MPUOIUZUTEIIHO €/IHA TPETa MOCOYBAT HaMaJIsiBaHE
Ha pabOTHOTO HATOBapBaHe. Makap Te3u pe3yiTaTH Ja Ce OTHACIT KOHKPETHO
no redeparuBHua MU, Te maBar eMmnupuyHa IMpeAcTaBa 3a HaA4MHA, 10 KOWTO
TEXHOJIOTUYHOTO TMOJMOMAaraHe ce OTpas3sBa BbpPXY €XeJHEBHATa padoTa U pas3-
npeaeneHuero Ha 3agaunte B MCII (OECD, 2025).

Te3u u3zmMeHeHus: MoraT J1a Ob/IaT CHIIBTCTBAHU U OT HEOOXOJIUMOCTTA OT
pa3BUTHE HA HOBM YMEHUS M aJlallTUPAHE HA OpraHU3aluaTa KbM HU3I0JI3BaHaTa
texHosorus. Le Dinh et al. (2025) noguepraBaTt 3Ha4eHHETO HA OOYYEHUETO HA
CIY>KUTEJIUTE, MOIXO0AsIIIaTa TEXHOJOTHYHA UHPPACTPYKTypa U KyJITypara, oc-
HOBaHa Ha M3M0JI3BaHE HA JJaHHU, 32 €(peKTUBHOTO npuioxenue Ha M1 8 MCIL.
CnenoBarenno BHenpsBaHeTo Ha UM moxke na ce pasriexia He caMo KaTo TeX-
HUYECKO J00aBsiHE HAa HOBa (DYHKIIMOHAJIHOCT, @ U KaTO MPOLEC, KOMTO U3UCKBA
ChIVIACYBaHE MEXKAY TEXHOJOTHYHUTE BH3MOKHOCTH, XOpaTa U ChIIECTBYBAIIU-
T€ pabOTHU IPOLIECH.

Texuuueckute edeKTH ce MPOsBSIBAT U 4Ype3 HEOOXOAMMOCTTAa UHTEIU-
TEeHTHUTE penieHus Aa ObJaT CBbP3aHu ChC ChIECTBYBaIlaTa WH(DOpPMAIMOHHA
cpena Ha npeanpustreto. [lo-Bucoka CTOMHOCT MOKe J1a ObJie MOCTUrHaTa, KO-
rato W He ¢pyHKIHOHUPA U30JIMPAHO, & CE U3IO0JI3BA CHbBMECTHO C HATTMYHUTE
JTAHHU, TEXHOJOTWYHA WH(pacTpyKkTypa U Jpyrd HHPOPMALMOHHU PECYPCH.
ToBa M3HUCKBa ChIilacyBaHE MEXIy HOBUTE (YHKIIMOHATHOCTU M CHIIECTBYBA-
[IUTe KOMIIOHEHTH Ha WH(OpMallMOHHATa CUCTEMa. 3HAYEHUETO Ha IMOIXOs-
aTa TeXHOJIOTHYHA HHPPACTPYKTYypa M OCHOBAHATA HA TAaHHU OPTaHU3AIMOHHA
cpena 3a epexkruBHOTO H3no3Bane Ha M B MCII e mogueprano u ot Le Dinh
et al. (2025).

HarpynBaneto Ha omepatwBHU, WH(DOPMAIMOHHU W OPTaHU3AIMOHHU
MIPOMEHHM C€ OTPa3siBa U BHPXY MPOU3BOAUTEIIHOCTTA U TIO-O0IIUTE PE3YNITATH OT
nerinocrta. Jlanaute Ha OECD (2025) nokassar, ue cpen MCII, uznon3pamm
reHepatuBeH MU, okono 35% cBBp3BaT TEXHOJOTHUATA C BB3MOXKHOCT 3a pas-
HIMpsiBaHE Ha AeiHocTTa, 0K0Jo 29% — ¢ 1mo-100pa Bb3MOXKHOCT Jla C€ KOHKY-
pHUpaT ¢ MO-TOJIEMU MPEANPUATHS, & OKOJIO 26% — C YBEIMUYEHUE HA IPUXOUTE.
Te3n naHHM MOKa3BaT, Y€ BB3JACUCTBUETO HA TEXHOJOTHITA MOYKE MOCTEIEHHO
J1a U3Jie3€ U3BbH PaMKUTE HA ONTUMU3UPAHETO HA OTAEIHU ONepaluu 1 aa o0x-
BaHE MO-IIUPOKU ACTIEKTH OT JCHHOCTTA HA MPEANPHUATUETO.
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Hpyr acnexrt Ha Bb3aencTBuero Ha MM e cBpp3an ¢ MHOBalMOHHATA aK-
tuBHOCT Ha MCII. CiocobHocTTa 32 00paboTBaHE HA 3HAYMTETHN WH(DOpMAITH-
OHHM MAaCHBHU M OTKPUBAHE HA 3aBUCUMOCTH Cb3/1aBa Bb3MOXHOCTH 33 WJECHTH-
¢dunupane Ha HOBU NMOTPEOHOCTH, YCHhBBPIICHCTBAHE HA CHIIECTBYBAIIH MPOLIE-
CH U pa3BUTHE HA HOBU MPOAYKTH U yciyru. M3cnenBanero na Segarra-Blasco et
al. (2025), ocuoBano Ha nanuu ot Flash Eurobarometer 486, pasriexaa Bpb3ka-
Ta MKy u3non3Baneto Ha MM u poOoTu3MpaHu TEXHOJIOTUU U Pa3IUYHU Pop-
MU Ha nHOBaumu B eBporneiickure MCII. ABTopuTte noauepraBaT U 3HAYEHUETO
Ha BBTPEIIHUTE XAPaKTEPUCTUKU HA MPEANPUITHATA, AUTUTATHUTE YMEHHS U
uH(ppacTpyKTypaTa 3a peaiu3upaHe Ha ePEeKTUTE OT JUTHTAIU3AIUATA.

JlombiHUTEIHA NepcreKTHBa 3a BIusiHUETO Ha MU BbpXy MHOBallMOHHU-
Te pesyaTtaTu npenoctaBiaT Zhang u Li (2026). M3cneaBaneTo uM ycTaHOBsBa
MIOJIOXKUTEIHA BPb3Ka MEX Ty NpuiioxkeHnero Ha MM u kauecTBOTO Ha MHOBALU-
oHHaTa aerHocT B uicnenBanute MCII, kaTo cpen MEXaHU3MUTE C€ OTKpPOSBAT
N0-BUCOKaTa €(PEeKTUBHOCT HAa HAy4yHOM3CIIEJOBAaTeJICKaTa U pa3BoiHAaTa Jei-
HOCT M Pa3BUTUETO HAa JUTHTATHUTE criocoObHocTH. [lopamu crnenmpuyHus KOH-
TEKCT Ha M3CJEABAHETO PE3YJITATUTE HE CJE€ABAa aBTOMATHYHO 1@ CE€ IPEHACIT
BbpXy Bcuukd MCII, HO mpenocTaBsAT JOMBIHUTEIHA €MIIMPUYHA OCHOBA 3a
Bpb3KaTa MEX1y U3non3Banero Ha I u uHoOBallMOHHKUTE pe3ynTaTH.

OnepaTUBHUTE U MHOBALIMOHHUTE M3MEHEHUS! OKa3BaT BIUSHUE U BBPXY
KOHKYpEHTOCOcoOHOCcTTa Ha mnpennpusatusara. 3a MCII ¢ no-orpanudenu pe-
CypcH CrocoOHOCTTa J1a 00padoTBaT Mo-0bp30 MHPOpMaIIUs, 1a OTKpUBAT U3-
MEHEHHS B MOTPEOUTEJICKOTO IMOBEJIECHUE U [1a aJanTupaTr JAEUWHOCTTa CU KbM
JUHAMHUYHA cpejla MOXke Ja Obae 0ocoOeHo 3HaunMma. CHCTEeMaTHYHUST TIPETie]
Ha Landini u Machado (2026) noka3Ba, 4e B Hay4HaTa JIUTepaTypa U3MoJi3BaHe-
to Ha N npu MCII ce cBbp3Ba c onepaTuBHAa €PEKTUBHOCT, MOJOOPEHO B3e-
MaH€ Ha pEIIEHUS U KOHKYPEHTHO mpencraBsiHe. ChIIEBPEMEHHO aBTOPUTE
NOAYEpTABaT 3HAYEHHETO HA OpraHMW3alMOHHATa TOTOBHOCT, Bb3IPUEMaHaTa
MOJIE3HOCT HA TEXHOJIOTUATA U HEMHOTO ChbOTBETCTBUE C OPTaHU3ALIMOHHUTE yC-
JIOBUA.

Bpsb3kara mexay BHeApsiBaHeTO HA I 1 ”KOHOMHUYECKUTE pE3yJITaTH Ce
MOJKperns u oT u3cieaBaneTo Ha Ardito et al. (2025). Aramusst Ha 11 429 eB-
poneiicku MCII ycraHOBsIBa IOJIOKUTENIHA BpBb3Ka MEXAY M3no3BaHeTo Ha M
U pbCTa Ha MPUXOAMTE, KaTO TOMBIBAIIOTO U3Noa3Bane Ha Big Data Analytics u
Internet of Things 3acunBa To3u edext. To3u pesynraT mokaspa, ye UKOHOMHU-
yeckaTa croiHocT Ha I Moxe ga Obae mo-rosisimMa, Korato Toil (pyHKIHOHHpa
KaTo 4acT OT MO-IIMpOKa AWTMTaNIHAa U MHPOpPMAIMOHHA Cpefa, a He KaTo ca-
MOCTOSITEITHO TEXHOJIOTUYHO PELIEHUE.

Pasriienanure pesyinratu oyepTaBaT B3aMMOBPB3KAa MEKIY TEXHOJOTHY-
HOTO YCHBBPIICHCTBAHE HA MH(OPMAIIMOHHUTE CUCTEMHU U PA3NUYHUTE €(HEKTH
BbPXY MNPEANPUATHETO. ABTOMATH3aLUATa U TMO-A00POTO M3MOJ3BaHE HA WH-
dbopmanusaTa BIUAIT BbPXY OlepaTUBHATA €PEKTUBHOCT U YIPABICHCKUTE MPO-
LIECH, HO €IHOBPEMEHHO C TOBa Ca CBBbP3aHU C MPOMEHHU B OpPraHHU3alMATa Ha
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TpyJa, HEOOXOIMMHUTE KOMIIETEHTHOCTH M TeXHHUYecKara cpena. HarpynBanero
Ha TE€3W U3MEHEHMs Ch3/1aBa YCJIOBHS 3a MOBHIIABAHE HA MPOU3BOJUTEIHOCTTA,
pa3BUTHE Ha MHOBALIMOHHATA aKTUBHOCT U MOJI00psiBaHE HA UKOHOMUYECKUTE U
KOHKypeHTHUTe pe3ynrard. [Ipaktuueckara croitHoct Ha MU 3a MCII cnenoBa-
TEJIHO C€ OMpeJess HE OT CaMOTO HaJIM4YMe Ha TEXHOJIOTHUSATA, a OT CIIOCOOHOCTTa
TS Aa ObJ€ MHTErpUpaHA U M3IOJI3BAaHA TaKa, Y€ TEXHOJIOTMYHUTE U MH(DOpMa-
IMOHHUTE Bb3MOKHOCTH J]a C€ MPEBbPHAT B KOHKPETHU PE3YITaTH 3a MPeIIpu-
ATHUETO.

3. 3akiaouenue

BuenpsiBaHeTo Ha U3KYCTBEH MHTENIEKT B MH(OPMALIMOHHUTE CUCTEMHU Ha
MaJIKUTE U CPETHUTE MPEANPHUATHS € CBBP3aHO C Pa3JIMYHU 0 XapakTep edek-
TH, KOUTO 3acAraT KakTO M3II'JIHEHUETO Ha OTAETHH OU3HEC JeHHOCTH, Taka U
HA4MHAa, 10 KOWUTO MH(pOpMaIUsATa ce U3M0J3Ba NpHU ynpasieHuero. HanpaBenu-
AT aHaJIM3 MOKa3Ba, Y€ Cpejl HeMOCPEICTBEHUTE TOJOKUTEIHN e(PEKTH Ce OTK-
posiBaT aBTOMATH3allMsATa HA MOBTapsIIM CE OINEepaluH, no-epexTuBHaTa oOpa-
00TKa M aHAJIU3 Ha JAaHHU W NOJ00psSBAHETO HAa MH()POPMALMOHHOTO OCUTYpsIBa-
HE Ha YMPaBJIECHCKUTE PEUICHUS.

Bb3nelicTBUETO OT BHEAPSBAHETO HE CE OrpaHHUuaBa Jio MojoOpsBaHE Ha
KOHKPETHHU ONEPATUBHHU INoKa3arenu. M3nomsBanero Ha U e cBbp3ano u ¢ op-
TraHU3alMOHHU U3MEHEHUS B Pa3Npe/IeIEHUETO Ha 3a/ladyuTe, ChbPKAHUETO Ha
paboTtaTa U HEOOXOIUMOCTTA OT Pa3BUTHE Ha HOBU KOMIIETEHTHOCTH, KaKTO U C
TEXHUUYECKU MPOMEHU, O0YCIOBEHH OT MHTETPUPAHETO HA UHTEIUTCHTHUTE pPe-
IIEHHUs ChC ChIIECTBYBallaTa UHPOpMAIMOHHA cpena. ToBa mokas3sa, 4e BHEI-
psBanero Ha MU ciienBa fa ce pasriexnaa KaTo Mpolec, KOMTO 3acsara eaHOBpe-
MEHHO TE€XHOJIOTMHTE, JAHHUTE, XOpaTa U OpraHu3alusTa Ha OU3HEC MPOLIECUTE.

B no-mmpoxk miaH Te3u M3MEHEHHUsI Ce IPOSABSIBAT B IPOU3BOAUTEIIHOCTTA,
MHOBAIIMOHHATa aKTUBHOCT, MKOHOMUYECKUTE PE3YJATaTH U KOHKYPEHTOCIIOCO0-
HOCTTa Ha npeanpusatusaTa. Oco0eHO 3HaYeHHE UMa UHTETPUPAHETO Ha UHTEIH-
TeHTHUTE PELICHUS ChC CHIIECTBYBAIIUTE MHPOPMAIMOHHU CHUCTEMH U JAPYTHU
JUTUTAIHA TEXHOJOTUHU, Thil KATO UIMEHHO B3aUMOJIEUCTBUETO MEXIY TAX Ch3-
JIaBa YCJIOBHSI TEXHOJOTHMYHUTE BB3MOKHOCTU Ja OBJAT MPEBBbPHATU B peaHU
pe3ynaTaTu.

Mosxe na ce 060011H, 4e epeKTUTE OT BHEAPSBAHETO HA U3KYCTBEH MHTE-
aexT B uHpopmanuronnute cucremu Ha MCII umaTt xomruiekcen xapakrep. Te
BKJIFOUBAT HE CAMO HENOCPEACTBEHM NOJOOpPEHMs B €(PEKTUBHOCTTA U M3MOJ3-
BAaHETO Ha JIaHHM, HO M CBIIBTCTBAIM OPraHU3allMOHHU M TEXHUYECKH U3MEHE-
HUs, KOMUTO MOraT Ja BIUSAAT BbPXY PA3BUTHETO HA MPEAIPUATHETO B IIO-
J'BJTOCPOYEH IUIAH. 3a MAJKUTE U CPEIHUTE NMPEANnpUsiThs crorHocTTa Ha MU
ce IposiBsIBa Hal-sCHO, KOraTo TOHM c€ M3MO0J3Ba KaTO (PYHKIIMOHAJIHA YacT OT
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WHPOpPMAITMOHHATA CHCTEMA WM € ChoOpa3eH ¢ KOHKPETHUTE HH(POPMAIMOHHU
NOTPeOHOCTH, OM3HEC MPOIIECH ¥ OPTAHU3AIMOHHU BH3MOKHOCTH.
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SOLVING CHALLENGES IN MODERN EDUCATION THROUGH
FEDERATED PEER-TO-PEER SYSTEMS

PhD Candidate Lora Parvanova!

Abstract: The integration of artificial intelligence in educational systems provides
significant opportunities for their advancing. The effective utilization of these opportunities
requires targeted decisions to address emerging ethical, organizational, and technological
challenges arising from their integration. The paper analyzes the potential of decentralized,
peer-to-peer federated learning models to secure educational infrastructure and enable con-
fidential data processing. This decentralized approach offers new perspectives on data priva-
cy protection and provides a sustainable framework for deploying artificial intelligence with-
in educational ecosystems.

Keywords: decentralized federated learning, peer-to-peer systems, blockchain, edu-

cational technology, swarm learning, data privacy
JEL: 121, 033, C88

1. Introduction

The benefits of artificial intelligence in education can be considered
across three principal dimensions: personalization, adaptability, and automation.
According to the meta-analysis by Wang et al. (2025), which covered 40 studies
involving a total of 5,849 participants, Al-supported personalized feedback has a
moderate positive effect on academic achievement and an exceptionally strong
effect on learning motivation. Automation, in turn, can save thousands of hours
in content generation, assessment, and grading. It may also help reduce the ad-
ministrative burden that contributes to teacher burnout. At the same time, Al
provides robust methods for analysis and prediction that can enhance the quality
of the educational process.

These advantages are fundamentally transforming educational systems in-
to modern, adaptive, and highly personalized digital learning environments.
Alongside these benefits, however, Al also gives rise to a range of challenges
related to data privacy, ethical standards, and the need to prepare educators for
its effective use. At present, peer-to-peer (P2P) network architectures and dis-
tributed ledger technology (DLT), such as blockchain, are among the most wide-
ly discussed approaches to overcoming ethical, organizational, and technological
barriers. In the context of the European blockchain strategy, the EU defines
technologies of this kind as a “strategic next-generation infrastructure” (Europe-
an Commission, 2023).

1d030325275@uni-svishtov.bg, D. A. Tsenov Academy of Economics, Svishtov
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2. Technological Solutions for Secure Educational Infrastructure
2.1. Decentralized Peer-to-Peer Architecture

Traditional learning management systems (Moodle, Blackboard, and
Google Classroom) rely on the well-established client-server architecture. Under
this model, all data are stored and processed on a central server. Cloud technol-
ogies improve accessibility by migrating the server to the cloud; nevertheless,
centralization preserves a vulnerability in the form of a single critical point of
failure. In peer-to-peer networks, each participant with access to the system
functions as both a client and a server. This decentralized architecture grants
equal access rights to all participants, who share data and computational re-
sources without a central node and, consequently, without a single critical point
of access.

In contemporary educational systems, this architecture offers a fundamen-
tally different approach to Al deployment through decentralized federated learn-
ing. In accordance with the model proposed by McMahan et al. (2017), sensitive
data are not transferred to a server - the critical point of access - but remain on
the local device. Once the data have been processed locally, only the resulting
model updates or outputs are transmitted across the network, rather than the un-
derlying data themselves. The principal advantages of this architecture are:

e Full compliance with the GDPR, supported by data privacy and the non-
disclosure of personal data.

e Infrastructure resilience: there is no central server whose failure would inter-
rupt system operation. If one device fails, the remaining devices continue to
function.

The model also has limitations associated with the absence of a central
system administrator. In particular, continuous monitoring is required to detect
potentially malicious nodes that could compromise the integrated Al. Coordina-
tion is also necessary among numerous devices that may join and leave the sys-
tem dynamically, together with reliable synchronization mechanisms.

2.2. Distributed Ledger Technology

Security and synchronization challenges in a decentralized peer-to-peer ar-
chitecture can be addressed through distributed ledger technology and blockchains.
A blockchain is a decentralized, distributed database in which information is stored
in blocks. Unlike conventional databases, it has no central administrator with uni-
lateral authority to delete or modify records; once a block has been recorded, it
cannot be altered. Each block contains a cryptographic signature (hash) of the pre-
ceding block. Because these components are replicated across all network nodes,
software-based manipulation of the records becomes extremely difficult. According
to the EU’s official blockchain strategy  (European Commission, 2023), “Block-
chain technology can provide high levels of cybersecurity”.
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Within educational systems, the technology could be particularly valuable
in two critical areas: the traceability and security of data (including diplomas,
academic results, and student records), and the use of smart contracts. According
to a study published in the journal Information (2026), smart contracts provide a
secure mechanism for managing network access and verifying legitimacy.

