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Distributed computing is crucial in handling large data volumes and
performing complex algorithms in a wide range of fields, from scientific modeling
to real-time analytics. Distributed systems, in contrast to centralized ones, split up
computations across numerous nodes, supporting parallel execution as well as fault
tolerance. Apache Spark has become one of the most popular frameworks for such
operations because of its in-memory model for processing, fault tolerance by means
of Resilient Distributed Datasets (RDDs), and iterative operations support.

Spark is based on a master-worker architecture, in which a central node
(driver) assigns tasks to numerous executor nodes. It is deployable in a variety of
environments, such as standalone, YARN, Mesos, or Kubernetes, and presents a
modular collection of libraries for SQL query, graph processing, machine learning,
and stream data processing. Support for executing Spark in ARM-based systems
has also opened up new routes for low-cost experimentation, as well as in-class
deployment, with the increasing performance potential of single-board computers like
the Raspberry Pi.

Recent research has demonstrated the potential of using Raspberry Pi clusters
to simulate distributed environments for both research and educational purposes.
One study utilized a 64-node Raspberry Pi cluster to perform topology optimization
tasks, emphasizing energy efficiency and accessibility [1]. Another investigation
explored a hybrid environment combining Raspberry Pi nodes with Google Colab to
teach parallel and heterogeneous computing, highlighting the benefits of hands-on
experience with distributed workflows [2]. Additional findings reported the
successful implementation of a modular, portable instructional system using
pre-configured Raspberry Pi clusters, which led to significant improvements in
student understanding of parallel computing concepts [3].
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Beyond academic applications, Raspberry Pi clusters have also been evaluated
in terms of energy efficiency and cost-effectiveness. An experiment involving a
25-node cluster assessed its performance and power consumption, demonstrating its
viability as an eco-friendly solution for lightweight computing tasks, serving as an
alternative to traditional cloud-based setups [4].

One of the most attractive features of such physical cluster installations is
the visibility and control these allow. In contrast with proprietary, commercial
clouds, local clusters offer direct access to the network layer, system configuration,
and hardware interfaces, particularly valuable within the academic community.
Furthermore, through the use of ARM-compatible software stacks and open-source
orchestration software, users are able to recreate real distributed systems within
budget limitations.

Though the scale of Raspberry Pi clusters is subject to limits when working
with production-level workloads, their pedagogical utility is well-documented. They
present a physical, hackable platform within which distributed algorithms can be
explored, fault tolerance approaches can be tested, and observations can be made
of resource scheduling — all within the unabstracted, low-cost environment of
commercial clouds. As distributed computations become more central within modern
software systems, such low-cost platforms are a valuable tool in bridging the divide
between academic instruction and practical comprehension.

In parallel, advances in low-energy distributed hardware as well as
orchestration software have broadened Raspberry Pi cluster applicability. Improved
single-board computers offer better RAM as well as the latest ARM-based processors
in a 64-bit configuration, allowing more intensive workloads while not taking a
substantial hit in terms of power consumption. Lightweight orchestration software
such as K3s has been successfully used within Raspberry Pi clusters, supporting
automated scheduling and scaling of distributed, container-based code across
constrained devices [5]. Further, hybrid edge-cloud approaches are gaining
prominence, in which local clusters execute latency-insensitive computations while
delegating computationally intensive tasks outside. This design minimizes network
dependency as well as response time in data-intensive uses. Experimental results
indicate that such hybrid designs can achieve performance similar to centralized ones
under certain workloads, while enjoying the advantages of local control as well as
lower operational expenses [6].
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Indoor gardening has gained popularity due to urbanization and the desire
for fresh produce. Recent studies show that it relieves stress, boosts creativity,
productivity, focus, and promotes recovery [1]. However, maintaining optimal
conditions for plant growth indoors requires a lot of manual work, which includes
regulating light, humidity, ventilation and temperature. The integration of Internet of
Things technologies with Artificial Intelligence has transformed indoor plant care
significantly, leading to the development of automated systems that optimize plant
health and growth. These systems offer solutions by combining IoT sensors and Al
algorithms to monitor and manage plant care autonomously.

Several studies have demonstrated the effectiveness of Al-based indoor plant
care systems. One research introduced an Automated Indoor Plant Health and Pest
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Control System that utilizes robotic mechanisms and Al algorithms to monitor plant
health, detect diseases and control pests. It features automated watering triggered
by soil moisture levels and thermal imaging for pest detection [2]. Another study
proposed an loT-Based Indoor Plant Care System that integrates 10T devices to
monitor environmental conditions and automate plant care tasks, including an
interface for remote monitoring and control. The system not only automates watering
and lighting adjustments based on real-time sensor data but also monitors indoor air
quality, aiming to enhance the overall indoor environment [3]. Another notable
example is a Smart Hydroponics System using Al-based sensing, which collects
and analyses parameters such as temperature, water level, pH and nutrient levels.
The system automates the addition of water or nutrients as needed and allows users
to monitor conditions through a smartphone application [4]. Innovations such as the
Acrtificial Intelligence of Things (AloT)-based Plant Pot Design (APPD) have
demonstrated the capabilities of integrating Al and IoT technologies in indoor plant
care, enabling precise control over factors like illumination, photometric exposure
and moisture content. These systems exemplify the potential of combining Al and
I0T to enhance efficiency and promote stable indoor gardening practices [5].

Despite the advantages of such systems, challenges such as sensor reliability,
data scarcity and integration with existing smart home ecosystems persist. Ensuring
accurate sensor data is crucial, as inaccuracies can lead to incorrect care decisions.
The limited availability of appropriate datasets slows down the development of robust
Al models capable of generalizing across diverse plant species and environments.
Additionally, integrating these systems seamlessly into existing smart home setups
requires addressing compatibility and user interface design issues.

Based on the review of current research and advancements in Al and loT for
indoor plant care, we plan to develop a smart monitoring system that tracks key
environmental parameters such as soil moisture, temperature, humidity, and light
intensity, and utilises an automatic watering tool. A key innovation in our solution
will be the integration of a GPT-based model, which based on the plant species will
generate personalised watering and lighting plans. Unlike traditional systems, our
approach will focus on caring for a variety of indoor plant species, using GPT to
differentiate between them and tailor care recommendations to their specific needs.
This adaptability will ensure optimal growth conditions for each plant type. All
sensor data will be transmitted to a centralized database in real time, where it will be
stored and made accessible through a mobile application. The app will visualize this
data through intuitive graphs and dashboards, allowing users to monitor conditions
at a glance, track historical trends, and receive timely suggestions. The
recommendations will be adjustable through that application, which will serve as
both a user interface and a platform for real-time monitoring and system feedback,



enabling continuous refinement of care strategies based on plant condition and user
input.

Looking ahead, advancements in multimodal data integration, personalized
care recommendations, and edge computing are expected to enhance system
responsiveness and user engagement. Developing intuitive interfaces, focusing on
scalability and cost reduction is expected to further promote widespread adoption,
making Al-based plant care more sustainable and accessible.
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Component-based software engineering (CBSE) is a modern paradigm that
emphasizes the design and development of software systems through the composition
of reusable and modular components. This approach significantly enhances
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maintainability, scalability, and flexibility of complex systems. By decomposing an
application into distinct, loosely coupled parts, developers can focus on building and
testing each component independently, reducing development time and minimizing
the risk of errors. In large-scale enterprise applications, component-based
programming enables teams to collaborate more efficiently, reuse tested components
across multiple projects, and upgrade systems incrementally without affecting the
entire architecture.

Dropwizard is a lightweight Java framework designed for building high-
performance RESTful web services. It supports rapid development through its
modular architecture, which integrates well with component-based programming
practices. Dropwizard combines popular libraries such as Jetty, Jersey, Jackson, and
Metrics into a unified ecosystem, making it easier to build and manage modular
services. Its convention-over-configuration approach simplifies development
workflows and supports creating independent service components that can be
deployed, tested, and scaled separately. These features make Dropwizard an
ideal platform for developing component-based applications where reliability,
performance, and clear separation of concerns are cr Scientific research in
information technology increasingly highlights the value of component-based
development, especially in the context of microservices, distributed systems, and
cloud-native applications. Studies show that componentization improves software
reuse, adaptability, and system resilience, which are essential in today’s fast-evolving
tech landscape. Research also focuses on automated component discovery, dynamic
reconfiguration, and performance optimization, helping developers create smarter and
more efficient systems. The ongoing evolution of programming frameworks, such as
Dropwizard, provides a solid foundation for implementing these academic insights
in practical, real-world applications, bridging the gap between theoretical research
and enterprise-grade software engineering. Engaging students in component-based
software development is essential for preparing them to meet the demands of modern
software engineering practices. Through hands-on experience with frameworks like
Dropwizard, students not only learn to build modular and maintainable applications
but also develop critical thinking and problem-solving skills necessary for real-world
IT projects. Moreover, incorporating such practices into academic curricula supports
interdisciplinary learning and aligns with entrepreneurial thinking. As highlighted
by Helfert, Lyutak, and Duncan (2017), integrating student projects with virtual
collaboration and entrepreneurial elements enhances both technical and soft
skills, making graduates more adaptable and industry-ready [1]. Component-based
development, with its emphasis on reusability and scalable architecture, offers an
ideal foundation for these kinds of educational initiatives and collaborative student-
driven innovations.



To efficiently create components in Dropwizard, it is essential to begin with
a clear separation of concerns and define modular service boundaries. Components
should encapsulate specific functionalities such as authentication, data access,
or logging, which can then be reused across different parts of the application.
In Dropwizard, this can be achieved by creating dedicated classes for resources,
services, DAOs, and configurations. Each of these can be packaged independently
and injected where needed using constructor-based dependency injection. By
structuring code into clearly defined layers, developers ensure maintainability
and enable the easy replacement or upgrading of individual components without
Impacting the rest of the system. Dropwizard supports the use of bundles, which are
reusable packages of functionality that can be plugged into multiple applications.
A custom bundle can encapsulate configuration logic, service registration, and
resource setup, making it an excellent mechanism for component reuse. Developers
can define their own bundles by extending ConfiguredBundle or Bootstrap interfaces,
depending on whether the component needs access to the application configuration
or setup phase. This pattern allows for the consistent integration of features such
as security filters, metrics, or external service clients across different projects,
promoting modularity and reducing duplication of logic. Efficient component
creation in Dropwizard also involves comprehensive testing and integration
strategies. Since components are developed in isolation, unit testing can be applied
to individual services and DAOs, while integration testing ensures compatibility
with external systems like databases or APIs. Dropwizard provides a built-in testing
support module (dropwizard-testing) that simplifies the simulation of resources and
configuration during tests. Additionally, developers can use dependency injection
frameworks such as Guice or HK2 with Dropwizard to further decouple components
and improve testability. This modular approach ensures each component behaves
correctly on its own and integrates smoothly into the larger system.

By structuring applications into independent components, developers gain
flexibility, better maintainability, and the ability to scale systems efficiently.
Moreover, involving students in learning component-based practices fosters deeper
understanding and practical skills, especially when paired with real-world tools like
Dropwizard. Future research could focus on automating component discovery and
integration in Java-based microservice frameworks, as well as investigating the use
of Al-driven tools to support dynamic component reconfiguration and performance
optimization in distributed environments.
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The modern economy is characterized by a growing need for effective
solutions to routing problems, which is critically important for optimizing logistics
processes and reducing time intervals between supply and delivery. The aim of this
research is to develop new models and methods for routing management that can
function effectively under conditions of input data uncertainty.

The dissertation study examines approaches to solving routing problems using
modern information technologies, in particular the machine learning framework
TensorFlow [1] and the optimization solver OptaPlanner [2]. TensorFlow is planned
to be used to build predictive models that take into account uncertainty factors, such
as traffic jams, demand changes, or unforeseen circumstances, allowing to predict
future needs and optimize routes proactively. OptaPlanner will be used to develop
and implement effective routing algorithms that are able to find optimal solutions
in complex conditions with a large number of constraints and criteria. The main
challenge when working with TensorFlow was the high computational complexity of
training neural networks on small data sets. This problem was solved by using data
dimensionality reduction methods and applying pre-trained models. The proposed
hybrid approach allowed to avoid the main shortcomings of individual tools and
ensure stable operation of the system under uncertainty. Effective application of
OptaPlanner often faces difficulties in modeling complex real-world constraints and
multi-criteria routing problems, which can lead to long computation times. This study
proposes an improved approach to formalizing constraints and developing specialized
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heuristics, which allows to significantly increase the efficiency of finding optimal
routes. When using TensorFlow to train routing models, there is a problem with
processing incomplete or fuzzy data, which makes it difficult to create accurate
forecasts. However, by using advanced data preprocessing methods and advanced
neural networks, the accuracy of forecasts has been significantly improved.
Integrating OptaPlanner for route optimization with TensorFlow's predictive
capabilities requires overcoming the difficulties associated with the coordination
of different modeling paradigms and data formats. In the presented study, a unified
architecture is developed that provides seamless information exchange between
the predictive and optimization subsystems, which increases the overall efficiency of
routing management.

To achieve the goal, the following goals were defined: developing a method
for element-by-element route formation using OptaPlanner capabilities for flexibly
determining the sequence of point visits; solving multi-criteria route optimization
problems by integrating TensorFlow forecasting models with OptaPlanner decision-
making mechanisms; conducting simulation modeling for step-by-step optimization
of two- and three-step routes in order to assess the effectiveness of the proposed
methods and compare them with existing approaches.

The research is based on the scientific achievements of the department in the
field of optimization and management, reflected in monographs and dissertations.
Expected results include the development of hybrid models and routing management
methods that combine the predictive capabilities of TensorFlow and the optimization
algorithms of OptaPlanner, which will allow to increase the efficiency of logistics
processes under conditions of uncertainty and to offer practical recommendations for
their implementation.

The main results of the study are aimed at creating a methodology that
allows you to effectively form routes under conditions of uncertainty and optimize
processes at different stages of product supply. The use of information technologies
significantly improves the efficiency of decision-making and contributes to
increasing the productivity of enterprises engaged in logistics and delivery.
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Modern business conditions are accompanied by a high level of dynamism,
uncertainty and competition, which significantly complicates the processes of
managing material flows and transport logistics in particular. Constant changes in
cost indicators, instability of demand, delays in deliveries, unpredictable external
factors - all these factors require the search for new, more flexible and technologically
advanced approaches to planning and optimizing logistics processes.

Planning and optimization of transport flows play a central role in the
management system of enterprises. Traditional methods for solving transport
problems often do not take into account stochastic factors or have limited efficiency
when processing large amounts of data. That is why the relevance of using modern
information technologies, artificial intelligence and algorithmic methods for solving
such problems in complex conditions of uncertainty is growing.

In addition, global logistics systems are increasingly facing challenges
associated with crisis phenomena, such as pandemics, geopolitical instability, and
disruptions in the supply of critical components. This creates an urgent need to create
adaptive and resilient logistics solutions. The use of digital technologies, including
artificial intelligence, allows not only to ensure the flexibility of logistics chains, but
also to achieve a high level of transparency and predictability of operations.

The dissertation research is devoted to the development of models and methods
of transport logistics under conditions of uncertainty using modern information
technologies. The main attention is paid to the application of machine learning
algorithms for forecasting demand, identifying potential delays in supply chains and
developing adaptive transport flow management systems. Special emphasis is placed
on solving multi-index transport problems that take into account several parameters
simultaneously: costs, delivery time, risks of non-fulfillment of obligations,
fluctuations in fuel prices and load on transport corridors.
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The choice of tools for conducting the study is due to the need to process large
amounts of data and flexibly configure models. The use of the Python programming
language [1] in combination with the Pandas [2], NumPy [3], Scikit-learn [4],
TensorFlow [5] and PuLP libraries provides high performance when working
with data and efficient construction of optimization models. The Pyomo [6] and
OptaPlanner [7] frameworks allow formalizing transport problems as linear or integer
programming problems, as well as applying stochastic programming approaches to
take into account random factors.

In addition to classical algorithms, the research actively uses artificial
intelligence methods: genetic algorithms, particle swarm optimization, and multi-
agent systems that allow modeling the behavior of a large number of autonomous
agents in a transport network. The use of such approaches allows for the formation of
strategies that are adaptive to changes in the environment, rapid response to supply
chain disruptions, and optimization of transport route loading in real time.

Data-driven approach in the research plays a key role. It involves the use of
real data from logistics operators to build more accurate models. Taking into account
historical data allows us to take into account the specifics of previous periods and
increase the accuracy of forecasting. Moreover, real-time flow analysis provides the
opportunity to quickly detect deviations from planned indicators and timely adjust
routes and vehicle loading using the Pandas [2] and NumPy [3] libraries, as well as
machine learning tools available in Scikit-learn [4] and TensorFlow [5].

To build algorithms for optimizing routes under conditions of stochastic
uncertainty, models implemented in Pyomo [6] are used, and for complex
combinatorial problems, OptaPlanner [7] is used, which effectively copes with
planning transport flows in real time. In addition, to work with large amounts of
input and output data, the Python library [1] is effectively used, which provides
flexibility in integrating system modules and high calculation performance.
An important component of the software implementation is also a deep study of the
Python language [8], which provided the possibility of creating scalable solutions for
transport logistics.

Another important aspect of the study is ensuring information security in
logistics systems. Since the processing of large volumes of sensitive data about
routes, suppliers and customers is associated with potential risks of information
leakage, the work pays attention to the implementation of data protection
mechanisms. The use of encryption protocols, as well as the integration of cyber
security tools into the infrastructure of logistics platforms, is considered, which
allows ensuring the integrity and confidentiality of information.

The expected results of the research include the creation of a software module
to support decision-making in transport logistics, which will reduce operating costs
by 15-20% in test scenarios. Such a tool will help enterprises quickly adapt to
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changes in the market situation, improve the level of customer service and ensure
the stability of supply chains in difficult conditions. From a scientific point of view,
the research will contribute to the improvement of approaches to solving stochastic
transport problems and the adaptation of artificial intelligence algorithms to
conditions of uncertainty.

In the future, it is planned to expand the functionality of the developed
software module through integration with 10T platforms, which will allow receiving
data in real time from vehicles and logistics centers. The possibility of connecting the
system to cloud services to scale computing power and expand analytical capabilities
Is also being considered. Further research involves improving information security
mechanisms, which is critically important for data protection in modern digital
logistics systems.

In conclusion, a comprehensive approach to solving transport logistics
problems, which includes a combination of mathematical modeling, artificial
intelligence, data-driven methodology and information security tools, allows not
only to optimize logistics processes, but also to increase the overall resilience of
business systems to external challenges. The results of the study have significant
theoretical and practical significance, and the proposed models and methods can be
integrated into real logistics systems to increase their efficiency, sustainability and
competitiveness in a dynamic business environment.
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1. Python Software Foundation. Python Programming Language. -
https://www.python.org/
2. McKinney W. Pandas: powerful Python data analysis toolkit. — https://pandas.
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Standardization in information technology provides a common framework that
helps organizations align their processes, tools, and communication. It ensures that
software products meet consistent quality levels, enhances compatibility across
systems, and simplifies maintenance and upgrades. For small IT companies, adopting
standards can help establish credibility, improve customer trust, and ensure smoother
collaboration with partners. Standards also facilitate compliance with regulatory
requirements and enable businesses to operate more efficiently by reducing
variability and eliminating redundant processes. Without a clear standard in place,
development teams may face challenges in defining quality, resulting in inconsistent
results and higher project risks.

Software development plays a foundational role in today’s digital economy.
From healthcare and finance to education and entertainment, almost every industry
relies on software to deliver value, streamline operations, and innovate. Small IT
companies often serve as incubators of innovation, offering agile solutions tailored
to specific user needs or niche markets. As the demand for reliable, user-friendly,
and scalable applications grows, the importance of disciplined software engineering
practices-especially those involving quality assurance-becomes increasingly critical.
Efficient software development not only drives technological progress but also
supports economic growth and improves everyday life for individuals and businesses
alike.

Scientific literature emphasizes the role of standards in improving software
quality, reducing development time, and increasing project success rates. Studies
show that applying frameworks like 1ISO/IEC 25010 enables systematic evaluation
of software products, making it easier to identify flaws early in the development
process [1]. Researchers have also investigated how tailored QA practices can be
adapted for small and medium-sized enterprises (SMESs), showing that even limited
implementations of quality models can lead to measurable improvements. Ongoing
research focuses on integrating quality standards with agile methodologies, using
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automation to enforce quality rules, and analyzing the return on investment for
standard adoption in smaller IT organizations.

Implementing quality assurance (QA) practices in small and medium-sized
enterprises (SMEs) requires a tailored approach that balances quality goals with
limited resources. Unlike large corporations, SMEs often lack dedicated QA teams,
formal processes, or extensive budgets for certification and compliance. Researchers
have explored lightweight QA models that simplify traditional standards such as
ISO/IEC 25010 or ISO/IEC 29110 (specifically designed for very small entities).
These models emphasize essential practices like code reviews, automated testing,
documentation, and iterative feedback, allowing SMEs to adopt quality assurance
gradually without disrupting existing workflows. Implementing quality assurance
(QA) practices in small and medium-sized enterprises (SMESs) requires a tailored
approach that balances quality goals with limited resources. Unlike large
corporations, SMEs often lack dedicated QA teams, formal processes, or extensive
budgets for certification and compliance. Researchers have explored lightweight QA
models that simplify traditional standards such as ISO/IEC 25010 or ISO/IEC 29110
(specifically designed for very small entities). These models emphasize essential
practices like code reviews, automated testing, documentation, and iterative feedback,
allowing SMEs to adopt quality assurance gradually without disrupting existing
workflows. The benefits of adopting QA in small IT companies include improved
software reliability, higher client satisfaction, and better risk management. Research
findings suggest that even partial adoption of QA standards can reduce the number of
defects and enhance team communication. However, challenges remain, particularly
in ensuring team buy-in, maintaining documentation, and managing the cost of tools
and training. Researchers recommend starting with pilot projects to demonstrate
value, followed by incremental adoption of QA practices. Collaborative efforts with
academic institutions or industry mentors have also proven effective in supporting
SMEs during the transition toward structured quality assurance.

One of the most effective ways to gain team buy-in for quality assurance
practices is through education and clear communication of the benefits. Team
members should understand that QA is not about bureaucracy or control, but
about improving product quality, reducing bugs, and making their work more
predictable and less stressful in the long term. Involving developers, testers, and
project managers in defining QA practices can foster a sense of ownership and
commitment. Encouraging a quality-oriented culture through regular meetings,
shared responsibility for code quality, and peer reviews helps integrate QA as a
natural part of the development workflow. Recognizing and rewarding quality efforts
also motivates team members to maintain high standards. Cost-related challenges,
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such as purchasing tools or providing training, can be mitigated by leveraging
open-source solutions and free learning resources. Tools like JUnit, Selenium,
SonarQube, Jenkins, and GitLab CI/CD offer powerful capabilities for testing, static
analysis, and automation without licensing costs. Additionally, free platforms like
Coursera, edX, and YouTube provide high-quality training materials for developers to
upskill in QA. SMEs should focus on gradually introducing practices, starting with
critical areas such as automated unit testing or version control. This phased approach
allows teams to see quick wins, measure improvements, and build confidence before
investing in more advanced tools or certification frameworks.

References:
1. ISO/IEC 25010:2011. Systems and software engineering — Systems and software
Quality Requirements and Evaluation (SQuaRE) — System and software quality
models. International Organization for Standardization, 2011.
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Tpamuiiiini pecypcu, 110 MPaIoBaId B ayJMTOPHOMY HaBYaHH1 HAOyJIM HOBOTO
3MICTY B YMOBax JWCTaHIIIMHOI OCBITH, a 3BUYHI METOAM, TpuiloMmu Ta ¢GopMu
HaBUYaHHSI 4YaCTO CTaJid MPOCTO HENOCSHKHUMU. Bru3Haurmo HalO1Ib1I 3aTpeOyBaHi Ta
aKTyaJibHI JUIsl TIE1aroriB PECypcH, IO 3[aTHI ONTHUMI3yBaTH POOOTY, MOIEpHI3yBaTH
OCBITHE CEpEIOBUIIEC B yMOBaX JTUCTAHIIIMHOI OCBITH.

Mryyamii  intenékr (LI, anmrn. artificial intelligence, Al) € po3nigom
KOMIT'IOTEPHOI JIHTBICTUKA Ta 1H(QOPMATHKH, SIKAA IIBUAKO PO3BUBAETHCS, 1
30CEPEeIKY€EThCS Ha Po3poO1l a0COMIOTHO HOBUX MPOAYKTIB, IO MOXYTbh OyTH
3aCTOCOBaHI y pI3HOMaHITHHUX c(epax AisNIbHOCTI JIOACTBA.
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AHai3 HayKOBUX IMONIYKIB 3aCBITYMB, IO MUTAHHSM IITY4YHOTO 1HTEJEKTY Ta
HOro 3aCTOCYBaHHSI B OCBITI NMPHUCBSYEHO Oarato poOIT HAYKOBIIB SK 32 KOPAOHOM
(Ytrepbepr, Monen, Mapi, Xamans, Yccama, Enp ®ammyni ta Mymait Xauem Anayi
XapyHi), Tak 1 B Ykpaini (banit O., bapanos O.).

Bxe wmaitke TpW ACCATKHM POKIB ICHYE cHenu(piyHUN HarpsM BUBYCHHS
JOCATHEHb 3aCTOCYBaHHS INTY4YHOro 1HTeNekTy B ocBiTi (AIED), BueHumu
0OrOBOPIOIOTHCS TaKl pedl, sIK 3aBJaHHs, METOAOJIOTIS, MPUKJIAAN 3aCTOCYBaHHS Ta
npobnemu Al [2]. BueHuMH akTHBHO BUBYAETHCS MHTAHHS, SK Oyne BimOyBaThcs
caMoperyiisillis y Tajiy3l MOTHBAIlil, KOMyHIKaIlii y CEpeJOBHIIAX 13 3ay4eHHAM
HITyYHOTO iHTENeKTy [4].

JlocTaTHRO  I[IKABUM Ta  MEPCHEKTUBHUM  HANPSMKOM €  PO3BUTOK
IHIMBIAYaJbHUX TPAEKTOPIM HaBYAHHS, IO JO3BOJIUTH 37100yBavyaM OCBITH YCITIIITHO
OMAHOBYBaTH HABUYKM Ta 3HAHHA IIiJI KOHTPOJIEM Ta PETY/SLi€l0 I[ITy4HOTO
1HTEJICKTY, BUKOPUCTOBYIOUHM HOTO I MATPUMKH AaKTUBHOTO Oa)KaHHS HaBYATHUCS
BIIMOBITHO 10 JUJAKTUYHOTO MPUHIIMITY MOCTYIIOBOCTI.

IcHye Oarato HOBHUX 3aJad y CTBOPEHHI OCBITHIX CEpPEeIOBHIL IS
MepcoHai3allii HaBYaHHS, MOOUIBHOTO THYYKOTO HABYaHHS, PO3POOKH OCBITHIX
TUAAKTUYHUX 1TOp Ta MUJAKTUYHOI CUMYJSII. AKTUBHO CTBOPIOIOTHCSA MPAKTHYHI
KeMCH Ta KypCH JUIA BUKOPUCTAHHS B OCBITI. JlochmimgHuku 11i€i mpoOieMaTHKH
NPUAUIAIOT 0arato yBaru €MOLIMHMM Ta COLIaJbHUM Taidy3siM 3acTOCYBaHHA
HITY4HOTO iHTENneKTy [3].

3a oCTaHHI POKHM IWPOKOBKUBAHUMHU Ta 3BUYHUMHU CTAIHM TakKi MOCIYTH, IO
3a0e31euyroThCs Mi(POBUMH aIrOpUTMaMu Ta cucteMami, sik Google Translate, Siri 1
Google Assistant, a CTBOpeHi, Ha OCHOBI IITY4YHOTO 1HTENEKTY Big Google yar-60Tu
ChatGPT Bard moxyTh HIBHAKO HaJaBaTH BIANOBIAI Ha Oyab-fAKi 3alHTaHHS,
MOSICHEHHSI, POOMTH HABEJIEHHS MPUKIAIIB, HAMHMCAHHS BIPUIIB YW OMNOBIJAHb 1
y3arajibHeHb TEKCTy. Bi3yasibHI MOCIYr¥, CTBOPEHI Ha OCHOBI TEKCTIB, Oylb-SKOIO
MOBOIO, CbOTOJIHI TaKOX JIy’K€ po3BUHEHI. [IpUKiIanu 1HCTpYMEHTIB, K1 103BOJISIOThH
BBOJUTH TEKCT I CTBOPEHHS pEANTICTUUYHUX 300pa)KeHb, BKIIOYAOTH Stable
Diffusion ta Imagen: Text-to-Image Diffusion Models [1].

VY poOotri menarora IITYyYHHH IHTEJIEKT HE TUIBKM JOMOMOXKE CTBOPIOBATH
Mpe3eHTallli Ha 3a/laHy TeMAaTHKY, a 1 BUKOHATHU I1i¢ 0arato JOMOMDKHOI podoTu [2].
Tak MOXJTHBO CTBOPIOBAaTH TECTOBI 3aBIaHHS HA OCHOBI 3alPOIIOHOBAHOTO KOHTCHTY
3 OJIHIEIO TPABUJILHOKO BIJMOBIAK Ha BUOIp, JJIS opraHizaili poOoTu 3100yBadiB
ocBiTH ab0 BHUKIAJa4ya MOXKJIMBO CTBOPEHHs dYeK-TUCTIB. Ilemaror moxke 3a
nomomoroto I 3renepyBaTtu TEKCT AJiA CIAWIB MPE3CHTAIlll, CTBOPUTH TaOJIHUIIIO,
¢dnemkapTy 3a BKazaHOK TeMoro. CydacHI MOXIJIMBOCTI Jal0OTh MU(PPOBOMY 3aco0y
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reHepyBaTh 1/1ei MPOEKTIB Ha 3alpoOlOHOBAaHYy TEMAaTUKY, OOMpPAIOUd MOKIIUBI
BapiaHTH 3a KJIIIOYOBUMHU CIIOBAMHU.

S0 roBopuTH Mpo poOOTY 3 Meia, sSKa 3aBxAu 3a0upae 6arato yacy mearora
T 9ac MiATOTOBKH JIO 3aHATTS, IITYYHHH 1HTEICKT MOXE 3TeHEpyBaTH 300paKCHHS
y NpPUTAMAHHOMY HOMYy CTHJII 3a 3aJJaHOI0 TE€MOIO, TpaHC(OPMYBAaTH CKaH-KOIIIIO
9 (OTO CTOPIHKM B TEKCT, IO MIAAA€Thcs penaryBaHHio. Came 3a JIOMOMOTOIO
1IM(PPOBUX 3aCTOCYHKIB IEIaror MOXkKe BHAAIUTH (OH 300paKeHHs, BUOPATU TEKCT
3 BiZle0 Ta MEpeKJIacCTH YM O3BYYHTH TeKcT. llikaBUMU € cuMynsmii po3MOBH 3
BHUJIATHUMU J1sT9aMU MUHYJIOTO a00 ChOTOACHHS.

