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DEVELOPING VISUAL COMPETENCE USING IMAGE EDITING SOFTWARE
IN SECONDARY SCHOOL INFORMATICS CLASSES

The rapid development of digital technologies has made visual communication an essential
part of modern education. Image editing is no longer only a technical operation: it supports digital
literacy, creativity, visual thinking, and the conscious use of media [1; 2]. The aim of this study is to
examine the educational role of image editing programs in secondary education and to identify
selected factors that may influence students’ visual competence.

The theoretical part of the research discusses the concept of digital image editing, the
difference between raster and vector graphics [1], and the educational use of common tools such
as Tux Paint, Paint.NET, Krita, GIMP, Canva, Photopea, Inkscape and Adobe Photoshop [2]. The study
also considers Al-based image generation systems as emerging tools that may support visual
education, while requiring careful methodological and ethical guidance from teachers.

The empirical part of the work was based on a test conducted among 6th and 9th grade
students of the “BennkogobpoHcbkuit pepopmatcbkmin ninen” (N = 54). The test measured basic
knowledge of image editing, file formats, raster and vector graphics, and practical digital image-
related concepts. Since the Shapiro-Wilk test indicated a significant deviation from normality (W(54)
=0.95; p =0.015), the group comparisons were performed using the nonparametric Mann-Whitney
U test [3].

During our research, we analyzed how foreign language proficiency, gender, academic
performance, and extracurricular image-editing practice are related to students’ test results.

The analysis of students’ foreign language proficiency revealed statistically significant
differences between the two groups. According to the Mann—Whitney U test results (U =97; Z =
-2.106; p = 0.035), students who spoke a foreign language achieved significantly higher test scores
than those who did not. In the sample, 46 students reported speaking a foreign language, while 8
students did not. The average score of foreign language speakers was 17.26 points (Mdn = 18; SD =
4.12), compared to 13.88 points (Mdn = 13; SD = 4.16) among non-speakers. These results indicate
that foreign language proficiency may positively influence students’ performance in visual and
digital competence.

The analysis of gender differences showed no statistically significant difference between the
performance of girls and boys. According to the Mann—Whitney U test results (U = 337; Z = -0.332;
p = 0.740), the test scores of the two groups were very similar. In the sample, 31 girls and 23 boys
participated. The average score of the girls was 16.68 points (Mdn = 18; SD = 4.66), while the boys
achieved an average score of 16.87 points (Mdn = 18; SD = 3.76). These findings suggest that gender
did not significantly influence students’ performance in the visual competence test.
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The analysis of extracurricular image-editing activity revealed no statistically significant
difference between the groups. According to the Mann—Whitney U test results (U = 284.5; Z =
-0.860; p = 0.390), students who engaged in image-editing activities more frequently did not
achieve significantly higher scores than those who practiced less often. In the sample, 35 students
reported participating in extracurricular image-editing activities at least once a week, while 19
students engaged in such activities once a month or less. The average score of the more frequent
users was 16.51 points (Mdn = 17; SD = 4.22), whereas the less frequent users achieved an average
score of 17.21 points (Mdn = 18; SD = 4.40). These findings suggest that the frequency of
extracurricular image-editing practice did not significantly influence students’ visual competence
test performance.

The analysis of academic performance showed no statistically significant difference between
the two groups of students. According to the Mann—Whitney U test results (U = 335.5; Z = -0.282;
p = 0.778), students with higher academic averages did not achieve significantly different scores
compared to those with lower academic averages. In the sample, 32 students had an academic
average between 10 and 12, while 22 students had an average between 7 and 9. The average score
of the 10-12 group was 16.66 points (Mdn = 18; SD = 3.87), whereas the 7-9 group achieved an
average score of 16.91 points (Mdn = 17.5; SD = 4.86). These findings suggest that general academic
achievement did not significantly influence students’ visual competence test results.

The above results indicate that knowledge of a foreign language may be associated with higher
performance on the image editing test. In contrast, gender, previous image editing experience, and
students’ grade average did not show statistically significant differences in the examined sample.

The findings suggest that image editing should be taught not only as a creative activity, but
also as a structured part of digital competence development. Practical tasks should be combined
with theoretical understanding of file formats, raster and vector graphics, responsible image use,
and visual communication principles.
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CYBER HYGIENE AS A COMPONENT OF DIGITAL CULTURE IN EDUCATION AND BUSINESS

Educational institutions and businesses increasingly depend on cloud services, digital
communication systems, learning platforms, databases, and remotely accessible information
resources. This dependence improves organizational flexibility but also increases exposure to
phishing, account theft, ransomware, data leakage, and unauthorized access. Cybersecurity can
therefore no longer be treated exclusively as the responsibility of information technology
departments. It also depends on the everyday behavior of employees, educators, and learners.

Cyber hygiene refers to routine practices that reduce digital security risks. These practices
include using strong and unique passwords, enabling multifactor authentication, updating software,
recognizing phishing attempts, limiting access rights, protecting confidential data, and maintaining
secure backups. The Cybersecurity and Infrastructure Security Agency identifies strong passwords,
software updates, multifactor authentication, and the recognition of phishing as basic protective
actions for individuals and organizations (Cybersecurity and Infrastructure Security Agency, n.d.).

The need for cyber hygiene is similar in education and business. Universities process personal
information, research data, assessment records, financial documents, and intellectual property.
Businesses manage customer information, contracts, payment data, commercial strategies, and
internal communications. In both sectors, a compromised account can provide access to several
connected services. Human error may therefore undermine even technically advanced security
systems.

The National Institute of Standards and Technology (2024) treats cybersecurity as an
organizational risk-management issue. Its Cybersecurity Framework 2.0 includes six interconnected
functions: Govern, Identify, Protect, Detect, Respond, and Recover. The framework also stresses
that personnel should receive awareness training appropriate to the risks associated with their
roles. This indicates that security education should be continuous, differentiated, and connected
with organizational procedures rather than limited to a single introductory session.

In educational programs, cyber hygiene should be incorporated into authentic digital
activities. Learners can analyze suspicious messages, evaluate password practices, configure privacy
settings, examine data-sharing scenarios, and develop response plans for simulated security
incidents. Employees should receive regular training based on the systems and information they
use. Short simulations, phishing exercises, incident discussions, and periodic assessments can be
more effective than general presentations that are disconnected from workplace practice.

The spread of generative Al creates additional concerns. Users may unintentionally disclose
personal, institutional, or commercially sensitive information when entering prompts. Al-generated
messages can also make phishing and social engineering more convincing. Therefore, cyber hygiene
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training should explain what data may be processed through external Al services and require human
verification of unexpected digital requests.

Cyber hygiene is consequently both a technical and cultural issue. Organizations need policies
and protective systems, but they also need users who understand digital risks and act responsibly.
Integrating cyber hygiene into education and workplace training can support a shared culture of
security, accountability, and organizational resilience.
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DEVELOPING Al COMPETENCE IN HIGHER EDUCATION FOR THE NEEDS OF DIGITAL BUSINESS

Artificial intelligence is changing the content of professional activity across industries.
Generative Al tools are already used to search for and summarize information, analyze data, prepare
documents, communicate with customers, generate ideas, and automate routine operations.
According to the Future of Jobs Report 2025, 86% of surveyed employers expect artificial
intelligence and information-processing technologies to transform their businesses by 2030. Al and
big data, networks and cybersecurity, and technological literacy are also among the fastest-growing
skill areas (World Economic Forum, 2025)

These changes require higher education institutions to reconsider how they prepare
graduates for employment. The ability to enter prompts or generate text cannot be regarded as
sufficient Al competence. Future professionals need to understand the principles and limitations of
Al systems, select appropriate tools for professional tasks, evaluate generated outputs, protect
confidential information, and remain accountable for decisions supported by algorithms. They
should also recognize hallucinated information, embedded bias, copyright risks, and situations in
which automated recommendations require human verification.

UNESCO (2023) emphasizes a human-centered approach to generative Al in education. This
approach gives priority to human agency, inclusion, transparency, and the protection of personal
data. The UNESCO Al Competency Framework for Students further connects technical knowledge
with ethical judgment, critical thinking, responsible citizenship, and the capacity to participate in
the design and evaluation of Al-supported solutions (Miao & Shiohira, 2024).

Al competence should therefore be developed through professionally oriented activities
rather than through isolated instruction about particular applications. Business, management,
economics, and information technology programs may include tasks involving market research, data
interpretation, customer communication, project planning, risk analysis, and the preparation of
business proposals with Al support. Learners should compare human-produced and machine-
generated results, identify inaccuracies, explain their selection criteria, and document how Al was
used. Such activities can combine technological skills with analytical reasoning and professional
responsibility.

Cooperation between universities and employers is also needed. Businesses can identify
emerging occupational tasks, provide authentic cases, and participate in evaluating learning
outcomes. Universities, in turn, can ensure that workforce preparation is not reduced to training in
software that may soon become obsolete. Their role is to develop adaptable knowledge, ethical
reasoning, and the capacity to learn new technologies.

Consequently, Al competence should be understood as an integrated professional capability.
It includes effective tool use, critical evaluation, data responsibility, ethical judgment, and human
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oversight. Its purposeful development can help reduce the gap between higher education and the
changing requirements of digital business.
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APPLICATION OF DIGITAL COMPETENCE ASSESSMENT AND STATISTICAL DATA ANALYSIS
IN EXAMINING FIRST-YEAR STUDENTS' MATHEMATICAL AND LOGICAL SKILLS

Digital testing and statistical processing of educational results can give useful information
about students' preparation at the beginning of university studies. Competence assessment is more
than a test of learned formulas. It tries to show how students use mathematical and logical thinking
in practical situations, how they read data, compare quantities, find relations, and solve problems
close to real life. Similar measurements are known in different educational systems, for example, in
the Hungarian national competence measurement and in international studies such as PISA and
TIMSS [2; 3; 4; 7; 8]. For this reason, the analysis of a local university measurement can also be
useful, because it shows which student groups need more support.

The aim of the work was to analyze the competence measurement written by first-year BSc
students of Ferenc Rakoczi |l Transcarpathian Hungarian University in the 2024/2025 academic year.
The measurement has been used at the institution since 2021. In the analyzed year, 143 students
completed the test from 171 full-time first-year BSc students. There were 43 male and 100 female
students. The test was organized in Google Forms, but students filled it in on their own time, and
they had 45 minutes to complete the tasks. The test contained 27 tasks. The raw answers from the
online form were not suitable for direct statistical analysis, so they were coded in a spreadsheet:
correct answers received 1 point and incorrect answers received 0 points.

The tasks were divided into six content areas. Four areas were connected with mathematical
competence: shapes and orientation; quantities, numbers, and operations; assignments and
relations; statistical characteristics and probability. Two other areas measured basic calculation
skills and logical thinking. This division was useful because the total score alone does not indicate
where the main problems lie. A student may do simple calculations correctly, but may have difficulty
with relations or diagrams. The theoretical part also presented normalization, standardization, and
boxplots as methods for data preparation and visualization [1; 5].

One part of the analysis examined the difference between male and female students. The
average score for male students was 18.05, while the average for female students was 16.97. The
standard deviation was 5.15 for male students and 5.42 for female students. The F-test yielded F =
0.904 and p = 0.365, indicating that the variances did not differ significantly. The two-sample t-test
gave t = 1.106 and p = 0.271. This means that the null hypothesis could not be rejected, and the
difference between male and female students was not statistically significant. In this sample, gender
did not have a strong explanatory role.

Larger differences appeared between task categories. Students reached the highest average
result in calculation skills, with 55%. This shows that many students could work with basic numerical
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operations more securely than with other task types. The weakest result was in assignments and
relations, with only 33%. This category needs the recognition of rules, connections between values,
and the interpretation of dependencies. This may show that students can use a known operation,
but are less confident when a task needs a hidden connection to be discovered.

The comparison of study programs also gave important results. In the total results, the
strongest groups were Hungarian Language and Literature with 75%, Finance with 61%, and
Accounting with 57%. The lowest overall results were in Preschool Education (28%), International
Relations (33%), and History (34%). These differences can partly be explained by the fact that some
programs use mathematics more often. Still, the high results of Hungarian Language and Literature
students show that the relation between a program and performance is not always simple.

In the area of shapes and orientation, the best results were achieved by Hungarian Language
and Literature students (90%), Natural Sciences (60%), and Finance (56%). The weakest groups were
Preschool Education (16%), International Relations (20%), and Teacher Training (30%). In quantities,
numbers, and operations, the best groups were Finance (74%), Hungarian Language and Literature
(70%), and Accounting (69%). The lowest results were shown in English-German Translation (24%),
Mathematics (30%), and Geography (33%). Some of these results are unexpected, so later research
could examine the reasons.

Assignments and relations were the most difficult area. The best results here were Hungarian
Language and Literature (75%), Informatics (52%), and Finance (50%). Very low results were found
in Preschool Education (5%), Mathematics (12%), and International Relations (0%). In statistical
characteristics and probability, the best-performing groups were Hungarian Language and
Literature (87%), Accounting (62%), and Finance (60%). The weakest groups were Natural Sciences
(25%), Teacher Training (37%), and Geography (37%). These numbers show that diagram reading,
probability thinking, and data interpretation need more regular practice.

In calculation skills, programs connected with numerical work performed better. Finance
reached 85%, Accounting 72%, and Ukrainian-Hungarian Translation 59%. The lowest results were
in History (24%), Biology (32%), and International Relations (38%). In logical tasks, the best-
performing groups were Hungarian Language and Literature (81%), Tourism (66%), and Natural
Sciences (51%). Mathematics, Biology, and Preschool Education were weaker in this part, with 27%,
28%, and 29%. The results suggest that logical thinking cannot be taken for granted, even when
some mathematical knowledge is expected.

Based on the results, the work proposes a 30-hour catch-up program. Its content should be
tailored to the needs of the study programs and students' starting levels. More attention should be
given to assignments and relations, logical tasks, and the interpretation of statistical data. It would
not be enough to repeat secondary school mathematics in the same way. The tasks should be
connected to university studies and later professional situations, as this may help students see why
these competences are necessary.

The topic is related to the conference theme because digital assessment and spreadsheet-
based statistical analysis are practical IT methods in education. They enable quick collection of
answers, coding them, comparing student groups, and preparing diagrams. The value of such
analysis is in the teaching decisions that can be made after the results are known. The present work
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is limited to one academic year and one institution, but it gives a real example of how educational
data can support the development of first-year students' mathematical and logical skills.
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DIGITAL PLATFORMS AND MICRO-CREDENTIALS IN CONTINUING PROFESSIONAL DEVELOPMENT

Rapid technological change has weakened the traditional assumption that an initial university
qualification can provide sufficient knowledge for an entire professional career. Employees regularly
encounter new software, data-processing methods, digital communication practices, and forms of
human-machine collaboration. As a result, upskilling and reskilling have become shared
responsibilities of employees, employers, educational institutions, and public authorities.

Digital learning platforms make continuing professional development more accessible and
flexible. Learning management systems, corporate platforms, massive open online courses, virtual
laboratories, and mobile applications allow employees to combine education with professional
responsibilities. These environments can provide personalized learning pathways, automated
feedback, progress analytics, and access to training regardless of location. For businesses, digital
platforms make it possible to deliver common training programs to geographically distributed
employees and update content when technologies or organizational procedures change.

However, access to online content does not automatically produce meaningful professional
learning. Effective programs should be based on clearly defined learning outcomes, authentic
workplace tasks, interaction with instructors or peers, and valid assessment. Short courses that
consist only of recorded lectures and simple tests may confirm participation but provide limited
evidence of a learner’s ability to apply new knowledge.

Micro-credentials can strengthen the connection between short-term learning and recognized
professional competence. They certify the learning outcomes achieved through relatively brief
educational experiences. The Council of the European Union recommends their use to provide
flexible and targeted opportunities for lifelong learning and employability. It also stresses the need
for transparent information about workload, learning outcomes, assessment, quality assurance, and
the issuing institution (Council of the European Union, 2022).

Universities and businesses can cooperate in designing micro-credential programs that
address actual workforce needs. Employers may contribute information about emerging
technologies and occupational tasks, while universities can provide instructional design, academic
quality assurance, assessment procedures, and qualified instructors. Such cooperation is particularly
relevant for small and medium-sized enterprises, which frequently face shortages of internal
resources and digital expertise. OECD research identifies skills gaps, limited awareness, financial
constraints, and insufficient organizational capacity among the barriers to digital transformation in
smaller firms (OECD, 2021).

Micro-credentials should nevertheless complement rather than replace comprehensive
degree programs. A university education develops broad theoretical understanding, transferable
skills, and professional identity, whereas short programs respond to specific and rapidly changing
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needs. Their combination can support a more flexible educational system in which qualifications are
periodically extended through verified learning.

Digital platforms and micro-credentials therefore offer a practical model for continuing
professional development. Their effectiveness depends on transparent standards, credible
assessment, cooperation with employers, and opportunities to apply acquired knowledge in
professional practice.
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ARTIFICIAL INTELLIGENCE IN SCHOOL LEARNING: OPPORTUNITIES AND CHALLENGES

The integration of artificial intelligence (Al) in education is one of the most defining
technological and social processes of our time, fundamentally rewriting our concepts of human
knowledge and learning. Although the concept originated in the 1950s, the desire for machine
intelligence can be traced back to ancient automatons and to the philosophy of Aristotle [5].
According to the European Commission’s 2018 definition, modern Al encompasses intelligent
systems that analyze their environment and take action with some degree of autonomy to achieve
specific goals [6]. This technology can be divided into three generations: the currently used Artificial
Narrow Intelligence (ANI), Artificial General Intelligence (AGl), which is capable of learning and
abstract thought, and the future Artificial Superintelligence (ASl), which could surpass human
capabilities in every field [4].

The engine of the current educational revolution is generative artificial intelligence (genAl).
Using deep learning models and neural networks, these systems can produce text, images, and
audiovisual content that is similar to human-created content [12, 13]. The backbone of the
technology is formed by Large Language Models (LLMs), which generate responses to user
instructions (prompts) based on statistical probability. With this, the digitalization of education has
entered a new phase: the emphasis has shifted from the simple use of tools to human-machine
integration and predictive analytics [7].

One of the most promising application areas of Al is personalized and adaptive learning. Al-
based platforms can tailor learning materials to students’ individual profiles - age, prior knowledge,
and rate of cognitive development [8]. Through data-driven differentiation, the system determines
the optimal starting level based on Bloom’s taxonomy and adjusts task difficulty in real time based
on the student’s performance. Research indicates that students' performance working with
personalized Al mentors can improve significantly through immediate feedback and objective
assessment [14].

The role of technology is particularly important in inclusive education. An excellent example
of this is the application of Al in special education, where intelligent speech recognizers provide
indispensable support for the hearing-impaired, and Al-based smart glasses assist students with
autism [3]. For educators, Al also offers relief from administrative burdens: the teacher’s role
transforms from an exclusive source of knowledge into a mentor and emotional supporter, while
algorithms assist with lesson planning and automated grading [7, 13].

In the field of creative learning, Al appears as a ,,Study Buddy”. The practical realization of this
is demonstrated by the Ryvkind (2025) Ukrainian computer science textbook, which already includes
specific Al projects and prompt engineering tasks for high school students [16].
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Alongside the benefits of the technology, the use of artificial intelligence in education also
poses numerous risks. Mohit Sewak’s 2025 research highlights the danger of ,cognitive debt”:
according to EEG studies by the MIT Media Lab, students who rely on ChatGPT experience a 47%
decrease in brain activity. If Al eliminates mental effort, the neural networks responsible for critical
thinking may atrophy [11]. Related to this is Peter Afford’s observation that during Al use, the
holistic synthesis of the right hemisphere goes into ,sleep mode”, which leads to superficial
thinking [1].

Nicole Luk warns of the erosion of student autonomy within the framework of self-
determination theory: students shift from authors to prompt managers, losing control over their
cognitive processes [10]. Another study focuses on the transformation of the teacher-student
relationship, pointing out the emergence of ,algorithmic authority”, where students prioritize the
machine’s answers over deep dialogue with the teacher, which can lead to emotional isolation [9].

Among the ethical risks, the collection of young people’s data without consent and the
creation of permanent data profiles stand out, making students vulnerable in the long term.
Comparing the European Code of Conduct for Research Integrity (ALLEA) and the methodological
guide of the Ukrainian Ministry of Education, it can be said that while ALLEA lays a principled-ethical
foundation (fairness, accountability, transparency), the Ukrainian document offers specific practical
suggestions for educators on curriculum development and inclusivity. Both sources emphasize the
importance of human oversight and data protection (GDPR) in order to avoid Al hallucinations and
discrimination [2, 15].

In conclusion, it can be stated that artificial intelligence cannot replace pedagogical presence.
In the education of the future, Al should be utilized as a ,dialectical sparring partner” that
encourages the user to engage in continuous intellectual struggle. The balance between
technological efficiency and humanistic care is the ensures that artificial intelligence will become
part of school learning as a tool that increases equal opportunities and efficiency.
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THE ROLE OF IT INNOVATIONS IN ACHIEVING BUSINESS ESG GOALS

Today, environmental, social, and corporate governance (ESG) issues are becoming one of the
most critical strategic imperatives of the decade for both businesses and investors. The new age of
ESG requires organizations to abandon old, traditional thinking in favor of an innovative mindset
[2]. Although the role of the technology industry in this process often remains underexplored, it has
an oversized potential to influence the fulfillment of global sustainability mandates [1].

To overcome the limitations of traditional, fragmented reporting and eliminate the risks of
data manipulation or reporting lags, modern companies must actively integrate advanced digital
technologies —specifically Artificial Intelligence (Al), Blockchain, and Big Data analytics — into their
core operations [2]. These innovations empower organizations to drive highly integrated, real-time
ESG reporting and precise environmental impact measurement. In particular, Al plays a critical,
transformative role in processing massive volumes of complex, non-financial data, thereby enabling
automated, continuous, and highly accurate ESG compliance audits for stakeholders [4].
Furthermore, the synergy between blockchain's immutable, decentralized ledgers and Al's
analytical capabilities is becoming indispensable for rigorous greenhouse gas emissions tracking and
for ensuring strict environmental accountability. Together, these technologies eliminate the risks of
greenwashing and provide a robust foundation for "digital sustainability," enabling enterprises to
build verifiable trust with investors, regulators, and the broader public [3].

The transition towards sustainable business models inevitably stimulates a profound
evolution in fundamental IT principles and operational practices. This shift has catalyzed the rapid
development and mainstream adoption of the "Green Computing" concept, which goes beyond
basic energy conservation to encompass the holistic sustainability of information systems — from
optimizing software algorithms and extending hardware lifecycles to responsible e-waste
management [5]. Furthermore, the strategic shift toward modern cloud computing and the rigorous
modernization of digital infrastructure (Cloud & Infrastructure) serve as critical levers for corporate
decarbonization. By migrating away from energy-intensive legacy on-premises data centers to
hyper-scale cloud environments that leverage resource pooling, advanced cooling technologies, and
renewable energy grids, organizations can drastically cut their power consumption. Consequently,
this IT modernization directly helps businesses reduce their carbon footprint — specifically Scope 2
and Scope 3 emissions — and ensures that their technological transformations align seamlessly with
global environmental targets [6].

Integrating ESG criteria into fundamental business processes through technology enables
companies not only to mitigate risks but also to improve baseline metrics and build an organization
capable of long-term resilience. IT innovations help transform ESG from a regulatory liability into a
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competitive advantage [2]. Thus, compliance with environmental and social standards evolves from
a mere regulatory requirement into a powerful driver of innovation and corporate economic
stability.
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ARTIFICIAL INTELLIGENCE TOOLS FOR ORGANIZING DIGITAL EDUCATIONAL ENVIRONMENTS
BY PRE-SERVICE TEACHERS

Digital educational environments are no longer limited to learning management systems,
electronic resources, or communication platforms. They increasingly include artificial intelligence
tools that generate content, support interaction, analyze learning data, and adapt materials to
learners’ needs. Consequently, pre-service teachers should be prepared not only to work within an
existing environment but also to design its structure, select suitable technologies, and establish
rules for responsible use. Research on Ukrainian and European practices shows that an effective
digital educational environment depends on the purposeful integration of technological,
organizational, and pedagogical components rather than on the number of digital services used
(Bohoslavskyi et al., 2025). Cloud services, web technologies, and integrated digital platforms
provide technical flexibility, access to learning materials, and opportunities for collaboration
(Yurchenko et al.,, 2025a). Artificial intelligence extends these opportunities by introducing
automated generation, recommendation, classification, and feedback mechanisms.

The first area in which pre-service teachers can use artificial intelligence is instructional design.
Generative Al systems may assist in formulating learning objectives, creating lesson structures,
proposing activities, and adapting tasks to different levels of learner readiness. They can also
produce alternative explanations, examples, questions, and learning scenarios. However, generated
plans cannot be treated as finished pedagogical products. A pre-service teacher should verify their
compliance with the curriculum, the learners’ age, the expected learning outcomes, and the
subject's methodological principles.

Al tools can also support the development and organization of educational content. Large
language models help draft explanatory texts, glossaries, instructions, tests, and discussion
guestions. Image and presentation generators can produce visual materials, while speech
technologies support transcription, subtitling, and audio production. Web design and programming
skills allow future teachers to integrate such materials into coherent educational websites,
interactive courses, or subject-oriented digital spaces (Yurchenko et al., 2025b). This integration is
more productive than the isolated use of separate applications because it connects content,
communication, assessment, and learner support within one educational system.

A third function concerns personalized learning support. Artificial intelligence can generate
additional explanations, adjust task complexity, recommend learning resources, and simulate
dialogue with a learner. In native-language education, ChatGPT has been used to support the
analysis and production of texts, formulate language exercises, and stimulate reflection on linguistic
choices (Hrona et al., 2025). In mathematics teacher education, ChatGPT-based simulations have
enabled pre-service teachers to analyze generated solutions, identify mathematical errors, and
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evaluate the reasoning presented by an artificial agent. This practice contributed to the
development of critical thinking because the participants did not merely receive answers but
examined their correctness and limitations (Drushlyak et al., 2025).

These findings indicate that Al should not be positioned as an unquestioned source of
knowledge. Its more appropriate role is that of a cognitive partner whose output becomes an object
of verification, comparison, and discussion. Therefore, assignments for pre-service teachers should
require them to detect factual and logical errors, compare Al responses with authoritative sources,
improve prompts, and explain why a particular response can or cannot be used in teaching.

Artificial intelligence also affects assessment and feedback. It may assist teachers in preparing
assessment criteria, producing task variants, identifying common errors, and drafting individual
feedback. Nevertheless, assessment decisions should remain under human control. Al-generated
feedback may overlook the learner’s intentions, learning history, emotional state, or specific
educational needs. The future teacher must therefore distinguish between technical assistance,
such as grouping typical mistakes, and pedagogical judgment, such as determining the reasons for
these mistakes and selecting further instructional actions.

Another application is the organization of communication and learner engagement. Al
assistants may answer routine questions, explain course navigation, remind learners about
assignments, or help them find relevant resources. In hybrid learning, digital tools can connect face-
to-face activities with independent practice, reflection, and monitoring. The hybrid learning model
proposed by Semenikhina et al. (2025) illustrates how digital components can sustain learning
activities even in fields traditionally associated with direct physical interaction. Al can reinforce this
continuity by offering personalized recommendations, but it should not replace communication
between teachers and learners.

Preparing pre-service teachers for such work requires a broader understanding of Al literacy.
UNESCO’s framework defines teacher Al competence through a human-centered mindset, Al ethics,
knowledge of Al foundations and applications, Al pedagogy, and the use of Al for professional
learning (Miao & Cukurova, 2024). These dimensions suggest that technical proficiency alone is
insufficient. Pre-service teachers must understand the limitations of algorithms, protect personal
data, detect bias, disclose the use of generated content, and preserve human agency in educational
decision-making. UNESCO similarly recommends human-centered governance, age-appropriate
use, and institutional mechanisms for validating generative Al applications in education (Miao &
Holmes, 2023)

This preparation also has a professional dimension. Ukrainian learners generally perceive
artificial intelligence as a source of career opportunities, though their attitudes remain cautious,
with concerns about professional displacement and changing competency requirements
(Semenikhina & Drushlyak, 2026). The development of Al competence in teacher education should
therefore help future teachers adapt to technological change without delegating their professional
responsibility to automated systems.

A productive training model may include designing a comprehensive digital educational
environment for a selected subject or topic. Pre-service teachers can determine the users,
objectives, components, communication channels, assessment procedures, accessibility
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requirements, and Al-supported functions. They should then justify the selection of each tool, test
its outputs, identify risks, and establish rules for learners. Such tasks connect technological skills
with pedagogical reasoning.

Therefore, artificial intelligence should be integrated into teacher preparation, not as an
additional collection of fashionable services, but as part of the design of the digital educational
environment. Its educational value depends on the teacher’s ability to assign appropriate functions
to Al, coordinate different tools, verify generated outputs, protect learners’ rights, and preserve
meaningful human interaction. A future teacher should act as the designer and responsible manager
of the digital environment, while artificial intelligence remains a supporting instrument within a
pedagogically justified system.
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USING GENERATIVE ARTIFICIAL INTELLIGENCE AS A FUTURE IT TECHNOLOGY
IN THE EDUCATIONAL PROCESS

Generative artificial intelligence is becoming one of the most influential information
technologies of the future. In education, large language models such as ChatGPT, Gemini, Claude,
Perplexity, and Grok can answer questions, explain learning material, generate examples, and
support students during independent study. However, their use in the educational process requires
careful analysis, because the linguistic persuasiveness of an answer does not always guarantee its
factual accuracy or pedagogical value [1; 2].

The aim of this research is to compare the possibilities of modern generative Al tools in school
education and to evaluate their usefulness for solving typical learning tasks. The study focuses not
only on whether the answers are correct, but also on how understandable, student-friendly, and
methodologically applicable they are in real classroom situations. This approach is important
because artificial intelligence should be considered not as a replacement for the teacher, but as an
auxiliary digital tool that can support explanation, differentiation, and the preparation of learning
materials [3].

The research was based on a comparative analysis of five widely available language models:
ChatGPT, Gemini, Claude, Perplexity, and Grok. Each model received the same set of eighteen
school-oriented tasks. The tasks covered mathematics and logic, text creation, history,
programming, SQL queries, web development, algorithm explanation, command-line operations,
and code generation. This structure enabled observation of how the models perform across
different subject areas and in various educational contexts. The comparison was qualitative rather
than laboratory-precise: the purpose was to identify tendencies that may be important for teachers
and students in everyday learning practice.

The answers were evaluated according to four main criteria: correctness, quality of
explanation, pedagogical usefulness, and value for task generation. Correctness showed whether
the answer contained factual, logical, or professional errors. The quality of explanation indicated
whether the answer was clear and easy for students to follow. Pedagogical usefulness was described
as whether the response could realistically support learning, while task-generation value indicated
how effectively the model could create new exercises, examples, or teaching materials [4; 5].

The results demonstrate that there is no single universally best model for all educational
purposes. Instead, the advantages of each tool depended on the task type, the expected depth of
explanation, and the level of student support required. ChatGPT generally provided balanced, well-
structured, and easily understandable answers. Claude was especially strong in detailed
explanations and in presenting cause-and-effect relations, which are valuable in subjects that
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require deeper interpretation. Gemini usually gave quick, understandable answers, though some
were shorter than necessary. Perplexity was more useful for concise information retrieval than for
extended teaching explanations. Grok produced usable answers in several technical tasks, but its
performance was less stable across the whole set of assignments.

A significant observation of the study is that detailed and confident answers are not always
reliable. In the mathematical and logical task, several models produced explanations that appeared
convincing, but the final conclusion was not completely correct. This shows that students should not
accept Al-generated responses without verification. At the same time, in programming, SQL, web
development, and command-line tasks, the models often produced practical examples that could
be useful for beginners, especially when accompanied by a teacher's comments and corrections.

From a methodological perspective, generative Al can support teachers in preparing
differentiated learning materials. The same topic can be transformed into easier or more complex
exercises, short explanations, practice questions, discussion examples, or error-detection tasks.
Such possibilities are especially important in heterogeneous classes, where students have different
levels of prior knowledge. Al-generated materials can also be used to develop critical thinking skills;
for example, learners may be asked to identify mistakes in an artificial answer and justify their
corrections [2; 3].

Thus, generative artificial intelligence should be understood as an innovative IT technology
with considerable educational potential. Its effective use depends on responsible pedagogical
integration, clear learning goals, and continuous human supervision. The teacher remains essential
for selecting appropriate tasks, checking the accuracy of answers, and helping students interpret
information critically. If used consciously, large language models can enrich the educational process,
support independent learning, and expand the methodological possibilities of modern school
education. This also makes the topic relevant to the conference theme, because future IT solutions
increasingly influence how knowledge is created, evaluated, and applied in education.
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ROBOTICS IN SCHOOL EDUCATION:
OPPORTUNITIES, CHALLENGES, AND METHODOLOGICAL APPROACHES

Digital literacy has significantly transformed in recent years; due to labor market expectations,
basic knowledge of software is no longer sufficient, and students must be able to create and solve
real problems in the digital space. This paradigm shift is excellently supported by the integration of
robotics into education, which bridges the gap between virtual program code and physical reality.
In school education, however, it poses a serious challenge: students must move from playful, visual
coding to more complex, text-based programming languages (such as Python or C++). If this
transition happens too suddenly without proper teacher support, it can lead to cognitive overload
and frustration.

The aim of the coursework is to provide a comprehensive and realistic picture of the current
state of school robotics education, exploring its opportunities and everyday pitfalls. The research
specifically focuses on the secondary education age group, examining how project-based learning
(PBL) develops 21st-century skills. The central question of the paper is what practical strategies can
be used to bridge the gap between block-based and text-based programming, and what makes
robotics more than just coding, deepening students' algorithmic thinking.

The paper is based on a comprehensive analysis of international and domestic (Ukrainian)
pedagogical and technological literature. The methodological investigation includes the analysis of
research comparing isomorphic programming environments, the assessment of students' career
orientation perceptions, and the processing of empirical diagnostic measurements examining the
development of students' cognitive abilities.

According to Majzik and Molnar's findings, project-based education (e.g., with Arduino
microcontrollers) drastically increases students' task persistence. Targeted robotics training
significantly improves students' inductive reasoning and, in turn, results in a leap in the recognition
of figural analogies and sequences. According to empirical data, robotics projects result in a leap in
the recognition of figural analogies (27% improvement) and sequences (23% improvement) [4].

Career orientation and equal opportunities: According to de Mesquita, physical projects and
robotics competitions strongly influence career decisions, orienting a significant number of students
towards information technology and engineering. Regarding career orientation, 63.6% of students
stated that robotics influenced their career decisions toward IT and engineering. Furthermore, an
outstanding result from Majzik and Molnar's research is that educational robotics can reduce, and
even eliminate, gender differences in algorithmic thinking [1].
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According to the research by Morze and Strutynska, in the domestic (Ukrainian) context,
educational robotics is an integral part of both the New Ukrainian School (NUS) reform process and
the STEAM strategy, which shifts the focus from passive consumption of technology to active
creation. However, they highlight that one of the biggest regional obstacles to successful
implementation is the "digital divide" between available technology and teaching methodology. To
address this, their study emphasizes that a specialized, three-step teacher-training program
integrating construction, programming paradigms, and STEAM didactics is essential. Furthermore,
looking ahead, a comprehensive Delphi study by Tisza et al. notes that the introduction of social
robots supported by generative artificial intelligence (LLMs) poses a serious infrastructural and
economic burden for institutions. The researchers also raise concerns about inclusivity, warning that
costly tools can exacerbate socio-economic differences among students. Finally, their study
concludes that the widespread application of this advanced technology currently faces unresolved
ethical, legal, and data protection barriers, especially concerning the handling of minors' emotional
and performance data [2].

The research and literature review clearly demonstrate that informatics education is currently
undergoing a critical paradigm shift, in which traditional, screen-bound coding alone is no longer
sufficient to meet 21st-century labor-market challenges. The coursework notes that educational
robotics is the most effective physical embodiment of the pillars of computational thinking: problem
decomposition, abstraction, and algorithmization. Project-based education and the use of robots
create a sense of professional authenticity, successfully bridging the gap between visual and text-
based programming while demonstrably increasing students' willingness to pursue STEM careers [1;
2].

At the same time, alongside theoretical and empirical advantages - such as the significant
development of inductive reasoning - serious limitations also hinder everyday school integration.
The specifics of the Ukrainian educational environment highlight that the narrowest bottleneck to
successful implementation is teachers' preparedness [2]. The latest technological achievements,
including social robots powered by generative artificial intelligence (LLMs), hold significant potential
for personalized education; however, before their introduction, emerging ethical, data protection,
and infrastructural issues must be resolved.

Ultimately, it can be concluded that the success of educational robotics lies not in the
hardware itself, but in the synergy of advanced technology and well-trained, innovative teachers
[3]. Robots will not replace the human teacher; rather, they enrich pedagogical work as intelligent,
collaborative partners. To fully exploit this potential, it is essential to strengthen modern teacher
training, establish robust legal frameworks, and ensure continuous methodological renewal.
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PEDAGOGICAL DESIGN OF BLENDED LEARNING IN PREPARING BACHELOR
OF EDUCATION STUDENTS TO MANAGE THE EDUCATIONAL PROCESS

The digital transformation of education has changed the requirements for the professional
preparation of future teachers. The use of electronic platforms, learning management systems,
videoconferencing tools, and digital assessment is no longer a separate area of pedagogical activity.
These technologies are integrated into face-to-face instruction, complement it, or ensure the
continuity of the educational process when direct interaction is impossible. Accordingly, future
Bachelor of Education graduates should master not only individual digital tools but also pedagogical
design methods for blended learning to manage the educational process.

Blended learning involves the purposeful combination of face-to-face, synchronous online,
and asynchronous activities. It should not be reduced to the mechanical addition of electronic
materials to traditional classes. The effectiveness of this model is determined by the alignment of
learning objectives, content, modes of interaction, tasks, assessment, and feedback. Therefore, the
preparation of Bachelor of Education students should include developing their ability to create a
complete learning scenario rather than merely selecting digital resources.

The technological pedagogical content knowledge (TPACK) model can provide a theoretical
basis for such preparation. It explains that the pedagogically appropriate use of technology emerges
at the intersection of subject-matter knowledge, teaching methodology, and the functional
capabilities of digital tools. The study by E. Baran and colleagues indicates that the development of
such knowledge is supported by modeling pedagogical activity, collaborative design, analysis of
examples, and professional reflection [1]. J. Tondeur and colleagues also associate the effectiveness
of technological and pedagogical preparation with the completion of practical tasks in which future
teachers independently make decisions concerning the use of technology [6].

The design of blended learning should begin with identifying the learning outcomes that
learners are expected to achieve. Only after that should forms of interaction and digital tools be
selected. This sequence prevents technology from being used merely because it is accessible or
popular rather than because it meets a pedagogical need. A future teacher should be able to explain
why a videoconference, forum, interactive exercise, test, or shared document is used, and what
function it serves within the overall lesson.

One practical task may involve designing a learning micro-module. It should include expected
learning outcomes, concise informational materials, independent learning tasks, means of
interaction, assessment criteria, and feedback mechanisms. It is also advisable to provide an
alternative procedure in case of technical difficulties. This encourages Bachelor of Education
students to think in terms of a complete learning cycle rather than separate resources.

Pedagogical design requires a justified distribution of learning activities between synchronous
and asynchronous modes. Synchronous interaction is appropriate for discussing complex issues,
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collaborative problem-solving, immediate consultation, and maintaining social presence.
Asynchronous work supports an individual pace of learning, repeated engagement with materials,
and the completion of written and project-based tasks. G. Heilporn, S. Lakhal, and M. Bélisle found
that learner engagement in blended learning depends on clear course structure, the appropriate
selection of learning activities, and the teacher’s pedagogical presence [4].

The asynchronous component has additional significance for Ukrainian education [7]. Air-raid
alerts, power outages, unstable internet access, and the territorial displacement of participants may
make regular videoconferencing impossible. Under such conditions, a course should remain
accessible and understandable without the teacher’s continuous oral explanations. This requires
concise instructions, a logical task sequence, downloadable materials, and flexible deadlines.
Therefore, the resilience of the educational process should be regarded as one of the criteria for the
quality of pedagogical design.

The spread of generative artificial intelligence expands the content of pedagogical design. Al
can be used to prepare alternative versions of tasks, adapt texts, generate questions, or conduct a
preliminary analysis of responses. At the same time, outputs from such systems require teacher
verification [8-9]. C. K. Y. Chan emphasizes the need to combine pedagogical, ethical, and
organizational rules for the use of Al in education [2]. W. Holmes and colleagues associate the
responsible use of artificial intelligence with transparency, data protection, fairness, and human
oversight [5]. Therefore, a future teacher should not only be able to use Al but also to define the
limits of its application within a course.