At present, blockchain-based distributed data infrastructures for federated
learning have not become standard practice for two principal reasons:

e Computational latency: verifying and processing a block requires substantial
time and computational resources, which creates difficulties when training
more complex algorithms.

e High network costs: every mathematical output must be recorded in the net-
work’s blocks. In federated learning, the volume of such outputs can be con-
siderable, making the model economically inefficient.

Blockchain can therefore make the system secure and controllable, but also
slower and more expensive, creating a need for hybrid or compromise solutions.

3. Hybrid Models and Alternatives for Resource Efficiency
and Optimization

Hybrid models combine the advantages of the two technologies in order to ena-
ble rapid and secure Al integration and training in educational ecosystems.

3.1.Swarm Learning
This model was initially implemented in medical data processing and the
energy sector, where information privacy is critical, yet research efficiency and
analytical accuracy require the sharing of resources.

BLOCKCHAIN LAYER
Coordination management
Smart contract — access validation
Smart contract — leader selection

h 4 -

NODE A
School server
Local data
Local Al model

NODE B
University server
Local data
Local Al model

P2P NETWORK

Direct exchange of model updates
without recording them on the blockchain

Figure 1. Swarm Learning
Source: Author’s illustration

According to the foundational model proposed by Warnat-Herresthal et al.
(2021), the slower blockchain layer is used solely for authorization and leader
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selection. For each training cycle, a single server is designated to perform the
computations, avoiding the simultaneous transmission of information to all
nodes. The selected leader collects information from the peer-to-peer network,
performs the computations, and, once the algorithm has completed the cycle,
distributes the resulting output back to all nodes. Within the high-speed peer-to-
peer network, computational results are transmitted directly and horizontally.
Because these outputs do not constitute sensitive raw data, the overall security
risk is substantially reduced.

A practical implementation of the Swarm Learning architecture can be
observed in the joint project of the German Center for Neurodegenerative Dis-
eases (DZNE) and Hewlett Packard Enterprise (Warnat-Herresthal, S., Schultze,
H., Shastry, S. S., et al., 2021). The project connects hospitals and clinical cen-
ters worldwide, each of which installs software containing a local AI model on
its own local server (node). Sensitive patient data are not transmitted but remain
on the respective hospital’s local server. In addition, a private network is estab-
lished in which authorized hospitals, following blockchain-based verification,
are registered and share only the outputs of their local Al algorithms without
disclosing patient information. One of the servers, dynamically selected through
blockchain consensus, aggregates the model weights at the global level and re-
distributes them to the remaining nodes. This produces substantially higher-
quality results without violating legal requirements or ethical standards.

3.2.8plit Federated Learning (Split Learning)

This sub-model of decentralized federated learning is intended to reduce
the hardware burden on end devices. Al algorithms require substantial computa-
tional resources, which students’ devices - such as smartphones, tablets, and lap-
tops - do not always possess. At the same time, an artificial neural network con-
sists of multiple distinct layers that can be partitioned. The layers that process
students’ input data, including sensitive information, generally do not require the
most computationally intensive operations.

STUDENT SCHOOL/
DEVICE UNIVERSITY SERVER

Student data

+

Al input layer

!

Input-data
processing

| _SPLITPOINT | Pp2P NETWORK

Intermediate P
representations

Deep layers

OuUTPUT

Figure 2. Split Federated Learning

Source: Author’s illustration
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This architectural model addresses the hardware limitations of individual
devices in peer-to-peer networks. However, a security challenge remains at the
connection between end devices and the local server. The transmitted represen-
tations are not directly readable and therefore do not, in themselves, violate legal
requirements. Nevertheless, this critical point may still be exposed to external
intrusion capable of disrupting system operation. To strengthen security, an ad-
ditional blockchain-based authentication layer can be introduced. This layer pro-
cesses only the transmitted hashes, thereby avoiding the computational and net-
work burden associated with large volumes of data.
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Figure 3. Split Learning with an Additional Blockchain Layer

Source: Author’s illustration

In practice, similar architectures are implemented through specialized
technological frameworks in domains where end devices have limited computa-
tional resources. Flower, for example, is a federated learning framework used by
hospitals to analyze data generated by patient devices, including smart sensors.
The model also has considerable potential in cybersecurity and sixth-generation
(6G) networks.

3.3. Personalized Federated Learning

As in the preceding model, the Al layers are partitioned. Whereas split
learning separates an artificial neural network into computationally intensive
and lightweight layers in order to optimize hardware utilization, this approach
distinguishes between shared and local layers. According to Google researchers,
this architecture can achieve greater accuracy and precision by tailoring the final
output to the individual data of each participant connected to the peer-to-peer
network.
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Figure 4. Personalized Federated Learning
Source: Author’s illustration

Blockchain is not included in Figure 4 because it does not participate di-
rectly in the transfer of the core data between Al layers. Smart contracts may
nevertheless be incorporated into this architecture to enhance security and to in-
centivize participants through tokenization. Such smart contracts or tokens
would be positioned between the global core and the end devices.

Apple? uses this architecture to support intelligent features on its i0S de-
vices. The effectiveness of these functions depends heavily on knowledge of the
individual characteristics of the device owner; however, centralized collection of
personal data would conflict with ethical standards and legal requirements. Be-
cause individual user habits vary substantially, a single generalized Al model
may be insufficiently effective, whereas personalization through a dedicated lo-
cal layer can yield considerably better results.

4. Conclusion

The analysis presented above clearly demonstrates the practical potential
of decentralized federated learning networks and their real-world applications.
These architectures show considerable promise for addressing challenges in ed-
ucation and in other data-sensitive sectors, including medicine, economics, and
energy. Continuous technological development, however, means that any given
solution may be temporary and constrained over the longer term. The emergence
of quantum computing introduces new requirements for cryptographic security.
Sixth-generation networks are currently undergoing standardization and are ex-
pected to enter the market in the early 2030s. Their core characteristics may
nevertheless pose challenges for decentralized learning networks, particularly in

2 Apple’s implementation is partially modified because the company operates an extensive
cloud infrastructure of proprietary servers. Devices send updates to secure server clusters, which pro-
cess the information and return the results, thereby ensuring data protection.
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relation to signal attenuation and energy demand. Challenges arising from the
development of Al itself must also be considered. The fact that technological
progress is outpacing regulatory frameworks, together with the risk that pro-
longed reliance on generated information may contribute to so-called ‘model
collapse®, represents a key challenge to the implementation of these models.

To address the quantum threat - which is particularly significant for cryp-
tocurrencies that rely entirely on blockchain - research is currently focused on
algorithms incorporating lattice-based cryptography. To reduce energy con-
sumption, spiking neural networks are being developed using protocols designed
to remain robust under sudden disruptions. Smart contracts are also continuing
to evolve in order to strengthen verification security and to prevent global mod-
els from becoming recursively contaminated or oversaturated with synthetic da-
ta.

Peer-to-peer federated networks should therefore be understood not as a
static framework, but as a dynamic instrument for secure, adaptive, and ethically
responsible learning.
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IMPUJIIOKEHUE HA U3KYCTBEHUA UHTEJIEKT ITPH
YIIPABJIEHUETO HA IIMTEMHUTE BO/JIU B BbJI'APUSA

JlecucaaBa CrognoBa'

Pe3ome: Vnpasnenuemo na numetinume 600U e 0OCHO8eH npuopumem 6 NOCIeOHUMe
200unu. Hapeo cvc 3acywasanemo, 6Humanue ce 0opvua U Ha payuoHaIHOMOo U3N0A36aHe Ha
so0ama, Kakmo u Ha HetiHomo ynpaeieHue. I1ocieOHOmMo 6K0OY8A, KAKMO YNPAGIEHUEMO HA
800HAMA UHDPACMPYKMYPA, MAKA U 8bBEHCOAHEMO HA HOBU MEmOoOU, MOOeIU U NOOXO0U 3d
OUUMAnHO YNpasieHue Ha N00asaHama KoM Mpexcama 600d, OMyumanemo Ha u3pasxooea-
HUme KOJIU4ecmea 8 peaiHo epeme, Kakmo u ynpasienuemo Ha Hanseanemo. Ilopaou mosa,
ye meHOeHyuume 8 Mmo3u CeKmop cd 8 NOCOKA YCKOPEHO CbOupane Ha OAHHU C 02lied N0000-
pABaHe HA YNpaslieHuemo ce noseaeam u peouyd 6b3IMONCHOCMU 3d Cb30d6aHe HA Al20pUm-
MU HA OCHOBAMA HA U3KYCMEEHUS UHMENeKm,  Koumo 0a nodobpsm npoyecume HA eQex-
MUBHO ynpaeieHue Ha 600amad. 3a yeiume HA AHAIU3UMeE €A U3NON36AHU ODuUYUATHU cma-
MuUcmuyecku OaHHU, Kamo ca npeocmaseni OCHOBHU U3600U  3d YCMOUYUBO YNpagieHue Ha
numetinume 600u 6 buvieapus.

Ki1r04oBH 1yMH: N3KYCTBEH WHTEIIEKT; HKOHOMUKA; TUTCHHU BOJM; HHOBAIIUU

JEL: 033, A10, Q25, 031

APPLICATION OF ARTIFICIAL INTELLIGENCE IN DRINKING
WATER MANEGMENT IN BULGARIA

Desislava Stoyanova 2

Abstract: Drinking water management has been a key priority in recent years. Along-
side the issue of drought, attention is being focused on the rational use and management of
water. The latter encompasses both the management of water infrastructure and the imple-
mentation of new methods, models, and approaches for the digital management of water sup-
plied to the network, real-time consumption monitoring, and pressure management. As trends
in this sector shift towards accelerated data collection to enhance management, numerous
opportunities are emerging to develop artificial intelligence-based algorithms that improve
water management efficiency. Official statistical data were used for the analysis, and key
conclusions regarding the sustainable management of drinking water in Bulgaria are pre-
sented.

Keywords: artificial intelligence; economy; drinkable water; innovation
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[Ipe3 mocnenHOTO NECEeTUJIETHE YIPABICHUETO HA MHUTEWHA BOJA € OT
KJIFOUOBO 3HAYEHHE 3a JKMBOTA HA XOpaTa U MKOHOMUYECKUTE MPOLECH Ha Mpo-
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W3BOJICTBO U pasmpesesieHue, MPEIBUl TOJIEMHUTE MPUPOIHUA KIMMATHIHHA TIPO-
MeHu. OCBEH NMPOMEHUTE B KJIMMAaTa, TOJIEMUTE 3aCyIIaBaHUs, YBEIMYABAIINTE
Ce EKCTPEMHHU SIBJICHUS M OCJCTBUS, B PEIMIlA HAcEIeHn MecTa B bharapus Bo-
JOTIPOBOHATA MpEka € MHOTO OCTapsiia Wi Hee()eKTUBHO u3mnoi3BaHa. Kakto
Ha JbP’KABHO, TaKa M HA MECTHO HUBO CE€ TOSIBSBA BBIIPOCA 3a OIa3BaHE U pallu-
OHAJTHO M3MOJ3BaHE Ha MUTEHHATa BOojJa. 3aryOMTe Ha MUTEHHA BOJA BOISAT JI0
peXUM Ha BOJOIOAABAHETO B PA3IMYHM PAalOHM Ha CTpaHaTa, BBEKJIAaHE Ha
KPU3UCHHU CUTYallUd U CHOTBETHO JI0 BJIOIIaBaHE KauyeCTBOTO HA KUBOT U MKO-
HOMHUYECKH 3aryou. IIpenBua pa3BuBamiaTa ce JTUTHTAIA3AINNSA ¥ H3MOJI3BAHETO
Ha M3KYCTBCHUS MHTEJICKT, YIIPABJICHUETO HA MUTCHHUTE BOJAU MOXKE Ja CE I0-
J00pU 3HAYUTEITHO.

1.MeTo10/10THYHA paMKA HA U3CJIeIBAHETO

N3MeHeHusiTa, KOUTO HACTHIBAT B MPUPOJHUTE CUCTEMH Ca 3arllaxa Kak-
TO 33 €KOCUCTEMUTE, ChIIO Taka M 3a MKOHOMHKATA, YOBEUIKOTO 3/IpaBE U Karo
1151710 3a ObaenmTe nokonenus (Tunosa, 2018). [locraBeHUsAT BBIIPOC “Kak Aa ce
OTpaHUYM M3I0JI3BAHETO Ha MPUPOJHU PECYPCH, 32 Ja CE€ rapaHTHpa TAXHATa
J'BIATOCPOYHA UKOHOMMYECKA ku3HecrnocoOHocT (Ostrom, 1990), npoabikasa
na Obae BanujeH. C mosiBaTa HA HOBU TEXHOJIOTMU M BHEIPSBAHETO HA M3KYCT-
BEH MHTEJIEKT MOXE J1a C€ MOCTUTHE 3HAYUTEIHO MOI00psBaHe Ha yIpaBJeHUE-
TO Ha NMUTEeNHaTa Bojaa B bearapus. [IpunoxeHMEeTo Ha M3KYCTBEHUS MHTEIIEKT
BBHB BOJIHHS CEKTOP MO3BOJIsIBA ChbOMpPaHe U 00paboTBaHe HA TOJSIMO KOJTMYECTBO
JaHHU, HAOJIOZIEHNE U OTUYUTAHE B PEajHO BpPEME, KOETO JjaBa Bb3MOXKHOCTHU J1a
ce KOHTpOJIMpa HaJISraHeTO Ha BoJaTa B Mpexkara, Obp30 JOKaJTIU3UpaHe U OTCT-
paHsiBaHE Ha TEUYOBE, KOPEKTHO OTUYUTAHE U MPEOAOJSIBAHE HA KPU3UCHU CUTYa-
nuu. HansiraneTo e Ba)xeH mapamMeThbp Ha CHaOAsIBAHETO, 3al[0TO HErOBOTO Ipe-
KOMEpPHO yBEJIMYaBaHE BOJMU JI0 aBapuu M TeyoBe. B HacTosmioro uscienBaHe
MOJIKpersiME MHEHHUETO Ha aBTOPA, Y€ ,,B MOCIEAHUTE TOAUHN U3KYCTBEHUST UH-
TEJIEKT CTaBa BCE MO-aKTyaJlHa TeMa KaKTO 3a HAyYHU M3CIEABaHUA, ChILO TaKa
U 3a mpaktudecku pazpadbotku’ (CrossHoB, Komcanosa, JlykoBcka, 2023). Haii-
e(EeKTUBHUAT MOJXOJ] 32 BHEAPSABAHE Ha JaJleHAa TEXHOJIOTHS CE€ OCHOBaBa Ha
HEMHOTO LIEJIEHACOUYEHO UM aJIEKBAaTHO MPUJIOKEHHE B mpakthyecka cpeaa (Kop-
noH, 2023). Jlpyru aBTOpH CIOJEIAT, Y€ B 001aCTTa HA U3KYCTBEHUSI MHTEICKT
ce BJIaraT peKOpAHU MO pa3mep GUHAHCOBU CPEICTBA, MPEIHA3HAYEHH 3a HEro-
BOTO M3rpakaaHe U ycbBbplueHcTBaHe (I'epmxukos, 2025). Ilonkpensime MHe-
HUETO Ha aBTOpPA, Y€ € HEOOXOUM KPUTHUEH aHAJIU3 Ha MPOLECUTE B OOKpBHKa-
BalllaTa cpejia ¢ e OTKpUBaHE Ha CIa00CTH U HEJAOCTAThIU B €(DEKTUBHOCTTA U
onpeessHe Ha HeOOXOAMMOCTTa OT TSAXHOTO LSJIOCTHO MPOEKTHUPAHE U OMNTH-
muzanus (Kupunosa, 2016) . Ot HanpaBeHus: TUTEpaTypeH Mperien ciaeaBa, e
MPUIOKEHUETO HA U3KYCTBEH MHTENEKT IIPH YIPAaBICHUETO Ha MUTEMHATA BOJA
B bbirapust € Bb3MOXHOCT, 32 I5UI0CTHA pedhopma Ha 1esius IpoLec U A0CTUra-
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HE Ha 3aJ0BOJIMTEIIHU MOKA3aTENM 3a YCTOMYMBO yIpaBieHue. ToBa f1aBa OCHO-
BAHHUE J1a CE MOCTABHU CJIECIHATA LeJ HA U3CJIeIBAHETO, a HUMEHHO: 1a ce o4yep-
TasAT NPUYUHHUTE 32 NMPOSIBABAHE HA HEOOXOAUMOCT OT NMPWJIOKEHHETO HA
U3KYCTBEHHUS] MHTEJIEKT MPHU yIPABJEHHETO HA nureiiHuTe BoAu B bhira-
pHsl M 1a Ce HANPABAT U3BOJAM 32 YCTOMYMBOTO UM ynpasJeHue. B HacTos-
niata pazpaboTka € HampaBeH JUTEpaTypeH 0030p, KaKTO € M3BBPIIEH CTaTHUC-
TUYECKHU aHajiu3 Mo JaHHu oT Harnuonanen craructudecku MHCTUTYT (HCH) u
Komucus 3a eHepruiiHO U BOAHO PETYJIMPAHE.

2.AHa; M3 HA TMOAXOAMTE 3a YyIpaBJeHHE HA NHUTEHHATA BOJAA
B brarapus
VYnpasneHneTo Ha nuTelHa BoJa B bbeirapus ce Biomasa BCsKa U3MUHA-
Ja roauHa, opaau ¢akta, 4e 3aryouTe Ha mMUTeHHa Bojaa ce yBenuuyaBar. Ot
MpEICTaBeHUTE JIaHHU B TaOyuia | M3BEIEHU OT HallMOHAJTHATa CTATUCTUKA HA
BoauTe 3a 2024 T. ce 3a0emnsi3Ba, ye CcrpsiMo nojgaaeHara Boaa (876,57 miuH. M3)
nmoBeyYe OT MoJIoBUHATA ca 3aryou (494,43 muH. mM3).

Tabnuya: 1 Ilooadena 6o0a om obuecmeenomo 6000CHabOsA8aAHEe 0OWO 3a
cmpanama 8 MIH. Kyo. m. / 200.

bobarapus 2024
Ilomanena Boma, o01I0! 876,57
O6mma koHCcyManus Ha Boja ((akTypupaHa u HedakTypupaHa BOIa) 382,14
JlocTaBeHa Boja Ha KpaifHUTe noTpedurenu (pakrypupana Boaa) 351,80
JloctaBeHa BOJia HA JOMaKMHCTBATA 260,32
JloctaBeHa Bo/a Ha IpyTy MOTpeOUTETH 91,49
JlocraBeHna nurteliHa Boja 84,31
JlocraBeHa HenuTeHA BOAA 7,17
Hedaxrypupana Bosna 30,34
3aryou Ha Bosa, 00110? 494,43
B T.4 3ary0Ou IIpH TPaHCIIOPTa Ha BoJiaTa (peajiHu 3aryomn ) 424,99
' Tlomagenara Bojia € cyMa oT o0IaTa 3aKkOHHAa KOHCyMalust Ha Boja (dakTypupaHa u He-
dbakTypupaHa BoJia) M 3aryouTe Ha Boja.
2 3aryOuTe Ha BOJa BKIIIOYBAT (DU3MUYECKUTE 3aryOH MPH TPAHCIIOPTA, HEOTOPU3HPAHA KOH-
CyMallus, TPEIKU IPU U3MEPBAHETO U IPYTH.

W3ztounuk: HCH, 2024 r.