KpeartnBHmii miemaror, BUKOPHCTOBYIOUM TIOpaay JIBOMOBHOTO (YKpaiHCHKa,
aHriiiceka) «llepcoHabHOTO MOMIYHUKA BYUTENS», 1HHOBAIIITHOTO 1HCTPYMEHTY,
pPO3pOOJICHOTO HAa OCHOBI HITYYHOTO I1HTENEKTY, MOXe €(EeKTHMBHO OpraHizyBaTH
poOOTYy 3 Mefia, CTBOPIOBATH 3aBJaHHs Ta BIPaBH, IMPOMOHYIOYH 3700yBayam
OCBITH IIyKaTH TOMWIKH y mpono3uilisx LI, mepeknmagatn TEKCTH, CTBOPIOBATH
Bi3yaJbHUH KOHTEHT Ta CTBOPIOBATH TECTOBI 3aBIaHHS, MOTHUBYBATH JI0 BUBYCHHS
OCBITHIX TEM.

Ha namry nymKy, IITy9HHM 1HTEJIEKT € BAXKJIMBUM THCTPYMEHTOM B OCBITI, KU
CIIPOMOKHUM TOTIOMOTTH BUKJIAJa4u€Bl, ajie Hi B IKOMY pa3l HE 3/]aTeH 3aMIHUTH HOTO.
B ymoBax nucTaHIIITHOTO HaBYAaHHS 3aCTOCYBaHHS ITUGPOBUX 3aC001B, a 0COOIMBO
BUKOPHUCTaHHS IITYYHOIO 1HTENIEKTY y MpoQeciiiHIi AiSIBHOCTI Ta OCOOUCTICHOMY
PO3BUTKY € HE3aNEPEUHIM.

Jlireparypa:
1. Banit O. Ludposa TpaHchopMmallis KOPHOPATHUBHOI OCBITH: BITYM3HSIHUN 1
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Table of the Department of Scientific Information and Analytical Support of
Education of the V. Sukhomlynskyi State Scientific and Educational Library of
Ukraine. Vinnytsia : TVORY, 2023. 89 p. URL: http://dnpb.gov.ua/wpcontent/
uploads/2023/06/VNIASO-Round-Table-17052023
2. bapanoB O. A. BusHaueHHs TepMiHy “IITY4HHH i1HTENeKT . I[Hpopmayia i
npaso. 2023. Ne. 1 (44). C. 32-49. URL.: http://il.ippi.org.ua/article/view/287537
3. T'y6ina C. I. OcHOBHM menaroriyHuX BUMIPIOBaHb 1 MOHITOPHHIY SIKOCTI OCBITH:
MeToANYHI pekoMeHaaiii. Binauns, 2018. 64 c.
4. Oliinyk T., Mishchenko O., lievliev O., Saveliev D., Hubina S. Inclusive
education in Ukraine: conditions of implementation and challenges. Cadernos
de Educacéo, Tecnologia e Sociedade. 2023. Vol. 16. No. se2. P. 50-62. URL.:
https://www.brajets.com/index.php/brajets/article/view/1286
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[[IBuake 3pocTaHHsA KUIBKOCTI Oe3miioTHUX JdiTanbHux anapartiB (BILIA)
BUMarae €()EeKTUBHOIO YINPABIiHHA MOBITPIHUM NPOCTOPOM, 30KpEMa B yMOBax
MICBbKOi 1H(MpacTpykrypu. TpaauuiliHI LEHTpadi30BaHI CUCTEMHU YIPABIIHHSA
TpaiKOM BHSIBISIIOTHCS HEJOCTATHHO THYYKMMHU Ta MacCIITa0OBAHUMU IJIsI OOPOOKH
Benukoi KuibkocTi BITJIA. XwmapHi OO4YMCIIEHHS BIAITParOTh KIIOYOBY pOJIb Y
CTBOPEHHI aJJaliTUBHUX, HAIIMHUX 1 MAacIITA0OBaHUX CEPBICIB YHPABIIHHS TpadikoM
BITJIA (UAV Traffic Management, UTM).

Buxopucranus xmapHux miargopm i 30epiraHas Ta 00pooku
TeJeMeTPUYHUX JaHUX

BIIJIA mOCTIHO TeHEepylTh BEJIHKI OOCITH TEJIEMETPUYHUX  JITaHUX
(KoOpaMHATH, WBUIKICTb, BUCOTA, CTaH aKyMYJSITOpa, MOTOJHI YMOBH TOILO), IO
MaloTh MEpPeaBaTUCs y peajbHOMY 4acl 10 UEHTpIB 00poOku. XmapHi miaargopmu,
taki ik Amazon Web Services (AWS), Microsoft Azure abo Google Cloud Platform,
3a0€3MeuyIoTh:

— MacmraboBane cxoBuumle g 30epiraHHs  CTPYKTYpOBaHUX 1
HECTPYKTYPOBAHUX JAaHUX.

— BucokomBuHAKiCHY 00p00KY aHUX 3aBISKH BHUKOPUCTAHHIO BIPTyaJIbHHX
CepBepPIB Ta KOHTEMHEPU30BAHUX MIKPOCEPBICIB.

— IMapaneabHy 0OpoOKY AaHUX ISl MIJBUIIEHHS IIBUJKOCTI pearyBaHHs
Ta yXBAJICHHS pillIeHb. 3aBASIKM BUKOPHCTAHHIO XMapu MO)KHA 1HTETpyBaTH JaHl 3
pizaux mxepen (BIUJIA, Ha3eMHUX CEHCOPIB, Kamep CIoCTepekeHHs, nmorogHux API)
U1l TOOY/IOBY €IMHOI CUTYAIIHHOT KAPTUHU MOBITPSHOTO HpocTopy [1].

3al0e3neyeHHs] AMHAMIYHOIO PO3MOALLY 00YHCIIOBAJIBHUX PEeCypCiB
XMapH1 cepBiCH JO03BOJIAIOTH JUHAMIYHO MaclITaOyBaTh pecypcH BiANOBIIHO
710 TIOTOYHOTO HABAHTAKEHHS (HAMPUKIIAJ, 30UIbIIEHHS KIIBKOCTI akTUBHUX BITJIA
B MIKOBI TOJWHU). 3a JOTIOMOTOI0 ABTOCKEWJIHIYy Ta opieHTamii HA momii MOXHa
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B PEXUMI peaJbHOro uacy 30UIbIIyBaTH KUIBKICTh BIPTyaJIbHUX MalIdH abo
KOHTEHWHEPIB, 10 00CIyroBytoTh Tpadik [2]. Lle mo3BosseE:

— 3MEHIINTH 3aTPUMKHU Y MapIIpyTH3allii MOJbOTIB.

— [TigBUAIIATH CTIMKICTH CUCTEMH 110 MIKOBUX HAaBaHTaXeHb a00 3001B.

— 3abe3meunTty €pEKTUBHE PE3CpPBHE KOIMIIOBAHHSA, PEIUTIKAINIO Ta IIBUIKE
B1IHOBJICHHSI TaHUX.

XMapa TakoX JJO03BOJISIE 3alyCKaTH aJrOPUTMHU IITYYHOTO IHTEJIEKTY Ta
MAIIMHHOTO HABYaHHS JJIs MPOTHO3YBAaHHS 3aBAHTAXCHHS MOBITPSHOTO IMPOCTODY,
BUSBIICHHS KOH(MIIKTIB MapUIpyTiB, ONTUMIi3allli MOJbOTHUX TJIAHIB.

InTerpauisi 3 MOOLILBHUMM Ta HA3eMHUMHU iHTep(eiicammn

XMmapHi 1HTep(deiicH 103BOJSAIOTH ONEPaTUBHO OOMIHIOBATHCS i1H(OpMAaIlieo
MK ycimMa ydacHukamu UTM-cucremu: oneparopamu BIUUIA, HazeMHuMH
aucrietTuepaMu, ciaykoamu Oesneku. 3aBasku APl ta xmapuum SDK  MoxHa
CTBOPIOBATM MOOUIBHI 3aCTOCYHKH [JJii KOHTPOJIO 33 MApUIPYTOM IOJbOTY,
OTPUMAaHHS MOBIIOMJIEHb MPO 3MIHU MOTOJHUX YMOB YU IHCTPYKIII1 BiJl pEryisTopa.
Xmapa 3a0e3neuye BigaageHui X0CTyn 10 iHTep(deiciB cucTeMu B Oynb-sIKIA TOYII
CBITY.

be3neka Ta BiANOBiAHICTH BUMOram
XmapHi maargopMu 3a0e3neuyroTh IMH(PPYBaHHS [TaHUX, ABTEHTHU(IKALIO
KOPUCTYBaylB Ta KOHTPOJb JOCTYyNY. 3aBISKd [JOTPUMAHHIO CTAHIAPTIB
(manpukmnan, ISO/IEC 27001, SOC 2, NIST) xmaphHi cepBicM MOXYTb OyTH
1HTerpoBaHi B jiepkaBH1 abo npusatHi UTM-pimenHs. 30epirants icTopii MoJbOTIB
Ta TeneMeTpli B Xmapl J03BOJSE€ TMPOBOAUTH AayduT, aHaji3 I1HIOUACHTIB 1
BJIOCKOHAJICHHS aJITOPUTMIB yHpaBiHHS [3].

BucHoBknu

XMapHi OOYMCIIEHHS € (YyHIaMEHTaJIbHUM KOMIIOHEHTOM MacIiTa0OBaHUX Ta
aganTUBHUX cucteM ynpasimiHHS Tpadikom BIIJIA. Bonu 3abe3neuyroTb He JuIle
edexTuBHEe 30epiraHHd Ta OOpOOKY BEJIMKHUX OOCSTIB JaHMUX, aje U JUHAMIYHE
MacTadyBaHHS OOYHCITIOBAIBHUX PECYPCIB, IO € KPUTUYHO BAXKJIMBUM Y KOHTEKCTI
3poctanHa KinbkocTi BIIJIA. Hagani pone xmapuux texnosoriii y UTM-cuctemax
JUIIE 3pOCTaTUME, 30KpeMa y 3B'I3KY 3 PO3BUTKOM MICHKOI1 MOBITPSIHOI MOO1IBHOCTI
(UAM), interpartiero SG Ta MosIBOIO aBTOHOMHHUX POiB APOHIB.

Jlireparypa:
1. Amazon Web Services. AWS for Drones and Robotics [Enexkrponnuii pecypce]. —
Pexxum noctymy: https://aws.amazon.com/industries/aerospace/robotics/
2. Google Cloud. UAV Data Management Using GCP [EnextponHuii pecypc]. —
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HocmimkeHHto  1HQOpMAIIMHUX ~ CUCTEM  MPOTHO3YBAaHHS  YCIIIIHOCTI
3100yBayiB OCBITH y HIMPOKOMY 1 BY3bKOMY PO3YMIHHI MPUCBSIYEHO Mpalll 0ararbox
HAyKOBIIIB, K YyKpaiHChkuX [1] Tak i1 3akopmoHHmx [2]. IlosBa BeIMKHX TaHHX B
OCBITI TIOSICHIOETHCS IIOHAMMEHIIIE JIBOMAa OCHOBHMMH TEHACHIIISIMUA IIU(PPOBOI €pu:
no-mepiie, 3anmuc 1 30epiraHHs IHCTUTYIIMHUX JaHUX Y TPaJAMUIIIHHUX yMOBax
nenam  Oiapie  OnU(POBYIOTBCS, IO MPHU3BOAMTH JO BEIWYE3HOI KiJIBKOCTI
CTaHJapTHU30BaHOI 1H(OopMarlii po ctyneHtiB. [lo-apyre, HaByaabHA MOBEIHKA, SIKY
Oyno ckiagHo 3adiKCyBaTH B ayIUTOPIsIX BiY-HA-BiY, TEMep MoOxe OyTH BCEOIYHO
OXOIlICHa cHcTeMaMM yrpaBiiHHsa HaBuaHHsAM (LMS). ¥V mporeci GpyHKIIIOHYBaHHS
CUCTEMHU EJICKTPOHHOTO HAaBYaHHS KOKEH KOPUCTYBad 3ajUIlla€ B HIM Tak 3BaHUN
"uudporuit caixn” (iHGOpMaIIO PO caMOro KOPHUCTyBada, Pi3HI 3amudcu B 0Oasax
naHux (Mpo MIsUTBHICTH, MPO TOBIJIOMJICHHS, TIPO OIIIHKH TOINO), OKpemi (aitiu
Ta iHmI Jadl). AnHamiz 1 Qopmamzaiig i€l  iHMOpMaIii MOXE CHPHUSITH
PO3pOOJICHHIO MOjeli MUGPOBOTO CIiTy, BUKOPUCTOBYIOUH SIKy MOXKHA PO3POOHTH
ONTUMAJIBHUA MiAXig 70 (opmyBaHHS 1HGOPMAIIHHOI CHCTEMH MPOTHO3HOI
aHAJITUKU YCIIIIHOCTI CTYJIEHTIB 3 BUKOPUCTAHHSIM METOIB 1HTEJIEKTYaJIbHOIO
aHasi3zy qanux (puc.l)
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Puc. 1. ®opmyBanHs iHpopMaliitHOT CUCTEMH MPOTrHO3HOT AHAIITUKU
YCHIIIHOCTI CTYJE€HTIB

BukopucTanHsi pi3HOMAaHITHUX LU(POBUX IHCTPYMEHTIB Ta IIATHOpM s
MOKPAIICHHS! OCBITHBOTO MPOLIECY T€HEPY€E BEIMYE3HY KIIbKICTh HU(MPOBUX CIIIIB
YYAaCHHUKIB OCBITHBOTO IpoIecy. MokHa NEPEKOHIUBO CKa3aTH, 110 BJIOCKOHAJICHHS
TEXHOJIOT1, 0COOIMBO y c(epl MTYYHOrO IHTENIEKTY Ta aHali3y aHUX, MOXYTh
JaTu  pexkoMmeHpamili g 3700yBadiB  OCBITM SIK  HaBYATUCS  €(EKTUBHIIIE,
pe3yapTaTUBHINIE Ta 3 33J0BOJIEHHSAM. [OJOBHE 3aBHaHHS 3aKjiajay OCBITH —
BUIYCK SIKICHUX BUIIYCKHMKIB. JInsl [IOCATHEHHsA 1€l MeTH 3akjajJ TOBHHEH
KOHTPOJIFOBATH YCHIMIHICTh CTYAEHTIB, 3HAIOUM sIKOMOra Ouiblie 1H(popMalii
PO CTYyAEHTa Ta HaJaloyd PEKOMEHJOBaH1 3axXxoAu g MIATPUMKH HaJEXKHOI
YCIHIIIHOCTI.

InTenexkryansuuii anam3 ocBiTHIX gaHux (EDM) € nobpe Bimomoro cdeporo
JOCIIIJIKEHB, A€ 1aHl OyAyTh BUTATYBAaTHUCS 3 PI3HUX JIKEPES OCBITHHOTO CEPEAOBUILA
HAaBYAJIBHOTO 3aKjaay 1 IMI3HIIIE aHami3yBaTUCd BIAMNOBIAHO 10 pO3poOIeHUX
MozieNiel 1 Bi3yasi3yBaTUCsS B IHTEPAKTHBHI IIA0JIOHU JUIsl PI3HUX CTEHKXOJAEPIB.
Kpim Toro, ocHoBHoro Meroro EDM € BuUSIBIEHHS HOBUX 3HaHb 1 MPUXOBAaHUX
3aKOHOMIPHOCTEH, $IKI ICHYIOTb Y CTYIEHTCbKHMX JaHMX 1 MOXYTh BIUIMBAaTH Ha
MPUIHATTS PILLICHb.

Yucnenni Mozaemi abo MeToAuKd OyiaM 3alpoONOHOBaHI B PI3HUX OCBITHIX
KOHTEKCTaX JJid MPOTHO3YyBaHHs ycmimHOcTI cTyaeHTiB [3]. IlepemoBi meTtomau
MamuHHOro HapyaHHs (ML) MoxyTh mnepenbadaTtd yYCHIIIHICTh CTYJIEHTa 3a
KJIFOYOBUMHU  XapaKTEepUCTUKAMU HA OCHOBI aKaJeMIYHHUX, MOBEAIHKOBHX Ta
nemorpadiyHux JgaHux. s BHUKOpPHCTaHHS MPOTHOCTHMYHOIO MOJENIOBAHHS Ha
MEepIIOMY KpOIli BHUKOPUCTOBYETHCS JCKUIbKAa 3aBAaHb, a caMme Kiacudikaiis,
perpeciiinuii ananmiz Ta kinacrepusaiis. Cepen mnommpeHux anroputMmisB EDM,
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BHUKOPUCTOBYIOThCS JiepeBa pimenb (Decision Tree), Bayesian Network, Artificial
Neural Networks, Naive Bayes, K-Nearest Neighbour, Support Vector Machine
(SVM) Ta iHmi. 3 BHUKOPHCTaHHAM METOMAIB IHTEIEKTYaJIbHOTO aHali3y JaHUX
MPOTHOCTUYHE MOJICNIOBAHHS  3a3BHYall  BUKOPHCTOBYIOTH Yy IPOTHO3YBaHHI
YCHIIIHOCTI CTYAEHTIB. 3arajioM KUIbKICTh JOCHIIXEHb Yy c(epl 1HTEeNEeKTyaaIbHOTO
aHaJi3y JaHWUX y OCBITHIX NporpamMax IIBHAKO 3POCTAE, a TAKOXK 30LIBITYETHCS
PI3HOMAaHITHICTb BUKOPUCTOBYBAHHUX METO[IB. BCTaHOBIIEHO HA OCHOBI CHCTEMHOTIO
JOCIIJDKEHHST Ta KiIacu(pikoBaHO aTpulOyTH, MmO Opaauch 10 yBarm HalJacTimie
B TPOTHO3YBaHHI YCIIIIHOCTI 3700yBa4iB OCBITH: TI€PCOHANIbHI, aKaJEMIvHI,
€KOHOMIYHI1, COLlIalbH1 Ta IHCTUTYLIHHI. | HAOLIBII TOCTIIKYBaHUMU € TIEPCOHATBHI
YMHHUKHU, Takl SK: BIK, T€HIEp, HAI[lOHAJbHICTh, MPUHAJEKHICTh JI0 CLIBCHKOI
TH MiICbKOi TepuTopii, TOowo. IlpoTe TpaaumiiiHI anrOpuTMM Ta MIAXOAH
IHTEJIEKTYaJIbHOTO aHai3y JaHUX HE MOXYTh OyTH Oe3mocepeaHbO 3aCTOCOBaHI 0
BUPILIEHHSI MPOOJEM Yy HaBYAJIbHOMY IMPOLEC], OCKUIBKM BOHU MOXYTh MAaTH
cneuudiuny Metry Tta Qynkmio. Ile o3Hayae, 1o crno4yarky MOBUHEH OyTH
3aCTOCOBAaHUN AJITOPUTM MOMNEPEIHBOTO OOPOOIEHHS AAHUX 1 TUIBKK TOJl MOXYTh
OyTH 3acTOCOBaHi JeAkl crenu@iudi MeToau a”amizy jgaHux. Ha ocHoOBI ommsany
BEJIUKOI KUIBKOCTI JIITEPATYPHUX JIKEPEN JOBEACHO, IO SIKICTh 3HAHb Ta YCHIIIHICTh
3100yBayiB OCBITH (OpPMY€EThbCSI B pE3YyNbTaTi B3a€MOAIl JABOX TPyl YYaCHHKIB
OCBITHBOTO MpOLIEeCy: 3100yBaviB OCBITH Ta BUKJIaJadiB. BoHH, K MpaBUIO, MOXYTh
B3a€MOJISATU OouIaifH, TOOTO HaJaHHS OCBITHIX MOCIYT BiAOYyBa€eThbcs O€3MOCepeaHbO
Ha 0a3l HaBYaJIbHUX JIaDOpPATOpI 3aKJIaJIB OCBITM YW OHJIAH NMPU BUKOPUCTAHHI
iH(hOpMaIIITHUX TEXHOJIOT1M, HUPPOBUX CEpBICIB Ta IIar@op™m, IO TAKOXK Mae
3HAYHUU BIUTMB HA HAOYTTA BIANOBIAHMX KOMIETEHTHOCTEN Ta Ha AKICTh OJIepKaHUX
3HAHb 1 MABUILYE YCMIIIHICTh CTYACHTIB.

KonuenryansHa MaTemMarMuHa MoOAeNb, fAka ¢dopmanizye (HopMyBaHHS
YCHIIIHOCTI 3700yBaya OCBITH Ma€ 1€papXidyHy CTPYKTYpY, NOEIHYIOUH aTpuOyTH Ta
METPHUKH OCBITHIX JAHUX:

F = Qm, Qk, Qt,Qs — extr (max) ,

ne F — iHTerpanbHuil MOKa3HUK YCHIIIHOCTI 3700yBaviB OCBITH;

Qm — Bukopuctanas LMS mis onmaiin HaBuanus (LMS moodle);

QK — sKiCTh 1 TOCTYIHICTh OCBITHBOTO KOHTEHTY y CHUCTeMi (BUKOPHCTAHHS
arectoBanux EHK);

Qt — mpodeciitHicTh BUKJIaga4a (BIAMOBIIHICTh OCBITHIM KOMITOHEHTI)

Qs — edexTUBHICT POOOTH CTyJEHTA (AaKTUBHICTH Ha KypCl).

OCBITHI TEXHOJOTIT 30MpalOThb BEIUKY KUIBKICTh JaHUX Npo mepedir
HaBYaHHS.

AHanmi3yrouu iX, 1 OCBITSHM 1 CTEHKXOJJEpU MOXKYTb OTPUMYBATH LIHHY
1H(dOopMallito PO MOJEII HaBYaHHS, 00 MOKpaIllyBaTH IPOrpaMU, PO3yMIIOUH, 3 YUM
y CiyxaylB BHUHUKAIOTh TPYAHOLI, BHSIBIATH 1HAMBIAYallbHI TOTpeOH 3100yBayiB
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MEBHUX TPYI Ta aJaNTyBaTH HaBYaJbHI KypCH, MPOTHO3YBATU MOMYJSIPHICTh MEBHUX
MPOEKTIB cepell ayAUTOPii.

YcecTopoHHE BOPOBAKEHHS 1H(GOPMAIIHUX TEXHOJIOTIM 3MIHHB OCBITHIO
MOBEIHKY CTyAeHTIB. MO)XXHa CKa3aTd, MI0 BIOCKOHAJIECHHS TEXHOJOTiH, 0COOIMBO
y cdepl MTYyIHOTO IHTENEKTy Ta aHami3y JTaHWX, MOXYTh 3a0€3MECYUTH BUIIHMA
CTYIiHb 3a/JI0BOJICHOCTI Ta €()EeKTHMBHOCTI HaBUaHHSA. A OTXKE IS MEHEIKMEHTY
SKOCTI OCBITH CTa€ Ba)UJIMBHM PO3pOOKa MOJENI MPOTHO3YBaHHS, SIKa J1a€ OPIEHTHUP
3alliKaBIEHUM CTOpPOHAM, TaKUM $K YHIBEPCHUTET, CIIOHCOPH CTYACHTa, OAaThKH,
1HIIN CTEHKXONJEpU, SKI MOXYTh KOHTPOJIIOBATH Ta IHTEPNPETYBAaTH YCIHIIIHICThH
CTyJCHTA.
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barato icHyroUMX METOMIB aHali3y JNaHUX 0a3ylThCsS Ha MPUITYIICHHI 100
YUCTOTH, OJHOPITHOCTI Ta MOBHOTH OOPOOIIOBAIBHUX JAHUX, 110 CTBOPIOE TIEBHI
oOMeskeHHs1 Tpy poOOTI 3 MEBHUMHU BUJaMu 1H(opmariii. Y 1iid poOOTI NpOBOIUTHCS
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OS] ICHYIOUMX PIllIeHb, K1 3aCTOCOBYIOTHCA sl 1H(OPMAIIIITHOTO aHami3y JaHHX,
Ta HaJa€ JACTANbHUN aHalll3 MOXKJIMBOCTEH, SIKI BOHH BIAKPHUBAIOTH I OOpOOKH
CKJIQJIHUX Ta PI3HOMAHITHUX JIaHUX, a TAKOXK TXHI MepeBark Ta HEIOIKH.

KirouoBi cnoBa: BU0OyBaHHS JaHUX, IITYYHHUM 1HTENEKT, monepeaHs oOpooka
JAHMX, SKICTh JAHMX, aHAJI3 TaHUX.

Beryn

Y cydacHOMy CBITI OOCAT [daHUX, IO TE€HEPYIOTbCA UIOAHS, HEYXUIHHO
3poctae. Y pi3HHX cdepax iSUIBHOCTI (DIKCYIOThCS Temep He Juiie (piHaHCOBI
MOKa3HUKMU, a W YHCIEHHI IHINI JaHi, MO BiJOOpa)kaloTh PI3HOMAHITHI MOIi,
NOCIATHEHHS YW IIOKA3HUKM OISJIBHOCTI — BIX KIJIBKOCTI BHKOHAHMUX 3aBIaHb JI0
00CAriB HaJaHUX MOCIAYr YM IHIIMX BAXKJIUBUX HapamerpiB. [Hpopmaiis, dka €
KPUTUYHO BaXJIMBOIO a00 MOTPIOHOIO HA MOCTIMHINA OCHOBI, 3a3BHYail 30epiraeTbcs
B 3pYYHHUX JUIsl JOCTyIy Ta o0poOku (opmarax. OgHak 4acto iHQopMalis, 3 SIKOIO
HEOOXIJIHO TpaIffoBaTH OJHOPA30BO a0 KiJbKa pasiB, BUSIBISIETBCS HEMOBHOIO,
(parMeHTOBaHOIO, TMOAAHOK y HE3py4YHOMY BHIISAI ab0 B HEe(EKTUBHUX
CTPYKTYpax, 110 YCKJIAIHIOE 1i BUKOPUCTAHHS Ta aHaJI3.

[{s cTaTTs 30cepemkeHa Ha OIVISA/l Ta aHaji31 HasIBHUX IMIAXOMIB, SIKI MOXYTh
OyTH BUKOPHCTaHI JUIsl MOJOJIAHHS PI3HOMAHITHUX TPYAHOILIB, 0 BUHUKAIOTH Ii]1
yac poOOTH 3 JaHUMU TAKOTO THUITY.

OcHOBHA YacTHHA

EdekrrBHa pobOTa MITYYHOTO 1HTEIEKTY BUMAarae HasiBHOCTI 3HAYHUX OOCSTIB
JaHUX 1 TOTY)KHUX OOYMCIIIOBAJIBHUX PECYpCiB. 3HaYHA YaCTUHA 3yCHJIb y 11K cdepi
COpsIMOBaHa Ha MOIIYK HOBHUX Ta BJOCKOHAJIEHHWX METOIIB MOJEIIOBaHHS, OJHAK
OJHIEI0 3 HAWUOUIBII TPYIOMICTKMX 3a4a4 [Jisi MPaKTUKIB 3aJIMIIAETHCS 30UpaHHs
Ta OYMINECHHS JaHUX. Y JAESKUX BHUMNAAKaxX AOCHIDKEHHS IMOKa3yloTh, IO MOHAA
80% uacy, BUTpau€HOro Ha po3poOKy Mojeiel, Mpunajgae caMe Ha eTam MiJrOTOBKU
nanux [1-2].

Ouncrka 1aHUX

Cepen pi3HUX €TamiB MIATOTOBKM JITaHUX LIEHTpaJbHE MICIE 3aiiMae Mpouec
OUHIIEHHS, 110 TMOJSTaE y BHUSBJICHHI Ta YCYHEHHI TOMMJIOK, MPOMYCKIB abo
CylepeyHocTe y MAaHuX. SIKiCHE BHUKOHAHHS LBOr0O KPOKY ICTOTHO IMOJIETHIY€E
MOAIBITY POOOTY 3 HECTaHAAPTHOIO 1H(OpPMAIlIEI0, SIKA Y CBOEMY ITOYaTKOBOMY
BUIJIAJII HEMpPHUAATHA JJI aBTOMATHM30BAHOTO aHadi3y. YCIHIlIHA OYMCTKA JO03BOJISIE
3BECTH CKJIAJHY 3afadyy oOpoOKu cHpux Ta (parMeHTOBAaHUX JAaHUX 1O 3HAYHO
MNpOCTIIIOi — OOpOOKM BIOPSIAKOBAHOT Ta Y3roJKEHOI 1H(opmarllii, cxoxoi 3a
CTPYKTYpPOIO Ha YMOBHO 1/I€aJIbHI LIEHTPaJi30BaH1 Ha0OpHU.

VY 1upoMy po3aiai po3mISTHEMO JBa B3a€MOIIOB si3aH1 HAPSIMKU: 3aCTOCYBAHHS
TPaIULIMHUX TMIIXOAIB JO OYUCTKM JAHUX Y KOHTEKCTI MAaIllMHHOTO HaBYaHHS,
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a TaKO)XK BUKOPUCTAHHS CAMHMX METOJIB MAIIMHHOTO HaBYaHHS JJIs aBTOMaru3allii Ta
MOKPAIEHHS MPOIECiB OYUCTKHU TaHUX.

[Ipobnema oOuMIEHHS MAaHUX BHU3HAETHCS SIK OAHIEID 3 KIIOUOBUX SK Y
chepl aHamilzy AaHWX, TaKk 1 B rajgy3l MalIMHHOTO HaBUYaHHA. BomHowac He icCHYe
YVHIBEpCAJIBHOTO 1HCTPYMEHTY ab0 MeTofdy, SKui MokHa Oyao O edeKTUBHO
3aCTOCYBaTH B KOXKHOMY BHIMAJKy — KOKEH HaOlp MaHUX Ma€e CBOI OCOOIHMBOCTI,
CTPYKTYpY Ta JpKepena MOMWIOK. 3 Il€l NPUYMHH TPOIEC OYHINECHHS YacTo
nependadae MonepeaHii po3BiAyBadbHUN aHATI3, MiJ Yac SIKOTO aHATITHK CTBOPIOE
Bi3yaJIbHI pempe3eHTallil JaHUX, JAOCIIIKY€E 3aKOHOMIPHOCTI, TPEHAU Ta MOTEHLINHHI
aHoMatii.