Therefore, the pedagogical design of blended learning should be regarded as a component of
a future teacher’s professional readiness. Its development requires a transition from studying
individual digital services to completing integrated tasks that include setting objectives, structuring
content, organizing interactions, assessing, providing feedback, and adjusting learning. The most
productive approach is the systematic integration of such tasks into pedagogical disciplines, subject
teaching methods, and practical training. Under these conditions, Bachelor of Education students
gain experience in making informed technology choices and gradually develop the ability to manage
learning in a digitally supported environment.
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AOCNIAMEHHA TA PO3POBKA ITPOBUX MEXAHIK
Y TPUBUMIPHOMY CEPEAOBULLI HA BA3I PYLLIA UNITY

CyyacHi KoMn'toTepHi irpy € ogHMM i3 NPOBIAHUX HaANPAMIB PO3BUTKY IHTEPAKTUBHUX
umdpoBux TexHosorin [4; 6]. OcobamBy NONYAAPHICTL cepen KOPUCTYBaYiB MatoTb CMOPTUBHI irpw,
OCKINbKM BOHW MNOEAHYIOTb AMHAMIYHMWA irPOBUIA MPOLLEC, 3PO3yMifie KepyBaHHA Ta aAKTUBHY
B3aEMOZ,0 3 BipTyasibHUM cepegosuem [5]. Jns peanisauii TakKMx NPOEKTIB YAaCTO 3aCTOCOBYETLCA
irposuit pywinn Unity, AkmMin 3abe3neyye WKMPOKI MOMKAMBOCTI AN CTBOPEHHA NPOAYKTUBHUX
ABOBUMIiPHUX 3aCTOCYHKIB [1; 2].

Y mexax gocnigeHHa 6yno po3pobneHo npototun 2D-rpu y KaHpi ¢yTOONBHOrO
cumynatopa. OCHOBHMMM pe3ynbTaTamu  PO3POOKM  CTanu: BUKOPUCTOBYHOUM KOMMOHEHTU
Rigidbody2D Ta Collider2D, peani3oBaHO CUCTEMY KOHTaKTiB MiX nepcoHa)kem i m'auem. Lle
[03BOJIAE NepeaaBaTn m’ady GisMuHMIA iMNynbe, WO BiANOBIAAE BEKTOPY Ta CUAi pyxy rpasus [2].
KntouoBoto iHHOBALLED MPOEKTY € MOX/IMUBICTb iHTErpaLii BAacHOro o6anM4yya Kopuctyeaya y rpy.
PeanizoBaHo ¢yHKLiOHaN 3aBaHTaxKeHHs doTorpadii, AKa aBTOMATUYHO HaKNaAaeTbCA Ha 2D-cnpanT
irpOBOro NepcoHaka, LWo pobuTtb rpy iHAMBIAYaNi30BaHO Ta MiABULLYE piBEHb 3anyyeHocTi [4; 5].
Po3pobneHo mexaHiam BMOOpY irpoBMX MalAaHUYMKIB, WO [03BOJIAE KOPUCTYBAYEBI 3MiHIOBATH
Bi3yasibHe opopmneHHs (PoH, TEKCTYpM nons) nepes novyatkom matdy [5; 6]. NMporpamHa norika
peanizoBaHa moBoto CH i OXOMNAKOE CUCTEMY MEHIO, HaNaWTYBaHHA NepcoHanisaujii Ta KepyBaHHA
XUTTEBUM LMKAOM irpoBoro matuy [1; 2].

[ocnigxxeHHa niatsepauno, wo Unity € edeKTMBHUM cepefoBULLEM ANA CTBOPEHHA
cnopTuBHMx 2D-irop 3aBAAKM FHY4YKiA pobOTi 3i CKpMNTamm Ta NOTYKHOMY disnyHOMY pywito [1; 2;
3]. NopganblWwniA PO3BUTOK MNPOEKTY MOXKe OyTU CNPAMOBAHMMA Ha BNPOBAAMKEHHS LUTYYHOrO
iHTENEeKTY ANs CYNPOTUBHUKIB i PO3LUIMPEHHS MOXKAMBOCTEN KacTomizauii [4; 6].
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https://docs.unity3d.com/Manual/ (gata 3sepHeHHA: 13.05.2026).
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ECKANALIA ATAK HA NAHUIOTU NOCTAYAHHA BIAKPUTOIO NPOrPAMHOIO 3ABE3MNEYEHHA
AK HOBMM BUK/TUK ONA BE3NEKU BISHECY

CyyacHMi Bi3HeC KpUTUYHO 3aneXuTb Big BigKpUTOro nporpamHoro 3abesneyeHHs (Open-
Source Software, OSS), AKe BUKOPUCTOBYETLCA Y XMapPHIK iHdpacTpykTypi, DevOps-npouecax, LLI-
cucTemax Ta KOpnopaTUBHMUX cepBicax. 3a ouiHKamun gocnigHukis, noHag 90% cy4yacHMX 3aCTOCYHKIB
MiCTATb KOMMOHEHTU BiAKPUTOro NporpamHoro 3abesneyeHHs [1]. Lle CTBOPIOE He nLLIE eKOHOMIYHI
nepesaru, a 1 HOBUI BEKTOP 3arpo3 — aTakM Ha IaHLIOMM NOCTa4aHHA NporpaMHoro 3abesneyeHHs
(supply chain attacks). Ha BiamiHy Big, TpaamuinHux KibepaTak, iXHbO Linato € He beanocepeaHbo
KoMMaHia, a 6ibniotekn, naketu, Cl/CD-npouecn abo mexaHi3Mn OHOB/IEHHA, Yepes AKi WKiAINBUIA
KoA, NoTpan/ifae Ao TUCAY OpraHi3auiin ogHo4YacHo.

Pe3oHaHCHi KibepaTaky OCTaHHIX POKiB AEMOHCTPYIOTb CUCTEMHUIA XapaKTep Uiei npobremu
Ta eBOIOLLIKO AAHOrO K/acy 3arpos: nepexig, Big 6a30B80i MaHinyAayii imeHamu NakeTiB 40 CKAaAHUX,
6araTOKPOKOBMX CLEHapiiB BMKOHaHHA. be3npeugegeHTHUM MPUKNAAOM TPWBaNOi couianbHOi
iHXeHepii cTana KomnpomerTaLia 6ibnioTekn ctnucHeHHs aaHux XZ Utils ana Linux y 2024 poui.
3N10BMUCHUK, AKUIA poKaMu 3400yBaB A0Bipy B open-source CnifibHOTW, BCTaHOBMB Bekgop ana
nepexonneHHs SSH-3'eaHaHb Ha piBHi onepauiliHOi cuctemu, WO Yy pasi yCnilHOro mMacoBoro
pO3ropTaHHA Hagano 6 3J0BMUCHMKAM MOBHWUI AOCTYN A0 KPUTUYHOI CepBEPHOI iHGPaCTPYKTYpH
KOMMaHili no BcboMy cBiTy [2]. Ha wacTs, 3arpo3y 6y/s10 CBOEYaCHO BUABJIEHO Ta HEMTPaANi30BaHO e
00 GaKTUYHOro BUKOPUCTAHHA.

MpWKNagom aBTOMATU30BaHMX 3arpo3 cTasna nossa xpobaka Shai-Hulud y peectpi npm y
BepecHi 2025 poky, apxiTeKkTypa AKoro byna choKycoBaHa Ha BUKPAZEHHI XMapHUX TOKEHIB Ta
KNOYiB  AOCTyny  po3pOOHUKIB.  BMKOPUCTOBYIHOUM  NepexonsieHi  NOBHOBAXEeHHA  AnA
CaMOBIATBOPEHHA, Y ABOX XBWUAAX aTaK (BepeceHb i ancronag 2025) Shai-Hulud ckomnpomeTyBas
noHag 700 nakeTiB i 27 T1cay peno3uTopiis Ha GitHub [3]. Y TpasHi 2026 poky 6yno 3adikcoBaHO
MOro BAOCKOHA/IEHY 3/1I0BMUCHMM yrpyrnoBaHHAM TeamPCP itepauito Mini Shai-Hulud, wo Bpa3suna
noHag 160 npm-naketiB, BKAOYHO 3 ekocucTemoto TanStack (56 MinbioHIB 3aBaHTaXKeHb Ha
TUXAeHb) i M3 komnaHii Mistral, Ta HaBiTb po3nosctogunaca Ha peectp PyPl [4].

MpaKTUYHY BPa3MBICTb IHPPACTPYKTYPU MALIMHHOIO HaB4YaHHA Ta LUI-areHTiB goBoauUTb LWe
OAHa aTaka yrpynoBaHHA TeamPCP Ha 6ibnioTeky LiteLLM (peectp PyPl) y 6epe3Hi 2026 poky.
LLnaxom iH'ekuii nporpamu-BuKkpagada (infostealer) 3n10BMUCHUKM iHiLitOBaIM MacoBe CKaHYBaHHS
poboumnx cTaHUil ana 36opy obnikoBux AaHux (SSH, AWS, GCP, Azure), 36epexeHunx y BigKputomy
BUrNAAi B KOHpirypauinHmx ¢annax ta nam'ati nokanbHux LUI-areHTiB. 3aBAAKM PO3rasy>KeHUm
TPAH3UTUBHMM 3aNEKHOCTAM LWWKIOAMBUIA KoL, iHDIKYBaB TUCAYI OpraHisauii, CNPpUYMHMBLLN 31aM
$10-minbapaHoro ctaptany Mercor Ta 3amMopO3MBLUK iXHi KOHTPaKTK 3 Meta [5].
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ATaka Ha iHpacTpyKTypy TekctoBoro peaaktopa Notepad++ npoaemoHcTpyBana
aNbTEPHATUBHMIA BEKTOP: LWAAXOM KOMMPOMeETaLii XOCTUHr-npoBainaepa yrpynosaHHAa APT31
MmogmnoikyBano odiuiiHMii mexaHiam oHoBneHHsA (WinGUp), 3abe3neumBluM nepeHanpaBieHHsA
Tpadiky LiNbOBUX KOPUCTYBAYIB Ha cepBepH i3 Wwkiaamsmum M3 [6].

Bepesenn 2024 Ueppens 2025 Bepecenb 2025 Nuctonag 2025 Mot 2026 Bepesens 2026 Tpasenn 2026

XZ Utils Gexpaop TouaToK kamnanii XpoGak Shai-Hulud Shal-Hulud 2.0 BUKPHTTA ATAKA HA Komnpomic LiteLLM Mini Shai-Hulud
(CVSS ~10.0) npoti Notepad++ (MHoxmHHi CVE) (MHoxuHHi CVE) Notepad++ (CVSS PyPI (CVSS ~9.4) (cvss ~9.6)
B —— —— (CVSS ~1.7) ~TiT)

Bexgop ! MacoBe 3apaxeHHsn Eckanalj ataxu ! Bukpagena Al AP Kpoc-exocucTemHiil
BCTAHOBNGHMI KomnpomenTaus NP, BUKPAARHHA 4ePea coTHI NaKeTie, PO3KpHTTH GeKaopia ks | cloud iHUMAGHT (npm,
nerom 0SS XOCTHHI-npoBaRZEpa, Tokewia Ta CUICD aBTOMATUUHE T JOBIOTPHEANOND cexperia TanStack, Mistral,
cninbHOTI nigmina oHoBneHb cexpeti CAMONOWMPEHHS noctyny po3paBHUKIE PyPI, CI/CD)

Puc. 1. XpoHonoria aTaK Ha 1aHLIOrM NOCTAa4YaHHA NPOrpamHoro 3abesneyeHHs
y 2024-2026 pokax

MopibHi iHUMAEHTU € 0COB/IMBO HEebe3NeYHUMM ANA MaJioro Ta cepeaHboro bisHecy yepes
obmerkeHicTb ¢GiHAaHCOBMX | KaZlpOBUX PEcypcCiB, WO YHEMOMXK/IUBJIIOE PO3rOPTaHHA CUCTEM
rMMOOKOro aHasi3y CTOPOHHIX 3a1eXHOCTeN | BNpoBaAKEHHA NOBHOLIHHUX NPaKTUK DevSecOps, AK
Y BEZIMKNX KOMMaAHIAX. 33 TAKMX YMOB HEMOXK/IMBICTb TOTA/IbHOIO ayAUTY BiAKPUTOro Koay mae bytn
KOMMEHCOBaHa NPEBEHTUBHUMM apPXiTEKTYPHUMMU 3aM0BINKHMKaMM.

BianoBiaHo, epeKTMBHA NPOTUAIA aTakam LibOro Knacy notpebye KoMNaeKCHoro niaxoay, wo
6a3yeTbcA Ha TakuX NpuHUMnax [7]:

— ®opmyBaHHA Ta niatpumka SBOM (Software Bill of Materials) ana KoHTponto Bcix
3a/1e}KHOCTEMN i LIBMAKOIO pearyBaHHA Ha KOMMPOMETALLi0 NaKeTiB.

— BuKopwuctaHHa 6aratodakTopHOi aBTeHTUdIKauji (MFA) Ta niaxoay Zero Trust y npouecax
CI/CD (30Kkpema miHimi3auia npuBineis i 3aX1CT TOKEHIB AocTyny).

— MiHimi3aLia Ta KOHTPOIb CTOPOHHIX 3a/IE}KHOCTEN, BKAKOYHO 3 BUKOpUCTaHHAM lock-dainis
i pikcaLieto Bepcilt naKeTis.

— Uudpose niganucyBaHHA Ta nepeBipka mnoxoaxeHHA nakeTiB (Sigstore, SLSA) ans
3abe3neyeHHs LinicHOCTI nporpamHoro 3abesneyeHHs.

— BMWKOpPUCTaHHA BHYTPILWHIX Mirror-peno3MTopiiB 3amMiCTb NPAMOro 3aBaHTa*KeHHA MaKeTIB i3
nybaiyHMX peecTpis Ha KwTtant npm/PyPl.

MigcymoBylouM, €eCKasiauis aTak Ha /aHulorM noctavyaHHA Bigkputoro M3 € ogHum i3
HaNCKNaAHIWMX BUKAUKIB AnA Kibepbesnekn cyyacHoro IT-6i3Hecy. MpoTe BaXKAMBO PO3YyMITU: L
iHUMAEHTM He € CBigyeHHAM HeHapgiHocTi OSS. HaBnaku, came 3aBAAKW NPO30pPiA NpUpOAi
BiZIKPUTOro KoAay Ta NUALHOCTI 1106anbHOI CNiIBHOTM PO3POOHMKIB BiNbLLICTL CKNAAHUX | TTMOOKO
NPUxoBaHMX 3arpo3 (AKk-oT bekaop y XZ Utils) Baanoca BUABUTU Ta HeUTpanizyBaTM Hanpouyn,
wBnaKo. Y 3akputomy, nponpietapHomy M3 noaibHi BpasausocTi moram 6 3anuMwartmca
HEeNnoOMiYeHUMM poKamu.
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BiamoBa Bia BiakpuToro N3 cborogHi o3Havana 6 BTPaTy KOHKYPEHTOCNPOMOXKHOCTI. Tomy Ans
KOMMaHii MaibyTHbOro ro/IOBHUM 3aBAaHHAM CTa€ Nepexif, Big ciinoi A4oBipn A0 3pinoi KynbTypu
6e3nekn. BnpoBaaKeHHs nepeniyeHnx BuLLE NPEBEHTUBHUX NPAKTMK Ta iHTerpauia DevSecOps y
bi3Hec-npoLecn A03BONATb KOMMNaHIAM i Hagani BUKOPUCTOBYBaTU BeCb noTeHuian Open-Source,
HaA4iMHO 3axMLLatouM BAACHY iHPPACTPYKTYpPY Ta AaHi KNiEHTIB.
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AVUGEPEHLIANBHE TA IHTEFPAIbHE YACNIEHHA Y ®IHAHCOBIA AHANITULI BISHECY:
PEAJTI3ALIA 3ACOBAMW KOMM'KOTEPHOI MATEMATUKM

CyyacHui BGi3Hec BMMara€e He MPOCTO KOHCTaTauil ¢aKTiB, a rMMOOKOro aHanisy AMHaMIKK.
Came TyT y Npurogi ctae maTemMaTUYHUI aHani3. MoxigHi 403BONAOTb OLHUTU WBUAKICTb 3MiHK
biHAHCOBMX NOKA3HMKIB, a iHTerpaan — niacymysatu pe3ynbTaTu 3a nepios. Pasom BOHW AatoTb
3MOry NepemnTu Bif CTaTUYHMX 3BITiB 40 POOOYMX NPOrHOCTUYHUX MOAENEN.

Y ¢iHaHCOBOMY MeHeaKMEHTI NOXiAHA MOKA3Yy€e rPaHMYHI BeNNYMHU. HanpuKknag, rpaHuyYHUM
[oxiga — ue Ao[aTKOBI rpowWi Big NpoAaky Lie OAHIEI OAMHWULI TOBapy, @ rPaHMYHiI BUTpPATK — i
cobisapTicTb. Konn BoHM 3piBHIOIOTLCA, Bi3HEC AocArae onTMManbHoro obcary BupobHuuTBa. Liein
nifxig, € OCHOBO A/1A YXBaNEHHSA PilleHb LWOA0 PO3LWMpPEHHA abo CKOpPOYeHH:A BUMYCKy [1].

IHTerpanbHe YNCNEHHA A,03BOIAE HAKONNYYBATU MUTTEBI 3HAYEHHA. MPOCTUI NPUKNAA;: AKLLO
BiZlOMa LUBMAKICTb HAAXOAMKEHHA rPOLLEN Y KOXKHY MUTb, iIHTErpan AacTb 3ara/ibHy BUPYYUKY 33 AEHb,
MmicAub abo pik. IHTerpann TakoX He3aMiHHI ANA AUCKOHTYBAaHHA — NpPUBELEHHA ManbyTHIX
rPOLWOBMUX MOTOKIB [0 TenepiwHboi BapTocTi. be3 uboro He 06xoAUTbCA XKOAEH Cepro3HUN
iHBECTULIMHWI aHani3 [2].

Okpemo B3ATi KoeodilieHTN (NiKBigHICTb, peHTabenbHicTb, CTiMKiICTb) He A[aloTb LiNiCHOI
KapTMHW. TOMY Ha NPaKTULI BMKOPUCTOBYIOTb GaraTopiBHEBI iHTErpanbHi NOKasHUKKM. MeToaukKa
BK/IHOYAE Ki/IbKa eTaniB: cnovaTky 36upatoTbca BUXIiAHI AaHi 3 6anaHcy Ta 3BiTiB, NOTiIM GOpPMYHOTbCA
rPynu NOKasHWKIB, Aani BU3HAYAOTbCA Baru, i HAPELLTI PO3PaX0OBYETbCA y3araibHEHUIN iHTerpasibHUMN
iHoeKkc. Takuii nigxig A03BOASE 3BECTU AECATKM UMbp A0 OAHOrO0 3MICTOBHOFO 4McAa, fAKe
BifL0OpaXKae peanbHMUMN CTaH CApaB Ha NiANPUEMCTBI.

LUle oaMH ACKpaBWUI NpUKAag — BMMIPHOBAaHHA €KOHOMIYHOI HepiBHOCTI. KpuBa JlopeHua
MOKa3sye, AKA YacTKa [AO0X04iB MPUNAJAE HA Pi3HI rpynu HaceneHHA. YMm CcuAbHile BOHa
BIAXMNAETbCA Bifg NpAMOI piBHOCTI, TUM 6iNblIOIO € HeEpPIBHICTb. M0Wa MiXK KPUBOIO Ta MPSIMOLO
0BUYMUCNIOETLCA Yepes BU3HAYEHUM iHTerpan — Le i € KoedilieHT JuHi. Moro WMpoKo 3acTocoByOTb
He Nuwe B €KOHOMiIUI, a 1 y KoprnopaTMBHMX ¢diHaHCcax Ana aHanisy posnoginy npubyTKie abo
aKTtusiB [3].
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dopmyeanns 0a3u BUX1IHUX JaHUX HA OCHOBL
(hinancoBoi 3BiTHOCTI, & came

- DanaHcy;

- 3BiTY 11po (iHAHCOBI PE3yILTATH;

- 3BITY PO PYX IPOLIOBHX KOLUTIB

1 eran. PopmyBaHHS MACHBY
BHUXIJHUX JaHHX

!

2 eran. QopMyBaHHA CHCTEMH

1. TToka3HHKH MAlHOBOTO HOTEHLIANY ( XM).
2. [Mokazuuku MKBIAHOCTI ( Xn ).

3. [Mokaszuuky dinancooi criiikocti ( Xdc).
4. Tlokazuuku ninosoi akTHBHOCTI (Xa).

(piHAHCOBHX MOKA3HUKIB, 110
XapaKTePU3YIOTh TiSIBHICTE
IiAIpHEMCTBA Ta 1X

PO3PAXYHOK 5. Toka3zuuku pentabenbHoCTI ( XP}

|

3 eran. Buznauenus rpynosux

1. dopmyeannsg Habopy NOKa3ZHUKIB Y KOKHIHA rpyri:
Xy =y, gz, o X},

2. BusHnaueHHs BArOMOCTI KOMKHOIO MOKasHuka Wi,
n

Z w; = 1
IpU YoMy J=1
3. Po3paxyHOK iHTerpajabHHX MOKA3HUKIB ¥ KOXKHIi
rpymni (pIHAHCOBUX [IOKA3HHUKIB

IHTErpalbHUX MOKAZHUKIB

4 eran. Busnaueuus
IHTErpanbLHOro MOKA3HUKA
(hIHAHCOBO-CKOHOMIYHOTO

CTAHY [iJIPUEMCTBA

1. Busnauenns saromocti WJ komHoi rpynu
n

NOKA3HHKIB, 38 YMOBH /=1 .
2. PozpaxyHoK y3arajibHEHOTO IHTErPAIBLHOIO

NoKa3sHuKa fres

o I 7T 0

Puc. 1. ETanu po3paxyHKy iHTerpasibHOro NnoKasHMKa
¢iHaHCOBO-eKOHOMIYHOrO CTaHy NiANPUEMCTBA

y .
1 _A
7
QO 1 X

Puc. 2. Kpuea J/lopeHua: naowa MixK NiHi€lo piBHOCTI Ta Kpusoto (BuaineHa obnactb)
ba€ 3HaYeHHA KoedilieHTa JXXUHHI

AK ue peanisyetbca B IT? Yci onucaHi po3paxyHKM Nerko aBTomMaTtuayloTbca. Cuctemm
kKomn'toTepHoi matematukn (Wolfram Mathematica, MATLAB) abo HaBiTb 3BM4aitHM Python i3
6ibniotekamm NumPy, SciPy Ta SymPy po03BosAlOTb aHaniTMYHO andepeHLuioBaTn  GyHKLi,
obuuncnoBaTU BM3HAYeEH iHTerpanu, nigbupaty Barosi KoedilieHTV Ta Bi3yanisyBaTu pe3ynbTaTu.
Ona 6isHecy ue o3Ha4ae nepexig Big, pydYHUx Tabanub A0 iHTepakTMBHUX gawbopais, 4e moaenb
MOXHA nepepaxyBaTn 3a CEKYHAY Nig Yac 3MiHU BXiAHUX AAHUX.

39



Takum unHOM, paudepeHUianbHe Ta iHTerpasbHe YUCNEHHA — LUe He abCTpakTHa
YHiBEPCUTETCbKA AUCUMMANIHA, @ NOBCAKAEHHUM IHCTPYMEHT GiHAaHCOBOro aHaniTMka. A cyvacHi IT-
pilleHHA pobnATb MOro AoCTynHMM ANnA byab-AKOro NigNPUEMCTBA, HE3ANEXKHO Big, PO3MIpY.
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PE3Y/ZIbTATU NINOTHOIo AOCNIAXEHHA MEAIATPAMOTHOCTI | MEAIATPABMMW 340BYBAYIB
OCBITU Y MPUTPAHNYHOMY PETIOHI

MoBHOMacwTabHa BiliHA AOKOPIHHO 3MiHMNA YMOBWU (PYHKLIOHYBAHHA YKPAIHCbKOI BULLOI
ocBiTM. [na 6aratbox 3aKAagiB oOcBiTM UWPPOBI TEXHONOrT CTanM He Auvwe A0NOMIXKHUM
iHCTpyMeHTOM, a 11 6a30B0OI0 YMOBOI A5 36eperkeHHA 0CBiTHboro npotecy. Ocob6aMBO rocTpo e
NPOABAAETLCA Y NPUKOPAOHHUX perioHax, 3oKkpema Ha CymumHi, ae 3406yBayi OCBiTU HaBYatOTbLCA
B YMOBax peryaapHmx obcTpinis, nosiTpAHMX TpuBor, nepeboiB enekTponocTavyaHHA Ta
HecTabinbHOro iHTepHeTy. Y Takmx obctaBuHax IKT BUKOHYOTb NoABiliHy GyHKLit0. 3 0g4HOro 60Ky,
BOHM 3abe3neuyoTb AOCTYN A0 3aHATb, KOMYHIiKaLilo 3 BUK/Iadadyamu, NigTPUMaHHA coLia/ibHUX
3B’A3KIB i MOMK/IMBICTb MPOAOBXKYBATM OCBITY. 3 iHWOro 60Ky, Ti cami UMPPOBI KaHanu cTaloTb
AXKepenom maixke 6e3nepepBHOro NMOTOKY BOEHHMX HOBWH, GOTO- i BigeomaTepianiB, eMoLifNHO
HaCMYEHUX MOBIAOM/EHDb, WO MOXYTb MOCWUAIOBATM TPUBOTY, MOPYLUEHHA CHY, nNpobnemn 3
KOHUEHTPALE Ta eMOLiiHE OHIMIHHA.

MepgiarpaMoTHICTb  TPagMLUiMHO pPO3rNadaldTb AK  30aTHICTb  KPUTMYHO MpauloBaty 3
iHbopMmallielo, NepeBipsATU A)Kepena, po3ni3HaBaTM MaHinynaujii, ¢enkn 1 pgesiHdopmadio.
YKpaiHCbKi A0CNiAKEHHA AEMOHCTPYHOTb, WO HePOPManbHI OCBITHI aKTUBHOCTI, TPEHIHIU, MalicTep-
Knacu, MepgiaTypHipu Ta iHWI NPaKTUKM MOXKYTb CNpUMATU PO3BUTKY iHOpMaLiNHOT ¢
megiarpamoTHocTi monogi (Drushlyak et al.,, 2025; Yachmenyk et al.,, 2023). Okpemi npaui
3BepTaloTb yBary Ha iHGOpPMaLiNHy TirieHy, TobTo 34aTHICTb He Aullie OLiHIBATM AOCTOBIPHICTb
NoBiAOM/IEHb, @ I KEPYBATK BNACHUM MeAiaCnoXKUBAHHAM, 0OMeXKyBaTU WKiANMBI iHGopMaLinHI
BMNIMBM Ta YCBiAOMIOBATU PU3MKM NepeBaHTaxkeHHA (Rudenko et al., 2025). BogHo4ac NnuTaHHA Npo
TE, YN 3aXMLLAE CAMOOL,IHEHA MeAiarpaMoTHICTb Big, MediaTpaBMM, 3a/IMLIAETLCA BIiAKPUTUM.

MegpgiaTpaBma y UbOMY AOCAIAKEHHI PO3rNAAAETLCA AK CYKYMHICTb Cy6’EKTUBHO NepexuTnX
CMMNTOMIB, AKi 34000yBayvi OCBITM MOB'A3YIOTb i3 PEryiApHMM CNOXMBAHHAM TPaBMATUYHOIO
Me/liaKoOHTEeHTY. MaeTbeca He NPo KNIHIYHWIA AiarHo3, @ NPO CaMO3BITOBaHi CTaHW: TPUBOTY abo NaHiKy
yepe3 HOBWHW, TPYAHOLLI 3i CHOM YM KOHUEHTPALED, eMOLUiMHe OHIMIHHA. MiXHapoaHi
OOCNiAXKeHHA cBigYaTh, WO rpadivHi 306parkeHHsA BiliHW, HACMIbCTBA M TEPOPUCTUUYHMX aTaK MOXKYTb
NOCUNIOBATN AUCTPEC HaBIiTb Y NtoAen, AKi ¢isnyHo He nepebyBatoTb y 30HI noailt (Holman et al.,,
2024). IHWi aBTOpPM ONUCYIOTb COLjaNnbHI Meaia Mif Yac Kpu3 AK «ABOCIHHUA MeuY»: BOHU MOXKYTb
0aBaTW NigTPUMKY, afie BOAHOYAC NOCUNOBATU TPAaBMATUUYHUMN AOCBIA, AKLLO KOPUCTYBAY NOCTIMHO
NoBEPTAETLCA A0 EMOLLIMHO Ba)KKOro KOHTeHTy (Gazit & Eden, 2025).

MeTolo ninoTHoro pgocnigxeHHs 6yno onucatm npodinb BUKOpUcTaHHA  IKT i
mMmegiacnoXxmBaHHA 3406yBadiB ocsiTM 3BO micta Cymu, OLIHMTM NOLIMPEHICTb CaMO3BiTOBAHMX
CMMNTOMIB MeZiaTpaBMM Ta MpOaHanilyBaty, AK MNOEAHYIOTbCA MiX €060 CcamooLiHeHa
mefiiarpaMoTHicTb, IKT-npaKTUKKM 11 YacToTa CUMNTOMIB, NOB’A3aHUX i3 MeAjiaTpaBMoto. EmMnipuyHoto
OCHOBOIO CTaNl0 OHMaMH-ONUTYBaHHA 252 pecnoHaeHTiB. AHKeTa OxonaitoBasa Kinbka 6/10KiB:
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BUKOPUCTAHHA MNPUCTPOIB Ta IHTEPHeTy, A)Kepefna HOBMH | [A0Bipy A0 HUX, CAMOOLLHKY
Mepf,iarpaMoTHOCTI, CTpaTerii pearyBaHHA Ha TPUBOMXHMWM KOHTEHT, @ TAKOX 4acCTOTy TPMBOIM,
npobsiemn 3i CHOM/KOHLEHTPALLiEl0 Ta EMOLINHE OHIMIHHS.

Pe3ynbTaTv 3acBiguuMnmM BUCOKWUI piBeHb UMPPOBOI HACMYEHOCTI MOBCAKAEHHOIO MKWUTTA
3006yBayiB ocBiTM. CMapTdOH Ha3BaNM FOIOBHUM NPUCTPOEM AN HABYAHHS Ta OTPUMAHHA HOBUH
79,0 % pecnoHpeHTiB. BogHouyac nmwe 10,3% ouiHMAM iHTepHeT-3’eAHaHHA AK cTabinbHe. Maitke
NnonoBWHa noBigomuna npo yacti nepeboi, we 40,5% — npo 3aranom npobnemuHuin goctyn. Lle
03Hayae, WO BUCOKa 3as1exKHicTb Big, IKT noeaHyeTbea 3 HecTabifibHOW TeXHiYHOO 6a3oto.

MegiacnoxunBaHHA pecnoHAEeHTIB BUABWMAOCA AyXKe (HTeHcusHUM. 77,8% nepesipAloTb
HOBMHM abo couianbHi Mepexi Kinbka pasiB Ha roguHy, a 91,3% Hassanu Telegram ogHum i3
FONOBHUX AXKepea HOBUH. [HWIi couianbHi MeperKi TaKoXK BigirpatoTb NOMITHY poab, ToAi AK OPilinHi
CalTW YKPATHCbKUX Mefia UM AeprKaBHUX OpraHiB 3raganv amwe 22,2% onutaHux. CTpyKTypa AoBipu
3miweHa y 6ik HepopmanbHMx aBTOpiB: Malxke 60 % Halbinbwe [OBiPAIOTL eKkcnepTam abo
6norepam, a 32,1% matoTb HU3bKY AOBIpY 40 MeZiaAXKEPEes i He MOXKYTb YiTKO Ha3BaTU TUM AXKepen,
AKUM O0BIpAIOTH.

BogHo4ac camoOOLiHKA MepniarpamMoTHOCTI € BMCOKOW. 52,4% pecnoHAeHTiB No4vyBatoTbCA
AyKe BNeBHEHO Yy 34aTHOCTI nepesipATM iHGopMmaLito Ta po3ni3HaBaTM MaHinynauii, we 29,0 % —
Aeuwo BrnesHeHo. OgHak nnwe 4,4 % pobpe 3HaMOMI 3 MNOHATTAMM «meiaTpaBma» Ta
«iHbopMmaLiiHa nepeBaHTaXeHiCTb». binbwicTb abo Anwe wock Yyna npo uj asuwa, abo B3arani He
3Halloma 3 HUMMU. Lle BKa3ye Ha PO3PUB MiXK BNEBHEHICTIO Y BAACHMX iHPOPMALIMHUX HAaBUYKAX i
CNabKNMM po3ymiHHAM TpaBManoiHPOPMOBAHOIo BUMipY MeaianoBeaiHKN.

Cumntomu, Nos’A3aHi 3 MeaiaTPaBMOIO, BUABUAUCA MacoBMMM. YacTy TpmBory abo naHiky
yepes HOBUHM YU COoLiaNbHI mepexi Bia3Haumnm 72,6% pecnoHaeHTis, we 27,4% nosigomumnu, Wwo
ue Tpanasetbca iHoai. Mpobnemn 3i cHOM abo KOHLEHTpALiEld 4Yepe3 MeiaKOHTEHT 4acTo
nepexusatoTb 39,7%, iHoai — 38,1%. EmouinHe OHiMiHHA YacTo ¢ikcytoTb 19,0%, iHoai — 27,8%.
OT)Ke, ANA 3HAYHOI YAaCTUHW ONUTAHUX MEAiaKOHTEHT € He MNPOCTO AXKepesom iHpopmauii, a
YNHHUKOM EMOLLIMHOTrO BUCHAXEHHA.

OTKe, npoBegeHe AOCNIAKEHHA NOKA3a/10, WO KAACMYHOI MeAiarpaMoTHOCTI, 30cepeaKeHoi
nepesBaxKHO Ha paKTUYEKIHTY, po3ni3HaBaHHI ¢peliKiB i KRPUTUYHOMY aHaNi3i AxKepen, He0CTaTHLO AA
3400yBayiB OCBITM MPUKOPAOHHMX pPerioHiB nig, 4Yac BiMtHW. oTpibHa TpaBmanoiHpopmoBaHa
MefiaocCBiTa, AKa NOEAHYE KOTHITUBHI HaBMYKM 3 iHPOpPMaLiAHOO FirieHO, eMoliliHoto 6e3nekoto,
YMIHHAM MAaHyBaTU «UMPPOBi Nay3sm», po3nisHaBaTW CMMMATOMU MediaTpaBmMM W NigTPUMyBaTH
6e3neyHy KOMYHiKaL,ito B OHNANH-Tpynax.

Cn1UCOK BUKOPUCTAHUX AxKepen
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MOZAE/b «HY/IbOBOI A OBIPU» (ZERO TRUST)
AK CYYACHUM NIAXIA 00 3AXUCTY LULUDPOBOIO BISHECY

Undposa TpaHcPopmauis OCTaHHIX POKIB AOKOPIHHO 3MiHWMAA Te, AK MW MPALIOEMO Ta
B3aEMOAIEMO 3 TexHosoriAMK. PaHiwe 6inblwicTb KOMNAHIM HaragyBasia 3aKpwUTi CUCTEMW: yCA
BaXknMBa iHbopmaliia 36epiranaca Ha cepeepax ycepeauHi odicy, a 3aXuct socepearKyBascs /nLle
Ha TOMYy, WO6 He BNYCTUTU HIKOTO Yy»KOro Yyepes 30BHILWWHIN iHTepHeT-Kabenb. MpoTe cborogHi us
MOZEeNb OCTaTOYHO 3acTapina. 3 MOoABOK XMapPHUX CXOBML, BigdaneHoi poboTn Ta MObINbHUX
00AaTKiB, AaHi KOMNaHii Tenep 3HaxoAATbCA NOBCOAN — Y CMAPTPOHAX NPALiBHUKIB, HA AOMALLHIX
HOyTOYKax Ta B rnobasbHUX cepBicax. Y TaKMX yMOBaxX CTapi MeTOAM 3aXMCTY, AKI NPOCTO 3aMUKaNn
BHYTPILLHIO Mepexy, cTann HeedekTuBHUmM. Mopgenb Zero Trust (Hy/nboBa A0Bipa) MPOMNOHYE
HOBWI Nornag Ha 6e3neky, AKNIM € KPUTUYHO BaXKNMBUM A1 cTabinbHOCTI HisHecy B ManbyTHbOMY.

lfonoBHa iges KoHuenuii HynbOBOI AOBipM MaKCMMasbHO NPOCTA: CUCTEMA He MOBWHHA
aBTOMATUYHO A0BIPATU HIKOMY, HE3aNeXKHO Big, TOro, 3BiAKM HAAXOAUTb 3anuUT. Y TPAAULIAHUX
cuctemax 6yno AoCTaTHbO OAWMH Pa3 BBECTWM Naponb, Wob oTpumaty fOCTyn 40 BCboro. Y moaeni
Zero Trust KOXKeH KPpOK KOpUCTyBaya NepeBipAeTbCa 3HOBY. Lle cxoxke Ha cyyacHuUi HisHec-LeHTp i3
H6araTopiBHEBOI CUCTEMO NPOMYCKIB: HABITb AKLLO BM 3aMwan B 6yaiBnto, Bam BCce 04HO noTpibeH
OKpeMui KntoM, Wwob noTpannT B KOHKPETHUI KabiHeT abo ckopucTaTucs NpuHTEpPom. TakmMi niaxig,
[03BOJIAE BYACHO 3YMUHUTM 3T0BMUCHUKIB, AIKIi MOT/INM BUKPACTU YyXKi AaHi, aKe BOHWU NPOCTO He
3MOXKYTb NPOITK Aani nepLllioro etany nepesipku [1, c. 185].

Ba)K/AMBOK YaCTUHOMO L€l cTpaTerii € nogin yciei undpoBoi iHPPACTPYKTYpPM KOMMaHIi Ha
HeBeJIKI OKpemi 30HU. B IT-cdepi Lie 4acTo HA3MBAOTb MIKPOCErMEHTALLIEID, ane AKLLO FOBOPUTH
NPOCTO — L& CTBOPEHHA LUPPOBMX KIMHAT i3 BAaCHMMM 3aMKaMM. AKLLO Xakepam BAACTbCA 3/1aMaTu
OAHY TaKy AiNAHKY (Hanpuknag, nowTy O4HOro MeHeayKepa), BOHM OMUHATLCA B i30/1bOBAHOMY
NPOCTOpPi 1 HE 3MOXKYTb aBTOMaTUYHO NepecTpubHYTM A0 diHaHCOBMX 3BiTiB ab0 KNiEHTCbKMUX 6a3.
Lle rapaHTye, WO HaBiTb Y pa3i TEXHIYHOI MOMMAKM YK YCMILUHOI aTakM, OCHOBHA 4YacTuUHa bGi3Hecy
NpoAoBKyBaTMMe npaLoBaTi 6e3 3ynnHoK.

OKpemy yBary B mogeni Zero Trust npugineHo noaCbKOMY YMHHMKY. binbwicTb 3n1amis
CbOroAHI CTAETbCA He Yepes CKAaAHi XakepCbKi Nporpamu, a Yepes 3BMYaNHY HEYBaXKHICTb: XTOCb
BiAKpPMB Nigo3pinnit anct abo BBIB Naponb Ha danbwmnBomy camTti. CUcTema HY/bOBOI A0BipU
aBTOMaTUYHO 0BMeEKYE NpaBa KOXKHOrO NpauiBHMKa. KoXHa ntogMHa oTpMMYE AOCTyN AuLe 40 TUX
dainis, AKi 1 cnpasai NOTPibHI ANA BUMKOHAHHA KOHKPETHOro 3aBAaHHA Npsimo 3apa3. Le He
03HaYaE HeloBIpPY A0 KONEKTUBY — LIE /INLLE PO3YMHE OOMEXKEHHS PU3MKIB, IKe PATYE KOMNaHIi Bif,
Be/INYE3HUX 30UTKIB.
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[na cyyacHoro 6i3Hecy BNPOBAAKEHHA TAaKOro 3axMCTy — Le He NpocTo BUTpPaTH Ha IT, a
CTpaTeriyHa iHBecTuuif. Koan KNieHTU 3HatOTb, WO iXHi AaHi 3aXULLEHi 3@ HAMBULWMMK CTaHAapTamu,
ue niasuwye penyTauito 6peHay. Kpim Toro, Zero Trust no3sonse 6isHecy 6yTn rHyYKMM: KOMMaAHiA
MOKe NErKO HaliMaTu Ntoaen 3 iHWKX KpaiH abo BNpoBagKyBaT HOBI TEXHONOTIi, HE XBUIIOKOYMUCH
3a 6e3neky ros10BHOI Mepexi.

OTKe, nepexig 40 NPUHLMNY «HIKOAW He A0BipAN, 3aBXKAN NepeBipAn» € 6e3a1bTepHATUBHUM
KpOKOMm ana byab-AKoro NignpMeMCTBa, Wo nparHe ycnixy B umdposy enoxy. Lie cTBOptoe HagitHui
bYHAAMEHT AN5 PO3BUTKY TEXHOOTi MalibyTHLOrO Ta rapaHTye cTabifibHYy poboTy 6i3Hecy B ymoBax
NOCTIMHUX 3arpo3 B iIHTEpPHETI.

Cnucok BUKOPUCTAHUX AXKepen:

1. THatiok C. O., OxpimeHKko T. O. CyyacHi KoHuenuii Kibepbesnekn: Zero Trust Architecture.
3axucT iHpopmauji, 2021. Tom 23. No 4. C. 182-191. https://doi.org/10.18371/2415-
1246.23.4.249495

2. Rose S., Borchert O. Zero Trust Architecture. NIST Special Publication 800-207, 2020. 59 p.
https://doi.org/10.6028/NIST.SP.800-207
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BUKOPUCTAHHA MYNIbTUMOLANbHUX MOLENEN REX-OMNI
Y BISHEC-AHANITULI TA ABTOMATU3ALLIT MPOLIECIB

Y cy4yacHOMy CBIiTi B KOHTEKCTi LUMPPOBOro nepeTBopeHHA 6isHecy 0co6AMBOro 3HayYeHHA
HabyBaloTb iHTENEeKTya/ibHi MEeToAM aHanisy Ta ob6pobku iHbopmauii. OcobnmBy posb y LbOMy
BiAirpatloTb My/NbTUMOAANbHI Moeni, AKi 3a4aTHi 0bpobnaTn paHi pisHOI Npupoan, 30Kpema
TEKCTOBY Ta Bi3yanbHy iHpopmauito. Lle pos3sonde 3ailicHIOBAaTM FAMOWKWIKA aHanis gaHux i
niaBMLWYBaTU ePeKTUBHICTb YXBaNeHHA piweHb [1;3].