JlannuTe mokaszBat, 4ye npe3 orderHata 2024 r. romuHa BuK cextopbt
IPOJbJKaBa Ja € Jlajed OT OCTUraHe Ha ABJITOCPOYHOTO HUBO HA 3aryOuTe Ha
nuteitHa Boga noj 50%, JokonIKoTo ce oTuuTaT HUBa oT 60,25%. Koncratupa
ce BIIOIIaBaHE CIPSAMO OTYETEHUTE HUBaA npe3 npeaxoxaHara 2023 r. ot 60,21%
(KEBP). Bucokute HHBa Ha 3ary0u MOCTaBST C TOJISIMAa BAXKHOCT BBIIPOCUTE 32
HAYMHUTE, MOJIXOJAUTE, METOAUTE U TEXHOJOTUHUTE 3a YIPABICHUE HA JIOCTaBs-
HaTa W W3pa3XxojBaHa MUTEHHA BOJA, KATO OCHOBA 3a HaMaJsBaHE Ha 3aryouTe

(¢wur. 1).
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I[TOJAJJEHA BOJIA OT OBIIECTBEHOTO
BOJIOCHABJIABAHE (BuK) - OBIIIO 3A
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Que. 1 Ilooadena sooa om obwecmeeHomo 8000CHabOA8aAHE 8 MIH. KYO.M /
200., usmoynux: Ooanxu om HCH

[IpomsiHaTa B MOAXOAUTE HA YIpPaBJICHUE MOXE Jla C€ ThPCH B CIIECIHUTE
MIOCOKH:

e HalOmtonenue B peanqHo BpeMe Ha JIOCTaBsSHATa BOJA BbB BOJIOIPEHOC-
HaTa MPEXa;

e VYrmpaBieHUe Ha JOCTAaBSIHOTO KOJIMYECTBO Ha 0a3a Ha pa3xojia Ha BOJa
B pPEaJIHO BpeMe, KaTO OCHOBA 3a OaJlaHCHPaHO YIpaBJICHUE HA HAJSTAHETO B
Mpexara;

e HaOmrogeHue B peaqHO BpeMe Ha M3pa3xoJiBaHaTa BOJiIa B KpaWHUTE
TOYKH, KOETO JlaBa Bh3MOXKHOCTH 3a paHHO OTKpPUBAHE Ha 3aryou;

e HalGmiomenue Ha KomuMyecTBaTa BOJA B PEaTHO BpPEME B ONPENETICHU
KJIFOUOBU TOYKH OT MpeKaTa ¢ OTJie]] paHHO OTKPHBAHE Ha 3aryou;

e PazpabGoTrBane u anpoOupaHe Ha MPOPIITHA XapAKTEPUCTUKH Ha TTOTPe-
OuTenuTe HA BOJA OT IJieJHA TOYKAa Ha OOMYAHHHUTE MM TOJXOAH 3a IMOoTpeodIie-
HUE BbB BpemeTo. ToBa JaBa Bb3MOKHOCTH 3a MPOTHO3UPAHE HA U3MOJ3BAHUTE
KOJINYECTBA U PAaHHO UJICHTU(UIIMPAHE HA HEJOCTUT IO OINpE/STCHH YacTh Ha
MpeKaTa Wi BB BpEMETO | JIp.

BbBekmaHeTo Ha M3KYCTBEH MHTEJEKT Hajlara M M3WCKBA M Pa3BUTHEC Ha
ChOTBETHATA JUTHUTAlIHA UHPPACTPYKTypa. B HacTOAIIOTO M3chHeaBaHe OAKpe-
M€ MHEHHUETO, Y€ ,,3a J1a Ob/Ie U3KYCTBEHUSI UHTEJICKT €PEKTUBEH, TON TpsiOBa
na ObJie MOJKpeneH OT MHPPACTPYKTypa — CIOCOOHOCT J1a C€ M3MOJI3Ba, J1a Ce
BHEJIPSIBA, J1a C€ MpHUEMAaT IMOCJEACTBUATA U Jia C€ TapaHTHpa T'bBKABOTO MY
npuiarase. ToBa M3MCKBA MOJUTHYECKA, TEXHOJOTUYHA U (DUHAHCOBA aHTaXKU-
PAHOCT, KOSITO MOE Ja C€ OKaKe MPEeIU3BUKATEIICTBO MPEIBUJl PA3IAYHUTE
npuoputeTu 3a pazutue.” (I'anues, 2024). AKTyanHUTE JaHHU 33 YIPaBJICHHUE
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Ha MTENHATa BOAA B bbirapus, KaKTO 1 KOHCTATUPAHUTE HEOCTATHLU U HECH-
BBPLICHCTBA Ha IIPOLICCUTE HA YIIPABJICHUE PA3KpPUBA U HIKOU OT TEXHOJIOTMY-
HUTE Bb3MOXXHOCTH 3a MOJIEPHU3UPAHE HA CEKTOPA.

3. Bb3MOKHOCTH 32 IPUJIOKEHHUE HA U3KYCTBEHUS UHTEJIEKT NP
ylpaBJ/ieHHETO HA MUTEeHHATAa BOAA

BbBexk1aHeTo Ha M3KYCTBEH MHTENEKT BbB BCUUKHM UKOHOMUYECKHU chepu e
Beue QakT u ce nmojoOpsBa u npuiara ¢ 0sp3u Temnose. Kakro BriikoBa mocou-
Ba: ,,B MOCIEAHUTE TOJIMHUA C PA3BUTHETO HA TEXHOJIOTUMUTE M IOSBATAa Ha BCE
NOBEYE CPE/ICTBA M HAUMHM 32 KOMYHHUKAIUsI U OOMEH Ha MH(pOpMalusl, TUTuTa-
JU3alusITa € €CTECTBEH MPOolleC BbB BCHUYKU CEepH Ha YOBEIIKATa JIEWHOCT
(Bbixona, 2024). IlpuioxeHHETO HA TUTHTAIHUA CPEJICTBA U M3KYCTBEH HHTE-
JIEKT B YIIPaBJICHUETO HA MUTEHHU BOAM B bbarapus Moxe J1a oAIoOMOTHE, Kak-
TO OTJEJHU €Talnu, Taka u 1enus npoiec. Ha dur. 2 ca npencrtaBeHu HIKOU OcC-
HOBHU €Taly OT YIIPaBJICHUE HA MUTEHHATA BOJIA, @ UMEHHO:

e VYmpasneHue Ha BojgocOoOpa/30HaTa 3a MOAXPAaHBAHE HA TOYKUTE Ha BO-
JIOB3EMaHE;

e VYrmpaBieHuE Ha MPEUYMCTBAHETO HA MTUTEHHATA BOJIA;

e VYrmpaBieHuE Ha CbXpPaHEHUETO HA MUTEHHO-OUTOBATA BOJIA;

e VmpapieHue Ha Mpolieca Ha pa3npe/iesieHue Ha BojiaTa, IpeAHa3HaueHa
3a MUTEHHO-OMUTOBH IICIH;

e VYrmpaBieHHe Ha BTPEIIHUTE PA3NPEACIIUTCTHN CUCTEMHU.

YIIpaBlIEHHE HA
BojocGopa/30Hara 3a
IOAXPaHBaHe Ha

VipasieHue Ha
BBTPENIHATE
paznpeaeIuTeTHA
CHCTEMH

VipagieHue Ha
MPEYHCTBAHETO HA
IHUTeHHATa BOOa

VipagieHue Ha
rporieca Ha
pasIpeaeneHne Ha
BOJIATA,

VipagieHue Ha
ChXpaHEHHUETO Ha
IATEeHHO-0HTOBATA

TpeaHa3Ha4YeHa 3a
PEUH BOJIA

HATEHHO-OUTOBH
e

Que. 2 OcHosHU emanu om Ynpasiexue Ha NUmeuHama 6004,
U3MOYHUK: aemopoe6o npoyuiedane
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Upes pa3inyHu aJITOPUTMU U3KYCTBEHUSI MHTEIEKT MOXKE Ja MPOTHO3HUpa
¥ J1a TIpaBy CIICHAPUU MPHU yIpaBIeHUE HA BOJOCOOpa B yCIOBHS Ha 3acCylIaBaHE
WIM TPOIBIDKATENHU Basiexku. UM Moxe 1a moJrmoMorae MOHUTOPUHIAa U KOHT-
poJla Ha Ka4eCTBOTO HA MUTEHHATAa BOJA, YPE3 aBTOMATU3UPAHO CIIEJICHE U MOJI-
Jbp’KaHE Ha NPEYNCTBATEIHUTE CTAHIIMM OT €Ha CTPaHa NPABUJIHO MPEYUCTBA-
HE Ha BOJATa, KaTo ce CJleIu MpaBWJIHATA JO3UPOBKA HA MpenapaTute 3a mpe-
YUCTBaHE, KOETO OT CBOSI CTpaHa MpenoTBpaTsABA HEJAOCTUT WIHM MpPEHACHILAHE.
OT apyra cTpaHa MOKE€ J1a c€ BHEAPH 3a CJIEJEHE Ha rpaduk 3a MycKaHe U CIU-
paHe Ha MOMIIUTE U KOMIPECOPUTE, KOUTO MOJAbPHKAT MOMIIEHUTE CTAHIMH, 32
Ja ce u30erHe HeloCTUr Win nperoBapBaHe. C BBbBEXKJAHE HAa AMCTAHLUOHHO
OTUMTAHE Ha MOTPEOUTEIUTE B PEATHO BPEME U MOCPEICTBOM AJIITOPUTMU U MO-
JIeJIA U3KYCTBEHMSI MHTEJIEKT II€ OTYUTA MOTPEOJIEHNETO, KOETO IIe AOBEIE A0
NPELU3HO pEryJupaHe Ha HAISITAHETO, a TO OT CBOSI CTPAHA HamaJlsiBa pyUcKa OT
aBapuu. Korato ce cpOupaT JaHHUTE B peajHO BpEeMe Ha M0/aJieHa U U3pa3xo/l-
BaHa MUTEIHa BOJIa MOXKE J1a c€ MPOTHO3Mpa U JIOKAINU3Hpa Mo-0bp30 Te€d B CUC-
T€Mara U ChOTBETHO J1a CE OTCTPAaHU HaBpeMe. M3KyCTBEHMAT MHTEIEKT MOXKE
Jla HaMaJIM pUCKa OT aBapuu U J1a OCUTYpH 0€30MacHOCTTa Ha BOAOCHAOIIBaHe-
TO.

3a 1a € Bb3MOYKHO Jja C€ IOCTUTHE BUCOKA €()EKTHMBHOCT HAa B3E€MAaHUTE
peuieHusl OT BCUYKM YYaCTHULIM B Ipoleca € He0OXOAMMO BUCOKO HUBO HA WH-
(dopMallIOHHA OCUTYPEHOCT C JaHHH, KaTO M3UCKBAHETO KbM TSX €, T€ Ja ca:
aKTyaJIHH, HABPEMEHHH U TOCTOBEepHH (¢wur. 3).

HudopmaronHa VipaBieHCKH
OCHTYPEHOCT penieHns

Que. 3 Ungopmayuonno obesneuasane Ha ynpagieHcKkume peuieHus,
U3MOYHUK. aBmMOpOo60 npoydeaHe

yIpaBiIeHHE Ha

[Ipu BBBEXJaHE HA IUTUTATHU METOJIM W ISIOCTHA pedopma B CEKTOpa
3a M0 e(EeKTUBHO YyNpaBJICHWE HAa MUTEHHUTE BOJU € HEOOXOJMMO ydacThe Ha
BCUYKH 3aMHTEpPECOBaHU cTpaHu. ToBa 11e rapaHTupa cboOpa3sBaHe C OT/IEIHU-
T€ TJIETHU TOYKH, OTUYUTAHE HA MHGOpMAIUATa B HEMHATA ISUIOCT, KAKTO U TO-
BHUCOKA €(PEKTUBHOCT U MPO3PAYHOCT HA B3EMAHUTE PEIICHMUSI.

3akJIroueHue

B 3akmrouenue cnenga aa ce mocoud, ye bearapus ce Hy:kzaae OT CIIelHa
pedopma U TEXHOJOTMYHA MOJEPHHU3ALMs B YNPABICHUETO HAa MUTEHHU BOJIU.
PemaBaneTo Ha Te3u 3a/1a4M U3MCKBA, KAKTO HEOOXOMMOTO (PMHAHCUPAHE, TaKa

334



¥ BbBEX/IaHE U 00yUYeHHE Ha HOBU TEXHOJIOTMH U U3MOJI3BaHE HA U3KYCTBEH HUH-
TEJIEKT, 3a MOCTUraHe Ha MO-100pO YIpaBiIeHUE U TIOCTUTaHE HA €(PEKTUBHO U3-
NI0JI3BaHE HA NUTEHaTa Boja. HanuuHuTe Konu4yecTBa BoAa B IPUpOATa CIIE-
Ba Jla Ce YIpaBJIABaT, Ype3 HOBU METOAM, KOUTO J1a MO3BOJIAT €(PEeKTUBHO BOJOC-
Ha0/1BaHE U HAMAJIABaHE HA KPU3UCHUTE CUTYAaIlUH.
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AITPAMOTHOCT KATO HOBA KJIIOYOBA KOMIIETEHTHOCT
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JInsust Beirukosa eopruesa, yuures npogecuoHanno odyuenune’

Pe3tome: /loxnaovm pazenexcoa Al epamomumocmma kamo HoO8a Ki408a Komne-
MEeHMHOCM 8 YCN08UAMA HA OUSUMAiHa mpaucgopmayus Ha Ouzneca u 06paA308aHUENO.
Ananuzupam ce ymenusma 3a e@exmueHo U KpUmuyHo usnonzeare Ha Al uncmpymenmu u
MAXHAMA pois 3a NPOU3800UMETHOCMMA U Kavecmeomo Ha odyuenue. Mzeedenu ca npeous-
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Abstract: The paper examines Al literacy as a new key competence in the context of
the digital transformation of business and education. It analyzes the skills for effective and
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and recommendations for building sustainable competences are outlined.
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1. BbBenenune

JururanHara Tpanchopmanus Ha oOpa30BaHUETO NPE3 MOCIEIHUTE ro-
JUHY [IOCTaBsI HOBO MPEJU3BUKATEICTBO IIPE] CPEAHOTO NPOPECUOHATHO 00pa-
30BaHUE — WHTErPUPAHETO HA HUHCTPYMEHTH, Oa3upaHu Ha U3KYCTBEH UHTEJIEKT
(Al), B yuebnus npotuiec. I'enepatuBuusat uskyctBeH unrenekt (ChatGPT, Copi-
lot 1 cxoaHU MIaTGOpPMH) BeUe € UIMPOKO JOCTHIEH U aKTUBHO CE U3IOJI3BA OT
YYECHHIIUTE, HE3aBUCUMO Jlaji YUYWIMILETO MMa HU3rpajieHa MOJIUTHKA 33 TOBA.
Ta3u peanHocT nocrassi BbIpoca He Aanu Al TpsOBa fga MPUCHCTBA B yUMIIMIL-
HaTa cpesa, a Kak yYeHUIUTe Ja ObAaT MOATOTBEHU Ja IO U3IO0JI3BAT OTIOBOP-
HO, KPUTHUYHO U €(EKTHUBHO.

Al rpamoTHOCTTa — CIIOCOOHOCTTA 3a pa3dupaHe HA MPUHIUIINTE HA pa-
oorta Ha Al cucremure, 3a OLIEHKA HA TIXHATA HAAEKIHOCT U 32 €TUYHO MpuUJia-
raHe Ha pe3yJTaTUTE OT TAX — C€ OYepTaBa KaTO HOBAa KIIFOUOBA KOMIIETEHT-
HOCT, ChIIOCTaBMMa IO 3HAYEHHUE C AUTUTAIHATA TPAMOTHOCT OT MPEAXOAHOTO

ltsvetelinb@gmail.com, TIATT ,,JumMutsbp XaKUBaCHIIEB
2ili_georgieva@gmail.com, TIITI ,,JumMutsp XaKHUBacUIeB
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necerunietTre. 3a ydyeHuuute B 8-12 kimac B mpodecuoHamHa TUMHa3us Ta3u
KOMIIETEHTHOCT MMa JBOWHO 3HAa4Y€HHE: OT €JHAa CTpaHa, TS € 4acT OT obuiarta
UM TUTHUTaJIHA KyJITypa, a OT Apyra — MNPSAKO CBbp3aHa ¢ Objemniara um mnpode-
CHOHAJIHA peajn3alusi, Thii KaTO MHCTPYMEHTH C M3KYCTBEH MHTEJIEKT BCE IO-
0Ce3aeMO HaBJIM3aT B MOYTH BCUYKU NMPO(ECHOHAHU CHEPH.

HacTodmusaTr noknazn cu mocrass 3a Len Ja pasriena Al rpaMOTHOCTTa
KaToO KJIF0YOBa KOMIIETEHTHOCT B KOHTEKCTa Ha CPeHOTO npodecruoHamHo oopa-
30BaHHE, KaTo ce (OKycHMpa BBPXY KOHKPETHHUTE NIPEIU3BHKATEIICTBA U
BB3MOXKHOCTH TIpeJ] HEWHOTO Pa3BUTHE B YUWIMIIHA cpefa. 3a MOCTHUTaHe Ha
Ta3W e ca U3BEJCHH cienHuTe 3a1a4n: (1) ma ce u3sCHU CHITHOCTTa U OCHOB-
HUTE KOMIOHEHTH Ha Al rpaMOTHOCTTa, aJanTHPaHU KbM yUYEeHUYECKa BB3PacT;
(2) na ce ananu3upa cnenudurKaTa U B KOHTEKCTa HA MPAKTHIECKOTO OOyYCHHE
B NpodecuoHanHara rumMHasus; (3) 1a ce OTKpOST OCHOBHUTE Ipeau3BUKaTEN-
CTBa MpeJ HEMHOTO W3rpaxjaHe; M (4) ga ce mpeasiokat A0OpU MPaKTUKUA U
IPETOPBKU 3a UHTETPUPAHETO U B y4eOHHUs MPOLIEC.

JIoKJIagbT € CTPYKTYpHUpaH B IBE OCHOBHHM YacTH, CJI€IBaHU OT U3BOJU U
IPENoOPbKU 3a YCTOMUMBO pa3Butre Ha Al rpaMOTHOCTTa B cpeHOTO Ipodecu-
OHAJIHO 0Opa30BaHUE.

2. CpbmiHOCT M U3MepeHus Ha Al rpaMOTHOCTTa B CPEAHOTO
npogecnoHaIHO 00pa3oBaHue

Al TpaMOTHOCTTA HE € HOBa CAMOCTOSITEJIHA y4eOHa TUCIUIUIMHA, & KOM-
MJIEKCHA KOMIIETEHTHOCT, KOSITO C€ M3rpaXk[a Ha MpeceyHaTa TouKa MEXIy Ju-
TUTATHUTE YMEHUS, KPUTUYHOTO MHCJICHE M CIelu(UUIHUTE MPOdECHOHATHH
3HaHUS Ha YUYeHHUKA. B KOHTeKcTa Ha cpeaHOTO NMPOo(ECHOHAIIHO 00pa30BaHHE TS
npua00MBa JONMBIHUTEIHO U3MEPEHHUE, Thid KaTO OBACIIMTE CIICHHAIUCTH TPsIO-
Ba HE caMo Jia pa3doupaT NMPUHIMIUTE Ha padoTa Ha Al cuctemure, HO U J1a MO-
raT Ja mpwiaraT Te3W CHUCTEeMH B KOHKpeTHa NMpodeCHOHAIHA JIEMHOCT — OT
MIPOCKTUPAHE U MPOU3BOACTBO JO0 KOMYHHUKAIIHUS C KIIMCHTH U TAPTHHOPH.

2.1. Onpeodenenue u komnonenmu Ha Al epamomnocmma

B nayunara nmurepatypa Al rpamoTHOCTTA ce AeduHUpa KaTO CHhBKYITHOCT
OT 3HaHWS, YMEHHUS W HarJiach, KOWTO IO3BOJISIBAT Ha WHAWBHUAA €(EKTHBHO,
KPUTUYHO M €THYHO Ja M3IMO0JI3Ba CHCTEMH, 0a3upaHu Ha M3KYCTBEH MHTEIIEKT,
HE3aBUCHMO OT TexHuueckata uM cioxHocT (Long & Magerko, 2020). Kowm-
IJIEKCHUAT XapakTep Ha KOMIIETEHTHOCTTa 0OXBallla Hail-MaJIko TpU B3aUMO-
cBbp3aHu u3MepeHus: (1) TeXHOJOTUYHO pa3zOupaHe — 0a30BO MO3HABaHE Ha
npuHIMIUTE Ha paboTta Ha Al cuctemMuTe M Ha TEXHUTE Bb3MOKHOCTH U Orpa-
HUYeHUsI; (2) KpUTUIHO MUCJIEHEe — CIOCOOHOCT 3a OIleHKa Ha JJOCTOBEPHOCTTA,
HAJCKTHOCTTA W MOTEHIIMATHUTE MPUCTPACTHS B PE3YyATATUTE, TCHEPUPAHU OT
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Al; 1 (3) eTH4HO M OTTOBOPHO HM3M0JI3BAaHE — OCH3HABAaHE HA BBIIPOCUTE, CBBP-
3aHU C aBTOPCTBOTO, MHTEJIEKTyaJIHaTa COOCTBEHOCT U JOOPOCHBECTHOTO aKa-
nemugHo noBenenue (Ng et al., 2021).