OnuH 13 NOUIMPEHUX MiAXO0IB nepeadadyae BUKOPUCTAHHS MIAMHOXHHU JaHUX
y MONEpPEeIHbO HABYEHUX MOJAENAX MAIIMHHOIO HAaBYaHHS 3 METOK BHSBIICHHS
MOMWJIOK a00 HEBIAMOBIAHOCTEN II€ 0 IIOBHOIIHHOIO HaB4yaHHsA. Ha OCHOBI
OTPUMaHUX PE3yJAbTaTIB AaHAJIITUK MOXE 3AIMCHUTH pyYHE OUHUILECHHS abo
3aCTOCYBATHU CIEI1alli30BaH1 IHCTPYMEHTH JIJIsi aBTOMATHU30BaHOI 0OPOOKH, MICIsl YOTO
MOJIENIb TIOBTOPHO TPEHYETHCS HA BXKE OYMILEHUX 1 MIATOTOBICHHUX NaHUX. Takuid
ITepaTUBHUI miaxia 3a0e3nedye MOKpAlIeHHS SKOCTI Monened 1 MIJBUILYE
JIOCTOBIPHICTH pe3yNbTaTiB aHaizy [3].

[IpoTsirom pokiB Oyno po3poOieHo Oe3niy IHCTPYMEHTIB [Jisi CIPOILECHHS
MpOLIECY OYMIIEHHS JaHMX Ta IHTEerpamnli OYMIIEHHS 3 TPEHYBaHHAM MOJeINen
MalMHHOTO HaBuaHHs. Hampukman, ActiveClean [4] BHUKOpPHUCTOBYE METON
IPaJIEHTHOTO CITYCKY, IO JIO3BOJISIE OYMILNATH HEBEJIMKI MapTii JAHUX Yy MOZEINSIX
3 omyKJIUMH (YHKIISIMH BTpaT, TAKUX K JIHIAHA perpecis Ta MOl 3MIIIyBaHHS.
BoostClean [5] 3actocoBye crarMCTMUHUNA OYyCTIHT JUJIi KOPEKIIi IMOMUJIOK,
30KpeMa I BUIAJKIB, KOJM 3HAYEHHS arpulyTa 3HAXOIUThCA 11032 MEKAMH
Horo momyctumoro piana3oHy. OIHAaK OCHOBHUMH HEAOJIKAMHU ILUX MIAXOIIB €
HEOOX1AHICTh MOBTOPHUX 3yCHJIb JJISI OUMILEHHS JaHUX MPU HAJIAIITYBAHHI PI3HUX
MoOJieJied MalIMHHOTO HaBYaHHA Ta TPYOHOILIl TOPIBHAHHS pPE3yJbTaTiB PI3HUX
MOJIEIIEN.

[Hma rpyma 1HCTPYMEHTIB OUYMILEHHA JIaHUX BHKOPUCTOBYE METOAU
MaIllMHHOTO HaBYaHHS JIJIs BUMIPABJICHHS aHOTAIllll Ta MOMUJIOK y JaHux. Scared [6],
GDR [7] ta HoloClean [8] 3acTocoBytOTh Pi3HI MOJEIl MAIIMHHOTO HAaBYAHHS JJIS
OLIIHKA MMOBIPHOCTEH MOMMUJIOK Ta NPONOHYIOTh iX BumpanieHHs. Kpim Toro,
AKTUBHO BUKOPHUCTOBYIOTBCSI METOJW AaKTUBHOTO HaBYaHHS [9], 1m00 3a0XOTUTH
KOPUCTYBaylB MapKyBaTW JaHl, M0 MOXYTb OyTH MOMUJIKOBUMH, Ta OTPUMYBATU
CBOEYACHUI 3BOPOTHHUM 3B'SI30K, 110 JOMOMArae 3arnoOirTd MOLIMPEHHIO MOMUIIOK Y
MOIBIIIOMY aHaJIi31.

[Ipore, He3Ba)kalOUM HaA HASIBHICTh IMX 1HCTPYMEHTIB, MPOLEC MIATOTOBKH
JaHUX JJI Mojelied MallMHHOTO HaBYAaHHS J0CI HE MOXKHA BBa)XATU CIPOIICHHM.
Cucrema OYMIICHHS JAHUX 3AJIMIIAETHCS JIELEHTPATI30BAHOIO, 1 KOXKEH 1HCTPYMEHT
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CHeIlaNi3y€eThCsl JIMIIE Ha BY3bKOMY KOJI 3aBJaHb BUSABICHHS Ta BUIIPABICHHS
MOMMJIOK, III0 BUMAara€ KOMILJIEKCHOTO MiJXOAy Ta PETENIbHOTO HANAIITyBaHHS AJis
KO’KHOT'O KOHKPETHOI'O BUIIAJIKY.

[acTpymenT DataAssist 3acToCOBy€e OB y3araJIbHEHHUH MIIX11 10 OYHIICHHS
naaux. OKpiM CTaHIAPTHUX Ta YHIBEpCAJbHHUX MEPEBIPOK HA LUIICHICTH 1H(OpMaIii,
TaKMUX SIK BUSBJICHHS BiJICYTHIX 3Hau€Hb, aHOMAJIbHUX 3Ha4eHb (outliers), myOmikaTiB
1 HecxigHocTed, DataAssist TakoXK BUKOPHUCTOBYE METOIM MJisi TepeadadyeHHs
KIIFOYOBUX aTpuOyTiB naHux. lle 3ailicHIOEThCS 3a JOMOMOTOI0 aCOIiaTHBHOTO
aHamizy, SKUA JO3BOJISIE BUSBUTH 3B'SI3KM MDK 3MIHHUMH, L0 MOXYTh OyTH
BAYKJIMBUMH JISI TTOJIAJIBIIIOTO aHAI3Y.

Kpim Toro, DataAssist BuUKOpuCTOBY€e TpeHyBalbHI AaHi 3 matgopmu Kaggle,
7€ KOPHCTYyBaul BHKOHYIOTh aHaJl3 Ta O4YMIIEHHS AaHuX. Lle no3Bossie cucremi
oTpuMmyBatv 1HGOpPMAIliI0 MPO T€, AK PI3HI AHAIITUKKA B3AEMOJIIOTH 13 JAHUMH,
Ky CTpaTerito OYMIICHHS 3aCTOCOBYIOTh 1 Ha SIKMUX acleKkTax (POKyCYeTbCsl yBara.
3i0pana iH(opMallis AomOMarae CUCTEM1 MPOTHO3YBATU HANOUIBIN BaXJIMBI 3MIHHI
ULl TIOAANbIIOi POOOTH 3 JAaHUMHU, L0 MiABUILYE €()EKTUBHICTh OYMILECHHS Ta
aHalizy.

s dyHKIIIS € 0COOIMBO KOPUCHOIO 711 TOOYJOBU MOBHICTIO aBTOMAaTU30BAHOL
cucTeMU. Bu3HaueHHs KIIIOYOBMX MapaMeTpiB  3HAYHO CHPONIYE TMPOLEC
LHEeHTpati3auli oprasizanii gaHux. koo iHpopManis po3MOIALIEHA Ha KUIbKa
(parMeHTiB, MICTUTh TTOBTOPEHHSI a00 HECXOXKOCTi, a00 € CKJIATHOIO JJisi 00pOOKH,
AK, HANpUKIAJ, aapecd, Ha3BU YM IHLI CTPYKTYpHO CKJIaJHI JaHl, BU3HAYECHHS
OCHOBHHUX 3MIHHHUX CTBOPIO€ MOMKJIMBOCTI JJIsl €(DEKTUBHILIOTO BUKOPUCTAHHS €T
iHpopMmanii B iHTerpamii 3 LLM areHtamu abo uarboramMu mig ii MOJABIIOT
00pOOKH.

I'eneparuBuuii L1 sik iHCTPYyMEHT aHATITHKH

[3 pO3BUTKOM BENMKMX MOBHHUX MOZENEH 3pOCTa€ 1 iXHIM moTeHuian y cdepi
aHaiizy JaHux. BoHM 3/1aTHI He JuIIe 1HTEPNpEeTyBaTH TEKCTOBY iH(popmalito, a i
e(EeKTUBHO MpaloBaTh 3 TAOIMYHUMH CTPYKTYpaMH, BUSIBIISIFOUM 3aKOHOMIPHOCTI
Ta (POpMYIIIOIOYM aHATITUYHI BUCHOBKH. 3aBISKH UM MOXIMBOCTAM LLM-moneni
CTajii MOTYXHUM THCTPYMEHTOM, 1[0 3HAYHOIO MIPOI0 3MIHIOE TIIXOAU 0 poOOTH 3
TaHUMH. Y CydacHMX JOCITIDKEHHSX Jiefali OulbIle yBaru MpUAUISETHCS po3poOi
areHTiB, 10 MpPAaIlOIOTh Ha OCHOBI MOBHHUX MoOjelie — Tak 3BaHuX data agents,
AKl 3[0aTHI aBTOMAaTU3yBaTd BHUKOHAHHS AaHAMITUYHUX 3aBJaHb 3a JIOMOMOTOIO
npupoanoi moBu. [lpukinamom takux pimenb € ChatGPT-Advanced Data Analysis
(ChatGPT-ADA) ta ChatGLM-Data Analysis (ChatGLM-DA), mo 1eMOHCTpYHOTh
HOBI MOoxMBOCTI rereparuBHoro 11 y cdepi 06podku nanux [10].

[losiBa TakMX areHTIB aHaji3dy MJaHUX MPOMNOHYE TOTEHLIMHE BUPIIICHHS
paHille 3ralaHux Mpo0seM, OCKUIbKY 3HIKYE O0ap’ep BXOAY JUIsl KOPUCTYBAYiB, SIK1 HE
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MalOTh 3HaHb y MPOrpaMyBaHHI a00 CTAaTUCTHUI. 3aBASKHU IHTYITUBHOMY 1HTep(deiicy,
10 BUKOpHUCTOBYE MoxnBocTi LLM-mozeneit, kopucTyBaui MOXyTh (HOPMYITIOBATH
3allUTU TIPUPOTHOIO MOBOIO, a aT€HTH 3 aHAMI3y JaHUX IHTEPIPETYIOTh Il IHCTPYKIIIi,
OTPUMYIOTh BIATIOBIAHI JaHI Ta CAMOCTIHHO 3aCTOCOBYIOTH BIiIOBITHI aHAJTITHYHI
METO/IH.

OnHi€el0 3 KJIIOYOBHUX BUMOT JI0 MOBHOi MOJENI HpU i1 3aCTOCYBaHHI AJist
aHAMITHKA € e(ekTHUBHE ympaBmiHHA mam satTio [11]. Ile 3abe3meuye 3maTHICTB
MOJIeIl HE JHIIe pearyBaTd Ha TIOTOYHI 3alHuTH, a W BPaXOBYBaTH KOHTEKCT
MOTIEPEIHBOT B3a€MOIII — 30KpeMa, K ICTOPil0 3BepHEHb KOPHUCTyBaya, TaK 1 BIACHI
nonepeaHi BiamoBial. J{ms peamizarii Takoi PyHKIIIOHAIBHOCTI OYJIO 3aIIPOIIOHOBAHO
xoumemnito Self-Controlled Memory.

Le#t miaxia CTPYKTypy€e CUCTEMY Ha TPU OCHOBHI KOMIIOHEHTHU:

LLM-areHT — si1p0 cUCTEMH, 1110 BUKOHYE OCHOBHY JIOTIKY 0OpOOKHU;

Memory stream — cxoBuille, B IKOMY 30€piraeTbcst iCTOpis HaM’ STl areHTa;

Memory controller — momynb, 1o BIANOBiJAa€ 3a OHOBJICHHS IaM’sATI, ii
OYMIIEHHS Ta YIPaBIIHHA JOBIOCTPOKOBUM 1 KOPOTKOCTPOKOBUM KOHTEKCTOM.

KoxHe HOBE 3BEpHEHHS /10 areHTa MPOXOAUTH 0OpPOOKY 3 ypaxXyBaHHSIM 000X
THUIIIB MaM’AT1 — KOPOTKOCTPOKOBOI, sIka BUKOPHCTOBY€EThCS ISl MOTOYHOI cecli, Ta
JIOBIFOCTPOKOBOI, siIKa 30epirae Ba)KJIMB1 3HAHHS a00 KJIIOYOBI BUCHOBKHU 3 MHUHYIUX
ceciii. KoHTponep maMm’siTi Bupillye, sika iH(QoOpMarllis 3aciIyroBye Ha 30€peKEHHS Y
JOBIOCTPOKOBIM MaM’sITi, a sika Mae OyTH YTWJI130BaHa, 3a0€3MEeUyloud TUM CaMHUM
PENEBaHTHICTh 1 €()EKTUBHICTh POOOTH CHCTEMH, YHHMKAIOYM HAKOMHYEHHS 3aiBUX
JTaHUX.

[le omHMM BaxJIMBUM acnekToM eheKkTruBHOI poOoT LLM areHTa € KOpekTHe
BUKOPUCTAHHS IHCTPYMEHTIB, K1 I03BOJISIIOTH PO3MIMPUTH MOTO MOXKJIUBOCTI 32 MEXI1
CTaHJAPTHOI MOBHOI OOpOOKHU. |[HCTpYyMEHTH CTarOTh HEOOXITHUMHU AJI BUPIIIEHHS
3aBlaHb, SIKI He MiJ cuiy 0a3oBii LLM uepe3 oOMexeHHS B OOYHMCIIIOBaIbHUX
MOXJIMBOCTSIX a00 uyepe3 HEOOXIAHICTh BUKOHAHHS crnenudiyHux omnepauiid. [Homi
MOJIeJIl HE MOXKYTh MPaBHJIBHO BUKOHYBaTH HaBITh 0a30B1 apu(pMETHUHI omepallii,
AKIIO 3allUT MICTUTh JEKUIbKa OJIMHHUIIb BUMIPY a00 CKJIQJHI MaTeMaTU4HI BHpa3H.
Hanpuknazn, Chat GPT-40 mini MoXe HE 3MOT'TH TOYHO BUBECTH pPE3yJIbTaT ONepallii,
110 MICTUTb Pi3HI OJIMHULII BUMIpPY, OCKUIBKH MOJIENb HE 3[]aTHA KOPEKTHO 00poOUTH
nepepaxyHku abo BpaxyBaTW BCl NapaMmMeTpH 3aluTy, MOKIAJAlO4YKMCh JIMIIE Ha
TEKCTOBY 1H(opMaIlito.
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Calculate the sum of those please. 1d is egual to 150c
Item 1 - 100c

ltem 2 - 14d

Iltem 3 - 12c

Item 4 - 154

Item 5 - 190c

Item & - 13c

Item 7 - 200d

Item & - 135¢

Item 9 - 120c Convert total back to d and c:

Total in ¢:

100 + 2100 + 12 + 2250 + 190 + 13 + 30000 + 135 + 120 + 140 = 34,060c

Item 10 - 140c 34060 = 150 = 227d with 110c remaining

Pucynok 1: [Ipukiaa HeKOpEKTHOTO OOUYHCIICHHS 3aBIaHHS,
SIK€ MICTUTB Pi3H1 OMUHMII BuUMIipy. [IpaBuiibHOIO
BinmoBiaio € 233d with 110c¢ remaining.

Jlns TakuxX BHIMAAKIB BUKOPUCTOBYETHCS CIELIATI30BaHl 1HCTPYMEHTH, SIKi
BUKOHYIOTh HEOOXIJHI oOuMclieHHd abo o00poOky panux. lle Moxyrs OyTtu
MaTeMaTH4Hl KaJbKyJISATOPHU, IHCTPYMEHTH [UIsl KOHBEpPTALl OJWHHUIIL BUMIpY,
a00 HaBITh JOCTYIl JO 30BHIIMIHIX 0a3 AaHUX Uil OTPUMAHHS TOYHHMX JdaHUX.
3acTocyBaHHS TaKuX 1HCTPYMEHTIB a03Bosisie LLM areHTy HajaBatu OUIbII TOYHI Ta
KOPEKTHI BIJMOBI/1, 3a0€3MeUy0uH T0AaTKOBY THYUKICTh Ta 3aTHICTb /10 BUPIIIEHHS
CKJIQHIIINX 3aBIaHb.

BuchoBok

VY miit poboti Oyno 3A1MCHEHO OMISIA CyYacHUX PIIIEHb IS aHali3y JdaHUuX
B IHTEJNEKTYaJbHUX I1H(QOpPMAIIHHUX CHUCTEMax, 30KpeMa B YMOBaxX HENOBHUX,
(¢parmeHTOBaHNX a00 HECTAaHAAPTU30BAHUX AaHUX. PO3MISHYTO pi3HI NIAXOAU A0
nonepeaHboi 00poOku 1H(opMallii, BKIIOYAIOUN SK TPAIUIIIHI METOAN OUYMIICHHS,
TaK 1 IHCTPYMEHTH, II0 BUKOPHUCTOBYIOTh METOJIM MAIIMHHOTO HaByaHHA. Okpemy
yBary NOpPHUAUIEHO MOXJIMBOCTSIM 3aCTOCYBAaHHSI BEJIIMKMX MOBHUX MOJENEH, SKi
BIIKPUBAIOTh HOBI LIUISIXU JJIsI aBTOMATH3AIlli aHATITUYHUX MPOIECIB.

AHani3 mokasaB, 110 MONPHU BIJACYTHICTh YHIBEPCAJIBHOTO PIMIEHHS ISl BCIX
BUIMAJIKIB, TO€JHAHHS PI3HUX TEXHIK Ta IHCTPYMEHTIB — 30KpeMa CHUCTEM 3
KOHTPOJIbOBAHOK)  TaM ATTIO, BUKOPUCTAHHSM  30BHIIIHIX  IHCTPYMEHTIB 1
MOXKJIMBICTIO B3a€MO/IT 4epe3 NPUPOJIHY MOBY — CTBOPIOE MEPEAYMOBH 7151 TOOYA0BH
THYYKUX Ta €(PEeKTUBHUX CHUCTEeM pOOOTH 3 JaHUMU. Takud MiaXiJ J03BOJISIE
3HAYHO 3MEHILIUTU TPYAOMICTKICTh MOMEPEIHBOI OOpOOKM Ta TMOKPAIIUTH SIKICTh
aHATITUYHUX PE3yJIbTATIB Y PealbHUX YMOBAX.
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Beryn. [losiBa Ta po3BUTOK 1HTEPHETY HAJaH JIOACTBY MOXKIIUBICTH JIETKOTO
Ta MIBUJKOTO TOIMpeHHs iH(opmarii y mMacu. OcTaHHIM 4acoM 3’SBWJIACS BEJIUKA
KUIBKICTh ~ OHJIAH-PECYpCiB, SIKI CTBOPIOIOTh HECKIHYEHHUH TIOTIK HOBHH.
30unbIIeHHsT 00CATIB 1H(pOpMAIlii TPU3BOAUTD 0 MOSBHU BEIUKOI KUTBKOCTI (PEHKOBHX
HOBHUH, SIKI MOXYTh BBOJWTH B OMaHy HIMPOKE KOJO JIFOAECH HaBITh Y CBITOBOMY
MaciTabi. Yacto BOHHM CIpsiMOBaHI Ha Ae31H(pOopMaIliio, MaHIMYISII0, MpoTaramiy,
CTBOPEHHSI KOH(IIIKTIB Ta TMOJIAPU3AIlII0 CYCIHIIBLCTBA, TOMY TaK TOCTPO TIOCTa€
MUTaHHS PO3Mi3HaBaHH (HEUKOBUX HOBHUH.

Ha cywyacHoMy erami po3BUTKY 1H(OpMAIIHHUX TEXHOJNOTIH CTPIMKO
PO3BUBAIOTHCS METOJM AaBTOMATUYHOTO BHUSBICHHS HEJOCTOBIPHUX HOBHH Ha
OCHOBI CTaTUCTUYHUX, MOP(QOJOTIYHUX, CEMAHTHUYHUX O3HAK 1 KOHTEKCTyaJIbHUX
3aNIeKHOCTEN MK eJleMEHTaMH TeKCTy. BaxxiuBy poib y 1IbOMY BiAIrparoTh METOIU
MalTMHHOTO HABYaHHS IS BUSIBICHHS HEMPABIWBUX HOBHH, $KI JI0O3BOJISIOTH
aBTOMaTUYHO Kiacu(iKyBaTH HOBHHU SK TpaBAuBl a00 (HeiKoBi, IO CTajlo
MPEIMETOM JTAHOTO JOCIIIKCHHS.

Merta. OtpuManHsa e()EKTUBHUX MOJENIed MAIlMHHOTO HAaBYaHHS HA OCHOBI
BIIKpUTHX JDKEpPEN JaHWUX IS 3a/laql BUSBICHHS HENMPaBIMBUX HOBUH B YMOBaxX
00OMEKEHOCTI OOYHCITIOBAILHUX PECYPCIB, ONIEPATUBHOI MaM’SATi Ta Yacy.
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VY poboti Bukopuctano pgaracer Combined Corpus, CTBOpeHUN aBTOpamu
pob6otn «A Benchmark Study of Machine Learning Models for Online Fake News
Detection», OCKiIbKM BiH 310paHuil 3 PI3HUX JPKEpeNl Ta MICTUTh BEIUKUN 0O0CsT
JaHUX Ha pi3HOMaHITHI TeMu. Ha nmboMy maraceri Oys0 mpoaHa i30BaHO Pi3HI MOAECITI
MaIIMHHOTO HaBuaHHS: Bil SVM no tpanchopmepiB cimerictBa BERT. Haiikpaii
pesynbTaTi Oynu OTpMMaHl1 Ha mornepenHbo HaBuyeHoMY TpaHchopmepi RoBERTa ta
agcam6mi 3 5 Bi-LSTM [1]. 3 uumu pesynpraramMu Oyjno BHUPIIIEHO MOPIBHATH
PE3yABTATH BIACHUX JTOCIIHKCHD.

OOugBa 3rajaHMX BUIIE PIMIEHHS € JOBOJI BHUMOIIMBHUMH IO OOCSTY
OOUYHCITIOBATBHUX PECYpPCiB, TOMY JUISI BUKOHAHHS JOCIIPKEHHSI BUKOPUCTOBYBAJIUCS
TPH Cy4acHi MOJIETI, sIKI HE BUMAararoTh BEJIMKOTO 00CITy OOYMCITIOBAIBHUX PECYPCIB,
orepaTUBHOI aM’ 5T Ta yacy, a came: FNet, AWD-LSTM Ta FastText.

FNet — apxiTekTypa, CTBOpeHa SIK IIBUAIIIA ajbTEpHATHUBA KJIACUUYHUM
TpaHcopMepaM 6e3 3HAYHOI BTPATH TOYHOCTI. Ii OCOOMMBICTH MONSTAE y 3aMiHi
MeXaHI3My CaMOyBaru IIBUIKAMHU TEpeTBOpPeHHIMH Dyp’e IS «epeMillyBaHHs»
TOKEHIB, 110 JTIO3BOJISIE 3HU3UTH CKJIAHICTh 00UMCIIeHb [2]. 32 OCHOBY B3SITO 0a30BY
immiemenTaniro FNet 3 odimiitnoro caiity Keras [3].

AWD-LSTM - ne cyyacHima Ta moKpamieHa Bepcis 3BuuaiiHoi LSTM
MEpEeXi 3 BUKOPUCTAHHSAM pI3HUX TEXHIK ONTUMI3alli Ta peryaspusanii: weight
tying, 3MIHHO1 JTOBXHHH MOCTIAOBHOCTEH y 3BOPOTHOMY MOILUIMPEHHI, BapiaTUBHOTO
dropout, TUMYacoBO1 peryisipu3zailii aktTuBailii Ta id. [4]. g noganeioro HaB4YaHHS
Oysio oOpaHo iMIieMeHTalio moaeni Big FastAl [5].

FastText — wmomens Jisi CTBOPEHHS BEKTOPHUX MPENCTaBIEHb CIIIB,
3amporoHOBaHa KoMaHJI0l0 po3poOHUKiB Facebook AI Research. Ha Biaminy Bin
TPaAUIIHHUX BEKTOPHUX IpencTaBiieHb, FastText He BUKOPUCTOBYE IIUJII CJIOBA
IUI CTBOPEHHS BEKTOpiB, a po30MBae iX Ha n-TpaMu. 3aBAsSKA IOMY MOJENb
n00pe mpalltoe 3 BEJIMKOI PI3HOMAHITHICTIO CHIB, Y TOMY YHCII 3 P1AKOBXKUBAHUMU
[6].

JInst OUIHKM AKOCTI Mojenedl Oyno BHUPIIIEHO BUKOPHCTOBYBATH 3BAKEHY
metrpuky F-1 (tyr 1 Hagmam mpocto F-1 MeTpuka 4u OILlIHKAa), fKa BpPaXOBYE
He30a7aHCOBAHICTh Yy Mepen0ayeHHs X MoJelel Ta J03BOJISIE OUIBII MOBHO OI[IHUTH
pe3yNbTaT HaBYaHHS, Ha BIIMIHY BiJl TOUHOCTI (accuracy).

VY Xoai IochipKeHHS OTpUMAaHO Taki pesyinbTatu 3a F-1 metpukoro: FNet —
0.97; AWD-LSTM — 0.92; FastText — 0.95. Huxxue HaBeneHo F-1 MeTpuku mojenei,
PO3MISTHYTUX MiJ Yac JOOCHIJPKEHHS, Y TOPIBHSHHI 3 HAaMKpalluMH MOJEISMHU Y
po6oti «A Benchmark Study of Machine Learning Models for Online Fake News
Detection», e CHMHIM KOJIBOPOM BHUIIJIEHO JaH1 31 CTaTTi, 3€JIGHUM — Pe3YJIbTaTu
BIIACHUX JOCIIIKEHb [1].
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F-1 meTpuka pizHnx moaenei Ha gaTtaceTi Combined Corpus
101 0.96 0.95 0.97 0.95

0.8 A

0.6

F-1 MeTpuKa

0.4 4

0.2 A

0.0 -

RoBERTa Bi-LSTM FNet FastText AWD-LSTM
Mooene

Puc. 1: [lopiBasaus F-1 meTpuku pizHuX Moaenei
Ha garaceti Combined Corpus.

Sk BuaHO 13 HaBeneHoi niarpamu, FNet mepeBepiiye pe3ynsrar TpaHchopmepa
RoBERTa na 0.01 (muB. Puc. 1), ame 3 omiiay Ha po3Mipu 1ux moxenen (4.3
MUTBHOHU MapaMeTpiB Ta 124.6 MUTbHOHIB MapaMeTpiB BIAMOBIHO) MOXKHA CKa3aTH,
mo neperara FNet HaBiTh OunbIlla, ajpke BOHA IIBHUJIIIE HABYAETHCS Ta BUMArae
MeHIle pecypciB g oOuucieHb. FastText kimacudikarop gocar OIHAKOBOTO
pesyaprary 3 Bi-LSTM 1 nume Ha 0.01 moctymaerscsi Tpanchopmepy RoBERTa
(muB. Puc. 1). Bapro 3a3HauMTu, 110 aBTOPU 3TajlaHoi paHime podoTu
BUKOPHUCTOBYBaJIM aHcamOiab 3 5 wmogmeneit Bi-LSTM  nans  gocsrHeHHS Takux
pe3yabTaTiB, aje TaKWUW MIAX1J BUMarae OUIBIIMX OOYHMCIIOBAIBHUX IMOTYXHOCTEH.
Kpim Toro, FastText mpusnauenmii mus HaBuanHs Jmme Ha CPU, 1, 3Bakaroun Ha
HOTO BHCOKI TIOKa3HWKH, MO)KHA CKa3aTH, [0 HaBUYaHHA Takoi wmojem Oyne
JICIICBIINM, HI’)K TPEHYBaHHS TTMOMHHOI HEWPOHHOI MEpexKi.

FNet tpenyBanacs 3HauHo mBuAme (y CEpeIHbOMY MPUONU3HO | XBUIIMHA
Ha emnoxy), HbK AWD-LSTM (17-25 XBWIMH Ha €MOXy) y TOMY J CEpEIOBHIII
BukoHaHHs (3 imeHtnyHuMu GPU), Tomy Taki BUCOKI pe3yabTard poOsAThH ii
0COONMMBO TPUBAOIMBOIO JUIsi BUKOPHCTaHHS B aBTOMATH30BaHUX CHCTEMax
BUSBIICHHS (EHKIB.

TpenyBanns FastText cknamamocss 3 [BOX eTamiB: e€Taly aBTOMAaTUYHOTO
nigdopy rinepnapaMerpiB, 4acoM SIKOTO MOKHa KepyBaTH (y Ll poOOTI TpUBAIICTh
nigdopy Oyna 20 XBUIMH), Ta €Taly HAaBYaHHS MOJAENI, KWW TpuBaB mpubiuszHo 20
XBWJINH. TakuMm crmoco6om, ToToBy Mozielb Oyiio orpumano 3a 40 xBunuH. L{e nosie,
HiX TpeHnyBanHa FNet, ane mBuame 3a nHaBuanHs AWD-LSTM. Ilpote BapTicTh
pecypciB, ki moTpioHi nis moxem FastText, 3Hauno Hmk4va 3a Bapticth GPU, Bix
napameTpiB SKUX CYTTEBO 3aJICKUTh NIBUIKICTh HaBYAHHS TIMOWHHUX HEUPOHHUX
MEpEXK.

34



Hwxdae y Tabnuilli HaBeNEHO NeTalbHI JaHI METPUK KOXKHOI 3 OTPUMaHUX
Mozenei. J{ms OUTbIT AeTanbHOTO aHaJi3y HaBOIAATHCS HE TIJIBKH 3aralibHi METPUKH,
a ¥ METPUKH JJIs1 KO)KHOTO KJIACY OKPEMO.

Po3ropuyTi 1aHi MeTPUK JOCJIIKEHUX MOIeJIeil MAIIMHHOTO HABYAHHSA

MeTtpuku FNet FastText AWD-LSTM
3arajibHa 0.97 0.95 0.92
F-1 ominka dbeliku 0.95 0.93 0.87
MPaBIMBI HOBUHH 0.98 0.97 0.94
3arajbHUN 0.97 0.95 0.93
Precision deiiku 0.96 0.97 0.98
NpaBIMBI HOBUHU 0.97 0.95 0.90
3araJbHUN 0.97 0.95 0.92
Recall delikn 0.94 0.89 0.77
MpaBAYBI HOBUHU 0.98 0.99 0.99

BucnoBku. Otpumano tpu pizHi moxpemi: FNet, FastText ta AWD-LSTM,
Ha SKHX JOCSITHYTO BHMCOKHMX pE3yabTariB y Kiacu@ikamii (EerKoBUX HOBHH.
3a nonmomororo apxitektypu FNet Oyno gocsrnyTto HaiBuioro pesyabrary 0.97 na
merpuul F-1. Ileil moka3HuMK mnepeBuiye Halkpanly ouidky 0.96, orpumany Ha
Tpancdopmepax aBropamu ctarti «A Benchmark Study of Machine Learning Models
for Online Fake News Detection» [1]. 3Baxkarouun Ha 3HaUHO MEHILIUN PO3MIP MOAEII
FNet, oTprimanuii pe3yibTaT MOYKHA BBa)KaTH OUIbII €(hEKTUBHUM.