TpaguuinHi metogm 6i3Hec-aHaNITUKM NepeBa*kHO OPIEHTOBAHI Ha CTPYKTYpOBaHi AaHi Ta
MalTb OOMENKEHI MOMKIMBOCTI Nig Yac poboTn 3 HECTPYKTypoBaHOW iHbopmaliieto. 3oKkpema,
KNAcU4YHi mogeni Komn'toTepHOro 30py, Taki Ak YOLO, epeKTUBHO BUKOHYIOTb 3aBAaHHSA BUABNEHHA
06’€KTiB, NPOTE HE BPAXOBYIOTb CEMAHTUYHOIO KOHTEKCTY, WO MOXe OYyTU KPUTUYHO BaXKAUBUM Y
bi3Hec-3acTocyBaHHAX [2].

MynbTuMmoganbHi MoAeni HOBOro NOKONIHHA NOEAHYIOTb MOMKANBOCTI KOMN'IOTEPHOTO 30pY 1
06pobKM NPMPOAHOT MOBMU. IXHA apxiTeKTypa 6a3yeTbca Ha BUKOPUCTAHHI OKPEMUX eHKOAEpIB And
Pi3HWMX TUNIB AaHMUX i3 Noganblwmm 06’egHaHHAM iHGOpMaLii B CninbHOMY NaTeHTHOMY MPOCTOPI
[3;4]. Ue no3Bonne dopmMyBaTH y3roaKeHe nNpeacTaBaeHHA 06’eKTiB, BPaxoBYOUM AK iXHi Bi3yasibHi
XaPaKTEPUCTUKM, TaK | CEMAHTUYHUIN KOHTEKCT.

MpuKnagom cyvacHoi MyibTMMOAANbHOI moaeni € Rex-Omni, Aaka peanisye iHTerpauito
TEKCTOBMX 3aMNUTIB Ta 3006pa*KeHb 419 BUKOHAHHA 3a4a4 BUABNEeHHA 06’eKTiB [5;6]. Ha BiamiHy Big,
TPaAULIAHUX MoAenen, BOHA 34aTHa ifeHTUdiIKyBaTM 06’eKTM Ha 306parkeHHi BignosigaHO A0
33[2aHOr0 TEKCTOBOro 3anuTy, WO Aa€ 3MOTy peasidyBaTu binbll rHyYKi cueHapii BUKOPUCTAHHSA.
OCHOBHI BiAMIHHOCTI MiXK 3a3Ha4YeHMMM Nigxogamn HasedeHo y Tabn. 1.

Tabauys 1
MopiBHAHHA 0gHOMOAANbHUX MoAeneit Komn’'ITEPHOro 30py
Ta MybTUMOAANbHUX Moaeneit

O0HOMOOanbHI mooerni ] )
Xapakmepucmuka i MynemumodaneHi mooeni

Komn’romepHo20 30py
Tun exiOHUX OaHUX 3o6paxkeHHa abo Bigeo 306paxKeHHA + TEeKCT
BukopucmaHHsa ObmerkeHe (nuwe Bi3yanbHi | Po3wmMpeHe (Bi3ya/libHUA + TEKCTOBWMA
KOHmMeKcmy O3HaKM) KOHTEKCT)
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O0HOMOOabHI modoeri ) )
Xapakmepucmuka i MynbmumodassHi mooeni
Komn’romepHo20 30py

THy4Kicme Hwu3bKa (opieHTauin Ha . . .
Bucoka (yHiBepcanbHi 3agaui)
3aCMocy8aHHA KOHKPEeTHY 3aaayy)
IHmepnpemayis PoswwnpeHa (TeKCTOBi MOACHEHHA +
] ObmerkeHa . o
pe3ysbmamis Bi3yasi3auif)
. MoTpebye nepeHaB4yaHHA | MoXe 3MiHIOBAaTU MOBEAiIHKY 4epes
AdanmusHicmb ] .
mogaeni TEKCTOBi 3anNuUTH
bisHec-aHaniTUKa, aBTomaTu3auis,

Cebepu 3acmocysaHHA | JeTekuia, knacudikauis .
peKkoMeHAaLinHi cucTemm

AK BMAHO 3 Tabauui 1, MynbTMMOAANbHI Mogeni MalTb CYTTEBI nNepeBarn MOPIBHAHO 3
OAHOMOZANbHMMM NiAXO4AMM, 30KPEeMa 3aBAAKN BUKOPUCTAHHIO KOHTEKCTY Ta iHTerpauii pisHux
TUNiB AaHMUX.

Y chepi noricTMKmM ix MoXKHa BUKOPUCTOBYBATU A1 aBTOMATU3aLLii KOHTPO/IIO AKOCTI NPOAYKLIii.
Ha Bxig, cuctemun nopaerbcs 306pakeHHA CKAaZy pa3oM i3 TEKCTOBMM 3anuMTOM, Hanpuknag:
«3HANTU MOWKOAXKEHI ToBapu». Moaenb aHanisye 306paxeHHA Ta GOPMYE pe3ynbTaT y BUMNALI
NoKanisauii 06’ekTiB i TeKCTOBOro 3BiTy. Lle 403BONSE 3MEHLLMTU BUTPATM Ha Py4YHYy MepeBipKy Ta
NigBUWKNTN ePEKTUBHICTb POBOTHM NiaANPUEMCTBA.

Y chepi eneKTpoHHOI KOMep LT My1bTUMOAAIbHI MOAENI 3aCTOCOBYHOTLCA A5 NOLWYKY TOBapiB
33 300paKEHHAM i TEKCTOBUM onmncom. KopucTyBay MOXKe 3aBaHTaXKMTU GOTO TOBapY Ta YTOUHUTH
XapPaKTEPUCTUKKU, WO O03BONAE CUCTEMI TOYHIWIE 3HAXOAUTM BiANOBigHI nmo3umuii. Lle noKpawye
KOpUCTYBaLbKM f0CBiA Ta Nigsuuye edeKTUBHICTb BisHecC-npoLecis.

Y 6i3Hec-aHaNITMLI MyNbTUMOZANbHI MOAENT MOXKYTb BUKOPUCTOBYBATUCS A5 aBTOMATM3aLl
0bpO6KKN JOKYMEHTIB, aHaNi3y NOBeAIHKN KIEHTIB, BiAe0aHaNITUKN Ta KOHTPOIO AKOCTI NPOAYKLLl.
30Kpema, Yy BUPpOOHULITBI BOHW A03BOJIAIOTL BUABAATU AedEKTU NPOAYKLIi 3 ypaxyBaHHAM 3a4aHUX
KpuTepiis, a y diHaHCOBIM chepi — aHani3yBaTH BidyasibHi Ta TEKCTOBI AaHi 04HOYACHO.

ABTOMaTMU3aLiA NpoLeciB Ha 0CHOBI Rex-Omni cnpusae CKOPOYEHHIO BUTPAT Yacy Ta Pecypcis,
a TaKOX MiHimi3aujii BnamBy nwoacbkoro ¢dakropa. Lle ao3Bonse nignpuemcrsam niasuLyBaTh
edEeKTUBHICTb AiANbHOCTI Ta KOHKYPEHTOCMPOMOMKHICTb. Kpim TOro, iHTerpauis Takux moaenen y
bisHec-cuctemun BIIKPUBAE MOMKAMBOCTI A1 CTBOPEHHA iHTe/NIeKTya/ibHUX CepBiciB HOBOro
NOKONIHHA.

Pa3om 3 TM, BUKOPUCTAHHA MyNbTUMOLANbHUX MoAenein Nos’A3aHe 3 NEBHUMWN BUKIMKAMMU.
[0 HUX HanexaTb BUCOKi BUMOTN J0 06YMCNOBANBbHUX PECYPCiB, CKNAAHICTb HABYAHHA Moaenen Ta
HeobXiAHICTb BeNMKUX 0bcAariB AKiCHUX AaHUX. TaKoX BaXK/IMBMM € MUTaHHA iHTepPNpPeToBaHOCTI
pe3ynbTaTiB, 0COB/MBO Y KPUTUYHO BaXKNMBUX chepax BisHecy.

MepcnekTuen po3suTKy Rex-Omni Ta nogibHux mopeneit noes’A3aHi 3 yAOCKOHaNEHHAM
apXiTEKTYP, NiABUWEHHAM e(dEeKTUBHOCTI 064YMCNeHb Ta PO3WMPEHHAM cdep 3acTOCyBaHHA.

47



OUiKYETbCA, WO MYNbTUMOAANbHI TEXHONOTIT CTaHYTb KAOYOBUM €/IEMEHTOM LIMPPOBOT EKOHOMIKM
ManbyTHbOrO.

OT}Ke, BUKOPUCTaHHA MyIbTUMOZAIbHUX MOAeNel, TakKux Ak Rex-Omni, y 6i3Hec-aHaniTmuj Ta
aBTOMATM3aL,ii NPOLECIB BiAKPUBAE HOBI MOX/MBOCTI ANA NiABULLEHHA ePEKTUBHOCTI AiANbHOCTI
NiANPUEMCTB. IXHE BNPOBAAMKEHHA CNPUAE MBLLIOMY aHani3y AaHMX, NOKPaLLEHHIO AKOCT pilleHb
Ta PO3BUTKY iHHOBALNHUX Bi3Hec-moaenen.
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rIBPUAHUIA MAXIA A0 3AXUCTY OAHUX Y LUDPOBUX BISHEC-CUCTEMAX

Y cyvacHux unopoBux HisHec-cuctemax gaHi € 04HMM i3 KNHYOBUX PECYPCiB, Bif, LiNiCHOCTI,
AOCTYMHOCTI Ta A0CTOBIPHOCTI AKOro 3aneXuTb CTabinbHiCTb poboTu nianpuemcts, ¢iHaHCOBUX
CepBiciB, XMapHMX NAaTPopm, cMCTEM eNeKTPOHHOI Komepuii Ta loT-iHppacTpyKTypu. MopyLleHHA
LiNiCHOCTi AaHUX MOXKe BMHUKATU K YHACNiAOK BMMAaAKOBMX MOMWIOK Mif, Yyac nepegaBaHHA abo
3bepiraHHA iHpopMmalLii, TaK i BHACNIAOK HAaBMWMCHOro BTPy4YaHHA 3 OOKy 3/710BMUCHMKIB. Tomy
aKTya/IbHUM € CTBOPEHHA METOLiB, AKi 04HOYACHO 3a6e3neyyroTb BUABNEHHSA MOMUIOK, MOXK/IUBICTb
iX BUNpaBAeHHA Ta KpunTorpadiyHy nepeBipKy aBTEHTUYHOCTI AaHux [1].

TpagmuinHi metoam 3axmcty iHGopmauii YacTo po3rnagaoTb KpunTorpadivyHi mexaHismu Ta
3aBafloCTilike KoayBaHHA oKpemo. KpuntorpadiuHi metogm, 3okpema HMAC, patoTb 3mory
nepeBipuUTM aBTEHTMYHICTb i LLIAICHICTb NOBIAOMIEHHA, O4HAK HE BiAHOB/IOOTb MOLWKOAXEHI AadHi.
3aBagoCTiMKi KoaW, HaBMakKW, MOXKYTb BUMPABAATU BMMNALKOBI MOMMWKKM, ane He 3abe3neuytoTb
3aXUCTy Big, HABMMCHOI NigMiHX noBigomneHHsn. Lle cTBoptoe noTpeby B ribpuaHomMy niaxomi, AKui
NoeAHye nepesarn o6ox Hanpamis [2; 3; 4; 5].

MeToto pob0TH € 06IrPYHTYBaHHA ribpUAHOro Niaxoay A0 3aXMCTy AaHUX Y undposux bisHec-
CUCTEMAX LWAAXOM NOEAHAHHA 3aBafOCTIMKOro KogyBaHHA 3 KpunTorpadiyHoto aBTeHTUIKaLiEr.
TaKknit nigxig moxe 6yTM KOPUCHUM ANA CUCTEM, Y AKMUX BaXKJIMBUMM € He Anle KOHPIAEeHUINHICTD i
KOHTPO/Ab AOCTYyny, a W rapaHToBaHa BiAHOBAIOBAHICTb iHdOpPMaLii nicnA NOMMAOK nig uyac
nepepnasaHHA abo 36epiraHHA.

Y  Mmexax 3anpornoHOBaHOro  nigxody  MOBIAOMAEHHA  CMOYaTKy  LOMOBHIOETHLCA
KpuntorpadiyHMm Terom aBTEHTUYHOCTI, NiCNA YOro A0 HbOrO 3aCTOCOBYETbLCSA MEXaHi3M KOHTPOJII0
abo BMUMNPAB/IEHHA NOMMJIOK. Hexan noyaTKoBeE NoBiAOMNEHHSA No3Ha4Ya€eTbCA
AK M, CEKPEeTHUI KNtoY — K, a Ter aBTEHTMYHOCTI — 7. ToAi Ter MoXXHa nogaTu y BUrnagi:

T= HMACK(M).
Micna uboro GopPMy€eTLCA PO3LLINPEHE NOBIAOMNEHHS:
M'=M|T,

Ae CMMBOJ || 03HaYa€e onepad,ito KoHKaTeHauii. Jani 4o noBigomneHHA moxe 3actocoByBatmca CRC-
KOHTpOAb, Kog, NemmiHra, kog, Piga-ConomoHa abo LDPC-KoayBaHHA 3an1€XHO Big, XapaKTepUCTUK
KaHany nepeaaBaHHsA 4 cepegoBumua 36epiraHHs [2; 3].

Ons BU6opy perknmy 3axucty AoLiNbHO BPaxoBYBATM TPU OCHOBHI MOKAa3HMKK: BITOBY YacToTy
nomunok BER, yactoty nomunkosux 610kiB FER i KoediljieHT nakeTHOCTi B . biToBa YacToTa NOMUAOK
e

BM3HAYAETbCA AK
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N

err

BER=N ,
bits
Ae N — KifbKicTb Nomuakosux OITiB, N, . — 3aranbHa KinbKkicTb nepegaHux 6iTiB. YactoTa
err ifs
NoMMUAKOBKUX B10KIB MOXKe BYTU NogaHa Ak
bad
PER::RF___,
[frames

AeN, - KiZIbKiCTb NOWKOAMKEHUX B/IOKiB, Nf —3ara/ibHa KifibKicTb 6/10KiB. KoeodilieHT nakeTHOCTI
[ere rames
B BUKOPUCTOBYETbCA A0S OLiHIOBAaHHA TOrO, YW MalOTb MOMMUIKM BUNAAKOBUI abo rpynoBuii
e

Xapakrep.

3anponoHoBaHUI FibpMAHUIA NiaXia MOXKHA NogaTy y BUrAAAi NpaBuaa BUOOPY mexaHizmy

3aXUCTy:
CRC + HMAC, BER < a,
Hamming + CRC + HMAC, a < BER < f3,
A=
RS+ CRC +HMAC, BER 2 N\ Be > vy,
LDPC + CRC + HMAC, BER 2 B N Be £ y.

TyT A —06paHM peXMM 3aXUCTY, o, 3, y — NOPOrOBi NAapaMeTPH, LLLO MOXKYTb Ha1ALITOBYBATMCA
3a/71eXKHO Big, TUNY cucTeMu. AKLWO piBEHb NOMWAOK HU3bKMI, [OCTaTHbO BUKopucToByBaTn CRC i
HMAC. Ao nepeBaxkatoTb OAMHUYHI BITOBI NOMUAKK, AoUiNbHUM € Kog, emMmiHra. s nakeTHuX
NoMMNOK epeKTUBHUMM € Koan Piga-ConomoHa, a ANa WYMHUX KaHaniB 3i CKNagHO CTPYKTYPOIO
nomunok — LDPC-koau [4; 5].

MpaKTUYHEe 3HAYEHHA TaKOro NigxoA4y NOAAra€ B MOXKAMBOCTI aAanTalii 3aX1cTy 40 peanbHOro
CTaHy KaHany abo cxosuwa. Hanpuknag, y XmapHuUx cepBsicax BiH MOXe BMKOPUCTOBYBATUCA ANS
nepeBipKkU LiNiCHOCTI pe3epBHMX Konin i apxisiB. B loT-cuctemax Ta 6€34pOoTOBUX Meperkax
ribpuaHMn niaxia Aae 3mory 3MeHLIUTM KiNbKiCTb MOBTOPHUX NepedaBaHb, WO Ba*K/JAMBO A/A
NPUCTPOIB 3 OOMEXEHMMWU €eHepreTMYHMMMKM pecypcamu. Y BisHec-cucTemax enekTPOHHOro
OOKYMEHTO0006iry Ta ¢iHaHCOBMX TpaH3aKUin noegHaHHA HMAC i 3aBafoCTiMKOro KogyBaHHA MOXKe
NiABULMTK CTIMKICTb 40 BMNAAKOBMX NOLWKOAMKEHDb i CNPob HecaHKLioHOBaHOI moaudiKaLii gaHuX.

OTiKe, ribpuaHe NoeaAHaHHA 3aBaAOCTIMKOro KoAgyBaHHA Ta KpunTorpadiyHoi aBTeHTUdIKalLii €
NepcnekTMBHUM HanpAmMom po3BUTKY IT-cuctem malibytHboro. Ha BigmiHy Big i301boBaHOro
BMKOPUCTaHHA KpunTorpadidyHmMx abo KopuryBanbHMX METOAiB, 3aNpONOHOBaHMM Nigxig 3abesneuye
OAHOYaCHO KOHTPOb aBTEHTUYHOCTI, BUABJIEHHA NMOLKOAXEHDb i MOX/MBICTb BiAHOBNEHHA AAHMX.
Mopanblui 4OCAIAXKEHHA MOXKYTb OYTU CIPAMOBAHI Ha eKCNePUMEHTa/IbHE TECTYBaHHSA a/IrOPUTMy B
peanbHUX MepeXeBMX YMOBAX, OMNTMMI3aLil0 MOPOroBMX MapameTpiB i CTBOPEHHA MPOrpamHoi
peanisauii ana xmapHux Ta loT-nnatdpopm.
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MOZJE/NNIOBAHHA AHANIZIB PUSUKY KAAPOBOIo AUCBAJIAHCY

B ymoBax uudposoi TpaHchopmauii Kaaposuin gucbanaHc CTae OAHMM i3 KAHOYOBUX
onepauinHuUx pu3unKiB gna nignpuemctsa. MNig Kagposum ancbanaHCcoOM PO3yMIETbCA PO3PUB MiXK
KINbKICHUMM, AKICHUMM Ta CTPYKTYPHUMMU XapaKTePUCTUKAMM HAABHOro NepcoHany i peanbHUMM
notpebamu opraHizauii. 3a nporHosamu BcecBiTHbOro ekoHomiyHoro ¢opymy, ao 2027 poKy
6113bKo 44% Kaw4voBUX NPOdEeCiMHUX KOMMETeHUiM 3a3HaloTb CYTTEBUX 3MiH BHAC/iAOK
aBTOMATU3aLii Ta BNPOBAaAKEHHA WTYYHOrO iHTENeKTy [1], Wo cTBoptoe besnpeueneHTHUI piBEHD
HeBM3HAYeHOCTi y chepi ynpaBniHHA NOACBKMMN pecypcamm.

CtaHom Ha 2026 pik iHTerpauia LI 8 HR-BepTuKanb nepenuna Big eKCnepMMeHTaNIbHOI
aBTOMaTM3aLil 4O CTpaTeriyHOro ynpasAiHHA iHTEeNeKTyasbHMM KaniTaaom. [pote generyBaHHA
KOTHITUBHMX YHKLUiIM anroputmMam Mnopoausio HOBMI KAac 3arpo3 — anropuTMidYHWI KaapoBui
AncHanaHc: nopyLweHHA penpe3eHTaTUBHOCTI WWTATY BHACNIA0K CUCTEMATUYHMX NOXMOOK mogenen,
HaBYEHWUX HA ynepearkeHux AaHux [2]. [loAaTKOBMM YMHHUKOM € MPOKCI-AUCKPUMIHALIA: Yepes
edeKT «YOPHOI CKPUHbKU» Henpomepexi ia4eHTUPIKYIOTb Henpami 03HaKM AK iHAWMKaTopu
NPOAYKTUBHOCTI, WO cynepeunTb Bumoram EU Al Act, sknit knacudikye HR-cuctemm Ak TexHonorii
BMCOKOIO pu3mnKy [3].

Pusmk Kagposoro paucbanaHcy OXOMNJOE YOTUPM OCHOBHI  BUMIpWU:  KiNbKiCHMMA
(HeBignoBigHicTb uYMcenbHOCTI nepcoHany obcary 3aBaaHb), KomneTeHTHiCHUI (skills gap mix
HaABHMMW HaBMYKAMWM Ta BUMOramm PUHKY), CTPYKTYPHUW (gucnponopuii 3a BiKOM, AOCBigOM,
iepapxieto) Ta MOTMBALLIMHWI (3HUMKEHHS 3a/Ty4EHOCTI, 3POCTaHHS NJIMHHOCTI Kaapis).

Ona mopentoBaHHA 3a3HAYEHUX PU3UKIB MPOMOHYETbCA Komnaekc IT-iHCTpymeHTiB.
MpeaAnKTMBHA aHaNiTUKa Ha OCHOBI aNropMTMiB MalLUMHHOTO HaByaHHA (Random Forest, Gradient
Boosting) n03BoNsSi€E NPOrHO3yBaTK MMOBIPHICTb 3Bi/IbHEHHA K/IIOYOBUX CMiBPOBITHUKIB 3 TOYHICTIO
85-92% [4]. MeToa MoHTe-Kapno 3abe3neuye cToxacCTUYHY OLHKY CLeHapiiB KagpoBoi cutyauii Ta
niaTpumye 6roarkeTHe nnaHyBaHHA HR-dyHKUi(. AreHTHO-opieHTOBaHe mogentoBaHHA (Anylogic,
NetLogo) cumynoe AuHaMiKy KaZpoBOro CKAaZly 3a Pi3HMX YMOB. IHTerpauia uux nigxogis
peanisyetbca yepes naatpopmm People Analytics (Workday, SAP SuccessFactors), W0 ckopouyoTb
yac pearyBaHHs Ha Kagposi pu3nkmn y 3-5 pasis [4].

MoaonaHHA anropuTMIYHUX PUSKKIB BUMArae nepexoay A0 apxitektypu Explainable Al (XAl)
Ta BRApoBagXeHHA moaeni Human-in-the-Loop, wWo oxonntoe: NpUYMHHO-HACANIAKOBUMI aHani3
(Causal Reasoning) 3amicTb KopensAuiMHOro; perynapHUin ayaut moAenem Ha ynepearkeHicTb
(Algorithmic Auditing); 36eperkeHHsA NtoACbKOT eKcrnepTmsn AK GiHanbHOro ¢inbTpa NPU NPUAHATTI
KagpoBux piweHb [5].
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TectyBaHHA Mmogeni B IT-KomnaHiAx cepeaHboro po3smipy (150-800 oci6) npoTarom
12 micAuiB NpoAEMOHCTPYBANO 3HUKEHHA HENAaHOBAHOI NAMHHOCTI KAoYoBKUX ¢axiBuiB Ha 23%,
CKOPOYEHHA Yacy 3aKpUTTA KPUTUYHUX BaKaHCiM Ha 31% Ta nigBWLLEHHA TOYHOCTI KagpoBoro
nnaHyBaHHA 3 61% o 84% [5].

Takum uymHOM, 3abe3neyeHHs KaapoBoro 6HanaHcy B ymoBax TOTasbHOI uundpoBsisauii
MO/IMBE ZINLLE 33 YMOBW CniBnpaLi 064nCNOBanbHOI NOTYKHOCTI MALIWH Ta €TUYHOI eKcnepTU3mn
NOANHU — Yepes iHTerpaLito NpeaAnKTUBHOI aHaNITUKN, iMITaLiMHOroO MOAENIOBAHHA Ta NPUHUMMIB
BignosiganoHoro Al y eguHyY cucTemy ynpasaiHHA KagpoBUMU PU3UKAMMU.
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CUCTEMM NIATPUMKN MPUNHATTA PILLEHD
HA OCHOBI HEYITKOI N1OTIKW APYTOro Tuny B ®IHAHCOBOMY NPOrHO3YBAHHI

CyyacHi ¢piHaHCOBI PUHKM XapPaKTEPU3YIOTbCA BUCOKMM PIBHEM XaoCy Ta HEBU3HAYEHOCTI.
TpaauuiiHi MaTeMaTUYHI MOgeni 4acTo He 34aTHi NOBHOLIHHO BPax0oBYBATU HENIHIMHICTb PUHKOBUX
NPOLECiB Ta HeuYiTKicTb BXigHOI iHGopmauii. BUKOPUCTAHHA iHTENEeKTya/lbHUX CUCTEM Ha OCHOBI
HEeYiTKOI NIoriKK A03B0sIE GOPMaizyBaTH €KCNepTHi 3HAHHA Ta 06p0obIATN HEOAHO3HAYHI AaHi AnA
$dopMyBaHHA TOYHUX iIHBECTULLIMHUX CTpATEriN.

HeuiTka norika apyroro tmuny (Type-2 Fuzzy Logic) 3abe3neyye AonaTKoBi cTyneHi ceoboau
MOPIBHAHO 3 KAAaCUYHUMM MOoAenaMK nepworo tuny. Lle gocaraerbca 3a paxyHOK TPUBUMIPHOTO
NPeACTaBNeHHA  MHOMMH, WO A03BONAE  6e3nocepeAHbO  MOZENIOBATU  NIHIBICTUYHY
HEBM3HAYEeHICTb. IHTepBaNbHi HEYITKI eKCNepTHi CUCTEMU IHTErpyroTb TEXHIYHI IHANMKATOPMK, TaKi AK
CTOXaCTUYHMI ocUMNATOP abo iHaeKe BiAHOCHOI cunu (RSI), nepeTBOpPIOOYUM iX Y NIHFBICTUYHI 3MiHHI
yepes QYHKLiT HanexHOoCTi.

HeuiTKa MHOXMHaA gpyroro Tuny A XapaKTepusyeTbcs YHKLIED HaNeXHOCTI Apyroro
nopsaaky pz(x,u), ae x € X (ocHoBHa 3miHHa), a u € J,, € [0,1] (BTOpUHHA 3MiHHA). PopmanbHO
TaKa MHOXMHA 3aMMCYETbCA AK:

A= {((x, u), ui(x, u)) | Vx € X,Vu € J, < [0,1]}

Ons iHTepBaNbHUX HEYITKUX MHOMMH APYyroro TUMy, fAKi Hal4yacTile 3acTOCOBYIOTbCA B
6isHec-aHaniTULi Yepes MmeHLWYy 06YMCNtOBaNbHY CKAAAHICTb, GyHKUIA HanexHocTi Wz (x, u) = 1 ans
BCIX U € J,. Y TaKOMy BUNAAKYy MHOXMHA MOBHICTIO BU3HAYAETLCA CBOEK 06/1aCTIO HEBM3HAYEHOCTI
(Footprint of Uncertainty — FOU), wo € 06'eaHaHHAM yCix NePBUHHUX PYHKLLIA HaNeXHOCTi:

Fou(4) = U T
xX€X

Mpouec PyHKUiOHYBAaHHA TaKOi CUCTEMM BKAOYAE eTanu ¢dasmdikalii BXiAHUX PUHKOBUX
NMoKasHWKiB, 06pOobKy B 6s0Ui HeyiTKOro BMBOAY Ha OCHOBI 6a3M NpaBMA Ta HACTYMHY
Aedasmdikauito 4ns OTPUMaHHA YiTKOro curHany ao aii (puc.1). BnpoBageHHA TaKUX aIfOPUTMIB Y
nporpamHe 3abesnedyeHHAa AnA bisHecy A03BOMSE MiHIMI3yBaTW BM/MB NOACbKOro ¢daktopa Ta
NiABUWUTK CTabinbHiCTb ¢GiHAaHCOBUX pe3ynbTaTiB. [HYYKICTb HEYiTKUX moaenen pobutb ix
NepcnekTUBHUM iIHCTPYMEHTOM Ans Ppo3pobKu cydacHux IT-piweHb y cdepi Fintech.

Cnctemun HediTKOro BMBOAY NpPU3HAYeHi ANA NepeTBOPEHHA 3HavyeHb BXiAHWX 3MIHHWUX
npouecy y BUXiAHi 3MiHHIi Ha OCHOBI BWMKOPUCTAaHHA HEYITKUX NpoAyKLUiMHMX npasua. Ans uboro
CUCTEMM HEYITKOro BUBEAEHHA NOBUHHI MICTUTK Ba3y NpaBUA HEYITKMX NPOAYKLIM i peanizoByBaTH
HeyiTKe BMBEAEHHA Ha OCHOBI MOCWMNAOK abo ymMoB, MOAaHMX Y POPMi HEYITKMX JMiHrBICTUYHUX
BMUC/I0B/IIOBaHb.
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MpaKTUYHe 3acTocyBaHHA HeudiTKoi mogeni y 6i3Heci peanizyeTbca 4yepes cucTemy
NIHTBICTUYHUX TEPMIB 414 BXIAHUX TEXHIYHUX iIHOMKATOpPIB. HanpuKknaa, ana iHaekcy BigHOCHOT cuamn
(RSI) Ta cToxacTUYHOro OoCcUMNATOPA BU3HAYAOTbCA TEPM-MHOXMHK: «MepenpoaaHictb» (Oversold),
«HemtpanbHuit ctan» (Neutral) Ta «MNepekynnerictb» (Overbought). BukopucTaHHA iHTepBanbHUX
HEYITKUX MHOWH A03BOJIAE BPAaXOBYBATM ANHAMIYHI MeXKi LMX CTAHIB, AKi 3MIHIOIOTLCA 3a/1€KHO Bif,
PMHKOBOI BONATMUALHOCTI.

basa npaBun cuctemm GOpPMYETbCS Ha OCHOBI E€KCNepTHUX CcTpaTerin i mae Burasg
NPOAYKLiMHUX NpaBuA:

«AKLLO RSI € MepenpodarHum TA BonatnnbHicte Huseka, TO CurHan € Kynysamu».
«AKLW,O RSI € MepekynneHum TA TpeHa Cnabkuli, TO CurHan € lpodasamu».

PesynbTtaTtom poboTu Takoi IT-cuctemu € gedasndikoBaHe 3Ha4eHHA — iIHAEKC BNEBHEHOCTI
(Confidence Index), sknit BapitoeTbca Big 0 no 1. Le pae 6isHec-aHaniTMKy He npocto bBiHapHy
BiANOBIAb «TaK/Hi», a KiNbKICHY OLiHKY PM3UKY Ta NOTEHLiaNy KOXKHOI onepauii, Lo KPUTUYHO A
edeKTMBHOrOo ynpas/liHHS Kanitanom.

HeuiTke BHBeIeHH

‘ ®azucixartis w | ATperysaHHs |—-| Afcmsisamﬁ_—-| AKYMYITHOBAHHA Hedazudirarris
1 2 3 4 5

Puc. 1. ETanu HeudiTKOro BuBegeHHs

CnnUCOK BUKOPUCTAHUX AxKepen

1. YyacHMKM npoekTiB Bikimegia. Cuctema HeudiTKoro BuBedeHHA — Bikinegia. Bikinedis.
URL: https://uk.wikipedia.org/wiki/Cuctema HeuviTkOro BuBeAeHHA (gaTa 3BEPHEHHS:
09.05.2026).

2. Jankova Z., Jana D. K., Dostdl P. Investment decision support based on interval type-2 fuzzy
expert system. Engineering economics. 2021. T. 32, Ne 2. C.118-129.
URL: https://doi.org/10.5755/j01.ee.32.2.24884 (pnaTta 38epHeHHs: 09.05.2026).
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XMAPHI TEXHONOTII TA 1X BNJINB HA PO3BUTOK IT-IHOPACTPYKTYPU

Y cyyacHomy cBiTi 6e3 cTabinbHOI Ta HagiliHOi IT-iHPpacTPYKTypM KoAHA opraHisauia He
Mmoxe edeKkTMBHO dyHKuUioHyBaTh. Mlig 4yac uudposoi rnobanisayii nNokanbHe 6yAIBHMUTBO
anapaTHMX KOMMJIEKCiB BTPAYa€E CBOKO epeKTUBHICTb. BigbyBaeTbca 3HaUYHMIM nepexig nignpuemcTaa
Ha BipTyanisoBaHi N1aTGoOpPMM TOMY , LLLO BUHUKAE HEODXiAHICTb OOPOKM BENMKUX 06CAriB AaHUX Y
peXxumi peasbHoro yacy.Lle np13BoaAnTb A0 MiHIMa/IbHOrO BUKOPUCTAHHA Pi3nYHOro obnagHaHHA i
byHOaMeHTaNbHO 3MiHY Mogeni ynpaBaiHHA 064YMCNIOBAaNbHUMKM pecypcamu, AKi CTBOPHOOTb
CTpaTeriyHO  KPUTUYHWUI  KOHTEKCT AnA  aganTtauii Ao  3MiH  Ha  puHKY wWwob 6ytu
KOHKYPEHTHOCMPOMOKHUMMU.

XMapHi TexHonorii 34aTHi HE3BOPOTHO TPaHCHOPMYBATM TEXHOJIOTIYHMA Ta ¢iHAHCOBUI
acneKT ynpaBAiHHA pecypcamMu, TOMY 3aMiCTb BE/IMKMX KaniTanoBKNageHb B 06CAYyroByBaHHA
¢isnyHnx cepBepiB Ta OYAIBHMLTBO KOMMNaHIii nepexoanaTb Ha MOTOYHI BUTPATU MoAeni « naaTu 3a
BMKOPUCTAHHA». K HAaCNifOK, KOMNaHii Ana 36epiraHHA gaHWX | CYTTEBONO 3a0LlLaAKEHHSA, @ TAKOXK
ONA MaKCMMmi3auii cBoro 3aranbHoro 6toa)KeTy, opeHAyoTb Komn'toTepu Ta piweHHA. Kpim Toro,
BipTyasibHi pilleHHA NPONOHYIOTb TaKy  apXiTEKTYPHY TFHYy4YKicTb. KoHuenuia aBTOMaTMYHOrO
macluTabyBaHHsA pecypciB byae AMHamiYHO pearyBaTy Ha NOTOYHI piBHI Bi3Hecy ,L106 3ab6e3neynTy
3pOCTaHHA 6e3 HeobxiAHOCTI NiATPMMYBATU HAA/MLLKOBY NOTYXKHICTb Y NEPioamM 3HUKEHOIo NONUTY
XMapHUi po3nogin pobutb AaHi Ta 4OAATKN AOCTYNHUMM ANA OpraHi3auin y mipy HeobxigHoCTi Ha
NOCTIlHIN ocHoBi — 6a3oBa BUMOra Aas poboTM PO3NOoAiNEHNX KOMAHA Ta BigAaneHUX KOMMaHin.
BignosifanbHicTb 33 OHOBNEHHA anapaTHoro 3abe3neyeHHA Ta 06CNYroByBaHHA cuctem Hesnekn
H6epyTb Ha cebe NocTavaNibHUKM XMAPHUX NOCAYr. 3aBAAKM TOMY, WO NOCTavyasibHUK B3sB Ha cebe
perynapHe oHOBAEHHA iHPPACTPYKTYpPU Ta KpUNTorpadiyHMM 3aXMCT, KOMMNAHIA 3MOrNa BUBIIbHUTH
BHYTPILLHI pecypcu i NOBHICTIO 30CcepeanTMCA Ha CBOII OCHOBHIM AianbHOCTI.f0N0BHA PO/ib HAa PUHKY
Cy4acCHUX piweHb ANA iHGPACTPYKTYPU HANEeKUTb MacwTabHUM aitounmm nposargepam, 30Kpema
Amazon Web Services (AWS), Microsoft Azure Ta Google Cloud Platform (GCP).KoxeH i3 Bulue
3raflaHMx NpoBanaepiB NPOMNOHYE CBOI NiAX0AM Ta MAE YiTKY Ccrewjianisalito Ha PUHKY:

— Amazon Web Services (AWS):04ontoe rany3b y 3miHi cnocoby nobyaosu Knactepis cepsepis,
AKi HagaloTb NOCAYrM ANA WBWMAKOIO Ta [AEWweBOro pOo3ropTaHHA A0A4aTKiB , HiX
BMKOPUCTaHHA BNACHUX CepBepIB.

— Microsoft  Azure Mmae BenMYesHi Mepexi UeHTpiB 0OpPObKM paHMX 3a MoAenaMu
iHPPACTPYKTYpM Ta NPOrpamHOro 3abesneyeHHA K NOCAYrU, NPOMNOHYE WMPOKUIA CNEKTP
IHCTPYMEHTIB ANA NiATPUMKU KPUTUYHUX BY3/iB.
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— Google Cloud Platform (GCP): Mo3uuioHye cebe AK HaAiltHy ocHOBY A/1A Po60TN 3 BEIMKUMMU
AaHMMU Ta 3abe3neuvye rMMboKy onTUMi3aL,ito 06UYNCIOBaANbHOI MOTYXKHOCTI AN aNTOPUTMIB
MALUWMHHOIO HaBYaHHSA 1 aHaNITUKMN.

OTXKe, nepexig, y Xmapy — Le He NPOCTO HOBWUI iIHCTPYMEHT, a KapAMHasibHa 3MiHa nigxoay Ao

nobynosu IT. Pi3nyHi cepBepHi KOMNEKCU NOCTYNAKTLCA MIiCLLEM THYYKMM, MacCLITabOBaHUM i

€KOHOMHUM BipTyaNbHUM cepefoBuLLam. 3aBASAKM LboMy bisHec morke 6e3nepebiltHO KepyBaTu

npouecamm, 6e3neyHo npauwwBatn 3 JaHMMK Ta WBugwe agantyBatnca OO0 BUMOT Cy‘—IaCHO.I'

umdpoBoi enoxu.

Cnucok BUKOPUCTAHUX AXKepen

Wwnw A. M. XmapHi mexHonozii'y byxeanmepcokomy 0bsiKy ma piHaHCO8OMY aHAnNI3i 8 YKpPaQiHi:
aHani3 siomiHHocmeli ma cmpamezii adanmauii 0o micyesoeo koHmeKkcmy. 2024.— OCHOBHi
AnepeBaru XmapHuX TeXHOOrii Ta moaeni laaS, Paas, SaaS:[ c. 7-10.]

Hoporuit A. 0. Po3nogin pecypciB KpUTUYHOI IT-iHPPACTPYKTYPM 3 BUKOPUCTAHHAM XMapHUX
TexHonorin // EnekmpoHika ma 38’a30k. 2016. T. 21. Nel. C. 42-49.

Kuctok [. AHaniTUYHMIA ornag noctavanbHUKIB XmapHux nocayr // Measuring and Computing
Devices in Technological Processes. 2025. [105-108]

XomyTHUK [. K., MapyeHko O. |. BucoKopiBHeBMi cnocib onucy pecypciB XmapHoi
iHppacTpykTypu // Komn’romepHo-iHmezposaHi mexHonozii: ocgima, HayKka, eupobHULUMEO.
2022. Ne 47

CemeHeHKo H). XmapHi TexHonorii Ak pakTop niaBuLEHHSA ePeKTUBHOCTI AiANbHOCTI KOMNaHii
// BicHUK XMesnibHUUbKO20 HaUioHasnbHo20 yHigepcumemy. Cepia: EKoHomiyHi HayKku. 2024. Tom
334.
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BMN/INB COUIANIbHUX MEPEX HA CYHYACHY OCBITY TA POJ1b YYUTENA IHOOPMATUKU

CouianbHi Mepexki 3a OCTaHHI AeCATUNITTA CYTTEBO 3MIHUAM CNOCiO KOMYHiKaLi, HABYaHHA Ta
OTPUMAHHA iHpopMaLii. BOHM CTanu HeBif' EMHOI YaCTUHO NOBCAKAEHHOIO XKUTTA MOOAI, @ TOMY
CUCTEMA OCBITU BXKE He MOXKe irHopyBaTW ixHi BnavMB. OcOBAMBO BAXK/IMBOK € PONb y4yuTens
iIHPOPMATUKMN, AKMI MAE HE IMLEe HABYATU TEXHIYHUX HABUYOK, @ 1 GOPMYBaATU MeZiarpaMoTHICTb
Ta UMPpPOoBY KyNbTypy y4HiB [1].

OZHUM i3 TONOBHMX HacnigKie undposisauii cTano aBuLEe «NOCTiIMHOT OHAAMH-NPUCYTHOCTI».
Monoab 3BMKNA A0 LWBWAKONO OTPUMAHHA iHGOpMaLii Ta MUTTEBOrO 3BOPOTHOrO 3B’A3KY 4yepes
NIAalikK, KOMeHTapi Ta nosigomneHHs. Lle BnanBae Ha yBary 1 KOHLEHTPALLiO: Cy4acHi y4Hi YacTo
nepexoanTb Bif, ogHOro Axepena iHbopmauii go iHworo, He 3arnnbatooumch y 3micT [1]. CoujianbHi
mepexi GopMyoTb HOBUI TUM MUC/IEHHSA, A€ MEPEBAXKaloTb KOPOTKiI NOBIAOMJIEHHS, BiyasibHWUM
KOHTEHT Ta acoLiaTUBHE CNPUIHATTA iHpopmaLii.