3a yuenunu B 8-12 kiac Te3u KOMIIOHEHTHU Clie[[Ba J1a OBbAAT alaliTUPAHU
ChOOpa3HO BBH3PACTOBUTE OCOOCHOCTM WM HHUBOTO Ha JWTUTAIHA 3PSUIOCT.
Hampumep, nokaro B 8-9 kiac akueHTHT MOKe Ja ObJe MOCTaBEH BbpXY 0a30-
BOTO 3al03HABaHE C Bb3MOKHOCTUTE Ha Al MHCTpyMeHTUTE U (POpMUpPAHETO HA
eJIEeMEHTapHU HABUIIM 32 MpoBepka Ha uHpopmanusTa, To B 11-12 kinac BHuMa-
HUETO JIOTMYHO C€ HACOYBAa KbM IMO-33bJIO0OYEHO KPUTUYHO OCMUCISHE U KbM
KOHKpeTHO npuiioxeHue Ha Al B pamkute Ha uzbOpaHaTta npodecroHagHa cre-
UAJTHOCT.

TexHOoNOorn4Ho KpuTuiHo
pasbupaHne MUCNeHe

Al
rpaMoTHOCT

ETU4YHO ¥ OTroBOpHO
usnonssaHe

Queypa 1. Ocnosnu komnonenmu nHa Al epamomnocmma
Hsmounuk: adanmupano no Long & Magerko (2020) u Ng et al. (2021)

2.2. Cneyughuxa na Al epamomnocmma 8 npakmuueckomo obyuenue no
UT oucyunnurnu

[IpakTueckoro oO0y4yeHHe MO Iporpamupane, 0a3u JaHHU, €IEKTPOHHA
THProBUsi U WH(OOPMALIMOHHN TEXHOJOTUHU MPENOCTaBs HU3KIIOUUTETHO OJiaro-
IOPUSTEH U CBHIIEBPEMEHHO MPEIN3BUKATEIICH KOHTEKCT 3a pa3Butue Ha Al rpa-
MOTHOCT, Thi KaTO YYCHUIIUTE BIU3AT B MPSAK KOHTAKT ¢ Al HHCTpyMeHTH, KOU-
TO Beue ca HepaszaesHa dacT oT peanHata UT nanyctpusa. Al uHcTpymeHTH 3a
reHepupane u obsicienre Ha kon (Hamp. GitHub Copilot, ChatGPT) naBnuzat
BCE M0-MacOBO B MPAKTHKAaTa Ha pa3pabdOTUHUIINTE, & UHCTPYMEHTH 32 aBTOMATH-
3upaHo reHepupane Ha SQL 3asBKHM OT €CTECTBEH €3UK yJecHSBaT paboraTa C
0a3u nanHu. B cdepara Ha enekTpoHHaTa ThproBus Al ABMXM MpenopbyBallu-
T€ CUCTEMHM, 4aTOOTOBETE 3a 0OCIyXBaHE Ha KIMEHTU U NEpCOHAIM3ALUATA Ha
ChIBPKAHUETO — TEMH, KOUTO Ca IPSKO CBbP3aHU C Y4€OHOTO ChABPIKAHUE T10
ChOTBETHATA CIIELUATHOCT.
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Crenu(pruyHO NPeaU3BUKATENICTBO Mpea 00YUYEHHUETO MO MPOrpaMHUpaHe €
PUCKBT YUCHULUTE Ja U3M0a3BaT Al HHCTpPYMEHTH 3a T€HEPUPAHE Ha 3aBbPILIEH
Koz, 6e3 a pa30upar Jorukara 3aj1 Hero — sBJI€HHE, I03HATO KaTo ,,CIANO0 KO-
nupane (copy-paste programming). MIMeHHO 3aToBa B 4acoBeTe IO Iporpa-
mupane u 6a3u gaHHu Al rpaMoTHOCTTa TpsiOBa Ja ce U3rpa)kaa He KaTo 3abpa-
Ha 3a M3MO0J3BAHE Ha TaKUBa HMHCTPYMEHTH, a KaTo yMEHHE Te Jaa ObaaT
U3MOJI3BaHM KAaTO MOMOITHUK 3a 00sSICHEHUE, TPOBEPKa M ONTUMM3ALUS Ha KO/, a
HE KaTO 3aMECTUTEN Ha COOCTBEHOTO MucieHe. Tabmuna 1 npencraBs npuMepHU
BB3MOKHOCTH 3a MpUJIOKeHHe Ha Al MHCTPYMEHTH B pa3iMuHU y4e€OHU JIeHHO-
ctu o UT nucuunnunu B npodecronanHaTa ruMHA3Us.

Tabauya 1. [Ipumepru 6v3modcHocmu 3a npunoxcerue Ha Al uncmpymenmu 6
yebHus npoyec no UT oucyuniunu 6 npogecuonarnama 2UMHA3UsL

Y4eOHa neifHOCT Al mHCTpYMeHT (IpuMep) IIpunoxenune
OO6yueHnue 1o GitHub Copilot / ChatGPT |I'enepupane, o0sicHeHHE U OTCTpa-
IporpaMupase HsBaHe Ha rpewky (debugging) B
KOJ
ba3u nanuu Al unctpymenTu 3a reHepu-| IIpeBoa OT eCTECTBEH €3UK KbM
pane Ha SQL 3asaBku SQL 3asBKH, ONTUMHU3AIIAS Ha 3a-
SIBKU
Enextponna Teprosust Al garGoToBe u mpe- Cumynanus Ha KIMEHTCKO 00-
NOpBYBAILU CUCTEMH CIly>)KBaHe, IEpCOHAIM3UPAHH ITpe-
MTOPBKHU Ha IPOIYKTH
Nudopmarnmonsu Al UHCTPYMEHTH 3a I0Ky- | ABTOMaTU3WpPaHO F€HEPUPAHE HA
TEXHOJIOTUH (001110) MEHTALM U JUarHOCTHKA | TEXHUYECKa JOKYMEHTalus, OT-
KpHBaHE Ha HEM3IPABHOCTH

H3mounuk: asmopcka paspabomxa

3. llpeau3BuKaTeCcTBA U OOPHU NPAKTUKH 32 pa3BuTHe Ha Al
rPpaMOTHOCT B MPO()eCHOHATHATA THMHA3HUS

He3aBrcumo oT oveBHIHUS MOTCHIMAT Ha Al MHCTpyMEHTHTE 3a o0ora-
TSABaHE HAa YYSOHHsI TIPOIIEC, TAXHOTO MBJIHOICHHO W OTTOBOPHO MHTETPUPAHE B
CpeaHOTO IPOoQeCHOHATHO 00pa30BaHUE € CHI'BTCTBAHO OT pEavIia IPESIU3BH-
KaTeJICTBa, KOUTO M3MCKBAT IICJICHACOYCHH M CHCTEMHU PEIICHHMS.

3.1. OcnosHu npeouzsuxamencmea

Cpen OCHOBHHUTE MpeIU3BUKATEICTBA Tpej pa3BUTHETO Ha Al rpaMort-
HOCT B npodecruoHaiHaTa TUMHA3Us MoOraT Jia ObJIaT OTKPOEHU CJICIHUTE: To-
TOBHOCT Ha NEJAarorMYeCKUTE CHEUUAIMCTA — TOJiAMa 4acT OT YYUTEIUTE HE
pasnoJiarar ¢ 10CTaTbyHa METOAMYECKA MOArOTOBKA 3a MHTEerpupaHe Ha Al uH-
CTPYMEHTH B y4eOHHUs MPOIEC, KOETO Hajara HeOOXOAMMOCT OT CUCTEMHO IIO-
BUIIIABAHE HA KBAIM(PUKALUATA UM; JIUTICA HA €MHHA WHCTUTYIIMOHAHA TOJIH-
THKa — B MHOTI'O YYMJIMILA BCE OIL€ HE CHIIECTBYBAT SICHU IpaBUjia 3a JIOIY-
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CTUMOTO W HEIOMYCTUMOTO HM3MOJ3BaHE Ha Al MHCTpYMEHTH OT YYEHHUIIUTE,
KOETO Ch3/1aBa HECUTYPHOCT U Pa3INyMsl B IPAKTUKATA HA OTACIHUTE YUUTEIIH;
PHUCK OT HapyllaBaHEe Ha aKaJeMUYHaTa YECTHOCT — CBOOOJHMST JOCTBI A0
reHepaTuBHU Al MHCTpYMEHTH MOBHUIIABA PUCKA OT HETPABOMEPHO M3IOJI3BaHE
IIPU U3rOTBSHE HA MUCMEHU 3a/1aHus U TPOEKTHU pa3paboTKH, O€3 yUeHUKBT Ja
pa3BuBa COOCTBEHM YMEHHS; OrpaHMYEHA TEXHHUYECKa O0E3MeUYeHOCT — He
BCUYKH YYWIHIIA pa3noyarar ¢ Heo0XoauMaTa TeXHUKa U CTaOWIIeH JTOCTBI 10
WHTEPHET, KOETO 3aTPyAHSBA PAaBHOIIOCTABEHUS JOCTHII HA BCUUKH YYCHUIIN; U
pasnuuvs B IUTHTAHATA TOTOBHOCT HAa YYEHHUIIMTE, KOETO M3MCKBa TU(EpEH-
IIUpaH MOAXO/] IPU BhBEXKAaHeTO Ha Al rpaMOTHOCT B y4eOHUS TIPOIIEC.
CrneunduyHo 3a 00y4eHHETO MO MporpaMupaHe U 0a3u JaHHU € MpPen3-
BUKATEJICTBOTO YYEHHIMTE Ja npenaBaT konx win SQL 3asBKu, reHepupaHu
u3nsno oT Al mHCTpymeHT, 6e3 na MoraTr jaa OOSCHAT JOrMKaTa 3aj TAX MpU
ycTHa mnpoBepka. ToBa 3aTpyaHsiBa 0OEKTHBHATa OLEHKA HAa PEATHUTE YMEHUS
Ha y4EHUKa U Hajara npeocMHCIsiHE Ha popMaTa Ha MPAKTUUECKUTE 3aJaul —
HanpuUMep upe3 KOMOMHMpaHe Ha MUCMEHa 33a/1aya ¢ yCTHA 3alluTa Ha pellieHue-
TO WJIU C U3UCKBAHUS 32 JOKYMEHTUPAHO O0SICHEHUE HA BCSKA CTHIIKA OT KOJa.

3.2. Hobpu npaxmuxu u npenopvku

[IpeomoisiBaHETO HA TIOCOYCHHUTE NPEAM3BUKATEIICTBA M3HCKBA ChUETa-
BaHE HA MHCTUTYIIMOHAIHU, METOJUYECKN M MPAKTUYeCKH Mepku. Ha mHCTHTY-
IIUOHAIHO HHUBO € MPENOPBUYUTEITHO Pa3pa0dO0TBAHETO Ha SICHA BHTPEIIHA TOJH-
THKa 3a W3M0i3BaHe Ha Al MHCTPYMEHTH, KOSATO Ja ONpesels TOMyCTUMHUTE
¢dbopMH Ha MPUIIOKEHUE MPHU U3TOTBAHE HAa y4eOHU 3a/Ja4l U MPOEKTH, KAaKTO U
MEXaHU3MHU 3a MPOBEPKa Ha aBTEHTMYHOCTTA HA YYeHHYecKara padora.

Ha wmeromnmyecko HHBO J00pa NpaKTUKa MPEACTaBIsiBA IOETAITHOTO
BbBEXJaHe Ha Al MHCTpyMEHTH B y4eOHUS Mpouec — OT JEeMOHCTPAIIOHHO
U3I0JI3BaHE OT CTPaHa Ha YYUTels, Mpe3 KOHTPOJIMPAHO YIPaKHSABAHE MO/ He-
T'OBO PBHKOBOJCTBO, /IO CAMOCTOSITEITHO U OTTOBOPHO MPHUIIOKEHHUE OT YUCHUIUTE
B paMKUTE Ha KOHKPETHH IMpakTuyecku 3anaun. OcobeHo eheKTuBeH Moaxo €
00BBp3BaHETO Ha paboTara ¢ Al HHCTpyMEHTH C peasHu NMpodecuoHATHN Ka3y-
CH OT CHOTBETHATa CIEIMATHOCT, Thil KaTO MO TO3M HAYUH YYCHUIIUTE €ITHO-
BPEMEHHO Pa3BUBAT JUTUTAIHU U MPOPECHOHATHN KOMIIETEHTHOCTU. B 00yde-
HHUETO IO IporpamMupaHe U 0a3u JaHHH TaKbB MOJIXO/ MOXE Ja BKIIOYBA 33]b-
JDKUTENICH KoJ peBio (code review) Ha reHepupanus ot Al ko, mpu KOUTO yue-
HUKBT TPsIOBa MICMEHO J]a 000CHOBE BCSKA HAMpaBeHA MPOMSTHA UK U300p.

He na mocnmenHo MsCTO, WM3rpaxaaHeTo Ha yctoWumBa Al rpamoTHOCT
M3MCKBA HEMPEKbCHATO MOBUIIABAHE HA KBAM(UKAIUATA HA YUUTEINUTE, OOMEH
Ha A00pU MPaKTHKH MEXIY YUMIIHUILATA U aKTUBHO ChTPYAHUYECTBO ¢ OU3HEcCa,
KOMTO MOXe Jla MpeJOoCTaBH aKTyaslHa MHPOpMAaLKs 32 PEaTHOTO MPUIIOKEHHE
Ha Al HUHCTpyMEHTUTE B ChOTBETHATA HHAYCTPHSL.
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4. 3akiaoyenue

Hacrosmmar noknman pasrinena Al rpaMOTHOCTTa KaToO HOBA KIFOYOBA
KOMIIETEHTHOCT B KOHTEKCTa Ha CPeIHOTO IpodecuoHanHo oOpazoBaHue. AHa-
JIU3BT TIOKa3Ba, Y€ Ta3W KOMIIETEHTHOCT UMa KOMILUIEKCEH XapakTep, 00XBaIall
TEXHOJIOTMYHO pa30upaHe, KPUTUYHO MUCIEHE U €TUYHO NOBEIECHUE, KaTO HEW-
HOTO CBJbpP)KaHUE Cle/Ba J1a ObJie aJanTUPaHO ChOOPa3HO BB3PACTOBUTE OCO-
OeHocTH Ha yuyeHunure B 8-12 kiac.

CrneurpuyHUTE YCIOBHS Ha MPAKTHUECKOTO OOydeHHE B MPOQecruoHal-
HaTa TUMHA3Ms IPENOCTaBIT OJlaronpusTHa cpena 3a pa3Butue Ha Al rpamor-
HOCT 4pe3 AUPEKTHO 0OBBbp3BaHE ¢ peanaHu NpodecnoHanHu 3anadn. ChiueBpe-
MEHHO, ITBJIHOLIEHHOTO pealu3upaHe Ha TO3M MOTEHIUaN € 00yCIIOBEHO OT mpe-
OJIOJISIBAHETO Ha pPeAMIia MPEIU3BUKATENICTBA, CBBP3aHU C TOTOBHOCTTA Ha Ieja-
TOTMYECKUATE CIIELUAIMCTH, WHCTUTYLIMOHAJIHATA IIOJIUTHKA M TEXHHYECKaTa
00€3Me4YeHOCT Ha yUUITUIIATa.

Bb3 ocHOBa Ha HampaBeHHUs aHAJIM3 MOTrar Ja ObAaT U3BEACHU CIEIHUTE
IPENopbKU: pa3pabOTBaHE HA SICHA MHCTUTYLMOHAJIHA MOJIMTUKA 3a U3IOJI3BaHE
Ha Al MHCTPYMEHTH; CUCTEMHO MOBHUIIaBaHe Ha KBaJM(UKALMATA HA YUYUTEIHU-
T€; MOETaHO U METOJMYECKH OOOCHOBAHO BbBEKJaHE Ha Al MHCTpYMEHTH B
IPaKTUYECKOTO 00YUYEHHUE; U aKTUBHO ChTPYJHUYECTBO C OM3HECaA C LIl aKTya-
JM3UpaHE Ha YYEOHOTO ChABpPKAHUE ChOOPA3HO PEATHUTE HY>KIU Ha ChOTBET-
Hata uHayctpud. Msrpaxaanero Ha yctonunBa Al TpaMOTHOCT cpell YYEHULIUTE
B Npo(ecHOHATHOTO O0pa3oBaHUE € IBJITOCPOYHA WHBECTHULIMS B TSAXHATa
ObAela KOHKYpPEHTOCIIOCOOHOCT Ha Ma3apa Ha Tpy/a.
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BHEJIPABAHE HA BU3HEC UHOOPMAIIMOHHUTE CUCTEMM -
MMPOBJIEMU, EPEKTUBHOCT U OIIEHKHU 3A Bb3BPAIIAEMOCT
HA UHBECTULIUUTE

Heaiiaa [MerkoBal

Pe3tome: Hacmoswusam 0okniad paszenexcoa npoyeca Ha 6HeOpsi8aHe HA OU3HeC UH-
GopmayuonHu cucmemu, Kamo aKyeHmMuUpa 6bpPXy OCHOBHUME NPeOU3sUKamencmsd, Gakmo-
pume 3a YChewHo eHeopsAsaHe U OyeHKama Ha egpekmusHocmma Ha uneecmuyuume. Ananu-
3upanu ca ocobenocmume Ha pasiudHUmMe 8U008e OUHeC UHPOPMAYUOHHU CUCIEMU U MAX-
Hama pois 3a NOGUULABAHE HA OP2aAHU3AYUOHHAMA eheKMUBHOC, ONMUMUUPAHe HA bu3Hec
npoyecume u noonomazawe Ha ynpaenienckume pewenus. Cneyuaino eHumManue e omoeneHo
Ha npobiemume, 8b3HUKE8AWU NPU BHEOPABAHEMO, KAKMO U HA Memooume 3a OYeHKd Ha 6b3-
8pawjaemMocmma Ha uHeeCmuyuume upe3 noKaamenu Kamo 6b36pbujaeMocm Ha UHBECMUYU-
ume (ROI), oowa cmoitinocm na npumedxcanue (TCO) u knrouosu nokazamenu 3a epexmus-
nocm (KPI). Ha ocnosama Ha u3évbpulenus aHaiu3 ca Gopmyaupanu u3600u OmHOCHO 3HaYe-
HUemo Ha cmpame2uieckomo NIAHUpaue, aHa*CUpanocmma Ha pbKo8OOCMEOmMo U eghex-
MUBHOMO YNpasienue Ha NPOMAHAMA Kamo NpeonocmasKu 3a YCHewHomo eHeopseane Ha
Ou3Hec UHGoOpMaAYUoOHHU cucmemu.