IlepcnexkTBM mojanbmuX aocjailkenb. Moaens FNet sk anprepHarnBa
TpanchopMepaM MOTEHIIIHHO MOXKe OyTH 3aCTOCOBaHA JiJii YKPaiHOMOBHMX HOBHH,
ak 1 FastText, sika 3aBOgku crnenupIYHOMY NPEICTABIECHHIO CJiB TaKOX 37aTHA
MpaIoBaTy 31 CKIAJHUMH 3 TONIALY MOP(QOJIOrii Ta rpamMatuku MoBamu. Lle moxe
CTaTH 1/€€10 Uil TPOAOBXKEHHS Ta MOJANBIIOIO PO3BUTKY ILBOTO JOCHIIKEHHS,
aJpke YKpaiHOMOBHHUX JaTaceTiB 3arajloM Majo, a pOo3MIYEHUX JaTaceTiB HOBUH Y
BIIKDUTOMY JTOCTYTII Hapa3l HEMae.

Jlireparypa:
1. A benchmark study of machine learning models for online fake news detection /
J. Y. Khan et al. Machine Learning with Applications. 2021. Vol. 4. P. 100032. URL.:
https://doi.org/10.1016/j.mlwa.2021.100032.
2. FNet: Mixing Tokens with Fourier Transforms / J. Lee-Thorp et al. Proceedings
of the 2022 Conference of the North American Chapter of the Association
for Computational Linguistics: Human Language Technologies, Seattle, United
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States. Stroudsburg, PA, USA, 2022. URL: https://doi.org/10.18653/v1/2022.naacl-
main.319.

3. Keras documentation: Text Classification using FNet. Keras: Deep Learning for
humans. URL.: https://keras.io/examples/nlp/fnet_classification_with_keras_hub/.

4. Merity S., Keskar N. S., Socher R. Regularizing and Optimizing LSTM Language
Models. 2017. URL.: http://arxiv.org/abs/1708.02182.

5. AWD-LSTM documentation. fastai. URL: https://docs.fast.ai/text. models.awd
Istm.html.

6. Enriching Word Vectors with Subword Information / P. Bojanowski et al.
Transactions of the Association for Computational Linguistics. 2017. \ol. 5.
P. 135-146. URL.: https://doi.org/10.1162/tacl_a 00051.
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CUCTEMA ITPOT'HO3YBAHHSA KOTUPYBAHHASA
KPHUIITOBAJIIOTH

InTepueT-anpeca mybmikari Ha caiTi:
http://www.konferenciaonline.org.ua/ua/article/id-2157/

Pi3ki konmmBaHHS I[IH KPHUIITOBAJIOT, TakuX sSK Bitcoin Tta Ethereum, 3HadHO
YCKIAAHIOIOTh TPOTHO3YBAaHHS Ta YNPAaBIiHHA PU3UKAMU ISl 1HBECTOPIB. Tomy
po3po0Ka 1HCTPYMEHTIB MPOTHO3YBaHHS Ha OCHOBI aHaji3y BEJIMKUX JaHUX 13
COINATbHUX MEPEX Ta MOITYKOBHX CHUCTEM € BKpall aKTyaJIbHOIO 3aaa4yeio. Y poOoTi
3alpONOHOBAHO MIAX1J, SKUH TO€IHYE aHali3 TMOUIYKOBUX 3alMTIB 1 COLIaIbHUX
menia [2, 3, 4, 5] mi1st cTBOpeHHs MOJIe i POTHO3YBaHHS KOTHPYBAHHS KPHUITTOBAJIIOT.
Ile mo3Boisie OTpUMATH TOYHINIMK TPOTHO3 Yy TIOPIBHSAHHI 3 TPaTUIIHHUMHU
MeTofgaMu. Pe3ynbTaTH JOCHIKEHHS MOXYTh OyTH 3acTOCOBaHI 1HBECTOPAMH,
TpehepaMi Ta PO3POOHHMKAMH TOPIrOBHUX CHCTEM I MiHIMI3aIli pPHU3HKIB 1
MiIBUIIEHHS €(EKTUBHOCTI pOOOTH Ha PUHKY KPUTITOBAIIIOT.

Po3poOmroBana iHdopMalliiiHa cucTemMa CIopsiMOBaHa Ha MIATPUMKY MPOIECY
MPUIHATTS OOTPYHTOBAHUX PINIEHh HA PUHKY KPUNTOBAIIOT IIJITXOM IMPOTHO3YBaHHS
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3MIH LIHOBUX KOTHpYyBaHb. OCHOBY (PyHKIIOHYBaHHS CHCTEMHU CTaHOBHUTH aHai3
BEJMKUX OOCSTIB JaHUX 13 BIAKPUTUX JDKEped, 30KpeMa ColiajgbHOi Mepexi X
(panime Twitter) [4] Ta amamitmunoi miarpopmu Google Trends [2]. Cucrema
MOETHYE METOJM MAIIMHHOTO HAaBYaHHS Ta aHaJi3y TOHAJIBHOCTI TEKCTIB (Sentiment
Analysis) [6], oo m03BoIsE€ 3AIHCHIOBATH OIIHKY €MOIIMHOTO (hOHY ITyOJiKaIlii Ta
3arajJpHOTO 1H(GOPMAIIHHOTO CEPENOBUIIA HABKOJIO OKPEMUX KPHUIITOBAITIOT.

[TporaHo3yBaHHsI BapTOCTI aKTUBIB 3IHCHIOETHCSI Ha OCHOBI JaHHUX Y PEXKUMI
peaJpHOTO Yacy, Mo Ja€ 3MOTy (opMyBaTH akTyadbHI Ta TOYHI MPOTHO3W. TaKwii
MiAXiJ 3MEHIIye pPHU3UKMA 1HBECTyBaHHS B yMOBaxX BHCOKOI BOJATWUJIBHOCTI
KPUNITOPUHKY. BaXMBOIO (PyHKIIOHATIHHOIO CKJIAJIOBOIO CHCTEMHU € I1HTerparis 3
API cepgicy CryptoCompare [1], mo 3a0e3mnedye omnepaTHBHHEA JOCTYIT JO JaHUX
IpO TOTOYHI Ta ICTOPUYHI IIHM KpUNOTOBaIIOT. lLle cTBOpIOE MOXKIMBICTD
uist  0araTOBUMIPHOTO — aHaii3y, BKJIIOYAIOYM OI[IHKY ICTOPUYHUX TPEHIIB 1
3aKOHOMIPHOCTEH, $IKI MOXYTb OyTM BHKOPHUCTAaHI JJIsl MIABUIIEHHS TOYHOCTI
IIPOTHO3HUX MOJEIIEH.

MeTor CTBOpPEHHSI JAaHOI CUCTEMHU € 3a0e3MEeYEHHs KOPUCTYBAYIB HAAIMHUM
IHCTPYMEHTOM [IJIsl MNPUUHATTA 1HQOPMOBAHUX IHBECTHULIMHUX pilieHb Yy cdepi
KpUIITOBAIIOT, 3HM)KEHHSI PIBHA PU3UKY Ta MIABULIECHHS €(QEKTUBHOCTI OMNEpalii
Ha OCHOBI Cy4acCHHUX TEXHOJIOTiM aHami3y Ta mporHo3yBaHHs. CucTeMa po3paxoBaHa
AK Ha JOCBIAYEHHMX TpeWaepiB, TaKk 1 Ha KOPUCTYyBaudiB-TIOYATKIBIIB, Kl
MparHyTh €()EKTUBHO OPIEHTYBATHCS B YMOBAaX BUCOKOAMHAMIYHOTO (PIHAHCOBOIO
CEpEOBUILA.

Takok, pu CTBOPEHHI J1aHOI CHUCTEMH MOKHA BUJIUIUTH KIJIbKAa KIOYOBUX
npo0ieM, K1 BUPIITYIOThCS:

* PUHOK  KpUNTOBAJIIOT  XapaKTepU3YETbCS  HAA3BHYAWHO  BHCOKOIO
BOJIATWJIBHICTIO, 110 3HAYHO YCKJIAAHIOE TMPOLEC TMPUHUHATTA OOIPYHTOBAHUX
IHBECTHUILIIITHMX pimieHb. Po3poOitoBaHa cHUcTeMa BpaxoBYe JaHy OCOOJUBICTD,
3aCTOCOBYIOYM METOIM MAIIMHHOTO HABYaHHS Ta aHalli3y TOHAJIBHOCTI TEKCTY
(Sentiment Analysis) [6], 1m0 m03BoJis€ 3MEHIIMTH PiBEHb HEBH3HAYCHOCTI Ta
MIJBUILIUTH TOYHICTh Nepea0ayeHb 3MIHM PUHKOBOI BAPTOCTI aKTUBIB.

* OfgHier0 3 KIIOYOBUX IMpOOJEM Cy4acHOrO PHHKY € 1H(popMaliiiHa
MEPEHACUYCHICTh Ta HASIBHICTh 3HAUHOT'O OOCATY IIyMy B iH(OpMAIITHUX MOTOKaX.
Ile ycknamHioe 1meHTU]IKALIIO PEJICBAaHTHUX TPEHJIB, SKI MOXYTh BIUIMBAaTH Ha
¢dbopmyBanHs 1iH. Po3pobieHa cuctema BUpINIye L0 MpoOiIeMy IUIIXOM 1HTerpamii
JaHUX 3 PI3HUX JDKEpell, 30KkpeMa comianbHoi Mepexi X [4] 1 moIykoBUX TPEHIIB,
1o cupusie GoOpMyBaHHIO IUTICHOT Ta JOCTOBIPHOI aHATITUYHOT KAPTUHHU.

* [IporHo3yBaHHS JUHAMIKKA KpPUIITOBAJIIOTHOTO PWHKY BHMAarae MOOYIOBH
CKJIQJIHUX MaTeMaTHYHUX MOJeJe 1 BHKOPHCTAHHS 3HAYHUX OOYMCIIOBaJIHLHUX
pecypciB. 3ampornoHOBaHA CUCTEMA BUKOPHUCTOBYE Cy4YaCHI aJITOPUTMHU MAIIMHHOTO
HaBYaHHS, IO Yy TMO€JHAHHI 3 aHaJII30M TOHAJIBHOCTI J03BOJISIE 3a0e3MeunuTu
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BHUCOKY TOYHICTh NIPOTHO3IB MOPIBHSHO 3 TPAJUIIHHUMH METOAAMU TEXHIYHOTO
aHai3y.

* 3HayHa YacTMHAa KOPHUCTYBauiB KPUNTOBAJIIOTHOTO PUHKY HE BOJOJIIE
HEOOXITHUMHU 3HAHHSAMHU a00 IHCTPYMEHTaMH s IIMOOKOTO aHATITUYHOTO aHami3y.
Cucrema Opi€HTOBaHa TaKOK Ha TAaKUX KOPUCTYBadiB, 3a0€3MEUyIOUM IHTYITHUBHO
3po3yMiIHil iHTepdeiic, M0 JO3BOJSE aBTOMATU3yBAaTH MPOIEC MPOrHO3YyBaHHS 0e3
HEOOX1THOCTI IMTUOOKOTO TEXHIYHOTO YM (DIHAHCOBOTO OEKTpayH.y.

* 3acTocyBaHHsA MOMIOHOI CHUCTEMH 3MEHIIY€ BIUIMB E€MOLIHHOTO YHMHHHKA
Ha TMPOILEC YXBaJCHHS IHBECTHIIMHMX pilleHb, 3a0e3Medylour BHINY CTYIIHb
00’ €KTUBHOCTI 1 TIOCIIJOBHOCTI il KOPHCTyBa4ya B yMOBaX HECTAO1IbHOTO PUHKY.

Jlana Mojenb MPOTHO3YBAaHHsI BapTOCTI KPUIITOBAIIOT, 0a3yeThCsl Ha aHami3l
JTaHuMX i3 corianbHOi Mepexxi X [4] Ta momrykoBux 3amutiB Google Trends [2], i3
3aCTOCYBaHHSM aJITOPUTMIB MAIIMHHOTO HABYAHHSI.

Jlnsg  peam3anii MOCTAaBJIEHUX 3aBAaHb HEOOXIJHO BHUKOHAaTH  HH3KY
JOCIITHALIBKUX Ta 1H)KEHEPHUX €TarliB, a came:

* Po3pobutu metononorito 300py Ta 0OpOOKH JaHUX 13 COLIAIIBHUX MEpPEex
1 TOIIYKOBUX CHCTEM, 30KpEMa BHU3HAUUTH CIIOCOOM IHTErpaumli TakuxX JaHuX 3
iH(popMalli€er0 TPO JTUHAMIKY KPUIITOBAIIOT, 3 METOK BHSBJICHHS 3aKOHOMIPHOCTEU
iXHBOT B3a€EMOZII.

* 3MIiCHUTH aHaji3 TOHAJIBHOCTI MOBIJOMIIEHb Yy COLIAJbHUX MEpexkKax,
3actocoBytoun 1HCTpyMeHT VADER (Valence Aware Dictionary and sEntiment
Reasoner) [3] mist BU3HAYCHHSI eMOIIIHHOTO 3a0apBIICHHS TEKCTIB Ta MOTO BILUIMBY Ha
3MiHY BapTOCTI KPUITOBAJIIOT.

* ChopMyBaTH 1HIEKCH MOMYJISPHOCTI MOIIYKOBHX 3allMTIB HA OCHOBI JaHUX
Google Trends [2] Ta mpoBecTH KOpeNSMIMHHMI aHaM3 MDK IUMH 1HJIEKCAMH 1
PUHKOBUMHU KOTUPYBAHHSMHU KPUITOBAIIOT.

* Po3poOutH, HABYUTHU Ta MPOTECTYBATU MOEINI 3 BAKOPUCTAHHSAM aJITOPUTMIB
MaIllMHHOTO HAaBYaHHs, TAKWUX SIK TMOJiHOMIalbHUM OaeciB kiacudikarop, Random
Forest 1 morictuyHa perpecisi, 3 METOI MIABUIIEHHS TOYHOCTI MPOTHO3YBaHHS 3MiH
Ha PUHKY KPHUIITOBAJIOT.

[lincymoBytouM, HEOOXIJTHO 3a3HAUYUTH, IO JaHA CHCTEMa € B IMpolec]
PO3pOOKH 1 B pe3yJibTaTi BUKOHAHHS OYIKYIOTHCS TaKl pe3yJbTaTH:

1. OTpumat MoOz€Nb, MO IHTETPYE AaHI COLIAJBHUX MeZAla Ta MOLIYKOBHX
3aMUTIB JJI IPOTHO3YBaHHS BAPTOCTI KPUIITOBAIIIOT.

2. BusButn cunbHy Kopensmito MK iHgekcamu Google Trends [2] Ta
nuHaMikoro 1iH Bitcoin 1 Ethereum.

3. BukopucrtanHsa mnojiiHOMiaJibHOTO OaeciB kiacudikaropa, Random Forest i
JIOTICTUYHOI perpecii J03BOJIMTh JOCITTH BUCOKOT TOUHOCTI MPOTHO31B, IIIOHAMEHIIIe
65%.
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4. IlinTBEpAUTH, 110 TOHAIBHICTH Ta OOCAT 1H(pOPMAIIIT y COLIaTbHIX MEpPExKax
€ 3HAUyIUMH (HaKTOpaMH JIJIs TIepe10adeHHS 1iH KPUTITOBAIIOT.

Cnucokx BHUKOPUCTAHUX JIZKEPEJI:
1. CryptoCompare. [Enekrponnuii pecypc]. — Pexxum mocrtymy: https://www.crypto
compare.com
2. Google Trends. [Emexkrponnuii pecypc]. — Pexum moctymy: https://trends.
google.com
3. VADER Sentiment Analysis. GitHub repository. [Enextponnmii pecypc]. —
Pexxum octymy: https://github.com/cjhutto/vaderSentiment
4. X.[Enextponnuii pecypc]. — Pexxum noctymy: https://x.com/
5. Russell, M. Mining the Social Web: Data Mining Facebook, Twitter, LinkedIn,
Instagram, GitHub, and More. — 3rd ed. — Sebastopol: O’Reilly Media, 2018. — 550 p.
6. Hutto, C. J., Gilbert, E. E. VADER: A Parsimonious Rule-based Model for
Sentiment Analysis of Social Media Text. — In: Proceedings of the Eighth
International AAAI Conference on Weblogs and Social Media (ICWSM-14), 2014. —
URL.: https://ojs.aaai.org/index.php/ICWSM/article/view/14550
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CUCTEMA BU3HAYEHHS CKEJIETY COBAK 3 BUKOPUCTAHHAM
HITYYHOI'O IHTEJIEKTY HA OCHOBI DEEPLABCUT

IntepHeT-aapeca myOmikarii Ha caiTi:
http://www.konferenciaonline.org.ua/ua/article/id-2161/

Y cydacHOMy CBITI IUTYYHUW IHTEJEKT AaKTHUBHO 3aCTOCOBYETHCS IS
BUpPILIEHHSI 3aJad y pI3HUX Taly3sX, 30KpeMa y BeTepuHapii Ta OloMeXaHilli.
OnnuM 13 MEPCHEKTUBHUX HAMpsIMIB € aHaji3 pyXy TBapHWH, 30KpeMa cobak, IJis
OIIIHKM IXHBOTO 37I0POB’sl, JAIarHOCTUKHU IATOJIOTIA OMOPHO-PYXOBOTO amapary Ta
TOCHIHKeHHsT O10MexaHIKU. Y JaHiid poOOTI PO3MISAAEThCA MiAX1A 10 BU3HAYCHHS
ckenery cobak 3 BukopuctanHsMm IIII Ha ocHoBi iHCTpyMeHTy DeepLabCut (DLC),
SIKAW JTO3BOJISIE aBTOMATUYHO BIJCTEKYBATH KJIFOYOBI TOUKHU Ha TiJIl TBAPUHH.
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DeepLabCut — me Bimkputa OibmioTeka aisi MapKyBaHHS Ta aHAI3y IO3U
TBapHH, sika 0a3yeThbcsl Ha TTMOOKHX HEHPOHHUX MEpekax, 30KpeMa Ha apXiTeKTypl
ResNet [1, c. 770; 2, c. 1282]. Lle#t iHCTpyMEHT 103BOJII€ TPEHYBaTH MOJEIb Ha
HEBEJHKIN KITBKOCTI 300paXKeHb, 110 pOOUTH WOTO JOCTYIHUM JJIs 1HIUBIAYaTbHUX
JOCITIJKEHB. Y paMKax poOoTu Oyino MPOBEACHO EKCTICPUMEHT 13 TPEHYBaHHS MO
DeepLabCut Ha nmpukiasi cobaku opoau HKEK-paccen-Tep’ ep.

Jlis TpenyBaHHsS Mozeni Oyno BukopucTaHo HaOip 13 moHaa 3700 300paxkeHb
co0akyd B PI3HUX MO3MINAX, NMPU PI3HOMY OCBITJICHHIO Ta MPH PI3HOMY 3aJHBOMY
¢oni. Taka KinpkicTh 3abe3meunsia SIKICTh BIJCHTIIKOBYBaHHSI CKEJIETy, TaK SK
BU3HAYCHHSI B1I0YBAa€ThCS Ha Kamepy, 1 BIAMOBIAHO 3aAHIN (OH MOXKE 3MIHIOBATHCH.
VYci 300paxeHHst OyJ0 OTPUMAHO B IOMAIITHIX YMOBAX 3a JOTIOMOTOI0 cMapTQoHa.

Jnst pO3MITKH KJIIOYOBHX TOYOK Ha 300pa)keHHSX BUKOpHUCTOBYBaBcsi DLC
3 Python-0i0miorekamu Ta rpadiunum iHTepdeiicom Napari. JlaHi TeXHOromoiri
3a0e3reunin KoM(pOpPTHE YIPaBIiHHS HA0OpPOM JaHUX 1 MOXKIJIMBOCTI TPEHYBaHHS
Mozeni. Naparl — 11e IHTepaKTUBHUIM IHCTPYMEHT /I Bi3yanli3alii Ta aHOTallll JaHuX,
akuil iHTerpyerbes 3 DeepLabCut uepes Python-ckpuntu [4, c. 1235].

Ha koxHy 3 LHMX KapTUHOK Oysi0 Bpy4yHy Mo3HaueHO 10 KIIFOUOBUX TOYOK
CKeJleTy: TOJIOBa, IIWs, TEPEIH1 Ta 3ajHl1 KIHI[IBKH, XBICT Tomlo. KoxkHa Touka
OoTpUMaJjia YHIKaJIbHy MITKY, & KOOpJMHATH TOYOK 30epiranucs y ¢opmari CSV ms
MOJIaJIbIIIOT0 BUKOPUCTAHHS B TPeHYBaHHI Mojieni. Bukopucranusa Napari 103B0IUI0
3HAYHO MPUCKOPHUTH MPOUEC aHOTALli 3aBASKUA 3py4HOMY TpadiuHOMy 1HTEpdeiicy
Ta MOXIJIMBOCTI MaciiTaOyBaHHsi 300paxkeHb [4, c. 2153]. Bci 30epexeni maHi
Oynau 3rpynoBaHi B OAMH JaTaceT, HaJ SKUM Mi3HIlIE 1 BAOYyBaJlOCh TPEHYBaHHS
MOZEII.

DeepLabCut TpenyBanacs mpotsrom 30 000 itepamiii Ha ocoOucTOMY
KOMIT F0Tep1 3 BOynoBaHUM Tpadiuaum npouecopoM ta CPU, 1o 3aiiHs10 nprOIN3HO
20 roguH MOBHOTO yacy. TOYHICTH MOAENI TiCs TpeHyBaHHS ckiana 82%, 1o €
JIOCTATHIM JIJIs MOAQJIBIIIOTO aHaI3y pyXy COOaKH.

Pesynbrati poOOTH TpelncTaBieHI Ha PUCYHKY 1, /e moka3aHO 300pakKeHHS
co0aKM 3 HAHECEHHMMH KIJIFOYOBUMHU TOUKAMH CKEJIETY, BA3BHAYEHUMH 32 JTOTIOMOTOIO
HeTpeHoBaHoi Ha mmx pgaHux DeepLabCut. KoxkHa Touka mo3HaYeHa pI3HUM
KOJIbOpOM [ 3pY4YHOCTI aHamizy. Hampukian, TOYKM Ha TOJOBI TMO3HAYeH1
3€JICHUM KOJIbOPOM, Ha KIHIIIBKAX — CHHIM 1 YEpBOHMUM, a Ha XBOCTI —
MTOMapaHYEBUM.
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Pucynok 1. Busznauenns ckenery cobaxu 3a ronomororo DeepLabCut

MoskHa o6aInTH, IO JTaHi BiACTaHI M KOOPIWHATAMH € TIPUB’ I3aHUMH camMe
70 11i€l mopoau 1ca. Tak K iHII BUIU cOOaK MOXYTh MaTH OIIBIIMN YU MEHIINAN
KICTSIK Ta 3arajbHy MAacHBHICTh, TO 1 HEPOHHA MEpeka TOBHHHA OyTH HajaroKeHa
UIsl poOOTH 3 JaHWUM THIOM Topoau. J[ns Toro, mo0 1e peanizyBaTh HEOOXiTHO
I00aBUTH 300paXeHHS 3 PO3KPECICHMMH TOYKAaMH KICTAKa [0 3arajbHOTO
JlaTacerTy.

B peanbHOMYy wuaci, Malwo4yud KOOPAMHATH IMX KJIIOYOBUX TOUYOK, MOMKHA
BUKOPUCTATHU iX JJISI aHaI3y MOBEIIHKA YW T03U cobOaku. JlaHui miaxig Moxe
OyTM KOpPHCHHMM JJisi BETEpPHHAPIB, KIHOJOTIB Ta MOCIIAHUKIB, SKI 3aliMaroThCs
aHaJ30M pyxy TBapuH. HacTo (yHKIIIOHAT TAaKOTO TUITY BUKOPUCTOBYETHCS TAKOXK 1 B
TpeHyBaJIbHUX LUIAX. [IpukiagoM 1mpoMy MOXYTh CTaTh Taki mpoektu sik Petcube,
Dogbase Ta inmi.

Y  MailOyTHbOMY IUIAHYETHCS PO3LIMPUTH HAOIp JaHUX, BKIIOYUBIIN
300paxkeHHs1 co0aK PI3HUX MOPIJ, a TAKOXK IHTETPyBaTH CHUCTEMY 3 TEXHOJIOTISIMU
peasbHOrOo Yacy Jjisi aBTOMAaTUYHOIO MOHITOPUHTY CTaHy 370POB’ Sl TBAPHH.
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IHTEJIEKTYAJIBHI CUCTEMH AOITIOMOI'M BOAIIO HA OCHOBI
KOMIT'IOTEPHOI'O 30PY TA INIMBUHHOI'O HABYAHHA
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Beryn. AktyanbHicth TemMu. Cuctemu gonomoru Bofito (ADAS) Binirparoth
KJIFOYOBY POJIb Yy TIJABUILEHHI O€3MeKh JOPOXKHBOTO pyXy, HAJAl0YM BOIIAM
KPUTHUYHY 1H(POpMALIIIO B peKuUMI peanibHOro yacy. Indopmariiiini cuctemu B ADAS
JOTIOMAararoTh BOAISIM Kpallle OpIEHTYBATUCS, 3aJMINAIOYM BIAMOBIAAJIBHICTh 32
KepyBaHHsI aBToM0011eM. He3Baxkaroun Ha MOTEHIIIa MOBHOI aBTOMaTHU3allii, cy4acHi
TEXHOJIOT1i BCE 1€ BUMAararTh y4yacTi BoAis. Tomy BIOCKOHaNEHHS 1H(OpMaIiiiHuX
cucteM ADAS € BaxIuMBUM JId 3HIKEHHS KUIBKOCTI aBapiii Ta MOKpalEHHs
0013HAHOCT1 BOAIIB.

dopmyntoBanHs npooiemu. Jleski miacuctemu ADAS, Taki sSiK po3mi3HaBaHHS
JIOPO’KHIX 3HAKIB Ta BUSIBICHHS BUOOTH, HEOCTATHHO PO3BUHEHI JIJISl 3aCTOCYBaHHS
B peaibHOMY 4Yaci. KpiM Toro, cucreMu po3mi3HaBaHHS CMYT PYXY, TPAaHCIOPTHHUX
3ac00iB Ta MINIOXOMAIB BUMAararOTh 3HAUHUX OOYMCIIIOBAJIBHUX PECYpCIB, WIO
YCKIAAHIOE 11X BHUKOPUCTAHHS HA HEAOPOTUX TMPUCTPOSIX 13 OOMEKECHUMHU
MOXJIMBOCTSAMU. BUKIMK TOJNsira€e y CTBOPEHHI €(EKTUBHOI 1HTEIPOBAHOI CHCTEMH,
[0 Mpalloe Ha anaparHoMy 3a0e3ledyeHHl 3 HU3BKUMH pecypcamu 0e3 BTparu
TOYHOCTI Ta MIBUIKOCTI.
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Mera gocnimkeHHsa. MeToro cTaTTi € oliHKa icHyrounx metoniB B ADAS Ta
po3po0Ka HOBUX MIIXOMIB JIs MIABUIIEHHS iX €()eKTUBHOCTI Ta To4HOCTI. OCHOBHA
yBara NpUAUIAETHCS BJOCKOHAJICHHIO PO3MI3HABAHHS CMYT PYXY, JHOPOXKHIX 3HaKiB
1 BHOOTH 13 BUKOPUCTAaHHSIM Mojefeil rmnOokoro HaB4yaHHs, Takux sk YOLOvS8n.
[IporoHy€ThCSI CTBOPEHHSI MOIYIBHOI apXITEKTypH CHCTEMH 3 TMapajeiabHOIO
00pOoOKOIO JTsI MOKpAIeHHsT POOOTH B peallbHOMY Yaci Ha 0OMEKEHHUX pecypcax.

Ormsin miteparypu. Po3BuTok cuctem momomoru Bofito (ADAS) mocsr 3HadHmX
YCHIXiB Yy BHUSBICHHI CMYT pPYyXy, PO3Mi3HaBaHHI OO'€KTIB 1 MOHITOPUHTY CTaHy
JOPOXKHBOTO TOKPHUTTS, SKI € KPUTHYHUMH [JJIs TIABHUINEHHS Oe3nmeKkd BOJIiB.
BusiBieHHs CMYr pyXy CTHKA€ThCS 3 TPYIHOLIAMH B YMOBax MOraHOi MOrOAM Ta
HepiBHOMIpHOI po3miTku. Kaur 1 Kumar [1] BusBuam OOMEXKEHHS TpaauIliiHUX
METO/IIB, TAKUX SIK MepeTBOPeHHs Xada, sK1 MOKa3yl0Th HU3bKY TOYHICTh Y pPE€aJbHUX
ymoBax. Jlyis BupimienHs uux npodbiaeM Rachel ta i1, [3] 3ampononyBanu miaxia Ha
ocHoBl CNN, mo 3a6e3neuye noHaa 97% TOYHOCTI HaBITh y CKJIAQJHUX CHUTYAIISX.
Saha Ta 1H. [2] po3po6unu Metoauky flood-fill, sika anantyeThcst 10 3MiH OCBITIICHHS,
ajse oOMeXeHa B eKCTpEMaJIbHUX YMOBAX.