Pasom i3 Tum, umdposi nn1atbopmMu BigKPUBaAIOTb | HOBI MOXKANBOCTI ANA OCBITU. [lochigKeHHn
NMoKasyloTb, WO BUKOopUcTaHHsA Facebook-rpyn, YouTube abo TikTok moe niasuilyBaTn moTMBaLLiO
YYHIB, CMpMATK cniBnpaLi Ta pO3BMTKY TBOPYOCTI [2]. HanpuKknag, y HaBY4aNbHUX rpynax y4Hi MOXKYTb
AiNMTUCA MaTepianamun, 06roBoproBaT TeMU Ta OTPUMYBATU B3AEMHWUIA 3BOPOTHUI 3B’A30K. TaKi
dopmm poboTn gonomaratoTb CTBOPUTM CepenoBULLE CMiIbHOTO HABYaAHHA, A€ YYeHb € He aule
cnoxkusadem iHdopmauii, a i1 ii TBOpUEM.

OcobnmBy po/ib Y CydaCHOMY HaBYaHHI BigirpatloTb MyabTUMeAiiHI 3acobu. Monoab gegani
yacTille BWKOPUCTOBYE Bigeonnatbopmu ana camoocsiTu. YouTube crtaB ogHum i3
HaMNONYNAPHIWINX AXKepen HaBYa/NbHOrO KOHTEHTY, OCKiNbKM BigeodopmaT pobutb iHGopmauto
3po3yMifiwoto Ta uikasiwoto [3]. KopoTki HaBYanbHi Bigeo BigNOBIAAOTb NIOTiL K MIKPOHABYAHHAY,
KO/IM 3HAHHA NOAAOTbCA HEBE/IMKMMWU YaCTUHAMKM Ta LUIBMAKO 3acBototoTbes. OaHaK Taka ¢dopma
HaBYaHHA MaE€ i He4ONIKN: NOBEPXHEBE CNPUNHATTA iHPOpPMaLLi Ta 3aN1EXKHICTb Bif, aArOPUTMIB, AKI
4acTo BiZIBOJIIKalOTb KOPUCTYBa4a BiJ, HaBYaAbHOI meTu [1].

CouianbHi mepexi MatoTb He nule No3UTUBHUN, a N HeraTuBHUIA BNaMB. Cepen OCHOBHMX
pU3MKiB — UMPPOBA 3a/IEXKHICTb, 3HMMKEHHA KOHUEHTpaLii yBarn, nowmpeHHa aesiHpopmauii Ta
npobnema kibepbesnekn [1]. Anroputmm nnatdopm OpPIiEHTOBAHI Hacamnepes Ha YTPMMaHHS yBaru
KOpUCTYBa4ya, a He Ha fAKicTb iHbopmalii. Lle moxe npussoautn Ao ¢opmMyBaHHS NMOBEPXHEBOrO
MWC/IEHHA Ta TPYAHOLLIB i3 KOUTUYHMM aHanizom axxepen. Kpim Toro, yuHi 4acTto He yCBiAOM/IOOTb
PU3KKiB, NOB’A3aHMX i3 NOLIMPEHHAM NEPCOHANbHUX AaHUX B iHTepHeTi [4].

Y TaKnXx yMoBax 3MiHIOETbCA | ponb negarora. CydacHU yuntenb genani yacTile CTae He nLe
BMKNaZa4yem, a M CBOEPIAHUM «OCBITHIM iHpAtoeHcepom» [5]. Yepes coujanbHi mepexKi negaroru
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MOYTb MOMNYAAPU3YBATU 3HAHHA, MIATPUMYBATU 3B’A30K i3 YYHAMM Ta CTBOPHOBATU HABYa/bHI
cninbHOTU. Oco61MBO NOMITHO LSt TEHAEHLiS cTana nig vac naHaemii COVID-19, konu guctaHuinHe
HaBYaHHA 3MYCWMNO BYUTENIB aAKTMBHO BMKOpUCTOBYBaTU uubposi nnatdopmu. [MaHgemis
npuckopmaa undposy TpaHcHOPMaL,ito OCBITU Ta MOKA3aNa, WO Cy4acHe HaBYAHHA BXKe HEMOXKIMBO
yABUTK 6€3 OHNaNH-IHCTPYMeHTIB [6].

BoaHo4ac rofoBHMM 3aBAaHHAM yuynTena iHPOPMATMKM CTAaE PO3BUTOK MeLiarpamoTHOCTI.
YYHi NOBWHHI HaBYMTUCA KPUTMYHO OLUiHIOBATK iHdOPMALiD, PO3YMITM MpUHUUNKM poboTU
anroputmis, 6e3ne4yHo KopuctyBaTUcs UMGPOBMMKM CepBicamu Ta BiAMOBIAA/NIbHO NMOBOAMTMCA B
OHNakH-npoctopi [7]. MegpgiaocBiTa cborogHi € He [0AATKOBMM €1eMEHTOM HaBYaHHA, a
HeobXiaHO CKNaf0Bo UUMGPOBOT KOMNETEHTHOCTI.

OTKe, couianbHi Mepexi MaloTb CynepeysnBuii BNAMB Ha OCBITY. BOHM MOXKyTb ByTU AK
ePeKTMBHUM IHCTPYMEHTOM HaBYaHHA, TaK i A)epenom pusmkie. Came TOMy poab yyutens
iHbopMaTUKK nonsrae He y 3ab0poHi TexHoorin, a y GopMyBaHHI CBiJIOMOTro Ta BiAnoOBiganbHOro
CTaB/NIEHHA A0 HWX. JlMwe 3a TakMx YMOB UMOPOBI TEXHONOrii CTaHyTb 3aco60M pPO3BUTKY
ocobucTocTi, a He GaKTOPOM 3aNEKHOCTI YN MaHinyAALil.

Cnucok BUKOPUCTAHUX AxKepen

1. Sz(ts Zoltan (2022). A digitalizacié és kilondsen a social media a tanulasi, tanitasi, illetve a
munka vilagaban zajlé folyamatokra gyakorolt hatdsa. Opus et Educatio, 9(1), 82-91.

2. Kdrpati Andrea, Szalas Timea, Kuttner Adam (2012). K6z6sségi média az oktatasban — Facebook-
esettanulmanyok. Iskolakultura, 22(10), 11-42.

3. Kenyeres Attila Zoltan (2024). A Youtube-rdl torténd tanulas pozitiv oldalai az EKKE Pedagdgiai
kara hallgatdinak korében. Acta Universitatis de Carolo Eszterhazy Nominatae. Sectio
Paedagogica, 45, 83-95.

4. MwuHa XK. B. (2021). CouianbHi mepexi AK 3aci6 iHpopmaLiiHOI NiATPUMKM YYHIBCbKOI Ta
CTYAEHTCbKOI MONOAi Yy HaBYa/bHO-BMXOBHOMY npoueci Ta npodecinHomy BMOOpI. BueHi
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Filolégia.hu, 14(1-4), 65-83.

6. Mogyordsi Zsolt (2024). Az Eszterhdzy Karoly Katolikus Egyetem tudomanyos kozleményei.
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BUKOPUCTAHHA LUTYYHOIO IHTENEKTY
ANnA ABTOMATUYHOIO OUIHIOBAHHA NPOrPAMYBAJIbHUX 3ABAAHDb

CTpiMKMI pO3BUTOK LMGPOBUX TEXHONONIN | MOWMPEHHA CUCTEM LUTYYHOTO IHTENEKTY CYTTEBO
BM/INBAIOTb Ha CY4YacHy OCBIiTY, 30Kpema Ha BUKIaZaHHA iHGOpMaTUKM Ta nporpamysaHHA [1]. B
ymoBax undpoBizauii HaB4aNbHOrO NMpPoLecy akTyaZbHUM CTa€ BMNPOBAAKEHHS iHTENEeKTya/IbHUX
CUCTEM, 34aTHUX aBTOMATU3yBaTK NepeBipKy NPOrpamyBasibHUX 3aBAaHb, 3abe3nevyBaTu WBUAKUIN
3BOPOTHMIN 3B’A30K i MigBuULLYBaTU edeKTUBHICTb OUiHIOBaHHA [2]. AKTyanbHIiCTb A0CANIAKEHHA
3ymoB/ieHa HeobxigHicTio onTuMmisauii npouecy nepesBipkM NPOrpamHOro Kogy B OCBITHbOMY
cepepoBuLli. TpaguuiiHe OUiHIOBAaHHA NpPOrpamMyBanbHUX POBIT € TPYAOMICTKMM MNPOLECOM,
0C06MBO Yy BE/IMKMX HABYa/IbHUX rPynax. BUKOPUCTAHHA CMCTEM LUTYYHOrO iHTENEKTY [,03BONAE
3p06UTK OLiIHIOBAHHSA BiNbl 06’ EKTUBHUM, WBUAKUM i MacluTabosaHum [3].

MeToto gocnigKeHHA CTano BUBYEHHA MOXK/INBOCTEN 3aCTOCYBAHHA WTYYHOrO iHTENEKTY ANA
aBTOMATUYHOI NEPEBIPKM NpOrpamyBaibHUX 3aBAaHb, @ TAKOX aHani3 ePpeKTUBHOCTI BUKOPUCTAHHS
ChatGPT y npoueci ouiHIOBaHHA NporpamHoro Koay. Y xo4i gocnigxeHHa 6yso npoaHanisoBaHo
PONb WITYYHOTO iHTENEKTY B OCBITi Ta iHGOPMATUL, 30KpEMa MOro BUKOPWUCTAHHS AN1A reHepadii
KoAy, BUAB/IEHHS MOMW/IOK, aBTOMAaTM30BaHOrO TECTYBaHHA Ta onTUMiI3alii nporpam [4]. Ocobausy
yBary npuaifieHo aBTOMaTM30BaHOMY OL,HIOBAHHIO MPOrpamyBasibHUX 3aBOaHb fAK O4HOMY 3
NepcnekTUBHMX HaNnpPAMiB PO3BUTKY LMPOBOI OCBITH.

MpaKTWUYHA YacTMHa AocnigKeHHA 6asyBanacs Ha aHani3i cemu nporpamyBasibHUX 3aBAaHb,
BUKOHAHUX y4HAMKU moBoto C++. [1n15 nepesipKM NporpamHoro Koay sukopuctosyBasca ChatGPT,
AKMN aHasi3yBaB NPaBUbHICTb pilleHb, IOTIKYy Nobya0BM anropuTMIB, AKICTb Koay, ePEKTUBHICTb
peaniszauii Ta cTunb opopmMneHHs.

Y npoueci ouiHtoBaHHA 6yN0 3aCTOCOBAHO B/IACHY CUCTEMY KPUTEPIiB, AKa BKAOYana:

— NpaBWAbHICTb PoHOTU Nporpamu;
—  JIOTiKY anroputmy;
— AKICTb NPOrpamMHoro Koay;
— edeKTMBHICTb peanisauii;
—  CTunb i popmaTyBaHHA.
Pe3ynbTaTv AoChigKeHHA NOKasanu, WO CUCTEMW LUTYYHOTrO iHTENEeKTy 34aTHi epeKTUBHO
aHanisyBaTW NPOrpamMmHuUin Koa Ta BUABAATU TUNOBI NnomMuaku. ChatGPT ycniwHO BM3HA4aB NOriyHi

HeToYHOCTi, HeePeKTUBHI aNropmuTMKM, NOMUKK iHiliani3auii 3MmiHHKX, Npobaemn onTUmisau,ii Ta
NopYyLEeHHA CTaHAAPTIB NPOrpamyBaHHS.
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Ocob6nmBo edpeKTMBHMM BUABMAOCA BMKOPMUCTAHHA LITYYHOrO iHTENEKTy nifg, 4yac aHanisy
ANropuUTMiYHUX 3agad. Hanpuknag, cuctema BuABAANA HepalioHanbHe BUKOPUCTAHHA OYHKUi
pow(), HeepeKTMBHI LLUKAN COPTYBaHHSA, Npobaemun nepesipKM B3AEMHO NPOCTUX YMCEN Ta HELO/IKM
B poboTi 3i cTpokamu. Kpim ouiHoBaHHA, ChatGPT TaKo HagaBaB peKomeHgauii woao
NOKPALLEHHA KoAy Ta ONTMMI3aLii anroputmis.

AHani3 pes3ynbTaTiB MOKa3aB, WO OiNblWiCTb YYHIBCbKMX Nporpam oTpumana cepegHin abo
BMCOKWUI piBEHb OLiHIOBaHHA. Halikpal,i pe3ynbTaT NpoAeMOHCTPYBAAWN 3aBAaHHA, NOB’A3aHI 3
0b6pob6Koto pAAKIB Ta NPOCTUMM aNTOPUTMAMM, TOAi AK HANBINbLII TPYAHOLL BUHUKANM Yy 3aJa4ax,
Wwo noTpebyBanun cknaaHiwoi norikm abo ontTumisauii.

JocnigKeHHA nigTBepaAnno, WO BUKOPUCTAHHA LWITYYHOrO IiHTENEKTY B  OUiHIOBAHHI
nporpamyBasibHUX 3aBAaHb MA€ HU3KY NepeBar:

— LWBWAKe Ta aBTOMATM30BaHe OL,iHIOBaHHSA;
— 06’eKTUBHICTb NEPEBIpPKY;

—  [eTaZbHWUI aHani3 NOMUOK;

—  NiATPMMKA CaMOCTIMHOIro HaBYaHHA YYHiIB;
— 3MEeHLWeHHA HAaBaHTAXXeHHA Ha BUKNaaava.

BoagHoOYac BCTAHOBAEHO, WO CUCTEMMU LUTYYHOrO iHTENEKTY HE MOXYTb MOBHICTIO 3aMiHUTU
BMKNaZa4ya, OCKIZIbKM He BPaxXOBYHOTb NegaroridyHMi KOHTEKCT, iHAMBIAYaIbHi 0COBAMBOCTI y4YHIB Ta
TBOPYMM Niaxia A0 po3B’a3aHHA 3a4ad [5]. Tomy Halibinbw eheKTUBHOK € MOAEND, Y AKIN LWTYYHWNI
iHTENIEKT BUKOPUCTOBYETLCA AK AOMNOMINKHUM iIHCTPYMEHT A1A NiATPUMKN HaBYaIbHOrO NpoLecy.

OTKe, pe3ynbTaTM [OCNIAKEHHA CBiAYaTb NPO 3HAYHMM MOTEHLiaN LWTYYHOro iHTENEeKTy B
ABTOMATM3aLLii OLiHIOBAHHA NPOrpamyBa/ibHUX 3aBAaHb | PO3BUTKY LMPPOBOI OCBITU. BUKOPUCTAHHA
TAKMX TEXHONOriM CNpuUAE NiABULLEHHIO AKOCTIi  HaBYaHHA MPOrpamMyBaHHA, PO3BUTKY
ANrOPUTMIYHOTO MUCNEHHA Ta BAOCKOHANIEHHIO MPOLECiB KOHTPO/IIO0 3HAHb Y Cy4acCHiN WKoI.
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AVCKPETHI TA HEBIHAPHI MOZE/I AAK A ONOBHEHHA 0,0 BEJIMKUX MOBHUX MOAE/NIEN B
BISBHEC-OPIEHTOBAHUX MNPOLECAX

Mpn po3pobui iHTeENEeKTyaNbHUX CUCTEM 3 MOAANbLIMM BNPOBaSKEHHAM B bHisHec cdepy,
BE/IMKUI CMEKTP 3a4ay, NoB'A3aHUX 3 aHasli30M, 0OPOOKOI UM reHepaLlielo TEKCTY, NOBHICTO abo
YaCTKOBO MOXe OyTW BUPpILLIEHWI 33 AOMOMOrol BUKOPUCTAHHSA NepefoBOoi TEXHONOriT BEeNUKUX
MOBHUX mogenen (LLM). [OdaHi mopeni BKe BMpiWYOTb HU3KY bi3Hec-3aBAaHb, HanpuKnazg
NoB’A3aHMX 3 MepPeKNA[OM TEKCTIB UM HANMMCAHHAM NPOrpPamHOro Koay. BianosigHo, nocTae NUTaHHA
aBTOMaTM3aLii NoAiIBHMX IHCTPYMEHTaMM A0BroTpuBaanx bisHec-Npouecis, AKi 3any4atoTb AEKiNbKa

YYACHMUKIB i3 Pi3HUX CTPYKTYPHUX OAUHULLb.

MpoTe, 3rigHO AochigKeHHa [1], BUKOPUCTAHHA MOBHUX MoAesel Ans TpuBanux bisHec-
MPOLECiB, B AKMUX K/OYOBY pPO/b Bigirpae pobota 3 AOKYMeEHTaMM Ta X JeferyBaHHA MiX
YyYaCHMKaMWM npouecy, € PU3MKOBaHUM 4Yepe3 CMOTBOPEHHA iHpopmaLii B MOMEHTI nepegaui,
BTPATOI BAX/IMBOFO KOHTEKCTY MPO AOKYMEHTW Ta He34aTHiCTb MoAesi CaMOoCTiMHO 3HaXo4UTH
noAibHi nomunkn. JocniaHUKN TaKoXK 3a3Ha4yatoTb, WO HaBiTb nepenosi moaeni (Gemini 3.1 Pro,
Claude 4.6 Opus, GPT 5.4) y cepeaHbomy ncytoTb 25% BMICTY AOKYMEHTIB A0 KiHUA TPUBaNIUX
poboumMx NpoLeciB, a iHLWI MoAeni AEMOHCTPYIOTD Le Tiplwi pe3ynbtath. Lia noxmbka Henpunyctuma

B PeanbHOCTi, 0COBIMBO B KPUTUUYHUX CHepax.

HatomicTb ana nopgibHmMx 3agay AOUINbHO 3acTOCOBYBATU AETEPMIHOBaHI Ta AMCKPETHI
MmoZaeni, NOTEHLIMHO B MOEAHAHHI 3 HenepeAbavyyBaHUMN BEIUKMMU MOBHUMU MOAENSAMU, ONS

— HaginHux i dopmanbHo-BeprdiKoBaHMX BaNiAaTOPiIB NPOMIKHUX Pe3yNbTaTiB;

— O6mexkyBauiB UMKNIYHOrO (PEKYPCMBHOIO) BUPilLEHHA 3aBAaAHHSA;

— [kepen 3HaHb YN KOHTEKCTY AOKYMEHTIB;

— OpkecTpatopiB (aBTOHOMHMX KepiBHMKIB) NPOBEAEHHA Camux npouecis Aans
rapaHTyBaHHA iX MOBHOrO BUKOHAHHA 3rigHO 3 3a4aHMMN BUMOTraMMm.

KopucHMM Ta [OUiNIbHMM € 3aCTOCYBaHHA AUCKPETHUX mogenei, wo 6a3yTbca Ha
NpUHUMNax 6araTo3Ha4HOi Ta HEYITKOI JIOTiKK, AKi A03BO/IAIOTL Bil0OPA3UTU HE3TIYEHHY MHOMXUHY
MOKINBUX pe3ynbTaTiB Big, LLM Ha CKiH4eHHOBMMIPHY MHOXMWHY 3HaYeHb GOPMYN Ta TBEPLAKEHD
3a[aHOI JIOTiKM, ANA AKMX MOXHa 3aCTOCYBaTW BXKe BigOMi OETEPMiHOBAHI MeToAM UM OLLIHKW.
MoaibHM NpUKNag MOXKHa cnocTepirat B [2], Ae aBTOPU NPONOHYOTb 3aCTOCYBaTU AeB’ ATU3HAYHY
ABOCTOPOHHIO MOAA/IbHY JIOTIKY AAS OUiHKM GaKTUYHOCTI BMCHOBKIB LLM. EKcnepumeHTasbHe
[ocnigKeHHA QYHKLT OLIHIOBAHHA HA YOTMPbOX TeCTax 3 WicTtbMa LLM noKasye, Wo MaKpOnoOKasHMK
F1 nepeBepluy€e NOKa3HUKM BiHAPHUX Ta OAHOCTOPOHHIX NiAXOA4IB A0 OLiHIOBAHHA, 3aCHOBAHMX Ha
piBHi BneBHeHocTi (confidence-based).
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®OPMYBAHHA MATEMATUYHOT FTPAMOTHOCTI YYHIB
BIAMOBIAHO A0 BUMOT PISA

Y cydacHOMY CyChinbCTBI MaTEMATUYHA MPAMOTHICTb € OAHIEID 3 KNHOHOBUX KOMMNETEHTHOCTEN,
HeobXiAHMX AnA ycniwHOoi aganTauii AAuHU A0 ymoB UMdPOBOi EeKOHOMIKM, iHpopmaLiliHoro
CYCMiNbCTBaA Ta LWBUAKOrO PO3BUTKY TexHosorin [1]. MixkHapoaHa nporpama ouiHloBaHHA y4HiB PISA
(Programme for International Student Assessment), aKy KoopaunHye OpraHisaLis eKOHOMIYHOro
cniBpobiTHULTBA Ta po3BUTKY (OECD), BU3HaYa€ HOBI Nigxoaun A0 OLiHIOBAHHSA 3HaHb Ta YMiHb YYHIB,
OpPIEHTOBAHI He NIMLIE Ha BiATBOPEHHA TEOPETUYHMX 3HAHb, @ M Ha 34aTHICTb 3aCTOCOBYBATU iX Y

peanibHUX }KUTTEBUX CUTyaLisx [2].

AKTYaNbHIiCTb A0CNIAXKEHHA 3yMOBJ/IEHA HEOOXiAHICTIO BAOCKOHAIEHHA MaTeMaTHUUYHOI OCBITU
Bi4MOBIAHO A0 MiXHAPOAHUX CTAHAAPTIB AKOCTI OCBITU. Pesynbrtatm PISA AeMOHCTPYHOTb, LWO
CyYacHa WKo/1a NoBUHHA GOPMYBATU B YUHIB HE INLLIE NPeaAMETHI 3HAHHA, @ N HABUYKN KPUTUYHOIO
MUCNEHHSA, aHani3y iHbopmauii, po3B’A3yBaHHA NPobAEM i 3aCTOCYBaHHA MaTEMATUUYHUX 3HaHb Y

NpakTU4YHIN gisnbHocTi [3].

MeToo AOCNIAXKEHHA CTano BMBYEHHA ocobamBocTert GOpMyBaHHA MaTeMATUYHOI
rPaMoTHOCTI Y4YHiB BignoBiaHO A0 BUMOr PISA, a TakoX aHani3 OCHOBHUX TEHAEHLIN i pe3ynbTaTiB
Mi¥HapOAHMX OLiHIOBaHb Y chepi MaTeMaTUYHOT OCBITH.

Y xogi pocnigxeHHsa 6yno npoaHanizoBaHO 3MICT i cTpPyKTypy PISA-gocnigrKeHb, 30Kpema
umknis 2003 Ta 2012 pokis, y AKX MaTemaTuKa byna ocHoBHOMO chepoto ouiHtoBaHHA. Ocobansy
yBary npuagineHo noHATTIO MATEMATUYHOI TPAaMOTHOCTI, AKe BM3HAYAETbCA AK 34aTHICTb JHOAUHU
dopmynoBaTH, 3aCTOCOBYBATU Ta IHTEPNPETYBATM MAaTEMATUKY B Pi3HUX KOHTEKCTax [4].

JocnigeHHA nokasano, wo B Mmexax PISA OUuiHIOKTbCA TaKi 3MICTOBIi KOMMOHEHTU

MaTeMATUYHOT FPAMOTHOCTI:

KiNbKiCTb;

— npocTip i dirypu;
— 3MiHM Ta BiAHOLWEHHSA;

HEBW3HAYEHICTb i AaHi.
TaKOXX BU3HAYEHO OCHOBHI NPOLECK MAaTEMATUYHOI AiANbHOCTI:

— martemaTtmyHe GopMyntoBaHHA Npobrem;
— 33CTOCYBaHHA MaTEMATUUYHMUX 3HaHb;
— iHTepnpeTaLia Ta OUiHIOBAaHHA pe3y/bTaTib.
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Y poboTi npoaHanizoBaHo pe3ynbTtat PISA 2003 Ta PISA 2012, AKi noKasanu, WO piBeHb
MaTEMATUYHOI rPAMOTHOCTI Y4YHIB 3HAYHOK MIpPOK 3aNeXUTb Bid, HaBYa/IbHUX CTpaTerin,
COLLIOKY/IbTYPHOrO cepefoBuLLa Ta 0cobaMBOCTEN OCBITHLOI cnuctemmn. OcobamBy yBary npuaineHo
BM/INBY HAaBYa/IbHUX CTPATEriN HA YCMIWHICTb YYHiIB.

Pe3ynbTaTv [JoOChigKeHHs CBig4YaTb, WO cepen 6araTbox Y4YHIB AOMIiHYLOTb CTpaTerii
NOBTOPEHHA Ta 3anam’AaTOBYBaHHA, TOAi AK MiKHaApOAHi ouiHoBaHHA Tuny PISA BuMmaraioTb
BMKOPUCTAHHA METAKOTHITUBHUX CTpaTerii, KPUTUYHOrO MWUCAEHHA Ta CaMOCTIMHOTO aHanisy
npobnaem [5].

AHani3 cMcTtem MATeMaTMYHOI OCBITM B YropwmHi Ta YKpaiHi NOKasaB, WO Cy4acHa
MaTeMaTUyHa OcCBiTa Mae OyTM OpiEHTOBaHA Ha PO3BUTOK JOMYHOTO MMUCAEHHA, PO3YMIHHA
MaTEMATUYHUX MOHATb i NPAKTUYHE 3acTOCYBAaHHA 3400yTMX 3HAHb. BarKnuBy posb y LbOMy
BiZlirpatoTb NPo61eMHO-0PiEHTOBAHE HaBYaHHA, MiXKNPeaAMETHi 3B’A3KM Ta BUKOPUCTAHHA KUTTEBUX
CUTyaLili y OCBITHbOMY MPOLECI.

Y xoai gocniasKeHHA BCTaHOBJIEHO, WO OAHMM i3 FONIOBHUX YAHHUKIB yCMilUHOro pOpMyBaHHA
MaTEMATUYHOI TPAMOTHOCTI € CTBOPEHHA OCBITHbOrO cepeaoBULLA, fAKE CTUMY/IIOE AKTUBHE
MMC/IEHHA YYHIB, PO3BMBAE CaMOCTIMHICTb | 34aTHICTb 40 aHaNi3y K aprymeHTauii.

Pe3ynbtat poboTu niaTeepannu, Wwo cuctema PISA € BaXKANBUM iHCTPYMEHTOM OLLiHIOBaHHA
AKOCTi OCBiTM Ta A @€ 3MOTY BU3HAYUTM CUJIbHI 1 C1abKi CTOPOHM Cy4acHOT MaTeMaTM4YHOI NiaroToBKM
Y4HiB. BukopucTaHHsa nigxoais PISA y WKiNbHIM NpakTMui cnpusae opMyBaHHIO KOMNETEHTHICHOrO
HaBYaHHA, PO3BUTKY OYHKLIOHA/NbHOI FPamMOTHOCTI Ta MiAroTOBLUi YYHIB 00 peafbHUX XKUTTEBUX
BUK/UKIB.

OT1Ke, popmMyBaHHA MaTeEMaTMYHOI rPAMOTHOCTI BignosigHo Ao Bumor PISA € ogHum i3
K/TFOYOBUX HAaNPAMIB MmoaepHi3au,ii cydacHoi ocBiTK. OpieHTALIA HA NPAKTUYHE 3aCTOCYBAHHA 3HAHb,
PO3BUTOK KPUTUYHOTO MWUCNEHHA Ta KOMMNETEHTHICHUMA Miaxis CnpuATMMYTb MiABULLEHHIO AKOCTI
MaTEMATUYHOI OCBITM 1 YCRILWHIM iHTerpauii y4HiB y cydyacHe iHbopmaLiiHe cycnifbCTBO.
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IHTEPAKTUBHI LIUDPOBI IHCTPYMEHTU Y HABYAHHI MATEMATUKU
B YMOBAX HOBOI YKPAIHCbKOI LULKOU

CyyacHa cuctema ocCBiTM YKpaiHM aKTMBHO TPaHCPOPMYETbCA BigNOBIAHO A0 KoHUenuii «HoBa
YKpaiHCbKa WKO/a», A€ BaXK/IMBE MiCLLe NocCigae po3BUTOK LMPPOBOI KOMMNETEHTHOCTI yuHiB [1]. Y
npoLeci HaBYaHHSA MaTeMaTUKK iHTerpauia unMdpoBUX TEXHONOTIN HabyBae 0COBIMBOrO 3HAYEHHS,
OCKi/IbKM [,03BONAE NiABULLMTI MOTMBALLILO YYHIB, 3a6e3neYnT HAOUHICTb abCTPAKTHUX MOHATL Ta
opraHisyBaTv epeKTMBHUN 3BOPOTHWNI 3B"A30K [2].

AKTYanbHICTb  [OCNIOXKEHHA 3yMOB/JE€HA MOWWPEHHAM 3MillaHOro Ta AWUCTAHLiNHOro
HaBYaHHA, WO NOTpebye aKTUBHOrO BUKOPUCTAHHSA iHTEPAKTUBHUX OCBITHIX NAATGOPM Y LWKINbHIN
npakTuui. Taki cepsicy, Ak Kahoot, LearningApps, Online Test Pad, Edubase Ta GeoGebra, ctatotb He
Mwe TeXHIYHMMM 3acobamun, a W BaKAMBUMU METOAUYHUMM IHCTPYMEHTaMM [AA CYHaCHOro
BUMTENA MaTeMaTuKku [3].

MeToto gocnigrKeHHA cTano BU3HaYeHHA ePEKTUBHOCTI iHTerpauii iHTepPaKTUBHUX LUPPOBUX
iHCTPYMEHTIB Yy MPOLEeC HaBYaHHA MATeMaTUKM B cepeHili WKOoAi Ta aHani3 iXHbOro BM/AMBY Ha
MOTMBALLitO, Ni3HABa/IbHY aKTUBHICTb | HAaBYa/IbHi PE3yNbTaTH YUHiB.

JocnigxeHHAa nposoaunoca Ha 6asi beperiscbkoro niueto imeHi betneHa MNabopa nig yac
neaaroriyHoi NPakTUKK. Y AocniaKeHHi B3A/1M y4acTb YYHi 6-A, 7-b Ta 8-A knacis (6113bKo 50 y4HiB).
Y xoai 3aHATb BMKOPWUCTOBYBA/AMCA I[HTEPAKTMBHA MaHenb, uudposi nnatdopmum Kahoot!,
LearningApps, GeoGebra ta Online Test Pad.

Y npoueci gocnigskeHHa 6yno po3pobieHo Moaesib KOMBIHOBAHOIO BUKOPUCTAHHA LIMGPOBUX
IHCTPYMEHTIB Ha Pi3HUX eTanax YpoKy:

a) MOTMBALifA Ta aKTyani3auia 3HaHb 32 AONOMOroto nNpeseHTauin i GeoGebra;
b) iHTepakTMBHe 3aKpinneHHA maTepiany Yepes LearningApps;

c) relimidikoBaHMI KOHTPOJb 3HAHb 3a Agonomoroto Kahoot!;

d) ¢opmyBanbHe OLiHIOBaHHA Ta AiarHocTMKa Yepes Online Test Pad.

Pe3ynbtatv neparoriyHoOro eKcnepumeHTy 3acBiAuMavM MNO3UTUBHMA BMNAMB  LMPPOBUX
nnat$opm Ha piBeEHb HaBYa/IbHUX AOCATHEHDb Y4YHIB. 3a gaHmm Online Test Pad cepeaHiit pesynbTat
TecTyBaHHA cTaHoBuB 7,45 6ana 3a 12-6anbHoto WKanow, a 82% y4yHiB JOCATAN NO3UTUBHOIO
pes3ynbTaTy BXe nicna nepwoi abo gpyroi cnpobu.

Ons ctaTucTMYHOro niaTBepAKeHHs ePeKTUBHOCTI uMdpPOoBMX TeXHONOTIN Byno 3acTocoBaHO
nBoBMNBIPKOBMI t-KpuTepin CTbiogeHTa. OTpumaHi pesynbTtath (p = 0,042; p < 0,05) 3acsigunnu
CTaTUCTUYHO 3HauyLLe NOKPaALLEHHA Pe3y/1bTaTiB HaBYaHHA MOPIBHAHO 3 TPAAULIMHUMM METOLAMM

KOHTPOIO 3HaHb [4].
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AHKeTyBaHHA YYHIB 3aCBiAYMNO BUCOKUN piBEHb MO3UTUBHOMO CTaBNEHHA A0 UMPPOBMX
iHCTpyMeHTIB. Bn3bKo 92% y4yHIB 3a3HAYMAU, WO YPOKM MATEMATMKKU CTANIN LiKABILULMMM 3aBAAKK
iHTEpPaKTMBHMM 3aBAaHHAM. Halbinbw nonynapHumm cepen, yyHiB BuAsuamca Kahoot! Ta
LearningApps yepes ixHiil irpoBuit xapaktep, Togi aK Online Test Pad oTpumas No3nTUBHI BiAryKu
3aBAAKM LBMAKOMY OLHIOBAHHIO Ta LMPpoBum cepTudikaTam.

OcobnmBy ponb y GopMyBaHHI MaTeMaTUYHUX KOMMETEHTHOCTeMn Bigirpana nnatpopma
GeoGebra, aka go3BoaMAa Bi3yanisyBaTu reoMeTpuyHi Ta anrebpaiyHi npouecu. 3a pesynbTatamm
onutyBaHHA 85% yu4HiB 3a3HaunAM, WO BUKOPUCTaHHA GeoGebra AONOMOr/O Kpalle 3p0o3ymiTu
abCcTpaKTHI MaTeEMaTUYHI NOHATTA.

OTKe, pe3ynbTaTh A0CNIOKEHHA NiATBEPANKYIOTb, WO iHTErpayia iHTEPAKTUBHUX LNPPOBUX
nnatdopm y npouec HaBYaHHA MATEMATUKM CNPUAE NiABULLEHHIO MOTMBALIi YYHIB, PO3BUTKY
uUMdpPOBOi KOMNETEHTHOCTI Ta MOKPALLEHHIO HaBYaNbHUX pe3y/abTaTiB. BUKOPUCTAHHA UMPpoBUX
iHCTPYMEHTIB Yy MOEAHaHHI 3 TPaAULUIMHUMKN METOAaMU HaBYaHHA Gopmye edeKTUBHY MOAENb
CYY4aCHOro YpoKy MaTeMaTUKM.
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OCOBJINBOCTI PO3POBKU BEBAOAATKY ANA OBNIKY ®IHAHCOBUX BUTPAT

KoHTponb Hag ocobrcTnmm GiHaHCaMM 3aIMWAETLCA AKTYaIbHUM NMUTAHHAM NOMNPU Te, WO Ha
PUHKY iCHYE YMMANo BiANOBIAHMX IHCTPYMEHTIB. BinblWicTb i3 HUX € NNATHUMMKU, OPIEHTOBAHUMM Ha
KOpnopaTMBHE BUKOPUCTAHHA abo HAATO NepeBaHTAXKEHUMWU ANA NOBCAKAEHHOrO 3aCTOCYBaHHA.
AHanis icHyloumnx piweHb — Home Budget with Sync, Spendee Ta Finmap — noKasas, L0 X0A€eH i3 HUX
He NoeaHYe HE3KOWTOBHOrO A0CTyNy, NPOCTOro iHTeppency Ta NepcoHaNbHMUX peKomeHaaLli Ha
OCHOBI peanbHOiI icTopii BUTPAT KopucTyBada. MeToto A0CNigKEeHHA CTaNo CTBOPEHHA Be6A0AATKY,
AKMN 3aKPUBAE Lii NOTpebun 6e3 XKoaHOI NNaTHOI NigNNCKN.

B3aemogia MiX Kni€eHTOM i cepBepOmM OpraHi3oBaHa 3a apXiTeKTypHum cTtuaem REST 3
nepegadveto gaHmx y ¢opmati JSON. CepBepHy 4YacTMHY peanizoBaHo MmoBow Python 3
BUKOpUCTaHHam FastAPl — cyyacHoro BebdpeinmBopKy ansa crBopeHHs APl [1]. Takox nig yac
po3pobkm BebaoaaTKy 3acTocoBaHoO bibnioTeky Pydantic — ogHy 3 HalnowupeHiwux a4na sanigau,ii
AaHux [2]. Ons 3anycky cepBepa BUKOpUCTOBYETbCA Uvicorn — BucokonpoayKktusHuii ASGl-cepsep,
o 3abesneyvye MiATPUMKY acuMHXPOHHMX 3anuTiB [3]. [aHi 36epiratotbca B SQLite yepes ORM-
6ibnioteky SQLAIchemy: cTpykTypa Tabanub onucaHa AK 3Bu4YaiiHi Python-knacu, wo pobutb Ko,
3pO3YMIIMM | He BMMarae Bpy4Hy nucatu SQL-3anuTu. Basa cKnagaeTbCA 3 ABOX MOB'SI3aHMX
TabAMub: KOPUCTYBAYIB Ta TPAH3aKLIN, MiXK AKMMW BCTAHOBIEHO 3B'A30K TUNY "oauMH Ao 6araTbox".
3aBAAKM UbOMY CUCTEMA 3aBXAW NOBEPTAE /uvwe Ti AaHi, WO HaneaTb aBTOPU30BAHOMY
KopucTyBauy. [na 3axucty paHux naponi 3bepiratoTbca y Buraagi berypt-xewis, a goctyn go
3aKPUTUX pecypciB KOHTPoNtoeTbCs Yyepe3 JWT-ToKeHn 3 obmerKeHUMm TepmiHoM Aji. KnieHTcbKa
yacTuHa HanucaHa Ha HTML, CSS Ta Vanilla JavaScript 6e3 6yab-akux ¢penmBopKiB, O CNpoLLyE
apXiTeKTypy i 3meHLWwye obcar ¢aiinis, AKi 3aBaHTaxKye bpaysep. [na nobynosu giarpam nigknto4eHo
6ibnioTeky Chart.js.

KntouoBoto ocobnmeicTio peanisauii ctana norika nepesipku 6banaHcy. MNepepn 36epexkeHHAM
BMTPATM CUCTEMa PO3PaxoBYye OGasaHC came Ha AaTy onepaLii, @ He Ha MOTOYHY, i BiAMOBAAE Y
36eperKeHHi, AKLLO KOLWWTIB He40CTaTHbO, NOBILAOMAIOYM KOPUCTYBaYa NPO AOCTYNHY cymy. Mig yac
peaaryBaHHA TPaH3aKLUii 10riKa YCKNAAHIOETbCA: WO6 YHUKHYTU MOMUIKOBOIO pe3y/ibTaTy, NOTO4YHa
TPaH3aKLiA BUKAKOYAETLCA 3 PO3PAXYHKY, NEPLU HiX CMCTEMA NepeBipsA€E HOBI 3HaYeHHA. YCi BXigHi
OaHi npoxoaaTb aBTOMaTU4YHY Banigauito yepes Pydantic-cxemu we Ao notpannsHHA B 6isHec-
JIOTIKY, WO MiHIMI3ye pU3MK 0OPOOKM HEKOPEKTHUX AaHUX. 3aCTOCYHOK BKJ/HOYAE NMOBHMWN Habip
GYHKLIM ana poboTK 3 TpaH3aKLIAMM: iX CTBOPEHHSA, Neperna, peAaryBaHHs Ta BUAANEHHSA, @ TAaKOX
MUTTEBUIM NepepaxyHoK b6anaHcy nicna KoXHoI Aji.

OKpemo peanisoBaHO MOAYNb NEPCOHANbHMX (iHAHCOBMX NiAKA30K. ANTOPUTM aHaNi3ye
BMTPATM 33 OCTAHHI TPU MicALi, BMABNAE TPU KaTeropii 3 Hambinbwmmm cepesHbOMICAYHUMMU

68


mailto:kost.anna1@student.uzhnu.edu.ua

BUTPATAMM i NiAPaXOBYE, CKiIbKM MOXHA 3a0LLLaANTU 33 PiK, AKLLO CKOPOTUTK iX Ha 20%. [lnA KOXKHOI
KaTeropii TaKOX pPO3paxOBYETbCA ii YaCTKa Big 3arajibHUX BUTPAT, WO AAE KOPUCTYBAYy HaO4He
YyABNIEHHA NPO BNacHy ¢iHaHCOBY NoBeaiHKy. Ha BigMiHy Bif 3aranbHMUX nopag, Taki pekomeHgau,ii
GOpPMYIOTbCA BUKAKOYHO Ha OCHOBI peanbHUX AAHUX KOHKPETHOro KOopuCTyBada. TecTyBaHHSA
NiATBEPAMNO0 KOPEKTHY POBOTY 3aCTOCYHKY B YCiX NEepPeBipeHMX CLeHapinxX, 30Kpema 32 HEKOPEKTHUX
BXigHWUX AaHWUX Ta cNpob 3adikcyBaTN BUTPATY, LLLO NepeBULLYE HAasBHUI BanaHc.