KaouoBu aymu: ousznec ungopmayuonHu cucmemu, eHeopsigane, eqheKmusHocm,
6v38pvugaemocm Ha unsecmuyuume, ROI, ERP cucmemu, ynpasenenue Ha npomsaHamad.
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IMPLEMENTATION OF BUSINESS INFORMATION SYSTEMS:
CHALLENGES, EFFECTIVENESS, AND RETURN ON INVESTMENT
ASSESSMENT

Ivayla Petkova

Abstract: This paper examines the implementation process of business information
systems, focusing on the main challenges, critical success factors, and methods for evaluating
investment effectiveness. The study analyzes the characteristics of different types of business
information systems and their role in improving organizational efficiency, optimizing business
processes, and supporting managerial decision-making. Particular attention is given to the
challenges encountered during system implementation, as well as to the methods used for
assessing return on investment through indicators such as Return on Investment (ROI), Total
Cost of Ownership (TCO), and Key Performance Indicators (KPIs). Based on the conducted
analysis, conclusions are drawn regarding the importance of strategic planning, management
commitment, and effective change management as essential prerequisites for the successful
implementation of business information systems.
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Investment (ROI), Enterprise Resource Planning (ERP), change management.
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1. BbBeaenune

B ycrnoBusita Ha nMHAaMUYHO pa3BHBaIla ce OM3HEC Cpela U YCKOpeHa
nudpoBa TpaHchopmaius 6uzHec HHPOPMAITUOHHUTE CUCTEMH CE€ YTBBPKIaBaT
KaTo KJIIYOB (PaKTOp 32 KOHKYPEHTOCIIOCOOHOCTTAa U YCTOWYMBOTO pa3BUTHE HA
opranuszanuure. Ypes HHTErpupaHe U aBTOMaTU3UpaHe Ha OU3HEC MPOLIECUTE TE
OCHUTYpPSIBAT CBOEBPEMEHEH JOCTHIT 0 WH(OpMAIIHS, TOAIOMArat ynpaBleHCKHU-
T€ peIIeHUs U ONTUMHU3UPAT M3MOJI3BAHETO Ha pecypcuTe. Bornpeku 3HaunTEN-
HUTE T0JI3U, TAXHOTO BHEJIPSIBAHE € CJIOKEH IMPOILIeC, U3UCKBAIll ChUeTaBaHE Ha
TEXHOJOTHUYHHU, OPTAaHU3AIIMOHHH M YIIPABICHCKU PEIICHUSI.

VYcnemHoTo BHEIpsIBaHE 3aBUCH HE caMO OT M300pa Ha MOAXOAsIIa TeX-
HOJIOTHS1, HO U OT MPEIBAPUTEITHOTO IIAHUPAHE, AaHTAKUPAHOCTTa HA PBKOBO/IC-
TBOTO, YYacCTHETO Ha MOTPEOUTENUTE, YIPABIECHUETO Ha OpraHU3alMOHHATa
npoMsiHa U e€(EeKTUBHOTO pasnpezesieHue Ha pecypcute. [IpeneOpersanero Ha
Te3u (aKTOpHU MOKE /1a J0Bee /10 3a0aBsiHe, yBelMyaBaHE Ha Pa3XOAUTE U He-
[IOCTHUTaHE Ha OYaKBaHUTE PE3yJITaTH.

ChIiecTBEHO 3HAYEHHE MMa U OL[EHKaTa Ha €(EKTUBHOCTTA Ha HaIpaBe-
HUTE MHBECTHLMU. Upe3 mokaszarenu Karo Bb3BPBILAEMOCT Ha MHBECTULIMUTE
(ROI), o6m1a croitnocT Ha nputexanue (TCO) u KII0YOBHU MoKa3atenu 3a edek-
tuBHOCT (KPI) ce oreHsBaT HKOHOMHYECKUTE M OPTraHU3allMOHHUTE TOJ3U OT
BHEJIPSIBAHETO.

Hacrosimusat mokman pasriekga OCHOBHHUTE TPEAM3BUKATEIICTBA MPH
BHEJIPSIBAHETO HAa OM3HEC MH(OPMAIMOHHH CUCTEMHU, (PAKTOPUTE 32 YCHEIIHOTO
UM peallu3upaHe U MOAXOJUTE 3a OlEHKa Ha TsSXHATa €()EeKTUBHOCT U BBH3BPbH-
Ia€MOCT. AKIEHTHT € MOCTAaBEH BbPXY 3HAUEHHMETO HAa CTPATETMYECKOTO YII-
paBJ€HME U CHUCTEMHUS IMOAXOJ 3a MOCTUTaHE HAa YCTOWYMBU OpraHU3alMOHHU
pe3ynTaT.

2. CbIIHOCT ¥ 3HAYEeHHE HA OU3HeC MH(POPMALIMOHHUTE CHCTEMH

2.1. CvwyHnocm u xapakmepucmuxu Ha OuzHec UHGopmMayuoHHume
cucmemu

busnec napopmammonnute cuctemu (bBMC) npencraBnsBar conmmoTexXHU-
YECKHU CUCTEMU, KOUTO MHTETpUpaT MH(POPMAITMOHHN TEXHOJIOTHH, OM3HEC TPO-
IIECH, JaHHU W YOBEIIKUA PECypCH 3a IMOANOMaraHe Ha OlepaTUBHATA JIEWHOCT,
YIPABJICHCKUTE PEILICHUS U CTPATerHYeCKUTE 1eIM Ha opraHuzanusTa. B ycio-
BUSTA HA JIUTUTaIHA TpaHChOpMaIMs T€ c€ YTBbPKAaBaT KaTO OCHOBEH yIIpaB-
JICHCKU UHCTPYMEHT, OCUTYPSIBAIll HABPEMEHHA U HAJeXIHAa UH(pOpMaIus.

OcHoBHa xapakrepuctuka Ha BUC e unTerpupanero Ha MHpopMauusTa
OT pa3NuyHu (PYHKIMOHAJIHU O0JAaCTH B eAuHHA MHGOpMaIlMOHHA cpena. ToBa
moJIrmoMara KOOpJMHaIMsATa Ha OM3HEC MPOIECUTEe, ONITUMHU3UPAHETO Ha PadoT-
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HUTE MOTOIM U TOBHUIIIABAHETO HA MPO3PAYHOCTTA U €(PEKTUBHOCTTA HA YIIPaB-
JICHUETO 4Ype3 aBTOMAaTH3alHsl, TUTAHUPaHe, KOHTPOJI U aHAJIH3.

C pazsutrero Ha nHpopmanmonnute TexHonoruu bBUC ce mpeBpbmaT ot
CpencTBo 3a 00paboTKa M ChbXpaHeHUE Ha WH(OPMAITUS B CTPATETHYECKH PECYPC
3a ajganTanus KbM JMHaMUYHATa Ou3Hec cpena. Te ca ChIIECTBEH €NEMEHT OT
mudpoBara TpaHcpopMmalusi, KaTo HE caMO aBTOMAaTU3UpaT MPOIECUTE, HO U
Ch3/1aBaT OPraHU3AIMOHHA CTOWHOCT, KOHKYPEHTHH MPEAUMCTBA U TPEAOCTAB-
KM 32 YCTOMYMBO Pa3BUTHUE.

2.2. OcHosHu 6u008e bu3HeC UHDOPMAYUOHHU CUCMEMU U MAXHOMO
3HaueHue

JloknansT € pokycupaH BBPXY TpU OCHOBHU BuJa OuszHec WH(oOpMaIu-
OHHHM CHUCTEMH — CHCTEMHTE 3a YIPABJICHHE Ha PECYpPCUTE HA MPEANPUATHETO
(Enterprise Resource Planning — ERP), cucremute 3a ynpasieHne Ha B3aUMO-
otHomeHusita ¢ kimenture (Customer Relationship Management — CRM) u
cucrtemuTe 3a OuszHec aHanu3 (Business Intelligence — BI). Te ¢popmupar ocHo-
BaTa Ha CHBPEMEHHOTO JUTUTAIHO MPEANPUITHE, KATO OCUTYPSIBAT UHTErpUpa-
HO yIIpaBJcHUE Ha MHPOPMAIHSITA U ITOATIOMAraT OpraHU3allMOHHUTE TTPOIIECH.

ERP cucremute HHTErpUpaT U yrnpaBisiBAT OCHOBHUTE OU3HEC MPOLIECH U
pecypeu, CRM cucremure noamnomaraT yrnpaBjI€HHUETO HA B3AMMOOTHOIICHUSTA
C KIIMEHTUTE Ype3 aHAIN3 Ha TEXHUTE MOTpeOHOCTH W moBeaeHue, a Bl cucte-
MUTE TpaHCHOPMHUPAT HATPYIAHWUTE JAaHHU B yIpaBJICHCKA WH(OpMAaIUs 3a B3e-
MaHE Ha CTPATETUYECKH PEIICHUSI.

Huterpupanoro m3non3Bane Ha ERP, CRM u Bl cucremure noswuiiasa
e(peKTUBHOCTTa Ha OPTaHU3ALMOHHOTO YIPaBJICHUE, ONTHUMH3HpPA PECYPCUTE U
Ch3J/laBa MPEJNOCTABKU 32 YCTOMYMBO PA3BUTHE U KOHKYpEHTOCHOcOOHOCT. ToBa
o0yciaBsi HEOOXOAMMOCTTa OT BHUMATEIIHO TUTAHUPAHE U €PEKTUBHO YIIPABIICHHUE
Ha IpolIeca M0 TAXHOTO BHEAPSBAHE, KOMTO € MPEIMET Ha CIIeIBALIMS pa3ziedl.

3. IlpeamsBukarescTBa M (PAKTOPH 32 YCIECIIHO BHeJAPSABAHE HA
On3Hec MH(POPMAITMOHHUTE CUCTEMH

3.1. Ilpoyec Ha enedpsasane Ha OusHeC UHHOPMAYUOHHU CUCTNEMU

BuenpsBaneTo Ha 6u3Hec MHGOPMAITMOHHA CUCTEMHU € KOMIUJICKCEH TIPO-
I1eC, KOMUTO BKJIFOUBA KAKTO TEXHOJOTUYHO PEIICHHE, TaKa M OPTraHU3aIl[MOHHH
IIPOMEHH B OM3HEC MPOIICCUTE U HauMHA Ha paboTa. YCIeXbT My 3aBUCH OT ChI'-
JaCyBaHOCTTA MEXITY CTPATETHYCCKUTE IIETTU, TEXHOJOTHYHNUTE BH3MOXKHOCTH U
peaTHUTE MOTPEOHOCTH Ha OpraHU3aIHATA.

OcHOBHHTE eTany 00XBalllaT aHAJIN3 Ha MOTPEOHOCTUTE U OM3HEC MPOoIie-
cute, nepuHUpaHe Ha U3UCKBAHUATA U M300p HA MOAXOMAAIIO PEIICHHE CIIOPE
HEroBUTE (H)YHKIIMOHATHU BH3MOKHOCTH, ChbBMECTHUMOCT, MTOTCHITHA 32 pa3BU-
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Tue U pa3xoau. CrneasaT KOHPUTYpUpPAHE, MUTPALMsI U HHTETPaLys Ha JaHHUTE,
KaKTO M TECTBaHE Ha CHCTEMaTa, KaTo 0COOEHO 3HAaYeHHWE MMa KauecTBOTO Ha
uHbopMaIusTa.

[TonroroBkara Ha mepcoHasa ype3 o0yueHne U ePeKTUBHA KOMYHUKALUS
noJiomMara ajganTalnuiaTa KbM IPOMEHUTE U €(EeKTUBHOTO M3MOJI3BaHE HA CHC-
temara. Crel BHEIPSIBAHETO ca HEOOXOJMMHU MOCTOSIHEH MOHHUTOPHUHT, aHAJM3
Ha Pe3yNTaTUTE U ONTHUMH3AIHSI.

CrnenoBaTeHO BHEAPSBAHETO CIIE/BA J1a C€ PA3IiIekKaa KaTo HelmpeKbCHAT
YIPaBICHCKU TPOIIEC, ChUeTaBalll TEXHOJIOTHYHU, OPTaHU3AIMOHHN U YOBEIIKU
acIeKTH, YhueTo e(EeKTUBHO YIpaBJIEHUE Ch3/aBa YCJIOBUS 32 peau3upaHe Ha
OYaKBAHUTE TIOJI3U U OTPAaHUYaBaHE HA PUCKOBETE.

3.2. OcHo8HU npedu3suKameicmea npu 6HeOPI8aAHemo

BuenpsiBaneto Ha Ou3HeC MHPOPMAIIMOHHU CUCTEMU € CBBP3aHO C pe/u-
11a TPEIU3BUKATENICTBA, KOUTO MOTAT Jla MOBIUSAAT BHPXY YCIleXa Ha MPOEKTa U
MOCTUTAHETO HAa OYaKBaHWUTE pe3ynaTaTu. OCHOBHUTE 3aTPyAHEHUS MPOU3TUYAT
OT HEJIOCTAaThUHO TUTAHMPAHE, OPTaHU3AIMOHHU MPOOJIEeMU U Hee(PEKTUBHO YII-
paBJIcHHE.

Cpen kmouoBUTE (PAKTOPU € OpPraHM3alMOHHATA TOTOBHOCT 33 MPOMSIHA.
BbBek1aHeTo Ha HOBa CHCTEMa M3MCKBA MPOMEHU B OM3HEC MPOIECUTE U HAYH-
Ha Ha paboTa, a JIMIcaTa Ha sICHa CTpaTerusl U aHTAKUPAHOCT OT PHKOBOJICTBOTO
3aTpyaHsIBA adanTaIusITa.

CrhITleCTBEHO 3HAYCHHWE MMa W YOBEHKHAT (akTtop. Hemocrarpunara wH-
(bOopMHPAaHOCT, OTPAHUYECHOTO YYaCTHE Ha CIY>KUTEJIUTE U JIUTIcaTa Ha OOy4YeHHE
MOTaT J1a PEeIU3BUKAT CHIPOTHUBA U J]a HAMAJAT €(PEKTUBHOCTTA Ha CUCTEMATA.
3aTtoBa ca HE0OX0oAMMH 0Opa KOMYHHUKAILMS U Ie€JeHacOoueHa MOJArOTOBKa Ha
TIepcoHaIa.

TexXHOJIOTMYHUTE TPEIU3BUKATEIICTBA BKIIIOUBAT MHTErPAIUATA CHC Ch-
IIeCTByBaIlaTa HHPPaACTPYKTypa, MUTPAIAATA U KAY€CTBOTO HA TAHHUTE, KAKTO
¥ OCUTYpSIBAHETO Ha HAJICKTHOCT U CHUTypHOCT. Hapen ¢ 14x, ¢uHaHCOBUTE OT-
paHWYCHHUS MOTaT Jla JIOBEIAT 0 MPEBUIIaBaHE HA OIOKETa W 3a0aBsSHE MPHU
HEJI0OCTaThYHO TUTAHMPAHE Ha Pa3XOJIUTE 3a BHEAPsSBaHE, OOYUYCHHE, TIOIIPHKKA
U pa3BUTHE.

CrenoBaTenHO yCHEIIHOTO BHEAPSBAHE 3aBUCU OT KOMIUJIEKCHOTO YIpaB-
JICHUE Ha OPraHU3alMOHHUTE, YOBEIIKUTE, TEXHOJOTHYHUTE U (PUHAHCOBUTE
(dakTopu, KOETO Ch3/1aBa yCIOBHUS 32 YCTOMUMBO HM3IOJ3BaHE HA CHCTEMara U
peanu3upaHe Ha OYaKBAHUTE TOJ3H.

3.3. Kpumuunu ¢hakxmopu 3a ycneuwino Heopsieane

VYcnemHoro BHeApsBaHe Ha OM3HEC MHGOPMAIMOHHU CUCTEMH 3aBUCHU OT
KOMITJICKCHOTO B3aUMO/ICHCTBUE Ha OPraHU3AIIMIOHHU, TEXHOJIOTMYHHU U YIPaBJICH-
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cku ¢akropu. To He ce onpenens eIMHCTBEHO OT N300pa Ha MOAXOIAII0 codryep-
HO peIIeHue, a U OT e()eKTUBHOTO IJIAHWPAHE U YIIPABJICHUE HA MPOoIIeca.

Ki1ro4oBO 3HAa4YCHHWE MMAT AHTAKHUPAHOCTTA HAa BUCIIETO PBKOBOJCTBO,
OCHTYPSIBAHETO Ha HEOOXOIUMHTE PECypCH, SICHOTO pa3lpeleiCHHe Ha OTro-
BOPHOCTHTE M YIIPaBJICHHETO Ha pucKoBeTe. ChIeCTBEH (PAKTOP € M aKTUBHOTO
ydacTUe Ha KpaHUTE MOTPEOUTEIH, IIOJKPETICHO OT MOIXOAII0 00yICHHE, KO-
€TO YJICCHSBA a/IalTallMATa KbM HOBaTa CUCTEMA.

EdexTnBHOTO yrpaBicHHE Ha OpraHW3alMOHHATAa MPOMSHA Ype3 CBOCB-
peMeHHa KOMYHUKaIUs U WHGOpPMHUpaHe Ha MepcoHaia JOMpPUHACS 3a IpHeMa-
HETO Ha HOBUTE TeXHOJIOTWU. Hapen ¢ ToBa MOCTOSHHUSAT MOHUTOPUHT M TIOC-
JeqBaniara oleHKa MO3BOJISIBAT CBOCBPEMEHHO HICHTU(DUIIMpaHe HA TPOOIEMHU
Y U3BBPINBAHE HA HEOOXOAMMHUTE TTOI00pEHUSI.

CreroBaTeIHO CTPATErHYECKOTO IJIAHUPAHE, MOJAKpenaTa Ha PhbKOBOJICT-
BOTO, aHTQKUPAHOCTTA HA TIOTpeOUTENTE B €()eKTUBHOTO YIIPaBJICHHUE HA MPO-
MEHHUTE Ch3JIaBaT MPEIIOCTABKU 3a YCIICITHO BHEIPSIBAHE M YCTOWYMBO peaiv-
3WpaHe Ha MMOJBUTE OT OM3HEeC HHPOPMAITMOHHUTE CUCTEMH.

4. Ounenka Ha e()eKTUBHOCTTA M Bb3BPbIIAEMOCTTA HA HHBECTULIHHUTE

4.1. Heobxooumocm om oyenka Ha epexmugHocmma

BHenpsiBaHeTo Ha OW3HEC MHPOPMAITMOHHN CUCTEMH M3WCKBA 3HAYUTEII-
HU (PUHAHCOBHW, TEXHOJIOTMYHA M OPTAaHMU3AIMOHHHW PECYpPCH, MOPaaN KOETO
OILICHKAaTa Ha TsAXHaTa e()EeKTHBHOCT € CHIIECTBEH €JIEMEHT OT Ipolieca Ha YII-
paBieHue. Te3n MPOEKTH CeABa JIa C€ Pa3rIekK AT KaTO CTPATETHISCKA MHBEC-
TUIUH C IBJITOCPOYHO 3HAYCHHUE 32 KOHKYPEHTOCIIOCOOHOCTTA U Pa3BUTHETO Ha
OpraHu3alusTa, KOETO Hajara CUCTEMHO MPOCJEIsBaHE HA MOCTUTHATUTE pe-
3yJITAaTH COPSMO TPEIBAPUTEITHO MTOCTABCHUTE TIEIIH.

Omnenkara Ha e(EeKTUBHOCTTA OMpEaesis JOKOJKO BHEApeHaTa CHUCTeMa
Ch3/1aBa peayHa Jo0aBeHa CTOWHOCT 3a opraHuzanusaTa. Hapen ¢ ¢unancoBute
pesynratu T oO0XBaia nmogoOpeHusiTa B OM3HEC MPOIIECUTE, MTOBUIIABAHETO HA
MIPOU3BOAUTEIIHOCTTA, KAYECTBOTO HA OOCITY»KBaHE HAa KJIMEHTUTE U Bh3MOKHOC-
TUTE 32 MO-UHGOPMHUPAHO YIIPABIECHCKO B3eMaHE Ha PEIICHUS.

ColecTBeHa 0OCOOEHOCT €, Y€ ToJIsIMa 4acT OT IIOJI3UTE HE Morart ga Obaar
U3MEpPEeHU EIUHCTBEHO upe3 (puHaHcoBHW mokazatenu. [loBuineHnara mpospay-
HOCT Ha OM3HEC MPOIEeCUTe, MO-T00POTO B3aUMOCHCTBHE MEXIY OpraHU3aIu-
OHHMTE 3BEHa, mogoOpeHaTa HMH(OpMaMOHHA 00€3MEYEHOCT M MO-BHCOKATa
YIOBJIETBOPEHOCT Ha KIMEHTUTE CHINO Ca BOXHU KPUTEPUHU TPH ISUTOCTHATA
olleHKa Ha €()eKTUBHOCTTA.