Po3miznaBanHs 00'€ekTIB € KIIIOYOBOIO CKJIagoBor0o ADAS, ocoOmuBo i
CUCTEM TmonepemkeHHs: 31TkHeHb. Murthy Ta iH. [4] BukopuctoByBanmn YOLOVS
JUISL CTBOPEHHSI PEaJbHOTO 4Yacy CHUCTEMHM, fKa €()EKTUBHO BHM3HAYa€ IMIIIOXO/IB,
TPaHCHOPTHI 3aco0u Ta 1HII nepemkoau. Lleil miaxia nepesepirye crapii Moaen,
ak-0T R-CNN, 3a mBHUIKICTIO Ta TOYHICTIO, IO POOUTH KOr0 NpPHIATHUM IS
3aCTOCYBaHb y peajibHOMY 4aci. Po3mi3HaBaHHS JOPOXKHIX 3HAKIB TaKOXK € BaXKJIMBOIO
¢dynkuieto ADAS. Golgire [8] nocnimxysaB Bukopuctanus CNN s 1miei 3amadi,
MOKa3ylO4uM 3AaTHICTh aJNTOPUTMIB €(EKTUBHO TNpalloBaTd B YyMOBaX CJaOKoi
BUJIMMOCTI Ta 3MiH OCBITJICHHS NpU MiHIMaJbHIM monepeAHid oOpoOil JaHuX.
Ontumizaiiss mMojenelt uepe3 miadip TrineprapaMeTpiB JI03BOJISE€ MpaIfoBaTH Ha
MPUCTPOSAX 13 OOMEKEHUMHU pecypcamu, IO BaXKIMBO IJIs pealbHOro 4vacy [8].
[Ipore B Hemoporux ADAS pimeHHsIX peanbHe poO3Mi3HaBaHHS 3HAKIB YacTo
3aMIHIOETbCA TONEPEAHBO 3aBAHTAXKEHUMM 0Oa3zaMu JaHuX. BusiBneHHs BUOOIH, SIK
HoBa (QyHKIIss ADAS, crnpsiMoBaHe Ha MOHITOPMHI CTaHy Aopir. Buza Ta iH. [5]
3aMpoIOHYBajJd €KOHOMIYHO €(EKTHUBHUN METOJI Ha OCHOBI OOpOOKH 300pakeHb 1
CIIEKTpaJIbHOI KJIacTepu3allii 3 TouHicTio 81%. Joe Ta iH. [6] iIHTerpyBaiv BUSBICHHS
BHOOiH 13 Tiny YOLOvV3 y MoOiJIbHUI J0JIaTOK, 110 JI03BOJISIE MOHITOPUTH CTaH JIOPIT
y peanbHOoMy uaci. [IpoTe mocsrHeHHs cTaO1IbHOT TOYHOCTI 3@ PI3HOTO OCBITJICHHS
3aJIMIIAEThC BUKIMKOM [6]. Kpim Toro, omiii Ha OCHOBI cMapT@OHIB MOKa3yIOTh
MEHIIlY peajbHy 3[aTHICTh y MOPIBHSIHHI 3 OUIbII HockoHauMu OEM-cucremamu.
3arajioM JOCHIKEHHS MIAKPECIIOITh €BOJIOINi0 TexHonorii ADAS: Tpamuiiiini
MeToau 3a0e3reuyroTh 0a30BUM 1HCTpyMEHTapiil, ToAl AK Moneni Ha ocHoBl Al,
taki gk CNN Ta YOLO, cyTTe€BO MNOKpaulylOTh NPOAYKTHBHICTH 1 TOYHICTH Y
peanbHOMy 4aci. [IpoTe BUKIMKK onTuUMI3alii IJi1 CEpeIOBHUIN 13 OOMEKEHUMHU
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pecypcamMu 3aJIMIIAIOTHCS, U0 OCOOIMBO BAXKIUBO JUISl JOCTYMHUX ab0 BTOPUHHUX
ADAS-pimens [17][18].

Pesynsratn gocnimpkenb. CucTemMa MONEPEHKEHHS 3ITKHEHb B pPEalbHOMY
Yaci morepekae BO/IiB MPO MOXIIMBI 31TKHEHHsS. BoHa BUKOPHCTOBY€e KOMOIHAIIIO
CEHCOPIB, BI3yaJIbHMX TEXHOJOTIA Ta MOJEIeH MAIIMHHOTO HaBYaHHS JUIS
BUSBJICHHS OO'€KTIB Ta OLIHKH PHU3UKY 3iTKHEHHs. OCHOBHA yBara NpUAUIAETHCS
BI3yaJIbHUM TEXHOJOTisIM, sKi 3a0e3MeuyroTh €(QEeKTHUBHICTh Ta E€KOHOMIYHICTH Y
PI3HUX YMOBaX.

Kamepa € OCHOBHUM CEHCOPOM IS TaKUX CHUCTEM 3aBISKH i1 aJalTUBHOCTI
Ta HU3bKIA BaprocTi. Haifuacrime BHKOPHUCTOBYIOTHCSI MOHOKYJISIPHI Kamepu, SKi
3HIMAIOTh BIZIEO B pEaJbHOMY Haci JJIsl aHajii3y OO0'€KTIB Ta OLIHKH BiJCTaHEH.
JUist  0OpoOKM JaHUX 3aCTOCOBYETHCS OOYMCIIIOBAJIBHUN MPUCTPIA, HAIPHUKIA]
NVIDIA Jetson, sikuii BUKOPUCTOBY€E MOJIE€]1 MAalIMHHOTO HaB4YaHHs. [lonepemxeHHs
MO/IAE€THCS YEPE3 JUCILICH a00 ayJ10CUCTEMY.

Bigeo, 3HATE Kameporo, MPOXOJUTH €Talu IMONEPeaHbOI OOPOOKHU: KOPEKIIiIo
KOJIbOPY, 3MIHY PO3MIpY Ta 3MEHLIEHHs wmyMmy. Jlani kaapu aHami3yrOThCS MOAEILIIO
o0'exTHOTO BUsABICHHS, Hampukianl YOLO, ska Bu3Hauae 00'€ekTH, iXHI Kjacu Ta
KoopauHaTyu. Ha OCHOBI OTpUMaHMX JaHUX CUCTEMa OIIHIOE€ UMOBIPHICTh 31TKHEHHS,
BPaxOBYIOUM BIJCTaHb, MIBUAKICTH 1 TPAEKTOPil 00'€KTIB. Y pa3i pU3HUKY 31TKHEHHS
BOJI1I0 MOAAETHCA Bi3yaibHE a00 3ByKOBE MOTIEPEIKECHHS.

OO6'extHe BusiBNieHHs 3a nonomMororo YOLO. Moaens YOLO edektuBHa 1jis
peanbHOro yacy 3aBAsky mBUAKOCTI (10 60 kanpiB Ha cekyHAy Ha notyxHux GPU)
Ta TOYHOCTI. Mozienb OUIUTh 300pakeHHS Ha CITKY, IPOTHO3YIOUM MPSIMOKYTHUKH
Ta UMOBIPHOCTI KJaciB Jyisl KoxkHOT KiTUHKU. YOLOVS, 3aBnsku cBoill ontumizaiiii,
3a0e3neuye IMIBUAKE BUKOHAHHS HABITh HA MPHUCTPOSAX 3 OOMEKEHUMHU PECYypCaMH,
takux sk Raspberry Pi 4. 3okpema, y popmari NCNN Mozenb 1eMOHCTPY€E HaKparili
pe3ysbTary 3 yacoMm 00poOku 414,73 Mc Ha 300pakeHHS.

Ouinka BifcTaHi. i OWIHKK BIJICTaHI YacTO BUKOPHUCTOBYETHCS METOJ
MEepPCIEeKTUBHOI TpaHcdopmarllii. Bin 103Bojse MmBUAKO Ta 3 MIHIMAJIbHUMHU
BUTpATaAMU PECYPCIB OIIHIOBATH BiJCTaHI MIXXK TPAHCIOPTHUM 3aCO00M 1 00'eKTamH,
0a3ylouuch Ha PpO3Mipi Ta MOJOXKEHHI 00'€KTiB Ha 300pakeHHI. Takuil miaxina
0COOJIMBO KOPUCHHM JIJISi CUCTEM 13 MOHOKYJISIPHUMHU KaMepaMHu.

BincrexxeHHs pyXoMHX O0'€KTIB Yy peallbHOMY d4aci 3a0e3neuyeTbes
anroputMaMu, TakumMu sk QuabTp Kanmana abo SORT. Bonu 103BOJISIIOTH TOYHO
OLIIHIOBATH TPAEKTOPIl 00'€EKTIB Ta pO3paXxOBYBATH YaC JO 3ITKHEHHA 3a (HOPMYIIOIO
TTC=D/V,, ne D — Bigcrads 10 00'ekra, V, — BigHocHa mBUAKICTE. Skmo TTC
MEHIIIE KPUTUYHOTO MOPOTY, BOJIII0 MOAAETHCS MOMEPEIKEHHS.

Cucrema posmizHaBaHHS cMyr pyxy. Cucrtema po3mi3HaBaHHS CMYT PyXy
JoroMarae miATpUMyBaTH aBTOMOOUIh y MeXax cMyru. J[jis bOoro 3acTOCOBYIOTHCS
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7IBA OCHOBHI MIIXOAM: Tpaaumiiauii koM torepHuit 3ip (CV) Ta mmboke HaBUaHHS
(DL).

Tpagumitinuit migxix (CV) — mell miaxig BUKOPHCTOBYE METOIHW OOpOOKH
300paxeHb, Takl K (PiIbTpallis, MOporoBa 0OpoOKa Ta AJITOPUTMU MOIIYKY JIIHIMH.
[lepeBaru MeToay — BUCOKA MIBUAKICTH 1 MPUAATHICTH AJIs IPUCTPOIB 3 OOMEKESHUMU
pecypcamu. OnHaK BiH YyTAUBUN 0 HIyMy 1 3MiH yMOB ocBiTieHHs. [lomepenHi
eTand BKJIIOYAIOTh KOPEKIII0 BHUKPUBICHHS 300pakeHHs, BUAUICHHS o01acTi
1HTepecy Ta 3MIAPKyBaHHS IIyMy 3a J0NoMoror ¢insTpiB. BuseineHHs cMmyr
3MIACHIOETBCST 4Yepe3 METOAM, Taki SK mepeTBopeHHs Xada, IO 03BOJISAIOTH
BUSIBJISITH JIiHIT 32 Toukamu 300paxkenHs. [linxinq DL BHKOpHCTOBYE cermMeHTalliiHi
mopenm, Taki sk U-Net, Ski po3auISIIOTh 300pa)K€HHSI HA PEriOHM CMYT 1 HECMYT.
Mogeni HaBYarOThCA Ha BEIMKHX HAOOpax JaHMX, IO JO3BOJIAE€ IM IpaLIOBaTH Y
CKJIQJHUX YMOBaXx, 30epirarouv BUCOKY TOYHICTb. OJJHaK BOHHM BUMAararoTh OUIbILIE
pecypciB, Xoua ONTHMI3alli, Takl SIK HPYyHIHI a00 KBaHTI3allsd, pOOJATH MOJENI
NPUAATHUMU JUIsI TPUCTPOiB, AKk-0T Raspberry Pi. Tpagumiiinuii miaxix MeHII
BUMOIJIMBUNA 7O OOYMCIIOBAJIBbHUX PECYpPCIB, ajie MEHII €(EKTUBHHUHI y CKJIaAHHUX
ymoBax. Iliaxim DL 3a0e3neuye BuUIly TOYHICTh, OAHAK MOTpPeOye 3HAYHUX
0OYHCITIOBAIBHUX MOTYKHOCTEH 1 ONTUMI3aLli JjIs1 pOOOTH B peabHOMY Yaci.

3anponoHOBaHUIA MiAXIJ: BUSABICHHS 00 €KTIB JJISI pO3MI3HABAHHS CMYT PYXY.
3anpornoHOBaHUI METOJT BUKOPUCTOBYE Mojeni BusBieHHS 00'ekTiB (OD), 30kpema
apxitektypy YOLO, nnst BUpIlIEHHS 3aBIaHHS PO3II3HABaHHS CMYT pyxy. JlehOmiHr
BUKOHYETHCSI Y BUIVISAI TOUOK, SIKI MPEACTABISIOTh CMYTH, & MOJENb MPOTHO3YE iX
AK O0’€KTH y MeXax MpSIMOKYTHUX oOmacteil. KokHa Touka yei0iay mo3HadaeTbes
NPSIMOKYTHOIO pamkoro (bounding box), po3Mipu SIKOi HaJIAIITOBYOTHCS 3aJI€KHO
B1JI XapaKTepUCTUK HAOOpy AaHuX. [[ns ycyHEeHHS HaaMIpHOCTI BUKOPUCTOBYETHCS
rinepnapaMerp, KU KOHTPOIIOE BHJAJEHHS o0NacTeid 3 BHCOKUM pPIBHEM
MEPEKPUTTSL.

Merton ©6a3yetbcss Ha CTpykTypi Habopy nanux CULane, ne cmyru
MOAUISIIOTBCST HAa YOTUPH Kiiacu: nanbHs mpaBa (RR), 6ausbka npasa (RC), 6nm3bka
niBa (LC) ta pnaneus miBa (LL). Ile mo3Bossie Mojenni MpOrHO3yBaTH SIK HAasIBHICTh
CMYTH, Tak 1 ii KJac, MO MiABUILYE TOYHICTh. Ilicis HaBYaHHA MOAENb MPOTHO3YE
MPSAMOKYTHUKHU ISl TOUOK CMYT, SIK1 MOTIM 00'€THYIOTBHCS B JIIHIT IUIAXOM 3'€THAHHS
ixHix nentpis. Lleit miaxia € epekTUBHUM, 0COOIMBO JIJIsl MPUCTPOIB 13 0OMEKEHUMU
pecypcamu. Mogenbr YOLO Moxke MporHo3yBaTd MEXi CMYT HaBiThb 3a BiJICYTHOCTI
YITKUX JOPOXKHIX JIIHIMA, BUKOPUCTOBYIOUM KOHTEKCTHI Miaka3ku. Lle 3HauHa nepesara
nepen TpaauIiiHUMU METOJIaMU, SIK1 4acTO HE MPALIOIOTh y CKIaJHUX YMOBAX, TAKUX
SIK TIOTaHa BUJIUMICTh a00 HEMOBHI PO3MITKH.

CULane — Benukuit HaO1p JaHUX AJIs1 JOCHIIKEHD Y cepl po3Mi3HABaHHS CMYT
pyxy, skuil mictuth 133,235 kanpiB, 310paHMX Ha HIECTH ABTOMOOUISIX y PI3HUX
ymoBax y llekini. Bin nmominenuit Ha 88,880 kamapiB ayisi HaBuaHHs, 9,675 — nis
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Bamiganii, Ta 34,680 — nns TectyBanHs. TecToBuil Ha0Ip BKIFOYAE KATETOPIi, TaKi K
HOpMaJIbHI YMOBH, TiHI, BIICYTHICTh PO3MITKH Ta IHTEHCUBHUH pyX [16]. Koxxen xaap
MICTUTh Bpy4YHY CTBOPEHI aHOTaIlli HaBITh JUIsl CMYT, SKi MPUXOBaH1 TPAHCHIOPTHUMHU
3acobamu ab0 MOTaHO BHUJIHO, 110 JO3BOJISIE MOZEII MPOTHO3YBAaTH CMYTH B CKIIQIHUX
YMOBaX.

s ouinku edexruBHOCTI Mozeni YOLOvV8n s po3mi3HaBaHHS CMYT PyXy
OyJ0 TPOBEACHO TIONEPENHE HaBYaHHS Ha HAOOpl JaHWUX 13 BHUKOPUCTAHHSIM
dpeitmBopky Ultralytics YOLOvVS.2.79, Python 3.11.8 ta PyTorch 2.2.1 ma GPU
NVIDIA GeForce RTX 3080 Ti. Mogens, mo mae 168 mmapie ta 3,006,428
napameTpiB, 00pobmsie 8.1 GFLOPs. Hapuanus tpusano 75 emox (7.708 rogun) i3
BUKOpHUCTaHHsAM ontumizatopa SGD (mBuzakicte HaBdanHs 0.01, moment 0.9) Ta
300paxeHHaMH po3Mmipom 640 x 640 mikceniB. MeTpuku OIIHKM BKJItoYanu Precision
(P), Recall (R), mAP50 i mAP50-95. Pesynpratu moka3ajad BHCOKY TOYHICTH JUJIsI
Oomu3pkux cMyr: Precision mocsar 0.763 (LC) 1 0.659 (RC), a mAP50 — 0.872 (LC)
1 0.823 (RC). laneka npaBa cmyra (RR) mana 3HauHo Huk4i noka3Huku (Precision
0.485, mAP50-95 0.295). Lle miaTBepmKy€e MOTEHITIAT MOAETI I 3a7ad peasbHOTO
yacy, ajie notpeOye BAOCKOHAJIICHHS JJIs1 BUSBICHHS JAJIEKUX CMYT.

Cucrema po3mi3HABaHHS JOPOXKHIX 3HAKIB. Po3mi3HaBaHHS JOPOXKHIX 3HAKIB
€ BaxJMBOKO yacTuHO ADAS, 3a0e3nedyroun BOAIIB iH(GOpMAL€0 MPO MpaBUIIa
JOPOKHBOTO pPyXy Ta HeOe3neku. bararo cucreM BHKOPUCTOBYIOTh 0a3u JaHHX 3
MOMNEPEIHHO 3aBaHTAKECHUMHU 3HAKaMHU /Ui NIEBHUX PEriOHIB, MPOTE 11 0a3u MaroTh
OOMEXXEHHS: TaHl MOXXYTh OyTH 3acTapuIMMHM, a peajibHiI 3MiHU (HOB1 YM TUMYACOBI
3HaKM) HE BPAXOBYIOThCHI.

JInst ycyHeHHsI HEAOIKIB CTAaTUYHUX 0a3 3aCTOCOBYETHCA BUSBJICHHS 3HAKIB Y
pearbHOMY 4aci 3a ornomoroto Mozenen, Takux sk YOLOVS. Ilponec Britouae asa
€Talu: CIOYaTKy MOJENb BUIUISE 3HAKU 13 300pa)keHHs, a MOTIM KiacuQikye ix 3a
TUTIOM (OOMEKEHHS BUKOCTI, MOMEPeKEHH TOI0). OCHOBHA CKJIAJIHICTh MOJISITA€
y BEJIMKI{ KIJTLKOCTI TUMIB 3HaK1B (moHaa 200), 110 yCKIIaIHIOE MOJIEII 11T CUCTEM 13
0OMEKEHUMHU PECYPCAMH.

JInst 3HWOKEHHS HaBaHTA)KEHHsSI MPOLECH BUJIIECHHS Ta KiacuQikailii 3HaKiB
pO3IUIAIOTE. MoJieh CIoYaTKy BUSIBISE JIUINE MOTEHIINHI 3HAKHU, a KJacu(ikallis
BUKOHYETHCSI OKpeMO a00 3a moTpedu. Y cucreMax 13 HU3bKMMH pecypcaMu MOXKHA
MPOCTO TMOKa3yBaTU 300pakeHHs 3HaKa Boxio 0Oe3 kiacudikamii, mo 30epirae
MPOAYKTUBHICTb.

DFG Traffic Sign Dataset mictutes 7,000 300paxkenn 13 200 kaTeropisimu
3HaKiB, 310panux y CinoBenii. JlogarkoBo cTtBopeHo Habip 13 monag 30,000
ayrMEHTOBAaHUX 3HAKIB, 1110 MiABUIIYE CTIMKICTh MOJIEII IO CKIAIHUX YMOB.

Mogens YOLOv8n naBuamacs 50 emox Ha DFG Traffic Sign Dataset i3
napametrpamu: ontuMizatop AdamW (1r=0.002, momentum=0.9), po3mip 300pakeHb
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640x640 mikcemB. Pesynsratu: Precision 0.977, Recall 0.956, mAP50 0.983,
MAP50-95 0.854, mBuakicts iHpepency 1.8 mc/300pakeHHs.

Cucrema BusiBiieHHs BUOOTH. CHcTeMa peaslbHOTO Yacy JJisl BUSIBJIEHHS BUOOIH
noTepeIkae BOAIIB PO MOLIKOAKEHHS AoporH 3a gonoMororo YOLOv8n. OcHoBHA
npobseMa — BiICYTHICTh BIATIOBIIHUX JaTaceTiB, TOMY KOMOiIHyBaIH iCHyI041 Habopu
JaHMX 13 BIaCHUMH, 310panumu y JIbBoBi Ta bproxoBuyax.

Octarounuii Habip Brirouae monHan 900 300paxeHp 13 BHOOTHaAMH, aHOTAI]
BukoHaHO y Roboflow. Jlomano ayrmeHTtamii s MiABHILEHHS Pi3HOMAHITHOCTI:
reoMeTpuyHi Tpanchopmailii, 3MiHa ICKPABOCTI Ta KOHTPACTY.

Mogenr Hapuanmack 100 emox i3 mapamerpamu: ontuMmizarop AdamW
(1r=0.002, momentum=0.9), po3mip 300paxenr 640x640 mikcemiB. Pe3ynpraru:
Precision 0.782, Recall 0.641, mAP50 0.719, mAP50-95 0.385, mBHaKICTE
iH(pepeHncy 1.2 mc/300paxeHHs .

[Tepenaua indopmartii Bomiro. OJHUM 13 TOJIOBHUX BUKJIMKIB Yy BIPOBAIKECHHI
CUCTEMH BHSBIEHHS BUOOIH Ha MIHIKOMII IOTE€pax € IIBUAKICTH OOpOOKH JaHUX.
Mogens YOLOvV8n ontumizoBaHa [jisl peajibHOTO 4acy, aje HaBITh HA OOMEXEHUX
pecypcax nmoTpioeH yac Ha 0OpoOKy KOKHOTO 300paxkeHHs. [Hhopmarltis npo BUOOTHU
Mae€ TIepelaBaTucs MBUIKO Ta €(PEKTUBHO, 11100 3a0e3neunT O6e3nexy. Bukoprucranus
€KpaHHUX TMOINEepeKEeHb, SK-0T Ha maHeni npunanie abo HUD, He € ineanbHum,
OCKUIBKH 1€ MOXE BIJABOJIIKATH BOJIS IM1J1 YaC KPUTHUYHOI CUTYAIIIi.

[IponoHy€eThCsl 3aMIHUTH €KpaHHI IONEPEKEHHST Ha IHTYiTUBHY 1 MEHII
BiIBOJIIKatouy cuctemy: cBimiomiogny (LED) crtpiuky mig 71000BUM CKJIOM Yy
MOENHAHHI 3 ayllonomnepeKeHHsIMU. SKio cucrema BUSBISE BHUOOIHY 3J1IBa,
BiAnoBiHa cekuiss LED cTpiuky 3acBITUTHCS YEPBOHUM KOJBOPOM 13 CYNPOBIIHUM
3BYKOBUM CUTHalOM. Lle 103BoJisie BOMI€B1 1HTYITUBHO 3pO3YyMITH, /1€ 3HAXOIUTHCA
HeOe3neka, 1 cokycyBaTUCS Ha A0po3l B MmoTpiOHoMy HampsiMky. LED crtpiuka
B110Opakae TpHUOIM3HE NOJOKEHHA BHOOIHM BIJIHOCHO ILIEHTPY aBTOMOOLIA, WIO
JI03BOJISIE€ IIBUJIKO pearyBatu 0e3 3aiiBUX B1JIBOJIIKAHb.

HactynHi kpoku — 00’eiHaHa cuctema. [IponoHyeThbCsi IHTETpOBaHA CUCTEMA,
gaKa 00’€IHye BCl KOMIIOHEHTHU (TIOMEPEIKEHHsI 31TKHEHb, PO3MI3HABAHHS JTOPOKHIX
3HAaKiB, CMyr pyXy Ta BHOOiH) y €IMHy CHCTeMy JOIOMOTH BOMil0. Ii Mera —
BUKOHYBAaTH aHallli3 300pakeHb y peajlbHOMY Yaci Ta HaJlaBaTu 1H(OpPMAIIil0 BOJIEBI,
BUKOPHUCTOBYIOUM NPUCTPOi 3 oOMexkeHuMH pecypcamu, Taki gk NVIDIA Jetson
Nano a6o Xavier. [Ipu gocrarHiil onTumizaliii CUCTEMY MOKHA BIPOBAJIUTH HaBITh
Ha Raspberry Pi, mo craHe mnpopuBOoM Yy MPOAYKTUBHOCTI Ha OOMEKEHOMY
obnmagnanHi. CucTeMa CKJIAJa€ThCs 3 KUIBKOX KIHOUOBUX MoOaymiB. Kamepa,
BCTAaHOBJICHA Ha TMaHesl MpuiajiB, 3ade3mneuye Oe3nepepBHE 3aXOIJICHHS BIJIEO.
Ile BiZeo MPOXOAUTH MOMEPENHI0 OOPOOKY, BKJIFOUAIOUM KOPEKI[II0 CIIOTBOPEHBD,
o0pi3ky Ta ¢unpTpainito. LleHTpanbHUM elleMeHTOM € yHiBepcaibHa Mojenb YOLO,
HaBYeHa /Ji1 BUSBICHHS 00’ €KTIB (TPAaHCIOPTHHUX 3aco0iB, MIMIOXOJIB, JOPOXKHIX
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3HaKiB, BUOOTH 1 CMYT) y peanbHOMY 4aci. J{Jisl miABHUILEHHS MPOIYKTUBHOCTI KJIbKa
iHcTanmiin YOLO MOXyTh mTpamroBaTH MapajieabHO, OOpOOIsStouN pi3HI KaapH.
Tpekep 00’ekriB, sk-or SORT a6o ¢insrp Kanmana, mo3Bosisi€ BifCiiIKOBYBaTH
AMHAMIYHI 00’ €KTH, a IEPCIEKTUBA IEPETBOPIOETHCS Y BUTTISIL «3 BUCOTH MTAITUHOTO
MOJIBOTY» JUISI KPAIIoro MPOCTOPOBOTO po3yMiHHA. JlogaTKOBI MOmyii 0OpOOIISIOTH
OLIIHKY BiAICTaHlI Ta KpUBMHU CMYT. DiHAIBHUN Kaap (QOPMYETHCS 3 YCIX BUXITHHUX
JaHHUX, & MOYJIb MOIMEPEKEHb TeHePY€E CUTHAIU MPU HEOOX1HOCTI.

Jlsis noCsITHEHHSI TPOXYKTUBHOCTI B pEalbHOMY Yacl CHCTeMa BHUKOPHUCTOBYE
MOJYITbHY apXiTEKTYypy, /1€ KOKEH KOMIIOHEHT IMpallo€ HE3aJIeKHO 1 MapajesibHoO.
Ile 3MeHIITy€e 3aTpUMKY, YCyBarOYl HEOOX1THICTh TOCHTITOBHOT 00poOku. Hampukian,
MOJYJIb MOTMEPETHbOI 00POOKH MOXKE MPAIFOBATA OJHOYACHO 3 MOJEIUII0 00’ €KTHOTO
BUSIBIICHHS, TOAl K MOJAYJb TMOINEPEIKEHb IMPALIOE MapalelbHO 13 TPEKEPOM
00’exTiB. bararonorokoBicTh 3a0e3neuye MaciITabOBaHICTh CHUCTEMH BIAMOBIIHO
70 JOCTYMHUX arapaTHUX pecypciB. SKIIO pecypcu A03BOJSAIOTh, KUIbKA 1HCTAHIIIN
Mozeni YOLO MoXyTh MpamoBaTd OJHOYACHO, OOpOOJSOuM Pi3HI KaapH Ui
migsumieHHs FPS. YV pesynbrari cucreMa € MOAYIBHOIO, MaciITaDOBaHOK Ta
aJanTOBAaHOIO JI0 arapaTHOro 3a0e3mneyeHHs, 3a0e3Medyroud e(QEeKTUBHICTh 1
MPOAYKTUBHICTh Y PEAJIbHOMY Yacl.

3anpornoHOBaHUN MiAXiJl € NEPCHEKTUBHUM, MPOTE€ Ma€ 3HAYHI BUKIUKH,
30KpeMa ONTHUMI3aliio JUIsl anaparHoro 3a0e3ledyeHHs 3 OOMEXEHUMHU pecypcami.
Hanpuknaz, 3anyck kuibkox iHcTaHmiili mogeni YOLOv8n na Raspberry Pi Bumarae
arpecMBHUX METO/IB ONTHUMI3allli, TAKMX SIK IPYHIHT, KBAHTU3allisl Ta OaraTornoToKoBa
0o0poOka. OcobnuBy yBary MOTpPIOHO MPUAUIMTA 3HMKEHHIO 3aTPUMKUA MOJYJIB,
HacamIiepes; MOJYNTiB BUSBICHHS Ta TPEKIHTY OO0'€KTIB, SIKi HAWOUIbII BUMOIJIMBI
710 pecypciB. YCIiIlIHA peanizailisi [IUX ONTUMI3aIlii 103BOJUTh CTBOPIOBATH CUCTEMHU
JOTIOMOTH BOJIII0 B PEaJIbHOMY 4Yacl HaBiTh HAa HEIOPOTMX amapaTHUX IJargopMmax,
1[0 CYTTEBO MIJBUIIUTH JOCTYIHICTh TAKUX CHUCTEM JIJIi MACOBOTO PUHKY.

BucHoBku. 3anpornoHoBaHO BAOCKOHaleHy cuctemy ADAS, sika iHTerpye
KOMIIOHEHTH pEaJlbHOTO Yacy: MOMNEPEIXEHHS 31TKHEHb, pO3MI3HABaHHSA CMYT,
JOPO’KHIX 3HAaKIB Ta BUOOTH, 3 BUKOPUCTAHHAM CY4YaCHUX TEXHOJIOTIH MalIMHHOTO
HaBYaHHS. MonylbHa apXiTEKTypa CHUCTEMH 3a0e3leduye poOOTy Ha MPUCTPOAX 13
oOMeXEeHUMU pecypcaMu, Takux sik Raspberry Pi.

Cucrema po3mi3HaBaHHA CMYT TOKpalleHa 3aBISKH MOJENSIM BUSBIICHHS
o0'ektiB. YOLO, mio MiHIMI3y€e MomnepeaHio o0poOKy. Po3mizHaBaHHS JOpPOXKHIX
3HAKIB PO3AUISIE MPOIECH BUSIBICHHS Ta Kiacudikailii 1jis 6ajaHCy MIX TOYHICTIO
Ta mMBUAKICTIO. Metoa BusiBieHHs BuOOiH 13 YOLOvVS mokazaB €(eKTUBHICTh Yy
peanbHOMY 4aci, a LED-CTpiuku siK iHIUKATOPU MIHIMI3YIOTh BIJIBOJIKAHHS BOJISL.

[lonepenni pe3ynbraTd  MIATBEPIKYIOTh  MOTEHLIAN  CUCTEMH, MPOTE
noTpeOyIoTh onTUMI3aIlli Mozenei st BOymoBaHux cucteMm. [lomanbina poGota
30CEpPEeNUThCS Ha MIABUINEHHI TOYHOCTI B CKJIQJHUX YMOBaX, OINTHUMI3aIlil
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apXITeKTypu Ta pO3IIMPEHHI [maraceTiB. YcmimHa peam3arnis 3poouts ADAS
JOCTYTHIIIOIO Ta MiABUIIUTE O€3MEeKy JOPOKHBOTO PYXY.
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JluctaHiiiHe HaBYaHHSA CTAJI0 BaXXJIMBUM €JIEMEHTOM CY4acHOi OCBITH,
0COOMBO B yMOBax BiiiHHM, KOJIM Oe3meka CTyIeHTIB € mpioputetoMm [1]. Hapasi
OUTBIIICTh HABUANBHUX 3aKJIAJIB aQJaNTyBaJIUCsA 10 AUCTAHIIHHOTO HABYAHHS,
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IpOTe AWUCTaHIIHE HABUYAHHSA MAa€ 1 CYTTEBI HENONIKH, CEepel SIKUX 3HUKECHHS
PiBHS KOHTPOJIO 32 BUKOHAHHSIM 3aBlaHb, OCOONMMBO y ¢opMaTi aCHHXPOHHOTO
HaBYaHHA. BiacyTHICTH Oe3mocepeIHOr0 HAMISAY BUKJIaAa4a YCKIIATHIOE MIEPEBIPKY
TOTO, UM 3aB/JaHHSA BUKOHaHE Oe3M0oCepeHbO CTyACHTOM. BrpoBamKeHHs IITyYHOTO
igtenekry (LI, anrm. artificial intelligence, Al) y HaB4aHHS TaKOX CTBOPIOE
HOBI BUKJIMKH, 30KpemMa MpoOieMy HEeIOOpOCOBICHOTO BHKOPUCTAHHS TEXHOJOTIH
CTYJIEHTaMH.