Ob6paHa apxiTeKkTypa Ha 6a3i FastAPI Ta SQLite BusaBMAaca AOCTaTHLO ANA peanisalii BCboro
3annaHoBaHoro ¢yHKUioHany 1 3abe3neymna 3py4dHicTb K Nig, Yac po3pobKK, TaK i B NoAanblui
niaTpmmui. PospobneHnin Beb6404aTOK € NOBHICTIO OHE3KOLWTOBHUM i BUPI3HAETLCA cepes, aHanoris
NOEAHAHHAM MPOCTOro iHTepdency 3 aHANITUYHUMKN MOXKAMBOCTAMMU. Y NepcneKkTUBi NAaHYETbCA
aganTauia nig mobinbHi NpUCTPOI, 40AaBaHHA NPOrHO3yBaHHA BUTPAT i PO3ropTaHHA Ha XMapHOMY
cepsepi.

CnnUCcoK BUKOPUCTaAHUX AxKepen
FastAPI. FastAPI. URL: https://fastapi.tiangolo.com/uk/ (nata 3sepHeHHA: 17.04.2026)
Welcome to Pydantic. Pydantic Docs. URL: https://pydantic.dev/docs/validation/latest/get-

started/ (naTa 3BepHeHHA: 18.04.2026).
3. Uvicorn. Uvicorn. URL: https://uvicorn.dev/ (aaTa 3sepHeHHs: 18.04.2026).
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KOniaHHa JIA3YP
YxceopodcbKuli HayioHanbHUl yHisepcumem, YKpaiHa
lazur.yulianna@student.uzhnu.edu.ua

Haykosul kepisHuk — MapiaHHa LLUAPKAZI
YiceopodcbKuli HayioHanbHUl yHisepcumem, YKpaiHa

NOPIBHAHHA EPEKTUBHOCTI ISOLATION FOREST TA LOCAL OUTLIER FACTOR
ANA BUABNEHHA ®IHAHCOBOIO LAXPAMCTBA

Y cyyacHMX ymoBax Aiarkutanisauii ¢piHaHcoBOro cektopy obcarm 6e3roTiBKOBUX TPaH3aKLUiM
3POCTalOTb EKCMOHEHLIMHO, WO CNPUYNHAE PO3BUTOK HOBUX BUAIB KibEpP3/I0O4MHHOCTI. 33 AaHUMMU
2025 poky, ¢iHaHcoBi BTpaTh rpomagsH YKpaiHu Big waxpancrtsa carHyau 1,4-1,6 minbapaa
rpuseHb [1], Wwo nigkpecntoe HeedbeKTUBHICTb TPAAULIMHUX METOAiB 3aXMCTy.

OCKiNlbKM NaTepHW LaxpancTBa MOCTIMHO 3MiHIOOTbCA, BUHMKAE NoTpeba y 3acToCyBaHHi
HEKOHTPONIbOBAHMX METOAIB MALMHHOIO HaBYaHHA, 34aTHUX igeHTUdiKyBaTM aHomanii 6es
nonepeaHbOro MapKyBaHHA AaHUX.

Y KOHTEKCTi MallMHHOIO HaBYaHHA WaxpancTBa Po3rnagatoTbCa AK aHOManNii — TOYKM y Habopi
AaHMX, WO € MEHLICTIO, KA He BiANoBiAaE NOBeAiHLUi iHWMX, KHOPMabHUX», TOYOK [2]. Y poborTi
npoBeaeHO NOPiIBHANbHWUIA aHaNI3 ABOX aATOPUTMIB:

1. Isolation Forest (IF) — meToa, Wo i30/1t0€ aHOManii WAsXom Nobya0BU PEKYPCUBHUX
AepeB; BiH BU3HAaYa€ aHOMAbHI TOYKM fK Ti, WO MalOTb HAMKOPOTLY AOBXKMHY LIAAXY B CTPYKTYPI
hepesa.

2. Local Qutlier Factor (LOF) —anroputm, 110 6a3yeTbca Ha aHani3si JIOKaNAbHOI LWi/IbHOCTI
o6’ekTa BiAHOCHO IMOro cycifiB i A03BOMAE BUABAATU BIAXMNEHHA HaBiTb Y KAacTepax pPi3Hoi
LLiNbHOCTI.

MporpamHa peanisauia BMKOHaHa moBot Python 3 BuKopucTaHHam 6ibnioTek pandas Ta
numpy ana obpobku paHux, scikit-learn gna peanisauii anropuTmiB MalIMHHOINO HaBYaHHA,
matplotlib, seaborn gns iHTepnpeTauii pesynbTtatiB 060x anroputmis Ta SHAP ans iHTepnpetauii
pesynbTatiB mogeni IF.

Anpobauis npoBoannaca Ha ABOX Habopax AaHMX: CMHTeTUYHoMY PaySim [3] Ta peanbHomy
pataceti Credit Card Fraud [4]. EdeKkTUBHICTb oOUiHIOBasaca 3a AONOMOroH METPUK OLiIHKK
edeKTUBHOCTI, 30KpemMa npeuusinHocTi, NoBHOTHU, F-mipwn, KoediujieHTa Kopensauji MeTTbioca (MCC)
Ta ROC-AUC. YHiKanbHMUM acneKTom AO0CAiAXKeHHA cTaB aHanis ¢piHaHCOBUX BUTPAT, LLO BPAXOBYE
BTPATW Big, NPONyLEHMX WAXPaNCTB Ta BapTiCTb NepeBipKN XMOHO NO3UTMBHUX NPOrHO3iB. TaKoXK
6yno npoBeneHO aHani3 3a gonomorot SHAP gna iHTepnpeTauii pesynbtatiB moaeni Isolation
Forest (Tabn.1-2).

Y pe3ynbTaTti NnpoBeAeHUX A0CNiAXKeHb OyN0 BCTAHOBNEHO, WO anroputm Isolation Forest
NEeMOHCTPYE 3Ha4YHO BULLY cTabiNbHICTb Ta epeKTUBHICTb NOpPiBHAHO 3 MeToaom Local Outlier Factor,
0co611BO nig Yac poboTM 3 BEAMKMMN MacMBaMM peanbHUX AaHux. MpoBeaeHM aHani3 Nnokasas,
LLLO Ha peanbHoMy Habopi aaHmx Credit Card Fraud nokasHuk ROC-AUC ans Isolation Forest carHys
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0.943, WO CBiAYNTb NPO BMUCOKY SIKICTb MoAeNi Ta il 34aTHICTb epeKTUBHO paH»KyBaTu 06’eKTU, ToAi
AK nokasHuK LOF cknas nuwe 0.516, ¢aKTMYHO HabauKalouMcb A0 pe3y/ibTaTiB BMMNAAKOBOro

BragyBaHHA.
Tabnuua 1
MopiBHAHHA MmeTpUK ann Isolation Forest Ta Local Outlier Factor
Ha WTYYHO 3reHepoBaHUX AaHUX
Modensb Mpeyus3iliHicmb MosHoma F-mipa mcc AUC Bmpama Yac(c)
iForest 0.057964 0.057957 | 0.05796 0.056743 | 0.892025 | $8,458,385,257.84 97.604084
LOF 0.15305 0.15305 0.167052 | 0.165976 | 0.790067 | $10,175,789,405.05 319.09623
Tabnuua 2
MNopiBHAHHA meTpuK pasa Isolation Forest Ta Local Outlier Factor Ha cnpaBXHix gaHux
Modensb MpeyusiliHicms MosHoma F-mipa mMcc AUC Bmpama Yac(c)
iForest 0.162791 0.162791 0.162791 0.161393 0.943366 $54,198.42 4.750695
LOF 0.002114 0.002114 0.002114 0.000448 0.516264 $60,950.39 219.155478
OKpim CTaTUCTMYHOI TOYHOCTI, CyTTeEBOKO nepeBarot Isolation Forest Buaswunaca ioro

obuncnioBanbHa WBMAKICTb: HA peasbHUX SAHUX aNTOPUTM BUKOHAB 3aBAAHHA 3a 4.75 ceKyHAaw,
Toai sk LOF 3Hapobunoca 219.16 ceKyHAM, WO NOACHIOETbCA CKAAAHICTIO PO3PaxyHKY NOKaNbHOI
LLiNBHOCTI ANA KOXHOI TOYKM BiAHOCHO ii cycigis.

EKOHOMIYHa OLUiHKa pe3ynbTaTiB TaKoX nigTBepanna nepesary IF, ocKinbKn ¢iHaHCOBI BTpaTh
npwn MOro BUKOPUCTaHHI 6ynun Huxkummun (54 198,42 npotn 60 950,39 y LOF), wo pobutb Len metos,
6inblW AOUINBHUM ONA NPAKTUYHONO BNPOBaAKEHHS B OaHKIBCbKMX CUCTEMAX.

3actocyBaHHA meToay SHAP ans iHTepnpeTauy,i piweHb Isolation Forest no3sonnno 3pobutn
MOAeNb «MPO30POLO», BU3HAUMBLUMN KNHOYOBI GaKTOPU BNIUBY: ANA CUHTETUYHUX AaHUX Le 6yaun Tmn
TPaH3aKLU,ji Ta Yac (KKPOK»), a A4NA peanbHUX — cneundivyHi aHOHIMi30BaHi 03HaKM, Taki sk V15, V24
Ta V11.

Monpwu 3aranbHy nepesary IF, obuaBa meToaAM NPOAEMOHCTPYBAAM HU3bKI MOKA3HUKMK
npeumsinHOCTI Ta NOBHOTM 4Yepe3 KPUTUUYHY He36aNaHCOBaHICTb KAaciB, A€ 4acTKa Laxpancrea
ctaHoBUTb nunwe 0.172%, WO BKa3sye Ha CKAaAHICTb 3adadi Ta HeobxigHicTb MnoAanblioro
BAOCKOHANEeHHA moAenen Yyepes ixXHo onTumisalito.

CN1UCOK BUKOPUCTAHUX Axepen

1. Y 2025 poui 80% oHnanH-waxpancTs bynn maHinynauiamm 3 KnieHTamu 6aHKiB, — CTaTUCTUKA.
UA.NEWS. URL:
manipuliatsiiami-z-klilentami-bankiv-statistika (aata 3sepHeHHs: 01.04.2026).

https://ua.news/ua/ukraine/u-2025-rotsi-80-onlain-shakhraistv-buli-

2. Yepmo, V., Smits, G., & Pivert, 0. (2022). Anomaly explanation: A review. Data & Knowledge
Engineering, 137, 101946.

71


https://ua.news/ua/ukraine/u-2025-rotsi-80-onlain-shakhraistv-buli-manipuliatsiiami-z-kliientami-bankiv-statistika
https://ua.news/ua/ukraine/u-2025-rotsi-80-onlain-shakhraistv-buli-manipuliatsiiami-z-kliientami-bankiv-statistika

3. Lopez-Rojas E. A., Elmir A., Axelsson S. PaySim: A financial mobile money simulator for fraud
detection. Kaggle: The World’s Al Proving Ground. URL:
https://www.kaggle.com/datasets/ealaxi/paysiml/data (mata 38epHeHHs: 17.04.2026).

4. Calibrating Probability with Undersampling for Unbalanced Classification / A. D. Pozzolo Ta iH.
Kaggle: The World’s Al Proving Ground. URL: https://www.kaggle.com/datasets/mlg-
ulb/creditcardfraud/data (paTta 3BepHeHHA: 17.04.2026).
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Haykosuli kepisHuk — Mupocnas CTOMKA
3akaprnamcoekuli y2opcebKuli yHisepcumem imeHi @epeHuya Pakoui ll, YkpaiHa

OCOB/IMBOCTI MATEMATUYHOI FTPAMOTHOCTI YYHIB 8-9 K/IACIB 3AKAPMNATTA
B KOHTEKCTI PISA 2022

CyyacHa ocBiTHA cuctema gepani binbwe OpieHTYeETbCA HA GopMyBaHHA YHKLIOHANbHOI
MaTEMATUYHOI TPaMOTHOCTI Y4YHiB, WO nepeabayae He JUWIE BOJIOAIHHA anropuTMamMu Ta
dbopmynamu, a M yMiHHA 3aCTOCOBYBATM MAaTEMATUYHI 3HAHHA Y PeanbHUX KUTTEBUX cUTyauiax [1].
Y MiXKHapogHi NpaKkTULi O4HUM i3 FONOBHUX IHCTPYMEHTIB OLLIHIOBAHHA TAaKMX KOMNETEHTHOCTEN €
pocnigxeHHs PISA (Programme for International Student Assessment), ke OLiHIOE 34aTHICTb Y4YHiB
aHanisyBaTW, iHTepnpeTyBaTM Ta poO3B’A3yBaTU MNpPaKTUYHI nNpobnemu 33  AOMNOMOrOH
MaTeMaTUKM [2].

AKTYanbHICTb AO0CAIAXKEHHA 3yMOBJIEHA CY4YaCHMMWM OCBITHIMM 3MiHamn B YKpaiHi,
noB’A3aHMMM 3 yNpoBaaKeHHAM pedopmun «HoBa yKpaiHCcbKa wKona» (HYLL), a TakoXK cknagHumm
couiaNbHMMM yMoBamMM GYHKLiIOHYBaHHA OCBiTM B 3aKapnaTTi Mig4 4Yac BOEHHOro craHy [3].
OcobnuBnin iHTepec CTaHOBWUTb MOPIBHAHHA pPe3ynbTaTiB Y4YHIB, AKIi HaBYalOTbCA 3a HOBOM
KOMMETEHTHICHOIO MOAENNI0, i3 pe3y/ibTaTamMuM YUYHIB TPAAULIMHOI CUCTEMW HABYAHHSA.

MeToto AocnigKeHHA CTano BU3HAYEHHA PiBHA MAaTEMATUYHOI TPAaMOTHOCTI y4HiB 8—9 Knacis
3aKapnaTCbKUX LWKIiN 3 YropCbKOK MOBOK HABYaHHA Ta MNOPIBHAHHA iXHiIX pe3yabTaTiB i3
HaLiOHANbHUMM 1 MiXKHAPOAHUMM NOKasHUKamm PISA 2022.

Y pocnigxeHHi B3anm ydactb 124 y4Hi MiCbKUX i CiIbCbKMX WKiN 3aKapnatTa. A ouiHoBaHHA
BMKOPMCTOBYBA/INCA afanToBaHi 3aBgaHHA PISA 2022, wo oxon/stoBaau Taki 3miCTOBI HanpAmMM:
«KinbkicTb», «3miHM Ta 3anexkHocTi», «MpocTip | popmar», «HeBu3HayeHicTb Ta gaHi» [2]. O6pobka
pe3ynbTaTiB 34ilcHIOBaNacA BiANoBiAHO A0 odiliMHNX KpuTepiiB ouiHoBaHHA OECD.

Pe3ynbTaTh gocCnigKeHHA NoKasanu, Wo cepeHin NoKasHUK y4HiB 3akapnaTTa cTaHoBMB 418
6ani., WO HUXKYe 33 cepeHi NokasHuK OECD (472 6anu), YropwmHu (473 6anu) Ta YKpainu (441
6an) [2; 4]. OTpumaHi gaHi cBiaYaTb NPO HaABHICTb TPyAHOLLIB Y dOpMyBaHHI GYHKLIOHaNbHOI
MaTEMATMYHOI TPaMOTHOCTI. YCTAHOB/AIEHO, WO YYHI MICbKMX LKA NPOAEMOHCTPYBanM BuULi
pe3ynbtath (425 6anis), HiX y4Hi cinbecbKMx WKin (407 6anis). Le niaTBepasKye BNANB OCBITHLOTO
cepefoBulLLA Ta MaTepiaibHO-TEXHIYHUX YMOB Ha piBeHb HaBYa/bHUX AocArHeHb [2]. MNopiBHAHHA
pe3y/bTaTiB Y4HiB 8-X i 9-X K/aciB 3acBiauMNo, WO AeB ASTUKNACHUKK (426 6aniB) NoKasanu Kpalli
pe3ynbTaTu, Hi*K BOCbMMKNAcHMKKM (409 6anis). Lle moxe 6yTM noB’A3aHO AK i3 BiKOBMMU
0cob6MBOCTAMM, TaK i 3 NpoLECcOM aaanTalLlii 0 HOBMX OCBiTHiIX cTaHaapTie HYLL [3]. AHani3 TMnoBumx
NMOMMJIOK MOKAa3aB, W0 OCHOBHUMW TPYAHOLWAMU 1A YUYHIB CTaNM: iIHTEPNpeTaL,if TEKCTOBMX YMOB
334a4, HepoCTaTHIM piBEHb HABMYOK MAaTEMATUMYHOrO MOAENIOBAHHA, TPYAHOLW 3 BigKpUTUMM
3aBAaHHAMM Ta 6paK Yacy Ha BUKOHAHHA KOMMJIEKCHUX 3aBAaHb [1].
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OT)Ke, pe3ynbTaTv AOC/IAMKEHHA CBiAYaTb NPO HEObXiAHICTb NOCUNEHHA KOMMNETEHTHICHOro
nigxoAy B HaBYaHHI MaTEMATUKWM, iHTerpauii PO3BUTKY YMTaLbKOI FPaMOTHOCTI Ta MaTeMaTUYHOro
MMC/IEHHA, @ TAKOX AKTUBHILIOIO BMKOPWUCTAHHA MPAKTUKO-OPIEHTOBAHMX 3aBAaHb Y LWKiJIbHOMY

Kypci maTeMaTuKu.
CNMCOK BUKOPUCTAHUX AXKepen

1. MonHap TI. PO3BUTOK MaTeEMATMYHOrO MWC/AEHHA Ta NPobAEeMHOro HaByaHHA. Magyar
Pedagdgia. 2012. Ne 112(4). C. 41-62.
OECD. PISA 2022 Mathematics Framework. Paris : OECD Publishing, 2022.

3. MiHicTepcTBO OCBITH | HayKKM YKpaiHn. KoHuenuia HoBoi yKpaiHCcbKoi wkoan. Kuis, 2021.
OECD. PISA 2022 National Report Ukraine Country Note. Paris : OECD Publishing, 2023.
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Haykosuli kepisHuk — Nasno AHTOCAK
YaceopoOdcbKuli HayioHansHuUl yHisepcumem, YkpaiHa

3ABE3MNEYEHHA KIBEPBE3MEKU TA KEPYBAHHA AO0CTYNOM
B OCBITHIX XMAPHUX CUCTEMAX HA NMPUKNALI BACTOCYHKY «LECTRA»

LUndposa TpaHchopmaLia 3aKNaAaiB BULWOT OCBITU BUMAra€e He InLLe aBTOMaTMU3aLLii NpoLecis,
ane HafiMHoro 3axmcty KOHOIAEHUIMHUX AaHWUX Y4YaCHUKIB OCBITHbOro npouecy. 36epiraHHA
€/IeKTPOHHMX KYPHaNiB BigBiAyBAHOCTI Ta YCNIWHOCTI Yy XMapi CTBOPIOE HOBI BUK/IMKKU, BUMaratoum
BMNPOBAAKEHHSA XOPCTKUX Ta 6€3BiAMOBHMX iIHCTPYMEHTIB AN1A PO3MEKYBAHHSA NpaB JOCTyny.

MeTolo AocnigXeHHA € aHani3 Ta NpPakKTMYHA peanisauia apXiTeKTypWu 3axucTy AaHWUX Ha
ocHoBi mogeni Role-Based Access Control npu po3pobui cnewianisoBaHOro XMapHO-OpPiEHTOBAHOTO
Beb6-3aCTOCYHKY «Lectra».

ApxiTekTypa 6e3nekum po3pobsieHoi cucTemu nobyaoBaHa 3 BMKOPUCTAHHAM XMapHOI
iHbpacTpykTypn Google Firebase Ta goKkymeHTO-opieHTOBaHOI 6a3sn gaHux Cloud Firestore. Ha
BiZAMIHY Bif, TPaAMLIMHMX METOAIB, Ae 6e3neKa YacTo 3a/1e3KUTb Bif, KNIEHTCbKOTO KOAy, Y 3aCTOCYHKY
«Lectra» 3axuMcT [aHMX rapaHTyeTbca 6e3nocepeaHbO HaA PiBHI XMapu 3a  A0NOMOroH
OeKknapatmeHux npasun 6esnekun Firestore Security Rules. Llen nigxia NOBHICTIO YHEMOXXAUBAIOE
HeCaHKLiOHOBaHe pefaryBaHHA AOKYMEHTIB abo BTpyYaHHA B CTPYKTYpY KOMeKLUil (users, groups,
students, schedule) He3aneKHo Bif, NPUCTPOIO, 3 AKOTO 3AiMCHIOETLCA AOCTY.

Knto4yoBuMm enemeHTom cuctemm 6e3neku € }opCcTka Mogeb PO3MENKYBAHHA NPaB A0CTyny
3 TpbOMa pPiBHAMM aBTOpM3auii: AamiHictpaTop, Ctapocta Ta CtyaeHT. KoXKHa poab Ma€e CyBOpoO
pernameHTOBaHI NPUBIAel Ha YNTAaHHA Ta 3anuc AaHMX. 3aBAAKM mexaHiamy Real-Time oHoBAeHb
(onSnapshot), aBTOopu3oBaHi KopucTyBadi 6e3ne4yHO Ta MUTTEBO OTPUMYIOTb  aKTyasibHY
iHbopmalio. Kpim TOoro, moBHa BiAMOBa BiJ BPa3/MBOrO JIOKa/JbHOrO CxoBMUla bOpaysepa
(localStorage) Ha KopuCTb aBTOHOMHUX CXOBWMLL KepyBaHHSA cTaHOM (3o0Kpema authStore)
ekocuctemu Pinia 03BOIMNA MiHIMI3YBaTM PU3MKU BUTOKY Ta PO3CMHXPOHI3aLii JaHUX.

OTmKe, BnpoBagxeHHA Role-Based Access Control y noegHaHHi 3 AeknapaTUBHUMMU
npasunamm 6e3nekn Cloud Firestore p[03B0AMAO CTBOPUTU HafilHe nporpamHe pilleHHs.
Po3pobneHa apxiTekTypa 6e3nekn [AeMOHCTPYE CTiMKICTb A0 HecaHKLiOHOBaHOro A0CTyny Ta
3abe3neyye abcoNtoTHY LiNICHICTb AaHUX, WO BiANOBIAAE HalCyYaCHIUMM CTaHAapPTaM PO3PobKK
ANA 3aKNafiB BULLLOT OCBITH.

Cnucok BUKOPUCTAHUX AXxKepen

1. OdiuinHa gokymeHTauin Firebase Cloud Firestore. URL: https://firebase.google.com/docs/firestore.

2. OdiuinHa gokymeHTauin cteiT-meHeaepy Pinia. URL: https://pinia.vuejs.org/introduction.html.

3. OdiuitHa goKymeHTaLia Beb-pperimeopKy Vue.js. URL: https://vuejs.org/guide/introduction.

75


mailto:novak.tamara@student.uzhnu.edu.ua
https://firebase.google.com/docs/firestore
https://pinia.vuejs.org/introduction.html
https://vuejs.org/guide/introduction

Neonig OMENKOK
YaceopoOdcbKuli HayioHansHuUl yHisepcumem, YkpaiHa
leonid.omeliuk@uzhnu.edu.ua

Haykosuli kepisHuk — Mukona MA/IAP
YaceopoOdcbKuli HayioHansHuUl yHisepcumem, YkpaiHa

BIPTYA/IbHUM NPOCTIP - NPOCTIP MAUBYTHbOIO:
FrEAMAU3AINH, HABYAHHA TA CUMYAALIT HOBUIA CNOCIB OCBITU

CyyacHi undposi TexHoNOrii Ta iHAYCTPIA BiLEOIrop CbOroAHi He MPOCTO KOHKYpPYHOTb 3
KJ1aCMYHOIO OCBITOO, @ JOKOPIHHO Ti TpaHCcPopMytoTb. BipTyanbHi npocTopu, metascecsit Ta VR/AR-
pilleHHA nepecTaloTb O6YyTM CyTO pO3BaXKAaNbHUMM MalZaHUYMKAMK, MNEepPeTBOPIOYNCE Ha
IHCTPYMeHTU ana rAnbokoi npodeciiHoi NigroToBKM Ta MOALENIOBAHHA pPeasbHUX MKUTTEBUX
npouecis. KNo4oBUM pyLiEM LMX 3MiH CTAE reMMAn3aiiH, AKMIN [03BONAE NEPETBOPUTM HABYAHHA 3
MacMBHOrO CMOXWBaHHA iHGOPMaLii Ha aKTUBHWI, 3axonavMBuMM npouec. BMKOpUCTaHHA
revimamn3anHy B HaB4aNbHOMY NPOLECi 4ONOMArae po3B'A3aTn ro0BHY Npobaemy Ccy4acHOI OCBITH
— HW3bKYy 3a/lydeHicTb. BNnpoBaaXeHHA irpoOBMX MEXaHiK, TakKMX AK CUCTEMW MPOrpecii, piBHi Ta
CIOMKeTHi cueHapii, pobuTb HaBYaHHA AMHAMIYHUM i 3pO3YMIIMM ANA MOKOJIiHHSA, WO BMPOC/IO Ha
Bigeoirpax. Lle cTMmMyntoe BHYTPIWHIO MOTMBALiO i NMPUBYAE CAMOCTIMHO NPUIAMATM PilLEHHA B
YMOBaX, LLO WBMAKO 3MiHIoTbCA [1].

OaHUM i3 Halibinbl NepPCNneKTMBHUX BEKTOPIB PO3BUTKY € immersive learning — HaBYaHHSA 3
NMOBHMM 3aHypeHHsM. 3aBAfkuM VR-texHonoriam 3406yBayi OCBITM OTPUMYIOTb MOXK/IMBICTb
6YKBa/IbHO B3AaEMOAIATH 3 06’ EKTaMM Y TPMBMMIPHOMY MPOCTOPI, BiANPaLbOBYOYM CKAaAHI cLueHapil
6e3 }KoAHMX PUBKKIB. Y LLbOMY KOHTEKCTi reiMmam3anH BMbya0BYE NOTiKy B3aEMOAii KOPUCTyBaya i3
cepeposullem, 3abe3neyyrouM NOCTIMHUIA 3BOPOTHWMIA 3B’A30K Ta BigyyTTA nNpucyTHOCTI [2].
MeTaBcecBiTM, CBOE 4eproto, GOpMYyHOTb HOBWMI TUN COLIaNbHO-OCBITHbOrO npoctopy. TyT
HaBYaHHSA Harazye XuTTs y 6araToKOpUCTYyBaLIbKUX irPOBUX CBiTax: Yepes CBOIX aBaTapisB 3406yBadi
OCBITM B3aEMO/iOTb, BUKOHYIOTb CMi/IbHI MiCii Ta NpaLoloTb HaZ, KOMaHAHUMU NPOEKTaMU. TaKkni
nigxig cTMpae MexKy MixK reiMnJIeEeEM Ta OCBITHIM npouecom, pobasun MOro YacTMHOM LWOAEHHOTO
umdposoro gocsiay [3].

Okpemy yBary BapTo NpUAIANTM CUMYNALLIAM, AKI 03BONAIOTb He3ne4YHOo TpeHyBaTM HaBUYKM
Y KPUTUYHO Baxkameux cdepax: Big megumuuHu Ta aBiauil go apxitektypu i IT. BipTyanbHuin
CUMYNATOP [a€ Te, 4YOro 4acto OpaKye TpaauuiiHUM MeTodaM — peasibHy MNPaKTUKYy B
KOHTPO/bOBaHMX yMmoBax. Came reiimam3anH BU3HAYAE, HACKINIbKN CKNagHUM Byae cueHapin i Aky
HaropoA4y OTPMMAE KOPMCTYBad 3a YCMillHE BWMKOHAHHA 3aBAAHHA, WO 3aKpPIinJto€E KOPUCHI
npodeciitHi 38n4KkK [4]. BipTyanbHi npocTopu cTatoTb | 63300 ANA NiAFOTOBKU CaMuX PO3POOHMKIB
Ta rempgmsaliHepis. PoboTta 3 irposumn pywiamm, ak-ot Unity um Unreal Engine, possonse
3006yBavYaM OCBITUM Ha NpPAKTMLI ONAaHOBYBATM AM3alMH PiBHIB Ta apXiTEKTYpy KOPWUCTYBaLbKOroO
pocsigy (UX/Ul). CboroaHi Ui iHCTPYMEHTU € YHiBEpPCa/SIbHUMW: BOHM 3aCTOCOBYHOTLCA He /inLie B
reMmaesi, a i y CTBOPEHHI BUCOKOTEXHOJIOMYHUX OCBITHIX NPOAYKTIB.

MiaCyMOBYIOUYM, MOXKHA CTBEPAKYBATH, LLO iHTErpaLia reimansanHy Ta BipTyaNbHUX CBITiB
3aKnagae pyHaameHT Ana abcontoTHO HOBOI OCBITHLOI MoAeni. BoHa opieHTOBaHa Ha NPaKTUYHKUI
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[OCBiA, THYYKY NepcoHani3aljiio Ta aKTUBHY B3aemogito. Y mMalbyTHbomy came Takui cumbios
irPOBUX TEXHO/OriM Ta HaBYaHHA CTaHe OCHOBOK A/1A NiAroToBKM ¢axiBLiB, 34aTHUX ePeKTUBHO
AiATM B LMPPOBOMY CYCMiNbCTBI.
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LUPPOBI3ALIA MIXKHAPOQHOI TOPTIBAI
B KOHTEKCTI PO3BUTKY IHOGOPMALLIMHUX TEXHONOTIN

CTpiMKMI1 pO3BUTOK iHPOPMALLIMHUX TEXHO/OTI CTaB OAHMM i3 BU3HAYaIbHUX YNHHMUKIB, LWLO
GOPMYIOTb CY4YaCHY CUCTEMY MiXKHAPOAHUX EKOHOMIYHUX BiAHOCMH Ta MiXHapoAHoro bi3Hecy.
LUmndposisauia 3miHIOE CTPYKTypy CBIiTOBOI TOPriBAi, MOANDIKYE TpaAWULiHI MexaHi3MmU 0BMIHY,
3HU)KYE TPaHCAKLUiMHI BUTPATK, MPUCKOPIOE NOTICTUYHI NpoLecu Ta CTBOPKOE MPUHLMUMNOBO HOBI
dopmMmu B3aemodaii MixK geprkaBamu, Koprnopauiamu Ta crnoxusadamu. Y XXI ctonitti ymdposi
TEXHONOrii € He MpPOCTO AOMNOMIMHMMWU [(HCTPYMEHTaMW €eKOHOMIYHOI AiAnbHOCTI, a CTanu
CTpaTeriYHMMM PYLWIAMM MiXKHAPOAHOI KOHKYPEHTOCNPOMOXKHOCTI Ta rnobanbHOI eKOHOMIYHOI
iHTerpadii.

MoHATTA LM POBOI TOPriBAI OXONIOE TPAHCAKL, LLLO 34iNCHIOTHCA 33 4ONOMOTro0 LMPPOBUX
TEXHO/IOriM, BKAOYAKUYM TOBAapWM Ta MOCAYrM, 3aMOB/IEHI B €/IeKTPOHHOMY BUINAA4i Ta AOCTaBAEHi
undpoBMM WAAxom. 3a gaHuMmu OpraHizauii eKoHOMiIYHOro cniBpobITHMLTBA Ta PO3BUTKY, LMdpPOBa
TOPriB/A BXe CTAHOBWUTb 3HAYHY YACTKY CBITOBOI TOPriBAi Ta NPOAOBXKYE PO3LIMPIOBATUCA 3aBOAKM
PO3BUTKY XMapHWUX OOYUCNEHb, LWITYYHOrO IHTENEKTY, TEXHONOorih ON0KYelHy, eNeKTPOHHUX
NNATXKHUX CUCTEM | TPaAHCKOPAOHHUX uUMdpoBux nnatpopm. 3pocTaHHA unbpoBOi TopriBAi
nocununoca nicna nangemii COVID-19, aKka npuckopuna nepexig niagnpueMCTs i CNoXKuBayis go
OHNaMH-B33aEMOJ|i Ta ANCTAHLIMNHOIO BeAeHHA 6i3Hecy [1].

OaHUM i3 KIOYOBMX Hachnigkie uudposisauii € 3meHleHHA bap’epis ana Buxoay Ha
MiXXHAapOAHI PUHKK. PaHille y4yacTb y CBITOBIN TOPriBAi BMMarana 3Ha4yHUX ¢iHaHCOBUX pecypcis,
CKNAAHUX NOTICTUYHUX NaHutoriB i $isnyHoi KomepuinHoi iHPpacTpykTypu. CboroaHi umdposi
nnatdopmMmn AatoTb 3MOry HaBiTb MasUM i cepedHiMm NigNPUEMCTBAM BUXOAUTU HA MiKHAPOAHMUX
CMOXMBauiB i3 MOPIBHAHO HWU3bKMMUM oOMepalifHUMKU BUTPaTaMu. EKocUCTEMM €NeKTPOHHOI
Komepuii, Taki ik Amazon, Alibaba Ta Shopify, cTBOpuaM HOBY MoZieNb MiXKHapPOAHOro 06MiHY, B AKiK
reorpadivyHa BiACTaHb BTPa4Ya€ CBOE TPAAMLIMHE 3HAYEHHA.
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Undposi TexHonorii 3Ha4yHO nNigBuULLYIOTL €(EeKTUBHICTb MiIXKHAPOAHUX KOMeEPLiMHUX
onepauin. ABTOMATM30BaHi MUTHI Npoueaypwn, eNeKTPOHHA AOKYMEHTaUiA Ta UMPpPOBi NAaTiXKHI
CUCTEMM CNPOLLYIOTb TPAHCKOPAOHHI TPAH3aKLii Ta 3MEHLWYIOTb aAMIHICTPAaTMBHE HAaBaHTAXKEHHSA.
Ocobn1MBO Ba)K/IMBUM CTaNo BMPOBAAKEHHA TexHo/Ori 6e3nanepoBoi Toprieni. ENeKTPOHHI
paxyHKu-dakTypu, umdposi cepTudiKaTh NOXOAKEHHA Ta €NEKTPOHHI NiANNUCU NPUCKOPIOIOTb MUTHE
odopMIeHHA Ta NigBULLYIOTb NPO30PiCTb MiXKHAPOAHWUX NAHLIOTIB MOCTa4YaHHA [2].

TexHonorii WTy4YHOro iHTeNeKTy Ta 610KYeHY 3MiHIOKTb IHCTUTYLIMHI 3acaan MiXKHapOAHOI
Toprigni. LWTy4yHWIA iHTenekT aepani yacTille BUMKOPUCTOBYETbCA ANA MPOTrHO3YBaHHA MNOMNUTY,
ONTMMI3aL,ii NOTICTUKM, yNpaBAiHHA 3anacamm Ta BUABMEHHA GiHAHCOBUX PU3UKIB, TOLI AK TEXHONOTIT
6/10KYEeNHY MiABULLYIOTb NPO30PICTb TA AOBIPY MiXK YyYacCHUKAMM PUHKY. CUCTeMM pO3NogineHux
peecTpiB 3abe3neyytoTb He3neyHe ikcyBaHHA TPAH3aKLiM, NONErUYOTb BiACTEXEHHA TOBApPIB Ta
3HUKYIOTb PU3MKMU LLIAXPANCTBA B Mi*KHAPOAHUX NaHLOrax nocrtayaHHa [3].

Monpu 3HayHi nepeBarn UMOPOBUX TEXHOMOTN Yy MIKHAPOAHIA TOpPriBAi, iX aKTUBHe
BMPOBAAXKEHHA CYNPOBOMXKYETbCA HU3KOK CYTTEBUX PU3MKIB Ta BUKAUKIB. 30Kpema, 3pOCTaE
BPA3/IMBICTb MiXKHAPOAHUX TOPrOBE/IbHUX CUCTEM A0 Kibep3arpos, 30Kpema BUTOKIB KOMepPLLiMHMX
AaHUX, aTaK Ha NAaTiXKHY iHOPACTPYKTYypy Ta nopyweHHA pobotn umbposux nnatpopm. Kpim Toro,
MOCU/IEHHA POAI BEJIMKMX TEXHOMOMYHUX KOMMaHIN NpU3BOAUTL A0 KOHLEHTPaUil pUHKY Ta
dopMyBaHHA LUNMDPOBUX MOHOMOIN, LLLO MOXKe 0OMEXKYBaTU KOHKYPEHL,i0 1 BNAIMBATK Ha A0OCTynN
Manux i cepeaHix MiANPUEMCTB A0 rN06anbHUX PUHKIB. OKpemow NpobaeMolo € 3a/IeXKHiCTb
baraTbox KpaiH i 6i3HeciB Big iHOpacTpykTypmu Big Tech-komnaHiii, WO CTBOPIOE acumeTpito y
rnobanbHin unMdpoBii eKOHOMIL Ta NiABULLYE PU3MKM BTPATU LMPPOBOro CyBEPEHITETY.

TpaHcpopmauito MiKHapogHOI Toprieni Yepes UMPpPOBI3aLLlDO MOXHA OXapaKTepusyBaTK 3a
[0MOMOTOH0 Ki/IbKOX B3aEMOMNOB’13aHMUX GYHKLiOHAIbHUX BUMIpIB:

- 3HUXKEHHA BUTPAT Ha TPaH3aKLLii Ta KOMYHiKaLito;

- NPUCKOPEHHA MUTHUX Ta NOTICTUYHUX Npoueayp;

- pO3LWMpPEHHA AOCTYNY A0 PUHKY ANA MANUX Ta cepenHix nianpuemcTs;
- NiABMLLEHHA NPO30POCTi Ta NPOCTEXKYBAHOCTI B NAHLOrax NOCTavYaHHsA;
- 3pOCTaHHA 0b6cAry nocayr, Wo HaaaTbeA B undposomy popmari;

- aBTOMaTM3aLia piHaHCOBUX Ta AOrOBIPHMX onepaLiii;

- NOCUNEHHA rN06aNbHOT KOHKYPEHLIT Ha LMDPOBUX PUHKAX.

BoaHouac undposizauia CTBOPIOE CEPMNO3HI PerynaTtopHi Ta iHCTUTYUiHI BUKAMKK. OgHe 3
HaMBAXKNMBILLIMX NUTAHb CTOCYETLCA YNpPaB/iHHA TPAHCKOPAOHHUMWU NOTOKAMM OAHUX Ta 3aXMCTy
undpoBoro cysepeHiTeTy. baraTo gepkaB 3anpoBaLAKyOTb 0OMEKEHHS Ha MiXKHAapPOAHY nepeaavy
AaHNX, WO MOXKe NOoCUAUTU dparmMeHTaLilo CBITOBOI LMPPOBOI eKOHOMIKK. Kpim Toro, umdposuii
PO3PUB MiXK PO3BMHEHMMM Ta KpaiHAMM, LLLO PO3BMBAOTLCA, 3a/IMLLAETLCA 3HAYHUM, LLLO OOMEIKYE
piBHONPAaBHY y4acTb y LMdPOBIN TOPriBAiI Ta NOCUAIOE TN0BaNbHY EKOHOMIYHY HEPIBHICTb.

BaXKAMBUM BUMIPOM PO3BUTKY LMPPOBOI MixKHAapOAHOI TOpriBni € dopmyBaHHS r10b6anbHUX i
perioHaNbHUX PEryiATOPHUX NigXxoaiB, AKi BM3HA4YaloTb Npasuaa QyHKUiOHYBaHHA LUGPOBUX
pUHKiB. Ha piBHi CBiTOBOI OpraHi3aLiii TOpriBai TPMBatoTb AUCKYCIT W00 BCTAHOB/IEHHA YHipiKOBaHUX
npaBua LMPPOBOI TOPFiBAI, 30KPEMA LWOA0 TPAHCKOPAOHHUX NOTOKIB AaHUX, eNeKTPOHHOT Komepu,ii
Ta uMdpoBMX CepBiCiB, OAHAK BiACYTHICTb MOBHOrO KOHCEHCYCY MiX KpaiHaMK YCKNALHIOE iX
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imnnemeHTauito. Y €sponenicbkomy Cotosi 3HauyHuMM BnamB Mmae Digital Markets Act, Axkui
CNPAMOBAHWUI Ha 0BMeEXKEeHHA MOHOMNONbLHOI BAAAN BEAUKUX UMbPOBUX NAaTOpMm i 3abe3neyeHHsA
CcnpaBea/iMBMX YMOB KOHKYypeHUii Ha uMdpoBux puHKax. Y 6HaraTbox KpaiHax MNOLWMPIOHTHCA
nonitukm data localization, wo nepeabayatoTb 36epiraHHA Ta 0O6POOKY AaHWMX Ha HaLiOHANbHIN
TepUTOPIi, NOCUNIOIOYM KOHTPO/Ib AEeprKaB Hag, UMPpoBMMM NOTOKaMMU, ane BOAHOYAC CNPUAIOYN
dparmeHTauii rnobanbHoro LMbpoBOro NPocTopy.