4.2. OcHoHU MemoOou u noxazameu 3a OUeHKa

B noknana ca pasrienanu OCHOBHU MOJXO/AM 32 OIIEHKA Ha €()eKTUBHOCT-
Ta Ha WHBECTUIIMUTE B OM3HEC nHPOopMamoHHu cucteMu. KoMOMHUPaHOTO UM
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U3MO0JI3BaHe MO3BOJISIBA O-KOMIUIEKCHA M OOEKTHBHA OIIEHKA Ha MOCTUTHATHUTE
pe3yNTaTH.

Cpen mMpoKo M3MOJI3BAHUTE MOKA3aTelld € Bh3BPhIIAEMOCTTa HA UHBEC-
tunuute (Return on Investment — ROI), ko0 onpenens CbOTHOIIEHHETO MEXK-
Ny pealu3upaHuTe TOJ3M W HAIPaBEHUTE PA3XOJd W TO3BOJISIBA Ja CE OICHU
WKOHOMUYECKaTa CTOMHOCT HA MHBECTHUIIUATA.

Jpyr BaxkeH mokasatein € obmara croiHocT Ha nputexxanue (Total Cost
of Ownership — TCO), koaTo o0xBaila pazxouTe Mpe3 IEHs )KU3HEH UK Ha
CHUCTEMaTa, BKIFOYMTEIIHO WHBECTUIIMHTE B COPTyep M Xapayep, BHEApsBaHE,
oOydeHue, MoJAPHKKA, aKTyaTU3allui U Pa3BUTHE.

3a oleHKa Ha ornepaTHBHATA €()EKTUBHOCT CE€ M3IOJI3BAT KIIOYOBH TOKa-
3arenu 3a edekruBHOCT (Key Performance Indicators — KPI), upe3 kouto ce
POCIEAIBAT PE3YyNTaTH KaToO MPOU3BOAMUTEIHOCT, BPEME 3a M3IBIHCHHE Ha
IPOLIECUTE, OTIEPATUBHU PA3XOAN U KAYECTBO HAa 0OCITY>KBAHETO.

Cpen octaHanuTe METOAM ca HeTHaTa Hacrtosma ctoifHocT (Net Present
Value — NPV), kosto ornensBa O0baemure GUHAHCOBU O3 OT UHBECTUIIMATA,
u OamaHcupaHaTa cuctema oT mokazatenu (Balanced Scorecard — BSC). BSC
chueTaBa (PMHAHCOBU M HE(UMHAHCOBU KPUTEPHUH, CBBHP3aHU C OU3HEC MPOIECH-
Te, KIIMCHTHUTE, TIEPCOHAa U OPTaHU3AIMOHHOTO Pa3BUTHE, OCUTYPSIBAUKH IIO-
KOMILJIEKCHA OlleHKa Ha €()EeKTUBHOCTTA.

4.3. ]chmmuttecxo npuiosceHue Ha Memooume 3a OU€eHKdA

N3non3BaHeTo HA pa3iMdyHU METOJAM 32 OLIEHKAa I03BOJISIBA HA OpPraHM3a-
quuTe 1a popMupar oOEKTUBHA IMIPENCTaBa 3a PE3YJATATUTE OT BHEIPSIBAHETO U
CTENEHTa Ha MTOCTUTaHE Ha MOocTaBeHHuTe 1enu. [Ipunaranero caMo Ha €QuH IO-
Ka3aresl He € IOCTaTh4YHO, Thil KATO OTAEIHUTE METOAN U3MEPBAT Pa3IMYHU ac-
NEKTU Ha OpraHu3alrdoHHaTa e(eKTUBHOCT.

Kombunupanusar ananuz Ha ROI, TCO, KPI, NPV u Balanced Scorecard
M03BOJISIBA OLICHSBAHE KAKTO HA (DPMHAHCOBUTE PE3yJTaTH, TaKa U HA BIUSIHUETO
BBpXY OM3HEC MPOILIECUTE, OPraHU3alMOHHATA €PEKTUBHOCT U CTPATETHUYECKOTO
pasutHe. [lonyueHnTe pe3yaraTd noarnoMaraT pbKOBOJACTBOTO IIPH B3€MAHETO
Ha PElIeHMs 32 TOMbJIIHUTEITHU WHBECTUILIMH, ONITUMU3AIUS Ha MIPOLIECUTE U pa3-
BUTHE HA BHEJIPEHUTE CUCTEMMU.

Onenkara Ha €(pEeKTUBHOCTTA CJIEJBA Jia C€ pasriiekJa Karo HEMpeKbCHAT
IPOLIEC, 4 HE KaTO €HOKPATEH €Tall cliel] BHeApsABaHeTO. CUCTEMHOTO MPOCies-
BaHE Ha [MOKA3aTeJIMTE MO3BOJIIBA CBOEBPEMEHHO OTKPUBAHE HA MPOOJIEMH, OLICHS-
BAHE HA PEAIM3UPAHUTE MOJI3U U NPEANPUEMaHe Ha KOPUTUPALLU ICHCTBHSL.

CrnenoBarenHo epeKTUBHOCTTa Ha Ou3HeC WHGOPMAIMOHHUTE CHCTEMU
CJIe[IBa /1a C€ OLEHSBA Ype3 KOMIUIEKCEH MOJXO0J], ChueTaBall (PMHAHCOBU U He-
(¢uHaHCOBHU MOKa3aTenu. ToBa OCUTYpsiBa MO-00EKTUBHA OIICHKA HA PE3YJITaTUTE
U BB3BPBLIAEMOCTTAa HA MHBECTULIMUTE U IMOAIOMara CTpaTeruuyeckoTo YIpaB-
JIEHUE U IBITOCPOYHATAa KOHKYPEHTOCIIOCOOHOCT HAa OpraHU3aLHUsITa.
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5. 3akioyenue

BuenpsBaneto Ha OusHec WH(DOPMAIMOHHU CHCTEMH € CTPATErHYECKU
poliec, KONTO OKa3Ba CHIIECTBEHO BIMSIHUE BbPXY €(hEKTUBHOCTTA, KOHKYPEH-
TOCTIOCOOHOCTTa M YCTOMYHMBOTO Pa3BUTHE HA OpraHU3alUUTE. AHAIU3BT IO-
Ka3Ba, Y€ YCIEeXbT My 3aBHCH HE caMO OT M300pa Ha MOJIXOAIIO0 TEXHOIOTHIHO
perieHue, a OT B3aUMOJICHCTBUETO MEXKIY TEXHOJIOTHMYHH, OpTaHU3alMOHHU U
yoBemKH (hakTopu. EQEeKTHBHOTO TIaHUpaHE, aHTAXKUPAHOCTTA HAa PHKOBOJICT-
BOTO, YYaCTHETO Ha IMOTPEOWTETUTE M YIPABICHUETO HA OpTaHHW3aIllMOHHATA
IIPOMsIHA ca OCHOBHH IIPEANOCTABKH 3a MTOCTHTaHE HAa YCTOWYUBU PE3YJITATH.

busnec nH)OPMAITMOHHNUTE CUCTEMH Ch37IaBaT B3MOKHOCTH 32 ONTHMH3H-
paHe Ha OM3HEC MpoIllecuTe, MOA00psIBaHe Ha HHPOPMAIIMOHHOTO 0Oe3reuaBaHe 1
MOBUIIIABAHE KAYECTBOTO HA YMPABJICHCKUTE PEIICHHs. 3a OlleHKa Ha MOCTUTHATH-
TE pe3yaATaTd € HEOOXOAMMO M3IMOJI3BAHETO HA KOMIUIEKCEH MOJXOJ, BKIFOYBAII]
nokasare kato ROI, TCO, KPI, NPV u Balanced Scorecard, konTo ortumrar
KakTo (pruHaHCOBUTE, Taka M He()UHAHCOBUTE €(DEKTH OT BHEIIPSIBAHETO.

B 3axmouenne, 6usnec nHGOPMAITMOHHUTE CUCTEMU CIiEABa Ja C€ pasr-
JIeKIAT HE caMO KaTO TEXHOJOTWYEH MHCTPYMEHT, a KaTO CTpaTermyecKH pe-
CypC 3a OpraHW3alMOHHO pa3BUTHE. TAXHOTO €()EKTUBHO BHEIPSIBAHE W IOC-
JieBaIa OICHKA Ch37aBaT YCIOBHS 32 ONTUMHU3UPAHE HA PECYpPCHUTE, IMMOBHIIIA-
BaHE Ha KOHKYPEHTOCIIOCOOHOCTTa M YCTOWYMBO Pa3BUTHE B JMHAMHYHA U JU-
TUTAA3UpaIa ce Ou3Hec cpea.
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CPABAHUTEJIEH AHAJIN3 HA TIJIAT®OPMMU 3A EJIEKTPOHHA
THPIOBUA

Huxoua locniogunona'’

Pestome: Jloknaovm cpasnsisa Shopify, WooCommerce, Magento, CloudCart u Seliton
no ocem kpumepusi. [lpemeznenama oyenxa uzeedxncoa Shopify Ha Nbpeo Macmo, HO pe3yima-
mume noxazeam, ye uzoopvm mpsaoea da ce cvodpasu ¢ mawaba, pecypcume, nasapa u ye-
Jiume Ha npeonpusimuemo.

Knwouoeu oymu: enekmponna mopeosus, niameopmu, cpasHumene aHaius, CKaiupy-

emocm, unmezpayuu
JEL: L81, M15, O33

COMPORATIVE ANALYSIS OF E-COMMERCE
PLATFORMS

Nikol Gospodinova

Abstract: The paper compares Shopify, WooCommerce, Magento, CloudCart and Seli-
tion across eight criteria. The weighted assessment rank Shopify first, white the findings show
that platforms selection must reflect each businesss scale, resources, target market and
growth objectives.

Key words: e-commerce, platforms, comparative analysis, scalability, integrations
JEL: L71, M15, 033

1.BLBenenune

EnexkrpoHHara THProBHsl c€ YTBBpXKJaBa KaTo CaMOCTOSTEIHAa OW3HEC
cpena, B KOATO MpoiaxOuTe ca CBhP3aHU C ICKTPOHHH TUIAIIaHMS, YITPaBICHUE
Ha MOPBHYKHU U TOCTABKH, TUTHTAIEH MApKETHHT, aHAIU3 Ha JAHHU U 00CITy»KBa-
HE Ha KIMeHTUTe. Ts pasmmpsiBa reorpadckusi 0OXBaT Ha MPEANPHUATHITA U
MIPOMEHSI Ha9MHA, 0 KONTO MOTpeOUTENs CPaBHSABAT MIPEITIOKEHUS U U3BBPIITBAT
nokynku (Bloomenthal, 2024; Pires et al., 2024). Ilnardopmara 3a enekTpoHHa
THPrOBUS 3aTOBa HE € CaMO CPEACTBO 3a M3rpa)<IaHe Ha MHTEPHET MarasuH, a
UHPPACTPYKTYypa, KOSATO BIHSE BHPXY OINEPATUBHUTE MPOIECH, PA3XOAUTE H
Bb3MOXXHOCTHUTE 33 PacTEXK.

Pasnoo6pa3uero ot pemienus 3aTpyaHsaBa uzdoopa. Oomaunure miatrhopMu
npejuiaraT roToBa MHPPacTpyKTypa U Mo-Obp30 BHEIpsIBAaHE, pEUICHUsITa C OT-
BOPEH KOJI OCHTYpSBAT MO-TOJISIM KOHTPOJI, a JIOKATHUTE TIaTPOPMH CE TpHC-
noco0sBaT KbM HAIIMOHAIHUTE TUIATE)KHU, JJOTUCTHYHU M PETYIaTOPHU MPAKTH-
ku. EnuH u cbil HA0Op OT PYyHKIMU UMa pa3ivMyHa CTOMHOCT 3a CTapTUpall Ma-

! Genadievanikol@abv.bg, Cronancka akanemus ,,J1. A. Llenos“, kareapa ,,busnec nupopma-
THKa
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ra3vH, Pa3BUBAILO CE€ MAIIKO WM CPEIHO MPEANPHUITAE U ToJisiMa OpraHU3allHs
ChC CJI0KHU TPOIIECH.

Ilenta wa noxnama e ca cpaBHu Shopify, WooCommerce, Magento,
CloudCart u Seliton u 1a oLleHN NPUIOKUMOCTTA UM CHIOpe] PYHKIIMOHAIHOCT,
JIEKOTa Ha W3IOJI3BaHe, IIeHa, IePCOHAM3AIINSI, UHTETPAIUU, CUTYPHOCT, TEXHH-
Yyecka MOAAPHKKA U CKATMPYEeMOCT. 3allMTaBaHa € Te3ara, 4ye MIo0aHuTe pe-
IICHUS] UMAT MPEIUMCTBO TPU PA3IIMPAEMOCTTA U MEXKIIYHAPOIHOTO Pa3BUTHE,
JIOKaTO JIOKAJHUTE TIaTdhopMu Tpeayiarar mno-go00po ChOTBETCTBUE C MOTPEO-
HOCTHUTE Ha OBJITAPCKUTE MAJIKU M CPETHH MPEIIPUSATHUS.

2.TeopeTuyHa paMKa Ha eJIEKTPOHHATA ThHPrOBUA

EnexTponHara TeproBus oOXBailla MOKYIKO-PO/iaykKOaTa Ha CTOKU U yC-
JYTH 4pe3 UHTEPHET, KaKTO U MPOLIECUTE, KOUTO MO3BOJISBAT HEHHOTO OCBLIECT-
BsIBaHE: pasIlialiaHe, oOpaboTka Ha MOPBHYKU, YIPABICHUE HA TOCTABKU U KO-
MyHHUKalusg ¢ kiueHtute. [[oHATHETO € MO-TSICHO OT JWrMTajHaTa ThProBHS,
KOSAITO BKJIIOYBA OII€ NEPCOHAIM3AIIMS, aHAIN3 Ha TTOBEICHUETO U KOOPIUHALUS
Ha aurutanHute kananu (Cloudmore, 2022). ToBa pasrpaHuyeHue € BaXHO, 3a-
1I0TO MIaT(OPMHUTE BEUYE CE€ OLIEHSABAT HE camo MO CIIOCOOHOCTTA UM Jia Mpue-
MaT NOPBYKH, a U IO HAUMHA, 110 KOUTO CBbpP3BAT OCTaHAIUTE OM3HEC (QYHKIUU.

[TazapbT mpennara HIKOJIKO OCHOBHU Moxena. Ilpu codryepa karo yciy-
ra, Ipyu JOCTaBYMKBT YNPABISABA XOCTUHTA, aKTyalM3allMUTE W 3HAUYUTEITHATa
4acT OT curypHoctra. [Ipu pelmieHusaTra ¢ OTBOPEH KOJA ThPrOBEUBT IMOJIydaBa
noBeye cB0oOOJa 3a MEPCOHAIN3ANS, HO TOEMa OTTOBOPHOCT 3a TEXHHUYECKaTa
cpena. KopnoparuBHuTe cUCTEMH MO3BOJISBAT CIOXKHU pa3paboTKu U padoTa C
roJIEMH KaTajo3W, HO M3UCKBAT 3HAYUTENICH OIOHKET U CHEHUATM3UPAH EKUIIL.
JlokanHuTte O0NIa4HM PEIIeHUs TOCTaBAT AKIEHT BbPXY ObP30TO BHEAPSBAHE U
TOTOBHUTE BPB3KU C HAIMOHAIHU KYPUEPH, IJIATE)KHU ONEPATOpPU U CYCTOBOIHU
CUCTEMU.

Pa3BuTHETO Ha €leKTpOHHATa THPrOBUS yBeJIMYaBa 3HAYEHHETO Ha KIIU-
€HTCKOTO NMPEXUBABAHE, JOBEPUETO U KaYECTBOTO Ha yciyrara. M3cienBanusra
CBBP3BAT YIOBJIETBOPEHOCTTA U JIOSUTHOCTTA C HAJCKAHOCTTA Ha muardopmara,
yno0cTBO 1 KadecTBO Ha B3aumosenicteueto (Urdea & Constantin, 2021; Wattoo
et al., 2025). CurypHoCTTa U MHTErpallMUTE MOpPAaM TOBa TpsOBa Ja ce pasr-
JeKaT KaTo OM3HEC KPUTEPUH, @ HE CaMO KaTo TEXHUYECKH XapaKTePUCTHKHU.

3.MeTonnka Ha CPABHUTEJTHHUS AHAJIU3
OO0exT Ha u3cleqBaHETO ca IUIAaTGOpPMUTE HA E€IEKTPOHHA THPIOBHS, a
MpeIMET ca TeXHUTE (PYHKIMOHATIHHU, TEXHOJIOTHYHU U UKOHOMHYECKHU XapakTe-

puctuku. [lonGpanu ca Tpu miobanHO pasnpocTpaHeHu pemieHus - Shopify,
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WooCommerce — u aBe miathopMu, OPUEHTUPAHU KbM OBIATapcKusi masap —
CloudCart u Seliton. /lanauTe ca cuctemMaru3upaHu OT OPHUIMATHA TOKYMEHTAa-
s, CTICHUATN3UPaHy MyONUKallMU U CPABHUTEITHU aHAJIU3H.

Bcesika nnardopma e olieHeHa o oceM KpUTepusi Upes3 MeTCTeNeHHa cKaa,
npu KosATO 1 03HauaBa MHOTO HHCKO HUBO WJIM CHLIECTBEHU OTpaHUYEHUs, a 5 —
MHOTIO BHCOKO HUBO. Kpurepuurte mnosydaBar pasjinyHa TEKECT CHOPEN PojsATa
UM 3a paboTa Ha eJIeKTpOoHHHUA Mara3uH. Haii-ronsiMara Texect uma (QyHKIHO-
HAJIHOCT, a JIEKOTaTa Ha M3MOJI3BaHe, IepCOHAIM3aMATa U UHTErpanuuTe Gop-
mupart 1o 15% ot kpaiiHara OLeHKa.

Tabnuya 1. Kpumepuu u mesxcecmu 6 cpagHumennama OyeHKa

Kpurepuii TexecT

DYHKIIMOHAITHOCT 20%
Jlexora Ha U3MONA3BaHE 15%
Ilena 10%
[Tepconanuzanus 15%
WHrerpanun 15%
CurypHoct 10%
TexHnuecka NoaApBKKA 5%

Cxkanupyemoct 10%
O06mmo 100%

H3mounuk: Ananuz na asmopa

Kpaiinara oneHka ce n3umcisiBa Kato npeTerieHa cyma:
KO = (® *0,20) + (JIM * 0,15) + (I1 * 0,10) + (IT* 0,15) + (1 * 0,15) + (C *
0,10) + (TII * 0,05) + (CK * 0,10) 1)
kbsieTo @ e pynkuuonanHoct, JIM — nekota Ha uznonseaune, L — nena, I1 — nep-
conamm3anusi, I — uarerpanuu, C — curypHoct, TII — Texuuuecka nogapbxka, a
CK — ckanmupyemoct. CroitHoctute ot 4,50 1o 5,00 o3HayaBat 100po win 3a/10-
BOJISIBAILIO TIPEICTABSHE.

4.Pe3yTaTu OT OLICHSIBAHETO
Tabnuia 2 npencTaBs CpeAHUTE OICHKU 10 KPUTEPUUTE U KpaifHaTa mpe-
TerneHa ctorHocT. Shopify monydasa 4,58 u e enuHCTBeHara riardopMa B UH-

TepBaja 3a OTIIMYHO NpeacTaBsHe. OCTaHAIUTE PELICHUs NTONaaar B KaTeropus-
Ta ,,MHOTO J00po mpenacraBsHe Karo paznukara mexay WooCommerce,
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CloudCart, Magento u Seliton e manka. [logpexnanero cienoBarenHo HE TPAO-
Ba JIa CE THJIKYBa U3BbH KOHKPETHUTE KPUTEPUU U 33]]aICHUTE TEKECTH.