OTxe, OCHOBHI BMKJIMKHM, TOB'S3aHI 3 JUCTAaHIIWHUM HaBYaHHSIM Yy cdepi
1H(GOpMAIITHIX TEXHOJIOT1H, BKIIOYAIOTh:

- CkiagHiCTh KOHTPOJIO BUKOHAHHS 3aBJaHb. BHUKIAZadl HE MOXYTh
rapaHTyBaTH, 10 MPAaKTHYHI poOOTH BHUKOHAHI CTYIEHTaMH OCOOMCTO, OCOOIHMBO
AKIIO BOHU HE MPOXOJATh Y PEKUMI PEATBLHOTO Yacy.

- Buxopucranns II: cywachuin Il npo3Bossie cTymeHTaM aBTOMATUYHO
reHepyBaTH BIANOBIAIL, 0 YCKIIAJHIOE 00'€KTUBHE OI[IHIOBAHHS IXHIX 3HAHb.

- HaBaHTa)keHHsI Ha BMKJaJayiB: CTBOPEHHs 1 MEpPEBIpKa BEIMKOI KUIBKOCTI
pOOIT B PyYHOMY pPEXKHUMI, OCOOIMBO MEPCOHATI30BAHUX 3aBJlaHb, € TPYAOMICTKUM
MPOLIECOM, III0 BUMAra€e 3Ha4YHUX YaCOBUX PECYPCIB.

Jns momonaHHs X mpoOjgeM HEOOXiAHO BUKOPUCTOBYBATH MIAXOAU, IO
J03BOJISIIOTh aBTOMATU3yBaTH LIEH MPOIIEC.

IIpodsiemaTuka nepcoHaJizauii 3aBIaHb.

B ymoBax AMCTaHIIMHOTO HABYAHHS CTYAEHTH YacTO OTPUMYIOTh 3aBIAaHHS
y BHUDJIAl CTaHAAPTHUX MIAOJOHIB, IO CTBOPIOE PHU3UK MAaCOBOTO KOMIIOBAHHS
BIMOBIJIEH. 3aCTOCYBaHHS MEPCOHANI30BAHMX 3aBIaHb YAacCTKOBO pPO3B’A3Y€ IO
po0seMy, ajke KOKEH CTYIEHT OTPUMY€E YHIKaIbHE 3aBJaHHS.

[IpoTe HaBITH LIEH MiIX1] Ma€ HEJOIKH:

- Buknagaui BUuTpauaroTh 3HaYHUI 4ac Ha pyYyHE CTBOPEHHS 3aBIaHb.

- Pyuyna mepeBipka nepcoHani30BaHUX 3aBAaHb 3AJHMILAETHCA TPYIOMICTKUM
MPOLIECOM.

- PozButok cucrem I ymoxiIuBiIIO€ aBTOMaTHuHE T'€HEPYBAHHS BIAMNOBIAEH
CTYJIEHTaMH.

JInst BUpILIEHHS 3a3Ha4€HUX MPOOJIEM aBTOpPaMH 3alpONOHOBAHO CUCTEMY, SIKa
aBTOMAaTH3y€ TeHEepallilo Ta MEePeBIPKy MEPCOHATI30BAaHUX 3aBAaHb Y JUCTAHIIHHOMY
HaBuaHHI 1 € yactTuHow Digital Learning Ecosystems [2].

Konuenuisi cucremu.

3anporoHoOBaHa CUCTEMA CKJIAIAE€ThCS 3 I’ ATH OCHOBHUX MOJIYJIIB:

1. Monynb renepaiii 3aBjaHb — CTBOPIOE YHIKAJIbHI NPAKTUYHI 3aBJaHHS JJIs
KO>KHOTO CTYJIECHTA.

2. Monynb  pO3ropTaHHd  HaBYAJIBHOTO  CEPEJOBHINA —  HAJIAIITOBYE
1HIUBITyaJIbHE CEPEAOBUIILE JJIsl BUKOHAHHS 3aBJaHb.
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3. Moaynp aBTOMAaTW4YHOI MEPEBIPKH — 3IMCHIOE TEPEBIPKY MPaBHIBHOCTI
BUKOHAHHSI 3aB/IaHHS.

4. Monaynb 00poOKH pe3ylbTariB — 30epirae pe3yabTaTd BUKOHAHHUX 3aBJIaHb Ta
nepenae ix 10 HasBHOI B HaBYaJIbHOMY 3akiagi LMS.

5. Monyns Bepudikarlii — BHKOPHUCTOBYE CIEIIaJbHO PO3POOJIEHY 3TiTHO
npunnumniB DSL (domain-specific languages) moBy. MoBa 3a0e3neuye KOpPEKTHICTb
CTPYKTYpPH Ta 3MICTy 3aB/IaHb BIJIMOBIAHO 10 BU3HAYEHUX 11a0JIOHIB [3].

ExcnepuMeHTaNbHi pe3ybTaTH.

Cucrema Oyma mporecTtoBaHa Ha Kadeapi 1HGOpPMALIHHUX Ta KOMIT IOTEPHHUX
cucteM HY “UepniriBcbka momiTexHika” TiJ dYac BUKIAJAHHA IUCIHILIIHA
"Onepaririai cuctemu". CucremMa I03BOJISE ABTOMATH3YBaTH TMPOIEC CTBOPEHHS
3aBlaHb, IMEPEBIPKM 1X BHUKOHAHHA Ta aHAII3y pE3yJbTariB, CKOPOUYYIOUU
HAaBaHTAKEHHS Ha BUKJIa/a4iB. Pe3ynbraTtu nmokasanu:

- CkopoueHHs 4yacy MmepeBipKy 3aBaaHb BUKIagadeM Ha 60-70%.

- 3HIDKEHHS KIJTBKOCTI BUITQJIKIB aKaJeMIYHOT HEIOOPOYECHOCTI 3a PaxyHOK
MepCOHAII3ALL].

- IligBUILIEHHS] SIKOCTI OTPUMAHUX 3HaHb, AK€ BUKIIOYAETHCS MOXJIUBICTD
M1IpOOKY BUKOHAHHS 3aB/IaHb.

BucHOBKM Ta HANIPAMKH NOAAJTbIINX J0CTIIKEHb.

BrnpoBa/pkeHHsST 11€i CUCTEMH CHPUIATHME ONTUMI3allli Yacy BHKJIaJadyiB,
MIJBUILIEHHIO KOHTPOJIIO 32 BUKOHAHHSIM 3aBlaHb, 3a0€3MEUYECHHIO AaKaJeMIYHOI
nobpouecHocTi. [Toganbin gociiakeHHs OyayTh CIPSIMOBaHi Ha:

- ApnanTaifio CUCTEMH 10 1HIINX JUCIIAILIIH.

- InTerpauiro 3 nonyIsipHUMH OCBITHIMU TUIaT(hopMamu.

- OnrTumi3zanio BUKOPUCTAHHS CEPBEPHUX PECYPCIB.

- InTerpaniro MeTOAIB IUITYYHOrO 1HTEIEKTY ISl TOAATKOBOTO MOHITOPUHTY
MpoLIeCy HaBYaHHS.

Po3po0ka TakuMX CHUCTEM € BAXKIMBUM KPOKOM Y PO3BHUTKY LHU(POBOI OCBITH,
110 3a0e3neunTh IKicHY miaAroroBky I'T-gaxiBiiB y HOBUX peamisix.
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OcTaHHId CTpUOOK y PpO3BUTKY BEJIMKUX MOBHMX Mozenei (BMM)
CYNPOBOJKY€ETbCA IXHIM BCE OUIBII MIMPOKUM BIPOBAKEHHSIM Yy PI3HOMAHITHI
chepu AisNIBHOCTI, 1[0 3abe3nedye 3py4Hl 1HTEpdeicu s KOpUCTYBadiB.
[Ipore, iCHy!OTh 3HauHI OOMEXKEHHS, AKI MOTPEOYIOTh MOJAIBIIOrO JIOCTIAKEHHS
Ta BupimeHHs [1]. 3okpema, nis 3actocyBaHHd BMM y cdepax, 1m0 BUMararoTh
BHCOKOI TOYHOCTI, KpUTUYHO BAXKJIIMBUM € 3a0€3MEUEHHSI MOXJIMBOCTI BIACTEKEHHS
Ta IHTEpHpeTallii Mpolecy MNPUUHATTA PpillleHb, IO JIEKUTh B OCHOBI TeHeparlii
BiANOBiAl. Ile 703BOMUTH 3p0O3yMITH OOIPYHTYBaHHS Ta JIOTIKY, IO MPU3BEIH 10
KOHKpPETHOTro pe3yabTary. KpiM TOro, Haja3BHYallHO BEJIMKa KUIbKICTh MapaMETpiB,
xapakTepHa i cydacHux BMM, 3yMoBIIO€ 3HauHi OOUYMCIIOBaJIbHI BUMOTH Ta
norpedye 3HauYHUX pecypciB. Tomy, omnTUMI3alis apXiTEeKTypu Ta aJrOpUTMIB,
COpsiMOBaHa Ha 3MEHUIEHHS OOYMCIIIOBAJIbHOTO HABAHTAKEHHS, € aKTyallbHUM
3aBIAHHSIM.

[IpoananizyBaBiid  HasiBHY  JIITeparypy, MPUCBAYEHY  JOCIIHKYBaHIM
npoOiemMaruill, MH PO3NISIHEMO 3aCTOCYBAaHHS BEIMKUX MOBHHUX MoOjeNed Ta
rpadoBux 0a3 ganux. [lepma podora [2] nocnimxkye iHTerpauiro BMM 3 rpadoBumu
0azaMu JaHUX, $KI BHUCTYNAIOTh $K JKEPENO 3HaHb, AKIEHTYIOUM YBary Ha
npobiemax kopekTHocTi BMM Ta nmponoHyrourd MOTEHILINHI HUISXHU iX BUPIIICHHS.
Hpyra crarts [3] mnpencraBise apXITEKTypHI Moaudikaiii, copsiMOBaHI Ha
3a0e3reueHHs MaciiTaboBaHOCTI rpadoBux 0a3 maHUX JJIs1 OOpOOKH BEITMKHX
00CAriB JaHMX Yy PO3MOJAUIEHUX OOYMCIIOBAIBHUX cepenoBuiiax. Lle KpuTudHo
BAXJIMBO JJIA MPOEKTYBAHHS 0a3 JIaHUX, 3JaTHUX BIANOBIAATH BUMOTaM Cy4YacHUX
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BMM. Tpers crarts [4] 30cepemxkeHa Ha ONTUMI3AIli IMIBUAKOCTI BUKOHAHHS
3anmuTiB 10 TpadoBux 06a3 gaHMX, OCOONMMBO B KOHTEKCTI 3B'SA3KiB "Oarato 10
Oaratpox", MO € KIIOYOBUM (akTopoM i 3abe3neueHHs e(eKTHBHOI poOoTH
cucteM. YerBepra crarTs [5] MpOmMOHYye anbTepHATUBHUNA MIAXiM A0 IIHOOKOTO
HaBYaHHS, BUKOPHWCTOBYIOUM BUKIIIOYHO PEJAIiAHI 0a3u JaHUX, 10 HAJTA€ IIHHUMA
JOCBII y TIpe/CTaBlICHHI Ta 00poOii MOBHUX CTpykTyp. Lleit mocBim moxe OyTu
MOTEHIIHHO KOPUCHUM JJIs1 CTPYKTYPYBaHHA Ta ONTHUMI3allii rpagoBux 6a3 TaHUX.

Buxopucranus rpadoBux 0a3 AaHUX IS MPEACTABICHHS BEJIMKHUX MOBHHX
MOJIeJIel TPOTIOHY€E CYTTEBI MepeBaru. 3aCTOCYBaHHS KOHIICMIIIT, 1€ HEMpOHHU MOJENi
BI3yalli3ylOThCS SIK BEPIIUHH, a Bar'k — K pedpa, 3a0e3neuye MOXKIUBICTh AETaTbHOTO
MOJICTIOBaHHS B3a€MO3B'SI3KIB MIXK ITapaMeTPaMHU.

Hacammepen, 1ue cHopusie MNOKpPAIEHHIO I1HTEPIPETOBAHOCTI  MOJEII.
BiacrexxeHHd wuisxiB y TpadiuHiil CTPYKTypl JO3BOJISIE aHANI3yBaTH IPOLIEC
MPUIHATTS pIIEHb, 1IEHTU(PIKYIOUH KIFOYOB1 (PAKTOpH, 110 BIUIMHYJIU Ha KOHKPETHY
B1/IMIOBIIb.

Takoxk, aHami3 po3noAuTy Bar y rpadoBiii 0a3l JaHUX JO3BOJISIE BUSIBISATH
CUCTEMAaTU4YHl YIEPEIKCHHS, 110 BUHUKAIOTh BHACIIJIOK HE30aJaHCOBAHOCTI
TPEHYBaJIbHUX JJAaHUX. MOXIIMBICTh PyYHOTO KOPUTYBaHHS Bar a00 HaBITh BUAAJIICHHS
X miarpadiB 3ade3nedye MOXIIMBICTH MiHIMI3allli HETaTUBHOTO BIUIMBY TaKUX
yHepeKEHb Ta M1ABUIIEHHS TOYHOCTI PE3yJIbTaTiB.

Kpim Toro, rpagoBa cTpykTypa 3abe3nedye THYy4KiCTh apXITEKTypH MOJEII.
Mogens MoXe JAMHAMIYHO aKTHMBOBYBaTHM TE€BHI MIArpau s BHKOHAHHS
cnenu@iuHux 3aBAaHb. lLle Takok BIIKpUBAE MNEPCHEKTUBHU ISl TMEpPCOHaTI3aIli
MOJIeNi, JO3BOJISIIOYM aJanTyBaTH oOKpemi miarpadu A0 n0oTped KOHKPETHOTO
KOpHUCTYyBaya 0€3 HeOOX1THOCTI TOBHOTO TIEpEHAaBUAHHS.

Bapro 3a3nauutu, 1o rpadoBa 6a3a JaHUX J103BOJISIE BECTHU JETAIBHY 1CTOPiIO
3MIH Bar, [0 3HAYHO E€KOHOMUTH OOUHMCIIOBAJIbHI PECYPCH TOPIBHSHO 3 MOBHUM
KOMIIOBAHHSIM Bar.

InTerpanis rpadoBux 0a3 AaHUX 3 BEJIMKMMU MOBHUMHU MOJACIAMH €
MEePCHEKTUBHUM,  ajie¢  CKIAQJHUM  MIAXOIOM, IO  JO3BOJSE  MIABUIIUTH
IHTEpIIPETOBAHICTh ~ MOJEJNI, 3a0e3MeUUTH THYUYKICTh Ta  IEepPCOHAII3YBAaTH
BianoBial. [IpakTudna peanizaliisi CTUKAETbCS 3 OOMEXEHHIMH, 30KpeMa 3HUKEHHAM
IIBUJIKOCTI OOpPOOKHU Ta BEIUKUMHU obOcsiramu AaHux. He3pakarouw Ha 11€, MOTEHINaT
IHTerpalli 3aJMIIacThbCsl 3HAYHUM, 1 TTOTpeOy€e MOAAIBIIOr0 JEeTaJIbHOTO aHali3y Ta
€KCIIEPUMEHTAILHOTO JTOCTIIXKEHHS ISl IO OJIAaHHS ICHYIOYMX BUKJIMKIB.
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Y KOHTEKCTI MOBHOMAcITaOHOI BifHM B YKpaiHl NUTaHHA €(EKTUBHOIO
BIMICBKOBOTO PEKPYTHHTY HaOYJI0 OCOOMMBOI aKTyaJdbHOCTi. TpaauIliiHI METOAH
MOO1TI3a1li Yepe3 TepUTOpIalibHI LIEHTPU KOMIUIEKTYBAaHHS Ta COLIAIbHOT MIATPUMKU
(THK ta CII) BusBuIKCS HEAOCTATHHO €()EKTUBHUMHU B YMOBAaX Cy4aCHUX BUKIIMKIB.
30KkpeMa, BUHHUKAIOTh MpoOIeMU 3 OOJIKOM BIHCHKOBO300OB’SA3aHUX, 3aTPUMKHU
B 00poOIll JOKYMEHTIB Ta BIJCYTHICTh MPO30pOCTi B mporecax mobOim3amii. Lli
HEJOJIKHA 3HIKYIOTh JOBIPY T'POMAJIIH O CUCTEMHU Ta YCKIIaJHIOIOTH (HOPMYBaHHS
00€31aTHUX MMiAPO3/ILIIB.
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OnHi€r0 3 KIIOYOBUX TMpoOieM € HemocTaTHs Uu(poBi3allis MpOIECiB
BIMICBKOBOTO 0O0JiKy Ta MoOimizamii. 3a JaHUMHU JOCIHIIKeHb, 3HAYHA YacTHUHA
BiIMICHKOBO3000B’ s13aHNX, 0c00mmBO 3 [T-cepu, He mepedysae Ha 06miky B TLK, mo
YCKJIaJIHIOE 1X OpOHIOBaHHS Ta mpu3oB. KpiMm Toro, icCHye mpaBoBa HEBHU3HAYEHICThH
mono OpontoBanHa @DOIIIB Ta Tir-kOHTPakTOPiB, fAKI CTAHOBIATH OIUIBIICTD Y
IT-rany3i [2]. Lle npu3BomuTh 1O BTpaTtd KBali()iKOBAHUX KAJAPIB Ta 3HIKCHHS
00OpOHO3/IaTHOCTI KpaiHU.

[HdopmariifHi TEXHOIOTIi MalOTh MOTEHITIAN 3HAYHO MMiIBUIIATH ¢()EKTUBHICTh
BIICBKOBOTO pEKPYTUHTY. BrpoBakeHHs aBTOMAaTU30BaHUX KaJAPOBUX CHCTEM
JI03BOJISIE ONTHUMIZYBaTH TMpoLEecH BiAOOpy, OOMIKYy Ta YIpPaBIiHHS MEPCOHAIIOM.
30KkpeMa, Taki CUCTEMHU MOXKYTh aBTOMATUYHO MEPEBIPSITH KBaTi(PiKalliio KaHAUIaTiB,
3MEHILYIOYM HABaHTAKEHHS Ha KaJIpOBl CIYXOW Ta IMiJABUILYIOYM TOYHICTH BIIOOPY
[3].

Kpim Toro, uudposi miatdopMu, SIK-0T 3aCTOCYHKU «ApMis+» Ta «Peseps+y,
BXKE JEMOHCTPYIOTh MO3UTHBHI pE3yJbTaTH y c(epl eIeKTPOHHOIO JOKYMEHTOOOITY
Ta OHiIaiH pekpytuHry [1]. Ili iHCTpyMEHTH CHPOUIYIOTH B3AEMOMIID MiX
B1IICHKOBOCITY>KOOBIISIMU Ta KOMaHIyBaHHSIM, 3a0€3ME€UYyIOTh NPO30PICTh MPOIECIB Ta
3MEHILYIOTh OIOPOKPATUYHI 3aTPUMKH.

BiiiCbKOBl pPEKpYTHMHIOBI LEHTPH, OCHANIEHl Cy4YacHUMH 1H(GOpMaLIHHUMU
cucTeMaMu, MaroTh HU3Ky nepeBar Haja Tpaauuiiaumu THK Ta CII. 3okpema, BoHU
3a0€31euyIoTh:

 [lIBuakicTh 0OpOOKM JAHUX: aBTOMATH3AIlls MIPOIIECIB JJO3BOJISIE ONMEPATUBHO
00po0sTH BenKKl 00csru 1iH(opmarii.

* [Ipo3opicTb Ta KOHTPOJb: LHUPPOBI CUCTEMU (IKCYIOTH BCl All, WO
3a0e3neuye MOXIIMBICTD ayJUTy Ta 3MEHIILYE PU3UK 3JI0BKUBAHb.

e I'HyuKiCTh Ta aJanTUBHICTh: MOXJIUBICTh IIBUIKOTO OHOBJICHHSI aJITOPUTMIB
Ta MpoLEyp BIAMNOBIIHO A0 3MiH Y 3aKOHOJJABCTB1 UM ONEPATUBHIN 0OCTaHOBII.

[{1 mepeBaru cHpHSIOTH OUIbII €(PEKTUBHOMY 3aJyYE€HHIO Ta YINPABIIHHIO
JIONICHKMMHM PeCypcaMH B YMOBaX BOEHHOTO CTaHy [4].

Po3poOka Ta BHOpoBa/KeHHS 1HQOPMALIMHUX CUCTEM MJIsi PEKPYTUHTOBUX
LEHTPIB € CTPATEriYyHO BAXKIMBHM KPOKOM [UJIsl MIJIBUILEHHS OOOPOHO3AAaTHOCTI
Kpainu. Taki cucTemMu J03BOJISIOTh:

* OntumizyBatd MOOUTI3alliiiHI MPOILECU: IIBHUJKE Ta €(PEKTUBHE 3aTyUCHHS
HEOoOX1THUX (DaxiBIIiB.

» 3a0e3MeuynT 1HTErpalilo 3 THIIMMHU JEPKaBHUMHU PEECTPAMM: CIPOILIEHHS
oOMiHy 1H(hOpMAaITi€0 Ta 3MEHILICHHS TYOJIFOBaHHS TaHUX.

* [linBUIIKUTH piBEeHB JOBIPH IPOMASH: MPO30PICTh Ta 3PO3YMUIICTh MPOLIECIB
CIpUSIE O3UTUBHOMY CTaBJIEHHIO 110 ciiy:k0u B 3CY.

TakuM 4yuHOM, i1H(MOPMAILIIHI CHUCTEMH CTAalOTh KJIIOUYOBUM €JIEMEHTOM Y
dhopmyBaHHI cy4acHO1, €(DEKTUBHOI Ta TEXHOJIOTIYHO OCHAIIEHO1 apMmii.
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VY cydacHHX yMoOBax BeO-CaillT BITITPalOTh KIIOYOBY POJb Yy KOMYHIKalii
MK PEKPYTMHTOBUMHU CTPYKTypaMH Ta TOTCHIIMHUMH BIHCHKOBOCIYKOOBISIMHU.
[aTepHeT-mmargopMu TO3BOJSAIOTH MIBHAKO IOIIMPIOBATH aKTyaldbHY i1H(OpMaIiio
PO BIJKPUTI BakaHCii, yMOBU CIIyXOH, MpOIEC MOJAHHS 3asBOK Ta MPOXOKEHHS
B1100ODY.

KpiMm TOro, po3poOka iHAMBIAyaldbHUX CAWTIB JIi KOHKPETHHUX BIHCHKOBHX
MiIPO3AUTIB (HAMPUKIIAI, OKpEMUX Opuraj abo KOpPIyciB) J03BOJISE MEPCOHATI3YyBATH
KOMYHIKAaI[il0 Ta MIAKPECIUTH  YHIKAIBHICTH  migposfautry. Lle  migBuinye
3alliKaBICHICTh Cepel KaHAMIATIB 1 crpuse (HOpPMyBaHHIO OpeHAY MHIAPO3ALTY SIK
pobGoTonaBid. BakMBHM acneKTOM TaKWX CaWTIB € iXHS MOOUIbHA aJanTHBHICTS,
IHTEpaKTUBHICTh (OHJIAWH-peecTparlisi, 4Yar-O00TH, BIACOIHCTPYKLIii) Ta MOBHa
JOCTYIHICTb (YKpalHChKa/aHIIIIACHKA).

TakuM YuHOM, BeO-CaliTU CTalOTh €(PEKTUBHHM I1HCTPYMEHTOM LU(PPOBOI
MoOOUTI3aIli Ta TIaTGopMor0 Uisl MPO30pOro, 3pYyYHOrO Ta IMIBUIKOTO 3aTyYEHHS
kazpiB 10 jaB Cun O6opoHu Ykpainu.
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3EJIEHI TEXHOJIOI'I SIK JIPAUBEP CTAJIOI'O PO3BUTKY
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CydacHHI CBIT CTHUKA€THCA 3 YUCICHHUMH BHUKIWKAMH, CEpell SKUX 3HAYHE
Miclle 3aliMalOTh €HepreThyHa Oe3leKa, 3aJIeKHICTh BiJ] BUKOIHOTO TMajuBa Ta
3MiHa KJIIMarTy. 3eJeHl TeXHOJOri, ki 0a3yl0ThCsl HA BUKOPUCTAHHI BIJTHOBIIOBAHUX
JDKepes €Heprii, BHUCTYNAIOTh BAXKIMBUM I1HCTPYMEHTOM 3a0€3IE€YeHHS CTajoro
PO3BUTKY. AKTyaJIbHICTh BUKOPHCTAHHS TaKWX TEXHOJOTIH 3yMOBJICHA HE JIHIIE
€KOJIOTIYHUMHU TepeBaramMu, aji¢ i €KOHOMIYHHMM BUTOAAMHU SIK JJIsi BUPOOHMKIB,
Tak 1 jnusa crnoxkusadiB [1, 2]. 3pocrarounii iHTEpec 10 BiAHOBIIOBAIBHHUX JKEPEI
EHeprii, TaKUX SK COHSYHA, BITpOBa Ta OlO€HEpPIreTHKA, € BIIMOBIIII0 Ha TOOAJbHI
TEHJICHITIT 0 AeIeHTpali3allli eHepreTUKU, 3HKEHHSI BUKHU/IIB MTAPHUKOBUX Ta3iB Ta
T1BUILEHHS €HEPTeTUYHOT HE3aJIeKHOCTI.

3eJieHl TEXHOJIOTi CTalli JIEBUM IHCTPYMEHTOM JJIsi BUPIIIEHHS €KOJIOT1YHHUX,
€KOHOMIYHUX Ta COLIAJIbHUX BHUKJIMKIB CydacHOCTI. Taki TEXHOJIOTii CHpHUSIOTh
JNOCSTHEHHIO  KJIIMaTUYHMX I, MIJBUIIEHHIO  KOHKYPEHTOCIPOMOXKHOCTI
Oi3Hecy Ta 3a0€3MEUYCHHIO CIIOKMBAYiB JAOCTYIHOK ¥ HamiiiHO eHepriero [3].
[Mupokuii cmekTp iX mepeBar poOUTH 3€J€HI TEXHOJOTIi JpalBepoOM CTaJoro
PO3BUTKY, CIPSIMOBAHOTO Ha 30€peKEHHsS PECypCiB Uil MaiOyTHIX TOKOJIHb.
Ha puc. 1 300paxkeHO miepeBard 3€JICHMX TEXHOJIOTIN g KpaiH, Oi3Hecy Ta
CITOXKMBaYiB.
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Puc. 1. BrumB 3e1eHrX TEXHOJOTIH Ha €KOHOMIKY Ta CYCIUIBCTBO
IDicepeno: cgpopmosarno aemopom

OTxe, 3€JeHl TEXHOJOTli BHUCTYINAIOTh JApPAaBEPOM CTAJIOTO PO3BUTKY.
BrnpoBajkeHHsT TakuxX TEXHOJOTIM € BUTIAHUM JUIsl BCIX: KpaiHM OTPUMYIOTh
THCTPYMEHTH ISl €KOJIOTTYHOI CTa0UIBHOCTI, O13HEC CTUMYIIOE 1HHOBAIIIT Ta 3HUKYE
BUTPATH, a CIOKMBAYl KOPUCTYIOThCS JOCTYITHOK Ta HAJIMHOIO eHepriero. Po3BUTOK
1 TOLIMPEHHS 3€JEHUX TEXHOJOIIH € CTPaTeriyHO BAXKIMBUM KpPOKOM JO CTajoro
MaiOyTHBOTO.

3esieHi TEXHOJIOT1T 3a0e3MeuyloTh 3HAuHI MepeBaru JJis pi3HUX YYaCHUKIB B
eHepreTuyHMy cektopi. Iyl KpaiH BOHU € HCTPYMEHTOM JIOCSTHEHHS KIIMaTUYHHUX
1iJe 4epe3 3MEHIIECHHS BUKUIIB MAapHUKOBUX Ta3iB Ta BUKOHAHHS MIXKHApOJIHUX
€KOJIOTIYHUX 3000B's13aHb. J{J1s1 O13HECY 3€JI€H1 TEXHOJIOrII Ial0Th 3MOT'Y CKOPOUYYBAaTH
orepauiifHi BUTPATU NUISIXOM 3HWKEHHS BUTPATH Ha €HEPropecypcy Ta ONTUMI3allil
BUPOOHMYI mpouecu. Takuid MiAX1T —MIIBUILYE  KOHKYPEHTOCHPOMOXKHICTh
MIAIPUEMCTB 1 CHpUsiE€ BIPOBAHKCHHIO 1HHOBAIIMHUX pimieHb. JIJis CHOXHBa4iB
3€JIEHI TEXHOJIOTi MPOMOHYIOTh JOCTYH JO JICHIEBIIOI Ta HAIIAHOT eHeprii,
o0 0a3yeThCs Ha BITHOBIIOBAHUX JDKEpENIaX, a TaKOX CIPHUSIOTH JEIeHTpaizamii
€HepreTuku. B 1iomMy, BIPOBAIKEHHS 3€JI€HUX TEXHOJIOTIM BHCTyNae apailBepoM
CTaJOro pO3BUTKY pO3BHUTKY, WII0 30epirae MNPUPOAHI pecypcu s MaiOyTHIX
MOKOJIHb.

TakuM 4YMHOM, 3€JI€HI TEXHOJOTIi € JIEBUM I1HCTPYMEHTOM TpaHchopmalii
Cy4acHO1 EHEpreTHKH, IO CIPSMOBaHA Ha JIOCATHEHHS EKOJIOTIYHOI CTIMKOCTI
Ta EKOHOMIYHOTO po3BHUTKY [4, 5]. BmpoBajkeHHS TakuX TEXHOJOTIH JI03BOJISIE
CKOPOTHUTH 3aJICKHICTh BiJi BUKOIHUX PECYPCIB, MIHIMI3yBaTH €KOJIOTIYHHI BILJIUB
BUPOOHMIITBA Ta CIOKMBAaHHS EHEPTrii, a TaKOX CIPUATA PO3BUTKY 1HHOBALIIMHUX
pIlIEHb Yy PI3HUX Tany3siX. 3eJIeHI TEXHOJOrii CTBOPIOIOTh YMOBHU AJi (DOPMYBaHHS
HOBOT MOJIEJII CHEPreTHKH, SKa BIJANOBI/Ia€ BUKJIMKAM KJIIMaTUYHUX 3MiH 1
100abHOTO €HEPTeTUYHOTO TOIUTY.