Monpw 3a3HayYyeHi BUKINKK, UMdPOBi3aLia MiXKHapoAHOI TOPriB/i Ma€ 3HAYHWUI NoTeHuian ans
NOSANbLIOTO PO3BUTKY, AKUMA BMU3HAYATUMYTbCA fAK TEXHONOTYHMMM IHHOBALAMM, TaK i
BAOCKOHANEHHAM MiXXHapOAHOro peryntoBaHHA. OYiKYeETbCA PO3LUMPEHHA BUKOPUCTAHHA WTYYHOroO
iHTeNeKTy, IHTEpHETY peyen, CMAPT-KOHTPAKTIB Ta UMPPOBMX BaNOT LEHTpanbHWUX 6aHKiB, Wo
cnpuATMMe We 6inblii aBTOMaTM3aLii M NPUCKOPEHHIO TPAHCKOPAOHHUX onepaLii. Baxansmm
HanpsAMom cTaHe GOpPMYBaHHA Y3roAKeHUX MidKHAPOAHUX NPaBuU 06MiHY AaHMMK Ta UNPPOBOI
TOPriBAi, SIKi MalOTb 3MEHLIUTU PpParmeHTalito r106anbHOro PUHKY 1 3abesneunty Ginbll PiBHiI
YMOBW y4yacTi AnA KpaiH i3 pi3HMM piBHEM PO3BUTKY. Y AOBroCTPOKOBIA MEPCNEKTUBI LiEe MOXKe
CNPUATU He AnLEe NiABULLEHHIO eDEKTUBHOCTI MiXKHAPOAHOI TOPriBAi, a 1 NTOCTYNOBOMY 3MEHLUEHHIO
LUMPpPOBOi HEPIBHOCTI MiXK AeprKaBamMm.

Ons YKpaiHn umdposisaLia CTBOPIOE AK MOMKAMBOCTI, TaK i BUKAMKN. YKPATHCbKUI IT-ceKTop
CTaB BaX/IMBOK CKNAA0BOIO HALLIOHA/IbHOI EKOHOMIKM Ta 3HAaYHUM OXKEePEenom eKCNOPTHUX 40X04,iB.
BogHoyac noBHOMAacwTabHe poOCiNCbKe BTOPrHEHHSA CYTTEBO BM/MHYNO Ha  uUMdppoBy
TpaHchopMaL,ito Mi*KHAPOAHOT EKOHOMIYHOI AiANbHOCTI. BiliHa nopywwnna TpaguuinHi NOriCTUYHI
NaHuorm, nowkoamna iHppacTpyKTypy Ta yCKAagHWANA onepaLii mixXHapoaHoi Toprieni. OgHaK BoHa
TAKOX MPUCKOPMAQ PO3BUTOK UMPPOBUX pilleHb, ENEKTPOHHOro YypAAyBaHHA, MoAenemn
AUCTaHLUiMHOro BeaeHHA bisHecy Ta TeXHONOTiN Kibepbe3nekn. YKpaiHCbKi KomnaHii geaani 6inblie
NnoK/iaaaTbea Ha undposi naaTtpopmum Ta IT-nocnyru, wob 36epertm 4oCTyn A0 CBITOBUX PUHKIB B
yMoBax BiliHU [4].

OTKe, uMdpoBi3aLia MiXKHAapOAHOI TOPriBAi € FMMOOKOK CTPYKTYPHOL TpaHcPopmalieto
CBIiTOBOI EKOHOMIKWN. IT-TexHONOTii 3MiHIOTb BUPOOHUYI CUCTEMMW, MEPEOCMUCAIOOTL NOPIBHANbHI
nepesaru Ta NOPOAKYHOTb HOBI pOPMM EKOHOMIUYHOI B3aemogii. BogHouyac po3wmpeHHA umudppoBoi
TOpPriBNni nocuae notpeby B MiXHaApPOAHIA KOOpAMHaLLi, rapMOHi30BaHOMY pPEery/toBaHHi Ta
iHK/IIO3UBHOMY TEXHONOFYHOMY PO3BUTKY. MalOyTHE MiXKHAPOAHMX E€KOHOMIYHWMX BigAHOCUH Ta
MiXHapoaHoro b6i3Hecy 3Ha4YHOK MIpOK 3asexaTUMe Bif, 34aTHOCTI AepKaB i MiXKHapoAHMUX
iHCTUTYLiIM edeKTMBHO aganTyBaTUCA A0 peaniii LMbpPOBOI EKOHOMIKMU.
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TPAHC®OPMALIA IT-PUHKY NIA BNIMBOM rEHEPATUBHOIO LUTYYHOTIO IHTE/IEKTY:
TEXHO/IOTIYHUM TA COLJIANIbHO-EKOHOMIYHWUIA ACNEKTU

I[HTerpayia WTy4yHoro iHTenekty B IT-cekTop nepectana 6yTM CyTO TEXHONOTNYHUM TPEHAOM,
nepeTBOPMBLUNCE HAa GYHOAAMEHTAaNbHUIM YUHHUK PUHKOBOI TpaHchopmauii. CyvacHi AoCniaKeHHA
KnacudikytoTb reHepatusHmin LUl AK TexHonorito 3aranbHoOro npusHadeHHsa (General Purpose
Technology), wo 3gaTHa pagnKkaabHO 3MIHUTU BUPOOHMYI LUmnKan [1]. OCHOBHUM MUTAHHAM Cy4YacHOTl
ANCKYCIT € He InLWe NPUPICT NPOAYKTUBHOCTI, @ 1 CTPYKTYpHa nepebyaoBa NONUTY HA KBanidikoBaHy
pobouy cuay Ta 3MiHa BApTOCTi iHTeNEKTyaNnbHOro Kanitany B IT.

OfHUM i3 HaMbinbw 3a40KYMeHTOBaHMX acnektis Bnauey LWI Ha IT-puHOK € 3MmiHa
edEeKTMBHOCTI HanucaHHA Koay. 3rigHo 3 AoCNiAKeHHAMMU, BUKOpUcTaHHA LLI-acucTeHTiB (30kpema
GitHub Copilot) go3Bonse po3pobHMKam BMKOHYBaTW 3aBAaHHA Ha 55,8% wBualle NOPIiBHAHO 3
KOHTPO/IbHOO rpynoto [2].

dyHaameHTanbHI 3MiHM B KNACWUYHIlM iHXKeHepii nporpamHoro 3abesneyeHHs AeTanbHO
po3rnAagatoTbca y cydacHux nybnikauisx [3]. BnpoBagrkeHHA LUl aBToMaTM3ye TpuBani pPyTUHHI
3aBAaHHA 3 PO3POOKM Ta TeCTyBaHHA, 30Kpema gebariHr aNropuTtmis Ta AOKYMEHTYBaAHHA Koay.
3aBAAKN LIbOMY JIIOACbKI PO3POOHUKM OTPUMYIOTb MOMK/UBICTb MY/IbTUMJIIKYBATU CBili TBOpPUMIA
noTeHUian, Aenerywym anropuTMaM MexaHiuyHy poboTy i 30cepegyKylounMcb Ha CKAagHOMY
NPOEKTYBaHHI. HelipoHHi mepexi dopmytoTb napagurmy «Software 2.0», oe mMalMHM CTaHyTb
34aTHMMM CaMOCTIMHO reHepyBaTH pPilleHHA.

MpoTe NpUpPICT WBUAKOCTI CYNPOBOAMKYETLCA 3POCTaHHAM BMMOr A0 eTany Bepudikauii Ta
apxitekTypHoro Harnsay. LUI-mogeni AemMoHCTpytOTb BMCOKY edeKTMBHICTb, ane noTpedbytoTb
KPUTUYHOI OLIHKM 3 BOKYy A0CBiAYEHMX iHXKeHepiB Ans 3anobiraHHsA «rajlouMHalism» Koay Ta
BUHMKHEHHIO BpasnuMBocTen 6Oe3nekn. Takmm umHOM, PoKyc ¢axiBus 3MilLYETbCA 3 BAACHE
HaMMCaHHA CUHTAaKCUCY Ha MOro ayamT.

EmnipuyHi aaHi BKasyloTb Ha ABWULLE, AKe AOCAIAHWMKM Ha3MBaAKOTb KEKCMO3ULIED poboumx
micub ao WI» [4]. B IT-cekTopi HanbinbLWOro BNAMBY 3a3HalOTb NO3ULLIT MONIOALLOIO Ta CeEPeaHbOro
pisHiB (Junior/Middle), uni pyHKLiOHaNbHI 060B'A3KM YACTO BKKOYAKOTL reHepaLlito TUMOBOro Koay.

BoaHouac cnocTepiraeTbcs 3pocTaHHA nonuTy Ha daxisuis 3 Al-orchestration ta Prompt
Engineering. PMHOK AeMOHCTPYE Nepexig 40 WUpLINX KOMAETEHLIN:

— CuctemMHe MUCNEHHSA: 34aTHICTb iHTerpysaTh LLUI-KOMNOHEHTHM B CK1IaAHi EKOCUCTEMM.
— ETtuka Ta 6e3neka JaHUX: KOHTPOJIb 33 AOTPUMAHHAM HOPMATUBHWUX BMMOT MpU
HaBYaHHI Ta BUKOPUCTaHHI mogenen.
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— YnpaBniHHA 3HAHHAMW: 3[3aTHICTb KepyBaTM 6a3n [aHWX, Ha AKMX HaBYalOTbCA
KopnopatueHi LWI-piweHHA.
— EKOHOMIYHi HacniaKm Ta pUHKOBA KOH'OHKTYpa

3 TOYKM 30py MaKpoeKoHoMiKu, LI cnpuse popmyBaHHO moaeni Al-as-a-Service (AlaaS), wo
3MIHIOE CTPYKTYpPY BUTPAT IT-KOMNaHii. 3amicTb NiHIMHOro macwTabyBaHHA WTaTy ANA 36inblEeHHA
ob6cAriB po3pobKM, KOMNaHIi iIHBECTYIOTb Yy 064MCNIOBaANbHI NOTYXKHOCTI Ta NponpieTapHi mogeni. Lle
NpU3BOANTb 40 KOHUEHTPALLi pPUHKY HABKO10 BEIMKUX rpaBL,iB, AKi BOAOAIOTb 3HAYHMMM MAacMBaMM
AaHnx Ta GPU-pecypcamum [5]. 3 iHworo 6oky, 6ap'ep Bxody ANA CTBOpPEHHA HOBUX LMPOBMX
NPOAYKTIB 3HUXKYETLCA, CTUMYJTIOIOYM KOHKYPEHLLLO cepea MainxX KOMaHA y HileBux cermeHTax 3.

LUTYYHWI iHTENEKT BUCTYNAE KaTasizaTopom nepexoay IT-puHKy Bif KiNbKiCHOro 3pOCTaHHA A0
AKiCHOro. |IHTerpauia reHepaTuBHux mogeneit Ta LUI-IHCTPYMEHTIB y KAacuMyHy pPoO3pobKy
aBTOMATU3YE PYTUHY, 3MIHIOOUYM KUTTEBUIM UMKA cTBOpeHHA [13. OCHOBHMMM BMKIMKaMMU
3a/IMLWIAIOTBCA MUTAHHA iHTENIEeKTYaNbHOI BNACHOCTI Ha 3reHepoBaHWI Kog, 6e3neKka pilweHb Ta
aganTauia IT-ocBiTM 40 HOBWUX peaniin, ge anropuTmiyHa cniBnpaus cTae 6a30BOK BMMOTOHD
npodeciinHoi AiaNbHOCTI.
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MATEMATUYHE MOAENOBAHHA BISHEC-NPOLECIB NIANPUEMCTBA
3 BUKOPUCTAHHAM ERP-CUCTEM (BAS, OHIAWH NNAT®OPMA «BMPABHO»)

Y Cy4acHMX YMOBax pPO3BUTKY ULMPPOBOI EKOHOMIKM MigNPUEMCTBA BCe YacTiwe
BMNPOBAAXKYIOTb IHPOPMALiAHI TEXHOMORIT 33agN1A MOZEpPHI3aLii MeHegXXMeHTY Ta 3MilLHEeHHA
PUHKOBUX NoO3uLin. TpaHcdopmauia cyb'eKTiB rocnoaaptoBaHHA Ha 3acafax Aigrkutanisauii
nepeTBOPMIACcA Ha MaricTPasibHU BEKTOP PO3BUTKY KOMEPLIMHOrO CEKTOPY, afKe BNPOBALKEHHSA
HOBITHbOro codTy 3abe3neyye KOMMNAEKCHY aBTOMATMU3aLL,i0 PYTUHHUX ONepaLin, MiHiMmi3ye BUTpaTu
yacy Ta OMNTMMI3YE YXBaJIeHHA CTPATEriYHMX pilleHb. Y LbOMY KOHTEKCTi KPUTMYHOFO 3HAYEHHS
HabyBae iHTerpauia ERP-cuctem, ki 3abe3neyyioTb KOMMNEKCHE YNpaBaiHHA pecypcamu
NiANPUEMCTBA Ta CNPUAOTb ONTUMI3aL,ii 6isHec-npoLecis.

ABTOMATU3aLifA YNPaB/iHHSA € BaXXAMBUM PaKTOPOM CTabinbHOro GpyHKLIOHYBAHHA Cy4acHOro
nignpuemctea. Y npoueci rocnogapcbKoi AianbHOCTI NiANPUEMCTBA WOAEHHO 34iMCHIOTb 3HAYHUN
obcar onepauin, nos’A3aHMX i3 piHaHCOBMM 06MIKOM, NOFICTUKOIO, KaapoBUM 3abe3neyvyeHHAM,
ynpasAiHHAM 3anacaMu Ta 4OKYMeHTO0birom. BUKOHaHHSA LMX NPOLLECiB BPY4YHY NOTPebye 3HAYHMX
YacoBMX | TPYAOBUX PECYpCiB, a TAKOXK NiABULLYE PU3NK BUHUKHEHHA MNOMMAOK. Came TOMy
BUKopuctaHHA ERP-cuctem, 3o0kpema BAS Ta BnpaBHO, A03BONAE aBTOMATM3YyBaATW YNpPaBAiHCbKI
npouecn Ta 3abe3neuynTm onepaTUBHE OTPUMAHHA HeobxigHoi iHpopmaLlil ANa NPUNAHATTA
piweHb [4].

EdektnBHe ¢yHKUiOHYBaHHA cyb'ekTiB rocnogaptoBaHHA 6Ge3nocepeHbO 3a/eXUTb Big
KOMMaHii 3MylLIEeHi OnepaTUBHO a4anTyBaTUCA A0 30BHILLHIX TPaHCPOpPMaLLili, )OPCTKO MOHITOPUTH
diHaHCOBI BMAATKM Ta MaKCMMIi3yBaTM e(deKTUBHICTb BUKOPUCTAHHA pecypciB. [ns uboro
3aCTOCOBYIOTbCA METOAM MAaTEMATUYHOIO MOAENIOBAHHA, AKI A03BONAIOTb aHANi3yBaTU EKOHOMIYHI
NMOKa3HMKMK, MPOrHO3yBaTW Pe3yAbTaTh AiaNbHOCTI Ta BU3HAYaTU HaMbinbw ePpeKTUBHI yNpaBiHCbKI
pilleHHA. BUKOPUCTAHHA MaTeMaTUYHMX Modenel y NoeAHaHHI 3 ERP-cuctemamu, wo 3abesneuye
BULLY TOYHICTb CTpaTeriyHOro M onepaTUBHOrO MPOrHO3YyBaHHA Ta MiHIMI3ye MMOBIPHICTb
BMHWUKHEHHA EKOHOMIYHMX 3arpos [1].

bisHec-npouecn € ocHoBOW (YHKLiIOHYBAHHA OyAb-AKOro NigNPMEMCTBA Ta OXOM/OKTb
CYKYMHICTb KOMMNMEKCY B3aEMO3aNEXHUX OnepaLiid, OPIEHTOBAHMX Ha OTPMMAHHA 3a4aHOro
uinbosoro edekTty. CTPYKTYypHE sApO0  KA4YOBUX BisHec-npoueciB  KomnaHii  dopmyroTb
6e3nocepeHili BUNYCK TOBApPIB, yNpaBaiHHA GpiHaHCaMM, NocTavyaHHA, 36yT, Kagpose 3abe3neyeHHA
Ta JOKYMEHTOO06Ir Pe3ynbTaTMBHICTL KOMepLiMHOro cektopy 6e3nocepeHbO KOPENtoe 3 piBHEM
HaNaro4XeHHA Ta CUCTeMATM3aLii Ta KOOPAUHALIT LMX NPOLECIB. Y Cy4aCHMUX yMOBaXx NiANPUEMCTBA
nparHyTb ONTUMI3yBaTK BNPOBAAKEHHA IT-pileHb Ta LMPPOBUX KOMMEKCIB agMiHICTPYyBaHHA [2].
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OAHUM i3 Halbinbll pe3ybTaTUBHMX METOAiB paLioHani3auii apxiTekTypu 6isHecy BUCTynae
IHCTPYMeHTapili MaTeMaTMYHOTO MoAentoBaHHA. Moro npuposa nonArae y KOHCTPYIOBaHHI
abCTPAKTHUX CcUCTEM, WO [AETEepPMiHYIOTb peasbHi rocnofapcCbKi fABMLLA Ta YMOXK/IMB/IOKTL
OECKPUNTUBHUI aHaNi3 iXHbOI AMHAMIKM 33 BapiaTUBHUX CLEHapIiiB. 3a3HAa4YeHNI MeTOA0N0rUYHUM
nigxiz 3aCTOCOBYETLCA 33417 NPOrHOCTUYHOT OLLIHKM PiHAHCOBUX MOKA3HMKIB, BepuiKaL,ii BUAATKIB,
OLiHIOBAHHA NPUOYTKOBOCTI Ta BU3HAYEHHA ONTUMA/IbHUX BapiaHTIB ynpaBAiHHA NiANPUEMCTBOM.
3aBAAKM MaTEMATUYHMM METOZaM MiANPUEMCTBA MOXKYTb OLiHIOBAaTN e(PEKTUBHICTb BUKOPUCTAHHSA
pecypcis, NPOrHO3yBaTh PU3NKK Ta popmyBaTh cTpaTerii po3BuTKy [3].

3agnAa po3paxyHKy Ta BepudiKaLii KiHLEBOro eKOHOMIYHOro edekTy Big QYHKLiIOHYBAHHA
KOMMaHii BUKOPUCTOBYETbCA GYyHAAMEHTAIbHA PO3PaXyHKOBA MoAeb NPUBYTKy:

P=R-C,
ae: P— npubytok; R— pgoxoau nianpuemcrea; C— BUTPATH NiANPUEMCTBA

BMKOpUCTaHHA AaHOi MoAeni YMOMK/IUBKE KOMMIEKCHUIM MOHITOPUHT Ta €eKcnepTtusy
E€KOHOMIYHOI CTiMKOCTi cyb'eKTa rocnofapltoBaHHA Ta aHanisyBaTU BMJMB BUTPAT Ha KiHUEBWUI
pe3ynbTaT AiANbHOCTI. Y Npoueci MaTeMaTUYHOIO MOAENIOBAHHA TaKOX 3aCTOCOBYHOTbCA METOAM
NMPOrHO3yBaHHA, CTAaTUCTMYHOrO aHanisy Ta ONTUMI3aUil, SAKi AonomaratoTb NiANPUEMCTBAM
reHepyBaTtu binbll pauioHanbHi 1 CTpaTeriyHo BUBAXKEHI MeHeKepPCbKi a/ibTEPHATUBM.

OgHUM i3 rONOBHUX HaNPAMIB MPAKTUYHOro 3actocyBaHHA ERP-cuctem € aBTOmaTtmsauia
obniky. Y npoueci AianbHOCTI NiANPUEMCTBA 3A4IMCHIOITb 3HAYHY Ki/bKiCTb ¢diHaHCOBMX,
OyxranTepcbKUX Ta CKNAACbKUX onepauiii, 06pobKa AKMX NoTpebye BUCOKOT TOYHOCTI Ta LWBUAKOCTI.
BukopuctaHHa BAS f03Bonse aBTOMATM3yBaTW OpraHisauii ¢piHaHCOBOro Ta NoAaTtkoBoro 06iky,
nigrotoBKM ¢iHAHCOBOI 3BITHOCTI, 06NiK TOBapHO-maTepianbHUX LiHHOCTEN Ta HapaxyBaHHA
3apobiTHOI NnaTu. 3aBAAKM aBTOMATMU3aLLii 3SMEHLLYETLCS Ki/IbKICTb MOMU/IOK, MOB’A3aHUX i3 Py4YHOLO
0b6pobKoto iHpopMaLLii, @ TAaKOK CKOPOUYIOTbCA YAacOBi BUTPATU Ha BUKOHAHHA PYTUHHUX ONepaLiid.
OHnariH-nnatpopma «BnpaBHO» A0AaTKOBO 3abe3neuye ePeKTUBHWUI €IEKTPOHHMIN AOKYMEHTOODIr
Ta CNPOLLYE Npouec KpoC-PyHKLiIOHANbHOTO MEHEAXMEHTY Ta KOOPAMHALIT 3yCUAb MiX PiSHUMMU
Biaainamm cyb'ekta rocnogaptoBaHHa [1].

Ba)kAnMBum HanpaAmMom BMKOpUCTaHHA ERP-cuctem € mopentoBaHHA ¢piHAHCOBUX MOTOKIB
nignpunemcrea. 3a gonomoroto BAS nignpuMemcTBa MOXKYTb aHani3yBaTU PyX FPOLUOBMX KOLUTIB,
KOHTPO/IIOBATU HAAXOAKEHHA Ta BUTPATH, @ TAKOXK NPOrHO3yBaTh ¢iHAaHCOBI pe3ynbTaTh AiANbHOCTI.
Ona ouiHBaHHA KafbKynsUii Ta NPOrHo3yBaHHA YMCTOrO PyXy FPOLUOBMX KOLITIB 3aCTOCOBYETHLCA
TakmMin popmanisoBaHuit anroputm [4]:

CF=1-0
ae: CF — unctuim rpowosumin noTik; I — HagxoaxeHHs kowTis; 0 — BUTPATU KOLWITIB

MpaKTUYHe 3acTocyBaHHA ERP-cMcTeM TaKoXK NOB’sI3aHe 3 KOHTPOJIEM PECYpCiB NiANPUEMCTBA.
Cnctemun aBTOMaTM3auii 4O3BONAKTL KOHTPO/IIOBATU eKchiyaTauito BUPOOHUYMX, MOHETAaPHUX Ta
KagpoOBUX aKTMBIB, FapaHTylO4YM BULMWA pPiBEHb TOYHOCTI KOPNOPATMBHOIO MNPOrHO3yBaHHA. 3a
aonomoroto BAS nignpuemctea MoOXKyTb 34iMCHIOBAaTU MOHITOPUHI 3a/INLLKIB TOBapiB Ha CKAadax,
KOHTPO/IIOBAaTM pPyX MaTepianiB Ta aHanisyBaTu eQEeKTUBHICTb BMKOPUCTAHHA pecypciB vy

85



BUPOOHUYOMY npoueci. OHnaliH-nnaTtdopma «BnpaBHO» 3abesneyye WBUAKMA AOCTYyN A0
AOKYMEHTaLi Ta CNpUAE NiABULLEHHIO NPO30POCTi BHYTPILWHIX Npouecis nignpuemctsa [3].

3 MeTO0 AiarHOCTMKKM KoedilieHTa KOPUCHOI Aii HAABHOIO PecypCHOro NOTEeHLUiany Ta OLiHKK
pe3ynbTaTiB KOMEpPLiMHOI A4ifNbHOCTI KOMMNaHIl 3aCTOCOBYETLCA NOKA3HUK PeHTabebHOCTi:

P
Rene =7 % 100%

ne: R.,+— piBeHb peHTabenbHoCTi; P— npubyTokK nignpuemcrea; C— BUTPATK NigNpUEMCTBA

AHaniz epeKTUBHOCTI AiANbHOCTI € WO CTAaHOBMUTL LWEe OAMH CTPaTeriyHO 3HauyyliniA BEKTOP
iHTerpauii Ta ekcnayatauii ERP-nnatdopm. BukopuctaHHs BAS Ta «BnpaBHO» [03BONAE
NiANPUEMCTBAM  34JIMCHIOBATU KOMMNEKCHUA aHani3 ¢GiHAHCOBMX MOKA3HWKIB, OLiHIOBATH
NPOAYKTUBHICTb POBOTUM CTPYKTYPHMX Nigpo3ainie Ta BM3HA4YaTU e(eKTUBHICTb YMNPaBAIHCbKUX
piweHb. ERP-cuctemm 3abesnevytotb popmyBaHHA aHANITUYHMX 3BIiTiB, LLLO A03BOJIAE KEPIBHULTBY
ONepaTMBHO OLiHIOBATU pe3ynbTaTU AiANbHOCTI MigNPUEMCTBA Ta BMABAATM HanpAMKM 4NA
NnoAasblLoro BAOCKOHaNeHHs [1].

BukopuctaHHAa ERP-cuctem y NoeaHaHHI 3 maTeMaTUYHUMKU MeTOAaMWM aHanily A03BONAE
NigNPUEMCTBAM 34iACHIOBATM NPOrHO3yBaHHA GiHAHCOBUX pe3yabTaTiB, MOAENOBATH Pi3Hi cLeHapil
PO3BUTKY Ta OLHIOBATU MOXAUBI pu3nKK. Hanpuknag, 3a gonomoroto BAS moxKHa po3paxoByBaTu
EeKCTpanonAuinHi  mexi BMMNYCKY TOBapiB, 3A4iACHIOBATM MPOrHOCTMYHY OUiHKY noTpeby B
MaTepiaNbHUX pecypcax Ta aHanisyBaTM AMHaMIKy BUTpaT nignpuemcrsa. OHnanH-nnatpopma
«BnpaBHO» 3abe3neuye onepaTuBHe Big0bpaxKeHHA pe3ynbTaTiB AiANbHOCTI Ta CNPOLLYE npoLec
ynpaeniHHA 4OKYMeHTaUi€to i piHaHcoBUMM onepauismu [4].

Kpim TOro, martematMyHe MOAENIOBAHHA Oi3Hec-npouecis  cnpuae  MigBULLEHHIO
KOHKYPEHTOCNPOMOXKHOCTI nignpuemcTsa. BukopuctaHHA cyydacHux ERP-cuctem .3abesneuye
BMBIZIbHEHHA YAaCOBMX PECYPCIB 3@ PaxyHOK aBTOMATM3aLlii CTaHAAPTU30BaHUX NPOoLLeayp, @ TaKoX
HiBENIOE AECTPYKTUBHUI BNAMB CY6'EKTMBHUX MOMMIOK NepcoHany Ta 3abesneuntun Ginbll TOYHUI
KOHTPO/Ab 33 AianbHicTio nignpuemctea. Lle o0cob6anMBO akTyanbHO Yy peaniax iHTEHCUBHOI
KOHKYpeHTHOi 6opoTbbu Ta HenepeabavyBaHOCTI cydacHoro bisHec-cepeaosumLua [3].

OT1Ke, BuKopuctaHHa ERP-cuctem BAS Ta oHnaliH-naaTtdopmn «BnpaBHO» € eDeKTUBHUM
iHCTPYMEHTOM MaTeMaTUYHOro MogentoBaHHA 6i3Hec-npoueciB nianpuemctsa. [aHi cuctemu
3abe3nevyytoTb aBTOMAaTM3aLi0 YNPaBAIHCbKOT AiANbHOCTI, NiABULLYIOTb TOYHICTb €KOHOMIYHOro
aHani3y Ta popMyHTb HaZiHEe aHaNiTUYHe NiArPYHTA ONA YXBa/IEHHA BUBAXKEHUX Ta PaLLiOHaNbHUX
MEHEeXKEPCbKUX anbTepHaTMB. Y pe3ynbTaTi NignpueEMCTBA OTPUMYIOTb MOXKAMBICTb BinbLu
e(deKTMBHO BMKOPUCTOBYBATU PECYpPCH, NPOrHO3yBaTK pPe3ynbTaTu AiANbHOCTI Ta aganTyBaTUcs 4o
Cy4acHUX YMOB LUMPpPOBOi EKOHOMIKM.
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€OAUHE LWD®POBE HABYAJ/IbHE CEPEAOBULLLE « COLLAINER PULSE»

Lndposizauia ocBiTM CTUMYNIOE PO3BUTOK OHIAMH-NAATGOPM, NPOTE CY4aCHUIN HAaBYANbHUN
npouec gefani 6inble noTepnae Big BTpaTH winicHocTi. Ornag icHytoumx piweHb (Google Classroom,
Moodle, Microsoft Teams) BMABMB KPUTUYHY NpoBAEMY: PO3MOPOLIEHICTb IHCTPYMEHTIB MiX
OecaTKaMM HENOB'A3aHMX cepBiciB. Lle nopoaxKye «UnMdpoBMin Xxaoc», Ae BYUMTENI Ta agMiHICTpaTOpH
3MYLUEHi BUTPayaTh 3HAYHMIM YacoOBMIN PECYpPC He Ha HaBYaHHA, a Ha bopoTbby 3 iHTepdeicamn Ta
PYTUHHUI NOLWYK AAHUX Yy PI3HUX AxKepenax. BiacyTHiCTb KomnaeKcHoro niaxogy Ta rAnBoKoi
aQHaANITUKM POBUTL YNpPaBAiHHA OCBITHIM NpoLecom GparMmeHTapHUM i HeePEKTUBHUM.

MeTot poboTM € NPOEKTYBAHHA Ta peanisauia uinicHoi ocBiTHbOI ekocuctemun «Collainer
Pulse». Mnatdopma po3pobneHa ana o6’egHaHHA agMiHICTPATUBHUX, aHANITUYHUX Ta NeAaroriyHnx
iHCTPYMEHTIB Y €ANMHOMY KepOBaHOMY CepefoBMLi, WO 3abe3neyye aBTOMATM3ALIO CKAAAHUX
NMPOLLECiB, iHTENEKTya/IbHE NPOrHO3yBaHHA Pe3y/abTaTiB Ta abCcoNOTHY NPO30PIiCTb HABYaHHA AA
BCiX yYaCHMUKIB.

YHiKanbHi po3pobneHi pyHKLiOHAaNbHI KOMNOHEHTM NAATPOPMU:

1. NMpPOrHOCTUYHA aHaNITUKA Ta MOAENOBAHHA HaB4YaNbHOro nporpecy. Ha BigmiHy Big
CTaHOAPTHUX eNEeKTPOHHUX KYPHaNiB, AKi AMWe KOHCTaTyloTb PaKT OTPUMAHHA OUiHKK, cMcTema
3MIACHIOE TNMOOKY aHaNiTUKy MNOBEAiIHKM YYHiB. 33 AOMNOMOroOH a/iropUTMIB JiHiIHOT perpecii
6yayerbca 30-4eHHUIA NPOrHO3 YCNiLWHOCTI, HAa OCHOBI AKOTO Y4Y4Hi aBTOMATMYHO PO3NOAINAOTLCA 33
4OTMpPMA PiBHAMM pU3KKy. Lle ,03BONAE Negarory NPOakTMBHO pearyBaTh Ha MNOTEHLiNHI TPYAHOLL
e 4O MOMEHTY peanbHOro 3HUXeHHs 6anis. logaTKOBO iIHTErPOBAHO cUCTEMY rermmidikau,ii: yyHi
BUKOHYIOTb LWOAEHHI KBECTW Ta NIATPUMYIOTb CEPil aKTUBHOCTI, OTPMMYIOYM BipTyasibHi BUHaropoam
ANA KacTtomisauii npodinto, Wo TpaHCHOPMYE PYTUMHY Y CTIMKY 3BMYKY Ta NiABULLYE pPiBEHb
yTpUMaHHsA ayauTopii (Retention) [6, 8] .

2. MNpeameTHO-OpieHTOBaHe cepeposuule V-Engine Ta BisyanbHWIA KOHCTPYKTOp Velox. AnAa
BUpilleHHA Npobiemn NoBiNbHOI KacTomisauii nnatpopmu nig cneundiyHi 3BiTM M 6a3m gaHux
OKpeMux 3aKknagis po3pobseHo BnacHe cepeaosuile po3pobku. BisyanbHuit KoHcTpykTop Velox y
noeAHaHHi 3 mosoto V-Engine no3sonse agmiHicTpatopam cTtBoptoBat HeobxigHi API-3acTocyHKM
metogom «drag-and-drop» 6e3 HaBMYOK MporpamyBaHHA. CuUCTeMa aBTOMATUYHO TreHepye
BMKOHYBaHWIN KOA, CKOPOYYOUM TEPMiIHN BNPOBAAKEHHA HOBUX IHCTPYMEHTIB A0 KiZIbKOX XBUAWH.
Lle 3abesneuye YyHiKanbHY T[HYYKICTb, A03BOJIAKOYMM BYMTENAM BECTU AiANbHICTb Y KiNbKOX
opraHi3auisx abo npuBaTHY NPAKTUKY Yepe3 eaANHUI Npodinb 3 HagiliHO i3osaUi€l0 gaHumX [3, 9].

3. TpupiBHeBa i30/1bOBaHa apxiTekTypa 6e3nekn Ta aAMiHICTPyBaHHA. 3amicTb OAHiEl
BPa3/IMBOI aAMiH-NaHeni, Ae Kibep3nam Beae A0 BTpaTh BCiel iHbopmali, iHpopmaliliHa be3neKka B
Collainer Pulse 3abesnevyetbcs 3aBAAKM noAdiny nnathopmm Ha Tpwu abCcoNOTHO i30/1bOBaHI
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nigcucTeMu 3 HesanexXHotw aBTeHTUdiKauieto [2]:

- COLA DE COMETA — naHenb KOHTEHT-agMiHiCTPyBaHHA 3 A0CTyNom 4epes
3alWMpOoBaHMI Kntoy-dann, ae 34iNCHIOETLCA YNPaBAiHHA KOPUCTYBa4YaMu, iIHTEFPOBAHO cucTemy
pe3epBHOro KonitoBaHHA 6a3u AaHUX Ta WBUAKMIA iMNOPT/eKcnopT;

- AXIOM OF UNICREST — iHTenektTyanbHun wut 6e3nekn 3 aBTeHTUOIKaLiEO Yepes
nianucaHunin Knod-pann anroputmom HMAC-SHA256. BiH 6e3nepepBHO CKaHYE BECb KOHTEHT Ha
XSS- i iH'eKLiMHI BPa3aMBOCTi, aBTOMATUYHO BUABAAE BpyTPopc-aTakm Ta MOHITOPUTbL aKTUBHI Cecii;

- SOMBRA DE LUA — ¢iHaHcoBO-oMnepaliiMHa naHenb MapKeTnaency, BXig Ao AKol
34iMCHIOETbCA Yepe3 nignucaHuii luna-dann. BMKOpUCTOBYETbCA AN pobOTM 3 KypHanamu
TPaH3aKLUin, KepyBaHHA 6anaHcamu Ta aHanNiTUKWU. Taka apXiTeKTypa rapaHTyeE, WO TeXHIYHUN,
¢diHaHcoBMI Ta 6e3NeKOBUIA CEKTOPU MNOBHICTIO i30/1bOBaHI, WO BiANOBIAAE Cy4acHMM nigxogam 4o
iHpopMmaLiiHOi 6e3neku.

Ome, nnatdpopma Collainer Pulse AeMOHCTPYE MOXKAMBICTb KOMMIEKCHOTO BUPIlLEHHSA
npobnem cyyvyacHux UMPPOBMX OCBITHIX cuctem. MigTpUMKa rAMBOKOI aHaNiTUKK, Bi3yaNbHOI
KacToMi3au,ii Ta TpupiBHEBOro 6araTopiBHEBOro WKUdpPyBaHHA GOPMYE YHiBEPCAZIbHUN iIHCTPYMEHT
ANA opraHisauii epeKTMBHOro HaB4YanbHOro cepenosBuwa. MoaynbHa apxiTeKTypa [A03BOANAE
iHTerpysaTth nnatdopmy ANA BUKOPUCTAHHA B PiSHOMAHITHUX OCBITHIX popmaTax [1, 4].

CnnUCcoK BUKOPUCTaAHUX AxKepen
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MPOEKTYBAHHA TA PO3POBKA CUCTEMMU YNPAB/TIIHHA HOTATKAMU

Y CbOrogHilWHiX peanisax N0AN WOAHA MpautolTb i3 BeAMKMMKU obcaramu iHdopmalii.
KopuctyBayi nocTiMHO MatoTb cnpasy i3 3aBAaHHAMM, ineAMM, HaragyBaHHAMM, maTepianamm, Ta
iHWWMK gaHUMK, AKI NOoTPebyroTb WBNAKOro A0CTyny. Y 3B’A3KY 3 UMM aKTya/IbHUM € CTBOPEHHA
Beb-3aCTOCYHKIB A1s ynpaBAiHHA HOTaTKamMW, WO [AalTb 3MOry LUEeHTpanisoBaHo 3b6epiratu
iHbopMmaLito, pegaryBaT ii Ta OTPUMYBATK A0CTYN A0 Heiy byab-aKkuii yac.

OTKe, nNpoaHanisyBaBWW HanABHi piweHHA (Google Keep, Notion, SimpleNote), BM3HaueHO
nepenik GyHKLiN Ta BUMOT A0 ManbyTHLOro NpoayKTy. MeToto po3pobKKU € CTBOPEHHSA 3aCTOCYHKY,
L0 NOEAHYE B CODi MPOCTOTY TEKCTOBOTO 3aNNCHMKA 3 A,043aTKOBOK MOXK/IMBICTIO Nepernaay HoTaTok
B OKpPeMMX BiKHaX. TaKOX Ha MeTi 404aTN MOXKAMBICTb 3aKPiNNeHHA 306paXKeHb, AKa € BaXK/IMBOIO
ONA KOpUCTyBaya, NpoTe He MOPYLWYE BM3HAYEHY KOHUEMLiI0 Ta BOAHOYAC BiACYTHA Y iHWMX
MiHIMaNiCTUYHUX PilLEHHAX.

Mig 4ac BWKOHAHHA poboTn 6yno obpaHo ¢penmBopk ASP.NET Core — cy4yacHy
BUcokoedekTnsHy nnatdopmy Big Microsoft 3 BiakpuTum BUXigHMM Kogom. BoHa BUpI3HAETbLCA
CBOEK YHIBEPCANLHICTIO Ta KPOCnAaTGOPMHICTIO, WO L03BONAE PO3ropTaTM roToBi pilleHHA Ha
Windows, Linux Ta macQS, 3abe3neuyoum npu LUboMy HaliBULLi NOKAa3HUKN NPOAYKTUBHOCTI cepef,
cyyacHux Beb-texHonorin [1]. Mnatdopma NPOMNOHYE PO3WMPEHI MOXKAMBOCTI ANA XMaAPHUX
obuncneHb, BOynoBaHi 3acobu 6e3nekM Ta ONTMMI30BaHYy pobOTy 3 nam'aTTio, Wo pobutb ii
ineanbHUM pyHAAMEHTOM A5 CTBOPEHHA HAAIMHMX CcepBiciB.

Y MerKax L€l ekocuctemn 6yn0o BUKOPUCTAHO apXxiTeKTypHuit wabnoH ASP.NET Core MVC,
AKMM € crnewiani3oBaHOO YacTUHOW GpPenMBOPKY A5 NoOyA0BU AMHAMIYHUX AoAaTKIB [2]. 3aBAAKM
MOAY/IbHIM CTPYKTYpi PO3POOHMK MOXKe nigKkaw4vaTn auwe HeobXigHi KOMMNOHEHTUM Yepes
meHeaKep naketis NuGet, a BOygoBaHU ABUIyH Razor [03BONAE CTBOPHOBATM FHYYKY PO3MITKY
CTOPiHOK, 36epiratoum NOBHMN KOHTPOJIb Hag 06POOKOK KOXKHOIO 3aNUTYy KOPMUCTYBaya.

ApxiTekTypHu wabnod MVC (Model-View-Controller) po3ginae 3acToCyHOK Ha TPM OCHOBHi
rPYNY KOMMNOHEHTIB 33 QYHKLIAMM, AKI BOHM peanisytoTb: MOAENi, NPeAcTaBleHHA Ta KOHTPOiepun
[2]. KoHTposiep KOOPAMHYE B3aEMOAID MiXX MOAENNI0 Ta NpeacTaBAeHHAM. Take po3melKyBaHHSA
0608B’A3KiB gONOMara€e cnpoCcTUTU NPOLLEC MaclITabyBaHHA NPOrpamm, OCKiNbKM ferwe po3pobnatu,
HaNaro4 KyBaTu Ta TECTYBATM OKPEMi KOMMNOHEHTU (MoAenb, NpeacTaBaeHHA abo KOHTpoep), Konu
KOXKEH i3 HUX BianoBigae 3a okpemy 3aaauy. Kpim Toro, 3aaiaHo Entity Framework Core ana po6otu
3 6a3ow AaHux, a TakoxK ASP.NET Core ldentity ana peanisauii mexaHiamis aBTeHTU®IKaLii Ta
aBTOpWM3aLii KopucTyBadis. AK cuctemy KepyBaHHs 6asamu gaHux obpaHo SQLlite, wo igeanbHo
nigxoauTb ANA WBMAKOTO CTAapTy Ta /IOKaNbHOTO 36eperkeHHA AaHunX. 3aBAAKM BUKOPUCTaHHIO Entity
Framework, apxiTeKTypa Ao4aTka [03BONAE NErko NeperTU Ha MNOTYXKHiWi CUcTemu, SK-0T
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PostgreSQL abo SQL Server, y pa3i 3pOCTaHHS KiNbKOCTi KOPWUCTYBauiB. 3py4HWM, cy4acHWUI Ta
NOBHICTIO aAanTUBHUI iHTepderc nnatdopmu 6yno nobyaoBaHO 3 BUKOPUCTAHHAM iHCTPYMEHTapito
Bootstrap.