Tabnuya2. Cpasnumenuu pezyimamu no niamagopmu
ILnargopma D JIN IX 1 n C TII CK KO

Shopity 4,67 | 5,00 | 3,00 | 4,00 | 5,00 | 5,00 | 5,00 | 500 | 4,58

WooCommerce @ 4,33 | 3,00 @ 4,50 | 5,00 | 5,00 3,00 | 4,00 | 4,00 | 4,17

Magento 4,67 | 2,00 | 2,00 | 5,00 @ 5,00 | 5,00 @ 3,50 | 5,00 4,11
CloudCart 4,00 | 5,00 | 4,00 | 3,00 @ 4,00 | 5,00 5,00 | 4,00 @ 4,15
Seliton 3,67 | 4,00 | 4,00 4,00 4,00 @ 5,00 | 500 | 4,00 | 4,03

3abenexcka: Cokpawenusima ca onpedenenu noo popmyna (1).
Hzmounux: Ananus na asmopa

4.1 Imobannu nramgpopmu

Shopify 3aema mbpBO MscTO OnarofgapeHue Ha MaKCUMAaJHUTE OLEHKU 32
JIeKOTa Ha M3MOI3BaHe, MHTETPAINH, CUTYPHOCT, TEXHUYECKa MOJAPHKKA U CKa-
aupyeMoct. I[lnardopmara e moaxoasima 3a NPeANPUATHS, KOUTO THPCIT ObP30
BHE/IpsIBaHE, MPEABUIMMA TEXHHUECKA Cpela U Bb3MOXKHOCT 3a pacTek. OCHOB-
HOTO Il OrpaHMYEHUE € LleHaTa: aDOHAMEHTHT, IPUIIOKEHUATA U TOIbIHUTEIIHU-
T€ TEeMH MOTarT Jia yBeJaudaBat odmure pa3xonu. [lepconanuzanusra e 1o0pa, HO
HO-bJIOOKUTE MPOMEHU YECTO 3aBUCAT OT MPUIIOKEHUS WU pa3paboTKa.

WooCommerce ce oTau4aBa ¢ MAKCHMaJIHH OIEHKHU 3a MEePCOHAIN3aIUs U
MHTETpalM U C BUCOKa OlleHKa Ha 1eHa. OTBOPEHUAT KoJ U Bpb3kaTa ¢ Word-
Press mo3BosisiBaT MIMPOK KOHTPOJ BBPXY CHABPKAHUETO U (GyHKIMHUTE. Ta3u
cBoOos1a o0aue MpexBbpis KbM ThProBela OTTOBOPHOCTTA 3a XOCTHHIA, aKTya-
JAU3aIUUTe, ChBMECTUMOCTTA Ha pa3lIMpEHUsITa U 3amuTara. PemenueTo e moa-
XOJIAIIO0, KOraro OM3HECHT pasloliara ¢ TEXHUYECKa KOMIIETEHTHOCT WJIM BbHIII-
Ha MOAJIPHKKA.

Magento uma BHCOKH pe3yATaTd 3a (PyHKIMOHAIHOCT, IE€PCOHaIN3aIus,
UHTETPAIlH, CUTYPHOCT M CKaJIMPYyEMOCT, HO HHCKHU OIICHKH Ha JIEKOTa Ha M3-
non3BaHe W 1eHa. [lmardopmara oOCITy)XBa CIIO)KHU MPOJAYKTOBU KaTajo3u U
WHIMBHUIYaJIHU TPOLIECH U € MPHJIOKKMMA 32 CPETHU U TOJIeMH MpeAnpusiTus. 3a
MaJTbK OM3HEC TEXHHUYECKaTa CIOXHOCT M Pa3XOJUTE 3a BHEAPSBAHE MOTaT Ja
HAJIXBBPJIIAT MOJIBHUTE.

4.2. Ilnamgpopmume 3a 6vreapckus nazap

CloudCart cpueraBa JIeCHO M3IOJ3BaHE, BUCOKA CUTYPHOCT U JIOCTHITHA TEXHU-
YyecKa MoaaphkKa. [0OTOBUTE BPB3KH C MECTHU TUIATEKHU U JIOTUCTUYHU YCIYTH
HaMaJsiBaT BPEMETO 3a CTapTHpaHEe W aIMHHUCTpaTuBHaTa TexecT. [lo-Huckara
OLICHKA 3a MEPCOHAIM3ALMs T0Ka3Ba, Ye PEIICHHETO € TOIXOSIIO0 32 MAIKH U
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CpPEeIHU TPEINpPUATHS , KOUTO OTAABaT MO-TOJSIMO 3HAUEHUE HAa MPAKTHUYHOTO
yIpaBjieHHE U JOKaJTHATa CbBMECTHUMOCT, OTKOJIKOTO Ha crienuuyHu pa3padoT-
KU.

Seliton uma OanaHcupaH TpoduI U BUCOKH PE3YATATU 33 CUTYPHOCT U
nojyipbkxkKa. Ilnarpopmara e moaxoasmia 3a OpraHu3alyy, KOUTO LEHAT KOMY-
HUKaIMATa Ha OBJITapCKU €3UK M CHOTBETCTBUETO C HAIMOHAJIHATA ThPTOBCKA
cpena. Ilo-nuckara (yHKIMOHAIHA OLIEHKA M MO-MajikaTa eKOCHCTeMa OrpaHH-
YyaBaT MPUJIOKUMOCTTA U MIPH CIIOKHA MEXKTyHApOJHA €KCIIaH3Ms, HO HE Hama-
JsIBaT CTOMHOCTTA 1 32 OM3HEC C OCHOBEH Masap B bbirapus.

5. O0cbxIaHe ¥ PAKTHYECKH HACOKH

PesynaTtarute mOTBBpKAaBaT, 4e TIOO0ATHHUTE M JIOKATHUTE PEIICHUS Mpeaiarar
pasznuueH taun npeauMctsa. Shopify, WooCommerce u Magento ocurypsiBar no-
IIMPOKU €KOCHCTEMH, TTOBEUE BH3MOKHOCTH 32 MEXIYHAPOIHU MPOAAKOH U TIO-
rojisiM moteHnman 3a pasmmpsisane. CloudCart u Seliton HamansiBat cioxHOCTTa
npu pabota ¢ OBIATapCKu KypHepH, IJIATeKHU YCIYTH M Ta3apHU MPaKTHKH.
CrnepoBarenHo JIOKajgHaTa MPUTOAHOCT MOXKE Jla UMa MO-TOJIIMA MpaKTUYecKa
CTOHMHOCT OT MO-BUCOKA 001112 OIICHKA.

[IspBara cThika npu U300pa € Ja ce ONpeAesd €TanbT Ha Pa3BUTHE HA
ouzHeca. CrapTupamure TPEanpUATHS OOMKHOBEHO C€ HYXAASIT OT OBbp30
BHEJPsIBAHE, JIECHO aJIMMHHCTPUpAHE W JOCThIHA Nojpbhxkka. [Ipu pactex ce
yBellnyaBa 3HAYCHHETO Ha aBTOMATH3allUATa, MHTErpalusTa u padborara ¢ Mo-
rojisiM 00eM Mopbuku. [onemMuTe opraHu3aluu ce HYXIasT OT UHIMBHUIYaTHH
npolecH, cTabuiIHa HHQPACTPYKTYpa U TEXHUYECKA I'bBKABOCT.

[lenara TpsOBa Aa ce oleHsIBa Karo 00I1a CTOMHOCT Ha npuTexanue. Oc-
BEH a0OHAMEHTA WJIM JIMLEH3a TS BKJIIOYBA XOCTUHI, IPUIOKEHUS, TUTBI'MHHU, CHU-
TYPHOCT, pa3paboTka, o0yueHue, NoJApbxKKa U Objello Haarpaxaane. Huckara
HayaJHa 1IeHa MOXKEe J]a JOBEJE J0 MO-BUCOKU IBITOCPOYHH PA3XOH, aKO ca He-
00X0MMH MHOXECTBO JOMBJIHUTEIHU yclIyru. OOpaTHO, MO-BUCOKUAT aboHa-
MEHT MO J1a OBbJIe OTpaBaH , KOraTo BKJIIOUBa HHPPACTPYKTypa, TOTOBU (HyH-
KIIUW ¥ HaJIeXKTHA TTOJAPHKKA.

WNuTerpanmuuTe UMar MpsKo OTpaxeHUE BbpXYy edekTuBHOCTTA. OHIANH
MarasuHbT padOTH C IUIATEKHU OMNEPaTOpH, KypHUepH, CUCTOBOAHHU IPOTpaMuU
CRM cucremMu, MapkeTUHITOBH MHCTPYMEHTH W aHAIMTUYHU Tuiatdopmu. Jo6-
para CBbP3aHOCT HamalsiBa pbuHaTa o0OpaboTKa W pucka OT rpemku. Curyp-
HOCTTa MMa ChIllaTa CTpaTernyecka poJis, 3a10To MPOOIEMHTE MPH TIIAIIAHUITa
WIN 3alUTara Ha JIMYHU JTaHHU MOraTr Ja JoBenaT 1o 3aryba Ha IoBepeue u
pPEeKbCBaHE HA IPOAAKOUTE.

[IpakTuyeckara npenopbka € miargopmara 1a ce uzdupa upes npodus Ha
noTpeOHOCTUTE, a HE caMmo upe3 olmio kiacupane, Shopify e momgxonsma 3a
OBp30 cTapTupaHe W mocneasail pactex; WooCmmerce — 3a OM3HECH, KOUTO
TBPCAT KOHTpoOI U pabotar ¢ WordPress; Magento - 3a CI0XHU IPOLIECH U TO-
asim Texaudecku pecype; CloudCart — 3a Manku U peIHU MPENNPHUITHS, OPH-
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EHTUPAHU KbM ObArapckus nasap; Seliton — 3a opraHu3aluM, KOUTO MOCTABAT
aKIIEHT BHPXY JIOKATHATA MONIPHKKA U CTAOMITHOTO HAIMOHAIHO TPUCHCTBUE.

6. 3akiaoueHue

CpaBHHTEIHUAT aHAJIU3 TTOKa3Ba, Y€ HE CHINCCTBYBa YHUBEPCATHO Haii-
nobOpa miargopMa 3a €IeKTpOHHA ThproBus. Shopify monyuaBa Hail-BHCOKa
npeTervieHa OIeHKa | IMpenasara Haii-0aJaHCHpaHO ChYETaHHE OT JIEKOTa Ha U3-
MoJI3BaHe, MH(PpACTPyKTypa, UHTETpaluu u ckamupyemocT. WooCommerce u
Magento aBar Mmo-TojisiM TEXHHYECKH KOHTPOJI, HO M3MCKBAT TTOBEUE KOMIIETEH-
tHOCT M pecypcu CloudCart u Seliton moka3Bar 3HaUeHHETO Ha JIOKaJTHATa ajar-
Tanus 3a ObATapCKUTE MATIKH W CPEAHU MPEATIPHSITHS.

OcHoBHaTa Te3a ce MOTBbPKAaBa: NIOOATHUTE TUIATHOPMH UMAT TIPETUM-
CTBO MPHU PA3IMIUPSIEMOCTTa, EKOCHCTEMAaTa W MEKIyHAPOTHOTO Pa3BHTHE, a JIO-
KaJTHUTE PEIICHUs] — IPU ChOTBETCTBUETO C HAIMOHAIHUTE YCJIOBHS U JIOCTBHII-
HOCTTa Ha MOAJApHKKaTa. Hail-mogxoasumsT n30op 3aBUCH OT Maiada, TeXHU-
YEeCKHUS KaramuTeT, OOIMUTE pa3Xxo/Iu, [EJICBHUAT Ma3ap U IJIaHOBETE 3a Pa3BUTHE
Ha KOHKpPETHHs OM3HEC.
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N3ITOJ3BAHE HA KOMITIOTBHPHO 3PEHUE 3A TIOAITIOMATI'AHE
HA CITOPTHOTO OBYYEHHME 11O BACKETBOJI

npod. a.u. Masexa Merpos?
nokropant I'eopru Ienues’

Pesrome: B nacmoswusa 00xknao e ananuzupano 3Ha4eHuemo Ha npasuiHama mexHuKa
Ha cmpenba 6 backemoOona, ype3 Cbnocmasane Ha eMnUPUYHU NPABULA U OUOMEXAHUYHU MO-
Oenu. Ilpeonooceno e enedpseane Ha KOMNIOMBPHO 3penue upe3 usnonzeawe Ha YOLO u
cmanoapma COCO 3a ananu3 Ha nozume HA MAIOMO 8 PealHo 8peme, Kamo ca oYepmaHu
MeXHON02UYHUmME MY NPeOUMCmea U npeou38UKameIcmed.

KmouoBu aymm: 6ackembon, xomniomwvpro sperue, COCO, YOLO, nosu, peanno

epeme.
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USING COMPUTER VISION TO SUPPORT BASKETBALL SPORTS
TRAINING

Prof. DSc Pavel Petrov!
PhD student Georgi Penchev”

Abstract: This report analyzes the importance of proper shooting technique in
basketball by comparing empirical rules with biomechanical models. It proposes the
implementation of computer vision using YOLO and the COCO standard for real-time body
pose analysis, while outlining the associated technological advantages and challenges.

Key words. basketball, computer vision, COCO, YOLO, poses, real-time.

JEL: 720, 030, C88

1. BnBeaenue

Backer6ombT € ciokHa Urpa, KOsSTO OCBEH BUCOKA (hu3HUecKa U3IPHKITHU-
BOCT, TEXHUYECKH YMEHUS U Obp3a TaKTUYECKAa MUCHI, U3UCKBA JOOPU YMEHHUS
3a yCHEIIHU MOoMaJAeHus B Koma. B kpaitHa cMeTka, 3a modeaTta € BaKHO KOJIKO
KOIIIa Ca BKapaHHU.

B CAIll, xbaeTo, ciopea HSAKOM MpOy4yBaHMs, OackeTOoJia € Ha BTOPO
MSICTO MO MOMYJSIPHOCT clie[] aMepuKkaHckus Qpyrbos u npenu 6Oeitzdoia, mpu
oOyueHue, ocBeH 0a30BHsS METOJ 3a cTpenda mo komna, u3BecteH kato BEEF
(Balance, Elbow, Eyes, Follow), ce ciensar chBeTHTE U Ha peuiia MPaKTUIIH.

Taka Hanpumep, cBETOBHOM3BECTHUS OackeTOonucT Maiikba [[xopaan e
nan cnennata npenopbka (Chris, 2023), uzBectna kato [Ipasumiioto 3a ,, IpoiiHo-

2 petrov@ue-varna.bg, IkoHOMHYeCKH YHUBEpCHTET — BapHa
3 georgi.penchev@ue-varna.bg, ikonoMuueckn yHuBepcuteT — BapHa
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T0 90% (Triple 90): B MOMeHTa, B KOMTO C€ BAWTHE TOMKATa B TIO3UITUS 32 CTPEJI-
0a (Ha auriu. "set point"), Tsu0TO TpsSIOBa Aa 00pa3yBa TpU IpaBu bruja oT 90
rpanyca: 1) Ilox mumHunara - rea oT 90 rpagyca Mexay Topca U rOpHaTa
4acT Ha pbKaTta (paMoTO € moBaurHato). 2) B maksTs - brega ot 90 rpamyca
MEXy TOpHaTa 4acT Ha pbhKaTa U Mpe]l MUIIHUIIATA (phKaTa TpssOBa ga oOpasy-
Ba nepdexTHa ¢popma Ha OykBara "L"). 3) B kuTkata - kuTkaTa TpsiOBa Aa € Ha-
IBJIHO TIpeYyINeHa Haszal MoJ brej oT 90 rpamyca crnpsMo TMpen MUIIHHIATA,
OIlIe TIPE/IH J1a 3all0YHEe JBUKCHUETO HAarope.

[Tocoyenara mpemopbka MOXe J1a ce TprueMe 3a 0a3oBa mpu 00yUYEHHUETO
II0 TO3U CIIOPT, ThH KAaTO € U3BECTHO, Y€ OCHOBHUTE TPEHUPOBKU Ha MaWKbi
JI>xopnan ca Ounm 3a BKapBaHe Ha KOIIIOBE - HA JICH € TPSOBAJIO a BKapa MEXIy
500 u 1000 Tomku B KOIIIa OT pa3IMYHU MO3UIMHU (OpOenH ca ce caMO BKapaHH-
TE, a He u3CcTpensiHuTe Tonku). Crnopesa JUYHaTa My CTaTHCTHUKA, € UMaJl ycIie-
BaemocT 70-80%. JxopgaH wmMa HW3BECTHO TBBPJCHHE, C KOETO OOOCHOBaBa
BOXXHOCTTA Ha camarta TexHuka (Jordan, 1994): "Moskemn na TpeHupar crpenda
10 OCEM Yaca Ha JIeH, HO aKO TeXHUKaTa TH € TpellHa, ToraBa MpoCTO CTaBall
MHOT0 100Bp B cTpesbdara no rpemHust HauuH. [I[poMeHn ocHOBUTE U HUBOTO Ha
BCUYKO, KOETO IpaBulll, 1Ie ce noBuun." B Ta3um Bpb3ka HUE CME CHITIACHU C
HEro W TIpreMame, 4e MOBTOPEHUETO HE BOJAM /0 CHBBHPIIECHCTBO, @ CaMO 3aT-
BBHPIKJaBa HABUIIUTE — KAKTO TOOpUTE, TaKka U JIOIINTE.

2. Bunose crpesiou B 0ackerfoJia

Knacudukanuara Ha BUIOBETE CTpesOM B OackeTOoJsia pas3/iesisi ONMUTUTE
3a cTpenda OoT urpa Ha 0aszara Ha pa3IMYHU MEXaHUKU W JUCTAHIMH, 3a J1a Ce
OLICHAT €(EKTUBHOCTTA HA WTPAYUTE M TAKTHUECKOTO MpencraBsHe. Criopen
JTUCTAHIIMATA, TEXHUKATA Ha M3IIBIHCHUE U CUTYaIlUsATa Ha TepeHa OOMKHOBEHO
Ce Tpymupar B JBE KaTEerOpuHM - OCHOBHHU ((pyHIAMEHTAIHW) M HaIpeIHAIH
(cmoxxun). [IspBUTE M3UCKBAT YCBOSIBAHE HA CTAOWIIHA M YMCTA TEXHUKA Ha M3-
I'BJIHEHUE, & BTOPUTE U3UCKBAT J0OpO OBJIAJsBaHE Ha OalaHCa Ha TSIIOTO, KOH-
TPOJI HaJl TOMKaTa (APUOBIT) U CIOCOOHOCTH 3a CTpenda Mo 3aCUJIeH HATUCK OT
CTpaHa Ha 3aIlUTHHK.

Cpen OCHOBHHTE KaTErOpUH CTPENIOH ca:

- Ctpenba ot mscto (Set Shot) - Knmacuuecka crpenbda ¢ ABe pblie WK €11-
Ha BOJIEIA, TPU KOSITO KpakaTa He c€ OTAENAT BUCOKO OT 3eMsTa. M3momn3Ba ce
Haii-Beue npu HakazareaHu yaapu (Free Throws).

- Ctpenba ¢ orckok (Jump Shot/Jumper) - UrpaubsT oTckaua BepTUKAITHO
Harope M 0cBOOOYKIaBa TONKaTa B Hal-BUCOKAaTa TOYKA HA OTCKOKa, 3a Jia MPeo-
JoJiee 3aIUTHHK.

- [lognacsae (Layup) - Ctpenbda oT 6;1u3K0 pascTosiHue (Mo Kola), mpu
KOSITO UTPayYbT C€ MPHUOJIMKaBa ¢ pa30er Ha Kpauyku M MOJHACs TONKaTa B Taod-
JIOTO WJIM TUPEKTHO B PHHTA.
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- Crpenba ot maBmwxkenue (Catch and Shoot): YnaBsHe Ha TomkaTa cien
nac u Heza0aBHA cTpennda, Ipean 3aluTaTa Jja € pearupaia.

Kazanoro ot Maiiksn Jopaan u 6ackeTOOTHUTE TPEHbOPHU 3a MPaBUIIO-
To 3a ,,IpoitHoTO 90* (Triple 90) ce oTHacs 10 OGMoMexaHHKaTa U nepdeKTHaTa
MEeXaHUYHA TMO3UIIUS Ha TSUIOTO MPHU MIEPBUTE JIBE KaTETOPHUHU.