PO3BUTOK 3€€HUX TEXHOJIOT1 BUMarae y3roJyKeHUX 3yCHJb 3 OOKY AepxaB 1
0i3Hecy, 110 A03BOJUTH €(PEKTUBHIIIE 1HTErpyBaTH BIJHOBIIOBAHI JHKepesa eHeprii
B €HEPreTUYHI CUCTEMH, CTUMYJIOBATH €KOHOMIKHM Ta 3a0€3MeYUTH SIKICHUM PIBEHb

59



KUTTS JUIsl CYCITUIBCTBA. 3€JI€HI TEXHOJIOTii € He JWINE BIAMOBIIII0 HAa CydacHI
BUKJIMKHA, & W BaXJIUBUM KPOKOM JI0 CTajoro MaiOyTHBOTO, J€ 30epe’KeHHS
MPUPOTHUX PECYPCIB Ta COIIAIbHUM 10OPOOYT CTatOTh O CHOBHUMHM MPIOPUTETAMHU.
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AKTyaJIbHICTh TeMH. Y Cy4aCHUX yMOBax HH(POBOi TpaHcopmarlrii
IT-rany3p Bifirpae KIIOYOBY pOJb Y CBITOBIM EKOHOMIlll, @ KOHKYpPEHIIS MIX
TEXHOJIOTITYHUMHU KOMITaHISIMU 3arocTproeThesi. PinancoBa cTivkicTh [T-kommaniit
3HAQYHOI0 MIPOK0 3aJICKUTh HE JIMINE Bl iXHIX Oi3HEcC-MojeNied Ta 1HHOBAIlIMHUX
piuieHb, a ¥ BiI piBHA I1HBeCTULIA Yy mnepcoHan. Came BHCOKOKBaJl(iKOBaHi
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cremiasictTd  3a0e3MeuyloTb CTBOPEHHS  KOHKYPEHTOCIPOMOXKHUX  MPOIYKTIB,
e(heKTHBHE YNPaBIiHHS MIPOIIECAMU Ta CTIHKE 3pOCTaHHS KOMIIaHii.

[Tompu oYeBUAHUN B3a€EMO3B’A30K MDK I1HBECTHIIIMA B TIEpCOHAN Ta
¢dinancoBuMH TokazHuKaMu [T-kommnaHiil, AOCHIIKEHHS 1i€i TeMH € HEIO0CTaTHbO
CUCTEMATH30BaHUMU. BUIBIIICTh KOMIAHIN YCBITOMIIIOIOTH Ba)KJIWBICTH JIHOIACHKOTO
KariTaiay, OJHAK YacTO CTHKAIOThCS 3 TPYAHOILIAMH y BHU3HAYCHHI ONTHMAJIbHHUX
CTpaTeriii iIHBECTYBaHHS B HABYaHHSI, PO3BUTOK 1 MOTHBAIIiIO MpalliBHUKIB. Oco0IMBO
aKTyaJbHHUM 1€ TUTaHHS CTa€ B YMOBAaX HECTaOUIbHOCTI PUHKY Mpalli, eKOHOMIYHHX
KpHU3 Ta 3pOCTa04Y0i KOHKYPEHIIIT 3a TaJaHTH.

TakuM dYHWHOM, MOCIHIDKEHHS B3a€MO3B 3Ky IHBECTHIIIH y TEPCOHAT Ta
¢dinancoBoi criiikocTi IT-kommaHiii 703BOJIIE  OIIHUTH  €(EKTHBHICTh TaKHX
1HBECTHIIII Ta BUBHAYUTH HAMKpAIlll MPAKTUKHU YIPABIIHHS JIOICHKUM KaIllTaJIOM.

Meta: BHCBITIIEHHS B3a€MO3B 13Ky MDK pPIBHEM IHBECTULIA y NEPCOHAN Ta
(¢1HaHCOBOIO CTiMKicTIO [T-KOMIaHii; BU3HAUYEHHSI BIUIMBY CTpaTerid yNpaBiiHHSA
JIOJCHKUM KaIliTaJoM Ha €KOHOMIYHI MMOKa3HUKU OpTaHi3aiiil

Bukinan ocHoBHOro marepiajiy. B3aeMo3B’SI30K 1HBECTHIIIN y MepcoHaN Ta
(dinancoBoi ctifikocTi IT-koMmaHiii € HaJa3BUYAHO BaXXJIUBUM (PAKTOPOM JUIst
JOBIOCTPOKOBOIO  YCIIXY MIANPUEMCTB Yy cdepl 1HPOpMALIAHUX TEXHOJIOTIH.
CyuacHi [T-xoMIaHii CTHKalOTbCA 3 BUCOKOIO KOHKYPEHIIIEIO Ta IMIBUAKOILTMHHUMU
3MiHAMH B TEXHOJIOTTYHOMY CEpEJOBHILI, 10 BHUMAra€e He JIMIIE 1HHOBAIIMHOCTI,
ane i e()eKTUBHOIO YIpaBIiHHS JIOIACBKUMU pecypcaMu. IHBECTyBaHHS B MEPCOHAI
J03BOJISIE KOMITaHIsIM 30epiraTi KOHKYPEHTOCIPOMOXKHICTh, MIATPUMYBATH BUCOKHIMA
piBEHB MIPOAYKTUBHOCTI Ta 3a0e3mneuyBaT (piHaHCOBY CTiHKicTh [1, C. 223-224].

@diHaHCOBAa CTIWKICTh TMIANPUEMCTBA — 1€ MHOro 3AaTHICTh CBOEYACHO
BUKOHYBaTH 3000B’si3aHHS Tepel NapTHepaMu, 30epiraTd OanaHC MK aKTHBAMH
Ta IMacUBaMHM, a TaKOX 3a0e3MedyyBaTd IJIATOCIPOMOXKHICT Ta I1HBECTHUIINHY
NPUBAOIUBICTh Y MIHJIMBUX €KOHOMIYHHUX yMOBax [2].

[leli mMOKa3HUK OXOIUIIOE IIUPLIIMK CHEKTp (PIHAHCOBUX XapaKTEPHUCTHK,
HIK KPEIUTOCHPOMOXHICTh, PEHTA0ENbHICTh UM JIKBIAHICTh. BiH (opmyeThcs min
BIUIMBOM SIK BHYTPIIIHIX, TakK 1 30BHIIIHIX (aKTOpIB: CTPYKTYpU BHUTpAT, PIBHSA
KOHKYPEHLIIi, SKOCTI yIPaBIIHHS MPUOYTKOM, EKOHOMIYHOTO CEpeOBHUIIA TOLIO.

EdekruBHe ynpapniHHsA (pIHAHCOBOIO CTIMKICTIO CHpUS€E MIATPUMII PiBHOBAru
(1HaHCIB MIAIPUEMCTBA, MIHIMI3aIlli PU3HKIB JIJISl IHBECTOPIB Ta KPEAUTOPIB, a TAKOK
orntumisariii 3adoprosanocti [4].

OnHMM 13 KIIOYOBUX AacCIHEKTIB KaJpoBOi NPUBAOIMBOCTI MiANPUEMCTBA €
SKICTh KEPIBHUIITBA, HASBHICTh BHCOKOKBaJi(DIKOBAHOTO KaJpOBOTrO siipa Ta PiBEHBb
kBaidikamii nepconany B miiomy. B IT-cdepi kampoBuii moreHIiagl € OCHOBHUM
pecypcoM KOMITaHii, TOMy HOro poO3BHUTOK Oe3mocepeHbO BIUIMBAE Ha (h1HAHCOBI
MOKAa3HUKU. 3aJly4eHHs Ta YTpUMaHHS KBadi(iKOBAaHUX CIHEIIaNicTiB 3a0e3neuye
CTaOUIbHICTh MPOEKTIB, €(EKTUBHE BHUKOPUCTaHHS PECYpCIB Ta 1HHOBALIWHUN
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PO3BUTOK KommaHii. OKpiM I[bOTO, HAsIBHICTh CUJIbHOI KOMAHU CHPUS€ 3MEHIIECHHIO
PU3UKIB, TIOB’A3aHUX 13 HEBUKOHAHHSIM TMPOEKTIB a00 BTPATOIO KIIEHTIB, MIO
MO3UTHBHO BIUTUBAE Ha ()IHAHCOBY CTIHKiCTh [5, C. 81].

®dinaHcoBa CTIWKICTh [T-KOMITaHIN OIIHIOETHCS 3a JOMOMOTOI0 (hiHAHCOBOTO
aHamizy, SKAW BKJIIOYAE TOPU3OHTAJIbHHUM, BEPTHUKAIbHMUMA, TPEHAOBUH Ta
koedimieHTHrA aHami3u. Hampukman, ropu3OHTANbHUN aHAMI3 JTO3BOJISE OIIHUTU
AMHAMIKY 3MiH y (DIHAaHCOBHX TIIOKa3HMKAaX KOMIaHii, 10 MOXE CBITYUTU PO
e(eKTUBHICTh 1HBECTHUIIN y mepcoHan. BepTukanbHuil aHai3 MOKa3ye CTPYKTYPY
(diHaHCOBHX pecypciB KOMIIaHIi Ta JOMOMAara€ BHU3HAYUTH YAacTKy BHUTpaT Ha
PO3BUTOK TEpcoHaNy. TpeHIoBUI aHai3 Ja€ 3MOTY OIlIHUTH JTOBIOCTPOKOBI
MEPCIeKTUBH KOMIIaHii, BpPaxOBYIOUM BIUIMB KaJIpOBHUX pillleHb Ha (iHAHCOBI
nokasHuku [3, ¢. 117-118].

OaHuM 13 KJIIOYOBUX IMOKA3HMKIB (PIHAHCOBOI CTIMKOCTI € pO3Mip BIACHOTO
KaIliTaJly Ta pe3epBiB KOMIaHli. IHBECTyBaHHsS y HaBYaHHS Ta PO3BUTOK IEPCOHAILY
CIIpUsi€ MIABUIIEHHIO MPOJYKTUBHOCTI, IO Oe3mocepeHbO BIUIMBAE HA YUCTUU
npuOyTOK KoMmrmaHii. KpiM Toro, 3MeHIIEHHS! MJIMHHOCTI KaJpiB 3HUKYE BUTpATH Ha
PEKPYTHHI Ta aJanTallil0 HOBUX CHIBPOOITHUKIB, IO TAKOK MMO3UTHUBHO MMO3HAYAETHCS
Ha (p1HAHCOBIA cTaOLIBHOCTI. Taki MOKa3HUKHU, SIK TPUOYTOK O OMOAATKYBAaHHS Ta
PI3HMIISL MIXK BJACHUM KaIliTaJIOM 1 OCHOBHUMH 3aCO0aMH, TaKOXK MOXYTb CBIJUUTH
po ePEeKTUBHICTh KaJIPOBOI MOJIITUKU KOMITaHii [2].

Po3Butok mnepconany B IT-xommanisix € Oe3mepepBHUM TMPOIECOM, IO
BKJIFOUA€ TOCTAHOBKY L1JI€H, BA3BHAYEHHSI METO/IB HABYaHHS, MOHITOPUHT OTPUMaHUX
3HaHb Ta OILIIHKY €(EeKTHUBHOCTI MIArOTOBKM. I[HBecTulli B TEpPCOHAN CHPHUSIOTH
(GOpMyBaHHIO HOBHUX OpraHi3alliHUX I[IHHOCTEH, MOKpPAIIEHHI0 MOpalbHO-
MICUXOJIOTIYHOTO KIJIIMAaTy B KOJEKTHBI Ta WIABUIIEHHIO €(QEKTUBHOCTI Mparll.
CaiToBi ['T-komMnaH1i aKTUBHO BUKOPUCTOBYIOThH MPOTPaMU MiJIBUILIEHHS KBaJ1(iKkallii,
MEHTOPCTBA Ta KOYYHMHIY, WIO JO3BOJS€ HE JIMIIE T[OKPAIlyBaTH HABUYKH
NPAIiBHUKIB, a i CTBOPIOBATH KYJIBTYpy Oe3nepepBHOTO HaBdaHHs [1, c. 224].

BaxyBuM (akTopoM € TakoXK B3a€EMO3B’A30K Mk IHBECTHUIIISIMUA B TIEPCOHAT
Ta (1HaHCOBUMHM pu3nMKamu. Hectaya kBaniikoBaHMX KaJpiB a00 BUCOKA TUIMHHICTb
MEPCOHATY MOXKYTh TPU3BOJUTH 1O HEBUKOHAHHS KOHTPAKTIB, BTPATH KIIIEHTIB
Ta 3HIKECHHS JOXOMIIB. Y IIbOMY KOHTEKCTI (hIHAHCOBUM aHai3 JI03BOJIAE OLIHUTH
pIBEHb pHU3HMKIB Ta CKOPUT'YBaTH KaJpoBYy cTparerito komnanii. Hampuknan,
koediienTn (iHAHCOBOI HE3aJEKHOCTI Ta aBTOHOMII JalOThb 3MOTY BHU3HAYMTH,
HAaCKUIbKM KOMIIaHIA 37arHa (pIHAHCYBaTH PO3BUTOK TEpcoHaTy Oe3 3alyyeHHs
30BHIIIHIX MO3UK [5, €. 80-81].

BucnoBku. OTxe, B3a€MO3B’SI30K MIDK 1HBECTHULISIMM Yy TMEpCcOHaN Ta
(dinancoBoto crTidkicTio [T-komnaHiii € oueBuaHuM. Kommaii, siKi TPUIISIOTH
yBary pO3BHUTKY CBOiX CHIBPOOITHHKIB, MalTh BHUIIY MPOAYKTUBHICTb, Kpally
KOHKYPEHTOCIPOMOXKHICTh Ta CTa0UIbHI (DIHAHCOBI MOKa3HUKH.
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[HBecTyBaHHS y MTEPCOHA HE JIUIIE 3MIITHIOE KaIPOBUH MOTEHINIAN, a i CIIpHSIE
JOBTOCTPOKOBIN (PIHAHCOBIN CTaOIIBHOCTI, IO POOUTH TaKi 1HBECTHUIIIi CTPATETIYHO
BAXJIMBUMU JJI YCHIIIHOTO (YHKI[IOHYBaHHS KOMIIaHIi B YMOBax Cyd4acHOTO
BHCOKOTEXHOJIOTTYHOTO PUHKY.
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[HBecTyBaHHsI BIJIrpae KIIOYOBY pPOJb Yy CYYacHIH EKOHOMIIl, CHPHUSIOUYH
€KOHOMIYHOMY PpO3BHUTKY, I1HHOBAIlisIM Ta 3pPOCTaHHIO J0OpOOYTYy CyCHIJIbCTBA.
[ndopmariiiiHe CycHibCTBO CYTTEBO TPaHCPOPMYBAIO MIIXOAU IO 1HBECTULIMHOI
JISUTBHOCTI,  BIPOBA/KYIOYM HOBI  TEXHOJIOTi, IHCTPYMEHTH Ta MeEXaHI3MHU
YIOPABIIIHHS aKTUBAMHU.
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OnHUM 3 OCHOBHHMX TPEHJIB CYYacCHOTO IHBECTYBaHHS € TOCHJICHHS POl
mudpoBux TexHomorid. Ilomupenns uudpoux miaarGopM, OHIAWH-OpOKEpIB Ta
MOOUTPHUX JIONATKIB JO3BOJISIE 1HBECTOpaM €(EKTUBHIIIEC YNPABISITH BIACHUMU
pecypcaMu, OTPUMYIOUM JOCTYIT 0 IIMPOKOTO CIEKTpa (piHAHCOBUX IHCTPYMEHTIB
y pPeXuMi peanbHOro 4Yacy. 3pocTae MOMYIAPHICTh Takux (GopM 1HBECTyBaHHS,
K KpayadaHIuHT, KPUMITOBATIOTH Ta OJOKYEHH-TEXHOJIOTII, 0 MPOMOHYIOTH HOBI,
OUIBII TMHAMIYHI Ta IPO30p1 Moz (IHAHCOBUX B3a€MOIIN.

[HBecTuIiiiHA MIATBHICTE B yMOBaxX 1H(QOPMAILIHOTO CyCHIIbCTBA TaKOX
XapaKTEepPU3YEThCSI BHCOKOIO MIBUAKICTIO MOIIMPEHHS i1HQOpMalii Ta 3pOCTaHHSIM
il moctynHocTi. Lle cTBOproe sik mepeBaru, Tak 1 PU3HKHU IS 1HBECTOPiB. 3 OIHOTO
00Ky, BOHH OTPUMYIOTh MOXKJIMBICTh OTNIEPAaTHBHO pearyBaTh Ha 3MiHM KOH'IOHKTYPHU
PUHKY, ONTUMI3YIO4H CBOI1 MOPTQeni. 3 1HIIOro 00Ky, MepeBaHTAXEHHS 1H(POPMALIIEI0
MO’K€ MPU3BOAUTH 10 TOMHJIKOBUX PIILIEHb YEPE3 HEJOCTATHICTh Yacy Ha ii ITTMOOKHIA
aHaJ3.

BaxxnmuBUM acnekToM 1HBECTHULIMHOI MISUIBHOCTI € YIPaBIiHHSA pPU3HKaMH,
0oco0MMBO B yMmMoBax Hudpoizamii. BrnpoBajkeHHsS CydyaCHHX TEXHOJOT1M, TaKUX
K IITYYHUH 1HTEJEKT Ta BEJIUKI JaHl, J03BOJISIE 3HAYHO IIJIBUIIUTH TOYHICTh
MIPOTHO3YBaHHS! PUHKOBUX TEHJEHUINA, MIHIMI3YIOUM MOTEHI[IHI BTPATH 1HBECTOPIB.
OpHak pa3oM 3 UM TOCHIIOETHCS KIOEPPU3HK, SIKMA BUMAarae Bija (DIHAHCOBHX
YCTAaHOB Ta NPHUBAaTHUX IHBECTOPIB BHPOBA/KEHHS €(QEKTUBHUX CTpaTerii
1H(popmarliitHoi Oe3neKu.

OxkpeMUM HampsIMOM CY4YacHOI1 IHBECTHULINMHOI JISJIbHOCTI € 1HBECTYBaHHS Yy
BIIHOBJIEHHS 1HPpacTpykTypu. Lle nmutanHs HaOyno 0CcOOJNMBOI aKkTyaJbHOCTI Yepes
3pOCTaHHA NOTped y PEKOHCTPYKLII Ta MOAEpHi3alii 00'€KTIB 1HPPACTPYKTYpH, LIO
MOCTpaX1alld BHACHIOK MPUPOAHUX KaracTpod, BIMCHKOBHX MAiil abo 3actapiiu
3 yacoM. BKIIaJieHHs KOILUTIB y Takl MPOEKTH 3abe3nedye CTBOPEHHS YMOB Jis
CTaO1IbHOTO EKOHOMIYHOTO 3POCTaHHS Ta MIABUIIEHHS SKOCTI )KUTTS HACEJICHHS.

[MudpoBi TEXHOJNOIIT TaKOX BITITPAIOTh BAXJIMBY pOJb Yy MOpolecax
BIIHOBJICHHSI  1H(PPAaCTPYKTypH, J[JO3BOJSIOYM  OUIbII  €(EKTUBHO  YIPABISTH
IHBECTHUIIIMHUMHU TOTOKAMH, 3a0e3ledyBaTh MpO30pICTb BUTpPAT 1 KOHTPOJIb
BUKOHaHHs poOiT. Bukopucrtanus miardopm A HUppoBOro YIpaBiIiHHS MPOEKTAMU
Ta OHJIAH-MOHITOPUHT CTaHy OO0'€KTIB CHpPHSIE PALIOHATLHOMY PO3IMOALLY PECYpCIB
Ta 3MEHILIEHHIO PU3UKIB KOPYIILIIi.

TakuM 4YMHOM, 1HBECTYBAaHHSI y BIJTHOBJICHHS IHQPACTPYKTYPU € OAHHUM 13
CTpaTeriyHUX HampsMiB Cy4YacHOi 1HBECTHIIHOI TmomiTUKU. BoHO BuMarae
KOMIUIEKCHOTO ~ TIAXOMY, 3aJlydeHHS PI3SHOMAHITHMX JpKepen (piHaHCyBaHHS,
BKJIIOUAIOYM TPUBATHI Ta JEpXaBHI 1HBECTHIIl, & TaKOX AKTUBHOTO 3aCTOCYBAaHHSI
cydyacHUX 1H(MOpMAIIMHUX TEXHOJOTIA i 3a0e3neueHHs e(EKTUBHOCTI Ta
MPO30POCTI MPOLIECY.
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Jlns  3a0e3medeHHsT  CTAjJoOro  PO3BUTKY  IHBECTHLIMHOT  JiSIBHOCTI
HEOOXiJTHE CTBOPEHHS BIAMOBIAHOI I1HPPACTPYKTYpU Ta HOPMATUBHO-TIPABOBOTO
3a0e3nevyeHHd. /lep:kaBa MOBMHHA CHOPHUITH (OPMYBAHHIO MPO30POT0, CTAOITHHOTO
Ta KOHKYPEHTHOTO CEpEIOBHIIA JUIs IHBECTOPIB, IIO BKIIOYA€E SIK PETYIIOBaHHS
TpaauLIHHUX (PIHAHCOBUX IHCTPYMEHTIB, TaK 1 HOBUX ITU(POBUX aKTHUBIB.

Taxum unHOM, 1HPOpMAaITiiiHE CYCHIIBCTBO 3HAYHO 3MIHIOE XapakTep 1 MiAX0aAu
70 1HBECTHINMHOI MisUTBHOCTI. BWKOpHCTaHHS HOBITHIX TEXHOJOTIN, aganTarlis
PETYIIATOPHOTO CepeAoBHINa Ta ¢(EKTHBHE YMPABIIHHSI PHU3UKAMHU € KIIOYOBUMH
YHHHUKAMH YCHIIIHOTO PO3BUTKY 1HBECTHIIITHUX MPOIIECIB y CyYaCHUX YMOBax.
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PETYJIIOBAHHS EKOHOMIYHOI BE3IIEKH YKPATHU:
IHCTPYMEHTMU TA 3AI'PO3HU

InTepueT-anpeca myomikarii Ha caiTi:
http://www.konferenciaonline.org.ua/ua/article/id-2143/

B ymMoBax chOrojieHHs HalllOHaJdbHI €KOHOMIKHM 3IIITOBXYIOTHCSI 3 BUKIJIMKaMHU
Ta 3arpo3aMm, 10 POOUTH iX BpPa3IMBUMH i BHUMAara€ BiJl YpsIiB KpaiH po3poOKH
NUIIXIB JUIs 1X HeUTpaizalii, 30KpemMa uepe3 Baxelll BIUIMBY Ha EKOHOMIYHY
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Oe3neky. ExoHomiuna Oe3meka BKIIOYAE EKOHOMIYHI, COIllalibHI, E€KOJOTIYHI
TOIIO aCIMEeKTH, TOMY Mpobiema ii 3a0e3nedyeHHs € r100aJbHOI 1 aKTyaldbHOIO JUIS
Oynb-gKOi Jep>kaBu. 3MIHM TOJITUYHOI CHUTYyallli B CBITI BHMararoTh BiJ JIepXKaB
3aXO0JiB, CIIPSIMOBAHUX Ha 3a0€3MEUCHHS EKOHOMIYHOI Oe3meku, 3abe3medyroun ii
CTIHKICTb.

3 yaciB He3aJIeKHOCTI YKpaiHW HalO1IbIIMM BUKIMKOM €KOHOMIUHIM Oe3merri
CTaji0 BTOPrHEeHHs pocii Ha Teputopito Kpumy ta Jlonbacy B 2014 p. Pesynasrarom
LOTO CTano, 30kpema, maainHs BBII y 2014-2015 pp. maibke Ha 27% BIIZHOCHO
TOBOEHHOTO PiBHA [1]. B mepii micsiii moBHOMACHITaOHOTO BTOPTHEHHS €KOHOMIYHA
Oe3rneka Ykpainu 3a0e3mneuyBaiacs 3a paxXyHOK HAKOIMYEHUX PE3EpBiB, 00’ €THAHHSA
(hiHAaHCOBUX 3YCHJIb HACeJIEHHS, PE3epBIB MICIIEBUX OpraHiB CaMOBpPSJIyBaHHS Ta
MDKHApOJHOI MATPUMKH. 3arTsbkHa (opma arpecii mpusBelia 0 BHUCHAaXKEHHS
(1HaHCOBHUX pECypCiB KpaiHu, Oi13HECY 1 HACeJIeHHS Ta HApOCTaHHS EKOHOMIYHUX
aucnporopiii. Bce 1e CBIIUUTH TpO  aKTyalbHICTh TMOJNITHKU JEp>KaBH Y
3a0e3MneueHHI MPOTU/IIT JeCTallTi3yI0unM (PaKTopaM.

PerynioBanHs €KOHOMIYHOI O€3MEKH — 1€ MPOIIEC, KU BUMarae 3acToCyBaHHS
JIep>)KaBHUX 1HCTPYMEHTIB, IO CHPHUSAIOTH MMATPUMIN CTIMKOCTI HAI[lOHAJIBHOI
eKOHOMIKM Ta 3aXHCTy ii Bijl 30BHINIHIX Ta BHYTpIIIHIX 3arpo3. IX e(peKTUBHICTH
3aJIEKUTh Bl KOHKPETHUX YMOB KpaiHHU, il €KOHOMIYHOI CTPYKTYpPH Ta 30BHIIIHIX
BUKJIMKIB. [HCTpYMEHTH peEryiatoBaHHS €KOHOMIYHOI O€3MeKd MOXKHA YMOBHO
PO3AUIATU HA 3 OCHOBHI IpyIu: (PiHAHCOBO-EKOHOMIYHI1, IHCTUTYII1iHI, PABOBI.

DiHAHCOBO-€KOHOMIYHI IHCTPYMEHTH:

— pickanvHa nonimuxa, sKa BU3HAYa€ MOJATKOBY CUCTEMY KpaiHu 1 3a0e3nedye
HaJIXOHKCHHS 710 OFO/IKETIB BCIX PIBHIB,;

— MoOHemapHa noaimuka, ska 3ade3nedye MiATPUMKY LIHOBOI CTaOUIHHOCTI B
JIep>KaBi, KOHTPOJb 1HQIAMIAHUX TPOIECIB 1 BUCTYMAE KIIOYOBUM I1HCTPYMEHTOM
AHTUKPU30BOTO (PIHAHCOBOTO PETy/IFOBaHHS [2];

— gantomua nonimuxka — 1HCTPYMEHT (GOpPMyBaHHS BAIIOTHO-(DIHAHCOBHX 1
KPEIUTHUX BITHOCUH, (OpPMYBaHHS pe3epBHUX (HOHAIB Ta 30J0TO-BaJIOTHOTO
3aracy;

— cmpykmypHi  pegopmu, CIpPSAMOBaHI Ha MMABUIIEHHS e€()EKTUBHOCTI
€KOHOMIKH Ta 11 KOHKYpEHTOCTIPOMOKHOCTI, YCYHEHHs J1cOaNaHCiB;

— iHeecmuyii 6 iHgpacmpykmypy — 3a0€3MeUylOTh EKOHOMIYHY Oe3IeKy
JepxaBu, uepe3 OesnepediiiHe (QYyHKLIOHYBaHHS CYKYyIHOCTI MaTrepiajlbHUX
00’ €KTIB;

— niompumka MCE — Bimirpae Ba)JIMBY pOJIb Y CTBOPEHHI POOOUYUX MICIIb,
IHHOBAI[ISIX, MIIBUINEHHI KOHKYPEHTOCIPOMOXXHOCTI E€KOHOMIKM Ta 3a0e3meueHH1
COLIAJILHOI CTAOLILHOCTI;

— pPO36UMOK HAYKU | MEeXHON02itl — JO03BOJSE MIABUIIUTH TMPOTYyKTUBHICTH
mparfi, CTBOPUTH HOBI Tajdy3l €KOHOMIKH, 3a0€3MEeYUTH KOHKYPEHTOCIPOMOXKHICTh
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HAI[IOHAJILHUX TOBAapiB 1 MOCIYT HAa CBITOBOMY PHUHKY Ta MOKPALIUTH PIBEHb SIKOCTI
KUTTS] HACEJICHHS;

— MIJICHApOOHe ChiBpoOIMmHUYMEO — JO3BOJISAE€ KpaiHaM 00'€THYBaTH 3yCHILIS
JUIA  BUPIIICHHS CHOUTBHUX MpoOJieM, pO3MIMPIOBAaTH pPHUHKK 30yTy, 3aily4aru
1HBECTHIIIT Ta 3aM00iraTu HEraTUBHUM 30BHIIIHIM (DaKTopaM.

IncTutyuiiini iHCTpYMeHTH: Oepocagui incmumyyii — Yps SK TOJOBHHI
Cy0’€KT, SIKUW pPO3pOOIIsiEe €KOHOMIUHY MOJITHKY, 3aKOHH Ta DPETYITI0E EKOHOMIUHY
TSTBHICTE, [Jenmpanvhuti 6ank, O BUCTYMAE PETYIATOPOM TPOIIOBOI MacH,
BCTAHOBIIIOE€ OOJIIKOBY CTaBKy Ta 31MCHIOE 1HIII MOHETapHIi omepailii; MiHICTepCTBa
(6KOHOMIYHOTO PO3BUTKY, (DiHAHCIB, arpoOMOJITHKH, TOIIO), SKi BIAMOBIAAIOTH 3a
KOHKPETHI HampsIMKH EKOHOMIYHOI TOJITUKU; pe2yiamopHi YCmAaHosu, 30Kpema,
AHTUMOHOIIONIBHUI KOMITET, KOMICISi 3 IIHHUX ManepiB Ta (POHIOBOTO PHUHKY;
cmamucmuyHi ycmaHosuy, Ha SIKI MOKIaAeHl 00OB’SI3KM 10J0 300py 1 00poOKu
CTaTUCTUYHHUX JAHUX NPO CTaH €KOHOMIKH, L0 J03BOJISIE KOPETYBaTH €KOHOMIUHY
MOJIITUKY JIEp>KaBU, TUM CaMUM TOCHIIIOIOUM 11 eKOHOMIUHY Oe3nieky. Jlo npusamnux
iHcmumyyitl, 9Kl € IHCTPyMEHTaMU CTBOPEHHS CHUCTEMHU PETYJIIOBAHHS €KOHOMIYHOI
0e3MeKH, HAJIeKaTh: OAHKU, K1 HAJAl0Th (PIHAHCOBI MOCIYTH Cy0’€KTaM €KOHOMIYHOI
TISUTBHOCTI; Oiporci, MO OPraHi30BYIOTh TOPTIBIIO LIHHUMH IalepaMu, BaJIIOTOIO
TOIIO; Kopnopayii Ta 6i3Hec-acoyiayii, K1 CTBOPIOIOTh PoOOUl MICIIsS, 1HBECTYIOTh
B EKOHOMIKY Ta OO’€IHYIOTh MIANPUEMIIB [Ji BHUPIMIEHHA CHUIBHUX MPOOJIEM.
[loTy>kHUM IHCTPYMEHTOM 3a0€3ME€UEHHs pETYIIOBaHHSI EKOHOMIYHOI Oe3NeKH
JepKaBU € MINCHAPOOHI Op2aHizayii, sIKi JOTIOMArarTh JIepkKaBaM J0JIaTH BUKJIUKU
ekoHOoMIuHIN Oe3nerni. Cepen OCTaHHIX BapTo 3rafaTu MidcHapoOHull 8anomHull
¢ono (MB®D), sxkuil Hagae (PpiHAHCOBY IOMOMOIY KpaiHam, IO 3IIITOBXHYIHCS 3
€KOHOMIYHUMHU TPYJHOIIAMH W KOHCYJbTYE 3 NUTaHb EKOHOMIYHOI TOJITHKH;
Csimosuti O6amk — HaJa€ KPEIWTH Ha IHBECTULIMHI MPOEKTH, CIPSIMOBaHI Ha
3MEHILIEHHS O1MHOCTI 1 CTUMYJIOBAHHS EKOHOMIYHOTO 3pOCTaHHS Ta Bcecgimms
mopeosa opeanizayis (BTO), axa po3poOisie mpaBuia MIXHApPOJHOT TOPriBiIl Ta
BUPILIY€E TOPrOBEJIbHI CIIOPH.