PeanizoBaHO OCHOBHWI QYHKLIOHAN 3aCTOCYHKY: CTBOPEHHA, Mepernag, pegaryBaHHA Ta
BMAANEHHA 3anucis. KoXeH eneMeHT MiCTUTb 3aro/IoBOK, ONKMC, 306parKeHHA, a TAKOXK YacoBi MITKK
CTBOpPEHHA Ta OHoBAeHHA. [epeabayeHo peecTpauito Ta BXig A0 ocobuctoro KabiHeTy, ae
36epiratoTbca AaHi KOHKPETHOro KopucTtysada. OcobMBICTIO CUCTEMM CTaNa MOXK/IUBICTb BiAKPUTTA
KapTOK Y pop-up-BiKHax. 3aBAaKM LbOMYy AOCTyn A0 iHGopMaLii 3aANLIAETLCA 3PYYHMM HaBiTb 3a
MeXaMW TONOBHOFO eKpaHa. TakMW nigxig A03BONAE KOPMUCTyBayeBi OAHOYACHO MpauoBaT 3
OEeKiNbKoMa 3anMcamu, He BTpayaroudu ¢POKycy Ha OCHOBHOMY CMMUCKY HOTATOK. AJanTUBHICTb
AN3aMHy rapaHTye KopeKTHe BifobparkeHHA Ak Ha MK, TaK i Ha cmapTdoHax.

Miacymkom pob0oTH CTaNo CTBOPEHHA Cy4acHOro Beb-cepsicy Ana ynpaBaiHHA HOTaTKaMK, WO
Bi4MNOBiAA€E aKTyalbHUM TEXHIYHUM BMMOram. [0/I0BHOK MepeBarok CTBOPEHOro pPilleHHA CTano
BAANe MOEAHAHHA MIHIMaNiCTUYHOI NPOCTOTU KAACMYHOIO TEKCTOBOIO 3aMMCHUKA 3 PO3LLMPEHOID
GYHKUIOHaNbHICTIO Nepernsgy HOTAaTOK B OKpeMuX BiKHAX. [JoChigKeHOo apXiTeKTypHWI wabnoH
MVC Ha 6a3i ASP.NET Core Ta po3rnsHyTo MOBHMW npouec peanisauii Be63acTtocyHkis. Hagani
NNAHYETbCA BAOCKOHAAUTU Nporpamy, A0AaBLIM MOLWYK, 3aKPiNAeHHA BaXK/MBUX €NeMEHTIB Ha
naHeni WBMAKOro AocTyny Ta GyHKLi0 HAACUIAHHA AAaHUX HA €1IeKTPOHHY NOLWTY.

CnnCcoK BUKOPUCTAHOI NiTepaTypu

1. ASP.NET documentation. Microsoft Learn: Build with answers in reach. URL:
https://learn.microsoft.com/en-us/aspnet/core/?view=aspnetcore-10.0  (aaTa 3BepHEHHS:
18.04.2026).

2. Overview of ASP.NET Core MVC. Microsoft Learn: Build with answers in reach. URL:
https://learn.microsoft.com/en-us/aspnet/core/mvc/overview?view=aspnetcore-10.0 (gata
3BepHeHHA: 19.04.2026).

91


https://learn.microsoft.com/en-us/aspnet/core/?view=aspnetcore-10.0
https://learn.microsoft.com/en-us/aspnet/core/mvc/overview?view=aspnetcore-10.0

Bitanin CEMEH
LBH3 «YxceopodceKuli HayioHansHuUli yHisepcumemb», YKpaiHa
semen.vitalii@student.uzhnu.edu.ua

Haykosuli kepisHuK — Nasno MYJ/IECA
LBH3 «YxceopodceKuli HayioHansHuUli yHisepcumemb», YkpaiHa

NPOEKTYBAHHA TA PEANI3ALIA ABANTUBHOI BEB-NJIAT®OPMU
3 BUKOPUCTAHHAM FULL-STACK niaxoay

CtaHom Ha 2026 pik Full-stack po3pobka 6a3yeTbca Ha iHTerpauii cepBepHOi NOriku 3
BMCOKOEdEKTUBHMMM KNIEHTCOKMMMU iHTepdecamm ans CTBOpeHHA MmaclwtaboBaHux cuctem [1; 4].
AKTYanbHIiCTb A0CNiAXKeHHA 3yMOBJIEHa HeobXigHiCTIO po3pobKM mMemopianbHUX NAaThopm, LLO
3abe3neuytoTb cTabinbHy pobOTY Ta WBMAKY aAanTaLilo KOHTEHTY Ha Pi3HUX TUNAxX NPUCTPOIB.

O6’ekToM po3pobKKM € aganTMBHa Beb-nnatdopma ANA NpeacTaBAeHHs iHopmaLii npo
repois BiliHW. CepBepHa YacTUHa peanizoBaHa Ha Python 3.12 3 BUKOpUCTaHHAM ¢peiriMmBOpPKY
Django Ta Django REST Framework [1; 2]. Ana 3abe3neyeHHs aBTOMaTUYHOI AOKYMeHTaUii APl Ta
BianosigHocTi ctaHaapty OpenAPl BuKopuctaHo nakeT drf-spectacular. ApxiTektypa 6ekeHay €
MOAY/NbHOM, WO [A03BONAE HE3aNeXHO KepyBaTU KOHTEHTOM, Megiadarinamm Ta [aAHUMMU
KOPUCTYyBaUiB.

Frontend-cknagosa nobyaoBaHa Ha 6a3i Next.js Ta React 3 BukopuctaHHam TypeScript [4; 5;
7]. BukopuctaHHa React Server Components f,03BONSE ONTUMI3yBaTK Nepeaayvy AAHUX Ta SMEHLLNTH
HaBaHTA)KEHHA Ha KNIEHTCbKY 4YacTUHY. ApanTUMBHICTb iHTepdency 3abesneyyeTbca 3acobamu
Tailwind CSS, W0 103B0/IAE CTBOPIOBATU FHYUYKi MaKeTu, CTINKi 40 3MiH pO3Mipy ekpaHa.

BuKopucTaHHA 3miHHUX cepepoBuila ana dopmysaHHA URL-aapec no3Bonsie 6e310BHO
nepeMmnKaTi NnatGopmMy MixK N0KaIbHUM CepefoBULLEM PO3POOKN Ta NPOAYKTUBHMUM CEPBEPOM.

BukopuctaHHa Full-stack nigxogy Ha ocHoBi cy4acHux GpermmMBOPKIB 403BONAE CTBOPUTU
uinicHy iHdopmauinHy cucTemy 3 BUCOKMM piBHEM 6e3neKkuM Ta NPoAYKTMBHOCTI. Po3pobneHa
apxiTeKkTypa BiANOBiJA€e CcTaHAapTam cy4yacHoi Beb6-po3pobkM Ta rotoBa A0 NOAANbLIOIO
GYHKLIOHANbHOO PO3LUMPEHHS.

Cnucok BUKOPUCTAHUX AXxKepen

1. Django Documentation. URL: https://docs.djangoproject.com/.

Django REST Framework Documentation. URL: https://www.django-rest-framework.org/ [15;
20].

drf-spectacular Documentation. URL: https://drf-spectacular.readthedocs.io/.

Next.js Documentation. URL: https://nextjs.org/docs [15; 20].

React Documentation. URL: https://react.dev/.

Tailwind CSS Documentation. URL: https://tailwindcss.com/docs.

No vk~ w

TypeScript Documentation. URL: https://www.typescriptlang.
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AKTYA/IbHICTb MPOBJIEMUW PO3BUTKY HABUYOK MIXKKY/IbTYPHOT KOMYHIKALIT MAMUBYTHIX
MEHEOXEPIB

AKTyanbHiCTb nNpobnemn pPoO3BUTKY HABMYOK MIiKKYAbTYPHOI KOMYHiKaLii MalnbyTHix
MeHeKepiB 3yMoB/ieHa 3MiHAMW B XxapaKTepi npodeciiHoi ynpaBaiHCbKoi gianbHocTi. CyyacHUn
MeHegKep Aefani yacTiwe Npautoe B YMOBAX MOBHOI, KynbTypHOI, UMdpPOBOi Ta opraHisauiiHoi
pi3HOpigHOCTI: 6epe yyacTb y NeperoBopax, 4i10BOMY ANUCTYBaHHI, OHAAMH-Hapaaax, MiXKHapoAHMX
MPOEKTAaX, KOMYHiKauii 3 napTHepamu, KAiEHTaMM M KOMaHOAMW 3 pPi3HUM NpodecinHMm i
KYAbTYPHUM O0CBIAOM. Y TaKMX CUTYaLLiAX HEAOCTATHBLO /INLLE BONOAITU IHO3EMHOK MOBOLO Ha PiBHi
$axoBOT IEKCUKM UM CTaHOAPTHUX AinoBux ¢ppas. MoTpibHa 34aTHICTb CAYXaTH, YTOYHIOBATU CMUC/IU,
a[anTyBaTU MOBIJOMNEHHA [0 agpecaTta, 36epiratm NPodeciMnHU TOH Y Hanpy*KeHUX CUTYyaLisX,

YHUKATUN CTEPEOTUNHUX MOACHEHDb i Me,ﬂ,iI-OBaTM HeI'IOpO3yMiHHﬂ.

HaykoBi nigxogmM [0 MiXKYAbTYpHOI KOMNETEHTHOCTI NiAKPEecntoTb, Wo edpeKTUBHA
B33aEMOZiA 3 NPeACTaBHUKAMM iHLIMX KyNbTyp NOTpebye He nuwwe 3HaHb, a 1 pednekcii, BigKpUTOCTi,
KPUTUYHOTO OCMWUCNEHHA BNIACHMX NMPUNYLEHb i 34aTHOCTI AiATM AOPEYHO B KOHKPETHIN cuTyauii
(Byram, 1997; Deardorff, 2006). Ana manibyTHiX MeHepKepiB Le MAE NPUKAALHE 3HAYEHHA,
OCKiNbKN NOMWUKA Y OPMYNIOBaAHHI AiNOBOro NCTa, HEBAANA PeaKLia Ha NPeTeHsilo, HEKOPEeKTHe
TAYMaYeHHA MOBYaHHA NapTHepa abo HagMIpPHO NpAMeE BUC/NIOBAEHHA HE3roAM MOXKYTb BMJIMHYTU
Ha AKICTb cnisnpaLi, piBeHb 40BipK 11 pe3ynbTaT NeperoBopis.

Ocob6mBoi Baru HabyBae MynbTU/iHIBaIbHWUY Niaxia. BiH Aae 3mory po3rnsaaTtv pigHy Mmosy,
iHO3eMHY MOBY, NpodecinHy TepmiHOoNOrilo, nepeknan, uUudPoOBi CAOBHUKW, aBTOMATU30BaHI
nepeknagadvi i WI-iHCTpymeHTM AK B3aemonoB’sA3aHi pecypcy NpodeciiHoro Nopo3ymiHHA. Y Takin
Noriyj iIHWOMOBHA MiAroToBKa ManbyTHIX MeHeaKepiB Mae byTn cNpsiMOBaHa He AuLWe Ha MOBHY

NPaBWAbHICTb, @ 1 Ha Megialilo CMUCNIB, KyAbTypHY AOPeyYHicTb, undpoBy BignoBiganbHicTb i
KPUTUYHE BUKOPUCTAHHA MOBHUX TEXHOJIOTIMN.

OTKe, Npobsiema € aKTyaibHOW Yepes NoTpeby OHOBMEHHA 3MICTY iHLUOMOBHOI MiZIFOTOBKM
ManbyTHIX meHeaKepiB. BoHa mae 3abe3neyyBaT PO3BUTOK KOHKPETHUX HAaBMYOK MiXKKYNbTYPHOI
KOMYHiKaLii, AKi MOXKHa cnocTepiratn, GopmyBaTh i OLIHIOBATM: KY/IbTYPHOrO CaMOYCBiAOMNIEHHA,
aKTUBHOIO C/lyXaHHA, YTOYHEHHs I nepedpasyBaHHA, aganTauii nNoBigoOMAeHHs, Meaiauii
HEenopoO3yMiHb, EMOLINHOI camoperynauii Ta LMdpoBoi M MynbTUAIHIBAAbHOI rHy4YKocTi. Came ue
BU3HAYa€E [AOUINbHICTb AOCNIAXEHHA Teopil i MPAKTUKU PO3BUTKY TaKUX HABUYOK Yy MPOLECI
iHLWOMOBHOI NiAroTOBKM Ha 3acagax My/AbTUAIHIBAAbHOTO NigxoAy.

Cnucok BUKOPUCTAHUX AXxKepen

1. Council of Europe. (2020). Common European Framework of Reference for Languages: Learning,
teaching, assessment. Companion volume. Council of Europe Publishing.
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MATEMATUYHI MOAE/I OCBITHIX CEPEAOBULL AK IHCTPYMEHT NIATPUMKMU
YNPABNIIHCbKUX PILLEHDb B OCBITI TA BISHECI

LUundposisauia ocsiTn Ta 6i3Hecy nocuntoe notpeby B iHCTpyMeEHTax, AKi AaloTb 3MOry He
JINLLIE HAKOMWYyBaTW HaBYasibHi AaHi, a M NepeTBoploBaTM iX Ha nigcTaBy ANAa OGrPYHTOBAHUX
yNpaBAiHCbKUX piweHb. OCBITHE cepefoBULLE CbOrOAHI MOXHA PO3rAA4aTU AK CKAA4HY CUCTEMY
B3aEMOAi CTYAEHTIB, BUKNAZauiB, LMPPOBUX pecypcCiB, HaBY4a/IbHOITO KOHTEHTY M 30BHILUHIX BUMOT
PUHKY npaui. Y 38iTi Business-Higher Education Forum HaronoweHo, wo ans undpoBoi eKOHOMIKK
BaXK/IMBMM € NOEAHAHHA UMDPOBMX, NOACBKMX i Bi3HECOBMX HABWMYOK, 30KPEMA aHaNi3y AaHUX,
yrnpaB/iiHHA MPOEKTaMM, KOMYHiKauii gaHux i pobotn 3 6isHec-npouecamun [1]. Ans 6i3Hec-
OpPIEHTOBAHOI OCBITU Lie 0COBIMBO BarK/IMBO, OCKI/IbKM OCBITHS NpOrpama Mae€ He Inlle nepeaaBaTty
3HAHHA, @ 1 GOpPMYyBATM KOMMETEHTHOCTI, AKi MOXHA BUMIPATM, NPOAHANiI3yBaTW Ta 3iCTaBUTU 3
aKTyasbHUMU BUMOTramm npodecinHoi AianbHOCTI.

Mpobnema nonsrae B TOMY, WO 3Ha4yHa YacTMHA LUPPOBMX OCBITHIX CUCTEM BUKOHYE
nepesBaxHo QYHKLUi 36epexKeHHs, nepeaaBaHHs M NepBUHHOI 06pobKK iHpopMmalii, ane He 3aBXKan
3abe3neyye NOBHOLIHHY NiATPUMKY yXBasieHHs pilleHb. Y poboTi W. Wang nokasas, Wo cuctemmu
NiIATPMMKN pilleHb B OCBITi MOXYTb BUKOPUCTOBYBATU METOAM iIHTENEKTYANbHOIO aHanNi3y AaHUX i
mogeni aepes pieHb ANA OUIHIOBAHHA AKOCTI BWKA3ZaHHA, MPOrHO3yBaHHA pe3ynbTaTiB Ta
3MEHLWEeHHA HaBaHTaXXeHHA Ha aaMiHicTpaTopis [2]. Le cBigunTb Npo AOUiNbHICTL Nepexoay BiA
OMWCOBOr0 aHanisy OCBITHIX AaHMX A0 NOOyAO0BM MaTeMaTUYHUX MoAeNen, AKi AaloTb 3mory
BUSIBNATM 3aKOHOMIPHOCTI, MPOrHO3YyBaTK PU3NKN 1 06MpaTu ePeKTUBHI yNpaBiHCbKI Ail.

Y MeXKax JocniaKeHHA MaTeMaTUYHa MOZEeNb OCBITHbOrO cepesoBULLLA MOXKe ByTu noaaHa
AK ¢dopmanizoBaHUii ONUC 3B’A3KIB MiXK MOKa3HMKAMW aKTUBHOCTI CTYAEHTIB, HaBYa/lbHUMMU
pesynbTatamu, AKiCTIo LMPPOBOro KOHTEHTY Ta BiAMNOBIAHICTIO OCBITHLOI Nporpamm noTpebam puHKy
npaui. Y3aranbHeHO pe3ynbTaTUBHICTb TAKOro CEpeaoBMLLLA MOXKHA 3anNMcaTh Y BUTALI 3aN€XHOCTI:

E=f(A R, C B),
E — edeKTMBHICTb OCBITHLOrO CEpeaoBuLLa,
A — aKTUBHICTb Y4aCHMKIB HaBYaHHSA,
R — HaBYaNbHI pe3ynbTaTy,
C — AKiCTb | AOCTYNHICTb UMPPOBOro KOHTEHTY,

B — BignoBiAHICTb NiAroToBKM Bi3HEC-OPiEHTOBAHUM KOMMNETEHTHOCTAM.
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Taka ¢opmyna He € 3aBePLIEHOK pPO3PAXYHKOBOK MOAENN0, OfHAK 33a4a€ /OoriKy
noAanbluoi popmanisauii: OCBITHE cepenoBMLLE OLHIOETLCA HE 33 OAHMM MOKa3HMKOM, a 3a
CYKYMHICTIO B3AEMOMNOB A3aHMX NapameTpiB.

Ba)knAnBy posb y TaKOMy MOAENIOBAHHI BifirpatoTb LMPPOBI pecypcy Ta aHaNiTUYHI NaHeni.
Y pocnigeHHi U. Salinas Ta cniBaBTOpiB NokasaHo, wo dashboard-iHcTpymeHTH y HaBY4anbHOMY
CepefoBuLL CNPUAKOTb CAaMOPEry/IbOBAHOMY HABYaHHIO, MiXKAMUCUMMAIHAPHIA chiBnpayi Ta
3aCTOCYBaHHIO MaTEeMaTMYHOrO MOAE/NBaHHA A0 peanbHuUx npobnem [3]. MoaibHi 3acobu
[03BONAIOTE (iKCyBaTM XiA, HaBYa/bHOI AiANbHOCTI, Bi3yanisyBatu nporpec i 3abesnedvysBatu
3BOPOTHMIN 3B’A30K. BogHouyac ornag M. C. Cevikbas 3acBiguye, wo umdposi TexHonorii y
MaTeMATUYHOMY MOZENIOBAHHI A0MNOMaratoTb Bi3yanidyBaTM [AaHi, BUKOHYBaTU OBYMCNEHHA,
6yayBaTW KinbKa B3aEMOMNOB’A3AHUX NpeacTaBneHb, ane noTpebyoTb HanexHoi umdposoi
KOMMETEHTHOCTI Y4aCHUKIB OCBITHbOroO npouecy [4].

3 nosuuji ynpas/siHHA OCBITOK MaTemMaTU4YHi MOAENi MOXYTb OyTM BMKOPUCTaHI Ans
NPOrHO3yBaHHA YCMIWHOCTI CTYAEHTIB, BWABNAEHHA TPyn PU3MKY, OLIHIOBAHHA e(deKTUBHOCTI
HABYa/IbHOrO KOHTEHTY, N/IaHYBaHHA PECYPCiB i KOPUTYBAHHA OCBITHIX Nporpam. ¥ LboMy KOHTEKCTI
Learning Analytics i Business Analytics ctatoTb noriyHO 6/M3bKMMMK IHCTPYMEHTaMKU: neplua
OPIEHTYETLCA Ha aHa/li3 HaBYa/IbHUX AiN | pe3y/ibTaTiB, Apyra — Ha NiATPUMKY CTPaTEriYHUX PilleHb
i JOCArHEHHA NPaKTUYHOI UiHHOcTi. M. Cho i J. Kim nokasytoTb, Wo iHTerpauia 6isHec-aHaniTMKM B
OCBITHE NPUNHATTA PilLeHb A€ 3MOTY BUABAATU NAaTEPHU NOBEAIHKN CTYAEHTIB, OLiHIOBAaTU YUNHHUKN
pe3ybTaTUBHOCTI Ta CBOEYACHO NPOMOHYBATU NiATPUMKY [5]. Y Takomy niaxoai ocBiTHA nporpama
pPO3rnAfa€eTbCA AK FHYYKa CUCTEMA, IKY MOYKHA KOPUTyBaTK BiANOBIAHO 40 3MiH NpodecinHMX BUMOr
i noTpeb bisHec-cepenosMLa.

OT)Ke, maTemaTUYHi MoAeni OCBITHIX cepenoBULL, MOXHA PO3rnAaaTM AK IHCTPYMEHT, LWO
NOEAHYE HaBYa/bHi AaHi, UMPPOBI TexHOJOrii Ta ynpaBAiHCbKi NoTpebu ocBiTn 1 bisHecy. BoHun
3abe3neyytoTb nepexig Big iHTYITUBHOrO ynpasaiHHA A0 pilleHb, 3aCHOBaHWX Ha AaHWX, OaloTb
3MOry NPOrHo3yBaTh pe3ynbTaTh HaBYaHHA, BUABAATM CAbKi micuAa OCBITHIX Nporpam i aganTyBaTty
nigroToBKy gaxiBuiB 40 3MiH Y UMPOBIl eKoHOMiIL Ta BisHec-cepeaoBuLLi. Moganblui A40CNiIAKEHHA
AOLI/IbHO cnpsAMyBaTU Ha NobyaoBy MNPakKTUYHUX MOAENEN OLUiHIOBaHHA ePeKTUBHOCTI OCBITHIX
cepefioBulll, Yy AKMX OyayTb BpaxOBaHi He nuvlle aKafeMiyHi pesynbTaTv, a W BignoBigHicTb
nigrotoBkM ¢axisuiB NnoTpebam pUHKY npau;.
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TEOPETUYHI TA TEXHONOrYHI ACNEKTU PO3POBKU MN/IAT®OPM
USER-GENERATED CONTENT

3 cepeanHn 2000-x poKiB iHTEpHeT TpaHCcPOpMyBaBCA 3 MNPOCTOPY CMOXMBAHHA
MeLiaKOHTEHTY Ha NAaTPopMy aKTMBHOI y4acTi KOpUcTyBauiB. 3rigHo 3 gocnigxeHHam OECP, User-
Generated Content (UGC) xapakTepusyeTbca TpbOMa O3HaKamMu: Ny61iYHOK AOCTYMNHICTIO, TBOPYUM
BHECKOM Ta CTBOPEHHAM MNo3a mexxamu npodeciiHux npaktmk [1]. Po3pobka UGC-nnatdopm
noTpebye po3yMiHHA TEOPETUYHUX OCHOB LMPOBOI KYyNbTYPU Ta CY4aCHUX TEXHONOFIYHUX pilleHb.

Tim O'Peitniy 2004 poui onncas Web 2.0 yepes npMHUMN «4aHNX AK KOHKYPEHTHOI NepeBarm»
— NNaTPOPMM HAKOMMUYIOTb LiHHICTb Yepe3 KOHTEHT KOpUCTyBauyiB [2]. IHTepHeT-memu Ak dopma
UGC 3acnyroBytoTb OoKpemoi yBaru. Pivapg [okiH3 y 1976 poui BBiB TepMiH «mem» gna onucy
OAMHULD KyNbTypHOI nepegadi [3]. /1. LUndmaH BU3HAYAE MeEMU AK OAMHULI LMPPOBOrO KOHTEHTY,
11O TPaHCHOPMYIOTLCA Y NPOLLECi MacoBOro BiaTBOpeHHA [4].

Reddit geMoHCTpYe eBOAOLiIO Big MOHONITHOI 40 MIKPOCEPBICHOT apXiTEKTYPU, BUKOPUCTOBYE
Python Ta Go, Redis ans KewysaHHA. Imgflip peanisye KnieHTCbKy reHepauito yepes Canvas API, wo
MAE HeZloNiK — 3aJIeXKHICTb Big bpaysepa. Know Your Meme noeaHye eHUUKAoONEeANYHNIA KOHTEHT
3 UGC. AHani3 nokasas, WO ANA CepefHiX NPOEKTIB CTPYKTYPOBAHA MOHOANITHA apXiTEKTypa €
NPUAHATHUM pPilLEHHAM.

Single Page Application 6a3yeTbca Ha po3merkyBaHHI ¢poHTEHAY Ta beKkeHay. beKkeHa Hagae
OaHi yepes JSON API, ppoHTeHA 34iMCHIOE peHAEPUHT Ta POYTUHT. ApxiTeKkTypa 6a3yeTbca Ha REST-
npuHumnax P. ®ingiHra: po3gineHHA KOMNOHEHTIB, yHipiKoBaHMI iHTepdeliC, BiACYTHICTb CTaHy MiX
3anuTtamm [5]. SPA 3abe3neyye BUCOKY LIBMAKICTb HaBiraLii Ta BigMiHHY iHTEPaKTUBHICTb.

FastAPl obpaHO 3a acMHXPOHHICTb 4Yepe3 async/await, aBTOMaTM4Hy Banigauilo yepes
Pydantic Ta npoayKktusHictb (60k req/s) [6]. PostgreSQL 3abe3neuye niatpumry UUID, JSONB, ACID-
TpaH3akuin [7]. SQLAIchemy ORM Hagae TtunobesneyHun iHTepdenc go b 3 niaTpumkoro
KackagHux onepaui. React 3 TypeScript 3abesneyye KomnoHeHTHMN nigxia, Virtual DOM Ta
TMnobesneky. Pillow ans cepsepHoi 06pobKM 306parkeHb 3abe3neyye KOHCUCTEHTHICTb pe3yabTaTy

[8].

Cuctema Epic Meme Maker nobyagoBaHa TpupiBHeBo: React SPA, FastAPl 3 n'atbma
poyTepamu, PostgreSQL + ¢ainnosa cuctema. APl Bkatovae 14 RESTful eHanoiHTiB (ny6niyHi Ta
3axuuweHi). basa paHux: users, memes, posts, articles, post_memes (6arato-go-6aratbox),
user_likes. PeanizoBaHo JWT-aBTeHTMikauio [9], KackagHe BUAANEHHSA, CEPBEpPHY reHepadito
MeMiB (3aBaHTaXKEHHA —> PO3paxyHOK WpPKUTY = HaKNaAaHHA TEKCTy - 36epexkeHHA y /media/ >
3anuc URL go BA).
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Moaynb memiB: cepBepHa reHepalis, ranepes 3 Masonry Layout, npusatHi/nybniyHi ctatycu.
Mopaynb nybnikauin: couianbHa CTpiYKa, cucTemMa nankis yepes toggle pattern, aBToiHKpemeHT
repost_count. Moaynb ctateii: WYSIWYG-peaaktop React Quill, goctyn nnwe gna mogepaTtopis.
Mpodinb: ranepea memis, CMNCOK NOCTIB, 3MiHA aBaTapKM.

YcniwHa po3pobka UGC-nnatdopm notpebye KOMMAEKCHOrO nigxoAy: pPO3yMiHHA
TeopeTMYHUX ocHoB (KoHuenuia UGC, deHoMeH MeMmiB), aHanizy apXiTeKTypHUX pilleHb Ta
obrpyHTOBaHOro Bubopy TexHonori. SPA-apxitektypa 3 REST APl 3a6e3neyye macwtaboBaHicTb Ta
iHTepPaKTMBHICTb. CTBOPEHUI NPOTOTMN NiATBEPAXKYE ePeKTUBHICTb cTeKy FastAPl + PostgreSQL +
React + TypeScript + Pillow. ®yHKuioHanbHe TecTyBaHHA (10 cueHapiiB) NigTBEPANNIO KOPEKTHICTb
YCiX KOMMOHEHTIB.
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PO3POBKA C++ NJIATIHA AN1A NPOLEAYPHOI FTEHEPALLIT OB’EKTIB Y BLENDER

CyyacHa iHgycTpia Komn'toTepHoi rpadikuK, 3oKpema po3pobka irop (GameDev) Ta cTBOpeHHSA
Bi3yanbHux edektis (VFX), Bumarae reHepyBaHHA Bennye3Hux obcaris 3D-KoHTeHTy. CTBOpPEHHA
BEJINKOI KIiNbKOCTI apXiTEKTYPHUX eNeMEeHTIB BPYYHY € FPOMI3AKMM Ta PYTUHHMM MPOLLECOM.
MpoueaypHa reHepauis [03BOJAE aBTOMaTu3yBaTM cTBOpeHHA 3D-mopeneii Ha  OCHOBI
MaTeMATUYHUX aNTOPUTMIB Ta NporpamysaHHa [1].

MeToto pob0oTH € po3pobieHHA BUCOKONPOAYKTUBHOIO reHepaTopa 3D-reomeTpii Ha npuKknagi
NPAMUX Ta cripanbHUX cxoaiB ans cepeaosuwa Blender 3 BuKopuctaHHam C++ ans obumcneHb Ta
iHTerpauieto yepes 6ibnioteky Pybind11 [2].

BasoBuMm iHCTpymeHTOM AnA po3pobku y Blender € Python. 3aBaaku AnHamiuHil TUNi3auii BiH
€ AyXe 3pyYyHMM ana cTBopeHHA rpadiyHux iHTepdeincis (GUI). Mpote, ocKinbkn Python €
iHTEPNPETOBAaHOK MOBO, BUKOHAHHA LMKAIB 3 BENIMKOK KiNbKICTIO MaTeMATUYHMX 0bBunCneHb
BiAOYyBa€ETbCA 3HAYHO MOBIMbHIWIE, HiXX Y KOMMINIbOBaHUX MOBax. [asa YHUKHEHHSA uiei npobaemu
obuuncnoBanbHe aapo peanizoBaHo Ha C++ [3], a ansa B3aemogaii 3 Blender BukopucraHo 6i6nioteky-
06ropTky Pybind11.

OCHOBHUM CTPYKTYpHUM 06’eKTOM reHepalii 3D-mofdeni y UbOMYy NpPUKNaAi € OKpemui
Wwabenb. ApxiTeKTypa po3pob/eHOro pilleHHA CKNAAAETLCA 3 TAKMX KOMMOHEHTIB.

1. MaTemaTuyHa mogenb. [na reHepauii NpsMMUX CXOAiB 3aCTOCOBYETbCA MiHIMHE 3MilLEeHHA
6a3oBoi dopmu. [na chipanbHUX CXOAIB BMKOPWUCTOBYETbCA CKAQAHIWMI amapaT Ha OCHOBI
TPUFOHOMETPUYHUX PYHKLM Ta MaTPUYHMX TpaHchopmauin npoctopy [4].

2. Ob6uucnoBanbHe sapo. [na 3abesneyeHHA MaKCUMMaAbHOI LWBWUAKOCTI Ta YHUKHEHHSA
npobnem i3 nam’atrio B sAgpi C++ BUKOPMUCTOBYIOTbCA AWMHaMiyHi macuBum std::vector ana
36eperKeHHsA KoopANHaT BEPLUMH Ta iHAEKCIB MOAIrOHIB.

3. IHTerpauis (Pybind11). 3reHepoBaHi 6araToBMMipHi MacMBM aBTOMATMUYHO KOHBEPTYHOTHCA Y
CTAHZAPTHI cnnckun Python Ta nepegatoTbea y Blender-ckpunt 6e3 BTpaT NpoAyKTUBHOCTI.

MpaKTnyHa peanisauia NOAAra€ y CTBOPEHHI KOPUCTYBALbKOTrO iHTepdelncy y BUrnsaai nnariHa
ansa Blender (N-Panel), sknit 3abe3neydye 3py4yHe HanawTyBaHHA NapamMeTpiB reHepauii npamux Ta

cnipanbHUX cxo4iB:
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v Fexepatop Cxoge Pro v Fenepatop Cxoals Pro

Tunc B: Mpami

OcHoBHI poamipu:
KinbkicTo

WupuHa

++D uifoxD

Bucota

Paplyc cnipani
TnubuHa
Kyt nosoporty (°)

3reHepyBaTi Cxou 00 3reHepyBaTi CX0aM

PucyHoK 2. NMpuKknaa BUKOHAHHA anroputmy

3amicTb NOKPOKOBOro CTBOPEHHA 06'eKTiB ¥ UMKAi Python, po3pobneHunin nnariH ogHopa3oBo
3anucye Bci gaHi B 610k Mesh 3a gonomoroto ¢yHKuii from_pydata() [5]. Lie 3abe3nedyye muTTeBy
reHepad,ito HaBiTb A1 HaABENNKUX MacuKBiB AaHux (noHag 2000 wabnis).

OTxe, ribpuaHuin niaxia, wo noegHye moxkamsocTti C++ Ta Python, gemoHcTpye BigMiHHI
pes3ynbTatM Ans 3adady npoueaypHoi reHepauii. Y mabyTHbOMy RAAHYETbCA YAO0CKOHANAUTU
reHepaTop LWAAXOM A04aBaHHA NpoueaypHOro po3paxyHky UV-KoopAuHaT Ana TEKCTYpyBaHHA Ta
pO3LWMpPeEHHA Habopy apXiTEKTYPHUX ENEeMEHTIB.
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A0 NUTAHHA NPO LUTYYHWUMN IHTENEKT AK 3ACIE HABYAHHA FTPAHTPAUTUHIY TA PO3BUTKY
LU®POBOI KOMNETEHTHOCTI 3406YBAUYIB OCBITU

MowmnpeHHA reHepaTMBHOIO LWTYYHOrO iIHTENEKTY ICTOTHO 3MIHIOE OCBITHIO MPAKTUKY, OCKINIbKK
BN/IMBAE HE NNLIE Ha A0CTyN A0 iHPpopMaLii UM WBMAKICTb CTBOPEHHA TEKCTY, @ M HA CaMy /IOTiKy
opraHisauii iHTenekTyanbHOI AissibHocTi. Ocob61MBO NOMITHO Lie Y TUX BUAAX HaBYyabHOI poboTtu, ae
NOEAHYIOTbCA MOLWYK, aHani3, aprymeHTauia, MPOEKTYBaHHA, MNMCbMOBA KOMYHiKauia Ta
CaMOOLHIOBaHHA. [JO TaKNX BUAIB HANEXWUTb FPAHTPANTUHI. Y CydacHIN BULLIA OCBITI BiH aepgani
yacTile po3rnAfaETbCA He NPOCTO AK MPUKNagHa HaBMYKa ANA HAaNMCaHHA 3aABOK, a fAK 3acib
PO3BUTKY A0CNIAHNLBKOIO MUCNEHHA, iHILLIQATUBHOCTI, MPOEKTHOro H6ayeHHA, YMiHHA NpaLoBaTh 3
Axxepenamu n BignosiaanbHoO GopMyoBaTH CyCcnifibHO 3HauylLy npobaemy.

LUTY4HMI iHTeNneKT y Ui chepi morke BUKOHYBATK Pi3Hi yHKLUIi. BiH gonomarae 3Haxoantu
MOM/NBI TPAHTOBI KOHKYypCW, NOPIBHIOBAaTU BMMOIU [OOHOPIB, CTPYKTYpyBaTW idet0 MPOEKTY,
NPOMNOHYBATU BapiaHTM PopmyntoBaHHA npobnemu, meTun, 3aBAaHb, OYiKyBaHWX pe3ynbTaTis, a
TAKOX peaaryBatv oKpemi ¢pparmeHTH TeKCTy. Taka nigTpumka € npnsabansoto, ocobanso ana Tmx
3000yBayiB OCBITH, AKi MLLIE NOYMHAIOTL ONAHOBYBATU NIOTiIKY rPAHTOBOI AiANbHOCTI. [TpoTe OCBITHA
LiHHicTb Wl He € aBTOMaTMuHOW0. TOM cCamMuit IHCTPYMEHT MOXKe abo niacMnoBaTy aHaNiTUYHY
poboTy abo cnpoluysaTtu ii 32 4ONOMOroto rotosmx WwWabnoHis. Came TOMy NUTAHHA NONATAE HE INLLE
y AOCTynHOCTI reHepaTtusHoro W1, a 1 y negaroriyHo BMBaxkeHOMY cnocobi Moro 3actocyBaHHA.

AKTyanbHicTb Uiel npobnemn nos’s3aHa 3 TMM, WO UMPOBa KOMMETEHTHICTb CbOroAHi He
MOXe 3BOAMTUCA Nule A0 TEXHIYHOro BOJIOAIHHA cepBicamu. BoHa BKAKOYAE BMIHHA KPUTUYHO
OL|iHIOBATK BianoBiAi cuctemu, nepesipaTn GaKkTu K AxKepena, BUABAATM HETOUYHOCTI, pedaryBaTtu
3reHepoBaHMM TEKCT, BU3HAYaTM MEXi BIaCHOrO BHECKY Ta BignoBiganbHO yXBantoBaTWU pPilEHHS
LLoAO0 AOUiNbHOCTI BUKOpUCTaHHA LI B KOHKpETHIN cuTyauii. Y BUNaaKy rpaHTPanTUHTY Li BMIHHA
MatoTb 0CO6/MBY Bary, OCKiZIbKM rpaHTOBa 3asBKa € HE MPOCTO TEKCTOM, @ KOHLLEHTPOBaHUM
BUPArKeHHAM npobaemu, noriku aii, peanicTuyHocTi npono3uuii Ta npodeciinHoi BiANoBiAaNbHOCTI
ABTOPA YM KOMAHAM.

CyyacHi gocnigxeHHa nokasytTb, Wo reHepatMBHMi LI moxKke ByTN NpoayKTUBHUM came AK
3acib HaBYaHHA, SKLLO MOro BUKOPWUCTAHHS OpraHi3oBaHe AK NPOCTip A1s aHani3y, NOPIBHAHHA 1
pedneKcii. YKpaiHcbKi npaui, npuceayeHi BMkopuctaHHio ChatGPT y niarotoBui mabyTHiX yumTtenis,
PO3BUTKY KPWUTUYHOrO MWC/NEHHA MOJIOAI Ta MOBHIM NiAroTOBLi, NMEPEKOHANBO CBiAYaTb, LWO
NO3UTUBHUI edEeKT AO0CArAETLCA He TOAI, Ko 3400yBay OCBITU MPOCTO OTPMMYE rOTOBY BiAMNOBIAb,
a ToAj, KOW BiH 3MyLLEHWUN ii NepeBipsATH, YTOUHIOBATU, CRiIBBIAHOCUTN 3 HaBYa/IbHMM 3aBAAHHAM i
nepeocmucatoBatn. OTKe, y HaBYaHHI rpaHTpanTuHry LI BapTo pos3rnsaatv Moro He K 3amiHy
MUCNEHHSA, A AK IHCTPYMEHT, AKUIA MOXKe 3p0bUTM OKpemi KOTHITUBHI Nnpoueaypw Binblw BUAMMUMU
" JOCTYNMHUMM SN OCMUCIEHHSA.
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PaHTPAUTMHI AK HaBYa/ibHa NPaAKTMKa € 0co6/iMBO MPUAATHUM ANA PO3BUTKY UMpOBOI
KOMMETEHTHOCTI, OCKi/IbKM BMMAra€ KOMnaekcHoi pobotu 3 iHpopmauieto. 3406yBay ocCBiTU Ma€e
3HATM peneBaHTHI A)Kepena, OUIHWMTM noTpebu UuinboBOI rpynu, y3roauTn npobaemy 3
npiopuTeTamMm KOHKypcy, nobyayBaTW NOriKy MNPOEKTY, MPOAYMATM OdYiKyBaHi pe3ynbTatv Ta
NOKa3HMKM ePEKTUBHOCTI, @ NOTIM NPeacTaBUTU BCE LEe B NEPEKOHAMBIN TEKCTOBIN popmi. AKLWO Ao
Lboro npouecy 3anyyaetbea LI, To 3poctae noTpeba B yMiHHAX He AnLIEe KOPUCTYBaATUCA LUDPOBUM
iHCTPYMEHTOM, @ 1 KPUTUYHO CTaBUTUCA A0 Moro Bianosigei. Came TyT undpoBa KOMMETEHTHICTb
BUABNAETbCA AK MOEAHAHHA  iHCTPYMEHTa/IbHOrO, KPUTUKO-aHaNiTUYHOro, €TUYHOro W
pedneKCMBHOIro BUMIpIB.

BoaHouac BMKopucTaHHA LI y HaBYaHHI rpaHTpPanTMHIY NoB’A3aHe 3 HU3KOo pusnkKie. Cepes
HWUX BAapTO Ha3BaTW LWAONOHI3ALIO NPOEKTHOrO MMUCNEHHA, KONM OPUTiHaNbHA iaea NiaMiHAETbCA
CTaHAaPTU30BaHUMM GOPMY/IIOBAHHAMM; BUKOPMUCTAHHA npasBaonoAibHoi, ane HeTo4yHoi abo
BUragaHoi iHbopmau,ii; 3MeHLLIEHHS aBTOPCbKOrO KOHTPOJIIO Haf, TEKCTOM; HEYIiTKICTb MEX Mix
B/TaCHOO poboToto | UMPpPOoBOLO NiATPMMKOID. TOMY NeaaroridyHo BunpasaaHe 3actocysaHHs LI mae
CNUpaTMCA Ha KifibKa NpMHUMNIB: 36epexKeHHA aBTOPCbKOro KOHTPOO Hag 3micTom, 060B’A3KoBY
nepesipKy ¢akKTiB i Axepen, NpPo30opicTb BUKOPUCTAHHA LMPPOBOro iHCTPYMEHTA, YyTAUBICTL A0
peanbHOi npobaemn i NoTpeb UiNbOBOI rpynu, a TakoX pedeKkcio Woao Toro, um cnpasai LUI
MOCW/IIOE SIKICTb aHaNITUYHOI poboTH.