Cpen HamnpeaHaauTe KaTeropuu cTpendu (cropes miatgopmu 3a OackeT-
6osHu ananusu Ha CAILl) ca:

- 3abuBane (Dunk) - 3aBbpiIek Ha araka, Ipu KOMTO UTPaubT CKaya BUCO-
KO ¥ 3a0MBa TOMKAaTa IUPEKTHO B KOIIIa C €Ha WU JIBE PhIIE.

- Ctpenba ¢ ornpwnBane (Fadeaway/Pull-up/Step-back) - Ctpenba ¢ otc-
KOK, MIPH KOSITO UTPaybT YMHUIIUICEHO CKaya Has3aj, Jajed OT 3alllUTHHUKA, 3a Ja
Ch3/1aJ1€ MPOCTPAHCTBO (YECTO U3MOJI3BAaHO OT Malikbia J>xopaaH).

- Kyka (Hook Shot / Skyhook) - JIbroo6pa3na ctpenba ¢ enna pbka, npu
KOATO TSJIOTO Ha HamajaTessl € 00bPHATO CTPAHUYHO KBM KOIIIa, 32 J1a OJI0Kupa
3alllUTHUKA C JIPYTOTO Pamo.

- Ctpenba cnen otkioHeHnue / kpauka Hazan (Step-back / Sidestep) - Ur-
paybT MpaBU psi3Ka Kpauka Ha3aj] WM HACTpaHM IO BpeMe Ha ApuObi, 3a 1a
320y 1M 3allIUTHUKA U BEJHATa CTPEJs.

- ©noytsp / ,,Cbm3a (Floater / Tear Drop) - Bucoka, mapabonuuna
cTpenba ¢ eaHa pbKa OT MaJKO Pa3CTOSHUE, M3MOJ3BaHa OOMKHOBEHO OT MO-
HUCKH UTPayH, 32 J1a TPEXBBPJIIAT MO-BUCOKH 3aITUTHUITN, KOUTO OJIOKHUpAT.

- Aneit-yn (Alley-oop) - YnaBsiHe Ha noAaseHa TONKA BbB Bb3yXa U He-
3a0aBHO OTOEJIsI3BaHE Ype3 MoJaraHe Wiv 3a0UBKa MPeIH MPU3EMIBaHE.

- oGaBka (Tip-in / Putback) - JlokocBane Ha Tomkara ¢ BbpXa Ha MpPhC-
TUTE BBB Bb3/yXa ciie]l oaH3uBHA OOPOA U HACOYBAHETO M TUPEKTHO B KOIIIA.

CepliecTByBaT U JAPYrd BapuaHTH M HAWMMEHOBAHMS, HO TOPEMOCOYCHUTE
ca JIOCTaTh4HM, 32 J]a HallpaBUM U3BO/JIa, Y€ 32 OT HIKOU OT T€3U KaTerOpuH HE €
MOJXO/ISIIO U3MOJI3BAaHE HAa KOMITIOTHPHO 3peHue npu odydeHnueto. Cropen Hsi-
kou m3caeaBanus 3a NBA u Euroleague, Haif-uecto ce u3nmbiiHsBa above head,
KOETO 4ecTo ce M3mbiHsABa oT jump shot (Bmx dur.l) (Eréulj & Strumbelj,
2015).

Cnopen npyru uscnenoBatenu (Svoboda et al., 2024), 3a na ce ctabwmim-
3UpaT U aBTOMATU3UpaT €JIEMEHTUTE Ha OackeTOoHaTa TEXHUKA, TS TpsiOBa Aa
Ce M3MBJHSABA MPABUJIHO OIIE OT HAYaJIHWUTE €Taly Ha IMpoleca Ha oOydeHue.
CrpenbaTta cbC CKOK C€ CUMTa 3a Hal-BaXHHS BUJ CTpesla, KaTo € €JHAKBO
edeKTHBHA B PA3UYHM CUTYyallMM Ha UTpHIIeTo. He BCHYKM TEXHUKHU ca Haii-
MOIXO/ISIIIN 32 BCEKU UTPay, Thil KaTO CHIECTBYBAT PA3INYMsI B JTBUTATEITHUTE
1 MOP(OJIOTUYHUTE XAPAKTEPUCTUKHU. B OCOUEHOTO M3ClieIBaHEe ce MPaBU OMUT
Jla ce Ch3/ajJe KMHEeMAaTHUeH MOJIE] Ha cTpesdara chbC CKOK M Ha cTpenbdara
€llHa pbKa OT MSCTO, KaTO CE€ aHAIM3UpaT KHHEMAaTUYHUTE MapaMeTpu Ha rop-
HUTE KpalHUIM, MapaMEeTPUTE Ha OTCKOKA Ha 0acKeTOOJIMCTa U BI'BJIBT Ha Tpa-
EKTOpHsITa Ha TOMKATa. Y CTAHOBEHO €, Y€ KMHEMAaTUYHUSAT MOJEN Ha Te3U JIBa
BUJa CTpenda ce pa3nnyaBa 3HAUYUTEIHO, TIPU KOETO € YCTAaHOBEHO, Y€ cTpenda-
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Ta C €JHa pbKa OT MSCTO € TEXHUYECKH IPABUIIEH METOJI, YAETO U3IIBIHEHUE CE
IIPENoOpPbUYBA, JOKATO UI'PAYBT HE JOCTUIHE HUBO HA JIBUTAaTEIIHU YMEHUs, MO3-
BOJISIBAILIO MPABUIIHOTO U3MTBJIHEHHE HA CTPEI0aTa ChC CKOK.

estimates, adjusted

relative frequéncy

Queypa. 1. Hecmoma no kamezopuu uzcmpenu 8 cocmesanus Ha NBA
(The National Basketball Association), EURO (The Euroleague), SLOI (The
top-tier Slovenian national league), U16 (The Under-16 Slovenian boys Youth)

u Ul4 (Under-14 Slovenian boys Youth)
Msmounux: (Erculj & Strumbelj, 2015)

3. Bb3MOKHOCTH 32 M3M0JI3BaHe HA KOMIIKOTHPHO 3peHune
npu odyyeHue Ha 0ackeT00.1

Crnopen Hac, 6bp30TO M TOUYHO OMpENESTHE B PEAJIHO BpEME Ha BIJIUTE B
CTaBUTE Ha JAKbBTS, TOPCA, KOJSHOTO U Ije3eHa B MOMEHTa Ha OCBOOOKaBaHe
Ha TOIKaTa NP YCHEIIHW U HEYCIEUIHN OMUTH 3a CTpeada MoraT Ja MoMOrHaT
npu 00y4eHHeTo U J1a mofo0psT pesynraTHocTTa. [1o100HO cTaHOBHILE ce CIIOo-
JIeNs U OT HSKOM CTEeIMATTUCTH, HarpuMep foil. A-p Wnko Mnues - ppbKOBOAUTEN
karenpa "E3ukoBo oOydenuwe u crnopt” npu MKOHOMHUYECKH YHUBEPCUTET —
Bapha nipu HanpaBeHU JIMYHU KOHCYJITALMK U OT TeXHU nyonukanuu (Vasilev &
Iliev, 2023; Vasilev & Iliev, 2024).
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B Ta3u Bpb3Kka, npuiaraHeTo Ha KOMIIOTHPHO 3peHHE B 0ackeTOoa MOXKe
J1a 1aJ1e Bb3MOXKHOCT 32 aHAJIM3 Ha TPEHUPOBKUTE B PEATTHO BPEME UIIM HA BUJIE-
o3anuc, 6e3 HeoOXOIMMOCT Ja C€ U3MOJI3BaT HEYAOOHH CEH30pHU, IIOCTABEHH 10
Ts1710T0. OCHOBHUTE HAMPABIICHUS, B KOUTO C€ MpuUjiara KOMIIOTHEPHO 3PEHUE ca:
OTKpPUBAHE W TMPOCJEAsIBaHE HA UTPAYM M TOMKATa, Kiacu(uimpane Ha OTHTpa-
BaHUs M CbOUTHUSI, AaHATIM3 HA TEXHUKATa Ha CTpesida, TeHeprupaHe Ha CTPYKTYpH-
paHU JTaHHM 3a IEJUTE Ha aHAJM3UTE, TPEHhOPCKATa JEHHOCT, U3IYBAHETO IO
TeJeBU3UsI U OOYYECHUETO HAa MOJICIIH.

[Toaxoasmio 3a uenure Ha OOy4EHHETO € U3MO0JI3BaHE Ha MOJYJIM 3a OIpe-
JIeJISTHE Ha 1103aTa Ha TSAJI0TO - aBTOMATUYHO OIpeEessiHEe Ha MECTOIOI0KEHUETO
Ha TJIaBaTa, CTABUTE U KPAaWHUIIUTE, 32 J1a MOKE J1a CE U3UNCIABAT KHHEMATHIHH
xapakrepuctuku (Karlik, 2024), kato briaum U Apyru pe3yATaHTHU MMapaMeTpH,
UMaIIi Bph3Ka C YCIIEBAEMOCTTa MPU U3ITBIHEHUETO HA YJapH, B 3aBUCUMOCT OT
bI'bJla HA W3JIUTAHE HA TONKATa, MMPaBUITHATA M TPACKTOPHUS BHB BB3IyXa U OII-
TUMaJTHATa CKOPOCT.

3a ompezensiHe HA OCHOBHHUTE MapaMeTPpH Ha M03aTa Ha 00y4JaeMusi, MOXKe
Jla C€ WU3MOJI3BAaT aHATOMUYHUTE KJIOYOBHM TOYKM 10 cranaapra COCO
(Common Objects in COntext, https://cocodataset.org/), mbpBOHaYaIHO CH3/a-
neH ot Microsoft (Lin et al., 2014).

Upes Hero Moe J1a ce U3M0J3Ba CTaHAapTU3UpaHa cxema ot 17 oTindu-
TEJIHU TOYKH (MapKepu) BBPXY UYOBELIKOTO TsUIO, KOSTO Jla C€ M3IMO0J3Ba 3a
olleHKa Ha YoBernikara no3a (human pose estimation). ChBpeMEHHUTE MOJIEIH 32
MalmIMHHO OOy4YeHHE Ype3 KOMIIOThPHO 3peHue, kato Hampumep YOLO,
OpenPose, MediaPipe, Vision Transformers u ap. u3non3ear to3u ¢opmar 3a
npoclnesBane, KapTorpapupane U aHaJIM3UpaHe Ha JBUKEHUATA U CTOMKaTa Ha
Ts10TO. 17-Te KimroyoBu Touku HAa COCO u texHudT pen ca cneguure: 0 - Hoc;
1, 2 - JIsso oxo/JlsicHo oxo; 3, 4 - JIsBo yxo/[lscHo yxo; 5, 6 - JIsBo pamo/JlsacHo
pamo; 7, 8 - JIaB makwT/[ecen nakbt; 9, 10 - JIsBa kutka//sacHa kutka; 11, 12 -
JIsBo Geapo//lsacHo Geapo (tazobeapena crapa); 13, 14 - JIsBo kosstHO/JIsICHO
koistHO; 15, 16 - JlaB riesen/[lecen rie3ed. Koraro mageH monen 3acede Te3n
TOYKH, BCSIKA €/IHA OT TSAX CE€ 3alMCBa KaToO TPOMKa OT CTOMHOCTH (X, Y, V) - XO-
pU30OHTATHATA W BEPTUKAIIHATA MTO3UIIMSI HA CTaBaTa WM YacTTa OT YOBEIIKOTO
TSJI0 B MUKCeNH U (iar 3a BuauMocT (v - Visibility), KoiTo yka3Ba maau TOYKa-
Ta ce Bmxzaa: 0 - He ce BUXkK7a, | - MapkupaHa €, HO € CKpUTa 3aj OOEKT UM ApY-
ra 49acT OT TSJIOTO, HO TIO3UIIUATA M € aHATOMUYHO TIPEIBUICHA, U 2 - MapKHUpa-
Ha e U ce Bxkaa. Ha Ta3u 6a3a moxe na ce ¢popmupa ckenera upe3 (GUKCHpaH
Ha0Op OT BPB3KH (JIMHWM), KOUTO ChEAMHIBAT TOukuTe. Hampumep, cBbp3Ba ce
JsBOTO pamo (5) ¢ neBus nakswT (7) u aeBus JakswT (7) ¢ asBara kuTka (9).

Ha ¢ur.2 u 3 ca nmokazanu pe3ynraru ot usnojzBaHero Ha YOLO ver.8
BBPXY MPUMEPHU U300paxkeHus. B HauanoTo ce pasno3HaBaT OTAEITHUTE OOEKTH
(orpazieHu ¢ MpPaBOBI'BIHULIN), & TIOCHE ce onpeneniT no3ure. [Ipu Hanmuyue Ha
MHOTO 00EKTH, KOUTO CE 3aCThIIBAT, MMa MPOMYCKU B Pa3l03HABAHETO Ha 00EK-
THUTE.
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Queypa 2. Obpabomka Ha cMAMUYHO U300PAdiCEHUEe C HAKOJKO 00eKma ¢

YOLOvS 3a onpeoensine na nosu
Hsmounuk: asmoposa obpabomka

(i}
I3 "}%pefsm)c%perscpers_on 0 81

b LR

person 0.80rson 0. 1’7
m;s.on 0..'0jm

Queypa 3. Obpabomka Ha cmamuyHo uzoopasicerue ¢ mHo2o obexmu ¢ YOLOvS

3ad Onpeéeﬂ}me HAa no3u
Hsmounuk: asmoposa obpabomka
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Ha 0a3a gannute ot 00paboTKa Ha BUIEO Ype3 CETMEHTHUPAHE Ha OOCKTH
U ONpeNeNsiHe Ha T03W, MOXKE Jia Ce M3UYUCIABAT cleqHute mapametpu (Wu,
2025):

1) Cbp3aHu ¢ ABUKEHUETO HA TOMKATA - CKOPOCT, BbPTEHE, TOUYKA HA OC-
BOOOKJ]aBaHEe, BUCOYMHA HA TPACKTOPHUATA, BpEME Ha TMOJET, bI'bJl Ha U3CTPEII-
BaHe, bI'bJl HAa HaBJIM3aHE B KOIIA U JIp.

2) CBbp3aHu C TUIOTO Ha 00y4aBaHUS - BI'BJ B KOJSTHOTO, BI'bJ B Ta30-
OenpeHarta cTaBa, BI'BJI B JIAKBTS, BI'BJI MIPH OCBOOOXIaBaHE, BI'bJI B TJIC3CHA,
BI'bJI B PAMOTO, BUCOYHMHA HA JIAKBTS, BUCOYMHA TIPU OCBOOOKIaBaHE U JIp.

KonnyecTBeHOTO HW3MepBaHE M HATPyIBaHE Ha TE3W MPOCTPAHCTBEHO-
BPEMEBH TIOKA3aTelId MOXE Ja IMOCITYXHU 3a pealn3alusaTa Ha WHIUBHIyalIcH
MOJIXO0/1 TIPU TIOJITOTOBKAaTa Ha chere3aTenu. Hanmnuuero Ha mogoOHM MacHBHU OT
JAHHU MOXeE JIa J1aJie Bb3MOXKHOCT 3a Ch3JJaBAHETO HAa MEPCOHAICH JUTUTAJICH
npodua Ha cTpenbdaTa, ChoOpa3eH C aHTPOIIOMETPUUHUTE 0OCOOCHOCTH Ha BCEKH
oOy4aBaH, Thil KATO CHHXPOHH3UPAHETO HA TE3U JIBa TIOTOKA OT JTAHHH MOXKE J1a
YCTaHOBM TOYHATa KOpeialus MEeXIy OMoMexXaHHKaTa Ha CTpeliela U KpaitHaTa
napabosa Ha usctpena. ToBa, OT CBOAT CTpaHa, MOXE Ja OCUTYPH OOEKTHBEH
MaTeMaTU4YeCKd MOJIEN 32 WACHTHU(PUIIMPAHE Ha TPEUIKA B CTOMKATa MPHU CTped-
0a ¢ Tomkara oI1e B MOMEHTA Ha TPEHUPOBKa.

4. 3akroueHue

B Hacrosiero u3cieaBaHe ca pasrieJaHu HSIKOU KIACUYECKUTE METOIU
3a oOyuenne — karto npuHiuna BEEF u emnupuunoTo npasuiio 3a ,,TpoiHOTO
90 na Malikbn [[xopaaH, KAKTO U HIKOW ChbBPEMEHHU KUHEMAaTUYHU MOJEIU U
WHCTPYMEHTH 3a KOMIIIOTBPHO 3pEHHE. YCTaHOBEHA € HEO0OXOAMMOCTTAa OT
cTporo audepeHuupaH MOAXOJ MPU YCBOSIBAHETO HA cTpesndaTa OT MSCTO H
cTpenbara cbC CKOK. Morar jga ObJaT U3BEJEHU CJIEIHUTE OCHOBHU H3BOJU:
[ToBTOpEHNETO B TPEHUPOBBUHUSA MpoIlec npu OackeTOoa TpsOBa 1a € 0OBBP-
3aHO C MpaBUJIHA OMOMEXaHWKa M M3Tpa)KAaHe Ha JIBUTATEeITHU HABUIIM, 32 J1a €
HaJMLE TOocCieABania yCcleBaeMoOCT Ha WUrpauyute. MHTerpupaneTto Ha KOMIIIO-
THPHO 3pEHUE B TPEHUPOBBUHUS mpouec (upe3 moaenu karo YOLO u crannpap-
ta COCO 3a 17-Te aHATOMHYHU KJIIOYOBH TOYKH) MOXE Jia pelId mpodiema c
JeTaiiHus OMOMEXaHWYEH aHau3, ThH KaTo TMO3BOJIsIBA OE3KOHTAKTHO, Ipe-
LM3HO U JOCTHIIHO U3BIMYAHE HA KHNHEMAaTUYHU JaHHU B peasiHO Bpeme. Tect-
BaHeTo Ha Mozena YOLO BbpXy cTaTUYHU M300paKE€HUS JIEMOHCTPUPA BUCOKA
€(EeKTUBHOCT MPHU JIETEKIIUS HA MTO3UTE, HO CHIIEBPEMEHHO OYEpTaBa U TEKYLIH-
T€ OrpaHWYEeHUs] IpU 00pabOTKaTa Ha CLUEHU C BUCOKA IUIBTHOCT U 3aCThIIBAHE
Ha 00EKTHUTE, KOETO MPU TPEHUPOBKHU HE € OT ChILIECTBEHO 3HAUCHHUE, 3a pa3JIhKa
OT peaJTHUTE UTPOBHU CUTYyalluH B OackeTOoa.
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B 3akirodeHme, M3MOIBBAHETO HA KOMITIOTBPHO 3pEHHUE MPU 00ydESHUETO
1o 6ackeT0O0J MMa MOTEHIIMANT 32 MOJCPHU3UpPaHEe HA METOIMKATa B CIIOPTA, Thi
KaTo CHUCTEMATHYHOTO NPOCICsiBaHe Ha (DPU3UYCCKHUTE IMapaMEeTpU Ha TSIIOTO
(BIJIM B CTABUTE, TOYKA HA OCBOOOXKIABAHE U JIP.) M XapaKTEPUCTUKHUTE HA TOII-
Kata (TpacKTOpHsi, CKOPOCT U Jp.) MPEAOCTaBs Ha TPEHHOPUTE OOCKTHBHU U
CTpyKTypupaHu JaHHu. HeoOxomumu ca ObaeM M3CICABaHHS 33 JTUHAMHYHO
IpOCIIe/IsIBAHE Ha BUJIEO MOTOIIH, 32 JIa C€ TOCTUTHE MaKCUMaJIHA TOYHOCT B pe-
allHa TPEHUPOBBYHA cpena. Ha Ta3u 06a3a Moxke na ce pa3paboTH ISUIOCTHA WH-
dbopmanrionHa cucteMa, oOpaboTBaIIa JaHHUTE, TIOJyYaBaHU OT MOJCIIUTE 3a
KOMITFOTBPHO 3pEHHUE, KOATO Ja MOoJIoMara TPEHbOPUTE B TAXHATa paboTa 1o
o0yuyeHHe Ha UTPAYHTE.
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