IIpaBoBi iHcTpyMeHTH. 3aKOHO/IABCTBO, 1110 PETYIIIOE EKOHOMIYHY AiSUIBHICTD,
OXOIUTIOE 3aXHUCT BIIACHOCTI, PEryNIOBaHHA (PIHAHCOBUX omepaiiii Ta O0opoThly 3
€KOHOMIYHUMU 3JI0uhnHaMH. [IpaBoBi HOpMHU MaroTh OyTH 4YITKO C(HOPMYIbOBaHI
Ta aJanToBaHl /0 CY4YaCHUX YMOB, 1100 YCHIIIHO HPOTHUIATH 3arpo3aM, TaKUM
AK KOPYIIIis, YXWICHHS BiJ] MOAATKiB Ta HE3aKOHHMM 00ir KamitamiB Touio. s
pErylilOBaHHS €KOHOMIUHOI O€3IMEeKH JepaBu MPaBOBI IHCTPYMEHTH CTBOPIOIOTH
YiTKI MpaBWia TIpU HA EKOHOMIYHOMY IIOJI, 3aXMINAalTh IIpaBa BIACHOCTI,
3a0e3MeUyloTh CTAOUIBHICTh 1 TependavYyBaHiCTh CKOHOMIUHUX BIIHOCHH [2].
3axono0aeui opeanu — CTBOPIOIOTH MPABOBY OCHOBY (DOPMYBaHHSI EKOHOMIYHOT
CUCTEMHU JEp>KaBU MUIIXOM pO3pOOKM Ta MPUUHSTTS EKOHOMIYHMX 3aKOHIB,
3a0€3Meuy0Th KOHTPOJIb 3a IX BUKOHAHHSAM, (POPMYIOTh 3acaj iy MOJITUKH JEp>KaBU B
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chepl eKOHOMIKH, TOIIO. [IpasooxopoHnui opeanu — BIMOBIIAIOTE 3a MPOPIITAKTHKY,
BUSIBJICHHSI, PO3CJiAyBaHHS Ta MPUTATHCHHS 10 BIiANOBIAAIBHOCTI 0CI0, sKi
BYMHSIOTH €KOHOMIYHI 3JIOUMHHU.

IcHyBaHHSI 1 PO3BUTOK YKPAaiHCHKOI JE€pPXKaBH CYIPOBOMKYETHCSA HU3KOIO
MOJITUYHUX KpU3, SKI CYTTEBO BIUIMHYJIM Ha 11 €KOHOMIYHHM, COLiadbHUN Ta
NOJITUYHUN PO3BUTOK. [lomapaHueBa peBomtolis, €BpomaiinaH, pociiicbka arpecis
ta anekcist Kpumy 2014 p.; nomitiuuni kpusu 2014-2019 pp. nos’si3ana 3 60poTb0010
PI3HUX TOMITUYHUX CHJI 32 Bialy; MOBHOMAacIITaOHE BTOPTHEHHS pocii B YkpaiHy
B 2022 p. [3]. 3 HecTaOUIBHICTIO MOJITUYHOTO CEpElOBUIIA B YKpaiHi MOB’sA3aHUN
BILJIUB Ha €KOHOMIYHY Oe3IeKy uepe3 piBeHb JOBIpH 0 ACpKABHUX IHCTUTYLIN, KU
y 2021-2024 pp. He mepeuiryBaB 25%. Bucokum OyB piBeHb NOBIPH TIIBKH 10
30porHuX criI — 10 96% Tta Coryx0u O0e3nekn Ykpainu — 10 63% [4].

Cepen ycmajkoBaHUX OCOOJUMBOCTEH EKOHOMIYHOI CHCTEMU € BHUCOKHUHU
piBeHb Kopymiii [5], TiHbOBa €KOHOMiKa, OOCSTH SIKOI OIIIHIOIOTHCS B Jliama3oHi
36-28% piBag peampHoro BBII [6]. ExoHoMmika yKpaiHCBKOI He3aJIeKHOT
JEp’KaBH XapaKTEPU3Y€TbCS BHUCOKOIO 3aJIEKHICTIO BIJl €KCIIOPTY CHUPOBHUHH, IO
MOCUJIIOETBCS HU3BKUM PIBHEM TEXHOJIOTIYHOCTI (B PEUTUHTY I1HIYCTPIlaJIbHOI
koHKypeHTocrpomoxHocti CIP y 2021 p. Vkpaina nocinana 69 micue cepen Kpain
ceity) [7]. Bin Pansucekoro Coro3y VYkpaiHa ycmajakyBajga mpoOieMy ColiaibHOI
HEpIBHOCTI: 3a JaHUMH NeHciiHoro (ouay, y 2022 p. BiACOTOK MpaliBHUKIB, SIKI
OTPUMYBAJIM JI0 5 THUC. TPH. HAa MICSIb CTaHOBUB 18%, TUX XTO OTPUMYBaB MOHAJ
75 tuc. TpH. Ha Micanb — 0,9% [8]. Takum 4MHOM 3arpo3u PO3BUTKY €KOHOMIKH
VYKpainu sk 00’€KTa peryioBaHHS €KOHOMIYHOI O€3MeKH MOAUISIEMO Ha: 6HYMPIUUHI
(kopyrmiiisi; TIHBOBA CKOHOMIKA, HM3bKHU PIBEHb 1HBECTHIIM COIliajlbHa HEPIBHICTD,
HU3BKAW DPIBEHb JOBIPH 10 JIEPXKABHHUX IHCTUTYTIB); 306HiuiHi (POCIChKa arpecis,
CHEePreTUYHA 3AJICKHICTh YKpaiHU Bijl IMIIOPTY €HEPTOPECYPCIB).

BucHoBkH. Po3mIsSiHYyTO peryntoBaHHS €KOHOMIYHOI O€3MeKH, BHOKPEMIIEHO
IpyNy BUKJUKIB W 3arpo3 €KOHOMIUHIA Oe3lell Ta OKPECIEHO 1HCTPYMEHTH AJis 1X
perymntoBanHsi. KoHCTaTOBaHO, 110 BHYTPIIIIHI 3arpO3W 3HAYHOIO MIPOIO 3aJie’KaTh BiJl
MOJIITUKKU JIepKaBU Ta 3aJISTHHS BIJIMOBIJIHUX BHYTPILIHIX Ba)KEJIB 1 THCTPYMEHTIB,
30BHIIIHI 3arpo3u € OUIbIll MPOOJEMHUMH 3 TOYKHM 30py IX peryaloBaHHSA 3a
JOTIOMOTOI0 BHYTPIIIHIX IHCTPYMEHTIB Ta MOXKYTh OyTH CKOpEroBaH1 yepe3 3aJlisHHS
30BHIIIIHIX Ba)€JiB BIUIMBY Ta MI>KHAPOJHOTO CIIBPOOITHUIITBA.
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Currently, aviation technology is evolving in the direction of intelligence and
electrification. Intelligent electric aircraft with powerful energy is a trend in the future
development of aviation technology. Now the world has great hopes for new layouts
and aerodynamics in airplanes with electric propulsion.

In prospective air transport products, such as airplanes, it is not essential for the
battery pack to be located next to the electric motor it powers. Instead, the battery is
likely to be positioned closer to the aircraft's center of gravity due to its weight and
size. The engines may be situated on the wings or in the tail section. In this scenario,
an electrical cable must be installed as a power line between the battery and the
engine, which requires thicker and heavier wires as the power of the electric motor
increases. The electric current flowing through this cable generates heat, leading to
technological losses during the transmission of electrical power from the battery to
the electric motor.

The problem of reducing these technological costs should be addressed by
utilizing new-generation electrical systems that employ high-frequency alternating
current, enabling the creation of electrical equipment with significantly smaller
dimensions compared to equipment operating on direct current from a battery. Such
systems must utilize the phenomenon of resonance, be capable of transmitting
electricity through a thin wire cable line, and consist of a voltage and frequency
conversion device for transmitting power through the cable, the power cable line
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itself, and a device for converting the voltage back to the form required to power the
motors. The motors in this case may be either DC or AC. For the first time, the
transmission of electricity through a single-wire cable line at an increased frequency
was proposed and realized by N. Tesla more than 100 years ago [1].

It is known that the set of equipment developed at the Research Institute of
Railway Transport [2, p.295] operated at a frequency of up to 10 kHz and a voltage of
up to 1000 V in the power line allowed to transmit electricity through a single-wire
power line with a capacity of up to 3 kW at a distance of up to 2 km. According to the
results of their tests, it was determined that the overall efficiency was 83 %.

Another experiment investigated how the quality of grounding affects the
maximum power transmitted by the receiving converter [3, p. 14]. The results
indicate that even with minimal grounding of the receiving converter, the difference
in transmitted power is not significant. However, when grounding is established using
a wire, electricity can be transmitted at approximately 1 kKW.

As in all static electrical energy converters, the efficiency of a resonant
single-wire electrical energy transmission system increases with increasing load
power. The efficiency of the converter equipment itself at its maximum load can
reach 88-91%.

In the resonant system, the transmission line capacitance is a component of
the resonant loop. Using this cable as a transmission line only slightly reduces the
resonant frequency, and the transmitted power during the same experiment was 2.5
KW. However, in a non-resonant power transmission system operating at a higher
frequency, this capacitance acts as a reactive load, leading to a maximum transmitted
power of only 750 W. The transmission system is designed to operate at voltages
up to 1000 V, and the electromagnetic radiation level was measured for comparison
with sanitary standards and regulations. Measurements of the maximum values
of alternating electric and magnetic field intensity at personnel workplaces in the
frequency band of 2 kHz to 400 kHz were conducted at three points (0.7 m, 1.5 m,
and 2 m above the floor) along the transmission line suspended in the air at a height
of 3 meters. The results indicated that the maximum values of the alternating electric
field in the frequency range of 2 — 400 kHz were 100-150 V/m, significantly lower
than the maximum permissible level for personnel, set at 500 V/m. Similarly, the
maximum values of the alternating magnetic field in the same frequency range were
found to be between 0.6 and 1.7 uT, also well below the maximum permissible level
for personnel, which is 62.5 uT [5].
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Figure 1. Resonant wire system of electric power transmission [4, p. 36]:

1 — frequency converter; 2 — capacitance of the resonant circuit of the step-up
transformer; 3 — resonant circuit of the step-up transformer; 4 — single-wire line;
5 — resonant circuit of the step-down transformer; 6 — capacitance of the
resonant circuit of the step-down transformer; 7 — rectifier-inverter;

8 — load; 9 — isolated capacitance

The principle of operation of a resonant power transmission system is based on
the use of two transformers operating at a frequency of several kHz and a single-wire
line between them, with line voltage up to 10 kV when operating in resonant mode
(Fig.1). The transmitting transformer acts as a resonant transformer, setting the
operational frequency of the power transmission system. The receiving transformer
serves as a broadband step-down transformer. In this case, the elements of the
airplane body are used as the second wire.

A resonant transmission transformer consists of a power resonant circuit and
a step-up/step-down winding. The receiving transformer does not affect the resonant
frequency of the transmission system, allowing multiple transformers to be connected
to the transmission line, provided the total power does not exceed the transmission
voltage converter's capacity.

The maximum output power of the converter depends on the voltage applied
to the circuit, the voltage across the circuit, the circuit capacitance, the frequency and
other parameters. Calculation of the maximum output power of a resonant circuit
Is based on the formula for the quality factor of a loaded circuit. The primary factor
that determines the power of the resonant converter at a given frequency is the
capacitance of the circuit capacitor. To reduce the mass dimensions of transformers,
it IS necessary to use cores. A receiving transformer based on a magnetically soft core
Is calculated using standard techniques. By changing the frequency, the transmitted
power can be adjusted, for example, for control systems or airplane lights.

Resonant systems provide high power transmission efficiency when the entire
system is tuned to specific parameters such as voltage, frequency, and load. However,
a modern airplane experiences a time-varying load during flight, and the output
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voltage at the receiving end fluctuates several times, which is unacceptable for
operating electrical equipment.

In flight, the load resistance in the aircraft power system changes significantly:
the load is at its maximum at takeoff and at its minimum at cruising speed, which
causes the output voltage to decrease as the load increases. To address the issue of
significant changes in load resistance, it is necessary to employ a resonant power
transmission system with output voltage stabilization.

1
|
_J__

I

Bat1

Figure 2. Block diagram of the frequency conversion unit of a resonant
power transmission system with output voltage stabilization

In this device (Fig. 2), power element 2 is regulated by set generator 1, which
adjusts its frequency and voltage to align with the transmission line voltage via
control unit 3. This unit stabilizes the voltage in the transmission line, irrespective
of the load.

Since resonant systems operate at higher frequencies with higher voltages,
electromagnetic radiation is present in a single-wire unshielded transmission
line.

Thus, modern electrical power transmission systems use two- and three-wire
lines to transfer electrical energy from the generator to the receiver via current and
voltage waves. The primary losses stem from Joule heating resulting from the
resistance of the wires, caused by the flow of active conduction current along the
closed loop from the generator to the receiver and back.

The following advantages of the resonant single-wire system of electric power
transmission at increased frequency have been revealed in the course of our own
research:
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- increased safety of operation: Compared to the transmission of electric
energy at the same effective voltage level in the wire relative to ground for both
direct and alternating current at a frequency of 50 Hz, no step voltage is generated.
When the effective voltage of the wire is up to 1 KV, an electric shock to a person at
high frequency does not occur.

- small mass dimensions of voltage converters compared to a similar system at
50 Hz frequency;

- it is possible to transmit electrical power over a single wire by using the
airplane hull as the ground to transfer power between the transmitting and receiving
units. At low loads, the receiving units can sometimes operate without a ground
connection.

- both single-core wires and shielded cables can function as transmission lines,
with the cross-sectional areas of the cable conductors being 20 to 50 times smaller
than those utilized in DC power supply systems.

- there is no effect on wire communication channels within the frequency
range of 1000-3400 Hz due to the mismatch of operating frequency ranges for other
aircraft equipment.

- more than one power consumer can be connected to one resonant
transmission system with output voltage stabilization function;

- a resonant power transmission system is not vulnerable to short circuits in
the load because the system operates out of resonance, and the voltage converter
remains idle.

- short circuits are impossible in a single-conductor cable, and a single-
conductor cable cannot cause a fire;

- single-wire power transmission systems operating at higher frequencies,
even without superconductivity technology, are more efficient than single-wire-to-
ground lines using direct current or alternating current at industrial frequency. The
efficiency of the equipment in a resonant power transmission system can exceed
80 %.

- in a resonant transmission line, the levels of electromagnetic fields comply
with sanitary norms and regulations. Additional cable shielding will reduce electric
and magnetic fields around the cable line.
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PO3TAI'YBAHHSA I KPYTIHHS 3PA3KA 3 M'AKUM ITPOIIIAPKOM

IarepueT-agpeca myOmikarii Ha caifTi:
http://www.konferenciaonline.org.ua/ua/article/id-2154/

Po3misiHeMO poO3TATYBaHHS TOHKOCTIHHOT TpyOku (t<<d, t-ToBHIMHA CTIHKH,
d-miamerp TpyOKwH), 110 BUTOTOBJICHA 3 iJIcaIbHO MPY)KHO IJIACTUYHOTO Marepiaiy.
Y TpyOll BUHUKHYTH IUIACTU4HI AedopMallii, KOJIM PO3TATYBAJIbHI HANpy>KEHHS
JOCSTHYTh MEX1 TekydocTi o,. [Ipu kpyTiHHI miactuyHi nedopmariii 3’ siBISThCS,
SKIIO TOTUYHI HAIPYKEHHS OCATHYTHh 3Ha4YeHHs 7, . [Ipy ogHOYacHOMY MpUKIIagaHH1
pPO3TATYBAILHUX 1 KPYTWJIBHUX 3yCHWJIb MOMEHT BHUHHUKHEHHS IUIACTUYHUX
nedopmailiii, O4eBUIHO, OMHUIIETHCS JESKOI0 OIMYKJIOK JIHIEK, M0 3 €IHYE TOYKH
A(c,,001 B(0, 7, )(puc.la). Ilpu o,>0, (touka C) nmns 3aKpydyyBaHHS HE
BUMAara€eThCs JKOIHUX 3ycWib (7=0), ToOTO MaTepia TpyOKH He Oy/ie YHMHUTH OIIp
Tii TOTUYHUX HAIpPY>KEeHb, 1 HOro MOBEAIHKA y TakKii cuTyallii ajeKBaTHa MOBEIIHII
plauHU.

Ha 3pa3kax 13 omHOpiAHOTO MaTepiaidy peaizyBaTh YMOBY o, > o, HEMOXIIUBO,
OT)K€, HEMOXXJIUBO HI TIATBEPAUTH, H1 3alEPEUYUTH OTPUMAHUNM BUIIE BHCHOBOK.
3 METOI0 TaKoi MepeBipku OyJiM BUTOTOBJICHI 3pa3Ku 13 MIBUAKOPXKYUYOi cTami P6MS
(o >2000MIla) 3 M™’skuM TpomapkoM i3 cram 20 (o) =210Mila) (puc.10)
d=16 mm, h =9...10 Mmm).
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a) 6) :Dif
Puc.1 M

3pa3Kkd  BUTOTOBIISJIM  3aCTOCYBAHHSIM — €JICKTPOKOHTAKTHOTO  3BapIOBAHHS
OIUIaBJICHHSIM JIBOMa KPOKAaMH: CIIOYaTKy 3BaproBaiu IwiiHApuYHI (d =26 MMm)
3arotoBKH 13 ctaneir POMS 1 20, motiM 3enHanHs oOpizyBaiu 3 00Ky ctaii 20 1 3HOBY
MpUBaproBaiu IWIHAP 13 ctami P6MS. 3BapeHi 3arotoBku oOTOUyBaM y PoOOUin
yacTUHI 70 naiameTrpa 16,5 Mm, rapryBanu 1 nuridyBanu a0 aiamerpa 16 mwm.
3pazku (puc.16) mManu TakoX XBOCTOBUKH, SKI JO3BOJISLIA 3IACHUTHA OJHOYACHO
PO3TATYBaHHS MEBHOIO CHIIOKO F 1 KpyTHiIbHUM MOMEHTOM M.

Panime Oyno BctanosieHo [1,2], mo Mexa TEKydOCTI 3pa3Kka 3 IPOIIapKOM
o,(x)=0n (1+2*)127, x<1. X=h/d - BigHocHa ToBmIMHA mpomapky. B
excriepumMenTi ¥=0,56...0,63, orxe o, (x)=(L1..12)o, . 3pa3sku 3 HpoIIapKaMU
PO3TATYBANIM 70 CEpPEeAHIX 3HaYeHb HampyxeHb ¢ = 1,10 Jliarpama po3tsary F — Ah
( Ah — 30iJIbIIICHHS] BUCOTH MPOIIAPKY), 10 3aKCyBaIach MPH bOMY, Oyia JiHIHHOIO.
[Ipu 6 =1,10) po3TaryBaHHsl MPUIMHMAIN 1 3pa30K 3aKpydyBajiu. BUsSBUIOCH, 110
JUTSL 3aKpY4YyBaHHS 3pa3ka Ha KyT ¢ <z /6 (puc.10) HEe MOTPiOHO >KOTHUX 3YCHUIb —
KPpYTWJIbHUM MOMEHT M, mo BumiptoBaBcs 3 TouHicTio 0,5 HM, piBHuUIT HyIO.
[Ipu ¢=7x/6 3akpydyBaHHS TpUNUHSIN, 4yepe3 naeskuir dac (10...20 c) MomeHT
3aKpy4yBaHHS 3POCTAaB BiJ HYJS, a 3yCWUIS PO3TATYBaHHS 3MEHIIYBAJIOCH (TIpH
Ah = const). [Ipu ¢ >7z/6 aeski 3pa3ku pyHHYBIUCH B A3KUM 3pi3oM 1o crtaii 20
y Oe3nocepenHid OIU3BKOCTI BiJl 3BAPHOTO KOHTAKTY; 3pa3KH, 10 HE PyHHYBAIHUCS
npu ¢ >x/6, TOYMHAIA YUHUTH OMNIp 3aKpydyyBaHHIO, HAINCBHE BHSBISUIOCH
nedopmariiitHe 3MIITHEHHS.

[Toku 10 HE BHAETHCS MOSCHUTU YBECh MPOIIEC PO3TATYBAHHS 1 HACTYITHOTO
3aKpy4dyBaHHS 3pa3KiB 3 M SIKUM TpomiapkoM. [0JOBHUN BUCHOBOK — MpH o >0,
JOTUYHI HANpPY)KCHHsI PIBHI HYIIO — MiJATBEPAUBCSA, TOOTO MPHU PO3TATYBATHHUX
HaNpy>KEeHHSAX, 10 OUIbLII 32 MEXY IUIMHHOCTI MeTajy, JOTUYHI HamnpyXeHHS B
HBOMY BIJICYTHI.
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AHaJOTIYHUMU EKCIIEpUMEHTaMH Ha IIWIIHAPUYHUX 3pa3kax 3 KUIbLEBUMHU
BUTOYKaMH (miamMeTp 3pa3ka 16 MM, miamerp mo Butouili 10 MM, BHCOTa BHTOYKH
3...6 mM) 13 cTtami 20 mogiOHOTO SBHUINA HE TOMIYAETHCS.

Crhig BIAMITUTH, IO BIACYTHICTh JOTHYHUX HAMNpy>KEHb y MPOIIAPKY IMpHU
0, >0, BUSBICHA TAKOX IPU PO3B’sI3yBaHHI 3aj]ladl PO MPOIIAPOK METOaMHU Teopii
npykHOCTI [3-5]. SIBuIle penakcalii JOTUYHUX HANpyKEHb y METalax MpU BEIUKHUX
HOpPMAaJIbHUX 3aCTOCOBYETHCS IIPU BUBUYEHHI KBa31KPUXKOTO pyHHYBaHHS [6], a edekT
KOHTAKTHOTO 3MIiITHeHHS [1, 2] Mae mpakTUyHe 3acToCyBaHH [7].
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OIITUMIZALIA YACTOTHO-3AIEZKHUX TEMIIEPATYPHUX /IABAYIB
JJIAA ABTOHOMHUX CEHCOPHUX CUCTEM MOHITOPHUHI'Y

InTepueT-anpeca myomikarii Ha caiTi:
http://www.konferenciaonline.org.ua/ua/article/id-2153/

Po3BUTOK aBTOHOMHUX CEHCOpHHMX cucTeM, 30KkpemMa B KOHTEKCTi (IoT),
BUMAara€ CTBOPEHHSI BHCOKOTOYHMX, €HEProe(eKTMBHUX Ta MaJIUX 3a MacliTabom
CEHCOpIB, 3/IaTHUX IIpaIloBaTH B IIMPOKOMY Jiama3oHi Temrepatyp [1]. ¥V Takux
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CUCTeMax OCOOIMBO aKTyaJlbHUMHU € YacTOTHO-3aJIeKHI JaBadi TeMIepaTypH,
AK1 JI03BOJISIIOTH YHUKHYTH HEOOXIJHOCTI B aHaJOrOBO-IM(GPOBOMY IEPETBOPEHHI
[2], 3MEHIIUTH KUIbKICTh KOMIIOHEHTIB, a TaKOX CIPOCTUTH 1HTepdeiic 3
MIKPOKOHTpOJIEpaMH ab60 0e3[pOTOBUMHU MOAYJISIMHU.

Y nmanii po0OOTI PO3MISIHYTO ONTHUMI3AIliI0 KOHCTPYKII Ta TIapaMeTpiB
MIKpOEJIEKTPOHHOTO TEMIIEPAaTypHOTO CEHCOpPA 3 YACTOTHUM BUXOJOM, MOOYI0BAHOTO
Ha ocHOBI PTAT reneparopa ctpymy. Cxema peanizoBana 3a nonomororo CMOS
texHosorii 180 HM Ta iHTerpoBaHa B peJIaKCalllMHUN TeHepaTop, SKUH ¢dopmye
BUXIHUN CUTHalN y BUDISLAL 4acToTd. OCHOBHA yBara NpHAUICHA 3MEHIICHHIO
NOXUOKH, 3HMKCHHIO €HEPrOCIIOKUBAHHS Ta MOKPAIEHHIO CTaOUIBHOCTI pOOOTH MpHU
JOBrOTPUBAJIOMY BUKOPUCTAaHHI B aBBTOHOMHOMY pexumi [3].

CTpyKkTypa ceHcopa

Cencop ckianaetscsi 3 PTAT-reneparopa, mo ¢opmye cTpyM, NpONOpLIHHHIA
aOCOJIOTHINA TeMIeparypl, Ta pelakcalliHOro reHepaTopa, SAKUM IMEepeTBOPIOE LEeh
CTpyM Yy u4actoTy. Jlnsi 3MeHIIeHHS BIIUBY (UIYKTyallid Hampyrd >KUBICHHS
3aCTOCOBAHO CTAOLII3aTOp HA OCHOBI KacKaJHOi CTpykTypu. JlomaTkoBo, s
KOMIIEHCAIlll TeMneparypHoro Apeiidy Ha erami (HOpMyBaHHS CTPYMY peali30BaHO
TEPMOKOMIIEHCAIIITHY METIIIO 31 3BOPOTHUM 3B’ S3KOM [4].

Metoau onrumizauii

OnTuMizalisi ceHcopa 3/111CHIOBAIACh 3a KUIbKOMa HalpsiMaMu:

- MiHIMI3allis CTaTUYHUX 1 JUHAMIYHUX CIOXKHMBaHb €HEPrii HMUITXOM POOOTH
TPAH3HUCTOPIB y MIANOPOroBid 00JACTl; BUKOPUCTAHHS AU(PEPEHUINHUX BY3JIB IJIA
3MEHILEHHS [IyMIB Ta MiJBULIEHHS CTa0IBHOCTI;

- KOpEKI[isi TeMmeparypHOi HEIIHIMHOCTI HUIIXOM HHUQPPOBOi ampoKcuMallii
KPUBOT 3aJIEKHOCTI YaCTOTH BiJl TeMmeparypu [5];

- 3aCTOCYBaHHS NIMOOKOI 130JsL1i JJi1 3MEHIIEHHS Mapa3UTHUX CTPYMIB Yy
BHCOKOTEMIIEPATYPHOMY CEPEIOBHILII.

ExcnepuMeHTa/IbHI pe3yJibTaTH

3a pesylbTaTaMu MOJICTIOBaHHS OTPUMAHO:

- poOounii TemriepatypHuit miamazon: —40°C ... +125°C;

- JIIHIAHICTh YaCTOTHOTO BUxoay: A0 +0.4% y BcboMy Jiana3oHi;

- yymuBicTh: 6nu3bko 120 ['u/°C mpu 25°C;

- cepeaHe eHeprocnoxupanus: < 4.7 MkBT nipu 1.8 B xuBieHHs;

- TouHicTh: £0.65°C 6e3 kaniopyBanus, +£0.2°C micns nudpoBoi kopekii [6];

- npeiid npu temneparypi 85°C mpotsrom 30 aHiB: He mepesuirye +1.2°C.
[IpoBeneno Temneparyphi nukin — Bix —40°C go +125°C 3 inTepBanom 10°C.

[ToxnOka BuMIpIOBaJiach YacToToMmipoM 3 TouHicTIO 10 mIm. Jlns ormiHkm
JIOBTOTPUBAJIOl CTAOITFHOCTI BHKOHAHO TMPUCKOPEHE CTapiHHSA 3 BUTpUMKOIO 200
roauH nipu 125°C. Yei 3paszku 306epertu cTabuTbHICTh YaCTOTH B Mexkax £1.5%.
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IlopiBHSAAHHSA 3 aHAJIOraMHU
Y Tabmumi 1 mpencraBieHO TOPIBHSAHHS — PO3POOJICHOTO CEHcopa 3
aHAJIOTTYHUMU pimeHHsIMH [1-2].

Taoauus 1.

Texnomoris Jiamazon [ToxubOxka CnoxvBaHHS
CMOS —40°C ... +0.5°C 6.1 MmxBt
0.18um +125°C

CMOS -10°C ... +0.8°C 12 mxBr
0.35um +100°C

CMOS —40°C ... +0.2°C 4.7 MmxBt
0.18um +125°C

BucHoBok

Po3pobnenuii TemmepaTypHU CEHCOp 13 YAaCTOTHMM BHXOJOM IIOKa3aB
BHCOKI METPOJIOTIYHI XapaKTEPUCTUKH TMPU JOYyKE HU3BKOMY €HEpProcroKHBaHHI,
o poOWTHh WOTO TMEPCINEKTHUBHUM JJII aBTOHOMHHX CEHCOPHHX CHCTEM, 30Kpema
st loT-ipucTpoiB, MEAMYHMX HOCHMHX TIPHCTPOIB Ta OE3IPOTOBUX MOIYJIIB
MOHITOPHUHTY. 3alpONOHOBaHI METOAM OMNTHUMI3allll JT03BOJIMIN CYTTEBO MOKPAIIUTH
TOYHICTh, 3MCHIIMTH CHEPrOCIIOKMBAHHSA Ta 3a0€3MEeYUTH CTaOUIbHICTh POOOTH
y IIAPOKOMY TeMIIepaTypHOMY Jiama3oHl 6e3 HeoOXiTHOCTI B CKJIATHUX CXeMax
KaJiOpyBaHHs a00 30BHINIHIX MEPETBOPIOBAYAX.
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