OTXKe, WTYYHUIN iHTENEKT Y HaBYaHHi rPaHTPAUTUHIY Ma€E NOABIMHUI noTeHuian. 3 ogHoOro
60Ky, BiH PO3WMWPIOE AOCTYN [0 CKNAAHOI MNPOEKTHO-aHANITUYHOI AiANbHOCTI, Aonomarae
CTPYKTYpyBaTV poboTY i NiATPMMYE NOYATKOBE BXOAKEHHA Y TPAaHTOBY Ky/bTypy. 3 iHworo 6oky, 6e3
HaNEeXHOro neaaroriyHoro cynpoBoAy BiH MOXe CTMMYAOBATM MOBEPXOBICTb, 3aNEXKHICTb Big,
WabnoHIB i nocnabieHHs KPUTUYHOTO MuUcieHHs. Came Tomy gouinbHo posrnaaatu LI sk 3aci6
HaBYaHHA, ePEKTUBHICTb AKOrO BU3HAYAETLCA HE CaMMM GAKTOM MOro BUKOPUCTAHHSA, @ cnocobom
iHTerpauii B OCBIiTHIM npouec. 3a TakKMX YMOB [PaAHTPAWTMHI MOMKE CTaTU MPOAYKTUBHUM
cepenoBuLLLEM ANA PO3BUTKY LMPOBOI KOMNETeHTHOCTI 3406yBadiB OCBITH, a reHepaTMBHUM LI —

iHCTPYMEHTOM, WO NiATPUMYE aHANITUUYHY CaMOCTINHICTb, pednekcito 1 BignosiganbHy poboty 3
iHbopmalLiieto.
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NEPEBYAOBA CTPATErA HABYAHHA IHGOPMATUKHN
B YMOBAX HECTABI/IbHOIO IHTEPHETY

HecTabinbHuin iHTepHeT, Nnepeboi B eNeKTponocTayaHHi Ta BUMyLLEHA aCMHXPOHHICTb Aeaani
CUNbHiWe 3MiHIOKOTb /IOTiKY HAaBYaHHA iHpopmaTuKKM. Te, WO We HeJaBHO CMPUMMANOCA AK 3BUYHA
OCHOBa LM}POBOro OCBITHLOrO CepefoBMLLA, @ CamMe MOCTIMHWMA AO0CTYN A0 MepPEeXKi, XMapHUX
cepsicis, N1aTPOpPM AUCTAHLIMHOIO HaBYaHHA i CUHXPOHHOI B3aEmoii, Yy NpUPOHTOBUX perioHax
Y)Ke He MOXKe BBaXKaTUCA rapaHTOBaHOK YMOBOW. 3a TaKMxX 0H6CTaBMH MOPYLUYETLCA TEMMN YPOKY,
dparMeHTYETbCA HaBYaNbHa AiANbHICTb, @ OUiIHIOBAHHA Aefani 4vacTile 3a/eXWUTb He nule Big
peanbHOro piBHA NiAroToBKM 3406yBaYa OCBITH, @ 11 Big, TEXHIYHMX MOXKIMBOCTEM | MOMEHTY A0CTyny
00 Mepexi. [oaaTKOBO CUTyaUil0 YCKNAAHIOE LWBUAKE BXOOMKEHHA T€HEPATUBHOMO LWTYYHOrO
iHTeNeKTy B HaBYaHHA iHPopmaTUKK. 3 ogHOro BOKy, BiH Aa€ HOBI MOX/IMBOCTI ANA NOACHEHHS,
nigKaskuW, TecTyBaHHA Ta iHAMBIgyanisauii gonomoru. 3 iHWoro 60Ky, Le nocuatoe npobnemy
nepeBipKM CaMOCTIMHOCTI BWMKOHAHHA 3aBAaHb | 3HWXKYE BafigHICTb GOPM KOHTPOAD, AKi
CNUPAIOTHCA NLLE HA KiHLLEeBWUIA pe3ynbTarT.

Came Tomy npobaema nepebyaoBu cTpaTerii HaBYaHHSA iHPOPMATUKM CbOTOAHI NOTPebye He
YaCTKOBMX 3MiH, a UiNiCHOro nepeocmucneHHa. Maetbca He auwe npo Ao06ip TexHiYHMX
iHCTPYMEHTIB, a NPO HOBY JIOTiKY OpraHi3aLii OCBITHbOI AiANbHOCTI, y AKiN 6e3nepepBHiCTb HaBYaHHSA,
NpoLecHe OUiHIOBAaHHA Ta NedaroriyHoO KepoBaHe BUKopucTaHHAa LI posrnagaroTbca sk
B3aEMOMNOB’A3aHi CKNagHUKN. Y UbOMY A0CNIAXKEHHI TaKa nepebyaoBa ocmucatoeTbea Yepes offline-
first nigxin, AKMM QoOUiNbHO TPAKTYBATU HE NIKLLE AK aPXITEKTYPHUI NPUHLMN UUPOBOro NPOAYKTY,
a AK ANAAKTUYHUIM NPUHLMN HaBYaHHA iIHGOPMATUKM 32 YMOB HecTabiNibHOro iHTEpHETY.

CytHictb offline-first nonarae B Tomy, WO 6a30Bi HaB4YanbHi Aii MalTb 3aaulIaTUCA
MOXANBUMKU 6e3 NiAKAOYEHHA A0 MepeXKi, @ OHNANH-KOMMNOHEHTU MOBWHHI BMKOHYBaTW PO/b
NiACUNEHHA, @ HE YMOBU BMXMBAHHSA OCBITHLOTO npouecy. Y negaroriyHoMy BUMIpi LLe 03HAYaE, Wo
3400yBay OCBITU NOBMHEH MATW MOXK/IMBICTb aBTOHOMHO OTPUMATKM AOCTYN A0 iHCTPYKL,i, BUKOHATH
BnpaBy, 36epertu nNpoMiXKHUIA pe3ynbTaT, MnoBepHyTMCA [0 poboTu nicnA nepepsBu Ta
CUMHXPOHI3yBaTu ii 3rogom. [nsa iHPOPMaTUKM TaKMA Niaxia mae ocobsMBe 3HaYEHHS, OCKIIbKM
HaBYa/ibHa AiANbHICTb Y LM ranysi 4acto 6yayeTbCa AK cepia KOPOTKMX LUUKAIB: cnpoba, nepeBipKa,
BMMNPAB/IEHHS, NOBTOPHA crnpoba. AKWO KOXKeH i3 UMX eTaniB 3aneXuTb Big mepexKi, byab-akui
TEeXHIYHMM 36il1 pyMHYE He nLe A0CTYN A0 Pecypcy, a M camy CTPYKTYPY HaBYabHOI aii. Hatomictb
offline-first no3BonsAe 36epertn 3aBepllyBaHICTb MIKPOKPOKIB i MiABMLLYE CTiMKiCTb OCBITHLOrO
npouecy A0 iHPPaCTPYKTyPHUX Nepeps.

Y mexkax gocniaxeHHa byno 3anponoHOBaHO aBTOPCbKY po3pobKy «Edu Survival Kit», aka
PO3rNALAETbCA He MPOCTO AK Bebnnatdopma, a AK eKCnepumeHTasibHa MOAe/lb HaBYa/NbHOro
cepenosumiia 3 iIHGOPMATUKM B KPU30BMX yMOBaxX. |i neaaroriyHa Norika FPYHTYETbCA Ha TPbOX
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nonoxeHHsx. MNo-nepwe, HaB4YasbHa AiA Mae 6yTM KOPOTKO i 3aBepluyBaHoto. MNo-apyre, KOXKeH
LMKA pobOTU MaE€ 3anmLiaT apTedaKT: Ko, TeCT, BiANoBiAb, KOPOTKE NOACHEHHS abo iHWY ¢ikcauito
BMKOHAHOro Kpoky. lNo-TpeTe, Ui apTedaktn matoTb 6yTM NpUAaTHUMKN 404 BiAKNAAEHOT NepeBipKu
Ta HaAaHHA 3BOPOTHOrO 3B’A3KY. Y Takit moaeni 3MiHIOETbCA | poNb yuntens. BiH yxKe He nvwe nogae
3MicT i Qikcye pe3ynbTaT, a N MNPOEKTYE TPAEKTOPIO AiANbHOCTI, 3a43d€ KpwUTepii, BM3HA4YaE
MiHIMaNbHO AOCTaTHI AOKAa3W HaBYaHHA, aHaNi3ye TUNOBI NOMMUAKM Ta 34IMCHIOE CYNPOBIA, HE TiNIbKK
NPOAYKTY, a 1 npouecy.

OKpemy yBary B poboTi NpUAINEHO PO/ reHepaTUBHOMO LITYYHOrO iHTeneKTy. MpuHUMNoBO
Baxkneo, wWo LI He po3rnagaetbca AK iHCTPYMEHT aBTOMATUYHOrO NPOAYKYBAHHA TFOTOBMX
BiAnoBiAeit. Moro npoayKTMBHa pob NoaArae B NiATPUMLL MUCNEHHA 3406yBaya OCBITH, @ He B 1Or0
3amiHi. Y mexax 3anponoHoBaHoi mogeni LUI-niaTpmKa BMOYAOBYETLCA B HOTUPBLOX PEXUMAX:
NMOSICHEHHSA, AiarHOCTUKA, TecTyBaHHsA i pednekcia. Lle o3Hayaeg, Wo iHCTPYMEHT MOXKE A0MNOMOITH
YTOYHUTWU BUMOTY, 3BEPHYTU yBary Ha NOMMJ/IKY, 3aNpOnoOHyBaTh cnocib nepesipkn abo cnoHyKkaTu
A0 OCMWUC/NIEHHA B/IACHOTO pilleHHA. BogHoyac Take BUKOpPUCTaHHA NoTpebye YiTknx npasun. Mo-
nepwe, mae 6ytTn 3abe3sneyeHa Npo3opicTb: 3400yBay OCBITM MOBMHEH NoO3HayaTM aKT i meTy
BMKopucTaHHa LWI. Mo-gpyre, HeobxiaHa Bepudikauia: Oyab-AKa MigKadKka Mae nepesipaTUCS
TecTaMu, 3anyCKOM KoAy, MOACHEHHAM i BAACHUMM [00NpaLtoBaHHAMMU. [lO-TpeTe, BaXAMBO
OOTPUMYBATUCS MPUHUMMY MiHIMI3aUil AaHUX i He nepefaBaTM B 30BHIilLHI cUCTEMM 3aMBy
nepcoHanbHy iHpopmalito. OTxKe, LLI HabyBae cTaTycy HaBYa/ibHOI OMOPM, asie HE IHCTPYMEHTa Ans
nigMiHW AiAaNbHOCTI.

He meHL CyTTEBOIO YAaCTMHO AOCNIAXKEHHA CTana nepebyaoBa paMKM OLiHIOBAHHA. 32 ymoB
HecTabinbHOro iHTEpHeTy Ta AOCTynHoCTi reHepatuBHoro LI TpaguuitHuii nigxig, y akomy
OLLIHIOETLCA NEepPEBaXKHO KiHLLEBM pe3y/bTaT i Yac 34adi, BUABASAETLCA AeAani MEHLI KOPEKTHUM.
3aTpuMKa 3 nepegaBaHHAM pobOTM MoOXKe OyTU CNpPUYMHEHA He HEeCYMAIHHICTIO, a BigCyTHiCTIO
3B’A3Ky. Tak camo rOTOBMI NPOrpPamHUIA NPOAYKT YXKE He 3aBXAW CBiAYMTb MPO CAMOCTIHICTb
BMKOHAHHA | peanbHy rAnMBMHY po3ymiHHA. Came Tomy B poboTi 06FpYHTOBAHO AOLINBHICTb
NPOLLECHO OPIEHTOBAHOrO OLHIOBaHHA. Moro 3micT monAarae B ypaxyBaHHi He AuLIe KiHLLeBOro
apTedakTy, a M TMOCTAHOBKM 3ajadi, /OriKM peanisauii, NPOMIKHUX BEPCilA, TECTyBaHHS,
HanaroAXeHHss Ta KOPOTKOi pednekcii Woao TUMOBUX TPYAHOLULIB. TakuMA niaxia 3meHLUye
3a/eXHICTb pe3ynbTaty Bif iHPpacTpyKTypHMX 360iB i BOAHOYAC YCKNAAHIOE MiAMiHY aBTOPCTBa,
OCKIi/IbKM BiATBOPUTU WAAX MiPKYBAHHA CKNagHille, Hix npea’aABUTU rOTOBE PilLEeHHS.

EmnipnyHa 4acTMHa AochigKeHHA chnupanaca Ha nefaroriyHMii eKCnepuMMeHT Y  LUKOJI
NpPU@POHTOBOro perioHy. byao 3any4eHo TpPU Knacu, WO A03BOIMAO NepPeBIPUTU AK SOCTYMHICTDb i
3p0O3YyMIiNiCTb cepenoBULa ANA PI3HUX BIKOBUX Fpyn, TaK i NPUAHATHICTb LLI-NigTPMMKM Ta NOriku
npoLiecy ouiHBaHHA. 36ip AaHUX 34iMCHIOBABCA Ha 3acaZiax TPiaHryaALil Ta BK/IOYaB negaroriyHe
cnocTepeXkeHHsn, aHani3 NPoAYKTIB AiANbHOCTI, XKypHaan poboTn cMcteMu, aHKeTYBaHHA 3400yBayiB
OCBITM, BIATYKN BUMTENIB Ta EKCNEPTHE OUiHIOBAaHHA. ONMCOBI pe3yabTaTh NOKa3aau, WO JIOKa/IbHe
pilLEHHA CYTTEBO CKOPOYYE 4Yac AOCTyNy A0 3aBAaHb MNOPIBHAHO 3i 3BUYHMMW OHMAMNH-
nnatdopmamm, a TaKoXK [103BO/ISIE 36epiraTM HaBYya/ibHY AiANbHICTb Y pa3i BiZICYTHOCTI mepexKi 3
NnoAanbllo0 CUHXPOHI3aLieto pe3ynbTaTiB. BogHouac 3406yBayi OCBiTU BUCOKO OLiHUAM KOMGOPT
pob60TK 3a HecTabinbHOro iIHTEPHETY Ta KOPUCHICTb NigKasoK i LWI-nomivyHMKa. YunTteni Ta ekcneprt 3i
csBoro 6OKy nigkpecanan neparoriyHy AouinbHICTb naatdopmu Ana NpuPpoHTOBMUX YMOB, ane
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BOAHOYAC 3BEPHY/AM yBary Ha noTpeby B YiTKiWKMX npoueaypax KOHTPOAK CaMOCTIMHOCTI Ta
3p0o3yminmx npasunax iHterpauii LI 8 oyiHOBaHHA.

OTKe, pe3ynbTaTv AOCAIAKEHHA [AAlOTb NiACTAaBM CTBEpAKYBaTH, WO nepebynosa cTpaTerin
HaBYaHHA iIHGOPMATMKM 3@ YMOB HeCTabiNbHOro iHTEPHETY Ma€e CNMPATUCA Ha TPU B3aEMOMNOB’A3aHi
3acagu: offline-first opraHnisauito HaB4YanbHOI Aji, nNpouecHO oOpieHTOBaHe OLUiIHIOBAHHA Ta
KOHTPO/IbOBaHE BUKOPUCTaHHA LI AK iHCTpyMmeHTa niaTpumKkn. Came B TaKOMYy NOEAHAHHI MOXHa
3MEHLUUTU 3a/1IeXKHICTb OCBITHbOIO Pe3y/bTaTy Bif, TEXHIYHUX 0O6CTaBUH, 36epertn 6esnepepBHiICcTb
HaBYaHHA Ta NIABUWMTM CNpaBeaIMBICTb OUiHIOBAHHA. [PaKTUMYHA 3HAYYLLICTb LbOro nigxoay
NnonArae B TOMYy, WO MOro MOXHa 3aCTOCOBYBATM B 3aK/afax OCBITWU, AKi MPALIOOTb Y pPeXumi
iHppPACTPYKTYypHOI HecTabinbHOCTI, a TAaKOX afanTyBaTU ANA iHWKUX NPeaMETHUX ranysen, ae
BAXK/IMBO MOEAHATN aBTOHOMHICTb AiANbHOCTI, NegaroriyHy NiATPMMKY Ta NPO30pe BUKOPUCTAHHA
UMPPOBUX IHCTPYMEHTIB.
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Haykosuli kepisHUk — Apmem HOPYEHKO,
CymcoKuli OepreasHull nedazoeiyHull yHisepcumem, YKpaiHa

NPOBJIEMW BUBYEHHA MY/IbTUMEZIA Y 10-11 K/IACAX NPO®I/IbHOT LLIKOJ/IN B YKPAIHI

Mpobnema BMBYEHHA MynbTUMepgia y 10—11 Knacax npodinbHOI WKoAn B YKpaiHi HabyBae
0cobn1BOi Barm yepes WBUAKI 3MiHM UMGPOBOro cepenoBULLA, OHOBIEHHA 3MICTy NPOdinbHOI
cepegHboi OCBITU Ta 3POCTAHHA BMMOT A0 UMGPOBOI KOMNETEHTHOCTI BUMYCKHMKA. MynbTumegia
BXKE HE MOXHa po3rnaaatv nlie Sk posgin iHbopmaTuUKK, NoB’A3aHNI 3i CTBOPEHHAM Npe3eHTaLii,
onpautoBaHHAM rpadiku, ayaio umn Bigeo. Y npodinbHiN WKoni BOHO Mae dopmyBaTU 34aTHICTb
3000yBaviB OCBITM CTBOPIOBATU LUPPOBUA KOHTEHT, KPUTUYHO OLHIOBATM MeAianoBiAOMNEHHA,
AOTPUMYBATUCA aBTOPCbKOrO MNpaBa, MpauloBaty 3 pisHUMKW dopmaTamu  AaHux, [06upatm
iHCTPYMEHTW ANA BidyaZbHOro NogaHHA iHPopMaLii Ta yCBiAOMAIOBATU €TUYHI HACNiAKK LndpoBOi
TBOPYOCTI.

AKTYaNIbHICTb TEMW NOCUNIOETLCA TUM, WO YNHHI HAaBYaIbHI Nporpamm 3 iHpopmaTtukm ana 10—
11 knacis, 30Kkpema nNpodinbHOro piBHA, bynun po3pobaeHi we B nepioa, Konn UMGPOBI IHCTPYMEHTH
AnA pobotTn 3 MyNAbTUMELIMHUM KOHTEHTOM Manu iHWY TEXHONOFIYHY /0TiKy. BoaHOYac HWHI
3400yBayi OCBITM WOAEHHO B3aEMOAilOTb i3 BigeonnatGopmamm, COUia/IbHUMU MEPEIKaMMU,
reHepaTMBHUMMK iHCTPYMEHTaMK, MOBINbHUMKM 3aCTOCYHKaMM ANA  MOHTaxy, rpadiyHnmm
pegaktopamu, cepsicamum Bisyanisauii gaHuxX i cepefoBuLaMM A cnifbHoi poboTtn. Yepes ue
BUHMKAE PO3PUB MiXK peanbHUMM LUPPOBUMM NPAKTUKAMM MiANITKIB | TUM 3MiCTOM, AKMIA 4acTo
peani3yeTbca Ha ypoKax iHbopmaTuKWU. [lep)KaBHMN cTaHgapT npodinbHOI cepeaHboi OCBITU
OPIEHTYE OCBITHI nNpoOLEC Ha [JOCATHEHHA pe3y/bTaTiB, MOoB’A3aHMX i3 CAMOCTIHICTIO,
Bi4MNOBIAANIBHUM BUKOPUCTAHHAM LMPPOBUX TEXHOJOFIM, PO3B’A3yBaHHAM NPAKTUYHMUX 3aBAAHD i
BMbopom iHAMBIAYaNbHOI OCBITHLOT TpaekTOpIi (KabiHeT MiHicTpiB YKpaiHu, 2024). ToMy HaBYaHHA
My/bTUMeZia Ma€ ByTU He TEXHIKO-onepaLuimHMM, @ KOMNETEHTHICHUM.

OpHieto 3 OCHOBHUX Npobaem € dparmeHTapHICTb 3MICTY HaBYaHHA My/ibTUMegia. Y WKiNbHIA
NPaKTULI Lel 3MiCT HepigKo 3BOAMTLCA A0 3aCBOEHHS OKPEMUX NPOrpamHMX onepauin: obpizatm
BiZleo, 404aTu 3BYK, CTBOPUTU cnaiia, 3MiHUTK dopmaT 306paskeHHA, Haknactu edpekT. Taki Aji €
noTpibHMMK, ane BOHM He 3abe3neyyroTb MOBHOMO PO3YMIHHA MynbTUMegia AK CKAagHoi
KOMYHiKaLiiMHoi cuctemu. 3006yBay OCBITU MOXKE HAaBYMTUCA KOPUCTYBATUCA NEBHUM PEAAKTOPOM,
ane He 3aBXKAM Po3ymie, AK nobyayBaTn 3MiCTOBHE MeAianoBiAOMAEHHS, AK CMIBBIAHECTN TEKCT,
3BYK, 300pa)KeHHA W AWHAMIKY Kagpy, AK YHUKHYTM iHPOPMaALIMHOrO nepeBaHTA)KEHHA, AK
aganTyBaTUM NPOAYKT A0 KOHKPEeTHOI ayauTopii. Yepes ue pes3ynbTaT HaBYaHHA 4acTo Mae€
dopmanbHUIA xapakTep: UMPPOBUIA MPOAYKT CTBOPEHO, ane MOro KOMYHIKaTUBHA, eCTeTUYHa U
iHbopMaLifMHa AKICTb 3a/IMLWLAETLCA HU3bKOIO.

Opyroto npobnemoto € WBMAKE CTapiHHA nporpamHoro 3abesneyeHHA Ta HaBYa/JbHUX
martepianis. MynbTUMeAiiHi TeXHONOriT HanexaTb 40 ranysen, Ae iHCTPYMEHTU 3MIHIOIOTbCS AyHKe
WBMAKO. YacTMHa nporpam, AKi TpaAnLiMHO BUKOPUCTOBYHOTLCA Y LWKOAI, ab0 BTPAYa€ aKTyanbHICTb,
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abo noctynaetbca xmapHuUMm, MobinbHUM i BebopieHToBaHUM cepBicam. Lie cTBOptoe meToauuYHY
CKNAJHICTb ANA BUMTENA: HABYATU KOHKPETHOI nporpamu 4ym GopmyBaTh yHiBepCanbHi NPUHLMUNK
poboTM 3 MynbTUMEAIMHUM KOHTeHTOM. [pyrnin nigxia € neparoriyHo AouinbHilWMMm, ane BiH
notpebye iHWOI CTPYKTYpU YPOKYy. YUnTeNb MA€E MOACHIOBATM HE NNLLE KHOMKW iHTepdeiicy, a ¢
NOHATTA GopmaTy, PO3AINbHOI 3[aTHOCTI, CTUCHEHHA, KOMMO3MUji, CUueHapito, NiueH3yBaHHA,
LinboBOI ayauTopii, BisyanbHOI iepapxii, AocTynHOCTI undposoro npoaykty. Came Takmit nigxig,
Y3roa)KyeTbCsA 3 €Bponencbkoo pamkoto DigComp 2.2, y AKiA CTBOPEHHA LMPPOBOrO KOHTEHTY
nos’A3aHe He /uwWe 3 TeXHIYHMM NPOAYKYBAHHAM, a M 3 iHTerpyBaHHAM, nepepobsieHHAM,
AOTPUMAHHAM aBTOPCbKUX NpaB i 6e3neyHnm BUKOPUCTAHHAM UndpoBux TexHonorin (Vuorikari et
al., 2022).

TpeTta npobnema CTOCYETbCA HEPIBHOCTI AOCTyNy A0 TexHiYHMX pecypciB. [na akicHoro
BMBYEHHA MyNbTMMegia NoTpibHi Komn'toTepn abo mMobinbHi NPUCTPOI AOCTATHLOI MOTYMKHOCTI,
CTabiNbHMI iHTEPHET, HaBYLIHUKKN, MIKPODOHM, KaMepu, NerasibHe nporpamHe 3abesneyeHHa abo
AKiCHi 6e3KOWTOBHI anbTepHaTMBM. B ymoBax YKpPaiHCbKOI LWKOAM, 0COBAMBO Mif, Yac BilHM,
AMCTaHUiMHOro abo 3millaHOro HaBYaHHSA, Li YMOBM He 3aBXau 3abe3neyeHi. YacTvHa 3a406yBaviB
OCBITW NpaLOE 3i cMapTPOHa, YaCTUHA MA€E OBMEXKEeHUI AOCTyN A0 iHTEepPHEeTY, YaCTUHA He MOoXKe
BCTAHOBUTW NOTPiIOHI Nporpamm Yepes TeXHIYHI XapaKTePUCTUKN CBOTo NpucTpoto. Lle o3Havag, uo
OJHaKoBe 3aBAaHHA 3 My/abTumedia MoXe OyTM ana ogHux 3400yBayiB OCBITU TBOPYUM i
AOCNIAHUUBKUM, @ ANs iHWKX - malixke HegocTynHum. UNESCO (2023) Haronowye, wo umndposi
TEXHOMOrI B OCBITIi MOMYTb pPO3LWMPIOBATU MOMAMBOCTI HaBYaHHA, ajne BOAHOYAcC 34aTHi
nornMbnrBaT HEPIBHICTb, AKLWLO iX ynpoBaarKyBaTn 6e3 ypaxyBaHHA AOCTYMNHOCTI, AOLIIbHOCTI M
neaaroriyHoi NigTPMMKN.

YeTBepToo Npobiemoto € HeAOCTaTHA iHTerpaLia MynbTMmeaia 3 NpodinbHICTIO HaBYaHHA. Y
10-11 Knacax MynbTMMegia Ma€ BUBY4ATUCA He i30/1bOBAHO, A Yy 3B’A3KY 3 MaNBYTHIMKM OCBITHIMM 1
npodecintHMMmM Hamipamn 30060yBadvis ocBiTU. [OnA NPUPOAHMYO-MATEMATMUYHOrO npodinto ue
MOXYTb OYTM BigeONOsICHEHHA eKCNePUMEHTIB, Bi3yanilauia AaHUX, iHTEPAKTUBHI CXeMM, HAYKOBO-
nonynapHi ponvku. Ona rymaditapHoro npodinto - umdposi icTopii, noakactn, megiaaHanis,
BisyanbHi ece. [1nA TexHoNOriYyHoro npodinto - npotoTuUnu iHTepdelicis, peknamHi matepianu, 3D-
Bi3yanisauii, iHCTPpYKTUBHI Bigeo. MNpoTe Ha NpaKTULi 3aBAAHHA 4YacTO MaloTb YHIBEPCANbHUN i
CNPOLLEHUNI XapaKTep: CTBOPUTU NpPEe3eHTALi0 HA AOBiZIbHY TeMy, 3MOHTYBATU KOPOTKUMA POAUK,
nigroTyBatv Konaxk. TaKi 3aBAaHHA He 3aBXAN PO3KPUBaOTb NPOodifibHMIN NOTEHLian MynbTUMeia
i cnabKko nos’aA3aHi 3 peasbHMMK NPOdECIAHO OPIEHTOBAHUMM CUTYaLLIAMM.

M’aTa npobaema NoNArae B OLiHIOBAHHI pPe3ynbTaTiB HaBY4aHHA. MynbTUMeZIMHUI NPOAYKT
CK/IaZIHO OUIHUTK Nune 3a GaKTOM BUKOHAHHA abo 3a KinbKicTio BUKOpUCTaHux edekTis. MoTpibHi
KpUTepIi, AKi BPaxoBYyHOTb 3MiCTOBY TOYHICTb, /IOTiKY CTPYKTYPYBaHHA maTepiany, AKICTb Bi3yanbHOro
PilLEHHA, KOPEKTHICTb POBOTH 3 AKepenamm, TEXHIYHY AKICTb Gpanny, opuUriHanbHICTb, BiANOBIAHICTb
LinboBiM ayauTopii, 4OTPMMAHHS aKageMiyHoi A06pOYECcHOCTI Ta aBTOPCbLKOro npasa. bes 4iTkux
KPUTEpPIiB OLIHIOBAHHA BWMBYEHHS My/NAbTUMEZia MOXKe NepeTBOpPOBaTUCA Ha Ccyb’ekTUBHE
OL|iHIOBAHHA “rapHoro ausanHy” abo 30BHilIHbLOI NpuBabanBocTi poboTn. Lie 3HMKye HaBYaibHY
LiHHICTb 3aBAaHb i He gae 3406yBayam OCBITU 3pPO3YMITH, AKi came BMiHHA BOHW PO3BUBaAIOTb.

Okpemoi yBaru notpebye npobaema aBTOPCbKOro npasa Ta €TUKU BUKOPUCTaHHA LUMdpoBoro
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KOHTeHTY. 3006yBayi OCBITM YaCTO CNPUIAMAIOTb 306PaXKEHHSA, MY3UKY, BiAeodparMmeHTH 3 iHTEpHETY
AK BiNbHUI pecypc, SKMIM MoXKHa 6e3 o6meKeHb KonitoBaTu i BUKOPUCTOBYBATHM Yy BAAacHMX poboTax.
Y WwWKinbHOMy Kypci iHGOpMaTHKKM Lo npobaemy chig po3rnagatm He GOpManbHO, a Yepes NPAKTUYHI
cuTyauii: nobip 306pakeHb i3 BIAKPUTUMM NILEH3IAMM, KOPEKTHE 3a3HayeHHA pgxKepen,
BMKOPUCTAHHA BAACHWUX MaTepianis, eTUYHe peaaryBaHHA GOTO W BifeO, PO3YMIHHA MeX MiX
nepepobneHHAM, 3ano3uvyeHHAM i nnariatom. OcobnAuBOI  CKNAQHOCTI  [AOAQE  NOLWMPEHHA
reHepaTMBHOrO LWUTYYHOrO iIHTENIEKTY, AKMIA MOKe CTBOPIOBATM 306parkeHHA, My3uKy, Bifeo, cueHapil
Ta 03BYyY€HHA. Lle po3WwmMpoe MOXKAMBOCTI HAaBYaHHA, asie BOAHOYAC CTaBUTb HOBI MUTAHHA WOA40
aBTOPCTBA, 40CTOBIPHOCTI, MaHINyNALIN i BigNOBiAaNbHOIO BUKOPUCTAHHA LLMPPOBOro NPOAyKTY.

Po3B’A3aHHA OKpecneHux npobaem MOMKIMBE LWNAAXOM OHOBNEHHA METOAMKU BUBYEHHA
MyAbTumegia B NpodinbHin WKoni. JouinbHO NepenTn Big HaBYAHHA OKPEMMX IHCTPYMEHTIB 40
HaBYaHHA NPUHLNMNIB CTBOPEHHA MY/IbTUMEAINHOIO NpoAayKTy. LleHTpanbHe micue matoTb nocigatm
NPOEKTHI 3aBAaHHA, NOB'A3aHi 3 peaNbHUMU KOMYHIKaTUBHUMWU CUTyaLiAMU: CTBOPEHHA
HaBYa/IbHOrO BiAeo, colia/ibHOro MeAianoBigoMIeHHs, UudpoBoro nopTtdosio, iHTEPAKTUBHOI
iHCTPYKUi, Bi3yanisauii pe3ynbTaTiB A0CNigKEHHA, nogKacTy abo MynbTumedinHoi npeseHTau,i
npodinbHoro 3micty. Taki 3aBAaHHA BApPTO CYMPOBOANKYBATU PYOPUKAMM OLHIOBAHHSA, eTanamu
CAMOOLHIOBAaHHA 11 B33aEMOOLHIOBAaHHA, OOroBOpeHHAM gxKepen i MNOACHEeHHAM O0b6paHuX
AN3alHEePCbKUX pillieHb.

OTmxe, BUBYEHHA MynbTumegia y 10-11 knacax npodinbHOi WKoAM B YKpaiHi Ma€e HU3KY
3MICTOBUX, TEXHIYHUX, METOAMYHUX i opraHi3auinHmMx npobnem. Haibinbw Big4yTHUMKM € PO3pUB
MiX  WKINbHMM  3MicTOM | peanbHUMK  UMPPOBUMM  NpaKTMKamum 38060yBadviB  OCBITH,
dparmeHTapHICTb HAaBYaHHA, HEPIBHICTb AOCTYNY A0 Pecypcis, HeAOCTATHIN 3B’A30K i3 NpodinbHicTio,
CKNAJHICTb OUjHIOBAaHHA Ta noTtpeba B NOCUMNEHHI E€TUMYHOro KOMMOHEeHTa. BoaHoyac came
MyNbTUMELIa MOXKe CTaTh Ba*KIMBMM 3acO60M PO3BUTKY LUUMEPPOBOI KOMNETEHTHOCTI, KPUTUYHOIO
MMC/IEHHSA, TBOPYOCTI, KOMYHIiKaLji Ta rOTOBHOCTI A0 NOAANbLIOIO HaByaHHA. OnAa uboro Moro
NoTpibHO po3rnNAgaTM He AK AO0MNOMIXHWUI Po34in iHGOPMATUKKM, a AK 3MICTOBHMM Hanpam
NigroToBKM 3400yBaYiB OCBITU A0 XUTTA 1 NpodeciiHOl AianbHOCTI B LMPOBOMY CYCMiNbCTBI.
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BUKOPUCTAHHA MINECRAFT EDUCATION EDITION Y HABYAHHI IHOOPMATUKU
TA ®OPMYBAHHI HABU4OK KOMAHAHOI POEOTH

CyyacHa ocBiTa Aefani aKTUBHiWe iHTerpye UMPpPOBi TEXHONOrii Ta irpoBi METOOUKMK Y
HaB4YanbHMI npouec. OAHMM i3 HallePEeKTUBHILIMX IHCTPYMEHTIB irpoBOro HaB4YaHHA € Minecraft:
Education Edition — ocBiTHA Bepcia nonynapHoi rpu Minecraft, aka no03BosAE noegHyBaTH
HaBYaHHA, TBOPYICTb | PO3BUTOK NPAKTUYHUX HABMYOK. BUKOPUCTAHHA UMGPOBUMX irOp y HaBYAHHI
CrpuAE NiABULLEHHIO MOTUBAL,T YYHIB, PO3BUTKY KPUTUYHOTO MUC/IEHHA Ta aKTMBI3aLii KOMaHAHOI
B3aemog;i [1].

Minecraft: Education Edition cTBOpto€ iHTEPaKTMBHE HaBYa/ibHE CEPEAOBULLE, Y AKOMY YYHi
MOXYTb HE JiMlIe 3acBOKOBATM HaB4Ya/IbHUM maTtepian, a M cniBnpautoBaT MiX coboto nig yac
BMKOHAHHA CMinbHUX 3aBAaHb. OcobnvBe 3HavyeHHA uA nnatdopma Ma€E ANA HABYAHHA
iHPOPMATUKM, OCKINbKN MICTUTb IHCTPYMeHTU nNporpamyBaHHs MakeCode, Python Ta JavaScript [1].

JocniagHMKK 3a3HayYatoThb, WO Cy4acHe MOKOJIHHSA YYHIB € «UMPPOBUMM YPOLKEHUAMNY, AKI
BUPOC/IM B YMOBaX MOCTINHOTO BUKOPUCTAHHS LnbpoBux TexHonoriv [2]. TpaauuiiHi meTtoam
HaBYaHHA YacCTo He BiANOBiIAAlOTb IXHIM OCBITHIM noTpebam, ToAdi AK UndpPoBeE irPoBe HaBYaHHA
3abe3neyye iHTEePaKTUBHICTb, WBUAKUIA 3BOPOTHUIM 3B’A30K | BUCOKY MOTUBALLIO.

IrpoBe HaBYaHHA Nepenbavyae BUKOPUCTAHHA FPpU ANA LOCATHEHHA OCBITHIX pe3ynbTaTiB, a He
NIVLLIE BNPOBAAKEHHA OKPEMMUX iIrPOBUX ENEMEHTIB Y HaBYaIbHWUIM npouec [2]. Came Tomy Minecraft:
Education Edition € npuknagom nosHouiHHOro game-based learning, ae y4Hi HaB4atoTbcA Yyepes
AOCNIAXKEHHSA, CTBOPEHHA 00’EKTIB | pO3B’A3aHHA NPAKTUYHMX 3aBAAHD.

Ha BiamiHy Big reimidikauii, AKa 4acTo 6a3yeTbCA HA 30BHIWHIX BWMHAropogax, irpose
HaBYaHHA cnpuae GopmMyBaHHIO BHYTPiWHbOI MoTuBauii yyHiB [3]. Mig yac pobotn y Minecraft:
Education Edition wKonapi MoXyTb CcamocCTiiHO o06uMpaTM cnocobu BMKOHAHHA 3aBAaHb,
eKCNepuMEHTYBATM Ta NPALLOBATM Y BIACHOMY TEMII.

OpHieto 3 Baxknueux nepesar Minecraft: Education Edition € moxxnuBicTb opraHisauii cninbHoi
AiANbHOCTI y4HiB y 6araTOKOPMUCTyBaLbKOMY peXkumi. Mig 4Yac BMKOHAHHA rPynoBMX 3aBAaHb
YHYACHMKM MOKYTb PO3MNOAINATM POAi, KOOPANHYBATM BNIACHI Aii, 0bMiHIOBaTUCA iAeaMM Ta NPUAMaATH
CninbHi piweHHA [1].

KomaHaHa poboTa NO3UTMBHO BNIMBAE HA KOTHITUBHWIA, COLLia/IbHWUIA Ta eMOLIMHNI PO3BUTOK
YUHIB. Y npoueci cniBnpai WKOAAPi HaBYaKOTbCA apryMeHTyBaTU BAACHY AYMKY, aHANi3yBaTH pPi3sHi
nigxoau Ao po3s’A3aHHA Npobiem Ta epekTUBHO KOMYHIKyBaTH [4].

Minecraft: Education Edition Tako» cnpuse po3BUTKY KPUTUYHOTO MUCEHHSA. JlocniaxKeHHs
MOKa3yloTb, LLLO Nig Yac BUKOHAHHSA 3aBAaHb YYHI AEMOHCTPYIOTb HAaBUYKKW aHaNi3y Nnpobsiem, nowyky
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iHbopMmalLiii, TecTyBaHHA pilleHb Ta OLiHIOBAaHHA pe3ynbTaTiB [2]. Take HaB4ya/ibHe cepeaoBulLe
BiANOBIiAAE NpPUHUMNAM CTYAEHTOUEHTPOBAHOINO HaBYaHHA, A€ Y4YeHb BWUCTYMA€E aAKTUBHUM
YY4aCHMKOM OCBITHbOTO npouecy [5].

Minecraft: Education Edition aKTMBHO BMKOPWUCTOBYETbCA Y BMKAAAAHHI iHPOPMATUKN.
Ocobnuee 3HauyeHHsA mae iHCTpymeHT Code Builder, AkKnin f03BONAE CTBOPIOBATM Mporpamu 3a
ponomoroto MakeCode, Python i JavaScript [1].

BUKOpUCTAHHA Bi3yanbHOro nporpamyBaHHA Yy Minecraft cnpolwye 3acBOEHHA OCHOB
aNropuTmisaLii Ta NporpamyBaHHA. YUHi MOXKYTb CTBOPIOBATM aBTOMaTU30BaHi 06’eKTH, KepyBaTh
nepcoHa*kamu abo BUKOHYBATK Pi3HOMaHITHI 3aBAaHHA Y BipTyaNbHOMY cepegoBui. Lie no3Bonse
NOEAHATUN TEOPETUYHI 3HAHHA 3 MPAKTUYHOIO AiANBHICTIO.

Kpim nporpamysaHHs, Minecraft: Education Edition micTuTb HaB4anbHi matepianu 3 undposoi
rPaMoTHOCTI, Kibepbesnekn Ta eTMYHOro BUKOPUCTAHHS WITYYHOro iHTeneKkty [1]. 3aBaAKkM Ubomy
nnatopma MorKe BUKOPUCTOBYBATUCA A/1A KOMMEKCHOrO PO3BUTKY LMOPOBUX KOMMNETEHTHOCTEM
YUHiB.

Minecraft: Education Edition € edeKkTMBHUM iHCTpyMeHTOM UMPPOBOro irpOBOro HaB4YaHHA,
AKMA MOEAHYE OCBITHI MOM/MBOCTI 3 €n1eMeHTaMM TBOPYOCTI Ta cnisnpaui. BMKopucTaHHA ui€i
nnaTopmMu y HaBYaHHI iIHGOPMATUKM CNPUAE PO3BUTKY NPOrpamyBasbHUX HAaBUYOK, KPUTUYHOTO
MUCNEHHA Ta KOMAHAHOI poboTw.

MNepesaramu Minecraft: Education Edition € BuUCOKa MOTMBAUis Y4YHiB, iHTEPAKTUBHICTD,
MONMBICTb OpraHi3auii cninbHOI AiANBHOCTI Ta NIATPMMKA CTYAEHTHO-LEHTPOBAHOrO niaxoay 40
HaBYaHHA. BogHouac edpeKTMBHE BUKOPUCTAHHA naatdopmMmu notpebye BiANOBIAHOI NiArOTOBKM AK
Y4HiB, TaK i BunTENIB.
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Haykose BugaHHA

IHpopMmauinHi TexHoNoriT ManbyTHbOro Ta bi3Hec

36ipHMK maTtepianis
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Mamepianu nooaromscsa 8 a8MopcuKili pedakuir.
BidnosidanbHicms 3a docmogipHicme iHghopmayii, asmeHmu4Hicms yumam,
npasusbHICMb (hakmie ma nocusaaHs Hecymos asmopu

BignoBsiganbHWiM 32 BUNYCK: 3aCTYNHUK ronoBu oprkomitety O. CemeHixiHa
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